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PREFACE 

This Study Guide is designed for field 
training the 407 U. R., 729 Customer 
Engineer on the 7090 Data Processing 
System. It is not a "Self-Study" course, 
.although some individual sections of the 
guide are, and others approach it in 
many respects. It is intended for use in 
a formal lecture field training course. 

The Study Guide is made up of "Objectives" 
for you to meet, "Reading Assignments" 
where you can find the information to 
meet the objectives, and "Review 
Questions" for you to check yourself to 
see if you are meeting the objectives. 
Extra figures are in the Study Guide to 
illustrate points where the reference 
ma.nuals have not. Answers to the 
fIR eview Questions II are in the "Answer 
SectionU of the Study Guide. Check your 
answers after completing a section. In 
this way the answered questions will serve 
as review. 

Address comments concerning the contents of this publication to: 
IBM Corporation, CE Education, Dept. 911, Poughkeepsie, New York 12602 
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LIST OF COMMON ABBREVIA TIONS & SYMBOLS 

Storage Register 
Shift Counter 
Accumulator 
Adders 
Multiplier I Quotient Register 
Program Register 
Program Counter 
Core Location 

Contents of Core Location "X" 
Characteristic 
Difference 

Characteristic of the number in the Storage Register 

Characteristic of the number in the Accumulator 

Characteristic of the number in the MultI Quotient Reg. 

Fraction of the number in the Storage Register 

Fraction of the number in the Accumulator 
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Floating Point Trap 
Underflow 
Overflow 
Greater than 
Greater than or equal to 
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Ins t. Ref. Manual 
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Transistor Component Circuits Manual of Inst. 
Student "Study Guide" 
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01.00 INTRODUCTION &: PROGRAMMING 

TABLE OF CONTENTS 

01. 01 
01. 02 
01. 03 
01. 04 
01. 05 
01. 06 
01. 07 
01. 08 
01. 09 

Computer Characteristics 
Data Representations 
Numbering Systems 
Instruction Specifications and Symbolic Coding 
Arithmetic Instructions and Logical Operations 
Control Operations, Indexing Concepts and Trap 
Input-Output Operations 
Introduction to F AP 
Programming in FAP 

INTRODUCTION Read this! 

This is a programming course. It is not intended to teach you how the machine 
"hardware" works (though it will make it easier for you to learn it later). Do 
not hypothesize how the hardware does an ,operation when you are studying the 
machine operations codes. You should learn exactly how to go about using the 
op codes in writing programs and how they affect data and control. But I 
repeat, "Don't get involved in circuitry!" You'll get more than enough of that 
later. 

This study guide is made up of "objectives" for you to meet, "reading assignments" 
where you can fin4 the information and "review questions" for you to check 
yourself to see if you are meeting the objectives. Answers to the questions are 
in the Answer Section of the Study Guide. Check your answers after completi~g 
a section. The review que stions can be used as review material in this way. 

OK, let's go! ! 

01. 01 COMPUTER CHARACTERISTICS 
&: 

01. 02 DATA REPRESENTATIONS 

Objectives: After the introduction lecture and the following reading assignments, 
you should be able to do the following without reference. 

1. Describe a 7090 system including I/O units and be able to list 
the numbers of each unit, its function, and speed, and data flow 
between units. 

2. Name and describe all CPU registers as to size, use and data flow. 

3. Describe the format of data as it appears on cards, tape and in core. 
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Reading Assignment: Read "Computer Characteristics" pages 1-11 in 
the Programming Instruction Manual {hereafter 

. called" PIM" 

Review Questions - Computer Characteristics: 

1. Draw a block diagram of a 7090 system. Fill in frame numbers and 
show basic data flow between frames. ,-rC'~- Lb () 

2. There are 5" models of Data Channels available on a 7090. 

3. MOD r+=f and Data Channels have 90KC tape drive feature. 

4. MOD \ and [L"L.: Data Channels have Card Adapter Units in 
addition to TAU. 

5. V MOD ___ Data Channel has CAU only. All other model channels can 
have up to (.0 tape drives. 

6. Card machine speeds are: 
a. Printer / '-~"--n 

~ ',., lines/min. 
b. Punch !l (., ,--,.J 

cards/min. 
c. Reader £- !Ii:::> cards/min. 

7. Basically the two functions of the Central Processing Units (CPUI and CPU2) 
are and -----------------------

8. Multiplexor is like a "Traffic Cop". It is a switching unit thr0ugh which 
data flow is directed. (True or False) U 

9. The Core Storage Unit capacity is < words. Each word is made 
~ -----------

up of :3 )0 bit positions. 

10. The computer cannot distinguish between a "data" word or "instruction" 
word in core. Whether a word is used as an instruction or as data depends 
on the kind of cycle it is brought out on. (True or False) -r -------------

11. There are 4 types of machine cycles. They are ------------- ----------------
12. Instructions are brought out of core storage and decoded during an 

cycle. -------'--------
?') 

13. The Data Channels initiate I';:) cycles to transfer data and ______ ...0:;;.. ____ _ 

commands to or from storage. 

14. F and L cycles are used to "do" an instruction. 
cycles make access to core storage to transfer data, but L cycles -----------
never do. 
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15. Most, but not all, instruction words contain the operation "code" in 
bit positions \ ..... _______ _ 

~.. - ,.,~.I 

16~ The address field of a word is in positions --t::J;....._!_~_._-'_> ___ _ 

17. Draw a simplified diagram of all processing unit registers. Label 
each and show bit positions each contains. Use arrows to show basic 
data flow between register s. 

01. 02 DATA REPRESE'NTATIONS 

Reading Assignment: Read Pages 11 - 21 in PIM 

Review Questions - Data Representations 

18.' The 7090 utilizes "Row Binary l1 format to read or punch cards. The 
first 36 bit word occupies The second is in 

------ and so on for a total of words per card. 

19. Since 7090 words are punched in each row only -7 (~ ___ G~2=_~~_ __ __ ~ ______ _ 
columns of a card are used. 

20. In order to punch Hollerith information in a card, it is necessary to set 
up a card ) \-"\.A C )/( in core storage by means of a li)- '-.;,-~i {., .. -

, 'P <.. 

21. An "assembly program" which takes a program you have written in 
"mneumonic" {alphabetic op codes} and converts it to machine language 
(binary words) utilize s the entire of a row binary card for 
information about the card. This information is used by a program called 
a "loader" to read your program into Core Storage. 

22. The which tells the "loader" how many words are punched 
in the card is contained in cols of row. There 
may be from one to words to be read from each card. 

23. The "address" field is in cols. of 9 row. It specifies where 
in core the loader is to place the 1 st word, which is in of the 
card. The 2nd word, which is in of the card will be placed in 
the next higher address in core and so on for the rest of the words to be read. 

24. The in 9 row left of a card is a logical addition of all 
the words in the card except This is used by the ------
to check for bit pickup or dropout during the readin operation. 

25. The 36 bit 7090 word allows the placement of BCD characters 
within each word. 729 tape drives utilize BCD coding. Since only whole 
36 bit words are written on tape by the 7090, records are always at least 

-------- or multiples of BCD characters. 
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01-.03 NUMBERING SYSTEMS 

Objectives: Without reference you should be able to: 

1. Convert number s from the decimal system to octal and to 
binary and vice versa. 

2. Read binary numbers and verbally express them octally. 

3. Do simple arithmetic using binary numbers. 

Reading Assignment: Read "Appendix A" page s 131 to 135 of the 
7090 Reference Manual 

Review Questions - Number Conversions 

1. Manually convert 1466 decimal to octal ____ then to binary ____ _ 

2. Convert 32, 769 decimal to octal -----
3. Convert 100 octal to decimal -----
4. Convert. 25 decimal to octal -----
5. Convert. 000968 dec. to oct. -----
6. Convert. 001 oct. to dec. 

7. Convert. 350 oct to dec -----
8. Convert 40000 oct. to dec. 

Reading Assignment: 

-----
Beginning at Page 136 of 7090 Reference Manual, you'll 
find Appendix B and on Page 140 Appendix C. Use these 
and see if you can find the numbers used in the preceding 
"review questions". 

9. Express the following binary numbers octally. 
a. 011011110 1 
b. 11000101 
c. 1000 
d. 11011011 
e. 10000000 

10. Write the four rules for subtracting and the three rules for addition of 
binary numbers. 
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01.04 INSTRUCTION SPECIFICATIONS AND SYMBOLIC CODING 

Objectives: - Instruction Specs (without reference) 

1. Describe the use of each field of a symbolic coding form 
and how they correspond to what is to be punched in cards. 

2. Define the symbols, terms and abbreviations used to represent 
and describe instructions and registers. 

3. Correctly write on a symbolic coding form for program assembly. 

Reading Assignment: Read Pages 22 - 241n PIM and Page 18 in 7090 
Ref. Man. (IIProgramming Examples" on page 108 
of Ref. Man. may also be of help) 

Review Questions - Instruction Specs. 

1. Each line of a coding form is punched into ----------------
2. The coding form is layed out in cols. This constitutes the card· cols. 

where the information is to be punched. (True or False) 

3. The field, which may be blank, an actual address, or a 
symbolic address occupies cols. 1 to ----

4. Co1. must be to separate the location field 
from the operation field. A blank co1. also separates the operation field 
and field. 

5. The field begins in Co1. 8 and may be from to -------------- -------- -----
characters. 

6. The field may contain nothing, an address, address and 
tag, or address tag and decrement, depending on what is required by 
the ------------

7. If there is no variable field where should comments begin? --------------
8. Cols. 73-80 are used for card numbering or identification. The computer 

does not read these cols. (True or False) 

9. In a description of an instruction the symbol Y is used to denote that an 
is required. ---------

10. Commas in'the variable field are used to ---------------------------
11. In the instruction ADD*. The * means Be car eful, an * ---------in the variable field means something entirely different. 
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12. Define: a. 
b. 
c. 
d. 

C(Y) 
C(MQ) 

C(AC)3_17 
C(AC) 

13. The letter X in an instruction denotes use of -------------------
01. 05 ARITHMETIC INSTRUCTIONS AND LOGICAL OPERATIONS 

Objectives - Fixed Point Arithmetic 

Without reference 
1. Be able to describe for all fixed point instructions 

a. Where all data to bel worked on must be located. 
b. What operation is performed on the data 
c. What data is destroyed if any 
d. Where and in what form is the "answer" or result of the operation 

2. Be able to write the correct mneumonic op code and format for 
all fixed point arithmetic instructions on a coding form (using 
the 7090 reference card only) 

NOTE: In addition to review questions, you will also be given 
problems to program in the remainder of this guide. 
They will progress from very simple routines to more 
comprehensive programs which you will code on a form 
and some of which you will assemble and execute on the 7090. 

Not all instructions will be covered. To locate information 
on any instruction, use "Appendix G" page 152 or "Appendix E" 
page 144 of the 7090 ref. manual. 

Reading Assignment: Read "Fixed-Point Arithmetic Instructions" Page 25 - 27 
in PIM. (U se 7090 Ref. Man. if you need further 
reference material) 

Review Questions - Fixed Point 

14. A instruction destroys the old C(AC) and places the --------C(Y) in -----------
15. A carry into pOSe 

out of pOSe Q are 
turns on the AC overflow indicator. Carries ---------

-----------
16. If the product of a multiply does not exceed 35 bits, what register would 

it be in? 

17. The answer from a divide operation will be in the -------- The 
remainder, if any, is in the -----------
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18. If division is to take place, the C(Y) must be than the 
C(AC). If not, the indicator is turned on and division 
doesn't take place sinc.e the numbers involved will not produce a correct answer. 

Reading Assignment: Read Pages 34 and 35 of PIM "Word Transmission Operations" 

19. Write a simple program routine for the following. Use actual addresses 
as shown. Begin program in 201. 

These quantities are stored in memory as fields of a partl s inventory: 

Location 

4001 
4002 
4003 
4004 
4005 

Contents 

Receipts 
Withdrawals 
Adjustm.ents 
On Order 
Reserve 

a. Compute "Stock Balance" and "Availability" 
1) Stock Bal = Receipts - Withdrawals + Adjustments 
2) Availability = Stock Bal. + On order - Reserve 

b. Store: Stock Balance in location 4006 
Availability in location 4007 

20. Assume X is a number in storage locati'on 400. 

All results will be assumed to have values that will not exceed the 
capacity of a single word. Start programming at location 100. 

a. 
b •. 
c. 

Place X3 in location 410 
Place X4 in location 411 
Place X6 in location 412 

21. The integers a, b, c, d, are stored in symbolic locations A, B, C and D 
respectively. 

The quantity X is stored in symbolic location X. 

Place ax3 + bx2 + cx + d in location X. 

Assume that the results will not exceed the capacity of one storage location. 
Begin the program at location START. 

A 
22. Write a ,simple program routine to do the. formula: B = Q 

Assume symbolic addresses and that quantities won1t exceed capacity of 
one storage location. Q initially contains all zeros. 
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Objectives - Floating-Point Arithmetic and Shifting 

You m.ust be able to do the foHewing without reference: 

l. Describe the form.at of a flQating point word. 

2. Convert any fixed point num.ber to floating point and vice ver sa. 

3. Define when it is necessary to use floating point arithm.etic. 

4. Define the use and re sults of shift instructions. 

5. Be able to define: 
a. The form.at ·and whereabouts of data required by each 

floating point c>peration. 
b. The form.at and location of data resulting from. any 

floating point operation. 

6. Be able to use F. P. and shift instructions in program.s. 

7. Be able to describe "Masking" and II Packing". 

Reading Assignm.ent: Read Pages 27 - 30 of PIM; "Floating Point Operations" 
Page 7 and Page 135' of 7090 Ref. Man. 

Review Questions - Floating-Point And Shift 

,23. In a floating point word, the sign of the fraction is in pos and ------the sign of the characteristic is denoted by pos ------
24. The fraction part of a F. P. word.is in pOSe to , a norm.alized -------- -------fraction having its high order bit in ------
25. A F. P. fraction with an exponent of zero has a characteristic of ---------
26. A "normal" F. P. zero has for a char. and for its ---------- --------fraction. 

27. FAD results are always norm.alized. In fact it m.ay be used to normalize a 
F. P. number by adding it to all zeros in the Accum.ulator. (True or False) 

28. The significant part of the re suIts of a FAD appear s in 
the MQ with a characteristic octal than the ---------

29. In dealing with signs, both fixed and floating point instructions follow the 
sam.e rules of arithmetic in assigning a sign to the results as you did in 
gram.mar school. (True or False) 

30. If the results of a FMP do not exceed the size of one FP word, which 
register would you II store" the re suIts from.? 
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31. In both fixed and floating point divide the re su1ts appear in the AC. 
(True or False) ---------

3Z. Shifting a number left one place is the same as by -------- ---------Shifting a number right one place is the same as by ----------
33. ALS of one place with a 35 bit fixed point number in the AC will ---------the size of the number. If a floating point number were in the AC, the 

results would be ------------
34. On what shift instruction do the following occur? 

a. Bits from MQ sign go in AC35 
b. Bits from AC35 are lost ---------- c. Bits from MQ sign go in MQ3S 
d. Bits from MQ35 are lost ----------

35. Xl' X Z' X3, X4, X5 are normalized floating point numbers in locations 
400. 401. 40Z. 403. and 404., respectively. Write a routine to evaluate 
Xl Xz X3 and store in loc~tion 410. If division cannot take place, stop the 

X4X
5 

calculator (assume number s small enough to be contained in one word). 
Use o~ta1 fQr addressing. 

NOTE: When writing a program on a symbolic coding form for assembly, 
you may use either symbG>lic addressing and/or actual (numeric) addresses. 
It is easier to use symbols for addresses. However, you must define these 
by using them in the location field of the form (only once). If you ever de sire 
to use actual addresses, THEY MUST' BE DECIMAL. The assembly program 
will automatically convert the numbers from decimal to octal for you (whether 
you like it or not). 

All further programs should be written using the above rules. 

Reading Assignment, - "Logical Operations" - Pages 30-3Z in PIM 
"Packing and Unpacking" - Pages 3Z - 34 PIM 

Review Questions: 

36. In an "AND" function positions being AND'ed must be -------- ----------to get a result of one. 

37. In an "OR" function or positions being a one will re su1t ------ ------in one out. 

38. In an "Exclusive OR" function the corresponding pOSitions (must, 
must ne»t) match to get a one. In other words, one position must be a 
______ and the other a to get a one. 
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39. One use of logical instructions is That is, "blotting" out 
what you don't want and keeping oniy the portion of the word you want. 
Another use is to put two or more piece s of data into one word to save 
space. This is called ----------------

40. Given the following program, describe what you think itls doing. 

SQUEEZ 

DATA 
MASK 
PACK 

CLA 
ANS 
CLA 
ALS 
ORS 
TSX 
TRA 
OCT 
OCT 

MASK 
DATA 
PACK 
18 
DATA 
OUT,2 
1000 
777777 
050000 

01. 06 CONTROL OPERATIONS, INDEXING CONCEPTS and TRAP 

Objectives: 

1. Be able to describe the operation of and use in a program of: 
a. Conditional and Unconditional transfer s 
b. Skip Instructions 
c. Control Instructions 

2. Without reference, be able to describe the concept of indexing. 

3. Be able to use and de scribe all index transmission instructions 
without references. 

4. Be able to describe the operation of multiple TAGing without reference. 

5. Be able to describe and use indexing and indexing loops without reference. 

6. Without reference, be able to describe transfer trap mode operation, 
ETM, LTM, TTR. 

7. Be able to de scribe the operation of Floating Point Trap. 

8. Be able to describe the use of Sense Indicator Reg. and sense indicator 
instructions. 

9. Be able to describe indirect addressing. 

10. Be able to describe the process and find the resulting addre ss for any 
combination of "Tagging" and" Flagging". 

16 



Reading Assignment - "Sense Indicator Operations" Pages 47 and 48 in PIM. 
(Refer to 7090 Ref. Man. for more SI ops) 

Review Questions "Sense Indicator Operations" 

1. The SI register is a bit register. This register is used 
for masking and also as indicators for setting and testing by the programmer 
for monitoring many conditions. 

2. of SI instructions transmit a full 36-bit word between the 
SI Reg and either the AC or storage they are The 
remaining SI instructions are classified by five functions. 
They are: 

A. 
B. 
C. 
D. 
E. 

3. Describe the following: 

A. LDI ----------------
B. STI ----------------
C. PIA ---------
D. RIA ---------
E. TIO --------

Reading Assignment: "Control Instructions". Read Pages 48 to 50 in PIM. 
{Refer to Appe~ix G or E in 7090 Ref. Man. for further 
information if needed} 

Review Questions: "Control Operations" 

4. transfer instructions will always alter the normal sequential 
processing of instructions without testing. 

5. transfer instructions mayor may not transfer depending on 
some condition being met. These should not be confused with -------
type instructions which do not really transfer but" skip" over one or more 
instructions. 

6. a. TZE will transfer if 
b. TMI will transfer if 
c. TOV will transfer if 
d. TNO will transfer if 
e. TNZ will transfer if 
f. TPL will transfer if 
g. TQP will transfer if 
h. TLQ will transfer if 
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7. An XEC instruction is something like a transfer that goes out to the 
address specified and does that instruction, BUT IT THEN COMES 
BACK to the next instruction after where the XEC was. Look up 
XEC in 7090 Ref. Man. and see if you can describe what's happening 
in the following programs. 

A. Where will the 7090 halt. ? 
What's in the AC when it halts ? 

START CLA ONE 
ADD TWO 
XEC XRAY 
STO ANS 

STOP HTR START 
ONE HTR 1 
TWO HTR 6 
XRAY ARS ARSI 
GO TRA XRAY 

B. Where will the 7090 halt ? 
What's in the AC when it halts ? 

START CLA EQU 
ADD HIGH 
XEC XRAY 
ADD LOW 

ONE HTR START 
TWO HTR START 
XRAY CAS LOW 
HIGH HTR 6 
EQU HTR 1 
LOW HTR 10 

C. Where will the 7090 halt ? 
What's in the AC when it halts ? 

START CLA ONE 
ADD TWO 
STO ANS 
XEC XRAY 
CLA TWO 

TWO HTR 2 
ONE HTR 1 
XRAY TRA DO 

ADD TWO 
DO TNZ ONE 
END HTR START 

8. Three quantities are stored in locations ONE, TWO, and THREE. Using 
the TQL instruction, write a routine to determine which is the lowest number 
and store it in LOW. 

9. When would you use a NOP instruction? 
18 



Reading Assignment: "Indexing Concept" and "Comp. Arith." 
"Multiple Tags" 35 to 39 in PIM. (7090 Ref. Man. Page 44) 

Review Questions: "Indexing Concepts" 

10. Indexing is the combining of the contents of an with the 

------- portion of an instruction before the instruction is executed. 

11. By indexing an instruction we can change the which that 
instruction works on. If we were to add up a list of a 1000 numbers we 
need not use 1000 ADD instructions; only one. 

12. There are index regs. They may be loaded with either 
or numbers. When combined with the address ------

part of an instruction, the address may be or --------
13. The index regs are lettered Which one is to be used to 

combine with the address portion of an instruction is specified by the 
field of the instruction which is positions -------- ---------

14. One or any combination of index regs can be used by an instruction. A tag 
of 1 specifie s index reg , a tag of 6 specifie s index reg ------This is called tagging. 

15. Each index reg is positions long. This is the same size as 
the the addres s field of a 7090 word (True, False). --------

16. arithmetic is used by the indexing process. This 
means that the contents of the index reg is always from 
the instructions addre ss field. If an instruction has an addre ss field 
containing 7 and we specify with a tag an index reg which contains a "True" 
3, the resultant address will be If, instead, we wanted to 
add 3 to the address, we would put the of 3 in the index reg. 
This is like subtracting a -3 from the address which is the same as 

+3 to the address. -------
17. If multiple tags are used, the contents of the index regs involved are 

------- together before combining with the addres s field of an 
instruction. This can be quite involved since the result is not .easily seen. 
If XRA = 7638 , XRB = 0618 and XRC = 7708 , the result of using a tag of 7 
would mean that would be subtracted from the address. If 
the address were 6774, the address would be 

Reading As signment: 

------
Read "Index Transmission Operations" Page 39 to 
Page4J and "Index Register Te sting Instructions" 
Page 50 to 52 in PIM. (Refer to Appendix G in 7090 
Ref. Man.) 

(OK ••.•••. Let's see if you can use indexing in some programs. The way you 
program a..~-em may not agree with the way it's given on the answer sheet. 
As long as it works ••••• OK. In fact, you may do it a better way. ) 
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18. Do the following problems using index registers. 

(a) X is an integer in storage location X. Place X9 in location XNINE. 
(Assume X9 will not exceed one word) 

(b) Twenty-four numbers are stored in locations NUM to NUM + 23. Place 
the sum of those that are positive in location sum. Assume that the 
sum cannot exceed the capacity of a single storage location. 

(c) Thirty-one numbers are stored in locations NUM te NUM + 30. Place 
the sum of those that are positive in location PSUM and those that are 
negative in MSUM. 

19. Fifty numbers Xl X 2 - - - X50 are stored in locations X to X + 49. 
Fifty other numbers Y 1 Y 2 - - - Y 50 are stored in locations Y to Y + 49. 

Place Xl - Y 1 in location XY, X 2 - Y 2 in XY + 1, etc. 

Assume that difference. cannot exceed the capacity of a single storage 
location. Constants needed may be assumed to be stored beginning at 
location CONS. 

20. There is a list of 100 numbers in locations X - 100 to X-I. Using 
CAS and indexing write a routine to sort the li st into ascending order. 
Assume no two numbers are equal. 

Reading As signment: "Indirect Addressing" Page 11 in 7090 Ref. Man 
and Page 41 to 46 in PIM. 

21. Flag bits in a 7090 word are bits in pos _____ and ____ _ 

22. On a coding form indirect addre ssing is indicated by a after -----the la st of the ----.-----
23. (a) What is the sum of theaddi tion ? 

(b) Whe r e will the sum be stored? 

DATA CLA* STOP 
STOP ADD GO 

STO* STOP 
GO HTR 10 

24. (a) Where will the following halt? 
(b) Where will·the "STO" store? 

DATA CLA* STOP 
STOP ADD GO 

STO* TRAN 
GO HTR 10 
TRAN TRA* DONE 
DONE HTR 5 
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25. Contents of which location will the CLA place in the AC? ------

DO 
":STOP 

NUM' 

CLA* 
ADD 

.,SJre 

HTR 
HTR 

Reading Assignment: 

DO,4 
NUM,4 
STOP 

XRA = 3 
XRB = 2 
XRC = 1 

5 
3 

"Transfer Trap Mode" Page 11 and ETM, LTM, TTR 
on Pages 36 and 37 of 7090 Ref. Man., EFTM and 
LFTM Page 66 of 7090 Ref. Man. 

26. Transfer trap mode is used mainly for program debugging. It is a means 
of keeping track of how far a program runs by storing the address of each 
transfer it encounters as the program runs. (True or False) 

27. The program beginning at START is running: 

00 HTR 000 XRA = 000 
01 STO SAVE XRB = 6 
02 CLA 000 XRC = 1 
03 STA 05 
04 CLA SAVE 
05 TTR* 000 
SAVE HPR 000 
START ENT 

CLA NUM 
ADD NUM + 1 
STO DATA 

WOW TRA* GO,4 
NUM HTR 5 

HTR 6 
DATA TRA 000 
TRAP HTR GO 
GO LTM 
DONE HTR START 

A. Where will the program halt first? 
What will be in the address portion of location 05? -------

B. If the start key is depressed, where will the program halt again? ____ _ 
Now, what will be in the address portion of 05? _____ _ 

C. Will the HTR at DONE cause a trap to occur? 

Reading As signment: Read "Floating Point Trap" Page 79 of PIM 
Page 30 in 7090 Ref. Man. 

28. The capacity of a floating point word is exceeded if the "exponent" goes 
beyond or below • In the machine this would be a 
"characteristic" above and below ------
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29. Beyond the upper limit of the characteristic is an condition ------and below the lower limit is called a -------

31. An identifying or code is placed in the portion 
of 0000 by FP trap and the computer executes the instruction located at 

32. Describe the meaning of each of the FP spill code bits. 

Bit in 14 
Bit in 15 
Bit in 16 
Bit in 17 

01.07 INPUT-OUTPUT OPERATIONS 

Objectives: With reference to 7090 Ref. Man. be able to: 

1. Describe the buffering and asynchronous operation of data channel. 

2. Describe the functions of these basic data channel registers: 

a. Data Register 
b. Ope Reg (Indicator Reg. ) 
c. Word Counter 
d. Address Counter 
e. Location Counter 

3. Describe the difference between a command and an instruction. 

4. Describe the format of a command word. 

5. Describe and use the following to write I/O routines. 

a. WRS 
b. RDS 
c. LCH 
d. RCH 
e. SCH 
f. TCH 
g. BTT,ETT 
h. WEF, TEF 
i. REW 
j. TCO, TCN 
k. TRC 

----

6. Describe and use the eight I/O commands single or in any combination. 

22 



7. Describe D. C trap as to how it is enabled, what conditions 
cause a trap and what the results of trap are. 

Reading As signment: Read from Page 55 to Page 79 in PM. 
(Refer to 7090 Ref. Man. for more detailed information) 

Review Questions - I/O Operations 

1. Data transmis sion operations of a data channel are initiated by the 
execution of instructions by CPU. A select instruction 
to select and start the channel followed by a to load a 

----~-
into the channel registers. From this point the channel 

operates like a separate computer. This is called operation. 

2. Data channel controls the and of all data ------- ----------transmitted between and -------- -------------
3. Draw a diagram of a command word showing its format as to WC, etc. 

4. What regs of D. C are stored by SCH? 

5. A WRS or RDS instruction has a different op code for each data channel. 
(True or False) 

6. Which I/O unit (tape drive, printer, etc.) is determined by the ________ _ 
of the instruction? 

7. There are eight commands. See if you can list and describe at least six 
of them without reference. 

8. A bit in 19 of a command means of data if used on a --------------read operation and is on a write operation. 

9. What condition will cause each of the following to transfer? 

a. TCH 
b. TCO 
c. TCN 
d. TRC 
e. TEF 

10. What does a bit in 18 of a command mean? ---------------------------
11. If the following command is given, assuming the channel is RDS, where will 

the first word be stored? 

0100 IOCP* 200, 0, 100 
0200 TCH* 500, O. 0 

12. What will be the configuration of the record( s) on tape, using the following 
program? 
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13. a) 
b) 

WRS 1221 0100 IOCP 0, 0, 50 
RCHA 100 IORP 1000, 0, 0 
HTR IOSP 2000, 0, 50 

IORP 3000, 0, 20 
IOCD 0, 0, 0 

How many words will be written on tape with the following program? 
Using a read select, how many words will be read from the tape 
that was just written? 

WRS 1221 100 IOCP WC = 50 
RCHA 100 101 IOCPN WC = 30 
LCHA 110 102 IORPN WC = 100 

103 IORTN WC = 25 
110 IOCD WC = 4 

14. Three records on tape: 

1 st Rec. = 25 words 
2nd Rec. = 15 words 
3rd Rec. = 20 words 

Which word's will be read into storage as a result of the follnwing program? 

RDS 1201 
RCHA 100 
LCHA 110 

100 IOCP WC = 5 
101 IORP WC = 10 
102 IOSP WC;; 5 
103 IOCD WC = 20 

15. What are the three conditions that may initiate aD. C trap? 

A. 
B. 
C. 

16. The contents of CPU i.s stored by a DC trap in some 
even location between 12 and 30 (octal) dependent on which data channel 
caused the trap. Channel C would store in loc ------

17. If channel C caused a trap, CPU would take its next instruction from 
location • If that instruction were not an unconditional 
transfer, CPU would then go --------

18. Once a D. C trap occurs, all other traps are prevented until a ______ _ 
instruction is given. 
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02.00 PACKAGING AND COMPONENT CIRCUITS 

02.01 PACKAGING 

Objectives: Without reference we must .be able to accomplish the following: 

1. List the pin identification letters and number s for single and double cards. 

2. List the voltage connection pins for single and double SMS cards including 
the voltage that will be found on each pin. 

3. Define the use of the following line connectors: 
a. Edge Connectors 
b. Hinge Connectors 
c. Panel Connectors 
d. T-Connectors 
e. Slide Connectors 
f. *Coaxial Connectors 

4. Draw a side view of a 30" SMS sliding gate. Included on this drawing 
should be the following: 
a. Panels 
b. Rows 
c. Columns 
d. Edge Connectors 
e. T-Connectors 
f. Hinge Connectors 
g. Panel Connector s 

5. List the lead assignrnents for Edge Connectors and Panel Connectors. 

6. Given any 7090 ALD address we must be able to physically locate this point 
on the machine. An example of this would be locating the following addresses: 
a. 02D3611H 
b. 03F2lE12 
c. 01B3T03B 
d. 02E46H-R 

7. Given a SMS card address we must be able to locate this logic block in the ALDIs. 

Reading Assignment: SMS Manual Pages 5-12 and 17-21, Study Guide Figures 
02.01 through 02.04. 

Review Questions: 

1. Each frame contains gates. The sliding gates ------------ --------------
are lettered The tailgates are lettered -------------

~:e More commonly known as biscuit connectors 

25 



2. What is the function of the tailgates? 

3. The rows on each panel are labeled and the columns ---------

4. Edge connectors are used whenever ------------------------------
5. "T" connectors are labeled for each column and are used ----------whenever 

---------------------------------------------------------
6. SMS card sockets are labeled -----------
7. Interpanel (1 to 2 or 3 to 4) signal wires use pins ------------of the card socket and the ground wires use pins ------------
8. Ribbon cables from row K of panel 3, gate D will be plugged into gate 

, slide connectors columns and , rows ---------- -------to ----
9. Why are the slide connector pins for columns A, B, F, and G labeled left 

to right and columns C. D. H. and J labeled right to left? 

10. and position biscuit connectors are used on ------------- -------------cables to the tailgates. 

11. Double SMS card contacts are labeled and ----------
12. Voltage connections to the SMS card are through pins to ---------
02.02 COMPONENT CIRCUITS 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the nominal voltage swing of a P or N level. 

2. Define the reference level of a PorN line. 

3. Draw the output waveforms of any 7090 logic bloc;k or group of blocks when 
given the inputs. 

4. Identify the conducting transistors of any 7090 logic block when given the 
schematic drawing and input voltages. 

5. Determine the forward or reverse bias status of the collector to base and 
base to emitter junction of a PNP or NPN transistor when given the collector, 
base, and emitter voltages. 

6. Define the nominal inherent block delays for alloy and diffused junction logic 
blocks. 
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Reading As signments: SMS Manual Pages 5-6, 19-22, 45-55, 36-41, 89-90 & 56-69 
Study Guide Figure 02. 05. 

Review Questions: 

1. What is the voltage at point X of the following circuits with reference 

to ground? a. +6 b. -6 c.-6 

2.4K 187 ohm 360 ohm 

X X X 

360 ohm 2. 15K 2.4K 

7 -12 -12 
2. The "N" line signal varies approximately volts 

about a volt reference and usually drives into a (PNP, NPN) 
type transistor circuit. 

3. The 11 plI line signal varie s approximately volts about a 

------- volt reference and usually drives into a (PNP, NPN) type 
transistor circuit. 

4. The base of the reference transistor is tied to volts (PNP) or to 
volts (NPN). The reference transistor collector load establishes ---

the output levels. 

5. As the input signal level changes, current switches from the in phase load 
to out of phase load or vice-versa. Why is the current greater through 
the input transistor as compared to the reference transistor? 

6. The nominal block delay for an alloy junction circuit is --------
7. The use of remote collector loads is a function of circuit requirements and 

is indicated and controlled by the --------
8. What are the main differences between diffused junction type A and type B 

circuits? 

9. When is type B used in preference over type A? 

10. The average logic block delay for diffused junction circuits is -------
11. What function does the 82 ....... base resistor and the coil in the collector 

loads perform? (Diffused Junction Circuits)· 

12. What is the purpose of an AND circuit extender? 

13. If a +AND circuit is a basic N block, what is the de signation of the upper 
level of the out-of-phase output of a -AND circuit? (+N, +P, -N, -P) 
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14. Is an up-level or a down-level present at the out-of-phase output of a 
negative binary trigger when it is off? 

15. Is the reset to a positive binary trigger negative or positive and to which 
condition does it reset the trigger? 

16. What is the output of Pin D? 
A 

+TA -A c 
c 

c 

17. What is the output of Pin B? 

100* 

D LY !f------t i-Oil---_' ----< r-----">I_A I 
18. With only a negative input pulse of tW(!) units duration, draw a circuit which 

will give a positive output pulse of five units duration whose leading edge 
coincides with the leading edge of the input pulse (exclusive of logic block 
delays) . 
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03.00 POWER SUPPLY 

03.01 LOCATIONS AND CONTROLS 

Objectives: The student without reference, should be able to: 

1. List the procedures to apply or remove power to the complete system 
or individual frames. 

2. Define the meaning of each indicator and meter associated with the 
power system. 

The student, with reference, should be able to: 

1. Locate any component of the 7090 power system. 

Reading As signment: 

Review Questions: 

Read section on Power Controls and Indicators in 
Power Supply Instruction-Reference Manual. 

1. Where are blower motor CBls located? 

2. What relays are located in the SMS supplies? 

3. How many 48 volt supplie s are there and where are they located? 

4. Where is DRI which controls tape input power? 

5. Are MG voltage regulator circuits located in MG box? 

6. How is voltage regulation in the system achieved? 

7. Where are system power on switches located? 

8. How do tape drives receive their power? 

9. How is a blower motor failure detected? 

10. How many emergency off switches, and where are they found? 

11. Why are there 2 power lights on the console? 

12. a) -What normally happens when PW R switch on a module is turned of!'? 
b) When turned back on? 

03.02 STANDARD MODULAR SUPPLY 

Objectives: Without references the student should be able to: 
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1. List the input and output voltages to a SMS power supply. 

2. Define the purpose of each transformer in a SMS power supply. 
(Use Fig. 63 in the Instruction-Reference Manual). 

3. Draw a simplified schematic of a basic power supply. 
a. Then add to this schematic the circuitry required to make 

it a Mlc power supply. 

4. Define the operation of the bias and control winding of a magnetic amplifier. 

5. List the conditions that will causeCBl to trip. 

With references the student should be able to: 

1. Adjust any standard or MIC output voltage of a SMS supply. 

2. Adjust a SMS supply if all voltages are low or high. 

3. Trace, point by point, the 48 volt path in a SMS frame. 

Reading Assignment: Read section on Unit Power Supplies in Power Supply 
Instruction-Reference Manual. Also section on 
Magnetic Amplifiers. 

Review Questions: 

1. The -6 volt supply is I 14 volt low with TB connection on the 0 position. 
Where should the conn.ections be made? 

2. Will removal of a mag amp card prevent a module from having proper 
power? 

3. What would be the effect of a broken wire between T3 and RMB6 on an SMS 
supply? 

4. How much of the system loses power -
a. When a fuse blows in modular supply A-B of multiplexor? 
b. When a fuse blows in CPU I supply CD? 

5. What is the source of the voltage applied to the meter when marginal checking 
on -12 volts, CPU 2? 

6. Ref. Man. Fig. 63: What is the purpose of T5? 

7. Ref. Man. Fig. 72: What would be the result of a loss of the input voltage when: 
a. No fuse is open? 
b. A fuse blows? 

8. Explain the function of Rl, Rl, R3, and R4 in the modular power supplies. 
Give an example of the use of at least one set of relay points. Give system 
page, etc. 
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03.03 CORE STORAGE POWER SUPPLIES 

Objectives: Using only systems we must be able to: 

1. List the input output voltages of the 3600 W memory power supply. 

2. Explain the operation of the magnetic amplifier as used in the neon 
detection circuits of memory. 

3. List the major differences between the 2KW supply and a SMS supply. 

4. Describe the action of the zener diode(s) in the +60 volt, +30 volts and 
-6V supplies. 

5. Explain the operation of the voltage sampling circuits as used in the +30 
volt, +60 volt and -6 volt supplies. 

6. Describe the principle of operation of a thyratren transistor. 

7. Describe the protection circuitry that is employed to protect the core 
drivers in memory from over-conduction. 

8. Adjust individual voltage outputs of the 3600 W supply. 

9. Explain how the -18 volt and +85 volts are developed. 

Reading Assignment: Read section on Unit Power Supplies in the Power Supply 
Instruction-Reference Manual 

Review Questions: 

1. On the CE panel, the 6 V -12V meter reads AC from the variac arms and 
is interpreted as DC voltages. Is this true of the 30V-60V meter also? 

2.. What would be the result of an open zenner diode in the circuit on systems 
page 02.01. 12. O? 

3. Will power be dropped in core storage if the driver check light is turned on? 

4. a) On 7302 systems page 02.01.01.0 what are the lines to 
TBl'5, 7, 9,11 supplying? 

b) Where can these voltages be conveniently measured? 

5. What would be the effect of an open diode in the anode lead of the neon 
detection circuit? 

6. What would be the effect of an open zenner diode in the -6 volt supply 
control circuitry? 

7. Systems 02.01. 13.0: Output loading varies and output vGltage starts to 
rise. What happens to correct this change? 
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B. The impedance of a saturable reactor is controlled by varying the 
in the core. ----------------------

03.04 POWER SEQUENCING 

Obj ecti ve s: Using only systems, the student must be able to accomplish 
the following: 

1. List the relay sequencing for a normal power on. 

2. List the relay sequencing for applying from an emergency off condition. 

3. List the relay sequencing for applying power to any individual frames. 

4. List the relay sequencing for a normal power off. 

5. Describe the principle of operation of the power on variac. 

6. Determine all relays, CB's, and contactors associated with any individual 
frame. 

Reading Assignment: Read section on Distribution of Power to System Units in 
the Power Supply Instruction-Reference Manual. 

Review Que stions: 

1. Emergency Off switch has been pulled out on the censole. Can power be 
brought up now from PC U? 

2. Systems 9.02.01. 1 shows the HR30 thermal switches. Where do we find 
these physically? 

3. Systems 9.02.02. 1 shows no voltage to TB3-6 for variac drive when 
attempting to bring up power. Where do we locate fuse? 

4. How many power sequencing variac cycles will be taken if a DC switch on 
a module is turned on while the variac is driving down for the first time? 

5. CB32 is the control CB. -------------------
6. If the CB32 above trips while power is up to the system, the most probable 

result will be: 
a. Drop HR30. Why? 
b. No effect. Why? 
c. Lose 400 cycle, 20Bv, 3~, to the system. Why? 

7. Explain why the relay points for raising the Power On Variac are in parallel 
while the relay points to lower the Variac are in series. 

B. There are power on switches on each frame. ----------
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9. Describe the function of CBl SSW in any of the frame interlock circuits. 

10. When power is knocked down in Memory which supply drops first, the 
special voltages or the standard voltages? 

11. Which relay is re sponsi ble for the two supplie s of Memory dropping at 
different times? How does it accomplish this power off sequence? 

12. What is the purpose of DR29, DR30, and DR31? 

03.05 MARGINAL CHECKING 

Objectives: With€>ut the use of any references, we must be able to: 

1. Describe the function(s) of all controls, meters, and indicators 
associated with marginal checking which are located in the 7151. 

2. Define the safe limits of all M/c voltage used in the 7090. 

3. List the procedures required to apply a bias to any of the following: 
a. Core storage +6 volt and -12 volt 
b. Core storage +60 volt and +30 volt 
c. Core storage special -6 v0lt 
d. Operator's console +6 volt and -12 volt 
e. SMS frames, any gate, +6 volt and -12 volt 

With the use of systems only we must be able to accomplish 
the foHewing: 

1. Trace the selection path of a M/c voltage from the selectien push-buttons 
on the console to the M/c relays in a SMS power supply. 

2. Trace the control wires used in biasing the +60 volt and +30 volt memory 
supply from the toggle switch on the console to the power· supplies. 

Reading Assignment: Read the marginal check section in the power supply instruction
reference manual. 

Review Questions: 

1. What is the purpose of the -12V Variac interlock relay points on 
systems page 9.05. 31. 1 ? 

2. If DR33 in systems has an open pick coil will it prevent biasing of ,tp V 
M/c vQltages? 

3. What prevents driving the+6QV bias to core too high? 

4. What gate selections are made to bias +6V in console? 
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5. If DR34 N /0 FTM, you will be able to marginal check the -12 volts 
in any frame. Ture o'r False? Why? 

6. Because of defective power sequence relays channel 2 receives power 
from cables D and 4 (9.08.01. 0) (moved from B & 2 by CE). To bias 
this channel is it selected as channel 2 or channel 4 from CE console? 

03.06 POWER CONVERTER 

Objectives: With references we must be able to: 

1. Explain the principle of operation of the field flashing and regulating 
circuits employed with the power converter unit. 

2. Adjust the output voltage and regulation circuits of the power converter. 

3. Locate all lubrication points on the power converter. 

4. Differentiate between a brush type and brushless generator. 

Reading Assignment: Read the section on power converter located in the power 
supply instruction-reference manual. 

Review Questions: 

1. Describe the use of PI, P2, and P3. 

2. How is 400 cycle AC voltage to the system regulated? 

3. How often is the generator field flashed? 

4. What conditions will cause MG CB-l to trip? 

5. If power is up on the system and fuse 8 (09.02.01. 1) opens up, what will 
happen? 

6. What might be the result of an open primary of T3 on a machine running 
single shift operation? (09.09.01. 1) 

03.07 MISCELLANEOUS CIRCUITS 

This section will cover circuits and components not logically covered in the previous 
sections of this course. These circuits and components are: 

1. Blower Motors and Convenience Outlets' 

2. PCU 48 volts Special Power Supplies 

3. Power and Fuse Indicators 

4. Power Cable Distribution 
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Objectives! With the use ef system.s only we m.ust be able to accom.plish the 
following: 

1. Locate all CB ' s associated with the convenience outlets and blower m.otors. 

2. Trace the voltage supply path froIn PCU to any fram.e for the convenience 
outlets and blower m.otor s. 

3. Locate the 60 cycle and 400 cycle 48 volt power supply. 

4. Adjust the output voltage of both 48 volt power supplies. 

5. Define the purpose of having a 60 cycle and 400 cycle 48 volt power supply. 

6. Trace the turn on path for any power or fuse indicator. 

7. Locate all power cable connections within any frame of the 7090 power system. 

Reading Assignment: Read the pages applicable to the four topics of this section 
in the power supply instruction-reference m.anual. 

.Review Questions: 

1. The 48 volt power supply output is at about 42 volts. What is the logical 
cause for this trouble? 

2. Systems 9.02.04. 1 and 9.0.6. 21. 1 (2 of 2) both show a power on light. What 
purpose is served by using two lights? 

3. Points of interlock relay DRl for:bC A accom.plish what specifically? 

4. Answer True or False. 
a. The blowers in the m.odules are on as long as HR29 is up. 
b. The power on lite in CPU 2 lites when the ·DRl interlock relay 

for CPU2 is picked. 
c. In core storage, CB2 trips when any fuse is blown. 

5. What lights are turned on under the following conditions? 
a. +6V fu.se in Data Channel A-B power supply opens. 
b. Tape Drive. Circuit Protector Open. 
c. Thermo switch in Multiplexor gate B opens. 
d. Fuse F2 (09.06. 11.1) opens up. 

6. On 9.08.03.0 fuse 1 is blown. How will the system. be affected? 

03. 08 TROUBLE-SHOOTING 

Objectives: Given the sym.ptoms of a power supply problem. we m.ust be able to 
diagnose these sym.ptom.s so that we are able to determ.ine the m.ost 
logical course. 
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The following are some trouble-shooting questions to help you develop this diagnostic 
ability. 

1. This question concerns Power Supply A of data channel #1. On system 
page 09.03.02. 1 TB9-2 has an open. Which of the following troubles will 
occur when power is brought up. 
a. Power will not come up at all in data channel. 
b. Power will not come up in Power Supply A. 
c. Power will come up part way but then will go back down. 
d. CBI will trip for Power Supply A. 
e. CBl will trip for both Power Supplies in Data Channel. 

2. Under normal power ON conditions DC will not come up in any of the modules. 
Which of the following could cause this. 
a. C B34has tripped 
b. CB35 has tripped 
c. CB29 has tripped 
d. CB28 has tripped 
e. CB I has tripped 

3. Match the symptoms in Column I with the condition from Column II 

4. 

5. 

1. Low voltage in all standard 
supplie s in system. 

a. Blower failure, or faulty 
the rmal switch card. 

2. In CPU 1 CBl in AB supply trips, b. Defective Mag. Amp. card 
no open fuses the CB is restored 
then later GBI in CD supply trips. c. Motor generator output low 

3", One bank of tape drive s failing 
to get power up. 

4. All voltages low, gates A & B, 
CPU 2 

5. CBl in channel, gate A-B, fails 
to trip with open fuse 

6. Single DC modular voltage high 

d. DR-l points in channel dirty 

e. Modular supply transformer 
T4 needs adjustment 

f. Modular supply transformer T 3 
needs adjustment 

Assume we have just closed the main Circuit Breaker in the wall box. 
CB32 (09.02.01. 1) is open. What malfunction will occur when we try 
to bring up power on the system? 

In taking a normal power on sequence, we find that power comes up on all 
modules except CPU-I. The variac continues to cycle up and down. Which 
of the following could cause the trouble? 
a. HR10-l (09.02.03. 1) shorted 
b. HR 9-1 (09.02.03. 1) fails to make 
c. HR 9- 3 (09. 02. 02. 1) shorted 
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d. HR 9-2 (09.02.03. 1) fails to make 
e. HR10-2 (09.02.03. 1) fails to make 

6. While the system is running a program, power drops on Data Channel A. 
On investigating we find that CBl for ~ate A-B supply & CBI for gate C-D 
supply are tripped. Which of the following could cause the trouble? 
a. Blower motor on gate A short circuited 
b. -12V fuse on the A- B power supply is open 

(Fuse 6 on 09.03. 20. 1) . 
c. HR1-l N IC fails to make (09. 02. 02. 1) 
d. DR3l-l N/O fails to make (09.02.02.1) 
e. DR16 coil open (09.02.02. 1) 
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04.00 CYCLE & INSTRUCTION TIMING 

TABLE OF CONTENTS 

04.01 
04.02 
04.03 
04.04 
04.05 
04.06 
04.07 
04.08 

04.01 

Timing Circuits 
Basic CPU Circuitry Operation 
Cycle Generation 
I Cycle 
Indexing 
Indirect Addressing 
Manual Control Operations 
Diagnostics 

TIMING CIRCUITS 

Objectives: Without reference: 

1. Be able to describe the frequency and operation of the master 
oscillator. 

2. Be able to trace the operation of the master oscillator through ILD' s. 

3. Be able to describe the input to the clock, the operation of the 
clock including all timings, and the outputs generated by the clock. 

4. Be able to trace each step of the clock and the outputs generated 
through ILD' s. 

5. Be able to describe the operation of the Pulse Generator circuits. 

6. Be able to describe how each clock pulse duration is made up and 
distributed throughout the system, including delays between frames 
and any compensation for such delays. 

7. Be able to describe and trace through ILD' s the operation of the CP 
Set and Hold generation. 

8. Using ILD' s only, be able to draw a sequence chart of the clock 
and its outputs and also the CP set and hold generation circuits. 

Reading Assignment: Read section 4. 1. 00 in CE Inst. Ref. Manual 
Refer to ILD page 08.00.44 for Master Osc. 
Refer to ILD page 08.00. 40 for clock 

Review Que stions - Timing Circuits 

1. The master oscillator is a controlled --------------- ---------------megacycle oscillator located in -----------
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2. A machine cycle is ________ usec. 

3. The master oscillator outputs are used to drive the and the --------------- generator. 

4. Two outputs from the oscillator which feed the clock are ------------and -----------
5. The clock is made up of a _________ of _______ triggers. 

6. The clock is started by -------------
7. Each clock trigger is on for ----------
S. The ___________ of each even clock trigger pulse is gated by 

9. Each clock pulse is in duration. --------------
10. A machine cycle consists of clock pulse s. ---------
11. Each clock trigger is turned on by -----------------
12. Each clock trigger is turned off by ____________ _ 

13. The reset of the clock comes from ILD page ----------
14. What 3 methods can turn on the "0" clock trigger? 

15. Describe how the clock is always started at "0" time on PWR ON clear. 

16. The" 3" clock trigger comes on at time. ---------
17. Machine fails to run properly. CE finds that the in phase output of -A (3Hl 

on OS. 00. 42. 1 is shorted to a +N level. Under these conditions what would 
be the status of each clock trigger (ON or OFF) after each depression and 
release of the Clear Button? (Explain your Answer) 

NOTE: "Pulse Generator" is on ILD OS. 00. 4S 
"Master Clock Pulses" on ILD OS. 00. 46 

IS. If the Multiplexor sends an A6(D 3) pulse to CPU, what will be the time 
and duration of the pulse at CPU with respect to Multiplexor time? Why? 

19. Pulses going to CPU compensate for delay. Pulses going to channel 
(do, do not compensate) for delay. 

20. A Multiplexor AODI pulse is in CPU. An AODI in MPXR is 
still labeled in the Data Channel. It must be realized that 
AOD 1 in MPXR may reach D. C. after time however. 
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21. In addition to logic block delay, there is about _______ delay per 
foot of cable. 

NOTE: CP Set is on ILD page 08.00.47 

22. What is the frequency, pulse width and purpose of the "CP Set Pulse"? 

23. The CP set pulse width is adjustable (ILD 08.00.47). True or False? 

24. On ILD page 08. 00. 47. What is the variable delay at 4C adjusted for? 

25. On 08.00.47. 1" it is found that pin A of "c" block (3D) is internally shorted 
to a +N level all the time. What observation would be made on a scope 
that was tied to pin D of "DL" (lG). Draw picture observed and indicate 
frequency and pulse width of waveform. 

04.02 BASIC CPU CIRCUITRY OPERATION 

Objectives: Without reference be able to: 

1. Draw a shift cell and describe its operation in detail. 

2. List registers made up of shift cells. 

3. Describe in detail the operation of an adder position for any 
combination of bit inputs. 

4. List the grouping of adders for look-ahead. 

5. Determine the output of the adder look-ahead for any combination 
of input bits to the adders. 

6. Describe the operation of the program counter and draw a sequence 
chart of stepping the program counter. 

7. Describe the operation of the shift counter and draw a sequence 
chart of its stepping. 

Reading As signment: Read section 3. O. 00, "CPU Internal Functions" 
(pages 23 to 37) in CE Inst. Ref. Manual. 

NOTE: If you haven't read up to page 23 by now, it 
wouldn't hurt to do it--DO IT ANYWAY! 

Review Questions - Basic CPU Circuitry Operation 

1. Draw a shift cell from memory. 

2. Draw a sequence chart of the operation of shift ceU using shift cell you drew only. 
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3. The basic requireInents of the shift cell are and ------------------------

4. The shift cell is cOInposed of two latches with the -------phase of the tied to the input of the -----------------
5. What is the tiIne relationship between the Set and Hold pulses? 

6. List the registers whi ch are Inade up of shift cells. 

NOTE: Adders are on ILD 02.02. I 
Section 3. 1. 12 of C. E. Inst. Ref. Manual. 

7. What outputs are available froIn an adder position? 

8. In conjunction with adder look-ahead circuits, the adders are broken into 
groups with a InaxiInuIn of positions in ------------------- ---~-----------anyone group. 

9. The adders are not a register. They are like a funnel, inputs Inust be 
feed in and the output saInpled since the adders cannot "hold" info. (True or False) 

10. There are stages of Adder LAC. -----------------
11. Inputs to I st stage LAC are and froIn each ------------ ---------------

----------------- position. 

12. Inputs to 2nd stage LAC are froIn 
and ----------------

They are --------
-------

13. Output of 2nd stage LAC returns to inputs to low order ----------------position of each adder -----------------
14. Why are special circuits used to block carry to adder 8? 

NOTE: PrograIn Counter is on ILD 3.05.00. 

15. The PrograIn Counter is broken into groups of ---------- ----------
positions in each group in order to facilitate the 
circuits. ---------------------------

16. Draw a sequence chart of program counter stepping as a result of~' step 
pulses. Show both A and B triggers for positions 17 through 14. Show 
preset condition with dashed lines. 

17. Draw a sequence chart of shift counter for 3 input pulses after a 
count of 3 has been set in. 
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18. As a result of the decoded shift instruction, 208 is placed in the shift 
counter. The following malfunction was on the system during this operation: 
Systems page 03.06.11.1, 01D2H17 (3C), Pin B stays -Po 

a. What is the output level at pin H of 2D and pin A of 2C? 
b. What is in the shift counter after the fir st step? 
c. What is the tot al number of shifts? 

19. With the first STEP PC 17 pulse after reset, what happens to PC 17? 

20. With respect to the rise and fall of the second STEP PC 17, what happens 
to PC 17? 

21. What specific triggers will come on if we set a 6 into the program counter? 

22. After a 108 is set into the SC, the "SC 16 STEP GATE" on 03.04. 17. 1 gets 
shorted to a -N level. What would be the contents of the SC after it has 
been stepped once? 

23. Pin G of the +0 ckt at 3C; page 3.05.07.1, is shorted to +N. The counter 
is reset, then one STEP PC 17 pulse is generated. What specific triggers 
of positions 15,16, and 17 will be on? 

04.03 CYCLE GENERATION 

Objectives: Without reference be able to: 

1. Describe how and when the Master Cycle triggers are turned on 
and off and their function. 

2. Trace the generation of I, E, Land B cycle s through ILD I S for 
any given op code. 

3. Describe under what conditions a B cycle may by generated. 

4. Describe which type of cycles have priority over the others. 

5. Describe all the conditions under which End Op can be turned on. 
When End Op comes on and how it calls for an I cycle. 

6. Describe the function of the Multiple Cycle Error Trigger and its effect. 

7. Describe what categories of op codes demand E or L cycles. 

Reading Assignment: Read section 5. 01. 00 of CE Inst. Ref. Manual 
(Fig. 04. 1 of this Study Guide will be helpful) 

Review Questions - Cycle Generation 

1. Name all machine cycles. 
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2. What is the m.inimum number of cycles that any instruction can have? 

3. What time is the MASTER "E" Time Trigger turned on? 

4. What time is the End Ope trigger turned off through normal circuitry? 

5. What register in the machine determines the cyclic make-up of an instruction? 

6. What would be the cyclic make-up of the following: (FIRST TWO CYCLES) 

a. +0340 
b. +0220 
C. +2000 
d. ':'-0100 
e. +0604 

7. Which op codes usually produce "Go to E Time" and which "Go to L Time"? 

8. What is the basic function of the" B Cycle Interrupt Trigger'? 

9. Bringing up the line I~Go to I Time" (8.00.12.1) unconditionally means that 
the next cycle will be an I cycle. (True or False) - Explain. 

10. Late time lines (such as I time late) allow pulses to be effective. -------
11. "Early Time" lines gate _______ pulses. 

12. The Master _______ trigger turns on B cycle _______ _ 

13. "B" time together with or turns on B -------- ------------cycle interrupt. 

14. What turns on the "Go to I Time" trigger? When is it reset? 

15. What time is the "Go to E Time" trigger reset? 

16. Name and describe the 3 ways a "B" cycle may occur. 

a. 
b. 
c. 

04.04 I CYCLE 

Objectives: Without reference be able to: 

1. Draw a sequence chart of all I cycle timings. 

2. Trace all routings of the Instruction, its address, tag, and dec. during 
I time thr ough ILD' S. 
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3. Describe what.is in any CPU register at any time during I time 
of a given instruction. 

Reading As signment: Read "I Cycle" in CE Inst. Ref. Manual 
Refer to Fig. 5. 1 .. 1 in CE Inst. Ref. Manual 

Review Questions: 

1. What are the three main functions performed during "P' time after the 
instruction has reached the CPU? 

2. At what clock time is the PC gated to the AS? 

3. As an instruction is transmitted from core to the CPU, it must pass through 
what area of the MX? 

5. If MF-SB input 5 cannot be conditioned +P, what instruction would be placed 
in the PR and what would the cycle make-up be? Assume that the PR requires 
a +P input and that a PAX was arriving during "I" time. 

6. What is the purpose for the "DLY" (3B) on 3.06.05. 1 ? 

7. On 08.00.22.1, pin B of "C" (3H) is shorted to a -N line. The PC contains 
1008 • What location in core would be retrieved during early I time. 

8. A SUB is called into the CPU during I time. What instruction will be sitting 
in the program register if pin E of "+0" (4E) on 03.04.03. 1 is shorted to a 
+P line? 

9. During the E cycle of a CLA ••••• 10, the program counter contains 7351. 
What would be the next location retrieved under program counter control 
if on 03.05.05. 1 the pin F of "+A" (IF) was shorted to a +N line? 

10. On 08.00.19. 1, a failure in +A (2A) causes Pin G to result in a +P level. 
The trouble is in the block and not due to any input. What would happen if 
a SUB instruction was called for? 

11. The following is to be executed: 

12. 

VLM with a count of 15 and the multiplicand and multiplier 
contain some numbers. 8 

What will logically result if on 08.00. 23. 1, the "C" (3A) is holding pin A 
at a N level due to a trouble in the block? 

An LGL with an address Of"30 is to be executed. If on 08.00. 16. 1, the 
+A (5D) is holding the output a~ -P, what will happen to the LGL? 
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13. Given: The following program is cycling: 

000 CLA 100 
001 ADD* 100 
002 AXT 5, 2, 
003 SUB 10, 2, 
004 ADD* 10,2, 
005 TIX 0, 2, 0 
006 HTR 4, 
007 HTR 2 
010 HTR 1 

100 Octal +3 

For each of the following items, give the contents of the specified machine 
circuits. 

When Program Counter equals, 

00000 
00001 
00001 
00001 
00002 
00003 

Time, 

IS 
110 
E4 
Ell 
IAEll 
110 

register or circuit 

Adr, Reg.. Prog. Reg, Tag Reg. 
SR, Prog. Reg. 
SR .. ADRSWS .. ADR Reg. 
SR, ADR Reg. 
SR, ADR Reg. 
SR, ADR Sws. 

14. Which logic block prevents a one cycle instruction from setting the "end 
op" trigger at I 10 when the instruction is indir'ectly addressed? 

15. If you have a one cycle instruction with indirect address and on page 
OS. 00. 12. 1 the block at 5B has pin G shorted to a minus level, will the 
instruction operate normally, including the indirect address? 

16. The machine is reset. The following program is operated. 

00000 
00300 
00400 

TRA* 
HPR 
HTR 

300" 
400, , 
400" 

The program fails to halt. Which of the following could cause this trouble? 
More than one may be right. 

a. 03.05.03. 1 +P set PC S stays minus 
b. 03.06. 16. 1 +A at 2A pin G stays minus 
c. 03.06. 16. 1 DT at 5B pin BA stays plus 
d. 03.06. 16. 1 +AO at 2D pin G stays minus 
e. 03.06. 16. 1 +AO at 2C pin G shorted to -P level 

17. OZ. 01. 07. 1. The -A at ID pin H stays minus. Can the machine do a POD 
76 type instruction? 
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18. 02.01. 07.1. The +TA at 3E pin G stays minus at all times. Can the 
machine do a type POD"f"O--lnstruc tion ? 

19. Program: 00000 
00001 
00002 

CAL 
ADD 
HTR 

2, , 
2, , 
1, , 

The -A at 4B pin G, page 02.05.00. 1, stays plus. The machine is reset 
then started. What is the contents of the accumulator and the program 
counter at the halt? 

20. Same problem and questions as in above except the following bug is on 
the machine. Page 02. 12.50. 1 C block at lD has a plus output at all times. 

21. Same problem as in above except bug is page 02.05.01. 1 C block at 
01A3B26 fails to respond to its input (both outputs). 

22. What logic block on what page puts the machine into a "Go to E" condition 
for the E cycle following the II AE cycle of a flagged instruction which normally 
goes I, E. 

04.05 INDEXING 

Objectives: Without reference: 

1. Be able to describe the process of indexing done by the machine 
including: 
a. What instructions are indexable? 
b. How and at what time are TAG Regs set? 
c. What type of arithmetic is used? 
d. What the result will be for any given address and combination 

of TAG's. 

2. Be able to trace the operation of indexing through ILD 1 s for any given 
address, TAG combination and XR contents and determine what the 
adders, XR and AR contain at any time during the process. 

Reading As signment: 
CE Inst. Ref. 

CE Inst. Ref. Manual Section 3. 1. 11 describes TAG Regs. 
Manual Section 7.1.09 is a description of X Regs (Fig. 7.1 .. 6) 

(At this time you should fully understand the logic 
of indexing from Basic Programming--you now need 
to know how its done. Fig. 04. 2 of this study guide 
should be helpful) 

Review Que stions - Indexing 

1. After the "original" address has been index modified, the new address 
is called the -----------------------

2. What does "indexable" or llnon-indexable" instruction mean to you? 
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3. Indexing uses the ________ complement form of arithmetic. 

4. Indexing is always a subtractive process. (True or False) 

5. Below is a step-by-step logic block diagram of the address modification 
operation. Using the 7090 Systems Diagrams follow the sequence shown. 

Index Mode 
2.12.76.1 

-
Gate XR-+Add. 

19 (D 3) 
2. 12. 19. 1 

CAR - AD17 
19 (D3) 

2.12.19.1 

1 st Stage LAC 
Not CAR AD17 

2.02.43.1 

Adder Col. 18 

2.02. 18. 1 

Adder 17 

2.02. 17. 1 

.. 

Tag Reg 
2.08.01. 1 

Gate XR--...Add. 

XR To Addere 
2.07.01.1 

2.12.26.1. 

.. 

6. The following program is in core: 

00000 AXT 3, 1 
1 CLA '7 
Z ADD 10, 1 
3 TIX 2, 1, 1 
4 SUB 7, 1 
5 HTR 1 
6 OCT 10 
7 OCT 12 

10 OCT 1 
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The machine has the following bug on it. Page 03. 04. 03. 1, +0 at 3B, 
pin A is shorted to +N. What is the contents of the Accumulator when 
the machine halts? Where will the machine halt? 

7. All three index registers have all one s in them. On 02. 12. 19. 1, 
Convert Block at 2E, pin B is shorted to -Po CLA 0440 is executed. 
Will the contents of 0440 be placed in the accumulator? 

04.06 INDIRECT ADDRESSING 

Objectives: 

1. Be able to describe the process of indirect addressing. 

2. Be able to trace all functions of indirect addres s through ILD I s. 

3. Be able to de scribe how the IA Trigger is turned on. How it 
causes an II AE cycle and how normal cycling is resumed. 

4. Be able to determine the resulting address for any combination 
of flagging and tagging. 

Reading Assignment: Section on Indirect Addressing in CE Inst. Ref. Manual 

Review Questions - Indirect Addressing 

1. The following program is in core: 

0000 
0001 
0002 
0003 

CLA* 
SUB* 
STO* 
TRA 

0003,1 
0010,1 
0005,2 
0000 

Index Register A contains 0001 
Index Register B contains 0002 

a. The start key is depressed. What will be in the accumulator after 
the first CLA? 

b. In relation to the CLA list the following: 
(1) Direct address 
(2) Indirect effective address 
(3) Direct effective address 
(4) Indirect address 

2. What would happen if an indirectly addressed TRA was executed and on 
08.00.00.1, the "G" (4B) pin A was held to a +N level due to a trouble 
within the block? 

3. The IA trigger come s on at of a flagged instruction and -------goes off at ______ _ 
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4. Flagging is recognized by ----------------------
5. Pre IA trigger comes on at and goes off at --------------- ----------------of flagged instruction. 

6. On 02.10.66.1 what line causes getting an I/AE cycle? 

04.07 MANUAL CONTROL OPERATIONS 

Objectives: 

1. Be able to draw a sequence chart of the manual control single 
shot circuits on ILD 04. 20. 04. 

2. Be able to describe the operation and timing of the Manual 
Control Trigger. 

3. Be able to describe the function of each of the individual 
manual operation triggers. 

4. Be able to describe the function of the op panel control triggers. 

5. Be able to trace the operation of manual controls on the operator's 
panel and CE panel through ILD' s (except the memory nullify which 
will be covered later). 

6. Be able to describe the operation and timings of all the manual 
control oper ations using ILD' s only. 

Reading As signment: Section 6. O. 00 through 6. 3. 00 in CE Inst. Ref. Manual 

Review Questions - Manual Control Operations 

1. The Manual Control SS produce s a pulse to turn on the ------------

2. The Man. Ctrl. Trig is turned off by -------------
3. The machine is stopped by turning on the Mstr Stp trigger which brings up 

to prevent any I, E or L cycles. This will allow 
----~----------------~-an I/O operation to complete even though main frame is stopped. (True or False) 

4. When the start key is depressed, what insures that we always start with 
an I cycle after the machine has been cleared? 

5. The Program Stop Trigger is turned on by a Halt instruction only. 
(True or False) (4. 20. 11. 1) 

6. What causes End Op of a clear? 
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7. The Manual Stop trigger comes on at and goes off the 
next time. 

8. The high-low speed mult. step switch selects either a SS 
for high speed or a SS for low. 

9. When the machine is stopped manually, it always stops during an 

------------------- cycle. It goes up to time of that cycle 
before stopping. When the machine is restarted by hitting the start key 
it starts at so that it can bring up I cycle at the beginning 
of the cycle. 

10. When the machine is in II auto", IIContinuous Enter Instil will cause the 
instruction in the keys to run at speed. In manual the 
speed of execution is dependent on -----------------

04.08 DIAGNOSTICS 

Objectives: Without Reference: 

1. Describe the keys and procedure necessary to load and run all 
diagnostics. Describe 9LDO 1. 

2. Describe the function of the sense switches as used by DEPRX. 

3. Describe key settings necessary to select any drive or drives on 
any channel when using 9T 51. 

4. Describe the listing which is produced by all diagnostics for both 
trouble and no-trouble operation. 

5. Select and describe which diagnostic to run given a suspected 
trouble in any area of the machine. 

Reading Assignment: 

NOTE: 

Pages 66-70 ofCE Handbook 
(You should also read the description portion of the 
listings of: 

1. 9M51 
2. 9T51 
3. 9T55 
4. 9MI0 
5. 9T56 
6. DEPRX 

These are available at each machine location. 

Review Questions. - Diagnostics 

1. What tape drive does diagnostic tape go on? 
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2. If you wanted to run the 11th and 12th diagnostic on tape, how could you 
keep the tape from. rewinding after loading the 1 st one to s ave time? 

3. Describe the function of the 6 sense switches for DEPRX. 

4. As a general check of all CPU, what diagnostic should you run 1 st? 

5. What diagnostic would you run to check data channel data transmission of 
data to tape? 

6. If you suspected prolay trouble on tape B3, what diagnostic would you run? 
How would you select that drive? How would you get a graph printout? 

7. Is it possible for "9851 Low," which tests the low half of memory, to fail 
when the fault is in upper memory? 

8. You load 9M51 and immediately get a stop at 77766. What does this mean? 

9. You load 9MOI from cards and get a stop at 26. What does this mean? 

10. What location of core can be displayed to look at the computed checksum for' 
comparison to the punched checksum in a card if 9LDO IA was the loader? 
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05. 00 Preliminary Instructions - Study Guide 

Table of Contents: 
05.01 Data Flow 
05.02 Fixed Point Arithmatic and Word Transmission 
05. 03 Shift Ins tructions 
05. 04 Transfer Instructions 
05. 05 Control Instructions 
05. 06 Skip Instructions 
05. 07 Ind exing Ins tructions 
05. 08 Trap Mode 
05. 09 110 Control Instructions 
05. 10 Sense Indicator Instructions 
05. 11 Trouble Shooting Problems 

05. 01 Data Flow 

Objectives: 
1. Without reference be able to name the inputs to each of the 

CPU registers. 
2. Without reference be able to describe the data flow paths 

between all CPU registers. 

Reading Assignment: 
CE Inst. Ref. Man. Fig. 3. 1-3 

NOTE: One of the objectives of this course is to help you learn how to use 
and retrive information in the CE Inst. Ref. Manual. Therefore, 
you will be expected to use Appendix A (which is a listing of all 
the instructions and where the description and flow charts are in 
the Manual) and Appendix B (which is a listing with systems page 
numbers for each instruction) to look up information on your own. 

Revi ew Que s tions - Data Flow 

1. Name 7 inputs to the Storage Register. 
2. Which CPU Registers are made of shift cells? 
3. What is the purpos e of the inputs to the -OR circuit at Location 5D 

on Systems 02. 02. 01. 1 ? 
4. List the inputs to Adder Position 30. 
5. List the inputs to Adder Position 17. 
6. List the inputs to Adder Position 3. 
7. List the inputs to Storage Reg. Position Q. 
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05.02 Fixed Point Arith and Word Transmission 

Objectives: 
1. 

2. 

3. 

4 .. 

With ILD's and the flow chart for any Fixed Pint Ins truction 
(except multiply and divide) be able to describe the state of 
any line during any given tiDle of an Arith operation in ILD's. 
Without reference be able to give the rules for addition and 
subtraction as they pertain to the 7090. (Including signs). 
(CE Inst. Ref. Manual under description on fixed point 
arithmetic ops) 
Without reference be able to describe the operation of fixed 
point instructions including sign. 
Without reference be able to describe all word transDlission 
instructions as to their cyclic make up, what data is trans
mitted, and froDl and to where. 

Reading As signment 
Refer to CE Ins t Ref Man. 

(Appendix A) 
CLA 

Flow charts for the following Instructions 

STL 
STR 
SLW 
LDQ 
RND 

CLM 
XCA 

Note: 

ADD 
ACL 
STO 
STA 
Some flow charts cover more than one instruction. 
The instructions above are only one of the group 
for any given flow chart. You should study all 
the instructions covered by the flow charts. 
(ie, The £low chart (Fig 5.3-14) for CLA also 
covers CAL and CLS) 

Review Questions - Fixed Point and Word TransDlission 

1. During the "E" cycle of an ADD instruction, the Storage Register 
contains +377777777777 s. The accUInulator is +2525S. The out
put of the DT at 01B3G03 is shorted to +N. Page 02. 02. 27. 1. 
What will appear in the accuinulator at the completion of the ADD 
instruction? 

2. During liE" time of an ADD instruction, the SR contains bits in cols 
30,31,32,33,34 and 35. The acc contains bits in cols 33 and 35. 
The output of "And" circuit 01B4G12 on systems page 2.02.46. 1 
shorts to -6. Sv. What answer will apear in the acc after the 
execution of the instruction? 

3. The following program is executed by the 7090: 
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CLA X 
ADD X+1 
STO D 
ALS OOS 

D HTR 
X OCT 0001 

OCT 0002 

During the execution of the store instruction, the "Set ACC LNS" systems 
page 2. OS. 03. 1 short~d to a plus N level. What would be the contents of 
the Accumulator after the machine halted? 

4. What is the purpose of the +A circuit at SI on page 02.09. 9S. I? 

S. At what time dq.ring an ADD instruction does the "Q Carry" Trigger 
get turned on? ! This is only if the signs are 
(unlike - alike "'l' doesnCt matter) and a Q Carry occurs 

6. AC=+, Q=l, P=l, 1-3S 3777777777778 , What will the accumulator 
equal if an ACL is executed and the Data is octal minus zero? 

7. What is the purpose of the +AO circuit on systems page 02. 12.01. 1 
at 3H, and the -AO at 2E on page 02. 12.38.1? 

8. 000 CLA CONS 
001 SUB CONS+1 
002 STO CONS+2 
003 HTR 000 
CONS OCT 7634 

OCT 423 

a. What is the cqntents of the Accumulator at the Halt? 
b. With +A circqtt at SG, page 02.09. 9S. 1 failing to have a plus 

output, what lvill the acc equal? 

000 HTR; 000 
9. 040 CLA 100 

041 ADI) 100 
042 STO 200 
043 TR4-* 200 
100 oct 40 
200 HTR 000 

Where shoulcl the Program Halt? Where would it Halt if Pin G 
of -TO at 3G page 03.04.03. 1 shorted to -N? 
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10. 

11. 

000 CLA 40 
001 ADD 41 
003 SLW 40 
004 CLA 40 
005 HTR 00 
040 OCT t377777777777 
041 OCT +1 

a. What is the contents of the ace at the Halt? 
b. If Pin F of block at 4G on page 02. 09. 00. 1 was shorted 

to -N, what would the ace equal at the Halt? 
c. Explain your answer. 

000 CLA 100 
001 ADD 100 
002 XCA 
003 STQ 200 
004 HTR 
100 OCT '77 

Wha t is the contents of the MQ and Location 200 at the Halt 
with pin II of block 3E page 02. 15. 16. 1 held -N? 

12. List the 6 Basic control1ines used on an STO Instruction. 

13. What is the Basic difference between instructions having POD60 
and POD62? 

14. What would be the result if the following nlUIlber came out during 
"1" time? 

+0615001001008 

15. What is the purpose of the out of Phase output on block IG, page 
02.09.00.1? 

05.03 Shift Instructions 

Objectives: Without Reference: ----
I. Be able to describe the nlUIlber of shifts per cycle 

and the nlUIlber of cycles necessary for any shift 
count. 

2. Be able to describe from where, and to where each 
bit of a register is shifted for each of the shift inst. 

3. Be able to describe how a shift inst. can "end Op" 
4. Be able to describe how the "Fresense Shift Counter 

Zero" and "SC=O trigger" work. 
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Reading As sign:ment: 

Refer to CE Inst. Ref. Man. for the following instructions: 
ALS LRS 
LLS RQL 
ARS 

Review Questions - Shift Instructions 

1. 000 
001 
002 

AXC 3,2,0 
CLA 000,2,0 
ALS 2 

003 HPR 77777 

What is the contents of the accu:mulatorat the Halt? 

2. What is the functions of the +P Shift Control Line on 02. 11. 79. I? 

3. Which input ot 2F page 02. 11. 79. 1 deter:mines the start of the Shift 
Gate and which deter:mines the end of the Shift Gate? 

4. What is the function of the -0 at 4B page OS. 00. 01. I? 

5. P~ge 03.04. 19. 1 block IF pin B is shorted to +N. What will theACC 
equal if the following progratn is operated? 

000 
001 

CLA 
ARS 

002 HTR 
x OCT 

X 
20 S 

+200000000000 

6. Block 5D page OS. 00. 01. 1 has a :minus output at all ti:mes. What 
will the Shift Counter equal at 16 of the Halt instruction in the following 
progra:m? 

000 
001 
002 
X 

CLA 
LRS 
HTR 
OCT 

X 

44S 

7776 

What is in the Shift Counter at La of the Halt? 

7. How :many "L" cycles would it take to co:mplete an ARS of eleven places? 

S. What is the :maxi:mu:m number of shifts that :may be acco:mplished in a 
shifting operation having only one "L" ti:me? 

9. Why are the "LRS Control" and II LLS Control" lines out of page 
02.09. 70. 1 not gated by "Shift Gate"? 

10. Describe how ilL end op" is prevented when the Shift Ctr is stepped fro:m 
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05.04 Transfer Instructions 

Objectives: 

Reading As signment: 

Without Reference: 
1. Be able to dexcribe the function of the following control 

lines in ILD' s. 
a. "Minus on any Xfer or STR" 
b. "Minus on Xfer conditional" 
c. "Xfer con.ditional" 
d. "One cycle transfer Condition Met. II 
e. .. Coudition Met" 

Z. Be able to describe the modification of the I cycle 
following a transfer. 

3. Be able to trace through ILD's the operation of all 
transfers. 

Refer to CE Inst. Ref. Man. for the following instructions 
(Appendix A) 

TQP 
TRA 
TEE 
TLQ 

Review Questions: Transfer Instructions 

1. What logical function does II+N any trans or store and trapll on page 
OZ. 11. 55. 1 perform? 

Z. What logical function does "-P minus on trans control" on page 
03.06. lZ. 1 perform? 

3. Any two cycle transfer will bring up "Xfer conditionalll page 
03.06. 16. 1. True - False 

4. What is the Routing of SR Z 1-35 for a two cycle transfer conditions met 
and not met. 

5. What functions does the out of phase output of block ID page OZ. 10.08. 1 
perform? 

6. What function does the out of phase output of block IE page OZ. 10.08. 1 
perform? 

7. Which control line allows the IITransfer toll address to get to the Address 
Switches on succes sful one cycle transfers? 
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8. Which control lines allow the Pm graIn Counter into the Addres s Switches 
instead of the adders on an unsuccessful one cycle transfer? 

9. (Refer to Reference Card of Instruction listing and codes.) There ar~ 
22 transfers plus TQO (under optional) and STR which will activate the 
+0 circuit at 2G page 02. 11. 52. 1. Make a table listing the instructions, 
their op codes, and which of the AND circuits at 3D, 3F, or 3G will 
respond. 

05.05 Control Instructions 

Objectives: 
1. Without reference be able to describe the operation of 

XEC HTR 
NOP 
SSP 
SSM 

HPR 
ENK 
CHS 

2. Be able to trace the operation of the above instructions 
through ILDI s. 

Reading As signInent: 

Refer to CE Instruction Ref. Man for instructions named in 
objectives above. 

Review Questions - Control Instructions 

1. What instruction codes will bring up the "Halt control" line? 

2. Which circuit on page 08.00.01. 1 will give the "L end op" on a HPR 
instruction? On a HTR instruction? 

3. (True - False) Depressing "Start" while in manual will not cause the 
"B cycle Interrupt" tgr to go off. 

4. The 7090 is in Manual Status, the following program is in core. 

000 CLA 10 
001 STO 11 
002 HPR 
003 ADD 10 
004 HTR 001 
005 TRA 000 

a. "-Single Step" through the Program. From the operators 
standpoint what will happen as he executes location 2? 

b. Can he single step to Location 3? 
c. After executing the HTR at Location 4 the operator depresses 

"Start" and the IISingle Step". Describe what will happen. 

58 



5. Where will the following programs halt? 

Prog. A Prog. B 
000 CLA 10 000 CLS" 10 
001 XEC 11 001 XEC 11 
002 HTR 0 002 HTR 0 
003 HTR 4 003 HTR 4 
004 HTR 5 004 HTR 5 
010 OCT +4 010 OCT +4 
011 TPL 4 011 TPL 4 
012 TRA 3 012 TRA 3 

6. Execute the programs in Question 5 with the following bugs on the 
machine. Where will they halt now? 

a. Block 4G page 02. 11. 51. 1 Stays +N on out of phase output. 
b. Block 4E page 03.06.05. 1 output stays +N. 
c. Block 5F pin B only page 03.06.05. 1 output stays -P. 

7. Whjch block on page 02. 12.92.1 produces the I6DI used by a CHS 
instruction to set the sign? 

05.06 Skip and Sense Instructions 

Objectives: 

Reading As signment: 

Without Reference: 
1. Be able to describe the operation of: 

PBT ZET LAS 
LBT NZT PSE 
DCT CAS MSE 

2. Be able to describe the effect of different addres s of 
PSE and MSE instructions. 

3. Be able to describe and trace through ILD's the de
coding of Channel, Class, and Address. 

4. Be able to trace the operation of the instructions listed 
in "Objective #1" in ILD"s with the use of flow charts. 

Refer to CE Inst. Ref. Man. for inst. named in Objective # 1 above. 

Review Questions: Skip and Sense Instructions 

1. When does the following program halt? 

000 
001 
002 
003 

AXT 
CAL 
PBT 
TRA 

076358 , 1, 
002, 
0001, 1, 
5, 

NOTE: 
(Continued on next page) 
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Z. 

004 HTR 
005 LBT 
006 HTR 
007 HTR 

The following program is in storage. 

100 CLA X 
101 CAS y 
10 Z NOP 
103 NOP 
104 LAS Z 
105 HPR 
106 HTR 
107 HPR 
X 14 
y 16 
Z 14 

Make a table listing sequentially the times and "ANDII circuits on pages 
OZ. 11. 50. 1 and OZ. 11. 51. 1 that step the Program Counter. 

3. Which Console Connector does the signal from Sense Switch 3 pass through? 

4. What conditions are necessary to get "+P Sense PR Gate" on page Z. 09.59. I? 

5. What conditions are' necessary to get "+P PR Adr. " on page 3. OZ. 01. I? 

6. What conditions are necessary to get "UAOZ" and what is the origin of the 
gates decoded as UAOZ? Give page numbers also. 

7. On an PSE 3360, at what times will the POD, SOD, Channel Address, Class 
and Unit addresses come up? 

05.07 Indexing Instructions 

Objectives: Without Reference: 
1. Be able to describe what instructions (and how they operate) 

load data into or store data from X Regs. 
Z. Be able to describe the process of address modification 

by indexing and trace this operation through ILDt s. 
3. With reference to the flow chart, for any given ind exing 

instruction be able to determine the line level of any 
given line as sociated with that instruction operation in ILD"s 

4. Be able to describe the operation of index transfer inst. 
in detail without reference. 
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Reading As signment: 

Refer to CE Inst. Ref. Man for the following 

PAX LXA 
PXA TXI 
SXA TIX 
AXT TSX 

(They are representative of flow charts which also include other instructions 
which you should cover) 

Review Questions - Indexing Instructions 

1. PAC ins truction executed with the following bug on the machine will 
operate exactly like what other 7090 instruction? 

Pin B of 4F on 02. 12. 70. 1 

2. True or False? Subtracting the two's complement of a number results in 
the same thing as adding the true number. 

3. 000 CLA 
001 PDX 
002 HPR 

002 
001,2,7 
000 

At I 11 of the PDX instruction, what quantity will be felt at adders P to 17? 

4. How is Acc. Sign cleared on a PXA or PXD? 

5. On the flow chart of the SXA, SXD instructions there is a transfer of AD 
(3-17) to XR E5 (Dl). What is being felt in the adders at this time? 

6. True or False? An SXD instruction is indexable. 

7. List the 'control lines from Decoding "TXI" to those that cause AR to 
PC at L9 (Dl) of a TXI. 

8. Multiple Choice 
What will be loaded into the shift counter when the following program step 
is executed? 

a. 
b. 
c. 
d. 
e. 

00014 AXT 35, 1, 
Nothing is set to the SC on an AXT 
015 8 
035

8 
18 
3778 
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9. True or False? If block 3E page 02. 12. 19.1 stayed -N output at all times. 
it would prevent a TXI from transferring in every case. 

10. XRB = 27 S. What is the contents of XRB after the following instructionsis 
executed if the trouble from Problem 9 above is on the machine? 

11. 030 TXI 44, 2,5, 

11. At what time is the Adder 3 Carry Tgr. turned off on a TIX? 

12. Under what conditions can the Adder 3 Carry Trg. be set by a carry from 
Adder 5? 

13. On a TSX instruction, at what times is the AR taken to the PC? What 
control lines perform this function the second time:? 

14. XR's A, B, & C = zero. Execute the following program and indicate 
the contents of the index regs. at the halt. (All octal numbers) 

15. 

000 
001 
002 
003 
004 
005 
006 
007 

a. 

b. 
c. 
d. 

TXI - 3, 5,40 
TXH 5, 1, 23 
TSX 3,4,7 
TXL 7,1,12 
TNX 2,1/5 
TXL 1, 1, 20 
TSX 3,4, 6 
HTR 000 

Which of the Index transfer instructions do not change the contents 
of the XRs at any time? 
Which instructions change them only when conditions are met? 
Which instructions change them only when conditions are not met? 
Which instructions are conditional transfers? 

e. Which instructions are unconditional transfers? 

05. OS Trap Mode 

Objectives: 
1. Without reference be able to describe the logic of Trap Mode and its 

effect on transfer, both successful and unsuccessful. 

2. Without reference be able to describe ETM, LTM and TTR operation. 

3. Be able to trace the operation of a trap on any given transfer through 
ILD's. 
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Reading As signment: 

Refer to CE lnst. Ref. Man. for description of ETM, LTM, TTR and see 
Fig 5.3-33 

Review Questions - Trap Mode 

1. What function does the block at IH page 02. 11. 52. 1 perform? Why 
doesn't this affect the operation of a program.? 

2. What is the cyclic makeup of the following instructions when executed 
in Trap Mode?, 

a. One cycle transfer condition met 
b. One cycle transfer condition not met 
c. Two cycle transfer condition met 
d. Two cycle transfer condition not met 

3. What is the purpose of the "E" cycle on unsuccessful transfers in Trap 
Mode? 

4. What function does the out-of-phase output of block IG page 02. 11. 52. 1 
perform? 

5. What logical function does the outputs of block IH page 02.09.01. 1 
perform? 

6. Why doesn't the op code of a transfer instruction get stored in location 
zero when in trap mode? 

05. 09 Ilo Control Instructions 

Objectives: Without reference: 

1. Be able to trace the decoding of Ilo ins tructions through ILD's 
2. Be able to describe and trace the operation of the following in 

ILD. 

Reading As signment: 

lOT 
BTT 
ETT 

TCO 
TRC 

Refer to CE Instruction Reference Manual for instructions listed in "Objective #2. " 

Review Questions: 110 Instructions 

1. What conditions are neces sary to bring up the line It +P Sel. Chan. A"? 
Page 06.00.05. 1. 
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Z. What conditions are necessary to bring up the line "+P Sel. Chan. B"? 
Page 06.00. 05. 1. 

3. Which tailgate connector on Multiplexor will the cable from Block 4A, 
page 60. ZOo 04. 1, in Channel D be connected to? 

4. What function does the "BTT and Chan. Address" line from pin A. Block 
3C, Page 60. ZOo 05.1, perform? 

5. At what time is the "Indicator Sync Trigger" turned on during an Ilo 
transfer or test instruction? 

6. What time duration is "+P Chan. Skip Cntl. CHIt plus? Page 60. 3Z. 03. 1. 

7. When the "+P Chan. Skip Cntl. CHIt line is plus, does it cause the program 
counter to advance? Page OZ. 11. 50. 1. 

8. A TEF instruction given when the EOF indicator is on (page 60. 3Z. OZ. 1) 
will cause the "+P Chan. Condo Trf. Cntl." line to be plus from ----to time and this will bring up what control line 
'!""in....--t~h-e-C~P-U-transfer execution controls? 

9. Trace the conditions necessary to bring up the line "+P TRA CD IN 
OUT USE" on page OZ. 10.07.1. Which comes from page 06.01. 01. 1. 

05. 10 Sense Indicator Instructions 

Objectives: 
1. 
Z. 
3. 

4. 

Be able to describe the operation of an individual SI position. 
Be able to describe the size and purpose of the SI reg. 
With the use of flow/charts be able to trace the operation of each 
of all the SI instructions through ILD's. 
Be able to describe the operation of each of the following Sense Ind. 
Ops. without reference. 

LDI TIO 
RIS aNT 
SIR RNT 
PAl STI 

Reading Assignment: 

Refer to CE Inst. Ref. for above instructions - These are representative of all 
Z4 SI instructions covered by the "Flow Charts". 

Review Question - SI Instructions 

1. Page OZ. 06. 01. 1. Which of the input control lines (Invert - Reset -
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Electronic Reset - and Set) are not dependent upon having a one in SRI 
position? 

2. Under what conditions will "_N SRI to 511" be minus? Page 02. 06. 01. 1 

3. Assume a one in SRI. What will happen if a positive pulse is gated onto 
the "+N Set SI1" line? Page 02.06.01.1 

4. Assume the lower trigger is latched on. What will happen if the "_P 
Invert SI" line is held minus (as sume as one in SRI) Page 02. 06. 01. I 

5, What happens as the +"_P Invert SI" line is operated to +P in problem #4? 

6. What happens if the "_P Invert SI" line is operated minus then plus when 
there is no "one" in the lower trigger? Page 02.06.01.1 

7. Are the Sense Indicators reset when the operator's reset pushbutton is 
depressed? 

8. If Block 5B, page 02. 12.64.1, stayed minus N on its output at all times, 
LDI would act like what other instruction? 

9. What is the difference in the way the machine processes the RIR and 
RIL ins tructions ? 

10. The Sense Indicator instructions are considered logical operations because 
they treat the sign position as another bit and use "P" position in the 
accumulator. Do any of the SI instructions affect the Acc S position? 

11. Execute the following program. Which Sense Indicators are on at the 
halt? 

000 CAL 40 
001 PAl 
002 RIR 765034 (control Field 18-35) 
003 IlL 123456 
004 PIA 
005 LDI 40 
006 IIA 
007 HTR 
008 
040 -323456765432 
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12. Execute the following program and give the contents of the Sense Indicators 
and the accumulator at the halt. 

005 STL 40 
006 CAL 40 
007 PAl 
010 CAL 41 
011 TIF 13 
012 IIR 000077 
013 ALS 2 
014 RNT 000004 
015 RIR 7777 
016 TIO 12 
017 HTR 
040 HTR 
041 OCT +1 

05. 11 Trouble Shooting Problems 

The following a re some trouble shooting problems which should prove interesting 
and help re-inforce your knowledge of preliminary Instructions. They become 
progres sively difficult. If you can do all of them correctly, you probably have 
gained a more than adaquate knowledge of this section of the course. 

Preliminary Inst - Trouble Shooting: 

1. With the following program in Core storage. Reset and Start 
are depressed in that order. The computer halts with 0006 
in the PC. Note: All addresses are octal. 

0000 CAL 500 
0001 AXT 4, I 
0002 ALS 1 
0003 TZE 0005 
0004 TIX 0002, I ,1 
0005 HPR 

500 0000----1 

After halt occurs, the following condition was noted: XRI=2 
a. What should be the result of the above program? Indicate 

contents of AC, PC, and XRI. 
b. Without involving an Index Register or an indexing failure, 

what machine malfunction could create the condition listed 
above? Explain why and systems page, logic block, and 
line level. 
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Z. With only the following program in Core Storage, Reset and Start 
are depressed in that order. Note: All numeric references and 
addresses are in octal. 

Prog. Constants 
0 CAL X (X) +377777777777 
1 ADM Y 
2 SLW Z (Y) -100000000001 
3 ALS 45 
4 LDQ Z (Z) +000000000000 
5 LGL 3 
6 TZE 01Z 
7 LBT 

10 HTR Error 
11 HTR OK 
12, HTR Error 

AC contents upon completion: +00 ••••• 04 PC contained 00010 

a. What should the result of the above program be? Indicate 
contents of AC, MQ, and PC. 

b. What machine malfunction could result in the above listed 
stop and condition? State your reasons why and list 
systems page, logic block, and line level. 

3. With only the following program in Core Storage. Reset and Start 
are depressed in that order. All references are octal. 

Prog. Constants 

000 CLA A A OCT -IZ 
001 ADD B B OCT + 4 
OOZ SUB C C OCT -10 
003 LDQ D D OCT + Z 
004 TLQ 007 
005 HTR 
006 HTR 000 
007 HTR 

The following conditions were noted upon completion: 

AC +Z- MQ +Z PC=7 

The program was machine cycled through and the following was 
noted: TLQ "L" Time Complete AC +Z, MQ+Z, SR+Z 

a. What should be the result of the above program? Indicate 
contents of AC, MQ and PC 

b. What machine malfunction could cause the above conditions? 
State. your reasons why and list systems page, logic block 
and hne level 
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4. With only the following progr~m in Core Storage, Reset and Start are 
depressed in that order. 

Prog. Constants 
000 CLA A A OCT -12 
001 ADD B B OCT + 4 
002 SUB C C OCT - 3 
003 LAS D D OCT - 5 
004 HTR 
005 HTR 
006 HTR 

The following conditions were noted upon completion on ACC -3 PC 005 

a. Describe the above program am what should be the result. 
b. What machine malfunction could cause the above conditions? 

State your reason why and list systems page, logic block 
and line level. 

5. The followi~g routine is used in our 9M03 Indexing Diagnostic. 
9MOI and 9M02 have been run successfully. 

CLA E 
TNZ D E OCT +00000 

AXT 7, 1,0 A OCT +00001 

B TIX B, 1, 1 
PXA 0,1,0 
CAS A 

C HTR Error 
TRA OK 

D HTR Error 

a. What is this diagnostic routine checking? 
b. Computer halts at C. Whet machine failure would create 

this result? List reasons why, systems page, logic block, 
line level. 
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STUDENT STUDY GUIDE 

06.00 1302 Oil Core Storage 

Objectives: 

Note: 

This study guide is designed to familiarize the students with 
the IBM 1302 Oil Core Storage. It includes both the general 
theory of magnetic storage and the way this theory is applied 
to the actual Core Storage used on the 1090 System. 

This course is a prerequisite for 1302 Air Memory. The 
"1302A Self Study Guide" will be used in your study of 
Air Memory. 

Contents: 
06.01 
06.02 
06.03 
06.04 
06.05 
06.06 
06.01 
06.08 

General Concept of Core Storage 
Ferrite Core Theory 
Coincident Current Addres sing 
Basic Core Cycle and Addressing 
Sense A.mps, Registers and Timings 
Special Circuits 
CE Panel and Temperature Control 
Diagnostic - 9S51 

06. 01 General Concept of Core Storage 

Objectives: Without Reference; 
1. Be able to describe the need for Core Storage 

2. Be able to show the relationship of Core Storage to 
the rest of the 1090 system. 

3. Be able to name and describe the function of all lines 
between the system and the 1302. 

4. Be able to describe the general data flow to and from 
the 1302. 

Reading Assignment: 
Read up to page 14 of 1302 CE Inst. Ref. Manual 
Refer to Fig. 06. 01 of this study guide. 

Review Questions - General Concept of Core Storage 

1. How many word s can be stored in the 1302? How many 
cores are needed to store these words? 
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2. What are the 2 basic functions of core storage? 

3. What is meant by access time? 

4. Access time on the 7302 equals ------
5. A memory cycle equals us ec. ------
6. What does random acces s mean? 

7. Define the following: 

a. R.ead out 
b. Store 
c. MDBI 
d. MDBO 
e. ORS 
f. MAR 
g. MDR 
h. Memory select 

8. Memory select pulse is timed by an A pulse. --....,; 
06.02 Ferrite Core Theory 

Objectives: Without Reference; 
1. Be able to describe the physical and magnetic properties 

of the ferrite Core used in the 7302. 

2. Be able to show how binary information can be stored in 
a core. 

3. Be able to describe how this information can be read out 
of the core after it has been stored. 

Reading As signment: 
Up to page 14 in 7302 Inst. Ref. Manual 

Review Questions - Ferrite Core Theory 
1. The type of core used in the 7302 is an IB M type ------
2. What are the advantages of using a core-type of storage? 

3. What is meant by "destructive read-outlt ? 

4. How would you explain to another, the theory of operation 
of a core? 
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5. Core X contains a bit. How does this bit get transferred 
to the MDR? 

06.03 Coincident Current Addressings 

Objectives: 
1. 

2. 

3. 

4. 

Be able to describe the need for Coincident Current 
Addressing. 

Be able to show the physical arrangement of the cores 
and windings in a plane. 

Be able to show the means of selecting a specific core 
out of a plane. 

Be able to show the physical arrangement of planes in 
core array. 

Reading As signment: 
Up to page 14 of Inst. Ref. Man. See Figs. 06.02-06.06 this 
Study Guide. See Figs. 90, 91 in Inst. Ref. Man. 

Review Questions: Coincitent Current Addressing 

1. How many X and Y lines are used in a 7302 core plane? 

2. a. 
b. 

How many planes are used in the core array? 
How are they numbered? 

3. Define: 
a. Half select 
b. Flip 
c. Noise--------(please, not a loud sound) 
d. Full select 
e. Addressing 

4. There are sense windings per plane. Why? ------
06.04 Basic Core Cycle and Addressing 

Objectives: 
1. 

2. 

Be able to show how X and Y drive current is developed 
for read and write. 

Be able to show which out puts of MAR are used for the 
different address decoders and be able to determine the 
drive lines selected for any given address. 

3. Be able to describe the development of inhibit current 
and its function. 

71 



Reading As signment: 
Read up to page 32 in CE lnst. Ref. Man. See Figs. 06.02, 06.03, 
06. 04, 06. 05, 06. 06 of this Study Guide. 

Review Questions: 
1. What timing pulses are sent to memory from multiplexor 

besides the memory select pulse? 

2. What is the function of the R/ Wtrigger? 

3. Why is the memory cycle arranged in a write-read sequence? 

4. Full s elect current equals mao -------
5. Define: 

a. Matrix switch 
b. G switch 
c. G switch segment 

6. How many primary windings does a G switch have? 

7. How many: 
a. X G switches 
b. Y G switch segments 
c. Y G switches 
d. X G switch segments 
e. X drivers 
f. Y drivers 
g. Z drivers 

8. The core addressing scheme uses what positions of MAR 
to control: 
a. X segment selection 
b. Y addres s decoding 
c. Y segment selection 
d. X addres s decoding 
e. Z driver selection 

9. There are Z windings per plane. 
~-~--run parallel to the willi ings. 

These windings 

10. How is the expression A 11 B read and what does it mean? 

11. Sixteen pairs of complement lines are developed by the 
X and Y decoders. Why? 
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06.05 Sense Amps, Registers and Timings. 

Objectives: 
1. 

2. 

3. 

4. 

Be able to describe the functions of the various Core 
Registers. 

Be able to draw a sequence chart of the gates and pulses 
developed during a core cycle. 

Be able to describe the operation of the Strobe Generation. 

Be able to describe the sources of noise generated in core 
and how it is overcome. 

Reading Assignment: 
Refer to ILD 0.01. 00. 0 for logic block diagram of Memory. Read 

up to page 43 in CE lnst. Ref. Manual. Refer to timing chart on lLD 00.01. 01.0. 

Review Questions - Sense Amps, Registers and Timing. 
1. There are sense amplifiers, MAR positions -----and MDR positions. 

2. What is the purpose of a strobe pulse? 

3. What is meant by the term "strobe generator"? 

4. What MAR positions can be examined to determine the sense 
winding segment used for a specific address? 

5. There are different timed strobe pulses. Each 
pulse is approx usec. 'in duration. The strobe 
generator is triggered by a 

---------------------------
6. What are the 2 basic outputs of the MDR? 

7. Draw a sequence chart of the memory cycle and show the 
X, Y and Z drive line relationships for read and write 
time. 

8. What means are employed in the 7302 to reduce unwanted 
noise:? 

9. On what operation is the DIG and DOG up simultaneously? 

06. 06 Special Circuits 

Objectives: 
1. Be able to describe the operation of the component circuits 

common to Oil Memory only. These circuits are MAR, MDR 
Sense Amp. and Core Drivers. 
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Reading Assignment: IISpecial Circuits ll Page 48 of CE Inst. Ref. Man. 

Review Questions: Special Circuits 
1. What are the 4 component circuits common to the 7302 

Oil Memory only? 

2. What are the coincident input polarities required to set 
a MAR position to "I"? To "Oil? 

3. The mem select line to MAR is an N line. What is its 
voltage level when at a: 
a. -N 
b. +N 

4. At what time is MAR reset? 

5. At what time is the MDR reset? 

6. What inputs must be at what polarity to enter data into 
the MDR from the system? 

7. Why is the sense amplifier output gated with a +DIG to set 
a MDR po sition ? 

8. What is the timing of the DOG? 

9. At what time is MDBO 35 available to the system? 

10. Draw a logic block diagram of a ¥DR position showing 
input and output line s. 

11. Why is a differential amplifier used to terminate a 
sense winding? 

12. The logic block diagram of a sense amplifier shows that 4 
windings drive 4 differential amplifiers. These amplifiers 
are terminated by 2 emitter followers which drive a strobe 
gated amplifier whose output drives a level setter. With 
the above in mind answer the following: 
a. What is the purpose of the emitter follower? 
b. What function(s) does the strobe gated amplifier 

perform? 
c. What does the level setter do? 

13. What is the load of the following core drivers? 
a. Z driver 
b. X driver 
c. Y driver 
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14. What is the purpose of the negative feedback circuit 
from the collector of the power TX to the input of the 
complementary emitter follower? 

15. What input(s) must be at what polarity to cause a Y 
core driver to conduct? 

06.07 CE Test Panel and Temp Control 

Objectives: 
1. 

z. 

3. 

4. 

Be able to describe the operation of the timing error 
circuitry in Core Storage 

Be able to operate and describe the operation of the CE 
Test panel circuitry. 

Be able to describe the flow and control of oil through 
the temperative control unit and the function of the 
senseing devices. 

Be able to describe the troubles indicated by the in
dicator lights on the CE Test Panel. 

Reading As signment: 
Page s 43 to 47; Figs. 44, 45, 46, 47 of CE Inst. Ref. Man. 

Review Questions - CE Test Panel - Temp. Control 
1. The 7090 uses the "timing error" line to recognize that 

a timing error existed. (T of F) 

Z. If the Z driver timing trigger is turned on falsely due to 
noise, what happens? 

3. What do the following CE Test Panel switches accomplish: 
a. Write Ones 
b. Check Reset 
c. Check Ones - Zeros 
d. Write Zeros 
e. Test On-Off 

4. What condition(s) are met to turn on the following indicator: 
a. Z driver check 
b. Cooler power fault 
c. Power on 
d. Check stop 
e. Addres scheck 
f. Memory test 
g. Memory power fault 

75 



5. The mixing value is adjusted so that the oil entering the 
tank is degrees F, plus degrees F 
or minus degrees F. 

6. The over temperature light turns on when the oil entering 
the tank is . degrees F or greater. The under 
temperature light turns on when the oil entering the tank 
is degrees F or less. 

7. What switch on the heat exchanger controls the fan? 

06.08 Diagnostic - 9551 

The following four problems are 9551 printouts of four different troubles 
on the 7302 Oil Memory. Look over each one carefully and see if you 
can find the most probable cause for each printout. Consult your instructor 
for the answers to these problems. 

Following the four 9551 problems is a sample printout of 9554B. Note 
the differences between it and 9551. If you find anything that you can It 
decipher, consult your instructor. 
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PROBLEM 1 - PART A 

DATA COMPILE PRINT FOR TEST ROUTINE 01. ONES DISCRIMINATION. 
TOTAL ERROR COUNT THIS PASS - 4096. 

04 Y ADDRESSIN~ 11 X ADDRESSING 
TO SEGMENT MAR 8-10 TO SEGMENT MAR 15-17 
07 0 1 2 :3 4 5 6 7 14 0 1 2 3 4 5 6 7 

0 32 32 32 32 32 32 32 32 G 0 128 128 128 128 128 128 128 128 
1 32 32 32 32 32 32 32 32 1 128 128 128 128 128 128 128 128 
2 32 32 32 32 32 32 32 32 S 2 128 128 128 128 128 128 128 128 
3 32 32 32 32 32 32 32 32 W 3 128 128 128 128 128 128 128 128 
4 32 32 32 32 32 32 32 32 I 4 0 0 0 0 0 0 0 0 
5 32 32 32 32 32 32 32 32 T 5 0 0 0 0 0 0 0 0 
6 32 32 32 32 32 32 32 32 C 6 0 0 0 0 0 0 0 0 
7 32 32 32 32 32 32 32 32 H 7 0 0 0 0 0 0 0 0 
8 32 32 32 32 32 32 32 32 8 0 0 0 0 0 0 0 0 
9 32 32 32 32 32 32 32 32 o 9 0 0 0 0 0 0 0 0 

1U 32 32 32 32 32 32 32 32 U10 0 0 0 0 0 0 0 0 
11 32 32 32 32 32 32 32 32 T11 0 0 0 0 0 0 0 0 
12 32 32 32 32 32 32 32 32 P12 0 0 0 0 0 0 0 0 
13 32 32 32 32 32 32 32 32 U13 0 0 0 0 0 0 0 0 
14 32 32 32 32 32 32 32 32 T14 0 0 0 0 0 0 0 0 
15 32 32 32 32 32 32 32 32 15 0 0 0 0 0 0 0 0 

DRIVER ERROR COUNT ASSUMING THAT ERROR OCCURRED ON READ OUT OF MEMORY. 
Y SEGMENT DR! X SEGMENT 

0 1 2 3 4 5 6 7 VER 0 1 2 3 4 5 6 7 

0 0 0 0 0 0 0 0 -01 0 0 0 0 0 0 0 a 
512 512 512 512 512 512 512 512 +01 512 512 512 512 512 512 512 ?12 
256 256 256 256 256 256 256 256 -02 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +02 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -03 256 256 256 256 256 256 256 256 

·256 256 256 256 256 256 256 256 +03 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -04 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +04 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -05 0 0 0 0 0 0 0 0 
256 256 256 256 256 256 256 256 +05 512 512 512 512 512 512 512 512 
256 256 256 256 256 256 256 256 -06 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +06 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -07 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +07 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -08 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +08 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -09 0 0 0 0 .Q 0 0 0 
256 256 256 256 256 256 256 256 +09 512 512 512 512 512 512 512 512 
256 256 256 256 256 256 256 256 -10 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +10 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -11 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +11 256 256 256 2.56 256 256 256 256 
256 256 256 256 256 256 256 256 -12 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +12 256 256 256 256 256 256 256 2)6 
256 256 256 256 256 256 256 256 -13 0 0 0 0 0 0 0 0 
256 256 256 256 256 256 256 256 -13 512 512 512 512 512 512 512 512 
256 256 256 256 256 256 256 256 -14 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +14 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -15 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +15 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -16 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +16 256 256 256 256 256 256 256 256 
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PROBLEM 1 - PART B 

DIGIT PLANE ERRORS DIGIT PLANE SEGMENTS 
NUMB PICK DROP NUMB PICK DROP SO SC SB SA 

4R71 0 0 3M53 0 0 ZO 1024 0 0 0 
4R7O 0 0 3M52 0 0 ZC 1024 0 0 0 
4R69 0 4096 3M51 0 0 ze 1024 0 0 0 
4Q68 0 0 3L50 0 0 ZA 1024 0 0 0 
4Q67 0 0 3L49 0 0 
4Q66 0 0 3L48 0 0 
4Q65 0 0 3K47 0 0 
4Q64 0 0 3K46 0 0 
4P63 0 0 3K45 0 0 
4P62 0 0 3K44 0 0 
4P61 0 0 3K43 0 0 
4P60 0 0 2K42 0 0 
4P59 0 0 2K41 0 0 
4P58 0 0 2K40 0 0 
3P57 0 0 2J39 0 0 
3P56 0 0 2J38 0 0 
3N55 0 0 2J37 0 0 
3N54 0 0 2J36 0 0 

MAKE SURE THAT YOU UNDERSTAND THE ABOVE PRINTOUT COMPLETELY 

WHAT MACHINE MALFUNCTION COULD CAUSE THE ABOVE DIAGNOSTIC RESULTS 

TRY TO BE AS SPECIFIC AS POSSIBLE 
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PROBLEM 2 - PART A 

DATA COMPILE PRINT FOR TEST ROUTINE 02 ZEROS DISCRIMINATION 
TOTA~ ERROR COUNT THIS PASS- 16384 

04 
TO 

11 
TO 

X ADDRESSING 
SEGMENT MAR 15-17 

01 0 

Y ADDRESSING 
SEGMENT MAR 8-10 

1 2 345 7 14 0 1 234 , 6 7 

o 128 128 128 128 128 128 128 128 G 0 128 128 128 128 128 128 128 128 
1 128 128 128 128 128 128 128 128 1 128 128 128 128 128 128 128 128 
2 128 128 128 128 128 128 128 128 S 2 128 128 128 128 128 128 128 128 
3 128 128 128 128 128 128 128 128 W 3 128 128 128 128 128 128 128 128 
4 128 128 128 128 128 128 128 128 I 4 128 128 128 128 128 128 128 128 
5 128 128 128 128 128 128 128 128 T 5 128 128 128 128 128 128 128 128 
6 128 128 128 128 128 128 128 128 C 6 128 128 128 128 128 128 128 128 
7 128 128 128 128 128 128 128 128 H 7 128 128 128 128 128 128 128 128 
8 128 128 128 128 128 128 128 128 8 128 128 128 128 128 128 128 l2B 
9 128 128 128 128 128 128 128 128 0 9 128 128 128 128 128 128 128 128 

10 128 128 128 128 128 128 128 128 U 10 128 128 128 128 128 128 128 128 
11 128 128 128 128 128 128 128 128 T 11 128 128 128 128 128 128 128 128 
12 128 128 128 128 128 128 128 128 P 12 128 128 128 128 128 128 128 128 
13 128 128 128 128 128 128 128 128 U 13 128 128 128 128 128 128 128 128 
14 128 128 128 128 128 128 128 128 T 14 128 128 128 128 128 128 128 128 
15 128 128 128 128 128 128 128 128 15 128 128 128 128 128 128 128 128 

DRIVER ERROR COUNT ASSUMING THAT ERROR OCCURRED ON READ OUT OF MEMORY 
Y SEGMENT DRI X SEGMENT 

o 1 2 3 4 5 6 7 VER 0 1 2 3 4 5 6 7 

o 0 0 0 0 0 0 0 -01 0 0 0 0 0 0 0 0 
20482048204820482048204820482048 +01 20482048204820482048204820482048 
10241024102410241024102410241024 -02 10241024102410241024102410241024 
10241024102410241024102410241024 +02 10241024102410241024102410241024 
10241024102410241024102410241024 -03 10241024102410241024102410241024 
10241024102410241024102410241024 +03 10241024102410241024102410241024 
10241024102410241024102410241024 -04 10241024102410241024102410241024 
10241024102410241024102410241024 +04 10241024102410241024102410241024 
10241024102410241024102410241024 -05 10241024102410241024102410241024 
10241024102410241024102410241024 +05 10241024102410241024102410241024 
10241024102410241024102410241024 ~06 10241024102410241024102410241024 
10241024102410241024102410241024 +06 10241024102410241024102410241024 
10241024102410241024102410241024 -07 10241024102410241024102410241024 
10241024102410241024102410241024 +07 10241024102410241024102410241024 
10241024102410241024102410241024 -08 10241024102410241024102410241024 
10241024102410241024102410241024 +08 10241024102410241024102410241024 
10241024102410241024102410241024 -09 10241024102410241024102410241024 
10241024102410241024102410241024 +09 10~41024102410241024102410241024 
10241024102410241024102410241024 -10 10241024102410241024102410241024 
10241024102410241024102410241024 +10 10241024102410241024102410241024 
10241024102410241024102410241024 -11 10241024102410241024102410241024 
10241024102410241024102410241024 +11 10241024102410241024102410241024 
10241024102410241024102410241024 -12 10241024102410241024102410241024 
10241024102410241024102410241024 +12 10241024102410241024102410241024 
102410~4102410241024102410241024 -13 10241024102410241024102410241024 
10241024102410241024102410241024 +13 102410241024102410241024102410)-4 
10241024102410241024102410241024 -14 10241024102410241024102410241024 
10241024102410241024102410241024 +14 10241024102410241024102410241024 
10241024102410241024102410241024 -15 10241024102410241024102410241024 
10241024102410241024102410241024 +15 10241024102410241024102410241024 
10241024102410241024102410241024 -16 10241024102410241024102410241024 
10241024102410241024102410241024 +16 10241024102410241024102410241024 
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PROBLEM 2 - PART B 

DIGIT PLANE ERRORS D1GIT PLANE SEGMENTS 
NUMB PICK DROP NUMB PICK DROP SO SC SB SA 

4R71 0 0 3M53 0 0 ZD 1024 1024 1024 1024 
4R70 0 0 3M52 0 0 ze 1024 1024 1024 1024 
4R69 0 0 3M51 0 0 ZB 1024 1024 1024 1024 
4Q68 0 0 3L50 0 0 ZA 1024 1024 1024 1024 
4Q67 0 0 3L49 0 0 
4Q66 0 0 3L48 0 0 
4Q65 0 0 3K47 0 0 
4Q64 0 0 3K46 0 0 
4P63 0 0 3K45 0 0 
4P62 16384 0 31<44 0 0 
4P61 0 0 3K43 0 0 
4P60 0 0 2K42 0 0 
4P59 0 0 2K41 0 0 
4P58 0 0 2K40 0 0 
3P57 0 0 2J39 0 0 
3P56 0 0 2J38 0 0 
3N55 0 0 2J37 0 0 
3N54 0 0 2J36 0 0 

MAKE SURE THAT YOU UNDERSTAND THE ABOVE PRINTOUT COMPLETELY 

WHAT MACHINE MALFUNCTION COULD CAUSE THE ABOVE DIAGNOSTIC RESULTS 

TRY TO BE AS SPECIfIC AS POSSIBLE 
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PROBLEM 3 - PART A 

DATA COMPILE PRINT FOR TEST ROUTINE 02. ZEROS DISCRIMINATION. 
TOTAL ERROR COUNT THIS PASS - 4096, 

04 Y ADDRESSING 11 X ADDRESSING 
TO SEGMENT MAR 8-10 TO SEGMENT MAR 15-17 
07 0 1 2 3 4 5 6 7 14 0 1 2 3 4 5 6 7 

U 0 0 0 0 0 0 0 0 G 0 32 32 32 32 32 32 32 32 
1 0 0 0 0 0 0 0 0 1 32 32 32 32 32 32 32 32 
2 0 0 0 0 0 0 0 0 S 2 32 32 32 32 32 32 32 32 
.3 0 0 0 0 0 0 0 0 W 3 32 32 32 32 32 32 32 32 
4 128 128 128 128 128 128 128 128 I 4 32 32 32 32 32 32 32 32 
5 128 128 128 128 128 128 128 128 T 5 32 32 32 32 32 32 32 32 
6 128 128 128 128 128 128 128 128 C 6 32 32 32 32 32 32 32 32 
7 128 128 128 128 128 128 128 128 H 7 32 32 32 32 32 32 32 32 
8 0 0 0 0 0 0 0 0 8 32 32 32 32 32 32 32 32 
9 0 0 0 0 0 0 0 0 0 9 32 32 32 32 32 32 32 32 

10 0 Q 0 0 0 0 0 0 U 10 32 32 32 32 32 32 32 32 
11 0 0 0 0 0 0 0 0 U 11 32 32 32 32 32 32 32 32 
12 0 0 0 0 0 0 0 0 P 12 32 32 32 32 32 32 32 32 
1; 0 0 0 0 0 0 0 0 U 13 32 32 32 32 32 32 32 32 
14 0 0 0 0 0 0 0 0 T 14 32 32 32 32 32 32 32 32 
15 0 0 0 0 0 0 0 0 15 32 32 32 32 32 32 32 32 

DRIVER ERROR COUNT ASSUMING THAT ERROR OCCURRED ON READ OUT OF MEMORY. 
Y SEGMENT DR! X SEGMENT 

0 1 2 3 4 5 6 7 VER 0 1 2 3 4 5 6 7 

0 0 0 0 0 0 0 0 -01 0 0 0 0 0 0 0 0 
512 512 512 512 512 512 5.12 512 +01 512 512 512 512 512 512 512 512 
256 256 256 256 256 256 256 25c6 -02 256 256 256 256 256 256 2'6 256 
256 256 256 256 256 256 256 256 +02 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -03 256 256 256 256 256 256 256 2'6 
256 256 256 256 256 256 256 256 +03 256 256 256 256 256 256 256 256 
25-6 256 256 256 256 256 256 256 -04 256 256 256 256 256 256 256 256 
.2:»,6 256 256 256 256 256 256 256 +04 256 256 256 256 256 256 256 256 
512 512 512 512 512 512 512 512 -05 256 256 256 256 256 256 256 256 

0 0 0 0 0 0 0 0 +05 256 256 256 256 256 256 25b 2~6 
256 256 256 256 256 256 256 256 -06 256 256 256 256 256 256 256 256 
2;6 256 256 256 256 256 256 256 +06 256 256 256 256 256 256 256 256 
lSi? 256 256 256- 256 256 256 256 -07 256 256 256 256 256 256 256 256 
2'56 256 256 256 25,6 256 256 256 +07 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -08 256 256 256 256 256 256 256 256 
256 2,6 256 256 256 256 256 256 +08 256 256 256 256 256 256 256 2'6 

0 0 0 0 0 0 0 0 -09 256 256 256 256 256 256 256 Z56 
512 512 512 512 512 512 512 512 +09 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -10 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +10 256 256 256 256 256 256 256 256 
256 256 256 256 25& 256 256 256 -11 256 256 256 256 256 256 256 256 
2.56 256 256 256 256 256 256 256 +11 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -12 256 256 256 256 256 2S6 256 256 
256 256 256 256 256 256 256 256 +12 256 256 256 256 256 256 256 256 
512 512 512 512 512 512 512 512 -13 256 256 256 256 256 256 2~6 256 

0 0 0 0 0 0 0 0 +13 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -14 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 +14 256 256 256 256 256 256 2S6 256 
256 256 256 256 256 256 256 256 -15 256 256 256 256 2'6 256 2'6 256 
256 256 256 256 256 256 256 256 +15 256 256 256 256 256 256 256 256 
256 256 256 256 256 256 256 256 -16 256 256 256 256 256 256 256 256 
256 256 256 25.6 256 256 256 256 +16 256 256 256 256 256 256 256 256 
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PROBLEM 3 - PART B 

DIGIT PLANE ERRORS D1GIT PLANE SEGMENTS 
NUMB PICK DROP NUMB PICK DROP 5D SC S8 SA 

4R71 0 0 3M53 0 0 ZD 0 0 0 0 
4Rl0 0 0 3M5Z 0 0 ZC 1024 1024 1024 1024 
4R69 0 0 6M51 0 0 ZB 0 0 0 0 
4Q68 0 0 :JL50 0 0 ZA 0 0 0 0 
4Q67 0 0 ~L49 0 0 
4QqQ Q 0 ~L.48 0 0 
4Q6S 0 Q 3K47 0 0 
4Q64 0 0 3K46 0 0 
4P63 0 0 3K45 0 0 
4P62 4096 0 3K44 0 0 
4P61 0 0 3K43 0 0 
4P60 0 0 2K42 0 0 
4P59 0 0 2K41 0 0 
4P58 0 0 2K40 0 0 
3P51 0 0 2J39 0 0 
:;P56 0 0 2J38 0 0 
3N55 0 0 2J37 0 0 
~Ni4 0 0 2J36 0 0 

MAKE SURE THAT YOU UNDERSTAND THE ABOVE PRINTOUT COMPLETELY 

WHAT MACHINE MALFUNCTION COULD CAUSE THE ABOVE DIAGNOSTIC RESULTS 

TRY TO BE AS SPECIFIC AS POSSIBLE 
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PROBLEM 4 - PART A 

DATA COMPILE PRINT FOR TEST ROUTINE 12, MAX Z NOISE ONES CHECKERaOAR~. 
TOTAL. ER. ",R CO UN T TH IS PASS - 4. 

04 Y ADDRESSING 11 X ADDRESSING 
TO SEGMENT MAR 8-10 SEGMENT MAR 1,-17 
07 0 1 2 3 4 5 6 7 14 0 1 2 :; 4 5 6 7 

0 0 0 0 0 0 0 0 OG 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 1 OS 2 0 0 0 0 0 0 0 0 
:; 0 0 0 0 0 0 0 OW :; 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 01 4 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 OT 5 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 OC 6 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 1 OH 7 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 00 9 0 0 0 0 0 0 1 0 

10 0 0 0 0 0 0 0 OU 10 0 0 0 0 1 0 0 0 
11 0 0 0 0 0 0 0 OT 11 0 0 1 0 0 0 1 0 
12 0 0 0 0 0 0 2 OP 12 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 OU 13 0 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 OT 14 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 

DRIVER ERROR COUNT ASSUMING THAT ERROR OCCURRED ON READ OUT OF MEMORY, 
Y SEGMENT DRl X SEGMENT 

0 1 2 3 4 5 6 7 VER 0 1 2 3 4 5 6 7 

0 0 0 0 0 0 0 0 -01 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 4 o +01 0 0 1 0 1 0 2 0 
0 0 0 0 0 0 0 o -02 0 0 1 0 0 0 2 0 
0 0 0 0 0 0 4 o +02 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 2 o -03 0 0 1 0 1 0 1 0 
0 0 0 0 0 0 2 o +03 0 0 0 0 0 0 1 0 
0 0 0 0 0 0 2 o -04 0 0 0 0 1 0 1 0 
0 0 0 0 0 0 2 o +04 0 0 1 0 0 0 1 0 
0 0 0 0 0 0 2 o -05 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 2 o +05 0 0 1 0 1 0 2 0 
0 0 0 0 0 0 2 o -06 0 0 1 0 0 0 2 0 
0 0 0 0 0 0 2 o +06 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 4 o -07 0 0 1 0 1 0 1 0 
0 0 0 0 0 0 0 o +07 0 0 0 0 0 0 1 0 
0 0 0 0 0 0 4 o -08 0 0 0 0 1 0 1 0 
0 0 0 0 0 0 0 o +08 0 0 1 0 0 0 1 0 
0 0 0 0 0 0 :; o -09 0 0 1 0 1 0 2 0 
0 0 0 0 0 0 1 o +09 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 3 o -10 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 1 o +10 0 0 1 0 0 0 2 0 
0 0 0 0 0 0 3 o -11 0 0 0 0 0 0 1 0 
0 0 0 0 0 0 1 o +11 0 0 1 0 1 0 1 0 
0 0 0 0 0 0 3 o -12 0 0 1 0 0 0 1 0 
0 0 0 0 0 0 1 o +12 0 0 0 0 1 0 1 0 
0 0 0 0 0 0 1 o -13 0 0 1 0 1 0 2 0 
0 0 0 0 0 0 3 o +13 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 o -14 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 :3 o +14 0 0 1 0 0 0 2 0 
0 0 0 0 0 0 1 o -15 0 0 0 0 0 0 1 0 
0 0 0 0 0 0 3 o +15 0 0 1 0 1 0 1 0 
0 0 0 0 0 0 1 o -16 0 0 1 0 0 0 1 0 
0 0 0 0 0 0 :; o +16 0 0 0 0 1 0 1 0 
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PROBLEM 4 - PART B 

PIGIT PLANE ERRORS DIGIT PLANE SEGMENTS 
NUMB PICK DROP NUMB PICK DROP SO SC S6 SA 

OAOO 0 0 lE18 0 0 Z[) 0 0 1 0 
OAOl 0 0 lE19 0 0 ZC 0 0 0 0 
OAOZ 0 0 1EZO 0 1 La 0 0 1 0 
0803 0 0 lFZl 0 0 ZA 0 0 2 0 
0604 0 0 lF22 0 0 
08o, 0 0 lF23 0 0 
0606 0 0 lG24 0 0 
0607 0 0 lG2S 0 0 
oe08 0 0 lG26 0 0 
OC09 Q :3 lG27 0 0 
OC10 0 0 lG2e 0 0 
OC11 0 0 2G29 0 0 
oe12 0 0 2G30 0 0 
OC~3 0 0 2G31 0 0 
1Cl4- 0 0 2H32 0 0 
1'15 0 0 2H33 0 0 
lP16 Q Q 2H34 0 0 
1017 0 0 2H35 0 0 

MAKE SURE THAT YOU UNDERSTAND THE ABOVE PRINTOUT COMPLETELY 

WHAT MACHINE MALFUNCTION COULD CAUSE TH£ ABOVE DIAGNOSTIC RESULTS 

TRY TO 6E AS SPECIFIC AS POSSIBLE 
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NOW PERFORMING.9S54B-H. 
TEST 16. STROBE TIMING 
END OF STROBE TEST 

9S54~-H PASS COMPLETE. 
NOW PERFORMING 9S54B-L. 
TEST 16. STROBE TIMING 
END OF STROBE TEST 

9S54B-L PASS COMPLETE 

TEST OCTAL ,vII:::MORY AUF-( RI:.G 
EXIT ADDR 000 000 1111 

567 489 0123 

72427 37126 III 110 0101 
9S54B-L PA,SS COMPLETE 

bIT 
1111 
4567 

0110 

SAMPLE OF 9S54 

09~ ZEROS CHECKERbUARU (OMPLtMENTiU. 
00000600001111il11112222222222333333 
01234567890123456j890123456789012345 

I111111111111111111111111Dl111111111 

>.'< * * * * * * 9S54 DIAGNOSTIC PRINTOUTS ******* ------------------------------

1. Normal identification and pass complete print outs are shown on the top of this page. 

2. Next is a "Single error heading" and one erroe printout. 

3. On the attached page is a "Compile Printout" * * Note the difference between this 
and a "9S51" printout. 
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SAMPLE OF 9554 

DATA COMPIL~ PRINT FUR TEST ROUTINE 09, ZtROS CH~CK~RouARD (OMPL~M~NT~0. 
TOTAL ERROR COUNT THIS PASS - 1. 

DIGIT PLANE ERRORS 
NUMB PICK DROP NUMB PICK DROP 

uu 
ul 
02 

03 
u4 
05 
06 
07 
08 

09 
1 \.) 
11 
12 
13 
14 
15 
16 
17 

o 
o 
o 

o 
o 
o 
o 
o 
u 

o 
o 
o 
o 
o 
u 
u 
o 
o 

o 18 
U 19 
(,) 20 

o 21 
o 22 
U 23 
U 24 
o 25 
o 26 

o 27 
o 28 
o 29 
U 30 
o 31 
(,) 32 
o 33 
o 34 
o 35 

o 
o 
o 

o 
o 
o 
Q 
o 
o 

o 
o 
o 
o 
() 

o 
o 
o 
o 

o 
o 
o 

o 
o 
o 
o 
1 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 

DIGIT PLANE SEGMENTS 

ZA 
lB 

SA S8 SC SD 

o 
o 

o 
o 

o 
o 

ERROR COUNT LISTED dY G SWITCH ~ATRIX OUTPUTS 

o 
1 

Iv Y ADDRESSING 14 X ADDRESSING 
TO SEGMENT MAR 5-1 TO SEGMENT MAR 4,8,9 
13 YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 17 XO Xl X2 X3 X4 X5 X6 X7 
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06. 10 7302A (Air Memory) 

Air Memory is a self-study course using the "7302A Self-Study Guide" 
Form # R23 -29 04. It contains "objectives tI, reading as signments and 
questions to help you learn the differences between Oil and Air Memory. 

After completion of the Self-Study Guide your instructor will give you 
a quiz· to see if you can meet the objective satisfactorily. 

After completion of Air Memory you can resume use of this study guide 
with the next section. 
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07.00 ADVANCED INSTRUCTIONS 

(SELF STUDY) 

De scription: 

This package is made up of five general sections, which are quite different from one 
another in content. The sections are: 

07.01 

07.02 

07.03 

07.04 

07.05 

Fixed Point MPY I DIV 

Introduction to Exponential Math and 7090 
Floating Point Numbers 

Floating Point Instructions 

Logical AND lOR Instructions 

Convert Instructions 

The entire breakdown is furnished in the index of this package for easy reference by 
the student to any sub-section. 

The first sections on Fixed Point MPY IDIV are prefaced by an open book quiz. If the 
student feels, after looking at the quiz, that he understands how the instructions work; 
he need not read the text pertaining to that area. However, if he does use the text for 
MPY IDIV; he should take them in the sequence they are given (i. e. General Logic, 
Flow DiagranJ. Text, Summary). 

The remaining parts of the package are not prefaced with a quiz. They do have, after 
each instruction type, review questions and answers. "'hese should be used as se1f
critiquing guide posts for the student. 

It is further suggested that the student follow the entire package through in sequence, 
rather than skipping around. Whenever the student feels he has gained a knowledge 
level with which he is satisfied, he should ask to take the final quiz (administered by 
his instructor). 

Materials: 

Add.itiona1 rr. lter; ;.1 the student must have available for use with this package is: 

1. CE Instruction-Reference Manual #223-6895 

2. Volumes 1-7 of 7090 Systems Diagrams 
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Section 

07.01 

07.02 

07.03 

07.04 

07.05 

CONTENTS 

Description 

Fixed Point Multiply and Divide 
07.01. 1 Multiply: 

Quiz and Answers 
General Logic 
Flow Diagram Text 
Variable Length Multiply 
Summary 

07.01.2 Divide: 
Quiz and Answers 
General Logic 
Flow Diagram Text 
VDH, VDP 
Summary 

Introduction to Exponential Math and FP Numbers 
07.02. 1 Exponential Math 
07.02.2 FP Numbers 

Floating Point Instr.uctions 
07.03. 1 Floating Point Add/Sub 

Over-all Logic 
Flow Diagram Text 
Summary 
Review Questions and Answers 

07.03.2 FLoating Multiply 
Over-all Logic 
Flow Diagram Text 
Summary 
Review Questions and Answer s 

07. 03. 3 Floating Divide 
. Over-all Logic 

Flow Diagram Logic 
Summary 
Review Questions and Answers 

07.03.4 FP Underflow and Overflow 
Logic 
Summary 

Logical AND lOR Instructions 
07.04. lOver-all Logic 

Flow Diagram Text 
Summary 
Review Questions and Answers 

Convert Instructions 
07. 05. 1 Over .. all Logic 

Summary 
Review Questions and Answers 

89 

Page 



07.01. 1 MULTIPLY 

OPEN BOOK QUIZ 

FIXED POINT MULTIPLY 

1. The shift ctr. is loaded with octal at time of the ----------- ----------
MPY. 

2. The is cleared at E6 (Dl). -------
3. The sign of the and is set if the --------- -----------SR and MQ signs are both minus. 

4. The SR will be loaded with the at E7 (D 1). ---------------
5. With a of zero we would ----------------- ---------- ----------in E time. 

6. This condition is checked for as we bring the into the SR. ---------
7. The MPY instr. proceeds to L time if the (is) (is not) equal to -----------

zero. 

8. The SR and ACC are gated to the all during time. ----------- ----------
9. In order to take adders to ACC, the ----------- cycle tgr must -------

be ---------
10. This tgr is turned on by MQ position output being equal to ---------

as we shift. ---------
11. If the tgr doe s not turn on, we can shift a maximum ---------

of times per cycle. ---------
12. The conditions necessary to turn on the presense tgr are and ---------------

a S. C. pulse. 

13. The pulse which turns on the presense tgr is actually CP set and this occurs 
during the part of any clock pul s e. 

14. If the pre sense 35 tgr turns on at L4 time, the MPY cycle tgr ----------will turn on at --------
15. The output of the trg has a * delay which ---------causes the timing relationship in question #13. 
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16. The presense 35 tgr does two main things when it turns on: It (stops) (allows) 
ACC and MQ shifting and (prevents) (allows) the cycle 
tgr to turn ___ _ 

17. It is pos sible to shift the I st LO on a MPY instr. (true or false) 

18. If or more consecutive zeros are in the multiplier, we can 
~~----shift the and regs right every clock pulse. 

19. The shift ctr tells us when we have looked at all positions of the _____ _ 
and allows MPY to at the next L 1 O. 

20. Give the number of L cycles that each of the following MPY instructions would 
require. 

(a) LDQ Z NOTE: Common data field, all 
MPY X numbers OCTAL 

(b) LDQ Y Location Contents 
MPY XY 

X +377777777777 
( c) LDQ XY XY +000000000000 

MPY X Y -273525672535 
YZ -000002002002 

(d) LDQ X Z -000000003511 
MPY YZ 

(e) LDQ YZ 
MPY Z 

(f) LDQ Z 
MPY Y 
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FIXED POINT MULTIPLY 

ANSWERS 

1. 43, E3(D 1) 

2. ACC 

3. ACC, MQ, plus 

4. Multiplicand 

5. Multiplicand, End Op 

6. Multiplicand 

7. SC 

B. ADD, L 

9. MPY ADD, ON 

10. 34, one 

11. MPY ADD, 12 

12. MQ34 = 0, Step 

13. Latter 

14. ADD, LB 

15. Pre-sense, 52 

16. Stops, allows, MPY ADD, ON 

17. True 

lB. 2, ACCI MQ 

19. Multiplier, End Op 

20. (a) 6 
(b) none 
(c) 4 
(d) 12 
(e) 5 
(f) 6 
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GENERAL LOGIC 

FIXED POINT MULTIPLY 

Let us first disguss the logic of fixed point multiply on the 7090. For 
best results use the data flow chart of the 7090 registers with this write-up. 
Figure 3. 3-1 Manual of Instruction 223-6895. 

If you were to do a longhand multiplication of 2 binary numbers the 
following 3 points would be noted. For example, multiply on a piece of scratch 
paper 5 x 5 in binary. 

1. Each time a bit is found in the multiplier, you write 
down the multiplicand below the line. We will refer to 
these numbers as partial products. 

2. For each position that you look at in the multiplier, as 
you scan from right to left, the partial product below 
the line is shifted one place to the left. This shows the 
relationship of the partial product to the bit which caused 
its existence in the multiplier. 

3. These partial products are totaled after looking at all multiplier 
bits. 

Let us now look at the 7090 MPY operation. The 7090 uses the MQ as 
a multiplier which must be loaded prior to the MPY instruction. The SR will become 
the multiplicand and is fetched during the E cycle of the MPY Instr. With this in 
mind we will now look at the three points above as they apply to the 7090. Use the 
data flow chart of the 7090 as reference. 

Point #1 

In binary multiplication a bit in the multiplier means add in 
the multiplicand ~ time, since the highest digit the multiplier can contain is one. 
Therefore, this is what we do. Each time a bit is found in the MQ we add the SR 
once, keeping a running total, to develop the product. 

Point #2 

These partial products must be added in relation to the bit being 
represented in the multiplier. Since we cannot shift each partial product left in 
relation to the partial sum (running total), we shift the partial sum to the right. The 
result is the same. Try this on your longhand method for proof. 
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Point 13 

Instead of adding' all partial products upon completion of the MPY, 
we will keep a running total as we progress. In other words, each partial product 
will be added to our partial sum each time a bit is found in our multiplier. 

One other point: Since the TS of the partial products is kept in the 
ACC and must be shifted right, and the multiplier is in the MQ and must be scaned 
from right to left; both functions are properly handled by sampling the multiplier 
bit in MQ35 and shifting both registers right simultaneously. Therefore, at the 
completion of the MPY our 70 bit product is in the ACC and MQ and our multiplier 
is lost. 

Let us now summarize the logic of the fixed point MPY on the 7090. The 
two numbers we are going to multiply are located in the SR and the MQ. The MQ 
is our multiplier; the SR is our multiplicand. We are going to look at our multiplier 
one bit at a time, and the position we actually use is MQ35. 

Each time we find a bit in the multiplier we add the multiplicand to the 
ACC. Both of these, our partial sum in the ACC and our multiplier in the MQ, are 
shifted right. This is done as we scan our multiplier from right to left and adjust 
our partial sum so we can add in the multiplicand the next time. After we have 
looked at all bit positions in the multiplier, which makes a total of 35 shifts necessary, 
our product will be in the ACC. The least significant 35 bits in the MQ and the most 
significant in the ACC. 
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FLOW DIAGRAM TEXT 

If you feel that you now under stand the general logic of a fixed point 
MPY, let us refer to the flow chart in Figure 5. 3-17. I will now take you through 
the flow chart step by step finding out the exact time and routing that these things 
occur. Also, emphasis will be placed on why. 

We will start at the E cycle of the MPY and discuss the five main events 
which take place during this cycle. These five events do not vary from one MPY 
to another. Fir st, 43 octal will be set into the shift counter at E 3D 1. 43 octal is 
equal to 35 decimal and is the number of shifts necessary for us to interrogate each 
position in our multiplier. 

Secondly, at E6D 1 we will clear the ACC register; the reason being that this 
is where our partial product will be developed and we will add the storage register 
to the ACC each time that we find the bit in our multiplier. The first time we find 
a bit in our multiplier we naturally want the ACC to be zero. 

To the right of this we see that the sign of our product is also set 
during the E cycle. The rule for setting the sign of the product will of cours.e 
be the same as for any multiply operation. Unlike signs, our product will be minus; 
like signs, our product will be plus. You will note both the sign of the MQ and 
ACe are set, since two 35 bit numbers would result in a.1.Q. bit product. Forthis 
we need both registers to hold our answer. 

To the left of where we set the sign you will see a block which decides 
if MQ 35= 1. This test, although started during the latter part of this E cycle, will 
not be important to us until we get to the top of the next section of our flew chart. 
I will discuss this point further at that time. 

Let us now look at the block that says SB to SR at E7D 1. Just below this 
block there is a decision being made which decides if SB 1-35 is= to O. This test 
is being made as we bring the multiplicand into the storage register. The purpose 
of this test is to see if our multiplicand is z-;;O, meaning our answer would be zero, 
and we should not waste time by taking the L cycles necessary to look at each position of 
multiplier. Prove thi s point by looking at the"yes "exit from this deci sion block. 
You will see that we clear the MQ and end OPe This results in a zero answer, which 
is correct. 

Assume that our multiplicand is not zero; in fact, let us assume a multiplicand 
of all bits. Also, we will assume a multiplier of all bits for our first pass through 
the right side of the flow chart. 

On this side of the flow chart you will note that there are two paths which 
we can follow. First, let us take the left path since there are no conditions involved. 
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You can see that we take SR to ADD and ACC to ADD all during L time. With both 
of these inputs to the adders all during Ltime; when we find that we do have a bit 
in our multiplier, all that is necessary is taking the output of the adders back to 
the ACe. THIS RESULTS IN OUR ADDING IN THE MULTIPLICAND ONE TIME. 
You will note, however, that taking ADD back to the ACe is conditional (from the 
2 arrows which come in at the top of the block). Therefore, we must return to the 
top of the diagram where we will start with the decision block MQ35=1. 

This decision block (MQ35=1) is the same block that appeared during the 
latter part of the E cycle. The result of this test is not used until we get to L time. 
We are assuming a multiplier and a multiplicand of all bits. Thusly, MQ35 would 
be equal to one under the conditions we are taking the fir st time through. Coming out of 
the yes side of the decision block we turn on what is calleci the MPY ADD 
cycle trigger. There are 3 possible times to turn this tgr on; but for our conditions 
it will turn on at LOD3. Turning it "on"gives us the conditions necessary to take 
ADD back to the ACC. This results in our having added our multiplicand to the ACe 
one time; but, we did it as a result of finding a BIT in our multiplier--this bit being MQ35. 

After taking the ADD back to ACC, we then shift the MQ and the ACC right. 
We now have right adjusted the partial sum and also shifted the next multiplier bit into 
position 35 of the MQ. Next on the flow chart it shows stepping the SC and testing 
the SC to see if it is zero. Of course, at this time it is not. So we go up to another 
decision block and this one checks MQ34=1. This is a little misleading so I will 
explain in some detail at this point. 

MQ34=1 is actually being tested at the same time we shift right and step 
the se. The logic of this block is actually this: If MQ34 is equal to one at the time 
we step the shift counter, then we are going to turn on a PRESENSE 35 TRIGGER. 
This presense 35 trigger is actually looking at the bit going into MQ35 as it is shifted. 
We do not look at the output of MQ35 again, as we did during the last part of the 
E cycle. The logic is the same, however, and the presensing you will find is necessary 
if we should be fast shifting. This will be discuss·ed in more detail later. 

In our example, with the multiplier of all bits, the presense trigger should 
be turned on. This is going to do two major things. First, it will stop further 
shifting. Second, it will allow the MPY ADD cycle trigger to turn on the very next 
LO, L4, or L8. In our case it will be the L4D3. This is saying again that we have 
another multiplier bit and that we should add the SR into our partial sum in the ACe. 
This is done by the fact that we take ADD back to the ACC once more; this time at 
L6D 1. After doing this we again shift the ACC right 1 place, which adjusts our partial 
sum and positions our multiplier so we can look at the next bit going ~ MQ35. 
Stepping of the SC will take place; and since the shift counter is not = 0, we again turn 
on our PREsense tgr because MQ34 does shift a bit into MQ35. This will again allow 
the MPY ADD cycle tgr to turn on the next L8D3. 

This sequence will continue throughout the MPY instruction. Since we have 
a multiplier of all bits the presense tgr would be turned "on" during each shift. This 
allows a maximum of three add cycles during each L cycle. The MPY ADD cycle tgr can 
be turned on only at LO, L4, .and L8. Therefore, with a maximum 35 add cycles we - -- --
would take a total of ~ L cycles before the shift ctr would become zero in time to 
allow end operation at LlO. This is for a multiplier of all bits. 
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Now let's look at exactly the opposite case, where the multiplier is all 
zeros. You will note that we do not test for this condition since the multiplier has 
to be loaded into the MQ prior to the MPY instruction. We ~ check the multiplicand 
for all zeros during E time, ~ ~ ~ multiplier. However, let's see if a multiplier 
of all zeros cannot be handled somewhat faster than a multiplier of all ones. 

Starting again at the top right side of our flow diagram everything would 
be the same in the left path': where we take SR to ADD and ACC to ADD all of L titne, but 
the decision for MQ35=1 would be negative as we start the first L cycle. Therefore, 

we would n<l>t turn on the MPY add cycle tgr; but we would go down to the right' 
where it says" shift MQ and ACC right the 1 st L zero". Next we would step the shift 
ctr to 42 octal. The shift ctr is not equal to zero, so we would go up and look at MQ34 
as we shifted. Since we could never have a bit in MQ34 with a multiplier of all zeros, 
we could never turn on the presense 35 trigger. If the pre sense 35 trigger does not 
turn on, we will go to the block where we shift MQ and ACC right every clock pulse. 
We will shift right, step the SC and continually test the output of MQ34. We never 
find a bit S0 we continue shifting every clock pulse or a max. of 12 times a cycle. We 
step the shift counter 12 times a cycle. Therefore, it will take a maximum of ~ L 
cycle s to complete the multiply. Our ACC having previously been cleared, we now 
have zeros for our product; both in the ACC and MQ. 

Let us assume that we have a multiplier with alternate ones and zeros; 
not necessarily every other one a bit, but there are ones and zeros throughout the 
multiplier. If this would be the case, and MQ35 was = 1 the first time, we would 
proceed as with the first example. If MQ35 was = 0 the first time, we would proceed 
as we did in the second example. However, after the first bit had been sensed in 
MQ35, the path we would take next would depend on presensing the input te 35 as we 
shifted (or the output of MQ34). As long as we do not encounter a bit while we are 
shifting, we will shift every clock pulse. As soon as we do encounter a bit in shifting, 
we t\l.rn on the presense tgr. This, you will recall, stopped further shifting immediately. 
It also allows the MPY add cycle tgr to turn on the next LO, L4, or L8. This tgr 
will give us time for the adders to settle down before we take the output of the adders 
back to the accumulator. Then we could start shifting again. Of course, by this time 
the MPY add cycle tgr and the pre sense tgr would both be turned off and we would 
start all over again. 

As I mentioned earlier, the presense tgr has a ·definite purpose; as opposed 
to our just looking at the output of MQ35. Assume that we had several zeros 
consecutively in our multiplier. We would be shifting very rapidly (every clock pulse). 
The pre sense tgr is looking at the input to 35. Whenit senses a bit going into 35, it 
must prevent further shifting with the partial sum in the proper position in the ACC 
so we may add the SR to it. Therefore, we must sense 35 before the bit actually gets 
there if we are to stop shifting in time. This is what makes the presense trigger 
necessary if fast shifting is to be allowed. 

There is one other unique feature concerning the presense tgr. This is 
located on page 02.09. 55. 1 in your systems diagrams. You will note that the 
output of this trigger has a 52* delay. 'The purpose of this delay is to prevent the 
MPY add cycle tgr from turning on with the same clock pulse that turns on the presense 
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trigger. For example, assume that we shifted right at L4 time. As ~ shifted right 
at L4 time, we recognized a bit going into MQ35. This, then, would turn on the 
presense tgr. Now, at L4 time the step pulse is a result of a CP set. The CP set 
comes at the latter part of the L4 clock pulse. Therefore, we would turn on the 
presense tgr during the latter part of L4 time. We do not want to turn on the 
MPY ADD cycle tgr until LS, as it would not be reliable with the remaining sliver 
of the L4 clock pulse. To insure that this does not happen, the pre sense tgr is delayed 
52~ insuring us that the MPY ADD cycle tgr WILL NOT turn on with the same clock 
pulse under which the PRESENSE TRIGGER turns O;::-Because of this particular circuit 
design, in erder for us to take advantage of the fast shifting, we must have .!!.least 
~ consecutive zeros in our multiplier. Let me discuss that one point briefly. 

Assume first a multiplier of 58. MQ35 would be equal to one and we could 
turn on the MPY ADD cycle trigger at LOD3. This would allow adders to ACC at L2D1 
and our first right shift at L3Dl. At this time, when we shift right and step the shift 
counter, we would ~ see a bit going from 34 to 35--which means we will shift again 
at L4D 1. This time we would see a bit going from 34 to 35 at L4 time. This bit will 
cause the presense tgr t~ on with the CP set falling under the L4 clock pulse, 
or late at L4 time. But we cannot turn on the MPY ADD CYCLE TGR until LS because 
the output of the pre sense tgr is delayed 52* and by then the L4 clock pulse has passed. 
Therefore, we still must wait to take the add cycle--even though we shifted on 2 
consecutive clock pulse s. 

Now let's take another case where we have a multiplier of 118• ~v1Q35 

would still be equal to 1 and we would still follow the same procedure as before at .the 
1st LO time. Turning on the MPY add cycle tgr at LO, take add to ACC at L2 and shift 
right at L3. We would not see a bit as we shifted at L3, so we shift again at L4. We 
weuld not see a bit this time either so we would shift again at L5. At L5 time we would 
sense a bit and turn on the pre sense tgr with the CP set under an L5 pulse. This will 
allow the MPY ADD cycle tgr to come on at L8 also.· Now we have actually saved some 
time. We are adding the SR into the ACC as a result of our fourth multiplier bit and 
it is still the first L cycle. 
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VARIABLE LENGTH MULTIPLY and MULTIPLY ROUND 

Let us now look at VLM and MPR. First, let's take the differences between 
VLM and MPY. Refer to the flow chart on the following page - Figure 5.3-19. 

As you can see, the major difference is during E time. They take SR 18-35 
to the ADD and then ADD 3-17 to the AS and AS 12-17 to the SC. In other words, 
they are putting into the SC the count found in 12-17 of the VLM instruction. The 
number of positions we will look at in the multiplier is determined by this count field. 

There are, however, a couple of differences which actually do not show 
on this chart. Let's say, for example, that VLM was indirectly addressed, which 
would be the case if the count in the count field of this instruction contained bits in 
12 and 13. Since this instruction is flagable, bits in 12 and 13 on the count field 
will force an E II A cycle to be taken. During the E II A cycle we would read out the 
contents of the location which we intended to use as the multiplier. However, the 
decrement portion of our intended multiplier will now wind up in the shift counter 
during the following normal E cycle. The address of this location will actually be 
used to go and get our multiplier. Therefore, you must be very cautious when using 
variable length multiply that the count field does not cause indirect addressing. A 
count this large would not be logically correct anyway unless the instr. was being 
used for a delay. 

There is one other thing on VLM which is not shown on the flow chart. This 
is the clearing of the ACC which we do at E6D 1 of our normal MPY. Clearing the ACC 
on MPY is dependent upon the shift counter not being equal to zero. You never have this 
possibility on the regular fixed length MPY. However, on VLM if 12-17 of the 
decrement is blank, you will have a shift count equal to zero. The ACC would not be 
cleared. The MQ will not be altered, and the original contents would remain when you 
proceed to the next instruction. It would be worth your time to look in systems and 
prove these two points about VLM. 

Now look at MPR in figure 5.3-18 directly above. MPR is identical to 
our regular MPY until it ends operation and proceeds into the next I cycle. At this 
time MQ position 1 is tested for a bit or no bit condition. If MQ 1 is equal to one, 
then we Ire going to add one to the part of the product which is in the-ACC. The reason 
for this is that the bftln:"MQ1 represents, in respect to the ACC, one half or larger 
value in the MQ. The high order 35 bits of our product in the ACC has been "rounded". 
Other than this, MPY and MPR are identical. 

99 



SUMMARY 

Let us now summarize in general terms the MPY operation. During the E 
cycle of the MPY the multiplicand is brought from the SB into the SR. Prior to this 
we have set the SC to 43 octal, cleared the ACC in preparation for keeping a running 
total of partial products and set the sign of our product. Also, we have made ready 
for the test of MQ35. 

We go into the L time of the MPY providing our multiplicand is not = to O. 
If it is zero, then we merely clear the MQ and go to the next instruction. 

In L time of the MPY instruction the actual multiplication is performed. 
We test MQ35 at the beginning of the first L cycle to see if a bit was present, in which 
case we must add the multiplicand into the ACC once. If there is no bit in MQ35 at 
this time, we shift the MQ and the ACC right and step the shift ctr. From thi's point 
on a bit in our multiplier will be sensed by the presense 35 trigger. This is done by 
looking at MQ34 as we shift right. If the pre sense 35 tgr is turned on, it means we 
did sense a bit; therefore, we should stop shifting and take time for an add cycle. By 
add cycle I mean add the multiplicand into the -ACC one time. These two triggers 
will then be turned off and we can resume shifting right and scanning the multiplier 
for further bits. When the SC has reached zeTO, we know that we have lGoked at all 
of our multiplier bits and taken all of the necessary add cycles. We can now end OP 
and proceed to the next instruction. 

We can see that the number of L cycles taken on the MPY is directly 
related to the number of zeros which are in our multiplier. We have the ability to 
shift every clock pulse as long as consecutive zeros are sensed. Therefore, MPY is 
a variable cycle instruction and may take from 4 to 12 L cycles or it may end operation 
in E time, if the multiplicand is zero; thereby taking only 2 cycles. 
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07.01. 2 DIVIDE 

OPEN BOOK QUIZ 

1. On the DVH instruction the SR contains the and the AC and --------MQ contain the -----------
2. If the SR is greater than the AC on DVH or DVP during the E cycle test, it 

means our quotient will be no more than 35 bits. (True or False) 

3. The sign of the MQ is set at -------- Why is the sign of the ACC not 
set at this time also? 

4. Explain the logic of the test for a Q carry during the E cycle. 

5. Acc positions and MQ positions are gated left on the left shift ------- --------operation. 

6. MQ position 1 is shifted to ACC position 35 in complement form. Explain why. 

7. During L time the Q carry means the CSR is larger than the CACC. (True or 
False) 

8. A "no Q carry" condition during L time will cause what 2 things to take place? 

9. Explain what the lIa dders to ACC at L2, L6 or LIO" block is accomplishing when 
it takes place. 

10. When the shift counter equals zero, we attempt one more reduction. (T or F) 

11. Why is complementing the ACC necessary during I time of the next instruction? 

12. Triggers T 1 and the programmable divide check tgr. always turn on under the 
same conditions. (True or False) 

13. Tl is useful only on what instruction(s)? 

14. When end op occurs due to a divide check, how many cycles will the instruction 
take? 

15. A VDP instruction with a count of 16
8 

will take how many L cycles? 

16. DVH will stop at 15 if the divide check occurs. What will be the contents of the 
following registers when the machine stops? (Give a good description since the 
actual numeric value will depend on a given program) 
a. Storage Register 
b. Accumulator 
c. MQ 
d. Program Register 
e. Program Counter 
f. Shift Counter 
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FIXED POINT DIVIDE 

ANSWERS 

1. Divisor, Dividend 

2. True 

3. {E II} It will be the remainder and should have the same sign as original 
dividend. 

4. The te st for a Q carry determine s if the SR> than the ACC portion of our 
dividend. This means a quotient size which will fit in the MQ 

5. P-35, 2-35 

6. The ACC portion of the dividend is kept in comp form so the SR can be 
subtracted from it whenever necessary. 

7. True 

8. Place bit in MQ35 and gate ADD to ACC 

9. It is subtracting the divisor (SR) from the dividend (ACC portion) 

10. True 

11. It was maintained in comp form throughout and must be 11 re-complemented" 
to represent our remainder 

12. True 

13. DVH, VDH 

14. Three 

15. 5 

16. SR 
ACC 
MQ 
P.R 
P.C 

original divisor 
original dividend (hi order 35 pos) 
original dividend (10 order 35 pos) 
divide instruction 
location of the VDP + I 
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DVH 

DIVIDE 
GENERAL LOGIC 

Dividing two binary numbers can be done by the same longhand method 
as we do decimal numbers. For example, let's divide 25 into 50 using the decimal 
longhand method. 

2. 
25/ 50 

50 

The answer is 2 as you can readily see. Now let's convert the numbers 
to their binary equivalent and use the same method of division. 

25
10 

50 
10 

= 31 = 11,001 
8 

= 628 = 110,010 

10. = 2 
11,001/ 110,010. 

110 01 
000 000 

Thus, we can see that we are not learning a new concept of math--only 
a different method by which the machine accomplishes the same chain of events. 
Before further discussion of divide, we must be familiar with the following terms: 
divisor, dividend, and quotient. These can best be illustrated in the following manner. 

quotient + remainder 
divisor / dividend 

The 7090 will divide in this fashion with the register usage as shown. 

MQ + ACC 
SRI ACC + MQ 

As you can see from this illustration, we will divide 35 bits into a 70 bit 
dividend. Our answer will be a 35 bit quotient, and a 35 bit remainder. Keep in 
mind that a remainder is only what is left over (remaining) from the original dividend-
it is not an extension of the quotient. 

There is one limitation on DVH due to the size of the registers. The 
CSR must be larger than the CACC when we start the division. The reason for this 
is to insure that our quotient will not be larger than 35 bits. Let me explain this 
assuming a 3 position register with the illustration below. 

At Start 
SR = 3 
ACC= 5 
MQ = 5 

At Finis,h 
The MQ should = 178 

but this is impossible 
in a 3 pos. register 

1 111 
011/101,101 

11 
0101 

11 
100 

11 
0011 

011 
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(Using 3 pOSe registers) 

Re suIts in 4 bit answer if 
FIRST attempt at reducing 
dividend is successful. 



The MQ should be 17
8

; but how can we hold 178 in the MQ if it has only 
3 positions? We obviously cannot, which is the reason the CSR must be greater 
than the CACC initially. The size of the numbers we can divide in fixed point is 
then limited by the size of the registers. 

Realizing that the SR is our divisor and the ACC + MQ is our 70 bit 
dividend, let us now discuss exactly how the 7090 will perform this division. 

The 7090 must do 3 thing s in order to divide. In fact, they are almost 
the exact opposite of multiply. 

1. It must be able to determine if the divisor will go into 
the first part of the dividend (is SR = ACC). After 
determining it will go in, it must be able to subtract 
the divisor from the dividend. 

2. Also, if it finds that the divisor will go into the dividend, 
it must put a bit in the quotient to show a successful 
reduction of the dividend (the divisor did go into the 
dividend one time). --

3. After making this attempt at a reduction of the dividend, 
whether it be successful or not, then the dividend must 
be adjusted to the left so that we can make another attempt 
at a succes sful reduction; or, in other words, see if the 
divisor will ~ go into the dividend. 

Let us take these 3 points one at a time and see how the 7090 is actually 
going to perform them. First, in order to determine if the SR, which is our divisor, 
will go into our dividend we look at the high-order part of our dividend, which is in 
the acc. To make this decision the 7090 has only to gate the Acc into the adders and 
the SR into the adders with ~ of the numbers in complement form. Since we cannot 
complement the storage register, it would sound logical that the Acc is the one which 
is complemented. Now we will test for a Q carry or no Q carry, which will tell us if 
the SR is less than, or equal to, the Acc. If we do not get the Q carry, the SR will 
go into the Acc. Prove this to yourself by taking the numbers and performing this 
test. One comment here to strengthen the point we made earlier; if we do not get a 
Q carryon this first attempt we should get an illegal divide, the reason being that the 
SR must be greater than the Acc when we start the division. 

The second part is that we must put a bit into the quotient each time we 
recognize that the divisor will go into the dividend. Our quotient is being developeq. in 
the MQ and each time we find the SR is less than or equal to the Acc. we have but to 
force a bit into our quotient. 

The third part is in adjusting the dividend so that we can continually make 
the test to see if the divisor will go into it. We first try to divide into the high-order 
part (Acc) of the dividend. Whether it is successful or not, we have only to shift the 
dividend left and we can make another attempt. This would be similar in longhand 
division to bringing down the next low-order digit in the dividend in an attempt to 
divide again. Since we are shifting left, the high-order part of our dividend is being 
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lost and is gradually being replaced with digits from the MQ one at a time. Therefore, 
we can develop our answer (or quotient) in the MQ as we are adjusting our dividend. 
The bit is put in MQ35 2:i. we have a successful reduction of SR into ACC. When we 
shift left to attempt further division, the MQ will be in position to accept the next bit 
in the quotient should we have another succe ssful reduction. 

As was the case with multiply, we are going to use the shift counter to 
control the number of shifts necessary. Therefore, when the shift counter goes to 
zero, it will tell us that we have attempted to divide all of the positions that are 
possible using 35 pOSe registers. 
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DIVIDE 
FLOW CHART LOGIC 

During Part 3 let us use Figure 5. 3-20A on the DVH instruction (Page 65) 
in your Manual of Instruction. We will go through the flow chart block by block 
trying to answer what is happening and why it is happening. It is assumed that you 
have the over-all picture of divide and that you understand logically what we are 
attempting to do. You will now see how the 7090 actually does it. 

Starting at the top of the flow diagram at the bottom of the E time block 
and going to the left, you will see that we take the ACC to the ADD in complement 
form at E4D3. We then take ADD back to the ACC at E6Dl. Therefore, in the 
ACC at this time is the high-order 35 bits of the dividend in complement form. 
At E7 time we are going to get our divisor from the location in core storage and 
put it in the SR. We then gate the SR to the ADD and the ACC to the ADD at E8D3. 
Keep in mind that the ACC is in complement form. 

Returning again to the bottom of the E time block, there is a decision block 
as this diagram is used for all 4 of the divide instructions. Assuming that we have 
a divide or halt, we will go down to the bottom of the decision block and set the shift 
counter with 438 at E3Dl. You will recall from multiply that this is equivalent to 
35 10 and that there is a number of shifts required to look at all bits of the dividend. 

Continuing down from this block, which sets the shift counter, there is a 
decision block checking for a Q carry. Let's discus s the logic of the decision that 
this block is indicating. If we do not have a Q carry, it means that the SR ~ ACC. 
If we do have a Q carry, it of course means the opposite; that is that the SR > ACC. 
Remember in Part 2 I mentioned the fact that we do not want a successful reduction. 
(we do not want the divisor to be less than the ACC) on our first attempt; because 
if this was so, our quotient would be too big for the MQ to hold. Therefore, we will 
assume that we have numbers within the machine limits and the Q carry will be present. 
In other words, our SR> ACC to start. We will come back and pick up the no "side" 
of this decision block at a later time. 

Now go to the right and down the path where we see a divide shift at 
E lID 1 and divide shift control. We will see that we shift the Acc P- 35 and MQ 2- 35 
left. You notice that MQl is not being shifted left in that same block, but just to 
the left of it is a block which says complement MQl of ACC 35. You will recall back 
in E time that we complemented the CACC. Since division is going to require a 
subtractive process, we are going to keep the ACC in complement form at all times. 
Therefore, when we shift the next "low-order digit" of the dividend into the ACC, we 
shift it in complemented. To the right of the third block it says, "multiply and divide, 
step shift counter", which is logical if we are to keep track of the number of shifts. 

As we go to the right of the flow chart, which means we can divide, we 
see that Q carry and SC ~ 0 allows us to set the sign of the MQ (quotient). The normal 
rule for setting the sign applies here; unlike signs, the quotient will be minus--like 
signs, the quotient will be plus. You will note, however, that we do not set the sign of 
the ACC because our ACC is to contain the remainder. As previously mentioned, the 
remainder is what is left over from the original dividend. Therefore, it should retain 
the same sign as the original dividend. 

106 



Going now to the left we see "divide shift control" at EllDl. This 
allows us then to shift the ACC P-35 and Ma 2-35 left. At the sarne tirne we step 
the SC. However, we cornplement Mal to Acc 35. The reason for this is that the 
high-order 35 bits of the dividend are in cornplement forIll. in the ACC. Division 
will be a subtracted process (we want to subtract the divisor frorn the dividend each 
time we find the divisor is sIll.aller or equal); so the Acc is kept in coIll.pleIll.ent forIll. 
throughout to Ill.ake this subtraction when necessary. Therefore, when we shift left, 
we will coIll.pleIll.ent the lower-order bits of the dividend being shifted into the Acc. 
After this we proceed to L time on the next page of the flow chart. 

Now that we are in L time, the actual division is going to take place. During 
all of L tirne you will note that the SR and the ACC are being gated to the adders. Keep 
in mind, however, that the ACC is in coIll.pleIll.ent forIll.. Therefore, the output of the 
adders is the difference between the dividend portion in the ACC and the divisor which 
is in the SR. This difference is what we want to take back intd the ACC if we find the 
divisor is sIll.aller or equal. To deterIll.ine whether or not the divisor (SR) is sIll.aller 
or equal we are going to check the a carry out of the adders. 

If we do have the a carry, it means that the CSR (divisor) is larger than 
that part of the dividend in the ACC. If we do not get a a carry, it Ill.eans the CSR 
is sIll.aller or equal to that part of the dividend which is in the ACC. The latter 
condition Ill.eans that we should put a bit in our quotient and we should take the difference 
back to the ACC as the remaining part of our dividend. Letl s look further at the logic 
of these 2 blocks. 

Take two numbers--5 and 7--three bit binary numbers. In the first case 
letl s assurne the SR has 5 and the ACC has 7. We know that the ACC is in complement 
forIll.. Therefore, if we compiernent 7 we will have zeros in the ACC. If we add these 
numbers together in the adders, the output would not result in a a carry. In other 
words, no a carry Ill.eans the True ACC value is larger. We said the Acc originally 
contained 7; therefore, we have proven this is correct. 

Letl s take the exact reverse case now where the SR has 7 and the ACC has 5. 
If we compiernent the ACC, as is the case, the ACC now contains 2. If we add 2 and 7, 
we do get a a carry and this will indicate that the Acc is smaller which is correct. 
This time the Acc. contained 5. 

Now take the condition where the SR and the ACC are equal; say that they both 
contain a binary 5. For reality letl s compiernent the one in the ACC. We add them 
together in the adders and we find that we do not get the a carry. We said the no carry 
would Ill.ean that the SR could go into the ACe; and if they are equal, then this is a 
True statement. Therefore, no a carry means that the nurnber in the SR is II sIll.aller 
than or equal to" the true value of that part of the dividend which is in the ACC. 

Now look at the logic which says that when this condition arises (when there 
is no a carry), we take the output of the adders back to the ACC and have the correct 
difference between the SR and ACC. If you will review the previous exaIll.ples using 
5 and 7, you will note that if the ACC is ~ SR the true difference is available from the 
adders in complement forIll.. This is exactly what we want on divide, however, because 
that portion of the dividend in the ACC is to remain in complement forIll. throughout the 
operation. Therefore, each tirne we find the SR will go into the ACC we merely take 
the ADD back to the ACC (we have the difference; it is in cornpiernent forIll.--perfect!). 
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The only ti:m.e our diff. out of the ADD would be the true diff. is when the 
SR is greater than the ACC. However, this condition would result in a Q carry; 
so, we would not take ADD back to ACC nor would we put the one in the quotient to 
indicate a successful reduction. Now let's return to the flow chart and take it one 
block at a ti:m.e, starting with the Q carry decision block in the upper left corner. 

Assu:m.ing the first ti:m.e that we do get a Q carry, we bypass 2 blocks, and 
the shift counter is not equal to zero (it-;hould have 43 if this is the first ti:m.e 
through). We now go up to "divide shift control" at eit~er L3, L7 or Lii. We shift 
the ACC and MQ to the left one place, step the SC to indicate that the shift has taken 
place and co:m.ple:m.ent MQl to acc 35 to :m.aintain our high-order dividend positions 
in co:m.ple:m.ent for:m.. We then return to where the SR and ACC are being gated to the 
ADD all during L ti:m.e (actually, we could have returned directly to the Q carry 
decision block since these 2 blocks are constantly active). 

This time let's assu:m.e we do not get a Q carry, which tells us to put a 
bit in MQ35. At the sam.e time we put a "one" in MQ35 we are going to take the 
output of the ADD back to the ACC. In other words, we have reduced the dividend 
by the amount of the divisor and placed the bit in our quotient representative of this 
fact. We then check the SC to see if it's = O. If it is not, we left adjust the dividend 
(continuing to keep our complement form. in the ACC) and return to check for another 
Q carry. This procedure continues until we have taken a total of 35

10 
shifts (43

S
) 

since we started with 35
10 

in the shift counter. 

The SC will be stepped during the 12th L cycle at L 7. We will return and 
check for one additional Q carry. The last thing we do on divide is possibly take a 
reduction cycle (if we do not get a Q carry). 

With the shift counter now equal to zero, we will get "multiply/divide end op" 
at LI0 time. End op will take us to I tim.e of the next instruction. Since we have a 
DVH instruction, we will go to the left. Tl would be off, so we come back to the right 
and complem.ent ACC to ADD, take ADD back to the ACC, and this will be the end of 
the DVH instruction (What was in the ACC at 10 and 12 time after ending op was the 
rem.ainder; but remember, it was in com.ple:m.ent form. Therefore, we must 
re-complement, and we wind up with a quotient in the MQ and remainder in the ACC). 

One thing about divide which is quite different from that of multiply is that 
we have no option for shifting other than the 3 specific tim.es L3, L7 or Lll. This 
means that divide DVH is not a variable cycle instruction. It will always take the 
sa:m.e number of cycles if we are to divide. On multiply/we could (if we had 2 or :m.ore 
consecutive zeros in our multiplier) shift rapidly; therefore cutting down the nu:m.ber 
of cycles. On the DVH instruction we must :m.ake a com.parison between two 35 bit 
numbers (SR and ACC), to find out if one is smaller or equal to the other before 
we know if we should put a bit in our quotient or not. Because of the time this takes in 
the adders, we cannot make divide as rapid as :m.ultiply. 

Let us now return to the beginning of DVH instruction where we perform 
the test for the first Q carry, to determ.ine whether or not the 7090 can handle these 
size numbers. At the botto:m. of the flow chart on Page 65 we see if we do not get a Q 
carry it means that the SR ~ ACC the very first time we make the test. This would 
result in a 36 bit quotient which we cannot handle in the MQ. So we go to the block 
which says "to divide check circuits" and it goes over to the next page at point A in 
our flow chart. 
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Corning in at point A on page 66 you will notice that we turn on the divide 
check trigger at Ell, we get divide check end op at Ell, and we turn on TI at Ell. 
Let us take them one at a time starting with the middle one which says "divide check 
end op at Ell". This is too late for us to actually get the end op trigger on during 
E time. Therefore, we must proceed into the L cycle. During the L time we can 
then end and go to I time of the next instruction. So even when a divide check condition 
exists, we take a tninimum of 3 cycles--one I, one E and one L. 

Let us now look at the other two conditions starting with the one at the left. 
It is "turn on divide check trigger at Ell". The divide check trigger is a 
programmable indicator which you must interrogate with the DCT instruction. It 
will turn on at this point; it will not turn off until it has been tested with a DCT 
instruction. 

To the right it says "turn on T I" at Ell. The purpose of T I is to halt the 
computer should this be a DVH instruction. If it was a DVP instruction, T I would 
serve no purpose. On DVH this trigger actually stops us, as you will see if you 
proceed down through L time to I time of the next instruction and go to the left on 
that decision block. On DVH or VDH if TI is on this turns on the master stop tgr. 
at 15. The B cycle intrpt. tgr. will corne on the very next All pulse. 

If you recall manual control circuits, you will know that the machine actually 
stops at 15 time. The reason for stopping this early is so the contents of the registers 
will not be changed. If we should stop as late as 17 time, which we do under some 
conditions such as single step, etc., the CSR would be lost. 
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VDH - VDP 

Let's return to page 65 at the top right-hand side of the flow chart and 
now assume a VDH or VDP. The main difference here, as you may suspect, is 
only the shift count which now will be determined by the "count field" of the 
instruction. Instead of taking 35 shifts we may have more or Ie s s depending on the 
count in the decrement portion of the instruction. 

You can see that as we take SR S-1-35 to adders P-35 we also gate adders 
3-17 to the Addr Sw, then Addr Sw 12-17 into the SC at E2Dl. Assuming that the 
SC {; 0 we will proceed as we did on the regular divide. If the SC = 0, we will 
immediately and op and go to "point B" on the flow chart which is on page 66. We 
do this in time to end op during E time and proceed to the next instruction. Therefore, 
it is pos sible that the variable divide instructions may take 2, 3 or many more cycles. 

Since we can take 3 reduction cycles for each L cycle, it can easily be 
determined the length of a VDH or VDP. You have only to recall that the shift 
counter must go to zero prior to LlO time to allow us to end op. As an example: 
If we had a VDH with a count field equivalent to 7, we would have to take 3 L cycles 
to perform the divide. 
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DIVIDE SUMMARY 

There are four fixed point divide instructions--DVH, DVP, VDH, and 
VDP. These instructions are identical except that the variable length instructions 
have a count field in the decrement portion. This count determine s the actual number 
of attempts we will make to divide the SR (divisor) into the ACC {dividend}. This 
also will be the limiting factor on the size (number of digits possible) of our . quotient. 
DVH or DVP are fixed counts in that they will always attempt 35 reductions and will 
result in a 35 bit quotient with a 35 bit remainder in the Acc. 

Basically, the division process occurs in the following manner: We have 
a 70 bit dividend in the Acc at MO, the most significant portion of which is in the 
ACC. Our divisor is in the SR. We make a test to determine if the SR will go into 
the ACC. If the SR does go into the ACC, we put a bit in our quotient (which is the 
MO) and subtract the SR from the ACC. After doing this, we shift the entire 
dividend and quotient to the left one place and see if the SR will now go into the ACC. 
This series of events takes place a total of 35 times, which results in a 35 bit quotient 
and a 35 bit remainder. 

The logic of this series -of events is this: Since the ACC (the high-order part 
of our dividend) is in complement form, we know that if we do not get a 0 carry the 
SR is less or equal to the ACC. Therefore, we take the difference between these two 
numbers back to the ACC and place a bit in our quotient. 

However, if we do get a 0 carry, it is logical that the complemented number 
is smaller than the number in the SR; therefore, it will not go into the ACC and we 
do not want to reduce the dividend by the amount of the SR. For this condition, we 
shift the dividend and quotient one place left and make the same test over again. 

To keep track of the shifts we use the SC as we did on the MPY instruction; 
and when the SC is zero, we will end op and proceed to the next instruction. The only 
thing rem.aining to do in the beginning ·of the next I time is to re-com.plement the 
remainder which is in the ACC. 

It is possible to get a divide check on any divide instruction; in which case we 
turn on a "program.mable indicator" which can be interrogated by the DCT instruction. 
We also turn on another trigger (TI) which will stop the computer should we have used 
the halt instruction option. 

The number of cycles that the divide instructions may take depends upon 
several things. First, on the variable instructions, it depends on whether or not the 
shift count is zero. Should it be zero, we will end op im.mediately in E time and take on 
only 2 cycles. 

We also check to see if itl s possible that the numbers we are using would 
result in too big a quotient. If this is so, we will get a divide check (if the SR<' ACC 
initially on the divide instruction). = 

Lastly is the count itself on the variable instructions. It m.ay vary from 

1-35 10 (or even larger although it has no logical significance) which would determine 
the number of cycles the instruction would take. 
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07. OZ INTRODUCTION TO EXPONENTIAL MATH AND FP NUMBERS 

07. 0 Z. 1 Exponential Math. 

Prior to studying how the Floating Point instructions actually are performed 
in the machine, a thorough understanding of exponential math is desirable. After all, 
one of the reasons fixed point algebraic operations are easier is because of their 
close similarity to the basic math we use every day. This is why w,e will first spend 
a few minutes reviewing exponential numbers and math. Once knowing what we have 
to do, it will be easier to understand how we do it. 

One other point: Since it is easier for us to use the decimal system, we 
will use it for the review. After we know WHAT exponential numbers are, WHY 
exponential numbers are desirable in computer usage, and HOW exponential math 
works, we can then readily convert to the binary system; which is the 7090 language. 

WHAT 

We will start by trying to establish WHAT an exponential number is. For 
this, let's use the following examples. 

Normal No. Representation SaJIle No. in Exponential Notation 

(a) 31,000,000. = 3. 1 x 10 7 

(b) .000000017 = 1.7 x 10-8 

(c) 100 . 1 x 10 3 

(d) .001 = 1. x 10- 3 

You can see that a number expressed exponentially is made up of two 
parts. Let's give names to these parts for easy reference. --

In example (a) the digits 3. 1 would be called the FRACTION part of the 
exponential number. You can see that the FRACTION could be either a proper or 
improper fraction (definition of a proper fraction is a fraction whose value is less 
than ~ - improper fractions are equal to or greater than one) (see examples c, d). 
Placement of the decimal point in the fraction is of value only when used as a referende 
point to the other part of the number called the EXPONENT. 

The exponent part of example (a) would be 10 7 . The 10 means "base 10" 
since we are in the decimal numbering system. The 7 means lito the seventh power, 
or seven (7) decimal places. Since it is a +7 (only the minus signs will be shown), 
the decimal places are to the right of the decimal point in the fraction. In examples 
(b) and (d) the negative exponent means to the left of the decimal point in the fraction. 

Knowing now what the Z parts of exponential numbers are called and how 
to use the exponent part in determining the true value of the fraction, carefully analyze 
each of the examples given to see if they are correct. 
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WHY 

We are ready at this time to now answer WHY exponential numbers are 
desirable for computer usage; especially on the 7090 system because of its easy 
adaptation to handling scientific calculations. To demonstrate why they can be 
desirable, let's use the following two examples. 

(a) Here is represented the projected national debt if the 
Republicans get in office again (as a normal number): 

263,731,600,000,000,000,000,000 

Here is the same figure in the much easier to designate 
exponential notation: 

2.637316 x 10
23 

(b) Now let's go the other way and see an extremely small 
number--1et's say,the radius of a pinpoint in miles 
(as a normal decimal number): 

. 000 000 000 000 000 000 000 1712 

Taken as its proper exponential notation: 

1. 712 x 10- 22 

Although the numbers used in the example were quite meaningless, the 
point to be made is the ease with which extremely large or small numbers can be 
represented exponentially in less digit positions! In the scientific field I'm sure 
you can see the importance of being able to handle this wide range of numbers as 
easily as possible. By this means of representing numbers, we greatly increase 
the use of our machine registers which are limited to sign and 35 bit positions size. 
That, then, is the WHY of exponential math of the 7090. 

HOW 

Now to see just what there is to exponential math (or floating point math, 
as it is known on IBM computers). How does it work? Since it can be assumed we 
all know how to add, subtract, multiply and divide numbers such as 2. 1, 56.7, etc., 
we will approach it from this point. In fact, we will take them in that exact order 
and actually prove that what you do in the "longhand" method is identical to exponential 
math when the rules are analyzed. Don't panic at the thought--this is not a complex 
or drawn out feat to accomplish (we hope!). 

It will be done in this fashion: We will analyze an example using numbers 
in normal decimal notation. Then we will state the rules and perform the math 
using the same numbers in exponential notation. Since we want to be able to express 
the same numbers in both forms, we will use relatively common ones (i. e. not 
extrem.ely large or small numbers) for ease of writing them. 
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ADDITION 

The numbers we will add are 26310000. and 341. 30 written in their 
normal form. So letl s add them. 

26310000. 
341.3 

26310341. 3 

Not a difficult task once we lined ~ the decimal point, was it? Now 
letl s represent the same 2 numbers exponentially. 

26310000. could be written 

341. 30 could be written 

And we still want to add them. 

6 
26. 31 x 10 

2 
3.413xlO 

The rule for adding exponential numbers is: Move the decimal point 
in one of the fractions and adjust its exponent until the exponents are equal. Line 
up the decimal point in the fraction part and add. As in the example below, we want 
to make its exponent equal 10 2 so we can add this number to 3.413 x 10 2 . 

In order to make its exponent 10 2 , it is necessary to move the point in the 
fraction 4 places to the right (or move the fraction itself 4 places left--same results), 
thusly: 

6 26. 13 x 10 = 263100. x 10
2 

Is it not still the same value? ? 

Now that we have satisfied the (b) part of our rule for adding, we can line 
up the decimal points of our fractions (rule a) and add. 

263100. x 
3.413 x 

263103.413 x is our answer 

which equals 26310341. 3 

Letls now look at what we have accomplished 1110gicallyll in relationship to 
our first example using normal numbers. The exponent is telling us where the true 
decimal point belongs in relation to where it appears in the fraction. Therefore, if 
the decimal point in the fractions is lined up and the exponents are equal; then the TRUE 
decimal points are lined up, are they not? If this is still confusing, it would be worth- I 

while for you to review the previous example more thoroughly. 
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SUBTRACT 

The rules for subtract are the same as those for add except the fraction 
parts are naturally" subtracted" --not added. For this reason the following examples 
will be given, without additional discussion, for your own analysis. 

Subtract 341. 3 from 26310000. 

26310000. 
341. 3 

26309658.7 

Same math done using exponential notation. 

2.631 x 10 7 

-3 413 x 10- 1 

7 -1 Must first equalize exponents--so let's make the 10 equal to 10 
just for kicks. 

7 2.631 x 10 = 263100000. 

(I know it's messy, but anything to prove a point) 

Now we're in business. 

263100000. 
3413. 

263096587. x 10- 1 

Which equals 26309658.7, correct!! 

If you thoroughly understand the use and value of the exponent, then the 
add/ sub operations should seem basic to you now. If not, it would be best to study 
them again. 

MULTIPLY 

As in previous examples, we will first multiply the 2 numbers in their 
normal for:rn.. 

32. 51 (2 dec. places) 
x 6. 3 (1 dec. place) 
9753 

19506 
204.813 Add no. of dec. place s 

Mar k of in product 
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We can express the same 2 numbers exponentially as (. 63 x 10 1) times 
(. 3251 x 10 2). The rules for multiplying these 2 numbers are: 

a. Multiply the fraction parts as you would any dec. fractions 

b. Give the product an exponent equal to sum of the exponents 
of the two numbers; as in the next example. 

4 dec. places . 3251 x 10 2 
Add the exponents 

2 dec. places .63 x 10 1 

9753 
19506 

10 3 6 dec. places • 204813 x 

The answer equals 204.813, right? ? 

By adding the exponents (which represent the true number of dec. places 
in our fraction), we are basically saying then that the number of dec. places in our 
product should be equal to the total nUIrlber of places in our multiplier and multiplicand! 
Isn't this exactly what we did in our first multiply example using normal dec. fractions'i 
If you say yes, we agree and can proceed to divide. If not, perhaps this one additional 
exaIrlple will help (and let's use a negative exponent for a change) (you may note that 
they are the same numbers in reality). 

no dec. places 3251 x 10- 2 
Add exponents 

2 dec. places . 63 x 10- 1 

9753 
19506 

10- 1 
2048.13 x 

2 dec. place s 

Answer equals 204.813 

So far so good! We have shown that exponential Irlath handles the dec. point 
the same way as our "longhand" methods. The only difference is our use of the 
exponent to designate its true position. If we can make a similar analogy with 
"longhand divide", we're in! ! 

DIVIDE 

Again, let us start with an example of our longhand method using "norIrlal" 
nUIrlbers so we can later compare logic. 

6. 12 
5.3/32.436 

31 8 
--63 

53 
106 

116 106 



You may have noted that we moved the dec. point to the right in our 
dividend the number of dec. places in our divisor. Or, what we really did was 
subtract the number of dec. places in our divisor from the no. of decimal places 
in our dividend; the purpose of which was to determine the position of the dec. point 
in our quotient. 

All of that leads us to the rules for dividing exponential numbers. 

(a) Divide the fraction parts as any normal dec. fractions 
(including movement of dec. point) 

(b) Subtract the divisor exponent from the dividend exponent. 

Here's an example using the same numbers: 

1 ~ 
• 53 x 10 /. 32436 x 10 

Divide Fractions Subtract Exponents 

.612 
• 53/. 32436 

318 
-63 

53 
106 
106 

Exponent of product 

1 Answer equals .612 x 10 
Or, (expressed normally) 6.12 

Let's do one more example, using random numbers and checking our answer 
by multiplying our divisor times the quotient which should equal our dividend. 

( Note) 
The divisor fraction 
has no dec. places, 
so it is not nece s sary 
to move the point in the dividend 
fraction. 

Let's check our answer: 

231 x 10- 2 /1062. 31 x 10- 4 

924 10- 2 

-2 4.59 x 10 

4.59 x 10- 2 

2 31 x 10- 2 

459 
1377 
918 

1060.29x 10- 4 

117 

1383 10- 2 
1155 

2281 
2079 

202 x 10- 6 

Sub exponents 

Remainder 

quotient 
divisor 



To add in remainder of 
1060. 29 x 10-4 = 

202 x 10-6 = 
106029. x 10-6 

202. x 10-6 

we must first equalize characteristics 106231. x 10-6 

(or) 1062.31 x 10- 4 

Looks as if our proof is conclusive. However, one additional point merits 
mention; and that is the remainder and its exp0nent. If you recall, a "remainder" 
is what is left over (remaining) from the dividend after we have stopped dividing. 

Example: 
5.47 

6/ 32.87 
30 

28 
24 

47 
42 

5 

Five is our remainder, or what is left after taking 6 from 32.87 a total 
of 5.47 times. But what does this 5 represent? 

5, • 5, 50, or .005? ? ! 

Let's take this approach. If it is left over from the dividend, it must be 
representative of the portion of the dividend it was left over from (Oh boy! !). The 
last position of the dividend we divided into was the 7 (last digit brought down) which 
we can see equals 7/100 in reality. Since the 5 is "left over" from this division, it 
seems logical that it represents 5/100. Right? Let's reverse the process and see--

Add in the 5/100 remainder 

5.47 
6 

32.82 
.05 

32.87 

That convinces me-- so in using exponential numbers we can do the same 
thing to get an exponent for our remainder which will represent its true value. 

4. 59 x 10- 2 

231 x 10 2 /1062.31 x 10- 4 

924 2 

1383 10-6 
1155 

Subtract no. of dec. place s 
divided into • 

2281 Exponent for remainder 
2079 

202 x 10-6 

We can take the exponent of the original dividend and subtract the number 
of dec. places we have divided into. In the above example, it was 2 places (the 3 
and the 1). 
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This relationship between remainder and dividend is important for complete 
understanding of floating point divide. This is especially true in working with I1double 
precisionl1 instructions such as the 7094 has. 

This looks like conclusive proof that the exponential number is as flexible 
as plain old l1integers". Also, that exponential math is, in reality, applying the same 
rules we are familiar with on an everyday basis. 

This section has been quite basic, and several of you probably skimmed it 
lightly, which is O. K. ; but understanding it is a necessity if floating point is to be 
logical. If it is understood thoroughly, then the next section will be much easier and 
more intere sting. 
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07.02.2 F. p. NUMBERS 

The fraction part of a floating point number is probably the easiest, 
so let' s st~rt there. In fact, there is only one basic difference between the fractions 
we were working with in the decimal system and those we will have in the binary 
machine language notation. That is; a floating point fraction must always be 
represented as a proper fraction (less than one, such as . 5, .005, .9, etc). All 
digits in the fraction to the right of the point. 

For our first e_xample we will take the number 32 10 and convert it to its 
floating point representation. Knowledge of number conversions is assumed. 

With the binary point shown = 100 000 2 

We now have the number converted--all left to be done is make the number 
a proper fraction, or move the binary point 6 binary positions to the left • 

. 100 000 

Now the floating point fraction is finished; but it must have the proper 
exponent with it to show where that binary point really belongs in the fraction. 

To do this, let's first see the breakdown of a 7090 word repre senting a 
floating poi~t number. 

8 bits 27 bits 
S 1 thru 8 9 thru 35 

Sign 
of Characteristic Fraction 

Fraction 

The fraction consists of 27 binary positions and is always treated as though 
the binary point were just left of pos. 9. It also has a sign bit (the fraction can 
naturally be a positive or negative number). 

Positions 1-8 will contain our "exponent'l or CHARACTERISTIC as it is 
called in F. P. Notation. (We will abbreviate "CHAR" for characteristic). So we now 
will refer to char and fraction in place of exponent and fraction. 

One other note to make in our previous example is that the" char" (positions 
1-8) doe s not have use of the sign bit (that give s with the fraction). Still we must be 
able to represent a + or - exponent, right? 
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This we do by picking the mid point of the range of numbers that 8 binary 
positions can repre sent. Let's see, in 8 positions we can repre sent from 0008 to 
377 --or shown in binary: 00,000,000 to 11, Ill, III • The midpoint of this range 
of n~mbers would be 2008 . Now we s;ty any char. wit1t. a bit in pOSe 1 (2008 or larger) 
represents a positive exponent and those without a bit in 1 (less than 200 8 ) represent 
a negative exponent. The size of the exponent is determined by how far the char 
deviates from 200 (200 itself actually equals a zero exponent). Let's look at some 
typical examples. Remember, we are representing exponents in the binary system 
(base 2), not the decimal (base 10), because our fraction is a binary number. 

Char 

2008 

2028 

207
8 

1778 

171
8 

210
8 

210
8 

Power of 2 Being Represented 

o 
2 

2 
2 

27 

-1 
2 

-7 
2 

10 
2 

8 
2 

(power expre ssed octally) 

(power expressed in decimal) 

Now let's put the proper characteristic with that fraction we figured out a 
few minutes earlier.--32

10 
= 40

8 
= 100, OOO--We moved the binary point 6 binary places 

left to make it a proper fraction: .100,000 

We must indicate, in the char, where the binary point real1y belongs or a 
char equal to 26, which is 206

8
, In binary the char. and fraction would look like this: 

s 
o 

+ fraction 

1 'r, > 8 
1 0 000 110 

char of 206 

9 --------9) 35 
1 00 000 etc. 

fraction 

"Imaginary" binary point assumed 
by the 7090 so the char value has 
meaning and can treat al1 fractions 
as "proper fractions" 

Let's do one more example with a negative number-- -.017578
10

. 

-.017578
10 

;;: -.011
8 

= -.000 001 001
2 

It is already a proper fraction with the binary point to the left, so we do 
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not have to shift it. Therefore, the char. we give with the fraction shown this way 
should equal 20 or 200 (the binary point is correct as shown in the fraction) so no 
exponent is needed to show where it really belongs). 

S 
1 

Neg. fraction 

1 8 9 35 
1 O· 000 000. 000 00] 001 

Char of 200 Fraction 

This would not be the case normally, however, because this is what is 
referred to as an UNNORMALIZED F. P. number (no bit in 9, the high order position 
of the fraction). So, let's make it a NORMALIZEDF. P. number by shifting the 
fraction to the left (or the point to the right if you prefer) like so: 

Unnormalized = 200 . 011 
8 

In Binary = 10. 000 000 000 001 001 

Shift fr action left 5 = 1Q 000 000 1 00 1 
to normalize 5 

Sub" 5" from char = 01 111 011 • 100,1 
so value is not lost 

Now Normalized = 173 • 448 

The decimal fraction -.017578
10 

is equal to -173.440000000
8 

as a 
7090., normalized, F. P. number. It has a sign bit for the fractIon, a character-
istic which can represent a + or - exponential value to the base 2 and a fraction part 
which will be treated by the char as a "proper" fraction (binary point to the extreme 
left) . 

The two types of F. P. numbers are "normalized" and "unnormalizedll . The 
normalized, by definition, contain a bit in the high order position of the fraction 
(pos.9). It can also be put this way: The normalized fraction is ~ one half--the 
unnormalized <:.. than one half. 

One other Ildefinitionll is that of a normal FP zero and an unnormal FP zero. 
These I will show by the following examples. 

(a) 

(b) 

Char 

000
8 

132 
8 

Fraction 

. 000000000
8 

I I normalH zero 

.000000000
8 

Ilunnormaill zero 

(a) Char and Fraction both = to zero 

(b) Fraction only = to zero 
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07.03 FLOATING POINT INSTRUCTIONS 

Objectives: 

A satisfactory understanding of the Floating Point instructions should 
enable you to accomplish the following ON EACH INSTRUCTION TYPE. 

WITHOUT REFERENCE: 

1. Be able to perform correctly the Floating Point math, in 
the same manner as the 7090, on any given Floating Point 
numbers. 

WITH REFERENCE: 

1. Explain the reason and need for any block of logic in the 
flow charts for a particular instruction. 

NOTE: One method of doing this would be to site example 
F. P. numbers showing necessity for a particular 
block or blocks. 

2. Achieve a satisfactory grade on the quiz following this 
material covering MPY /nvp and Floating Point instructions. 
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07.03.1 Floating Point Add/ Sub. 

7090 FAD (Floating Add) Overall Logic 

For this discussion of 7090 logic it will be assumed that a thorough 
knowledge of the following points has been obtained. You should be familiar with 
the terms characteristic and fraction as they apply to the 7090 system. The rules 
of exponential or floating point math should also be familiar to you. We can then 
concern ourselves in this discussion of how the 7090 logically performs exponential 
math. 

Floating Add, FAD, is accomplished in three basic steps. First is the 
equalizing of the characteristics; second is the addition of the fractions; and third is 
the normalizing of out' answer. The last part is necessary because we always wish to 
wind up with a normalized answer providing we are using normalized floating point 
numbers. 

First, let us start with the equalizing of the characteristics. One of our 
numbers to be added will be placed in the ACC by a previous instruction; probably 
a clear and add, CLA. The other number will be brought into the SR during 
execution of the FAD instruction itself. These two numbers, then, must be added; 
but prior to the addition of the fraction, their characteristics must be made equal. 

We have said earlier that we can equalize characteristics by adjusting the 
binary point in the fraction or by shifting the fraction itself. In a 7090 floating point 
word, the binary point is always assumed to the left of position 9. Therefore, the 
7090 will adjust the characteristic by shifting the fraction. 

We now have the option of either sJ?,ifting the fraction to the right or to the 
left, depending on whether we try to make the larger characteristic smaller or the 
smaller characteristic larger. Let's assume first of all that we have, in the ACC 
register, the number with the larger characteristic and we wish to make it smaller 
(so that it may equal the characteristic in the storage register). 

If we were to shift the fraction in the acc. left, which we would have to 
do in order to reduce our characteristic, the digits in the fraction being shifted past 
position 9 would be lost. As you can see, this would not be a de sirable result since 
these would be the most significant bits or digits in our fraction. So let's take a look 
at our alternate method of equalizing characteristics. 

With the smaller number (or the number with the smaller characteristic) 
in the ACC, we would want to make the characteristic larger. This can be done as we 
shift the fraction to the right. Since we can shift the ACC right, with ACC 35 being 
shifted into MQ9, we would not lose bits in our fraction. That is, of course, assuming 
that we did not shift a significant number of times so we shifted past MQ pos 35. Let's 
take a look at how the 7090 actually does accomplish this. 

124 



When the number is brought into the SR during FAD, the fir st thing 
done is to test to see which number has the smaller characteristic (the ACC or 
SR). If the smaller is in the SR, then they are swapped. If not, they are left the 
way they are. In either case, the difference in the characteristics is placed in the 
shift counter and the fraction in the ACC will be shifted right the proper number 
of places. If this characteristic difference is too great, I am sure that you can see 
that some bits may be lost in our fraction from shifting past the MQ pos. 35. When 
this shifting has been accomplished, we have theoretically equalized our 
characteristics; and our "reference" binary points remain lined up between bit 
positions 8 and 9 in our SR and ACC. Of course, this is only a n imaginary point 
for reference for all characteristic s in 7090 format. 

The actual addition of the fraction now takes place. This, if you recall 
the add instruction, is going to be handled in exactly the same way except only bit 
positions 9-35 of the SR and ACC will be added together. However, we must not 
forget that the fraction uses the sign position and complement addition may take place. 

We will now normalize our answer. As you can see, should we have to 
subtract fractions due to unlike signs, it is possible that the fraction of our answer 
will not contain a bit in position 9. Since we want our final answer to be normalized, 
if possible, a test will be made to see if the fraction contains a bit in this position. 
If it does not, the ACC and MQ fraction positions will be shifted left until a bit is 
shifted into 9. A count of the number of positions that it is necessary to normalize 
is kept by the shift counter. This number of shifts will then be subtracted from the 
characteristic of the ACC. We now should have in our ACC a normalized floating 
point answer. Of course, had the F ACC and FMQ been all zeros, this normalizing 
would not be attempted. 

You probably have already noticed that it is possible for us to have some 
bits left in the FMQ. These bit positions in the F MQ , 9-35, will also be given a 
characteristic. This characteristic will be the CACC minus 2710. This is a way of 
saying that the bits in the FMQ are an extension of the F ACC. However, they are 
27

10 
binary places removed. This part of the number in the MQ would be rather 

insignificant in comparison to the number in the ACC and would be useful (normally) 
only under "double precision" instruction; such as on the 7094. 
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7090 FSB (Floating Subtract) 

A similar discussion of the logic of FSB will not be necessary because 
of its similarity to FAD. If you recall fixed point ADD and SUB, you will remember 
the only difference was when the number to be added or subtracted was brought 'into 
the SR. SUB differed from ADD only in that the sign of the number being brought 
from storage was inverted. This is exactly the same case of the same relationship 
FSB has to FAD. As the floating point number is being brought from storage, the 
sign of the fraction is inverted. It proceeds from that point identically to FAD; 

. all the way from equalizing characteristics to normalizing the final answer. 
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FLOW DIAGRAM TEXT 

Floating Add 

In Fig. 5. 3-23A on Page 72 in the green Manual of Instruction. For our 
first trip through the flow chart, we will use the example where we CLA location 
X which contains a floating point number of 204. 41 • We will FAD location Y to 
this which contains the floating point number 206. 5~ • As we go through the flow 
chart, you will notice there are several blanks whic~ you must fill in. Fill in the se 
blanks using the two examples which I have just given. 

At the beginning of the FAD instruction, the objective is listed for the 
E cycle. It says this should bring the char. and fraction to the SR. The char. and 
fraction that we are going to add to should already be in the ACC from a previous 
instruction; such as CLA. 

After the E cycle we are going to proceed to L time; however, the L time 
will be broken up into 5 different L times by use of the tally counter. The tally 
counter is just a group of 5 triggers which we will turn on and gate with L time in 
sequence. The object of the tally counter is to make one L time different from another 
L time during the same instruction. 

More than one L cycle may be taken with the tally counter at 1, 2, etc. 
However, when L time 2nd step (L time & tally counter 2 tgr) is completed, the 
tally counter will be stepped to 3. Now we have II L time, 3rd stepll. 

The tally counter is stepped at 11 time of the cycle and goes as high as 5 
(L time, 5th step). In its normal (reset) condition tgr. number 1 is on, just waiting 
for a F. p. instruction. We have, from this point, to merely step the counter to 
achieve L time 2nd step, 3rd step, etc. 

We have proceeded to L tim.e of 1 st step on FAD. During L time 1 st step 
we should align the fractions and test to see if the alignment of the fractions will 
exceed the capacity of the registers. Since we are going to align the fractions by 
shifting the F ACC to the right, if we should shift more than 54

10 
times; we would 

lose all bits which we might have in our ACC fraction. 

We must first determine which number has the smaller char. This is done, 
as you can see on the flow chart, by taking a 1 to adder 8 along with the complement 
of the C ACC at AOD3. We are also taking the entire SR to the adders during first 
step L time. We then check for a IIQ carryll condition. If we do have a Q carry, it 
means that the smaller char. (or their equal) is already in the ACC. If we do not get 
a Q carry, it means that the smaller char. is in the SR; therefore, we must exchange 
the two numbers. 

At the same time we were making this decision, you will notice that the 
is being reset so that we can shift the F ACC into the when we do -.....-----

align the fractions. We also turn on trigger ------
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With the example stated earlier, we started with the char of in the 
ACC and a char of 8 in the SR. Therefore, the result of our compa~ison 
would be (a) (no) Q carry, and we would have to exchange the two numbers. Exchanging 
of the two numbers takes place in this fashion The SR is gated to the adders a11 
during first step L time. We gate the ACC to the SR at and take the output 
of the adders into the ACC at The exchange of the characteristics and the 
fractions is completed at this time. You wi11 note that the SR and ACC signs are 
exchanged directly and do not go through the adders. 

There is a note on, your flow diagram saying that ACC P is also gated 
to the SR sign pOSe at this time. This condition could cause an error if ACC P 
position did contain a bit and the fraction in the ACC actually had been plus. However~ 

we will talk about this condition later on as it is, in some respects, a logic error. 

Now that we have made the test to see if exchanging the numbers was 
necessary, before we attempted to align fractions, we now want to compute the chan. 
difference. This is done on the flow chart where we take a "1 to adder 8" as we 
complement ACC 2-8 to the adders. This is at time. This logic is this: 
Weare going to gate the compo of the smaller char. into the adder s. We get the 
2' s complement with the "hot 1 11 going into adder 8. The difference is put in the 
shift countercso we will know how many places to shift to align fractions. We can 
say that the ACC is smaller because (by this time) in first step L cycle we must 
have the no with the smaller char. in the ACC. If it was not there initially~ then 
we exchanged them at A6 time. Therefore, the char. difference wi11 be in true 
form as a result of this computation. 

Next on the flow chart they show a decision block which is checking the 
output of adder 1 or 2. This is where they are going to determine if the char. difference 
is too large for our registers to handle. You will recall that we said a char. difference 
of more than 5410 (which is equal to 66

8
) would mean that our entire fraction would 

be lost when we shifted to the right. However, 54Jo (66 ) is quite a difficult number 
to test for. It is much easier for us to test for a iffere~ce of 778• This is done by 
checking the output of adder 1 or 2. A bit out of ADD I or 2 would in.dicate the char. 
difference is at least 1008. Of course, if the char. difference falls between 66

8 
and 

100
8

, we would still lose all of our fraction in the ACC; but we would attempt to 
equalize the characteristics nevertheless. 

In our particular case,the difference is 2. Therefore, we will not have a 
bit out of adders 1 or 2 as a result of computing this difference. This 2 will be put 
in the shift counter at Now we know exactly how many places to shift 
the fraction to the right so that our binary points are lined up. You can also see at 
this. time that if our char. difference was greater than 778 , we would clear the ACC 
Q-35. This would result in a normalized zero in the ACC. This is hot our case so 
we will proceed to II L time 2nd step" on the top of page 73 in the flow chart. 

During L time 2nd step the major objective is to shift the FAce the number 
of places necessary. If you look at the actual blocks~ you will see that we shift the 
ACC 9-34 right every clock time. We shift MQ 1-34 right every clock time; however, 
ACC 35 goes into MQ 9. Therefore, even though we shift the entire MQ to the right, 
MQ 9 is only able to get bits coming in from ACC 35. You will recall that the MQ 
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was reset back in first step L time so there are only zeros being shifted from MQ 
1-8. The is stepped and we shift right twice. Then we will 
proceed to L time 3rd step when the SC = o. 

During L time 3rd step we do two things: We are going to add the fr actions 
and check for possible 117090 double precision11 handling. In our particular case we 
will go through this part of our flow chart exactly as our example takes us. The first 
thing to do is check to see if it1 s equal to zero. In our particular 
example we would only have shifted the F ACC twice; therefore, the MQ would still 
be equal to zero and we would turn on This, as you will see at a later 
date, is a test being made which determines if 7090 double precision handling is 
necessary. Our particular example does not require it, so T2 is turned on. 

Next, we corne to SR and ACC signs decision block. If the signs of our 
fraction are unlike, then we must do a complement addition (subtraction). Our signs 
are alike so we proceed down from the decision block and perform true addition. This 
is done by sLmply gating SR to the ADD and ACC 9 .. 35 to the ADD at .F We 
also take ADD Q-35 back to the ACC at We now have added the SR 
and F ACC. You will note at this particular time that we gate the SR to the ADD and 
we take all of the ADD back to the ACC. We are not only adding the fractions; but 
we are giving the ACC its proper characteristic at the same time. It should have the 
char. of the larger, which is being gated in at this time from. the SR. 

Off to the right there is another circuit which is testing for a special 
condition at this time. Our example would not have this overflow condition so the 
column 9 carry trigger would remain off. We will corne through this chart another 
time with an example having this special condition. Now that we have completed adding 
the fractions and have given the ACC the proper char. we will proceed to 4th step L 
time at the top of page 75. 
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Reading the objectives for 4th step L time, we find that the F ACC gets 
"zero tested" and "double precision handling" would be accomplished ~ necessary. 
In our example only the" zero test" is significant. This is done by gating the comp 
of the F ACC into the ADD with a "hot one" to ADD-35. A 9 carry would indicate 

. the F ACC = 0 and turn on the 9 carry trigger. 

Our path is from the "OFF" side of the "FP trigger" decision block 
(FMQ = 0 back in 3rd step) anded with the "NO" condition from the ADD 9 carry 
decision block (F ACC # 0 - 4th step). This takes us down to the "ACC-9 = 1" 
decision block at the bottom of Page 75. 

The decision here is that if ACC - 9 = 1, then we do not need to normalize; 
so do not go to 5th step L time. End op in 4th step and proceed to Fig. 5. 3. 23E 
(enters at lower left on Page 76). Our next example will get us into 5th step. 

"F. P. End op" causes us to proceed to I time of the next instruction. 
However, during the 1 st half of this cycle we must do some minor housekeeping on 
the FAD. Read the objectives listed and we will take them in order. 

To compute the C MQ , the 2's comp of 27
10 

is forced into the adders along 
with the C ACC. This subtracts 27

10 
from the C ACC and is the proper char 

for the F MQ, even though (in our example) the fraction part is zero. 

Next, the sign of the MQ is set to agree with that of the ACC. If the no. 
in the MQ is to be an "extension" of the no. in the ACC, it sounds logical that the 
signs should agree. 

Now the decision block (which is logically an OR ckt) looking at T2 and 
the "9 carry tgr". "T2 ON" would mean the FMQ # 0; so in our case, it will be 
OFF and that gives us one vote for the "NO" side of the block. HOWEVER, the 
"9 carry trigger off" condition means the F ACC # 0 and this is true! So, we will 
give the MQ a char even though its fraction part is zero. 

, This completes our 1 st pas s through the FAD flow chart. Our next 
example will pick up several points, purposely avoided this trip. 

SECOND EXAMPLE 

The points we will stress on this example are: 

1. Unlike signs - so we will subtract (comp. add) the fractions 
2. 7090 "Double Precision Handling" - for which unlike signs 

are necessary' 
3. Normalizing 

Since "7090 DP" is probably the most confusing in this area, I would like 
to discuss logically WHAT it is before starting this second example. 

The three conditions which must exist for this special handling are: 
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a. Unlike signs (the SMALLER fraction must be subtracted 
from the LARGER) 

b. The SMALLER fraction must be in the ACC and MQ 

c. The FMQ must f:. O. (This is basically an extension of 
condition b). 

To show an example of 7090 DP letls use the following numbers. 

CLA 

FAD 

x 

y 

LX = -202.400000001 

Ly = +204. 420000000 

The small char is in the ACC so I will now show the register contents 
AFTER the char diff has been used to align the fractions. 

SR = 

ACC = 

+204.4200000008 

-204. 1000000008 
MQ = +000.200000000

8 

From this example I think you can see that mathematically we should 
subtract the F ACC from the F SR and come ~ with a + answer. However, to be 
exactly correct we sho\lld also subtract the MQ from the F SR. After all, the 
FMQ is a part of the F ACC. 

To do this correctly, we should IIborrow oneil from the F SR to subtract 
the FMQ from. This Illonghand methodll is not easily done in the machine so we 
take care of it in the following manner. 

We subtract the F ACC from the F SR. Now the resultant answer is one 
too high (we did not borrow one from the FSR first). To compensate for this we 
take the 2 1s comp of the FMQ. This gives exactly the same results as if we 
subtracted the FMQ along with the F ACC in the adders (which we cannot do without 
many additional adder ckts). 

Here is our same example showing what the machine doe s (only the 
fraction parts are shown for clarity). 

FSR = + · 420000000 8 

F
ACC = · 1000000008 

FMQ = .200000000 

Subtract F ACC + · 3200000008 

Sub 1I0NE II from 1 
the ANS IN ACC = • 3177777778 

No~ get 2 1s ~omp F 
.600000000

8 
of MQ = ACC = · 3177777778 MQ = 
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Now the longhand way just to prove this correct- -in case we have any 
skeptics (which I'm sure we don't). 

= FSR 

FACC = 

+ 

To Sub F ACC + 

.420000000
8 

(start by "borrowing 1" from. 42) 

.100000000
8 

F MQ = 200000000
8 

F F MQfrom SR= .317,777,777
8 

600000000
8 

Let's now use the same example numbers to go through the flow chart 
for the second time. They are sufficient to give all three of the conditions i listed 
earlier. 

The numbers are here again for easier reference. 

(CLA) ACC = -202.400000001 

(FAD) SR = +204.420000000 

We will start with L time, 1st step, on page 72, figure 5. 3-23A. Review 
the objectives for 1 st step and you will see there is little to do at this time using these 
examples. 

The test to see which number has the smaller char will cause us to exit 
from the "yes" side of the Q carry decision block. The smaller is already in the 
ACC so we do not have to exchange them. 

Next, we compute the char diff and test to see if it's greater than 77
8

, 
We can readily see that it isn't so we will take the" NO" leg from the" ADD 1 or 2 = 1" 
decision block. This results in our putting 8 in the shift counter. 

We will breeze through 2nd step L time because all we do is shift the 
F ACC and MQ right 8 places. This is to align the fractions so we can 
add time. 

We are now about to enter the more interesting jart--3rd step L time. 
Immediately we test the FMQ for zero. This time the MQ f:. '0 so we will leave T2 
tgr ON (it was turned on in 1 st step unconditionally). This trigger sf-ould remind us 
sometime later that

F 
should we have to subtract the F ACC from the SR, not to 

forget the little old MQ. 

Of course, the very next decision block asks if signs are alike or not (and 
they are not), which looks like we might just qualify for 7090 DP handling. We 
proceed merrily on our way to Fig. 5. 3-23C on the next page. 

Here the job is to subtract the smaller fraction from the larger and to 
do this properly we must know which fraction is smaller (we always comp the F ACC; 
if it was the larger, the answer would be in comp form. When the F ACC is smaller, 
the answer is in true form but" one" too low). Let's take a closer look at the flow 
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The SR is gated to the ADD with the Comp of the F ACC along with it. 
We then check for a "col. 9 carry". Our example will give us one and this carry 
means the F ACC was the smaller. This carry turns on the "9 carry trigger" and 
then goes to the "T2 trigger" decision block. 

At the same time we must proceed down the lefthand side of the flow 
chart. The ADD is gated to the ACC at LSD 1, and we test the Col. 9 carry tgr 
which was just turned "on", This tgr is saying the F ACC was smaller (and it 
was the number complemented) so the answer is in true form (but" one" low because 
the" carry" was not added in). However, all we do for the time being is set the 
sign of the F ACC equal to the sign of the F SR, the larger, and continue. 

Now back at the "T2 tgr" decision block we can finally say that "7090 DP" 
handling is necessary. So we want to "subtract 1" from the answer in the ACC and 
get the 2's comp of the FMQ, However, since the answer (fraction) in the ACC is 
one to low anyway, subtracting the" 1" from the F ACC is not necessary. 
(Please note that the carry would be added in if T2 was off, MQ=O, however.) 

The "ON" side of the T2 decision block leads to a group of 5 blocks. These 
jockey the MQ and AGC around so we can get the 2's comp of the MQ fraction. The 
"F. P. tgr" is turned on here also, to remind us what must be done when we get to 
4th step L time (where we actually get the 2' s comp of the MQ fraction and return 
it to the MQ). Solet's proceed to the top of Page 75. 

Here, in our previous example, we zero tested the F ACC. This time, 
however, the FMQ is in the ACC because of "7090 DP" conditions. This time these 
same two blocks which zero tested the F ACC are going to provide the 2's comp of 
the FMQ (by virtue of the fact it's now in ACC-9- 35). 

We continue down from these blocks to the "FP tgr" decision block. This 
tgr now tells us we started 7090 DP back in 3rd step so the output of the adders 
(right now) is the 2' s c omp of the F MQ . The "ON" side says take it to the ACC, 
swap the SR and ACC, and then put the SR into the MQ. The FMQ now equals the 
2' s comp of the original number and our" 7090 D. P. handling" is completed. 

At the bottom of Page 75, this time, we will exist from the "ACC-9=1" 
decision block on the "0" condition (our F ACC is ,3177777778 , remember). This 
means we will have to normalize our answer and m.ust go to 5th step L time to do 
so. On to the top of Page 76! 

The logic of normalizing is to shift the ACC at MQ fractions left until a 
bit ~pears in ACC pOSt 9. For each place we shift the fraction, we must reduce 
the ACC. The shifting I'm sure you can easily follow in the first part of 5th step 
L time. Each time we shift left we step the SC and this procedur.e continues until 
ACC-9=1. 

Once ACC-9=1 we turn on the FP tgr, which will then allow the "AD(Q-8) 
to ACC"block. The logic here is this: Since nothing was put in the SC, it started 
stepping DOWN from zero. This gives us the number of shifts necessary to normalize 
in 2' s comp form. Therefore, to subtract the number of places it took to normalize, 
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from the C ACC, we have merely to gate the SC and C ACC into the ADDttwhich 
is done all during 5th step). Then take the ADD output back as the new ACC after 
we stop shifting and stop stepping SC. The "ones - AD (Q, P, 1, 2)" block is just to 
maintain the 2' s comp of the number of shifts in the ADD (the SC has only 8 positions). 

The remaining part of this example is identical to the first. It would be 
to your benefit to continue through, however, and get the proper MQ character. 

THIRD EXAMPLE 

For this last example we will confine ourselves to a small area as the' 
flow chart Fig. 5.3-23B, bottom of Page 73. The numbers we will use for this 
example ar e: 

CLA 

FAD 

X 

y 

LX = +207.400000000
8 

L 
Y = +207.4000000008 

You will note the equal characters and like signs. This means no alignment 
of the fractions is necessary before adding them, and it will be true addition. 

Let's add these two fractions ourselves to better see the problem prior 
to looking at the flow chart. 

. 400000000
8 

.400000000
8 

1.00000000°8 

carry out of position 9 

Naturally the 7090 cannot represent this fraction as shown. It must 
recognize this "fraction overflow" condition and shift it one place to the right. If 
it does this, though, it had better increase the C ACC by 1 to show the true position 
of the binary point. This is the purpose of the "Col. 9 carry tgr" decision block at 
the bottom right on page 73. 

Coming down from this block (the ON side) the carry out of Col. 9 is allowed 
to carry in to ADD 8. This is allowing our "fraction overflow" to increase the C ACC 
by 1 automatically (the char is in process of going from SR-ADD-ACC). 

Next the F ACC and MQ are shifted right one place and we force a 
"hot one" into ACC 9 to make up for the carry we let keep right on going to increase 
the CACC. 

This concludes the text on FAD/FSB/UFA/UFS/FAM/UAM/FSM/USM. 
That's quite a list since all I've talked about is FAD. However, the differences are 
so minor that reading pages 78 and 79 (same manual) should answer any questions 
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you may have concerning their operation. 

Review the terminal objectives for FAD; and, once satisfied you can 
perform them, continue on to FMP. 
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REVIEW QUESTIONS 

FAD/FSB 

1. How does the execution of FSB differ from that of FAD? 

2. Why is "equalizing" the char. necessary befo+,e adding the fractions? 

3. Will the fractions ever be comp added? If so, when and why? 

4. Is normalizing always necessary on FAD? Why? 

5. What is meant by "7090 double precision handling" ? 

6. What conditions cause "7090 DP" handling? 

7. Can the MQ overflow on FAD? How? 

8. Give examples which cou~d cause the following on FAD. 

a. ACC ovfl only 

b. ACC ovfl and MQ ovfl 

c. MQ underflow only 
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ANSWERS 

FAD REVIEW QUESTIONS 

1. Sign of fraction inverted 

2. To "line up" the true binary point of the fractions 

3. Yes, unlike signs J subtract smaller fraction 

4. NOJ Addition of fractions may result in ACC 9 = 1 

5. Getting the 2 1s comp of the contents of the MQ when it also must be 
subtracted from the F SR• 

6. a. Unlike signs 

b. ACC fraction smaller 

c. 

7. No 

8. a. SR + 377.4 
8 

ACC + 377. 48 

b. Impossible 

c. SR 023.5 
8 

ACC 023.5 
8 
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07.03.02 FLOATING MULTIPLY 
FMP (Floating Multiply) Overall logic 

Multiplication of the two fractions is identical to MPY. The exception is 
that the size of the fractions is 27 bits as opposed to 35 in fixed point. To accomplish 
this, 27 10 is placed in the shift counter during FMP instead of the 3510 as in 
MPY (33

8 
and 43

8
). 

The characteristic s are added and the "mid point value" is subtracted from 
the total. By "mid point value" I mean the 2008 which we use as a reference to 
designate a positive or negative exponent. For example, if you were to add 2128 
to 2078 (positive characteristics) the total would be 421 8 . Now we must subtract 
2008 to arrIve at the correct characteristic of 221

8
. One further example: 

Let's assume we had one characteristic equal to 203& and another 
characteristic equal to 176. The values of these characteristics, exponentially, 
as you can seeare+3 and -l'. If we were to add them, our total characteristic would 
be 401 8 , Then we subtract the 200

8 
and we arrive at the characteristic of 201 8 or 

the equivalent of + 1. This addition of the characteristic s and the subtraction of the 
200 8 is done during the multiplication of the fraction. 

The product of multiplying our two fractions will be in the ACC bit positions 
9-35 and in the MQ bit positions 9-35. In other words, two 27-bit numbers multiplied 
together will have a 54 bit answer. The most significant part of our product is in the 
ACC and receives its characteristic after they have been added. The fraction part 
of the MQ is removed from the F ACC 27 binary places. Therefore, the char. 
given to the FMQ is that of the ACC minJ~ 27

10
, 
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FLOW DIAGRAM TEXT 

Floating Multiply 

For our trip through the flow chart, a good understanding of what has 
to be done to multiply 2 floating point numbers is assumed; such as, adding of the 
char and multiplying of fractions, etc. The numbers we ~ill use for this example 
are: 

LDQ 

FMP 

X 

y 

LX = 207. 500000000 
8 

Ly = 175. 400000000
8 

Starting at the top of the flow chart, on page 80, figure 5. 3-24A, carefully 
read the objectives. The objectives are areas I will specifically point out in the 
flow chart along with other areas which could be misleading or require comment. 
We will not discuss every block as many are self explanatory. 

The first part of E time is useejl. to zero test the multiplier (MQ) fraction. 
This is done by gating the MQ9-35 to SR and testing the SR input for no bits. (Check 
out this ckt in systems; youlll find it interesting.) If the FMQ is = 0, we will turn on 
the FP tgr. to remember this fact for later use. Our example numbers with the F MQ 
1= 0 would result in the "FP tgr" being left OFF. 

Next, taking the right path, we find the SC set to 338 (27
10

). This is the 
number of shifts needed to MPY the 27 10 bit fractions. Immediately after we gate our 
multiplicand into the SR (E7Dl) and gate ADD (Q~35) to ACC at EI0D!. This now makes 
the F ACC = 0 (so it can be used to develop our product) and at the same time puts the 
CSR into 1-8 of the ACC (SR 1-8 to ADD all during E time). 

We must return to check the left path before proceeding to 1 st step L 
time. The first decision block, " s tg 1-35=0", is zero testing both the char and 
fraction of the multiplicand as it is brought into the SR. If both are zero, it is a 
"normal" F. P. zero. Our example will exit u~ from. the "No" side of this block to 
check the "FP tgr". It is "OFF" because our MQ was not = 0, and we can now go to 
L time, 1 st step. 

L time, 1 st step, has one major objective and that is to ADD the 
characteristics of our multiplier and multiplicand. At the present time our multiplicand 
char is in the ACC (1-8). The multiplier char is in the MQ (1-8). The steps ~hich 
are taken to perform this addition of characteristics and subtract the "2008 midpoint" 
can be listed just as shown on the flow chart. 

a. 

b. 

c. 

C Subtract 200
8 

from the ACC (instead of adding and then 
subtracting from the sum) 

Take diff (C ACC - 200 8) back to ACC 1-8 

Zero out the SR characteristic positi0re, so that _~Q positions 
1-8 will be cleared when we exchangeMQ with SR. 

(The MQ will get a new char. upon completion of the MPY operation. ) 
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d. Exchange C SR and C MQ . CMQ now is in position t~ be added 
with CACC. 

C C 
e. Add ACC and SR. 

(Note: ) 

(1) The C ACC = original m.ultiplicand char - 2008 

(2) The CSR = original m.ultiplier (MQ) char. 

f. Put the sum. back in ACC which now gives us the correct char 
for our product. 

The above steps having been com.pleted we can now proceed to L tim.e, 
2nd step, and take care of the fractions. 

The first thing in 2nd step is to turn on "T2 tgr." This, will indicate 
at a later tim.e that m.ultiplying of the fractions actually did take place. From. this 
point you will find m.ultiplying the 27 bit fractions alm.ost identical to fixed point 
m.ultiply. Let's quickly go through the chart, however, on page 82. (Fig. 5.3-24C) 

With the SC /; 0, we begin looking for bits in our m.ultiplier, starting with 
MQ35, before doing any shifting. Our exam.ple causes us to exit from. the "NO" side 
of the "MQ(35) presensed" decision block. Since our~ultiplier~as no bit, we need 
not add the m.ultiplicand into the ACC--just shift the ACC and MQ right every clock 
pulse and keep on looking by pre-sensing MQ pOSe 35. 

This continues until we finally encounter a bit going from. MQ34 to 35 in 
our m.ultiplier. This condition gives us the "YES" side of the "MQ(35) presensed" 
decision block, which causes us to stop shifting long enough to gate the "ADD 9-35 
to F ACC". Then we resum.e shifting, pre-sensing MQ35, and stepping the SC. 

The only difference here from. fixed point is the fact we are now dealing 
with 27 10 bit num.bers instead of 35 10 • This is the reason £gr using th~ "9 OV tgr." 
This will rem.em.ber any carry we m.ay get when adding the SR to the ACC (adding 
our partial products) when we find a bit in our m.ultiplier. The fact that it com.es on 
tells the m.achine to put a bit in ACC pOSe 9 as we shift right. These "carries" 
represent the m.ost significant digit of our partial products so we cannot ignore them.. 

The com.pletion of m.ultiplying the fraction is signalled by the SC going to 
zero, which turns on the "FP tgr", (top of page 83, figure 5.3 - 24D). Now we 
m.ustnorm.alize our product if ACC 9 does not already contain a bit. Since this is a 
norm.alized instruction, AND USE OF NORMAL NUMBERS IS EXPECTED, it will 
never be necessary to norm.alize m.ore than one position. (ACC 9 or 10 will always 
contain a bit if NORMALIZED num.bers were used). 

The logic for norm.alizing is the sam.e as previous instructions. Shift the 
fractions left and subtract the num.ber of shifts taken from. the characteristic. You 
will note that the blocks in the flow chart which do the norm.alizing on FMP (between 
the AC(9) = 1 decision block and the" END OF" block) all contain an asterisk (*). 
At the bottom. of the page the note indicates the logic of these blocks applies only to 
FMP--not UFM. 

UFM being "unnorm.alized" floating m.ultiply, it sounds reasonable that 
norm.ali zing should not be attem.pted. 
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After normalizing (which would not be necessary for our examp1e--right?), 
we end op and go to I time. There is little left to do here except set the signs of 
our product (ACC & MQ) and give the F MQ the proper characteristic. The signs 
should be self explanatory so 1et' s concentrate on the C MQ being generated and the 
conditions which are needed to put it with the F MQ . 
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We do agree that the number in the MQ is merely an extension of 
the ACC (?~ Therefore, the FMQ is 27

10 
binary places "further removed" from 

the binary point referred to by the C ACC. If this is so, then to give the F MQ its 
own characteristic, we have only to take the C ACC and subtract 27 10 (338). This 
is done on the flow chart directly under "I time next instr" - -the two extreme right 
blocks ... Whether or not we actually take the output of the ADD to the MQ, however, 
depends on several tests; one of which is being made in the ADD at the same time 
we are subtracting 27 10 from the C ACC. 

Two blocks (just left of those used above) are "zero testing" the F ACC. 
This is done by "comp AC9-35 to the ADD" and 1jf'tting a "hot one" in ADD 35. 
An "ADD 9" carry at this point will indicate the ACC = O. Before continuing 
on from this point, correct the flow chart (Fig. 5.3-24D, bottom left) as follows: 

Reset MQ 
(1-35) 14(D1) 
2.10.25.1 * 

AD (1-8) SR 
12 (D 1) 

2.13.04.1 

SR (1-8) MQ 
13 (D 1) 

2.13.41.1 

Reset ACC 
12 (D 1) 

2. 10.25. 1 * 

Getting back to our example numbers we can see we should not have an 
ADD 9 carry. This means, if T2 is ON (i. e. we did multiply)' that;;e should give 
the MQ its proper char·acteristic. This would complete the logic of the example 
numbers we used. However, let's look further at other paths through the above 
logic. 

If we had gotten an "ADD 9 carry" it means our F ACC was = o. This 
could only happen on normalized FMP if the multiplier fraction had been zero OR the 
m.ultiplicand a normal zero. In either case, T2 would have been off (i. e. we wouldn't 
have multiplied) so both the ACC &: MQ would be reset. This gives us the CORRECT 
answer; a NORMALIZED ZERO. 
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One last condition is the F ACC = 0 on UFM. In this case we give the 
proper characteristic to the MQ regardless; the reason being that, with unnormal 
numbers to start, all bits in our product may well be in just the FMQ. 
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SUMMARY OF FMP 

The basic concepts of multiplying two normalized floating point 
numbers are: 

1. Add the charact~ristics 
2. Multiply the fractions 
3. Normalize one place if necessary 
4. Compute proper characteristic for the F MQ 
5. Set the sign of the product (ACC & MQ) 

These concepts) I'm sure, have been repeated several times previously. 
However, the machine does just these things and in this sequence. To review 
each briefly: 

1. 

2. 

3. 

Adding of the characteristics takes place during 1st step 
L time. The "2008 midpoint" is subtracted from the C ACC 
(multiplicand) and the diff is then added to the C MQ . This 
is then put in the ACC as the char for our product. 

The multiplfing of the fraction is done by looking at our 
multiplier ( MQ) one bit at a time and adding in the multiplicand 
(FSR) once for each bit found. The F MQ is scanned by 
looking at MQ for 35 as we shift the MQ and F ACC (partial 
product) to the right. 

To normalize we check "pos 9" of the ACC after multiplying 
the fractions. If it is zero, the F ACC & MQ are shifted left 
one and "one" is subtracted from the C ACC. All this was done 
in L time, 2nd step. 

4. The C ACC is then used, during "I time next", to compute the 
proper Char for the F MQ. This is done by subtracting the 338 
(27 10) from it. This same procedure was used in FAD to get 
a char for the FMQ. 

5. The signs of the product are also being set as we compute the 
MQ char. Like signs result in a + product; unlike signs give 
a - product. 
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REVIEW QUESTIONS 

FLOATING MULTIPLY 

1. How are the charls handled on FMP? The fractions? 

2. Can ACC overflow occur on FMP? How? 

3. What does "normalizing" consist of on FMP? How does this differ from 
FAD? 

4. Why is 2008 subtracted from the multiplicand char during L time, 1 st step? 

5. What function does the !lFP tgr" serve on FMP? 

6. Why does the F MQ get a char which is 2710 less than the char for the F ACC? 

7. 
F F 

If the MQ is zero to begin with, the MP will end op in E time. (T or F) 
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ANSWERS 

FMP REVIEW QUESTIONS 

1. They are ADDEE>, Multiplied 

2. Yes- ... sum of char greater than 177 (with 200 midpt 377 ) 
8 8 . 8 

3. Check6ng ACC-9 of product and if = 0 shift one place and subtract one 
from ACC. FAD can normalize more than one place if necessary. 

4. In preparation for ADDING char so only one 200
8 

midpoint will be in our 
total. 

F 
5. U sed to indicate if MQ = 0 

6. The F MQ is an extension of the F ACC and is 27
10 

places further removed 
from the reference binary point just left of ACC 9. 

7. True 
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07.03.3 FLOATING DIVIDE 

FDH (Floating Divide) Overall logic 

The logic of FDH is similar to that of DVH/DVP in that the fractions 
are divided in the same manner; the major difference again being that of the 
characteristic handling. The characteristics in divide have to be subtracted. The 
characteristic of the divisor (which is the SR) must be subtracted from the 
characteristic of the dividend (which is in the ·ACC). After subtrac-ting the divisor 
characteristic from the dividend characteristic, now we must add the "mid point" 
back in to arrive at the correct characteristic. 

For example, if our divisor characteristic is 201
8 

and our dividend 
characteristic is 2058 and we subtract them, the resultant characteristic will be 
0048 , This should, however, represent a characteristic of +4 (not an extremely 
negative characteristic). Therefore, we add in the" 2008 mid point" and we now 
have a characteristic of 2048 which truly represents our +4 exponent. ' 

Our quotient will be in the MQ and it will receive a characteristic 
equivalent to the divisor characteristic subtracted from the dividend characteristic. 
In the ACC will be our remainder. The remainder will receive a characteristic equal 
to the dividend characteristic (that is the original dividend characteristic) minus 27

10
, 

If you recall, the number of bit positions in the fraction is 27
10

, Therefore, we 
are going to divide into the fraction 27 10 places and this value must be subtracted 
from the original dividend characteristic to arrive at a characteristic for our 
remainder. 

Another point of logic concerning division of the fraction merits mention 
before we go to the flow diagram. It is the "divide check test" logic for Floating 
Point divide. If you recall fixed point divide, the divisor (SR) could not be smaller 
or equal to the ACCon our initial attempt at dividing. This would have resulted in 
a Divide Check because the MQ cannot handle at 36bit quotient. 

The same logic applies to the FSR which will be divided into the F ACC. If 

the FSR ~ F ACC, the fraction of our quotient (MQ) would be 28
10 

positions instead 
of 27 10 which the machine can handle. 

This possibility has been eliminated by machine circuitry to the following 
extent. On normal floating divide, if normalized numbers are used, the 7090 will 
divide and not give a divide check. Let me try to clarify this further by the 
following example: 

Suppose we were to divide: SR = 

ACC = 
204.430 000 0008 
206.630 000 000

8 

F 
As you can see, both are normalized FP numbers and the SR is less 
than the F ACC. 
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The machine tests for this condition and if it exists the 7090 merely 
re-scales the dividend (logically) like so: 

SR 

ACC 

= 

= 

204. 430 000 000
8 

207. 314 000 000
8 

The C ACC is "upped one" and the F ACC shifted one place to the right. 
The NUMBER IN THE ACC IS MATHMATICALLY THE SAME! But the FSR is· 
now larger than the F ACC! What I have said here is what LOGICALLY takes 
place; it is ACTUALLY achieved in the following manner. 

This condition when recognized, is accomplished by upping the C ACC, 
stepping the SC, and NOT SHIFTING LEFT. (Normally on divide you would 
shift left then divide). If this is confusing perhaps the flow chart will help clear 
up this area. 

One additional point; if normalized numbers are used it is IMPOSSIBLE 
for the FSR to be TWICE as small as the F ACC. Therefore, it will never go into 
the F ACC more than one time, initially. This is all the machine will take care 
of. For this reason, this condition is referred to many times as "quotient greater 
than one" (quo> 1). This is another method of looking at the same condition but 
perhaps not so easily understood. 
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FLOW DIAGRAM TEXT 

Floating Divide 

Starting at the top left on page 87, figure 5. 3-26A, let's first go through 
the flow diagram without specific numbers. As different situations arise, I will 
give twtb numbers, divisor and dividend, which would utilize specific ckts. 

After carefully reading the objectives of the beginning, the chart is self 
explanatory to the point of gating "SB to SR at E7(D 1)". Immediately after are four 
blocks concerned with objective "3" above (preparation for the divide check test). 

It is OK for the F SR to be smaller than the F ACC, but it cannot be twice 
as small. You are right--with normalized numbers this cannot occur; but whose 
to say all programmers follow the rules? So the comparison is to see if the FSR 
is twice as small. To make this comparison easier the FSR is going to be compared 
against ONE-HALF (1/2) the F ACC. 

If the F SR iSt:ess than, or equal to, 1/2 t~e F ACC; it is logically the 
same as saying th~ SR is tWi<]f as small as tfe ACC. ";aying it another way, to 
add confusioj; if SR ~ 1/2 ACC then the AfC ~ 2( SR). Enough said; 
shifting the ACC right one place is halving the ACC in preparation for this te st. 
Next, we proceed to L time, 1st step. 

Again, carefully read the ob~ctives. Objective "I" will be taken care of 
right away. By c0:rw.lementing the ACC into the AD~ with the F SR, an "ADD 9 
carry" tells us the ACC is smaller (remember, the ACC is 1/2 its real value). 
This is the condition we must have to avoid getting a divide check. So the "FP Tgr" 
is turned "on" to say all is well and the division can now be done. 

Continuing to the top right side of the flow chart now we set the sign of 
our quotient. If signs are alike we "seemingly" do nothing; but this means a plus 
answer and S position was reset during E time. After this, the F ACC is "restored" 
by shifting left one so we can get on with the division. 

Next on the flow chart the entire ACC gets complemented to the ADD with 
just the char. part of the SR. A "hot one" is also forced into ADD 35. Two things 
are taking place at once. The F ACC is being" zero tested" and the CSR is being 
subtracted from the CACC; PARTIALLY. The subtract is not complete at this 
time, as you will see if you perform these steps with the following characteristics 
assumed. 

= 

CACC = 

2038 (divisor) 

2078 (dividend) 

The FINAL char. answer should be 2048 ; but at this point in time. the 
"partial char. diffll is bits in Q and P with a char of 373 (this is really the char diff 
in comp form because we complemented the larger). 8 However, as you can see, 
this partial diff is put in the ACC if the F. P. tgr in "ON" (i. e. this is a legitimate 
divide) . 
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Meanwhile, the results of our "zero test" on the fraction part of the 
ACC would have been completed. The "col 9 carry" tgr would have been turned 
ON if the F ACC = O. This test is made to save time. If the dividend is zero; 
then, of course, the quotient will be zero so there is no need to take further 
L cycles. Let's assume an ACC fraction 1= 0 so we can do the divide process. 

Proceeding on in the flow chart to the top of page 88, figure 5. 3-26B, 
we can see the decision being made from our two previous tests. 

1. Col 9 carry tgr off - means F ACC 1= 0 
2. F. Y tgr ON - means divide OK, FSR is not twice as small 

as ACC 

L time, 2nd step, is used to check for the condition referred to as 
"quotient > 1". If you recall our dis~us sion, prior to this £101' diagra m text, 
concerned with the situation where the SR is smaller than the ACC (NOT twice 
as small, but smaller) this would mean that the first bit would be placed in our 
quotient before the dividend was shifted; and, after 27

10 
shifts, would actually 

represent a "quotient> 1". 

An example, in .the decimal system, would be dividing. 5 by .3 (the 
answer is 1. 66, etc.). However, the machine cannot represent improper fractions 
in F. P. format. So, we are going to "re-scale" the dividend by shifting and changing 
the char. Using our decimal numbers again, it would be like changing the. 5 to .05 
and then dividing. The answer is now. 166 etc. The SAME answer if the char tells 
where the point really belongs. 

Back at the flow chart, in 2nd step, the entire ACC is complemented; 
the fraction part so we can divide (same as fixed point divide) and the char part so 
we have the" char diff" now in true form. 

After this the ACC and F SR are gated to the ADD to see if the F SR ~ F ACC. 
If it is, then the dividend must be re- scaled. A "NO ADD 9 carry" means the re- scaling 
is necessary. Assuming the following F. P. numbers for L time, 2nd step, the ACC 
and SR would look like so: 

Original Contents SR = 203.400000000 
8 

ACC = 207.600000000
8 

SC = 33 (27 ) 
8 10 

Just Prior to Re-scaling at L4 Time - 2nd Step 

SR = 203.400000000 
8 

SCC = 004.177777777 
8 

SC = 33 8 (27 ) 
10 

150 



Just After Re-Scaling (because of NO add 9 carry) 

SR = 203.400000000 
8 

ACC = 005.177777777
8 

SC = 328 (26 10) 

The C ACC was increased by 1 and the F ACC was effectively shifted 
right once because the SC was stepped and we did not shift left. We are going to be 
able to make a reduction of the dividend before it is shifted left- -this is a special 
case and was not possible on the fixed point divide. 

Whil}-still in this area, please take note that if the 9 carry had occurred 
(the F SR'" .ACC), the C ACC would not have been increased and the F ACC would 
have shifted left as the SC was stepped. 

We are now ready to proceed to page 89, figure 5. 3-26C for 3rd step L 
time. Division of the fr'actions I also would like to discus s briefly before going further 
in the flow chart. 

The F ACC is in complement form throughout the L time 3rd step. This 
enables us to get the difference (F ACC - F SR) whenever we find the F ACC > F SR. 
It also must allow us to know when the F ACC .,. F SR so we can put the diff back in 
the ACC. To make this comparison, we really need an "extra" ACC position. ACC 8 
would be fine, but is used for char. handling and is not available. 

For this reason the "9 OV Tgr" is used to "simulate" the ACC 8 position for 
handling the fraction. Therefore, by looking at the "9 overflow tgr ANDED with an 
ADD 9 carry, we can SIMULATE AN ADD 8 CARRY condo This "simu!'ated ADD i 
carry" will be used to tell us when the F ACC is smaller than the F SR. 

Let's take an example ·to show this condition before going back to the 
flow chart. 

FSR ~'000000008 

F ACC .677777777
8 

(remember--it's complemented) 

As we shift the F ACC left, any bits shifted from ACC-9 turn on the 
"90V Tgr" (just as if it were ACC-8). This is so we can rem~mber what the high 
order bit of our dividend is. 

After Shifting: 

F SR .400000000 
8 

F ACC .. 577777777 (hot "one" to ACC-35, when 
8 shifting left, to maintain complement) 

and 90V tgr 11 ON" 
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Now gate the two fractions into the ADD and add 

output of adders = 

.400000000
S 

. 577777777S 

1. l77777777S 

ADD 9 carry 

Had this ADD 9 carry been allowed to go into ADD S and had we been able 
to use the true ACC-S pos to gate into ADDS, we would have gotten an ADD-S carry. 
Hence, the name for this condition is "simulated ADD-S carry", and it means the 
FSR :> F ACC. I strongly suggest that, at this point, you take several example 
fractions for the SR and ACC and prove the validity of this logic. If it is clearly 
understood, it will make division of the fractions quite simple. 

Returning to the flow chart you will see the F SR and the ACC are gated to the 
ADD all during 3rd step. Therefore, when we decide the FSR ~ F ACC, we have only 
to take the diff (output of the adders) back to the ACC. 

Since we have already shifted left (if the quotient < 1) or re-scaled the 
dividend (if the quotient> 1), we te st immediately to see if the divisor fraction will 
go into the dividend fraction. The decision blotk is at the top right on page S9. It is 
checking for a simulated ADD-8 carry by looking at the 9 OV Tgr and the ADD 9 carry 
output. 

At this time if the true value of the F ACC is > F SR, we will leave the 
"NO" side of this decision block. Here are 2 sets of example numbers which you can 
use to prove this point. 

(1) SR 

ACC 

(2) SR 

ACC 

NOTE: 

= 201,500000000 
S 

= 203.700000000
S 

= 204.600000000 
S 

= 207.600000000
S 

Donlt forget/rior manipulation; 
such as the ACC being complemented 
and possibly shifted. 

However, if the F ACC < F SR at thi s point, it will re sult in our taking the 
YES path from this block. If doing the above examples did not also help show this 
point, here are two example s which might. 

(1) SR = 202.600000000S 

ACC = 203.200000000 S 

(2) SR = 204.500000000S 

ACC = 206. 100000000
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NOTE: You will notice I had to resort to use of unnormalized F. P. 
numbers to achieve this result. This will also help prove 
another point later (I hope!). 

As you further see I by looking at the flow chartl this decision is made to 
determine if the fractiondiff should be taken back to the~ACC and a bit placed in our 
~uotient. Thenl if the FP tgr is off, (back at L21 2nd step), we proceed to shift the 

ACC left, pump a "hot one" into ACC 35 and step the SC. Now we are ready to check 
the FSR against the F ACC once more. (Note that the 9 OV tgr. will be turned ON if 
ACC-9=1 when we shift leftl but OFF if ACC-9=0). 

If the SC I- 0 I we will continue this "loop" until it is zero. This tells us when 
we have attempted to divide the FSR into all 27

10 
(33

8
) places of the dividend. Once 

the SC~ goes to zero l we will turn ON the F. P. tgr and make ONE LAST attempt of 
dividing the FSR into the F ACC. 

After this attemptl the FP tgr will be "ON" and cause us to proceed to the 
left and down the flow chart where an AND condition is needed for us to "End OP". 
Let's return to the top left of this chart and see what these six 'hlocks were doing while 
we were busy dividing the fractions. 

The first block, "I to AD(l) at A4 {D3)"1 is adding back in the 2008 midpoint 
which got subtracted out of our char at the beginning (Ltime l 1 st step). You will recall 
that our "char diff" is in the ACC 1-8. In the case of characteristics such as: 

SR = 

ACC = 

203.500000000
8 

207 .. ~000000008 

the difference of 0048 would now be added to 200
8 

and our correct quotient char. of 
204

8 
would result. However l let's assume the following characteristics (same 

fraction) . 

= 207 
8 

Now the difference is a -4; not a +4 as in the previous example. The resultant 
quotient char. should be 174

8
, Let's go through the same process and see how we 

make out, step by step. 

(1) First, the C ACC was complemented (along with bits Q and P) 
and added to the CSR . Re sult would be Q=O, P=O, 1 to 8=0038 , 

( 2) 

(3) 

This time our answer char diff carne out in TRUE form, but one 
short. However, the very first part of L time l 2nd step, this 
char diff gets complemented along with the F ACC. 
Result: Q=l, P=l, ACC 1-8=374

8 

Now let's add to it the 200 8 at L4 time in 3rd step and see 

what happens! 
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F 
ACC = Q p 1 --------- 8 

1 1 1 1, Ill, 100 
Forced bit in ADD (1) 1 
ADD output 0 O. 0 1, Ill, 100 
Result in octal 1 7 48 

Very good! The machine works. 

The logic here is really not too bad. It is simply the fact that if the 
larger char were complemented then the diff came out in true form originally, but 
one short. This is just perfect because the "diff" represents a "NEGATIVE diff" 
and must get subtracted from 2008 --NOT ADDED. Therefore, to get the 2's comp 
of the true diff (so we can subtract it) all that is needed is to take the I' s comp of the 
computed diff which came out one to small (as it always will). 

Agreed, this logic of why it always works may be confusing; but take the 
following six example characteristics and work them through. They should help 
clear up how the quotient char is generated if not the logic behind it (assume same 
fractions as previous example). * 

(1) C SR 1708 
(4) CSR 1758 

CACC 1728 
CACC 170

8 

( 2) CSR 204
8 

(5) C SR 050
8 

CACC 175
8 

CACC 060
8 

( 3) C
SR 175

8 
(6) CSR 2178 

CACC 204
8 

CACC 2108 

~:< Suggested at this point that your answers be checked before continuing. 

The next five blocks following "l to AD(1) at A4(D 3) II are primarily concerned 
with two things. Number one is the gating of the quotient char, just generated in the 
ADD, through the SR to the MQ. Second is savi ng the original divis or char (SR) , 
while this is being done, so the original dividend char can be computed agai n. 

You may recall the original dividend char (ACC) was lost during 1 st step 
L time when we got our partial char diff. We must "regenerate" it, though, because 
our REMAINDER CHAR should be the original dividend char--27

l0 
(33

8
). 

The gating of the quotient char to the MQ while saving the C SR should be 
straight forward on the flow chart. The fact that it occurs each L cycle during 3rd 
step is not going to harm anything. However, the computing of the original dividend 
char is rather well hidden unless you look closely. 

The last block in this group says "SR (1-8) to ADD at A8(D3)11. This is gating 

the original divisor characteristic into the ADD at this time. At the same time the char 
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position of the ACC is still being gated into the ADDERS and this represents the 
differ'ence between the divisor char and dividend char. It may represent a negative 
diff or a positive diff (complement or true form) but it is the diff. When this diff 
is added (or subtracted effectively, if it's in comp form) to the original divisor char, 

. the result is the original dividend char. 

Now, with the FP tgr "ON" we can End Op and gate this original dividend 
char into the ACC at AlO(D 1). Proceeding to I time at the top of the next page we have 
only to compute the char for our remainder (ACC) and restore our remainder fraction 
to its TRUE form. Proof of these two items will be left to you. 

Divide Check Conditions 

Let's return to the beginning of the flow chart; and, using the following 
examples, see how a divide check is handled on DVH. 

Example Numbers 

SR 203. 200 000 0008 

ACC 204. 600 000 0008 

NOTE: In order to get a divide check, the FSR must be twice as small 
as the F ACC. To get this condition the DIVISOR must be an 
UNNORMALIZED number. Thus we can say: If normalized 
numbers are used, a divide check cannot occur on floating point 
divide. 

At the bottom left of figure 5. 3-26A the divide check test is made. Our 
example would cause an "ADD 9 carry" at this point aI).d turn "ON" the following tgrs. 

1. T2 Tgr 
2. Divide check tgr 
3. TI Tgr 

Each of these has a purpose, which I will mention but suggest you check 
out the logic in the flow chart. 

1. Tgr. T2 turning "ON" will be used during "I time next" to tell 
the machine that the ACC must not be re-complemented. It 
will be the original dividend and that's the way we want it left. 

2. The Divide Check tgr. is a "programmable" tgr, which is used 
by the DCT (divide check test) instruction. If using a FDP instr. , 
a divide check would not stop the machine. Normally the DCT is 
used in conjunction with FDP. 

3. Last is tgr. liT 1", which is going to allow the master stop tgr 
to be turned "ONI! during I time next of an FDH. 
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I realize we have not taken anyone example all the way through the flow 
chart. However, if the logic covered has sunken in to some degree, it should be 
worthwhile for you to take through one, or more, of the following examples. The 
special conditions that each example should cause are given to the right of each 
example. 

Example Number s Special Conditions 

(1) SR = 204.400 000 000 8 Quo. > 1 

ACC = 206.400 000 0008 
Char. diff. positive 

(2) SR = 204. 500 000 000 8 Quo. < 1 

ACC = 206.400 000 000 8 
Char. diff. positive 

( 3) SR = 207.600 000 000
8 

Quo. < 1 - Char diff will represent 

ACC = 204.400 000 000 8 a negative char for the quo. 

(4) SR = 170. 500 000 0008 Quo. "> 1 - Char diff "positive" even 

ACC = 173.500 000 000 8 though divisor & dividend char neg. 

(5) SR = 175. 300 000 0008 Divide check condition 

ACC = 204. 600 000 0008 F ACC ;> 2(F SR) 
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FLOATING DIVIDE SUMMARY 

We have found that in Floating Divide the logic is much as we had 
expected. There are a few unusual ways of doing certain things, however, that 
can be confusing if it is not known "what" the machine is trying to accomplish. 

The divide operation starts off by testing for a IIdivide checkll condition. 
Since a divide check, on floating divide, means the F ACC ~ 2(FSR) the F ACC is 
halved to make the test. This is done by shifting the F ACC right one place. Of 
course, it is restored by shifting left after the test. 

N~t the telt is made for a possible "quotient> 111 condition. This occurs 
when the SR < ACC initially. If this condo does exist, the dividend (ACC) gets 
re- scaled (effectively). If this is not.. . the case (F SR > F ACC), re- scaling is not 
necessary and the F ACC is shifted left for our first attempt at reduction. 

During 3rd steg. L time the fractions are multiplied. For the 7090 to 
compare the divisor ( SR) to the dividend (F ACC) and determine if the FSR is smaller, 
requires an additional register position. However, we found ACC pOSe 8 not available 
for use by the fraction; so we used the "9 OV tgr". With this was II andedu the ADD 9 
carry output to 11 simulate II an extra ADD position. This II simulated ADD - 8 carry" 
served the same purpose as the "Q carryll on fixed point divide. 

This about took care of our fractions. The subtraction of the SR char from 
the ACC char was also taking place during this time, however; in fact, during 1st step 
L time we immediately got the "partial diff". 

This "partial diff" we found could be in comp form (if the C ACC was the 
larger); but even this worked out during 3rd step L time--because if this diff was in 
comp form, it meant a neg char diff and the result was subtracting it from 2008 • 

Lastly, we looked at our divide check possibilities. We found that a divide 
check basically does these three things: 

1. Stops the machine, if the instruction is a DVH, at IS time. 

2. Turns on a programmable tgr (with indicator) which can be 
tested with the DCT instruction. 

3. Turns on one other tgr (T2) which says DON'T re-comp the 
ACC because it has never been comp! 
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REVIEW QUESTIONS 

FDP/FDH 

1. Give the use of each of the following triggers on an FDH instruction, 
if they turn "ON". 

a. T1 tgr. 
b. T2 tgr. 
c. divide check tgr. 
d. F.P.tgr. 

2. Is a "neg char diff" handled differently than a "positive char diff" ? 
(Example of each following) 

Neg Diff 

Char of divisor 
Char of dividend 

207 
201 

Pos Diff 

201 
207 

3. What is meant by "partial diff" on page 87, Manual of Instruction, lower 
righthand corner? 

4. What is meant by "quotient ~ 1" on F. p. divide? 

5. How is a "quo ~ 1" handled on the 7090? 

6. What conditions give a "divide check" on F. P. divide? 

7. Why doesn't FDP/FDH attempt to normalize? 

8. Why is the "ACC - 9 ovf1 tgr" used? 

9. What does "simulated ADD 8 carry" mean? 

10. Why is the "original dividend" char computed in L time, 3rd step? 
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1. 

2. 

3. 

4. 

5. 

ANSWERS 

FDP/FDH REVIEW QUESTIONS 

a. Halt CPU 

b. Recomplementing the F ACC is not necessary 

c. Programmable indicator for DeT instruction 

d. OK to divide 

NO 

If the divisor char was smaller, the diff at this point is in "comp" form. 
If the divisor char was larger, the diff at this point is in true form, but one 
too small (in either case itt s only partially completed). 

F F 
When the ACC will go into the SR before any shifting has been done. 

The dividend (C ACC and F ACC) is rescaled effectively by upping the C ACC 
and "blocking" the 1 st left shift of the F ACC. 

6. If the F ACC ~ 2(F SR) 

7. If normal numbers are used it would never be necessary 

8. To give us an extra ACC pos effectively since we cannot use ACC-8 

9. The FSR > F ACC 

10. It is needed to generate a char for our remainder (ACC) and was lost 
earlier. Char for remainder is original dividend char -27 10 
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07.03.4 Floating Point UNDERFLOW and OVERFLOW 

Logic 

As you may already know, the floating point underflow/ overflow conditions 
on the 7090 will cause a trap. This is assuming the 7090 is in its normal mode of 
operation (power just brought up; clear button depressed, etc.). Floating point trap 
(FPT) mode is considered a "normal mode of operation" for the 7090. 

Also, the overflow/underflow is referring to the CHARACTERISTICS of 
our floating point numbers. Overflow means we have generated a char. too la-rge 
(or positive) for the 7090 to represent in 8 bit positions (greater than 3778), Underflow 
means we have generated a char. too small (or negative) for the machine to handle 
(less than zero). 

I say generated because these conditions are continually tested for throughout 
execution of our FP instructions. During these instructions the char I s get added, 
subtracted, shifted, etc. Let's look at a few very likely times when we might get 
underflow/ overflow conditions. 

FAD 

During this instruction the characteristics are made "equal" so we may add 
the fractions. This would not result in an underflow/ overflow cond., but how about 
when the C ACC = 3778 and we have a "fraction carry"? Let's use the following 
example. 

CLA 

FAD 

x 

y 

LX = t377. 700 000 0008 

Ly = t377. 700 000 000
8 

I think you can see that adding these fractions will result in a carry. The 
7090 takes care of this by shifting the F ACC right once, putting a bit in ACC-9, and 
letting the carry increase the C ACC (to take care of shifting F ACC right). 

Increasing a char of 3778 by "1" will cause an "ACC OVFL" condition because 
we cannot represent a char of 4008 in the 7090. This condition will be recognized as 
this addition takes place. A bit in ACC-P only (no bit in Q) at this time signals the 
OVFL condition. (Check FAD flow chart, figure 5. 3-23B, page 73 bottom righthand 
corner) • 

An underflow condition is also possible on FAD. Suppose we added the 
following 2 numbers. 

CLA X 

FAD Y 

LX = tOlO. 000 000 0408 

Ly = tOll. 000 000 001 8 

The answer before normalizing would be: 

ACC = OIl. 000 000 0018 
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Now we must shift the F ACC to the left 22 10 (26
8

) tlaces to normalize. We 
must also subtract this number of shifts from the ACC to show that this shifting 
took place. If we subtract 26

8 
from the C ACC , which is 11 8 , we will be trying to 

generate a char more negative than the machine can represent. This condition will 
be recognized by bits in Q and P, of the ACC, as soon as the subtraction takes place 
(refer to page 76 figure 5. 3- 23E, middle right side of the page). This condition wou\ld 
be known as an ACC UNDERFLOW on FAD. 

One additional condition pos sible on FAD is the "MQ UNDERFLOW". The 
last part of a FAD operation cause~ 27 10 (33

8
) to be subtracted from the C ACC to 

put in the MQ for its char. If the ACC, at this time, is smaller than 338 (27
10

); 
then we would be trying to generate a char. to neg. for the 7090 to represent. 
However, the char. generated was meant to be put in the MQ. Therefore, bits in 
Q and P of the ADDERS at the time we subtract this 27 0 (33

8
) will cause an'MQ 

underflow to be recognized (refer to page 76, figure 5. ~-23E, lower left corner). 

Please note the diff between using the ACC Q and P positions to check for 
ACC underflow/ overflow and ADDER Q and P to look for MQ underflow/ overflow 
conditions. P only means overflow; Q and P means underflow. If this is not clear, 
use the previous example char. to prove the conditions mentioned. 

Last on FAD is the fact that "two" type s of underflow/ overflow may occur 
during the execution of one FAD; such as ACC underflow and MQ underflow at the 
same titne. Combine the logic of the last two examples and I think it will be clear. 
(Hint: If the F ACC underflows, then what should happen if 27

10 
is subtracted from 

that? ?) 

We have discus sed the 3 which are pos sible on FAD. For FMP and FDH 
I will only explain how each is possible and giv'e one set of example numbers for each. 
The chart below will be used as reference. 

Instruction ACC MQ Spill Code Bits OCT 

14 15 16 17 Code 

FRN Ovfl * * 06 
I Unfl * 01 

FAD/FSB 

Unfl Unfl * * 03 

Ovfl * * 06 

FMP Unfl * 01 

Unfl Unfl * * 03 

Ovf1 * * 06 

Ovf1 Ovfl * * * 07 

FDH/FDP TTn£1 * * 11 

I Unfl * * 12 

Unfl Unfl * * * 13 

Ov£1 * * " * 15 
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FMP 

The 1 st of 4 possibilities is the MQ underflow. This will also be the result 
of subtracting 27 10 (33

8
) from the C ACC when generating a char for the MQ. 

The second (ref to cond shown on chart under FMP) shows both the ACC 
and MQ underflowed. This would result when adding the char of our multiplier and 
multiplicand resulted in a char too neg. (less than zero). An example would be: 

LDQ X 

FMP Y 

LX = 065.400 000 000 8 

Ly = 040.600 000 000
8 

Then, when generating the MQ char, it of course would also underflow. 

There is also an ACC overflow possibility. This is the result of adding char 
that will total above 3778 . An example would be: 

LDQ X 

FMP Y 

LX = 301.400 000 000 8 

Ly = 365. 500 000 000
8 

The resultant char would try to be 566
8

, which is much too big. 

Since 27
10 

(33
8

) is subtracted from that (and it would still result in a char 
above 3778 ) theMQ is going to overflow as well. This one example actually shows 
ACC and MQ overflow conditions together. However, if the C ACC overflowed by 
2710 (338) or less, you can see that only the ACC overflow condo would exist. 

FDH/FDP 

FDP is different than the others in many respects (it even has a spill code 
bit especially for itself - 14). The 1 st cond on the chart is an MQ underflow. Since 
this is the quotient char, this cond can arise when subtracting the divisor (SR) char 
from the dividend (ACC) char. Example numbers which could cause this conde are: 

CLA X 

FDP Y 

LX .: 1 S.Q. 400 1)00 0,0.08 

Ly = 374.600 000 000
8 

The difference is >- 200 8 and would represent a negative direction. Thus, 
an MQ underflow will result. 

Since the third pos sible cond on the chart must have the same condition 
above to create the MQ unfl. let's take it next. The underflow in the ACC can occur 
at the same time if the original dividend char is < 33

8 
(27 ). This ACC underflow 

condo would occur then when the char for the remainder wl~ being computed. 
(Original dividend char - 27

10 
(33

8
) Example numbers would be: 
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CLA X 

FDP Y 

LX = 031. 400 000 000
8 

Ly = 322. 500 000 000
8 

The second condition (ACC underflow only) could occur whenever the 
original dividend char is less than 338 (27 l0 ) and the char diff (between CSR and 
CACC) is less than 2008' 

An MQ overflow on FDP can occur when the char diff (between divisor and 
dividend char) is greater than 200 8 , BUT REPRESENTS A POSITIVE DIFF. An 
example would be: 

CLA X 

FDP Y 

LX = 370.400 000 000
8 

Ly = 150. 500 000 000 8 
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FLOATING POINT 

UNDERFLOW/OVERFLOW SUMMARY 

The logic of Underflow and Overflow conditions should be understood 
for each instruction. Since the conditions are recognized by testing specific results, 
when char I s are being computed, it is imperative that the logic of "char handling" in 
the 7090 be understood. If it is known when char's are added, subtracted, etc., and 
how the char's get generated for remainders, the MQ, etc., the underflow/ overflow 
pos sibilitie s can always be figured out. 

As was mentioned at the beginning of this area, floating point trap will 
occur on any of the unfl/ovf1 conditions. This "trap" causes the PC and a 11 spill 
code" to get stored at location zero. The spill code bits (14, 15, 16, 17 of the dec) 
tell what type(s) of underflow/ overflow conditions occurred. 

It is felt at this time that, if the logic of underflow/ overflow conditions is 
understood, the FPT ckts can be self-analyzed with the aid of the flow chart on 
page 142. Manual of Instruction #223-6895. The trap ckts vary a little from each 
other in the 7090. Usually it is just the conditions which cause them and the "trap toll 
address; which is the case of FPT is 10

8
. 
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07.04 LOGICAL AND/OR INSTRUCTIONS 

Overall Logic 

Since the logic of ANDING, ORING, and even EXCLUSIVE ORING, should 
be familiar to you; it will not be discussed in great detail. This group of instructions 
are largely explained just by their name and are all quite similar. For this reason 
we will mention over-all logic of the entire group (ORS, ORA, ANA, ANS and ERA) 
and leave the details of individual instructions to the flow diagram text. 

It should first be mentioned that these instructions, being of a "logical" 
nature, do not use the sign position to show "plus or minus l1. It is simply the high 
order digit of the number and is treated as any other bit in the ANDING or ORING 
process. This bit will have usage of the "sign" position of the SR and "P" position 
of the ACC. 

The 7090 finds ORING of two numbers quite easily done. Either one input, 
OR the other input, to a register may set it. The two inputs need only be made 
available at the same time. 

The ANDING of two numbers will also use the "ORING capabilities" mentioned 
above. Circuits to AND in the registers are not available; nor can we "AND" two 
numbers in.the ADDERS. It just so happens, however, that the "OR of the comp of 
two numbers - recomplemented = the AND of those two numbers. II Let's take a 
closer look by doing it. 

Let's AND 631 to 567 the way the 7090 does. 
8 8 

631 8 = 110 011,001
2 

5678 = 10~ 110,111 2 

The comp would be: 001 100 110
2 

The OR of the comp is: 

Now we RE-comp: 

Let's AND the numbers 
visually to check our 
answer: 

010 001 000 
2 

011 101 110 
2 

100 010 001
2 

110 011 001
2 

101 110 1112 

100 012 001 
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One other operation we m.ust do is an EXCLUSIVE OR. An example 
would be the EXCLUSIVE OR of 16

8 
and 22

8
. 

= 

In octal = 

001,110
2 

010,011
2 

011,101
2 

358 

(¥= symbol for exclusive OR) 

Again, as with ANDING, there are no circuits in the 7090 to perform this 
operation directly. EXCLUSIVE ORING is like ADDING the two numbers and IGNORING 
all carries, like so: 

101 = 5 
2 8 

011 2 = 38 
ADDED, but with all 
carries blocked! 

This is the basis for the derivation of the formula used to get the 
EXCLUSIVE OR on the 7090. The formula is: 2(A or B) - (A + B) = the exclusive OR. 
This formula is equal to "ADDING the two numbers and subtracting out an amount equal 
to the carries". 

These are the methods by which the 7090 does all of the logical AND lOR 
instructions. The "Why do they work?" question may not be clear or easy to understand 
except to an accomplished mathematician in some case s. However, after taking 
examples through, with the flow diagram text, most of your questions should be answered. 
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FLOW DIAGRAM TEXT 

ORS (OR to Storage) 

For discussion of this instruction refer to Figure 5. 3-67 of Page 129, 
Manual of Instruction, Ref #223-6895. If you have just finished FAD or FDH, this 
flow diagram should bring a sigh of relief. 

The instruction is to OR the contents of ACC (P-35) with the contents of 
the core location specified. This is accomplished by making core storage think it 
is to take a STORE type cycle. The contents of the ACC are gated to the SB and MDR. 

At the same time, however, the ORS instruction sends a line to core 
which allows the strobe pulses. This means that the MDR sees the SB as input and 
the sense amps as another input at the same time. A bit from either one OR the other 
will put a bit in the corresponding pOSe of the MDR. The "ORING" of the two numbers 
actually takes place in storage in the MDR. 

ORA (OR to ACC) 

Refer to Figure 5. 3-68 on Page 129, same m.anual. 

The logic of this instruction is like that of ORS with the exception that 
the ORld result should be in the ACC. This ORING of the two numbers takes place 
early in the instruction as shown on the flow chart. 

As one of the numbers is brought from storage into the SR (at E7DlL 
the ACC is also gated into the SR. Now, with the numbers already ORld together in 
the SR, all that is left is to place the result in the ACC. 

ANA/ANS (AND to ACC/AND to STORAGE) 

The operation of these two instructions is somewhat different and more 
difficult than the OR type instruction. This is due m.ainly to the fact that no machine 
circuits are available to AND together two numbers. However, since "ORING" can 
be done very easily with the ckts we do have, we will find that ANDING can be done by 
ORING! 

It very convegien1Jy happens to be a fact that the ANDING of two numbers can 
be accomplished by "ORING" them in complement form and re-complementing the 
result. For example, let's AND together the following two numbers: 

= 1001 
2 

= 1101
2 

1001 (ANDED result) 

Now, letts do it the way the 7090 would. 
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11 = 1001 
8 2 

1101 
2 

com.plem.ented = 0110 
2 

com.plem.ented = 0010 2 

the ORld result = 0110
2 

Recomp & ans. is = 1001 2 
(It works every time--try it!) 

Once convinced that this "method" works, let's look at Figure 5. 3-69, 
Page 130 and see how this is accom.plished. The only difference between ANA and ANS 
is that for ANS an extra E cycle is required to store the ANDED result and restore the 
original contents of the ACC. (The original contents of the ACC should not be changed 
whenever avoidable.) For this reason much "jockeying" of the two num.bers is 
required to save the original ACC contents of BOTH instructions; even though it is 
only necessary on ANS. 

In the flow chart the first 3 blocks after E time complements the ACC 
contents and saves ACC Q pos in SR-Q. The next block brings the 2nd number into 
the SR from. storage. Then ·we must exchange the ACC and SR so that we can get the 
complement of the 2nd num.ber we just brought out (the SR has no "complementing" 
ability). At this point the original ACC contents are in the SR in comp form and the 
number from storage is in the ACC. 

Next, in L time, we will com.p the present contents of the ACC and 
EXCHANGE the two registers once m.ore. The reason for this is that the SR will 
be used to "OR" these two numbers together. When this is done, itls present contents 
will be lost and we do not want to lose the original ACC number (in case the instruction 
is ANS). 

At the top right of the chart the ORING take s place. The ACC is gated into 
the SR and the SR is gated into the SR. One of the desirable abilities of shift cell 
ckts m.akes the latter gating possible. 

Now that we have the OR of the two num.bers complemented, we must exchange 
the registers once more so the ACC can be used to re-complement the result. With 
this accomplished, ON ANA ONLY, we ~an end op in L time and re-comp the ACC 
during I time next. 

However, should the instruction be ANS, we must request an E cycle, 
recomp the ACC and get the result up to the SR so that it can be stored. It will end 
op in E time and we have only to restore the original ACC num.ber by recomplementing. 

ERA (Exclusive OR to ACC) 

We have seen that ORING two numbers is not difficult in the 7090. Also, 
by using an ORING operation, we were able to AND two numbers. However, getting 
the EXCLUSIVE OR is another story. It can be done in the 7090 by using the following 
formula. 

2(A or B) (A + B) = The exclusive 
OR or num.bers 

A&B 

(2. times the OR, minus the sum, equals the exclusive OR) 
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The logic behind the derivation of this formula is covered on Page 132 for 
those interested. We will not, at this time, try to prove its validity other than to 
take an example through the flow chart. 

The formula for doing this exclusive OR will, of course, be broken down 
into the following steps: 

The formula is: 2(A or B) - (A + B) 

The steps used by the 7090 will be: 

1. OR A and B 
2. ADD A and B 
3. Get the comp of the sum of A and B 
4. Double the OR of A and B (by shifting 

left 1 place) 
5. Subtract the sum of A and B from twice 

the OR of A and B 

These steps are well laid out in the flow chart on Page 131, Figure 5.3-70. 
Let ' s take the contents of the registers through the flow chart using the following 
example--assuming 5 position registers. 

CAL A LB = 
ERA B 

6 pos regs assumed, plus sign pos 
(We know by just looking that the answer should 
be 113

8 
__ right?) 

On our flow chart the value of -31
8 

and +228 is ADDED at E9 (D3) 
(LOGICALLY, signs don1t count) and the SUM of A and B is put in the ACC at Ell (Dl). 
AT THE SAME TIME the sum of A and B is gated to the ACC, the value "A or B" 
is being formed in the SR. This is done by "ACC (P-35) to SR" at the same time the SR 
is gated to the SR. So, by the end of the E cycle we would have the following register 
valves (in binary and 6 position regs assumed). 

SR 
ACC 

1 011 011 
1 101 011 

= 
= 

(A or B) 
(A + B) 

(P of ACC shown; and sign pos of SR) 

During L time we next comp the sum of A and B so it will be ready for 
subtraction. The result is put in the ACC at L2(D 1) and at L6(D 1) we switch the 
registers so we can shift the OR of A and B (now in the ACC) one place left. With 
this accomplished, the contents of the ACC and SR would look like so: 

SR 
ACC 

o 010 100 = 
o 110 110 = 

ones comp of (A + B) 
2 (A or B) 
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The instruction then ends operation and these two registers are sent to 
the ADDERS (along with a bit in 35 to get the two I s corn.p of A + B) and the output of 
the ADDERS is placed in the ACC. This should represent the EXCLUSIVE OR of A 
and B. Let l s do it and see. 

SR 
ACC 
Hot Bit 

o 010 100 
o 110 110 

1 

Added Result= 1 00) 011 = 113
8 

(perfect!) 
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SUMMARY 

LOGICAL AND/OR INSTRUCTIONS 

Three main points of the logical instructions that we have just discussed are: 

1. The SIGN position is just another bit--it does not determine 
any more or less than the other 35 positions how the operation 
is to be performed. For this reason, we would expect other 
types of logical instructions to be used in conjunction with those 
mentioned, such as: CAL, ACL, SLW, etc. 

2. ORING is easily done on the 7090 by giving two inputs to a 
register position, at the same time, and letting either input 
turn it on. However, ANDING is not so easily done. The 
answer to this problem was to COMPLEMENT the two 
numbers, OR them together and then RECOMPLEMENT the 
re sult. This we found was an effective method of ANDING. 

3. Last was the good old EXCLUSIVE OR. Neither ANDING, 
nor ORING, seemed to solve this problem. However, someone 
noticed that if two numbers were ADDED and all CARRIES 
suppressed, the result would be the EXCLUSIVE OR of the 
two numbers. From this was derived the formula which is 
EFFECTIVELY ADDING the numbers and SUBTRACTING 
the CARRIES after. This formula is: 2(A or B) - (A + B) = 
the EXCLUSIVE OR. The 7090 found the exclusive OR by 
solving this formula in a thorough series of sequential steps. 
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REVIEW QUESTIONS 

LOGICAL AND/OR INSTRUCTIONS 

1. Where does ORING take place on ORS? On OR.A? 

2. How does the 7090 "AND" two numbers? 

3. What is the formula for EXCLUSIVE OR used by the 7090? 

4. Give the contents of the ACC, or storage, depending on the instruction for 
each of the following. 

5. 

a. CLA Y 
ORS Z 
HTR 

Loc Z = ? 

b. CAL X 
ANA Z 

Acc = ? 

c. CLA X 
ERA Y 

Acc = ? 

000 CAL 
001 ERA 
002 SLW 
003 HPR 

100 
101 
102 

L 
X -301440216 

Ly +200770351 
L Z -172063314 

100 = +37700 
101 = -12345 

Give contents of 102 after the above program if the +AO (L2Dl) at 02A2E04 
page 02.12.30.1 has no output. Assume a 15 bit storage (sign and 14 places). 

6. Why is the contents of the ACC and SR exchanged so often on ANA and ANS? 

7. The sign position of the SR is compared to the P position of the ACC on an 
ERA instruction. (T or F) 
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ANSWERS - LOGICAL AND/OR INSTRUCTIONS 

1. MDR~. SR 

2. By complementing them~ Oring the comp and then recomping 

3. 2 (A or B) - (A + B) 

4. a. 

b. 

-672773355
8 

+301 040 214 
8 

c. +0101 330 147 
8 

5. Loc 102 = 

(bit in ACC P) 

6. To save original contents of ACC in case of ANS 

7. True 
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07.05 CONVERT INSTRUCTIONS 

Over-all Logic 

Convert Instructions can best be described as "table look-up" instructions. 
If they are thought of in this manner, it will greatly simplify the logic of how they 
are performed. 

We have three such instructions on the 7090: CVR, CRQ and CAQ. They 
are all similar in that to perform any useful purpose a table must already exist in 
core storage before they are executed. This table may consist of "BCD equivalents", 
"binary equivalents" or other pertinent- data which the convert instruction CAN 
!'LOOK UP". 

To know where the instruction must look in these tables to find what it 
wants, part of the ACC or MQ is used in conjunction with its address (21-35 of the 
convert instruction). The convert instruction also is able to reference the table 
several times, if desired, by use of a "count field" in its decrement. A count larger 
than 6 is not normally desired however {as you will see later}. Each time a reference 
to the table is :made, an E cycle is required to bring out the contents of that location. 

The Manual of Instruction has an excellent write-up of each convert 
instruction. A detailed example of how each of the three may be used is also given. 
For these reasons, no "flow diagram text" will be given in this area. In its place is 
the suggested reading and study of pages 132 to 140 (inclusive) {:manual 223 ... 6895} 
with concentrated efforts toward understanding the "table look up" concept. 
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SUMMARY OF CONVERT INSTRUCTIONS 

Some interesting points should have been discovered while studying 
convert instructions. 

1. They can be used to convert binary numbers to BCD. 

2. They can be used to eliminate "leading zeros" in a BCD field. 

3. They can convert BCD numbers to binary. 

If, AND ONLY IF, the proper tables are available in core storage. 

Not only are the "equivalent" numbers in these tables important, but the 
ADDRESS portion of numbers in these tables is used to determine the NEXT table 
look up address. 

Another interesting point is the use of the index register. Say, for example, 
on CAQ we had a BCD number which took 8 BCD characters to represent it (instead of 
709542, the number was 84709542 - page 139). Since we can only do 6 BCD char at 
a time, we would want to remember our last table look up address when we did the 
last two digits. 

One last comment is -to note the ADDITIVE accumulation of address on 
this CAQ instruction. 11m sure you can see that if our table was in upper core, it 
would be possible for a carry to -"goof up" our answer. This is only because addresses, 
like 777008 , added six times will cause a carry into position 19 .. -which is the low order 
part of our answer in the example given. 
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REVIEW QUESTIONS FOR CONVERT INSTRUCTIONS 

1. Why is a count field greater than 6 usually desirable? 

2. What tells CAQ to End Op? 

3. Use of any index register is allowed on convert instructions. (T or F) 

4. Why isn't the contents of the MQ lost during execution of CAQ? 

5. No E cycle is necessary in order to develop the first table address in a 
convert instruction. (T or F) 

6. The sum of SR(21-35) and MQ(S ... 5} is set into XRA each El(Dl) during a 
CRQ operation if the instruction contained a bit in 20. (T or F) 

7. If CVR with a count of 6 is given and "shift ACC Right" fails to corne up, 
the machine will make six references to the same address in storage. (T or F) 

8. The original contents of the MQ are lost during the execution of a CAC 
instruction. (T or F) 

9. When a CAQ with a count of seven is given, the seventh reference to storage 
will always be to the same address as the first. (T or F) 

10. When the count field exceeds a given amount, the converts may be I. A. 
(T or F) 

11. A convert cannot take more than six E cycles. (T or F) 
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ANSWERS ... CONVERT REVIEW QUESTIONS 

1. The resultant answer would be meaningless since the "correct answer" 
would be used, in some case s, to determine further table look up. 

2. SC = 0 

3. False .. Conly 

4. The MQ is ring shifted MQS to MQ35 

5. True 

6. False 

7. False (The 1st and 2nd references MAY be different) 

8. False 

9. False 

10. 

11. False 
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08.00 DATA CHANNEL 

.08,01 INTRODUCTION AND I/O PROGRAMMING 

Objectives: Without reference we :must be able to acco:mplish the following: 

1. Define the need for Data Channels 

2. List the capabilities of all :models of the 7607. 

3. List the nine select instructions including a description of each. 

4. Define the purpose of the load channel instructions 

5. Differentiate. between the two load channel instructions by using the:m in 
an exa:mple progra:m.' 

6. Draw the for:mat that all I/O Co:m:mands use. 

7. List the seven I/O Co:m:mands including a description of how each operates for 
both Read and Write operations. 

8. Define the use of indicator 19. 

9. Given an I/O progra:m following a WRS we :must be able to draw the resultant 
tape including nu:mber of records, record size, gap size, and where tape 
will stop. 

10. Given an I/O progra:m following a RDS and a description of the record 
configuration on a previously written tape, we :must be able to list the nu:mber 
of words that will be read, what records these words will be read fro:m, and 
where tape will stop at the co:mpletion of the progra:m. 

11. Define the conditions that will allow the following instructions to transfer. 
a. TCO 
b. _TCN 
c. TRC 
d. TEF 

12. Define the conditions that will allow the following instructions to skip. 
a. BTT 
b. ETT 
c. lOT 

13. List the registers that will be stored following the execution of a SCH. 
Also define the bit positions where these registers will be located in the 
stored word. 

14. Describe the Data Channel conditions that will allow the SCH to be executed. 

15. Define the three PSE instructions associated with Data Channel giving an 
exa:mple of use for each. 
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Reading Assignment: 7607 Data Channel Instruction Reference Manual (IRM) Pages 5-16 
7090 Data Processing System Reference Manual (SRM) 

Pages 57-64, 90-96, 40-44 

Review Questions: 

1. What output units are normally connected to the 7090? 

2. What input units are normally connected to the 7090? 

3. Why must these devices be connected to the system through a 7607? 

4. How many channels can be connected to the 7090? 

5. What is the difference between a 7607 MI and 7607 M2? 

6. What cause s an output device to go into operation? 

7. Basically, how does a "Write Select" select the channel and unit desired? 

8. What are the objectives of a Read Select Instruction? 

9. RDS and WRS are Data Select instructions. (True or False) 

10. The "Op code" for select instructions remains the same regardless Qf which 
channel is selected. (True or False) 

11. Describe what will take place if a WTDC 5 is encountered in CPU and there 
is no channel C connected to the system. 

12. What is the purpose of a RCH instruction? 

13. What is an I-a command? 

14. What is the format of an I-a command? 

15. Are I-a commands decoded in CPU? 

16. In the following examples indicate what will be written on tape. 

WTBA 4 
RCHA X 

a. X IOCD 0,,3 
b. X rOCF 0, ,2 

IOCD 2, , 1 
c. X IOSP 0, , 2 

IOCD 2, , 1 
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d. X IORP 0,,3 
IOCD 0,,3 

e. X IOCP 0, , 1 
IOSP 1, , 1 
IORP 2, ,1 
IOCD 3, ,3 

17. Indicate what will be written for each of these examples. 
Note: Use for A and B Only 

a. X 
Y 
Z 
B 

b. X 
Y 
Z 
B 

Use for "C" 

WTDA 
RCHA 
LCHA 

IOCT 
IORP 
IOCD 
IOCD 

tORT 
IORP 
IOCD 
IOCD 

WTDA 
RCHA 
HTRH 

4 
X 
B 

0, , 1 
5, , 2 
0, , 4 
1, , 2 

0,,3 
5, ,1 
0, , 2 
1, , 3 

4 
X 

18. The following will pertain to WC=zero situations. Indicate what will be 
written on tape for each example. 

WTBA 4 
RCHA X 

a. X IOCD 
0" ° 

b. X IOCP 0,,3 
IOCD 0, ,0 

c. X IOCP 0, , 3 
IORP 0, , ° 
IOCD 0,,3 

d. X IORP 0, ,0 
IOCD 0, , 3 

19. Name the three cycles associated with channel and define them. 

20. What will happen if a LCHB is encountered in CPU and Channel B is not 
Data Selected? 

21. What will happen if a RCHB is encountered and Channel B is not Data Selected? 
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22. Explain what will happen during the execution of the following program 
when the IOCT does not find LCH decoded in CPU. 

WTBA 4 
RCHA X 
HTR 

X IOCT 0, , 1 

23. What is the difference in the operation of an IOCT and lOST while writing? 

24. Referring to the following programs, describe how much information will 
be read into storage. NOTE: Tape contains 10 records of 3 words each. 

25. 

RTBA 5 
RCHA A 
CLA X 
LCHA B 
HTR 

a. A IOCP 0, , 5 
IOSTN 5, , 1 

B IOCD 15, , 5 

b. A IORP 0, , 5 
B IOCD 0, , 3 

c. A IORP 0, ,1 
B IOCD 0, , 2 

Write a program to solve this problem: 

Tape contains a 100-word record. Using a LCH and IOCT delay the CPU 
program until the first 50 words are read into storage from tape; then 
continue with the CPU program. 

08.02 FUNCTIONAL UNITS 

Objectives: With the use of Figure 3 in the IRM, we must be able to accomplish 
the following: 

1. Define the purpose of each functional unit located in the 7607. 

2. Describe the logic block makeup of all registers and counters located in the 7607. 

3. Trace the data flow for a read or write operation from or to any I/O device. 

4. Trace the command word path for core to the proper registers in data channel. 

Reading As signment: IRM Pages 11-14, 17-20 
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Review Questions: 

1. Name three pos sible inputs to the Data Register. 

2. The and are count up counters. The is a ---------- -----------
count down counter. The and are stepped every BDW 
cycle while the is stepped every BCW cycle. ------

3. What are the four positions of the Ope Reg. and what do they control? 

4. What doe s the contents of the Location counter indicate? 

5. What is the purpose of the .Channel Address counter? 

6. What controls the outgating of the Tape Register to the R/W Register? 

7. What is the purpose of the Delay Counter? 

8. How is the L. C. loaded? 

9. What does a position of the LRCR being left on indicate? 

10. How many outputs are available from the Final Amplifier s ? Each position. 

11. Trace the path of command from core storage to the proper place in Data 
Channel. Name all registers and switches included in this path. 

08.03 TAPE WRITE SELECT OPERATION 

Due to the length of the lecture associated with the Tape Write Select Operation, this 
section of the Guide will be broken into four parts. The four parts are as follows: 

08.03.01 
08.03.02 
08.03.03 
08.03.04 

WRS RCH BDW 
Writing 
Disconnect 
Read Checking and Miscellaneous 

Each part will have objectives, reading assignment, and review questions. 

08.03.01 WRS RCH BDW 

Objective s: Without reference we must be able to accomplish the following: 

1. Given a channel and tape drive number, we must be able to determine the 
bit configuration of the address portion of a WRS instruction that would 
select this channel and tape drive for either BCD or Binary mode. 

2. List the major objectives in the selection of a tape drive. 

3. Referring to Objective 2 we must be able to define the need or the "why" 
of each of these objectives. 

182 



4. List the five operations that bring up channel interlock. 

5. Define the purpose of the lines going to CPU and MPLX from. the End Op 
Control and Channel In Use triggers. 

6. Define why the channel registers and counters are reset by a WRS instruction. 

7. Describe the circuitry that gives channel the ability to stack instructions. 

8. List and define the purposes of the delay counter including the m.odes of operation. 

9. Explain the purpose of the Tape Disconnect tgr. 

10. Define the purpose of the Proceed to E circuit. 

11. Describe the reason for holding the data register reset during the E cycle 
of an RCB instruction. 

12. Draw a logical AND-OR representation of Channel Input Switch bit 3. Include 
the input circuits to both the data register and word counter. 

13. Using Fig. 10 & 11 of the IRM draw a tim.ing chart depicting the reason we 
take a dum.m.y B cycle following the E cycle of a RCB. 

14. List the three ways that B cycle dem.ands can be satisfied by the cycle tim.er. 

15. Describe the principle of operation of the data channel priority circuits. 

16. Define why the channel priority tgr is turned on during E tim.e of an RCB 
instruction. 

17. List the conditions required to request a BDW cycle during a WRS operation. 
Exclude tim.e. 

18. List the three requirem.ents to turn on the Channel Priority tgr. Exclude tim.e. 

19. List and define the m.ajor operations that are gated by the BDW tgr. being on. 

Reading As signITlent: IRM Pages 29-34 

Review Que stions: 

1. Nam.e four conditions needed before a Write Select Instruction can End Ope 

2. What is the purpose of the End Ope Cntl. Tgr. in channel? 

3. What conditions in the tape unit ITlust be satisfied before the GO tgr. is turned on? 

4. Why does Busy cOITling up initiate a Non Data Disconnect? 

5. What m.ode is the D. C. running in for Write Delay? 
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6. Is it possible for an RCH to hang up in L time? 

7. Is it possible for an RCH to turn on the 1-0 check indicator? 

8. What are the objectives of an RCH? 

9. What conditions must exist to enable channel to reque st a BDW cycle to load 
the Data Reg. with the 1 st data word? 

10. How do we establish which channel will use a B cycle? 

11. What must be accomplished during the BDW cycle? 

12. Which of the following are reset as a result of a data select instruction? 

a. WC 
b. LC 
c. CAC 
d. Indicator tgr. 3,1,2,18, and 19 
e. DR 

13. What are the three ways the B cycle demands can be satisfied by the cycle timer? 

14. If the trigger in data channel may be 
turned on, the data channel will accept a select instruction. 

15. Channel A has been given an RCH to a TCH; during E time of the RCH, 
Channel C, which is more remote, requests B time. 
a. Why does Channel A get the next B time rather than Channel C? 
b. Show the system page number, the input, and list the logic blocks 

(example 2C, 5D, etc) which will block the setting of the priority 
trigger in Channel C. 

16. What determines whether or not a particular channel may get B time priority? 

17. Why does selecting a card machine interlock the channel? 

18. Work Simulated Machine Error Analysis Problem #1. Located at the end of 
the Data Channel section of this Guide. 

08.03.02 WRITING 

Objectives: Without any reference we must be able to accomplish: 

1. Define the purpose of the following triggers 
a. Write Condition Trigger 
b. Write Trigger Release Trigger 
c. Sync Trigger 
d. Sync Gate Trigger 
e. Write Clock Control Trigger 

f. No Echo Trigger 
g. Demand Gate Trigger 
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2. Define the num.ber of write oscillators required and purpose of each for 
all m.odels of data channels. 

3. Describe the purpose in developing the "Write First Word Test" line. 

4. Define the two ways a Tape Dem.and is requested during a WRS operation. 

5. List the sequence of events that occur from. Tape Dem.and to the turning on 
of the BDW Required Trigger. 

6. List the write clock pulses and the purpose of each. 

7. Define the count sequence of the Group Counter and what bits are transferred 
to the R/W register for each count. 

8. Define how a "C" bit is generated while writing. 

9. Describe the operation and function of the Write Translators. 

10. Describe how noise is checked for in the interrecord gap. 

With the use of all reference m.aterial we m.ust be able to accom.plish the following: 

1. Trace the sequence of events, as shown on figures 14, 18, and 23, through 
the ALD I s to determ.ine the circuits involved in the developm.ent of each logical 
function. 

Reading As signm.ent: IRM Page s 35 - 42 

Review Questions: 

1. How does channel know when to start writing on tape? 

2. What is the purpose behind having Write First Word Test generate a tape dem.and? 

3. Is Write Condition used to control the Write Clock? 

4. When we check for Echos, how m.any do we check for? 

5. How do we recognize that a com.plete word has been written? 

6. What m.ust be accom.plished now that a com.plete word has been written? 

7. "Write Dem.and" (60.36.06.1, lC) gates the first word from. the DR to the 
TR. Tru.e or False. 

8. The drive to the write clock stops when the "Write Clock Control" tgr. is 
reset. True or False 

9. On a Model II data channel why do we need 4 oscillators for driving the write clock? 
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6. What must be accomplished now that the last character has passed the 
read head? 

7. Work Simulated Machine Error Analysis problems 5,6,7 and 8 which are 
located at the end of the Data Channel section of this Guide. 

08.03.04 READ CHECKING & MISCELLANEOUS 

This section covers read checking, commands other than IOCD, and "Space Tape" 
operations. 

Objective s: Without reference we must be able to accomplish the following: 

1. List the six error conditions that are checked for during a Write Operation. 

2. Give an example describing how each of the six errors could be caused. 

3. Define why different clip levels are applied to the final amplifiers. 

4. Describe why the read clock can be started from any bit position of either 
Skew A or B registers. 

5. List the read clock outputs that are used for a read check operation and the 
major function of each. 

6. Define how the machine determines which skew register to gate to the LRCR. 

7. Define a condition of when the RDD tgr. would not be set at RC7 time. 

8. Define when Control Word Gate line is developed relative to tape Demand 
and Word Count for an lOST, IOSP, IOCP and IOCT. 

9. Describe what causes an IRG to be generated for an IORP or IORT command. 

10. Define when an IORP or IORT will proceed or transfer. 

11. List the objectives for a BCW cycle that is initiated by a proceed type command. 

12. List the objectives for an ECW cycle that is initiated by a "T" type command. 

13. Define what initiates a disconnect if an LCH is not waiting in L time when a 
transfer pulse is developed. 

14. Define the conditions that determine whether or not a "Space Tape" will occur. 

15. Define how an IOCD WC=O is simulated when a WRS is not followed by an RCH. 

16. Define why it is impossible for an LCH to be waiting in L time if an IOCT or 
lOST WC=O is loaded by an RCH. 
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10. On a WRS operation, what line simulates the first demand to bring the first 
word to be written from the DR to TR? 

11. How is the out gating of the TR controlled so that one character at a time is 
sent to the R/W register? 

12. Work Simulated Machine Error Analysis Problems 2, 3, and 4. Located at 
the end of the Data Channel section of this Guide. 

OS. 03.03 DISCONNECT 

Objectives: Without any reference we must be able to accomplish the following: 

1. List the conditions required to bring up the Data Disc. Pate line for a WRS 
operation using a ICOD Command. 

2. Describe why the "no-name" trigger on 60. 36. 01. 1 (3A and 3B) is required 
to reset the WR Clock Ctrl. Tgr. 

3. Name the trigger that initiates the disconnect in channel. 

4. Name the trigger that initiates the disconnect in TAU. 

5. List the modes the Delay Counter runs in during the disconnect. 

6. Define the conditions that allow the Delay Counter to run in each of its modes. 

7. Describe how a check character is written on tape. 

S. Describe how we can continue to read tape after WDD 20 tells the tape drive to 
stop. 

9. Identify the trigger which when on indicates the last character of the record 
has been read. 

10. Describe what a LRCR trigger that is on at RDD 136 time indicates. 

11. Describe the operations that are initiated by the RDD 144 pnke. 

Review Questions 

1. The first "Write Demand" following WC=O developes "Disc. Call". 
True or Fals e 

2. Why do we turn on the Data Disc. Gate Tgr. ? 

3. What must we accomplish during the disconnect procedures? 

4. When is the check character written? 

5. When is the GO tgr. reset? 
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17. De scribe why an lOR T or lORP WC=O generate s an lRG instead of spacing 
tape when it follows an lOCP with a word count. 

Reading Assignment: lRM Pages 42-51 

Review Que stions: 

1. On a read check operation, an error in the Skew A VR checker will turn 
on the TAU error trigger. True or False? 

2. Explain why the +P RC4 Tr is ORled with +P 1st bit on page 61. 10. 10. 1. 

3. On a read check operation, a Skew B VRC error will turn on the TAU error 
trigger. True or False? 

4. WD Noise error could be caused by missing oxide on tape. True or False? 

5. Match column B with the statements of column A. 

(1) Sample write skew gate a. RDD 128 
error. b. RC 4 

( 2) Resets RDD trigger c. RDD trigger on 
( 3) Run Delay Counter in micro- d. Skew A VRC error RC 10 

second mode e. RC 10 
( 4) Gate Skew B register to the f. RDD 128 

LRCR g. Skew A VRC error 
(5) Start Read Clock h. Write Compare 
(6) Will turn on redundancy trigger i. WDD 20 
(7) Samples LRCR j. RDD 10 
(8) Resets Read Condition k. LRCR error 
(9) Prevents re set of RDD by RC4 1. RDD 136 

(10) Indicates next character is check m. Check Character trigger 
character n. RDD 36 

(11) Force s even redundancy for check o. WD Noise error 
character VRC check 

6. With the following program, how many tape demands will it take to disconnect? 

WRS 
RCHA 

1201 
100 

100 IOCP 
101 IORP 
102 IOCD 

WC = 5 
WC =5 
WC = 5 

7. How is a "Data Disc" accomplished when the channel is loaded with an 
IOCD with a WC = 3, but the channel cannot get B time from CPU? 

8. Draw a sketch showing how the following program would write the information. 
Give a command number under corresponding information. 
(Tape is moving left to right) 
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WTBA 1 (1) CW - IOCP (WC = 20) 
RCHA CW (2) IORP (WC = 30) 
LCHA CW + 7 ( 3) IOCP (WC = 25) 

(4) IOSP (WC = 15) 
(5) IORT (WC = 30) 
(6) IOCP (WC = 5) 
( 7) IOCT (WC = 15) 
(8) IORP (WC = 25) 
(9) IOCP (WC = 20) 

(10) IOCD (WC = 15) 

9. What is the pulse that causes a proceed on an IORP and how long is the pulse? 

10. What prevents more than one Record Control pulse in an EUR gap? 

11. What "AND" circuit in systems brings up the line that will cause a disconnect 
on IORT when no LCH is waiting in CPU? 

12. B output of C block located at 3G is shorted to plus P level. 61. 20. 30. 1 
On tape write select operation the following will be noted: 
a. Nothing will be written on tape 
b. Operation will be normal for write although read checking will give 

errors. 
c. Data will not be gated to tape register since we are unable to receive. 
d. Record will be written correctly except failing to write check character. 

13. H output of DE block 3H is shorted to a plus P level. 61. 60. 20.1. On a 
tape write operation the following will occur: 
a. Operation is normal in all respects. 
b. The record will be written correctly but will not be read checked. 
c. The record will be neither written nor read checked. 
d. Record will be written properly, not read checked, and tape will 

fail to stop. 

14. C output of Driver Indicator block located at 2B is shorted to minus N level. 
Page 61. 60.32. 1. On Write Tape Select operation, the following will be noted: 
a. Record will be written in normal operation in all respects. 
b. Characters of record will be written normally but check character 

will not be written and tape will not stop. 
c. Check character will be written but tape will not stop. 
d. Tape will stop at end of record but a check character will not have 

been written. 
e. On records that should have a check character of no bits (no check 

character) operation will be normal. 

15. Solve Simulated Machine Error Analysis problems 9,10,11,12 and 13; which 
are located at the end of the Data Channel Section of this Guide. 
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08.04 TAPE READ SELECT OPERATION 

Objectives: Witheut reference we must be able to. accemplish the fellewing: 

1. Define the bit pesitiens, ef the address pertien ef an RDS instructien, 
that are deceded to. determine which channel. 

2. Define the purpese ef the End Op Centrel trigger. 

3. Define the functien ef the channel interleck line. Also. list the five eperatiens 
that bring up channel interleck. 

4. List the majer ebjectives in the selectien ef a tape drive fer an RDS eperatien. 

5. List the three majer functiens ef TAU busy. 

6. List the majer ebjectives fer the ECW cycle ef an RCH instructien. 

7. Define the purpese ef the first character trigger. 

8. List the two. cenditiens that can activate the first bit line fer an RDS eperatien. 

9. Referring to. ebjective 8, define the purpese ef having two. ways to. develep the 
first bit line. Also. give an example ef each. 

10. List the Read Cleck eutputs and the ebjective ef each fer an RDS eperatien. 

11. List the cenditiens required to. turn en the BDW Req trigger fer an RDS 
eperatien. (Exclude time) 

12. List the sequence ef events (ebjectives) fer a TAU discennect using an IOCD 
WC = RL. 

13. List the sequence ef events (ebjectives) fer a channel discennect using an 
IOCD WC = RL. 

14. Differentiate between the eperatien ef an IOCD WC = RL and the fellewing: 
a. IOCP er IOSP WC< RL 
b. IOCP er IOSP WC = RL 
c. IOCP we) RL 
d~ IORP WC( RL 
e. IORP WC = RL 
f. IORP er IOSP WC> RL 
g. IOCD WC< RL 
h. IOCD WC> RL 

15. Define where the data transfer is blecked fo.r an RDS eperatien with a bit in 
IND 19. 

16. Define the two. purposes ef the character counter. 
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17. List the four error conditions that are checked for during an RDS operation. 

18. Referring to objective 17, give an example of how each of the four errors 
could be caused. 

Reading Assignment: IRM - Pages 51-67 

Review Questions: 

1. What conditions must be present before a Read Select instruction can End Op? 

2. What conditions in the tape unit must be present before the Go tgr can be 
turned on? 

3. How long does tape move before we start to read? 

4. Why must the DR be reset during the ECW cycle of the RCH? 

5. In the following example, what would appear in the LC upon completion of the 
ECW cycle? 

RCHA 500 

6. How many outputs are available from each position of the Final Amplifiers? 

7. What is used to start the Read Clock? 

8. What can be used to start the Read Clock if a character does not get into Skew A? 

9. What will result if Skew A VRC is incorrect? 

10. When is the 1st Character tgr. turned on? Off? 

11. List five things that will occur at RC 7. 

12. How can we tell the difference between an RC cycle for the 1 st character 
and others? 

13. When is the 1 st character gated to the TR? 

14. What occurs at RC 4? RC 6? 

15. How do we realize that we are in the 6 th RC cycle? 

16. At the end of the 6th RC cycle, where is the 6th character? 

17. How do we gate the 6th character to the TR? 

18~ What gates TR to DR? 

19. What turns on the DR LD tgr? 
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20. What turns on BDW Req? 

21. What main objectives must be accomplished during the BDW cycle? 

22. How do we recognize the end of a record? 

23. What are some items that must be accomplished with an "RDD 36"? 

24. When do we sample the LRCR for errors? 

·25. When is the Go tgr. reset? 

26. How many errors are possible while reading? List them. 

27. When will an IOCP proceed when used in conjunction with a read operation? 

28. In the following examples, is it possible that the IORP command will be skipped? 

a. 

b. 

c. 

IOCP 
IORP 
IOCD 

IOSP 
IORP 
IOCD 

IORP 
IORP 
IOCD 

0, , 3 
0,,3** 
0, , 3 

0, , 3 
0, , 3** 
0, , 3 

0, , 3 
0, , 3~:o:~ 
0, , 3 

There are many 3 word records on tape. 

29. When using an IOCDN, how is the WC reduced since there are no BDW cycles 
needed for "N" type commands? 

30. Can an IORP be used to read more than one record? An IOSP? 

31. What happens when an EOF is read? 

32. How does channel recognize an EOF? 

33. Solve Simulated Machine Error Analysis Problems 14, 15 and 16; located 
at the end of the Data Channel section of this Guide. 

08. OS TCH-IA OPERATION 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the purpose of the look- ahead circuits employed by a TCH or IA command. 

2. List the majpr objectives that occur after a TCH is decoded on the MX SB. 
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3. List the major objectives that occur after an indirectly addressed command 
is decoded on the MX SB. 

4. List the cyclic make-up of an indirectly addressed TCH command. 

Reading As signment: IRM - Pages 67-73 

Review Questions: 

1. What is the function of a TCH command? 

2. Where is the TCH decoded and why? 

3. What is the purpose of activating Retain Priority with the TCH, ADR, CNTL, 
TGR? 

4. During the cycle that a TCH is brought out of core, what address is gated 
to MAR and how is this accomplished? 

5. How does channel recognize that a command is indirectly addressed? 

6. In the following example, what will be the address of the first data word? 

o 
1 
2 

IOCD~:e 

IOCD~:e 

IOCD 

1, , 3 
2, , 3 
3,,3 

7. Can a TCH be indirectly addressed? 

8. In the following example, which command will be finally loaded into channel? 

o 
1 
2 
3 

TCH~~ 

IOCD* 
IORP 
IOSP 

1 
2",3 
3,,3 
4,,3 

9. What effect will execution ot this command have on channel operations? 

10 
11 

TCH 
TCH 

11 
10 

10. How many BCW cycles are required to execute an indirectly addressed TCH? 

08.06 NON-DATA SELECT OPERATIONS 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the purpose of the following instructions: 
a. Rewind 
b. Rewind - Unload 
c. Backspace Record 
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d. Backspace File 
e. Write End of File 
f. Set Density 

2. First, illustrate a tape showing groups of records separated by end of files. 
We must then be able to indicate on this illustration the final position of the 
R/W head, relative to tape, after a Rewind, Rewind - Unload, Backspace 
Record, or Backspace File has been executed. This must be done for all 
possible positions of the R/W head prior to the execution of these instructions. 

3. Illustrate a tape showing the final re sult of a Write End of File instruction. 

4. Define why Write End of File and Set Density instructions bring up channel 
interlock. 

5. Define why it is possible to change density in the middle of a Backspace Record 
or Backspace File operat ion. 

6. If a tape drive is in write status, define why we must move tape forward before 
we go backward during a Rewind, Rewind - Unload, Backspace Record, 
Backspace File instruction. 

7. Define the purpose of the erase trigger during the execution of a Write End of 
File instruction. 

8. Define the purpose of running the delay counter in milli-second mode for an 
SDN instruction. 

Reading As signment: IRM - Pages 74-81 

Review Questions: 

1. What conditions must be present before a Rewind Instruction can End Op? 

2. How does channel know that the Rewind instruction has been accomplished? 

3. Is there any difference in the execution of a Rewind instruction that selects 
a tape unit that is in write status? 

4. During the execution of a backspace record, how do we recognize that tape 
has reached the beginning o(a record? 

5. What should occur if a BSR is given to a tape unit that is positioned at LP? 

6. What will happen if a BSR is given to a tape unit that is positioned between 
Load Point and the 1 st record? 

7. What is the major difference between the execution of a BSR and BSF? 

8. Briefly explain the execution of Write End of File. 
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9. What is the difference in the OP Code of a SDHA 5 and SDLA 5? 

10. Can a SDN instruction be used to run the delay counter constantly? 

08.07 DATA CHANNEL TRAP 

Objectives: Without reference we must be able to accomplish the 
following: 

1. Define the purpose of the Data Channel Trap feature. 

2. List the three courses of traps. 

3. Define the two CPU instructions associated with Data Channel Trap. 

4. Referring to Objective 3, define the purpose of each instruction. 

5. Define the terms "disabled" and "Inhibited" as associated with Data 
Channel Trap. 

6. De scribe the priority sequence that controls what channel can trap 
fir st. 

7. De sc ri be how TEF' and T RC instructions ope rate on a channel that 
is enabled to trap. 

8. Define the storage addresses that are normally reserved for Data 
Channel Trap. Consider a eight channel system. 

9. List the conditions required to turn on the Channel Trap trigger on 
02.10.56. l. 

10. Refer ring to the Channel Trap Timing chart on page 91, figure 58, of 
the Instruction-Reference manual, we must be able to define the purpose 
(objective) of each line on the chart. 

Reading Assignment: IRM Pages 87 - 92 
7090 Reference Manual Pages 15 - 17 

Review Questions: 

1. What is the advantage of using Data Channel Trap? 

2. What are the conditions that may initiate a trap? 

3. How do we establish what conditions on which channels can cause traps? 

4. What is the purpose of an Enable instruction whose operand is zero? 

5. Can you enable for an EOF witmut also enabling command word trap? 

195 



6. Can a trap signal that occurs while a channel is inhibited be remembered? 

7. What happens when more than one channel wants to trap at the same time? 

B. True or False? If an ENB instruction is given to enable a channel for 
EOF trap after an EOF has been read, the channel will not perform the 
trap. 

9. What conditions may cause a command word trap? 

10. In addition to the EOF indicator, the trigger, the -----trigger, and the trigger must be on to request a channel 
trap priority. 

11. True or False? If channel A were enabled to trap on EOF and an EOF 
condition arose, the EOF enable trigger would be reset. 

12. What prevents a Data Channel Trap from preventing the completion of a 
MF instruction? 

13. When the Restore tgr on 2.10.56.1 goes off at EB of the STR cycle, it 
disables trapping. True or False? 

OB.OB CONSOLE OPERATIONS 

Obj ective s: Without reference we must be able to accomplish the following: 

1. With the 7617 in manual - off line, describe the effect(s) that a depression 
of each of the following keys has on the Data Channel. Include status of 
registers, counters, and control triggers. 

A. Load Command 
B. Load Data Register 
C. Load Location Counter 

* D. Store Data Register 
* E. Display Storage 

2. * Also describe the effect(s) if the console was in manual-on line. 

2. List the key(s) and switch(s) set up that you would use if you wanted to scope 
all circuitry associated with writing ones on a tape drive. 

3. List the key(s} and switch(s) set up that you would use if you wanted to scope 
all circuitry associated with reading fours (4) from a tape drive. 

4. One of the uses of the CSRI and CSRO is to cause repetitive BDW cycles, so 
list the key(s) and switch(s) set up that you would use to allow scoping of the 
BDW cycle circuitry. 

5. Define what circuit requests a B cycle every fourth cycle when operating 
with the CSRI or CSRO. 
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Reading Assignment: IRM Pages 14-16, 20-23, 92-94 

Review Questions 

1. How many keys must be used to initiate a Write Tape Cycling operation? 
How many switches? 

2. If console entry keys 3-17 are depres sed and load location counter is 
then depressed, what will be in the location counter? 

3. Why must you load commands before loading the Data Register? 

4. To punch the locations 1000 - 1027 on a carel, give the proper sequence 
of keys, switches, etc., that must be used. 

5. If position 18 of the entry keys is depressed and then you load command, 
where will this bit appear? 

6. What is the purpose of the Reset Key? 

7. On a Read Tape operation with the stop on error switch on, tape will 
stop at the end of the record in which the error occured. (True or False) 

8. Does the tape cycle switch have any affect on operations suchaas BSR, BSR, and 
and REW? 

9. When operating in "Write Cycling", describe what occurs when tape 
reaches the end of tape marker. 

10. Is Stop On Error effective during a write operation? 

08.09 Data Channel Miscellaneous 

This section will consist of objectives, reading assignment, and review questions 
for the list of topics. 

A. Transfer and Skip Instructions 
B. 110 Checks 
C. Store Channel Instruction 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the purpose of the following instructions: 
A. TCO E. ETT 
B. TCN F. TRC 
C. TEF G. lOT 
D. BTT H. RTT 
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2. Refering to objective one use each instruction in a program example. 
Exclude RTT. 

3. List the conditions that will cause a 1/0 check for a RCH instruction. 

4. List the conditions that will cause a 110 check for a LCH instruction. 

5. List the conditions that will cause a 110 check for a Write Select operation. 

6. List the conditions that will cause a 110 check for a Read Select operation. 

7. Define what will prevent a SCH instruction from operating if the registers 
andlor counters are changing. 

Reading Assignment: IRM Pages 81-84, 86-87 

Review Questions 

1. What conditions will caus e an 1- 0 check during a Read Select operation? 

2. Does an RCH, given when the channel is not Data Selected, cause an 1-0 
check? 

3. Does a BTT skip when it finds the beginning of tape indicator on? 

4. A channel must be selected before a SCH can operate correctly. (True or False) 

5. When executing lOT, is there any way of determining which channel 
caused the 1-0 check? 

6. On a SCH the Word Counter is routed to positions 3-17 of the Channel 
storage bus switches. True or False? 

7. On a SCH the location counter is routed to positions 21- 35 of the channel 
storage bus switches. True or False? 

08. 10 Data Channel Examination 

08. 11 9T55 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the purpose of the 9T55 diagnostic program. 

2. Describe the general operation of the program. 

3. Given a 9T55 printout, which includes a graph, we must be able to determine 
the condition of.' the tape drive that the test was run on. That is, we must be 

able to determine whether or not the drive needs maintanence and if so, what 
maintanence. 
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Reading Assignment: *9T55 Supplement 

*This supplement is located after the review questions of this section. It 
consists of a sample 9T55 printout followed by an explanation. 

Review Questions: 

1. After studying the graph, answer the que stions that follow. 

****************************************************************************** 

K L M N P Q 

D 
******************************************************************************* 

1 1.2 2 3 4 5 6.1.2.3.4 1 2 3 ·4 5 
Milliseconds Seconds 

(1) What point on the graph indicates minimum go down time? 

(2) Which point indicates where the longest record gaps are written? 

(3) Which point indicates where the shortest record gaps are written? 

(4) From this point on a sloping line would indicate a "count of five" problem. 

(5) The point representing max. overshoot away from the drive capstan is ••••• 

(6) The point representing max. overshoot toward the drive capstan is ••••••• 

(7) point is higher on the graph than point because at this 
time "forward coast" is approximately equal to "go down time". 
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9T 55 Supplement 

TF A2 MOD4-HI INTER-RECORD GAP TEST WRITTEN 70 RECORD GROUPS 

TF A2 MOD4-HI 
READ MILSEC 

PLOT OF RECORD GAP READ TIME VS WRITE GO DOWN TIME 

••• ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Section E --------..) 
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I 4:- Se cti on F ----.!III. • 
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I 

00 00 I 0 00 00 
000 QOO 00 0 0 

. . . . . . 
MIN 1 1.2 2 3 4 5 6*. 1 .2 .3 .4 1 2 3 4 5 

WRITE GO DOWN TIME MILLISECONDS * SEC rnns 

TF A2 MOD4-HI 70 REC GPS READ LOW RANGE AVERAGE 
MINIMUM GO UP TIME 6.88 .40 7.13 MSEC 
VAR GO DOWN MIN TO 1.20 MSEC 7.74 .24 7.83 MSEC 
VAR GO DOWN 1.40 TO 5.90 MSEC 6.54 1.09 7.17 MSEC 
VAR GO DOWN 6.00 TO 430.00 MSEC 6.94 .24 7.02 MSEC 
VAR GO DOWN .50 TO 5.00 SECS 6.94 • 13 7.01 MSEC 
MINIMUM GO DOWN TIME 7.66 • 15 7.72 MSEG 

TF A2 MOD4-HI INTER-RECORD GAP TEST COMPLETE 
TF A2 MOD4-LO 30 BKSP~RDS COMPLETE LOW RANGE AVERAGE 
BKSP STAR'TTO CHK CHAR LOADED RH COL 4.22 .31 4.36 MSEC 
BKSP START TO CHK CHAR LOADED LH COL 3.97 .34 4.12 MSEC 
RD SEL TO FIRST BIT LOADED RH COL 6.16 • 15 6.23 MSEC 
RD SEL TO FIRST BIT LOADEDLI I COL 6.38 • 19 6.46 MSEC 

TF A 2 MOD4-LO WR-BKSP- WK CREEP LOW RANGE AVERAGE 
V AR DEL BEFORE WR 09 OPNS FWD CREEP .98 .26 1.11 MSEC 
V AR DEL BEFR BSKP 09 OPNS FWD CREEP 1.00 .31 1.20 MSEC 
DEL- WR-DEL-BKSP 090PNS FWD CREEP 1. 11 • 17 1.19 MSEC 

5 OPNS WORST CASE GDN MIN MS, BKSP, GDN 1. 02 SC, WR 
05 OPNS FWD CREEP 1.09 .17 1.18 MSEC 

OK 
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B. Highest plot on the graph. 

This point occurs almost always during the low go down time 
range (min. to 1.2 milsec). The diagnostic increases the 
go down time for each variable record gap 0.052 milsec from 
min. to 1.2 milsec go down time. Note that the first ten 
plots on the graph represent the total change of only 
approximately 0.5 milsec. Since each succeeding plot from 
the first is using more of the full speed forward coast (which 
is at least 0.9 milsec and is usually about 1.2 milsec) the 
record gap length in milsec should increase as go down time is 
increased. The highest point will be reached when the go down 
time is equal to full speed forward coast. At this point a 
record gap of maximum length has been created which should 
not exceed the maximum length. 

c. Shortest record gap throughout the range of the graph 

It should not be less than specified in the diagnostic. As the 
go down time is increased beyond the full high speed coast 
time I record gaps become shorter. This is caused by the 
mechanical delay in the prolay to again move tape once the 
nylon idler has allowed tape to break physical contact with 
the drive capstan. The point at which the minimum length 
record gap will be created is when the driving prolay arm 
assembly is magnetized toward forward go after it has 
attained maximum inertia moving from forward go to neutral 
status caused by a previous impulse to stop tape motion. 
This point is generally reached at between 2 and 3 milsec of 
go down time on a model four tape drive. 

D. As go down is further increased from point C the driving prolay 
has more time to reach neutral status before being impulsed 
toward go. The record gap length in milsec will increase as 
go down time is increased until point D is reached (usually 
between 3 and 4 tnilsec go down time). The driving prolay 
arm assembly has a tendency to overshoot neutral on its travel 
from go to neutral. The peak usually associated with point D 
is caused by a magnetic impulse to attract the prolay arm 
assembly to go when it has already attained maximum inertia 
toward neutral (and thus the go position) from the stop direction. 
This is caused by the overshoot resulting from a previous order 
from the data channel to stop tape movement. 
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The motion control diagnostic 9T55B prints a graphic representation 
of the record gap length in milliseconds (vert. axis) and go down time 
variable from minimum to 5 seconds (horizontal axis). For the Customer 
Engineer to correctly evaluate tape motion from this graph he must first 
know how the graph for a well adjusted tape drive should look. He should also 
understand why this is so. 

Let us first understand how long minimum go down time actually is. 
For reference a tnodel four tape drive at 556 BPI will be used. This gives a 
tape spped of o. 1125 in. per millisecond and delay counter timings of 1 micro 
second per step in tnicrosecond mode, or • 1 millisecond per step in milli
second mode. The physical distance between the write and the read heads on 
this tape drive is 0.3 in. With the information given, the tninimum go down 
time may now be computed. For the last character of a record on a write 
operation until the go line drops will be WDn 60 in microsecond mode for a 
check character plus WDD 20 in tnillisecond mode for a total of 2.06 milli
seconds. From writing to read checking the last character of a record is 
0.3 in. times 0.1125 in. per millisecond or 2.67 milliseconds. Add to 2.67 
milliseconds the time neces sary to run the delay counter to RDD 144 plus the 
10 micro second EOR single shot and it is noted that from writing the last 
character of a record to disconnect is 2.82 tnilliseconds. Since go is not 
dropped until 2.06 tnilliseconds after the last character written this factor 
tnust be subtracted frotn 2.82 tnilliseconds. The result equals 0.76 tnilli
seconds, or the minimum actual time that the go line is held down. 

Now that tninitnum go down time is established there are several 
other areas of the graph. which should be examined. 

A. Record gap in tnilliseconds at minimum go down time. 

From write to read checking the last character of a record 
equals 2.67 milliseconds on a model four tape drive. Full 
speed forward coast is 0.9 milliseconds minimum. 
(Usually about 1.2) From cotnputing minimutn go down titne 
it may be noted that minimum forward full speed coast 
exceeds minimum go down time. Hence when go is br ought 
back up tape is still moving at full speed. Tape will move 
at full speed frotn last character of the last record written 
for 2.67 milliseconds, plus RDDI44, plus the tnicrosecond 
EOR single shot, plus WD 50 for a total of 7.824 tnilli
seconds. There for the record gap in milliseconds at mini
tnUtn go down time equals 7.8 milliseconds. 
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E. Go down time 4 milsec. to maximum go down of 5 se(.':. 

As go down time is increased from approximately 4 milsec. to 
the maximum go down time of 5 sec. tape is allowed to come 
to a complete stop in the variable gap before being ordered 
to go. These succeeding gaps may be readily calculated. 
From min. stop envelopes of 0.9 milsec. full speed coast 
and complete stop by 3.0 milsec. with 50% amplitude of 2. 1 
milsec. there is a n'lean average forward coast of 1.9 
milsec,. at full speed. From go up until WD50 is a constant 
of 5.0 milsec. The forward start envelope must reach full 
amplitude by 3. 3.milsec. With the mechanical delay in 
prolay motion until tape starts moving the mean average full 
speed forward motion until WD50 is approximately 2.7 mil. 
Add the time from the last character of a record until go is 
dropped for WDD 60 plus WDD20 or 2.06 milsec. plus mean 
average forward coast of 1.9 milsec at full speed plus 2.7 mil
sec. forward motion at full speed to the first character of 
the next record. The sum total is a record gap of 6.66 milsec. 
duration. 'The 6.66 milsec record gap length multiplied by 
• 1125 milsec. per in. equals a physical gap length of 0.749 
inches. The total range fr om min. gap length to max. gap length 
should be quite close with possibly some oscillations noted in the 
4 milsec. to 6 milsec. go down time range. The,variable gap 
length during the portion of the graph from 4 milsec. to 5 sec. 
go down time is usually closer to 7. 1 milsec. duration on a 
well-adjusted tape drive. This is dependent on the forward full 
coast time being greater than the min. of 0.9 milsec. (It 
usually is closer to 1.2 milsec) and! or the forward start enve
lope reaching full amplitude in less than the maximum allowable 
time of 3.3 milsec. from start of go. 

F. Long Go Down times of .5 sec. to 5 sec. 

Tape motion becomes more critical of prolay and capstan 
operation as the go down time increases into the. 5 sec. to 5 
sec. range. As the prolay arm is moved less and less fre
quently anything which might tend to decrease the force with 
which the idler strikes the capstan or the penetration of the 
idler into the driving capstan has an even more adverse effect 
on tape operation than at lower go down time s. Some of the 
things which might cause this are improper prolay lubrication 
drive ga.ps so small that the armature to core clearance be
comes too large for the armature to seal which may aUowtape 
to slip; capstans which have become hardened through use and 
do not allow proper penetr'ation of the idler into the capstan 
may also allow tape to slip. 
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One other factor which should be examined is forward creep. (See 
Figure Page # 1) From previous sections it has been shown that a record 
gap on a model four tape drive with go down of something greater than 4 
milsec should be of 6.66 milsec duration at full tape speed. This is broken 
down as follows: from last character of last record there is 2.06 milsec. 
till go is dropped plus 1.9 milsec. mean average full speed coast time and 
2.7 milsec. full speed forward motion till first character of next record. 
Assume that a second record is written and then backspaced. For the tape 
drive to exhibit the characteristic of forward creep the backspace operation 
must stop tape with the write head closer than 2. 7 milsec. to the first 
character of the second record written and the one just backspaced over. 
The amount of forward creep will be 2.7 m.ilsec. minus this distance. When 
the second record is backspaced and the first character written is read in a 
backward direction the RDD will start timing out and will drop go at RDD22 
with the delay ctr in m.illisecond mode. This results in the read head going 
backward into the record gap for 2.2 milsec. at full speed. With the speci
fication for backward stop of at least 0.9 m.i1sec. full speed coast (usually 
about 1.2 m.ilsec.) and down to 50% am.plitutde by 1. 7 milsec. and at full 
stop within 3 milsec. the mean average full speed backward coast is approxi
mately 1. 7 milsec. A delay of dropping. backward go of 2.2 milsec. plus 
coast time of 1.7 milsec. equals the total distance the read head has moved 
backward into the record gap. Since the distance between the read and write 
heads is 0.3 in., or 2.67 milsec., the write head moved backward into the 
gap 2.2 plus 1.7 minus 2.67 or 1.23 milsec. If this second record were now 
to be rewritten, the record gap would be increased by the mean average value 
of 2.7 milsec. for forward tape motion at full speed before writing the first 
character minus 1.23 milsec. for the distance the write head had previously 
moved into the gap on the backspace operation. This results in a forward 
creep balue of 1.47 milsec. The motion diagnostic 9T55B causes an OK to 
be printed over a wide range in the computed forward creep value. Since the 
right stop capstan should be adjusted on line for forward creep, a computed 
value within the OK range of the diagnostic is usually quite readily obtainable. 

205 



08. 12 Introduction to CA U 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the gate and panels of the 7607 that CA U is packaged in. 

2. Describe in general the powering of CAU. 

3. Define the following three main functions of CAU. 
A. Level Letter 
B. Synchronizer 
C. Data Assembler 

4. Draw a block diagram of CA U, and machines on Data Channel. On this 
,diagram show the logical flow of data and control instructions for the 
following operations: 

A. Read Card Reader 
B. Write Card Punch 
C. Write Printer 
D. Write Printer Binary 
E. Read Printer 

Reading Assignment: IRM Pages 94-103 
7090 Reference Manual 96-107 

1. What model(s) is the 7607 that has a CAU. 

2. How is CA U powered in the 7090 system? 

3. What is meant by, a function of CA U is to act as a level setter? 

4. How many operations can be performed by CA U? 

08. 13 Basic CAU , 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the functions of the following circuits: 
A. CB Trigger 
B. Card Control Trigger 
C. Card Sync. Trigger 
D. Card Ring 
E. CB Counter 

2. Draw a block diagram of the Basic CA U. 

Using only ALDis we must be able to accomplish the following: 

3. Define the circuit which allows the Card Control Trigger to come on only 
when the CB trigger comes on. 
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4. Define why the rise of the card drive pulse and the rise of the card 
sample pulse occur 25 usec apart. 

5. Define the circuit which prevents CB Counter from being stepped with 
the first card sample pulse. 

6. Define what signifies when an entire row of a card has been read. 

7. Define what determines when an entire card has been read. 

Reading As signment: IRM Pages 103-105 

Review Questions 

1. What initiates the Basic CA U operation? 

2. What length pulse is generated by the turn on of the CB Set trigger? 

3. What drives the Card Ring? 

4. How many drive pulses does it take to step the Card Ring from all 
triggers off back to all triggers off? 

5. How many time s would ·the Card Ring run to completion for a card 
reader operation? 

6. What steps the CB counter? What is a full count for a card reader 
operation? 

7. What resets the CB trigger? 

B. What three conditions cause the Card Ring to be reset? 

9. Which Card Ring trigger determines the duration of the Write Right, 
Write Left, Read Left, Read Right gates? 

OB. 14 Card Machine Power Distribution 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the purpose of the 55V supply. 

2. Define the purpose of the 46V supply. 

3. Describe how the 55V and 4BV voltages are developed and distributed • 

. 4. Describe the power interlocking that is associated with card machines and 
channel. 
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5. Describe the 208V 3t) 60 cycle distribution from the 7618 to all card machines. 

Using ALDis we must be able to accomplish the following: 

6. Trace through the ALDis the circuits necessary to get 55V and 46V to the 
printer, reader, and punch. Include interlocking. 

Reading Assignment: 

Review Questions: 

711, 716, 721 Manual of Instruction 
Pages 12, 76 

1. 55V and 46V are sent from the printer to Data Channel. What are these 
voltages used for in channel. 

2. Dropping power to data channel drops all power to the card machines. 
True or False? 

3. HD relays 1,2,3, and 4, located in section 17B of the printer wiring 
diagram, control the distribution of only the 46V to the card machines. 
True or False? 

4. Turning off the main line switch on the printer drops till DC power to the 
card machines. True or False? 

08. 15 Read Card Reader 

Objectives: Without reference we must be able to accomplish the following: 

1. List the maj or steps for a Read Card Reader operation. 

2. Define why a RDS 1321 holds up channel interlock. 

3. Define what circuit initiates the card reader to start moving. 

4. State the cards per minute speed of the card reader. 

5. State the number of cycle points the card reader has. 

6. Define the number of CB set and CB reset pulses generated by the card 
reader for one card. 

7. Define the purpose of the Read Pulse Control circuit. 

8. Describe how 72 lines from the calc entry hubs can be converted into 36 
lines Without the use of triggers. 

9. Define what the "After 12 CB" line signifies. 
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10. Given a word count less than 24, be able to state when data disconnect will 
occur. 

With reference we must be able to accomplish the following: 

11. Trace the circuitry that is used for the normal run-in of cards on the 711 
wiring diagram. 

12. Trace all circuits shown on Figure 71 of IRM through the ALD! s. 

13. Trace the circuitry that is used to develope a card EOF on the 711 wiring 
diagram. 

Reading Assignment: IRM Pages 105-106 
711, 716, 721 Manual of Instruction Pages 17-24 

Review Que stions: 

1. What brings up read pulse control for a Read Card Reader operation? 

2. How many CB reset pulses are sent to CAU from the card reader? 

3. How many CB set pulses are sent to CA U from the card reader? 

4. Why does !!card machine selected ' ! bring up the lines "Data selected" 
and "Channel Interlocked" in Channel? 

5. What is the purpose of the Record Control trigger? 

6. What generates a "demand" to be sent to channel to signal that a word 
has been sent to the DR? 

7. If the command in channel is an IOCPN does the information from the 
card get to the DR? Why or why not? 

8. The record control trigger is turned on every row. What makes it 
active only on the 13th row? 

9. What resets the CB counter? 

10. If the CA U is disconnected after the 8th row what stops information from 
being received at Calc entry? 

08. 16 Write Punch 

Objectives: Without reference we must be able to accomplish the following: 

1. List the major steps for a Write Punch operation. 

2. Define why a WRS 1341 holds up channel interlock. 
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3. Define what circuit initiates the card punch to start moving. 

4. Define the conditions necessary to request a BDW cycle for a Write Punch 
operation. 

5. Define the number of CB sets and CB resets that will be developed by the 
card punch for one card cycle. 

I~~ Define the purpose of the Write Pulse Control circuit. 

7. Define the circuitry that allows 72 columns to be punched at one time when 
the maximum amount of data we can transfer is 36 bits. 

8. Trace the circuitry that is used for the normal run-in of cards on the 721 
wiring diagram. 

9. Trace all circuits shown on Figure 72 of IRM through the ALDIs. 

Reading As signz:nent: IRM Pages 106-108 
711, 716, 721 Maunal of Instruction Pages 124-131 

Review Questions: 

1. What brings up write pulse control for a Write Card Punch operat ion? 

2. What generates a "demand" to be sent to channel to signal that the word 
in the DR has been used? 

3. What holds the information in Calc Exit left while Calc Exit Right is 
being set up so that a whole row can be punched? 

4. What resets the CB Set Trigger after it has been set by the EOR set 
pulse for the 13th 'row? 

5. On a write punch operation, what causes the first reset of the CB trigger? 

6. On a write punch operation, what causes the reset of the CB trigger after 
we have run the Card Ring for our EOR sequence? Be specific! 

7. Briefly, what is the purpose of R-31 on the card punch2 

8. If input D to plusT A block at 3G (Syst. 80.50.01. 1) were shorted to -N, what 
would be the effect(s} if you gave a Write Punch? 
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08. 17 Printer Operations 

Objectives: Without reference we must be able to accomplish the following: 

1. Define how a Printer Write Select operation differs from a Punch Write 
Select operation. 

2. Describe an example of use of the Printer Binary operation. 

3. Define what allows information transfer to the printer at "1 "time only 
for a Printer Binary operation. 

4. Define when End of Record is recognized on a Printer Binary operation. 

5. List the major objectives for a Printer Read Select operation. 

6. List the three triggers that allow information transfer for a Printer Read 
Select operation. 

7. Define the number of CB sets and CB resets that occur for one print cycle 
of a Printer Read Select operation. 

8. Define when End of Record occurs for a Printer Read Select operation. 

With reference we must be able to accomplish the following: 

9. Trace the circuitry that is used to place the printer in ready status on the 
716 wiring diagram. 

10. Trace all circuits shown on Figure 73, 74, and 75 of IRM through the ALDIs. 

Reading As signment: 

Review Que stions: 

IRM Pages 108-111 
711,716,721 Manual of Instruction 
Pages 84r 85, 97 - 100 

1. On a Printer Binary operation, how is printing controlled for just the 
"I row"? 

2. Does Basic CA U operate normally on a Printer Binary operation, with the 
exception of Write Pulse Control? 

3. On a Read Printer Operation, how many times is the Read Cards trigger 
turned ON? 

4. On a Read Printer operation, how long does the Write Cards trigger stay on 
after it is turned on by printer read select? 
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5. On a Printer Read Select operation, when is the Channel Write Cards 
trigger turned off? 

6. Referring to question 6, why is the trigger turned off at that time? 

7. When does the EOR pulse occur for a Printer Read Select? 

8. What prevents Channel write cards and Write Cards triggers from being 
turned ON during the last 7 echo times? 

9. When will the word used to set up the analyzer at 11 left time of a 
Printer Read S elect be loaded into the DR ? 

10. An RDS 'printer operation was initiated using the following I/O program. 

1000 IOCP 100,,22 

" 200,,2 
" 122" 2 
II 202,,2 
" 124,,2 

" 204, ,2 

" 126, , 2 
IOCD 206,,20 

The card image locations (100-127) contain the following phrase: 

THE LITTLE RED FOX 

The following was printed: 

727 697767 +72 23-

The echo image locations (200-225) contained only the following: 

Loc. 212 
Loc. 216 
Loc. 222 

000 
000 
000 

000000 
000000 
010000 

000 
100 
000 

All other echo image locations are blank. 

NOTE: 

001 
000 
000 

1. All numeric value s except thos e printed on the 716 are octal. 
2. All print magnets are wired to Calc exit left hubs and the Echo 

hubs to Calc entry left hubs. 
3. An analyzer mechanical timing chart is located on page 49 of the 

711, 716, and 721 Manual of Instruction. 
4. The following indications were noted on the DC console: 

OpReg. - Zero 
WC - Zero 
CAC - 226 
LC - 1010 
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5. If at this tim.e you are not scream.ing and pulling your hair out, 
you apparently don't understand the problem.. 

What m.achine failure could cause this problem.? (Lim.it answers to logic 
contained in CAU. ) 

I. 18 Sense Operations 

Jj ective s: Without reference we m.ust be able to accom.plish the following: 

Define the purpose of the sense instructions. 

Define the num.ber of sense entrie s that are available to CPU. 

Define the num.ber of sense exits available to the Punch and to the Printer. 

Describe an exam.ple of use for the sense exits to the punch, to the printer, 
and to the sens e entry from. the printer. 

With reference we m.ust be able to accom.plish the following: 

Trace the circuitry used for the sense instructions through the ALD' sand 
card m.achine wiring diagram.s. 

eading As signm.ent: IRM Pages 111-113 
7090 Reference Manual Page 40 -41 

eview Que stions: 

What is the use of sense operations on card m.achines? 

How could a sense instruction cause an overflow in the printer? 

How m.any sense exits for the Card Punch? 

How m.any sense entries to CPU? 

What are som.e of the uses of the printer sense exits? 

When picked, the Sense Punch will continue to em.it a pulse every cycle 
until the punch is disconnected. Explain how this is accom.plished. 

Using the following program., explain the purposes of the +A at 5A 
(Extender at 5B included) and the +A at 5C, 60.36.02.2. 

WRS 
RCH 
CLA 
NOP 
PSE 
ADD 

RDS 
RCH 

HTR 

PU 
Y 
X 
Z 
1342 
X + 1 

CR 
K 

Y = IOCD, 30, 100 

K = IOCD, 30, 1000 
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8. How does aPSE 1341 instruction end operation when no card machine 
is selected (ie. Punch or Printer)? 

08. 19 Manual Operations 

Objectives: Without reference we must be able to accomplish the following: 

1. Define the use of any switch or group of switches on the 7617 that are 
associated with card machine manual operations. 

2. Write the program that the Load Cards key simulates. 

3. Describe the operation of CAU circuitry when using the hand key with the 
card cycle switch off. With card cycle switch on. 

With reference we must be able to accomplish the following: 

4. Trace the circuits associated with any manual key through the ALD I s. 

5. Trace the Load Cards key operation in the ALD I s using Figure 6 in the 
IRM. 

Reading Assignment: IRM Pages 27, 111-113 

Review Questions: 

1. With card cycle switch on, depressing and releasing the hand key causes 
the card ring to step far enough to get one gate. What stops the card ring 
from stepping after we get the gate? 

2. On a load cards operation, how does the system know when location one 
contains the fir st instruction? 

, 3. On a load cards operation, how do we get the Location Counter to Zero? 

4. What is the purpose of the "print binary" switch? 

5. Do we set a Channel Unit Select Trigger when the Read Card Reader key 
is depressed? Why? 
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SIMULATED MACHINE ERROR ANALYSIS PROBLEMS 

On the following pages you will find simulated data channel llbugs". These are 
depicted via a picture of the data channel console on which is recorded the status 
of the indicator s. The following convention will be used to indicate the status of 
the indicators. 

Indicator appears to be on solid -

Indicator appears to be flickering -

When working with the problems, your objective will be to: 

1. Determine what is wrong with the operation de scribed. 

2. Be sure you are aware of how it should have operated. 

3. Being as specific as possible, pick a trigger or control 
line which, if failing, could cause the indications shown. 

4. Be sure your solution will satisfy all the indications. 

The answers, including a brief explanation, can be found at the end of the review 
question answers for Data Channel. 

The sequence for working these problems will be controlled by the review questions. 
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PI TAPE CARD 
1M CYCLE CYClE 

@ @ ~ 
CS CS STOP 
ItO RI OM ERR 

@ @ ~ 

,----SKEW REG A De cac CRe C8 
I I I 2. 4 8 16 32 64. 128 256 BESET I I 2. 3 4 51 I 2. 3 4 5 I TGif 

.OO~~900PC;M?9,OOOTAQu£i~QOOO,~Q~Q~~gS?9Qc;9 
o 0 0 0 0 0 0 0 0 0 000 0 0 10 000 00 () 0 6 0 0 0 0 0 6,0 () 
fO 0 ooEGo 00'6 o6'~ t5~ 5 e (j C;t5 ....... <3 ~.~ 000 Q ~ ~ t5'8 0 

CARO •• '0 0 0 0 0 0'0 TO 00150 0'0 000 0 o'~ S ~ ~ <3 ~ 0 ~ ~ <5 ~ gao ~ 
100000 O'OTOROO'SO 0 '0000 0 ot~ <5 ~o a r3 a <5 c3 f5 ~ <5 c3 t3 (5 

N 

'"'"' 0" 

DATA REGISTER 

0
24 025 ,jL t~g~jj1~ ~ 031 A ~).tf.:.,~j 
_~~~u U~.'~_~;' 

o 0 Oi0L€)~€l0 0 _boo: 
l~:::ci1~ f;·:: .. " .. ' .• i o 0 O~Q;[}010 0 _:_0 0:1 

-~~~~~,Qj 
r-0P REG WORD COUNT r-0P REG AOORESS/LOCATlON----------, 

5 I 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

flD WR WEOF RWD 8 REC B FILE STOP If 0 Wit WR 
TAPE TAPE SEL SEL SEt SEl WR CR Pfl PU RESET 

,", ~~~~~g~~~-
~- ...... - ~---_.~~=.~ .. ~;4~~ ~~r-""'Z!"t:e~,m 

Auto-On Line Status 
Program: 

ORG 7 
GO WTDA 5 

RCHA X 
REWA 4 
HPR 

X IOCP GO
" 

5 
IORT X" Z 

§ i i FY" ,UI I ·1;'1 e:IIgm I I mEEt I I Bf¥f#t 
UNIT 

SELECT 
I 

LO LO ST ON 
lOC DATA DATA LO BCD DIS" OFF 
CTR REG REG COMO SEL STG liNE MANuAL 

E1!·::EeEEEi~"·IZE'''Erl~J .' ., ..... ' ... '. 2!_ ... , 

Symptoms: 
CPU hangs in L time 
Prog. Reg. = +772 
Prog. Ctro = 128 

What is the trouble? 
'"'"' 



N 
!-I 

....J 

PR TAPE CARD 
BIN CYClE CYClE 

@ @ @ 
cs es STOP 
RO RI ON ERR 

@ @ ~ 

CARO *§ 

r---- SKEW REG A DC CBC CRe e8 
I t 4 8 16 3t 64 ItS Z56 RESET I I 2 3 4 5 I I 2 3 4 5 I TGR 

000000000000000000000000000000000 
I SKEW REG B I I 2 we 4 8 I TAPE UNIT SELECT 0-9 I ~ WI ~ CARl) CARO g:}~ h~ t&¥E Cf CC ff ~S 

OOOOOOOOooooooeooooooOOOO~000060~ 
r R/W REG I If--n T aD aD RD aD START ~ WI WI WR WI ,- 8J(SP 8FlLE BltSP 8nD RWO ERASE SDD CHK ISH I~C 

,0 000 0 o.oTQ~~(sQ C5,O l) I i C5,~ 112 ~ ~ Q ~ ~ ~ t ~, 9 ~ 
ooooooooooooooooooououueooooooeoe 
....-------_-T'APE REGISTER(18-35) eow sew Pf/OC eow sew SYNC SYNC OEM rer TRAP EOF CWT INO LO E!'it:: 

'0 0 0 0 0 0 '0 "0 0 0 0 0 ' 0 0 0 0 0 oil) () () 0 0 () 0 () 0 0 0 0 0 0 6 
DATA REGISTER 

~~~ g~~ ~1'lg ~ ~II~~ ~~:g~: 
o 0 o~tt2if~O 0 O~Oc~0;crO 00:00 0·: 
~;~:;~;f'J:'C'~~'\"!~'t;'~"~"m'3?~ -at, ~".,. t'ZS; 

Q~OSil~&~:QQ~iQQlJ~Q~.!J 
r-0P REG WORD COUNT-----------., r-0P REG ADDRESS I LOCATlON----------, 

S I to 12!3 14 15 16 17 

RD WR WEOF RWO 8 aEC 8 FILE STOP RD wa wa 
TAPE TAPE SEl SEt SEL SEt WR CR PR PU RESET 

~~~~9~~!rJ!;=~~ 
~~=~ ~ ... ~~~~~-:::; 

Operation: 
Manual ON LINE 
Load IOeD 0, , 3 octal 
Depress Write Tape 

" 

UNIT 
SELECT 

18 19 20 26 

LD LO ST ON 
Loe DATA DATA LD BCD 0151' OFF 
eTR REG REG COMO Sfl ST'> UNE MANUAL 

at~.f!EI::lttEZl2t·:"E~-I~l ,: .. 17k! ;; - . '. ,. , • 

Other Symptoms.: 
Tape is moving constantly 
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PR TAPE CARO 
8JH CYClE CYCt.E 

@ @ @ 
cs es STOP 
RO HI ON ERR 

@ @ ~ 

CARD 

,.----SKEW REG A I J 2 • 8 16 DC It 64 128 256 RESET I I l C~C 4 5 I I 2 C~ 4 5 I T~\ 

,0 0 ~~9 0 O,C? ~ • .c! ~.o 0 0T£tu£t~Q 0 0 0.9 \( Cif Q ~ ~ ~ ~ <;( Q 9)? 
0000000@000000_0000000000uooo0600 
f® ® ®'@EGG) 0 0'6 <3 6'~ t3~ ~ 11.3 e·· fi <3~8~ 81SP 81WO 001 a ~ I~ 0 

•• 10 0 ..... 0 TO 00158 0' •• 0 0 0 o'~ ~ ~ ~ gig ~ (!5 a ~ ~ i 8. 
'00 e 0 0 O'OTOROTOISO ole 0 e 0 OOI~ ~ ao 0 ~ ~ ~ a e5 f5 f5 <3 c3 6 

N 
....... 
00 

DATA REGISTER 

666 

r-0P REG WORD COUNT-~----------r 
S I 9 10 12 13 14 15 t6 17 

r-0P REG AODRESS/LOCATlON----------r 

~ I r=ta=I I I EEEI I I e::tEl .~ .,~;~.~== ~= _ .~.~ .~;.~.:' 2, 

liD WR WEOF RWD 8 REC 8 FIlE STOP Rl) WR WR 
TAPE· TAPE SEL SEL SEL SEL WR CR PR PU RESET 

.. _:~ i3 = llL' 

Operation: 
Manual ON LINE 
~oa.d IoeD 0, , 3 octal 
Depress Write Tape 

" 

UNIT 
SELECT 

f8 19 20 21 22 23 24 25 26 27 28 

1;< I tift] I I I &:3ii 
LO LD Sf ON 

LOC DATA DATA LO Bce DIS" OFF 
eTR REG REG COMO SfL. ST!j LINE MANUAL 

E.·~J;=~EEiI~-~I2I~··~FI·~J 
--Of nAA ·"·f k··.. f 

Othe 1" Symptoms: 
Tape moves constantly 
we Running 
R/W Reg Indicators blinking 

w ., 



.1 1IPE c:Aa 
• CIa.£ aa.£ 

@ ~ ~ 
-. -SKEW REB A I I I 4 • • DC. .. 121 I5t IIESn' i I 2 ~ 4 5 i I Z ~ 4 5 I:' 

OOOOOOOOOPOOOOOOOOOOOQOOQOQQQQQ9° 
cs cs snIP 
.0 RI GIl ERR 

@ @ ~ 

CiAO 

.3 

:000:0:00 0:<9 ~ (HOO ~/;Q.QQ Q Q Q'Q~!J ~ ~ ~ ~ ~ Q Q ~~ 
,0 008 00,0T~~(S-~t5,e ~ 'I1(')~QtI9 ~.~ Q Q.~ QI ~ ~ 9 q 
o 0 e e e e 0 0 0 0 0 0 e e 0 0 0 0' 0 C> () () () e 0 (j 0 I 0 0 e 0 I 
'00 eo 0 O'OTOROLmO'80 o'e 0 eo oot~ ~ ~o a ~~ ~a 5 <3 a ~ <30 

N 
I-' 

'" 

DATA REGISTER 

6' 6~~1i() CJ 26 ~~~. 6 '~6~6~ 
DPREG ~i:;~~~ o~~~ ;,.;.: 

o 0 0ll~.o 0 op·@:.~o 00:0. 0; 
o 0 o~il~o 0 o~ooo 0 0:0:'0 o~; 
~~ii.~~~~·~J}.ti 

r-0P REG WORD COUNT------------: r-0P REG ADDRESS/l.OCAnON---------
S! 4 10 II 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 Z7 28 29 30 31 32 33 34 ~5 

RO WIt 'WEor IlWO 8 R£t B FILE STOP RO .. .. 
TAPE TAPf SEl SEl SEL SEl W" CR PI PU RESET 

~~~~~~5Jffi~~;=: 
~~=~=~~~~~:=: 

Operation: 

Manual ON LINE 
LOAD IOeD OJ, 3 octal 
Depress Write Tape 

, Q & _ k~ •• a a • &. _ • 

I I Oq: I EEEt I I ~cEI I I EI:!EJ 
UNIT 

SELECT 

.-~~ LD LD Sf 0tI 
LOC DATA OATA LO BCD DIS" OFF 
eTR R£G REG COMD SEL S1'; LINE 

Othe r Symptoms: 
Tape moving constantly 
we Running 
R/ W indicators blinking 

MANvAL 

~ . 



fiR DIE CMI 
• C'ICL£ aQ£ 

-, -SKEW RES A ill 4 • II DC 32 611 t2I 2M lIOETi I 1 ~ 4 5 i, 1 a: 4 5 i ~ 

@ ~ ~ 
cs cs SlOP 

.0 0 ~<l9 00,9 9.r! 9.0 0 0~u£lS£Q,0 009 Q ~ Q ~~ ~ i; Q Q 9)? 
oooooooooooeooooooooo~OoOo~oo66oo .0 II 011 ERR 

@ ~ ~ 

CARD 

•• 
'0 ° ooRBo0. 0. '6oo~t5!3~il(3t5~ij"~~~QoQI~~1~0 
I ,. Tooctoo'oooooo'loo~~_~~~~a~'oi 
~6-()-o6 o 61bTOR06TEOI80 0 10 000 0 ot~ ~ ~ a a ~ ~ ~ <3 ~ ~ 5 ~ t5 6 

DATA REGISTER 

I"" ~.J.'.!'-_.~ IS'::;O t A -;~f'~~,,-.. 6 1 ..~ 

;~-~~u~tg};" 00 
o O. 0 Oc~O::~ 0 

~. illl •• ~~~~'"i-'-' 
,---OP REG WORD COUNT I 

S ! l 10 II 12 /3 14 15 16 17 

110 WI! W£Of IWO 8 R£C 8 FlU STOP RO WI! WI! 
TAP[ TAP[ SEt SEt SEt SEl WR ell Pfl Ptl RESfT 

~~~~~~515~~~ 
~~=~==~~~=-::== 

Operation: 

Manual/ on line 
Load - IOCD 0, R 4 
Depress WR. Tape 

'-~6 0 6.1.0 6 6~~'~~ 
00 OP:J1fi.(lO 0 OttO 0; 

~.~ ;.:.; 

._dO 0 OQ~0:GO 0 0'00 c) 
::-~~.:~~~~~:~~;t1~,,~~.~';;;iJ';;~~ .~.~. ~:.'5. 

~~-0'V~··<&f·-:·O·~O'("":'\"o.··· 0···· {' ... ;Ji';;.[,",~V:": J;.;...J . . "..~, - ..... -~; __ .. :-. ,0,>-
~ ~&isr=~'15 l!··;i~WJri~~~~~~;':~.~·~--.<.~~~ 

r-0P REG ADORESS/lOCATIOH---------
18 Hi 20 21 22 23 24 25 26 zr 28 29 30 

i i 

to to Sf Of! 
I.OC OATA DATA lO BCD DIS!.' OFF 
CTR II£G REG CO¥D SfL ST~ LINE ¥ANiJAi. 

EE[~~EEEffiEtr;[ •• J 
Other Symptoms: 

Tape runs away 
W .. C. Ran 
R. C. Ran 
D. C. Ran 

0'1 . 



"I TIlE CMD 
- C1Q,.[ C1Q,.[ 

@ ~ 181 
cs CS STOP 
ItO II 011 En 

@ ~ ~ 

___ -SKEW REG A DC CIC CIC CI 
I I I ! 4 • .. • M 121 Z5I lBET i I ! 3 4 5 i I r J 4 5 I TIl 

000000000000000000000QOOOOQOOOOOO 
'000'00 0 0'6 6

K

6 6'0 a oT.ODO a 0 O'~ E> ~ ~ ~ () ~ ~ (5 6 <!> <3 
:.oooR£B··I·:~~s-~~,~~tIE)t5,ii~~~~QQ~Qle~9Q 

CAlif) 

•• OOOOOOOOOoooooooooe~o~~ee~o~oooo~ 100 a 0 00'OT000I80 0'00 00 OOi~ ~ ao a ~5 ~a ~ ~ a t3 56 

N 
N ..... 

OATA REGISTER 

m' '~~' T, '~;-I1P~ ~~81(\ ~ (\~m 
:.~r·:W:,-:t' ... ~ftjIF:~·,.IJ1 

r-op REG WORD COUNT 
S i 4 5 6 8 9 10 II 12 13 I" IS 16 17 

• 0 6._0' i~[~" 6¢'8'6;' 
o

l1Po ol.o 0 oE~o 0 o~' e" 
o 0 o~~~o 0 OQ~@:ao 0 0·0 0 0': 
~~~~t~'~V"~:'o~C~~-ii~a:Jk-~_A; ~~~~~:..~;:_v~~~;...,. ;.9;.;;~~O~Qy~ 
r-0P REG ADDRESS/LOCAnON---------

18 19 20 21 Z2 23 24 2S 26 Z7 28 29 30 3' 32 n 34 ~5 

EI I Ef::a I I ElGIE I I E3~1}1Is.1 I ,·lfS?IJEI I I EriE' I I EIfEl 
10 WI W£Of' IWO 8 REt 8 fII.£ SlOP RO WIt ft 

TIP[ TAPE SEt sa SEL SEL Wit Cit PI PU RESET 

~~=-ll:!l':-.t-Z:;::!!!3z!:!"""""'-
." ~ ~ ---t -:--'1 - " ;;;;;;.;l ~ -:-:"' --:"! ---

":-:-::l~=~==~~~~~=: 

Operation: 
Manual ON LINE 
Load IOCD 0, $ 7 
Depress Write Tape 

• 

IIHiT 
SELECT 

I 
LD LD ST 
Lot DATI OATA LO Bel 
CTR REG REi co.o SEi. 

011 
DIS" OFF 
S~ LlJiE IIIAlllliAL 

=-~~~P~~~9~~ , 
==:::::=~==~:==~ 

Other Symptoms: 
Tape has stopped 
DC is rippling 

~ 



PI DP£ CAe 
• C1Q.£ t1Q£ 

@~~ 
cs cs snIP 
10 II 011 Ell 

@ ~ ~ 

taO 

--SKEW lIB 1 DC CIC cae CI 
iii 1 4 • .. • If .. Z5I IIOfTI I z. S 4 5 I I 2 S 4 5 i lU 

,0 0 ~~9 ° Ole!? <fwcCi} C;:,0 0 0T~£I~~ 00 010 Q Q Q QQ Q Q Q Q 9 0 
aoooooooooooooeoooooo~~~~~~aI6666 
'0 oaR/aREGo 0 efc) oo~ () I ~ ~ i~t5 ~ .. WI <3;l{~ 0 - 0 fJ& I = ~l~ 0 
I I TAPE REGISTEII 1S-J7I ~ t ~ II< \rt • - Q WI' Q .,. t t& ~I >or 

eeS; 000000000000'00000 ole () I<J lee 00 () 0 0 0 b () 
loa 0 0 0 OIOTO ROO~O 0'0 0 0 0 0 at ~ ~ ~ a 0 ~ ~ ~ 5 ~~ r5 ~ 3 6 

N 
N 
N 

DATA REGISTER 

6 6 (jif~.o 0 ()~~~~6 6 o;i5:6:8~ 
d'G ollt10 0 o~~o 0 o~ •• ' 
o 0 O~~~O 0 O(}{):(JO 00'0 0 0: 
~2:~t?~~~t~£~;~~~r'~~:~~~···~·;i-:c~ -~ "~':~' P:: 
~~~~~~~·~Q~~~QQQ~ldQ~~ 

r-OP REG WORD COUNT----------
S ! 4 6 8 10" 12 13 14 15 16 17 

~ I E![::El __ l_ L1!E2EITI_1I£tlJtJI rI~]--f}?II;EI I I EEEJ:I I EI~ 
10 "" W£Or AWl) alE a FU $!UP • WI .. 

TU£ TJII[ sa sa SEL sa ft CR PI PlI tI£S£T 

~~~~~~~~~-~ 
~d~~~~~~~~~ 

Operation: 
Manual On Line 
Load IOCD 0, J 7 
Depress Write Tape 

s~ 

~. ~ 

* * * Words written were composed of zeros. in storage. 

La La Si Oft 
LOC OATA DATA tD em DI~ OF!" 
CTR REt; II£G COIIIti SEl m UHE IoIAH\IAi. 

EE~~,t:5t!EiEfirft:Ii~.-E7I.J 
Othe r Symptoms : 
Tape has stopped 
D. C. is rippling 

-.J 
o 



PI TAPE CAlC 
• aa..E C'ICU 

@ ~ @ 
cs cs $TOP 
to III 011 EIIII 

@ @ ~ 

CARl) 

SKEW REG A OC cae CIIC ct 
.,---- i I I • • " R M til ZSI llES£Ti It· S 4 5 i I I J • 5 I T10R 

00000000~0000®0000000QOOQOQOOOOOO 
'000000 016 6

wc

6 61
0 0 OT.UODO 0 0 O'~ ~ ~ ~ ~ C5 t5 e (56 6 c3 

r R/W REG I I 'f"-n ~ RO 1ft) RO 1ft) STUT ~ .. WIt WIt •• ~ ~ 8~ !lISP 100 no ERASE I CHI II~ 

roooooo.oT~~~S'17)~I(5~I' .1~t!~~·miQ~~~~~ 1& ~ ~ 
.3 oooooooooooooooooo,~ouueooouooeo. 10 000 0 OIOTO RomolBo 0'0 000 0 at ~ ~ a a a ~ ~ ~ a ~ 5 5 a c3 6 

N 
N 
IN 

DATA REGISTER 
.~ ,'''''':''' ~~""'S:"::"~. '.""""'"'.' ·.·.~d ..... ~ .,.' -.. -:'~.'.". '.- .:.:', 

.~ i. i.~."" .,:.'.: 
~ CoriH~ ::~:~.'.' 

ooq~~~ooo~~ee: 
"~o 0 0 ~a~Q:ao 0 0 '0' 0 0:' 

?:+~~'~:~··/C:~~r~.~ .... ;;:'-~ ~~ .. :k ~. ~::s 

F1£fQ;'O~~O'&Q·O·:O;-Qo;,n~ 
~3~·,t~~mm:.,,~~s ;?£:~~ .. ~~~~~~;;.;..::.:.~......,._.~~~~~ 

r--0P REG WORD COUNT·--.--------., 
SilO 12!3 14 15 16 17 

lOP REG ADORESS'LOCATlON--------~ 
18 19 20 21 22 23 24 25 26 rr 28 29 30 31 32 33 

110 11'11 WEor m 9 REt 9 F'I.£ STOP RO 11'11 WI! 
TAP'[ TAPE sn SEL Sfl SEl 11'11 ell PfI PU RESET 

.... ~~~~~~5~~~ 
~~~ ~===: .... =::=~===:; 

Operation: 
Manual ON LINE 
LOAD IOCD 0 1 i 7 
Depress Write Tape 

*Stg. Loc 0-7 contain all ones .. 

I I ELE212 
UHIT 

SELECT 

IIEBi±=llg~11Ifii 

~ ~ ~ ~ 
LOe CAll DATA to BCD OIS" OFI' 
CTR REG REG COMO SEL ST'; UNE IoIANtJAL 

Er.,t¥EllretpftEE .,-II·J 
Other Symptoms: 
Tape moving constantly 
D. C. rippling 

00 . 



N 
N 
;f::. 

'1 TAPE CMD 
fill( CTCI.£ t"I'CL.£ 

@ ~ @ 
cs CS STOP 
ItO .! OIl ERR 

~ ~ @ 

START IRE'S£T 

Operation: 

,____ _____ SKEW REG It DC C8C cae ca 
I I 2 4 • 16 Ii 64 I2J 25G IlESET I I 2 3 4 5 r I 2 3 4 5 ITGR 

000000000000000000000QOOOOQOQOOOO 
'0000000'66

wc

6 6'00 OT.UODO 00 O'e) ~~ 6.~() a a 6 0 6~ 
I R/W REG I I "2c.-" ~ c3 a ~ If 0 START STOP n ft II .. ft ~ 8~ 8ICSP arwo RWO ERASE I CHI( • I~ 

,OOOOOO,oT9rQ~(S_17J i 11~.i~tl~~-~Q~~~~~ f& ~ ~ 
o 0 0 0 0 0 0,0 00 0 0 0 0 0 0 000 () 0 u u e 0 00 u 0 0 eo. 
10 0 0 0 0 0 IOTO 00'90 0'0 000 0 ot ~ ~ 5 a a ~ ~ ~ c3 ~ 5 <3 c3 a 6 

DATA REGISTER 

" 

lD 
lOt 
en. 

(j 66t{o6~ 

Other Symptoms: 
Manual ON LINE Tape running away 

Do Co rippling Load Command - IOCP 0, , 3 
Stored in Loco 0 IOCD 4, I a 
Depress Write Tape I 

Stg. Lac. 1-7 are blank 

"'" . 



'1 TAf'£ CAItO 
.. C'I'CU CYClE 

@ @ @ 
cs CS STOP 
ItO Rf ON ERR 

@ ~ ~ 

CAR!) 

....---SKEW REG A DC cae CIIC C8 
I I ! .. • " 12 M 121 256 llESET i I ! 3 .. 5 I I ! J .. 5 i NIl 

OOOOOOO@@@@@@@@OOOOOOQOOOOQOOOOOO 
'000000016 2.0 6'eo OTOUODO 0 0 Oi~ E> ~ (3 ~ () a ~ 6 0 6c3 
• RlWIS " ~~8~" .. STMT(5" ...... ~ ='~"""""''''''I a. "TC~ rOOOOOO,OTQ~(S-:ll , C5li.,QII*~·~Q~~~Ul~')¥ ~ 

•• OOOOOOOOOOOOOOOOOooo~UUeOOOUooeo. TO 0 0 0 0 0' OTO 00'80 0'0 000 0 ot ~ ~ a 0 0 ~ ~ ~ e3 ~ ~ a a c3 6 

N 
N 
\J1 

Operation: 

1. The following program is in storage 
77776 IOCP 100, 0, 2 
77777 IORP 1000,0,77 
00000 

2. LOAD 
LOAD 

IOCD 0, 0, 0 

IOCP 1000, 0, 77 into channel 
Location counter with 77776 

3. With manual - on line, press write tape 

DATA REGISTER 

6 6 ~(f~ilo () cjl)f@~6 6 oZ5.86~~ 
OP REG ~~4~~i~~~ ~CoriN~ ':.:-" o 0 08~~®10 0 _D,~o;ae e ___ e: 

~coo;mi ,'. if 

o 0 OQ:():O~O 0 O'OCI 0 
'EMIItE.', 'JM~,.·rAPE".··~' ; ""'-"";-"""'" " - :-WC'" 4!) WI< ::lA~ 

-. cwr - (;K,' ~-, ,EDT" eo.. EOF z£rro Glt.""f GATE ,:J 'QO'&-o-o-oe Q=-O·('.~ 
~~~;.... ..... ~'~c:.;...~~ ___ ".w;~;',.~~. -:::.~~~~ 

rOP REG ADDRESS! LDCATION----------
18 19 20 21 22 23 24 25 26 t r 28 29 30 3! 32 33 !~ '5 

, ,,' & ... ~, a a z it a: fi I 

LO LO sr 
LOC DATA DATA LD 
CTR REG REG COMO 

Other Symptoms: 

Tape runs away 
WC Ran 
RC Ran 
DC is rippling 

011 
OIS" OFF 
51'; liNE WAIi"AL 

Note: Read operations also fail 
..... 
o 
c 



N 
N 
0' 

'11 TAPE CAIIO 
SKEW REG A OC cae cae C8 

.. CYCU CYCU 

@ ~ @ 
i I 2 .. • !6 J2 64 121 25f lESET i I 2 S .. 5 I I Z 5 .. 5 'TGfI 

OOOOOOOOOOOOOOOOOOOOO~OOOO~OOOOOO '0000000'6 ,0<6 6'00 O.ODOO 0 o'~ ~ ~ (3 ~ ~ a~ 6 0 b() cs CS STOP 
110 AI OHEIm 

~ ~ @ 

START IRE'SET 

, RlWREG , I ~6 .... III .. STMT~ ........ '" -~- _ ........ ~ ""15'(3 
1~~~~~~'~T§~~{S8~,g~~~0~,Q~Qggli§ii~i~og 
'00000 o'OTOROO'SO 0'00 00 oo'~ t3 ao 0 ~ ~ ~ c3 ~ c3 a a <3 <5 

110 ft WEor m 8 R£C e FILE STOP 110 v. 'II 
TAPE TAPE S£l Sfl SEl SEl WII ell f>fI PI.! RESET 

Operation: 
Manual ON LINE 
Load Command IOCD 0, j 7 
Depress Write Tape 
Stgo Lac 0-7 are ze ros 

DATA REGISTER 

12 13 14 Hi 16 !7 

.. 

--r----------AO!)RESS!LOCAnON---------~ 

Othe r Symptoms: 
Delay ctr. rippled and stopped 
Wr. clock ran 
Tape stopped 

I-' 

I-' 



,. TUE C.IIO 
... t1C..£ t1C..£ 

@ @ ~ 
CSCS SI'OP 
itO Itl OfCERR 

@ @ ~ 

CARO 

-, -SKEW REG A I, I. 4 • II
De

• 6i4 121 DlII£SET I I I. ~ 4 5 i,l. a:: 4 5 Ii:. 

,0 0 ~~? 0 O,C? 9 . .r} 9.0 0 o~£t~Q 00 O,r) <2 <it Q ~ ~ g S2 Q Q )()? 
ooooooQooooooooooooOuuOuOCSe66ou 

r-----R/W REG I I r-n ~ RD ~ RO RD STMr ~ WI II II .1 ft ~.~ EP &no II'ID ERASE I 011( ISTC '(3 

.;S; 
,000000,OT~~~ls.m~, ~~I ~,QQ~9~.~Q~~~~~~)! ~ 
oooooooooooooooooooaooueoaouoooou 

i 0 000 0 0' OTO RootSo 0'0 000 0 0 ' ~ ~ ~ a a 8 ~ ~ c3 ~ ~ a a t5 6 

N 
N 
....J 

DATA REGISTER 

I mr~~ A J1.. A ~£~3t~ ~ 6 A~)( A:A1: 6 6 <5 ~Jli~s~ U U U ~ft)':~~ U U ~~i,v t_P 
OP REG t.¥~~t~g\~ GResS· CoOKT9 ' ~ '~.'.,". 

o 0 0 ia.·'~::,,~\'~~, 0 0 0 p.:.:o; .. qO 0 0.-., , '.,0 e': 
m:~~l::~.. l.Q('A1"JOk COUHTal r " , o 0 O~f~~O 0 OQ~Q:GO 00'0 0 4t: 

~~rQ"'~·~;'Q~"~O'~~"O'~-O~ 'Q~:~,,~~ ~W~ d&~~~~'", "':~~~~~;";::'''-,"-,-:.~~~ 
r- OP REG WORD COUNT 1 

S ! 9 10 12 13 14 15 16 ,7 
rOP REG ADDRESS I LOCATlON---------

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 ~5 

~, l:--eea I _I EEEI-]--]---EE71tEI [I I liBEl -rr-EJ¥!EI 1 1--m~3jpl 
ItO ., wror RWt) 81t£C e FILE STOP itO ft ft 

TAPE TAPE SEt. SEL SEL SEL .It ell PII PU RESET 

~~~~~?§J~~~~ ---- -................... -'-_ .......... .. _~-==t1h....,,:>!l ......... ~ ~"""'---:r .... ~ft.«)~~ 

Operation: 
Manual ON LINE 
Load Command IORP 0, I 3 
Stored in Lac 0 IOCD 4, • 3 
Depress Write Tape 

La LD $T ON 
LOt OATA DATA LO Ben DIS" OF" 
eTR REG REG COMO SEL srr, LiNE r.tANUA~ 

~~~~~!!~~!!1!e:!--=toWi'IoIldk:.aiiJ~&oiIIrI!!oiI"""-"'~_"""":" 

Othe r Symptoms: 
Tape has stopped 

...... 
N . 



PR TAPE CARO 
8'" CYCt.E CYCI.£ 

@ @ @ 
es cs STOP 
RO R! Off ERR 

@ ~ @ 

CARt) 
HANO KEY START/RESET 

r---- SKEW REG A DC cac eRC C8 
I I 1 4 a 16 32 64 128 256 R£SETI I 2 3 4 5 i I 2 3 4 5 I TGR 

cO 0 ~<l9 0 O,C?9J? 9,0 0 0TQ£?~Q 00 o,gQ ~ Q Q~ ~ ~ 99 Cif)l 
,00 Q,PRE60 0 O,C? ~ 9,~ ~Q 9 Q Q,~g Q Q Q ~ ~.Q g 2 Q Q

1
' Q ~,~<5 

,OOOOOO,OTQ~~SQ~,()l)~' ,o~~~~~~Q~~2 YRC ~~9~ 
ef& eSJe 

OOOOOOOOOOOOOOOOOOOuOuuoooooooooo 
'0000 0 O'OTOROO'BO 0'00000 o'~ ~ 50 0 ~ ~ ~ f5 ~ <3 f5 <3 a (5 

N 
N 
(X) 

DATA REGISTER 

r-0P REG WORD COUNT----------
SilO II 12 13 14 15 16 17 

flO IR 'EOF RWD e REe 8 FilE STOP RD IR IfR 
TAPE TAPE SEL SEL SEL SEL IR CR PH PU RESET 

~ ~ia ~ ~ ~ ~ g~ ~ ~;:::: ----- "I"'"'"""!-----~ ~ ~t:c ~A ~:.diif ~..,;. ~ ~ __ 1': -~.:rl --""" ... ~~ .. 

Operation: 
Manual ON LINE 
Load Commetnd 
Stored in Loc 0 

1 
2 
3 
4 
5 
6 

Write Tape 

IORP 500, i 77777 
IORP 500, $ 77777 
IORP 500,. 77777 
IORP 500" 77777 
IORP 500. t 77777 
IORP 500" 77777 
IORP 500, I 77777 
lOCO GlI li 0 

,;i.li4':f 

24 () 2t 1i;~~~6 6 6 ~(5)6;~ o 0 ~~~. . :;:;;<;,<_~ 
o 0 OIt~.:~~J2l0 0 OPO 01 

L~'~?··-,·.·.·; o 0 0 ~(}\G.)~ 0 0 0 :"' __ ;i 
~!i:~~5:~~?&<~:~~,] 

.~cp~";~-~Q'~J 
r-0P REG ADDRESS I LOCATION--------""'"l 

18 19 20 21 22 23 _ 32 33 34 35 
& • • E!2£a 

LD LO ST ON 
LOC DATA DATA LO aCD DIS" OFF 
erR REG REG COMO SEL ST~ LINE MANUAL 

~~~~~~~~~~~ 
====:t=d'l.':.::=~':== 

Other SymEtoms 
1. Further investigation reveals 

o1'l.ly ,2 reCC)l~dB on tape .. 

..... 
~ 



PR TAPE CARD 
81N CYClE CYCl£ 

@ ~ ~ 
CS CS STOP 
AO AI ON EAA 

@ ~ ~ 

CARD 
HAND KEY START/AESET 

""-1 - SKEW REG A I I 2 4 8 " DC 51 &4 I2t 2M RES£T I I 2 e~e 4 5 i I 2 C~ 4 5 I T~\ 
OOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOO 
'0000000'6 ·1<00'.0 OTAOODOOO o'~ ~~ ~ ~~ a~ 6068 
, R/WREG , I ~I .. ~ i ~ ~ ~ 8 ~ .. a ~ ~' 8;' BlCSP 8rwo RWO ERASE I CHK fSTll~ 
.000000,oTQ~~(S.'7)1, I~Q p "e:iQ~~~I~~~~I~ 

0~ eSJe 
OOOOOOOOOOOOOOOOOOO~ oaOuooeou 

T.'APE REGISTER(18-35) 8 ee. PROC BOW 8CW U YI DEM Tcr TRAP £OF CWT INO LO ENe 

'000000'00000 0'0 0 00 OO'U CS ()O 0 U U ~() 00 (j() 0 6 

N 
N 
-..0 

DATA REGISTER 

A A A ~'!~'.'~.~~.~··~::;~.:"'.I··~."~.·.~.'~ 24 ~ A tS:.O;-.'~.~~ .. ':"\.:.::'~-.: .. :'~~)R.. A A ~~.;:: .. ').{".·"A;': UDP~ U~~~,; 0 U U~~U U u~'yt)·: 
o 0 01:;"3/'1~~~~: 0 0 O(0.:··o~ao 0 00'0 O'! 

:,:,;,::f~;~5~::~ . L~:~~ .. ,. ,i t ~.':.:' .... , . ; a O.9;i~:,~~'~~~;~,~~Qg,~~9 Q; 
~~:~: ,'~:'A~::~~!~;:':~i~f~~ii~C?:~~~~Q~~QLQ~~~Qj 

r-0P REG WORD COUNT rOP REG AODRESS/LOCATlON--------...., 
s I 9 10 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 21 28 30 31 32 33 34 35 

311 IIB~ et I e~l5I-r I .. EEEfTl--EfElZI [mr~':[ ••• mmt·····I· "mtPtEI I I aMI 
RO WR .EOF RWO 8 REC 8 FILE STOP RO 'R WR 

TAPE TAPE SEL SEL SEL SEL WR CR ~A PU RESET 

;gg~~~g~~~~ 

Manual ON LINE 
Load IOeD 0, , Z 
Depress READ TAPE 

There are many 5 word records of all bits on tape. 

UNIT 
SEl.ECT 

I 
l.0 LO ST ON 
LOC DATA DATA LO aCD OISP OFF 
eTR REG REG COMO SEL ST~ LINE MANuAL 

~~~~~~~~~~~ 
=-==~~==~-=== 

Other Syn1ptoms 
1. Tape runs away 
2. D. C. is rippling 

..... 
~ . 



'I TAPE c.uo 
III t'fCtE t'fCtE 

@ ~ ~ 
CS CS STOP 
10 It! ON ERR 

.--___ .m SKEW REG A DC cae CIIC CI 
I I ! .. • It 12 14 t2I 251 II£S£TI I 1 5 4 S J I Z J .. 5 I TIlt 

o 000 0 0 0 @ @WC@ @ @ @ 0 0 0.0 0 0 0 0 Q Q Q goo 0 0 Q 0 0 0 

~ .~ ~ 
, , TAP! REGISTER (5-171 ·If Q ~ \,l 'il!i Q ~ \\If 9 .,. \I 'I ~ ~ 

CARD 

63 

'0000000'0000' 000000000'(~H~5()~5~~60~c5 
'0 OOORfGO 0 0'6 001 I ~ 'i ~~e"" n ~ M~ IISP ano a ERASE I ~ ~I~ 0 
000000000000'000000'_(5 () l) e 0 ao cs 0 0.00 
'0000 O'O'OTOO$TEOISOO'O 0 00 oot~ <3 ~o 0 r3~ ~a ~~ f3~ ~ 6 

N 
<A 
o 

DATA REGISTER 

r-OP REG WORD COUNT-----""'"----
S I 9 10 12 13 14 15 16 17 

e ................. I ..... ~.~ ..... E~ ............ l .. I EEEf=t-·l··········Eli.;I·ZI 
RD WR wEor ItW1) B REe e FIl.E STOP RD WR WR 

TAP£ TAPE SEL SEL SEL. SEL WR CR PR PU RESET 

~~~~z:j?5fE3~~;= 
... .o..,J~=:J~ .......... ~~~~~~::= 

Operation: 

Manual ON LINE 
Load Command IOCD 0, , 2 
Depress Read Tape 

*There are many 5 word records on tape. 

6 () ~ (f(!JJo () 6 ~~~6 6 cj ~;6';fj:~ 
OP REG ~~,~~~~::~ ~~~ ;:~.: :-,~~. . .... 

o 0 0 e.,:~lG.l.~, •. J,~~.~ .. :~ 0 0 0 p.':' ,·.::o~.a.:.~.·., .. 1 0 0 00.".' '.' ...• 0; 
~~~~~~~).{ LQCA'I"IOtt COOIIf'fEJ ;. ":~.'. . . o 0 O~~~·e10 0 0 Q:(i):~O 0 0 '0 0 0.:; 

~~;?:~;~~~~~"~~~lt:~~~::<~~~"'··T~?~ r;;::"~ ,~Zr~ .... Jk., dre' ~~' .. 
~A~~~~~Q~~~Q~~;Q.~,~Q~ 
r-0P REG, AOORESS I LOCATlON--------, 

18 19 20 21 Z2 23 24 25 26 21 28 29 30 31 32 33 34 '!5 

I ,,' .11iI I I .&1 I I EI~ 
L.D L.O ST ON 
L.ot OATA DATA L.D BCD DISI) OFr 
CTR REG REG COMO m ST~ ~INE "ANUA~ 

~~!=!I~~!:!!:!!::!!:!a __ 
=...-"o~~~---...---~--..;;., 

Other Symptoms: 

D. C. Rippling 
Tape running away 
There is nothing in Storage 

Location 0 and 1. 

I-' 
(Jl . 



PII TAPE CAIID 
lIN CYet.E CYCt.£ 

@ ~ ~ 
CS CS STOP 
110 III ON ERR 

@ ~ ~ 

CARO 

.--------- SKEW REG A DC cac CRC C8 
I I 2 4 8 II 32 ... I. 2H II£StfI 1 2 3 4 5 I 1 2 3 4 5 I TGR 

OOOOOOOOOOOOOOOOOOOOOQOOQOOOOOOOO 
'0000000'0 '''06'00 OTOODO 00 o'~ t3 ~ 6 ~~ aa 6 6 ~8 
.- , TAPE REGiSTER (5-,71 , ,~ Q ~ 'fil{ Q ~ mo 9 , ~ i& ~I '!U 

~~ 

· R/oREGooo'o~,e~~e~~8A II 1I~~a~BKSPIKWDoEWE.I C"K~I~O 
-0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 C3 () 0 0 (j U () 0 0 0 0 U 
'0000 00'OTOROSTO'80 0'0 000 001~ ~ ~o 0 ~ (3 ~<3 ~~ a~ (5 (3 

N 
v.> .... 

r-0P REG WORD COUNT------------r 
S 1 9 10 12 13 14 15 16 17 

r-0P REG AODRESS/LOCATlON--------~ 
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

E • LL!EEa:a::C • • EZtZL.LMC C C E .. E ..• 

e-=~I~i5eI __ I_[ EEEI I I-EEIEI rT: I lIBEl I I EeEt I I Et~EJ 
110 WII WEOF RWO 8 REC 8 FILE STOP 110 IR WR 

TAPE' TAPE SEL SEL SEL SEL WII eR PR PU RESET 

~" ~~~~~~~~~:= .-. ;-, ..," .::::;::::J ~ ,- .. ~.;.;.,...;; ;";";'; __ '_ ,_., ........ ~ = .~L .. ~ ;~ .... ~'W..:..~j . '*' ~~ .....r..-.._ ... ,-~ ...... 4:1 __ ... ~. 

Manual On Line 
Lo~d IOeD O~ J 2 
Depress Read Tape 

* There are many 5 word records on tape. 

LO LO ST ON 
LOC OATA DATA LO aGO DIS" OFF 
CTR REG REG COMO SEL ST~ LINE MANUAL 

~~~;:q!Z:l~~~z:q~J:S 
........ - ---- --- - ---= .. ~ ==-=~ ................ -.. ~....- .... ~ 

Othe r Symptoms : 
1. Lac 0 contains the last word of the 1st record. 

2. Lac 1 contains the last word of the 2nd record. 

.... 
0" • 



1 CORE 
STORAGE 

./ 
....... 

7302 

PRINTER~ 

716 
~ 

CARD -READER 
711 

,--------------

CARD IL. 
: ....... 

~UNCH 72 1 

CONSOLE , 

7151 ~ 
-------------1 -'~'-----

" 
,It 

I 
~- MULTIPLEXOR I..... 
" I' 7606 

/1\ 

,~ 

...... DATA ... 
CHAN. 7607 MOD 

II' t ~ 

" ,It 

I 729 I 

~ 
I 729 I 

FIG. 01. 01 

232 

W CPU 
~ .,. 

7100 

Up to 8 channels/ s yste:m. 

DC 
CONSOLE 

Up to 10 Tape Unit s per Channel 
nter:m.ixed) (Mod. 2 or Mod. 4 i 



END of TAPE CARD 

(After Last Deck to be RUN) 

Next Job - with Control Cards 

CALL Exit 

This is your SYITlbolic PrograITl deck. 
(Call EXIT should be last thing executed. ) 
(END should be Last Card of your Job) 

FAP 

PRINT 

LIST 8 

CARDS COLUMN 

XEQ 

This is the ID for your job. 

DATE 

This is a Fortran Start Card if yours is the 

1 st job of a deck. 

Fig. 01.02 Deck Sequence 
233 

Monitor 
Control Cards 

for your 
job. 



IBM, Share 709 Symbolic Coding Form 

Problem 
MONITOR CONTROL CARD SEQUENCE 

Coder l~age or I [X]te 
THE LITTLE OLE WINE MAKER 

• i Location :! Operation I I Address; Tog, Decrement/Count Comments Identification 

I :, ~ 7 I. i i 72173 ~ 
i? ._'!:~~~.~~.\lJ:£A.B.J40ULD PRECEED THE FIRST JOB : ~ 
I . I , , 

* I-'-'--i ~~T;-'-------j i 
* I :=:=:='---l ~~ ~;~ r:A.i f-F-O-R-T-H-IS-J-O-B-.---(-Y-O-U-R-N-A-M-E-,-Y-O-U-R-J-O-B-N-A-M-E-)-------;----I 

,:~, __ ,_-_- ~~Q,-,_-----~: (USE TO EXECUTE YOUR JOB IF DESIRED) 

,~ ,_-_,_- ~~RPS_ C9LUM~ , USE TO GET ON LINE COL BIN OBJE 

* LIST 8 _ , _ , USE TO GET 2 COL LISTING WIT ITS) --'---' .-.--. -'- - - -, 
,:~ __ -_-_- P~INT __ -_-_-_1 (USE TO PRINT ON LINE 

* __ '_'_- FAP __ -_-_-_-~ TELLS MONITOR TO , , 
------- -------~ ~-+---------------------------------------------------------+------~ 

I I ,------ ----------~ ~~-----.. ------------------------------------------------------_r------~ 
, , YOUR SYMBOLIC PROGRAM CARDS '------ -'-' -'---'I 
I ------- ----------, 

, I 

i------- C~L~~X~T:-:-: (CALLS FOR MONITOR CONTROL WHEN JOB HAS 
1---,---'---- - - - - - -, 

,________ E:ND -___ -___ ---1 

I I E._r7_~~-IN..Y~.:ONE) SHOULD FOLLOW YOUR JOB ON CARD INPUT 
I I === ~~~D~O~D~lF-O-L-L-O-W--.-~--S-T-.-J-O-B--.---------------------------~---~ 

I I I (Typical layout for object deck to be punched on lime in col. bin. which 
~------- -----------1 I 

EE
l ------- -----------~ I can be later loaded and run under monitor controL)· 

I I 
,-------- ------------1 I 

------- -------______ , 
I I 

---- -------_-_-~I~----------------------------------------------------------------~-----
X28-0784 

Fig. 01.03 

~ 
('I') 

N 



11r., Share 709 Symbolic Coding Form 

Problem 
MONITOR CONTROL CARD SEQUENCE 

Coder aT THE PHANTOM I Dote 1 Page 

Identificotion Locotion I' Operation I Address: Tag, Decrement/Count 
: , , 

1 : 2 6j: 7 i8 -' , 72173 801 
1 ' i . I ~I--------------------------------------------------------------~.r-------~' 
1 ,_,F9B~A~?T~BT .Cl\R~~OULD PRECEED THE FIRST JOB I ---t 

I I , , :: : • • .~ ~:~1S TtL~ I.~.l-iC-A-R-D-F-O-R-T-H-IS-J-Q-B-.---------------------r-----, 
~:~, ,-,---,-4 'X~Q._._._._.~ : (EXECUTE JOB) 

Comments 

~:~ ,_._,_. I C~RPS. R9W_.~ I (ROW BINARY OBJECT PUNCHED ON LINE) 

'-'-'-' LI.ST.~._._,_._, "---------------~---------------_t_---___t 
~:~ PRINT 1 

'-'-'-' ._._._._._._-' 
* FAP , 

'-'-'-' '-'-'-'-'-'--'..-1 I 1 

ABS -l l~ (ABSOLUTE OBJECT PROGRAM DECK) . 
'-'-'-' ORG '-'-' 1 , 1000 (BEGIN PROG. IN ACTUAL ADDRESS 1000) J 
'-'-'-' .-.-'~ , 1 

ISTART , , 1 
, '-'-'-' '-'-'j i ;> (YOUR SYMBOLIC PROG. ) J 
r-'-'-'-' '-'-'-' I /1 

1--1 ._._._. ._._._' I j -.1 

I 'I I 
f--I_._.-._. _._._' I 

: CALL EXIT ' / 
ii-=== E~D= =0= = j L....-S-T-~+-R-T-------W-IT-H-A-B-S--O-L-U-T-E-V-A-R-IA-B-L-E-F-IE-L-D-O-F-'-' E-N-D-'-' ----1r------1 

r-t- , 1 

~.-.-.-. ,-,-,-,-,-,-1 ~--------.:!;~~~~~~~~~~~~~~~~~......r...u..;.'+-----1 

C o

_

o

_

o

_

o 

o __ o_o_o_o_o~ I END OF FILE CARD should follow each JOB 

~========~ I (END OF TAPE CARD should follow last JOB) 

1 I I 
r-'-'-'-' .-.--.-.--.-.~ 1~-------------.---------------------------------1r----,-----11 r±: (TJeEica 1 o~tfor row blllTi object prog. to be loaded by SE9AP 9 LEFT loader and run WITHOUT ~omtor. ); 

X26·0764 

Fig. 01. 04 

Lf) 

rrl 
N 



, 
D~ SOURCE MA9H 'UBRY BSS 

ERROR ~RROR SEARCll CNTL 

\12 11 10 9 8 

, 
E E 

( 0 GENERAL 0 
F DIAGNOSTIC F 

DEBUG SCAN FAP FAP SIGN DUMP 

II I ON 

7 6 5 4 3 2 

E E 
IlBRARY 0 FORTRAN COMPILER 0 

F RECORDS F 

13 - 34 

~------- -~-- ---- ~ 

FORTRAN SYSTEM TAPE 

C-T lOP 
SIM. 

1 0 

MONITOR 

MCORDS 
0- 12 

----

, 

=~ 

LO 
o 
..... 
o 
Q) 

J.4 
::s 
bO ..... 

rz.. 

'" ~ 
N 



GJ GJ [;J D GJ GJ 0 EJ B B 
FORTRAN INTER- INTER- INTER- PUNCH SYSTEM INPUT PRINT INTER-

..0 
0 

FUNCTION MEDIATE MEDIATE MEDIATE OUTPUT TAPE OUTPUT MEDIATE 
. ..... 

PDUMP 
0 

Q) 

DUMP J.t 
::I 
tlO 

-.-4 

~ 

LOGICAL 
TAPE 
NUMBER 8 2 3 7 1 5 6 4 

c-
('f) 

N 

TAPE ASSIGNMENTS 

FORTRAN MONITOR OPERATION 



1 5i67 

* DATE 5/24/62 

* THE 1 S THE I D CARD 

* XEQ 

* LIST 

* CARDS ROW 

* ~IBE 

C THE IS A COMMENT CARD AND WILL ALSO SERVE AS A PAGE HEADING CARD 
REWIND 8 

· · · · · · · CALL EXIT 
END 

72 

--

t
o 
.-I 

o 00 
v ('I') 
J.t N 
::s 
bO 
-" 
~ 



YES 

READ RES. 
VALUES FOR 
Rl R2 R3 

~RITE HEADINGS 
I 

SET UP MATRIX 
OF COEFFICIENTS 
USING RT MIN 

FIND INVERSE 
AND SAVE 

I 

SET UP MATRIX 
OF COEFFICIENTS 
USING RT MAX 

I 

FIND INVERSE 
AND SAVE 

SET SIXM 
TO 5V 

--------------------~====~--~ I "I 

I ADD • 5V I 
TO SIXM 

NO 

IS 
SIXM NOW 

=7V 

SET UP 
MATRIX OF 
CONSTANTS 

MULTIPLY 
EACH A-I 
BY CONSTANTS 

I 

FIND EACH 
N LEVEL 

fNRITE RESULTS 
\ II 12 13 N 

Figure 01.08 

239 

FROM Bl 

ON A3 

ON A3 



+30 

Figure 01. 09 

240 

-b 

~ 
+b 

J:. I 

v 

:tTl 
I 

I N 

P 

R3 
3.. \.II<. 

~~-, .•.. - .. ,~... . 

.47~k 
I<~ 

3 .. 080 J< (+w) 
.. 4 ~o rc; ( - tv) 

- f.. J. V 

-IJ.. 

DT 



I-xj ...... 
OQ 
~ 

N Ii 
~ CD 
...... 

0 ...... 
...... 
0 

* THIS IS AN EXAMPLE OF A LIBRARY FUNCTION 

* LIST 

* 
* 

A = 4. 
B = 9. 

C = SQRTF(A) + SQRTF(B) 

END (I, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 

00000 (FPT) 
00001 SQRT 
00002 $$ 
00003 
00004 
00005 2A 
00006 
00007 3A 
00010 
00011 4A 
00012 
00013 
00014 
00015 
00016 
00017 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 2047Dl 
00030 
00031 3) 
00032 
00033 6) 
00034 
00035 
00036 
00037 

BCD l(FPT) 
BCD lSQRT 
CLA (FPT) 
STO 8 
STZ 4)-205 
CLA 3) 
STOA 
CLA 3)+1 
STO B 
CLA B 
TSX SQRT,4 
STO 1)+1 
CLAA 
TSX SQRT, 4 
FAD 1)+1 
STO C 
RCD 
RLA *+4 
LCA 
TAF *+3 
TRA 1 
MON 0,0,3 
lOT 
HPR 1,7 
TRA 2047Dl 
OCT + 203400000000 
OCT +204440000000" 
OCT +233000000000 
OCT +000000377777 
OCT +000000000000 
OCT +000001000000 
OCT +000000000000 



I-%j ..... 
(JQ 

P 
N Ii 
H::o- CD 
N 

0 
...... 
...... 
...... 

* THIS IS AN EXAMPLE OF A BUILT - IN FUNCTION 

* LIST 

* 
* 

* 

A = -2. 
B = ABSF(A) 

K = -2 
L = XABSF(K) 

ENl) (1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 

00000 (FPT) 
00001 $$ 
00002 
00003 
00004 2A 
00005 
000063A 
00007 
00010 
00011 4A 
00012 
00013 5A 
00014 
00015 
00016 
00017 
00020 
00021 
00022 
00023 
00024 
00025 2047l)1 
00026 
00027 2) 
00030 3) 
00031 6) 
00032 
00033 
00034 
00035 

BCl) l(F]?T) 
CLA (FPT) 
STO 8 
STZ 4)-·205 
CLS 3) 
STOA 
CLAA 
SSP 
STO B 
CLS 2) 
STO K 
CLAK 
SSP 
STO L. 
RCl) 
RLA *+4 
LCA 
TAF *+3 
TRA 1 
MaN 0,0,3 
lOT 
HPR 1,7 
TRA 2047l)1 
OCT +000002000000 
OCT +202400000000 
OCT +233000000000 
OCT +0'00000377777 
OCT +000000000000 
OCT +0'00001000000 
OCT +000000000000 



~ 
1-'. 

(JQ 

~ 
N Ii 
..p.. CD 
wo 
~ 

~ 

N 

THIS IS AN EXAMPLE OF A SELF - DEFINED FUNCTION 

* LIST 

>!< 

* 
>:< 

:::c 

MYFUNCF (A, B, C) = A+B+C 

X = 2. 
Y = 3. 
Z = 4. 

TOTAL = MYFUNCF. (X, Y, Z) 

SUM = MYFUNCF (X, Y, Z) 

~ND (1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 

00000 (FPT) BCD I(FPT) 
00001 $$ CLA (FPT) 
00002 STO 8 
00003 STZ 4)-205 
000043A CLA 3) 
00005 STO X 
000064A CLA 3)+1 
00007 STO Y 
00010 5A CLA 3)+2 
00011 STO Z 
00012 6A CLAX 
00013 . STO 4)1 
00014 LDQ Y 
00015 STQ 4) 1+1 
00016 CLA Z 
00017 STO 4) 1+2 
00020 TSX MYFUNC, 4 
00021 STO TOTAL 
00022 7A CLAX 
00023 STO 4)1 

00024 LDQ Y 
00025 STQ 4)1+1 
00026 CLA Z 
00027 STO 4)1+2 
00030 TSX MYFUNC, 4 
000~1 STO SUM 
00032 RCD 
00033 RLA*+4 
00034 LCA 
00035 TAF *+3 
00036 TRA 1 
00037 MON 0,0,3 
00040 lOT 
00041 2047Dl HPR 1,7 
00042 TRA 2047Dl 
00043 MYFUNC CLA 4)1 
00044 FAD 4)1+1 
00045 FAD 4)1+2 
00046 TRA 1,4 
00047 3) OCT +202400000000 
00050 OCT +202600000000 
00051 OCT +203400000000 
00052 6) OCT +233000000000 
00053 OCT +000000377777 
00054 OCT +000000000000 
00055 OCT +000001000000 
00056 OCT +000000000000 
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DRIVER TERMINATOR TYPE OF 

Functional Card Functional Card CONDUCTOR 
APPLICATION Name Type Comments Name Type Corn.rn.ents 

here timing, noise, Any logic block Provides 

Ld pulse. shape are - - without a coupling R AK-- coupling Straight Wire 
W 

)t critical problems network network 

There many nearby Alloy N-N· 
Drives bases Straight Wire ircuits are to be DE AEWY Alloy p-p 

riven AEWZ Current input of convert 

usually from C blocks (maxi-

, block mum of 20) 

d 

DP DMYQ Drift N-N - - Drives bases of ~traight Wire 
, Drift P-P I conve rt blocks , . 

(from 4-10 bases) I Current Input 
1 usually from C block not widely separated 

DNYL I Drift N-N - - Drives bases of . Straight Wire 
t-xj DNYJ Drift P-P convert blocks ..... 

(JQ 

~ 
N "i 
t.J::a.. ('1) 
00 

0 I 
Current input (from 11 ... 40 bases) 
usually from C block. not widely 
Has 4 output pins and separated 

N load should be bal-
0 
01 anced to prevent 

signal skew 

To drive one critical Lo gic block without DL-- N ... N input at -3V 93 OHM Coax: 
! - ... DT 

circuit i a coupUng network DK-- P- P -input at .. 3V 
I (must not drive other DH ... - N-P input at OV 
I circuits) DJ-- P-N input at -6 V 

To drive many critical I EF-- N - N may .feed up N-P terminates OL 93 OHM Coax 
DL EG-- P-P to 5 circuits CBT DEYR P·N buffer between 

circuits at random 
KS-- I P-P may feed up DFYR DL&local logic 

distances (long lines) I 
J KT-- I N-N to 10 circuits CB DEYT N-P buffer only , DFYT P- N termination 

I I 
must be provided by 
A CBT or R 



~ ..... 
OQ 
~ 

NI'i 
tJ::.CD 
"'0 

N 

o 
0' 

1 

PROGRAM REGISTER 

1 ... 5 

. FIRST LEVEL 
PRIMARY OPERATION DECODER 

03. 01.00. 1 

2 3 4 5 

OD 0 

OD 

OD 2 

OD4 

OD 6 

2nd 
level 
POD 

IJ.OI.IO./ 

2nd 
level 
POD 

"3,01. 1.:1./124, 34, 44, 54, 
64, 74 

2nd 
level 
POD 



~ ..... 
OQ 
s::: 

N Ii 
U1 ('D 

o 0 
N 

o 
-J 

POD 
76 

0),0/,1,3 ./ 

PROGRAM REGISTER 

6 !> 9 
03. 04. 02. 1 03. 04.03. 1 

v 
FIRST LEVEL 

SECONDAR Y OPERATION DECODER 
03.07. 00. 1 

6 7 8 9 

v 
AND 

PR DECODE 00, 04, 10, 14 t>' v<J PR DECODE 0.1,2,3 

SOD 00 

SOD 02.03 03.07.02.1 

D 04.05 03.07.03.1 

7 03.07.04. 1 

SECOND LEVEL 
SOD 

03. 07. 01. 1 -I> 03.07.07. 1 

07. 1 



N 
U1 .... 

I EOP 

11001 

E EOP 

E 1001 

LEOP 

L 1001 

~ .... 
(JQ 
~ 
11 
CD 

o 
~ 

o .... 

b:J 
> til 
H 
() 

() 
to<: 
() 

~ 
~ 

t-3 
H 

~ 
~ 
l::d 

--
~ -
iIIo. ... 

-
.. -

+A 
EOP 

Set 
TGR Set Go To I .. .. 

.- ... 

+A Reset 1601 Reset I901 .. 
~ 8.00.09.1 

+A EOP Off ... 
+A 

---.I 1903 .. 
Set .. -

Not L Time CaU. 

8.00.09.1 8.00. 12. 1 Reset E7Dl 

Op Code. 
OOO~ln __ 

-7OO----.m 
EOPOff .. 
1903 

.... 

AUOI 
Go To I 

TGR Go To I .. .. 

Not Co To I ~ -
8.00.12.1 

AllOI ... .. 
Not Co 
To I 

Co To E AII01 

TGR CotoE -.. 
Not Co To E 
~ Go To I 

8.00.12.1 AUOI .. 
Not Co 
To I .. -

GoToL 
AllOI 

+A -GotoL 

AllOI 
8.00.16.1 -

Go to I 
or E Time -
EOP --. 

Share -
lDterrullt .. 

A7Dl -

+A 
Master I Time 

Set .. TGR Master I .. +A -
Master 

~ 
I Time .. 

+A Reset .. .. 
-

8.00.18.1 8.00.18.1 

+A Master E Time 

Set -- TGR Master E .. +A -
Master 
E Time .. 

+A Reset .. ~~ .... 
.... 

8.00.19.1 8.00.19.1 

+A 
Master L Time 

TGR Master L +A Set -- --. .. .. 
Master 
L Thne .. 

~ -
+A Reset .. -

8 •. 00.20.1 8.00.20.1 

Not B Cycle 

+0 
~ latter B Time B C~e Interrupt 

. Master B .. TGR Set ... TGR -. 
Master .... 
Stop On .. 

C 
Reset .. ... .. Master .. 

St 
8.00.21.1 

op 
8.00.13.1 



N 
\,]1 

N 

l!rui .... +A 
.... 

J PR7 

2.12.76.1 

PR8 or 9 +A 

PRl---7=O .. ~ 

tx:I ...... 
OQ 

~ ..., 
CD 

o 
~ 

o 
N 

2.12.76. 

Tag Reg 18 

TGR 

2.08.01. ~ 

Tall Re~ 19 

TGR 

~ 

2.08.01. 

TllO" RpO" 2) 

TGR 

2.08.01. ~ 

-N Not .. 

-- +0 ndex Mode .. +A 
-

19D3 
.... lag Not 

~.11. 76.1 
Zero -t>.12.19.1 

-N Tag Reg 18 

-- +0 -0 

-r 

.-.I Lot .. 
- 2.08.01. ~. 12.26.1 

.. N Tag RpO" 19 ... -0 

2612.26. 1 

.. N Ta~ Reg 20 - -0 

2.12.26.1 

+0 

Carry To 
... Adder 17 _ 

r 2. 12.19. 1 

+0 

----.. Gate XR --- AD 

2.12.19. 

XRe _ 5 

Shift 
.. P XRC 5 - -A ~ -A 

Cell 

XRS .... ADs.. 
~ ~ ~ 

12.07.03.1 2.07.03. rl2·07.03.1 

..p Tall Reg 18 

XRC - ..... - AD 

XRB - 5 

Shift _PXRB 5 _A _0 ~ -- Cell -
J _ .. 

2.07.03.1 fll.07.03.1 2.07.03. 1 

.'P 'T'" ... ReO" 19 

XRB --.. AD 

Shift _p XRA 5 - -A ......... 
Cell 

,...... ....... 
2.07.03.1 2.07.03.1 

_p Ta~ Re~ 20 

XRA _w .. AD 
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t%j ..... 
OQ 
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XRA Z-I] 
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MFSTO 
PRIFIX 
02, 0 m 

ST01\I CNTL 

02.09.00.1 

MFSTO 
DEC 

02.09.01 1 

I 

MFSTO 
TAC 

02.09.01. 

STORE CHANNEL - SCH 
! 064X IE 

EJ 
BLOCKS 

... -----___ ~ ..... SR-SB 
,. 02.09.00.1 

MFlTO 
ADDRESS 
02.09.01. 

ETIME 

5TO CNTR5 

I 60. 20.04.1 

CHAN ADDRESS 

1 ,j. 
STO CNTRS 
~1- 35 10 (09) 

60.10.32.1 

H' 

C. A. C., L. C. J OP. REG 
to 

CHAN STO BUS 

60.10.19.1-60.10. 'rI.l 

INDOP 

EI0 

Figure 08. 01 
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01. 01 ANSWERS 

COMPUTER CHARACTERISTICS 

1. See Fig.01.01 

2. Five 

3. III and IV 

4. I and III 

5. V, ten 

6. a. 150 
b. 100 
c. 250 

7. Control, arithmetic-logic 

8. True 

9. 32., 768 words, 36 bits 

10. True 

11. Four, I, L, E, B 

12. I 

13. B 

14. E, E, L 

15. S, 1-11 

16. 21 - 35 

17. Fig. 11, Page 11 of PIM 

01. 02 DATA REPRESENTATIONS 

18. 9 row left 
9 row right 

24 words 

19. 2,72 

20. Image, program 

21. 9 row 

22. Word count, 4-18, 9, 22 

23. 22-36, 8 row left, 8 row right 

24. Checksum, checksum, loader 

25. 6,6,6 

01.03 NUMBER CONVERSIONS 

1. 26728 , 010110111010 

2. 1000008 

3. 64 

4. • 2 

5. .000376 

6. .001953 

7. .453125 

8. 16384 

9. a. 675 
b. 305 
c. 10 
d. 333 
e. 200 

10. See pg. 131 of 7090 Ref. Man. 

01. 04 ANSWERS 

INSTRUCTION SPECS. 

1. One card 

2. True 

3. Location, 6 

4. 7, blank, variable 

5. operation, 3, 7 

6. Variable, instruction 

7. After col. 17. 
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8. True 

9. Address 

10. Separate "address, tag, decrement" 

11. Indirect addressing 

12. a. 
b. 
c. 

contents of storage location specified 
contents of entire MQ register 
contents of 3 through 17 of acc. 

d. contents of entire accumulator 
13. index register 

01. 05 ARITHMETIC INSTS. & LOGICAL OPS. 

FIXED POINT ARITHMETIC 

14. CLA 
C(AC) 

s, 1- 35 

15. P, lost 

16. MQ 

17. MQ , AC 

18. greater, divide check 

19. 201 
202 
203 
204 
205 
206 
207 

20. 100 
101 
102 
103 
104 
105 
106 
107 
110 

CLA 
SUB 
ADD 
STO 
ADD 
SUB 
STO 

LDQ 
MPY 
MPY 
STQ 
MPY 
STQ 
MPY 
MPY 
STQ 

4001 
4002 
4003 
4006 
4004 
4005 
4007 

400 
400 
400 
410 
400 
411 
400 
400 
412 

262 

21. START LDQ 
MPY 
STQ 

X 
C 
CX 

LDQ X 
MPY 
MPY 
STQ 

X 
B 
BX2 

LDQ X 

22. 

MPY 
MPY 
MPY 
STQ 
CLA 
ADD 
ADD 
ADD 
STO 

CLA 
LDQ 
DVP 
STQ 

F. p. AND SHIFT 

23. S, 1 

24. 9-35, 9 

25. 200 

26. zeros, ze ros 

27. True 

28. least, 33, less, AC 

X 
X 
A 
AX3 
AX3 
BX2 
CX 
D 
X 

Q 
A 
B 
Q 

29. True (if you went to school) 

30. AC 

31. False 

32. multiplying by 2, dividing by 2 

33. double, disastrous!! 



34. a. LGL 
b. ARS 
c. RQL 
d. LGR 

35. LDQ 
FMP 
STO 
LDQ 

3. a. 

c. 
d. 

403 e. 
404 
410 
400 

C(Y) S-35 replaces C(SI) 0-35 
C(SI) 0-35 replaces C(Y) S-35 
C(SI) 0-35 replaces C(AC) P, 1-35 
Each bit of C(AC) P, 1-35 resets 
the corresponding bit of C(SI) 0-35 
If each bit in C(AC) P, 1-35 matches 
the corresponding bits in C(SI) 0-35 
transfer to Y 

FMP 401 Control Operation 
LRS 043 
FMP 402 4. unconditional (TRA, etc.) 
FDH 410 
STQ 410 5. condition.al, test or skip 
(all address in octal) 

6. 
36. both, one 

37. one or both 

38. must not, ene, zero 

39. masking, packing 

40. CLA puts a mask of all bits in 17-35 
of AC. This is AND led to location 
DATA to mask out the op "TRA" leaving 
only address of 1000. PACK which 
contains oct 0500 (CLA) is shifted in AC 
to P

SJ 
1-35' The CRS then "packs" it 

a. 
h. 
c. 
d. 
e. 
f. 
g. 
h. 

into Data which now contains "CLA 1000". 

01.06 Control, Indexing and Trap 7. a. 
h. 

Sense Indicators c. 

C(AC) OP, 1-35 are zero 
AC sign is minus 
AC overflow indicator on 
AC overflow indicator off 
C(AC) Q, P, 1-35 not zero 
AC sign plus 
MQ sign plus 
C(MQ) less than C(AC) 

Halts at location STOP C(AC)=3 
Halts at location TWO C(AC)=7 
Halts at location ONE C(AC)=3 

1. 36 8. START CLA ONE 
LDQ TWO 

2. four; LDI, PIA, STI, PAl; TLQ A 
a. Set or logical OR LDQ THREE 
b. Reset TLQ B 
c. Invert D STO LOW 
d. ON test HTR START 
e. OFF test A CLA THREE 

TLQ B 
TRA D 

B STQ LOW 
TRA D+1 
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9. A NOP can be entered (from NEG ADD MSUM 
console also) to remove an STO MSUM 
undesirable step in a prog. TRA TIX 
without disturbing the sequencing CON HTR 30,0,0 
and addressing of the program. 

19. START LXA CONS, 1 
Indexing ConceEts GO CLA X + 50,1 

SUB Y + 50, 1 
10. index reg., address STO XY + 50,1 

TIX GO, 1, 1 
11. address (location) CONS HTR 50 

12. 3, true, complement, decreased 20. START AXT 100,1 
or increased SORT CLA X,1 

CAS X + 1, 1 
13. A, B, C; TAG; 18,19,20 TRA SWAP 

ERROR HTR START 
14. A, Band C, multiple GO TIX SORT, 1, 1 

SLT 1 
15. 15 bit , true DONE HTR START 

TRA START 
16. Complement, subtracted, 4, SWAP LDQ X + 1, 1 

com.plem.ent, adding STO X + 1, 1 
STQ X,1 

17. ORled, 773 8 , effective, 6001 8 SLN 1 
TRA GO 

18. a. START LXA INDEX, 1 
LDQ X Indirect Addre ssing 

GO MPY X 
LRS 035 21. 12, 13 
TIX GO, 1, 1 
STQ XNINE 22. asterisk, letter, instruction 

INDEX HTR 9 
23. a. 20 

b. START AXT 24,4 b. GO 
STZ SUM 

GO CLA NUM+24,4 24. a. GO 
TMI TIX b. DONE 
ADD SUM 
STO SUM 25. STOP 

TIX TIX GO, 4,1 

c. BEGIN AXT 31,2 
STZ PSUM 
STZ MSUM 

GO CLA NUM+31, 2 
TMI NEG 
ADD PSUM 
STO PSUM 

TIX TIX GO, 2,1 

(Continued) 264 



Trap 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

True 

a. 
b. 
c. 

TRAP, WOW 
DONE, TRAP 
NO 

177,-200,377,000 

overflow, underflow 

location +1, instruction, address 
portion, 0000 

spill, decrement, 10 

see page 79 of PIM 

01. 07 Input-Output Operations 

1. 

2. 

3. 

4. 

I/O Select, RCH, command, 
asynchronous 

destination, amount, 
core, I/O device 

see Fig. 50 in PIM 

OP Reg. in S, 1, 2, 19 
Add Reg in 3-17 
Loc. Counter in 21-35 

5. True 

6. address field 

7. see PIM pages 70 to 73 

8. no transmission, ignored 

9. a. unconditional 
b. chan in operation 
c. chan not in operation 
d. tape check 
e. end of file 

10. indirect addressing 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 
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location 500 

a 50 word record followed by a 
70 word record 

a. 

b. 

1 st record = 180 words 
2nd record = 25 words 
3rd record = 4 words 

= 209 words Total 

50 words from Rec #1 
4 words from Rec #3 

54 words total read 

15 words from Rec #1 
15 words from Rec #2 
10 words from Rec #3 
Disconnect 

a. EOF 
b. tape check 
c. a "Tn type command that 

disconnects DC 

instruction counter, 16 

17, back to point in program where trap 
occurred and continue on 

Re store (RC T) 



REVIEW QUESTION ANSWERS 

02.00 PACKAGING & COMPONENT CIRCUITS 

02. 01 PACKAGING 

1. Six, four; A, B, C, and D; E, and F 

2. Provide a :means of connecting external cables to the internal circuitry. 
Also allows connections between tower circuits within the fra:me. 

3. A to K, 1 to 28. 

4. Circuit wiring :must leave a tower. 

5. A to D, circuit wiring :must leave either panel 1 to 3 or 2 to 4 and vice versa. 

6. A to R 

7. BCD, FGH, KLM, and PQR; A, E, J, N 

8. F; A and B; 9 to 16 

9. The ribbon cables :must be placed in the trough so that the panel column 
numbering at the tailgate slide connector s remains in a top to bottom 
sequence for all gates. 

10. 20 and 40 

11 . A to Rand S to Z 1 to 8 

12. J to R 

02.02 COMPONENT CIRCUITS 

1. a. +. 78 
b. -6.48 
c. -6.78 

2. +.8V, ground or 0, PNP 

3. +.8V, minus six, NPN 

4. ground or 0, minus six, in phase 

5. The forward bias across the input transistor base to emitter junction is higher. 

6. 60* 

7. Cap cut 
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8. Type A used 909 ohm resistor to +6V and type Buses 4. 53K resistor to 
30V. The collector load resistors have different values. 

9. Type B provides a better input current source so that transistor parameters 
are less critical. 

10. 20* 

11. The 82 ohm real_tor suppresses oscillations caused by the inductive coupling 
networks. The coils cfimpensate for the output capaeitance to praduce 
optimum square-wave response. 

12. Increase number of input legs 

13. +N 

14. Down 

15. Negative-Off 

16. 17. 

D A 

N 
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REVIEW QUESTION ANSWERS 

03.00 POWER SUPPLY 

03.01 LOCATIONS 

1. On PCU panel (additional blower CB I s are located on each frame for each gate) 

2. Marginal check relays 

3. Two, located in PCU 

4. In the data channel with which the particular tape drive is as sociated 

5. No, they are located in the PCU 

6. The 208 volt, 400 cycle motor generator output is regulated by controlling 
the generator field current 

7. One on console and one on PCU 

8. 208 V 30 60 cycle from wall via data channel 

9. By air flow detect cards located in each gate 

10. 2, one on cCDflsele and one on PCU 

11. Power - indica.tes core power (variac cycle 2) on. Console Power On -
indieates modular supplies, (variac cycle 1) on. 

12. a. Input power to that module is removed 
b. Power sequencing for that module occurs 

03.02 STANDARD MODULAR SUPPLY 

l. Phase 1 Wire N TB4-7 
Phase 1 Wire P TB3-6 
Phase 2 Wire Q TB3-7 
Phase 2 Wire R TB2-6 
Phase 3 Wire S TB2-7 
Phase 3 Wire T TB4-6 

2. Protection is lost; blown fuse, overtemp indication and air flow detect 
indication but power is not dropped with mag amp card removed. 

3. Loss of 1/2 of one phase of rectified voltage; therefore low voltage on +30V 
and - 36 V supplie s 

4. a. Power drops on multiplexor frame - rest of system stays on. 
b. Gates A, B, C, D of CPU 1 - (Through opening of interlock clrcuits 

by use of CBlside switches) 
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5. Voltage shown on the 6v, 12v meter is taken from the output of the M/c variac 
which is fed by the 20Bv, 400v, line. Actual DC is not measured by the meter. 

6. T5 is bucking transformer for the -6v supply. Without T5, the output 
would be approximately 9 volts. 

7. a. No voltage would be developed acros s the CB trip coil but operation 
of the machine would not be affected otherwise. 

b. No voltage developed across the CB trip coil and a blown fuse would 
not be detected. 

B. Selection of gate and module for +6 or -12 biasing - 9.03.10.1 to 9.03.30.1 

03.03 CORE STORAGE POWER SUPPLIES 

1. The 30V -60V meter is reading actual DC v0ltages in the core storage supply. 

2. Output voltage would increase 

3. No. This is only an indication and has no control over power. The CE 
should check the se lights occasionally. 

4. a. X and X matrix switch bias 
b. On the tank top, syst 00.02.02.0 test receptacle B-24 

5. Nothing under normal conditions. In the case of several neons ionized, 
excessive current could flow through the control winding of the amplifier 
and burn it 0ut. The diode carries the excess current, within limits. 

6. Current would not flow in the transistor or the SR control winding. There 
would be no control saturation and output v01tage would be increased. 

7. Forward bias on the transistor is increased. This causes more current to 
flow in the transistor and in the control winding of the saturable reactor. 
Since the flux set up by the control winding is opposed to the supply winding 
flux, the effective inductance is increased and the output voltage is reduced. 

B. Mag. flux 

03. 04 POWER SEQUENCING 

1. Only after Emergency Off switch has been restored, power on reset depressed, 
Generator CBl restored and then PWR ON depressed. 

2. These are side switches ON HR30. C. E. Reference Manual Figure 3. 1-19, 
where they are ca11ed overload relays. 

3. On Relay, Fuse and Diode Panel, Ref. Manual Fig. 4.1-5. This panel is 
in PCU near marginal check variacs. 
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4. Two cycles. That module will get its power on along with the core 
special supply. 

5. MG blQwer 

6. a. The MG thermal will operate due to heat buildup in the MG 
b. 
c. Because HR30 drops 

7. So that the full system can be brought up simultaneously, or an individual 
unit. First cycle must complete before second starts. 

8. 2 

9. To prevent bringing power up on any unit that has a CB-l down, and to drop 
power when on the whole frame when a CB drops due to a fault in one of the 
two TOWER supplies. 

10. The special voltages, +60, +30, -6 volts 

11. TD-I. This is a dash-pot controlled delay t€> allow DR12 and HR26> to hold 
threugh TD 1- 2 points 5 seconds after power off. 

12. 400-cycle interlocks to ensure all three phases are up. 

03.05 MARGINAL CHECKING 

1. To prevent selecting any gate for biasing while voltage is not at normal. 

2. They will still bias but will not have the proper interlock protection described 
in answer 1. 

3. Just the skill and knowledge of the customer engineer. If driven high or 
held up for an extended period driver trouble will re suIt. 

4. C gate - See syst€ms 9. 05. 11. 1 

5. True. The selection is not affected, but the protection against a second 
selection while at bias would be lost. 

6. It is selected as channel 4 for biasing. (Still operates as channel 2 for Select Inst. ) 

03.06 POWER CONVERTER 

1. a. PI adjusted for correct output voltage 
b. P2 adjust the correct operating point of the control circuit and 

is not to be varied. 
c. P3 adjusts the stability and is set to prevent "hunting" 

(See Ref. Man. Page 3- 2) 

2. Control of field current in generator 
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3. The flashing circuit is cut into operation whenever the output of the generator 
falls below 200v approxim.ately. The generator field is flashed whenever power 
is brought up for the first tim.e, after a Norm.al Off and after an Emergency Off, 
Power On after DC Off does not flash the field. 

4. 400 cycle surge current (short) overload 400 cycle prolonged mild 
overload. Loss of input 60 cycle AC or less than 60 % of normal voltage. 

5. No effect. Power to Generator flashing circuit is interrupted but it is 
not in use when power is already up. 

6. With T3 having an open winding there will be no source of field flashing. 
If the Mg set is inactive for a long (? ?) period of time, there is a 
possibility of being unable to get any output from generator due to loss 
of residual m.agnetism. 

03.07 MISCELLANEOUS CIRCUITS 

1. The 400 cycle section is not functioning. 

2. The light on 9.02.04. 1 shows the first power-up cycle is completed, the 
light on 9.06. 21. 1 shows the second (core storage) power-on cycle is completed. 

3. A side lights Data Channels" Power ON" lam.p 
B side generates Power On Reset to Channel 

4. a. False 
b. False 
c. False 

5. a. Pwr Ck lite on Channel & I/O Pwr Ck lite on Con~ole 
b. Fuse light on tape drive 
c. Pwr Ck lite on Multiplexor and Cent. Compo Pwr Ck lite on Console 
d. None 

6. Loss of 48V will cause the "Open fuse detection" Mag. Amps. to drop 
CB-l on all SMS power supplies. No lights will be lit on any fram.es. 

03.08 TROUBLE-SHOOTING 

l. c. Power will com.e up part way but then will go back down 
d. CBl will trip for Power Supply A 

2. a. CB34 has tripped 
b. CB35 has tripped 
c. CB29 has tripped 
d. CB28 has tripped 

3. 1. c. 
2. a. 

3. d. 
4. e. 
5. b. 271 
6. f. 



4. MG Blower will not run. Power would come up normally but a thermal 
condition should drop it later. 

5. e. 

6. a, e. 
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CYCLE & INSTRUCTION TIMING 

ANSWERS --- REVIEW QUESTIONS 

04.01 Timing Circuits 

1. crystal, 2.75, multiplexor 

2. 2.1818 

3. clock, CP Set pulse 

4. odd clock drive, even clock drive 

5. ring, twelve 

6. clear (PWR ON) 

7. 364* 

8. last half, even clock drive pulses. 

9. 182* 

10. 12 

11. gated output of preceeding trigger. 

12. output of two stages later. 

13. 08.00.44 

14. a. PWR on Reset 
b. Clear 
c. All (D1) pulses 

15. Hold all other triggers off and turn on "0" trigger. 

16. 2 

17. Clock triggers 7 and 8 would be on. All others OFF. Number 9 
could not be turned on so '10 would not corne on. These two not 
being turned on would prevent #7 and 8 from being turned off. 

18. A7(D3) because a delay of one timing pulse is assumed when a 
pulse travels from Multiplexor to CPU 

19. do not eompensate 

20. A1D1, AOD1, Al 

21. 1.4* 
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22. 5.5 MC 70 ~ 10* 
Allow shift cells to function, step shift counter 

23. True 

24. CP timing (occurance not duration) This is to compensate 
for block delays so shift cells in machine can operate at 
optimum. 

25. Output would be a combination of full 

~63.4* I osc. pulse and delayed 64* pulse. 

FREQ 2.75 MC 

245.8* Pulse Width 245.8* 

04.0,2 Basic' CPU Circuitry Operation 

1. See Fig. 3. 1 .. 2A in CE lnst. Ref. Manual 

2. See Fig. 3. 1-2B in CE lnst. Ref. Manual 

:3. Bi-stable storage, and simultaneous read-in and read-out. 

4. TO/TA, in, upper TA, lower TO. 

5. Hold must drop before set comes up and then the hold must come 
back up befor e the set drops. 

I Hold 

:II'---~~ 
I Set 6. AC, MQ, SR, XR's 

7. Sum and Carry (Also And Look-Ahead and Or Look Ahead) 

8. Seven, six 

9. True 

10. Two 

11. And look ahead, OR look ahead, adder. 

12. 1st stage LAC, CO, LAC OR, carry to adder 35. 

13. Adder carry inputs, group. 
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15. Five, three, speed-up or look-ahead. 

16. n '1 n Step Pulse !-, ___ 1---' n ..... - .... -j---
Trigger A PC17 ;---11 .... ....., __ ....... ;---1 

I t L r----n ~----n : --un ~---Tl ... __ _ 
I • ~ j I ,J t 

Trigger B PC17 

Trigger A PC16 ---- - - -... '--...... 1, r----- -- I I I 

--------~------~ ~l--------j------~-------- I 

Trigger B PCl6 ~-------, ~---- --, 1 
~"~----------~C~----~l. '. ~-----

Trigger A PC 15 I-----T-~- , _I ____ ~:~--~~---

Trigger B~P_C __ 1_5 ____ .-______ ~ ______ ~·'~ ______ ~~_-_-_-_-_-_-_~+--_-_-__ -_-~, 

Trigger A~P~C~14~ __ ~: ______ ~ ______ ~ ____ ~ ______ ~ ______ ~ ____ -r __ ~--__ -~1 
I , 

Program Counter : ' 
Contains 0 I 1 2. I 3 

17. 
I I I I 

See figure in CE lnst. Ref. Manual 

18. a. 
h. 
c. 

4 I 

Ste'p 
5 6 

19. Nothing happens with the rise of the step pulse but trigger B 
(lower) comes on with the fall of the pulse. 

20. 17B (lower) goes off and 17A (upper) comes on with the rise of 
the pulse, 17A (upper) goes off with the fall of the pulse. 
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21. 15 A (upper) and 16 B (lower) 

22. 14 A (upper) and 17 A (upper) are on, SC = 11 

23. 16 A (upper), 17 B (lower), 15 A would be present 

04.03 Cycle Generation 

1. I, E, L, B 

2. 1 (1) 

3. All 

4. 16 

5. Program Register 

6. IE, IE, IL, IL, IE 

7. L Time Call - 000-177 and 700 up 
E Time Call - 200-677 

8. Block the output of the I, E, L time triggers when the Master 
Stop Trigger is on or when an End Ope or Go to E condition 
arises when in B time. 

9. No, next cycle may be a B cycle 

10. All 

11. AO 

12. Stop, interrupt 

13. Go to E, End Op on. 

14. End op trig on Sets go to I, 19D1 

15. E7Dl 

16. a. 
b. 
c. 

End op on 
Share - with L cycles of CPU instructions except 1st L cycle. 
Interrupt - between E cycles of a convert inst. except 1st E cycle. 
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04. 04 I Cycle 

1. Get the instruction from core, decode it, route the address. 

2. A9 (D3) 

3. 17 (D1) 

4. MX Storage Buses 

5. SXA (I, E) 

6. To allow a 40* positive ga1te to Reset the AR before reading in 

7. Whatever location addres s that was sitting in AR at that time. 
(No reset to AR) 

8. 1 and 2 will be routed to Program Register 8 and 9. TXI will be 
sitting is PR 

9. 7371 octal 

10. 

11. 

12. 

a. 
b. 
c. 
d. 

Bug is "E" output 
I tr g on via End Op (Normal) 
Multiple time error on at 14 
MST on 14 

e. Machine stop 
£. No "I" output after 4 time 

a. 
b • 

Should go I ELL, etc., but goes I, E ••••• 
I, E - Ok 

. c. No L time call +A (4G) - 12.1 
d. No EOP on E 
e. Machine being up with no cycle output in automatic 

a. Cyclic makeup should be ILL ...• L-End Ope 
b. I Ok 
c. "E" forced through r A (5A) - 8.00. 12. 1 
d. "L" next + A at 4G - 8.00. 12. 1 
e. SC :. 0 End Ope 
£. Shift works properly 
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13. PC Time 

0 18 ADR Reg. 00000 
Prog. Reg. CLA or 500 
Tag Reg. 0 

1 110 SR. -+0500 000 00100 
Prog. Reg. CLA or 500 

1 E4 SR ""'0500 00 0 00100 
ADR Sws. 00000 
ADR Reg. 00100 

1 Ell SR TOOO 000 000003 
ADR 00001 

2 lAEll SR -+000000000003 
ADR Reg. 00003 

3 110 SR +0774 00 2 00005 
ADR Sws. 00003 

14. Page 08.00.09.1. AO at 4C. 

15. Yes. The first E cycle could come from the block at SA or the E Time 
Call. Since this is a one cycle instruction, there is no need for an E 
cycle following the lAI E and the End Op trigger would have been turned 
on giving Go to I and blocking the setting of the Go to E trigger. 

16. a. No. At no time is an attempt to set PC 8 made. 

b. No. At I9D3 nothing would be taken to the address switches thus 
during the IAE cycle the C (00000) would be brought out and the address 
300 would be placed in the addres s register at E 11 of the rAE cycle. 
Thus the next instruction would come from 300 and the machine would 
halt with 301 in the PC. 

c. No. The block at 2·A would still function normally. 

d. Yes. This would cause all zeroes to be placed in the Adr. Reg. at 
rAE 11 and the next instruction would come from location 000 resulting in 
the program never halting. 

e. Yes. For the same reason as (d) above. This line is the output of 
anAO circuit and a short on it will hold down the output of all the Orled 
circuits. 

17. Yes. The failing output is the MF SB OUTPUT line which feeds from CPU 
to MPLXR. This would not affect the performance of a type POD 76 
instruction. 

18. Yes. The failure would affect SR pOSe 7 only and this would not be used 
for any decoding or control on a POD 76 instruction. The Prog. Reg. is 
fed directly from the SB which has not been affected. 
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19. C(acc) is 2, C(PC) is 2. The failure would prevent setting a one into SR 
Sign which does not occur in this progra:m. 

20. C (acc) is 000 .• 000, C (PC) is 2. Nothing could be placed into the SR 
during I or E ti:me. This would not affect the cycling of the progra:m or 
its ability to halt correctly. All references to core for data would be to 
location 000 and no data could be set into the storage reg. resulting in 
an e:mpty accu:mulator. 

21. Sa:me answer as 7 above except that the op codes would have appeared 
in the SR at 17. C (acc) -:: zero becaus e the op code for HT R ::; + 0000. 

22. 08.00. 12. 1. The block at 5B. 

04. 05 Indexing 

1. effective addre s s. 

2. Indexable - :modify address 
Non - indexable - usually :modifies Index Register content, 
cannot :modify addres s 

3. two's 

4. True 

5. Syste:m tracing 

6. AC :.13 
TIX decoded as HTR - Stop at 3. 

7. No - Contents of location 437 

04.06 Indirect Addressing 

1. a. TRA 0000 
b. (1) 0005 

(2 ) 0002 
(3) 0003 
(4) 0003 

2. a. Nor:mal I, (E), End Ope 
b. TRA would EOP thru "-0" (2G) - 8.00.00.1 

3. 19, Ell 
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4. SR bits 12, 13 

5. 19, E2 

6. "-+N to E Time controls" from 3D pin B. 

04.07 Manual Control Operations 

1. 200*, Man. Ctrl, Trig. 

2. Any of the individual operation Triggers coming on. 

3. B cycle interrupt, True 

4. " Not B Cycle interrupt gates 1, E or L cycles - So - We have to 
depend on the "Go to I" trig being on. It doesn't get Reset by 
Clear or Reset. 

5. True 

6. PC 2 trig (3. 05. 00) 

7. A4 (after op panel trig goes off), AI. 

8. 24 ms, 104 ms. 

9. I, 17, A 11 

10. Normal machine speed, depression of the single cycle or mult step keys. 

04.08 Diagnostics 

1. Al 

2. Sign key down 

3. See 8.3 of CE handbook 

4. 9M51 

5. 9T51 

6. 9T55; Keys 19, lO, 23, 24 Down' 35 down for graph. 

7. Yes - 9S51L is loaded into upper memory itself 
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8. Checksum error stop for tape diagnostics - it didn It load - pick up 
or drop off bits. 

9 same as question 8. 

10. loco 00000 
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PRELIMINARY INSTRUCTIONS 

REVIEW QUESTION ANSWERS 

os. 01 ... Data Flow .. Answers 

1. a. Accumulator 
h. MQ 
c. Addres s Switches 
d. Adders 
e. Sense Indicators 
f. Storage Register 
g. Operators Entry Keys 

2. Accumulator, Storage Register, MQ, Index Registers. 

3. Accumulator position 1 to adder or complement of accumulator 1 to adder. 

4. Storage Register, Accumulator, Complement Accumulator. 

5. SR17 and SR35 on one input, complement AC17, ACI7, AC3S, XRI7, and 
MQS on the other input. 

6. SR3, Forced one to AD3-6-8, SR21, and Shift Counter 12 on one input, AC3, 
Complement AC3, and SR3 on the other input. 

7. Accumulator Q 

05.02 Fixed Point Arith, and Work Xmissions - Answers 

1. +400000002124
8 
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2. +1048 

3. +176
8 

4. This will cause the SR Sign to be set plus at E9. 

5. A3 if a Q Carry occurs regardless of the signs. Page 02. 10. 36. 1 

6. +, Q=I, P-l, 1-35=000000000000 

7. To save the contents of AC Q during and ACL Instruction and leave it 
unchanged. 

8. A. 
B. 

7211 8 
102578 

9. It should Halt at 100 on a HTR 40 instruction. With the Bug on the machine it 
would Halt at Zero on a HTR 000. The STO would set into the Program Reg
ister as an STZ. 

10. A. 
B. 
C. 

-000 000 000 000 
+060 200 000 040 
With the trouble on the machine the accumulator would not be gated and 
set to the Storage Register at EIDI leaving the instruction in the SR 
(Set in at I7Dl). This would thus be gated to the storage Bus at E4D3 
and stored. 

11. MQ=176 8 
c(200) = -0600 0000 0200 

12. MF Store Control, Store Control, Store Prefix, Store Decrement, Store Tag, 
Store Address. 

13. POD60 all bring up the Store Control line which forces up all four store Partial 
Word lines. POD62 all store partial words and therefore do not use Store Control. 

14. The Sense Indicators would be stored. The POD 60 would give Store Control to 
store the entire SR at E4D3. The Bit in PR6 is not examined on a POD60 Inst. 
The Bit in PR9 at 4E on page 02.09.00. 1 will gate the AC to SR at EIDI but at 
block 4C PR 7 will cause the SI register to be gated to the SR and set in at E2D1. 
Storage would take place in Location '00 minus XRA. 

15. This line drops the MF SB gate to prevent Data from core corning to CPU on 
store operations. 

05.03 Shift Instructions - Answers 

1. +000000037774 
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2. It is normally plus all the time. It goes minus when using the Machine Cycle 
Key except at A3, A7, or All to allow only 3 shifts per cycle. 

3. -N l7D6 controls the start and -N SC ZERO controls the end of the Shift Gate. 

4. Prevent Lend op on shift counter equal to 7 or les s when using Machine cycle 
key. Shift counter must go to zero under this condition. 

5. 20000 8 

6. (Reset at 17) 

7. ,One 

8. Sixteen 

9. In case a Shift of less than 1110 places occurs the Lll will still be able to shift 
signs. Also, this allows a shift of zero places to transfer MQ and AC signs to 
make them agree. 

10. A "-N A 10Dl Delayed" prevents sensing SC=7 or less during the second half 
of LlO. This means that the SC must equal 7 or less at the beginning of LlO. 
before the stepping pulse (A CP Set Pulse) can step the counter. 

05.04 Transfer Instructions - Answers 

1. This line is used to bring up "Xfer Conditional" except in the case of 
unsucces sful one cycle transfers, transfers in trap mode. and the STR 
instruction. See page 02. 10.09. 1. 

2. It blocks the normal "I" cycle function of AD3-l7 to AS3-l7 at I9D3. This 
makes the AD to AS dependent upon the "Xfer Conditional Line. " 

3. True. 

4. Conditions Not Met 
SR-AD A9D3 
AD-AS A9D3 
AS-AR IllDl 

L Cycle 
PC-ASq AOD3 & End Op 
AS-AR AllDl 

Conditions Met 
SR-AD A9D3 
AD-AS A9D3 
AS-AR IllDl 

L Cycle 
AR-PC L9Dl 
PC-AS A9D3 & End Op 
AS-AR AllDl 

5. Allows the End op tgr to be set at ElO of an Indirectly Addressed single cycle 
transfer instruction. 
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6. Blocks using SR21-35 of the Indirect Addressed Location when an indirectly 
addressed one cycle transfer is unsuccessful. 

7. "Xfer Conditional" without "one cycle transfer condition not met. " 

8. PC to AS at A9D3 with the "End op" tgr on is performed as any other 
instruction with "End op" on (excluding "XEC" and "STR") through the AND 
circuit at 4E-4F page 03.05.09. 1. This is blocked on a successful one cycle 
transfer by "minus on one cycle transfer not trap" which is brought up by 
"PC Transfer Control" (page 02. 10.08.,1). 

9. +A at 3G - STR - TXL - TXI - TXH - TTR - TSX - TIX - TEF - TRC -
TCN - TCO- TNX - TRA 

+A at 3F - TNZ - TZE - TQO - TNO - TOV - TMI - TPL - TQP 
+A at 3D - TRA - TLQ - TCO - TRC - TIF - TIO - TIX 

05.05 Control Instructions - Answers 

1. POD42, POD 66, POD 00 and Not PR 8 or 9. 

2. Block at 4E for HPR, Block at 3B for HTR. 

3. True. 

4. 

5. 

6. 

a. Program Stop Lite will corne on. 

b. Yes. By depressing "start" to turn off the Program Stop" tgr. 
this releases the +A at 3C page 04.20.16.1 to allow "Single Step" 
to turn off the MS T . 

c. The machine will perform the "L" cycle of the HTR which stopped it. 

A. 
B. 

a. 

h. 

During this "L" cycle, normally the HTR forces "Condition Met" and 
sets the Adr. Reg. (containing 00001) into the Program Counter at 
L9. This is then routed to Adr. Sws and Adr. Reg then to MAR. when 
the "End op tgr" comes on causing the next instruction to corne from 
Location 1. Since the machine is in manual, in this case, the block 
at 4F page 02. 10.07.1 will prevent "Condition Met" and the program 
counter will remain the same at "End op" time. Since the PC is not 
stepped at 19 of an HTR it still equals 004 and will bring out and 
execute the HTR again. 

PC = 4 at the Halt. 
PC = 2 at the Halt. 

A. PC = 4 
B. PC = 3 
A. PC = 2 

B. PC ; 2 
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c. A. PC = 4 
B. PC = 3 

7. Block 4F. 

05.06 Skip and Sense Instruction - Answers 

1. Location 7. Although the CAL will place a bit in Acc P, the PB T (-760 .... 00001) 
will have the address modified in the adders by XRA prior to being set into the 
Shift counter where the class and unit Address is decoded. Therefore the 
Address Switches will appear as 7014'. The Shift Counter will be set by 10-17 

2~ 

or 144 and decode a class 14, up.it address 04 and the instruction is decoded as 
an MSE Sense Lite 4. This will fail to skip. The LBT will skip as the address 
0001 would not have been chang~d during the "E" cycle of the CAL instruction 
thus placing a bit in Acc. 35. 

CLA 19 (DI) 2D 02. 11. 51. 1 
CAS 19 (DI) 2D 02. 11. 51. 1 

L4 (Dl) 31 ~ 3G 02.11.50.1 
L9 (Dl) 31 & 3G 02. 11. 50. 1 

LAS 19 (D1) 2D 02.11. 51. 1 
L9 (DI) 31 02.11.50.1 

HTR Blocked by pin F of 2E page 02.11.51.1 at 19 (DI). 

3. 08H09 D6 on page 00. 20. 91. o. ,100 Volume VII 

4. Unit Address = 00, Shift Counter. equal- 36X, Not PR PU Sense, and SOD 00. 

5. Shift Counter equals 36X. 

6. UA02 is UA Gate 1 and UA Gate 2 on page 03.03.02. 1. 

UA Gate 1 is No bits in SC 14 and 15. 
UA Gate 6 is one in SC 16, Zero in SC 17 on page 03.03. 15. 1 

7. POD - 17 - Output taken from TO of PR (03.04.01. 1) to the POD (03. 01. 00. 1) 

SOD - 18 - Output to SOD (03. 07.00. 1) taken from TA of PR (03.04.01. 1) 
which cannot come on during Reset of PR, 17 (DI) 

Channel Address - 17 - The time the SR is set and the POD 76 comes up. 
(06.00.06. 1) 

Class & Unit Address - III - Th~ time when the Shfit Counter is set. 
(02.11. 78.1) 
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05.07 Indexing Instructions - Answers 

1. PAX 

Z. True - Example, to use an Index Reg. to add 7 to an address 

000 
001 

AXC 
TRA 

7, 1, 
10,1, 

The transfer will be to location 17. The XR will be set to 77771 and when 
taken to the adders during the TRA it will appear as 00006 plus a 1 carry to 
adder 17. 

3. 4Z000 

4. On OZ. lZ. 9Z. 1 a set to AC - Sign is developed at 16 (Dl) of PXA or PXD 
instructions with no input gate to acc. sign. 

5. The true number originally in the XR. The complement of XR is gated to 
the adders from EO to E5. At El the Z's compo of the XR is set back into 
the XR thus the output (always complemented to the adders) is the true 

original contents. This true number is set into the SR to be stored at E4 
(D3) and is also set back into the XR at E5 to restore it to the original value. 

6. False. An indexable instruction is one capable of having its address portion 
modified by an index register. Therefore Index transmission and Index Transfer 
instructions are not indexable even though they require the use of a Tagbit. 
The decoding of indexable instructions is done on page OZ. lZ. 76. 1 block IA. 

7. +P TXI (OZ. IZ. 76.1), +N Index Transfer Met, +N Condo Met (OZ. 10.07.1), 
-P Minus on Transfer Met (OZ. 10.09.1), +N AR to PC (03.06.05.1). 

8. Answer b. The program counter plus one is in the address 'switches at III 
because the "End Op Tgr. " is on. AXT has a POD 76 and therefore gates the 

Adr. Sw. 10=17 to the shift counter at III even though it is meaningless and 
will be reset in I time of the following instruction, 

9. False - The TXI is not a conditional transfer. 

10. XRB = 34. Since the one's complement (and the resulting error of one) is 
used twice, once on a complement and once on a true number, it is self 
correcting and no error results. 

11. 17 of the following instruction 

lZ. When in Memory Nullification Mode (ESNT Instruction) and the 16K/ Z4K 
switch is set to Z4K allowing a 704 program to use 8K of memory. 
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13. 13 (Dl) - (Normal operation of I cycle, page 03.06.05. 1) and L9 (Dl) Minus 

14. 

15. 

on TR met (03.06.05. 1), Condo Met (02. 10.09. 1). Index Trans. Met (02. 10.07. 1) 
and TSX (02. 12. 76. 1) 

XRA = 7 XRB = 0 XRC = 77775 

PC Step XRA XRC TRA? 
000 ~ ~ Yes 
003 40 40 No 
004 33 40 No 
005 33 40 No 
006 33 77771 Yes 
003 33 77771 No 
004 26 77771 No 
005 26 77771 No 
006 26 77771 Yes 
003 26 77771 No 
004 21 77771 No 
005 21 77771 No 
006 21 77771 Yet 
003 21 77771 No 
004 14 77771 No 
005 14 77771 Yes 
001 14 77771 No 
002 14 77775 Yes 
003 14 77775 No 
004 7 77775 No 
005 7 77775 Yes 
001 7 77775 No 
002 7 77775 Yes 
003 7 77775 Yes 
007 7 77775 

a. TXH, TXL 
b. TIX 
c. TNX 
d. TIX, TNX, TXH, TXL 
e. TXI, TSX 

05.08 Trap Mode - Answers 

1. Block setting of the IA control trigger on transfer instructions executed 
in Trap Mode. This will not affect program operation because if the 
transfer is not met, the addres s portion of the instruction is not used, 
if successful it will transfer to location 1 and still not use the address 
portion. 
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2. a. 
b. 

IE (See Block 3G page 08.00. OZ. 1 and Block ZG 'page 08.00.00. 1 ) 
IE 

c. IEL (See Block 5D page OS. 00. 16. 1 and Block SA page 08.00. IZ. 1) 
d. IEL 

3. The program counter is stored on all transfers, the trap to location 1 is the 
conditional factor in trap mode operation. 

4. Blocks stepping the program counter at 19 so that the true address of the 
transfer may be stored and allows it to step at E9 in case the transfer 
condition is not met. 

5. They cause the decrement portion of a transfer instruction to be saved in the 
Storage Reg. This is neces sary only on TXI, TIX, '-1JTNX, TXH, TXL, 
instructions where the conditions met will be determined during the "L" 
cycle following the "E" cycle forced by trap mode. 

6. Only the store addres s line is conditioned. Page OZ. 09. 01. 1. 

05. 09 110 Instructions - Answers 

1. PR is + and POD 64 or 54 and PR 8 & 9 = 0; or, POD 76 and SR Z3-Z6 = 
0001 Z (or lxxxS) in addres s field. 

Z. PR is - and POD 64 or 54 and PR S & 9 = 0; or, POD 76 and SR 23-Z6 z= 
xOl0 Z (or ZxxxS) in address field. 

3. 03F53G pin OZ. See page 06.00.06. 1. Block ZD, the output note IZ. 
Referring to note Z shows that "+P Sel. Chan. D" is brought to the 

above pin - Channel C is brought to pin Z of 03F53F and E and F to 
03F49D and 49E respectively. 

4. Allows the BOT indicator to be turned off when tested. (IZ of the following 
instruction) . 

5. Ll (DZ) 

6. Ll until IS of the following instruction. 

7. No. The signal is inverted at block 3G page OZ. 10. SO. 1 to prevent 
skipping when condition is met. 

S. Up from Ll to 15 - Brings up "Cond. Met" to transfer address reg. 
to program counter at L9 via the "Minus on TR Met" line (page OZ. 10.09. 1). 
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05. 10 SI Instructions - Answers 

1. Electronic Reset is the only input control1ine that will affect the sense 
indicator regardles s of the contents of the SR. 

Z. At any time SRI equals one. It is not gated by instruction code or cycle 
time. 

3. The lower trigger will latch on. 

4. The one in the lower trigger is set into the upper trigger at the same 
time the lower trigger is reset. The capacitor in Block ID insures that 
the upper trigger will have sufficient time to latch. Since pin A of Block ZI 
was and will remain minus, the "and" at 3F will not be conditioned. 

5. The upper trigger is reset. Input pin D of Block 3F will go minus before 
pin C of that block will go plus. 

6. As the control line goes minus, the upper trigger will not latch. Block 3F 
will be conditioned and cause the lower trigger to latch when pin D of 
Block ZE goes plus again. The capacitor at Block ZG insures the input 
to the trigger will remain long enough to latch it. 

7. No. Only on "clear. " 

8. OSI 

9. The "Control field" or "Mask" (18-35 of the instruction) is gated to 
Ad. 18-35 on a RIR and Ad. P-17 on a RIL. When the adders P-35 are 
gated to SR S-35, the mask appears at SI 0-17 or SI 18-35 inputs. 

10. The PIA cuases the ace sign to be cleared. None of the others affect it. 
Page OZ. lZ. 9Z. 1. 

11. Sense Indicators 0-35 = 5Z3456765030 

1Z. Acc = Z08. Sense Indicators are all zeros. 
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05. 11 Trouble Shooting - Answers 

1. 

2. 

3. 

4. 

A. The Accumulator is loaded with a one in position 35. Then the 
ability to load AC35 and shift left -is checked for 4 shifts. At 
completion of a successful pass the AC. would contain 
+000000000020 S' Successful completion would leave AC=+20 S 
XRA = 1. 

b. The apparent trouble is that the T ZE was executed prior to the 
XR running out. This could be caused by failure of any circuit 
that would prevent a shift from AC 33 to AC 32 as the XR equals 
2 at the time AC 32 should be a one preventing the T ZE from 
ending the program. 

a. The program loads the AC. with +377 ~77 and adds 100O-f' 001 
which results in a +101 2 in AC P, 1 and 2. This is stored 
logically resulting in a -20000....,,0 in Storage. The Accumulator 
is cleared by shifting out and the .2000--""0 is placed in the MQ, 
S .,35. A logical shift places MQ, S, 1 and 2 into the low order 
acc positions which will then contain 5 R' The Acc is tested to 
see that it contains at least a bit in pOSition 35. 

If the Acc =- zero the error halt would occur at PC = 12. If bit 
35 only was zero, the error halt would be at PC=10. A correct 
halt is PC=Il. 

b. Any malfunction in the following areas: 

a. 

b. 

a. 

Adders and Lookahead - No carry from 3 to 2. 
No input from SR po s. 2 
No input from AC pOSe 2 

Acc - POSe 2 cannot be loaded. 

MQ - POSe 2 cannot be loaded. 
POSe S or 1 cannot be shifted into. 

PC should equalS as TLQ does not transfer when the MQ equals the 
Ace. 
Any trouble that would cause the MQ to look smaller: 

Carry adder 35 lost. 
Lost bits on MQ to SR L2 Dl 
Fail to complement AC to SR at L time. 

Tl'e program places ... 12 in the acc. then adds +4 for a sum of -6 octal. 
Subtracting a -3 leaves a sum of -3. This is compared logically with 
a -5 in storage. Since an LAS instruction does not consider signs as 
Plus or Minus, the SR will have the largest number and the computer 
should skip 2 instructions and halt at loco 6. 
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5. 

b. Since the computer only skipped one instruction it appears 
that either the L5Dl or L9Dl inputs to page 02. 11. 50. 1. 
Block 5H has been lost. 

a. 

b. 

Ability of TIX to reduce an XR by its decrement and its 
ability to transfer is tested. 
Since the error halt occurred at C it indicates. the CAS 
found the accumulator larger than the word at Location A. 
This indicates that the transfer failed - AD 3 carry could 
be turned on incorrectly or Index Trans. Met. could fail 
to come up. 
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06.00 Review Question Answers - 7302 Oil Core 

06.01 General Concept of Core - Answers 

1. 32, 768 36-bit words, 1, 179, 648 

2. a. 

b. 

Read out - sends to system the contents of an address specified 
by the system. 

Store - takes a word or partial word from the system and places 
it in the address specified by the system. 

3. The time required to make available to the system the contents of 
any addres s. 

4. 1. 05 usec. 

5. 2.2 us. 

6. The ability to obtain any core address in one memory cycle. 

7. a. 
b. 

See 2a above. 
See 2b above. 

c. Memory Data Bus In - 36 input data lines from mulitplexor to 
the MDR 

d. Memory Data Bus Out - 72 output data lines from MDR to 
multiplexor. 

e. This instruction allows the addressed core location to be ORled 
in the MDR with the MDBI lines. 

f. Memory Address Register - A 15 position register which contains 
the contents of the addressed core location. 

g. Memory Data Register - A 72-position register which, at the end 
of a memory cycle, contains the contents of the core location read 
out (read.-out operation) or the contents of the core location to be 
read into (store operation) 

h. A pulse sent to core by the system which tells core to start a 
memory cycle. 

8. AO 

06.02 Ferrite Core Theory - Answers 

1. 

2. 

3. 

4. 

23 

Reliability, low cost and high- speed operation 

Contents of the addressed core location is reset to zero 
When read out. (Regenerated on re-write cycle of core. ) 

Draw a hysteresis loop and explain it. See figure in manual 
of instruction. 
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5. Read out core X - flips from "1" to zero - voltage induced in 
sense winding and amplified by sense amplifier - output of 
SA turns on position X of MDR. 

06.03 Coincident Current Addressing - Answers 

1. 128 X, 128 Y 

a. 
2. b. 

3. a. 

b. 

c. 

d. 

e. 

72 planes 
o to 71, top to bottom 

The amount of current (1/21) passed by either an X or Y 
drive line "half selects" the cores on these individual lines. 
When a core is forced to change its status from 0 to 1 or 
1 to 0 it is said to have flipped. 
Noise is the resulting voltage (usually undesirable) that is 
induced in a wire or other conductive material, due to a 
magnetic field change in the immediate vicinity. For 
example, when a curr~nt pulse is fed through an X winding, 
a noise pulse is generated in the sense winding para11el to 
it. Also a half-selected core induces noise in its sense 
winding. 
The resultant of 2 half select currents (1/21 1/21 equals 
full select current). This occurs where X and Y drives cross. 
A process of selecting one word in the array. In the 7302 
this is done by selecting a specific X and Y drive line. 
The intersecting point of the X and Y lines is the addressed 
location. 

4. 4, It insures that a bit on the sense winding reaches the SA input 
within a fixed period of time regardless of the address selected. 
In order to clarify this definition assume that a single sense 
winding is used and a time graph is plotted as fo11ows: 

a. A11 cores in the plane to be sensed contain bits 
b. Each address is selected and the arrival time of 

the signal on the sense winding is measured at the 
input of the sense amplifier. 

A study of the spread in arrival time wi11 show that it is desirable 
to reduce this spread. This is accomplished by segmenting the 
sense windings. 
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06.04 Basic Core Cycle and Addressing - Answers 

1. None. Memory select is the only timing pulse sent. Memory 
generates its own timing cycle from the memory select pulse. 

2. It is mixed with 4 MAR positions in the address decoders to 
develop 16 lines during read and their complements during write. 

3. It isn't. It is a read-write sequence. 

4. 1170 

5. a. 

h. 

c. 

6. 33. 

7. a. 
b. 
c. 
d. 
e. 
f. 
g. 

8. a. 
b. 
c. 
d. 
e. 

A type of switch which uses an addressing scheme to control' 
its output. 
A specific type of matrix switch. It uses 16 pairs of input 
complement lines which are wound in a specific pattern 
through 16 G switches. This wiring pattern permits selective 
addressing of anyone of the 16 G switches. 
A molded assembly of 16 G switches. 

Thirty-two input lines and bia s winding 

128 
8 
128 
8 
256 
256 
288 

15-17 
4-7 
8-10 
11-14 
4-5 

9. 4, Y (SX YZ the alphabetic sequence shown may be helpful 
to rem-e-mb;;; which lines are parallel to which). 

10. A exclusive OR B, (A not equal to B) 

11. This arrangement permits an addres sed G switch to flip on at read 
time (16 of 32 lines conduct) and off at write time (the complement 
of the 16 addressed lines conduct). 
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06.05 Sense Amps - Regs - Timings - Answers 

1. 72, 15, 72 

2. It is used to gate the sense amplifiers at a time in which the 
sense winding gives the greatest noise-free output. 

3. A strobe generator is a group of circuits, arranged to provide 
properly timed strobe pulses for all planes. 

4. 11, 12, A:: 11, 12 B = 11, 12 C:. 11,12 

5. 9.. 15 

6. MDBO. Z driver control line 

7. See systems 00.01.01.0 

8. Sense winding segmentation a. 
b. Sense winding figure 8 wiring pattern 

Delay the Y drive at read time 

D - 11,12 

c. 
d. Adjacent cores are physically arranged at 900 angles to 

each other. 
e. 
f. 

Sense and inhibit windings are perpendicular to each othe r 
X and Y drive line s are skewed 

g. Controlling core temperature. 

9. They are never up simultaneously. 

06.06 Special Circllit ... Answers 

1. MAR. MDR. sinse amplifier, core drivers 

2. ,,+ Mem Select" and" - MAR" line, ,,+ Mem Select" and a ,,+ MAR line" 

3. a. 
b. 

-2volts 
.,.0.4 volts 

4. When it is set at" Mem Select time which is Ao in the system 

5. Approx .4 usecfollowing Mem Select 

6. -MDBI line. + DIG 

7. It isn It. A sense amplifier input is all that is needed to set 
a MDR position. 

8. Conditioned for the full memory cycle by the RO trigger 
(Ol.02.04.1, 41) 
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9. Approx.. 94 usecs following memory select and up throughout 
the cycle. 

10. Drawing should show a supervisory input AND, a trigger and an 
output AND. See figure in manual of instruction. 

11. A differential amplifier is used because it can be driven by either 
the positive-going or the negative-going sense winding output 
signal. 

1 Z. 

13. 

a. 

b. 

The emitter follower couples transformer Tl to the strobe 
gated amplifier and provides drive current for this amplifier. 
It blocks a sense amplifier output when required by a store 
operation am it provides a drive pulse and drive current 
for the level setter. 

c. It acts as a clipper to its capacitive input pulse and develops 
a +P bit output and a -P no-bit output. 

a. 
b. 
c. 

Array winding, 90 ohn terminating resistor to +60v 
G switch primary, 56 ohm terminating resistor to +30v 
G switch primary, 56 ohm terminating resistor to +30v 

14. To prevent the power TX from being driven to saturation. This 
allows for a fast turn-off of the power TX. 

15. It requires a +level from the output of the Y address decoder and 
a +level from the segment gating. 

06.07 CE Panel and Temp. Control - Answers 

1. False. This line is not used in the 7090 system 

Z. The Z driver timing trigger turns on the timing error trigger, 
which blocks all inputs conditioned by mem select and provides 
a reset for both the Z driver timing trigger and itself. 

3. a. 
b. 

c. 

Prevents the Z drivers from c6nducting 
Turns on the error-check trigger which signals CPU to 
continually step MAR through successive addresses 
It is used in conjunction with the check On-Off switch 
to establish what the bit configuration should be in each 
address tested. If an address tested does not agree 
with the check Ones-Zeros setting, the error check 
trigger is turned off and memory cycling is stopped with 
the error addres s in MAR and the contents of the error 
addre s s in the MDR. 
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4. 

d. Blocks the strobe of an address. Thus during a mem 
cycle the MDR is reset normally and its zero eontents 
are written back to core. 

e. 

a. 
b. 

c. 
d. 
e. 

f. 
g. 

Conditions the switches on the CE panel so that they are 
active. With this switch off the other switches are inactive. 

One of the Z drivers in conducting continuously 
Low oil pressure or oil in the heater line is 115 degrees F 
(excessively hot) 
All DC voltages to memory are up. 
Error was recognized while testing 
This indicator is not used on the 7090 system. When used 
on the 7030 system it checks for a correct parity count of 
MAR and for correct decoding of the X and Y decoders. 
On when the test switch is on (test status). 
A blown fuse, loss of -48v or an open thermal. 

5. 102, 3, 2 

6. 110, 98 

7. There isn1t any. The fan is powered directly from the supply voltage. 
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REVIEW QUESTION ANSWERS 

08.00 DATA CHANNEL 

08.01 INTRODUCTION AND PROGRAMMING 

1. 721 Punch - 716 Printer - 729 Tape Units 

2. 711 Card Reader - 729 Tape Units 

3. Refer to IRM, Page 5, "Buffering on the IBM 7090" 

4. Eight 

S. Refer to IRM, Page S, "Physical Description" 

6. Write Select Instruction 

7. Refer to IRM, Page 8, "Selection of Channel and 1-0 Unit" 

8. Select; proper channel - correct unit - and put it in motion reading 

9. True 

10. True 

11. Select instruction will hang up in CPU 

12. To load the channel with an 1-0 Command 

13. Refer to IRM, Page 8, "1-0 Command Operation" 

14. S, 1, 2, 19 - Operation Code 
3 through 1 7 - Word Count 
21 through 35 - Initial Address 

IS. No, strictly in channel 

16. 

17. 

18. 

a. One 3 word record 
b. One 3 word record 
c. One 3 word record 
d. Two 3 word records 
e. Two 3 word records 

a. One 3 word record 
b. Two 3 word records 
c. One 3 word record 

a. 
b. 

Space 3 3/4 inche s of tape 
3 word record no spacing 

c. 
d. 

Two 3 word records - IORP does ~ot space tape in this example 
One 3 word record preceded by 3 3/4 inches of blank tape 
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19. a. ECW - The E cycle of either an RCH or LCH during which we 
load the Op Reg, W. C., and CAC. 

b. BCW - A storage reference cycle initiated by channel during 
which we load the Op Reg., WC, and CAC. 

c. BDW - A storage reference cycle initiated by channel for the 
purpose of Data transfer betWeen the DR and storage. 

20. 1-0 Check indicator will be turned on and LCH will function as a No-Op. 

21. 1-0 Check indicator will be turned on but the RCHB will load the channel. 

22. IOCT will write one .~ )rd and when it does not find an LCH waiting, will 
disconnect. 

23. None 

24. a. IOCP 
IOSTN 
IOCD 

b. IORP 
IOCD 

c. IORP 
IOCD 

ALPHA 

08.02 FUNCTIONAL UNITS 

*No 1-0 Check* 

1 st record 2 words of 2nd record and proceed 
last word of 2nd record and look for LCH 
3rd record and 2 words of the 4th record 

1 st record only 
2nd record 

1 word Qf 1 st record 
2 words of 2nd record 

RTBA 
RCHA 
LCHA 
CLA 
ADD 
HTR 
IOCT 
IOCD 

ALPHA 
ALPHA. + 1 

COCA"50 
COCA + 50,,50 

1. Chan Input switches - Calc Entry - Tape Register 

2. a. CAC 
b. LC 
c. WC 
d. CAC 
e. WC 
f. LC 

3. S Count Control 
1 Record Control 
2 Transfer Control 
19 Transmission Control 
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4. Location of the next command 

5. Contents are used to locate data in storage 

6. Group counter 

7. Refer to IRM, Page 20 

8. 

9. 

10. 

11. 

a. 
b. 
c. 

ECW cycles 
Load LC (manual) 
TCH command 

Refer to IRM, Page 19 (LRCR) 

2 refer to IRM, Page 19 

a. MDR 
b. MXSB 
c. CHSC 
d. CH, IN, SW 
e. DR, OR, WC, CAC 

WRS RCH BDW 

1. Not Data Selected, Not Channel Interlocked, Channel Address and 
Secondary Op Write 

2. It indicate s that channel has accepted the "Select" and tells CPU that 
it can now End Operation. Refer to IRM, Fig. 9. 

3. Ready - Not File Protected (Sel- Rdy and .Wr) 

4. We use this Non Data Disconnect to reset the channel unit select triggers 
so as to allow "Stacking". 

5. Millisecond 

6. Yes, if the Channel addressed does not exist or is in manual. 

7. Yes, if the RCH is executed and the addressed channel is not Data Selected 

.8. 

9. 

a. 

b. 
c. 

a. 
b.' 

Get the contents of its specified address and load them into the 
Op Reg, WC and CAC 
Load and advance the LC 
Refer to IRM, Fig. 10 

DR Not Loaded 
WRS 

c. WC not equal to zero 
d. Refer to IRM, Fig. 11 
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10. a •. 
b. 

11. a. 
b. 
c. 
d. 

Turn on the priority trigger 
Refer to IRM, Fig 11 and 13 

Load Data Reg with data word 
Indicate that DR is loaded (turn on DR LD tgr) 
Step CAC and WC 
Refer to IRM, Fig. 11 &: 12 

12. a, b, c, d, (except Ind. 18) and e 

13. End Op, Share, and Interrupt 

14. End Op Control 

15. a. 
b. 

Retain priority line to channel C kills channel C 
60. 70.02. 1 - Ret. Pri. 5B, 4A, 4B, 3C 

16. Not Remote Required 

17. Because there may be a sense instruction following that will make use of 
the Channel Unit Select Tgrs. 

08.03.02 WRITING 

1. A delay counter output determines when tape has been in motion 10ng enough. 

WD 50 Not at LP 
WD 320 at LP 

2. To allow channel to get another data word. 

3. No, Write Clock Cntl tgr does the job. Note: The indicator for this tgr' 
is labeled "WR Gate" on the console 

4. One, any echo returned from tape is acceptable 

5. The Demand Gate. Tgr is turned on during the 5th WC cycle 

6. a. Reset the TR 
b. Gate new word from DR to TR 
c. Generate Tape Demand so we can get new word into DR 

7. False 

8. False 

9. To develope correct character spacing for dual density on 729 Mod II 
and IV Tape Drives. 

10. Write First Word Test 
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11. Tape Group Counter 

08.03.03 DISCONNECT 

1. False 

2. It will allow a Data Disconnect to take place after completion of Read 
checking the record. 

3. a. 
b. 

Space to a position to write the check character 
Write the check character 

c. Assure that tape continues to move far enough so as to be able 
to read check the remainder of the record 

d. Determine when we have completely read checked the record and 
activate Data Disconnect 

4. When the DC produces a WDD 60 

5. WDD 20 

6. a. 
b. 

Block reset of RDD 
Reset RD COND 

c. Sample LRCR 
d. Re set Tape Unit Select tgr. 
e. Data Disconnect if Data Disconnect Gate Tgr is on 

08. 03. 04 READ CHECKING & MISCELLANEOUS 

1. True 

2. 1 st bit drops before clock completes a cycle. 
RC 4 tgr input insure s clock steps to zero. 

3. False - Skew B is not VRC checked 

4. True 

5. (1) e ( 7) 1 
(2) b (8) f 
( 3) c ( 9) m 
(4) d (10) n 
(5) h (11) m 
(6) d,k,o 

6. seventeen 

7. I/O check disconnect 60. 38.02. 1 (3F) sets disc gate tgr. 

> 
8. 

Rec.3 

EI:J 
Rec.3 

c:J 
Rec.2 

EIE 
Rec.I 

IT] 
(10) (9) (8) (5) (4) (3) (2) ( 1) 303 



9. Record Control Pulse .. A 7 to A5 (60.36.02. 3) 

10. Record Control Sync Tgr. (60. 36.02. 3) 

11. ..A (2F) 60.80.03. 1 

12. a. True 
b. False 
c. False 
d. False 

13. a. False 
b. False 
c. True 
d. False 

14. a. False 
b. True 
c. False 
d. False 
e. False 

08.03.04 TAPE READ SELECT OPERATION 

1. Not Data Selected ... Not Channel Interlocked .. Channel Address .. 
Sec Op Read 

2. Ready and in Read Status (Sel. Rdy &: Rd) 

3. Until the DC reaches a value 0f RD 30 or RD 160 is started at LP 
*Equivalent times can be found in yeur CE Handbook* 

4. Because information must pass through the DR input circuits to reach 
the Op Reg, WC. and CAC. Refer to lSD's for details. 

5. 501 

6. 2 ... High Clip and Low clip *Refer to lRM. Page 114 for details of the 
final amps. 

7. 1 st Bit from Skew Reg A 

8. Read Clock Gate Refer to IRM. Page 59 

9. Gate Skew B to the R/W reg. and LRCR 

10. End Rd Delay .. - As S00n as 1 st eharacter is read 

11. a. 
b. 
c. 
d. 
e. 

Sample Skew A VRC 
Gate Skew A 0r B to the R/W Reg and LRCR 
Turn on RDD 
Step Group counter 
Reset Skew registers with a delayed RC 7 
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12. RDD will be runmng during all but the 1 st RC cycle 

13. RC 3 of the 2nd character 

14. Turn off RDD - - Reset R/W Reg. so that next character can be gated 
inatRC 7. 

15. Group counter will have been stepped to zero and the Demand Gate tgr. 
turned on 

16. In the R/W Reg. 

17. The following RC 3 or RDD 36 

18. The Tape Demand caused by: RC 3 RDD and Demand Gate 
RDD 36 

19. Refer to IRM, Fig. 33, the fall of Tape Demand 

20. DR LD ~ RDS, WC not zero 

21. a. Gate DR to SB 
b. Turn off DR LD tgr. 

22. There is no more RC 4' s to turn off RDD and it continue s to run the delay 
counter. 

23. a. 
b. 

Gate last character to the TR 
Sample R/W Reg VRC 

c. Gate TR to DR 
d. Indicate that DR is loaded (turn on DR LD) 
e. Set check character tgr. 

24. RDD 136 

25. RDD 36 

26. 4 
a. R/W Reg. VRC 
b. CC 2 
c. TWI 
d. LRCR 

27. When Cnt! Wd Gate becomes active (RDS and WC equal zero) 

28. a. 
b. 
c. 

Yes 
Yes 
No 

*Refer to IRM, Page 65, "Skipping Commands" 

29. There is a special circuit that steps WC and CAC (I:nd 19 and Sync Gate) 
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30. a. No 
b. No 

31. Immediate Data Disconnect 

32. Refer to IRM, Fig. 37 

08.05 TCH-IA OPERATION 

1. A TCH is an unconditional transfer which allows a programmer to transfer 
somewhere else for another portion of his 10 program. 

2. In multiplexor so we can extract its address portion and route it directly 
to MAR. 

3. It allows the channel executing the TCH to keep priority and also activates 
BCW Required. 

4. The addre s s portion of the TCH command, by bringing up a gate which allows 
us to take positions 21-35 of the Mx'Stg Buss to the Mx AdrSw. 

5. By looking for a bit in position 18 of commands. 

6. 2 

7. Yes 

8. IORP 

9. It will completely tie- up the system since this channel wi11 retain priority 
constantly. 

10. Z 

08.03.06 NON-DATA SELECT OPERATIONS 

1. Not channel interlock, Channel address, See ap rewind 

2. The tape unit will send the signal "Select and Rewind" back to channel after 
the rewind relay has been picked 

3. Yes, the tape unit must write forward before going into read status It rewinding. 

4. Refer to IRM, Fig. 45 

5. Disconnect on the rewind and turn on the BOT indicator. 

6. The tape will move backward to LP and the BOT indicator will be turned on. 

7. The backspace file gate. tgr. 

8. Refer to IRM, Fig. 47, 48, It 49 
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9. The class address - Refer to lRM, Fig. 50 

10. Yes - Execute an SDN to a tape unit that is not ready 

08.07 DATA CHANNEL TRAP 

1. It allows automatic monitoring of channel operations by permitting 
channel to signal CPU by trappiJlg when various conditions arise. 

2. Redundancy Check - Reading an EOF - Command Word situation 
(T type command did not find LCH waiting). 

3. Through the use of the Enable instruction 

4. To disable all channels 

5. No 

6. Yes 

7. Refer to lRM, Fig. 56 

8. False 

9. Enabled for CWTI1 & transfer type command (IOCT. lORT, or lOST) 
finds no LCH waiting in L time. 

10. EOF Sync., Enable CWT or EOF, Restore 

11. False 

12. Channel trap tgr. set at 16 only. 

13. False (Inhibits only) 

08.08 CONSOLE OPERATIONS 

1. Four Keys a. 
b. 
c. 
d. 

Two Switches a. 
h. 

Auto I Manual in manual 
Onf.Offline in off line 
Load Data Reg 
Write Tape 

Tape cycling on 
. Unit select switch in proper position 

2.- Zero - Use positions 21~35 to load the Loc Ctr. 

3. Load Command holds the DR reset so that if you loaded it first 
you would just wipe it out. 
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4. a. 
b. 
iC. 

d. 
e. 

Auto / Manual switch in manual 
On/ Off line switch in on line position 
Set up entry keys with IOeD 1000,,30 
Depres s Load Command 
Depress write punch key 

5. You won't. There is no indicator for Op Reg 18 on the channel 
console. 

6. The reset key resets all the triggers in channel. It also functions 
as a Step Read tape key. 

7. False, not unless you are in cycling mode. 

8. Yes, it will cause the operations to be repeated over and over. 

9. End of tape will be sensed and a Rewind pperation will be initiated 

10. Yes 

08.09 DATA CHANNEL MISCELLANEOUS 

1. A tape demand occuring while the DR is still loaded and WC not 
= zero. 

2. Yes 

3. No 

4. False 

5. Not unless you execute and lOT every time you use a channel. 
There is only one 1-0 Check indicator on the system.. 

6. False 

7. False 

08.11 9T55 

1. (1) A 
(2) B 
(3) D 
(4) L 
(5) D 
(6) G 
(7) B, A 
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08. 12 INTRODUCTION TO CAU 

1. Model 1 or 3 

2. It is powered by a standard SMS powel" supply in the 7607 it is 
put in 

3. Change the card machine voltage level. to N or P levels used in 
transistorized computer. 

4. Five. Read Card Reader, Write Punch, Write Printer Write Printer 
Binary, Read Printer. 

08.13 BASIC CAU 

1. The first CB set pulse from the selected card machine 

2. 4 usec 

3. Card Drive pulses 

4. 32 

5. Once for each row or 12 times 

6. All Card Ring triggers off and Sample pulse. 
12 

7. CB reset pulse between cycle points 

8. 1. End of Row 
2. End of Record 
3. Data Disconnect 

9. Card Ring trigger one 

08.14 CARD MACHINE POWER DISTRIBUTION 

1. In the HS -- card which develops drive current to pick a magnet 
or relay. 

2. False - dropping power to channel only prevents the distribution 
of 46V and 55V to the card rn.achines. 

3. False - controls both 46V and 55 V. 

4. True 
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QB.15 READ CARD READER 

1. The select trigger ON in CAU. 

2. Fourteen. 13 from CB reset and 1 from EOR reset 

3. Thirteen. 12 from CB set and 1 from EOR set. 

4. To keep the Channel Unit triggers free for sense instructions by 
preventing any Data-Select or Non-Data Select from Ending Operation 
in channel. 

5. To generate an EOR pulse' to be sent to channel and to keep the Card 
Machine moving if another card is to be processed. 

6. Read pulse control, Read Gates (Left and Right) and Sample pulse~ 

7. No. Indicator 19 ON prevents generating any read pulse. 

B. Its output is gated with an after 12 CB line. 

9. End of Record Pulse. 

10. Data Disconnect and the drop of Card reader select picks R20 'in 
reader which opens up the Brush Isolation points to prevent even 
reading the card. 

OB. 16 WRITE PUNCH 

1. Card Punch Selected trigger ON in CA U. 

2. Write Pulse Control, Write Gate (Left and Right) and Sample pulse. 

3. A CB in the punch must provide a gating line to the Calc exit blocks 
for every row which holds up the lines over to punch. 

4. Fourteenth CB reset from the EOR reset CB. 

5. P-31 

6. P-32 

7. Allow a CB reset before we disconnect the punch. 

B. Never select the punch. Would I/O check when RCH arrived with selected. 
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08.17 PRINTER OPERATIONS 

1. Write pulse control is up for only the 1 row ti:me. This is controlled 
by Printer Binary trigger, Printer Write Select and ON 9 CB. 

Z. Yes 

3. Eleven - Once for each echo ti:me. 

4. Until after 8 CB ti:me. 

5. Turned off each row by rise of Write Right Gate. 

6. To insure that the BDW cycles for 1 row, 0 row, 11 row, and 12 ,row 
echoes are controlled by read circuits. 

7. After 19 CB or the ZOth row. 

8. After lZ CB line blocks the turn ON. 

9. The BDW cycle will be requested as 900n as the Channel Write Cards 
trigger is turned ON by the Card Control trigger for the 11 th row 
processing. 

10. -P After 8 CB line is always :minus. This line feeds pin E of 06A4F04 
(5B) on 80. ZOo 03. L To prove this answer you will have to use the 716 
:mechanical ti:ming chart located on page 49 of the 711, 716, 721 Manual 
of Instruction. 

08.18 SENSE OPERATIONS 

1. Modify card :machine operation by use of CPU Instructions. 

Z. The sense instruction will set a particular Unit Trigger in channel. 
If the printer is selected this unit trigger will cause a sense exit to 
be hot corresponding to the Unit Trigger. If this exit is wired in the 
printer to the overflow hub you will initiate the overflow. 

3. Two, CPI, CPZ 

4. One, from the printer. 

5. Cause overflow, suppress overflow, suppress spacing, double space 
or suppress printing. 

6. EOR and Channel Unit Select trigger on. 

7. +A at SA + 5B - allows non-data disc. To reset channel Unit Sel Trgs. so 
they will be free for PSE Instruction. 

+A at 5C - allows non-data disc. when we are through punching so Channel 
Unit select trga. will be free for RDS CR Instruction. 
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8. Normal I, L, end op. 

08.19 MANUAL OPERATIONS 

1. Systems 80.60.01. 1 - A at 3A with appropriate gate causes Card 
Control trigger and Card Sync Trigger to be reset. Now we cannot 
gate card drive pulses to step card ring. 

2. When the first three words are read into 0000,0001, and 0002, the 
IOCP proceeds and we get a BCW cycle. Load Control trigger on and 
BCW tells the system the first instruction has been sent to location 
0001. 

3. Interlock Reset 

4. With Switch on, depressing Write Printer causes a Write Printer 
Binary operation to be performed. . 

5. No. There can be only one Card Reader per Data Channel. It is not 
necessary to set a Channel Unit Select Trigger. 
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SIMULATED MACHINE ERROR ANALYSIS PROBLEM ANSWERS 

1. There Is No Tape Unit On #5 

First of all, CPU is hung up in L time; the PC indicates that we have 
not Ended operation on the REW instruction. Investigation of the channel 
console shows that channel is interlocked since "Channel Unit Select" 
#5 is still on. This explains why the REW did not End Ope Now why is 
the Chan Unit Sel Tgr still on? --It should have been reset by "Non-Data 
Disc" which is activated when" Busy" comes up in the tape control 
circuits. Further investigation reveals that the "Write Tgr" was not 
turned on, therefore not activating Busy. Since "Sel & Rdy" were 
missing, it would prevent the turn on of the Write Tgr. 

2. Write 1 st Word Test Missing 

Tape is in motion anq. it appears as if we should be writing since the 
Write tgr and the Wr Tgr Release Tgr are on. The fact that the Wr 
Condo tgr is on is an indication that we have reached WD 50 or 320. 
At this point, the 1 st data word should have been transferred to the 
TR since the DR was loaded. Note that the TR was not loaded. There 
are other indications that also point to Wr 1st Word test such as: 
The WC is not running and Tape Demand has not been generated since 
we took only one BDW cycle. 

3. Tape Demand Has Not Occurred 

In this problem the WC is running and the R/W Reg indicators are 
blinking, which is an indication that we ,are writing something. Further 
investigation reveals that the words in the TR and DR are the same. 
Looking at the WC indicates that the 1 st word is being written over and 
over. Since tape demand did not occur at Wr 1st Word test time, we 
did not initiate the second BDW cycle. 

4. Demand Gate Tgr Never Turned On 

Note that the WC is running and the R/W Reg indicators are blinking, 
which are indications that we are writing. We are writing the 1 st data 
word over and over, but the 2nd data word is in the DR; as evidenced 
by the word counter. We did not recognize when the 1 st word had been 
w:ritten. 

5. Disconnect Tgr Never Turned On 

In this problem, since the WC has been reduced to zero and the Data 
Disc Gate tgr has been turned on, we can as sume that the 4 word record 
was written. However, since the Wr Tgr Release tgr is still on, we 
have not written the check character. Since Wr Condo is still on, we 
are led back to Disc Call; which is the output of the Disc tgr. 
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6. WDD 20 Is Missing Except At The Go Tgr Reset 

Here again we can assume that the record and its check character were 
written, since the WC=O, the Data Disc Gate is on, and the Wr Tgr 
Release tgr is off. Note that the delay ctr is running because of the WDD 
tgr. We must have gotten a WDD 60 to write the check character but 
did not get the WDD20 which resets the WDD tgr and the delay ctr. 

NOTE: The particular circuit can be seen in your ISD' s where WDD 20 
is developed. 

7. RDD 144 Missing 

Here again we can assume that the information was written and 
investigate why we did not Data Disc. It looks like WDD operated 
correctly, since the Wr Tgr ReI tgr and the Go tgr were reset. 
The Data Disc Gate tgr is on and the delay ctr. is running for RDD. 
We must have advanced as far as RDD 36 and 128 because the 
Check Char tgr is on and RD Cond is off. RDD 144 being missing 
would cause a failure to Data Disc along with failure to reset the 
Check Char, WR, and Disk triggers. 

8. Cannot Turn On The Data Disc Tgr. 

In this problem the best clues are that the WC was reduced correctly 
and the Data Disc Gate tgr is on; which are indications that the 
information was written and an attempt was made to disconnect but 
we could not. This much is fine but we must go further to explain 
the other indicators; such as why is the Write Delay trg on? Remember 
what will take place when in writing a record we reach RDD 144 and 
do not want to Data Disc (example: IORP). What has happened here 
is that we write the record, and tried to Data Disc but were unable. 
Now as far as the tape control is concerned, it thinks channel wants to 
write another recotd; but since there is nothing to write, we must 
"Space Tape" over and over. 

9. Control Word Gate is Missing 

Investigation of the indicators will show that the rocp is still in the 
Op Reg but it is WC=O. The "bug" shawn above would prevent the 
IOCP from activating BCW Req. when its Wc was reduced to zero. 
To explain the other indications channel is "Spacing Tape" repetitively. 

10. Record Control Pulse Missing 

Investigation shows that we are operating on 'the IORP; it is WC=O 
but it has not proceeded to the IOCD to disconnect. Since the IOCP 
did proceed correctly, we can assume that the trouble is not in the 
BCW Req circuitry. Record Control Pulse is the most logical trouble 
that is peculiar to an IORP. 
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11. Nothing Was Written On Tape 

You should have found two obvious clue s during inve stigation of 
this problem. One--Why didn't we Data Disc? Two--What caused the 
Echo Error? As far as the Disconnect problem, you should agree 
that RDD never took place. Echo errors are caused by not "Flipping" 
any write tgrs in the tape unit. To correlate these tW0 indications, 
realize that if nothing was written there will be nothing to read and 
nothing to start the RC which is necessary before we can ever turn 
on the RDD tgr. 

1 Z. EOR Produced Unit Re set On IORP 

Close observation should show you that channel is trying to execute 
the IOCD, but that there is no tape unit select trigger on. In writing 
the 3 word record using the IORP, RDD 144 occurred; bl.1t would not 
have produced a Unit Reset since the Disc Gate tgr is still on. Refer 
to ISD 60. 36. 04. 1. 

13. RC Sync Tgr Never Turned On 

In this problem the only clues you have are the fact that there were only 
two records written and the contents of the LC. Note that the program 
should have written 7 records; the fact that the LC is at 7 indicates that 
an attempt was made to use all the commands. 

If you could watch this operation, you would note that the value of the LC 
after writing the 1 st and while writing the 2nd record would not be 
setting at 1 where it should be. Since the R C Sync tgr did not turn on, 
it allowed the generation of multiple Record Control Pulses at the end 
of the 1 st record which caused channel to "skip" the IORP's. 

This is a good example of a trouble where assu:mptions or calculated 
guesses :must be made. 

14. End RD Is Missing 

Note from the indicators shown that everything has progressed 
correctly up to the point where we should have set RD COND, Read Gate, 
and reset RD. 

15. Read Gate Did Not Turn On 

Probably the best approach to this problem would be to deter:mine 
why nothing was read into storage but yet the word counter was reduced. 
Note in your IRM, Fig. 38, that Read Gate must be present to allow 
TR to DR gating but it does not interfere with the generation of tape 
de:mands which will initiate BDW cycles and store an e:mpty DR. 

Also note that we have not Data Disconnected even though the WC= 0 
Read Gate is needed here also. 

315 



16. R C 3 RDD Is Missing To Produce Tape De:mand 

Note that the console indicators tell you next to nothing in this exa:mple. 
Now, why didn't we store each word of the record rather than just the 
last. The only logical reason is that there were no tape de:mands to 
indicate that a word was read until the end of the record and we generated 
one at RDD 36. 
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7090 LAB GUIDE. 

The projects in this guide were designed to aid you in learning 
m.ethods and technique s for m.aintaining a 7090 system.. It is not intended to act 
as a source of knowledge--it is a guide for hands-on experience to supplem.ent 
the classroom. lecture. 

The contents of this guide plus a brief description of each project are 
in the following order (your instructor will assign these projects to you): 

LABORATORY PROJECTS 

1. 5MS Fram.e Orientation Project - This project will be used to help you gain 
a better understanding of the physical features of the 7090 system.. 

2. Wire Wrap - This project provides a series of wire routines which will give 
you an opportunity to try your skill at m.ost of the possible wire wrap situations. 

3. 7151 Console Orientation - The four parts .of this project plus the questions which 
follow will lead you thru the basic operations of the 7090 operator I s console. 

4. Oscilloscope Applications - The six projects in this section will give you an 
opportunity to see 7090 type pulses under norm.al circum.stances and to apply the 
scope to problem.s of increasing difficulty and com.plexity. They should help 
cem.ent your understanding of com.ponent circuits and of the addressing schem.e 
of the system.. 

5. Power Supply - This package will serve as a list of power supply components. 
You will be given lab tim.e with power off the system and you will use this 
opportunity to become fam.iliar with the location of the com.ponents designated in 
this project. 

6. 7617 Console Orientation - This package will provide you with an opportunity to 
use the data channel console to control tape operation and card m.achine operation. 

7. Diagnostics - The lab package for diagnostics consists of two portions. The 
first portion is m.ade up of reference m.aterial which will help you to understand 
how to operate the various diagnostics available on the 7090 system.. The second 
portion is a lab project which will provide you with an opportunity to apply what 
you learned from. the fir st portion. 

8. Oil Core Scoping Project - This project will allow you to become familiar with 
the locations of the various com.ponents of the oil cooled core and to see 
representative waveform.s during norm.al operation of the device. 

9. Air Cooled Core Familiarization - This project will act as a guide to help you 
1-..""',.." ......... "'" .,. ... ,..,. ... "'" ,,+ +1.."", .. ,..,. ... .;" .. '" .;.,.......""'''' ... +.:. .... + 1"',...:.+;"' .... '" ~"''''''',..;~t.:'''~ U7;+"h +h;Q lln;+ ....,""''"'v ......... '"'' ~YVQ..&. '"'" "' ... ,,~ ... "" y~ ... ... ....,\,4 ...... ............ .1:'''''' ... "' ........... .., 400""'''''' ..... .., .. ''''''4 .. ..., ......... _- ........ _"'-- .... -." .......... _- _ .. __ .... . 
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7090 SYSTEM PROJECTS 

These projects contain a series of descriptions ~f machine situations. 
In each case, a cover sheet will tell you the number of the project, what procedures 
were used on the machine, and what results were obtained. The results are shown 
in the pages following the cover sheet. They appear in the order of occurrence. Three 
different types of result are provided in these projects: 

1. Diagnostic Print-Outs - Where more than one print out relates 
to a given project. They are lettered and are presented in 
alphabetical sequence. In all cases, the diagnostics were read 
into the machine with the bug already on. 

z. Pick-Sheets .. Two different forms are used for this purpose. 
One form is used to record the status of indicators on the CPU 
console during a halt or hang-up condition. The other form 
serves a similar purpose but is designed for the Data Channel 
Console. Where more than one pick- sheet relates to a given 
project, they are numbered and are presented in numeric sequence. 

3. Dumps - Dumps of appropriate areas of storage are presented 
where they are required. 

******************.******.***************.***** •••• ********.**** 

Please note the following convention which is used on Pick-Sheets for 
the Data Channel Console and the CPU C 

Indicator appears to be on SOLID 

Indicator appears to be FLICKERING .. hl 
************************************~*********************** 

The following are the project numbers with the portion of the 7090 system that they 
apply to. 

10 thru lZ 

13 thru 18 

19 thru Zl 

Pr eliminary Ins true tions 

Data Channel (This includes Date Channel, 
TAU, and CAU) 

Advanced Instructions 
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CHECK 
OFF 

BELO\AJ 

LABORATORY' PROJECT 1 

SMS FRAME ORIENTATION 

DO EACH OF THE FOLLOWING 

1. LOCATE THE FIRE EXTINGUISHER IN THE MACHINE ROOM. 

2. LOCATE THE EMERGENCY POWER OFF CONTROLS. 

3. FIND EACH OF THE FOLLOWING FRAMES. NOTE THE NUMERICAL 
DESIGNATION (FRAME TYPE) AND THE LOCATION DESIGNATION 
(FRAME NUMBER) FOR EACH. 

FRAME NAME FRAME TYPE FRAME NUMBER 

CPU I 7108 01 
CPU II 7109 02 
MULTIPLEXOR 7606 O~ 
CORE STORAGE 7302 01 
DATA CHANNEL A 7607 06 
CHANNEL A CONSOLE 7617 09 
DATA CHANNEL B 7607 06 
CHANNEL B CONSOLE 7617 09 
CPU CONSOLE 7151 08 
CARD PUNCH 721 
CARD READER 71·1 
PR,INTER 716 

4. USING ONE OF THE DATA CHANNELS. LOCATE AND EXAMINE EACH OF 
THE FOLLOWING ITEMS. 
( ) GATE A ( TOWER LATCHES 
( ) GATE B ( GATE LATCHES 
( ) GATE C ( TOWER CASTERS 
( ) GATE D ( GATE CASTERS 
( ) TAILGATE E .( BLOWERS 
( ) TAILGATE F ( LEVELING PADS 

5. USING THE SAME FRAME. FIND EACH OF THE ITEMS LISTED BELOW. 
( ) 2 POWER SUPPLIES ( ) 4 GANGS OF BLOWER CBS , ) 4 CONVENIFNCE OUTLETS ( ) 2 GANGS OF POWER CAS 
( ) 2 POWER ON-OFF SWITCHES ( ) 2 FUSE LOCATIONS 

6. USING WHAT EVER FRAMES ARE REQUIRED, FIND EACH OF THE FOLLOW
ING. IF YOU REQUIRE ASSISTANCE IN DISTINGUISHING ANY OF 
THESE ITEMS CONSULT YOUR INSTRUCTOR~ 
( ) LAMI NAR BUS ( ) HI NGE CONNECTORS 
( ) VOL T AGE CHA I N ( ) EDGE CONNECTORS 
( ) VOLTAGE OVERLAY () .INTER-PANEL CONNECTORS 
( ) GROUND PLANE ( ) TROW 
( ) INSULATION PLANE () SYSTEM POWER OF~ SWITC.H 
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-- INSTRUCTIONS --

IN EACH OF THE FOLLOWING YOU ARE GIVEN TWO POINTS IN THE SYSTEM WHICH 
ARE ELECTRICALY COMMON. IN EACH CASE, DETERMINE BY OBSERVATION THE 
INTERMEDIATE POINTS THROUGH WHICH THIS CIRCUIT PASSES. ENTER THESE 
POINTS IN THE SPACES PROVIDED. YOU MAY USE REFERENCE MANUALS IF 
NECESSARY. 

7. YOU MAY TRACE THIS CIRCUIT IN EITHER DATA CHANNEL. 
STARTING POINT 068 lG23 C 

ENDING LOCATION 06F 53Fl6 

8. YOU MAY TRACE THIS CIRCUIT IN EITHER DA1A CHANNEL. 
STARTING LOCATION 06B 3B09 H 

ENDING LOCATION 068 2H07 F 

9. YOU MUST USE CPU FOR THIS CIRCUIT. 
STARTING LOCATION 028 IG18 A 

ENDING LOCATION OlD 4J08 D 
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LABORATORY PROJECT 2 

1. WIRE BETWEEN THE POINTS SHOWN BELOW. MAKE GOOD SOLID WRAPS WITH 
NO OPEN WRAPS, NO OVERWRAPS, AND NO SHINERS. THERE SHOULD BE AT 
LEAST A QUARTER TURN OF INSULATION ON THE PIN. ~ACH WIRE IS TO 
LAY CLOSE TO THE PANEL AND WIRES SHOULD BE TIGHT BETWEEN PINS. 

2. CHANGE THE TYPE OF TOOL YOU ARE USING SO THAT WHEN THE PROJECT 
IS. COMPLETE YOU WILL HAVE USED EACH TYPE. (HAND TOOL, RATCHET GUN, 
POWER GUN). 

3. WRAP BETWEEN THESE POINTS. 

FROM VIA VIA TO 

---~~~~-~~---~------~-~~~--~ 
F17C Fl78 ElSQ DISC 

----------~ ...... ,..... ... ~ ...... -.. -.-,-... -------. .... --,-
DISC 815G 

B15G B16F 618B B2·28 

917B B266 

B268 B27F D27E 

D27E E27Q F25B F24C 
----~~~~~-~-~~---~----~--~--

F24B F178 

B148 813C ---........ -.... --........ ----~ .. ~.-... -----....----.--
6146 6138 D130 

0130 F13D 
.. -~ ..... -~ .... .-.---------.------... .... _-._-

F13D F13E 

0130 C13R B02N B028 
-----~~~~~~~----~---~----~---~--

0138 D12C E02S F02D -----.--- ............ -.~~ .. -.... -.., ... -------.. ,----
F02D FOIC ----.--... ---............ ----.. --... ---.... -----, ...... ~--

4. WHEN YOU HAVE COMPLETED THE WIRING INFORM YOUR LAS INSTRUCTOR. HE 
WILL INSPECT YOUR WORK. 

5. AFTER YOUR WRAPS HAVE BEEN INSPECTED Rr:MOVE THEM ·WITH AN UNWRAP 
TOOL. 

6. CLEAN UP THE AREA AND RETURN ALL TOOLS TO THE TOOL BOX. 
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LABORATORY PROJECT 3 

7151 CONSOLE ORIENTATION 

PART - LOAD CARDS, DISPLAY, CLEAR 

PART II - SINGLE STEP, MULTIPLE STEP, RESET, 
START, ENTER INSTRUCTION, ENTER MQ 

PART III - DISPLAY EFFFCTIVF ADDRESS 

PART IV - CONTI~Unus ~NTFR I~STRUCTION 

PART V - QUESTIONS 

PART VI - APPENDIXES 

NOTE - TWO PREPUNCHED IBM CARDS ARE REQUIRED TO PERFORM THIS PROJECT. 
IF YOU DO NOT ALREADY HAVE THESE CARDS, OBTAIN THEM FROM YOUR LA8 
INSTRUCTOR. 

NOTE - THE FOLLOWING SWITCHES AND KEYS ARE NOT DEALT WITH IN THIS PRO
JECT BECAUSE THEY ARE NOT CONSIDERED APPROPRIATE TOPICS AT THIS 
TIME IN THE COURSE. - DISPLAY INDICATORS, 1/0 INTERLOCK SWITCH. 
B CYCLE SWITCHES. LOAD TAPE BUTTON. 
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LABORATORY PROJECT 3 

7151 CONSOLE ORIENTATION 

PART 1 - LOAD CARDS, DISPLAY, CLEAR 

1. DEPRESS THE CLEAR KEY ON THE MAIN CONSOLE (7151) IN ORDER TO SET 
CORE STORAGE TO ALL ZEROS. 

2. PLACE CARO NUMBER 1 IN THE HOPPER OF THE CARn RFADFR (FACF DOWN, 
9 ED~E FIRST) 

3. DEPRESS (BUT DO NOT HOLD) THE START KEY ON THE CARD READER. THE 
CARD READER WILL TAKE ONE MACHINE CYCLE AND STOP WITH THE CARD 
JUST IN FRONT OF THE FIRST OR UPPER BRUSHES. THESE BRUSHES ARE 
NOT USED FOR READING DATA ON THE 7090 SYSYEM. 

4. DEPRESS (RUT DO NOT HOLD) THE START KEY A SECOND TIME. THE CARD 
READER WILL TAKE A SECOND MACHINE CYCLE. THE CAPD WILL PASS RE
NEATH THE FIRST OR UPPER SFT OF RRlJSHES AND STOP JUST RFFORE THE 
SECOND OR LOWER SET OF"BRUSHES. 

5. DEPRESS THE START KEY A THIRD TIME. NO MECHANICAL ACTION WILL 
TAKE PLACE BUT THE READY LIGHT ON THE CARD READFR WILL COME ON. 
THIS LIGHT INDICATES THAT THE CARD READER IS NOW READY FOR OP
ERATION BY THE COMPUTER. THIS IS THE NORMAL S~QUENCE OF EVENTS 
THAT OCCURS WHENEVER YOU START A DECK OF CARDS INTO THE CARD R~ADfR 

6. NOTICE THE FEED KFY ON THE CARD READER. THE FUNCTION OF THIS KEY 
IS TO PASS THE CARDS THROUGH THE FEED INTO THE STACKER WITHOUT 
THEIR RFING R~AD. 

7. DEPRESS THE FFEn K~Y. NOTHING SHOULD HAPP~N R~rAUS~ THF CAR~ 
R~ADER IS RfADY. (READY TO RFAO CARDS UNn~R C0 MPUTfP CONTP0L AN~ 
THEREFORE IGNORING ~ANUAL COMMANDS) 

8. DEPRESS THE STOP KEY. THE READY LIGHT WILL GO OFF. THE CARD RFAD
ER IS NOW NO LONGER AVAILABLE TO THE COMPUTER BUT IT IS AVAILABLE 
FOR MANUAL OPERATIONS. 

9. DEPRESS THE START AND STOP KEYS SEVERAL TIMES TO DE~ONSTRATE THE 
MAKING READY ANn NOT READY OF THE THE CARD REAnER. 

10. WITH THE READY LIGHT OFF, DEPRESS THE FEED KFY AND FEED THE CARD 
THRU TO THE STACKER. 

11~ PLACE THE C\RD RACK IN TH~ HOPPfR. 
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12. DEPRESS THE START KEY AND HOLD IT DOWN UNTIL THE CARD READER STOPS. 
NOTICE THAT THE READY LIGHT IS ON. THIS IS THE QUICK WAY TO 
ACCOMPLISH STEPS 3. 4. AND 5 ABOVE. 

13. PLACE THE MANUAL-AUTOMATIC SWITCH ON THE CPUCONSOLF IN THE AUTO
MATIC POSITION. 

14. DEPRESS THE LOAD CARDS KEY ON THE CPU CONSOLE. THE CARD RFADER 
WILL TAKE ONE MACHINE CYCLE. THE CARD WILL BE PASS~D BENFATH THE 
READING BRUSHES. THREE WORDS, THE CONTENTS OP 9 ROW LEFT. 9 ROW 
RIGHT. AND 8 ROW LEFT WILL BE TRANSMITTED TO CORE STORAGE. THEY 
WILL BE STORED IN THAT ORDER AT CORE STORAGE LOCATIONS OOOOOt 
00001, AND 00002. 

15. THIS IS AN UNCHANGEA8LE RESULT OF HAVING DEPRESSED THE LOAD CARDS 
KEY. NO PROGRAM WAS REQUIRED TO TRANSMIT THESE THREE WORDS. BUT 
NO MODIFICATION CAN RF MADF AS TO THE NUMBER OF WORDS TRANSMtTTED 
OR WHERE THEY AR~ STOR~D. 

16. PLACE THE MANUAL-AUTOMATIC SWITCH IN MANUAL. PLACE 00000 IN THE 
ADDRESS PORTION OF THE OPe PANEL KEYS. DEPRESS THE DISPLAY STORAGE 
BUTTON. THE CONTENTS OF STORAGE LOCATION 00000 WILL BE PLACED IN 
THE STORAGE REGISTER FOR YOU TO EXAMINE. 

17. DISPLAY LOCATIONS 00001 THRU 00005 IN THE SAME MANNER. COMPARE THE 
CONTENTS OF EACH LOCATION TO THE CARD CONTENT SHOWN FOR CARD NUMBER 
1 IN APPENDIX 1 OF THIS PROJECT. 

18. DEPRESS THE CLFAR KEY AND nrSPLAY THESE LOCATIONS AGAIN. TH~ RITS 
ARE STILL PRF~fNT BECAUSF CLEAP IS NOT FFFFCTIV~ IN MANUAL. THIS 
SERVES AS PROTECTION AGAINST ACCIDENTAL CLEARING DURING A MANUAL 
OPERATiON. 

19. PLACE THE MACHINE IN.AUTOMATIC. PRESS CLEAR. RETURN TO MANUAL. 

20. DISPLAY LOCATIONS 00000 THRU 00005 AGAIN TO VERIFY THAT THEY NOW 
CONTAIN ZEROS. 

21. TRY EACH OF THE FOLLOWING AND TAKE CAREFUL NOTE OF THE RESULTS. 
A) WITH THE CARD READER READY ANO THF MACHINE IN MANUAL STATUS 

DEPRESS THE LOAD CARDS BUTTO~. 

B). WITH THE MACHINE IN AUTOMATIC AND THE CARn READFR NOT RFAny, 
DEPRESS THF LOAD CARDS RUTTON, 

C) WITH INFORMATION FROM THE CARD ALREADY IN STORAGFt DIS
PLAY THE STORAGE LOCATIONS CONCERNED, WITH THE MACHINF TN 
AUTOMATIC STATUS. 

3ZS 



LABORATORY PROJECT 3 

7151 CONSOLE ORIENTATION 

PART 2 - SINGLE STEP. MULTIPLE STEP. RESET. 
START, ENTER INSTRUCTION. ENTER MQ 

1. PLACE CARD 2 IN THE CARD READER AND. USING THE LOAD CARDS KEY, READ 
IT INTO STORAGE. THE FIRST THREE WORDS OF THE CARD. WHICH ARE 
TRANSMITTED FREE, ARE SUCH THAT THE COMPUTER WILL RFAD THE BALANCE 
OF THE CARD INTO STORAGE ALSO. CPU WIL WAIT AT LOCATION. 00001 
UNTIL THIS IS A(CO~PLISHFD. THEN IT WILL PROCF~n WITH THF N~XT 
INSTRUCTION IN SF~UENCE WHICH WILL (OMF FROM LO(ATTO~ 00002. 

2. THE COMPUTER IS IN AN ENDLESS LOOP AS YOU CAN SFE FROM THE CARD 
LISTING IN APPENDIX 2. PLACE THE COMPUTER IN MANUAL AND IT WILL 
STOP AFTER COMPLETING THE INSTRUCTION IN PROCESS. 

3. THE INSTRUCTION REGISTER HOLDS THE OPERATION CODE OF THE INSTRUCT
ION JUST COMPLETED. 

4. THE STORAGE REGISTER CONTAINS THE NEXT INSTRUCTION TO BE P~RFOPMED. 

5. THE INSTRUCTION COUNTER (PROGRAM COUNTER) CONTAINS THE STORA~F 
LOCATION OF THE N~XT INSTRUCTION TO AE PERFORMED. 

6. STUDY THE PROGRAM UNTIL YOU FEEL YOU UNDERSTAND WHAT IT SHOULD DO. 
DETERMINE WHICH PART OF THE PROGRA~ THE ~ACHINE WAS IN WHEN YOU 
CAUSED IT TO STOP BY PLACING IT IN MANUAL. 

7. WITH THE MACHINE IN MANUAL, DEPRESS THE SINGLE STEP BUTTON. 
OBSERVE THE OPERATION OF THE INSTRUCTION REGISTER, THE INSTRUCTION 
COUNTER. AND THE VARIOUS DATA REGISTERS. 

8. PROCEED IN THIS MANNER, ORSERVING THE OPFRATION OF THE PROGRAM. 
FOLLOW THF LISTING IN THF APPENDIX AND RFLATE IT TO THE DISPLAYS 
YOU OBSERVE. IF THERf IS ANY DISPLAY YOU DO NOT UNDER5TAND. CON
SULT YOUR LAB INSTRUCTOR AT ONCE. 

9. NOW DEPRESS THE MULTIPLE STEP KEY. AS LONG AS YOU HOLD THE KEY THE 
MACHINE WILL CONTINUE TO PROCESS THE PROGRAM, BUT AT A RATE GREATLY 
BELOW ITS NORMAL AUTOMATIC RATE. 

10. THIS FEATURE MAY BE USED TO SPEED UP MANUAL OPERATIONS WHEN YOU DO 
NOT WISH TO OBSERVE EACH OPERATION. 

11. OPEN THE COVER TO THE C~E. PANEL AT THE RIGHT OF THE CONSOL~. 
LOCATE THE HIGH SPEFD-LOW SPEFD MULTTPLF. STEP TOGGLE 5WITCH. 
CHANGE THE POSITION OF THIS SWITCH AND NOTf THE EFFECT ON MACHiNE 
OPERATION. 
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12. ATTEMPT MULTIPLE STEP AND SINGLE STEP OPERATION WITH THE MACHINE 
IN AUTOMATIC STATUS. NOTE THE RESULT. 

13. WITH THE MACHINE IN AUTOMATIC STATUS, D~PRESS THE START KEY ON THE 
CONSOLE. THE MACHINE IS ONCE AGAIN OPERATING THE PROGRAM AT HIGH 
SPEED. NOTE THAT THE WHITE READY LIGHT IS OFF AND THF YELLOW AUTO
MATIC LIGHT IS ON. 

14. WITH THE MACHINE STILL IN AUTOMATIC, DEPRESS THE RESET KEY •. ALL 
REGISTERS HAVE BEEN RESET AND THE PROGRAM HAS BEEN INTERRUPTED. 
HOWEVER, THE PROGRAM STILL EXISTS IN CORE STORAGE. 

15. IN ORDER TO RESTART THE PROGRAM IT WILL BE NECESSARY TO MANUALLY 
TRANSFER TO THE START OF THE LOOP. 

16. PLACE THE OP CODF. FOq THE INSTRUCTION TRA IN POSITIONS 5-11 OF THE 
OP PANEL KEYS. 

17. PLACE THE LOCATION OF THE (LA INSTRUCTION IN POSITIONS 21-35 OF THE 
OP PANEL KEYS. 

18. DEPRESS THE ENTER INSTRUCTION BUTTON. THIS BUTTON CAUSES THE MACH
INE TO PERFORM THE INSTRUCTION THAT IS IN THE OP PAN~L KEYS. 
OBSERVE WHAT HAPPENS TO THE INSTRUCTION COUNTER WHEN YOU DEPRESS 
THE ENTER INSTRUCTION BUTTON. 

19. NOTHING HAPPENED BECAUSE THE MACHINE IS IN AUTOMATIC AND IS THERE
FORE IGNORING TH~ ENTER INSTRU(T[ON BUTTON. PLACE THF MACHINF IN 
MANUAL AND DO STEP 18 AGAIN. 

20. THE PROGRAM COUNTER SHOULD NOW qEAD 00002. THI~ IS THE STORAGE 
LOCATION OF THE NFXT INSTRlICTION THAT WOULD BE PERFOQMED IF THE 
MACHINE WAS PUT INTO OPERATION. 

21. PLACE THE MACHINE IN OPERATION. IT SHOULD RUN AS BEFORE. 

22. STOP THE PROGRAM. 

23. DISPLAY LOCATION 00004. YOU WILL CHANGE THE NU~8ER OF PASSES THRU 
THE LOOP BY MODIFYING THIS INSTRUCTION. 

24. PLACE THE OP CODf OF THE INSTRUCTION (AXT) IN THE OP PANEL KEYS. 
DO THE SAME WITH THE TAG. THIS INFORMATION SHOULD RE TH~ SAMF AS 
IT WAS ORIGINALLY IN CORE. 

25. MULTIPLY THE PRtSENT ADDRESS PORTION OF THE AXT INSTRUCTION BY 
TWO AND PLACE THIS NEW NUMBER IN THE ADDRESS PORTION (21-35) OF 
THE OP PANEL KEYS. 

26. DEPRESS THE ENTER MQ BUTTON. THIS WILL MOVE THE CONTENTS OF THE 
KEYS TO THE MQ. SEE IF THIS WAS DONE PROPERLY. 

27. THIS NEW INSTRUCTION MAY NOW BE STORED IN PLACE OF THE OLD ONE BY 
PLACING A STQ AND THE PROPFR AnDRESS IN THE KEYS AND DEPRESSING THE 
ENTER INSTRUCTION KEY. 
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28. DISPLAY TO SEE THAT THE PROPER INFORMATION WAS STORED. 

29. RUN THE PROGRAM IN AUTOMATIC. SINGLE STEP, AND HIGH AND LOW SPEED 
MULTIPLE STEP. NOTICE THE DIFFERENCES WHICH RESULT FROM YOUR MOD
IFICATION TO THF. PROGRAM. 

30. MAKE ANY OTHER MODIFICATIONS TO THE PROGRAM THAT YOl) MAY WISH. 

31. CLEAR STORAGE. 
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LABORATORY PROJ~CT 3 

7151 CONSOLE O~I~~TATlnN 

PART III - DISPLAY EFFFCTIVE ADDRESS 

1. CLEAR STORAGE. 

2. ~ANUALLY STORE THE FOLLOWING PRnGRA~. WHEN YOU HAVE IT STORED, 
CHECK TO SF SURF IT IS IN STORAGE CORRFCTLY. ALL NlJMR~RS SHOWN 
~RE IN OCTAL. 

ooono 
00001 
00002 
00003 
00004 
00005 
U0006 

~NK 

XCA 
AXT 
STO 
TIX 
HPR 
TRA 

100,1 
500,1 
*-1,1,1 

00000 

3. PLACE SOME BINARY VALUE IN THE OP PANEL KFYS. SI~GLF STEP THE 
PROGRAM UNTIL THE INSTRUCTION AT LOCATION 00003 HAS REEN PERFORMED 
SFVE~AL TIMES. 

4. DISPLAY THE APPROPRIATE SE0UENTIAL STORAGE LnC~TI0NS ANn FIND THF 
INFORMATION WHICH HAS BEEN STORED. 

5. PLACE THE HIGH-LOW SPEED MULTIPLE STEP TOGGLE SWITCH IN THE LOW 
SPEED POSITION. 

6. ~O:~ENTARILY DEPRESS THE MULTIPLE STEP BUTTON SO THAT THE MACHINE 
HAS GONE THRU SEVERAL PASSES OF THE LOOP. 

7. WHEN YOU RELEASE THE KEY, THE PROGRAM MAY STOP WITH 00003 IN THE 
INSTRLJCTION COUNTER AND STO 00500,1 IN THE STORAGE REGISTER. IF IT 
DOES NOT ,STOP IN THIS MANNER YOU MAY SlNGLF STEP THE PROGRAM UNTIL 
IT DOES. 

8. THE PROBLEM AT THIS TIME IS TO DETERMINE WHICH STORAGE LOCATION 
WILL BE ACTED UPON BY THE 5TO INSTRUCTION WHICH IS ABOUT TO BE PER
FORMED. THIS COULD BE DETERMINED BY USING OCTAL OR BINARY ARITH
METIC TO SUBTRACT THE PRESENT CONTENTS OF THE- XR FROM THE ADDRESS 
IN THE INSTRUCTION. THIS COULD BE TIME CONSUMING. 

9. TH~ MACHINE WILL HAVE TO PERFORM THIS CALCULATION IN ORDER TO EX
ECUTE THE STO INSTRUCTION. WE CAN CAUSf -rT TO DO THE 5AM~ THING 
FOR US, BEFORE IT EXECUTES THE STO, BY DEPR~5SING THE DISPLAY 
EFFECTIVF ADDRESS BUTTON. THE COMPUTFR WILL ODFRATE ON THE 
INSTRUCTION THAT IS IN THE STORAGE RFGISTFR WHFN THE KEY IS DF
PRESSED. DEPRESS THE DISPLAY EFFECTIVE ADDRESS KEY NOW. THE 
EFFECTIVE ADDRESS (ADDRESS PORTION OF THE INSTRUCTION MINUS THE 
CURRENT VALUE OF THE SPECIFIED XR) IS NOW DI~PLAYED IN THE STORAGE 
REGISTER. IT HAS BEEN CALCULATED FOR YOU BY THE COMPUTER. RECORD 
THIS ADDRESS. 329 



LABORATORY PROJECT 3 

7151 CONSOLE ORIENTATION 

PART IV - CONTINUOUS ENTER INSTRUCTION 

1. CONTINUOUS ENTER INSTRUCTION IS A MEANS OF REPEAT~DLY EXECUTING 
THE SAME INSTRUCTION UNDER MANUAL CONTROL (NOT STORED IN CORE) AT 
NORMAL COMPUTER SPEEDS. 

2. RESET THE MACHINE TO CLEAR ALL REGISTERS. 

3. STORE A BIT IN POSITION 35 OF SOME STORAGE LOCATION. 

4. PLACE THE INSTRUCTION ADD AND THE ADDRESS OF THE LOCATION HAVING 
THE BIT IN THE OP PANEL KEYS. 

5. PRESS THE ENTER INSTRUCTION BUTTON SEVERAL TIM~S. WATCH THE TOTAL 
ACCUMULATE IN THE ACCUMULATOR AS THE SAME INSTRUCTION IS P~RFORMED 
AGAIN WITH EACH DEPRESSION. 

6. ON THE C.E. PANEL AT THE RIGHT OF THE CONSOLE, FIND THE CONTINUOUS 
ENTER INSTRUCTION TOGGLE SWITCH. PUT IT IN THE ON (UP) POSITION. 

7. NOTICE THAT THE READY LIGHT ON THE CONSOLE WENT OFF. THIS IS AN 
INDICATION TO THF. OPERATOR THAT SOME SUCH SWITCH IS ON AND THE 
MACHINE IS. THEREFORE. NOT RFADY FOR NORMAL OPERATION. 

8. PLACE THE MACHINE IN AUTOMATIC. DEPRESS THE START KEY. THE 
INSTRUCTION IN THE OP PANEL KEYS WILL NOW BE PERFORMED QEPETITIVELY 
UNTIL YOU STOP IT. NOTE THE OPERATION OF THE ACCUMULATOR. 

9. AFTER THIS HAS RUN FOR A WHILE. CHANGE THE OP CODE FROM ADD TO SUB. 

10. YOU MAY STOP THIS OPERATION BY--
A. PLACING THE MACHINE IN MANUAL. 
B. DEPRESSING THE RESET RUTTON. 
C. TURNING OFF THE CONTINUOUS E~TER INSTRUCTION SWITCH. 
D. CHANGING THE OP conr: TO A HALT. 

11. CL~AR THE MACHINF. 

12. ANSWER THE QUESTIONS IN THE FOLLOWING SECTION. 
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LABORATORY PROJECT 3 

7151 CONSOLE ORIENTATION 

PART V - QUESTIONS 

1. CARDS ARE PLACED IN THE CARD READER (FACE UP) (FACE DOWN) AND 
(9 EDGE FIRST) (12 EDGE FIRST). 

2. IF THE START KEY ON THE READER IS NOT HELD DOWN, HOW MANY DEPRESS
IONS OF THE KEY ARE NORMALLY REQUIRED BEFORE THE READY LIGHT COMES 
ON. 

3. THE FEED KEY IS EFFECTIVE ONLY WHEN THE CARD READER IS (READY) 
(NOT READY). 

4. THE LOAD CARDS KEY IS EFFECTIVE ONLY WHEN THE MACHINE IS IN THE 
(MANUAL) (AUTOMATIC) STATUS. 

5. THE DISPLAY KEY IS ~FFECTIVE ONLY WHEN THE MACHINE IS IN (MANUAL) 
(AUTOMATIC) STATUS. 

6. THE CLEAR KEY IS EFFECTIVE ONLY WHEN THE MACHINF IS IN (MANUAL) 
(AUTOMATIC) STATUS. 

7. TELL WHAT IS IN THE INSTRUCTION COUNTER, THE INSTRUCTION REGISTER, 
AND THE STORAGE REGISTER WHEN THE MACHINE IS MANUALLY FORCED TO 
STOP BY BEING PUT INTO MANUAL STATUS. 

INSTRUCTION COUNTER CONTAINS 
... ~ ................ -.. .-.-...-----------. .. --..-... ---.... 

INSTRUCTION REGISTER CONTAINS 

STORAGE REGISTER CONTAINS 
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8. DESCRIBE THE EFFECT OF THE ENTER MQ BUTTON • 

9. GIVE 
ENTER 

.... --------------......... --..... - .... .-. ........... -.-.~ ... .--.-----------..... -----.-..~~.....-..-....-----

-------------------------------------------------------
-------_._------------------------------------_._ ..... _-----
----------.-.-------------..... ---........ .-. ... -.. -.... --~---...... -... ,------...--._ ............ -...--

AN EXAMPLE OF A SITUATION 
INSTRUCTION FFATUR~. 

WHERE YOU MIGHT USE THE CONTINUOUS 

---------------------------------------------------------_._------

lC. TELL WHAT HAPPENS WHEN THE DISPLAY EFFECTIVE ADDRESS KEY IS DF
PRESSED. 

-----------------------------------------------------._----
----------------------------------------------.--------

-----~----------------------------------------------------
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LABORATORY PR0JECT 3 

7151 CONSOLE ORIE~TATION 

APPENDIX 1 

CARD 1 

9L 00000 OCT 777777777777 
9R 00001 OCT 777777777776 
8L 00002 OCT 777777777775 
fiR 00003 OCT 777777777774 
7L OO()f)4 OCT 77771.7777773 
7R O()OO5 OCT 77777777777? 
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L~RORAT0PY DR0JFCT 3 

7151 CONSOLE ORIENTATION 

APPENDIX 2 

CAf'D ? 

00000 IOCD 3,,/5 
00001 TCOA 1 
00002 CLA 13 
00003 AXT 42,2 
00004 AXT 10,1 
00005 ALS 1 
00006 ARS 1 
00007 TIX 5,1 ,1 
1)0010 ALS 1 
00011 TIX 4,2,1 
0,00 12 TRA 2 
00013 OCT 1 
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LABORATORY PROJECT 4A 

OSCILLOSCOPE APPLICATIONS 

I. PURPOSE 

DEMONSTRATE THE OPERATION OF A - 0 CIRCUIT 

II. PROCFDURE 

EXAMINE THE TH~EE INPUTS TO AN OR CIRCUIT, NOTE THEIR TIMING, 
AND COMDARF THF~ TO THE OUTPUT. 

III. MACHINE REQUIREMENTS 

IV. PREPARATION 

REVIEW THF OPFRATION AND CHARACTERISTICS OF THF nF7E CARn. 
RFVIEW BASIC OPFRATION OF TEKTR0NIX OSCILLOSCOPE. 

v. REFERENCES 

A. PAGE 79 OF C.E. MANUAL OF INSTRUCTION SMS COMPONENT 
CIRCUITS 

8. PAGES 5 - 16 OF C.E. MANUAL OF INSTRUCTION TEKTRONIX 
OSCILLOS(OPE5 
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VI. SCOPE SETUP 

A. TIME BASE-A CONTROLS 
TRIGGERING MOD~ - AC LOW FREQUENCY REJECT 
TRIGGER SLOPE - PLUS EXTERNAL 
TIME PER CENTIMETER - .2 MICROSECONDS 

B. PRFA~PLIFIER CONTROLS - CHANNFLS A AND B 
r,ft,ODE - ALTERNATE 

c. 

VOLTS PER CENTIMF.TER - .2 

SIGNAL INPUTS 
1. TRIGGER INPUR A 

CHANNEL A 

CHJ\,NNf:L 

A. 

~. 

C. 

0. 

LINE' NAME 
SYSTEM PAGE 
LOCA,TION 

LINE NAME 
SYSTEM PAGE 
LOCATION 

LINE NAr-.'1E 
SYSTE~~ PAGE 
LOCATION 

LINE ~'IAME 
SYSTEM PACiF. 
LOCATION 

LINE NAME +N AO D1 
SYSTEM PAGE 08.00.40.1 
LOCATION 03A4E17A 

LINE NAME +N AO D1 
SYSTEM PAGE 08.00.40.1 
LOCATION 03A4~17A 

SCOPE THE FOLOWING POINTS IN 
SEQUENCE. ON THE ATTACHED CHART 
RECORD THE TIME RELATIONSHIPS OF 
THE PULSES OBSERVED. LABEL THE 
VOLTAGE REFERENCES (SHOW A TRACE 
ALSO) 

- A1 D1 
08.00.48.1 
0'3A4F21D 

-N Ac) !)1 
08.00.48.1 
03A4F21E 

-N A9 Dl 
08.00'.48.1 
03A4F21F 

+P /\1.A5.A9 D1 
08.0n.48.1 
03A4F21A 
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Channel A 

Channel B 
Signal a 

Signal b 

Signal c 

Signal d 

I 

~" r-" 
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LABORATORY PROJECT 48 

OSCILLOSCOPE APPLICATIONS 

I. PURPOSE 

DEMONSTRATF THE OPERATION OF A +A CIRrUIT. 

II. PROCECURE 

EXAMINE THE TWO INPUTS TO AN AND CIRCUIT, NOTE THEIR TIMING. 
AND COMPARE THEM TO THE OUTPUT. 

I I I • ~1 A C H n! E R F 0. U I R F ~~ F. N T S 

TV. PREPARATION 

REVIEW THE OPERATION AND CHARACTERISTICS OF THE DAZW CARD. 

v. P.~FtR~N(ES 

PA~F 63 OF C.~. MANUAL OF I~STRUCTTnN S~S C0MPONENT CIRCUITS 
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VI. SCOPE SETUP 

A. TIME BASE-A CONTROLS 
TRIGGERING MODE - AC LOW FREQUENCY REJECT 
TRIGER SLOPE - PLUS EXTERNAL 
TIME PER CENTIMETER - .5 MICROSECONDS 

B. PREAMPLIFIER CONTROLS - CHANNELS A AND B 
MODE - ALTERNATE 
VOLTS PER CENTIMETER - .2 

C. SIGNAL INPUTS - PART A 

1. TRIGGER INPUT A LINE NAME +N MASTER E 
SYSTEM PAGE 08.00.19.1 
LOCATION 0281617E 

2. CHANNEL A LINE NAME +N GO TO I 
SYSTEM PAGE 08.00.18.1 
LOCATION 02B1E15E 

3) CHANNEL B LINF NAME +N All D1 
SYSTEM PAGE 08.00.18.1 
LOCATION 02B1El5F 

TIME 

TIME 

PLACE THE INSTRUCTION CLA (+0500) IN THE OP PANEL 
KEYS, TURN ON THE CONTINUOUS ENTER INSTRUCTION 
SWITCH, PRESS THE-START KEY. ON THE ATTACHED 
CHART, RECORD THE TIME RELATIONSHIPS OF THE PULSES 
OBSERVED. 

D. SIGNAL INPUTS - PART 8 

1. TRIGGER INPUT A SAMF: AS ABOVE 

2. CHANNEL A SAME AS ABOVE 

3. CHANNEL B SAME AS ABOVE 

TURN THE PREAMPLIFIER MODE SWITCH TO THE ADDED 
ALGEBRAICALLY POSITION AND RECORD THIS PULSE. 
ADJUSTMENT OF THE VERTICAL POSITION CONTROLS MAY BE 
NECESSARY. THE HIGHEST PORTION OF THE WAVEFORM 
OBSERVED REPRESENTS THE TIME OF CO-INCIDENCE OF THE 
TWO INPUT PULSES. 
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E. SIGNAL INPUTS - PART C 
1. TRIGGER INPUT A SAME AS AsdvE 

2. CHANNEL A 

3. CHANNEL B 

LINE NAME +P TURN ON MASTER ! 
TIME 

SYSTEM PAGE 08.00.18.1 
LOCATION 02B1E15G 

NOT USED 

PLACE THE PREAMPLIFIER ~ODE SWITCH IN THE A ONLY 
POSITION. RECORD THIS PULSE WHICH IS THE IN-PHASE 
OUTPUT OF THE AND CIRCUIT. 



Part A 

Channel A 

Channel B 

Part B 

Algebraically 
Added 

Part C 

Channel A 

--
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LABORATORY PROJECT 4C 

OSCILLOSCOPE APPLICATIONS 

I. PURPOSE 

DEMONSTRATE THE OPERATION OF A TRIGGF-R CIRCUIT USING A 
-TO AND A -TA 

II. PROCEDURE 

EXAMINE THE OUTPUTS OF THE -TO AND -TA IN RESPECT TO EACH 
OTHER. NOTE THE TIMING DIFFERENCES 

III. MACHINE REQUIREMENTS 

C.P.U. 

IV. PREPARATION 

REVIEW THE OPFRATION AND CHARACTERISTICS OF THE DAZW AND THE 
.DFZE CARDS 

v. REFERENCES 

PAGES 63 AND 86 OF C.E. MANUAL OF INSTRUCTION SMS COMPONENT 
CIRCUITS 



VI. SCOPE SETUP 

A. TIME BASE-A CONTROLS 
TRIGGERING MODE - AC LOW FREQUENCY REJECT 
TRIGGER SLOPE - MINUS EXTERNAL 
TI~E PER CENTIMETER - .1 MICROSECONDS 

B. PREAMPLIFIER CONTROLS - CHANNELS A AND B 
~'iODE - ALTERNATE 
VOLTS PER CENTIMETER - .2 

C. SIGNAL INPUTS - PART A 

D. 

TRIGGER INPUT A 

2. CHANNEL A 

CHANNEL B 

LINE NAME -N Al Dl 
SYSTEM PAGE 08.00.40.1 
LOCATIONS 03A4E19F 

LINE NAME -P Al D2 
SYSTEM PAGE 08.00.40..1 
LOCATIONS 03A4E19G 

LINE NAME -N Al Dl 
SYSTEM PAGE 08.00.40.1 
LOCATIONS Q3A4D19G 

ON THE ATTACHED CHART. RECORD THE TIME RELATIONSHIPS 
OF THE PULSES OBSERVED. THESE ARE THE IN-PHASE 
OUTPUTS OF A MINUS TRIGGER. NOTE THE DIFFERENCE IN 
DURATION OF THE TWO PULSES. 

SIGNAL INPUTS - PART B 

1. TRIGGER INPUT A LINE NAME -N Al DI 
SYSTEM PAGE 08.00.40.1 
LOCATIONS 03A4E19E 

2. CHANNEL A LINE NAME +P Al D2 
S YS TE~~ PAGE 08.00.40.1 
LOCATIONS 03A4El9H 

3. CHANNEL B LINE NAMF +N Al D2 
SYSTEM P.AGE 08.00.40.1 
LOCATION 03A4D19A 

ON THE ATTACHED CHART. RECORD THE TIME RELATIONSHIPS OF 
THE PULSES 08SERVED. THESE ARE THE OUT OF PHASE 
OUTPUTS OF A MINUS TRIGGE~. NOTE THE DIFFERENCE IN 
DURATION OF THE TWO PULSES. EXPLAIN WHY THESE PULSES ARE 
NOT OF THE SAME DURATION. 
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Part A 

Channel A 

Channel B 

Part B 

Channel A 

Channel B 

!-----I---+--,---~--.-.. ---- ------'--t-----+-------+_.--.-.--- 1-----

'-----t----i-. _____ "--___ __. __ L.--__ . ___ L--. __ '-_._-+ ___ -&.-__ 
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LABORATORY PROJECT 4D 

OSCILLOSCOPE APPLICATIONS 

I. PURPOSE 

DEMONSTRATE THE OPERATION OF A BINARY TRIGGER (TB) 

11. PROCEDURE 

OBSERVE THE INPUT LINE, IN PHASE AND OUT,OF PHASE OUTPUTS. 
AND DELAYED OUTPUTS OF A -T8 IN POSITION 17 OF THE WORD CTR. 

III. MACHINE REQUIREMENTS 

DATA CHANNEL 

IV. PREPARATION 

REVIEW THE OPERATION AND THE CHARACTERISTICS OF THE FF-- AND 
FJ-- CARDS. REVIEW DELAYED SWEEP OPERATION OF THE 
TEKTRONIX OSCILLOSCOPE. 

v. REFERENCES 

A. PAGES 104 - 105 OF C.E. MANUAL OF INSTRUCTION'SMS 
COMPONENT CIRCUITS 

B. PAGES 18 - 21 AND 30 -35 OF C.E. MANUAL OF INSTRUCTION 
TEKTRONIX OSCILLOSCOPES 
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VI. SCOPE SETUP 

A. TIME BASE B CONTROLS 
1. TRIGGERING MODE - AC 
2. TRIGGER SLOPE - PLUS EXTERNAL 
3. TIME PER CENTIMETER - 2.0 MICROSECONDS 

B. TIME BASE A CONTROLS 

C. 

1. STABILITY AND TRIGGERING LEVEL CONTROLS FULLY 
CLOCKWISE 

2. TIME PER CENTIMETER - 1 MICROSECOND OR LESS 

SIGNAL INPUTS 
1. TRIGGER INPUT B 

2. CHANNEL A 

3. CHANNEL B 

(Al LINE NAME 
SYSTEM PAGE 
LOCATION 

LINE NAME +N STEP we 
SYSTEM PAGE 60.30.01.1 
LOCATIONS 06C2K060 

ioN STEP WC 
60.30.01.1 
06C2K06D 

LINE NAME 
SYSTEM PAGE 
LOCATIONS 
SCOPE THE 
SEQUENCE. 
FOLLO\.JI NG 

FOLLOWING POINTS IN 
ANSWER THE QUESTIONS 

EACH POINT. 

-N STEP WC 17 
60.30.01.1 
06C2J07H 

(1) THE LENGTH OF THIS PULSE, MEASURED AT THE 
REFERENCE LINE, IS ---------------------------. 

(2) THE PULSE SWINGS FROM -------------- VOLTS 
TO -------------VOLTS. 

(3) THE LENGTH OF THE PULSE ON CHANNEL A IS 
-------------------. 

(4) EXPLAIN THE REASON FOR THE UNUSUAL VOLTAGE 
LEVELS OF THE A PULSE AND THE R~ASON FOR THE 
DIFFERENCE IN LENGTH BETWEEN THE A AND B 
PULSES. 
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(8) LINE NAME 
SYSTEM PAGE 
LOCATIONS 

-P WC 17 
60.30.01.1 
06C2J07B 

(1) HOW MUCH TIME HAS ELAPSED BETWEEN THE TIME A 
PULSE RISES ACROSS THE REFERENCE LINE AND 
WHEN THE B PULSE FALLS ACROSS THE REFERENCE 
LINE 

(2) WAS THE TRIGGER TURNEn ON OR OFF 

ec) LINE NAME -N WC 17 
SYSTEM PAGE 60.30.01.1 
LOCATIONS 06C2H07H 

(1) WHAT IS THE TOTAL DELAY BETWEEN THE RISE OF THE 
A PULSE AND THE FALL OF THE 8 PULSE 

(2) HOW MUCH TIME IS THERE BETWEEN THE FALL OF A 
PULSE THAT TURNED THE TRIGGER ON AND THE FALL 
OF THE B PULSE THAT REFLECTS THIS ON STATUS 

(3) EXPLAIN WHY THIS OELAY IS USFD 
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I. PURPOSE 

LABORATORY PROJECT 4E 

OSCILLOSCOPE APPLICATIONS 

DEMONSTRATE THE DIFFERENCE IN CHARACTERISTICS BETWEEN ALLOY 
CIRCUITRY AND DIFFUSED CIRCUITRY. 

II. PROCECURE 
COMPARE THE OUTPUTS OF AMlZ CONVERT SLOCK WITH THE OUTPUTS 
OBTAINED WHEN A DAZZ CONVERT BLOCK (371282) IS PLACED IN THE 
SAME LOCATION. 

III. MACHINE REQUIREMENTS 

DATA CHANNEL AND ONE TAPE UNIT 

tv. PREPARATION 

REVIEW THE OPERATION AND CHARACTERISTICS OF THE AMZZ AND 
DAZZ CARDS. REVIEW DELAYED SWEEP. 

v. REFERENCES 

A. PAGES 32 AND 64 OF CE MANUAL OF INSTRUCTION SMS 
COMPONENT CIRCUITS 

B. PAGES 20-21 OF CE MANUAL OF INSTRUCTION FOR 
TEKTRONIX OSCILLOSCOPES (SWEEP DELAYED APPLICATIONS) 
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VI. SCOPE SETUP 

A. TIME RASE R CONTROLS 
1. TRIGGERING MODE - AC 
2. TRIGGERING SLOPE - MINUS EXTERNAL 
3. TIME PER CENTIMETER - 2.0 MICROSECONDS 

B. TIME BASE A CONTROLS 

C. 

1. STABILITY AND TRIGGERING LEVEL CONTROLS FULLV 
CLOCKWISE 

2. TIME PER CENTIMETER - 100 NANOSECONDS 

SIGNAL INPUTS - PART A 

1. TRIGGER INPUT R LINE NAME -N \~C 2 TR 
SYSTEM PAGE 61.20.20.1 
LOCATION 06B2G09D 

2. CHANNEL A LINE NAME +N WC 1 TR 
SYSTEM PAGE 61.20.20.1 
LOCATION 06F32G09D 

. 3. LINE NAME -P we SAMPLE 
SYSTEM PAGE 61.20.20.1 
LOCATION 06B2G09A 

fA) WHAT IS THE TIME DIFFERENCE PETWEFN THE INPUT TO THE 
BLOCK (PIN D) AND THE OUT OF PHASE OUTPUT (PIN A). 

CB) REMOVE THE AND CIRCUITS ON PAGE 61.20.30.1 THAT ARE 
DRIVEN BY THIS BLOCK. WHAT IS THE DELAY OF THE 
BLOCK. 

ec) REMOVE THE ALLOY CONVERT BLOCK (AMZZ) FROM THE 
MACHINE. PLACE THE DIFFUSED CARD CDAZZ) IN ITS 
PLACE. WHAT IS THE DELAY OF THE DIFFUSED CARD 

CD) REPLACE THF. AND CIRCUITS DRIVEN BY THE CONVERT 
BLOCK. MEASURE THE D~LAY AGAIN. 

eE) RESTORE THE MACHINE TO ITS ORIGINAL CONDITION BY 
REMOVING THE DIFFUSED CARD AND INSERTING THE ALLOY 
CARD. 
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D. SIGNAL INPUTS - PART B 

1 ) TR IGGFR P'JPUT 9 

2. CHANNEL A 

LINE NA~F -~ WC 2 Tq 
SYSTEM PAGE 61.20.20.1 
LOCATION 06R2FIOF 

LINE NAME -P we SAMPLE 
SYSTEM PAGE 61.20.?O.1 
LOCATION 06B2G09A 

LIN F NA,i-1F +D ~'!C StV,1PL F 
SYSTEM PAGf 61.?O.20.1 
LOCATION 06R2G09R 

(A) \~ITH TH~ ALLOY CARD A~\~I) I\LL THe:- ,\.~If) CIRCUTTS IN TH~ 

MACHINE. DETFRMINE THF AMOU~T OF Tr~E RFTWEEN THE 
RISE OF THE IN PHASE OUTPUT AND THE FALL OF THE OUT 
OF PHASE OUTPUT. 

(6) MAKE THE SAME MEASUREMENT USING THE DIFFUSED CARD. 

(C) RESTORE THE ~ACHINE TO ITS NORMAL CONDITION. 
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LABORATORY PROJECT 4F 

OSCILLOSCOPE APPLICATIONS 

I. PURPOSE 

DEMONSTRATE THE INPUT SIGNALS OF THE FOUR TYPES OF DRIVER 
TERMINATOR (DT) 

II. PROCEDURE 

THE INPUTS OF FOUR DTS ARE SCOPED WHILE THEY ARE IN OPERATION. 
THE FOUR ARE, IN ORDER, N-P. P-N, P-P, N-N 

III. MACHINE REQUIREMENTS 

DATA CHANNEL 

IV. PREPARATION 

REVIE~J THE CHARACTERISTICS A~ID OPERATION OF THE ('lL-. DK--, 
RL--, AND DJ-- CARDS 

v. REFERENCES 

PAGES 89, 90, 91, AND 92 OF CE MANUAL OF INSTRUCTION SMS 
COMPONENT CIRCUITS 
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VI. SCOPE SETUP 

A. TIME BASE B CONTROLS 
1. TIME BASE B IS NOT USED 

B. TIME BASE A CONTROLS 
1. USE INTERNAL ~YNC 

2. USE TIME PER CENTIMETER APPROPRIATE TO PULSE 
OBSERVED 

C. SIGNAL INPUTS 

1. CHANNEL A 
USING TAPE CYCLE WRITE A SMALL MUNBER OF RECORDS ON 
TAPE. WRITE AN END OF FILE AND REWIND THE TAPE. 
PLACE THE TAPE IN CONTINUOUS READ CYCLE OPERATION 
AND SCOPE THE FOLLOWING POINTS. IN EACH CASE 
USE THE ATTACHED FORM TO RECORD THE PULSE YOU 
OBSERVE AND THE INDICATED SCOPE SETTINGS. 

( A ) LINE NAME +N STEP GP C"lTR 
SYSTEM PAGE 60.25.13.1 
LOCATION 06C l .. J14C 

( B) LINE NAME +N RCP (NTL GATE 
SYSTEM PAGE 60.36.01.1 
LOCATION 06D3D09D 

( C) LINE NAME +P CHAN RDS 
SYSTEM PAGE 60.50.02.1 
LOCATION 06C3G13D 

( D) LINE NAME -P SF.T DATA DISC GATE 
SYSTEM PAGE 60.36.02.1 
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LABORATORY PROJECT 5 

POWER SUPPLY 

THE VOLTAGES PRESENT IN THE 7090 POWER SYSTEM ARE EXTREMELY 
DANGEROUS. THE LAB INSTRUCTOR WILL DROP POWER TO THE SYSTEM FROM 
THE WALL BOX AND ALLOW TIME FOR ALL SUPPLY CAPACITORS TO BLEED OFF 
BEFORE STUDENTS ARE TO BEGIN THIS PROJECT. (STUDENTS SHOULD TAKE 
NOTE OF HOW POWER IS DROPPED AND BROUGHT UP) 

1. 7608 Power Converter 

Remove the covers from the 7608 and locate the following: 
(For reference use the red 7608 7618 CE Reference Manual) 

A. Blower Assembly 

1. Are there any lubrication fittings on the blower motor? 
2. Locate the thermal switch in the M-G. 
3. Are there any air filters? 
4. Is the blower CB located in the MG set? 

B. Drive Motor and Generator 

1. Locate the grease fittings on the drive motor and generator. 
2. Are there any brushes in the drive motor? In the 

generator? How do you change them? 
3. Locate the cable that connects to the generator field. 
4. Where are the 100 and 150 Amp. connectors located? 

Big--aren't they? 

C. M-G CB-l 

1. Is the load connected to the top or bottom of CB-l ? 
2. Do you know how to reset CB-l? 
3. Find the wires connected to CB 1 "under voltage release 

coil. " 

II. 7618 Power Control Unit 

A. Front control panel 

1. Locate the Voltmeter. What is it for? What is the range 
switch for? 
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2. Locate: a. Pwr on switch 
b. Normal off switch 
c. Emergency off switch 
d. Pwr on reset switch 
e. D. C. off switch 

Do you know what these switches do? 
3. Locate the 13 blower CB's. Is the memory blower 

CB different? Why? 
4. How many convenience outlet breakers are there? 
5. Locate: a. CB-28 and 29, the 208V. 400 cycle line CB's 

b. CB-30, the 60 cycle input CB 
c. CB-3I, M-G output CB 
d. CB-32, M-G blower CB 
e. CB-33, Mem. Temp. unit CB 
f. CB- 34, power sequence powerstat CB 
g. CB-35, M/c powerstat CB 

B. Power Cable Distribution (Rear Pane) 

1. Notice how the cables are labeled for each frame to 
which they connect. 

2. Notice that there are two connectors for each frame 
(except the console which has four) 

3. The center 2 rows of connectors carry 400 cycle power. 
The outer two rows carry 60 cycle and DC power to the 
frames. 

4. Note the pin number labeling on the connectors. 
5. Note that even though these connectors carry heavy 

current, they are physically of light construction. Care 
should be taken in connection and removal of cables. 

C. M/c and Power Sequencing Variacs 

1. Locate and identify the three variac s 
2. On the M/c variacs note the drive motor. Note the 

terminal board which connects the drive motor powering 
3. Locate the lower limit, center limit, and upper limit cams 

on the MC variacs. Why is there a center limit cam? 
4. Locate the output of the variable autotransformers on the 

sides of the assemblies. 
5. Are there any brushes on any of the variacs? Are there 

any lubrication points? Do you know where to find, in the 
reference manual, any necessary adjustment procedures? 

D. Generator Exciter - Regulator Panel 

1. Locate the panel 
2. Locate the magnetic amplifier on the panel 
3. Locate the transistor 01 on the panel 
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4. Locate the VR tube 
5. Locate relay CR 1 
6. Locate the three potentiometers. Do you know 

what they do? How they are adjusted? 

E. -48 Volt Power Supply 

1. Locate the -48V supply 
2. Locate the -48V supply fuses 
3. How many -48V supplies are there? How are they 

connected? 

F. Contactors & Relays 

1. Locate HR- 29, the power on sequencing contac tor. 
2. Locate HR- 30, the magnetic motor starter 

(Note the manual reset) 
3. Locate the individual frame sequencing contactors 

HR-I through HR-2S. Note the bus bars on each. side 
of these contactors. Which are the M/C bus bars? 
Which are the 20SV variable bus bars? Which are 
the 208V fixed bus bars? 

4. Locate DR relays I through 13. What are these DR 
relays for? 

5. Locate DR 14 and IS, the memory time and interlock 
relays 

6. Locate DRl6 through 2S. What are these relays for? 
7. Locate DR-29, 30 and 31, the 400 cycle interlock 

relays. They are located on the "Relay, Fuse, and 
Diode Panel". 

S. Locate HR 36 and 37 "D. C. On" relays also on the 
panel. 

III. Typical Frame (CPU or Channels) 

1. Locate the blowers 
2. Locate the blower CB' s 
3. Locate the power cable connectors at the tailgate 

(hard to get at, aren't they?) 
4. Locate CBI for one of the modular supplies 
5. Locate the Pwr~ On-Off switch at the back of the frame.· 
6. Locate one of the gate thermal switches 
7. Locate the D. C. fuse panel on an SMS supply 
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B. Locate DR-I relay in the frame 
9. Locate terminal boards 12, 13, 14, and 15 at the back 

of the frame 
10. Locate Bus Bar I (frame bond) 

IV. Console 

1. Locate the SMS power supply 
2. Where is CBl ? 
3. Locate the fuse panel 
4. Locate the Marginal Control meter panel. Do you know 

how to bias the system? 
5. Are there any blowers in the console? 
6. Do you know how to open the top key panel and see the 

key restore motors? 

V. 7302 Oil Memory 

A. Core special supplies 

1. Locate CB 1 on the special supply 
2. Locate CB2 on the special supply 
3. What voltage does CB2 drop? 
4. Locate the +30 volt M/C Pot. and drive motor 
5. Locate the +60 volt M/C Pot. and drive motor 
6. Locate the Mag. Amp card on the Special Supply 
7. Locate the +B2 volt supply. What is this supply used for? 
B. Locate the -lB volt supply. What is this supply used for? 
9. Locate the wafer switch which adjusts the output of the 

+B2 volt supply 

B. Core 2KW Modular Supply 

1. Locate CBI 
2. Locate the Mag. Amp. card 
3. Locate the Marginal Check relays. 

Why are there only two relays? 
4. Locate the fuses 
5. Note the selenium diode rectifiers and their heat sinks 

VI. Card Machines 

A. Printer 

1. Locate the special 55 volt supply 
2. Locate the power supply blower 
3. Locate the P. S. blower fuses 

357 



4. Locate the 48 volt generator. Where are the brushes? 
5. Locate the generator output adjusting resistor 
6. Locate the main fuse panel. How is a blown fuse indicated? 
7. Are there any power supplie s in the Card Reader or Punch? 

B. Card Reader and Punch Unit 

1. Remove the CR covers 
2. Where is the drive motor? 
3. Does the drive motor need lubrication? 
4. Locate the fuses in the CR 
5. Do you know where to find the fuse locations, valves, and 

the circuits each fuse protects in the ALD' s? 
6. Remove the PU covers 
7. Locate the drive motor in the PU 
8. Locate the fuses in the PU 
9. Take a good look around. Is this all you want to see? 

358 



LABORATORY PROJECT 6 

7617 CONSOLE ORIENTATION 

PA~T 1 - MANUAL STORAGE ANn ~ISPLAY CONTROLS 

PART 2 - ON-LINE TAPE OPERATION 

PART 3 - OFF-LINE TAPE OPERATION 

PART 4 - TAPE CYCLF OPFRATION 

PART S - CONTINUOUS 5TORAG~ READ-I~ AND READ-OUT 

PART 6 - CARD MACHINE OPERATIONS 

PART 7 - QUESTIONS 

NOTE- DATA MAY BF TRAN5MITTFD 8ETWFFN 1/0 DFVICES AND COR~ STORAGE 
ONLY WHE~ THE DATA CHANNEL IS IN THE ON LINE STATUS. WHEN THE 
CHANNEL IS IN THF nFF LINF STATUS TH~ 1/0 nFVICES DO NOT HAVE 
ACC~SS TO CORE ST0RAGF. HOWEVER, MANUAL CONTQOLS O~ CORF STORAGE 
SUCH AS STORE ANn nI5PLAY ARE ACT1VF REGARDLFSS OF WH~THER THE 
CHAN~EL IS ON LINE OP OFF LINE. 
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LABORATORY PROJECT 

7617 CONSOLE ORIENTATION 

PART 1 - MANUAL STOPAG~ AND OrSPLAY CONTROLS 

1. USING THE LOAD COMMAND BUTTON, PLACE AN ADDRESS IN THE CHANNEL 
ADDRESS COUNTER. 

2. USING THE LOAD DATA REGISTER BUTTON, PLACE A NUMBER IN THE DATA 
REGISTER. 

3. DE~RESS THE STORE-DATA REGISTER BUTTON ONCE. 

4. NOTE THAT THE CHANNEL ADDRESS COU~TFR HAS RFEN INCRFMENTFO. 
THE DATA WORD HAS SEEN STORED AT THF ADDR~SS T~AT WAS SPECIFr~D 
BY THE CHANNfL ADDRESS COUNTER (CACl. THE CAe WAS THEN STEPPED 
IN ORDER TO BE READY FOR ANOTHER STORE OPERATION. 

5. PERFORM THE STORE SEVERAL MORE TIMES, WATCH1NG THE CAC STEP AND 
SUPPLY THE CONSECUTIVE LOCATIONS. 

6. RETAINING THE CAC AS IT IS, CHANGE THE CONTENTS OF THE DATA 
REGISTER. 

7. STORE THE NEW NUMBER IN SEVERAL LOCATIONS. 

8. RESET THE CHANNEL AND RE-ENTER THE ORIGINAL ADDRESS IN THF CAC. 

9. DEPRESS THE DISPLAY STORAGE RUTTON. 

10. NOTICE THAT THE CAe HAS AGAIN BEEN INCREMENTED. 

11. THE WORD NOW IN THE DATA REGISTER IS THE WORD YOU HAVE DISPLAYED. 
IT WAS STORED AT THE STARTING LOCATION. 

12. DISPLAY SEQUENTIAL LOCATIONS UNTIL YOU REACH THE SECOND DATA WORD 
YOU USED. 
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LABORATORY PROJECT 6 

7617 CONSOLE ORIENTATION 

PART 2 - ON-LINE TAPE OPERATION 

1. REWIND THE TAPE UNIT. LOAD AN lOCO COMMAND INTO THE COMMAND REG
ISTERS FROM THE OPe PANEL KEYS ON THE DATA CHANNEL CONSOLE. 

2. DEPRESS THE WRITE TAPE KEY. CHANNEL WILL WRITE ONE RECORD ON 
TAPE. THIS RECORD WILL CONSIST OF THE NUMBER OF WORDS YOU HAVE 
SPfCIFIED BY THE WORD COUNT YOU HAVE ENTERED AS PART OF THE 
COMMAND. THEY WIll COME FROM CONSECUTIVE CORE STORAGE LOCATIONS. 
STARTING WITH THE ADDRESS SUPPLIED TO THE CHANNEL ADDRESS COUNTER 
BY YOUR COMMAND. 

3. WATCH THE STEPPING OF THE WORD COUNTER AND THE CHANNEL ADDRESS 
COUNTER. 

4. WHEN THE WORD COUNTER HAS BEEN STEPPED TO ZERO. THE CHANNEL 
WILL DISCONNECT AND THE TAPE DRIVE WILL HALT. 

5. REWIND THE TAPE. USING THE SAME COMMAND THAT YOU USED BEFORE. 
DEPRESS THE READ TAPE KEY AND OBSERVE THE OPERATION. 

6. REDUCE THE SIZE OF THE WORD COUNT AND READ THE SAME RFCORD AGAIN. 
NOTE THAT EVEN THOUGH THE WORD COUNT HAS GONE TO ZERO AND DATA 
TRANSMISSION HAS BEEN HALTED, TAPE MOTION CONTINUES UNT"ll THE ~NO 
OF RECORD IS REACHED. 
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LABORATORY PROJECT 6 

7617 CONSOLE ORIENTATION 

PART 3 - OFF-LINE TAPE OPERATION 

1. LOAD THE DATA REGISTER WITH ALL BITS. 

2. DEPRESS THE WRITE TAPE KEY. THE CHANNEL WILL WRITE A CONTINUOUS 
RECORD ON TAPE. EACH WORD OF THIS RECORD COMES FROM THE DATA 
REGISTER. THE DATA REGISTER IS NEVER RESET IN THIS MODE OF 
OPERATION. 

3. ORSERVE THE FLOW OF INFOR~ATION FROM DATA REGISTER TO TAPE 
REGISTfR TO R/W R~GISTFR. 

4. NOTE THE OPERATION OF THE WRITE CLOCK. THE READ CLOCK, THE SKEW 
REGISTERS A AND 8. 

5. WHILE THE CHANNEL IS IN OPERATION, CHANGE THE CONTENTS OF THE 
DATA REGISTER (DO NOT RESET). OBSERVE ANY CHANGES IN THE APPEAR
ANCE OF THE ABOVE REGISTERS ETC. 

6. DEPRESS THE STOP WRITE BUTTON. REWIND THE TAPE, RESET THE CHANNEL, 
AND DEPRESS READ TAPE. 

'7. NOTE EACH OF THF AROVE REGISTERS ANn CLOCKS AGAIN nURIN~ THE R~AD 
OPERATION. 

8. ALSO NOTE THE TAPERING OFF EFFECT OF THE TAPE REGISTER LIGHTS 
DURING'THE READ OPERATION. CAN YOU'EXPLAIN THIS CONDITION. 

9. NOTE THAT THE OP REGISTER, WORD COUNTER, CHANNEL ADDRESS COUNTER, 
AND LOCATION COUNTER ARE NQT USED DURING AN OFF-LINE I/O OPERATION. 

362 



LABORATORY PROJECT 6 

7617 CONSOLE ORIENTATION 

PART 4 - TAPE CYCLE OPERATION 

1. TAPE CYCLE IS AN OFF LINE OPERATION. LOAD THE DATA REGISTER 
WITH ALL BITS 

2. PLACE THE TAPE CYCLE TOGGLE SWITCH IN THE ON(UP) POSITION. 

DEPRESS THE WRITE TAPE BUTTON. 
RECORDS ON THE SELECTED TAPE. 
(SIX CHARACTERS) IN LENGTH. 
CYCLE OPERATION. 

THE CHANNEL WILL WRITE A SERIES OF 
EACH RECORD WILL BE ONE WORD 

THE DATA FLOW IS THE SAME AS FOR NON-

4. EXAMINE THE REGISTERS AND CLOCKS. COMPARE THEIR APPEARANCE 
NOW WITH THEIR APPEARANCE DURING THE WRITING OF A CONTINUOUS 
RECORD. 

5. STOP WRITE. DEPRESS THE WRITE END OF FILE KEY TO WRITE A TAPE 
MARK. REWIND THE TAPE. 

6. RESET THE CHANNEL. DEPRESS THE READ TAPE BUTTON. THE TAPE WILL 
MOVE AND BE READ UNTIL THE END OF FILE IS DETECTED. THEN IT WILL 
REW1ND TO LOAD POINT. WHEN LOAD POINT IS REACHED. THE READ OP
ERATION WILL BE RESTARTED. 

7. WHILE THE READING IS IN PROCESS EXAMINE THE REGISTERS IN THE DATA 
PATH AND THE CLOCKS. COMPARE WHAT YOU SEE WITH WHAT YOU ~AW DURING 
THE READING OF A CONTI~UOUS RECORD. 

8. READ A FEW OF THE WORDS INTO KNOWN EMPTY STORAGE LOCATIONS. 
DISPLAY THESE LOCATIONS. 
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LABORATORY PROJECT 6 

7617 CONSOLE ORIENTATION 

PART 5 - CONTINUOUS STORAGE READ-IN AND READ-OUT 

1. PLACE IN THE CAe THE ADDRESS OF A CORE STORAGE LOCATION WHICH IS 
AVAILABLE BUT EMPTY. 

2. PLACE THE WORD TO BE STORED IN THE DATA REGISTER. 

3. PLACE THE CONTINUOUS STORAGE READ-IN TOGGLF SWITCH (CSRI) IN THE 
ON (UP) POSITION. 

4. THE CONTENTS OF THE DATA REGISTER IS NOW BEING REPETITIVELY STOR~D 
AT THE LOCATION SPECIFIED BY THE CAC. 

5. NOTE THE FLICKER OF THE BDW REQUIRED TRIGGER. ALSO NOTE THE OP
ERATION OF THE CST1 AND C5T2. NOTE THE BDW AND DR LDD TGRS ALSO. 

6. TURN OFF THE CSRI SWITCH. RESET THE CHANNEL TO CLEAR THE DATA REG
ISTER. 

7. PLACE THE SAME ADDRESS IN THE CAC. TURN ON THE CONTINUOUS STORAGE 
READ-OUT SWITCH ((SRO). 

8. THE CONTENTS OF THE SPECIFIED CORE STORAGE LOCATION IS NOW BEING 
REPETITIVF.LY READ OUT AND PLACED INTO THE DATA REGISTER. 

9. NOTE THE BDW REQUIRED, BOW, CST1, C~T2 AND DR LDD TRIGGERS. 

10, TURN OFF THE CSRO SWITCH AND RESET THE CHANNEL. 

11. SELECT AN AREA OF STORAGE WITH TEN EMPTY LOCATIONS. PLACE THE 
LOW ORDER ADDRESS OF THIS AREA IN THE CAC. ALSO. PLACE THE QUAN
TITY TEN IN THE WORD COUNTER. 

12. PLACE A WORD TO sr: STORED IN THE DATA REGISTER. 

13. TURN ON THE (SRI SWITCH. THE OPERATION AT THIS TIME 15 IDENTICAL 
TO THAT PREVIOUSLY OBSERVED. 

14. PLACE THE CHANNEL INTO AUTOMATIC STATUS. THE WORD COUNTER AND CAC 
WILL EACH STEP UNTIL THE' WORD COUNT EQUALS ZERO. THE WORD IN tHE 
DATA REGISTER WILL BE STORED IN EACH OF THE TEN LOCATIONS ADDRESSED 
BY THE CAC. 

15. TURN OFF THE CSRI SWITCH. RETUR~ THE CHANNEL TO MANUAL. DISPLAY 
THE TEN LOCATIONS TO VFRIFY THAT THE INFORMATION WAS STORED. 
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LABORATORY PROJECT 6 

7617 CONSOLE ORIENTATION 

PART 6 - CARD MACHINE OPERATIONS 

1. WITH THE CHANNEL OFF LINE FILL THE DATA REGISTER WITH BITS. 

2. SET THE UNIT SELECT SWITCH TO ZERO. 

3. DEPRESS THE WRITE PUNCH BUTTON. NOTE THE RESULT. THE DATA 
REGISTER SUPPLIES 24 WORDS FOR EACH PUNCH CYCLE. MODIFY THE DATA 
REGISTER AND TRY THIS AGAIN. 

4. PERFORM THE OPERATIONS DFSCRIAED ABOVE USING THF WRITE PRINTER 
BUTTON. NOTE THE RESULT. 

5. TRY THE SAME OPERATION ON THE PRINTER AGAIN, BUT WITH THE PRINT 
BINARY TOGGLE SWITCH IN THE ON (UP) POSITION. NOTE THE RESULT. 
THE DATA REGISTER SUPPLIES ONLY TWO WORDS FOR EACH CYCLE IN THIS 
MODE OF OPERATION. (AT lL AND lR TIMES). 

6. REPEAT THESE OPERATIONS WITH THE CHANNEL ON LINE. YOU MAY STORE 
THE REQUIRED IMAGES MANUALLY OR YOU MAY READ THEM INTO STORAGE 
FROM CARDS BY USING THE READ CARD RFADER BUTTON. 
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LABORATORY PROJECT 6 

7617 CONSOLE ORIENTATION 

PART 7 - QUESTIONS 

1. IN AN ON LINE WRITE OPERATION, WHAT IS THE SOURCE OF THE DATA 
WRITTEN ON TAPE. 

2. IN AN OFF LINE WRITE OPERATION. WHAT IS THE SOURCE OF THE DATA 
WR I TTE"l ON TAPE. 

-------------------------... - ................. --......_--.-.-------------
3. DURING AN OFF LINE READ OF A LONG RECORD CONTAINING ALL BITS THE 

INTENSITY OF THf TAPE REGISTER INDICATORS APPEARS TO TAPER OFF OR 
DIMINISH TO THE RIGHT. EXPLAIN WHY • 

...... ________________ ~ ____ ... ___ ............ 0IIIa __ ~ .... --~-- ....... ----------.-..-.-....--___ ..... 

4. IN AN OFF LINE READ OPERATION, DATA FOLLOWS THE SAM~ PATHS OR FLOW 
AS IN AN ON LINE OPERATION EXCEPT THAT IT IS STOPPED AT SOME POINT, 
THEREFORE NEVER REACHING CORE STORAGE. TELL THE LAST POINT IN THE 
DATA FLOW THAT THE INFORMATION REACHES IN THIS TYPE OF OPERATION. 

-----------------~~~~~~~~~~~~--~-~--~~-~~~------~~-~ 

-____________ ~_~ __ ~ ____ ~~_~~_~~~~ __ ~ ____ ~_4--_____ __ 
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5. TELL WHAT IS GENERATED ON TAPE BY WRITING OFF LINE WITH THE TAPE 
CYCLE SWITCH IN THE ON POSITION. 

6. CAN THE DATA FLOW AE OBSERVED UNDER THESE CONDITIONS. 

7. PRESUME THAT YOU HAVE A TAPE WRITTEN IN THIS MANNER. IT IS NOW BE
ING READ OFF LINE WITH THE TAPE CYCLE SWITCH ON. DESCRIBE THE 
APPEARANCE OF THE REGISTERS. 

------~----~---~~----~---~~~--~~---~--~--~,------------

8. GIVE THE REASON WHY THE BDW REQUIRED TRIGGER IS VISIBLE ON A CON. 
TINUOUS STORAGE READ-IN OR READ-OUT BUT THE BOW TRIGGER IS NOT. 

9. TELL HOW MANY WORDS P~R LINE ARE TRANSMITTED TO THE PRINTER FOR A 
WRITE PRINTER BINARY OPERATION. 

_____ ... _________ .....-____ -..-. ... .., ............ 4Ia ... ____ ......... _.-...... ~--_____ ~~ .... ___ _ 

10. TELL HOW MANY WORDS PER LINE ARE TRANSMITTED TO THE PRINTER FOR A 
NORMAL (NOT BINARY) WRITE PRINTER OPERATION. 
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11. DESCRIBE THE QUICKEST MEANS OF LOADING THF SAME WORD INTO ALL 
LOCATIONS OF CORE STO~AGE FROM THE 7617. 

------------------------~-~-~~~~------------------------------

----------------------~~-----~----~~---~---~-------------

-----------------------~-~~-~~-~-~~-.--~~--~-~--------------
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LABORATORY PROJECT 7 

DIAGNOSTICS 

T~IS INFORMATION WILL PROVIDE YOU WITH A BASIC UNDERSTANnrNG OF THE 
.APPLICAT'rON OF DIAGNOSTICS. STUDY IT THOROUGHLY. IT IS FOLlOWEf) ~V 
A PROJECT WHICH YOU WI~L SOON PERFOR~1 IN LAB. AFTER YOU UNDERSTAND 
THE MATERIAL CONTAINED HEREIN, READ THROUGH THE PROJECT SO YOU WILL BE 
PREPARED WHEN YOUR TURN ON THE SYSTEM ARRIVES. THE CONTENTS IS BROKEN 
INTO THE FOLLOWING PARTS -

1. LOADERS 

2. 9M51 

3. DEPRX 

4. 9M56 

5. 9T51 

6. 9IOC 

7. DIA.GNOSTIC TAPE 

8. FORCE LOAD TAPE 
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1. LOADERS 

A LOADER IS A SHORT PROGRAM, FREOUENTLY ONLY ONE CARD. WHICH 
IS DESIGNED TO BE BROUGHT INTO STORAGE AS A RESULT OF DEPRESSING 
A LOAD KEY AND WHICH THEN LOADS A LARGER. PRODUCTIVE PROGRAM. 
THE LOAD BUTTON SEQUENCE ITSELF MAY BE CONSIDERED AS A SMALL LOAD 
PROGRAM. IT FILLS LOCATIONS O. 1, AND 2 WITH THE FIRST THREE 
WORDS OF THE FIRST AVAILABLE RECORD. THIS RECORD IS USUALLY ALL OR 
PART OF THE LOADER. THESE THREE WORDS MAY ALSO BE' CONSIDERED AS A 
SHORT LOAD PROGRAM. THEY USUALLY SERVE TO LOAD THE BALANCE OF THE 
LOADER. THE LOADER THEN PERFORMS THE FOLLOWING FUNCTIONS - -

A. IT EXAMINES EACH RECORD OF THE PROGRAM TO DETERMINE WHERE THE 
FIRST WORD IS TO BE PLACED IN STORAGE. IT PLACES THF. FIRST 
WORD THERE ANO THEN PLACES SUCCEE~ING WORDS OF THAT RECORD 
IN SUCCESSIVE STORAGE LOCATIONS. 

B. IT COMPUTES A CHECK SUM FOR EACH RECORD AND COMPARES THE 
COMPUTED CHECK SUM WITH THE CHECK SUM READ FROM THE RECORD. 
IN THE EVENT THAT THE COMPUTED CHECK SUM AND THE CHECK SUM 
READ ARE DIFFERENT, THE LOADER WILL HALT. CARD LOADERS WILL 
PROCEED AFTER DEPRESSION OF THE START ~EY. TAPE LOADERS MAY 
PROCEED OR TRY THE SAME RECORD AGAIN. WITH SOME LOADERS. THE 
CHECK SUM ROUTINE MAY BE BYPASSED BY THE OPERATOR THROUGH THE 
USE OF CONSOLE SWITCHES. 

C. THE LOADER EXAMINES EACH RECORD TO D~TERMINF IF IT IS A 
TRANSFER RECORD (TAPE INPUT) OR TRAN~FER CARD (CARD INPUT). 
WHEN SUCH A RECORD IS FOUND. NO FURTHER, RECORDS ARE, READ. THE 
LOADER THEN EXECUTES A TRANSFER TO THE LOCATION DESIGNATED IN 
THE TRANSFER RECORD. THEREBY INITIATING THE PRODUCTIVE 
PROGRAM. 

2. 9M51 

9M51 IS THE MAIN FRAME DIAGNOSTIC. IT TESTS ALL CPU 
INSTRUCTIONS. IT IS ARRANGED IN SUCH A MANNER THAT NO INSTRUCTION 
IS USED TO TFST ANOTHER INSTRUCTION UNTIL IT ITSELF HAS BEEN 
TESTED. 

9M51 IS DIVIDED INTO PARTS 1, 2. AND 3. PART! TESTS ALL 
FLOATING POINT INSTRUCTIONS. PART 2 TESTS ALL SENSE INDICATOR 
INSTRUCTIONS. PART 1 TESTS ALL OTHER CPU INSTRUCTIONS. 

9M51 IS THE FIRST DIAGNOSTIC YOU WOULD RUN TO CHECK OUT THE 
SYSTEM. 

3. 9DEPRX 

9DEPRX STANDS FOR DIAGNOSTIC PRINT ROUTINE. ALL DIAGNOSTICS 
HAVE A NEED TO CONVERT INTERNAL RECOGNITION OF ERROR TO PRINTED 
OUTPUT USABLE BY THE C.E. ALSO. ALL DIAGNOSTICS HAVE A NEED FOR 
C.E. CONTROLS TO MAKE THEIR USE AND APPLICATION AS FLEXIBLE AS 
POSSIBLE. TO WRITE SUCH A ROUTINE EACH TIME A DIAGNOSTIC IS 
WRITTEN WOULD BE REPETITIVE AND WASTEFUL. ALSO. THERE MIGHT BE 
MANY VARIANCES IN PROCEDURE FROM DIAGNOSTIC TO DIAGNOSTIC BECAUSE 
OF THE DIFFERENT AUTHORS. 370 



9DEPRX IS A STANDARD PROGRAM WRITTEN TO SOLVE THESE PROBLEMS. 
IT IS INCLUDED AS A PART OF MOST DIAGNOSTICS. IT ALWAYS OCCUPIES 
THE SAME LOCATIONS IN CORE STORAGE. THE SENSE SWITCH FUNCTIONS 
WHICH PROVIDE FLEXIBILITY ARE LISTED BELOW IN A LOGICAL SEQUENCE 
RATHER THAN IN NUMERIC SEQUENCE. THIS IS FOR EASE OF 
UNDERSTANDING. 

SSW 6 
UP 

DO\oJN 

SSW 4 
UP 

DO~JN 

SSW 1 
UP 

DOWN 

55\" 3 
UP 

DOWN 

WHEN THE DIAGNOSTIC HAS BEEN COMPLETEn, A LOAD CARDS 
BUTTON SEQUENCE IS SIMULATED. A PROGqAM DECK LOADED AND 
READY IN THE CARD READER WOULD, THF:RFFORE, RE READ INTO 
STORAGE. 

WHEN THE DIAGNOSTIC IS COMPLETED, IT IS AUTOMATICALLY 
RESTARTED. 

AS EACH TEST ROUTINE IS COMPLETED, THE MACHINE PROCEEDS 
TO THE NEXT ROUTINE IN STORAGE. 

A TRANSFER OCCURS WHICH CAUSFS THE MACHINE TO RETURN TO 
THE START OF THE ROUTINf JUST COMPLETEn. EACH SUCH 
TRANSFER IS COUNTED. WHEN THE COUNT PECOMES EQUAL TO THE 
VALUE N, THE MACHINE PROCEEDS TO THE NEXT SEQUENTIAL 
ROUTINE. THE NORMAL VALUE FOR N IS 40 BUT IT MAY BE 
MODIFIED TO ANY VALUE YOU MAY DESIRE RY A MANUAL STORE. 

AS EA~H TEST ROUTINF IN THE DIAGNOSTI( IS COMPLETED, 
SSW 4 IS TESTED. 

WHEN THE TFST ROUTINE IS COMPLFTED, A TRANSFFR OCCURS 
WHICH RETURNS THE MACHINE TO THF START OF THE ROUTINE 
JUST COMPLETED. 

WHEN AN ERROR CONDITION IS RECOGNIZED BY THE PROGRAM. 
AN ERROR PRINTOUT DESCRIBING THE FAILURE OCCURS ON THE 
ON-LINE PRINTER. THE PROGRAM THEN PROCEEDS IN A MANNER 
DETERMINED BY THE SfTTING OF SENSE SWITCHES 1 AND 4. 

WHEN AN ERROR IS RECOGNIZED. NO PRINTOUT OCCURS BUT THE 
MACHINE IS CAUSED TO HALT INSTEAD. 
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SSW 2 
UP 

WHEN AN ERROR IS RECOGNIZED BY THE PROGRAM, SSW 3 IS 
TESTED. 

DOWN 

SSW 5 

\ WHEN AN E~ROR IS RECOGNIZED. SSW 3 IS NOT TESTED AND NO 
INDICATION OF THE FAILU~F IS GIVEN. 

THIS SWITCH IS NOT USED BY 9DEPRX AND IS AVAILARL~ FOR 
ANY USE DESIRED BY THE AUT!~OR OF THE DIAGNOSTIC 
CONCERNED. 

WHEN A DIAGNOSTIC IS USED TO TEST THF MACHINE, ALL OF THE 
SENSE SWITCHES EXCEPT 6 WOULD NORMALLY BE UP. WHEN A FAILURE 
OCCURS. APPROPR~ATE SWITCHES WOULD BE USED TO ACHIEVE THE RFSULTS 
YOU DESIRE. 

4. 9M56 

9M51. THE MAIN FRAME DIAGNOSTIC. IS BROUGHT INTO STORAGE 8Y A 
LOAD PROGRAM WHICH PERFORMS THE FUNCTIONS OUTLINED IN (1) ABOVE. 
SUCH A LOAD PROGRAM REQUIRES THE PROPER FUNCTIONING OF A LARGE 
PORTION OF THE SYSTEM. THEREFORE. WE ARF FACED WITH THE SITUATION 
WHERE CPU MUST BE WORKING BEFORE WE CAN LQAD A DIAGNOSTIC THAT IS 
INTENDED TO SHOW WHAT IS WRONG WITH CPU. ORVIOUSLY, THIS CONDITION 
WOULD OFTEN MAKE PART 1 OF 9M51 VERY DESIRABLE BUT NOT AVAILAALE. 
9M56 SOLVES THIS PROBLEM. 

THIS IS AC(OMPLISHE~ RY THE FACT THAT 9M56 USES NO LOAD 
PROG~AM.. THER~FORE, CPU HAS NO PROGRAM THAT IT MUST PFQFOR~ TN 
OR~ER TO LOAD 9M56 INTO STORAGE. OF COURSF, WITH NO L0AD~R IN USE, 
NONE OF THE FUNCTIONS OF A LOADER ARE PE~FORMf~. NO CHECK ~U~~ ARE 
COMPUTED OR COMPARED. NO MEANS EXISTS FOR PLACING A GIVEN RECORD 
IN A DESIGNATED STORAGE LOCATION. 

POSITION 9R OF THE PROGRAM DECK CARDS, WHICH USUALLY HOLDS A 
CHECK SUM, MAY NOW HOLD AN INSTRUCTION. POSITION 9L, WHICH USUALLY 
HOLDS A COMMAND (IOCD, WC-22, PLUS APPRonRIATE ADDRESS) MAY ALSO 
NOW HOLD AN INS1RUCTION. THEREFORE, EACH CARD HOlOS 24 RATHER THAN 
22 PROGRAM WORDS. 9L AND 9R OF THE FIRST CARD HnLD THE FIRST 2 
INSTQUCTIONS OF THE PROGRAM. THFSE GO INTn LOCATIONS 00000 AND 
00001 OF STORAGF. EXCEPT FOR THE LACK OF A LOADFR ANn THF 
RESULTANT PHYSICAL REARRANGEMENT OF THE CAROS, 9M56 T5 NEARLY 
IDENTICAL WITH PART 1 OF 9M51. 

9M56 IS BROUGHT INTO STORAGE BY WHAT IS KNOW~ AS A FORCF LOAD. 
THE CARDS ARE PLACED IN THE CARD REA~FR IN THE NORMAL MANNFR AND 
THE CARD READER IS MADE READY. AN 10CD COMMAND IS MANUALLY SET 
INTO CHANNEL A. SINCE THE PROGRAM STARTS AT ZfRO, THE ADDRESS 
PORTION OF THE COMMAND SHOULD BE ZERO. SINCE THIS ONF COMMAND MUST 
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READ THE ENTIRE DECK. A LARGE WORD COUNT IS NECESSARY, 40000 IS 
SUFFICIENTLY LARGE AND IS EASILY ENTERED, BEING REPRESFNTFD BY ONLY 
ONE BUTTON. BECAUSE THE ENTIRE DECK IS ~~rNG LOADED IN SFQUENCE 5Y 
ONE COMMAND. IT IS VERY IMPORTANT THAT THE CARDS IN THE DECK ARF. IN 
THE PROPER ORDER. IF THEY ARE OUT OF ORDER, THE INSTRUCTION IN 
STORAG~ WILL BE OUT OF SEQUENCE. ' 

IN A TYPICAL APPLICATION, 9M56 WOULD BE USED ONLY WHEN IT WAS 
NOT POSSIBLE TO LOAD 9M51 BY NORMAL MEANS. THEN 9M56 CAN BE USED 
TO TEST CPU. IF 9M56' PERFORMS IN A SATISFACTORY MANNER. CPU IS 
WORKING WELL ENOUGH TO PERFORM A LOAD PROGRAM. 

5. 9T51 

9T51 IS A TEST OF ALL CIRCUITRY US~D IN BASIC TAPE OPERATION. 
IT TESTS BOTH DATA FLOW AND CONTROL CIRCUITRY. 'IT MAY BE USED TO 
TEST ANY COMBINATION OF TAPE DRIVE MODELS, IN ANY NUMBER FROM ONE 
TO ALL THAT ARE AVAILABLE. ON ANY OR ALL OF THE AVAILAB~E CHANNELS. 

IF CHANNEL TROUBLE lS SUSPECTED, 9T51 IS THE FIRST DIAGNOSTIC 
YOU SHOULD RUN. IF 9T51 FAILS, YOU OF COURSE HAVE AN INDICATION OF 
THE NATURE OF THE PROBLEM. IF 9T51 RUNS SUCCESSFULLY, THERE ARE 
SEVERAL ADDITIONAL DIAGNOSTI~S AVAILABLE TO TFST CHANNEL OPERATION 
IN AREAs SUCH AS THE VARIOUS CARD MACHINES; SET DENSITY. CHANNEL 
TRAP, BUFFER TIMING, INTERCHANGEABILITY. ETC. THESE SHOULD BE USED 
AS REQUIRED. 

6. 9IOC 

910C STANDS FOR INPUT-OUTPUT CONTROL. ALL 1/0 DIAGNOSTICS, 
SUCH AS 9T51, ARE WRITTEN TO OPERATE ON UNIT ONE OF CHANNEL A. IF 
THIS WAS THE LIMIT OF THEIR ABILITY, THEIR USEFULNESS WOULD BE 
SEVERELY RESTRICTED. CONSEQUENTLY, IT tS DESIRABLE TO HAVE A MEANS 
BY WHICH THE USER MAY INSTRUCT THE PROGRAM AS TO WHICH UNITS ON 
WHICH CHANNELS ARE TO BE TESTED. 

AS WAS POINTED OUT EARLIER, IF A UNIQUE PROGRAM WERE WRITTEN 
TO ACCOMPLISH THISABILtTY FOR EACH DIAGNOSTIC, THERE WOULD BE A 
GREAT DUPLICATION OF EFFORT AND THE PROCEDURES WOULD VARY FROM 
DIAGNOSTIC TO DIAGNOSTIC. 

9IOC IS A STANDARD PROGRAM WRITTEN FOR THIS PURPOSE. IT IS 
INCLUDED AS A PART OF MOST 1/0 DIAGNOSTIC PROGRAMS. WHEN INCLUDED, 
IT ALWAYS OCCUPIES THE SAME STORAGE LOCATIONS. 9IOC USES THE OP 
PANEL KEYS FOR INPUT. CONSULT YOUR POCKET REFERENCE MANUAL FOR 
INFORMATION ON THE ASSIGNMENT OF KEYS. 

WHEN A PROGRAM USING 9IOC IS READ INTO STORAGE AND PLACED INTO 
OPERATION. IT TRANSFERS TO 9IOC BEFOR~ PERFORMING ANY TESTS. IN 
9IOC IT STOPS AT LOCATION 75320. THIS IS TO ALLOW THE C.E. TO SET 
THE APPROPRIATE OP PANEL KEYS. WHEN THE KEYS HAVE BEEN SET, THE 
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START KEY IS DEPRESSED. 9IOC THEN INTERROGATES THE OP PANEL KEYS 
AND MODIFIES EACH 1/0 INSTRUCTION IN THE PROGRAM SO THAT IT WILL 
NOW OPERATE ON THE PROPER UNIT ON THE PROPER CHANNEL. WHEN THE 
TEST IS COMPLETED ON THE FIRST UNIT, THE MACHINE RETURNS TO 9IOC, 
WHICH THEN MODIFIES THE DIAGNOSTIC FOR THE NEXT UNIT TO BE TESTED. 
WHEN ALL UNITS SPECIFIED IN THE OP PANEL KEYS HAVE gEEN TESTED. 
9IOC RESTORES THE DIAGNOSTIC TO THE O~IGINAL CONDITION (UNIT ONE, 
CHANNEL A) AND ONCE AGAIN HALTS AT 75320. AWAITING FURTHER 
INSTRUCTIONS. 

IF THE MACHINE IS MANUALLY RESET AND START IS DEPRESSED, THE 
TEST IS RESUMED ON THAT UNIT WHICH WAS UNDER TEST WHEN THE RESET 
OCCURRED. 

7. THE DIAGNOSTIC TAPE 

DIAGNOSTICS ARE MOST OFTEN LOADED FROM TAPE BATHER THAN FROM 
CARDS. THIS IS BECAUSE OF THE GREAT DIFFFRENCF TN THE AMOUNT OF 
TIME REQUIRED BY THE TWO METHODS. FOR EXAMPLE, 9M51 REOUIRES 5 
MINUTES TO READ IN FROM CARDS - ONLY 4 SECONDS FROM TAPE. 

THE DIAGNOSTIC TAPE MUST BE MOUNTED ON TAPE DRIVE Al IN ORDER 
TO RESPOND TO THE LOAD TAPE BUTTON. EACH DIAGNOSTIC IS A FILE ON 
THIS TAPE. A SEARCH AND LOAD PROGRAM MAKE UP THE FIRST RECORD OF 
EACH FILE. THIS PROGRAM IS BROUGHT INTO CORE IN A MANNER SIMILAR 
TO 9LDOl OR 9LD02 AND PERFORMS THE SAME FUNCTIONS AS THOSE PROGRAMS 
PLUS SOME ADDITIONAL FUNCTIONS. WHEN AT REST, THE TAPE IS USUALLY 
POSITIONED SO THAT THE READ HEAD IS EITHER BETWEEN THE LOAD POINT 
AND THE FIRST R~CORD OF THE FIRST FILE, OR BETWEEN AN END OF FILE 
MARK AND THE FIRST RECORD OF THE N~XT FILE. THEREFORE, WHEN THE 
LOAD TAPE BUTTON IS DEPRESSED, THE FIRST RECORD (SEARCH AND LOAD 
RROG~AM) OF SOME FILE IS READ INTO STORAGE. 

IF SENSE SWITCH 6 IS UP WHEN THE LOAD TAPE BUTTON IS 
DEPRESSED, THE SEARCH AND LOAD PROGRAM WILL READ INTO STORAGE, THAT 
FILE OF WHICH IT IS A PART. IT WILL PLACE EACH RECORD IN THE 
APPROPRIATE STORAGE LOCATIONS, PERFORM THE USUAL CHECK SUM 
OPERATIONS, LOCATE THE TRANSFER RECORD (TAPE EQUIVALENT OF A 
TRANSFER CARD), AND EXECUTE A TRANSFER TO THE START OF THE 
PROGRAM. SUCCESSIVE DEPRESSIONS OF THE LOAD TAPE BUTTON THEREFORE 
RESULT IN THE READING IN OF SUCCESSIVE FILES. 

IF SENSE SWITCH 6 IS DOWN, SIMILAR OPERATIONS WILL OCCUR. THE 
DIFFERENCE IS THAT THE SEARCH AND LOAD PROGRAM WILL INTERROGATE THE 
OP PANEL KEYS BEFORE READING IN THE DIAGNOSTIC. THE ADDRESS 
PORTION OF T~E OP PANEL KEYS IS USED TO DESIGNATE IN OCTAL THE 
NUMBER OF THE FILE YOU WISH TO LOAD INTO STORAGE. THE SEARCH AND 
LOAD PROGRAM WILL THEN SEARCH IN THE APPROPRIATE DIRECTION, TOWARD 
OR AWAY FROM LOAD POINT, FIND THE REQUESTED DIAGNOSTIC, AND READ IT 
INTO STORAGE. THIS IS POSSIBLE BECAUSE EACH SEARCH AND LOAD 
PROGRAM CONTAINS A WORD WHICH TELLS THE NUMBER OF THE FILE TO WHICH 
IT BELONGS. THE DIFFERENCE BETWEEN THE FILE IM~EDrATELY AVAIlA9LE 
AND THE FILE REQUESTED IS COMPUTED AND CAN B~ SEEN REING STEPPED 
DOWN IN INDEX REGISTER C AS THE PROGRAM SEARCHES FOR THE REQUESTED 
~rLE. 
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WHEN THE SEARCH AND LOAD PROGRAM INTERROGATES THE ADDRESS 
KEYS (SSW 6 DOWN), IT ALSO EXAMINES THE SIGN KEY. IF THE SIGN KEY 
IS UP., THE DIAGNOSTIC TAPE IS CAUSED TO REWIND AFTER ,THE REQUESTED 
DIAGNOSTIC IS READ. IF THE SIGN KEY IS DOWN, THE REWIND IS 
SUPPRESSED AND THE TAPE IS POSITIONED SO THAT THE READ HEAD IS JUST 
BEYOND THE END OF FILE WHICH TERMINATES THE FILE LOADFO INTO 
STORAGE. THEREFORE, THE TAPE IS READY TO READ THE SEARCH AND LOAD 
RECOR~ OF THE NEXT FILE. 

CHECK SUM HALTS ARE AT 77766. DEPRESS START TO TRY AGAIN. 
YOU MAY PLACE SSW 2 DOWN TO BYPASS FURTHER CHECK SUM HALTS. 

8. THE FORCE LOAD TAPE 

YOU HAVE ALREADY SEEN THE ADVANTAGES OF HAVING AVAILABLE A 
FORCE LOAD PROGRAM SUCH AS 9M56. IF CPU IS FAILING TOO BADLY TO 
PERFORM A LOAD PROGRAM, 9M56 MAY BE FORCE LOADED AND USED TO TEST 
BASIC CPU INSTRUCTIONS. 9M56 REQUIRES THR~E ~INUTES TO BE READ 
INTO STORAGE FROM CAR~S. THEPEFORF, IT IS USUALLY PUT ON TAPE AT 
SOME TIME WHEN THE ~ACHINE IS WORKING PROPERLY. THIS IS KNOWN AS A 
FORCE LOAD TAPE. IT HAS A VERY IMPORTANT ADDITIONAL ADVANTAGE OVER 
THE CARD INPUT BECAUSE IT CAN BE FORCE LOADED FROM ANY CHANNEL. 
IF CHANNEL A, FOR EXAMPLE, IS FAILING, 9M56 MAY BE FORCE LOADED 
FROM CHANNEL B AND USED TO PROVE OR DISPROVE THE RELIABILITY OF 
CPU. 

CONSIDER FOR A MOMENT THE SITUATION WHERE IT WAS NOT POSSIBLE 
TO LOAD 9M51 FROM TAPE AI, THE DIAGNOSTIC -TAPE. THE PROBLEM COULD 
BE THAT CPU COULD NOT PROPERLY PE~FORM THE LOADER OR THAT CHANNEL A 
HAD FAILED IN SOME MANNER. THE FIRST STEP SHOULD AE TO FORCE LOAD 
9M56. SINCE THE STATUS OF CHANNEL A IS DOUBTFUL, 9M56 IS BEST 
FORCE LOADED FROM SOME OTHER CHANNEL. 

IF 9M56 INDICATES A CPU FAILURE, YOU MAY USE THE INDICATION 
AS AN AID IN REPAIRING THE MACHINE. 

IF 9M56 RUNS NORMALLY WITH NO INDICATION OF FAILURE, YOU MUST 
PRESUME THAT THE INABILITY TO READ IN 9M51 IS BASED ON A 
MALFUNCTION OF CHANNEL A. 

THE NEXT STEP IS OBVIOUS. USE 9T51 TO TEST CHANNEL A AND SHOW 
WHAT IS WRONG. UNFORTUNATELY, IF 9~51 WOULD NOT LOAD FROM 
CHANNEL A, 9T51 WILL IN ALL PROBA8ILITY NOT LOAD EITHER. UNLESS WE 
HAVE PREPARED FOR SUCH AN OCCASION PREVIOUSLY, WE ARE NOW IN A VERY 
POOR POSITION. WE HAVE AN EXCELLENT PROGRAM TO DIAGNOSF CHANNEL 
MALFUNCTIONS, BUT WE CANNOT BRING IT INTO STORAGE BECAUSE CHANNEL A 
IS MALFUNCTIONING. 

THE PREPARATION IS SIMPLE BUT MUST OCCUR BEFORE THE NEED 
ARISES, AT A TIME WHEN THE MACHINE IS FUNCTIONI~G PROPERLY. IT 
INVOLVES THE GENERATION OF A FORCE LOAD TAPE VERSION OF 9T51. THIS 
MAY THEN BE LOADED FROM ANY CHANNEL. THIS SA~E APPROACH MAY BE 
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USED WITH ANY DIAGNOSTIC. IN THE LAB WE HAVE A FORCE LOAD TAPE 
CONTAINING. IN SUCCESSIVE FILES. 9M56. 9T51. 9S51L. 9S51H. 

THIS TAPE WAS GENERATED BY READING THE DESIRED DIAGNOSTIC INTO 
STORAGE BY NORMAL MEANS. IF THERE WERE CHECK SUMS AND COMMANDS 
INTERSPERSED WITH THE INSTRUCTIONS. THEY WERE REMOVED BY THE LOADER 
WHEN IT STORED EACH RECORD. NOW, IT IS POSSIBLE TO DUMP CORE ON 
TAPE. PRESERVING THE PROGRAM FOR FUTURE USE. THIS PROGRAM NOW 
CONSTITUTES A FILE ON TAPE AND IS FOLLOWED BY AN END OF FILE MARK. 

DIFFERENT PROGRAMS USE DIFFERENT AMOUNTS OF STORAGE. SO THAT 
IT WILL NOT BE NECESSARY TO REMEMBER THE APPROPRIATE ADDRESS AND 
WORD COUNT FOR EACH OF SEVERAL FILES ON THE TAPF. U~F ADDRESS 00000 
AND WORD COUNT 77776 FOR ~ACH OF THF~ WHEN WRITING THE TAPE. WHEN 
THE TAPE IS READ. USE THE SAME ADDRESS BUT USE A WOqD COUNT OF 
77777. THIS MEANS THE CHANNEL WILL READ THE ENTIRE FILE PLUS THE 
EOF FOLLOWING IT AND THE TAPE DRIVE WILL STOP, READY TO READ THE 
NEXT FILE. THE TWO WORDS OF THE ORIGINAL STORAGE CONTENTS WHICH 
ARE LOST BY THIS PROCEDURE ARE OF NO VALUE AND PRESENT NO PROBLEM. 

AN ADDITIONAL CONSIDERATION IN THE PREPARATION OF A FORCE LOAD 
TAPE,IS THE NORMAL STARTING POINT OF THE nIAGNOSTICS CONCERNED. 
9M51/56 STARTS AT LOCATION 00000. OTHER PROGRAMS START AT OTHER 
LOCATIONS. THEREFORE. 9M56 MAY BE .PUT INTO OPERATION RY A RESET 
(PROGRAM COUNTER 00000) AND START. HOWEVER. OTHER PROGRAMS 
REQUIRE A TRANSFER TO THE STARTING LOCATION. THIS IS DONE BY THE 
LOAD PROGRAM. AS A RESULT OF THE TRANSFER RECORD, UNDER NORMAL 
CONDITIONS. (THE TRANSFER CARD RESULTS FROM THE END CARD IN THE 
SYMBOLIC DECK. YOU MAY DETERMINE THE TRANSFER TO LOCATION FOR ANY 
PROGRAM BY NOTING THE ADDRESS ASSIGNED TO THE END CARD IN THE 
LISTING). 

INSTEAD OF REMEMBERING THE TRANSFER TO LOCATION FOR EACH 
PROGRAM ON THE FORCE LOAD TAPE, YOU MAY STORE A TRA TO THE 
APPROPRIATE ADDRESS AT LOCATION 00000. BEFORE YOU WRITE THE 
DIAGNOSTIC ON TAPE. THEN, ANY PROGRAM LOADED FRO~ THIS TAPE MAY BE 
PUT INTO OPERATION BY STARTING FROM LOCATION 00000 (RESET). 
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LABORATORY PROJECT 7 

DIAGNOSTICS 

1. LOCATE THE TWO LISTS OF DIAGNOSTICS ON THE 7151 CONSOLE. 

2. 

A. THE SMALLER SHEET HAS AN OCTAL NUMBER TO THE LEFT OF EACH 
DIAGNOSTIC. THIS IS THE NUMBER OF THE FIL~ THAT THE DIAG
NOSTIC OCCUPIES ON THE DIAGNOSTIC TAPE. 

B. THE LARGER LIST SHOWS THE VARIOUS DIAGNOSTICS IN ALPHANUMERIC 
ORDER. TO THE RIGHT OF EACH ENTRY IS ITS NAME OR DESCRIPTION. 
TO THE RIGHT OF THE DESCRIPTION IS A NUMBER WHICH DESIGNATES 
WHICH OF 15 BINDERS HOLDS THE INSTRUCTIONS AND THE LISTING FOR 
THAT DIAGNOSTIC. THE BINDERS ARE LOCATED IN THE BOOKCASE 
BESIDE THE 716, 

READ IN DIAGNOSTIC 9,..151 FROM THE DIAGNOSTIC TAPE. (HAVE SSW 6 DO V·! I\! ) 

A. NOTICE THE HALT .~T 00000. (PROGRAM COUNTER FOU A.LS on!i(1) 
DEPRESS START. 

B. NOTICE THE HALT AT 00001. (PROGRAM COUNTER EQUALS 00002) 
DEPRESS START. 

c. OBSERVE THE PRINT OUT. PART ONE OF THE DIAGNOSTIC HAS BEEN 
PERFORMED ONE TIME FOLLOWING THE PRINT OUT -

9M51 NOW TESTING BASIC MAIN FRAME INSTRUCTIONS 

D. THE LONG INDEX REGISTER TEST IS NOW BEING FXECUTED. 08SFRVF 
THE OPERATION OF THE INDEX RFGISTERS. THIS TEST IS PERFORMED 
ONLY ON THE FIRST PASS THROUGH THE DIAGNOSTIC. IT TAKES 
EIGHT MINUTES TO COMPLETE. YOU MAY BYPASS IT BY A MANUAL 
TRANSFER TO LOCATION 52112 ANYTIME AFTER THE TEST HAS REGUN. 
DO THIS NOW. 

E. OBSERVE THE PRINT OUT. PART TWO WAS PERFORMED ONE TIME FOLLOW 
ING THE PRINT OUT -

9M51 NOW TESTING SENSE INDICATOR INSTRUCTIONS 
PART THREE WAS PERFORMED ONE TIME FOLLOWING THE PRINT OUT 

9M51 NOW TESTING FLOATING POI~T INST~UCTIONS 
THE MACHINE THEN BEGAN PERFORMING PARTS 1,2. AND 3 IN SEQUENCE 
AND WILL CONTINUE IN THIS MANNER. 

F. NOTICE THE SUBSEQUENT PRINT OUTS. 

G. LOOK AT THE 7151 CONSOLE SO THAT YOU MAY BECOME FA~ILIAR WITH 
ITS APPEARANCE DURING THE NORMAL OPERATION OF THIS DiAGNOSTIC. 
THE 1/0 CHECK INDICATOR IS TESTED (TURNED ON AND OFF) DURING 
EACH PASS THROUGH PART TWO. 

H. PLACE SSW 6 UP. NOTE THE FOLLOWING INDICATORS -
1. R/W SELECT (7151) 
2. CHANNEL SELECT A (7151) 
3. CR SEL (7617) 
4. SELECT (711) 
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3. READ IN 9T51 FROM THE DIAGNOSTIC TAPE. 

A. EXAMINE THF. INITIAL PRINT OUT. 

B. THE MACHINE HAS HALTED. DETERMINE TH~ LOCATION AT WHICH IT 
HAS HALTED. DETERMINE WHAT PORTION OF THE PROGRAM THIS 
LOCATION IS IN AND DETERMINE THE PURPOSE FOR THE HALT. 

c. PROCEED TO TEST ONE TAPE DRIVE ON EACH CHANNEL. 

D. OBSERVE ALL PRINT OUTS. 

E. WHEN ALL THE DRIVES YOU SPECIFIED HAVE BE~N TESTED. THE 
MACHINE WILL AGAIN HALT AT LOCATION 75320. 

F. IF YOU WISH TO TEST ADDTTIONAL f)RrVC:S, YOU MAY SET THF ,A,PPRO
PRIATE ENTRY KEYS AND Dt:PRESS START AT THIS TH~F. IF YOU WISH 
TO TEST THE SAME UNITS AGAIN AND AGAIN, YOU MAY PLACE SSW 5 
DOWN AND DEPRESS START. THE PROGRAM WILL NOT ~TOP AT 75320 AS 
LONG AS SSW 5 IS DOWN. THIS IS A SPECIAL USAGE OF THIS SWITCH 
IN THIS DIAGNOSTIC. 

G. OBSERVE THE OPERATION OF A TAPE DRIVE WHILE IT IS BEING TEST
ED BY 9T51. 

4. FORCE LOA~ 9M56 FROM THE CARD READER. A WORD COUNT OF 40000 WILL 
BE MORE THAN SUFFICIENT. THF CHANN~L AD~RESS COUNTFR MUST 8E SFT 
TO THE STARTING LOCATION OF 9M56. 

A. WHEN ALL OF THE Ct\RDS HAVE BEEN READ. RETUR~l THE CHANNEL TO 
AUTOMATIC STATUS. 

B. DEPRESS RESET. THIS SETS THE INSTRUCTION COUNTER TO 00000 
WHICH IS WHERE THE PROGRAM STARTS. 

C. DEPRFSS START. NOTE THE HALT ~T 00000. 

D. DEPRESS START. NOTE THE HALT AT 00001. 

E. DEPRESS START. THE PR6GRAM WILL NOW RUN CONTINUOUSLY IF SSW 6 
IS DOWN. 

F. OBSERVE ALL PRINT OUTS. 

G. NOTE THE APPEARANCE OF THE 7151 WHILE THE DIAGNOSTIC IS BEING 
PERFORMED. 

H. PLACE SSW 6 UP. THIS IS A SPECIAL USAGE OF THIS SWITCH WHICH 
IS UNIQUE TO THIS DIAGNOSTIC. TH~ C~RD READER WAS NOT SFLECT
ED. NOTICF THAT IN5TfAD THF MACHTN~ HALTFn WITH MOST OF THE 
CONSOLE LIGHTS ON. THIS OCCURS AT THF END OF TH~ TEST. SO 
ANY LIGHTS ~"HICH SHOULD RF. ON f~UT ARE "JOT O~l AOE F:ITHF.R RAD 
THEMSELVES OR HAVE PAD DRIVFRS. THE REGISTER POSITIONS HAVE 
ALREADY BEEN TESTED AND FOUND TO BE FUNCTIONING PROPERLY. 
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I. DISPLAY LOCATION 00001. THIS IS THE SECOND HALT AND PROCEED 
INSTRUCTION. NOTE THE OP CODE. ALSO NOTE THE CONTENTS OF THE 
ADDRESS FIELD. A HPR INSTRUCTION REQUIRES NO INFORMATION IN 
THE ADDRESS FIELD. 

J. DISPLAY LOCATION oonoo. THIS IS THE FIRST HPR. NOTICE THAT 
IT HAS AN ADDRESS PORTION OF THREF. THIS WILL HAVE NO EFFECT 
ON THE OPERATION OF THIS WORD AS A CPU INSTRUCTION. HOWEVER. 
CONSIDER THE OPERATION OF THE LOAD BUTTON SEQUFNCE FOR A 
MOMENT. IF YOU WERE TO PLACE THIS DECK (WHICH HAS NO LOADER) 
IN THE CARD READER AND DEPRESS THE LOAD CARDS KEY, 00000, 
00001. AND 00002 WOULD BE LOADED. CPU WOULD PROCEED TO LOC
ATION 00001, FIND AN HPR, AND HALT. CHANNEL WOULD BRING OUT 
THE CONTENTS OF LOCATION 00000 AND INTERPRET IT AS A COM~AND. 
THIS COMMAND WOULD BE AN IOCD, WORD COUNT OF 42000. ADDRESS 
OF 00003. THIS WOULD READ IN THE BALANCF OF TH~ DECK. THUS. 
9M56 COULD BE LOADEn BY USE OF THF LOAD CARns 9UTTON. STILL 
USING NONE OF THE ARITHMFTIC OR LOGIC FUNCTIONS OF CPU. THIS 
IS A SPECIAL FEATURE OF 9M56 ONLY. 

5. YOU WILL NOW GENERATE A FORCE LOAD TAPE. THIS MAY BE DONE ON 
EITHER CHANNEL. THE FIRST FILE ON THIS TAPE WILL BE 9M56. 

A. USING EITHER DATA CHANNEL CONSOLE, WRITE 9M56 ON TAPE FROM 
CORE. USE AN IOCD WITH A WORD COUNT OF 77776. 'WRITE AN fND 
OF FILE MARK. 

8. REWIND THE TAPE AND CLEAR STORAGE. 

c. USING AN lOCO WITH A FULL WORD COUNT (77777), READ 9M56 INTO 
STORAGE. 

D. RESET AND START. THE PROGRAM SHOULD RUN IN THE NORMAL WAY. 

6. YOU WILL NOW ADD ANOTHER DIAGNOSTIC TO THE SAME FORCE LOAD TAPE. 

A. LOAD 9T51 INTO STORAGE FROM THE STANDARD DIAGNOSTIC TAPE. 

8. 9T51 DOES NOT START AT LOCATION 00000.. DURING A NORMAL LOAD 
OPERATION. THE LOAD PROGRAM SE~RCHES FOR A TRANSFER CARD OR A 
TRANSFER RECORD. THIS TELLS THE LOADER WHERE THE ~AIN PROGRAM 
STARTS. THE CONTENTS OF THE TRA CARD IS THE 'RESULT OF THE 
SYMBOLIC ADDRESS SHOWN ON THE END CARD WHICH WAS INCLUDED IN 
THE SYMBOLIC DECK WHEN THE PROGRAM WAS ASSEMBLED. LOOK IN THE 
LISTING OF 9T51 TO DETERMINE THE ADDRESS ASSIGNED TO THE END 
STATEMENT. WE WILL CALL THIS THE STARTING LOCATION. 

C. IF YOU WERE T~ WRITE CORE ON TAPE NOW, YOU COULD FORCE LOAD IT 
AT ANY FUTURE TIME. PERFORM A MANUAL .TR~NS~ER TO THE STARTING 
LOCATION. AND THE PROGRAM WOULD RUN IN THf NORMAL MANNE~. 
DO NOT WRITE TAPE YET. 
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D. IF YOU STORE A TRA TO THE STARTING LOCATION AT STORAGE LOC
ATION 00000 BEFORE WRITING CORE ON TAPE. THERE WILL BE NO NEED 
FOR A MANUAL TRANSFER AND NO NEED TO REMEMRER THE TRANSFER-TO 
LOCATION WHEN THE PROGRAM IS USED. THIS CAN BE IMPORTANT WHEN 
THERE ARE SFVERAL DIFFERENT PROGRAMS ON THF FORCE LOAD TAPE 
AND THEY ALL START AT DIFFERENT LOCATIONS. 

E. STORE SUCH A TRANSFER AT LOCATION 00000. 

F. WRITE CORE ON TAPE WITH AN lOCO WITH A WORD COUNT OF 77776. 

G. WRITE AN END OF FILE. 

H. REWIND THE TAPE AND CLEAR STORAGE. 

I. FORCE LOAD 9T51. USE AN lOCO AGAIN BUT THIS TIME USE A FULL 
WORD COUNT. ON THE FIRST READ SELECT 9M56 (77776 WORDS) WILL 
BE READ INTO STORAGF. A WORD COUNT OF ONF WILL REMAIN IN THE 
CHANNEL ADDRESS COUNTER. SO THE CHANN~L ANn THE TAPE WILL 
CONTINUE IN OPERATION UNTIL THE FOF IS RECOGNIz~n. PE-LOAD 
THE COMMANn AND READ SELFCT ONCF AGAIN. 9T51 WILL NOW AE 
FORCE LOADED INTO CORE. TEST IT TO S~E THAT IT WIL( WORK 
PROPERLY. 
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SET UP 

SCOPE SYNC 

I. OBS-E~VE ALL 

II. ~EST POINTS 

LABORATORY PROJECT 8 

OIL CORE SCOPING 

C (KEYS) II: 5TO 70 
C (AC) = 377777777777 
C (PC) III 0 
C ( 0 ) III 0 
CONTINUOUS ENTER INSTRUCTION SWITCH ON 

ANY OUTPUT OF BLOCK IH ON PAGE 01.12.00.1 
INCLUDING FOOTNOTES 4 AND 5 

INPUTS AND OUTPUTS OF THE FOLLOWING 

A. X DRIVER PAGE 01.09.00.1 BLK 18 
PAGE 01.09.00.1 BLK 2B 
PAGE 01.09.01.1 BLK 1D 

B. Y DRIVER PAGE 01.10.00.1 BLK lE 
C. Z DRIVER PAGE 01.11.06.2 !iLK 5D 
D. TIMING CIRCUITS PAGE 00.01.01.0 

A. CHECK THE FIRST ELEVEN WAVE FORMS ON THE 
TIMING CHART AT THE LOCATIONS GIVEN AS TEST 
POINTS. LOCATE EACH TEST POINT IN SYSTEM 
PAGES. 

III. STROBE GENFRATOR 

A. 01.16.00.1 5H 
B. 01.16.00.1 4H 
C. 01.16.00.1 41 
D. 01.16.00.1 2A 
E. 01.16.00.1 1A 
F. 01.16.00.1 11 
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IV. SENSE AMPS. 

A. USE TYPE CA PLUG-IN UNIT ON THE SCOPE. 
SET WITH INPUTS ADDED ALGEBRAICALLY TO 
VIEW SEGMENT INPUTS. 

B. COMPARE STROB TO INPUT AT SA TEST POINT 
(PIN H). 
THE TEST POINT IS THE OUTPUT OF THE 
EMITTER FOLLOWER. 

v. MAR 
A. 01.02.00.1 48 

V I. MDR 
A. 01.18.03.1 3A 
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LABORATORY PROJECT 9 

7302A FAMILIARIZATION 
(AIR COOLED CORE STORAGE) 

1. POWER SUPPLY CONTROL PANEL 

A. TELL WHICH VOLTAGFS CAN BE VARIED WITH THE RAISF-LOWER SWITCH. 

B. CAN THESE VOLTAGES ALSO BE VARIED FROM THE CONSOLE. 

C. TELL THE PURPOSE OF THE Jl AND J2 JACKS. 

D. TELL THE PURPOSE OF THE NOR~AL-LOGIC SWITCH. 

2. POWER SUpcLIES 

A. HrW ~ANY pnWFR SUPPLIES ADF TH~9F. 

R. TELL THE POLtRITY AN9 VOLTAGF OF ~ACH, FROM TOP TO BOTTOM. 

r ...... ARE THESE POWERED RY THE MG SET. 

D. TELL HOW MANY CIRCUIT PRFAKFRS ARF IN EACH SUPPLY. 

E. TELL WHY SOMF SUPPLIES HAVE ADJUSTING POTF~TIO~ET~RS WHILE 
OTHERS DO r\!OT. 
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F. TFLL HOW YOU WOULD PEM0V~ A POWER SUPPLY FROM THE ~ACHIN~. 

3. TAILGATES 

A. TELL HOW ~ANY TAILGATfS THF~E ARF. 
-~-----------

B. TELL HOW THEY ARE LARrLFD. 

C. HOW MANY SIGNAL CARLES ARE REQUIRED. 

D. DESCRIR~ THF PHYSICAL LOCATION OF PIN NUMBER OlGOIR17. 

4. PHYSICALLY LOC~TF AND O~SERVE EACH OF TH~ FOLLOWING. 

A. SENSE AMPLIFIERS 

B. MDR TRIGGERS (np). 

C. Z DRIVERS 

D. MAR TRIGGERS 

E. X AND Y DRIVERS 

F. LOAD SHARING SWITCHES (HOW MANY ARE THERE.) 

G. SEGMENT DRIVFRS 

H. CONTROL CIRCUITS 

5. 08SFRV~ THE OPEPATIO~ O~ THE CF T~ST PA~EL. 
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6. IN RELATION TO THE CORE ARRAY, LOCATE AND OBSERVE EACH OF THE 
FOLLOWING-

A. HEATING ELEMENTS 

B. FANS 

c. THERMOSTATS 

D. THERMOMETER 

E. DUMMY PLANES 

F. Z DRIVER TERMINATING RESISTORS 

G. X WINDING TERMINATING RESISTORS 

H. Y WINDING TERMINATING RESISTORS 

I. INTER-PLANE JUMPER CONNECTIONS 
(FOLLOW SKEW THRU SEVERAL PLANES) 

J. IS IT POSSIBLE TO REMOVE A SINGLE PLANE-

K. WHAT ARE INTER-PLANE AIR BAFFLES-

WHY ARE THEY NEEDED-

L. X PRIMARY RESISTORS 

M. Y PRIMARY RESISTORS 

N. RESISTOR COOLING FANS 

O. AIR FLOW SENSING SWITCHES 

7. OBSERVE THE WAVE FORMS WHICH ARE DEPICTED ON PAGES 6 THRU 10 OF 
THE REFERENCE MANUAL. 
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7090 SYSTEM PROJECT 10 

PRELIMINARY INSTRUCTIONS 

************************************************************************ 

DIAGNOSTICS 

CALLED 9M51 FROM TAPE AI. 

FORCE LOADED 9M56 FROM TAPE B2. 

PROCEDURES AND RESULTS 

SLIGHT MOTION OF THE DIAGNOSTIC TAPE 
WAS OBSERVED. THE MACHINE HUNG UP AS 
SHOWN ON PICK-SHEET 1. EXAMINE THE 
PICK-SHEET. 

9M51 IS THE MAINFRAME DIAGNOSTIC AND 
TESTS EVERY CpU INSTRUCTION. HOWEVER, 
BECAUSt THE MOTION OF THE DIAGNOSTIC 
TAPE WAS NOT NORMAL, IT IS POSSIBLE 
THAT THE LOAD PROGRAM FAILED TO OPERATE 
PROPERLY. IT WAS THEREFORE DtCID~D THAT 
IT WOULD dE A WISE MOVE TO TRY TO ELIM
INATE TI-iE LOAD PROGRAi'vl A;~D ASSOCIATED 
CIRCUITRY BY USING 9M56. FOR A DES
CRIPTION OF 9M56 SEE THE WRITE UP FOR 
9M51. 

APPEARED TO LOAD IN NORMAL MANNER. 
DEPRESSED RESET KEY. 

DEPRESSED START ~EY. 

PROGRAM STOP AT LOCATION 00001 

DEPRESSED START KEY. 
PROGRAM STOP AT LOCATION 00002 

DEPRESSED START KEY. 
MACHINE HUNG UP. SEE PICK-SHEET 2. 

************************************************************************ 

DE TEHiv1 If'lt THI:. Rl:.ASON FOR THt:: PROGHAf"i S TOPS AT LOCAT IONS 00001 AND· 00002. 

IN THE CAS~ Of A HAN~ UP SUCH AS IS SHOWN ON PICK-SHEET 2. THE PROGRAM 
COUNTER SHOWS THE LOCATION OF THE INSTRUCTION BEING EXECUTED PLUS ONE. 
THE MACrlINE IS IN L TIME. DURING THE PREVIOUS I CYCLE THE INSTRUCTION 
NOW BEING EXECUTED WAS BROUGHT FROM CORE STORAGE AND THE PROGRAM COUNTER 
WAS STEPPED ONE TIME IN PREPARATION FOR THE NEXT I TIME. TURN TO THE 
APPROPRIATE LOCATION IN THE LISTING OF 9M51/S6 AND ANALYZE THE TEST 
ROUTINE IN ORDER TO DETERMINE THE NATURE OF THE FAILURE. 
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7090 SYSTEM PROJECT 10 

PRELIMINARY INSTRUCTIONS 

PICK-SHEET NUMBER _L_ 

************************************************************************ 

PROGRAM COUNTER 000 000 000 000 ••• 
ADDRESS REGISTER 000 000 000 00. • •• 

INDEX ReGISTER A 000 000 000 000 000 

INDEX REGISTE.R I::) 000 000 000 000 000 

INDEX REGISTER C 000 000 000 000 00' 

PROGRAiVl REGISTER a ... .e • oat SHIFT COUNTER 00 000 000 
S 

STORAGE REG. a 00 ••• ••• ooe 000 000 000 000 000 000 00. ••• S ---------
ACCUMULATOR 0 0 a 00 000 000 000 000 000 000 000 000 000 000 000 

S Q P ~-- . . 

1-1 Q CONTENT S a 00 000 000 000 000 000 000 000 000 000 000 000 
S ----~---- ---

************************************************************************ 

0 1/0 CHECK a FP SENSE CYCLE TIME 
123 4 ILE8f'" 

0 TRAP a 9 CARRY 000 0 o • 0 0 0 

0 SH4ULATE 0 9 OVERFLOW TALLY COUNTEH CHANNEL SELECT 
12345 A 8 C D E F G H 

0 ACC. OVERFLOW 0 Q CARRY • 0 0 0 0 o 0 o 0 0 0 0 0 

a QUOT OVERFLOW 0 MST STOP COrlJMAND TRAP TAPE CHECK TRAP 
ABC D E F G H A d C D E F G H 

a R/W SELECT a END OP o a a 0 a 0 o 0 a 0 000 000 

0 DIVIDi::: CHECK 0 AND CHANNEL TAPE CHECK 
ABCDEF G H 

a TRAP CONTROL 0 CAQ 000 0 a a o a 

0 T2 0 X CARRY 

************************************************~*********************** 
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7090 SYSTEM PROJECT 10 

PRELIMINARY INSTRUCTIONS 

PICK-SHEET NUMBER _~_ 

************************************************************************ 

PROGRAM COUNTER 000 too OOt 000 0 •• 

ADDRESS REGISTER 000 000 000 000 000 

INDEX REGISTER A 000 '00 00' 000 000 

INDEX Rt:.GISTER b 000 oeo 000 000 000 

INDEX RC::GISTE.R C 000 000 ooe; 000 000 

PROGRAi-1 REGISTEr< • ••• "0 0 •• SHIFT COUNTEr~ 00 000 000 
S 

STORAGE REG. • 00 t" •• 0 0.' 000 000 000 000 000 000 000 000 
S -..... -----... ~- ....... -.... -----....... -

ACCUMULATOR a a 0 00 000 000 000 000 000 000 000 000 000 000 000 
S Q P -------.....-,_...--.----- --.-.-.------~-----....------

M Q CONTENTS a 00 000 000 OUO vOO 000 QUO 000 000 000 000 ooe 
S ...... --------------... ...-....-----. .......... _- . 

************************************************************************ 

0 I/O CHECK 0 FP SENSE CYCLE T I ~'E 
1 2 3' 4 I L. E 6 M 

a TRAP a 9 CARRY a a 0 0 o • a a a 

a SIf'.'IULATE:: 0 9 OVERFLOvJ TALLY COUNTER CHANNEL SELECT 
1 2 345 A 8 C 0 E F G H 

a Ace. UVERFLOW a Q CARr~Y • 0 a 0 0 o 000 000 0 

a QUOT OVERFLOW 0 MST STOP COMIYlAND TRAP TAPt CHECK TRAP 
A 8 C D E F' G H A B C D E F G H 

a R/W SELECT a END OP a 0 a 000 a 0 o 0 000 000 

a DIVIDE CHECK 0 AND CHP,NNEL TAPE CHECK 
ABC D E F G H 

a TRAP CONTROL a CAQ a a a 0 a a a 0 

0 T2 a x CARRY 

********************~*******************~******************************* 
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7090 SYSTEM PROJECT 11 

PRELIMINARY INSTRUCTIONS 

************************************************************************ 

DIAGNOSTICS PROCEDURES AND RESULTS 
-.... -... ~...-......... ---.... .-.---.....-.--... --... ---... - ------... --.-.-. ... .-----......... -~ .... -----. - ---
CALLED 9M51 FROM TAPE Al. 

APPEARED TO LOAD IN NORMAL MANNER. 
PROGRAM STOP OCCURED AT LOCATION 00001. 

DEPRESSED START KEY. 
PROGRAM STOP OCCURED AT LOCATION 00002. 

DEPRESSED START KEY. 
PROGRAM STOP OCCURED. SEE PICK-SHEET 1. 

DEPRESSED START KEY. 
PROGRAM STOP OCCUREO. S~E PICK-SHEtT 2. 

************************************************************************ 

BECAUSE EACH 7090 CPU INSTRUCTION IS TESTED BY 9M51 BEFORE IT IS USED 
BY 9M51 TO TEST SOME OTHER INSTRUCTION, IT IS ALMOST ALWAYS NECESSARY 
TO TRACE OUT THE TROU8LE ON THE BASIS OF THE FIRST ERROR INDICATION. 
TO USE AN ERROR INDICATION OTHER THAN THE FIRST. IN THE ACTUAL TROUBLE
SHOOTING, CAN LtAD TO NEEDLESS CONFUSION. DIFFICULTY, AND DELAY. HOW
EV~R, IT IS FREQUENTLY HELPFUL TO EXAMINE ONE OR MORE OF THE LATER 
ERROR INDICATIONS IN ORDER TO GAIN A ~ETTER UNDERSTANDING OF THE FIRST 
ERROR INDICATION. THE MORE INFORMATION YOU CAN GATHER ABOUT THE ERROR 
THE BETTER YOUR ANALYSIS WILL BE. 
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7J90 SYSTEM PROJECT 11 

PICK-SHEET NUfv'lBER ...L~ 

************************************************************************ 

PROGRAfvj COUNTER oeo ala 000 ••• lOa 

ADDRESS REGISTER 000 000 000 000 000 

INDEX Rt:GISTER A ala ala 000 000 000 

INDEX REGISTER B 000 ala 000 000 000 

INDEX. Rt:.GISTER C 000 000 000 000 000 

PROGRAf·1 KEGISTEi~ a lOa ala 000 SHIFJ" COUNTER 00 000 000 
S 

STORAGE REG. a 00 eoo oeo auo 000 000 000 000 000 000 000 000 
S ----~---.-.-- -----.-....... _---.......... _-----

AccurvlULA TOR a a a 00 000 000 000 000 000 000 000 000 000 000 000 
S Q P ------------- -------~------~~ 

ivj Q CONTENTS a 00 00. 000 000 OOQ 000 000 000 000 000 000 01. 
S ------------- -------------------

************************************************************************ 

a I/O CHECK a FP SENSE CYCLE TIME 
1 2 3 4 I L E t3 1"1 

a TRAP () 9 CARRY a a 0 0 a • a a 0 

0 SIMULATE a 9 OVERFLO\:~ TALLY COUNTER CHANNEL SELECT 
1 2 3 4 5 A B C D E F G H 

• Ace. uV E i~F LO~v a Q CAI~RY • a 0 0 a a a a 0 a a a 0 

a QUaT UVE!~FLO~'J • i"'ST STOP CO;"ij'y'iAND TRAP TAPE CHECK TRAP 
A 0 ( D E F G Ii A D C L> E F (j H 

0 R/\~ SELECT a END OP 0 0 0 0 0 0 0 a a 0 0 0 0 0 0 0 

a DIVIDE (HECK a AND CHANNEL TAPE CHECK 
A B C D E F G H 

a TRAP CON Tr-'(OL 0 CAQ a a 0 a a 0 a 0 

0 T2 0 X CARRY 

************************************************************************ 
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7090 SYSTEM PROJECT 11 

PRELIMINARY INSTRUCTIONS 

PICK-SHEET NUMBER ~ -
************************************************************************ 

PROGRAM COUNTER oeo 0.0 00. Oto 0'0 

ADDRESS REGISTER 000 000 000 000 000 

INDEX REGISTER A 0.0 0.0 00. 000 000 

INDEX REGISTER B 000 0.0 000 000 000 

INDEX REGISTER C 000 000 000 000 000 

PROGRAM REGISTER a '00 0.0 000 SHIFT COUNTER 00 000 000 
S 

STORAGE REG. 0 00 100 010 000 000 000 000 000 000 000 000 000 
S .......... -_ ....... __ IM_ _II . 

ACCUtvlULATOR a a 0 00 000 000 000 000 000 000 000 000 000 000 000 
S Q P -~- ... , ... ~--~ --~ 

M Q CONTENTS 0 00 00' 000 000 000 000 000 000 000 000 000 0.' 
S ................... 

************************************,~*********************************** 

a I/O CHECK a FP SENSE CYCLE TIME 
123 4 1 LEd M 

0 TRAP 0 9 CARRY 000 0 o • 0 0 0 

a SIMULATE 0 9 OVERFLOW TALLY COUNTER CHANNEL SELECT 
1 2 345 ABC D E F G H 

I ACC. OVERFLOW 0 Q CARRY • 0 0 0 0 000 000 0 0 

0 QUaT OVERFLOvJ • MST STOP cor~MAND TRAP TAPE CHECK TRAP 
ABC 0 E F G H A B C 0 E F G H 

0 R/W SELECT 0 END OP 000 0 a 0 a 0 o 0 o 0 0 0 0 0 

0 DIVIDE CHECK 0 AND CHANNEL TAPE CHECK 
ABC D E F G H 

a TRAP CONTROL 0 CAQ a 0 a 000 o 0 

a T2 a X CARRY 

***,~******************************************************************** 
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7090 SYSTEM PROJECT 12 

************************************************************************ 

DIAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9M5l FROM TAPE Al. 
APPEARED TO LOAD IN NORMAL MANNER. 
PROGRAM STOP OCCURED AT LOCATION 00001. 

DEPRESSED START KEY. 
PROGRAM STOP OCCURED AT LOCATION 00002. 

DEPRESSED START KEY. 
PRINT-OUT A OCCURED. 

FURTHER PRINT-OUTS SUPPRESSED BY SSW 2. 

************************************************************************ 

EXAI\lINE THE PRINT-OUT AND NOTE EACH OF THE FOLLOWING ITEMS-

FIRST LINE-

TEST LOCATION - TELLS YOU THE LOCATION OF THE FIRST INSTRUCTION OF THE 
ROUTINE THAT FAILED. (24740) 

OPERATION - TELLS YOU THE INSTRUCTION THE ROUTINE WAS DESIGNED TO TEST. 
(STP) 

ERR 0 R L 0 CAT ION - TEL L S YOU THE L 0 CAT ION \~ I T H I NTH E R 0 UTI N EAT W H I C H THE 
ERROR WAS RECOGNIZED. SINCE SOME ROUTINES CHECK FOR SEVERAL KINDS 
OF FAILURE, THEY HAVE SEVERAL POSSIBLE ERROR LOCATIONS. THIS 
PORTION OF THE PRINT-OUT TELLS YOU THE ERROR LOCATION AT WHICH THIS 
ERROR WAS ~ETECTED. (24744) 

o LOCATION - TELLS YOU THE CONTENTS OF LOCATION 00000 AT THE TIME THE 
ERROR WAS DETECTED. THIS IS USEFUL IN THE CASE OF PROBLEMS IN
VOLVING TRAP. 

SWITCHES - TELLS YOU THE SETTING OF THE SENSE SWITCHES AT THE TIME THE 
ERROR WAS DETECTED. 

EXAMINE THE SECOND AND THIRD LINES OF THE ERROR PRINT-OUT. IF THERE IS 
ANY PORTION OF THESE THAT YOU DO NOT UNDERSTAND, ASK YOUR INSTRUCTOR. 
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7090 ~YSTFM PROJECT 12 

PRELIMINARY PlSTQUCTlr)NS 

***************************** PRINT OUT A ****************************** 

9M51 NOW TESTING BASIC MAIN FRAME INSTRUCTIONS 

TEST Loe 24740. OPN STP .ERROR LOC 24744. 0 Loe 042000000003,SW 000001 
LITE 0000, MQ 377177777777, XRA 24700, XRB 77401, XRC 53034, TRAP TGR 0 
Ace +,Q, o,p 1.30000000UOuv, DIV CK 0. Ace OVFL 1, KEYS 000000000001 

TEST Loe 42165, OPN STP .ERROR Loe 42201, 0 Loe 042000000003,SW 000001 
LITE 0000, MQ 171777771400, XRA 71171. XRB 77771, XRC 35577. TRAP TGR 0 
Ace +,Q O.P u,vuu0vOvU0000, DIV eK 1, ACC OVFL 1, KEYS 000000000001 

TEST LOC 42254. OPN STP .ERROR LOC 42214. ° Loe 042000000003.SW 000001 
LITE OOJO. MQ 000uOOUQOOOu. XRA 11777. XRB 34214. XRC 35504. TRAP TGR 0 
Aec +.Q o.P u.OuuuuuuuOOOu, DIV eK 1, Ace OVFL 1, KEYS 000000000001 

TEST LOC 47335. OPN STP ,ERROR LOC 41355. 0 Loe 042000000003,SW 000001 
LITE 0000, MQ 600000000000. XRAu0004, XRB 07717, XRe 30423. TRAP TGR 0 
Ace +.Q a.p 0~a16100051400, DIV eK 0. Ace OVFL 0, KEYS 000000000001 

TEST LOC 50664. OPN 7/0000,ERROR LOC 50676, 0 Loe 002000050544,SW 000001 
LITE oouo. MQ 371711711777. XRA 00004. XRB 34214. XRC 27102. TRAP TGR 0 
ACC +,Q O,? O,300Uu000000U, DIV CK 0, ACC OVFL 1, KEYS 000000000001 
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7090 SYSTEM PROJFCT 13 

DATA CHANNFL 

************************************************************************ 

DIAGNOSTICS PROCEDURES AND RESULTS 
---~---~---~--------~--~--- -----~~~~~--~-~--~--~.~~------------

CALLED 9T51 FROM TAPE A1 
APPEARED TO LOAD IN NORMAL MANNER. 
PRINT OUT A OCCURED 

EXAMINE THIS PRINT OUT. CONSULT THE 
INSTRUCTION PORTION OF THE 9T51 DIAG
NOSTIC WRITE UP AND DETERMINE ITS 
SIGNIFICANCE. 

PROGRAM STOP OCCURED 
SEE PICK-SHEET 1. 

CONSULT THE 9T51 DIAGNOSTIC WRITE UP 
IN ORDER TO DETERMINE THE PURPOSE OF 
THIS HALT. ALSO SEE THE WRITE UP FOR 
910C WHICH IS AVAILABLE IN THE LAB. 

THE OP PANEL KEYS ON THE CPU CONSOLE 
WERE SET FOR 9IOC AS FOLLOWS-
KEYS 19, 20, 22, 24, 28, 31 DOWN. 

DEPRESSEDaSTART KEY. 
PRINT-OUT~ OCCURED. 
FURTHER PRINT-OUTS SUPPRESSED BY SSW 2. 

A PROGRAM STOP OCCURED ONCE MORE AS IS 
SHOWN ON PICK-SHEET 1. THIS INDICATES 
THAT THE TEST HAS BEEN COMPLETED ON THE 
UNITS SPECIFIED AND THAT THE PROGRAM 
IS NOW READY TO PERFORM FURTHER TESTS 
BASED ON NEW INFORMATION PLACED IN 
THE OP PANEL KEYS. 
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7090 SYSTEM PROJECT 13 

D6.TA CH.ANNFL 

***************************** PRINT OUT A ****************************** 

NOW PERFORMING DIAGNOSTIC TEST 9T51 

WRITE -AT-LOAD-POINT-DELAY-**-LOW TOLERANCE- -HI-TOLERANCE-

FOR - 729 MODS -11- AND -V- 46.56 MILSEC 
FOR - 729 MODS -IV- AND -VI- 31.04 MILSEC 

-READ-AT-LOAD-POINT-DELAY-**-

FOR - 729 MODS -11- AND -V- 23.28 MILSEC 
FOR - 729 MODS -IV- AND -Vl- 15.52 MILSEC 
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7090 SYSTEM PPOJFCT 13 

DATA CHANNeL 

PICK-SHEET NUMBER ~_ 

************************************************************************ 

PROGRAi'4 COUNTER ••• '0" 0'. 0.0 0·00 

ADL>HESS REGI STEj~ ••• 101 01' ala 00. 

INDEX REGISTER A 000 000 000 000 001 

INDEX REGISTER I;) 00. 0.0 01. 00. .10 

INDEX REGISTER C '11 I •• •• 0 .0. 001 

P ROGRAI\1 REGISTER a 000 000 000 SHIFT COUNTER 00 000 000 
S 

STORAGE REG. 0 00 000 000 000 000 ooc) 000 ••• 10. 01. 010 001 
S -.~ ..... ----... --- --~ ... --~ 

ACCUMULATOR 0 0 0 00 000 OOG 000 000 000 000 000 000 000 0.0 .10 
S Q P - ... ~...,. ..... -... ...... _ ... 

101 Q CONTENTS a 00 000 000 000 000 000 000 000 000 000 000 '00 
S -~--....-.-........ - ~~.....-.. 

************************************************************************ 

0 1/0 CHECK 0 FP SENSE CYCL.E TIME 
12:3 4 I L. E B M 

a TRAP 0 ~ CARRY 000 0 01000 

0 S I ~1ULA TE 0 9 OVERFLOW TAL.L.Y COUNTER CHANNEL SELECT 
12:3 4 5 ABC D E F G H 

0 ACC. OVEHFLOW 0 Q CARRY • 0 a 0 0 o COO 000 0 

0 QUOT OVERFLOW I MST STOP COMMA'ND TRAP TAPE CHECK TRAP 
A 8 C D E F G H A cl C l) E F G H 

0 R/W St:.LECT 0 END OP 000 000 o 0 o 0 000 000 

0 DIVIDE CHECK 0 AND CHANNEL TAPE CHECK 
ABC D E F G H 

a TRAP CONTROL 0 CAQ 000 000 o 0 

a T2 0 X CARRY 



7090 SYSTEM PROJECT 13 

~ATA CHANNEL 

***************************** PRINT OUT A ****************************** 

9T51 PASS eOMPLETE eHN A TF 2 MOD 2 

TEST LOC OU472. OPN SCHB 5.ERROR Loe 00526, 0 Loe 002000013366,SW 000001 
LITE 0000. MQ 777777277777, XRA 00001, XRB 00001, XRC 77252, TRAP TGR 0 
Ace +,Q o,p u,OuOvOOvvoooo, DIV CK 0, Aec OVFL 1, 
INDS 000100001154 KEYS 000000324223 

TEST LOC 00472. OPN SCHe 5,ERROR LOe 01276, 0 LOC 002000013366,SW 000001 
LITE oOuO, MQ 777777277777, XRA vOOOl, XRB 00001, XRe 76502, TRAP TGR 0 
Ace +,Q O,P 0.Qu000000000U, DIV eK 0, Ace OVFL1, 
INDS 000100001154 KEYS 000000324223 

TEST LOC 00472, OPN SCHB 5,ERROR Loe 01324. 0 LOC 002000013366,SW 000001 
LITE 0000, MQ 777777277777, XRA 00001. XRB 00001, XRe 76454, TRAP TGR 0 
Ace +,Q O,P O,OJOOuOvOOOOO, DIV eK 0, ACC OVFL I. 
INDS OOv1UUUU1154 KEYS 000U00324223 

TEST LOC 00472, OPN SCHB 5,ERROR LOC 01374, 0 LOC 002000013366,SW 000001 
LITE oouO. MQ 777777217111. XRA 00001, XRB frU001. XRe 76404, TRAP TGR 0 
Ace +,Q O,P u,OuOUOOvUOOOU, DIV CK 0, ACC OVFL 1. 
INDS 000100001154 KEYS 000000324223 

TEST LOC 00472, OPN SCHB 5,ERROR LOC 01432, 0 LOC 002000013366,SW 000001 
LITE OOUO, MQ 771777277777. XRA 00001, XRB 00001, XRC 76346, TRAP TGR 0 
Ace +,Q o,p u,OOuOOOuOOQOu, DIV CK O. ACC OVFL 1, 
INDS 000100001154 KEYS 000000324223 

TEST LOC 01466. OPN TRes 5.ERROR LaC 01503, 0 LOC 002000013366,SW 000001 

TEST LOC 01714, OPN BSRB 5,ERROR LOC 01747, 0 LaC 002000013366,SW OOOOO~ 
MSE 0000, COMP ERROR WORD GENERATED 0000~lU0000100000100000100000100000~ 
REC 00001. WORD 00001, WORD READ U00000uOOOOv~00000000000000000000000 
INDS 000100001154 KEYS 000000324223 1 1 1 1 1 1 

TEST LaC 01753, OPN BSFB 5,ERROR LOC 02003, 0 LaC 002000013366.SW 000001 
MSE 0000, CaMP ERROR WORD GENERATED 000001000001000001000001000001000001 
REC 00001, WORD 00001, WORD READ OOOOvOOOOOOuOOOOOOOOOOOOOOOOOOOOOOOO 
INDS 000100001154 KEYS 000000324223 1 1 1 1 1 1 
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*********************************************************************** 

DIAGNOSTICS PROCEDURES AND RESULTS 

ALLED 9T51 FROM TAPt Al 
APPEARED TL LUAO IN NORMAL MANNER. 
PRINT-OUT A OCCURED. 
NORMAL STO? FO~ 9I/OC OCCURED AT 75320. 

ENTERED FOLLOWING 9I/OC INFORMATION
KEYS 19, 20, 24 DOWN. 

DEPRESSED START KEY. 
TAPE DRIVE UNDER TEST RAN AWAY. 
SEE PICK SHEETS 1 AND 2. 
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PICK-SHEET NUMBER I 

************************************************************************ 

PROGRAM COUNTEI-< 000 000 001) 06. • •• 
ADDRESS ReGISTER 000 010 0.0 000 00. 

INDEX REGISTER A 000 000 000 000 00. 

I r~DEX Rc.GISTER b ••• ••• •• 0 00 • 00. 

INDEX REGISTER C ••• ••• eOl 00. .00 

PROGRAi"l REG 1 STEI~ a ••• 110 ..0 SHIFT COUNTER .0 000 00. 
S 

STORAGE REG. a 00 • •• .10 •• 0 000 000 000 000 0.0 0.0 000 00. 
S ------------ -------~~-~-

Accur·1ULATOR 0 0 0 00 000 0.0 000 000 000 000 00. oe. 0.. ..0 •• 0 
S Q P 

I'v\ Q CONTENTS 0 00 000 000 000 000 000 GOO 000 000 000 0.0 •• 0 
S ----

************************************************************************ 

0 I/O CHECK a FP SENSE CYCLE TIME 
1 2 3 4 I L E B M 

a TRAP a 9 CARRY 000 0 o • 0 0 0 

a SItv1ULAT~ a 9 OVERFLOt-J TALLY COUNTER CHANNEL SELECT 
1 2 345 ABC D E F G H 

0 ACC. OVERFLO~J 0 Q CARRY .0000 a • 0 0 0 0 0 0 

0 QUOT OVERFLOv.J 0 ivlST STOP COj'!iivlAN DT RAP TAPE CHECK TRAP 
ABC D E F G H A B C D E F G H 

0 R/\~ SELECT 0 END OP o 0 a 000 0 0 o 0 000 000 

0 DIVIDE CHECK 0 AND CHi,\NN EL TAPE CHECK 
ABC D E F G H 

0 TRAP CONTROL 0 CAQ 000 000 o 0 

0 T2 0 X CARRY 

************************************************************************ 
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DA TA. CH I\~!~r:: L 

**************************** PRINT OUT A ****************************** 

iOvJ PERFORt·lI i~G D I AGNOST I C TEST 9151 

IRI1E -AT-LOAD-POINT-DELAY-**-LOW TOLERANCE- -HI-TOLERANCE-

'OR - 729 MODS -11- AND -V- 46.56 MILSEC 
'OR - 729 MODS -IV- AND -VI- 31.04 MILSEC 

·R~AD-AT-LOAD-PUINT-DELAY-**-

'OR - 729 MOOS -11- AND -V- 23.28 MILSEC 
:OR - 729 MODS -IV- AND -VI- 15.52 MILSEC 

400 

53.96, MILSEC 
37.64 MILSEC 

29.48 MILSEC 
2 1 • 32 f'v1l L SEC 



,. TAf'£ CMO 
sa C1Q.E C1'Ct.£ 

@ ~ ~ 
cs cs STOP 
ItO AI ON ERR 

~ ~ ~ 

CAR!) 

,.---c~ SKEW REG A DC C8C cae CI 
I I 1 4 • It JZ ... 128 ZK IIBE'I" I t. 3 4 5 ( I 1 J 4 5 'TU 

eOOOOOOOOOOOOOOOOOOOOQOOOOQOOQOOO 
'e 0 0'06 0 0 'e · wee e'. 0 00 OSfLmO 0 0 0' r5~ ~ ~ ~ C5 a ~ 6 0 () <5 
'e ooR/areo o~'e ~(!) 8e~i~~t5· ... A M~- - 0 -, ~~~o 
, , TAPE RSlSTER{S-17l I ,~ t I 'It ~ }i' Q Q ~ Q ~ II ;. ~~ .. , 

.e5 OOOOO~OOOOO_OOOOO~OaO~~_O~u~oo~@1 I I TAPE REGlSTER(J8-35) i BOW C PROc: sow sew ~ 'S'I'fC ~ TCT TRAP £OF CIT INO LO ENe 

oooooeooooo_oooooi~oaOOoOd~~~~~~6 

~ 
o ..... 

DATA REGISTER 

r- OP REG WORD COUNT-----------r 
SilO 12 13 '" IS 16 11 

r-OP REG ADDRESS I LOCATIONI-----------: 
18 19 20 21 22 23 24 25 26 21 28 29 30 31 32 33 34 ~5 

RO WI! WEOF' 11m 8 REe 8 FlU STOP AD WI! WI! 
TAPE TAPE SEt. SEt. SEl SEl WR CIl PA PU RESET 

:s3~~~9~5'15~~:= 
~_~.0C4~=~ ...... ~~~~== 

UNIT 
SELECT 

I 

• , E kg, • • L!L • ~ ~._ -L.!o.~"'_. • • E.. * ' .. ' •. _. _ 

1.0 1.0 ST 011 
LOC om DATA LO SCD DlSP OFF 
C'I'R REG REG COttO SEt ST'j LItlE YANuAL 

~!:! ~ ~ ~!!!!! ~!:! ~:=' :::.........,:::1:= ~_.-...- ......... ~ '--_-"-

"'d 
1-'-
(') 

?;"' 

~ 
CD 
CD 
M-

1j 
/') 

"'4 

..... 
~ 
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DATA CHANNEL 

*******~**************************************************************** 

DIAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9T~1 FROM TAPE A1 
APPEARED TO LOAD IN NORMAL MANNER. 
NdRMAL PRINT OUTS OCCURED. 
NORMAL STOP FOR 9I/OC OCCURED AT 75320. 

ENTERED FOLLOWING 91/0C INFORMATION
K~YS 19. 20. 21 DOWN. 

DEPRESSED START KEY. 
MACHINE HUNG UP. 
SEE PICK SHEETS 1 AND 2. 
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PICK-SHEET NUMBER _~_ 

************************************************************************ 

P I~OGHAiv} COUNTt:.R 000 000 0 •• 000 000 

ADDI~ESS REGISTER 000 0.0 0.0 0 •• 000 

INDEX REG I S TEf~ A 000 000 000 000 00. 

INDEX I-<EGISTC:R t3 ••• e,t .'G 00. oat 

INDE.X REG I S TtJ-{ C ••• ••• eOI ou • .00 

Pi-{OGRAI"i REG I S TEl-< 0 ••• •• 0 •• 0 SHIFT COUNTEI~ • 0 0 •• 000 
S 

STORAGE REG. a 00 ••• •• 0 •• 0 000 000 OuO 000 0.0 oeo 0 •• 000 
S -------------- -------------------

ACCU/,,:ULATOR 0 a 0 00 000 oee 000 000 000 000 00. 0 •• 0 •• ..0 •• 0 
S Q P -------------- -------------------

;'Ij Q CONTENTS 0 00 000 ouo 000 ()CO 000 000 000 (JOO 000 0.0 •• 0 
s -"------------- -------------------

***********************~***k******************************************** 

0 1/0 CHECK 0 FP SENSE CYCLE TIME 
1 2 3 4 I L E i:$ M 

0 TRAP 0 9 CARRY 0 a 0 0 0 • a a a 

a S I j"IULATE 0 9 OVERFLOW TALLY COUNTER CHANNEL SELECT 
1 2 3 4 5 A 0 C D E F G H 

0 ACC. OVERFLOW 0 Q CARRY • 0 0 0 0 0 • 0 o 0 0 0 a 

u QUOT vV E'~FLO,J 0 /ViS T STOP COjVHViAND TRAP TAP~ CHECK TRAP 
A e c D E F G H A u C D E F G H 

0 R/W St:.LECT 0 END OP 0 0 0 a 0 0 0 a 0 0 0 0 0 0 0 0 

0 DIVIDi:. CHECK 0 AND CHANNEL TAPE CHECK 
A B C D E F G H 

a TRAP CONTROL 0 CAQ 0 0 0 a a 0 0 0 

0 T2 0 X CARRY 

************************************************************************ 
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,. TAPE CAIO 
lit C'IQ.£ C'IQ.£ 

'r--i -SKEW REG A i ,I ! • • It DC 12 .. 121 .. fIQiE'I' I I ! ~ • 5 r, ! a: 4 5 I. It 
o 0 0 0 0 0 0 ° OwcO, 0 ° 0, 0 0 0 0, 0 0 0 0 Q Q 0, Q 0 0 0 0 Q 0 0 0 
'0000000'0 I 60iOOOOOSEL£CToood~~~6~~~~60"() 

@ ~ @ 
CS CS STOP 
flO AI Oft ERR 

~ ~ ~ 

CARO 

.3 " 
ooRIWoooo'o~(!)t5~~e~~8Q"" .~~~,-""O-I a. ~~o 

() 0 0 0 0 0'0 Tooct8 0'0 0 0 0 0 0'0 ~ ~ ~ es 0 g ~ ~ g ~ ~ ~ 8 ~ 
loa 0 0 0 O'OTO Raal8a 0'0 000 0 at ~ ~ ~ 0 a ~ ~ ~ ~ ~ ~ a t3 f3 CS 

DATA REGISTER 

r- OP REG WORD COUNT-- --------. 
s I 9 10 12 13 I. 15 16 17 

fa' I, eEEEI_LI_BE.=t-=t---EEf£1S3 
AD WII wEor nD 8 REt e rILE STOll lID WII WIt 

TAPE· TAP[ SEl SEL SE!. SEL WA CII IIR IIU ftESET 

9~~~~?§3E3~~~ 
~ ... __ ,,'~ ::::2 ~ == ~ ~ ~_'U ~ ~.=-: 

'¥~n 0 ~ oA,,6 6 6~;.~:;~ 
o 0 OP;t~:~O 0 OP·.O O~ 
o 0 oor-mo 00[6:00; 

'""','_ , _ .~~~'. ·~~~~;~~·~;~t;t.:r'(5:'.:t .. ~ "~.Jk' .~. ~J$' '. 
f,~~SfJ' ··'·~'O·'A.· .. t:I!/A;r:'\.::C"\ A~ I~'~'( ti .. ·.··~·:~.~~·.~·~·~~~,~:~~~~~~ 

r-0~ REG AOORE'SS/LOCATION-------~ 
18 19 20 21 22 23 2. 25 26 V 28 29 30 31 32 33 34 35 

'" '····1 filE I I mlRil I I Itft¥l 
Ul La Sf ON 
LOt DATA DATA LO 8CD DISII Of'F 
CTR A£G AEG COMO SEL ST" LINE MANUAl. 

l!'Q 2:!!1 e1 ~ lSI ~ Jizat ~ :JIIIIIII!l ~ C'!t" 
.... ........: ~- • ..;.;;;...;.J~~ ...... :::;~_ 
~..wnt1 :=~~~ ........... ~ ........... .....".-.f,.. 

"0 ',/1 ..... "< (') Ji 
~ --t 

g3 Tl 
':!:i: 

('!) 
('!) "0 
C"'f' .'0 

0 

N 
L 
q 

:') 
.. hl 

...... 
U't 
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~ATA CHANNFL 

*************************~~********************************************** 

DIAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9M51 FROM TAPE AI. 

CALLED 9P51 FROM TAPE AI. 

APPEARED TO LOAD IN NORMAL MANNER. 
NORMAL STOPS OCCUR ED AT 00001 AND 00002. 

DEPRESSED START KEY. 
PRINT-OUT A OCCURED. 

PERFORMED A MANUAL TRANSFER TO LOCATION 
52112 TO bYPASS LONG INDEX REG. TEST. 
PRINT-OUT B OCCURED. 

APPEARED TO LOAD IN NORMAL MANNER. 
NORMAL STOP FOR 9I/OC OCCURED AT 75320. 
KEYS 19; AND 34 DOWN. 

DEPRESSED START KEY. 
PRINT-OUT C OCCURED. 

~5 



7J9~ SYSTEM PROJFCT 16 

DATA CHANN~L 

***************************** PRINT OUT A ****************************** 

9M51 NOW TESTING BASI IN FRAME INSTRUCTIONS 
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DATA CHANNEL 

***************************** PRINT OUT B ****************************** 

9M51 NOW TESTING SENS DICATOR INSTRUCTIONS 

9M51 TESTING FLOATIN INT INSTRUCTIONS 

~7 
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i)/X T:~ CH:H·jN E L 

***************************** PRI~T OUT C ****************************** 

PERFORMING PRINTtR DIAGNOSTIC TE· 

ION AA. PRINTER DISCONNECT TEST 

TER DISCONNECT TEST COMPLETE. 
ION Ab. CURSORY TEST COLUMNS 1-7 
567b901ij4507b901234567b90123456 
ION AC. CURSORY TEST COLUMNS 73-

78901234567890123456789012345678 

408 

P51-A ON CHANNEL 

DER WPR. 
12345678901234567890123456789012 
UNDER WPR. 

34567890 



***************************************~******************************** 

DIAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9M51 FROM TAPE Al. 
APPEARED TO LOAD IN NORMAL MANNER. 
NORMAL STOPS OCCURED AT 00001 AN0 00002. 

DEPRESSED START KEY. 
PRINT-OUT A OCCURED. 
SEE PICK SHEET 1. 

CPU APPEARS TO BE EXECUTING LON INDEX 
REGISTER TEST IN THE NORMAL MANNER. 

DEPRESSED RESET KEY TO TERMINATE 
PRINT OUT. 
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PI TAP£ CAlI 
... C'tQ.l CfQ.[ 

@ ~ ~ 
CS CS STOP 
10 ., 0fI £1tfI 

~ ~ ~ 

.. ~_~""""""_ SKEW RS A OC CIC cae C8 
J It.. • • • .. .. _ ..... ' Its .. 5 J I 2 S 4 5 J I'll 

.~ g ~~6 ~ gl~ ~K6161~ g g~~~~ ~ ~ ~Ig g ~ ~ ~ g ~ i i g ~ ~ 
------TAPE REGISTER(S-I7) ~ Q ~ '11 Q Q Q Q RItf II ~ w 

CAR!) 

.3 
'0000RE6000'oo6(!)(). ~~e~C5eA WI~" Jl~~1ISP8dOno£IAtEI~~~o 
:OOOOOO:O£2~I8~O:OOOOOO:OO ~ "" Qo(50~QQ ~ 9~ 
OOOOOOOOOOOOOOOOOO~~~Oo~~~~~la~ao 

~ ..... 
o 

DATA REGISTER 

r-OP REG WORD COUNT I ~p REG 1 AODRESS/LDCAnON 
s ! 10 II 12 13 '4 15 '6 11 18 19 20 21 22 23 24 25 Z6 Z1 28 19 30 31 32 33 34 35 

iii. S=L4& • • zs:a .. $. • i I I Ell? I I em I I 83 
flO WIt WEer RWO 8 REt 8 RL£ S'roP Rf) WIt n 

TAPE TAPE S£L sa SEL SE1. w,. ell PH fill RESET 

=~~~~~51f1E~~~ 
~ _,~ t;;::t =-:::::-.: -= :i ~ ~ ~ =:::: 

t..O t..O $T ON 
LO( DATA OATA LO BCD DlSI' OFF 
CTR !lEG m C'OIW SEl S~ UN! _~~ 

~~~~~~~9~~ 
==::t=~==:;;.::'!-::::=~ 

roo ..... 
() 

~ 

gJ 
(1) 
@ 

f ~ 
IIIIiiIIIo. ...-.. ........ ....... ~ ~ ~:;;;;,. ~ r-'" 
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***~************************* PRI~T OUT A ****************************** 
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fJI\TA CHANNFL 

********************~*************************************************** 

DIAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9M56 FROM CARD READER. 
CARD READER TOOK ONE CARD FEED CYCLE. 
MACHINE HUNG UP. 
SEE PICK SHEETS 1 AND 2. 

412 



PICK-SHEET NUMBER / 

************************************************************************ 

P(~OGRAM COUNTER 000 000 oou 000 000 

AODRESS REGISTER OOU uoo OOv 000 000 

INDEX RE.GISTE.R A 000 000 000 000 000 

INDEX REG I S TEI~ i:3 000 000 000 000 000 

INDEX REGISTER C 000 000 000 000 000 

PROGRAN REGISTER a 000 000 000 SHIFT COUNTER 00 000 000 
S 

.::)TORAGE REG. 0 00 000 000 000 000 000 000 000 000 000 000 000 
S --~----------- -------------------

ACCUiljULA TOR a a a 00 000 000 000 000 000 000 000 000 000 000 000 
S Q P -----.... -------- -------------------

M Q CONTENTS 0 00 000 000 000 000 000 000 000 000 000 000 000 
S -------"------- ----------~--------

************************************************************************ 

0 1/0 CHECK a FP SENSE CYCLE TIME 
1 2 3 4 I LEe iv1 

0 TRAP 0 9 CARRY 000 0 .0000 

0 SIMULATE a 9 OVERFLOW TALLY COUNTER CHANNEL SELECT 
1 2 3 4 5 ABC D E F G H 

0 ACC. OVERFLOW a Q CARRY .00 0 0 .00 a 000 0 

0 QUOT OVERFLOW • lAST STOP COivtNAND TRAP TAPE CHECK TRAP 
ABC D E F G H A i:3 C D E F G H 

• R/\~ St:LECT • END OP a () a 0 0 0 0 0 o 0 000 000 

0 OIVIDI::. (HE(I( 0 AND CHANNEL TAPE CHECK 
ABC D E F G H 

a TRAP CONTROL 0 CAQ 000 000 o 0 

0 T2 0 X ,CARRY 

*************************************i~********************************** 
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•• TJfI£ CAlI 
• CYQ.£ QQ£ 

@~@ 
cs CS 5ttIP 
ItO ftl 011 ERI 

@ @ ~ 

....--, -SKEW REG A 'I 2 4 • .. OC It M 121 2M IESEr I I t -~ 4 " I r ~ 4 5 i& 
o 00 0 0 0 a 0 OWCO 0 00 000 0 0 Cl 0 0 <;> e <81 e 1-- 0 0 Q 0 00 
;00o.:i6 0 0:9 ¢-i O'Q 0 ~/QQ.OQ <;1 Q Q'a e.5 ~ ~: I ~ ~ ~ ~ C) 

CARD •• 
,0000 0 O.oT§~~~~'~ ~ ~~ ~~,~ S ~g ~ a g ~~ 8~ ~ ~ g g 
'000 0 00'0000·00'0 000 0 o'~' ~ ~ 0 0 ~ ~ 8 a ~ f5 ~ a ~ ~ 

~ 
1-1 

~ 

DATA REGISTER 

~~6 6 ()~;~;~~ 
~-~(lo 0 00'0: oJ 
:·~;,,::;~i r\ r\ r\ ~;h oJ 

r-OP REG WORD COUNT I r-op REG 1 ADDRESS/lOCATION 
S I "5 8 9 10 " 12 13 14 15 16 11' 18 19 20 21 22 23 24 2S 26 'l'! 28 29 30 

E I I Ena I I 1.2E21SI I I I ,EiEe=-- I I I§I§FRI I I fa I EI::ra I _ I _mEEl 
10 .. W£Or INO 8 I£C 8 FU smP RO .. .. 

TAPE TAPE sa SEt. SEt. SE1. WIt CIf PI PU R£SET 

~g~~~~~~~~~ 

UftJT 
SELiCT LO LO ST 011 

L.OC DATA OATA 1.0 8CD OIS'> OfF 
m E E COIfO SEt. STS UHf MANuAl 

~~~~~~~a~~~ 
==d:=~==~!!::=~ 

tu ...... 
n 
J:7t 

~ 
(t) 
(t) 
t""I' 

N 
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ADVAilCEn H,lSTRUCT IONS 

************************************************************************ 

DIAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9M51 FROM TAPE AI. 
APPEARED TO LOAD IN NORMAL MANNER. 
NORMAL STOPS OCCUR ED AT 00001 AND 00002. 

DEPRESSED START KEY. 

PERFORMED A MANUAL TRANSFER TO LOCATION 
52112 TO BYPASS LONG INDEX REG. TEST. 

PRINT-OUT A OCCURED. 
FURTHER PRINT-OUTS SUPPRESSED BY ssw 2. 

415 



***************************** PRINT OUT A ****************************** 

9M51 NOW TESTING SENSE INDICATOR INSTRUCTIONS 

9M51 TESTING FLOATING POINT INSTRUCTIONS 

CORRECT FP EXECUTION VALUES AND CONDITIONS 
ACC +u000000000U1 MQ +0004u0000000 LOC ZERO ALL ZERO NO FP TRAP 

ERROR FP EXECUTION VALUES AND CONDITIONS 
ERROR IN ACC 1 THRU 35 

TEST LOC 65067, OPN FRN ,ERROR LOC 65117, 0 LOC OOOOOOOOOOOO,SW 000001 
LITE OUOO, MQ OUU4uU0uOOOu, XRA QOOOQ, XRB 12662, XRC 12661, TRAP TGR 0 
ACC +,Q 0,P U,UJuuuOUuOOOu, DIV CK 0, ACC OVFL 0, 
INDS U~uQJJuuuUOu KEYS 002000052112 

CORRECT FP EXECUTION VALUES AND CONDITIONS 
ACC -l002QOuOuOOl MQ -377777777777 LOC ZERO ALL ZERO NO FP TRAP 

ERROR FP EXECUTION VALUES AND CONDITIONS 
ERROR IN ACC 1 THRU 35 

TEST LOC 65123, OPN FRN ,ERROR LOC 65155, 0 LOC OOOOOOOOOOOQ,SW 000001 
LITE OOUO, MQ 777777777777, XRA 00000, XRB 12624, XRC 12623, TRAP TGR 0 
ACC -,Q Q,P u,4uvuOuvuOQOu, DIV CK 0, ACC OVFL 0, 
IND~ U4uUUUUUuUUU KEY~ 002000052112 

CORRECT FP EXECUTION VALUES AND CONDITIONS 
ACC -377777777777 MQ +u01400000000 LOC ZERO ALL ZERO NO FP TRAP 

ERROR FP EXECUTION VALUES AND CONDITIONS 
ERROR IN ACC 1 THRU 35 

TEST LOC 65161. OPN FRN ,ERROR Loe 65211, 0 Loe 000000000000,5W 000001 
LITE 0000, MQ 001400uuOOOu, XRA 00000, XRB 12570, XRC 12567, TRAP TGR 0 
Ace -,Q Q,P U,4uUvOOvOOOOu, DIV eK 0, Aee OVFL 0, 
INDS 04uOuUQUuUuO KEYS 002000052112 
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************************************************************************ 

DIAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9M51 FROM TAPE AI. 
APPEARED TO LOAD IN NORMAL MANNER. 
NORMAL STOPS OCCURED AT 00001 AND 00002. 

DEPRESSED START KEY. 

PERFORMED A MANUAL TRANSFER TO LOCATION 
52112 TO BYPASS LONG INDEX REG. TEST. 

PRINT-OUT A OCCURED. 
MACHINE HUNG UP. SEE PICK-SHEET 1. 
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7J~O SYSTF~ PR0JFCT 20 

Ar\\j,V:r.r::,) I r--!S·TRU(T J ()NS 

***************************** PRINT OUT A ****************************** 

9MSl NOW TESTING SENSE INDICATOR INSTRUCTIONS 

9M51 TESTING FLOATING POINT INSTRUCTIONS 

418 
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anVANCFD INSTRUCTIONS 

PICK-SHEET NUMbER I 

************************************************************************ 

PROGRAM COUNTER 1.0 110 10. 0.0 •• 8 

ADDRESS REGISTER ••• ala .0. 0.0 000 

INDEX Rt.GISTl:R A 000 000 OO() 000 000 

INDEX REGISTER B 000 000 000 000 000 

INDEX REGISTER C 000 000 000 000 000 

PROGRAM REGISTER a ala lOa 00. SHIFT COUNTER 00 000 000 
S 

STORAGE REG. a 01 ••• 01 • '-..if UU' ..0 cia ••• • 00 000 .0 • 00. 
s --------------- -------------------

ACCUi"lULA TOR • a 0 00 000 00. • •• •• 1 ••• ••• I •• ••• • •• ••• • •• 
S Q P -------------- --~----------------

f"l Q CONTENTS • 80 000 000 000 000 000 aoo 000 000 000 000 000 
S -----_ .... -------- -------------------

************************************************************************ 

0 1/0 CHECK 0 FP SENSE CYCLE T I 1'-1E 
1 2 3 4 I L E 8 M 

a TRAP I 9 CARRY o 00 0 0 • 0 0 a 

0 SIHULATE • 9 OVEI~FLO~v T t~LL Y COUNTER CHANNEL SELECT 
1 2 3 4 5 A B C D E F G H 

a ACC. OVERFLOW a Q CARRY 00. a a 0 o a a a a 0 a 

a QUaT UVERFLOW 0 i-1ST STOP COiVlMAND TRAP TAPE CHECK TRAP 
A i3 C D E F G H A 8 C D E F G H 

a R/~v SELECT a END OP a a 0 o 0 a 0 0 0 0 0 0 0 o a 0 

0 OIVIDc. CHECK 0 AND CrlANNtL TAPE (dECK 
A B C D E F G H 

0 TRAP COj\jTROL 0 Cf\Q o 0 0 000 a 0 

a T2 a X CARRY 

************~*********************************************************** 

419 
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ADVANCED INSTRUCTIONS 

************************************************************************ 

D'IAGNOSTICS PROCEDURES AND RESULTS 

CALLED 9M51 FROM TAPE A1. 
APPEARED TO LOAD IN NORMAL MANNER. 
NORMAL STOPS OCCURED AT 00001 AND 00002. 

DEPRESSED START KEY. 

PERFORMED A MANUAL TRANSFER TO LOCATION 
52112 TO BYPASS LONG INDEX REG. TEST. 

PRINT-OUT A OCCURED. 
FURTHER PRINT-OUTS SUPPRESSED BY SSW 2. 
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***************************** PRINT OUT A ****************************** 

9M51 NOW TESTING SENSE INDICATOR INSTRUCTIONS 

9M51 TESTING FLOATING POINT INSTRUCTIONS 

CORRECT FP EXECUTION VALUES AND CONDITIONS 
ACC +2037000UOOuu MQ +150YOOOOOOOO 

ERROR FP EXECUTION VALUES AND CONDITIONS 
ERROR IN ACC 1 THRU 35 
ERROR IN MQ St1 THRU 35 

TEST LOC 67766t OPN FAD tERROR LOC 70010, 0 LOC 000000000000,~w 000001 
LITE OOUO, MQ OOU0000UUOuu, XRA OOOOJ, XRB 07771, XRC 07770, TRAP TGR ° 
ACC +,Q O,P u,OOOuUOU0000Q, DIV CK 0, ACC OVFL 0, 
INDS 060000000000 KEYS 002000052112 

CORRECT FP EXECUTION VALUES AND CONDITIONS 
ACC -03l600UUuOUO M~ -377000uOOuOO LOC lERO +000001070263 FP TRAP 

ERROR FP EXECUTION VALUES AND CONDITIONS 
ERROR IN ACC 1 THRU =5 
ERROR IN MQ 5,1 THRU 35 
FP TRAP ERROR CONDITION 
ERROR IN POS 17 LOC ZERO 
ERROR IN ADR OF LOC ZERO 

TEST LOC 70257, OPN FSB tERROR LOC 70310, ° LQC OOOOOOOOOOOO,sw 000001 
LITE aouo, MQ 4UUOOOuuOOOu, XRA 00000, XRB 07471, XRC 07470, TRAP TGR 0 
ACC -,Q Q,P 0,4uvUOOvuOOOv, DIV CK 0, ACC OVFL 0, 
INDS 07v6000U0000 KEYS 0020U0052112 
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COMPUTER CHARACTERISTICS 

INTRODUCTION 

The processing unit controls and supervises the entire computer system 
and performs the actual arithmetic and logic operations on data. From 
a functional viewpoint, the processing unit consists of two sections: control 
and arithmetic-logic. 

The control section directs and coordinates all operations called 
for by instructions. This involves control of input/ output devices, entry 
or removal of information from storage, and routing of data between 
storage and the arithmetic-logic section. Through the action of the control 
section, automatic integrated operation of the entire computer system is 
achieved. 

In many ways, the control section can be compared to a tel~phone 
exchange. Data transfer paths exist, Just as there are connecting lines 
between all telephones serviced by a c"entral exchange. The telephone 
exchange has a means to control the movement of sound pulses from one 
phone to another, to ring bells, to connect and disconnect circuits, and so 
on. The path of conversation between one telephone and another is set 
up by controls in the exchange itself. 

In the computer, execution of an instruction involves the opening 
and closing of many paths or gates for a given operation. " The control 
section can start or stop an input/output device, turn a signal indicator" 
on or off, rewind a tape reel, or direct some process of calculation. 

The arithm.etic-logic section contains the circuitry to perform 
arithmetic and logic operations. The arithmetic portion calculates, shifts 
numbers, sets the algebraic sign of results, compares, and so on. The 
logic portion carries out the decision-making operations to change the 
sequence of instruction execution. 

Instructions and Data 

The only distinction between instructions and data in core storage is the 
time when they are brought into the processing unit. Information brought 
into the processing unit during an instruction cycle is interpreted as an 
instruction. Information brought into the processing unit during any other 
type of computer cycle is considered to be data. Consequently, the com
puter can readily operate on its own instructions if those instructions are 
supplied as data (that is, if an instruction is brought into the processing 
unit during any cycle other than in instruction cycle). Also, the computer 
can be instructed to alter its own instructions according to conditions 
encountered during the handling of a procedure. 
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It is this ability to process instructions that provides the almost 
unlimited flexibility and the so-called logical ability of the stored program 
system. 

In the computer information (both data and instructions) is handled 
in fixed groups of 36 positions (bits) each. Each group is called a word. 
Each position within a word is named with the S (sign) position followed 
by positions 1 through 35. Computer instructions with an address in the 
operand part indicate the core storage location to be subjected to some 
arithmetic or logic operationo This addre ss part, or field, always 
occupies bit positions 21 through 35 of the word (Figure 1). 

Figure I Address Field of an Instruction 

Capacity of the large st core storage available on the computer is 
32,768 words of 36 positions eacho The I5-position address field (posi
tions 21-35) is just large enough to hold or indicate the largest core 
storage address. This address, expressed in the computer's language 
(code), is simply 15 consecutive l's (Figure 2). 

11111111111111111 
5.1 2021 35 C 

Figure 2 Maxim urn Addre s s 

Other core storage capacities available with the computer are: 
16, 384; 8, 192; and 4,096 words. In a system with a 16, 384-word capacity, 
the largest address is contained in 14 positions of the address field. The 
left-most position (position 21) is ignored. Similarly, a 8, 192-word 
system uses 13 positions (23-35), and a 4, 096-word system uses 12 
positions (24- 35) as its addre s s field. 

The operation part of most instructions is contained in word 
positions S, 1-11. Positions 21-35 of the same word would then contain 
the address of the operand to be used with the instruction. For example, 
assume that two factors, A and B, are to be added. In the computer, one 
of these factors is always taken from core storage by the add instruction; 
the other factor is already in a processing unit register called the ac
cumulator. The accumulator factor must have been placed there by a 
previous instruction. Figure 3 shows the format of an add instruction 
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when A is the contents of core storage location 00001 and factor B is the 
contents of the accumulator. 

ADD Factor A 

1000 100 000 000 000 000 000 000 00 11 
5.1 " 21 35 

Figure 3 Add Instruction Format 

When this instruction is executed, factor A is added to factor Band 
the resulting sum is returned to the accumulator. Actual computer 
coding is used (binary code), and 36 positions are shown in groups of 
three for easier reading and conversion to the octal number systemo 

As an example of computer operation, as sume that the accumulator 
contains the number + 1. If the number in location 00001 is a +2, the 
re sult of executing the add instruction is a +3. This is shown in Figure 4. 
AO-bit in the S position indicates a plus number; a 1 indicates a minus 
number 

"0400" "000 0 1" 
ADD Instruction 1000 100 000 000 000 000 000 000 0011 

S.I " 21 35 

Location 00001 contents (+2) 1000 000 000 000 000 000 000 000 000 000 000 0101 
s. I 35 

Accumulator contents before 10101000 000 000 000 000 000 000 000 000 000 000 00t! 
the addition (+1) -- 5 Q P. i 35 

Accumulator contents after 10101000 000 000 000 000 000 000 000 000 000 000 01 H 
the addition (+3) -- 5 Q P. I 35 

Figure 4 Add Example 
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Register 

A register is a device capable of receiving information, holding it, and 
transferring it as directed by control circuits. The electronic components 
used may be magnetic cores, transistors, or similar components. 

Registers are named according to function: an accumulator register 
accumulates results, a multiplier-quotient register holds either multiplier 
or quotient, a storage register contains information taken from core 
storage or sent to core storage, and address register holds the address 
of a storage location or device, and an instruction register contains the 
instruction code (operation part) of the instruction being executed (Figure 
5) • 

Figure 5 Register Nomenclature and Function 

Registers differ in size and use. In some case s, extra register 
positions are used to detect overflow conditions during an arithmetic 
operation. The accumulator register is made up of 38 positions; 36 are 
used for data and two positions (P and Q) are used to remember overflow 
conditions. If, for example, two 36-bit binary numbers are added, it is 
possible that the result is a 37-bit answer. 

In Figure 6 the accumulator register holds one factor, from storage, 
is in the storage register. The two factors are added and the result is 
placed back into the accumulator register, where the overflow is indicated 
by the presence of a 1 bit in the first (P) overflow position. The accumu
lator might then be shifted right one place and a record kept of the lost 
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low-order bito 

Accumulator IOoo!10011011101000110101oo11100010101011 
Contents SQP.l 3S 

Storage Register 10) 10110001010oo110110110oo101001001~ 
Contents s. 1 3S 

Accumulator 100*111010001000110101111111101110011 11 
Result SQP.l 3S 

Figure 6 Execution of Add with Overflow 

The contents of other registers can be shifted right or left within 
the register and, in some cases, even between registers. The effect, 
when shifting from one register to another, is the same as if the two 
registers were one large register. Figure 7 shows three type s of shiftingo 
With shifting within a register, data shifted out of the register may, or 
may not be lost, depending on the instruction used. With double register 
shifting, data shifted out of the registers are lost. In the type s of shift 
operations where data loss is possible, vacated positions of the registers 
are filled with 0' s. 

In order uses, a register holds data while associated circuits 
analyze the data. For example, an instruction can be placed in a register, 
and circuits can determine the operation to be performed and locate the 
data to be used. Data within specific registers may also be checked for 
validity. 
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Single Register Shifting: (shift right 
seven places) Note: left-hand positions 
are filled with zeros; data shifted out 
of position 35 are lost. Dependent on 
the instruction, the sign position may 
or mat not be shifted. 

Single Register Shifting: (rotate left seven 
places) Note: data are not lost when shifted 

out of the S position; they are reentered 
into position 35. 

Double Register Shifting: (shift right seven places) Note: data are shifted from position 35 of the first 
register into position S of the second register. Data shifted out of position 35 of the second register 
are lost. Vacated positions are filled with zeros. 

Figure 7 Register Shifting 

The main registers of a system, particularly those involved in 
normal data flow and core storage addressing, have small lights associated 
with themo These lights are located on the operator's console for visual 
indication of register contents and various pro·gram conditions. If a light 
is on, a 1 bit is indicated for that position. If the light is off, a 0 bit is 
indicated. 

Counter 

The counter is closely related to a register and usually performs the same 
functions. In addition, its contents can be increased or decreased by some 
amount. The action of a counter is related to its design and use within 
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the c0l11puh'r HystClll u Like a registc~r, it may also hav(! visua.J indjcators 
on tIlt' operator's console u 

Adder 

The adder receives data from two or more sources, performs addition, 
and sends the result to a receiving register. Figure 8 shows two positions 
of an adder circuit with inputs [rom registers like the accumulator and 
storage register. 

The sum is developed in the adder. A carry from any position is 
sent to the next higher-order position. The final sum goes to the cor
responding position of the receiving register. 

Figure 8 Adders in a Computer System 

Machine Cycle s 

To receive, interpret, and execute instructions, the central processing 
unit must operate in a prescribed sequence. The sequence is determined 
by the specific instruction and is carried out during a fixed interval of 
time pulse s. The se intervals are measured by regular pulse s emitted 
from an electronic clock at frequencie s as high as a million or more per 
second. A fixed n.umber of pulse s determine s the time of each basic 
machine cycle. 
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Within a lnachine cycle, the computer can perform a specific 
machine operation. The number of operations required to execute a 
single instruction depends on the instruction. 

All instructions have one instruction (1) cycle and some require only 
an I cycle for complete execution. Other instructions require both I and 
an execute (E) cycle. Various ITlachine operations are thus cOITlbined to 
execute each instruction. 

Instruction Cycle. The first cycle required to execute an instruction is 
called an instruction (I) cycle. The tiITle for this cycle is instruction or 
I tiITle. During I tiITle: 

1. The instruction is taken froITl a ITlain storage location and 
brought to the proce s sing unit. 

2. The operation part is decoded in an instruction register; this 
tells the ITlachine what is to be done. 

3. The operand is placed in an address register; this tells the 
ITlachine what it is to work with. 

4. The location of the next instruction to be executed is deterITlined. 

At the beginning of a prograITl, the instruction counter is set to the 
address of the first prograITl instruction. This instruction is brought 
froni storage and, while it is being executed, the instruction counter auto
ITlatically advance s (steps) to the location corre sponding to the space 
occupied by the next stored instruction. By the tiITle one instruction is 
executed, the counter has located the next instruction in the prograITl 
sequence. The stepping action of the counter is autoITlatic; in other words, 
when the cOITlputer is directed to a series of instructions, it will execute 
the se instructions one after another until instructed to do otherwise. 

AssUITle that an instruction is given to add the contents of storage 
location 00002 to the contents of the accuITlulator register. Figure 9 
shows the ITlain registers involved and the inforITlation flow lines. 

I tiITle begins when the instruction counter transfers the location 
of the instruction to the address register. This instruction is selected 
froITl storage and placed in a storage register. FroITl the storage register, 
the operation part is routed to the instruction register and the operand 
to the address register. Operation decoders then condition circuit paths 
to perforITl the instruction while the address register locates the operand. 
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Figure 9 Computer I Cycle Flow Lines 

Execution of instructions does not have to proceed sequentially. 
qertain instructions alter the process of sequential execution uncondi
tionallyo In this case, an instruction brought from storage indicates that 
the next sequential instruction is not to be executed but that one located 
in another position is next; the normal stepping of the instruction counter 
is altered accordingly. For instance, the instruction counter can be reset 
back to the beginning of the program so that the entire program can be 
repeated for another incoming group of data. 

This transfer (branch) to alternative instructions may also be 
conditional. The computer can be directed to examine some indicating 
device and then transfer if the indicator is on or off. Such an instruction 
can say: "Look at the sign of the quantity in the accumulator; if this sign 
is minus, take the next instruction from location 5000; if the sign is plus, 
proceed to the next instruction in sequence." The instruction counter is 
set according to one of the two possible storage locations (5000, or the 
location of the next instruction in sequence). The logic path followed by 
the computer (that is, the precise sequence of instructions executed) may 
be controlled either by unconditional transfers or by a series of conditional 
tests applied at various points in the program. The arrangement of instruc
tions in storage, however, is not normally altered. 

Execute Cycle. I time is usually followed by one or more computer cycles 
that complete the operation being done by the computer. Execution of an 
E cycle results in bringing a word into the processing unit from core 
storage or in taking a word from the processing unit and placing it in core 
storage. Any word brought into the processing unit during an E cycle is 
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treated as data for the operation decoded by the previous I cycle. Figure 
10 shows the data flow following the I time illustrated by Figure 9. 

The E cycle starts by removing from storage the information 
located at the address (00002) indicated by the address register. This 
information is placed in the storage register. In this case, the core 
storage factor is then placed in the adders, together with the number 
from the accumulator. The contents of the storage register and accumu
lator are combined in the adders, and the sum is returned to the accumu
lator. 

number at 
location 00002 

t the number located at 00002 

Address Register 

Instruction Counter 

Figure 10 Computer E Cycle Flow Lines 

The address register may contain information other than the storage 
location of data. It can indicate the address of an input/output device or 
a control function to be performed. The operation part of the instruction 
tells the computer how to- interpret this information. 

Proce s sing Unit Data Flow 

Instruction flow charts are included with many of the instruction de scriptions 
to assist in understanding data and instruction flow through the processing 
unit. Figure 11 shows a simplified processing unit data flow. In this 
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figure, till' po ~ition H of til<.' wo rd that are placed in a re gi ste r () r cOllni(! r 
are ~hown below the compunent. 

Index Registen 

35 

Accumulotor MQ Register 

35 S,1 35 

Figure 11 Simplified Processing Unit Data Flow 

DAT A REPRESENT ATION 

Symbols convey information; the symbol itself is not the information but 
merely represents it. The printed characters on this page are symbols 
and, when understood, convey the writer's meaning. 

The meaning of symbols is one of convention. A symbol may convey 
one meaning to some persons, a different meaning to others, and no 
meaning to those who do not know its significance. 

Presenting data to the computer system is similar in many ways to 
communicating with another person by letter. The intelligence to be 
conveyed must be reduced to a set of symbols. In the English language, 
these are the familiar letters of the alphabet, numbers, and punctuation. 
The symbols are recorded on paper in a prescribed sequence and sent to 
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another person who reads and interprets them. 

Similarly, communication with the computer system require s that 
data be reduced to a set of symbols that can be read and interpreted by 
data processing machines. The symbols differ from those commonly 
used by people, because the information to be represented must conform 
to the design and operation of the machine. The choice of these symbols 
and their meaning is a matter of convention on the part of the de signers. 
The important fact is that information can be represented by symbols, 
which become a language for the communication between people and 
machine s. 

Punched Cards 

IBM cards provide 80 vertical columns with twelve punching positions in 
each column. The twelve punching positions form twelve horizontal rows 
across the card. One or more punches in a single column represent a 
card character. The number of columns used depends on the amount of 
data to be repre sented. 

The card is often called a unit record because the data are re.stricted 
to the 80 columns and the card is read or punched as a unit of information. 
The actual data on the card, however, may consist of part of a record, one 
record, or more than one recordo If more than 80 columns are needed to 
contain the data of a record, two or more cards may be used. Continuity 
between cards may be established by punching identifying information in 
designated columns of each card. 

Information punched in cards is read or interpreted by a card reader 
and is recorded in a card by a card punch. Data are transcribed from 
source documents to punched cards by manually operated card punch 
machines. 

Standard IBM Card Code 

The standard IBM card code (originally called the "Hollerith" code) use s 
the twelve possible punching positions of a vertical column on a card to 
represent a numeric, alphabetic, or special character (Figure 12). The 
twelve punching positions are divided into two areas: numeric and zone. 
The first nine positions from the bottom edge of the card are the numeric 
punching positions and have an assigned value of 9, 8, 7, 6, 5, 4, 3, 2, 
and 1, respectively. The remaining three positions 0, 11, and 12, are 
the zone positions (the 0 position is considered to be both a numeric and 
zone po sition. ) 

The numeric characters 0 through 9 are represented by a single 
hole in a vertical column. For example, 0 is represented by a single 
hole in the 0 zone po sition of the column. 
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Digits 

0123456789 

000000001 
I 2 3 4 5 • 7 • , D I 3' 

111111111 I 

22222222221 ! 
33333333333 ~. 

444444444444 I, 

5555555555555 

Letters 
ABCDEFGHIJKLMNOPQRSTUVWXYZ 

Special Characters 
&.rl-S*/.IJ t-

00000000. II 11I1 1110000000000 0 
11202IUDM258~. ~:3:4:5:':7 •• 'U~~41~~.~I •• I.'I. U54555651515tIOIIU 55 

111111111 1111111111 1 

222222222 21 I 2222222222 2 

3333333333 331 3 3333333333 3 

44444444444 4441, 441 4444444444 4 

555555555555 55551 555 5555555555 5 

ll.,1 00000000 
~I~D' 7314~nll7'lUO 

11111111 

2 22222222 

3 33333333 

4 .' 144444444 

5 55555555 

6&&61666666666 6666666666666 66668JI 6666 6666666666 6 6 66666666 

777177777777177* 717717177777771 777177 717771 7177777777 7 7 77777777 

8888888888888888~ 888888888888888 8888888 888888 8888888888 8 8 .1188888888 

99999999999999999 9999999999999999 9999999919999999 9999999999999999999999999999 
12345'7"."UUHHRnH.a~UDMa8n8a.~n~M •• n ••• ~Q~~ •• ~ ••• ~~UM •• MN •• ~uaMe.~ •• ~nnnH~nnnn. 

Figure 12. Standard IBM Card Code, 

The alphabetic characters are represented by two holes in a single 
vertical column: one numeric hole and one zone holeo The alphabetic 
characters A through I use the 12 hole punch and numeric holes 1 through 
9, respectively. The alphabetic characters J through R use the 11 zone 
hole and a numeric hole 1 through 9, respectivelyo The alphabetic char
acters S through Z use the 0 zone hole and a numeric hole 2 through 9, 
re spectively. 

The standard special characters $ * % and so on, arerepre sented 
by one, two, or three holes in a column of the card and consist of hole 
configurations not used to represent numeric or alphabetic characters. 

Seven-Bit Alphameric Code (Binary Coded Decimal) 

In this code, all characters -- numeric, alphabetic, and special -- are 
repre sented (coded) using seven po sitions of binary notation. The se 
positions are divided into three groups: one check position, two zone 
positions, and four numeric positions (Figure 13). 
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Check 
Bit Zone Bits Numeric Bits 

C B 1 A 8 141 2 I 1 

Figure 13. Bit Positions, Seven-Bit Alphameric Code 

The four numeric positions are assigned decimal values of 8, 4, 2, 
and 1 and represent, in binary coded decimal form, the numeric digits 0 
through 9 as shown in Figure 14. 

Decimal Place Value 
Digit 8 4 2 1 

0 1 0 1 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 

Figure 14. Numeric Bits for Decimal Digits 0 through 9, BCD Code 

Note that 0 is represented as 1010, actually the binary number for 
10. The B and A zone bits are not present (00) when the numeric digits 
o through 9 are repre sented. 

Combinations of zone and numeric bits repre sent alphabetic and 
special characters. The B and A bits provide for four possible bit 
combinations: 00, 10, 01, and 11. Figure 15 shows the zone and numeric 
bit combinations used to represent numeric, alphabetic, and special 
characters in what is loosely called the BCD systems (705, 1401, 1410, 
7080, etc. data proce ssing systems.) 

The C position, known as the check bit, is used for code checking 
only. The check bit is present (is a I-bit) in a character when the sum 
of the zone and numeric bits used to represent the character is odd. 
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CHA~. C BA B421 CHAR. C SA 8421 CHAR. C BA 8421 
Storage Mark 

o 1'1 cMcIo ' '" , '" and Drum Mark 
& - 1 10 0000 B'ank 1 01 0000 o 0 00 0000 

A 1 11 0001 J o 10 0001 / o 01 0001 
eH. C SA 8421 
T 1 00 0001 

B 1 11 0010 K o 10 0010 S o 01 0010 2 1 00 0010 

C o 11 0011 l 1 10 0011 T 1 01 0011 3 o 00 0011 

D 1 11 0100 M o 10 0100 U o 01 0100 4 1 00 0100 .... 
< 

E o 11 0101 N 1 10 0101 V 1 01 0101 5 o 00 0101 
U 
... ... 

F o 11 0110 0 1 10 0110 W 1 01 0110 6 o 00 0110 ~ 
:::l 

G 1 11 0111 P o 10 0111 X o 01 0111 7 1 00 0111 Z 

H 1 11 1000 Q o 10 1000 Y o 01 1000 8 1 00 1000 

1 o 11 1001 R 1 10 1001 Z 1 01 1001 9 0 00 1001 

Plus Zero Minus Zero Record Mark Numerical Zero 
0 o 11 1010 0 1 10 1010 1 01 1010 0 o 00 1010 

<i! .... 1 11 1011 $ o 10 1011 , o 01 1011 I 1 00 1011 
-< U:I: 
~UD o 11 1100 . 1 10 1100 '" 1 01 1100 @ 0 00 1100 

Group 011 1111 
Tape Mark 

Mark o 00 1111 

Figure 15. Standard IBM BCD Character Code Chart 

IBM 7090/7094 Card Reading 

Cards to be read into the computer are placed in the card read hopper 9-
edge first, face-down. This means that information punched in the 9-row 
of the card is read first, then the 8-row, 7-row, and so on, until the 12-
row has been read. Only 72 of the possible 80 card columns are used; the 
first 72 columns will be used in this discussion. 

Each of the 12 rows of the card is split into two parts, the left half 
consisting of columns 1 through 36 and the right half of columns 37 through 
72; each half row can be treated as a 36- bit word and read into a core 
storage location. Figure 16 shows how the card is divided. Thus f there 
are 24 half-rows in the card or 24 possible words of 36-bits each. 

The card reader regards any punched holes as a binary one. No hole 
indicates a binary zero. Thus, an 8-hole in column 36 of the card is 
regarded by the computer as a binary 1 in the low-order position of the 
word punched in the 8-row left. The high-order or left-most position of 
each half- row is reserved for the sign bit of the word. A binary 1 repre
sents a negative sign, while a binary 0 represents a positive sign. 
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Figure 16. Card Data Positioning 

Observe that this card representation of 24 binary words does not 
ITlean that the cards ITlust always be punched with true binary inforITlation. 
The holes in the card can just as well be nUITlerical punching in the standard 
Hollerith card code, alphabetic punching, or any configuration of data. It is 
necessary only to provide a suitable prograITl for the cOITlputer which will 
convert froITl the binary reading ITlethod (that is built into the ITlachine) to 
the particular code used on the card. This is not quite as easy as it sounds. 

If the cOITlputer is prograITlITled to read one entire 72 colUITln card, and 
is told to put the first word into location 1000, data punched in the 9-row left 
goes into location 1000. Data froITl the 9-row right is placed into location 1001, 
8-row left data goes into 1002, 8-row right into 1003, and so on until the 12-row 
right is placed into location 1027. This ITlethod of reading occurs despite the 
recording code used in the card. 

For exaITlple, aSSUITle a card with the first 12 colUITlns recorded in the 
Hollerith code are read into core storage starting with location 1000. The top 
half of Figure 17 shows how these 12 colUITlns are placed into the 24 word card 
iITlage in core storage. The contents of the odd locations of the core iITlage are 
not shown since they are concerned with card colUITlns 37 through 72 only. 

With proper prograITlITling, the Hollerith characters can be converted into 
BCD words. These BCD words could then be converted to binary words (with 
ITlore prograITlm.ing). The bottom. half of Figure 17 shows the proper conversion 
from. the card im.age to the BCD image, and from. the BCD im.age to the binary 
im.age. Only the first six characters (032768 10 ) are converted to binary (10000008 ) 
since it would be m.eaningless to convert alphabetic characters to a binary nUITlber. 
It is, however, possible to do so. 
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72. COhl11111 Hollerith 
card 

1026 
1024 
1022 

24 Word Card 1020 
Image in Core 1016 

1014 
1012 
1010 
1006 
1004 
1002 
1000 

II 
100000000011000000000000000000 
1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 II 20 21 222324 2576 2778 29 30 

ltl1111tlt1t111111111111111111l 

2212222222122222222222222222222L 

31333333333333333333333333333333. 

4A4444444444444444444444444444444 

55555555555555555555555555555555 5 ~ 

666166666666666666666666666666666 

771717777777777777777717777777777 

88888.888888888888888888888 ~ 8 8 8 8 

1000000000110----0 
0000001010000----0 
0010000000100----0 
0100000000000----0 
0000000000000----0 
0000000000000----0 
0000100000000----0 
0001000000000----0 

10000000000000000000010000000000000001 
-10000008 12 Word Binary 

Core Image 

Figure 17. Data Images in Core Storage 
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Row Binary Card Representation 

Row binary describes one method of recording binary information on 
cards. With this method, the information is arranged serially across 
each row of the card (left to right) starting at the 9- row, continuing to, 
and including the 12-row. This is the same arrangement as shown in 
Figure 16. 

Row binary cards, when used with an assembly program such as the 
FORTRAN Assembly Program (FAP) , use the entire 9-row of the card to 
contain information about the card (Figure 18). For example: 

1. Card columnsl4-18 contain a count of the number of words 
on the card, excluding the 9 - row itself. 

2. Columns 22-36 contain the address where the first word on 
the card will be placed in storage (the 8-row left word). 

3. Columns 37-72 contain a binary number called a checksum 
that is computed with the add and carry logical instruction, of 
all words on this card except the 9 - row right (checksum itself) 0 
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Figure 18. Row Binary Card 
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ColUlnn Binary Card Rcpre l::)cntation 

Binary inforlnation rnay also be recorded in a column binary fashion. With 
this method, data are arranged in parallel with each column of the card 
containing 12 information bits.. Thus, one full word (36 bits) would require 
three card columns. A card normally holds 24 words, but, not all are 
used for data. The first six card columns are used in a manner similar 
to the row binary card. For example (Figure 19): 

C 
L 
A 
S 
S 
o 

o· 
~1 
(,) 

>- 2 
II:: 
ct 
~ 3 
CD 

~H 
:::l 

<S 52 
(,) 

~ 61 ,.. 

10 Card column 1 contains a punch in the 7 and in the 9 row 
to designate the card as a column binary card. 

2. Card column 2, rows 9 through 7 and card column 3, rows 
9 through 12 contain the address of the first word when it is 
placed in core storage. 

3. Card column 2, rows 3 through 11 contain a word count of 
the number of words on the card (excluding the first 6 card 
columns. 

4. Card columns 4 through 6 contain a check sum that is 
computed in the same manne r as with a row binary card. 

5. Card column 7 through 12 contain relocation bits, assigned 
by the assembly program, that flag the decrement and address 
parts of instructions that will have to be changed because of 
relocation of the program. 

6. First data word is contained in card columns 13, 14, and 15. 
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.13 

I'" LII'07 FORM 121-N-2 

Figure 19. Column Binary Card 
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Representation of BCD Characters in the 7090/7094 Storage 

Both the 7090 and 7094 computers have the ability to process data coded 
in binary or BCD format. The 36-bit word of the computer allows the 
placement of six BCD characters within each computer word. 

A sample representation of six BCD characters, as read from a 
strip of magnetic tape into stora~e, is $hown in Figure 20. Note that the 
check bits for each character do not enter storage and that some of BCD 
characters on tape are changed as they are entered into storage. This 
change or alteration is automatic. 

A 0 
o 
o 

o 
o 
o 
1 
o 
o 

7 
1 
o 
o 
o 
1 
1 

1 
1 
o 
1 
1 
o 

C 
o 
1 
1 
o 
o 
1 

10100011000000 1001001 1000111 1101100 10100111 

Figure 20 0 BCD Character Representation 

Figure 21 shows all BCD characters as they appear in main storage (9 
code) and on magnetic tape (5 code). 
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(9 Code) (5 Code) (9 Code) (5 Code) 
Chorocter In Storage On Tape Character In Storage On Tape 

------'--

0 000000 001010 - 100000 100000 
1 000001 000001 J 100001 100001 
2 000010 000010 K 100010 100010 
3 000011 . 000011 L 100011 100011 
4 000100 000100 M 100100 100100 
5 000101 000101 N 100101 100101 
6 000110 000110 0 100110 10 011 0 
7 000111 000111 P 100111 100111 
8 001000 001000 Q 101000 101000 
9 001001 001001 R 101001 101001 
If 001011 001011 5 101010 101010 
7il 001100 001100 $ 101011 101011 
& 01 0000 11 0000 * 101100 101100 
A 01 0001 11 0001 Blank 11 0000 01 0000 
B 01 0010 11 0010 / 110001 01 0001 
C 01 0011 11 0011 S 11 0010 01 0010 
0 01 0100 11 0100 T 11 0011 01 0011 
E 01 0101 11 0101 U 11 0100 01 0100 
F 01 0110 11 011 0 V 11 0101 01 0101 
G 01 0111 11 0111 W 11 011 0 01 0110 
H 01 1000 11 1000 X 11 0111 01 0111 
I 01 1001 11 1001 Y 11 1000 01 1000 
0--011010 11 1010 Z 11 1001 01 1001 
.--011011 11 1011 :j: 11 1010 01 1010 
0--011100 11 1100 I 11 1011 01 1011 

% 11 1100 01 1100 

Figure 21. BCD Characters in Storage and on Tape 
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COMPUTER INSTRUCTIONS 

INSTRUCTION SPECIFICATIONS 

A symbolic instruction consists of four major divisions: location field, 
operation field, variable field, and comments field. The location field 
contains a name by which other instructions may refer to the instruction 
named. The operation field contains the machine operation or program 
system pseudo-operation, and the variable field normally contains the 
location of the operand. The comments field exists for the convenien'ce 
of the programmer and plays no part in directing the computer. 

Symbolic instructions are printed on the coding form (Figure 22) 
or are punched on a card form in the following format (one instruction 
to a line or to a card): 

The location field, which may be blank, occupies columns 1 
through 6. 

Column 7 is always blank. 

The operation field begins in column 8 and is from three to 
seven characters long. 

A blank column separates the operation field and the variable 
field, which may begin in column 12 but may not begin after 
column 16. 

The variable field does not normally extend beyond column 71 
and must be followed by a blank column to separate it from the 
comments field. 

The comments field follows the variable field and extends 
through column 80. If there is no variable field, the comments 
field may not begin before column 17. 

Columns 73-80 are normally used for identification and serial
ization. 
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This section define s the computer instructions. The instruction 
format, shown in MAP language, appears with each instruction description. 
Preceding the format is the full name of the instruction. For example, 
the first instruction described appears: 

Clear and Add - - CLA Y, T 

This means that the instruction is a clear and add instruction with its 
operation symbolically expressed as CLA. The number of spaces between 
the operation part (CLA) and the variable field (Y, T) is four on the coding 
form. This gives the possible total of seven symbolic characters for 
the operation code. If the operation code were four characters long, only 
three space s would separate the code from the variable field. 

The COIllIlla (,) sYIllbol in the variable field Illay be seen in the field 
heading in Figure The Y sYIllbol is used when the instruction 
requires an address part. A COIllIlla follows the Y sYIllbol if indexing 
(specified by the T sYIllbol) is to be used with the instruction. A second 
COIllIlla sYIllbol follows the T sYIllbol if decreIllenting or counting (specified 
by the V sYIllbol) is a part of the instruction. For exaIllple, the transfer 
on index instruction forIllat is TIX y, T, V. 

Instructions using indirect addressing are designated by use of the 
(*) asterisk sYIllbol iIllIllediately following the operation code. For 
exaIllple, a norIllal add instruction is expressed as ADD Y, T; an add 
instruction using indirect addressing is expressed as ADD* Y, T. 

Instruction descriptions use special terIllS and abbreviations: 

1. C (Y) denotes the contents of storage location Y, where C (AC), 
C(MQ) , and C(SR) denote the contents of the accUIlluiator, Illultiplier
quotient, and storage registe·rs. For exaIllple, C(MQ) S, 1-17 is 
read "the contents of positions S, 1 through 17 of the MQ register. II 
When subscripts are not used, the entire register is iIllplied. For 
exaIllple, C(AC) denotes the contents of accuIllulator positions S, Q, 
P, 1-35, inclusive. 

2. When a register or part of a register, or a core storage loc'a
tion is cleared, the cleared part is reset to zeros. 

3. The negative of a nUIllber is the nUIllber with its sign position 
reversed. 

4. The Illagnitude of a nUIllber is the nUIllber with its sign position 
considered positive (a zero in position S corresponds to a positive 
sign). 

5. In the alphabetic code of the instruction: 

a. The letter Q designate s the MQ register. 
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b. The letter X in the second or third position designates use 
of an index register. 

c. The first letter of all transfer instructions is aT. 

Fixed-Point Arithmetic Instructions 

When dealing with fixed-point numbers, the first of the 36 data bits con
tains the algebraic sign of that number. A 0 signifies a positive number 
and a 1 signifies a negative number. The remaining 35 positions contain 
the magnitude of the number. When fixed-point instructions are used, 
the programmer must decide where the point is to be located. On the 
computer, the point that separate s the integral part from the fraction 
part is termed a binary point. 

Before any arithmetic operations can be executed, one of the num
bers involved in the operation must be taken from core. storage and placed 
in the appropriate CPU register. The arithmetic instruction is then given 
and the second number' is brought from core storage and placed in the 
storage register. 

The problem of A + B could be solved with two instructions. The 
first would clear (or destroy) the formed contents of the accumulator 
register and place the first number in that register. The second would 
be brought from core storage, placed in the storage register, and then 
combined (or added) with the number in the accumulator. The actual 
adding occurs in the adders. When addition is complete, the result is 
placed back in the accumulato r ( which de stroys the first number). The 
format of the first instruction (clear and add) is shown to demonstrate 
relationship between the symbols and the form. 

All succeeding instruction formats are shown with spacing between 
the operation field and the variable field. The location field is not shown. 

Add-ADD Y,T 

location Operation 

1 
1 678 ~!~~ __________________________ ___ 

-___ -_A.ll-DJ \~.J...J.Y;---.!...T _____ -
I I 

-------------/ 1-1 -------------

II 
--------------1 1-1 -------------

II --'---'-------1 1-1 ------------

-----------~ i-i ------------

The C(Y) are algebraically added to the C(AC). The resulting sum is 
placed in the AC. The C(Y) are unchanged. Numbers of the same mag
nitude but different signs give a zero result, whose sign is the same as the 
sign of the original AC. A carry from po sition 1 turns on the AC over
flow indicator. 
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Chang<.' AccUlTIulator Sign--CHS 

If the sign of the AC is plus, it is made minus. If minus, it is made plus. The 
C(AC) Q, P, 1-35 are unchanged. 

Clear and Subtract- - CLS Y, T 

The negative of C(Y) replaces the C(AC) S, 1- 35. Positions P and Q of the AC 
are set to zero. 

Subtract - - SUB Y, T 

The C(Y) are algebraically subtracted from the C(AC). The difference 
replaces the C(AC) and the C(Y) are unchanged. As with the ADD in
struction, overflow is possible from position 1 of the AC to position P and 
from P to Q, but carries from position Q are lost. 

Multiply and Divide Operations 

The arithmetic operations multiply and divide are accomplished in much 
the same manner as with add or subtract, except that the multiplier
quotient (MQ) register is used in addition to the accumulator register and 
the adders. 

With a multiply operation, the multiplier factor must be placed in the 
MQ register before execution of the actual multiply instruction. 

Multiply --MPY Y, T 

The C(Y) are multiplied by the C(MQ). The 35 most significant (high order) 
bits of the 70-bit product replace the C(AC) 1-35, and the least significant 
(low order) bits replace the C(MQ) 1- 35. C(AC) Q, P positions are cleared 
to zero. The sign of the AC andMQ are set to the algebraic sign of the 
product. The number of bits to the right of the binary point of the first 
factor added to the number of bits to the right of the binary point of the 
second factor give the total number of bits to the right of the binary point 
in the product. The C(Y) are unchanged. 

The programmer must know the size of the product that is possible 
for his problem. If this product cannot exceed 35 bits, the complete 
product will be in the MQ at the end of the MPY. In this case, a store 
multiplier-quotient (STQ) instruction may be used to get the product into 
core storage. 

Divide or Proceed - - DVP Y, T 

The divide operation assumes prior loading of the MQ and AC registers with 
the dividend. Maximum possible dividend is 70 bits. Dividend loading 
may be accomplished with a LDQ instruction if the dividend is 35 bits or 
less and it is known that the entire AC is set to zero, or with a CLA and a 
LDQ if the dividend exceeds 35 bits. 
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The C(AC) Q, P, 1-35 and the C(MQ) 1-35 are treated as a 70-bit 
dividend, plus sign, and the C(Y) as a 35-bit divisor. If the magnitude 
of C(Y) is greater than the magnitude ofC(AC), division take s placeo A 
35-bit quotient replaces the C(MQ) 1-35 and the remainder replaces the 
C(AC) 1- 35. The MQ sign is the algebraic sign of the quotient, and the 
AC sign is the sign of the dividend. If the magnitude of the C(Y) is less 
than or equal to the magnitude of the C(AC), division does not take place, 
the divide check indicator is turned on, and the computer program proceeds 
to the next sequential instruction. The C (Y) are unchanged. 

Add and Carry Logical Word- - ACL Y, T 

The C(Y) are added to the C(AC) P, 1- 35 and the re sultant sum replace s 
the C(AC) P, 1- 35. The sign of Y is added to ACP and a carry from ACP 
is added to AC35. Positions Sand Q of the AC are not affected and the 
C( Y) are unchanged. 

Floating-Point Operations 

When the range of numbers anticipated during a calculation is either large 
Or unpredictable, it becomes difficult to work with fixed-point arithmetic 
instructions. An alternative set of floating-point instructions is available 
for such calculations. The se instructions maintain the binary point auto
matically. 

In the computer, the two numbers are expressed as binary fractions, 
each having an eight-bit binary characteristic to represent the exponent 2. 
The "lining up" is done by shifting from the AC into the MQ. The re sult 
of an addition or multiplication is normalized by shifting the fractions in 
the AC and MQ left while making compensating change s in the characte r
istic of the sum or product. 

In the computer, a floating-point number is stored in a word location 
as shown in Figure 23. 

S Characteristic Fraction 

S :J.. 8 9 

Figure 23 - Floating Point Word Format 

The fraction is contained in bit positions 9 through 35. The sign of 
the fraction is contained in the S position of the word, and position 1 of 
the characteristic may be considered the sign of the characteristic. For 
example, an exponent of -32 10 would be represented by a characteristic 
of 2008 minus 408 or 1408. An exponent of 10010 would be represented by 
a characteristic of 200 8 plus 1448 or 3448 . Since 128 10 is equal to 20° 8 , 

the characteristic of a non-negative exponent always has a 1 bit in position 
1 of the floating-point word, while the characteristic of a negative exponent 
always has a 0 bit in position 1. A normal zero has no bits in either the 
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characteristic or the fraction, and is the smallest possible zero available 
in thi s notation. 

Floating Add - - FAD Y, T 

The floating-point numbers located in Y and the AC are added together. 
The most significant portion of the result appears as a normal floating
point number in the AC. The least significant portion of the result ap
pears in the MQ as a floating-point number with a characteristic 33 (octal) 
less than the AC characteristic. The signs of the AC and MQ are set to 
the sign of the larger factor. The sum in the AC and MQ is always 
normalized whether the original factors were normal or not. If C(AC) 35 
contain zeros, the FAD may be used to normalize an unnormal floating
point number. 

Floating Subtract - - FSB Y, T 

This instruction algebraically subtracts the number located in Y from the 
number in the AC and normalizes the result. The C(Y) are unchanged. 

Floating Multiply -- FMP Y, T 

The C(Y) are multiplied by the C(MQ). The most significant part of the 
product appears in the AC and the least significant part appears in the 
MQ. The product of two normalized numbers is in normalized form. If 
either of the numbers is not normalized, the product mayor may not be 
in normalized form. The C(Y) are unchanged. 

Floating Divide or Proceed - - FDP Y, T 

The C(AC) are divided by the C(Y). The quotient appears in the MQ and 
the remainder appears in the AC. If the magnitude of the AC fraction is 
greater than or equal to twice that of the C(Y) 9 - 35, or if the magnitude 
of the C(Y) 9-35 is zero, division does not occur and the computer takes 
the next instruction in sequence. The quotient is in normal form if both 
the dividend and divisor are in normal form. The sign of the MQ is the 
algebraic sign of the quotient. If the AC fraction is zero. the C(AC) Q, P, 
1 - 35 are cleared and the AC sign is set plus. The C(Y) are unchanged. 

Shifting Operations 

Shift instructions are used to move the contents of the accumulator and 
the MQ register either to the right or the left of their original positions. 
Except for the rotate MQ left instruction, zeros are automatically in
serted in the vacated positions of a register. Thus, a shift larger than 
the bit capacity of the register causes the contents of the register to be 
replaced by zeros. 

When a shift instruction is decoded during the I cycle, the amount 
of the shift is determined by the contents of bit positions 28-35 of the 
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shift instructioll. This providl~s (\ maximum Hhift of 377 g pla(,(~H. Any 
llU111bl'r larger thClIl 377 H is interpreted as IT10duJo 400g , which meanH that, 
givl'l1 any shift count, the actua1 number of positions shifted with the 

. instruction is the remainder after dividing the shift count by 400 g . 

When the contents of a register are shifted right, the result is equiva
lent to dividing the original contents by a power of 2. Likewis e, shifting 
to the left is equivalent to multiplying by a power of 2 (as long as no signi
ficant bits are lost). 

In the following des cription of shift instructions, the number of pos i
tions to be shifted is specified by pos itions 28 -35. 

Accumulator Left Shift - - ALS Y. T 

This instruction causes the C(AC)Q, p. 1-35 to be shifted left the number 
of places specified by Y. For example. ALS 3 would shift the C (AC) three 
places to the left. The sign pos ition of the AC is not shifted (Figur e 24). 
If a 1 bit is shifted into pos ition P from pos ition 1. the .AC overflow indicator 
is turned bn. Bits shifted past pos ition Q are lost and vacated pos itions are 
filled with zer os. 

S 
I Q.p.l ..... ~-------351 

Figure 24. ALS Schematic 

Accumulator Right Shift - - ARS Y, T 

The C(AC) Q. p. 1-35 are shifted right the number of places specified by 
Y. The sign position is not shifted (Figure 25), bits shifted from position 
35 are lost. and vacated pos itions are filled with zeros. Bits shifted from 
pos ition Q enter pos ition P and bits from P enter pos ition 1. 

1Q,p, 1-----.. ~351 

Figure 25. ARS Schematic 

Logical Left Shift - - LGL Y, T 

The C(AC)Q,P, 1-35 and C(MQ)S, 1-35 are treated as one register and are 
shifted left the number of places specified by Y. The sign of the AC is un
changed. Bits enter the MQS from MQl and go from MQS to AC35. If a 
1 bit is shifted thr ough AC pos ition p. the AC overflow indicator is turned 
on. Bits are shifted from P to Q and bits shifted from Q are lost. Vacated 
positions are filled with zeros (Figure 26). 

454 



S 
IQ,p, 1 ......... I----35~ls, 1 ..... ~~--351 

Figure 26 LGL Schematic 

Logical Right Shift - - LGR Y, T 

The C(AC)Q,P, 1-35 and C(MQ)S, 1-35 are treated as one register and shifted 
right the number of places specified by Y. The AC sign is unchanged. Bits 
enter MQS from AC35, and from MQS they are placed in MQ 1. Bits shifted 
past MQ35 are lost and vacated positions are filled with' zeros (Figure 27). 

S 
IQ, P. 1---~~ 351~ls, l-----I~~ 351 

Figure 27. LGR Schematic 

Rotate MQ Left - - RQL Y , T 

The C(MQ) are shifted left the number of places specified by Y. Bits from 
MQS are routed to MQ35 and from MQ 1 into MQS', in effect, making the MQ 
register a circular register (Figure 28). For example, RQL 6 takes the 
six high-order bits (S, 1-5) of the MQ and places them in the low-order 
six positions (30-35). With the RQL, no bits are lost. 

35~ 
~ 

Figure 28. RQL Schematic 

Logic Operations 

Logic operations provide means for working on a 36-bit unsigned word or 
an individual character within a word. All logic operations interpret the 
sign position of the storage location addressed by the instruction as a 
numeric bit corres ponding to pos ition P of the accumulator. The sign 
pos ition of the accumulator is either ignored or cleared. 

The AND and OR concept is used, together with a process called 
masking, to accomplis h the packing and unpacking of parts of words. When 
two numbers are combined with an AND operation, they are matched bit-
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for-bit. If the same position in each word contains a 1 bit, the result is 
a 1 bit. If in one word the position is a 0 bit and in the other word it is a 
1 bit, the result is a 0 bit. If the same position in both words is a 0 bit, 
the result is a 0 bit. For example: 

This value, logically added to 
this value 
gives the resulting AND sum of 

101101011011 
101001001101 
101001001001 

An OR function (sometimes called inclusive OR) also matches two numbers 
bit -for - bit. The difference, however, when compared with an AND. is: 
(1) if the same position in either word contains a 1 bit, the result is a 1 
bit; (2) if the same position in both words is a 1 bit, the result iR again a 
1 bit; (3) only if the same pos ition in both words is a 0 bit, is the resulting 
pos ition a 0 bit. F or example: 

This value, combined with 
this value by the inclusive OR 
gives the resulting OR of 

011010110101 
001100100100 
011110110101 

One other function of the logical operations is an exclusive OR. In 
this operation, only those positions which do not match result in a 1. If 
the same position in each word is a zero or if the same position in each 
word is a 1, the result is a zero. If the same position in one word is a 
1 and in the other a 0, then the result is a 1. For example: 

This value, combined with 
this value by the exclusive OR operation 
gives the resulting OR sum of 

AND to Accumulator - - ANA Y , T 

101101100101 
001011001101 
100110101000 

Each bit of the C(Y)S, 1-35 is matched with the corresponding bit of the 
C(AC)P,I-35. The sign position of Y is matched with the ACP. When the 
corres ponding bits of both Y and the AC are 1 bits, a 1 bit replaces the 
contents of that pos ition in the AC. When the corres ponding bit of either 
location Y or AC, or both, is a 0 bit. a 0 bit replaces the contents of that 
position of the AC. The Sand Q positions of the AC are set to zero and the 
C(Y) are unchanged. 

AND to Storage - -ANS Y, T 

Each bit of the C(AC)P. 1-35 is matched with the corresponding bit of the 
C(Y)S, 1-35, C(AC)P being matched with C(Y)S. When the corresponding 
bits of both theAC and location Yare l's, a 1 replaces the contents of that 
pos ition in location Y. When the corres ponding bit of either the AC or the 
location Y, or .both, is a 0, a 0 replaces the contents of that position in 
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location Y. The C(AC) are unchanged. 

Exclusive OR to Accumulator -- ERA Y, T 

Each bit of the C(Y)S, 1-35 is matched with the corresponding bit of the 
C(AC)P, 1-35, C(Y)S being matched with C(AC)P. When the corresponding 
position of the AC matches the position in location Y, a 0 replaces the 
contents of that position in the AC. When the corresponding position of 
the AC does not match the pos ition W location Y, a 1 replaces the contents 
of that pos ition in the AC. Pos itions Sand Q of theAC are cleared to zeros 
and the C(Y) are unchanged. 

OR to Accumulator -- ORA Y, T 

Each bit of the C(Y)S, 1-35 is matched with the corresponding bit of the 
C(AC)P,I-35. The sign of Y is matched with .ACP. When the corresponding 
bit of either location Y or of the AC, or both, is a 1 bit, a 1 bit replaces 
the contents of that pos ition in the AC. When the corres ponding bits of 
both location Y and the AC are 0 bits, a 0 bit replaces the contents of that 
position of the AC. The C(Y) and the Sand Q positions of the AC are un
changed. 

OR to Storage - - ORS Y, T 

Each bit of the C(AC)P, 1-35 is matched with the corresponding bit of 
the C(Y)S, 1-35, C(AC)P being matched with C(Y)S. When the corres
ponding bit of either the AC or location Y, or both, is a 1, a I replaces 
the contents of that pos ition in location Y. When the cor res ponding bits of 
both the AC and location Yare 0'8, a 0 replaces the contents of that position 
in location Y. The C(AC) are unchanged. 

Packing and Unpacking 

There are many cas es where the information to be handled by the computer 
is made up of individual items, each of which is less than the size of a 
computer word. For example, it may be necessary to work with numbers 
no larger than three decimal digits. To conserve storage space, three 
such numbers can be stored in the same word as illustrated in Figure 27, 
where positions S, 14, and 25 are the sign positions of the numbers Nl, N2, 
and N3 res pectively. Handling of information in this manner is called 
"packing. " 

N1 I N2 N3 
242S' 

Figure 27. Diagram of a Packed Word 
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In addition to cons erving storage space, packing als 0 increas es the entry 
and extra s peed of information by reducing, for instance, the amount of 
magnetic tape which must be read or written. 

Assume that a word in core storage has the form shown in Figure 27, 
and the number N2 is to be operated upon. Before arithmetic operations 
can be performed on this item, it must be separated from the other data in 
the word. The method of doing this is called "unpacking." The logical 
operations are employed in this type of operation, as they provide a flexible 
tool for carrying out the method. The number N2 is to be unpacked from 
the word without destroying the numbers Nl and N3. Therefore, the packing 
is done in the accumulator register, saving the packed word in core storage. 

The program shown in Figure 28 will accomplis h this. The mask us ed 
in the program contains l's in position 14-24 and D's elsewhere. The re
sult of using this mask with the ANA instruction will place the number N2 
in positions 14-24 of the accumulator. By varying the format of the mask, 
any of the three numbers could be unpacked (extracted) from the packed 
word. 

Location Operation Address Comments 

CAL PAKWD Place packed word into AC P, 1-35 
ANA MASK N2 is left in AC as a res ult of ANA 
ALS 14 Shift N2 until the sign occupies position P 
SLW LOC2 Store N2 in location N2 
. . . . .... .................................. 

MASK OCT 000017774000 Mask configuration to obtain N2 only 

Figure 28. Unpacking Program Example 

After performing the desired arithmetic operations on the number N2, 
a new number N4, is the result. This number is the same size as N2 and 
is to be placed or packed (inserted) in location PAKWD replacing N2. Num
bers N I and N3 are to remain unchanged. The program shown in Figure 
28 will accomplish this. The program assumes that the number N4 occupies 
positions S, 1-10 of location LOCN4. The mask used with the ANS instruc
tion preserves the numbers Nl and N3 while replacing N2 with O's. 
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Location Operation Address Comments 

CAL MASK Place mask in AC P, 1-35 
ANS PAKWD Eras e N2 from packed word in AC 
CAL LOCN4 Place N4 in pos itions P, 1- 10 of the AC 
ARS 14 Shift N4 into pos itions 14-24 of the AC 

.ORS PAKWD Insert N4 into positions 14-24 of PAKWD 
locatWn. Positions S, 1-13 and 25-35 remain 
unchanged . 

. . . . ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
MASK OCT 777760003777 Mask to remove N2 from PAKWD 

Figure 29. Packing Program Example 

Masking may be used to extract a full number or portion of a word 
from a given location instead of shifting and adjusting the result. Another 
example is shown in Figure 30 where a number located in positions 12-35 
of location 00100 is to be extracted and stored in location 00200. The mask 
used is located in 00050 and consists of zeros in positions S, 1-11 and 7 1 8 

in position 12-35. 

Location Ins truction Address Comments 

CLA 00100 Put the number in the accumulator 
ANA 00050 Extract positions 12-35 of the AC 
STO 00200. Store the result, properly aligned. 
HTR 

00050 OC TOO 00 7 - - - - - 7 Mask used to extract positions 12-35 

Figure 30. Masking Program Example 

Word Transmission Operation 

The instructions described in this section are concerned with the move
ment of words or parts of words from one core location or register to 
another. 

Load Multiplier-Quotient -- LDQ Y,T. 

The C(Y) are loaded into the MQ and the C(Y) are unchanged. After the 
MQ register is loaded with the multiplier, the mUltiply instruction may be 
executed. 

Store MQ -- STQ Y, T 

This instruction places the C (MQ) into the location specified by Y. The 
C(MQ) remain unchanged. 
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Clear and Add - - CLA Y , T 

The C(AC)S, 1-35 are replaced with the C(Y). Positions P and Q of the 
AC are set to zeros and the C{Y) remain unchanged. 

Store--STO Y,T 

The C(AC)S, 1-35 replaces the C{Y) and the C(AC) remain unchanged. 

Clear and Add Logical Word--CAL Y, T 

The C(Y) replaces the C(AC)P, 1-35. The sign of Y appears in ACP and 
accumulator positions Sand Q are set to zero. The C(Y) are unchanged. 

Store Logical Word--SLW Y, T 

The C(AC)P, 1-35 replace the C{Y). The P position of the AC is sent to 
YS and the C(AC) remain unchanged. 

Store Prefix- -STP Y, T 

The C(AC)P, 1,2 replace the C(Y)S,1,2. The C(Y)3-35 and the C(AC) re
main unc hanged. 

Store Address -- STA Y, T 

The C(AC)21-35 replaces the C{Y)21-35. The C(Y)S, 1-20 and the C(AC) 
remain unchanged. 

Store Decrement -- STD Y, T 

The C(AC) 3-17 (decrement part) replace the C(Y)3-17. The C(Y)S, 1,2, 
18-35 and the C{AC) remain unchanged. 

Store Zero - -ST Z Y, T 

The store zero instruction may be used to change the contents of an entire 
core storage location to zeros. The C(Y) are replaced by 0 bits (s ign of 
Y is made plus). 

Stor e Ins truction Location Counter - -S TL _ Y , T 

The location of the STL instruction plus one replaces the C{Y) 21-35. The 
C{Y) S, 1-20 are unchanged. 
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Exc hange AC and MQ - - XCA 

The C(AC) S, 1-35 are exchanged with the C(MQ) S, 1-35. Positions P 
and Q of the AC are set to zeros. 

Exchange Logical AC and MQ -- XCL 

The C(AC) P, 1-35 are exchanged with the C(MQ) S, 1-35. Positions S 
and Q of the AC are set to zeros. 

Zeros to Accumulator - - ZAC 

When the ZAC pseudo-instruction is executed, all positions of the accumu
lator are replaced with zeros. 

INDEXING CONCEPT 

Indexing instructions may be used to modify addresses of existing instructions, 

reducing the number of core storage locations needed for instruction storage. 

Indexing is the ability of a computer to combine the contents of an index 

register with the address portion of an instruction before the instruction is 

executed. There are two main reasons for indexing: (1) the 
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instruction as it appears in core storage is never changed and therefore 
its address never has to be initialized (set at the beginning of the program 
run), and (2) many addresses can be modified by the same index register's 
contents. 

The index registers may be loaded with either true or complement 
numbers. When combined with the address part of an instruction, the 
address may be either increased or decreased depending on the type of 
number (true or complement) the index register started with. 

The computer has three index registers. These registers are termed 
A~ B~ and C or 1, 2, and 4. The latter terminology is more convenient 
for the programmer working in machine language because the numbers 1, 
2 ~ and 4 are the octal representation of the addresses of the registers. 
Index register addres s es are specified in a part of the instruction word 
known as the tag field. The tag field tells the computer whether an instruc
tion is going to use an index register and, if so, which register is to be 
used. The tag field is located in bit-positions 18,.19, and 20 of the instruc
tion word (Figure 31). By having more than one tag bit in the tag field, 
two or more index registers may be ·used by a single instruction. Thus, 
the contents of the index registers· would be combined and the resultant 
OR (see "Packing and Unpacking") would be used. With some indexing 
instructions, the omis s ion of 1 bits in the tag field simulates an index 
register of all zeros. 

Register Operation Part Tag Field Address 

A or 1 

I I I 
001 ~ B or 2 010 

C or 4 100 

Part 

I 
S.J1 ;1 j.% :z.7~8 2.0 -:'1- 3S-

Figure 31. Index Register Tag Bits 

The computer index registers are 15 positions long - large enough to 
hold the largest possible storage address. Instructions are available to 
test index register contents and control program instruction execution 
depending on that content. The contents of index registers may als 0 be 
reduced or increas ed by variable amounts. 

Com.plement Arithm.etic 

When index registers are used for address modification, the contents of 
an index register is always subtracted from an instruction's address. 
Since neither the addres s of the instruction nor the contents of the index 
register is associated with any algebraic sign, it is not possible to accomplish 
effective addres s modification by addition in any direct m.anner. However, 
addition is accomplis hed by using complement arithmetic. The following 
definitions apply to this type of arithmetic: 
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The 1 's Complement of a binary number is the number that results by 
replacing each 1 in a number with a a and each 0 with a 1. For example, 
giventhe binary nutnber of 101; the l's complement would be 010. Also, 
the sum of a binary number and its 1 's complement is a binary number 
cotnposed of all ones (iOI 010 - Ill). 

The 2 's Complement of a binary number is defined as the 1 's comple
ment of a number increased by one. Thus, for the preceding exatnple, the 
2's complement of a number (101) would be all. If the 2's complement of 
a number occupies an index register and is used to modify an address, the 
effective address is the sum of index register contents and the address 
portion of the instruction. If the true number occupies the index register, 
the effective addres s is the difference between index register contents and 
the address part of the instruction. 

Note that since both the contents of an index register and an instruc
tion address are IS-bit numbers, all carries out of the leftmost position 
are lost. 

As an example of the arithmetic involved when index registers are 
used, assume that index register (XR) 1 contains the binary number 2 and 
that an ADD instruction with a tag of 1 and an address of 200 S is to be 
executed (Figure 32). When the ADD instruction is decoded, the tag bit in 
position 20 specifies XRI. The contents of XRl are complemented (2's 
complement) and placed in the adders. Note that index register contents 
are always automatically (2 's) complemented when taken to the adders. 
This feature results in subtracting the contents of the XR from the address 
part of the instruction. The address part of the ADD instruction is als 0 

placed in the adders; after adding the two numbers, the result (called the 
effective address) is used in execution of the ADD instruction instead of the 
actual address. In this case, the effective address is 1768 • 

If the programmer wishes to increase the effective address, the num
ber placed in the XR is inserted in 2's complement form by instruction. 
Thus, when the address of the instruction and XR contents are combined, 
the result is an additive process. Using the same facts (as in Figure 32) 
with the XR contents in 2's complement form, the effective address is now 
2028 instead of 1768 (Figure 33. ) 

Operation Tag Addr_ 

1000 1000000001 00000o 1 O(n 10000000 U)OOoocq 
t 

Addr_ Part of Add 000000010000000 

Ind. Regilter 1 

~lq 
(2'1 Coniplement) 

XRl Contents 111111111111110.1---------111111111111110 

Effective Addr_ 000000001111110. 176 Octal 

Figure 32. Index Register Arithtnetic, Subtracting 
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Operation Tag Address 

1000 100000000 10000001 001 10000000 100000001 
+ Address of ADO 00000oo 10000000 

Index Register 1 

(2'5 Complement) 

XR Contents 0000000 00000010 .... ,....---------000000000000010 

Effective Address 0000000 10000010 = 202 Octal 

Figure 33. Index Register Arithmetic, Adding 

Multiple Tags 

As previously stated, an instruction m.ay refer to m.ore than one index 
register by placing m.ultiple 1 bits in the tag field (Figure 34). Thus. a 
tag of 3e specifies index registers 1 and 2. Care m.ust be exercised when 
m.ultiple tags are used. The use of m.ultiple tags results in a "logical OR" 
(see "Packing and Unpacking") of the contents of the specified index regis-
ters. For exam.ple. if a tag of 3 is given, the 15 pos itions of index 
register 1 are m.atched against the corresponding 15 positions of index 
register 2. If corresponding positions of each register contain 1 bits, the 
resultant logical sum. is a 1 bit. If both positions are 0 bits the logical 
sum. for that position is a 0 bit. 

Tag Field Index Registers Specified 
Binary Octal Octal Alpha 

000 0 None None 
001 1 1 A 
010 2 2 B 
011 3 1 and 2 A and B 
100 4 4 C 
101 5 1 and 4 A and C 
110 6 2 and 4 Band C 
111 7 1,2,ond 4 A,B,and C 

Figure 34. Multiple Index Register Tags 

Assum.e that index register 1 contains 032048 (000 011 010 000 100) and 
index register 2 contains 030618 (000 011 000 110 001). The instruction 
ADD 06521g, with an index tag field of 3, causes the "inclusive OR" (see 
"Packing and Unpacking") of the contents of the two registers as shown in 
Figure 35. 

The ORled result of 032658 is subtracted from. the address of the ADD 
065218 instruction. The effective addres s received from. the subtraction 
is 032349 , which the ADD instruction uses. 
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Index register 1 contents 
Index register 2 contents 

Inclusive OR'ed result 

000 011 010 000 100 
000 011 000 110 001 

000 011 010 110 101 or 

032659 

Figure 35. Inclusive OR Example 

Index Transmission Operations 

This section of operations deals with the loading and storing of the contents 
of index registers. 

The operations always involve one or more index registers and either 
the address or decrement field of some location in storage or the accumu
lator register. The following IS-bit fields may serve as one of the agents 
in an index transmission operation: the address or decrement of the ac
cumulator, the addres s or decrement of any location in storage, or the 
address part of the index transmission instruction itself. In addition, the 
number to be loaded may be placed in the specified index register in either 
true or complement form. 

Single registers or any combination of index registers may be s peci
fied. 0 If more than one register is specified in an unloading operation, their 
contents are "OR I ed" together to produce the effective number. OR ling 
matches the re gisters pos ition-for - pos ition. If there is a bit in either or 
both of the registers, the result is a bit. For example: 

XRA 101100 
XRB 011000 

RESULT 111100 

Load Index from Address -- LXA Y, T 

The C(Y) 21 0-35 replace the contents of the specified XR. The C(Y) are 
unchanged. A tag of zero results in a no-operation. 

Load Complement of Address in Index - - LAC Y, T 

The 2 1s complement of the C(Y)21-35 replaces the contents of the speci
fied XR. For example, LAC 5,2 takes positions 21-35 of core location 
5 and places the 2 's complement of this value in index register 2. The 
C(Y) remain unchanged. Atag of zero results in a no-operation. 
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Load Index from Decrement - - LXD Y, T 

The C(Y)3-17 replace the contents of the specified index register. The 
C(Y) are unchanged. A tag of zero results in a no-operation. 

Addres s to Index True - - AXT Y, T 

The value specified in the Y portion of this instruction replaces the contents 
of the index register specified by the T portion of this instruction. For 
example, AXT 30, 1 places the decimal value 30 (coded in binary format) 
in index register 1. The instruction itself remains unchanged. A tag of 
zero results in a no-operation~ 

Address to Index Complemented - - AXC Y, T 

The 2's complement of positions 21-35 of this instruction replaces the 
contents of the specified index register. The instruction is unchanged. A 
tag of zero results in a no-operation. 

Place Addres s in Index - - PAX , T 

The C(AC)21-35 replaces the contents of the specified XR. The C(AC) are 
unchanged. A tag of zero results in a no-operation. 

Place Decrement in Index - - PDX , T 

The C(AC)3-17 replace the contents of the specified XR. The C(AC) are 
unchanged. A tag of zero "results in a no-operation. 

Place Index in Addres s - - PXA , T 

The entire accumulator is cleared to zero, and the contents of the s peci
fied XR are placed in AC 21-35. With a tag of zero, the C(AC) are set to 
zero. The C(XR) are unchanged. 

Place Index in Decrement - - PXD , T 

The entire accumulator is cleared and the contents of the specified XR are 
placed in AC3-17. With a tag of zero, the C(AC) are set to zero. The 
C(XR) are unchanged. 

Store Index in Address -- SXA Y, T 

Pos itions 21-35 of the location specified by Yare replaced by the contents 
of the specified XR. The C(Y)S, 1-20 and the C(XR) are unchanged. With 
a tag of zero, the C(Y)21-35 are set to zero. 

Place Complement of Address in Index -- PAC Y, T 

The 2's complement of the C(AC) 21 .. 35 replaces the contents of the specified 
XR. The C(AC) are unchanged. A tag of zero results in a no-?peration. 
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Store Index in Decrement - - SXD Y, T 

The C(Y) 3-17 are replaced by the contents of the specified XR. The 
C(Y)S, 1,2,18-35 and the C(XR) are unchanged. With a tag of zero, the 
decrement (pos itions 3 - 17 of the specified Y) is replaced with zeros. 

Load Complement of Decrement in Index - - LDC Y, T 

The 2 's complement of the C(Y) 3 -17 replaces the contents of the specified 
index register. The C(Y) are unchanged. A tag of zero results in a no
operation. 

Figure 36 shows the data flow paths between storage, accumulator, and index 
registers for index transmission instructions. The action of each instruction, 
the registers concerned, and whether a true or complement value is used is 
also summarized. 

Storage 
Register 

Accumulator 
Register 

--- True 
------ Complement 

'"0 
ro 
0 
~ 

'"0 
ro 
0 
~ 

~ 
~ 

Go) 

~ 
f.4 

E-t 

O-t 
8 
0 
U 

Accumulator Storage Instruction 

PAX LXA AXT 
PDX LXD 

PAC LAC AXC 
PDC LDC 

PXA SXA 
PXD SXD 

Figure 36. Index Transmission Data Flow and Summary 

Indexing Operations 

Several techniques may be used to increase program efficiency. One 
technique is address modification; another is indirect addressing. Two 
approaches to address modification are considered here: the destructive 
type and the indexing type. 

Destructive Address Modification. The term destructive means that the 
original address of the instruction being modified is destroyed as it is 
modified. Regardless of the computer used, this is the method of address 
modification used unless the computer is equipped with index registers and 
indexing instructions. If an application required an instruction to be 
repeated many times, that instruction would have to be duplicated in the 
program and stored in core storage. For example, if the contents of 50 
word locations were to be added together, 50 add instructions would have 
to be placed in the stored program. Each add instruction would have as its 
addres s part, the storage location for one of the 50 words. 
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The technique of modifying an instruction's address may be used to 
reduce the number of stored instructions. This technique, however, does 
increas e over -all execution time for the problem. Us ing the s arne example 
as above, assume that the 50 word locations are designated A, AI, A2, El,tc. 
Figure 37 shows a program that could add the contents of these locations. 

Note the use of the >:c (asterisk) symbol in the address part. When used 
this way, the >:c means the location of the instruction itself. Thus, the 
cIa >:c-2 means to bring into the accumulator the contents of the location 
that is two locations in front of the cIa instruction location (Add First I). 
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Figure 37 . Address Modification Example (Destructive) 
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Indirect Addresses. All instruction addresses discussed in preceding 
illustrations are clas s ified as direct, that is, they refer directly to the 
location of data or other instructions in storage, they select a system 
component, or they specify the type of control to be exercised. 

Addresses may also be indirect. Such an address can refer only to a 
storage location that contains another address. The second address in 
turn refers to the location of data,a system component, or a control 
function. 

Indirect addressing· is particularly useful in performing address 
modification. For example, in a program it may be necessary to address 
a number of instructions to a single device, such as a magnetic tape unit. 
The same unit may be selected for reading, for error routines, in restart 
procedures, or in other trans fer routines. If this unit is to be alternated 
with some other unit, the addres s part of all instructions involving that 
unit must be modified. Without indirect addr.essing, a number of modi
fication instructions would be needed. 

However, if the select instructions involving a tape unit are indirectly 
addressed to one storage location, that location can contain a single ad
dress, the address of the tape unit being used. Therefore, to change or 
modify all select instruction addresses. it is only necessary to modify the 
single effective address to which the select instructions refer (Figure 38. ) 
In this test, the asterisk (*) is used with the operation code to designate 
indirect addressing. Any number of indirect addresses throughout a pro
gram may refer to a single effective address. 

CLA* 

MAIN PROGRAM 

Transfer 
Routine 

Figure 38. Indirect Address 
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Figure 39 shows a sample program using indirect addressing (the program 
shown in Figure 37 is altered to an indirectly address ed program.) 
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5ens e Indicator Operations 

The following 24 instructions make reference to the 36-bit sense indicator 
(51) register. The 36 bits of the 51 may be thought of as switches which 
may be turned on or off and tested either singly or in groups by the pro
gram. 

The contents of the 51 register are manipulated through the us e of a 
mask. The mask is a bit pattern comprised of 1 's and O's which may 
appear in an instruction, the AC, or any storage location. All masks for 
51 operations are used in the same way; that is, each position in the mask 
is compared with the corres ponding pos ition in the 51 register. 

For the positions in the mask which contain a 1, the corresponding 
position in the 51 is either modified or tested depending upon the 51 opera
tion used. For the zero bits in the mask, the corresponding positions of 
the 51 are not affected. 

Four of the sense indicator operations are concerned with the trans
mission of full 36-bit words between the 51 and either the AC or core 
storage. The remaining 20. operations are used to test or modify the 
C(5I). These 20 operations may be classified by the following five func
tions: 

1. 5et or Logical OR. These operations replace with aI, the 
contents of each 51 position selected by the mask. 

2. Reset. These operations replace with a 0 the contents of each 
51 position selected by the mask. 

3. Invert. These operations replace the contents of each 51 pos i
tion selected by the mask with its complement; i. e., 1's are 
replaced by O's and O's are replaced by 1 's . 

4. On Test. Thes e operations examine the contents of each 51 
position selected by the mask. If all examined positions contain 
ai, the calculator will either transfer to a location Y or skip the 
next instruction, depending upon the testing operation used. 

5. Off Test. These operations examine the contents of each 51 
position selected by the mask. If" all examined positions contain a 
0, the calculator either transfers to location Y or skips the next 
instruction, depending upon the testing operation used. 

Load Indicators - - LOI Y, T 

The C (Y)5, 1-35 replace the C (51) 0-35. The C (Y) are unchanged. 
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5tore Indicators - - 8TI Y, T 

The C(5I) 0-35 replace the C(Y)S, 1-35. The C(5I) are unchanged. 

5et Indicators of Left Half - - 5IL V 

Each bit in positions 18-35 (V) of this instruction is matched with the 
corresponding bit of the C(5I) 0-17. The C(5I) 18-35 and V are unchanged. 
When the corres ponding bit of either, or both V or the 51 is a 1, a 1 re
places the contents of that pos ition in the 51. When the corres ponding bit 
of both the V and the 51 is a 0, a 0 replaces the contents of that 51 pos ition. 

5et Indicators of Right Half - - 5IR V 

Each bit in position 18-35 (V) of this instruction is matched with the 
corres ponding bit of the C(5I) 18-35. The C(5I) 0-17 and V are unchanged. 
When the corres ponding bit of either, or both, V or the 51 is ai, a 1 
replaces the contents of that pos ition in the 51. When the corres ponding 
bit of both the V and the 51 is a 0, a 0 replaces the contents of that 51 
pos ition. 

Place Indicator in Accumulator - - PIA 

The C(5I) 0-35 replace the C(AC) P, 1-35. Positions 5 and Q of the AC 
are cleared to zeros and the C(5I) are unchanged. 

OR 5torage to Indicators - - 051 Y, T 

Each bit of the C (Y)5, 1- 35 is matched with the corres ponding bit of the 
C(51) 0-35. The C(Y) are unchanged. When the corres ponding bit of 
either location Y or the 51, or both, is a 1 tal replaces the contents of 
that pos ition of the 81. When the corres ponding bit of both Y and 51 is a 
0, a 0 replaces the contents of that 51 position. 

Control Instructions 

Instructions that govern the flow of a program and, in particular, those 
that cause an alteration in the computer's normal process of taking its 
instructions from sequential core storage locations are called control 
instructions. 

Unconditional transfer instructions specify the location Y from which 
the computer is to take the next instruction. Conditional transfer instruc
tions als 0 specify a location Y; whether the computer takes its next instruc
tion from location Y or the next sequential location depends on the outcome 
of a test of s orne kind. This test is specified by the operation code of the 
ins truction. 
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Test instructions are similar to conditional control instructions in 
that they cause some test to be performed. Unlike conditional transfer 
instructions, however, test instructions do not specify a location Y to 
which control may be transferred. Instead, the alternative location to 
which control may be transferred is fixed relative to the location of the 
test instruction. 

Transfer - - TRA Y, T 

This instruction causes the computer to take its next instruction from the 
location specified by Y and proceed from there. 

Halt and Trans fer - - HTR Y, T 

This instruction causes the computer to halt. The instruction counter 
contains the location of the HTR instruction. Depression of the start 
key on the operator's cons ole causes the computer to transfer to location 
Y and execute that instruction. 

No Operation -- NOP 

This instruction caus es the computer to take the next instruction in sequence. 

Execute - -XEC Y, T 

This instruction causes the computer to perform or "execute" the in
struction at location Y. 

Since the instruction counter is not altered (when Y contains any instruc
tion other than a successful transfer or test instruction), the program 
advances to the next sequential instruction following the execute instruc
tion after performing the instruction at location Y. 

If location Y contains a transfer instruction, it will be executed and 
program control will be altered from the sequential process. 

If location Y contains a test instruction, the instruction following XEC will 
be located relative to the XEC rather than the test instruction. 

Aritlunetic Control Instructions 

Low Order Bit Test--LBT 

If the C(AC) 35 is aI, the computer skips the next instruction and proceeds 
from there; if 35 is a 0, the next instruction is taken. 

P Bit Test--PBT 

If the C(AC) P is aI, the computer skips the next instruction and proceeds 
from there; if P is a 0, the next instruction is taken. 
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Transfer on Plus -- TPL Y, T 

If the sign position of the AC is a zero, the computer takes its next instruc
tion from the location specified by Y and proceeds from there. If the sign 
position is a one, the computer takes the next sequential instruction. 

Transfer on Zero -- TZE Y, T 

If the C(AC)Q, P, 1-35 are zero, the computer takes its next instruction 
from the location specified by Y. If they are not zero, the computer takes 
the next sequential instruction. 

Transfer on Minus -- TMI Y, T 

If the sign position oftheAC is negative (1 bit), the computer takes its 
next instruction from the location specified by Y and proceeds from there. 
If the sign position is positive (0 bit), the computer takes the next sequential 
instruction. 

Transfer, on MQ Plus -- TQP T, Y 

If the sign position of the MQ is plus., the computer takes its next instruc
tion from location Y. If the sign position is minus, the· computer takes the 
next sequential instruction. 

Transfer on No Zero -- TNZ YJ T 

If the C(AC) QJ P, 1 - 35 are not zero, the computer takes its next 
instruction from location Y and proceeds from there. If they are zero, 
the next sequential instruction is taken. 

Trans fer on Overflow - - T OV Y, T 

If theAC overflow indicator is on, it is turned off and the computer takes 
its next instructionfrom the location specified by Y. If the indicator is 
off, the computer takes the next sequential instruction. 

Transfer on No Overflow - - TNO Y, T 

If the AC overflow indicator is off, the computer takes its next instruction 
from location Y. If the indicator is on, it is turned off and the computer 
takes the next sequential instruction. 
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Storage Testing Control Instructions 

Logical Compare Accumulator with Storage - - LAS Y, T 

The C(AC) Q, P, 1-35 are treated as an unsigned 37-bit number and are 
compared with the C(Y)S, 1-35, which are treated as a 36-bit unsigned 
number. If the C(AC) are greater than the C(Y), the computer takes the 
next sequential instruction. If the C(AC) are equal to the C(Y), the 
computer skips the next instruction and proceeds from there. If the C(AC) 
are less than the C(Y), the computer skips the next two instructions and 
proceeds from there. 

Compare Accumulator with Storage - - CAS Y, T 

If the C(AC) are algebraically greater than the C(Y), the computer takes 
the next sequential instruction. If the C (AC) are algebraically equal to 
the C(Y), the computer skips the next instruction and proceeds from there. 
If the C (AC) are algebraically les s than the C (Y), the computer s kips the 
next two instructions and proceeds from there. A plus zero is considered 
greater than a minus zero. NOTE: The comparis on is made on all 
pos itions of the AC (including positions P and Q) and the contents of location 
Y. 

Storage not Zero Test .. - NZT Y, T 

If the C(Y) 1-35 are not 0, the computer skips the next instruction and 
proceeds from there. If the C(Y) 1-35 are 0, the computer takes the next 
sequential instruction. The C(Y) are not changed. 

Storage Zero Test - - ZET Y, T 

If the C(Y) 1-35 are 0, the computer skips the next instruction and pro
ceeds from there. If the C(Y) 1-35 are not zero, the computer takes the 
next sequential instruction. The C(Y) are not changed. 

Index Register Testing Instructions 

Transfer and Set Index -- TSX Y, T 

The 2's complement of the location of the TSX is placed in the specified 
XR. The computer takes its next instruction from location Y. 

This instruction may be used to set up a return address to the main 
program when it is necessary to transfer to a subroutine and, after finish
ing with the subroutine, to come back to the main program. For example, 
assume that arithmetic operations are tested for error conditions and, when 
these conditions are found, a transfer to a fixup routine is to be executed. 
The last instruction of the fixup routine could be a TRA 00001 instruction 
tagged for the s arne index register as used by the TSX instruction. If the 
TSX is located at core location 1000 and program return to location 1001 
is required, the program could be as shown in Figure 40. 
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Figure 40. Possible Use Of The TSX Instruction 

Transfer On Index - - TIX Y,T,V 

If the C(XR) specified by T are greater than V, the C(XR) are reduced by V and 
the computer takes its next instruction from Y. If the C(XR) are less than or 
equal to V, the C(XR) are unchanged and the next sequential instruction is taken. 
With a tag of zero, no transfer occurs. 

Transfer On No Index - - TNX Y,T,V 

If the C(XR) specified by T are greater than V, the C(XR) are reduced by V and 
the next sequent ial instruction is taken. If the C(XR) are less than or equal to 
V, no reduction is made but the computer transfers to locat ion Y. With a tag of 
zero, a transfer occurs. 

Transfer On Index High - - TXH Y,T,V 

If the C(XR) specified by T are greater than V, the next insttuction is taken 
from Y. If the C(XR) are less than or equal to V, the next sequential instruction 
is taken. With a tag of zero, no transfer occurs. 

Transfer With Index Incremented .. - TXI Y,T,V 

The decrement (V) is added to the C(XR) and replaces the C(XR). The next 
instruction is then taken from location Y. 

Transfer on Index Low Or Equal -- TXL Y,T,V 

If the C(XR) specified by Tare less than or equal to V, the next instruction is 
taken from location Y. If the C(XR) are greater than V, the next sequential 
instruction is taken. With a tag of zero, a transfer occurs. 

Figure 41 summarizes the indexing instructions by type and action. 
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Actions Conditions 
Test and Modify: If C(XR) > V If C(XR) ~ V 

TIX C(XR) = XR- V and transfer to Y Take next instruction 
TNX C(XR) = XR- V and take next inst. Transfer to Y 

Test Only: 
TXL Take next instruction Transfer to Y 
TXH Transfer to Y Take next instruction 

Modify Only: 
TXI The V are added to the C(XR) and replace the C(XR) 

Transfer to Y for next instruction 

Figure 41. Index Transfer Instruction Su.m.mary 

Sens e Light and Indicator Testing Instructions 

Sense Lights On -- SLN Y 

The address part of this instruction (Y) determines which of the four sens e 
lights are to be turned on. The lights are addres s ed as: 1, 2, 3, or 4. 

Sense Light Test - - SLT Y 

If the corres ponding sense light is on, the light is turned off and the com
puter skips the next instruction and proceeds from there. If the light is 
off, the computer takes the next sequential instruction. 

Transfer when Indicators On - - TIO Y, T 

For each bit in the C(AC)P, 1-35 that is a 1, the corresponding position of 
the C(SI) 0-35 is examined. If all the examined positions in the 51 contain 
aI, the computer takes its ne'xt instruction from location Y. If any of the 
examined positions is not a 1, the computer takes the next sequential instruc
tion. If the C(AC) P, 1-35 are zero, the computer takes its next instruc
tion from location Y. The C(AC) and C(SI) are unchanged. 

Transfer when Indicators Off -- TIF Y, T 

For each bit of the C(AC) P, 1-35 that is a 1, the corresponding position 
of the C(SI) 0-35 is examined. If all examined positions contain O's, the 
computer takes its next instruction from location Y. If any of the examined 
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positions does not contain a 0, the computer takes the next sequential 
instruction. If the C(AC) P, 1-35 are zero, the computer takes its next 
instruction from location Y. The C(AC) and C(SI) are unchanged. 

Instructions used With Trapping 

The following instructions are used with the trap feature. A complete 
des cription of trapping is found under "Data Channe I Trapping". 

Enter Trapping Mode --- ETM 

This instruction causes the computer to enter the transfer trapping mode. 
A trapping indicator on the operator's cons ole is turned on. 

When the computer is in the trapping mode and any transfer except a 
trap transfer (TTR) is executed, the location of the transfer instruction 
replaces the address part of location 00000 whether the condition for trans
ferring is met or not. If the transfer condition is met, the computer takes 
its next instruction from location 00001 and proceeds from there. 

Only instructions which have "transfer" in their title are affected by 
the transfer t~apping mode. Address modification may change the operation 
since positions 23-35 of the ETM instruction are a part of the operation 
code. 

Leave Trapping Mode ... _- LTM 

This instruction turns off the trap mode indicator and causes the computer 
to leave the transfer trapping mode. Transfer instruction, therefore, will 
not be trapped again until an ETM instruction is executed. 

The computer leaves the trap mode until the LTM instruction is executed 
or the clear or reset keys on the operator's cons ole are depressed. Since 
pos itions 23 -35 of the LTM are a part of the operation code, any modifica
tion by an index register may result in the changing of the operation itself. 

Trap Transfer - - - TTR Y, T 

This instruction caus es the computer to take its next instruction from 
location Y and to proceed from there whether in the transfer trap mode or 
not. This makes it possible to have an unconditional transfer in the transfer 
trapping mode. 

Restore Channel Traps --- RCT 

This instruction will allow traps to occur as specified by the previous 
enable instruction. The RCT cancels the inhibiting effect of an executed 
trap. Since the address part of the RCT is a part of the operation code, 
modification by an index register may change the operation itself. 
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Enable from Y --- ENB Y, T 

When this instruction is executed, the contents of location Y determine 
which signals may cause a trapping operation. Execution of each ENB 
cancels the effect of previous ENB instructions. All channels may be 
dis abled (traps will not occur) by executing an ENB whose operand con
tains all zeros. 

Execution of a trap will inhibit all further traps until a new ENB is 
executed or a RCT is executed. Depression of the reset or clear key on 
the operators console will also disable all channels. 

Trapping signals are controlled as follows: 

Signal Due to Channel Effective if a I-bit in pcs ition 

Channel command or EOF A 35 
Channel command or EOF B 34 
Channel command or EOF C 33 
Channel command or EOF D 32 
Channel command or EOF E 31 
Channel command or EOF F 30 
Channel command or EOF G 29 
Channel command or EOF H 28 
Tape check A 17 
Tape check B 16 
Tape check C 15 
Tape check D 14 
Tape check E 13 
Tape check F 12 
Tape check G 11 
Tape check H 10 
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INPUT /OUTPUT DEVICES AND OPERATIONS 

INTRODUCTION 

To use the fast, versatile processing ability of the processing u.nit, the 
user must be able to put raw data into the computer system, tell the sys
tern what to do, and take the processed data from the system and record 
it in a form that can be used. This chain of input, processing and output 
always begins and ends with some input/output device. 

An input / output device is a machine linked in directly to the data 
processing system. Each device operates under control of the processing 
unit as directed by the stored program. A data channel unit, placed 
between the processing unit and the input/output device, serves as a con
trol or synchronizer unit. The channel not only controls the devices 
attached to it but serves as an assembly-disassembly device for the data 
pas sing through it. This is neces s ary since the internal proces sing speeds 
are much faster than the input devices that read data or the output devices 
that record the res ults • Figure 42 shows the re lations hip between. pr oc
essing unit, channel and input/output devices. 

Input devices sense or read data from IBM cards, magnetic tape, 
paper tape, or may simply supply data to the processing unit in the form 
of electronic puIs es. The data are then placed in the core storage of the 
system. Output devices record or write the data from storage on IBM 
cards, magnetic and paper tape, or prepare printed copy. Output may 
also be in the form of electronic pulses (for transmission over communi
cations networks). 

Reading and Writing 

Reading takes place as the input medium phys ically moves through an 
input device. The information is sensed or read and is converted to a form 
that may be us ed by the computer system. The information is then sent to 
core storage. 

Figure 42. Input-Output Device Relationsnip 
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Writing involves converting data from storage to a form or language 
compatible with an output medium and recording the data us ing an output 
device. 

Most input/output devices are automatic; once started, they continue 
to operate as directed by the stored program. Instructions in the program 
select the required device, direct it to read or write, and indicate the 

_ storage location that data will be put into or taken from. A few input 
devices are manually operated, and no medium for recording data is 
involved. Instead, data are entered directly into the computer using a 
keyboard or switches, which are usually a part of an operator's console. 

Data Buffering 

All data processing procedures involve input, processing, and output. Each 
phase of the procedure takes a specific time. The usefulness of a computer 
is often directly related to the speed at which it can complete a given pro
cedure. Ideally, the configuration and s peed of the various input / output 
devices should be so arranged that the processing unit is always kept busy 
with useful work. The efficiency of any computer system can be increased 
to the degree in which input, output, and internal processing can be over
lapped or allowed to occur simultaneously. 

Figure 43 shows the basic time relationship between input, processing, 
and output with no overlap of operations. In this type of data flow, proc
essing is suspended during reading or writing operations. 

Figure 43. Non- Overlap Operation 

Figure 44 shows an overlapped time relations hip. The figure assumes 
that there are two buffers, one for input and another for output. With this 
type of data buffering system, data are first collected in an input buffer. 
When called for by the program, the contents of the input buffer are sent 
to core storage. The transfer takes only a fraction of the time that would 
be required to read the data directly from an input device. Also, while 
data are being assembled in the buffer, processing can occur in the proc
essing unit. Likewise, complete data from storage can be placed in an 
output buffer at high s peed. The output device is then instructed to write 
out the contents of this buffer. While writing occurs, the processing unit 
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is free to continue with other work. 

Figure 44. Overlap Operation 

Data Channe I Operation 

Data being transmitted between core storage and any input-output device 
must pass through a data channel. The operation of a data channel is ini
tiated by the execution of two instructions in the central proces sing unit. 
Once started, the channel operates independently of the main program 
being executed by the CPU. A data channel has the responsibility for 
controlling the quantity and destination of,all data transmitted between 
core storage and the input output device. It als 0 performs limited counting 
and testing operations concerned with the transmission of data. 

The IBM 7909 Data Channel is als 0 able to instruct and select an 
input-output device adapter, such as the IBM 7631 File Control or the IBM 
7640 Hypertape Control. 

Programs for a channel operation are stored in core storage just as 
are instructions executed by the CPU. To distinguish between CPU and 
data channel programs, data executed in the CPU are termed instructions. 
data executed by the data channel are termed commands, and data executed 
by the adapter are termed orders. 

Although a channel, once started, operates asynchronously, the 
main program may exercise a large degree of supervisory control through 
instructions which test the status of a data .channel. A single command 
may transmit a large block of words between core storage and an input
output device so that normally many instructions in the main program may 
be executed during the time taken to execute just one command in a data 
channel. 

All transmission is in 36-bit word parallel fashion. Since the CPU 
and a data channel cannot take a storage reference. cycle at the same time, 
the execution of an instruction in the main program may be delayed at 
least one computer cycle. Once such a delay occurs, all of the time 
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needs of all data channels will be satisfied before the main program exe
cution is resumed. Such delays are imposed automatically and do not 
interfere with the internal registers or calculations in the CPU. If the 
instruction being executed is not us ing core storage when a channel 
requires a storage cycle, normally no delay is occasioned. When several 
data channels require storage cycles at one time, the sequence of trans
mis s ion is handled automatically. 

A data channel controls all input-output units attached to it in much the 
s arne way. Becaus e of the importance of magnetic tape, the re lations hip 
between a data channel and tape is discussed here. 

An input/output operation is started by execution of a select instruc
tion, which is decoded by the processing unit. The output of the decoders 
is sent to the channel to select the input/output device specified by the 
select instruction. If the device is busy with other work or is not ready 
for operation, the select waits until the device is free. 

Upon execution of the select, the input / output device called into us e 
actually starts moving. When selection is successfully completed, the 
channel ends operation on the select and the processing unit gets the next 
instruction for execution. This instruction is normally a reset and load 
channel (RCH) instruction. The RCH specifies a storage location that 
contains the data channel command for this input / output operation. One 
RCH exists for each data channel. 

Understanding the relations hip between the select and the RCH instruc
tions is very important. The s peed of input / output devices is much slower 
than process ing unit execution speeds; however, the program must have 
executed a RCH instruction by the time the particular device being used is 
ready to read or write. This is shown in Figure- 45, using a read select 
instruction for a 729II magnetic Tape Unit. A maximum of 4 milliseconds 
may exist in the program between execution of the RDS to a 729 II tape unit 
and execution of the RCH. The RCH may, however, immediately follow the 
RDS or be placed anywhere within the time allowed. To further point out 
the time re lations hip; the 4 millis econds needed to get the tape unit moving 
and actually reading data into the pr oces sing unit is enough time for execution 
of 1800 machine cycles on a 7090 system or about the time required to 
execute 9 00 aver~ge -time instructions. 

Operation 

RDS 729II Tape 
Comments 

Execution of the RDS starts phys ical motion in the 
selected tape unit. 

RCH Four (4) milliseconds after the RDS is executed, the 
RCH must be executed; otherwise, the tape unit is 
disconnected from the read operation. 

Figure 45. Time Relations hip Between Instructions 

485 



Execution of the res et and load channel instruction places the data chan
nel ("ommand in the Channel Registers. The command (Figure 46) specifies 
the number of words to be moved (word count-positions 3-17) and the first 
storage address (start address-positions 21-35) to be used for the read or 
write operation. Read operations are defined as input; write operations 
are defined as output. 

Operation Word Count Starting Address 
35' 

Figure 46. Data Channel Command Format 

The word count portion of the command is tested for zero count and, 
when it is zero, the channel ends operation on the command and disconnects 
the input/output device. Disconnect means that the input/output device is 
no longer needed (has finis hed its operation) and may be released for 
further us e. 

Magnetic Tape and Data Channel (7607) Addresses 

A maximum of ten tapes per channel may be used with the 7090 system. 
Like locations in core storage, each tape unit has an address. Each data 
channel also has an address. The combination of the two addresses will 
then specify a particular tape unit attached to a particular data channe 1. 

To start a tape unit for read'ing or writing, a SELECT instruction 
must be executed in the main program. The instruction READ SELECT 
prepares the tape for a reading operation and the instruction WRITE 
SELECT prepares it for writing. The joint address of a tape unit and data 
channel occupies the address part (positions 21-35) of the select instruc
tion. If the addres s field of this instruction is viewed as a five -digit octal 
number, then the three low-order digits specify the tape unit, and the 
fourth and fifth digits the data channel (Figure 47). 

Tape Unit 

Figure 47. Select Instruction Address Field 

The specific numerical addressing system used by the tapes is as 
follows: 

1. Data channels A through H are identified by the octal numbers 
1 through 10 and occupy positions 23-26 of the instruction. 
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2. In the BCD mode, tape units 1- 10 are identified by the octal 
numbers 201-212, occupying positions 27-35 of the instruction. 

3. In the binary mode, the tape units are identified by the octal 
numbers 221-232 which occupy positions 27-35 of the instruc
tion. 

Examples: If the instruction READ SELECT 1201 is executed, tape 
unit 1 attached to the data channel A will be selected and started for a 
reading operation in the BCD mode. If the instruction WRITE SELECT 
3223 is given, tape unit 3 attached to data channel C will be selected and, 
started for a write operation in the binary mode. 

Data Channel Registers (7607) 

Once the select instruction has been executed, the operation of the tape 
and transmission of data between core storage and tape are under control 
of the data channel. There are four registers in the channel which control 
its operation. These registers are similar in function to the control 
registers in the CPU. 

The first command of a data channel program must be sent to the 
channel by a RESET AND LOAD CHANNEL instruction specifies the 
location in core storage containing the data channel command. When this 
instruction is executed, the contents of the location in core storage (s peci
fied by the RESET AND LOAD CHANNEL instruction) are sent to the data 
channel control registers. 

There is a separate RESET AND LOAD CHANNEL instruction for each 
data channel. Where select instructions specify the appropriate data 
channel through usage of part of their address field, the address field of 
the reset and load channel is fully occupied by the storage address of the 
command. Thus, the distinction between data channels is made in the 
operation part of the instruction. 

Word Count Register. The contents of positions 3-17 of the data channel 
command are loaded into this register (Figure 48). This register specifies 
the number of words to be transmitted between core storage and the input
output unit. As each word is entered or taken from core storage, the 
contents of the word register are reduced by one. 

Data Channel Command 

Figure 48. Data Channel Word Count Register 
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Channel Address Register. The contents of positions 21-35 of the data 
channel command are loaded into this register (Figure 49). The register 
specifies the location in core storage from which the data are to be taken 
during writing or to be entered into during reading. The contents of this 
register are increased by one after each word transmission to or from 
core storage. Thus, the address register directs the transmission of data 
into or from consecutive locations in core storage. 

Data C hanne I Command 

Word Count Address 

Channel Address Register 

Figure 49. Data Channel Address Register 

Location Register. This register is similar to the instruction counter in 
the CPU. The location register contains the location of the current data 
channel command, plus one. Thus, data channel commands are taken 
normally from sequential locations in core storage. Just as control or 
transfer instructions alter the contents of the CPU's instruction counter, 
transfer commands change the contents of the location register in a data 
channel. 

The size of these registers (word register, channel address register, 
and location register ) is set a 15 - bit length. Each register has a capacity 
large enough to hold the address of the last location in core storage. When 
a IS-bit command field is loaded into a channel register, the leftmost bits 
whi.ch exceed the capacity of the register are ignored. When the contents 
of a channel register are stored in a 15 - bit fie ld in core storage, the left
most bits corres ponding to the absent bits of the register are set to zeros. 

With reference to blocks of consecutively located commands or data 
words, the highest location in core storage and location zero are treated 
as consecutive locations. 

Operation Register. This register is similar to the instruction register 
in the CPU. The contents of positions S, 1, 2, and 19 of a data channel 
command are loaded into this register (Figure 50). Bit positions S, 1, 
and 2 provide for eight possible data channel operations. Each of the 
eight commands may accomplis h either reading or writing. Pos ition 19 
is used only for reading operation; it has no effect on writing operations. 
When this pos ition contains aI, all functions proceed normally except that 
no transmission of data to core storage occurs. Thus a command with 
position 19 containing a 1 may be used to skip over a number of words 
(determined by the word count) while reading from an input device. When 
position 19 contains a 1, the data channel involved is said to be operating 
in the non-transmitting m.ode. 
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Data· Channel Command 

Word Count Address 

Figure 50. Data Channel Operation Register 

Data Register. This 36-bit register serves as a buffer between core 
storage and an input-output device. 

Calc Exit-Entry. To punch or print the 72 possible positions for a row 
of information, two separate words must be brought from core storage. 
These words are stored in the 72-position exit-entry register because all 
punch or print magnets must be energized at about the same time. At the 
proper time, all 72 pos itions are sent to the output device being us ed. 

Tape Register. Tape words coming from the data register are transmitted 
in parallel. Likewise, words going to the data register from the tape 
register are sent in parallel. Words going to and from the tape unit must, 
however, go in s ix- bit groups. In writing a word on tape, the word is 
first sent from the data register to the tape register and is then sent to the 
tape unit, six bits at a time. After the first six-bit group has been sent to 
the tape unit, the contents of the tape register are shifted six pos itions to 
the left. This process is repeated six times until the entire word has been 
written on tape. In the cas e of reading, groups enter from the right of the 
tape register and are shifted left until a full word has been as sembled. 

Data Channel Entry Keys. These keys are similar in action to the console 
entry keys on the CPU. There is one set on each data channel console. 
Data flow for the 7607 is shown in Figure 52. 
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Multiplexor Multiplexor 

Chonnel Input Switch 

S,l 

To Storage 
DATA CHANNEL 

Tape Register 

Input-Output Units Input-Output Units 

Figure 52. 7607 Data Flow 

Data Channel Register Example. An example is shown in Figure 53. If 
core storage location 1546 contains the data channel command, represented 
here as an octal number, 000124002117, and the instruction res et and load 
channel A with an address of 1546 is executed, then zeros will be placed 
in the operation register, 00124 will be placed in the word register, 2117 
will be placed in the channel address register, and the location register 
will contain 1547. 

Once a tape unit has been started by a select instruction, the data 
channel must receive its first command within a definite time period. Thus 
the reset and load channel must be executed by the main program within 
this allotted time period following the s elect order. Specific tape timings 
are given in the magnetic tape section of "input-Output Components. " 

If the reset and load chan'Qel is not executed within the allotted time 
period, the tape unit is logically dis connected from the calculator and no 
word transmission will occur. If a reset and load channel is given at any 
time when an input-output device is not logically connected to the data 
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channe 1, the instruction is executed in the CPU but a special indicator, 
called the input-output check indicator, is turned on. The status of this 
indicator may be tested by the stored program. 

Exact description, together with examples, of the data channel 
commands is found in the "Computer Instruction" section of this manual. 

Instruction Location 
01546 

10171 
Loc. Register Operation Word 

Register Register 
Channel Address 

Register 

Figure 53. Data Channel Register Example 

IBM 7607 DATA CHANNELS 

A maximum of eight IBM 7607 Data Channels may be used with the 7090 
system. As many as ten IBM 729 II or 729 IV Magnetic Tape Units, 
intermixed in any fashion, may be attached to each 7607 Data Channel 
(except 7607 ModelS) in a 7090 System. 

Magnetic Tape Units 

As many as ten IBM 729 II, IV, V, or VI Magnetic Units, intermixed in 
any fashion, may be attached to each 7607 Model 3 or 4 in the 7090 system. 

Data maybe read or written in the BCD on binary modes in one of 
two character Density rates. Effective character rates (both low and high 
density) and physical tape speeds for each tape unit are shown in Figure 54. 

Tape 
Unit 

729II 
729V 
729"N 
729VI 

Characters per Second 
200 CPI 556 CPI 800 CPI 

15, 000 
15,000 
22,500 
22,500 

41,667 
41,667 
62,500 
62,500 

60,000 

90,000 

Figure 54. Tape Characteristics 

Character Alteration in BCD Mode 

Tape Speed 
(inches per second) 

75 
75 

112.5 

As six-bit BCD characters are read from magnetic tape, the zone bits of 
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s orne of the characters are altered. This alteration is performed so that 
the digits 0-9 and the characters A-Z are represented in core storage by 
s ix- bit binary numbers of increas ing magnitude. The alteration of thes e 
z one bits is: 

In Core Storage On Tape 
Characters BA BA 
Numeric 00 00 
A to I 01 11 
J to R 10 10 
S to Z 11 01 

The digits 1 through 9 are repres ented by the s ix-bit binary numbers 
000001 through 001001; that is, by their exact values as binary integers. 
Thus, the zone part of the digits is 00. The number zero is represented 
on magnetic tape by the bit configuration 001010. This repres entation is 
automatically altered to 000000 during reading in the BCD mode. 

During writing in the BCD mode, the alteration procedure is revers ed 
so that the storage BCD characters are transformed to the BCD tape format 
by the tape control. In writing, the tape control automatically performs the 
modifications described but does not check whether the six bits being 
transmitted form a legitimate BCD character. Thus, if binary numbers 
are written in the BCD mode, both a pure zero and the number 10 (001010) 
are recorded on the tape as the BCD zero character (001010). Also, the 
integer 15 (001111) is identical to the BCD tape mark, signifying an end-
of- file condition. Therefore, random binary data should not be recorded 
in the Be D mode. 

In addition to alphabetic and numeric characters, the BCD format 
provides for punctuation marks and other special characters. Included 
is the BCD character "blank" which suppresses printing or punching in any 
des ires pos ition during auxiliary operations. 

Data Channel Select Registers 

When a select instruction addressing a tape, card, or printer unit is 
interpreted in the CPU, it is sent to the specified data channel for execution. 

If the ~elect instruction is a data select (read select or write select) 
the instruction is placed in the channel's data select and unit registers. 
The operation to be performed and the type of unit involved is placed in the 
data s elect register. The unit number is placed in the unit register (Figure 
55). Once the specified input-output unit has been selected, the unit regis
ter is free to accept new information sent from the main program. The 
data select register, hQwever, ,is used throughout the entire input-output 
operation to control the data channel reading or writing activity. This 
register cannot accept another data select operation until the present 
operation has been terminated. 
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INSTRUCTION 

IRDS 012011 

IRDS TapeI4.------1 T .... ___ ~ 
Data Channel "A" Data Channel "A" 
Data Selector Reg. Unit Register 
(contents retained (contents destroyed 
throughout data upon acceptance of 
trans mis s ion information by the 
operation) tape control unit) 

Figure 55. Data Channel Command Stacking 

If the select instruction is a non-data select (backspace, rewind, or 
write-end-of-file instruction) the instruction is placed in the specified data 
channel's non-data and unit registers (Figure 56). The unit register has 
the same function as described for a data select. When the data channel 
executes a backs pace record (BSR), backs pace file (BSF), or a rewind 
(REW) instruction, the non-data and unit registers are used only until the 
tape units have been selected. This requires only a few microseconds. 
After this selection, the data channel is no longer required and is free to 
accept any select instruction sent from the CPU. In the case of a BSR or 
BSF, the execution is completed by the multiplexor. Any select instruction, 
addressing a card or printer unit and sent to the data channel before 
completion of a BSR or BSF, will be executed immediately. 

INSTRUCTION 

IBSR 012031 

~ ...... ___ --,I T----~UJ 
Channel "A" 

Non-Data Reg. 
Channel "A" 
Unit Register 

Contents destroyed upon 
ac ce ptance of information 
by tape control unit. 

Figure 56. Data Channel Command Stacking 

The REW operation differs from BSR and BSF in that it uses the 
tape control for a few milliseconds only. The operation is then controlled 
by the tape unit that is being rewound. Thus, once a REW has been started, 
any select instruction which does not address the tape unit be~ng rewound 
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will be executed immediate ly. 

The WEF instruction is similar to a data select in that the specified 
data channel's non-data register is in use throughout its entire execution. 

The data select, non-data, and unit registers of a channel are not 
directly addressable by the main program. The regi.sters are of importance, 
however, in terms of synchronous timing relations between the main program 
and the data channel operation. For example, the outcome of the test made 
by a transfer-in-operation or transfer-not-in-operation instruction depends 
solely on the status of the ch~nnel's select registers. 

Card Reader 

One IBM 711 Card Reader may be attached to any channel on the system. 
With a 711 reader attached, a 716 Printer must als 0 be attached to the 
same channel beca'llSe power is supplied to both the card punch and reader 
from the printer. 

The 711 reads cards at a rate of 250 or 500 cards per minute. Cards 
to be read are placed in the feed hopper face down, 9-edge first. Informa
tion punched in the cards may be decimal, alphabetic, binary, or any other 
character code. The reading format is controlled by the stored program 
and a control panel located on the reader. 

Card Punch 

One IBM 721 Card Punch may be attached to any channel on the system. 
Channels having an attached punch must als 0 have an attached printer. 

Cards to be punched are placed in the punch feed hopper face down, 
9-edge first and are punched at 100 cards per minute. Punched card out
put may be in decimal, alphabetic, binary, or any other character code. 
The punching format is controlled by the stored program and a control 
panel on the punch. 

Basic operations are analogous to those of the reader, except that 
instead of a card image in being built up in core storage with information 
read from a card, the channel sends a card image from storage to the 
punch to be recorded on a card. 

Printer 

One IBM 716 Printer may be attached to any channel on the system. The 
printer is equipped with 120 rotary type wheels, each wheel has 48 characters 
including numerals, alphabetic symbols, and special characters. Use of the 
stored program enables the computer to print any desired information in 
any form convenient to the programmer. This information is printed 150 
lines per minute. 
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Printing format is controlled by the information itself and a c~ntrol 
panel located on the printer. 

A line is pr'inted in a time period which is called a print cycle. 
During this inteval the type wheel is rotated until the specified character 
is centered in front of the platen and then printed. The amount of rotation, 
and consequently the character printed, depends on the time in the print 
cycle when the electrical impulse initiates motion. For example, if a 
print wheel receive-s an electrical impulse during that part of the cycle 
designated as 9 time, the number 9 is printed. Also if the print wheel 
receives an impulse at 1 time and an impulse at 12 time, the print unit 
pos itions the whee I to print a letter A. 

Printing is similar to tape and card operations with respect to the 
role played by the channel to which the printer is attached. A printer 
record corres ponds to a single printed line or to the information in core 
storage necessary to print one line. An end-of-record condition occurs 
at the end of each print cycle. Consequently, all eight channel commands 
are available for use in a print program. 

INPUT-OUTPUT TRANSMISSION OPERATIONS 

Instructions that either send commands to ~ data channel or store informa
tion from data channel registers are classified as input-output transmission 
operations. These instructions are described in groups of eight. All eight 
instructions within a group are identical in function. and differ only in that 
each refers specifically to one of the eight possible data channels. The 
instructions will be described for data channel A. 

Store Channel A -- SCHA Y, T 

This instruction replaces the c(y) with the contents of the channel A 
address location, and operation registers. If channel A is not attached to 
the computer when the SCHA is given, the c(y) are cleared by the SCHA. 

The c(y) 21-35 are -replaced by the c(ar), and c(y) 3-17 are replaced 
by the c(1r), and the c(y) 8, 1~ 2,19 are replaced by the contents of the 
operation register. An SCHA instruction may be executed at any time, 
regardles s of whether or not the specified channel is in operation. If the 
channel is in operation and the channel registers are in the process of 
being changed, the execution of the SCHA will be delayed until the change 
has been completed. Note that the c(ar) will be one greater than the storage 
location of the last word involved in data trans mis s ion and that the c (lr) 
are one greater than the storage location from which the current command 
was taken. A channe I re linquis hes priority between the time the last word 
is transmitted by an IOCP or IOSP command the the arrival of a subsequent 
channel command. Therefore, an SCH may store an address which is one 
greater than the address of the last word transmitted by the IOCP or IOSP 
commands (explained later in text). 
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INSTRUCTION CODE NAME 

SCHB -0640 Store Channel B 
SCHC 0641 Store .Channel C 
SCHD -0641 Store Channel D 
SCHE 0642 Store Channel E 
SCHF -0642 Store Channel F 
SCHG 0643 Store Channel G 
SCHH -0643 Store Channe I H 

Res et and Load Channe I A- - RCHA Y, T 

If channe IA has been selected by either an RDS or WRS, the c (y) 
S, 1,2,19 replaces the channel operation register, c(y) 3-17 replace the 
c (wr) and the c (y) 21-35 replace the c(ar). In addition, the number Y plus 
one replaces the c (lr ). 

If channel A is not selected when the RCHA is given, the RCHA 
executes normally but the 1-0 indicator is turned on (If the command loaded 
by the RCHA specifies indirect address ing, it will not occur). For each 
RDS or WRS, the corresponding RCHA must be given if any transmission 
between storage and the selected 1-0 device is to take place. If a second 
RCHA is given at a later time, the order is executed immediately. No 
other select instruction should be inserted between the RCH and its associated 
WRS or RDS. 

INSTRUCTION CODE NAME 

RCHB -0540 Reset and Load Channel B 
RCHC 0541 Reset and Load Channel C 
RCHD -0541 Reset and Load Channel D 
RCHE 05.42 Reset and Load Channel E 
RCHF -0542 Reset and Load Channel F 
RCHG 0543 Res et and Load C hanne I G 
RCHH -0543 Reset and Load Channel H 

Load C hanne I A - - LCHA Y,T 

If the data channel has been selected, the computer delays until an 
IOCT, IORT, or lOST command is processed for channel A or the channel 
leaves operation. Mter an IOCT, lOR T, or lOST command has been 
executed by the channel A, the LCHA is executed as shown below. 

The c (y)s , 1,2, 19 replace the contents of channel A operation register. 
C(y) 3-17 replace the c(wr), the c(y) 21-35 replace the c(ar'), and the 
number Y plus one replaces the c(lr). If an LCHA is issued and either (1) 
the channel is not selected, or (2) channel A is selected but an IOCT, IORT, 
or lOST command is not executed before the channel (;li~connects, the 1-0 
check indicator is turned on and the LCHA is treated as a no-ope~ation. 
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INSTRUCTION CODE NAME 

LCHB -0544 Load C hanne I B 
LCHC 0545 Load C hq.nne I C 
LCHD -0545 Load C hanne I D 
LCHE 0546 Load C hanne I E 
LCHF -0546 Load Channel F 
LCHG 0547 Load Channel G 
LCHH -0547 Load Channel H 

Read Select- -RDS 

Bas ically, the read select instruction s imply gets the selected I/O unit 
started. The programming system mnemonics take care of the addressing 
of the unit. Mnemonics and associated units are: 

RCDx 
RPRx 
RTBx 
RTDx 

Write Select - - WRS 

Read card reader, channel x 
Read P17inter, channel x 
Read tape binary, channel x 
Read tape decimal, chann~l x 

As with the read select, the write select instruction gets the I/O unit 
started and the programming system mnemonics take care of the addressing. 
Mnemonics and ass ociated units are: 

WPBA 
WPBx 
WPDx 
WPUx 
WTBx 
WTDx 

DATA CHANNEL COMMANDS 

Write printer binary, channel x 
Write printer decimal, channel x 
Write punch, channel x 
Write tape binary, channel x 
Write tape decimal, channel x 

The eight types of data channel commands are described in much the same 
manner as other computer instructions. The following steps list comrpand 
conditions: 

1. The letter Y in the address part (21-35) of a command is used to 
denote a core storage location. 

2. The letter C in the. decrement part (3-17) of a command is used 
to denote a word count amount. 

3. The numerical operation code is shown by an octal digit in the 
prefix part (S, 1 and 2). The digit may be vis ually converted to 
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its binary equivalent for reference to the bit pattern actually us ed. 

4. Indirect addressing of data channel commands is possible on the 
7090 system. Position 18 of the command contains the flag bit. 
Thus, with a command having an address part (Y) and a one in 
position 18, the addres.s part of location Y replaces the address 
part of the command before it is executed. With a zero word count, 
indirect addressing does not occur on IOCP or IOSP commands. 
Indirect addressing will occur only on read or write operations. 

5. Separate commands have not been formulated to handle bit position 
19. Instead, a fifth character (N--denoting non-transmit) is 
appended to the mnemonic codes used for position S, 1, and Z. This 
type of command is used for read operations only. 

6. Seven of the eight commands deal with 'data transmission. The 
codes for these commands all contain the letters "1-0". 

7. The eighth command is a transfer in channel command. 

8. The word disconnect means that the units involved are separated 
logically rather than physically. When a disconnect is signalled, 
it may be delayed depending on the operation being performed. 

In execution of the Input-Output commands, magnetic tape is assumed 
to be the 1-0 device used. However, mechanical motion on the tape (from 
record to record)may be compared to card equipment (from card to card 
or from line to line) on the printer. The descriptions may then be applied 
to input-output devices other than magnetic tape. 

Input-Output under Count Control and Disconnect---IOCD Y 

C words are transmitted between an input-output device and core storage 
beginning with location Y. The data transmission is under control of the 
count (C) field only. 

Read Operation. If the word count has been reduced to zero before a 
record gap is reached, the channel leaves operation and tape motion will 
continue until a record gap is reached. No transmission will occur during 
this time. If a record gap is encount~red when the word count is not zero, 
the gap is ignored and reading continues from the next record. An lOCO 
command with a 0 word count, loaded at the end of record will disconnect 
the channel. 

Write Operation. When C words have been written on tape, a record gap 
is written. If this command is given at the beginning of a record and C is 
initially zero, approximately 3-3/4 inches of blank tape will be written 
before the record gap is written. The channel is then disconnected. 
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Input-Output under Count Control and Proceed -- IOCP Y 

C words are transmitted between an 1-0 device and core storage location 
Y. The data transmission is under control of the count field only. When 
C is reduced to zero, or is initially zero, the next sequential command is 
brought into the data channel and executed. 

Read Operation. C words are read from tape and stored in consecutive 
storage locations beginning with location Y. When the word count has been 
reduced to zero, the channel takes its next command in sequence and 
executes it. 

If the word count is reduced to zero by the last word of a record and 
the next command is an IORP, IOSP, IORT, or lOST, the present end of 
record will be recognized. Unlike the IOSP, the IOCP command need not 
proceed within 11 cycles in order to recognize the present end of record. 

Write Operation. C words from storage beginning with location Yare 
written~the channel proceeds to the next sequential command. An end of 
record is not written on tape when the word count is reduced to zero. 

In printing or the punching of cards, if the owed count is reduced to 
zero on the 12-'row right transmission point, and the next command is an 
IORP or lOR T, the end of the present machine cycle (record) will be 
recognized. 

Input-Output of a Record and Proceed -- IORP Y 

C words are transmitted between tape and core storage location Y. 

Read Operation. Words are transmitted from tape and stored in consecutive 
storage locations until either an end of record is encountered or the word 
count has been reduced to zero. If the word count is reduced to zero ( or 
is initially zero) before an end of record is reached, the rest of the words 
in that record are skipped without transmission to storage. When the 
record gap is reached, the channel takes the next sequential command. 

Write Operation. When C words have been written, a record gap is 
written and the channel proceeds to the next sequential command. 

Input-Output under Count Control and Transfer --IOCT Y 

C words are transmitted between an 1-0 device and storage beginning with 
location Y. The data transmission is under control of the count field only. 
When C is reduced to zero, the next command is taken from a core location 
specified by the load channel instruction in the main program or dis connects 
(and traps if the channel is enabled) if no load channel instruction is waiting. 
If this command is loaded by an RCG or LCH instruction and C is initially 
zero, the channel is immediately disconnected unless restricted by the 
operation. 
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Read Operation. Execution of the command is under control of the count 
fie ld only and end of record gaps are ignored. If the word count is reduced 
to zero by the last word of a record and the next command is an IORP, 10SP, 
lOR T, or lOST, the present end of record is recognized. Unlike the lOST 
command, the LCH instruction need not load the channel within 11 cycles in 
order to recognize the present end of record. 

Write Operation. An end of record will not be written after C words have 
been written if the LCH instruction results in bringing into the channel a 
new word count. In printing or punching, if the word count is reduced to 
zero on the 12-row right transmission point and the next command is an 
IORP or IORT, the end of the present machine cycle (record) is recognized. 

Input-Output of a Record and Transfer --- IORT Y 

Read Operation. Words are transmitted from tape and stored in cotBecutive 
storage locations, beginning with location Y, until either an end of record is 
encountered or the word count has been reduced to zero. If the word count 
is reduced to zero (or is initially zero) before an end of record is reached, 
the rest of the words in the record are skipped without transmission to 
storage. When the record gap is reached, the new command is taken from. 
a core location specified by the LCH instruction in the main program or 
disconnects (and traps if the channel is enabled) if no LCH is waiting. 

Write Operation. When C words have been written, a record gap is written 
and the channel takes its next command from the core location specified by 
the LCH instruction in the main program or disconnects (and traps if the 
channel is enabled) if no LCH is waiting. 

Input-Output until Signal, then Proceed --- IOSP Y 

Read Operation. . Words are read into consecutive storage locations begin
ning with location Y until either the contents of the word counter are reduced 
to zero or an end of record is reached. When either event occurs, the channel 
takes the next sequential command and executes it. 

Write Operation. C words are written on tape beginning with storage 
location Y. When the specified number of words have been written, the 
channel proceeds to the next sequential command. An end of record is not 
written on tape when the word count reaches zero. In printing or punching 
cards, if the word count is reduced to zero on the 12-row right transmission 
point and the next command is an IORP or IORT, the end of the present 
machine cycle (record) is recognized. 

Input-Output until Signal, then Transfer - - - lOST Y 

Read Operation. Words are read into consecutive core locations begin
ning with location Y until either the word counter is reduced to zero or an 
end of record is reached. When either event occurs, the channel takes its 
next command from a core location specified by the LCH instruction in the 
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main program or dis connects (and traps if the channel is enabled) if no 
LCH is waiting. 

Write Operation. C words are written on tape from storage beginning with 
location Y. When C words have been written, the channel takes its next 
command from a core location specified by the LCH instruction in the main 
program or dis connects (and traps if the channel is enabled) if no LCH is 
waiting to be executed. In printing or punching cards, if the word count is 
reduced to zero on the 12-row right transmission point and the next command 
is an IORP or lOR T, the end of the present machine cycle (record) is 
recognized. 

Transfer in Channel --- TCH Y 

This command is the transfer command for all data channels. When a 
TCH command is executed, the channel executes the next command specified 
by location Y of the TCH. 

Program Example 

The following example illustrates the use of commands to read and skip 
tape records. (Figure 57). 

Location Ins truction / Commands Comments 

500 RDS 01201 Selects tape 1, channel A 
501 RCHA 01000 Loads first command 

....... . ..... . ........................ 
01000 IOCP 00006 0 03000 Read first six words 
01001 IOCPN 00005 2 00000 Skip next five words 
01002 IORP 77777 0 03006 Read rest of the record 
01003 lOCO 00000 0 00000 Dis connect. 

Figure 57. Program Example 

The two instructions (RDS and RCHA) select tape unit 1 on channel 
A and load the command located at. 1000 into the channel's registers. The 
IOC P reads the first six words of the first record from tape and places 
them into core locations 3000-3005. The IOCPN skips the next five words 
in the tape record. The IORP reads the remaining words in the record 
into locations starting with 3006- 3 OOn. When the record gap is s ens ed, 
the lOCO command disconnects the channel and the tape unit and thereby 
ends the operation. 
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Channel Testing Instructions 

Transfer on Channel x in Operation- - TCOx Y, T 

If channel x is in operation, the computer takes its next instruction from Y. 
If not in operation, the next sequential instruction is taken. There is a TCO 
ins truction for each channel: 

TCOA 
TCOB 

+0060 
+0061 

Teoe 
TeOD 

+0062 
+0063 

TeOE 
TeOF 

+0064 
+0065 

TeOG 
TeOH 

+0066 
+0067 

Transfer on Channel x End Of File--TEFx Y, T 

If the end of file indicator for channel x is on, it is turned off and the computer 
takes its next instruction from Y. If the indicator is off, the next sequential 
instruction is taken. There is a TEF instruction for each channel: 

TEFA +0030 TEFC +0031 
TEFB -0030 TEFD -0031 

TEFE +0032 
TEFF -0032 

TEFG +0033 
TEFH -0033 

Transfer on Channel x Redundancy Check- - TRCx Y, T 

If the channel x tape check indicator is on, it is turned off and the computer 
takes its next instruction from Y. If the indicator is off, the next sequential 
instruction is taken. There is a TRC instruction for each channel: 

TRCA +0022 
TRCB -0022 

Unit Addresses 

TRCC +0024 
TRCD -0024 

TRCE +0026 
TRCF -0026 

TRCG +0027 
TRCH -0027 

All unit addresses for channel A and B (for both the BCD and binary operating 
modes) are shown in octal and decimal coding in Figure 58. 

Device Channel BCD Mode Binary Mode 
Octal Decimal Octal Decimal 

Magnetic A 1201-1212 0641-0650 1221-1232 0657-0666 
Tapes B 2201-2212 1153-1162 2221-2232 1169-1178 

Card Reader A 1321 0721 
B 2321 1233 

Card Punch A 1341 0737 
B 2341 1249 

Printer A 1361 0753 1362 0754 
B 2361 1265 2362 1266 

Figure 58. Unit Addresses 

The Table on the next page shows the relationship between Word Count (WC), 
End of 'record gaps (EOR), channel disconnect time, and what command is 
taken next. 
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w 

DA TA CHANNEL COMMANDS 

Bits Channel Disc. WC=O; EOR gap not WC=t4J; EOR gap is 
S, l, 2 Command when WC=O? reached (reading) reached (reading) 

o lOCD Yes Go to EOR, no Read from next 
transmission record. 

4 lOCP':~ No Next command reads Same as lOCD 
from same record 

2 lORP No Same as lOCD Does not read 
from next record 

5 lOCT':~ No Same as lOCP Same as lOCD 

3 lORT No Same as lOCD Same as lORP 

6 lOSP':~':< No Same as lOCP Same as lORP 

EOR written 
on tape? 

Yes, when 
WC = 0 

No 

Yes, when 
WC = 0 

No 

Yes, when 
WC = 0 

No 

Takes next command 
in sequence 

No 

Yes, when WC = 0 

Yes, when EOR is 
read or written 

No *** 
No *** 
Same as lQRP 

lOST':o:~ No Same as lOCP Same as lORP No No *** Same as lOCP Same as lORP No 

,:~ If the word count (WC) is reduced to zero by the last word of a record and the next command is 10RP, 10SP, lOR T, 
or lOST, the present end of record gap (EOR) is recognized. 

,:<,:~ If the word count is reduced to zero by the last word of a record and the next command is lORP, 10SP, lOR T, or 
lOST, this next command normally would transmit no data and would be effectively skipped. If this next command 
enters the channel eleven (11) machine cycles after the previous command, the EOR is not recognized and the 
following record will be processed. 

,:o:~* The next command is taken from the location specified by the LCH (load channel) instruction, or disconnects 
(and traps if the channel is enabled) if no LCH instruction is waiting. If the LCH is executed after the channel 
is disconnected, the LCH is treated as a no-operation and the I/O check indicator is turned on. 



DATA CHANNEL TRAPPING 

This feature allows th-e data channel to signal or interrupt processing by 
trapping the computer program. The trap may be initiated by: (1) the 
completion of a channel command, (2) an end of file, or (3) a tape check. 
Thes e conditions are called channel signals. 

Two instructions, enable (ENB) and restore channel traps (RCT), are 
us ed with the feature and are des cribed in the Instruction Section. 

A trap indicator on the operator's cons ole indicates when a trap occurs. 
The execution of an enable or restore channel traps instruction will turn the 
indicator on. Execution of any trap turns the indicator off. With the indicator 
off, traps are s aid to be inhibited. 

A data channe 1 is enabled by us e of the ENB instruction. This instruc
tion conditions the channel so that a channel signal may be combi~ed with it, 
when and if it occurs. When a channel is enabled for a particular channel 
signal (for example, tape check), the other signals are not us ed for trapping. 
Thus, the channel is said to be disabled with regard to these other channel 
signals. A logic flow chart of circuits involved with one data channel is 
shown in Figure 59. Note that the trap indicator must be on for a trap to 
occur. 

Data channel may be individually or collectively prevented from causing 
traps until the program is able to handle them. In this event the channel 
signal is saved until the program allows it to become effective. 

When a trap occurs, the contents of the instruction counter (Ie) are 
stored and the next instruction is taken from a fixed location as follows: 
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Tape check 
Enabled 

Any tape 
check indicator 

End of file 
enabled 

Any end of file 
indicator 

Channel command 
enabled 

Both blocks 
combined 

Both blocks Anyone or 
1----.. 

combined m.ore blocks 

Both blocks 
Both blocks 
combined 

~\ ..... \ ~----combined t------t 

Any channel 
command Ind. 

Enable 
Instruction 

'------T'" ........ 

Trap Control \'-tiJRwoff" 
~~~ ~~~~~---------~ 

Channel 

A 
B 
C 
D 
E 
F 
G 
H 

Indicator 

Figure 59. Logic Flow of Data Channel Trapping 

Store the IC at 

00012 
00014 
00016 
00020 
00022 
00024 
00026 
00030 

Next Instruction From 

00013 
00015 
00017 
00021 
00023 
00025 
00027 
00031 

The first instruction after execution of a trap should be an unconditional 
trans fer. If thes e instructions, located at the odd locations 00013 - 00031, are 
not provided by the programmer and do not alter the instruction counter, the 
program resumes from the point at which the trap occurred (after executing 
the instruction at the odd location). 

If a trapping signal is generated while a channel is disabled or inhibited, 
the trap request is rem.embered until the channel is enabled or restored. 
The instruction following an ENB, RCT, or execute instruction will always 
be executed before another trap is proces s ed. Furthermore, traps are 
prevented from occuring between a read or write select and the following 
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RCH or LCH instruction. 

Floating Point Trap 

During the execution of floating point instructions the res ultant character
istic in the AC and MQ registers may exceed eight bit positions (result is 
too lar ge for storage). The capacity is exceeded if the exponent goes beyond 
177 or below -200. Beyond 177 is termed overflow while below -200 is termed 
underflow. Overflow and underflow may occur in either the AC or the MQ 
registers. 

To aid the programmer in checking for these conditions, a check 
called floating point trap is used. The computer will, upon sensing an 
underflow or overflow, put the addres s plus one of the instruction that 
caused the condition into the address portion of location 00000. 

An identifying code, telling whether an underflow or an overflow oc
curred and whether the most significant res ult is in the AC or MQ, is 
placed in the decrement portion of location 00000. The computer then 
executes the instruction at location 00010 and proceeds from there. These 
underflows and overflows are termed spills. The decrement positions and 
meaning of a 1-bit in thes e pos itions is: 

Decrement 
Position 

14 

15 
16 
17 

Meaning 

Divide only (MQ register is not an extens ion of 
the AC). 
Overflow in either AC or MQ, (or both), registers. 
AC factor exceeded. 
MQ fraction is excess ive. 
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SUBROUTINES 

To solve even the simplest of problems with a computer, it is neces s ary 
to write many instructions. These instructions are then strung together 
and form a program for the solving of the particular problem. This 
program is referred to as the "main program" and may contain a few 
or many hundred computer instructions. 

It is very often desirable to be able to repeat the same group of 
instructions many times during the execution of a main program. Since 
numbers are usually recorded in the decimal format and must be converted 
to the form that the computer can use, a series of instructions that would 
perform a decimal-to-binary conversion would have much use. If this 
conversion were to be made many times within a program, it would not be 
desirable to write out the necessary instructions each time the conversion 
is needed. 

Instead, the needed instructions could be written only once and the 
main program could then be arranged to transfer to this block of conversion 
instructions each time they are needed. Such a block of instructions is called 
a "subroutine;" that is, "a sequence of machine instr.uctions which carry out 
a we 11 defined function. " 

These subroutines normally perform such basic functions that they 
may be used in the solution of many types of problems. For instance, a 
subroutine which computes square roots could be used in a wide variety 
of scientific problems. Another example of a desirable subroutine would 
be one which computes the logical check sum for a block of words in storage. 
This check sum (number) could then be used to insure the validity of the 
block of words when they are moved about within the computer system. 

Open Subroutine 

Subroutines many be used in two ways with respect to the main 
program. One method is to insert the subroutine into the main program 
at the point where it is to be used. Subroutines designed for this type of 
usage are called "open-subroutines." For example, assume a square 
root subroutine (called SQRT in symbolic language) is to be used three 
times in a given main program. Figure 60 shows the main program after 
insertion of the subroutine. 
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Main Program 

inst. 

SQRT 

inst. 

SQRT 

inst. 

SQRT 

inst. 
inst. 

Subroutine instructions 
actually ins erted 

in the main 
program 

SQRT 

Figure 60. Open Subroutine Example 

The open subroutine is thus "sandwiched" into a program as though it were 
a part of the original coding of the program. This type of subroutine is 
normally restricted to cases where the main program uses the subroutine 
only one time. This is so becaus e of the waste of storage s pace in holding 
the square root instructions in the program each time they are needed. 

Closed Subroutine 

When the main program uses the same subroutine several times 
which is the common situation - - it is apparent that the open subroutine 
is not desirable. The subroutine type used in these situations is called 
a "c los ed s ubr outine" • 

The need for the instructions in the closed-subroutine may occur 
many times within one main program, but the set of instructions comprising 
the subroutine need appear in storage only one time. A transfer from the 
main program occurs whenever the subroutine is needed and, at the end of 
the subroutine, a transfer must be made back to the proper place in the 
main program. This process is shown in Figure 61. The places in the 
main program which call for the SQRT subroutine are marked "SQRT." 
Thus, when the SQRT subroutine instructions are needed, the program 
transfers out to these instructions, processes them and then transfers 
back to the proper place in the main program. 
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Main Program 

inst. 
inst. 

inst, 

inst. 

inst. -----

Figure 61. C los ed - Subroutine Example 

SQRT 

inst. 
inst. 

transfer 

Problems of communication between the main program and the 
subroutine exist when using the closed-subroutine that do not occur with the 
open-subroutine. With a closed-subroutine, a transfer from the main 
program to the subroutine location must occur every time the subroutine is 
used. Additionally, the last instruction of the subroutine must transfer back 
to the main program at the instruction location immediately following the 
last linkage instruction. 

The transfer of program control from the main program to the sub
routine takes place with a set of instructions (or one instruction) known as 
the calling sequence or basic linkage. The calling sequence transfers 
control to the subroutine, tells the subroutine what instruction to return to 
when finis hed, and gives the s ubr outine any other information required. 

Calling Sequence 

The complete transfer of control between the main program and 
the subroutine is bas ed on the us eof the transfer and set index instruction. 
Upon execution of this instruction, the two's complement of the location of 
the link (calling sequence) instruction is placed in index register 4. From 
the standpoint of algebraic operation, the two's complement of a number is 
equivalent to the negative of the number. For example, 1 minus the twds 
complement of the link location is equivalent to 1 plus the location of link. 

The calling sequence and a subroutine which computes logical check 
s urns is shown in Figure 62. The return to the main program is als 0 shown. 
The calling sequence (linking instruction) would, of course, be physically 
located in the main program along with the location of the 1st word in the 
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1 12 61 7 IS I 

'~JN_K o-=-.~ ~._o __ . T~X._o-J : BLKSM,4 Linking Instruction 
I ! I I -+-'-'---'-i t·_·_o TSX'_'-i i FIRST 

-+-,._._._.-J ._._ ... T.S..x __ .~:.N NUIDber of Words in Block 

~.~._._. I ~._._. T~~._o~ : CKSUM Location for Storing Check SUID 

Location of First Word in Block 

~._.,-o_o 0_0_0 TSXo_o~ Location to which control will be returned 

I I ,'_'_'_0 0_0_0_0_._0---, 

L------- 0_0_0_0 ___ 0_1 
r I 
L.-_._._. 0_._0_._0_0_' SUBROUTINE 
I 1 
.l.-..._._._. . _ 0_0 _0 _. _'..--1 

~.L~M. '_0_0 C,LJ\_.~ i 2,4 Get nUIDber of words in block 

,+-'_'_0_' '_0_0 P:A~_.~ : 0, 1 Place N in index register 1 

1 ADD 1 1 1,4 Add location FIRST to {orID FIRST N -t-._._._. 0_,_0_0_' -'--1 t-I ~-----------.-.:...--------------------

1 ST A 1 I ADDER Initialize logical add instruction 
-,--._._ . ........,. '-'-'-'-'-'--' I 

I CLA 1 1~3~J~4 _____________ -_-_-__ -_--_-_-_-_-_--_-_-__ - ______________________________ __ -r'-'---- 0_,_0_'_'_'- .--
I . 0 0 S~Ao . :: STSUM Place address in store instruction 

~=:=:=:=o . =0=0 C~~ o.-l : Clear accuIDulator register to zeros 

Get lol!at;on to store check SUID 

~OE"R" "_"_" A~I,._"---.J : O. I Two instruction loop to compute logical 

--+-,_,_'_0 ._0_0 T.IXo_o~ : ADDER, 1, 1 check SUID for block of N words 

~-rS.UM_o o __ o_o.§.~W_o~ : 0 Store check SUID in location CKSUM 

~._o_._o '_0_0 T~A._o~ : 4,4 Return control to IDain progralD 

I I 
._o_._._o_o~ 1-1 ---------------

Figure 62. Calling Sequence and Check Sum Subroutine 



data block (for which the check sun, is being computed), the number of 
words in the block, and the location in which the computed check sum is 
to be placed. The check sum routine itself, is physically separate from 
the main program. 

In the subroutine the instructions which make use of the two's 
complement operation are: 

Instruction Effective Execution Equivalent Execution 

CLA 2,4 CLA 2-(2's comp link) CLA LINK +2 
ADD 1,4 ADD 1-(2 I s comp link) ADD LINK + 1 
CLA 3,4 CLA 3-(2's comp link) CLA LINK +3 
TRA 4,4 TRA 4-(2's comp link) TRA LINK +4 

From the above table it can be seen that the subroutine will be able 
to make use of the information found in the parameter locations of the 
calling sequence without knowledge of their exact location in storage. 

Since LINK is a symbol representing any location in storage, the 
subroutine can thus communicate with the main program at any location 
in the main program. By means of the TRA 4,4 instruction, the sub
routine has the ability to transfer control back to the proper location in the 
main program. 

One of the main responsibilities of a subroutine is to insure that 
when control is transferred back to the main program the status of all 
registers is the same as when control was transferred to the subroutine. 
This does not apply, of course, to a subroutine designed to change a 
machine condition. For example, in the check sum routine the contents 
of index register 1 are destroyed. Thus, when control is transferred back 
to the main program, index register 1 may not be the same as when control 
was transferred to the subroutine. 

The contents of index register 1 may be preserved by adding the 
instruction SXA SAVE, 1 immediately after the CLA 2,4 instruction. Thus, 
the contents of index register 1 will be stored in the address part of location 
SAVE. Now, if location SAVE is ins erted just before the TRA 4,4 instruction 
and contains the AXT 0, 1 instruction, the original contents of index register 
1 will be replaced just before control is transferred back to the main program. 
The improved subroutine is shown in Figure 63. 
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Figure 63. Complete Check Sum Routine 



IBM PROGRAMMING SYSTEMS 

INTRODUCTION 

Terrn.s like programming system, symbolic language, processor, compiler, 
generator, etc., have becom.e commonplace enough so that their meaning 
differs dependent on previous experience. The intended m.eaning of these 
term.s (in this text) and their inter-relations hip is shown in Figure 64. The 
circled numbers with each term. refer to the com.ments below in the Figure. 

® Symbolic I 
CD Programming System 

Language 
@ Processor 

@ So.,,~ "' ..... m; ~ • I 
one-for-one sym- @ Compiler ® @Object 
bolic instructions 10 Generator I Assembly program; 
and macro • Program instructions 
instructions and data 

are binary 
coded 

1. Pr~ramming System: Any method of programming problems, other 
than macine language, that consists of a language and its associated 
processor(s) • 

2. Symbolic Language: Any collection of symbols used in programming 
to represent operation codes, functions, and/or addresses, with -rules ofusoge. 

3. Processor: A machine language program that performs the functions 
necessary to convert a source program into the desired object program. 

4. Source Program: A program coded in other than machine language 
that must be translated into machine language before being used. 

5. Object Program: A program coded in machine language for use by 
the computer. 

6. Compiler: A translation program that translates macro instructions of 
a symbOl ic program intb one-for-one symbol ic instructions, and then posses 
the entire set of instructions to an assembly program for final translation. 

7. Generator: A machine language progrom used during compiling to 
produce symbolically coded (one-for-one) instructions that will perform the 
operation called for by the symbolic coding of the source program. 

8. Assembly Program: A translation program that substitutes binary cod
ing for symbolic instructions, may assign storage locations, ond performs 
other activity necessary to produce a loadable object program. This object 
program may be self-loading or, in some systems, a load program is needed. 

Figure 64. Programming System Segment Relationship 

Operating Systems 

In the beginning -- 10 years ago-- the programmer who had access to a 
working, reas onable efficient, symbolic as s embly program could cons ider 
him.self lucky. With the advent of FORTRAN, COBOL, and macro languages, 
and the sophistication of input-output concepts and devices, it rapidly became 
apparent that some ov,erall control or monitor program was necess ary. 

This type of program is called an Operating System or IBSYS. It is 
an integrated set of systems, coordinated by the IBSYS Basic Monitor and 
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uses an Input/Output Control System. The basic monitor provides continuous 
operation during a sequence. of jobs, each of which might involve a different 
programming system. The systems that work with the Basic Monitor include 
(Figure 65) : 

IBEDT: 

IOCS: 

IBSRT: 

IBJOB: 

A systems library editor program that maintains the 
system library. 

A control system for efficient scheduling of input and 
output. 

A generalized s orting program to sort and merge data. 

A process or program containing the following components: 

IBJOB Monitor: Supervises the execution of the compilers, 
assembly program, and loader. 

IBLDR Loader: Processes and combines programs 
produced by IBMAP to form one binary object program. 

IBLIB Subroutine Library: Contains routines that will be 
loaded if required for object program generation. 

IBMAP Macro Assembly Program: Processes programs 
written in the MAP language and the internal languages 
programs produced by the COBOL and FOR TRAN 
compilers. IBMAP produces for each compilation a 
binary program. card deck that retains enough symbolic 
content to enable communication with previously compiled 
program. decks. 

IBFTC FORTRAN Compiler: Processes programs 
written in the FORTRAN IV language and produces input 
to IBMAP. 

IBCBC COBOL Compiler: Processes programs written 
in the COBOL language and produces input to IBMAP. 
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....... _-,... _____ ---B 

Figure 65. IBSYS Operating Syste:m Co:mponents 

The operation of the IBJOB Proces s or on source language progra:ms 
of different types is shown in Figure 66. 

Source Language 

FORTRAN FORTRAN Compiler--

Programs r--- produces programs r--
for IBMAP auembler 

f---

COBOL Compiler --
COBOL - produces programs I--
Programs for IBMAP assembler 

IBMAP Language 
Programs 

IBMAP 
Assembler 

Input progr_ 
are 

auembled 
into 

rei ocatabl e 
binary 
decks 

Relocatable 
decks fram 
previous 
auemblies 

IBLDR 
Loader 

Loader 
Control 

~~~. 

Combine, 
reloCatable 
binary 
decks into 
absolute 

/ binary 
program 

/ t 
IBLIB 
Subroutine 
Library 

RelUlt 

Single - Executable 
Program 

Figure 66. IBJOB Processor Flow Chart, Source Progra:ms 
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Operation of the IBM Operating System is automatic; once an input 
reel is mounted it should not be necessary for the computer to be idle until 
the output reel is dismounted, provided enough input-output devices are 
available. It should not be necessary for the operator to take any action 
other than dismounting unloaded reels and replacing them with reels to be 
used later in the job, or on succeeding jobs. 

The operation of each phase of IBSYS is directed'by control cards, 
but the programmer has to use only the parts of the operating system that 
apply to his current job. Basic monitor control cards are ordinarily not 
used by the programmer; they are the concern of the machine operator. 
Thus, the programmer concerns himself with a comparatively small 
number of control cards to. run anyone job. 

Over-All Operation 

The Basic monitor (IBSYS) acts as an intersystem monitor that calls the 
appropriate submonitor according to control card specifications. A portion 
of IBSYS remains in main storage at all times and permits return of program 
control to the basic monitor, reference to the input-output control system, 
and loading of the programming systems into main storage. This portion 
of IBSYS contains a set of common system routines and subroutines and a 
communications region where common information shared by the program
ming systems is maintained. 

A s upervis ory portion of the bas ic monitor is called in when required 
to transfer control between system monitors, to initialize the first portion 
of IBSYS, to change machine environment, and to assign external storage 
devices to logical input-output functions. 

Figure 67 shows a typical input to the IBSYS Operating System. The 
input consists of a data card (handled by the basic monitor), two jobs to be 
processed by IBJOB, followed by the control cards for an IBSRT machine 
run. The first job to be processed by IBJOB is a program consisting of 
two FORTRAN source decks, two MAP source decks, a binary deck (from 
a previous compilation), and data cards. The second job is unspecified. 

When the basic monitor (which is already in main storage) encounters 
the $IBJOB control card, it transfers program. control to the IBJOB monitor. 
The $ symbol specifies that this particular card is a control card. The 
$IBJOB card is recognized by the IBJOB monitor, as well as by the basic 
monitor, and indicates the beginning of a new job. Thus, the IBJOB monitor 
will supervise job-to-job transition until it encounters a $IBSYS control 
card, which indicates that the next operation is not within !BJOB's operating 
scope. When this occurs, program control is returned to the basic monitor. 
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Return Control to -71!:-;:~":":'=:::':";:-------"7I 

Basic Monit:.,.,- $IBFTC 
inControlz j.....,..J~$:..:..:IB::.JO.::.:..8 _____ -, 

$DATE 

Figure 67. Typical Input for the IBSYS Operating System 

When the basic monitor encounters a $IBSRT control card, it calls 
in the sort monitor and transfers control to it. The sort monitor controls 
execution of the sort, according to specifications on the control card. 
Successive sorting and merging jobs can be handled b'ythe sort monitor 
without relinquishing control to the basic monitor. Control is returned to 
the basic monitor when the next $IBSYS control card is encountered. 

FORTRAN ASSEMBLY PROGRAM 

An assembly program is similar to a compiler program (such as FORTRAN 
II) in that it produces machine language programs. However, the symbolic 
language used with an assembler is closely related to the machine language 
of the computer, while the source language us ed with a compiler res embles 
a language in which problems are commonly stated, such as mathematical 
notation. 

Compilers have several advantages over assemblers: the language 
used with a compiler is easier to learn and to use (because of prior knowledge); 

517 



the programmer using a compiler usually does not need an intimate know]
edge' of the internal operations of the computer; programming is faster; 
and the time required to produce a finis hed, working program is reduced, 
since there is less chance of programming errors, and since most errors 
which are made are detected by the compiler. 

The assembler compensates for these disadvantages by offering the 
programmer a degree of flexibility not available with any present-day 
compiler. The FORTRAN Assembly Program (FAP) is such an assembler. 

Using FAP and FORTRAN operating under either the IBM FORTRAN 
rnonitor system, or the Basic Monitor system (IBSYS), a programmer may 
write the major parts of his program in FORTRAN, using FAP subroutines 
where necessary to accomplish those parts of the job for which FORTRAN 
is not suited. Likewise, he may write the major part of the program in 
FAPusing FORTRAN subroutines for certain computational and input-out
put operations. For those jobs which are coded entirely in symbolic 
language, FAP may be used to produce an "absolute" program which can 
be either loaded in the computer by the Monitor program or used independ
ently of the Monitor. 

Elements of the F AP Language 

Symbolic instructions are punched one per card in the following format. 
The location field, which may be blank, occupies card columns 1-6. Card 
column 7 is always blank. The operation field begins in column 8 and is 
from three to s even characters in length. A blank column or a comma 
separates the operation field and the variable field. The variable field 
(operand) may begin immediately following the operation field, but must 
not begin after column 16. The variable field may not extend beyond 
column 72 and must be followed by a blank column to separate it from the 
comments fie ld . 

The comments field follows the variable field and extends through 
column 72. In the absence of a variable field, the comments field may not 
begin before column 17. 

Symbols 

A symbol-location symbol and symbolic address ~ is a string of from one to 
six non-blank alphabetic and numeric characters, at least one of which is 
non-numeric. In addition, a symbol may include the characters decimal 
point, left parentheses, and right parentheses. A symbol may not include 
the special characters: +, -, )'.c, / ,$, = , " or , (comma). 

A symbol may thus be used as name for a storage location, tape unit 
addres s, or any other program parameter. A symbol is defined in one of 
three ways: 
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1. By its appearance in the location field of an instruction. 

2. By its use as the nam.e of a subprogram.. 

3. By its appearance in a system. sym.bol table. 

Each sym.bol used in the pr'ogram. m.ust be defined only once. 

Sym.bolic Expres s ions 

In writing sym.bolic instructions, the program.m.er is concerned with building 
expressions to represent the address, tag, and decrem.ent portions of the 
m.achine instruction. 

The sm.allest com.ponent of an expression is an elem.ent, which is 
either a single sym.bol or a single integer. When elem.ents are com.bined 
with operators (sym.bols representing m.achine operations) a term. is form.ed. 
A term. m.ay consist of a single elem.ent, two elem.ents separated by an 
operator such as ,roC or / (the ~:c character m.eans m.ultiply and the / character 
m.eans divide), t,hree e lem.ents separated by two operators, and soon. A 
term. m.ust begin with an elem.ent and end with an elem.ent. Two operators 
or two elem.ents in succession are not allowed. 

In addition to being an operator, the asterisk is als 0 an elem.ent. In 
this us e, the asterisk stands for the location of the instruction in which it 
appears. Thus, the elem.ent ,roC will have different values in different 
instructions. There is no am.biguity be1;ween this use of the ~c and its use 
to denote m.ultiplication, because the position of the asterisk always m.akes 
clear what is m.eant. For exam.ple, the asterisk in the following instruction 
m.eans 

that the location to be cleared and added to the accum.ulator is the location 
im.m.ediately in front of (lower than) the location of the CLA. That is if the 
CLA ~:c_l instruction is located at core location lOS, the core location 104 
will be brought to the accum.ulator when the instruction is executed. For the 
other asterisk use, the instruction 

CLA A*B 

m.eans that the quotient of A tim.es B is to be br ought into the accum.ulator . 

An expression is m.ade up of term.s separated by the + or - operators, 
(+ m.eans add and - m.eans subtract). An expression m.ay consist of a single 
term., two term.s separated by + or -, three term.s separated by two operators, 
and so on. The program.m.er m.ay not write two operators in succession or 
two term.s in succession, but an expression m.ay begin with the + or -
s ym.bol. 
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An expres s ion is terminated by a com.ma symbol (, ) or, for the last 
expression of a statement, by a blank column. A negative expression is 
represented in 2's complement notation. A null expression is an expression 
that is indicated as being pres ent but has no value. It can occur: 

Literals 

1. When an as s em.bly s can encounters a comma rather than 
the first element of an expression. The comma shows 
that a null expression is indicated. Two consecutive 
commas indicate a null expression, or a comma as the 
first character of the variable field indicates that the 
first expres s ion is null. 

2. When a s can encounters a blank character following a 
comma. Tbis character combination indicates that the 
last expression of the statement is a null expression. 

Often a programmer wis hes to refer to a word containing a constant. For 
example, if he wis hes to add the number 1 to the contents of the accumulator, 
he must have somewhere in storage 'a word containing the number 1. Ps eudo
operations are provided to allow introduction of data words and constants 
into the program, but often this introduction is more eas ily accomplis hed 
by the use of a literal. 

The appearance of a literal directs the as sembler to prepare a 
constant equivalent in value to the contents of the literal subfield, store 
this constant in a location at the end of the program, and replace the 
address field of the instruction containing the literal with the address of 
the constant thus generated. Three types of literals are permitted: decimal, 
octal, and alphameric. 

Decimal Literals. A decimal liter·al consists of the = symbol followed by 
a decimal data item. For example, the instruction 

MPY =-3 

means "multiply the contents of the MQ register by the decimal number 
-3." (that is, multiply the contents of the MQ by the contents of a storage 
location that contains -3). Three types of decimal data items are 
recognized. 

Decimal Integer. A decimal integer is composed of one or more 
digits, and may be preceded by a plus or minus sign. A decimal 
integer is distinguis hed from other types of decimal data items by 
the absence of the letter B, the letter E, and the decimal point itself. 

Floating Point Number. A floating point number has two components: 
(1) the principal part is a decimal number written with a decimal 
point. The decimal point may appear at the beginning, end, or within 
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the principal part, or it may be omitted if the exponent part is 
present. If omitted, the decimal point is assumed to be at the 
right end of the principal part; and (2) the exponent part cons ists 
of the letter E followed by a signed or uns igned decimal integer. 
The exponent part must follow the principal part; it may be omitted 
if the principal part contains a decimal point. 

A floating point number is distinguis hed from a decimal integer by 
the presence of either a decimal point or the letter E (or both). It 
is distinguis hed from a fixed point number by the abs ence of the 
letter B. 

Fixed Point Number. A fixed point number has three components: 
(1) the principal part is a decimal number written with or without a 
decimal point·. The decimal point may appear at the beginning, end, 
or within the· principal part, or it may be omitted. If omitted, the 
decimal point is as sumed to be at the right end of the principal part; 
(2) the exponent part consists of the letter E followed by a signed or 
unsigned decimal integer. The exponent part may be absent; if 
present, it must follow the principal part, and may precede or 
follow the binary place part; and (3) the binary place part consists 
of the letter B followed by a signed or unsigned decimal integer. 
The binary place part must be present in a fixed point number and 
must follow the principal part. If the number has an exponent part, 
the binary place part may precede or follow the exponent part. A 
fixed point number is distinguis hed from other types of decimal data 
items by the presence of the letter B. 

Literals are considered to be single precision numbers unless two 
E's (EE) appear in the exponent of a floating point number. Double 
precision numbers are stored in consecutive storage locations with 
the high-order parts first. 

Octal Literals. An octal literal consists of the character =, fol
lowed by the letter 0, followed by a signed or unsigned octal integer. 
For example, the instruction 

ADD = 037 

means "add to the contents of the accumulator register the contents 
of a core location that contains 0000000000378." 

Alphameric Literals. An alphameric literal consists of the charac
ter =, followed by the letter H, followed by a signed or uns igned 
octal integer. For example, the instruction 

LDQ = H12AB 

would load into the MQ register the contents of a core location that 
contains 0102212260608. When fewer than six BCD characters are 
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specified, the unspecified characters are assumed to be BCD zero 
characters. 

Data Generating Operations 

These pseudo-operations (OCT,DEC,BCI, and BCD) may be used to 
introduce words of data into a program during the assembly run. Numbers 
introduced in this way are often referred to as constants. 

OCT--Octal Data. The OCT operation is used to create binary data 
expressed in octal form. It consists of a symbol or blanks in the location 
field, the operation code OCT in the operation field, and one or more 
subfields, each containing a signed or unsigned octal integer, in the 
variable field. The symbol in the location field is the address of the pseudo
operation. 

The subfields of the variable field are separated by commas; any 
number of subfields are permissible, but the last subfield must be ended 
by a blank. 

The effect of this operation is to convert each subfield to a binary 
word; these words are assigned successively higher storage locations as 
the variable field is processed from left to right. If there is a symbol in 
the location field, it refers to the first word of data generated. An example 
of the data generating function of the OCT pseudo-operation is: 

OCT -23456777777,63,47,5, 

which generates data in core locations as follows: 

first location 

n 
n 

n 
1 
2 

data 

-23456777777 
00000000063 
00010000047 

BCI -- Binary Coded Information. The BCI pseudo-operation is used to 
create binary coded character data. Each data word generated consists of 
six 6-bit characters in standard BCD character code. It consists of a 
symbol or blank in the location field, the operation code BCI in the operation 
field, two subfields in the variable field (c;ount and data subfields). 

The number in the count subfield specifies the number of six charac
ter words to be generated; the number of characters in the data subfield 
is the number in the count subfield multiplied by six. Since the count sub
field determines the total length of the variable field, the comments field 
is assumed to begin immediately following the end of the data subfield, and 
no blank character is needed to separate the comments field from the 
variable field. 
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Thus, the BCI operation i'ntroduces data words into the consecutive 
locations, the number of wO,rds generated being equal to the number in the 
count subfield. If there is, a symboljn the locatio~ field, it refers to the 
first word of data generated. l\t:l,e~ample of the' data generating function 
of the BClis:'" ' 

i BCl 2, BCD, 
. .,' 

which means that Ipcation i and i plu~ 1 contain, 

i I 
222324604425., 

,6:262'2, ,1272.5 60 

BCD Binary Coded .Decimal., The, BCD pseu,dp-operation has been sup
planted by the :eel in 7090 operation. BCD operation is similar to BCI but 
is used with the 7p4 Syrrlbolic Assembly P~og~ctm. Differences between the 
two are: 

location 

n 
<,,} 

n + 1 

ti+z" 
Tl +' 3' 

n + 4 

data 

-23456777777 
+00000000()~3 , 
+0000,0000647, 
+'00000000005' 
+00000000000 

DEC -- De~irri~{'Jj~t~. The DEC p~eud~-oper~ti()n is used't~ create words 
of data e~'p~essed'asdecimal numbers. ,.rYEC'is-i~~riticalto OCT, except 
that the subfields:·;,'of'the v'afiable f:feldare takeiitObe' in decimal data notation. 
It consists ofas'y;mbol or blanks in the location field, the operation code 
DEC in the operatic;n field, and one or more subfields, each' containing a 
decimal,~at~ item:" inthe variabl~ fi~ld. 

The subhelds or'the variabl~fieJd: are.sep~~.atedby commas;. any 
number of subfields is permissible,"but the last subfield must be terminated 
by a blank .. 

I'"~ ':, .,.; 

'.T.n,e~,:~ffe<~1:oft'his" ope r,ati OJ:} is ;to c.ony~rt ~ach f3ul:>fielcl'to abinary 

\Vord;,}:he:s.e'\v?,1.:,d~: ~r.e ~to,red~n<f3,uS9;es~iYrlyhigh~rs~<or~ge 'l?cations as 
tp,.e,v~r.iaJ)~e'fie14·'if3,pi9C.fe$s~dfrdm l~ft,t"p'·~ight. If t.here is a symbol in 
,the lo~at'i'o~.:f{e,1d~it.<refers tc) J~e'fi:r:st ~o<rd of..4atage,n.erated. An example 

" . I:," ". " " • .. , 

is: 

LAST DEC, 15., -24,9,107 

which generates dai:a }ntb . .e follo'Vl{!:nglocations: 
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1ocation 

LAST 
LAST ~ 

LAST t 2 
LAST + 3 

data 

~000000000017 

-000000000030 
+000000000011 
+000000000153 

1. The operation code BCD appears in the operation fie ld. 

2. The count digit Inust appear in column 12. 

3. No comma separates the count digit from the data subfield; 
the data subfield always begins in column 13. 

4. A blank or zero in column 12 is used to indicate ten data words. 

If column 12 does not contain a blank or the digits 0- 9, one word 
of blanks is generated and the error flag E is given. 

Extended Operation Codes 

Certain operations are provided by the assembly program that do not fall 
into any of the previous categories although they are similar to the data 
generating operations. These operations are called extended or prefix 
operations. 

The instruction format, as seen by thes e operations, is: 

, , ~ 
Decrement Tag Address 

The sign and prefix portion make up an operation field, positions 3-17 
(15 positions) are the decrement, 18-20 are the index register tag, and 
positions 21-35 form the address field. 

The extended operations may be used to specify parameters in each 
of the four sections of a binary word -- prefix, decrement, tag, and address. 
The decrement, tag, and address are specified in the variable field of the 
operation. Of course, they must be specified in the normal order; addres s , 
tag, and decrement. For example, as s ume the extended operation PZE 
(plus zero) is used in a program in the form shown on the left below. The 
octal configuration on the right would be generated at the location of the 
PZE. 

i o 00001 1 00005 

TL-r 
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Other extended operations are provided to specify the value of the 
prefix bits in all usable configurations. Data generated by these operations 
is the s arne as with the PZE except in the prefix portion of the location. 
All extended operations, their meaning, and octal prefix generated are 
shown in the table be low. 

Operation Code Meaning Octal Prefix 

PZE Plus Zero 0 
PON Plus One 1 
PTW Plus Two 2 
PTH Plus Three 3 
MZE Minus Zero 4 
MON Minus One 5 
MTW Minus Two 6 
MTH Minus Three 7 

Note that certain operations may generate the same prefix in an 
instruction word. For example, the extended operation PTH, the 
input-output command lORD, and the control instruction TXH all generate 
the prefix of 3. 

Storage Allocation Operations 

The following operations are used to allocate core storage space: 

BSS--Block Started with Symbol. The operation consists of a symbol or 
blanks in the location field, the operation code BSS in the operation field, 
and any expression in the variable field. 

The effect of this operation is to reserve a specified amount of 
storage. This is achieved by increas ing the value of the current location 
counter by the assigned value of the variable field expression. If there is 
a symbol in the location field, its definition is taken to be the value of the 
location counter before the increase. 

BES - - Block Ending with Symbol. This operation functions exactly like 
BSS, except that a symbol in the location field is defined after the location 
counter is increas ed. 

BSS and BES Examples. An example of reserved storage locations generated 
with the BSS operation is: 

TRA 
BSS 
DEC 

START 
4 
97 

with the TRA instruction located at location 1000, the BSS res erves four 
locations, and the DEC is then located at location 1005. In a similar 
fas hion, the BES appearing in the instruction string 
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TRA 
BES 
DEC 

gives the following result: 

1000 
1005 
1005 

Symbol Defining Operations 

START 
4 
97 

TRA START 
BES 4 
DEC 97 

The following operations are declarative in nature. The yare us ed to define 
symbols. 

EQU--Equal. The operation consists of a symbol in the location field, 
the operation EQU in the operation field, and any expression in the variable 
field. 

The effect of the operation is to give the location field symbol the 
same definition as the variable fie ld expres s ion. As an example, cons ider 
the use of EQU in the following instruction string: 

FSTL 
CLA 
EQU 
ADD 

TMPI 

** 
TMP2 

If the CLA instruction is assigned to location 102, the symbol FSTL 
would be defined as a symbol, which can be relocated in the program, 
whose value is 103; the ADD instruction would then be assigned to location 
103. Note that the occurrence of the EQU between two instructions does 
not alter the sequence of locations assigned by the assembler. 

UPDA TING SYMBOLIC TAPES 

The FAP assembler has two uses: the translating of syInbolic language 
to machine language, as signing storage locations, and performing other 
operations necessary to produce the final object program (this is known 
as asserrl.bly); the second use is to update a symbolic tape by changing, 
deleting, or adding instructions. The update may occur with the assembly 
of the updated syInbolic language program. 

Updating involves up to three tapes: one tape (the systems tape) is 
used by all assemblies, compilations, and executions; and two tapes (the 
update input and update output tapes), are used only for updating. 

The systems input tape contains all jobs to be processed by a monitored 
system. A job may have many elements: compilations, assemblies, and 
executions. In the case of an update, the corrections to be made to a 
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specified syrnbolic tape constitute a job element and are contained in a job 
on the systenls input tape. 

The update input tape is a blocked or unblocked sym.bolic tape which 
requires updating. All additions, changes, and deletions are made on the 
basis of the serialization in card columns 73-80. Thus, instructions on the 
update input tape must be properly serialized. An end of file on the update 
input tape is ignored. 

The update output tape is an updated, blocked or unblocked, symbolic 
tape which includes all the requested corrections. This tape may be 
assembled at a later date; if it includes the necessary control cards, it 
may become a systems input tape. 

The monitored system requires two tapes: the system listing tape 
contains the listing output for all successful elements of all jobs on the 
system input tape; a system punch tape contains row or column binary 
card images for the processed jobs. 

UPDATE Pseudo-Operation 

This operation is used to initiate the updating mode, to assign update 
input and update output tapes, and to specify whether or not blocking and 
assembly are required. The UPDATE consists of: 

1. Blanks in the location field . 

2. The code UPDATE in the operation field. 

3. Two symbolic expressions and two strings of characters, all 
separated by commas, in the variable field. 

4. Serialization, if wanted, in card colmnns 73-80. 

The first subfield is an expression designating the logical systems 
tape number of the update input tape. This subfield may he v oid or zero, 
implying that there is no update input tape, or it may be the logical nmnber 
of a tape containing the sym.bolic input to be updated. H the FOR TRAN 
Monitor system is used, tapes 1 through 8 may not be used as update 
tapes. 

The second subfield is an expression designating the logical tape 
nmnber of the update output tape. This subfield may be void or zero, 
implying that there is no update output tape, or may be the logical tape 
number that is to contain the updated sym.bolic date. 

The third subfield is a string of characters which indicates whether 
or not the update output tape is to be blocked. H this subfield is void or 
zero, the update output tape will be blocked; otherwise, the update output 
tape will not be blocked. 
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The fourth subfield is another string of characters which indicates 
whether or not assembly is required. If this subfield is void or zero, 
assembly is required; otherwise, assembly is not required. The UPDATE 
containing this subfield must appear in the first card group. Having once 
appeared, neither this subfield nor its preceding comma may appear in 
another UPDATE card. 

If assembly is not required, FAP is reduced to an updating or blocking 
routine, or both, since no table entries are made and Pass 2 is omitted. 
The only instructions that are recognized are update pseudo-operation, 
END, and those instructions with an asterisk (~:~) is card column 1. 

Serialization in card columns 73 -80 of the UPDATE may be useful for 
multi-reel input and output. 

Example of UPDATE 

The coding form shown in Figure 68 shows one possible use of UPDATE. 
The PZE pseudo-operation is to be added to an assembly program at 
locations OPTB0471 (serialization number) and OPTB0472. 

REWIND Pseudo-Operation 

The REWIND pseudo-operation causes the addressed update tape to be 
rewound. The REWIND consists of: 

1. Blanks in the location field. 

2. The code REWIND in the operation field. 

3. A FAP expres sion, or logical tape unit number in the variable 
field. 

4. Serialization, if wanted, in card columns 73-80. 

If the logical tape number in the variable field is that of the current 
update output tape assigned by an UPDATE, the last partial block of instruc
tions waiting to be output will be written on the update output tape before 
it is rewound. 

If the variable field is blank, the update output tape is rewound. If 
the update input or update output tape is already rewound, it is logically 
disconnected. No update operation referring to it will be executed unless 
it is reassigned by a subsequent UPDATE pseudo-operation. 

DELETE Pseudo-Operation 

This operation causes the deletions of one or more instructions on the 
update input tape. Deleted cards will appear on the pre-processor assembly 
listing, labeled as deleted. The DELETE consists of: 
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1. Blanks in the location field. 

2. The code DELETE in the operation field. 

3. THRU, when required, in the variable field. 

4. A serialization number of eight characters in card columns 73-80 . 

.If the variable field is blank, the instruction with matching serialization 
will be deleted; the variable field contains THRU, all instructions starting 
at the current position of the update input tape, up to and including the 
instruction with matching serialization, will be deleted. In the latter case, 
if matching serialization does not exist, deletions are made up to, but not 
including, the next instruction of higher serialization. 

LBL {Label} Pseudo-Operation 

The LBL causes binary cards to be serialized "in card columns 73-80. It 
consists of: 

1. Blanks in the location field. 

2. The code LBL in the operation field. 

3. Two subfields, separated by commas, in the variable field: the 
first subfield contains up to eight alphabetic and numeric characters; 
the second subfield may contain any non- zero, non-blank character, 
or the number 1. 

Serialization begins with the characters appearing in the first sub
field of the variable field. The characters are left justified and filled 
with zeros. Serialization is incremented until the right most non-numeric 
character is reached, at which time the non-numeric portion recycles to 
zero. This subfield may not contain any special characters. 

If the variable field of the LBL is blank, serialization is discontinued 
or never occurs. In order to serialize from zero, an explicit zero must 
appear in the variable field. 

A non-blank, non-zero second subfield, if it exists, causes serialization 
to be listed. If this second subfield is the number one, only the first use 
of the LBL will be listed. 

COUNT Pseudo-Operation 

Some of the speed of FAP assembly is due to the fact that it does not keep 
the computer waiting while a tape unit rewinds. The intermediate information 
produced and used during assembly is written on two tapes with half of the 
information on each, so that one of these tapes is in use while the other is 
rewinding. 
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The ass em,bler is; .given anestim.ate :of the number _oLcards in the 
sym.bolicdeck by the COUNT, cardwhichmust;bethe:firstcardof the 
deck. The COUNT card consists of: :" 

L ·Blanks in the location field .. 

,.4. The, cocle.COUNT in .the operation field. 

,~ ,3~ A single decimal inte-ge-r ,.which is the estimate of the num.ber of 
cards in the sy'rnbolic,deck,-in the variable field. 

~If. the,CQUNTcard.is. :missing or' contains anything but a decimal 
integer in the vatiable.field,'t,he~assem.bler assumes the card count is 
20QOandprintsour' I' CARD COUNT ESTIMATE MISSING" in the pre
proces sor assembly listing. 

PCC (print control ca.rid) Pseudo-Operation 

This operation causes the DETAIL, EJECT, INDEX, LBL, LIST, REF, 
SPACE,TITLE, and TTL pseudo-operations to be listed. The PCC 
consists of: 

L Blanks in the location field. 

2. The code PCC in the operation field. 

3. Blanks, ON, or OFF in the variable field. 

If any of the pseudo-operations, whose listing is controlled by PCC, 
is in error and is flagged, the pseudo-operation will always be listed. 
PCC itself will always be listed. Alternate appearances of PCC turn this 
feature ON and OFF. The initial mode, prior to the appearance of the 
PCC, is OFF. 

The use of ON or OFF in the variable field gives absolute control of 
the PCC itself. 

Program Linking Pseudo-Operation 

The ENTRY pseudo-operation is used within a program to provide a 
communication link between the main program and other programs. The 
character $ may also be used for this purpose. 

ENTRY is used to define an entry point to a relocatable subprogram. 
A main program is distinguished by the fact that it contains no ENTRY 
instructions or that it contains an ENTRY with an explicit zero in the 
variable field. The ENTRY consists of: blanks in the location field, the 
code ENTRY in the operation field, and a single sym.bol in the variable 
field. 
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The variable field symbol must be defined subsequently as a relocatable 
symbol and is the name of a subprogram. The first character of the sub
program must not be a nwneric character. 

ENTR Y performs two functions: (1) the symbol in the variable field 
is placed in the program card. An explicit zero in the variable field will 
cause the program card to indicate that the entry point to the main program 
is the first instruction following the transfer vector and the linkage director; 
and (2) the value of the symbol, which is defined in the program, is placed 
in the program card following the symbol itself. 

Thus, the ENTRY establishes the symbol as a name of the program 
and identifies the associated entry point wit~ it. There may be more than 
one ENTRY in a subprogram. For example, a subroutine to computer 
sines and cosines could be: 

00000 
00001 

0300 
0634 

00001 
00000 

00 0 00072 
00 4 00071 

ENTRY 
ENTRY 

COS 
STO 

SIN 
COS 

FAD 
SXA 

1. 57079632679 
ARG 

The ENTRY may also be used to provide secondary entries for sub
routines. If the symbol in the variable field is preceded by a minus sign, 
the word on the program card which contains the address of this entry 
point will have a 1 in the sign position. This causes the loader to ignore 
the subroutine unless one of its primary entries has also been called. 
This feature of FAP is useful when assembling subroutines for inclusion 
in the Library tape. 

FOR TRAN II MONITOR PROGRAMMING SYSTEM 

The 7090/7094 FORTRAN II Monitor System is used to compile FORTRAN 
coded source program, assemble FAP coded source programs, and to 
execute the resultant object programs. Input to the Monitor System consists 
not only of the source program, but may also include FAP symbolic cards, 
object program cards, data cards, and Monitor control cards. The order 
of the different types of input does not matter, provided that each separate 
deck, whether source program, object program,etc., is preceded by ap- , 
propriate control cards. 

The FORTRAN II Compiler is considered a subsection of the Monitor. 
Under FORTRAN control a single source program may be compiled. Nothing 
further, including execution, may be done. If multiple compilation of a 
series of FORTRAN source programs is desired, Monitor control is needed. 

There is a complete set of control cards for the Monitor System. 
These cards are distinguished by an asterisk (~:~) in colwnn 1. In general, 
they are of two types; one type governs the job as a whole (telling what it 
consists of), and the other governs output options. In addition, DUMP, 
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STAR T, and RESTAR T cards are available for use. These three are 
self-loading binary cards and perform the dump, start, and restart 
operations necessary for system use. 

The Monitor System uses eight tapes on two channels. These are 
the Al through A4 and B I through B4. A2 is the input tape and A3 is the 
output tape. The Monitor System tape is mounted on tape unit AI. 

Monitor Control Cards 

All Monitor control cards must have as ,~:~, in card column 1. With the 
exception of the I D card, the specific control instruction of the card is 
punched in columns 7 -72. Punching may be done according to normal 
FOR TRAN rules. Only the control cards that are used in this program 
are described in this test. 

ID Card. This card must be present for every job, and if there is no date 
card, it must be the first card of the job. If there is a date card, the date 
card is first followed by the I D card. 

XEQ Card. The execute card must follow the I D card of a job that is to 
be executed after it is as sembled. 

DA TE Card. This card permits the programmer to obtain the present 
data as an additional part of the heading of each printed page (he must 
supply the date in the DATE card). The DATE card may be placed in 
either or both of the following places. 

1. Preceding the I D card for a job. The DATE card is the only card 
which may precede the I D card. 

2. Following the Monitor START card. The date specified in this 
manner is used throughout the Monitor run. However, a DATE 
card appearing with a job as the first card takes precedence over 
the DATE card following the START card for this job only. 

Following are exarn.p1es of the date field which is placed after the 
word DATE in the control card: 2/5/64; 3/1/64; 11/12/63. There must 
be two slash characters in the date field in addition to two characters for 
the year. 

CARDS COLUMN Card. This card causes the Monitor to punch on-line 
column binary re1ocatab1e cards (without a loader). 

LIST or LIST 8. Each of these cards causes the Monitor to write the 
object program in F AP-type language following the storage map printout. 
Both appear on the output tape. The LIST card produces listings in three 
columns without octal instruction representation; the LIST 8 card produces 
listings in two columns with octal representation of each instruction and 
its relocation bits. If both cards are used, the LIST 8 card takes precedence. 
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LABEL CARD. Labeling and serialization may be obtained on the off
line output cards of a FOR TRAN compilation. The label is designated by 
the programmer in the following manner: 

1. The contents of columns 2 -7 of a card are taken as the label if (a) 
it is the first card of the program which does not have an asterisk 
in column 1, and (b) the card has a 'C' punched in column 1, and 
(c) at least one of the 2 -7 columns does not contain a blank. 

This label, with blanks treated as zeros, is then placed in columns 73 -78 
of the output cards, with columns 79 and 80 used for serialization. Seriali
zation begins with the number 00 and recycles when the number 99 is 
reached. If, however, the label does not use all of the columns 73-78, 
serialization begins with zero and increases to 99~ . 9, filling all remaining 
columns before it recycles. 

If conditions a, b, and c (above) do not all hold, the labeling is applied 
as follows. For a subprogram, the name of the subprogram is used; for 
a main program, 000000 is used in columns 73-78. The LABEL card 
option corresponds to END card setting 7. 

Labeling may be obtained on the off-line output cards of a FAP assembly. 
The information in card columns 2-7 of the FAP page title card will be 
used as the label. Serialization occurs as described above. 

PRINT Card. This card causes the Monitor to print on-line all information 
being written on the off-line listing tape. 

FAP Card. This card is placed immediately before the FAP program cards 
(source deck) that are input to the Monitor. It specifies that those cards 
are to be as s em bled by F AP. The F AP card follows any of the CARDS 
COLUMN, LIST, LABEL, or PRINT control cards that may be used. 

END TAPE Card. The END TAPE card designates the end of the last 
monitor job. It must be a separate file on the input tape. 

Other cards which are not strictly control cards and may be input to 
the Monitor include: 

1. End Of File. This card is used only when input to the Monitor is 
on-line. It writes an end of the file mark which separates the jobs 
on the input tape. An end of file card is specified by a 7 and 8· 
punch in card column 1. 

2. Cards with an asterisk '*' in column 1 may be included with the 
control cards but their information field will be tested and treated 
as if they were comments. When read, they will be printed on
line and written on tape for off-line printing. 
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IBSYS - THE BASIC MONITOR SYSTEM 

It has been established that a computer can execute any job presented 
to it in the, proper language. From this it can be concluded that within a 
given period of time, or computer run, it is possible to execute one or a 
series of individual jobs. The program utilized by a job within the series 
need not be identical to that used by the job previously performed. 

During an operational run,a computer requires a controlling element 
which specifies the programs to be used and the sequence of their utilization. 
It was initially the duty of the system operator to intervene between each job. 
At that time he would wrap up the job previously executed and initialize the 
computer system for the processing of the next job. The preparation consisted 
of loading the program, input and output files, along with required console 
procedures. Control would then be passed to the program and the job execution 
begun. 

Operator intervention, strictly a manual effort, is costly due to loss 
of computation time. This left open an obvious area for improvement. The 
solution to this problem centered about the transfer of responsibility of the 
operator over to the computer. Thus the concept of the programmed monitor 
originated. The function of a programmed monitor can be described as the 
control of the job execution on a computer during a given run. Its major 
objective is to increase the efficiency of computer operation by minimizing 
the time los s due to operator intervention. 

The monitor in control of IBSYS is called the Basic Monitor and has 
control over all programming systems which are participants of IBSYS ( 
Figure 69). In addition to those shown in the figure, all future systems 
released for the 7090/7094 will be incorporated. Provision for expansion 
of the system to the utilization of four reels of tape, for library purposes, 
has been incorporated. 

Figure 69 - 7090 IBSYS 
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Obviously, it is imposs.ible for the Basic Monitor and all participating 
programming systems to be in core storage simultaneously. In view of this 
only a section of the monitor, called the Nucleus, remains in core at all 
times. Its remaining sections, as well as programs of participating systems 
are brought into storage as required. 

FUNC TIONS OF THE BASIC MONITOR 

The first function of the Basic Monitor can now be summarized as 
follows: to call programming systems of IBSYS in a predetermined sequence. 

When a program is written to operate under Basic Monitor control, 
physical I/O device designations cannot be used. The programmer coding 
the package cannot fores ee the I/O device. utilization at the time his package 
is used within a run. Some devices may contain data from a previous job 
which are not to be destroyed; other units may not be operational at that 
time. These are only two of the many conditions that can exist. How then 
are I/O device needs within a program to be satisfied? This is accomplished 
in the following manner: 

1. All input-output device specifications are made symbolic.ally at 
the time the program is coded. 

2. An account 01 the current status of each I/O device on a system 
is maintained by the Basic Monitor. 

3. Routines are incorporated within the program which make input
output unit assignments at the time of execution by reference to 
this data made available by Basic Monitor. 

Due to this procedure, only the devices available at the point of 
execution of the program within a system run will be utilized. It is therefore 
the second function of Basic Monitor to make available the current status of 
each I/O device on the system. 

The Basic Monitor contains routines which should be utilized by any 
participating programming system to perform its input-output operations. 
These routines offer many advantages to their user in that: 

1. The routines are coded and debugged and thus available for 
immediate usage. 

2. Standard tape error recovery procedures are employed automatically 
when necessary. 

3. All tape unit positions are constantly maintained and made available 
to the user. In view of this, the third function of the Basic Monitor 
can be considered the making available, to the user, of a complete 
set of debugged input-output routines. 
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IBSYS consists of a series of programming systems, which together 
with a monitor, are contained on a library tape or tapes dependent upon its 
overall size. A monitor system such as IBSYS would not be complete with
out providing a simplified method of updating its library. This is the fourth 
and last function of the Basic Monitor - to provide a means of modifying and 
updating the IBSYS library. 

BASIC MONITOR SECTIONS 

In keeping with these four functions, the Basic Monitor is divided into 
four distinct sections (Figure 70). The first is called the nucleus, symbolically 
represented as IBNUC. This section remains in core storage throughout a 
given run. It contains tables and key cells which provide data representing 
current conditions of the run. Atnong thes.e are included the status of each 
1/ 0 device as well as the programming system in control, date, etc. In 
addition, IBNUC has the responsibility of loading the second section of the 
monitor. 

IBNUC (Nucleus) 

IBSUP (Supervis or) 

IOEX (Trap Supervisor) 

IBEDT (Editor) 

Figure 70 - Basic Monitor 

The second section is called the supervisor, symbolically represented 
as IBSUP. This section is loaded when the initial programming system is to 
be called at the start of a run or a subsequent system is to be called during 
a run. It has the responsibility of processing all Basic Monitor control cards 
other than those used for edit purposes. Interpretation of a particular control 
card ($EXECUTE) leads to the execution by IBSUP of another of its functions. 
Namely, to locate the desired programming system in the library and to 
initiate loading of the system's monitor by IBNUC which then transfers control 
to that system. 

Modifying and updating of the IBSYS library is the responsibility of the 
third section of the Basic Monitor, called the editor which is symbolically 
represented as IBEDT. Editing and other maintenance procedures will not 
be covered in this manual. 

Although considered to be contained within the nucleus, the trap super
visor or IOEX is functionally separate and therefore treated as a fourth, 
section of the monitor. It is comprised of the routines available to the user 
for input-output operations. Similar to IBNUC, IOEX remains in core 
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storage constant1 y during a computer run. 

SPECIALIZING THE BASIC MONITOR 

The Nucleus section of the Basic Monitor has the responsibility of 
keeping an accurate account of the current status of each I/O device on the 
system. To accomplish this objective IBNUC contains a control area, called 
a Unit Control Block, for each device. The greater the number of devices 
accounted for, the greater the area of core consumed by .Unit Control Blocks 
and the smaller the area available for us e by the participating programs. In 
view of this it would not be feasible to include one of thes e areas for every 
possible I/O device that can be present on the largest 7090/7094 system. The 
ideal situation would be the representation of only those devices on the user's 
system. This would require a Basic Monitor tailored to suit the unit configura
tion at each installation. 

THE NUCLEUS OF BASIC MONITOR 

The Basic Monitor is divided into four sections. The Nucleus (IBNUC) 
and Trap Supervisor (IOEX) remain in core storage throughout a system run. 
The Supervis or (IBSUP) is loaded between job executions and the Editor 
(IBEDT) is called only when the library tape/s are to be modified in some 
manner. 

o 
12 

100 

460 

702 

750 

1137 

3717 

CPU Trap Cells .- ... _ ...... - --- ............... 
Channel Trap Cell~ 

~- .... ~ ...... - - .. -- ..... -... 
Operating 

Nucleus 

Unit Control 
Blocks 

....-Nucleus (IBNUC) 

.. - ....... _ ........... _ .......... _-.... 
IOEX Communic . .. -- -- .. -_ .. - ... _--
Miscellaneous 

IOEX Tables 
_ ....... -""" ........... - ........ - ...... 

IOEX 

Routines 

~ Trap Supervisor (IOEX) 

-
Figure 71 - IBNUC + IOEX 
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Figure 71 illustrates the placement of the Nucleus and Trap Supervisor 
in core storage. Further examination of the figure reveals a subdivision of the 
nucleus into four sections: 

1. The trap cells which occupy storage locations 0 through 11; these 
cells are primarily utilized by C. P. U. initiated traps. (Example: 
STR) 

2. The trap cells which occupy storage locations 12 through 61; 
thes e cells are utilized by channel initiated traps. 

3. Cells 62 through 457 contain what is referred to as the Operating 
Nucleus; This is the area to be given prime consideration in 
this section of the text. 

4. The Unit Control Blocks, one per I/O device on the system, 
follow in cells 460 through 701. 

The core locations stated above apply to the basic monitor as assembled 
for a Standard 7090/7094 system. Upon modification of the package to suit 
another system configuration, the origin of the unit control block area will 
change. 

Now that the major sub-divisions of the Nucleus have been established, 
consideration is to be given to that portion called the Operating Nucleus. A 
detailed examination of this section is shown in Figure 72 and described below. 

1. The area called the One Word Entries Table consists of a group 
of cells which remain at the same <;ore location despite 7090/7094 
system configuration. By reference to specific cells within this 
table, the user can communicate with an area subject to a change 
in its location. Cells in the table area not utilized for communication 
purposes are used to store constants (Ex: DATE) which are of value 
to all participating programming systems. 

2. The System Units Table will be considered in detail in the material 
to follow. Briefly, it is a table area used to keep account of cer
tain I/O deviceassignrn.ents. 

3. The Disk Limits Table is a supplementary area to the System Units 
Table required for disk usage. As disk will not be considered in 
this text, further discussion of this area is not required. 

4. The UCB Locators contain the location of the first of the consecutive 
Unit Control Blocks for each channel, the total nUIllber of I/O 
devices and the nwnber of card units on that channel. The UCB 
Locator area will therefore consist of one cell per channel. 

5. Available Channel Locators sometimes referred to as the Unit 
Availability Table also consists of one cell per channel. Their 
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function lies in the accounting of the tape units which can be as
signed by programming systems as required. 

6. The System Loader area consists of the coding available to the 
user as well as the Supervisor for purposes of loading records 
of a programming system. 

7. Interrupt Routine is a routine used to interrupt the monitor operation 
for the purposes of manual intervention. 

8. Dump Calling Routine is a routine used to call a DUInp Program 
which is made available by Basic Monitor. 

9. IBSUP Restoration Routine is used to load and initiate execution 
of the supervisor when utilization of a programming system is 
no longer required and control is returned to the Basic Monitor. 

540 



100 

I ~l 

20~ 

213 

220 

344 

356 

377 

460 

DIll' Word Entri<'s 
'1',\1>1(' 

SySt.<'1l1 Units 
Tabl<' 

Dif; k Lim its 
Table 

_ JlCJ3.J...Qc.a.tQ,rA __ _ 
AV L. CHN. Locators 

System 

Loader 

Interrupt Routine 
- -I5Uffip 'C:;aIlrng - - -

_R<?,uti.nEl _ 

IBSUP 

Restoration 

Routine 

Figure 72. Operating Nucleus 
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Communication Region and One- Word Entry Table 

The one word entry table serves two functions: First, that of a means 
of communication between the user and various areas of the nucleus; and 
second, to provide a fixed set of locations to store constants of value to all 
participating programming systems. 

The table area uses 26 consecutive core storage cells as shown in 
Figure 73. 

ADR SYMBOL FUNCTION 

100 SYSTRA Transfer instruction to current system 
101 SYSDAT Date Word 
102 SYSCUR Narne of current system 
103 SYSRET Location to which each system returns 
104 SYSKEY Contents of entry keys at cold start 
105 SYSSWS Contents of sense switches at cold start 
106 SYSPOS Initial position and index of current system 
107 SYSUNI Location and length of SYSUNI and Disk Limit Table 
110 SYSUBC Location and length of table of UCW locators by channel. 
III SYSUAV Location and length of SYSUA V chains by channel. 
112 SYSUCW Location and length of Unit Control Blocks (UCB) 
113 SYSRPT Transfer to job interrupt routine 
114 SYSCEM Transfer to CE diagnostic routine 
115 SYSDMP Transfer to bootstrap for SQUEZY core storage dump 
116 SYSIOX Location and length of IOEX reference entry table 
117 SYSIDR Transfer to installation accounting routine. 
120 SYSCOR Lower limit of usable core storage in decrement, upper 

limit in address 
121 SYSLDR Transfer to system scatter-load routine 
122 SYSACC Location and length of block of accounting information 
123 SYSPID Flag word for installation accounting routine 
124 SYSCYD Channel commands for system to copy and disconnect 
125 SYSCYD+l 
126 SYSSLD Self-load Sequence 
127 SYSTCH Self-load Sequence 
130 SYSTCH+l 
131 SYSTWT System trap, wait and transfer point 

Figure 73. One Word Entry Table 

Names and functions of these cells are: 

SYSTRA. Gives program control to the monitor of a participating program
ming system. A transfer instru!=tion to the starting point of execution is loaded 
into this cell as part of the programming system monitor. On completion 
of the load of the monitor, IBSUP executes cell SYSTRA, which then initiates 
programming system operation. 
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SYSDA T. The current date is entered into this cell by a control card. 

SYSCUR • The naITle of the current prograITlming systeITl is entered into this 
cell by a control card. 

SYSRET. When the utilization of a prograITlming system is completed and con
trol is to be turned back to the basic monitor, a transfer is executed to this 
cell. As a result the supervisor will be called. 

SYSKEY. The condition of the entry keys at the start of a run is saved in this 
cell. 

SYSSWS. The condition of the sense switches at the start of a run is saved in 
this cell. 

SYSPOS. When the supervisor (IBSUP) is about to locate a desired program
ming system on the library tape it stores the following information into cell 
SYSPOS. 

1- addres s, the number of the library tape (l through 4) the 
programming system is located on. 

2:- decrement, the number of files to be skipped from load point 
to reach the system. 

SYSUNI. Contains the location of the system unit table in its address and 
the number of cells used by the table, in its decrement. As mentioned 
earlier this table is used to keep account of certain I/O device assignments 
and will be covered in detail in the material to follow. 

SYSUBC. Contains the location of the UCB locators in its address. As 
mentioned earlier, these locator cells, one per channel, locate the first of 
the consecutive unit control blocks for each channel. 

SYSUAV. The address of this cell is used to locate the available channel 
locators and its decrenlent to find the number of core cells occupied by the 
locators. As mentioned earlier, these locators are used for the accounting 
of available tape units on each channel that can be assigned by programming 
systems as required. 

SYSUCW. Contains, in its address, the location of the first unit control 
block and in its decrement, the number of cells occupied by all unit control 
blocks (representing all channels). 

SYSRPT. Participating programming systems of IBSYS normally allow an 
interrupt of monitor operation at various points within the flow of a program 
for purposes of manual intervention. An example of the need for this feature 
is the interruption of monitor control by an operator, between two jobs utilizing 
the same programming system, for purposes of altering some I/O assignment. 
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Cell SYSRPT contains a transfer to the interrupt routine dis cus s ed 
earlier in the section on the operating nucleus. Due to the availability of 
cell SYSRPT, the programmer coding a system need merely insert a TSX 
SYSRPT, 4 wherever an interrupt point is desired. At execution time, the 
interrupt routine will test sense switch 1 to determine whether or not an 
interrupt is to be executed at that point. If so, control is temporarily returned 
to the basic' monitor which will perform the desired action. 

SYSCEM. May contain a transfer instruction to a Customer Engineering 
routine us ed as an aid in diagnosing system failures. Normally this cell 
contains a TRA 1,4 which will result in an immediate return to the main 
program. 

SYSDMP. Contains a transfer to the dump calling routine discussed earlier. 
When executed this routine will call a dump program from the IBSYS library 
and perform a full mnemonic dump of core storage. On completion, control 
will be returned to the programming system that initiated the dump. 

SYSIOXo Communication between the user and the trap supervisor (IOEX) 
is established through the communication region of IOEX. This region 
occupies an area within IOEX starting at the location specified in the address 
of SYSIOX and extends over the number of cells given in the decrement. 

SYSIDR. Installation accounting is used by a customer to keep account of job 
proces sing on a computer system for departmental billing purposes. The 
procedure involves the printing of sign-on and sign-off messages identifying 
each job, along with the associated programmer, department, running time, 
etc. Cell SYSIDR normally contains a TTR 2,4; however, if installation 
accounting procedures are to be used, its content will be changed by the user 
to a transfer to the accounting routine he supplies. 

SYSCOR. Contains the limits of the core area available to programming 
systems. Thes e limits take into consideration the cells utilized by the ever 
present areas such as IBNUC. The address of SYSCOR specifies the highest 
available location of core or System End (SYSEND), the decrement specifies 
the lowest available location or System Origin (SYSORG). 

SYSLDR. Contains a transfer to the system loader area mentioned in the 
discussion of the operating nucleus. 

SYSACC. Contains in its address the location of a block of data used for 
system accounting. Its decrement specifies the length of the block. The 
data consists of descriptive information, such as the date, time, program 
name, etc., required by the accounting routines. 

SYSPID. To indicate that system accounting is to be performed this cell, 
which serves as a flag, is set by means of a basic monitor control card ($ID). 

SYSCYD. This cell is- the first of two in succession which contain channel 
commands used for loading from disk. 
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SYSSLD. Contains a channel command (IOCP ~::+l, , l) made available for 
loading purposes. 

SYSTCH. This is the first of two consecutive cells. The first is used for 
loading from disk. The second contains a TCH SYSSLD, made available for 
loading from tape. 

SYSTWT. This cell is used in conjunction with the 7909 channel. 

UNIT CONTROL BLOCK 

Each I/O device on a 7090/7094 system is represented in the nucleus 
by a unit control block. The unit control blocks (UCB' s) for all devices are 
clustered together into a common area. This area can be located by referring 
to cell SYSUCW of the one word entry table which not only contains the location 
of the area but also its length. UCB's associated with a particular channel can 
be located by reference to the appropriate cell of the UCB locators. Further
more, the UCB locators can be located by reference to cell SYSUBC of the 
one word entry table. Since the function of a unit control block is to keep 
an account of the current status of each I/O device, four cells are allocated 
to each UCB. An· examination of the content of each cell is desirable at this 
time. These cells are shown in Figure 74. 
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Unit Control Block Word 1 (UCW 1) 

(A). (Position S) - This position is called the availability flag. If it 
is set to 1 the unit is available for assignment by a programming system. 

(M) (Position 1) - This position can indicate one of two conditions 
dependend upon the availability status of the unit: 

1. If the unit is available for as signment (A = l), this position 
becomes an attachment flag. A unit is said to be attached 
(M = 0) if it is physically connected to the computer system. 
When off-line for maintenance or any other reason it is 
considered detached (M = 1). 

2. If the unit is not available for assignment it must be in use. 
Under these conditions, position 1 becomes a restart re
positioning flag. The term restart applies to the concept of 
continuing a job which was interrupted at some earlier time. 
At that time a checkpoint would have been taken which saved 
the entire content of core storage as well as the condition of 
all major registers and keys. During the restart, all conditions 
that existed at the point of interrupt are restored from the 
data saved by the checkpoint. The conditions to be restored 
consists of core storage content, condition of all major 
registers and keys and position of all tape units. The latter 
is under control of the restart repositioning flag in the unit 
control block of each I/O device. By this means tape units 
which are not to be repositioned on restart for some reason 
can be deferred from doing so. 

(T) (Position 2) - This position of UCW 1 specifies the model of the 
tape unit as either II or IV. Distinction cannot be made between Models II 
and V or IV and VI. 

(R) (Position 3) - This position is called the reserve status flag and 
indicates whether or not the unit is reserved. Reserved units will be covered 
in detail later in this section of the text. 

(C) (Position 4) - This position describes the channel type the as
sociated unit is attached to as either a 7607 or 7909. 

(Unit Address) (Positions 5 - 17) These thirteen bit positions contain 
the physical I/O address of the associated device. Tape unit addresses are 
always those which specify BCD mode of operation. 

(EOT) {Position 18} - This position acts as an end of tape flag which 
is set when an end of tape has occurred while writing. It remains set until 
the as sociated tape unit is rewound. 
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(DO) (Position 19) - This position specifies the tape density at load 
point. 

(DI) (Position 20) - This position specifies the tape density at the 
current position. 

Positions 21 through 35 - These positions of UCW 1 are normally 
available to the us er for his utilization; however, an exception to this rule 
exists for reserve units. Reserve units will be discus sed in detail later in 
this section of the text. 

Unit Control Block Word 2 (UCW 2) 

Word 2 of a unit control block has a dual function: First, that of a 
switch which is tested by basic monitor (IOEX) to determine if the associated 
110 device is to be activated. H the decrement is equal to zero the unit is to 
remain dormant, if it is non-zero an I/O operation is to be initiated on the 
unit; and second, if an I/O operation is to be initiated, word 2 supplies in
formation required by IOEX to perform the operation. A breakdown of the 
information supplied is: 

(S) (Position S) - This position is set by the user to indicate the type 
of I/O operation (read or write) to be perform.ed on the associated device. 

(R) (Position 1) - This position called permanent redundancy message 
control is set by the user to instruct basic monitor to either print or om.it 
printing a message if a permanent read redundancy occurs on the associated 
tape unit. 

(SEL) (Positions 3-17) - This area of the second word is specialized 
by the user to inform. basic m.onitor (IOEX) of the location within the program
m.ing system. of the select routine to be used to activate this I/O device. Input/ 
Output operations utilizing the IOEX section of basic monitor involve compli
cated interconnection between IOEX routines and the programm.ing system.. 

Unit Control Block Word 3 (UCW 3) 

(N) (Position S) - This position of the third word serves as a noise 
record flag. Any tape record shorter than three words in length is considered 
a noise record. If this type of record is encountered during a read operation, 
the flag is set by basic monitor (IOEX) as an indication of its o~rance. 

(FILE COUNT) (Positions 3 - 17) - A count of the file marks written 
or read from the associated device is maintained in the decrement by IOEX. 

(RECORD COUNT) (Positions 18-35) - A count of the records read 
from or written onto the associated I/O device within the current file (as 
specified by the file count) is maintained in these positions by IOEX. 
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The details of the content of a unit control block given above pertain to 
one associated with a tape unit. UCB's associated with card equipment will 
be similar in all areas except those which obviously do not apply to these 
devices (Ex. : Model). Disk UCB's vary extensively and require the utiliza
tion of a fourth word. Disk applications will not be considered in this text; 
therefore, investigation of disk UCB' s has not been included. 

AVAILABLE UNITS 

During the discussio.n of the communication region and one word 'entry 
table, cell SYSUAV was said to contain the location and length of the area in 
the nucleus called the available channel locators or unit availability table. 
The function of this area was described as the accounting of all tape units 
(available units) which can be assigned by programming systems as required. 
This table consists of one cell per channel (Figure 75); the first for Channel 
A, the second for Channel B, etc. By reference to the appropriate cell of 
the table, a participating programming system. must be able to locate any 
nwnber of available units on the desired channel. To accom.plish this goal 
the concept of chaining is em.ployed. Chaining is best described as a m.ethod 
of tieing together areas of core storage associated with a com.m.on function. 
As in actual physical chains there m.ust be a starting link. In the case of the 
unit availability chain, as the one being considered at this point is called, the 
first link can be found in the unit availability table cell. The address of this 
cell contains the location of the unit control block of the first available unit. 
The address portion of the first word of thisUCB form.s the second link of 
the chain by containing the location of the l;JCB of the next available unit on 
the channel. This process is continued until all available units on the channel, 
as s ociated with the cell of the unit availability table under consideration are 
linked together. The UCB of the last available unit contains zeroes in the 
address portion of its first word to identify the end of the chain. A sim.ilar 
chain is in existence for each channel on the systern.. 

These chains are initially set up by basic m.onitor. When a program.
m.ing system. requires tape units, it is its responsibility to interrogate the ap
propriate chains, rem.ove the unit reference from. them. and then update them.. 
On com.pletion of a job, it is the responsibility of the program.m.ing system. to 
return all units that are no longer required to the chains. There are tim.es 
when the basic m.onitor is in control that it will alter the status of the avail
ability chains, due to the interpretation of certain control cards. Thes e 
instances will be covered during the discussion of control cards in the 
following chapter. 
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UNITS THAT ARE NOT AVAILABLE 

All units available for use by programming systems are tied together 
via the unit availability chains. Consideration is now to be given to those 
units which are not considered available. These units can be grouped into 
three categories--;; follows: 

Detached Units 

Each I/O device on a 7090/7094 system is represented in the nucleus 
of basic monitor by a unit control block. Reference is made to the UCB's 
whenever I/O device assignments are to be made. Even though a desired 
device is represented by a control block, it could not be used if temporarily 
disconnected from the 7090/7094 system. Perhaps the particular I/O device 
was taken off-line for service or preventive maintenance or if it is a tape 
unit, it might have been loaned to another system in the installation. In 
either case, some means had to be incorporated within basic monitor to flag 
a unit in this detached status. In the earlier discussion of the U. C. B., word 
I-bit position I was found to act as an attaclunent flag. This flag normally 
indicates that the associated I/O device is attached to the system; however, 
by means of a basic monitor control card it can be altered to indicate a 
detached status. When returned to the 7090/7094 system the device can again 
be flagged attached by a basic monitor control card. 

Function Units 

The devices attached to a system fall into two distinct categories: 
equipment (card devices) and tape units . Tape units which are available for 
assigrunent by a programming system are tied together into one of a nUIllber 
of unit availability chains. What of the card devices and remaining tape 
units? Consider them one at a time. First, each of the remaining tape units 
will fall into one of two groups, function or reserve. Second, the card devices 
will also fall into the function group. 

During any system run there are a nUIllber of quantities of information 
common to all jobs that should be gathered together on the same 110 device. 
For example, the IBSYS library where all programming systems are located; 
the input control data to the basic monitor and programming systems; the 
output of all jobs; or the output to be processed on off-line tape to punch 
equipment. For this purpose basic monitor has incorporated within its 
nucleus a means of associating a particular I/O device to each of nineteen 
possible functions. This means consists of a nineteen word table area called 
the system units table or System units function table. This table is located 
within the nucleus and can be found by reference to cell SYSUNI of the one 
word entry table. 

The system unit table is set up as shown in Figure 76. Each cell is 
associated with a particular function and is given a symbolic reference 
accordingly. The first four cells are associated with the library function of 
IBSYS. Note that these cells, represented symbolically as SYSLBI (System 
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Library 1) through SYSLB4, allow four tape assignments for the expansion 
of IBSYS to its maximum size. 

The next three cells are associated with the card equipment. These are 
followed by two cells each for system output (SYSOU), system input (SYSIN), 
peripheral punch (SYSPP) and checkpoint (SYSCK) function. Two units are 
allotted to each of these functions for reel switching purposes. As soon as one 
reel is completely processed a switch is made by the user to the alternate 
device. This eliminates the loss of time that would be due to rewinding 
and tape handling. The first unit is called the primary unit, and the alternate 
the secondary unit. 

The last four cells are used for system utility (SYSUT) assignments. 
Each cell has in its address the location of the unit control block of the device 
assigned to that specific function. The sign of each word specifies the density 
of the associated data. Assignments need not be made to all functions at all 
times, in which case the associated table cells will be set to zero. Assembly 
parameters are responsible for the initial assignment made as shown in 
Figure 76 These may be altered and additional assignments made via 
Basic Monitor control cards whenever the monitor has control. 
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RESER VE UNITS (INTERSYSTEM) 

As sume that a run consisting of a IOCS job followed by a SOR T job 
is to be executed. In addition, assume that the output of the IOCS job is of 
an intermediate nature and requires processing by SORT to be finalized. The 
output of the first job (IOCS) must therefore serve as input to the second 
(SOR T). Being of an intermediate nature, the output of the IOCS operation 
will not be placed on a function unit. In view of this, a tape unit for this 
application must be selected by the IOCS program from the unit availability 
chains. 

A res erve unit can be defined as a tape unit that is withheld from the 
availability status or reserved for purposes of data transfer between jobs 
utili~ing different programming systems. Thus, it is often referred to as 
an intersystem reserve ullit. This type of unit is considered symbolically 
to be located on anyone of channels J through O. The symbolic designation 
of the tape unit to be used for the output of the IOCS job mentioned above will 
be given as Jl or 05 or K4, to list a few of the possibilities at random. The 
input tape unit symbolic designation for the SORT job will have to agree to 
that given for the output unit of the earlier job. It too will be specified as Jl 
or 05 or K4, etc. 

When the IOCS package interprets the reserve specification for its 
output unit it acquires an available tape device from one of the unit availability 
chains. It will then set the reserve status flag in the associated unit control 
block (UCW 1 - position 3). This device is now reserved for the specific 
output data which will not be disturbed by any other operation. The BCD 
representation of the designation is stored into the address portion of word 
1 of the unit control block to relate this unit to the symbolic designation 
given. The first job (IOCS) is now performed and the desired output written 
on the selected tape unit. 

The execution of the second job (SORT) follows and is begun with the 
processing of unit assignments. Interpretation of an input unit specification 
of a res erve unit (ex. - Jl) initiates a search of all U. C. B.' s. When a 
reserve unit is found with the desired BCD representation in the address 
portion of word one (UCW1), it is assigned to the input function. 

The unit can remain in a reserved status as Jl indefinitely, and there
fore can be referenced by any number of jobs that follow. When it is no 
longer required as such, it can be released to its availability chain by ap
pearing as an input unit specification of JIR. On interpretation of the R 
(release) the programming system will n~nly utilize its content but i~ 
addition on completion of the job will return the unit to the appropriate 
availability chain. The release specification must be used in as sociation 
with the last job utilizing the reserved unit as an input device. 

Note that the basic monitor merely supplies the means of reserve unit 
handling to the participating progralnming systems. This means consists of 
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the reserve status flag (DeW I - position 3) and an area to place the BCD 
representation of the synlbolic designation given (UCWI - address). The 
actual processing of the designation along with the specialization of the first 
word of the unit control block is the responsihi.lity of routines within a 
programming system. 

SYMBOLIC UNIT DESIGNATION 

It has been established that it is the responsibility of a programming 
system of IBSYS to interpret synlbolic 1/ a device designations (l) and utilizing 
information made available by Basic Monitor make I/O unit assignments. 
This procedure must be followed by all participating programming systems. 

This brings up an interesting point. Since each system processes its 
own designations, the synlbolic representation of a specific device by one 
programming system obviously need not be identical to that used by another 
to specify the same physical unit. If this haphazard arrangement were en
couraged, the result would be discouraging to say the least. As an aid 
toward standardization of these synlbolic designations, suggested synlbolics 
for each device classification are given. 

First of all, consideration is to be given to the designation of tape units 
of all classifications discussed, except function. The synlbolic representation 
of these units is of the type that is readily associated with tape units as a 
channel is specified followed by a unit number (Ex. AI). First consider 
the channel specification. 

There are three groups of channels a tape unit designation can fall 
into. One group is as sociated with real channels, the other two with logical 
channels. The real channel group consists of the normal channel specifications 
of A through H. For example, a unit specification of A would be interpreted 
by a programming system as a request for any available tape unit on physical 
channel A. Designations involving any of the other real channels would be 
handled accordingly. The utilization of the first group of logical channels 
was seen earlier during the discussion of reserve units. There it was found 
that logical channels J through Q were utilized for res erve unit specifications. 
The second group of logical channels are specified as S through Z. These 
are associated with a rather unique scheme of assuring that tape units, common 
to particular operations, utilize the same channel. Grouping of 110 operations 
in this manner can result in increased computer efficiency due to maximum 
I/O overlap between channels. When assignments are made, all designatio.ns 
utilizing one of these channels (S-Z) are accumulated. A channel is then 
chosen which has a sufficient number of available tape units. In this manner 
the association of all similar logical channel designations (S - Z) with the 
same physcial channel is assured. 

(l )These designations are normally supplied to the programming system by a 
control card. 
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The channel letters of any of the above groups can be followed by a 
unit n~mber (Ex. A 2). This number is merely used to differentiate between 
units associated with a particular channel designation. 

Furthermore, the unit number can be followed by the unit model (Ex. -
A2 II). The unit model can be specified as II for models II or V, and IV for 
models IV or VI. Along the same lines, do not forget that the channel and 
unit specification of a reserve unit to be used for input purposes can be 
followed by an R (Ex. - K3R). This indicates that the unit is to be released 
to its availability chain. 

In summary, an IIO designation of C 3II will result in the selection 
from the availability chain of channel C a model II tape unit. All references 
to unit C3 will be associated with the same physical unit. In addition, it 
should be pointed out at this time that if any of the above designations cannot 
be satisfied, a substitution is made if a tape unit is available. For example, 
if a model II drive were not available for the designation of C3II above, a 
model IV would be used. H no units were available on channel C, one would 
be selected from another channel. 

System function units are specified by using the first two characters 
of the function; OU for system output, IN for system input; etc. In addition, 
a specification of OU will result in the assignment of SYSOUI as the primary 
output unit and SYSOU2 as the secondary unit. This would also hold true for 
PP, IN and CK designations. 

Finally, if a blank designation is given, any tape unit is considered 
satisfactory for that usage. An * (asterisk), a secondary unit designation 
only, will result in an assignment of the secondary unit identical to that of 
the primary. 

PROGRAM EXECUTION UNDER BASIC MONITOR CONTROL 

When any participating programming system of IBSYS is to be utilized 
for a job, a minimum. of two inputs is required as shown in Figure 77. 

The first is the IBSYS library which contains the program routines of 
the basic monitor as well as all participating programming systems. 

The second is the job input which contains control cards that provide 
instructions to the basic monitor and programming systems used. The job 
input may in addition contain this information as determined by the needs of 
the particular programs being executed. Though the job input is shown as 
tape in Figure 77, it may also be in punched cards. 

Let us now consider each of thes e two inputs in detail. 
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The IBSYS Library 

The IBSYS library contains routines of basic monitor as well as thos e 
of the programming systems. Though currently contained within one reel 
of tape, provision has been incorporated within IBSYS for expansion of its 
library to four reels. Function unit assignments SYSLBl through SYSLB4 
have been allotted for this purpose. 

Visualize a hypothetical IBSYS library containing only one programming 
system, 9IOCS. The format of the library tape for this limited IBSYS package 
is shown in Figure 78. Note that the tape layout shown contains only those 
routines comprising the basic monitor and 9IOCS. Each record of the library 
is identified on a tape record format listing created by the basic monitor editor 
at the time the tape was generated. This was obtained through the use of a 
MAP option specified in the *EDIT control card. 

Starting at load point, the first record encountered consists of 7 words 
and is a bootstrap type loader which initiates basic monitor loading when the 
7090/7094 load tape key is depressed. Each record of the IBSYS is identified 
by the BCD configuration of its second word. This identification is transferred 
to the MAP printout at edit time and scatter loaded into cell SYSCUR of the 
one word entries table at execution time. As a result of this procedure the 
loader is identified as record 5U002 in the MAP which in this case is not a 
true BCD identification but rather an ENB 00002 instruction. A bootstrap 
could not of course surrender its second word for true identification purposes. 
The loader is not shown in any of the current basic monitor listings; therefore, 
a tape dump of it is included as Figure 79. 

Record 2 of the first file is called lBSYS and is composed of the basic 
monitor supervisor (IBSUP), nucleus (IBNUC) and trap supervisor (IOEX). 
This record will beloaded at three distinct times. First, at the initial 
depression of the load key (cold start); second, by the IBSUP restoration 
routine of IBNUC when control is to be returned to basic monitor between 
two jobs utilizing different programming systems or when an interrupt of 
monitor operation is desired; third, when IBNUC is to be restored as specified 
by a basic monitor control card. 

The IBSUP and IBNUC portions of this record are loaded into storage 
cells beginning at location SYSORG. The IOEX portion is scatter loaded 
directly into its fixed locations. During a cold start or restore operation 
the nucleus (lBNUC) is relocated from its temporary location above SYSORG 
to its final location. In addition, the unit control blocks are created. When 
control is returned to the basic monitor 1:etween jobs or when an interrupt 
is specified. IBNUC is not relocated and the unit control blocks are not 
generated. 

In this manner, communication between jobs can be maintained. 

In addition to these operations, IBSUP performs the processing of the 
basic monitor control cards; finds the location of the desired programming 
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system and finally initiates its load and execution via the System Loader 
Routine within IBNUC. Once the load of the desired program has been initiated, 
IBSUP's presence in storage is no longer required and it can be overlayed by 
the programming system called. 

Record 3 of the first file is the dump routine which is loaded via the 
dump calling routine in IBNUC when call SYSDMP of the one word entries 
table is executed .. 

File 2 contains the first record of 9IOCS which can be considered its 
individual monitor. 

File 3 contains the remaining records of 9IOCS. 

File 4, records 1 and 2 are called when the edit function of the basic 
monitor is to be utilized. These records are called by the supervisor (IBSUP) 
when it interprets a control card specifying an edit of the IBSYS library. 

Record 3 of file 4 marks the end of the IBSYS library. 

An IBSYS library containing additional programming systems will have 
the same format. However, the additional systems would be inserted along 
with 9IOCS as a series of files between the first and last file on the tape. 

The Job Input 

Now that the IBSYS library tape has been considered, let us investigate 
the job input. 

It was pointed out earlier that the job input can be entered by means 
of card or tape. Though normally on tape, due to time saving considerations, 
card input is considered here for purposes of illustration. Figure 80 il
lustrates a typical input card deck for a run consisting of two jobs. It should 
be recalled at this point that the job input normally contains control informa
tion to the basic monitor as well as to the programming systems. In addition, 
other information, as required by the particular programming systems being 
executed, is included. 

H the run shown in Figure 80 were to be executed, the IBSYS library 
tape would first be mounted and loaded and the job input deck readied in the 
card reader. On depres sion of the load tape key (cold start), the basic 
monitor would be loaded from the IBSYS library. IBSUP, after cold start 
initialization procedures, would load and process each basic monitor control 
card of the job input. These cards are identified by a $ in column 1. 
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In Figure 80, the first fbur cards are basic monitor control cards. 
Note that the last of the four is a $EXECUTE card. This type of card specifies 
the name of the programming system to be loaded from the IBSYS library 
tape. On its interpretation IBSUP would initiate loading of the programming 
system and then transfer control to it. During the course of execution, the 
programming system would process its individual control cards as well as 
any other data included within the area identified as system control cards / 
deck in Figure 80. 

Though the card following this area is a $IBSYS card, it would actually 
be interpreted by the programming system. It is one of the few cards prefixed 
by a $ that fall into this category. On interpretation of this card, the program
ming system would execute cell SYSRET of the one word entries table causing 
the supervisor (IBSUP) to be loaded and control returned to it. 

The following five cards would supply control information to the basic 
monitor. Note that the last of this group is again a $EXECUTE card which 
would result in the loading and execution of the programming system to be 
utilized for the next job. 

The card group associated with this job would be processed during the 
course of its execution. The $IBSYS card following the group would again 
return control to IBSUP of the basic monitor on completion of the job. 

The remaining two cards would then be interpreted by the supervisor. 
The last of these ($STOP) is indicative of the end of the run at which time 
basic monitor would inform the operator, End of Jobs- Cannot Proceed. 

The job input for any run would be similar in overall appearance and 
concept except for the possible insertion of any nwnber of individual job card 
groups. If the same programming system is to be utilized for two consecutive 
jobs, return to basic monitor between them is not necessary. 

If the job input is to be on tape, the deck arrang.ement discussed above 
would merely be placed on tape by means of an off-line operation. 

Running Under Basic Monitor Control 

The two tapes discussed to this point are the minimwn inputs required 
to initiate any basic monitor run. In addition, data input and output, scratch, 
punch output, print output, etc. would be required as determined by the 
needs of the jobs being executed during a given run. 

A basic monitor run has been considered earlier from the job input 
processing point of view. Let's now view it from the operator aspect. 

To initiate system operation and perform a cold start, the system 
operation would ready the IBSYS library tape and job input tape or cards 
as the case may be. He would then set sense switch 1 accordingly. This 
switch is placed down if the basic monitor control cards are in the card 
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reader and up if on tape. Depression of the load tape key would then result 
in the loading of basic monitor. 

During the course of execution of the various programming systems 
required to perform the specified jobs, the operator would be instructed by 
on-line message printouts. These would specify the location and description 
of the tapes to be mounted and urunounted; report on the progres sion of the 
run; point out error conditions and the procedures to be followed when an 
error occurs, etc. 

From this it can be seen that once the ope,ration has been initiated, the 
operator need merely follow instructions presented to him on the on-line 
printer. This eliminates loss of computer time due to the familiar searching 
for job set up sheets; the making of errors due to lack of communication; 
failing to inform the operator of a change of setup procedures and so forth. 

Control Cards 

The job input source contains control cards of both basic monitor and 
the programming systems. Those of a programming systems are related to 
a particular system and therefore would have to be discussed in a' coverage 
of the related programming system. In view of that, this section will be 
devoted entirely to basic monitor control cards. 

Basic Monitor Control Card Format 

card. 
The following item illustrates the format of any basic monitor control 

GENERAL FORMAT OF IBSYS CONTROL CARDS 

Column 

1 
2 - 15 

16 -72 

Contents 

$ 
Control card name, 
usually a verb, left
justified 
Variable field information 
(argl, arg 2, .... , argn) 

Note that column 1 is always a $ associating the card with basic 
monitor. Columns 2 through 15 contain the nam:e of the card which in turn 
governs its function. The remainder of each card through column 72 supplies 
additional information as dictated by the type of card. 

Control Card Categories 

Basic monitor control cards can be grouped into four categories: 
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1. Operation cards are those that perform functions governing the 
overall operations of IBSYS while the supervisor (IBSUP) of basic 
monitor is in control. An example of this type is the $EXECUTE 
card which specifies the programming system to be executed. 

2. Unit assigmnent cards are used to attach or detach specific units 
as well as assigning them or releasing them from a specific 
function. 

3. Tape manipulation cards allow the manipulation of any of the 
system function units; rewinding, writing end of file, etc. 

4. Miscellaneous cards perform a variety of functions such as 
supplying the current date for systems use. 

A discussion of each of the control cards by category follows: 

Operational Control Cards 

There are seven operational control cards as described below: 

1. The $EXECUTE card is quite familiar at this point. Recognition 
of this card causes IBSUP to locate the desired programming 
system on the library, load its individual monitor and relinquish 
control to it. 

2. The $IBSYS card though considered a basic monitor control card 
is one of the two which is interpreted by the programming systems. 
When recognized, a system must return control to the basic 
monitor via cell SYSRET of the one word entries table. 

3. The $PAUSE card causes a machine halt to allow operator inter
vention, as this card is interpreted by basic monitor, the halt 
would occur while the monitor is in control. In addition to the 
halt a message is printed on-line as follows: 

OPERATOR ACTION PAUSE - PRESS START TO CONTINUE 

Instructions to the operator can be inserted on the card and will 
be printed along with this message. 

4. The $CARDS card informs basic monitor that all of its following 
control cards will be read from SYSCRD (system card reader) 
until it encounters a$TAPE card (Refer to 4. 4. 03 #5). Note 
that the programming system control cards will still be read from 
whatever device is assigned to the SYSINI function. A possibility 
arises here which has not been pointed out before. This possibility 
is that of having the basic monitor control cards in the card 
reader and the programming system control cards on tape and 
vice versa. 
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5. The $TAPE card informs basic monitor that all of its following 
control cards will be read from the device assigned to the SYSINI 
function until it encounters a $CARDS card (Refer to 4.4.03-#4). 

6. The $RESTORE card performs a majority of the functions that 
occur during a cold start. The supervisor is loaded; the nucleus 
is relocated from its load location except for cell SYSDA T which 
is not altered; and the unit control blocks are generated with the 
exception of word three of each, which reflects current tape 
positions. 

In addition, the effect of all previous control cards is cancell~d except 
for that of the $CARDS or $TAPE card. 

7. The $STOP card is normally the last card to appear in a control 
card deck. It is an indication of the end of an IBSYS P;rocessor 
run. 

Upon interpretation of this card a message is printed on line as fo1lows: 

END OF JOBS --- CANNOT PROCEED 

After the processing of $STOP card, a cold start must be e~ecuted to 
resume operations. 

Unit Assignment Control Cards 

There are five unit assignment control cards as described below: 

1. The $ATTACH card places the physical unit specified pn the card 
into the availability chain for the associated channel and marks 
the unit attached by setting the attachment flag in the associated 
unit control block. The model of the unit attached can also be 
specified in the card and the model flag of the UCB wil~ be set 

I 

accordingly. 

2. The $DETACH card removes the physical unit specified from the 
appropriate avaHability chain and marks it detached by resetting 
the attachment flag of the associated unH control block. If the 
unit detached is a function unit its reference will also b r removed 
from the system units table. 

3. The $AS card must follow a $ATTACH card. When inte*preted 
by IBSUP, the unit specified on the preceding $ATTACH card is 
assigned to the system unit function specified on the $AS',card. 
As a result the appropriate entry will be made into the sxstem 
units table. The density specification for the function unit will 
also be set as specified in the $AS control card. \ 
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4. The $RELEASE card will cause the reference of the unit associated 
with the system unit function specified in the card to be removed 
from the system units table. Since the unit is then available, 
unless assigned to another function, it is entered into the ap
propriate unit availability chain and flagged attached in its UCB. 

5. The $SWITCH card interchanges the unit assignment of the two 
system unit functions specified in the card. As a result of the 
interpretation of this card, the system units table references of 
the two units will be transposed. 

Tape Manipulation Control Cards 

The three tape manipulation control cards permit the machine operator 
to perform certain non-data operations on the function units. If no unit is 
assigned to the specified system unit function, the operation is ignored. 

1. The $ENDFILE card will cause an end of file mark to be written 
on the specified system function unit. No test is made for legality 
of operation on the unit, such as an EOF being written on SYSLB 1. 

2. The $REWIND card causes the unit assigned to the specified 
SYSUNI function to be rewound. 

3. The $REMOVE card causes the unit assigned to the specified 
SYSUNI function to be rewound and unloaded. 

Mis cellaneous Control Cards 

There are seven control cards in this group. The following list will 
serve to explain their operation. 

1. The $DATE card causes the six characters beginning in column 
16 to be stored in cell SYSDAT of the one word entry table. The 
form should be: 

Column 

MM - month 
DD - day 
YY - year 

01 to 12 
01 to 31 
63 to 99 

1 16 
$DATE MMDDYY 

2. The $~:~ card serves as a true comment card causing the text 
beginning in column 3 to be printed on line. 

3. The $UNITS card causes all SYSUNI names, units assigned, and 
assigned densities to be printed on line. In addition it lists all 
attached units not assigned or reserved and last it lists all inter
system reserve units. 
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4. The $UNLIST card causes the printing of all IBSYS control cards 
except $PAUSE and $STOP to be suspended. 

5. The $LIST card causes printing of IBSYS control cards to he 
resumed after having been suspended by a $UNLIST card. 

6. The $IBEDT card causes the supervisor to call the system editor 
from the library tape. Control is then relinquished to the editor 
which will then perform the edit functions as specified by the 
edi tor control cards. 

Return to the supervisor of basic monitor will be accomplished when 
the system editor recognizes a $IBSYS card. 

7. The $ID card caus es a transfer to SYSIDR in the one word entry 
table. If an installation accounting routine is present, SYSIDR 
will contain a transfer to it in place of a TTR 2, 4. 

THE INPUT-OUTPUT EXECUTOR (IOEX) 

Functions of IOEX 

The functions can be separated into three groups. Each group will have 
a number of sub-routines to accomplish its functions. The groups are hroken 
down as follows: 

The 110 Operation Scheduler - These subroutines will initiate or give priority 
to the movement of data. They will also perform all necessary non-data 
s elect operations. 

The Channel Trap Supervisor - These routines will process all data channel 
traps and maintain activity on any channel as long as the user desires. Re
dundancy recovery procedures are also handled by this group. 

Miscellaneous. - A group of routines are available to convert data from one 
form to another, print or punch data on-line, and provide temporary or 
permanent program halts. 

Advantages Offered To The User 

Some of the advantages to be found in us ing IOEX are: 

1. All I/O activity is handled through a central point despite great 
differences in buffering techniques of the us ers. 

2. The diagnosis of I/O failures is facilitated since all unit usage is 
controlled through one package. 

3. The debugged routines within IOEX help to minimize the amount 
of I/O programming needed by the user. 
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4. Information about the current positions of all I/O devices is main
tained by IOEX and is readily available to the user. 

5. Standard and automatic redundancy recovery is performed when 
necessary. 

The Use of IOEX By a Program 

To help explain IOEX, we're going to use a hypothetical program which 
will contain all the necessary instructions to perform an I/O operation in 
conjunction with IOEX. Keep in mind that the term user can mean one of the 
participating programming systems within the IBSYS processor as well as a 
program being written in FAP or MAP language for execution under monitor 
control. 

The Request Queue 

The first step in beginning an I/O operation is the establishment of the 
request queue. To accomplish this the user will make use of the unit control 
block belonging to the device that he wishes to perform the I/O operation. 
The prefix of UCB word 2 must be set with the select type (read or write) 
and redundanc mes sage control flags. The decrement is set to the addres s 
of the user's select routine. The use of the address portion of UCB word 2 
is optional as IOEX does not interrogate it. It may be used for communication 
between the different subroutines of a user's program. 

Initiating the I/O Operation 

The main routines involved in starting an operation are illustrated 
in Figure 81. The routines from our hypothetical program are marked 
HYPO while all actual IOEX routines are labeled as such. Let's examine 
the blocks one at a time. 

Main Program. The need for an I/O operation is discovered here. Decisions 
about the I/O device, make and type of select, and even the I/O sequences 
are generally determined here. This information and program control is 
then passed via a TSX and an associated calling sequence to a general read/ 
write routine. 

IOXR W. The general read/write routine prepares the request queue (UCB 
word 2) and sets up the proper calling sequence to enter IOEX. Decisions 
about channel activity and the establishment of holding loops (waiting for 
data) may also be made here. 

AC TIV. Channel activity is checked and if the channel is dormant AC TIV 
will set up a few cells, establish a proper calling sequence, and transfer 
to the user's select routine (IOXSEL). If the channel is active, one of two 
courses will be followed; depending on the type of sequence used to enter 
ACTIV. The operation will be considered scheduled and a return made to 
IOXRW in one case. fu the other, a wait loop will be established within 
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AC TIV and the unit will be given top priority on the channel. 

IOXSEL(+). The actual read or write select is performed here followed by 
the reset and load channel. The I/O command sequence initiated here must 
be designed to result in a command word trap. A return is made from here 
to ACTIV, and back up the line to the main program which now proceeds. 

IOXRW 
HYPO HYPO 

ACTIV IOXSEL 

User's main User's read/ 
IOEX HYPO -program .... 

write routine 
prepares to ~ 

Check ---. User's select 

Initiate I/O initiate 1/ 0 
channel routine-

operation operation 
activity - perform .. +- schedule f..- actual select ... (set up UCBW 

2) this opera-
tion. 

~ 

Figure 81 

Completion of the I/O Operation 

At the end of the I/O operation a command word trap results. Figure 
28 assumes that we are processing in the main program when the CWT occurs. 
Let's examine the blocks again, in sequence, from the time the trap takes 
place. 

XTRAP.. The channel trap cells are initialized by basic monitor to result in 
transfer of control to the XTRAP routine. The normal saving procedures 
and redundancy checking takes place followed by a transfer to the user's 
select routine. 

IOXSEL (-). The select routine must be designated to distinguish between 
an entry from ACTIV and one from XTRAP. It is able to accomplish this by 
testing the accumulator sign position. The sign is plus on entry from ACTIV 
and minus on entry from XTRAP. The minus entry (sometimes referred to 
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as posting entry) will perform some wrap-up operations and determine 
whether another I/O operation is desired on this device. To post the operation 
as complete the routine has only to clear UCB Word 2. To obtain another 
I/O operation on the same device IOXSEL - has only to leave UCB Word 2 
untouched. In either case, the return is to XTRAP. 

BGI. This routine is entered directly from XTRAP after a return from 
IOXSEL -. It's function is to scan the UCB of the channel that the trap has 
occurred on and determine if there is another request queue waiting. H a 
request is waiting, it will initiate the I/O operation by entering the IOXSEL+ 
routine. H no request is present, it will restore all the registers and return 
to the main program at the point where the CWT occurred. 

User's main 
program 

'--------1 

Figure 82. 

-A Detailed Investigation of IOEX Routines 

XTRAP 
IOEX 

Channel 
trap routine 
Check for 
redundancy 

Scan for a 
request and 
initiate 
another I/O 
operation. 

IOXSEL 
HYPO 

User IS selec 
routine -
wr'ap up 
operation 

Now that we've looked at the over-all logic of a data select operation 
involving IOEX, let's make a more thorough investigation of what these 
routines do. In addition, we'll determine what types of calling sequences are 
necessary for entry to them and what they provide on exit. 

Information Provided By IOEX 

Upon either entry to the user's select routine, IOEX disables channel 
trapping and provides: 

C(XRI) - The 2's complement of the channel index where 0 = A, I = B, 
2 = C, etc. As an example, we would expect XRI to contain 
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S(AC) -

A(AC) -

7777 octal (-1) on entry to a select routine for channel B. 

Sign of the accumulator is set plus (SEL+) for initiating I/O 
operation and minus (SEL-) for the pos ting entry. 

Location of the UCB. 

During the posting entry (SEL-) IOEX provides in addition to the above: 

Sense Indicators - - - 7607 Channel 

Bit S -
1 -
o -

Bit 1 -
o -
1 -

Bit 2 -

o -
1 -

Noise record flag 
The record was not an apparent noise record 
The record was a noise record. 
EOF (Read) or EOT (Write) 
No EOF or EOT 
EOF or EOT 
Permanent Redundancy (Read Only) 
No permanent redundancy 
Permanent redundancy 

Bit S is on in all cases except when a noise record is detected. 

The users select routine must not destroy XRl. XR 2 and the sense 
indicators need not be saved. 

The calling sequence from IOEX to the user select routine is of the 
following form. 

TSX 
Return 1 
Return 2 
Return 3 

IOXSEL,4 
Normal Return from Sel + or Sel
Return used at Sel-because of error 
Return used at Sel-because of error 

The error return conditions will be discussed later. 

Now that we Ive got an idea of what IOEX will provide 'us with, let's 
see what the routines do. 

ACTIV 

To enter the ACTIV subroutine, the user must provide the following: 

TSX ACTIV,4 
P A,T 
RETURN 

A, T gives the location of a cell which contains in its address, the 
location of the UCB upon which I/O activity is desired. Let's take an 
example and see how it works. Assume that ACTIV wishes to obtain the 
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address of the UCB so that it can specialize some instructions and that the 
I/O device involved is SYSUTl. We can use the SYSUNI table and the 
sequence: 

TSX ACTIV,4 
P SYSUTI 

If ACTIV uses: 

CLA* 1,4 

you can see that the address of the UCB for SYSUTI will be placed in the 
accumulator. 

There are two interpretations for P. The first is P = PZE. If the 
channel is dormant upon entry, the proper channel activity cell (CHXAC -
one or each channel) is set with the location of the UCB and the users select 
routine (IOXSEL+) is entered. Upon return from the select routine, the 
index registers and sense indicators are restored, traps are enabled, and a 
return is made to the user's program. If the channel is active upon entry, 
an immediate return is made to the user's program. This is all that is 
necessary as the unit will eventually receive attention through the functioning 
of the BGI routine. 

If P = MZE this indicates that the user wishes this unit to obtain priority 
on the channel (i. e. the next select). If the channel is dormant, there is no 
difference between the operation of PZE or MZE. The channel activity cell 
(CHXAC) is set and entry is made to the select routine. However, when entry 
occurs while the channel is active, the address of the UCB is put in the 
channel priority cell (CHXSP - one for each channel) and a wait loop is 
established within ACTIV. The wait loop will hold until a trap occurs and the 
BGI routine interrogates the channel priority cell (CHXSP). BGI will cause 
the unit specified in CHXSP to obtain the next select by entering the SELECT + 
routine of the user. BGI will set the CHXAC equal to the CHXSP (Loc of UCB) 
and return to ACTIV after the select has been given. At this point ACTIV will 
find that the unit it had put in CHXSP is now the same as CHXAC and it will 
be free to make a return to the user's program. 

Save - XTRAP 

Once the trap occurs, the SAVE portion of the trap supervisor saves 
all machine registers and machine status conditions so that they may be 
restored upon exit. XTRAP will look for I/O checks, EOF or EOT conditions 
and will use a group of subroutines labeled REDXX (the XX d~signation are 
numbers in the program listing) to perform the redundancy checking and 
recovery operations. The redundancy recovery procedures are as follows: 

Redundancy Recovery on Read. Tape check trap is never used for read as 
a full count of words is desired to determine if a noise record has been read. 
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Any record of less than three words ( 1 or 2) is considered a noise record. 
In the event of a noise record, no redundancy recovery action is taken and 
the noise flag will be set at entry to SEL - (Sense Indicator S=O). 

The total number of recovery tries on a read redundancy is controlled 
by an assembly parameter (RDUNRT - Released as 100). Every tenth time 
during redundancy recovery a tape cleaner action is taken. This involves 
backspacing an extra two records and skipping forward two before actually 
re-reading. This will normally allow the bad area to pass over the tape 
cleaner blade. The user's SEL+ routine is used for the actual retry. If a 
redundancy becomes permanent (Number of re-tries = RDUNR T), the 
permanent redundancy flag (Sense Indicator Bit 2 = 1) will be set on entry to 
SEL- and a message will be printed providing it has not been suppressed 
through the use of UCB Word 2, Bit 1. 

At this point, let's see what the returns from SEL- will do in the event 
of errors. 

The three exits are: 

RETURN 1 -
RETURN 2 -

RETURN 3 -

The record is accepted 
The user considers the record noise and it is 
discarded. An operator message is printed and the 
noise record flag is set on in UCB word 3. SEL+ is 
re-entered to read the next record. 
Redundancy recovery action is re - started and IOEX 
will go through the entire procedure again. 

Redundancy Recovery on Write. Tape check trap is used for redundancy 
checking on write. If a TCT occurs, XTRAP will use REDXX to backspace 
and erase. If a redundancy occurs during the erase, a message will be 
printed on line. The record will be rewritten by entering SEL+. This 
procedure will repeat until the record is either written correctly or EOT 
condition is reached. Mter each group of 25 erase areas, an operator message 
is written. 

After each successful write, IOEX checks the apparent record length 
and if it finds that less than 3 words have been written, it will enter SEL
with the noise record indication in the sense indicators. The returns from 
SEL-after a write are as follows: 

RETURN 1 -
RETURN 2 -

The Record is accepted. 
The Record is accepted and an operator message is 

" printed indicating that short record has been written. 

The last function performed by XTRAP prior to entering SEL- is the 
updating of the record count in UCB Word 3. 
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BGI 

Upon normal return from SEL-, XTRAP will transfer to BG 1. This 
routine will check for another request queue on the channel in a priority 
sequence. First the channel priority cell is tested. If it contains a UCB 
location and the UCB Word 2 has a select address, this device will receive 
the next select. If the channel priority cell is not set, then a test is made 
to determine if another I/O operation should be started on the same unit that 
just completed the operation. If none is required on this unit, each UCB 
following this one is checked to determine if a request is waiting for that unit. 
At the end of the block of UCB' s a search is re-initialized from the beginning 
of the block. In this manner any UCB's prior to the one that has just completed 
will also be checked. This also insures that the units will all be serviced. 
If no UCB' s have a request queue waiting, the channel is allowed to become 
dormant and will require an entry to ACTIV to start its operation again. The 
first UCB found with an address of a select routine in UCB Word 2 will have 
the SEL+ entry made for it before leaving the trap supervisor. 

Before returning to the point interrupted by the data channel trap, the 
machine registers and status conditions previously saved are restored. 

The Sample Program 

Now that we've looked at some of the details of the routines, let's flow 
chart a sample program that uses IOEX. 

The make-up of the main program is unimportant at this time, so we'll 
pick up the operation at the point where we enter the general read/write 
routine. Just preceding the program listing there is an explanation of the 
types of calling sequences needed and so that everyone will be thinking along 
the same line let's assume that we're entering with the following: 

TSX 
PZE 
PZE 

IOXRW, 1: 
LOCFIL, 1, RCHSEQ 
EOF" ERR 

Assume that the sytnbols used above are defined in the main program. 
The only remaining sytnbol that should need explanation is (RCHXI used in the 
IOXSEL routine. (RCHXI, defined in the SST, is a cell within IOEX of the 
form: 

RCHXI PZE RCHX, 1 

RCHX is a table of reset and load channel instructions of this form: 

RCHX RCHA ,~~~ 

RCHB ,~~: 

RCHC ... ~ ... ' .. ' .... ', .. 

RCHD .............. 
'.'·'1" 

RCHE ,:~:;:: 

RCHF ~:~,:: 

Etc. 
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If you recall that XR 1 will contain the 2' scorn plement of the channel 
index, (O=A, l=B, etc.) the use of this table should be apparent. There are 
several tables within IOEX that are constructed in the same manner. 

Here are a few questions that you should find the ansv..ers to as you flow 
chart the sample routine. 

,I, 
',' 

1. How is the address of the I/O command sequence passed to 
the SELECT routine? 

2. Where does the program wait while the data is being read in? 

3. How is the wait loop changed to allow the program to proceed? 

Sample Routine Perform Read or Write From Tape Using IOEX 

Calling Sequence 
TSX IOXRW, 4 
P 
PZE 

LOCFIL, M, RCHSEQ 
EOF" ERR 
Where 

P If Minus, Write If Plus, Read 
Bit I If 1, No Mes sage If 0, Mes sage 

LOCFILE Location of a Word with UCB in Address (Indir. Ref. ) 
M If BCD, 1 If Bi~ary 0 
RCHSEQ Location of I/O Conunands (Ending in Trap) 
EOF End of File or End of Tape Exit 
ERR Error Exit 

Indicators and ACC are destroyed. IRS are saved. 

IOXRW SXA IOXS4, 4 Save IR4 
CLA 2,4 
STA IOXEF Set EOF Exit 
ARS 18 
STA IOXER Set Permanent Redundancy Exit 
CAL 1,4 Get First Word of Call Sequence 
STT IOXSLL Save Mode for Select 
STP IOXSLL Save Prefix for Select Type 
STA IOXND Put Loc In Active Calling Sequence 
STA ~:~+ 1 Set To Pick Up UCB 
LAC ~:~~:~, 4 -L (UCB) 
ARS 18 I/O Commands Loc to Address 
STA IOXSLL Put in Select Word 
CLA IOXSLL Get Select Word 
ZET 1,4 Test for Other Use of This Unit 
TRA ~:~-l Wait Till Unit Free 
STO 1,4 Signed Control Word to UCB Word 2 
STZ IOXIN Set In Operation Word On. 
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IOXND 

IOXS4 

IOXEF 

IOXER 

,', 
',' 

IOXSLL 
IOXIN 
IOXMD 
,', 
',' 

,', ',-
,', '.-
IOXSEL 

IOXSS4 

IOXWR 

IOXPST 

TSX ACTIV,4 Go To Activate 
PZE :;:: ::~ Unit 
NZT IOXIN Test For Request Complete 
TRA ':'-1 Not Done, Wait 
LDI lOX IN Pick Up Completion Bits Set By IOXSEL-
AXT "r~~, 4 Set For Exit 
LFT 200000 Test EOF, EOT 
TRA .. t ........ EOF Exit ' .... , .... 

LFT 100000 Test for Perm. Redundancy 
TRA ,' .... ' .. Yes, Error Exit ',"'.' 

TRA 3,4 Normal Return 

PZE 0" IOXSEL Location of Select Routine 
PZE ':":' In Operation Cell 
PZE ~,~, Mode Switch 
IOXSEL - - Routine Entered Twice By IOEX for Each I/o Operation 

SXA 
PAC 
TMI 
CLA 
PDX 
CLA 
STA"" 
STT 
NZT 
TXI 
TMI 
SXA 
RDS 
XEC':' 
AXT 
TRA 
SXA 
WSR 
TRA 
STI 
STL 
STZ 
TRA 

IOXSS4,4 
0,4 
IOXPST 
0,4 
0,2 
1,4 
RCHXI 
IOXMD 
IOXMD 
';'+1,2,16 
IOXWR 
':'+ 1,2 

RCHXI 

1,4 
*+1,2 

IOXSS4-1 
IOXIN 
IOXIN 
1,4 
IOXSS4 
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Save IR 4 
-L(UCB) 
Select Minus or Posting Entry 
UCB Word 1 
Unit to IR 2 
UCB Word 2 
Store Loc to RCHX 
Save Mode Flag 
Test Mode 
Set Binary Mode for Unit 
Write 
Place Read Select Address 
Read Select 
Issue Reset Load Channel 
Restore IR 4 
And Exit IOXSEL 
Place Select Addres s for Write 
Write Select 
Go To Issue Channel Commands 
Posting Entry Save Error Flags 
Set In-"Operation Word Off 
Set UCB Word 2 Zero 
Go To Exit 



APPENDIX 

INSTRUCTION LIST BY TYPE 

INDEX TRANSMISSION***~********************** 
AXr +0774 ADDRESS TO INDEX TRUE 40 
LAC +0535 LOAD COMP.OF ADDR~SS IN XR 39 
LXA +0534 LOAD INDEX FROM ADDRESS 39 
PAC +0737 PLACE COMP.OF ADDRESS IN XR 40 
PAX +0734 PLACE ADDRESS IN INDEX 40 
PXA +0754 PLACE INDEX IN ADDRESS 40 
SXA +0634 STORE INDEX IN ADD~~SS 40 

UNCONDITIONAL TRANSFER******************I*** 
HTR +0000 HALT AND TRANSFER 49 
NOP +u761 NO OPEkATION 49 
TRA +0020 TRANSFER 49 

ARITHMETIC RESULT TESTING******~************ 
LBT +0760 LOW ORDER BIT ;ES1 49A 
PST -0760 P BIT TEST 49A 
TM! -012U TRANSFER ON MINUS 49A 
TNZ -0100 TRANSFER ON NO AC ZERO 49A 
TPL +0120 TRANSFER ON PLUS 49 
TZE +0100 TRANSFER ON ZERO 49 

STORAGE TESTING***************************** 
CAS +0340 COMPARE AC WITH STORAGE 50 
LAS -0340 LOGICAL COMPARE AC/STORAGE 50 

INDEX TESTING******************************* 
TIX +2000 TRANSFER ON INDEX R~GISTER 51 
TSX +0074 TRANSFER AND SET INDEX 50 
TX! +1000 TRANSFER WITH XR INCREMENTED 51 

ARITHMETIC********************** FIXED POINT 
ACL +0361 
ADD +0400 
CHS +0760 
DVP +0221 
MPY +0200 
SUB +0402 

ADD AND CARRY LOGICAL WORD 27 
ADD 25 
CHANGE ACCUMULATOR SIGN 26 
DIVIDE OR PROCEED26 
MULTIPLY 26 
SUBTRACT 26 

REGISTER SHIFTING***************~*********** 
ALS +0767 ACCUMULATOR LEFT SHIFf 29 
ARS +0771 ACCUMULATOR RIGHT SHIFT 29 
lGL -0763 LOGICAL LEFT SHIFT 29 
LGR -0765 lOGICAL RIGHT SHIFT 30 
RQl -0773 ROTATE MQ LEFT 30 

WORD 
CAL 
CLA 
LDQ 
SLW 
STA 
STO 
STQ 
STZ 
XCA 
XCL 
lAC 

TRANSMISSION*************************** 
-0500 CLEAR AND ADD lOGICAL WORD 
+0500 CLEAR ANO ADD 
+0560 LOAD MQ REGISTER 
+0602 STORE LOGICAL WORD 
+0621 STORE ADDRESS 
+0601 STORE ACCUMULATOR 
-0600 STORE MQ REGISTER 
+0600 STORE ZEROS 
+0131 EXCHANGE AC AND MQ REGISTERS 
-0130 EXCHANGE LOGICAL AC AND MQ 

lEROS TO ACCUMULATOR 

LOGICAL OPERATIONS************************** 

35 
35 
34 
35 
35 
35 
34 
35 
35A 
35A 
35A 

ANA -0320 AND TO ACCUMULATOR 31 
ANS +0320 AND TO STORAGE 31 
ERA +0322 EXCLUSIVE OR TO ACCUMULATOR 32 
ORA -0501 OR TO ACCUMULATOR 32 
ORS -0602 OR TO STORAGE 32 
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Op. Code Flow Notation 
-~-----i-------------.. ---_______ . ________ ..... _ .. _- ... ·r_ 

ACL 
ADD 
ALS 
ANA 
ANS 
ARS 
AXT 
CAL 
CAS 
CHS 
CLA 
DVP 
ERA 
HTR 
LAC 
LAS 
LBT 
LDQ 
LGL 
LGR 
LXA 
MPY 
NOP 
ORA 
ORS 
PAC 
PAX 
PST 
PXA 
RQL 
SLW 
STA 
STO 
STQ 
STZ 
SUB 
SXA 
TIX 
TMI 
TNZ 
TPL 
TRA 
TSX 
TXI 
TZE 
XCA 
X(L 
lAC 

+0361 
+040() 
+0767 
-0320 
+0320 
+0771 
+0774 
-0500 
+034lJ 
+0760 
+0500 
+0221 
+0322 
+0000 
+0535 
-0340 

+076°1 
+0560 
-0763 
-0765 
+0534 
+0200 
+0761 
-0501 
-0602 
+0737 
+0734 
-0760 
+0754 
-0773 

.+ 0602 1 
+0621 
+0601 
-0600 
+0600 
+0402 
+0634 
+2000 
-0120 
-0100 
+0120 
+0020 
+0074 
+1000 
+0100 
+0131 
-0130 

(Y) + (AC) P, 1-35 --. (AC) P, 1-35 
(Y) + (AC) S, 1-35 ..... (AC) S, 1-35 
(AC) Q, P, 1-35 shifted left n places 
(Y) ANDed with (AC) P, 1-35 -. (AC) P, 1-35 
(Y) ANDed with (AC) P, 1-35 ~ (Y) 
(AC) 0, P, 1-35 shifted right n places 
(AXT) ZI-35-+ index register 
(Y) -+ (AC) P, 1-35. Zero. ~ (AC) S,Q 
If (AC»(Y); IC+l .IC.If (AC)=(Y); IC+Z·.IC.If (AC) «Y); IC+3-+IC. 
Invert (AC) S 
(Y) ~ (AC) S, 1 ... 35. Zeros -.. (AC) Q, P 
(AC) and (MQ) -:- (Y). Quotient -+(MQ), remainder ~ (AC) 
(Y) S, 1-35 ORed with (AC) P, 1-350 If position not =, 1~(AC). If =, O-+(AC) 
Stops computer. (HPR) ZI-35 "-~IC with start key depression 
Z I I complement (Y) Z 1- 35 -. index register 
If (AC) > (Y);IC+l-+IC. If =, IC+Z.IC. If (AC) < (Y~, IC+3-'IC. 
If (AC) 35 = 1, IC+l-+IC. If (AC} 35 = 0, IC-+IC 
(Y) --'(MO) 
(AC; 0, P, 1-35 and (MQ) shifted left n places 
{AC) O,P, 1-35 and (MQlshifted right n places 
(Y) Z 1-35 ---+ index register 
(Y) x (MQ). Product -.(AC) and (MQ) 
Dummy instruction. 
(Y} ORed with (AC}. If position is a 1, 1-.(AC). If both positions O,O-+(AC) 
(Y) ORed with (AC).If position is a 1, 1 .... (Y). If both positions O,O-.(Y) 
Z'I complement (AC) ZI-35-'index register 
(AO) ZI-35-. index register 
If (AC) P = 1, IC + l~IC. If (AC) P = 0, IC-'IC 
Index register ..... (AC) ZI-35. (AC) S,O,P, l-Z0 set to zeros 
(MO) shifted left n places. (MO) S -+ (MQ) 35 
(AC) .p, 1-35 ~(Y) 
(AC) Z 1-35 '-'CY) 21-35 
CAC) S, 1-35--'(Y) 
(MO) -.(Y) 
Zeros -~(Y) 
(AC) - (Y). Result to (AC) 
Index register-. (Y) 21-35 
If (XR) > (V); (XR) - (V)-'(XR) and (TIX) 21-35--..IC 
IF (AC) 5 = 1, (TMI) 21-35 -'IC 
If (AC} Q, P, 1-35 = 0, (TNZ) 21-35-.IC 
If (AC) S = 0, (TPL) 21-35--+IC 
(TRA) ZI-35-.IC 
Z'I complement of TSX 10cation~index register. (TSX) 21-35---'IC 
(V) added to (XR)-+(XR). (TXI) Z1-35-.IC 
If (AC) 0, P, 1-35 = 0, (TZE) Z1-35-.IC 
(AC) S, 1-35-+ (MQ). (MO)-.(AC) 5, 1-35. Zeros -.(AC) Q, P 
(AC) P, 1-35-'(MO). (MQ)-..(AC) P, 1-35. Zeros -. (AC) S,Q 
Zeros -.(AC) S, 0, P, 1-35 
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APPENDIX 

Instruction List By Type 

INDEX TRANSMISSION** 
AXC -0774 ADDRE~S TO XR COMPLEMENT 40 
AXT &0774 ADDRESS TO INDEX TRUE 40 
LAC &0535 LOAD COMP.OF ADDRESS IN XR 39 
LDC -0535 LOAD COMP.OF DECREMENT IN XR 41 
LXA &0534 LOAD INDEX FROM ADDRESS 3~ 
LXD -0534 LOAD XR.FROM DECREMENT 40 
PAC &0737 PLACE COMP.OF ADDRESS IN XR 40 
PAX &0734 PLACE ADDRESS IN INDEX 40 
PDX -0734 PLACE DECREMENT IN INDEX 40 
PXA &0754 PLACE INDEX IN ADDRESS 40 
PXD -07~4 PLACE INDEX IN DECREMENT 40 
SXA &0634 STORE INDEX IN ADDRESS 40 
SXD -0634 STORE INDEX IN DECREMENT 41 

SENSE INDICATOR** 
LDI &0441 LOAD INDICATORS 47 
OSI &0442 OR STORAGE TO INDICATORS 48 
PIA -0046 PLACE INDICATORS IN AC 48 
STI &0604 STORE INDICATORS 4B 
SIL -0055 SET INDICATORS OF LEFT HALF 48 
SIR &0055 SET INDICATORS OF RIGHT HALF 48 

UNCONDITIONAL TRANSFER** 
HTR &0000 HALT AND TRANSFER 49 
NOP &0761 NO OPERATION 49 
TRA &0020 TRANSFER 4~ 
XEC &0522 EXECUTE 49 

AQITHMETIC 
LBT &0760 
PBT -0760 
TMI -0120 
TNO -014;) 
TNZ -0100 
TOV &014C 
TPL &0120 
TQP &0162 
TZE &v10C 

RESULT TESTING** 
LO~ ORDER BIT TEST 
P BIT TEST 
TRANSFER ON MINUS 
TRANSFER ON ~O AC OVERFLOW 
TRANSFER ON NO AC ZERO 
TRANSFER ON AC OVERFLOw 
TRANSFER ON PLUS 
TRANSFER ON MQ PLUS 
TRANSFER ON ZERO 

STORAGE TESTING** 
CAS 
LAS 
NZT 
ZET 

&034v 
-034J 
-052J 
&0520 

COMPARE AC WITH STORAGE 
LOGICAL COMPARE AC/STORAGE 
STORAGE NON-ZERO TEST 
STOR~ ZERO TEST 

INDEX TESTING** 

49 
49 
49A 
49A 
49A 
49A 
49 
49A 
49 

50 
50 
50 
50 

TIX &2000 TRANSFER ON INDEX REGISTER ~l 
TNX -2~Ov TRANSFER ON NO INDEX 51 
TSX &0074 TRANSFeR AND SET INDEX 5C 
TXH &3000 TRANSFER ON INDEX HIGh 51 
TXI &100J TRANSFER WITH XR INCRE~ENTED 51 
TXL -3~Ov -~ANSFER ON XR LO~ OR EGUAL 51 

FIXED POINT 
ACL &0361 
ADD &040u 
CHS &0760 
CLS &050;:> 
DVP (,.0221 
I'v1PY &u20"" 
SUB &;)402 

ARITHMETIC** 
AD~ AND CARRY LOGICAL WORn 
ADD 
C~ANGE ACCUMULATOR SIGN 
CL~AR AND SU8TRACT 
DIVIDE OR PROCEED 
MULTIPLY 
SUBTRACT 
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Instruction List By Type 

FLOATING POINT ARITHMETIC** 
FAD &0300 FLOATING ADD 28 
FOP &0241 FLOATING DIVIDE OR PROCEED 28 
FMP &0260 FLOATING MULTIPLY 28 
FSS &0302 FLOATING SUBTRACT 28 

REGISTER SHIFTING** 
ALS &0767 ACCUMULATOR LEFT SHIFT 29 
ARS &0771 ACCUMULATOR RIGHT SHIFT 29 
LGL -0763 LOGICAL LEFT SHIFT 29 
LGR -0765 LOGICAL RIGHT SHIFT 30 
RQL -0773 ROTATE MQ LEFT 3G 

WORD 
CAL 
CLA 
LDQ 
SLW 
STA 
STD 
STL 
STO 
STP 
STQ 
STZ 
XCA 
XCL 
ZAC 

TRANSMISSION** 
-0500 CLEAR AND ADD LOGICAL WORD 
&0500 CLEAR AND ADD 
&0560 LOAD MQ REGISTER 
&0602 STORE LOGICAL WORD 
&0621 STORE ADDRESS 
&0622 STORE DECREMENT 
-0625 STORE INST.LOC.COUNTER 
&0601 STORE ACCUMULATOR 
&063 0 STORE PREFIX 
-0600 STORE MQ REGISTER 
&0600 STORE ZEROS 
&0131 EXCHANGE AC AND MQ REGISTERS 
-0130 EXCHANGE LOGICAL AC AND MQ 

ZEROS TO ACCUMULATOR 

LOGICAL** 
ANA -032 0 
ANS &0320 

AND TO ACCUMULATOR 
AND TO STORAGE 

ERA &0322 
ORA -0501 
ORS -0602 
SENSE LIGHT 
SLT -0760 
SLN &0760 
TIF &0046 
TIO &0042 

EXCLUSIVE OR TO ACCUMULATOR 
OR TO ACCUMULATOR 
OR TO STORAGE 

AND SENSE INDICATOR CONTROL** 
SENSE LIGHT TEST 
SENSE LIGHT ON 
TRANSFER IF INDICATORS OFF 
TRANSFER IF INDICATORS ON 

TRAPPING CONTROL** 
ENB &0564 ENABLE FROM Y 
ETM &0760 ENTER TRAPPING MODE 
LTM -0760 LEAVE TRAPPING MODE 
RCT &0760 RESTORE CHANNEL TRAPS 
TTR &0021 TRAP TRANSFER 

CONTROL** 

35 
35 
34 
35 
35 
35 
35 
35 
35 
34 
35 
35A 
35A 
35A 

31 
31 
32 
32 
32 

52 
52 
52 
52 

54 
53 
53 
53 
53 

INPUT/OUTPUT 
LCH LOAD CHANNEL 69 
RDS &0762 
RCH 
SCH 
TCO 
TEF 
TRC 
lAIRS &0766 

INPUT/OUTPUT 
10CD 0 
10CP 4 
10CT 5 
IORP 2 
10RT 3 
IOSP 6 
lOSt 7 
TCH 1 

READ SELECT 70 
RESET AND LOAD CHANNEL 69 
STORE CHANNEL 68 
TRANSFER ON CHAN IN OPERATION 75 
TRANSFER ON CHAN END OF FILE 75 
TRANSFER ON CHAN REDUN CHECK 75 
WRITE SELECT 70 

COMMANDS** 
I/O WITH COUNT AND DISCONNECT 71 
I/O IAIITH COUNT AND PROCEED 72 
I/O WITH COUNT AND TRANSFER 72 
I/O OF A RECORD AND PROCEED 72 
I/O OF A RECORD AND TRANSFER 73 
I/O UNTIL SIGNAL THEN PROCEED 73 
I/O UNTIL SIGNAL THEN TRANSFER 73 
TRANSFER IN CHANNEL 74 
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HTR 
TRA 
TTR 
TIO 
TIF 
PIA 
SIR 
SIL 
TSX 
TZ~ 
TNZ 
TPL 
TMI 
XCL 
XCA 
TOV 
TNO 
TOP 
MOY 
DVP 
FDP 
FMP 
FAD 
FSB 
ANS 
ANA 
ERA 
CAS 
LAS 
ACL 
ADD 
SUS 
LOI 
OSI 
CLA 
CAL 
ORA. 
CLS 
Z~T 
NZT 
XEC 
LXA 
LXD 
LAC 
LDC 
LDQ 
ENB 
STZ 
STO 
STO 
SLW 
ORS 
STI 
STA 
STD 
STL 
STP 
SXA 
SXD 
PAX 
Pi::>X 
PAC 
PXA 
PXD 
CHS 
ETM 
LBT 
RCT 
SLN 
LTM 
PBT 
SLT 
NOP 

&0000 
&0020 
&0021 
&0042 
&0046 
-0046 
&0055 
-0.055 
&0074 
&0100 
-010.) 
&U120 
-0120 
-013U 
&0131 
&014.) 
-0140 
&0162 
&0200 
&0221 
&0241 
&0260 
&030v 
&0302 
&0320 
-0320 
&0322 
&0340 
-0340 
&0361 
&0400 
&0402 
&0441 
&0442 
&U500 
-050G 
-0501 
&U502 
&0520 
-052v 
&0522 
&0534 
-0534 
&0535 
-0535 
&0560 
&0564 
&U60U 
-060u 
&0601 
&0602 
-0602 
&0604 
&0621 
&0622 
-0621:) 
&063.0 
&0634 
-0634 
&0734 
-0734 
&0737 
&0754 
-0754 
&0760 
&0760 
&0760 
&0760 
&0760 
-0760 
-0760 
~0760 
&0761 

NUMERIC INSTRUCTION LIST 

HALT AND TRANSFER 
TRANSFER 
TRAP TRANSFER 
TRANSFER IF INDICATORS ON 
TRANSFER IF INDICATORS OFF 
PLACE INDICATOR~ IN AC 
SET INDICATOR~ OF RIGHT HALF 
SET INDICATORS OF LEFT HALF 
TRANSFER AND SET INDEX 
TRANSFER ON ZERO 
TRAN~FER ON NO AC LERO 
TRAN~FER ON PLUS 
TRANSFER ON MINUS 
~XCHANGE LOGICAL AC AND MQ 
EXCHANGE AC AND MQ REGISTERS 
TRANSFER ON AC OVERFLOW 
TRANSFER ON NO AC OVERFLOW 
TRANSFER ON MQ PLUS 
MULTIPLY 
DIVIDE OR PROCEED 
FLOATING DIVIDE OR PROCEED 
FLOATING MULTIPLY 
FLOATING ADD 
FLOATING SUBTRACT 
ANr) TO STORAGE 
AND TO ACCUMULATOR 
EXCLUSIVE OR TO ACCUMULATOR 
COMPARE AC WITH STORAGE 
LOGICAL COMPARE AC/STORAGE 
ADD AND CARRY LOGICAL WORD 
ADO 
SUBTRACT 
LOAD INDICATORS 
OR STORAGE TO INDICATORS 
CLEAR AND ADD 
CLEAR AND.ADD LOGICAL WORD 
OR TO ACCUMULATOR 
CLEAR AND SUBTRACT 
STORE ZERO TEST 
STORAGE NON-ZERO TEST 
EXECUTE 
LOAD INDFX FROM ADDRESS 
LOAD XR FROM DECREMENT 
LOAD COMP.OF ADDRESS IN XR 
LOAD COMP.OF DECREMENT IN XR 
LOAD :v1Q REGISTER 
ENABLE FROM Y 
STORE ZEROS 
STORE MO REGISTER 
STORE ACCUMULATOR 
STORE LOGICAL WORD 
OR TO STORAGE 
STORE INDICATORS 
STORE ADDRESS 
STORE DECREMENT 
STORE INST.LOC.COUNTER 
STORE PREFIX 
STORE INDEX IN ADDRES~ 
STORE INDEX IN DECREMENT 
PLACE ADDRESS IN INDEX 
PLACE DECREMENT IN INDEX 
PLACE COMP.OF ADDRESS IN XR 
PLACE INDEX IN ADDRESS 
PLACE INDEX IN DECREMENT 
CHANGE ACCUMULATOR SIGN 
ENTER TRAPPING MODE 
LOW ORDER BIT TEST 
RESTORE CHANNEL TRAPS 
SENSE LIGHT ON 
LEAVE TRAPPING MODE 
P BIT TEST 
SENSE LIGHT TEST 
NO OPERATION 
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49 
49 
53 
52 
52 
48 
48 
48 
50 
49 
49A 
49 
49A 
35A 
35A 
49A 
49A 
49A 
26 
26 
28 
28 
28 
28 
31 
31 
32 
50 
50 
27 
25 
26 
47 
48 
35 
35 
32 
26 
50 
50 
49 
39 
40 
39 
41 
34 
54 
35 
34 
35 
35 
32 
48 
35 
35 
35 
35 
40 
41 
40 
40 
40 
40 
40 
26 
53 
49A 
53 
52 
53 
49A 
52 
49 



RDS 
LGL 
LGR 
WRS 
ALS 
ARS 
RQL 
AXT 
AXC 
TXI 
TIX 
TNX 
TXH 
TXL 
lOCO 
TCH 
10RP 
10RT 
loep 
10cT 
10SP 
lOST 
LCH 
RCH 
SCH 
TCO 
TEF 
TRC 
ZAC 

ACL 
ADD 
ALS 
ANA 
ANS 
ARS 
AXC 
AXT 
CAL 
CAS 
CHS 
CLA 
CLS 
DVP 
ENB 
ERA 
ETM 
FAD 
FDP 
FMP 
FSS 
HTR 
IOCD 
IOCP 
10CT 
IORP 
IORT 
10SP 
lOST 
LAC 
LAS 
LBT 
LCH 
LDC 
LDI 
LDQ 
LGL 
LGR 
LTM 
LXA 

&0762 
-0763 
-0765 
&0766 
&0767 
&0771 
-0773 
&0774 
-0774 
&100U 
&2000 
-200U 
&300U 
-3000 o· 
1 
2 
3 
4 
5 
6 
7 

&0361 
&0400 
&0767 
-0320 
&032U 
&0771 
-0774 
&0774 
-0500 
&0340 
&076(.) 
G0500 
&0502 
&0221 
&0564 
&0322 
&0760 
&0300 
&0241 
&0260 
&0302 
&0000 
o 
4 
5 
2 
3 
6 
7 
&0535 
-0340 
&0760 

-0535 
&0441 
&0560 
-0763 
-0765 
-0760 
&0534 

READ SELECT 
LOGICAL LEFT SHIFT 
LOGICAL RIGHT SHIFT 
WRITE SELECT 
ACCUMULATOR LEFT ~HIFT 
ACCUMULATOR RIGHT ~HIFT 
ROTATE ~Q LEFT 
ADDRESS TO INDFX TRUF 
ADDRESS TO XR COMPLEMENT 
TRANSFER WITH XR INCREMENTED 
TRANSFER ON INDEX REGISTER 
TRAN~FER ON NO INDEX 
TRANSFER ON INDEX HIGH 
TRANSFER ON XR LOW OR EQUAL 
I/O WITH COUNT AND DI~CONNECT 
TRANSFER IN CHANNEL 
I/O OF A RECORD AND PROCEED 
I/O OF A RECORD AND TRANSFER 
y/o WITH COUNT AND PROCEED 
I/O WITH COUNT AND TRANSFER 
I/O UNTIL SIGNAL THEN PROCEED 
I/O UNTIL SIGNAL THEN TRANSFER 
LOA;) CHANNEL 
RESET AND LOAD CHANNEL 
STORE CHANNEL 
TRANSFER ON CHAN IN OPERATION 
TRANSFER ON CHAN END OF FILE 
TRANSFER ON CHAN REDUN CHECK 
ZEROS TO ACCUMULATOR 

ALPHABETIC INSTRUCTION LIST 

ADD AND CARRY LOGICAL WORD 
ADD 
ACCUMULATOR LEFT SHIFT 
AND TO ACCUMULATOR 
AND TO STORAGE 
ACCUMULATOR RIGHT ~HIFT 
ADDRESS TO XR COMPLEMENT 
ADDRFSS TO INDEX TRUF. 
CLEAR AND ADD LOGICAL WORD 
COMPARE AC WITH STORAGE 
CHANGE ACCUMULATOR SIGN 
CLEAR AND ADD 
CLEAR AND SUBTRACT 
DIVIDE OR PROCEED 
ENABLE FROM Y 
EXCLUSIVE OR TO ACCUMULATOR 
ENTER TRAPPING MODE 
FLOATING ADD 
FLOATING DIVIDE OR PROCEED 
FLOATING MULTIPLY 
FLOATING SUBTRACT 
HALT AND TRANSFER 
I/O WITH COUNT AND DISCONNECT 
I/O WITH COUNT AND PROCEED 
I/O WITH COUNT AND TRANSFER 
I/O OF A RECORD AND PROCEED 
I/O OF A RECORD AND TRANSFER 
I/O UNTIL SIGNAL THEN PROCEED 
I/O UNTIL SIGNAL THEN TRANSFE~ 
LOAD COMP.OF ADDRESS IN XR 
LOGICAL COMPARE AC/STORAGE 
LOW ORDER BIT TEST -
LOAD CHANNEL 
LOAD COMP.OF DECREMENT IN XR 
LOAD INDICATORS 
LOAD MQ R~GISTER 
LOGICAL LEFT SHIFT 
LOGICAL RIGHT SHIFT 
LEAVE TRAPPING MODE 
LOAD INDEX FROM ADDRESS 
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70 
29 
30 
70 
29 
29 
30 
40 
40 
51 
51 
51 
51 
51 
71 
74 
72 
7'3 
72 
72 
73 
73 
69 
69 
68 
75 
75 
75 
35A 

27 
25 
29 
31 
31 
29 
40 
40 
35 
50 
26 
35 
26 
26 
54 
32 
53 
28 
28 
28 
28 
49 
71 
72 
72 
72 
73 
73 
73 
39 
50 
49A 
69 
41 
47 
34 
29 
30 
53 
39 



LXD 
MPY 
Nap 
NZT 
ORA 
ORS 
051 
PAC 
PAX 
PAT 
PDX 
PIA 
PXA 
PXD 
RCH 
RCT 
RDS 
RQL 
SCH 
SIL 
SIR 
SLN 
SLT 
SLW 
STA 
STD 
STI 
STL 
STO 
STP 
STQ 
STZ 
SUB 
SXA 
SXD 
TCH 
TCO 
TEF 
TIF 
TIO 
Tyx 
TMI 
TNO 
TNX 
TNZ 
TOV 
TDL 
TQP 
TRA 
TRC 
TSX 
TTR 
TXH 
TXI 
TXL 
TZE 
WRS 
XCA 
XCL 
XEC 
ZAC 
ZET 

-0534 
&0200 
&0761 
-0520 
-0501 
-0602 
&0442 
&0737 
&0734 
-0760 
-0734 
-0046 
&0754 
-0754 

&0760 
&0762 
-J773 

-00c:;~ 
&0055 
&0760 
-U760 
&'0602 
&v621 
&0622 
&0604 
-0625 
&0601 
&06J0 
-0600 
&0600 
&0402 
&0634 
-0634 
1 

&0046 
&0042 
&2000 
-0120 
-014(.; 
":2000 
-0100 
&0140 
&012 0 
&0162 
&0020 

&0074 
&0021 
&3000 
t,1000 
-3000 
&0100 
&0766 
&0131 
-0130 
&0522 

&052U 

LOAD XR FROM DECREMENT 
MULTIPLY 
NO OPERATION 
STORAGE NON-ZERO TEST 
OR TO ACCUMULATOR 
OR TO STORAGE 
OR STORAGE TO INDICATORS 
PLACE COMP.OF ADDRESS IN XR 
PLACE ADDRESS IN INDEX 
P BIT TEST 
PLACE DECREMENT IN INDEX 
PLACE INDICATORS IN AC 
PLACE INDEX IN ADDRESS 
PLACE INDEX IN DECREMENT 
RESET AND LOAD CHANNEL 
RESTORE CHANNEL TRAPS 
READ SELECT 
ROTATE MQ LEFT 
STORE CHANNEL 
SET INDICATORS OF LEFT HALF 
SET INDICATORS OF RIGHT HALF 
SENSE LIGHT ON 
SENSE LIGHT TEST 
STORE LOGICAL WORD 
STORE ADDRESS 
STORE DECRFMENT 
STORE INDICATORS 
STORE INST.LOC.COUNTER 
STORE ACCUMULATOR 
STORE PREFIX 
STORE MO RFGIST~R 
STORE ZEROS 
SUBTRACT 
STORE INDEX IN ADDRESS 
STORE INDEX IN DECREMENT 
TRANSFER IN CHANNEL 
TRANSFER ON CHAN IN OPERATION 
TRANSFER ON CHAN END OF FILE 
TRANSFER IF INDICATORS OFF 
TRANSFER IF INDICATOR~ ON 
TRANSFER ON INDEX REGIST~R 
TRANSFER ON MINUS 
TRANSFER ON NO AC OVERFLOW 
TRANSFER ON NO INDEX 
TRANSFER ON NO AC ZERO 
TRANSFER ON AC OVERFLOW 
TRAN~FER ON PLUS 
TRANSFER ON MQ PLUS 
TRANSFER 
TRANSFER ON CHAN REDUN CHECK 
TRANSFER AND SET INDEX 
TRAP TRANSFER 
TRANSFER ON INDEX HIGH 
TRANSFER WITH XR INCREMENTED 
TRANSFER ON XR LOW OR EQUAL 
TRANSFER ON ZERO 
WRITE SELECT 
EXCHANGE AC AND MQ REGISTERS 
EXCHANGE LOGICAL AC AND MQ 
FXECUTE 
ZEROS TO ACCUMULATOR 
STORE ZERO TEST 
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40 
26 
49 
50 
32 
32 
48 
40 
40 
49A 
40 
48 
40 
40 
69 
53 
7'0 
30 
68 
48 
48 
52 
52 
35 
35 
35 
48 
35 
35 
35 
34 
35 
26 
40 
41 
74 
75 
75 
52 
52 
51 
49A 
49A 
51 
49A 
49A 
49 
49A 
49 
75 
50 
53 
51 
51 
51 
49 
70 
35A 
35A 
49 
35A 
50 



PaJll' Cud(' 

~O PXD 
S\ RCT 

W RQL 
111 SIL 

-411 SIR 

.,2 SL!<ix 
"'l SLTK 
H SLW 
\S STA 
~ 0; STD 
"ill sn 
p; STO 

i'" STP 
H STQ 
35 STZ 
Zh 
10 
11 
"'l 
"'l 

Ha TMI 
-I9a T:'IIO 
"'I T:'IIX 
49a TNZ 
-lqa TOY 
-I9a rpL 
Ha TQP 
1'1 TRA 
50 TSX 

Alphabetic Instruction List With Flow Notation 

In.trlll'lion :-.Ian", 

Phll:c indeK in clt't'rt'ment 
Restore channel traps 

Rutale multiplier.quotit'nt left, 
SrI indiC'aturil of IC!1t half 

Set indicatura of ri"ht half 

St·nse hjlht x on 
Sense liRht x teat 
Store IOllical wurd 
Sture addrl'!u 
Sture dl!'crement 
Store indicators 
Stnrl!' accumulator 
Sturl!' prefix 
Store multiplil!'r quotil!'nt 
Sture 7.eros 
Subtract 
Sture index in address 
Store indu; in decrement 
Tranllfer if indicatur. off 

rans er un index 
Transfer on minus accumulator 
Transfer on no o\'rrflollll 
Transfer on no index 
Tra,nder on No zero 
Transfer on o\'l'rflow 
Transfer on plus acC'umulator 
Tranafl'r on plus MQ reRister 
Transfer 
Transier and let index 

Flow Notation 

Index reailter_(AC) 3·1;. (AC) Q.P,S, l.Z. 111 • .\'; ""t 10 Zt'r" .. 

Turnl on Trap Control 

(MQ) shifted left n placel. (MQ) S-IMQ) 3S 
(SIL) 18~15 and (SI) 0·17 are compared. U a .h·cm pUlitiu .. of 
either group i. a I, a I -lSI) 0·17. U both art· O. a «_ lSI) 0.1;. 
(SIL) 18·35 and (SI) 0·17 are compared. U a Iliven p"'!litiull of 
either aroup i. a I. a 1_(S1) 18.,~5. U both art' 0, iI o-'SI) IH. i:'. 
(SLNj I8.B turn on sense 1Il1ht X. 

U light x i. on. it i. turned off and IC • l-tC 
(AC) p, 1.35-(Y) 
(AC) ZI·15-(Y) ZI·1S 
(AC) 1·17_(Y) 1·17 
(SI)-(Y) 
lAC) S, 1.35-(Y) 
(AC) P, I,Z-(Y) 5, I,Z 
(MQ)-IY) 
Zerol_(Y) 
(AC) - (YI-IAC) 
Index reai.ter -(V) ZI·15 
Index register _(Y) 1·17 
U indicators are off; (TIF) ZI·3S-IC 
U indicator. are on; TIO ZI·3S-IC 
U (XR.) > (V); IXR.) - (V)-IXR.) and ITIX) Z)·~5-IC 
U (AC) 5 = 1, (TMI) Zl·15-IC 
Uno AC overflow; (TNO) Zl·]5-IC 
U (XR)=,(V); (TNX) Zl·15_IC and (XR.) - (V)-IXR) 

U(AC)Q,P,l·lS == 0, (TNZ)ZI·3S IC 
U AC overflow; (TOV) Zl·35-IC 
U lAC) S = 0, (TPL) Zl.35-IC 
U (MQ) S = 0, (TOP) ZI.15_IC 
(TR.A) Zl.15-IC 
Z'I complement of TSX location_ index reKillter; (TSX) ll· ~~-IC 

:;j TTR Trap trander 
~ I TXH frander on index hiah 

(TTiq Zl.15_IC _ 
--~--~~~~~~~~~~~--------------~U~(~X:R~»~(V~)~;~(T=X~H~)~ZI~.~1~5-~IC~--------------------------

51 TXI 
SI TXL 
-l'la T7.E 
i~a XCA 
ie;n ~<:eL 
-Iq XEC 
~:'a 7.AC 
:'0 Zf~T 

Transfer with Xl' incremented 
Transh.r on index low 
TrAnsfer on zero accumulator 
ExC'hanRe accumulator and MQ relli.ters 
tKchanlll' IUlllcai Ac and Mb regi.ters 
EXl."cute 
Zt'r()1 tu accumulator 
Sturil!!t' ~t'ro tl'lIt 

(V) added to (XR) (XR.), (TXI) Z 1-15 IC 
U (XR.)~(V); (TXL) Zl·lS-IC 
U (AC) Q,P, 1.15 = 0, (TZE) Zl·35-IC 
(AC) S, I.15-(MQ) and (MQ)_(AC) S. 1.35.Zerol_ I ;\C) O. P 
(Acl p, i.B-(Mbl and l£tal-IAc) P, 1·15. it,ru~-1.\f.) s.Q 
See page 49 
Zerolareaetinto(AC)S,Q,P, 1·35 
U (Y) 1·35 are = 0, IC + I-Ie 

:'I:OTE: WI,..n any tranllfl'r instruction does not meet its test. the next lequentia)'in.tructiun is takt'n. 
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~ Cud,' 
li ""ACT. 
l:; ADD 
l" AL5 
q A:,\A 
n 1\:'\5 
l'l ARS 
,to AXC 
-to AXT 
\.; CAL 
:'11 CAS 

Alphabetic Instruction List With Flow Notation 

InRtrllC'lion ;'\jAm,· 
Add .. lid ('lIrry IOllic'al word 
Add 
:\n:utnllilltur IcCt "hift 
A:'\D to "C'C'umulat"r ':' 
A:,\D to stura!l" ':' 
An'umulator rillht shift 
Address to indl'x ('omplemented 
Address tu index true 
CINlr "nd IIdd IOJiliC'al word 
Cllmpllre aC'cllmlilator with storaJile 

Flow Notatioll 
(y) ... (AC) P.I-35-(AC) P.I-H 
(V) + (AC) S. 1- 35 -(AC) S. 1- 35 
(ACl Q. p. 1- 35 shifted I('ft n pla("'s 
(V) ANDed with (AC) P. 1- 35 - (AC) P. 1- 35 
(V) ANDed with (AC) P.I-35 -(V) 
(AC) Q, p. 1-35 shifted ri!lht nplacell 
l'S complement of (AXC) ZI-35- index reJlister 
(AXT) ZI-35_ index reJilister 
(V)_(AC) p. 1-35. Zero_ (AC) S.Q 
If (AC» (Y); IC + 1- IC. If (AC) = (Y); IC Z-IC 

h C1...\ Ci"ar and add 
If (AC)< (V); IC + 3-.::,.....:I:;:;c:.:,.. ______________ _ 

--~----~~-~~--~~---------------~(Y~)~-~~IA~C~)~S~.~I~-~3~5~. Zero- IAC)O,P 

li. DVP 
:;~ E:,\B 
\l ERA 

lH 
211 

:'0 LAS 

41 LnC 
4; LDI 
H Loo 
21) LeL 
HI LGR 
:,~ LTM 
~ .. LXA 
II) LXD 
2.) MPY 
i" :'\OP 
:;0 :,\ZT 
\2 ORA 

H~ 051 

40 PAC 
,III P:\X 
:th POX 
411 PI .. \ 
·11l PXA 

Di\'ide or prol'eed 
Enable Crom V 
Exdusi\'(' OR to acC'umulator ~, 

l.,oad ('omplement of dec, in index 
Load indicators 
Luad multiplier-quotient 
Logical left shilt 
Logic-al right shift 
Leave trapping mode 
Luad ind(!x from address 
Load index from decrement 
Multiply 
:'1:0 operation 
StoragE' not 7.ero test 
OR to aC('umulator ':' 

to storap,p ',' 

OR storaj!<' tn indkHturs':' 

Place compo of address in xr 
Plac(' address in index 
Piac'e d('cr<'ment in index 
Place indicators in accumulator 
Plac,· ind"x ill address 

(AC) and (MO) + (Y). Ouotient-(MQ). remainder-fAC) 
IV) enables the type of traps 
(V) 5.1-35 exclusive ORed with (AC) P. 1-35. If Jlh('11 I' .. slti .. "s 
of each register are not =. a I-lAC). If", a O-IA(;) 
Tra s ma now occur 
(V) + (AC)-(AC) 
lAC) + (V). Quotient_IMO). remainder_lAC) 
(V) x (MQ). Product_lAC) and (MQ) 
(AC) - (Y)-(AC) 
Sto s com utero 0 HPR Zl-35-IC with start ke de rf'ssiun 
o 's complement (Y) ZI-35- index relilter 
If (AC);) (V): IC + 1- IC. If (AC) = (V): IC + Z- IC. 
If (AC)«Y); IC + 3-IC. 
Z's complement (Y) 3-17-index register. 
(Y)-(SI) 
(Y)-(MQ) 
(AC) Q, P. 1-35 and (MQ) shifted left n rlaces 
(AC) Q, P, 1- 35 and (MQ) shifted right n places 
Traps may not now occur 
(V) ZI-35_index register 
(V) 3-17- index reaister 
(V) x (MQ). Product-lAC) and (MQI 
Dummy instruction 
If (V) 1-35> 0, IC + 1-IC. If (Y) 1-35 = 0, nl'xt in!ltrlldio" 
(V) ORed with (AC). If a aiven position of either re)!ister is a 1. 
1- (AC). If both olitionl are 0, O-(AC). 

e wit AC). a Miven position of either rl'lll!1h'r is it I. 
I-(V). If both positions are 0, O-(V). 
(Y) ORed with (SI). If a given position of either rC'J.!ist.,r is a I, 
1 ~ (51). If both pOlitions lire 0, 0 - (51) 

l's comp (AC)Zl-35 .... (XR) 

(AC) ll-35- index register 
(AC) 3-17 - index register 
(51)- (AC) P. 1-35. (AC) 5, 0 set to zeros. 
Index register-lAC) ZI-350 lAC) S,O,P, l-l0 s,·t to z!"r"s 

1\"lllw"n" th,' "ntir(' ('unt()lIts of storage location Y. (AC) ll-35 means only positions ZI-35 of the AC art' "H,'(·II·d. 
- (ii\ ,." till' di r(·,otiun of flow. Ie means instruction counter. SI meanll the lIense indicator register. 

f:~ilmpl('s of OR. A:'I:n. and (·"elusive OR: 
OR -- IIUI ORNI with AND -- 1101 ANDed with Exclulive OR -- 1101 ORed with 

0100 gives 
01(}0 
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01. 01 

INTRODUCTION &: PROGRAMMING QUIZ 

1. Interpret the following program and indicate the final contents of: 

a. Acc 
b. Instr. Ctr. 
c. Sense Indicator Reg. 
d. Index Reg. A, B, C' 

0000 LDI 0020 
1 AXT 7, 1 
2 AXT 4. 2 
3 CLA 0100 
4 SUB 0101 
5 TIO 0010 
6 TIX 4, 1, 1 
7 RIS 0070 

10 NOP 
11 RFT 777777 
12 TRA 0400 
13 TRA 0300 

0020 00000 •.... 7 
0021 007007007007 

0070 000000007777 

0100 OCT 30 
0101 OCT 2 

0201 000000000077 
0202 000000000777 

0300 XEC 0301 
0301 ADD 0201 
0302 IDI 0021 
0303 ONT 0021 
0304 HTR 
0305 HTR 

0400 XEC 0401 
0401 ADD 0202 
0402 LDI 0021 
0403 OFT 0021 
0404 HTR 
0405 HTR 
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01.02 

INTRODUCTION & PROGRAMMING QUIZ 

Define the following instructions and by the use of symbols, show what the 
result of the instruction is. 

1. CLS 

2. SLW 

3. LXA 

4. XCA 

5. ENK 

6. TTR 

7. TNZ 

8. CAS 

9. AXT 

10. ETM 

II. RQL 

12. CLM 

13. TCOA 

14. ACL 

15. TXI 

16. LGL 21. XEC 

17. NZT 22. PAC 

18. TQP 23. TIX 

19. MSE 24. TLQ 

20. BTT 25. PBT 
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01. 03 

INTRODUCTION AND PROGRAMMING QUIZ 

For each program step, briefly describe what the instruction will do. Also 
fill in the octal value s of the registers indicated below as they occur. At 
the bottom of the program record the final register values are to be filled in. 

Storage 
Loc. 

START 

100 

101 

102 

103 

104 ALPHA 

105 SUB 

106 

107 

110 

III 

112 A 

113 B 

114 C 

115 D 

116 E 

117 Z 

ORG 778 

LXA Z, Z 

CAL A, Z 

ADD B 

STO D, Z 

TIX START t 1, 2, 1 

CLA* D 

SUB E 

PAC 0, 5 

TPL ALPHA ... 5, Z 

HTR 0 

HTR 0 

OCT 50 

DEC Z 

DEC 0 

OCT 112 

OCT 5 

OCT 1 

FINAL REGISTER VALUES 
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INTRODUCTION AND PROGRAMMING QUIZ 

01. 04 
Page 1 

The following programs have been generated. Diagnose the program and 

determine the contents of the PC, PR, ACC, and XRA, B, and C upon 

completion of the program. 

If it is determined that the program will not halt, indicate this as an 

endle s sloop. 

1. 

GO 

NOW 

A 

ORG 

CLA 

777708 

A 

LLS 5 

CAS A t 1 

TSX GO t 6, 1 

TRA A t 3 

HTR 

TXI NOW t 1, 1, 10 

ADD At 2 

TIX NOW t 1, 1, 1 

HTR 

OCT 40 

OCT 1770 

OCT 5 

HTR 
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Introduction and Programming Quiz 

2. ORG 777708 

GO PXD J 0 

CLA A 

STT GO + 4 

SUB A + 1 

TSX NOW + 4J 

NOW STZ A 

LDQ A 

LGR 5 

HTR 

TXI NOWJ 7, 

A OCT 7777777 

OCT 0707070 

HTR 

594 
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Introduction and Programming Quiz 

3. ORG 777008 

GO TSX GO + 4, 5 

CLA A 

ADM A + 1 

HTR 

ETM 

CLA A 

TPL Beta +- 3 

ADD Beta 

STO Beta 

HTR 

A OCT 10 

OCT -40 

Beta OCT -17 

OCT 1 

00000 HTR 

CLA 0 

ADD Beta +- 1 

STO 5 

TTR* 5 
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Introduction and Programming Quiz 

4. ORG 378 

GO TXI GO + 3, 7, 10 

STO A + 5 

HTR 

CLA A 

ADD A + 1 

NOW TIX GO t 4, 1, 1 

TXH A t 4, 4, 5 

TSX NOW t 4, 7 

HTR 

STA NOW 

TRA* NOW 

HTR 

A OCT 2 

OCT 10 

OCT 50 

HTR 

HTR 

HTR 
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5. ORG 777708 

GO CLA ALPHA 

ALS 10 

TPL GO i- 4 

TMI BETA i- 2 

TSX LOOM, 2 

ADD ALPHA i- 1 

TIX GO i- 5, 1, 1 

TXI LOOMi- S, 7, 10 

AXT 50, 6 

ACL ALPHA 

LOOM LXA GO i- 1, 1 

ADM ALPHA i- 1 

SUB ALPHA i- 1 

TNZ GO i- 5 

HTR 

STZ GO i- 7 

CAS BETA i- 1 

TRA BETA i- 3 

TRA GO ... 5 

TXI GO T 8, 7 

HTR 

ALPHA OCT 1 

OCT -4 

BETA HTR 

OCT 2010 
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01. 05 
Page 1 

1. In writing a symbolic program, which of the following would pass as 
Ie gal symbols? 

a. LECTER 
b. MUSICAL 
c. MIP*A 
d. RAJAH 
e. $ DOUGH 
f. MELLON 
g. HA 

2. Add the following octal numbe rs and work each in binary as the machine 
would perform the addition. 

a. +524 Acc 
+377 

b. +235 Aee 
-426 

3. Subtract the following octal numbers and work out in blnary as the 
machine would pe rform the subtraction. 

a. +123 Acc 
+256 

b. +341 Ace 
-657 

4. Multiply in binary. 

+37 
+ 7 

5. Conve rt to octal. 
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Introduction and Programming Quiz 

6. Where in the 7090 word are the following fields located? 

a. Tag 
b. Flag 
c. Decrement 
d. Prefix 

01. 05 
Page 2 

7. Explain the function performed by each of the following instructions. 

a. CLA 1000 
b. SBM ALPHA 
c. ADD* NET 
d. TRA *+5 
e. MPY RATE, 3 
f. TPL* WHT, 1 
g. LXA MIN, 7 
h. ALS 3 
i. TIX *, 1, 1 

8. Change to octal. 

a. 3333 10 
b. 1125 10 
c. 3641 10 

9. Change to de cimal. 

a. 1778 
b. 13258 
c. 43278 

TRUE OR FALSE 

10. All instructions may use address modification. 

11. The maximum number of shifts which may be performed by an ALS is 
72, decimal. 

12. All inf:ormation going to or coming from core storage passes thru 
multiplexor. 
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Introduction and Programming Quiz 

13. The instruction ADM treats both factors as positive numbers. 

01. 05 
Page 3 

14. The OR and AND instructions always treat the factors as logical words. 

15. There is no difference in the operation code (S, 1-11) of a write select 
instruction for two different data channels. 

16. An RCH instruction is necessary following a read select in order to 
start the selected I/O device in motion. 

17. At] RCHA will always load channel A with a command. 

18. An LCH can be used to synchronize CPU program with an I/O program. 

19. A TNX will not alter the specified index register unless the decrement 
portion of the instruction is equal to or larger than the contents of the 
Index Register. 

20. A TXI is a conditional transfer. 

21. Show, by diagram, the configuration of records that will be written 
on tape by the following program. 

WTDA 1 
RCHA CW 
LCHA CW + 2 
HTR 0 

CW IOCP A,,20 
IOSP B,,10 
IORP C,,40 
IOSP D,,6 
IORT E" 10 
IOCP F,,30 
IOCD G,,10 

22. Location TEMP contains six 6-bit numbers, the left hand position of 
each number being the sign of the number. Write a program, in symbolics, 
which will add these numbers together and store the answer in location 
SUM. 
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23. On tape #1 there are five 10-word records. The following program is 
in core. What will be accomplished by the program? 

ORG 24 
AXT 5, 2 

GO RTBA 1 
RCHA RC 
TCOA * AXT 9, 1 
CAL A 
ACL A + 10, 1 
TIX * - 1, 1, 1 
SLW A + 10 
WTBA 2 
RCHA WC 
TCOA * TIX GO, 2, 1 
HPR 

RC IOeD A,,10 
we IoeD A, , 11 
A BSS 11 

END 24 
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PACKAGING AND COMPONENT CIRCUITS 02. 01 

POP QUIZ #1 /f/tN~ -------------------
FOf< [peN Dr iHF F-OLLOWING TELL INL?/CJ:liE/) :J Ufl/C Tlo A/S 

IF 

SJ{O/UfNG TilE P19TH I9NO THt:-

(ov) (ov) 

CO (.0 LLcC'TOR, 

(-sv) 

NI 
BRSt 

I p < 
(-7V) 

N 
GRsr p < 

< < 
N N 
\;1 \V 

E. tft ITT fR I: MITTER. 

(-bV) 

(ov) (0 v) 

ENl lTTE"R 

\11 \V 

pi P 
f3ASt 

~ __ ~l ~ ________ _ 
GASE < 

(+1 v) N (-IV) N 
< < 

P 
Co LLEC""O~ 

( -10 V) 
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-12 

1. Select the correct voltage and resistance values (Black out the wrong 
resistor or voltage value so that the correct values remain). 

2. Shade in th('! transis tor that is conducting. 

3. Select the correct name for outputs A and B (Black out incorrect name.) 

4. Draw the logic block configuration below for the above circuit and 
show inputs and outputs. 

D 
605 





02. 03 
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PACKAGING & COMPONENT CIRCUITS QUIZ 

CLOSED BOOK 

Gate A 

____ ....I.~Hinge 

1. Identify on the above gate the following: 

(a) all chassis 
(b) the rows of chas sis 1 (label) 
(c) label the colum.ns of chassis 2 

I 
I 
I 
f 
I 
I 

Tx Card 

label pin connections 
on socket 

(d) ribbon cables from. the tail gate connect to Row on the upper chassis ---(e) Ribbon cables from. the tail gate connect to Row on the lower chassis 
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r' " ..... " ... ", .,.'.-_ .... 

le .-0 -
3 

A -
I 

-- 8 I 
-_.,. c E' - -

•. J 

-
' ..... ' .... ' .. " ... "~_4' ... _'''D: ...... _ ..... 

I <9 
+0 0- -- -A 

---13 

- c. E -

I J 

.. 

(' .. -... -.~.-.. --. " .. ·· .. ·"1 

A 
I It) - -® ''''- R --

- -6 

- -. c:. E ---

L _. J 

t-

,r~· .. ·~· .. ~~· .-.-~ ® 
-A +A jD- --

- -- B 

- _. C E -:- -
'----~.,,-.. . ...1 
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l3 

c 

+ 
D_ 

-+-
E 

R 

8 

C -
+ 

D 

+ 
E_ 

A 

(3 

C 

D 

t 

R 

(3 

C 

D 

E. 
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-1-14-1 

H. 

-

-

~ 

-



--:I-Ol. IF CUG 

< ® 
R I + A IF 

I 
\ J ' 
( B; 
i 

c I !G 
I 1 

~ .. ~ __ -..._-..l 
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R 

r-··-··--·-··-~ 

I C I 
I 

B! 
L---.J 

--,-"1 
+OE Ie 

! 
I 
!D 
I 

-.J 
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[~~OY*li 
--.-- A r--C-l C ---~I -D r~lE 

L._JB -----.----------UF-
+ 

B 

C~ 
+ 

o 

.... 
f 
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@ O/i7 /iW f1 11/.5 /NPfIT TRI(;,ctRING' PIILSE flNO TilE 

--R SS 
P N'P 

I ! 
31u.s _._ ....... _ .. ---, 

S$ f 

pi 

L_J 

B--·-
c---

D .. ---t--

B 

@. DRRL-I f-1 -3 u.s INPU7- TRIG(d£RINQ PI/iS£, Rlv/J TilE 

I-?[S {)L TINS OUTPUT P(JLS£S. 
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_ @ WITHIN ERCH BL.OC/< SHOW THE' CORR~CT LINE RfFERfNC£' SYMBOLS. 

@ \'/ILL THIS C/r?CUIT FI//IICTION' ?I?OPJ:-f(lY! 

IF NOr; l'1f1kE TilE Nf-C[SSI1I( Y /'1001 FICFlTI ONS, 

Dl 
C i CB 

@ CORRECT THE ERRoRS (ff RNY) )N THE FOLLOhllNG DIRGRfi!1S. 

DT. 
N P 

613 
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@ CORR£CT TH[ ERRORS (IF RNY) IN THE FOLLOWING DIRGRRM. 

c (-._--_._--'J 

C I ---I DP 

i 
I 

r' ... " 

Ie 
I 
i 

. I-! _--J 

-.... --

DP 
r--- C 

---. 

@ A. INPUT II A II IS USED TO TURN THIS TRIGGER 

B. INPIJT IIB'I ISUSfD TO TURN THIS TRIGGER 

c. \JHEN THIS TRIGGER \5 ON, OUTPUT liD" IS 

D. 'rIH EN THIS TRIGGER )S OFF/ OUTPUT "C" (s 

E. LRBtL RS PLUS OR MINUS THE INPUT LINES (R + B) 

FOR THE INACTIVE OR NON - CHRNGING, STATE' OF 

THE TRIGGE'R. 

F. TH,s TRIGGER I S TURNED ON BY R (N EG.) pos) PULSE'. 

G. THIs TRIGGE'R IS TURNED OFF BY A (N£G'JPO~) PULsr. 
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C1' 
...... 
\J1 

Tl 

+30 
o 

T2 

U187~ 
1215 K 

-1~ -1.2 -.1~ 

T m T3 
p 

N 

+8 

J2.15 K 
1 
-". 

187...n.. 

+8 

~.15 K 

187-n-

-38 

"'do 

® 
P.lN oq. 
Cl) 0 
-..oW 

-i <> 
;0 0 

(j) 
:n z :r: 
z " ::n 
(J) c 0 

C) I1'J 
(I') -; 
-{ 
() z 
:;0 (j) 

z 
CJ) -t 

:J: 
"1 





I. 

1. 
2. 

3. 
, 
4. 

5. 

II. 

1. 
2. 

3. 

4. 

5. 

III. 

1. 

2. 

3. 
4. 

5. 

POWER SUPPLY QUIZ 

OPEN BOOK 

ANSWER ALL QUESTIONS TRUE OR FALSE 

M. G. 

The MG thermal SW is located under the Drive MTR. 

03.01 
Page 1 

MG CB1 must be reset after an emergency off by first restoring 
the EMERG. OFF key, depressing the PWR ON RESET key, and 
then resetting CB1. 
MG CBl Reset SW is reset by lifting from the tripped position to 
the ON position. 
The voltage output of the generator may be adj. with PIon the 
MG regulator Control Panel in PCU. 
The generator field is flashed when the output of the generator falls 
below 200 volts. 

PCU 

There are two supplies in PCU added together to get minus 48 V. 
The 400 cycle portion of the minus 48 V supply will try to keep 
power from dropping during momentary line power failures. 
The DRI relay which interlocks power from the Channel to the tape 
drives is in PCU. 
The HR relays are located vertically between the 208 Bus Bars in 
the cente r of PCU. 
All the CBIS for the frame blowers are in PCU. 

SMS SUPPLIES 

All the output voltages of the CPU 1 AB supply are low. T4 taps 
in that supply must be adjusted. 
The marginal supplies may be adjusted by changing taps on T4 
in the standard SMS supplies. 
A loose fuse clip may cause CBl to trip in the supply. 
Minus 12V driver bais must fail for I to 5 milli seconds to drop 
the Core Special Supply CB 2. 
An open Control Winding in a MAG. AMP. card will cause CB 1 
to drop in that supply. 
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IV. TROUBLE SHOOTING 

POWER SUPPLY QUIZ 

1. All the Power ON switches on the individual units (CPU 1 and 2, 
MX, Core, Data Channel) are on. The Power ON Button on the 
Console is pushed. It is noted the power comes up on all units, 
but CPU 1 goes right back down. Which of the following could 
cause this trouble? 

a. 
b. 
c. 
d. 
e. 

CPU # 1 power ON switch 9 not making. 
HR10-Z N/O does not make. 
HR9-5 N/O does not make. 
DRZ9 N /0 points do not make. 
HRIZ-Z N/O points do not make. 

09. OZ. 03. 1 
09.0Z.03.1 
09.0Z.03.1 
09.0Z.01.1 
09.0Z.03.1 

Z. All the Power ON switches on the individual units are ON. When 
the :Fbwer ON button on the Console is pushed, the power does not 
come up at all to CPU Z. Which of the following could cause this? 
(All other units work normally. ) 

a. 
b. 
c. 
d. 
e. 

HR Z3-3 N/O does not make. 
HR Z3-Z N/O does not make. 
CB4 SSW is open. 
HR 37 N/O points do not make. 
HR Z3-5 N/O does not make. 

09. oz. OZ. 1 
09~ OZ. 04. 1 
09.02.04.1 
09. OZ. OZ. 1 
09.0Z.04.1 

3. While the system is running a program, power drops on Data 
Channel A. On investigating we find that CB1 for gateA-B 
supply & CB1 for gate C-D supply are tripped. Which of the 
following could cause the trouble? 

b 
a. 
b. 

c. 
d. 
e. 

Blower motor on gate A short circuited 
-1 ZV fuse on the A- B power supply is open 
(Fuse 6 on 09. 03. ZOo 1) 
HRI-1 N/C fails to make (09.0Z.0Z.1) 
DR31-1 N/O fails to make (09. OZ. OZ. 1) 
DRI6 coil open (09. OZ. OZ. 1) 

4. When taking a Fbwer ON sequence, the MG starts but DC does 
not come up on any module. Upon investigating we find that 
the Power ON Variac (09. OZ. OZ. 1) does not go through a cycle. 
Which of the following could cause this failure? 

a. HRl-3 fails to make (09.02. OZ. 1) 
b. CB29 is tripped (09. OZ. OZ. I) 
c. CB35 is tripped (09 • 05. 31. 1) 
d. HRI-4 fails to make (09. oz. 02. I) 
e. DC OFF SW is open (09.02.01. 1) 
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CYCLE AND "I" TIME QUIZ 

1. Clock trigger zero turns off when clock trigger ----------------------turns on. 

2. A loss of either the odd or even clock drive pulses would result in a clock 
running at half its normal speed. (True or False?) 

3. An AO (D 1) puIs e in multiplexor would be an puls e going 
to data channel even though the same pulse would be an 
pulse in main frame. 

4. Explain the purpose of the CP set pulses. 

5. Bringing up "Go to I Time" signifies next cycle will be an I cycle. 
(True or False?) 

6. What logical purpose are the multiple time error trigger circuits used for? 
Be specific. 

7. An AO (Dl) pulse is the result of gating the Zero Clock Trigger on with 
odd clock drive. (True or False?) 

8. What determine s the cycle following the I cycle of any multicycle instruction? 
Be specific. 

9. Systems 08.00.47.1. What is the purpose of the delay at 4C? 

10. What method is us ed to s end the machine to "I" time automatically after 
completion of the previous instruction? 
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Draw a sequence chart of I time showing the timing and duration of the following pulses 

1. Advance P. C. 6. s. B. to P. R. 
2. S. B. to S. R. 7. A. D. to A. S. 
3. A. S. to A. R. 8. Set tag reg. 
4. P. C. to A. S. 9. S. R. to A. D. 
5. A. R. to P. C. 10. A. S. to A. R. 

4 

1:10 
\» ~ 

QQ. 
CD 0 
...... tv 



1. Why do we take the A. R. to P. C. during an I cycle? 

04. 02 
Page 2 

2. What type of instruction cause s A. S. to S. C.? What is in the A. S. 
at the time we set the S. C. on an I cycle? 

3. What prevents the P. C. from going to the A. S. if the next cycle is 
not an I cycle? 

4. What prevents sending the A. R. though Multx. Address Switches to 
Memory? Why is it the only thing to prevent gating out the A. R. ? 

5. What positions of the P. R. is POD developed from? What positions 
of the P. R. is SOD developed from and when do we gate it out for use? 
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CYCLE AND "I" TIME QUIZ 

04. 03 
Page 1 

1. Give the Primary Op and Secondary Op decoder lines, with systems 
pages, that will be up for the following instructions: 

a. Rewind 1201 

b. LLS 

c. TXI 100; 1,1 

d. CLS 100 

2. Explain in your own words the flow of information during the I cycle 
in the 7090. 

3. What is the purpose of routing address registers to program counter 
during the I cycle? 

4. Positions 1 and 2 of an operation code are checked in the SR to 
determine where to position the operation code in the program 
register. (True or False?) 

S. After the information is set into the program register, it remains 
there until -------------------------------------------------------

6. The program register is loaded from ------------------------------
7. What determines if the shift counter will be set during I time? 

8. All secondary operation codes end in even numbers. (True or False?) 

9. On 3.05.07. 1 .... 0 block at 3D, Pin B is shorted to -N. Program 
Counter is reset to zeros. What is in the Program Counter after 
8 step pulses? 

10. CLA 00040 is located at address 00130. On 3.06.16.1, Pin H of C 
block at SE is shorted to .... P. Where will the next instruction come 
from? 

11. CLA 00040 is located at address 00000. Where will the second 
instruction come from if pin B of ...... A at SF is shorted to+P? Page 
3.06.05.1 

12. A TIX instruction is located at address 00000. When it is brought from 
core to the Program Register, what instruction will be executed with 
the following bug on the machine? 

Page 3.04.03.1, +0 at 3B 
Pin A shorted to +N 
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Cycle and "I" Time Quiz -2-
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13. After 5 octal had been set to the program counter, the line "minus to 
step PC 15" systems page 03.05.07. 1 shorted to a minus N level. 
What would the contents of the program counter be after it is stepped 
once? 

14. What is the purpose of the "SC Set Gate" on page 03.04. 17. I? 

15. We have the following program in main frame. Assume a B cycle 
is asked for during each I cycle. Draw new chart showing when B 
cycles occur. 

Add I 
E 

Mul I 
E 
L 
L 

CAQ -I 
L 
E 
E 
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CYCLE AND "I" TIME QUIZ 

04. 04 \ 
Page 1 

1. Define the following terms: 
a. Indirect addressing 
b. Effective addres sing 

2. If an indirectly addressed instruction brought out an instruction that 
was indirectly addressed, the CPU would force 2 consecutive IA-E 
cycles. (True or False) 

3. What input to 3G on 2.12.19.1 generates XR to AD during an IA-E 
cycle? 

4. On 08.00.12.1, the +-A at 5B lets the machine go to E time from an 
IAE cycle. What AND circuit's only purpose is to put the machine 
into L time afte"r an IAE cycle? 

5. Index Register A contains 00010. On 2.12.76.1 pin B of 2B is 
shorted to +P. The contents of what location will be placed in the 
Accumulator as the result of executing the instruction located at 
00100? 

00100 
00140 
00150 
00200 

CLA* 
SUB* 
STO* 
STQ* 

00200.1 
00150.1 
00150.1 
00150.1 

6. On page 2.10.65.1 pin B of 2B is labeled.;op IA Tgr. on, it gt)es to 
2. 12. 16. 1. What is the purpos e? 

7. The following program is in core: 

00000 AXT 3,1 
1 CLA 7 
2 ADD 10, 1 
3 TIX 2, 1, 1 
4 SUB 7, 1 
5 HTR 1 
6 OCT 10 
7 OCT 12 

10 OCT 1 

The machine has the following bug on it. Page Oi. 04. 03. 1, .... a at 3B, 
pin A is shorted to + N. What is the contents of the Accumulator 
when the machine halts 2 Where will the machine halt? 
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8. All three index registers have all ones in them. On 02.12.19.1, 
Convert Block at 2E, pin B is shorted to - P. CLA 0440 is executed. 
Will the contents of 0440 be placed in the accumulator? 

9. Which of the following will not turn off the Master Stop Trigger? 

a. Clear 
b. Display Storage 
c. Display Effective Address 
d. Single Step 
e. Enter Instruction 
f. Enter MQ 

10. Why is the program Register reset during the initial I cycle under 
each depre s sion of the Single Step key? 

11. Why is the Ope Panel Control Trigger turned on during the first I 
cycle of a Display Storage ope ration? 

12. Why is the Tag Register reset during a Display Effective Addres s 
operation? 

13. Why is it necessary for the release of any key to reset the Manual 
Control Trigger? 
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PRELIMINARY INSTRUCTIONS QUIZ 

1. With the following program in Core Storage, Reset and Start is 
depressed in that order. The computer halts with 0007 in the PC. 

05.01 

This result was noted in the AC +050000000560 8 • Note: All addresses 
are octal. 

0000 CLA 500 
0001 ADD 501 
0002 SUB 502 
0003 STL 503 
0004 ADD 501 
0005 XEC 503 
0006 HPR 

500 +1008 
501 - 508 
502 -100 8 
503 ADM 0002 

a. What should the result in AC be with no machine malfunction? 
Answer in Octal. 

b. What machine malfunction would re sult in the answer that was 
in the AC? Designate which Systems page, logic block and 
line level. 
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PRELIMINARY INSTRUCTIONS QUIZ 
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Note: Multiple choice questions MAY have more than one correct answer. If 
so, give a11 such answers. 

1. Instruction: CLA 00500 

2. 

3. 

4. 

At 00500 -000----055 C(AC) + 000-----000 
After completion of the instruction the Acc contains -000, •••• 000 

Which of the following could cause this? 

a. 02.12.31. 1 pin C of 3B stays at -P level. 
b. 02.12.15.1 pin C of IE stays at -P level. 
c. 02.12.14.1 pin G of IE stays at -N level. 
d. 02. 12.50. 1 pin H of 1D stays at +N level. 

Instruction: 
At 00100 (S-35) 
ACC (P-35) before 
ACC (P-35) after 

ACL 00100 
000000000001 
777777777777 
777777600000 

Which of the following could cause this? 

a. 02.03.19.1 pin G of 1H stays -N. 
b. 02.03. 19. 1 pin G of 3F stays -N. 
c. 02.03. 19. 1 pin G of IF stays +N. 
d. 02.02.19.1 -0 at 01B3D04 pin G stays plus P and 

pin H stays minus P. 
e. 02.03. 19. 1 DP at 2G pin F stays plus P. 

Instruction: 
ACC (S, 1-35) 
00100 before 
00100 after 

STO 00100 
777777777777 
123456765432 
000000000000 . 

Which of the following could cause this? 

a. 02.09.00. 1 pin G of 5A stays -N. 
b. 02.12.01.1 pin G of 2A stays -Po 
c. 02.09.01.1 pin B of 2E stays -Po 
d. 02.09.01. 1 pin B of 3A stays -Po 
e. 02.05. 00. 1 pin G of 3H stays +N. 

Instruction: 
00100 before 
00100 after 

STZ 00100 
123456765432 
000000700000 
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4. Cont. 

Which of the following could cause this? 

a. 02.09.01. 1 pin A of 41 stays -N. 
b. 02.09.01.1 pin 0 of 2'B stays -N. 
c. 02.09.01. 1 pin 0 of 2F stays +N. 
d. 01. 00. 00. 1 pin OH of 50 stays -Po 
e. 01. 00. 00. 1 pin B of 3D stays +N. 

5. Instruction: 00100 TRA 00500 
Next instruction taken from 00000 

Which of the following could cause this? 

a. 03.06. 16. 1 pin 0 of 2E stays -Po 
b. 03.06.16.1 pin BA of 3A stays -N. 
c. 03.06.05. 1 pin B of 2H stays -N. 
d. 02. 10.09. 1 pin F of 3A stays -PI 
e. 02. 10. 07. 1 pin 0 of 2F stays -N. 

6. Instruction: 00715 STL 00500 
00500 before 252525252525 
00500 after 000000000716 

Which of the following could cause this? 

a. 02.09.00.1 pin OH of 5D stays -N. 
b. 02.09.00. 1 pin 0 of 4B stays +P. 
c. 02.09.00. I pin OH of 50 stays +P. 
d. 02.09.00. 1 pin 0 of 5A stays +N. 

05.02 

Page 2 

e. No error has occurred. This is the normal operation 
of STL. 

7. The following program is in storage: 

00001 CLA 00100 
00002 ADD 00101 
00003 STO 00102 
00004 STL 00102 
00005 HPR 

00100 111111111111 
00101 222222222222 
00102 333333333333 after the STO instruction 
00102 333333333337 after the STL instruction 
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7. Cont. 

Which of the following could cause this? 

a. 02.09.01.1 pin A of 41 stays -N. 
b. 02.09.00. I pin G of 5A stays -N. 
c. 02. 15.62. I pin C of 3F stays +P. 
d. 02.12.50.1 pin B of 4B stays -N. 
e. None of the above. 
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7302 CORE STORAGE QUIZ 

06.01 
Page 1 

1. Inputs to 7302 Core Storage are: (Select the correct answer (or answers) 
from the following. ) 

a. MAR lines from Multiplexor Address Switch 
b. Strobe Pulse 
c. X and Y driver timing pulse 
d. Memory Select pulse 
e. Store control lines 
f. Data in gate 
g. Rd/Wr trigger set and reset 
h. Memory data in Bus 

2. A Core Storage cycle is initiated by -----------------------------
3. During the read portion of a Core Storage cycle, 72 positions of the 

core array are read out. Determination of which 36 positions will be 
operated upon is done by 

------------------------------------
4. In a "Store" operation, the unwanted portions of the addressed word are 

destroyed during read time by: 

a. Blocking the DIG to the specified positions of MDR. 
b. Resetting MDR after the Read portion of the cycle and before the 

new word is brought in. 
c. Blocking the strobe pulse to the specified Sense Amplifiers. 
d. Blocking the DOG to the specified positions of MDR. 
e. Blocking X and Y drive line current to the specified portion of the 

addressed word. 

5. How many input lines are feeding any ~ X matrix switch? 

6. 

a. 2 
b. 16 
c. 32 
d. 33 
e. 256 

Selection of a particular Y matrix switch withl'n anyone segment is 
accomplished by 

a. The X segment gate 
b. The Y segment gate 
c. Coincidence of the X and Y segment gates 
d. Physical winding of the matrix switch cores 
e. MAR 11 through 17 outputs 
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7302 Core Storage Quiz 

7. Name 3 methods used to reduce noise due to half-select currents. 

8. During rewrite time, the decision to write "I" or "0" into storage is 
determined by 

a. Z driver timing 
b. MDR outputs 
c. DOG and MDR outputs 
d. MAR 4 & 5 outputs 

9. "Or-to-Storage II is accomplished by 

06.01 
Page 2 

a. Taking two Memory Cycles, setting MDR from Sense Amplifiers 
on the first cycle and then setting MDR from MDBI on the second 
cycle. 

b. Writing into the selected address from MDBI without first reading 
out of the selected address. 

c. Taking a normal "Store" operation and turinging on the Read-out 
trigger with an ORS line. 

d. Taking a Store cycle and holding the store partial word lines in 
their inactive condition with an ORS line. 

e. Taking a Read-out cycle, OR'ing the words in CPU and then taking 
a Store cycle to store the "OR" configuration. 

10. Strobe Pulses are 

a. 

b. 

c. 

d. 

e. 

Generated from the matrix switches of the X drive line s and time 
staggered through the core at nine different time intervals. 

Generated from the X and Y drive lines and staggered through 
the core storage at five different time intervals. 

Generated from the X matrix switches and staggered through the core 
core storage at four different time intervals. 

Generated from Y matrix switches and time staggered through 
core storage at nine different intervals. 

Generated from Y matrix switches and time staggered through 
core at eight different intervals. 
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CORE STORAGE QUIZ 

1. The three types of signals received by the 7302 from C. P. lJ. are: 
a. 
b. 
c. 

06.02 
Page 1 

2. Under the following conditions, the largest number of strobe pulses are 
generated during the -------

3. A. CLA 100 
B. STO 500 
C. STA 501 
D. STP 502 

3. With the above conditions, the smallest number of strobe pulses will be 
generated during the This operation will generate 

strobe pulses. -----------------
4. During the read portion of a core cycle, the drive line is ---------activated first. Why? 

5. How is the strobe pulse initiated? 

6. A core diagnostic shows that the following addresses always contain allI's 
even when all zeros were supposed to have been stored. 

30000 through 37777 and 
7 0 0 0 0 through 7 7 7 7 7 

This trouble could be caused by: 

a. The IRGI s at 3E and 3F always have a minus on Pin S - Systems 
01.18.00.1 

b. A constant down level at Pin D of convert 4A - Systems 01. 16. Ql. 1 
c 
c. A const ant +P from the +A at 3B - Systems 01. 07.00. 1 

d. A constant -P from the +A at 3H - Systems 01. 07. 00. 1 

7. Name the data inputs to the memory data register and explain what gates 
them into the register. 
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8. The following Y G core drivers should conduct during the read portion 
of a cycle when the address 54545 is decoded. (Answer each True or 
False). 

a. 
h. 
c. 
d. 

DC at 1C 
DC at 3F 
DC at 3F 
DC at 2E 

Systems 01. 10.01. 1 
Systems 01. 10. 05. 1 
Systems 01. 10.01. 1 
Systems 01. 10.01. 1 

9. The timing error trigger (Systems 01. 12.02. 1) prevents the data channel 
from starting a core cycle when the core is already performing a cycle 
for C. P. U. (True or False - - If False, what does prevent this?) 

10. Can the memory data register ever receive more than one data input in 
a single cycle? If so, under what condition? 
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06.10.1 7302 A EXAM. 

1. The and volt supplies are in one power supply ---------- --------unit. 

2. The X and Y driver s are located in gate _______ panel-____ _ 

3. In reference to the Array, where are the Z terminating resisters 
located? ) 

----------.----------------------------------------------
4. A minimum D level is to volts. ---- ------A maximum D level is to volts. 

5. DEFL card pins J and are used for Pins ------- ---, and are used for voltage. ----- ------- -------
6. An external load is always used to develop the output level of 

an ( AOE, AOC, AOL). 

7. A. X seg. selection is from MAR positions _____ _ 
B. X addres s decoding is from MAR positions ____ _ 
C. Y seg. selection is from MAR positions _______ _ 
D. Y addres s decoding is from MAR positions ___ _ 
E. Z seg. decoding is from MAR -------F. Sense segments are denoted by MAR _______ _ 

8. If you were scoping the sense amps. to look at the strob timing 
in relation to the data bit read which of the following wave forms 
would you expect to see IF THE 7302 A WERE WORKING NORMALLY? 

A B 

• ,~ 
.~ 

~ IJ " • , 
,~ 

,D 

.2 Usec/ Div. 

637 



Answer True or False--There may be more than 1 correct. 

06. 10. 1 
Page 2 

9. The system is working normally. Power goes down on the 7302A 
You depress the PWR ON key but the PCU variac doesn1t even 
start a cycle. Without any other information, which of the following 
could be the cause? 

A. Air flow sw. in B2 stays open. -----
B. The -20, +20V. sensing relay coil is open -----
C. PWR ON SW 1 stays open. -----
D. -12V. CP is tripped. -----
E. CB2 ssw-c stays open. -----
F. IBM 091 transistor on ALD page 01. 07.02.0 ----- is open. 

10 The one Check runs OK but the Zero Check gets an error stop 
for every addres s from the CE panel. All customer and diagnostic 
programs run OK Which could be the cause? 

A. ALD 01. 10.05. 1 
-----B. ALD 01. 10.07. 1 

C. ALD 01. 24. 04. 1 -----D. ALD 01. 24.04.1 -----E. ALD 01. 24.02. 1 -----

3H pin D stays at +D 
SA pin E stays at +D 
II pin Q stays at -P 
1H pin H stays at -D 

.3F pin C stays at +D 

11. The 7302A has been functioning properly, taking a cycle each time 
it received a Memory Select pulse. Suddenly it stops and no longer 
takes a cycle even though memory select pulses are being received. 
Which of the following could be the cause? 

A. ALD 0 1. 10. 0 1. 1 -----B . ALD 0 1. 10. 0 1. 1 -----C. ALD 01. 10.02. 1 -----D. ALD 01. 10.01. 1 -----E. ALD 01. 10.01. 1 -----

3C pin E stays +D 
3C pin E stays -D 
5G pin Y stays +D 
5C pins EO stay +D 
4B pin B stays +D 
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12. Writing ones and testing from the CE panel we find that we cantt 
write any bits in the following addresses. 

16, 000 to 1 7, 777 
36,000 to 37,777 
56,000 to 57,777 
76,000 to 77,777 

Which of the following could be the cause? 

A. 01. 10.01. 1 1A pin L stays +D 
B. 01. 10.05.1 5E pin P stays -D 
C. 01. 13.06.1 5H pin G stays +D 
D. 01. 12.06.1 5H pin G stays +D 
E. 01. 13.01. 1 4E pin L stays +D 
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ADVANCED INSTRUCTION QUIZ 

TRUE or FALSE - Explain all FALSE answers 
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1. During a MPY instruction it may be necessary to perform a complement add. 

2. During the "E" cycle of MPY, the MQ is loaded with the multiplier. 

3. To realize any increased ·speed during MPY, the multiplier must contain at 
least two successive zeros. 

4. If AC35 could not be set to a one, the AC and MQ would always contain all zeros 
after the completion of MPY. 

5. The accumulator is complemented prior to the reduction cycles on DVP. 

6. A MPY instruction with a multiplier of all zeros will end operation and not 
attempt a multiplication. 

7. AC overflow is possible during MPY. 

8. If a Q carry is noted during the divide test of DVH, the machine will halt. 

9. The divisor is brought to the SR during the "E" cycle of a DVH or DVP. 

10. The sign of the remainder is set to agree with the sign of the quotient. 

Essay - State Facts BRIEFLY 

11. Convert the following Octal numher s into a normalized Floating Point 
format, Octal. 

(a) 73.438 
(b) 21.48 

(c) .00348 

12. On the 7090 ~.x;t!;y address switches 12-17 are gated to the shift counter on 
VDH + 0224 or VDP + 0225. Why? 

13. By what method is the AC cleared on MPY? 

14. What occurs if the multiplicand is zero during MPY? 

15. What is considered the fraction portion of a F. P. number? The characteristic? 

16. What characteristic would indicate an exponent of zero? 
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17. What limitations are placed on the size of the characteristics? When these 
limi ts are exceeded, what will occur? 

18. What occurs during 1st and 2nd step of FAD that is necessary before two 
F. P. #IS may be added? 

19. What is meant by 7090 double precision? 

20. Is overflow pos.sible during second step L time of FAD? Explain. 

21. During third step L time of FAD" with signs alike, why is a possible adder 
9 carry allowed to go into Adder 8? 

22. Can the accumulator overflow on a FAD instruction? If yes, give example 
of Floating Point numbers that would overflow. 

23. What is the purpose of taking ones to adders Q" P, 1 on 1st step of UFM 
and FMP? 

24.' Why is the MQ zero tested during the third step L time of a floating add 
instruction? 

25. During FMP second step II L" time, why does the instruction only attempt to 
normalize one place? 

26. During MPY and FMP, what function does the Pre-Sense tgr. serve? 

27. Under what conditions is MQ underflow possible during FMP? 

28. Why is the AC zero tested during 4th step of FAD? 

29. When normalizing the result during 5th step FAD, what must be done to the 
AC characteristic? 

30. What indication will the programmer have as to what type of F. p. trap 
occurred? 
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DATA CHANNEL 

QUIZ I 

1. What circuit makes it impossible for an RCH to hang up in L time if the 
addressed channel is connected to the system? 

2. What is the purpose of having the line "busy" initiate a non data disconnect? 

3. What conditions are necessary to turn on the channel in Use Trigger? 
When this trigger is on, what unit does it send its indication to? 

4. What is the purpose of the Delay Counter? 

5. The BCW or BDW tgr. must be on to initiate a B cycle. True or False? 

6. Define data selected. 

7. List four non-data selects. 

8. A select instruction will hang up in MF unless it can turn on the 
in DC. ------------------

9. The channel interlock prevents all Data Select instructions and all non
Data Select instructions from ending operation. True or False? 

10. If there are 3 channels on a 7090 system, what prevents the most remote 
channel from taking priority from the least remote channel when the least 
remote channel is trying to retain priority at the same time the most remote 
channel has requested a BDW cycle? 

11. What determines whether or not the tape unit triggers may be set? 

12. Explain why the channel priority trigger is turned on during E time of an 
RCH or LCH. 
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DATA CHANNEL 

QUIZ 2 

Which item(s) in Col. B will allow the item in Col. A to take place? 

A 

1. Reset R/W Reg. 
2. Tape Demand 
3. Write Pulse 
4. Step tape g·roup counter 
5. Chan Input SW to WC 
6. Set R/W Reg. 
7. Non-Data Disc. 
8. BDW Req'd 
9. CAC to CAS 

10. Reset Chan Unit Tgrs. 
11. DR to TR 
12. Set Class and Unit 

Example: 

A 

1. 
2. 
3. 

Go to I 
Step P. C. 
SB to SR 

Answers: 

1. 3 
2. 1 
3. 2,4 
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l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

1. 
2. 
3. 
4. 

B 

W ri te Demand 
BDW Req'd 
WD 320 
Non Data Disc 
DR not loaded 
WC 1 
WD 50 
WC 5 
RL-LC Gate 
WC 3 
BDW tgr. on 
Write 1 st word test 
WC 9 
Demand Gate Tgr. 
WC 14 
End Op Cntl. 
T Selected 
RL mode 

19 
I 7 

B 

End Op Tgr. 
E7 

Tgr. 





DATA CHANNEL 

QUIZ 3 

08. 03 
Page 1 

1. On a WRS operation, what line simulates the 1 st demand to bring the 
1 st word to be written from DR to TR? 

2. What is the purpose of having the line "busy" initiate a non data disconnect? 

3. In what mode or modes is the delay counter run during a WRS operation? 

4. True or False. Write Condition Tgr. in TAU controls the write clock 
on a WRS operation. 

5. What functions does the write tgr. release tgr. control? 

6. If several channels all request a BDW cycle at the same time, what 
determines which channel will use the 1 st B cycle? 

7. True or False. The BCW or BDW tgr. must be on to initiate a B cycle. 

8. Name all the errors checked on a WRS operation. 

9. After execution of the TCH at ALPHA, what will be in the Ope Reg., Word 
Counter, Channel Address Counter, and Location Counter? 

WRSA 1 ALPHA TCH 200,4 
RCHA ALPHA 177 IOCD 300, 4, 10 
HLT 200 IOCP 250, 0, 25 

247 IOCP 320, 4, 50 
250 IOCD 1000, , 200 
251 IORP 252, , 300 
252 IOCD 0, 0, 0 

10. What is the maximum number of records that may be read with an IORP? 

11. Can an IOSP be used to read more than 1 record? Why? 

12. What signals the system that it is trying to execute an IA command? 

13. List three ways that B cycle demands may be satisfied by CPU. 

14. Why do we need 4 oscillators for driving the write clock? 

15. What registers are stored on a SCH operation? 
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16. A tape WRS is given, followed by an RCH with IOCD WC = 1. The write 
operation appeared to perform normally except for a tape redundancy 
indication. Further investigation disclosed that no Check Character had 
been written. This caused the LRCR error during the read checking 
operation. A source of trouble could be: 

a. 
b. 
c. 
d. 
e. 

G output of +A at 5B shorted to -P 
G output of +A at 4E is shorted to -P 
D input of Convert block at 2D shorted to -P 
D input to -TO at 3C shorted to +N 
None of the above 

17. A Tape Write Select instruction is given followed by a reset and load 
channel with an IOCD word count of 2. Tape starts moving, never 
stops and nothing has been written on tape. A source of trouble could 
be: 

a. 
b. 
c. 
d. 
e. 

A output of Driver Terminator at 5B is shorted to plus level. 
G output of Convert block at lC is shorted to minus level. 
G output of Convert block at lC is shorted to plus level. 
G output of -AND block located at 5H is shorted to plus level. 
H output of +OR block at 36 is shorted to minus level 

61.30.20.1 
61.30.50.1 
61.60.32.1 
61.60.32.1 

60. 36. 03. 1 
60.36.03. 1 
60. 36.03. 1 
60.36.04.1 
60.36.01.1 

lB. A Tape Write Select instruction is given, followed by reset and load 
channel with IOCD word count of 2. Core storage contains the following 
octal representation of the two words. 

1st Word 21 02 27 40 33 04 

2nd Word 13 41 74 62 01 16 

The operation is performed without any apparent problerns. A later 
comparison shows the words actually written were: 

1st Word 21 23 27 61 33 25 

2nd Word 13 53 77 73 13 17 

A source of trouble could be: 

a. 
b. 
c. 
d. 
e. 

HG output of Delay block located at 2F is shorted to -N. 
H output of Driver Emitter block at IF is shorted to -N. 
B output of Convert block at IE is shorted to -Po 
A output of Driver Emitter located at 3A is shorted to +N. 
G output of -AND circuit at 4A is shorted to +N. 

64B 
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08. 04 

DATA CHANNEL 

QUIZ 4 

1. What prevents an error indication from words that have been read after 
an IOCD WC less than record length brings up "set data disc gate"? 

2. What is the purpose of the sync trigger on an RDS operation? 

3. What is the purpose of the "1st word test" trigger? (-Tgr. at SF and SG 
60. 36.02. 2) 

4. What prevents the TU select trigger s from being re set when reading 
over an EOR gap? 

S. When reading 4 words from a 100 word record with an IOCD WC = 4, 
when will the 4th word be moved from TR to DR? During which character 
of which word will the demand be generated that will initiate a disconnect? 

6. When does "busy" fall on an IOCD WC less than record length? 

7. Give two functions of the 1 st Char TM trigger. (60. 36. 07. 1) 

8. What moves the last word from TR to DR when WC equals record length? 

9. When reading in the binary mode, a 2 bit and an A bit were read into 
skew A. Which, if any, of the exclusive OR circuits on 60. S1. 10. 1 will 
be conditioned? 

10. If a tape were started at load point in an RDS operation and two record 
gaps were read over, would one expect to find the load point trigger on 
or off while in the 2nd record? Why? 
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DATA CHANNEL 

QUIZ 5 

1. During the first BCW cycle of a TCH Command, the routing of Chanrel 
Address switches to Memory address register is suppressed. (T or F) 

2. An indirectly addressed TCH Command will take ______ BCW cycles. 

3. During the IA BCW cycle of an indirectly addressed command, the channel 
input switches are gated to 

--------~------

4. Why is the TCH command sent to DC, if all the decoding is done in the MX? 

5. On a rewind operation, Read Status is set in the tape drive at D64 provided 
it was in Write Status prior to REW instruction & the Go tgr. is set at 
D 160 through AND circuit 4D of systems page 61. 60. 10. 1. True or False? 

6. On a Backspace Operation, we start the RDD delay counter. If the counter 
gets to RDD 36 it will turn on the check character trigger and start a 
normal end-of-record operation. True or False? 

7. On a backspace record operation, the Go tgr. is always reset at RDD 26. 
True or False? 

8. On a Backspace Record operation the delay counter is run in ---------
mode. An indicates that tape has moved into an EOR gap. 

9. What use is the CC of two on a backspace file operation? 

10. Power is just brought up to the system. What density status (high or low) 
are M4 tape drive s in? 

11. In a one sentence explanation, what is accomplished by the instruction 
+0776 •••• 3205? 

12. CPU cannot END OP on a REWIND instruction. Which of the following could 
cause this? 

a. E input pin of ~A at 5G of 60. 36.02. 1 shorted to -Po 
b. G output pin of C at 3H of 60. 60.03. 1 is shorted to +P. 
c. G output pin of +A at 4C of 60.50.01. 1 is shorted to -Po 
d. G output pin of C at 4B on 60. 50. 03. 1 is shorted to -N. 
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DATA CHANNEL AND TAPE I/O 
COMPREHENSIVE QUIZ 

General (2Points Each) 

08. 06 
Page 1 

1. The channel interlock prevents all Data Select instructions and all 
non-data select instructions from ending operation. T or F? 

2. The SCH and BCW operations cause the Location Counter to be 
gated through the Channel Address Switches· T or F? 

3. The TAU "Busy" line causes I'T Selected" to initiate a "non-data 
disc". This provides for stacking a non-data select instruction or 
accepting a subsequent non-data select into channel. T or F? 

4. A RCH instruction will only hang up on "L Time" if the "Channel 
Interlock" line is up. T or F? 

5. The BCW or BDW Tgr. must be on to initiate a B cycle. T or F.? 

WRS Operation (5 Points Each) 

6. With the following program, how many tape demands will occur 
before disconnect? 

WRS 1201 
RCHA 100 
HTR 

100 IOCP WC = 3 
101 IORP WC = 5 
102 IORT WC = 6 
103 IOCD WC = 5 

7. "Write Demand" (60.36.06.1, lC) gates the first word from the DR 
to the TR. T or F? 

8. When WRS is directly followed by RCHA (IOCD 100, , 6) the WC is 5 
and the CAC is 101 when "Write Cond" is established. T or F? 

9. The first "Write Demand" following WC = 0 develops a "Disc Call". 

10. A Tape WRS is given, followed by a RCH with IOeD WC = 1 j The 
write operation appeared to perform normally except for a tape 

redundancy indication. Further investigation disclosed that no 
Check Character had been written. This caused the LRCR error 
during the read checking operation. A source of trouble could be: 
a. G output of +A at 5B is shorted to -P 61. 30. 20. 1 
b. G output of +A at 4E is shorted to -P 61. 30. 50. 1 
c. D input of Convert block at 2D shorted to +P 61. 60. 32. 1 
d. D input to -TO at 3C shorted to +N 61. 60. 32. 1 
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11. A Tape Write Select instruction is given, followed by reset and 
load channel with IOGD word count of 2. Core storage contains 
the following octal representation of the two words: 

1st Word 21 02 27 40 33 04 

2nd Word 13 41 74 62 01 16 

The operation is performed without any apparent problems. A 
later comparison shows the words actually written were: 

1st Word 21 23 27 61 33 25 

2nd Word 13 53 77 73 13 17 

A source of trou.»le could be: 

a. 
b. 
c. 
d. 
e. 

HG output of Delay block located at 2F is shorted to -N 
H output of Driver Emitter block at IF is shorted to -N. 
B output of Convert block at IE is shorted to -P. 
A output of Driver Emitter located at 3A is shorted to +N. 
G output of -AND circuit at 4A is shorted to +N. 

RDS Operations (2 Points each) 

12. Skew Reg. A VRC turns on the TAU Error trigger. T or F? 

13. When reading successive records, between each record a Read 
Delay of 30 is executed. (T or F) 

60.25. 13. I 
60.25.13.1 
60.25. 13. 1 
60. 25. 14. 1 
61. 20. 30. 1 

14. The check character is VRC checked in the R/W register. T or F? 

15. A MIl tape drive, low density operation causes the Read clock to 
be driven by a 240KC oscillator. -T or F? 

16. The Read Translators are used to change a 7090 Internal BCD 
character to its external BCD equivalent. T or F? 

RDS Op erations (5 points each) 

17. A tape demand with WC not a.t zero and It DR loaded tgrlt on will cause 
an I/O check. T or F? 

18. a. When reading 4 words from a 100 word record with an IOCD WC = 4, 
when will the 4th word be moved from TR to DR? 

b. During which character of which word will the demand be generated 
that will initiate a disconnect. 
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When does "Data Disc" occur when reading a 100 word 
record with an IOCD WC = 1 7? 

b. When does "Data Disc" occur when reading a -I7 word 
record with an IOCD WC = 17? 

20. In the following se.quence, label each statement True oi-False. 
Assume that we are performing a Read Only operation and we 
have just started the last character in Skew Reg. A. 

a. 1 st bit starts the Read Clock 
b. RC 7 sets the RDD tgr. and starts delay ctr. running 
c. RDD 36 samples the R/W reg. VR checker for an error 

in the check character YR. 
d. RDD 50 will turn on the check character trigger. 
e. RDD 128 resets read condition 

Non-Data Select Operations (5 points each) 

21. On which instructions will the CPU hang up in "L time" during the 
following program: 

0 WRSA 1 X 10CD WC = 50 
1 RCHA X Y 10CD WC = 0 
2 TCOA * 3 REWA 1 
4 REWA 1 
5 BSRA 1 
6 RDSA 1 
7 RCHA Y 

10 WEFA 1 
11 REWA 1 
12 RUNA 1 
13 HPR 

22. On a backspace file operation the Read Cond. tgr. is not reset between 
records. True or False? 

23. On a backspace operation, we start the RDD delay counter. If the 
counter gets to RDD 36 it will turn on the check character trigger and 
start a normal end-of-recordoperation. .True or False 

Data Channel Trap Operations (2 Points Each) 

24. A separate instruction must be given for each channel that is to be 
enabled. True or False? 
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25. If an ENB instruction is given to enable a channel for CWT traps 
sometime after an EOF has been read, and before a TEF is 
executed, the channel will perform the trap. 

26. If channel A were enabled to trap on CWT and an EOF condition 
arose, the CWT enable trigger would be reset when the trap 
occurs. True or False? 

27. 2 Points Each Part 

12 All zeros 
13 TRA SUB 
14 HTR 

100 CLA A 
101 ADD All 
102 TCOA 102 
103 HTR 

SUB RCT 
REWA 1 
HTR 

Channel A is enabled to trap on TCT. A redundancy error occurs 
and channel asks for a trap during the E cycle of CLA. If the out
of-phase output of the +TO at 2E on 2. 10. 56. 1 were shorted to a 
+N level: 

a. C( 128) at the halt is? 
b. C(PC) at the halt is? 

Manual Operations (5 Points) 

28. The customer could expect normal system operation if Channel 
B had the CSRO switch on as long as the channel is in automati.c. 
True or False? 
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7090 COMPREHENSIVE QUIZ 

1. Explain the rules of addition as applicable to the 7090 (for signs alike 
and signs unlike). 

z. On an add magnitude instructiollp: 

a. Complement addition cannot occur 
b. The sign of the number brought from storage is inverted 
c. The added numbers are treated as logical numbers 
d. The sum is a logical, not arithmetic, sum 
e. None of the above 
f. All of the above 

3. MPR checks position of the 
----------~----------- -----------------to determine whether or not to adjust the 

---------------------------
4. In both TIX and TNX the contents of the index register specified is re

duced by the decrement whenever the contents of the index register is 
greater than the decrement. True or Fa.lse? 

5. GO CLA A 
XEC GO+5 
HTR 
ALS 5 
HPR 
LBT 
ADD A 
HTR GO 

A OCT 15 

Where will the above program halt? 

6. The maximum number of shifts that can be accomplished by anyone 
instruction is 35, decimal. True or False? 

7. 172.4 octal, is the floating point representation of .4 x 2- 6. True or 
False? 

8. The "OR and "AND" instructions in the 7090 always treat the factors 
as logical words. True or False? 

9. What channel registers are stored by a store channel instruction? 

10. A data channel1s operation register decoded output determines whether 
the data channel will read or write information. True or False? 
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11. A reset and load instruction is necessary following a read select 
instruction to start the I/O unit in motion. True or False? 

12. There is no difference in the operation code for a WRS for two 
different data channels. True or False:? 

13. How can the beginning of tape trigger be turned on? 

14. The location counter contains the address field (21 - 35) plus 1 of a 
reset and load channel instruction after the reset and load channel 
instruction has been executed. True or False? 

15. Given the following instructions and commands, what will be written 
on tape? All word counts are decimal. 

WRS 1221 0100 rosp 200, , 20 
ReHA 100 0101 lORP 250, , 15 
LeHA 150 0102 Ioep 300, , 10 
HPR 0103 lOST 350, , 20 

01'04 IoeD 0, , 0 
0150 IOSP 400, , lQ 
0151 IoeD 450, 5 

16. When the reference transistor of a plus OR circuit is in conduction, 
the out-of-phase output is: (+, -) 

17. If all inputs to a plus AND circuit are at a minus level, the reference 
transistor is in conduction. True or False? 

18. A negative binary trigger is reset off by a (+, -) reset pulse. The 
next (+, -) binary input will turn the trigger on. This on condition 
will be recognized by a (+, -) in-phase output. 

19. Slide connectors leaving tailgate F are routed to the A row of panels 
3 and 4 in gates A-D. True or False? 

20. An undesirable affect that may result from not following the wire 
routing spelled out on the automated add list is 

-------------------
21. The bellows switch is used to indicate tape in both columns. True or 

False? 

22. When the nylon ring is in position on the file reel, inforlnation may not 
be written on tape. True or False? 

23. Too small a drive gap on the left prolay can cause glitching when per
forming a backward start-stop operation. True or False? 
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24. If the forward start and forward stop are adjusted correctly (end 
of record gaps within tolerance), which prolay gap requires 
adjusting to correct a backward creep failure indicated by the 
9T55 printout-? 

25. In what status is each of the prolays on a 729 II or IV during a 
backward go condition? 

26. There are three diaphram switches in each column of a 729 II or IV. 
Give the function of each switch. 

27. After a load-rewind operation, the tape is sitting at wad point in a read 
status and the prolays energized left stop and right neutral. True or 
False? 

2B. What is means by the term "count of five"? 

29. Where should the check be made for 8. BV pp output from the read pre
amps? In what density should this check be made. 

30. When adjusting electrical skew should the write skew or the read skew 
be adjusted first? 

31. Define: 
a. ECW 
b. BCW 
c. BDW 

32. In data channel, the and the are ------------------count up counters. The is a step down counter. 
The and are stepped every BDW 
cycle while the is stepped every BCW cycle. 

33. The information coming out of core during an E cycle appears at the 
input to all channel input switches. True or False? 

34. When writing tape, BCD has an even vertical redundancy and binary an 
odd vertical redundancy. True or False? 

35. The only consideration that defines how many characters per inch is the 
model of tape drive. True or False? 

36. The in data channel must be turned on before a ------------------------select operation can end operation in CPU. 

37. What is the primary purpose of decoding TCH in the MULTX look-ahead 
circuits? 

38. Name the error conditions possible on a WRS tape operation. 

39. What determines whether or not the tape unit select triggers may be set? 
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40. Why does busy reset the channel unit select triggers? 

41. What is the function or functions of the tape group counter? 

42. What is the purpose of the sync trigger? 

43. On a WRS operation, what line simulates the 1st demand to bring the 1st 
word to be written from DR to TR? 

44. The decision to write a "c" bit is accomplished by sampliJ'lg the output 
of the R/W Register VRC. True or False? 

45. What prevents the data register from being loaded with a command word 
on a ECW or BCW cycle? 

46. Space tape may be achieved by which of the following procedures? 
a. Write select followed by IOCD, or IORP, or lOST, word count 

equal to zero. 
b. Write select followed by IOCP, or rORP, or IOSP, word count 

equal to zero. 
c. Write select followed by IOCP, or rOCD, word count equal to zero. 
d. Write select followed by IOCD, or rORP word count equal to zero. 

47. With the following program, how many tape demands will occur prior to 
the demand that initiates the disconnect? 

WRS 
RCBA 
BPR 

1201 

100 

100 
101 
102 

IOCP 
IORP 
IOCD 

WC = 10 
WC = 10 
WC = 5 

48. What four operations gate the location counter switches to the location 
counter. 

49. What operation(s) cause the location counter to be gated through the 
Channel address switches? 

50. On a Backspace Record operation the delay counter is run in -------mode. If the counter gets to the system is sig-
nalled that a record has been backspaced. 

51. What does a character count of two indicate during a backspace file 
operation? 

52. What conditions may cause a data channel trap? 

53. Reading an end-of-file mark will always cause a data channel trap. 
True or False? 
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54. 100 ADD 
101 STO 
102 RDS 
103 RCHA 1221 
104 LDQ 
105 .MPY 
106 HTR 

Channel A has been enabled for all trap operations and has been in 
a read operation prior to the decoding of the ADD instruction. If a 
trap demand occurred during the L cycle of the RDS operation, what 
would be stored in the address field of location 12 when the trap is 
executed? 

55. Name all registers in the machine :d:tade up of shift cells. 

56. Decoding a halt and transfer or a halt and proceed always turns off the 
automatic light. True or False? 

57. Clock trigger zero turns off when clock trigger turns on. --------
58. The cyclic makeup of an indirectly addressed CLA will be -------
59. All information going to or coming from storage must pass through the 

multiplexor. True or False? 

60. A loss of either the oc;ld or even clock drive pulses would result in a 
clock running at half its normal speed. True or False? 

61. Positions 1 and 2 of an operation code are checked in the storage register 
to determine where to position the operation code in the program register. 
True or False? 

62. Which instructions made the 13Dl gating of the CPU address register to 
the program counter necessary:? 

63. The end operation trigger being on signifies that the next cycle will be 
an cycle unles s a cycle is 
allowed. 

64. If the following program were executed what would be the cyclic makeup ? 
Also give the address that would be in the AR at 11 time of each cycle. 

0000 TRA 0002 Example of Answer 
0002 TNZ 0004 (ACC = +5 I 1000 
0003 TPL 0004 L 2000 
0004 AXC 0005 E 3000 
0005 STO 0100 I 5000 
0006 HTR 0010 E 4000 
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65. After the execution of a PAC instruction the specified index register 
will contain the form of the address portion of 
the Accumulator. 

66. The instructor following a STR will be taken from location -------
67. The following instruction is executed in the 7090. What will be the 

result of the execution of this instruction? 

Instr 

CLA 

XRA 75000 
XRB 02730 
XRC 00041 

Address 

7 0006 

68. How many L cycles will be needed to accomplish an ARS with 15 decimal 
shifts? 

69. What, if anything, is in the shift counter at I 11 of an Axe instruction? 

70. All transfers encountered while in the transfer trap mode will cause the 
next instruction to come from location one. True or False? 

71. Why is it necessary to block PC~AS at I 10 time of an Execute instruction? 

72. The "On Test for Indicators II instruction will skip the next instruction only 
if all 36 indicators are on. True or False? 

73. To realize any increased speed during MPY, the multiplier must contain 
at least two successive zeroes. True or False? 

74. If AC35 could not be set to a one, the MQ would contain all zeroes after 
the completion of MPY. True or False? 

75. If a Q carry is noted during the divide test of DVH, the machine will halt. 
True or False. 

76. Put the octal number 32. 743 into floating point format as it would appear in 
the AC in normalized form. 

77. During FMP second step "L" time, why does the instruction only attempt 
to normalize one place? 

78. The original contents of the MQ is lost during the execution of a eAQ 
instruction. True or False? 

662 



NOTE: All core storage questions pertain to oil cooled memory. 

79. A core storage cycle is initiated by __________________ _ 

80. During rewrite time, the decision to write "lis" or "OIS" into storage 
is determined by: 
a. Z drive r timing 
b. MDR outputs 
c. DOG and MDR outputs 
d. MAR 4 and 5 outputs 

81. What are the differences between the read portion of a Read out cycle 
and a store cycle2 

82. Selection of a particular Y matrix switch core within anyone Y segment 
is accomplished by: 
a. The X segment gate 
b. The Y segment gate 
c. Coincidence of the X and Y segment gates 
d. Physical winding of the matrix switch cores 
e. MAR 11 through 17 outputs. 

83. Why is it necessary to have 32 primary windings feeding each block of 
16 matrix switches? 

84. How many MDBO lines are there from the 7302 to the MX? 

85. What is the purpose of the bias winding through the G switch? 

86. Timing pulses for the core storage unit are generated by the MX clock? 
True or False? 

87. What positions of MAR determine X segment selection and X matrix 
switch selection? 

88. If the timing error trigger is left on at the end of a core cycle, memory 
cannot be selected. True or False. 

89. During the execution of an STD 55630, the store decrement lines prevel't 
strobing of planes 3 - I 7. True or False? 

90. If a CLA 500 were executed and the R/W trigger in the 7302 could not b{;:
turned on, location 500 would contain all zeroes at the end of the E cycle 
regardless of what was previously in loc. 500. True or False. 

91. The load cards key, upon d.epression automatically the 
~---~~----~--reader, forces an command with a word count of 

into channel and takes the next command from --------------------
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92. Locations 00000-00027 contain a card image. If words 00000, 00001, and 
00027 contain all ones, what would be printed on the 716 using a write 
printer operation and an IOCD with a word count of 308 ? 

93. Reselection of card machines for continuous feed cycles is done by: 
a. After 8 CB pulse 
b. End of record pulse 
c. Reset of record control trigger 
d. Reset of CB counter 

94. What is the function of the Card Ring? 

95. What is the function of the CB counter? 

96. Upon depression of the Normal Off Button, all modular supplies are 
dropped simultaneously. True or False? 

97. Dropping power on a Data Channel drops power to the Tape Drives and 
DC bus of the card machines. True or False? 

98. How much of the system loses power when a fuse blows in CPU #1 
modular supply CD? 

99. What two voltages are available in each module (i. e., CPU1, CPU2, MX, 
etc.) following a normal off sequence. 

100. The following diagnostic routine picked up a machine failure during the 
execution of the instruction MPY. 

02624 444770606060 BCD 1MPY MPY TEST 
02625 0560 00 0 06674 B47 LDQ PONES MULTIPLY ALL ONES 
02626 0200 00 0 06674 MPY PONES BY ALL ONES 
02627 0400 00 0 06701 ADD ONE ADD ONE, 2-35 HAVE ONE1l. 
02630 0140 00 0 02631 TOV B47+4 SET OVFL 
02631 0400 00 0 06701 ADD ONE RIPPLE CARRY FOR ACC 
02632 0140 00 0 02635 TOV B47+8 OK, DID RIPPLE 
02633 0074 00 4 07041 TSX ERROR-I, 4 
02634 0020 00 0 02625 TRA B47 

Fill in the blanks for test location and error location in the following 
diagnostic prinout that occurred as a result of the failure discovered 
by the above routine. 

TEST LOC » OPN MPY ,ERROR LOC , 0 LOC 002000000034, 
SW 000001 LITE 0000, MQ 377740760401, XRA 07777, XRB 07777, XRC 75145, TRAP TGR 0 
ACC +, Q 0, P 0, 377777777777, DIV CK 0, ACC OVFL 0, 
INDS 000000000000, KEYS 002000003033 
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