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COURSE DESCRIPTION

FST-2 COMPUTER ASSEMBLY LANGUAGE PROGRAMMING COURSE
Course LENGTH: 2 weeks (10 pAvs)

PREREQUISITES: SUCCESSFUL COMPLETION OF A SENTRY (Basic) Pro-
GRAMMING COURSE., THE STUDENT SHOULD ALSO BE FAMILIAR WITH
BASIC COMPUTER CONCEPTS, BINARY AND OCTAL NUMBER SYSTEMS,
COMPUTER ARITHMETIC, MACHINE LANGUAGE PROGRAMMING FUNDA-
MENTALS, SYMBOLIC LANGUAGE CONCEPTS AND FUNDAMENTAL PRO-
GRAMMING TECHNIQUES IN ORDER TO OBTAIN THE MOST BENEFIT
FROM 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
EXPERIENCE, FOR THOSE WITH MORE EXPERIENCE, IT SHOULD CLARIFY
AND REIEFORCE MANY ASSEMBLY LANGUAGE PROGRAMMING CONCEPTS
ALREADY LEARNED,

THE FIRST PORTION OF THE COURSE WILL TEACH THE PROGRAMMER
HOW TO WRITE GENERAL PURPOSE, 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” MODE, AS WELL AS PROGRAMS WHICH CAN BE
ENTERED THROUGH EITHER "FOREGROUND” OR "BACKGROUND” MODE,

OR BOTH,



FST-2 ASSEMBLY LANGUAGE PROGRAMMING COURSE DESCRIPTION - CONTINUED

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

0

WRITE ASSEMBLY LANGUAGE PROGRAMS THE FST-2 COMPUTER
INSTRUCTION SET AND ASSEMBLER SYNTAX |

LoAD, ASSEMBLE, EXECUTE AND DEBUG GENERAL PURPOSE
ASSEMBLY LANGUAGE PROGRAMS IN THE "BACKGROUND" MODE
usING THE MASTR OPERATING SYSTEM SOFTWARE

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

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



DAY 1

FST-2 (MASTR)
ASSEMBLY LANGUAGE PROGRAMMING COURSE

COURSE OUTLINE

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 system 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

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

iv



DAY 3

PROGRAMMING NON-DMA I/0
Detailed description of I/O instruction repertoire for

non-DMA peripherals
Program writing exercises by class

PROGRAMMING ASSIGNMENT

Assign I/0 program writing assignment #6
Assign program writing assignment #7 (ECHO program)

LAB

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



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)

vi



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 "backgroﬁnd mode" only
Parameter passing in "background" mode

PROGRAMMING ASSIGNMENT

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

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/0 using interrupt programming
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/0

Overview ,

Detailed description of addressing "short" registers
Short registers word formats - overview

Detailed description of addressing "long" reglsters
Long register word formats = overview

Generating tester I/O mnemonics

Program writing by class

PROGRAMMING ASSIGNMENT
Assign program writing assignment #10 (WEIR program)

LAB

Demo of programming assignment #10
Students work on program assignment #10



DAY 9

REVIEW

Review of tester I/0

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 CRITIQUE
DISCUSSION WITH APPLICATIONS ENGINEER

LAB

Finish any lab projects not completed and turn in to
instructor

xii
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From Abacus 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 today’s
computers are centuries old. The aba-
cus, developed about 3,000 years ago,
was the first digital counting machine:

Since then, many other “machines and’

engines” were developed—all of which
led to the ultimate development of the
modern electronic computer. Here are
just a few:
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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. modern 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.

-

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:

PEORr LTI

=

a stored program, an arithmetic unit
and a section for data entry and output.
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The Census Machine—1890
Dr. Herman Hollerith, a statistician
from Buffalo, 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 census
in 1890 would be obsolete before it was
tabulated. Hollerith’s machine solved
the problem by being able to tabulate
the massive amount of data electrically.
The machine consisted of three paris: .
a tabulator which used a clock-like
counting device (shown), a sorter box
with compartments which were elec-
trically connected to counters in,the
tabulator, and a pantographic punch,
one of the first devices used to punch
data onto cards. ;

The year 1890 marks the date the
first major statistical machine was built
and put into large-scale use. It was this
invention of Hollerith’s that laugched
the information-handling revolytion.
Afterward, many others followed who
also made significant contributions
leading to the development of the com-
puter in the 1940’s. .




Computing Pioneers: Partil

In an earlier issue, DP DIALOG
traced the cvolution of calculating de-
vices from the abacus to the late 19th
century. A number of readers asked
that the story be continued. So, here
are a few more of the events that led to
the modern computer.
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Automatic punch card sorter (c. 1910).

By~1890, a growing nation and its
expanding industrial 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 statisties on
immigration, race, health, literacy and
employment. It was clear the govern-
ment needed -an efficient way to tally
this wealth of information.

Herman Hollerith, a Census Bureau
statisticiar, solved 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 throughcut the
next thirty vears, although they were
modified and speeded up to handle the

ever-increasing needs of the govern-
ment, 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 1900 and 1910, railroads
began using “Hollerith machines” to
tabulate waybills. Insurance compa-
nies, with actuarial statistics to corre-
late and mertality predictions to make,
were quick to see the advantages of
mechanieal tabulation. And public util-
ities, with countless customer records
to maintain, also turned in growing
numbers to machine accounting. More
sophisticated methods—such as cost ac-
counting and sales analysis followed.

With the United States’ entrance
into World War I, the Wilson adminis-
tration set up a plethora
of public agencies to
control transportation,
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Thzs hzgh-speed card-somng machme
(c. 1920), handled 400 cards a minute.

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 only relays and
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communication, manu-
facturing and distribu-
tion. Under Bernard
Baruch, the War Pro-
duction Board estab-
lished committees on
commodities as diverse
(and unlikely) as baby
buggies, biscuits and
crackers, and pocket-
knives. To operate effec-
tively, these agencies
needed rapid aceess to
vast quantities of infor-
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mation, and thus in- This article said of the IBM collators, “They're incredible.

stalled large numbers of
tabulating machines.

By 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 28 million people. Te
handle this task, a production line
punched, sorted, checked and filed
500,000 cards a day.
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During World War 1, the Army used punched-card sorters in the first Iarge-scale
application of psychological testing.

1-3

They do everything but take off their hats and bow.”

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, Wallace
Eckert of Columbia University used a
mechanical programmerto link together
different kinds of punched card and
accourting machines to allow complex
astronomical calculations.

Such developments foreshadowed
many of the advances of the next dec-
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.




CONTEMPORARY COMPUTER APPLICATIONS




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.

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



COMPARISON OF COMPILER/ASSEMBLY/MACHINE LANGUAGES
FOR FST 2 COMPUTER

MACHINE LANGUAGE

A=1; 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
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cPU

TIMING
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OUTPUT UNIT

THE BASIC UNITS OF THE DIGITAL COMPUTER SYSTEM



FST-2

COMPUTER SYSTEM DESCRIPTION
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PST-2 System Configuration
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FST-2 COMPUTER HARDWARE FEATURES

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

TWO MEMORY BUSSES INTERFACE MEMORY TO CPU AND PERIPHERALS -

- EACH MEMORY BUS HAS DMA (DIRECT MEMORY ACCESS) WITH
__—— 16 DMA CHANNELS PER BUS
- DMA TRANSFER RATE OF 571,428 WORDS PER SECOND PER BUS

INSTRUCTION WORD MODIFICATION USING:
SINGLE LEVEL INDIRECT ADDRESSING

- INDEXING OPERATIONS

- RELOCATION REGISTER

- VARIOUS FORMS OF OPERAND ARITHMETIC

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

HARDWARE MULTIPLY AND DIVIDE CIRCUITRY

PRIORITY INTERRUPT STRUCTURE
. CPU ALLOWS UP TO 63 INTERRUPTS 7'’

- EACH INTERRUPT HAS AN INDIVIDUAL INTERRUPT SERVICE
ROUTINE POINTER LOCATION IN CPU MEMORY

- MULTIPLE INTERRUPTS FOR EACH PERIPHERAL ARE POSSIBLE

L=
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MEMORY MANAGEMENT UNDER MASTR
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FOREGROUND | TESTER BUSY £0T

TESTER BUSY

BACKGROUND 1 1/0 I/0

BACKGROUND 2 [/0 170

= CPU usage

Pbreground/BackgnmnuiSuﬁxchﬁu;thuﬂurthelMAH?RB.Cnxuwmﬂugswstenl



MAXIMUM
MEMORY

RUN-TIME-STACK

AVAILABLE SPACE

TEST PLAN 2

TEST PLAN 1

OVERLAY 1

RESERVED TABLES AND GLOBALS

THD

MONITOR

EXPANDABLE DOWNWARD

EXPANDABLE UPWARD

Software Boundaries Under the MASTR Operating System
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<MASTR
*NAME

1-3-78 16:33

NAME TYPE JO3B F-SIZE ADDRESS M-SI1ZE KEEP BSY STAT

1 MACTAB S. et 236 913218 2% | Y
2 I0OATAR S B e 250 9111358 260 Y
3 LMSAVE GVLY 2345 S21213 9714 N 1
4 LMLOAD QVLY - <o 834 &352438 39256 Y
3 EDIT gvLy &371 747718 &371 Y
é& ComPIL QOvVLY L 9983 1113343 12389 Y
7 66800 TP &88K 4393 14200353 4393 N 1
8 MA gvLy O 2746 15324568 2746 N 1
? MNEMON U 684K 313 1377350B S13 N
39784 WORDS LEFT 23 ENTRIES LEFT

THE FOLLOWING DEFINITIONS APPLY TO ACTION AUTOMATICALLY |
TAKEN AGAINST FILES IN MEMORY BY THE SYSTEM WHEN INSUFFICIENT
MEMORY SIZE EXISTS TO LOAD A NEW FILE,

RELEASE -
BUMP -
KEEP -
STAT -

REMOVE FROM MEMORY AND PURGE MACTAB ENTRY

REMOVE FROM MEMORY BUT KEEP MACTAB ENTRY
TO ALLOW FASTER RELOAD —

NEVER RELEASE OR BUMP EXCEPT NITH RELEASE
COMMAND

ATTACHED TO GIVEN STATION. DON‘T BUMP UNLESS
TEST PLAN OR MOD FILE,

\ =17



ATTACH/KEEP RELATIONSHIP

CATTACHEDL NOT ATTACHED
KEEP NEVER RELEASE2 NEVER RELEASE
$ NEVER BUMP NEVER BUMP
. VLY | TP/MAD3 . S .
st LY TP/HQD ovLY TP/MOD
crp | MEVER RELEASE | BUMP ONLY
ay |NEVER BUMP | MEVER RELEASE | RELEASE | RELEASE

D A STATION NUMBER IN THE “STAT’ COLUMN INDICATES THAT THE

GIVEN FILE IS ATTACHED TO THE SPECIFIED STATION.

2) RELEASED ONLY VIA USER RELEASE COMMAND.

3) OVLY = ASSEMBLY LANGUAGE F,G. OR B.G. PROGRAM

TP
MeD

= FACTOR PROGRAM
= [MLOAD -‘LMI’ FILE

\ -\¥
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FST-2 SIMPLIFIED BLOCK DIAGRAM




ACCUMULATOR BUSS USES

DATA TRANSFERS

1. CPU selects a peripheral controller to perform a
specific function by transmitting SPU instruction
word via the 24-bit accumulator buss.

2. When the specified 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
accumulator buss.,

3. a. If the peripheral is a non-DMA type and the general
status was "not busy' then 24-bits of data are
parallel transferred between the CPU Accumulator
Register and the peripheral (the direction of
the data transfer is determined by the individual
SPU imstruction).

b. If the peripheral is a DMA type and the general
status was not busy then the 14 least significant
bits of the Accumulator Register are transferred
to the peripheral's CPI (the 14 bits are interpreted
as a Data Control Block address pointer - the DCB
determines the amount of data and the direction of
transfer via the memory buss).

PRIORITY INTERRUPT SYSTEM

1. If the Interrupt System is properly armed and an
"interrupt" occurs, the 16 least significant bits of
the Accumulator buss are examined by the CPU to resolve
interrput priority.

2. After "priority" is resolved and a specific peripheral
is given "exclusive" control, the 6 least significant
bits are used to transmit the interrupt address of the
peripheral back to the CPU and are placed into the
Interrupt Register.

INTERRUPT

PERIPHERAL PRIORITY ADDRESS
TESTER 9 12 - 21
DISC 8 07
MAG TAPE 7 10
CARD READER 5 04
LINE PRINTER 3 06

- - . VKT DISPLAY 2 - 03
VKT KEYDROARD 1 02
DATA SET (COMM LINK) 11 30 - 37
488 BUS ( I BUS) 6 40 - 43

\~%0



MEMORY INTERFACE SYSTEM

TWO UEMORY BUSSES (A AND B) PROVIDE FOR DATA TRANSFER
BETWEEN MEMORY AND THE CPU, OR MEMORY AND DMA PERIPHERALS

A DATA TRANSFER BETWEEN MEMORY AND THE CPU (ONE WORD AT A
TIME) IS ACCOMPLISHED BY EXECUTING A "MENORY REFERENCE
“INSTRUCTION"

A DATA TRANSFER BETWEEN 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 BLOCK), WITHOUT ANY FURTHER INTERVENTION BY
THE CPU OR PROGRAM

DATA TRANSFERS BETVEEN MEMORY AND CPU/PERIPHERALS ARE
INITIATED ON A PRIORITY BASIS, WITH THE 16 LEAST SIG-
NIFICANT BITS OF EACH MEMORY BUS USED TO RESOLVE PRIOCRITY
AS FOLLOVS:

PERIPHERAL MEMORY PRIORITY

DISC 12 (high)

MAG TAPE 8

CARD READER 5

TESTER 1
0

CPU (low)

IR N
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FST-2 _TIMING
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T T

- T2= MEMORY ACCESS TIME
73 = MEMORY ADDRESS
T4 = PERIPHERAL SELECT TIME
 T5= MEMORY WRITE
CP1/ = CLOCK PULSE 1
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FETAH NEXT INSTRUCTION (ATDRESS SPEQIFIED BY P-C0 \NT‘E-R)
LOAD INSTRULTION INTO C-REGISTER

ADD +L TO P-CouAT=ER

POOVRO

=23




FST-2 COMPUTER OVERFLOW CONDITIONS

DEFINITION:

The OV indicator will be turned 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
overflow'" in the accumulator or a core memory location,

An "arithmetic overflow'" is one in which the arithmetic

operation attempts to produce a number which exceeds the
maximum positive or negative value allowed by the FST-2,

EXAMPLES:

1. Valid overflow conditions:

37777777 40000000
+1 -1
40000000 37TTTTT7

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

2. Non-overflow conditions:

777177777 00000000
+ 1 -1
00000000 71777777

NOTE: In the above examples, even though a sign change
did occur, the resulting answer did not exceed the
maximum positive or negative numbers allowed by the

| -24



CREATING AND EXECUTING
ASSEMBLY LANGUAGE PROGRAMS
UNDER MASTR

BACKGROUND EXECUTION (VIA A MASTR KEYBOARD COMMAND)

VT & W =

/

*JOB 'user”

*COPY CR '*naME’

*ASM "*naMe’ ’=namMe’ LIST LP SYM XREF
*CREATE ‘name’ COREIMAGE '=namEe’
*NAME (PARAMETER LIST)

FOREGROUND EXECUTION (VIA A FACTOR 'EXEC’ STATEMENT)

*JOB ‘user’

*COPY CR "*aLP’
*ASM ‘*aLp’ '=aLp’ LIST LP SYM XREF
*CREATE ’ALp’ COREIMAGE ’'=aLpP’

*COPY CR "*racTOR’
*COMPILE ’"*racTOrR’ ‘FacTOR’ LIST LP XREF

*LOAD 'racTor’ STATN
*START STATN

V=25
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THE STORED PROGRAM CONCEPT
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CA:RD
NUMBER CONTENT
1 200
’ 106
5
1

3
4
5
6
7
8
9
10
11
12
13
14
15
16

Place new cards in holes 1, 2, and 3

Erase slate, write number from card 1

Multiply by number on card 2

Round off answer two places

Replace number on card 1 with number from slate
Erase slate, write number from card 3

Subtract number on card 4

If result is zero go to card 15

Write number from slate on card 3

‘Go back to card 6

Remove cards 1, 2, and 3 and save for boss
Go back to card 5




PLACE NEW
CARDS IN
HOLES
1,2 AND 3

6,789
PERFORM
START ARITHMETIC
ON CARD 2
10,11
SUBTRACT
ONE FROM
CARD 3

SAVE
CARDS
1,2, AND 3

PLOWCHART OF PIGBON-HOLE ANALOGY



mCAﬂON

(7 I Y S

10
11
12
13
14
15
16
17
20
21

22

CONTENT

LS 24

LDA1

SR2

STA 1

LS 24

LDA 3

SUB 4

BZ 21

STA 3

BRU 6
WRITE LP 3, 1

BRU 5

Principal Temp Storage
Interest Rate Temp Storage

Term of Loan Temp Storage

Read 3 Cards and Store Contents Beginning
In Location 1

Clear Accumulator (Logical Shift 24)
Load A From Location 1

Multiply By Content of Location 2

Shift Right 2 Places

Store Am Location 1

Clear Accumulator (Logical Shift-24)
Load A From Location 3

Sub Contents of Location 4

If AC = 0, Branch to Location 21

Store A in Location3

Branch Unconditionally Location 6

Write Contents of Location 1,2,43 On Line
Printer

Branch Unconditional to Location 5



LABEL

INSTRUCTION

PRIN
INTRAT
TERM
SUBYR
INITAL

ANSWER

XXXX

XXXX

0001

READ CR 3, PRIN
LS 24

LDA PRIN

MUL INTRAT

SR 2

STA PRIN

LS 24

LDA TERM

SUB SUBYR

BZ ANSWER

STA TERM

BRU NEXT
WRITE LP 3, PRIN
BRU INITAL



FWORD

RSENT

RLENT
BGENT

FGENT

BGSTRT -

NEXT

ANSWER

o
' ANAME’
/78
Il.OI
LWORD-FWORD
)

0
RSENT
2

0
RLENT
0
BGSTRT
0

FGENT

9}

L )
*10717/79'

READ

0

PRIN
INTRAT
2

2

PRIN

0

TERN
SUBYR
ANSWER
TERM
NEXT
WRITE
BGENT

PROGRAM NAME

DEFINES GENERAL OVERLAY
REVISION NUMBER

PROGRAM SIZE

RELEASE ENTRY POINT

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

PROGRAM RELEASE DATE

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 O
BRU*  READ
+ "NRITE” SUBROUTINE
WRITE PZE O
BRU*  WRITE
PRIN DATA 0
INTRAT DATA O
TERM  DATA O
SUBYR DATA 1

LWORD EQU

END

),.,

ENTRY POINT TO READ SUBROUTINE

EXIT READ SUBROUTINE
ENTRY POINT TO WRITE SUBROUTINE

EXIT WRITE SUBROUTINE
PRINCIPAL TEMP STORAGE

INTEREST RATE TEMP STORAGE
TERM OF LOAN TEMP STORAGE

END OF PROGRAM



BASIC ASSEMBLY LANGUAGE PROGRAM LAYOUT
(BACKGROUND OVERLAY)

REL |

» EQUATE TABLE - IF USED

Sl EQU 18

+ 22-HORD HEADER

FWORD DATA 0

BGENT PZE O BACKGROUND ENTRY POINT
BRU  BGSTRT

* END OF HEADER
» START OF PROGRAM MAIN BODY
BGSTRT LDA-

BRU«  BGENT BACKGROUND EXIT
« END OF PROGRAM MAIN BODY
» SUBROUTINES - IF USED
NaMe  PZE O SUBROUTINE ENTRY

BRUs  NAME SUBROUTINE EXIT
» END OF SUBROUTINES
» DATA TABLE - IF USED
DIO0  DATA 100
0100  DATA 100B
L¥CRD EQU  *

END | END OF PROGRAM

L-%
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TNSTRUCTION EXSCOTION FLOWCHART

START

@‘;

EXAMING  INSTRUCTION
cu&&s‘am\-\/ SToREY
iIN Comman Re6,

OPERAND
/oD FIeATion N\,._No ’
Ré’qngtev l
LOAD COMIMAND REG\STER
PeREORM | . WITH INSTARUCTION
OPERPNS ; LOCATED AT ADDRESS
PODIFICATION 'OF QURRENT COMMPND
- ' | REG\STER cPeRMN>
BXECUTE  INSTRUCTION |
CURRENTLY Hewd | | l
COMMAND REGASTER

L.aécp PROGRAM COUNTER
WATH COMMaND REGISTER
OPERAND PADDRESS +L

YES

LOPD CoMMAND RESISTER
WATHR A\NSTRUCTION ’

LOCATED NT HDDASSS
sten\EIED By
PROGRAM. COONTER

|

Y

DD +L To @
PROGRMN\ COUNTER

L -\0




MEMORY REFERENCE INSTRUCTION
OPERAND MODIFICATION FLOWCHART

YES

ADD CONTENTS OF INDEX
REGISTER TO OPERAND
FIELD (BITS 17 - 0)
IN COMMAND REGISTER

CLEAR INDEX REGISTER
FIELD IN COMMAND REG.

YES

REPLACE COMMAND REGISTER
OPERAND FIELD (BITS 17 -
0) WITH CONTENTS OF
MEMORY LOCATION (BITS

17 - 0) SPECIFIED BY
CURRENT OPERAND FIELD

EXIT



INDIRECT ADDRISSING

START *

Loop LDE* POINTER

BSM ouTPUT .CALL OUTPUT SUBROUTINE
AOM POINTER

LDA POINTER

CAM STOP

BL LOOP

%

BRU START

ORG 1000B

POINTER DATA TABLE
STOP DATA TABLE+9
TABLE DATA 10,20,30,40,50,60,70,80,90,100

END

L-1T



BEGIN

LOOP

OUTPUT

* OTHER

TABLE

LDX
LDX

LDA
BSM
ATX
BL

BRU
PZE

%

BRU*

INDEXING

TABLE, 7
OUTPUT
7,1
LOOP

MAINPR+1
0

OUTPUT

CALL OUTPUT SUBROUTINE

START OF OUTPUT SUBROUTINE

END OF OUTPUT SUBROUTINE

SUBROUTINES LOCATED HERE

ORG
DATA

|

END

1000B
10,20,30,40,

*~-\3

50,60,70,80,90, 100
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FST-1 INSTRUCTION SUMMARY

DATA TRANSFER INSTRUCTIONS

LDA(*) M(,X)
LDE(*) M(,X)

Load A from memory
Load E from memory

EXC Exchange contents of A and E Registers

DLD(*) M(,X) Double load A & E from memory

LDX(*) X,M Load X with value of memory address (content of
LXA X Load X from A address if indirect)
LAX X Load A from X '

STA(*) M(,X)
STE(*) M(,X)
DST(*) M(,X)
STX(*) X,M
RSR

Store A in memory
Store E in memory
Deuble store A & E in memory
Store X in memory
Read Switch Register into A

ARITHMETIC INSTRUCTIONS

ADD(*) M(,X)
DADD(*) M(,X)
SUB(*) M(,X)
DSUB(*) M(,X)
MUL (%) "M(, X)
DIV (*) M(,X)
ATX(*) X,M
AOM(*) M(,X)
SOM(*) M(,X)
TCA

DTC

Add M to A

Double add M and M+l to A and E

Subtract M from A

Pouble subtract M and M+1 from A and E
“Multiply M x A

Divide A and E/M

Add value of memory address to X (content of

Add one to M address if indirect)
‘Subtract one from M

Two complement A
Double twos complement A and E

I R R B R R B B

SHIFT INSTRUCTIONS

SR J(, X) - Shift A Right (arithmetic)

DSR J(,X) - Double shift A and E Right (arithmetic)
LS J(,X) - Shift A Right (logical)

LDS J(,X) - Double Shift A and E Right (loglcal)

SL J(,X) - Shift A Left

DSL J(,X) - Pouble Shift A and E Left

SA J(,X) - Shift A around

DSA J{(,X) - Double Shift A and E around

DSN J(, X) - Double Shift Normalize A and E

LOGICAL INSTRUCT]ONS

AND(*) M(,X)
OR(*) M(,X)

EOR(*) M(,X)
RUM(*) M()X)

AND A with M

Inclusive OR A with M

Exclusive OR A with M

Replace Under Mask (M masked by E)



STATE CONTROL INSTRUCTIONS

SsT 0,1,2,3,4,5,6,7,8,9 - Set State

IEN - Interrupt Enable
RST 0,1,2,3,4,5,6,7,8,9 - Reset State

| DA - Interrupt Disable

TRANSFER OF CONTROL (BRANCH) INSTRUCTIONS

BOS K,M Branch on State to M
BAT K, M Branch on A Test to M
BOI K,M Branch on |ndicator to M

BSM(*) M(,X)
BRU(*) M(,X)
BSZ(*) M(,X)
BAH(*) M(, X)

Branch and Store Return at M
Branch Unconditionally to M
Branch and Store Return at Zero
Branch to M and Halt

MISCELLANEQUS INSTRUCTIONS

CAM(*) M(,X) - Compare A with M
NOP - No operation

FST-2 INSTRUCTION SUMMARY

All of the above instructions except BSZ

Also includes the following new instructions:

- Clear the Accumulator
LRA - Load Relocation Register from Accumulator
LAR - Load Accumulator from Relocation Register
STM1 - Set FST-1 mode
STM2 - Set FST-2 mode
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BRANCH ON ACCUMULATOR TEST

BAT

OPERAND

I-C—;\ICDU'!-E\NNI—! | =

el el el o
o EWN

ASS

B17 = POSITIVE ACCUMULATOR (EXCLUDES ZERO CONDITION)

B16 = ZERO ACCUMULATOR
B15 = NEGATIVE ACCUMULATOR
B14 = ODD ACCUMULATOR

TION

SPECIAL MNEMONIC

BRANCH IF ACCUMULATOR ZERO OR NEG

SPECIAL MNEMONIC ~ CONDI

BO  ODD

BN NEG
NEG/0DD

BZ  ZERO
ZERO/0DD

BNZ  ZERO/NEG
ZERO/NEG/0DD

BP  POS
POS/0DD

BNEZ  POS/NEG (NOT ZERO)
POS/NEG/0DD

BPZ  POS/ZERO
POS/ZERO/0DD
POS/ZERO/NEG
POS/ZERO/NEG/ODD

0

BAT K M oR

BAT 6,500B

BNZ 5008

1-29

BRANCH IF ACCUMULATOR ZERO OR NEG




BRANCH ON INDICATOR

BOI

7116115 |14 OPERAND
R
K

B17 = GT (GREATER THAN)

B16 = EQ (EQUAL)

B15 = LT (LESS THAN)

Bl4 = BE (BIT EQUAL)
K SPECIAL MNEMONIC CONDITION
1 BBC BE
2 BL LT
3 - BE/LT
4 BE EQ
5 | EQ/BE
1 BLE LT/EQ
7 | EQ/LT/BE
10 BG GT
11 GT/BE
12 GT/LT
13 GT/LT/BE
14 BGE GT/EQ
15 GT/EQ/BE
16 GT/EQ/LT
17 GT/EQ/LT/BE

ASSEMBLER FORM

BOI K.M OR SPECIAL MNEMONIC
BOI 6,500B BRANCH IF COMPARE WAS LT OR EQ
BLE 500B BRANCH IF COMPARE WAS LT OR EQ

)~ » ]
o
0
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23 (22 | 21|20 |19 /18 | 17 L;s ] 15 {14 ]~13 12 | 1 10 |9 |8 [:)<i
S et ettt
OP CODE CPUI PERIPHERAL COMMAND
XFER
(06) CONTROL
OP CODE
(06) 0 = WRITE ~ |READ
1 = READ |_IWRITE
) GENERAL STATUS »
1 0 = NO DATA XFER CONTROLLER STATUS
r 1 = DATA XFER

6‘[5
oot

4

][]

UNIT ADDRESS

020
021
030
031
040
060
070
100
101
120
13x
14x

FST-2 SELECT PERIPHERAL UNIT INSTRUCTION WORD CONFIGURATION

VK1
VK2

VP1

VP2

CR

LP

DISC ]
MAG TAPE 1
MAG TAPE 2
TESTER
DATA SET
488 BUS



ACCUMULATOR BUSS USES

DATA TRANSFERS

1.

CPU selects a peripheral controller to perform a
specific function by transmitting SPU instruction
word via the 24-bit accumulator buss.

then the specified 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

accumulator buss,

a.

If the peripheral is a non-DMA type and the general
status was ™not busy" then 24-bits of data are
parallel transferred between the CPU Accumulator
Register and the peripheral (the direction of

the data transfer is determined by the individual
SPU imnstruction).

If the peripheral is a DMA type and the general
status was not busy then the 14 least significant
bits of the Accumulator Register are transferred

to the peripheral's CPI (the 14 bits are interpreted
as a Data Control Block address pointer - the DCB
determines the amount of data and the direction of
transfer via the memory buss).

o
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INPUT/BUTPUT INSTRUCTIONS

D T SN T WD P v WSS SR A 4D WS PGB GN WP e

L2 X R X R R R S D DL e L B R L R R R R e L R D L R D

B 2 6 3OAY ORI

C (ConTrROL FIELC)

tewiU (UNET DeVICe CCLZ) R

L a D T R R e R L R L L L R R P DR B L R R R D L R R R L L R

BITS 23 16 17 16 15

A=1 MEANS TRANSFER BETWEEN ACCUMULATOR QEGISTéR AND ACC, BUS,

7

[

RS1 REANS DOIRECTION GF TRANSFER IS FROM ACLL.S5US 1O ACC,.REG,
THEREFORE AR=1@ IS “"ARITE™  AND AR=11 IS "RE2D",

(EXCEPT IN UMA MODEY,

INSTRUCTIONS FOR THE VKT (VIDEJ KEYRO2wD DISPLAY)

DESCRIPTION OCTAL CODE ASSEMBLY MNEMQNIC
KEYBOARD STATUS TEST eevecsccsssee B8 27 AQ 20 STST 228
REXD  STETUS, KEVEUERD evevevevese 7B 51 (427 RI5  2A3
READ KEYBOARD DATA ,eeevesecasees #5 68 14 20 anTT 208
AN Y : o0 00000000 o Bl 3¢ i [N 248
INTERRUPT PRIORITY OFF ceqeoevese 86 £1 12 27 POFF 223
2 ICRYTY COPPLETE .e.ee €6 @3 10 29 PLOFF 208
VKT SCREEN STATUS TEST .esesevsvs 0 274 G0 30 SYST 398
READ STATUS, VKT SCREEN ,p0veecees 26 61 14 30 ROS 3y
WRITE DATE TO VKT SCREEN .eseesee 90 a2 F2 37 =377 37
INTERRRUPT PRIGRITY OM sovececess ?6 21 I 32 PON 328
INTERRUFT PRIORITY OFF seeveccves OB O1 10 30 POFF 306
INTERRUPT PRICRITY COMPLETE .,... 26 98 10 33 FouUNP 3ok
INSTRUCYIONS FOR LINE PRINTER
LINE PRINTER STATUS TESTeeeeevees 26 28 2§ 62 STST 608
WRITE TO LINE PRINTER ceeveceesee PO 42 16 37 *RIT 343
INTERRUPT PRIORITY OGN ,oeeaveceecs A5 Bl 37 A2 PN 573
INTERRUPT PRIOURITY OFF seceescsean 26 A1 16 B0 PIFF 628
INTERRUPT PRIORITY COMPLETE.seees 05 A2 10 52 PCOMP S§aB
INSTRUCTIONS FOR CARD READER
CARD READER STATUS TEST eeeovasrese 26 (02 O 40 STST  ¢28
RESD STATUS FRQO C,READER..,,.... @8 51 14 4r ROS 425
ERRUR TEST STATUS FROM C.READER,, 76 ¢1 2¢ <0 €757 <oz
READ BINARY _cARDO."»0'0':..’-'00.0-. aé 49 ,4 a? LA 493
RE""O HULLtRITH CARD"'QOQO'.OIODO‘. ﬂ6 4‘? 3(: ,‘(é A;"’:J dae
INTERRUPT PRICPITY CON,vooosncoosse ¥H &Y 37 a2 PN arg
INTERRUPT PRICRITY OFF iqevevesers %06 41 12 47 PUFF  47B
INTERRUPT PRICRITY COMPLETE s eeees @5 232 (¢ 23 PCOMP aag
INSTRUCTIONS FOR DISC MEMORY
OISC STATUS TEST,.evveesessesvees BB 4B B 70 STST 773
READ STATUS FROM DISC.ueecoeesess @6 A1 14 7€ NS 708
ALTERNATE 3TATUS FRUM OISC(TASAY., €5 61 8¢ 7¢ ARLS 7923
: S S N T

3 -y



nesy Formg, Ing, |

ERROR TEST STATUS FROM DISC,.vees @O Bt 0B 7Q ETST 7038
READ DATA FROM DISC,.veecccescess 23 40 14 /0 i) 770
NRITE DAYA TO DISC..-...-..-.".. aG 42 ‘4 73 ﬂR‘T 7ﬂﬂ
RTAD DISL,INRIQIT WTA..Q.OAQ.... 36 4¢ 34 /3 AxRC 7%
II‘EIHEU| Y '”Iﬁl!xli Gu tseveveeese T 9 Q /e PON VA
INTERRUPT PRICRITY OFF.....,...., 08 a1 (v 7@ POFF 773
INTERRUPT PRICRITY COFPLETE.cevee 14 /¢ PCOMP 720D

e 24

INSYRUCTIONS FOR MAGNETIC VAFE ON3T

REHIND HAG. TApErcoluioturom-on'- 76 aa ﬂ5 aa QE%IN”
VAPE UNIT STATUS TEST cevevesscees PO 472 71 CA STST joen
READ STATUS FROM TAPE UdNITeeecess @5 61 15 20 s 1228
ERRKUR TEST STATUS FRO¥ TAPE UWNIT, 06 41 0! o8 tio1  1ez70
READ MAR FROM TAPE IV?ERFAC:..... 6 61 17 0o RE4C  1ead
WRITE RECORD TO TAPE.seecesecoecans %6 42 15 20 wRIT P28
WRITE CEADER, THER RECORU,wesvsece J0 &G 1D o0 SXwr  [0¢3
'NRITE GAP AND TAPE hARK........,. n5 €5 15 a» wRITH (223
: veceessensses VO O7 1O ¥l nil 18013
READ RECORD INHIBIT DATA, ceeneese 06 15 ae ARDT  yr23
AUVANLE TaPt C\tARfLDRDQQvnoloovv a0 ¢J 19 ¢é¥ RSEIPFPE 120
REWIND TAPE GNE RECORD.cecacessees 7¢ 91 15 g0 REXIPR fJrrB
ADVANCE YAPE YO JAPE HARF,.oevees WO V& 1D 20 FIRIFF 1v 70
REWIND TO TAPE MARK seevscocsesea WS &5 15 20 FSKIPS
: INTERRUPT PRIORITY GNecoeessssase U6 42 15 22 PON  g177%
T INTERRUFY PRICRITY OFF vevsvoceves VPO 4B 15 @0 “POFF 1a@n
INTERRUPT PRIORITY COMPLETE s.ees., @6 @2 11 GE PCONP 1025

DEFINITION OF PRIORITY SCHEME-LEVELS

PERIPHERAL UKIT PERIPHERAL INTERPUFT INTERRUPT “MEVORY
ADDRESS. LODRESS, PRIORITY, PRIORITY

KEYBOARD 208 a2 1ILONEST NONE

SCREEN 30 w3 2 NONE

CARD READER 49 94 5 5

LINE PRINTER 69 w6 3 NONE

PISC MEMORY 7e a7 3 12:HIGHEST

MAGNETIC TVAPE &1 1da 10 7 9

MAGNETIC TAPE #92 101 11 5 3

TESTER 120 VaR1ABLE GsHIGHEST 2:LOWEST

L}
e . . . o
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EXAMPLE #1

EXAMPLE #2

EXAMPLE #3

INPUT EXAMPLES FOR VKT KEYBOARD

INPUT

RDTT
BL
STA

RDTT
BOI
STA

BSH
STA

PZE
RDTT
BOI
BRU«

20B  READ KEYBOARD
«-1  BUSY? BRANCH IF YES
BUF  NO - SAVE CHARACTER

208 READ CHARACTER
3,%-1 BUSY OR NOT AVAILABLE?
BUF  NO - SAVE CHARACTER

INPUT CALL INPUT SUBROUTINE
BUF ~ SAVE CHARACTER

0 SUBROUTINE ENTRY
208 READ CHARACTER
3,-1

INPUT

3-%



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

0249 DATA 24@B °

ROTT 208 Read first character
BL *-1

SUBéOZhQ Convert ASCII| to TRASCII
SL

STA TEMP

RDTT 2#B Read second character
BL *=-1

SUB 0249

OR TEMP

SL 6

STA TEMP

RDTT 2PB Read third character
BL *=1

SUB 0249

OR TEMP

SL 6

STA TEMP

ROTT IZQ)B ‘ Read fourth character
BL *-

SUB 024¢8B

OR TEMP

STA BLOCK,7 Store 4 character word in memory

o)
{
~H
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EXAMPLE #1

EXAMPLE #2

EXAMPLE #3

OUTPUT EXAMPLES FOR VKT DISPLAY

OUTPUT

LDA
WRIT
BL
LDA

LDA
WRIT
BOI
LDA

CHARACTER
30B

»-1

NEXT

CHARACTER
30B

3,1
NEXT

CHARACTER
OUTPUT

0

30B
3,1
OUTPUT

31

OUTPUT CHARACTER
BUSY? BRANCH IF YES
NO

OUTPUT CHARACTER
BUSY OR NOT AVAILABLE?
NO

CALL OUTPUT SUBROUTINE

SUBROUTINE ENTRY
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DMA PERIPHERAL 1/0



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
XFER  LDA  START,1

WRIT  xxB

BL %=1

ATX L,1

BE EXIT

BRU XFER

BRU LUNCH*

START DATA 1

STOP  DATA 100

DMA TRANSFER OF DATA BLOCK

LAST EQU STOP-START
LDA DCB-ADDR-POINTER-LOCATION
WRIT  xxB
BL #=1
STST  xxB
BL *=1
BRU COFFEE
DCB DATA  DCB-ADDR-POINTER
DATA  BLOCK-SIZE
DATA  MEMORY-ADDR-OF-F IRST-WORD



170 TO DMA TYPE PERIPHERALS - SIMPLIFIED

LDA DCB-ADDR-POINTER-LOCATION
WRIT xxxB

BL w1

LDA DCB-ADDR-POINTER-LOCATION
RD XXxB

BL s-1

BRU»  BGENT

CRDCB DATA DCB-ADDR-POINTER
DATA WORD-COUNT
DATA MEMORY-START-ADDR

DSKDCB  DATA DCB-ADDR-POINTER
DATA FILE-LENGTH
DATA MEMORY-START-ADDR
DATA TRACK-SECTOR-ADDR

MTDCB DATA DCB-ADDR-POINTER
DATA WORD-COUNT
DATA MEMORY-START-ADDR

END



CARD READER I/0 EXAMPLES

q4-4



- e WY w'u&b Ve T“HINATES. - i
w 2 e JE—
BEGLIN o.sp
LoX% 2,377778
toO% SLOTKT
STA CONSTN.
— e DR 3; CAR DS
ADD CARDS
—l o D STx $T*0T
RDS 428
Ok o InT
ARD 498
a2 3 Svwd
§TsY 4908
|- v RN F T £ D
807 " el
Ry SLASHT
POINT DATA LOFAD ADDRESS OF LENGTH OF FILE
—+t0F A0 O%TY r4-3 < 2Ew NI T WORDS PERCARD
S$TAD1 DATA a START ADDRESS IN CORE FOR EACH CARD
—StTrot toOx STOCKTTY
CAM SLASH
-1 -1 CAST
ATY 3,20
O CONSTN
8L DEBADR
TXST TOX g
LOX t,8
CxX )
LXA 4
toX 550
LOX 6,684
ToX 70
LOADM LDE BLOCKYL,S
Lox CLEAR
SHIFT osL 8
oKty ow 2§ [ 3984 F w4
14 ASCI?
ATX 751
©. BL LUKUP
— BRU 1208
ASCI! LDA TABL,?
é LUA 7598
NRIT 328
BUT Sewe]
) ATY 1,1
COR CLEAR
BL SHIFT
LUA O]
. ATX 85,1
BT CUAOM
LOX 8,8
COo% CONSTN - —
$TA BLOCKY S -
FIv BTH 8EGIN
CLEAR DATA o . T
Y 1)
ALPHA OATA #,1,2,3,4,5,8,7,10R,118,128,138,148,1538,168 ,
OxTx x7t‘?ﬁﬂ‘?f&???3—233‘?TS“?Sﬁ—?GB’?7U—SWS"3T5 -
- DATA 328,338,348,358,368,378,408,418,428,438,448,458
Okt te8Tt?8T3WSTST3732873337318‘333738BTSTETUEBTBTB
. U-5 ~




Q9

G

<

6

e 06 o0 o

UATA ’ [k [) [) ’ ’ [} 0‘ ’ l' [
DAYTA 788,778 i

DATA 2608,2438,3278,2478,2758,2428,2408,2578,3238,3248

OXTX

. SE39B,0208,3278,3308,3318,3328,2728,2738,2456,3378
DATA 3388,2778,2338,3128,3138,3148,3158,3168,3178,3208

OXTK

32TB—32?3—2733_2113_?323_?3T8—2733"3313”!135_3UTE
DATA 3923.3335.3548 3A%8,30688,3878,3198,3118,274R,2568

CARDS DATA 2
CONSTN OXTR™ -
BLEOCK1 BSS 2080,
TWORD BQU  *

: END




DISC 170 EXAMPLES
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" WHEN 8PECIAL~CHARACTER UP=ARROW 18 rvazb. .
THE DATA IS TRANSFERED TO THE DISC, TRACK 199 =
SEGMENY @@, IMMEQTATELY YWE SAME OATA I8 RFAD ®_

- BACK FROM THE DISC.TO CORE MEMORY, STARTING AT .
: LOCATIDN ”ELGKz' AND IT IS FINILLY TRANSFERED

ORIGINALLY ENTEREO.
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»
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MAG TAPE I/0 EXAMPLES
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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: |

DEBUG ('riLename’) (1inpuT) (oUTPUT)

WHERE :
FILENAME NAME OF FILE TO BE DEBUGGED
INPUT ANY STANDARD INPUT DEVICE
VK1 IS DEFAULT
OUTPUT ANY STANDARD OUTPUT DEVICE

VP1 IS DEFAULT

Y-z



DIRECTIVE
(N1 (ON2IL
‘FILENAME’ (,N)L
(N1) (,N2)A
c

X

AE

AC

DC

NG

NI

NMA

NME

N1, N2MX

N1, N2W (CT)
NR(CT)

D

SSW

(N)REL

SET

RESET

IND

N1ZT(N2) CAL
MON
CARRIAGE RETURN

DEBUG DIRECTIVES

EUNCTJON
LIST CONTENTS OF ADDRESS n1 THRU n2

~ LIST n OR ALL WORDS OF FILE NAME

HALT AT ADDRESS ~1 AFTER EXECUTING ~ TIMES
CONTINUE AFTER ADDRESS HALT

DISPLAY ALL INDEX REGISTERS

DISPLAY A AND E REGISTERS

DISPLAY CONTENTS OF CURRENT ADDRESS +1
DISPLAY CONTENTS OF CURRENT ADDRESS -1
GO TO ADDRESS w

INSERT DATA AT ADDRESS

MODIFY A REGISTER WITH VALUE w

MODIFY E REGISTER WITH VALUE w

MODIFY INDEX REGISTER n1 WITH VALUE n2

WRITE TESTER REGISTER ~1 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 n1Zn2 AND DISPLAY

GO TO MONITOR TO ENTER A COMMAND

SINGLE STEP (ADDRESS HALT AFTER EXECUTING
NEXT INSTRUCTION)

5
)
w



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 PERIPHERAL(S) WITH A "PON xxB”
INSTRUCTION.

ONCE THE INTERRUPT SYSTEM IS PROPERLY ARMED, AN " INTERRUPT" BY

A PERIPHERAL 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:

INTERRUPT
PERIPHERAL PRIORITY ADDRESS
DATA SET (COMM LINK) 11 30 - 37
TESTER 9 12 - 21
DISC 3 07
MAG TAPE 7 10
488 BUS 6 40 - 43
CARD READER 5 04
LINE PRINTER 3 06
VKT DISPLAY 2 03
VKT KEYBOARD 1 02

o
P



THE INTERRUPT PROCESS, FROM A PROGRAMMER'S VIEWPQINT, 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,

AFTER "PRIORITY” IS 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 (R)
REGISTER.

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.

THE CPU AUTOMATICALLY LOADS THE COMMAND REGISTER WITH A
BSM« (INDIRECT) IN THE OPERATION FIELD AND THE OPERAND FIELD
WITH THE CONTENT OF THE INTERRUPT REGISTER.

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 (AS DEFINED BY THE PROGRAM COUNTER) ARE
STORED AT THE ENTRY POINT, THEN PROGRAM CONTROLLED EXECUTION
RESUMES AT THE ENTRY POINT ADDRESS +1.

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 “IEN" INSTRUCTION.

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



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 +1. 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 1/0 PRO-
CESSING”. HOWEVER, THE USER PROGRAMMER SHOULD NOT USE INTERRUPT
PROGRAMMING AS IT WILL CONFLICT WITH THE NORMAL SYSTEM INTERRUPTS
AS WELL AS DEFEAT THE SYSTEM PROCEDURE OF SCHEDULING ALL I/0
REQUESTS, THEREBY DEFEATING THE INTENT OF THE MULTI-USER “MASTR"
OPERATING SYSTEM.

Y
\
~AZ



LPINT

* 0k % *

INTERRUPT PROGRAMMING EXAMPLE

IEN 0 ENABLE CPU PRIORITY INTERRUPT SYSTEM
PON  60B  ENABLE LINE PRINTER INTERRUPTS
PON  xxB  ENABLE OTHER PERIPHERAL INTERRUPTS

BRU«  ENTRY

PROC 6 ENTRY POINT TO LP INTERRUPT ROUTINE
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 PRIORITY INTERRUPTS ARE NOT
- PROCESSED

LDA xx  RESTORE ACCUMULATOR CONTENTS

LDE xx  RESTORE EXTENSION REG CONTENTS

LDXs  xx,xx RESTORE INDEX REGISTER CONTENTS

PCOMP  60B  NOTIFY LOWER PRIORITY PERIPHERALS
THAT LP INTERRUPT ROUTINE IS COMPLETE

BRU«  LPINT RETURN TO MAIN PROGRAM

END * END OF USER PROGRAM

Uy
t
n
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WEEK 1 COURSE MATERIAL



MASTR OPERATING SYSTEM MEMORY ORAGANIZATION



MAX IMUM
MEMORY

RUN-TIME-STACK

EXPANDABLE DOWNWARD

AVAILABLE SPACE

TEST PLAN 2

TEST PLAN 1

| EXPANDABLE UPWARD

OVERLAY 1

'RESERVED TABLES AND GLOBALS

THD

MONITOR

MASTR GENERAL MEMORY ORGANIZATION




RUN TIME STACK

MEMORY ACTIVITY TABLE (MACTAB)

IO ASSIGNMENT TABLE (IOATAB)

TESTER VARIABLE.TABLE (TVT)

ALTER BUFFER

STATION VARIABLE TABLE (SVT)

TEST HEAD DRIVER (THD)

SUBROUTINES & $IOCS DRIVERS

MONITOR

SYXVEC (SUBROUTINE TRANSFER VECTORS

GLOVAR (GLOBAL VARIABLES)

DBFLD (DOUBLE-BIT FIELDS)

DECFLD/OCTFLD (OCTAL/DECIMAL CONSTAXNTS)

LFMSK' (MASK SET FRO' LEFT)

RTMSK (MASK SET FROM RIGHT)

NBTFLD (BITS NOT SET)

BITFLD (BITS SET)

SYSVAR (SYSTEM VARIABLES)

INTERRUPT ADDRESSES

ENTRY/RESTART -

MASTR MEMORY MAP




MASTR MEMORY ORGANIZATION

ENTRY/RESTART
- SYSTEM INITIAL AND RESTART ENTRY POINTS

INTERRUPT ADDRESSES
- PERIPHERAL AND TESTER INTERRUPT ADDRESS VECTORS

SYSVAR »

- 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

BITFLD/NBTFLD
- RTMSK/LFMSK
- DBFLD
- DECFLD/OCTFLD
- CAN BE REFERENCED BY USER DEFINED EQU’s
GLOVAR
SYSTEM RELATED ITEMS WHICH ARE GLOBAL IN NATURE AND NOT
UNIQUE FOR EACH TEST STATION, REFERENCED BY USER DEFINED
EQU’s
SYXVEC >

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

MONITOR
- MoNITORS OVERALL SYSTEM OPERATION
- PROCESSES SYSTEM INTERRUPTS AND OPERATOR COMMANDS

SUBROUTINES AND $10CS DRIVERS
- SYSTEM SUBROUTINES
- AccESSABLE BY USER WITH BSM* To SYXVEC TABLE

TEST HEAD DRIVER
- Executes FACTOR TEST PROGRAM AND CONTROLS TESTER HARDWARE

G-y



STATION VARIABLE TABLE (SVT)
- CURRENT STATION VARIABLE TABLE., CONTAINS DATA UNIQUE TO
STATION WHICH IS CURRENTLY ON-LINE. AccesseD BY XR1.

ALTER BUFFER
- Burrer ForR FACTOR PROGRAM VARIABLES TEMPORARILY ALTERED
By MASTR 'ALTER’ comMaND.

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

170 ACTIVITY TABLE (IOATAB)
- 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)

- DIRECTORY OF PROGRAMS CURRENTLY LOADED INTO CPU MEMORY,
ALONG WITH STATUS INFORMATION,

6-5



e e s meeARe e e ANl Ae———————— e ¢ fnadar o - -

00000000 . . ORE 0 .

\ %
00000 01001753 SYSENT BRU SYSINT SYSTEM INITTIAL/RESTART ENTRY POINT

| %2

- *» " " - " "

* INTERRUPT ADDRESSES . . . : PRIORITY

. P ik Ak rhastis fi
-00001--00000004—  ___ BAH 3
00002 12011603 BSM  TTRIN2 TTK INTERRUPT 9
00003 12012036 RSM  TTPIN3 TTP INTERRUPT 8
—-A0-04—1-20-+41-45 BSM __ CRINTA CARD READER INTERRUPT 5
00005 00000005 | BAH S
00006 12012773 S gSM . LPINTS LP INTERRUPT 7
—0-0007—1-2048900 RSM.DSCTINT  0TaC INTERRURT 3
00010 12013723 RSM  TAPINA MAG TAPF INTFRRUPT a4
00011 00000011 BAH 11R FUTURE EXANSION

”
00012 12004433 _ BSM  CLKIN10 REAL TIME CLOCK 2
00013 12005375 ' BSM  TINT11 TESTER, CLOCK TIME OUT 2«12
—6-00-10—12AA5a 0 ASM___TINTI2 . TESTER,  DMA TRAP 2ub_
00015 12005403 BSM  TINT13 TESTER, DCT PASS/FAIL, FCT FAIL 2«5
00016 12005406 ARSM  TINT14 TFSTER, DPS TRIP 2«7
-7+ 2 A5 RSM — TINT4S  TESTER, RESET 2=3
00020 12005414 ‘ BSM  TINT16 TESTER, INSTR COMPARE  2-14
00021 12005417 RSM  TINT1L7 TESTER, BUSY COMPLETE 2«10
—0-0-802—0A8-R06-22 BAM—228—— _JESTER, SRARE 2
00023 00000023 BAH  23B TESTER, SPARE 2
00024 0N000024 BAH - 24B TESTER, SPARE 2
—880250000002S. BAM__ 258 TESTER, SPARF 2
00026 12005422 RSM  TINT22 TESTER, START 2=15
00027 00000027 BAH 278 TESTER, 2

* .
00030 12016507 _ ~ ®SM  CLIN28 coM, L!NK INTERRUPT 1

00000052 ;. ORE s28 ..

485212 01P ARG BSM — UKTIA2 ang_axx_xsx_anAnn
00053 12012245 BSM  VPTIa3 2ND VKT PRINTER




PAGE

0RG. h4f

§L 8 L VlRIABLF FOR USE

BY THE SYSTEM

00000064 SYSVAR Eﬂn

DEFAULT DEVICE FOR FILF LOAD/DUMP

SYSTEM INTITTALIZED FlAG

* N
00064 00000210 DFDV DATA 210B 0
00065 00000000 MIINIT DATA _ 0 1
00066 00000002 SELP RATA 2 2
00067 00000000 MIWSKHC DATA O 3

-GOOJO—QAQAOOOn——“+“38C———JMJ4——A—————————4;_#—ﬂ£_$iﬁlﬂﬂs_lﬁ_ﬂQ

LP TYPE, DEFAULT=PRINTRONIX
# OF WORD IN WS

00071 00000000 MIWSDA DATA 0 S START SECTOR OF WS
00072 00000000 MI1FDDA NDATA 0 6 START SECTOR OF DIRECTORY
-£5H072-00000000 MIEDA DATA 2 7 START SECIOR OF FILE ARFA
00074 00000000 DATA o 8  SPARE
00075 00001753 DATA SYSINT 9 ENTRY POINT
0D0076-00000000 DATA 0 10 _SPARFE
%
00000100 ORG 100R
YNV W.XV.V. T V. | S—— - TR -1-1] RESTART FROM 1008
.C)_\j

U

o

(VI &

(9



SYSVAR
(GLOBAL VARIABLES USED BY MASTR)

00065 xx000000 MLINIT - SYSTEM INITIALIZED FLAG
BINARY
Oxx
L= 0 = 1v/1mV 1= 2V/2mV
l——== 0 = DEC ADDR 1 = ocT ADDR
—= x00
b———>> (0 = MASTR CLEAR 1 = DON’'T CLEAR

00066 0000000x LINE PRINTER TYPE

I OCTAL
0 = 80 COLUMN DATA PRODUCTS

1 = 132 cOLUMN DATA PRODUCTS
2 = 132 COLUMN PRINTRONICS/CENTRONICS



PAGE
« BIT FIELD DEFINITIONS

» BX IMPLIES RIT X I§ SET
* NBX IMPLIES NOT BIT X IS SET
x BYSY TMPIFS BTY ¥ THRI] ¥ ARF SFT

i *
* SINGLE BIT FIELDS
.\-

00101 0000000% PATA 1B S FOR PMU CONVERGENCE TABLE
00000102 BITFLD EQY » e - .
40302 000008083 BG DATA 18
00103 00000002 A1 DATA 2B
00104 00000004 B2 DATA 4B
00305-00000010 B3 DATA 1Q0R
00106 00000020 R4 PATRE 208 -
00107 00006040 BS DATA a0R
40410 000006100 86 DATA 1008
nn1tt 00000200 R7 NPATA 2008
not1Le 00000400 Ra DATA 4008
—_—gni1 3 00001000 RQ NATA 10008
0n1t4 00002000 BIQ DATA 20008
00115 00004000 BYY DATA a@O@B
00146 : AT A v R
00117 00020000 B13 DATA 200008
00120 00040000 B814 DATA 40000B
Antel 00100000 BiS DATA 1000008
no122 060200000 Bi6 DATA 2000008
00123 00400000 BLI7 DATH 6900008
ant « " K% A ‘A T2 7 js
00125 02000000 R19 DATA 90000009
00126 04000000 BR20 PATA 40000008
00127 10000000 821 DATA _10000000R
00130 20000000 B22 DATA 200000008
0013t 40000000 RPT DATA 400000008
x.
* NOT BIT=-TARLE (TNVERSE OF RIT)
*
0000013 MRIELD EQY *
00t32 77777776 NBO DATA TT77TT7T776R
00133 77777775 NB} ATA 777777758
eny3In 7777722173 ANB2 DATA 2I11I11ZR
0n13S 77777767 NBYZ PATA T77777767B
00136 77777757 NB4 DATA 777777578

—— AL RIS —————— BAT AT T F I IR

00140 77777677
o0tar 77777577

NB&
NB?

DATA
DATA

TTT7T76T78
TTT77S778

00143 77776777 NB9 DATA 777767778
0n1aa 77775777 NR10 DATA 77775777R

—_—gauS 7IIFR7 7 NR  QATA . J77737778
onlae 77767777 NB12 MATA  T77767777R
00187 77757777 NB13 DATA 777577778
80150 77737777 NRa DATA 277372778

00151 77677777 NB1S DATA 776777778
00152 77577777 NB1e DATA 775777778
404 53— 13— NB 4 DATA— 773737778

00154 76777777 NB1B |
| 00155 75777777 NB19  DATA 7S777777B
NOio6 PRIIIFEE  Nmad L TA ITETIFIES

DATA TeYT?TIIB .

00157 67777777 NB21 DATA 677777778
N0160 S7777777 NB22 DATA S77777778

—— 03T —NB23——— DATA— 377777778




m

A~

*.

PAGE

» ASSORTED MASKS

*
56800062 —RTMSK EQit .
*
00162 00000003 B1S$0 DATA 38 0
4-6-+63—9-0--8-0-0-0 7B 2 80— DAT A T8 2
00168 00000017 B3SO DATA 7B 2
0016% 00000037 B4SO DATA 378 z
——rrii e e - BB F RS S —— O AT A——T IR 4
- 00167 00000177 R6SO DATA 1778 S
00170 00000377 R7S$0 DATA 3778 6
+-0-4-7-+—0-0-0-8-0-7 7 F—B-3$ 0 DATA._ 7778 2
00172 00001777 BI9SO DATA 17718 8 - L
00173 00003777 B1OS%O DATA 37778 9
8647400002777 —-R1 180 DATA. 77778 10
0017S 00017777 B12%0 DATA 177778 11
00176 00037777 RBR13S0 NDATA 377778 12
e § A F- D FF A Bl S AT A7 2 7.7 78 13
00200 00177777 B1SS%0O NATA 177777R 14
an2ot 00377777 B16%O DATA 377777B 15
— 2020077737 F ... 81780 DATA 7777728 16
on203 01777777 B18%0 DATA 17777778 17
0n204 03777777 B19so NPATA 37777778 18
00208 07277722 B2080. DATA 77777778 19
pon206 17777777 R2180 DATA 177777778 20
on207 37T7TTT777  BR22%0 DATA 3I7T7T7T7778R 21%
00210 77777722 R23%0  DATA TJ777277I8 22
» .
00000211  LFM3K EQY * N
. & %
0n21Y 77777776 BR23S51t DATA 777777768 0
00212 77777774 R23%2 PATA T77777774R 1§
0021% 77777710 R2T83 DATA 777772108 2
on214 77777760 PR23IS4 DATA 777777608 3
00218 77777740 R2TI85 NATA 777777408 4
nn216 17777700 R2ISA DATA 77721700R S
00217 77777600 B23IS$7 DATA 777776008 6
00220 77777400 B23I3A DATA 777774008 7
0224 777317000 B23%9 DATA 777110008 8
00222 77776000 B23%10 DATA 777760008 9 .
00223 77774000 B23S11 DATA 777740008 10
9022477770000 R2X§12  NDATA 777700008 1}
00228 77760000 R2381% DATA 777600008 t2
00226 77740000 B23S14 DATA 777400008 13
0022777700000 __RIXKLE DATA _77720000QR 14
00230 77600000 B23S$16 NATA 776000008B 1S
00231 77400000 B23517 NDATA 774000008 16
4023277000000 R2RSIR__DATA 770000008 17
00233 76000000 B23$19 DATA 760000008 18
00234 74000000 B23%20 DATA 740000008 19
8822570000000 K282 _DATA 7460000008 28
00236 60000000 R2T$22 DATA 600000008 21

b- 10
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PAGE

-

1 » DECIMAL/OCTAL NUMBER y
00000237 DECELD EQU % DECIMAL FIFLD
—~ 00000237 OCTFLD EQU  # OCTAL FIELD
*
- 00237 00000000 DO DATA o +0
00246 00000001 D1 . DATA t et
00241 00000002 B2 DATA 2 2
8024200000003 DT DATA % P A
00243 00000004 Na DATA a +a
on2a4 00000005 DS DATA § +5S
00245 00000006 D6 DATA & 26 '
. 00286 06000007 D7 CDATA 7 S,
00247 00000010 D8 DATA & +8
00250 0000003 DQ DATA _Q +Q
- 00251 00000012 D10 DATA 10 +10
. 00252 00000013 P11 DATA 11 +11
80253 00000014—D12 NATA 12 412
- 00254 00000015 D13  DATA 13 +13
- 00255 00000016 D14 DATA 14 : +14
5025600080047 D18 DATA 1S 21§
h _ 00257 00000020 D16 DATA 16 +16
C- 00260 00000021 D17 DATA 17 17
0026100000022 D18 DATA 18 +18 ;
_ : 00262 00000023 .. DATA 19 19
C 00263 00006024 p2e DATA 20 +20
Q 2.6 g 7 - A 1.2 1% *’i
. 00265 onooooae p22 DATA 22 +22
( 00266 00000027 D23 DATA 2%
00267 00000030 DATA 24
00270 00000031 D25 OATA 25
00271 000H0N32 : DATA 26
04n272 0000003 DATA 27
. 00273 00000038 D28 DATA 28
(. 0n278 00000035 NATA 29
00275 00000036 DATA 30
00276 00000037 D3 DATA 31
{ 00277 00000040 P32 DATA 32
Igl\'_l‘l\l\ w‘ n'_z‘l Q‘ATA T
o, 00301 00000042 D3a DATA 34
¢ 00302 00000043 DATA 35
858303 00000044 DATA 3
, 00304 00000085 DIT DATA 37
C 0030S 00000046 DATA 38
80306 A000008F DATA Q.
( n0307 00000050 DAo DATA 40
| 00310 000000S1 D4y NATA a1
—_———— 0034130000052 D42 DATA 42
: 00312 00000053 Da3 DATA 43
00313 00000058 Daa PATA 4a
0314 0000005S  Das . DATA 45
00315 00000056 DATA 46
00316 00000057 047 DATA 47
06317 00000060048 DATA——28
006320 00000061 DAY DATA 49
00321 00000062 = DATA SO
— 48322 30585063 DATA— 53
00323 00000064 DATA 52 ,
" 00324 00000065 DATA 53 +53 G-\

80325—56000066——— DATA 54— +54
(. - . 00326 00000067 . . . DATA 55 455




00327 00000070 DATA Sé
. , 4632000508071 BATA—S7
Y 0033t 00000072 . ~ DATAK .88 . +§
00332 00000073 ~ DATK S§% .

8033308000024 063- DATA 60
00334 0000007S © _DATA_ 61t
00335 00000076 D62 DATA 62
- S— DATA b_; .
"'~»a¢317~oaoaotae D6y DATA 64

GOS0 000001 DS NTN. 65 -

—8-0341—0-0050-1A2 —- — DATA—6h
~-— 0032700000103 D67 DATA 67
m 00343 00000108 - T U DATA KB
b S 8-8-3-4-4—0-0-0-0-0-1-0-5— DATA— 69
0 o g0345 00000106 - - DATA . 70
- 00346 00000107“;”0h5~;;—0kfk T
'00350‘0ﬂ000111::071‘  “éLnATA/v73‘
© 00351 00000112 074.7 DATA 74
40352--0000-0-1-1-3- 1S
00353 00000114 A T6 W
00354 00000115 K TP

00355 00000136 28

- 00356 00000117 - T9
i - 0n3ST 00000120 R0
= 0036000000123 a1 4
' T, 00361 00000122 - &2
: : 60362 00000123 T A3
4 = 0N363 00000124 : _DATA R4
i ~--0n364 00000125 DBS DATA 8S
_ '90365 00N0N126 T T NATA. 86
00366 00000127 ' ’7
——-00367-00000130_ . AR

- 003TH_00000IXY T .89

0n371 00000132 S "DATIA 90

00372 00000133 ... DATA 91"
>~ 00373 00000138 D92 . DATA 92
00374 0000013S _DAT ax 4
I - 00375 00000136 98
S o016 00000137 T DATA 95
—80377-00000140 , — DATA 96

. gnang ooonotar ' .97

00401 000001842 98
5840200005143 99
00403 00000144 100

e e G002 1T0 . DMY -~ ERU RTMSK+22 '
G esosT o e 0002110 DM2 T T T EQU LFMSK+0
, EQULEMSK+1




PAGE

*_
* :
» DOUBLE RIT FIELDS
. » .
0ononnana DBFLD EQU *

00404 00006000 R11S10 DATA 000060008
00405 00014000 812811 DATA 000140008

00406 37000000 822318 DATA 370000008

puntoz

onanr 00000366 B7$4 DATA 000003608
NN00025SS BA3ISI EQY nia
004811 00001700 D960 DATA 960

o=\%




00000220

NGLOV
'1

Esu

1aa

# OF WORDS IN GLOVAR

00503 00000000

NAMEM2

“{ 00822 00000000 DATA. 0 2 STAT3 0 = NONE ATTACHED
100823 00000000 DATA o 3 STATA - = BEING EDITED.
. : ﬂ : #
| e FATION ON LINE (0<6)
s . REV._OF APM SOFTWARFE
{00430 oooooeez err TVTL & # OF VARTABLES/STATION IN TVT TABLE
100431 00000NO0  TVYT o "9 " TVT TABLE ADDRESS | o
T3 2—0-0-0-00-0-62—NSVT ST —3-0 #_ns_u12LAaLss_Lu_suI_IAsLs_______;'.
100433 00000000 SVT ATA -0 .11 SVT TABLE AODDRESS x v
00438 00000010  NMAC ATA  MACEL ¥2 # OF WORDS/ENTRY IN MACTAB
- ~ 4% MACTAB ADDRESS
100436 00000000 LWMAC - DATA O .14 LAST USED ADDRESS+1 MACTAB
~1 00837 00000000 STAVKT ~ DATA 0 1S DEFAULT VKT FNR ALL STATIONS
0644000000000 RIDPME ___DATA O h_ELD_EMIRx_AnnRESS_lﬂ_lnAIAB________
100441 00000000 POBPMF . DATA 0 .. 17 POD ENTRY ADDRFSS IN JOATAB :
100882 00000000 ODRPMF  DATA "0 - © 18 DISC DIRECT ENTRY ADDRSS IN TOATAB
~00443-00000000  EWALT DATA o 19 FIRST ADDRFSS OF AILTFR BUFFFR
j00asa 00000000 LWALT ~ DATA o 20 LAST YSED ADDRESS +1 OF ALTRUF
100485 00000000 FWIOA DATA 0 - 21 FIRST ADNRFSS OF JOATAB “
0044600000015 NINA ___ DATA TOAF| 22 4 QOF unRn3LEulﬂx.lm_lnAlAﬁ_______..
100847 00000000 CURSYS  DATA o . 2% CURRENT SYSTEM, 0=86, 1=F6
1004850 00000000 FSRGFL ~DATA 0 24 1=RG WAIT FOR FG,2=FG WAIT FOR BG
‘;gaas;_nnnnnngt REVM - DATA RFY 2S CUHRRENT RFV NHUHMARFR
{00452 77777T7T7TT JOB . DATA et - . 26 CURRENT JOR NUMBER
100453 00000022 TPHL - DATA "THL " 27 TEST PLAN HEADER LENGTH
(0045400000024  OPHI DATA _OHL 28 OVERIAY HFADFR | FNGTH
100455 00000000 DATE - DATA 0,0 %,w,;,eo cunasur DATE . e
00457 00000000 TIME _DATA 0 39 rngsrur TIME 1N sErnNDs o
00460 00000000 PGPMF. -  DATA 0 .. 32 PAGE PMF POINTER e
00861 00000000 LWCPlLL -~ DATA 0 “© 33 CPU LAST AVATLABLE WORD ol
6646200000000 LWSYS DATA 4 ‘ A—LA3I;slsIEM.RE&EEMED.HQRQ.:L______
00463 00000000 LWAM ' DATA 0 .35 LAST AVAILABLE WORD TO TP, OVERLAY .
00864 00000000 FwAM - DATA ~ 0 36 FIRST AVAILASLE WORD TO TP, OVERLAY .
; - 00—ADJELG - DATA. 0o 37 ADJIMEM WATTING FOR MFMBSY
00466 00000000 THOACT DATA o . 38 FG ON/OFF FLAG ?*
00467 00000000 PIDFLG ~ DATA o -~ 3g COMMAND ALREADY IN BUFFER FLAG )
QOCESS %
.81 COMMAND IMAGE FROM PROCESS -
r* 0,cﬂasuF.1a 82 PMF FOR SYSTEM COMMAND )
ooooooaa ,fuJ ,
00000000 A J
AT ) ; - ISCN
ATA 0 4T LOAD TS BUSY FLAG
A0 ,48 rnreszn VALUE Faou NUMBER
" AE0 Y 0.0680- S eMDM L DATA 49 DE ROM .3}
00502 oooooooo NAMEMY  DATA 0 50 1sr srnrnr FROM PROCESS
DATA S1

N e



[ O ST Y A X L T T ST SRR Y

ol ol D b A A btk dodd i,

00506 00000000 COLFLG DATA O

00510 00000000
005¢1 00000030

ACTFIO = DATA 0
MEMBSY  DATA

%f 00000000 NAMEM6
1514 00000000 NAMEM3

R

Sa COLUMN FORMAT FLAG FOR PUTE

56 FGIO 1S ACTIVE OR veuo:us
uemaw sfusv '

3RD NAME FPnM PROCESS
60 2ND STRING FROM PROCESS

00516 0#090090'.@@@@@;_{3 i
00517 00000000 ONUMB2 ~ DATA 0
80520 00000000 NLMBY DATA_ 8

B "“*“%NMMBER ; 'FROM PROCESS
63 OCTAL NUMBER 2 FROM PROCESS
4. $ST DECIMAL & EROM PROCESS IN F P

00521 00000000 NUMBZ2 DATA O
00522 00000000 STATC DATA O

65 2ND DECIMAL # FROM PROCESS IN F,P,
66 VALUE OF STAT N FROM PROCESS
67 SPECTAL # FR0OM PROCESS

00524 00000000 SPNUM2  DATA 0
00525 00000000 SPNUM3  DATA -

[

S

- 68 SPECIAL # FROM PROCESS

|69 SPECIAL # FROM PROCESS

00527 00000000 SPNUMS  DATA
00530 00000000 SPNUM&  DATA
AASZTY 0A00H000 BINARY  DATA

71 SPECIAL # FROM PROCESS
72 SPECIAL # FROM PROCESS
b i 4 BINAB! u‘l“s EE“& PROCESS

0NnsS32 00000000 TNUMB1Y DATA
00533 00000000 INUMBZ BATh

DD2P OO

;

74 1ST INTEGER FROM PROCESS
75 2ND INTEGER FROM PROCESS
I6 NOT BINARY FLAG FROM INTSCN

NOS3IS 00000000 SPOPT DATA
00536 00000000 BINCNT DATA 0

=

0057 0000226% AWATE  DATA WATSED
00540 00002268 ATHDF DATA THDFLG
00541 00000000 NIMFLG  DATA o,

40542 40000000

77 SPECIAL OPTION FLAG FROM PROCESS
78 BINARY DIRIT COUNT FROM PROCESS
79 _ADDRESS OF WALIT FLAG SCHEDULER

80 ANDRESS OF THDFLAG SCHEDULER
81 NUMBER APPEARED FLAG FROM IDTSCN

N0S43 00000000 NAME] DATA 0 83 1ST NAME FROM IDTSCN
ARETH 00000000 NAMED DATA 0o 84 2ND NAME FRNOM IDTSCN
’; 00000000 NDATA 0O /8 SPARF
=86 00000000 RAIDRR DATA 0 86 RAID BREAKEE RR
NNS47 00001561 DRUGSA DATA DBUGS 87 ADDR OF DEBUS ADDR MHALT ROUTINE
NO0S850 00000000  DESTAT DATA O AR DFFAINT SYATION ID
NOSS1 00000000  SMAFLG DATA 0o 89 MA STATION CONTROL
0nSS2 00000000 SPDA DATA 0O 90 PD BUFFER BUSY FLAG

50553 00016017 RAIDER _DATA DRATIDEM

00SS4a 00000100 RAIDBK DATA 1§

00555 00002301 AFGRGF DATA FGBESC

—HpS56 22142100 SYSREL  DATA .

0.0R

2.3
-t

Q1 ADOR OF RAID PG 0 | OGIC

92 SAVE RAID'S RR HWERE
93 FGBGH SCHEDULER FLAG
QA QSYSTEM RFL _# IN ASCIY

00S5S7 0NONONON  MASTAT DATA 0o
NOSA0 00000000 CLIOTD DATA o

o0

95 MA STATION FOR CR REQUEST
96 CLIO NAME),?2

0654100000000

00562 00000000 LOTNUM  DATA 040,90

00563 00000000
00544 009000040

98 LOT # FOR CLIO

00565 000N000N DEVNUM DATA 0
00566 00000000

v 0

101 DEVICE # FOR CLIO

-eAss;_e4ooo4o4__cA1sax_._nA;4.-4,4,4_____44;_3A;£snax_£nn £L10

00570 00000000
00571 0nO0O0O00

00573 000N0ONOO RGID DATA o0

0nsS74 000N0OOO

;,_f“ja;f ‘ L

0

107 BACKGROUND 1ID

6-1\5




00000680

SYSTEM SUBROUTINE TRANSFER VECTOR (BSN*r(SYXVECéN))

>
*
®
&

00000680 SYXVEC  EQU:

00640 00002536 ﬂAIf IN FOREERBUKD

“ . ) ‘ ' - B - 3 y 5

1 00642 00006642 .. - TV . ouTCLS . 2 CLGSE OUTPUT .ALPHA PRINT B -
1 00643 00001726 TV NUMERR 3 NUMBER ERROR (BRU=Y '
6664400001741 TV COMERR 4 COMMAND _SYNTAX ERBOR (BRU2)

71 00645 00010322

; o . 1/0 DRIVER
| 00636 00006651 .

;npur A Msssjse FROM SYSTEM PID

$I0CS

180647 000NGREL— s . ¥ ~
| 00650 00006702 TV UMSGW A OUTPUT A MESSAGE ON svsren PDD /o cn
| 00651 00005663 © . TV ADJMEM 9 ADJUST MEMORY USAGE -
6065200005655 : scus;L_—__;a_scAu_zzuzs_lm_usmnRv

4 00653 00003276
1 00658 00015763
~—008655 00005674
1 00656 0DO1STIT
1 00657 00006343
1 00660 00006352

V. GTSTAT - ,11 DECBDE STATION ID FROM COMMAND OR BEE4

. PUT cuaaacrsn IN BUFFER - g
 MOVE A MEMORY BLOCK ASCENDING ORDER )
MOVE A MFMGRl_ﬂLQBE*EESEEN‘lﬂs_QBDER
4 00661 00005666 £ 47 PUT ENG % IN BUFFER a2

4 one62 00005671 i TV PUTD ' PUUT OCTAL # IN BUFFER

1 006AT NO00SAAD e TN PROCFSS 19 PROCFSS A COMMAND

0nehka 00005724 . o 'V ALTE ALTFR BUFFER SCAN/PROCESS

0066S 00005727 - - - PEFINE NEXT INPUT RECORD FIELD

L 00666 N000S732 2 IDISCN SCAN IDENTIFIER q(
00667 00005725 o NUMBER 2% SCAN A NUMBER (SEY IN F, P. FQRM) ‘

{ 00670 00005740 . INTSCN 24 SCAN "INTEGER NUMBER TS

Lnna71 00015841 ~ SFARCH 25 SFARCH TARBLE

00672 00015606 . TV~ MPZERO ' 26 CLEAR CORE (X6,%7) SO

00673 00015615 b - BETC 27 GET A CHARACTER FROM BUFFER = ./

_0N674 00015656 aEAna_____za_ﬁET A _WORD FROM RUFFER _—

00675 00015671 . WRITEW. 29 PUT WORD IN BUFFER ; O P
00676 000NS42S . rFanss 30 TERMINAL ERROR IN THD L hrhpae)

00677 00005710 DLMP S.3% DIMP TP,OVI Y. MOD / s

06700 0000307

PUTIME =~ 32 PUT DATE, TIME IN BUFFER

100701 0000860 L TV - GTTDV © %% GET 10 DEVICE ADDR IN TVT D
—88702-00005724 —1V ‘H£Aﬂ£2._~_3n_ﬂu12“7 HEADER rnrun‘2n+n£E*MA1___*.
00703 00003106 o TW swrcsa . 3% SI0CS ERROR CHECK AND MSG ' -
00704 00003510 .« TV - FBOVC -7 36 'CALL OVERLAY FOREGROUND : o
-0070S 00003a7A : TV ALLEY X7 ASSFMALY | ANGUAGF | TNKAGF EXFCUTTION -
00706 00002341 ( TV COMMND 38 RETURN TO MONITOR (BRUx ) '
00707 00015701 L TE . PUTW 39- PLACE 4 TASCII CHARACTERS IN BUFFER 3
-7 HA—000A38a2 * - 47] TWALT A0 WALT ON TESTFR ACTIVITY

00711 00003403 " TV - FBRGRT 431 SCHEDULE BACKGROUND FROM Fonssacuuo
00712 00003637 TV MONINT ae ENTER SCHEDULER(SAVE HARDWARE) ’
4013300005452 ™ C arAlE . : ,

00714 00003457 : TV . FGWAIT aa FORFGROUND WAIT FOR BACKGROUND

00715 00005343 o TV ERRCNV 45 $I0CS ERRNR CODE DECODER, MESSAGE 0U )
4971+6—00005472 : ~Iy__ESUB A6 FELOATING POINY SUBTRACT (AeF > A)
00717 00005500 TV . PAND - &7 FLOATING POINT AND (A AND E => A)
00720 00005506 TV FEOR - 48 FLOATING POINT EOR (A EOR E => A} ~ J
8H12+—0ALNEE22 M. 3 £1.08 A9 FLOATING POTNT 106G (106 A => A)
00722 00005475 TV FADD 50 FLOATING POINT ADD (A+E => A)

00723 00005467 TV FNDIV S1 FLOATING POINT DIVIDE (A/E => A)

8072430005520 s 4Y
0072S 00005503 T

FOR 53 FLOATING POINT OR (A OR E => A)

| :J_la
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[ 76 00005511 TV FNOT sS4 FLOATING POINT NOT (A NOT E > A)
. F—000H5525 h AT EFEXP 55 FLOATING POINT EXPONENT (A e> A)
0730 00605464 oo FMUL 56 FLOATING POINTY MULTIPLY (A &« E => A)
10731 00005516 “FFIX 87 FIX FLOATING POINT INTO A (A -> A)
0732 9000SSLT . EFLY . SR Ft OAY TNTYFGFR IN A (A > A)
10733 00005533 FFLTS 59 FLOAT NUMBER IN A,E (A,E => A)
)0734 00016008 FCAM 60 FLOATING POINT COMPARE (A,F)
10735 00005705 LOAD 61 LOAD A FYLF TNTO MEMORY
J0736 00003052 . TV - DELFIL ~#2 DELETE FILE BY NAME CHANGE
YOT37T 00004320 i - RELOV 63 CALL OVLY FOR RELEASE
240500004584 I ATTA 64 AITACH OVLY IO STATIN
Y0741 00004ST1 TV NTTA 65 DFTTACH OVLY FROM STATN
20742 00004663 TV PAGFETP 66 PAGE TEST PLAN
3874300004604 A& Y] EGRBGWT 67 FG/BG WATTING
n0744 00004631 TV FGREH 68 FG/BG HALT FOR MEM MOVE
00745 00005436 * TV FINDVL #9 FIND VARIABLE ADOR IN STACK
00786-00006%A4 h 7] ESIN 70 _FOREGROIIND IO
00747 00005441 TV DMASTR 71 START TESTFR DMA AND WAIT FOR DONE
00750 00006532 TV FGOH 72 FORFGROUND HFADER O0UT
/07S1 Q00054440 I\ ENBTST 73 ENARLE LOCAL MEMOARY TEST
00752 00005447 TV WWATT 74 WAIT FOR LM TEST IN FG
00753 00005713 TV ADRXLA 75 DISC ADDR TRANSLATE
HNATS4 - 000ASASS I\ INTERP 26 CALL INTERPRETER
0075S 00005461 TV ENTBSY 77 ENABLE TFSTER BUSY COMP INTERRUPT
00756 00003611 TV RSNvVC 78 CALL OVLY FNR FG RESET
H0787 00004028 IV STALL 79 STALL RG PRACESS
0 00005743 TV HPDATE R0 CREATE/DELETE A FILE
>t 0000S7S¢ TV PUTENG 81 PUT ENG VALUFS IN BUFFER
40762 00005754 TV PUTA 82 PUT OCTAL/DECIMAL ADDR IN RUFFFR
00763 00003757 TV RGCHK A3 CHECK IF RG ACTIVITY ON
00764 00000000 TV 0 84
00765 00005787 IV CALIMOD RS _CAlLl OviY MODINILF
00766 00005677 TV PUTR 86 PUT RINARY # IN BUFFER
00767 00005702 TV PUTH B7 PUT HEX # IN BUFFER
00770 00006NK1 IV SAVENY RR SAVF ENVIRONMFENT
00771 00006115 TV HSVENYV 89 RESTORE ENVIRONMENT
* TV TRIO 90 IRUS DRTIVER « RESERVED

-\
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RENT STATION VARIABLE TABLE SVT

N22'L 2 MR

00000062 SVTL EQU S50

0 natrne SITE st
~_-_—-¢mnaeamﬂ’ STHC EQL 1 _TEST HEAD rnnznnL ‘ '
00000002 SPIN EQU 2 CURRENT PMU PIN NUMBER
00000003 SMSR Fau 3% CHRRENT PMU MFASUREMENT
00000004  SME EQU___a MEASURE FI AG FOR DI
00000005  SEIR EQY 5 - EIR IMABE
00000006 STEF EQU & TERMINAL ERROR FLAG
—_——3000000Y SVOFES + EQU 7 VOEFSFEY VALNE
00000010 SLML EQU 8 LOCAL MEMORY LOCATION
00000011 STRIP ERU 9 PPS TRIP STATUS
600000012 STRP EQLL . 10 IEST PLAN ADDRESS
00000013 SMSRM  EGU 11 SAVE MEASUREMENT IN REG FORMAT FOR MA
00000014 SINC ~  EQU 12 ~ “INC ENABLE FLAG
08001 EQu 13 EORCING VAL UF EOR MACRD
00000016 SPG CEQ 14 LNCAL MEMORY PAGE SIZF
00000017 SPMOD EQU 1S . PROGRAM MODE (PPM/SPM,ETC)
00000020  SDLAF ppu e Di. ADDITIONAL FATI FlLAG
p0000021 SIFC . €AW 17 | - IF COUNT FOR DL BY COUNT i
poonon22 SIFV .. EGU 18 " _TF COUNT FOR MA SYNC, SET IF f”-w
—_—— 0A0N00RT  SMR  EQN 19 ' MODE (OF MEASUREMENT «SEY PMU SFNSF % -
00000028 SFR EQU 20 "MODE OF FORCE - SET PMU FORCE
00000025 SSAMC EQy 21 CLAMP BIT (28 VOLT SWING) FOR SAMC, ANY UJ
£ v : 10 QWPT
, L ANALYSTIS ;
00000026 S8 - EQU 22 " ORIGINAL VALUE OF § REG j
—_— . NNa80n2Y  SOL EQu 2% ORTGTNAL VAINF OF Q1
00000030 SLIMO EQU  Pa LIMIT 0 OR LIMIT IF ONLY ONE
00000031 SLIMY EQU  2S LIMIT 1| WHEN THERE ARE 2 LIMITS )
00000032 SDCTOE EQU .26 ENARILF DCTO Fi AG WORD
00000033  SDCTO EQU 27 ENARLE DCTO VALUE '
00000034 SDCTIF EGY 2B ENABLE DCT1 FLAG WORD ' )
——00000035.  SDCTY EQU 29 ENARLE DETS VALUE
00000036 SILOE gEQu T0
00000037 SILO EQU 31 EMARLED LIMIT VALUE )
—_— 30000040 —SIHIE EQU 32 — ENABLE IHI
90041 SIHI ~  EQU 33 - ST
2 sutaﬁ,j,rsau 8 ENABLE VLD . -
7 ‘L"“‘.‘f' - % . B m .;S‘ _' B . N .
00000044 SVHIE EQU 36 ENABLE VHI .
00000045 SVHI EQu 37 J
00000086 S388CT EOU 38  aBA BUS CONTROL WORD A
00000047 SAPMCT  EBU 39 APM CONTROL WORD J




, ACCESSING THE SVT TABLE

THERE ARE 2 METHODS:

1) F.G.

XR1 POINTS TO SVT TABLE ON ENTRY TO FOREGROUND. XR1
SHOULD BE SAVED FOR LATER REFERENCE:

STX XR1, SVTSAV

2) F.G, AND B.G.

THE ABSOLUTE ADDRESS OF THE SVT TABLE IS DEFINED IN
GLOVAR CELL #11 (433B),

WT  EU 4338 o
SVOFFS  EQU 7 (MUST BE DECIMALD)
AL EQU 1
LDX* XR1, SVTSAV
LDA SVOFFS, X1  GET FLOATING POINT
\ VOFFSET VALUE
SVTSAV DATA g

=77



rALE.

0000

r','tvrn+1sz+rer+rer a STATIONS

00000000
00000001

TSWITCH EQU
TVALUE EQH
ISN.

GLOBAL VARTABLE SWITCH
GLORAL VARTABLE VALUE
GLORAIL VARTABIF SN

_ GLOBAL VARIABLE TT
>af“aawutar REQUEST

SPARE
SPARE
SPARE

U e .
-~ 00000013 TGLORY

~opuriown—~o|

SPARE
- SPARE

"ARLE _GLORY

*TELOR2 EQU 12

*TGLORZ EQU 13

+IGLOBA  FQIl 14

GLOBAL VARIABLE GLOB2
GLOBAL VARTARLE GLOB3
61 ORAL VARTABIE GI OR4

«TGLORS  EQU 15
«TGLOB6 EQU 16

+IGIOR? FOIL 17

GLOBAL VARIABLE GLOBS
GLOBAL VARTABLE GLOR6
ELORAL VARTASIF GILORY

*TGLORS FOU 18

*TGLOR9 EQU 19

GLORAL VARTABLE GLOBR
GLOBAL VARTABLF GLOBY
GLORAL VARTARBLE GLOR1Q

£IGi 010 FQI 20
#TELO1Y  EQU 21
*TGLOY2 EQH 22
£IGI 012 FQH 22

GLOBAL VARTABLE GLOB11
GLOBAL VARJABLE GLOR12
Gl ORAlL VARTABIF GLOR1Z

+TGLO14 FQu 24
«TGLN1IS EQU 25
£TGLOLG EQU 26

GLOBAL VARIABLE GLOB14
GLORAL VARIABLE GLOR1S
GLNRAI VARTARIF GlLOB16&

*TGLO1T EBU 27

*TELO18 EQU 2R

2361019 EQL 29

GLOBAL VARTABLE 6LOB1Y
GLOBAL VARIABLE GLOB1S
GLNRAI VARTARLE GILOR19

*TGLO20 EQU 30 .

*TGLO21 EQU 34
«I6L022 EQU X2

GLOBAL VARIABLE GLOBZ20
GLOBAL VARIABLE GLOBZ21
GLORAL VARTABLFE GLOR22

- »TGLO23 EQRU 33

*TGLO2E EGU 38
AICLO2S  EQU 38

GLOBAL VARIABLE GLOB23
GLORAL VARIABLE 6L0824
GLOBAL VARTIARLE Gl OR2S

*»TGLO26 FNu 36
tTGLD?? EQLy 37

GLOBAL VARIABLE GLOR26
GLOBAL VARTABLE GLOBR27
GLOBAL VARTABRLE GLOB2S

tYELOEQ EQ1) 39

- xTBLO30 EAU 40

GLOBAL VARIABLE GLOB29
GLOBAL VARIABLE 6LOB30

»J6L0%2y EQU— 0
*TGLO32 EBU 42
*TGLO33 ERL 43

+TGLO3S EQU as
+=TGLOZ6 EQU 46

———— 57000062 —TCLO40—EQH— 50
. _ 59

[y

16L03 £ CLOAAL VARTABLE GLOB3A

GLORAL VARTABLE GLOB3Y

GLOBAL VARIABLE GLOB3?
GLORAL VARTABLE GLOR33

GLOBAL VARIARLE GLOB3S
GLOBAL VARIABLE GLOR3e

+16+-02F EQ 437 GLAOBAL VARIARLE GLORZY?

*TGLN38 EQU a8
*TGLO39 ERQU 49

GLORAL VARTARLE GLNRBR3A
GLOBAL VARTARLE GLOR39
CLOBAL VARIABLE GLOBAO

= EGU 51

SPARE

b-20
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00000076 TCPC EGU

PROCESS CONTROL PAUSE SYNC

» 000001083 TDLO

00000104 TDLF

62
00000077 TDCDLY EQu 6% DC TIME DELAY

~ o4 M TIME OUT DELAY
85 JQVEREIQE
oL :
P aBTLAN -~
68 DATALOG FREQUENCY COUNT
69 DATALNG SKIP CONTROL

00000105 TOLS

———000001 06— TDLO EQU 70 DATALQGC QEQUEST

60000107 TOLC - EQU 7 DATALOG CONTROL & STATUS
00000110 TYLMFC . FQY - 72 ‘DATALOG ADDITIONAL FAIL COUNT
—_—ngnaily  IRDFE EQu 23 _PD FREQUENCY COUNT
00000112 TPDS EQu 74 PD SKIP CONTROL
00000113 TPDR e 75 PD RENUEST
—_—(0000114 - IDER EQU 76 DCE _REQIEST
00000115 TMACTL EQH 77 MA CONTROL
00000116 TPPO  ERW . 78 MA PPM RERQUFEST
—_———— 08000117 JISYNC £044 29 MA _SYNC COUNT
* EQU R0 SPARE
00000121 TMOD Fau 81 PPM,LM MODULE NUMBER
x.
00000122 TAPMPT  EQU a2 APM PROCEDURES #1
00000123 TAPMP2 EQy 83 APM PROCEDIUIRES #2
onnNnnl2a . TAPMEY EQtl /4 APM FIIE NAMF #%
00000125 TAPMF?2 Fauy 8s APM FILE NAMF #?2
*
* EQll -7 SPARFE
* ER/Y A7 SPARE
* EQY AR SPARE
2 EQu _ ag SPARE
* EQu Q0 SPARF
> Fau 91 SPARFE
- EQL 92 SPARE
00000135 TPDD . Eau 93 DIST COUNT
00000135 TVTLL  E@H 93 END OF LOCAL CLEAR (/7 CLEAR STAT)
—00n813e  TSTER EQH -V} PROGRAM STEP COHNTY
00000137 TPAUSFE EQU 95 PROGRAM PAUSE COUNT
00000180 TIP £quY 96 INSTRUCTION POINTER
_______oooeo+¢+~—;s'u* —EQU 97 BIN INITIALIZED
90009142 TBINS = EBBU 98 ~BIN STATUS
ee@@alns rnwtuxg~faaw» 99 MAX PIN (DEFAULT = 60)
. EBY. 106 SPARE
. * EQU 101 SPARE
* EQU 102 SPARE
» —EQU 103 SPARE
I R SR T Y SPARE
- 90000150 TVTILG . E8Y 104 END OF GLOBAL CLEAR (// LOAD STAT)
_ —0000045¢ —TRIH EQU 108 2ID ANDRESS [N INATAR
00000152 TTTK EQU 106 TTK ADDRESS IN IO0ATAB
107 MTR1 ADDRESS IN IOATAB

00000153 TMTR1 EQu

00000155 TCR

'7.;ﬁ-199

- TR ADDRESS IN IDATAB

MTR2 ADORESS IN T0ATAB
b-21
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TDIF

EQU

"DIF ADDRESS IN IO0ATASB

00000156 110
. EQU 31y SPARE ,
00000160 TVK2 EQY 112 VK2 ADDRESS IN TOATAR
00000161 TMIF LEQY 313 . MIF ADDRESS IN TOATAB
——~—-——4aana4aa__:nnn EQU 114 Pnp  ANDRESS TN IDATAR
00000163 TTTP EQu 115 TTP ADDRESS IN T0ATAB
00000164 TMTWY EQuU 116 MTW1 ADDRESS IN TOATAB
40000165  TMTWD EQY 117 MYW2 ADDRESS TN TOATAB
00000166 TLP EQY 118 LP ADDRESS IN TOATAB
00000167 TDOF EBY 119 - DOF ADDRESS IN JOATAB
—_— peraetPA—TCL O FOY. 123 CLO ADDRESS IN JOATAB
00000171 TVP? EQU 121 VP2 ADDRESS IN IOATAR
00000172 TMOF EQu 122 MOF ADDRESS IN IOATAB
000001732 _JTORT £Qu 123 IESTER NPTION CONTRO)
0rON0174 TATTA EQ  roa ATTACH FLAG
p00N0O17S TJOR EQUY - 12S STATION'S JOR NUMBER
anon0n1 76 IMSTK EQi 126 MAY STACK STZ7F (ISFD
00000177 TOMSTK EQU 127 MAX STACK SI7?F SPECIFIED
ano0n200 TRTDS  FQU 128 SAVE ROUND TRIP NELAY SO IT WONT 8E CLEn:
, A —EQU 129 SPARE ,
00000202 130 THRU 145 STATION TITLE

CTTITLE

EBY

U U W O

o



ACCESSING THE TVT TABLE

REFERENCED VIA XR2

F.G,:
ENTRY TO FOREGROUND.
REFERENCE:
STX  XR2, TVTSAV
I
LDA  SITEQQ
ADD D1
STA  STATC
BSM*  GTSTAT
NOP @
STX  XR2, TVTSAY
EXAMPLE :
TOPT EQU 123
BI1  EQU  1I5B
LDX*  XR2, TVTSAY
LDA  TOPT, XR2
CAM  Bl1
BBC  ISLVTH
TVISAV DATA @
D1 DATA 1

6"‘\

10

(u

XR2 POINTS TO TVT FOR CURRENT STATION ON LINE ON

XR2 SHCOULD BE SAVED FOR LATER

MUST USE SYSTEM ROUTINE 'GTSATS® TO OBTAIN POINTER:

CURRENT STAT ON LINE (42€B)
NEED NO. 1-4

(5228)

(653B)

SAVE FOR LATER

(123 DECIMAL!)

GET HAPDWARE CONFIGURATION
LOW VCLTAGE HEAD?



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,

2 21 18 15, 1 9§y 3 0
i I X TX XXX XX XX X X X X
LM SIZE
1K = 001
2K = 011
4K = 111
B12 28 VOLT SHING B8 MODE REGISTER
B10 "MEW REF/MUX MODULE BIS MODE
BI1 LOW VOLTAGE B17 MODE-
BIT9 =1  2V/24 OPTION " RVS RANGE BIT
§=1 SPM
7=1 P SAMC BITS 5-8

6.=1 10 MHZ HEAD
BITS 5-0 = LM SIZE

b-24



 MACTAB (MEMORY. ACTIVITY. TABLE)

MAJCB

MAMADR

MAFSIZ

TIAMSIZ

MAIOPT

MAWSTR

23 21, 13, 15, 12 9 6 3
0 JOB NUMBER
1 : NAME 1
2 ‘ NAME 2 mnf,f TYPE
3 o MEMORY ADDEESS
4 |u|x{R|P ; FILE SIZE
5 0 | MEMORY SIZE
6 | 0 - . IOATAB POINTER
7| o WINDOW START

8 words/entry, 32 entries in table
Total 256 words. The table is expandahle by ASSIGN command.

(-5



10ATAB. (INPUT/QUTPUT ACTIVITY TABLE)

13 WORDS/ENTRY, 20 ENTRIES/TABLE

260 WORDS . | y
Pirst 6 Entries are reserved by the system
. 23 ‘2n 18 15 13 9 & 3 _a
mene o SEEE ] GE el 0 e
PNAMEL i 'zns'z‘-tcaa.ﬁmaslorrn:zms
‘ ' ! ! . ' FILE
PNAME2 2 | 1aST 2 CEAR OF FIIE | 8 e
| BJ0B. 3 ‘ 08 NMEER S
FDADDR 4 "' sramvmve pIsc Abemess ' .
psTzE s | - R ——
FczRR 5 o CURRENT BLOCX ADDEESS
FEBADR 7 0 BLOCK BUFFER ADDRESS ‘
FBBSIZ 8 N ' BLOCK BUFFER SIZE ‘
PCDADR 9 o S ‘ ERROR CODE
PCSIZE 10 , l ' CURRENT FILE SIZE
FESIZZ 1 . T "o ‘ ‘ RECCRD SIZE
12 ‘ . "o ' ' ‘

b-2%06




REVIEW OF ASSEMBLY LANGUAGE PROGRAM LAYOUT



GENERAL PROGRAM LAYOUT

REL
«EQU TABLE

|

«PROGRAM HEADER

|

«MAIN PROGRAM

CONTAINS FOREGROUND & BACKGROUND SECTIONS
IF BOTH USED
«0PTIONAL RESET ROUTINE

|

»0PTIONAL RELEASE ROUTINE

,}

»SUBROUTINES - IF USED

|

«DATA DIRECTIVES/FIXED BUFFERS

]

LWORD EQU =
END

-9



PROGRAM HEADER

ALWAYS 22 WORDS THOUGH CONTENTS MAY VARY

REL
FNORD DATA @ |
TEXT CANAME ‘. PROGRAM NAME

DATA 778 OR 71B  PROGRAM TYPel

DATA '1.2'  OPTIONAL RELEASE #
DATA  LWORD-FWORD  PROGRAM SIZE
BSS 6 |
RSENT PZE @ RESET ENTRYL
BRU  RESET .
BSS 2
RLENT PZE @
BRU  RELESE RELEASE ENTRY!
BGENT PZE @ BACKGROUND ENTRYZ
BRU*  BGENT
FGENT PZE @ FOREGROUND ENTRY!
BRU  BEGIN | |
DATA 2 OPTIONAL: DATE OF

TEXT  ‘12/9/77' LAST PROGRAM RELEASE

- - - -

1) SEE DETAILED DESCRIPTION ON FOLLOWING PAGES.
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PROGRAM TYPE DEFINITION - 77B anp 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 PROGRAMS. ANY BACKGROUND PROGRAM WHICH:
o RUNS FOR MORE THAN 1 SECOND |
o LOADS FILES TO MEMORY WITH SYSTEM ROUTINE “LOAD’ OR
‘PAGETP” (e.q. LMLOAD)

o WILL EXPAND ITS SIZE IN MEMORY DURING EXECUTION WITH
- SYSTEM ROUTINE ‘ADJMEM’ (e.e. COMPILER)

ARE LOADED ONLY DURING A FOREGROUND BREAKPOINT IN TESTING
AND ARE INSERTED JUST FOLLOWING LAST ACTIVE TYPE 71
PROGRAM NEAR END OF OPERATING SYSTEM. WILL SLOW TESTING
THRU-PUT IF ASSIGNED TYPE 77B INSTEAD. .

.o ARE AUTOMATICALLY RELEASED FROM MEMORY WHEN COMPLETED

EXAMPLES:

TYPE 71B - TYPE 77B
LMLOAD R GLOBS
PSCAN LABEL
LMIO XMIT
XGRAPH PPLOG
COMPILE



AUTOMATIC PROGRAM EXPANSION

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

- OREL
FWORD DATA @
TEXT  'ANAME’

DATA  77B OR 71B
DATA ‘1.2
DATA  LWORD-FWORD

BUFS1Z DATA 3072 BUFFER EXPANSION SIZE
38S 5 N

RSENT ~ PZE @

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

LNORD EQU  *
BF  EQU
END

BUF EQU * BECOMES EQUIVALENT TO
BUF BSS 3072



RESET ENTRY POINT DEFINITION

THE RESET ENTRY POINT IS ENTERED AUTOMATICALLY AS THE
RESULT OF AN OPERATOR PRESSING THE TESTER RESET PUSH-
BUTTON AT THE TEST STATION, WHICH IN TURN, CAUSES A
TESTER INTERRUPT. AFTER THE INTERRUPT OCCURS, THE
ASSEMBLY LANGUAGE PROGRAM EXECUTION IS HALTED AUTOMAT-
ICALLY 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

_ REL
FWORD  DATA O
RSENT PZE O
BRU  RESET
HEADER
BGENT PZE O
BRU  BGSTRT
L '
[ BGSTRT  ---
BACKGROUND ,
PROGRAM ,
- BRU» BGENT
RESET  ---
RESET CLOSE 1/0 DEVICES & FILES & MISCELLANEOUS
ROUTINE — BRUs RSENT

b -3



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

- REL
FNORD DATA O
RLENT PZE O
BRU.  RELESE
HEADER .
BGENT PZE O
BRU  BGSTRT
L—. ]
[ BGSTRT ---
BACKGROUND :
PROGRAM | BRUs BGENT
~ RELESE ---
RELEASE CLOSE 1/0 DEVICES & FILES & MISCELLANEQUS
ROUTINE | BRU« RLENT

6-33



FOREGROUND/BACKGROUND ENTRY POINT DEFINITION

- FOREGROUND ENTRY POINT

USED AS THE RESULT OF A FACTOR EXEC STATEMENT SPECIFYING
THE COREIMAGE NAME OF THE PROGRAM.

BACKGROUND ENTRY POINT

USED AS THE RESULT OF A MASTR KEYBOARD COMMAND SPECIFYING
THE COREIMAGE NAME OF THE PROGRAM,

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

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

F.G. B.G. F.G./B.G.
TTIME LMIO SPLOT
LPLF PPLOG PSCAN
GLOBS PXLOG LABEL
DATAIO XMIT
LMLOAD

XGRAPH

o~



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
T0 THE SECTION OF THE PROGRAM WHICH IMPLEMENTS THE FUNCTION.

EIGI

FGENT PZE O
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.

EIGI

FGENT PZE O
BRU« FGENT

RSENT PZE O
BRU« RSENT

RLENT PZE O
BRU« RLENT

BGENT PZE O
BRU« BGENT



BASIC ASSEMBLY LANGUAGE PROGRAM LAYOUT
(BACKGROUND OVERLAY)

~ REL ,
+ EQUATE TABLE - IF USED
(1 EWU 128

« 22-WORD HEADER

FNORD DATA O
BGENT PZE 0O BACKGROUND ENTRY POINT
BRU  BGSTRT

* END OF HEADER
» START OF PROGRAM MAIN BODY
BGSTRT DA

BRU=  BGENT BACKGROUND EXIT
« END OF PROGRAM MAIN BODY
» SUBROUTINES - IF USED
NAME PZE O SUBROUTINE ENTRY

BRUs  NaME SUBROUTINE EXIT
« END OF SUBROUTINES
» DATA TABLE - IF USED
D100  DATA 100
6100  DATA  100B

»

END END OF PROGRAM

6™
\
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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 IN GLOVAR BY MASTR BEFORE CONTROL
IS 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 ONUMB1 AND ONUMB2
DECIMAL NUMBERS IN INUMB1 AND INUMBZ2
FLOATING PT. NUMBERS IN NUMB1 AND NUMB2
o 1 BINARY NUMBER (1.,e. 101101«) IN BINARY
o 3 STRING NAMES (e.e., 'LMIO03') IN NAMEM1-&
o 6 IDENTIFIER-NUMBER FIELDS (e.s. TG4) IN SPNUMI-6
o PERIPHERAL DEVICE TYPE CODE (e.s. LP) IN CMDV

o STATION NUMBER IN STATC

b-37



BACKGROUND PARAMETER PASSING EXAMPLES

tove p! w ev e R
14t pf e Prepre e

, /U\i |
«LMIO "LOAD 'LMIOO3" 200 DIF

l L—— CMDV
INUMB1

——— NAMEML, 2

WPSCAN 13-25 LP STATL .
L STATC

CMDV

INUMB2

INUMB1



PERIPHERAL 1/0 USING IOCS



OVERVIEW OF IOCS

SINCE MASTR IS DESIGNED AS A MULTI-USER OPERATING SYSTEM,
CARE SOULD 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 1/0 REQUESTS FROM THE OPERATOR COMMANDS
AND FACTOR PROGRAMS AND SCHEDULES THEM FOR EXECUTION IN A
MANNER WHICH WILL 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 $I0OCS TO PERFORM ALL I/0 IN THE
FOLLOWING GENERAL MANNER:

o OPEN DEVICE

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

o PERFORM 1/0

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 XRS.

"{ 2
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10CS OPEN PROCEDURE

$I0CS  EQU  645B
ERRCNV  EQU  715B

LDX  XR1,0PNDCB
RETRY  BSM*  $10CS

BRU  IOERR ERROR RETURN

STX  XR6,I0ADR  NORMAL RETURN
IOERR  EQU  * PROCESS DEVICE OPEN ERROR

CAM D7 BUSY?

BE  RETRY -

BSM*  ERRCNV DISPLAY ERROR MSG

NP @

BRU  ABORT
OPNDCE  DATA  (CODE)

DATA @ OPTIONAL BLOCK BUFFER ADDR

DATA © ~ OPTIONAL BLOCK BUFFER SIZE

DATA @ OPTIONAL JOB ID

DATA 0,8 OPTIONAL FILE NAME
CODE: MT1 RD 401000008  DISC RD 402400008

MTL WR  00100000B  DISC ¥R  00240000B

VKT RD 400400008  MEM RD  40400000B

VKT WR  00040O000B  MEM WR  00400000B

LP 002000008 (R ;02000008



I0ATAB (INPUT/QUTPUT ACTIVITY TABLE)

13 WORDS/ENTRY, 20 ENTRIES/TABLE

260 WORDS

First 6 Entries are reserved by the sysxteui

23 21 18, 15 12 9 6, 3,
FDSTAT 0 g g ? ; ' ﬁﬁﬁ, STAT ‘; r ?» | Dggggz
FNAMEL 1 ‘E‘IR‘ST 4 cmac'mas OF FII.B NAMET
FNAME2 2 LASET 2 cxaz\.:s.l OF rm;: | 9 | 5%,’:5
FJOB 3 | -I;.)E NUMBER { i
| 1 T ! [N L T
~ FDADDR 4 STARTING DISC ADPRESS
FSIZE 5 ‘ ] | {mm S’£ZE v "
FCBBP 6 ; cnmm' BLOClK Annmsgs |
FBBADR 7 g B]LOCK 'BUE'FER: ADDRES‘S '
1 i i
FBBSIZ 8 | BLOCK BUFFER ‘srzz |
FCDADR 9 ' r | ‘ ' mo; CODE
T T 1 i ' |
FCSIZE 10 CURRENT FILE SIZE
T ] i ] ]
FRSIZE 11 ' 0 RECORD SIZE
12' i ) ) 0 ' ] j




ERROR CODE RETURNED FROM IOCS OPEN

ERROR CODE

2

TO DISPLAY MESSAGE:

LDA

BSM*

NOP

‘ERRCOD
ERRCNY
@

DESCRIPTION

An invalid device code specified or
device not available (no interface)

An invalid function code specified

Parity error during disc directory
Read or OPEN call to DP system

File not found for DIF, DOF, MIF, MOF
Device busy

Insufficient block size or memory space
No write ring on mag tape

CLIO error

I/0 table overflow

Working storage already in use

MACTAB overflow for MOF



I0CS READ/WRITE OPERATION

LDX* XR6,I0ADR  IOATAB ADDR FROM OPEN
LDX  XR1,IODCB 3 WORD DCB POINTER
BSM*  $10CS | |

BRU  IOERR SAME AS FOR OPEN

NORMAL RETURN

10DCB  DATA {'+1000000B READ
{010000003 WRITE
DATA  BUFADR
DATA  BUFSIZ

OPTIONS FOR DCB WORD @:

PROMPTING CHAR (ASCII) BITS 0-7
170 WITH IMMEDIATE RTRN  BIT 13
ASCII CONTROL MODE BIT 12



ERROR" CODES ‘RETURNED FROM I0CS READ/WRITE OPERATIONM

Error Code

- end of input file

- device off-line

parity error

- unre<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>