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PREFACE 

This manual contains Condensed logic Flow charts to be u:>cd for recall 
or instructional purposes. 

The EC level of the CAS Logic Diagrams (ClD) for the basic machine 
is128062. The level for the 1400 Compatibility section is 128122. 

The charts in this manual were drawn to show the general logic and 
flow ot the microprogram used by the 2030. The charts contain the CAS 
logi c diagram page numbers where the exact process can be located and 
followed. 

Fifth Edition Oune 1967) 

This edition, Y24-3466-2, is a major revision of and obsoletes the previous edition, 
Y24-3466-1, and the Supplement Y24-3490. Principal changes include the addition 
of the diagnostic techniques charts and information pertaining to ROAR stop. 

This manual has been prepared by the IBM Systems Development Division, Product 
Publications, Dept. 171, P. o. Box 6, Endicott, N. Y. 13760. Send comments 

concerning the manual to this address. 

This manual has been prepared by the IBM Systems Development Division, 
Product Publications, Dept. 171, PO 6, Endicott, New York 13760 

Address comments concerning the manual to this address. 
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000 Invalid 
001 Invalid 
010 Invalid 
011 Invalid 

00 

100 Set Program Mosk 
101 B.-anch and link 
110 B.-anch an Count 
111 B.-anch/Condition 

Chart 007 

00 

00 Load Positive 
01 Load Negative 
10 Lood and Test 

OB371 

II Load Complement 

No 

000 Load Positive 
001 Load Negative 
010 Load and Test 
011 Load Complement 
100 AND 
101 Compare Logical 
110 OR 
111 Exclusive OR 

RR 
Fixed 

RX 
Fixed 

000 Set Key 
001 Insert Key 
010 Supervisor Call 
011 Inval id 

:~~ :~::::~ I Valid for 
110 Invalid 1400 See 
111 Invalid \ Chart 156 

Op Code 
Bit 2, Bit 1 

000 Load 

11 

001 Compare 
010 Add 
011 Subtract 
100 Multiply 
101 Divide 

RR Floating 

110 Add Logical 
111 Subtract Logical 

'---R-es-to-re-In-s-tru-c-ti-o-n--::---

Length Code I Chart 007 

IChart' 004, 6, 7 
L-_______ ~.__ C 

I-Cycles Branch 

Chart 006 

~_I_-C_y_c_le_s_E_xe_c_u_te_-Jl----

Using 
Valid Registers 

01 

00 Halve 
01 Inval id 
10 Invalid 
11 Invalid 

Yes 

Q8261 

: Op Code Bit 3 is Br~nched 
IOn lost; To Determine ____ j Single or Double Precision 

Op Code 
Bit 4, Bit 5 

10 

OB361 QB271 

00 Load 
01 Compore 
10 Add Normalized 
11 Subtract Normalized 

11 
RR and RX Formats 

QB271''----------' 
r-----L----, 

00 Multiply 
01 Divide 
10 Add Unnormolized 
11 Subtract Unnormali zed 

000 Set System Mask 
001 Invalid 
010 Load PSW 
011 Diagnose 
100 Write Direct 
101 Read Direct 
110 Branch/High 
111 Branch/Law-Equal 

IC Restore 
Multiple Entriest 

RS, 51 and SS Formats 

01 

Yes 

No 

Yes 

QA431 
QA451 

000 Stare Multiple 
DOlT est Under Mask 
010 Move 
011 Invalid 
100 AND 
101 Compare Logical 
110 OR 
111 Exclusive OR 

hom an Execute 
Op 

Wait State 

T est Interrupt. Set 
X6 and X7 to: 

I Cycles 
Mulriple EI'.trie~,I 

No 

Reset PSW Bit 

Chart 007 

QAOIJI 

Compatibility 
Mode 

(RX) 

Add Index 

No 

QA021 

Op Code 
Bit 0 

No 

Readout 2nd, 3rd and 4th 
Bytes of the Instruc t ion. 
Check for Zero Index and 

Add Index to Result of 
Bose and Displacement, 
Check for Address 
Over 65K 

RX 
Floating 

o 0 Timer/External 
1 0 Channel I 

I-Cycles 
Char> 002 

o 1 Channel 2 
1 1 Multiplexor 

Chart 007 

RS, 51 Branch 

10 

OA311 

000 Shift Right SL 
00 I Shift Left SL 
010 Shift Right S 
01 J Shift Left S 
100 Shift Right DL 
10 J Shift Left DL 
110 Shift Right D 
111 Shift Left D 

11 

QA461 
QCOOI ,-----'------,--, 

000 Load MlIUple 
001 Invalid 
010 Invalid 
01 J Invalid 
100 Start I/O 
101 Test 1;0 
110 Halt I/O 
111 Test Choonel 

I 
I 
I 
I 
I 

000 Store 
001 Invalid 
010 Invalid 
011 Inv~lid 

100 Invalid 
101 Invalid 
110 Invalid 
111 Inv"lid 

OB261 

2nd Operond No 
Address on Boundary >-----, 

Yes 

OB261 

I I 
I I 

Chart 007 

OB271 

000 Load 
001 Compare 
010 Add Normalized 
011 Subtract Normalized 
100 Multiply 
101 Divide 
110 Add Unnorma Ii zed 
III Subtract Unnormal i zed 

_...L- ____ ..L- __ 

Op Code Bit 3 is Branched 
Onatthe End to Determine 
Single or Double Precision 

001 is Valid for 1400 
Decode of a 99 Op. 
See Chart 156 

QA021 

OA021 

RS,SI,SS 

RS, 51 SS 
Branch Logical 

01 

No 

Setup the Instruction 
Address to be Stored, 
Store the Storage Wrap 
Condition if One Exists 

Store the Instruction 
Address, Set and Store 
the PSW Bit, Store the 
Instruction Length Code 

QA081 

Reset the Wrap Latch, 
Readout the 5th and 6th 
Bytes of the Instruction, 
Check for Zero Bose 
Address 

OA071 

Chart 007 

Chart 007 

SS 
Decimal 

11 
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Chart 007 

00 

QA771 

00 Invalid 
01 Move Numeric 
10 Move 
11 Move Zone 

00 

00 Store 
01 Invalid 
10 Invalid 
11 Invalid 

QA441 

OOAND 
o 1 Compare Logi ca I 
10 OR 
11 Exclusi ve OR 

01 

01 

OA081 

Op Code 
Bit 4, Bit 5 

Op Code 
Bit 4, Bit 5 

0A431 

00 AND 
01 Compare Logical 
10 OR 
11 Exclusive OR 

I -Cycles 
Chart 001 

QA081 

Op Code 
Bit 2, Bit 3 

Chart 007 

;>--~~1-0----------------'11 

00 Invalid 
01 Invalid 
10 Invalid 
11 Invalid 

I -Cycles 
Chart 001 

Chart 007 

00 Translate 

OA7S1 
OB151 

01 Translate and Test 
10 Edit 
11 Edit and Mork 

>-------IO----------------~11 

QA511 
QA411 

00 Loed 
01 Compare 
10 Add 
11 Subtract 

OMII 

01 Multiply 
01 Divide 
10 Add Logical 
11 Subtract Logi ca I 

00 01 

OA791 

00 Invalid 
01 Move with Offset 
10 Pack 
11 Unpack 

00 Invalid 
01 Invalid 
10 Invalid 
11 Invalid 

Chart 007 

00 Store 
a 1 Load Address 
10 Store Character 
11 Insert Character 

11 

OAOSI 

Op Code 
Bit 4, Bit 5 10 11 

QBOOI 

00 Zero and Add 
01 Compare 
10 Add 
11 Subtract 

I-Cycles 
Chart 001 

00 Execute 

OA161 
OA091 
QA891 
QA171 

01 Bronch and Link 
10 Branch on Count 
11 Branch/Condition 

OB061 

00 Multiply 
01 Divide 
1() Invalid 
11 Invalid 

Chart 007 

OP Name Chart Op Name 

04 Set Program Mask 007 3C MultiplL 
05 Branch and Li nk 006 3D Divide 
06 Branch on Count 004 3E Add U 
07 Bronch on Condition 004 3F Subtract U 
08 Set Key 003 40 Store 
09 Insert Key 003 41 load Address 
OA Supervisor Call 007 42 Store Character 
10 Load Positi ve 003 43 Insert Character 
11 Load Negative 003 44 Execute 
12 Load and Test 003 45 Branch and Link 
13 Load Camp lement 027 46 Branch on Count 
14 AND 004 47 Branch On Condition 
15 Compare Logical 004 48 Load 
16 OR 004 49 Compare 
17 Exclusive OR 004 4A Add 
18 Load 003 4B Subtract 
19 CO"'l'.are 005 4C MultiplL 
IA Add 005 4E Convert - Decimal 
lB Subtract 005 4F Convert - Bi no ry 

1C Multiply 008 50 Store 
lD Divide 009 54 AND 
IE Add loaical 005 55 Compare Logical 
IF Subtract Logica I 005 56 OR 
20 Load Po~it i ve 003 57 Exedusi ve OR 
21 Load NegQtive 003 58 Load 
22 Load and Test 003 59 Compare 
23 Load Complement 027 5A Add 
24 Halve 026 5B Subtract 
28 Load 027 5C Multiply 
29 Compare 028 5D Divide 
2A Add N 028 5E Add Logical 
2B Subtract N 028 SF Subtract logical 
2C Multi",ly 030 60 Store 

20 Divide 032 68 Load 
2E Add U 028 69 Compare 
2F Subtract U 028 6A Add N 
30 Load Positive 003 6B Subtract N 
31 Load Negati ve 003 6C Multiply 
32 Load and Test 003 6D Divide 
33 Load Complement 027 6E Add U 
34 Halve 026 6F Subtract U 
38 Load 027 70 Store 
39 CGmpore 028 78 load 
3A Add N 028 79 Compare 
3B Subtract N 028 7A Add N 

Yes 

OA051 

00 Load 
01 Compare 
10 Add 
11 Subtract 

00 Multiply 
01 Invalid 

QA511 

10 Convert - Decimal 
II Convert - Binary 

Chart Op Name 

030 7B Subtract N 
032 7C Multiply 
028 70 Divide 
028 7E Add U 
003 7F Subtract U 
003 80 Set System Mask 
003 82 Load PSW 
003 83 No Chart 
006 84 No Chart 
006 85 No Chart 
004 86 Branch/High 
004 87 Branch/Low Equal 
003 88 Shift Right SL 
005 89 Shift Left SL 
005 8A Shift Right S 
005 88 Shift Left S 
008 8C Shift Riqht DL 
012 80 Shift Left DL 
011 8E Shift Right D 
003 8F Shift Left D 
004 90 Store Multiple 
004 91 Test Under Mask 
004 92 Move 
004 93 Test and Set 
003 94 AND 
005 95 Compare Logical 
005 96 OR 
005 97 Exclusive OR 
008 98 Load Multiple 
009 9C Start 10 
005 9D Test 10 
005 9E Holt I/O 
026 9F Test Channel 
027 01 Move Numeric 
028 02 Move 
028 D3 Move Zone 
028 D4 AND 
030 05 Compare Logica I 
032 06 OR 
028 07 Exclusive OR 
028 DC Translate 
026 DD Translate and Test 
027 DE Edit 
028 OF Edit and Mark 
028 FI Mave with Offset 

Chart 

028 
030 
032 
028 
028 
007 
007 
---
---
---
006 
006 
013 
013 
013 
013 
013 
013 
013 
013 
014 
014 
014 
014 
004 
004 
004 
004 
014 
034 
034 
034 
034 
015 
015 
015 
015 
015 
015 
015 
016 
016 
017 
017 
019 

Op Name 

F2 Pack 
F3 Unpack 
F8 Zero and Add 
F9 COr11pare 
FA Add 
FB Subtract 
FC Multiply 
FD Divide 

Notes: Codes Not Shown Are 
In va I id and Cause a 
Program Interrupt. 

Chart 

019 
019 
020 
020 
020 
020 
022 
024 
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Chart 002 

Load 

Chart 002 

Load 
Complement 

Minus 

Readout First Op
erand, Set Comple
ment, Complement the 
Second Operand 

(Halfword) 

QA441 

Readout First Operand, 
Check Sign, Replace 
First Operand with the 
Second Operand 

Op Codes 18,48,58,50 

Op Format Byte I Byte 2 

RR Load Positive 10 RI I R2 
RR Load Ne ati ve II RI I R2 
RR Load Com lement 12 RI I R2 
RR Load and Test 13 RI R2 

Objectives: 

Load Positive - The true val ue of R2 is placed in R I. 
Load Negative - The two's complement of the true 

value of R2 is placed in R 1. 
Load Complement - The two1s complement of R2 is 

placed in Rl. 
Load and Test - R2 is set into RI and tested for sign 

and magnitude to set the condition 
code. 

Load 
Positive 

Load 
Negative 

Readout First Operand, 
Replace First Operand 
with the Second Op
erand, Check to See 
if Second Operand = 

00 

Byte 1 Byte 2 By te 3 Bytr 4 

RR Load 18 
RX Halfword Load 48 
RX Load 58 
RX Store 50 
--~~~--

Objective: 

Loads - Place the second operand into R 1. 
Store - R I is moved to main storage at the effective 

addt ess of the second operand, 

Plus 

QA442 

Readout First Operand, 
Set Camp I ement, Com
plement the Second 
Operand 

Chart 002 

RR Load RX Load 

Readout Filst Opelond, 
Complement the Second 

Opel and I Replace First 
Opel and with Results, 

Check fOI Zelo Results 

: Op Codes 10, 11, 12, 13 

CharI 001 

Chart 002 

RX Load 
Halfward 

Chml 002 

RX Store 

Yes 

Yes 

CharI 002 

Set Key I nsert Key 

Readout Byte 2 of Sec
ond Operand, Check Low 
Four Bits of Byte 3 for 
Zer,os 

QA211 

Readout a Byte from Moin 
Storage and the 5 torage 
Key for that Block from 
the Protect Stack 

Chart 001 

into a Register 

Chart 002 

StOt e 

Chal I 002 
Store 

Character 

Readout Low Order Byte 
of Second Operard, Re
place it with the Byte 
from the First Operand 

-
Op Format 

RR Set Key 
RR Insert Key 
RX SIore Hal f. 
RX Load Address 
RX Store Char. 
RX Insert Char. 

Ob:ective: 

Byte 1 

08 

09 
40 
41 
42 
43 

Byte 2 

R 1 R2 

R 1 R2 
Rl X2 
RI X2 
R 1 X2 

Rl X2 

Chart 002 
Insert 

Character 

Readout Next Byte of 
the Second Operand, 
Replace it with the 
Byle from the First 
Operand 

Byte 3 Byte 4 

-------........ ~ 
~ ........... 
B2 D2 D2 
B2lD2 D2 
B2 I D2 D2 

B2 'D2 

Set Key - Set the Stomge Protect Key for main stOtogP 
block addressed by R2 into t:,e slock. 

InsElt Key - Read the Storage Protect Key for main storage 
block addressed by R2 and set into R 1 . 

Stole Hoifwo(d - To move the: 16 low order bits of RI 

to ma in storage addressed by the 
second operand. 

Load Address - Set the effective address of the second 
operand into the low 24 bits of RI . 

Stale Chalacter - Move byte 3 of Rl to main storage 
addressed by second operand. 

Insert Charactel - The byte in moin :;,torage addressed by 
the second operand is set into byte 3 
of RI. 

QAOSI 

Load 
Address 

QAG51 

Readoul Byte 3 of the 
First Operand, Replace 
it with the Low Order 
Eight Bits of the Second 
Operand Address 

QAG51 

Readout Byte 2 of the 
First Operand, Replace 
it with the High Order 
Eight Bit, of the Second 
Operand Address 

QAG51 

Readout Byte 1 of the 
First Operand, Replace 
it with the Second 

Operand Byte Over 65K 
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OP Format Byte I Byte 2 Byte 3 

: 
RX Bronch 46 MI X2 B2 
On Condition I 

RX Branch 47 R I X2 B2 : 
On Count I 

RR Branch 06 MI R2 
On Condition 

RR Branch 07 RI R2 
On Count 

Objective: 
Branch On Condition: If Condition Code and Mask 
Match t Branch to Deve loped Address. 
Branch On Count: Branch to Developed Add,ess 
Each Time Until 5um In RI Is Equal to Zero. Each 
Time Through Subtract I from AmouTlt in Rl. 

D2 

D2 

Byte 4 

D2 

D2 

Branch Address is not 
inCorrect Reg isters 

RR Branch 
On Condition 

Yes 

Chol tOOl 

OAI71 

Branch Yes Yes 
>---.---<. 

QlI ]71 

Test for Non-Zelo 

Condition, Set COllY 
Latch if an ALU 
CallY OCCUI"S, Reset 

the Can y Latc h if not 

Count 

Byte Zero 

Branch 

OAl7I 

No 

Yes 

RX Bronch 
On Count 

Chw t 002 

(~--------------------------E-xc-I-us-iv-e------------------~ 

OR And Compale 0, AND Compole OR 

No 

OAI61 

Invalid 
B: anch Addl€sS 

Used Later in Invalid 

Addless Routine 

CI1O': 002 

Comparf' First and 

Second Opelands by 
Complement Addition, 
Tt's! for 7ero Rf>suiIS 

Subtract 1 from the 
Count I Set the Corry 
Latch if a ALU COli y 
OCCUIS 

rC'~.t for Non-Zelo Condi
tion, Set Cony Latch if an 
ALU Carry OCCUI s, Reset 
the Car r y Latch if not 

(AND) 

Se First ancl Secono 
Opeland Addresses fOI 

High-Ordel Byte, Read 
Out Second Opel and 

01\431 

Readout Pr ogr arn Mask 
and Condition Code Byte, 
Test for Zero Result 
and High, Low, 01 Equal 

OA421 

Set Concition Code and 
Stor e Plogram Mask and 

Conc'ition Code Byte j n 

Local Storage 

Chart 001 

Exc lusive 
OR And 

OP Format 

Or 

Byte I 

Exclusive '\ 
OR 

Byte 2 Byte 3 I Byte 4 

RR AND 14 R I R2 

R RR OR 15 R I R2 

RR Compare 16 R I R2 
.-

RR Exclusive OR 17 R 1 R2 

RX, AND 54 R I X2 82 

RX OR 55 R I X2 B2 

RX Compare 56 R I X2 82 

RX Exc lusi ve OR 57 R I X2 B2 

51 AND 94 12 B 1 

51 OR 95 12 81 

51 Compare 96 12 B I 

51 Exclusive OR 97 12 B 1 

Obiectives: 

AND - To AND the Bytes of the First Operand with the 
Bytes of the Second Operand. The Results af the 
AND Replace the First Opeland. 

OR - To OR the Bytes of the FilSt Operand with the 
Bytes of the Second Operand. The Results of the 
OR Rep lacE' thf' F i fst OpNond. 

Compare - Compare the Fir sf Opeland to the Second 
Operand. Comparison is Left to Right, Ends 
on an Unequo I. 

Exclusive OR - The First Operand is Exclusively ORED with 
the Second Operand. The Results of the 
Exclusive OR Replace the First Operand. 

Note: In the SI Format, 12 is the Secane Operand and is 
One Byte Long. The Address of the FilSt Operand 
is fOf the Left~ost Byte in the Field. 

The Condition of the Result for AND, OR, Compore, 
and Exclusive OR is Stored in the Condition Code 
Register in local Storage. 

Example: (Only Two Bytes Shc>wn) 

AND OR 

-
-
-
-
--

--

--
--

Fir·st 0001 1100 IOlO 0001 0001 liDO 1010 OelOl 
Second 
Result 

Fir·st 
Second 

Fir st 
Complernent Second 
UnE'qua I 

0001 0011 1001 1110 
0001 0000 1000 0000 

Compare 
0001 liDO 1010 0001 
0001 0011 IDOl 1110 

JODI liDO 1010 OOPI 
1110 . 1100 

0000 1000 

End,---' 

0001 DOli 1001 1110 
0001 1111 1011 1111 

Exclusive OR 
0001 1100 1010 0001 
0001 0011 1001 1110 
0000 III1 DOli 1111 

D2 -

D2 -

D2-

D2-

DI-

DI-

DI-

Dl-



Op Formot Byte 1 Byte 2 Byte 3 Byte 4 

RR Compare 19 RliR2 1\ I 
RR Add lA Rl:R2 \ / 

I 2( RR Subtract 1 B Rl1R2 

RR Add Logical 1 E RliR2 / \ 
RR Subtract Lag. 1 F Rli R2 II \ 

Rl1x2 
I 

RX Half Compare 49 B2 102 02 
I 

RX Half Add 4A Rl1x2 B2102 02 

RX Half Subtract 4B Rlix2 B2:02 02 
I 

RX Compare 59 Rl1x2 B2:02 02 
1 
1 

B2:02 RX Add 5A Rl1X2 02 
I 

RX Subtract 5B Rdx2 B2:02 02 

Rl:X2 
I 

RX Add Logical 5E B2J02 02 
I 

RX Svbtract Log. 5F Rl:X2 B2i02 02 
I 

Objective: 

Add - The second operand is added to the first operand, 
and the sum is ploced in the first operand location. 

Add Logical - Same as Add. The difference is in the setting of 
the condition code. 

Subtract - The second operand is subtracted from the first 
operand, and the difference is placed in the 
first operand location. 

Subtract Log. - Same as Subtract. The di fference is in the 
setting of the condition code. 

Compare 

QA411 

- The first operand is compared with the second 
operand, and the result determines the setting 
of the condition code. 

Add, Subtract, 
Compare QA411 

Set Second Operand 
ina Register, Turn 
Carry Latch Off 

Set Second Operand 
in 0 Register, Turn 
Carry Latch on, Set 
up for Complement 
Add 

Yes 

QMll 

Add, Subtract 

Add (True or Com
plement), Check 
for Zero Results 

Last Byte 

QA411 

Yes 

No 

No 

QA411 

Readout Second 
Operand ond Set into 
a Register, Test for 
Last Byte 

QA411 

Compare 

QA411 

Subtract the Second 
Operand from the First 
Operand, Check for 
Zero Results 

T est Sign of Second 
Byte, Readout First 
Operand 

Add (True or Com
plement), Check for 
Zero Results, Replace 
First Operand Byte with 
Results 

Sign 
Plus or Minus 

QA411 

Subtroc t the Second 
Operand from the First 
Operand, Check for 
Zero Results 

QA411 

Chart 007 

Readout first Operand, 
Set Second Operand 
Reg i ster to 0 II Zeros 

Reodout First Operand, 
Set Second Operand 
Register to 011 Ones 

ClF 005 RR-RX Fixed Point f Multiple Codes 3 

Chart 001 
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:;:0 

X 
-n 
X 
0> 
0... 

""0 

2. 
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s 
c 
...... 

-.0. 
0> 

() 
o 
0... 
0> 
(I) 

Execute 

Store Instruction Length 
Count in Local Storage. 
Set PSW Bit to Show In
struction Address is 
Stored. 

Chart 001 

Chart 002 

RX Branch 
and Link 

No 

If 2nd Operand Uses Reg-I 
istel" 0, do not Blonch I 

RR ilmneh 
and link 

Entered No 

Store Instruction 
Address in Register 
Addressed by First 
Operand 

QA901 

Store the Instruction 
Length Code, Condition 
Code, and Program 
Mask in Byte 0 of the 
Registe' Addressed by 
First Operond 

If 2nd Operand Uses Reg- I 
ister 0, do not Branch I 

'--. _______ -'1- - - --, 

Op Format Byte I Byte 2 Byte 3 Byte 4 
RR - Branch and Link 05 RI'R2 :::0- c:::: 
RX - Branch and Link 45 RI, X2 B2,D2 02 
RX - Execute 44 RI X2 B2, 02 D2 
RS - Branch High 86 RJI R3 R2' 02 D2 
RS ~ Branch Low/Eq. 87 RII R3 R2' 02 D2 

Objective: 
Branch ond Link - Store the Updated Rightmost 32 

Bits of the Current PSW ond Set 

Execute -

the Branch Address into the In-
struction Counter. 

Bits 8-15 of the Instruction at the 
Branch Address, Second Operand 
Effective Address, is Modified by 
ORING Byte 3 of RI with Bits 
8 - 15. The Instruction as Modified 
Will Now be Processed. 

Branch High - Add the Contents of R3 to R I ond is 
Compared to the Cantenls of R3 or 
R3 + I. If the Compare is High, a 
Branch is Token to the Effective 
Address of the Second Operond. 

Branch Low/Equal - Some os Branch High only Branch 
on Equal or low Compare. 

Chart 001, 

I If 2nd Operond Uses Reg
I istel 0, do not Branch 

Chart 001 

Bronch 
Index High 

Branch 

Chort 002 

t Increment (Index) is Third 
: Operand, Comparand is 
I the Index or is Stored One 

1--4 Register Above 

'QAI91 

Readout Increment and 
Comporand Bytes. Store 
Compara nd Byte j n a 

Register 

QAI91 

Readout First Operand 
and Add to Increment. 
Replace First Operand 
with Sum 

QAI91 

This is Done by 
Subtracting the Sum 
from the Comporand 

Yes 

----------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Op Adder Op Op 

Chart 001 Code IBC Carry 0 7 Branch 
86 No No - a No 
86 No Yes 0 Yes 

Set Low Byte of 86 Yes 0 0 No 
Branch Address 86 Yes I 0 Yes 

87 No No I Yes 
87 No Yes I No 
87 Yes 0 I Yes 
87 Yes I I No 

Low Order 
Byte Address 23 43 53 

Readout Low-Order Bytes, Add A to C, Subtract Sum of A+C from B. 
Replace lst Operand Byte with Sum Qf A + C. 

1st Operand Increment Comporand 
Address Address Address 

Readout 
2 3 

2 2 

4 3 5 3 

Reodout 
4 3 

4 2 

Readout 
5 3 

5 2 

Readout Next Byte, Repeat Routine 

Readout 
4 2 

Readout 
5 2 

Register 
A 

6 0 

o 0 

Register 
B 

1 2 

No Carry 
A E 

o 2 

No Carry 

Register 
C 

o 4 

Readout 
2 2 F F 0 2 

4 I 5 I 

Readout Next Byte, Repeat Routine 

Readout 
2 I 

2 0 

Readout 
4 I 

4 0 

Readout 
5 I 

5 0 

Readout Next (Last) Byte, Repeat Routine 

Readout 
2 0 

Readout 
4 0 

Readout 
5 0 

o 0 

o 0 

o 0 

No Corry 
F F 

o 0 

No Corry 

o 0 

F F 0 

Check for a Carry from Bit I (in Exomple, Bit I Carry did not Occur) 
Now Add High 4 Bits of the Last Compare, B-(A+C), to Op Code • 

Branch High 
86~ 10000110 

1111 0110 No Carry ry 

Adder, 
Carry 0111 OlIO 

Branch Low/Equal 
87~ 10000111 

1111 0000 No Carry 

Adder, 
Carry alii 0111 

Branches ore Now Taken on Result of this Add, Adder Corry and Op Bit 7, to 
Determine if the Branch is to be Taken. If a Carry from Bit I had Occurred 
then the Bronch is Determined by Op Bit 0 and Op Bit 7 ofter the Add. 

1st Operand 

00 00 02 04 

00000264 

00 00 02 64 

00 00 02 64 

00 00 02 64 



From Ch01 ts 034, 035, 
036, 037, 038 UllcJ 041 

Chart 001 

Decode Condition Code 
from 2 to 4 Bits 

Yes 

No 

Chmt 001 

Yes 

C'lart 002 
Load PSW 

No OA921 

'(cadout PSW Byte 4 

(Instruction Length Code, 

Condition Code and 

Program Mask), Set ILC 
and Progr am Mask into 
a Register 

OA931 

Entered 

from Execute 

Op 

Chmt 001 

No 

CI,ol t C02 

Set 
Sy,tem Mask 

Chal t 002 

Set 

Program Mask 

Chari DOl 

BH 

Forces Invalid Address 

Next Time PSW Is Used 

No 
Wait Bit On 

~ 

--, 
c 
I 

Any Intel I upt Wi II 

,<eset the Wa it Latch 

(hr., tOOl 

For I 

ClF 007 RR Supervisor Call, Interrupts and System Reset 

C' 11 t::, 002 f I J6 

S,Jpelviso, 

Call 

Instl uction 

Add, e5S Stored 

I/O Interrupt 

Chart 034 

No 

No 

,- - -CI-::: 11001-:- 1-:6 -
Exten,ol I 0 
Intet ruot 

Yes 

To Resto,t, P'ess 
the Stal t Key 

DD 

M,_I:iplc, EI'tl j,,_s 

COrllPlf" RQJ~;' ~ 

Yes 

StOI ted by Pres~ing 

the Sial t Key 

Stop 

No 

- I 
t 
I 
I 

0,6961 

01\961 

MPX 

Forced .Addl ess 

Yes 

Chol t 037 

Selector Channel 
Return to Me 

r-___ -L __ O..:.C451 

To MPX Channe I ] 

OI\9Al 

Filst ErrOl 

No 

Stop 

System Reset 

Diagnostic 
Tell 

Finished 

Yes 

-~-

Chari 044 

Nu 



n 
r-
" o 
o 
00 

Store Result in Even 
Odd Registers Selected 
by Instruction 

Digit Shifted Out Plus 
Previous Digit Stored 

Yes 

QA571 

Halfword Op 

QA571 

First 
or Second Cyc Ie 

Has High 
Digit of Byte Been 

Used 

End of Register 

Multiplicand 
Byte Egua Is Zero 

Yes 

No 

I 
I 
I 

First 

Yes 

No 

Digit was 0 through 7 

1- ___ r---::----'-:---;--""-"''''-i 

Clrur t 002 

RX Holfword 
Multiply 

Entered 
from Execute Op 

Multiplier 
Equo Is Zero 

Yes 

Yes 

No 

Char t 002 

RR 
Mul;ipiy 

CI'UI t 002 

RX Fullwor"d 
Multiply 

No No Entered 

from Execute Op 

Counter I Ins.truction 
Length COde and 
Set PSW Bit to 1 

Halfward Op 

QA521 

No 

Yes 

Minus 

Q/\521 

Setup Multiplier in 
Complement Form in 
Local Storage and a 
Hardware Register 

Store the Multiplier 
Times 2 in Local 
Storage Work Area and 
a Hardware Register 

QA531 

Complement the 
Multiplicand Byte and 
Set into a Hardware 

End of Reg ister 
Yes 

QA571 

Holfword Op 

Digit was 8 through F 

QA~21 

Multiplier 
Sign Plus or 

Minus 

Multiply Examples: 

Multiply Table 

Multiplicand 
Digit 

o 

Multiplier 
Value 
to 
+ IX 
t2X 
+2X + IX 
'2X t2X 
'2X +2X + IX 
t2X +2X +2X 
t2Xt2Xt2X"IX 
-2X -2X -2X -2X 
-2X -2X -2X -IX 

A -2X -2X -?X 
B -2X -2X -IX 
C -2X -2X 
D -2X -IX 

-2X 
-IX 

This Some Table is Used for Add or 
Subhoct. If the last Cycle was a 
Subtract, Add One to the Multipli
cand Digit. 

RX Hnlfword Multiply 

14C I R 1 I X2 I B2 

Multiplier is 16 Bits 
Multiplicond i, 32 Bits 
Product is 32 Bits 

D2 

Operati:>n is the Same as Fullword Except 
Only One POItiol Product is Formed. The 
Low 32 Bits of Th is Product are Set into a 
Registeras the Product. 
R 1 can be on Even or Odd Numbeled 

Register. 

RR Multiply 
1]( I Rl ~ 

RX Fullword Multiply 
I 5C I R 1 X2 B2 

Multiplier is 32 Bits Long. 
Multiplicand is 32 Bits Long. 

D21 D2 

Product is 64 Bits Long, Using Both R 1 and R 1+ 1. 

R 1 Even Regis.ter R 1+ 1 Odd Register 

132 Bits (Not Used) 1 I S 1 31 Bits 

L 1--MultiPlicandj 
Product -----_____ --1 

The Multiplier is Found in R2 or at the Effective Address in 
Main Storage. 

The Genera I Register Addres>ed by R 1 must be an Even Number 
Register. The Multiplicand is Found in the Odd Register After 
Rl. Example: Rl Addresses General Register 6, the Multipli
cand is in General Register 7. 

The Product Replaces the Multiplicand. 

I S I 31 Bits I 
l---Multiplier ---l 

To do a Full Word Multiply, Two Partial Products are Developed, then Added together to Form the Product. 
Example of Full Word Multiply. Multiplier = 00100024 Multiplicand 0 00300904 

1. Readout Multiplier, Complement if Minus. Put the High-Order 16 Bits into the 16 High-Order Bits of 
General Register Addressed by R 1. Put Low-Order 16 Bits into Hardware Registers. Set a Copy of the 
Multiplicand into Local Storage. 

Rl 
100 10 XX XX] 

High 16 Bits of 
Multiplier 

R 1 + 1 

I~~I 
Multiplicand 

Hardware 
Registers 

1001241 

Low 16 Bits of 
Multiplier 

Loco I Storage 
lQQJ(jj)'LQ±] 

Copy of Multiplicand 

2. Setup in Locol Storage and Hardware Register 1 Times and 2 Times the Low 16 Bits of the Multiplier 
IX ~ 0024 
2X - 0048 

3. Develop the First Pactiol Product by Reading Out the Multiplicand, Decoding eoch Digit and-Adding or 
Subtracting tre IX or 2X of the Low Multiplier. The Product Cligits Replace the Multiplicand and the 
Low-Order 16 Bits of the Even Registel. Put High 16 Bits of the Multiplier in the Hardward Registers. 

R 1 R 1 + 1 

I::o~o :::10:-c0:::o::o~o:.I ____ J~ 
High 16 Bits 
of Multiplier 

First Partial 
Product 

Hardware Registers 

10 0 I \ 0 I 
---r--" 

High 16 Bits of 
Multiplier 

4. Setup in Local Storage and Hardware Registers 1 Times and 2 Times the Hihg 16 Bits of the Multipl.l 
IX = 0010 
2X -- 0020 

5. Develop the Second Partial Product by Reading Out the Copy of the Multiplicand, Decoding Each Digit 
and Adding or Subtracting the IX or 2X of the High Multiplier. The Second Product Digits Replaces the 
Multiplicand Copy and the High 16 Bits ore Stored in Hordware Registers. 

Hardware Register 

10 0 I 0 0 I 
local Storage 
103 00 90 40 I 

6. Add the Second Partial Product to the First Partial Product. The Second Partial Product is Shifted the 
Correct Amount. Result is Set into the Even and Odd Registers Selected by R 1. 

00 00 06 C I 44 96 First Partial Product 
.00 00 03 00 90 40 Second Partial Product 



elF 009 

Chart 002 
RR Divide RX Divide 

Divisor Dividend Quotienf. 
Plus Plus Plus 
Minus Plus Minus 

Minus 
Minus 

QA6Dl 

Load Low-Order 32 Bits 
of Dividend into Local 
Storage and a Hardware 
Reg ister i n True Form 

QA611 

Load High-Order 32 
Bits of Dividend into 
Loco I Storage and 
Hardware Registers 

Odd Register has Low 
32 Bits 

Even Register has High 
38 Bits 

Do Case 1 

Quotient Bit = 0 

Do Case 2 
Di vidend is Overdrawn 
and is in True Form. 
Shift Dividend Left One 
Bit, Shifting in New Bit 
from Low 32 Bits in Com
plement Form, Compute 
Quotient Bit 

No 

Dividend Not Overdrawn 
and is in True Form. Shift 
Dividend Left One Bit, 
Shifting in New Bit from 
Low 32 Bits in True Form. 
Compute Quotient Bit. 

Quotient Bit = 1 

Quotient Bit = r 

No 

Quotient Bit = 0 

Yes 

Do Case 4 
Dividend is Overdrawn 
in Comp lement Form. 
Sh ift Dividend Left One 
Bit, Shifting in New Bit 
from Low 32 Bits in True 
Form. Compute Quotient 
Bit. 

Quotient Bit = 1 

Do Case 3 
Dividend Not Overdrawn 
But is in 1 's Complement 
Form; Shift Dividend 
Left One Bit, Shifting in 
New Bit from Low 32 Bits 
in Complement Form. 

Compute Quotient Bit. 

Quotient Bit = 1 

Quotient Bit = 0 

Op Format 
RR Divide 
RX Divide 

Do Divide Loop 
Start as in Case 1 

Objective: To divide the dividend (first operand) by 
the divisor (second operand) and replace 
the dividend with the quotient and re
mainder. 

RR-RX Binary Divide 

End of Minor Loop 
Indicates Eight 
Quoti ent Bi ts Have 
Seen Stored ina 
Hardware Register. 
Transfer This Byte to 
Loco I Storage and 
Reload Hardware 
Register with more 

Dividend Bi ts. 

Na 

Setup to Correct and 
Store Remainder 

No 

No 

T est on Address of Low 
Quotient Byte 

QA621 

Readou t Next Byte 
of Low Di vidend ond 
Set into a Hardware 
Register. Setup New 
Count for Mi nor Loop 

QA641 
, __ .L-.L.-.L.-..I-_..,QA651 Correct 

Quotient Sign 
Case 1 - Store as is 
Case 2 - Subtract 
Dividend from Divisor 
Case 3 - 1 's Camp I erne nt 
Case 4 - Add Di vidend 
to Divisor 

Chart I 

No 



Note: For this example, assume a divisor of 16 bits and a dividend of 32 bits. 
This is done to shorten the example but still shaw how the C1'Jotient is 
developed. 

I. Divi,or~~ The divisor is readout of its General Register or 
Main Storage location and copied into Locol 
Storage and a hardware register. 

2. Signs. Check sign of divisor and dividend and set quotient sing. 
In example, both signs are plus, so the quotient sign is plus. 

3. Dividend -1071351 FBI OAI The dividend is located in two Generol 
Regi,ters. The high dividend in the 

Even Odd even-numbered register and the low 
dividend in the odd-numbered register. 

The di vidend is readout and the two parts, high and low, 
are copied into Local Storage and hardware registers. 

4. Quotient. The quotient is developed 1 bit at a time and set into a 
hardware register until the end of 0 minor loop. Then it 
isploced in local storage. 

Note' Shifting of the dividend uses the copy in locol storage work area. 
The 4 low bits of 0 hardware register are set to F to be used in the 
minol loop count. When the 4 low bits equal 7, the minor loop is ended. 

Note' Setup to start as in case J. 

5. Set high byte of low dividend into a hardware register. 
6. Shift byte left 1 bit. 

7. Add corry in high dividend, shift left 1 bit and do 1 's complement. 

8. Add complemented high dividend to divisor ts compute quotient 
bit and new high dividend. 
Case 1, Corry out ~ Quotient bit 0 and do case 2. 

9. Shift byte left 1 bit and set quotient bit in low-order position, 
~ubtroct 1 frem count. 

10. Add corry in high dividend, shift left 1 bit. 

II. Subtract dividend from di visor. 

Case 2, Carry out ~ Quotient bit 1 and do case 1. 
12. Shift byte left 1 bit ond 'et quotient bit in. Subtract 1 from count. 

13. Add corry in high dividend, ,hift left I bit. 

14. Subtract dividend From divisor. 

Case II No Carry == Quotient bit 1 cnd do case 3. 
15. Shift byte left 1 bit and set quotient bit in .. Subtract 1 from count. 

16. Add carry in high dividendi Shift left 1 bit. 

17. Add dividend to divisor. 

Case 3, No carry .= Quotient bit 1 and do case 3. 
18. Shift byte left 1 bit and set quotient bit in. Subtract 1 frem count. 

19. Add corry in high dividend, Shift left 1 bit. 

20. Add dividend to divisor. 

Case 3, Corry out =0 Quotient bit 0 and do case 2. 

21. Shift byte left I bit and set quotient bit in. Subtract 1 from count. 

22. Shift high dividend left 1 bit. 

23, Subtract dividend from divisor. 

Case 21 No Carry = Quotient bit 0 and do case 4. 
24. Shift byte left I bit and set quotient bit in. Subtract 1 from count. 

25. Add coery in high dividend, Shift left 1 bit. 

26. Add di vidend to divisor. 

Case 4, No Carry:: Quotient bit 0 and do case 4. 
27. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

28. Add corry in high dividend, Shift left 1 bit. 

29. Add di vidend to divisor. 

Case 4, Corry out Quotient bit 1 and do ca~e 1. 
30, Shift byte left 1 bit and set quotient bit in. Subtract 1 from count. 

31. Count has gone to 7. End of minor loop. A quotient byte 
is in the hardware register. The quotient byte is set into local 
storage replocing the high byte cf the low dividend copy. The low 
byte of the low dividend is placed in the hardware register for 
shifting and the count is set to F for the next minor loop. 

32. Shift. high dividend left 1 bit. 

33. Subtract dividend from divisor. 

Case 1, Carry out =.-. Quotient bit 0 and do cas~ 2 
34. Shift byte lefT 1 bit and Set quotient bit in. Subtract 1 from count. 

35. Shift high dividend left I bit. 

36. Subtract dividend from divisor. 

Case 2, No Corry == Quotient bit a and do case 4. 
37. Shift byte left 1 bit and set quotient bit in. Subtract 1 flam count. 

38. Shift high dividend left 1 bit. 

Case 4, No Carry:: Quotient bit 0 and do case 4. 

Divisor Copy 

m 10 52 
+ F I 94 

© 0T16 

©-(KJ 

~ 10 52 
+ FC 33 

© 0385 

©Lill 

~ 10 52 
+ E6 F4 

NC F7 46 

©-!ill 

~ 10 52 
+ EE BC 

NC 1TDE 

©+@ 

!!J 10 52 
+ FD BC 

© OEOE 

NC~ 
CE 

NC 

~ 

NC 

~ 

~ 10 52 
F 1 77 

© CiT"C9 

NC-@] 

Low 
Dividend 

~ OA 

~ 10 52 

© 
+ FC 6D 

OC SF 

NClJIj 

~ 10 52 
+ E6 80 

NC F6 D2 

NCLill 

NC 

Count 

@] 

@] 

~ 

[ill 

@] 

@] 

[ill 

@] 

@] 

[ill 

[ill 

§J 

Do case 4. 

40. Shift byte left 1 bit. Set quotient bit in and 
subtract 1 from count. 

41. Shift high dividend left 1 bit. 

42. Add dividend to divisor. 

Case 4, Corry out:. Quot ient bit 1 and do c;;ose 1. 

43. Shift byte left 1 bit. Set quotient bit in and 
subtract I from count. 

44. Shift high divided left 1 bit. 

45. Subtract dividend from divisor. 

Case I, No Corry = Quotient bit 1 and do case 3. 

46. Shift byte left 1 bit Set quotient bit in ond 
subtract 1 from count. 

47. Shift high dividend left 1 bit. 

48. Add dividend to divisor. 

Case 3, No Carry:: Quotient bit 1 ond do case 3, 
49. Shift byte left 1 bit. Set quotient bit in ond 

subtract 1 from count. 

50. Shift high dividend left 1 bit 

51. Add dividend to divisor. 

Case 3, Carry out = Quotient bit 0 and do case 2. 
52. Shift byte left I bit, Set quotient bit in ond 

subtract 1 from count. 

53. Shift high dividend left 1 bit. 

54. Subtract dividend from divisor 

Case 2, No Carry -= Quotient bit 0 and do case 4. 
55. Shift byte left 1 bit. Set quotient bit in ond 

subtract 1 from count. 
56. Count has gone to 7. End of minor loop. Set 

quolient byte into low byte of low dividend. 
57. Address of low quotient byte has been reached 

indicating end of major loop. Check signs 
and set the quotient into the odd numbered 
genero I register. 

58. The remainder is developed and set into the 
even numbered genera I register. The correct 
sign is set for the reominder. In the example, 
we ended incase -4. Case 4 causes the high 
dividend that has been deve loped to be added 
to the divisor. The result is the remainder. 

The even/odd general registers hove been set 
with the remainder and quotient with 
proper sign ond divide is ended. 

Note: The divisor and dividend in actual form would be: 

Divisor 1001001101521 

Dividend 100100 100 I 00 ! 071351 F81 OA I 
The Quotient would be: --------~ 

Even I Odd 

Quotient 100100100112100100171IICI 

elF 010 

Dividend Copy 
Hi h Low 

IFD 1~61 cm::@ 
Shifted Byte 

em 
NC~ 

50 

m 10 52 
, FB EC 

©--0C3E 

NC~ 
Al 

m 10 52 
E7 82 

NC-f7l)4 

~ 

~ 10 52 
, EF A9 

NC-l'FFB 

NC--§] 

10 52 m + FF F6 
@-1048 

NC--!QD 

10 52 ffi + DF 6E 
NC-EF"CQ 

Even Odd 

Divisor 10 52 
High Dividend + EF CO 
Remainder @-+-00T2 
Even Odd 

I iiOi 12 I Il!E:itJ 
Remainder Quotient 

Count 
I]Ql 

[g] 

@] 

~ 

~ 

[ill 

@] 

RR-RX Binary Divide Example 
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This is Used to Re
member where the 
Fi rst Non-Zero Byte 
is in loco I Storage 

Update the Register 
Being Used to Retain 
The Address of the 
First Non-Zero Byte 

The Work Area is 8 Bytes I 

Long; High Address I 
= () Indi cates End of Areo I 

Sign Byte Found 

Yes 

End of 
Work Area 

Yes 

Valid 
last Decimal 

Digit 

No 

Binary 
Byte Ready to 

Store 

(ho! t 002 

QA261 

Last Byte 
Read Has Val id 
Decima I Digit 

QA271 

Readout Filst Opelond 
Byte, Replace with 
8inary 8yle (Complement 
Form fOI Minus Signt) 

QA2 

Byle 0 Yes 

End of 
Work Area 

OA261 

Ope-rand is Now Read 

out F rom Loco I Storage 

of First Opelond 

This is Done by Moving 
the Quotient Digit 
Right I Digit 

OA261 

Cor lee Sign 

0.6,261 

(hOlt 1 

OA271 

No 

Cholt 7 

In~tl uction 

The convelt to binol,' loutine works something like a manual convel

sio,., of decimol to binaly (hexadecimal). Example: 

0278 017 01 0 
16)04449 16)0278 16J617 16)01-

QQ 00 00 .QQ. 
44 27 17 _____ I 
R 16 16 _______ 

124 118 1 

ill ill.----129 _______ 6---
128 
1 

! 
(Hex) 1161 0001000101100001 (Binary) 
By successively'dividing the decimal numbel by 16 and using the 

lemaindel the hexadecimal number 1161 is developed. 

The 2030 converts 0 decimal numbel to 0 binary number by multiplying 

each digit by binary 10 and then addirg the nex: digit to the ploduct. 

Then this lesult is divided by 16. ihe Quotie'lt is :,toled Ull{:l theRe

maindel is multiplied by 10. This continues until the numbel has been 

conver ted. 

In the example to the light, the registel numbers ole for example only. 

The wOlk oreo has been loaded and R4 hm the location of the first 

high-order non-zerO byte. 

To multiply a digit by binary 10, shift the number left 3 time, (by 
adding). Tnen odd the re,ult of the first ,hift to the third shift---

Examples: 
04 0000 0100 
04 I 0000 a 100 

08 0000 1000 ] 
Q§ 0000 1000 
16 000 I 0000 
16 0002 0000 
32 0010 0000 

8 0000 1000 
4ci 00 10 1000 

To divide a digit by 16 , the digit is. shifted 1 digit to the right. 

Example: 
2 

16}33 

.R 

64 48 32 16 8 4 2 I 
o 0 I a 0 a 0 I -- R€mainder 

~ 
I o 0 I 0 -- Quotient 

In Example Rl, 7, and 3 are used to convert the number. R4 retains 

the wOlk olea byte with the first significant digit. R5 hold the low 

four bits of each convert byte for storing complete byte. 

Work Area First Operand 

Corrments R I R2 R3 Byte 5 Byte 6 Byte 7 R4 R5 Byte I Byte 2 8yte 3 

Set RI to 00 OIld set byte 5 in R2. Note, 

QLJatient~ Ist~ 
04 44 9C 00 00 00 

The Rl high digit is called Quotient [01) and the 

Rl low digit is called the Rernoifldel. Rer10i nder Next 

00 

The R2 1st digit is added to the Remainder. 01 ·0 

I 2nd R2 next digit are set into R3. A t~st fOI 00 
sign digit is made. Multiply by 10 if the byte xA 

does not contain a sign digit, 00 
Add next digit to the pladuct. -4 

Divide by 16. T:'is is done by shifting the high 04 
digit right 1 digit_ Store 01 and the Quotient 0 00 44 9C 

(Q21 of thi::. divide in the work area. If bytes I I 
::.tored equal zero, chonge R4. 
Readout next byte. Multiply the Remainder by 04 44 

10. xA 

The PlOduct and 1st digit ore added. 01 and 28 
next digit ole set into R3. Test for sign. +4 

2C 24 

OC 
MLitiply remainder by 10. xA 

78 
Add next digit. +4 

~ 
00 27 Divide by 16, store 01 and 02, test for Zero. I 

Readout next byte. OC 9C 

Multiply Remainder by 10. xA I 78 
Add 1st digit. +9 

Set the Quotient and next digit in R3, test for .sign. 8T 8C 

Sign is found, set remainder in R5 and set R3 into low I I 

byte of work crea. DO 27 BC 

Set RI to 00 ond set byte 6 in R2 00 27 DO 27 BC 

Add 1st digit to Remainder. +2 

SeT 01 and next digit in R3, te::.t for sign. 02 07 

Multiply Remainder by 10. xA 
14-

Add next digit. +7 

Divide by 16, stereOl and Q2, test for zero quotients. ~ 00 01 8C 

Readout next byte. OB 8C 

Multiply Remainder by 10. xA 

Add 1st digit. 67 
x8 

Set the Quotient and next digit in R3, test for sign. 76 7C 00 00 61 

Sign is found, Store the remainder and low digit in I I 

R5 in the First Operand byte 3, store R3 in the low byte 

of the work area. 00 01 7C 

Set RI to 00 and set byte 6 in R2. 00 01 

Add I st digit. +0 

Set Q1 and next digit in R3, test for sign. 00 01 

multiply Remainder by 10, xA 
00 
+1 

Divide by 16, store 01 and Q2, test for zero quotient. ~ Zeros found. Change R4. 00 00 7C 

Readout next byte. Of 7C 

Multiple Remainder by 10. xA 
M 

Add I st digit. 17 

Set the Quotient and next digit in R3, test for sign. IT IC 
Sign is found. Set the Remainder in R5 and set R3 in 

low byte of the work orea. 00 00 IC 

'~ Set RI to 00 and set byte 7in R2. 00 IC 
II 

Set Ql and next digit in R3, test for sign. Of DC 00 II 61 

Sign is found. Store remainder and low digit in R5 in the I I 

First Operand byte 2, store R3 in low byte of the work areo. 00 00 DC 

The number has been converted, but the loop continues 

until the fit'st operand remaining bytes have been set to 00. 



QA281 

Readaut 2nd Operand 
Byte and Set it into a 
Register. (Add One to 
the Number if the Num
ber· is Minus). 

1- - - ..,--~~-----''----::-~---, 

I 
I 

First Time the Sign is 
Set in Low Order Digit 

r---
This Loop Starts at the 
Low Order Byte and 
Continues Until All 
Significant Digits Are 
Shifted. 

Op Format 

Convert to Dec imal 

First Operand 

Second Operand 

End of 
Shift Loop 

I-Cycles 
QAOOI 
Chart I 

Byte I Byte 2 Byte 3 Byte 4 

4E R 1 X2 B2 D2 D2 

Byte 0 Byte I Byte 2 Byte 3 Byte 4 Byte 5 

Zeroed 00 00 00 00 00 00 

Addeci 00 00 00 00 00 00 

Shifted 00 00 00 00 00 04 

Byte 6 Byte 7 

00 00 

44 49 

44 9C 

To Manually Convert the Hexadecimal Number 1161 to Decimal, multiply 
each Digit by 16, then Add the Next Digit to the Product. The Sum is 
Multiplied by 16 and the Next Digit Added, etc. 

Example: 

01 I 6 

X~~J 
10 

---u;-
+ I 
17 

~I 

l;:J 
~ 

278 
x 16 

1668 
278 
4448 

I 
4449 

The Operation in the 2030 is Similar to the Manual Operation. Each Byte 
is Doubled Eight Times. Whenever a Carry Occurs from the ALU During 
the Binary Add, it is Set into a Register and is Decimally Added to Itself. 
Any Carry during a Decimal Add is Added to the Result of the Next Binary 
Add. This Continues until the Binary Number is Converted to a Decimal 
Number. The Decimal Number is then Shifted Left One Digit so the 
Carree! Sign can be Stored in the Low Order Digit of the Low Order Byte. 

In the Example at the Right, the Register Numbers are for th is Example 
Only. The 2nd Operand has been Set to all Zeros and the 1st Significant 
Byte of the 1st Operand is in Rl. Note: RX is shown in Binary Form while 

RY and the 2nd Operand are shawn in Decimal. 

Yes 

No 

No 

Double the 1st OperandI 
Add Carry from 2nd 
Operand to the 1st 
Operand Result 

OA291 

OA281 

No 

Binary Add. This Step 
Sets the Va lue of the 
Binary Bit Being Converted 
into the Corry Latch 

Double the 2nd Operand, --~cima.1 Add~ 
Add Carry from 1st ~ __ ~_---.J 
Operand to the 2nd 
Operand Result 

End of 

A Loop is B Times 
Through the Preceding 
Two Steps 

QA291 
Result of 

Last Binary Double 
o 

Set Sign in RX, RY to RZ; 
RX Low to RY Low; RZ Low to r,Y High; 
RZ High to RX Low; 
RY to RZ, etc. until the Shift of the 
Decimal Number is Completed. 

000 I 000 I 
000 I 000 I 
DO ID DO ID 

00 ID 00 ID 
0100 0100 

0100 0100 
1000 1000 

1000 1000 
DOol 0000 

0001 0000 
0010 0000 
0010 0000 
0100 0000 
~OOOO 

1000 0000 
1000 0000 

0000 0000 

0000 0000 
0000 0000 

o a 

o a 
00 

~ 
o 

6 0 
-0--

o 
__ 1_ 
a I 
o 1 
~ 
~ 
o 4 
o 4 

-0--8-

a 8 
I 

-1~7-

Storage - 8 Bytes 
2nd Operand 

0000000000000000 

00000000000000 17 

End of Add Loop, End of 2nd Operand Loop, and Result of Binory Add 
Readout Byte 3 

0110 000 I 
0110 0001 
1100 0010 

1100 0010 
1000 0100 

1000 0100 
0000 1000 

0000 180~ ____ 1 

0001 0001 

000 I 000 I 
0010 0010 

~1~ ____ 1 

DIDO 0101 
0100 0101 ____ 1 

1 
1000 1011 
1800 10 1 I 
000 I 8110 

0001 0110 
0010 1100 

1 7 

1 7 
34' 

69 
6 9 

1 
-3-9-

3 9 
-7--8-

7 8 
56 

5 6 
-1~2-

-2--4-

2 4 
1 

4 9 0000000000080049 

End of Add Loop, Not the End of 2nd Operanc Loop 

00 10 1100 
0010 1100 
0101 1000 

0101 ](l00 
101100S0 

1011 ')000 

0110 0800 

~1J..9 0000 
1100 0000 
1100 0000 
1000 0000 

1000 0000 
0000 0000 

0000 0000 
0000 0000 
0000 0000 
0000 0000 

0000 0080 
0000 0000 

o 0 

o 0 
00 

o 0 
--0-

o 
I 

-0-1-

o 
o 2 
o 2 
__ 1_ 
o 5 
o 5 
__ I_ 

I 
I 

-2--2-

2 2 
4 4 OOOoJOOOOOC)r)4449 

End of Add Loop, End of 2nd Operand Loop, and Result af Binary Add 
Last Byte Read Out was Byte 3 
Sign was Plus, ~ot in ASCII Mace - Set Sign in R I 
Note: Contents in the Register fOI the Rest of the Example e'e in Hcxadecicnal. 

Register X I I Register Y F c--u9 
9 C 

4 

End of Sh ift Loop 

4 4 
4 4 
o a 
o 4 

ClF 012 

Register Z 

4 9 

I Stor age ] 
0000000000004449 
000000000000449( 

000000000000449C 

000000000004449C 

RX Convert To Decimal 
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Double Word Must Address: 
on Even Register 1_ 

Yes 

Start with High Order 
Byte 

Read Byte from Register I 
Set Work Area Byte to 
Zeros for Logico I or 

Algebraic Plus, Set to 
Ones for Algebraic 
Minus 

QA311 

L-_____ ---JI I , 8 Bit Shifts '>Y_e_s _______ __ 

Finished 

Number is Readout of 
Register and Set into 
the Work Area. The 
Number is Shifted with
in 3 Bits of the Complete 
Shift in the Work Area. 
It is Then Set Back into 
the Register Shifted the 
Correct Amount. 

No 

QA311 

QA311 

Check to See if Shift Is 
to the Left or Right. Set 
Condition to Indicate on 
Algebraic Shift with a 
Minus Sign. 

Double or Single 
Word 

Single 

OA311 

No 

Is the Number of Bits 
Left to be Shifted Less 
than 8 Bits 

End of 8 Bit 
Shifting 

--I 

These Bytes Do Not 
Enter the Work Area 

r---------------~ 

I Use for Algebraic Shifts. 
: It is Disregarded in Logi
Ical Shifts. If the Sign will 
IChange, Set Overflow 
:Condition _ 

Na 

No 

Shift Amount Exceeds 
Work Area 

Set Condition to 
Prevent any Left Shift 
When Work Area is 
Set into the Register 

QA311 

Check for Sh i It Less 
than 4 Bits. Check to 
See if Lost Byte was 

Byte 3 

OA31 I 

Sh ift Less than 
48its 

No 

QA311 

Less than 5 Bits 
but not Zelo 

No 

Last Four Bi ts May Be 
in a Hardware Registel 

QA311 

Shift Less Than 
4 Bits 

No 

Readout Byte from 
Number Being Shifted 
and Set into Local 
Storage Either Skewed 
or Direct as Required 

Up to this Time Bytes 
or Half Bytes hove been 
Shifted. Now the Number l- - --
will be Left Shifted 0, 1,2 : I 
or 3 Bits and Set into the I I 
General Register it was' I ...-_-'-__ ..L ____ .:.:., 

Readout I 

Shift is Done by Adding :--
the Numbel to Ihelf I 
the Desired Number of I 
Times. Remember Carries I 

Sh ift a Byte the 
Correct Numbp.r of Bits 
and Set into the Correct 
Genera I Register 

Yes 

OA361 

No 

Note: All Examples Show a Single Word Shift. 

Shift Left 3 Logical Single 
General Register Start ~OOOO 0000 0000 0000 0101 0110 0001 00 1O~ Transfer to Work Area Direct. 

Work Area 0000 0000 0000 0000 0101 0110 0001 

~ 
Shift of 3 is Accomplished by 

r Adding the Byte to It;elf. 

General Register Finished 0000 0000 0000 0010 1011 0000 1001 0000 Three Times and Remembering Carries. 

Shift Left 10 Algebraic + 
General Register Start 0000 0000 0000 0001 0110 1000 all I 0001 Transfer to Work Area Direct but 

2° 
I 

ooot 
1 Shift 8 Bits. 

Work Area 0001 0110 1000 0111 0000 0000 Add on 1 Byte of Zero;. 

General Register Finished ~ Transfer Back to General 

000 0101 1010 0001 1100 0100 0000 Register, Shifted 2 Bits. 

Shift Left 12 Algebraic -
General Register Start 1111 1111 111 I t 1111 1001 0010 1101 1011

1 
Transfer to Work Area Skewed Shifted 

! I 111 1011 + 0000 
12 Bits. 

Work Area 1001 0010 1101 0000 0000 Add Low-Order Zeros. 

General Register Finished 1111 1001 0010 1101 1011 0000 0000 0000 f Register Direct. 

Shift Right 3 Logical Single ~ 
0001 0010 These Four Bits are held in a Hardware 0000 0000 0000 0000 0101 0110 General Register Start 

~ ~ 
Work Area 0000 0000 0000 0000 0000 0101 0110 0001 

tooo I 
General Register Finished 0000 0000 0000 0000 1010 1100 0010 

Shift Right 12 Algebraic - ,c:; 
General Register Start 1111 1111 1111 1111 1001 0010 1101 1011 

I I 

Lll 100~ ~ Work Area 

(~: 
1111 1111 1111 1111 I III 

General Register Finished 1111 1111 1111 1111 1111 I 111 1001 

Shift Right 5 Logical Single 0000 0000 0000 1001 1110 0001~ 
General Register Start 

~OOO 000\ Work Area 0000 0000 0000 0000 1001 1110 

r r 
General Register Finished 0000 0000 0000 0000 0100 1111 0000 1101 

Op Format Byte 1 oyte 2 Byte 3 Byte 4 

RiQht Single Log. 8 8 RI 32: D2 

Left S;ngle Log. 8 9 R 1 B2 D2 

Richt Sinele Aig. 8 A R I B2 D2 

Left Single Aig. 8 a R 1 62 I D2 

R ioht Daub Ie Log. 8 C R 1 82 D2 

Left Double LO>l 8 D R 1 82tD2 

Richt Double Alg B E R I B21 D2 

Left Double Aig 8 F R I 62 1D2 

Objective: 

Shifts - To Obtain a Binary Value of the Second 
Operand Effective Address Low Order Six 
Bits. Example-

D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 

00 1011 ~ 11. Then shift the First Operand 
Either Left or Right that Amount. If the Shift 
is Algebraic/ the Condition Code is Set. 

Register after First Shift. 
1 ransfer to Work Area Skewed. 
Low 4 Bits Sh ifted Out. 
Add High-Order Zeros. 
Transfer Back to General Register, 
Shifted 1 Bit. 

These Four Bits are he Id in a Hardware 
Register. 
Transfer to Work Area Skiewed. 
Shift 12 Bits. 
Add High-Order Ones. 

This Byte held in a Hardware Register. 
Transfer to Work Area Direct but Shifted 

8 Bits. Add High-Order Zeros. 
Transfer Bock to General Register. Shift 

Left 3 Bits. Thr ee Low-Order Bits are 
Determined by Byte in Hardware Register. 
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Chart 002 

Move 
Character 

0A451 

Store Byte 2 of the In
struction at the First 
Operand Address 

Chart 002 
Test 
L'nder Mask 

All Zeros 

Readout Condition Code, 
Set to Code 0 and Store 

0A451 

Readout Condition Code, 
Set to Code 3 

Chart 002 

Test and Set 

Test High Byte for 
a l, then Set Entire 
Byte to Ones 

OA451 

High Bit 
is a 1 

QA451 

All Ones 

Chart 1 

QA421 

Readout Condition Code, 
Set to Code 0 

Readout Condition Code, 
Set to Code I 

Chart 

0A451 

Readout Condition Code, 
Set t" Code 1 

Op Format 

51 Test and Set 
--

51 Test Under Mask 

SI Move Character 

Objective: 

Test and Set 

Byte 1 Byte 2 Byte 3 Byte 4 

r 
91 12 BllDl Dl 

I 
r 

92 12 B lIDl Dl 
I 

93 12 Bl:Dl Dl 
I 

Test the high-order bit of the byte ot the 
effective address and set condition code. 

Test Under Mask - The byte of immediate data, 12, is used os 
a eight-bit mask. The bits of the mask are made 
to correspond one for one with the bits of the 
byte in stol-age specified by the first operand 
effective address_ 

Move Character - The second operand, one eight-bit byte, is 
placed at the effective address of the first operand. 

Na 

Chart 7 

Yes 

Store Byte Read from 
Main Storage into 
General Register 

Chart 002 
Load 
Multiple 

LCXld Store 

Chart 002 
Store 
Multiple 

en 32 Bit 

Load or Store 

No 

OA461 

Store Byte Read 
from Iv\o i n Storage into 
General Register 

Chart 

Op Format 

Store Mu Itiple 

Load Multiple 

Objective: 

No 
Store Multiple 

Load Multiple 

Chart 7 

No 

Byte Byte 2 Byte 3 Byte 4 

I I 
90 R 1,R3 B21D2 D2 

I 
r r 

98 RIIR3 B21D2 D2 
I I 

The information in the general register starting 
with the register specified by Rl and ending with 
the register specified by R3 is stored at the 
locations designated by the effective second 
operand oddress. 

The information at the effective second operand 
address is loaded into general register starting with 
the one specified by Rl and ending with the one 
spec ified by R3. 

Last Register to be 
Used 

Yes 

QA461 

Readout Iv\oin Storage, 
Replace Byte with the 
Byte from the General 
Register 



Op Format 

SS AND 

SS Compare 

SS OR 

SS Excl usive 0 R 

Objective: 

And 

Compare Logical 

OR 

Exclusive OR 

Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 

D4 L Bl :D1 D1 B21D2 D2 

D5 L Bl :Dl Dl B21D2 D2 

D6 L B11D1 D1 B21D2 D2 

D7 L B11D1 D1 B21D2 D2 
I 1 

-The logical answer (AND) of the bits of the 
first and second operand is placed in the first 
operand location. 

-The first operand is compared with the second 
operand, and the result is indicated in the 
condition code. 

- The logical sum (OR) of the bits of the first and 
second operand is placed in the first operand 

location. 

-The modulo - two sum (exclusive OR) of the bits 
of the first and second operand is placed in the 
first operand location. 

Chart 002 

(r----------C-o-m-p-a-r-e-JJ'-~----------------~\ 

AND 

01 

QA771 

Compare Source Byte with 
Destination Byte by Com
plement Addition and Test
ing for Zero answer 

Logical 

Op Code 
Bit 6, Bit 7 

OR Exclusive OR 

QA77l End of Field 

End of Field No 
QA771 

Equa I Yes 
Compare on Byte 

Chal t 

Chan 002 
,~ ______________ -JA,-____________ ~, 

Yes 

Move i'.umeric Move Move Zone 

Numeric 

r-______________ ~I __ -_-.-------~----Q~A~77~1 
Numel·ic Bits Combined 
with Zone Bits 

Combine Low 4 Bits of the 
Soul'ce Byte with the High 
4 Bits of the Destination 
Byte ond Store in the Desti
nation Area 

Readout Source Byte, Store 
into 0 Hardware Register 

Move 
Move Numeric, 

Move Zone 

QA77l 

Tronsfer Complete 
Source Byte to Destina
tion Area 

OA771 

End of Fie Id 

Zone 

QA771 

Combine High 4 Bits of 
Source Byte with the Low 4 
Bits of the Destination Byte 
and Store in the Destination 
A"ea 

QA/71 

Zane Bits Combined with 
Numeric Bits 

II 

QA771 

Exclusive OR Source Byte 
with Destination Byte 

Chart 

Readout to Source Byte, 
Store ina Hardware 
Register Op Format Byte Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 

55 Move Numeric DI 

Chart 55 Move D2 

SS Move Zones D3 

Objectives; 

Move Numeric 

Move 

Move Zones 

ClF 015 5S Multiple Codes 

B11D1 D1 B21D2 D2 

B1:D1 D1 B21D2 D2 

B11D1 D1 B2:D2 D2 
I 

The low-order four bits of each byte in the 
second operand field are placed in the low
order bit positions of the corresponding bytes 
in t:'e first aperond field. Movement is 
storage to storage, left to right. 

The second operand is placed in the first 
operand location. Movement is storage to 
storage I left to right. 

The high-or"der four bits of each byte in the 
second opeond field are placed in the high
order four bit post ions of the cO""esponding 
bytes in the first operand field. Movement 
is storase to storase, left to risht. 



() 
r-
" o -0-

Vl 
Vl 

-f .., 
a 
::J 

'" a -(J) 

-f .... 
a 
::J 

'" Q -(J) 

a 
::J 
0... 

-f 
(J) 

'" -

Chart 7 

Yes 

QA7S1 

Translate 
Translate 
and Test 

Valid 
Translate Table 

Address 

Translate 
and Test 

QA7S1 

Va I id Address 

Store Moin Storage 
Address of the 
Destination Byte whose 
T able Character is 
Non-zero in General 
Register I 

Chart I 

Yes 

Translate 
or Translate and 

Test 

Chart 7 

No 

Translate Table Base Address 
EBCDIC for J 
Add Base and J 
Byte at 100 I 
Replace J with T 

Setup Function Byte 
Address (Translate Table) 

Translate 

QA7S1 

,- 1000 
01 

~ 1001 
,- T 

Tlonslate 

Assume a stream of 20 characters comel into location 2100 in EBCDIC. Translate to ASCII. 

Assume: 

Reg 12 
Reg 15 

00 00 20 00 
00 00 10 00 

Lac 2100 - 2 I 13 (before) JOHN JONES 257 W. 95 

The instruction is: 

Lac 2100 - 2113 (after) JOH N JONES 257 W. 95 
where the overbar means the same graph i c in ASCII 
Condition code: unchanged 

Translate Table 

100X 

10lX 

102X 

103X 

I04X 

I05X 

I06X 

107X 

I08X 

109X 

WAX 

IOBX 

10CX 

10DX 

IOEX 

lOFX 

7 A C D 

1------

BI 

& 

/ % 

a ! bid 
I j m 

i 
t I U 

A C D G H 

M N 0 -t-_Q-+-~t---- + ___ ~_ 
I 

K 

I 

r--j-- -
Oil 

U V W X Y Z 

Op Format Byte I Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 

SS Translate DC L BI:DI DI B2! D2 D2 

SS Translate and Test DD L BI: DI DI B2 i D2 D2 
I I 

Obiective: 
Translate - The eight-bit bytes of the first operand are used as argu

ments to reference the list designated by the second op
erand address. Each eight-bit function byte selected 
from the list replaces the corresponding argument in the 
first operand. 

Translate and Test - The eight-bit bytes of the first operand are used 
as arguments to reference the list designated by the 
second operand address. Each eight-bit funci ion byte 
thus selected from the list is used to determine the con
tinuation of the operation. When the function byte is 
a zero, the operation proceeds by fetching and trans
lating the next argument byte. When the function byte 
is :10nzero, the operation is completed by inserting the 
related argument' address in general register 1, and by 
inserting the function byte in general register 2. The 

first operand is not changed. 

1-------

Translate and Test 

Assume that an assembly-language statement, located at 3000 - 3016, is ta be scanned 
for various punctuation marks. A translate and test table is constructed with zeros in all 
positions except where punctuation marks are assigned. 

Assume: 

00 00 00 00 Reg 1 (before) 
Reg 2 (before) 
Reg 12 
Reg 15 

00 00 00 00 /EBCDIC for ( is 40. 
00 00 30 00 
00 00 20 00 

Lac 3000-3016 UNPK PROUT (9), WORD(5) 

The instruction is: 

Reg I (after) 00 00 30 OB 
Reg 2 (after) 00 00 00 20 
Condition code = I; scan not completed. 

Translate and Test Table 

7 9 A 

200X 

20lX 

202X 

203X 

204X 

205X 

206X 

207X 

208X 

209X 

20AX 

20BX 

20CX 

20DX 

20EX 

20FX 

Note:-

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

C 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

10 15 20 

30 35 40 

50 55 0 

60 65 70 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 

0 

0 

0 

25 

45 

0 

75 

0 

0 

0 

0 

0 

0 

0 

0 

If all possible combinations of eight bits (i.e., 256 combinations) cannot appec- in the 
statement being scanned, then a table less than 256 bytes can be used. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Op Format Byte 1 Byte Byte 3 Byte 4 Byte 5 Byte 6 

SS Edit DE 

SS Edit and Mark DF BIIDI Dl B21D2 

Objective: 

Edit - The format of the SOurce (second operand) is changed from 
packed to zoned and is edited under control of the pattern 
(first operand). The edited result replaces the pattern. 

Edit and Mark - Same as edit, also the address of the first signi
ficant result digit is re<:orded in general register 1. 

Not a Control 
Character 

Yes 

OBI51 

Leave Pattern Byte 

---. 
1 
I 

D2 

D2 

Significance Start 

OB)5) 

Edit 
or 

No 

QBISI 

OB)6) 

Edit and Mark 

elF 017 5S Edit I Edit and Mark 

OB161 

Increment Pattern 
Address, Reset 
Significance Status 

Field 

No 

Edit 

OB151 

Yes 

Yes 

OBI51 

Significance 
Status On 

OB161 

Store Source Digit 
Plus Proper Zane at 
Pattern Address Test 
for Zero 

Plus 

No 

Chart 002 

Yes 

No 

QB151 

Low 4 

06151 

Chart 002 

OA761 
1 
1 

--- -I 
I 

Yes 

First Pattern Character 
Will Be Used as a Fill 
Character 

Yes Digit Se lector 

OB151 

Shall We 

Control 

Character 

OB161 

OB161 

Yes 

No 

No Source Digit 
o 

06161 
Stare Source Digit 
Plus Proper Zone at 
Pattern Address 
Test for Zero 

Yes 

// OB161 

Are the 
Low Four Bit, 

a Sign 

Minus 

Yes 

OB161 
Increment Pattern 
Address. Prepare 
for New Source 
Readout 

Chart 

Yes 

Yes 

OB161 

Store 0 Digit with 
Proper Zone at 
Pattern Address 

No 

OB16) 

Incl-ernent Pattern 
Address 

0- Result Field Zero 

" OB151 
~ 

OB161 

No 

I - Result Field Less Than Zero 
2 Result Field Greater than Zero 

Yes 

No 

Chart 7 

Signficiant 
Start Charactel 

Q OblS1 
- ------

Leave Pattern 
Character as Is 



Edit I and Edit and Mark 

The format of the source (second operand) is changed from packed to zoned and is edited under control of the 
pattern (first operand). The edited result replaces the pattern. 

The Edit and Mark also performs the operation of storing the byte address of the first significant digit. 
The address is not inserted when significance is forced by the s.ign ificance start character of the pattern. 

pattern fie Id 

source field 

1 • Read out pattern character. Reta i n as fi II 
character and store back into pattern fie Id. 

2. Read out next pattern character. Decoded as 
digit select. Read out source byte. High 
digit 0 significance status is still off I store 
fi II character in pattern fie I d • 

3. Read out next pattern character. Decoded as 
digit select. Low source digit significant I 
insert proper zone and store at pattern digit 
location. 

d d . I d 

Pattern Character b 

Pattern Character d 
Source Byte 0 2" 

Pattern Character d 

d b C R 

Turn on significance status. Edit and Mark operation wou Id store the address of this sign ificant 
digit into General register number one. 

I b I b Zone 21 

4. Read out next pattern character. Decoded as 
non control character I leave as is because 
sign ificance status on. 

I b I b 1 Zone 21 

5. Read out next pattern character. Decoded as 
digit select. Read out source byte, store high 
saurce digit with proper zone at pattern digit 
location. 

I b I b I Zone 2 I 
6. Read out next pattern character. Decoded as 

digit select. Use low source digit of last 
source byte, insert proper zone and store 
at pattern digit location. 

I b I d I Zone 2 

7. Read out next pattern character. Decoded as 
significance start. Significance start status 
is on already, this character performs like the 
digit se lect. Read out next source byte. 
Store high source digit with proper zone, at 
pattern digit location. 

8. Read out next pattern character. Decode as non 
control type. Leave as is. Read out next 

pattern c harac ter, d i gi t se I ec tIS tore low source 
di git wi th zone at pattern di git location. 

I b I b I Zone 2,1 

Pattern character I 

Pattern character d 
Source Byte 5 7 

Zone 5 

Pattern Character d 

Zone 5 Zone 71 

Pattern Character ( 
Source Byte 4 2 

Zone 5 Zone 7 Zone 4 

Zone 5 Zone 71 Zone 41 Zone 2 

9. Read out next pattern character, digit select. Read out source byte. This byte contains plus sign, turn off significance status. 
If sign had been minus, significance status would have been left on. Store high source digit with proper zone at pattern 
digit location. Store fi II characters for remainder of field. source byte 6 + 

Edited fie Id rep lac ing Zone 5 Zone 7 Zone 4 Zone 2 Zone 6 pattern field ~ __ ~ __ ~ ______ ~ ____ -L ________ ~ ________ ~ ________ ~ __ ~ ________ ~ ________ ~ __ ~ __ ~ __ ~ 

Set condition register 

o = Result fie Id is source 
1 Result field is less than zero 
2 = Result field is greater than zero 

elF 018 55 Edit Example 



() 
r
-n 
o 
'0 

Vl 
Vl 

-U 
C 
o 
A 

C 
::J 
c.... 

~ o 
< 
CD 

Op Format 

Pock, Unpack, and Move with Offset. 
None of These Instructions Check for 
Valid Digits or Signs. 

Byte Byte 2 Byte 3 Byte 4 

I 

Byte 5 
I 

SS Move with Offset Fl L 1: L2 BllDl DI B21D2 
I 

SS Pack F2 L 1 i L2 Bl :01 DI B2 ;02 

SS Unpack F3 L 1: L2 BllDl 
I DI B2 :D2 

Objective: 
Move with Offset - To place the second operand to t~e left of and 

Pack -

Unpack -

adjacent to the low-order four bits of the first 
operand. 

The format of the second operand is changed fram 
zoned to packed, and the result is placed in the 
first operand location. 

The format of the second operand is changed from 
pocked to zoned, and the result is placed in the 
first operand location. 

Byte 6 

D2 

D2 

D2 

Chart 002 

r 

Pack, 
Pack 

.----...:.:...:------..C Unpack Or Move with 

QA791 

Readout Source Byte, 
Cross Digits Readout. 
Store at Destination. 

Source 

Offset 

ASCII 

What Fie Id 
Ended 

Pack Unpack 
.---------<:'" Unpack or Move with >---'------, 

Move with Offset 

QA791 

Store the High Four 
Bi ts of the Source 
Byte as the Low 
Four Bits of the Next 
Desti notion Byte. Fi II 
Remainder with Zeros. 

Offset 

QA801 

Store the Low Four 
Bits of the Source 
Byte Just Read Out, 
at the Destination 
Address. Set High 
Four Bits to Zero 

Yes 

QA791 

Fill Remaining Destina
tion Bytes with Low-Order 
Zero Digits and Proper 
Zones in the High-Ordel 
Four Bits 

QA801 

Pock Pack 
r----------< Unpack or Move with 

Offset 

QA801 

Source Field 
Ended 

Combine the Low
Order Four Bits of 
Lost Two Source Bytes 
and Store New Byte 
at Destination Address 

Unpack 

QA801 

Destination 

Field 
Ended 

No QABOI 

Combine Law-Or del 
Digit of Source Byte 
with Ploper Zone and 
Store at Destination 
Address. 

QA801 

Cross High-Ordel Digit 
to Low-Order Digit of 
a Registel Add Propel 
Zone and S'o,~ at Next 
Destination Address 

Move with Offset 

Yes 

QA791 

Readout Source Byte. 
Move Low FOUl Bits of 
Soulce Byte to High 
FOUl Bits of the Low
Ordel Destination 
Field Byte. The Low 
Four Bits of the Low
Order Destination Field 
Remain Unchanged. 

Destination or Both 

Yes 

Chart 1 

Move with Offset 

Chart I 

QA801 

Load the Low-Ordel 
Four Bits of the 
SOUl ce Byte into the 
High-Older Four Bits 
of a Register. Load 
the High FOUl Bits of 
the P,evious Source 
Byte into the Low FOUl 
Bits of this Register. 
Stare this Byte at the 
Destination Address. 

CD 

CD 

Readout Low Source Byte. 
Cross Digits. Store at 
Destination Low Addl ess. 

Readout Next Two Source Bytes. 
Combine Low Order Digits. 
Store at Next Highel Destination 
Address. 

Readout Next Two Source Bytes. 
Combine Low Order Digits. Store 
at Next Higher Destination Address. 

Source Field Has Ended. Supply 
Zero's fOI Destination Field Until 
it Ends. 

CD Readout Low-Order Soulce Byte. 

o 
Cross and Store at Low Order 
Destination Address. 

Readout Next Source Byte. Combine 
Low-Order Digit with Proper Zone. 
Store at Destination. C'oss High-Order 
Digit into Low Ordel of a Register. 
Read Register Out. Insert PIOpel Zone 
Store at Destination. 

Repeat Step 2. 

Soulce tnded, Supply Zero Digits with 
Ploper Zones until Destination Ends. 

The Source Field is Moved to the Destination 
Field to the Left of the Low-Order FOUl Bits 
of the Destination. If the Destination Field 
Ends Before the Source Field, the Remaining 
Soul·ce Digits are Ignored. 

Sign 3 

X 
3 Sign 

Zone 2 Zone 6 

\ ~ 
2 6 

5.,zi g n 

Si~5 
9~ Zone 2 

9 
Zone 9~ 

6~ 
Zone 'I" "

o 
Zone 6~ 

Zone 0 

Pack Instruction 

Source Field 

Destination Field 

Unpack Instruction 

Source Field 

Destination Field 0 0 

0 

0 

1
0 

1
0 0 

J 

Zone 0 

Move with Offset 

SOUlce Field 

Destination Field 

Destination Field 

13 Sign 1 

2 6 13 Sign I 

7 8 2 6 13 Sign 1 

0 0 7 8 2 6 13 Sign 1 

• 

4 

I I: ":' I 10 0 0 0 0 

0 0 0 0 0 0
1 I Sign 51 

0 o IZone 2 1 5ig n 5 I 

0 0 IZone 91 Zone 2 1 Sign 5 1 

0 1 Zone 41Zone 91Zone 2 1 Sign 5 I 
I Zone 6 I Zone 4 JZone 91 Zone 2 I Sign 5 I 

1 Zone 6 J Zone 41Zone 9 1 Zone 2 J Sign 51 



No 

OB021 

Read out source digits, 
perform complement 
add of source digits 0, 
check for results of 99. 

Has source ended 

Chart I 

C!'ar t 7 

Add, 5ubtmct 

Because we must 

recomplement the result I 

the high-order soulce 
digits must be zero, but 
in comp. form are 9 ls 

Chart 7 

Chart 7 

No 

Chart 1 

No 

No 

Chart 002 

Yes OB011 

Signs are tested for 
plus or minus and status 
bits are set to be used in 
the compute loops 

Stare result of decimal 
add. Insert proper sign. 
Do not store resu I ts if 
compare operation. 

r--: For Zero and Add Force 
___ J 1 the Destination Byte to 

I Appear as Zero. 

r 
I 
I ___ ..J 

Signs are AI", Tested for 
ASCII or EBCDIC Mode 
and Stotus Bits Set to 
Indicate This. 

OB011 
What ficlds 

True or 

complement add 

Read out source digits 
until field ends. Source 
digits must be zero or 

overflow is indicated 

True 

Chart 1 

Chart 1 Chart 7 

Yes 

Chort 1 

elF 020 SS Decimal-Add, Subtract, Compare, and Zero Add 

Op Format Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 
I I I 

SS Zero and Add F8 L1: L2 B II Dl 
I 

Dl B2: D2 D2 

55 Compare Decimal F9 L 1: L2 B 1: Dl Dl B2 i D2 D2 
I 

L 1: L2 
I 

S5 Add Decimal FA Bll Dl Dl B2, D2 D2 
I 

5S Subtract Decimal FB L 1 i L2 B 11 Dl D1 B2: D2 D2 

Objective: 
Zero an d Add - The second operand is placed in the first operand 

location. The operation is eguivalent to addition 
to zero. 

Compare - The first operand is compared with the second and the 
condition code indicates the comparison result. Com
parison is right to left. 

Add - The second operand is added to the first operand, and 
the sum is placed in the first operand location. 

Subtract - The second operand is subtracted from the first operand, 
and the difference is placed in the first operand location. 

Did 

Chart I 

08021 

No 

OB021 

OB021 

OB021 Add, subtract, 

Ze'" add. Ck,: ! 

Mask bit 

ChaIt 1 Chart 7 



DECIMAL ADD, SUBTRACT EXAMPLE 

Sign analysis is done first and will indicate if the operands will be true or complement added. 

Eight conditions may occur as shown in the following table: 

Operation First Operand Sign Second Operand Sign True or Complement 

Add Plus Plus 

Add Minus Plus 

Add Minus Minus 

Add Plus Minus 

Subtract Plus Plus 

Subtract Minus Plus 

Subtract Minus Minus 

Subtract Plus Minus 

After sign analysis, the operation for both add and subtract are the same. 

Decimal Add 

1st Operand = Destination field 
2nd Operand = Source field 

1. Read out low source byte. 
2. Read out low destination byte. 

3. Decimal add the digits. 

046 + 
o 0 134 -

6 

True 

Complement 

True 

Complement 

Complement 

True 

Complement 

True 

4-
6+ 

Complement add indicated. 
@5 9 1s complement of 4 

1 Insert carry 
Carry ~2 Converts 9 1s complement to lOis complement 

Insert Destination Sign. 

4. Read out source digits. 
Read out destination digits. 

Complement add. 

5. Destination field ended. 
There was no carry from high-order 
significant addition, indicating 
recomplementing wi II be necessary. 

6. Read out source digits. 
Complement add to zero. 
9 1s must resu It or overflow 
wi II be indicated. 

7. Source fie Id ended, recomplement 
answer and change sign. 

NC 

Intermediate sum = 2 + 
1 Carry from previous cyc Ie 

04 
@86 9 1s complement of destination byte. 
9T 

Intermediate sum 9 1 2 + 

00 
@99 
--w 

Intermediate sum 9 9 9 1 2 + 
Result stored in destination field 0 8 8 -

Cases when the source fie Id is longer than the destination and a complement addition is be ing performed. 
1. Destination ends and no carry results from last addition; all further adds must produce 

9 1s or an overflow results. 
2. Destination ends, with a carry resulting from last addition: 

The answer produced so far is zero and a II further adds must produce zeros. 
The answer produced so far is not zero; examine carry from the addition following the one in 
which the destination ended. If there was a carry, the result just produced must be zero; 
if there was no carry, the result just produced must be 9 1s. In either case, all further 
eye les must produce the same resu I t as the first. 

When doing a true add, all cycles after the destination field ends must produce zeros. 
Overflow when doing a complement add causes a recomplement, then a branch to overflow case when setting condition register. 
Overflow when doing a true add forces overflow when setting condition register. 

Condition Code 
o = Result is zero 
1 = Resu It less than zero 
2 = Result greater than zero 
3 = Overflow 

ClF 021 SS Decimal-Add, Subtract Example 



55 Multiply Decimal 

The Product of the Multiplier and the 
Multiplicand Replaces the Multiplicand (1st Operand). 
The Multiplier Size is limited to 15 Digits and Sign. 
The Multiplicand Must Have High-Order Zero Bytes. 

Equa I to or Greater than the Number of Bytes in 
the Multiplier Field. 
The Maximum Product Size is 31 Digits. At Least 
One High-Order Digit of the Product Field is Zero. 

Chart 002 

Are the No 
Signs Valid >----------. 

Yes 

08001 

Are the Na 
Digits Valid >-----..., 

Chait 7 

Refer ta multiply example 
for multiply loop. 

The First Compute Cycle 
will be a Straight Add or 
Subtract, the Next may 
be a Skewed Add ar Sub
t.-act 

The Product Digit, in 
Alignment with the Mul
tipl icond Digit that was 
Tested, is now Tested I 
During the Compute Loop. I 
If it becomes 0 while do- I 
ing a Straight ar Skewed I 
True Add, theComputc I 
for that Digit is Finished. I 
The Next Dig it is Now I 
Tested. The Product I 
Digit is Tested for 9 if I 
doing 0 Stroight or Skewed

l 
Complement Add. I 

elF 022 55 Decimal Multiply' 

No 

Char t 7 

Is L2 
Less than 8 

Na 

Greater Than 
L2 

Yes 

QB061 

Store a Copy of the 
Multiplier, with Sign 
Removed, in Loca I 
Storage. Store a Copy 
Skewed Right One Digit 
in Local Storage. 

OB071 

Reado~t Multiplicand 
to Check for High-Order 
Bytes of 0 's Equa I Or 

Greater than Multiplier 
Field Length 

OB071 

Enough 
Zero Multiplicand 

Bytes 

Yes 

Shift Multiplicand Left 
Until Significant Byte 
is at High-Order Loca
tion. Provide Zero's 
for Vacated Low-Order 
Bytes 

Are They 
Zero 

Chad 7 

Chart 7 

OB10l 

Has Major 
Loop Ended 

Yes 

The Low-Order Digit of 
the Multiplicand is Test-
ed; True Add if Under 
Sub.-act if Over 4 ,--

I 
9,0 will be Placed as 

1 

I 
the High Order Byte of 

08091 _-l the Multiplier and Added 
with the Multiplicand 

Rcado~t Multiplier ond when doing a Straight 
Mul i ipl i cand Digits, Add or Subtract. 
Decimal Add. CallY 0,9 will be Placed as 
f,·om High Alig"ed the High -Order Byte 
Digits Lost. when doing a Skewed 

Operation. 

08111 

OSlOl r--
Yes OBlll 

1 I 

Test Next Higher Multi- I 
: Exceptions are; if the ---~ 

pi icand Dig it. Switch I I Digit Tested Goes to ° 
Cycles from Straight to I I and the Next Digit to be 
Skewed or Skewed to I : Tested is Already 0, 
Straight. 

I 
I Skip the Next Cycle. 

I 
1 If the Digit Tested Goes 

0891 I to 9 and the Next Digit 

Continue Reading Out 1 to be Tested is 9, Skip 
---I the Next Cycle. If the 

Digits and Performing I Operation ends with SO=l, 
Decimal Addition Unti I I the Skewed Multiplier 
All Multiplicand Digits I without 0, 9 as the 
have been Tested and I High-Order Byte is 
Operated On. I I Added to the High Par-

I tial Product. 

1 

No 

ehm! 



Decimal Multiply 

The product of the m~ltiplier (second operand) and the multiplicand (first operand) replaces the multiplicand. 
The multiplicand must have high-order zero digits for at least a field size equal to the multiplier field. 

multiplicand 
multiplier 

o 0 0 0 7 2 4 + 

3 4 6 + 

1 • Make 2 copies of the mu Itip I ier, with sign stripped out, into loca I storage. One copy stra ight and one copy skewed right. 

straight copy of multiplier 
skewed copy of multipl ier 

346 0 
o 346 

2. Test for enought zeros in multiplicand field. 

3. Move the most significant byte and following byes of the multiplicand to the high-order byte of the multiplicand. 
Supply zeros for vacated bytes, sign is stripped out. 

o 0 0 0 7 2 4 + 

~ 
7 2 4 0 0 000 

4. Start compute loop. First cycle will be a straight cycle. The first low significant digit of the multiplicand 
is tested. If over 4, a straight subtract will be done. If under 5, a straight true add will be done. 

7 2 
The 90 byte suppl ied by + 
microprogram. /7 2 
The high 2 digits do not f + 
participate this cycle and;. 7 2 
are not affected by carries. /~ + 

7 2 
+ 

7 2 

~ Test digit to determine operation straight add 
4 0 0 0 0 0 
9 0 346 0 

3 ..... .0 3 4 6 0 this digit tested for 0, keep 
9 0 3 4 6 0 'adding unti I 0 reached 
20692 0 
9 0 346 0 
1 1 0 3 8 0 
9 0 346 0 
o 1 384 0 
,-------- Reached 0, switch eye les. 

5. Cycle now wi II be a skewed cycle, test digit to ,.----- Test digit, under 5, operation add. 
determine add or subtract 7 2 0 1 3 8 4 0 

o 9 supplied by ___________ + .0 9 0 3 4 6 

microprogram ~ 7 1,0 4 8 4 4 0 digit tested for 0, keep 
+ 0 9 0 3 4 6 add ing • 

6. 

70 ... 0830 4 0 

Cycle now will be a straight cycle, test digit to ,r--------
determine add or subtract 7 0 0 8 3 0 

9 0 346 0 
7,,97370 

- 9 0 346 0 

4 0 

4 0 

8 9 3 9 104 0 
- 9 0 346 0 

9 904 5 040 

digit 0, switch cycles. 

Test digit over 4, subtract cycles to 
be taken. Set subtract status. 

Test th is digit ·for 9, continue 
subtracting. 

'It\---------digit reached 9, stop operation. 

7. Operation stopped with subtract status on; the 
skewed multiplier must be added to partial 
product to obtain correct product. 

8. Insert sign and end operation 
Product located in first operand location. 

9 9 o 4 5 0 4 
o 3 4 6 
o 2 5 0 5 0 4 

10 215 01 5 01 4 

0 

0 

+ I sign inserted, final produtt. 

ClF 023 SS Decimal-Multiply Example 



Decimal Divide 

The dividend (first operand) is divided by the 
di visar (second operand) and replaced by the quo

tient and remainder. 
The quotient field is placed in the left portion 

of the dividend field. The remainder is the same 
size as the divisor and occupies the low-order bytes 

of the di vidend fie Id. 
The sign of the quotient is determined by the 

ru les of a Igebra from the dividend and divisor sign. 

Op Format 
SS Divide Decimal 

elF 024 

Refer to Dec imo I 
Divide Example 
for Divide Loop 

SS Decimal-Divide 

Yes 

Chart 7 

r-------------------,- ----

The Microprogram will 
Supply a 9, 0 Byte as 
the High Order Byte of 
the Divisor for Straight 
Cycles and a 0, 9 Byte 
for the High Order when 
Doing Skewed Cycles. 

OB131 

Switch to Straight 
Add Cycle. Test 

for Next Digit.:: 0 

Yes 

Chart 002 

OBOOI 

Readout Low-Order Byte 
of Both Operands 

Store 2 Cop ies of the 
o i vi sor into Loco I Storage. 
One Copy as is with Sign 
Stripped out. One Copy 
Skewed Right. One Digit 
with Sign Stripped Out. 

OB091 

Do a Trial Subtract to 
Determine if the Quo
tient and Remainder can 
be Contained in the 
Dividend Field 

Yes QB091 

Use the Result of the 
Trial Subtract as the 
Operand for First Com
pute. The fi rst Compute 
will be a Straight Addi
tion. 

QB091 

The Divisor I with 9, 0 
as the High-Order Byte I 

is Aligned with the High
Order Dividend Digits 

for the First Compute. 

OB091 

Start Straight Addition. 
The Low-Order Digit of 
the High-Order Byte of 
the Intermediate Ouo
tient is Tested. 

QB091 

Test Digit 
Gone to 0 

Yes 

QB091 

Is the 
Compute Loop 

Done 

QB131 

Switch to a Skewed Sub

tract Cycle. Test Next 
Digit fora 9. The Di
visor is Shifted Right One 
Digit for Each Cycle 
Switch 

Continue Skewed Sub
tract of Divisor from 
Di vidend 

No 

No 

Yes 

No 

No 

Yes 

QA879 

Chart 7 

Chart 7 

Chart 7 

QB091 

Continue Addition 
Loop until Test Digit 
Becomes 0 

QBI31 

Insert Quotient and Re
mainder Signs. Ouotient 
and Remainder Now Oc
cupy Dividend Field 

Chart 



Decimal Divide 

The dividend (first operand) is divded by the divisor (second operand) and replaced by the quotient and remainder. 

Dividend equal 0 2 3 5 6 8 + 
Divisor equals 8 5 2 + 

1. Cop>, divisor into loca I storage, with sign stripped out, 
in stmiqht form and skewed right one digit. 8 5 2 0 straight 

0 8 5 2 skewed 

2. Setup data for trial subtract using skewed divisor. Dividend 0 1 2 3 5 6 8 + 
A carry out of the high-order position On the trial Skewed divisor - 0 8 5 2 
subtract wou Id i ndi cate a di vide check. If divide Operand in storage 9 2 7 1 5 6 8 0 
check occurred, the skewed divisor is added back 
to restore dividend and a divide check taken. 

Operand supplied by 9 2 7 1 5 6 8 0 
3. Add straight divisor to operand in working storage MiCrOprOgram~ 8 5 2 0 

until indicated digit goes to zero. 6 7 6 8 0 Not zero,addagain~ 5 
+ 9 0 8 5 2 0 

744 1 9 6 8 0 
+ 9 0 8 5 2 0 

6 5 2 7 1 6 8 0 
+ 9 0 8 5 2 0 

5 6 1 2 3 6 8 0 
+ 9 0 8 5 2 0 

4 6 9 7 5 6 8 0 
+ 9 0 8 5 2 0 

3 7 8 2 7 6 8 0 
+ 9 0 8 5 2 0 

2 8 6 7 9 6 8 0 
+ 9 0 8 5 2 0 

1 9 5 3 1 6 8 0 
+ 9 0 8 5 2 0 

Stop straight add, lJ9 3 8 3 6 8 0 
digit now zero-

4. Subtract skewed divisor from result until 
indicated digit goes to nine. This digit does not 

pa r t ic i pa t e . 8 3 6 8 0 
This digit supplied 8 5 2 
by Microprogram to 1 2 9 8 4 8 0 
skewed di vi sor • 9 0 8 5 2 

2 2 1 3 2 8 0 
This digit not 9, 9 0 8 5 2 
subtract again. 3 1 2 8 0 8 0 

9 0 8 5 2 
4 0 4 2 8 8 0 
9 0 8 5 2 
4r 5 7 6 8 0 

Stop skewed subtract 
digit == 9. I 

5. Add straight divisor to result will indicated 
digit goes to zero. These digits ~ 9 5 7 6 8 0 

participate. + 9 0 8 5 2 0 
This digit not 1 4 8J§} 6 2 0 0 
zero, add again. + 9 0 8 5 2 0 

4 774 7 2 0 
+ 9 0 8 5 2 0 

4 6 8 3 2 4 0 
+ 9 0 8 5 2 0 

4 5 9 1 7 6 0 
+ 9 0 8 5 2 0 

Stop, this digit 4 5~ 0 2 8 0 
now zero. '-'~~ 

6. Insert dividend sign into low-order 4 bits. Quotient Remainder 
Insert quotient sign into low-order quotient 4 bits. 
Quotient and remainder have now replaced dividend. 1 45+ o 2 8 + 

Ll-L2-1==1 L2=1 

Ll=3 

ClF 025 SS Decimal-Divide Example 



;;;0 
;;;0 
I 

;;;0 

X 

" o 
o 
::1". 
::J 
:0 

-0 

2. 
::J 
"""" I 
:r: 
o 
< 
CD 

OP Format Byte 

RX FP Store Double 60 

RX FP Store Single 70 

Floating Point Store RX Format 
Single and Double-Precision. 

Single Precision; the Low Order 
Half of the First Operand 
Register is Ignored. 

Mnemoics 
STD 
STE 

Byte 2 Byte 3 

RI:X2 B2!D2 

RI:X2 B2:D2 

Byte 4 

D2 

D2 

QB371 

Go to Page QA879 Pro
glom Interrupt. Invalid 
Register, Set Old PSW 
Bit 31. Invalid Opera
tion Set Old PSW 29 and 

30 

Chart 7 

Chol t 002 

Yes 

Yes 

No 

QB371 

Inva lid 
Opel"ation 

No 

08371 

Read Out Fir>t Opelo",J 
ChOl"acteristic Store in 
Seco'1d Operand 

Has Field ended 

QB371 

Increment the First 
Ope rend Address. Read 

Ou' F,oction Byte from 
First Operand 

Yes 

Op Format Byte 1 

RR FP Halve, Double 24 
-~--"~. --~-.-

RR FP Halve, Single 34 

F iaotiny Point Halve RR Fal mat 
Single and Double P,ecision. 

Sinsle P'ecision, the Low O,de, 
Half of the Result Registcl 
Remc i "s Unchanged. 

The Second Opeland is Divided 
by 2 and the Quotient is 
Placed in the FilSt Operone! 
Location. Second Operane! Sign 
and Charactel istic is StOI ed 
without Change. 

Mnemonics 
HDR 
HER 

Byte 2 

R I i R2 

I 
R I: R2 

I 

OB361 

Read Out Second Op
el and Characteristi c" 
Increment Second Op
eland Address 

StOI e Chal"acteristic 

First Time Through. 
Stale halved fraction 
digits theleaftel 

Read Out Fraelion Digits. 
InClement F i I"S' and Sec
and Operand Addresses 

08361 

Shifl F,oclion Digits 
Right 4 8i ts. Shift 
F'"oction Digits Left 3 
Bits 

Yes 

Yes 

OB361 

Set PSW Bit 31. Go to 
Progl"am Interrupt OA879 

Chart 

IMachine Cannot Shift 
I Right One Bit at a Time. 
I Th is Operation Performs 
: the Shift Right of One Bit, 
Halving the Fraction 



:;;0 
:;;0 
I 

:;;0 

X 
11 

o 
Q 
~. 
:J 

CO 

-u 
o 
:J ...... 
I 

~ 
C 
...... 

""0 

CD 

() 
o 
a.. 
CD 
Ul 

Op Format Byte I 

RR FP Load, Double 28 

RR FP Load, Single 38 

RX FP Load, Double 68 

RX FP load, Single 78 

load RR and RX Formats 
Single or Double Precision 

Second Operand is Placed in 
First Operand location. 
In Single Precision the 
low Half of the Destination 
Operand Remains Unchanged. 

Byte 2 Byte 3 Byte 4 

R I: R2 !~ / , 
'/ ~. R I: R2 

R I:X2 B2:D2 D2 

RljX2 
, 

B2:D2 D2 

Chart 002 

Characteristic. Step 
Source Address to 
High Order Source 
Fraction 

OB37] 

Store Source 
Characteristic in 
Destination Operand 
Location 

OB371 

Has Fie I d Ended 

OB371 

Read Out Source 
Digits. Step 
Source Address 

OB371 

Store Source Digits 
into Destination 
Opel and Location 
Step Destination 
Address 

Yes 

Char t I 

Load and Test; the Second Operand is 
Placed in the FilSt Opeland Location. 
Condition Codes are Set. 

Load Campi ement; the Second Operand 
is Placed in the FilSt Operand lacation 
with the Sign Changed. 

Load Positive; the Second Operand 
is Placed in the First Operand location 
with the Sign Farced Positi ve. 

Load Negative; the Second Operand 
is Placed in the First Operand Location 
with the Sign Farced Minus. 

Op Format Byte 1 

RR FP Load Positive 20 

RR FP Load Positive 30 

RR FP Load Negative 21 

RR FP Load Negative 31 

RR FP Load and T es t 22 

RR FP Load and Test 32 
--~~-- ----

RR FP Load Complement 23 

RR FP Load Complement 33 

Byte 2 

R I: R2 

R I: R2 

R I iR2 

R I: R2 

RI: R2 

R Ii R2 

R]: R2 

R I: R2 

Load Complement 

OB371 

Place Source Charac
ter istic into a Register, 

and Invell Sign 

52 
55 

OB351 

Load and Test 

OB371 

Place Source Charac
teristic into a Register, 

and do not Alter 

QB351 

Chart 002 

Read Out Source 
Characteristic. Set 
Sour ce Add, ess to 
High Order Fraction 
Address 

OB37] 

Store Source Charac

teristic, as Modified in 
Previous Steps, into 
Destination Operand 

Read Out Source Digits 
Increment Source 

Opel and Address 
Store Source Digits 

Load Positi ve 

G'B371 

Place Source Charac
teristic into a Register, 

Force Sign Bit to 0 

52= 0 - Zero Resu It 
52-] Nonzero Result 

---
S5 0 c 5ign Minus 
55- 1 - Sign Plus 

Load Negative 

GB371 

Place Source Charac
teristic into a Register, 
Force Sign Bit to I 



Floating Point. 

Op Format Byte I Byte 2 Byte 3 Byte 4 
KK Lompare - Double L':I Kll KL 
RR Add N - Double 2A Rl R2 \ / 
RR Subtract N - Daub Ie 2B R I, R2 \ / 
RR Add U - Daub Ie 2E R I, R2 \ / 
RR Subtraci U - Double 2F RI, R2 \-
RR Compare - Single 39 R II R2 / 
RR Add N - Single 3A Rl. R2 / -\-~·actN.-~~ 3B Rl R2 /" 
RR Add U - Single 1-3E Rli R2 I \ 
RR Subtract U - Single 3F Rll R2 
RX Compare - Daub Ie 69 Rl, X2 B21 D2 D2 
RX Add N - Double 6A R I X2 82. D2 D2 
RX Subtract N - Double 6B Rl' X2 B2 Dz D2 
RX Add U - Daub Ie 6E Ril X2 821 Dz D2 
RX Subtract U - Double 6F Rli X2 82, D2 D2 

~10 Compare ___ Sing le_ 79 Rli X2 B2 D2 D2 
~-Single 7A- R21 X2 821 D2 D2 

RX Subtr';-ctN - ~91e 7B R2· X2 B2 D2 D2 
RX Add U - Single 7E RII X2 B21 D2 D2 
RX Subtract U - Single 7F RII X2 82 1 D2 D2 

N Norma I i zed U Unnormo I i zed 

Objective: 
Compare - The filSt operand i, campa,ed with the 

s.econd operand, and the condition code 
indicates the result. For single precision, 
the low-order halves of the floating point 
reg isters are not used. 

Add - The second operand is added 10 the first 
operand, and the sum is placed in the 

first operand location. For single pre

cision, the low-order halves of the floating 
point registers are not used. 

Subtract - The second operand is subtracted from the 
first operand, and the difference is placed 
in the first operand local ion . For single 
preCision, the low-order halves of the 
floating poinl registers are not used. 

Chart I 

Perform the 
Effective Shift of 
the Sma lIer Oper
and. This will Align 
Characteristics 

Chart 7 

Chort 002 
------------------------------~ 

Readout Characteristics. 
Check Signs. Set Status 
Register to Indicate if Sign 
is Plus or Minus. 

too Big 

QB30 I or 
QB311 

QB281 
QB291 

Setup Registels so 
that the Operand 
to be Shifted will 
be Made Zero 

Subtract 
r---....;.----<.!Add, Subract, Compo, e >------.... 

QB351 

Set Condition Register 
to Indicate Resu It 
Equal, Law or High 

Chart 1 

Shift Fraction Left, 
Search for Significant 
Digit I Decrement 

Characteristic 

Yes 

Yes 

Chart 1 

elF 028 RR-RX Floating Point - Add, Subtract and Compare 

The Results for any 
of the Operations 
is Tested for 0 and 
a Status Bit is Set to 
be Branched on Later 
in the Operation 

Chart 7 

\ 

Set Condition Reg ister to 
Indicate if the Result was 
Equal, Low, or High 

Chart I 



QB271 

QB2S1 

QB291 

QB301 
or 

QB311 

QB341 

QB351 

Floating Point Norma I ized Add 

The second operand is added to the first operond, 
and the normalized sum is placed in the first operand 
location. 

Addition consists of characteristic comparison 
and fraction addition. 

Read out characteristics, shift them left one bit 
to determine signs. Sign bit is the high-order bit of 
the characteristic. 

Subtract characteristics to determine charactertic 
difference. 

The difference represents double the number 
of hexadecimal digits that the smaller operand 
will effectively be shifted right. Shifting is 
actually accomplished by changing the address 
of the first fraction byte to be read out. This 
aligns the low-order fraction bytes for addition. 

Determine the new address of the effective low
order byte, store the high-order digit of the next 

lower byte to be used as a guard digit. 

Read out low-order fraction bytes and add. 
Store result in low-order 1st operand location. 
Continue addition unti I fields end. When 
smaller operand field ends, D's are supplied 
unti I larger ends. 

Portia I resu It characteristi c wi II be charae teristi c 
of the larger operand. 

High-order partial result digit =0, normalization 
required. Shift left unti I high-order digit is 
significant, add in guard digit as low-order 
result digit. 

Condition register is set to indicate: 
Code 

0= Result fraction is zero 
1 = Result fraction less than zero 
2 = Result fraction greater than zero 
3 = Result exponent overflows 

Charac-
teristic Fraction 
,.-./"---,,~ 

First Operand 17 Ala B 3 8 6 21 
Second Operand 17 sI4 2 E 5 D CI 

First Operand 
Second Operand 

Signs Plus 

7 A shift left F 4 
7 8 shift left F a 

F 4 
F 0 

Characteristic difference -4 

178142~DCI 
Effecti ve low
order byte 

First Operand 6 2 
Second Operand E 5 

Carry 47 

First Operand 3 8 
Second Operand 4 2 

7B 

First Operand a B 
Zeros Supplied a a 

os 
First operand partial result 17 Ala B 7 B 4 71 

Guard digit stored 

in local storage 

Guard 
digit 

Characteristic is decremented 
1 for every hexadecimal digit 
shifted left. 

elF 029 RR-RX Floating Point - Add Example 



Op Format Byte 1 Byte 2 

RR Double 2C RI iR2 

I 
RR Single 3C RI :R2 

RX Double 6C RI iX2 

RX Single 7C RI iX2 
I 

Floating Point Multiply RR, RX Formats 
Mnemonics 

MER 
ME 
MDR 
MD 

The Normalized P,oduc' of the 
Multiplier (Second Operand) and 
Multiplicand (First Operand) Replaces 
the Multiplicand 

Byte 3 Byte 4 

~ /' 
/ ~ 
B2 D2 D2 

82 D2 D2 

OA521 

Generate the Multiples 
of the Multiplier 
FI action to be IJsed 
in the P'-oduct 

Genelation Loop. Store 

into Loce I StOI age. 

Compute First Pa'tial 
Product ~sj ng Low ]6 

Bits of the Multiplier 
and All of the Multi
plicand Store 

OA35J 
CA54J 
OA55J 
CA56J 

No Field Ended 

OB341 
Yes 08351 

Set Product Register 

to Zero. End Op, 
Go to NOlmal I Cycle 
Start 

Chon I 

,----'----- - - - - ,---------
Compute Secund Partial 

Product Using High 16 
Bits of thE Multiplier 

and all of the Multipli
cand. Store 

OB461 
Add the Partial Product, OB471 
Together into the Product OB481 
Registel 

OB"91 

In Double Plecision Foul 

Portial Products are Gen
erated. Stored ave! the 

Multiplicands in Locol 
Storage. 

Need to Yes 
Post Normalize >--------, 

OB441 
No OB35J 

Insert Siqr into Product 

Charact;ristic 
Store Characteristic in 

Ploduct Regi<,te, 

Chol t 1 Chart 7 

OB491 

Shift Product Fraction 
Left One Hexidecimal 
digit. Decrement the 
Characteristic 

08441 

Characteristic 
Underflow 

No 

OB441 

Characteristic 

Overflow 

Yes 

Trap on Underflow 

CCOIt I 

elF 030 RR-RX Floating Point - Multiply 

Yes 

Was it 
High Digit, Low, 

or Both 

Yes 
OB431 

Has Multiplicand 
Field Ended 

Corrpute Product Sign 

by Testing Multiplier 
and Multiplicand 
Signs 

(hart 7 

High or Both 

0B401 

Store as High Order 
Byte in Local Storage 
that is Reserved for 

Prenormalized 

Fractions 

-----i 
i 
: 
I 
I 

1 Copy of Multiplier 
Fraction is Made. 
2 Copies of Multiplicand 
for Single Precision 

4 Copies of Multiplicand 
for Double Precision 

OB451 

Compure Product 

Characteristic, Store 

into Locol Storage 

08451 

Chmoctel istic 

Underflow 

Chmt 7 Char t I 



QB401 
QB411 

QB431 

QB451 

QB451 

QA521 

Floating Point Multiply, Single Precision 

The two 24-bit fractions are multiplied 
together and form a 56-bit product. The 
product replaces the first operand (multiplicand). 

The product characteristic is the sum of the 
two characteristics minus 64. 

1. Prenormalized the multiplier fraction into 
the work area of storage. 

2. Make two prenormalized copies of the 
multiplicand into the work area of storage. 

3. Compute product sign, store it until 
product is computed. 

4. Compute product characteristic, test for 
underflow. Store into loca I storage unti I 
product is computed. 

5. Load 16 bits of the multiplier into hardware 
registers. The first time through this 
preparation step, only 8 multiplier bits are 
loaded. Zeros are loaded into the othe r 
hardware register. Second time through, the 
next 16 mu Itipl ier bits are loaded into 
hardware registers. 

6. Generate multiples of the multipl ier to 
be used in the compute loop. Store multiples 
into working storage and hardware registers. 

Two separate multiply loops will be done, 
each using 16 bits of the multiplier and 
all bits of the multiplicand. 

Each multiply loop will produce a 40-
bit partial product, the partial products 
are stored over the copies of the multiplicand. 

7. Decode and operate on the multiplicand, one 
digit at a time. Decoding the multiplicand 
digits sets up branching conditions in the 
microprogram, which wi II cause the correct 
combinations of multiples to be added or 
subtracted to form a partial product. 

8. After a digit is decoded and operated on, 
the low digit in the product accumulator 
is stored as a digit in the partial product 
location. Each multiplicand digit decoded, 
and operated on, produces one partial product 
digit. 

9. Multiply loop continues until two partial 
products are produced. 
AI ign the two partia I products and add 
to produce a 56-bit product. Norma I ize 
if needed. Insert characteristic and sign. 

Characteristic 

~ 

R 1 (mu I tipl i cand) 2 4 

R2 (multiplier) 3 7 

Fraction 

~ 

7 2 A 9 B 6 

2 4 1 3 1 2 

2 4 
+ 3 7 
58 

multiplicand characteristic 
multiplier characteristic 

Minus binary 64 equals 1 B product characteristic 

Low 8 bits of multiplier into hardware register. 
Zeros loaded into another register. 

1st 16 bits of multiplier 

For 2nd multiply 
1X = 2 4 1 3 
2X = 4 8 2 6 

For 1st multiply 
lX = 1 2 0 0 
2X = 2 4 0 0 

Example: 1st multiplicand digit = 6 

6 decodes as 2X, 2X, 2X 
this means, the multiplier times 2 is 
added 3 times into the product 
accumu lator • 

2X = 2 4 0 0 
+ 2X = 2 4 0 0 

4 800 
+ 2X = 2 4 0 0 

6 COO 
Store low digit at low-digit location of 1 st 
partial product. Shift digits right one digit 
in product accumulator and await next 
decode product accumulator 

o 6 C 0 

1st partial product 0 8 0 F E E 
2nd partial product 0 2 8 6 0 3 0 8 2 
product 0 2 8 6 8 4 a 7 a 

Insert characteri5tic B a 2 8 6 8 4 a 7 a 
I nSf!rt sign +1 B a 2 8 6 8 4 a 7 0 

C 

C 

C 
C 

C 

c 

C 
C 

2 
o 0 

2 0 0 

0 0 

a 0 

a a 
a a 

elF 031 RR-RX Floating Point - Multiply Example 



Op Format Byte 1 Byte 2 

RR D iv ide, Doub Ie LLJ R 1 ~ 
RR Divide, Single 3D R I R2 
RX Divide Double 6D RI tX2 

RX Divide, Single 7D Rl :X2 

Floating Point Divide RR, RX FOlmats 
Single and Double Precision 
Mnemonics 

DER 
DE 

DDR 
DD 

The First Opel and is Divided by the 
Second Operand, the Quotient Replaces 
the First Opeland 

Byte 3 Byte 4 

> k:: 
82 I D2 D2 

B2: D2 D2 

Chart 7 

elF 032 RR-RX Floating Point - Divide 

Once a Significant 
Divisol Digit is Found 

it is Stored into Local 

Sta,uge as the High 

O,de' Divisior Digit 

Yes 

Chart 002 

QB271 

Read Out Div;sal 

Characteristic. Add 
128 to it if Sign wos 

Plus. Stale in Hardware 

Register 

Set Up Caunl Registel· 
in P,eparation FOI Pre

norma I i zat ion 

QB401 

Read Out Fraction Digits 
Look for S ignifi cont 

Digit 

Divisor Prenormalized. 
Store Characteristic Minus 

1 into Local Storage 

QB4~1 

Read Out Dividend 
Characteristic. Add 

128 to it. Store in a 

Hardware Register. 

QB431 

Compute Quotient Sign. 
Store into Local Storage 

QB401 

Set Up Count Register. 

Start prenormalization 

of Dividend. Sealch 
for Significant Digit 

Yes 

QB421 

When Digit is Found, 
Store the Whole 

Di vidend Fraction with 
the High Ordel· Digit 

Equa I to 0 

G'A621,QA631 

Compute Quotient, Store 

into first Operand Loca
tion 

QB491 

Test the High Order Byte 
of the Quotient Regis

ter. Only the Low 4 Bits 
Could Contain a Digit. 

Store the Quoti ent 
Charactelistic into the 

Quotient Register. Go 

to I Cycle Start 

QAOOI 

Chart 

Chart 7 

Chert 7 

Chart I Chart 7 



Floati ng Poi nt Divide All numbers shown are in hexadecimal 

Characteristic Fraction 
First Operand is the Dividend 2 5 9 6 7 2 E A The divisor in this example is a normalized 

number and will not be prenormalized. 
Second Operand is the Divisor 9 7 3 4 B 5 The dividend is prenormalized with the 

high-order digit egual to zero. In this 
example, the dividend wi II be shifted The characteristics are carried in excess 64 

notation at all times. right one digit to accomplish this. The 
low-order digit wi II be shifted out 

Page No. 

. QB271 

OB401 

OB431 

OB421 

OB441 

QA621 
QA631 

Divisor characteristic is read out, a 
bit is added to the high-order 
position (sign). The characteristic 
wi II now be without sign if it 
was minus, or effectively have a 
value of 128 higher if it was plus. 

Divisor characteristic has 64 
added to it or subtracted from it, 
depending on the sign position. 
If the sign had been plus, 64 
wi II be subtracted from it; if it 

Divisor Characteristic 
1 9 

+8 0 
~ Sign was plus, characteristic 

is now expressed in excess 
192. If sign were minus it 
would still be expressed 
in excess 64. 

Divisor Characteristic 
9 9 

+C 0 
59 

Subtracting 64 is done by 
adding C to high order. 

into the hardware register in which the 
quotient wi II be formed. The first time 
through the divide loop, only 4 guotient 
digits will be computed and stored. The 
next divide loops will produce 8 guotient 
digits until the operation is completed. 

was minus, 64 is added. The 
characteristic now represents the 
numeric va lue of the exponent + 128 
instead of +64 as it usua II y does. 

5 9 
+F F 
58 

Subtract 1 from the characteristic leaving it expressed in excess 127. 
This is done to compensate for the fact that the dividend is shifted 
right one digit as it is loaded. 

Dividend characteristic is read out 
and sign is tested. 128 is added 
to characteristic; it now represents 
the dividend exponent + 192. 

Compute guotient sign and store. 
If signs are alike, quotient sign will 
be plus. If signs are un I ike, guotient 
sign wi II be minus. 

Dividend Characteristic 
2 5 

+8 0 
AS 

Dividend Fraction 
9672EA 

Sign was plus; characteristic 
is now expressed in excess 192. 

Do the skewed dividend prenormalize 
into local storage and hardware 

Local \ \\\ \ ~ 
Storage 10 9 6 7 2 EJ ~ Divisor fraction is loaded into 

hardware, or hardware and loca I 
storage. 

hardware register 

Compute the Quotient 
characteristic. The divisor 
characteristic is complement added 
to the di vidend characteristic 

A 5 
A 7 

+ 1 
c-4 D 

dividend characteristic_excess 192 
divisor characteristic complemented-excess 127 
plus one 
quotient characteristic The result is now excess 65; however, when the final 

quotient is produced {shifted left 4 bitsL it wi \I be excess 64. 

If the computation of the quotient characteristic fai led to produce a carry, an underflow would be 
sensed. The quotient register would be set to zero and the program would return to I-cycles or to 
program interrupt I depending on the mask bit. 

The divide function is performed on these 
2 pages. The quotient is produced one bit 
at a time into a hardware register. The first 
time through the divide loop, 4 quotient bits are 
produced and stored in the high-order address of 
the quotient register. In each of the following 
loops, 8 guotient bits are produced and stored 
unti I the entire quotient has been computed. 

Characteristic 
Final Result 4D 

Fraction 
154 385 

The quotient has been produced and is located in all bytes of the quotient register. The 
high-order byte must be checked to see if the quotient characteristic may be stored there. 
If the high-order byte is zero, the characteristic is stored there decremented by 1 to in
dicate high-order zero. If the high-order byte contains a low-order digit, (can never 
contain high-order digit) the quotient is right shifted one digit, the low quotient digit is 
lost, and the characteristic is stored unchanged. The characteristi c is always checked, 
before storing, for overflow and underflow. If overflow, go to program interrupt. If 

. underflow, set the quotient register to zero, test for trap, and go to normal I-cycles or 
program interrupt. 

elF 033 RR-RX Floating Point - Divide Example 



Initial Program Load 

Forced Address from 
Load Key 

Chart 007 

H 

TIO 

OC351 

Store 60 in Main 
Storage Byte 0004, 
Store Unit Address 
from Swi tches 

No 

Chart 036 

Multiplexor 

GG 

Chart 038,040 

Yes 

QD131 

Channel Busy 

PCI 

OCOOI 

Yes 
P,oblem State 

Start I/O, Test I/O 

OCOOI 

510 or 110 

Address and CAW 
Format OK 

Selector" or 
Multiplexor 

Channel 

Selector 

OCOll 

In In~errupt Routine 

Chort 007 

No 

Chart 007 

No 

Chart 002 

Entered from 

Execute Op 

Chart 007 

Which I/O Op 

OCOOI 

Yes 
Problem State 

No 

Holt I/O, Test Channel 

Start I/O 

Yes 

OCOOI 

Selector or 

Multiplexor 
Chonnel 

Selector 

OD021 

00021 

Channel Busy 

Chart 001 

ClF 034 I/O Ops Initialization and Test Channel - Selector Channel 

Chart 042 

ODOll 

00011 

No 

Chart 036 

IPL Error Stop 

Return to I-Cycles 
(IC Restore) 

00021 

Set Condition Code 3 



YES 

NO Valid 
T ransrer in Channe I 

OD091 

NO IPL 

Start I/O 

Chart 001 

Chort 034 

ODOll 

Channe I Busy 

ee'N Byte 1 = 0 
and Valid 
Flo';) Byte 

YES 

ODOSI 

NO 

Jr Com~:~~ Chaining >-C;;;;a;;;m~m;.::.o<~'d:..c,..:S.:.:IO::....-____ ......, 

510 ODOSI 

YES 

CC or Start I/O 

CC 

OD091 

Channel Woiting 
YES 

YES 

YES 

Count a 

Transfer 

In Channel 

NO 

ODOS1 

ODOSI 

ODOSI 

YES 

Op In Up 

I/O Op NO 

Chart 00 I 

NO 

Chad 037 

Chort 037 

ODI81 

Data 
or Command Chaining 

Did Stotus In Fall 

YES 

ODO?I 

Command Chaining 

Chart 001 

OD091 

CC 

OD071 

Address 
or Status In Response 

YES 

ODOll 

Address In 

ns 

I This Can Be a Hardware 

Ir;terrupt on a Start I/O. 
Example: SIO to a Tape 
DI i ve that is Not Ready 

Chort 001 

Immediate Command 

NO 

Chort 037 

OD071 

Chart 037 

NO 

ClF 035 Start I/O - Selector Channel 



Chart 037 

Chart 037 

Chart 037 evice Status Equals >N_O;;..... ... _--. 
Zero 

Chart DO I 

r--------~- - - - - -
F arced Address On R as 
Interrupt Trap 

No 

QDI21 

Set H5 and 5 tore the 
R-Register Contents in 

Loco I Storage. Reset 
Select Out 

NO 

QDI21 

Return to Main Program 

Chart 038 

Pall Control On 

YES 

Address In 
or Stotus In 

Chart 034 

Did NO 
Status In Fall >--'---..... 

Chart DOl 

elF 036 Test 1/0 and Traps-Selector Channel 

Forced Addre~$ On ROS 
Chain Trap 

Yes 

QDl11 

No 

Yes 

Chart 001 

QDl11 

Set HS Latch and Store 
the R-Register Con !en'S 

ir local Stoloqe 

Use Next CCW 

No 

Yes 

QD111 

Status Modifier Bit On 
Jump 1 CCW 



Chart 001 

NO 

Return To I-Cycles 
(IC-Restore; 

Stotus In 

Chart 034 

NO 

YES 

NO 
00031 

00031 Time Out 
NO 

YES Chart 035, 036 

IPL Error Stop 

_-----:...::..:<~ Machine Check Trap 

Chari 007 

Return To I-Cycles 
(IC-Restore) 

Chart 001 

YES 

YES 

NO 

Chart 00 I 

Return to I-Cycles 
(IC Restore) 

Return to Interrupted 

Program 

ClF 037 

CharI 001 

Chart 007 

Return to I-Cycles 
ilC Restore} 

Halt I/O - Selector Channel 



No 

No 

Yes 

i'.o 

OC461 

[iror Routioes 

Yes 

Start I/O 

Va lid Command 

Byte 1 = 00 

Yes OC021 

Read Out CCW Byte 6 
(High Count), Store Count 
in Registers, R~adout 

CCW Byte 4 (F lags) 

OC021 

Count 0 

Valid Flags 

No 

No 

Not TIC, Valid Com
rnand or (('Iv Byte 1 

Not 0 

OC021 

(I'ocl 043 

No 

No 

Time Out 

Yes 

JJ 

Time Out 

Chort 044 

Address In 
Up 

Unit Address 
Match 

OC051 

Yes OC051 

Set Bus Out Control, 
Command Out I and 
Command Start, Read 
Out CCW Byte 7 (Low 
Count) Set into a Reg ister 

OC061 

Status In 

Up 

Command Chain 

Yes 

Chart 041 

Test I/O 

Chart 041 

Yes 

OC061 

Unit Status Yes 
=0 ~~--------------------------~ 

Channel End J Device 
End off 

No 

Chart 001 

YY Error Routine No 

Any Status 
Except Bits 4 or 5 

No 

Chart 00 I 

No 
Time Out 

,-, 
I 
I 

Error Routi ne 

Avai1abl~ 
Subehonne I 

OC041 

OC041 

Subehonnel 
Active 

Chart 001 

No 

Chart 045 

Yes 

elF 038 MPX Start I/O 1 

No 

Active Bit 

Set Command Start I 
Read Out Interrupt 

Buffer Stotus Byte, 
Store Unit Address 
in Local Storage 

Time Out 

OC031 

Console Program 

No 

OC031 

Set Op and Flags into 
a Register, Set Bus Out 
Control, Address Out, 
and Command Slart 

OC051 

Status In 
Up 

y •• 

OC051 

Operational In 
Up 

Chart 044 

Select-Out Raised by 
Hardware 

lInit Not Reody 
IPL Stop 

Data Loop 

Initial Program Load 
Wait Loop 

Chart 044 

OC061 

No 

To Data Loop 

No 

OC351 

Chart 001 

Chart 039 

Chart 039 

Yes 

Stop 

Initiol Program Load 
Status Check 

on Erlol 

No 

QC351 

Status = 00 

No OC351 

Store Unit Address in 
Mo i n Storage Byte 
0003, Reset the FA 
Register 

QC351 

Store Channe I Address 
in Main Storage Syte 
0002, Reset MPX 
Channel Operotionol 
Latch 

r----
I 
I 

Start Load PSW 
Routine 
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II 

o 
W 
-..0 

~ 
""0 
X 
CJ c -c 

b o 
""0 

r-------------------~oo 
OC081 

00 

Error Routine 

Direct Branch 
1 __ -L-____________ ~ I 

00,01 

I 
I 

Status In, 
Service In 

01 

Write New Data into 
Storage, Decrement 
Hi gh Count if Low 
Count Went from OO-FF 

OC081 

Status In, 
Service In 

No 

01 

Chain Data 
Address 

00,01 

Yes 

I Direct Branch 
III - Operational In Dawn 
110 - Status In, Op In Up 

Chart 038 101 - Service In, Op In Up 
,00 - Operational In Upand 
I Neither or Both Status 
I In and Service In Up 
1 or Commond Out or 
1 Service Out Up 

I 
-------1 

Status In, 
Service In 

In 

10,11 

OC081 

--------1 
Chart 044 I 

Status In, 
Service In 

Data Chain Routines 
Error Routines I ri' 

Yes 

Force Sk ip F lag and 
Output Flag On 

No Secondary 
Status 

L-________________ ~ 

OCI6! 

,----
Command Chain Chart 043 

Routine 

OC!61 

No 
Time Out 

Error Routines 

Command Chaining 

Yes 

Unit Status 
Ok 

Attention Bit 
On 

No 
OC111 

Device End Bit 
On 

No 
OCI!! 

Channel End 
Bit On 

No 

Yes 

No 

Yes 

Chain Data 
Address 

Chart 038 

Initiol Program Load 
Routine 

OCl2l 

Yes 

No 

No 

Yes 

Yes 

Interrupt Buffer Full 

OClll 

Commond Chaining 

oel2l 

Store Unit Address in 
the Interrupt Buffer, 
Set MPX Channel 
I nterrupt Latch on 

OC121 

Active Bit On 

Active Bit On 

No 

11 

OC091 

Yes 

MPX 
Channel Interrupt 

Latch On 

Program 

Controlled Interrupt 
Flag On 

Yes 

No OC091 

Readout Interrupt 
Buffer Unit Address 
Byte and Replace it 
with New Unit 
Address, Set MPX 
Interrupt Latch On 

Chart 001 

Yes 

OC121 

Channel End 

No 

No 

Continue Interrupted 

Program 

Yes 

Yes 

Select Out 
or Op In On 

Chart 038 

Chart 043 

Share Routine 



Set Unit Status into 
a Register I Reset the 
FB Register 

QC051 

Error Routines 

No 

No 

No 

Chart 041 

ClF 040 Test I/o - Interrupt to Store CSW 

Test I/O and I/O Interrupf 
to Store CSW 

Chart 001 

Error Routine 

Program 

Set Unit Address into Local 
Starage and a Register, Set 
Bus Out Control, Address 
Out, and Command Start 

QC451 

jj 

Chart 044 

QC051 

Chart 041 

Yes 

Yes 

Yes 

Chort 41 

No 

No 

OC031 

Console Program 

Reset MPX Channel Int
Nrupt Latch 

Chart 045 

No 

Chart 001 

Yes 

No 



Na 

Error Routi ne 

Yes 

Opelational In 
Up 

Ves 

Time Ou' 

No 

OCI41 

OC061 

Unit Status 
c 0 

Chol I 040 

Address In 
Up 

No 

Time Out 

OC051 

OCOSI 

---I 
Chcl I 844 

, , 

No 

OC071 

Time Oul 

Chart 044 OC45J 

Yes 

EIIOf Routine 

Unit Address 
Match 

.-- -
1 
I 

Chol t 044 

! OC451 

OCOS' 

Error Rourine 

OC051 

Hall I 0 

Chari 042 

Bit 3 of 
UCW Byte 0 is 

a J 

No No 
.... ---<. 

OC151 

Chart 001 

OC051 

Chml 007 

TIO-Sto"tJs in Intellupt 

Buffel 

Test I/O 

Sel BUI Out Conll 01, 
Command Out and 

Time Out 

No 

Error Routine 

Sel UCVI Byte J 
to 00, Reset MPX 
Channe I Intell upt 
Latch 

Chart 00 J 

Start I/O Routine 

Ves 

Yel 

.-
I 

Chart 044 

OC401 

HIO-Control Unjt Busy 

TIO-Error on SIO 

• 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No ________ 1 

Interrupt 

Holt 10 

Yes 

QCI41 
Fir:.t 

Status Presented 
By Unit 

No 

1-- ---

I 
Chal I 042 

Halt I/O Routine 

Unil Address 
Match 

OCI41 

Chari 040 

Yes 

Yes 

Intellupt 

Slatus Modifiel 
Bit Only Bit 

Sel 

OCI4J 

Yes 

No 

CSIY 
Shol t StOI e 

OC4DI 

Chart 001 

No 

Set CSW to 

Byte 0 - Storage Protect 
Byte 1 - Zeros 
Byte 2 - Next CCW High 

Address 
Byte 3 - Next CCW Low 

Address 
Byte 6 - High Count 
Byte 7 - Low Count 
Reset MPX Interrupt 
Latch 

No 

No 

Readout UCW Byte I 
Set a Register to the 
Setting of PCI and 
Active Bits 

Active Bit 
On 

Yes 0(401 

Readout UCW Status 
Byte, Change Bi tl to 
CSW Format with the 
PCI Bit Reset, Store 
in a Register 

QC401 

Was PCI 
Bit On 

Nu 

elF 041 Test I/o 2 



No 

Chart 00
' 

ClF 042 

Set Bus Out Control, 
Address Out,and Select 
Out. Set Op and Flags 
into a Register 

OC051 

Status In 
Up 

No 

OC031 

Chart 045 

Yes 

Halt I/o 

OC041 

Single 
Multiplexor Channel 
with 224 UCWs Can 
Only Branch to Single 
Unit Address 

Subchanne I >_Y.;.e;;;s~ _______ .., 

Active 

Chart 041 

Yes 

OC141 

Read Out Channel Status 
Byte, Check Bi ts 3 and 4 

Status in Interrupt 
Buffer 

Console Program 

Set Up Stop on Next 
Service Cycle 

Yes 

OC051 Chart 001 

Status In No 

Up 

Yes 

No 

Chari 041 

Time Out 

MPX Halt I/O, Test Channel 

OC151 

Se t Un it Status i nta 
a Register, Reset the 
FB Register 

OCI5J 

Time Out 

OC451 

----I , 
Chait 044 , , 

No 

Select In 
On 

Stop 

OC09J 

Initial Program 
Load 

No 

Chart 001 

SLI Bit a,l 

Yes 

Chart 001 

OCI41 

No 

OC03J 

Read Out UCW Byte 0 
and Set WLR 



() 
r
"'T1 

o 
~ w 

~ 
-0 
X 
() 
:::r
o 
:::s -. 
c5 

:::s 
() 
:::r
o 
:::s 
:::s 
Cb 

o 
:::s 
a.. 
(/) 

::r 
o 
""" Cb 

;;0 

~ 
C 
Cb 
In 
-t-

Yes 

Charts 038, 045 

Command Chain From 
Command Immediate 

OC061 

Update Next CCW 
Address 

CCW 
Address Wrap 

Storage 

~ : Error Rout i ne 

I 
I 
I 

-...! 
Chart 044 

Status Modifier 
Bit On 

Next CCW Address 
08 

Operat iano I In 
Up 

TimeOut> 

Error Routine 

Chart 044 

Chart 038 

OC031 

Command Chain 

Yes 

Transfer PCI to New 
Command if Left a . 

Yes 

Next CCW Add cOO ress 

Yes 

Valid Flags 

('lOds 039, 046 

Command 
Chain Routine 

Status Modifier No 
Bit On 

Yes 

No 

Err or Rout i ne 

OC031 

Rea dout U CW By te 6 
and Set into a Register 

CCW 
Address Wrap 

Storage 

Chari 044 

Old Command n In 

----~~~====~~~====1- OC031 
Readout CCW Byte 0 
(Command) 

Cho" 044 

Console Program 

; Chart 045 

--I 
I 

Chart 038 I 
I 

Channe I Setup 
Start 1/0 Sheet 1 

Chaining 

Data Loop 

Chort 038 

I 
I 
I 
I 
L_ 

Error Rout; ne 

Chart 039 

Yes 

Count 

Console Program 

"10 

Error Routine 

Yes 

Doto Chain Rodine 

CI101\\039,046 

OCIOl 

Next CCVI Add Yes 
Is COOJ ress /----

Chart 044 

Erlor Rou~ine 

OCOll 

CCW Data Addre» OK ;r-N_o _____ _ 

Gart 044 

OC021 

Na 

Yes .-/' 
Valid Command 

_-'--L_-0=-C,::,CcIL21~ 
Readout CCW Byte 7 
(Low COJnt) 

CCW 
8yte I 00 

I 
I Chart 044 

Error Routine --l 
"------r-- _. ---- -

_ OC02I 

IR~out CCW Byte 6 

~hCountl 

No 

Yes 

Yes 

1 

Yes 

OC 101 

OC 101 

Readout Ccw Byte 4 I 
(Flags) 

OC101 

No 

OCIO: 

I Chart 044 
1 I,-____________ ~~~_--~~---NO ~O utput Oppration 

Error Routine 

Yes [ 

Chart 046 

MPX 
Share Trap 

Forced AcJdre:)s 

Yes 

Chart 039 

Shale Cyc les Loop 

Console Program 

Store the Contents of 
Most. Hardware Reg i s

:~rs r,n Local Storage ~ 
V 

Address In 
Up 

Address In No 

Given Locations 

I Chart 
: 04) 

: 
-------: 

Error Routine 

Yes 
OC2~cansale Request 

" ~. 

No 

TA 

Char I 046 --::-___ 1-__ vOC2 II 

XH, 

Multiple 
or Single Unit 

___ .~Single OC211 

Set XXH, XH, and XL 
Latches and a Register 
for Single Unit Address, 
Store Unit Address in 
Loco I Storage 

Cholt 001 

Storage W, op Yes 
CO'ldition ../-->----., ./ Storage Wrap 

Condition 

eho, t 046 

lha,' 039 
Data Loop 

Up 

Yes 

OC211 

Time Out 
,,~, 

'-~ 

OC211 

<Select In 
Up 

MPX 
Chonne I Shore 

Request 

No 

Chad 044 

,i : Error Routine 

Yes 

OC311 

No 

Continue Interrupt 

Plogram 

Select Out or 

Op ill lip 

, ___ ..L._-,OC311 

1- -

-------1 
J 

Share Routine 



Charts 038, 043 

Command Chain 
or Start I/O 

elF 044 

Chart 007 

MPX Channel 

CSW Short Store and 
Set Condition Code 1 

Chart 041 

MPX Error Routines 

(Multiple Entry) 

Force Address 
on OA961 

MPX Channel 
Protection Check 

Chart 041 

Chart 043 

Progrom Error 
Duri ng Data Cha i n 

Chart 039 

Yes 

Chort 046 

Enter MPX Channel 
Data Loop Tag Branch 

Program Error 

Chort 007 Machine Check Trap 
Routine 

Chart 041 

For Queuing Command 
Chain Error 

Chart 043 
Program Error 

During Command Chain 

OC471 

IS 
Unit Status Equals 

Zero 

No 

Test I/O Routine, to 
Queue Interrupt Status 

No 

Yes 

BT 

Chart 039 

Chart 007 

Machine Check Trap 
Routine 

OC461 

OC301 

-, 

UCW Restore 



Set Modifier for 
Carriage Return 

Request-In Up 

Ves 

0(521 

Stoee New UCW Ops and 
Flogs; Reset Status, CCW 

Next Count and Data 

Address 

Yes 

Entered from Channel Pro-: 
gam QC031 

Chart 001 

Commend Immediate 
Command (hoi n 

From Charts 038, 040, 
042, and 043 

Test I/O, Holt I/O, >..;H.:;:o:;.:lt..;I/:..;O::.... ________________ -, 
Stoe' I/O 

No 

(hoet 043 

OC551 

No 

Store New Unit and UCW 
Status Reset FA Register 

and MPX Weop Latch 

No 

No 

Causes 1050 to Terminate 
On Next Store Cycle 

..... _.;.N_o-<: A.ctive 

0(541 

Queue Channel End 

Chart 001 

0(511 

Chart 001 

OC541 

elF 045 1050 Operations, Sheet 1 



OC601 

Devic~ End 
Search Up 

No 

OC601 

OC601 
Ve; 

Interrupt Stacl<.ed 

Chart 043 

Ves 

No Intel vention Required>......; ______________________________________ ...J 

SLI Bit On 

Ye; 

Ves Ves 

Read Old Unit Stat.Js and 
Corrl:ine wirfl New U"lir 
StaTuS; Do the Some wi In 

'UCW S'otU5 

OC6.01 

,...-----( Chain Data AddreSl 

ChaC! 045 

No 
Eoa On 

OC621 

Ve, 

No 

OC611 

0(651 

Any Urit or 

Clonne I Errors 

ucw Status Zero 

Count Bit On 

elF 046 1050 Operations, Sheet 2 

OC631 

Yes 

Chmt J43 

0(651 

OC651 

Yes 

OC621 

Unit Status 

OC621 

0(621 

OC621 

DE Search 
Ves 

Chart 001 

Zero Count in 
Uc:.W Status 

No 

OC611 

No 

0(641 

OC611 

Read Out Dota Character 
from Storage and Gate to 
1050 Bu; Out 

MPX Channel >_V_es _________ -, 

Shore Request 

OC311 

Return to I-Cycles 

Continue Interrupt 

Program 

Chart 044 

TF 



MICRO PROGRAMS 

Start I/O Micro Program Selects 1050 Routine 

No 

Gate 1050 Tags Out 

Return to I - Cycles 

1050 Share Request Micro Program 

Test 1050 Status 

Gate 1050 Bus Out 

Return to Micro 
Program - Use Backup 
ROAR 

To Status Rout i ne 

Status and Status 
Restore Micro 
Program. During 
Th i s Program the 
TA-REG Will Be 
Reset and the HM 
RDR ST LCH Turned 
Off. This Will Drop Run, 
Write Condition, RDR-1 
Clutch and Stop the 
Attachment Clock 
After the Last Z 
Time. 

TA=O Hm RDR St. 

4 

No 

Set R/W Req 

ATTACHMENT HARDWARE 

Yes 

LC 

Request 
Granted 

UC or LC 
Character 

No 

UC 

Yes 

Wait 

PTR in UC >_Yes __ --, t--___ N_ o < PTR in UC Yes 
Lch On LCH On 

-I 

Yes 

1050 OPERATION 

/ 

No 

/ 
/ 

/ 

Wait 

I 

RDR Clutch will Drop 
During a CR, LF, or TAB 
Operation. The Clock 
will Stop Until RDR-1 
Clutch is Active. 

Blocks Gate of "/\,/ 
Reg - Shift Chm. Gutc2. 

The 1050 wi II Start the 
Home Timer - Gate the 
Shi ft Char. 
and Perform a Shift 
Operation. 

--------- j 

Hm Timer Started 
Character Prints 
or a Function is 
performed 

o 

elF 047 

Character Gated to 
the Hm. Reg. 

1050 Write Operation 



No 

MICRO PROGRAMS 

Start I/O Micro Program 

Selects 1050 Routine 

Return to I eye les 

Share 

Rdr-2 Hold will 
stop the Rdr 
if this Share 
Request is 
not handled 

Routine 

Status 
Good 

Yes 

Yes End 

Status Check and Restore 

During 
this routine the TA
Register will be Reset and 
HM RDR ST and RDR-2 On will 
be Reset. Th is wi II Drop 
Read Mode and the Hold 
RDR 2 Line will be Active. 
The Attachment Stops and 
the Micro Program will Exit 
Using ROBAR 

Y 

Yes 

Turn on 
Read Clock 
Inlk and 
Read Share 
Request 

Req 
Granted 

Reset Read 
Share Request 
Latch. Drop 
Reader - 2 

Wait 

No 

No 

Hold Line -
Allow Rdr Clutch 

elF 048 1050 - Read Reader-2 Operation 

ATTACHMENT CIRCUITS 

Is character UC Shift, 
LC shift, Peh on, Peh 
off, Bypass, Restore, 
Idle, Reader Stop, 
Prefix or Delete 

Wait 

Yes 

UC 
Or 
LC 

--0--

Yes 
UC 

Or LC 
Shift 

No 

10500PERATI01'1 

Turns on 
Home Rdr 
Start Latch 

Allows Rdr-2 Clutch 

T 

Pch Yes 
1 Clutch 

Woit 



MICRO PROGRAMS 

Share Request Program and Status Restore. Set Up I/O. 

Interrupt with Attention Bit On in CSW. 

This will Cause a Check of the CSW and Attention will 

Couse a Start I/O. 

Start I/O U Program 

Sel ects 1050 Routi ne 

1050 

Return to I Cycles 

1050 RD Share Request 

No 
Status 

Good 

Yes 

EOB 
Yes EOT 

or Cancel 

No 

To Status Restore 

Status Restore 

During this Routine the TA 

Register will be Reset and 

the Proceed Lch will be Turned 

Off. This will Drop Proceed in 

the 1051 and Stop the Attachment. 

Return to Micro Program - Use Backup ROAR 

Set TA-l 

ond TA-3 

Will Reset Attention 
Lch & 1050 

No 

Yes 
Req 

Granted 
No 

Reset Read Sh Request 

Latch AclivClte Proceed 
to 1051 - Light 
Proceed and Unlock KBD. 

ATTACHMENT CIRCUITS 

Yes Request 
Granted 

Is 
Character UC 

Shift, LC Shift, Pch 

No 

On, Pch Off, Bypass, Restore, 
Idle, Reader Stop 
Prefix or Delete 

Yes 

UC or LC 

Pch-l Clutch 

Yes 

LC 

UC 
or LC 
Shift 

--0---

Wait 

elF 049 

No 

Proceed 

1050 OPERATION 

The Translate UC LatCh 
is used with the Read 

Translator for Proper 
EBCDI Code 

No 

1050 - Read Inquiry Operation 



YES Execute Elim 
31.05.11 

NO 

Example for A-Star or 8-Star Address Development During I-Phose of 1401 Compatibil ity Feature on the 2030. 

Assume the 2030 has 16,384 Positio'ls of Storage and the 1401 Program 
is for a 12,000 Positions of Storage 1401. The Bias is 1120 

Instruction is ~ Y 14 E ~ 

I. Read Op Code 

2. Readou' Hund(eds Byte 

3. SetuD Address foc Table Lookup by Emitting a Digit and Using the Hundreds Digit. 
Set Address into Low B-)tor, 

4, ReadOUT Tens Byte and Tp.st Hundreds Zone to Determine Thousands Digit. This Example 

ho::. Zune of 10 fOil Thou::.and (Hex Equivalent is 3E8). Set Tens Digit and Thousands 
High Hex Digit into the High B-Star. 

5. Set Remaining Two Hex Digits (Emitted) into a Hardware Register. 

6. Readout Low Bias Plus Hundreds Digit Hex Equivalent Byte from Table in CPU Storage. 
Low B-Stor hos Address of Position in Table. For th;:. Example Table Readout is 04. 

7. A Test is made on "he Tens Byte for Zones. If Tens Byte is Zoned, Indexing is 
Required. For EXClmpie Tem Digit is not Zoned. Add Low Bias Plus Hundreds Digit 
Hex Equivalent Byte (RemembN this 8yte is Crossed in the Storage Table) to Digits in 

the HwdwUle Reg;)fel. Retain any Carry in the Carry Latch. 

8. Readout the High Bias Plus Hundreds Digit Hex Equivalent Byte from Table in MPX 
Storage. Use Same Address as Used for Low Bias. For this Example Table Readout is 14. 

9. Setup Table Address fOI Tem Digit Hex Equivalent by Setting the Tens Digit from 

the High B-Star to the Low B-Star and Emitting a Digit to the Low B-Star. 

10. Add High Hex Thousands Digit in High B-Star and High Bias Plus Hundreds Digit Hex. 
EqLJivale~t Byte and any Carry from Low Bias Addition to Thousand Digit. Set Sum into B-Star. 

11. Readout Units Byte. 

12. Add Units Digit to Amount in the Hardware Register. 

13. Test Zone Bits of Units Byte to Determine Remaining Thousands Address. For this Example 
Units Zone is 11 (No Zone) for 0 Thousands. 

14. Reodout the Hex Eguivolent Byte of the Tens Digit from the Table in CPU Storaee Usine 
The Address Developed in the Low B-Star. The Digits in the Byte are Cro~sed 

in the Storage Table. For this Example Table Readout is AO. 

15. Add the Hex Equivalent Byte (Uncros.sed) to the Amount in the Hardware Register 
and Set the Sum into the Low B-Stor. Any Corry is Added to the High B-Star. 

16. The B-Star Now Contains the Required Hex Equivalent Address for the Address 
YI4 for the Condition in the Example. The B-Star is Transferred to the A-Star 

and I-Phose Continue •• If Instruction has 0 B-Address the B-Stor is 
Developed in Some Manner. 

ClF 101 1400 I-Cycles, Address Example 

Carry 

I Phase 

Move or 
Load Op Code 

YES 

04 - Low Bias 
X Cro::.sed 
40 

+E8 - Thousand Hex Digits 
---2"8 - sum, 

03 - Thousand Hex Digit 
14 - High Bias -

~ - Carry 
I B -

sum, 

2g 

--1 Units Digi! 
2C -

sum, 

AD - Tens Byte 
X Crossed 
OA 
2C 
36- sum, 

Hardware B-Star 

R-Register Register High Low 

100000000 I 100000000 I 1 0000 0000 I 0000 0000 I 
110000010 I 

~ ~Emitted 
....c.Hundreds Digit 

10000 0000 I 001 O! 1000 I 

L 
l...r:.--Thousands ~ Tens. Digit ,~Emitted 3) 

E 8 
10001!00111001O 10001 

~ 

10000 0100 I J 
~ 

10001 OJ 00] 

=r-
Emitted 

I 000 I 1000 I 0001 '0001 , 

==r-
~ 

J 
10010 1100 I 
=r 

11010 Oo~J 
I . 

10001 10001 0011 0110 I 
I 



4567-

0123 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0000 / 
These Entries Are Used By 
Given Op Codes which 
Have Not Been F loweharted 

@ % C A Y z Cpu Ops 0001 

I/O Ops 1-
00

-
1 
O-+-U---1f----+--+--f----+-+--+--+--

P
-
FR
-+-

K 
+---+--+(I:-:/O-::-)+-(I/--:-O:-:)+-(I/-:-O--:-)+-----1 

D 

Chart 104 

U M L 

Return to I-Cye les 
(Multiple Entry) 

Mise Ops 0011 ~~~Iid 
~~f----+-~f----4-__+_~~f----+--+--+---+---~---1---+---+--__+_--+__~ 

v W 

YES 

Chart 155 

Op Code 
Charocter has a 

Wardmark 

QE641 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

M 

Column 
Binary 

1011 H 

1100 

1101 

1110 

lill Q 

OEOOI Bit Significant Chart 

High Order YES 
Bit of 1401 Op Code 

is 01 

QEOOI 

Store the I,A, and B Stars 
in CPU Storage. Store the 
Op Register and 1400 
A-Register in CPU Storage. 
Set B-Star from the I-Star. 

Chart 156 

00 I 01 
I 
I 

See Bit Significant 
Op Chart 

I No Combination - Invalid 
I Branch 

I Op Code L, M, or U 

Significant Op 
Bit 0, Bit 1 

OEOOI 

Hundreds Byte Bit 1 
a 0 Indicates Wordmark Possible I/O Op 

Branch on Bit 2 of 
the Hundreds Byte 

QE021 

YES 

Is Hundreds Byte 
a %, ,{:! I *, J:I 

NO 
QE021 

1 Character 

Op for L, M, or U 

NO 

Bits 

Chart 107 

Chart 107 

YES 

QEOII 

o or I 

QEOll 

Is Hundreds Byte NO 
a Special Character 

I Low Bias Table is Stored 
I in CPU Local Storage 

NO 2 or 5 
._------C' Character Instruction 

Chart 103 

Indexing is Determined 
by Branching on Bits 2 
and 3 of the Tens Byte 

NO Is Address to 
r-----~-:: be Indexed 

Invalid 
Hundreds and/or 

Tens Digit 

OE031 

NO Possible 
Inval id Tens Byte 

High Bia, is Stored in 
MPX Local Storage 

Chart 104 

NO 

With Wordmark 
4567 0123-

No Wordmark With Wordmark No Wordmark 

* 
00000001001000110100 01010110011110001001101010111100110111101111 

0000 Blank & Blank & 

0001 / / A A 

0010 

0011 C C 

0100 D M U D M U 

0101 N v N v 

0110 o W o W 

0111 G x G x 

1000 H Q Y Q Y 

1001 z z 

1010 

1011 

1100 % @ % 

QEOll 1101 [J [J 
Inval idA-Star YES --1---1--+----1-+-+-+----11-+-+----1-+-+----1-+-+----1 
Address 111 0 < \ > < \ > 

1111 

1400 Defined Characters 

If Bit I is a 0 it is 
Recogni zed as a 

I Wordmark. 
I If Bit 1 is a 1 and 
: Bit 0 a 0 the Byte 
I is 0 Special Character. 

360 Z Bias 
Y Bias 

1400 16,384 32,768 65,536 8,192 

16K 80 01 41 

12K 20 11 51 

8K co 20 60 

4K 60 30 70 

2K 30 38 78 

1.4K 88 3A 7A 

Y ~ Bias for Low-Order Byte in Hex. 
Z = Bias for High-Order Byte in Hex. 

CO 

DO 

EF 00 

FF 10 

F7 18 

F9 IA 

IBits 2 and 3 of Hundred Campatibilily Mode 
Memory Bias I Byte 

I Bit 2 Bit 3 
I I I 

: 0 

Branch on 

Hundred:; Zone Bits 

: If Bit 1 is a 0 it is 
I Recognized as a Wordmark . 
: If Bit 0 is a 0 and Bit 1 
I is ai, the Lyte Mal t,' 
: Invalid 

Chart 106 

NO 

Hex 
Thousands Digits 

0000 000 
1000 3E8 Chart 103 
2000 7DO 
3000 BBB 

L-__ --'.~------L- __ ..., 

I 

If Bit 1 boO it is 

YES 
Character Instruction '>-...:...:..:.....-~ 

I 
Recogni zed as a 'vVorkmark I 

ClF 102 1400 I-Cycles Start 



Chart 102 

YES 

Bits 2 and 3 of the 
Units Byte 
Bit 2 Bit 3 Thousands 
I I 0000 

o 4000 
8000 

12000 

Chart 102 

Carry from B-Star is I 
also Tested. A Carry I 
Indicates Invalid Address I 

Branch on Bi t 
..------...... __ -<:. Significant Op Code 

01 Bit, 2 and 3 

Inval id Addre" 

I 
Hex I 
Diqitl 
00001 
FAOI 

IF40: 
2EEO' 

NO 

Chart 104 

QE051 

Branch On Units 
lone Bits 

10 

00 QEOS) 

Register Conto;!:ing Sum 

of Low 3ias + low 
Hundreds Digits + Units 

If Units Byte Bit I i, 
a 0 it is Recognized 
as a Word mark . 

Add Thousands Hex Digit, 
to B-Star and Hardware 
Register Containing Sum 
of Low Bias + Low 
Hundreds Digit + Units 

If Units Byte Bit a is a 
0, Character is Inval id 

Corry From the B-Star 

Indicates Invalid 

Acdress 

I Digit 

L-_______ ~ _____________ _ 

301" 6 

Units 

Character Contains 
a Wordmark 

OE081 

YES 

NO 

Op Code is U 

Chart 104 

QEOb] 

Last 
Character Contains 

a Wordmork 

YES 

QE061 

Is Address OK 

YES 

Chort 104 

Doos Address 

Yes 

QEOSI 

Bias + Low Hundreds 
Digits I Units Digit 
and Set info the B-Star 

QE061 

NO 
Need to be Adjusted 

QE061 

NO Was Address 
Just Developed for 

the A-Field 

QE061 

Op Code NO 
is',N,8,9,/, 

S,Y,W, or f 

Invol id Unit, YES 
Charactet >----, 

No 

Chart 104 

If Bit 3 of the Read From 
the Tens Table is a I 
the Character Inval id 

Chart 104 

YES 

OE061 Chart 107 

last 

Is Op Code 
VorW 

YES 
OE411 

Chart 107 

Hardware Register I 
Represent ]40] A-Register 

YES Op Code is' 

a / or , 

I Op Code is a 4 Char-
I octer Unconditional Br. 

Chart 107 

OE081 

Readout Units Character 
from Local Storage and 

Set into a Hardware 

Register 

OE081 

Chart 107 Chart 107 

Character Contains 
a Wordmark 

NO 

No 
Program Feature 

Installed 

NO 

YES 

QE061 
Last 

Character Reo 

Chart 106 

Op Code i, 

., N, 8, 9,/, B, 
V/ W, or, 

NO NO 

OE071 

High Bit of 

NO 

OE061 
last 

Character Read 
Out Contains a 

Wordmark 

NO 

YES 

QE071 

Op Code is M, 
L, Q, or· H 

Hundreds Character >-;.;..;;;NO'--____ -, 
is a Blank 

YES 

QE071 

01 

Chan 155 

-=hart 102 

Chart 107 

Branch On 
Hundred, Zone Bit, ]1 

Chart 102 

Chart 155 Chart 102 

elF 103 1400 I-Cycles A and B Address Setup 



Set Decimal Digit with 
4 High Bit, of the Byte 
at 1111 in a Hardware 
Register 

A Byte is Stored in CPU : 
Storage to Indi cote 1400 I 
Simulated Memory SLoe. I 
Byte is Bit- Significant I 

This Leaves the Hex 
Value of the Decimal 
Number for the Inval i d 
Address in Hardware 
Registers 

This Byte is not Used 
on this Routine. 

QE061 

Readout High Bios from 

MPX Storage" Subtract 
Bias from Invalid 
Address 

QE251 

Chart 106 

Branch on the 2 High 
Bits of the Thousands 

00 - No Zone 
01 - A (0) Zone 
10 - B Ill) Zone 
II - SA (12) Zone 

II Zone 

Set Decimal Digit with 
4 High Bit, of the Byte 
at 1101 in a Hardware 
Registe l 

12 Zone 

QF831 QF831 

Set Decimal Digit with 
4 High Bits of the Byte 
ot 0110 in a Hardware 
Register 

This Byte is not Used 
in this Routine 

Charts 102, 103, 106 

A 

Set A-Address Hundreds 

Set Decimal Digit with 
4 High Bits of the Byte 
ot 1110 in 0 Hordware 

Register 

Byte into MPX Storage QE091 
and a Hardware Regi ster. 
Set Status Bit to Set Hundreds Byte into 

Indicate Invalid MPX S,orage and a 
A-Address Hardware Register. Set 

Status to I ndi cote 
QE091 Invalid B-Add,"ess 

Op Code NO 
i, M, L, .d, or H 

Chart 106 Chart 106 

YES 

OEIOI 

Set Low A-Star to a 
Blank (40) and Set 
High B-Star into 
High A Star 

Chart 107 

Unit Byte 
Contains a 
Wordmark 

QE091 

Contains a 
Wordmork 

Chart 103 

Hundreds Zone Is 

YES 

Set Decimal Digit wi th 

4 High Bits of the Byle 
ot J 100 ina Hardware 

Regi~tel 

This Byte is. not Us.ed 

in this Routine 

2 01 5 Character 
Instructi ons 

Chart 107 

ClF 104 Invcl id Address Convert 



Instruction Cycle 

NO 

NO 

1-4 Word Mark 

B-Star Also Set 
Un less Prevented by 
Op Code 

Hold I-Ring 3 

Prevent I-Star RD 

Digit by Digit Stare 
Ri ng Control 

True Add Ctrl 
Return to POS; Just 
Read Out B-Star AI so 
RI if Not P,·evented 

Example for A-Star or B-Star Development with Indexing During I-Phase of 1401 Compatibility Feature on the 7030. 
Program is for a 16,000 Positions of Storage 1401 and the 2030 Has 65,536 Position:-. of Sroluge. 

Instruction is~ UAC 456!!.. Index Register 3 has U62 Stored. 

I. Recognize Indexing Required (Tens Byte Zoned). 

2. Set Tens Digit from High B-Stor to the High 4-Bits of Hordwnre Register 1. 

3. Readout Hundreds Byte Again. If Special Character l Do Table Lookup of BCD Equivalent. For this Exor'lOle Invert Hia;1 L Bits 

and Set Byte into High A-StOT 

4. Readout Tens Byte Again. If Special Character, Do Table Lookup of BCD Equivalent, Set Character into Low B-Stor 

5. Readout Low Bios from CPU Storage (Address is Emitted). Bias is Crossed in Storage Table. For this Example Readout 08 

6. Test Zone Bits of Tens Character to Determine I"dex Register. For this Example Zone is 00 (Index Register 3). 1401 
Index Register 3 Address is 0097 (Hex Equivalent is 61l. Add the Hex Value to Law Bias and Set into Low 
B-Stol. 

7. Reodout High Bic; from MPX Storage (Same Address as Low Bias). For this Example Readout CO. Set High 
Bias into High B-Stal 

8. Address of Index Registel· Hundreds Byte in B-Star. Readout Hundreds Byte from Index Register. 
If Special Character, Do BCD Table Lookup. For this Example Cheracter is U, Invert High 4 Bits and Set into Low A-Star 

9. Read Tem Byte flom Index Register. Decimal Add Index Hundreds and Address Hundreds Bytes 

and Set SUM into High A-Star 

10. If Tens Byte is Special Character, Do Table Lookup for BCD Equivalent. Decimal Add Index Tens Digit (6) and 
Address Tens Digit (I) and Set Sum into High.t.. Bits of Hardware Register 1. 

~ 1. Readout Units Byte from Index Registe,. If Special Character, Do BCD Table Lookup. For this Example Units 

Character is 2. Set Index Register Units Digit in the Low 4 Bits of Hardware Register J. 

12. Readout Units Byte far Address. If Special Character, Do BCD Table Lookup. Check Index 
Units Byte for Zone Bits; For Example Bits are 1 I (No Zone) for 0 Thousands. Decimal Add Index 
Units Digit and Addre" Units Digit. Set Sum into Low 4 Bits of Hardware Register 1. 

13. Decimal Add Any Carry (from Units or Tens Acdition) to Combined Hundreds Digit o"d Set into High 

B-StOi. For this Example No Carry. Emitt a 9 to Force a High Carry Should Law Digits Give a Carry. 

14. Chec~ Units Address Zone Bits. For Example Zone Bits are 00112,000). This Adds a C (Hex) to 

Accumulated Zones in High A-Star. Accurnulated Zones are in High 4 Bih of the High A Star. 

15. Setup Address for Table Lookup of Low Bias - Hundreds Digit Hex Equivalent Digit in Low A-Star. 

Set Total Zone Digit into Low 4 Bits of Hardware Register 2. ~eadout Low Bias t Hundreds 

Byte 'lorn CPU Storage. tor ·his Example OA is Reodoui Gecause 3yte is C·ossed in Storoge Table. 

J6. Add Low Bias Plus Hundreds Digit Hex Equivalent to Total Units Digit and Set into High 

A-Star. Set a Carry into High B-Star. For this Exampl~ No Carry. 

08 -

X 
80 

R-Registe, 

10000 0001 I 

~ 
10000 1000 I 

LowBias~ 
(IQsseo 

61 - Emitted Hex Value 

Hardware 

Register I 

~ 

Hardware 

Register 2 

I xxx x xxxx I 

Hold I-Ring 6 

Prevent I-Star 

Read Out 

Digit by Digit 
Store Ring Orl 

A-Star 

High Low 

Ixxxx xxxx I xxxx xxxx I 

10001 OIOOlxxxxxxxx I 

ET - Sum----------------------------------------------------------~ 

14 

l± 
28 - Sum ----------------------------' 

~ 1011100001 
7 - Sum--------------,L:r 

2 
3 

"5 

-LI"---------Totol Tens Digit 

~ 
~ Total Units Digit 

10001 0100 10001 010Q] 

100101000100010100 I 

B-Star-

High Low 

I 0001 00 II 100 10 0 I DC I 
T 

::L 
~lJllJJCOOOll 

I I 10000001111000011 

08 - Hundreds Digit II 
+.2Q - No Carry I ~ 

98 - Sum ----------------------------------1 11001 10001111000011 

0010 - Hundreds + Units Index Zone 

ll.QQ - Units Address Zones 
I 110 - Total Zone ________________ -J 

Total Zones~ 

10000 11101 

11110 1000 10001 0100 I 

111101000100101000.1 

Total Units Zone-----=rL-TotaI Hundreds Zone 

OA - Low Bias 
X 

AO 
+05 - Total I.mi ts A5 - Sum _______________________ --J 

A5 - A-Sial 00 - 8-Star 

110100101100101000 I 10000 0000 I xxxx xxxx I 

17. Te,t Tulal Hundreds Zone 10 Determine Corl·eet Hex Digits to Add to High .A-Star and 
High B-Star. For this Example Bits are 10 (Hex Digits are 700). Add DO to High A-Star, 
Any Carry from A-Star i, Added to High B-Star. Add the 7 to Hi:Jh B-Star. CarryA~ ~ Emitted 

Sum 
7 
I 

- Emitted 

- Carry 10111 010110010 1000 I 10000 1000 I xxxx xxxx I 

18. Readout High Bias Plus Hundreds Digit Hex Equivalent from MPX Storage. Setup Total 
Tens Digit Hex Equivalent By.e Address. Add High Bias Byte to High B-Star. 

19. Test Total Units Zone to Determine Correct Hex Digits to Add to High A-Star and 
High B-Star. For this Example Bits me I I (Hex Digits are 2EEO). Add EO '0 High 
A-Star, Any Carry from A-Star is Added to High B-Star. Add 2E to High B-Star 

20. Readout Total Tens Hex Equivalent Digit from (PI Storage. For tt,is Example Readout 64. 
Remember Byte is Crossed in Storage Table. 

21. Add Tens Hex Byte (Uncrossed) to High A-Star and Set Sum in Low B-Star. Any 

Carry is Added to High B-Stor. 

22. End of Indexing this Address Continue I-Phase. If Address Being Indexed was the 
A-Stor, Tronsfer A-Stor to B-Star. If Address Being Indexed was B-Star, Restore the 
A-Star from Local Storoge. For Example Set B-Star into A Star. 

elF 105 1400 Index Example 

Os - Sum 

C3 II 
08 ~ I~ 
CB - Sum ---===='------------------------------------------------~ 11 100 101 I I xxx x xxxx I 

75 - A-Star C8 - B-Stor 

Carry ~¥S = Emitted 2E - Emitted 
Sum I - Carry 

FA - Sum 
10101010110010 1000 I 

64 - Tens Hex Digit 
X Crossed 
46 

+55 - A-Star 

9B - Sum ----------------------------------------------------~ 

111111010110011011 I 

A 

I I 111 1010 I xxxx xxxx I 

111111010~ 
I 



Chart 155 

Use EBCDIC Code of 
Character as Addre$$ 

Use EBCD IC Code of 
Character os Address 

OE211 

A or B Address 
Be ing Indexed 

YES 

Chart 102 

OED31 
OE041 3 or 6 Character 

Instruction 

I 
I 
L __ _ 

Does 
Address Uni ts 

YES 

OE231 

NO 

Character Q Special 
Character 

Character Contain a 

Read a Byte from MPX 
Storage Table for EBCDIC 
To BCD Conversion and 
Set it into a Hardware 

Register. 

Tens Character 
a Blank 

NO 

Bim PI us Hex Number 
Creotes the Address 

of ;1C Hundreds Byte 

i., "lC Inaex ~eg;stel 

I\-Star, 3 Character 
B-Star, 6 Character 

Zone Bits 
10 
01 
00 

Low Bias -= Y Bias 

High Bios· Z Bias 

Use Index 

Register 1,2, or 3 

Hex Digits 
40 

80 
CO 

Read a Byte fr 'Om MPX NO 
Storage Tobie for EBCDIC 
to BCD Conversion. 
Check Character from 

The Table and Set into 

the A-Star. 

Decimal Add Hundreds 
Character of Index 
Register to Hundreds 
Character of the Star 

Being Indexed. 

OE221 

YES Is Tens Index 
r----......;;.;.... __ :: Character a Special 

Ot221 Choracter 

Read a Byte from MPX 
Stwuge Table for EBCDIC 
to BCD Conversion. 
Check Character from 
Table then Decimal Add 
the Tens Index Digit 

NO 0E221 

Decimal Add Tens Digit 
of Index Register to 
Tens Digit of Star 

to the Tens Digit of Being Indexed 
the Star Being Indexed. 

igits 

OE221 

Readout Units Character 
from the Index Register 

and Set Units Digit 
into a Hardware Register 

0E221 

Is 
YES Uni ts Address 

Character a Special 
Character 

OE221 

Read a Byte from MPX 
Storage Table for EBCDIC 
to BCD Conversion. 
C!reck Character and 
Set Units Digit into 
a Hardware Register 

NO 

Wordmork 

YES 
QE231 

OE231 
Readout Byte from MPX 
Storage Table for EBCDIC 
to BCD Conversion. 
Check Character and 
Set into a Hardware 
Register 

OG231 

Decimal Add Units Digit 
to Index Units Digit 
and Adjust Hundreds 
Digit for Any Carries 
from Units or Tens 

OE231 

Address Units 

Character Contoi ns 
Wordmark 

Add Law Bias (Hex 
Eguivalent of Hundreds 
Digit Plus Base Bios) 
to Unit Digit 

Uni ts Zone for 
I ndex Zone PI us 
Address Zone 

NO 

0E241 

'-----------'- - - - - - -

Choct 104 

A or B Address 
Being Indexed 

QE251 

NO 

Hundreds Zone for 

Index Zone PI us Add,e" 

Zone Bits Thousand Hex 
01 I 3E8 

I 10 2 7DO I 
111 3 
I 

BBS 

1 Zone Bit Thousand Hex 
I 01 A FAO 
: 10 8 lF40 
I 11 12 2EEO 

A or B Address 
Being Indexed 

Chart 104 

0E251 

Indexed Address is 
in B-Star 

Chart 104 

A 

YES 

Chort 103 Chort 103 

D-Modifier or B-Star 
Hundreds Character 

elF 106 1400 Address Indexing 



Charts 103, 104 Charts 
102, 103 

u Chart 102 Chart 104 v Chart 103 

Signi fi cant Op 
Row By to 

0 0000 0010 

a 0000 0100 

a 0000 0101 

a 0000 0110 
t-- ~-~ 

0110 0 0000 

0 I 0000 0110 

0 0000 0110 

a 1000 0000 

0 1000 0000 

a 1000 0000 

I 

I 
-, 

- -- ~~-

_.-. 
~-

QEOn 
OEIOI 

Op Format 
OP Op AAA BB 
Op AA 
Op AA 

Op AAA BBB 

Instruction Name 

Halt 

Set WOI dmark 

Cleol 

No Op 

EOlly Read iNote 2) 

EOily Puncn (Note 2) 

Bronch 

Move (Note I) 

Move, Column Bin. 

Move, Sterl i ng 

1401 
Sym. 

I 

N 

8 
9 

B 

M 

M 

M 

QEOII QEIOI 
QEOSI 

Op Format 
OpD OpAAAD 

Op Code Decode and 
Address Test arc 
on CAS Pages ':lE411, 
421, 431, 441, 451, 
461, and 471. 

Bit 

NO 
Valid Address 

Chart 155 

CLF Significant Op 1401 

Ch. Row Byte 
Inshuction Name Sym. 

I 0001 0010 Move Digit D 

I 0001 DOl I Move Zone Y 

I 0001 0100 Address Modify # 

1 0001 0101 Clear Wordmmk 0 

I 0001 OliO Edit E 

I 0001 01 II Move Zero Suppress Z 

I 0001 1000 Add A 

I 0001 IDOl Subtract S 

1 0001 1010 Multiply 

I 0001 101 I Divide 0; 

1 0001 1100 Reset Add ? 

I 0001 1101 Reset Subh act ! 

I 0001 1110 Move Recold P 

I 0001 IIII Compare C 

I 1001 0000 LouJ (Note 1) L 

Note I. If I 0 Opelotion Change Op Code L to 0010 1110, M to 0010,1101, and U to 00101100 
Note 2. These Op Codes ate Handled as No Ops. 

QE081 

Op Format 
Op AAA BBB D 

I Determines Op Code 

: Grouping for Decoding. 

I 
__ -.J 

YES 

Do E-Phase 

CLFT Significant Op 
Cil. Row Byte 

2 0010 0000 

2 0010 0001 

2 0010 0010 

2 0010 0011 

2 OOID 0100 

2 0010 0101 

2 001 0 0110 

2 0010 0111 

2 0010 0100 

2 0010 1001 

2 001 a 1010 

2 DOlO lIDO 

2 DOlO 1101 

2 0010 I I 10 

Instruction Name 

Control (Note I) 

*Read 

""Print 

*Read-Print 

*Punch 

'Read-Punch 

*Pri nt- Punch 

* Read-Punch-Pri nt 

'Punch Feed Read 

Stacker Select 

Form 

Control 

Move 

Load 

'Note 3 

Note 3. This Op Codes StOtt with Bit Significant Byte as Shown. As the Op is Performed the Op Code is Changed 

to Indicate the First Pass or the Op Code has a D-Modifiel, Also to Indicate when a 
Combination Op is Finished. 

Start I-Phase 

1 Character Op 
YES 

NO 
Valid Address 

YES 

2,3,or4 YES 
Character Op 

NO 
Valid Address 

YES 

5, 6, 7 Character Op >_Y_ES_..., 

NO 

ClF 107 1400 I-Cycle End 

1401 CLF 
Sym. Ch. 

U 108 

1 IDe 

2 108 

3 108 ] 

4 108 : 

5 108 ! 
6 108 

7 108 

4R 108 

K 108 

F 108 

U 115 

M 115 

L 115 

Chart 103 

QE071 
QEOSI 

Instruction Branched On 
Here are in Row 0 

Row 
Signifi cant Op 

Instruction Name 
Byte 

3 001 I 0100 Invalid 

3 0011 1010 Branch on WM/Zone 

3 0011 1011 Bit Test 

3 1011 0001 Store A-Star 

3 I111 0001 Store B-Star 

1401 CLF 
Sym. Ch. 

155 

V 

W 

H 

Q 



Inval id Stacker Select 

Chart 109 

I-Star 

OF661 

Chart 102 

NO 

QG031 

Use A-Star 
or I-Star for Next 

Address 

YES 

OGS81 

Program Mode 

Switch Bit 0 On 

OF661 

Invalid A-Address 

Skip 01 

Space After Print After 

Skip 

OGS81 

D-Modifier YES 
is a Blonk >-----<. 

Chart 109 

1-7,K,F Op Codes 

Stacker Select Op (K) 
NO 

YES 

Chart IS6 

NO 

YES 

OF661 

Program Mode 
Switch Bits On 

Charts lSI and 154 

OG581 

For K Op 

2540 

OGS81 

Reader - I, 2 Select Packet 

Reset Poll Control, FA 
Registel (Command StOlt), 
and Selector Channel 
Request Latch iH5). 

NO 

Entered from I-Cycles 

Chart liS 

1-7 

Charts 110, III 

Chart 155 

From Intervention 
Required Stop 

OG581 

I This is Not a Decision 
lin the Mi ero Program. 
I It is Shown Here to 
I Indicate a Different 

: Micra Program Ver:)ion is 

I y~:tf~~ .1402-03 than 

Program for 
1402, 1403 or 
1442, 1443 

03 

OG021 

I Combination Ops are 
I Changed to Print, Read, 
I or Punch Op' and 

K, F Op Code 1-7 

i Executed One at a Time 
I this Routine is Entered 

Each Time 

is K,F, or 1-7 ':;lG58 I Chart 109 

PFR Req ui re$ Two Posses I 

First Pass Use Punch Line 
5e cond Use PF R 

Column Binary 
NO 

NO 

Print with Space 
Suppress 

Print Word mark 

OG511 

Instruction has NO 
aD-Modifier >..:.;:.:"-------, 

YES R - Punch Feed Read 
C - Column Binary 

The D-Modifier C 
is a R or a C 

OG511 

YES NO ,...... _______ -< Read Op (1,3,5,7) 

Chart 109 

Op Code Informati on 

Sequence of Operation for Combination Ops is Print, Read, and Punch. 

Changes to Bit Significant Op Codes DUling Command Setup and Data Loop. Op Code Low Digit Equal Zero End, Routine. 

14000 Code 
Read (1) 

Print (2) 

Print, Read (3) 

Punch (4) 
Punch Col Bin (4C) 

Read, Punch (5) 

Print, Punch (6) 

Print, Read, Punch 
(7) 

Punch feed Read 
(4R) 

Read Col Binary 
(1 C-2540) 

Read Col Binary 
(I C-2501/2520) 

Starts as 21, at end of Read Data Loop Code i, Changed to 20. If an Invalid Character was found 
and the I/O Stop Switch i, On the Op Code i, Changed to 21. 

Starts as 22, at End of Print Data Loop Code is Changed to 20. If Operational In Drops During 
the Data Loop Code Stays 22 and a Stop Occurs. 

Starts as 23, at End of Print Data Loop Changes to 21 unless Operational In Drops During Loop. 
The 21 Cou,es a Read RouHne to Start. End of Read Data Loop Change to 20 Unless Error Exist" 

Starts as 24, ot End of Punch Dato Loop Code Changes to 20 Unless Operational In Dropped 
During Data Loop or Last Card Punch had an Error Then Op Code Stays 24. 

Storts as 25, End of Read Data Loop Code Changes to 24. If on Error has Occurred and 1,'0 Stop 
Switch is On Op Code is Changed to 25 Again and Stops. No Error the 24 Cause a Punch Operation. 
If Operational End Drops During Data Loop or Los! Cord Punched had an Error Code Stays 24, 
Otherwise Changes to 20. 

Storts as 26, End of Print Data Loop Unless on Error Occurs the Op Code Changes to 24 and a 
Punch Operation is Performed. The 24 Change, to 20 Unless Operational In Drop' Duri ng the 
Data Loop or Last Card Punch was in Error. 

Starts as 27, End of Print Data Loop the Op Code Changes to 25 Unless on Error has Occurred. 
The 25 Starts a Read Operation; at the End of the Read Data Loop the Op Code is Changed to 24 
Unless on Error has Occurred and the I/O Stop Switch is On. The 24 Causes a Punch Operation 
to Start, at the End of the Punch Data Loop the Op Code Change, to 20 Unless on Error 
has Occurred 

Start, as 24, the d-Modifier Causes the Op Code to Change to A4 then a Normal Punch 
Routine is Started. At the End of the Punch Data Loop if an Error Situation has Occurred 

the Op Code Stay, as A4 and a Stop Occurs. No Error, 'he A4 Changes to 28 which 
Couse a Read Operation to be Performed. If no Errors Occur During Read Operation the 
Op Code Changes to 20. If Error Occurred and I/O Switch On, Stop with Op Code 20. 

Storts as 21. Note, Column BinolY Read on a 2540 Require, Two Passes through the Read Data Loop, 
At the End of the First Pass (Information Entered into 401-480 and 501-580) the Op Code is Changed 
to 71, if on Error Occurred on the First Pass and the I/O Stop Switch i, On the Op Code is Changed 
to 61 and then FI, No Error or I/O Stop Switch Off Op Code Stays 71. The Second Pass is 
Made Entering Some Information or Blanks into 0001-0080. Now if the Op Code had Changed to 
FI it will be Changed to 61 and a Stop Occurs, but if the Op Code was 71 Entering the 
Second Pass the Op Code Changes to 00. 

Start, 0, 21 and is Changed to 31 to Indicate 2501/2520 which Only toke One Pass to Enter 
Information (Only Enters 401-480 and 501 to 580). At End of Read Data Loop for Column Binary 
First Po" the Op Code i, Changed to 30. If an Error Occurred During the First Pass the 
and the I/O Stop Switch is On the Op Code is Changed to 21 and a Stop Occurs. 

elF 108 1400 Reader, Punch, Printer Ops Decode 



If Busy - Status is on the 
FI Bus, Sense Byte not 

Checked. 
Not Busy - Status is on the 
FI Bus, Sense Byte is in 
a Hardware Register. 

Sense YES 
Commond Not Finished >---------, 

(Busy" OG601 

Busy / 
Branch on 

Error or Busy 

Instruction 

Che ck Sense Byte for 
Bus-Out Pari ty or 
E~uipment Check. Set 
a Stotus Register Bit to 

Indicate Condition. (l
or A-Star Addre,,) 

YES 

Branch 
On Printer or 

Curriage Busy, Printer 
or Pt..-nc~ 

Error 

NO 
OG601 

T est to See if Channel 
9 or J2 Indicator is Set. 
Compare to D-Modi fier, 
if Condition is Satisfied 
Setup to do a Branch. 
(Use AAA Address i 

YES 

YES 
QG531 

YES 

NO 

Unit Status Byte 

Bit 0 On 

YES 
Branch Op 

,Bit 0 (Attention) is On 
: During the 6 Millesecond 

: Provisional Feed T;me-Out 

NO 

OG591 

Stacker Select Op Stacker Select Op 
YES 

If Busy Was Up, Sense 
Command Has Not Been 
Done _ Repeat Start I/O 
to Bring In Sense Byte 

r-----
, 

NO 
QG591 

Sense 
Byte Test 

Indicated an 
Error 

OG601 

Set Bit 2 of the 

Bit 0= I Stacker Select is 

Late, Set Error Code 
Bit 0=0 Second Slacker 
Se lect, Act I ike Stocker 

Select was in Time. 

Chart ISS 

Pri nter or Punch Address 
Byte in MPX Storage to 
Indicate Error Exists. 

Branch on 

Printer or Carriage 

Busy Op 
r-____ N_O_-<-- Device Address OK 

OG031 

AD 

Chart 108 

Print, Form, or Branch I 
on Printer or Carriage ~ 

~ --i 

/Lmt 
Command was 

Skip or Space 
S upprp<;,s 

Channel 12 
has Been Sensed 

YES 

NO 

Charr ISS 
~tatus InUp 

OG621 

YES 

YES 

Sense 

// 
Status In Up 

~ / 
''------,..//-/ 

YES 
QG531 

Devi ce Busy 

NO 

/ 
Acti on 01 Sense 
C~mmond 

OG531 

Service In Up 

YES 
OG531 

YES 
/" Eithe,~ ............. 

Sense B},te Bit 

LOt 3 On 

NO 

NO 

I Fil-st Time T~rough an 
I I/O Start Routine for 

~ Ecch Op is a Sense 
I COmrlClnU 

! SI anch on C,onncl 9 01 

12, Device Busy, or 
I Device Error_ 

2-Bus Out Parity 
3-Equipment Check 

I 

NO 

Chart ISS 

YES 

Ij 0 Check Stop 
Switch On 

Set Forms Byte to 
Indicate Channel 12 
and Lost Command 

was a Skip 

OGo31 ~ ___ -L-__ ----, ______ J 
2-Bu5 Out Parity 

3-Equipment Check 
4-Data Check 
5-Padty Error on UCB 

Test Sense Ryte Bits 2, 3, I 

4, and 5. If Any One of 

the Bits is On Set an I 
Indi:::ation Bit. 

Test Bi~ a ot Printer 

Address Byte 

I 
I 

~
IOO 1000,132 P,int 

Positions 

QG5~~~ ______ ~ __ ~~~ 
~~ a Regisll" to AD 

elF 109 

Change Moi n Storage 
Address to Bias - 201 
(Decimal). Subtract 4 

from Previous Setting 

Chart III 

1400 1402- 1403 Ops 

2540 

Set ~ StCltu~ Register I 

Bit to Indicate an [ 

ACTion Command _ Send I 

Service Out and Set \ 

Command Start ~ 

Chart III 

NO 
Read Op (1,3,5,7) 

Print Op (2,3,6,7) 

Column Binary 
Operation 

Reader I 

Punch or Printer I 
Form Ops 

Reader, Punch 

NO 

Prin-er, Form 

QG611 

Skip or Space 

Skip 

QG611 

OG541 

5 ace 

YES 

NO 

Set (] Status Register 
Bit to Indicate if 
Instruction was Op d 
or Op AAAd 

Read Op (1,3,5,7) 

Chart 11 0 

QG611 

Channel 9 

YES 

Space Suppress 
Command 

OG611 

Set Forms Byte to 

Indicate Channel 9 
and Last Command 
was Skip or Space 
Suppress 

Bit 0 - Error Indicatol" 

OG031 

AD 

Chart liD 



Error Existed on 
First Pass 

n YES 

r- QG571 

" Change Op Code 
00 to 61 Second 

0 
71 to 61 First 
30 to 21 First 
Send Service Out and 
Set Command Start 

QG571 

~ 
0 
~ 

;;0 
(l) 
0 
0.. 

a 
0 .... 
0 

r-
0 
0 

-0 

First or 
Second Pass 

NO 

Chart 155 

Column Binary 

QG571 

Chart 108 

Column Binor 
or Read, 2nd PFR 

Pass 

NO 

YES 

YES 

Read, 
2nd PFR 

QG571 

Change Op Code 
21 to 20 Finished 
25 to 24 Punch 
2B to 20 Finished 

QG571 

Invalid Characters 
Existed 

YES 

QG571 

Readout I/O Error Byte 
from MPX Storage and 
Set Bit 5 On (Reader 
Error) 

QG571 

Readout 1400 Control 
Byte from CPU Storage. 
Test Bit a (I/O Check 
Stop Switch). 

QG571 

I/O Check Stop 
Switch On 

NO 

Chart 108 

Chart 109 
Colur"Tl 

BinOlY 

0000 

Setup to Change Ma in 
Storage Address for 
Next Column Binary 
Character Position. 

QG561 
If Character Readout 
from Ma i n Storoge hod a 
Wordmark, Add a Word
mark to the EBCDIC 
Character and Enter 
Character into Main 
Storage 

Address Change from 
400 Read In Area to 
500 Read In Area and 
Back Agoi n for Each 
Cord Column 

YES 

YES 

Note: This Routine Receives the Data from the Readers 
Cantlol Unit Buffer/ Check it for Valid Information 
and Stole the Data in Main Storage. 

NO 

QG561 

Service In Up 

YES QG561 

Force Bit 1 
of Character Be i n9 Read

In On (No Wordmark) and 
into a Hardware Register. 
(U sed for Address on 
Table Looku ). 

Ending Address Found 

NO 

QG561 

YES QG561 

Enter a & (0101 0000) 
into Position 14 (Decimal) 
and Setup Ending Address 
in a Hardware Register 

NO 

Characters Enteri n9 are 
in EBCDIC Except lor 
Col urnn Bi nary. 

'If Using a 2540 Column 
Binary Requires Two 
Passes. First Pass Set 
Doto in Column Binary 
Read-In Area in NPL. 
Second Pass Set BCD 

151 Column Read; Use 
I Normal Read After Column 
114 Normal 

Normal 

NO 

QG561 

Send Service Out and Set 
Command Start. Set Ind
icator Bits to Indicate End
ing Address Has Been 
Read Out 

QG561 

YES 

QG561 

Position in 
Ma in Storage has a 

Wordmork 

YES 

YES 

QG561 

Inval id/MLP 
Character 

NO 

: Used on Second Pass of 
I Column Binary and Some 

QG561 : MLP Characters on 

NO T obi e Lookup .-::------------=-< Character is a Valid 
QG561 Character 

MLP Character YES 

QG561 

Do Table Lookup or 
Create a NPL Character. 
Punched NPL 
8, 9, 1 FI 
8, 9, 2 F2 
8, 9, 3 F3 

QG561 

NO Position in 
r------< Main Storage has a 

Wordmark 

QG561 

Store Character in Normal 
Read-In Position and 
Update Address to 
Next Position 

1 Normal Read 
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Change Op Code 
22 to 20 Finished 
23 to 21 Read 
26 to 24 Punch 
27 to 25 Read, Punch 

Chart 108 

Table lookup Addresses 
are Developed so a 
Non-Printable Character 
is Changed to a Blank 

Service I n Up 

Test Bit 0 of the 
Character 

Chart 109 
Print 

Status In Up 

NO 

YES 

Note: This Routine Transfers the Doto to the 
Printers Control Unit Buffel. 

NO 

Service In Up 
NO 

YES 

QG551 

Is Character a 

?, !, t, or 0 

Create a Numeric 1 (F 1). 

QG551 

Command Start. Restore 
low B-Star to Ending 
Address. 

I Operational In Dropped 

YES 
Service In Up 

Chart 109 
Punch 

Chart 108 

This Routine Tramfers the Data to the 
Punch Control Unit Buffer. 

QG521 

Character if One Exists. 
Do a Table Lookup in MPX 
storage for BCD Code of 
the Character. Change 
Storage Address 
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Instruction - Reod (lor lAAA) 
Bit Significant Op is 21 

Start 

Correct Device >_N.....,:.O ____ -, 
Selected 

QG521 
QE641 

YES 

'NO 

YES 

YES QG531 

Setup and Issue Sense 
Command (04). Bri n9 in 
Status and Test for Busy 

QG531 

Busy 

Hos Card 
Been Fed for 
Last Reod Op 

QG57 I , QE641 

Unit Check or Unit 
Exception Bit _ 

On 
10 Intervention Requiled 

Holt 

Bring in 1 Cholocter at 
a Ti me fl'om the Control 

Unit Buffer and Store 
in Main Storage at an 
Address Equal to 1400 
Addoess 0001 to 0081. 

Leave Wordmarks 

in Storage when Found. 
Change Invalid Characte..-s 
to Blanks (40) and Set 
a Status Register Bit to 
Indicate an Error Exist 

To Generol Stop Hoi t 

6 ms Provisional Feed 

Test Status Byte Bit 0 

51 Col umn Rpod - Set 
the & at 0014 
(1400 Address) 

51 Col umn Read - Same 

I Operation Except the 
I Characters ore Stored at 

J ~~:~~ ~~6i~'Re:~::d 
I the Read Op is Ended 

OG561 

Change MLP Choroctels 
to NPL Characters. When 

Column 80 is Reached 
Set Command Out to 
End Read Operation 

QG561,571 

Wait for Status In, 
Test Unit Exceptiorl Bit. 
If On, Set Bit 0 (Switch 
A) of the Sense Switch 
Byte On. 

OG571, 511, 591 

Check to See if Any 
Errors Occurred During 

Read In, If SO do a 
Gcne,ol Stop Halt. If 
Not Restore the A-Star. 

In,>huc:rion Read 

Col umn Binol Y 
(I Cool AAACI 
Bit Significant 
Op is 21 

r-___ ...L_Qc..G_O_3_1;:.., --,QF61 I, QEOOl 

Test Program Mode 
Switch if I/O T,aps 
are Allowed. If Instruct 
ion wos lAAA, Setup 

Imhuction Addles!> to 
AAA. Check if an 
Interrupt Exist, If so 
Decode Interrupt_ 
Otherwise, Readout 
Next In5truction 

Do Next Routine 
YES 

NO 

5tOl t 

2540 or 
2501/2520 

2540 

YES 

2501 2520 

QG521 
QE641 

To General Stop Halt 

QG531 

Setup and Issue Sense 
Command (04). 8ring in 
Status and Test for Busy. 

QG531 

Busy 

Has Card 
Been Fed for Lost 

Read Op 

Either 

Exception Bit 
On 

QG611,541 

Send Service Out and 
Setup Main Storage 
Address to .Equal 
1400 Address 401 

Note: Read Column BinolY Operation Using a 2540 
Requires Reading Out the Buffer Twice, 
So Two Poss.e<; ate Made th,ough the Routine. 

QG561 

Send Bits from Buffer 
(12-3 Rows) and do a 
T able Lookup to Change 
the BCD Code to NPL 
Chat acter and Store. 
Change Main Stologe 
Add,·ess to Egual 1400 
Address 501 -2-3--80. 

QG561 

Send Bits foam Buffer 
(4-9 Row,) and do a 

Table Lookup to Change 
BCD Code to N PL 
Character and Store. 
Change Moin to Equal 
1 400 Address 40X 

QG561 

Repeat the Above Two 
Steps Until the Control 
Unit Sends Unit Status 
In. If Status - In ond 
Service - In Come in 
at the Same Time 0 

Geneoal Stop Holt will 
Occur 

QG571 

Test Unit Exception Bit 
to See if Lost Card 
Has 8een Read. If it 
Has Turn On Bit 0 of 
Sense Switch Byte 

2540", 
2501/2520 

QG571 

Check if an Unit Check 
Exist, If so See if the 
I; 0 Stop Switch is On. 
If On, go to a General 
Stop Hal t and Change 
Op Code to 21. 
Otherwise go to the End 
Read Rout i ne 

OG571 

Unit Check Exist 

QG591, 031 NO 

2540 

YES 

QF661 , OEOOI .------, 

Restore the A-Star. 
Test Mode Switch if 
1;'0 Traps aoe Allowed. 
If Insh uction was 
lAAAC, Setup 
Instructhn AddrESS 

QG571 

Change Op Code 2 I 
to 71. Test for Unit 
Check. If One Exist 
Check the I/O Stop 
Switch. If On, Change 
Op to FI and do the 
Second Pass. If no 
Error or I/O Switch 
Off Do Second Pass 

_---L--Q::..G"'-S .... 2 I, QE641 

To General Stop Holt 

YES 

Stort Second Pass. The 
Second Pass Does the 
Operation of a Normal 
Read. 

r-,----------------, 
; 6 ms After this Command 

~---....L----=:...::...._.,.-J is Received the Reader 

Unit Check Or Unit 

QG611 
QG541 

Send Servi ce Out and 
Setup Mai n Storage 
Address to Equal 1400 
Address 0000 

The Two BC 0 Characters 
Per Column are Received 
as a NPL Character. 
This Character may be 
Legal, If so it is Stored 
in Main Storage in the 
Normal Read-In Area 
0001 - 0080 (I 400 Address 
If not the MPL Character 
is Changed to a Blank 
(40) MPL and Stored. 

Test Unit Exception Bit 

to See if Last Cord has 
been Read. If it has 
Turn On Bit 0 of the 
Sense Switch Byte 

Check to if an Error 
was Recognized at 
the End of the Fi '·st 

QG571 

Pass and the I/O Switch 
was On. 1f so, Change 
Op Code to 61 and 
do a General Stop Holt. 
If no Error, do the 
End Rout ine, Change 
Op Code to 00. 

There was on 
Error on First Pass 

YES 

will Feed the Next 
Cord and Fi II the Buffer 
with New Information 

QG571 
QE641 

To Intervention Required 
Holt 

When a Bad NPL 
I Character is Received 
I the Status Register Bit 
I is Set to Indi cote a 
I Bad Character, but it 
I is not Tested Later on. 

to AAA. Check if an 
Interrupt Exists, if 
so Decode Interrupt. 
Otherwi se, Read Out 
Next Instruction. 

L-__________________________ ~ NO 

Do Next Routine 
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Instruction - 4, 4AAA I 4R, or 
4AAAR. • - - --

Device .:- 2540 

OG511 

Instruction Yes 
is Punch Feed Read 

Correct No 
Device Selected 

Bib 0 one 1 are Setup in 
the Stacker Select Byte 
During a K Instruction. 
Bit 3-Couses Last Cord 
Punched to be Selected 

I Bit 4-Allow PFR Brush 
I to be Hot 
I Bit 7-Write (Punch) 

Yes To General Stop 

QG531 

Setup and Issue Sense 
Command (04). Bring 
Status and Test for Busy 

Send Service Out. If an 
Error had Occurred Check 
the I/o Stop Switch. 

OG591 

No 
To Error Stop 

QG591,531 

Send Device Address, 
Check for Correct 

I
I 
I 
I 

r-----------------! 
Channel End is Up at this : 
Time and the 2540 Feeds I 
the Cards and Punchs. : 
If PFR is Being Done the I 

Card is Read at this Time : 

Either 
Unit Check or Unit 

Exception Bit 

On 

OGS41 

Senu Service Out and 
Setup Main Storage 
Address to Equal 1400 
Addr ess 0100 

Read a Character Out of 
Storage, Remove Any 
Word Marks Before Send
ing to the Buffer. Send 
the Character to the 

Buffer. When the End 0' 

Buffer is Reached Status 
In is Received Ending 
the Transfer 

OG541 

Status is Checked to See 
If an Error Occurred on 
Transfer of Informatio"l. 

Reset PFR Error Indicators 

QG541 

Error 
Occurred During 

Transfer 

Yes 

No 
T a Genera I Stop 
Cord is not Fed 

QG541 

Set B-Star to Address of 
Last Character Readout. 
Change OP Codes 24 
(Punch) to 20 and A4 
(PFR) to 2S 

Check the Op Register 
Op Code 20 Indicates 
Operation Completed. 
Op Code 28 Star ts Setup 
of Read Command for the 
PFR Instruction to Bring 
in the Data 

OG511 

Op 
Code 20 or 28 

20 QG591 

Restore A-Star from MPX 
Storage. If Branch Ad
dress is in Instruction 
Set B-Star from I Star. 
Then I-Star from A-Star 
and Return to I Cycles 

Do Next Routine 

28(PFR) 

OGoll 

Setup the Reud Commund 
:e2i Byte 11000010. 
Set Bit 0 of the Punch 
Add'ess By:e On. Setup 
Device AdrJress 

Correct 
Device Sclccrcd 

Busy 

Send Service Out If an 
Error has Occurred, Set 
Bit 2 of the Punch Ad
dress Byte On 

QG591 

I/O 
Stop Switch On 

Yes 

Error Stop 

Yes 

To Intervention 
Required Holt 

No 

To Genera I Stop 

Yes 

No 

No 

Device will be Busy 
Until Punching is 

Completed and Card 
has been Read into 
the Buffer 

Exception Bit 
On 

OG561 

Bring in 1 Character at a 

Time from the Control 
Unit Buffer and Store in 
Mein Storage at Addres
ses Equal to 1400 Ad
dresses 0001 to 0081 . 
Leave Word Marks in 
Storage when Found. 
Change Invalid Char
actors to Blanks (40) and 
Set a Status Register 
Bit to Indicate an Error 
Exists. Send Com,l1and 
Out at Column 80 to 
Bring Status In 

OG561,571 

Change Op Code 28 to 20. 
Wait for Status In. 
If Any Errors Occurred 
During Read-In and the 
I/o Stop Switch Is On Do 
a Genera I Stop. If Not 
Restore the A-Star. 

QG531 

If Instruction Included a 
Branch Address Set B
Star from I-Star and 1-
Star from A-Star Return 
to I-Cycles. 

Do Next Routine 

Instl'uetion - 4C or 4AAAC 

Device - 2540 

Start 

Correct 
Device Selected 

No 

Bit 0 and I - Stackers 
Bit 2 - Column Binary 
Bit 3 - Stack Last Cord 
Punched 
Bit 7 - Write (Punch) 

Yes To General Stop 

Ves 

OG531 

Setup and Issue Sense 
Command (04). Bring 
Status and Test for 
Busy. 

OG531 

Busy 

Check for Bus Out Parity 
or Equipment Check If 
Either Exists, Set a 
Status Register Sit 

Send Service Out. If an 

Error had Occurred 
Check the I/O Stop 
Switch. 

QG591 

Error 
Occurred and I/O Stop 

Switch On 

No 

Unit Check' or Unit 
Exception Bit 

On 

Yes 

To Intervention 
Required Holt 

No 

Readout Character from 
401, do Table Lookup 
and Change to BCD Code 
Send BCD Character to 
Upper Ha I f of Buffer 
Column 1. Readout 
Character from SOl Ja 
Table Lookup and 
Change to BCD Code. 
Send BCD Character to 
Lower Ha I f of Buffer 
Column 1. Repeat for 
402 and 502 to Column 
2 Etc, Until 480 and 
SBO are in the Buffer. 

Restore A-Star from MPX 
Storage. If Instruction 
Inc I uded a Branch Ad
dress, Set B-Star from 
I-Star and I-Star from 
A-Star. Return to 
I-Cycles. 

Do Next Routine 
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Forms Instruction Fd or FAAAd 

Device 1403 

: This Command will be 
I Combined with the Next 

Print Command 

C"eck to See if I ns truc
tion was FAAAd. If so 
Set a Status Re:;ister Bit 

If Instruction wac; FAAAd, 
Set B-Slar from I-Star and 
B-Star from A-Slar. 
Check if an Interrupt 
Exists, If so Decode the 
Interrupt. Otherwise 
Readout Next Instruction 

Yes QGS91 

Set Bit 2 of the Printer 
Address Byte On. Check 
the I/O Stop Switch, If 
on Go to En ur Slop 

Unit Check or Unit 
Exception Bit 

On 

Yes 

To Intervention Required 

No 

No 

Start 

QG581 

Check to See if the In
struction is a Space Sk ip 
Immediate or a Space 
Skip After Print 

To Genera I Stop 

DevicE! End Up 

Yes 

Readout Temporary Form 
Byte. Check if lost Com
mand was a Skip. If so 
Set Byte Back without 
any Change 

No QG621 

Check if Channel 12 has 
been Sensed _ Reset the 

Channel 9 and 12 Indi
cators in the Temporary 
Form Byte 

QG621 

No 

Readout and Set Tempo
rary Form Byte. If Chan
nel 9 has been Sensed I 

Byte is Set to 00001011, 
Otherwise it is 00001010. 
If th is Command is not 
Space Suppress Change 
Byte to 00001001 or 
00001000 

QG611 

Check if Command is 
Skip to Channel 9. If so 
Set Temporary Form Byte 
to 00001011 If it is Skip 
to Channel 12 Set Byte 
to 00001110 
For All other Skips Set 
Byte to 00001010 

Check to See if Instruc
tion was FAAAd. If so 
Set B-Stor from I-Stor 
and I-Star from A-SteJl . 
Check if on Interrupt 
Exists, If SC' lJecode 
Inter! upt otherwise 
Readout Next Instruction 

Do Next Routine 

Print Instruction - ~, ~d, 2AAA, or 2AAAd 

Device 1403 

Start 

QGS11 

Setup Command by 
Combining the Temporary 
Form Byte with Present 
Command. If Instruction 

has a d-Modifi er of S 
(Space Suppress) Com
mond is 0000000 I other
wise the Command is 
XXXXXOOl 

QG511 

If the d-Modifier is a II 
(Print Wordmarks) Set a 
Status Register Bit and 

Device Address 

Readout Temporary Form 
Byte. Check if Last Com
mand was a Sk ip. If so 
Set Byte Back without 
any Change. 

Yes Command was Sk ip 
or Space Suppress 

No 

Check if Channel 12 
has been Sensed. Reset 
the Channe I 9 and 12 
Indicators in the 
Temporary Form Byte 

Channel 
12 has been Sensed 

General Stop 

No 

Either 
Unit Check or Unit 

Exception Bit 
On 

Yes 

To Intervention Required 

No 

QG611 

Readout and Set Tempo
rary Form Byte. If 
Channel 9 has been 
Sensed, Byte is Set to 
00001011, otherwise it 
is 00001010. If this 
Command is Not Space 
Suppress Chooge Byle to 
0000 I DOlor 00001 000 

Check if Command is 
Skip to Channel 9. If so 
Set Temporary Form Byte 

to 00001011 If it is Skip 
to Channel 12 Set Byte to 
to 00001110. For all other 
Skip Set Byte 10 00001010 

Setup Address Equal to 
1400 Address 201 and 
Reset Error Bit in Printer 

Address Byte 

QG541 

Check If Machine is 100 
or 132 Print Position and 
Setup Ending Address of 
the Field 

QG551 

Send I Character at a 
Time to the Print Buffer. 
If Necessary do a Table 
Lookup to Send Correct 
Character 

QG551 

If Instruction is Print WM, 
Check each Character 
for a wm. If a wm is 
Present, Send the Char
acter I (F I) to the Buf
fer. Otherwise Send a 

Blank (40) to the Buffer. 

QG5S1 

When End of Field is 
Found, Set Command Out 
and Bring Stalus In. Reset 
Select Out 

Restore A-Star. Check if 
Instruction was 2AA or 
2AAAd. If so Set B-Star 
from the I-Star and the I 
I-Star from A-Star, 
Check if on Interrupt 
Exists, If so Decode 
Interrupt. Otherwise, 
Readout Next Instruction 

Do Next Routine 

1 Cha nge Op Code 2:1 to 20 



Chart 125 
and 127 

Chart 156 

Chart 147 Chart 149 and 150 

Chart 156 

OR Code L ~ 2E 
Op Code M = 2D 

Op Code U = 2C 

QG001 

Chart 156 

A - Diagno$tic Read 
B - Ba ckspoce 
R - Rewind 
E - Erose 
M - Write Tape Mark 

l,M 

I B - Set Odd Redundancy 
I U - Set Even Redundancy 
I G - 1442 Op 
I Y - 1443 Op 
I F - 2311 Op 

T - Console Op 

B,U 

Y 

U - Rewind and Unload 
Chart 155 

U 

B - Set Odd Redundancy 
I U - Set Even Redundancy 

Imtruction 

Tens Character a 
Bar U 

Invalid I/O Op 
YES 

QGOII 

Program YES 
Mode Switch Byte >-----------, 

Bit 5 On 

NO 

QGOII 

Topes Instolled 
YES 

Replace Op Code 
with d-Modifier. 

QG041 

Read Out I/O Error Byte 
from MPX Storage 

QG041 

Chart 156 

Chart 155 

U Op Code is l,M 
r-Q-G-O-4-1 -------...;;...< L, M, or U >--'-------. QGO~I 

L-______________ -L __ -, 

I 

The Erose is not Started 
lat this Time. Only if the 
I Next Command f':Jr this 

I Unit is a -:'rite will the 
Erose be done. Erase 

Iwill Occur before Writing 

Chart 155 

BRANCH-END OF FILE 

QG061 

Read Out Tape Control 
Unit Control Byte end 
Setup the Address of 
the Last Addressed 
Tape Unit Control Byte 

QG061 

Read Out Tape Unit 
Control Byte and Test 
fo' End nf File (Bit 3) 
Reset Bit 3 if On 

Chait 124 Chart 119 
SELECTOR CHANNEL MULTIPLEXOR 

Rewind 

BitO-IPL 
Bitsl,2,and3-1401 I 
Address for Last Tape I 
Unit Address. I 
Bits 4,5,6, and 7 - Address

l Asdgnment of the 
Tape Control Unit 

ClF 115 1400 Tape Common, Branch on E OF 

E,M,U 

-, 
I 
I 
I 

A 

d-Modifier is 

A,B,R, or E,M, 

A,B,R 

d-Modifier is 

A,B, 01 R 

Reset Bit 2 and 3 of the 
Tape Unit Control Byte 

and Replace the d-Mod
ifier with the Results 

L_ ---r----'-----'=:::..; 

NO 

QG051 

YES 

Set Up Commend Byte 

for Read (02). Reset 
Erase Bit (Bit 2) in the 
I/O Error Byte 

d-Modifier 

is R (Read) or W 
(Write) 

r
I 
I 

Bits 0 and I - Density 

I 
...-______ --L-__ -=c...=....:-'-T- _ -l 

I Bit 2 - Last Operation on 
1 thi:> Unit was Backspace 

Continue Setup Mode 
Set Command Byte. Read 
Out Tape Unit Control 

By'e 

Operation is a 
Backspace 

NO 

Bit 3 - End of File is Out

standing for this Unit 
Bit 4. 5, 6, and 7 - Add

ress Assignment of Tope 
Unit to be Used as 1401 
Unit 

WRITE 
Test Bit 2 of I/O 
Err')r Byte 

-I i-
I I 
I Bit 2 - Last Operation On i 
I this Unit was a Backspace: 

Test Bit 0 of Tape 
Contlol Unit Byte 

NO 

Chart 121 

Was 
Lost Operation 
a Back~pace 

YES 

QG041 

Reset Bit 3 of Tape Unit 
Control Byte and Replace 
the d-Modifier with the 
Resul ts. Set a Status 
Register Bit to Remember 
Last Operation was a 
Backspace 

I 
Mode Set for 7 Track or 
Request Track in Error 

I Command (9 Track) 

Chart 117 

I This is not a Microprogram 
I Branch. Shown here to 

I 
Indicate Different Micro
program Versions 



() .--
" 

~ 
o o 
~ 
c 
..... .:0. 
CD 
x o 
-t 

< 
CD 

YES 

NO 

NO 

Short Busy 
on Last Dev ice 

Used 

Decode Op Code 
L=Lood 12EI 
M=Move 12D) 
U=Control 12C) 

QG001,011 

L,M, or U U 

READ Read or Write 
WRITE 

QG041 
QG041 

Reset Erose Bi t 
Store Starting Adrdess 
in O-Stor" Setup 
Commond 02 

YES 

QG041 

QG051 

7 or 9 Track Drive 

Is Erose Bit On 

QGOSI 

QG761 

Channel 

Was Lost Op a 
BaCKspace 

End or Forward 
Space Lost Record 

On 

YES 

Unit Exception On 

Short Busy; Status In 
Response to Address Out I 

NO 

Busy 

OG041 

Decode d -Modifier~ 
A -: Diagnostic Read 
B- Backspace 
E- Erose 

M--Write Topemork 

RoRewind 
U-:Rcwind and Unload 

A Mode Set Command 
is Given First for all 
7 Track Operations and 
for 011 9 Track Write I 
Commands. AI so a 9 Track 
Read Preceeded by a I 
Backspace. 

I 
--' 

YES 

A 

QG041 

Reset Erose Bit. Set 

Forward Space Record 

this Time Bit On. 
Setup Command 37. 

QG771 

Is Status 00 

QG771 
NO 

YES Busy Bit On in 
Status Byte 

NO 

YES Is Status 00 

Busy 

NO 

Channel 
End or Forward 
Space Lost Recol"d 

On 

YES 

QG041 

I Status is 00 for a 9 Track 
I Read, Sense, or Track 

In Error Commands 

QG041 

Reset Erase Bit. Setup 
Rewind Command 07. 
Setup EOF Block Bit 
Mosk. 

Exit for 9 Track 
Control Commands 

QG771 

Is this a Mode >:...;N~O:....J. __________ ...., 

Set Command 

I Busy Bit Should Never 
I be On at this Time. If 

it is, the Micro Program 
I will Probably Stay in the 
I Test I/O Loop 

Busy Bit On in 
Status Byte 

NO QG771 

Channel End in >-..;.Y.;;;ES'--___ ...,....--o 
Initial Status 

OG761 

Exit for 7 Track 
Control Commands 

QGS31 

Was 
it a Forward 

Space Record or 
Write Tapemork 

NO NO 
Unit Exception Bit On 

U 

QG041 

Reset Erase Bi t. Setup 
Rewind and Unload 

Command OF" Setup 
EOF Block Bit Mask" 

Th is is Done to Force a 

I Test I/O Command on a 
Bronch on Error Op to 

NO I Bring in Outstanding 
I Status NO 

Track in Error U~ed 

for 9 Track Drives Only 

OG771 I 

J This is 
Track in Error or 

Sense Cmd 

YES 
OG7S1 

NO 

Tope Ende 
or GMWM and 

Next Read-In 

QGSll 

Read or Write 

YES 

Unit Exception 
in Status 

WRITE 

NO 



I-Cycle, 

BRANCH ON ERROR 

Status Byte Equals 00 

Chart 119 

QG761 

Set a Bit in the Statu, 
Register On to Indicate 
Test I/O Routine Being 

Done 

NO 
Unit 

Exceplion Bit On. 
Test I 0 Finished / 

YES QG761 

~ 

NO 

Select In Up 

NO 

On 
1---

Channel End Bit'-6
ES 

I NO 
I 

I 

.-____________ ,J 1c, · If Unit was Busy and 
Lost Operation was a 

Forward Space Record, 
the Channel End Bit is 
On. See QG771 

Enter 

Te,t I/O from 
Branch On Error 

NO 

NO 

YES In Tesl 

TAPE 
MULTIPLIER CHANNEL 

Operational In Up 

Doing 

Sense Command 
for Track in 

Error 

CI~o acter has 

a VJordmork 

L To General Stop 

~641 

~ 
Chart 155 

QG,71 

Bu~l' 

YES 

YES 

YES 

YES 

C:G,71 
I 0 Sequence 

OR in FOlward Space 
Last Record with 
Channel End Bit 
Position of Unit Status 

Enter 

Test I Of,om 

NO 

Charr 155 
TEST 

Stalus Byle Equals 00 

I Setup for Ihis is On 
I QG761 when FSR La,t 

is ORed with Slotus 

NO 

QG761 

QG761 
,----'----

YES 

QG761 

START 

QG761 

YES 

Sense Command 

QG821 

YES 
Te,t I/O Op 

I Status In for a Mode 
Sel Command is Not 

I Equal to Zero 

Track 
in Error OR NO 

Sense Command 

r-__________________________________ ~YES 

~O Unit 
Exception Bit On 

CharI 119 

NO 

QG77J 

Unit Exception 
Bit was On 

/ 
YES 

Slalus In Up 

NO 

/. 
~ Service In Up 

~ 

elF 117 1400 Multiplexor Setup, Branch on Error 

NO 

Chart 155 

NO 
Status In Up YES 

9 Track Drive~ 
QG781 

NO 
Service In Up 

YES 

NO 
Third Sense Byte 

READ 
Read or \II/rite 

QG771 

Move or Load 

Chart 119 

(hoc! 118 

CharI 118 



YES 

READ-MOVE 

End of Record on Tape 

NO 
Service In Up 

End of Read I n Area 

Te,t by Checking Bit I 
of Last Character Read 
from Tape 

Move Opel ation 

YES 

OGBII 
Unit 

Exception Bit On 
(TM Reco,d) 

NO 

Character 
Read from Storage is 

a GMWM 

NO 

OG811 

Character 

has a \fv'ordmark 

NO 

NO 

YES 

YES 

NO 

9 Track Drive 

QG801 

QG801 

OG801 

Last 
Character Read 

from Storage is a 

GMWM 

OGBll 

NO 

9 Track T esti n9 Done 

NO 

Chart 155 

YES 

YES 

Chart 117 

YES 

OG831 

Odd or Even Parity 
EVEN 

OG831 

Chart 117 

Setup Main Storage 
Address of First 
Character Received 
from Tape in A-Stor Start Setup of I-Star 

to 1400 Address 0001 

I 
,---___ ....L. ___ ----, ____ ...J 

Chart 119 

Chart 155 

QG802 

YES 

YES 

Chart 117 

READ-LOAD 

Status In Up NO 

OG802 

Servi ce In Up 

YES OG802 

Readout Main Storage 
Position Tape Character 
Wi II Enter. Check Bus In 
far Word Separator. 
Increase Main Storage 
Address by I. 

OG802 

NO 

QG802 

NO Character 
.---------=-c: from Storage is a 

Separator 

NO 

OG802 YES 

Lost 
BU5 In Character 

was a WS 

NO 

GMWM 

YES 
QG802 

Sto,e a GMWM in 
Mai n Storage. Set 
Service Out and 
Command Stort. 

QG802 

Correct Redundancy 

Service In Up 

elF 118 1400 Multiplexor Read 



Chart 118 

First 

YES QG841 

Read Out and Reset the 
EOF Block Bit fo" Selected 
Drive. 

Chart 155 

Chart 117 

OG831 

Update Byte in Storage to 
Indicate Forward Space 
Last if thi s was a Forward 

Spoce this Time. 

QG841 

YES 

NO 

YES 

Chart 155 

elF 119 1400 Tape - Multiplexor Write, Tape Ending 

WRITE 

Status In Up 

I-StAR 

Qf661 

Interrupt Exists 

Chart 102 

OG791 

Character YES 
Contains a WordmorD ........ "'---------, 

Chart 117 

QG031 

Use 
A-Star or I-Star for 

Next Address 

ast Characte 
Sent WQS a Word 

Separator 

Chart 115 

A-5T AR 

Qr661 

Chart 155 

NO T.,t Bit I of 1400 Control 

Byte 



Slarl 

QGOD1,01l 

Decode Op Code 
L=Load (2E) 
M=Move (20) 
U=Control (2C) 

QGOOI,OII 

Resel Erose Bil 
Siore Sterting Address 
in O-Stor. Setup 
Command 02 

A Mode Set Command 
is Given for all 7 Track 
1 ope Operations and 
for 011 9 Track Tope 
Write Commands or 
Read Commands Preceededl 
by a Backspace Op. I 

Go to I~Cyc les to 
... Clear Interrupts 

L,M, or U 

YES 

QG051 

7 or 9 Track Drive 

Channel Busy 

I Test I/O Command Clears 
Status 

U 

QG051 

Was Lost Op a 
Backspace 

Ready to Issue Action 
Command 

YES 

May be Necessary to 
I Queue Last Dev ice 
I Status. 

QH021 

YES 

QH021 

Is Conlrol Unil 
Still Busy 

Is Control Unit Busy 

I Reason th is is Done is to 
Force a Test I/O 

I Command to Bring in Out-

I ~r:~:i;g~t::r~r f~,t~uction 
I Following the Above 
I Commends 

Is Unit Busy 

NO 
QH041 

YES 

QGD41 

Decode d -Modifiers 
A=Diagnostic Read 
B=Backspoce 
E=Erase 
M=Wrile Tapemark 
R=Rewind 
U=Rew i nd and Unlood 

Channel End and Dev ice 
End are Up for a Mode 
Set Command 

QG041 

Reset Bit in Tape Control 
Byte. Set Indicator Bit 
to Remem ber Lost Op 
was a Backspace. 

QH041 

Status Byte is 
OOOOXXOO QH041 

Channel End Up 

QH061 

QH061 

Is Erase Bit On 

Do Next Routine 

-, 
r----------------, 

NO 

NO 

YES 

Track in Error 

QH061 

Forward 
Space Record this 

Time Bit 
On 

,---
I 

Status was Received in 
Answer to Address Out 

QH021 

Record Read was a 1 
Character T ope mark 
Record 

Setup a Control Unit 
Busy Condition so Last 
Unit can be Selected 
and Status Cleared 

Topemork Record 

Do Next Routine 

NO 

QG041 

Reset Error Bit, Setup 
Rewind Command 07. 
Selup EOF Block Bil 
Mask 

NO 

QH051 

Read or Write 

READ 

Did 
De\l ice or Channe 

End Reod 

DEVICE 
ENDED 

Op 

QH081 

U 

QG041 

Reset Erose Bi I. Selup 
Rewind and Unload 
Command OF. Se tup E OF 
Block Bit Mask. 

Do Next Routine 

Device and Channel 
Ended Together 

CHANNEL ENDED 

__________ --l 

GMWM in YES 

QHOB1 

NO 

QHIOI 

Redundancy OK 

elF 120 1400 Tape - Selector Tape Objectives 



Chart 124 ss 
Tape Start I/O for 
Selector Channels 

Test Bit 6 of the 
1400 Control Byte. 

Chart 124 

Test Bit 3 of the 
GT Bus 

Busy-Go to I-Cycle, Entryl 
to Clear NPL Interrupts. : 
Erase-Go to I-Cycle and I 

Setup to do a Write 
Instructiortl 

Chart 123 

YES 

NO 

NO 

NO 
Address In Up 

NO 

I 

OH021 

Status In Up 

YES OH021 

Reset Select Out, Set 
a Status Register Bit 

to Indicate Control 

Unit W::J~ BU5Y 

OH031 

Status 
In ol1d OperatioJ~:J1 

In D:)wn 

I Control U ni t Busy 
I Sequence Causes Last 

I Unit Selected to be 
I Addressed and Status 
I Cleared 

Initial YES 

YES 
Select In Up 

OH021 

YES 

Addres'> Mo~ch YES 

NO 

OH021 

YES 

elF 121 1400 Tepe - Selector Setup 

FROM 
MODE SET 

Down 

OH021 
OH041 

Setup 8E in a Hardware 
Register. Set a Status 
Regislel Bit to Indicate 
Intervention Required 

Error Test Op 

Chart 124 

Chart 124 

Issued to Clear Status 

Test Status Byte Bit 3 
Error Test Op 

NO YES 
Control Unit Busy 

YES 

Control Unit 
was Busy 

YES YES 

YES 

OH031 

Error Test Op 

NO Test Bit 0 of the I/O 
Error Byte Unit Exception On 

Test Status Byte Bit 4 

NO 
OH041 

Track in Error 
Command 

NO 

OH031 
Last 

YES 

NO 
Any 

Status Bits Up 
Except Channel 

or Device 
End 

OH041 

All Control Commands 
and Mode Set 
Commands Except a 

Track in Erlor 

Load or Move 

CharI 122 

I 
I 
I 

YES 

This is Done to Force a 
Test I/O Operation on 
a Branch on ErrOl 
Instruction. Test I/O 
wi II Bri n9 in Outstanding I 

LS_ta_t_us _________ ~ 

OH041 

Set BE ina Hardwol e 

Register, Se~ a Status 
Rcgis~er Bit to Indicate 

Intervention Required 

OH051 

Sense Command 

NO 

LOAD 

I 

Sense Command Setup 
Due to Uni t Check 
During a Read On a 
9 Track Tope Unit 

I YES 

1.-______ --.--_____ ----.1 Chart 123 

OH051 Chart 123 

Chart 122 



Status In Up-Service In 
Down Indicates Device 
Ending First 

Chart 155 

NO 

READ-LOAD 

Status In Up 

Storage if Character 
Readout of Storage had 
a Wordmark. Otherwise 
Set a Tapemark without 
a Wordmark into 
Storage 

Load or Move 
Operation 

NO 

QH081 

QH091 

YES 

GMWM Found at this 
Time Meons Device and 
Channel Ended Together 

A GMWM was __ .J YES 

MOVE 

>---------. 

Tape Record is a 
Tapemark (End of File) 

QH081 

Store a Group Mark 
in Storage wi th a 
Wordmark if the 
Character Readout had 
a Wordmark. Otherwise, 
Store GM 

Test Bit 0 of Command 
Stored in MPX Working 
Storage 

ODD 

Test to See if Record 

was vVritten in Odd 
Parity by Testing Bit I 
of Last Character Read 

Was 
Record Written 

in Some Parity as 
Read 

Is 

NO 
QHIOI 

Unit Exception 
Bit On in the 

QH081 

Reading 
j n Odd or Even 

Redundancy 

QH091 

NO 

YES 

QHIOI 

Test to See if Record 

was Written in Even 

Parity by Testing Bit] 
of Lost Character Read 

NO 
9 Track Drive 

YES 

i Unit Exception Bit On I 
I Indicates Single ! 
: Character Tapemark Record! 

YES 

Set Main Starage 
Address to Address 

QHIOI 

of the First Character 
Read from Tape 

Readout First 
Character of the 
Record from Main 
Storage 

OHIO] 

Move or Load LOAD 

GMWM Indicates 
Channel Ending First 

OH091 

Set an Indication of 
Word Separator Last. 
Set Main Storage Address 
ta Last Character 
Stored 

OH081 

Service In Up 
NO 

YES 
GMWM Indicates 
Channel Ending First ,-----

I 
Character 

Read from Storage 
isa GMW 

NO 

NO 

from Tape into Main 
Storage wi thout a 

Wordmark. 

OHIOI 

Readout Tape Unit 
Control Byte of U ni t 
Being Used and Set 
the End of File Bit 

ODD 

QH081 

Character YES 

OHIOI 

Unit Check 
Bit On in 
5tatus Byte 

Read In 
Even or Odd 
Redundancy 

YES 

Operation >-----..... 

Chart 124 

elF 122 1400 Tape - Selector Read 



WRITE-MOVE 

Character is GMWM NO 

NO 

YES 

Chart 121 

Status In Up 

Service In Up 

Status In Up is an Error 
Because Device is Ending 

the Write 

WRITE-LOAD 

Set Mai n Storage 
Address to Position 
Just Readout and 

QH071 

Setup a WOld Separator 
Character to be Written 

Last 
Char Read Chart 155 

Load or Move >-.:;.LO:;:.:.,,:A;;;,D ______ ..... 

Operation r----..L---~-.:..--, 

I WOI d Separator Referred 
I to here was Created 

i for a Word Mark 

QH071 

This 
Character has 
Q Wordmark 

elF 123 1400 Tape - Selector Write 



Chart 121 

YES 

NO 

YES 

OH031 

....-____ ....;N...;.;;;;O< G'annel Status is 00 

Chart 155 

Chart 121 

Chart 121 

MODE SET AND 
CONTROL COMMANDS 

I/O Eno'- Byte Bit 2 

I-Cicles 

BRANCH ON 
TAPE ERROR 

YES 

Chart 102 

elF 124 

Chart 115 

Chart 121 

Test Bit 1 of the 
GT Bus 

I Third Sense Byte Contain 
I Track in Error Indicators 

r----------, Chart 155 

1/0 Error Byte Bit 1 

OH06J 

OH06J 

Set Op Reg is te, to CO 
and the 1-$ tOi to 
Equal i 400 Address 
0001 

QF661 

Invalid A-Address 
NO Test Bit 1 of 1400 

Control Byte 

Chart 155 

Mode Set Complete, 
Start Action Commm'd 

To Tape Stop for Either 
7 or 9 Track 

1400 Tape - Selector Tape Ending, Branch on Error 



Operat;on, M!l %FO BBB R/W 
Full Seek (Not Alternate Track) 

Chart 155 

Disk Contlol Field 
Retul n to Home Sf'ek 

'.NDID2 D3 D4 DS
Direct Seek 

Yes 

I 
I I 

I 
I 
I 

Chart liS 

RBC Interlo<..k On 

No 

OH301 

Set Up the Op Reg isler 
to Indicate a Move or 
Load Read or Write. 

Op Register-
0000 0000 IVrde Load 
0001 0000 Read load 
0010 0000 IVdte Move 
00 11 0000 Read Move 

-N DI D2 D3 D4 DS -
D4 is Signed + or - fOI 

Direction of Seek 

L-, ______ -L ______ ~ 

D5 is a # Chwacter to 
Indicate a Direct Seek 

First Cholocier is I 
NOlmali:>, a k 01 a Numer- I 

Ie Character, but some I 
Use on 
Cf-Jarocter 

Inst(>od to be Used f01 

Othel· Reaso.,s. There

fOle If the B-Zone Bit is 

On, the Character is 

Considered to be a " 
at this Time. 

V/II-;: is in the Op 
r<('oi,~(': i~ COlllbin?d 

'he Nurre ie Polti.)') of 
lJni: Number 

NO 

Should Never Enter 

Shotl Buo;y at this 

Time. If it is the 
Re~lore Command will 
Not be Done. 

Chari 102 

YES 

Readout First Character 

of the Disk Control 
Field (BBB ;s the 
Address 0f the Fi r~t 
Characfer in the DCF) 

OH31 I 

Firsf 

Cho,octcr has a 
B-Zone Bit 

On 

Cpc'Jde ChOlactel to 

D.:vel0p Addless t:) 00 

a T:Jble 
Ihe Mocule 
in NPl Fcr'n Dnd St:)le 
Numb(1 in MPX Sto,.:lge 

Operational In Up 

YES 

NO 

YES 

elF 125 1400 File - Seek Op 

Chart 155 

NO 

NO 

This 
is a Restore 

Command 

YES 

Unit Check Bit On 

Chart 155 

YES 

Selected 
Addle~~ Matches 

Address Out 

NO 

Chait 155 

If the DS Character 
was Not a II and the 
Unequal Address 
Compare Bit was On 

Do 0 Restore 
Operation 

Re verse Seek 

YES OH361 

Shoel Busy, Should 
Never Enter Short 
Busy Hele. 

OH361 

~latu'isOO 

NO 

NO 
OH361 

Unit 
r-____ Y_E_S::: Check 01 Unit 

Exception Bits 
On 

Chart 136 

Chart 155 

YES 

NO 

Try Seek 
Command Again 

YES 

~ ________________ ~NO 

NO 

OH361 

NO 

Thiswaso 
Restore Seek 

Service In Up 

i - -ICylinder Number is 
I I Developed by Do;ng Table 
I I Lookups. The Desi red 
I I Cyl inder Number can 
I Ibe Determined by 
I IDividing D21 D31 D4 
I Iby 2. 

,-______ L..:::::..:.:::.:..:....!...::::..:.,._.J I Example, D2 D3 D4 
I 3 4 7 

~~~~~u~i~2 ~:~t~ot 
Field and Decode the 
Cylinder Number 

OH321 

I 
I r-;:::=NPl Module 
I I~CyJ;nder 

Setup Addrels of BCD 
Character in MPX Storage 
to Test for + or - Movement 
of Arms. for Di reet Seek 

:21347 
I-b-
11£ 
I 

I 
l-Part of Head 

-, 
I 
I 
I 
I 

Direct 

or Return to Horne 

Seek 

L ______ _ 

No 

YES 

Store New 
Val ue in 

Byle fOl 

Module and in the 
Cyl inder Posiliorl in 
MPX Storage. 

Is Counter Zero 

Status In Up 

NO 

No Zon .. or Plus (BAl 
Zone Gives + Direction 
and Minus (B) Zone 
Gives - Direction 

If the DS Chorocter is 

o /I Charactel" I do a 
Direct Seek 

: Cylinder 0 is Reserved 
fr.:::r NPl Inblmation on 

2311's. SoAII 1400 
Cylinder Numbers Q,e 

Ircreased 1 TO Find 
Corlect 

I This Value i<, the 

I R.T.H. Value 

I and the Conh "I 
I Unit will Usc the Value 
I to Detel"r1i ne the Direct 

I Seek 

I 
I 
I 
I 
I 

I 
I _________ J 

NO 

Readout Dec:)ded Cylinder I 
and what Ever Head Value I 
is in MPX Sbroge and I 
S.:!nt to Control Unit I 

I 
I 

----------~ 



Seek Objectives: 

D i reet Seek; 

Return to Homei 

Return to Home 
After a Unequal 
Address Compare; 

Decode the Disk Control Field for Module and Cylinder Volues. 
Select the Module, Issue Seek Command (07), and Develop 
the Return to Home Seek Val ue to Send to the Control Unit. 
Send the Return to Home Volue to the Control Unit and Check 
Unit Status. 

Decode the Disk Contr",1 Field for Module and Cylinder Values. 
Select the Module, Issue Seek Command (07), and Develop the 
Return to Home Seek Value to Send to the Control Unit. Send the 
Return to Home Value to the Control Unit and CJ,eck Unit Status. 

Decode the Disk Control Field for Module and Cylinder Values. 
Issue a Restore Command (13), when Device End is Found 
Issue a Seek Command, and Develop the Return to Home 
Seek Value to Send to the Control Unit. Send Return to 
Home Vol ue to the Control Unit and Check Unit Status. 

Note: The Cylinder Value is Increased by One Because Cylinder 0 
is Reserved for IPl on 2311 'so The format to Send Cylinder 
Value to the Control Unit is: Bin Bin Cylinder Cylinder Head Head 

DO DO DO XX DO OX 
The Cyl inder Val ue is Developed, the Head Value is whatever 
is in Head location in MPX Storage. A Head Seek is Given on all 
Read or Write Operation so the Head Selected at this Time 
is not Important. 

Do Next Routine 

Start 

the Uneq~al NO 
Address Compare >--------~ 

Bit On 

YES 
QH331 

Should not be Busy 
at this Time 

YES Restore Seek 
was Setup 

Do Next Routine 

NO 

Is Unit Status 00 

NO 
QH361 

Unit 
Check or Unit 

Exception 
On 

Do c Sense Command 

YES 

NO 

QH361 

Device 
End or Control 
Unit End On 

NO 
QH361 

Restore Seek 
was Setup 

Do Next Routine 

Send Bin, Cylinder, 
and Head Values to 

the Control Unit. 
Bin is Always 0000 
Cylinder is OOXX 
Head is OOOX 

QH381 

Check Status of Unit. 
If Unit Check is On 
or Device End/Control 
Unit End is Not Up, 
Restore·the Bond I 
Stars and Come to a 

Holt. Otherwise, 
Return to I-Cycles 

Do Nex tRout i ne 

elF 126 1400 File - Seek Objective 



Instructi on: M/l % F6BBB RjW 
Mil % F@'BBB RjW 

Chart 155 

The Disk Control Field is Located 
in Mein Storage Location Add
re"ed by the 888 Addr ... of the 
Instruction. 

~isk Control Field 

'/N 101 °2°3°4 Os 06 515253 

I 
L Sector AddressU 

Sector Control 
Access Control 

Note: 01 is Always 0 in 
Compatibi lity 

1400 
"IN ~I M~ule a 

2 2-3 2 
4 4-5 4 

6-7 
8-9 

NPl I 
Module I 

a I 
I 
I 
I 

The Low 4 Bits of the 
Operation Code are Set 
from the Numeric Portion I 
of the Unit Number I 
Character. I 
XXXX : 
OJ I a Sector Op Address I 
11 00 Record Op Addr." 

I 

Op Register-
0000 0000 Wri te Load 
0001 0000 Read Load 
00100000 Write Move 
0011 0000 Read Move 

Decode the Character 
Readout to Determine 

the Module to be 
Sel ected 

QH311 

Read Out the NPl File 
Uni t Address Byte for 
the Module Selected 
and Store the NPL 
Module Number in MPX 
Working Storage (File 
Unit Address for Initial 
Selection 

: QH31l 
~-~~~=-~~~~, 

Set Up Operation Code 
In Op Register 
0000 XXXX Write Load 
000 I XXXX Read load 
0010 XXXX Write Move 
0011 XXXX Read Move 

QH311 

.--------------.--, 

Read Out Third Character 
(02) of the Disk Control 
Field. Decode for 
Correct 1400 Modu! e 
Number and Store in 

Develop the NPL Disk 
Control Field (Sector 
Address) from the 1400 
Disk Control Field 
(Sector Addr.ss). This is 
Accompl ished by Doing 
Table Lookups. The 
Results can be 
Determined by Dividing 
the 1400 Number by 
2 as Follows. 

Example 140q DCF 

~/NOSI976xx; 
'-r-' 

Divide by 2 

[fr
NPl Module 

r:==Cylinder 

lr--Head 

2598-Decimal 
2 )5i97 

4 
11 
10 
19 

18 
17 

16 
I_Port of Record 

To Determine Record 
Wanted, Take D6 and 
the Remainder; If the 
Remainder is a Add 1 
to 0 6, if 1 Add B to 
Db. In this Example 
the Record would be 
II (17 Decimal). 
1400 Used Records 0-19 
and NPL Uses 1-14 
(1-20 Decimal) 

NO 

Reset Address Out, Set 
the File Branch Byte to 
50 (Busy and Any 
Disk Condition) 

I 

I 
MPX Worki n9 Storage 
(File Unit Number in 
1400 Format). 

I 

L-r=--~~~~--~ 

Chart 136 

Retry Command 

L--------.... -t -, 
I 

I 
,,---------
I : Fi rst Character is 

I Normally a * or a 
I Numeric Character, but 
I Some Programmers 
: Use on Alpbabetic 
I Character to Recognize 
I Other Conditions. 
I Therefore, if the B-Zone 
I Bit is On, the Character 
I is Considered to be a*. 
I 
I 

2311 Cylinder a is 
Reserved for IPL 
I nformoti on. So AI J 

Decoded Cylinder Values 
ore Increased by 1 

Record Number is 
I I ncreosed by 1 because 
I 2311 Record a is a 
I Speciel Record 

YES 

Chart 155 

Chart 128 
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Is Status 00 
YES 

NO QH361 

NO 

NO QH361 

Chart 128 

NO 
Servi ce In Up 

YES 

Is Counter 00 

Set Read Back Check 
Interlock (Bit 6) On in 
File Branch Byte and 
Save the 1st No X Be
fore Seek (Bit 7). 

,..---------r -------, 
Test Bit I. If On By- I 
pass the Module 
Protect Routj ne 

Readout Selected File 
N umber in N PL Format 
and by Table Lookup 
Determine its 1400 
Number 

Numbers are the Same'>-...;N;.;.;;.O ____ ., 

Is Counter 00 

YES 

NO 

Change Op Regi ster to 
0000 0010 Write Load 
0001 0010 Read Load 
0010 0010 Write Move 
0011 0010 Read Move 

Cl-cr! 128 

Read Out I Byte Each 
Time throuah the L::-.op. 

1 Readout CCH H 

YES 

YES 

Chart 155 

Service In Up 

NO QH381 

Chart 155 

Chart 155 

lOp Register 
: Bit 2:::::1 Move 
18it3--1 Rood 
I Bit 6=1 Address Operation 



Chart 135 

SEARCH ID 

Bit 0 of the Module 
Protect - Disable Byte. 
This Bit is Normally 0; 
It can Only be Set by 
Manual Operati an. If 
the Bit is Set to 1, the 
Fi rst Search (Address 
Search) is bypassed 
and Only the Record 
RO Search is Dane 

Setup the Address of 
the Selected File Unit 

AFTER ALT. TRACK r-----...L..---~ 

FP 

Operational In Up 

Operational In Up 

NO QH341 

NO 
Status In Up 

YES 

YES 

NO 

Chart 127 

Set Data Field Length 
in MPX Storage 
S~ct(")r Mode 
0064 (0100 Decimal) 
Track Made 
OBA4 (2980 Decimal) 

Address 
..... ....".-.,...,..,...----<: Out Matches Address 

In 

Chart 155 

I Should Not be Here Now 

YES 

SEARCH ID 
ON ALT. TRACK 

r 
I 
I 
I 

,-_.....1---..l-'--.:.._~J 

YES 
Status In Up 

Send CCHHR to do a 
Search to Fi nd Record 

QH371 

Servi ce I n U~ 

Chart 155 

NO r----, 

Chart 136 

QH381 

YES 

Should Not be Here Now 

Chart 155 Chart 136 

If Bit is On, the Search 
Just Performed was for 
Record O. If Bii is Off, 
The Search was for 
Equal Address (I D) . So 
a Sec rch for Record 0 is 
Required. Record 0 is 
Used as a Time Sync 
for the File Unit and 
the Control Unit 

Chart 127 

QF661 

'Chart 155 

NO 

YES 
Compore Disable On 

Chart 131 

Bi t 5 of Byte 9F CPU 
Allows I/O Traps 

Chart 102 

Search Completed 

Early Status: 
On Search for Address 
and on Equal Address 
Is Not Found Before the 
File Index Point is Pass
ed the Second Time, 
the Control Unit will 
Setup on Unit Check 
and Issue Early Stotus. 
Also, If the Cylinder 
Is Flagged as a Bad 
Cyli nder the Control 
Unit will set Unit 
Check On and Issue 
Early Status 

I Test Bit 1 (Status 
I Modifier) of the StOlus 
I Byte. Bit 1 is a 1 when 

Search was Equa I. The 
I Search will Continue 
I to Hunt for Equal 

I 
Address Until the Second 
Time the Index Poi nt of 

I the Fi Ie Unit is Passed. 

I Search On Address (lD) 
I and Search On Record 
I RO are Both Completed. 

Chart 129 
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Address Field is 6 Digits 
Long. Fir~t Digit is a O. 

Deve 1 op the Address to be 1 

Written on the Disk I 
Control Field was I 
Developed and Store 
in the Same Locations 

in MPX Storage the 

Disk Control Field was 

Stored 

Cylinder Number is 
Increased by I 
because Cyl inder 0 is I 
Not Used in Compatibility 

r--------------,-l 

Charts 128, 130 

Develop Cylinder 
Number in NPL Format 

and Add 1 to Number. 
Store in MPX Storage 

QH321 

DevelDp the Head 
Number in NPL Format 
and Store the Number 
in MPX Storage 

Record Number is 
I ncreased by 1 because 
Record RO is a Special 

Record Df its Own On 

02311 

I I 

I ~ -.-___ ----'-__ O_H_3_2_1 ~ 

NO 

NO 

OH341 

Status In Up 

De~el op the Record 
Number in NPL Format 
and Add I to Number 

StDre in MPX StDrage 

Operatiooal In Up 

Short Busy: Should 
Not be Here 

NO Address 
Out Equals Add,ess 

In 

Status In Up 

'~ 

YES 

Chart 136 

'D I D2 D3 D4 DS D6 51 52 53 : 

Sector COl..'d =r- : 
In Sector Op Thi5 Numoer Wi "I 
Be 001 to 020 (Decimal). In I 

Track Op Thi, Number Will Be I 

00 I . ~ 

NO 

QH361 

Unit Check 
or Unit Exception 

On 

NO 
OH361 

Is Status 00 
YES 

QH441 

Readout the SectDr 

CDntrol Digits of the 
Disk Control Field in 

Main Storage and 
Decimally Subtract I 
from the Number. Also 
Remove Zones and 

Wordmarks from the 
Numbers before Writing 
Digits into Main Storage 

from Mo i n Storage. 
Subtract 1 from the 
Counter 

QH441 

Readout the Sector 
Control Digits of the 

Disk Control Field in 
Mai n Storage and 
Decimally Subtract 1 

from the Number. Also 
Remove Zones, but 
Leave Any Wordmorks 

Found with the Numbers 

before Writing Digits 
into Main Storage 

QH':71 

YES 

QH471 

Setup a Blank (40) 
Character and Set Of] 

Indicator to Signal 

V/rong LE'f)g rh Recore 

Is Character 
a GMWM 

LOAD 

QH471 

Status In Up 

NO 

QH471 

Move 01- Load 

YES 

QH471 

Service In Up 

NO 

NO 

Send to the Control 
Unit CCHHRKDD 

Service In Up 

~, 

YES 

Is Counte, 0000 

Chart 130 

To Sense Comma nd 
(Early Status) 

Chart 155 

YES (ERROR CONDITION) 
Status In Up 

QH371 

NO 

Chart 136 

elF 129 1400 File - Write With Addresses Data loop 

NO 

Chart 135 
NO 

To Sense Command 
iEarly Status Data Transfe,ll 

Unit Check Bi t On 

Using 
Alternate Track 

NO 
QH531 

Any 
Error Bits On 

in the File Branch 
Byte 

YES QH531 

Set Bit 3 (Any Disk 
Condition) and Reset 
Bit 6 (Read Back Check:, 

of the File Branch Byte 

Chart 130 

YES 

Chart 136 



NO 

Move 

MOVE 

NO 

OH381 

YES 

Is Sector 

Count 000 

LOAD 

NO 

OH501 

Is Record Wrons 
length OH471 

Is Sector 

Count 000 

YES 

Status In Up 

Service In Up 

-j 
I 

OH381 I 
I 
I 

Load or Move I 
I 
I 
I 

Load I 
I 
I 

Wrons Length Record 
for V\/rite Operation 

YES 

Chart 135 

Chart 129 

elF 130 

OH381 

Service In Up 

Chart 155 

Using 
AI ternate Track 

NO 

Any 
Error Bits 

On in File Branch 
Byte 

YES OH531 

Set Bit 3 (Any Disk 
Condition) and Reset 

Bit 6 (Read Back Check) 
of the File Bronch Byte 

OH531 

Record Number 16 or 
Higher 

NO 

OH531 

Track or Sector Mode 

Sector 

NO 

YES 

Track 

OH531 

Set Bit 0 (No Address 
Compare) and Bit 3 
(Any Disk Conditioni 
of the File Branch 
Byte (98 - LS) 

OF661 

Interrup'ts Exist 

nort 155 

NO 

NO 

QH381 

YES Is Sector 
Count 000 

Chart 129 

Bit 5 of Byte 9F CPU 
Allows I/O Trap if On 

Chart 102 

YES 

OH391 

YES 

Chan 136 
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NO 

132 

YES 
Operational In Up 

NO 

Chart 155 

YES 

Chart 136 

Change lrom 2311 to 
1311 Format. 
Example: 
Reod In Irom the Control 
Unit 003C000811xxxxxx. 
Change this Numbel to 
1400- 1311 DCF Format. 
To do this Change the 
Cylinder HexadecirT'ol 

Value to Two Decimal I 

Digi' Values (59). Changel 
the Record Hexadecimal I 

Number to a decimal 
Number by Subtracting 
10 from Record Number. 
Stor~ Record Number in 
Main Storage then Double 

the Head and Cylinder 
Values and Store in 
Mo i n Storage. Readout 
and Daubl e the 1400 
File Number. The Number: 
Stored in Main Storof.1e 
for this Example is 
X:J1976 where X is 
the number that was 

already rhere. Also the 
Zone Bits Vary for a 
Move or Load Op 

NO 

Excepthn Bit 
On 

Chart 132 

YES 

Address 
Out Matches Address 

In 

Is Stntus 00 

QH401 

QH401 

Convert the Cylinder 
Number into Two Decima! 

Bytes, Units and Tens. 
Check for C"linder 
Ovedlow and Set an 
Indicator Bit if on 

Overflow Exist. 

QH401 

Readout the Record 
Value Just ~ead In Irom 
the Control Unit Out 
of MPX Storage 

QH401 

Subtract I from the 
Record Valve and Store 
in MPX Storage. Set 
on Indicator Bit if 
Record Value is Over 10 
(Decimal) . 

MOVE 
Load or Move Op 

Read Out the Head Va lue 
Just Read In from the 
Control Unit Out of 
MPX Storage 

Read in the CCHHRKDD : 
from the Control Unit and I 

Store in MPX Storage 

* D I D2 D3 D4 DS D6 
S1 S2 S3 -r- r 

Sector Count : 
In Sector Op this Number r 
is 001 to 020 (Decimal). I 
In Track Op this Number 
is 001. 

OH411 

Load or Move 

To Sense Command 
(Early Status). 

Double Cyl i nder Tens 
Volue. Add I if Can'Y 
Occurred when Cyl inder 
Units Digit was Computed 

Status In Up 

NO 

r This Value was for 2311 

I and Must be Decreased 
I by I for 1311 Format 

I This Value was lor 2311 
and Must be Decreased 
by 1 for 1311 Format 

Serv; ce In Up 

Chart 155 

NO 

Chart 136 Load 01 Move 

Read Out the Module 
Value (File Unit NLmber) 
in 1400- 1311 Format 
from MPX Storage 

QH412 

Add I to the Module 
Value if a Corry Occur
red when Cylinder Tens 
Value was Computed. 

elF 131 1400 File - Read With Addresses Data loop 

Chart 132 

MOVE 



LOAD 

QH441 

Read Out the Secotr Orl 
Digits of the Instruction 
Disk Control Field in 
Main Storage and 
Deci ma II y Subtract I from 

the Number. Also Remove 

Zones and Wordmarks 
from the Numbers 
Before Writing Digit!> 

into Main Storage 

Prevent any More Storing 
I of Read-In Data (WLR) 

I 
I 

I 

L ___ --.-__ ..L..-_--, 
Stale GMWM in Same 
Locati on it was Read 
from. Do Not Change 
the B-Star Setting. 

QH471 

Is Counter 0000 

YES QH471 

MOVE 

Move or Load 

Is Character 
a GMWM 

YES 

YES 

MOVE 

QH441 

Read Out the Sector Ctrl 

Digits of the Instruction 

Disk Control Field in 
Main Storage and 
Decimally Subtract I from 
the Number. AI so Remove 

Zones, but Leave any 

Wordmorks Found with 

the Numbers Before 

NO 

QH50l 

Set Character On Bus-In 
into a Hardware Register. 
Set Service Out and 
Command Start 

Move or load 

Continuo In this Loop 
Unti I Counter is 0000 

Character In has 
a Wordmark 

YES 

QH501 

MOVE 

NO 

LOAD 

QH471 

Status In Up 

Service In Up 

Set Character on Bus-In 
into a Hardware Register. 
Set Service Out and 
Command Start 

Is Counter 0000 

Last Character in Has 
Move - No V/ordmark 
Load - vVordma~"k 

NO 

QH501 

Character 

[I"om Slc"rage is a 
GMWM 

YES 

Wrong length Record 
Trying to Read a Full 
Track in SootOI Mode 

Chart 131 

QH381 

YES 

QH471 

Service In Up NO 

YES 

Chart 155 

NO 

To Sense Command 
(Early Status Data Transfer)1 

Setup to do a Sense 
Command. Set Servi ce 
Out and Command 
Start 

Set Bit 3 (Any Disk 
Condition) and Reset 
Bit 6 (Read Back Check) 
of the File Bronch Byte 

Chart 102 

QH381 

Chart 136 
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NO 

YES 
Operational I n Up 

NO 

Cl,ort 155 

NO 

OH3hl 

Restore ArB, c.nd I StOIS .. c9-
Char; 136 

Address 
In Matches Address 

Out 

"~ 
Dev·ce End Up 

Should Not be Here 
Now, Read RO will 

I Not be Done if Here 

Chmt 155 

YES 

NO 

elF 133 1400 File - Alternate Track Seek 

YES 

Cher1 155 

YES 

Address 

In Matches Addro" 
Out 

Set a Counter to 02. 
Setup Command 07 
(Full Seek) and the 
Addre,; of CPU Storage 
Location where CCHH 
of Record RO was Stored 

Chart 134 

This Loop Brings in 
the CCHH Val ue from 
Record RO. These Vol ues 

are Used to Seek to 
an Alternate Track 

NO 

Chart 155 

Se1"l,,-j ce In Up 
NO 

YES 

Shoul d Not be Here Now 

QH331 

NO 

Status In Up 

YES 

Short Busy: Should 
Not bE' Here 

NO 



I 

Send Bin-Bin (0000) to 
the Control Unit 

This Loop Sends CCHH 
for the AI ternate Track 
to the Control Unit. 

NO 
Is Counter 00 

L ___ -.r-----------, 

Status In Up 

NO 

NO 
Service In Up 

YES 

NO 

NO 
Service In Up 

Shoul j 

Chan 133 

YES 

I Status Shaul d be 00 On 

I First Pass 

Device End is Down Until 

0:-1361 

Unit 
Check or Unit 
Exception Bit 

On 

NO 
OH361 

Device End Up 

NO OH341 

FK 

Chart 133 

OH371 

YES 

Seek is Finished 

YES 

YES 

OH361 

Chart 136 

Seek Campi eted. Setup 
to do Search 

Operational In Up 
NO 

Service In Up 

Chart 136 

Status In Up 
YES 

OH381 

YES 

Chart 155 

Chart 155 

Earl y Status: To Sense 
Command 

OH381 

NO 

Seeking to AI tc'~rlate 

Track. Device is Busy 

OH381 

NO 
,------: Unii Checl 

(hOI t 1 ~5 

To Search ID fOI 

Altelno:c llOck 

Chort 155 

Chart 1'33 

Char' 128 

YES 

OG031 

OF661 

thort 102 

OH3~1 

OH36i 
Ulli' 

Check 01 Unit 
Exception Bit 

On 

NO 
OH3{1 

Device End Up 

NO 

NO 

elF 134 1400 File - Alternate Track Seek - Sheet 2 



YES 

Se t Up the Address of the 
Selected File Unit 
Cylinder Location Byte. 

This Byte Contains the 
Original Seek Cyl inder 
Value 

Operational In Up 

<operational In Up 

NO 

Short Busy: Should 
Not be Here Now 

Chur' 1)5 

Status. 5:1ould oe 00 
for First Time thl'ough 
the Loop 

I 

NO 

YES 

NO 

L ______ _ 

~
or/y Status: Should 

Not be Here 
.----~ 

NO Sel'vice End Up 

Chart 155 

Address Out 
Matches 
Address In 

1$ :'totus 00 
NO 

Chart 155 

NO 

Eorly Status: 
Not be Here Now 

Unit Check 
or Unit Excep~ion 

Bit On 

Chart 136 

elF 135 1400 File - Return to Original Track 

Is Counter 00 

Stotus In Up 
NO 

QH371 

YES 

QH371 

Service In Up YES 

NO 

YES Ending Operation 
QH361 

_____ .J 

Sector Count b 000 

YES QH531 

Set Ba 3 (t>.ny Disk 
Condition) and Reset 
Bit 6 (RBC Bit) of the 
Fi Ie Branc~ Byte 

QH531 

If Recorder Number Is 
Less than 16 and in Sec
tor Mode, Set Bits a 
and 3 of File Branch Byte 

All ow I/O Traps 

NO 

NO 

Read Out the DCF Seek 

Cyl inder Value from the 
Buffer Position in MPX 
Storage and Set the 
Value into the (yl inder 
Value for this Seek 

I Bit 5 - Allow I/O Traps 

QH381 

Status In Up 
YES 

QH381 

NO 
QH381 

Chart 128 

Chart 155 

QF662 

Chart 155 



Wrong Length Record: 
Should Not be Here 

,----
I , 

EARL Y ST AT US 

129, 131, 133 

EARLY STATUS 
DAT A TRANSFER 

FT Charts 129, 132 
YES 

: ________ -----,,-__ -L-L __ ~_, 

I Multiple Entry 

YES 

NO Status In-Up 

YES 

Short Busy: Should 
Not be Here 

SENSE BYTE a 

Test Bits 2,4, and 5 
of Sense Byte O. If Any 
are Set to 1, Setup to 
Set File Branch Byte 
Bit 4 (Validity). Test 
Bits 0, 1, and 7. If any 
are Set to I, Setup to 
Set File Branch Byte Bit 
5 (Not Ready). 

QH511 

Test Bit 6 of Sense 
Byte 0, if a 1 (on) 
Sat c Indicotor for 
Alternate Track Op 

Operational In Up 

I Sense Byte 0 
I Bit 

OH341 

I O-Command Re i ect 
II-Intervention Required 
I 2-Bus-Out Parity 
I 3-Not Tested (Duplicate) 
I 4-Dato Check 
I 5-0verrun 

I 6-Track Condition Check 
I 7 -Seek Chec k 

NO 
Service In Up 

SENSE BYTE 1 Working 

I 
_.J 

Flagged Track 

To Alternate Track 
Read RO 

Read in Sense Bytes 
0, 1 ,2, and 3 One at a 
Time and Decode the 
Conditions 

on Sense Byte 0/ 11 

2, or 3 

Test Bits 0,2,4, and 6 
of Sense Byte 1 . If Set 
to a I, Set Up to Set 
Bit 0 of the File Branch 
Byte to 1. If Bit 2 Is Set 
to a 1, Set Up to Set 
the File Branch Byte Bits 
o and 2 (No Address 
Compare and Wrong 
Length Record). Test Bit 

1 . If Set to a 1, Set Up 
to Set File Branch Byte 
Bit 5 (Not Ready) 

I Sense Byte 1 
I Bit 
I O-Data Check in Count 
I I-Track Overrun-Write 
I 2-End of Cylinder 
I 3-Not Tested (Duplicate) 
I 4- No Record Found 
I 5-Not Tested (Duplicate) 
I 6-Missing Address Marker 
I 7-Not Tested (2030 Mode) 

QH511 

Service In Up 

Chart 133 

Bit 5 - Not Ready 

OH521 

Set Indicator CS-Register 
Bit to Force Correct Exit 
(No Compare Sector Op) 

Any Error Bits ." m 
in Fi Ie Branch Byte 

YES 

Set Bit 3 (Any Disk 
Condition) and Reset 
Bit 6 (Read Back Check\ 
of the File Branch Byte 

NO 

Address Operations >N.:.;Oo:.-_-, 
(6 or ,,) 

To Seek for Original 
Track 

QH531 

Set Bit 0 and 3 of File 
Branch Byte if in Sec
tor Mode and Record 
Number Is Less than 16 
(Dec) 

Bit 5 of Byte at 9F CPU I 

Allows I/O Traps if On I 

Chart 155 

NO Address Compared 
On Search 

Chart 102 

QH401 

To Restore Address 

,..-----'----""""'-'-'r - - - - - - --, 

Test Bit 2 of Sense 
Byte 2. If Set to a I 
Setup to Set File Branch 
Byte Bit 4 (Validity). 
Test Bits 0,3,4, and 7 
(Bit 7 Should Always 
Be 0). If Any are Set 
to a I, Setup to Set 
File Branch Byte Bit 
5 (Not Ready) 

Sense Byie 2 
Bit. 
O-Unsafe 
I-Not Tested (Unused) 
2-Change Tag Line Check 
3-Check 
4-2841 All Check 
5-Not Tested (Unused) 
6-Not Tested (Unused) 
7-Tested But Not Used 

Sense Byte 3 is not 
Tested 

I 
I 
I 
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() .-n 

~ 
o o 
-n 

-::r 
» 
a.. 
a.. .... 
CD 
(It 
(It 

CD 
(J> 

o 
E 

CD 
o 
:!". 
< 
CD 
(J> 

Start 

1 OH301 
'DCF1400 - 1311 1 

S I Store I-Star, Setup, the 
*/ND I D2 D3 D 4 DS D6 51 S2 3 I Op Register for a Read or 

I Write, Move or load. 
Example I 0000 0000 - Write Load 
* 051976XXX I 0001 0000 - Read Load 
Chonge to 2311 Format by Doing I DOlO 0000 - Write Move 
Table Lookup to Select Module 2, I 0011 0000 - Read Move 
Cylinder 59, Head 8, and Record I 

16. This Can Be Determined by ILl QH301,311 --'r---------, 
Dividing D2 D3 D4 DS By 2 and I --'-Re-a-d-ou-t-th:-e-D'--i-sk--=C-on-"t-ro-:-I'-

I ~ta~ei~s~e; Write Lncd Use the Remainder with D tor I Field and Change From a 
the Record. Add I totheCyl- I 1400-1311 Format too 
inder and Record Values for 2311 I 2311 Format. Change 
Format, End Result Is: I the Op Register to 

Module 
1400 2311 I Indicate Sector or 
4 2 I Track Mode. 

Cyl inder 
Head 6:'1 ~~ I 1 

~R~e~co~rid __ ~1~6~+_I~~I!I __ ~IIr-~~--'1 
OH341 

Send Address Out. If 
Status is Received, Set 
File Branch Byte for 
Busy and Any Disk 
Condition. Restore the 
A,B, and I-Stars and 
Return to I-Cycles. 
If Status Isn 1 t Received, 
Wait for Operational In 
and Addre>s In. Check 
for Correct Address. Se t 
H5 On (Prevent Interrupts) 

General Stop 

NO ~ddressout OH341 

I...-------~-<. Matches Address 

YES OH351 

Ilf Status has on Unit Check 

Setup a Head Seek 
Command of 1 B 

1 OH351 

Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero 
Status. 

l
or Unit Exception, Set Up YES OH371 
fOI a Sense Command. If 
UC or UE Bits ore Not On, 
Check for Device End or 

Control Unit End. If Either 
DE or CUE Are On, Retry 
the Command; Otherwise 
Set the File Branch Byte to 
Busy and Any Disk Condit

ion, then Restore the A, 
B, and 1- Stars and 

Return to !-Cycles 

~
I OH361 

NO Unit Check 
or Unit Exception 

On 

yeS 

Sense Command 

~
H361 

YE S Devi ce End or 
Control End Up 

NO 

To I-Cycles 

Setup to do a Head Seek 
Address Transfer. Sent 
to the Control Unit 
BBCCHH from the MPX 
Storage. 

J OH381 

After last Character is 
Transferred Wai t for Status 

In. Check Status 
for Device End or Channel 

[nd; One ur the Other 
Should Be Received if 
Not go to General Stop. 
If DE or CE ore Up, Check 
for Unit Check. If UC 
Exist go to General Stop 

VH381 

No NO 
OF, CF, or Have a Unit 

Check 

YES 

General Stop 

I 0001 XXXX Read Load 
I DOlO XXXX Write Move 
I 0011 XXXX Read Move 
I 0110 Sector Mode 
: 1100 Track Mode 

I OH421 

Store the Operation Code 
(Op Register) in MPX 
Storage to Remember wha t 
Orprotion was Done Last. 
If this Operation is \\irite, 

Set the Read Back Check 
Interlock Bit On (B it 6 of 
File Branch Byte, 

I QH421 

Readout Compare and 
Module Protect Disable 
Byte, Check if Module 
Protect is to be Done, 
If it is Check Selec'ed 
File Number Against a 
Fixed Number, If Numbers 
Match Go On, If Not go 
to a General Stop 

<Sod~ule E,-:~421 YES 
Occurred 

NO General Stop 

QH421 

Setup the Op Register 
to Indicate an Addr'€ss 

Operation (Bit 6) 
0000 0010 - Write Load 
0001 0010 - Read Load 
0010 0010 - Write Move 
0011 0010 - Read Mave 
Set an Indicator Bit 
(S-Register) to Remember 
if this is a Track Mode ,--, 

1 QH422 

Set Count Field in MPX 
Storage to 0064 (Sector 
Mode) or OBA4 :Track 
Mode). 

Hex DeCimal 

0064 0100 
OBA4 2980 

I 

J 
I QH422 

Check to See if the 
Compare Disable Bit is 

On. If it is On, Setup a 
Scorch to Record 0 with
out First Searching for 

the Record Address. 

[ 

) 

I CI W I 138 

r:;) 
y OH391 r-~-:-;-;;-:;-__ Y_E_s<~,~eoo ",::::,1 cw 

~.. _LL QH422. ~ If Search Just Completed 
was for Record 0 I the 

Search is Completed. If 
it wmnlt a Search On 
Recold 0 Must be Done 

Set Reco,-d Vol ue to 00 
and ~he 
to the 

Value 

Value NO OH521 
Cyl i nder 

Imule Op Registe, Bit 
7 is O. to Set the Fi Ie ond Control 

.---__ +1-----'1 II.----~ 
OH341 

Unit in Tirr,e. 

OH391 

Readout Sel ected Fi I e 
Number and Send the 
Address fO the Cor,trol 

Unit. """ait for Address 
In, then Compare Address 
Out to Address In, 

/ 
/" RecoldOhos NO 

Been Found 

YES 

FU 

~H3:41 
,,,0 Add,e" '--.. 

...-__ -<... Out Matches Ad~ 

I ))n// 
C"'hmt 1:58 

Af·cr Each (hal-acter is I 
Sent, a Test fOI Status in I 
is Done. If Stu tv) In I 
Come5 Up, the Unit Check I 

( Genera I Stop ~ YES 

'--------- --- 011351 Bit Srould be On. The : 

Setup a Search Command 
(31 ). 

I QH361 

Store Command' n MPX 
Storage and Issue the 
Command. Wait fOI 

Status In and Test fOI 

Zero Status. 

Unit Check 3it is Set jF 1 

the Tluck i, Flaggec I 
(Defecti ve Track,! 01 an I 
Equal Add, ess On a ID 
Search is NOT FOlJnd 

Befole the Disc 
Passes the File Index Point I 

Twice. Thi" C~uses Enrly I 
Stntus and 0 Sense I 
Command is Done I 

Status Should be Zero I ~~ 
at this Time I QH361~. 

..----",Q7"':H-;:-36,;,~--0:...--<. Is Stair" Zero YES 2 

QH371 _ J 
Un; r C~('c k YE S 1.------'--'-----,1' -- -- -

Send to the CO',',ol Un;t 
or l.,'nit Exception CCHHR. 

On 

NO \, 

QH361 

YES Devi cc End or 
Control Unit End Bits 

Up 

NU 

To I Cycles 

g~:~ Chert 138 
Sen':>e Command QH371 7 

FY 

NO Eall y Status YES 

OH381 ~ 

Afte, Last Chal·acter ;s I I QH341 

~;~tCh~~~t Sft~rt~st~~~s Set Op Register Bit 7 -1 

Device End 01 Channel to J (Sector Count om. i 

End, Should Receive OH341 

One 01 the Other. If Not Reada~t Sel eded Fil e 
go to a Genera I Stop. 
With DE 01 CE Up, Check 
for Unit Check Bit. If 
Unir Check Bit is On, 
a Sense Comma nd Must 

be Done to Find Out the 
Cause of the Unit Check. 

N umber and Send the 
Address to the Control 
Unit. Woi~ fOI Address In, 
then Compare Address 
Out to Addrcss In. 

~ ____ ~IL-___ N_O __ '--..~:~:~.::~'--
( Gco,,"' ,"0, ) /~3i;~: 

~~H341~ Add,ess YES 
Out M()I (.he~ Address 

In 

NO 

<~'it Check Bi~r 

NO 

¥OH391 

Was on E9ual Address 
Found on this Search; 

If Not Repeal the Search 
Com11ond 

OH391 

L.. ____________ <..., Equal Address Found 
YES 

1 QH351 

Setup Sense Commo;"ld 

04. 

1 QH361 

Store Command in MPX 
Storage and h.sue the 
COlllmand. Wait fOI 

Status In. 

I QH361 

Send SeT vice Out 

I QH511 

Bring in Sense Bytes 
0,1,2, and 3 One Byte 
at a Time and Store in 
MPX Srorage. Test 
Sel ected Bi ts of Sense 
Byte 0, I, und 2 fOI E! 1 01 

Condition and Set the File 

BI anch Byte to 

I OH371 

I 

Read In the CCHH Values 
from Record RO and Store 
in CPU Storage. Issue 
Command Out to Bring 

i StGtu~ In. 

____ ,., __ ~IL_ ___ Q_H_3_8,! 

Check Stctl!~ fOI Eithel 

Device End or Channel 
End. If Either One is On, 

Check fOI Unit Check; If 
Not go to General Stop. 
17" all Unit Check i5 Found 
do a Sense Command, If 
Not Setup to do a Full 
Seek to an Alternate 

Track Using CCHH from 
Record O. 

OH381 

NO 

OH361 

Check for Unit Check or 
Unit Exception, If On 
Set Up a Sense 
Command. 
If Not Test for Device 
End; DE will Not be Up 
Until the Seek is 
Completed. Unti I 
Devi cc End Comes Up 
Repeat Seek Comma nd 

~c,,, c:e~~~' '" 
or Unit Exception, 

./ 
On "./ 
c'~ 

NO 

( Sense Command 

lnr:licate the Error 

CO'lditian. If Bit 6 of the 
Sense Byt e 0 (F lagged 
Track) is On Set an 
Indicator Bit On. 

Device-End or 
Channel End Up 

YES QH391 ( Genera I Stop 
~ ___ N_O,,--<...~~ 

<~H521 Was Bit 6 of NO 
Byte 0 On 

FV 
YES OH521 

I 
Set Op Register Bit 0 to I CI,ar-' 138 

a I and Bit 7 to a a 

....-----,1 I OH341 

Readout Selected File 
Unit Number and Send the 
Address to the Control 
Unit. Wait for Address 

In, then Compare Address 
Ou' to Add,·css In, 

NO ~
ddressOH341 

Ou' Mat~~es Address >----'1 

YES OH351 

Setup Command (T 6) to 
Read Record ° Address 

1 OH361 

Store Command in MPX 
Storage a,d Issue the 

Command. Wait for 
Status In ,"lnd Test for 

Zer8 Status. 

( General Stop 
,-----" 

·~~~_--'~_ES-i----------------~ 
~s~ 

---II ~ ----------------.J 
Status Shaul d be 00 If Unit Creek Or Unit 

Exc.eotion is Up do a 
Restore A, B, and 1- 5ta I"S 

and Return to I-Cycles. 

If UC and UE are Down, 
but Device End is Up the 
Read RO will Not be Dane 
Otherwise Repeat Cmnd 

YES 

'--------" 

Unit Check Bit On 

NO OH391 

Setup to Develop a 

Full Seek Command to 
an Alternate Track. 

~----~I I 1r--Q-H-34-1------.-------~ 
Readout Selected File 
Unit Number and Send 

Address to the Control 
Unit. Wait for Address In, 

then Compere Address 
Out with Address In. 

<Sd~dressOH341 NO 

Out Matches Addressi> _____ -., 

In 1 

YES QH351 

Setup a Full Seek 
Cornrno'ld 07. 

1 QH361 

Store Command in MPX 
Stolage and Issue the 
Command. Vvait for 
Status In and Test for 

Zero Stutu~. 

./~, OH361 

General Stop 

/'. M~ NO 
~s Status 00 />-,.:..;;;:...-----~~-------' 

'~~~-----'II--s-ro-tu-s-S-h-OU-I-d-be--z-er-o-'j 
YES T OH371 on the First Pa5s. 

Send Bin B;n of 0000 
to the Control Unit 

1 OH371 

Send CCHH Values,Read 
from Record RO into 

CPU Storage, to the 
Control Unit. 

I OH381 

~~Y_E_S ____________________ , 

~" "~o":~~':'u,,, NO 

Wa;t for Status In. Check 
Status for Device End or 
Cho n'ie I End f Go to 
Ge:-.eral Stop if One or 

the Other is Not On. 
Check for 0'1 Unit Check, 
ifBitisOngotoa 
General Stop. Otherwise 
Repeat the Seek Command 
and Stotu5 wi II be Non

Zero because Device is 

Busy ScC'king 

Check 

YES 

Generol Stop 

J 

:~1 
Insure Bit 4 of the 
Op Register ;s a 

I OH341 

Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In, 
then Compare Address 
Out w; th Address In. 

OH341 

Address 
Out Matches Add,ess 

In 

NO 

YES General Stop 

OH351 

Setup a Search Command 

31. 

OH361 

Store Command in MPX 
Storage and Issue the 
Command. \r\Jait for 
Status I n and Test for 

Zero Status. 

<$~_.--ls-S-ta-'t-us-?~-:_--36-1---,>--y -o_ES---'

2 

If Unit Check or Unit 
Exception Bit is On, 
Set Up for 0 Sense 
Command. 
Otherwise Repeat Search 

Command 

~nitc:~c:61 YES 

or Un;t Exception 
On 

NO 
Sense Command 
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11 

w 
00 

~ 
a 
a 
11 

o 
0-

ro" 
o 
::!". 

YES 

Read 01· Write 

WRITE QH311 

Readout of Ma i n Storage 
the Address to be Wri tten 
On the Disc Starting with 
the Second Character. 
Change the Address to 
231 I Format and Store 
in MPX Storage 

QH341 

Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In, 
then Compare Address 
Out with Address In. 

QH341 

Address 

Out Matches Address 
In 

No 

Gene'al Stop 

READ 

Yes 

QH351 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. (Status 
Should be Zero) 

QH361 

QH411 

If Record Value is I a Of 

MOle, Subtract 10. Store 
COI'rect RecOI"d Value in 

Main Storage. Double 
the Head Va lue Just 
Read In. Add I if 
the Record Value wa5 

10 or More. Store Correct 
Head Value in Main 
Storage. Double the 
Cylinder Unib Value, 
Add I if a Ca"ry Occurred 
on Head Conversi on and 
Store Results in Main 
Storage. Double the 
Cyl i nder Tens Va lue, Add 
1 if a Corry Qo::curred 
on Cylinder Units 
Conversion and Store in 
Main Storage. 

I Read-In C C H H R 
00 3C 0008 II 

I Conversi on 60 08 17 

: Minus I II 
I 1400 59 08 6 
I Stored 19 7 6 

.-___ ---<QH4: 1,412 

Readout ~rom MPX Stet age 
thL> 1400 File Unit Nunhf:r. 
Add 1 to it if a Calry 
Occulled On the Cylindel 
Tens Conversi on. I f a 
Cyllndel" Overflow was 
Found on the Cylinder 
Hexadecimal TO Decimal 
Conversj on Add 2 MOl e 
to the Module Val ue and 
Store in Main Storage. 
Readout the Next Position 
of Main Storage and vVtite 
Back the Digit Portion 
of the Byte 

QH371 

QH361 

Device End 
or Control Unit End 

Up 

NO 

I-Cycles 

NO 

QH401 

Subtract I from the 
Cylinder Value Just Read 
In and Convert the 
Remainder into Two, Units 
and Tens, Decimal Digits. 
Subtract I from the 
Record Volue Just Read In 

YES YES 

YES 

FY 

Chart 137 

WRITE 

QH371 

Send to the Control Unit 
from MPX Storage the 
CCHHRKDD Volues. If 
Status In Comes Up 
During this Time Is.sue 
a Seme Command 

QH371 

Status In Up 

QH341 

Unit Check Bit On 

NO 

YES 

NO 

QH471 QH501 

W,ong Lenglh NO If Read i::. a Load Operation, 
Bling in 91st Chalocter. 
Check Last ChOl"octer In, 
Load ona Move I to See if 
the Choloeter has a 'Nord
mark. Set an Indicator Bit 
for Validity Error if Read 

Record Indication 
On 

YES QH471 

LOAD 
Load 01 Move 

is a Load Op and Last 
Character In Djd Not have 
a vVordmOl"k 01 Rer]d is a 
Move Op and Las' 

MOVE QH501 Cholacter In has a 

Set Op Registe,· Bit 7 
to 1 and \Nrong Length 
Record Bit in the File 
Branch Byte. 

Setup' Counter for Data 
Fi el d Length. 

Move Op Hex Decimal 
Sector Mode 0064 0100 
T rack Marie OBA4 2980 
Load Op Hex Decimal 
Sector Mode 005A 0090 
Track Mode OA7A 2682 

QH471 

Read or Write 

WRITE 

QH471 

Readout Character fr'Jm 
Main Sloroae and Subtract 
I from the Counter. Check 
Chcracter t·"" Sr.::: if it is a 
GMvVM/ if it is Set an 
IndicotOI fOI Wrong Length 
Reca,d. Change the GM
WM to a Blank (40) and 

Send it to the Control Unit" 
If Not 0 GMWM, Send 
Chol ac~er to the Control 
Unit; Wordlnol h OfE' 

Controlled by Move or 
Load Op. Check to See 
if the Counter is Zelu. 
If Status In Comes Up, Set
ur for a Sense Command 
or V/rong Length Record. 

QH471 

Status In Up 

READ 

YES 

Vvordmark 

QH501 

Readout the Next Chol 
from Mo;:'"! Storage 
and Check to See 
if it is a GMWM. Al,a 
Check to See if Sccto' 

Count is Zero. Set Op 
Registel Bit 7 to J 

(Secto, Count-OOOI 

QH50J 

Character is GMWM 

NO 
QH501 

Sectm Count is 000 

QH47J 

Readout Position of 
Main Storage where the 
Character is to be Stored. 
Check Main Slo,age 
Chcrocter to See jf it is a 
GMWM. If it is, Do Not 
Advance the B-Stci and 
Continue ro Readout the 

Same Position Unti I the 
Counter is ZerC'". If a 

GMWM is Not Found, 
Continue to Bring in a 
Character at a Time Until 
the Counter is Zero. If 
Status In Comes Up and 
GMWM has Not Been 
Found Setup for a Sense 
Command or Vlrong 
Length Record. 

QH471 

A GMWM has 
Been Read Out 

NO 

YES 

YES 

YES 

CI,art 137 

QH501 

If Read is a Load Operation 
BI in~ ir, 91st Character. 
Check Last Character In, 

Load or Move, to See jf 
the Character has a Word
m:Jrk~ Set Op Register Bit 
7 to a I (Force Sector Count 
is ZeTo Indication On). 
Set an Indicator Bit On for 
Val idity Error if Read is 

Ll Load Op and Lost 

Character In Did Not have 
a Wordmark or Read is a 
Move Op and Last 
Character I n has a 

Wordmark. 

QH501 

QH501 

Validily Error 
Indi cat or On 

NO 

QH471 

NO 

YES 

QH471 Counter is 0000 
NO 

QH471 
YES 

Status In Up 

Counter is 0000 

NO QH471 

YES 

NO 
Counter is 0000 

Using 
Alternate Track 

NO 

Chec k fo' Any Error Bits 
Being On in the File 
Branch Byte. If Any are 
On, Set Ihe Any Disc 
Condition Bit and Reset 
the Read Ba ck Check 
Interlock Bit, 

If Record Number Is Less 

than 16 (Dec J and Op Is 
in Sector Mode, Set Bit 

YES 

o and 3 of File Branch BY'e 

Status Should be Zero 
on First Pass 

Wait for S'atus In Of Ser
vice In" If Service In Is 
Received, a Wrong Length 
Record Condition Must 
Be Set for Load. If Status 
In Is Received, Eithel 
Device End or Channe I 
End Must Be Up. If Not, 
Go to General Stop. 
With DE or CE Up, Check 
for Unit Check. If UC On, 
Issue a Sense Command; 
if Not, Creck for Sector 
Count of Zero 

QH38J 

NO 

Sector Count is 000 

Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In, the n 
Compare Address Out 
with Address In 

QH341 

Address 
Out Malches Address 

In 

Store Command in MPX 
Storage and Issue the 

Command. Wait far Status 
In and Test for Zero 
Status 

QH361 

NO 

NO 

Is Status 00 

After Values are Sent 
Wait for Status In. Status 
Should Have Channel End 
Up or Device End f if Not 
Go to General Stop. With 
DE or CE Up Test for an 
Unit Check, if On Go to 
General Stop. If Not 
Repeat Seek Command, 
but This Time Status is 
Non-Zero as the Unit 
is Seeking to Orginial 
Track 

QH381 

Device 
End or Channe I End 

Up 

QH361 

Sector Count is 000 

General Stop 

Generol Stop 

If Unit Check or Unit 
Exception Are On / Set 
Up for a Sense Command, 
Otherwise Check for Dev
ice End; DE wi II Nol Be 
Up Until the Seek Is 
Complered 

Unit Check or Uni, 
Exception On 

NO 

QH361 

Device End Up 

QH381 

No 
DE,CE or have a 

Unit Check 

YES 

NO 

NO 

YES General Stop 

QH391 

Unit Check Bit On 

Chart 137 

NO 

NO 

Sector Count Should be 
000 far 6 and 'u Ops . 

Readout Selected File Unit 
Number and Send Address 
to the Control Unit. ¥lait 

for Address In, then 
Compare Address Out with 
Address In. 

QH341 

Address 
Out Matches Address 

In 

Store Command in MPX 
Storage and ],sue the 
Command, Wait for 
Status In and Test for 
Zero Status. 

QH361 

Is Status 00 

After Values are Sent I 
Wait for Status In. Status 
,noul d have Channel End 
or Device End Up, if not 
Go to Genera I Stop. 
With DE or CE Up Test 
for an Unit Check, if On 
Go to Genera I Stop 

QH381 

Chart 137 

NO 

QH361 

Unit Check or Uni' Ex
ception Bits On Set Up 
for Sense Command. 
Otherwise Repeat the 
Head Seek 

QH361 

Unit 
Check or Uni t 
Exception Bit 

On 

YES 

Sense Command 

Genera I Stop 

NO 
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III -.. 

DCF 1400-131 I r -l 
*/NDI D2 D3 D4 D5 Db I I 
SI S2 S3 I I 

~~~:;:XXX I I 
Change to 2311 Format I 
by Doi ng Table Lookup I 

I 
I 

C Start 

T QH301 

Store I-Star, Setup the 
Op Register for a Read or 
Write, Move or Load. 
00000000 - Write Load 
0001 0000 - Read Load 
0010 0000 - Write Move 
001 I 0000 - Read Move 

to Sel ect Module 2, 
Cylinder 59, Head 8, and I 
Record 16. Thi s Can be I 
Determined by Dividing I 

I I QH301,311 L _ , ___ --'--=:.:.::.:::..c...::...:.;. ___ .,--______ _ 

~~e ~~eD~~~i~~e~ :~1h I 
D6 for the Record. I 
Add 1 to the Cylinder and I 
Record Val ues for 2311 I 
Format. End Result is: 

Module 
Cyl inder 
Head 
Record 

1400 2311 I 

5~ + 1 3~ I 
08 08 I 
16 + I 11 I 

Readout the Disk Control II Op Register 
Field and Change from a OOOOXXXXWrite Load 
1400- I 3 I I Format to I 000 I XXX X Read Load 
a 2311 Format, Change 001 OXXXX Write Move 
the Op Register to I 001 I XXX X Read Move 

~~~~~a~o~:~tor or I g~~~ ~:;~r ::o~:e 
: 0101 Sector Overlay 

QH341 

Send Address Out. If 
Status is Received, Set 
File Branch Byte for 
Busy and Any Di sk 
Condition. Restore the 
A,B, and I-Stars and 
Return to I-Cycles. 
If Status Isnlt Received, 
Wait for Operational In 
and Address In. Check for 
Correct Address. Set H5 

+ QH421 

Store the Operation Code 
top Register) in MPX 
Storage to Remember what 
Operation was Done 
lost. If this Opeartion is 
Write, Set the Read Bock 
Check Interlock Bit On 
(Bit 6 of File Branch Byte) 

1 QH421 

r-______ ~N~0~~Addresso~:341 I Matches Address 

C _____ G_e_n_e_ra_I_S_to_p __ .--/ YES QH351 

Readout Compare and 

Module Protect Disable 
Byte. Check if Module 
Protect is to be Done If 
it is Check Selected File' 
Number Against a Fixed 
Number. If Numbers 
Match Go On, If Not Go 
to a General Stop 

Setup a Head Seek 

,'--Q"""-H3-6""'1---
N

...:,0 Command riB 
QH351 

If Statu~ Has an Unit 

C"eck or Unit Except
ion Bi t On Do a Sense 
Command. Restore the 
A- I B-, ond I-Stars, Then 
Return to I-Cycles. If 
UC or UE Bit, Are Not )n, 
Check for Device End or 
Control Unit End. If Either 
DE or CUE Are On, Retry 
the Command, Otherwise 
Set the File Branch Byte 
to Busy and Any Disk Cond
ition, Then Restore the A
B-, and I-Stars and Return' 
to I-Cycles 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

~
H361 

Is Status 00 

YES QH371 

~
odule :r::r21 YES 

Occurred 

NO General Stop 

QH421 

Setup the Op Register 
to Indi cate Operation 

0000 0000 - Write Load 
0001 0000 - Read Load 
00100000 - Write Move 
0011 0000 - Read Move 
Set an Indicotor Bit 
(S-Register) to Remember 
if this is a Track Mode 

r-__________________________ --,C�~O 
1 J QH341 

Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Address In. 

NO ~ddres~H341 
I
..------<out Matches Address 

,-____ ~________ In 

General Stop YES 

'---------------" QH35 I 

I 
After Each Character Is I 

~:~;n:.T~:'S:~;u:t~~us In I 

I 
Use B I when Head I 

Switching is Required. I 
I 

Setup a Search Command 
(31) or (BI). 

~i~~~~~~' b:h~~~i;h~~~~tl 
Check Bit is Set if the I 
Track is Flagged 
(Defective Track) or an 

I 
I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 

Equal Address on a ID I 
Search is Not Found. I 

~t:r~~:: ~~;~tP;:ieC~:he I 

Status In and Test for This Causes Early Status I 

I 
Status Should be Zero: ~zero Status. ~:":. Sense Command is I 

at this Time j ___ ~ QH361 ~. I 
NO YES 2 I 

QH36 I Is Status Zero I 

I 
r-______ J-~ __ Q_H_3_7~1 ____ ~ 

YES I Send to the Control 1 

YES 

Unit Check or Unit 
Exception On 

NO 

QH361 

Device 
End or Control 
Unit End Bits 

Up 

NO 

To I-Cycles 

I 

Unit CCHHR. 

~
o QH371 YES Ch Tar;~40 

Is Status Zero 

QH381 

After Last Character is 1 I QH341 
Sent, Wait for Status 
In. Check Status for Set Op Regist;Sit_71 
Device End or Channel to I (Sector C~~ 
End, Should Receive - QH341 

One or the Other. If Not 

YES Device ~
H361 

Setup to do a Head Seek 
Address Transfer. Sent 
to the Control Unit 
BBCCHH from the 
MPX Storage. ~:>N __ O ____________ ~ .. 

~, 

Sense Command 

go to a General Stop. 
With DE or CE Up, Check 
for Unit Check Bit. If 
Unit Check Bit is On, 
a Sense Command Must 
be Done to Find Out the 
Couse of the U ni t Chec k. 

Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address In, 
Then Compore Address 
Oul to Address In. 

~
ddressQH341 YES 

Out Matches Address 

End or Control End 
Up 

NO 

To I-Cycles 

~ES Device End ~H361 
Cantrall End 

Up 

NO 

( To I-Cycles ) 

, QH381 

After Last Character is 
Transferred Wait for 

Status In. Check Status 
for Devi ce End or Channel 
End; One or the Other 
Should be Received _ If 
Not go to General Stop. 
If DE or CE are Up Check 
for Unit Check. If UC 
Exist go to General Stop 

~
H381 

No NO 
DE, eE, or Have a 

Unit Check 

YES 

General Stop 

Setup the Counter Used 
to Address Mai n Storage 
to Allow the Writing or 
Reading of Sector Count 

I 

QH381 

NO Device 

,..-------< End or Channel End 
Up 

General Stop ) YES QH391 

Unit Check Bit On 

NO QH391 

Was an Equal Address 
Found on this Search; 
If Not Repeat the Search 
Command 

YES 

L-____________________ ~N~O~~/EqUaIAddres~o~:~ YES 

~ 

In 

NO 

( General Stop 

Chart 140 

I QH351 

Setup Sense Command 
04. 

I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In. 

I QH361 

Send Service Out 

, QH511 

Bring in Sense Bytes 
0, I, 2, and 3 One Byte 
at a Time and Store in 
MPX Storage. Test 
Selected Bits of Sense Byte 
0,1 , and 2 for Error 
Condition and Set the File 
Branch Byte to Indicate 
the Error Condition. If 
Bit 6 of the Sense Byte 0 
(Flagged Track) is On Set 
an Indicator Bit On. 

~asBit6~:521 NO 

Byte 0 On 

YES QH521 FV 

I 

Chart 140 
Set Op Register Bit 0 to 
a I and Bit 7 ta 20 

~--~---r~------

..-------.1 I QH34J 

NO 

Readout Selected File 
Unit Number and Send 
the Address to the Control 
Unit. Wait for Address 
In, then Compore Address 
Out to Addres.s In. 

~
ddres~H341 NO 

Out Matches Address >~=--------'! 
In ~ ______ L-____ ~ 

General Stop 
r-______ -L ___ Q~H_3_5_1, , __ ~ ________ --/ 

Setup Command (16) to 
Read Record 0 Address 

I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

~~_>-~~E~:--------____ --~ 
~: 

If Unit Check or Unit 
Exception Is Up, Do a 
Sense Command. If UC 
and UE Are Down, but 
Device End Is Up, the 
Read RO Will Not Be 
Done. Otherwise Repeat 
Command 

QH361 

L
j 
----~--------~ 

: Status Should be 00 

Unit Check or Unit >_Y.:..;E.:..;S~ ____ ..., 
Exception J 

NO Sense Command 

Devi ce End Up 

YES 

YES 

I QH371 

Read In the CCHH Val ues 
from Record RO and Store 
in CPU Storage. bue 
Command Out to Bring 
Status In. 

1 QH381 

Check Status for Either 
Device End or Channel 
End. If Either One is On, 
Check for Unit Check; II 
Not go to General Stop. 
If on Unit Check is Found 
do a Sense Command, If 
Not Setup to do a Full 
Seek to an AI ternote Track 
Using CCHH from Record O. 

QH381 

Device 
End or Channel End 

Up 

YES 
QH391 

Unit Check Bil On 

NO QH391 

Setup to Develop a 
Full Seek Command to 
an Alternate Track. 

NO 

General Stop 

~~lIJ"-----------~ t QH341 

Readout Selected File 
Unit Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare Address 
Out to Address In, 

NO 
Out Matches Address >--------------. ~

ddr:341 
In , 

YES QH351 l;~~eral Stop 

Setup a Full Seek 
Command 07. 

1 QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

~".'"'::""'_~ __ N_O ____________________ ~ 
YES QH371 I Status Shaul d be Zero l 

I on the First Poss. 
Send Bin Bin of 0000 
to the Control Unit 

1 QH371 

Send CCHH Values Read 
from Record RO into 
CPU Storage to the 
Control Unit. 

I QH381 

NO 

I QH361 

Check for Unit Check Or 
Unit Exception. If On{ 
Do a Sense Command. If 
Not Tesl for Device End_ 
DE Will Not Be Up Until 
the Seek Is Completed. 
Until Device End Comes 
Up, Repeat Seek Command 

QH361 
Unit Check 

or Unit Exception 

On 

YES 

NO Sense Command 

Device End Up 

YES QH361 

Insure Bit 4 of the 
Op Register is ° 

QH341 

Readout Selected Fi Ie 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 
In, then Compore Address 
Out with Address In. 

QH341 

Address 
Out Matches Address 

In 

YES 

QH351 

Setup a Search Command 
31. 

I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

NO 

General Stop 

~ 
If Unit Check or Unit Ex
ception Bit Is On, Do a 
Sense Command. Other
wise Repeat Search Com
mand 

Unit Exception On ~nit Ch~c~3:rl YES 

L-________ ...J NO Sense Command 

Wait for Status In. Check 
Status for Devi ce End or 
Channel End, Go to 
General Stop if One or 
the Other is Not On. 
Check for an Unit Check, 
if Bit is On go to a 
General Stop. Otherwise 
Repeat the Seek Command 
and Status will be Non
Zero because Device is 
Busy Seeking 
~

H381 
NO No 

D EJ eE, or Have a 
Unit Check 

YES 

I General Stop 
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YES 

Is Sector Count OOO'>Y.:..:e::s _____ -, 

Read Out Selected File 
Unit Number and Send 
Address to the Control Unit 
Weitfor Address In, Then 
Compare Address Out to 
Address In. 

QH341 

Address Out Matches 
Address In 

NO 

General Stop 

YES 

QH351 

WRITE 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. (Status 
Should be Zero) 

YES 

Sense Command 

Device End 
of Control Unit 

End Up 

NO 

I-Cycles 

NO 

QH361 

OH451 

Set Up Counter for Data 
Field Length 
Move Op Hex Decimal 
Sector Mode 0064 0100 
T rock Mode OBA4 2980 
Locd Op Hex Decimal 
Sector Mode 005A 0090 
Track Mode OA7A 2682 

NO 

LOAD 

QH471 

WRITE 
Read or Write 

READ 

QH471 

Read Out Character from 

Main Storage and Subtract 
1 from the Counter. Check 
Character to ~ee if it is a 
GMWM, if it is Set on 
Indicator for Wrong Length 
Record. Change the 
GMWM to a Blank (40) 
and Send it to the Control 
Un it. Wordmorks are 
Controlled by Move or 
Load Op. Check to see if 
the Counter is Zero. If 
Status In Comes Up, Setup 
for a Sense Command or 
Wrong Length Record. 

OH471 

Status In Up 

NO 

YES 

Wrong Length 
Indicoti on On 

YES 

Load or Move 

QH471 

MOVE 

OH501 

Set Op Register Bit 
7 to I and Wrong 
Length Record in the 
File Branch Byte 

NO 

QH471 

Read Out Position of Main 
Storage where the Charac

ter is to be Stored. Check 
Noi n Storage Character to 
see if it is a GMWM, If it 
is, do not Advance the B
Star and Continue to Read 
Out the Some Position Un
ti II the Counter is Zero. If 
a GMWM is not Found, 
Continue to Bring in 0 

Character at a Time Untill 
the Counter is Zero. If 
Status I n Com es Up and a 
GMWM has not Been Found, 
Set Up for a Sense Comm-' 
and or Wrong Leng th 
Record. 

Cou n ter is 0000 

YES QH501 

If Read is a Load Op Bring 
in the 915 t Character. 
Check Lost Character In, 
Move and Load, to See if 
the Character has a Word
mark Set a Indicator Bit if 
the Last Character has a 
Wordmark and Op is Move, 
or Op is load and Last 
Character did not Have a 
Workmark. 

QH501 

Read Out the Next Charac
ter from Main Storage and 
Check to See if it is a 
GMWM. Also Check to 
See if Sector Count is 
Zero. Set Op Register Bit 
7 to 1 (Sector Count). 

QH501 

Character is Q 

GMWM 
QH501 

NO 

YES 

Move 

QH381 

Wait for Status In or Ser
vice In. If Service In is 
Received, a Wrong length 
Record Condition Must be 
Set. If Status In is Received, 
Either Device End or Chan
nel End Must be Up. If not, 
go to General Stop. If Unit 
Check is Up, Issue a Sense 
Command; if not, Check 
Sector Count 

QH3Bl 

Serv ice In Up 

Load or Move Mode 

If Read is a Load 
Operation Bring in 91st 
Character. Check Last 
Character In, Load or 
Move, to See if the 
Character has a Word
mark. Set Op Register 
Bit 7 to 1 (Seelor 

, Count is Zero). Set an 
Indicator Bit On for 
Validity Error if Read 
is a Load Op and Lost 
Character In did Not 
have a Wordmark or 
Read is a Move Op and 
Lost Character In 
has 0 Wordmark. 

QH501 

QH341 

QH381 

Dev ice End or 
Channe I End Up 

Unit Check Bit On 

NO 
QH391 

Sector Count is 000 

NO QH431 

Read Out Record Va I ue 
from MPX Storage and 
Test to See if the Value 
is 14 (20 Dec imal) 

Record 20 

YES QH431 

Setup for Head Switch On 
Search. Set Record Value 
to 01. Set Op Register Bit 
4 to O. Readout the Head 
Value, Check fOI Head 9. 

Using Alternate 
Track 

YES 

NO 

Chart 139 .....-----...,-0 
QH531 V 

YES 
Using Alternate Track '> _____ --, 

Chart 139 

Check for Any Error Bits 
Being On in the File 
Branch Byte. If Any are 
On, Set the Any Di sk 
Condition Bit and Reset 
the Read Back Check 
Indicator Bit. 

QH531 

Read-In 

Conversion 
Minus 
1400 
Stored 

QH431 

Add 1 to the Record Val ue. 
Set Op Register Bit 4 to 
O. Set Bit 3 of I/O Error 
Byte to Indi cote DCF has 
Been Incremented. 

C C H H 
00 3C 00 08 

60 08 
1 

59 08 
19 7 

YES 

Subtract 1 from the 
Cylinder Value, Convert 
the Remainder into Two, 
Units and Tens, Decimal 
Digits. Subtract I from 
the Record Value 

QH411 

YES QH411 
r--..,..-----L.-----, 
I 

If Record Value is Ten or 
More I Subtract Ten. Store 
Correct Record Value in 
Main Storage. Double the 
Head Value, Add 1 if 
Record Value was Ten or 
More. Store Correct Head 
Value in Main Storage. 
Double the Cylinder Unit, 
Value, Add 1 if Carry 
Occurred on Head Conver
s ion and Store Resul ts in 
Moin Storage. Doub Ie the 
Cylinder Tens Value, Add 
1 if a Carry Occurred an 
Cylinder Units Conversion 
and Store in Main Storage 

QH411,412 

Read Out from MPX 
Storage the 1400 Fi I e 
Unit Number. Add 
1 to it if a Corry 
Occurred on the 
Cylinder Tens 
Conversion. If a 
Cyl inder Overflow was 
Found on the Cyl inder 
Hexadecimal to Decimal 
Conversion Add 2 More 
to the Module Value and 
Store in Main Storoge. 
Readout the Next Position 
of Main Storage and Write 
Bock the Digit Portion of 
the Byte. 

QH531 

Read Out Selected File 
Unit Number and Send 
Address 10 the Control 
Unit. Wait for Address In 
and Compare Addresses. 
If Address do not Match 
go to General Stop. 

Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero 
Status. Status Should be 
Zero on First Pass. 

QH361 

After Values are Sent Wait 
for Status In. Status 
Should Have Channel End 
Up or Device End, if not 
go to General Stop. With 
DE or CE up Test for an 
Unit Check, if on Go to 
General Stop. If Not 
Repeat Seek Command, 
But this Time Status is 
Non-Zero as the Unit is 
Seeking to Original 
Cylinder 

QH381 

Chart 139 

Test Program Mode Switch 
Byte for Allow I/O Traps 
and Set Conditions 
Accordingly 

To I-Cycles 

NO 

Unit Check or Unit Ex
ception On, Do a Sense 
Command. Check for De
vice End. DE Will Not 
Be Up Unti I the Seek 
Is Completed 

YES 
OH422 

Reed OutSelectedFile Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In and Compare 
Address. If Addresses do not 
Match Go to General Stop 

Store Command in MPX 
Storage and Issue the 
Command, Wait for 
Status In and Test for 
Zero Status. 

QH361 

Is Status 00 

After Values are Sent 
Wait for Status In. Status 
Should have Channel End 
or Device End Up, If Not 
Go to General Stop. With 
DE or CE Up Test for an 
Unit Check, If on Go to 
General Stop. Otherwise 
Set Op Register Bit 0 to 0 

Chart 139 

QH361 

Unit Check or Unit 
Exception Bit On. If So 
Do a Sense Command. 
Otherwise Repeat the 
Head Seek 

YES 

NO 

Unit Check or NO 
)'Unit Exception '>-....:.::::::..-------' 

Bit On 

YES 

Sense Command 
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Start 

I QH301 

DCF 1400-1311 I - -, Store I-Star, Setup the 
*/N DI D2 D3 D4 DS D6 I I Op Register for a Read or 
SI S2 S3 I I Write, Move or Load. 

Exampl e I I ~~~~ ~~~~ = ::~~e L:~d 
~~~~::6;:~311 Format I I 00100000 - Write Move 
by Doing Tobie Lookup I DOlI 0000 - Read Move 

to Select Module 2, I I I QH301,311 

;:~~~~e~ trh ~:~:n8 be
and 

I L - '-R-ea-d-o-ut-t-he--'-D-i s-k-C-o-nt-ro-I-r - -'IO-p""R-eg-i-,te-r"""'f'-or-R-B-=C---' 

Determined by I Fie Id and Change from a 10000 DOlI Write Load 

2
DiavniddinugseDt2heD3eDm4a'IDn5debrY I 1400-1311 Format to 100010011 Read Load 

R a 2311 Format. Change 10010 0011 Write Move 
with D6 for the Recard. I the Op Register to I DOli 0011 Read Move 
Add I to the Cylinder and Indicate a Read Back 

~:~~~~ .V;~~e~ef':lt2T,: I I Check 

1400 2311 I I 
~;I~~~:r 5~ + I 3~ I .. -----." QH341 

Head 08 08 I 
16 + I II : Record 

NO 

Send Address Out. If 
Status is Received, Set 
File Branch Byte for 
Busy and Any Disk 
Condition. Restore the 
A,B, and I-Stars and 
Return to I-Cycles. 
If Status Isnlt Received, 
Wait for Operational In 
and Address In. Check fOI 
Correct Address Set H5 
to Prevent Interrupt. 

~ddre:~H341 
~------< Out Matches Address 

General Stop YES QH351 

Setup a Head Seek 
Command of I B 

J QH351 

Sbre Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test fOI 

Zero Status. 

'-~~ ____ N_'0 __ <~sStatu~:61 
QH361 

~
nitQH361 

NO Check or Unit 
Exception On 

YES 

Sense Command 

YES Device End 
or Control End 

Up ~
H361 

To I-Cycles 

Setup to do a Head Seek 
Address Transfer. Sent 
to the Control Unit 
BBCCHH from the 
MPX Storage. 

I QH381 

After Last Character is 
Transferred Wa it for 
Status In. Check Status 
for Device End or Channel 
End; One or the Other 
Should be Received. If 
Not go to Genera I Stop. 
If DE or CE ore Up, Check 
for Unit Check. If UC 
Exist go to General Stop 

~
H381 

No NO 
DE, eE, or Have a 

Unit Check 

YES 

General Stop 

t QH421 

I 

Readout Last Operation, 
Code end Set Op Register 
for Reed Sector or Track 

i Op Register 
10101 XXXX Read Load 
0111 XXXX Read Move 

OliO Sector Add,ess 
1100 Track Address 

I QH421 

Readout Compare and 
Module Protect Disable 
Byte. Check If Module 
Protect is to be Done l If 
it is, Check Selected Fi Ie 
Number Against 0 Fixed 
Number. I f Numbers 
Match Go 0o, IF Not go 
to a General Stop 

<wodule Erroro~::~r~d YES 

NO General Stop 

QH421 

Setup the Op Register 
to Indi cate an Address 
Operation (Bit 6) 
0101 0010 - Read Load 
alii 0010 - Read Move 
Set an Indicator Bit 
(S-Register) to Remember 
if this is a Track Mode 

QH422 

Set Count Field in MPX 
Storage to 0064 (Sector 
Mode) or OBA4 (Track 
Model. 
Hex Decimal 

0064 0100 
OBA4 2980 

1 OH422 

Check to See if the 
Compare Disable Bit is 
On. If it is On, Set Up a 
Search to Record a 
without First Searching 
for the Record Adtlre~~. 

I 

I C!.UI! 142 

___ ....L..-_'-~-_ -_ -_ -_ -_ -_ -~-Y-E-S-<.<f~~mpare Di~:~1~2:n FW 
r J QH422 

Set Record Value to 00 
and the Cylinder Value NO QH521 

If Seal'ch Just Completed 
was for Record 0, the 
Seurch is Cornpleted. If 
it wasn\a Search On 
Record 0 Must be Done 
to Set the File and 
Control Unit in Time 

to the Seek Cyl inder Insure Op Regist€r Bit 
7 is O. Value 

~~~1------~111~~ 
QH341 QH391 

~~cordOhas 
~enFound 

Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compore Address 
Out to Address In. 

N~Addres~H341 
I Oul Mat~~es Address 

General Stop YES 

'----------' OH351 

Setup a Search 
Command (3 i). 

I 
J 

QH361 

Store Command in MPX 
Storage and b~ue the 
Command. Wait for Status 
In and Test for Zero 
Status. 

YES 

FU 

Char' 142 

After Each Character is I 
Sent, a Test for Status In I 

is Done. I f Status In Comesl 
Up, the Unit Check Bit 
Shaul d be On. The Unit I 
Check Bi t is Set if the 

~~:~:c\si~~air~:~) or an I 

Equal Address on a ID I 
Search is Not Found before 
the Disc Posses the File I 

Index Point Twice. This 
Causes Early Status and a I 
Sense Command is Done. I 

NO 

Status Shou Id be Zelo 
at this Time : <G~~ I 

I N~- - Is Status :~:61 YES rt~, i; 

YES 

QH361 

Unit 
Cncck or Unj; 

Exception On 

NO 

QH361 

Device 
End or Control 
Unit End Bits 

Up 

NO 

To I-Cycles 

1 
General Stop 

YES 

r-______ ~J__Q __ H_37_1~ ___ ~ 

I 
Send to the Control I 
Unit CCHHR. 

Sense commaAd )~ QH37:1:~ 
NO ns 

~ QH381 

+ QH341 

NO 

After Last Character is 
Sent, Wei' fOI- Status 
In. Check Status fOI 
Devj ce End or Channel 
End, Should Receive 
One or t he Other. I f Not 
go to a General Stop. 
With DE or CE Up, Check 
for Unit Check Bit. If 
Unit Check Bit is On, 
a Sense Command Must 
be Done to Fi nd Out the 
Cause of the Unit Check 

QH381 

Device 
End or Channel End 

Up 

YES 
QH391 

Unit Check Bit On 

NO QH391 

We> un Equal Address 
Found on this Searchi 
If Not Repeat the Seal'ch 
Command 

YES 

Set Op Register Bit 7 to 
I (Sector Count 00). 

QH341 

Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address In, 
then Com:Jare Address 
Out to Addres') In. 

<E:~H~341 Address YES 
Out Matches Address 

In 

NO 

General Stop 

~ ______________________ N_O-<~~ 
NO 

1 QH351 

Setup Sense Command 
04. 

QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 

Status In. 

QH361 

Send Service Out 

QH511 

Bring in Sense Bytes 
0 1 J ,2, and 3 One Byte 
at a Time and Store in 
MPX Storage. Test 
Selected Bit> of Sense 
Byte 0, I, and 2 for 
Error Condition and Set 
the File Branch Byte 
to Indicate the Error 

Condition. If Bit 6 of the 
Sense Byte a (Fla99~d 
1rock) is On Set en 
Indi cator Sit On. 

~~/asBiI60f QH~521 NO 
Byte a On 

FV 
YES QH521 

Set Op Register Bit 0 to Chad 142 
a land Bit 7 to a 0 

I QH341 

Readout Sel ected File 
Unit Number and Send 
the Address to the Control 
Unit. Wait for Address 
I n I then Compare Address 
Out to Address In. 

~~ddressQH341 NO 

Out Matches Address >--------, 
In .__---->.1-----.. 

YES QH351 
'--------' 

General Stop 

Setup Command (16) to 
Read Record 0 Address 

QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status I nand Test for 
Zero Sta tus. 

~.;",".::3"_~ __ ~-E-:' __________ --____ ~ 
NO QH361 I 

r---------------~ 

If Unit Check or Unit 
Exception is Up do a Sense 
Command. If UCand UE 
ale Down but Device End is 
Up the Read RO will Not 
bE' DonA. Otherw ise Repeat 
COIT.mand 

I Status Should be 00 

<~nit QH36~1 
Check 01 Unit YES 

Exception/ t 
NO 

Sense COfYlmand 

OH361 

Device End Up 
YES 

YES 

t QH371 

Read In the CCHH Values 
from Record RO and Store 
in CPU Storage. Issue 
Command Out to Sri ng 
Status In. 

I QH381 

Check Status for Either 
Device End or Channel 
End. If EitherOne is On, 
Check for Unit Check; If 
Not go to General Stop. 
If an Unit Check is Found 
do a Sense Command, If 
Not Setup to da a Full 
Seek to an AI ternate Track 
Using CCHH from Record O. 

QH381 

~/ Device 
End or Channel End 

Up 

YES 
QH391 

Unit Check Bit On 

NO QH391 

Setup to Develop a 
Full Seek Command to 
an Alternate Track. 

NO 

General Stop 

r-------,I I IrQ~H3~4~1------------------~ 
Readout Selected Fi Ie 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In, 
then Compare Address 
Out with Address In. 

~
ddre:H341 NO 

Out Mat~~es Ad:!ress >--------.1 

YES QH351 
General Stop 

Setup a Full Seek 
Command 07. 

I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

~.;",.::3" _~~_O~ __________________ -J 

YES QH371 I Status Should be Zero I 
I On the First Pass. 

Send Bin Bin of 0000 
to the Control Unit 

I QH371 

Send CCHH Vol ues Read 
from Record RO into 
CPU Storage to the 
Control Unit. 

J QH381 

Wait for Status In. Check 
Status for Device End or 
Channel End, go to 
General Stop if One ar 
the Other is Not On. 
Check fOl' an Unit Check, 
if Bit is On go to a 
General Stop. Otherwise 
Repeat the Seek Command 
and Status will be Non
Zero because Device is 
Busy Seeking 

~NO~~_Y_ES ____ --, 

~ .----_--'1'--__ -
~eroISto_. 

NO 

I 
Check for Unit Check or 
Unit Exception. If On, 
do a Sense Command. 
If Not, Test for Device 
End: DE will Not be Up 
Until the Seek is Complet
ed. Unti I the Dev ice End 
Comes Up Repeat Seek 
Command. 

Unit 
Check or Unit ~Y;..:E:::.S_-, 
Exception on J 

NO QH361 L se comma~0 
Device End Up 

YES QH361 

Insure Bit 4 of the 
Op Register is 0 

QH341 

Readout Sel ected File 
Unit Number and Send 
Address to the Control Unit. 
Wait for Address In, then 
Compare Address Out 
with Address In. -,-

QH341 

Address 
Out Matches Address 

In 

NO 

YES Gral Stop 

QH351 

Setup a Search Command 
31. 

I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

~m 
~~ 
If Unit Check or Unit 
Exception Bit is On 
Restore the A, B, and I 
Stars and go to I-Cycles. 
Otherwi se Repeat Search I 
Command J 

~nit Check YES 
or Unit Exception 

On 

NO 
Sense Command 
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Chart 141 

Read Out Selected File 
Unit Number and Send 
Addre« to the Control 
Unit. Wait for Address 
In. Then Compare Address 
Out with Address In 

QH341 

Address 
Out Matches Address?'"Y_E_S _____ ... 

In 

General Stop 

YES 

Exception On 

YES 

Sense Command 

Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero 
Status (Status Shou I d 
be Zero) 

QH361 

QH371 

Read I n from the Control 
Unit ano Store in MPX 
Storage CCHHRKDD 
Values. If Status In 
Comes Up During this Time 
Issue a Sense Command 

QH371 

QH361 

Device 
End or Control Unit 

End Up 

NO 

I-Cycles 

Setup Counter for Doto 

Field Le ngth 
Move Op Hex Decimal 
Sector Mode 0064 01 00 
Track Mode OBA4 2980 

load Op Hex Decimal 
Sector Mode OOSA 0090 
Track Mode OA7A 2682 

QH461 

Read Out the Data 
Character from Main 
Storage and Check to see 
if it is a GMWM. If it 
is a GMWM a Wrong 
Length Record Condition 
Exists. Setup t:le Word
mark Bit Depending on the 
Operation Be i n9 a Load or 
Move. Compare Storage 
Character to the Bus In 

Character. If Characters 
Do not Compare, Set an 
Ind icato, Bit to End 
Routine or Set Validty 
Error Bit in File Branch 
Byte. This Continues 
Until Counter is Zero or a 
GMWM is Found. If 
Status In Comes Up During 
this Time an Error (cndi

tion exists 

YES QH501 

If Operation is a Load ond 
a RBC Error, Non Compare 
has Occulled Set Op· 
Register Bit 7 to I (Sector 
Count is 000). If Opera
tion is a Load Bring in the 
91 st Charac te,. Check 
Last Character In, Load or 
Move, to See if the 
Character has a Workmark. 
Set an Indicator Bit for 
Validty Error if Read is a 
Load Op and Last 
Character In did not have 
a Wordmark or Read is a 
Move Op and Last 
Character In Has a Word
mark 

QH501 

Read Out the Next 

Character from Main 
Storage and Check to 
See if it is a GMWM. 
Also Check if Sector 
Count is Zero. Set Op 
Register Bit 7 to 1. 

QHSOI 

NO 
QH501 

r-____ ~N;:.:O~ Sector Count is 000 

QH341 

Unit Check Bit On 

Chart 141 

NO 

If Read is a Load Ope,ation 
Bring in the 9lst Charoc ter. 
Check Last Character In, 
Load or Move, to See if 
the (hOI oeter has a 
Wordmark. Set Command 
Out to End Operation. Set 
Op Register Bit 7 to I. Sel 
an Indicator Bit On for 
Validity Error. If Read is 
a Load Op and Last Char
acter In did not Have a 
Wordmark or Read is a 
Move Op and Last Char
acter In has a Wordmork 

QH501 

Sec tor Count is 00 

YES 

QH501 

Is Validity 
Error Indication 

On 

NO 

Move 

QH381 

Wait for Status In or 
Service In. If Service In 
is Rece ived a Wrong 
Length Record Condition 
Must be Set. If Status In 
is Rece ived, Ei ther 
Dev ice End or Channel 
End Must be Up. If not 
go to General Stop. With 
DE or CE Up Check for 
an Unit Check, if On 
Issue Sense Command. 

QH381 

Service In Up 

Load or Move Mode 

load 
QH501 

Set Op Register Bit 7 
to I and Wrong length 
Record Bit in the File 
Branch Byte. 

QH531 

Check for any Error Bits 
Being On in the File 
SI anch Byte. If any are 
On, Set any 0 isk 
Condition Bit and Reset 
the Read Back Check 
Indicator Bit. 

If Record Numbe, Is 
Lo:!'ss than 16 (Dec) and 
in Sector Model Set Bit 
o and 3 of Fi I e Branch 
Byte 

NO 

NO 

QH381 

Device 
End or Channe I End 

Up 

Using Atlernatc Track 

Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address 

Inl then Compare 
Address Out with 

QH341 

Address 
Out Matches Address 

In 

Genera I Stop 

Chart 141 

Chart 

141 

General Stop 

YES QH351 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

NO 

QH361 

-.l 

Is Status 00 

After Values are Sent, 
Wait for Status In. Status 
shaul d have Channel End 
Up or Devi ce End, if not 
go to General Stop. With 
DE or CE Up Test for an 
Unit Check, if On go to 
General Stop. If Not 
Repeat Seek Command, 
but this Time Status is 

Non-Zero as the Unit is 
Seeking to Original 
Track. 

QH381 

No DE, CE or have 
an Unit Check 

YES 

General Stop 

Status Shaul d be Zero 
On First Pass 

NO 

NO 

QH361 

If Unit Check or Unit Ex
ception Are On, Do a 
Sense Command, Other
wise Check for Device End 
DE will Not Be Up Until . 
the Seek Is Completed 

Unit Check or Unit 
Exception On 

Dey ice End Up 

YES 

Sense Command 

I Sector Count Shou I d be 
'000 

QH341 

Address to the Control 
Unit. Wait for Address In, 
then Compare Address 
Out with Address In 

QH341 

Address 
.-___ .L::!:>.I.< Out Matches Address 

NO 

General Stop 

QH361 

If Unit Check or Unit 
Exception Bit Is On, Do a 
Sense Command. Other
wise Repeat the Head Seek 

Unit Check or Unit 
Exception On 

YES 

Sense Command 

General Stop 

NO 

YES 

In 

Store Command in MPX 
Storage and Issue the 
Command, Wait for 
Status In and Test for 

Zero Status. 

QH361 

Is Status 00 

After Values are Sent, 
Wait for Status In. Status 
Should haye Channel End 
or Dey ice End Up, if not 
go to General Stop. With 
DE or CE Up Test for an 
Un it Check, if On go to 
General Stop. 

QH381 

No DE, CE, or have 
an Un it Check 

Chart 141 
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DCF 1400-1311 

'/NOI 02 D3 D4 05 06 
5 I 52 53 
Example 
'051976XXX 

I 
I 
I 
I 
I 
I 

Change to 2311 Format I 
by Doing Table Lookup I 

I 

Start 

1 OH301 

Store I-Star. Setup the 
Op Register for a Read or 
Write,. Move or Load. 
0000 0000 - Write load 
000 I 0000 - Read load 
001 0 0000 - Wri te Move 
001 1 0000 - Reod Move 

to Select Module 2, I 
Cylinder 59, Head 8, and I 
Record 16. This can I 

I OH(jOI,~I~ ,.-______ --, 

Read out the Disk Control 
Field and Change from a 
1400-1311 Format to 

be Determined by I 

Dividing D2 D3 D4 D5 by I 
2 and Use the Remai nder I 

with D6 for the Record. I 
Add I to the CyHnder and: 
Record Values for 2311 I 
Format. End Result is: I 

1400 2311 I 
Madule 4 2 I 
Cylineer 59+1 3C I 
Head 08 08 I 
Record 16+1 II I 

a 2311 Format. Change 
the Op Register to 
Indicate (] Read Bock 
Check 

<---_._--,.------' 

'--------'1 I QH341 

Send Address Out. If 
Status is Received, Set 

File Branch Byte for 
Busy and Any Disk 
Condit ion. Restore the 
A,B, and I-Stars and 
Return to I-Cycles. 
If Status isn't Received 
Wait for Operational In 
and Address In. Check 
for Correct Address. 

...-________ ..;.N...;O'-< Out Matches ~
ddress OH341 

I Address In 

General Stop . YES OH351 

Setup a Head Seek 
Command of 1 B 

I QH351 

Store Command in MPX 
Storage and I ssuc the 
Command. Wait for 
Stotus In and Test for 
Zero Statue; 

1
r-_______ N_O_~I,StatusooOH361 

,--. ____ ~ __ ~Q~H~36~1~ 

If Slatu> Has an Unit Check YES OH37 I 

or Unit Exception Bit On, Setup to do a Head Seek 
Do a Sense Command. If Address T,.ansfer. Sent 

I Op Register 
I 00000011 Writ. Load 
I 0001 0011 Read Load 
: 00100011 Write Move 
I 0011 0011 Read Move 

I QH421 

Readout lost Operation 
Cade and 5., Op 
Register R~"d 
Op Register 
0101 xxxx Read Load 
01 11 xxxx Read Move 

0001 Sector 
0010 Track 
0101 Sector Overlay 

I QH421 

Readout Compa re and 
Module Protect Disable 
Byte. Check if Module 
Protect is to be Done. If 
it i) Check Selected File 
Number Against a Fixed 
Number. If Numbers 
Match go on. 1f not go to 
a General Stop 

~
Odule hror occ:~421 YES 

NO ( General Stop 

OH421 

Setup the Op Register 
to Indicate Operation 
0101 0000 - Read Load 
0111 0000 - Read Move 
Set an Indicator Bit 
(S-Register) to Remember 
if this is a Track Mode 

Chari 144 

....---------,Iy QH341 

( 

Readout Selected File 
Number and Send the 
Address to the Control 
Unit. Wait for Address 
In, then Compare Ad
dress Out to Address In 

~
ddre" QH341 

NO Out Matches Address 
In 

Gene,al Stap YES 

QH351 

After Each Choracter is I 
Sent, a Test for Status In I 
is Done. If Status In I 
Comes Up, the Unit I 

I

"--U-se-BI-W-h-e-o-H-ea-d--rl Setup' a Search Command I 
Switchin9 is Required I (31 or BJ) I 

Check Bit Shocld be On. I 
The Unit Check Bit is Set I 
if the Track is Flagged I 
(Defective TI'ock) or on I 

I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait fOf 

Status In and Test fOI 

Zero Status 

Equal Address on a ID I 

~:~~~~l /~en~tis~o~:~ses : 

Ihe Fi Ie Index Point : 
Twice. This Causes Early I 

~t::~a~~d i~ ~:~:e. ~ 

I 
Status Should be Zero I ~ I 

at Ihi' Time I OH361~.: 
NO Is Status Zero YES 2 I 

...----=O-H"'3""61,..;..::;.< I 

'- QH371_J 

YES 

Aftel Last Choraclel is 1 I QH341 

YES I Send to the Control Unit I 
Uni; x~~:~~o;rO~'it LC::cC::.:H.:cH.::.Rcc. _y-__ _ 

NO ~( SenseCo,nma"d ~H371 
\... NO Eaoly Status YES 

Device QH3c.·l 

End or Control 
Unit End Bits QH381 

Up 

NO 
Set Op Regislel Bit 7 to 
I (Sector Count 00) 

To I-Cycles ) 
'------~ 

Sent, Wait for Status 
In. Check Status fOI 

Device End or Channel 
End, should Receive QH341 

UC or UE Bi ts Are Not On, to the Control Unit 
Check for Device End or BBCCHH from the 
Control Unit End. If Either MPX Storoge. 
DE or CUE Are On, Retry 
the Command. Otherwise 
Set the File Branch Byte 

~~'~N~O~ __________ ~~ 
~I 

One or the Other. If not 
go to a General Stop. 
With DE or CE Up, Check 
for Unit Check Bit. If 
Unit Check Bit is On, 
a Sense Command must 
be Done to Find Out the 
Couse of the Unit Check. 

Readout Selected File 
Number and Send the 
Address to the Conhol 
Unit. Wait for Address In, 
then Compare Address 
Out to Address In. 

~
H341 

to Busy and ony Disk Con

dition; Then Restore 'the 
A-, B-, and 1- Stars cnd 
Return to I-eyc les 

~
H361 

NO Unit Check or Unit 
Exception On 

Y~S 

Sense Command 

~
H361 

YES Device End or 
Control End Up 

NO 

To l-Cycle~ 

I OH3BI 

After last Charocter ;s 
Transferred Wait for 
Status In. Check Status 
for Device End or Channel 
End; One or the Other 
Should be Recei ved. If 
not go to General Stop. 
If DE or CE ore up,. Check 
for Unit Check. If UC 
Exist g() to General Stop 

~E' ~E, or Hav:a

H381 

NO 
Unit Check 

YES 

( General Stop 

Setup the Counter Used 
to Address Moi n Storage 
to Allow the Reading of 

the Sector Count 

I 

NO 

I 
General Stop ) 

QH381 

Device 
End or Channel End 

Up 

YES 
QH391 

Unit Check Bit On 

NO QH391 

Was an Equal Address 
Found on this Search; 
If not Repeat the Search 
Command 

Address YES 
Out Matches Address 

In 

NO 

( General Stop 

YES 

NO 

I QH351 

Setup Sense Command 041 

I QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In. 

1 QH361 

Send Service Out 

I QH511 

Bring in Sense Bytes 
0, 1,2, and 3 One Byte 
at a Time and Store in 
MPX Storage. Test Select 
ed Bits of Sense Byte 0,1, 
and 2 for Error Condition 
and ~et the Fi Ie Branch 
Byte to Indicate the ErrOl 
Condition. If Bit 6 of the 
Sense Byte a (Flagged 
Track) is On Set on 
Indicator Bit On. 

~
H521 

'110> Bit 6 of NO 
Byte 0 On 

FV 
YES QH521 

Set Op Register Bit 
o to a 1 and Bit 7 to a 0 

QH341 

Readout Selected Fi Ie 
Unit Number and Send the 
Address 10 the Control 
Unit. Wait for Addres5 In, 
then Compare Addrec;" Out 
to Address In. 

Chart 144 

~dd~re" QH341 NO 

Out fv\otches Address>'-"-----, I 
In .__---'-----... 

( General Stop 
YES QH351 '-______ / 

Setup Command (16) 10 

Read Record 0 Address 

I QH361 

Store Command in MPX 
S tomge and Issue the 
Command. Wait for 
Status In and lest for 

Zero Status. 

~~'~:~~~S,-,--------------~ 
~I ,..' _______ , 

It Uni t Check or Uni t Ex
ceptiorl Is Up, Do a Sense 
Command. If UC and UE 
Are Down but Device E IlC 

Is Up, the Read RO Will 
Not Be Done. Othel wise 
Repeat Command 

QH361 

Ur.it Check or Unit 
Exception On 

i Status Should be 00 I 

YE' 

I 

~10 
( Sense Command 

QH361 

YES 
Device End Up 

I QH371 

Read In the CCHH Val ues 
from Record RO and Store 
in CPU Storage. Issue 
Command Out to Bring 
Status In. 

I QH381 

I 

Check for Unit Check or 
Unit Exception. If On Do 
a Sense Command. If Not, 
Test far Device End. DE 
Will Not Be Up Until the 
Seek Is Completed. Until 
the Device End Comes Up, 
Repeat the Seek Command 

OH361 

Unit Check or Unit 
Exception On 

NO QH361 

YES 

I 
Sanse Command 

Check Status for Either 
Device End or Channel 
End. If Either One is On, 
Check for Unil Check. If 
Not go to General Stop. 
If an Unit Check is Found 
do a Sense Command, If 
Not Setup to do a Full 
See k to an Alternate 
Track Using CCH H from 
Record O. 

..-- NO Device End Up 

YES 

QH381 

Device 
End or Channel End 

Up 

NO 

( General Stop 
YES QH391 '-______ ~ 

Unit Check Bit On 

NO QH391 

Setup to Deve lop a 
Full Seek Command to 
an Alternate Track. 

"'-----'1 I I,......,Q'"'H"'3"'"41:------------------...... 

Readout 5el ected Fi Ie 
Unit Number and Send 
Acidress to the Control 
Unit. Wait for Address In, 
-hen Compare Address 
Out with Address In. 

~
ddre" QH341 NO 

Out Matl~hes Address >------------,J 

YES OH351 

Setup a Full Seek 
Command 07. 

I QH361 

Store Command in MPX 
Storage and bsue the 
Command. Wa it for 
Status In and Test fOI 

Zero Status. 

General Stop 

~ySESS'O,"'OO "QHH'3'7'1-:~-'I----------------, 
Statu> Shaul d be Zero J 
on the Fi rst Pass. 

Send Bin Bin of 0000 
to the Control Unit. 

f QH371 

Send CCHH Volues Read 
from Record RO in10 
CPU Storage to the 
Control Unit. 

1 OH381 

YES QH361 

Insure Bit 4 of the Op 
Register is 0 

OH341 

Readout Selected File 
Unit Number and Send 
Address to the Control Unit. 
Wait for Address In, then 
Compare Address Out 
with Address In 

~
ddressQH341 NO 

Out Matches Address 
In 

~---......... ----"' 
YES ( General Stop 

OH351 

Setup a Search Comoond 
31. 

I 'QH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for 
Status In and Test for 
Zero Status. 

~
H361 

YES 
Is Status 00 

NO 2 

If Unit Check or Unit Ex
ception Bit Is On Do a 
Sense Command. Other
wise Repeat Search 
Command 

~nit Check YES 
or Unit Exception 

On 

~ _____ N_O~ ~'-__ s_e_ns_e_C_om_m_a_n_d __ ')/ 

Wei t for StohJS In. Check 
Status for De'Vi ce End or 
Channel End, Go to General 
Stop if One or the Other is 
Not On. Check for an Unit 
Check, if Bit i~ On go to a 
General Stop. Otherwise 
Repeat the Seek Command 
and Status wi II be Non-
Zero Because Device is 
Busy Seek; ng 

1 
Unit Check 

YES ~o DE, CE,N:r H:

3

:

1 

L-_____________ ...J ( General Slop 
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Is Sector Count 000 

Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In 
then Compare Address Out 
to Address In 

QH341 

NO 

General Stop 

Yes 

Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero Status. 
(Status Should be Zero) 

Exception 

On 

Yes 

Sense Command 

NO 

No 

QH361 

QH451 

Set Up Counter for Data 
Field Length 
Move Op Hex Decimal 
Sector Mode 0064 0100 
Track Made OBA4 2980 
Load Op Hex Decimal 
Sector Mode 005A 0090 
T rack Mode OA7 A 2682 

QH461 

Readout the Dota Char 

from Main Storage and 
Check to See if it is a 
GMWM. If it is a 
GMWM, a Wrong Length 
Record Condition Exists. 
Setup the Wordmark Bit 
Depending on the Or,era
t i on, Load or Move 
Compare Storage Character 
to the Bus In Character. 
If Characters Do Not Com
pare, Set an Indicator Bit 
to End Routine or Set 
Validty Error Bit in File 
Branch Byte. This Con
tinues Until the Counter is 
Zero or a GMWM is 
Found. If Status In Comes 
Up During this Time on 
Error Condition Exists. 

QH461 

QH381 

Wait for Status In or 

Service In. If Service In 
is Received a Wrong 
Length Record Condition 
Mu,t be Set. If Status In 
is Recei ved, Either Device 
End or C hanne I End Must 
be Up. If net go to 
General Stop. If Unit 
Check is Up Issue a Sense 
Command, if not Check 
Sector Count. 

QH381 

Service In Up 

YES 
Character is a GMWMD-----. 

NO 

QH461 

If Operation is a load 
and a RBC Error, Non 
Compare, has Occurred 
Set Op Register Bit 7 to I 
(Sector Count is 000). If 
Operation is a Load, 
Bring in the 91st Char 
Check last Character In, 
Load or Move, to see if 
the Charac ter has a Word
mark. Set an I ndi cator 
Bit for Validty Error if 
Read is a load Op and 
last Character In Did Not 
have a Wordmark or Read 
is a Move Op and last 
Character I n has a Word
mark. 

QH501 
Readout the Next 
Character from Iv\ain 
Storage and Check to See 
if it is a GMWM. Also 
Check to See if Sector 
Count is Zero. Set Op 
Register Bit 7 to I 
(Sector Count). 

QH501 

Move 

If Read is a load Op 
Bring in the 91st Character. 
Check last Character In, 
load or Move, to See if 
the Ch arac ter has a 
Wordmark. Set Command 
Out to End Operation. 
Set Op Register ait 7 to 1. 
Set on Indicator Bit on for 
Validly Error If Read is a 
load Op and last Cha r 
In Did Not have a 
Wordmark or Read is a 
Mave 'Op and lost 
Character In has a 
Wordmark. 

I-Cycles 
NO Character is a 

~--=-.:..;z- GMWM 

QH501 

Set Op Register Bit 7 
to 1. Set Wrong Length 
Record Bit in File Branch 
Byte On 

QH50l 

Is 
Validty Error 
Indicator On 

QH501 

QH501 

NO 

Chart 143 

QH341 Using Alternate Track >-..:.Y;;.;ES:..-___ --. 

QH381 

Device YES 
End of Channel End >-----. 

Up 

General Stop 

QH391 

YES 

Check for Any Error Bits 
Being On in the File 
Branch Byte. If Any Are 
On, Set the Any Disk 
Condition Bit and Reset the 
Read Back Check Indr Bit 

QHS31 

Yes 

Sector Count is 000 r--

NO QH431 

Readout Record Value 
from MPX Storage and 
Test to See if the Value 
is 14 (20 Decimal) 

Record 20 

YES QH431 

Setup for Head Sw itch On 
Search. Set Op Register 
Bit 4 to O. Readout the 
Head Va lue, Check for 
Head 9. 

QH431 

NO 

Read-In C 
00 

Conversion 
Minus 
1400 
Stored 

QH431 

Add 1 to the Record Value. 
Set Op Register Bit 4 to 
O. Set Bit 3 of I/O Error 
Byte to Indicate DCF has 
Been Incremented. 

Chart.43 

I 

C H H R I 
3C 00 08 11: 
60 08 171 

1 111 

59 08 6
1 
I 

19 7 61 

Subtract 2 from the 
Cyl inder Value. Convert 
the Remainder into Two, 
Units and Tens, Decimal 
Oi 9 i ts. Subtract 1 from 
the Record Volue. 

QH411 

YES 
QH411 

If Record Value is Ten or 
More, Subtract Ten. Store 
Correct Record Value in 
Main Storage. Double the 
Head Value, Add I if 
Record Value was Ten or 
More. Store Correct Head 
Value in Main Storage. 
Double the Cylinder Units 
Val ue, Add I if Carry 
Occurred on Head Con
version and Store Results 
in Main Storage. Double 
the Cylinder Tens Value. 
Add 1 if a Carry Occurred 
on Cylinder Units Con
version and Store in Main 
Storage. 

QH411,412 

Readout from MPX Storage 
the 1400 Fi Ie Unit No. 
Add 1 to it if a Corry 
Occurred on the Cyl i nder 
Tens Conversion. If a 
Cylinder Overflow was 
Found on the Cylinder 
Hexadecimal to Decimal 
Conversion Add 2 More 
to the Module Value and 
Store in Mai n Storage. 
Readout the Next Position 
of Mai n Storage and 
Write Back the Digit 
Portion of the Byte. 

QH531 

Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address I n and Com
pare Addresses. If Address 
do not Match go to 
General Stop. 

Store Command in MPX 
Storage and Issue the 
Command. Wui t for Slatu~ 

In and Test for Zero Status. 
Status should be Zero on 
First Pass. 

QH361 

After Val ues are Sent, Wail 
for Status In. Status 
Shaul d have Channel End 
Up Dr Device End, If not 
Go to General Stop. With 
DE or CE up Test for an 
Unit Check. If On Go te, 
General Stop. If not 
Repeat Seek Command, 
But this time Status is 
Non-Zero as the Unit is 
Seeking to Original 
Cylinder. 

Test Program Mode Switch 
Byte for Allow I/O Traps 
and Set Conditions 
Accordingly. 

To I-Cycles 

QH361 

If Unit Check or Unit 
Exception are on, do a 
Sense Command. 
Check for Device End. 
DE Will not be Up Until 
the Seek is Compl eted 

Exception 
On 

Yes 

No Sense Command 

QH361 

Device End Up 

YES 

Store Command in MPX 
Storage and I ssue the 
Command. Wait for Status 
In and Test for Zero Status. 

QH361 

Is Status 00 

After Values are Sent 
Weit for Status In. Status 
Should Have Channel End 
or Device End Up, If Not 
Go to General Stop. With 
DE or CE Up Test for an 
Unit Check. If On Go to 
General Stop. Otherwise 
Set OP Register Bit 0 to O. 

FW 
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QH361 

Unit Check or Unit 
Excertion Bit is On, 
do a Sense Command. 
Otherwis~ Repeat the 
Head Seek. 

Unit Check 
Dr Unit Exception 

Bit On 

YES 

Sense Command 

NO 



() 
I 
-n 

~ 
o 
o 
-n 

(J) 

~ 
o 
c 
:::s 

o 
"'0 

o 
0-
(J) 
o -< 
(J) 
II> 

DCF 1400-1311 

/ND2 D 3 D4DSD6 
5 I 52 53 
E~ample 

'OS1976 XXXX 
Changed to 2311 Format 
by Using Table Look Up 
to Select Module 2, 
Cylinder 59, Head 8 1 

and Record 16. This con 
be Detcrm ined by 
Dividing D2 D3 D4 D5 by 
2 and Using the Remainder 
with 06 for the Record 
Add I to the Cyl inder 
and Record Values for 

2311 Format, 
End Result Is' 

Start 

1 QH301 

Store I-Star, Setup the 
Op Register for V"rite In 
Move or Load Mode. 
0000 0000 Load 
00100000 Move 

IQH301,311 

Readout the Disk Control 
Field and Change from a 

1400-1311 Format to a 
2311 Format. Change 
the Op Registel to 
Indicate High, Equal, 
Cf Low Scan 

1400 2311 
Module 4 2 
Cylinder 59-1 3C 

....-----.. I QH341 

Head 08 08 

Record 16. I II Send Address Out. If 
Status is Received, Set 

the File Branch Byte for 

BJsy and Any Disk Condi
tion. Restore the A, B, 
and I-Stars a ,d Return to 

I-Cycles. If Status isn't 
Rect!iveu, Wail for Opel
ational In and Adcress In, 
Check for COl rect Audres~ 

.-____ ..:N.:.;.o'< Out Matches Address ~
dCfe:H341 

I In 

Generat Stop 

I OH361 

If Status Has a Unit 
Check or Unit Exception 
Bit On I Do 0 Sense 
Comman~, If UC m UE 
Bits ore not On, Check 
f.::lr Device End or Control 
Un it End. If Either DE or 
CUE are Up, Retry the 
Command. Otherwise 
Set the File Branch Byte 
to Busy and Any Disk 

Condition, then Restore 
the A, 8, and I-Stars 
and Return to I-Cycles 

~
'H361 

No Unit Check or Unit 

Exception On 

Yes 

Sense Command 

~
H361 

Yes 
~evice End or Control 

Unit End 

No 

I-Cycles 

YES QH3S1 

Setup a Head Seek nB) 
Commond 

I OH361 

S~ore Command in MPX 
Storage and Issue the 
Cornmonu. Wai t for 

Status In and Test for 
Zero Status. 

I~ 
~ 

Setup to do a Head Seek 
Address Transfer. Sent to 
the Control Unit Bin. 
Bin of 0000 and CCHH 
:rom MPX Storage. 

I 011381 

Aftel" Last Character is 
Transferred VIai I for S 
Status In, Check Status 
for Device End or Chan
nel End. One 01 the 
Other Should be Received 
If Not go to a Generai 
Stop. If DE Of CE me Up, 
Check for a Unit Check, 
If UC Exists go to a 
General Stop, 

~
H381 

No 
Device End, NO 

(no'lne1 End or Have a 
Unit Check 

Yes 

General Stop 

I Op Registel 
I 0000 XXXX 'thite Load 

: DOlO ~~X1XI'.~~~e Move 

I 000 Equal 
I 00 I High 

I QH421 

Store the Operation Code 

(Op Register) in MPX 
Storoge to Remember what 
was Done Lost, Since this 
is a Vlhite Op Set the Read 
Back Check Intel lock On. 

1 QH421 

Reado..!t Compare and 
Module Protect Disable 
Byte, Check if Module 
Protect is to be Done, 

If it is, Check Selected 
File Number Against a 
fixed Number. If 
Numbels Match Go On, 
If not Go to a General 
Stop, 

~
OduleOH421 Yes 

En·or Occurred 

~..JO Gcnelol ~top 

01·>421 

Setup f1e Op Register 10 

Indicate a Scan Operation 
IBit 5) ond to do a Read 
{Bit 3\, 
000 I 0 I 00 Read Laad 
0011 0100 Read Move 

I ~:It a 

Scon. 

Low 
[qual 
High 

in Storage to 
What Type of 

- 00000000 
- 0001 0000 
- 00100000 

I OH421 

The has C hangec' 

to a so it i1.esets the 
Read Bock Chec~ Indicator 

I QH521 

Insure the Op Registel 
Bit 7 is 0 

I 

Readout Selected File 
Nurnb~1 and Selld the 
Addr ess to 'he Control 
Uilit, Wait fOI Address 
In, then Comoar e 
Addl'ess Out to Address! 11 

~IO~do,::1341 
r-------'-<- Out Motches Acdless 
1 Ie 

Genelai Stop 
Yes OH3S1 

Setup a Seor ch Co-nmanc 
131 ) 

I OH361 

Stor e Command in MPX 
Slulo;:!!:: and h-:.ue the 
Command. Wait tal 
Status In :md Test fOI 

Zero Status 

Aitel Each (1lDlactel is 

Sent, a Test fOI Status In 
is Done If Status In 
Comes Up, tl'e Unit 
Bit Should be On. The 
Unit Chec~ Bit i5 Set if 
tire Tlack is Flagged (De- I 
fective Tlock) 01 on I 
Addl€ssonalllD i~1 
not rourd Before the Disc I 

Passes the File Index I 
Point Twice. This Causes 
Eall y StaTuS and a Sense 
Command is Done. 

I Status Should be Zero 01 I 
This Time J 

QH361 

--~-, OH361 IT, 
No Is Yes 

r------<. Status Ze.o 

OH371 

Uni t Check or Unl t 
Exception On 

Ye~ 

____ --1---___.. I Send to the Contr 01 I 
UI,it CCHHR ' Chol t 11.6 

5~mf' Commnnrl ) ~~H371 tV No 

OH361 

Device 

End or Control Unit 
End Bits 

Up 

No 

To I-Cycles 

1 
Genelol Stop 

No 

No Early Status 'Ips 

QH381 

Aftel Last (lIOIOC ter is 
Sent, I/I'oil for Status In. 

(he e .:; )Ialu~ fo: !leviee 

End or Channel End, 
Should Receive One 01 

t"1e Other If Not go to 
a Genela! Stop. With 
Device End or (hor'lncl 
Ene Up Check fOI Uni t 
Check, If or a Sense 
Command mu<;t be Done 

to Find Out the Cause of 
the Unit Check 

QH381 

D~.:vice 

End or Cha:lnel End 
Up 

Y-::-s 

QH391 

Unit Check Bit On 

No QH391 

Was an :quo! Addl ess 
f--ourd on this Sear ch, 

If not ~epeat the Seal e'l 
Command. 

QH391 

Yes 

1 ~ 
Sel Op Register Bit 7 to I 
(Sector Count 00) 

OH34i 

Readout Selected Fi Ie 

Number and Send the 
Address to the Control 

Unit. Woit for Address 
In, Then Compare Add
re~s Out to Addl ess In 

~u~d!::s::'341 Yes 

Address 
In 

1'10 

Genelal Stop 

L-_________ --'N"-o"-<:::.. Equal Addless Found 

Ye~ 

ru 

Char- 1.t6 

1 OH351 

Setup Sense Command 04 

I OH36 ) 

Stale Command in MPX 
Storage and Is~ue the 
Command. Wait for 
Status In. 

I OH361 

Send Sel vice Out 

I GH511 

Bring in Sense Bytes 0, I, 
2, ond 3 One Byte at a 
Time and Stole in MPX 
Storage. lest 'Selected 
Bits of Sense Byte 0, !, 
ard 2 tOI Error Condition 
and Set the File Branch 
Byte to Indicate t~e Error 
Condi~ion, If Bit 6 of the 
Sense Byte a (F lagged 
Track) is On Set an 
Indicator Bit On. 

~ 
~~ 

Chmt 146 
SetOp Bi·Otoa 
1 ard Bit to a 0 

OH341 

ReadoLt Selected File Unit 
Numbel anri Sene the Ad
dles5 to the Contlol Unit. 
Wait fOI Addl'es5 In, then 

Compal e Address Out to 
Address Ir 

OU Matches Address >.;.N;.;;o ___ ..... ~
dd.eS5QH341 
In • 

Yes 011351 

Setup Corr.mond (16) to 
Read Record 0 Address 

I OH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero Status 

General Stop 

~'_.~_--~_e~_:--------------~ 
~I ;' ________ _ 

Stotus should be 00 If Unit Check or Unit Ex- l 
ception Is Up, Do a Sense I 
Command, If UC and UE '--______ --..J 

Are Down but Device End 
Is Up, the Read RO Will 
Not Be Done. Other-
wise Repeat Command 

QH361 

Unit (r'leck or Unit >_Y_e_s_. 

Exception On I 
No Sense Command 

QH'!61 

Device End Up 
Yes 

Yes 

1 QH371 

Read In the CCHH Values 
from Record RO and S'ole 
in CPU Storage. Issue 
Command Out to BI ing 
S7atu5 In. 

I OH381 

Check Status for Either 
Device End or Channel 
End. If Either One is On, 
Check for Unit Check. If 
not Go to General Stop. 
If an Unit Check is Found 
do a Sense Command, If 
not Set up to do a Full 
Seek to an Altel nate TI ack 
Using CCHH from Kecord 
0, 

OH381 

Device 
End or Channel End 

Up 

Yes 
OH391 

Unit Check Bit On 

No OH391 

Se"up to Develop a Fu:1 
Seek Command to an 
Alternate Track. 

I OH341 

Readout Selected File Unit 
Number and Send Address 
to the (ontrol Unit. Wait 
for Address In, then Com
pale Addre-:.-:. Out with 
Address In. 

No 

General Stop 

~
ddre:H341 No 

Out Matl~hes Address >=------.1 

Yes QHcSI General Stop 

Setup a Full Seek 
Command 07. 

I OH361 

Store Command in MPX 
Storage and Issue the 
Command. Wait For Status 
hi and Test for Zera Status 

~'''O,"~~~_'>_~N_~O __________________ ~ 
Status should be Zero l 

Yes QH371 on the First Pass. 

Sl?nd Bin Bin of 0000 to 
the Control Unit. 

I QH371 

Send CCHH Values Read 
from Record RO into CPU 
Storage to the Control 
Unit. 

I QH381 

QH361 

Check for Unit Check or 
Uni t Exception. I T On Do 
a Sense Command. If Not 
Test for Device End. DE 
Wi II Not Be Up unti I the 
Seek Is COMpleted. Until 
~he Device :nd Comes Up 
Repeat Seek Command 

~6lyes 
~ 

Sense Command No ( 

'------_./ 

QH361 

NO~ 
~361 

Insure Bit 4 of the 
Op Register is O. 

I OH341 

ReadOut Selected Fi Ie Unit 

Number and Send Address 
to the Control Unit. Wait 
for Address In, then Com
pare Address Out with 
Address In. 

~
ddre~H341 No 

Out Matches Address 
In 

Yes (General Stop 

OH351 

Setup a Seorch Command 
31 

I OH361 

Store Command i r, MPX 
Storage and Issue ,the 
Command. Wait for Status 
In and Test for Zero Status 

Yes ~
H361 

If Unit Check or Unit 
Exception Bit i$ On Re
store the A, B, and 
I-Stars and go to I-Cycles. 

Othewise Repeat Search 
Command. 

~'" 
~ L-___ ---l No Sense Command \Vait for Status In. Check 

Status for Devi ce End or 
Channel End, Go to Gen
eral Stop if One or the 
Other is Not on. Check 
for an Unit Check, iF Bit 
is On go to a General 
Stop. Otherwise Repeat 
the Seek Command and 
Status wiil be Non-Zero 

Because Device is Busy 
Seeking. 

I ~
o QH381 

N Device End, 
o Channel End, or Have 

on Unit Check 

Yes 

General Stop 
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y QH441 

Is Sector 
Count 000 

Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In, then 
Compare Address Out with 
Address In 

Yes 

No 
Out Matches Address >-------, 

In 

Store Command in MPX 
Storage and Issue the 
Command. Wait for Status 
In and Test for Zero Status 
(Status should be Zero) 

QH361 

Is Status 00 

No 

No 

I-Cycles 

Yes 

General Stop 

QH451 

Setup Counter for Data 
Field Length 
Move Op Hex Dec. 
Sector Mode 0064 0100 
Track Mode OBA4 2980 

Load Op Hex Dec. 
Sector Mode 005A 0090 
Track Mode OA7A 2682 

QH451 

Setup a Hardware Register 
to 0101 1011 (S) and An
other Hardware Register 
to 0001 1011 ($ with WM). 
Set a Counter to the Add
ress of the Records First 
Data Character in Storage 

QH481 

Readout Chorae ter from 
Main Storage. Subtract 1 
from the Counter and 

Check. if the Storage Chor
acter is a GMWM. Also 
if the Counter is Zero 

Yes 

QH481 

Readout Byte from MPX 
Storage that Indicates 
Scan Requested and Check 
to See if this Scan was an 
Equal Scan, if not Reset 
the Equal Bit Indicator. 

QH491 

Check to See if Scan Re
quested was High, Low, or 
Equal. Readout the Hi-Lo
Eq Byte from CPU Storage 
and Set High Four Bits to 
Indicate Condition of this 
Scan~ 

High 1100 XXXX 
Low 0110 XXXX 
Equal 0001 XXXX 
Store the Condition in the 
Hi-Lo-Eq Byte, Set the Op 
Register Bit 7 to I if: 
Scan Requested Results 

High High or 
Equal 

Low Low or 

Equal 
Equal Equal 
Check if the Wrong Length 
Record Condition was Set, 

Counter was Zero before 
a GMWM was Found 

QH481 

Move 

QH481 

Compare the Main Storage 
Character to a S or $ with 
WM. Check if the Prev
ious Compares have been 
High, Low, or Equa I. If 
High or Low Do Not Test 
This Compare. If Test S 
Compare Is Not Equa I 
Compare-Storage Charac
ter with Bus-In Character. 
Readout Next Position of 
Main Storage and Set Bit 
Indicator for Compare 

QH381 

Wait for Status In or Ser
vice In. Service In can be 
Received from a Wrong 
Length Record in Move 
Mode 

QH381 

Service In Up 

QH381 

Load or Move Mode 

QH381 

Device 
End or Channel End 

Up 

Sector Count is 00 

No QH431 

Readout Record Number 
from MPX Starage. Check 
if Record Number is 14 
(20 Decimal) 

Add 1 to Record Number 
Set Op Register Bit 4 ta O. 
Set the I/O Error Byte 
Bit 3 1 DCF Incremented, 
to 1 

Char: 145 

No 

Chart 145 

Yes 

Yes 

No 

Setup far a Head Switch. 
Set an Indicator Bit if 
using an Alternate Track. 
Set the Record Number to 
01 and the Op Register Bit 
4 to o. Readout the Head 
Number and Set to 00. In
crease the Cyl inder Value 
by 1. Set the I/o Error 

Byte Bit 3, DCF Incre
mented to 1 

QH431 

.-------<: Using Alternate Track 

FW 

Char~ 1·~3 

Yes 
Using Alternate Track >---------. 

If Record Number is Less 
than 16 (Dec) and in Sector 
Mode, Set Bit 0 and 3 of 
the File Branch Byte. 

Readout Selected File Unit 
Number and Send Address 
to the Control Unit. Wait 
for Address In, then Comp
are Address Out with 
Address In 

No 

General Stop 

No 

After Val ues are Sent, 
Wait for Statu~ In. Status 
Should Have Channel End 
Up or Device End. If Not 

Go to General Stop. With 
DE or CE Up Test for an 
Unit Check, if On Go to 
General Stop. If Not 
Repea t Seek Command I but 
This Time Status is Non
Zero as the Unit is Seeking 
to Original Track 

QH 381 

No 
DE, CE or Have 0 

Unit Check 

Yes 

General Stop 

No 

QH361 

If Unit Check or Unit 
Exception are On, do a 
Sense Command. Other
wise Check for Device 
End. DE wil not be UP 
Unti I the Seek is 

Completed 

QH361 

Unit 
Check or Unit 

Exception 
On 

Yes 

Sense Command 

QH361 

Device End Up 

Sector Count is 000 
Na 

Readout Selected File 
Unit Number and Send 
Address to the Control 
Unit. Wait for Address In. 
Then CompO! e Add, es; 
Out to Address In 

Store Command in MPX 
Storage and Issue the 
Command, Wait for Status 
In and Test for Zero Status 

QH361 

Is Status 00 

After Values are Sent, 
wait for Status In. Status 
Should have Channel End 
or Device End Up. If Not 
Go to General Stop. With 
DE of CE Up Test for a 
Unit Check, if On Go 

to General Stop 

QH381 

No 

Chart 145 

Genera I Stop 

No 

QH341 

Unit Check or Unit Ex-
ception Bits On,do a 
Sense Command. Other-
wise Repeat the Head Seek 

No 

Yes 

Sense Command 

Yes 

General Stop 
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Chart 115 

Set the H6 Latch. Set Tag 
Out Lines to 00. Read Out 
the 1050 Status Byte from 
MPX Storage. If This Op
eration Is in Load Mode, 
Set Bi t 0 of Status Byte to 
1 and Reset the Manua I Bit. 
(Bit 2). If in Move Mode, 
Reset both Bit 0 and Bit 2 

No 

Wait For Status In and/or 
Service In, if Service In 
Comes in and Error Has 
Occurred 

QG131 

Service In Up 

Send Command Out and 
Command Start. Wait for 
Operational In to Drop. 
After Operotione I In is 
Down Reset Command 
Start. 

Chart 155 

Set Op Register to the 
1050 Tags In and Set on 
Indicator Bit if 1050 
Share Request is Up, 

QG12J 

Address In Up 

1050 Shore 

Request Up 

Yes 

No 

Chart 155 

Manual Bit On 

I Return of Stop Routine 
(Intervention Required) 

QG121 

The Attention 

Tog Was On 

Intervention 

Required Up 

Reset the 1050 Status 
Byte in MPX Storage. Set 
Command Start. Reset the 
1050 Tags, MPX Opera
tional Latch, and the H-6 
Latch 

Chart 155 

No 

Yes 

QG141 

Reset Run Mode and Set 
Command Start, Turn Off 
the H-6 Latch and MPX 
Operational Latch 

Chart 155 

QG1Bl 

Check For D~t::' Check Bit 
Being On. If On Set 1050 
Error Bit in the I/O Error 
Byte On 

Yes 

Display or 

Write Operation 

Display 

L------------------------------------------------.'161 
TD 

Chart 148 

QG1Bl 

Check to See if Character 
Has a WM. IF it does, 
Check if in Load Mode. 
If in Load Mode Check if 
Lost Character Out was a 
WM, Send this Charocter 
Out and Rese t Last 
Character was a Wordmark 
Indication 

QGlal 

Character No 
Has a WM >------------, 

Move 

Move Mode 

Last Character Yes 

Word mark QG181 

No QG1BI In,ure Bit 1 of the Charac
ter is 1 (No Wordmark) 

Setup a Word mark Chart 
(E6-Chart 2) and Set on 
Indication of Lost Charac
ter Out was a Wordmark 

and Check Bit 0 of the 
Character to see jf the 
Character is in Quadrent 
I or 3 of Chart 1 

1101 or 1100 

an H-Ball On 

Yes QG201 

Change Certain Character 
to Different Character for 
H-Ball. 

Chart I Chart 2 
):(-4C to )-C5 
%-6C to {-E5 
'a:-7C to Y-D5 
L7B to ~-D6 

No 

No 

QG191 

No QG211 

Check 4 Low Bit, of the 
Character (Chart J). If 
Bits are All Zeros Change 
the low Bits to 011 J (See 
Chart 2). If the 4 Low 
Bits are Not All Zeros Set 
Bit I to a 0 So All Cha
racter ore in Quadrant 2 
of Chart 2 

Load 
Load or Move Mode >....;..-... 

Move QG191 

Check to see if Bit 2 is 
On, if On Use Character 
as is. If Bit 2 is Off, C 
Check if the Character is 

(ID) Dr (5D), See 
Chort 1 . If it i, a , 
Change the Bit Format to 
05 for the Tab Function, 
IF it is a], Change the 
Bit format to 15 for the 
Corriage Return Function. 

See Chart 2 

0000 

000 

0010 

001 

010 

010 

01J 

011 

100 

100 

101 

101 

1100 

110 

111 

1 

1 

0 

1 

0 

I 

0 

1 

0 

1 

1 

0 

111 1 

0000 

000 

0010 

1 

1 001 

010 

010 

0 

011 

011 

1 

0 

I 

0 100 

100 

101 

101 

1 

0 

1 

110 

110 

111 

111 

0 

1 

0 

1 

00 01 10 11 

00 01 10 11 00 01 10 11 00 01 10 11 00 01 10 11 

SP & - :t= 

/ A 

K 

C 

D M U 

N V 

0 W 

G X 

H Q y 'a 

Z 

15 

$ , u 

t:1 * % (0 

[ ] "" : 
< j \ > 

'* A *IV-
Chart 1. 2030 Bit Format 

00 10 01 11 

00 01 10 11 00 01 10 11 00 01 10 11 10 01 JO 11 

SP & -
I A J 

B K S 

C L T 

D M U 

HT NL E N V T 
F 0 W 

G P X ? :j: 

H Q Y 

1 R Z 

1; 

$ ) # 

r:r * 0/0 @ 

[ ] ~ : 

< i , > 
=* A -1ft V-

Chart 2. Bit Format fOFffiOM·to 1050 

Chart 148 
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If Bus In Character is 
05 Setup 4D - [ 
IS Setup 5D - J 

Chart 147 

Check to see if the low 4 
Bits of the Bus-In are 
Other than 0101, alsa il 
Bit 2 of the Character is a 
I. If Either Condition 
Exists, Set the 1050 Error 
Bit (Bit 4) of the I/O Error 
Byte. 

0, I 

Chart 147 

QGI41 

Check 10 See if the Can
cel or Dota Check Bits 
are On. If Dota Check is 
On Set Bus-In Character 
into the Op Register. II 
Either Bit is on Sel Bil 4 
(1050 Error) an in the I/O 
Error Byte. 

In Character to determine 
what Quadrant the Cha
racter is In. See Chart 2. 

QGI41 

Yes 

Chart 147 

See Chart 2 Quadrant 3 

Check to See if the Char
acter in Storage Has a 
Word Mark. II in Move 
Mode and Characler Has 
a WM, add a WM to Ihe 
Character 10 be Stored. 
II no WM Insure Bit I is 
Set to 1 (No WM). If in 
Load Mode and Character 
Has a WM.Check if Last 
Character In Was a WM 
Indication. If Lost Char-
acter In was a WM Set a 
WM into this character. 
If not Insure Bit 1 is a 1. 

QGI61 

Reset Last-Character-In
Was-<J-WM Indication and 
Store the Converted Char
acter into Main Storage. 
Increase B-Address by 1. 

QG161 

Check Bi ts 2 and 3 of 
Character In. Change 
Character to be stored to: 
Chart 2 Chart I 
Quadrant 3 Quandrant 2 
Bits 2 and 3 

QG171 00-) to J::t-4C 

00,01 

Check Bits 2 and 3 of 
Character In, Change 
Character to be Stored 
to--
Chart 2 Chart 1 
b-C6- to --00 
"-D6 to #-7B 
If Bits 2 and 3 or. 10 
(Chart 2, Quadrant 3) 
Set on Indication if 
Lost Character was a 
Wardmark. 

QGI71 

10 

01 -... to @- 7C 
10 - ( to % - 6C 

Character is a Wordmark 
Do Not Increase B-Add-

~ ______________________________ ~ ______________________________________ -L-----~--______ __ 

Restore the 1050 Status 
Byte in MPX Storage. Set 
Command Start. Send Out 
Carrier Return and Line 
Feed and Reset 1050. 
Reset the MPX Operation
al Latch and Set the In
valid A-Address Indica
tion. 

QG031 

Check Mode Switch Byte 
to see if I/O Traps 
Are Allowed. Set up H5, 
H6 and Command Starf 
as Required. 

Chart 155 

I-Cycles 
Branch on Inquiry 

• Q 

QF661 

Check to See if Advance 
Program Feature is Installed 
Set I and B-Star Accord
ing�y 

Chart 102 

Chart 155 
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Set H-5 Latch. Set Bits 6 
and 7 of Byte SB in MPX 
Storage to 01. This is 
Used to Indicate a R;'N Op 

QG311 

Reset Bits 5 and 6 of the 
I/O Error Byte in MPX 
Storage. Decode Device 
Wanted and Read Out De
vice Address. If Device 
Number isn't I or 2 Setup 
Invalid Command and Go 
to Genera I Stop. Reset 
Select Out. 

QG311 

Wait for Operational In 
to Fall. Send Service Out, 
Set d-Modifier into the 
Op Register for Decode 0 

Set Bus Out and Send 
Address Out 

QG301 

Wait for Operational In 
to Come Up, Reset Address 
Out and Wait for Address 
In. Check Address Out to 
Address In. 

QG301 

Yes 

Yes QG261 

Chart 155 

Set Up Read Command (12) 
and Issue Command. Rese t 
Last Card Indication (Bit 0 
of Sense Switch Byte). 

Intial Status Can Contain : 
Un it Check from Condi - ' 
tion Not Recognized in : 
Ending Status of Last Com-: 

omand. Also Device End 
Can Be Up if this Is the 
First Command After the 
Device is Made Ready 

Yes 
Unit Check Bit On 

No 

QG271 

Readout the Position In 
Main Storage that the 
Character from the Reader 
will Enter. Check toe 
Character to See if it is 

QG271 

Wait for Status In or Ser
vice In. Service -In wi1 
Come Up Unti I the Last 
Col umn Has been Read 0 

After the Cord Has been 
Read Status In wi II Come 
In with Channel End and 
Device End Both Up 

QG271 

Unit Check Bit On 

No 
OG271 

Check for Channel End 
and Device End. Device 
End is Up and an Indi
cator Bit for Channel 
Ended Is On 

Yes 

QG271 

Setup Bits 6 and 7 of 
Byte 8B in MPX Storage 
to 10 for a Sense Command. 
Reset Select Out. Set an 
Indicator Bit to Remember 
This Is a Read Sense 
Command 

QG311 a GMWM 0,0 if it Can~ 
toins a Wordmark. If it 

Service In 1.-___________ -<: Service In or Status h OG271 

is a GMWM the Read In 
of Dato is Finished. If 
the Character from Stor

age Does Not Contain a 
WM Set an Indicator Bit 

QG301 

Increase B-Address by I. 
Set an Indicator Bit for 
Channe 1- E nded-the·Read 
and Send Command Out. 
Channel End Will Come 
Up Before Devi ce End 

QG291 

(ho,'actel 

is a GMWM 

No 

QG291 

Send Service Out and 
Check which Quadrant 
the Bus-In Character is 
In. Do a Table Lookup 
of Character to Deter
mine if it is a Valid 
1400 Character 

QG291 

Check if Character from 
Tobie has Bit I On 0 If 
Bit I Is On, a Further 
Test Is Made to Determine 
if the Bus In Character 
is a MlP Character 

QG291 

Table 
Character Has Bit I 

On 

No 

Change Bus In Character 
to a Charaeler with the 
9,8 Bits Removed. 
Example: 
Bus In 
00111001 
00111010 
00111011 

Store 
11110001 
11110010 
11110011 

QG301 

If Storage Character Had 
a Wordmark I Store the 
Bus I n or Converted MLP 
Character with a WM in 
Main Storage 

0,2 

Status In QG271 

Check for Unit Exception 
Bit being Ot" .. 1f On, 
Set Bit 0 (Switch A) of 
the Sen,e Switch Byte 
for Last Card Condition. 

Unit Check Bit On 
No 

Check the I/O Error Byte 
for a Reader Error, If On 
Check the I/O Stop Switch 
Bit. If Stop Switch is On 
and an Error is Indicated 
Setup an Error Code, 
Otherwise Return to 
I-Cycles 

QG271 

Clleck fOl' Channel End 
and Devi ce End being 
Up 0 Both will be Up for 
a SO Col umn Read. For 
a Read Less than 80 Col
umns Only Channel End 
will be Up 

QG271 

No 

Chmt 155 

Decode Device Number 
and Read Device Address. 
Wait for Operational to 
Folio Send Service OJt, 
Set Bus Out and Send 
Address Out 

QG301 

Wait for Operational In 
to Raise. Reset Address 
Out and Set Com~and 
Start. Wait for Address 
I n to Come Up, then 
Match Address Out to 
Adclress In. 

QG301 

Set Bus Out, Send Com
mand Out. Wait for Status 
In. Set Status into the Op 
Register and Test for Busy 

No 

QG271,281 

If Bus-In Character was I 
an Inval id 1400 Character, I 
Leave the Character that I 
was in Main Storage There I 

Send Service Out. Set 
Op Register to the 
d-Modifier. Wait for 
Status In with Device End 

QG271 

Status In Comes Up; Set 
Status in the Op Register. 
Do Not Check for Unit 
Exception or the Last 
Card Indication will be 
Reset. Check for an 
Unit Check 

Readout the 8 1st Position 
of the Read In Area and 
Check for a GMWM. If 
It Isn't a GMWM go to a 
Error Stop. 

OG28l 

Character 
is a GMWM 

Chart ISS 

Yes 
If Channel Ended the Read 

~:;i;i::s Busy Until Devicel 

QG301 

Check PMS Byte to Deter

mine if I/O Traps are 
Allowed. Setup Latch 
Accardi ngly. 

QF661 

Chart 155 

QG321 

Wai t for Service In. Set 
Sense Byte into the Op 
Regi ster. Send Service 
Out, Wait for Status In. 
Send Servi ce Out 

Test Bi t 0 of 1400 Control 
Byle (I/O Stop Switch). If 
On Go to General Stop. 
If Off Go to I-Cycles 

OG2S1 

I/O Yes 

No 
Intervention Required 

On 

If Ei ther Data Check or 
Overrun Condition Exists 
Set Reader Errror (Bit 5) 
in I/O Error Byte. 

Yes 

QG281 

Stop Switch On '">-------. 
...---_---1----1_----'==, 

Chart 155 
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Chart 155 
Restart 

No 

Chart 115 

I-Cycle 

QG311 

Set Bits 
6 and 7 of Byte 8B in 
MPX Storage to 01. This 
is Used to Indicate Q 

RWO. 

QG311 

Reset Bits 5 and 6 of the 
I/O Error Byte in MPX 
Storage. recode Device 
Wanted and Read Out 
Device Address. If 
Device Number Isnlt a 1 
or 2, Setup Invalid Com
mand ar.d Go to General 
Stop. Reset Select Out. 

QG311 

Wait for Operational In 
to Fall. Send Service 
Out, Set d-modifier into 
the Op Register for 
Decode. Set Bus Out 
and Send Address Out. 

QG301 

Wait for Operational In 
to Come Up. Reset 
Address Out, ~e t Com
mand Start and NoH for 
Address In. Check Ad
dress Out to Address In 

Address 

QG261,341 

Cileck d-Modifier for 
Correct Character 

None 

C - Punch Skip 
G - Punch and Feed 
P - Punch No Feed 

QG261,341 

d-Modifier 
is C or G, P 

C QG341 1- - - ,.--___ L-__ --, 

Readout the Low Bias 
Command of 01 Will I 

Cause the Card to Move i: 
column at a Time Until a I 

GMWM is Found in Main I 
Storage. Channel End I 
and Device End Come Up I 
Together. I 

Byte and Subtract the 
B-Address from the Bias 
Number. Set the Answer 
into 0 Hardware Register. 
Setup the Punch Command 
of 01. Set Bus Out and 
Send Command Out. 

Initial Status Can Contain I 
a Un it Check from Con- I 
dition Not Recogni zed : 
in Ending Status of Lost I 
Command. ! 

Yes 
Unit Check Bit On 

G,P 

QG261 

d-Modifier Command 
P 01 
G 81 

Set Bus Out and Send 
Command Out. 

Unit Check Bit On 

No QG271 

Set the Op Register to 
the d-Modifier. Send 
Service Out and Wait 
For Service In to Come 
up. 

QG291 

Determine this is an 
Output Op. Readout the 
Character from Moin 

Storage that is to be Sent 
to the Punch. 

OG301 

Check to See if the 
Storage Character is a 
GMWM. If it is a 
GMWM, the Data Trans
fer Cycle will be Ended. 
Add I to the B-Address 

QG301 

Character is a GMWM 

No QG301 

Insure WM Bit IBit I) of 
the Character is a I INa 
WM). Set Bus Out and 
Service Out 

Add I to the Counter and 
Check if a Carry Occurs. 
If a Carry Occurs, End the 
Skip. A Carry will occur 
When the Counter Reaches 
00. 

QG341 

Corry Occurs 

Yes 

Yes 

Yes 

Initial Status Can Con
tain a Unit Check from 
Condition Not Recog-

I nized in Ending Status 
of Last Command. 

'Commands 01 and 81 will 
I Co use the Card to Move 
II Column at a Time Until 
10 GMWM is Found in Main 
I Storage. If a GMWM is 
I Not Found Before Column 
181, the End of the Card 
Iwill be Punched Until a 
IGMWM is Found. Com-
I mond 81 causes the Card 
I to be Stacked After a 
IGMWM is Found. Channel 
lEnd and Device End Come 
:up Together for ai, but 
Ichannel comes in Before 

IDevice End Comes in for 
,81. 

Wait for Status In. Unit 
Exception Should Not be 
on for a Punch Status so 
Reset Bit 0 (Swi,ch A) of 
the Sense Switch Byte. 
Check for a Unit Check, 
If One Exists l Do a Sense 
Command. No Unit 

Check, Test for Channel 
End and Device End. If 
this was a Punch Sk ip or 
Punch Stop Channel and 
Device End will be 
Together, If this was a 
Punch and Go Device End 

will not Come in Until 
the Card is Stacked. 

QG271 

Both 

Readout the I/O Error 
Byte and Check for a 
Reader Error. This Bit 
was Reset at the Begin
ning of the Punch Opera
tion so Should not be On. 
Go to I-Cycles. 

Channel 

OG271 

Setup Bits 6 and 7 of 
Byte 8B in MPX Storage 
to 10 for a Sense Com
mond. R",et Select Out, 
Set an Indicator to Remem
ber. This is a Punch 
Sense Command. 

QG 311 

Decode Device Number 
and Read Device Address. 
Wait for Operational In 
to Fall. Send Service 
Out I Set Bus Out and 
Send Address Out. 

QG301 

Woit fOI Operational In 
to Ra ise. Reset Address 
Out and Set Command 
Start. Wait for Address 
I n to Come Up, then 
Match Address Out to 
Address In. 

QG301 

Addresses Match 

Set Bus Out, Send Com
mand Out. Wait for 
Status In. Set Status 
into the Op Register 
and Test for Busy. 

QG321 

Device BU5Y 

No 

No 

Yes 

Chart 155 

QG321 

Wait For Service In 

Set Sense Byte into the 
Op Register, Send Service 
Out, Wait for Status In. 
Send Service Out. 

Ec,uiprnenf Check 

Test B;t 0 of 1400 Control 
Byte (I/O Stop Switch). 
If on Go to General Stop. 
If Off, Go to I-Cyc les . 

QF662 

No 

QG28i 

Yes 
Intervention Required ':;:..------. 

On 

I/O Stop Switch On ,>--,-Y.;..;es,-----. 

Chert 155 

Chart 102 



Instruction Kd, KBBBd 

Chart 155 

Chart 155 

Chart 108 
I-Cycles 

No 

Setup Bits 6 and 7 of Byte 
SB in MPX Storage to II . 
Determine if Rd I or Rd2 is 
to be Selected. Readout 
Correct Device Address. 

Set Service Out and Com
mand Start, Wait for Op
erational In to Fall. Set 
Bus Out and Send Address 
Out. Set the d-Madifier 
into the Op Register 

OG301 

Wait for Operational In to 

Come Up. Reset Address 
Out and Set Command Start 
Wa i t for Address In, Then 
Compare Address I n to 
Address Out. 

OG301 

Addresses Ma tch 

Setup Stacker Select 
Command (43). Set Bus 
Out ond Send Command 
Out. 

OG271 

Wait for Status In. Status 
In for 0 Stacker Select is 
Clear Unless an Intervention 
Required Unit Check Exists. 
When Status is Clear, it 
will Require One Service 

Out-Service In Cycle to 
Bring in Ending Statu::;, 
This is ONLY for a 1442 
Stacker Select Command. 

Channe! End and Device 

End will not be up at This 
Time. Busy Wi i I Also be 
Down. 

I Numeric Portion Must be a 
10- Reader 2 
12 - Reader I 

Chart 155 

Intervention 

Required Return 

RR 

QG271 

Set Bits 6 and 7 in Byte 8B 
from MPX Stolage to 10. 
Set Low Portion of the 

d-Modifier in the Op 

Register. Reset Select 

Out. 

OG311 

Reset Rd I or Rd 2, Read 

Out Device Address. Wait 
for Operational In to Fall, 
Send Service Out. Set 
d-Modifier into the Op 
Register. Set Bus Out and 
Send Address Out. 

QG301 

Wait for Operational In 
to Come Up. Reset Ad
dress Out and Set Command 
Start. Wo it for Address 
In, Then Compare Address 

Ir. to Address Out. 

QG301 

Set Bus Out and Send 
Command Out. Wait for 

Status In and Set Status 

In Op Register. Send 
Servi ce Out. 

QG321 

Wait for Service In, Set 
Sense Byte in the Op 
Register. Send Service 
Out and We i t for Status 

In. Send Servi ce Out. 

QG361 

Test Sense Byte, Only 
Intervention Required 

Shaul d be Up Whi eh 
Setup a Stop Code and 
Go to Genera I Stop 

Chart 155 

elF 151 1442 - Stacker Select Objective 

Wait for StatuI In. Statu, 
Will have Channel End, 
Device End, and Busy, 
Check for a Reader Error 
and if the I/O Stop Switch 
is on. If the I/O Stop 
Switch is off, a Reader 

Error is Forgotten, 

QG271 
Stop 

On Error or Go to 

I-Cyc les 

Stop 

Go QG301 

Set an Indicator Bi t to 
Toke the Branch if Instruc

ti on was K 88Bd. Reset 
Select Out ond Send 
Service Out. 

OG301 

Test PMS Byte to See if 
I/O Traps 01 e Allowed. 
Set Latches Accordingly. 

QG03! 

Chart 155 

Yes 

QG321 

Reset Select Out and 
Send Service Out. Setup 
Error Code and Go to a 
Genera I Stop. 

Chart 155 

Chart 102 
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Instruction 
BXXX9 - Channel 9 
BXXX:ri - Chennel 12 

BXXX * - Punch Error 
BXXX~ - Pri nter Error 
BXXXP - Pri nter Busy 

Instruction-
BXXXA last Card 
BXXX? Reader Error 

Printer 

QG331 

Check if Printer Error 
(Bit 7) of I/o Error Byte 
is on • Set Op Register 

- to Indicate the Condition. 
Reset Bit 7 of the I/o 
Error Byte. 

QF681 

NO 

Check if Punch Error 
(Bit 6) of I/O Error Byte. 
Set Op Register to 
Indicate Condition. 
Reset Bit 6 of the I/O 
Error Byte. 

NO 

YES 

To Program M>de 
Switching 

I 
I 
I _____ ..J 

Chart 156 

QG331 

Readout Byte 8B from MPX 
Storage. Check Bit 0 to 
See if Channe I 9 Has Been 
Sensed. Set Op Regi ster to 
Indicate Condition. Reset 
Bit 0 of Byte 8B. 

YES 

NO 

YES 

12 

QG331 

Readout Byte 8B from MPX 
Storage. Check Bit 2 to 
See if Channel 12 Has 
Been Sensed. Set Op Reg
ister to Indicate Condition 
Reset Bit 2 of Byte 8B. 

Check to See if the 
Busy Bit (Bit 3) of the 
Status Byte is On. If 
it is Set an Indi cator 
So the Branch Wi II Be 
Token 

Chart 102 

NO 

Readout Printer Addres •• 
Wait Until Operational 
In is Down, Send Service 
Out. Set the d-Modifier 
into the Op Register. 
Set Bus Out and Send 
Address Out. 

QG301 

Wait for Operational In 
to Corne Up. Reset Addr. 
Out and Set Command 
Start. Wait for Address 
In, Then Compare Address 
Out to Address In 

Command Out. Wait for 
Status In. Check if 
Unit Check or Unit 
Exception Bits are On in 
Status, Reset Select Out. 

Bit 6 and 7 at 00 Indicate 
a Test I/O Command 

Chart 155 

QG311 

Readout Printer Address, 
Wait for Operational In 
to Foil, Send Service Out 
Set the d-Modifier into 
the Op Register. Set Bus 
Out and Send Address Out 

QG301 

Wait for Operational In to 
come up. Reset Address 
Out and Set Command 
Start. Woit for Address In, 
Compare Address Out to 
Address In. 

Set Bus Out and Send 
Command Out. Wait for 
Status In and Set Status 
into the Op Register. Send 
Service Out. 

QG321 

We it for Service In I Set 
Sense Byte in the Op 
Register. Send Service 
Out and Wait for Status 
In. Send Service Out. 
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Instruction - M%Y1BBBW 
M%YIBBBS, 

No 

Chart 155 

Chart 115 

Set the H5 latch. Read
out Byte 88 from MPX 
Storage and Test Bit 3 to 
See if the Printer Has a 
NPL Bar Installed. Set 
an Indicator Bit to 1 if 
it is an NPL Bar. Set 
Bits 6 and 7 to 01 to 
Indicate an R/W Operation 

Readout Printer Address. 
Wait Until Operational In 
is Down, Send Service Out 
Set the d-Modifier into the 
Op Register I Set Bus Out 
and ~el)d Address Out. 

QG301 

Wait for Operational In 
to Come Up. Reset Ad
dress Out and Set Com
mand Start. Wait for 
Address In, Then Compare 
Address Out to Address In . 

Addresses Match 

Yes OG261 

Decode the d-Modifier for 
o W or S (W-Print and 
Space and S-Print and No 
Space). If Not a Wor S, 
Set an Error Code and Go 
to a General Stop. Check 
Byte 88 of MPX Storage to 
See if a Forms After Com
mand Has Been Stored. Set 
up the Comma nd • 

d-Modifier 
S 
W 

Command 
01 

09 
If Form After Bit was Set, 
the Command will be 
XXXXXOOI Depending on 
the Form Movement Requir
ed. Set Bus Out and Send 
Command Out. Check to 
See if the Form Portion of 

the Command is a Sk ip (Bi t 
o of Command will be a I). 

QG261 

Ye, QG361 

Check to See if the Skip 
is to Channell, 9, or 12. 
Reset or Set Bits 0 and 2 

01 Byte 88 in MPX Storage 
According to the Sk ip . 

Sk ip Reset Set 

I 0 and 2 
9 

12 

R/W 

This Status will Be from : 
the Lost Printer C::>mmand ~ 

Device Is Busy Until 
Device End CO!lle) Up ar 

End of Carriage Motion 

Readout Printer Address, 
Wait for Operational In to 
Fall, Send Service Out. 
Set the d-Modifier into 
the Op Register. Set Bus 
Our and Send Address Out 

Wait for Operational In 
to Come Up. Reset Ad
dress Out and Set Com
mand Start. Wait for 
Address In, Then Compare 
Address Out to Address In 

QG301 

Addresses Motch 

Command 

Set Bus Out and Send 
Command Out. Wait 
for Status In and Set 
Status into the Op Reg
ister. Send Service Out 
and T es t r 01 Busy Con
dition. 

QG321 

Busy 

No 

No 

Chort 155 

Chart 155 

De'.'ice is Busy if Sense 
Command Was Entered 

from Channel End Status 
Until Device End Time 

No 

QG321 

Wait for Service In, Set 
Sense Byte in the Op 
Register. Send Service 
Out and Wait for Status 
In. Send Service Out. 

QG361 

Equipment 
Check Bit On 

.... -:-_Y_e'-O::::..lntervention Required 

Bit On 

No 

QG361 

L-_....;Y~e.:.s C I/O Stop Switch On 

No 

No 

QG351 

No 

Check Bit 3 01 Byte 8B to 
see if a NPL Bar is in the 
Printer, if it is Set on 
Indicator Bit 

QG311 

Readout Printer Address. 
Wait for Operational In 
to fall { Send Service Out. 
Set the d-Modifier into the 
Op Register, Set Bus Out 

and Send Address Out. 

QG301 

Wait for Operational In to 
Come Up * Reset Address 
Out and Set Command 
Start .. Wait for Address In, 

then Compare Address Out 
to Address In. 

QG301 

QG261 

Decode the d-Modifier 
for a W or S _ If Not a 
W or S, Se tup an Error 
Code and Go to a Genera I 
Stop. Check Byte 88 01 
MPX Storage to See if a 
For ms After Commond Has 
Been Stored. Setup the 
Command. 
:I-Modifier Command 

01 
W 09 

If Form After Bit was Set, 
the Command will be 
XXXXXOOI Depending 
On the Form Movement 
Required. Sct Bus Out 
and Send Command Out. 
Check to see if ~he For rn 
Portion of the Command 
is a Skip (Bit 0 of tho 
Command will be a 1). 

QG26J 

Yes QG361 

Check to See il the Skip 
is to Channell, 9 1 or 12. 
Reset or Set Bits 0 and 2 
of Byte 88 in MPX Sroroge 
According to the Skip 

Skip Reset Set 
I 0 and 2 
9 

Reset Byte 8B of MPX 
Storage Leaving Bits 0, 
2, and 3 as is. Send 
Service Out, Wait for 
Service In. 

Chart 155 

QG351 

Wait for Status In or Ser
vice In. Status will Come 

In when the Print Buffer is 
Full. Status will Contain 
Channel End and Possibly 
Unit Check 

QG351 

Readout PMS Byte From 
MPX Storage and Check 
if I/O Traps are Allowed. 
Set Latches Accordingly 

QF661 

Chaot 102 



Instruction - Fd 

Chart 155 

Yes 

After 

() 
r--n 

01 
~ 

No 

~ 
~ 
(.,.) 

-n 
0 
""'I 

3 
0 
-0 
til 

0 
0-

Chart 155 
(I) 
0 
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< 
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QG381 

Set the d-Madifier into the 
Op Register. Change the 
d-Modifier to a BCD Char
acter and Test Zone Bits. 
Zone Bits Form Op 
No Zone Skip Immed. 
A Zone Space Afte r 
B Zone Space I mmed. 
BA Zone Skip After 

d-Modifier is a 
Blank 

No QG381 

Setup the Correct Forms 
Command Depending on 
the Operation and Form 
Movement. 
Operation Command 
Immediate XXXXXOll 
After XXXXXOOI 
Store the Command in the 
Temporary Forms Byte in 
MPX Storage. Set the H5 
Latch to 1. Set Bits 6 and 
7 of Byte 8B in MPX Stor
age to 11 . Reset Bit 1 

Skip/Space 
Immediate 

or After 

QG381 

Readout Printer Address 
Wait for Operational In to 
Come Down, Send Service 
Out. Set Bus Out and 
Send Address Out. Set the 
d-Modifier into the Op 
Register. 

QG301 

Wait for Operational In to 
Come Up. Reset Address 
Out and Set Command 
Start. Wait for Address In, 
Then Compare Address Out 
to Address In. 

QG301 

Addresses Match 
Yes 

No 

No 

QG261 

Readout the Temporary 
Form Byte. Set Bus Out 
and Send Command Out. 
Check ifThil is a Skip 
Command (Bi t 0 of the 
Command is a 1 for a 
SUp) 

QG261 

Check to See if the Skip 
is to Channell, 9, or 12. 
Reset or Set Bits 0 and 2 

Device Should Not be 
Busy ot This Time 

of Byte 88 in MPX Storage 
According to the Skip. 
Skip Reset Set 

1 0 and 2 
9 

12 

Wait For Status In. This 
Status Wi II Be from the 
last Printer Command. 
Check Bi ts 6 and 7 to 
See If Either One is On. 
Set Status in the Op 
Register. 

QG351 

QG351 

(Uni t Excepti on) 

On 

Readout Printer Address 
Wait for Operational In to 
Fall, Send Service Out. 
Set the d-Modifier into the 
Op Register. Set Bus Out 
and Se nd Address au t. 

QG301 

Wait for Operational In to 
Come Up. Reset Address 
Out and Se t Command 
Start. Wait for Address In, 
then Compare Address Out 
to Address In. 

QG301 

Addresses Match. 

Yes 

No 

Yes 

Yes 

Check if Device is Busy. 
Device Is Busy Until 
Devi ce End Comes Up at 
End of Carriage Motion. 

No QG351 

Reset Byte 8B of MPX 
Storage Leaving Bits 0, 2, 
and 3 as is, Send SeIVice 
Out, Wait for Status In. 

QG351 

Unit Check Bit On 

Check PMS Byte to See if 
I/O Traps are Allowed. 
Set the lotches Acc..ording 
Iy. 

QF661 

Interrupt Exist 

Chart 155 

No 

Control 

Command 

Set Bus Out and Send 
Command Out .. Wait for 

Status In and Set Status 
into the Op Register. 
Send Service Out and 
Test for Busy Condition .. 

QG321 

Yes 

Wait for Service In, Set 

Sense Byte in the Op 
Register. Send Service 
Out and Wait for Status 
In. Send Service Out. 

Intervention 
Required 

Bit On 

I/O Stop Switch On 

Chart 155 

Chart 102 

Yes 

No 

No 

Check Bit 3 of Byte 8B 
to See if a NPL Bar is in 
the Printer. If it is,Set an 
Indicator Bit. 

QG311 

Readout Printer Address. 
Wait for Operational In 
to Come Down, Send 
Service Out. Set Bus Out 
and Send Address Out. 
Set the d-Modifier i"to 
the Op Register. 

QG301 

Wait for Operational In 
to Come Up. Reset Ad-
dress Out and Set Com-
mand Stort. Wait for 
Address In, the n Compare 
Address Out to Address In. 

QG301 

Addresses Match 

Chart 155 

Yes 

QG261 

Readout the Temporary 
Form Byte. Se t Bus Out 
and Se nd Command au t • 
Check if this is a Skip 
Command (Bit 0 of the 
Command is a 1 for a 
Skip). 

QG261 

Command 

is a Skip 

Yes QG361 

Check to See If the Skip 
is to Channell, 9, or 12. 
Reset and Set Bits a and 2 
of Byte 8B in MPX Storage 
According 10 the Skip. 
Skip Reset Set 

1 0 and 2 
9 

12 

QG351 

Wait for Status In. This 
Status Should Contain 
Channel End, Device End, 
and Busy. Unit Check 
Could be on for on Inter
vention Required. 

Check PMS Byle to See if 
I/O Traps Are Allowed. 

'Set the Latches According
ly. 

No 

No 

Chart 155 

Chart 102 
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GENERAL STOP 

HALT OP 

YES 

If a Program Mode Switch I 
is Attempted on a Machine l 
without the Feature, the I 
Micro-Program Goes to I 
a IOFF Halt with OB I 
Displayed I 

YES 

QE6Bl 

Change the Inval id 
Address to Three BCD 
Character (16 Bits) for 
Display Purpose 

NO 

TAPE ERROR STOP, 
OR AlB INVALID 

Store the Status Register 
and Readout the 1400 
Control Byte. Test for 
Program Mode Switch 

QE641 

Store the I,A, and B
Sta rs in CPU Storage. 
Store the Op Register 
and 1400 A-Register in 
CPU Storage. Set 
B-Star from the I-Star 

Readout High Bias 
Subtroct Bios from 
B-Star (I-Star Conversion) 
and Convert 1400 
Address to a Decimal 
Number. 

A-Star was Valid 

Readout High Bias 
Subtract Bias from 
8-Star (A-Star Conversion) 
and Convert 1400 Address 
to a Decimal Number 

From I-Cycles QE471 
for Row 3 Invalid Op 
Codes and Chart L56 

Change the Invalid 
Address to Three BCD 
o.arocters (16 Bits) for 
Display Purpose. 

Normal Stops are Stap : 
Key I Instruction Stop I or I 
Roar Stop Delay I 

INTERRUPT DECODE 

QE671 

Readout High Bias. 
Subtract Bias from 

Channel Interrupt 

B-Star (B-Star Conversion) 
and Convert 1400 Address 
to a Decimal Number. 
Go to Display Routine 

NO 

From I-C yeles Interrupt 
(Multiple Entry) 

QG071, QE691 

Restort - Go to 
Restort Routi ne 

Setup for Display. Block 
all Traps and Set 
Command Stort in 
Multiplel<or Channel. 
I-Amlce .. is Displayed 
in the 360 A and B 
Registers, Stap Code in 
R-Register, and ALU 
Output is 00 

QE691 

Readout Sense Swi tch 
Byte. Setup for Di splay. 
I-Address Display in the 
360 A and B Registers 
Sense Switch Byte in the 
R-Register and ALU 
Output is 99 

Stap 

YES 

R-Register Conto ins: 
High 4 Bits - Density 
Low 4 Bits - 2400 Unit. 
ALU Output is 99 

NO 

Position 2 of the F Switch : 
or External Interrupt whichl 
Sets F-Register Bits Other I 

than 0 or 1 :' 

QE621 

External or 

I 
___ ...J 

YES 

Forcer' ROS Address. 
Aux i limy Storoge is 
Loaded Correctl y 

Stort of a Routine to 
Clear 1400 Area of 
Invol id 1400 Characters 

When lInit Is Made 
Ready. Continue 
Operation. 

QE711 

Stop Code B;t 
0, Bit 1 

NO 

Chart 149 to 154 

CAS Logic QF661 

IPL ROAR RESET 
CARD OR TAPE 

Reset the Error Bits, 
Sense Sw itch A, Cord 
Status Bits, Overflow, 
and Inquiry Request Bits. 
Setup Stap Code of 55. 
Reset Vari cus Control 
Latches in the 1050 
Atatehment. 
Reset Zero Indicate. 

,....-__ .....L.. __ ---, 

Address 
is 1 Less than 
1400 Address 

0000 

Chart 108 

Chort 156 

YES 

I A Storage Scan Routine 
I is Done for IPL or 
: Start Reset 

YES 

Stop Code are 
1111 

QE531 

Set the Charocter SF 
into Main Storage One 
Position Less than 1400 
Address 0000. (Used to 
Detect Storage Wraps). 

NO 

QE70J 

Chart 102 

YES 

NO 

YES 

NO 

Clear Reod-In Area 

t Column 65 - 51 Col Read 
I Col umn 80 - 80 Col Read 

: Enter Interrupt Routine 
t a fter a 10FF Stop or 
t IPL before going to 
t I-Cycles 
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Chart Chart 
115 115 

Store Interrupt Code and 
Set an Indicator Bit if 
Bits 0 - 3 Equal an 'E' 
(1110) and This wa, an 
I/O Op with a Branch 

GE721 

Setup the Error Code to 
00 or FF. The Error 
Code of FF causes a 
Bronch to be Taken on 
Return to Compatibility 
Mode 

GE661 

Store the I, A, and B -
Stars in CPU Storage. 

Charts 108, 115, 152 

!~~~h~el~~ 1~~i;~~~ter Chart 102, 155 

in CPU Storage. Set the 
B-Stcr from the I-Star 

. GE731 
/' ---

<'1 What 
Type of Mode 

Switchinv 

'-, . ...,,/ 00,01 

. QE731 

Setup Interrupt Code. 
Stare Address of Op Code 
of This Instruction 

~ 
...... ./ 

(hart 007 

10,11 

00 - General Supervisor 
01 - Machine Check 

Supervisor 
10 - I/O Interrupt 
II - External Interrupt 

Chart 001 

Yes 

/' , 

<"<;ixteen Bytes No 

Have Been ./ 
~ Tronsferre~ Transferred 

Yes 

From 

Invalid Op 

load or Store Constants 
(CF LC, CFSC) 

<Sixteen Bytes 
Have Been 

-.. !ronsferred 

Yes 

Yes 

No 

Chart 155 

Yes 

Operation XXXX 
CFIM 0000 
CFMS 0001 
CFSV 0011 
CFLV 0010 
CFSC 1001 
CFSC 1101 
CFLC 1000 
CFLC 1100 

Load or Store Variables 
(CFLV, CFSV) 

Force Op Register Bit 3 
On, Stare 256 Bytes i n
to 1400 Storage 'A' from 
Ma inS torage and 256 
Bytes into 1400 Storage 
IB' from Main Storage 

GEBOI 

Setup for ILC of 10, 
Clear any SF (Wrap) 
Traps. Setup to Allow 
Traps (Reset H-Register) 

Chart 001 

Op Code 99 Objectives 

W2 W2 
Bytes Defined 

LS'A' LS'B' 

80 through B3 0 8 

84 through B7 1 9 

88 through 8B 2 A 

BC through SF 3 B 

90 through 93 4 C 

94 through 97 5 D 

98 through 98 6 E 

9C through 9F 7 F 

Chart 1 

From 

Yes 

SI 

99 WI W2 81 I Dl 

CFIM 0 * Main Storage 
CFMS 1 * Address 
CFSV 3 *1 
CFLV 2 *2 
CFSC 9 *3 
CFSC D *4 
CFLC 8 *5 
CFLC C *6 

* If W2 is a a - No Initialization Required 
1 - Initialize for 1402 Card Load 
2 - Initialize for 1400 Tope Load 
9 - Initialize for 1442 Card Load 

*1 If W2 Is 0 Through F, Store Four Bytes from Main Storage at 
Location Shown in Chart 1 

*2 If W2 Is 0 Through F, Load Four Bytes from Local Storage 
per Chart 1 into Main Storage 

*3 If W2 Is 0 Through F, Store Sixteen Bytes from Main Storage 
into Local Storage 'A'. loco I Storage Locations ore Deter
mined by W2; if a 0, Location 00 Through OF are Stored etc. 

*4 Some as *3 Only Use Local Storage 'B' 
* 5 If W2 Is 0 Through F, Load Sixteen Bytes from Local storage 

'A' into Main Storage. Locations (lS) Are Determined the 
Some as *3 

*6 Same as *5 Only Use Local Storage 'B' 

To or From 

Moin Storage 

Yes 

QE801 



ClF 157 

Chart 155 

Shou Id Be I for 1400 
Pro("'~rom Mode Switching 

No 

No 

Chart 007 

Setup to Recognize Which 
Op Code is Being Done. 
Setup the Addresse, of the 
Source and Destination 
Fields 

Byte 1 
of Addresses 

is 00 

Basic 2030 

I-Cycles 

a I 

Yes 

Yes 

QA041 

QE811 

Read Out Count and Store 
in Hardware Register. Set
up a Word Separator (WS) 
Character 

r----------:,-------I 
QE811 OC- CFLT 

OD- CFLF 
DE - CFMT 
OF - CFMF 

, , CFLF 

Yes 

CFMF 

No 
r-----<. Low Count Byte is 00 .>-------, 

QE821 

CFLF 

Character No 
Contains a WM >..;;;..-..... -----..., 

Character 

No 
Source 

Chorae ter has a 

WM 

QE841 

Setup to Set a Word 
Separator in the Destina
tion Field. Setup Source 
Address to Read Out Some 
Source Position Again 

QE821 

No 

Yes 

No 

Last 

Character 

is a GMWM 

QE821 

Yes 

Chart DOl 

,Character Is a Word >Y_e_, _______ -, 
SEparator 

QE831 

QE851 

QE821 

Yes Last 
..... ------< Character Is a Word Read Oul Last Destination 

Position Read Out and 
Store Source Charae ter 
There 

Store the Source Address . 
If the Destination Add
ress was 0000, Set Byte I 
of That General Register 
to 01 

Chart 001 

CFMT, CFMF, CFlT, and CFlF Instructions, Sheet T 

Separator 

QE821 

Set a WM in the Source 
Character. Read Out 
Same Position of the 

Destination Field that WQS 

Lost Read Out ond Store 
the Source Character with 
a WM. Decrement 

Low Cou nt by One. 



No 

QE831 

Store Destination Add
ress. If the Source Add
ress Is 0000, Set Byte 1 
of That General Register 
to 01 

Chart 001 

Chart 157 

OE831 

Ves No 
,------.....,-: Low COJnt Byte Is 00 >--------. 

Store the Source Address. 

If the Destination Add
ress Is 0000, Set Byre I 
01 That General Register 
to 01 

Chart 001 

OE831 

ClF 158 CFMT, CFMF, CFlT, and CFlF Instructions, Sheet 2 



Start 

Power or LP 
Light 

NO 

Wait or Message 

NO 

I Power On Light Off or 
I LP Console Red Light On 

YES 

I Wait Light On and/or 
I Error Message 

YES 

Examples: 
1 • Print Check 
2. Reader Checks 
3. Tape In Column Machine 

Check 

Wait and/or Error Message Chart 
ChartW 

Multiplexor 
Channel 

YES 
Obvious I/o Device '>-------------~~------..., 

Problems 

Console Red Lights 

YES 
CPU Checks 

NO 

Device Chart 
Chart D 

Channel 

Selector 

MPX 

CPU Checks Chart C Multiplexor Channel 
Chart Chart M 

Console Red Lights 

YES 

: Unsuccessful Initial Pro
I gram Load 

NO 

Hang-Ups, Loops 
and Stops 

NO 

Wrong Results 

Diagnostic System Check 
Out Chart B 

YES 

YES 

I CPU Results in a Locked 
I State 

YES 

Undetermined Failure 
But Output Results Not 
Correct 

YES 

Operators Console 
Check Out Procedure 
Chart E 

Selector Chonnel Chart 
Chort S 

Hang-Ups, Loops, and 
Stops 
Chart H 

Multiplexor Catalog 
Number Chart 
Chart N 

1401 Compatibility 
Oriented Chart 
Chart F 

CF Stops and Special 
One Word Loops 
Chart J 

Missing Records or Wrong 
Results 
Chort R 

Selector 
Channel 

Diagnostic Techniques Charts. 
How to Use. 
1. Initial entry can be by: 

a. Starting on this chart (chart A) find a symptom 
and find which chart shows the required 
action needed. 

b. Knowing the symptom and which chart shows 
the required action I go directly to that chart. 

2. If a chart is entered directly, be aware that some 
information is assumed because a previous chart 
was bypassed. 

3. If directed to a diagnostic test and while running 
the tes t an error is detected, the user is expected 
to analyze and repair the failure. 

4. If at any time the user has developed on approach 
which is faster or better than provided in the 
charts, he should leave the charts and link back 
only if more information is needed. Also, send 
the procedure to the publication department of this 
manual for possible inclusion. 

5. Most failures are considered hardware until proven 
otherwise. 

Program 
Check 

Mach ine Language 
(Macro Program) Loops 
Chart L 

DT Chart A Action Index 



Index 

Loco ted Wi th i n the CPU 
Power-On Button 

System Reset Checkout 
Procedure 

NO 

YES 

Chort Y Sheet 1 

This Includes the Ind
icators on Console Low
er Right (System, Man
ual, Wait, Test rand 
Load) 

IBulb-Holder Color Code 
IYeliow - Logic Signal 
IBlack - Ground 
IRed - +6V Lamp 
I Test 
White with } Indicator AC 

:Block Tracer Voltage 

I If Selector Channel Op
I tion Installed, the Two 
I P Bits in the Count Field 

Light Up with System 
I Reset Key Pressed (Lighls 
I Go Out an Release of 
I Key) Selector Channel 
I Option Not Installed; 
I Take Yes Path - - - ---------~ 

Selector 

~-----L---___,- ___ I . 
The Mulliplexor Channel All Indicators Not Ment-

Bus-Out Register P-Bil I ioned Should Be Off: This 
and the SALs and Control lis Pictured in the FE Main-
Regisler Data Remain the Itenance Manual, ~ 
Same as Prior to System 13390-2, Under CPU Con-
Reset. The Following I~L in ~ 
Li ghts Should Be On' 
1. Manuel 
2. Test 
3. Main-Storage Data 

Register P-Bit 
4. ALU Output P-Bit 
5. Main-Storoge Add,'ess 

Register Hi P- Bi t 
6. Main-Storage f.,ddress 

Register La P:::Bi t 
7. Main Storage 
8. Selector Channel I 

Data Register P-Bil 
9. Selector Channel 2 

Data Register P-Bit 
10. W-Register P-Bit 
11. X-Registel' P-Bit 

Correct Console 

Display 

NO 

Any Channel Tags 

NO 

Diagnostic Procedure 

Dictates Continuing to 

Run Basic Test BFF (3345). 
However I j" Loose Cables 
Are Suspected, You Can 
Scope it Out ,Find the 
Indicator on itls Part

icular A.LD 'PBXXXI and 
Trace BaCK 

YES 

Suspect: 
I. Power Is Off in the 

Control Unit That 
Has the Interface 
Cable Terminator 

2. System Reset Is Not 
Dropping Operation
Out on Interface to 

Reset Control Unit 
MPX Channe I -
ALD FA 101 
Selector Channel 1-
ALD GA021 
Selector Channel 2-
ALD GA021 

3. Control Unit Reset 
Failure 

DT Chart B Diagnostic Check Out (Sheet 1 

r-:-----:-----'----'--:-::-=-::::::--- - - - - _ - __ 
This is the first part of the 
ROS Scan Test Procedure, 
I D 334S (Vol 41 ) 

~----'-------, - - - - -----------, 
Set F ,G,H,J Switches 
to One of the Fallowing 
WX Addresses and Press 
START 

Note: 

~-------------, - -I 

There Are Two Wand X 
Registers. One (ALDS 
RWOll "nd RXOll) 
Addresses CCROS and 
the Other (ALDS RW021 
and RX021) is the 
Indicator ROSAR WX 
Registers 

WX Read Out Check 
Address 
1. OACO All SAL Bits but 

PS and PC 

1 
1-

I Continue Flow After 
: Displaying Each Address 2. OACI CN P, PS and 

PC Bits 
3. OAC2 CN P, PS and 

PC Bits 
4. OAC3AII SAL Bits but 

PS and PC 

Correct Address and 
Parity Displayed 

WX Good 
NO 

YES 
Address 0000 

NO 

YES 

Suspect : 
1. The Clock or Clock

Start Circuits 
2. The START Key Dr 

START Latches 
(All on ALD's KCXXX) 

Hard Core Failure. Any 
Hardware Failure That 
Prevents a Successful 
Start of the Basic Test 

For Possible Card Re
placement Refer to List
ing in Basic Test BFF 
(Vol 41 j under WX Add
res> 0000 Zero Tesl and 
CF Stops 

Chart H Sheet 1 

SALs Readout Correct 

--- - --I,----------------~ 

Chart E 

Refer to Above Char t 
for Basic Check of Con
sole Indicators and 
Switches 

The Following Micro 
Diagnostics Are Listed 
Showing Run Procedures 
for Quick Reference 
Only, For Advanced 
Information and SWAC 
(Stop Word Analysis 
Charts) when Results Are 
Not Correc t, Refer to 
Vol 41 under the Test 
Number 

Chart B Sheet 2 

Good Readout Check >Y,;,;E;.;S ____ --, 

Suspect: 
I. WX Register Failure 

on ALD RWOll or 
RXOll 

2. F ,G,H,J Switch 
Failuloe 

Good Readout Check >-:.:N~O:....... __________ ......, 

Display WX A~dresses 
0000 and OFFF (lFFF if 
Compatibility Installed) 
to Insure All WX Reg
ister Bits Set or Reset 

I Not Norma lIy Necessary, 
I But a Good Check, Es-
I pecially for Suspected 
I Loose Cable Detection 
I or Through CPU Check 

Suspect: 
I . Wrong WX Address 

Being Sent to CCROS 
(ALD RWOII, RXOll, 
ED002, and ED003) 

2. CCROS Decode Fail-
ure 

3. Wrong Dacumen t Card 
in CCROS 

Chart C Sheet 3 



Chart B, Sheet 1 

NO 

Follow Procedure: 
1. Set F,G,H,J Switches 

to WX Address OBFF 
2. Set CHECK CON

TROL Switch to 
Diagnostic 

3. Set all others to 
Process 

4. Press SY STEM RE SE T 
5. Press ROAR RESET 
6. Press START Key to 

Initiate Test 

WX Address OB07 

YES 

NO 

Console Red Li ghts 

NO 

NO 

IChart I, Sheet 1 
IChart H, Sheet 1 

Is ROS Control Register 
CF Field 100 

System Reset-Start 
Basic Test 

NO 

Loop Basic Test 128 
Times Via Load 

CF Stop Word 

NO 

Any CPU Checks 

Locate the Displayed 
WX Address in the SWAC 
(Stopword Analysis 
Chart) of the Basic Test 
103345 (VOL 41) 

Follow Procedure; 
1. Set CHECK CONTROL 

Switch to Stop 
2. Press SYSTEM RESET 

Key 
3. Press START Key 

1. Set F,G,H,J 
Switches to 0000 

2. Press LOAD Key to 
Initiate Test 

Chart I·, Sheet 1 

YES 

YES 

YES 

NO 

Unit 0000 or Any Other 
Nonexistent Device on 
the Multiplexor Channel 

ROS Scan (OBF1) 
to Test the CCROS 
Units Using Test 
(VOL 41) 

CCROS Repop Micro 
Diosnostic Tests in 
Pri ori ty Order (Repop 
Means Nonresident) 

I 
Setup: 
1. ROS Control Switch 

ROS Scan 
2. Check Control Switch 

Stop 
3. Others 

Process 
4. F,G,H,J Switches 

OBFl 
5. Press SYSTEM RESET 
6. Press ROAR RESET 
7. Press START 

Scan the 2030 CCR OS 
Unit with ROS ADR, 
ROS SALs and Control
Register Lights Blinking. 

'It Will Stop on Errors 
with Address and Data 
of Foiling Word Dis
played 

I 
1400 Compotobi I ity 
Option - Set F Switch 
to 1 -

--------
Scans Both CCROS 
Units with Lights 
Blinking 

J 

- - -, Repop CCROS Locatio 
I 29-0, 29-1, 31-2, 
: 31-3, 31-4 and 31-5 

-

This Type of Block Is 
Used on this Chart; 
The Upper Part (Above 
Dash Line) is the 
Setup. The Lower Part 
(Be low the Dash Li ne) 
Is the Expected Results. 
If Results are Correct, 
Go On; If Not, a 
Problem Exists 

I PI U9 the Green Tabbed 

Run the Priority Controls : ~:~s~~:~tO~a~~sROS , 
Repop Micro Diagnostic 1-____ --,1_ - - - - _ 
Test 3347 (VOL 41) 

Setup: 
1 . ROS Contra' Switch -

ROS Scan 
2. Rate Switch 

Instruction Step 
3. Others 

Process 
4. F GHJ Switches 

FFFF 
5. Press LOAD Key 

1---------
Result: 
1 • WX Address - OBC7 
2. B-Register CPU Check 

I 
Press Set I/c 

1. WX Address - DB BE 
2. A-Register CPU Check 

I 
Press START -I No Visual Change 

I 
Press START 

---------
1 . WX Address - aBeD 
2. No CPU Checks 

I 
Press START 

r------
I. A High-Speed Loop 

Results (System light 
On) 

2. A-Register CPU 
Check Is Being 
Turned On and Off 

J 

If at any Point the 
Proper ResultsAre Not 
Obtained, Go to SWAC 

: Plug the Red Tabbed 

FLT Repap Micro Diag- 1------"1 
I 

Run the R/W Storage l 
- --

I CCROS Document Cards. 
I Version 996 for M21 and 

___ I 998 for M2 

nostic Test 3348 (VOL 41)J 

BD 

Chart B, Sheet 3 

I 
Setup: 
1. Check Control Swi tch 

Diagnostic 
2. ROS Control Switch 

ROS Scan \ 
3. Others 

Process 
4. Switch F Is Set to the 

Number of Auxiliary 
Storage Units 

5. G,H,J Switches 
BOD 

6. Press SYSTEM RESET 
7. Press ROAR RESET 
8. Press START 
-- --- -----

Loop (System Li ght On) 
with Multiplexor Channel 
Tags Address-In and 
Operation-In Blinking 

J 

i Approximate 

I Blinking 
I Storace Unit Repop Rate 
I 8K 2 .5 Seconds 
I 16K 4 3 
I 32K 8 6 
L 64K 8 13 

DT Chart B Diagnostic Check Out (Sheet 2) 



Chart S, Sheet 2 

Run the Multiplexor 
Channel Micro Repop 
Diagnostic Test 3346 
(Vol 41) 

Optional Feature 
Run the Storage Protect 
Micro Repop Micro 
Diogn'ostic Test 3350 
(Vol 41) 

Exercise the Channel 
Interfaces Using the 
I/o Micro Test 3344 
(Vol 41) 

I Plug the Orange Tabbed I 
I CCROS Documents 
I Cards, Version 997 1-__ ..,_ - - _.L..-_____ ----' 

Setup: 
1. ROS Control Switch 

ROS Scan 
2. Check Control Switch 

Diagnostic 

3·9thers 
Process 

4. A,B,C/D Switches 
00 Address of Aux
iliary Storage) 

5. E-Switch 
AS (Auxi I iary 
Storage) 

6. F,G,H,J Switches 
OBFE 

7. Press STORE. This 
Stores FE in Aux
iliary Storage 
Address 00 

8. Press SYSTEM RESET 
9. Press ROAR RESET 

10. Press START 

Result: 
WX Address at OBCD 
with No Errors 

: Plug the Yellow Tabbed I 
I CCROS Documents 
I Cords, Version 906 

I 
Setup: 
1 • ROS Control Switch 

ROS Scan 
2. Check Control Swi tch 

Diagnostic 
3. Others 

Process 
4. F,G,H,J Switches 

OBFE 
5. Press SYSTEM RESET 
6. Press ROAR RESET 
7. Press START 
--------
Result: 
Stops at WX Address 
OBCD with No CPU 
Checks 

I ....----.1.----....,-- _ ....,..-------.., 
1 . Start Key Again 

Loops the Two Worst
Case Storage-Protee! 
Stack Patterns 

I 

I To Stop, Turn Rate 
I Control Switch to 
I Single-Cycle 

I For File-Seek .Oper
lations, Refer to Test 

---....... 

I Description in Vol 41 
- .... 1------., - --

r-----L.I----r- - - _-------, 
l The Initial Command Setup: 

1. All Switches 
Process 

2. F,G,H,J Switches 
(f00 

3. Press SYSTEM RESET 
4. Press ROAR RESET 
5. Press START 
---------

Result: 
Stops at WX Address 
(f16 

I I 
Channel and Device 
Setup: 
1. F,G Switches 

Channel Address 
2. H,J Switches 

Device Address 
3. Press SET I/c 

Loads Channel and 
Device Addresses and 
Stops at WX Address 
OF2B 

I I 
Command and Count 
Setup: 
1. F ,G Switches 

Command 
2. H,J Switches 

Count 
3. Press START Key 

Completes Loading of 
One Command Set and 
Stops at WX Address 
OF2B 

I Set Is Loaded into 
I Main Core Location 
I 0000 Thru 0003. 
: Additional Sets Con
I tinue 0004-0007, etc 

DT Chart B Diagnostic Check Out (Sheet 3) 

Clear Main Storage and 
the Storage-Protect 
Stack Useing (OBF8) 
Test 3348 (Vol. 41) 

NO 

Execute Setup: 
1. H,J Switches - 00 
2. Press START Key 

This Initiates Execution 
of All Entered Commands 

Set Up: 
1 . Set ROS Control 

Switch to ROS Scan 
2. Set Check Control 

Switch to Disable 
3. Set All Others to 

Process 
4.SetF,G,H,J 

Switches to OBFS 
5. Press SYSTEM RESET 
6. Press ROAR RESET 
7. Press START 

Main Storage, Auxili
ary Storage, and the 
Storage-Protect Stack 
Are Cleared and Errors 
Are Bypassed 

Rotate Check Control 
Switch To Stop 

Scan Continues If No 
Errors, or Ha I ts If Errors 

NO 

Plug the White Tabbed 
Version 914 CCROS 

Run the Selector 
Channel FLT (s) 
Selector Channel I--

Test 3447 
Selector Channel 2-

Test 344A 
(Vol. 41) 

BE 

Chart B S,heet 4 

RE POP Document Cords 

Set Up: (Assumption 
Card Read Used) 
1. Place DM4 Monitor 

Followed by FLT(s) 
2. Ready Reader 

(Reader S tart and 
End-of-Fi Ie Keys) 

3. Set All Console 
Control Switches to 
Process 

4. SetF, G, H, J 
Switches to Channel 
and Unit 

5. Press Load Key 

Results: 
1. DM4 Loads In 
2. Prints WTE DM4 

(Level) and the 
Next Available 
UDT Core Location 

Press Interrupt Key 

1 . Prints System Con
figuration 

2. Reads in the Test 
Section of the FLT 

3. Prints S 3447 (Start 
Test) 

4. Prints Warning To 
Ensure RE POP Card 
In, and All Switches 
In Process 

5. Executes the FL T 
6. Pri nts No-Errors

Found and Option
To-Recycle Test 

7. Prints DM Halt 
Message with 
Supervisor Call PSW 

8. Goes to Wait State 

Press Interrupt Key 

1 . Reads in and By
passes the FL T Tables 

2. Prints T (Termination) 
3. Reads In the Next 

Test or Goes To 
Wait State If Last 
Test. 

I For Additional Aid, 
Refer to 2030 FE Ha nd-

I book Under Diagnostics. 

I Operation Flow-A} DM4 
I Operation Flow-B 

and Operation Pro
I cedure for Selector 
I Channel FLT's 



Chart B Sheet 3 

~ 
The Selector Channel 
FLT's Are the Only 
2030 Machine Language 
(Macra) Diagnostics 
That Cause CPU Red 
Li ght Checks. Thus 
the User Can Run the 
Remaining Tests in 
Stop Mode, if Desired 

Run All Assaciated 
Machine Language 
(Macra) Diagnastics. 
This Should Include 
1 . CPU Standard Set 
2. CPU Optional 

Features 
3. Standard I/O 
4. Optional I/O 
5. Meter Test 
6. Compatibility CPU 

and I/O 
7. System Test 

Chart R, 

A Y 
The Remainder of This 
Chart Is Intended to 
Introduce the User to 
Methods, Procedures, 
and Areas af the System 
That Are Not Normally 
Checked. This Infor
mation May Be of Value 
on I ntermi ttent Prob
lems or When All Other 
Methods Have Been 
Exhausted, But Extreme 
Caution Is Recommended 
in Most Areas 

1 . An Excellent CPU 
Checkout Is Listed 
Under CCROS 
ServiceHTiitSin 
chapter 1 of the 
2030 FEMM 

2. Do The CPU Switch 
and Indicator Check 
Procedure, Chart E, 
Sheet 1 at EA 

3. Run the CCROS 
Vol tage Check in 
Chapter 4 of the 
~enance 
Manual 

4. Disable the Retry 
C ircui ts and Have 
Customer Run His 
Jobs in Stop Mode 

j. ~un Main Storage 
Worst-Case Pattern 
Tests and Check 
Memory SCHMOO , 

6. Disconnect Blowl'r 
Motors on CeROS 
and Storage Units, 
Raise Room Temp4r
ature in Attempt to 
Bring Out Intermittents 

7. Cool Suspected Areas 
Using ICE or Dry Ice 
and a Blower or Fan 
(It May Help to Find 
a Broken Land 
Pattern .J 

8. Vibrate Entire Units 
9. Ensure That All Cards 

and Edge Connectors 
Are Seated; Use a 
Penc i I wi th an Eraser 
to Reach the Small 
Crossover Cables in 
the CPU 

10. Tap Cards and Edge 
Connectors 

11. Use Marginal Voltages 
in SMS Control Units 
(Such As 2821) 

12. Varying Voltages in 
the CPU Has Not 
Seemed to Be of Much 
Value, But Can Be 
Tried wi th Extreme 
Caution 

13. Use Anti-Sta,tic Spray 
and Solutions when 
Static Electricity Is 
Suspected 
Note; Beware of 
Furniture with Casters 
Being Moved Post The 
System 

14. Run or Prevent Oper
ation of Communi
cations and Other 
External Electronic 
and Electrical Dev
ices to Decrease or 
Increase Failures 

15. Beware of Room 
Temperatures Above 
980 and Humidity 
Below 20%. 

16. Is It Always the Same 
Sh ift or Operator 
When Failure' Occurs 

17. Check the Last Control 
Unit on Every Channel 
for the Interface 
Terminator 

18. Spot-Check Voltage 
Level. on CPU Boards, 
CCROS, Starage, and 
the 1/2 Board 01 F • 
For the 1050 Interface 
+6v--Pi n B 11 
+3v--Pin D03 
Ground--Pin DOS 
-3--Pin B06 
Note: For 1/2 Board 
'ii'OfiOges, Refer to 
ALD PF571 

19. Check All Single
Shot Settings. The 
Following Is A List 
of the Single-Shots 
in the CPU 

I Stop Made Staps the 
Machine for Unexpected 

I CPU Fai lures Before 
I Monitor Logs Them 

Out. Press Start if 
I Logout Is Desired or 
I Go Directly to Chart C 

I Sheet 1 At CA 

For Test ID Numbers 
Refer to The 2030 FE 
Handbook Under 
System!360 Diagnostics 
For An Excellent Listing 
and Suggested Runni ng 
Order Refer to the 
2030 Installation 
Instructions Part Number 
824400 Appendix A 
Sections 3 and 4 

Review of CEM's, Retain, 
I etc. Should Be Checked 
I For Simi lar Problems 
I Before Even Considering 
I These Hints 

Single-Shots in CPU 

ALD Function 

DM051 Metering 

FA10l MPX Channel Operation-Out Reset 

GA021 Se lector Channell Operation-Out Reset 

GA021 Selector Channell Hold-Out Interlock 

HA021 Selector Channel 2 Operation-Out Reset 

HA021 Selector Channel 2 Hold-Out Interlock 

PF042 1052 Carrier Return Line Feed 

PF043 1050 Restore (Reset) 

PF071 1050 Attention (Request) 

PF251 Audible Alarm (Optional) 

DT Chart B Diagnostic Check Out (Sheet 4) 



Index 

CA 
Chart I, Sheet 1 
Chart W, Sheet 1 
Chart W, Sheet 2 

: Assumption: 
I Lamp Check Completed 

Place All Switches in 
Process a nd Observe the 
Test Light on Lower Right 
of Console 

Stopped While Running 
a Microdiagnostic Test. 
Use Stop Word Analysis 
Chart of Associated Test 

Check the Diagnostic Latch 
onALD DK041 if You: 
1. Just IPL 
2. SYS RST-START 
3. Not Running Diag

nostic 

YES 

Switches: 
I. ROS CTRL 
2. RATE 
3. ADDR COMP 
4. CHECK CTRL 

NO 

Should Be Stopped at 
WX 12F4 

Indication Probably Obtoi- i 
ned Via Logout or From I 
Logout Area 

If Failure Is Intermittent 
Continue Through Chart 
for Possible Hints 

YES 

S topped before HI was Set: 

Second Error Has Occ
urred before Logout of 

First Error was Started 

Second Error Has Occur
red Before a LOAD PSW 
Operation Code was Per
formed 

Chances Are Same Type 
of Error Occurred Sec
ond Time. Continue 
Into Chart Using Sec
ond Error Indication 

If Basic Test Does Not 
Catch Error-When Error Re
occurs Scope Inputs to the 
Exclusive OR Circuits on 
ALD ALOSI (No Two Inputs 
Should Be at the Same 
Level) 

IFor ALU Control Line Def
linitions Refer to 2030 
iFETOM Chp. 2 Arithmetic 
ILogic Unit 

DT Chart C CPU Checks (Sheet 1) 

Chart C, Sheet 2 

CB 

Follow the R/W Storage 
Diagnostic Procedure Item 
4 of Test 3348 Located in 
Volume 41 
Note: The Priority Control 
Repop. Test Can be 
Skipped 

If Selector Channels Were 

In Operation: Run the As
sociated FLT(s) in Vol 41 

SEL CH I-Test 3447 
SE L CH 2- Test 344A 

:Identified By Cards Plugged 
lin; 
'OIA - C3L2 

NO 

NO 

CCROS Failure Occur
red During a Cycle 
Which Could Have Al
tered Data In Storage 
--Do Not Allow Cont
i nuation af Job 

If 1401 Compatible, Re
initialize Compatible 
Auxiliary Storage with 
C ID Deck at Completion 
of Call 

NO 

YES 

Chart C, Sheet 3 

Possible Check Circuit 
Error--ALD KR051--Basic 
Test BFF Should Locate 

Chart C, Sheet 2 

Display Q-Register 
Nate: The P-Bit PI us 
Q-Register Bits (4, 5, 6, 
and 7) Should Be Odd 
(Q Hi Not Significant) 

NO 

Run Storage Protect Fea
ture Adiustment (Refer to 
Chapter 4 of 2030 FEMM) 

Run the Following Micro 
Diagnostics 
1. Basic Test BFF-3345 
2. (REPOP.) Priority 

CTRLS -3347 
3. (REPOP.) Storage

Protect --3350 
All in Vol 41 



Chart C, Sheet 1 

YES 

I 1 . F, G, H, and j SWS 
I to Displayed WX Address 
12. Rate SW to Single 
I Cycle 
13. Press ROAR RESET 
4. Press START 

Use ROS Control Field 
Chart QAOOO Page 1 
Vol 20 

Beware of an Unspecif
ied Register Being OR'd 
in with the Expected 
Register I Causing the 
Failure 

Not Now, but at Prev
ious Spot Check or from 

I Original Console Log. 

1 • L, D, or K to B-Reg 
Transfer Failure 

2. An Unspec ified Reg
ister Being ORld On 
the B-Bus 

NO 

Note: If Failure Is Solid 
Skip 2 Blocks and Run 
BFF Prior to This Pro
cedure. 

1 • Locate the Micro 
Word Using Module 
Assign Charts (Q2) in 
Back of Vol 24 

2. Tracing Back, Locate 
Block Where Register 
was Last Changed 

3. Early ROAR Stop on 
This Word. Observe 
Fai ling Register wh i Ie 
Single-Cycling through 
Micro Word 

Suspect: 
I . Foul ty Latch or Assoc

iated Circuitry of Reg
ister 

2. Z - Bus Pari ty Genera tor 

BFF Test: Run Basic Micro 
Test 3345 (BFF) Vol 41-
If Necessary, Loop Test 
Using Step 3.2 

YES 

YES 

Follow the R/W Storage 
Diagnostic Procedure, 
Item 4 of Test 3348 Loc
ated in Volume 41 
Note: The Priority Con
trol Repop. Test Can Be 
Skipped 

If Selector Channels 
Were in Operation: 
Run the Associated FL T(s) 
in Vol. 41 
SEL CH l--Test 3447 
SEL CH 2--Test 344A 

NO 

CC 

YES 

Suspect: 
1 . Source Register to A

Register Transfer 
2. Unspecified Register 

Being OR'd into "A" 
Along with the Expect
ed Register 

M21 Memory Take No 
Leg 

Chart C, Sheet 1 

Chart C, Sheet 3 

NO 

Set 
I. F,G,H, j SWS to 

I Displayed WX Address 
I 2. RATE SW to SINGLE-
I CYCLE 
I 3. Press ROAR RESET 

4. Press START 

Use ROS Control Field 
Chart QA 000 Page 1, 
Vol 20 

Allow A-Register Check 
on ALD KR 021 Should 
Have Blocked A-Register 
Check 

Multiplex Channel or I/O 
Oriented Problem. 
Statically Check the Data 
on Bus In at the Control 
Unit and the CPU. Sus-

M2 Memeory: 2 Micro 
Second Cycle 

I • F, G, H, j SWS to 
Displayed WX Address 

2. RATE SW to SINGLE
CYCLE 

3. ROAR RST 
4. START 

DT Chart C CPU Checks (Sheet 2) 
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NO 

1. F,G,H, J SWS to 
Displayed WX Address 

2. RATE SW to SINGLE
CYCLE 

3. Press ROAR RST 
4. Press START 

I 
I r----

I 

Re-display WX Registers 

Use ROS CTRL Field Chart I 
and CLD, Bit List or I 
Image Card I 

I 
I r---

I 

Suspect: 
1 • Wrong Document Cord 

in This Location 
2. CCROS Decode Failure 

Caused Readout of An-
other Word 

3.Even Pick or Drop of 
SALs with No ROS 
SALs or CTRL Register 
Check Indication. If 
the Address P Bit Ends 
Up in the Wrong Stote, 
a ROS Address Check 
Occurs. Normally a 
Static Discharge Prob
lem 

I Assumptions: 
11. Lamp Test Checked 

Important Assumptions 
1. Lamp Test OK 

I 2. Console Logged 

YES 

Suspect: 
1. CCROS Decode Failure 

Caused Read Out of 
Some Other Word 

2. Multiple Pick or Drop 
of Bits in CCROS 

12. Console Display Logged 

I 

DT Chart C CPU Checks (Sheet 3) 

CPU Hardware Failure 
Suspect: 
1 • WX Parity Bit Generator 
2. W or X Reg ALD RX011 

YES 

Early ROAR Stop on Fail
ing WX Address. Check 
the Displayed CN Field 
for Proper Next Address. 
Check CLD, Bit List, or 

Image Card 

Chart C, Sheet 2 

I 
If a ROS Address Check 
Is also Present Begin with 
that Sympton First 

1 . RATE SW to SINGLE
CYCLE 

2. SYSTEM RE SET 
3. ROAR RESET to Fail

ing WX Address 
4. START 

Suspect: 
1. Intermittent CCROS 

Component 
2. Static Electricty Dis

charge 

NO 

YES 

NO 

: Good SALs Parity ~ (CN 
I + CN Parity) Odd and 
I (SAP + CH + CL - CA + 
I CB + CM + CU + All of 
I CK) + (ADDR P) Odd. 
I Control Register ~ CR + 
: CD + CF + CG + CV + 
ICC + CS 

I 

Run CCROS Checkout 
Procedure in the 2030 
FEMM Chapter 4 Under 
CCROS Retry Checks 

I For AID: 
I Refer to CCROS Retry 

in 2030 FEMM Chapter 1 

Continue This Method 
I Fixing One at a Time 
I Until Upper Limit I, 
I C lean Then Vory Toword 
I Lower Limit. Fix One 
I at a Time Until Successful 
1 Vol tage Check Is Mode 
I 
I 

r-:'-,...--~ __ ------,- _.J 
While Running ROS Scan 
Diagnostic Test Procedure, 
Test 3349 (Vol 41) Vary Pot 
Toward Upper Limit Pick 
First Failing Word 



NO 

Chart S, Sheet 3 
Chart W, Sheet I 
Chart W, Sheet 2 

Particular I/o Unit or 
Device Has a Red Light 
Indication 

YES 

: Any Evident Physical 
1 Discrepencies on the I/O 
I Device. Example: Tape 
I Dumped in Columns 

I/O Visible 
Malfunction 

YES 

NO.-____________ -, 

I CSW Bit 37 Unit Status 
I Bit 6 

Bit I of Sense Byte 0 

I nterventi on 
Required 

NO 

YES 

Bit 3 of Sense Byte 0 

YES 
Equipment Check 

Some Units Provide an 
NO Additional Break Down. 

Example: Sense Byte 4 
in Tapes 

Bit 4 of Sense Byte 0 

The Remaining Bits of 
Sense Byte 0 Are Not 
Usually Producible Off
Line: 
0- Command Reject 
2 - Bus Out Parity 
5 - Over Run 
6 - Command Sequence 
7 - (Unit Dependent) 

I CSW Bit 38 Unit Status 
Bit 7 

YES 

The Norma I Procedure 
Would Be to Ensure That 
Mechanical Hardware 
and Initial Recognition 
Circuits Are Function
ing Off Line, but On
Line Check Is Necessary 
to Check Control Unit 
to C PU Transfer 

Some Un i ts Provide an 
Additional Break Down. 
Example: Sense Byt 3 
in Topes 

I Aid Examples: 
I I. CE Off-Line Tester 
1 2. Control Unit CE Dis-

play and Control 
I Panels 

I 3, FE Maintenance Man-

I uals 
4. Flow Charts and ILDs 

I Located in the Main
tenance Diagram 

Manuals 
I 5. Oil-line Diagnostics 

as on 2841 
I 6. Tape or File Off
I line Drive Testers 

I 
1- __ _ -_.,.------"----, 

Attempt to Create the 
Condition Off-Line 
Using All Available 
Aids 

The Remainder of the 
Status Bits and Addi tion-
01 Sense Bytes Are Un
ique to the Command and 
the Control Uni I. They 
Are Not Usually Produc
ible Off-Line. A Quick 
Attempt Off-Line May 
Prove Beneficial 

I Refer to the Control Unit 
I SRL or to the System/360 
I General FE Handbook 
: for Specific Descriptions 

Check Log Out Area. 
Log Out Area May Not 
Be Valid Unless the Log 
Out Area was Cleared 
Prior to This Job 

Ensure That CPU Chan
nel Is Not at Fault The Error Indication Is 

Definitely Control Unit 
or Device. Oriented 

SEL 

Run the Selector Chan
nel Repop FL T . 
Channel I - 3447 
Channel 2 - 344A 
(Vol 41) 

YES 

MPX 

.-----------,- - -"'I ---------, 
Using the Micro i/o I Use the Commands, Flags, 
Diagnostic Test 3344 land Counts from Previously 
(Vol 41L Issue the Fail- ILogged Data of Original 
ing Commands and the IFailing Job 
Associated Counts I 

Select All Macro Diag
nosti c Tests for the Con
trol Unit and Device, 
and Run Them in the 
Prescribed Order 

Set Up to Catch CPU 
Checks, Certain Sel
ector Channel Errors, 
and ROAR S top on Pro
gram Checks 

Clear Log Out Area and 
Rerun Original Failing 
Job, If Same Foilure Per
sists, Call for As,istanc;e 

11 . Check Control Swi tch 
I to Stop 
12. Address Compare Switch 

Switch,to Early ROAR 
1 Stop 
13. Compare Address 
I Switches (ABCD) 

I to WX Address 0147 

Run the Multiplexor 
Channel Micro Repop 
Diagnostic Test 3346 
(Vol 41) 

Don't Be too Sure Un less 
You Have Previously 
Run the Channel Diag
nostics 

DT Chart D Device Chart 



Index 7----
Assumption: System 
Reset, the Clock, ond 
the Read-Onl y Storage 
(ROS) Aret Has Been 
Checked i" the First 
Section of Chart B. 
Also, No Pertinent Data 
Is in Storage 

Power Switches and 
Emergency Power-Off 
Check 

LP Light Check 

I Note: This Chart Is a 
I Genera I Check of the 

Various Indicators and 
I Switches of the IBM 2030 
I Operator's Console Dis-
I play Panel. 100% 
I Checkout I, Not Intended 

I 
Pull Emergency Power-
Off~ 

Power Drops 

I 
Manuall y Reset the 
Emergency Off Key and 
Press Power-On Key 

I 
1. Press Normal Power

Off Key 
2. Press Power-On Key 

- - - - --
Observe Console Indi
cators. They Should 
Appear As Described on 
Chart B, Sheet 1, 
Except That A II Read
Only-Storage (ROS) 
Data Lights Should Be 
Off 

I 

I 
Disconnect the Air Hose 
to the CCROS Unit 
- - - - --

The LP Light Should 
Come On 

I 

1. H, J Rotary Switches 1-_____ -, 
2. B-Register Display I 

Hold Store Key Down 
and Rotate Hand J 
Switches. 

Observe the B-Register 
lor Proper Character and 
Parity 

I 

I. F, G Rotary Switches 11-_____ ., 
2. A-Register Display I 

1. A, B, C, D Rotary 
Switches 

2. Manual Store and 
Display Keys 

3. M- and N-Register 
Display 

4. The Auxiliary 
Storage Indicator 

Set Up: 
1. Set All Switches to 

Process 
2. Press System Reset 
3. F, G Switches--xx 
4. Set I/C 
5. Vary F, G Switches 

One At a Time and 
Bra nch to Step 2 

--- - - ---
Observe the Contents 
of the A-Register for 
Proper Character and 
Parity 

r 

I 
Set Up: 
I. Press System Reset 
2. Set E-Switch to 

Red Band and AS 
(Aux Storage) 

3. Set H, J Switches--
FF. 

4. Press Store Key 
5. Press System Reset 
6. Press Display Key 

Results: 
1. Aux Storage Indi

cator On 
2. Main Storage Data 

Register (R-Reg) = 
FF 

I 
Vary the A, B, C, D 
Switches l Pressing Store 
On Each Change 
Observe the Main 
Storage Address Register 
(MN) for Correct Char
acters and Parities 

I 

The LP Light Also Is Used 
to Indicate When Storage 
Temperature Is Not High 
Enough But the Check 
Procedure Is Too Time 
Consuming. 

DT Chart E Operators Console Check Out (Sheet 1) 

I. Address Compare 
Rotary Switch 

2. Match Light and 
Circuits 

3. All CPU Check 
Indicators 

4. Check Reset 
5. Load Key and Load 

Indicator 
6. System Light 

1. ROS Control Switch 
2. Wait Light 
3. Test Light 

EB 

Chart E, Sheet 2 

I 
Set Up: 
1. Set Address Com

pare Switch to SAR 
Stop Delayed 

2. Set Others to 
Prodess 

3. Set ABCD Switches 
to 0000 

4 . Set F, G, H, J 
Switches to 0000 

5 . Press Load 

Results: 
1. Load Light 
2. Match Li ght 
3. No CPU Checks 

I 
1. Set Address Com

pare Switch to 
SAR Stop 

2. Press Load 

1. Match Light 
2. All CPU Check 

Indicators 

I 
Check Reset 

No CPU Checks 

I 
1. Set Address Com

pare Switch to 
ROAR Restart 

2. Press Load 

1. System Light 
2. Match Li ght 
3. Sel Chan Count 

Reg P-Bits On 

I 
I. Set Address Com

pare Switch to 

ROAR Stop 
2.SetA,B,C,D 

Switches to OB08 
3. Press Load 

I. Match Light 
2. WX Address OB08 
3. Sel Chan Count 

Reg P- Bi ts Off 

I 
1. Set Address Com

pare Switch to 
Early ROAR Stop 

2. Press Load 

I. Match Li ght 
2 . Set WX Address to 

OB07 

I 

I 
I. Set ROS Control 

Switch to ROS 
Scan 

2. Set Others to 
Process 

3. Press System Reset 

WX Address Is 0300 
Ins tead of 0000 

I 
1. Store Hex 02 in 

Main Storage 
Location 0001 
(Wait Bit of 0000 
PSW) 

2. Set ROS Cantrol 
Switch~s to Inhibit 
CF Stop 

3. Press System Reset 
4. Press Start 

I. WX Address Is OOAE 
(Wait Word) 

2. Wait Light On 
3. Test Light On 

I 
1. Leave in Wait Loop 
2. Turn ROS Control 

Swi tch to Process 

Test Light Goes Off 

I 



Chart E, Sheet I 

¥ 
1. Check Control 

Switch 
2. Bad S tora ge Do to I Detection 

Set Up: 
1. System Reset 
2. Set Rate Switch to 

Single-Cycle 
3. Set ROS Control 

Switch to ROS Scan 
4. Set Check Control 

Switch to Stop 
5. Set Address Compare 

Switch to ROAR 
Stop 

6. Set A, B, C, D 
Switches to 0304 

7. SetF, G, H, J 
Switches to OB9B 

8. Press ROAR RESET 
9. Start Four Ti mes 

--------
Enters An Out-of-Pari ty 
Hex 00 in Main Storage 
Location 0000 

I 
1. Set A, B, C, D 

Switches to OBFO 
(Normal Memory 
Scan) 

2. Press SYSTEM RESET 
3. Press ROAR RESET 
4. Press ST ART 

---------
1. Manual Ligill. 
2. Storage Data Check 
3. MN Reg Has Address 

of Bad Data 
4. Bad Data Displayed 

in R-Register 
5. Pressing Start Allows 

Memory Scan Through 
Good Areas and Stops 
at Bad Data Location 

I 
1. Check Control to 

Disable 
2. Press START 

---------
Continual Scan with 
Storage Data Check 

I 
While Looping Storage, I 
Turn Check Control to 
Process 

--------
1. Stops with Match 

Light On 
2. WX Address--0304 

I 

Interrupt Key I 
Set Up: 
1. Set E-Switch to 

Grey Band and 
Display F 

2. Press SYSTEM RESET 
3. Press DISPLAY Key 

---------
B-Register Displays An 
Out-of-Parity Hex FF 

I 
1. Press Interrupt Key 
2. Press Display 

-------
B-Register Disp12Y2 a 
Hex BF --

J 

CPU Status Indicators I 
Setup: 
1. Set All Switches to 

Process 
2. SetF, G, H, J 

Switches to OBFF 
3. Press SYSTEM RESET 
4. Press ROAR RESET 
5. Press START 

1--------
I. Under CPU Status 

A. MPX Chan LigQ! 

B. Sel Chan Ligb.!... 
2. Multiplexor Channel 

Bus-Out Register-77 

I 
I. Set Rate Switch to 

Single-Cycle 
2. Press LOAD Key 
3. Press START Key 

-------
I. Allow Write 

Indicator On 
2. A-Register Check 

I 
If 1050 Is Installed and 
Power Is On the 1050, 
Press the REQ UE S T Key 

-------
Under CPU Status 1050 
Req Indicator On 

I 

1 

I For Other Core Addresses 
or Different Characters, 

I Refer to Bad Parity Char
I acter under Console Pro
I cedures in Chapter 2 of 

'i'he2030 FEMM--
----

I A Machine-Check Trap 
I Was Attempted to WX 
I Address 0004 But ROS 
I Scan Mode Forces X3XX 

The F-Register (External 
Interrupt Reg) Displays 
in the Indicators Those 
I nterrupt Latches tho t 
Are Off 

Bi t 1 Is the Interrupt
Key Position 

I 
Multiplexor Channel 
Indicators 

I Selector Channel 
Indicators 

End 

I 
I 

I 
J 

,..-___ .L...... ___ -, ____ , ________ ..., 

; Assumption: No Device 
I on the Multiplexor 

I. Set All Switches to 
Process 

2. SetHandJ 
Swi tches to FF 

3. Press LOAD 

I. WX Address 0578 
2. Suppress-Out (MPX 

Tag) Is On 
3. Multiplexor Bus

Out Register-FF 

If a Check of Multiplexor 
Tag Lines Is Desired, 
Use the IPL ROAR Stop 
Address Chart I and 2 

1 Channel Has An Address 

1 of FF 

~YES 
~>------~I 

NO 
The Fallowing Routines 
Check One Channel at 
a Time. Complete the 
Entire Selector Channel 
Section Then Start Over 
Again To Check the 
Other Channel 

I 
I ,... ___ ....I........L.. ___ ...-__ -,r----------, 

Setup: 
I. Set Address Compare 

Switch to ROAR Stop 
2. Set All Others to 

Process 
3. Set A, B, C, D 

Swi tches to 091 F 
4. Set F, G, H, J 

Switches to 0 
(Chan I or 2) FF 

5. Press LOAD Key 

f---------
1. Match Light 
2. WXAddress 091F 
3. Selector Channel 

Data Register--A II 
Bits 

4. Key--P Bit 
5. Cammand--Blank 
6" F lags--CC and 

SLI 
7. Tags--Select-out 

and Address-out 

1. SetF, G, H, J 
Swi tches To the 
Address of An 
Available and Ready 
Device on Same 
Channel 

2. Press Load 

-------
I. WX Add,"ess-0981 
2. Selector Channel 

Data Register-02 
3. Key--r Bit 
4. Command - 2 
5. F logs--CC and SLI 
6. Togs--Op in and 

Stat in 

I. Set Check Control 
Swi tch to Stop 

2. Set All Others to 
Process. 

3. SetF, G, H, J 
Sw i tc hes to 095D 
(WX Address ALD 
QDI8]). 

4. Press SYS TEM RESET 
5. Press ROAR RESET 
6. Press START 

I. WX Address--092A 
(ALD OD 161) 

2. Selector Channel 
Program Check (Red 
Light) 

3. Selector Channel 
InterFace Control 

Check (Red Li ght) 

Repeat Selector Channel 
Area for Other Channel 

The Setting of Switch 
Determi nes the Set 0 

Reset of the SX2 Sel 
ection Latch (ALD HJOlll 
Thus Determining Which 

I Channel Will Be Checked 

-----1 The Program Check Was 

Set First. Processing 
Continued Until Interface 

Control Check Was Set, 
Which Caused the Stop 
Because of the Check 
Control Switch Being in 

I Stop Made 

DT Chart E Operators Console Check Out (Sheet 2) 



Index 

CID Appear to Load 
Successfully 

YES 

Chart YZ, Sheet 2 

NO 

Chart C, Sheet 1 

YES 

Chart S, Sheet 1 

Chart J, Sheet 1 
-- - -1'--------, 
I I This Can Occur Only if 
I the Customer Has Mod-
I ified the CID as per TNL 
I N24-0397 . Check the 
I 1400 SRL (A24-3255) to 

r-~---'-------, Determine if it Is at This 
Reader/Validity Check Level or a Later Level. 
Occurred While Reading 
CID. Check the Lost Determine if the Change 
Card in the Stocker for Has Been Made to the 
an Error I 3-Card Hex Loader 

Has Mode YES 
Switch Been Made to > ____ ., 

1400 Mode 

NO 

Place Address Compare 
Switch in ROAR Stop. 
Set 03FD in Switches 
ABCD and Re-IPL 

YES 

Set 030F in Switches 
ABCD and Press START 

Compatibility Mode Es
tablished. The Machine 
Should Not Switch Bock 
to the 2030 Mode Unl ess 
Mode Switch Is Allowed 
to Occur on a Subsequent 
Operation. Check Bytes 
9C and 9D of Auxiliary 
Storage A for PMS Con
trol Bits. If These Bits 
Are Off, the W-Register 
3 Bit Should Never Be 
Turned Off with Normal 
Processing, Single Cycle 
and Determine Where and 
How W3 Is Being Reset 

NO 

NO 

CFIM, 99 Operation 
Code, Not Decoded Dur
ing 2030 I-Cycles 
Suspect: 
1. Missing Card in CID 

No. 37 or 0518 for 
Non 65K Machines 
No, 38 or 052E for 
65K Machines 

2. The Diagnose Instruct
ion Which Allows 1400 
Instructions was Not 
Executed Properly. See 
Note on CAS Page 
QA041 

3. Hex Loader Deck Pro
blem. Try New Loader 

Unsuccessful Module5witch 
and/or Bad Branch. Check 
SALs Alternate A-Bit Tran
sfer to W-Register 3 Bit. 
The SALs A-Field Is Also 
Gated to W-Register 
Bits 4567 

DT Chart F 1400 Compatibility Oriented (Sheet 1) 

____ Y_E_S <: At 1032 or lQfF Holt 

NO 

Manually Set IJ to Add
ress of First Program Load 
Instruction. This Instruct-
i on was Read in from Either 
Card OOAO or OOBO. Col
umns 6 - 9 of Card 0390 
Specify This Address. 
ROAR Reset to ROS Word 
1100. Set Switches ABCD 
to 1792 and Place Address 
Compare Switch in ROAR 
Stop Mode. Press START: 
Match Should Occur. 
Single-Cycle from Word 
1792 (CAS Logic Page 
QG001) and Determine 
Why Machine Did Not Go 
to 1032 or IOFF • If This 
Routine Works and the 
1402,1442, or 1729 Load 
Does Not Work, Check 
Card Load or Tape Load. 
IJ in Auxiliary Storage 
A - 90 thru 93. These Loc
ations Should Specify the 
Address of the Card or Tape 
Load Instruction Read By 
CID Card OOAO and ooBO 

WX ~ 1032 

YES 
Chart W, Sheet 1 

FB 

Chart F, Sheet 2 

YES 

The Remote-Restort Bit Is 
Set Only when Unit-Check 
Occurs During the Initiol 

Selection Sequence Ent
ered While Attempting to 
Get to a 1403, 2540, 
1443, 2501, or 2520. This 

Unit Check Indicates That 
the Device Is Not Ready. 
After You Read the Device 
(Which May Require Load
ing Cards in a Reader/ 
Punch, Putting Paper in a 
Printer, or Adding a Car
rage Tape), the Micro Pro
gram, Which I~ Looping 
at 1032 Waiting for Add
ress-In Will Re-attempt to 
Execute the Desired Read, 
Punch, or Print Operations 

Dial 1033 into Switches 
ABCD, Set Address Comp
are Switch to ROAR Stop, 
Go to Device for Which 
Intervention was Required 
and Make the Devi ce 
Not-Ready, then Make 
it Ready 

Either Device Did Not 
Send Address-I n or Req
uest-In After the Device 
went from Not-Ready to 
Ready or Request-In was 
Not Recogn i zed By the 
Processor , This Can Be 
Checked By Scoping MPX 
Request-In Signal (Page 
FA041) , The Normal Seq
uence of Events Is: Req
uest-In to Cause Select
Out/Hold-Out to Be Pro
pogated. When the Device 
Recogni zes Select- Out/ 
Hold-Out, the Device 
Should Send Address-In. 
The Micro Program Uses 
Address-In to Restart the 
Previously Attempted 
1/0 Operations 

YES 

Invalid 

Determine Why Wait 
Light Is On, Wait State 
(In Compat) Should Only 
Be On In Word 1032 

Invalid 

The Remote-Restart Bi t Is 
Not Being Reset After Be
ing Tested. This Bit Is Bit 
1 of Byte 9F in Auxiliary 
Storage A . The Reset Oc
curs (Logic Page QE691) 
in ROS Word 173C. If the 
Reset Is Occurring Prop
erly, Check when the Bit 
Is Being Turned on By SAR 
Stopping on 9F (Auxiliary 
Storage A). Check FEMM 
Chapter 2 under Console 
Procedures for SAR Stop 
Procedures 

Check Devi ce 

Place Address Compare 
Switch to Process ond 
Rate Switch Single Cycle. 
Step through Desired Op
eration. ROS Word 1033 
Can Be Found on CAS 
Logic QE692 



Chart F, Sheet 1 

NO 

(a) Run the Applicable 
1400 Diagnostics 

(b) ROS Scan 
(c) Check Bump 

Check 
I. 1400 ROS Branching 
2. 1400 Mode Latch 
(DL031) 

YES 

YES 

YES 

Chart H, Sheet 1 

3F06 - PMS Test 
3F07 - 1402 
3FOB - 1402 PFR 
3F09 - 1402 Col Bin 
3FOC- 1403 
3Fl0-1442 
3FI3 - 1443 
3F16 - Tapes 
3F 19 - Files 
3F 1 C - Typewriter 

Chart R, Sheet 1 

DT Chart F 1400 Compatibility Oriented (Sheet 2) 



On all stops at ROS address 10FF, a coded digit is displayed 
in the Main Storage Data Register. In the case of a set IC 
operation, the contents of the main storage location to which 
the instruction counter has been set ore displayed. In the 
case of a sense switch operation, the resulting sense switch 
byte (98 of Aux. Star. A) is displayed. In all other cases, 
the displayed digit has the significance shown in the R-

The hexadecimal equivalents of these storage-address reg
isters are also available and can be obtained by displaying 
the following Aux. Star. A locations: 

(I) The hexadecimal 1400 instruction address in locations 
88 and 89. 

(2) The hexadecimal 1400 A-storage-address register in 
locations SA and 88. 

Reg ister Decode chart. 

In addition to the coded digits which are detailed below, 
the following 1400 addresses are available on a 10FF halt. 

(3) The hexadecimal 1400 B-storage-address register in 
locations 8C and 8D. 

(1) The decimal instruction address is displayed in the BA
registers. 

The S-register is stored in byte SF of Aux. Stor. A. If 
either 56 or 57 or both S6 and 57 equal 1, the respective 
1400 storage-address register, A or B or both A and B, is 
displayed in hexadecimal rather than decimal form. A 1 

(2) The decimal A-storage-address register is displayed by 
the MSDR lights. 

for S6 or S7 denotes an invalid address for addressing 
storage. No hexadecimal-decimal conversion is attempted 
on an invalid address. For example: M%U1500R; - the 
contents of the A-storage-address reghler (%Ul) is con
sidered an invalid A-address. 

(3) The decimal B-storage-address register is contained in 
the U-and V- registers and must be displayed manually. 

R-REGISTER DECODE CHART 

Digit Displayed 
In MSDR 

00 

01 

02 

04 

05 

06 

07 

08 

09 

OA 

os 

OE 

Rea~on For HoI ~ 

Normal stop. Appears when the stop is caused by 
pressing the stop key I ending an instruction executed 
in instruction-step mode, or a match occurs in SAR 
Delayed-Stop mode. 

Comments 

The program attempts to use an invalid 1400 8- The address displayed in the BA-register lights is the 
address. address of the next instruction character which has 

a word mark. Working back from this next instruction, 
assemble the failing instruction and attempt to de
term ine why the B-address was inval id. Use a pro
gram listing if One is available. Was the instruction 
read into storage improperly? 

The program attempted to use an invalid 1400 A- Same comments apply as for character 01 halt. 
address. 

The program attempted to use an invalid 1400 opera- The decimal address displayed in the BA-register 
tion code. lights is the address of the next character with a 

word mark. Working back from this address, de
termine the fail ing op-code. From a program listing, 
attempt to determine what the op code should be. 
Alsa investigate for a misplaced ward ".,ark. 

An invalid I/o operation was attemptedi either the 
unit selection or the unit number was invalid. 

A storage-wrap condition occurred when an address 
outside of the system capacity was used to address 
core storage. 

Storage protection occurred in 1400 mode. 

An attempt was made to switch to 2030 mode without 
the PMS feature. May also be caused by erroneous 
interrupts. 

Check the A-field of the previous op-code. The 
address of the previous op-code should be 7 less than 
the address displayed in the BA-lights. This halt 
identifies a problem with the hundreds and/or units 
position of the A-field. In the case of M%U1500R, 
the difficulty would be with the U or thel • 

Check the op-code to ensure that val id addresses are 
being used. If these addresses are valid, check the 
storage size as defined in the CID. Cards 0320, 
0390, 0420, 0500, and the last card of the IBM 
Standard CID contain references to storage size. If 
these addresses are invalid, attempt to determine 
what the address shou I d be from a program I isti ng . 

Check the Q-register. Bits 0 through 3 should be 
either 0000 or equal to bits 4 thru 7. If these bits 
do not compare as indicated above, check the pro
tection key in the last loaded PSW. This key must 
be equal to Q-register bits 4 thru 7. If these two 
differ, call for programming assistance. Check that 
the conditions specified by the last loaded PSW exist 
while the machine is operating in 1400 mode. If the 
key in the PSW is 0000 or equal to bits 4 thru 7 of 
the Q-register and this halt occurs, a hardware mal
function has probably occurred. See Chart P- PE 
(Storage Protection). 

Check the PMS control bytes for proper definition. 
Bytes 9C and 9D of Aux. Storage A contain bits that 
define the program-mode-switch subfeature. If the 
feature is not installed on the machine f these defi

nition bits must be zero. The bytes are 
9C 9D 

O. 
1. 
2. 
3. Mode Sw On Inv Ops 
4. 

Mode Sw On Inv I/o Ops 
Mode Sw On Conso Ie Ops 
Mode Sw On Printer Ops 
Mode Sw On Rdr/Pch Ops 

5. Mode Sw On Hal ts Mode Sw On Tape Ops 
6. Mode Sw On File Ops 
7. Mode Sw On Error Stops 

Also check if an erroneous interrupt is forcing a branch 
to word 1102 (CAS logic page QE601). ROAR stop
ping on this word and displaying the F-register indi
cates what type of interrupt has occurred. Note: All 
bits of the F-reg are normally on. Bit 0 being off 
indicates a timer interrupt has occurred. Bit 1 off 
indicates a console interrupt. Bits 2-7 indicate that 
an external interrupt ha5 occurred. 

An invalid source or destination address was specified The third byte of the source and or destination ad-
on one of the following special 2030 PMS instructions: dress is non-zero. The next Basic 2030 instruction 

should be stored in Basic 2030 LS A9 and AA. Work-
CFMT - DE Rl,R2 - COMPAT FEAT MOVE TO 
CFMF - OF RI,R2 - COMPAT FEPT MOVE FROM 
CFLT - OC RI,R2 - COM PAT FEAT LOAD TO 
CFLF - OD Rl, R2 - COMPPT FEPT LOAD FROM 

The microprogram attempted to convert to BCD an 
address that was less than the bias address. This 
occurred during execution of a clear-storage or store
address-register operation. 

Storage wrap low; the 2030 storage location 1 less 
than 1400 000 was addressed. 

The program attempted to index without advanced 
programming being defined by CID. 

ing back from that address, check the specified reg
isters to determine why the addresses are invalid. 

This situation usually appears when the execution of 
an operation is attempted where the A- and/or B
fields are obtained from the backup locations; for 
example, M .t! aoa. When execution of the Move 
operation is attempted, the A- and B-addresses are 

fetched from L T and UV backup locations. These 
addresses are in hexadec imal format. When the 
clear-or store-star operation is attempted, these 
addresses are converted to SCD. If the address is 
less than the bias, the OA-halt occurs. When the 
PMS feature is installed, the programmer can alter 
these locations. Therefore, checking the 2030 ap
code which can access these locations may point to 
the error. These op-codes are of the SI format: 

The BA-register may be invalid at this halt, ie., it 
may not contain the decimal address of the next 
instruction. If this is the case, re·peat the job and 
ROAR stop on word 1002. When a match occurs, the 
next instruction address may be obtained by display

ing bytes 83 and 84 of Aux. Storage A. Working back 
from this instruction I determine the failing operation. 
Suspect misplaced wordmarks. 

Check bit I of byte 9C in Aux. Storage A. This 
bit should equal 1. Card 0390 of the standard CID 
contains this definition. 

DT Chart F 140U Compatibil ity Oriented (Sheet 3) 

Digit Displayed Reason For Halt 
In MSEtR 

II Some device other than the 1050 attempted to take a 
multiplexor-channel data-cycle while preparing to 
enter the 1050 data loop. 

21 A word mark was missing from the 1400 op-code dur
ing I-Cycles. 

22 

23 

31 

3F 

41 

42 

4F 

A wrong address was sent back fram the channel 
during initial selection of a tape operation. 

GMWM in first position of tape write field. 

A word mark was detected in the A-oddress of an I/o 
instruction, for example: 

M%U1500R 

A 2540 or 2501 reader error, a 2520 PFR error, or an 
invalid character has occurred. 

An SF character was detected at an address other 
than the bias address while in 1400 mode. For a 
65K machine, this may indicate a 1400 high-wrap 
condition because 256 SF characters are placed 
between the upper I im its of 1400 storage and the 
highest core address. 

Invalid channel status was detected following a 
tape-read operation (Selector Channel only). 

1442 Reader or Punch intervention reguired. 

Comments 

While miting far TREQ to come up, another device 
sent its address in an attempt to take a data cycle. 
CAS logic page QG121, ROS word 1944 detects 
the Address-In signal. This routine is narmally used 
to stack any outstanding status so that the channel 
is free to operate with the 1050. Check to ensure 
that this data-transfer request is not from a device 
which was initiated in Basic 2030 made prior to a 
mode switch to 1400 mode. This is defined as an 
invalid operation in the PMS portion of the IBM 
System/360 Model 30 1401/1440/1460 Compatibility 
Feature Systems Reference Libory. If the operation 
was initiated in 1400 mode, a hardware problem 
probably exists with the device whose address WaS 
sent in. Also check that the proper signals are re
ceived by the device which was forced to stack its 
status. 

Usually occurs when a branch is made to a location 
not containing a word mark. The decimal BA
address points 1 beyond this location. There is no 
easy method to detenmine the branch from address. 
Several steps which may be taken in order to further 
define the problem include: 
(I) SAR stopping on the location to which the branch 

has occurred to determine how it is changed dur
ing program initial ization and execution. 

(2) Determine the operation when the failure occurs 
(perhaps through observing an I/O operation 
priar to the failure) and then operating in in
struction mode to pinpoint the failing instruction. 

Restart the operation. If tapes are on the multi
plexor channel, ROAR stop on address IAAO (CAS 
logic page QG761). The desired unit address can 
be found in the D-register. Execute the next micro 
word lAA4; this sends Address-Out. Check the TCU 
to determine that the proper address was received. 
Place rate switch to process mode and early ROAR 
stop on word lA93. If entry to I A93 is via 1 A92, 
Address-In came up. This address may be deter
mined by displaying F I. If this address is different 
than the contents of the D-Register, a TCU problem 
probably exists. If entry to lA93 is via IA41, an 
invalid chann" condition exists; for example: Op
in and Select-In up simultaneously. If an oddress
mismatch condition does not exist at this time, 
single-cycle through the next several words to ensure 
that the proper address-compare branch takes place 
in word lA98 or lA99. 

If tapes are on a selector channel. ROAR stop on 
word lA94 (CAS logic page QH02l). The desired 
unit address can be found in the MSDR. This ad
dress is sent out to the TCU with the execution of 
R05 word IA97. In word IAAO the address sent 
from the channel is compared to the address sent 
out. The address-compare branch takes place in 
word lAA2. 

A tape write command was issued. The first char
acter to be written was a GMWM, which terminated 
the operation. Check the first data location to de
termine if there actually was a GMWM in this po
sition. The decimal address in UV at this halt points 
1 beyond the GMWM location. The B-field of the 
previous op-code points at the first data location. 
Determine how this GMWM was inserted in this field. 
Suspect tape drive failure or invalid programming. If 
the same situation were to occur on a 1400 system, 
the tape drive would have Irun awayl. Check that 
this i5 not a del ibertate operation by the customer. 

SAR stops on the main storage location containing 
the erroneous word mark. De~ermine when and why 
it is being set. Remember when SAR-stoppirg in 
compatibi I ity mode, the hexadec imal Basic 2030 
main storage address must be used rather than the 
1400 decimal address. This can be obtained by per
forming a set Ie operation to the decimal address 
and reading the hexadecimal address in the MN
register lights. 

Check the read-in area (001-080); any invalid 
characters have been replaced by a blank. Check 
the lost card in the stacker for an error. If no 
inval id character has occurred J then unit check has 
been sent with the channel-end status from the 
reader; this means that an eguipment-check condi
tion, such as a hole-count error, has been detected. 

Detecting th is character wh i Ie in 1400 mode forces 
a microprogram trap to ROS word 1002. The dis
plays at W)( ~ 10FF cannot be guaranteed with this 
halt. In order to determine the location of the 8F 
character, check the BA-address and determine if 
it contains a val id addless. Is there a word mark 
in the SA-address location? If BA contains a valid 
instruction address, determ ine what the fai ling ap

code was; this may define the storage areas where 
the SF was detected. ;lIsa check the A and B stars; 
these may point directly at the BF character or I 
position on either side of it. If these methods foil f 

ROAR stop on word 1002. When a match occurs, 
the failing location is displayed in the MN lights 
in hexadecimal fOl-m and the plevious instruction 

address is in bytes 88 and 89 of Aux. Storage A 
(in hexadecimal). Once the failing address is known, 
SAR stopping on this should point out how the 8F 
was generated. It may occur as a result of a disk
out-of-sync condition or it may be read in via 0 

Basic 2030 prepared tope where 8F is a valid char
acter. 

ROS word 1 A30 gates the GJ-assembler containing 
the channel status on to the Z-bus. The following 
word branches on Z - 0; if Z is non-zero, this halt 
occurs. The bit configuration of GJ at word lA30 
is: 
0- Program controlled interruption 
1 - Incorrect length 
2 - Program check 
3 - Protection check 
4 - Channel data check 
5 - Channel control check 
6 - Interface control chec, 
7 - Chaining check 

If thi5 halt occurs while operating in 1400 mode, 
a channel hardware problem probably exists. Check 
the selector channel chart. Chart S at SA. 

This stop indicates that a Not Ready condition exists 
at the 1442. This condition usually results from, 
(I) an empty hopper 
(2) a full stacker, or 
(3) an open cover. 



Digit Displayed 
In MSDR 

51 

52 

55 

62 

62 

7F 

80 

80 

82 

SF 

90 

90 

Reason For Halt 

The program attempted to perform an I/o operation on 
a device for which the compatibility feature is not 
installed. 

A device-end :signal was received before a GMWM 
was encountered on a tape-write operation. This holt 
can occur on both selector and multiplexor channels. 

A 1400 start reset function was performed. 

For tapes on the selector channel, this stop means 
that Status-In and Service-In came up at the same 
time during a tape-write operation. 

For tapes on the multiplexor channel, this stop means 
that the TCU disconnected during a tape-write 
operation. 

The program has issued a stacker-select command to a 
2540 more than 6 ms after the prev ious card-read 
instruction was issued. 

If this halt is used in conjunction with the 1403/2540 
or 2501/2520/1403, it means either that there was no 
address compare (Address-In was not the some as 
Address-Out) or that a punch-transfer error occurred. 

When this holt occurs on a machine that has the 1442/ 
1443 compatibil ity subfeature installed, one of the 
following situations has occurred: 
(1) A no-compare condition exists between Address

Out and Address-In. 

(2) A data-transfer error has occurred during a printer 
operation. 

(3) The print field was not terminated by a GMWM. 

For tapes on the selector channel, this stop means that 
Status-In and Service-In came up simultaneously on a 
read-move operation. 

Tape-unit intervention is required for tapes on the 

multiplexor channel or on the selector channel. At 
this holt, IJ has been decremented to the op just 
attempted. BA points to this decimal address. Press
ing START allows the operation to be tried again. 

The program has attempted to use an invalid d-modifier 
on a 1442/1443 operation. 

Operational-In disconnect on 2540 or 2501 reader. 

Comments 

Working back from the SA-address, determine what 
the invalid operation is, for example, .t!!.%Y1201W 
for a machine with 1402/1403 subfeature. If this 
occurs while running a diagnastic test, check the 
TAD(s) to detarm ine that the proper types of I/o 
devices are deseribed. If this occurs while loading 
CID, the IJ backup locations that point to the first 
1400 instruction may be erroneously set. Columns 
28 and 29 of card 0380 specify the Basic 2030 main 
storage lacations from which the first 1400 instruction 
is read. This instruction is conteined on cord OOAO 
or OOBO of the CI D and is loaded into the 2030 main 
storage. 

If the halt occurs while attempting a 1729, 1402, 
Or 1442 lead, the card-load or tape-lead IJ address 
specified in bytes 90 through 93 of Aux. Storage A 
may be erroneously set. These locations are used to 
set IJ when 1729, 1402, or 1442 load is attempted. 
These locations should contain the addresses of a 
cord-reed or tape-read instruction located in Basic 
2030 storage. These addresses are loaded from cord 
0390 and are contained in columns 6, 7, 8, and 9 
for cord food and 11,12, 13, and 14 for tape load. 

This is probably a tape-drive or co"trol-unit problem. 
If tapes are on a selector channel, refer to CAS 
logic page QH071. Word 1763 branches an Status-
In and Service-In. If Status-In occurs before the 
group-mark word-mark, which normally terminates 
the operation, this error halt occurs. 

If tapes are on the multiplexor channel, refer to 
CAS logic page QG791. Word lA40 or 19C4 
branches on Status-In and Service-In. 

Do not attempt to ROAR stop on a word containing 
the Status-In, Service-In branch; these are part of 
the data loop and cause overrun conditions, etc., 
when the match occurs. 

This is probably a TCU problem. CAS logic page 
Q H071 contains the word where the branch is mode. 

This is probably a hardware problem. ROS word 
lA40 or 19C4 (CAS logic page QG791) contains 
the branching conditions which detects this failure. 
Taking the 1,1 branch does not mean that Status-In 
and Service-In came up simultaneously, but rather 
that Op-In dropped. Check the applicable hardware 
on AlD pages FA092 and FA041. Also refer 
to Chart D at DA. 

Check the program to determine if a lengthy I/O 
op ;"as issued between the Read command and the 
stacker select. ,Also check the 2821 to ensure that 
the attention bit is sent to the processor during the 
6 ms provisional feed time. 

Early ROAR stop on word 1892. If the previous 
address displayed is 181 B, a punch-transfer error 
has occurredj that is, an error occurred while filling 
the punch buffer. It can either be a Bus-Out check 
Or an error internal to the punch which would re~ult 
in bed parity data being transferred into the buffer. 

If the previous address was either 1896 or 1897, a 
no-com pore condition exists between Address-Out 

and Address-In. This is probably a hardware problem 
in either the channel or the device. Check that the 
proper address was sent out and received by the 
device. Address-Out is sent during the execution 
of word 1801 (CAS logic page QG531). Also check 
the address sent in to verify the comparison and 
branch executed by the microprogram. The address 
compare is made in ROS word 1898 (CAS logic page 
QG531) and the branch is mode in the following 
word. 

Repeat the operation and ROAR stop on ROS address 
188A (CAS logic poge QG261). If a match occurs, 
Address-In does not match Address-Out. The ad
dress sent out is contained in R-Register in its crossed 
form at this point. The address sent in can be dis
played in FI. This is probably an I/o hardware 
problem. Check that Address-Out is properly re
ceived and decoded by the device; Address-Out is 
sent in word 1821 (CAS logic page Q G311) and the 
address comparison is made in ROS word 1887 (CAS 
logic poge QG301). 

If a match does not occur, there has been an error 
during data transmission, a unit check has occurred 
at channel end. This is probably either a Bus-Out 
error or 0 device error associated with receiving the 
data. This stop is set up on CAS logic page Q G351 
word 1842. Also, check if a GMWM (OF Hex) is 
in the print field; the absence of this character can 
also result in a unit check at channel end. 

This is probably a TCU problem. CAS logic page 
Q H081 contains the word where the branch tokes 
place. 

Unit check is in the status response to Command-Out 
during initial selection. Check that the TCU is on
line, that the desired tope drive is ready, that Aux. 
Storoge properly defines the drives and control unit. 
(See the description for the 92 halt for proper defi
nition), that a write operation is not being attempted 
on a file-protected drive. 

Check the program residing in core storoge to de
termine if the d-modifier is actually valid. If it is 
invalid, attempt to determine how it was introduced 
into the instruction stream. If it is valid , check the 
microprogram decode. The stop code is set in ROS 
words 1816, 188B ond 1893 (CAS logic page QG261). 

Op-in dropped during a read operation. This is 
probably a hardware problem. ROS word 18CD 
(CAS logic poge QG561) contains the branching 
conditions wh ich detects th is failure. Taking the 
1,1 branch does not mean that Status-In and Service
In came up simultaneously, but rather that Op-In 
dropped. Check the appl icable hardware on ALD 
pages FA092 and FA041. Also refer to Char! D 
at DA. 

Digit Displayed 
In MSDR 

92 

AO 

AO 

A2 

BO 

BO 

Reason For Halt 

A tape error occurred on a tape initial program load. 

An Operational-In disconnect occurred during a 1403 
print operation. 

There was no GMWM in storage to terminate a 1442 
read operati on . 

Invalid selector-channel status was received on a 1400 
branch-if-tape-error instruction. 

An Operational-In disconnect occurred during 02520 
or 2540 punch command. 

A printer error on a print operation or a 1442 error on 
a read or punch operation has been detected. 

Comments 

A unit check is contained in the read ending-status 
of a 1729 tope load. This end status can be located 
by displaying FI after executing word 1 A46 (CAS 
logic poge Q GS02) when the tapes are on the multi
plexor channel. When the tapes are on the selector 
channel, this ending status is displayed in GR fol
lowing the execution of word 19D5 (CAS logic page 
QH081) . 

When performing a tape IPl (1729 in switches 
FGHJ--Press SYSTEM RESET - ROAR RESET - START), 
the machine is forced to ROS ward 1729 (CAS logic 
page QE52l). This routine loads IJ-backup with the 
contents of tape-Ioad-IJ (bytes 92 and 93 of Aux. 
Star A). The instruction located at the address 
specified by tape-Ioad-IJ is l%Ul001R and is 
read into the machine from card OOAD of the CID. 

After performing a start-reset function, the micro
program IJ-backup is loaded into IJ, and I-cycles 
are entered. After co';'pleting the read, IJ is forced 
to 1400 storage location 001 and processing of the 
data just read begins. Check that this is done cor
rectly if the 92 halt occurs. Also check that the 
proper drive assignments have been mode. Byte 81 
of Aux. Stor. A must properly define the Basic 2030 
drive containing the initial program: 

Bits 0 and 1 
00 - 7-trackm 200 bpi 
01 - 7-track @ 556bpi 
10 - 7-track @ 800 bpi 
11 - 9-track 

Bits 2 and 3 should be zeros. 
Bits 4 - 7 contain the Basic 2030 drive number wh ich 
is to be assigned as 1400 drive #1. Bits 4 - 7 of 
Byte 80 of Aux. Star. A contains the TCU address. 
In addition, bytes 97 and BB of Aux. Star. A contoin 
7- or 9-track status information and must be initial
ized as follows: Bit 0 of each byte has 7- or 9-track 
status for tape unit 0; bit 1 of both bytes is used for 
this status for tape unit 1, etc. If a bit of the first 
byte (position 97) is set to 1, the associated tape 
unit is equipped with 9-track read/write facilities. 
The unit is a 7-track drive if the assaciated bit in 
position 97 is set to O. If the corresponding bit of 
the second byte (position B8) is set to 1, the associ

ated tape unit is a 9-track phase-encoded drive with 
density set at 1600 bpi. If this bit is set to 0, the 
associated tape unit has a density setting of 800 bpi 
and is either a 7-track or 9-track unit. 

Op-in dropped during the data-transfer portion of 
a print operation. This is probably a hardware prob
lem. ROS word laBC (CAS logic page Q G55l) con
tains the branching conditions which detects this 
failure. Taking the 1,1 branch does not mean that 
Status-In and Service-In came up simultaneously, 
but rather that Op-In dropped. Check the applicable 
hardware on AlD pages FA092 and FA041. Also 
refer to Chart Dot DA. 

On a 1442 read.operation, a GMWM (OF hex) is re
quired to terminate the operation. Manually check 
the read-in area for this character; if there is a 
GMWM in read-in area, this is probably a hard
ware problem with the GMWM detection latch (AlD 
page MB031). If this halt occurs after mode 
switching from Basic 2030 mode to 1400 mode during 
initial ization, check CID cord 0384, columns 28 and 
29 and cord 0390, columns 8 and 9. These columns 
should each contoin AD. Also check card 37. For 
non-65K mach, columns 18 and 19 should be 09. 
For .65 K machines, check card 38, columns 18 and 
19. These should also contain 09. These cards 
cause a GMWM to be inserted in storage location 
0082 of 1400 storage when compatibility mode is 
initialized via the 99 op code. 

Non-zero channel stotus was sent back from the 
channel on a TlO; Word 1 A12 gates channel status 
on to the Z-bus (QHll1). This is probably a channel 
hardware problem. Also check that the proper com
mand was sent to the channel. Command-Out is 
sent during the execution of word 1 AA4 (CAS logic 
page QH02l). 

The command byte sent should be 00. Word 1 AA9 
(CAS logic page QH02l) should reset GR prior to 
issuing Command-Out in word 1 AA4. Check the 
selector channel chart (Chart S at S,A) for addi
tional assistance. 

Op-in dropped during the data-transfer portion of a 
punch operation. Th is is probably a hardware prob
lem. ROS word 1820 (CAS logic page QG521) con
tains the branching conditions which detects this 
failure. Taking the 1,1 bronch does not mean that 
Status-In and Service-In came up simultaneously, 
but rather that Op-In dropped. Check the applicable 
hardware on AlD pages FA092 and FA041. Also 
refer to Chart D ot DA. 

If on a read command, this signifies either an equip
ment check or an inval id card code. For the punch 

command, this holt identifies on equipment-check 
condition. ROAR stopping on word 1877 (CAS logic 
page Q G281) allows displaying the sense byte in the 
G-register. The sense byte makeup is: 
o - Command re jee! 
1 - Not ready 
2 - Bus-Out check 
3 - Equip check 

(a) reader check 
(b) punch check 
(c) invalid card code punched 
(d) data error at channel end 

4 - Data Check - invol id card code on read 
5 - Overrun check 

If performing a print operation, the sense byte may 

be displayed in the G-register by ROAR stopping "n 
word 1876 (CAS logic page QG361). The sense byte 
content is; 

o - Command re ject 
1 - Intervention required--printer not ready because 

forms check, stop key I or carriage-stop key 
pressed, or cover interlock open. 

2 - Bus-Out parity check 
3 - Equipment check 
4 and 5 - Typebar selection 
6 - Channel 9 
7 - Channel 12 

If a 1403 is operated with the 1443 microprograms, 
the sense byte is: 
o - Command Re ject 
1 - Intervention Required--Not Ready 
2 - Bus-out Parity Check 
3 - Equipment Check--Parity Error in CU or device 
4 - Data Check 
5 - Not Used 
6 - Channel 9 
7 - Channel 12 
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Digit Displayed Reason For Halt 
In MSDR 

B2 Status-In and Service-In occurred simultaneously on a 
1400 read-load operation, for example: 

L %UXBBBR 
This halt is volid only when topes are on the selector 
channel. 

~ Operational-In disconnect on a multiplexor channel 
tape-read operation. 

CE This holt indicates that a premature data disconnect 
occurred on a read operation. Pressing the start key 
causes processing at the next sequential instruction 
but loses the record just read. To re-read, the oper
ator must set the instruction counter to the address of 

a backspace-re-read routine. 

CF 1050 intervention is req uired. 

D2 A microprogram initiated sense operation was pre
maturely ended. This halt can only occur if topes 
are on the multiplexor channel. 

E2 Operational-In disconnected on a microprogram
initiated mode-set operation with topes on the multi
plexor chonnel. This mode-set commond is issued in 
order to send the track-in-error byte previously stored 
to the TCU. 

FO 

F1 

F2 

F3 

A 1400 halt instruclion has been properly executed. 

A 1400 halt instruction with an invalid B-address has 
been successfully executed. 

A 1400 holt instruction with on invalid A-address has 
been successfully executed. 

A 1400 halt instruction with an invalid A- and B
address has been successfully executed. 

Comments 

ROS word 1 A63 (CAS logic page OH091) has this 
branch. Both Status-In and Service-In up ot the 
some time probobly indicotes 0 chonnel or device 
hardware problem. Also check the set and reset of 
S4 and S5. These ore the status indicators on which 
the branch is made. Use the seleelor channel chart 
(Chart S at SA) for checking the channel. 

Op-in dropped on a tope-read operation. For a read
move operation, the bronch is found on CAS logic 
page OG801; for a read-load operation (page OG802). 
This is probably a channel or device hardware prob
lem. Also check the Status-In and Service-In branches. 
Taking the 1,1 branch does not mean that Status-In 
and Service-Income up simultaneously, but rather 
that Op-In dropped. Check the applicable hard-
wore on AlD pages FA092 and FA041. Also 
refer to Chari D at DA. 

The following conditions have occurred when this 
halt is reached: 
(1) Unit check in read end-status. 
(2) 12 or fewer characters have been transferred into 

storage. 
(3) The noise bit has been set in the TCU and has 

been recognized as bit 0 of the 2nd sense byte 
sent from the TCU. The noise bit being turned 
on impl ies that after the data-disconnect addi
tional bits were found before the IRG was de
tected. Tape movement was cant inued unti I an 

IRG was recognized. Therefore, the data en
countered after data transfer was halted has been 
skipped Over. 

This holt generally indicates a problem with the tope 
drives. Check the following: 
(1) IRG 
(2) Start/Stop adjustment 
(3) Dirty idlers/prolays 
(4) Ungrounded or improperly grounded drives. 

Check for an out-of-paper, power-off, or off-line 
condition. Bit 5 of the 1050 togs indicates this 
intervention-required condition. These togs ore 
gated to the G-register in ROS word 1946 (CAS 
logic page OG121). Branch on G5 to check for the 
intervention-required condition (CAS logic page 
OG141 word 197A). 

This is probably a harDware problem. ROS word lA8D 
(CAS logic page OG781) contains the branching 
conditions which detects this failure. Taking the 
1,1 branch does not mean that Status-In and Service
In come up simul taneously, but rather that Op-In 
dropped. Check the appl icabie hardware on ALD 
pages FA092 and FA041. Also refer to Chart D 
at DA. 

ROS word lA6C (CAS page OG781) contains the 
Status-In and Service-In branches for the track in
error mode-set command. If Op-In drops, this 
error halt occurs. This is probably a channel or 
device hardware problem. Taking the 1, I branch 
does not mean that Status-In and Service-In came 

up simultaneously, but rather that Op-In dropped. 
Check the applicable hardware on ALD pages FA092 
and FA041. Also refer to Chart Dot DA. 

Not on error holt. 

Not on error hal t . 

Not on error holt. 

Not an error halt. 

FF A 1400 holt-ond-bronch instruction has been properly Not an error halt. 
executed. 
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Digit Displayed 
In MSDR 

10 

20 

30 

40 

50 

60 

Reason For Halt 

Read-bock check stop. A disk write instruction was 
followed by a disk instruction other than a read-back 
check. 

Channel-end or device-end not received during 
endi ng stotus. 

Wrong address sent bock from the channel during 
initial selection. 

Unit-check status response to seek command, following 
address transfer. 

Operational interlock 

Module overflow detected. The disk module volue in 
Aux. Storage B BOll, 2, 3, 4, or 5 is different from 
the module value specified by the disk control field 
of the disk instruction. 

Comments 

If the I/o stop was caused by operator intervention, 
press SYSTEM RESET to clear the read-bock check 
interlock, set IC to the beginning of the write oper
ation, and press START to continue processing. If 
the I/O stop is caused by programming--a write 
disk without a subsequent read-back check--the 
program is invalid and should be corrected. 

This condition is tested for on OH381, location J3. 
At this time, a 2030 disk command should have been 
completed, and ending status posted by the file 
control unit. Ending status was detected at location 
JI on OH381. The lost 2030 disk command issued 
can be read from the B Aux. Storage XX BE. 

To recreate the 1400 disk operation that led to 
this coded stop, find the address of the next se
quential instruction displayed in the B-star and 
A-star registers. The beginning of the disk instruc
tion is this address minus 8. It is necessary to set 
up the disk control field correctly each time before 
executing the 1400 disk operation. 

To set up the disk control field prior to executing 
the operation, a disk control field can be moved into 
its working location with a move data or load data 
op-code. 

Note: If the disk operation is a multi-sector oper
ation, a microprogram stop at the J3 location (OH381) 
causes time disorientation. It is necessary to reset 
and restart at the beginning of the disk operation. 

This stop is probably caused by a hardware malfunction 
in the multiplexor channel bus cabling or associated 
hardware. 

A test 1/0 instruction to the 2311 in question can 
be used to determine if the problem exists in Bosic 
2030 made. 

The 2841 file control unit hardware that receives 
the Address-Out from the processor is located on 
page GA071 (2841 ALD Page). The 2841 FCU 
initial selection microprogram is on OB010. During 
initial selection, the microprogram moves from 
location E2 to A6, where Address-In is raised. It 
is possible to single-step both the processor and the 
2841 microprograms through the initial selection 
sequence. 

The disk compatibility initial selection micro
program is on page OH341 (2030 CLD Page), 
locotions G5 through L8. 

This stop happens if the seek oddress sent to the fil e 

control unit is outside the range of addresses accept
able to the Feu. 

The address-transfer portion of a full seek is de
coded to binary and stored in the B-auxi I iary storase I 

in addresses XXAD,· E, F, and XXBO. The bytes I 

stored in these locations for a seek operation are 
the CCHH values. The highest legitimate value 
that can be stored, is hex 00 CB 0009, which 
represents cylinder 203, head 9. 

If for any reason, a previous read operation placed 
non-zero valUe> in addresses XX.AD or XXAF, which 
were not removed by a built-in microprogram house
keeping program, the seek check can be removed, 
as an interim measurer by manually performing the 
following steps: 
(1) Note the B-and A-reg display of the 1400 

program next address. 

(2) Press SYSTEM RESET to clear 2841 microprogram 
notation. 

(3) Set the processor to 1400 mode. 

(4) Set IC to I-next minus 8. 

(5) Press START to retry the seek operation. 

This type of stop has been eliminated for all known 
cases used by customer programs. 

This stop occurs when the control unit is disconnected 
from the proce)sor I and the processor microprogram 

is at a micraaddress, where it should be only when 
the two boxes are logically connected. The pro
cessor disk-compatibility microprogram c~n exit to 
the 50 stop from several places. This exit is taken 
whenever the processor microprogram is at a 4-woy 
branch, waiting for service-in or status-in. If the 
control unit is disconnected, the 11 branch is taken 
to the 50-coded stop. 

During the execution of disk operations, the 
file control unit should stay connected unli I the 
operation is completed. The most probable time at 
which this stop con occur is when the disk compat
ibility feature is updated and a wrong EC level or 
incorrect CCROSS card is inserted. A wrong next
address in a microprogram block can put the micro
pragram into one of the 4-way branch blocks thot 
I eads to a 50-coded stop. 

It might be possible to correct this condition rap
idly by checking the EC level and version of CCROSS 
cords installed during change activity. Another 
approach is to use EARLY ROAR STOP on the pro
cessor, and work back to the wrong CCROSS card. 
Th is approach is based on the assumption that 2030 
disk diagnostics had run successfully, and that the 
file control unit is working correctly. Disk compat
ibil ity CCROSS cords are from location 79-0 to 84-7. 

(limited Usage). Change disk packs, if program 
depends upon module overflow to indicate pack 
replacement. All others: Set BOlO Aux. Storage B 
to 40 hex. Set IC to 1400 displayed address -8, 
press console START to continue. In the IBM 
System/360, Mod 301401/1440/1460, Compatibility 
Feature Manual, Form No. A24-3255, see Appendix 
F card 410 - Disk File Functions, to determine 
whether this stop can be disabled for customer ap
plication. See Appendix D, Storage B Byte 10 
Bit 1 on Module-Overflow Detection usage. Most 
users can disable this stop, and must disable this 
stop if they use labels on drives other than drive O. 



Index 

HA 
Chart I, Sheet 2 
Chart W, Sheet] 

Assumptions: 
1 . Lamp Test OK 
2. RATE and ADDR 

Compare Swi tches 
Were in Process When 
Condition Occurred 

3. No Console Red Lights 

Check for: 
Diagnostic Test 
IPL Oriented or 
Wait State 

Chart F, 

Sheet 2 

4. Stop Key Not Pressed 

Place All Switches in 
Process and Observe the 
Test Light Located on 
Lower Right of Console 

Test Light On 

NO 

Load Light On 

NO 

Wait Light On 

NO .. ----_ .... 

NO 
Manual Light On 

CF Stop 

YES 

YES 

YES 

Switches 
1. ROS CTRL 
2. RATE 
3. ADDR Compare 
4. C he ck Control 

Stopped While Running 
a Micro Diagnostic Test. 
Use Stop Word Analysis 
Chart of Associated Test 

Diagnosti c Latch Is On. 
Check it if Not IPL, 
System Reset-Start, or 
Running a Diagnostic 
Test 

Chart B, Sheet 2 

Chart I, Sheet] 

YES 

Chart W, Sheet 1 

Are SALs Bits in CF 
Field 100 

NO 

YES 
Match Light On 

NO Chart I, Sheet] 
Chart B, Sheet] 

Suspect: 
A Floating Line from 
Address Compare Rotary 
Switch. A Clue; the WX 
or MN Address Equals the 
Content of the A, B, C, 
D Address Compares 
Switches. ALD KM05] 

I· Scope Output of And/Or 
I On KC03] 

Up 
+3 Clock Start Line 

Down 

Scope Input Line ALD 
KC03] 

Hard Stop 
Latch On 

YES 

Suspect: 
] . CPU Meter Unplugged 
2. Line from Console 

Switch Open 
3. Diagnostic Lalch On 

YES 

Chart F, Sheet 3 

NO 

Suspect: 
1 . Bad Osc. KC01] 
2. Bod Clock Circuit 
3. Clock Stop Controls 
4. Console Switches and 

Manual Controls 

Suspect: 
1 • Selector Channel 

Block i ng Clock 
2. Basic Data Flow Gat

ing 

System Light On 

YES 

I Using WX Address Refer 
__ , to Chart J for CF Stops 

Found in CLD 

NO 

YES 

: Use Module Assignment 
I Charts (Vol 24) QZ Pages 

YES 

Use ROS Control Field 
Chart (Vol 20) QAOOO 

: Does the Micro Word Dis
I played Have Only Parity 
, Bits Plus a CF 0 Bit? 

SALs Blank 

Chart J Sheet 1 

Invalid CF Stop Field 
Suspect; 
] . Wrong ((ROS Doc

ument Card 
2. (CROS Addressing or 

Readout Failure 

Suspect: 
1. You Used Wrong Ver- Chart C, Sheet 

sian Chart QZ Pages 

Suspect: 
1. Bod CN Field in Prev

ious Word 
2. Double Error on CCROS 

Readout or CPU Next 
Address Generation 
Failure 

Set Address Compare 
Switch to Early ROAR 
Stop. Set ABCD Swi tch 
to WX Address of the 
Error 

Chart H] 

Determine Lost Initiated 
Instruction and Set IC 
Back to That Address and 
Press START (or Restart 
the Original Job 

When Match Occurs, Re
display This WX Address 
with RATE Switch in Sing
le Cycle 

NO 

Invalid Condition; One 
of These Must Be On: 
1 . Wait ALD PB041 
2. Manual ALD PB09] 
3. System ALD PB10] 

(Vol 24) 
2. Wrong Document Cord 

in Th is Location 

r-----''----'----''-----,- - - -1,----------, 

I 
I (Cols) 

] - 2 
3 

4 - 7 
8 - 10 

(Description) 
Board 
Cord Location 
Part Number 
EC Number 

Check for Macro Program fo---...... 
Loop 

NO 
Manual Light On 

Chart L Sheet 1 

HB 

Chart H Sheet] 

DT Chart H Hang Ups, Loops, and Stops (Sheet 1) 



Chart H, Sheet 1 

: Use Module Assignment 
I Charts (Vol 24) QZ Pages 

I Does CLD Show That 
: This Word Can Loop On 
I Itself? 

Read All General Com
ments at Top and Bottom 
of CLD, Under the loop
ing Ward, and Each Pre
ceding Black 

NO 

Suspect: 
1 . Wrong Document 

Cord in CCROS, 
Check Version 

2, CH, Cl, or CN 
Fie Ids Punched 
Wrong or Decoded 
Wrong in CPU 

:Wai ting for an Interface 
ITag in Compatibility Mode 

I 
I 

Suspect: 
1 . Interface (RCVRS and 

Terminators) 
2. Channel or Control 

Unit 
3. I/O Cable 

Chart HI 

Determine What Instruct
ion Code Is Being Per
formed when Failure Oc
curred 

Try Any or All: 
1 . Statically Scope Inter

face Line from CPU to 
Control Unit 

2. Repop Micro I/O Test 
3344 (Vol 41) to I/O 
Unit 

3. BFF Bas ic Test 3345 
4. Multiplexor Micro 

Diagnostic or Selector 
Channel FLT 

5. 2030 Macro Diagnos
tics to I/O Unit 

NO 

Suspect: 
1 . CPU Status Set or Reset 

Failure 
2. Wrong CCROS Docu

ment Card, Match 
SAls and Control Reg
ister Fields Against 
CLD 

Chart HI 

Determine What Instruct
ion Code Is Being Per
formed when Failure Oc
curred 

Run in· This Order 
Resident 
Basic Test(BFF} 3345 Vol 41 
Repap 
Priority Controls 3347 Vol 4 I 

DT Chart H Hang Ups, Loops, and Stops (Sheet 2) 

1 

I 
I 
I 
I 

I 
I 

l Multiple Word Micro 
Program Loop J 

Assumptions: 

I 
1 , Console Logged 
2, Manual Light On 

Loca te the Las t Logged 
WX Address in the CLD 
Logics 

'-------,-----' 

- - -I Use Module Assign Charts I 
I QZ Pages 
~ (Vol 24) 

Read All General Com
ments at the Top and Bot
tom of the ClD as Well as 
Under the Micro Word 

1 • Press START 
2. log in WX 
3'. Read and Analyze 

Micro Word Comments 
and Functions 

4. look for Possible Exits 
from This Loop 

Conti nue the above 4 
Steps until a Significant 
Portian or the Complete 
Loop Is logged 

- - -: For Aid in Diagnosis Use J 
I the ClF Flow Charts in 
I the 2030 FEMDM (Vol 32) 

r-------IL-------,- - - --_____ --, 
Check to See if You Are 
Tciking a Continual Trap 
or Interrupt By ROAR 
Stopping on Each Trap WX 
Address 

<$,>/0 Oriented 
loop 

YES 

Suspect: 
1. 1401 Compatibility, 

Control Unit Contin
ually Answering Busy 
to Initial Selection 

2. Suppress Out Not Func
tioning or Control Unit 
Nat Staeking Status 

3. Continual Mul tiplexor 
Selector Channel Trap 

4. Wrong ROS Next Add
ress Due to Bad CN 
Decode or Wrong Doc
ument in CCROS 

5. CPU Statu. Set or Re
set Failure 

Chart HI 

Determine What In.truct
ion Code I. Being Per
formed when Failure Oc
curred 

Run: 
Resident 
Basic Test(BFF) 3345 Vol 41 
Repop 
Priority Controls3347 Vol 41 
Multiplexor -
Repop or 3346 Vol 41 
Se I ector Chan. 
FlT Ch I 3447 Vol 41 

Ch 2 344A Vol 41 

Try Any or All: 
1. Repop Micro Test 

to I/o Unit 
2. Macro Program Diag

nostics to the I/O Unit 
3, Hand Program to I/o 

Unit 

NO 

I Refer to Traps in Priority 
I Order in the 2030 CE 
I Hand Boak. If Passing 
I Through ROSADDR 0147 
I This Is a Program Int-
I errupt Probably Caused 
I By IPL to a Non-Ready 

Device, to a Device 
I Which Does Not Send 
I Any Data, or Sends Bad 
I Data in First Card 

I 
Suspect: 
I . CPU Status Set or Re

set Failure 
2. Wrong Next ROS 

Address Decode 
3. Wrong Document in 

CCROS 

I 
Chart HI 

Determine What Instruct
ion Code Is Being Per
formed when Failure Oc
curred 

I 
Run: 
Resident 
Basic Test(BFF} 3345 Vol 41 
Repop 
Priority Ctrls 3347 Vol 41 



Start 

,---, 
I 

YES 

Most Compatibi I i ty Op
erati on Codes Keep the 
Next Sequential Ins truc
ruction Address Stored 
in the U-Registers 

This Is an Absolute 
2030 Address. Not the 
Converted Decimal 
Address 

YES 

Subtracting One from 
the Address, Continue 
to Display Main Core 
until Another Word 
Mark Is Detected . 
This Will Be the Last 
Initiated Instruction 

To Retry the Instruction, 
Store This Address in IJ. 
ROAR Reset to WX-Add
reu 1100, Press START 
or Decode Decimal Add
ress and Set I/C to it 

Running 1400 Compat
ibil i ty Job-Compatib
ility Mode light On 

NO 

I In Some Cases when IJ 
lis Needed for an Add-
I itional Address Counter, 
I the Next Absolute Add
I re •• Is Stored in the IJ 
I Backup Location in Aux
I iliary Storage (A-CPU 
088 and 099). An Example 

lis a File Operation 
I 

I s a Ward Mark Present 
__ 1,~~_b_se_n_se __ of_B~i_t~l) ____ ~ 

NO 

Suspect: 
I . The Next Address Is 

in U Backup 
2. Catastrophic Fail

ure, Last Address 
Not Certain 

: Remember: This Is an Ab
I solute 2030 Address 
I (400 - I = 3FF) 

--: Address 1100 Is I-Cycle 
I Start on CLD OEool 

Display the PSW Bit and 
Instruction Length Count
er Byte in Auxiliary Stor
age Location (LS)08C 

Last Instruction Address 
Is in Auxil iary Storage 
(LS )0A9-lnstruction 

Counter HI 
(LS )OAA-Instruction 

Counter LO 

Subtract the Decoded 
IlC Equivalent from 
the Instruction Counter 
to Locate the Last Inst
ruction Address 

YES 

The Last Instruction 
Address Is Located in 
the IJ-Registers 

ILC Bill Action 
4 ;- Subtract 
0 0 2 
0 1 4 
1 0 4. 
1 1 6 

DT Chart H 1 Last Initiated Address 



,Index 

Chart B, Sheet 2 

Chart H, Sheet 1 

NO 

BFF Basic Test Check 

YES 

IPL Has Been Completed 
and the Loaded Pro 110m 
Is Waiting for an Exter
nal Interrupt 

Suspect: 
1 Program Waiting for 

the Interrupt Key to 
Be Pressed 
Trying to Get to an 
Unavai lable or Non
ready I/O Device 
Check Pr i nt-Ready 
Light and 1050 Intv 
Req Li ght on Console 
If 1050 Intv, Suspect 
Paper Not Under 
Interlock 

4 Improper System Mask 
Not Allowing Inter
rupts 
Operating System 
Supervisor Holt 

Chart W, Sheet 1 

Test Light 

WX Address = 000 

NO 

WX Address = 328 

Chart B, Sheet 1 

DT Chart I IPL (Sheet 1) 

YES 

YES 

YES 

YES 

Switches: 

Suspect: 
Failed to Reset the Load 
Req Latch When Passing 
through WX Address 
6FE (CLD OC351) 

1 ROS Control 
2 Rate 
3 Address Compare 
4 Check Control 

Failure Occurred Dur-

Load Light 

Suspect: 
The Load Latch or the 
Load Request Latch Did 
Not Set (ALD KC041 
and KCOSI) 

Chart H, Sheet 1 

Suspect: 
The Diagnostic Latch 
(ALD DKOII) Did Not 
Reset on WX Word OABS 
on QA951 

If the Diagnostic Latch 
Is Off, Run the Priority 
Controls Repop Micro 
Test 3347 (Vol 41) 

Selector Channel 
Light 

Load Light On 

Stop Mode 

NO 

NO 

NO 

Chol,t S, Sheet 1 

YES 

YES 

Chart YZ, Sheet 2 

----, 

Double Failure, Bad Sel
ector Channel, Channel 
Status and IPL Routine 
Failed to Catch the Foil-

For Aid, Go to the Stop 
Word Chart (Chart J) and 
Read Comments on WX 
Address 095E and OA 15 

Check for IPL Stop or 
1 Word Loop 

I 
I 
I 
I 
I 

I Is the WX Address One of 
the Following? 

I 578 954 
I 64A 95E 
I 682 981 
I 6FF A15 
I 8EC A7A 

I ______ .J 

Check for Program Inter
rupt Loop 

YES 

Initial Selection to IPL 
Unit was Successful. 
CPU Now in a Contin
ual Program-Interrupt 
Loop, Program New PSW 
Next Address Probably 
Is Pointing to 000, Which 
Contains an Invalid: 
Operation Code 

Suspect: 
1 First IPL Card or Re

cord Bad 
IPL Device Read or 
Transferred Bad Data 
IPL was Attempted to 
an OUTPUT Device 
that was Ready 

Check for Mechanical 
Action of the IPL Device 

IB 

Chart I Sheet 2 

IPL Mechanical 
Device Action 

Card Did Any Cards 
Reader Feed? 

Did the Tape 
Drive Move 

Tape Tape Away 
From Load 
Point 

Disk 

Before Pressing 
IPL, Manually 
Place the Read
Write Head 
Assembly at 
Some Cylinder 
Other Than 
Zero, After IPL, 
Did the Head 
Seek Cylinder 
Zero 

YES 

JA 

Chart J Sheet 1 

CPU in Continual Loop 
Passing thru WX Address 
147 

If Improper Disk Seek 
Takes Place, A ttempt to 
Create Same Condition 
Off-Line Using on "02" 
Command (IPL Read) 



Chart I, Sheet I 

Load Light 

NO 

Initial Selection to Dev
ice Either Not Success
ful or Incomplete; Should 
Have Stopped at a Word 
on the J Chart Sheet J (JA) 

YES 

Initiol Selection to the 
I/O Device was Success
ful but IPL Windup Not 
Completed 

Suspect: 
Load Latch or Load Re
quest Latch were Not Re
set. Normal Reset WX 
Address 6FE (CLD QC35J) 

IPL Has Been Completed. 
Problem Now Is Located 
with i n the Loaded Pro
gram 

Chart H Sheet 1 

NO 

Invalid Condition. The 
Load Request Latch was 
Reset After the Basic Test 
but Before Normal IPL 
Windup 

To Locate Where IPL 
went Wrong, Use a 3-
Card Hex Loader ina 
2540 and Follow Step by 
Step Procedure on the 
IPl Three Cord Hex load
er Flowchart Located on 
ROAR Stop Chart 1 

----I While Proceeding through 
: the Remaining Flowchart 

Observe When IPL Wind
up Takes Place and When 

I the Load Light Goes Off 

DT Chart I IPL (Sheet 2) 



y'"'" . Note I: All CPU CF stops are listed except diagnostic test stops and 1620 feature stops. 
Chart I, Sheet 1 * For additional aid in locating IPL failures, use a three-card hex loader in a 
Chart H, Sheet I 2540 Clnd follow the step-by-step ROAR-STOP procedure on the IPL three-card 

hex loader flowchart located on ROAR stop Chart 1 

WX Type CLD Normal Cause Hints and Aids 
ADDR Page No 

00B2 Stop QA961 A second machine check occurred with check control Check control switch to stop; try agoin or go directly 
switch not in stop, before the first machine check to CPU check. Chart C, Sheet I at CA 
could be logged. 

OOFF Stop QA941 Soft stop occurred because STOP key was pressed. Check process stop latch on ALD KCOSI 
Rate switch was in instruction step, or match occurred 
using SAR delayed stop mode. 

0328 Stop QA951 System reset followed by pressing the START key If IPL initiated, suspect the multiplexor channel. 
once -- basic test BFF has run successfully 128 times. Trap was not taken at previous WX OOEA, best 

action run priority controls repop micro test 3447 

0578 IPL QC091 Attempted to IPL to an unavailable or non-existent Suspect; * Stop device on the multiplexor channel, Select-In re- I. Desired unit is off line 
ceived in response to Select-Out. 2. Desired un it does not recogni ze its address 

3. Wrong address being sent out on channel 
Do: ROAR stop on ROS address 05AO - QC051 

Check Bus-Out and control unit statically 

0649 IPL QC061 IPL was attempted to a nan-ready device on the Suspect: * 
Stop multiplexor channel. Control unit answers busy to initial selection 

Do: 
ROAR stop on address 05AC, rate switch to 
single cycle, press START, A-Register now 
contains status from device. 

0682 IPL QC351 1. During IPL on the multiplexor channel, the control Suspect: * 
Loop unit failed to send Request-In or the CPU did not 1. If only one card fed into the stacker, suspect 

recognize Request-In, which is necessary to cause that it is not the proper IPL card 
a multiplexor channel share request trap 2. Request-In from control unit nat getting to CPU. 

2. First card read did not have proper IPL data or data Check Request-In on ALD FAOS2 
read in was blank. This is one way of causing a 3. CPU failure to take multiplexor channel trap to 
program check that causes this loop WX OOlD. 

4. OperationaHn appeared dropped to CPU 
5. Reader clutch failed to energize 
Do: 

Run priority controls micra repop diagnostic test 
3447 and multiplexor channel repop lest 3346 
(Vol 41) 

06FF IPL QC351 Bcd final stotus received from source unit during IPL Do: * Slop On the multiplexor or selector channel Go to Chart J, Sheet 2 at JB 

OSEC IPL QC511 I PL attempted using address assi gned to the 1052 1. ROAR stop on WX Address OOEA - QA951 and * 
Stop console KB-Printer IPL again - If no match, place role switch to 

single cycle and IPL again, scope diagnostic 
latch on DKOll . This latch is not on while 
executing basic test causing a premature IPL 
trap to 0002 

2. If a match occurred in 1, ROAR stop on 053A -
QC041 and single-cycle through address forma-
tion for clues 

0954 IPL QD091 Selector channel wait loop, waiting for selector Suspect: '" Loop channel chaining trap or share cycles. 1 . CPU failed to take selector channel trap 
2. Control unit failed to bring up 'Status-In or 

Service-In 
3. Selector channel poll control problem 
Do: 

Run priority controls micro repop diagnostic test 
3447 and selector FLT 3447 - 344A (Vol 41) 

095E IPL QD181 I. Initial internal channel status not equal to zero Do: * 
Stop on selector channel IPL; or Go to Chart J, Sheet 2 at JC 

2. Program check occurred during IPL on selector 
channel. 

0981 IPL QD011 1 • Initial status from source unit during IPL on Do: lit 

Stop selector channel is non zero, or Go to Chart J, Sheet 2 at JD 
2. IPL attempled to non existent or unavailable 

selector channel 

OA15 IPL QD121 Non-zero channel stotus detected at completion of ROAR stop on WXAddress OAOI - QD121, rate * 
Stop IPL on the selector channel switch to single-cycle press START. R-Register 

now contains ending channel status 

OA7A IPL QC451 1. A machine check occurred during IPL while check Do: * 
Loop control switch was in process Go to Chart J, Sheet 2 at JE 

2. A multiplexor channel control check occurred dur-
ing IPL 

3. Interface time-out occurred during IPL 

IOFF Stop QE691 1401 Compatibility coded stop, R-Register hexadecimal Do: 
character determines couse Go to Chart F, Sheel 3 

12F4 Stop QE561 1. Machine check occurred in Compatibility mode Place in stop made and catch error when it occurs, 
with check control switch in process; or or go to Chart C, Sheet 1 at CA 

2. Second machine check occurred in Compatibility 
mode using mode switch on machine checks 

IE4F Stop QG532 An RPQ operation (branch on next card column binary) Ready reader or ROAR stop on WX Address lE4E -
was attempted but reader was not ready CLD QG532 and observe Status-In in multiplexor 

channel and conlrol unit 

DT Chart J CF Stops and Special One Word Loops (Sheet 1) 



Chart J, Sheet I 

NO 

Received Some Final 
Status Bit Other than CE 
or DE. The R-Register 
Now Has Unit Status 

Chart J, Sheet I 

Address Compare Switch 
to Early ROAR Stop. Set 
F G H j Switches to 
095E ODI81 

Suspect: 
I Data Being Read in 

Does Not Have Pro
per IPL Information 
Blanks Are Being Read 
in 

6ED 

901 

Multiplexor Channe!' Has 
Received Some Final 
Status Bit Other than CE 
or DE; The A-Register 
Now Has Unit Status 

Suspect: 
I Channe I Hardware 

Failure 
Select-Out Did Not 
Propagate - Resul t 
Channel Interface Con
trol Check Due to Time 
Out 
Interface Cable Un
plugged 
CPU Machine Check 
caused Channel Con
Irol Check 

Multiplexor Channel is 
Responding with 0 Status. 
A-Register Now Has Unit 
Status 

AI7 

Selector Channel Is Res
ponding wi th 0 Status. 
R-Register Now Has Unit 
Status 

Chart J, Sheet I 

Address Compare Switch 
to Early ROAR Stop. Set 
F G H J Switches to 
0981 ODO]] 

Select-In Received in 
Response to Select-Out 
(No Control Unit Res
ponse). Desi red Control 
Unit and Device Now 
in Selector Data Register 

Suspect: 
I Control Unit Off-Line 
2 CPU Selected Wrong 

or Invalid Channel 
Channel Trying to 

Select a Non-Exist
ent Device 

Chart J, Sheet I 

YES 

Address Compare Switch 
to Early ROAR Stop. 
Set F, G t H, J Switches 
to OA7A QC451 . Set 
Check Control Switch 
to Stop 

9C8 

Control Unit Initial Status 
Non Zero. It Is Now Dis
played In Selector Data 
Register 

r---:-:-:-"-:--:---, Chart C, Sheet 1 

In IPL Mode Log Out I 
Byte 0082 I. Not Indicat- I 
ive of Error Conditions I 
as Spec ified 

Read All Comment. on 
OC451 Using 2030 CE 
Handbook Under CPU 
Channe I Log t Det

,,,rmine Type'of Failure. 
R-Register Now Has Cat
alog Number or Machine 
Check Indication 

Run Priority Controls 
Micro Repop Diagnostic 
Test 3447 and Multiplex
or Chan ne I Repop les t 
3346 (Vol 41) 

DT Chart J CF Stops and Special One Word Loops (Sheet 2) 



Index 

LA Chart H, Sneet 1 

-----1 --------, 
: ~~s~;:t~~:' Switch Is 
I Now in Instruction 

Step 
: 2. The Displayed WX 

Address Us OOFF or 
: IOFF 

I I 

I BASIC 2030 MODE I 1400 COMPATIBILITY 
Petermine the Next Se
q~~allmk~"OOA~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~~~~~~~~~ 
ress 

I The Address of the Next - -, The Displayed Address If Processing Is to Cont-

Log the Next Sequentia I 
Address, Then Press 
START 

I 
Continue This Procedure 
until a Substantial Num
ber of Addresses Are Log
ged or the Pro!J"am Loops 
Back on Itself 

Instruction to Be Proces- 1 May Not Be the Next inue in Sequential Order, 
sed Is Now Displayed in I Sequential Address After I the Next Instruction Add-
Hex in the A and 8 Reg- I the One Just Completed. 'ress Is Now Displayed in 
isters 1 Satisfied Branches Reflect Decimal in the A and B I p'- N_ Add_ I Registers 

In Most Cases the Condi- - - -: R Register 8its 

tion Code Register and 

I the Pro!J"am Mask Are Now I 0 - Condition Code 8 
Displayed in tne R-Reg- 1 1 -" "4 
ister. This Is Only True I 2 - 2 
if the MN-Registers Are I 3 -" 1 
Displaying Auxiliary Stor- 14- Fixed PT OYFL Mask 
age XOBB I 5 - Decimal OVFL Mask 

16 - Exponent UNFL Mask 
7 - Significant Mask 

I 
I 

I 
I 

The Resultant A-Field 
Address Is Now Display
ed in Decimal in the M 
and N Registers. To 
Display the Resultant 
Decimal B-Field Add
ress, Display the UV 
Registers 

~~No~I __ ~ ______ II __ ~ 
~ I r-D-u-mp-C-o-re..JU'-s-in-g-a-Pr-o-_'·- - -1'----------.., Use Available 1400 

YES gram Dump or a Micro I If in PMS and Both 1400 Macro Deck to Obtain 

Lacate the Loop in the 
Listing or the Dump 

I 
Observe All Possible Exits 
from the Loop and Attempt 
to Determine the Expected 
or Normal Exit 

• 
Basic 2030 - 1400 Mode 
Oriented Problems 

LB 

Chart L, Sheet 2 

I Dump I and Basic 2030 Dumps I an Edited Core Dump of 
I Are Desired: the 1400 Area of Stor-
I A. Dump Basic 2030 FifOt age 
1 if Micro Core Dump 

I Us~ I I 8. Dump 1400 First if 
I 8as ic 2030 Macro I ; Dump Is to Be Used I 

I I 

I 
I 

I 
Suspect: 
1. F"ilure in Condition 

Code Set/Reset 
2. Pro!J"am Mask Not 

Functioning Properly 
3. System Mask Not 

Functioning Properly 
4. Error Recovery or 

, Other Seldom Used 
Routines That May Not 
Have Been Completly 
Debugged 

I 

Suspect: 
1. I/o Device Contin

uously Busy 
2. Some Portion of 1400 

Auxiliary Storage was 
C hanged or Destroyed 

3. Incorrect Sense Switch 
Settings 

4. I/o Check Stop 
Switch In Auxiliary 
Storage in Wrong 
State 

5. Tape and Disk Assign
ments in Auxiliary 
Storage Incorrect 

6. Hi, Lo, Equal, Com
pare Operation Code 
Not Functioning Pro
perly 

7. The GMWM Latch 
Failure or Other 
Compatibility Orien
ted Hardware (ALDs 
MB031 and DL031) 

DT Chart L Machine Language (Macro Program) Loops (Sheet 1) 

---I 

I 
1 
I 
I 

If the Instruction Just 
Completed was a Sat
isfied Bronch, the Dis
played Address Is Not 
the Address of the Next 
Operation Code to Be 
Pro~e.sed 

- - -I To Be a Valid Instruct-
I ion Step StOll 'the R-Reg-l ~:e ':5t Have Hex 



Chart L, Sheet 1 

IAIILlTY )J BASIC 2030 MODE 14ooCOMPAT 

I I 
Suspect: 

I 1 • Pro.,-am Deck Has Re- I cently Been Altered 
or Changed 

2. Wrong Branch Taken 
in Micro Program Due 

I I to Undetected ROS 
Failure or Slat Decode 

3. Main Core Failure 
4. Basic S-Register Fail-

ure 

I I 5. Undetected Failure in 
I/o Unit During Data 
Input 

6. ROS Control Switch Is 
in Inhibit CF Stop Pos-

I I ition 
7. The Program Encounter-

ed an Unrecoverable 
Error and Cannot Cont-
inue I I I 

If the Complexity Is Be-

I yond Your Experience, 

I Call for Assistance .. 
Continue through This 
Chart While Woiting for 
Aid 

I I 
I Micro Diagnostic 

Procedure 
I. Run the CCROS Driver 

I Voltage Check. 
See Chapter 4 of the 

I 2030 FEMM 
2. Follow the R/N Stor-

age Diagnostic Pro- I cedure Item 4 of Test 
3348 (Vol 41) 

3. If the Problem Is Chan-

I nel-Oriented, Run the 
Associated Channel I Diagnostics (Vol 41) 
Multiplexor - 3346 
Selector 1 - 3447 
Selector 2 - 344A 

I ~ I 
Run Associated Machine 
Language (Macro) Diag-

I I I nostics 

I 
Run the Following CPU Run the 1400 Compati-
Macro Diagnostics 

I 
bility Macro Diagnost-

(Vol 42) ics Under Control of Test 
-Test 3201 -3FOO (Vol 43) 

I -Test 3202 3FOI through 3F05 (and 
Standard -Test 3261 

I 
Any Associated 1400 

Set 1 -Test 3262 I/o Tests 3F08 through 
- Test 3263 3FIC or 3F06 if PMS Is 

I -Test 3264 Used) 
(And Any Associated 

I I 2030 I/O Tests) 

I I Place Check Control I Switch in Stop to Catch 
CPU Checks. Place Pro-

t 
gram Interrupt ROS Ad<;l-
ress, 0147, in the ABCD 

I Switches and the Address 
Compare Switch to Earl y 
ROAR Stop 

I I I 
Re-run the Failing Job 

J 
I I If Same Original Failure 

Occurs, Call for Further 
Assistance 

DT Chart L Machine Language (Macro Program) Loops (Sheet 2) 



Index 
Chart W, Sheet 1 .'. 
Chart W, Sheet 2 Reference Material 

1. SRL--System/360 
Principles of 
Operation. 

Save All Logged Data 
that Is Pertinent to 
the Existing Failure 
and Run Micro Diag
nostics 

Error Conditions-
More Than One Bit 
in The Stalus Byles 
May Be on. Use 
SRL for Reference 

CDC & CC Bit 44 & 47 

Program Check Bit 42 

Channel Conlrol 
Check Bil 45 

Run Priority Conlrols 
Micro Repop. Tesl 
3347 (Vol. 41) 
Followed by the Mul
tiplexor Micro Repop. 
Test 3346 (Vol.41) 

This Is an Indicalion 
of A Channel Error. 
Bit Combinations Are 
Possible. 
Use System Reference 
Library Manual and 
Unils Reference Manu
al with These Flow 
Charls for Trouble 

1. Set Check Conlrol 
Switch to Stop 

2. Set Address Compare 
Switch to Roar Stop 

3. Set Switches ABCD 
to OASE 

2. Syslem/360 I/O 
Interface Channel
lo-Channel Manual 

3. Field Engineering 
Maintenance 
Manual 

4. FE Handbook 

----- Unless Error Occurred 
I During Command Chain
I ing, Catalog No. will 

When Stop Occurs ALU 
Output will be Display
ing Catalog N See CAS 
Page QC461 

Go to Suspect Chart M 
Sheet 3 

Put System in Check 
Stap Mode. Run 
Channel Macro Test 
3430 

Refer to Red L i gh t 
Chart (Chart C) when 
Stop Occurs, 

: be in the High Data Field 
I.0f the CSW 

I Reference CLDs 
OC451 & CE Handbook 

, Logout Area 

DT Chart M Multiplexor Channel (Sheet 1) 

Th is is not an Errar. 
Refer to Syslem/360 
Principles of Operation 
for PCI Function 

This Condition Should 
Not Exist, To Do A 
CSW Store, A CCW 
Must Contain A PCI 
Bit 

1. Set Address Com
pare Switch 10 Roar 
Stop. 

2. Set Switches A-B
C-D to 067E. CLD 
Page QC091 

Use CE Handbook 10 

Inspect UCW. 
Subtract S from CCW 
Address to Find Working 
CCW Address. Inspeci 
This String for A PCI 
Bit 36 

MB 

Chart M Sheet 2 

Do Storage Proieet 
Stack Adiustment Pro
cedure 

Analyze Log Data to 
Insure Not Programming 
Problem 

, __ I 

1. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 
9. 

I 

Use the Procedure as 
Outlined in Ihe Field 
Engineering Maintenance 
Manual, Chapter 4 

Set Address Compare 
Switch to Roar Stop. 
Set Switches A-B-C-
D to Address 0040. 
This Address Is Forced 
when Error Occurs 
Rerun Job 
Match Light on 
Indicates a Protection 

Error Occurred 
Main Storage Now 
Contains Address of 
Protecled Area 
Set This Address into 
Switches A.B.C.D. 
Set Switch E to M.S. 
Press Display Key 
Step Six Has Now 
Read into Q-Regis-
ter Low, the Key 
from The Protect Stack 
Display Q-Register 
Normal Operation 
Would Have Q-High 
and Q-Low Match. 
the Occurrence of 
A Mismatch Is 
F lagged As A Program 
Error 

Count In CCW Is the 
Amounl Of Bytes To 
Be Transferred. Use 
This Count And Command 
And Run I/o Micro Test 



Chart M Sheet 1 

NO 

1. Set Address Compare 
Switch to Early Roar 
Stop 

2. Set $wi tches A-B
C-D to OA71--CLD 
OC451 

3. If Error Occurs 
(Match Light on), 
WX Register Indicates 
CCROS Word That De
tected Failure 

4. Set WX Address in 
Switches A-B-C-D 
and Rerun Job 
Using Addresses Dis
played in WX and 
CLD's Starting on 
Poge OC451, Deter
mine Nature of Hard
ware Failure 

Go to Suspect Chert 
(Chart N) 

The Resi duo I Count Be
comes Meaningful if the 
W .L.R. Bit Is on in 
Byte 45, Bit 2. Refer 
to SRL for Additional 
Count Information 

MPX Channel Appears 
in Order. Continue 
Investigation by Check

ing the Control Unit and 
Device 

YES 

With Sli Bit on A Mis-
NO match in Number of 

Bytes Transferred I. 
Possible. This Is Not 

With No Sli Flog the 
CCW Count and the 
Record That Is Acted 
Upon Should Be Equal in 
Length 

The Count Value in the 
CCW Could Be Larger 
than the Record That Is 
Being Acted Upon. 
With SLI Flag on, Look 
for Other Error Indi
cations 

Refer to C LD Page 
QC451 and CE Hc:Jndbaok 
Logout Area 

Run I/O Micro Test 
3344 Using CMD and 
Count of Foiling CCW 
with Unit That Hod 
Failure 

YES 

Unit Is Capable of 
Handling This Count. 
Check CSW for Other 
Error Indi cation 

This Address Will In
dicate 8 Hi gher than the 
CCW That Was Being 
Used when the Error Oc
curred. Use Th is as a 
Starting Point when Try
ing to Find What CCW 
was Working when the 
Error Occurred 

DT Chart M Multiplexor Channel (Sheet 2) 



Early ROAR 
Do WX 

L-Register CLD Page 
Stop at 

Registers Hints 
Read at 

01 OC021 OA89 052C 1 . Zero count in CCW Byte 6 and 7 
Check CCW display DL-Registers now holding the 
count. 

02 QC021 OA89 0590 1 . Invalid flags in Byte 4 of CCW . 
Display L-Register . 
Low-order three bits must be zero. 

04 QC021 OA89 0515 1 . Initial operation has a TIC or 

2. Two TICs in a row. 

3. Inspect CCW string for this condition. 

05 QC021 OA89 051D 1. Invalid command Byte, check Byte 0 of CCW. 

06 QX021 051E 051B 1 . Byte 1 of CCW is not zero. 
Check CCW for this Condition. 

07 QCOll 058A 0572 1 . Protection error in CCW. 

2. CCW address too big for memory size. 

3. Byte 0049 must be zero for 2030. 

4. Check CAW format using CE Handbook or 
SRL Manual. 

08 QC021 OA8B 0517 1 . Two successive TICs. 1- and J-Registers now have 
address of CCW that had the second TIC as its 
command. Inspect CCW string for this condition. 

09 QCOll 0526 0522 1. The new CCW address designated by a TIC 
command was not located on a doubleword 
boundary. 

OA QC061 0A8F 0611/ 1. Memory wrap when CCW was being updated during 
0613 a chaining operation 

OB QC10l OA8B 069C I. Zero count detected while data chaining or 
invalid flag Byte. 

2. Check L- and D-Registers for count. 

3. Check S-Register for 5 bit being on. If 5 bit is off, 
an invalid flag Byte was detected. 

4. Check CCW for these conditions. 

OC QClOl 058B 053C I . Memory wrap on next CCW address whi Ie CDA . 

2. 1- and J-Registers now should indicate zero. 

OD QC021 OA8F 052D I. Zero count detected during a command chain. 
Check L- and D-Registers for count. 

2. Check CCW string for these conditions. 

OE QC031 OA8F 052A I. Invalid flag Byte while command chining. 

2. L-Register contains flag Byte. 

3. Check CCW string for this condition 

IF QC131 0A8F 06BC I. Memory wrap detected while command chaining. 
Next CCW was located outside of memory. 
1- and J-Registers are 0000. 

2. Check CCW string for a CCW located in the 
last 8 locations in memory. This one is 
chaining out of memory. 

2F QC131 OA8F 1. Command Byte all zeros detected while command 
chaining. U-Register now holds the command. 

2. 1- and J-Registers now contain the failing CCW 
address p I us 1 . 

3. Check CCW string for this address and the 
indicated error condition. 

DT Chart M Multiplexor Channel (Sheet 3) 



Index 

Interface Control Checks 
Are Due to Timeout Con
ditions or Invalid Seq
uence of Interface Sig
nals 

Refer to I nterface Con
trol Checks on Chart M 

I Sheet 2 (MB) 

IC Not, 
Suspect: 
Line Receivers and Assoc
iated Circuits Starting 
Page FA082 

Operation-In 

Interna I Trouble. Suspect 
Line Receiver and Assoc
iated Circuits. 
Example: 

01A-A3C5 
01A-B2D6 
01A-A3F2 

Do an IPL Using an Add
ress That Is Not Used By 
Your System, Do a ROAR 
Stop on 05A2 

Does WX 
Registers Indic

ate 05A2 

False Request with No 
Select-In. Select-Out 
Shou Id be Up on the 
Interface at th is Time. 
Check for No Response 
from Unit or Block of the 
Select-Out Signal by a 
Unit 

: Check Logic Page FA092 
__ I for Operation-In Signal 

YES 

NO 

DT Chart N Multiplexor Catalog Numbers (Sheet 1) 

Number 70 

NO 

Number 80 

NO 

Number 90 

NO 

NB 

Chart N Sheet 2 

YES 

Double Request Console 
and I/O Unit. WX Reg
isters Will Be 0657 
QC211 

NO 

Address-In Up 

Interna I Trouble. 
Suspect: 
Address In Circuits FA092 
Example: OIA - A3C5 

OIA - A3F2 
OIA - B2D6 

The Unit with Operation
In Up Has Failed to Raise 
Status-In or Service-In 
or Has Raised Both 

I 

YES 

YES 

1050 Request-In. 1050 
Wants the Interface. 
Check for Error in 1050 
T-Register Circuits. This 
Is in Error 

I Check Logic Page FA092 
1 

I 

~ 10nly One of These Inter-
__ :face Signals Should Be Up 

Status-In or 

Internal Trouble. Suspect 
Status-In or Service-In 
Circuits 
Logic Page 

FA 092 0IA-A3C5-D5 

Neither Both 

FA 04 I 0IA-A3E6-D7-E2 
AL061 01A-B2D6 

YES 

Internal Trouble. Suspect 
Operation-In Circuits. 
Logic Page 
FA092 OlA-A3C5-B3 
FA091 01A-A3F2 
AL061 01A-B2D6 

Chert D, Sheet 1 

: Check logic Page FA092 



Chart N, Sheet I 

NO 

This Condition Should 
Not Exist 

YES 

Unit Did Not Respond on 
Initial Selection With 
Operation-In and Select
Out Not Received WX
Registers Will Be 
05450C091 

YES 

NO Internal Trouble/ Suspect 
Operation-In Circuits 
Logic Page 

Unit Failure Did Not 
Raise Operation-In or 
Select-Out Not Prop
ogated. Run Unit Diag
nostic 

Check for Status-In Re
sponse to Command-Out 
when Count Has Gone to 
Zero 

FA092 OIA-A3C5-B3 
FA091 01A-A3F2 
AL061 OIA-B2D6 

YES 

Internal Trouble. Suspect 
Select-In Circuits 
Logic Page 
FA092 0IA-A3C5-B5 
FA091 01A-A3E2 
PF081 OIA-C3D7-B6 
PF082 OIA-C3E7 

1. Rerun Test. ROAR Stop ---I Check Logic Page FA021. 
at 062F I The Command-Out Latch 

2. Set Rate Switch to I Should Be On when Step 
Single-Cycle 1 3 Is Done. Check Unit for 

3. Press START Key. its Receiving Command-
Command-Out Wi II l'-O_u_t _______ ....J 

Be Sent to the Uni t, 
Service-In Should Fall 

4. Keep Pressing the 
START Key, Status-In 
Should Be Sent I Not 
Service-In 

5. If Service-In I, Sent 
This Is an Error (Unit 
Failure) 

YES 

Determine Type of Error. 
Either Operation-In or 
Status-In Failure. WX
Registers Equal Timeout 
Word and Type of Failure 

NO 

YES 

YES 

Internal Trouble/ Suspect 
Operation-In Circuits 
Logic Page 
FA092 OIA-A3C5-B5 
FA091 OIA-A3F2 
AL061 OlA-B2D6 

Internal Trouble. Suspect 
Status-In or Service-In 
Circuits 
Logic Page 

FA 092 OIA-A3C5-D5 
FA 04 I OIA-A3E6-D7-E2 
AL061 01A-B2D6 

DT Chart N Multiplexor Catalog Numbers (Sheet 2) 



Index 

Examine Printout and 

Program Listing to Det
ermine that They Agree 
and Are Correct 

Notes: 
1 . Channe I prog-am checks are covered on assoc iated Channe I Charts 
2. For general descriptians of prog-am checks refer to Program Interrupts 

in the System/360 SRL Principals of Operation (A24-6821) under Interrupts 

NO 

Bits 4-7 of Main Core 
Hex Location 002B Bits 
0-3 Should Be O's 

Old Program PSW Core 
Locations oo2E and oo2F 
Contain the Next Op
eration Code Address. 
The Instruction Length 
Counter Is Located in 
Bits 0, 1 and 2 of Core 
002C. Interrupted Op
eration Address = Next 
Address - ILC 
Note: If ILC Is 000 the 
Interrupted Operation 
Address Is Not Certain 

~----~----~-------r------------. Run Associated Macro and 
Micro Diognostics 

Chart P, Sheet 2 YES 

I Diagnostie Procedure 
I Dictates Running Diog-I nostics but This Area Can 
I Be Skipped and Returned 

to Later 

I 
I Hex Code 

I 01 
I 02 
I 03 
I 05 
I 06 
I 08 

i 09 

I 

NO 

Description 

Op-Code Incorrect 
Privileged Op 
Execute Error 
Addressing 
SpeCification 
Fixed PT Overflow 
Fixed PT Divide 

Sections: 
3201,3202, 3261, 3262, 
3263, 3264 (Vol 42) 

Storoge Protection 

DT Chart P Program Checks (Sheet 1) 

NO 

II Hex Code Description 

1 7 Data 
A Decimal Overflow 

Decimal DIvide 

Hex Code Description 
C Exponent Overflow 
D Exponent Underflow 

Significance 
Floating PT Divide 

This Is to Verify Storage 
Addressing 

Customer Program :-- - - The Ramainder of This 
,--_A_na_I..:.YS_i..,s __ ----'1 Chart Is Intended to Aid 

a Hardware Oriented CE 
in Analyzing the Situat
ion Using the Customer 
Program While on the 
System 

Program Mask Check 

NO 

PB 

Chart P Sheet 2 

Program Maskable Codes 

r----L----...,-- -I--------~ 
I Old Program PSW Pro
I gram Mask. Bits 4, 5, 
I 6, and 7 in Core Hex 

The Mask Bit Off Should 
Have Blocked This Pro
gram Interrupt. A Micro 
Program Branch on the 
Mask Bit Located in Loc
al Storage Determines 
Interrupt - Continue Flow 

I 002C 

Code Mosk Bit 

8 4 
A 5 
D 6 

7 



Chart P, Shee 1 

System Reset and Set I/c 
to the Address of the Int
errupted Operation. Do 
Not Press START 

---I Use Data Address Gather
ed in First Section of 

I This Chart to Set in SWS 
: FGHJ 

NO 

Storage Protect 

YES 

Chart F, 
Sheet 3 

- --I For Aid In Comprehension, 
I Refer to Chapter 1 of the 

Early ROAR Stop on Pro
tect Trap WX Address 
040 - QA961 Restart 
Interrupted Instruction 

YES 

Display the Q-Register 

NO 

I 2030 FETOM Under Stor-
I age Protection 

In 1400 Compatibility 
Mode: Use WX Address 
1040 (QE561). Restart 
Interrupted Instruction 

P Bit with Q-Lo 
Read from Stack 

Q HI 0000 

Chart P Sheet 1 

YES 

Chart P Sheet I 

Early ROAR Stop on the 
Common Entry for Pro
l1am Checks WX 0147 -
COL QA881 • Press START 

NO 

Suspect: 
I The Failure Is Inter

mittent because Fail
ure Did Not Occur 
This Time 
The WrongOperatior 
Code or Instruction 

Leaving ABCD Switches 
at 0147 and Address 
Compare Switch in Early 
ROAR Stop and Run En
tire Program again 

YES 

~ ___ ...L ___ --, ___ I 

Locate the New WX Word I Use the CLD Index 
in the CLD's and Read All I QZ--- Pages in the 
~f.:,:",nts on the Page for !.,.I _Ba_ck_of_V_ol_2_4 __ --J 

System Reset and Set I/c 
Back to the Interrupted 
Operation Code. with 
Rate Swjtch in Single 
C ycl e, Step Thru the 
Micra Program Looking 
for Clues 

DT Chart P Program Checks (Sheet 2) 



Index 

RA 

Intermittent Is Defined 
as at Least One of the 
Following: 
1. A Similiar Failure 

Cannot Be Forced 
2. The Job Has Since 

Run Successfully 
3. Failure Repetition 

Rate Averoses Less 
than 1 per Shift 

Intermittent Failure >.;...--., 

YES NO 
:>-----"1 

Suspect: Chart R, Sheet 2 
Mechanical Adjustments 
Out of Spec ification . 
(A Prime Example Is Tape 
Start-Stop Times) 

Chart R, Sheet 2 

Analyze All Common Fac
tors of Past Fai lures 

,------'------,- - - '1----------

log in Pertinent Data for I Suggestion: 

Obtain on Edited List of 
the Diagnostic logout 
Area. Use SEREP-Test 
3FE 1 (Vol 40) 

Future Use and Compare I Record the Data on a 
Them with Any Past His- I Card. If an NTF Results, 
tory of This Failure I Store the Card in the 

Examples of Pertinent 
Data and Common Factors 

A. Phys ica I Depende nci es 
1. Always the Same 

System 
2. Same I/o Device 

or CU 
3. Same job Number 
4. Input Type Sour ce 

a. Type of Cord 
Stock 

b. Where Input 
Tope was Gen
erated 

c. Some Disk Pack 
5. Use of Special 

Features (Example: 
PFR) 

B. Environmental Factors 

1. Shift and Dote 
2. Same Ti me of Day 
3. Same Operator 
4. Temperature Above 

900 

5. Humidity Below 20% 
6. Adjacent Equipment 

Running Simultaneous
I y. Examples: Com
munication, Unit Re
cord, Elevators, 
Electronic Doors etc. 

I Tray for the Repop CCROS 
I Cards (Use for Comparison 
Ion Future Calls) 

I SEREP Does Two Things: 
I 1. Possible Clues to Any 
I Detected Failures 
I 2. Clears the logout 

Area So That on the 
Next Run You Know 
When logout Occur
red 

DT Chart R Missing Records or Wrong Resu Its (Sheet 1) 

Out-of-the-Ordi nary 
Conditions May Have 
Occurred During the Run 
of the Fail ing Job. Be
ware of the Following 
Types: 
1 • Error Messages or 

Diagnostic lagauts 

2. Was Operator Inter
vention Required for 
Any Reason, Such as 
a. Excessive Tape 

Read Errors Neces
sitated Skipping a 
Record 

b. End of Forms on 
Any Device 

c. Any Check Point 
Restarts 

d. Unexpected Sys
tem Halt Neces
sitating Pressing 
START or INTER
RUPT Key 

e. Any Console Red 
Lights 

3. Excessive Traffic or 
Movement Near Sys
tem 

During Failing Run Did 
Anything Questionable 

1 Occur - - - _1,-________ --' 

.. _N_O_, Uncommon Conditions 

RB 

Chart R, Sheet 2 

NO 

NO 

Type 3 

Diagnostic Procedure 
Dictates That You Should 
Continue Through Th is 
Chart and Run the Approp
iate Diagnostics, but 
Enough Data May Be 
Known to Retry the Cust
omers Job 

YES 

YES 

Message or logout 

Operator Intervention 

Suspect: 
1. A System Failure 

Occurred and was 
Bypassed 

Analyze the Data, Com
pare to the SEREP Results, 
and Attempt to Derive a 
Sympton Other than 
Wrong Results 

2. After or During Inter
vention the Operator 
Caused the Problem. 

3. End-of-File or End
of-Forms Device Rec
ognition 

Traffic 

Suspect: 
1. Electrical Static Dis

charge. (Humidity Be
low 20010) 

2. Loose Cords Or Cables 
Failing on Vibration 

r-If-th-e-D-e c-i-"iLon-ls-M-a-d-e---,----:-E-xa-m-p-:"le-s-: ------, 

to Run the Customer's I 1. Vibrate Unit Around 

job, Ensure That All I ~:~~~r:~e Activity 
Other-than-Normal Con- I 
ditions Are Duplicated. I 2. Allow the I/O Device 
Have Same Operator Run to Run Out of Forms 

the Job Tracing His Or-
iginal Steps 



Chart R Sheet 1 

I Very.J!!tp.crtant 
I Especially if ROS RelTy 
I I. Insta.lled or System Has I History of ROS Failures 

Fo'liow the R/W Storage 
Diagnostic Procedure 
Item 4 of Te.t 3348 

,Important 
ITo Te.t Storage Addressing 

(Vol 41) 

NO 

NO 

YES 

Run the Multiplexor Re
pop Micro Diagnostic 
Test 3346 (Vol 41) 

Selector Channels U.ed 
on Failing Job 

YES 

Run the Selector Channel 
Fl T Repop Tests 
3447 - Channe I 1 
344A- Channel 2 
(Vol 41) 

Chart R 
Sheet 1 

Under ConlTol of DMA-4 
Run the CPU Standard 
Set Macro Diagnostics 
3201, 2 and 3 

iliary Storage Using Test 
3FOO under ConlTol of 
DMA-4. Run 1400 CPU 
Macro Diagnostics: 
3FOI Through 3F05 (Vol 43 

3261, 2, 3, and 4 
(Vol 42) 

Chart R, Sheet 3 (RD) 

Obtain Clue. and En
sure the Reliability of 
the I/o Units Used on 
the Failing Job 

Chart S, Sheet 4 (BF) 

For Additional Hint. Re
fer to Overall System 
C.heck 

Run System Test 3Fll 
(Vol 40) about 20 Minutes, 
log All Significant Data, 
and Turn System to Cust-

At Minimum, Stand by 
until Next Job Has 
Been Successfully Start
ed 

YES 

Support I/O 
1. 1052 KS-Printer 
2. 1403 Printer 
3. 2400 Tapes 
4. 2540 Reader-Punch 
5. 2841/2311 Disk 

If 1400 Compatibility, Prior 
Ito Rerun Reinitialiied the 
11400 Aux. Storag e Areas 
IUsing the CID. If Same Job 
I Foilure Results, Inspect the 
ICID or Take 1401 Edited 
IStorage Dump Using Test 
j3FDl (Vol 40) 

Call for Assistance. Re
que.t a Software-Hard
ware Trained Person. 
While Waiting, Run Sys
tem Test 3FCI (Vol 40) 

DT Chart R Missing Records or Wrong Results (Sheet 2) 



Chart R, Sheet 2 y 
Unit Symptom or Cause Notes and Hints Suggested Minimum 

Description Quick Check 
Unit Symptom or Cause Notes and Hints Suggested Minimum 

Description Quick Check 

1052 Key Board 1. Missing characters caused Check interface cables in the 1051, 2540 Reader 1. Two cards feeding pig9y-back Check reader throat adjustment; Run macro diagnostics 
by console attachment failing the half board 01F-A 1, and in through reader if near .020", this is a possibility 1. F821 routine 1--
to read puncl..l-c I utch the CPU on boards 01 A-C2 and C3 Run the read i"'luiry macro 2. Interface or 2821 failure causing (punch 27 cords) 
signal (ALD PF 521\ diagnostic 902 Vol 43 data record to be cut short 2821 Vol 8 

2. Extra character in storage Console request-in line may not be 3. Any error check circuit not Running cards with one set of 2. F811 routine I--
resetting properly (ALO PF021 ) functioning would fail to catch brushes removed wi II check one (reae' some 27 cards) 

3. Wrong data in storage; good data Check PT & T to EBO IC Translate input errors possibility 2821 Vol 8 
on 1052 printer starting at PF 291 through PF 331 4. Multiple pick or drop in reader 

4. Wrong data on printer; good data Definite 1051 or 1052 printer buffer 
in storage failure 5. Cords woy off reg istration Very remote 

1052 Printer 1. Missing characters--caused by 1. Check attachment clock timing; 2540 Punch 1. Failure to give dummy write to Check program for proper punch 
1051 home loop timer running refer to note on ALO PFOll punch at end of job a lIows one end procedure 
slower than the console attach- 2. Check 1051 home loop single Run the basic write function card to be left in punch. This 
ment c1ock--or console attach- shots in 1051 manual page macro diagnostic 900 Vol 43 card is not checked when 
ment clock faster than 1051 timer 131TM nonprocess runout key is pressed Same as 2540 Reader 

2. Only one character of a message Posssible that 1050 -Request- in 2. Using E OF key on other than Use EOF on PFR operations only 
prints. This may also be the line not being reset (ALD PF071) PFR can cause a missing record 
wrong first character when cards are allowed to run 

3. 1050 intervention req u ired 1. Is printer paper under interlock out, new ones placed in 
would cause no message to be 2. Is CPU switch off hopper, and job continued 
accepted by 1052 printer 3. Check EPO switch inside back 3. Punch check circuit failure in 1. Lift punch brushes, check 
(indicator on lower right of cover of 1051 conjunction with valid punch for errors when punched cards 
console under CPU status) check are fed 

4. Incorrect data 1. Turn the 1052 CPU switch off. 2. Check the PCH BRUSH Cl 
Type A through Z. If incorrect QfJ.,&.lliJ signa I 
character prints, 1051 or 1052 4. See No. 2 on reader 
is at fault. 5. Punch buffer pick or drop of 

2. On-line check the EBCDIC to even bits 
PT & T Translate on ALD PF 
191 through 222 2841/2311 Files 1. Intennittently missing data or Head 01 ignment problems can 1. Run the 2841 nonresident 

receiving no-record-found cause this. But if adjustment is micro test--read/write 
1403 Printer 1. Wrong chain on 1403 or wrong Check job for proper chain and made beware of cousing new 1 00 address ma rks • 

UCB imClQe UCB deck Run printer macro diagnostics 
2. Hammer check circuit malfunction Diagnostic F832 will check this I. F 832 (UCS printers) 

problems while trying to ·read 2. Run the 2841 macro test 
packs written before adjustment 602 (MDP Vol A02) 

not catching extra or missing (2821 Vol 8) 2. Missing records resulting in 1. Have customer temporarily 3. Run the 2841 interchang-
hammer fire, or failure to receive 2. F 836 ripple print (2821 no- record-found add a patch to his program to abil ity macro test 613 
data check on unprintable UCS Vol 8) do a reed-back check after (MDP Vol A01) 
character every lile-write command 

3. Interface or 2821 failure causing 2. Suggested programming 
dota record to be cut short procedure after no-record-

4. Mu Itiple pick or drop of bits in Reinitialize UCB found 
UCB a. Read home address to ensure 

5. Multiple pick or drop of bits in correct cyl inder 
print buffer b. If not corree! cylinder, 0 

6. UCB parity- check circuit failure recal ibrate command should 
7. Print buffer parity check circuit be issued 

failure c. If correct cyl inder, retry 
8. Sync-check error circuit failure To ensure bock in sync, open and the original record at least 

close T-casting or initialize the 10 times 
UCB. Note: STEP C may have to be 

9. End-of-forms indication mal- Test off-line patched in some operating 
function systems 

10. Failure to recognize data checks Diagnostic F832 will check this 3. Address marker detection circuit 
could be caused by the BLOCK failure 
DATA CHECK LATCH or the 3. Missing or short-length records 1. Run 2841 in check-stop mode 
FOLDING LATCH in 2821 (in with no indications to ensure that all detected 
UCB only) errors are caught and handled 

11. Missing slug on chain or broken One ~haracter or ane print position 2. Address marker detection 
hammer circuit failure and the program 

12. 1401 compatibility miSSing last 32 Missing bit 0 in COMP AUX is not check ing record 
positions of print line storage- B of byte 8C. This bit is identification 

reset on 8K machines if operator 3 _ 2841 metering-in line is not 
presses the load key with 1402 in forcing CPU metering-out 
the F, G, H, and J switches; then when the CPU is stopped and 
does system reset, ROAR reset, the file command is still being 
and start executed. Chec k -0 channe I 

to meter line on ALD KUOll 
2400 Tapes 1. Drive start-stop time maladjust- Most probable couse Run the following macro 4. 1400-compatibi I ity count The compare-disable bit 1400 AUX 

ment diagnostics to check tape 
2. Check to see if the forward stop This is usually a result of malad- start-stop times: 

fields and data fields located storage B UCW (XXI 0) bit 0 was 
on the wrong cylinder. possibly on when data records were 

delay noise trigger ever comes justed drive start-stop times 16K systems --F521 and F522 written. This bit should be on 
on. Records can be skipped if 8K Systems--3523 and 3524 only during the original 1400 
it does only formatting of the disk 

3. Tape being used was generated Check tope source, and the age 
bod at a previous dote, possibly and condition of the tape All systems--for Diagnostic 
on another system Check F510 

4. Detected hard errors not being Run job with error hold plugged on 
handled TAU All tests are in MDP Tape/TCU 

5. Failures in :.pecial recognition (Vol 3) 
circuits and command codes such 
as s ingl e tope mark records, 
noise bits, EOF, erase, back-
space and forward space commands 

6. 1400-compatibility mode: check 
the operation of the GMWM lotch 
on CPU AlD MB 022 

7. Failures with data convert, 
translate, and densities, either 
handware or program failure 

Dr Chart R Missing Records or Wrong Results (Sheet 3) 



SELECTOR CHANNEL 

* SELECTOR LOG DATA * * SELECTOR CHANNEL FLl 

1 . GUV - Data Address :::hannel I - 3447 Vol. 41 

2. GCD - Count Channel 2 - 344A Vol. 41 

3. GS - Status r Control, Error 

Conditions 

4. GT - Inbound Tags, Control 
Information 

5. Next CCW Address from Locol 
Storage. Channel I - 8E - 8F 

Channel 2 - AE - AF 

Index 

SA 

Chart I, .I
r 
__ A_SS_U_M_P_T_IO_N_S_---l 

Sheet I I Assumptions: 
Chart W, I. Lamp Test OK 
Sheet I I 2. Console Logged 
Chart W, I 3. Channel I Failure (If 
Sheet 2 I Channel 2, Replace 

__ ___ ,,-I __ G_w_it_h_H_l ___ ---' 

Type 

Channel Control 
Interface Control 
Channel Data 

Stop Mode 

IL :Instl'vction Length) YES 
Progrum Check 
Protect Check 

Almost Always a 
Channel Failure 

YES 

Was CPU Check Switch 
in Srop 

NO 

Channel Control 
Check Is This Yovr Initial Att

empt at This Fai Ivre 

NO 

First Error Call 

NO 

Suspect: 
I. Selector Channel Clock 

Failure 
2. Selector Priority 
3. Hardware Fa i I ure of 

Channel Control Check 
Latch 

Interface Control 
Check 

NO 

WX Address 92A 

Bus-In Good 

YES 

Suspect: 
I . GR-Registers 
2. GR Assembler 
3. Data Path to GR 

Assembler 
4 .Parity Check 

5. SALs Timing 
6. Skew on Bus-In 

Generally Main Storage 
Fai I ure on Output Op
eration and Control Unit 
or Devi ce on Input 

Channel Data Check >...;.Y.;;.ES __ _ 

NO 

GR-Register 
in Parity 

Suspect: 
1 • Main Storage 

Generally a Cable, Inter
face, or Control Un it 
Failure 

92A Turns on Interface 
Control Check Latch 

YES 

Suspect: 
1. Error Check Circuits 
2. Bod GRGI Decode 
3. Bod GB Decode 

Chart D, Sheet I 

YES 

YES 

Suspect: 
1. I/O Device Bus Lines 

2. Selector Channel 
Data Path 

2. Interface and Cables 
3. Selector Channel Line 

SB 

Chart S, Sheet 2 

Receiver 
4. Poth from Receivers 

to GR-Registers 

Chart D, Sheet I 

Compare R-Register to 

Selector Channel Catalog 

He; Meaning or Condition 

10 Poll Control Timeout 
SIO, TlO, HIO 

20 Queue Status Timeout 
SIO, TIO,HIO 

30 No Address-In, 
Status-In, or Select
In. (CC or Initial 
Select SIO, TlO, 
HIO) 

40 Address Mismatch 
(SIO, TIO, HIO, or 
Command Chain) 

50 No Status-In or Init-
ial Select (SIO, TIO, 
HIO, or Command 
Chaining) 

60 Bad Address or S to tus 
Byte on Initial Sel-

ect (SI0, TIO, HIO, 
or Command Chaining 

70 Status-In Timeout on 
Initial Select (riO) 

80 Status-In Timeout 
on Command Chain-
ing 

90 Select-In on Com-
mand Chaining Re-
selection 

AO Control Unit Busy 
on Command Chain-
ing 

BO Address Mismatch 
on TIO or Halt 10 

CO Status-In or Oper-

alion-In Cannot Be 
Reset on CSW Store 

EO Poll Control Can-
not Be Set on HIO 

FO Operation-In Can-
not Be Reset on HIO 

Suspect: 
1 • Hardwl're Fa iI vre of 

Channel Data Check 
Latch 

DT Chart S Selector Channel (Sheet 1) 



Chart S, Sheet 1 

YES 
Program Check 

NO 
CSW Printout 

NO 

CPU Stop 

YES 

YES 

Display Failing CCW, 
Determine if CCW is 
Valid. Check: OP, Data 
Address, Count, Flags, 
Two Tic's, and CCW 
Addres. Inva lid. 
First CCW a TIC on SIO 
CAW Invalid 

95D Turns on Program 
Check Light 

Hardware Turns on Pro
gram Check Light 

,--__ -J ___ ---,_ - - - - -'~~---O-A-96-1---

NO 
One 

Of Above 
WX Addresses 

Display Foiling CCW, 
Determine if CCW is 
Valid, Check: Op, Data 
Address, Count, Flags, 
Two Tic's, CCW Address 

Suspect: 
1 , Wrong Branch in Micra 

Program 
2. Hardware Fa i I ure of 

S-Register 
3. Decode of Program 

Check Latch 

DT Chart S Selector Channel (Sheet 2) 

Wrap in Selector ROS 
9AA Request 

OD041 

9AA :~v:I~~:IC, Two TICs 

92F Invalid Low CCW Address 

OD051 

CCW Wrap or Chained 
9DE Data Count ~ 0 

933 

938 

Invalid Flag Byte or 
Invalid Operation 

or Caun t ~ Zero 
939 

Instruction l.ength 
Check 

NO 

SC 

Chart S, Sheet 3 

YES 

CSW Printout 

Data Chaining 

NO 

NO 

YES 

YES 

ILC Should Not Be Set 

NO 

If Output Operation and 
GSO ~1 (GR Full), Then 
Residual Count is GC[}!-1 

YES 



Chart S, Sheet 2 

YES 

NO 

YES 

Chart D, Sheet 1 

Protect Stack Failure 

NO 

YES 

Do 0 Storage Protection 
Stack Adjustment as Out
lined in 2030 FEMM 
Chapter 4 

Operation Bit 7 On 

Do a Storage Protection 
Stock Adjustment as Out
lined in 2030 FEMM 
Chapter 4 

Do a Storage Protection 
Stack Adjustment as Out
lined in 2030 FEMM 
Chapter 4 

DT Chart S Selector Channel (Sheet 3) 



Index Chart I, Sheet 1 

I WA Chart H, Sheet 1 

I 
, Assumptions: 
I 1. That the Console 

I ~:rsNo~ ~sd~~d~~~ 

Check for Other 2030 
Wait Conditions 

YES 

Result 
2. All Peripheral I/O's 

in Use Appear in 
Ready Status with No 
Obvious Red li ghts 
or Evident Mal
Functions 

Unless the Rate Switch 
Is in Single Cycle or 
the Match Light Is on, 
This Condition Is Involid 

Wait Light on and WX 
Address Is OOAE CLD 
QA941 

Chart F Sheet 1 

I Message Identification 
__ , No. 0701 

Machi ne Check. Run 
SEREP - 3FEL (Vol. 40) 
to Edit the Diagnostic 
Scan Out Area 

Chart C, 
Sheet 1 

NO 

Consult BaS SRL 
Operators Guide, 
C24-5024, for Aids or 
Additional Action 

YES 

I lOS/DOS - Display Core 
I 0002 & 0003 
I BaS Display Core 
I 3A & 3B 
I 

Is the Console at Fault 

NO 
1050 

If the Desired Device Is 
Ready, Try IPL'ing to It 
and Observe the Initial 
Seledion Sequence 

This Technique Works 
With I/O Devices, too. 
Use the Initiol Address 
Stop Par.ion of the IPL 
Flow Chart ROAR Stop 
Chart 1 

Program Check Has 
Occurred. $toroge 
Printout Should Be 
Available 

Chari P, Sheet 1 

Chart W, Sheet 1 

: Is the 1050 Intervention 
___ I Light on the Console On 

Suspect Loose Cables; 
1 • On 01F - Half Board 
2. In the 1052 
3. On 01A - C2 or C3 

Boards 

Put All 1052 Switches 
On-Line and Ensure 
That Paper Is Correctly 
Placed under the Paper 
Contact 

Refer to the FE Maint
enance Manual, 
Chapter 1 

'------------'- - -'I ---------, 
I Refer to A LD Pages 

Error Code Description 

IF Device Error 
OF Channel Error 

Compare the CAW 
Command Address to the 
CSW Command Address 
Minus 8 

Obtain: 
1. Sense Information 
2. Diagnostic Log Area 
3. Additional CSW 

InFormation 

I Remember Description for 

: Future Reference 

I Core Locations (Hex) 
149, 4A and 4B (First CCW 
I Address) 

- - - In Core (Hex) 41, 42, and 
:43 (Failing CCW + 8) 

NO 

For Best Resul ts Run 
SEREP 3FE 1 (Vol.40) 

Unit Check, Unit 
Exception, or Any Ab
normal Combinations of 
the Remaining Unit 
Status Bits 

Chart D, Sheet 1 

Chart M, Sheet 1 

Chart 5, Sheet 1 

, PF5XX 

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 1) 



Chart W, Sheet I 

System Under Control of 
Tope or Disk Operating 
Systems 

ChortW, 
Sheet I 

NO 

NO 

Assemble All Available 
Data to Locale Failure 
or Categorize Symptom 
for Further Action 

YES 

SYSLOG Printout 

YES 

r--
I 
I 
I 

I Code 

POS I Code 

Diagnostic Monitor 
Controlled 

For Wait State Aids 
Refer to DMA4/30 

: 
I 

Write Up in Section 5.4.1 
under 103020 (Vol. 40) 

Additional Aid--Refer to 
the DMA Flowchart in 
the 2030 CE Handbook 
under Operator's Flow
chart A 

To Clarify Error Messages, 
the DM4 Message Editor 
310A (Val. 40) Should 
Follow DM4 When Loaded 

W 

S 

W 

YES 

Consult TOS (C24-5021) 
or DOS (C24-5022) 
Operator's Guide for 
Aids or Additional Action 

HEX Description 

E6 Wait 

E2 SEREP 

An Unrecoverable Error 
on the System Resident 
Device Has Occurred. 
RE-IPL Job or Check 
System Resident Device 
Off-Line 

Machi ne Check. Run 
SEREP - 3FE I (Vol. 40) 
to Edit the Diagnostic 
Scan Out Area 

Chart C, Sheet I 

,----_ ....... _---...,- --,:----------..., 
Consult the Particular IUnder Normal Conditions, 
Operator's Guide and I the Operator's Guide 
Make Use of Any Error IWili Supply the Necessary 
Messoges. ,Action 
Examples: 

OS--C28-6540 
TOE--C26-3564 

i/o Not Operational 

Condi ti on Code 3 
_ : Being Set after Start I/O 

Chart W, Sheet 1 

WE 

Chart W, Sheet 3 

NO 

: The CPU Waiting For An 
I Interrupt, But Wa i t 
I Loop Never Exited 

Display the Active PSW 
System Mask in 

Bits on Allow Interrupts 

- AUX Storage -
(LS) OB8 

Compare the Stored 
Mask with the Outputs 
af the Hardware Latches 
on ALD FA 111 

- -I Bit 
I 
I 

O--MPLX Channel 
l--Selector 

Channell 
2--Selector 

Channel 2 
7--External 

Suspect: 
1. Program Has 

Incorrect Mask 
2. The Interrupt Key 

Does Not Turn off 
Bit I of the F-Regis
ter (Display the F-
Register) 

3. 1050 Request Key 
Does not Turn on the 
1050 Request Li ght 
on the Console 

4. The Interval Timer 
Is not Functioning 

Chart W, Sheet 3 

YES Obtain: 
1. The Resultant CSW 
2. The Failing CCW or 

CCW String 
3. The Sense Byte (,) of 

the Failing Unit 

Using Obtained Data, 
Record the Following: 
1. Channel and Unit 

Address 
2. CSW Channel Sialus 
3. CSW Unit Stotus 
4. CSW Residual Count 
5. CCW Storage Key 
6. CCW Flag Bits 
7. Failing Command 

I Unit Check, Unit Ex-
I ceplion, or Any Abnormal 
I Combinations of the 
I Remainin9 Unit Status 

I Bits 

I , ,---
I 

I Store Eli n Local 
Storage System Mask. 
Set Rate Switch to 
Instruction Step, Press 
the SYSTEM RESET, Set 
IC and Slart Keys. 
Hardware Mask Latches 
Should All 8e Set On. 
All Should Go off when 
IE Is Stared in System 
Mask and the Set IC 
and START Key Are 
Pressed 

Normally the Foiling 
CSW Is Still Located 
in Main Care Hex Loc
ation 0040. Using the 
Command Address in the 
CSW Minus 8, Locate the 
Last CCW. Log All of the 
CCWs. The Rest of the 
Information Is Best Obtain-

I ed By Running SEREP -
I 3FE I (Vol 40) 

Chart 0, Sheet 1 

Chart M, Sheet 1 

To See if Any Error 
Logs Exist 

2. To Reset Error Log 
Area for Next Run 

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 2) 



Chart W, Sheet 2 

Address Compare Switch 
to Earl y Roar Stop. 
Compare Address Switches 
(ABCD) to 0147 

If Failure Reoccurs, 
Programming Aid Is 
Necessary. If S ympton 
Changes, Use Approp
riate Chart 

Follow the R/W Storage 
Diagnostic Procedure 
Outlined in Item 4 of 
Test 3348 (Vol. 41) 

Run the CPU Standard
Set Macro Diagnostics 
ID 3201 through ID 3263 
(Vol. 42) 

To Catch CPU Checks 
and Certain Selector 
Channel Failures 

Address 0147 Is An 
Indication Of a Program 
Check--The Preceding 
WX Address Indicates 
where The Program 
Check Came from 

Check for the Match 
Light or Console Red 
Lights 

This Procedure Includes 
Basic Test BFF and the 
Priority CTRLS Micro 
Repop Diagnostic 

(Volume 41) 
Selector Channell 

Test 3447 
Selector Channel 2 

Test 344A 

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 3) 

Index 
Chart W, Sheet 2 

- - -- - - -. Unexpected External 

I Interrupts 

r-------7"-:"-:-:-l- - -I"'--/llta-j-n -C-or-e-Lo-c-a-Ho-n--' 

i 0018 

Mask Bit 7 

YES 

Code 00 

NO 

Bit 7--Allow External 
Interrupt 

NO 

""'-Su-s-pe-c-t.-. --''------, - -I;---Th-e-S-t-at-e-o-f-T-h-es-e------. 

1. The External Inter- : Latche. Has Probably 
rupt Mask Latch I Been Changed 
(FA III) Was Set 
Extraneously 

2. The External Inter
rupt Latch (RF041) 
Wa. Set Extraneously 

Use the System/360 
Genera I FE Handbook 
for the Cade. The 
Core Location Is 001 B 

Hexcode 40 

YES 
Interrupt Key 

NO 
Suspect: 
I. Bod Interrupt Key 
2. Bod F-Register 1 or 

Console Interrupt 
Latch on (RFOII) 

No Uni t or Feature 
I Assigned to This Channel 
I 

Unused Channel 

NO 

YES 

Suspect: Noise Setting 
the Associated F-Regis
ter Bit (RFOll through 
RF031) 

HEX Code 80 

YES 
Timer 

NO 

: HEX Codes 01, 02, 04, 
__ I 08, 10, and 20 

Suspect: 
1. Noise on the External 

Cable Setting the 
Appropriate F-Regis
Bi t (RF 0 II through 
RF031) 

2. Power Was Brought 
Up on Specific I/O 
Unit 

Run the Direct Control 
Macro Test 34E 1 (Vol. 43) 
and All Associated Tests 
for The I/O Unit 

NO 

Multiple Interrupt Codes, 
Interrupt Codes Are Bit 
Significant and Byte 
Con Be Decoded 



Index 

YA 

Thermal Light On 

NO 

Power On Light 
is OFF 

YES 

I nspect far Signs of Over
heating at Gates, R/W 
Mem Units, C-CROS and 
Power Tower. On the 50-
Cycle Machine there Are 
Two Thermal Switches in 
the Midpak Transformers 
That Open when Over
heated 

YES 

YES 

YES 

DT Chart YZ Power and LP Light (Sheet 1) 

NO 

VB 

Chart Y, Sheet 2 

YES 

Inspect Failing Supply and 
its Pluggable Cards. On 
Inv/Conv Machines Check 
the Outboard OV Assembly 
for Si gns of Overheated or 
Burned Components. Check 
Inv/Conv Fuses 1 and 2 

YES 

Conv/lnv 

Disconnected Load from 
-Supply at Feed through 
Capaci tor at the Top of 
the Power Tower 

Disconnect Distribution 
Branches Logically to 
Loco te the Sec Ii on of the 
Machine that Is Shorted. 
Logic YZ062 Shows the 
Primary Distribution for 
Each Supply 

Repair or Replace Faulty 
Components. Reset 
OV/OC Indieation "nd 
Press Power On 

YES 

NO 

Intermittent Trouble. 
Check All DC Voltages. 
Check OV Trip Point of 
Failing Supply. Inspect 
Entire Power Area for 
Loose Wires and Screws. 
Check that Machine Is 
Wired Correctly for Act
ual Mainline Voltage 
(208/230) 

Different Supply 

YES 

Should Not Happen 
for Mid-Pac 

NO 

Perform Conv/lnv Check
out Procedure Outl i ned in 
Chapter 5 of the 2030 
FEMM 

Check Power Line for 
Out-of-SpecVoltage 
Fluctuations. Check that 
Mochine Is Wired Prop
erly for Line Voltage Con
ditions (208 or 230) 

YES 



Chart Y, Sheet 1 

None 

For the Following Checks, 
Press and Hal d the Power-

Determine Power On Seq
uence of Units from EPa 
Tailgate Plugging. Check 
Lost Box Up and First One 
Not Up for Sequencing 
Trouble. Be Sure all Units 
Have Li ne Power. Check 
Stepper Swi tch and I/O . 
Control Relays (RY8 thru 
RY15) for the I/O Po.ition 
Indicated. See Logic 
YZ051, YZ052 

NO 

On Key if Necessary to 1-----, 
Keep the Power-On Seq-
uence initiated 

Check for 28 V AC be
tween TB2-4 and TB2-7 

28 V AC Present 

NO 

Check All DC Voltages 
at Feed through Capaci
tors at Top of Power 
Tower 

Some 
Voltoges Present 

NO 

Check: Kl, RY3, CRl 
CR2, CR3, CR4 
See YZ021 

Check: 
Mainline Power EPa 
Switch 
CBl 
Mainline Switch on SO-
Cycle Only 
F2 
CB2 (Not on all Mach
ines) 
See YZ021 (601\J) 
or YZ121 (50ru) 

Perform Conv/lnv Check
out Procedure Outlined 
in the FEMM. Refer to 
Chapter 5 of 2030 FEMM 

YES 

Check: 
CB2 (60IV) Sulk XfMR 
Connection, 
Thermal Switch (2) in 
5ON8ulk XFMR Assembly 

Index 

ZA Chart I, Sheet 1 

---~i ____ L_p_L_ig_h_t_o_n ____ ~ 

Check Air Pressure Gage 
Pump Starts at 3.9 + .3 
PSI -
Pump Stops at 6.9 ± .3 
PSI. Refer to Chapter 5 
of 2030 FEMM and YZ044 

NO 

Check R/W Mem *1 
Array Temperature Refer 
to Chapter 4 of 2030 
FEMM 

YES 

F"I.e Low-Pr ... ure 
Indicoti"n. Check 
Pre .. ure Sw '2 Opero
tion ond Adjustment. 
See YZ044 and YZ045 

YES 

YES 

NO 

NO 

Pressure Sw #1 Foiling 
or Needs Adjustment. 
Rei ief Valve Opens at 
a ± .5PSI 

Air Leok. Check All Pump 
Hose and Air Bag Con
nections. Cheek Air Pres
sure Releif Valve. It 
Should Open at. 

a:t...5 PSI 

Check Pressure Switch 1 
Adjustment. Check for 
Clogged Air Filter (Pump). 
Pump Motor Has a Thermol 
Cutout which May Have 
Operoted. See YZ044 and 
Refer to Chapter 5 of 
2030 FEMM 

Arroy Temp Too low 
Check Array Heater and 
Fan Operation YZ045 ond 
Refer to Chapter 5 of 2030 
FEMM 

DT Chart YZ Power and LP Light (Sheet 2) 



IPL THREE CARD HEX LOADER - MPX CHANNEL BURST MODE 

OVERALL SEQUENCE FOR 
lstCARD 

---------~---------
Set F G H J Switches to 
Device Address 

I 
Depress IPL Key 

I 
BFF Runs 128 Times 

I 
IPL Routine Forces 1st CCW 
in Core OO/Format 020000-
0060000018 Command 
Chainina On 

I 
Force SIO,Execute 1st CCW 

I 
Determine if Using Sel 
Chan or Mpx Chan 
S2=1=Sel 
S2=O=Mpx 

I 
Init Sel Seq Start 

I 
Start Data Handling Seq 

I 
Stop Data Handl ing Seq 
When CT=O 

I 
CE,Check CE Status for 
Error, Issue Serv Out 
Do Not Put CE in IB 
Feed a Card 

I 
Trap to 010 

I 
DE Status,Check,Service 
Out Issued 

I 
1 st Card Loaded 
1. PSW in 00 
2. CCW in 08 
3. CCW in 10 

OVERALL SEQUENCE 
FOR DATA FLOW 

2nd CARD -----/'-.._---
Force Start I/O To 
Execute 2nd CCW 

Initial Sel Seq 

Data Handling Start 

Control Unit Initiates 
The CE Sequence 

CE Status Checked 
for Error, CE Not Put 
In IB,Feed Card 

DE Causes MPX Channel 
Trap to 010 

I 

DE Status Checked,OK, ~ Serv Out Issued 

2nd Card Loads Data 
Starting at Addr 288 

DETAILED SEQUENCE FOR 1st CARD 

INFORMATION ROS ADDRESS LOGIC PAGE 

MPX or SEL Channel -~ - -i QCOll I 
S2=I=Sel 
S2=O=Mpx 

Feed Card 

Supp Out-Stat I n
Op In FI=CE Issue 
Serv Out 

-~--1QC051 

- -{}§]- - -1 QC051 

~--1QC051 

-~--1QC051 

-~--1QC231 

-~--1QC081 

-~--iQC081 

- @]- -1 QC121 

'-----'--'-----,,---_----'- -lliJ-- ~ QC 161 

--@I}- - ~ QC201 

--G£iJ----1 QC231 

-~--1QC131 

-~--1QC131 

-~--1 QC031 

DETAILED SEQUENCE FOR 2nd CARD 

INFORMATION ROS ADDRESS LOGIC PAGE 

-~ --1 QC051 I 

-~--1 QC051 1 

~~---.--------~ 
~--1 QC051 I 

-~--i QC051 1 

---GfU----1 QC231 I 

-~-1 QC11li 

-~ --1 QC121 I 

-~-~ QC161 

- -{QIQ]---i QC201 

--{KO--1 QC231 

-~-1 QC131 

-~--1 QC131 1 

-~-~ QC031 i 

IPL Three Card Hex Loader--MPX Channel Burst Mode RS Chart 1 (Sheet 1) 



IPL THREE CARD HEX LOADER - MPX CHANNEL BURST MODE 

OVERALL SEQUENCE FOR 
3rd CARD 

DETAILED SEQUENCE FOR 3rd CARD 

CE Back to CPU,Checked 
for Error Status,OK,lssue 
Serv Out,CE Not Put In 
IB,Feed 3rd Card 

Go to Load PSW Routine 

INFORMATION 

Control Unit End 
Initiates CE Status 
Prepare for IPL 
Windup 

ROS ADDRESS LOGIC PAGE 

--[§--~ QC051 I 

-~-1 QC0511 

-~-1 QC051 I 

-~-~ QC051 I 

-~--i QC231 I 

-~--1 QC121 1 

-~-1 QC351 I 

-~--1 QA921 I 

-~-1 QAOO1 I 
--GD--1 QC201 I 

-~--i QC121 1 

-~-1 QC121 I 
-~-1 QC1211 

--GQO--1 QC311 I 

---GD---i QC311 I 

IPL Three Card Hex Loader--MPX Channel Burst Mode RS Chart 1 (Sheet 2) 



SELECTOR CHANNEL - TAPE & FILE IPL 

OVER-ALL SEQUENCE 

-- /"-----------.. 
IPL Key 

System Runs B FF 
128 Times 

IPL Forces 1st CCW in 
MS OOO,lst CCW Format 
02000000 
60000018 

Gate SWS GHJ for 
Devi ce Address 

Check 52 for 5el Channel 
S2=1=Sel 
S2=O=MPX 

Initial Sel Seq 

OOB Trap Caused 
by DE,CE 
and Chaining 

Issue Serv Out 
Bring Up Supp Out 

Get 2nd CCW and 
Put it in Sel Channel 
Registers 

Initial Sel Seq 
go to IPL Wait Word 

008 

For Fi Ie 
See Note on 
Sheet 2 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

--~-~ 

Check for Sel or --i 588 ~--1 QC011 I 
MPX Channel 
S2=1=Sel 
S2=O=MPX 

Check for Sel # lor 2 --1 919 r- --1 QD011 
S7==1==Sel 1 
S7=O=Sel 2 

Tape Motion Occurs 
After Execution of 
This 

l...---II- -1 Q D051 

--1 93A r---1 QD051 

--1 993 r----1 Q D081 

---1 9BC ~ ---1 Q D081 

--1 97 A r- ---1 Q D08 , 

-i 9C1 ~--i QD091 

---i 954 r- --1 QD091 

OOB Trap Caused by ---1 OOB I-- ---1 QD111 I 
DE,CE And Chaining 
Op In-Stat In-Supp 
Out 

DE and CE in the 
Data Reg 

Serv Out Issued to 
Stat In,Should Not 
be Displ on Console 

Serv Out Issued 
Tape Moves 
Supp Out-Up 

--I OOC ~-1 QD111 I 

--i OFD~---1 QD111 I 

--1 98B t-~ QD111 I 

--1 937 r---1 QD061 I 

--i 972 r-i QD051 

-1 922 ~--1 QD051 

-1 993 ~---1 QD081 I 

-1 9F4 r-i QD081 I 

-1 9BC t----1 QD081 I 
--i 9C1 ~--1 QD091 I 

-1 954 t----1 QD091 I 

Selector Channel--Tape and File IPL RS Chart 2 (Sheet 1) 



SELECTOR CHANNEL - TAPE & FILE IPL 

OVER-ALL SEQUENCE 

008 Trap Ending Sequence 
Caused by DE and CE 
No Chain 

Reset Load Light 

Begin Load PSW 

Go To I Cycle Start 

NOTE: 

1 . File Control Unit Decodes the 02 as a Read 
IPL 

2. Control Unit Causes a Seek to Cyl inder Zero 

3. Sel ects Head Zero 

4. Search Address Mark on Record One 

5. Reads Record One Data Fi el d (24 Byte Loader) 

6. Present Ending Status 

7. Channel takes an OOB Trap if Chaining is 
designated in the Selector Channel GF 
Register 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

Op In-Stat In I-- --i 008 ~~ QD121 
Sel Out 

Op In-Stat In ~---1 OD121 I 

Test IPL --I A02 ~ ---1 QD121 

Issue Serv Out ~ 

Should Not Be 
---1 AOB ~---1 QD121 I 

Displayed on the 
Console 

Drop Op In-Stat In ---1 AI0 ~---1 QD121 

Reset Load Light --1 6FE t-- --1 OC351 I 

Device Addr -1 6F9 ~--1 QC351 
In R Reg 

Begin Load I----1 377 ~ --1 QA921 I 
PSW Routine 

I Cycle Start ---1 109 r--1 QAOal I 

Selector Channel--Tape and File IPL RS Chart 2 (Sheet 2) 



OBJECTIVE APPROACH TO CHANNELS 

A. Enter the following program using the illustrated 
variables desired to simulate your failure. Enter 
the program by using either manual store or BF6. 

NOTE: Clear Memory using BF8 prior to enter
ing program. 

Review of BF6 procedure: 

1. System Reset 

2. Set IC to 1st Address to be Altered 

3. Roar Reset to BF6 

4. Start 

5. Set Switches HJ to Desired Character 

6. Start 

7. Repeat Step 5 & 6 until Data Entry is Complete 

8. Set IC to 500; Depress Start 

MAIN STORAGE ADDRESS 

By insertion of the following instructions in front 
of the I/O program, we can simulate customer 
operation. This is accomplished by introducing 
a time constant prior to execution of the I/O 
program. 

MAIN STORAGE ADDRESS 

Load Reg 04F8 41 10 01 00 

Branch on Count 04FC 46 10 04 FC 

0500 - Beginning of I/o 
Program 

In the above example, we load register 1 with a 
value of Hex 100 which in turn causes the Branch 
on Count instruction to cycle 256 times prior to 
entering the I/o program. It should be noted that 
by changing the address in the Load Reg instruc
tion varies the cycle time on the Branch on Count 
instruction. 

............................ , 
Test I/o 0500 9D 00 OX XX 

0504 47 70 

Start I/o 0508 9C 00 

i.. .... Channel And 

;.: Device Address 

OX XX 
............................ i 

00 05 

050C 47 70 05 08 

0510 47 FO 05 00 

CAW 0048 00 00 06 00 

CCW 0600 XX 00 07 01 20 00 00 XX 

Command --il Code Count --il 
Write 01 

Read 02 
Write/Space 09-

30 Less Than Buffer Size 
C=--------------____ 50 Buffer Size 

30 Less Than Buffer Size 
_50 Buffer Size 

30 Less Than Buffer Size 
84 Buffer Size 

PROGRAM FLOW IN INSTRUCTION STEP FOR SELECTOR/MPX CHANNELS 

Address of Next Instruc
tion Displayed in A & B· 
Reg in Instruction Step. 

NOTE: Initial Test I/O 
after System Reset has: 

CC = 0, 
IB 00 
CSW = 00 

Condition Code settings 
shown in charts are after 
execution of instruction. 

MPX - Channel 
Address Trace 

Condition Code 

Interrupt - Buffer 

CSW - Byte 44 

CSW - Byte 45 

SEL- Channel 
Address Trace 

Condition Code 

CSW - Byte 44 

CSW - Byte 45 

500 504 

1 

00 

08 08 

00 00 

500 504 

1 

DC DC 

00 00 

500 

1 

00 

04 

00 

500 

1 

DC 

,)0 

For MPX 
For SEL 

For MPX 
For SEL 

504 

04 

00 

Page 4.12 
Page 4.17 

Page 4.13 
Page 4.17 

500 504 

0 

00 

04 04 

00 00 

504 508 50C 

0 0 0 

DC DC DC 

00 00 00 

Objective Approach to Channels RS Chart 3 (Sheet 1) 

508 SOC 

0 

08 

04 04 

00 00 

510 

0 

DC 

00 

510 

04 

00 



TEST I/o - MPX - PRINTER - READER - PUNCH 

No 
>-Y_e_s ----,r-- - - -----@Q---iQC0411 

I QC051 

I QC051 ~~ 

I QC051 ~-Gil

I QC051 ~--GQ:J

\QC051 ~~ 

I QC071 r -1 569 r-

~-1QC141 

No 

Yes 

On Status 
Modifier 

Bit 

Off 

Three Passes are Made Thru This Routine, 
Flow Determined by Following Decisions: 

Pass 1 - Active Bit On 

~1QC1611 
~ 
~~QC4011 

NOTE: Pass Thru SEA 3 Times 
Pass 1 and 2, CC=1 
Pass 3, CC=O 
CC Displayed in MSDR Pass 2 - Active Bit Off and Status Non Zero 

Pass 3 - Active Bit Off and Status 00 Return to I Cycles Address XOBB in MSAR 

MPX - 510 INITIAL SELECTION 

SEQUENCE ROS ADDRESS LOGIC PAGE 

Op Out 

Addr Out - -/5AO ~ --I OC051 

Sel Out - Add Out ---1 59D ~--iOC051 

Op In - Addr In - -1 5A8 r- ---10C051 

Comm Out ---15BD ~--10C051 

Stat In - Op In - --1SBO r- --I QC051 

Serv Out - --1 609 ~-1QC071 

Data Loop Entry ---16C1 ~-IQC231 

Exit to Proper Routine is Dependent 
on the Count Fld and Mode Setting 

Not Displayed Due to Very Short 
Duration Command is On Bus Out 

Display FI for Status Byte 

Objective Approach to Channels RS Chart 3 (Sheet 2) 



MPX - 510 INPUT/OUTPUT BURST OR BYTE MODE CHART REPRESENTS = TO AND LESS THAN BUFFER SIZE 

Less Than Buffer Size 
CE Alone simulates a Run Condi
tion and con be achieved with 
followi ng sequence: 
1. Roar Stop at 62F 
2. Set Roar Stop to 67A 
3. Activate Start Key twice 

rapidly to eliminate stop at 
61 D and assure stop at 67A 
before Card is fed 

Ct = To Buffer Size 
CE alone to simulate Run Condi-
tion. 
1. SAR Stop 74F 
2. Roar Stop at 67 A 

No 

Ct= Zero, S2=0 
Set G6, G3 = (11) 
Br on 5V, SVI 

51 

SVI 

ROS ADDR 
LOGIC PAGE 

~ - ---- -- ---I-~-Q"":C":"'0":"'8-11 

16881 
--------- ---+@C08U-=0"""C=-=0""'8-:-11 

~ ------ -- ---t@C08UI-O-=C"'-O':""8-t1 

I Count = To Buffer Size r--- - ---Pi 

f6A5L
~ 

[]Kl 
~ 

Read out UCW Byte 0 
(Status), Store WLR if no 
Sill Bit, G6, G3 = (01), 
Cmd out to 5VI 

IB Full 
Read out Status Byte 

2 

Ct Zero, Send Cmd Out 
Set G6, G3 = (01) 
Ct = 30 - Less than Buffer 
Size 

Read out Status Byte of 
>--""""i UCW - G6, G3= 11 

Branch on lB Full 

Count = To Buffer Size 

IB Empty, Load Unit Addr 
)--"""""i into lB LS 88 

3 

MPX--S 10 Input/Ou'tpot 8urst or Byte Mode RS Chart 4 (Sheet 1) 

~ 
~ 

~ 
~ 

----D1ZJ 
~ 

I 

: IPL 

I6t:I 
~ 

~ 
~ 



MPX - SIO INPUT/OUTPUT OR BYTE MODE CHART REPRESENTS = TO AND LESS TH.AN BUFFER SIZE 

~ 
~-

~ 
~ 

[6Ell 
~ 

UCW Active, This is DE 
Status, Send Cmd-Out to 
Stack Status, Set S6=1 to 
Indicate DE Status 

MPX Req, Set S6 to 
reflect G5 Branch to Req 
Entry 

MPX CHANNEL SHARE REQUEST ENTRY 

5T 

Yes 

Branch on, Req -In 

Load UCW Op & Flag 
Byte into G Reg for 
Branchins Stat-In, FI=DE 

UCW Active 56, Read out 
Data Addr from UCW 

Store Status in IB 
Serv-Out To Status-In 

ROS ADDR 
LOGIC PAGE 

.~ 
~ 

~ 
~ 

QC161 

~ 
~ 

--.CillJ 
~ 

~ 
~ 

LiQU 
~ 

[BQJ 
-------- ---I~-Q:"":C':"":2:"'ll-l 

~ -------- --+@@D~C~2=:""21-1 

~ 
~ 

Entry Final, Housekeeping ________ ~ 
Routinge ~ 

Entry to Data Loop or 
Status Branch on ST, SVI 

GClJ ---- ---- -~~f-Q~C:::"2!...31-1 

SVI 

4 

MPX--SIO Input/Output Burst or Byte Mode RS Chart 4 (Sheet 2) 



SELECTOR CHANNEL 

CAS FLOW SEQUENCE 

--------~~~--------
C heck for Sel or 
MPX Channel 
S2=I=Sel 
S2=O=MPX 

CE & DE no Chaining 
Op In, Stat In, Sel Out, 
This branch taken on final 
CCW 

Op In, Stat In 

Issue Serv Out should 
not be displayed on 
Console 

Drop Op In, Stat In 

Reset ROSAR to Add of 
dead cye! eROS word 

ROS LOGIC 
ADDRESS PAGE 

--@D- -1 QCOll I 

~-1QDOlll 

---@D- -10D051 I 

~-IOD0511 

~-IQD0811 

~-IQD0811 

---ffiD- -i 0 D081 I 

~-10D0811 

~-1QD0911 

--{2§}- -i Q D091 I 

~-iQAOOll 

~-lQD1211 

-[@}- -1 QD121 I 

~-1QD1211 

~""QDI211 

----@D- -1 QD121 I 

-@I]- -iQD1111 

Selector Channel RS Chart 5 (Sheet 1) 

A 

The Channel 

A. The Channel Returns Control to the CPU. 

B. Control Uni t Presents Ending Status. 

C. 008 or OOB Trap is Taken Depending on Chaining. 

Trap to OOB Chaining ~ -IQDll1 I 



TRAP, CHAINING ON SELECTOR CHANNEL 

CAS FLOW SEQUENCE 

----------~--------

OOB Trap caused by CE, 
DE and Chaining 
Op In, Status In, 
Su Out 

Channel will Trap 

ROS 
ADDRESS 

LOGIC 
PAGE 

--{QQ[}- -i QDll1 1 

....[@- -1001111 

-1QEQJ- -1 00111 1 

--§]- -1 QD111 1 

---lliD- -i QD061 1 

--{ili]- -1 00051 1 

-ffiD- -i 00051 1 

~ -1QD0811 

---f2ill- -1 00081 1 

~ -1000811 

~ -1000911 

~-1Q01111 

On File Seek Op - If access moves, gets DE 
only 

...- Store CPU into Local Storage Registers 

Set up next CCW Address from Local Storage 
Address 8E and 8F for Sel Ch 1 

AE and AF for Sel Ch 2 

Next CCW is read out of Main Storage and 
put in Channel Registers 

Selector Channel RS Chart 5 (Sheet 2) 



SELECTOR CHANNEL TIO ANO SIO 

SEQUENCE ROS AODR LOGIC PAGE 

-----"-----
TEST I/o 

Addr Out 

-~-1QD0211 

1--'~-----1 QD131 I "---,---....... 

-1 QA001 I 

SEQUENCE ROS .ADDR LOGIC PAGE 

START I/O 

~---.----~ 
~ 935 ~-i Q0051 

1--1 Q0051 
L..-.._--' 

-1 9F4 r--1 Q0081 

-1 9BF ~-1 00091 

-1 9C3 ~-1 00091 

-1 109 r-i QAOO1 

-j 008 r-1 Q0121 

-I A01 ~-l 00121 

This Trap Can Occur Either in Branch or in 
TlO Instruction. 

If Roar Stop at 986 is Used, the Program Stops 
in the TIO Instruction at the Point Where 
CC = 1 is Set and the Trap is Already Taken 
ie. After Restart the Program Goes One More 
Time Through the TIO Instruction in Order to 
Set CC = 0 

Selector Channel TIO and SIO RS Chart 6 (Sheet 1) 



1400 COMPATIBILITY I CYCLE 
500 M 555666 
507S 
555 -
6661 

OVER-ALL SEQUENCE 

---------~----------

Set Up Addr To Readout the 
Bit Signfc. OP Code read
out Bit Signfc OP code 
should be 80 Check for in
val. OP Code Check Bits 
0& 1 of Bit Signfc. OP 
Code 

Readout Tens Byte of A
Field Addr 

Readout Tens Byte of B
Field Addr 

Readout Units Byte of B
Field Addr 

DETAILED SEQUENCE 

INFORMATION 

- - - - - - - - 1400 OP Code = 94 
displayed in R-Reg 
R-Reg Bit 1=O=WM 
I Op of I Cycles 

ROS ADDRESS LOGIC PAGE 

--~--1 QEOOI I 

- - - - - - -- - MN= Addr of Bit t--~ --1 QEOOI 
Signfc. OP Code,R= 
Bit Signfc. OP Code 
inval. OP Code tested 
on prior word 

- -- - - - - - Save B Star for --~ -., QE01] 
possible Store B-Star 
Op Code 

- - - - - - - - Hundred Digit of A- r--~ - -1 QEOII 
Field wi II be in R-
Reg 

- - - - -- - - Tens Digit of A- ~-~---i QEOll 
Field will be in R-
Reg 

- - - - -- - -- Units Digit of A- ... -~ --1 QE051 
Field will be in R-
Reg 

- - - - -- - - Hundred DigitofB- I--~--\ QE061 
Field will be in R-
Reg 

- - - - - - -- - I.E. A-Field Hex t---~--I ClEO?] 
equiv. Addr is now 
in LT Reg 

- - - --- - -- Tens DigitofB-Field ~-~-1 QED]l 
will be in R-Reg 
Check for Index 

- - - - - - - - - Units Digit of B- r- - -@---I GEOS1 
Field will be in R- Reg 

B-Field Hex Equival. 
Addr is now in UV Reg 

-~-1QE061 
- - - - - -- - In this program 

Example = ~ 
-~-1 QE061 

1400 Compatibility I Cycle RS Chart 7 (Sheet 1) 



1401 COMPATIBILITY PUNCH OPERATION - I-CYCLES FOR 4 OP 

4444 
445 B 444 
449-:-

OVER-ALL SEQUENCE 

Set Up Address to Read 
Out the Bit Significant 
Op Code, Readout Bit Sig
nificant Op Code. Should 
be 24,Check for Invalid 
Op Code,Check Bits Oand 
1 of Bit Significant Op 
Code 

Readout Hundreds Byte 
of B-Field. Test Bit 001 
of Bit Significant Op 
Code. Check for a One 
Character Op 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

----./'-~--

- - -- -- - -- 1401 Op Code Dis- ----c:u:£QJ---IQEOOl I 
played in R-Reg. 
R-Reg Bit I=O=WM 
I Op of 1401 

-- -- -- -MN=AddressofBit ~-~-~QEOOI 
Signi ficant of Code. 
R=Bit Significant Op 
Code in Val id Op 
Code Tested on Prior 
Word 

- - - - - - - Hundreds Digit of - - -liiiiJ--1QEOll 
B-Field Will be in 
R-Reg. R-Reg = 
Hex 82. R-Reg Bit 1= 
O=WM= 1 Character 
Op 

G-Reg Bit 2 & 3 
Are Tested 

- -Li:i9iJ-- -1Q E081 

- - -- -- -- - - - - -- --~-10E411 

-- -- ----1Z =0-NoPMS ~-~--1QG021 

1401 COMPATIBILITY PUNCH OPERATION - EXECUTE 

4444 
445 B 444 
449 -:-

OVER-ALL SEQUENCE 

---~/'-~----

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

1-1 _I C.....:y;...c_le_Sta_r.....,t ___ ----l~ - - - - - - - -

I 
1401 Op Code is Dis
played in the R-Reg 

-~--lQEOOl 

No 
FI=OO 

- - - - - - -- - Bit Significant Op 
Code Displayed in 
R-Reg 

- -- - - --- -{L!Q]---IQE081 

- - - - --- - - -- -- -- - -§2]--lQG021 

------- - --- -----~-~QG581 

- - - - - -- -, --I Addr Out r--~ --IOG531 I L--__ ~ ________ ~ 

'-S-ta-t-us-w-i-Il-b-e-c-I-ea-r--'r- Op In - Sel Out -1J.i2i}- - -I QG531 

only if no cards have I Addr Out l.?~d-1!!!'~ 
been punched in I 
1401 Mode 

I-iop In - Addr In 
I Sel Out 

I 
L 

Fl = 14 to come this 
way, DE and Busy 

FI = 00 to come this 
way 

-~--1QG531 

--{!ill- - -IQG591 

-~-lQG531 

-~--IQG531 

1401 Compatibility Punch Operation RS Chart 8 (Sheet 1) 



1401 COMPATIBILITY PUNCH OPERATION - EXECUTE 

OVER-ALL SEQUENCE 

Check Sense Byte 

Send Serv Out 

Wait For Stat In 
FI == CE & DE 

Issue Serv Out to Stat In 

Initial Sel Seq for SIO 

Check Initial Sel Seq Stat 

Issue Serv Out 

Set Up Converted 1401 ,-

Addr - Set FO Into 1401 
Addr 100 

Go Into Data Handling 
Routine 

Control Unit Ends Op 
by Presenting CE Stat 

Check Ending Stat for ~ 

Errors,Unit Check or 
Unit Exception 

Reset Sel Out 

Change Bit Significant I-
Op Code in G Reg from 
24 to 20 

Updo te B Addr to 140 I 
Addr of 180 

Send Serv Out In Response 
to Stat In 

Return to I Cycles 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

- - -- -- - -- Set S-Reg Bits if 1--~--1 QG531 I 
Sense Byte has Bit 
7 On 

- - -- -- ----------~-l QG531 

- - - - - - - - - Op In - Sel Out 
Stat In FI == OC == 
CE & DE 

- - - - - - -I -1 Or In - Stat In , 
L ~ All Tags Off 

I--~--i QG531 

t--~-1 QG591 

r--~-1 QG591 

-- -- ---1- -1L-A_d_dr_O_u_t ___ --'I--~-l QG531 
I 

~ 1 Op In - Sel Out 
I _ Addr Out 

I 
r 1 Op In - Sel Out 
I _ Addr In 

I 
L Op In - Sel Out 

Stat In FI == 00 
-~-1QG531 

- --- -- -- -~--i QG541 

------- ---- -- ---~-l QG541 

- - -- -- - -- MN = Converted 
1401 B-Star Addr 
R = FO 

1--~--1 QG541 

-- - - -~--1 QG521 

Op In - Stat In 
Sel Out FI == CE 

-~--i QG521 

-- -- -- -- ------ - -~--i QG521 

- - -- - - - -iL...0_p_ln_-_S_ta_t_ln_----I~ -~-1 QG521 
~I = CE I 

-- ---- - - --------~-1 QG521 

-- -- -- - ---------~-1 QG521 

After Execution of 
This Word All Tags 
Will be Off 

--~-1QG571 

-- -- -- - --- -- ----~-1QEOOI 

1401 Compatibi I i ty Punch Operation RS Chart 8 (Sheet 2) 



1401 COMPATIBILITY READ OPERATION 

4441 
445 B 444 
449 :-

OVER-ALL SEQUENCE DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

---~./'-...~---

No 

1401 Op Code Dis
played in R-Reg 

-~-, QEOOI I 

- - - - -- --- Bit Significant Op --~-~ QEOOI 
Code Displayed in 
R-Reg 

- - -- - - - - --- - ----~--1 QE081 

----- -- - --------~-_j QG021 \ 

-- -- ---- -- -- ----~-1 QG581 I 

- - - - - - -, --1L.-~_d_d_r O_u_t __ ---'r- - -@O--,QG5311 

I 
r-
I 
1 Op In - Addr Out :- - --@2O---iQG5311 

. Sel Out ! :3.n~ !.!.m..= I '---------' 

Stat Will be Clear Only 
if no Cards Have Been 
Read in 1401 Mode 

t-I IL.-°_p_ln_-_A_dd_r _In_-,I-~ - -1 QG531 I 
Sel Out '2nd time 

'----

I 
L -~-_j QG531 I 

Yes >-----,------

Device by Issuing 
Serv Out 

- -- FI Would Have Been --~ -1 QG591 I 
Hex 14 to Come This 
Way Op In - Stat In 

FI Would Have Been 
00 to Come This Way 

Op In - Sel Out 
Serv In - FI = 00 

Set S-Reg Bits if 
Sense Byte Has Bit 7 

-~--1 QG531 I 

- -illZD- - -l QG531 I 

-~-1QG531 

--- --- -----"'""""----~-_IQG531 

- - -- - - - -- Op In - Sel Out t- -~--l QG531 
Stat In - FI = CE DE = 
OC 

- - - - - - -1-1 Op In - Stat In 

I 
L -l All Tags Off 

Initial Sel Seq for SIO 

~-~-1QG591 

~-~-_1QG591 

- - - - - -1-1'-~_d_dr_O_u_t __ ----'r-~ --1 QG531 I 
~ ~ Addr Out - Op In I--~ --1 QG531 

I~IO~ ! ~~~~ 
I 
I r --lop In - Addr In 
I I Sel Out 

I 
L Op In FI = 00 -~--1QG531 

Sel Out - Stat In 

---- ---------- - --~-1QG541 

-- ------------- --~-_iQG541 

---- ----------- --~-_1QG561 

1401 Compatibility Read Operation RS Chart 9 (Sheet 1) 



1401 COMPATIBILITY READ OPERATION 

OVER-ALL SEQUENCE 

A 

Go Into Data Handl ing 
Loop,Retain WM if They 
Are There 

Check for a Unit Check 

Issue Serv Out 

Return to I Cycles 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

-- -- - ------ - - - - ---[lliQJ--, QG561 

------T- Opln-Statln -~-1QG571 
I Sel Out FI == OC 

I 
I--~ Op In - Stat In ~-~--1 QG571 

I 
L - Card Feeds All Tags -~ -, QG581 

Off 

--------- - ------~-1 QG571 

-- ------- ---- ---~-_1 QGS71 

-------- S*S=I=lnvalid 
Char Would Have 
Been Set During Prior 
Sense Comm 

~-~-1QG571 

------ ----------~-1QGS71 

- -- - -----IfThereWasan In- ~-~-1 QG571 
valid Char ,181A 
Would Issue Serv Out 

- - ---------- -- --~-1 QEOOl 

1401 Compatibility Read Operation RS Chart 9 (Sheet 2) 



1401 COMPATIBILITY PRINT OPERATION 

444 2 
445 B 444 
449 -:-

OVER-ALL SEQUENCE DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

---_/'.... ------- -----
1401 Op Code Dis- ~-l QEOOI 
played in R-Reg 

Bit Significant Op ~-l QEOOI 
Code Displayed in 
R-Reg 

~-lQE08l 

~--1 QG021 

------------------~--l QG581 

--------y-l Address Out r~--l QG531 

I r Op In - Addr Out -1 QG531 
I Sel Out 

I 
t- Op In - Addr In -1 QG531 I Sel Out 

~ Op In - Stat In 1-~-1 QG531 
I Sel Out I 

'------..,..-----~_l QG621 
r-------''------, 

Initial Sel Seq for Start I/O 

~--IQG621 

-----~--1QG621 

FI = 14 This Way 
Op In - Stat In 

FI == 00 This Way 
Op In - Stat In 

Op In - Sel Out 
Serv In FI == 00 

Set S-Reg Bits If 
Sense Byte Has Bit 
7 On 

~--1QG591 

~-1QG531 

-€J-~ QG531 

~-1QG5311 

-------------~-1 QG531 

Op In - Sel Out 
Stat In - FI = DC 

----1--1 Op In - Stat In 

L..., All Tags Off 

~--1 

~~--1 

~~-i 

r--uiiJ---1 ----- T--1L-A_d_d_r O-'-u_t __ ----' 

1--1 Add, Out - Op In 
I I Sel Out I -1 
I 
~: Op In - Addr In I ! Sel Out I l 

~-1 L Op In - Stat In 
Sel Out - .FI = 00 

QG531 

QG591 

QG591 

QG531 

QG531 

QG531 

QG531 

------------~-1 QG541 

----1 RO== 1 = 132 ~-§EJ---1 QG541 

-------------~-1 QGS41 

1401 CQmpatibility Print Operation RS Chart 10 (Sheet 1) 



1401 COMPATIBILITY PRINT OPERATION 

OVER-ALL SEQUENCE 

Print Op Completed 

Issue Serv Out Reset 
Stat In 

Enter Ending Routine 

Return to I Cycles 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

------------------~-1 QG551 I 

-----~~...:...o~p._:ln:...::..-_S_ta_t_ln _ __I~~-1 QG5S1 I L FI = 08 I 

---------------~-1 QG571 

-----------------~--1 QG591 I 

------------~__1 QEOOI 

1401 Compatibility Print Operation RS Chart 10 (Sheet 2) 



1400 TAPE OPERATION - TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - I CYCLES 

444 M %U 1 500W 
452 B 444 
456 :-

OVER-ALL SEQUENCE 

--------~- ~.----

Readout Units Byte and 
Set Tens Byte into B Star 
Check Tens Char for WM 

Set Units Byte into B Star 
Check Unit Byte for a WM 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

Go to Error Routine 

---- ------------~-l QE001 

- - - - - - - -1 Op Code = 80 ~ ~-1QEOOl 

- - - - - - - - Bit Significant Op - ~ ~ QEOOl 
Code Should be in 
R-Reg 

UV has B Star ,Put 
it into UV Backup 

Hundreds pos of 
A-Addr in R-Reg 

--iJJ:..@:}- -i Q EO 11 

-[DJD--f QE011 

-- -- ---- - -- -----~ -1 QE02l 

Hundreds Character f--~ -1 QE02l 
will go in D-Reg 
Should be Displayed 
in R-Reg 

- - - - - - - - - Changes Low Order - ~ -1 QE021 
Bits of G-Reg to D 
Tens Pos of A-Addr 
in R-Reg 

---------------~-lQED21 

------- Units Position of A- I--~ ---J QE081 
Addr in R-Reg,After 
execution of this 
word the V -Reg has 
the tens & units addr 

Store Hundreds Byte into ----------------QED- -I QE08l 
A-Hundred Backup in MPX 
Storage 

Readout Tens Byte of B
Addr,put Hundreds Byte 
into B Star ,check Hun
dreds Byte for Zone Bits 
Bits 2 & 3 

Set Tens Digit and High 
Thousands Hex Digit into 
B Star"Check tens byte 
for WM, Check if Tens 
Byte invalid 

A 

High Order Bits of ~-i QE08l 
G-Reg set to Hex 2 

Also reads out _~ --J QE061 
Hundreds pos B-Addr 

Transfers V-Reg to T--~ --1 QE061 
Reg,Check for WM in ~ . 
hundreds pos of B-
Field,Hundreds pos of 
B-Field is in R-Reg 

-------- Checking fora -~---1 QE07l 
possible invalid addr 
Transfers U-Reg to 
L-Reg 

---------------~-l QED71 

-------- TenspositionofB- -~-I QE011 
Field is displayed in 
R-Reg 

1400 Tape Operation-Tapes on MPX Channel or Selector Channel--I Cycles RS Chart 11 (Sheet 1) 



1400 TAPE OPERATION - TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - I CYCLES 

OVER-ALL SEQUENCE 

----~. .~--------

Hex digit into a Hardware 
Reg/Check for Indexing 

Add Low Bias + Hex equiv
alent of Hundreds Digit 
Check for invalid Hundreds 
and or Tens Digit 

Add units digit to Low 
Bias & Low Hundreds 
Digit/Check units Zone 
Bits 

Readout Tens' Hex Digit 
from Table/Check for WM 
in Tens Character 

special char/Add Tens Hex 
digit to the sum of the low 
Bias + Low Hundreds Digit 
and set it into the B-Star, 
Check if tens char is valid 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

-----.---------~-i QE031 

---------------~--1 QE031 

--------------~---1 QE031 

------I--------~-1 QE031 

I 
I 

_.-J 

- -- - - - -- - Units Position of B- ~ ~ --1 QE051 
Addr is displayed in 
the R-Reg 

_______________ ~ -l QE051 

----------------~--1 QE051 

-----------------~--i QE061 I 

-- -- - ---- ---- --~ --jOE061I 

D-Modifier displayed in 
R-Reg 

D-Modifier is in D-Reg 
after executing this block 

~-iOE0611 

-(!ill}- -1 GE081 I 

----------- ----~--1QE0811 

----------- -- --~--1QE0811 

----------------~--1QE4311 

------- -------- -@)- __1 QG0011 

---------- -------UZill- -1QG0111 
This Decision is not made 
by a Micro Program 

_-------------1 Branch. The Correct Rou

WR 

Go to MPX Chan Wr Op 
ROAR Stop Chart 15 

tine is entered depending 
Wr Op ROAR Stop Chart 13 on the Feature installed. ~ 
Rd Op ROAR Stop Chart 12 ----------~ _1QH001 I 

Go to Read Op 
ROAR Stop Chart 14 

--------~ _1QG041I 

---------------~ __10G761I 

1400 Tape Operation-Tapes on MPX Channel or Selector Channel--I Cycles RS Chart 11 (Sheet 2) 



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL 

444 M % U 1 500R 
452 B 444 
456 :-

OVER-ALL SEQUENCE 

Turn on Sel Channel Re
quest Latch,Reset Channel, 
Turn on Supp Out, Set De
vice into a Hardware Reg 

A ttempt to set Poll Ctrl 

Check if Stat In is Up 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

-----------------~-jQHOOl 
6 

----------------~--1QHOOI 

Op In - Addr In and 
Sel Out Could be up 
at this time if a CE 
and/or a DE is pend-

---{}§--iQHOll 

ing Supp Out is Up. 
--------------~--1QHOll 

Poll Ctr! would have been set if the 
device and the control unit were 
free. Op In & Sel Out up would have 

revented it from setting _______ r-~--1QH011 

-----I-------~--iQHOll 

----- Opln-Addrln ~__iQHOll 
Sel Out - Supp Out 
Should be Up 

------, ----------~-1QH011 

------10Pln-Statln ~~-iQHOll 
_ Sel Out I 

-------------~-1QHOll 

I ------1- Comm Out Issued ~-1QHOll 
Stack Status 

-------------~-1QHOll 

------T--------~-1 QH021 

I 
I 

;>-----, ____ --1 

1----+---------- ----~ --i QH021 

---------------~--1 QH021 

----------------~-f QH021 

--------- Op In - Addr In -~-i QH021 
Sel Out Device Addr 
in GR 

----------------~-l QH021 

----------------~ -i QH021 

----------------~-1 QH021 

~----.....,------------~~ QH021 

Set Comm in GR,1st Issue 
Comm Out, 1 st Time thoug 
on 9 track Comm is a Rea 
on 7 track drive the 1st 
Comm will be a Mode Set 

Set GR to 00 for Test --1 GR = Comm Issued ~~--I QH021 
I/o Comm Issue Comm 
Out 

Part 
3 

1400 Compatibility Tape Read Operation--Selector Channel RS Chart 12 (Sheet 1) 



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL 

OVER-ALL SEQUENCE 

----- ./'-...~.---

Test Bit 7 of Stat Byte 
Read Out Byte 0 of Stat 
Byte 

Part 1 

OVER-ALL SEQUENCE 

----_/'-------

Change Last Tape Unit 
Addr Byte to Addr of 
Present Tape Unit 

DETAILED SEQUENCE 

INFORMATION ROS .ADDRESS LOGIC PAGE 

-1 QH031 

--------------§]-------i QH031 

----------------~---1 QH031 

-------------~--1 QH031 

-------------~--1 QH031 

---------------~---1 QH031 

---------------~-1 QH031 

-----------------~--1 QHOOl 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

-------~ Op In - Sel Out ~~---i QH031 
I Stat In I 

-------- SenseComm'sare I--~---i QH041 
only issued for 9 -
track read Ops with 
an error 

------------------c:JZM}- -1 QH041 

-------------~-1 QH041 

CE Should be Up if This 
is a Mode Set Comm 

Part 5 

CE & DE should be 1--~__1 QH041 
up if this is a Mode 
Set Comm,OO Stat = 
Read Comm 

-------------~__1 QH061 

-------------~--1 QH061 

------------------~-1 QH061 

--------------~--1 QH061 

----------- - - ~-1 QH061 

from MPX Storage 1-----4 6 Part 1 
L-______________ ~ 

1400 Compatibility Tape Read Operation--Selector Channel RS Chart 12 (Sheet 2) 



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL 

OVER-ALL SEQUENCE 

--------~~-------

Check for Odd or Even 

Set Main Stor Addr to 
Addr of the 1st Char 
Read from Tape 

Go to I Cycles 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

--"---

--------IfRoar Stop is Used ---~--j QH041 
on this word the Addr 
Compare Sw must be 
Set to Process Pos Be-
fore Starting 

-------------- -~-1 QH041 

------------~-i QH041 

------------~~ QH051 

-------------~--I QH051\ 

--------------~--1 QH081 \ 

----- Roar Stop can be Used from this ~~--i QH081 
Word On without overruns occur-
ing,Op In - Stat In - Sel Out -
Are Up,GR = CE and DE - OC 

-----I--------~--1 QH081 

I ____ --1 

-----------------~-l QH10I 

-----------~-i QHIOI 

MN = .Addr of 1st 
Char,Reg.R'-'lstChar 

--[@ZJ--1 OH101 

-----------~-1 OH101 

---------------~-i OHIOI 

o Star Back-up is -~-1 QHlOl 
B Aux Stor Hex Addr 
8E and 8F 

------~_1 OEOOI 

1400 Compatibility Tape Read Operation - Selector Channel RS 12 (Sheet 3) 



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE 

444 M % U 1 500 W 
452 B 444 
456 -:-

OVER-ALL SEQUENCE 

Turn on Sel Channel 
Request Latch Reset Chan. 
Turn on Supp. Out 
Set Device into a Hard
ware Reg. 

Check if Status is in Up 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

r-------- ----, 
--.J 6 L-~--i QH001 I 

r----[!§---1 QH001 

_____ ....J 

------- Op-ln,Addr-ln& -~-l QHOll 
Sel-Out cou I d be up 
at this time if CE & 
DE are pending. 

------------~-~ QH011 

Poll Ctrl.would have been 
set if Device & Ctrl.Unit 
were free. Qp-In Sel-Out 
up prevents Poll Ctrl. 
from setting. 

>---_-------.---------~-~ QHOll 

Op-In, Addr-In, Sel ~ -1 I Out, Supp-Out 

-----, ---------{I§ --1 
--------- Op-In, Status-In, ~ --l~-Q-H-O-l-l ~ I Sel-Out 

----l--------~ - -1.-_Q_HO_l_l-, 

-------- Command-Out ~ - -1 I Sla,b SlaM 

------------i Suppress Out 

QHOll 

QH011 

QHOll 

f-~ - _I QHOll 

-----I-------~-~ QH021 

I 
No ____ --1 

----------------~ -_I QH021 

-----------~--i QH021 

----------~ Address-Out ~~--I QH021 

--------- -i,O.::.,:P::..:..-......::1 n:,.::, :..:..,..A_dd_r_-I_n '_---.Jt-~ - -i 
LSel-Out I 

QH021 

-----------~--I QH021 

----------~ Address of Device 1--~--l QH021 
I in GR I 

------------------~-_I QH021 
Ctrl . Uni t busy if stat 

,,--- - - - - stacked before enter- ~ 
..,..,,~ ing this Routine 

>-------r---- 1 st Command issued 
will be a Mode Set 
Command 

-GM?J--~ QH021 

Set Command In GR 
Reg. Issue Command 
Out. 

Part 4 

~et GR to 00 for Test 
I/O Command 
Issue Command Out -----, 

---------L~-l 

2 Part 2 

QH021 

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chart 13 (Sheet 1) 



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE 

OVER-ALL SEQUENCE 

Test Bit 7 of Status Byte 
Read out Byte 0 of Tape 
Control Word 

Part 

Yes 

DETAILED SEQUENCE 

INFORMATION 

Op-I n, Status-I n, 
Sel-Out 

ROS ADDRESS LOGIC PAGE 

-------------GMU---j QH031 

----------- Status is in the GR -~ -_I QH031 

Register Hex value 
oflC 

------------------~ -_I QH031 

----------- Op-In, Status-In up, I--~ 
all Tags will be off 
after execution of 
this word. 

QH031 

-----------~-1 QH031 

-----------~-~ QH031 

------------~-1 QH001 

--------- Op-In, Sel-Out, I--~ --1 QH031 
Status-In. 1 st time 
through will be a 
Mode Set Command. 

---------------~ - -I QH041 

---------------------~-1 QH041 

CE will be up " this is 
a -Mode Set Command 

GR=OC=Mode Set 
GR=OO=Write 

-~-1 QH041 

-----------------~--I QH061 

--------------------~ -~ QH061 

----------------~--1 QH061 

-------------GMil--1 QH061 

--------------~-1 QH061 

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chart 13 (Sheet 2) 



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE 

OVER-ALL SEQUENCE DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

----------------~-1 QH04l 

--------- After this pOint,over-~~--/ QH04l 
run errors wi II occur 
if single cycle or roar 
stop is used. 

---------------~ -1 QH04l 

----------------~-_I QH05l 

-----------------~- ~ QH05l 

--------------~-l QH05l 

-----------~-1 QH07l 

----T GMWM in Stor End 
End Write Operation 

~--I QH07l 

I 
~ - Control Unit Should r--~--1 

End Op,Comm Out I Would Have Been 
Issued to Serv In 

----~-------~---1 

QH07l 

QH07l 

-----------~-1 QG03l 

------------~--I QEOOl 

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chart 13 (Sheet 3) 



1400 COMPATIBILITY TAPE READ OPERATION TMPXR 
444 M % U I SOaR 
452 B 417 L 
457 B 400 
461 D % U I B 
466 B 400 
470 ~ 

ROS LOGIC 
OVER-ALL SEQUENCE INFORMATION ADDRESS PAGE 

Yes 

---~--"'--~----

--------------i 1AOO r1QG041\ 

----------------1 1AI9 r1QG0511 

---- - - - -- ---- -- -11A20 r -4 QG051 I 
A Mode Set CMD will be 
done on all Write Ops 
and 7 TR Read Ops 

-11A84 r -1QG051I 

-- ---------- --llA78 r-1QG761 \ 

-- -- -- ----l Block Sel Chan Traps r- -llAAl r 1QG761\ 

----------- - - -11AAO r-1QG761\ 

-- ---- --I Begin Initial Selection ~ -i lAA4 ~1QG7611 

>-----~ -------- -- -- -~ lA41 I--iQG761I 

-- -- - - - - - - - --11A92 ~ 1QG761\ 

>-------.-----------11A93 ~1QG7611 

No 

'--Re_a_d_C_o_m_m_a_nd ___ --'r- -IlA9B r 1QG761\ 

Status will be Zero unless 
last Op was a Control Op 
or a Write Op. Status is 
stacked on Write Ops, DE 
is pending on Ctrl Ops 

-1 lA58 r-i QG76q 

-11A30 r-i QG7611 

----------- -- - ~ lAAB ~1QG7711 

If last Op was a Bksp to 
this Drive and this is 9 
TR, a Req Tie will be 
executed first 

-11A6A ~ -1 QG7711 

--------------~lA3D r-iQG771\ 

Go to QG8Dl for Move 
Op, Go to QG802 for 
Load Op. 
ROAR stopping in Data 
Loop will cause Overruns 

If next Char in 
Core is: Go To: 
WM, no GMWM lA C4 
NoWM,noGMWM lACS 
GMWM lAC6 

NOTE: If 2030 has 1401 

--!lACX ~1QG8111 

Compat Noise Bit Change, ~ lAC6 ~ -I QGelll 
See Page 

4 

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 1) 



1400 COMPATIBILITY TAPE READ OPERATION TMPXR 

OVER-ALL SEQUENCE 

---_/'-...._~--

ROS LOGIC 
INFORMATION ADDRESS PAGE 

-------~/~---------

---------------·----~-iQG8111 

-------1 Stored during Sense Op r -11A8A I- -i OG811 I 

------- --~ Stored duri ng Sense Op ~ -11A8A I- -i QG811 I 

'--__ ....L.-___ --JI--~ ~ QG761 I 

-- -- - - - ---- - - --{IA7QJ- _I OG781 I 

------------ ---11A71 r10G7811 

----------------I1A79 ~_IQG7811 
Accept Status from Sense 
Command. Read Ending 
Status is restored to the 
GReg. 

--I1A4E r-1QG781I 

-- ------ -- -- ---- - --I1A82 r--iOG8111 

------------- ---I 19D6 r-iOG8411 

--------- -------lIA66 ~_IQG8411 

.>------_-------- -- -- -- - --11753 r-~OG0311 

-------- - --11799 ~-IQG0311 

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 2) 



1400 COMPATIBILITY TAPE READ OPERATION TMPXR 

OVER-ALL SEQUENCE 

~ 

3 

Read Out Tie Byte 

Read Out Command B te 

Mode Set Done 

2 

INFORMATION 

~ 

At this time, initial 
selection has been com-

ROS LOGIC 
ADDRESS PAGE 

pleted for the Mode Set. _ -1 1A56 L -f Q.G781I 
- The proper Command was! ! " . 

issued by a decision made 
earl ier. 

- ~ 1A32 ~10G7811 

-------------- -i 1A6C r1QG7811 

----------- - - --11A6D I- -!QG781\ 

--------- -----1 1A6C I--/QG781\ 

--------- -- - ---11A77 ~1QG781\ 

Current TU Address is 
stored in OOBA MPS during -I lABE r -IQG781 \ 
Initial Selection 

---- - - - -- -- - - --1 19C3 I--IQG771I 

-- -- -- -- -- - - - -.., 1AA2 r,QG771\ 

This Routine is used only if the 2030 has the 1401 Compatibility Noise Bit Change installed. 

-~lAC6 r~QG8111 

- --1 1A8a r- -1 QG811 I 

No >---...,-- ---- - - -- -- - --1 1A8a t-1QG8111 

------- - - -1 1AB3 r1QG811\ 

Same as SIO ~ --1 XXXX ~ -I QG761 I 

-- - -11AD8 r -1 OG781 I 

L--N_o_s'_' e_B_it _________ r-- -11 A7a r 1 QG781 I 

- - -i 153B ~~OG781 \ 

-- - --11595 r 10G781 \ 

- - - -- -- -- - -i 15A5 r-iOG7811 

- - --!157C r--IOG781 I 

------ - -- -- -- - --11ADA 1-10G781 I 

- -1 175B l-1QG831 I 

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 3) 



1400 COMPATIBILITY -TAPES ON MPX SET UP -TAPE WRITE OP 9 TRACK DRIVE 

444 M % U 1 500W 
452 B 400 
456 -:-

OVER-ALL SEQUENCE 

-- -

Op In 

INFORMATION 

~ 

ADDRESS 
LOGIC 
PAGE 

------------- -~-10G7611 

------ ---1 Block Sel Chan Traps 

Initial Selection 
Attempt to do a Mode Set 
CMD to a Device with 
pending status 

r --I!Mi}- -1QG761 I 

- -ilMQl- -1QG761 ! 

- ~-1QG7611 

---- -- ---iAddr In and Sel Out Up r ~ -iQG761 I 

------ ---1 Mode Set Command 

Device will have Pend
ing Status unless this is 

-- ---- - first Op or last Op was 
a Read 

This exit will be taken 
on first Op 

-~-1QG7611 

~ ~ --1QG761 I 

r- -11 A58 1-1 QG761! 

-lIAAA ~., OG761 I 

Status was CE, DE, BSY 
-- ----- - Mode set attempted with - --i lAAD ~.., QG771 I 

Stacked Status 

------------- ---11AAO I--IQG7611 

Initial Selection 
Do a Mode Set Command 

-11AA4 t--i QG7611 

---11A41 I- -10G761I 

-- ------------ -----11A92 r-10G7611 

~ lA98 r-jQG7611 

------ ----1 Mode Set Command ~ -1 1A9B I- -1 QG7611 

-------------- ---i lA58 ~-1QG7611 

1400 Compatibility-Tapes on MPX Set Up--Tape Write Op 9 Track Drive RS Chart 15 (Sheet 1) 



1400 COMPATIBILITY TAPES ON MPX SET UP - T,APE WRITE OP 9 TRACK DRIVE 

ROS LOGIC 
OVER-ALL SEQUENCE INFORMATION ADDRESS PAGE 

No 

All Status for this Device 
has now been accepted 

Write Command is now 
in the L Reg 

-I1AAA t--1 0.G771 I 

-I1AAC ~ -lOG7711 

--i lAA2 r -1QG771 I 

-- ----------- - -11AAO ~~QC7611 
Initial Selection for 
Write Op 

-11AA4 r -1 Q(761 I 

>------. -- - ----- -- -- - -11A41 r -1 QG771 I 

---- - - -- -- -- -- - --11A92 t-., QG771 I 

>-----_ -------------- - --11A98 ~ 10G771 I 

No 

This is the Write Op 
Code 

-i 1A9B ~ -1 QG771 I 

---------------11A58 ~~QG7711 

I f not Zero Status, go to 
- Status Handling Rtn at - -11A30 ~ -l QG761 I 

1AAA QG771 

------------ --11A3D ~1QG7711 

ROAR stopping in Write 
Data Loop will cause 
overrun 

-11A7C ~ ~ QG7911 

---------- -- -- ----- --i 19C5 r -i QG791 I 

Status is stacked 
Overrun on ROAR Stop 

This is the first Addr after 
the Data Loop on which 
no Overrun wi II occur if 
ROAR Sto is used 

--i 1AB7 r -i QG791 I 

-I1AB6 r -1 QG8311 

---------------ilASF t-1QG8411 

-- -- - - ---- ---- - --11A61 r- -iOG841I 

--------\1401 LS 0087 ~ -11A20 ~ -1 QG841 I 

________ -- -- -- ---- - -11753 ~ -l QG031 I 

-------------- -11799 ~1QG0311 

1400 Compatibility-Tapes on MPX Set Up--Tape Write Op 9 Track Drive RS Chart 15 (Sheet 2) 



I 1400 FILE COMPATIBILITY 

A. To allow proper operation of the included programs 
and stop words, the following initial preparation is 

necessary. 

1. Initialize Disc Pack in 360 Mode writing Home 
addresses and record zero on all tracks using 

UT069. 

Surface analysis should also be done to flag 
defective tracks. 

2. Load Auxiliary Storage using either cm or 
3FOO. 

3. Write 1400 addresses with Clear Disc Program. 

Item 3 can be bypassed if 1400 Write Address 
Operation is to be performed first with Com
pare Disable Bit on. This will write addresses 
on a given track and allow other tests to be 
run on that track. 

B. When restarting any of the example programs, a 
second error may occur if the following is not 
performed. 

1. Do 1400 Start Reset 

2. Start program at an instruction that will re
store the DCF. 

C. A Validity Check during Read or Write will break 
chaining. This will force a Sector Count 000 In
dicator (Bit . 7 of Operation Register). The num
ber of sectors not processed will be indicated in 
the 1400 DCF. 

D. Sector Read and Write with addresses will post a 
No Address Compare (X) if the last Record Ad
dress is not 16 or greater. This test is made to 
check for missing 2311 address marks. (QH531, 
Word 1DlD). 

This may cause confusion if a Validity Check 
breaks chaining before 16 records are processed. 
Result is that X and V are posted when V is the 

actual cause. 

1311 DISK INSTRUCTION FORMAT 

M/L % F n BBB R/W 

E. If an Alternate Track is assigned, the 2311 Car
riage will be restored at the end of each com
pleted 1400 Operation or 20 Sectors. This means 
that a RBC following a Write Operation will have 
to seek to the Alternate Track and return as did 
the Write Operation. Also, if a number of tracks 
are to be processed (sector count greater than 
020) and more than one is flagged, the 2311 Car
riage will be restored after each Alternate Track 
Read or Write is completed. Therefore, an Alter
nate Track Seek can occur more than once during 
a single 1400 Operation. 

F. Auxiliary Storage B - 90,92,94,96 and 98 (File 
Unit Addresses) must be in sequence when doing 
Address Operations or Alternate Track Oper
ations or a No Address Compare will occur. The 
data in these addresses is always stored in K29 
MPX on Initial Selection. When the above two 
operations are performed, a table look-up is done 
using the value in K29 MPX to determine the Aux
iliary Storage Address that the actual cylinder 
value is stored in 91,93,95,97 or 99. An Out of 
Sequence Unit Address will result in looking up 
cylinder value for the wrong file. This procedure 
is necessary because some program applications 
use other than normal addresses on certain cyl
inders, such as labels. If addresses are abnormal, 
it becomes impossible to read 360 Record 0 or re
turn to the proper track. 

G. Module Protect Check is defined on Head Seek 
flow chart. 

H. STOP CHECK is indicated on several flow charts. 
This is the first stop point since IBBO of the 
search command that will allow continuation of 
the operation without an overrun. Check FI = 
CE' DE, Op In and Stat In uP. command code in 
Aux B - BE, updated CCHHR stored in Aux B - AD 
thru Bl. 

d - MODIFIER 

R - read operation 
W- write operation 

B - ADDRESS 

address of the high order 
storage location of the disk 

address 
control field 

UNIT NUMBER CHARACTER 

0- seek 
1 - sector mode 
2 - track record mode 
3 - write disk check 
4 - not used 
5 - sector count overlay 
6 - track sector mode 

(wi th addresses) 
7 - scan disk (low or equal) 
8 - scan disk (equal) 
9 - scan disk (high or equal) 
@- track record 

(with addresses) 

UNIT SELECT CHARACTER 

F - disk operation 

MODE OF OPERATION 

% - I/o operation 

OP CODE 

M - transfers data in 7 -bi t 
BCD mode (CBA8421) 

L - transfers data in 8-bit 
(WM CBA8421) 

1400 File Compatibility RS Chart 16 (Sheet 1) 



1311 ADDRESS CONTROL FIELD 

Gate 
2 Value 3 4 5 6 7 

Decimal 
*/N Address Dl D2 03 D4 D5 D6 

BCD B84/ 
8 2 

Format 8421 842 1 8421 8421 842 1 842 1 

Units 
Disk Sector 

Tens 

Units 

-:- 2 = Head 
Tens 

Units 

Tens -:- 2 = Cyl i nder 

Hundreds 

Alternate code if first character is *, 

Zero - Not Used 

Alternate code if not * 

PERMANENT FILE AUXILIARY STORAGE LOCATIONS 

AUXILIARY STORAGE B 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 
TlU for Head and Cylinder 10's Decode 

00 05 01 06 02 07 03 08 04 09 

File File File File File 
1 Note Mod Mod Mod Mod Mod 

1 00 02 04 06 08 

8 
Sense Bytes 

0 1 2 3 

File Unit 0 File Unit 1 File Unit 2 File Unit 3 File Unit 4 
9 Addr Cyl Addr Cyl Addr Cyl Addr 3 Addr Cyl Note 

00 Loc 01 Loc 02 Loc 03 Cyl 04 Loc 
2 

Loc 

TLU for Cylinder 100's Decode Pre- rA~01 Numeric 

A 00 50 10 60 20 70 30 80 40 90 vious 
Hex File Cyl Cyl Head 

00 32 OA 3C 14 46 1 E 50 28 SA Op 00 00 

1400 
File Last Scan 
Unit File Cond 

B Head 
Re-

K D D 
Note File Addr Comm Note 

cord 5 Mod Init and 3 
No. Sel 

AUXILIARY STORAGE A 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

Scan 
Re-

Note 
9 suit 

Note 4 

3 

Alternate Track Addr Read 

A 
From RO of Flagged Track 

Cyl Cyl Head Head 

NOTE I NOTE 3 K31 UCW SCAN K9H CPU SCAN ~ NOTE 5 

BIT 0 - COMP DISABLE 
OP WT RESULT WT 1400 BR BYTE On alternate 

I - MOD PROTECT SCAN LO 7 0 HI 12 o - NO ADDR COMP track operation, 
a LO 6 I - BUSY original cylinder 
a EO I 2 - WLR value in AE(K22) 

NOTE 2 SCAN EO 8 I HI 12 3 - ANY is stored here 
81 T 3 ; I ; DC F HAS 

I LO 6 4 - PARITY for return seek 
I EO I 5 - NOT ROY 

INCREMENTED 
SCAN HI 9 2 HI 12 6 - RBC 

2 LO 6 7 - ON- Checked for 
2 EO I Recalibrote Seek 

Necessary 

1400 File Compatibility RS Chart 16 (Sheet 2) 



FILE READ/WRITE GENERAL ADDRESS FLOW 

Details on the following address are on the individual charts for each operation. 

From I Cycles 

1- Ring 8 ------1IA8 

Initial Selection 
IBAO 
IB90 
IB92 
IBA5 
IB3A 
IBBO 
IBB4 

... ...,. ..... J---.... Head Seek IB IB8F 
..------1~.>I ~ 

r 
Initial Selection 

Loop Until Search for 
10 and/or RO Complete 

IBAO 
IB90 
IB92 
IBA5 
IB3A 
IBBO 
IBB4 ~ 

L-_~~ ..... -----~S~e~ar~c~h~I~D~3~ILJ1]B~8~F_~~ 

_..:~/ ..... __ ..... llnitial 5el 

Loop Unti I Sector 
Count is Zero 

IBAO 
IB90 
IB92 
IBA5 
IB3A 
IBBO 
IB8F .......... 

If 
Error 
Do 
Sense 
Comm 

Read/Write 1CID ~ 
IBAO 

Initial 5el IB90 
IB92 
IBA5 
IB3D
IB3A 
IBBO 

Sense - 04 1 BB5 
lC43 
1(79 

This section can be performed in single 
cycle or Roar Stop and program may be 
continued without error. 

This section must be performed in run for 
program to operate correct I y. Roar Stop 
may be used but a overrun wi II occur and 
program must be restarted. A sense Com
mand can be forced by stopping in this 
section. This will allow checking sense 
Command . 

This section can be performed in single 
cycle or Roar Stop and program may be 
continued wi thout error. 

<;7 

Return to I Cycles 
lOp 

'-~ Stop on this Address and display Auxiliary B - BE for failing 
command Auxiliary B-BD for failing unit if read or write 
completed sectors can be determined by Auxiliary B-BI or 
DCF of 1400 Program. 

11CD 

II SECTOR OPERATIONS IN COMPATIBILITY MODE 

Note the following characteristics of Sector OPs 
in compatibility mode: 

1. Sector address is incremented in 360 CCHHR not 
1400 DCF. 

2. Updated CCHHR is not converted and stored in 
DCF until sector count 000 is detected. 

3. Sector count is decremented in 1400 DCF. 
4. In event of error sector count could appear de

creased and sector address may not be increased 
in the DCF. CCHHR in aux. B - AD thru B1 
should be checked for actual sector address value. 

5. DCF incremented bit - aux. B-9 A-Bit 3 
Bit 3 = 1 indicates CCHHR has been incremented 
(sector count more than one) therefore CCHHR 
must be converted 1400 format and zone bits 
stripped. 

6. Zone bits will remain in DCF only if initial 
sector COWlt is 001. 

III SECTOR OPERATIONS - READ/WRITE/RBC 

The following programs should be used when possible 
as they are tested and provide predictable results: 

500 M % F 0 800 R 
508 M % F 1 800 R 
516 M 709 809 
52313532 Y 
528 B 508 
532:.- 500 
536 . 

Write Op 

500 M % F 0 800 R 
508 M % F 1 800 W 
516 M 709 809 
523 J'i % F 3 800 R 
531 M 709 809 
538.!!.. 557 Y 
543 B 508 
547.=-500 
551 :.-

Seek 
Read 
Restore DCF 
Branch on any condition 
Loop 

Seek 
Write 
Restore DCF 
RBC 
Restore DCF 
Branch on any condition 
Loop 

700 - ~ 010000 OO..!J----r--+ Can be increased from 1 
800 - ~ 010000 OO,Y---l thru 20 depending on the 
910 -j'!l number of sector opera-

.. tions desired. 
Add 100 addresses for each sector over 

one (1) to be processed. 

1400 Sector Read/Write/RBC RS Chart 17 (Sheet 1) 



SECTOR OPERATIONS READ/WRITE/RBC 

OVER-ALL SEQUENCE 

Converted 1400 DCF to 
360 CCHHR and Add 1 
to Cyl & Head Value 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

------------__0 

------ ~L_s_t_or_ed_in_A_u_x_B_-_A_D _ _'~- - ---i I thru B 1 I 
2 

QH301 

--- ROAR Stop Chart 19 

~--~--~==--~ 
--- ROAR S top Chart 20 

---------- ROAR Stop Chart 21 

Sector Count Maintained 
in 1400 DCF 

Read - 06 or Write 05 is 
Stored at Addr 1 B3A 

---1 QH441 

Data Loop is Not Ter- f------1 QH471 
minated Until Counter 
(90 or 100) is Zero,Short 
Record Sets Indicator But 
Continues to Counter 0 

~--+----------- Main Stor Char is Com- f---------1 QH461 

Read Out Next Main 
Stor Char to Check for 
WMGM 

CE No 

pared to Bus in Char if 
Unequal Set Validity Ck 

---l Aux A-9B Bit 2 r-~--l QH501 

--------i FI = CE . DE !-~--j QH381 

or 
DE 

>--_--I~ General Stop 

-~-iQH391 

----------1 QH401 

---1 Aux B - 9A Bit 3 f-~-!QH411 

---------~ 

Add 1 to Record Value -i ..... A_ux_B_-_B_l ___ ---'r-~ -1 QH431 

----------i Aux B - 9A Bit 3 ~-~-1 QH341 

1400 Sector Read/Write/RBC RS Chart 17 (Sheet 2) 



PROGRAM ExAMPLE FOR SECTOR WRITE WI TH 
ADDRESSES (Write 20 Sectors with Addresses) 

500 M. % F 0 800 R 
508 M. % F 6 800 W 
516 M 709 809 
523 M % F 3 800 R 
531 M. 709 809 
538 ~ 547 Y 
543 ~ 508 
547 ~ 500 

551~ 

700!.. 01 0000 020 

Seek to Cyl 050 (1400) 
Write 
Restore DCF 
RBC 
Restore DCF 
Branch on any Condition 
Loop 
Stop/Seek Restore after 
Error 

800.! 01 0000 020 01 0000 

28240 10 019 
2930! 

PROGRAM EXAMPLE FOR SECTOR READ WITH 
ADDRESSES 

500 M % F 0800 R 
508 M % F 6 800 R 
516 M 709 809 
523 ~ 532 Y 

528 ~ 508 
532..:... 500 

536~ 

700.!. 01 0000 020 
800!.. 01 0000 020 

2930 ! 

Seek 
Read 
Restore DCF 
Branch on any Condition 
Loop 
Stop /Seek Restore after 
Error 

SECTOR READ WRITE WITH ADDRESSES - OBJECTIVES 

Readout 1400 DCF Con
vert to 360 - CCHHR 
Store in Aux Stor Incre
ment Cyl & Record Plus 1 

---1 11A8 

I-'-'-'~---''--'---~---' ___ ~ - ROAR Stop Chart 19 
_. ROAR Stop Chart 20 

~--------~------~ 

~~~~---'~------~ 

Convert 1 st DC F to be 
Written to CCHHR and 
Store in Aux Stor 

Subtract 1 from Cyl & 
Record and Store in 
Main Stor 

No 

- ROAR Stop Chart 21 

General Stops 

- -llelO r -1 QH391 

Return to I-Cycles 

1400 Sector Read/Write/With Address RS Chart 18 (Sheet 1) 



WRITE ADDRESS OPERATION 1 D 

Initial File Address ta be Written Has Been Developed with the Cylinder and Record Count Incremented Plus 1 to 
Conform to 360 Format and Stored as CCHHRKDD in Aux BAD thru B4. 

OVER-ALL SEQUENCE 

No 

DETAILED SEQUENCE 

INFORMATION 

Stat In During Write Addr Loop 
Initiates a Sense Cammand. 
Write CCHHRKDD from Aux B
AD thru B4 

--------~ FI==CE·DE 

---, 

Sector Count Maintained in 
1400 DCF 

Status In During Write Data Loop 
Will Either Set WLR or Initiate 
Sense Command 

L----i FI=CE DE 

ROS ADDRESS LOGIC PAGE 

- - - -l QH371 

~--~--1 QH371 

- - - --1 QH471 

~-~---1 QH381 I 

or ;>-__ • Error General Stop 

Yes Error Do 
;>---. Sense Command 

Initial Select Repeat 
1 D Until Sector Count == 000 

----- -- - - - - - - - -~-l QH391 

- - - - - - Check for Missing 
2311 Addr Marks 
Aux B-B 1 

t-~---1 QH531 

READ ADDRESS OPERATION IE 

OVER-ALL SEQUENCE 

~------~/~ 

Decrement Cyl and 
Record Value by 1 for 
Actual 1400 Values 

Convert 360 CCHHR to 
1400 DCF and Store in 
Main Star 

General Stop 

Yes 

DETAILED SE~UENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

Read CCHHRKDD from FCU into - - - - ~ QH371 
Aux B-AD thru B4. 

- - - - - Stat In During Read Addr Loop 
Initiates a Sense Command 

- - - - - -i FI = CE· DE 

Can Stop to Single Cycle Thru 
1 Addr Convert Cycle then Prog 
Must be Restarted/Stored in Aux 
BAD thru Bl 

This is Actual 1400 DCF 
in Main Stor 

Stat In During Data Read Loop 
Will Either Set WLR or Initiate 
Sense Comm 

--------1 FI == CE • DE 

No 

Sector 
Count 

000 

No 

Sense 
Command 

Repeat Initial Sel 
for 1 E Command 

f--~ --1 QH371 

-~-1QH401 

-- -----l OH471 

t-~--i QH381 

--------- - - - --~--1 QH371 

Check for Missing 

2311 Addr Marks 

Aux B-Bl 

~-1QH531 

1400 Sector Read/Write/vVith Address RS Chart 18 (Sheet 2) 



INITIAL SELECTION FILE COMMANDS 

OVER-ALL SEQUENCE 

---~/~ 

Fi I e Command 

DETAILED SEQUENCE 

INFORMATION 

File Unit Addr Dis
played in MSDR 
Stored in Aux B-BD 

ROS ADDRESS LOGIC PAGE 

----[i;QJ--1 Q H341 

--------------- - ~-i OH341 

-----------------~ -1 QH341 

Addr Out Drops 
Must be Addressed 
Twice 

Supp Out is Reset on 
1 D and 31 Commands 

~--1 QH341 

File Comm Code Dis- ~---i OH361 
played in MSDR De-
veloped on QH351 
04 - Sense 
05 - Write 
06 - Read 
07 - Full Seek 
16 - Read RO 
1 B - Head Seek 
1 D - Write Addr 
1 E - Read Addr 
31 - Search 

Addr In Drops - FI = 
00 File Comm Stored 
in Aux B-BE 

~-i OH361 

>--------, - - - - - Following Seek Op 
Fl=14, Check for 
Error. 

Yes 

No 

Re-try Initial Sel 

----- - - - -- - - - -~-~ QH361 

Set Aux A-9B to 
14 - 1400Y and N 

At a Future EC a 
Sense Comm is Initiated 
Instead of Setting 
Not - Ready 

If DE go to 1 C76 
If not go to 1 C77 

-i Set Aux A-91 B 

-~-~QH361 

Initial Selection File Commands RS Chart 19 (Sheet 1) 



HEAD SEEK lB 

OVER-ALL SEQUENCE 

----~- ~~~-------

No 

Yes 

No 

If Module Protect Disable 
Bit Off - Compare Aux B
BD to B9 

Initial Selection to 
do Search -31 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

------- --j Drop Status In 

---------1 FI = CE . DE t-~~QH371 

Error 
General Stop 

Aux B-l0 Bit 1 = 0 
Mod Protect is Active 

-- - Read Aux B-BD, Convert 
to do TlU from Aux 8-11 
thru 15, Read Aux 8-89 
and Compare to Value 
from TLU 

----------------~-j QH421 

----------------~-l OH422 

Head Seek 1 B RS Chart 20 (Sheet 1) 



SEARCH ID - 31 COMMAND 

OVER-ALL SEQUENCE 

1400 Addr Transfer ,Send 
CCHHR to FCU to Lo
cate Record 

CE No 

DETAILED SEQUENCE 

INFORMATION 

Stat In During This Loop In
dicates either a Flagged Track 
or Index Passed Twice Without 
Equal Addr Found. This Initiates 
Sense Comm 

------- ---j FI = CE . DE 

ROS ADDRESS LOGIC PAGE 

- --jQH371 

r--~ --1 QH371 

or >-------------~ 
DE 

Yes 

Search No 

Error 
General Stop 

Do 
Sense Command 

Equa I >----------------r-

Yes 

No 

Initial Select to 
Repeat Op 31 

Search 
Complete >---------------r-----

Yes 

Initial Selection 
Do Read or Write 

Initial Select Repeat 31 
Code to Search RO 

Stat Modifier on Indica
tes Search Egual. 
Comm Continues to Loop 
Until Search Equal or 
Index Passed Twice. 
Egual on with Either ID 
or RO. 

__ Addr Op 

1-::1:-",C..;,..;3 F---::::-i"' - -1 Q H 391 
Sector Op 
lC3D 

Search Complete is -~ --1 QH391 
Search = On Both RO 
and ID 

Compare Disable On t--~--1 QH391 
Says, Search was for 
RO, Search I D was 
8ypa.ssed 

- After Search ID 
Search RO is Neces
sary to Establish Tim
ing Sync 

-1 Aux 8 - 88 

r-~--1 OH422 

-1 TLU Using this Valuer-~-1 QH422 

- Stored in Aux 8 - r--~-I QH422 
91,93,95,97 or 99 

This is reguired to 
insure RO Compare. 
Search I D may have 
been for an Address 
not norma I to that 
Track 

Search ID--31 Command RS Chart 21 (Sheet 1) 



SENSE COMMAND - 04 

OVER-ALL SEQUENCE 

---~/------------

Read Sense Bytes and 
Store in Aux Storage 

Byte 0 
Byte 1 
Byte 2 
Byte 3 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

-----------------~-1 QH361 

______ Stored in Aux B-

80 thru 83 

lC40 } 
lC41 ~ 
lC42 ~ 
lC43 

-----------1 FI=OC=CE' DE I-~-i QH511 

--------------~--j OH521 

Sense Command--04 RS Chart 22 (Sheet 1) 



IV SEEK OPERATION 

A. Initialize Auxiliary Storage 

B. Enter following program 

C Ready the 1st File 

D. 1400 Start Reset 

E. Start Program (Set 1 C to 300) 

F, Execute program in single cycle or Roar Stop on 
address provided in flo\\' chart for Seek Operation, 

This program should do repetitive seeks between 
1100 cYlinders 000 and 0:>0, The actual physical 
location on the Disc Paek are cylinders 001 and 
(),,)1. The compatibilit .... feature increments all 
l-iOO c:dinders plus one because c,vlinder 000 is 
n'sen'L,d 1'01' :l(jO USE', 

,'iOO ,~', F 0 (500 n Seek to Cylinder 00 

:>08 B [) 0 o \ Branch on Bus.', 
:>13 l! '( F 0 700 H Seck to Cylinder ;)0 

:>21 ~ ;'i I 3 \ Branch on Busy 
:>26 B :> 0 0 Return to Seek 
600 .!. () 0 00 0 0 

700 .!. 0 1 00 0 0 

SEEK OPERATION -07 

OVER-ALL SEQUENCE 

Start Execute Seek 

DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

Bus Out = Dev Addr r-~-j QH341 

-----------~-j QH341 

1 B92 Addressed 
Twice to Execute 
Addr Out 

Stat In Always Pre
sented Twice 
1st Pass FI = 14 
2nd Pass FI = 00 

~-~-1QH341 

~--1QH351 

~-1QH361 

----------~--i QH351 

------1 Displayed in MSDR r-~-i QH361 

Seek Operation RS Chart 23 (Sheet 1) 

1---=1.;::.cst,-:,P...:a;.:.;ss~ ___ -i-~ --i QH361 
2nd Pass 

L.......:....:.F1_=_O_8 _= -=..C E=----_--1r-~-1 QH371 

------~--l QH541 

--------~-1 QEOOl 



ALTERNATE TRACK ENTRY AND EXIT OBJECTIVE 

Refer to Individual Flow Charts for Details on the Following Command Codes. 

OVER-ALL SEQUENCE 

--------/----------. 
---- ROAR Stop Chart 19 

---- ROAR Stop Chart 20 

---- ROAR Stop Chart 21 

---- ROAR Stop Chart 22 

DETAILED SEQUENCE 

INFORMATION 

Aux B - 80, Bit 
6 = 1, Trk Flagged 

RO Contains Alternate 
Track Address 

Seek to A I ternate 
Track 

Stat In 
Search Orig Addr 

ROS ADDRESS LOGIC PAGE 

--1 1C25 ~-1 QH511 I 

-[ 1BBO 1-1 QH361 

=jM~ust =process 
In H Mode 

_ _ __ s1_St---'op_C_h_e_ck __ --.J~--I 1C1D r--i QH391 

t--'---'--...::....:...--'---'---'---------ll--------- - --i Seek Orig Track 
---- ROAR Stop Chart 23 

ALTERNATE TRACK ROUTINE 

OVER-ALL SEQUENCE DETAILED SEQUENCE 

INFORMATION ROS ADDRESS LOGIC PAGE 

----1 Aux B-80 Bit 6=1 ~-~-{OH51TJ 

RO CCHH Read Into Aux 
A - AO thru A3 

Seek to Cyl Value Read 
From RO 

Search Using 
original Values Stored in 
Aux B - AD - B1 

Store Aux B - AE in Aux 
B - B8 

File Unit Addr for Init Sell 

Do a Table Look up Using 
Value in Aux B - BD to 
Locate Cylinder Value in 
Aux B 91,93,95,97, or 99 

-----1 QH371 

~-iQH422 

Return to Orig Track Using Cyl 
Value in Aux B-AD-B 1 

Move Aux B - B8 Back 
to Aux B - AE 

>-...;-...;...--~ Return to I Cycles 

Return to 31 Command of 
Operation being processed 
when Flagged Trk was detected 

Alternate Track Entry and Exit Objective RS Chart 24 (Sheet 1) 



Bus In 

Selector 
Channel 
Interface 

Bus Out 

t 

FIGURE Ot 1. SELECTOR CHANNEL DATA FLOW 

__ '1'13 
W4 

PO-7 PO-7 

Flags -
PC I PG Flags 

-< -< ;;0 
("I n :f :c :c 

nn V> V> 
on E~ » 

w 

P 0 1 2 3 4 5 6 

---, 
I~~ 

I 
IL..-_...J 

0-3 

;;0 

;;0 

"" 

7 

P-Bus 1 B te 

t Holds 
Byte 
Count 

Checks 8. Status T Register S Register 

"'tl :f "'tl "'tl ("I n :;; n PC PC n a Cl J J :r ,-

£ c ;;0 <0 if 0 ~ Q. g. :r TO Tl 
0 

, 
SX: SO Sl , 

0 2 3 PO 7PO 7 PS - 7'PO - 7 PO - 7 

~""~~~==~"""""""~""""""""""""""Il~A~LU~O~utputBus1 ~~te~~ ........ """"""". 

0=2 D =0, 1 

Start Address 
Constant 

m 0 1 1 n n n n n n 
X0111000XXXOO ~ » » » » » » 

"'w 0 '" w 

12 11 10 9 8 7 6 5 4 3 2 

ROSCAR 

Channel 
Key 

P4 7 

Cond 

B C 

1 0 

Storage Address· Bus 17 Bits end P 

ALU Q Bus 

ALU P Bus 

ALU ExtenHon Register 

Storage Protect Compare Bus 

ALU Extention: Output 

ALU Output Bus 1 Byte 

ALU Compress 

ROS Bus 

CA Field from ROS 



PJ2 

I Manual Data I 
Entry Swi tches 

FIGURE 012. CPU DATA flOW 

Prot 
Store 

4 Bits 128Wdsl> 
5 Bits 1t 7 Storage Address Bits and YI 

'-'r- - - - 01 r:nZQ:;zZtZ:zzZZZL.Zl 
Mpx l 
Store -
128 Wds 

.5 Bits 

Select 
Mpx 
Star 

I/c OR STOR ADR DISPLAY 

Byte 
X 

Bits 
5&6 

Byte Byte 0 Byte I 
X Bits Bits 

Bit 7 0-7 0-6 

6 Bits 
andYl 

6 Bits and YI 

Byte I 
Bit 7 

~_~I_IIIJIiAiL.LU.P.' B.us ____ ~I_----~t_I~-----.. --.... == ALU P Bus I Byte 
PSN 

I 

I 

J 

( 
) 

ALU Extn Reg 

PSNO-3 

ALU Output Bus 

PCPG 
Data 

Dc~ns 

P5-7 

" ellister 

AX 

....-ALlJ 

Log-Out 
Error Entries 

AO 

Byte 

Al 

~ 
">< 

I I 
I I 
I I 
I I 

I I 

I I 
I ~ 

I I 
I I 
I I 
I I 
~ ~ 

i-
I 
I 
I 

I 
I 
I 

PG 

I 

Emit 
Field 

l 

Ji1 

Manual Address 
Entry Switches J 

Manual Adr 
Entry Sw 

PO - 7 

L ~AR Bl IS 

Mpx SCI SC2 

Interrupt Request Lalch-

PG 
Emit 
Field 

External Interrupts 

STATICIZER 

PO -

II 
I 

~ 

•• I 
Direct -'I Control 

, Accept 
o - 7 

DC In , 
I 

, DC Instructions ~I To BO ,., ___ lIIIJIiiiliiiiiiiiiiiiilllrj? 

I 
I 
I 
~ 
~ 
I 
I 

1 
Direc! 1 Control 
Present 

o - 7 

14 Bit Address Bus (13 Bits Plus Parity) 

17 Bit Address Bus 

2 Bytes Bus (16 Bits + 2 Parity Bits) 

2 Bytes + Ext Bus (J9 Bits + 3 Parity Bits) 
Special Data Path For Dump Log Out Or 
Manual Display Operations 
Cross i ng Buses 

Bus Distribution 

Parity Checker 

Parity Generation 

Indicator 

DC Out 



Instruction 
Fetch Start 

Y6 Set by 
Start Key 
Causes 
Ignoring PRI 

223-2844 { 

Instruction 
Fetch 

223-2842 
Figs 601 - 606 

Flow Charts for { 
Op Codes in 

223-2842 

No 
Stop or loop~yes 

On MS. 

"v/ 
SAB~Addr No 

.--------"---<Keys During 
MS. Write 

'-./' 

Note I. Conditions that Cause Progrem Interrupt (PRI) 

CD Channel interrupt if masked to allaw 

To Supervisor Call Interrupt 
Microprogram 

Microprogram 

These decisions are effective at 
any time during the execution 
of the instruction. 

223-2841 

223-2841 

Error Routine 

Error Detected in Any 
Microinstruction if Errors are 

Enabled and Y12 is Off 

Microprogram Controlled Log Out 
of Local Storege and Data Flow into 
Main Storage - Set Y7 to Indicate 

log Out - Set Y4, Y5 and Y6 
De endent on Channel Errars 

a. Stop key a. Con.ole attention (interrupt pushbutton on con.ole depressed) 
b. Instruction step mode b. Interval timer in main storage has timed out 

Stop on MS ) External i nt.rrupls 3 through 7 
d. loop on MS via address compare switch 

System reset pushbutton 
@ 4 bit timer nonzero (cancelled by disoble interval timer switch) 

Halt latch on 0 External interrupls masked to allow ) 

L-___________________________ ~f.~~P~.o=w~er~oo~P~u.~h~bu~tt~o~n ____________________________________________________________ _J 

FIGURE 014. CPU MICROPROGRAM FLOW CHART (CHANNEL DATA SERVICE NOT SHOWN) 

223-2844 

223-2842 { 
Fig 638 

I'Current" PSW is modified to indicate latest status (condition codes etc.) and is stored in main storage. 
Main storage locotiCln is detennined b the t e of inteM'upt. The stored PSW is now the "old" PSN 

To load Fi .. t Customer PSW from MS location 00000 

A "new" PSW is transferred from main storage to local stofCIge. Main storage location is determined by the type of interrupt. 
This' 'new ll PSW is now the "current l

' PSW 

To PRI Scan 
Mi creprogram 

Manuel Stop microinstruction 

Yes 

"ManLJc' II light glowing on console 
Exit only under console switch control 

Hardware Controlled System Reset 

No 

To Instruction 
Fetch 

To Program 
Check 

Microprogram 

Yes 

(To other built - in 
diagnostic microprograms 
selected by diagnostic 
control switch) 

Refer to { 
Machine Status 

Cham 

CPU and Channel Checkout Microprogram 
(Hord.top on any Error) . 

Microprogram Controlled System Reset 

Interrupt Routine 

CD main .tarage validated if YIS on 
@ if log ou~, only channels in error 

are reset 

223-2842- Model 40 Diagrams Manual 
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