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COURSE DESCRIPTION 

FST-2 COMPUTER ASSEMBLY LANGUAGE PROGRAMMING COURSE 

COURSE LENGTH: 2 WEEKS (10 DAYS) 

PREREQUISITES: SUCCESSFUL COMPLETION OF A SENTRY (BASIC) PRO­
GRAMMING COURSE, THE STUDENT SHOULD ALSO BE FAMILIAR WITH 
BASIC COMPUTER CONCEPTS1 BINARY AND OCTAL NUMBER SYSTEMS1 
COMPUTER ARITHMETIC1 MACHINE LANGUAGE PROGRAMMING FUNDA­
MENTALS1 SYMBOLIC LANGUAGE CONCEPTS AND FUNDAMENTAL PRO­
GRAMMING TECHNIQUES IN ORDER TO OBTAIN THE MOST BENEFIT 
F:ROM THE COURSE, BUT IS NOT MANDATORY, 

PURPOSE 
SENTRY PROGRAMMERS LEARN HOW TO WRITE ASSEMBLY LANGUAGE 
PROGRAMS FOR THE FST-2 COMPUTER, ALTHOUGH THE BEGINNING OF 
THE COURSE IS AIMED AT THE PROGRAMMER WITH LITTLE OR NO 
EXPE.RIENCE, FOR THOSE WITH MORE EXPERIENCE) IT SHOULD CLARIFY 
AND REIEFORCE MANY ASSEMBLY LANGUAGE PROGRAMMING CONCEPTS 
ALREADY LEARNED, 

THE FtRST PORTtON OF THE COURSE WILL TEACH THE PROGRAMMER 
HOW TO WRtTE GENERAL PURPOSE1 NON-TESTER RELATED ASSEMBLY 
LANGUAGE PROGRAMS WHICH ARE EXECUTED IN THE "BACKGROUND" 
MODE USING THE MASTR OPERATING SYSTEM SOFTWARE, THE REMAIN­
DER OF THE COURSE WILL TEACH THE STUDENT HOW TO WRITE TESTER 
RELATED ASSEMBLY LANGUAGE PROGRAMS WHICH ARE EXECUTED IN THE 
MASTR "FOREGROUND" MODE1 AS WELL AS PROGRAMS WHICH CAN BE 
ENTERED THROUGH EITHER "FOREGROUND" OR "BACKGROUND" MODEJ 
OR BOTH, 



FST-2 ASSEMBLY LANGUAGE PROGRAMMING COURSE DESCRIPTION - CONTINUED 

OBJECTIVES 
AFTER COMPLETION OF THE COURSE,, THE STUDENT WILL BE ABLE TO: 

0 WRITE ASS:EMBLY LANGUAGE PROGRAMS THE FST-2 COMPUTER 
INSTRUCTION SET AND ASSEMBLER SYNTAX 

0 LOAD,, ASSEMBLE,, EXECUTE AND DEBUG GENERAL PURPOSE 
ASSEMBLY LANGUAGE PROGRAMS IN THE "BACKGROUND" MODE 
us ING THE MASTR 0P'ERATlNG SYSTEM SOFTWARE 

0 WRITE,, ASSEMBLE,, AND LOAD ASSEMBLY LANGUAGE PROGRAMS 
WHlCH COMMUNICATE WITH THE SENTRY AND ARE CALLED BY 
A FACTOR LANGUAGE PROGRAM 

0 WRITE, COMPILE,,. LOAD, EXECUTE AND DEBUG SIMPLE FACTOR 
LANGUAGE PROGRAMS WHICH CALL AND EXECUTE ONE OR MORE 
ASSEMBLY LANGUAGE PROGRAMS THROUGH THE "FOREGROUND" 
MODE UNDER CONTROL OF THE MASTR OPERATING SYSTEM 
SOFTWARE 

THE STUDENT W,ILL DEMONSTRATE ATTAINMENT OF THE COURSE 
OBJECTIVES BY SUCCESSFULLY COMPLETING ALL HOMEWORK, LAB 
ASSIGNMENTS,, QUIZZES, AND A WRITTEN END-OF-COURSE EXAM­
INATION, 



FST-2 (MASTR} 
ASSEMBLY LANGUAGE PROGRAMMING COURSE 

COURSE OUTLINE 

DAY 1 

COURSE ORIENTATION 

Introductions 
General information 
Course objectives and outline review 
Familiarization with course manuals 

INTRODUCTION TO DIGITAL COMPUTERS 

Brief history of computer development 
Contemporary computer applications 
The hierarchy of computer programming languages 
The basic units of the digital computer 

FST-2 COMPUTER SYSTEM DESCRIPTION 

Computer system configuration 
Computer hardware capabilities 
Computer software capabilities 
Memory management under MASTR - overview 
FST-2 CPU simplified block diagram analysis for programmers 

OPERATING PROCEDURES 

LAB 

Description of computer system controls.and indicators 
System turn-on/turn-off procedures 
Operating procedures for sys.tern peripherals 
Loading and initialization of system software 
Creating,. assembling, and executing an assembly language 

program 

Demo of system operating procedures 
Student performs associated lab procedures 

iii 



DAY 2 

BASIC PROGRAMMING 

LAB 

The stored program concept 
Basic assembly language program syntax 
Basic assembly language program layout - simplified 
FST-2 CPU machine word formats - general 
Detailed description of FST-2 CPU instruction word 

repertoire 
Program writing by class 

Demo of manually loading and executing a machine language 
program at the computer control panel 

Student performs associated lab procedures 



DAY 3 

PROGRAMMING NON-DMA I/O 

Detailed description of I/O instruction repertoire for 
non-DMA peripherals 

Program writing exercises by class 

PROGRAMMING ASSIGNMENT 

LAB 

Assign I/O program writing assignment #6 
Assign program writing assignment #7 (ECHO program) 

Demo of I/O program writing assignment #6 
Demo of program writing assignment #7 (ECHO program) 
Student writes and executes I/O program writing assignment 

v 



DAY 4 

PROGRAMMING DMA I/O 

Detailed description of I/O instruction repertoire 
for DMA peripherals 

Analysis of example programs 
Program writing by class 

PROGRAM DEBUGGING 

Detailed description of DEBUG program usage 

LAB 

Demo of DEBUG program usage 
Students work on program writing assignment #7 (ECHO program) 

v:j.. 



DAY 5 

MASTR OPERATING SYSTEM MEMORY ORGANIZATION 

Overview of memory organization using memory map 
Overview of system tables, globals, transfer vectors, 

and library routines 

REVIEW OF ASSEMBLY LANGUAGE PROGRAM LAYOUT 

General review 
Detailed explanation of program header 

PROGRAM EXECUTION IN BACKGROUND MODE 

Program structure for '~background mode" only 
Parameter passing in ''background" mode 

PROGRAMMING ASSIGNMENT 

LAB 

Add programming requirements to ECHO program as defined 
by program writing assignment #8 

Demo ECHO program with program writing assignment 
#8 added · · 

Students work on program assignment 

vii 



DAY 6 

PERIPHERAL I/O USING IOCS 

overview of ICCS 
Writing and reading of data 
IOCS control functions 
Program writing by class 

PROGRAM ASSIGNMENT 

LAB 

Rewrite the ECHO program as defined by program writing 
assignment #9 

Demo ECHO program with program writing assignment #9 
added 

Students work on program assignment 

viii 



DAY 7 

INTERRUPT I/O PROGRAMMING 

Overview of peripheral I/O using interrupt progranuning 

GENERAL REVIEW 

LAB 

Students continue work on EHCO program 

ix 



DAY 8 

PROGRAM EXECUTION IN FOREGROUND MODE 

FACTOR EXEC statement with parameter passing 
Program structure. for ••foreground" mode only 
Fetching parameters in assembly language program 
Returning parameters to FACTOR program 

TESTER I/O 

Overview 
Detailed description of addressing •~short" registers 
Short registers word formats' - overview 
Detailed description of addressing ''long" registers 
Long register word formats - overview 
Genera ting tester :r/o mnemonics· 
Program writing oy class 

PROGRAMM:;t:NG ASSIGNMENT 

LAB 

Assign program writing assignment #.10 (WEIR programl 

Demo of progra1lll'ning assignment #.10 
Students work on program assignment #lO 

x 



DAY 9 

REVIEW 

Review of tester I/O 

LAB 

Students continue working on program writing assignment *10 
(WEIR program) 

xi 



DAY 10 

PROGRAM EXECUTION WITH DUAL ENTRY POINTS (FOREGROUND/BACKGROUND) 

Program structure when using dual entry points 

MISCELLANEOUS 

Examine other routines and/or techniques used in 
operating system which would be of value to user 
programmer 

COURSE REVIEW 

Review of course subjects as necessary 

COURSE CRI:TIQUE 

DISCUSSION WITH APPLICATIONS ENGINEER 

LAB 

Fini.sh any lab projects not completed and turn in to 
instructor 



INTRODUCTION 
TO 

DIGITAL COMPUTERS 
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FromAbacus to Computer 
Most of us think of the computer as 

being the unique product of twentieth 
century technology. Yet many of the 
elements which are inherent in toda¥'s 
compute.rs are centuries old. The aba­
cus, developed about 3,000years ago, 
was the firstdigital counting machine, 
Since then, many other "machines and 
engines" were developed-all of which 
led to the ultimate development of the 
modem electronic computer. Here are 
justa few: 

The Arithmetic Machine-1642 
In the seventeenth century Blaise 

Pascal developed the first true calculat• 
ing machine, using a technique which 
still is · used in modem computers~ A 
leading mathematician and philosopher 
in France, Pascal conceived his arith­
metic machine in 1642 when he was 
only 19. The machine was operated by 
dialing a series of wheels bearing the 
numbers 0 to 9 around their circumfer­
ences. 
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The Calculating Machine-1694 
Just over fifty years later Gottfried 

Leibniz, also a renowned mathemati-

cian and philosopher, devised a crude 
machine to mechanize the calculation 
of mathematical tables. His calculating 
machine was the first machine to multi­
ply and divide directly. More complex 
than Pascal's arithmetic machine, it 
was designed to mechanize. the calcula­
tion of. trigonometric and astronomical 
tables. 

The Difference Engine-1822 
This was the first of several differ­

ence engines built in the nineteenth 
century. Developed by Charles Bab­
bage, a British mathematician, it ac­
cumulated differences to produce tables 
for navigation, astronomy and even in­
surance. It was capable of generating 
tables to a 20-place accuracy. Out of 
his work on the difference engine, 
Babbage came up with the first idea for 
a computer, a machine which could 
handle any sort of mathematical com­
putation automatically. His "analytical 
engine'', although never built, included 
all those essential parts of a computer: 

\-"L 

a stored program, an arithmetic unit 
and a section for data entry and output. 

The Census Machine-1890 
Dr. Herman Hollerith, a statistician 

from Bulfalo, N.Y., solved a problem of 
major importance for the U.S. Census 
Bureau when he designed his electric 
tabulating machine in the 1880's. The 
problem was this:. at the rate the popu­
lation was growing, the eleventh censu~ 
in 1890 would be obsolete before it Wa/J 
tabulated. Hollerith's machine solve#l 
the problem by being able to tabula~e 
the massive amount of data electrically. 
The machine consisted of three parts: 
a tabulator which used a clock-like 
counting device (shown), a sorter J;>ox 
with compartments which were eJec­
trically connected to counters in 1 the 
tabulator, and a pantographic punch, 
one of the first· devices used to punch 
data onto cards. ; 

The year 1890 marks the da~ the 
first major statistical machine wa!i built 
and put into large-scale use. It ww; this 
invention of Hollerith's that lal.ll}Ched 
the information-handling revol!ftion. 
Afterward, many others followeq who 
also made significant contributions 
leading to the development of the com· 
puter in the 1940's. 
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ComputingPioneers: Partll 
In .;n earlier issue, DP DIALOG 

traced the evolution of calculating de­
vices from the abacus to the late 19th 
century. A number of readers asked 
that the story be continized. So, here 
are a f e.w more of the events that led to 
the modern computer. 

r,_:. 

ever-increasing needs of the govem­
men t, business and scientific com­
munities. To accommodate more in­
formation for business use Hollerith 
increased the size of the punched card 
itself. As his design model, he chose the 
dollar bill of the time. 

Between HlOO and 1910~ railroads 
began using "Hallerith machines" to 
ta0ulate wayaiHs. Insurance compa­
nies, with actuarial statistics to oorre­
late- and martaHty predictions to make, 
were quick to see the advantages of 
mechanical tabulation. Ans public util­
ities, with countless customer records 
to maintain, also turned in growing 
nMmliJe11s to machine accounting. More 
sephisticated methods-sueh as cost ac-
00ooth1g and sales analysis followed. 

\Vlrth the United States' entrance 
int0 World War I, the Wilson adminis­
tratiien set up a plethora 

. 

By the mid-thirties technology had 
advanced to the point that mechanical 
reading, writing and arithmetic were 
available-but separately, as individual 
functions of distinct machines. 

From the 1937 master's thesis of 
MIT student Claude Shannon came a 
way of using symbolic logic to improve 
electrical switching circuits. In one ex­
ample, he showed how to automatically 
add two numbers using orily relays and 

JIMOTO: COUlltttSY Of TH( fltfW YOllll Jll(W!J 
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BIGGEST BOOKKEEPING JOB BEGINS 

Automatic punch card sorter ( c. 1910). 

By-1890, a growing nation and its 
c::xpauumg m<luscrial economy were 
producing numbers, figures and statis­
tics in profusion. No longer was the 
census merely a matter of counting 
heads, for example. By 1890, it had 
been expanded to include statistics on 
immigt'ation, race, health, literacy and 
employment. It was clear the govern­
ment needed an efficient way to tally 
this wealth of information. 

of puibHe agencies to 
c0.ntirol bansportation, 
c0mmunication, manu­
fitcturing and distribu­
Mon. Under Bernard 
B1aru€h, the War Pro­
duction Board estab­
lislaed committees on 
commodities as diverse 
(and unlikely) as baby 
buggies, biscuits and 
crackers, and pocket­
kni:ves. To operate effec­
tively, these agencies 
nee<!led rapid accress to 
vast quantities of infor• 
matron, and thus in- This article said of the IBM collators, "They're incredible. 
stal1ed brge numbers of They do everything but take off their hats and botv." 

Herman Hollerith, a Census Bureau 
statisticiar., s0lve<l the problem with 
the first electrical tabulation machine. 
Fast and accurate, it used cards in 
which holes were punched to represent 
vital statistics. Systems like it earned 
growing acceptance throughout the 
next thirty years, although they were 
modified and speeded up to handle the 

tabufating machines. 
l3y the thirties, many large firms 

had established a "tab" department, 
but it remained for the government to 
undertake the largest bookkeeping job 
ever. The Social Security Act of 1935 
made it necessary to maintain employ­
ment records on 25 million people. To 
handle this task, a production line 
punched, sorted, checked and filed 
500,000 cards a day. · 

During World War I, the Army used punched-_card sorters in the first large-scale 
application of psychological testing. · 
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switches. Although any numbering base 
could be used, Shannon said, the cir­
cuit would be greatly simplified by 
adopting the base two. 

That same year, working independ­
ently, George Stibitz of Bell Labs built 
such an adder in his home. He called it 
the "Model K", after the kitchen table 
on which it was constructed. · 

At about the same time, \Vallace 
Eckert of Columbia University used a 
mechanical programmer to link together 
different kinds of punched card and 
accoutJting machines to allow complex 
astronomical calculations. 

Such developments foreshadowed 
manv of the advances of the next dee· 
ade. As early as 1937, Harvard graduate 
student Howard Aiken had proposed 
that a new kind of calculating machine 
be built. Jt was later to become known 
as the Mark I, the first automatic, gen­
eral purpose digital calculator. 

!lf'P '~ '?" 1'r' u t- ,, £-, ' " '; '1 :~ '.ii J 
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CONTEMPORARY COMPUTER APPLICATIONS 
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HIERARCHY OF COMPUTER PROGRAMMING LANGUAGES 

MACHINE LANGUAGE 

A COMPUTER PROGRAM WRITTEN IN THE "NATIVE" LANGUAGE OF 
THE CPU HARDWARE WHICH INSTRUCTS THE CPU TO PERFORM 
BUILT-IN HARDWARE DESIGNED FUNCTIONS. 

ASSEMBLY LANGUAGE 

A PROGRAM WRITTEN IN A "SYMBOLIC", ENGLISH LIKE LANGUAGE 
RATHER THAN THE COMPUTER'S OWN MACHINE LANGUAGE. THE 
ASSEMBLY LANGUAGE PROGRAM IS TRANSLATED BY AN "ASSEMBLER" 
PROGRAM, RESULTING IN A MACHINE LANGUAGE PROGRAM FOR 
ACTUAL EXECUTION: THE TWO PROGRAMS ARE DIRECTLY RELATED 
WITH ONE ASSEMBLY LANGUAGE INSTRUCTION RESULTING IN ONE 
MACHINE LANGUAGE INSTRUCTION WORD. SOME ASSEMBLER "DIR­
ECTIVES" WILL RESERVE BLOCKS OF COMPUTER MEMORY STORAGE 
SPACE, HOWEVER I 

COMPILER LANGUAGE 

A PROGRAM WRITTEN IN A HIGH LEVEL, GENERALLY ENGLISH 
LANGUAGE. THE TRANSLATOR, OR COMPILER, WILL TRANSLATE 
THE PROGRAM INTO ONE OR MORE EQUIVALENT MACHINE LANGUAGE 
INSTRUCTION WORDS. MANY COMPILER LANGUAGES ARE UNIVERSALLY 
ADOPTED AND CAN BE USED FOR MANY DIFFERENT COMPUTERS; EACH 
COMPUTER MANUFACTURER'S COMPILER, HOWEVER, IS DESIGNED TO 
GENERATE MACHINE LANGUAGE INSTRUCTION WORDS WHICH ARE 
UNIQUE TO THEIR OWN COMPUTER. 

\-S 
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COMPARISON OF COMPILER/ASSEMBLY/MACHINE LANGUAGES 
FOR FST-2 COMPUTER 

CQMeILER LANGUAGE ASSEMBLY LANGUAGE MACHINE LANGUAGE 
ADDRESS CONTENT 

A= l; LDA A 00500 24000600 
B = 2; ADD B 00501 20000601 
c = 3; ADD c 00502 20000602 
D = A + B + C; STA D 00503 14000603 

A DATA 1 00600 00000001 
B DATA 2 00601 00000002 
c DATA 3 00602 00000003 
D DATA 0 00603 00000000 



INPUT UNIT 

tP'U 

I TIMING! M 
E 

A M 
l 0 
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y 

OUTPUT UNIT 

THE BASIC UNITS OF THE DIGITAL COMPUTER SYSTEM 
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FST~2 COMPUTER HARDWARE FEATURES 

t LARGE MAIN MEMORY USED FOR PROGRAM STORAGE 
- USES SEMICONDUCTOR MEMORY (196K 24-BIT WORDS MAX) 
- MEMORY CYCLE TlME OF 1.75 MICROSECONDS 

1 TWO MEMORY BLISSES INTERFACE MEMORY TO CPU AND PERIPHERALS 
- EACH MEMORY BUS HAS OMA (DIRECT MEMORY ACCESS) WITH 

1 _ -"~ 16 DMA CHANNELS PER BUS 
:;1 v' - OMA TRANSF'ER RATE OF 571..,428 WORDS PER SECOND PER BUS 

• INSTRUCTION WORD MODIFICATION USING: 
- SINGLE LEVEL INDIRECT ADDRESSING 
- lNDEXING OPERATIONS 
- RELOCATION REGISTER 
- VARIOUS FORMS OF OPERAND ARITHMETIC 

t EIGHT HARDWARE INDEX REGISTERS PROVIDE: 
- INSTRUCTION WORD OPERAND MODIFICATION 
- COUNTlNG AND COMPARE OPERATIONS 

t HARDWARE MULTIPLY AND DIVIDE CIRCUITRY 

1 PRIORITY INTERRUPT STRUCTURE 
- .CPU ALLOWS UP TO 63 INTERRUPTS 
- EACH INTERRUPT HAS AN INDIVIDUAL INTERRUPT SERVICE 

RO.UTlNE. POINTER LOCATION IN CPU MEMORY 
- MULTIPLE INTERRUPTS FOR EACH PERIPHERAL ARE POSSIBLE 

\ -\ \ 
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MEMORY MANAGEMENT UNDER MASTR 
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TCSTER BUSY TE'STER BUSY EQT 

BACl<GROUNO 1 1/0 

BACKGROUND 2 1/0 

= CPU usage 

Poreground/Baekground Switching Under the MASTR Operating System 
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Software Boundaries Under the MASTR Operating System 
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THE FOLLOW I.NG DEFlN ITIOMS APPLY TO ACTION AUTOMATICALLY 
TP.:.KEN AGAINST FILES IN Me10RY · BY JHE SYSTEM WHEN INSUFFlC lEr:IT 
MEMORY SIZE EXlSTs· TO LOAD A NEW FILE. 

RELEASE - REMOVE FROM Me10RY AND. PU.RGE:MACTAB ENTRY· -
BUMP -· REMOVE.FROM MEMO.RY BUT KEEP MACTAB ENTRY 

TO ALLOW FASTER RELOAD 

KEEP - NEVER Rs.EASE OR BUMP EXCEPT WITH RELEASE 
COMMAND 

STAT - ATTACHED TO G:IVEN STATION·.· DON'T BUMP UNLESS 
TEST PLAN OR MOD FlLE. 
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ATTACH/KEEP' RaUIONSHIP 

I AT'FACHEDl ... I NOT AITACHED .. ... . .. 

KEEP NEVER RELEASE2 NEVER RELEASE 
ff) NEVER BUMP NEVER BUMP 

. 
.. 

~LY-· 
.. -··· TP/MQD3 OVLY .. TP/MOD 

B0N''T' 
Im MEYER RELEASE BUMP ONLY 

crn NEVER BUMP MEIER RELEASE RE.EASE RELEASE 
,. .. . ... . .. 

D A STATION NUMBER IN THE 'STAT' COLUMN IND I CATES THAT THE 
Gl'lErl FlLE IS ATIACHED TO THE SPECIFIED STATION. 

2) REI.EASED ONLY VIA USER RELEASE COrtiAND. 

3) OVLY • ASSEMBLY LANGUAGE F ~ G. OR B. G •· PROGRAM 

TP •FACTOR PROGRAM 
MGD • l.11LOAll · \ U1I~ FILE 
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ACCUMULATOR BUSS USES 

DATA TRANSFERS 

1. CPU selects a peripheral controller to perform a 
speci.f.ic function by transmit ting SPU instruct ion 
word vi.a the 24-bit accumu1a tor buss. 

2. When the specifi.ed peripheral recognizes it's Unit 
Address, it then transmits it's general status back 
to the CPU via the four most significant bits of the 
acc:umula t·or buss. 

3. a. If the ]i>eriphera1 i.s a non-DMA type and the general 
s:t:at\1s W•as "''trot busy" then 24-bits of data are 
p,am;a;;ll.e.1 t.ra:ns:ferred between the CPU Accumulator 
Jte;r;.d:ste.r and t:he peripheral (the direction of 
th d:a.ta. t.ransfer is determined by the individual 
&~1T6· · im:struction) • 

b. If the peripheral is a DMA type and the general 
status was not busy then the 14 least significant 
bi·t,s of the Accumulator Register are tr an.sf erred 
t.0 the peripheral' s CPI (the 14 bi ts are interpreted 
a:s a E>ata Con:trol Block address pointer - the DCB 
determin.es the amount· of data and the direction of 
tra;nsfer via the memory buss). 

ERJORITY INTERRUPT SYSTEM 

l,.. lf the Interrupt System is properly armed and an 
"interrupt" oc:curs, the 16 least significant bi ts of 
t:he Acc:umula tor buss are examined by the CPU to resolve 
interrput priority. 

2'" After "priority" is resolved and a specific peripheral 
i.s gi .. ve,n ttexclusive" control, the 6 least significant 
h>i.ts are used to transmit the interrupt address of the 
peripheral back to the CPU and are placed into the 
Interrupt Register. 

J?E,RIPHERAL 

TESTER 
DISC 
HAG TAPE 
CARD READER 
LINE PRINTER 
VKT DISPLAY 
VKT KEYBOARD 
DATA SET (COMM LINK) 
488 BUS ( I BUS) 

INTERRUPT 
PRIORITY ADDRESS 

9 12 - 21 
8 07 
7 10 
5 04 
3 06 
2 03 
1 02 

11 30 - 37 
6 40 - 43 



ME;;!ORY INTERFACE SYSTEM 

* TWO ~fEMORY BUSSES (A AND I3) PROVIDE FOR DATA TRANSFER 
EETWEEN MEMORY AND TUE CPU, OR MEMORY AND DMA PERIPHERALS 

* A DATA TRANSFER BETWEEN ME~10RY AND THE CPU (ONE WORD AT A 
TIME) IS ACCOMPLISHED BY EXECUTING A "ME?.IORY REFERENCE 
~INSTRUCTION" 

* A DATA TRANSFER BETWEE~ MEMORY AND A DMA PERIPHERAL IS 
ACCOMPLISHED BY EXECUTING AN SPU (SELECT PERIPHERAL UNIT) 
INSTRUCTION WHICH ADDRESSES A DMA PERIPHERAL. THIS CAUSES 
A BLOCK OF DATA TO BE TRANSFERRED, AS DEFINED BY A DCB 
(DATA CONTROL DLOCK), WITHOUT ANY FURTHER INTERVENTION BY 
TEE CPU OR PROGRAM 

* DATA TRANSFERS BETWEEN ME~,1QRY AND CPU /PERIPHERALS ARE 
INITIATED ON A PRIORITY BASIS, WITH THE 16 LEAST SIG­
NIFICANT BITS OF EACH MEMORY BUS USED TO RESOLVE PRIORITY 
AS FOLLOWS: 

PERIPHERAL 

DISC 
MAG TAPE 
CARD READER 
TESTER 
CPU 

\ .. ?,_\ 

MEMORY PRIORITY 

12 (high) 
8 
5 
1 
O (low) 
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FST;..2 COMPUTER OVERFLOW CONDITIONS 

DEFINITION: 

The OV indicator will be t.urned on at the CPU front panel 
when executing an arithmetic instruction (i.e. ADD, DADD, 
SUB, DSUB, MUL, DIV, AOM, SOM) which causes an "arithmetic 
everflow" in the accumulator or a core memory location. 

An "arithmetic overflow" is one in which the arithmetic 
ope,ration attempts to produce a number whi.ch exceeds the 
maximum positi.ve or negative value allowed by the FST-2. 

EXAMPLES: 

1. Valid overflow conditions: 

37777777 
+ 1 

40000000 

4:0000000 
- 1 

37777777 

NOTE: In the above examples, the maximum positive or 
negative valu.es allowed by the CPU were exceeded 
and a sign change occurred. 

2. Non-overflow conditions: 

77777777 
+ 1 

00000000 

00000000 
- 1 

77777777 

NOTE: In the above examples, even though a sign change 
did occur, the resulting answer did not exceed the 
ma.xi.mum positive or n.egative numbe.rs allowed by the 
FST-2. 

\-'l.4 



CREATING AND EXECUTING 
ASSEMBLY LANGUAGE PROGRAMS 

UNDER MASTR 

BACKGROUND EXECUTION CVlA A MASTR KEYBOARD COMMAND) 

I 

1. *JOB 'USER' 
2. *COPY CR '*NAME' 
3. *ASM '*NAME' '=NAME' LIST LP SYM XREF 
4. *'CREATE 'NAME' COREIMAGE '=NAME' 
5, *NAME (PARAMETER LIST) 

FOREGROUND EXECUTION <VIA A FACTOR 'EXEC' STATEMENT) 

1. *JOB 'USER' 

2. *COPY CR '*ALP' 
*'ASM '*ALP' '=ALP' LIST LP SYM XREF 
*CREATE I ALP I CORElMAGE '=ALP., 

3. *COPY CR '*FACTOR' 
*COMP I LE I *'FACTOR I I FACTOR' LIST LP XREF 

4. *LOAD 'FACTOR' STATN 

5, *START STATN 
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GT ta LT BE ov 
TIF TOF TEX 

I 
TEX TV 2 

0 () 0 <a -o 

23 22 21 20 19 . 

CONSOLE SWITCHES 
I 2 3 4 5 6 

1111·1.l I 

It;N 
IEN 
~ 

18 

LOA LOP LDC. STW EXM 

DDDDD 

x·· __ . 
0 0 e. 

F 

DBU DER MTB 
0 0 0 

17 16 15 

START . .STOP. IER/PER o o · ·o 

t OPERAND 
€) 

~. . P-COUNT 
I 

MER INF I 2 3 4 5 6 7 8 
0 0 0 e f) 0 G 0 0 G 0 0 () 0 0 

14 13 12 f I 10 9 8 7 6 5 4 3 2 I 0 

LOAO LOAD 

r~irJrlo o 
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N 
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PAERR LKC 

00 

S XO X1 X2 

R )(3 

P X4 

XS 

X6 

A E Lt<C X7 

(Center) 

Cl ~.v·.s·.· 
CJ~ @ 

EXT 
SYNC 

POWER 
ON 

00ff 
Left Right 

c 
p 

s 

[ -- OPERAND RUN FST1l OPCODE x I 

GT EQ LT BE OV IEN 0 00 0 P-COl)NT 0 0 
(Ttf T.OF TEX1 TEX2 TV IEN DBU DER MTB MER INP 1 2 3 4 5 6 7 e] 
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23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

L I r I I .n:: LI I I I I I I I I H 11 I I I I 
LDMT 

CS1 CS2 CS3C~4 CS5 CS6 LDA EXM STW STOP RST LOP LDC Ll?CR f START FST2 PD WCH CLU SMC SIC 

[I 11111111111111111111111 J 
Center 



THE STORED PROGRAM CONCEPT 



1 200 
2 106 
3 5 
4 1 
5 Place new cards in holes l, 2, and 3 
e Erase slate, write number from card 1 
7 Multiply by number on card 2 · 
8 Roun.d off answer two places 
9 Repface number on card 1 with number from slate 

10 Erase slate, write number from card 3 
11 Subtract number on card 4 
12 · If i:ies·t:tlt is zero go to card 15 
l3 Write number from slate on ca~d 3 
14 ·Go back to card 6 
15 RemoYe cards 1, 2, and 3 and sa'te for boss 
16 Go back to card 5 



~7i8i9 _____ _ 

PERFORM 
ARITHMETIC 
ON CARO 2 

10,11 ___ .._ __ _ 

SUS'l'RACT 
ONE FR<!lM 

CARO 3 

SAVE 
SARl!}S 

I; 2., AND 3 

'l.-3 

NO 



LOCATION 

1 

2 

3 

4 

s 

6 

7 

10 

1l 

12~ 

13 

14 

15 

16 

17 

20 

21 

22 

CONTENT 

xxxx 
x.xxx 
xxxx 
0001 

READ CR 3, 1 

L.S 24 

LDAl 

Mil!JL2 

SR2 

SITA 1 

ts 24 

LE>A 3 

SUB4 

BZ2l 

STA3 

BRU 6· 

WRITE LP 3, 1 

BRUS 

') ) I 
-.- ~ 

COMMENT 

Principal Temp Storage 

Interest Rate Temp Storage 

Term of Loan Temp Storage 

Read 3 Cards and Store Contents Beginning 
In Location 1 

Clear Accumulator (Lo g i ca 1 Sh i ft 2 4 ) 

Load A From Location 1 

Multiply By Content of Location 2 

Shift Right 2 Places 

Store A in Location 1 

Clear Accumulator { Logi ca 1 Shi ft · 24) 

Load A From Location 3 

Sub Contents of Location 4 

If AC= 0, Branch to Location 21 

Store A in Location 3 

Branch Unconditionally Location 6 

Write Contents of Location 1,2,43 On Line 
Pr:in·ter 

Branch Unconditional to Location S 



----------·--- -·--------- -----------
LABEL 

PRIN 

INTRAT 

TERM 

SUBYR 

INITAL 

NEXT 

INSTRUCTION 

xxxx 
:xxxx 
xxxx 
0091 

READ CR 3, PRIN 

LS 24 

.EJl)A; PRIN 

Mtt!ILINTRAT 

SR2 

Sq'APRIN 

l.iS 2 4 

LDA TERM 

SUB SUBYR 

B!ZANSWER 

STA TERM 

B'R!UNEXT 

ANSWER WRITE LP 3, PRIN 

B:RU INITAL 

'2..- 5' 



REL 
FWORD DATA 

TEXT 
DATA 
DATA 
DATA 
BS·S 

RSENT PZE 
B.RU* 
BSS 

RLENT PZE 
B'RU* 

BGENT PZE 
BRU 

FGENT PZE 
BRU* 

* 

0 , 

'ANAME' 
77B 
'l. 0' 
LWORD~FWORD 
6 
0 
RSENT 
2 
0 
RLENT 
0 
BGSTRT 
0 
FGENT 

n4.··rA I'\ J.Jn ·n t. 

PROGRAM NAME 
DEFINES GENERAL OVERLAY 
REVISION NUMBER 
PROGRAM SIZE 

RELEASE ENTRY POINT 

BACKGROUND ENTRY POINT 
BRU TO START OF BACKGROUND PROG 
FOREGROUND ENTRY POINT 

TEXT '10/17/79' PROGRAM RELEASE DATE 

BGSTRT ,BSM 
NEXT CLA 

LIDA 
MUL 
S·R 
SL 
STA 
CLA 
LIDA 
SUB 
BZ 
STA 
BRU 

ANSWER BSM 
BRU* 

READ 
0 
PRIN 
rNTRAT 
2 
2 
PRlN 
0 
TERN 
SUB YR 
ANSWER 
TERM 
NEXT 
WRITE 
BG ENT 

BRANCH TO READ SUBROUTINE 
( 

CLEAR ACCUMULATOR 
LOAD ACCUMULATOR WITH PRINCIPAL 
MULTIPLY BY INTEREST RATE 

STORE NEW PRINCIPAL 
CLEAR ACCUMULATOR 
LOAD "A" WITH TERM OF LOAN 
SUBTRACT ONE YEAR 
BRANCH IF TERM OF LOAD COMPLETE 
STORE NEW·TERM 
COMPUTE INTEREST FOR NEXT YEAR 
BRANCH TO WRITE SUBROUTINE 
EXIT PROGRAM THRU BACKGROUND ENTRY 



* "READ" SUBROUTINE 
READ PZE 0 ENTRY POINT TO READ SUBROUTINE 

I 

BHU*· RK~D EXIT READ SUBROUTINE 
* "WRfTE" SU:BROUTI NE 
WRITE PZE 0 ENTRY POINT TO WRITE SUBROUTINE 

I 

B1RU* ',, WRITE EXIT WRITE SUBROUTINE 
* 
PRIN DAffA:; 0 PRINCIPAL TEMP STORAGE 
INTRAT DATA 0 rNTEREST RATE TEMP STORAGE 
TERM DATA 0 TERM OF LOAN TEMP STORAGE 
SUBYR DATA 1 

* LWORD EQU * 
* END END OF PROGRAM 

')...-1 



BASIC ASSEMBLY LANGUAGE PROGRAM LAYOUT 
<BACKGROUND OVERLAY) 

REL 
* EQUATE TABLE - IF USED 
CSl EQU 12R 

I 

* 22-WORD HEADER 
FWHRD DATA 0 

I 

BGENT PZE 0 
BRU BGSTRT 

' 
END OF HEADER 

* START OF PROGRAM MAIN BODY 
BGSTRT LDA · N 

lo 

BACKGROUND ENTRY POINT 

BRU* BGENT BACKGROUND EXIT 
* END OF PROGRAM MAIN BODY 
* SUBROUTINES - IF USED 
NAME PZE 0 SUBROUTINE ENTRY 

' 
BRU* NAME SUBROUTINE EXIT 

* END OF SUBROUTINES 
* DATA TABLE - IF USED 
DlOO DATA 100 
0100 DATA lOOB 
UfORD EQU * 

END END OF PROGRft,M 
2. - -g 
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m'ORY REFEFENCE INSTRUCTIO't 
OPERAND r'ODIFir.ATION FLCMCHART 

ENTER 

NO 

ADD CONTENTS OF INDEX 
REGISTER TO OPERAND 
FIELD (BITS 17 - O) 
r;N COMMAND REGISTER 

CLEAR INDEX REGISTER 
FIELD IN COMMAND REG. 

NO 

YES 

YES 

REPLACE COMMAND REGISTER 
OPERAND FIELD (BITS 17 -
0) WITH CONTENTS OF 
MEMORY LOCATION (BI TS 
17 - 0) SPECIFIED BY 
CURRENT OPERAND FIELD 

EXIT 

1-- \ \ 



START 

LOOP IDE* 
BSM 
A©M 
LDA 
CA:M 
BL 

{ 
BRU 
ORG 

POINTER DATA 
STOP DAT:A 
':CABLE DATA 

} 
FIND 

* 

INDI'RECT ADDHFSSING 

POI:NTE:R 
OlJTPUT 
P01INTER 
PCMNTER 
STOP 
LOOP 

START 
tOOOB 

·T'ABLE 
'EABLE+9 

.CALL OUTPUT SUBROUTINE 

.. l:.O' 20' 30 ,.40' 50 '60' 7'0' 80' 90' 100 

'l.-\"Z.. 



INDEXING 

BEGIN LDX 1.0 
LDX 6,10 

LOOP LDA 
B$M 
Al'X 
BL 

~ 
BEtU 

OUTPUT PZE 

\ 
BRU* 

* 

TA.BLE.7 
OUTPUT 
7', 1 
LOOP 

MAINPR+l 
0 . 

OUTPUT 

CALL OUTPUT SUBROUTINE 

START OF OUTPUT SUBROUTINE 

END OF OUTPUT SUBROUTINE 

* OTHER SUBROUTINES LOCATED HERE 
* ORG 
TABLE DATA 

! 
END 

lOOOB 
10,20.30,40,50,60,70,80,90.100 
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FST-1 INSTRUCTIO:'i SUMMARY 

DATA TRANSFER INSTRUCTIONS 

LOA ( * ) M (, X ) 
LD E ( *) M ( , X ) 
EXC 
OLD(*) M(, X) 
LDX(*) X,M 
LXA. X 
LAX X 
STA(*) M( ,.X) 
STE(*) M(, X) 
OST(*) M{, X) 
S.TX (*) X, M 
RSR 

Load A from memory 
Load E from memory 
Exchange contents of A and E Registers 
Double 1 oad A & E from memory 
Load X with value of memory address (content of 
Load X from A address if indirect) 
Load A from X 
Store A in memory 
$.tore E. i·n memory 
ID@ui!>l e store A & E in memory 
Stere X in memory 
Read Switch Register into A 

ARI THMEJ IC I NSTRUCTlONS 

AIDQ(*) M(,X) 
DADD{*) M(,X) 
SUB(*) M(, X) 
OS UB ( * ) M( , X ) 
MlJL(*) M(,X) 
O'IV(*·) Mf, X) 
ATX(*) X,M 
AOM f*) M ( , X ) 
S.OM( *) M(, X} 
TCA 
OTC 

SHI FT I NS TRUCT IONS 

SR J (, X} 
DSR J (, X) 
LS Jf,X} 
LOS J (, X) 
SL J(,X) 
DSL J(,X) 
SA J{,X) 
os,A J(, x > 
DSN J.(, X) 

LOG I CAL INSTRUCTIONS 

A ND ( *) M ( , X ) 
OR(*) M(, X) 
EOR ( *) M ( , X ) 
RUM(*) M(, X) 

AEIEI M· to A 
Oes>w1ble a:dd M and M+ 1 to A and E 
$,uh>·tract M from A 
l!l'G,uib 1 e subtract M and M+ 1 from A and E 
Mli.!Ttiply M x A 
OtiVi de A and E/ M 
Aeh:l value of memory address to X (con tent of 
Add one to M address if indirect) 
Suh>tract one from M 
Twe complement A 
Deuble twos complement A and E 

Shi ft A Right (arithmetic) 
IDeuble shift A and E Right (arithmetic) 
S hi ft A R i ght ( 1 og i ca 1 ) 
Doub 1 e Shift A and E Rig ht ( 1 og i ca 1 ) 
Shi ft. A Left 
f!)E)ubl e Shift A and E Left 
S.hlft A around 
Deub le Shi ft A and E around 
Deub le Shi ft Norma 1 i ze A and E 

AND A with M 
Inc 1 us i ve OR A wi th M 
Exe 1 us i ve OR A wi th M 
Replace Under Mask (M masked by E) 



STATE CONTROL INSTRUCTIONS 

SST O,l,2,3,4,5,6,7,8,9 Set State 
Interrupt Enab 1 e 
Reset State 
Interrupt Disable 

I EN 
RST O,l,2,3,4,5,6,7,8,9 
IDA 

TRANS FER OF CONTROL (BRANCH) INSTRUCTIONS 

BOS K, M 
BAT K,M 
BOI K,M 
BSM(*) M(,X) 
BRU(*) M(,X) 
BSZ(*) M(,X) 
BAH(*) M(,X) 

B'nunch on State to M 
Branch on A Test to M 
Branch on Indicator to M 
Branch and Store Return at M 
Branch Unconditionally to M 
B:ranch and S-tore Return at Zero 
s·ranch to M and· Halt 

MJS C ELLAN EOUS I NS TRUCT I ONS 

CAM(*) M ( , X ) 
N.ti)p 

C.©.lilll!,:):a,re A wi th M 
No e:19,erat ion 

FST-2 INSTRUCTION SUMMARY 

All of the above instructions except BSZ 

Also incl.udes the following n.ew instnuctions: 

GLA 
LRA 
LAR 
ST Ml 
STM2 

Clear the Accumulator 
Load Relocation Register from Accumulator 
Load Accumulator from Relocation Register 
Set FST-1 mode 
Se:t FST-·2 m0de 
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BRANCH ON ACCUMULATOR TEST 

----~BA_T~--J.l_11~l11s~l_14~1~~~-0P_E_RA_N_D ________ __j 

'---v---J 

K 

1 
2 
3 
4 
5 
6 
7 
10 
11 
12 
13 
14 
15 
16 
17 

K 

Bl? = POSITIVE ACCUMULATOR CEXCLUDES ZERO CONDITION) 
B16 = ZERO ACCUMULATOR 
B15 = NEGATIVE ACCUMULATOR 
B14 = ODD ACCUMULATOR 

SPECIAL MNEMONIC CONDITION 

BO OIDD 
BN NEG 

NEG/OBD 
BZ ZERO 

ZERO/ODD 
BNZ ZERO/NEG 

ZERO/NEG/ODD 
BP P@S 

POS/OtlD 
BNEZ POS/NEG CNOT ZERO) 

POS/NEG/ODD 
BPZ POS/ZERO 

POS/ZERO/ODD 
POS/ZERO/NEG 
POS/ZERO/NEG/ODD 

ASSEMBLER FORM 
BAT K,M OR SPECIAL MNEMONIC 

BAT 6,500B BRANCH IF ACCUMULATOR ZERO OR NEG 
BNZ SOOB BRANCH IF ACCUMULATOR ZERO OR NEG 
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BRANCH ON INDICATOR 
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B.17 = GT <GREATER THAN) 
B16 = EQ <EQUAL) 
B.15 = LT <LESS THAN) 
Bl4 =, BE <BIT EQUAL) 

SPECIAL MNEMONIC 

BJB:c 
Bt 

BE 

BLE 

BG 

BGE · 

CONDITION 

BE 
LT 
BE/LT 
EQ 
EQ/BE 
LT/EQ 
EQ/LT/BE 
GT 
GT/BE 
GT/LT 
GT/LT/BE 
GT/EQ 
GT/EQ/BE 
GT/EQ/LT 
GT/EQ/ LT /BE 

ASSEMBLER FORM 

BOI K,M OR SPECIAL MNEMONIC 

BOI 6,SOOB BRANCH IF COMPARE WAS LT OR EQ 
BLE SOOB BRANCH IF COMPARE WAS LT OR EQ 



PERIPHERAL l/O - OVERVIEW 
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v> 
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f) 

OP CODE 
(06) 

Cf COf£ 
(06) 

~'--~~~~--~~~.,--~-

CPU I 
XFl:R 

CONTROL 

PERIPHERAL COMMAND 

I rn =.. \\RITE 
~=READ 

_fO = NO DATA X. FER 
~· = DATA XFER 

~EAD 
1WRITE 
j?ENERAL STATWS 
t.:ONTROLLER STATUS 

UNIT ADDRESS 

020 VKl 
021 VK2 
030 VPl 
031 VP2 
040 CR 
060 LP 
070 DISC 
100 MAG TAPE 1 
101 MAG TAPE 2 
120 TESTER 
13x DATA SET 
14x 488 BUS 

FST-2 SELECT PERIPHERAL UNIT INSTRUCTION WORD CONFIGURATION 



ACCUMULATOR BUSS USES 

DATA TRANSFERS 

1. CPU selects a peripheral controller to perform a 
specifi.c fun.ction by transmitting SPU instruction 
word via the 24-bit accumulator buss. 

2. When the specified peripheral .recognizes it's Unit 
Addre·ss, it then transmits it's general status back 

. t.o t:he CPU via the four most significant bi ts of the 
accumulator buss. 

3. a. If the peri:pheral is a non-DMA type and the general 
s•tatu's was •not busy" then 24-bi ts of data are 
p'3i.ra.Ile1 transferred between the CPU Accumulator 
Register and the peripheral (the direction of 
the data transfer is determined by the individual 
Sl?U instruction). 

b. If tl:ie peripheral is a m.Li\. type and the general 
status was not busy then the 14 least significant 
bits of the Accumulator Register are transferred 
to the periphe.r.a1' s CPI (the 14 bits are interpreted 
a:s a Data Control Block address pointer - the DCB 
determines the amount of data and the direction of 
transfer via. the memory buss). 
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INPUT/OUTPUT I~STRUCTIONS 

···---·--·-····----·-··--·-·------------·------·--------·-~------ .. -------·-·---·---------·----
~· 6 C tC.CP~ T iHJt.. FI C.t. C) :--:u {UM£T 0£v1cE c~~!J: 

........ , .. ---------------·-·-·--·---------·-··--·---.-·------·-----,-------.. ··---·-----·---s IT'S 2 3 (6D.,..T6t B 7 r; 
A=l HE.ANS TRANSFE.R BETIOEEN AC.CUl1U.LATO~ P.fGISTO:P. A~O A.CC. 8US 0 

R=l MEANS OIRECT!.O'N oF na:...sf.Eq IS F·Rl5M ,;..cC.t-l'::i TO 1;.cc.1•1t;G. 
TH·ER:EFORE Af:l·=10 IS 11 i11RlTE" AND AR=l 1 IS "PE .t0'', 
(EXCEPT IN DM'A 1'10DE) • 

INSTRUCTIONS FOR THE Vl(T (VIOE:) l<EVEIO.H<!'.1 OYSPLAY) 

OESCRIPTIO.N OCTAL. COiJE ASSF.:tH'it.Y MNE!'IO~HC 

KEYBOARD STATUS TEST ••• ~.·~·••••• ~6 QI~ A0 2" STST nra 
RElO S11"TOS, REfoOlRO ., ....... ,, ...... f;'6 61 14 :!'~ "'·.>S ~H9 
READ KEYBOARD OA T,A ·-· ·-·-·'· ·~· ···-· .. ' 0!6 60 14 2~ ' Q•JTT 2~R 
Xkf ERRUPT PRIGRITV ON .. ~· ., ..... •·. 0t> Vi 1 :.h; c'i I" ;Ji.. ?. i>.B 
lNlERRUf'T PRIORITY f!FF ···-···-···• ..... 06 r.1 1~ 2!'1 POFF 2ClS 
INTERROPl P RI.OR"IT Y C.oMP(El E •·•r• •'•' eo e.-.~1 Hi 2!J ? C:.OF+i- 206 

YkT SC RE ER ShTOS TEST .. ···-· ..... i!\o ?..~ 0~ .>ti ST ~,,r 3~~C! 

REAO STATUS, VKT SC.~EEN .... •·• ... ~6 61 14 3:1 ROS 3!'1'3 
WRITE oATIO ro Vi<.T sCRt:Efll ....... ·-· ~() 42 µ ,, >:< ~~ ! 1 ~:?,-.-. 

!NTEP.RfHlPT PRIORITY ON ·-· .......... 0'6 ~) 3~ 3!'1 PON 3:;11'1 
l.NTC.RROFIPR IOR lTY GFf' . .•....... ~6 ~·1 rn 3:51 Ptli-F ..,:,b 
lNTERRUPT PRIO.P.ITY COHPt.ETE . ·-... 06 ~'"' t~ 3~ FCur1F' 3!':b 

1.NSTRUCT IONS FOR L. I 'IE PRl~TE~ 

LINE PRINTER STATUS TEST•·•.•••·• •• 11115 ~? ?~l ti"' •! STST 6~18 
--~-i<11'T-"t'o L.lNE PRINT-CR ............. ll!o 42 14 ~v~ "'~IT 6!-'t :! 

l1'TERRIJPT PPIORITY CN .. ·- ·- ., ....... ~s i:; t 3~ ~~ .. ?:h i; ~ "! 
Ir.TeRRUPT PRIORITY OFF . .......... ,. ~6 ~\ rn 6(l P•lFF ""),ti 
INTERRUPT PRIORITY COMPL.ETE •••••• ('15 ~:'(! HJ t.r. ?COl"'.P 6·11::, 

lNSTRU.CTIO~S FOR CA°RO ?.EAOE.R 

CARO READER STATUS TEST •••.••••••• tro ,,.,. (' iJ 4t'I STST 401::3 
RE.AO STATUS FROk C,REAOER.~•••••• t;;5 5t 14 4(' R!'.lS 4?'~ 

-ERROR TEST ST/.-fiiS-FROM C.l<EADER •• ro ·~ l "" ltJ't_' (~ E.iST 4~~ 

READ 6IN.\RY CARO···~············· ~6 4~ J 4 4•? ;;n 4~9 

RE°io1i1iT1::-t:RTrH'-c A-~ro; ••••••••••••• 06 4~ 311 "~ ~;:; D 4Me 
INTE~RIJPT PRIOPITY ON ••••••••••• • P! I) ('!! 3~ 4~ Pr:HJ 4"' t: 
I~TERRUPT PR I OR lT Y oi: F. • ••••••• ~. e5 41 l~ 4 ;' ?DFt' 4~6 

!NTf.RRU!'T PRIORl'TY COMPLETE •••••• 06 ~:~ t0 t0 Pco•~P •H~i3 

lkSTRUCTIONS FOR DISC MEMaRV 

DISC ST-.:.rus lEST ................. r:s '~~ !>.i 70 $TSi 7?-;; 
READ STATUS FROM orsc ••••••• ~···· ~5 fil 14 7~ ~~s 7~B 

--...,A_,.1.. .... 1,.,..-r~·R1• A n~·-s1"1.'l'umi:rFronTcT'A$ .t. > •. e-...,e~t\~. -f:l~1~3~-.::-1~r~. ----:. ~~.,..;_:"""s-=7..,.~ ...... 3----------
·. 
- . > .. ~. :'; .• ... · . . :'.~ 



·- - ... -- - .. -· - .. ---· 

ERRo-nE~T ST,\ i'us FRO!-\ otsc •••••• l'l6 Ii) 1 ~0 70 !:.TST 7i>d 

REAtrOITl FROM otSt •••••••••••••• ,,0 41.\ f 4 7r. ... i) 7,7 c) 

WR?TE OATA TO DISC ••••••••••••••• Dl6 4~ 14 7!". .iRIT 71'16 
READ OISC, lNhl8IT OA f A •.•.•.•• " ••••• (fo 4 (' 34 73 A4!.J 7-~c 

l.hTERROP T PR 1 O'R lTY OH••·•••••• •. ••• P6 (.\ 1 30 Hi Pm.i 7 P'::' 
1.NTERRUPT PRIORITY OfF •• •-• •·•. •·• •·• IHS ~1 l~ 1~ POFF 7 !":; 
lNTERrWP1 PRIORITY COR·P(ETt:. ••••.•• f\6 !?. r. HI 7 r. PCQi'IP ,,~b 

lKSTROcfIOFJS FOR HAGNET!c rAFE OrJl t 

REWIND HAG. TAPE~················ ~6 ;.,0 ¥115 l'I'~ wi:: ... :i:.111n 
tAPE UNI f ST110:;:, res r • •.••.•.•••••.•.• wo :~~ M it:." STSt 1 ~Je.;:; 
READ S'HTUS FROt4 TAPE l:!.N IT•······· ••• ~};5 61 \5 >"C P!)S 1 ?tl 'i 
ERROR tESf STATUS FR'OF."I APE 01111 T. u() ~1 ,.~ 1 ~·~!1 t. I ST 1 t~ e·B 
READ MAR FROM TAPE INiERFACt: ••••• ~6 61 17 ~,~ REwC 1 P.ti'S 

W'fHlE RECORD ro TAPE ••• ~··- ••.. •·•·•·•.,._. 9.'6 42 15 "'Vl ;.;!:! IT tr'"~~ 
wRIIE CEAObc, ll+EN IH~C'lJRL1 • •. • • •• • •ro 4c-i 15 ,'H\ ::>k"'R i \•l i· :I 
w.flnE G.AP ANO Ti\PE h:A·R !( ., .• _ • •.•. •- •· •. •-. '116 rt,!i t.5 0~ ~ P.1 Tt1 ir.~:3 
REA.O Rt:. CURO FRUH I· 4,p-f •·-• •- •. • •.• -•• •·•. V.•6 ::>? 15 ti t-1 "1) I l }1 :· ·.i 
Rf..A.O RECORD, It-..tHBIT O·A. T'A •••• • • • • -. r.5 4~ 1 5 ~r, I.ROT 1 !~?~ 
AOVANi..t:. lAPE ONE RE C.0-RO •- ., ••• • •- •- • • a., i? '.~ i 5 t'V 14~iid?' r•,..;. _ _._., ... 

- REW IND TAPE OH RECORD ••••••••••• Ii:' ti '" 1 !:i "'"' ;<:;i< !Pij 1 ;>(.' 8 

i AoV:UlCE TiWE lO TAPt M A.il(,p:. ••• ·- ., •• ~ ~6 ~· :a L::i ~i? Fs11.1,..~ l ~~ :>,., 

i RHINO TO TAPE M·A-R K • • •"-•"• • • •. , • •- •. • • \"!6 ~5 15 00 FSK!Pi:J 
.! 

-:: 
INTERRUPT PRIORITY ON •.•••••••••• • (·~6 "?. 15 .,)>; PON lli'~Q r -
IN Tl:.'"RRl;l p t--P'"R"ftn:rrrrciFF ••••••••••• Cl't' 46 b ~;; P~iF F l'1V,b 

INTERRUPT PRIORITY COMPLEIE. ••••• tH5 00 11 t':r PCO~'.r lWMi 

OEflNITlON OF PRlORin' SCHt:~·E-LEVE:lS 

PERIPHERAL U~lT PER l P11ER Al. INTERRUPT !)IJlE~~UPT ~E~~o~y 

A:Oc:>RESS. AO'ORESS. PRlORlTY • ?P.IOR!TY 

KEYBO~~O 2.0 0'2 t:LOl'IEST t"0·"'4·~ 

SCREeN 310 ~CJ 2 r-«0~,E 

CARO REA.DER 4~ 04 5 5 
L.lNE PRINTER ():il!) ":6 3 NO~E 

OlSC MEMORY 71~ !f\•7' 8 12:Hlt:4F:ST 
IHGNETlC TAPE t>11 Hll'0 1 r. 7 9 
MAGNETIC TAPE 1:12 1~1 11 6 B 
TESTER 120 V~RlASLE Q:HlGHEST 2:LO~ESi 

.. 
-·-



NON-DMA PERIPHERAL 1/0 



. . . . . 
~- - ---- _.;_ ___ -~ . 
i 

_; . 
! 

J 

i ' .. 

+··-

·-+ ! . " . ~ 

l 
; . 

.! 

' 
--t -~ -- ·-i --- .. t -- ; .. _. ~ - -~---·---.l 

: - 1- +- -·t --\ --+- -~- -; . _: 
I 

• I ' < . -- i ... : ·- -i 
i 

' i • -- T ·-·~ · ·-1 ~ .... ~- - --

\l>Ce 
i 

\ t>1....E ~rrtt , ~R.aR. 
eu~.y 
t".tQT :~\J·PrU .. ~SU::° (orF : l;..\t4£). 

. . 
l ·+· - : ' . 

' . . . . 
--r-- ~---"- --~ j ____ .: __ . ·i· _ ! \,~,sTRu~notll 

i i ! 

R~e~rotR.E ~h\M~~y i ___ J_ 
; 

_LS~"\ . [1ff B '. _ 
.. 

. ; ~ 

---r- ·-· -- ---·---
' I 

.. .. -! · I ~~s,: I'--'& ; 
t ? j I 

; R~TI ~ 'l-t> e 
i 

' 
- ~-- ·- ..1 

! V:ce.3> : 1~ &: 
. -· 1 -·· .. 

~- j - . .. ·; -f 
' . I ' 1 

~~N '. ~f>i' 
~FF. ?..~B . 

. ~COM~ :~,,!>'. 
I 

--1 

! ' 
~ . i 

___ '. ~£er'S> ~N~AC..: ~A~O~ . l ~ .: .... ______ ..... 
: ~e~ ! C.oNtRo 1.~E~ ~'T"'"-cos· 
; ·' ! i { i ; ! - 1 ' 

-. I ! ; ! , . : , ! : 

'"»f\TPr ~F~: rR.OM . '('e'f BCFTA.~ :B~rFeQ...· 
: :To; : PtC:c..\,)N\\l..~\oR, , . . 
'.~F~ P~P~ T~C: c.~~T~,O< To .l<a'tBCAAl;>_ 

i~urFe.R Tttt!N Ptt>\l"NC.E Tf'R~ 
E>Nc' c~~:re.~ ·· ; ; 

l t 
•· 



EXAMPLE #1 

EXAMPLE #2 

EXAMPLE #3 

INPUT EXAMPLES FOR VKT KEYBOARD 

RDTT 20B READ KEYBOARD 
BL *-1 BUSY? BRANCH IF YES 
SJA BUF NO - SAVE CHARACTER 

RDTT 20B READ CHARACTER 
BOI 3,*-1 BUSY OR NOT AVAILABLE? 
STA BUF NO - SAVE CHARACTER 

) 
BSM INPUT CALL INPUT SUBROUTINE 
STA BUF SAVE CHARACTER 

l 
INPUT PZE 0 SUBROUTINE ENTRY 

ROTT 20B READ CHARACTER 
BOI 3,,*-1 
BRU* INPUT 

\ 



ROUTINE TO DEMONSTRATE CHARACTER PACKING 
(4 CHARACTER PER WORD) WITH NON-INTERRUPT 

TTY INPUT OPERATIONS 

0240 DATA 2408 ' 

ROTT 208 
BL *-1 
SUB 0240 
SL 6 
STA TEMP 
ROTT 2.0B 
BL *•l 
SUB 0240 
OR TEMP 
SL 6 
STA TEMP 
ROTT 208 
BL *-1 
SUB 0240 
OR TEMP 
SL 6 
STA TEMP 
ROTT 208 
Bl *-1 
SUB 02408 
OR TEMP 
STA BLOCK, 7 

Read first character 

Convert ASCII to TRASCI I 

Read second character 

Read third character 

Read fourth character 

Store 4 character word in memory 
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EXAMPLE #1 

EXAMPLE #2 

EXAMPLE #3 

OUTPUT EXAMPLES FOR VKT DISPLAY 

LDA CHARACTER 
WRIT 30B 
BL *-1 
LD'A NEXT 

LD:A CHARACTER 
WRIT 30B 
BOI 3,*-1 
LDA NEXT 

~ 
LDA CHARACTER 
BSM OUTPUT 

) 
OUTPUT PZE 0 

WRIT 30B 
BOI 3,*-1 
BRU* OUTPUT 

) 

OUTPUT CHARACTER 
BUSY? BRANCH IF YES 
NO 

OUTPUT CHARACTER 
BUSY OR NOT AVAILABLE? 
NO 

CALL OUTPUT SUBROUTINE 

SUBROUTINE ENTRY 
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COMPARISON OF DATA TRANSFER METHODS 
DMA vs NON-DMA 

NON-DMA TRANSFER OF DATA BLOCK 

LAST EQU STOP-START 
LDX 1,0 
LDX 0,LAST 

Xf ER LDA START,1 
WRIT xxB 
Bt *-1 
ATX 1,1 
BE EXIT 
ERU XFER 
B:llU LUNCH'-' 

* 
START DATA 1 

STOP DATA 100 

DMA TRANSFER OF DATA BLOCK 

LAST EQU STOP-START 
LDA r)'cB~ADDR-Po INTER-LOCATION 
W:RfT xxB 
BL *-I 
STST xxB 
BL *·-1 
BRU COFFEE 

DCB DATA DCB-ADDR-POlNTER 
DATA BLOCK-SIZE 
DATA MEMORY-ADDR-OF-FIRST-WORD 



1/0 TO DMA TYPE PERIPHERALS - SIMPLIFIED 

LDA DCB-ADDR-POINTER-LOCATION 
WRIT xxxB 
BL *-1 J 

LDA DCB-ADDR-POINTER-LOCATION 
RD xxxB 
BL *-1 

BRU* BG ENT 
* CRDCB DATA DCB-ADDR-POINTER 

DATA WORD-COUNT 
DATA MEMORY-START-ADDR 

* DSKDCB DATA DCB-ADDR-POINTER 
DATA FILE-LENGTH· 
D'ATA MEMORY-START-ADDR 
DATA TRACK-SECTOR-ADDR 

* MTDCB DATA o:cB-ADDR-PO INTER 
DATA W0RD-COUNT 
DATA MEMORY-START-ADDR 

* 
END 



CARD READER I/O EXAMPLES 
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BEGIN 

COtll!AO 

t,OA 
ITA 
Sf'X 

ITA 
R:oa 
t;J:u 

''"" set. 

3,1 
11371718 
!t;.OCK t 
CONS TN-
3, C.A~09 
CARO! 
STA·Ot 
4,09 
l'Otfl!IT 
4·88 
~ ....• 
•e'! 

a.ex 3.,,w•t 
eie,z ., , •··• 
8" tJ 91;,A SH l 

,O?NT DATA LG.f'AD AOOR!SS Of' L!NGTH 0, '!t..! 
--L-«i.Ofl"~"""'o---.... C .... A""'·Ti-.•-· --2·1--__.2 ... 0-2 ...... --..... "'""'I"""T-•~o-&Rftoo•s---11 !P19'.....,C""ArlRHO ___________ _ 

STA01 llUTA fl START 4DOR!SS tN COR! FOR !ACW CARO 
St;&Sllrll tOl !LOCICt,3 

t»\ST 

LOAOM 

tUtcU,. 

C;A1M S:f.,,A S:H 

lltDl 
OSL 

s~u 
L.OA 

C.Q.pqtS TN 
01G:I· A·O R 
0, :a 
t ,1 

, 
81..0C!C 11 S 

lt,Pf"!l, 1 
AS'C'It , 
L.Ul<UP 
UJ0B 
TA>81..,' 

.,J' 

W·RIT 3'09 
IJ.CJ l 3 , *••l 
ATX t,t 
Cl.DA CLl!.lA 
B'L S:MJ'T 

C.Ol CO.RS TN 
IT A !L..OCIC 1 

~--...--~----s-c-.M--~!fl:GIN 

DATA 0 
e•T• 21212~2M9 OATI o~ ,, CA~O 

OAT& ~,1,2,3,•,e,e,1,10a,11e,12e,13e,14e,1~e,tee 
OAT• 11e,20~,218,'-29,23!,21e,2'e,2ee,21e,30~,31e 
OATA !2e,33e,3A8,3,8,369,379,40B,418,428,438,448,458 
o-T• •ee,41e,see,~1e.~2e,~3!,~4e,ee~,~se,s1e,e0s,e1e 

.; :.~-_.._ .. -_1f~".::.·.·.· ·- .···.·~::~- -.-... :::- ... · ... =·._-:'.":-_,ii" .. ·-,..-: 
·.-. '"·-:··. . , ., . .. .. .. .... .. ' . ·- .... ' . 



~·· 

• 
• 
• 

c 

TA9t 

C.0143 Tlii 
15$.0CKJ. 

OATA 
DATA 
OAT14 
tUTA 
D·ITA 
DATA 
O·ATA 
DATA 
CUTA 

DATA. 
DATA .$ 
E~ 
B@ 

.. .· ·" 

u- a ·tte·"·+i··-~szritto ct 'i'tbt'·(+/~rttb ·-~ ·inz··-~srdC:sit1ntf~\·iiiht<+·ts>b.-Hwt·- -~- -i··miiMM'i=a - · ;,,\;.-< ~- -, · 

2 • t e, 2e i e, 2e2e, 2 e:ss, 2 e •a, 2e~e, 2esee, 2e1e,210s, 27 u1 
2$'18 ,2438 ,300!8 1 2479, 2758 1 242B, 2408, 2~7!, 3238, 3249 
32!98. 312ee, 32i B. 3398, J:S i.B ,.3328. 212'.8' 2138' 24:SB' :S:S1 B 
3r39J5 ,.2.1719, 2558, 3128, 3 t-38 ,.:u 48, 31.58, 31 es, 3178, 3218 
3·215, ;1;22 .. 8, 2781! 1 2449 1 2:S2B, 25 i 8, 21 JS, JJ•B, 2•6B, 3G! 18 
3eit-2s ,.ia~s, 31-'B, 3015e, :sees, ~a1e, 310e, 3 t te, 21•e,2,ee 
3~39, a5ee, 2:s3-9, :s:seB 

0 

- " 20:.@;Q. 

* 

, •.. • ·e ' 
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• 
• 

c 

' 
r-'..'­
'W' 

( 

IHi·EN SPEC I AL. CHMUCTER UP•·ARROiit lS TYP!O, 
* THE DATA IS TR•NSFEREO TO Tlii! OISC., TRACK 199- •· 
• SEGMENT 10. reir--Eot•TEL't rwe S•ME o•t• rs RE•D 

8ACK F"R·Qtit: THE DISC· r·ca, !;0~£ H·£MORY, SfARTINii AT 
t..OCATlOftf "'8L.OK2• ANO IT I! F'INAL.L.Y TRAtJSFERfO 

BEGIN 

TTK 

P'NTl 
l.or t 
Sf AOt 
'AS.Al 
RD70 

. PNT2 

. t.9·P2 

. SJA02-
' TASJ\2 

TT'P 

L.D~ a,a 
L..O·X ~~, 0 
5H>TT ~"·e 
fU:l~l 3, TT'l< 
t.~f'l' SPE.C 
!!Ut• !af·t·z:e 
S'TA BLJJlK t,.a 
W1R:I'T 3•0\8 
1n3·z J~. •·~·' . •·1nc· 2~, 1 . ···. 
SltT'X. ar,.i;.$F'1 
s·rx 2 , Lflif>2 
B:R!U fT'K 
R:es 1ee 
l..IU PNTt 
WiR'lT 7·~:a· •· 
sre·1 ~-., •-2 
ST'ST 7flJS 
ee1 3, .•.• ,1 
eie:1. ' , .. *'•·6 
8R•u A•On~ 
6:AT'A P1N.Tt+,1 
fltATA 0 
$AT A $:l,.Q.I< 1 
ll>.ATA 3.144008 
R'El'S 1'\'H~ 

IU !?NT 

8:01 3,•,··1 
6:01 7' ··-113 
BR ;' P . 

.. . , 2ti¥l··:~·;1:~~·~,; ... 4,,,; 
.. ·' tUTA BLQ:K2 

OATA .3144~28 
,· · t..0 A B:l.01< 2, 3 

R 

e·et · 3., ••1 
AT'X 3, 1 

BRU J3EG!N 
BLOi< 1 ess t9s.e 

:~rj:~~~\·~~~; >~~.v.; ,,;,E_~·-;;,Jf>>-<'~~~,:",)-"<.;i:lfji;~:~_~:;-.:. 
.. ~\,·:.0::;1.'J,~~;f:~": ··.·o.:."';;::.;· .. ~~'"· .~ ... --~~,_ - . 

~ . ', ·'··~-
.r ,, ..• -~\;•,'-'».;~,,;~""~' 

;:.;;-.. :•,« 

.. ..,,. 

. ·:·· ... ,. _,-~;0~ 

.. :"·:-;.~.; .-.-: .. 
'·~' .·--;: . 

·:>·::···-. 
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"'.\ .l ........................... ,." ........... ,. •••••••••••••••••• * .. ••'o:.- - .c··. .. 

• 
w .. ll!OlUUM 101'!! I •!!IT A~! * 
• Joe I TfU.tM • 

~~--~~~~~~~~~~~~~~~~--.-~~~~~~~ 

I 

• 
• 

• 

( 

• 

• 
• 
• 

* THIS l'RO'GRAM ALLO'WS TO TYPE ON TH! TTIC ANO * 
• 316~! IH eo~SECUT?V! MfMO~Y tatATIO~S, STARTING • 
• 4T '8l.O.M1'• GH!N SP!CtAL. C1'4AIUCTER 'UP•ARROMI * 
• ?S Tv,ee !~ TM! OAT• !9 T~A~S,!~!O TO T"! TIP! • 
* UN I 1' • TMEN T'M! PROGFUM REWlNOS TM! T •P! 1 ANO * 
• ~!~~I TK! OATA TO M!MO~V LOCATIONS •ecD~2' ANO I 
*' 'lN.A,L.LY THE INFCHU4ATI~O-N IS IUSPf...lY!O ON Tlof! * 
• s.e111e:e.N Eltl\CTL:Y •·S tT MAS !MT!Pt!O.,., • . ........................................................................ . 
* 

_ ___;. l3~'EIEfflf'N\o---OR•!:•M.f.f-M-N~e------------------------__;;. ___ _ 

TTIC 

'NT1 
LO'l 
STA01 
RO TAP 

S:TST 10108 
SC I 3 , •'•·2 
L..l!>·X. 2:,.1 

80? 
C1AM 

~.TTK 
81P'!'.C 

BLl!J'I( 1 ,2 

' ST')( 2., I.OF t 
.STi ;,.t.0f'2 
81RU T'T'I< 
A,09 UJ08 
l;..D'A P'NT1 
W·" l T U,·0 8 
810:1 3, ••2 
STST U40B 
e·mz 3,••1 
ao1 1,1.a 
RtE•if.!·N~ 
STST tB:ta! 
BiQl 3,ftt•·2 

BATA 
CATA 
DAT4 
ROS 
L.O'Ai 

0 
B·LOJ<1 
1C!!·08 
PNT'2 

STST 1008 
!GI ~•*•1 
901 ', .... 9 
!RU TTP 

( .··-.. __ _." .. N_T..;.2 ___ 0;...,A .... r~l,__..,.P,...:N .... T .... 2-• ..... t ________________________ _ L0~2 GATl 3 
STtoa OITA 8t0k2 
TTP L.0 A Bt..01< 2, 3 
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PROGRAM DEBUGGING 

USER INGENUITY WILL PROBABLY RESULT IN SEVERAL DIFFERENT 
APPROACHES TO DEBUGGING ASSEMBLY LANGUAGE PROGRAMS. ONE 
OF THE MOST EFFICIENT MEANS, HOWEVER, IS PROBABLY THROUGH 
THE USE OF THE "DEBUG" UTILITY ROUTINE. 

"DEBUG" IS A BACKGROUND OVERLAY; HOWEVER, IT CAN ACCESS 
USER WRITTEN ASSEMBLY LANGUAGE PROGRAMS EXECUTING IN 
EITHER BACKGROUND OR FOREGROUND. WITH IT, THE USER IS 
ABLE TO CONTROL PROGRAM EXECUTION, EXAMINE AND ALTER 
MEMORY CONTENTS, AND EXAMINE AND MODIFY CPU AND TESTER 
REGISTERS. 

BEFORE DEBUGGING AN ASSEMBLY LANGUAGE PROGRAM, "DEBUG" 
MAY BE LOADED USING THE MASTR "LOAD" COMMAND. 

THE MASTR COMMAND TO ENVOKE "DEBUG" USES THE FOLLOWING 
GENERAL FORM: 

WHERE: 

DEBUG ('FILENAME') (INPUT) (OUTPUT) 

FILENAME 

INPUT 

OUTPUT 

NAME OF FILE TO BE DEBUGGED 
I 

ANY STANDARD INPUT DEVICE 
VKl IS DEFAULT 

ANY STANDARD OUTPUT DEVICE 
VPl rs DEFAULT 

'1 - \2. 



DIRECTIVE 

(Nl) (, N2) L 

I FILENAME I c N) L 
( Nl) · ( , N2) A 
c 
x 
AE 
AC 
DC 
NG 
NI 
NMA 
NME 
Nl,N2MX 
Nl,N2W <CT) 
NRCCT) 
D 
SSW 
(N)REL 
SET 
RESET 
IND 
Nl±(N2) CAL 
MON 
CARRIAGE RETURN 

DEBUG DIRECTIVES 

FUNCTION 

LIST CONTENTS OF ADDRESS Nl THRU N2 
LIST N OR ALL WORDS OF FILE NAME 
HALT AT ADDRESS Nl AFTER EXECUTING N TIMES 
CONTINUE AFTER ADDRESS HALT 
DISPLAY ALL INDEX REGISTERS 
DISPLAY A AND E REGISTERS 
DISPLAY CONTENTS OF CURRENT ADDRESS +l 
DISPLAY CONTENTS OF CURRENT ADDRESS -1 
GO TO ADDRESS N 
INSERT DATA AT ADDRESS N 
MODIFY A REGISTER WITH VALUE N 

MODIFY E REGISTER WITH VALUE N 

MODIFY INDEX REGISTER Nl WITH VALUE N2 
WRITE TESTER REGISTER Nl WITH VALUE N2 
READ TESTER REGISTER N 
EXIT FROM DEBUG 
DISPLAY STATE SWITCHES 
SET RELATIVE ADDRESS 
SET LINE PRINTER AS OUTPUT DEVICE 
RESET OUTPUT DEVICE 
DISPLAY INDICATORS 
CALCULATE Nl±N2 AND DISPLAY 
GO TO MONITOR TO ENTER A COMMAND 
SINGLE STEP <ADDRESS HALT AFTER EXECUTING 
NEXT INSTRUCTION) 



AN OVERVIEW OF 
1/0 PROGRAMMING USING INTERRUPTS 
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PRIORITY INTERRUPTS - OVERVIEW 

BEFORE THE INTERRUPT SYSTEM CAN BE USED., IT MUST BE PROPERLY 
"ARMED" BY ENABLING BOTH THE CPU INTERRUPT SYSTEM WITH AN "IEN" 
INSTRUCTION AND THE DESIRED PERlPHERAL(S) WITH A "PON xxB" 
INSTRUCTION. 

ONCE THE INTERRUPT SYSTEM IS PROPERLY ARMED., AN " INTERRUPT" BY 
A PERlPHERAL WILL BE PROCESSED AT THE END OF THE CURRENT INSTRUCTION 
CYCLE. IF THE CURRENT INSTRUCTION IS AN SPU INSTRUCTION., HOWEVER., 
THE INTERRUPT PROCESSING WILL BE DELAYED UNTIL THE END OF THE NEXT 
NON-SPU INSTRUCTION CYCLE. 

THE FOLLOWING TABLE MAY BE USEFUL IN UNDERSTANDING THE DISCUSSION 
OF THE INTERRUPT PROCESS., WHICH FOLLOWS: 

PERIPHERAL 

Il'ATA SET <COMM LINK} 
TESTER 
DISC 
MAG TAPE 
488 BUS 
CARD READER 
LINE PRINTER 
VKT DIS.PLAY 
VKT KEYBOARD 

S-2... 

INTERRUPT 
PRIORITY ADDRESS 

11 3:0 - 37 
9 12 - 21 
8 07 
7 10 
6 40 - 43 
5 04 
J 06 
2 03 
1 02 



THE INTERRUPT PROCESS, FROM A PROGRAMMER'S VIEWPOINT, IS AS FOLLOWS: 

1. THE INTERRUPTING PERIPHERAL PRESENTS IT'S PRIORITY ON THE 
ACCUMULATOR BUS, USING THE 16 LEAST SIGNIFICANT BITS, WHICH 
IS THEN READ BY THE CPU TO RESOLVE INTERRUPT PRIORITY IN THE 
EVENT THERE WERE TWO OR MORE SIMULTANEOUS INTERRUPTS. 

2. AFTER "PRIORITY" rs RESOLVED, THE INTERRUPTING PERIPHERAL 
SENDS IT'S INTERRUPT ADDRESS TO THE CPU VIA THE 6 LSBs OF 
THE ACCUMULATOR BUS AND IS PLACED INTO THE INTERRUPT CR) 
REGISTER. 

3. THE INTERRUPT FLIP/FLOP IS AUTOMATICALLY RESET AND A SIGNAL 
IS SENT TO ALL LOWER PRIORITY PERIPHERALS WHICH INHIBITS 
ANY INTERRUPTS FROM THEM UNTIL THE IN-PROCESS INTERRUPT IS 
COMPLETE, EVEN IF THE PROGRAMMER REENABLES THE INTERRUPT 
F/F IN THE INTERRUPT SERVICE ROUTINE. 

4. THE CPU AUTOMATICALLY LOADS THE COMMAND REGISTER WITH A 
BSM* CINDIRECT) IN THE OPERATION FIELD AND THE OPERAND FIELD 
WITH THE CONTENT OF THE INTERRUPT REGISTER. 

5. UPON EXECUTION OF THE BSM* INSTRUCTION, THE OPERAND ADDRESS 
CONTAINS THE ENTRY POINT ADDRESS OF THE INTERRUPT SERVICE 
ROUTINE WRITTEN BY THE PROGRAMMER. THE "STATUS" INDICATORS 
AND RETURN ADDRESS CAS DEFINED BY THE PROGRAM COUNTER) ARE 
STORED AT THE ENTRY POINT1 THEN PROGRAM CONTROLLED EXECUTION 
RESUMES AT THE ENTRY POINT ADDRESS +l. 

6, IF YOU WISH TO PROCESS INTERRUPTS FROM HIGHER PRIORITY PER­
IPHERALS DURING EXECUTION OF THIS INTERRUPT SERVICE ROUTINE, 
THE INTERRUPT F/F MAY BE TURNED ON AGAIN AT THIS POINT WITH 
AN 11 lEN" INSTRUCTION. 

7. BEFORE TERMINATING THE INTERRUPT ROUTINE1 EXECUTE A "PCOMP 
xxB" INSTRUCTION TO INFORM LOWER PRIORITY PERIPHERALS THAT 
THE INTERRUPT SERVICE ROUTINE IS COMPLETE. 

5-3 



8. TO TERMINATE THE INTERRUPT SERVICE ROUTINE., EXECUTE A BRU* 
<INDIRECT) TO THE INTERRUPT SERVICE ROUTINE ENTRY POINT 
ADDRESS. THIS WILL RESTORE THE "STATUS" INDICATORS TO THEIR 
PREVIOUS CONDITION BEFORE THE INTERRUPT., AND WILL RETURN PRO­
GRAM CONTROL TO THE MAIN PROGRAM AT THE PREVIOUSLY INTERRUPTED 
INSTRUCTION +l. IF FURTHER INTERRUPTS ARE TO BE PROCESSED., 
THE INTERRUPT F/F MUST BE TURNED ON AGAIN IF NOT ALREADY DONE 
SO IN THE JUST COMPLETED INTERRUPT SERVICE ROUTINE. 

NOTE: THE PRECEEDING INFORMATION HAS BEEN PRESENTED SO THAT THE 
STUDENT WILL HAVE A BASIC UNDERSTANDING OF "INTERRUPT I/O PRO­
CESSING". HOWEVER., THE USER PROGRAMMER SHOULD NOT USE INTERRUPT 
PROGRAMMING AS IT WlLL CONFLICT WITH THE NORMAL SYSTEM INTERRUPTS 
AS WELL AS DEFEAT THE SYSTEM PROCEDURE OF SCHEDULING ALL I/O 
REQUESTS., THEREBY DEFEATING THE INTENT OF THE MULTI-USER "MASTR" 
OPERATING SYSTEM. 



* 

INTERRUPT PROGRAMMING EXAMPLE 

IEN 0 
PON 60B 
PON xxB 

BRU* ENTRY 

ENABLE CPU PRIORITY INTERRUPT SYSTEM 
ENABLE LINE PRINTER INTERRUPTS 
ENABLE OTHER PERIPHERAL INTERRUPTS 

LP INT PROC 6 ENTRY PO INT TO LP INTERRUPT ROUT I NE 
STA xx SAVE ACCUMULATOR CONTENTS 
STE xx SAVE EXTENSION REG CONTENTS 
STX xx,,xx SAVE INDEX REGISTER CONTENTS 
IEN 0 · REENABLE INTERRUPT SYSTEM SO HIGHER 

* PRIORITY INTERRUPTS CAN BE PROCESSED 
* DURING THIS INTERRUPT ROUTINE -
* LOWER PR I OR ITY INTERRUPTS ARE NOT 
* P~c~srn 

LDA 
LDE 
LDX*' 
PCOMP 

* 
BRU* 

* 
END 

xx RESTORE ACCUMULATOR CONTENTS 
xx RESTORE EXTENSION REG CONTENTS 
xx,,xx RESTORE INDEX REGISTER CONTENTS 
60B NOTIFY LOWER PRIORITY PERIPHERALS 

THAT LP INTERRUPT ROUTINE IS COMPLETE 
LPINT RETURN TO MAIN PROGRAM 

* END OF USER PROGRAM 
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MASTR OPERATING SYSTEM MEMORY ORAGANIZATION 

Co - l 



MAXIMUM 
MEMORY 

0 

RUN-TIME--STACK 

.. 

AVAILABLE SPACE 

;< 

TEST PLAN 2 

TEST PLAN l 

OVERLAY l 

- RESERVED TABLES AND GLOBALS 

THO 
MONITOR 

EXPANDABLE DOWNWARD 

. ' 

EXPANDABLE UPWARD 

MASTR GENERAL MEMORY ORGANIZATION 



RUN TIME STACK .. , ... , •... _. -- -·--- -·-·-,.-- -·- --- - -·-·-·-· -~ 

ME¥QRY ACTIVITY T.\l3LE ( MACTA!3) 

l'.0 ASSIGNMENT TABLE (IOATAB) 

DS:nR VAlUAB TA:BU: (TVT) 

A~'mm. BTa:!'El'lR ~;;;a,.------------------; 

seRotTINES &: $IOCS DRIVERS 

S!XVEC (StmROUTnra TRA."ZSFER VECTORS 

GOOV~\R (GLOBAL VARL'ABLES) 

DBl'LD (DOUBLE-BIT FIELDS) 

DBGFLD/OC'U:LD (OCTAL/DECI!!AL CONSTA!:TS) 

NB't7LD (BI'1'S N0T SET) 

S¥SVAR (SYSTEM VARIABLES) 

mt!?ltY/RESTART 

MASTR MEMORY MAP 



MASTR MEMORY ORGANIZATION 

ENTRY /RESTART 
SYSTEM INITIAL AND RESTART ENTRY POINTS 

INTERRUPT ADDRESSES 

SYSVAR 

. / 

PERIPHERAL AND TESTER INTERRUPT ADDRESS VECTORS 

GLOBAL VARIABLES USED BY SYSTEM TO DEFINE ITEMS SUCH AS 
LINE PRINTER TYPE, DEFAULT DEVICE FOR FILE LOAD/DUMP, 
SYSTEM INITIALIZED FLAG, AND DISC DIRECTORY/WORKING STORAGE/ 
FILE AREA ADDRESSING INFORMATION, 

SYSTEM CONSTANTS AND MASKS 

GLOVAR 

SY XV EC 

MONITOR 

BITFLD/NBTFLD 
RTMSK/LFMSK 
DBFLD 

DECFLD/OCTFLD 
CAN BE REFERENCED BY USER DEFINED EQU's 

SYSTEM RELATED ITEMS WHICH ARE GLOBAL IN NATURE AND NOT 
UNIQUE FOR EACH TEST STATION, REFERENCED BY USER DEFINED 
EQU's 

ENTRY POINTS OF SYSTEM SUBROUTINES 
CAN BE REFERENCED BY USER BSM* 

MONITORS OVERALL SYSTEM OPERATION 
PROCESSES SYSTEM INTERRUPTS AND OPERATOR COMMANDS 

SUBROUTINES AND $IOCS DRIVERS 
SYSTEM SUBROUTINES 
AccESSABLE BY useR WITH BSM* To SYXVEC TABLE 

TEST HEAD DRIVER 
EXECUTES FACTOR TEST PROGRAM AND CONTROLS TESTER HARDWARE 



STATION VARIABLE TABLE <SVT) 
CURRENT STATION VARIABLE TABLE. CONTAINS DATA UNIQUE TO 
STATION WHICH IS CURRENTLY ON-L.lNE. ACCESSED BY XRl. 

ALTER BUFFER 
BUFFER FOR FACTOR PROGRAM VARIABLES TEMPORARILY ALTERED 
BY MASTR 'ALTER' COMMAND. 

TESTER VARIABLE TABLE <TVT) 
TE.ST HEAD VARIABLE TABLE. CONTAINS DATA UNIQUE TO EACH 
OF UP TO 4 TEST HEADS (STATIONS), REFERENCED BY XR2. 

I/O ACTIVITY TABLE ( IOATABJ 
EACH SYSTEM OR USER INITIATED I/0 OPERATION CAUSES AN 
ENTRY IN THIS TABLE, DEFINING INFORMATION SUCH AS: DISC 
FILE NAME, DISC ADDRESSES, CPU MEMORY ADDRESSES, ETC, 

MEMORY ACTIVITY TABLE <MACTAB) 

DI.RECTORY OF PROGRAMS CURRENTLY LOADED INTO CPU MEMORY, 
ALONG WITH STATUS INFORMATION. 



---------..... ----·-------------.. --·---·---··-------------· ...... __ -

---------------------·-~-------·---.. -------·-·- .. - ..... _._ ... _ ... _ . 

......... O,~·.··~ 

. :· .~ :.~~~~-se::, APE: ;,.S~RV£0 'enp f~'TERRU~:tS' 
* " 0-0000 01001753 SY SENT FHW SYS'INT SYSTE.M INITIAL/RESTART ENTRY POINT .. 
*' . I .,,TEIUMl·P T A·OORE.SSES PRIORITY 

:·"·:lo('.:·: • ~· 

~CHUH OClAQCHIOI lli·l\li $ 

00002 1201 J fot03 A;s:~ T'T'IHN2 T'T'K INTERRUPT CJ 
00003 ti?OJ?036 B•S<M T'TPtN3 TTP TNT'ERRUPT 8 J 

9A994 l~HH4iQ~ liUiM r:sa:u1:i:a CARD RE~DEQ Ul:i:EliUiUl~l 5 
00005 OOOC'Hl00'5 Bi:A·H s 
00006 12012"1'71 / ........ liS\'4 LPJNTEJ L.P INTER~UPT 7 
91HH~~ H•CUli4PA $1ilM 0~1ui oi•"" Ui+E.RRURl 3 
00010 i 2·4'11 '37e>3 "'S'M· T1<1PJNA· M·A.G TAPE I~TFRRUPT 4 
00011 0001'10011 8•A+4 1!R FllTIJRE EX ANSI ON 

. Otl'O 12 12004434 S·SM t;tt<IN t 0 Rf:AL T'INE CLnCt< 2 
00013 1200537'5 81SM tlNTt 1 T'F.'S·T!R. CLOCK TIM£ OUT 2-12 
9A9i'I 4~~AIJ!il8A ..... iu1i1~ "$'%IA, DllA ?RU! 2•1 
00015 1 ?005'403 8'S'M' TtN·Tt ~··· TE'ST'ER, oc·r· PA,SS/FAIL, FCT .FAIL. ~-s 
onot& 1i?005406 R,SM T'JNT14 TFSTER, DPS TRIP 2•7 
9AAl:f! !2P954U ~ ... :n·aii1~ TiS:i:E·A, RiSi:S: 2•:S 
00020 12005414 8SM TJ'N·T't 6 T£STER, INSTR COMPARE 2•14 

_) 

00021 120'05417 R>SM TlN'Tt7 fES'TER, FWSY COMPLETE 2•·10 
99922 9A9A9922 AAM 228 TiSTiR, SPAR& a 
ono23 00000023 81AiH 2~8 TESTER, SPARE 2 
00024 O'J000024 ·a1*tt ?.48 f:E'STER, SPARE 2 
9A~i?!i 'JIHU983$ · .... 

~-· TESTER, SP•PE 2 
00026 1?.00S4e2 RS'M TYNT22 TESTER, START 2.•15 
onoc-1 0.0000027 8:AH 278 T'ESTER, 2 

00030 12016507 86.M ·CLIN24 COM. LtNt< IHTE.RRUPT 1 .. 
CfEHH) 0045'2 as· 'S'2$' 

A i•o 'lK T>;t; /." .. .... 
8fU*i2 129122?• ...... \ft( 1·1 4 l'' 80ARO -
00053 12012245 BSM VPT.143 2NO Vl<T PRINTER 



P'A•GE 
ORCi '-4B ,. 

> ' *' $L0'81A'L V.ARIABL,F FOR USE AY THE SYSTEM 
· .. ·, ~'·: ·:.-iE~,~:.~~i~-·,~~:;~~_:;~.0~L:; 1?:': .. ~.·:-- ~:·:.>.- ... ~:~~si:~~-J:'.' _;_-~> ~~./~:~:~~~--,~',+.-- "-

00000064 S'YSVAR f(l:M 1t N 

ooon4 000(102\0 OFOV llATA 2108 0 DEFAULT OE VICE FOR FlLF LOAD/DUMP 
000615 OOQQQOOO M\ tNlI O•TA Q 1 SYSTEM INITIAi IZFD Ft AG 

000&6 Otl000002 SELP filA>r·•, 2 2 LP TYPE~ OEFAUL T:PfUNTRONIX 
000&7 ooonoooo MtWSWC PATA 0 ·3 # OF WORD IN ws "') 

9g97g OQgggggo Mt \1153C D•·TA Q G 'I GE SECTORS f N ws 
00071 ooonoooo MtWSOA DATA 0 5 STAIH SECTOR OF ws 
0007? onnnonoo MtFDOA f>ATA n 6 START SECTOQ OF OJ RECTORY 
9AA73 (UHHl QO() O Wt HU 0 6 TA Q 7 STA PI SECTOR OE Et• E •RE• 
()0074 00000000 lil'ATA I) 8 SPARE 
00075 000017ct~ G~TA SYS INT q ENT'RY POT NT 
Al>Olft ()OQOQOOO QATA 0 tn SPARE 

1t 

00000100 OR'G 100R 
OAlQO 01'>02107 BPU MPR·0 PEST UH FROM 1QOB 

) 

.) 

) 

.) 

J 



00065 

SYSVAR 
<GLOBAL VARIABLES USED BY MASTR) 

xxOOOOOO MlINIT - SYSTEM INITIALIZED FLAG 

l6~~RY 
I ...._I _,_.,...... 0 = lV/lMV 

> 0 .: DEC ADDR 

Lx~O 
1 = 2V/2MV 

i = OCT ADDR 

-->- 0 = MAS TR CLEAR 1 = DON / T CLEAR 

00066 OOOOOOOx LINE PRINTER TYPE 

LQ.CJ:AI. 
0 = 80 COLUMN DATA PRODUCTS 
1 = 132 COLUMN DATA PRODUCTS 
2 = 132 COLUMN PRINTRONICS/CENTRONICS 



00101 ooonono1 
0~00'0102 

oa 1 o~ o0 «MO'i)01 
on-103 onoonoo? 
00104' 000100004 
OQJ·os 00000010 
t) O'l' 06 O'&O'fH>-~0'1'21•-

00107 0()(ltHH)40 

Q01t0 oooocu 00 
onttt 00000?.on 
nott2 ononoaoo 
R<lt11 Q0001QQQ 
00114 Of\002000 
00115 oooo4non 
OQ11ft OOOtonoo 
ontt7 00020000 
00120 00040000 
001~1 0010()000 
00122 00200000 
00123 004001)0~ 
gnta4 01C)00 8 00 
O'Ol 25 02onoooo 
00126 oaonotlno 
001~7 10000000 
00130 ?0000000 
on1~1 40000000 

QQOOQ13c 
00112 77777776 
Of\ 133 77777775 
QQ114 77777171 
00135 777777f)7 
00136 77777757 
IHH37 77777737 
00 t 4() 777'7'7&77 
OCH 41 7'7'77'7'577 
9p1 42 77777'J77 
001l13 7777&777 
00144 777·75777 
Afl14S 77771777 
00146 77767777 
00147 77757777 
tHll ~9 777~7777 
00151 77677777 
00152 77577777 
9A1S3 77·377·777 
OtH '54 76777777 
00-155 7'H77777 
991';6 73177777 
00157 67777777 
00160 577'77777 
68161 37777777 

P'A&E 
* BIT FIELD OEFI~ITIONS 
* BX IMPL TES AIT X 18 S,ET 
* NRX IMPLIES NOT SfT X lS SET 
• eysy TMPI TFS ery ., TKR•tl y ARE SET 

* * SINGLE 8IT FIELDS 

f:UTFLI> 
8'4 
Rt 
R2 
BJ 

R7 
R~ 

BQ 
AtO 
BU 
Btia 
813 
Rt4 
BtS 
Stto 
IU7' 
91 8 

Rt9 
020 
B cl 
8?? 
R·f>'"!" 

* 
NSTFLO 
N80 
N8t 
NB-? 
NB3 
N04 
N@t; 
N'S'~ 
N·B7 

N~q 

NP10 
N~H 
N~t? 

PfSt3 
N911 
N815 
N8t6 
N8t7 
Pi818 
N:St9 
NA'2tP 
NB21 
NB22 
NB23 

DATA 
J:·Q.y. 
O•TA 
DATA 
DATA 
D•ATA 

6)1'1-l'"'l~ 

OATA 
F>tTA 
OATA 
OATA 
DATA 

lih\TA 
!UTA 
fH,;T'A 

OATA 
fi>ATA 

@tA-TA 
fih\T'A­
FUT• 
OATA 
OATA 
DA !'A 

DATA 
OATA 

fmtr 
tlATA 
IYATA 
DATA 
!UTA 
O·A TA 
QATA 
fJ·AT'A 
l!);ATA 
f'ATA 
OATA 
OATA 
QATA 
J;\'ATA 
t!>ATA 
0AT 4 

DATA 
DATA 
QATA 
IUTA 
GATA 
R'Af:A 
DATA 
DATA 
9ATA 

18 

28 
4,9 
tOB 
?.9i8 
401'.l 
•one 
~OOB 
llOOB 
lOOOB 
~OOO'fl 
490-'4Hl 
100,008 

~OOOOR 

40000R 
1oaaooe 
2000-t>OB 
4tl0'tl000 
1onnooos 
~'00000 OR 
4000000R 
\QQOOOOOB 

200000008 
400000008 

* 
77777'77&R 
777777758 
77777773'8 
77·77 77 & 78 
7777775·7R 
777777378 
7·7·77·;& 71'8 
77777577:0 
T7'777J77A 
77 77 f. 7·7 7R 
77775777R 
7777~7779 
711611'11R 
7'77'577778 
777177171 
77&777778 
775777778 
7·73777779 
7'67777778 
151171118 
7'3'1111119 
&77777778 
577777778 
377777778 

FOR PMU CONVERGENCE TABLE 



0 

f 

( 

c 

c 

( 

( 

c 

c 

c 

001t,2 00000003 
A9163 9994HHHH 
ontf)4 00000011 
ont~5 000000~1 
8Atf16 91'9,,997? 
oot&7 0"000111 
on1 n> noono377 
9~171 A99A9777 
00172 0f)(t017'7•7 
04' 17~ 00003·7·77 
CHH 70 9og.,77·77. 
0017'5 0(1017777 
00176 000~7777 
99177 94HH7777 
00200 00177777 
00201 003·77'777 
9A2Qi! OCJ'777177 
onao3 01111111 
00204 0'3777777 
gC)~Q§ 07777777 
0'>2'0& 1117·7·777 
00201 '!7111n1 
ona10 11711111 

PAGE 

• ASSORTED MASKS 

* RTM&K ft'Qtt •· 

* 81SO 
8219 
B3SO 
84-SO­
A'519 
~6SO 
87$·0 
A81CJ 
B·ctio· 
Bt 0$'0 
a1110 
Bt?.4110 
B t 3'SO 
R1'11A 
evs·so 
816$0 
ai1so 
818$0 
fH CJs.n 
B20SO 
8'?·1$0 
822$0 
e21sn 
• 

OATA 
QATA 
OATA 
DATA 
9AfA 
DATA 
OATA 
Q•Tti 
fU,TA­
OATA 
DATA 
nATA 
OATA 
Q.AT• 
OATA 
DA-TA 
0 •ra 
OA.TA 
l"ATA 
DATA 
DATA 
DATA-
04ra 

18 0 
71 1 
t78 z 
'.J7'8 !' 
771 " 
t778 5 
1:778 " 
7778 7 
tTT78 &· 
3777ll 9 
77778 10 
t7777R t1 
~77778 12 
77777A tJ 
1777779 l • 
3777778 15 
7777779 16 
1777777R 17 
~7777778 IA 
777·71·779 t9 
177777778 20 .. 
"!7777177R 21 
71·111171B 22 

(')0000211 LFM~K EQIJ • N 

on211 7777777tt 
n.n2t 2 7777'777 "· 
00213 11711110 
00214 777777#,0 
on21s 11111100 
002 Ua 71111'700 
00217 77777fttOO 
00220 77777400 
0022\ 77777000 
002?2 7777&non 
00223 7777'4000 
902~4 77770000 
on225 111&0000 
0022., 111a~oooo 
00227 77700000 
002~0 77~00000 
oo?.~t 774oonoo 
9g232 7790QQOO 
0023'3 7&00000tl 
00234 74000000 
9A2J!J 19040()00 
002~& &oooooon 

Br!~St 
R2lS,2 
823$3 
P?3S4 
R2~'5 
B23S& 
62~$7 

823SA 
ea1so 
R;t~$10 

82~SU 
SiJSt~ 
A'2'JSt~ 
B2'lSt4 
aa1sts 
R2~St& 
R?~St7 
Bi'-.S't 8 
B2~S1CJ 
82'1JS20 
A?.~li>t 

04TA 
f'ATA 
OAT& 

DATA 
nATA 
DATA 
DATA 
DATA 
OITA 
DATA 
DATA 
DATA 
DATA 
OATA 
DATA 

OATA 
OATA 
DATA 
OATA 
OATA­
OATA 
OATA 

~ - \0 

7777777~8 0 
77777774£( 1 
111117106 ? 
777777ft08 3 
7777774nR 4 
117111oos s 
777776·000 Et 
77777400A 1 
117110008 8 

77776000A q -
77774oons to 
777700009 11 
777&00008 12 
777400008 13 
772nooooa t' 
77#\000008 15 
774000C)OR 16 
77000QOOB 17 
760-000008 18 
74000001)8 t9 
700040008 20 
&00000008 21 

···.··:·•.··.·.·.·· 

·'..\ .. :.: 

. , 

,· .... 



J 

... 

..... 

c 

c 

( 

'· 

( i 
. ,I 

* . OECIMAt,../OCT~l NUMBER 

* oo~ 0 oa17 DECFLD 
ontH)0237 OCTFLO 

00217 00000000 
092:4() 9000000! 
00:241 O·OO'fl0002 

00243 01>000004 
(102'44 000000-0'5 
QQ·2G·S OOOOO•Q·Ofa 
&1'2.'416 OitOO"f\'10;7 
o:·0·2·4·7 o O·O o ctn t o 
Q42li0 o0 ooa0 ·U 
on:2c;1 onooo~t 2 
n•o1~s2 Ot)'Cln tlo 1 '3 
992!iJ IHU)99Q14 
0·0'25·4 00000015 
on.2;5,5 0 (\ OCHH.\l'& 
CJQ~''ift 000'&0°t 1 
o·e,2 5.7· o no o o 0,2·0 
002&0 0•00000·21 
&l'a·a1a1 ·aoooo 0 a·a 
O'ft12fl2 O O'Ot G 0'2'3 
00'2'61 0,(JO:().f:.02'4 
QAa(t4 QAQAft:Oi'5 
0'92'65 00.00002& 
otr2:&& OO'O 0fl0'2·7' 
00267 00000030 
0'0:2·10 onoo~lo3t 
tH\'2171 0 n O 0 0·0 ~'2 
o·o,~·1a 00000-01·1 
00·2:7'3 onooon ~4 
o:n274 oo:o.non~s 

00ii:75 00000016 
nn~7& o.oonon'.l7 
0'0?.77 onoooo4·0 
QQ<J<Q Q ()Q Q 0o0'0 6 1 
0 0 3'0 1 0 0 O 0 O·O 4·2 
00.3.02: 00000043 
0"393 CUHH~OQCI~ 
Q'.f'l"3i4''4 O'f.liOi0'9•0'4.5 · 
0't•3:o-s O·CH> flO;«JiiH, 
993'.Q'9 oq·q·c:i'oa·1·7 
nn·307 ooonooso 
00310 ononnnr;1 
99J11 9 CHHHHl§'2' 
(H!l0:3Ct 2 ·o·00.0005'3 
&.0:3·1,3 o:O·fHHH>54 

* 00 
01 
fl!: .. 

1);7 .. 

98 
09 
Oto 
ntt 
P12 
0-13 
·1H'4 
Dt'i . 
Ol& 
f>t7 
01a 

'· . ·· .. 

Qi'(lc ... '. 

A21 · · 

1128 

1>31 
032 
OJJ 
034 

040 
0•41 
042 
fi)4,3 
f.)f4'4 . 

EQU • 
EQU * 
QAIA 0 
QA.TA t 
f.UT'A. ~ 

DAT'A 4 
OAT'A 5 
Q·t~TA 

' ·•~t• . •, . "', ·'~" 
7 

IU'.TA 8 
FUTA 9 

!)A.TA tn 
llA~iA· t 1 
fl A t·A t~ 
0:.A:r4 13 
fl)A1:A 14 
fl A;_r·t ts 
DA·T'A t& 
E)ATA 17 
DAT'A 18 
Fi>·A"t.A 19 
l))AiT'• ?.;0' 
r:tAlfA 21 
OA~TA ?.2 
f>lA:T'A ~:~ 

DA f'A 20 
(l)!A.'fA 25 
OA;TA 26 
oar• 27 
OATA 2~ 
f'IAT'A ?CJ 
DATA 10 
OtAT'A ~t 
t):A'T·A 32 
rur• ll 
lil•ATA '34 
O'ATA ~5 

OAT' ·u, 
ltl'.·TA> ~., 

l?AiT'l 31& 
f.U,,T'• 39· 
IUTA 40 
IJATA 41 
DAT, ,,,~ 

0iA<TA· 4:·1 
liJIA'fA. ¢4 

ooon~o'5& o~TA 46 

~ 

00315 
O<B316 
90317 

on0·00057 04'7 OA1T'A 47; 

Oi.tr3'2tl 
O:tJ321 
Aq!'t\2 
003:23 
0-0324 
98325 

999900i0 C48 QATA 41 
OOOOOOf,l 1.1>4'9 . .. "'*'-~' 'J9' 
o·o&OOCYEJ.2 ' ~~Ji ··•TA w 
A~9~HtQft~ OATt ,., 
00000064 OATA '52 
O,.,Of'On&5 DAT A '53 
9999996& QATA S4 

OCTAL FIELD 

... t.· .· ···········;,:· ... <.·· .. , .. /;· .. :·:·; 

+l·· ..... i<·.··· ····:··•· .. 
. ";{.: .. '.·.·'._.:·."?:$;'-:···.·< 

+4 
~·5 .... 
f"<: /''..>· 
~8 ... 
+10 
+t 1 
+1.i 
+-t'J 
~14;·· 

•45 
+·t& 
+17 
+ts 
t,t:CJ. 
~?O 
+2·.t 

+?.2 
+·i)·3 
:i=20 
~·2·5 
+·?~ 
+27' 
+·?8 
+?.CJ 
+,,30 

t3l 
+~2 
+3:3 
+3:4 
t·~'5 
+16 
~w 
~]I&. 

•'J'.9 

+46 
+·4·7 
~41 

....... · .. " 

: .~: .· 

....... A··.··:·.-.... ·.•; .·.·.·.·.·.·,· .. · .. ··.;. ·.;··· ... ·, .. •.'.,··,.:·:'······:·;··.·.:·.:·:··:· .. · .... ::·····::',~• · .. •,· .. ··.·:·'.· .. ·.:::'··.'·:.'·.·.·, ... '!"'9''T ' ~· - ·, L~~\~.>: ~·'/·.:~} :-'~.: ~·::·\~:·:":.>_:.;:·: .. ····:-:··. 
+50'. > ............. ·::.(<·-:· •. ·:. . : .. ~·:·:\·::.': ··:~' . ••f . '.j•:... '<< .. · .. 

+'52 
+'53 

'· ~\i~ : 
fa- \\ 



~-

on121 ooot\0010 
99339 99908911 
Oft3"Jt 00'000072' ... 
o~'!12'. ttotoo·irn:.· ·'"· 

. DATA ';6, 
t.>ATA .. ~7 
DAT#. 'i8'. 

.OA'.1'# . ~-

-~-----·oit342'"·-o.,onoto3 D6·7> .. nA·TA--,· 1;,1· +Et7 
.··.~ (Ut31t3' frtt04'ft1'0'4 .. . ·--~· ,..,;,~~ ,, o:AT., ·. "tt& . . +1r$ 

9q·Ja11 1Ut90010~. . .· ... OilT' . t,q .· *'Q 
···---- Ott'Jta;t;-- 0-ft'tt-OCUfJfJ· .. ··.. . · · .>~". 'DATA. 70 +Ta ..... 
v;>"·•i·~··ttn34& ooonoto7 / .. , -~-,;"...,,;.,:,.:~.-'.:~'·'<na:t:•''' 71 ··': • ; ~,.;_· ·_ ' ,, \ '· 

· . · · cro·1a1 0·00001 a o ·· ·· . · ,:, .'.; ., }~7 otT•. · 1a · · +za ·' · ·. ··· 

·········· ... . . Oi"J'So-·o-noncttrt ., OT~ ·'' nA.TA 73 -~7~ 
,.,- ott!'Jt o·nooot 12:: ·07~:;;·-~~t-·-"~;OATA. 74 . , n ~-74 

9GJ$3 QCJOOOI r,- .. . ,< . ,, . DATA . 75 .. t!S 

.... onJ'JfJ ()(tCJOOl 17'.' - l)A·T•· 79 +-7"9' . . ;. ; .. ,; 
.,. '!~ .. ·.• -~~ ·~· ~vV,. On:3f51 ott04'o 1~2-· ·· · 0.·8·cJ.:>.~-"-.:· .. ~: -.. -,,..r-~ ··.·.·: 80,·. ,;.. ~A~fl: ·~- _ ~ ,, ·-: ·-~-. ~'.~ .. 

. OOJ60 QOOOOl2t .·. . ,, O•t•. St .... 

I 

. .... ~ -- . 
' ~: -. .. 

.· .-:..,.."~&o-361°.:.on-onot~o -: ·• -·< "''~~ .. o-.t·T•- · "" ·· +88 
" .. :"'..::..,~ .. : OOJ·7ct_OftOOOt~i·'°'~~:;:::"'.<;'f:;._J,f:~~~- &lTA; ·:.·ll'Cl :;:~'.'.t.ff-9· . , .. 

QOJ71 OAOQQ13? . . . . . 'Q&TA 90 
, ·· : o·o37'2' ooono t33": '. · ... <-,;:_/,.:;,,_, OA-TA. cu· 

: '" .. :,, ..... ,.,.~ .. G1fl•3?3:': f)OOOO t~4 . · 092 ~·:::~~ .. •, D~r• .. ~2: . 
oosza 00400 tis···~ 'oa.r• air 

t'ln4'7ft 0'4'0'fl0t41.. . . . . .DATA ... q7 
., .. ···oo-•o·t: nmr.,-o·t.42< ; .. ;, · ·t~·'~-·. ·.·. OA:.Tlf.; q8. 

. . OA492 9CUUUJ,tqJ. :. ·'".. . oa.:u QQ 

·,, ' ·'~· ., -. 

~·· .... . ..,._. ,, .. 

.. ,+47' 
: .,+48 

·'."·.;· ···"-: 

··t"·~~':'·'~'·'~;:-: ~:··-;;~::.'"; ":~ .":-:. 

'-., . "f,~· .. '(,~~~:.~ .. ~:~,};::~;~.:~.'?~ 
.-,· 

.. ·"' ·~ ;, .... 

., . ., , .. ·,...,·.··-

";."- .. 



- -·--------,------,-.--~-----------........ -..___ 

J *' ,· 
• D0lltt:t8LE s:rt· F'lEUlS: 

onono4n4 08FLO EQU * N 
00'404 onOft&OOO 8ttS10 OAT'A n·noo6oooe 0 
00405 OOOlQOOO Bt2·S1 t n.aya OQQtAOOOB 1 
o·o4fl'& 3"700000'0 &Z2St:8 DATA '3'70000()'08 2 
004()'1 000003'60. 8'7'.S'.4- llt'A:TA OfHH).03&t>·8 3 
994IA cuio 0 01·00· 87'Sfl DAT'1 0 0000JOOB· .. ·.•. 

00000255 A3·St ~·fQlJ 014 
00-4t1 onootTno oq:&o DATA q&o 5 

.. •··· 



DA·TA: ti OF V~RTAlltL.ESlSTAT'ION I.N TVT 
· O'A'T A0 TVT . TA8LE ADDRESS 

998904'&2 N&'IT DATA INTI. HJ # OF \f 1 RI •&LES IN SVT TARI E 

•·. 14 LA.S'T. USE'D ADORESS+t MACTA8 
· f'~ DEFAULT VKT FAR ~LL STATtON·S 

THOACT DA-TA ct· .·. . J'3 F«; ON/OFF FLAG 
PlDFl..G · · OATA· &·' ,,;:,.;:"';~,.: 1'Ct' COMMA·NO AlliEAOY' t~ BUFFER FLA& 

.0047·4. O:M0~,022 . .· ···' 
O<t475 ~nonctooo 

A 40 ECWO EL•G EOR PROCESS 
O' .; · '.. . . · 4'i COMMAND IMAGE FROM PROCESS 

·· f:~CMe8UF.t8 42·· PMF FOR SYSTEJI C0Ml4AND 

00502 00000000 NAM!M1' DATA· . C) · 50 tST STRING FROM PROCESS 
oosn3 0000000'0 NA·MEM2 OA·TA· 0 ' 'Jl 

ti 



.,....,.,,...~ .... -_.._.._.....,.._..._ .... ++ t s·d +·E&!"A·1~.,... .. " ·•·rii•e·+•e··..t··e +ec· t d I 1 d f 1 t t 

DOSO& ooonoooo C'OLF'LG 
US97 000PaafJ1 A$TIO 
1)0510 0000000() .. M:fF'l9 
1>051-1 onoooooo MEtitfHIY' 

c::: 00QB0°·0 ·G ·MAMlM5 
0·0600()00 NAMEM6 
ononoooo NAMEM3 

00515 00000000 &.1 6 MEM4 
0·0516 0.'8100.01>-0<() 

... ·~·~'~ 00517 000~0.1'0'0 . 8~&2.' 
9Pt;;i24 9~9POPt 0 NYMlt 
005·21 on.ooonoo NUM92 
0'052·2 oo·oo·ooon STA:Tc 
005·;a~· ooo o·oooo s:ew 11M·t 
00''524 00000000 s·P'N'l#+t-2 
0'0'5?.5 ()'(\ClOOOOO S'P'NUW3· 
00$~6' 00000000 9nu1y~o 

on5?7 ooooonoo SPNUM5 
005~0 onoooooo SPNUM~ 

A051'1 QQOQOQOQ IUNAQY 
Of\532 on·onoooo JNHM8t 
0-0533 0000000(') INOM-82 
Q".'''i'J'Q (lftQOQQQO 8ELEPR 
no·c;~-5 ()0000000 SP'9'P'T 
0·053F> onooonoo R!NCNT 
OD'EtJ7 QQOQl~'-J AWA TE 
(H''540 000022ft-4 ATM-OF 
0~·54 t onoooooo NHM·FLG 
Q('•!iD a QQQQQOQO 

00'54~ OOOA'OOOO NAM'E1 
'l.IOl'"'".4 oonnonoo NA~fa~! 

,.. ;5 0000000·0 
.,....~~Qf\ onooonno RAlORR 
OtJ,54 7 Of\0011ifil fHHJG.SA 
00650 QOQOC}QQQ AfS'TAI 
00'5'51 ooonooon s:~O~LG' 

on'S5? 00000000 $'P·li>·• 
gaS'lJ 00016Q17 RA IO£R 
0·051\4 Ofl'O()O 1 00 fUl08K 
00555 00·0023·01 A1FG'S;G:F 
gg~!Hi. 2~tliiLJ1AQ SYSRsb 
on5c;7 onooonnn MA\STAT 
nnc;"-·O 1)0000000 C::LI'O'ffl 
9A5~l 9090IHHH! 
n<r?&2 onononoo b. O'l'Ntl,_ 
o·os·63 onooooon 
~Ct'j~ Q QOQQ(lQC)Q 

0('1'565 ononoooo O·EVNIJM 
00566 nooooon·o 
9AS~7 QAQ9QQQQ CAlGA¥ 
00·570 o o·o:no o·oo 
(Hl57l Ot>001>tl00 
9 P57'?. ~99PtHU)9 IUiTTIC 
00573 onooonoo ~GID 
on574 ononooo~ 

OA·TA· n 54 COLUMN FORMAT FLAG FOR PUTE 
DAT~ .. ,~STlOf ., .,$5 PESE:T .. P&:NDtNt; SCHED"lER FL•G 
~'f:• ·I' ,,~;.;);'j,;;j:).: 56· FS.L$' 1$. ACJIVE na PEHOI'NG 

<•;ll):AtJ' : :o:.· ii' '•:'\i '0";·'_:57 MEMftv····l!MJS•V '.;" >/>· . ·.· .· 

•·· &rlG'•·.- a . .-·/>. >> S,a JM: MME F·•lAM paocfu 
DATA O 15q 3RO NAME F~OM PROCESS 
DATA 0 60 2NO STRING FROM PROCESS 

0 61 
·,/:,\;•.,~>·~wit<··>~. · .,: .. i·.'.:*'1 ... :.M~R ... ,,:J F'.j10.r+ .. t:»R. o.· ce::ss 
,if;·~f:(;:\Q;/'~{fjs?~J1!W{/ .. r~l 'NitiMS'£fl :~ FR'O'M' PROCES'S 

}S'l' OECIM1AL • FROM PROCESS tN 
0 
0 

l·a·:u o 
t;ATA 0 
OiA-;.n · t · 
·Mt• . A 

IUTA 
OATA 

0 
0 

DlT'. O 
Q·A,·TA· . 1) 

'Al:A -
IJUJU ··a 

2.Nil~ oec:tMAL # FROM PR·OCES'S IN 
V·A•LLJE 0F STAT. N FROM PRO'CES:S 

67 S'PEC I• L . # FROM PROCESS 
6-& SPE:fIA1t. #· FRf>M PROCESS 

< ·5·i\J< SPF.£'.IA(, # FR:OM PROCES,S 

n S'PECIAL # FR'OM PRoce·ss 
72 S:PECIAL # FROM PROCESS 
7·3 EUNA·p:y VAL"E fRQM PROCESS 
!'4 j ST INTEGE:R FROM PROCESS 
1'5 ~·N'-9 DJ:TEGER FROM P'ROCE'SS 
''" NAJ' BJNARy Fl AG f'ROM fNTSCN 

F p a c 

F.P. 

llA·t"A 0 
fi>A'T'A 0 
IUTA IOTSPD 

7·7 SiPF.CI4L OPT'ION FLAG FROM PROCfSS 
18 BINARY or~rT COUNT FROM PROCESS 
79 ADOPES'S OF WA IT fl AG SCHfOlll ER 

fA;A<TiA · THti>FLG 
t'AtT:A · o • o 

&·ATA 0 
AA<T'A 0 
DA{A a 

8•0 A,n.n·RESS OF THOFLA·G SCHEDULER 
&t NUM-8'ER A'PPE'ARED FLAG FROM IOTSCff 

&:·3 tS'T NAM€ FROM IOTSCN 
R•4 2'NO NAME FROM tOTSCN 
85 SPARE 

) 

' ) 

.D'1ATA 0 
B'~TA B!fUG:S 

It. R A-1-D IRE A 1< EE RR 
·a~1 A;nff aF DEBUG A00ff HALT ROUT'tNE ) 

A=Ac];A 0 

0A1TA ll 
!lA1T'A 0 
lUT• PAtOEM 
9A·TA 10;1~ 

f)fA='JiA F&BGSC. 
f.l·A•'fA ·'ih , .• 
ll>A 1A 0 
DtA\TA 01 •• 0 

M VF·*'l1 r .· 91411·01 t.o 
s:,q ~·A ST'A·TlO·N CONTROL 
9·0 P'O BUF'FER BUSY FLAG 
aa •DOR OE' R• ID PG 0 I DGIC 
Cl•2 SAVE R,AJ:O' S RR HERE 
9'3 F&8GH SCHEDtJLER FLAG 
QA SYS'TEM RF·l. « tN •SCII 
C):c; MA $TATTON FOR CR REQUEST 
CJ6· C'LlQ NAMEt •. 2 

101 OEVTCE # FOR CLIO 

tQJ CITE;;QPY FOR CLIO 

0ATA o.o 107 BACKSROUND IO 

~· - \5 

) 

J 

) 



I 
l 

A 
I 
l 

,1 
·~ 

j 

00000&.40 
00&40 0000253& 
9Ab1U 9"1Ht&735 
00&4C- 0Cl006.64?. 
on&43 00001726 

oobi:;n onon6702 
006~1 oooo5n6~ 
9~F.52 999A'i&'iS 

* SYSTEM SU8ROUTIN£ TRANSFER VECTOR CBSM• (SYXVEC+N)) 

* 
SYXVEC 

~· .. 
.. TV 

TV 

UMSGW 
AOJMEM 

i;t~ - StN&JL, 

·······/;;;~t·<·• .... c%;+· >/.··.•·· 
t·t•ei "tES:tE,R· 8U$Y ·WAIT IN· ·FORESROUNO 
i'{>tr'''oa1v. OUTPUT FOR ALPW• PRUIT 

l CLOSE OUTPUT -ALPHA PRI.NT 
3· NUMRER ERROR (8RU•·l 

OUTPUT A MESSAGE ON SYSTEM POD 
ADJUST MEMORY USAGE 
SCOI ElLES IN MEMORY 

00653 00003?7~ TV ·&TSTAT.·····. . tf. DECODE STATION IO FROM-COMMAND OR DEF~ 

on654 000157&'5 •TV. eeN-v tl' t·ONVERT BINARY TO DECIMAL 
OtH11!SS 000056.:ill l!UID !3 t!UI DECIMAi tilll!BEli IM BllEEER 
006'i& ono1c;111 .. ·· .. ····PtJTC' 14 PHT CHARACTER IN BUFFER 
00657 0000&~1.l~ '4'9VEON 15· MOVJ~ A Mf.~ORY RLOCI< ASCENDING ORO ER 
OOfro(l QDQOE13Sa rv MOvft1p 16 MOVE A MEMORY RI OCK QESCENOING ORDER 
on&f.1 onoo5ft66 ·.·n·;· 

""i Ft'1!1·TE t7 PUT £NG • JN RUFFER 
00(,"2 OOOf\5671 ::1TV ' ,, ,-.PtfFft t8 P'OT OCT'AL # JN BUFFER 

F.P •. FQRM) ' 

PUT WORO IN SUFFER 
T£RfH'NAL ERROR IN THO 

Of\700 onooJ~07 TV PUTlME PUT DATE. TIME IN BUFF~R 
' on1n1 onoo4~f\O TV . f>TT()V " GET IO. DEVICE AOOR IN TVT 

9c:t7Q2 QQQ0~7at lV HEADER JO 011rp11r l::IE•OER (BfNN,pn,nci;,MAl 
on70J onon31n& TV SPIOER . 35 SIOCS ERROR CHECK ANO MSG 
Oft7fl4 onon3'.5·t 0 TVc FSOVC. . . 3'6 'CALL OVERLAY FORcGROUNO 
Q•HO§ QQQ()'U7A TV ALLEX J1 ISSEMBI Y t ANGHAGF I INKAGF FXECUtION 

·d 

""') 

.) 

.... 
J 

00706 OOtM2'341 TV COMMMO 38 RETURN TO MONITOR (BRU• ) 
on7 01· 1)0011)70 t rv· PUTW ~q. PLACE 4 T ASCII CHARACTERS IN RUFFER ) 

! 
R~7t9 QQQQJUO? . TV TWAIT ao WAIT ON TESTER ACTJVtTY 
007t1 0000340! TV F&BGRT 41 SCHEDULE l:UCl<GROUNO FRC1M FORF.GROUNO .. 
on7 t2 006{)~6~7 n MOMlNT ·~ ENTER SCHEDULER (SAVE HARf)WARE) .J 
9A7 l] OACH>54'i~ rv SC&& E •J SCAl E E.P. rn TESTER VAi !JES 
00714 t>noo34c;7 TV FGWAIT 44 FORFSROIJNf) WAIT FOR BACKGROUNO 
00715 ooon5~43 TV ERRCNV 4~ SIOcs· ERROR CODE oecooER. M£SSAGE OtJ .). 
9~71& ggg9547~ TU fS"B 46 Ft O•TtNG POINT SllBIRACI U.f •> Al 
on7t 7 OOOO'i5(tO TY P:A;Mt) 4'1 Ft...OATlNG POINT AN,t) CA ANO E _,. Al 
00720 0000'5*;0& 'FV: f:EOR 4·8 FLOATING POiffl' !OR (A !OR E •> Al 
9A721 IHH~P'.i~?? TV R.OG 49 FlO•TJNf; POJNT I OG (t OG l •> Al 
00722 Ot\00547'5 TV FADO '50 FLOATING POINT AOO CA+E •> Al 
007?3 000054~7 TV FOIV 51 FLOATING POINT DIVIDE (A/E •> Al 
9972A 9A9A~S3A TV f~IXS 5; flX FLO•ttNG POINT lNTO A.E 
[)0725 00005503 rv FOR' S.3 FLOATING POINT OR CA OR E _,. Al 

--------=~;:~ _ _;. __ ~:J!P __ ---- _: .. 



( . ~& 00005'511 
. _,7 CJOQ9'i525 

r0730 .00tH>S4f;t4 
ro73l. ooto·ss1• · 
107J'i t't>OtS!H7' 
10733 00005533 
10734 00016004 
J07l5 00005705 
J0736 000030'5:2 
) 01'3'1 00 () 0·442'0 .. 
HJ? Q g g ngQiQ'i'j'I 
)0741 00004571 
~074~ 00004663 
~07QJ OOOOl.lflOQ 
rl0744 onoo4&3t 
00745 00005436 
OQ7 CHt OOOOf.iJEtO 
00747 00005441 
00750 0000&-;32 
QIH~t gogo5q11n 
00752 00005447 
007153 00005713 
Ot>754 onoo5as9 
00755 0000'54&1 
00756 00003f>l1 
OQ757 coo 0 ao~5 

0 00005143 
,1 0<'005751 

Q07"'~ QOOQ57SQ 
oo7n3 ooon:n-;1 
007~4 ooononoo 
007£>5 00005157 
00766 00005677 
00767 00005702 
00770 QOQQf,Of,1 

00111 oono&tt5 

* 

TV 
TV 
TV 
TV 
.ry·· 
TV 
TV 
TV 

·•·JV .· .. 'W 

TV 
TV 
TV 
TV 
TV 
TV 

TV 
TV 
TV 
TV 
T'V 
TV 

TV 
TV 
TV 
TV 
TV 
rv 
TV 
TV 
Ty 
rv 
TV 
TV 

TV 
TV 

FNOT 
FE'.ICR 
f MUL 
FFIX 
FFI t 
FFLTS 
FCAM 
I CAD 

OE:LFlL 
··.····Rf:LO'V 

ATT 6 

OTTA 
PAGF.:TP 
EGBGlln 
FG8G"' 
FIN.OVL 
san 
OMASTR 
FGOH 
E&iBTST 
WWAlT 
.M~RXLA 
TN TERP 
FNTRSY 
Rsnvc 
STA u. 
IJPOATE 
PH TENG 
P!JTA 
RGCHt< 
0 
CAI I MOD 

PUTR 
PUTH 
SA'\/ENV 

llSVElllV 
TATO 

54 FLOATING POINT NOT (A NOT E •> Al 
5$ FkOATING POINT EXPONENT (A •> A). 

56 Ft..OATlMG POINT MULTIPLY (A * E •> A) 
s·-r rIX Ft.OATING POINT INTO A (A •> A) 

· SB· Ft OAT INTEGER JN A (A •·> Al 
5q FLOAT NUMBER IN A,E (A,E •> Al 
60 FLOATING POINT COMPARE (A,El &' I OAO A Fii f INTO MEMORY 
&2 DELETE FILE RY NAME CHANGE 
6'3 CA-Ll OVl Y FOf~ RELEASE 
'' ATTACH QVt y IQ STAIN 
6~ OFTTACH OVLY FROM STATN 
66 PAGF.: TE~T PLAN 
,, EGtBG •ATIJNG 
65 fG/AS HALT FOR ME'M MOVE 
(,,q FINO VARIABLE AOOR IN STACI< 
1·0 FOREGROUND IO 
71 START TESTFR OMA ANO WAIT FOR DONE 
7? FORF.GROtlNO HFAOER OllT 
71 ENABL.E L.OCA• MfMQRY TEST 
74 WAIT FOR LM TEST IN FG 
75 OtSC AOOR TPANSLATE 
76 CAil TNifRPRFTER 
77 ENARLE TF~TER BUSY COMP INTERRUPT 
78 CALL OVLY FOR EG RESET 
79 STAI I Br, PROCESS 
AO CREATE/DELETE A FILE 
81 PllT ENG VAUJF.S tN BUFFER 
B2 P!!I OCTAf t0£CTMA1 ADDR TN BllEFFR 

A3 CHECK IF R~ ACTIVITY ON 
84 
es CAI I OVI y MOD!ll E 
8~ PUT fHNARV # IN 8t1FFER 
87 PUT 1-tEX # IN RUFFER 
88 SAYE ENVIRONMENT 
8q RESTORE ENVIRONMENT 
qO IRU~ ORTVER • RESERVED .) 

~ - \1 
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.. ,;f:{L'~.·:;&;'i' A:[)DQf$S£D By. fMMX Sf!·(XS l 

*' 
0()000062 SVTL 

._;.,, ·.: .. ;:' .. ~ - ' . •• ~_,.:· .,:.-,~~ .:~.-.~·.'..:,'.\/·.~(;;:\· - ::-·· · .. t;;lc·,c;/ . •·•fill@·~''' 
O'ctO'tH'@iott' 
()0000002 SPlN 
0000·0003 SMSfl 
000001004 SMF 
0(>'00000'5 51ft'R 
01oono 006 STeF· 
00000041 S'!IOFES 
onoooot 0 SLML 
onoo·oM 1 S·TfHP 
OQOQQQ1il STSP 
0000001 3 SMSRH 
0000•0()14 SlNC 
oaonoo1s SEV*·l 
ooooont6 lllPG 
0000001 7 SPMOO 
ooaaooao SO• Af 
0'00&()0,21 5,1F:c 
0001>0022 SfF'V 
00000023 S'M~p 

000000?0 SFR 
00()00025 SSA MC 

* 
*" OOOtlO&i>b StO 

QQOD()0?7 5·01 
0'0000030 SLTMO 
0000fl031 SL lMt 
OOOOOOli S'OCTOE 
O''O o o on !3 $:t>CTO 
00&00034 SDCTt£ 
00000015 Si\C'Tt 
OOOOO'O~n SI LOE 
000000~7 SI.LO 
OQQQQCUO SIM Ii 
t),'OO<t·Oft'4,J $J'.H1l .. , ... ~,i SN4...GE 
••t·R'O·•J 11¥110 
00000044 SVHlE 
00000045 SVHI 

O«H~'9004~ S488¢.T 
Ofl0ff0°0tl'7 S·APMt:'f' 

EQH '50 

•'tit 9 .· ... ' ··-~ .. -e:·alu 1 
E·~;t.J ~ 
F~~u 3' 
fQ!l 0 

E'fiU 5 
E''fifU 6 

• emu 7 

EliHJ A 
Elm q 
EOl' to 
~llUJ 1J 
E~>t'J 12 
e:m11 13 
EQJI 1'4 
EQH 15 
f'Qfl 1& 
~81W 17 
E(gtJ t8 
£Jilli 19 
EQH 20 
E@H 21 

E?Q.lJ ;ri~ 

EQlt 23 
E:QU ~4 

Efl!I ?5 
EOI' 2& 
E'.8t:J ?7 
EGU 2'R 
E''fiH 29 
El41TI ~o 
EQIJ ~1 
(QI.' l~ 
eeu 33 
e:au '3\4 
&:cu• '1'$ 
EQU ~·#-.· 

F.fllU ~-7 

EQU '5'8 
·e&o .,,q 

· ..... · ·. 5c,6):~~PfltE . S"~~ 
· liest tte•,n · tnwmm 

CURRENT PMU PIN NUMBER 
C'llPRFNT PMtl MFASUREMENT 
Mf ASHRE Fl AG FOR DI 

f:'JiR JMA,GE 
TER~t'N·A,L ERR·OR FLAG 
ViflFESFI VAi HE 
LO€AL MEMORY LOCATION 
OPS nnP STATUS 
TEST Pl AN ADDRESS 
SlAVE MEASUQEMf'NT IN REG FORMAT FOR t.4A 
lN'C FNABL.E FLAG 
FORCING VAi Hf FOR HACRO 
LOCAL MEMORY PAGE SIZF 
P•OGRAM ~OOE (PPM/SPM,ETC) 
Oj ADDITIONAi FA II Fl AG 

I'F' C'OUNT' FOR OL SY COUNT 
I'F COUNT FOR MA SY'*C, SET IF 
MA'Df' 0£ MfASURfMfNI -SET PHH SfNSE •i._,_ • 

MOOE OF FORCE • SET PMU FORCE 
CLAMP FHT ( 2R VOLT SWING) FOR SAMC, ANY .4 
TO $AMC SHOii! D OR JN !HIS GI ORAL I EXCEPT 
AiNA:l.Y$IS 
ORrt;JNAL VALUE tl'F Q RE.S 
MRTGJNAI VU Hf OF QI 
LlMfT n OR LIMIT IF ONLY ONE 
L.JM·lT t WHEN THERE ARE 2 LIMITS 
fNABI E QCTO Fl AG WORQ 
ENARL.E OCTO VALUE 
fNABLE OCT1 FLAG WORD 
£NARI F OC'It Vll-Hf 

EMARLED LIMIT VALUE 
ENASL.E IHI 

4A8 BUS C.ONTROL WORO 
A·P'M CONTROL WORD 

) 

) 

) 

) 



ACCESSING ·THE svr··TABLE 

THERE ARE 2 METHODS: 

1) F.G. 
XRl POINTS TO SVT TABLE ON ENTRY TO FOREGROUND. XRl 
SHOULD BE SAVED FOR LATER REFERENCE: 

STX XRl., SVTSAV 

2J F.G. AND B.G. 
THE ABSOLUTE ADDRESS OF THE SVT l~BLE rs DEFINED IN 
GLOVAR CELL #ll C433Bl , •. 

SVT EQU 433B 
SVOFFS EQU 7 G~UST BE DECIMAL!) 
XfU EQU I 

~· 

• 
LDX* 
LDA 
., . 
... 

t 

SVTSAV DATA 

XRl, SVTSAV 
SVOFFS, XRl 

(r - I) 

GET FLOATING POINT 
VOFFSET VALUE 



*' A,cc.ess·eo 8'Y INDEX TP·o:21 

* eooooaaa rvr1. , ..... E·au 146 
. . 

jy·rt.·+rv·rt +rv'l't + rv+"" ·. · • .· s T-• rro•• /. · 

OrOfHH>OOO TSWil'CH EQH 0 
0·00000.:0 t TVALHE EQiH t 

.,: ... ·.: .. 

G:L08AL. V.UHA8LE SWIT'CH 
S:L.08AL VARIABLE VALUE· 
GI OBA;! . VAQTASI F SN oooqooqa rs» . · e:gn 2 

·•.: .. ··_$.LlMAll V,A1R:t.~·&LE TT 
··;:···,.'- ;i''''\j~:t'A·LSG R£:Qiw£sf· 

:~,·· 

* £Qlf 
*' E~H 

& 
1' 

• EQ" I 
e:sitt ~· 

·.··''."·•&&U t;·O 
TGtAB1 &@11 
•l'CLOR2 EQ·~ 
•fGL.O-R·3 E"QH 
•·1GI 09.0 e~,,,,, 

*'TG'L 01f';5 rG:t!I 
*T'$l.Q9& ell>:IJ 
•I'GI Oftl f Qll 
•:r·G·L.liJFlB f:G'U• 
• 1TG'LO'flq EQ.1tt 

•tGJ 0''0 EQU 
•iT'fi:t Ol 1 E;o.u 
••T'.$'.L.O't ~ El~itt 

•J"ll 0'1'3 f"OH 
•TGL014 EQU 
•·T'GLIHS E'AU 
•·Y:GL01 Ea f QH 
••T.G'Ul'17 .EDU 
•·T&•L<H8 £lU.tJ 
·•TGlOlQ Erm 
•TGL1:»20 EOU 
•·TGL0'2'1 E:QU 
•'J'.G&.oaa f±Qtl 
•-<TSUl~3 E:'f;l•tf 
•TfS:Lte'4 f:Q:U 
•·'t·r:l .. o·ais e·ou 
•·T'GUJ?& Fl'llt 
•TGL0'?7 EQU 
•T't.lo.928 UH.I 
*''fl*'L.O~CJ EQtJ 

·.·*t'St..0'10 E:Q'U 
..,..(;lg11 V.QU 
•T&L03? EQ:U 
•fG:L.033 ElitJ 
•TGbQ]O EQU 
•Tl!LOJ5 EQU 
•-TG.L03& eou 
tTiil937 EQtJ 
•TGL038 EQU 
•TGL039 EQU 
TGL94'9 f Qbl 

• ecu 
. .. ··'.-, .. ·~· . . ' 

t5 . 
1'6 
17 

~t 
;»•2 
23 

10 ' 
"H 
l'~ 

4.2 
43 
QQ 

' R!flUNf) TRIP D:ft •Y 
S·PA,R'E 
S'P'A·R-E 
s·e•·R·E· 
..,~ 

Sf"AiRE 
gt na·u VARJ'ABtf 
G1-08AL VARIABLE 
S:l:.OfH:L V4.R!'A~LE 
SI QBAI VARTABI F 
&l08A'L VARJA.BLF. 
GLOBAL VA'RJ'Aq'LE' 
SI ee Al VARTARI E 
S'L.OfUL VARIABLE 
lROBAL VAR 1 A8L.F. 
GI Q:BAI VARIABLE 
SL08AL VA·RlARLE 
&l.08AL VARIABLE 
G• OfUI VARIABIE 
&:L.OBAL V4.RlARLE 
G'LO.FUL VARlA8LE 
Gl fl.BAf VARJ'A9! E 
&LOB·Al VARIABLE 
G:LGBAL VARIA.,LE 
Cl OBA! VARTABIE 
i;:uiRAL VARlA~LE 
t;:LQBA·L VA;RlA·ffLE 
C;!..OBAI v•Rr•.a1 E 
GLl!)8A·L VA:Rt ~8LE 
G:L08AL VARIABLE 
Q! l)BA! v•.e1•s1 E 
GLOBAL V'ARI ABLE 
GLOBAL VARIA·RLE 
'91.0BAL. VARtABt..E 
Gt.OBA·L VARIABLE 
GtJ:>fUL VARll·8'LE 
t::LOfJAt. VARtA8LE 
GLOBAL VARI A ALE 
GLOIHL VARTABLE 
GbOBAL. VARIABLE 
tROBAL VARIAALE 
'9LOBAL VARIABLE 
'b(UUL. VARIABLE 
GU'HUL VARlARLE 
GLOBAL VARIARLE 
GbOIUL. "AAtABL.E 

SPARE 

.GI OftJ 
GL082 
GLOR3 
Gt neg 
GL08'5 
GLOR& 
GLOB? 
GLOB,_ 
GLOBq 
GLOB10 
G'L081:t 
SLOfH2 
Gt ne13 
GLOf\14 
GL0815 
GI OB16 

GL08t1 
G.LOStR 
61QB19 
G'L0820 
GL082t 
GI QB22 
GL0823 
SL0824 
&10825 
GLOR26 
GL08?7 
feLOBiB 
GL0fl2~ 
&L083'0 
&LOBJ1 
GL0832 
GL0~33 
;1 0930 
GLOB315 
GLOA3& 
GLOBJ'7 
GLOR~a 
GLOA3CJ 
GL.OB40 

. ) 

) 

) 

.. ) 

~-'2.0 
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* E:gu 15·7 SPARE 
* EtlU c;8 S·P A~E 
- EOU 5~ SRlRE 
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0000907& TCPC EQU 
00000077 TOCDLY EQU 
ooogo1go rog~v ~ou 

. >fl~~~;!,; +gtJ~~1l~*'f\{(/'F . ,. 
t 0 0001 IJ T'OLB 
00000104 TOLF 
onoooto5 TOLS 
9~99919@ TQbe 

E'QU 
EQH 
E'Q 1I 

l!t~ 
6~ 

PROC'ESS C-ONTROL,PAUSE,SYNC 
DC T'JME OELAY 

84 L,M TIME OllT 

b~ DATALOG FREQUENCY COUNT 
6Q OATALOG SKIP CONTROL 
70 tHT 61.QQ RE:QllEST 
71 l)lTA,LOG C0"4TROL & STATUS 00000107 TOt.C 

000001 tG .TLMFC 
... OflOOOt 11 TROE 

-~tiJU 
.· e:tt•LJ 

£1.t!J 
"{i~ . tUTA,LOG •OOITIOHAL FAlL COUNT 

00000112 TPOS 
0000011"7i TPOR 
OQQQ011Q TDFR 
ooono11s TMACTL 
00000116 TPP.O 
QQQQO tl 7 TSOIC 

00000121 TMOO 

F.QU 
EQt1 
EQ!I 
E·OH 
E'lUJ 
EOU 
EQU 
Flrn 

00000122 TAPMP1 ego 
00000123 TAPMP2 £QH 
oaaoot ~?O TAPMF1 EflH 
0000012~ TAPMF2 fQU 

01>000135 
O,OtHHH3~ 
OQOCHU n, 
00000137 
00000140 
OQQQQ1Q1 
(Jt0,lf!l42 
0'"'°'*"'4'J' 

00600150 
G4HJ99 t51 
00000152 
00000153 
91Hl901S4 
00000155 

* 
* 
* ... 
• 
* 
* • 
TPDD 
TVTLL 
TS'liR 
TPAllSF 
TIP 
TRI WT 
T8IHS 
l"Mfl'LN 

•• 
* 
* 
* ·'• 
TVTt.G 

·tP1t 
TTTK 
TMTRt 
TMTRi 

ECW 
EliltJ 
E'Q;{J 
EQU 
ECJU 
f;:'Ql.l 

&QlJ 
f'lillH 
f:(j{lf 
i'Q{f 

EQll 
EQU 
iCU 

e:11u 
EQU 
EQU ··­·~· filHJ 
EQU 
fEQU 
'QIJ 

7'J en EREQHfNCY cnuNT 
74 PO SK IP CONTROL 
7~ PO REQUEST 
76 OCF REQ!!EST 
71 MA CONTROL 
7'8 MA PPM REQUf'ST 
79 
~o 

At 

85 

86 

MA SYNC·COUNI 
SPARE 

PPM,LM MODULE NUMBER 

AP.,. PROCEDURES #1 
APM PROCEDURES d2 
APM Flt E NAME #1 
APM FILE NAM~ #2 

S·PARE 
S•PA,RE 
SPARE 
SPARE 
SPARE 
SPAQF 
SPARE 

DIST COUNT 
ENO OF LOCAL CLEAR (// CLEAR STAT) 
PROGRAM STEP COUNT 

·93 

" 1'00 
101 
102 
tOJ 
tt:l.l 
10'4 
t "~ 
t06 
107 
1:A8 

PROGRAM PAUSF. COUNT 
JNST~UCT!ON POINTER 
SIN INITIH.IZED 
BIN STATUS 
M1A')C P'lN (0£F AULT : 6-0 l 

S-J!ARE 

ENO 
PIO 
TTK 
MTRt 
MTRe! 
CR 

SPARE 
SPARE 
SPARE 
s:pA.RE 

OF GLOBAL CLEAR (// 
ADDRESS IM IOATAB 

ADDRESS JN IOATAB 
ADDRESS IN IOATAB 
AOPAESS IN tOATAS 
A·OORESS IN IOATAB 

LOAD STAT) 

l,-'2..1 

') 

: . .i 

_) 

J 



- - -- ------·--_ .... ____ 
00000156 T'OTF EAU 

• E'QU 
0'4HH)0160 TVK2 f QU 
00'0tHl161 TM'IF eau 
Ot.tQO(l 1 '1? T'P:OO E'QU 
ooonotfl~ TTTP emu 
00000164 T'f'1TW1 ~Qll 

9C'.IQQll19~ TMTW2 ECU 1 

ooooot6ft TLP EftH 
000001b7 T'OOF EQO 
01HHl917A TGlO iQO 
00000171 TVP? F:mu 
00000172 TMOF ~'@111 

OQ01l01'1l TOPI eau 
Of\.(),00174 TA TT A E'QH 
00(')00175 T,J.OA EQ\lJ 
()00° 0 176 JMSTK EQH 
00000177 TOMS Tl< E.QU 
onooo200 TRTO.S ft'HJ 

• E·QLI 
00000i>02 TTITLF E'flU 

110 
Ul 
tt2' 
tt3 
t 10 
uc; 
1 t6 
117 
118 
1'19 
ti'Q 
tll 
122 
1~1 

1'l''4 
1i2S 
126 
127 
f28 
r~s; 

130 

OJF AOORESS IN lOATAB 
SRA RE 

V1<2 AiODRESS IN lO:ATAB 
M!J'F A,Q1llt£S'S lftl: TI>ATA8 
P:OO AQDRESS IN JOATAB 
TTP AOORESS lN l0ATA8 
MnH ADDRESS IN lOAT•B 
MTW2 ADOR~SS JN fOATAB 
LP AOO'f~ESS IN lOATAB 
&OF A;O'ORE~S IN l0ATA8 
CLO AO,DPE$S IN JOATAB 
YP2 ADDRESS tN IOATAA 
~('IF AOORESS TN IOATAB 
TESTER OPIJQN CONTROi 
AT'TACH FLAG 
STATION'S JOR NtlMSER 
MAX STACK SIZE !!SEO 
M~~ STAC~ SI7F SPECIFIED 
S~VE ROUND TR!P Of LAY 50 IT WONT BE CLEh, 

SP•RF 
THRll 14~ STATION TITLE 

) 

J 

.) 

J 

) 

) 

) 

~-11. 



ACCESSING THETVT TABLE 

REFERENCED VIA XR2 

F.G.: XR2 POINTS TO TVT FOR CURRENT STATION ON LINE ON 
ENTRY TO FOREGROUND.· XR2 SHOULD BE SAVED FOR LATER 
REFERENCE: 

STX XR2,, TVTSAV 

E.G.: MUST USE SYSTEM ROUTINE 'GTSATS' TO OBTAIN POINTER: 
LDA SITEQQ CURRENT STAT ON LINE (426B) 
ADD Dl NEED NO I 1-4 
STA Sl~ TC C522B) 
BSM* GTSTAT C653B) 
NOP 0 
STX XR2,, TVTS.A.V SP.VE FOR LATER 

EXAMPLE: 

TOPT EQU 123 Q23 DEC I~A.L ! 2 
Bll EQU 115B 

... 
I 

LDX* XR2,, TVTSAV 
LDA TOPT,, XR2 GET HARDWARE CONFIGURATION 
CAM Ell LOW VCLTAGE HEAD? 
BBC ISLVTH 
... 

I 

TVTSP,V DATA 0 
Dl DAT~1 l 



TOPT CTVT 123) 

Il IS USED TO SAVE HARDWARE' OPTION. Il IS SET DURING SYSTEM 
INITIALIZATION <AFTER BOOT ·FROM MAG TAPE OR ENTERED FROM 
DOPSY) AND NEVER CLEARED. 

23 21 I I 

Bl2 
BlO 
Bll 

BIT 9 = l 
8. = l 

7 = 1 
6. = 1 

BITS 5-0 = 

15 I 

28 VOLT SWING 
. MEW REF/MUX MODULE 

LOW VOLTAGE 

2Vl2MV OPTION 
SPM 
PPM 
IO MHZ. HEAD 

U1 SIZE 

U1 SIZE 

IK = 001 
2K = 011 
4K = ill 

Bl8 MODE REGISTER 
Bl5 MODE 
B17 MODE·. 

· RVS RANGE BIT 

SAMC BITS 5-8 



MACTAB CMEMORY..ACTI'IITI. TABLE) 

23 21 l8 u 3 0 9 
.J_ l I I ' .L ' 

a.JCS 0 JOB NllMUlt 

MUAM l. . DME l. 

anP 2 .. ~:IVE 
'rY.'eE NA1£ 2 IND 

DMl\.Dlt 3 0 Mm!Cll A.C:CESS 

HIZSJ:Z 4 ti J: a l' !'II.JS: s::a: 

·~u 5 a MEMCU SllE 

... 
M&J:Ol''? 6. 0 IOAD.B l'O~lt 

~ 

MAWSD 7 0 w:omow S'?A.Rr 

a WCl:ds/ent:y, 32. ent:ies in table 
'fetal. :ZS6 words. '!he tzbl.a is expanda.b.le l:)y ASS:IGN. c:cm::ia.nd. 



lOATAB ClNPUT/OUTPUT ACTIVITY TABLE) 

ns~ 

l'l'IAME1 .i. 

nmMS2 

PO".C:S 

~a 

!'S%%!.: 

!'OSP 

nmu:m 
. 

nasn 

!'CDAJlll 

~ID 

FRSIZ:S: 

-

U WOJU)S/DJ'?U, 20· D~S/'?ABIZ 
260 WC2llS 

!'i.:s~ 6 EA:t::ies a:e :ese:ved. by_ the system 

~ 23. l.~ lS, l~ 91 ~ 3 

a rHDJE1 stl ] ICILfB STA~r;1 • j;J ~o: 
r· 'M "P lt 

' MM~ com: 
l. ·. T ' ' 

P?:RS'r 4 c:sAl?Ao:tS OF n:w: NAME 

2. 
I T .. .T 

l !'U.Z 
·J:IU!r. 2 ca.a O!' nIZ 0 ·u.e:: 

I T . I 

3 JO:S N'C'MSD 

4 
I • I . . ' 

Sl?AR!rmG C:CSC ACElUSS . 
s 

. I ' . . 
!':c:t!: SID -

I I 

6 0 ~ ar.oa ACCESS 
I I I I 

7 0 m;oa SmTD A.Dmte:SS 

a 1 
. ' I I 

I SI."CCX BOl'TD SIZZ 

9 
I .T 

. T T 

l 
I 

D.aCl'l CODE 

lO 
I I 

l 
. . . 

C'C'lUtEN'r r:i::i:z S:t:Z 

ll 
' I I l T kcoRD 0 

I t . I I I 

J;2 ~ 0 

0 .. _ 

SIZZ 



REVIEW OF ASSEMBLY LANGUAGE PROGRAM LAYOUT 



GENERAL· PROGRAM LAYOUT 

REL 
*EQU TABLE 

j 
.PROGRAM HEADER 

\ 
*MAIN PROGRAM 

CONTAINS FOREGROUND & BACKGROUND SECTIONS 
IF BOTH USED 

*OPTIONAL RESET ROUTINE 

j 
.OPTIONAL RELEASE ROUTINE 

-~ 
.SUBROUTINES - IF USED 

i 
*DATA DIRECTIVES/FIXED BUFFERS 

* 
( 

LWOruJ EQU * 
END 

/ 



PROGRAM- HEADER 

ALWAYS 22 WORDS THOUGH CONTENTS MAY VARY 

REL 
FWORD DATA 0 

TEXT .. ANAME I PROGRAM NAME 

DATA 77B OR 71B PROGRAM TYPE1 
DATA '1.2' OPTIONAL RELEASE # 
DATA LWORD-FWORD PROGRAM SIZE 
BSS 6 

RS EMT PZE 0 RESET ENTRY! 
BRU RESET 
B.SS 2 

RLENT PZE 0 
RELEASE ENTR¥1 BRU RELE.SE 

BG ENT PZE ff} BACKGROUND ENTRY! 
BRU* BG ENT 

FOREGROUND ENTRY1 FGENT PZE 0 
BRU BEGIN 
DATA 2 OPTIONAL: DATE OF 
TEXT '12/9/77' LAST PROGRAM RELEASE 

---------
1) - .. 

SEE DETAILED DESCRIPTION ON FOLLOWING PAGES. 



PROGRAM TYPE DEFINITION - 77B AND 71B 

TYPE 77B.: MOVABLE PROGRAMS. ALL FOREGROUND PROGRAMS AND ANY 
BACKGROUND PROGRAMS WHICH DO NOT QUALIFY FOR TYPE 71B. 
THEY ARE LOADED FOLLOWING LAST FILE AT END OF MEMORY. 

TYPE 71B: FIXED PROfil~AMS.. ANY BACKGROUND PROGRAM WHICH: 

1 RUNS FOR MORE THAN l SECOND 

1 LOADS FILES TO MEMORY WITH SYSTEM ROUT! NE 'LOAD' OR 
.. 'PAGETP I' ( E. G I LMLOAD.) 

1 WILL EXPAND ITS SIZE IN MEMORY DURING EXECUTION WITH 
SYSTEM ROUTINE 'ADJMEM' (E.G. COMPILER) 

ARE LOADED ONLY DURING A FOREGROUND BREAKPOINT IN TESTING 
AND ARE INSERTED JUST FOLLOWING U\ST ACTIVE TYPE 71 
PROGRAM NEAR END OF OPERATING SYSTEM. WILL SLOW TESTING 
THRU-PUT lF ASS!G.NED TYPE 77B INSTEAD. 
·• ARE AUTOMATICALLY RELEASED FROM MEMORY WHEN COMPLETED 

EXAMPLES.: 
TYPE 71B 

LMLOAD 
PSCAN 
LMIO 
XGRAPH 
COMPILE 

. 

TYPE 77B 

GLOBS 
LABEL 
XMIT 
PP LOG 



AUTOMATIC PROGRAM EXPANSION 

A BUFFER AT THE END OF THE PROGRAM MAY BE EXPANDED BY ANY AMOUNT 
AT LOAD TIME. 

REL 
FWORD DATA 0 

TEXT 'ANAME' 

DATA 77B OR 71B 
DATA \ 1.2' 
DATA LWORD-FWORD 

BUFSlZ DATA 3072 BUFFER EXPANSION SIZE 
BSS 5 

RSENT .. PZE 0 
.. 
.. 

3072 WORDS ARE APPENDED TO 
END OF PROGRAM AT 'BUF' 

.. 

.. 

LWORD EQU * 
BUF EQU * 

END 

BUF EQU * BECOMES EQUIVALENT TO 
BUF BSS 3072 



RESET ENTRY PO INT DEFINITION 

THE RESET ENTRY POINT IS ENTERED AUTOMATICALLY AS THE 
RESULT OF AN OPERATOR PRESSING THE TESTER RESET PUSH­
BUTTON AT THE TEST STATlClN, WHICH IN. TURN, CAUSES A 
TESTER INTERRUPT. AFTER THE INTERRUPT OCCURS, THE 
ASSEMBLY LANGUAGE PROGRAM EXECUTION IS HALTED AUTOMAT-. 
!CALLY AND CONTROL IS PASSED BACK TO THE RESET ENTRY 
POINT OF THE PROGRAM. THE RESET ROUTINE WITHIN THE 
PROGRAM, IF ONE IS USED, SHOULD CLOSE ANY OPENED FILES, 
AND RESTORE REGISTERS AS REQUIRED BEFORE THE PROGRAM 
IS ABORTED. 

EXAMPLE OF RESET ENTRY USAGE 

MEADER 

BACKGROUND 
PROGRAM 

RESET 
ROUTINE 

REL 
FWORD DATA 0 

RS.ENT 

. BGENT 

LGSTRT 

LES ET 

• 
PZE 0 
BRU RESET 

• 
PZE 0 
BRU BGSTRT 

BRU* BGENT 

CLOSE I/O DEVICES & FILES & MISCELLANEOUS 
BRU* RSENT 

(c - ~'L 



RELEASE ENTRY POINT DEFINITION 

THE RELEASE ENTRY POINT IS ENTERED AUTOMATICALLY AS THE 
RESULT OF AN OPERATOR TYPING THE MASTR "RELEASE" COMMAND 
TO RELEASE THE OVERLAY. THE RELEASE ROUTINE WITHIN THE 
PROGRAM, IF ONE IS USED, SHOULD CLOSE ANY OPENED FILES, 
AND RESTORE REGISTERS AS REQUIRED BEFORE THE PROGRAM IS . __ _ 
RELEASED FROM MEMORY. 

EXAMPLE OF RELEASE ENTRY USAGE 

HEADER 

BACKGROUND 
PROGRAM 

RELEASE 
ROUTINE 

REL 
FWORD DATA 0 

RLENT 

BG ENT 

BGSTRT 

[ 
RELESE 

I 

PZE 0 
BRU. RE LESE 

I 

PZE 0 
BRU BGSTRT 

BRU* BGENT 

CLOSE I/O DEVICES & FILES & MISCELLANEOUS 
BRU* RLENT 



FUREGROUND/BACKGROUND ENTRY POINT DEFINITION 

FOJREGROUND ENTRY POINT 

USEl AS THE RESULT OF A, FACTOR EXEC STATEMENT SPECIFYING 
THE COREIMAGE NAME OF THE PROGRAM,, 

HACKG.ROUND ENTRY POlNT 

USED AS THE RESULT OF A MASTR KEYBOARD COMMAND SPECIFYING 
THE CO'REIMAGE NAME OF THE PROGRAM. 

NORMALLY, A PROGRAM IS WRITIEN TO BE ENTERED THROUGH ONLY 
ONE .OF THE TWO ENTRY POINTS. HOWEVER, ENTRY THROUGH" EITHER 
ENTRY POINT Ar DIFFERENT TIMES rs ALLOWED AND MUST BE PRO­
GRAMMED AS SUCH. 

EXAMPLES OF SYSTEM OVERLAYS WITH DIFFERENT ENTRY POINTS ARE 
AS FOLLOWS: 

TIIME 
LPLF 
GLOBS 
EJHA:lO 
LMLOAD 
XGRAPH 

Jt G. 

LMlO 
PPLOG 
PXLOG 

F. G. /B. G. 

SP LOT 
PS CAN 
LABEL 
XMIT 



ENTRY POINT CODING 

A PROGRAM MAY USE ONE OR MORE OF THE FOUR ENTRY POINTS, 
ACCORDING TO THE FUNCTION OF THE PROGRAM. THE ENTRY POINT 
IS CODED WITH A "PZE" AT THE ENTRY POINT LOCATION AND, IF 
IT HAS A FUNCTION WITHIN THE PROGRAM, IS FOLLOWED BY A BRU 
TO THE SECTION OF THE PROGRAM WHICH IMPLEMENTS THE FUNCTION. 

E.G. 

FGENT PZE 0 
BRU FGSTRT 

ANY ENTRY POINT WHICH WILL NOT HAVE A PROGRAMMED FUNCTION 
WITHIN THE PROGRAM MUST BE PROGRAMMED WITH A BRU* BACK TO 
THE ENTRY POINT LOCATION. 

E.G. 

FGENT PZE 0 
BRU* FGENT 

RS ENT PZE 0 
BRU* RS ENT 

RLENT PZE 0 
BRU* RLENT 

BG ENT PZE 0 
BRU* BG ENT 



BASIC ASSEMBLY LANGUAGE PROGRAM LAYOUT 
(BACKGROUND OVERLAY> 

REL 
* EQUATE TABLE - IF USEI'l 
CS:! EQllJ 12! 

I 

* 22-WORD HEADER 
FWORD DATA 0 

I 

BGENT PZE O' 
B:RtJ BGSTRT 

I 

END. OF HEADER 
* START OF PROGRAM MAlN BODY 
BG'STRT LDA N 

I 

BACKGROUND ENTRY POINT 

BRU* BGENT BACKGROUND EXIT 
* END OF PROGRAM MAIN BODY 
* SUBROUTINES - IF USED 
NAME PZE 0 SUBROUTINE ENTRY 

I 

BRU* NAME SUBROUTINE EXIT 
* END OF SUBROUTINES 
* DATA TABLE - IF USED 
DlOO DATA 100 
6100 DATA lOOB 
* 

END END OF PROGRAM 



PASSING PARAMETERS IN BACKGROUND MODE 

WHEN CALLING A PROGRAM FOR EXECUTION IN THE BACKGROUND MODE 
AS A RESULT OF A KEYBOARD COMMAND) THE OPERATOR MAY SPECIFY 
VARIOUS PARAMETERS ALONG WITH THE FILE NAME TO BE EXECUTED. 

E.G. *FILL LP 3 

THE PARAMETERS WILL BE SAVED lN GLOVAR BY MASTR BEFORE CONTROL 
lS PASSED TO THE PROGRAM <"FILL" IN THIS EXAMPLE) WHERE THE 
PROGRAM CAN THEN FETCH THE PARAMETERS AND PROCESS THEM AS 
DESIRED. 

THE TYPES OF PARAMETERS WHICH CAN BE SAVED ARE AS FOLLOWS: 

o 2 NUMBER FIELDS 
OCTAL NUMBERS IN ONUMBl AND ONUMB2 
DECIMAL NUMBERS IN INUMBl AND INUMB2 
FLOATING PT. NUMBERS IN NUMBl AND NUMB2 

o 1 BINARY NUMBER (I.E. 101101*) IN BINARY 

o 3 STRING NAMES (E.G. 'LMI003') IN NAMEMl~o 

o 6 IDENTIFIER-NUMBER FIELDS (E.G. TG4) IN SPNUMl-6 

o PERIPHERAL DEVICE TYPE CODE (E.G. LP) IN CMDV 

o STATION NUMBER IN STATC 



BACKGROUND PARAMETER PASS I NG EXAMPLES · 

s /0 r'C 

/\ '· 

*LMIO 1LOAD 'LMI003' 

tJ 

200 DIF 

LLCMDV 

INUMBl 

--NAMEMl,,2 

*PSCAN 13-25 LP STATl 
I I -1 ---- STATC 

----INUMB2 

---INUMBl 



PERIPHERAL 1/0 USING IOCS 

1 -\ 



OVERVIEW OF IOCS 

SINCE MASTR IS DESIGNED AS A MULTl-USER OPERATING SYSTEM., 
CARE S.OULD BE TAKEN BY THE ASSEMBLY LANGUAGE PROGRAMMER 
TO AVOID AFFECTING OTHER USER PROGRAMS OR THE OPERATING 
SYSTEM DURING THE TIME THE ASSEMBLY LANGUAGE PROGRAM IS 
EXECUTING. THE MOST COMMON AREA TO BE AFFECTED BY IMPROPER 
PROGRAMMING PRACTICES IS THAT OF PERIPHERAL 1/0. 

MASTR ACCEPTS ALL I/O REQUESTS FROM THE OPERATOR COMMANDS 
AND FACTOR PROGRAMS AND SCHEDULES THEM FOR EXECUTION IN A 
MANNER WHICH WJLL NOT CREATE CONFLICTS. ASSEMBLY LANGUAGE 
PROGRAMS., ON THE OTHER HAND., HAVE DIRECT ACCESS TO THE CPU 
THEREBY ALLOWING THEM TO BYPASS NORMAL MASTR PROTOCOL AND 
COURTESIES. THIS PRACTICE., HOWEVER., CAN LEAD TO GREAT 
DISTRESS ON THE PART OF OTHER SYSTEM USERS AND SHOULD BE 

· DISCOURAGED. 

MASTR USES THE ROUTINE $10CS TO PERFORM ALL 1/0 IN THE 
FOLLOWING GENERAL MANNER: 

o OPEN DEVICE 
CREATE 13 WORD ENTRY FOR DEVICE IN "IOATAB" I RETURN 
"TOATAB" ADDRESS IN XR6. WILL FLAG ERROR IF DEVICE 
NOT AVAILABLE. 

o PERFORM I/O 
USE VALUE IN XR6 AS POINTER TO "IOATAB" AND DRIVE 
DEVICE AS REQUESTED. FLAGS ERROR IF DEVICE GOES OFF LINE. 

o CLOSE DEVICE 
CLEARS ENTRY IN "IOATAB" POINTED TO BY XR6. 

1 - '2._ 



IOCS OPEN PROCEDURE 

SIOCS EQU 645B 
ERRCNV EQU 715B 

LDX XRl., Of>NDCB 
RETRY BSM* $I OCS 

BRU lOERR ERROR RETURN 

IOERR 

OP ND CB 

CODE: 

STX XR6., IOADR NORMAL RETURN 
... 

EQU *' 

CAM D7 
BE RETRY 
BSM* ERRCNV 
NOP 0 
BRU ABORT 
... 
... 

DATA CCODE) 
·DATA 0 

DATA 0 
DATA 0 
DATA 0.,.0 

MTl RD 40100000B 
MTl WR OOlOOOOOB 
VKT RD 40040000B 
VKT WR 00040000B 
LP 00200000B 

PROCESS DEVICE OPEN ERROR 
BlJSY? 

DISPLAY ERROR MSG 

OPTIONAL BLOCK BUFFER ADDR 
OPTIONAL BLOCK BUFFER SIZE 
OPTIONAL JOB ID 
OPTIONAL FILE NAME 

DISC RD 40240000B 
DISC WR 00240000B 
MEM RD 40400000B 
MEM WR 00400000B 
CR 40200000B 



IOATAB <INPUT/OUTPUT ACTIVITY TABLE) 

FD STAT 

FNAMEl 

FNAME2 

FJOB 

FDA.DOR 

FSIZE 

FCBBP 

FBBADR 

FBBSIZ 

FCDADR 

FCSIZE 

FRSIZE 

13 WORDS/ENTRY, 2,Q ENTRIES/TllLE 

260 WORDS 
Fi.J:s;t tr Bntr:ies a;r_e re,served by the sys:,tem 

2;3 2l. l~ lS l~ 9 6 't 

0 
B: ~l E B I c, L B w I 

F M: M M STAT s F IC _L 
T 

l F:IRST 4 CRARAC'l'ERS OF FILE 
I I I I 

2 LAS!r 2 CRAROF FILE 0 
I I I I 

3 JOB NUMBER 

4 ' I I I I I . 
STARTING DISC ADE>.RESS 

5 
,, ___ T T I I 

FILE SIZE 
I • r 

6 tl CURRENT BLOCK ADDRESS 
I r I i 

7 0 BLOCK BUFFER ADD.RESS 
! 

T 
I 

T T I T 

3 
I • 
F 

I 

NAME 

I 

I 

. 
I 

I 

I 

8 BLOCK BUFFER SIZE 
'T I .- I I 

9 ElUlOR 
I I I I 

l,O Cmum:NT FILE SIZE 
"T I '"'T I I I 

DEVICE 
CODE 

FILE 
TYPE 

. 

CODE 

l..l 0 RECORD 
T r T I I r 

J..2, 0 

0 

1 

SIZE 



ERROR CODE RETURNED FROM IOCS OPEN 

ERROR CODE 

2 

3 

4 

s 
7 

9 

10 

u: 

12 

14 

l.S 

TO DISPLAY MESSAGE: 

LDA -ERRCOD 
BSM* ERRCNV 
NOP 0 

DESCRIPTION 

An invalid devi.ce code specifi.ed or 
device not available (no interface) 

An inval.id function code specified 

Parity error durinq disc directory 
Read or OPEN call. to DP system 

Fil.e not found for DIF, OOF, MJ:F, MOF 

Device busy 

Insufficient block size or memory space 

No. write rinq on maq tape 

CLIO e~or 

!/O table overflow 

Wor.kinq storaqe already in use 

MACTAB over£low for MOF 

1-5 



I OCS READ/WRITE OPERATION 

LDX *' XR6,, lOADR 
LDX XRl,,.lODCB 
BSM* $IOCS 
BRU IOERR 

,, 
.. 

IODCB IlATA {41000000B 
\.OIOOOOOOB 

DATA BUFADR 
DATA BUFSIZ 

OPTIONS FOR DCB WORD 0: 
PROMPTING CHAR CASCll) 
l/O WITH IMMEDIATE RTRN 
ASCII CONTROL MODE 

IOATAB ADDR FROM OPEN 
3 WORD DCB POJNTER 

SAME AS FOR OPEN 
NORMAL RETURN 

READ 
WRITE 

BITS 0-7 
BIT 13 
BIT 12 



ERROR CODES ·RETURNED· FROM IOCS READ/WRITE" OPERATION 

Error Code 

l - end of input file 
2 -:-· device off-line 
4 - parity error 
6 - unrecoverable hardware error 
1· - device busy 
S - invalid I/O assignment address 
9 - file overflow for DOF or MOF 

I3 .;. exc.ess word count on read 

For error 13, E register contains the actual 
number of words.read. The error 13 takes normal 
return rather than error return. 

TO DISPLAY MESSAGE: 

LDA ERRCOD 
BSM* ERRCNV 
NOP 0 

1-1 



IOCS CLOSE OPERATION 

CLOSES OUT A DEVICE OR FlLE BY REMOVING THE 'lOATAB' ENTRY 
SPECIFIED BY XRG . 

.. 
,. 
I 

LDX* XR6., lOADR 
LDX XRl.,CLDCB 
BSM* $10CS 
BRU I.OERR 
... 

SAME AS FOR OPEN 
NORMAL RETURN 

READ 
WRITE 

DO NOT CONFUSE WITH roes 'TERMINATE 1/0' CALL 
<ITEM 3.4) 

A CLOSE MAY ALSO BE ACCOMPLISHED BY CLEARING lOATAB ENTRY 
WORD 0 TO A 0: 

Cl.A 
STA 0.,XR6 

ERROR CODES RETURNED FROM CLOSE 

ERROR CODE 
4 = PARITY ERROR 
7 = DEVICE BUSY 
8 = INVALID I/O ASSIGNMENT TABLE ADDRESS 

1-~ 



OTHER IOCS FUNCTIONS 

TERMINATE I/O - IMMEDIATELY STOP 1/0, OR CLEAR THE TIP 
SCREEN . 

DCB = (12000000B READ 
l02000000B WRITE 

CSEE SECT! ON 3'. 4) 

LP TOP OF FORM - TREATED AS NOP FOR OTHER DEVICES 

DCB = 03000000B 

UNFORMATTED· WRITE - A TIP WRITE WITH NO CR/LF 

LDX* XR6, lOADR 
LDX XRI,DCB 
BSM* $JOCS 
BRU lOERR SAME AS OPEN 

.. 

DCB DATA 04000000B 
DATA BUFADR 
DATA BUFSIZ BUFFER SIZE IN WORDS 

1-S 



ADDITIONAL AVAILABLE FUNCTIONS 

t VARIOUS COM LINK FUNCTIONS 

t D'EVICE STATUS CHECK 

•* MAG. TAPE F·lLE/RECORD SKI.I? &. REWl.ND 
/ 

t· W.RilTE MAG· TAPE 'TAPE MAiRK' 

t TRANSMIT TIP SCREEN TO A BUFFER lN ASCII 

1-10 



I/O TO STATION OR SYSTEM PID/POD 

IF I/O IS DESIRED TO STATION OR SYSTEM PID/POD., THERE rs 
NO NEED TO DO AN OPEN,, AS DEVICE IS ALREADY OPENED. 

SYSTEM PID/POD: 

LDX* XR6,,PIDPMF/PODPMF C440B/441B) 
1..DX XRl.,DCB 
BSM* $10CS DO READ OR WRITE 

STATION PlD/POD: , f 
t ) v 

1,/ 

y: I , 

l..DX * XR2 . ., TVT 
LDA TPID/TPOD,,XR2 

PREVIOUSLY OBTAINED TVT POINTER 
Cl05/ll4) 

LXA XR6 
LDX XRI,DCB 
BSM* $IOCS DO READ OR WRITE 

l - 11 
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PERFORM I/O TO USER Is VKT 

A PROGRAM SHOULD Nor BE \ HA;RD WIRED I TO VKTl OR VKT2., BUT 
SHOULD BE SMART ENOUGH TO DETECT TERMINAL WHICH USER IS 
USING FOR ERROR .MESSAGES OR OTHER USER MESSAGES. 

RULE: P'lllPMF CGlOVARl ALWAYS. POINTS TO .LAST VKT TO. 
RECEIVE A 'CR' •· 
SlNCE A GIVEN TTP AND TIK HAVE THE SAME DEVI CE 
CIDDE.,· .e.IDPMF MAY BE USED FOR OUTPUT·. 

METHOD #1 -·VERY' EASY BUT NOT FOOL-PROOF. DO NOT CHANGE 
P·LD WHILE PROG'RAM IS RUNNING; PTD filfil BE VKT I 

f..D'X-' "15·., P'IDPMF C 440B) 
LDX XRl.,.DCB 
BSM*' s1ocs· DO READ OR WRITE 

1-· 12-



PERFORM I/OTO· USER'S VKT (coNr) 

METHOD #2 - HARDER METHOD BUT FOOL-PROOF. PROGRAM CAN BE 
EXECUTED FROM DIF OR CR AND OUTPUT WILL STILL 
GO TO USER'S TIP. INADVERTANT PID CHANGE DURING 
EXECUTION WILL NOT REDIRECT OUTPUT FROM ITP. 

LDA*' PIDPMF 
~ND D17 
CAM Dl 
BE *+4 
CAM D7 
BE *~2 
LOA Dl 
SL 14 
OR QPNUCB 
STA OPNUCB 
LDX XRl.,OPNDCB 
BSM* $lOCS 
,. 

I • 

I7B 
IF PlD IS NOT VKl 
OR VK2., THEN DEFAULT 
TO VKl., AND OPEN THE 
DEVICE 

POSITION FOR OPEN DEVICE 

OPEN THE TTP 

1-\~ 



ALTERNATIVE I/O METHODS-

ALTERNATIVE METHODS FOR PERFORMING 1/0 WHICH IS SCHEDULED 
FOR EXECUTION BY MASTR ARE AVAILABLE IN ADDITION TO IOCS. 

THESE METHODS USE THE FOLLOWING SYSTEM SUPPLIED ROUTINES 
WHICH THE USER ALSO HAS ACCESS TO AND ARE DESCRIBED ON 
FOLLOWING PAGES: 

o MSGlN - READ A RECORD FROM SYSTEM PID 

o MSGOUT = WRITES A RECORD TO SYSTEM VKT 

o $DOTO - SIMILAR TO $IOCS PLUS ALLOWS ACCESS 
TO SYSTEM/STATION PID/POD AND USER'S VKT 

o $RDWR - PERFORMS SAME FUNCTIONS AS $DOIO AS 
WELL AS AUXILLIARY DEVICE FUNCTIONS SUCH AS 
LP TOP-OF-FORM AND TAPE REWIND. IN ADDITION, 
A DEVICE OPEN IS NOT REQUIRED AS IS FOR $IOCS. 

1-lt\-



ALTERNATIVE I/O METHODS ~ MSGIN/MSGOUT 

MSGIN - READS A RECORD FROM THE SYSTEM PID. USE IS LIMITED 
SINCE PlD MAY CHANGE FROM ONE TTK TO THE OTHER DURING 
YOUR PROGRAM EXECUTION. 

LDX Xl.,INBUF 
LDA ZERO OR PROMPTING CHAR 
BSM* MSGIN C646B) 
aRU ERROR 

NORMAL RETURN 

INBUF BSS 20 

MSGOUT - WRITES A RECORD TO SYSTEM TTP. HAS SAME LIMITATIONS" 
AS MSGIN. 

LDX 
LDX 
BSM* 
NOP 

x2 .. s 
Xl.,.OUTBUF 
MS GOUT 
* 

(647B) 

NORMAL RETURN 



ALTERNATIVE I/O METHODS ... $D010 

ADVANTAGES: 
,, S.lMPUFIED CALLING SEQUENCE 

•. CONVENTlONAL nopsy· TYPE DCB 
1 ACEESSES ALL D:EVlCES PLUS SYSTEM/STATION PlD/POD 

AND. US.ER'S VKT, 

D:I'SADVANTAGES: 

1 MUST STILL OP.EN EACH- DEVICE EXPLICITLY 
1·· LA·R6E BLOCK OF C:ODE. MUST BE INSERTED I.NTO USER'S PROGRAM 

1 -t c, 



ALTERNATIVE I/O METHODS· ~ $D010 (CONT) 

Calling Sequence: 

To open a given !./0 device or. file for usage: 

LDA Device Code 
OR $RD/$'WR 
BSM. $0BNIO 

el!ror return 

.Device Codes 

0 - use·rs VK/VP 
2,- MTRl/Ml'.Wl 
4 - CR/LP 
6 - ~I/CLO . 
8 - Mi!F/MO'P' 

12 - STAT P!.D/POD 
Gl4;B) 

l - VKl/VPl 
3 -·MTR2/Ml'W2 
5 - DIF/DOF 
7 ... VK2./VP2 

ll - SYS PID/POD 
(13B) 

For disc or memory file I/O the file name must be 
placed where indicated following the label "$0PDCB" • 

. 
The labels $RD (read) and $W (write) are predefined 
in $DOIO. 

To perform I/O to the last device opened by a call to $0PNIO: 

LDX Xl,DCB 
LDA $RD/$'WR 
BSM $DOIO 

DCB is a conventional 2 word DCB: 

DCB ·DATA wor,d count, buf addr 

To c1ose the last device opened by a call to $0PNIO: 

BSM $CLSIO 



ALTERNATIVE· 1/0 METHODS · •· ·$RDWR 

ADVANTAGES: 

1 NO D.EVICE O~EN REQUIRED. AUTOMATICALLY OPENS AND 
RETAINS RECORD OF ALL OPENED DEVICES ALLOWING MANY 
ro BE OPENED CONCURRENTLY. 

t SIMPLIFIED CALLING SEQUENCE" 

1 CONVENTIONAL DOPSY TAPE DCB 

t ACCESSES ALL DEVICES PLUS SYSTEM/STATION PlD/POD 
AND USER'S VKT 

•· PE~FORMS MOST AUXILLIARY DEV ICE. FUNCTIONS LI KE. LP 
TOP OF FORM,· TAPE REWIND .. 

DISADVANTAGES: 

t A LARGE BLOCK OF CODE MUST BE- INSERTED INTO USER'S 
PROGRAM 

1 - \ 7 



ALTERNATIVE 1/0 METHODS - $RDWR (CONT) 

Calling Sequence: 

LDA Device Code 
BSM $READ/$WRITE 
DA.:li Control Code 
DATA DCB Address 

Error/EOF Return 
Normai Return 

To close all previously used devices at program termina'!"' 
tion: 

:&SM $CLOSE 

Device Codes 

0 - user.s VK/VP 
2. - MTRl/MTWl 
4 - CR/I:P 

1 - VKl/VPl 
3 - MTR2/MTW2 
5 - DIF/DOF 
7 - VK2/VP2 6. - CLI/CLO 

8 - MIF/MOF 
12 - STAT PID/POD 

(14·B) 

11 - SYS PID/POD 
(13B) 

For disc or memory file I/O, the file name. must be 
piaced where indicated following the label "$ODCB". 

Control Codes 

bits 0-3 ~ Normal I/O mode 
2 '!'ape rewind 
4 Tape f.ile skip 
6 Kill I/O, or clear 

W! screen 
8 Dev status check, 

i:eturn with A • 
status word 

bits 6-8 l ASCII control mode 

l LP top of form 
3 Write tapemark 
5 Tape. reeord skip 
7 V2 wr.:lte with no 

CR/LF 

2 Immediate return, no wait 
4 Blocked disc I./O 

bi.ts 16-24 Prompting character in ASCII 
for VK read 

DCB Address 

For normal I/O: 

word l - buff er size in words 
word 2 - buff er address 

1-l 9 



PROGRAM EXECUTION IN FOREGROUND MODE 

/ 

!- t 



FACTOR PROGRAM CALLING FOREGROUND OVERLAY 

SET PAGE 4096i 
A= l.i 
B = 2i 
Pl = l23i 
DCL P2 [5] I. 21., 3. SE-3, l .23, 15B I -27 I j 

• 
EXEC NAMEl <Pl,P2,A+B,1492,RSLT)j 
WRITE <LP) RSLT: 

• 
EXEC NAME2i 

• 
EXEC TTIME <Pl, - - -)j 

I 

EXEC NAME3 <Pl, - - - - -,P63)j 

• 
END: 



FOREGROUND OVERLAY PROGRAM LAYOUT 

REL 
.EQUATE TABLE 
GLOVAR EQU 420B 
SYXMEC EQtJ fittQB 
EEaMSG EQU. SYXVEC+30 
*p·~oGRAM. HEADER 
FWO'Nl DATA 0 

TEXT I NAMEl I PROGRAM NAME 

. It . 

FGENT PZE O· FOREGROUND ENTRY POINT 
· 13'.RU FGSTRT G:O TO FOREGROUND START 

·~· . 
• £ND OF HEADER 
FGSTRT LDA* 1.,4 FETCH FIRST PARAMETER 

·• 
J!W. FGENT NORMAL FOREGROUND EXIT 

·END OF FOREGROUND PROGRAM 
.• +ERMlNAL ERROR EXIT ROUTINE 
TEEXIT LDA TENUM LOAD TERMINAL ERROR NUMBER 

BSM· ·. IERMSG ERROR EXIT THRU TERMINAL 
ERROR ROUTINE - NO RETURN 

TCNUM DATA N TERMINAL ERROR NUMBER 

* 
LWORD EQU * 

·EN~ 



INDEX REG I STER USES BY FOREGROUND PROGR.~71 

UPON ENTRY INTO ASSEMBLY lyANGUAGE OV(:RLAY THRU FOREGROUND 
. ENTRY POINT (FACTOR 'exec STATEMENT),, THE CPU INDEX 

REGISTERS CONTAIN THE FOLLOWING DATA: 

CAUTION: 

XO - NQT US'ED 

Xl - ADDRESS OF SVT TABLE FOR CURRENT TEST STATION 

X2 - ADDRESS OF TVT TABLE FOR CURRENT TEST STATION 

X3 - NUMBER OF PARAMETERS PASSED FROM FACTOR PROGRAM 

X4 - ADDRESS (MINUS ONE) OF POINTER TO FIRST 
PAIR:AMETER IN. RUN TIME STACK PASSED FROM 
FACTOR PROGRAM 

XS - NQT USED 

X6 - STATION CODE FOR CURRENT TEST STATION 

Q = STATI 
1 = STAT2 
2 = STAT3 
3 = STAT4 

X7 -· NOT USED 

THE ABOVE REGISTER.CONTENTS SHOULD BE SAVED UPON 
ENTRY TO THE PROGRAM IN ORDER TO AVOID ACCIDENTAL 
LOSS WHEN USING OTHER SYSTEM ROUTINES WHICH MAKE 
USE OF INDEX REGISTERS I E 'GI $I ocs USES: 

Xl - PROGRAMMER DEFINES ADDRESS OF DCB FOR 
ALL $roes OPERATIONS 

X6 - $roes PASSES ADDRESS OF IOATAB ENTRY 
DURING OPEN BACK TO PROGRAMMER IN THIS 
IN·DEX REGISTER,, WHICH IS THEN USED IN 
ALL SUBSEQUENT EXECUTE AND CLOSE 
OPERATIONS 



FOREGROUND PARAMETER PASSING EXAMPLE 

ONE = 123; 
DCL TWO [9]/11,12,13,14,15,16,17,18,19/; 
THREE = 456; 
EXEC X (OD, TWO, THREE); 

[ LDA* 1,4 LOADS ACCUMULATOR WITH FIRST PARAMETER FROM 
LOCATION 4000~~ 

LDA* 2,4 LOADS ACCUMULATOR WITH ADDR OF ARRAY FROM 
LOCATION 5500B 

LXA 1 LOAD ADDRESS INTO INDEX REGISTER 1 

LDA 2,1 LO:A®S ACCUMULATOR WITH 2ND ELEMENT OF ARRAY 
FROM LOCATION 6002B r LIDA* 3,4 LOADS ACCUMULATOR WITH THIF.D PARAMETER FROM 
EOCATlON 7000B . 

PARAMETE~ ADDRESS POINTERS 

ADDR CONTENTS PARAMETER # LOCATION CONTENTS -
5500 
5003 

5002 

5001 

5000 

0000601')') 
00007000 3 

20005500 2 

0004000 1 

NOTE: ALL PARAMETERS ARE 
lN FLOATING POINT 
FORMAT 

4000 

6000 
6001 
6002 
6003 
6004 
6005 
6006 
6007 
6'010 
6011 

7000 

X4 

X5 

DATA 123 

DATA 9 (FIXED 
DATA 11 
DATA 12 
DATA 13 
DATA 14 
DATA 15 
DATA 16 
DATA 17 
DATA 18 
DATA 19 

DATA 456 

5000B 

6000B 
--··- --

PT) 



CAUTION! 
ALL PARAMETERS ARE IN FLOATING POINT 

ALL PARAMETERS PASSED TO THE FORE.GROUND OVERLAY FROM A 
FACTO.R PROG'RAM ARE IN FLOATING POINT FORMAT. 

THE PARAMETERS MAY BE OPERATED ON IN FLOATING POINT BY A 
VARIETY OF FLOATING POINT LIBRARY ROUTINES OR THEY MAY BE 
CONVERTED TO FIXED POINT (BINARY) FOR CONVENTIONAL 
MANIPULATION. 

FLOATING PO INT IROUTI NES 

FS'l:JB SYXVEC+46 
FAND 47 
FEOR 48 
FLOG 49 
FADD 50 
FDIV 51 
F'FlXS 5:2 
FOR 53 
FNCD'T 54 
F:EXP 55 
FMUL 56 
FFIX 57 
FF:L.T 58 
F'FLTS 59 
FCAM 6.0. 

SUBTRACT 
AND 
EXCLUSIVE OR 
F' I p I TO LOGARITHM I c FORMAT 
ADD 
DIVIDE 
F,P. TO SIGNED OCTAL FORMAT 
INCLUSIVE OR 
NOT 
CALCULATES 2N OF SIGNED F.P.EXPONENT 
MULTIPLY 
F.P. TO OCTAL INTEGER 
OCTAL TO F,P. 
OCTAL*lQN TO F,P, 
COMPARE ACCUMULATOR WITH EXTENSION 



......... 

-· - - ' ... : .F0R€G-R.~u.N~ 0\J8R.LAy ~ErTC:TH Ne- ~ARA-11te.Te~.S' 
. -·· . ···-- --·----- . ____ .. _ ... 'fR.Cf:!\ ~f't~_t C~ ~ RoGQ. Ml\ 

REL 
SV~\J~C.. EC(U _ bY:¢ B 

. FFt /<.. . equ ... c.;y ·1'-JEc..+ 51 
.Ff\..T ~ . : ' C:Q\J S'l~\JE:C. + 5¥ 
f w~.R..t>. . _ . 'S)~Tk ~ 

. -~:=:-~--~ -:===-r __ :=:=t . - ~ :. -- -_ - .. . ..... ··-- - -·· . ·-- -··-~ 

····-··---------" .... fG.~\RT~.- .. ·. '\;.l)P\ ·-· 1·.i~· .LOPr.I:>· ?~~f\fi\~T"eK. ?\t>D1?.t:s<;. ~aJfeR.' 
____ .. _________ "' .. --· ··----··-··--• ___ --·· _J!AM , 8'2.'2.. _ C\!EC.K FaR f\RRP-r'< FLA:G- _ .... _ 

... ____ ; ___ ~--- .... 8$(. ., .. lll~RA.Y . BRJ'\NC.t! \r .. \T WA-S A~Q.p...y 
' - -..... ___ ·- - '---~ :J ... :OA * 1/L ... ____ 'l{f\S f1 SnV~L.E ""~R,\A&L~ Sa 

. - ·.-- -· --·-- ··- -;_ - -· ; ..... ' - ' -· ' fE.TC..*" PARAtt\cre«. ' '' 

.. ,, - ··~·"·-·" .... +··"----'-~ict!'b!(. FF't~ ' C.Ot-;1\ie(<..t' To Fi~€t> ~1~1r 
... __ ------------··-------·. . . ----~---~SWA~-~ .cTerA.e.t. _· _________ --~-- .... ___ _ . __ ... ___ ·-·-. _______ .... _______ . __ . 

. · : ~U · f'f\f\1N 
-_ ~~ fuRiW~.--. -: :~~fr-~ :i7.+_~ ___ Le A:!>~~~~;W.e ss cf ~Ri>t-f ___ : __ : .. -_-. 

-· .... -· ....... .;.. ___ :_; --~-~-~L .. ~~'!:-·~· ..... -~ · r·. . ... _ . 

. .. .. , . . . Ll>Pt ~11 _L©i\-!> ~RPTY ELE:ri\€J~1:' 'qS' (S\ 2._ .1 

-.·s:rPt src:E ' - PIN~ ~ TcR~ Aw~y . 
·--·· . '-- .... _ ·--·-· .. . L@\¥- . . t 

.•.. __ . ~- -·· __ . ·-·- ... . _{lJ.r>'J) ... S.\~e 
. . . _ . L ¥-A -~ F\:!>~t:sS DF lfit~\ €.LE.ft\£1\\T 

.. _ .... _______ .. _ .. f~TC.1T ________ J,.:"iD·Pt .... ___ 1) _ .... FE"TC.t+ PARArt\G\ ~ .. _ . --·-· .... 
. .. . .... . '-oSft\~ FFt~ <:o~'l~-<.-r To ft~e:t> \.'01~r ... 

···---. .,. .. _____ .. ___ .. ______________ sr~ .... - .. __ ·-·---·... -·---·-- . ---· .. --- .... -------·-
PtT~ 1) tO~TI NU€: IN LQO~ \J ~Tt '- L~~T. 
~\..E'. FE"tC.tt E..1..E.i1'\€NT \ ~ ~ETC.;+;-~ 

-~ 
- .. . . .. -·· ·-·-·--- ---·- ·--··--- --- - . 

. -· -· -·· _ _ .. : ..... ______ B.R()1'- F'-e.r .. rr 
S\:C..E:' . .. : __ .. DPfC?\ ep . 

.. •' .... , '.. -~ ' - .. -~ --
..... ___ _ _ ____ .:.L'.NU~t>. ----~- _J;Ru ___ ~ ____ .. _ 

... - ·- - ---------- ____ §, .. t-f!D 

--·-- --··· ······-····-··--. --·-r-·------ .. 

·-· . :"" - -~ ..... - .. --t--···- ..,.... "!'" • . B-~. 
..... --- - ·-- ·----- -·----·. ·--· -·· ~--._;.-------·- .. ·. . ..•. ---· --·· ... ._. ···-- --· ·i-·. -



l 
~~'-

~ '11- '1 €C.. E:Q \J b '4<~ B 
Fft'<. f((u ~'/'f.\J~c.+ S'l 

. F~c- c ,, . S-..Jv,•ec.. 50· . _ ---· r . \ ...;9~ : .. . "I r. " +- !> 

.. Fw~1~l:> D~T-P-r: ¢ 

-=---~=- -·= ~--- " -~ ---~. 1-
______ ... - __ .. -~--- Ge'TJT 

--·-----------,.---, _____ --~-LDA ... P1 
.. _____ . ______ -·------- ______ A-Pp P1.E 

. .... ... B$r<\* FFL T 

·---· - ____ ,. _____ - -- - - . - - . -- . -- .. ·----- -- ·-----···--- ------

C 'rtfitJ<i--€°' \JnL0b Cf: ? \ 
c.o~-hl~R.T. To ~LO~TI~ ~f r.\T 

. _ . __ . _ _ _$Tit 1'- ~J \.\- CSTtC..K \T ~r.c..~ I~ T\-\S ~TAC.~ 

.. -~ 

. __________________ . _____________ B~ \) ~ . F&Et--lT . ei\"t Tt+,«-1J \-O<Z€G-f...:Ju NS> €.NTR..Y __ 

"' ___ PIE. 
~TA- (j 

. .. . _ _J)Pi TA: ~ 1 tt1 '+ 
.. - . ) 

squ ~ 

EN~ 



2.4-BIT FLOATING POINT WORD FORMAT FOR THE FST-2 COMPUTER 

23 22. 21 20 l.9 18 l 7 16 1.5 14 13 12 11 10 9 8 7 6 5 4 3 2 l 0 

BIT 23 

BIASED 
CH·ARAC.TERISTIC 

FRACTI.ONAL MANTISSA 

·-; --- BIN'ARY POINT 

O • posit.1 .. ve man.t.is;sa 
l = ne.g~tive ma.nti.ssa (i.e. two's c.ompliment of positive) 

BITS 22 - l.6 BIASiiD CHARA.G'fERISTI:C (b1:ase:d by 1008 ) 

· io:o8 • 0 cha:ract·e·ristic 

1.1'1a. • 631.0 characteristic 

o:ooa = -641.0 characterist.i.c 

BITS 15 - 0 FRACTIONAL MANTISSA 

Bit 15 .= •. 50 Sit 14 = .25 Bit 13 = .125 etc • ...... _.., .... __ . _ _. __ .. __ .., ........ ._ ____ , ______ ....... _________ .... __ ..... ____ .. ___ .......... ____________ ._ ........ 

EXAMPLES 

The floating poi.nt repres·entation of +23.510 = 213360008 

Conversion proce'.ss: 
• 0 1000101 10111100000000002 

23.510 = 27.48 = 101.1.1.12 = 0.1011112 * 25 

S.1.gn = 0 

Characteristic = 1058 = 10001012 ( i •. e. ioo 8 + 5 from 25 above) 

Mantis·sa = 10111100000000002 ( 1.e. .1011112 from above left 

justified at bit 15) 
, 

The floating point representation of -23.510 = 56442000 8 

i.e. The 2's compliment of 21336000 8 = 564420008 



TESTER I/O 



t 
I 
' 

----·--- ---------------------------

****. --·--f.A.lHCHll • .w l-A~:l1 1 f.t !1tMPTL.!-.p; ·--~R .. 1:....,1 ....,; __ _;......,· .,.....11------___ :&..x.xi''-
* *. :) fliH<C ~ F l Lt. ;. * 1..i f MU tl AT F: 17 JUL7q ** 
** 0ATA FILE: Ut~0 f!Mf: 07:50 ** 
** SYSTEM CUNF: ~8 MVZ CONO: OOUUOOUO ** -·---------"-----------------------------'---'-*000000 

•·oouoo 1 
*OOOOOl 

----*=0-~·ll (). . .J----­
*;000004 
*'000005 
*00000& 

00000000 
41.145SS'l I 
00000000 
-QOP@.0076 

--*00.0007--·-_..,...---~---------------------------
*0000 lU o•oooofro 
•000011 00000000 
•·000012 00i)1)0000 

--·- •00.0013 .. ------U-CJ~~-~fl"foO~u~o""'J--------·------------------
•-000014 80000000 
•000015 00000000 
•ooootb ooaooooo 

---*'OOUO 11 --'d-0.Y0''JiJ0"'1'Q'·-l:i ~Hl--------------------------·--
*00U020 O~QU-0006 
*Onuo~1 oo••••oo 
•0000~2 ~·IHJOOOtlO 
*'0 00-023 -- --· -· 4.g.;~"111'@"\1~4,QH!@1---------------'-----------
*-00002G o•o~OQOO 
•·O 0 0 0 c: 5 7 2·0 I/ u IH s 

1 &.El PAGE 1024; 
---· 2··-··-··----·· ~E·--1-J-... -l:j~hllAr---1,(-11-f'P....;:;...;it~)H;>----------------------* 00002& 02t77777 

*000021 a.a100001 . 
3 SE l MA l i 7i C 14.: 1) ; 

- - ··- •O 0 0 0 3<). ~'4·1+·1 ......... 1 +-7-h------ -·- ----·------------·-··-··------- --
q vcc = s; 

*000031 7t300U>2 
*ooou52 rn~ouooa 
iq) 0 0 0 3 3 ~(.l 12--0'-t10f+0H-01-------------- ---------------* o o o o 3 a to 2 o o o o o 

~ FORCE VF1 vcc~ RNG2: 
*000035 710~0182 
•-O () 0 0 .S., t.-2'\>.\iij.O . -- -· .. -

6 fOMCE VFl 5, RNG~; 
* O 0 u 0 j 1 b1?~H 0 I b 4 

----------------··-· - .... 

7 O SEl F lJS:tOJ; 
•·O 0 {) 0 '+-0 · - (}t>-0 5c?-5-2--'j)..·------
*000041 ~~12525~ 
*OA0042 0~200000 
•·000043 0-&300000 

- - •-U~l(}([).44 - --- -- ~~·'"II ()~Q~01:1"0rr· ----------------------------
• 000Q q5 Ub~OOOOO 
•00004& 0&~-00000 
•·O 0 0 0 q 7 2 6 I (I 0 0 0 ('} 

R --1 - ~T---ji-H s: Q 1); 
*OOOOSO Ob025c52 
•0000~1 26152~i5 

q t. i\I A-ii L.E T t:: S l ; 
•vOOOS2 - -HOQ-0-U{l~--------· ------ ---- -
*UOOOS3 170hbUOl 
•-000054 llU3000Q 
•000055 ~7300101 

10 ·-- - 1:.1 ... y;. -
*UOU05b 71~00000 

0 LOMPlLATlU~ t~RURS, 10 STATEMENTS 

-------------- ·-· --

-- - --·· -----··-·----·----- - ·-- ~- - -- ---

------------- -s- l\ 

·--------·--- ·-· 
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DMA Opcodes 

00000.0011 
00000000.& 
111110000(1 
ll?UU.0000 
0~00-0000,A 
II 3'1)00000 

· 04:0·0•0.o o o 
05000000 
•>ttooo·ouo 

0&11.0:00.4 
0'73'0001 
llf.1730002 
Of.17'300.00 
Oft73000S 
Ob73000b 
l)ft.'7 30007 
Of.1>7'30010 
Of.1730011 
0&730012 
06730013 
Of>.740000 
0ft7'50000 
Ofi,7b0'000 
0{11770.00U 
01100·000 
01710000 
07'120000 
01700000 
07150000 
077ft0000 

10.000000 
U <>OOOOO 
uoooooo 
uoooooo 
14000000 
tt;o.00000 
a.0·00000 
1&000000 
HJ0.404·00 
1UOOOOO 
1"420000 
1&500000 
165'0'2000 
17000000 
170'10000 
17020000 
17030000 
1704000.0 
17'0500110 
170fl0000 
u10·0000 
uuoooo 
17200000 
17300000 
17300?00 
173b0000 
173'74000 
17400000 
17400100 
17400200 
1740113110 

s 
s 
s 
s 
s 
s 
::i 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

SFl 1'7 
SFT r.r)W 
SF'T !ITlfll"l •• /ST 
SFT flA 
SF'l' t:R<1 
SET ~>it 

se1 "'' 
KF'T MA 
SF.1' F 

t;.SFT t:X 
L"IET SlM!HlE/!lT 
L.SF.T Rl 
1.sn IlfVERT/I 
1..c~EN nn 
l..CGF.N TGC! 
t;.CGF~ ·•TGJ 
l..SE.T f\8 
t..S.ET !>A 
L~FT MA 

L!'IET "'·' 
SFT F-L(!'ALI. 
UET Ill•LC.ALL 
sn.F•t;.Gl)TO 
SE"T' F••t:..Et.10 
LSUA~ lfOH"'AL 
t;.Stl.8R 14.A TCH 
t..!Ulf\\R CONTINUOUS 
SE'T Ft: ~fiRM&L 

SE'T FC 14.ATC>t 
SET FC CONTINUOUS 

SET S 
CGFN TGll 
5€1 lNVEIH 
C:GEN TU 
Sf:T P 
CGEN TG.X 
CP14U,/ltP'4U Pllf 
o.rsASl.f RELAY 
Et,A•SLI!: RELAY 
FrlPi:F CUAltt:NT 
i:coRCE VOL HGE 
SET CLAMP , 
SF.T MT (PSL N£6.IST.f.10 
S~T START IE.HABLE TEST 
SET ai!JNOR (WORO l, LOOP COUNT • ,,C) 
S~T lllAJOR (l'IORO 11 LOOP COUNT • N) 
AT IF.·'llA8LE HST 
SET !ot•I.NOR (WORO 2, LOO .. START A00RES5 • J) 
SET lll'T..,OR h10MD 3, LOOP ENO AOOHlSS • 11) 
SPT MAJON Cwn~o 2~ ENO AOOQESS - LJ/ENA8LE TEST 
SFT l'ICT 
ai!U·SIJRE PIN (OCT IU!GISTEll) 
sn l0M60F/JOM5 (PIN LIST) 
E'NAAt..F. TE ST, ENA8LE PPM 
Mf:A<SllqF.'. (C!NfJ WORD) (SAMA REGISTER) 
ENA8Lf/OISAMLE S.PL.tT/IHO/MllX/ I MASK 
CENAl\LE AL H'~NATE f'ANK) 
Rl'l/"R ONE/Zfq(l 
;fl)/'-~ cwF.r.t< /'llCHECK 
~q,ANCH llNLESS 
14RAlfC"4 T01"1E Sf T 



1 HlOOQO 
1711?0000 
17'1HOOO 
174110000 
1711113.?00 
1711431100 
t 71143&0(1 
1711411000 
174441100 
l 7CU1~"00 
1 7"411·7"'0 I) 
17'700000 
17700400 
17701000 
177'01400 
17702000 
\ 7703400 

s 
p 

p 

.... .. .. 
p 
p 
p 
p 
p 
p .. 

SPM 

Pr.Fr• Ln•otSTAlolT/t.ldRLf/i)JSA!ILE PGEN, 
si::r Pr.l"~it CiNfl'<Oc?J 
!!lt:'.T Pr.E-11 cwuwo ~ l 
Sl!'T PGE'U 
Sl"T Pr.PH 
!\l"T Pr.ENO 
SET PGENDN 
PIN CONFJGIJRF (wO~Ol) 
P'HI CllNFlr.t1Re (flllilD2) 
SF.T PGE1'4CN 
Sl!'T PIOENC 
XCON PIN 
CO"IN TCOIA 
C')N'll CLI( 
CONN OPS2 
C'ONN l')PS1 
C'OM~! nPS3 

IURl)llilllF. PATTERN l;fNEllA TOR 



. Interpretive· Opcodes 
50000000 
o;o100000 
50240000 
50.34()00.0 
50441100(1 
'50540000 
"i05ft0000 
50640000 
SObbO:OOO 
51>.7 40'000 
S07b000o 
Sl.040000 
51140000 
51240·000 
5134,0000 
'H440000 
5154000.0 
5.111.40000 
517 40000 

52000000 
52.100000 
52.200000 
5'213'40000 
5'2400000 
52500000 
52b00000 
52700000 

5'30'14000 
'5!020000 
's.3100000 

()4000 
00•004 
00<002 
00010 
20000 
00020 
0·2020 
00400 

53.?00000 
53300000 
5340(1000 
53420000 
5·3S04000 
53504020 
5.1500000 
53520000 
5:3M>OOOO 
53700000 
54000000 

040 
100 

~n SFT PAGE 
o;n DAGE 
SET START 
AT 
SET 114AJOR (1~0RD 2, 
S~T MINOH (WORO 2, 
SF'.T .. INO~ (WOMO 3, 
S.F.-T' l'l•A:J OR· ( Wllltll 1, 
SET •·IN0.1 (WORD l • 
SET PF.RIOO 
SET APEMIOO 

EflfO AOO~F.SS - L) 
LO~P START ADDRESS - J) 
LnOP ENP AOORESS • K) 
1.00P COUNT N) 
L.OOP COUNT •) 

Sl!T Tr.l DEL.AY/SET Hit !WIDTH 
SH Tr.2 
SH TG1 
SET Tl;4 
S~T TGS 
SFT Tr.f. 
sn rr.1 
sn rc;s 

NIA ,..,,, 
N/.A 
SE.T ATG4 ,..,,. 
'""' "'"' ltf/A 

SET FI 
:u:. I Si 
E'""ARLF TEST 

AIU TCH 
14C'IMENTARY 
"4ATCH 
t.OOP 
CONTINUOUS 
EH 

'AF.XT 
J.FHL 

EltfARLE PP"I 
SET Q 

SET PPM ON 
SET PPM l'lFF 
01SA8LE OOU~Lf STRORE 
fNA8LE OOU~t.E STROBE 
SET lOf'IOOE 
S'!:.T Trl"IJ 
SET MPlN 
Sf.T IFAIL 
l'SFT CHHN OFF 

TWO 
F·!lllW 



60100001• 
bn200000 
"0300000 
b0400000 
&0500000 
60520000 
60600000 
60700000 
61040000 
61100000 
ft•U.010.0 0 o 
M.l0'2HO 
bl.300000 
6·UOOUOO 
&1500000 
6U.00001 
6·1602000 
6lft00000 
6·1644000 
61702000 
6172000,2 
6'1700.002 

00001 
ftlOOOOOO 
62020000 
ft2100000 
62120000 
62'2'00000 
62220000 
62300000 
&2~320000 
62460'000 
62.500000 
626-00000 
62700000 
4ti3000000 
"3020000 
ft3100'000 
63100001 
&-3U0001 
6·3200000 
63200001 
6·3220001 
•3300001 
63320001 
63400001 
63420001 
63·500001 
63520001 
••3600001 
6'3ft20001 
ft·3'7'00000 
64'000003 
6400002.0 
64000040 
64100020 
64'100040 
64200000 
64200001 
64300000 
644'0UOOO 

PUMl.F T1tlP1 /TAtPit 
EN•Rl.11'. TQIP2/TQl~I2 
ENARLF lh1PJ/TMJ~l3 
N·/l. 
FOACF CUM!iF.NT 
Fl)MCE VOLTAGE .. ./. 
F'ORCE PMU 
SE:T 011'.LAY CTIME UOT) 
SI! T OE:L.AY , DC 
C9MU PtH/XPMU PIN 
xG:Q·f.4 VF'l/VF2/VF3 
EN&RLF. TAIPVl 
E~l&!.~·L.E TIHPV2 
E·"'l&.8LE TQ IPV! 
14E&SUAE PIN • NO SET OCT ELSE OMA 
ME'&•SUAF. PIN # 
"1E·UUAE VALUE/NOOE 
lllE:A.SUAE VARIABLE 
SE'T PMU SENSE 
SET PMU FOACEV 
SF.'T PMU FOACF.I 

AUTO, ELSE MANGE IN RANGE POSITION 
FORCE' E:O 
FORCE Et 
FORCE EAO 
FnRCE EAt 
FOR·CE ERO 
F'OACE E81 
FORCE ECO 
F'ORCE ECl 
SE'T VOFFSET 
FORCE VFl 
F'OACE VF2 
F'ORCE VF3 
SET SO 
SET SI 
DISABLE OCTO 
ENABLE OCTO l. T 
ENA8l.E DCTO GT 
O'ISABLE DCTl 
E\NA•RLE OCT I l. T 
ENA8l.F. DCTl GT 
E:llf&Bl.E I'LO t T 
ENA8LE ILO GT 
F..NA8LE I"+t LT 
E.NABLE IHI GT 
ENABLE VLO LT 
PUl!'LE Vl.0 GT 
EtU8l.E VHI LT 
E·NAALE VHI GT 

"" FORCE RESET 
SU LOGIC NEGATIVE 
EIOBl.E l.A TCHES 
SET LOGIC POSITIVF 
DISA!\LE LATCHF.S 
FORCE OELAY 
FORCE WAIT 
NIA 
OM llCT 



t.UOOOOl 
lt400000i 
,,.4400003 
ftHOOOOO 
64400001 
6••0000f 
64440003 
645000.00 
tt•·60040:0 
ft.417000'00 
ftS0.00000 
68•10:0000 
ft5i!OOOOO 
6'5300000 
ft5400000 
ft,5'4i0000 
615'90000 

ON FCT 
o!ll n1:p: 
o"' user 
CLE-aR· OCT 
CLF.AP FCT 
CLf'Alf· TRIP 
CL!U RESET 
t..fP4 
n t S•A.ifl:.E' Til IP 
FOWc:£ JF-l 
F'Olif·C.~ lF'l 
tt.OtltCE J:F•3 
SET OCT 
CLE'AR FUL 
SET SAO 
St•T S'H 
SET TE:S'T • 



J.3 Arithmetic Opcodes 
1000000·0 
70000001 
7000U00a? 
70000003 
1·0000004 
70000005 
7'000000& 
70000007 
70000010 
10000:01 t 
7'0:100002 
70100004 
7010000& 
70'100010 
TUOOOU 
70100014 
70'&!.0000.0 
70200001 
70'200002 
70Z00003 
70200004 
70200005 
70&!00006 
70200007 
702.00010 
702.000U 
102000.12 
70200013 
70200014 
70200015 
70200016 
70300000 
70400000 
70500000 
70000000 
707'0'0000 
11uo:ooo 
7UOOOOO 
71200000 
71JOOOOO 
71400000 
71500000 
71600000 
71700000 
72000000 
1'2100000 
nzooooo 
1'2.300000 
72400000 
721500000 
72600<100 
72700000 
73000000 
73100000 
7 3200000 
73300000 
73400000 
74000000 
75000000 
7&000000 
77000000 
77777776 

... no 
SIJEI 
llllJL 
OlV 
E'ICP 
ll\ID 
OR 
E:OR 
~O.Y 
ltE'G 
L.T 
E'l 
Lf'l 
GT 
NEQ 
GF 
STR 
CF 
PAE 
PE~X 
STK<C 
STIC'CI 
lN&R 
ll\llU 
Pl•USE 
CIO 
F'OR 
l)('I 

El•S 
COL 
LJT 
OCLV 
CPN 
S:YO 
INV 
IN·S 
STKV 
S·TKFV 
STUl 
STKl 
STKFA 
G'OTO 
'IE 
TF'X•T 
SR 
PR 
PE 
PS 
Pl 
PFP 
PF'! 
F.·'XPE X 
ONO IF 
IH>IF 
GOTO I 
Ell EC 
REX EC 
JFJ 
J'4P 
TIUF7 
TIUF' 
PAGE 

STOR·E 
CA'LL PROCECURE WITH PARAMETERS 
PARAMETER ARRAY ELEMENTS 
P'ARAMETEM EXPRESSION STACK TOP 
SUCK FLOATING POINT CONSHl\IT 
STACK INTEGEM CONSTANT 
ClL.CUl..ATE INOEX WE SULT 
CALCULATE INDEX ADDRESS 
PAUSE STATEMENT 
l!OMPl;.ETE IO S•TUEMENT (ENO OF READ/WRITE) 
FOR STATE"4ENT 
00 STATEMENT 
E·ND OF OCL SHTEl'lfNT 
COL.UMN FORMAT FOR l<IRITE 
LlTFRlL VARIABLE FON HEAO/wRITf 
DECLARE ARRAY 
CHECK PARAMETER COUNT 
START lO 
INITULlZ.E ARRAY 
U"'IT"IALIZE SCALAR 
STACK VALUE 
STACK PARAMETER V.ALUf 
STACK ARRAY lOORESS 
STACK VlMIA8LE ADDRESS 
SUCK PAIUMETE'~ lOOWESS 
GOTO STATEME~T 
RL.OCK ENO ' 
TEJCT FOR WRITE 
l!L.OCK BEG·IN 
PROCEOURE BEGIN 
PROCEDURE ENO 
PARAMETER IS SCAl.AM 
PAIU'4ETER IS ARRAY 
PARAMETER IS PARAMETER 
F·UNCT PROCEOUWE ENO 
nee PAWAMETER ON STACK TOP 
ON DJFE·OF 
AES'ET FOIF 
JNDEXEO GOTO STAT~MENT 
exe.c ALLINK PROGRAM 
EXEC MlCROPROGRM-4 
IF FALSE, JUlllP 
UNCONDITIONAL JUMP 
TIHNSFER TO SUBROUTINE (Nil PARAMETEMS) 
TIUNSFER TO FUNCTION/SURHOUTINE 
OISC ACCERS 

a. ,... 0 u-"'"' 



Arithmetic & Control 

Arithmetic and Control opcodes are. 700 and above. There are three basic 

formats: 

Arithmetic, Logical, Stack reference 

2:3 2 181 15 1~ -9 ..1. 6 31 0 

""' 
T I I 

~ - OP CODE. sus:..cooE ~ 

Variable reference 

23 21 18 TS J__ lZ I 9 6 "1 3 0 

I l J 
..._ .op,·cooe ~ BLOCK VARIABLE ... NO. .NUMBER I 

Control 

23 211 181 1~ lal 91 61 31 
0 

~ ~OP CODE OBJECT ADDRESS 



Interpreter 

FACTOR opcodes 700 and above are used by the arithmetic interpreter. 
Opcodes 500-677 are used for interpretive control of tester functions. 
One interpretive FACTOR statement may generate one or more words of 
data. The basic format of a.t least the first word is: 

Z3 211 TBI 151 121 j kll 
3, 

I I I I I I I I 
r--ap CODE 

I >iv OPERAND 

MI RNG ~IGNED MAGNITUDE 

SUB . OPCODE t( . OPERAND 

V is the stack indicator. 
V • 1 - the operand required is in f1oati_ng point format at the 

top of the working stack. 
V • O - the operand required is in the low order bits. 

M is the mode indicator. 
M • O - Voltagt! force or GT. 

M • 1 - Current force or LT. 

RNG 0 -· 4 depending on hardware. 

I 
a 

I I 

i 



EXAMPLE OF FACTOR LANGUAGE COMPILER OPERAT.ION 

TRE FOLLOWINCl GENERAL s:TEPS ARE PERFORMED WHEN 

COMPILING THE FACTOR STATEMENT: 

EN•ABLE TRIPi. GT X, RNG3'; 

1.. GET.· RECORD FROM DISC BUFFER 

2 • . s;c:Mf . ''EiN:ABL.E ' 

3. G'.© TO TESTER STATEMENT ANALYSIS SECTION OF COMPILER 

4. SCAN 'TRIPl' AND SET SKELETON OPCODE FOR TOPSY 
· IN!l'ER·Pa:STER 

5·. SC.AN ''.GT' AND INS,ERT 'GREATER THAN' FLAG BIT IN 
SKELETON CODE 

6. S.CAN 'X' THEN GO TO COMPILER AND GENERATE ONE OR 
M0iRE WORDS OF CODE TO DEFINE VALUE OF 'X' AT 
EXECUTION TIME . 

7. SET FLAG IN OPCODE TO TELL INTERPRETER TO ·SCALE 
FLOAT~ED VALUE OF 'X' 

8. s:CAN ' ,,RNG"3' AND SET RANGE BITS IN OPCODE 

9• GEN·ERATE COMPOSITE CODE FOR STATEMENT 



EXAMPLE OF IWl'ERPRE.TER OPERATION WHEN EXECUTING 

A COMPILED FACTOR LANGUAGE STATEMENT 

THE FOLLOWING GENERAL STEP'S ARE PERFORMED WHEN EXECUTING 

THE INTERPRETATIVE CODE GENERATED BY THE FACTOR COMPILER 

FOR THE FACTOR STATEMENT: . ·• 

ENABLE TRIPl GT X, RNG3; 

1. FETCH THE INSTRUCTION "DEFINE X" FROM THE DISC 
BUFFER (WHICH RESIDES IN CORE MEMORY). 

2. CALL IAARITH TO SET THE VALUE OF "X" ON THE IAARITH 
WORK STACK (THE VALUE IS IN FLOATING POINT FORMAT). 

3. FETCH THE INSTRUCTION "ENABLE TRIPl GT X, RNG3;" 
FROM THE DIS"C BUFFER THEN GO TO THE HARDWARE 
INTERPRETER. 

4. CONVERT THE· FLOATING POINT VALUE OF "X" (WHICH IS 
ST.OREO ON THE IAARITH WORK STACK) TO HARDWARE FORMAT 
FOR DPSl •. 

5. WRITE THE HARDWARE VALUE INTO DPSl. 

6. INCREMENT THE. PROGRAM STATEMENT NUMBER. 



F~CTOR Te,ster· Object Codes 

FACTOR statements which control the tester can be e:fther inte,r­
pr9't.ive··or direetly ue:cu.ta,ble by the· ha·rdware· fe. OMA. The 
codes. generated to control snort regi s:ter functions a.re a 1 ways 
interpretive.. The. codes generated to control long register 
flmct·fons can ·be, t!!ither interpretive or OMA. Interpret·ive codes 
can be distinguished from OMA codes by the fact that 823 h 
a,lw~s a 0 in OMA code words and 823 is alwacys a 1 in the first 
ward of every interpreti've sta'tement sequence. 

Lon:g Ragisters 

OMA object words gene.ra.ted by the compiler are in a format which is 
d:frec::tlY. 1.oad,ble into the hardware re.gisters.. Interpretive codes .a.re 
not d.trectly loadable into hardware registe.rs. 

NOTE: W~ITE IN. DMA OR NON-DMA 
READ IN NON-DMA ONLY 

Short Registers 

Al.1 short regi's.ters. are read or wri.tten via the l/0 SPU instruction 
(the I registe.r fs a spec.ial case}. The word to be written to the short 
re.gister is loaded in the accumulator and the appropriate SPU instruction 
is executed. 

NOTE: WRITE AND READ IN NON--DMA MODE ONLY 



d' 
I 

I ., 
b' 

No ~FE1\ 
SPf.C:.\AL 
WR\TE 
REl\O 

·24 BIT WORD CONFIGURATION 
SPU INSTRUCTIONS 



11 11 
32. 109 8 

000 110 000 exx XX'X XO\ 010 aaa 
" 

REGISTER 
MllD-RESS 

.. . . . . 

' 
000 110 oao oxx xxx XOl 010 000 

xxx 
M(l)OE 00 000· l = 06*00520 
STATUS 00 001 0 = 06*0112() 
fNSTRUCTI ON 00 001 1 ::· 06·*01520 
MAR 00 010 0 = 06*02120 
TSC 00 Oto 1. = 06:*02520 
TDC ©11) 16'0 l = 06*04520 
I.NC. 00 ll.Q 0 = 06;*06120 
DPSl·. 01 000 1 = 06*10520 
DPS2 ©!l Of.ll 0 = 06*1112.0 
OPT3 @l OOJ. 1 = 06*11520 
DP.S3 O.l 01:0 0 =· 06*12120 
DPT2 Ol 010 1 ·=· 06*12520 
GP1'l Ol 011 0 = 06*13120 
El 01 10i 0 = 06*15120 
E0 01 lOl l = 06:*15520 
Sl 01 llO 0 = 06*16120 
SJ' Ol uo 1 = 06*16520 
EAl 01 lll 0 = 06*17120 
EA'0 01 lll 1 =· 06*17520 
EB'l Hr 001 0 =· 06'*21120 
E80 lO 001 1 =: 06*21520 
ECl t.O 010 0 =· 06*22120 
EC0 10 010 1 = 06*22520 

*' 0 = NO XFER 
2 = SPCL 
4 = WRITE 
6 = READ 



*STATUS 
GT 
EQ 
LT 
BE 

A 
... If 

'""" 
• ... .., 

IAllll 

flf.t , .. 

BITS 
B23 
B22 
B21 
820 

• -= 
= 

TBSY 
IREQ 
DMA 
veer 

Jf'" FEii 

n~TUI 
llElllTEll 

•DI ••1m11 

•1 

m.:t:: 

. Tilll 
DJij!"y 

llEBISTlll 

CLOCK 
.VRST 

llEOISTER 

llllTRUCTIOll 
l!~MB£11 
DISPLAY 

CDUllUR 

IUAD 
11 

llHISTH 

61MPL\F'lf.0 BLOCK -0\AGRAM 
SENTRY Ml!JNFRAME. 
TRAl!il~G DEPT 

Hlllllmllf.TIOll IEllf 
{ llf.llT 

VIA lONlllEUATUUI lllMUAl 
ADVANCE 

TB"' 
!a~n,, .. 
SOP 
DUAY 

IWTHRUPT 
A0011£5S 

TIDH 

DECODE II 

DE CODEii 

roCLK 

lDCC 

ClOCll 
tURST CICC 

COUlllfll 

lllSTRUCTIOtl 
lfUMillR Clll'I 

COMPARATOll 

INC 
llEGllTlR 

....... nr.nt:t"" lllll 1-= lllll JG'" 1.1.1.4 'l~'Jtt• u •.ut llHllTH T!IEi!I l!IDITIHU TllU ......,. 
1.u.• TllEIU TiiiU 

or llllll AID lllAIUAl 
0 lHIOl 

lOllB 11£!11JlH 
o.t;ri••uss 

"'.fl:~Vt\r 
11411111 

Jiii.i 
c: IDll 
f .. 

i ~ 
... ··n ;;;: I~ • y ;) AllAUIG fO 

Ill~ · STiii ,,c 

i ~ 
~111· i! 

~ ADDllE• .. 
I I 

••oll i!I 

... ... ) Nl.tlDf!TO 

flXED TIMI UOll II ITU 

GUAY t:•.ou 
cobliTlll UOll an, 

UDll 

) AllAlOGTO 
STIU 

GMU 
lllEAD 
lWRITE lllO!TAL rD SY~EN > AllALDOTO 
GASP THT llAT1011 t ITN4 
XI 
us 
llEOL· 
THll D!BIJAl TO 
CMPI 
llROIEC 

TlSTITATION' 

11 
CUIC 

D!l!TAL TO 
TUT ITA1I011 I 

DIGltAl 10 
TlS1STATIOU 

DIGIT Al fftOll: 

IDLI 
IOll 
yi:q 

vccr-i HSY mt. fALi 
nnllATIOU 

USUTA11014 
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CATEGORIES OF TEST SYSTEM HARDt~ARE REGISTERS 

The Sentry test system hardware registers are divided into two general 
cat~ories: 11 short11 registers, which are physically located in the 
system mainframe a,nd are accessed via the peripheral data bus or short 
re,giste,r data bus, and 11 long11 registers, which a1re normally located 
in e,ither the sys·tem mainframe or one of the test stations and are 
a.ccessed via one of the long register data busses. Simplified block 
dia.grams on the following pages should be helpful in showing the re­
lationship between the various re.gfste.rs in the system; to a 1 imi ted 
extent, they should also be helpful in illustrating the basic data flow 
paths between the. computer and the te.st head . 

TESTER I/O METHODS - OVERVIEW 

Two different I/0 methods, OMA and non-OMA, are used to transmit digital 
data betwe.en the computer and the test system hardware registers. , 
The actual method usea largely depend.s upon whether the addressed register 
is a "short" or "leng" register and whether the data transfer is a 
"read" or a "wri te11 o·peratfon. 

All 11 short11 registers are read or written using "non-OMA" I/0, where 
one 24-bi t data word is read or wrftten using one computer SPU instruction. 
When in the "write" mode, the 24-bit data word to be written must have 
been previously loaded into the compute.r Accumulator using a computer 
LOA instruction before the desired SPU instruction is executed. When 
in the "readH rno<ile, the contents of the addressed register is transferred 
to the computer Accumulator as a result of executing the SPU instruction 
to "read... A more detai 1 ed discuss ion of addressing short registers 
along with a d·iagram showing the general fonnat of the SPU instruction 
can be found elsewhere in this description. 

AH 11 long 11 registers are accessed through the Instruction Register which 
i's itself a short register. The method of data transfer, however, can 
be either OMA or non-OMA de.pending upon whether the register addressed 
is being "read" or "written 11 ; that is, a "read .. is a 1 ways performed 
using non-OMA whtl e a 11wri teJ• can be non-OMA or OMA, according to the 
prograrrmer's preference at the time. In a OMA transfer, a "block" 
of data consisting of o•ne or mere 24-bit words is transferred from the 
computer memory to· any numoer of registers on the long register data bus 
as the result of a. s.ingle I/O instruction. A more detailed discussion 
of addressing long registers along with a diagram showing the general 
formats of the data words can be found e 1 sewhere in this description. 

ADDRESSING SHORT REGISTERS 

Each short register can be addressed by a unique computer SPU instruction 
which will accomplish one of three possible operations: READ, WRITE, or 
SPECIAL. The READ and WRITE operations involve the transfer of data 
between the computer Accumulator and a specified test system 11 short 11 

register. The data transfer is accomplished using a non-OMA I/0 mode 
where one 24-bit data word is read or written as the result of executing 
one SPU instruction. The SPECIAL operation does not involve a data 
transfer but does cause a single specific hardware operation to be 
performed which is unique to the register being addressed by the SPU 
instruction. This operation is also performed using the non-OMA I/O mode. 

';;'- ::,0 



The SPU instruction word format used when addressing a short register 
is shown on page 8-32. A description of the three short register 
operations is as fol lows: 

READ Up to 24 bi ts of data are "read" from the addressed reg-
. i·:ster and transferred to the computer Acc.umula·tor for fur·­
ther processing as defined by the prograrrmer. To accom­
p·Hsh th·e 11 read11 operation, sjmply execute an SPU instruc­
tion whi.ch is coded a.ccording to the instruction word for­
mat sl:lawn on page 8-32. 

For example, to read the "status" re.gister·: 

RDSTAT DATA 066~112~8 READ STATUS REGISTER 

TMs l/0 operation will lea·ve the Status register contents 
i·n· the CPU accumulator. 

WRITE Up to 24 bits of data are transferred from the computer 
Accumula:tor and written into the addressed "short" reg­
fster. To accomplish the "write .. operation, the prograrrmer 
mast flrs:t load the correctly formatted 24-bit data· word 
,i1nto the compu.ter· Accumulator· from CPU memory u.sing an 
LIDA instruction. The data transfer is then accomplished 

SPECIAL 

by executing a·.n SPU instruction whi'c~ is coded according 
t0 the fostructton word format shown on page 8-32. 

For example, to write· an addres.s of 3770~B to the Memory 
AEl<tre·s"5 (MAR 1 register; 

LDA1lR LOA ADDR LOAD ADDRESS INTO ACCUMULATOR 
WRMAR DATA 064021208 WRITE TO MAR . ... . 
ADWR DATA 377~~8 

This operat.ion causes a short reg·ister hardware operation, 
u.niqu.e to the register being addressed, to be performed 
with no data tra.nsferred between the short register and 
the Accumulator. For example. a "sp·ecial 11 to a specific 
DPS reeri ster will d·i sconnect that DPS supply from the 
test system pin electron·ic.s. The nspecial" operation is 
accomplished by executing an SPU instruction which is coded 
a.ccording to tfre instruction word fonnat shown on page 8-32. 

For example. to "dis.connect" DPSl with a "special": 

or;scoN DATA 0621~52,,B DISCONNECT DPSl 



SPU INSTRUCTION FORMAT 

PART 1 - Issued at CPU T 4, valid to the Tester Registers at TS. 

23 
0 0 0 1 

PART 2 - Issued at CPU Tl. 

123 

13 8 7 6 0 

Addre.ss of Short · 
Register 

DATA 

1010000: 

1208 

Tester Address 

0 I 
SHORT REGISTER ADDRESSES 

Bits Bits 
Reg. Name 13121110 9 8 Octal Reg. Name 1312 11 10 9 8 Octal 

MODE 0 0 0 0 0 l 01 DPTl 0 1 0 1 1 0 26 
STATUS a 0 0 0 1 0 02 El 0 1 1 0 1 0 32 
INSTRUCTION 0 0 0 0 1 1 03 EO 0 1 1 0 1 1 33 
MAR 0 0 0 1 0 0 04 Sl 0 1 1 l 0 0 34 
TSC 0 0 0 1 0 1 05 so 0 1 1 1 0 35 
TDC 0 0 1 0 0 1 11 EAl 0 l 1 1 l 0 36 
INC 0 0 1 1 0 0 14 EAO 0 1 l 1 1 1 37 
DPS! 0 l 0 0 0 1 2.1 EBl 1 0 0 0 1 0 42 
lDPS2 0 1 0 0 1 0 22 EBO 1 0 0 0 1 1 43 
DPT3 0 1 0 0 1 1 23 ECl l 0 0 1 0 0 44 
DPS3 0 l 0 1 0 0 24 ECO 1 0 0 1 0 1 45 
DPT2 0 l 0 l 0 1 25 



ADDRESSING LONG REGISTERS 

All "long" register I/0, whether "read" or "write" and whether OMA or 
non-OMA uses the Instruction Register which is accessed via the Short 
Register Data Bus as the portal through which the data is transferred. 
As indicated ea·rlier, a. long register "read" is always performed using 
non-OMA I/0 while a "write" can be either OMA or non-OMA. 

WRITING TO ONE OR MORE LONG REGISTERS: 

The OMA method is normally used to address any register considered 
to be a "functional da.ta register"· (i.e. S, R, F, DA, DB, MA, MB, 
C, RZ, STROBE, INVERT, etc.}. These registe.rs require up to 60 bits of 
fiJnctional data to define the appropriate conditions for the 60 tester 
pins. Up to four data words, with 15 bits of data. per word, are 
required to completely load one 60-bit register. The data word format 
for these registers is shown in the tab 1 e on page 8-37 for the Group I 
data words. To accomplish a OMA data transfer to one of these registers, 
the assemb 1 y l angua.ge. programmer must perform the fo 11 owing genera 1 
steps: 

l. I.ns.ure that the data words to be transferred to the specific 
"lo.ng" register are sequentially arra.nged in contiguous 
CPU memory locations. One additional data word with bi't 
2J set to a Dinary "l" (representing a TRAP, or end of OMA) 
mu.st f>e present as tli.e last data word. · 

One additional note concerning the data words set up in this 
step might be appropriate at this time. If it is desired, 
the progranmer may include data words for more than one 
specific register before encountering the TRAP word. The data 
words should oe arranged, howe.ver, such that one specific 
registe.r is completely loaded with the last data word to 
that register be.ing a "write and execute" before going on 
to the next register. 

2. Usin9 a. non .. QMA ••write", load the ~emo~y address Register 
(MAR} with the memory address of the first OMA data word 
{_1 .e. the memory address where ,it is actually located}. 

3. Using a non-OMA nwrite", load the MODE Register with the OMA 
mode oit Coit 9_1 set to a binary 11 111 • 

Upon executing step 3, the test system will begin transmitting the data 
words defined in step 1 to the appropriate n1ong1' register, via the main­
frame Instruction Register, in the OMA mode. Upon encountering the last 
da.ta word with the TRAP condition defined in the "control 11 ·field, OMA 
will oe terminated and the progranmer may then proceed on to the next 
step in the program. 



Example of OMA "write" to a "long" register: 

* INITIATE OMA TRANSFER TO DA REGISTER 
STST 129JB ' 

'f 1.\'\ 
CHECK TESTER GENERAL STATUS 

BG *-1 f),vh ,io/; TESTER BUSY? 
BL *-2 d'~r~ '·'..t" o , All~ESTER OMA ACTIVE? ( 'e I 

LOA BUFADR C:-' 1 ~ 
DATA 9J6402120B ~ 

066005208 
OMA ON 
0649J0529JB· 

() 
l . 
. I' .... 

WRITE TO MAR 
READ MODE 
PRESERVE CURRENT CONTENTS OF MODE REG. 
WRITE TO MODE REGISTER 

* OMA NOW ACTIVE - NOW WAIT FOR OMA COMPLETE 

STST 
B'G 
BL 
BRU 

* DATA BUFFER 

OMAON DATA 
BUFADR DATA 
WDAl DATA 
WDA2 DATA 
WDA3 DATA 
WDA4 DATA 
TRAP DATA 
* 

120B 
*-1 

*-2 
EXIT 

1009JB 
*+1 
029J19Jl9J1B 
0219Jl9J19JB 
9J221~HUB 

22.3frH019JB 
400009J9J9JB 

CHECK TESTER GENERAL STATUS 
TESTER BUSY? 
TESTER OMA STILL ACTIVE? 
OMA COMPLETE 

W&H TO DA REG RANK 1 
W&H TO DA REG RANK 2 
W&H TO DA REG RANK 3 
W&E TO DA REG RANK 4 
TRAP STOPS OMA WHEN ENCOUNTERED 

The non-OMA method of addressing long registers is normally used to 
transfer data to any register which is not a "functional data register". 
Those registers are also variable in bit length, but any one register 
never requires more than one data word to completely load it. The 
data word format for those registers (Group II and Group III) is shown 
on pages 8-38 and page 8-39. 

To accomplish a non-OMA data transfer to one of those registers, the 
assembly language programner must perform the following steps: 



la. Load the data word, formatted for the desired register, into 
the~ computer Accumulator with· th·e appropriate LOA instruction. 
s·1 nee this data. is to b.e 11wri tten 11 into a register, the "control" 
field· bits must d:eflne a "write and execute11 condition (i.e. 
bi:t. 23 set: to a b'.inary 11011 a:nd bit 22. se:t. to a. 11 1.11 ). 

2·. Execu.te, an SPU fns:truetfon wM:ch ts· coded to cause a· "write" 
to the Fnstruction Register on the Short Registe.r Data Bus. 

Upon exe.cu.ti·ng ste., 2:,. the, tes:t sys.tern wfll tran.smit the data word 
from the computer Accumulator to the s:pecif'i:ed register·, via the 
Instruction Registe.r. · 

1'.he· twG methods jus.t pre¥:iously d.esc~rtbed a;re the "normal" methods 
for wrfti ng to the "long11 registers. ln a.ctual pract.ice, non-DMA 
l/0 could oe u.sed to wr-i'te: a, s.ingle da;ta word to a specific "rank" 

. of a Group I register provid•ed ttle tttontrol"' field· of the data word 
de·fi nes a "wr·i te and ~ecutte:11 opera•ti;on. Al sa·, for writing a con ti -
guou.s set of· data WGJres to tt:le. Grou.p II a.nd III registe.rs, OMA f/0 
could lf>e U•Sed, provided tne· la\St data word in the conti'guous data word 
string is a .. TMP: word. 

Example of non-OMA "write" to a "long" regis:ter: 

•·· .. 
*NGN-DMA WRITE TO MAJOR LOOP START ADDRESS REGISTER 

* DATA 
LRWRD 

* 

STST lZOB . CME°CK TESTER GENERAL STATUS 

BS 

B'l 
·UlA 

m'A".FA 

*•l 
*';..,l 

LRW~D 

9.164!9.115Z9.IB. 
Bill . EX'IT 

BU,FFER 

TESTER BUSY? 
T:EiiST:ER OMA ACTIVE? 

WRTrE TO INSTRUCTION REG. 

D#liTA' 379.l,1!'9.19.108 FACTOR "S:ET START 9.1 ~ ; 

~"": ·:,_;. .--
~ - ----



READING A LONG REGISTER: 

Long registers may only be read using non-OMA I/O. The procedure to 
accomplish a long register "read" is similar to that of a long register 
"write" using non-OMA as previously discussed; one additional step is 
required, however, along with a change to the command field of the 24-
bit long register data word. 

To accomi:>lish a non-OMA read of a "long" register, the assembly language 
programmer must perf·onn the following steps: 

! 

1. Load a 24-bi t data word, formatted to read a specific long 
register, into the computer Accumulator using the appropriate 
LOA instruction. (Refer to the Long Register Group I, II, 
and III word format charts previously used for the correct 
data word format.] 

2. Execute an SPU instruction to the tester which is coded to 
"write" to the Instruction Register on tne Short Register 
Data Bus. The data word instructing the specifi"ed long register 
to be read is now transferred through tne Instruction Register 
and onto the Long Register Data Bus wflere it is decoded and 
executed. This returns the specified register's contents to 
the Instruction Register. 

3. Execute an SPU instruction to the Tester. which is coded to 
"read'' the Instruction Register on the Short Register Data 

·Bus. The fnstruction Register contents, which is actually the 
contents of the long re.gister specified in step 1, is now 
transferred to the computer Accumulator and is available for 
processing in accordance with the programmer''s wishes. 

4. Repeat steps 1 through 3 for each additional 11 register 1' or 
11 rank'' which contains data to be read. 

Example of non-OMA 11 read 11 of a lon9 register: 

* READ 'Ct 

* DATA 
LRWORD 

TEMPl 

8 

REGISTER RANK 1 ONLY' 
STST 1208 

BG *-1 
BL *-2 

LOA LRWRD 
DATA 064015208 
DATA 066015206 
STA TEMPl 
BRU EXIT 

BUFFER 

DATA 5200000~8 

DATA 0 

CHECK TESTER GENERAL STATUS 

TESTER BUSY? 
TESTER OMA ACTIVE? 

WRITE TO INSTRUCTION REGISTER 
READ THE INSTRUCTION REGISTER 

SAVE REGISTER DATA IN TEMP STORAGE 

READ ~c· REG RANK 1 



LONG REGISTER FORMATS 

A:11 · the: 1 ong regi ste.rs: on the Sentry fall under one. of the 
f'o n owing fonna ts. 

t!Fl 

I I l· _ I I _ I . I ~ I I _ I _ I I I _ I t 
2:3 . 21 f, 1;s;1. TS· ~, r2. f 9· 

1
. 6 I 3- I O 

LIF 2' 

rs t 12 ' I 6 

I I~ I 
g 

I I I I I I I I 
·. ·. I 

DATA ~ Rm ----~--------

l·.R/W L.· ·· · · R:Etr --~k!""'"'. -.----1J111of-o~ ---- DATA --------01! r-- >r ·.1 >< 
SUB 

ADBRESS 

0 l • Wrtte & execute (increments IND reg. & initiates delay if applicable.). 
1 0 = Read (never a. OMA instruction). 
1 1 • OMA trap. 



CONTROL 
FI ELD 

REGISTER 
ADDRESS 
FIELD 

RANK 
AND 
PIN DATA 
FIELDS 

GROUP I - FUNCTIONAL DATA REGISTERS WORD FORMAT 

I I I 1°1 
I 

23 22 Meaning 

0 0 WRITE AND HOLD 
0 1 WRITE AND EXECUTE 
1 0 READ 
1 1 TRAP 

21 20 19 18 Meaning 

0 0 0 0 RZ RETURN TO ZERO 
0 0 0 1 ST STROBE SELECT 
0 0 1 0 D/DA DEFINE I/O PINS 
0 0 1 1 DB DEFINE I/O PINS (ALTERNATE) 
0 1 'O 0 M/MA MASK 
0 1 0 1. MB MASK (ALTERNATE) 
0 1 1 0 .F FUNCTIONAL PATTERN 
1 0 0 0 S SELECT ALTERNATE REFERENCE 
1 0 0 1 TGAO TIMING GENERATOR PIN ADDR (1) 
1 0 1 0 C COMPARE (FAIL PATTERN)/INVERT 
1 0 1 1 TGAl TIMING GENERATOR PIN ADDR (2) 
1 1 0 0 R UTILITY RELAY 
1 1 0 1 TGA2 TIMING GENERATOR PIN ADDR (4) 
1 1 1 x SPECIAL REGISTERS 

RANK BITS PIN DATA 
I Bit Bit 

17 16 15 •Rank # 0 - - - - - - - 14 
..... . 
' 0 0 0 I l Data for pins 1 thru 15 
I 0 0 l 

' 
2 . Data for pins 16 thru 30 

0 1 0 

' 
3 Data for pins 31 thru 45 

a l 1 4 Data for pins 46 thru 60 
l a a I 5 Data for pins 61 thru 75 
1 0 1 ' 6 Data for pins 76 thru 90 
1 1 0 I 7 Data for pins 91 thru l 05 
l l 1 I 8 Data for pins 106 thru 120 

J 



GROUP lI - LONG REGISTER Q,ATA WORD F'ORMAT 

1· I I I I o I 

SPE.CJAL .. _REGlSTER ADDRES'SES 

21 2·0 1.9 18:'1.T 16 15 Reg·ister ... - '!·., 
-.. _-

r::-0 l l l f )' ' .~ 0 0 PACl60'> 
1 l l 0 o. l l. TRGC163) 
l l l 0 l 0 0 PPSC164) 
l 1 l 0 1 Cl l ' 

PS'LCI65) 
l 1 l 0 I l l. O' EIRC166> 
l ' 1 l 0 1 I l I STSCC167) 
1. l: l l 0 0 l DCTC 171) 
1 l l l 0 l 0 CHAINING< 172> 
l, l l l l 0 l PULSE WIDTH<l75> 

It l l l l l. l 0 PULSE DELAYCl 76) 
l l l l. '. l. l. 1 POWER PIN ADDC177) 

,, 

CONT'RQ,L FI"E.L.D- - Sa:me. a-s bit conf i gu.r·a ti on for Group I 

DATA FlELD - Varles for individual register 



GROUP III - LONG REGISTER DATA WORD FORMAT 

l1'J.I 1\ I 1111I11 

I 

SPECIAL REGISTER ADDRESSES 

21 20 19 18 17 16 15 14 13 12 Register 

1 1 l. 1 0 0 0 0 0 0 Major Loop Start<l 700) 
1 1 1 1 0 0 0 0 0 1 Minor Loop Count( 1701) 
1 1 1 1 0 0 0 0 1 0 Major Loop Count(l 702) 
1 l 1 1 0 0 0 0 1 1 Mem. Cycle Steal( 1703) 
1 1 1 1 0 0 0 1 0 0 Minor Loop Start( 1704) 
1 1 l 1 0 0 0 1 0 1 Minor Loop End( 170 5) 
1 1 l 1 0 0 0 1 1 0 Major Loop End( 1706) 
l 1 1 1 0 0 0 1 1 1 Ignore Fai I ( 170 7) 
1 1 l l 0 0 1 0 0 0 Status and Mode A ( 1730) 
1 1 1 1 0 l 1 0 0 0 Status and Mode B ( 1734) 

COUTROL FIELD - Same bit configuration as for Group I 

DA TA FI EL 0 - Vari es for i n di vi du a 1 reg i s t er 



STST 

PON 
POFF 
rcOMP 

TESTER I/O · · INSTRUCTlONS 

. . ·- . 

120B (TESTER GENERAL STATUS) 

GT - TESTER BUSY 

EQ 
LT 
BE 

- TESTER INTERRUPT REQUEST 

- TESTER DMA IN PRO~RESS 
. •' '·-· .. .. . . .. . . .. 

- TE:STE.R POWER SUPPLY FAILURE 

120B 
12013 
12DB 

(ENABLE TESTER INTERRUPTS) 
.. , .. 

CntSABLE TESTER INTERRUPTS) 

(TESTER INTERRUPT C:OMPLETE) 

OTHER TESTER INSTRUCTION MNEMONICS DO N.OT EXIST BUT 
. . . . . .. . . - - . . ... -· .. - .. ' ' ,. . . . . 

MAY BE GENERATED BY THE PROGRAMMER USING THE EQU . . . . . ~ ... 

DIRECTIVE IE - LATCH EQU EXP-1., EXP-2 



label EQU expressionl,expression2 

expression! is actual value assigned to label 

expression2 means label is to be treated as an opcode 
mnemonic. The expression can be a decimal or octal 
(octal is preferable) integer which represents a 
six-hit binary value whose bits have the following 
meaning: 

5 4 3 2 1 0 

1 

------''------·---·--·~ .. ---· -·-
OPCODE TYPE 

01 = No operand required 
10 = Operand required 

AUGMENTATION 

O = Not augmented 
1 = Augmented ---

OPERAND TYPE 

000 = User-operand expressions 
are ORed with opcode value 

001 = address 
010 = address(,index) 
011 = index 
100 = index,address 
101 = ind/state,address 
110 = state,- - -,state 



TEST:ER·INSTRUCTION ~NEMONlC GENERATI:ON 

ASSEMBLER 
GENE.Rn.TED. 
CODE ·· · · · · · 

864D012D 
0660012.0 
Oflflfll400 

06401520 
. 06601520 

ABS~BLER [NST:RIJ.CJION/DTRECTIVE 

*' 
•1mr···t·E .E··"'. · : .. u·. ·~~;._·.. .... .~ 

~® E~W 
nNIT E!YU 

*'' 

06400120B, 40B 
066'00120B', 40B 
14©0B 

WRITE rN:ST 
m1t.4:D INST 

. •· 



TEST EXECUTION METHODS ··- DMA· AND ENABLE TEST 

DMASTR ENABLE DMA MODE AND WAIT FOR NOT BUSY. ALLOWS 
BACKGROUND OPERATIONS CONCURRENTLY. 

BSM* DMASTR (747B) 

SEE SYXVEC +71 

ENBTST DO AN ENABLE TEST WHILE ALLOWING BACKGROUND ACTIVITY 
TO OCCUR CONCURRENTLY. 

BSM* ENTBSY 
LDA SAMA DATA 
BSM* ENBTST 
BSM* WWAIT 

SEE SYxve·c .f.13 

<755B) ENABLE INTERRUPTS 

··(751B) 
<752B) 

IMTERP DO AN ENABLE TEST THE SAME AS INTERPRETER. ALL 
OVERHEAD FUNCTIONS ARE AUTOMATICALLY DONE. 

LDA OPCODE 
BSM* INTERP 
NOP 0 
BSM* WWAIT 

<754B) 

OPCODE = 53100101B + ANY ADDITIONAL DESIRED ENABLE 
TEST MODES PER SAMA. 



.. 
REVTEW OF TESTER 1/0 

9 -1 



r 
l 

PROGRAM EXECUTION WITH DUAL ENTRY POINTS 
<FOREGROUND/BACKGROUND) 

\ 0 - \ 



. . 

c.oMB I NATION· F. G. /B. s· •. · PROGRAMS 

PROGRAMS WHICH MAY BE EXECUTED FROM EITHER AN 'EXEC' STATEMENT 
OR. THE KEYBOARD I 

EXAMPLE.:: PSCAN, SPLOJ ,,_ LABEL 
. . 

• FIG:. AND B. GI ENTRY POINTS' ARE BOTH USED -
,, . EACH USUALLY PASS C.ONTROL TO A SECTION OF 

CODE UNI.QUE ro EACH ENTRY~ THEN CONVERGE ON 
COMMON CODE 

• BI G', ENTRY MUST WA IT FOR FI G I . NOT BUSY 
CStlBROUTfNE ''TWAIT' ) 

t F'.-.G.· ENTRY S11i!OULD. SET FLAG THAT ENTRY WAS 
V'lA F. G:.· NOT B .'.G I 

10- '-

-" '·· ,, ..... ' .~··' 



F.G.IB.G. EXAMPLE 

FWORD DATA 0 lST WORD HEADER 

• 
BG ENT PZE 0 

BRU BGSTR 
F5ENT PZE " BRU FGSTR 

BGSTR EQU • START B:G. ENTRY SET UP 
BSM* TWAIT WAIT FOR F·.·G. ~!OT BUSY 
AOM THDACT LOCK OUT OTHER STATIONS 

~ 

BRtJ MAIN 
• 
FGSTR EQU • 

AlilM FGBSY SET F.G. BUSY FLAG 

BRU MAIN 
• 
MAIN EQU • 

no MA rn TASk' 
,. 

QUIT EQU • ALL DOME 
LDA FGBSY F.G. OR B.G. ENTRY 
B~ BGOUT 

• F.G.· EXIT 
CLA 
STA FGBSY 
BRU* FGENT 

• B.G. EXIT 
BGOUT EQU • 

CLA DISABLE 'OTHER STATION' 
STA THDACT LOCK OUT FLAG 
IDA 
STAT R 
OR B18 SET START ENABLE BIT 
STAT w 
STAT w 
IEN 
BRU* BG ENT 

\0 -3 



MISCELLANEOUS ROUTINES., PROCEDURES AND SUGGESTIONS 

\0 -~ 



TO LOCK OUT OTHER STATION WHILE YOUR B·, G. PROGRAM IS RUNNING 

THE FLAG 'THDACT' <TEST HEAD ACTIVE) IS ALWAYS SET BY THE TEST 
HEAD DRIVER WHEN A FACTOR PROGRAM IS RUNNING·. 

THEREFORE, SETTING THIS FLAG IN YOUR BACKGROUND PROGRAM MAKES 
THE SYSTEM THINK THE TEST HEAD DRIVER IS ALREADY BUSY SO NO 
OTHER USER CAN COME ON LINE . 

BGSTR EQU 
AOM 
·r 

• 
THDACT !ST EXECUTABLE INSTRUCTION IN 

B, G. PROG.RAM 

DO SOME TASK 
,, 

SOM THDACT 
IDA 
STAT R 
OR B18 SET START ENABLE BIT 
STAT W 
STAT W 
lEN 
BRU* BGENT RETURN THRU FOREGROUND 



ACCESS.ING ·THE TVT ·TABLE 

REFERENCED VIA XR2 

F.G·.: XR2 POINTS TO lVT FOR CURRENT STATION ON LINE ON 
ENTRY TCJ FO:REGROIJND. XR2 SHOULD BE SAVED FOR LATER 
. REFERENCE·: 

STX XR2 ... M 

B,. G •. : MUSr USE, SYSIEM ROUTlNE ' GTSATS' TO OBTAIN PO INTER: 

EXAMPLE: 

LDA 
ADD. 
STA 
BSM* 
NOP 
STX 

Si!lEQQ 
ni 
STATC. 
GTSTAT 
0 , . 
XR2 .. M 

TOPT EQU 123 
.. 
.. 

LDX* XR2,M 

CURRENT STAT ON LINE C426B) 
NEED NO. 1-4 
(522B) 

·csSOB> 

SAVE FOR LATER 

(123 DECIMAL D 

lDA TOPT,XR2 GET HARDWARE CONFIGURATION 
CAM' $Bll LOW VOLTAGE HEAD? 
BIC IStViH 
.... 
r 



TOPT <TVT 123) 

IT IS USED TO SAVE ·HARDWARE OPTION. IT IS SET DURING SYSTEM 
INITIALIZATION <AFTER BOOT FROM MAG TAPE OR ENTERED FROM 
DOPSY) AND NEVER CLEARED. 

B12 
BlO 
Bil 

BJT9=1 
8 = 1 
7 = 1 

. 6 = 1 

BITS 5-0 = 

28 VOLT SWING' 
NEW REF/MUX MODULE 
LOW VOLTAGE 

2V/2MV OPTION 
SPM 

PPM 
10 MHZ HEAD 

LM SIZE 

lo -1 

LM SIZE 
lK = 001 
2K = Oil 
4K = ill 

B18 MODE REGISTER 
BlS MODE 
B17 MODE·. 

RVS RANGE BIT 

SAMC BITS 5-8 



·ACCES.SlNG THE.·SVT ·TABLE 

THERE ARE2 METHODS: 

1) F. G;, 

Xil. PO.lNTS'· TO svr TABLE ON ENTRY TO FOREG:ROUND. XRl 
SHGUL.D BE SAVED FOR·. LATER REFERENCE.: 

SJ;X X!l.,,s~· 

2) F •. & .• AND B. G. 
THE. ABSOLUTE. ADDRESS OF THE SVT TABLE IS DEFINED IN 
GLOMAR CELL fill C433B). 
s"r EQU 

.. sioFFS EQU 
I" 

I 

:IJlX*' 
r T\'.A.· • 
IWJl'\ 

,, 

' 

4;Tm 
:J;JJ;}J 

7 <MUST BE. DEcIMAL!J 

XRl.,SVT 
SVOFFS.,XRl GET FLOATING POINT 

VOFFSET VALUE 

I "' <:; tu,-o 



MISCELLANEOUS .. ·$ASlGN 

Descripd.on: 

$ASIGR is a general purpose, self-contained subroutine which 
may be used t:o assign either disc or memory files of user 
specified name~ sue, and t:ype. I.f a file of the specifi.~d 

• name is f.ound to exist, a normal return will occur with no 
aetiou taken. 

The source code for $ASJ:GN must be inserted into the calling 
program., however, no further additions are requi.red ocher than 
the BSM statement which references $ASIGN. 

Calling Sequence: 

Where: 

m.D NAME 
BSM $ASIGN 
DATA dev 
DAn type 
DATA size 

error return 
normal return 

. 
- references first 4 characters of file. name 

NAM!+ 1 •references last 2 characters of file name 

elev • 5 .for disc f.ile 

•·8 for memory file 

me • 74B for string file 

72:8 for data f.ile 

size • desired size of file in words 

in case of an error, a standard ERRCNV error message will be 
dd:spl.ayed and the error return taken with the A~egiste.r con­
taining the standard $IOCS error code. 

Registers A, E, n, and X6· are~ restored by $ASIGN. 

lo -'1· 



SYSTE'1 SUBROUTlNE·LIBRARY - MASTR Y.S. DOPSY 

GET A CHARACTER -· SEQUENTIAL 
PUT A CHARACTER - SEQUENTIAL 
GET SYNTACTICAL ENTITY' . 
GET A WORD -· SEQUENTIAL 
PUT A WORD - SEQUENTIAL 
GET A WORD _: RANDOM ACCESS 
PUT A WORD - RANDOM ACCESS 
GET A RECORD - SEQUENTIAL 
PUT A RECORD - SEQUENTIAL 
CONVERT BINARY TO BCD 
FIND A FILE" ON nrs·c 

DOPSY 

GET 
PUT 
SCAN 
GETW 
PUTW 
READ 
WRITE 
GFREC 
PF REC 
BIND EC 
FIND/SRCH 

PUT A RECORD TO. POD OUTREC 
• GET A RECORD . FROM P ID INREC 

F.P. # TO BUFFER lN D"ECIMAL TRASClI 
F.P. # TO BUFFER IN SCI FORMAT <TRASCII) 
FI p I # TO BUFFER IN OCTAL TRASClI 
F.P. #TO BUFFER IN OCTAL OR DECIMAL TRASCII 
·PUTS TIME OF DAY TO BUFFER IN TRASCII 
F.P. # TO BUFFER IN ENGR OR SCI FORMAT 

<TRASCil) 
AUTO MEMORY/DISC FILE PAGING ROUTINE 
__ ._..._ ...... 

MASTR 

GETC 
PUTC 
SPARSE 

PUTW 
READW 
WRITEW 

CONV 
SCNFIL 
$IOCS OPEN 
MS GOUT 
MSG IN 
PUTD 
PUTE 
PUTO 
PUTA 
PUTIME 
PUTENG 

AD RX LA 

DIFFERENCE 

NO DISC 
NO DISC 
NO DISC 

NO DISC 
NO DISC 
NO DISC 

FOR MEMORY 
FOR DISC/MEMORY 
NO DISC 
NO DISC 

1) OCTAL OR DECIMAL ACCORDING TO BIT 19 OF ALL MllNIT (65B) 
0 = DECIMAL 1 = OCTAL 

lo -10 



GETC 

GETS 1 CHARACTER FROM BUFFER SPECIFIED BY XR7. THE CHARACTER 
IS DETECTED AS EITHER ALPHA., NUMERIC,, OR A SPECIAL CHARACTER. 
SAME AS GET IN DOPSY EXCEPT FOR 3 WORD DCB. 

l..DX XR7, DCB 
BSM* GETC (673B) 

ALPHA RETURN 
NUMERIC RETURN .. . 

SPECIAL CHARACTER C177B = EDF) 

A STANDARD 3 WORD DCB IS USED UNIVERSALLY: 

DCB DATA CHAR POSITION co-rn 
DATA BUFADR 
DATA BUFSlZ 

THE VALUE AT DCB IS AUTO~ATICALLY INCREMENTED TO THE NEXT 
POSITION. 

se:E SYXVEC +27 

\ll - \I 



READW 

READS 1 WORD FROM BUFFER SPECIFIED BY XR7. SAME AS READ IN 
DOPSY EXCEPT FOR 3 WORD DCB. 

LDX ~R7.,DCB 
IJlA, WECNlT 
BSM* READW 

STANDARD 3 WORD DCB:· 

DCB DATA i 
DATA BUFADR 
DATA BUFSIZ 

... ---.-.. ----
S'EE SYXVEC +28 

#· OF DESIRED WORD <O-N) 
(f574B) 
EDF RETURN 
NORMAL RETURN 

CNOT USED) 

lo -\2-
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ADRXLA 

PERFORMS AUTO PAGING OF BUFFER BETWEEN MEMORY AND DISC OR 
MEMORY FILE. 
FETCH WORD 432 FROM A DISC FILE: 

96 WORD BUFFER IN PROGRAM 
,/ 

I . . . . I 

DISC FILE 

I 
.___I ------Iii· ; t . .. . I ..... ·._ !" ! .. f . 

!oRD e WORD 432 ./' 

RETURNS ABSOLUTE MEMORY ADDRESS OF REQUESTED WORD IN A REGISTER. 

LXA Xl 
LDA 0,XRl 

A REGISTER NOW CONTAINS DESIRED DATA. 

\0-13 



ADRXLA (CONT) 

OPEN DISC OR MEMORY FILE AND SAVE XR6 IN CELL IOADR. 

LD~ XR6, IOADR 
LDX XR7,DCB 
LDA WORD. ADDR 
BSM*' ADRXLA 
BRU ERROR 
LXA XI 
LDA 0·,x1 
STA 

DCB DATA 0 
DATA BUFADR 
DATA BUF51Z 

IOADR DATA 0 

SEE SYXVEC +75 

<0 RELATIVE) 

NORMAL RETURN 
DESTRED DATA FROM FILE 

NOT USED 

XR6 VALUE·SAVED FROM FILE OPS~ 

\ o -Ii 



$PARSE 

SCANS SPECIFIED BUFFER FDR l ALPHA IDENTIFIER, l NUMBER, OR 
A SPECIAL CHARACTER OTHER THAN A SPACE OR PERIOD. MUST BE 
CALLED ONCE FOR EACH FIELD. 

IDENTIFIER: UP TO 8 ALPHA CHARACTERS BRACKETED BY BLANKS 
OR SPECIAL CHARACTERS·.· FOUND IDENTIFIER IS 
PACKED LEFT JUSTIFIED INTO ,.NAMEl' AND \NAME2' 
IN \GLOVAR' I ADDRESS OF NAMEl IS RETURNED IN 
XR6. 

NUMBER.: A STRING OF NUMERIC CHARACTERS IN TRASCI I. 
THEY ARE CONVERTED TO FLOATING POINT AND 
RETURNED IN THE E REGISTER. THE OCTAL EQUIVA­
LENT IS STORED IN 'OCTAL' IN 'GLOVAR'. 

SPECIAL CHAR·:· · A SPECIAL CHARACTER OTHER THAN A BLANK OR 
· PERI OD. FOUND CHARACTER IS STORED IN A 

REG I STER ON RETURN I 

LDX XR7.,DCB 
BSM* $PARSE 

3 WORD DCB 
{6'65B) 
NORMAL RETURN 

ON RETURN., THE A REGISTER IS SET TO':' 

0 tf: ERROR IN NUMBER SCAN OCCURRED. 
1-77B IF SPECIAL CHAR FOUND. 
lOOB IF AN IDENTIFIER WAS PACKED INTO NAMEl AND tlAME2. 
lOlB IF A NUMBER WAS FOUND I F .·P: VALUE IN ENG I 

OCTAL EQUIVALENT IN 'OCTAL' <GLOVAR). 
l77B END OF· RECORD DETECTED • ... _ ... _...., ___ __ 

SEE SYXVEC +21 
(0-1~ 



NUMBER CONVERSION FROM INTERNAL FORMAT TO EXTERNAL TRASCI I 
PRINTING FORMAT 

FIXED PO.INT BINARY TO TRASCll DECIMAL -· PUTD 

FIXED PO INT BINARY TO TRASCI r OCTAL - PUTO 

FLOATING POlNT TO' TRASCII INTEGER O.R - PUTE 
SCIENTIFIC NOTATION 

FIXED POINT BINARY TO TRASCI r DECIMAL PUTA 
OR OCT.AL BASED ON CONTENTS OF CELL 6:SB 

FLOATING POINT TO TRASCll ENG"INEERING - PUTENG 
FORMAT 

.. .. 

PUTD llOlCJ ~ 26 -
LDX XRI.,2 # OF DIGITS DESIRED 
LDA· NUM <32B> 
LDX XR7.,DCB 3 WORD DCB 
BSM* PUTD 

. . . .... 

SEE SYXVEC +13 

PUTO ll010 ___,. 32B 

LDX XRl.,2 # DIGJTS DES IRED 
LDA NUM C32B) 
LDX XR7.,DCB 3 WORD DCB 
BSM*· PUTO 

SEE SYXVEC +18 



NUMBER CONVERSION ••• (coNT) 

PUTE F. P. 26 ---)- 26 
F. p. I 026 ~ +2 I 5E-2 

LDA F. P. VALUE 
LDX XR7 DCB 
BSM* PUTE 

SEE SYXVEC +I7 

3 WORD DCB 
(661 B) 

PUTA 11010 ~ 26 IF BIT 19 OF 65B = 0, OR 

11010 ___,. 32B lF BIT 19 OF 65B = 1 

LDX XRl,2 
LDA NUM 
LDX XR7,DGB 
BSM* PtlTA 

SEE SYXVEC +82 

PUTENG F.P. 26 ~. 2fiV 
F I p I I 026 ___,. 26MV 

I.DE 
LDA 
LDX 

·BSM* 

SEE SYXVEC +81 

ZERO OR V,S,A 
NUM 
XR7,DCB 
PUTENG 

# DIGITS DESIRED 
(32B) 
3 WORD DCB 
C762B> 

CF Ip I VALUE) 
3 WORD DCB 
C76lB)' 



MlSCaU\NEOUS. ROUTINES 

CONV CONVERT BINARY ·~ BCD 

LDA NUM BINARY VALUE 
LDE' BIT WIDTH· OF EACH DECIMAL DIGIT 
BSM•' CONV C654B) 

NOTE: LDE D4 FOR BlNDEC EQU !VALENT 

SEE SYXVEC +!2 

SCNFIL SEE IF A GIVEN FILE I.S IN MEMORY + OTHER" FUNCTIONS 

IltD FILNAM 
tllX XRl.,FUNCT CODE <USUALLY 0) 

C652B) B'SM* SCNFlL 
DATA JOB# JOB TO BE SEARCHED 
BRU NFOUND 
BRU FOUND 

SEE SYXVEC +10, 

MPZERO CLEAR AREA OF MEMORY TO ZEROES 

LDX XR6,BUFEND 
LDX XR7,BUFSTR 
BSM* MPZERO C672B) 

SEE SYXVEC +26 

\a-\~ 



MISCELLANEOUS ROUTINES (coNT) 

SEARCH SEARCH A TABLE FOR A GIVEN ENTRY AND RETURN THE LOCATION. 

Ill..D ITEM 
DST NAMEl 
LDX XR6JTABEND 
LDX XR7JTABSTR 
LDA ITMSIZ 
BSM* SEARCH 
BRU FOUND 
BRU NFOUND. 

ITEM TO BE FOUND 
<S43B IN 'GLOVAR') 

# OF WORDS/ENTRY 
(671B) 

RETURNS WITH XR7 POINTING TO FOUND ENTRY. 
. . . .. . 

SEE SYXVEC +25 

IERMSG DISPLAY A TERMINAL ERROR MESSAGE TO THE SYSTEM POD •. 

LDA NUM ANY TERMINAL EHROR # 
BSM* IERMSG 

THERE IS NO RETURN TO CALLING PROGRAM·. 

SEE SYXVEC +30 

HEADER OUTPUT A STANDARD DATALOGGER HEADER. 

LDA TSNJXR2 
LDE SITEQQ 
LDX* XRGJ IOADR 
BSM* HEADER 

SEE SYXVEC +64 

SERIAL # 
CURRENT STATION <426B) 
PREVIOUSLY OPENED DEVICE 
(702B) 

\D -l ') 



MISCELU\NEOUS ROUTINES (coNT) 

ERRCNV DISPLAY A STANDARD $lOCS ERROR MESSAGE. 

LDA CODE 
BSM* ERRCNV. 
NOP 0 

ERROR CODE 1-15 
(715B) 

SEE SYXVEC +45 FO.R ERROR CODE DEFINITIONS AND THE CORRESPONDING 

MESSAGES. 

ATTA ATIACH PROGRAM TO STATION; STATION ID WILL APPEAR 
IN NAME. ALL 'STAT' COLUMN . ." PROGRAM WILL NOT BE 
AUTOMATICALLY PURGED FROM MEMORY •. 

LDx•· XRS.,SAVXS 
LDA SlTEQQ 
BSM* ATTA 

SEE SYXVEC +64 

SAVED ON E.~TRY 
C426B) 
C740B) 

INTERP INVOKE ANY TEST HEAD DRIVER INTERPRETIVE FUNCTION 
WIJH AN OP CODE IN THE 500-600 SERIES. 
SEE SOURCE LISTI NG OF *THD FOR OP CODES 

LDA OPCODE 
BSM* lNTERP 
NOP 0 
BSM* WWAIT 

SEE SYXVEC +76 

C754B) 
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MISCELLANEOUS PROCEDURES 

. 1). FIND THE ABSOLUTE ADDRESS OF A FILE lN MEMORY: 

• OPEN FILE (roes OPEN PROCEDURE) 

t GET 'MACTAB' EMTRY ADDRESS FROM "'IOATAB' 
WORD 1 CFNAMEl CELL) 

LDA 1,XR6 
LXA XRS ADDR lST WORD MACTAB ENTRY 

t GET ADDRESS OF lST WORD OF MEMORY FILE 

LDA 3,XRS ADDR 
LXA XRS ADDR lST WORD OF FILE . . 
·r 

LDA 
STA 0,XRS ACCESS FILE 

• 

\o -2..\ 



MACTAB <MEMORY .. ACTIVITY. TABLE) 

lS 9 6 0 l8 l2 3 
I 1 I I l I I 

MAJ OB 0 JOB NUMBER 

l . NAME l 

MAT.a 2 
ACTIVE 

TY.PE NAME 2 IND 

MAMADR 3 0 MEMORY ADCBESS 

MAFS'!Z 4 K 1t R p FILE SIZE 

·wmu s 0 MEMORY SIZE 

. GIOP'? 6 . a IOAaB POINTER 
I 

/ 

MAWS TR 7 0 WINDOW START 

a words/entry, 32 entries in table 
Total. 256 wo:dS. '?he table is expandable by ASSIGN. command. 

lo-i..1-



MISCELLANEOUS PROCEDURES (coNT) 

3) FORCE AN ~ATTACH' AND/OR 'KEEP' STATE FOR A MEMORY 
FILE <PROGRAM). 

II SET TTK TTP 
<MASTR 

*NA"1E 

1.-9:-79 

NAME 

1 MACTAB 
2 IOATAB 
3 LMSAVE 
4 LMLOAO 
5 EDIT 
6 COMPIL 
7 G6800 
S MA 
9 MNEMON 

16:33 

TYPE 

s 
s 
OVLY 
OVLY 
OVLY 
OVL.Y 
TP 
OVLY 
u 

39784 WORDS LEFT 

JCS 

+-+++ 
~ 
ti-++ ... 
++++ 
++++ ........ 
6S4~ 
.... ++· 
6.84K 

F-s·rze ADDRESS M-SIZE KEEP 

2.56 51521!3 256 y 
260 5111513 260 y 

2546 5212113 5714 N 
8.54 6524313 3926 y 

6371 7477113 6371 y 
9585 11133413 12:585 y 
4393 14200513 4093 N 
2746 l52456B 2746 N 

51.3 15775013 513 N 

23 ENTRIES LEFT 

. 

asv 

THE FOLLOWING DEFINITIONS APPLY TO ACTION AUTOMATICALLY 

STAT 

1 

1 
1 

TAKEN AGAINST FlLES IN MEMORY BY THE SYSTEM WHE.'i INSUFFICIENT 
MEMORY SIZE EXISTS TO LOAD A NEW FILE: 

RELEASE - REMOVE FROM MEMORY AND PURGE MACTAB ENTRY 

BUMP - REMOVE FROM MEMORY BUT KEEP MACTAB ENTRY 
TO ALLOW FASTER RELOAD -

KEEP - NEVER RELEASE OR BUMP EXCEPT WITH RELEASE 
COMMAND 

STAT - ATTACHED TO GIVEN STATION. DON'T BUMP UNLESS 
TEST PLAN OR MOD FILE. 



ATTACH/KEEP .<CONT) 

KEEP: SET FLAG IN WORD 4 OF MACTAB ENTRY FOR FILE <PROGRAM) 

I.DX* XRS.,SAVXS 
.LDA. 4,XRS 
OR D22 
STA 4.,XRS 

ATTACH: 

LDX* XRS.,SAVXS 
LDA S'ITEQQ 
BSM* ATTA 

. 

XRS SAVED ON ENTRY 
C426B) 
C740B) 

\o- ~Y 



ATIACH/KEEP· RELATIONSHIP 

' ATIACHEDl . I NOT ATIACHED 

KEEP NEVER RELEASE2 NEVER RELEASE 
CY) NEVER BUMP NEVER BUMP 

.. · OVLY-· . .. ···· TP/MQDl I· ovLy·· · TP/MOD 
DON'T 

KEEP NEVER RELEASE BUMP ONLY 

no NEVER BUMP P4EVER RELEASE RELEASE RELEASE 
.. . .... .. . . .... . ... . .. . .. 

I 

1) A STATION NUMBER IN THE 'STAT' COLUMN INDICATES THAT THE 
G~IVEN FILE. rs ATIACHED TO THE SPECIFIED STATION I . 

2) RELEASED ONLY VIA USER RELEASE COMMAND·. 

3) OVLY = ASSEMBLY LANGUAGE F·~ G. OR B. G •· PROGRAM 
TP ~ FACTOR PRO&RAM 
MOD =- LMLOAD \LMI' FILE OR FACTOR DMA SUBROUTINE FILE 

CNOT CURRENTLY AVAI ~BLE) 

\D- :!.S""" 



MISCELLANEOUS PROCEDURES (coNT) 

4) I'NTERRUPT SHOULD BE DISABLED ·WHILE DOING I./O OF STAT 
REGISTER. 

IDA 
- STAT R 

STA STATSV 
CJ.A 
OR Bl2 ENABLE RESET 
STAT W 
STAT W 
IEN 

5) D'ETERMlNE LI'NE PRINTER TYPE. 

LPFLG. . EQU 66B SEE. PATCH CELLS. 

LPFLG~· ,. so· co'( DATA PRODUCTS 
l i32 COL DATA PRODUCTS 
2, · 132. COL PRI NTRDrl I CS 



MISCELLANEOUS PROCEDURES (coNT) 

6) GET THE NAME OF THE TEST PLAN CURRENTLY EXECUTING. 

S ITEQQ EQU 426B 
ATPA EQU 420B 
MANAM EQU 2 

LDX* XRS,SITEQQ 
LDA ATPA.,XRS' 
LXA XRS 
DLD MANAM,XRS 

CURRENT STAT # 
T.P. MACTAB ADDR 

NAMEl,2 

7) DETECT A STATION RESET FROM A B.G. PROGRA'1 
<SEE STSC REG FORMAT). 

RSTTSC EQU 572B 
SITEQQ EQU 426B 

LDA· SlTEQQ CURRENT STAT 
AND D3 
LXA XRl 
LDA RSTTSC 
LS IO 
LS 0,XRl 
AND Dl 
BP ABORT FOUND RESET OR KI LL 



MISCELLANEOUS PROCEDURES (coNT) 

8) D.ETERMI.NE IF THE SYSTEM HAS A DI.SC AVAILABLE 
<DISTINGUISH A SV!l FROM SV). 

DFDV EQU 65B SEE' PATCH CELLS 

DFDV • 125B IFDlSC AVAILABLE 

9) DETERMINE IF· THE LP HAS BEEN SPECIF;IED BY ANY OF THE 
FOLLOWING·=· 

DATALOG LP" 
USE LP 
WRI'TE <LP> 

I.DX- XR2 ... TVT . 
LDA TDLO.,XR2. 
CAM D4 
BE USELP 
I.DA TLP~XR2 
BP USELP 

CS.ET DATALOG DEVICE) 
(SET STAT! ON POD) 

• CHECK FOR \DATA LP' 
.(6710> 

Cll810> CHECK FOR 'IJSE' OR \WRITE' 

\0-'l...'? 



SUGGESTIONS 

1) THE CONTENTS OF TRANSFER VECTORS THROUGH WHICH A BSM* 
WILL OCCUR MUST !!QI USE BIT 23 AS A DATA FlJ\G, SINCE THE 
ASSEMBLER WILL ALWAYS SET IT TO A 1'. 

EXAMPLE: 

BTT2D DATA 04000000B 
BlT23 DATA 40000000& 
TAB DATA . LABU+BIT23+BIT20 

DATA LABL2+BIT20 
.. 
,. 

I 

BSM* TAB 

... 
.. 

AT TAB AND TAB+ 1 BIT 23 SHOULD NOT BE USED AS A FlJ\G 
AS IT WILL ALWAYS BE SET TO 1 BY THE ASSEMBLER. 

2) ABSOLUl'E MEMORY ADDRESSES MUST NOT BE SAVED IN A MEMORY CELL 
TO BE USED ON A SUBSEQUENT EXECUTION OF THE PROGRAM SINCE THE 
FILE MAY BE MOVED. 

3) ALL CELLS MUST BE INITIALIZED TO THEIR DESIRED INITIAL STATE 
ON ENTRY TO PROGRAM·.· 

. to-'l.9 





FST-2 COMPUTER 
ASSEMBLY LANGUAGE PROGRAMMING COURSE 

STUDENT ASSIGNMENTS 



FST-2 COMPUTER ASSEMBLY LANGUAGE PROGRAMMING COURSE 

HOMEWORK ASSIGNMENT - DAY 1 

1. IN THE FST-2 COMPUTER MANUAL, REVIEW PAGES 1-1 THRU 1-21. 

2. COMPLETE Quiz #1 - A TRUE/FALSE QUIZ. 

3. COMPLETE Qurz #2, COVERING NUMBER SYSTEMS AND BINARY 
ARITHMETIC, 

4. To READ AHEAD FOR TOMORROW'S LECTURE, AS TIME PERMITS, 
READ PAGES 3-1 THRU 3-27 OF THE FST-2 COMPUTER MANUAL. 

-i-



FST-2 ASSEMBLY LANGUAGE PROGRAMMING COURSE - QUIZ #1 

Instruction: This is a True/False quiz. Please answer the 
following questions with either T or F. 

" 1. 

f 
2. 

3. 

__£_ 4 . 

__:[_ 5. 
_?f,...... 

6. _J_ 

~ 7. 

t; 
--·- 8. 

"'! 9. __ 1_ 

//,10. 

_L11. 

f 12. 

___f_ 13. 

-.L 14. 

lS. 

r::: 16. 

,.,. 
..:-.....t;:_ l7~ 

__l_,... 18. 

/ 

~ 19. 

·:...:r_. 20. 

The index registers can be used to count within a program. 

The name CPI stands for Common Program Interface. 

The assembler allows the programmer to write a program 
in the "native'' language of the computer. 

The R Register is used for remainders left over from 
division instructions. 

The Program Counter can be loaded from the CPU control panel. 

The A, B, and N busses are bi-directional data busses. 

Indirect addressing uses the contents of an address as 
an address. 

DMA allows direct data transfers between peripheral units. 

In DMA, data is transferred over the A, B, and N busses. 

The E Register can be loaded manually from the CPU control 
panel. 

The Program Counter usually points to the next memory 
location. 

The Relocation Register contains the effective operand 
address for instructions involving indexing operations. 

An arithmetic overflow causes a carry into the Extension 
Register. 

The results of an arithmetic operation are stored in the 
Arithmetic Logic Unit (ALUl. 

The Command Register contents are sent directly to the 
Accumulator Bus during an I/O operation. 

An overflow occurs when an arithmetic operation changes 
the sign bit in the Accumulator. 

An Index :Register can store up to 24 bits of data • 

Console switches are used to control conditional branching. 

The TV indicator is lit only between 7 and 9 pm. 

The :Reset pushbutton clears the Program State indicators. 

-2-



FST-2 COMPUTER ASSEMBLY LANGUAGE PROGRAMMING COURSE 

QUIZ #2 - Number Systems and Binary Arithmetic 

1. Convert the following numbers to the base system as indicated: 

1010011 2 = I 7; 

1422738 = 

0100110112 = 

2 

10 

1 7 3 8 

2. What is the difference between l's compliment and 2's compliment? 
Please detail your answer. 

3. What is the octal 8"s compliment of 555510? 

4. Perform the following: 

10110102 + 10110112 = f f o 1 a I 2 

110112 - 100102 = ,, /; I 
v j 2 

-3-



FST-2 ASSEMBLY LANGUAGE PROGRAMMING COURSE 

DAY 2 

CLASSROOM ASSIGNMENTS: 

l, COMPLETE PROGRAM WRITING ASSIGNMENT #1 AND #2 

HOMEWORK ASSIGNMENTS: 

l, COMPLETE HOMEWORK PROGRAM WHICH REQUIRES ASSEMBLY 
LANGUAGE/MACHINE LANGUAGE ENCODING AND DECODING, 
(PAGE 5 l 

2. COMPLETE PROGRAMMING WRITING ASSIGNMENTS #3) #4) AND #5, 

-4-



HOMEWORK PROBLEM 

Encode or decode the following instructions as required: 

Address (octal) 

1000 

1001 

1002 

1003 

1004 

1005 

1006 

1007 

1010 

1011 

1012 

1013 

1014 

1015 

1016 

Content Instruction Mnemonic 

25001014 

DSL 30 

26001015 

;o i;, SUB 1016B -------
02401006 

07700000 

01··· 

00000000 

10000000 

01041010 

6 { 

BSM lOlOB 

L X /· 7 

BRU lOOOB 

AOM lOlOB 

. ' 

DATA 77760000B 

DATA 37777B 

NOTE: This program is not using the relocation flag bit. 
In an actual assembled program bit 23 would be set 
to allow relocation. 

-5-
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PROGRAM WRITING ASSIGNMENT #1 

Problem: Add 3 numbers together, store the results in CPU 
memory, then halt at the beginning of the program. 

Assume the answer is to be stored at location 400B 
and the three numbers are found at the following 
locations: 

Location 

300 
301 
302 

400 

/)i 

I 

-6-

Content 

1' • 200B 
lSOB 
460B 

· , t>,'Store Answer Here 

? . 



PROGRAM WRITING ASSIGNMENT #2 

Problem: Repeat program writing assignment #1, except store 
the answer in 100 consecutive locations beginning with 
location 400B before halting. 

DO NOT USE indexing, indirect addressing, or operand 
arithmetic. ----

-7-



PROGRAM WRITING ASSIGNMENT j.3 

Problem: Repeat program writing assignment #2. This time 
operand arithmetic using AOM or SOM is allowed. 

-8-



PROGRAM WRITING ASSIGNMENT #4 

Problem: Repeat program writing assignment #3. This time 
indirect addressing is also allowed. 

-9-



PROGRAM WRITING ASSIGNMENT #5 

Problem: Repeat program writing assignment #2. This time 
use indexing only. 
L ;;' \ , ,' .~ 

c y 

L iy 
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PROGRAM WRITING ASSIGNMENT #6 

Write a short program which will allow you (the operator) to 
enter your name at the VKT keyboard, displaying each character 
as it is entered. 

Upon entering a carriage return, your name should be repeated 
at the VKT screen on the next line. 

After your name is repeated, exit the program and return to MASTR. 

The student may use either of two I/O methods: 

1. Leave the characters input from the keyboard in standard 
ASCII format and store one character per CPU word in 
memory. 

2. Convert the characters input from the VKT from ASCII 
to TRASCII then pack four TRASCII characters per word 
into memory. 

Turn in an assembler listing of your successfully operating 
program to your instructor at the end of lab on Day 3. 
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PROGRAM WRITTN'G ASSIGNMENT #7 

1. Write an assembly language (background overlay) program 
for the FST-2 computer which will operate as defined by 
the Echo Program Definition on the next page. 

2. Using the appropriate MASTR commands, assemble, execute, c=- 7 
and debug the Echo program. 

3. As part of the requirements for successful completion of 
this course, the student must turn in the following to 
the instructor: 

a. Copy of the first assembly listing (the one with all 
the mistakes on it!}. 

b. Copy of final debugged assembly listing for program 
which actually executes according to the Echo program 
definition. 
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ECHO PROGRAM 

DEFINITION OF PROGRAM: 

The "Echo Program" requires that random data be entered from 
the VKT keyboard and then stored in programmer defined internal 
CPU memory buffers. At the operator's decision, the content 
of the memory buffers are to be dumped to an output peripheral, 
also selected by the operator, in a format which is identical 
to the original input data. 

Specifically, the program must perform as follows: 

1. Input a variable number of characters in any order 
from the VKT keyboard, repeat the character on the 
VKT display, and store it away in a CPU memory buffer 
which you have defined in the program. 

2. After at least one character has been stored away, use 
Console Switch #6 to determine whether to remain in the 
"input mode" or to go to the "output mode". 

3. Use Console Switch #5 to determine whether the data 
output is to go to the VKT display or the line printer. 
In either case, the data output must be "echoed", or 
output, in exactly the same format as it was input. 

4. Use Console Switch #1 to abort the "Echo Program" and 
return control back to MASTR from within any point in 
the Echo Program - ie when lifting CSl, the program 
should abort immediately without waiting for any further 
operator interaction. 

5. Console Switch usage is to be as follows: 

CSl Ul? - unconditionally return to MASTR 
DOWN - remain in Echo l?rogram 

C$5 UP - output to line printer 
DOWN ..... output to VKT display 

CS6 UP .... output mode of Echo Program 
DOWN - input mode of Echo Program 
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PROGRAM WRITING ASSIGNMENT #8 

This is a supplemental assignment to the ECHO Program. 

1. Modify your existing ECHO Program such that you are required 
to pass parameters to the program from the keyboard execution 
command which will: 

a. Define the peripheral which the output of the ECHO 
program is directed to {VKT or LP, with a default to 
the VKT if LP is not specified) . 

e.g. *ECHO LP 

b. Define TOF to be performed if LP was specified, along 
with the number of TOF's desired. 

e.g. *ECHO LP 3 

2. Delete the usage of Console Switch #5 to determine the 
output device used as it is now determined by a parameter 
passed from the background keyboard command {step la above). 

3. Output a short message to the VKT screen at the beginning 
of your Echo program so you know the program execution has 
started. When your program enters the ''input'' mode, output 
a single character prompt so the operator knows when to 
input characters. 
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PROGRAM WRITING ASSIGNMENT #9 

1. Rewrite your ECHO program to input and output using IOCS 
only; i.e. do not perform direct input/output operations 
with the peripherals using SPU instructions. 

2. When executing the ECHO program, include the following 
IOCS functions: 

a. Upon entering the ECHO program, clear the VKT screen. 

b. Output operator messages to the VKT screen giving a 
brief definition of the ECHO program and instructions 
for use. 

c. When output is to line printer, perform TOF using IOCS 
control rather than direct line printer control as 
previously done. 
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PROGRAM WRITING ASSTGNMENT .#10: 

1. Write a short FACTOR program which will input an integer 
number between one and ten Cinclusive)_. Use WRITE state­
ments which will instruct the operator when to input, the 
range of the numbers, etc. write the message at the VKT 
screen. 

Pass the nillnber just input to an assembly language program 
in the foreground mode which will in turn, turn on the 
corresponding numbered EIR register bit and lamp at the tester 
Ci.e. the number 7 turns on EIR lamp 7, not 1, 2, & 3 which 
would be the binary equivalent of 7 decimal}. 

Return to the FACTOR program and read the EIR register, 
then compare the value read to the original number input 
at the VKT keyboard. Write a message at the line printer 
which will indicate the results of the comparison. 

Call the same assembly language program, or another one 
according to your choice (as long as· it is wti tten-.=-py=-you 
and is not a system overlay such as LPLF or XGRAPH or SPLOT, 
etcl which will execute two top-of-forms (passes as a 
parameter} . 

Return to the FACTOR program and end the program. 

2. Turn in a copy of the first and last assembly and compiler 
listings, and the printout of the line printer messages 
during the program execution. 

NOTE: The ETR register lamp which is lit during the program 
execution must remain on after the tester EOT. 
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