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[ 32/75 SYSTEM ARCHITECTURE
. Course No. 340/2 Weeks

13

PREREQUISITES: A khowledge of electronic fundamentals, number systems, digital
logic, and data processing techniques. Two years of maintaining software pro-
grammable equipment is required.

DESCRIPTION: Course No. 340 provides the student with the knowledge needed to
efficiently operate, test, adjust, and troubleshoot the SYSTEMS 32/75 to the board
level. The course familiarizes the student with the physical and functional
features of all the units in the SYSTEMS 32/75. Topics discussed include: Com-
puter organization and characteristics, system integration, physical layout and
packaging, instruction set, diagnostics, and block diagram analysis of each sys-
tem and function level module. During laboratory sessions, the student develops
his troubleshooting skills by diagnosing simulated malfunctions placed in the
equipment by the instructor.
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STUDENT INFORMATION

Welcome to the SYSTEMS Training Center. We hope your stay with us is both
rewarding and pleasant. _

STUDENT LOUNGE

We have provided a Student Lounge for your use. You may make your choice of
coffee, tea or hot chocolate, and donuts will be furnished each morning. There
is no charge for any of these; however, if we are to have a constant supply of
coffee, please make a new pot-full when you empty one. Please insure that only
Brim is made in the pot marked Brim.

CLASS HOURS

Our class hours are normally 8:30 A.M. to 4:30 P.M. with an hour for lunch, but
in some cases classes will be required to meet in the evenings. Also, your in-
structor may slightly modify this schedule from time to time to allow proper flow
of the course material. Break times will be at the instructor's discretion.

KEEPING THE FACILITY CLEAN

We solicit your cooperation for helping us keep our area clean. This will not
be a problem, even though we have a large number of people here, if each of you
gives us a hand by tidying your work area when you leave it. Please do not take
coffee into the lab.

ASSISTANCE WITH PROBLEMS

If you run into a problem that your instructor cannot solve for you, please do

not hesitate to seek the assistance of the administrative staff or the Training
Manager.

TELEPHONE CALLS AND_CORRESPONDENCE

Your incoming telephone calls nﬁy be placed to 1-305-587-2900 X3042. The recep-

‘tionist will take a message (if you are in class) and post it on the bulletin

board in the student lounge. If you have a genuine emergency call, incoming or
outgoing, we will handle it immediately. For outgoing emergency calls, contact
the Training Manager or the administrative staff.

Any incoming mail may be addressed to:
SYSTEMS ENGINEERING LABORATORIES, INC.
6901 W. Sunrise Blvd.

Ft. Lauderdale, F1. 33313
Attn: (Your Name) c/o Training Department

B 6901 WEST SUNRISE BLVD., FORT LAUDERDALE, FLORIDA 33313 (305) 587-2900 111



STUDENT BADGES ' | '

While you are with us, you are asked to wear a student badge. We appreciate
your cooperation. Your access is to the Training area only. Please do not
forget to return the badge to your instructor before you leave.

SYSTEMS TRAINING PHILOSOPHY

Finally a word about our training philosophy. Our courses are very laboratory
intensive. If you expect to gain maximum benefit from the course, you must

do the lab exercises. The instructor will be available to assist you in lab

(but will not do the project for you). We like to conduct our classroom sessions
to interact with the instructor and your classmates. This makes the sessions °
more interesting, and more learning effective.

Enjoy your stay!!

Q&m
U

GDM:1ab

A

v



ENGINEERING LABORATORIES

=RAS facilities téur map

EXIT NO.
COMMERCIAL BLVD. 2 H\
>
|~
g%
PLANT NO. 1 E
SYSTEMS <||2
w| CORPORATE wnnﬂr wll>
2| HEADQUARTERS gy V6 2l oakLAND || park|sLVD.
g 5] wPLANT 2, 3
4 NO.3 Sle ANACAPRI
- @ 441 HOTEL g
? EXIT NO.
; 16
g ~\ SUNRISE || BLVD.
AL
PLANTATION
INN&
= BROWARD|| BLVD.
qA AT
w 1
BROWA pavie ||sLvp.2 /
RSALED EXIT NO. : -
1
m ? Z SE 17 ST.
84 — %
\/ N] %
' PLANT NO. 2
FLORIDA NO.5
TURNPIKE
] <
, A (:
3 K 'S ) S
1 H o L5
reanona. | E £ FT. LAUDERDALE . 3
MIAM| IN NATIONAL - o
AIRPORT | CRTA H B INTERNATIONAL : e
3 AIRPORT
36 ST.EXPRESSWAY
|
g.. < g I-95

TO MIAMI
INTERNATIONAL AIRPORT

R | SUNRISE

4
<
w
(%
=]
e
-
4
<
-
-
<






SYSTEMS TRAINING DEPARTMENT
END OF COURSE CRITIQUE

STUDENT COURSE
COMPANY DATE
INSTRUCTOR(S) '

PLEASE CIRCLE LETTER OF YOUR CHOICE

1. How much experience do you have in the computer industry?

oOOwW>

2. How

Moo >

0-1 Year
1-3 Years
3-5 Years
Over 5 Years

appropriate was the length of this course?

Much too long, I could have easily learned the subject in 25% less
time

A little too long, I could have learned the subject in 10% less time
Just right

A 1ittle too short, 1 could have used about 10% more time

. Much too short, I could have used about 25% more time

3. What is your reaction to the amount of lab given in this course?

Moo O
L . . . .

4. The

MooOwW

Could have used much less lab time (20% less)
Could have used less lab time (10% less)

Lab time was sufficient

Would have liked more lab time (10% more)
Would have 1iked much more lab time (20% more)

objectives for a unit of study were presented in such a way that:

always knew what I was expected to learn

usually knew what I was expected to learn
occasfonally had an idea of what should be learned
seldom knew what 1 was expected to learn

never had an idea of what should be learned
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The content of the course was prgsented in a sequence that was:

. Well organized and very easy to follow throughout
Usually well organized and easy to follow

. Fairly organized; at times difficult to follow
Disorganized and difficult to follow

Disorganized and very difficult to follow

:‘1003’3"

How would you rate the visual aids (such as i1lustrations in the
student materials, slides, transparencies, etc.) in terms of helping
you to learn the materials?

Good quality and sufficient numbers of visual aids
Fair quality and adequate numbers of visual aids
Good quality but not enough visual aids

Poor quality but sufficient numbers of visual aids
Poor quality and not enough visual aids

Mmoo
s o o o o

How would you evaluate your ability to use the documentation (manuals,
listings, etc.) in your work as a result of this course?

Comments
A. Excellent
B. Good
C. Fair .
D. Poor
E. Not applicable

In regard to assistance you received during conference or lab, mark
one of the following.

I did not require assistance

The assistance I received was excellent

I could have used assistance about one to three times more each day
I could have used assistance about four to six times more each day
The quality of assistance I received was inadequate

Mmoo W
L) . . .. L)

When going into lab, I felt that the conference sessions had prepared me:

A. Excellently

B. Very well

C. Marginally

D. Poorly

E. No lab in this course

VII
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10. The directions for lab projects were:

. Always clear and easy to understand

Usually clear and easy to understand

Often unclear

Very unclear and required additional instructions to understand
No lab in this course

MoO®>
L] L) L) L]

11. How well would you evaluate the subject matter expertise of the

instructor?
Comments
A. Excellent
B. Good
C. Fair
D. Poor

12. How would you rate the instructor's ability to present the material?

Comments
A. Excellent
B. Good
C. Fair
D. Poor

13. How would you rate the instructor's ability to relate to the students?

Very helpful, very cooperative, very responsive
Cooperative, responsive

Cooperative but sometimes abrupt

Antagonistic and degrading to the student

OO

14. What is your oyerall opinion of the training department, the staff and
its facilities? ‘

CLomments
A. Excellent
B. Good
€. Fair
D.

Poor

Please use the reverse side for any comment you wish to make. Some topics
you may wish to address are: publications, instructor ability, additional
courses, weak or strong points in this course, technical level of course, etc.
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Section Il - Documentation g

What is your opinion of SYSTEMS standard publications?

Do you 1ike the format?

Are the manuals reasonably free of typographical errors?

Are they technically accurate (please be specific)? o

What changes in the documentation would you suggest?

IX



Section III - Product Evaluation

»

What is your opinion of the products studied in this course?

What is your application of these products?

What would make these products more attractive to your application?

Do you think you are getting good product support from SYSTEMS
(please be specific)?

Would you recommend that your company continue to use SYSTEMS products?






COURSE _SCHEDULE

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
INTRO TO COURSE INSTRUCTION SET I/0 W/O INTERRUPTS |I/0 WITH INTERRUPTS SCRATCHPAD
1. CPU BLOCK 1. OPERATING 1. INTRODUCTION TO 1. I/0 INTERRUPT 1. INTRO TO

DIAGRAM MODES I/0 (CLASsS 0,1, PHILOSOPHY SCRATCHPAD
2,3,D,E,F)
2. SYSTEM BLOCK - 2. INTRODUCTION
DIAGRAM TO INSTRUCTION|2. I/O INSTRUCTIONS|2. I/O PROGRAMMING | 2. PSD INT/TRAP
SET A) CLASS 3 WITH INTERRUPTS PROCESSING
3. SYSTEM CON- g; ass 3'1'2 (CLASS 0,1,2,E)
FIGURATION 3. INSTRUCTION
GROUPS
4, POWER
DISTRIBUTION
AND CLOCK
DISTRIBUTION
1. LAB 1. INSTRUCTION 1. I/0 PROGRAMMING |1. I/0 PROGRAMMING |1. ICL LOADING
FAMILIARIZATION SET THUMB-INS THUMB-INS THUMB-INS WITH AND SCRATCHPAD
INTERRUPTS CHECKOUT
2. MODULE
IDENTIFICATION 2. MODIFIED I1I/0 2. INT/TRAP
PROGRAMS TO THUMB-INS
CHECK STATUS
3. CONTROL PANEL
FAMILIARIZATION
—---—----q —————————————— - s s o ——-—-———-——-—---—-
LAB LAB LAB LAB LAB
COURSE 340 PREPARED BY M. Courville & Hal Levitt
WK 1 of 2 DATE 7/31/81 -
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COURSE SCHEDULE

f/f/ }

MONDAY TUESDAY W EDNESDAY THURSDAY FRIDAY
1. INTRO TO RTOM | 1. INTRO TO CPU | 1. INTRO TO MBC 1. INTRO TO IOM |1. INTRO TO
- CLASS 'F'
A. PHY DESC A. PHY DESC )
2|  B. INSTALLATION B. INSTALLA- |2 MOS & CORE MEM | 2. TOM TNSTALLA
C. CHECKOUT TION Al
. C. CHECKOUT :
| 3. MEMORY INSTALL | 3. NON-STANDARD
4| 2. connECT AND CHECKOUT TOM INSTALLA-
EXTERNAL TION AND
INTERRUPT . CHECKOUT
. INTRO TO
. 2. SEL BUS THEORY TR
1. INSTALLATION 1. CPU INSTALLA- |1. MEMORY 1. IOM REVIEW
5] " AND CHECKOUT TION AND INSTALLATION INSTALLATION | ]
CHECKOUT AND CHECKOUT AND CHECKOUT TEST AND
2. CONNECT EXT 2. MAPPING CRITIQUE
6] " INTERRUPT AND CHECKOUT
CHECKOUT
713. TROUBLESHOOT '2. TROUBLESHOOT |3. TROUBLESHOOT 2. TROUBLESHOOT
LAB LAB LAB LAB
COURSE 340 PREPARED BY M. Courville & Hal Levitt
o]
= WEEK 2 of 2 DATE 7/31/81




07/31/81-CO-MC/HL-01

DAY 1

SYSTEMS 32/75 ARC#ITECTURE (2 Weeks)
COURSE #340
COURSE OUTLINE

CPU BLOCK DIAGRAM
A, BASIC CPU ELEMENTS

B. BASIC MICROPROGRAM FLOW
C. MAJOR COMPUTER ELEMENTS

SYSTEM BLOCK DIAGRAM

A. SELBUS

B. SYSTEM CONTROL PANEL

C. MEMORY - (MBC'S, MEMORY BUS,
MEMORY MODULES)

D. RTOM

E. I/O

SYSTEM CONFIGURATION

A, SYSTEM LAYOUT DRAWINGS
1) IDENTIFY HARDWARE MODULES(MODEL #'S)
2) IDENTIFY CABINET DRAWINGS(104'S)
B. SYSTEM KIT DRAWINGS (118'S)
1) IDENTIFY CPU KIT
2) SELBUS TERMINATOR KIT
3) MEMORY BUS TERMINATOR KIT
4) TLC CONTROLLER
5) OTHER I/O KITS

POWER SUPPLIES AND A/C DISTRIBUTION

A/C POWER DISTRIBUTION BLOCK DIAGRAM
POWER FAIL DETECT SYSTEMS

CLOCK DISTRIBUTION

D/C POWER DISTRIBUTION

1) POWER SUPPLY IDENTIFICATION

2) POWER SUPPLY ADJUSTMENTS

vawy

SYSTEM CONTROL PANEL FAMILIARIZATION

XIIT



07/31/81-CO-MC/HL-02

DAY 2

OPERATING MODES

A, PSW/PSD
B. PRIVILEGED/NONPRIVILEGED

ADDRESSING MODES

A. 512 KB

B. 512 KB EXTENDED
C. 512 KB MAPPED
D. MAPPED EXTENDED

INTRODUCTION TO THE INSTRUCTION SET

GENERAL PURPOSE REGISTERS
INFORMATION BOUNDARIES IN MEMORY
DATA BOUNDARIES

INDEXING

INDIRECT ADDRESSING

PSW FORMAT

PSD FORMAT

QOEMUOWY>

.

INSTRUCTION GROUPS

. MEMORY REFERENCE
COMPARE

BRANCH

BIT MANIPULATION
CONTROL
ARITHMETIC

THigo QW

e o o

.

INSTRUCTION SET WORKSESSION

X1V



07/31/81-CO-MC/HL-03

DAY 3

1/0
A,
B'
C.
D.

CLASSES

DATA TRANSFER TYPES

RECORD LENGTH CAPABILITIES
ADDRESSING CAPABILITIES AND
LIMITATIONS

DEVICE TYPES

PROGRAMMING WITHOUT INTERRUPTS

I/0 INSTRUCTIONS

1) COMMAND DEVICE

2) TEST DEVICE

TCW FORMATS

1) DEDICATED MEMORY LOCATIONS
SAMPLE PROGRAMS WITHOUT INTERRUPTS
I/0 PROGRAMMING WORKSESSION

XV



07/31/81-CO-MC/HL-04

DAY 4

I/0 INTERRUPT PHILOSOPHY

A. DEDICATED INTERRUPT LEVELS FOR I/0
CONTROLLERS

B. INTERRUPT INSTRUCTIONS AND STATES
C. IVL DEDICATED LOCATIONS
D. ICB FORMATS

1) CLASS 0, 1, 2, AND E

2) CLASS F

INTERRUPT FLOW
A. SUBROUTINE ENTRY AND EXIT PROCEDURES
B. SUBROUTINE CONTENT
INTERRUPT AND I/0 PROGRAMMING
A, INTERPRETING ASSEMBLY LISTINGS
B. I/0 PROGRAMS WITH INTERRUPTS
1) CLASs 0, 1, 2
2) CLASS E
MODIFY I/0 PROGRAMS
A. EXERCISE OTHER PERIPHERAL DEVICES
B. CHECK STATUS OF DEVICE IN SUBROUTINE

I/0 PROGRAMMING WORKSESSION

XVI
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07/31/81-CO-MC/HL-05

DAY 5

INTRODUCTION TO SCRATCHPAD

A. TFUNCTION AND LOCATION
B. ICL DECK
1) DEVICE ENTRY FORMAT
A) DEVICE INTERRUPT ENTRY FORMAT
2) INTERRUPT ENTRY FORMAT
LOADING SCRATCHPAD
DEVICE AND DEVICE INTERRUPT ENTRY
LOCATION
TRAPS/INTERRUPT ENTRY LOCATIONS
. SCRATCHPAD ROLLOUT AREA
SCRATCHPAD INSTRUCTIONS

.

QT U0

INTERRUPT AND TRAP PROCESSING

A. CPU TRAPS - RTOM INTERRUPTS
B. IVL DEDICATED LOCATIONS
C. 1ICB FORMATS
1) TRAP
2) INTERRUPT
D. AUTOMATIC TRAP HALT IMPLEMENTATION
E. OPERATING SEQUENCE

SCRATCHPAD WORKSESSION

TRAP/INTERRUPT WORKSESSSION

XVII



7/31/81-CO-MC/HL-06

’

DAY 6 1. 1INTRODUCTION TO THE RTOM

A.
B.

o X o)

PHYSICAL DESCRIPTION/MODEL #'S
FUNCTIONAL DESCRIPTION

1) EXTERNAL INTERRUPTS

2) INTERVAL TIMER

3) REAL TIME CLOCK

RTOM BLOCK DIAGRAM

OPERATING SEQUENCE

1) LOAD RAM

2) SOFTWARE REQUEST INTERRUPT

3) HARDWARE EXTERNAL REQUEST INTERRUPT
4) INTERRUPT POLLING

BOARD JUMPERING

CONNECT EXTERNAL INTERRUPT

1) PHYSICAL CONNECTIONS

2) SCRATCHPAD MODIFICATION

3) PROGRAM CHECKOUT

INTERRUPT DIAGNOSTIC DESCRIPTION
RTOM WORKSESSION

XVIII



07/31/81-CO-MC/HL-07

DAY 7

INTRODUCTION TO THE CPU

PHYSICAL DESCRIPTION/MODEL #'S

BLOCK DIAGRAM DESCRIPTION (FUNCTIONAL)
BOARD JUMPERING

CABLING

CHECKOUT (DIAGNOSTICS)

HOOW>

e o o e

SELBUS THEORY

A, DESCRIPTION OF LINES
B. SELBUS TRANSFERS
C. CD EMULATION SEQUENCE

CPU WORKSESSION

SELBUS WORKSESSION

XIX



07/31/81-CO-MC/HL-08

DAY 8

2.

3.

MEMORY SUBSYSTEM

A. PHYSICAL DESCRIPTION/MODEL #'S
B. BLOCK DIAGRAM DESCRIPTION (FUNCTIONAL)
1) WRITE OPERATION
2) READ OPERATION
3) OVERLAPPED OPERATION
4) INTERLEAVING
C. BOARD JUMPERING
D. CABLING
E. CHECKOUT (DIAGNOSTICS)

MAPPING

A. MAP REGISTER DESCRIPTION

B. FUNCTIONAL DESCRIPTION
C. MAPPING MANAGEMENT INSTRUCTIONS
E. DIAGNOSTICS
"/V\ h \
MEMORY /MAPPING WORKSESSION N



07/31/81-CO-MC/HL-09

DAY 9

1.

INTRODUCTION TO THE IOM

A, PHYSICAL DESCRIPTION/MODEL #'S
1) TLC
2) MHD
3) MIC

CHECKOUT (DIAGNOSTICS)
NON-STANDARD IOM CONFIGURATION
1) INSTALLATION

2) CHECKOUT (THUMB-IN)

B. FUNCTIONAL DESCRIPTION

C. BLOCK DIAGRAM DESCRIPTION (STANDARD IOM)
D. DEVICE TYPES

E. JUMPERING

F. CABLING

G.

H.

IOM WORKSESSION



07/31/81-CO-MC/HL-10

DAY 10

1.

INTRODUCTION TO CLASS 'F'

A. DEDICATED MEMORY

B. INTERRUPT CONTEXT BLOCK
C. COMMAND FORMATS

D. CLASS 'F'" SIO SEQUENCE
REVIEW/EXAM
CRITIQUE/GRADUATION

TP - -



SYSTEMS 32/75 ARCHITECTURE COURSE OBJECTIVES

THE STUDENT WILL BE ABLE TO:

10.

IDENTIFY AND LOCATE MAJOR COMPONENTS AND CABLING OF THE
SEL COMPUTER. '

OPERATE THE CONTROL PANEL WHILE ENTERING SHORT PROGRAMS
INTO MEMORY AND EXECUTING THEM.

PERFORM PREVENTIVE MAINTENANCE ON THE SEL COMPUTER.

DECODE HEXADECIMAL INSTRUCTIONS ON PAPER IN ORDER TO
DETERMINE WHAT THE MACHINE WILL BE DOING WHILE PERFORM-
ING THAT INSTRUCTION. '

LOAD AND EXECUTE DIAGNOSTIC PROGRAMS.

INTERPRET ERROR PRINTOUT MESSAGES FROM THE DIAGNOSTICS.
ANALYZE PROGRAM LISTINGS.

WRITE SHORT PROGRAMS ?OR TROUBLESHOOTING PURPOSES.
RECOGNIZE NORMAL COMPUTER OPERATION.

ISOLATE A SYSTEM PROBLEM TO THE BOARD LEVEL.

XXIV
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SECTION 1

SECTION 2

»

TABLE OF CONTENTS

SYSTEM CHARACTERISTICS

CPU BLOCK DIAGRAM

MODEL NUMBER CHART ,
SYSTEM CONFIGURATION BLOCK DIAGRAMS
SEL BUS :

CHASSIS LAYOUT

CPU

CONTROL PANELS

, MEMORY SUBSYSTEM

REAL TIME OPTION MODULE

IOM'S

INTEGRATED SYSTEM

CABINET LAYOUT

A/C DISTRIBUTION

POWER FAIL/RTC DISTRIBUTION

POWER FAIL ADJUSTMENT -

CENTRAL CLOCK DISTRIBUTION

POWER SUPPLIES

CONTROL PANEL FAMILIARIZATION WORKSESSION
PARALLEL PANEL ERROR/FAULT INDICATIONS
SERIAL PANEL ERROR/FAULT INDICATIONS
SYSTEM CHARACTERISTICS WORKSESSION
SYSTEM CONFIGURATION WORKSESSION

INSTRUCTION SET

OPERATING MODES

ADDRESSING MODES

CPU GENERAL PURPOSE REGISTERS -
INFORMATION BOUNDARIES IN MEMORY
MEMORY REFERENCE INSTRUCTION FORMAT
PSW FORMAT

PSD FORMAT

MEMORY REFERENCE CODING SHEETS
PRIVILEGED INSTRUCTIONS

FLOW CHARTS

INSTRUCTION SET WORKSESSION

PAGE
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SECTION 3

SECTION 4

SECTION 5

SECTION 6

I/0 WITHOUT INTERRUPTS

I/0 CLASSES

I/0 ADDRESSING SCHEME

COMMAND DEVICE INSTRUCTION FORMAT
I/0 INSTRUCTION CODING SHEETS
INTERVAL TIMER CD FORMAT

TCW FORMATS

LEVELS OF TD

TEST DEVICE INSTRUCTION FORMATS
TD INSTRUCTION CODING SHEETS
I/0 FLOW CHARTS

I/0 PROGRAMMING WORKSESSION

I/0 WITH INTERRUPTS

I/0 INTERRUPT CHART

INTERRUPT STATES

I/0 INTERRUPT PROCESSING

I1/0 WITH INTERRUPTS FLOW CHARTS
I/0 INTERRUPTS WORKSESSION

SCRATCHPAD, TRAPS AND INTERRUPTS

SCRATCHPAD LAYOUT

SCRATCHPAD DUMP

ICL DEVICE ENTRY FORMAT

ICL INTERRUPT ENTRY FORMAT
EXAMPLE ICL DECK

SCRATCHPAD INSTRUCTIONS

PSD TRAP AND INTERRUPT IVL'S

PSW TRAP AND INTERRUPT IVL'S
INTERRUPT PROGRAMMING FLOW CHARTS
32/75 INSTRUCTION SET WORKSESSION
SCRATCHPAD AND INT/TRAP WORKSESSION

RTOM

LOAD RAM SEQUENCE BLOCK DIAGRAM

SOFTWARE REQUEST INTERRUPT FLOW BLOCK DIAGRAM
EXTERNAL INTERRUPT FLOW BLOCK DIAGRAM

RTOM BLOCK DIAGRAM

INTERRUPT POLLING

INTERRUPT ENTRY FORMAT

RTOM PHYSICAL PIN CONNECTOR ASSIGNMENTS

RTOM JUMPERING

INTERVAL TIMER CD INSTRUCTION FORMAT
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SECTION 6

SECTION 7

SECTION 8

INTERRUPT ACTIVE 'BLACK BOX'
DIAGNOSTIC REVISION LEVEL CHART
INTERRUPT DIAGNOSTIC WORKSESSION
INTERRUPT DIAGNOSTIC DESCRIPTION
RTOM WORKSESSION

CPU & SEL BUS

CPU BLOCK DIAGRAM .

CPU DATA STRUCTURE

CPU MICRO-ENGINE

CPU JUMPERING

SEL BUS TERMINATOR JUMPERING

SEL BUS LINES .

SEL BUS PIN ASSIGNMENTS TABLE

CD EMULATION

IOCD FORMATS

SEL BUS FORMATS

CPU MAINFRAME DIAGNOSTIC WORKSESSION
CPU MAINFRAME DIAGNOSTIC DESCRIPTION
CPU WORKSESSION

SEL BUS WORKSESSION

MEMORY SUBSYSTEM & MAPPING

MEMORY SUBSYSTEM MODEL #'S

MBC BLOCK DIAGRAM

MEMORY ADDRESSING INTERRELATIONSHIP
8KW MEMORY ADDRESSING

16KW MEMORY ADDRESSING

32KW MEMORY ADDRESSING

64KW MEMORY ADDRESSING

INTERLEAVING

CORE MBC JUMPERING

CORE MEMORY MODULE JUMPERING

MOS MBC JUMPERING

MOS MEMORY MODULE JUMPERING

REFRESH BOARD JUMPERING

MEMORY MAPPING

MAPPING COMPONENTS

MAPPING EXAMPLE

MAPPING ADDRESS TRANSLATION

MEMORY DIAGNOSTIC WORKSESSION
MEMORY DIAGNOSTIC DESCRIPTION
MEMORY MAP & PROTECT DIAGNOSTIC WORKSESSION
MEMORY MAP & PROTECT DIAGNOSTIC DESCRIPTION
MEMORY MAPPING LAB EXERCISE

MEMORY MAPPING WORKSESSION
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CONSOLE DEVICE IOM MODEL #'S
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DISC IOM MODEL #'S

ICL DEVICE ENTRY FORMAT
SCRATCHPAD LAYOUT

IOM SEL BUS INTERFACE BLOCK DIAGRAM
IOM MICROPROCESSOR BLOCK DIAGRAM
IOM MICROINSTRUCTION FORMAT

TLC JUMPERING ‘

SEL BUS TERMINATOR JUMPERING
OTHER IOM BOARD JUMPERING
TELETYPE DIAGNOSTIC WORKSESSION
TELETYPE DIAGNOSTIC DESCRIPTION
IOM WORKSESSION

CLASS 'F' PROGRAMMING

CLASS F CHARACTERISTICS

CLASS F INTERRUPT PROCESSING
CLASS F DEVICE ENTRY FORMAT
CLASS F I/0 INSTRUCTION FORMAT
CLASS F IOCD FORMAT

CLASS F SIO FLOW SEQUENCE
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MISCELLANEOUS INFORMATION
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DAY 1
SECTION 1

SYSTEM CHARACTERISTICS
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CPU BLOCK DIAGRAM
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MICROPROGRAM IMPLEMENTATION

INTERNAL REGISTER

MACRO PROGRAM
INSTRUCTION

v CROM

DECODE ROM

CPU CONTROL SECTION

MAIN
MEMORY
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MODEL NUMBER CHART
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* *
* CPU UPTIONS »
* *

ARARREANARRANRRR

MODEL * DESCRIPTION

S2B23ES sa3asss=s2=ss

2000 " 32/55 CPU (WIRE/ARAP)

2003 32/70 SERIES CPU (COPPER)

2009 $2/70 SERIES CPU/IPU (COPPER)

2117 RTOM (WIRE/WRAP)

2118 RTOM (AlkE/WRAP)

2345 RTOM (COPPER)

2140 TURNKEY PANEL

214272546 SYSTEM CONTROL PANEL (PARALLEL) WITH SCPI
2145 HEX DISPLAY

2146 CONTROL PANEL (SERIAL) wITh HEX DISPLAY
2341 HIGH SPEED FLOATING POINT UNIT (MULTIeWIRE)
2342 HIGH SPELL FLOATING POINT UNIT (wIRE/WRAP)
2343  SCIENTIFIC ACCELERATOR (ACS)

2344 WRITABLE CONTROL STORAGE (ACS)

2347 SCIENTIFIC ACCELERATOR (PCS)

2181 LOGIC CHASSIS
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* . »
* MEMURY OPTIONS »
] ®

[ Z2 2 EEREEEEERREE RN N

2377

2382

2158
2160
2378
2376
2379
2381
2178
2179
2374
2182

DESCHIPTIQN

CORE MEMORY BUS CONTROLLER (QLD wlWE/wRAP)

CURE MEMQORY BUS CONTROLLER (CUPPER) & PORT, 600/900A
CORE ~EMURY BUS CONTROLLER (NIRE/ARAP) 2 PORT, 600 N
CORE MEMORY BUS CUNTROLLER (9500 NSEC)

8Kn COWE MEMQRY MOQULE (600 NSEC)

16kn CORE MEMQRY MQOULE (900 NSEC)

MOS MEMORY BUS CONTROLLER (32Xw/900 NSEC)

MOS MEMORY BUS CONTROLLER “
32kw ¥US MEMORY MODULE (600 N3EC/SEL ByS) N
64Km MOS MEMQRY MUDULE (600 NSEC/SEL BUS)

32Kkw vUS MEMGRY MODULE (600 NSEC)

32KW MOS MEMORY MODULE (500 NSEC)

64Kn MOS MEMORY MODULE (600 NSEC)

6dKw MOS MEMORY MODULE (900 NSEC)

MEMORY BUS ADAPTER (MBA)

MEMURY INTERFACE ADAPTER (MIA)

BATTERY BACKUP UNIT

MEMORY CHASSIS (32/585)
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»

* *
* CLOCKRS/PUNER FAIL SAFE/POwEK SUPPLIES »
* "

RARR RN R AR AR R A XA RR RN R R R R R A AR TR AR RN AR

MODEL # ' OESCRIPTIOUN

ESR3SESE ga=33sssz=3:s=32

2190 LUGIC PUntk SUPPLY (SOOW)

2191 MEMOKY POUWER SUPPLY (S00w)

2192 - GPUC PUWER SUPPLY

21995 AC DISTKRIBUTION

2128 MULTIPRUCESSUR CENTRAL TIMING UNIT

21e9 MULT]IPROCESSUR CENTRAL TIMING DECODER

2134 . POWER FAIL w/0 DC SENSE (32/50 & 32/70 SERIES)
2136 PUNKER FAJL WITH DC SENSE (32750 & 32/70 SERI1ES)
2138 MULTIPRUCESSOR CENTRAL TIMING SOURCE

2139 ) MULTIPROCESSOk CENTRAL TIMING SOURCE CABLE

RARRRRRRAANERRR NS kN

* »
* PROCESSING UNITS =
% »

ERXRANRRRRARARARRRAR RN

MODEL & DESCKIPTION
Essz==s z=sssszszsss
8000 INPUT/QUTPUT PHOCESSOR (IOF) = SUPPORTS UP TO 16
' 10P CUNTRULLERS ON AN MP BUS = ANY CPU,
8030 LP/FOL CONTROLLER
3032 IOP DOISC CONTRULLER
9144 REGIONAL PrRUCESSING UNIT (KPU) = USER PRUGKAMMABLE
9145 REGLIUNAL PROCESSING UNIT (kFU WITH RAM)

1-5
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# DISC SUBSYSTEM » .

* »

RARRAAAARRRARAARRE R

MODEL # VESCRIPTION

33838723 23333sassss

9010 MOVING NEAD DISC CONTROLLER (WIRE/WRAP)
9024 : 01SC PRUCESSOR

8055 . DISC PRUCESSOR II (16 MB ‘ADCRESSING)
9008 CARTRIUGE DISC CONTROLLER (WIRE/WRAP)
5009 . CARTRIDGE DISC CONTROLLEK (COPPER)

9014 FIXED HEAD OISC CONTROLLER

ERNRRARNRAARRREIRE R
* =

* TAPE SUBSYSTEM = . o
* * ‘\‘.
AXERRRRRARARRNARARS S

MOOEL & LESCRIPTION
szss3

9012 MAG TAPE CONTROLLER (WIRE/nwRAP)
9013 MAG TAPE CUNTROLLER (COPPER)

8050 H1Gr SPEED TAPE PROCESSOR (KST") = HAMDLES 75/12S [P
OUAL/TR] DENSITY TAPE ORIVES,

9020 LOw SPEED TAPE PROCESSOR (LSTP) = HANOLES 4S5/75 1PS,
80071600 BPI, NRZ/Pt TAPE UKIVES,

C

1-6
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2 *
* INTERFACES »
* ®

ARRARRARANSR OGN

MODEL » DESCRIPTION

g=T=sSSS sS=23=zz23ss:=2

9004 TLC CONTROLLER (WIRE/WRAP) TTY,LP,CR

9005 TLC CONTROLLER (COPPER) TTY,LP,CR

9102 ‘ GENERAL PURPOSE 1/0 CONTROLLER (GPIOQ)

9103 GENERAL PURPOSE MULTIPLEXEK CONTROLLER (GPMC 16 MH)
9104 GENERAL PURPOSE MULTIPLEXER CONTROLLEK (GPMC)
9105 GPDC CHASSIS

9106 GENEKAL PUPOSE DEVICE CONTKOLLER (GPDC)

9107 CARD PUNCH CONTRULLER

9108 ~ CARD READER/PUNCH CONTROLLEK

9112 PAPER TAPE WEADER/PUNCH CONTRKOLLER

9115 GPDC COUPLER

9120 GPDC 1EST KI1T

¢131 HIGH SPEED DATA INTERFACE (WSO 11) = COPPER
9132 HSD (WIRE/WRAP)

9135 HSD INTER=BUS LINK (IBL I1) = CUOPPER

9136 HSD IBL (wIRE/WRAP)

9134 SERIAL DATA INTERFACE

7410 ANALOUG/UDIGITAL INTERFACE

1-7
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* DATA COMMUNICATIONS =

ERARARARRAASRAARRTIRARNR AR

" O

E3C

“ X
[
[T ]
" -
"

0

" z

SYNCHRONOUS LINE INTERFACE MUDULE (SLIM)
ASYNCRKUNOUS LINE INTERFACE MODULE (ALIM)
BINARY SYNCHRONOUS LINE INTERFACE MOOULE (BLIM)
ASYNCHRONUUS DATA SET (ADS)

XA AARENRARARRRARE AR

*

]

* FAST MUX SYSTEM =

»

SRARNRAERREEREIE AR R A RN

MODEL =

DESCRIPTION

FAS] MULTIPLEXER SYSTEM (FMS)
FAST vMUX DEVICE CUNTROLLER (FDC)

FAST UEVICE INTERFACE (FDI)

sxsexntansrtaTHoTHeTHAT'!S ALL FOLKSE 2 AR R R R v AR ARR R A AR NN RASNRAS
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® 32-BIT BI-DIRECTIONAL DATA PATH

@® 24-BIT ADDRESS PATH ( 16Mb ADDRESSING )
@ INTERRUPT CONTROL LINES FOR 128 MAX INTERRUPTS )\2L
®6.67 Miz BUS CLK WHICH GIVES:
150 nsec BUS TRANFER CYCLE TIME
6.67 MW/SEC (26.67 MB/SEC) BUS THROUGHPUT
©® 28 INCH BUS LENGTH WITH:
36 CARD SLOTS MAX
NO SLOT DEDICATION
HIGH SPEED SCHOTTKY TTL DRIVERS/RECEIVERS
PASSIVE TERMINATION
I/0 CARDS WITH ON-BOARD DMA CONTENTION LOGIC



CHASSIS LAYOUT

MEMORY CHASSIS

G

=

il

Vs

PASSIVE TERMINATOR

A‘/ffﬂﬂf””AT FHYSICAL END

19 inch RACK MOUNT
LOGIC CHASSIS EACH
WITH 18 CARD SLOTS
( X2= 36 TOTAL SLOTS)

1/0

184 PIN

Sel BUS
28 inch MAX

PASSIVE TERUINATOR
WITH ACTIVE CLK CKTS

MEMORY CHASSIS

1-10
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CENTRAL PROCESSOR UNIT (CPU)

WORD LENGTH 1S 32 BITS
o OVERLAPPED INSTRUCTION EXECUTION
1.2 MICROSECOND INSTRUCTION EXECUTION (TYPICAL)
¢ OVERLAPPED INSTRUCTION OPERAND FETCH
+8 MIPS (STRAIGHT LINE CODE) ~. «-eeri, . .
545K WHETS |
o MICROPROGRAMMED (FIRMWARE)
150 NS PER MlCRO-INSTRUCTION

o STANDARD FLOATING POINT (FIRMNARE) — e oA a4 lr et
o HAS 8 GENERAL PURPOSE REGISTERS - 7 & %€ -, 4. .«
 HARDWARE/FIRMWARE MEMORY MANAGEMENT (MAPPING)

e OPERATES IN TWO MODES:

PSH 2255 S277 PSD
RTM OPERATING SYSTEM ONLY RTM oPERATING SYSTEM | MPX OPERATING SYSTEM
161 INSTRUCTIONS sisceo 161 + InsTRucTIONS | 187 INSTRUCTIONS
SYSTEM INTERRUPTS oN RTOM SYSTEM inTeeriTYy TRAPS | SYSTEM 1nTEGRITY TRAPS
DIRECT ADDRESS 128 KW DIRECT ADDRESS 128 KW | MAPPING (appress 16 MB)
no CLASS 'F' 1/0 CLASS 'F' 170 | CLASS ‘F’' 1/0
170 (ADDRess 128 KW onLY) 170 (appress 16 MB) | 1/0 (apbress 16 MB)
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CENTRAL PROCESSING

c
Bf 1631
A 00-16
CPU

"UNIT

SEL BUS (150 ns transfer tate)

CPU MODEL NUMBERS

2000 WIRE/WRAP
2003 COPPER

TR
2005 CPU-IPU J



- CPU CIRCUIT CARDS

1-13
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SYSTEM CONTROL PANELS

SERIAL oR

— ——e e —p [ TURNKEY
: PA;IEL

1 PARALLEL
PANEL

3
cPU | scei
SEL BUS , >
SERIAL CONTROL PANEL ~ MODEL 2146

. PARALLEL CONTROL PANEL WITH SCPI — MODEL 2346

SCPI - MODEL 2142



- MEMORY SUBSYSTEM

CONTROLLED BY MEMORY BUS CONTROLLER (MBC)

MBC INTERFACES MEMORY MODULE TO SEL BUS ‘
CHECKS AND GENERATES PARITY (c¢ar <) ECS (o
MBC CONTROLS UP TO 16 MEMORY MODULES

MBC CAN ADDRESS:

BIT: SMALLEST MEMORY VALUE ADDRESS BY INSTRUCTION o+ == o ...

BYTE: 8 BITS OR 2 HEX CHARACTERS

HALFWORD: 16 BITS (LEFT OR RIGHT)

FULLWORD: 32 BITS - 2 HW - 4 BYTES/8 HEX CHARACTERS
DOUBLEWORD: 64 BITS (2 WORD FETCH)

MEMORY_MODULES :
8/16 KW (32/64 KB) CORE MODULES, BYTE PARITY (s 5D

(,z N
32/64 KW (128/256 KB) MOS MODU™-5, WORD ECC (770 2,¢
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® MEMORY 3UBSYSTEM

.CPU
SEL BUS
' !
' |

P mec L. ___
: <:}H MEM _BUS X
' MEM MEM MEM !
) Mop| [moD|* * *° *|moD '
' 0 1 F '
' i
l___________________ — e
, L o ‘

2150 WIRE/WRAP | 2152 8KW/600 NS

2162 copper - U port, 600/900ns 2153 16KW/900 NS

2164 WIRE/WRAP - 2 PORT, B600NS

MOS MBC'S MOS_MEMORY MODULES

2377 32KW/900ns 2378 32KW/600 NS

2382 COPPER 2376  32KW/900 NS

2379 6ukW/600 NS
2381 6U4KW/900 NS



MEMORY CHASSIS LAYOUT

MBC SLOT— |
”

16 ¥OD —
SLOTS

MBC SLOT=

MBC SLOT—’

16 MOD
SLOTS

N

¥3C SLOT -

MBC SYs:

{ ‘\.:
A
1]
1)
3 ADDITIONAL MBC'S FOR
MULTI-CPU SHARED MEM CONFIG
g
2 BOA®D CORE
1 BOARD MOS
-j MEM MODS
; [
£
\\--\~‘~\“‘- INTER-MBC COMMUNICATION
LINES
Sel BUS MEMORY BUS LINES
(LOCAL LOGIC CHASSIS)

CORE - 8 MODS PER CHASSIS X 2 MEM CHASSIS (28 inch MEM BUS)= 16 MODS:
WITH 8KW MODS = 128KW (512 KB)
WITH 16KW MODS = 256KW ( 1 MB )

MOS - 16 MOS MODS IN ONE CHASSIS ONLY:
16 X 64XW = 1024KW ( 4 MB )

1-18
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REAL TIME OPTION MODULE

16 INTERRUPTS

f

RTOM CPU
SEL BUS [::::::>

RTOM MODEL 2117 WIRE/WRAP
. 2118 WIRE/WRAP
2345 COPPER

* SYSTEM REQUIRES AT LEAST ONE AND MAY HAVE 7 MAX
* THE SEL BUS INTERRUPT CONTROL LINES PROVIDE FOR 112 INTERRUPT LEVELS
* EACH RTOM PROVIDES:

16 INTERRUPTS, 32-RLT INTERVAL TIMER, 60/120 HZ RTC, ArTexmon
* THE INTERRUPT STRUCTURE IS FULLY PROGRAMMABLE BY THE USER TO MANIPULATE

THE PRIORITY OF ANY INTERRUPT EVENT,
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e

o INPUT/0UTPUT MICROPROGRAMMABLE PROCESSOR (IOM)

PROVITES DIRECT COMMUNICATION BETWEEN PERIPHERAL & SEL BUS
FIRMWARE PROGRAMMABLE 1/0 CONTROL

GENERATES 1/0 SERVICE INTERRUPTS (INTERNAL SD) whien 7% fior

1 { -1 ._;: ? R 3 .
(s e, ez, et ‘5‘/ Fi, (o Fralirce
i !

o TLC - TTY/LINE PRINTER/CARD READER CONTROLLER o
L Crrmrorr T Aewie
MULTIPLEXER CHANNEL (ALL 3 UNITS ACTIVE)
DEDICATED 170 CONNECTOR SLOTS
3 SEPARATE SERVICE INTERRUPTS .
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CONSOLE DEVICES

TTY/CRT
CL.EIA
9600 BAUD —> Jhre “j._‘%jspr:;
300 LPM
LP 600 LPM
900 LPM
/] 200cem
I > CR 1000 CPM
CcPU TLC )
SEL BUS >

TLC CONTROLLER e MODEL 9004 WIRE/WRAP

e MODEL 9005 COPPER



MAG TAPE SUBSYSTEM

MAG TAPE CONTROILER - MODEL #3012 (W/W) »- suppoRTS PERTEC & KENNEDY:
#9013 (PC) —— -

*IMBEDDED FORMATTER
*45 1PS TENSION -
*75 IPS VACUUM 3 -

*800 BPI (NRZ

*1600 BPT (PE)

* 4 UNITS MAX
* SELECTOR CHANNEL (oNLY 1 UNIT ACTIVE AT A TIME)
* CLASS E - 128 KW ADDRESSING

* 4096 HALFWORD = 8192 BYTE RECORD LENGTH

LOW SPEED TAPE PROCESSOR - MODEL #3020

* 4 UNITS
<; -7 - .

* MULTHREERER-CHANNEL (ALL &  ACTIVE)
* CLASS ‘F’ - 16 MB ADDRESSING

* INFINITE RECORD SIZE ( J:': /..,

*75 IPS VACUUM
*125 IPS VACUUM
*800 BPI (NRZI) .
HLGHL SPEED TAPE PROCESSOR - MOLEL #8050 *1600 BPI (PE) 1 BIT CORRECT
*6250 BPI (GCR) 2 BIT CORRECT
* 4 UNITS * AUTO LOAD & UNLOAD
* MULTIPLEXER CHANNEL | ~ * AUTO & MANUAL DENSITY SELECT

* CLASS ‘F’ - 16 MB ADDRESSING

* CIFINITE RECORD SIZE

)
v



0503 # 1300W - Y0SS3I04d 3dV1 A3IdS HOIH

0206 # 1300W - Y0SSII0Ud 3dV1 A3IdS MOT

(3d) £T06 #

(M/M) 06 # 713A0W - YITIONINOD 3dvVL 9WW

@M.o

1N

sng 13s

Nndd

W3J1SASENS 3dVL DVIN

,, .
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DISC SUBSYSTEM

ve-1
’7‘}

N

;229594:"'}; . / ','}:)
MODEL #: 9010 ¥ 73-9032 9024 8055 S
/W) (WA DISC PROCESSOR P 11 pE
. CLASS: E, 128 KW ADDR E, 16 1B F, 16 MB F, 16 MB
DEVICE TYPE: | ‘40,80, 150, 300°1B| 40, 80, 150, 300 1B 80, 300 MB| 5 MB FHD, 32 MB CMD
| e e 80, 300 MiD, 600 FMD
: B Or ke Shrg.
CHANNEL SELECTOR CHAN SELECTOR CHAN MULTIPLEXER 'MULTIPLEXER
OPERATION: (4 UNIT MAX) (4 INITY| (8 UNIT MAX) (8 UNIT HAX)
ALL SAME DEVICES DUAL PORT BUAL PORT DUAL PORT
ALL SAME| CMIXED DEVICES) (MIXED DEVICES)
ERROR 9 BIT ECC 9 BIT ECC 9 BIT ECC 9 BIT ECC
CORRECTION:
N Lol
o



9508 # TJQ0W - 11 40SSII04d ISIA
06 # 13004 - YOSSII0Ud ISIa

(M/M) ¢c06-¢L #
(M/M) 0T06 # 130N - YITI0YINOD QHMW

-

aHW

1-25
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INTEGRATED SYSTEM

9¢-1

. TTY/CRT
]
-\\ SERIAL Q ‘
(] OR 1
& E e e T [w]
1
16 INTERRUPTS | : PARALLEL
hJ PANEL
c ) N
8 1 [} CR
A .
ADS RTOM CcPU SCPI ' TLC
SEL BUS
| 1
MTC MHD HSD R i MBC L _ -
I ] : <‘L MEM BUS :>! T
| MEM| |MEM| . |MEM 0
v | MOD MOD MOD |
) ' !
l___.__________________ —
\ 4
HSD

S

7 SEL BUS




MODULE PIN "ASSIGNMENTS

EXTERNAL
DEVICE
CONNECTIONS
Se!BUS
CONNECTIONS
EXTERNAL ——
DEVICE
CONNECTIONS
MEMORY
BUS
CONNECTIONS
SelBUS
CONNECTIONS
MEMORY
BUS
CONNECTIONS

1-27
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ps
mem
1024kw
blank mem mem ps priv. ps mem ps
mem : 1024kw
pPs pPs | ps
mem mem mem logic logic
ps shared ps ps
logic logic logic mem logic
ps - . ps mem Ps
mem ps - mem Ps logic logic 1024kw
log. ps 103;193 ps g:;v. ps mem ps
ac dist ac dist mem ac dist ! ac dist 1024kw | ac dist N
TYPICAL TVPICAL TYPICAL TYPICAL
SINGLE DOUBLE DOUBLE TALL DOUBLE
dual CPU

.

shared mem

TYPICAL CABINET ORGANIZATION

single CPU 16 MB mos



)
~ A/C POWER SYS BLUCK DIAGRAM
__________________________ -
Asey: tas si30ze : LEXTRTCA SEL 1B p~ o8 £ .
Aun are |\ iexmaesers | 2, L Rrom!
cB1 TeTE CARD ! LEXTPFA wicLK 4 |
| o - boﬁ/...~ slot -

|
|
|
'
'.
A ! ' (., METER 13 128VaAC,
i '© 3 ? .
I : | M ‘ -4 LO]I-C ehases
I : '
' .
|
|
|

T r
: i B2 MEM .,
@ | | PS1 5V
L H cB 458 c
||k -6 > LF o 1R YA PS2 | v MEM
‘E;U;ﬂ I CHASSIS
e
POWER | | .@ -
[on e : LOGIC -, |
I'URNKE}' CcB 2,37 ETe- PS1 ] 46V
PANEL —c usvak | - "y"z‘v—‘E LOGIC
v . L'F I | [ D ~ - = - - .
LF 12,8 | pS2 ey CHASSIS ~

A/C DISTRIBUTION ASSEMBLY

[}
l.
{ . FANS
' 1000W SYSTEM
] -
ASSY: 105-103007

I
SCH: 140-103008 )
L =R MODEL 2135 500W SYSTEM USES 1 PS PER LOGIC CHASSIS

- 1500W & 1000W SYSTEMS USE 2 PS PER LOGIC CHASSIS

62-1
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POWER FAIL/RTC DISTRIBUTION
SINGLE CABINET/DUAL CPU

SCH: 140-103005
ASSY: 160-103028 PF/

CARD

- CPU

a | weLock

SAME CABINET

SEL BUS TERM
»| CPU w/cLOCK

|
|
|
[ KIT: 118-103009 RTC
|
I

: A/C DISTRIBUTION (MODEL 2195)

ASSY: 105-103007
SCH: 140-103008

¢

SEL BUS TERM

S
i
—
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POWER FAIL CARD TO SEL BUS

W\
e
) c,m"
\
Ke‘{év:, v"”\l
r'o'/ .'P,/“(
;— - ‘7\— - = _'{ BACKPLANE
|
| . I
POWER i SEL BUS
PiB
' FAIL |,, I /—
' CARD " i
[
! : SEL BUS TERMINATOR
[ _Ac/DC DISTRIBUTION _ _ | SIGNALS ON SEL BUS
. A LEXTATCA & B - PIN 108,
Proer fa [ Comv B LEXTRESE /A, B, & C - PIN 104
‘ \J\ LEXTPFA & B - PIN 112
A <
D C T M%&n Ln\( (o LLM T roe Ggl‘,.;‘(
v WA (Qw’g&
56 siuemc/ )

A e T be Cae e 2 tw e



POWER FAIL DETECTION CARD ADJUSTMENT

THE PURPOSE OF THE POWER FAIL DETECTION CARD, 160-103028-XXX IS TO SENSE THE

LOSS OF OR RESTORATION OF AC POWER AND TO GENERATE AN INTERRUPT AT PRIORITY LEVEL
00 TO THE CENTRAL PROCESSING UNIT (CPU) SO THAT THE SOFTWARE/FIRMWARE CAN SAVE
THE GENERAL PURPOSE REGISTERS, CPU SCRATCHPAD AND PROGRAM STATUS DOUBLEWORD INTO
MAIN MEMORY AND RESTORE SAME UPON RESTORATION OF POWER. THIS CARD ALSO PROVIDES
A REFERENCE SIGNAL FOR THE REAL TIME CLOCK ON THE RTOM.

A PRACTICAL METHOD FOR ADJUSTING THE SENSITIVITY OF THE POWER FAIL DETECTOR IS AS
FOLLOWS:

ENTER: - LOCATION DATA
0000 A3881003
0004 EC000000
TN
: Sy
SYSTEM RESET AND RUN. MONITOR LOCATION 1000 (HEX), WITH EXTENDED FUNCTION 1. S

THE "B" DISPLAY SHOULD BE INCREMENTING. IT WILL PROBABLY LOOK ASYNCHRONOUS BECAUSE
IT IS ONLY DISPLAYED EVERY 20 MILLISECONDS.

NOW SLOWLY TURN THE POTENTIOMETER ON THE DETECTOR CARD CLOCKWISE UNTIL THE PROGRAM
STOPS. NOW TURN THE POT TWO TURNS COUNTERCLOCKWISE. YOU SHOULD NOW HAVE A SAFE
OPERATING MARGIN.

ASSUMING YOUR MACHINE HAS CORE MEMORY OR MOS MEMORY V//BATTERY BACKUP, A GOOD CHECK

IS TO POWER THE MACHINE "OFF" AND "ON" AND MAKE SURE THE CPU SCRATCHPAD IS STILL
INTACT. 1IF NOT, ADJUST THE POT SLIGHTLY CLOCKWISE UNTIL THIS TEST PASSES.

1-32



CENTRAL CLOCK DISTRIBUTION

/

N

2 CPU'S/REMOTE MEMORY/1 AC DIST.

1 MBAMBC

LEXTTHASER ol o | SEL BUS TERM
LEXTCLK3 b___] REMQTE MEMORY
_______________ 2} . v
‘ | 6.66 mHz '
CENTRAL CLOCK —_13aamnZ |
(MODEL 2148) P '
KIT: 118103025  FENTRAL - LEXTPHASEA o, | SEL BUS TERM.
£LOCK 13.33 MHZ LEXTCLK2 o opy
| LEXTRTCA A W/O CLOCK
LEXTRESETA
LEXTPFA :

ZHW EE'EL
ZHW 99°9

POWER FAIL
(MODEL 2134) |

SAME CABINET

SEL BUS TERM

ASSY:160-103028 CARD
KIT: 118-102009

|

|

t

|

|
SCH’: 140-103006 RTC )

|

|

{

|

- o omm wws wm e ww e e e e cws  ue s e

A/C DISTRIBUTION (MODEL 2195) W/CENTRAL CLOCK

ASSY: 105-103007.
SCH: 140-103008

Lexvciky [ CPU W/O CLOCK
LEXTRYCB 8

LEXTRESETB

LEXTPFB
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A/C DISTRIBUTION W/O CENTRAL cLocy

" CENTRAL CLOCK DISTRIBUTION
3 CPU'S/REMOTE MEMORY/2 AC DIST.

— - s e eme e e e o o e - e

e e WO e GENR M G GED e Gwe e e e s Gwe > G ewm

- wm ewm e ey eam me e e eme e e e e

(MODEL 2148)"

KIT: 118-103026

POWER FAIL
(MODEL 2134)
SCH: 148-103006

ASSY: 160-103028

KIT: 118-103009

C ) A/C DISTRIBUTION (MODEL 2195) W/CENTRAL C
gy ASSY: 105-103007
o Crg’. 1A0_102NNAR

RTCA RESETA PFA

13.33 MHZ/ 6.66 MHZ

CENTRAL

., 13,33 MHZ /6,66 MHZ |

13.33 MHZ /6.66 MH

—

CLOCK

ATCA RESETA PFA

=-{ A

PF/
RYC

RTCB RESETB  PF

CARD

=

LLEXTPHASEA ZLEXTCLEKY CPU

SEL BUS TERM
W/0 CLOCK

SEPARATE CABINET

MBA-MBC
SEL BUS TERM

""c, REMOTE MEMORY'

SEL BUS.TERM
W/O cLoCK

SAME CABINET

———

SEL BUS TERM
W/O CLOCK

f)

S
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A LOGIC POWER SU“PLY MODEL # 2190~

AC IN & DC ' 115 VAC 115 VAC
OuUT T8 \
¢ 781
. 5 a@u "0 9 ] 7 ] s 4 3 2_"
v | - A2v EE + ©AC AC J
SECONDARY com s 8 ~
OUTPUT —u
VOLTAGE
45V ADJ 2(2125
) [269-1000023001 ] . d
PRIMARY. '
VOLTAGE
ADJUST
\ SEL PART NUMBER LOCATION PRIMARY OUTPUT STUDS
. MAX OUTPUT"

SECONDARY, c ‘ , " WATTS - 500
VOLTAGE +12v ADJ
ADJUST ©042v AoJ

ADJUSTMENT NOTES ALL VOLTAGES MUST BE ADJUSTED ON MEM/LOGIC CHASSIS 2/10 VOLT
° GREATER DUE TO CABLE/WIRING LOSSES. LE.: 456~ 45.2VDC. TTL IC CIRCUITS MUST HAVE
45V -05 +.4 VDC. CHECK IC CHIPS ON CIRCUIT CARDS AFTER ADJUSTMENT ON CHASSIS'.



MEMORY POWER SUPPLY MODEL # 2191

. 115 VAC 115 VAC
AC IN & DC ‘

ouT 1B ' \\ T8t

~ < "L |
> CREEEERREERRRERD -
DI 269\-1000020-001 | voLrace FD d
— ———

MAX OUTPUT WATTS = 500

ADJUSTMENT NOTES: ALL VOLTAGES. MUST BE ADJUSTED ON MEM/LOGIC CHASSIS 2/10 VOLT.
. GREATER,DUE TO CABLE/WIRING LOSSES, I.E.: +5++52VDC. TTL IC CIRCUITS MUST HAVE
' 18V -.05 +4 VOC.  CHECK IC CHIPS ON CIRCUIT CARDS AFTER ADJUSTMENT ON CHASSIS’.
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~  MEMORY POWERSUPPLY MODEL # 21

115 VAC 115 VAC
AC IN & DC _
ouUT 1B : \\ 181
.. l5 \ - A L] 13 12 " 10 ‘ ] 8 7 6 5 4 3 2 !
@Z@@@@E@EZZ@@E@OC
SECONDARY %Y c;, 18V v % A Ac
OUTPUT
VOLTAGE -
18 V ADJ FUSE
) [2s9-1000021:001 ] ;9 ‘ C
) \ SEL PART NUMBER LOCATION PRIMARY OUTPUY STUDS
MAX OUTPUT WATTS = 600
i SECONDARY
VOLTAGE - 016V ADJ
ADJUST SV Aod

_ADJUSTMENT NOTES: ALL VOLTAGES MUST BE ADJUSTED ON MEM/LOGIC CHASSIS 2/10 VOLT
" GREATER DUE TO CABLE/WIRING LOSSES, LE.: +15++152 VDC . TTL IC CIRCUITS MUST HAVE.
+5V_-.05 +.4 VDC. CHECK IC CHIPS ON CIRCUIT CARDS AFTER ADJUSTMENT ON CHASSIS.
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HIGH PERFORMANCE CHASSIS P.S.

-THIS IS THE POWERTEC MODEL 9N5-150-17A. IT SUPPLIES 5§ VOLTS @.
350 AMPS TO ONE HALF OF A SIXTEEN SLOT MEMORY CHASSIS.
JT HAS AN EXTERNAL FUSE'.

| v1—+svDC @ 150 AMPS
V2 — +15VDC @ 10 AMPS

5 V3— -15VDC @ 5 AMPS
V3 ADL V1 V4 — .5VDC @ 5 AMPS
5| va

2 va (750 WATTS TOTAL) .
L3

[ X
., v2

O+

Q{v4 ADL

»[65)

o'e @

©v1 aos € vz aos

THIS IS THE LH MODEL MM44. IT SUPPLIES MULTI-VOLTAGES AS LISTED ABL .
TO A SIXTEEN SLOT MEMORY CHASSIS'. SUPPLIES +5VDC TO LOWER HALF OF

CHASSIS. THIS SUPPLY ALSO FURNISHES + AND -15VDC TO THE LOGIC CHASSIS(s).
1-38



HIGH PERFORMANCE CHASSIS P.S.
C

ADJ.®

THIS IS THE LH MODEL SM71. IT SUPPLIES 5 VOLTS @ 150 AMPS TO ONE
_HALF OF A LOGIC CHASSIS OR TO AN EIGHT SLOT MEMORY CHASSIS.

.-NO EXTERNAL FUSE. .
NOTE: LH MODEL SM11 LOOKS IDENTICAL BUT HAS 200 AMP_CAPABILITY.

Osv O
+ -
20 AMP
FUSE

ADJ. @

THIS IS THE POWER MATE MODEL SWA.5K-P2838. IT SUPPLIES 5 VOLTS

.© 150 AMPS TO ONE HALF OF A LOGIC CHASSIS OR TO AN EIGHT SLOT

MEMORY CHASSIS. IT HAS AN EXTERNAL FUSE. 1-39






CONTROL PANEL FAMILIARIZATION WORKSESSION
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Control Panel Familiarization Worksession

Purpose: The purpose of this lab exercise is to familiarize the student
with procedures necessary in loading, executxng, and interpreting
the results of machine language programs using the System Control

Panel.
References: SEL 32 Reference Manual: Section 7
Equipment: SEL 32 Computer with System Control Panel and 8 K minimum core.
Introduction: The architecture of the SEL 32 family of computers is such that

failure conditions can often be detected through simple programs
written in machine code and entered through the System Control
Panel. One can also use the System Control Panel for trouble-
shooting using its "Extended Function" feature. Although the
objective of this lab exercise is familiarization of the Control
Panel, the procedure used below might be used in the field for

troubleshooting.

Instructions: = Follow the procedure, answering questions as asked. References
will be supplied and the instructor is available to answer your
questions.

System Reset Check

System Reset causes all operations of the computer to cease and clears all reg1sters,
etc. to zero. System Reset is also sent to the IOM's to clear them and

terminate all activity. Upon receiving System Reset, the TLC issues a "carriage
return" character to the Teletype and the System Control Panel accesses and displays
memory location zero.

Is System in halt mode?

Procedure: DEPRESS AND RELEASE SYSTEM RESET.
Sgﬂék 1. Did the teletype “"carriage return"?
2. Are the System Control Panel PSW and instruction

indicators 1it?

If you answer NO to any of the above questions, System Reset is fa’iling.

Keyboard Mode

The operator must signal the SCPI that he wants to communicate with the system.
He does so by depressing and releasing KEYBOARD. The SCPIL.is testing for this
signal and responds by illuminating the KEYBOARD indicator.

Frocedure:: 1. Depress and release KEYBOARD.
2. Observe KEYBOARD indicator lit.

The SCPI is now ready to receive hex data into the 'B' display or receive a
function key. .

1-41
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Contral Panel Read/Write

In order to enter machine code programs into the SEL 32 memory, you must be able to
Read and Write to memory from the SCP.

This procedure is relatively simple. In this exercise, we will read location 1000,
write to location 1000 and re-read location 1000 to verify the data has changed.

Procedure: . 1. System Reset

2. Press and release Keyboard.

3. Observe Keyboard indicator:lit.

4. Press and release Hex Key #1

5. Observe a hex 1 in 'B' display. '

6. Press and release Hex Key #0 three (3) times. .
7. Observe hex 1000 in 'B' display. (The hex characters are

shifted in from the right.) .

8. Press and release WRITE/X.

9. Press and release HEX KEY 8/MA.

10. Observe hex 1000 in 'A' display.
11. Observe Memory address jndicator 1lit.

Note: ‘You have just selected Memory address 1000. Now we want
to read that location.

12. Press and release Read/X. N
13. Press and release hex key C/MD. )
14. OQbserve 'B' display. Observe memory data indicator lit.

Note: The B display now contains the data in memory location
1000. What is the value of the data?

We will now modify location 1000.
15. Press/release: Keyboard
16. Enter X'12345678 in B display.
17. Press/release: Write/MD
Note: You have just written X'12345678' in location 100Q0.

Repeat steps 1 through 14 to verify X'1234557" is loaded in location 1000. What is
now in location 1000Q?

Let's summarize the procedure for reading memory:

1. Keyboard
2. ENTER HEX LOCATION IN 'B' display.
3. WRITE-MEMORY ADDRESS, READ-MEMORY data.

Let's summarize the procedure for writing to a memory location.

1. Keyboard

2. Enter location in 'B' display. .
3. Write-memory address. b
4. Keyboard :
5. Enter new data in 'B' display.

6. Write-memory data.

Try these a few times to"get the hang of it." 1-42



Entering Machine Language Programs

Entering programs into memory is the same as entering data as we did in the Control
Panel Read/Write lab. As a matter of fact, you can use the same procedures: But
there is a better way. Programs usually occupy sequential locations in memory. To
take advantage of this, there are two special Keys on the Panel: [INCREMENT'A' AND
READ and WRITE AND INCREMENT 'A'. Here is how to use them.

Procedure: Let's put thé following sequential data in memory:

Locations ° Data
00000 | Mmuim
00004 22222222
00008 33333333
0000C 44444444

the: Observe 'A' & 'B' displays after each operation.
1. SYSTEM RESET

2. KB - enter X'11111T1YV

3. WRT & INC ‘A’

Observe PSK = 4. This is the next location in memory.

4, KB - enter X'22222222'
5. WRT & INC ‘'A!

Observe PSW = 8

6. KB - enter X'33333333'
7. WRT & INC 'A'

Observe PSW = C

8. KB - enter X'44444444'
9. WRT & INC ‘A’

Observe PSW = 10

Youbhaxe Just entered the data in memory starting at location zero. Now let's read
it back.

1. SYSTEM RESET

Observe PSW = 0, INSTRUCTION = X'111111,7"
2. INC 'A' & RD |
Observe PSW = 4, INSTRUCTION = X'22222222!
3. INC 'A' & RD

Observe PSW = 8, INSTRUCTION = X'33333333'
4. INC 'A’' & RD

Observe PSW = C, INSTRUCTION = X'44444444!
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QUESTION: What is the advantage of using WRT & INC'A' and INC 'A' & RD keys?

—

SAIVET ;/‘//%'é:—

There are two ways of executing a program.

Executing Programs

One way is to execute the instructions

one by one. This may be done using INSTRUCTION STEP. The other way is to execute
the instructions until a HALT occurs either by program control or operator control.
Program Control is done by the HALT instruction.
HALT key. Let's see how this works.

1.
2.

Operator Control is done by the

Procedure: Enter the.following program.
Location , Hex Instruction
0 '00020002' HOP-NOP
4 'AC000100" LW RO, 100
8 'D4000200' STW R0, 200 (
c 'AC000300" LW R0,300 o
10 'D4000400" STW RO, 400
14 'AC000500' LW RO,500
18 'D4000500" STW RO,600
1C 'EC000000" 8U O

Procedure for Using Instruction Step

SYSTEM RESET
Press and release INSTRUCTION STEP.

Repeat #2 each time observing the PSW and INSTRUCTION. Note that the HALT indicator

is 1it.

Observe RUN indicator lit.
The program is running.

Procedure for Executing the Progqram at Computer Speed

1.
2.

3.

System Reset
Press/release RUN

Press/release HALT.

Observe 'A' and 'B' displays go%. This is normal.

(
b.,

Observe HALT indicator 1it. Observe 'A' display and '8' display shows next instruction

to be executed.
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V2 7ERROR INDICATOR .-

e
Display Error Code Definition

NV W N -

(o]

Hex Keyboard or Function Keyboard Change Indicator did not reset
No Hex or Function Keyboard Key detected

No response from memory

Non-present memory

Parity error in memory

Write/Read Compare error in memory

SEL Bus Communication Error

ORERATOﬂ EAULZ;IRQ&CAT@R
s(ParaTTel Panet)™

Display Operator Fault Definitions

NOYOY W N —

Operator Sequence Error

Operation Not Allowed - Run on Lock Restrictions
Invalid Operand Source or Destination

A Display Not Valid for Operation to be performed
Invalid Extended Function

Special Extended Function Not Enabled .
Multiple Hex or Function Keyboard Keys detected
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HEX KEYBOARD

Figure 7.2, System Control Panel (Parallel Operation) Diagram

o an- aanke =~ — e S - - —— 0~ > ——
VN
o
»
»
¢ (@] ::".g: @ un
D JOF |
WTERRLPY
® actve | [O T
aocex
/ O ovirape O WaAT
\ \ )
v —V
DIPLAYS PUSHBUTTON FUNCTION
POWER ONRFE (RED w1 EN ON} . REYS
PUSUTTON
- Figure 7-1. Turnkey Panel Diagram
L : Te= [« ~
. . L ] ’ - » ”»n » A B " - ?- :".”
- ’0‘:1:0:0 ::l:o: I:oo:[: N
—— . N | i DISPLAYS
1i - 3 oo s
’ . . .o . . @ » 1 - -_Il a 8 r 2 o » r : "‘“M..“ ‘-:‘.-‘
e .’:-’.i..‘. e ?:1..;.1...:10090 N Ty - ——t
(|l e {] [} wroma ||l 0w
. we (il e | OO [ ve PUSHBUTTON
' A = FUNCTION
.é- " + Y =we > -—e ne Y
‘L___L KEYS
<2 == -ssm - veneen
Iy, L MRS e ‘
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ERROR INDICATOR."
CSeriIT PaiETY™

B Display Error Code Definition

CPU UART Error

Transmission Error Other Than UART

No Response from Memory

Non-Present Memory

Parity Error in Memory

Write/Read Compare Error in Memory

Bus Interchange or Memory is Malfunctioning

NOYUYT B WP

@PERATOR"FAULT INDICATOR

! (Serial Panel)

w

Display Operator Fault Definitions

Does Not Apply to SCP

Operation Not Allowed - Run or Lock Restrictions
Invalid Operand Source or Destination

A Display Not Valid for Operation to be Performed
Invalid Extended Function

Special Extended Function Not Enabled

Does Not Apply to SCP

NOYOYV B W
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OPERATION WITHOUT SCPI

1]

1. In the event that the SCPI has been determined to be causing
problems, it is possible to continue opération without it until

another is available.

2. The necessary steps to remove the SCPI are listed below:
a) Remove SCPI Controller |
b) Remove SCPI 10X |
c) Remove 20 pin cable between Control Panel and Turnkey Panel
d) Jumper location E11 on TLC from '78 to 'Ol.
e) Modify I.C.L. Deck for the TTY, LP and CR from 78 to O1l.

"f) Replace Jumper 22 on Clock Card.

3. This procedure will default the initial input device (C.R.) to O1.
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Extended Functfons

Extended functions are available to the user through the System Control Panel.
They take advantage of the fact that the System Control Panel Interface is an IOM
and has the capability of accessing memory and performing arithmetic operations
independent of the CPU.

Lamp Test

An extended function may be used to check the Control Panel indicators.

Procedure:

1. Depress and release KEYBOARD.

2. Observe KEYBOARD indicator lit.

3. Depress and release EXTENDED FUNCTION.
4. Observe KEYBOARD indicator not 1it.

5. Depress and release HEX KEY #4.

6. Observe all indicators 1it on SCP.

Mamory Parity Check

Extended function #3 may be used as a quick check for memory inteérity. This
extended function causes the SCPI to write and read all ones and zerves to all

memory locations.
code '5

¢ Any ?arity error will cause tre routine to halt with an error
' in the 'B' disp _ :

ay.

Procedure: 1. KEYBOARD

2. EXTENDED FUNCTION
3. HEX KEY #3

Observe: memory address in the 'A' display incrementing.

Observe: memory data in 'B' display either all ones
or all zeroes.

Note: This function destroys all data {in memory. -
Listed below are the extended functions available.

‘Extended Function 0

Extended Function 1

Extended Function 2

Control Panel Extended Functions

Ectablish Upper Bound
The contents of the B display register is saved as the upper
bound for the Fill Memory Operation (Extended Function 2).

Monitor HMemory Location ,

The memory word specified by the Memory Address in the A
display is read every 20 milliseconds and loaded into the B
display.

Fill Memory

Using the upper-bound established by Extended Function O, and
the lower 1imit established by the current Memory Address in
the A dispiay, the contents of the 8 display are stored in all
memory locations L, where lower limit € L< upper bound. “
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Extended

Extended

Extended

Extended

Extended

Extended

Extended

Extended

Extended

Extended

Function

Function

Function

Function

Function

Function

Function

Function

Functicn

FunCtiOn

Memory Write/Read Test '

The test pattern all 1's, then all 0's are written into each
mem~ry location, then read back and compared with the pattern
written. This continues until non-present memory is detected
(assumed upper bound) or a memory read error is detected. If
non-present memory occurs, the test is restarted with the
alternate pattern.

Lamp Test
The lines for all indicators on the System Control Pane1 are
driven and all indicators should be illuminated:

Memory Read Test

Memory locations starting with location O are read and checked
for parity errors. The location is displayed in the A display,
che data retrieved from that location in the B.display, and

the parity bits in the register field associated with the B
display. This test is restarted at location O when non-present
memory is detected. If a parity error is detected, the
sequencing through memory stops.

B- R, B unchanged
The contents of the B display register are copied and saved
in an internal register for hexadecimal arithmetic computation.

A - B, A unchanged
The contents of the A display register are copied tothe B
display register.

R + B->B, R unchanged
The contents of the R register is added to the contents of
the B display register and returned to the B display.

R - BE—> B, R unchanged
The contents of the 3 display register is subtracted from the
contents of the R register and returned to the B display.

Negate B
The contents of the B display reg1ster is negated (two's
complement) and returned to the B display.

B (Hex)—» B (Decimal)
The contents of the B display (B < OOOFFFFF) are converted tc
decimal and returned to the B display.

8 (Decimal) =>B8 (Hex)
The contents of the B display (B < 00099959) are converted to
hexadecimal and returned to the B display.
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Course 340 - 32 Arcﬂitecture
System Characteristics - Worksession
Objectives
Upon completion of this worksession, you will be able to:
1. State the function of the main components in the
Series 32/70 System.
2. List the main components of the system.
Reference Material
1. Technical Manual, 32/70 Series Computer 303-320070
2. Reference Manual, System 32/70 Series 301-320070
3. 340 Workbook N
R



10.

SYSTEM CHARACTERI'STICS

The CPU is composed of 3 boards listed as A, B, and C,

what are their functions? 4o ps57 Acv
R~C . ¥ ALy

A e N
N

The SEL Bus has a total of how many lines? /85/ /u;ﬂs

What is the function of the SEL Bus? B L R
Py ~ U "ﬂ%&qﬂy" LKas STLC —mmc
What module controls access to the Memory Bus?

mes

What 3 basic functions does the RTOM provide?
/ T“ 1(/\)5-’{« qo
3;‘? :\ - .-ll' ;‘(‘c/.—- / ‘,;s, .
6o/ rgeriz RTC

What module provides control for the console devices?

A C o
’ s oA
3
/G...' Y o”s ‘e : Ve d
ey ae ( PP BEENE PV
S

What is the function of any IOM? - .
- (cfi’”n T é Jk;(r_.-s gei rheraill e ,,,. RIS

T ¢ 7

— 6(‘\(:. T “0“{\1 ‘-h,{—fr(_‘f

What is the memory cycle time of an 8KW core module?

Py 4 .
o L Ot" ;("( <

How many memory modules can one MBC control?

/é) }"“'IVI/ f”’/

What are the major differences between a Serial Control
Panel and the optional Parallel Panel?

po 0 §rria\f :waf f ;2 £v7 ;//Jx

Ceifoieds et d'\"’\ Lol o
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32 ARCHITECTURE
WORKSESSION #2
SYSTEM CONFIGURATION

A, Objective

This package is intended to aid you in learing to effectively use
SEL documentation when troubleshooting maintenance problems in the

SEL 32/7X System. Upon completion of this package you will be
able to:

1. Read and understand a drawing of the SEL 32 System
layout, and more specifically, recognize the module's
name and abbreviation which make up the system.

2. Generate a system configuration listing given the
model number, part number and part nomenclature.

3. Cable a system using your configuration listing.

B. Reference Material
1. Technical Manual, 32/70 Series Computer 303-320070
2. Reference Manual, SYSTEMS 32/70 SERIES 301-320070

3. Drawings Manual handout

C. Overview

1. Read pages 1-1 through 1-12 in the 32/70 Series
Computer Technical Manual.

2. Included in this documentation package is a System layout
drawing number 103-250405. Study this drawing, it will
help you to further familiarize yourself with the com-
ponents that comprise the system.
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SEL BUS
MBC

MEMORY MODULE
MEMORY BUS
REFRESH MODULE
MAG TAPE

MAG TAPE CONT
TLC

CARD READER
LINE PRINTER
CRT (CONSOLE)
CRT/S

ADS

scp

RTOM

CPU

MHD

MHD CONT
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OPERATING MODES

PSH PSD
RIM RIM 7.1 MPX
PROGRAM STATUS:  WORD DOUSLEWORD | DOUBLEWORD
#OF INST: 161 161+ | 189~
INTEGRITY: INT'S ON 1ST RTOM TRAPS | TRAPS
MEM ADDR:
NONMAPPED: _ o)
NONEXTENDED: 512 KB 512 KB | 512 kKB * M 7
"‘ i)
EXTENDED: 16 MB M) 16M * N7
- NONEXTENDED: ~NONE: ~ NONE | 512 KB PER USER
i Tok
EXTENDED: NONE: NONE | 1 MB peEr USER (TOTAL
CD 1/0: - YES YES | YES
ADDRESSING: 512 KB 512 KB | 512 KB
EXT Qg )
(CLASS ‘F'): =iy YES | YES
ADDRESSING: ~  “HONE 16 M8 | 16 MB

* NO SOFTWARE SUPPORT
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512 KB ADDRESSING MODE

(NONEXTENDED)

AN
¥ X ¥
- No X Ne o
Sggagn"a’ﬁ§ ,"il‘.l‘a‘&.‘:::znou.
b#llllll I 1J ] | lll 1 11
01 23456738 91011121314 TETRV 131920212213::25252723293031
*,'3 19 BIT ADDRESS ;l '
*. 21 |
13 16'17  ADDRESS WITHIN 8KW BLOCK 31
8KW
MODULE SELECT
\ 8ITS . N
l 0-F ‘ 6\/\
16MB/4MW / n AN
A
s
NN
O
y
o\ 6
l\g\_:‘z,
10 -
£ N
E
;)
c
B
2 A .
= : - (16 MODULES X 8 KW = 128 KW )
s - MAX ADDRESS WITH 18 BITS
[--}
X 8 PROGRAM COUNTER or INSTRUCTION
B f OPERAND ADDRESS
3
2
1
0

MEMORY EXAMPLE WITH
8KW MEMORY MODULES

Ve e e me s o

Tt seer e

reoPocm v ama..

»
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512 KB EXTENDED MODE

¥ ¥ ¥
= N2 o X ¥ w ~ [
cZIiZ o RN i X0 NINCoena
ll!lll]lljl]llljllllljll P11
O 1 2 34 66 78 51011121314 1516 17 18 18 20 21 22 23 24 25 26 27 28 29 30 31
s 24 BIT ADDRESS 1
; x
8 12113 512 KB / 128 KW ADDRESS 3
ADDR ABOVE 128KW
UP TO 16 MB/ 4 MW
eme/amw B (1EF ) ADDR upto 16 MB/ 4 MW
1FE ;
OPERANDS (DATAI |
ONLY j
1A } | "}Q
| %
18 v M
18 } o
17 | avnt
- VI
16 Y
15 Lo
14 \\
13
12
ABOVE 128KW n
__x___ 10
§12 KB/ 128 KW F
A
— | =  INSTRUCTIONS
‘2 or DATA
1
000 0 J

ADDR BELOW 512 KB/ 128 KW FOR INSTRUCTIONS OR DATA

ADDR ABOVE 512 KB/ 128 KW FOR OPERANDS ONLY
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512 KB

PRIMARY MAP
16 REG X 8 KW = 128 KW

MAPPED MODE

R
AN
»
X X ¥
: ~N © o X N
2 :s?—;ggz v- :g‘.ﬂﬂ-
[Jlt]il JJ!]!]I]J !JLLJIJ!1]411|
O 1 2 3465678 91011121314 1515171: 19 20 21 22 23 24 25 26 27 28 29 30 31
L |
lia 19 BIT ADDRESS L
— ]
13 16,17 a!
MAP. REG | ADDRESS WITHIN 8KW BLOCK
ADDR BITS
5 H = ‘
AT ;o"‘
(430 157 JF& ‘
[6 79 - O-F
0 H LOGICAL ADDRESS
S D LOGICAL/PHYSICAL
L ADDRESS
G p—
BT
L PHYSICAL ADORESS Y o
3 -
IB 16 | 17 31
24 BIT REAL ADDRESS
16 MB / 4 MW
( 1FF Iy
IFE a4
INSTRUCTIONS OR DATA
10
£
E
L:- [
c
8
A
9
8
7
]
5
4 ™,
3 { j
2 i
1
5 A7




MAPPED EXTENDED MODE

X X ¥
s Ne o¥ X ¥ ~ -
$2IZICENIne e xR I N2een-

x
<
lJJJJJJ]]!I11]J]1]ﬂ

0 1 234 5 6 78 9101112131415161718 192021222324 2526272829 30 31

|l o
[12 20 BIT ADDRESS 2y
el X
12 16' 17 : :T‘l]
MAP REG | ADDRESS WITHIN 8KW BLOCK
ADDR BITS |
INSTRUCTIONS T
PRIMARY MAP 3 -———4:5’
16 REG X 8.KW = 128 KW [g 7
Zé 2
- —— N .
_..'.;-Eo ;? -2 LOGICAL / PHYSICAL
opeRANDs ONLY |19 - --11} — LOGICAL ADDRESS ADDRESS
EXTENDED MAP e 3
16 REG X B KW = 128 KW 38-__13___
[JA {18
AC T T 1o ]
1€ 1E
9 BITS
————
L PHYSICAL ADDRESS \
l' ‘Gl 17 31

24 BIT REAL ADDRESS

16 MB /8 MW

1FF N A

1FE

INSTRUCTIONS or DATA

canubwauuo)ﬂocmma




-l

N o e Ww N

GENERAL PURPOSE REGISTERS

GPR, LINK, INTVL TIMER

GPR, INDEX

GPR, INDEX

GPR, INDEX

GPR, MASK

GPR

GPR

GPR
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J2-01T WORDS

8ITs

32.817T WORDS

INFORMATION BOUNDARIES IN MEMORY

»
WORD ADDRESS WOND ADDRESS
N (EVEN) N+1 (00D)
’ ol ) : r b =\
0=17 8. 18} NG} 24 2 : 0.+ 7] |8=15] {16--23] {2421
|
M S N M N e A e
levre @vTe | BYTe 8YTE | DvTe BvTE | BYTE BYTE
I o ) 3 ) o 1) 2 3
| | | '
\ / \ 4 ' \ 1\ —
| V- |V i Y% | e |
| LEFT RIGHT | LEFT RIGHT |
[ HALFWORD ~ MALFWORD  HALFWORD  HALFWORD !
|
Lo atlo 3|
' Ve v ' \ ~~ J'
| MOST SIGNIFICANT WORD LEAST SIGNIFICANT WORD :
: I
|
| |
1% ~ =
DOUBLEWORD
WORD ADDRESS WORD ADDRESS
N+2 (EVEN) N+3 (0DD) .
Lo - N : s A Y
|
0-1? 8-1% 1623 12431} | O -7 819 16--23] {24..20
|

‘IVYE BYTE | OVIE eYTE

BYTE OYTE | BYTE BYTE
o 1 | 2 3

o 1 | 2 3

|

| |
| ' |
N g \ J ' \ J ’ N J'
- | Vv | Vv I )
LEFT RIGHT | LEFT RIGHT |
HALFWORD HALFWORD | HALFWORD HALFWORD |
N ",:\" 1 3%
s “V !

MOST SIGNIFICANT WORD LEAST SIGNIFICANT WORD |

|
|
|

v/
DOUBLEWORD
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MEMORY REFERENCE  INSTRUCTION FORMAT

T T
OP CODE R

SRS NN N N S S T |

X

[l

F WA c

[ I T S SN NS NN SN AN N S N S SIS R SN SN S 1

0 1 2 3 456 7 8 910111213 141516 17 18 19 20 21 2223 24 2526 27 28 29 20 31

BITS 05
BITS &8
BITS 810

8T

BITS 12.31

e e 0000 Im

DEFINE THE OPERATION CODE.

DESIGNATE A GENERAL PURPOSE REGISTER ADORESS (0-7).

DESIGNATE ONE OF THREE GENERAL PURPOSE REGISTERS TO BE
USED AS AN INDEX REGISTER.

X =00

X =01
X=10
X=11

DESIGNATES THAT NO INDEXING OPERATION 1S TO
BE PERFORMED. '
DESIGNATES THE USE OF R1 FOR INDEXING.
DESIGNATES THE USE OF R2 FOR INDEXING.
DESIGNATES THE USE OF R3 FOR INDEXING.

DESIGNATES IF AN INDIRECT ADDRESSING OPERATION IS TO BE
PERFORMED.

le}

DESIGNATES THAT NO INDIRECT ADDRESSING
OPERATION IS TO 8E PERFORMED, .
OESIGNATES THAT AN INDIRECT ADDRESSING
OPERATION IS TO BE PERFORMED,

SPECIFY THE ADDRESS OF THE OPERAND WHEN X AND | FIELDS
ARE EQUAL TO ZERO.

Data Type

32-bit word

16-bit left halfword (bits 0-15)
64-bit doubleword

16-bit right halfword (bits 16-31)
byte 0 (bits 0-7)

byte 1 (bits 8-15)

byte 2 (bits 16-23)

byte 3 (bits 24-31)

INDIRECT ADDRESS FORMAT

01 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 '8 19 20 21 22 23 24 25 26 27 28 29 X 3!

2-8
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(

F| V/ORD ADDRESS | € 'c
12 13-29 30 31
=0 CHECK
BIT 12 (F)
CHECK CHECK
BIT 31 BITS 30 & 31
r , =1 =00 =01 =10 =14
| | 1 1
CHECK CHECK BYTEO BYTE 1
(’ BIT 30 BIT 30 o1 2 BnE 3
= =1 =1
[ ] = =
DOUBLE LEFT RIGHT
WORD WorRD* HALFRORD HALFWORD
BYTE | BYTE | BYTE | BYIE
0 1 2 3
LEFT RIGHT
HELRZORD | HALFWORD
; ¥ICRD
DOUBLE s0R0D"
2-9
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INDEXED ADDRESSING

MEMORY REFERENCE INSTRUCTION FORMAT *

OP CODE
1 L3

J

1

X
1

F

L2

c
)

0 1 23 4 5 6 7 8 9 10 111213141518 17 1819 20 212223 2425262228 2930 N
N\ -

r
L g
-\

—

SPECIFIED INDEX REGISTER CONTENTS

1 Lt

]

1

1

3

1

5

L

¢

% 3

L}

| - | 1 ) -

[

I . |

"]

1 23 4 586 7\3 9 10 1112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3!
4

Q

N

T

0

1 23 4 56 7 8 91011121314 1516 171019 20 21 22 23 24 25 26 27 28 29 30 33

2-10



o

,/
-

SSE0: INDEXED ADDRESSING L Vet
m G\r al o\ v \)“j.

MEMORY REFERENCE INSTRUCTION FORMAT
T X

R

—
c

Y
WA
1

L]

OP CODE

[ ]

| -

R X I{F

| S S S W NS N N S .

S T N B R |

-

1.1 1
0 1 23 4 5 6 7 8 9 10 1113213 14151617 1819 20 2122 23 24 25 26 27 28 29 30 31
N\ V4

A

1
+
N\

SPECIFIED INDEY. REGISTER CONTENTS
’

L

L L)

1

1

i S T T S UUNE TN N SN SN NN N BN N R

\/

Lot d JE
01 23 4 5 6.7 8 9 101112131415 161718 19 20 2122 23 24 25 26 27 28 29 XN 31
N /

A
L e N
RESULTANT EXTENDED INDEXED ADDRESS
R} R g v L | L]
W A c
I S W W W N | $ ¢ 9 4 0 ¢t 4 2 2 2 2 ) % 9 1 3 3 1 1 1 1
0 1 2 3 4 56 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

2-11



PROGRAM STATUS WORD (PSW) ‘FORMAT

1 1 [ ] ] ] 1
1 1 | 1 T T T
Plcy €3 CaCylE|R PROGRAM COUNTER clo
1 11 | NN T NN O I AN TN T O T N KX 7 20 O O O O O O O N |
0 ' 2 3 4 5 6 7 8 9 10 11 12\13 14 15 16 17 18 1 : 6272829 30 31
. e
G ™
-, ™ .
&8 ‘ " N £
8ITO DESIGNATES THE PRIVILEGED STATE 81T, H¥' R ’Q; e
- T T 20
BITS 14 DESIGNATE THE CURRENT CONDITION CODE. D '
BITS DEFINES THE CURRENT OPERATING MODE 81T 5«0 oD
NORMAL ADDRESSING MODE BIT 5=1 EXTENDED oV
ADDRESSING MODE -
e ———————
BITG DEFINES THE POSITION OF THE LAST INSTRUCTION EXECUTED.
BIT 6=0 LEFT HALFWORD OR FULLWORD
BIT 6=1 RIGHT HALFWORD
8ITS 7.8 DESIGNATE THE INFORMATION NECESSARY TO ENABLE THE
EXECUTION OF LONG INSTRUCTIONS TO BE CONTINUED AFTER AN
INTERRUPT, AND MUST NOT BE DISTURBED BY SOFTWARE.
8IT 7-12 UNASSIGNED
BITS 13-29 CONTAIN THE WORO ADDRESS (PC) OF THE
INSTRUCTION CURRENTLY BEING EXECUTED.
K-
BIT 30 DEFINES THE POSITION OF THE% INSTRUCTION

(LEFT OR RIGHT INSTRUCTION).

BIT 30=0 LEFT HALFWORD
BIT 30=1 RIGHT HALFWORD

2-12



PSD FORMAT

P 1§ H A 1 L R4 h ] h
R | CONDITION | E | " E| P M n|B
1| cooes |X|s|X|3l? PROGRAM COUNTER Rk
\/ y 3 g TiT|P P WS SN WY W NNE SHEN SR G WU SN VHN SN SAN GHN G N |
0 1 2 314 § 6 7!8 9 10 111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1 T L} L] 1} 1 4
GRAN R| EXT
BPIX OfE|INT cPIX olo
3 T T T U U SN NN SN GH TR 1 FLAG TSI SR TR W DAY DU SN N D N |

32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
' PuLar ?row% dor

BITO=0 UNPRIVILEGED MODE
=1 . PRIVILEGED MODE

BITS 14 ARE CONDITION CODES
BIT 1 = CCi
2 = CC2
3= CC3
4 = CC4

EXTENDED MODE (OFF)
EXTENDED MODE (ON)

LAST INSTRUCTION EXECUTED WAS NOT A RIGHT HALFWORD
LAST INSTRUCTION EXECUTED WAS A RIGHT HALFWORD

BIT?7=0 ARITHMETIC EXCEPTION TRAP MASK (OFF)
=1 ARITHMETIC EXCEPTION TRAP MASK (ON)

BIT8 =0 COMPUTER IS IN PSW MODE (DISPLAYED PSD'ONLY) ®
-1 COMPUTER 1S IN PSD MODE (DISPLAYED PSD ONLY} °‘/

BITO = 0 UNMAPPED (DISPLAYED PSD ONLY) '( Uy degd®
-1 MAPPED (DISPLAYED PSD ONLY) ® o'y Shes

E NOT US
BITS 13-29 ARE LOGICAL WORD ADDRESS

8ITS

.
-0 -0

BIT6

8IT 30 NEXT INSTRUCTION IS A RIGHT HALFWORD
BIT 31 BLOCKED (DISPLAYED PSD ONLY) * Tntes rupto Ani idamkﬂi
BITS 32:33 INDICATE MAP GRANULARITY, 00=UNMAPPED AND @&LL OTHER=8K MAP GRANULARIT _
BITS 34-45 PROVIDE A WORD INDEX INTO THE MASTER PROCESS LIST (MPL) FOR THE BASE PROCESS IAPEY TAALE
BIT 46 NOT USED Tk mpy
BIT47 RETAIN CURRENT MAP CONTENTS
BITS 4849 INTERRUPT CONTROL FLAGS
BITS
48 | 49
o] o OPERATE WITH UNBLOCKED INTERRUPTS
o] OPERATE WITH BLOCKED INTERRUPTS
110 RETAIN CURRENT BLOCKING MODE b
111 RETAIN CURRENT BLOCKING MODE

BITS 50-61 PROVIDE WORD INDEX INTO MASTER PROCESS LIST (MPL) FOR CURRENT PROCESS
81TS 62-63 NOT USED

*  THESE BITS ARE USED FOR DISPLAY ONLY AND ARE NOT PRESENT IN THE PSD STORED IN MEMORY.

2-13



_ MEMORY REFERENCE INSTRUCTIONS
r opcooE | R x | 1}|F : ADDRESS

R EITIEIRIE g o1 hz|13re s 161718 19 feof21 |22 |23 [aa |25 26 |27
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. L

INSTRUCTION SET

The tables on the following pages are provided to aid you
in coding up machine language instructions.

With the use of these tables, coding machine lanquage
instructions should take less time and possibly reduce errors.
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R OR RD FIELD ' RS FIELD

RO 00000000 0000
R1 00800000 0010
R2 01000000 0020
R3 01800000 0030
R4 02000000 70040
RS 02800000 0050
R6 03000000 0060

| R7 03800000 , 10070

INDEX REG.

X0 00000000
X1 00200000
X2 00400000
X3 00600000

INDIRECT
00100000

PRIORITY LEVEL

1 = 0008 10 = 0080
2 = 0010 11 = 0088
3 = 0018 12 = 0090
4 = 0020 13 = 0098
5 = 0028 14 = Q00AOQ
6 = 0030 15 = Q0A8
7 = 0038 16 = 00BO
8 = 0040 17 = 00B3
9 = 0048 18 = 00CO
A = 0050 19 = 00C8
B = 0058 1A = 00DO
C = 0060 1B = 00D8
D = 0068 1C = Q00EQ
E = 0070 1D = 0OE8
F = 0078 1E = QOFOQ

1F = QOF8

2-148



EXAMPLE:

To derive the MACHINE CODE for LB 2,X'1000',3 (LOAD BYTE)

The OP CODE is ACO8; then add

AC081000
01000000

AD081000
00600000
AD681000

EXAMPLE:

Op Code and Address
Register 2

Index By R3
Complete Instruction

To derive the MACHINE CODE for TRR 2,4 (TRANSFER REG TO REG)
The OP CODE is 2C00; then add

2C00
0200
2E00
0020

E20

EXAMPLE:

Op Code

RD 4

Re 2
Cémp1ete Instruction

To derive the MACHINE CODE for AI 7 (ACTIVATE INTERRUPT LVL'7f)

The Op Code is FCO3; then add

FC030000
00380000
FC3B0000 -

Pri Level
Complete Instruction

- 2-14C
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' E .-. MEMORY REFERENCE INSTRUCTIONS

{ opcODE | R x |1|F o ADDRESS L c

(5 ) yoll2]alajs|ef7]8]9popn nzf13frafishe|vriahs jeoj21 f2zfo3od [25{26 27 o8 o9 30 |31

(
(
1
~T T T
{ l |
I
A J

FER)



MEMORY REFERENCE INSTRUCTIONS

[ 0P CODE x | 1|F ADORESS P
olifz]3j4fsjej7]e 10111 p21afra1s[1617{18 19 [20{ 21|22 {23 [24 [25| 26 {27 [28 [29 {30 |3
4
A i 1
! I 1
! | |
. \_/;

Cr

[
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1. RDSTS
2. TSCR
3. TRSC
4. TRP

5. LMAP
6. TMAPR
7. WACS
8. RWCS
9. BRI
10. LPSD
11. LPSDCM
12. HALT
13. €I
14. DI

15. RI
16. Al

17. DAl
18. SETCPU

32/75 PRIVILEGED INSTRUCTIONS

READ CPU STATUS

TRANSFER S.P. TO REG.
TRANSFER REG. TO §.P.
TRANSFER REG. TO PROTECT
LOAD MAP REGS.

TRANSFER MAP TO REG.

WRITE TO WRITABLE CONTROL STO
READ WCS

BRANCH AND RESET INTERRUPT
LOAD PSD

LOAD PSD AND CHANGE MAP

ENABLE INTERRUPT
DISABLE INTERRUPT
REQUEST INTERRUPT
ACTIVATE INTERRUPT
DEACTIVATE INTERRUPT
SET CPU MODE |

Note: ALL I/Q INSTRUCTIONS ARE PRIVILEGED.

2-19



CLEAR MEMORY

PROGRAM

&

SET
EXTENDED
ADDRESSING
MODE

¥

LOAD ZEROES
INTO
STARTING

MEM LOC

¥

; INCREMENT
MEMORY
LOCATION

¥

LOAD ZEROES
INTO MEM
LOCATION

NON-
PRESENT

NO

MEM
2

YES

HALT

2-20



ADDRESS OF ADDRESS PROGRAM

START

SET
EXTENDED
ADDRESSING

MODE

v

LOAD ADDR

IN STARTING
MEMORY
LOCATION

¥

INCREMENT
(—————3> ADDRESS &
MEMORY

LOCATION

v

LOAD ADDR
INTO
MEMORY
LOCATION

ON-
PRESENT
MEM
?

NO

YES

HALT

2-21




ADD A BIT IN MEMORY PROGRAM

START

——3

ADD A BIT
TOA
MEMORY

LOCATION

2-22



STEP 1

INSTRUCTION SET THUMB IN WORKSESSION

LOAD X’'1234'
INTO GPR3

y

STORE GPR3
IN MEM LOC
2000 (LHW)

I

LOAD GPR?
WITH X’ABCD’

:

STORE GPR?
IN MEM LOC
2000 (RHW)

y

HALT
CHECK RESULTS

STEP 2

LOAD GPR6
FROM MEM
LOC 2000

T

STORE BYTES3
OF GPR6 IN
BYTEQ OF
MEM LOC 3000

Y

STORE BYTE2
OF GPR6 IN
BYTE1 OF
MEM LOC 3000

;

STORE BYTE1
OF GPR6 IN
BYTE2 OF

MEM LOC 3000

\ 4

STORE BYTEO
OF GPR6 IN
BYTE3 OF
MEM LOC 3000

v

HALT
CHECK RESULTS

B

.

STEP 3

©

STORE GPR'S
3&7 IN ALT
MEM LOC
(4000 - 4FFC)

v

HALT
CHECK RESULTS

GPR3 =

GPR6 =

GPR7 =

MEM LOC 2000 =
MEM LOC 3000 =
MEM LOC 4000 =
MEM LOC 4004 =

@ NOTES: AT END OF EACH STEP CHECK
‘RESULTS (DO NOT HIT SYSTEM RESETh

e INSTRUCTION STEP PROGRAM THRU

¢ IF PROGRAM IS CORRECT’, CHANGE HALT
INSTRUCTIONS TO ALLOW PROGRAM TO
RUN CONTINUOUSLY.

FOR FIRST PASS
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INSTRUCTION SET THUMB IN WORKSESSION

START

LOAD
_____b, COMPARISON
DATA FROM

MEMORY

STORE ADDR
OF DATA
STARTING

AT LOC 4000

N ‘L

INCREMENT N
TABLE
ADDRESS

]

MATCH?

NO 1FFC
LoC?

YES

HALT

¢ NOTES: SEARCH THROUGH MEMORY STARTING AT MEMORY LOCATION 000 THRU 1FFC
LOOKING FOR ALL LOCATIONS THAT CONTAIN THE HEX DATA 'FC060000’,

e FOR EVERY MATCH, STORE THE ADDRESS OF THE DATA IN A SEPARATE TABLE IN
MEMORY STARTING AT HEX LOCATION 4000.
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DAY 2

INSTRUCTION SET
WORKSESSION

REFERENCE:
301-320070-000

32/70 SERIES
- REFERENCE MANUAL
SECTION SIX

Objective: After completing this worksession, you will be
able to use the 32/70 Series reference manual
as a tool in generating machine language pro-

grams as an aid in troubleshooting hardware
problems.

Note: . Use Appendix 'A' in the reference manual as
an aid in finding instructions.
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INSTRUCTION SET WORKSESSION #1

Bits 0 through 5 of the memory reference instruction
represents its

o .

A, Format
B. Op-Code
C. Instruction Identifier

D. Word Address

A two-to-six letter symbolic representation of the in-
struction name accepted by the assembler program is
called a _ Mavw g o .

.

When a halfword instruction is used, what is contained
in the other half of the thirty-two bits? :

A/ [ o ’/) WV dmo"""/(ef - ./f:C‘! ﬁ*’f‘a{ I nsd rvwlx m

In a memory reference instruction, what is designated
by bits 9 and 107

The [ndey reouster / 2,3
¥ 7

T

In a memory reference instruction, what does bit eleven

represent?
]
jtn@hﬁ?<}“

Adding a register to the word address to get an effective
memory address is called

InCIé X :hq |
4

Accessing a location in memory, reading that location and
using the word read as another address to memory is called
Tondirect  addressing.

2-26



10.

11.

12.

13.

14,

15.

16.

What is the mnemonic for load byte? A

B. LH
C. 1W
D. 1D

What is the mmemonic for a load word instruction?

Lw
What is the op-code of a load word instruction?
ACHH
aya

What is the purpose of the load/store word instructions?

| L}/’

WW\”’&j 7 q/) ] ] - ‘1' L A Y
B2 TS Vs Coydepts L LS T TP paR il ;r’ Sl sz

Llere ™ g

“What is the mnemon;c for a store word instruction?

ST W
What is the op-code for a store word instruction?

RRD

Given: Contents of GPRO=00000000
Instructions = AC001000
Location 1000 = FFFFFFFF

. What instruction is this? L Odd N& f(f
What is the mnemonic? L-M[
What is the effective address? IinHo

What will be contained in GPRO after execution? _{ 77~ /"~

In a memory reference instruction format, what is bit 12
used for? .

EoLbd
%xgl e ( Wocd

What are bits 30 and 31 used for in a memory reference

instruction? | ‘
C b R

i

2-27

4



17.

18.

19.

20.

21,

22.

23.

24,

Upon execution of a fullword instruction, the program
counter increments normally by four. Why does this
happen? $tisS o wrord é;ra'nd'«r"*e?é

[4

What is the purpose of the fixed point arithmetic
instructions? Lo Aciliwedic  Fundhions

How are condition codes used in arithmetic operations?
~

£ 5t c ok :
- mg( . Orcaver {../Qj R f)uvﬂm
— 7

K LA
(Bmaﬁﬁa;«h)
Describe the uses of the Floating Point Arithmetic group
of instructions? For erirrwnely  guall
r

dand QY‘YCWC‘,\.{ 1.G_r(11 ﬂ\,sﬁ}oe(s
{ 3

How is the logical instruction group used? o~

. . XoR
#skmﬁ (Au?’) , thl)

How are bit manipulation instructions used? Add g;{

.

What is the purpose of the branch instructions?
ég% aﬂﬂ: ? Lun Su é( QQ?L? ne

What is the purpose of the compare instructions?

i “\ “'g*.
Tect -gg;.r a Cerdidtm €
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25.

26.

27.

28.

29'

30.

31.

32.

What capabilities are provided by the transfer reglster
instructions? Moye tepicier Ay vealster

v i

7‘*"”}‘:1? V“}j a’i‘aﬁaéi\?g“%;ffz 3
N «:um‘fb!{kﬂ N

In the transfer register format, what is Rp?

In an instruction format there is an op-code. The
augment code modified the op-code to allow more than

one 1nstruct:fn for that op-code. 1Is this true? 1If not,

why? - B B3

What capabilities are provided by the shift instuctions?

N & ; .
Meve Q/ 24 iz&i £y C ]DU ’K/)g 0TS
4 L

What is the purpose of the control instruction group?
Mo-0p , Hult, &hai  (omben/ CPU
/7/”;1/(;5/@» 4
What is the purpose of tﬂe "HALT'" instruction?
' jf“’(f & g o Hrons of  oroeram L.
(:fgé( / v I
What is the purpose of the "NO-OP" instruction? ( gt.:w[gfc,
4 I’ta(fwwri castroctrm | T:wp, Bblc_wj

What is the difference between a "Load Immediate" (LI)
and a ''Load Effective Address'" (LEA) instruction?

LOad zﬂ“ﬂ m"miz = /ba(f r?a:s)(d‘ M‘Ha Vg nr_
3.4 é’(\ﬁa e /]ddrrsé ~ ‘faKa address
;h{‘ﬁ(”;} 4 1*’“‘(? pop oot ”ﬁ(\‘\ \sad ﬁ@‘d?ﬂ‘"\»g

@
3 ] /f{,‘

C
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SECTION 3

I/0 WITHOUT INTERRUPTS






CLASS 3" 1/0

CPU ROUTINE

OQUTPUT

|
| LOAD RO
|

INPUT

| | STORERO__

RTOM

INTERVAL
TIMER

CLASS '3’ 1/0

CPU RO 1/0 (32BITS)

|

OUTPUT DATA, INPUT DATA

32 bt

Covnler

D}wn

Used by softomce (RO)

D\e% "S{‘Cf" WO
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CLASS ‘D’ 1/0

CPU ROUTINE INPUT BUFFER
: ‘ IOCL 1
o0t Mo
~CONT 1/0 i e T BUFFER
° / OUTPUT | OUTPU
P | Moot | tocL 2 L/.J
START 1/0 e T ConT
. TRANSFER . CONT | ——
. DDRES [ — |
TEST 1/0 . _CONT.
locL 3
Y ‘INPUT
\_./—— ‘ (DMA) cont [ TEST
CONT
- —— === = Cag
_CONT
cPu /0 | =l
CHANNELS -
\ f - - - - _ _ _
CONT, START,TEST

DEVICES: 9103 GPMC, #A3eHsD:
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( CLASS 0, 1, 2, E 1/0

»

SYSTEM MEMORY

CPU ROUTINE
o
[ ]
CONT . OUTPUT
: " Lfﬁﬁd
L J X
INPUT TCW _
o
®
P AT T
OUT. uT l INPUT :
\f ) | _1 ToCd ' ‘ BUFFER/-' j
(DMA) ~—
clas¢ € C" A
EH o)
i qives Teod
CPU 1/0
:. CONTROLLER
ﬂ T DEVICES: ‘gx{ass <LANE-PRINTER
- TASS ARD: READER
ransole Fey CONT, IN/OUT _| \CLASS: 24 TFV/CRT:
SCLASEHBisaMAT IAPE
‘ m ~
CLASS 0, 1,2, E 1/O: Dve's
" DMA, 512 KB ADDRESSING
116 KB TRANSFERS.MAX:
CLASS 0, 1,2 ARE BYTE TRANSFER CONTROLLERS (4 KB TRANSFERS).
CLASS E ARE HALF WORD TRANSFER CONTROLLERS (8 KB TRANSFERS)
. AND FULL WORD TRANSFER CONTROLLERS (16 KB TRANSFERS).
( CPU ROUTINE PERFORMS CONTROL OF COMPLETE 1/O ACTION.
o f . N .
TLem Byl mey Aot g
d\‘SC P UJ
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CLaAsS 'F' 1/0

i;‘ékJ,
SYSTEM MEMORY — — — =9
| CPU ROUTINE
®
. OUTPUT
| ST‘;':RT DYNAMTC BUFFER
0 CHANNEL
| 2 _ | sTATUS AND
TeEsT |-~ WORK AREA
[ ] . -
° | |ocL 1 M !
o | INPUT
STOP FEE.FT/’ BUFFER |
© OUTPUT l
[ CONT
- .
(DMA) ) TEST
joCL 2
——— — CONT
@
el < |
cPU Lo 10CL 3
|  PROCESSORS [ cont ]
i i | T INPUT ‘
1 TINPUT
START, STOP ‘ INPUT ]

DVC'S

CLASS 'F’ 1/O:

¢ DMA, 16 MB ADDRESSING’, 65 KB TRANSFERS, INFINITE RECORD LENGTH CAPABILITY
(DATA CHAINED IOCL CMDS).

o INTELLIGENCE TO PERFORM CONTROL OF MULTIPLE 1/0 ACTIONS FOR COMPLEX 1/O PROCESS

» CLASS F MACRO INSTRUCTION SET PROVIDES FOR ADDRESSING 128 CHANNELS WITH EACH
HAVING 255 SUBADDRESSES (DVC'S).

* DYNAMIC STATUS POSTING IN ASSIGNED AREAS OF MEMORY FOR DIRECT VIEWING.

¢ CLASS F MACRO INSTRUCTION SET HAS A STANDARD 1/0 PROTOCOL FOR ALL CLASS h
F PROCESSORS.

e CLASS F: TAPE PROCESSOR
DISC PROCESSOR



G-¢

DA

SCRATCHPAD

NE)

_— . —_

1/0 ADDRESSING Su...ME

COMMAND

DEVICE INSTRUCTION

DA

6

12

SEL BUS

(MTC)
(TLe) IOM IOM

m SA
°° o

CONSOLE CR
SA SA
02 00
LP
MUX CHANNEL SELECTOR CHANNEL



COMMAND DEVICE (CD) INSTRUCTION FORMAT .
]I { l[ / }fff; /! % }
AUG . INST !
OP CODE |DEVICE ADDRESS| cope | CODE | DEVICE DEPENDENT CODE
| N I T N A O I e SR O N Y D T N T N TS I O N N N
0 56 1213 1516 19 20 31
! J \
16 | 17 | 18 [ 19 INSTRUCTION FUNCTION _
0 0 ° 0 |BITS 20.31 PROVIDE THE DEVICE DEPENDENT FUNCTION CODE’
0 0 0 1 | TERMINATE TRANSFER (RESET I/0 CONTROLLER)
0 0 1 0 |TRANSFER CURRENT WORD ADDRESS
1 0 x 0 | INITIATE OUTPUT TRANSFER (WRITE TO DEVICE)
1 0 X 1| INITIATE INPUT TRANSFER (READ FROM DEVICE)
L msp | Lgé‘
J00118 0 00f mC
= 000,10 00| MHD
l | | | ] | |
1111 ‘l "1 10 ] < !
nly|1l10]1')¢%1‘4°t041 uLl!l:lJ‘nlnllnll
01 2 3 4 5(6 7 a‘s 30 11 12|13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1111000 CcrR .
111,1010 LP /
11 1; 17110 TTY/CRT
F F D 6 8 1 0 0

EXAMPLE HEX CODE FOR LINE PRINTER CD TO ADVANCE

ONE LINE AND PRINT.

C
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INPUT/QUTPUT INSTRUCTIONS

(I ~ 0P CODE

DEVICE ADDRESS

AUG CODE

FUNCTION CODE

°J V(2] 3[4[5]6]7]8]9nojnrpzp3panspienzsng 2;1 22123124 (25|26 k3
LI T

| 1 ‘
T T
I |

S

e —

b

)
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[NPUT/QUTPUT INSTRUCTIONS

0P COOE .

DEVICE ADORESS

AUG CODE

FUNCTION COOE

2

3

4

7

8{ 910411 p213)14

15

21

22

23

24

25

26

27 R8

31

|1

—
S

3-8
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INPUT/OUTPUT INSTRUCTIONS

( " OP CODE DEVICE AODRESS  |AUG CODE FUNCTION CODE
I 1 —
ol 1]2|3]als|6|7]8]ohofn 12131415161718192]212223242526
L I
L1 |
T !
| |
|
: T
| B
B |
| |
(T [
|
T e 5
' i | : i
| l
]
111




INPUT/OQUTPUT INSTRUCTIONS

0p COOE

DEVICE AODRESS

AUG CODE

»

FUNCTION CODE

>

2

3

7

8

9 {10

R

12

13

14

15

19

20

2]

22

23

24

25

26

27

31

r.-ﬂ-&

AN

%\/'

]

——

I
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INTERVAL TIMER PROGRAMMING

R AN
DEVICE .~  AUGMENT .
OP-CODE 7 m:mas;rgj CODE FUNCTION CODE °
L e ot e e e,
y. -\ - -\ et Ao.ér
¢ ‘ N R, |R
1J Ul,t 3'1 XLX XJX|X]X XJ!]!]U OJO]O,O OID]DQ UuilxtiyirziviMmitol™
0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2% 29 30 31
X BIT25) = 1 SPECIFIES READ TIMER, CAUSING THE 32-BI1T CONTENTS OF THE TIMER
TO BE LOADED INTO GPR 0.
Y (BIT26) = 1 SPECIFIES PROGRAM INTERVAL TIMER AND THAT BITS 27 THROUGH 31
ARE VALID.
2(BIT27) =1 ENABLE (START) INTERVAL TIMER.
2(BIT27)=0 DISABLE (STOP) INTERVAL TIMER.
L(BIT28) =1 LOAD BITS 00-31 FROM THE GPR 0 INTO THE INTERVAL TIMER BITS
00-31.
L(BIT28) =0 DO NOT ALTER THE STORED COUNT.,
M (BIT29) = 1 GENERATE MULTIPLE INTERRUPT. WHEN COUNT ZERO IS REACHED,
GENERATE INTERRUPT, RELOAD INITIAL COUNT, AND CONTINUE
COUNTING.
M (BIT29) =0 GENERATE SINGLE INTERRUPT ON COUNT ZERO AND THEN COUNT
NEGATIVE
Rp Ry
81730) | (81731 SELECT COUNT RATE ?7’@7}1
0 0 SELECT HIGH FREQUENCY
0 1 SELECT LOW FREQUENCY
1 0 SELECT 120 HZ
1 1 SELECT EXTERNAL CLOCK
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-~

TRANSFER CONTROL WOPD (TCW) FORMAT

R}

TC

1 1 t 1

L)

F

B S B S T

]

]

WA

1

STV SIS NI TN NN DS BHE N5 N T T M T U W | 3

c

0 1 2 3 4 6 6 7 8 §101112131415161718102 21 22324252627 222020 N

BITS 011

BITS 12,021
3ITS 1329

DESIGNATE THE NUMBER OF TRANSFERS TO BE MADE BETWEEN MEMORY AND THE

DEVICE CONTROLLER CHANNEL

SPECIFY THE FORMAT CODE FOR EACH TRANSFER (SEE TABLE &‘l.l.

DESIGNATE THE MEMORY LOCATION FOR EACH TRANSFER,

NOTE-

THE WA FIELD IS INTERPRETED AS.A 24.BIT REAL ADDRESS BY THE 10
PROCESS. THEREFORE, THE ADORESS RANGE IS LIMITED TO THE FIRST

812 K8 OF MEMORY,

’

Information Format (X
Byte 1xXx
Halfword orl
Word 000
X = Byte number
Y . 0 designates left halfword
Y s 1 designates right halfword
TCW DEDICATED LOCATIONS:
100 PRIORITY LEVEL 14 120 PRIORITY LEVEL . 1C
104 PRIORITY LEVEL 15 124 PRIORITY LEVEL 1D
108 MHYD o PRIORETY-LEVEL 16 128 PRIORITY LEVEL 1E
10C PRIORITY LEVEL 17 12C PRIORITY LEVEL 1F
310 ccns MEC -~ PRIORETY-LEYEL 18- *130 “"CR PRIORITY LEVEL 20
114 PRIORITY LEVEL 19 *134 P~ PRIORITY LEVEL 21
118 PRIORITY LEVEL 1A 138 PRIORITY LEVEL 22
11¢ PRIORITY LEVEL 1B

23C - TTY/CRT--PRIORTITY--LEVEL 23

; ﬁ%ﬁ‘g\
\
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:

DEVICE STATUS

CHECK STATUS
IN MEMORY

LEVELS OF TEST DEVICE (TD)

START

»

GENERAL
'STATUS

YES

IOM NOT

PRESENT
OR OFF-
LINE

| 10M ERROR

ok

v

HALT

CHECK CC’'S
(IOM STATUS)
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TEST PEVICE INSTRUCTION FORMAT

" !
F DN BV -
(/7 "I \lotd
e v oy ! TEST CODE
11111toswéucoae |o-tfé;)ooooooooooooo
| SIS B N P | S S N N ) 1 4 .02 & & £ 1 g

0 1 23 45 67 8 910111213 14151617 1819 20212223 2425262728 23 0 N

N 0.0/ \..w
FC
R
"9‘5‘ <t
e eam— )'?f &Q ‘ NOTE:
&i
8000,y TEST cer cc4 IF CCl14=F,
e UNDEF INED cmmm. , nou DEVICE  CHANNEL (IOM)
oo ACTIVE ERROR STATUS  NOT PRESENT
(H) PRESENT  (OFF.LINE)
P, SN (4] c2 -] cca
2000, TEST INVALID MEMORY PROGRAM  UNDERFLOW
MEMORY PARITY VIOLATION OR
ACCESS ERROR : OVERFLOW

CAUSES A TRANSFER OF 16-81TS OF CONTROLLER STATUS INFORMATION TO THE MEMORY
LOCATION SPECIFIED IN THE TCW DEDICATED LOCATION. THE MEANING OF EACH BIT IN
THE 16-BIT STATUS HALFWORD DIFFERS ACCORDING TO DEVICE TYPE. SEE FIGURE 58.

CC2= 0 STATUS TRANSFER WAS PERFORMED
CC2= 1 STATUS TRANSF ER WAS NOT PERFORMED
CCA = 1 CONTROLLER 1S ABSENT OR POWERED OFF

~

UPPE R v ] 1 H ] L) ] ] ? ] ] 10 " 172 A} ] " “
LOWER ww | 18} 17 " " b,] k4] - n M » » k¢ a 2 x n
LiNE 0 {Pn0OG| DEV [] [] [] [] [} "0 SOf ] [ ] ° otv ° [}
PRINTER VIQL | InOP [}V 34
(7Y 0 |PROG| OtV 113 ° REW CAC [] ] )4 0T (-4 [} -137 FiLE| OO0
Ta0¢ VoL | o [{LI-1] L] RS - [ (7134 PROT| REC

e oG . {vio | et
WIOVING. 0 |PROG| D€V | UNCOAR | O ({18 4 stix CORA ) ° ADOR [ ] [ ] ° L] E= 113
wEAD VIOL | 1P OATA UN. (L] DATA EARON TRACK
1374 ERROR SASE PROG ERAOR ERASR
(41 12-8 0{PROG| OtV (.13 [] ) [ [ [] O SECTOR ° “yx ) FILE | sTEx
NEAD VIOL | InO® L ] ERAOR asy PROT | TRACK
-1} 4 oUAL VIO | ERADR

Snn.

CARD [} 0 |rug READ 0| STACKER | PuUNCH w“OPPEA | O ex TRANSMIT INCORAECT | UNWS [[Y91-2 1% [N Crman
READER/ MARK! CmECR FULL CHECK [1" 1444 FAILURE ERAQA LENRGTN Chan (1.1 PENG END
PUNCH L] [L 1]

THE STATUS HALFWORD IS STORED IN THE MEMORY HALFWORD SPECIFIED BY THE ASSOCIATED
TRANSFER CONTROL WORD (TCw).
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INPUT/QUTPUT INSTRUCTIONS

(, h 0P CODE DEVICE ADDRESS AUG CODE FUNCTION CODE
. ) i o
01112] 3 67891011121314151617181920212223242526272829 3
| T
[ .
i T
1 |
( |
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INPUT/QUTPUT INSTRUCTIONS

0P CODE DEVICE AODDRESS AUG CODE FUNCTION CODE
o0f1]2]|3 5 sl7 gl 9lwolir hzlhalaishis171e e [20]21]22 [23 {24 |25] 26 |27 [28 [29 {30 |31
T 1 ]
1! | !
T T
| |
‘i |
i
)] | |

.
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INPUT/OUTPUT INSTRUCTIONS

OP CODE

DEVICE ADDRESS

AUG CODE

FUNCTION CODE

of 1

2

3

7

8

gpo p2 s

14

15

21

22

23

24

25

26

27

29

3

—-

—————

e o4

— —
|

- —

A

L
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INPUT/OQUTPUT INSTRUCTIONS

@

0P COOE DEVICE ADDRESS AUG CODE FUNCTION CODE
1123 56| 7|8 9[00{11 N2{13{14]15 16 {1718 {19 [20| 21 |22 |23 [24 |25| 26 |27 [28 |29 [30 |3
1T
|
L —
|
|
|
| L s
| !“f .
| il L
)
17T
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OUTPUT TO TTY/CRT

START

SET UP
COMMAND
DEVICE
IN MEMORY

I

SET UP
TCW
IN MEMORY

SET UP
DATAIN

BUFFER
(IF OUTPUT)

!

RUN PROGRAM
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CHECK GENERAL STATUS OF MAG TAPE

»
»

START

GET .
GENERAL
STATUS

h 4

HALT

]

CHECK CC’'S

NOTES: CHECK STATUS WITH IOM ONLINE & DRIVE ONLINE
CHECK STATUS WITH IOM ONLINE & DRIVE OFFLINE

CHECK STATUS WITH IOM OFFLINE & DRIVE ONLINE
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CHECK DETAILED DEVICE STATUS

START

SET UP 6
STATUS |\t
TCW /

GET

——— DEVICE
STATUS

SET UP
TIME
DELAY

TO MONITOR STATUS BITS.
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WRITE TO MAG TAPE

*

START

SET UP
TCW

SET UP
BUFFER

'WRITE’
TO MAG
TAPE

HALT
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DISC SEEKS

WITH NO INTERRUPTS

(START) |

STATUS

GET |OMlg
STATUS

10 YES
USY %2

NO




A
&
INPUT FROM TTY - OUTPLT TO LP
WITH NO INTERRURTS

il

GET IOM
GENERAL
STATUS

‘OUTPUT’
TO
. LP

GET IOM

GENERAL < [

STATUS
$ YES

NO

/.



WRITE, REWIND, READ MAG TAPE
WITH NO INTERRUPTS ,
A

START

i

gz

v

SET UP
WRITE
TCW

GET IOM

YES

NO

SET UP
STATUS
TCW

‘REWIND’
MT

GET DEVICE |, TP>°9

STATUS  1&—

STATUS  &¢—

GET I1OM
_STATUS &

. D—
{
p)

GO TO START
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DAY 3

INSTRUCTION SET
I1/0 PROGRAMMING WORKSESSION

REFERENCES:

32/70 SERIES
REFERENCE MANUAL
SECTION FIVE

WORKBOOK

Objective: After completing this worksession, you will be
able to use the 32/70 Series reference manual
as a tool in generating machine language pro-
grams as an aid in troublesh<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>