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

PREREQUISITES: A knowledge 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, d"iagnostics, 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 instructor1s 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 adminis~rative staff or the Training 
Manager. 

TELEPHONE CALLS AND CORRESPONDENCE 

Your incoming telephone calls may be placed to 1-305-587-2900 X3042. The recep-
tionist will take a message (if you are in'c1ass) 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. Fl. 33313 
Attn: (Your Name) c/o Training Department 

£ 6901 WEST SUNRISE BLVD" FORT LAUDERDALE, FLORIDA 33313 (305) 587.2900 III 



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. 

SYSTE~6 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 1n 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!!. 

GOM:lab 
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SYSTEMS TRAINING DEPARTMENT 

• 
END OF COURSE CRITIQUE 

STUDENT ____________ COURSE __________ _ 

COMPANY DATE. ___________ _ 

INSTRUCTOR(S) ________ _ 

PLEASE CI RCLE LETTER OF YOUR CHOICE --...;....;,;---.... 
1. How much experience do you have in the computer industry? 

A. 0-1 Year 
B. 1-3 Years 
C. 3-5 Years 
D. Over 5 Years 

2. How appropriate was the length of this course? 

A. Much too long t I could have easily learned the subject in 25% less 
time 

B. A little too long t I could have learned the subject in 10% less time 
C. Just right 
D. A little too shortt I could have used about 10% more time 

.E •. Much too shortt I could have used about 25% more time 

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

A. Could have used much less lab time (20% less) 
B. Could have used les~ lab time (10% less) 
C. Lab time was sufficient 
D. Would have liked more lab time (10% more) 
E. Would have liked much more lab time (20% more) 

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

A. I always knew what I was expected to learn 
B. 1 usually knew what I was expected to learn 
C. 1 occasionally had an idea of what should be learned 
D. 1 seldom knew what 1 was expected to learn 
E. I never had an idea of what should be learned 
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5. The content of the course was presented in a sequence that was: 

A. Well organized and very easy to follow throughout 
B. Usually well organized and easy to follow 
C. Fairly organized; at times difficult to follow 
D. Disorganized and difficult to follow 
E. Disorganized and very difficult to follow 

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

A. Good quality and sufficient numbers of visual aids 
B. Fair quality and adequate numbers of visual aids 
C. Good quality but not enough visual aids 
D. Poor quality but sufficient numbers of visual aids 
E. Poor quality and not enough visual aids 

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

Comments 

A. Excel1 ent 
B. Good 
C. Fair 
D. Poor 
E. Not applicable 

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

A. I did not require assistance 
B. The assistance I received was excellent 
C. I could have used assistance about one to three times more each day 
D. I could have used assistance about four to six times more each day 
E. The quality of assistance I received was inadequate 

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

A. Excell ently 
B. Very well 
C. Marginally 
D. Poorly 
E. No lab in this course 
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10. The directions for lab projects were: 

A. Always clear and easy to understand 
B. Usually clear and easy to understand 
C. Often unclear 
D. Very unclear and required additional instructions to understand 
E. No lab in this course 

'1. How well would you evaluate the subject matter expertise of the 
instructor? -

Comments 

A. Excellent 
B. Good 
C. Fa; r 
D. Poor 

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

Comments 

A. Excell ent 
B. Good 
C. Fair 
D. Poor 

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

A. Very helpful. very cooperative. very responsive 
B. Cooperative, responsive 
C. Cooperative but sometimes abrupt 
D. Antagonistic and degrading to the student 

14. What is your oye.rall opinion of the: tr~ini.n;] department, ttie staff and 
its facilities? 

Comments 

A. Excellent 
B. Good 
C. 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 II - Documentation 

1. What is your opinion of SYSTEMS standard publications? 

2. Do you like the format? 

3. Are the manuals reasonably free of typographical errors? 

4. Are they technically accurate (please be specific)? 

5~ What changes in the documentation would you suggest? 
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Section III - Product Evaluation 

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

2. What is your application of these products? 

3. What would make these products more attractive to your application? 

4. 00 you think you are getting good product support from- SYSTEMS 
(please be specific)? 

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

x 





COURSE SCHEDULE 
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDA Y 

INTRO TO COURSE INSTRUCTION SET I/O W/O INTERRUPTS I/O WITH INTERRUPTS SCRATCHPAD 
1 ----------- ~~~~---- .. --- ......... ---_. ... _---------- ... __ .... _-----

1. CPU BLOCK 1. OPERATING 1. INTRODUCTION TO 1. I/O INTERRUPT 1. INTRO TO 
~ DIAGRAM MODES I/O (CLASS 0,1, PHILOSOPHY SCRATCHPAD 

2,3,D,E,F) 
2 2. SYSTEM BLOCK· 2. INTRODUCTION 

DIAGRAM TO INSTRUCTION 2. I/O INSTRUCTIONS 2. I/O PROGRAMMING 2. PSD INT/TRAP 
I- SET A) CLASS 3 WITH INTERRUPTS PROCESSING 

3. SYSTEM CON- B) CLASS 0,1,2 (CLASS 0,1,2,E) 
3 FIGURATION 3. INSTRUCTION C) CLASS E 

GROUPS 
~ 4. POWER 

.c DISTRIBUTION 
AND CLOCK 
DISTRIBUTION 

.5 1. LAB 1. INSTRUCTION 1. I/O PROGRAMMING 1. I/O PROGRAMMING 1. ICL LOADING 
FAMILIARIZATION SET THUMB-INS THUMB-INS THUMB-INS WITH AND SCRATCHPAD 

INTERRUPTS CHECKOUT - 2. MODULE 
6 IDENTIFICATION 2. MODIFIED I/O 2. INT/TRAP 

PROGRAMS TO THUMB-INS 
CHECK STATUS - 3. CONTROL PANEL 

7 
FAMILIARIZATION 

I 

I 

~ 

I 

8 
---~-------- --------- --------- --------- --------- .. LAB LAB LAB LAB LAB ' 

----- ------ ----- .. ~---.-.. - I 
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MONDAY 

RTOM 
1 -------------

1. INTRO TO RTOM -
A. PHY DESC 

2 B. INSTALLATION 
C. CHECKOUT 

~ 

3 2. CONNECT 
EXTERNAL 
INTERRUPT -

.. 
1. INSTALLATION 

5 AND CHECKOUT 

I-

2. CONNECT EXT 
6 INTERRUPT AND 

CHECKOUT 
~ 

7 3. TROUBLESHOOT 

~ 

8 

'---

:><: 
H 
H 

--_ .... _-----
LAB 

COURSE 

WEEK 

340 

2 of 2 

/ ... ~ 
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COURSE SCHEDULE 
TUESDAY WEDNESDAY THURSDAY FRIDAY 

CPU MEMORY I/O LARGE SYS. ...... _------ --------- ---------- ---_ .... _---- ... 
1. INTRO TO CPU 1. INTRO TO MBC 1. INTRO TO 10M 1. INTRO TO 

CLASS 'F' 
A. PHY DESC 2. MOS & CORE MEM 2. 10M INSTALLA-B. INSTALLA- TION AND TION CHECKOUT C. CHECKOUT 

3. MEMORY INSTALL 3. NON-STANDARD 
AND CHECKOUT 10M INSTALLA-

TIOM AND 
CHECKOUT 

2. SEL BUS THEORY 4. INTRO TO 
MAPPING 

1. CPU INSTALLA- 1. MEMORY 1. 10M REVIEW 
TION AND INSTALLATION INSTALLATION 
CHECKOUT AND CHECKOUT AND CHECKOUT TEST AND· 

2. ~fAPPING CRITIQUE 
CHECKOUT 

2. TROUBLESHOOT 3. TROUBLESHOOT 2. TROUBLESHOOT 

--------- ........... _----- --...,------ ----------
LAB LAB LAB 

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

PREPARED 8Y M~ Courville & Hal Levitt 

DATE 7/31/81 



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

• 
SYSTEMS 32/75 ARCHITECTURE (2 Weeks) 

COURSE 1340 

COURSE OUTLINE 

DAY 1 1. CPU BLOCK DIAGRAM 

A. BASIC CPU ELEMENTS 
B. BASIC MICROPROGRAM FLOW 
C. MAJOR COMPUTER ELEMENTS 

2. SYSTEM BLOCK DIAGRAM 

A. SELBUS 
B. SYSTEM CONTROL PANEL 
C. MEMORY - (MBC'S, MEMORY BUS, 

MEMORY MODULES) 
D. RTOM 
E. I/O 

( 
3. SYSTEM CONFIGURATION 

A. SYSTEU LAYOUT DRAWINGS 
1) IDENTIFY HARDWARE MODULES(MODEL D'S) 
2) IDENTIFY CABINET DRAWINGS (104 '5) 

B. SYSTEM KIT DRAWINGS (118'5) 
1) IDENTIFY CPU KIT 
2) SELBUS TERMINATOR KIT 
3) MEMORY BUS TERMINATOR KIT 
4) TLC CONTROLLER 
5) OTHER I/O KITS 

4. POWER SUPPLIES AND A/C DISTRIBUTION 

A. AIC POWER DISTRIBUTION BLOCK DIAGRAM 
B. POWER FAIL DETECT SYSTEMS 
C. CLOCK DISTRIBUTION 
D. DIC POHER DISTRIBUTION 

1) POWER SUPPLY IDENTIFICATION 
2) POWER SUPPLY ADJUSTMENTS 

5. SYSTEM CONTROL PANEL FAMILIARIZATION 
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07/31/81-CO-MC/HL-02 

DAY 2 1. OPERATING MODES 

A. PSW/PSD 
B. PRIVILEGED/NONPRIVILEGED 

2. ADDRESSING MODES 

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

3. INTRODUCTION TO THE INSTRUCTION SET 

A. GENERAL PURPOSE REGISTERS 
B. INFORMATION BOUNDARIES IN ME~1ORY 
C. DATA BOUNDARIES 
D. INDEXING 
E. INDIRECT ADDRESSING 
F. PSW FOW.AT 
G. PSD FORMAT 

4. INSTRUCTION GROUPS 

A. MEMORY REFERENCE 
B. COMPARE 
C. BRANCH 
D. BIT MANIPULATION 
E. CONTROL 
F. ARITHMETIC 

• 

5. INSTRUCTION SET WORKSESSION 

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

DAY 3 1. I/O CLASSES 

A. DATA TRANSFER TYPES 
B. RECORD LENGTH CAPABILITIES 
C. ADDRESSING CAPABILITIES AND 

LIMITATIONS 
D. DEVICE TYPES 

2. I/O PROGRAMMING 1-lITHOUT INTERRUPTS 

A. I/O INSTRUCTIONS 
1) COMMAND DEVICE 
2) TEST DEVICE 

B. TCW FORMATS 
1) DEDICATED MEMORY LOCATIONS 

C. SAMPLE PROGRAMS WITHOUT INTERRUPTS 
D. I/O PROGRAMMING WORKSESSION 
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07/31/81-CO-MC/HL-04 

DAY 4 1. I/O INTERRUPT PHILOSOPHY 

A. DEDICATED INTERRUPT LEVELS FOR I/O 
CONTROLLERS 

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

1) CLASS 0, 1, 2, AND E 
2) CLASS F 

2. INTERRUPT FLOW 

A. SUBROUTINE ENTRY AND EXIT PROCEDURES 
B. SUBROUTINE CONTENT 

3. INTERRUPT AND I/O PROGRAMMING 

A. INTERPRETING ASSEMBLY LISTINGS 
B. I/O PROGRAMS WITH INTERRUPTS 

1) CLASS 0, 1, 2 ~' 

2) CLASS E 

4. MODIFY I/O PROGRAMS 

A. EXERCISE OTHER PERIPHERAL DEVICES 
B. CHECK STATUS OF DEVICE IN SUBROUTINE 

5. I/O PROGRAMMING WORKSESSION 

o 

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

DAY 5 1. INTRODUCTION TO SCRATCHPAD 

A. FUNCTION AND LOCATION 
B. ICL DECK 

1) DEVICE ENTRY FORMAT 
A) DEVICE INTERRUPT ENTRY FORMAT 

2) INTERRUPT ENTRY FORMAT 
C. LOADING SCRATCHPAD 
D. DEVICE AND DEVICE INTERRUPT ENTRY 

LOCATION 
E. TRAPS/INTERRUPT ENTRY LOCATIONS 
F. SCRATCHPAD ROLLOUT AREA 
G. SCRATCHPAD INSTRUCTIONS 

2. INTERRUPT AND TRAP PROCESSING 

A. CPU TRAPS - RTOM INTERRUPTS 
B. IVL DEDICATED LOCATIONS 
C. ICB FORMATS 

1) TRAP 
2) INTERRUPT 

D. AUTO~.ATIC TRAP HALT IMPLEMENTATION 
E. OPERATING SEQUENCE ( 

3. SCRATCHPAD WORKSESSION 

4. TRAP/INTERRUPT WORKSESSSION 

XVII 



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

DAY 6 1. INTRODUCTION TO THE RTOM 

A. PHYSICAL DESCRIPTION/MODEL #'S 
B. FUNCTIONAL DESCRIPTION 

1) EXTERNAL INTERRUPTS 
2) INTERVAL TIMER 
3) REAL TIME CLOCK 

C. RTOM BLOCK DIAGRAM 
D. OPERATING SEQUENCE 

1) LOAD RAM 
2) SOFTWARE REQUEST INTERRUPT 
3) HARDWARE EXTERNAL REQUEST INTERRUPT 
4) INTERRUPT POLLING . 

E. BOARD JUMPERING 
F • CONNECT EXTERNAL INTERRUPT 

1) PHYSICAL CONNECTIONS 
2) SCRATCHPAD MODIFICATION 
3) PROGRAM CHECKOUT 

G. INTERRUPT DIAGNOSTIC DESCRIPTION 
H. RTOM WORKSESSION 

XVIII 



07/31/81-CO-MC/HL-07 
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DAY 7 1. INTRODUCTION TO THE CPU 

A. PHYSICAL DESCRIPTION/MODEL #'S 
B. BLOCK DIAGRAM DESCRIPTION (FUNCTIONAL) 
C. BOARD JUMPERING 
D. CABLING 
E. CHECKOUT (DIAGNOSTICS) 

2. SELBUS THEORY 

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

3. CPU WORKSESSION 

4. SELBUS WORKSESSION 

C: 

XIX 



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

DAY 8 1. MEMORY SUBSYSTEM 

A. PHYSICAL DESCRIPTION/MODEL D'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) 

2. l-f.APPING 

A. MAP REGISTER DESCRIPTION 
B. FUNCTIONAL DESCRIPTION 
C. MAPPING MANAGEMENT INSTRUCTIONS 
E. DIAGNOSTICS 

3. MEMORY/MAPPING WORKSESSION 

xx 



07/31/81-CO-MC/HL-09 
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DAY 9 1. INTRODUCTION TO THE 10M 

A. PHYSICAL DESCRIPTION/MODEL D'S 
1) TLC 
2) MHD 
3) MTC 

B. FUNCTIONAL DESCRIPTION 
C. BLOCK DIAGRAM DESCRIPTION (STANDARD 10M) 
D. DEVICE TYPES 
E. JUMPERING 
F. CABLING 
G. CHECKOUT (DIAGNOSTICS) 
H. NON-STANDARD 10M CONFIGURATION 

1) INSTALLATION 
2) CHECKOUT" (THUMB-IN) 

2. IOM WORKSESSION 

(" 
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07/31/81-CO-HC/HL-I0 

DAY 10 1. INTRODUCTION TO CLASS IF' 

A. DEDICATED MEMORY 
B. INTERRUPT CONTEXT BLOCK 
C. COMMAND FORHATS 
D. CLASS 'F" SIO SEQUE~CE 

2. REVIEW /EXJ!J!I. 

CRITIQUE/GRADUATION 

0··'.···· 
, 
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SYSTEMS 32/75 ARCHITECTURE COURSE OBJECTIVES 

THE STUDENT WILL BE ABLE TO: 

l. IDENTIFY AND LOCATE MAJOR COMPONENTS AND CABLING OF THE 

SEL COMPUTER. 

2. OPERATE THE CONTROL PANEL WHILE ENTERING SHORT PROGRAMS 

INTO MEMORY AND EXECUTING THEM. 

3. PERFORM PREVENTIVE MAINTENANCE ON THE SEL COMPUTER. 

4. DECODE HEXADECIMAL INSTRUCTIONS ON PAPER IN ORDER TO 

DETERMINE WHAT THE MACHINE WILL BE DOING WHILE PERFORM-

( ING THAT INSTRUCTION. 

5. LOAD AND EXECUTE DIAGNOSTIC PROGRAMS. 

6. INTERPRET ERROR PRINTOUT MESSAGES FROM THE DIAGNOSTICS. 

7. ANALYZE PROGRAM LISTINGS. 

8. WRITE SHORT PROGRAMS FOR TROUBLESHOOTING PURPOSES. 

9. RECOGNIZE NORMAL COMPUTER OPERATION. 

10. 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 
10M'S 
INTEGRATED SYSTEM 
CABINET LAYOUT 
A/C DISTRIBUTION 
POi.ffiR 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 
INFO~~TION BOUNDARIES IN MEMORY 
MEMORY REFERENCE INSTRUCTION FORMAT 
PSW FORMAT 
PSD FORMAT 
MEMORY REFERENCE CODING SHEETS 
PRIVILEGED INSTRUCTIONS 
FLOW CHARTS 
INSTRUCTION SET WORKSESSION 

PAGE 

1-1 
1-3 

1-9 
1-10 
1-12 
1-15 
1-17 
1-19 
1-21 
1-26 
1-28 
1-29 
1-30 
1-32 
1-33 
1-35 
1-40 
1-47 
, -50 
1-54 
1-56 

2-1 
2-2 
2-6 
2-7 
2-8 
2-12 
2-13 
2-14 
2-19 
2-20 
2-25 
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SECTION 3 I/O WITHOUT INTERRUPTS 

I/O CLASSES 3-1 
I/O ADDRESSING SCHEME 3-5 
CO~~D DEVICE INSTRUCTION FOR¥~T 3-6 
I/O INSTRUCTION CODING SHEETS 3-7 
INTERVAL TIMER CD FORMAT 3-11 . 
TCW FORMATS 3-12 
LEVELS OF TD 3-13 
TEST DEVICE INSTRUCTION FORMATS 3-14 
TD INSTRUCTION CODING SHEETS 3-15 
I/O FLOW CHARTS 3-19 
I/O PROGRAMMING WORKSESSION 3-26 

SECTION 4 I/O WITH INTERRUPTS 

I/O INTERRUPT CHART 4-1 
INTERRUPT STATES 4-2 
I/O INTERRUPT PROCESSING 4-3 
I/O WITH INTERRUPTS FLOW CHARTS 4-6 
I/O INTERRUPTS WORKSESSION 4-9 

SECTION 5 SCRATCHP AD, TRAP S AND INTERRUPTS 

SCRATCHPAD LAYOUT 5-2 
SCRATCHPAD DUMP 5-3 
ICL DEVICE ENTRY FORMAT 5-5 
ICL INTERRUPT ENTRY FORMAT 5-8 
EXAMPLE ICL DECK 5-12 
SCRATCHPAD INSTRUCTIONS 5-14 
PSD TRAP AND INTERRUPT IVL'S 5-15 
PSW TRAP AND INTERRUPT IVL'S 5-16 
INTERRUPT PROGRAMMING FLOW CHARTS 5-20 
32/75 INSTRUCTION SET WORKSESSION 5-22 
SCRATCHPAD AND INT/TRAP WORKSESSION 5-25 

SECTION 6 RTOM 

LOAD RAM SEQUENCE BLOCK DIAGRAM 6-2 
SOFTWARE REQUEST INTERRUPT FLm-l BLOCK DIAGRAM 6-3 
EXTERNAL INTERRUPT FLOW BLOCK DIAGRAM 6-4 
RTOM BLOCK DIAGRAM 6-5 
INTERRUPT POLLING 6-6 
INTERRUPT ENTRY FORMAT 6-8 
RTOM PHYSICAL PIN CONNECTOR ASSIGNMENTS 6-11 
RTOM JUMPERING 6-15 
INTERVAL TIMER CD INSTRUCTION FORMAT 6-23 C ~ " 
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( SECTION 6 

PAGE 

INTERRUPT ACTIVE 'BLACK BOX' 6-27 
DIAGNOSTIC REVISION'LEVEL CF~T 6-29 
INTERRUPT DIAGNOSTIC WORKSESSION 6-35 
INTERRUPT DIAGNOSTIC DESCRIPTION 6-36 
RTOM WORKSESSION 6-66 

SECTION 7 CPU & SEL BUS 

CPU BLOCK DIAGRAM 7-2 
CPU DATA STRUCTURE 7-4 
CPU MICRO-ENGINE 7-5 
CPU JUMPERING 7-6 
SEL BUS TERMINATOR JUMPERING 7-8 
SEL BUS LINES 7-9 
SEL BUS PIN ASSIGNMENTS TABLE 7-10 
CD EMULATION 7 -14 
IOCD FORMATS 7-16 
SEL BUS FORMATS 7-18 
CPU ¥..AINFRAME DIAGNOSTIC vlORKSESSION 7-35 
CPU MAINFRAME DIAGNOSTIC DESCRIPTION 7-37 
CPU WORKSESSION 7-49 
SEL BUS vlORKSESSION 7-51 

( SECTION 8 MEMORY SUBSYSTEM & MAPPING 

MEMORY SUBSYSTEM MODEL D'S 8-2 
MBC BLOCK DIAGRAM 8-3 
MEMORY ADDRESSING INTERRELATIONSHIP 8-8 
8KW MEMORY ADDRESSING 8-9 
16KW MEMORY ADDRESSING 8-10 
32KW MEMORY ADDRESSING 8-11 
64KW MEMORY ADDRESSING 8-12 
INTERLEAVING 8-13 
CORE MBC JUMPERING 8-15 
CORE MEMORY MODULE JUMPERING 8-23 
MOS MBC JUMPERING 8-24 
MOS MEMORY MODULE JUMPERING 8-28 
REFRESH BOARD JUMPERING 8-30 
MEMORY MAPPING 8-32 
MAPPING COMPONENTS 8-35 
MAPPING EXAMPLE 8-36 
MAPPING ADDRESS TRANSLATION 8-38 
MEMORY DIAGNOSTIC WORKSESSION 8-44 
MEMORY DIAGNOSTIC DESCRIPTION 8-45 
MEMORY MAP & PROTECT DIAGNOSTIC HORKSESSION 8-58 
MEMORY MAP & PROTECT DIAGNOSTIC DESCRIPTION 8-59 
MEMORY MAPPING LAB EXERCISE 8-84 
MEMORY MAPPING WORKSESSION 8-88 
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SECTION 9 

SECTION 10 

SECTION 11 

IOM'S 

CONSOLE DEVICE 10M MODEL D'S 
MAG TAPE 10M MODEL'S 
DISC 10M MODEL D'S 
ICL DEVICE ENTRY FORMAT 
SCRATCHPAD LAYOUT 
10M SEL BUS INTERFACE BLOCK DIAGRAM 
10M MICROPROCESSOR BLOCK DIAGRAM 
10M MICROINSTRUCTION FORMAT 
TLC JUMPERING 
SEL BUS TERMINATOR JUMPERING 
OTHER 10M BOARD JUMPERING 
TELETYPE DIAGNOSTIC WORKSESSION 
TELETYPE DIAGNOSTIC DESCRIPTION 
10M WORKSESSION 

CLASS 'F' PROGRAMMING 
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DAY 1 

SECTION 1 

SYSTEM CHARACTERISTICS 





CPU BLOCK DIAGRAI'A 
[>~;; 

. ,.~ ,. 

,:'i~ u", ;::, j~ ..... , ,.~. 

INTEPJ:1AL 
u-1 

REGIS?ERS 
_ c;.1, . .r»1:-\;"".¥ 

u ~ .. CO::TROL, )-" 'f , 
SEQ1J E~: C:i. rG, CONTROL It' .... -~ " SECTION ( i ~ "" AJ::D TEST 

~ LOGIC ( CROE) *- ~ , 
" ARITmV:ETIC 

- ,~ , LOGIC Ul\IT ~~J>I,\7 (ALU) \'t 
~. '\ 

~ t. ( 

COMPUTER BLOCK DIAGRAM 

. ,. \ 
~ 

NAIN ! ,. 

EEl':ORY r< 't~t 
", , 
'0'."'. , 

/y\a 
'.," , . 

,",.. 

J. .. 
(~, f"C'{'"s~ r/o \q'- ..P. ~!> 1.0.1"' Q,"\" 

( To'" ~ '!:" ~;1' • L .'1 .... ~ ~i .. ~ ~.;J. ;~ 

. CPU \{( !" 
:~0. ~ 

r DEVICES 
(r. "'" "'. 11 m,,;:,;-{-;;,.~,,~') ~ {.~\ "'" (l~.1 t " " • _ ....... v..; 

~,,) ( 0- ' ~ 
(r- "J 
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MICROPROGRAM 

INTERNAL REGISTER 

MACRO PROGRAM .. INSTRUCTION 

+ CROM 

r-- OECODE ROM 

L+ 

CPU CONTROL Sl'CTION 

IW,PLEI\'iENT A TION 

,\ \". 
! \ ~ -

l-\: \L- 'I") , 

l,;,0'-' 
'0'0 

\ 

- . 

, 

MAIN 
MEMORY 

c 
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( 
******************************************************************* 

~OOEL NU~BtR CHART 
******************************************************************* 

*************** 
* * * CPU UPTIO~S * 
* * 
*************** 

~OOEI. " 

2000 

2003 

2005 

2117 

2118 

23"5 

21"0 

2140 

2347 

2181 

l)ESC~ItJTION 
:=::::::::: 

32/55 CPU (~IRE/~RAP) 

32/70 S~~I~S CPU 'COPPE~) 

32/70 StRI~S CPu/lPU (COPP~~) 

RTOM (~I~E/~RAP) 

'HOM (COPPt:.to() 

TURNKI:.Y P4NEL 

SYSrE~ CONT~OL PAN~L (PARALLEL) ~lTH sePI 

HEx OlSPLAY 

CONT~O~ ~ANEL (S~RIAL) ~ll~ HEX DISPLAY 

HIGH SPt~U FLOATIN~ P0INT u~lT (~ULTl.~I~El 

HIGH SP~tU FLOATING POINT U~Il (~l~E/~RAP) 

SCIE~T1FIC ACCEL~HATOR (~CS) 

~RITA~L~ CO~TROL STORAGE (nes) 

SCIENTIFIC AtCELtRATO~ (PCS) 

I.OGIe. CI1ASSIS 
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"" - ----_._-_. -----_. 

** •• *********.**** 
* * • MEMORY OPTIO~S * 
• * *-*** •••• _*-_.*-_. 

MOOe.1. • 
:a:=== 

2150 

21b2 

elba 

2152 

2153 

2177 

2:382 

2158 

21bO 

2378 

2370 

2379 

2381 

2178 

2179 

2.37'1 

2182 

L····~·· i l 

Oc.SC~lP1ION 

CORE ~~~OMY sus CONTHOI.I.ER (01.0 ~l~t/ft~AP) 

CUHf ~~MO~Y BUS CO~THOI.LER (COPPER) ij PORT, bOOlqOO~ 

CORE ~EMOHY eus CU~TROI.LE~ (~OO ~SEC) 

10KW CORE ~EMORY ~ODULE (qOO ~SEC) 

MaS ~t~ORY eus CONTROLl.fR (J2KWIQOO NSf C) 

MOS ~E.MOHY eus CO~TROLLER 

12KW ~uS MEMORy MODULE (bOO NSEC/SEL BuS) 

b'lKw ~os MEMORY ~OOULE (bOO NSEC/SEL SUS) 

3~~w ~uS ~~~O~y ~ODULE (000 ~SEC) 

32KW ~US ME~ORY ~OOULE (qOO NSEC) 

o'lK" ~os ME.MORY MODULE (bOO NSEC) 

MEMO~Y ~uS AOAPTE.R (MBA) 

M~MU~Y l~TEHFACE ADAPTER (~lA) 

~ATT~~T ~AC~UP UNIT 

MEMORY CHASSIS (32/55) 
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( 

***************************************** • 
* * * C~UCKS/PU~lR FAIL SAFt/~O~Ek Su~PLIES * 
* * 
********.**.******-*._******-.* •• *****.** 

MODE~ • OESCfojIPTlON 
c:c:c:c s:=:::z:=== 

~UGIC PU~tk SUPPLY (SOO~) 

Mt~O~Y PO~Ek SUPPLY (SOO~) 

GPOC PU~~R SUPPLY 

At Dl~H<lbUTlO"" 

MU~TIPkUCESSUR Ct~TRA~ TI~I~~ UNIT 

MU~TIPROCESSUR CtNTHAL TIMI~G DECODEH 

2195 

2128 

2129 

213" 

2L~8 

POWEk FAl~ ~/O DC StNSE (32/S0 & 32/70 SERIES) 

~U~tH fAIL wITH UC SENSE e32/S0 & 32170 SERIES) 

~ULTIP~UCESSOR CENTRAL llMl~G SOURCE 
• 

MULTIPHOCESSOk CENTRAL 1IMI~G SOURCE CABLE 

••• **.****.**.****-
* • 
* PROCE~SI~G UNITS -
* -****.* •• * •• *-**--*** 

MODEL • DESCklPllON 
_:=z=== ------ .. _-----------.-
8000 INPUT/UU1~Ul PkOCESSOR (10~) • SUPPO~TS UP TO lb 

IUP CUNT~ULLE~S ON A~ MP ~u~ • A~Y CPU. 

8010 ~P/fDu CU~TROL~ER 

d012 lOP DISC CONTRULLE~ 

HEGIO~AL PwuCESSIN~ UNIT (HPU) - USER P~OG~AMMABLE 

RtGIU~AL P~OCESSING UNIt (k~U ~ITH RAM) 
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***************.*

* -* DISC ~U8SYST~M * 
* 

,. 
***-*-************ 

MOOe.L. " 

c;OlO 

805S 

9008 

9009 

901" 

*****_ •• * ••• ***.** . -* TA~~ SUBSYSTEM -
* * •• **a •• *********.* 

MOOE.L. " 
==.:=:= 

9012 

9013 

6050 

9020 

Ue.SC~lPTION 
.a~:a::==:= 

MOVING H~AO DISC CU~TROL.L.ER (~I~E/~~A~) 

OISC PROCESSOR 

DISC PHUCESSOR 11 (lb MB ~oC~tSSI~G) 

CAHT~lOGE DISC CONTROLL.E.R (~IRE./~RAP) 

CARTRIDGE OISC CONTROL.L.tk (COPPE.R) 

FIX~Q HEAO OISC CONTROL.L.ER 

IJ~SC~lPTION -------- .. __.- ... _-_.--

MAG TAPt CUNTROL.L.ER (COPPER) 

HIGM SPE~O TAPE PROCESSOR t~ST~) • HA~OL.ES 75/125 IP; 
QUAL/T"l DENSITY TAPE D~IV~S. 

L.Ow SPEE.O TAPt PROCESSOR (L.STP) - HANDLES ij5/75 IPS, 
800/1cOv ~~1, N"Z/Pt TA~t uklvES. 

C~'··\ r I,. 

" " 
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( ; 
. , 

** •• *** ••••••• 
* * 
* INH.HFACES * 
* * 
************** 

MODEL. • 

900~ 

900~ 

cH02 

9103 

910'1 

9105 

910b 

9107 

9108 

9112 

9115 

9120 

C;131 

9132 

911S 

913b 

9134 

7410 

DESCRIPTION 
==_:======= 
TLC CONTROLL~R (wIRE/WRAP) TTY,LP,CR 

TLC CONTHOLL.lH (COPPER) TTY,LP,CH 

GENERAL PURPOSE I/O CONT~OLl~R (GPIOl 

GENEHAL PUHPOSE ~ULTIPLEXEH CONTROLLER (GP~C 10 M~) 

GENlRAL PURPOSE ~ULTIPLEXEH CO~TROLLER (GPMC) 

GPOC C ... ASSIS 

GENE~AL PU~OSE UEVICE CONT~OLLER (GPOC) 

CARO PUNC~ CONTRULL~R 

CAHO ~EAOER/PUNCM CONT~OlLt~ 

PAPEH TAP~ k~AOlH/PUNCH CONlkOLLtR 

GPOC COUPLER 

GPOC It.ST KIT 

HIG~ SP~~O OATA l~TfRFACE (~SO 11) • COPPER 

~SO ("HH:'/fliHAP) 

HSO INTEH-BUS LINK (IBl II) - COPPE" 

HSO l~l (~lHE/~HAP) 

SERIAL DATA INTEHFACE 

ANAlOG/UIGITAl INTERFACE 
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.~ 

** •• e.eee_ •• _*.e •• * •• *. 
• • * OATA CO~MUNICATIUNS • 
• • 
•••• *****-.** ••••• *** •• 

MOOEI. • OESCHIPTlON ----_ ... --------------.-
8YNC~RO~OuS L.INE INTERFACE ~uOUL.E (SI.IM) 

ASY~C~RUNUUS L.INt INTERFAC~ ~OOULE (AL.IM) 

~lNARY S1NCHRONOUS I.INE INT~~FACE ~OOUL.E (81.1M) 

9122 ASYNCH~O~UUS OAT A SET (AOS) 

.****.*.***.**** •• * 

* * * FAST MUX SYSTEM * 
* * ** •• ***.**.* •• *** •• 

MODEL. • ------... -----
OtSCR1PTlON 
======:=:=: 
FASt ~UL.TIPL.EXER SYSTEM (FMS) 

FAST ~Ux O~VICE CUNT~OL.L.ER (FOC) 

FAST UEvlCE INT~RFACE (FOI) 

1-8 



...... 
I 

\.0 

!~ .~ 

SEL BUS 

• 32-BIT BI-DIRECTIONAL DATA PATH 

• 24-BIT ADDRESS PATH ( 16Mb ADDRESSING) 

• INTERRUPT CONTROL LINES FOR 128 MAX INTERRUPTS I \ ::l. 

.6.61 MHz BUS CLK WHICH GIVES: 

150 nsec BUS TRANFER CYCLE TIME 

6.67 HW/SEC (26.67 rm/SEC) BUS THROUGHPUT 

• 28 INCH 8US LENGTH WITH: 

36 CARD SLOTS MAX 

NO SLOT DEDICATION 

HIGH SPEED ~CHOTTKY TTL DRIVERS/RECEIVERS 

PASSIVE TERMINATION 

I/O CARDS WITH ON-BOARD DHA CONTENTION LOGIC 

i~ 



CHASSIS LA YOUT 

MEMORY CHASSIS 

19 inch RACK HOt1N'l' 

LOGIC CHASSIS EACH 
WITH 18 CARD SLOTS 
( X2- 36 TOTAl. S1.OTS) 

INTUCOUNECTION A 

SO PIN 

B 

........ .... ... 

I 

t 
184 PIN 

PASSIVE TElUiINATOlt 
PHYSICAl. END 

PASSIVE TERItINATOR 
WITH ACTIVE CLK CKTS 

o 

o 
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tVa 
7/i>APS 

t-' 
I 
t-' 
t-' 

~ ,~, 
I . , , 

" c 

CENTRAL PROCESSOR UNIT (CPU) 
WORD LENGTH IS 32 BITS 

• OVERLAPPED INSTRUCTION EXECUTION 
1.2 MICROSECOND INSTRUCTION EXECUTION (TYPICAl) 

• OVERLAPPED INSTRUCTION OPERAND FETCH 
.8 MIPS (STRAIGHT LINE CODE) tV" ":P't!Y'7 

545K WHETS 
• MICROPROGRAMMED (FIRMWARE) 

150 NS PER MICRO-INSTRUCTION 

rJo ,.,,,, ...... i 

• STANDARD FLOATING POINT (FIRMWARE) ~ / b o/.- 67~"/'~~i: ';;.n(~'r .. 
--t! .1rO'':'-\''''~~'.~.J 

• HAS 8 GENERAL PURPOSE REGISTERS CJ·7 (;.- -:::-*;.;' Syf<-~ r:i-r 

• HARDWARE/FIRMWARE rEf1lRY MANAGEMENT (MAPPING) 
• OPERATES IN TWO MODES: 

fSH. "3;) 6,5 

RTM OPERATING SYSTEM ONLY 

161 INSTRUCTIONS I<-I;t(",e., 

SYSTEM INTERRUPTS ON RTOM 
DIRECT ADDRESS 128 KW 
NO CLASS 'F' I/O 
I/O (ADDRESS 122 KW ONLY) 

3:277 

RTM OPERATING SYSTEM 

161 + INSTRUCTIONS 

SYSTEM INTEGRITY Tr~PS 

DIRECT ADDRESS 128 KW 
CLASS 'F' I/O 

f.Sll 
MPX OPERATING SYSTEM 

le7 INSTRUCTIONS 

SYSTEM INTEGRITY TRAPS 
MAPPING (ADDRESS 16 MB) 
CLASS 'F' I/O 

1/0 (ADDRESS 16 MB) I lID (ADDRESS 16 MB) 

,..-." 



....... 
I 

....... 
N r-\ 

\ . 

CENTRAL PROCESSING' UNIT 

"I CROM 
8 16.31 

A OO.lfi 

CPU 

SEL BUS C160nau_ ... r ... t 

CPU MODEL NUMBERS 

2000 WIREIWRAP 

2003 COPPER 

C 2005 CP~.IPU_) 

.. 

! . 



CPU CIRCUIT CARDS 
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a. 
•• •• •• ~ 
~. ., 
I~ 

". r--=. 1:. 
;e I. 
f-!. !. :. 

a • 

• • •• •• --.;;.. 
~~ 
• ,3 
I~ 
,,~ 
~ =. 1:a. 
•• I---:. !. :. 

!.; !. 
.t---+-";;..j 
~ :e. i·~ !. :. :. :. 

'--=. !. 
•• •• i---. •• •• 
I·· ... ... -. •• 
• • • • 

2 • 
8 

:r. 
d' :. -=. 
' . 
• • 
-0' 

I---
• • 
• • •• •• ~ .. . ... 
• • •• 
• • • • 

.m 
(~. 
Ii • ... 1 . .' ~ c, . . "-'. 

'f !i I iN] ~.J 

i i J (~ .~ 1 - • I"'e 

-;. ,---"-

I i -! 
I ; 1 • 

~Ll 5 !1, 

'] 

" 

<'-'i- . 
<.) 

"""tr .' 

·f"c 
V 
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t-' 
I 
t-' 
1J1 

cj 
I 

(', 
/ 

~ 

SYSTEM CONTROL PANELS 

~ OR .1_ ~+-----(-- - I 

~ 

CPU SCPI 

SEL BUS 

SERIAL CONTROL PANEL MODEL 2146, 

, PARALLEL CONTROL PANEL WITH SCPI MODEL 2346 

SCPI - MODEL 2142 



I-' 

• 1-' 
0\ 

· MEMORY SUBSYSTEM 

CONTROLLED BY MEMORY BUS CONTROLLER (MBC) 

MBC INTERFACES ~1EKlRY MODULE TO SEL BUS 
CHECKS AND GENERATES PARITY [(()r~:) 

MBC CONTROLS UP TO 16 ME~DRY MODULES 

MDC CAt4 ADDRESS: 

I:::: /'" /' 
,,--...... - "-. (,:.-...,'1 

~_. J / 

BIT: SMALLEST MEfrllRY VALUE ADDRESS BY INSTRUCTION rJ <l'- d!;- (J crof:'. :.,~,' 

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) 

~[MO RY MODULE.S: 

c) 
8/16 KW (32/64 KB) CORE MODULES~ BYTE PARITY (5~~ 

(, 

32164 KW (128/256 KIn MOS r10Duf'·(~ WORD ECC (77) d m ')-: 
(. c.~\ 
, -, .c-I) 



..... 
I ..... 
" 

(~ 
, i MEMORyi"JUBSYSTEM 

CORE MBC'S 

2150 WIRE/WRAP 
2162 COPPER - 4 PORT, 600/900NS 
2164 WIRE/WRAP - 2 PORT, 600NS 

MaS MBC'S 

2377 32KW/900NS 
2382 COPPER 

.CPU 

SEl BUS 
I 

,- __ -.-_1 MBC '- _ _ _ _ _ _ 

t I ~=~~~~L-____ ~ 

----------
. . . . . 

COEE MEMORY MODULES 

2152 8~i/600 NS 
2153 16KW/900 NS 

MOS MEMORY MODULES 
2378 32KW/600 NS 
2376 32KW/900 NS 
2379 64KW/600 NS 
2381 64KW/900 NS 

I 

r 
I 
I 

.~ 



MEMORY CHASSIS LAYOUT 

KaC SLOT-

16 ~OD 
SLOTS 

I 
KaC SLOT~ ~¥.!~~:""-----1~~w. 
KaC SLOT-

r 
16 MOD -l 
SLOTS I 

I 

i 

I 
!'!!C SLOT ~ Ullil1ffi[~~~~~~~ 

KaC SYS: 

o 

3 ADDITIONAL KaC'S Foa 
MULTI-CPU SHAREII MDt CONFtG 

INTEa-KaC COMMUNICATION 
LINES 

Q 

CORE - 8 MODS PER CHASSIS X 2 1!EM CHASSIS (28 inch ~ BUS)- 16 MODS: 
WITH SKW MODS .. 118KW (512 XB) 
WI'rn 16XR MODS - 2,56KW ( 1 MIS ) 

HeS - 16 MOS MODS IN ONt CHASSIS O~1LY: 

16 X 64taJ • 1024KW ( 4 MIS ) 

o 
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..... 
I ..... 
\0 

,~ 
j 

,..-.., 

REAL TIME OPTION MODULE 

16 INTERRUPTS 

RTOM I I CPU 

SEL BUS 

RTOM MODEL 2117 WIREIWRAP 

. 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: . 

.~ 

Ji INTERRUPTS .. 31-BIT 1!!!ERVAL TIME!.r ~I fiTTE~fr-70;J 
• THE INTERRUPT STRUCTURE IS FULLY PROGRAMMABLE BY THE USER TO MANIPULATE 

THE PRIORITY OF ANY INTERRUPT EVENT • 



J-' 
I 

N 
o o 

• INPUTIOUTPUT f1ICROPROGRAf1MABLE PROCESSOR (10M) 

PROVlffS DIRECT CO~1MUNICATION BETWEEN PERIPHERAL & SEL BUS 
FIRMWARE PROGRAM~ABLE 1/0 CONTROL 
GENERATES 1/0 SERVICE INTERRUPTS (INTERNAL SI) ~11!'>" .z;(., 

I .... , J,t I I J' Ilta., ·'lre .. /.-J'r>-'. I ,C':' tlf"! J r.n~ 71//'13 
.J 

• TLC - TIV/LINE PRINTER/CARD READER CONTROLLER 
C ')or.' ~r .:'i': .~ -/~ c ;.J 

MULTIPLEXER CHANNEL (ALL 3 UNITS ACTIVE) 
DEDICATED 1/0 CONNECTOR SLOTS 
3 SEPARATE SERVICE INTERRUPTS . -' 

! 

---------_-... ........ -.,..., .. " ......... _ ... ... 

_"./""_ •• " /;.!" :~'i 9'/~: 

o 



t-' 
I 

N 
t-' 

.~ 
j CONSOL~~EVICES 

CPU 

SEL BUS 

TTY/CRT 
Cl.EIA 
9600 BAUD 

TLC 

,. . 
~ '1"{" j'-~rcrs 

300LPM 
800LPM 
900LPM 

200CPM 
1000CPM 

. TLC CONTROLLER • MODEL 9004 WIRE/WRAP 

• MODEL 9005 COPPER 

~. 



~ 
I 

N 
N 

MAG TAPE SUBSYSTEM 

MAG TAPE CONlROlLER - MODEL #9012 (W/w) r .. SUPPOBIS PERIEC & KENNE~: 
#9013 (PC) / -_ . ' 

• 4 UNITS MAX 
• SELECTOR CHANNEL (ONLY 1 UNIT ACTIVE AT A TIME) 

• CLASS E - 128 KW ADDRESSING 

• 4096 HALFWORD = 8192 BYTE RECORD LENGTH 
if 

LOW SPEED TAPE PROCESSOR - MODEL #9020 ' 

• 4 UNITS :=; ",-/ :;.,', ..,.:~ 

• ..clll 11 PI FMFR CHANNEL (ALL 4 ACTIVE) 
• CLASS 'F' - 16 MB ADDRESSING 

• INFINITE RECORD SIZE (J;: J;~ i' ,i;;;;,.; .:J 

HIGH SPEED TAPE PROCESSQR - fDDEL #8050 

• 4 UNITS 
• MULTIPLEXER CHANNEL 
• CLASS 'F' - 16 MB ADDRESSING 

• "FINITE RECORD SIZE 
~ -f" \ ,--

.J 

( ' ( '. j 

·IMBEDDED FORMATTER 
*45 IPS TENSION -*75 IPS VACUUM .55 

*800 BPI (NRZI> 
~-- - "--

*1600 BPI (PE) 

......... 

DEDICATED TO STC DRIVES: 

*75 I PS VACUUM 
*125 IPS VACUUM 
*800 BPI (NRZI> 

.. 

*1600 BPI (PE) 1 BIT CORRECT 

*6250 BPI (GCR) 2 BIT CORRECT 

• AUTO LOAD & UNLOAD 
. * AUTO & MANUAL DENSITY SELECT 

r:""-\ 
( \~~! 

I' 

': 
I 

!. 

; . 
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:E 
w - 0 :z: -' 0 Ll"\ 

I- ....... e..,) ("oJ 0 :z: c.. 0 00 ....,; ....,; C'1 (J) ::;t: 

~ I't"\ ::;t: 

> ...-t ....J 
0 0 ....J LJ.J 
C'1 C'1 ~ ~ 

(J) ::;t: ~ 0 ~ 
E m ....J ' I 

~ : I 

::l c::: 
CI) i! c::: 0 

0 en 
( (J) ::> en t3 CD ' I 

t3 ..J c::: e..,) 

::> w e..,) 
~ W Q. CI) ~ a:! c.. CJ ....J c.. a.. ~ UJ 

UJ c.. « t- c.. <C z: <C t-O t-l- e..,) ~ 
~ UJ UJ L&J UJ 

(!J 

~ 
c.. L&J c.. 
~ c.. en en « ,~ (,!:) :z: tE 

:t ~ 9 -~ :c 

C',--"\ -, , 

./ 
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MODEL #: 

" CLASS: 

DEVICE TYPE: 
.1, 

,~. 

CHANNEL 
OPERATION: 

ERROR 
CORRECTION: 

t-' 
I 

N 
~ 

r 
~. / 

DISC SUBSYSTEM 

9010 #: 73-9032 9024 
(W/W) (WIW) DISC PROCESSOR 

E" 128 KW ADDR E .. 16 MB F" 16 MB 
-_._----, ,-----_ ... ____ • _______ .4 __ • __ 4 •••• _ • 

~ f r~~~.l?·~~,~ 
'40~ '80~ 150" ~OO' MB 40" 80" 150" 300 MB 80" 300 MB 

d(l' ~ </;::;;e fV\,d . ('_, -~ __ u 
o ,~ ~ r. ~/(C .)Ai~"e... 

SELECTOR CHAN SELECTOR CHAN MULTIPLEXER 
(4 UNIT MX) (4 UNIT) (8 UNIT MAX) 

ALL SA~E DEVICES DUAL PORT DUAL PORT 
All SAME (MIXED DEVICES) 

9 BIT ECC 9 BIT ECC 9 BIT ECC 

. r~ j JJ.~' ' 

--- ------ -------

") i . 
C>( b.~" f' d: 

8055 
DP II 

F" 16 MB 
--.----

5 MB FHD.. 32 MB CMD 
80" 300 MHD.. 600 FMD 

MULTIPLExER 
(8 UN IT ~1AX) 

DUAL PORT 
(MIXED DEVICES) 

9 BIT ECC 

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

I 

/ L" (;.,~ 

8C',,;.:,,~) 

//)/':J 

! 

, 
! 

: 

, 

! , 
! . . 

! 

~ 
I 

! 
; 

I 

J 
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:3: N Lr\ -.- 1'1"\ Lr\ 

0 0 
~ 0"'1 .::l" 00 

I N 
0 1'1"\ 0 ::;t; 

~ 
0"'1 ....... 0"'1 

..J ::;t; ::;t; ::;t; L.J..J 

W -oJ 
Q 

-oJ ~ ~ ~ t- O i! I. 
(J) :E: -->- c::::: c::::: c::::: 

U) LU 0 0 -,(' (J) ;:) ::l (/') (/') 
al (I') (/') 

to ~ UJ LU -I U U 
;:) w t- O 0 ::> 0- U) Z c::::: c::::: 
(oJ 0 0.. 0.. 

(J) U 
U U 

Q (I') (I') :::c: - -(.) c :e:: Q Q 
:c: 
:E 

CI) -C 
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N 
0\ ~i 

l'.j 
'-

ADS 

MTC 

INTEGRATED SYSTEM 

SERIAL 

SCP 

RTOM 

MHO 

TTY/CRT 

+- OR - - --,- -- . r-B • 
I • 

CPU 

SEL BUS 

HSO 

IBL 

HSO 

SEL BUS 

/ 

~<: 

1 

SCPI 

I 
- - - - - - - _.' 

MEM 
MOO 

TLC 

MBC 

MEM BUS 

MEM 
MOD ••••• 

1- _____ _ 

MEM 
MOD 

f. 

r'~'\ 
('-,:I 

~ 



( 
MODULE 
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POWER FAIL DETECTION CA~D 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 LEVE~ 
00 TO THE CENTRAL PROCESSING UNIT (CPU) SO THAT THE SOFTWARE/FIRMWARE CAN SAVE 
THE GENERAL PURPOSE REGISTERS. CPU SCRATCHP~D 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 
0000 
0004 

DATA 
A3881003 
ECOOOOOO 

SYSTEM RESET AND RUN. MONITOR LOCATION 1000 (HEX), WITH EXTENDED FUNCTION 1. 
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 MEf10RY OR ~10S MEMORY ~!/BATTERY BAcKUP t A-GOOD CHECK 
IS TO POWER THE MACHINE nOFF" AND "ON" AND MAKE SURE THE CPU SCRATCHPAD IS STILL 
INTACT. IF NOT, ADJUST THE POT SLIGHTLY CLOCKWISE UNTIL THIS TEST PASSES. 

1-32 



~ 
I 

L" 
W 

) 

o 
) 

~, 

• 

CENTRAL CLOCK DISTRIBUTION 
2 CPU'S/REMOTE MEMORY 11 AC DIST. 

CENTRAL CLOCK 
(MODEL 2148t 
KIT: 111-103025 

POWER FAIL 
(MODEL 2134t 

seW: 140-10300& 
ASSY:1&O-103028 

KIT: 118-103001 

----., . 
I 8.66 MHZ 
13.33 MHZ 

~ENTRAl I 8.66 MHZ 

CLOCK 

I 

I 

I , 
I 

PFI I 
RTC I 

CARD I 

'---- -- I 

I 
- -. I 

13.33 MHZ 

.. 
f.J 
tI 
i: 
J: 
N 

AlC DISTRIBUTION (MODEL 2195) W/CENTRAL CLOCK 

ASSY: 105-103007 
SCH: 1e103008 

• i: 
i: 
J: 
N 

LEXTPHASEA _ 11 MBA-MBC 

LEXTCLK3 
MBC -

LE. r---

LEXTClK2 - CPU 
lEXTRTCA - A 
LEXTRESETA 
LEXTPFA "--

SAME C 

lEXTPHASEA • .-

LEXTCLK1 . CPU 

~L - B 
LEXTRESETB 
-------

. SEL BUS TERM 

REMOTE MEMORY 

SEL BUS TERM. 

W/O CLOCK 

ABINET 

SEL BUS' TERM 

W/O CLOCK 

,..-..,< 
1 l' 



t-' 
I 

W 
~ p 

. 
CENTRAL CLOCK DISTRIBUTION 

3 CPU'S/REMOTE MEMORY 12 AC DIST. 

AlC DISTRIBUTION W/O CENTRAL CLOCt( If SEL BUS TERM 
.- - - - -. - - - - - -. - - - -, RTCA,RESETA., PFA ... , CPU, W/O CLOCK 

POWER fAIL fit C • SEPARATE CABINET PF/ 
RTC 

CARD 

13.33 MHZ I' 1.61 MHZ 

L _ _ _ _ _. __ . _ _ _ _ I 

-. ---------, 
(MODEL 2148)' 
KIT; 111-103026 CENTRA~ 

POWER FAIL 
(MODEL 2134) 
&CH: 148-103006 

ASSY: 1&0-10302. 
KIT; 11.·103001 

CLOCK 

PF/ 
RTC 

CARD 

I 

t 

t 

, 

RTCA RESETA PFA 

I I 
I I . 

AlC - DiSiRIBUT.ON (MODEL 2195) W/CENTRAL C£) 
ASSY: 106-103001 t ""'-. 
~"U'. , .. n.1n~nnA '- . 

CPU 
A 

SAME 

r-I 

CPU 
B 

MBA-MBC 
SEL BUS TERM 

REMOTE MEMORY 

SEL BUS.TERM 
W/O CLOCK 

CABINET 

SEL BUS TERM 
W/O CLOCK 

(0 



...... 
I 

W 
lJ1 

, ) 
~. 

. ) 

LOGIC POWER SrryLY 
, ~ 

MODEL 4= 2190{ ) 

AC IN & DC. __ -",\ 
"OUT TB' \ 

115 VAC 115 VAC 

L 

.. 

S~CONDARV 
OUTPUT 
VOLTAGE 

Tal 

....--... 
@ 

'+SV ADJ 

PRIMARY, 
VOLTAGE 
ADJUST 

SEL 'ART NUMBER LOCATION 

SECONDARY 
VOLTAGE 
ADJUST 

I 

+ 

12" 

@ 

PRIMARY OUTPUT STUDS 

" 

• MAX OUTPUT' 
WATTS - 500 

ADJUSTMENT NOTES: ALL VOLTAGES MUST BE ADJUSTED ON MEM/LOGIC CHASSIS 2110 VOLT 

~._GBEATER DUE TO CABLEIWIRING LOSSES. I.E.: +5 .. +5.2 VDC. TTL Ie CIRCUITS MUST HAve 

.+5V -.05 +.4 VOC. CHECK IC CHIPS ON CIRCUIT CARDS AFTER ADJUSTMENT ON CHASSIS' • 

:;". 

· " · C 
i · 



MEMORY POWER SUPPLY MODEL + 2191 

115 VAC 115 VAC 
AC IN 8a DC __ -..., 

t-' 
I 

(..) 

0'\ 

OUT TB 

.. 

o 

...--.... 
® 

"'V ADJ 

VOLTAGE, 
ADJUST 

SELPART HUMBER LOCATION 

12A 

@ 

PRIMARY OUTPUT STUDS 

MAX OUTPUT WATTS • 600 

ADJUSTMENT NOTES: ALL VOLTAGES. MUST BE ADJUSTED ON MEM/lOGIC CHASSIS 2/10 VOLT. 

o • GREATER~ DUE TO CABlEIWIRING LOSSES. I.E.: +6 .. +5.2 VDC • TTL IC CIRCUITS MUST HAVE 

;t5V -.05 +.4 VDC. CHECK IC CHIPS ON CIRCUIT CARDS AFTER ADJUSTMENT ON CHASSIS'. 

• () (0 



) ) ~ 

~ MEMORY POWER CUPPL Y MODEL ::fI= 21 £ ,i 

115 VAC 115VAC 
AC IN " DC ___ _ 

to. 

OUT TB 

..... 
• w ...... 

.. 

.. 

SECONDARY 
OUTPUT 

VOLTAGE 

T81 

'4 13 12 " 

,--.... 

® 
1. V AOJ 

SEl PART NUMBER LOCATION 

SECONDARY 
VOLTAGE 
ADJUST 

J 6 2 

12A 

@ 
+ 

PRIMARY OUTPUT STUDS 

MAX OUTPUT WATTS - 600 

.AOJUSTMENT NOTES: ALL VOLTAGES MUST BE ADJUSTED ON MEM/LOGIC CHASSIS 2/10 VOLT 

. GREATER DUE TO CABLElWIRING LOSSES. I.E.: +15 ... +15.2 VDC. TTL IC CIRCUITS MUST HAVE . 

:t5V_._ ·.05 . +.4 VDC. CHECK IC CHIPS ON CIRCUIT CARDS AFTER ADJUSTMENT ON CHASSIS. 

. 
~ 
~. 

j 

l 
J 
I 
~ 
~. 



HIGH PERFORMANCE CH,AS·SIS P.S. 
o 

IV~O 
·0 

20 AMP 0 
FUSE 

AOJ.@ 

'-

.. 

_THIS IS THE POWERTEC MOOEL 9N5-150·17A. IT SUPPLIES 5 VOLTS 0, 

.l50 AMPS TO ONE HALF OF A SIXTEEN SLOT MEMORY CHASSIS. 

JT, HAS AN EXTERNAL FUSE'. ~
V-.J 

------------------~------------------------------------------------- ---

~ V4 AD.L 
~ V3 AD.I. 

e' 4 ,: V 
e, 
e. V3 --
e- V2 
e+ 

@V1 AD.L ~ V2 Ao.&. 

+ -
0.0 

V1 

• 

Y1-+6VOC (6) 150 AMPS 

V2 - +16VOC • 10 AMPS 

Y3- ·15VOC II 5 AMPS 

Y4 - ·&VOC 0 5 AMpS 

,(750 WATTS TOTAL) . 

:THIS IS THE LH MODEL MM44. IT SUPPLIES,MULTI·VOLTAGES AS LISTED ·ABl ~ . . 
]'0 A SIXTEEN SLOT MEMORY CHASSIS'" SUPPLIES +6VOC TO LOWER HALF OF 

CHASSIS. THIS SUPPLY ALSO FURNISHES + AND -15 VOC TO THE LOGIC CHASSIS(s). 
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HIGH 'PERFORMANCE CHASSIS P.S. 

+0 
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_THIS IS THE LH MODEL SM71. IT SUPPLIES 5 VOLTS @ 150 AMPS TO .ONE 
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NOTE: LH MODEL SM11 LOOKS IDENTICAL BUT HAS 200 AMP CAPAB~I~L1~T....:.Y~. ___ _ 

o 6V 0 
+ 
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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 
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Purpose: 

References: 

Equipment: 

Introduction: 

Instructions: 

Control Panel Familiarization Worksession 

The purpose of this lab exercise is to familiarize the student 
with procedures necessary in loading, executing, and interpreting 
the results of machine language programs using the System Control 
Panel. -

sa 32 Reference Manual: Section 7 

.SEl 32 Computer with System Control Panel and 8 K minirrum core. 

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. 

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 registers, 
etc. to zero. System Reset is also sent to the 10M'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. 

~r,' ~~ 1. 
, 2. 

Did the teletype "carriage return"? -.,..---,_-,-.,...-_____ _ 
Are the System Control Panel PS~ and instr~ction 
indicators 1 i t? ___________________ _ 

If you answer NO to any of the above questions. System Reset is failing. 

Keyboard Mode 

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

Procedure: 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. 
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Control Panel ~ead/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 sep. 
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 IS' display. 
6. Press and release Hex Key #0 three (3) times. 
7. Observe hex 1000 1n IS' display. (The hex characters are 

shifted in from the right.) 
8. Press and release WRITE/X. 
9. Press and release HEX KEY S/MA. 

10. Observe hex 1000 1n IAI display. 
11. Observe Memory address indicator lit. 

Note: 'You have just selected Memory address 1000. No'~ we want 
to read that location. 

12. Press and release Read/X. 
13. Press and release hex key C/MO. 
14. Observe'S' 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'12345675 in B display. 
17. Press/release: Wri te/MD 

Note: You have just written X'12345678' in location 1000. 

Repeat steps 1 through 14 to verify X'12345G7' is loaded in location 1000. What is 
now in location 1000? ______ _ 

Let's summarize the procedure for reading memory: 

1. Keyboard 
2. ENTER HEX LOCATION IN'S' 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 'SI display. 
3. Write-memory address. 
4. Keyboard 
5. E~ter new data in 'B' display. 
S. Write-memory data. 

o 
Try these a few times to"get the hang of it." 
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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 Ke,Ys on the Panel: INCREMENT'A' AND 
READ and WRITE AND INCREMENT 'A'. Here is how to use them. 

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

Locations' 

00000 
00004 
00008 
OOOOC 

~ 

11111111 
22222222 
33333333 
44444444 

No'te: Observe 'A' & '8 ' displays after each operation. 

1. SYSTEM RESET 
2. KB - enter X' ll'lll11' 
3. WRT ~ INC 'A' 

Observe PSW • 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 

You have just entered the data in memory starting at location zero. Now let's read 
it back. 

1. SYSTEM RESET 

Observe PSW = O. INSTRUCTION • X'llllll ,,1 
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 WR,T & INC'A' and INC 'A' & RD keys? 

--zr? ( )1$/ v{'" /' ) nt (,.":' 

Executing Programs 

There are two ways of executing a program. 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. Operator Control is done by the 
HALT key. Let's see how this works. 

Procedure: Enter the· following program. 

Location Hex Instruction 

0 '00020002' NOP-NOP 

4 'ACOO0100' LW RO,100 

8 '04000200' SnI RO.200 

C 'ACOO0300' LW RO,300 

10 '04000400' STW RO.400 

14 'ACOOOSOO' LW RO.SOO 

18 '04000600' STW RO.SOO 

1C 'ECOOOOOO' BU 0 

Procedure for Using Instruction Step 

1. SYSTE!'1 RESET 
2. Press and release INSTRUCTION STEP. 

Repeat 12 each time observing the PSW and INSTRUCTION. Note that the HALT indicator 
is lit. 

Procedure for Executing the Program at Computer Speed 

1. System Reset 
2. Press/release RUN 

Observe RUN indicator lit. Observe 'A' and '8' displays go~. This is normal. 
The program is running. 

3. Press/release HALT. o 
Observe HALT indicator lit. Observe 'A' display and 'B' display shows next instruction 
to be executed. 

1-44 



( 

1 Hex Keyboard or Function Keyboard Change Indicator did not reset 
2 No Hex or Function Keyboard Key detected 
3 No response from memory 
4 Non-present memory 
5 Parity error in memory 
6 Write/Read Compare error in memory 
7 SEL Bus Communication Error 

~_£RATOi:atJLT~~WlJClt.' 
k f(-Par-!~lel"'Pa'A~l"t~~' 

B Display Operator Fault Definitions 

1 Operator Sequence Error 
, Operation Not Allowed - Run on Lock Restrictions 
3 Invalid Operand Source or Destination 
4 A Display Not Valid for Operation to be performed 
5 Invalid Extended Function 
6 Special Extended Function Not Enabled 
7 Multiple Hex or Function Keyboard Keys detected 
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B Display Error Code Definition 

1 CPU UART Error 
2 Transmission Error Other Than UART 
3 No Response from Memory 
4 Non-Present Memory 
5 Parity Error in Memory 
6 Write/Read Compare Error in Memory 
7 Bus Interchange or Memory is Malfunctioning 

_. -' P EtR.~J,.S .. ·.',~: .. ; .. ,~.~u ... L.TI. N .. D._ ..... 1., .. ,t.;};TOR 
.\~erl al Pancel: 

B Display Operator Fault Definitions 

1 Does Not Apply to SCP 
2 Operation Not Allowed - Run or Lock Restrictions 
3 Invalid Operand Source or Destination 
4 A Display Not Valid for Operation to be Performed 
5 Invalid Extended Function 
6 Special Extended Function Not Enabled 
7 Does Not Apply to SCP 

·c· --'-.".' 
.I 
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(- OPERATION WITHOUT SCPI 

c 

c' 

1. In the event that the SCPI has been determined to be causing 

problems, it is possible to continue operation without it until 

another is available. 

2. The necessary steps to remove the SCPI are listed below: 

a) Remove SCPI Controller 

b) Remove SePI lOX 

c) Remove 20 pin cable between Control Panel and Turnkey Panel 

d) Jumper location Ell on TLC from 178 to '01. 

e) Modify I.C.L. Deck for the TTY, LP and CR from 78 to 01 • 

. f) Replace Jumper 22 on Clock Card. 

3. This procedure will default the initial input device (C.R.) to 01. 
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Extended Functions 

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 10M 
and has the capability of accessing ~~mory and performing arithmetic operations 
independent of the CPU. 

Lamp Test 

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

Procedure: 1. Oepress and release KEYBOARD. 
Z. Observe KEYBOARD indicator lit. 
3. Depress and release EXTENDED FUNCTION. 
4. Observe ~EYBOARO indicator not lit. 
5. Depress and release HEX KEY #4. 
6. Observe all indicators lit on SCPo 

Memory Parity Check 
, , 

Extended function #3 may be used as a quick check for memory integrity. This 
extended function causes the SCPI to write and read all ones and zeroes to all 
memor¥ locations. Any parity error will cause tre routine to halt with an error 
code 5' in tne 'B' display. . 

Procedure: 1. KEYBOARD 
2. EXTENDED FUNCTIOI~ 
3. HEX KEY #3 

Observe: 
Observe: 

memory address in the 'A' display incrementing. 
memory data in '8' display either all ones 
or all zeroes. 

Note: This function destroys all data in memory. 
Listed below ar~ the extended functions available. 

Contr,l Panel Extended Functions 

Extended Function 0 E~tab11sh Upper Bound 
The contents of the B display register is saved as the upper 
bound for the Fill Memory Operation (Extended Function ~). 

'* Extended Functi on 1 Monitor I~emory Location 
The meroory word speci fied by the i~emory Address in the A 
display is read every 20 milliseconds and loaded into the B 
display. 

Extended Functior, 2 Fi 11 r"emory 
Using the upper-bound established by Extended Function 0, ~nd 
the lower limit established by the current Memory Address in 
the A display, the contents of the 8 display are stored in all 
~ml]ry lC'Ci"tions L. where lower limit ~ L ... upper bound. .. 

, . . ().C,C~'." ... 
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( 
Extended Function 3 Memory Write/Read Test • 

The te5t pattern all 1 "s. then all O's are written into each 
memrl'y location. then read back and compared with the pattern 
written. This continues until non-present memory is detected 
(assu~~d upper bound) or a memory read error is detected. If 
non-rresent memory occurs. the test is restarted with the 
~lternate ~attern. 

* Extended Function 4 Lamp Test 
The lines for all indicators on the System Control Panel are 
driven and all indicators should be illuminated; 

Extended Function 5 Memory Read Test 
Memory locations starting with location a are read and checked 
for parity errors. The location is displayed in the A d1~play. 
~he data retrieved from that location in the B. display. and 
the parity bits in the register field associated with the B 
dis~lay. This test is restarted at location a when non-present 
memory is detected. If a parity error is detected. the 
sequencing through memory stops. 

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

Extended Function 9 A-+8. A unchanged 
The contents of the A display register are copied tothe B 
display register. 

Extended Function A 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. 

Extended Function B R - B-+ B. R unchanged 
The contents of the a display register is subtracted from the 
contents of the R register and returned to the B display. 

Extended Function C Negate B 
The contents of the B display resister is negated (two"s 
compl~~nt) and returned to the B display. 

Extended Functicn 0 B (Hex)~ B (Decimal) 
The contents of the 8 display (B ~ OOOFFFFF) are converted to 
decimal and ret~rned to the 8 display. 

Extended Functio .. E 3 (Decimal).-,e (Hex) 
The contents of the B display (B~ 00099999) are converte~ to 
hexadecimal and ret~rned to the B display. 
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Course 340 - 32 Architecture 

System Characteristics - ~lorksession 

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 
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SYSTEM CHARACTERI'STICS 

1. The CPU is composed of 3 boards listed as A, B, and C, 
what are their functions? It-M.5'3 I\LJ 

p, ..... l.. .t. Alv 

2. Th~ SEL Bus has a total of how many lines? 

" 3. What is the function of the SEL Bus? _ ,>V'I "'C";" .. - ':t', , '. \ .), (' 

IfU l/')/~U - ;r",.,.,u y - I'~ ""r)/l' -Tee - VV1"' L 

4. What module controls access to the Memory Bus? 
m8~ 
-;; ~. "'0> 'I" 

r" 

5. What 3 basic functions does the RTOM provide? 
I b T,.; )or ... h •• ,.I,;;; ""'-/0 
-z ..., ~.. ~ -'- I ) I~: , 
J ",., '" ../ "J" r, ,.... I /, • .:' t" 

t9 0/ f;J <) "fit;' R'Ie . 
Hhat module provides control for the console devices? 6. 

1'L C I" 
I~' /; 0 t).. I .. 
""':" . ..Ir.: J:):~ ({'"~,,:'d 

,. 
. , 

7. What is the function o~ any 10M? 
- (' 0;1.lrr ... ·.'-. ,7-"<')' .£~.J-...,.u·,.. f~r,(;c':'/( 
.- G,,··\(·(. i(,,- 5nv<" Th.l-r.rr"'f'-f. s 

.~" 
: .. ':;_;;. ~ .!' f, 

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

9. How many memory modules can one MEC control? 
I ~ ;-:" 1'"." .,r! ri'~ :);/', ,-.~. 

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

r , ',i " " • i .I . ,. \. ! .. ' -,' ,~ ....... 

-5~r'A€ p,'t;"-.[ 

. , 
~. ).c .• .I 
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A. Objective 

• 
32 ARCHITECTURE 

WORKSESSION #2 

SYSTEM CONFIGURATION 

-

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. 

c 

o 
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A. SEL BUS 

B. MBC 

C. MEMORY MODULE 

D. MEMORY BUS 

E. REFRESH MODULE 

F. MAG TAPE 

G. MAG TAPE CONT 

H. TLC 

I . CARD READER 

J. LINE PRINTER 

K. CRT (CONSOLE) 

L. CRT/S 

M. ADS 

N. SCP 

O. RTOM 

P. CPU 

Q. MHD 

R. MHD CONT 
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SECTION 2 

INSTRUCTION SET 
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( . 

( 

E.S1l 
RIM 

OPERAT ING MODES 

PROGRAM STATUS: WORD DOUBLEWORD DOUBLEWORD 

# OF INST: 

INTEGRITY: 

~'EM ADDR: 
~ONMAPPED: 
NONEXTENDED: 

EXTENDED: 

"APP~ NONE ENDED: 

EXTENDED: 

CD lID: 
ADDRESSING: 

Eli_Of 
(CLA.SS ' F') : 
ADDRESSING: 

161 

INT'S ON 1ST RTOM 

512 KB 

16 MB 

~.~ :" 

'fOO.···" :/""'1, ,\;~ ~i/I 

./ 

YES 
512 KB 

;~~ 

'i!fta~~ '~." .' 

• NO SOFfWARE SUPPORT 

TRAPS TRAPS 

512 KB 512 KB • 

16 MB 16 ME • 
.; ) " .',.'. h.i .:' .~. 

l' 0,,,,k,, 
NONE 512 IG PER USER 

Tl-\' '\' 

NONE 1 MB PER USER (TOTAL 

YES YES 
S12 KB 512 KB 

YES YES 
16 MB 16 MB 
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512 KB ADDRESSING MODE 
(NONEXTENDED) 

16 MB /4 MW 

1-, I I I I I , I I I I I I I I I I , , I , I I I , I I I , , I I 
o 1 234 5 67 a 1110111213141516171819202122232'25262728293031 

" 

10 
F 
E 

D 
C 

B 
A 

9 
8 
7 
6 
5 
4 

3 
2 , 
0 

19 BIT ADDRESS 

16 17 
8KW 

MODULE SELECT 
'\ .... __ B .... ~TS ____ r 

MEMORY EXAMPLE WITH 
8KW MEMDRY MDDULES 

J 

O-F 

ADDRESS WITHIN 8KW BLOCK 3~ 

(16 MODULES X 8 KW • 128 KW) 

MAX ADDRESS WITH 19 BITS 

PROGRAM COUNTER Of INSTRUCTION 

OPERAND ADDRESS 

2-2 
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c 

16MB/4 MW 

( 

ABOVE 128KW 

512 KB /128 KW 

000 

512 KB EXTENDED MODE 

I I I I I I I I I I I I I I I I I I , I I ! I I ( I ! I I I I I 
o 1 2 3 4 6 6 7 8 9 10 11 12 1314 1516 17 18 192021 222324252627 28 29 30 31 

24 BIT ADDRESS 

-t· 
512 KB / 128 KW ADDRESS 

1FF "' ADDR up 
1FE 

I 

I 
OPERANDS (DATAl I 

ONLY : 
: 
! 

1A I 
19 I 

1B I 
17 ... I 
16 

15 ,. 
13 
12 

11 
10 

F 

-1- INSTRUCTIONS 

2 
or DATA 

1 
0 

ADDR BELOW 512 KB /128 KW FOR INSTRUCTIONS OR DATA 

ADDR ABOVE 512 KB / 128 KW FOR OPERANDS ONLY 

,,~\~ ;~ l 
'\oJ , 

:,1 

3~ 
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512 KB MAPPED MODE 

PRIMARY MAP 

16 REG X 8 KW· 128 KW 

I I I I I I I I I ! I II I , I I I I I I I I I I I I I I I I 
o 1 2 3 4 5 , 7 • I 1011121314 15161718 1i 20 2122232' 2S 26 27 28 29 30 31 

\ 9 BITS 
'---........ ,..-~ 

MAPAEG; 

ADDR BITS I 

"'~III-__ ..;..O._F __ ....l1 I 
L.OGICAL. ADDRESS 

PHYSICAL. ADDRESS 

t 
1& I 17 

24 BIT REAL. ADDRESS 

19 BIT ADDRESS 

3~ 
ADDRESS WITHIN 8KW BL.OCK 

L.OGICAL/PHYSICAL 

ADDRESS 

16 MB /4 MV' 

r 1FF """ 
1FE 

INSTRUCTIONS OR DATA. 

10 
F 

E 
0 
C 
B 
A 

9 
8 
7 
& 
5 

4 -3 
2 , 
0 J 

000 
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MAPPED EXTENDED MODE 

INSTRUCTIONS 

PRIMARY MAP 

16 REG X 8.KW· 128 KW 

OPERANDS ONLY 

EXTENDED MAP 

16 REG X 8 KW· 128 KW 

I J I I I I I I I ,I I I J I , , I I I , t I I I I I ! ! ! I 
01224 i. 7. "01112131415"""19202122232'25262728253031 

• BITS ... 

~------------~20~B~IT~A~D~D~R~E~SS~---------3~~ 

~-- 1~~-7~----------------------~3~~ 
MAP REG: 

ADDR BITS I 

4-4 •• J 
LOGICAL ADDRESS 

ADDRESS WITHIN 8KW BLOCK 

LOGICAL I PHYSICAL 
ADDRESS 

~YSICAL ADDRESS -_. i 
I. ,.1 " 

24 BIT REAL ADDRESS 

1FF 
1FE 

10 
F 

E 

D 
C 
8 
A 

• 
8 
7 

• 
5 
4 
3 
2 , 
0 

INSTRUCTIONS Dr DATA 

-

'6 MB f~ MW 

"'" 

000 
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CPU 

• . 

--------- _ ... _ ... _ ......... _ .................... . 

GENERAL PURPOSE REGISTERS 

a GPR, LINK, INTVL TIMER , GPR, INDEX 

2 GPR, INDEX 

3 GPR, INDEX 

4 GPR, MASK 

i 5 GpR 

I 6 I GPR 
I 

I 7 
i 

GPR 
I 

L -- ... - ... -.-~ 
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:l2·DIT WORDS 

IITS 

INFOR~TlON BOUNDARIES IN ME1~ORY 

WORDADDRUS 
N IEVENI 

wanD ADDRESS 
N+' (0001 

~ "-v-': '-.r' '-v-' "-y-J '-.r' i'-v-' '-\-'1 
, IYTE IYTE I lYlE IYTE .BYTE lYlE I BYTE BYTE, 
10 '12 :a 0 '12 :I, 
I 1 'I 
I~ I ~ "---y---J I"---y---JI 
1 LEFT RIGHT LEFT RIGHT I 
I HALFWORO HALFWOno HALFWORO HALFWDRO I 
I , 
,,0 :11 0 311 
I" v,.-----" ~I..---""'""'Iv ' I 
I MOST SIGNIFICANT WORD LEAST SIGNIF ICANT WORD: 
, I 

I I 
'0 (31 
"~-------------~v"-----------------" 

OOUSLEWORD 

WORD ADDRESS WORD ADDRESS 
N+2(EVENI N+3(OOD) , 

,,. ________ A~_· ____ ~\ I ,,. ______ ~AI.._ ______ ~ 

I 

UDITWORDS B ' ..... 111 •.. ,'11, •... ,,' ! EJ B 116-.2111, .... )1\ 

!'-v-' '-v-' i I....r-' '-v-' I '-v-' '-v-' I ~ ....."....., 
: BYTE IYTE I lYlE IYY[ I IYTE OYTE I BYTE IVTE I 
10 '1 2 :) 1 0 1 12 :I I 
, I I I ' 
I"---y---J I "---y---J I "---y---J I '----v--': 
,LEFT RIGHT I LEFT RIGHT I 
I HALFWORD HALFWORO, HALF WORD HALFWORD I 
to :I, 10 I 
I' y '1' v ' ", , 1 
I MOST SIGNIFICANT WORD LEAST SIGNIFICANT WORD I 

I I 
1 I 

IITS :e ~: v 
OOUBLEWORO 
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MEMORY REFERENCE INSTRUCTION FORMAT • 

~ ~D~ I ,': I i I '" I, , : , , , : ,WA, ! : ! ! ! : ! I ~ I 
o 1 2 3 4 5 I 7 8 sa 10 1t 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

BITS c)'5 

BITS 101 

IITS8010 

81TU 

BITS 12·31 

F 

0 
0 
0 
0 
1 
1 
1 
1 

DEFINE THE OPERATION CODE. 

DESIGNATE A GENERAL PURPOSE REGISTER ADDRESS 10.71. 

DESIGNATE ONE OF THRee GENERALPUAPOSE REGISTERS TO BE 
USED AS AN INDEX REGISTER. 

)C. 00 QESIGNATES THAT NO INDEXING OPERATION IS TO 
IE PERFORMED. 

X· 01 DESIGNATES THE USE OF Rl FOR INDEXING. 
X· 10 DESIGNATES THE USc OF R2 FOR INDEXING. 
X·11 DESIGNATES THE USE OF R3 FOR INDEXING. 

DESIGNATES" AN INDIRECT ADDRESSING OPERATION IS TO BE 
PERfOAMED. 

I- 0 o ESIClNATES THAT NO INDIRECT ADDRESSING 
OPERATION IS TO BE PERFORMEO. • 

I- , DESIGNATES THAT AN INDIRECT ADDRESSI~G 
OPERATION IS TO BE PERFORMEO. 

SPECIFY THE ADDRESS'OF THE OPERAND WHEN X AND I FIELDS 
AAE EQUAL TO ZERO. 

C Data Type 

00 32-bf t word 
01 16-bit left halfword (bits 0-15) 
10 64-bit doubleword 
11 16-bit right halfword (bits 16-31 ) 
00 byte 0 (bits 0-7) 
01 byte 1 {bits 8-15) 
10 byte 2 bits 15-23) ,1 byte 3 bits 24-31) 

INDIRECT ADDRESS FORMAT 

~.x \11,\ I we! ........ ' ~ lei 
__ ' ..• 1 !111.III!II1!1.1. 

o I 2 3 • ~ 6 7 8 9 10 1\ 12 13 I. ,!) 16 17 III 19 :10 21 22 23 2" 2~ 21:1 27 ... 29 30 31 

o 

o 
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i 

=0 

(/ 
=0 • 

r 

WORD 

(~, 
. / 

CHECK 
BIT 31 

CHECK 
BIT 30 

=1 
I 

DOUBLE 
WDCD-

BYTE 
0 

=0 

=0 1 

LEft 

YIORD ADDRESS 

12 

, 

13-29 

CHECK 
BIT 12 (F) 

=1 

CHECK 
BIT 30 

=1 
1 

RIGHT 
HALFWORD HALFWORD 

am BYTE BYTE 
1 2 3 

LEFT RIGHT 
HALFWO~O U!\lF\~on!J 

WORD 

DOUBLE 

• BIT 2tJ r~~UST BE ECUAL TO ZERO 

30 31 

=1 • 

CHECK 
BITS 30 131 

=00 =01 =10 =11 
I I I I 

Bmo BYTE 1 Bm2 BYTE 3 

. 

Y~ORD ' 
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INDEXED ADDRESSING 

MU,tORY nEFEREN'CE INSTnUC'liION FOIlMI\T' 

[, 0; ~O~ I t R: I ~ I, I Fl. .: . , : : tW~ ! : , , , : , I c 1 
0123456 7 8 i 10 11 12 13 14 IS 16 17 1S 19 20 21 22 23 24 25 26 27 za 29 30 31 

~~----------------~v~----------------~, 

i 
+ 

I 
I 

,-______________________________ A, ______________________________ ~ 

SPECIFIEO INOEX REGISTER CONTENTS 
, 

L I , : " " I .". ,"",:",:, ,:,1.1 
0 1 2 3 4 5 CS 7 II sa 10 11 .12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2tl 29 30 31 

~~----~--------------~v~--------------------~, 
.. 

~ , .: .,:~ ~ , : , I I : I I ~ I 
,-___________ A~ ____________________ ~ 

I - , 
RESULTANT INDEXED ADDRESS 

o 1 2· 3 .. S 6 7 8 9 10 II 12 13 1<4 15 I~ 17 HI 19 20 21 22 23 24 2S 26 27 2tl 29 30 31 
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. INDEXED 

• MEMORV REFERENCE INSTRUCTION FORMAT 

I , , 

o 1 2 3 .. 5 (I 7 8 9 10 11 12 13 14 15 16 17 18 '9 20 21 22 23 24 2S 26 27 2S 29 30 31 .. 

i 
+ 

I 
1 

, 

;<, 

I~ ______________________________ ~A~ ____________________________ ~, 

SPECIFIED INDE~ REGISTER CONTENTS 
3 

I • I : I • , : I I I : I II > I : I I L I' , I I I 

o 1 2 3 .. 5 6 7 8 9 10 11 12 13 14 15 t6 17 t8 19 20 21 22 23 24 25 26 27 28 29 30 31 

,~--------------------~v~----------------------~~ 

,~ ______________________ ~A~ ____________________ ~, 

AESULT.-.NT EXTENDED INDEXED ADDRESS 

II I I I I ! II I I : I I I
W

: ~ I I : I I I : I I I : I I ~ I 
o 1 2 3 .. 5 6 7 B 9 '0 11 12 13 14 15 lIS 17 18 19 20 21 22 23 24 2S 26 27 2S 29 30 31 
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PROGRAM STATUS WORD (PS~n :FORP:AT 

I I I 
I 

I 
I 

PROGRAM COUNTER 

, I , I I 

I I , , I 'I I I' "UI" I I I I I I 
o , 2 3 4 5 6 7 8 9 10 " 12 13 14 Hi 16 17/ta. 

. 1" \;" 

81TO 

81TS1~ 

BIT 5 

BITe 

BITS 7.' 

liT 7-12 

BITS 13-21 

BIT 30 

(' :.,\ 

'. " ;~.1 

DESIGNATES THE PRIVILEGED STATE BIT, ~i~~ . 
DESIGNATE THE CURRENT CONDITION CODE. 

DEFINES THE C.URRENT OPERATING MODE BIT 5-0 
NORMAL ADDRESSING MODE BIT 5-1 EXTENDED 
~ESSING MODE .... 

DEFINES THE POSITION Of! THE LAST INSTRUCTION EXECUTED. 
BIT eao LEFT HALFWORD OR FULL.WORD 
BIT eal RIGHT HALFWORO 

DESIGNATE THE INFORMATION NECESSARY TO ENABLE THE 
EXECUTION OF LONG INSTRUCTIONS TO BE CONTINUED AFTER AN 
INTERRUPT, AND MUST NOT BE DIST\JR BeD BV SOFTWARE. 

UNASSIGNED 

CONTAIN THE WORD ADDRESS (PCI Of THE 
INSTRUCTION CURRENTLY BEING EXECUTED. 

NfS.f;'t-
DEFINES THE POSITION OF THE I",AIIfIW INSTRUCTION 
(LEFT OR RIGHT INSTRUCTIONI. 

liT 30-0 LEFT HALFWORD 
81T 30-1 RIGHT HALFWORD 

\ 

C a 
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PSD FORMAT 

• 
P H A P M 

, ~ , 
R CONDITION E I E N 

B 

IJ tCO~E~ X S X S A PROGRAM COUNTER L 
T T P D P 

I I 
R K 

I I I I I , , I I 

0 1 2 31 .. 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 3 24 7 2 25 26 2 28 29 30 31 

.~'X 
I I , ; I I , 1 10 I ¥ I,tfo I, '1 1 ~1X 1 ' 1 : I Hoi 

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

BIT 0 • 0 
• 1 

BITS 1-4 

81T 5 • 0 

• 1 
BIT 6 - 0 

- 1 

BIT7 - 0 -, 
BIT 8 • 0 -, 
81T 9 • 0 

• 1 

.&.IT5 1n.l t 
BITS 13-29 
BIT 30 
81T 31 
BITS 32·33 
8ITS34-45 
81T46 
BIT47 
BITS .. 8-49 

BITS 

4B 49 

0 0 
0 1 
1 0 
1 1 

BITS S0-61 
8ITS82-83 

UNPRIVILEGED MODE 
. PRIVILEGED MODE 

ARE CONDITION CODES 
BIT 1 - eel 

2 - CC2 
3 - ce3 
.. • CC4 

EXTENDED MODE (OFFI 
EXTENDED M()DE (ONI 

LAST INSTRUCTION EXECUTEO WAS NOT A RIGHT HALFWORD 
LAST INSTRUCTION EXECUTEO WAS A RIGHT HALFWORD 

ARITHMETIC EXCEPTION TRAP MASK (OFFI 
ARITHMETIC EXCEPTION TRAP MASK (ONI 

COMPUTER IS IN PSW MODE (OISPLAVED PSOtlNLYI·. 
COMPUTER IS IN PSD MODE (DISPLAYED PSD ONLV'"/ 

D S E PS V) • . ~ "".I>-~r~l UNMAPPE (01 PLAY 0 ;)D ONL I \ £.~~:,>.t; \, \. 
MAPPED (DISPLAYED PSD ONLVI· l ~ \ .:'.,;....;.---

..A.B$ NOT USED 
ARE LOGICAL WORO ADDRESS 
NEXT INSTRUCTION IS A RIGHT HALFWORD 
8LOCKEO (DISPLAVED PSO ONLY) ·1:nkrr ... V'.f·~ A~('_,..;;,;;;;;;;;;._ 
INOICATE MAP GRANULAR lTV. OO-UNMAPPED ANO LL OTHER MAP GR ULARtT 
PROVIOE A WORD INDEX INTO THE MASTER PROCESS LIST ( PL' FOR THE BASE PROCESS :tAi9C"( T~~l( 
NOT USED t',,(l.. {V' p'f-
RETAIN CURRENT MAP CONTENTS 
INTERRUPT CONTROL FLAGS 

OPERATE WITH UNBLOCKED INTERRUPTS 
OPERATE WITH BLOCKED INTERRUPTS 
RETAIN CURRENT BLOCKiNG MODEl 
RETAIN CURRENT BLOCKING MODEJs,.,.....,~ 
PROVIDE WORD INDEX INTO MASTER PROCESS LIST (MPL) FOR CURRENT PROCESS 
NOT USED 

• THESE BITS ARE USED FOR DISPLAV ONLY ANO ARE NOT PRESENT IN THE PSO STORED IN MEMORY • 
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. ,- .". . ... . .............. ,....... . 

. . . MEMORY REFERENCE INSTRUCTIONS 

I OP CODE . . R X ~ F • ADDRESS . :2 
)E' d 2.' 3 4 f 5 61 7 8 9 h 0 .11 nZ 13f, 4115 16" 7 ha t'9 20121122123 24 125126127 ~8129 30 .. ". . 

• 

I I I I ·1 I I J I I I I I 1 I t 1 I I I 

1 t I 1 l 1 I I I I I I I 1 J t , I I I 
, 
I 

I -I I . f T I j I I t I ,. I I I I 1 I I I 
. . 

t I I I -l' I . j- I t t I II t I I I I I I t I 
. . 

I I f , I t I ~ I I II I I !t I J I· I I I . 

· .t r- I t I I I 1 1.1 I ,. 1 I I 1 11(.). 
; 

I I I I I I I I I I. t t 1 I I I t II ~ 

I I I '1 I . f II I I 1 It T I I I I I I 

I I I ~ I . I I I -I I -, t I 11 .I t I '. I I I 

I I I I . '1. I . I I I I I I· I I I I I I I I 
I , , I I .1 . ,. I . , I I ~ II T I I I . I I t 

. . 

rt I I . I I I J , , I I t I I Iff I 16. 
l t, I 
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c 
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 language 
instructions should take less time and possibly reduce errors. 
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0 
R OR RD FIELD RS FIELD 

RO 00000000 0000 
Rl 00800000 0010 
R2 01 000000 0020 
R3 01800000 0030 
R4 02000000 0040 
R5 02800000 . 0050 
R6 03000000 0060 
R7 03800000 0070 

INDEX REG. 

XO 00000000 
Xl 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 = OOAO 
6 = 0030 15 .. 00A8 
7 .. 0038 16 .. OOBO 
8 = 0040 17 = 00B8 
9 .. 0048 18 .. OOCO 
A = 0050 19 .. 00C8 
B = 0058 1A = 0000 
C = 0060 1 B = 0008 
o = 0068 1C .. OOEO 
E = 0070 10 = 00E8 
F = 0078 1 E = OOFO 

1 F = 00F8 

o 
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EXAMPLE: 

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

The OP CODE is AC08; then add 

AC08l000 
01 000000 
AD081 000 
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 2COO; then add 

2COO Op Code 
0200 RD 4 
2EOO 
0020 R 2 
2E20 CBmplete Instruction 

EXAMPLE: 

To derive the MACHINE CODE for AI 7 (ACTIVATE INTERRUPT LVL'71) 

The Op Code is FC03; then add 

FC030000 
00380000 
FC3BOOOO 

Pr; Level 
Complete Instruction 
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" ME....:>RY REF ERENe E INS TRueT J ONS ' 

I OP CODE R X I F ADDRESS C . " 

['" 
'-,.,\. 

~t d 213 4 I 5 .6 t 7 8 9 ho .11 ~2 13114J;s 16117f,af,9 20121122123 24fzst26t27 ~8 129 ~131 
• 

• 

I I I I I I. I I I I· I I t -' I II '1 t 
( 

1ft I I ,. I 1 I I I I I I I 1 I I I 

. t . fl. t I I ! 1 I I I· I· I I I I J I t ( 
. . 

I I I I . r I i' I I I I I I I J I I I I I I 
. 

I 1 f I I I I ~ I I J.1 J I ! I ~ , I· 1 I 
.-

) -' J I J t I I . 1 1.1 t I I I , 1 I ~ 
; 

1 11 I I I I I It. I I I I II I I I 

1 t t t I . r I I ttl I I I I I I I I 

I 1 J ,., . I I I 1 t ., l , I I I I I " I I 
.. 

I I I J ·1 I I I I I I I· I I I I I f J ! 
i 

I I I I I . t I I· I I I·' J 1 I ,/" I . I I I . I I . -- .. 

rlll . I J I I I 1 I I , , I I 1 , I I J . . I 
l 

. 
• • 



. . . MEMORY REFERENCE INSTRUCTIONS 

I OP COOE . . R X I F 

13 114 h 5 1 ~ 117 h 8119 2:1::i:: 123 24!zs 126127 .8 f9 ;309,; )E 11·' 21 3 41 S 6' 7 8 9 flO .11 ~2 

• 

I I I I I I I I I II 1l 1 , I , , , I 
-

( 

t I I I I I I I t I I I If I I I 1 {. I 
. 

. 

(' f . fl. I' I I J I l'j I I· I I I I 1 I I I 
. . 

I I ] r 'Tt j I I I I I I I I I I I. I I t I 
. 

I I I 1 I t I I I I. I I I ! I l J I· I I I 
.- r - " 

) -' I I I I I I ~ 1.1 -I I I I t I I 1,,_/ 

; 

-, 11 I I I I I I 1.1 I I I I I I I I I 

I t I '1 t J I I I I I I t I I I I I I I 

I I I ~l I I . I' ~ I ., I I 11 I I I '. I I I 

11 I I ·1. I 1 t I I I I I I I I I I I I 

I t I I I 1.-
" 

I . , I I I -I' I 1 I I I . I I I 

rl It, 1 I , I I t I I Itt I I I ]1 () 
1 I' , 
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32/75 PRIVILEGED INSTRUCTiONS 

1. RDSTS READ CPU STATUS 

2. TSCR TRANSFER S.P. TO REG. 

3. TRSC TRANSFER REG. TO S.P. 

4. TRP TRANSFER REG. TO PROTECT 

5. LMAP LOAD MAP REGS. 

6. TMAPR TRANSFER MAP TO REG. 

7. WWCS WRITE TO WRITABLE CONTROL STO 

8. RWCS READ WCS 

9. BRI BRANCH AND RESET INTERRUPT 

10. LPSD LOAD PSD 

11. LPSDCM LOAD PSD AND CHANGE MAP 

(~~ 12. HALT 

13 •. EI ENABLE INTERRUPT 

14. 01 DISABLE INTERRUPT 

15. RI REQUEST INTERRUPT 

16. AI ACTIVATE INTERRUPT 

17. OAI DEACTIVATE INTERRUPT 

18. SETCPU SET CPU MODE 

!!2!!: ALL IlO INSTRUCTIONS ARE PRI~·lLEGED. 
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CLEAR MEMORY PROGRAM 

NO 

START 

• • 

SET 
EXTENDED 

ADDRESSING 
MODE 

LOAD ZEROES 
INTO 

STARTING 
MEM LOC 

INCREMENT 
MEMORY 

LOCATION 

LOAD ZEROES 
INTOMEM 
LOCATION 

HALT 

, " 
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ADDRESS OF ADDRESS PROGRAM 

NO 

START 

SET 
EXTENDED 
ADDRESSING 

MODE 

LOADADDR 
IN STARTING 

MEMORY 
LOCATION 

LOCATION 

LOADADDR 
INTO 

MEMORY 
LOCATION 

HALT 
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• • 

ADD A BIT IN MEMORY PROGRAM 

START 

~ r' 
ADD A BIT ... , TOA 

MEMORY 
LOCATION 

• 

c 
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STEP 1 

INSTRUCTION SET THUMB IN WORKSESSION 

LOAD X'1234' 
INTO GPR3 

STORE GPR3 
IN MEM LOC 
2000 (LHW) 

I LOAD GPR7 
WITH X'ABCD' 

STORE GPR7 
IN MEM LOC 
2000 (RHW) 

HALT 
CHECK RESULTS 

STEP 2 
LOAD GPR6 
FROM MEM 
LOC2000 

STORE BYTE3 
OF GPR61N 
BYTEO OF 
MEM LOC 3000 

I STORE-BvT~ 
OF GPR61N 

i BYTE10F 
! MEM LOC 3000 

~ r 
STORE BYTE1 
OF GPR61N 
BYTE2 OF 

MEM LOC3000 

~ 
, 

0 

STORE BYTEO 
OF GPR61N 

BYTE30F 
MEM LOC3000 

"r _ ..... _ .... - -
HALT 

CHECK RESULTS 

.. 

STEP 3 --STORE GPR'S 
3&71N ALT 
MEM LOC 

(4000 ·4FFC) 

-" 

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 RESET). 

• INSTRUCTION STE·P PROGRAM THRU 
FOR FIRST PASS 

• IF PROGRAM IS CORRECT', CHANGE HALT 
INSTRUCTIONS TO ALLOW PROGRAM TO 
RUN CONTINUOUSLY. 
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INSTRUCTION SET THUMB IN WORKSESSION 

START 

LOAD 
.-----f~ COMPARISON 

DATA FROM 
MEMORY 

NO 

HALT 

• 

STORE ADDR 
OF DATA 

STARTING 
AT LOC 4000 

o 

•. NOTES: SEARCH THROUGH MEMORY STARTING AT MEMORY LOCATION 000 THRU 1FFC 
LOOKING FOR ALL LOCATIONS THAT CONTAIN THE HEX DATA , FC06OQOO', 

• FOR EVERY MATCH, STORE THE ADDRESS OF THE DATA tN A SEPARATE TABLE IN 
MEMORY STARTING AT HEX LOCATION 4000. o 
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( 

Objective: 

Note: . 

-( 

DAY 2 

INSTRUCTION SET 

l-]ORKSESSION 

REFERENCE: 

301-320070-000 

32/70 SERIES 
REFERENCE MANUAL 

SECTION SIX 

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. 

Use Appendix 'A' in the reference manual as 
an aid in finding instructions. 
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INSTRUCTION SET WORK£ESSION #1 

1. Bits 0 through 5 of the memory reference instruction 
represents its ____ b_B~ ____ _ 

A. Format 
B. Op-Code 
C. Instruction Identifier 
D. Word Address 

2. A two-to-six letter symbolic representation of the in
struction name accepted by the assembler program is 
called a fh I'd mC! !·'riG' 

3. ~fuen a halfword instruction is used, what is contained 
in the other half of the thirty-two bits? 

4. 

)./0 - 01' ~c 

In a memory reference instruction, what is designated 
by bits 9 and 10? 

I. )../.3 
i 

5. In a memory re~erence instruction, what does bit eleven 
represent? 

6. Adding a register to the word address to eet an effective 
memory address is called 

J 
7. Accessing a location in memory, reading that location and 

using the word read as another address to memory is called 
In d,'r t. c l' addressing. 
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8. What is the mnemonic for- loao byt;e? A: 
A. LB 
B. LH 
C. LW 
D. LD 

9. What is the mnemonic for a load word instruction? 

10. What is the op-code of a load word instruction? 

AC"6'J¢ 

12. "What is the mnemonic for a store word instruction? 

13. What is the op-code for a store word instruction? 

bt.rOO 

14. Given:· Contents of GPRO=OOOOOOOO 
Instructions - AC001000 
Location 1000 - FFFFFFFF 

. What instruction is this? Load tJo rJ 
What is the mnemonic? ________ ~L~k1~ ________________ ___ 
What is the effective address? ____ /~O~O~Q~. ____________ _ 

What will be contained in GPRO after execution? v r l' ' .- f" ,. t- ' .. /~' ,- I ,- ,", 
... :1 ' ~ ,- • , • 

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

16. vmat are bits 30 and 31 used for in a memory reference 
instruction? 
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17. Upon execution of a fullword instruction, the program 
counter increments normally by four. Why does. this 
happen? . f/~l$ dI'f ~('"A ~'"CI',....d.tlt,."'te.s 

18. What is the purpose of the fixed point arithmetic 
instructions? btl A.rrre\!tf~h, Fv""dl~5 

19. How are condition codes used in arithmetic operations? 

['tV#' ( ! 

20. Describe the uses of the Floating Point Arithmetic group 
of instructions? ______ ~F~g"C ____ ~~~T~i.I~(~~~.~~f~y~~5~~~.A~,t~i ______ __ 

ct""J ey tr c_ c{1 (,~.r11, ""\,Jwbu'" 

21. How 'is the logical instruction group used? 
• ' XrR. 

M ~ s .k,ftj ( A.ND )~ DB. ) 

22. How are bit manipulation instructions used? Add "Sa 
M 'e.Mr?'Y I t./c, 

23. What is the purpose of the branch instructions? 

24. What is the purpose of the compare instructions? 

Tes t £~ (\ (' ~ r.AI:ftm C· 
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25. 

26. 

27. 

What capabilities are 
instructions? 

In the transfer register format, what' is RD? 

In an instruction format there is 
augment code modified the op-code 
one?instructt,rnrfor that op-code. 
why. . . ···.·r ;, 

:'0#- . 

E)p,·.J, 

an op-code. The 
to allow more than 

"' ..• J 

Is this true? If not, 

28. What capabilities are provided by the shift instuctions? 

29. 

30. 

31. 

32. 

I . /"'of ·1 # ; JJ1. 6 Vb cI cr Itt ; J'; (. U 6 e t\ ")~T!~(-S 

What is the purpose of th~ control instruction group? 

tla --0" 
- I ) h~·lf') .valjl C01fCa/ Cl'tl 

,. I , 

Rr, vr:lrrer'd' 
". What is the purpose of the "HALT" instruction? 

CPCi. 
I {/ 

't-Jhat is the purpose of the "NO-OP" instruction? 

a h a ( (.~lJ1'lrl. :11 '5 +1 tic {.,:v \ D ~ (:1 t da. + s 

What is the difference bet'\veen a "Load Immediate" (LI) 
and a "Load Effecti,ve Address" (LEA) instruction? 

LOcAd ~" .. (:J(;.lt, - I tlQ d c(Jj,'Sk ("" ~l+~ I'V"b~' 

. .) 
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r 

DAY 3 

'SECTION 3 

1/0 WITHOUT INTERRUPTS 

• 
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CLASS '3' lID 

SYSTEM. MEMORY -------

CPU ROUTINE 

• I LOAD RO 
OUTPUT I • • • I • 

INPUT 
STORE~_Q __ I 

• -• I ..... .--- - - - - - - - -
~ IF 

CPU RTOM 

(31 320 BITS I INTERVAL 
. .ti~ TIMER 

~ ~ 

OUTPUT'DATA, INPUT DATA 

CLASS '3' 1/0 

CPU RO 1/0 (32 BITS) 

3'2 IO~,(.; ~(NIJ~ 

Lov;;te,.-

Us~J by $J~~rc.. (f<. 0) 

I/o 
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CPU ROUTINE 

• • 
. CONT I/O 

• • • 
START I/O 

• • 
TEST I/O 

CPU 

CLASS 'D' I/O 

• 
SYSTEM MEMORY - - - --

(DMA) 

I/O 
CHANNELS 

-, 
I 

L 
CONT, START,TEST 

DeVices: 9103 GPMC ........ 

OUTPUT BUFFER 

----~~ 

JOCL 3 

- - --

3-2 
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SYSTEM MEMORY - --I 
I CPU ROUTINE 

I 
I 
I 
I 
I 

iL-G 
('1V)')u1e FNt 

CLASS 0, 1, 2, E I/O: 

• • 
CONT 

• • • 
INPUT 

• • 
OUTPUT 

• • 
..... --
- -~ 

CPU 

, DMA, 512 KB'ADDRESSING 
116 KB:~:TRANSP'.EfiSi.HA)(~· 

OUTPUT 

,...--____ ~ BUFFER 

TCW '---

(DMA) 

rAS<i± -
,INPUT ' I BUFFER __ - ~ 

'--- " 

I/O 
CONTROLLER 

CONT, IN/OUT 

o EV ICES: CliASS;'","!~~bitMi}~IiUiNl:;,i,R 
~£::~,,~~,~tC_&;);AilA&~R 
1C'l\ASa~(~~$t'VteFlT'~ 
IICt;ASS.:~".'" 

uew~~..cl .... " 
OVC'S 

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 CONTRO~ OF COMPLETE I/O ACTION. 

IL (-- 8./(> tv-- ~j ~p (. - HvJ t.fcf( ~ 
d~ 'i( ,- tJ 

3-3 . 



I 

I 
I 
I 
I 

CPU ROUTINE 

• • 
START 

o 
• 
~ 

TEST 

• C 
I----=S;TO=-P --; 

.... 

-- -

CPU 

CLASS 'F' I/O 

SYSTEM MEMORY 

CHANNEL 
STATUS AND 
WORK AREA 

(DMA) 

I I/O 

• . 

OUTPUT 

BUFFER 

lPROCESSORS r-------------------~ 

START, STOP 

DVC'S 

l 
I 
, 

I 

I:~. 
\~ 

CLASS 'F' I/O: 

.DMA, 16 MB ADDRESSING', 65 KB TRANSFERS, INFINITE RECORD LENGTH CAPABILITY 

(DATA CHAINED 10CL CMOS). 

• INTELLIGENCE TO PERFORM CONTROL OF MULTIPLE 'I/O ACTIONS FOR COMPLEX I/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 I/O PROTOCOL FOR ALL CLASS 0 

F' PROCESSORS. 
• CLASS F: TAPE PROCESSOR 

DISC PROCESSOR 
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W 
I 

U1 

:"J 

SCRATCHPAD 

;~ 
lID ADDRESS ING SL. . .::ME 

COMMAND DEVICE INSTRUCTION 

I DA I 
6 12 

r~ 

DA ~ I PA I ~A I SEL BUS _ •• •• ,. 11"11 • _ •• It" i !I'!oIB_!. ' "dtelk!!s 'I o-r 'II" ... J iI,. UIIIF.-

CTLC) 10M 
(MTe) 

10M 

01 00 

CONSOLE CR 

02 

LP 

MUX CHANNEL SELECTOR CHANNEL 



o 

F 

16 

0 
0 
0 
1 
1 

5 6 

17 18 

0 0 
0 0 
0 1 
0 X 
0 X 

.:sly 

~~SO I 
l]CiF(} 
o 0 0 \' 

2 3 • 5 

F 

1 , , , , , 
, I ' 
'\' , , 
I 

1920 31 
... 

19 INSTRUCTION FUNCTION ---.. - .. ---.-- ---..:--
0 BITS 20·31 PROVIDE THE DEVICE DEPENDENT FUNCTION CODE' 
1 TERMINATE TRANSFER (RESET 110 CONTROLLER) 
0 TRANSFER CURRENT WORD ADDRESS 
0 INITIATE OUTPUT TRANSFER (WRITE TO DEVICE) , I~!!.!..~!E INPUT TR~~EE.~.(READ FROM DEVICE) 

o 0 0 
o 0 0 

6 0 0 
o , 0 
, 1 0 

o 

MTC 

MHD 

CR 
,il 

LP I' 

TTY/CRT 

6 8 1 o o 

EXAMPLE HEX CODE FOR LINEPRINTER CD TO ADVANCE ONE LINE AND PRINT. 
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INPUT/OUTPUT INSTRUCTIONS 

(/ OP CODE DEVICE AODRESS AUG CODE FUNCT ION CODE 

617 819/,0111 12 13114115 16b711811~ ;~d22123 24125/26127 ~8l~9 f30131 --0, 11 2l 3 415 

I I I I I I II I -r-IT 11 -r 1 -r 1 I I ,. 111 

111 1 I ."1'1 I I J I I T I I I J I I Til 
. 

I r I I . I ·111 I I I I 1 I 1 T f j I I I I 

111 I I 111 -II I I 1 ill , I I , I I 

111 I I I ; j I I I I 1 I I t 1 I I f I J 

l~1 11 1 I I I 
-

1 I I ! I II I I 1 I 1 -1 I « I -~/ 

11 I I I I I I I I I I 11 1 11 I l I III 

I 1 I i I I 
I I 

-, I' 

Iii I I 11 -1 i I I i I I I T 1 

II.L I I I til I 11 til Til I I I 11 I 

I I I I I I I -11 I I I I 11 I I , I I I I 1 1 

I I I I II 1 11 I I I I 11 I 11 I II I I I 
, 

/11 r' I i I T 1 T 1 , 1 I 11 I I , I I I 111 
(~I. . .-

3-7 



'. _.~, .~-l. ••.•. • .. ' . . .. .... 

IHPUT/OUTPUT INSTRUCTIONS 

OP CODE . DEVICE ALJORESS AUG CODE FUNCTION CODE 

0/11213415 617 al9holll 12 13114115 16 b 7 J,e f{9 ;*d22123 24 f2s126T27 28129130131 

I i I I I I I- I T -I-IT I I I I I I I I I- I I I 

1 i I I I '1 I I I 1 I I I I 1·1 I 1 I ~ I I 

1 I I I I -I I T I 1 I I I I I I r f 1 I I I 

I I I I 1 I T 1 I I I I I i I I 1 1 T I I I 

I I I I I 1 1 1 I' I I I I I I I I I I I I I 

I I I 1 i I I I I 
-

I I I ! I I I I . f 1 1 I I I 

I I I I I I I I I I I I I I I I 1 -I I I 1 I I 

I I I i I I 
I I 11 I I I I , I 1 I I 1 T 1 I I I 

I II I I I I 1 I I . I I I ! I I I I I I I I 

I I I 1 I I I I l ~ I I I I I I f 1 1 I I I 

I I I I I -f II l l I I I I I I l 1 1 I I ~ 

1111 I T I I I I I I I I I I I T T T 1 I I 

- -
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I f4PUT lOUT PUT INSTRUCTIONS 

~ 
Ii"~. 

. OP CODE DEVICE AODRESS AUG CODE FUNCTION CODE 

'0 I 1 I 2/ 3 4/ 5 617 819110111 12 13114115 16117ba119 ;~d2Z 123 24 125126127 ~8129130 \31 

I i I I i I I I I ',-IT J J I I I 1 I I I If T 

I i I I I 'j I I I J I t I I I 1 1 1 I I J I 
. 

I I I I I . I I I I I , ., I 
J I I I j I I If 

I I I I I I I I I , I I I i I I I I I 1 I I 

1 11 I I I 1 ( I 1 t1 I I I f I I I f ! I 
-

4 :~ I I I I : I I I t 1 f ! I 1 J I I I I 1 I I -

I I I I I I I' I I I I I I I I I I III I I I 

I I 1 1 l I 11 I I I I ! I i I J j J 1 I I I 
.. 

I I I I I I i I I I I I I ! l I I I I II I 

I II 1 I I I I II I I I I· I I I I I I I I 

I I I I I I I I I I I I J 1 I I I I I I I I I 
. 

':Jj r Til I I I , I ,. 1 l l I I J I I I I I 1 
/ . - .. -
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I~PUT/OUTPUT INSTRUCTIONS U· ',"','", ': ,:; 

OP CODE DEVICE A00RESS AUG CODE I FUNCTION CODE 

oldz/3415 617 al9holll 12 13114/15 16117 be f19 ;Jz"1h2123 24 f25126127 ~81z913ot31 

I I I I i I 111 'r-IT I I I l 11 r I I I II 

I l J I I 'I I I I f I 1 f 1 I I r I I I It 
" 

, r I I I . I I I I I . 1 I 1 1 11 I ~ I 1 1 j 

II I I I I I I I I II I i I T I I I I I I 

I II. I I I 1 I I I I I I I I I "I I f I I I 

I I I II I I I I 
-

I I I ! I I f I I I I I I I . 

l I I I I , I I I I I I I I TTl I I I I I I 

I I I I I I 
I I I' . I I I 1 I ! ~ i I -1 1 I 1 f II 

I I J I I I I I I I 1 I I [I I 111 I 1 I 

I I I 1 I I I I . I I I I I I 1 I I I I I I I 
. 

I I I I I I I I 1 I I I I III 111 , I I 

'~11 I J I I I I I I I I I I I I I Tl1 I I I 
-- .. -
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~ 

INTERVAL TIr1ER PROGRAttl~lING 

OP·CODE 
A 

FUNCTION CODE ;{-_.-
'~I -'I- -_. - ~ 'I 

II 
X! ' , ' J 0 

N RO R, 
" " " ' , , 1 'X, X X X, X, X 0,0,°1° O,OJOtO U X V Z I. M 

o 1 2 3 4 & 6 7 8 9 10 11 12 13 14 1~ 16 17 18 19 20 21 22 23 24 2& 26 27 20: 29 30 31 

X IBIT251" 1 

y (BIT 261" 1 

Z (BIT 271" 1 

Z (BIT 271- 0 

L IBIT 28) - 1 

L (BIT2B)" 0 

M (BIT 29)-1 

M (BIT 29)' 0 

RO R, 
(BIT 30) (BIT 311 

0 0 

0 1 

1 0 

1 1 

SPECIFIES REAO TIMER, CAUSING THE 32·BIT CONTENTS OF THE TIMER 
TO BE LOADED INTO GPR 0. 

SPECIFIES PROGRAM INTERVAl. TIMER AND THAT BITS 27 THROUGH 31 
ARE VALID. 

ENABLE (STARTIINTERVAI. TIMER. 

DISABLE (STOP) INTERVAL TIMER. 

LOAD BITS 00·31 FROM THE GPR 0 INTO THE INTERVAL TIMER BITS 
00·31. 

00 NOT ALTER THE STORED COUNT. 

GENERATE MULTIPLE INTERRUPT. WHEN COUNT ZERO IS REACHED, 
GENE RATE INTERRUPT, RELOAD INITIAL COUN', AND CONTINUE 
COUNTING. 

GE'NE RATE SINGLE INTER RUPT ON COUNT ZERO AND THEN COUNT 
NEGATIVE 

SELECT COUNT RATE RTa:!1. 
SElECT HIGH FREOUENCY 

SELECT LOW FREQUENCY 

SELECT 120 HZ 

SELECT EXTERNAL CLOCK 
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TRANSFER CONTROL WOp.r (T04) FOPJ1AT 

I. . . : ! ~ : : • ! ! H -' ! : ! ! ! : .~~ I : I I I : I I ~ I 
o 1 2 ~ • • • 7 • t 10 11 12 13 14 IS Ie 17 " 18 20 21 Z2 2.3 2. ~ ~ 27 2J ~ 30 31 

IInOon 

IIT.$ 12.:111.31 

IITS '''21 

DUIGNAn THE NUMBER OF TRANSFERS TO BE MADE BETWEEN MEMORY AND THE 
DEVICE CONTROLLER CHANNEL. 

SPECIFY THE FORMAT CODE FOR EACH TRANSFE" (SEE T .... LE .. ~t. 

OESIG""TE THE MEMORY LOCATION FOR EACH TRANSFER. 

NOTI· 

THE WA FIEI.D IS INTERPRETED ~S.A 2.-IIIT REAL ADDRESS IIY THE 110 
'ROCESS. THEREFORE. THE ADDRESS RANGE IS LIMITED TO THE FIRST 
il2 KI OF MEMORY. 

- , 

Infonnatfon 'onnat .t 

Byte 1XX 
Kllfwo,.d 0'1 
WoM.l 000 

Xl • Byte numb.,. , • o designates l.ft hllfwo,.d , • 1 designates right hllfword 

TCW DEDICATED LOCATIONS: 

100 PRIORITY LEVEL 14 
104 PRIORITY LEVEL 15 

.... , ,1rG8··,;.4" """'·,0 ""~~"'~R"&M-'F-y,ul'E'VE'b ,.Nl&,· 

10C 

114 

118 

lIe 

PRIORITY LEVEL 17 

PRIORITY LEVEL 19 
PRIORITY LEVEL 1A 
PRIORITY LEVEL IS 

120 
124 
128 

PRIORITY LEVEL.1e 
PRIORITY LEVEL 10 
PRIORITY LEVEL 1E 

12C PRIORITY LEVEL IF 
-1Se""-'c~ ····'P'RIORITYL'EVEt. '20 
--t.3'4~""~'t'P-""~"'<" PRrORITY -LEVEL "'21 
138 PRIORITY LEVEL 22 

o 
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CHECK STATU 
IN MEMORY 

LEVELS OF TEST DEVICE (TD) 

YES 

START 

GENERAL 
STATUS 

:'ldJ:.il 

10M NOT 
PRESENT 

OR OFF
LINE 

10M ERROR • r n;l~. 

HALT 

CHECK CC'S 
(10M STATUS) 

3-13 



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

TEST ~::VICE INSTRUCTION FORMAT 

;:; ;) J ;J J 
" • 

( i 
, 

• 
(/ / I I \ I 0 

I~ 0 / D • TESTTCOOE 

1 , 1 , , , DEVI6E ADORES: 1 0 , ! () I) 0 0 0 0 0 0 0 0 0 0.0 0 0 
I I I I • , I I I I I " . • I I , I I 

o 1 2 3 .. 5 a 7 8 i '0 11- 12 13 1~ 15 16 17 18 Ii 2tl 21 22 23 2. ~ 26 27 28 2i 30 31 

'uri I' ~~--------~w~---···-' Fe 

NOTE: I .... I , ~ 

8OOO(HI TEST CCl 
.... , -.. 

<4OXl(H) TEST 

&.. ---UNDEFINED 

CC2 CP ,j"rj 
CHANNEL I 

ACTIVE 

~ 
DEVICE 
nATUS 
PRESENT 

IF CC1~F. 
CHANNEL (10M) 
NOT PRESENT 
(OFF:LINE) 

~ . L IN~~ID ME~';RY PROC::AM UNO;;:LOW 
2OOO(H) TEST MEMORY PARITY VIOLATION OR L ACCESS ERROR OVERFLOW 

~,.-
~OW(. _ 

~I'" 
",IN'111 

IIAG 
Tan 

V:lv"'G-
.. lAO 
DISC 

".'D· 
"''''0 DISC 

"""0 • IAOI., 
P\IOICI4 

• ,. 
0 

I 

0 

CAUSES A TRANSF ER OF 1~81TS OF CONTROLLER STATUS INFORMATION TO THE MEMORY 
LOCATION SPECIFIED IN THE TCW DeDICATED LOCATION. THE MEANING OF EACH 81T IN 
TME l~alT STATUS HALFWORD DIFFERS AC~RDING TO DEVICE TVPE. SEE FIGURE S-8. 

CC2·0 STATUS TRAN~FER WAS PERFORMED 
CC2. 1 STATUS TRANSfeR WAS NOT PeRFORMED 
~. 1 CONTROLLER IS AaSENT OR POWERED OFF 

, 2 J • • • 7 • • 
n ,. 

" 20 21 D n )< 21 

,aoo DfV • 0 • • • '0 80' 
VIOl. IflOP 

,aoo Dlv \IRe 0 II ... PC: • 0 lOT 
VIOl. ~~ 11111011 II .1Ie 

'\\1'- "00 
'·00 Olio' UOOC:OU 0 "I.' au COIIII I 0 
VIO~ ,- D""'" UN ,,, OAT ... 

.1111011 . ." "00 '1111011 

,. n 12 u 
a 27 21 2t 

• • 0 DIV 
lUI" 

lOT 101 • OIV 
IIISY 

AOOII 0 0 0 
11111011 

o '.0<0 DlV ~It • • • • 0 0 1Ic:T0. 0 IIua 0 

0 

VIO~ ,- - '""0" .. ,. 
~~L 

0 "~I "'''D 0 1T"'C:r., " PV"C:M "~I. 0 ,tClt TIl ....... , '''COU£~ u_~ lule"'L 
II .... e e"l~ 'u~~ CHI Cit '""'" ''''LU.' ,11.0 • "'leG'" ~ ... " '''0 ao ... 0 

THE STATUS HALFWORO IS STORED IN THE MEMORY HAI.FWORO SPECIFIED BY TH, ASSOCIATED 
TRANSFER CONTROL WORD (lCW). 

,. " lC 2' 

0 0 

"1.1 o~o 
,ao, IIle 

VIO 1.0T 

0 Sll~ 
, ... c:. 
1".0. 

"1.£ Sll~ 

'''OT 1' •• ,1. 
V.O ' •• 0" 

... - e .... " ,. .. ~ ... 0 
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INPUT/OUTPUT INSTRUCTIONS 

~ 
f,:" OP CODE DEVICE ADDRESS AUG CODE FUNCTION CODE 

f-OI112/34/5 6 I 7 sf 91,0111 12 13/14115 16117ha(19 ;Jz")f2z!23 24125126127 ~8129 boht 

I i-1 I I I liT -'-IT I I 1 I I I I I ,. I I I 

1i ., I I II T I , I 1 f I 1 1 f 1 I f I f 
. . 

1 -, I I I ·11 I I I I I I I I I ttl 1 I I 

I I I I I III I '1 I I I i I I I I J 111 

/ I / I I I if· I I I f 1 I 1 f I I I I I I 

~.J 1 I I I I I I· I 
-

I I . I 1 I I I I I I I 111 

I I I I I I 1 I I I , I I I I I I I I I 11 1 

I I I i I I 
I I \' . I I I I I /1 T i I I i / I 1 I 1 

I I I ! I I 1 I I I I I I I T 11 I I I I 11 I 

I I I I I I 111 I / I III I I I I I I I I I 

I I I I r I 1 T 1 I I I I t I I I I I I I 11 1 

~Tl r I I I 1 I 1 I I I , 1 T I , I 1 I I I 1 / 
\ 

.--.-
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IHPUT/OUTPUT INSTRUCTIONS 

OP CODE DEVICE At)DRESS AUG CODE FUNCT ION CODE 

oJdzJ3415 61 7 81 9 bo \11 1 Z 13114115 1611711811!9 ;*d22 123 24 f2St261Z7 28129130131 

I ii, I I I I I I -I-IT III I I I I I I, I I I 

I i I I I 'I I I I I I I I I I I I I 1 111 

! I I I I ,I t 1 ' I I I I I III I l j I j 1 J 

I J J I I I I I 1 I I I' i ' i I J I I I I I I 

I I I I I I 1 I I I l I I I It' , I t 1 I I , 
-

I I I I I I I I t 1. t ! I I I I I I I I I I 

I I I 1 I I I I I I I I I I I I I I I I I I I 

I I I i I I 
I I I' , i I I I I I I i I I I I I I I I 

I I I I I I I I I I I I I ! I I I I I I 1 1 

I I I I I II I I I I I I I I 1 1 I I I I I 

I I I I I ill 1 I I I I I I I I I I J I I 

'11 r' I 11 I I J I II I I I I I J I J I I I 1 
. 

...... ,-

3-16 



.. 
INPUT/OUTPUT INSTRUCTIONS 

t 
k, OP CODE DEVICE ADDRESS' AUG CODE FUNCTION CODE 

t"1J'1 1 I 2/ 3 4/ 5 617 el 91,011, 12 13/14115 16117 he h9 ;Jz"d2Z 123 24 125J 26127 '8129 flO 131 

I I I i I I· 1 I 1-rr I I I t I I I I I· II I .. 

I I I I -, I I I 1 1 f I I I I f I I Iff 
. 

, I I I . J I I I I I I I I T I I j I I I T 

I I I I II 1 T I I I 1 i I I I I I I I I 

1 f I I I i I I 1 I f I ii' I I I Ilt 
-

~"\. I I I I I 11 I I I I I I I I I I I 111 -

I I . I I I I I I I I I I I I 1 I I I I III 

I J 
r i I 

I I I' I i I I I I ! I i I J I J J 11 I 

I I I I I I I I I I I I I -II I I I I 11 I 

I I I I I I I 111 I I I I I I I 11 I I I 

I 1 , I I 11 I 11 I I I I II I I I III 
rT1 [, I t 1 I , I I I , 1 II I , , I I I 1 I 1 

. 
/~ .-
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. '. . " . 

I~PUT/OUTPUT INSTRUCTIONS 

OP CODE DEVICE AOORESS AUG CODE FUNCTION CODE ,0 
0-11 I 2/ 3 4! 5 6' 7 81 91,0 III 12 13!t4115 16117I'Sf19 ;Jz"lhzf23 24125~26Tz7 28129130t31 

I I I Ii ~I TTl 'r-IT I I I I I I r I I· I I I 
-

I i I I I l1 I I I I I I I I I r I I J J 1 
. 

I I I I I ·1 1 I I I I I I I I I 11 1 I I I 

I I i I I . I -r r I I I I I i I I If I I I I 

I 1,1 . I I 111 I I I I I i I f 1 T 1 I I , 
. 

) 1 I I I I I I r 
-

I ~ I I I I I I 1 T 1 I I l . -

I I I ; I I I I I I I 1 I I I I I 1 T I I I I I 

I I I I I I 
I i 

-, r 

I i I I I I ! I i I I i I I I I I 

I I I I I I i I . I , I ,. I !·I I I I I I t 1 

1 I I 1 I I I I 1 I I I I I I I I r 1 l I I 

I I I I I I I I J I I I I I f I I I I I I I 

J'11f' I I T T T I I I I I I r I I I I l I I o -. -
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( 

OUTPUT TO TTY/CRT 

( START 

~r 

SET UP 
COMMAND 
DEVICE 

IN MEMORY 

~, 

SET UP 
TCW 

IN MEMORY 

" 
SET UP 
DATA IN 
BUFFER 

(IF OUTPUT) 

." 

~UN PROGRA~ 
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CHECK GENERAL STATUS OF ~G TAPE 

START 

~, 

GET 
GENERAL 

STATUS 

"I!, 

HALT 

. 

~, 

CHECK CC'S 

• • 

NOTES: CHECK STATUS WITH 10M ONLINE & DRIVE ONLINE 

CHECK STATUS WITH 10M ONL1NE & DRIVE OFFLINE 

CHECK STATUS WITH 10M OFFLINE & DRIVE ONLINE 
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( 

CHECK DETAILED DEVICE STATUS 

START 

~,. 

SET UP 
STATUS 

TCW 

'I!J~ 

jGET 
~ DEVICE 

STATUS 

~r 

{ill: l \ Q 
..,./ r 

--
SET UP 
TIME 
DELAY 

NOTE: .~§~WfttJJii~t,;r~;~'~:·:f~~N:e:t:'1'()N;~i1.~'ON STATUS LOCATION 

TO MONITOR STATUS BITS. 
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) 

WRITE TO r~G TAPE 

START 

SET UP 
TCW 

SET UP 
BUFFER 

HALT 
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( 

( 

DISC SEEKS 
VJITH NO Ir\!TERRUPTS 

START 

SEEK 
.---.-----e/ T RA C K 

200 

GET IOrv1 
STATUS 

, SEEK 
TRACK 

000 

~----. 

GET IOf\111Q-__ 
STATUS 
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I 
I 

I 

~ 
~Q:. 

INPUT FROM TTY - OUTPL'T TO LP 

WITH NO INTERRURTS 

START 

GET 10M 
GENERAL 

STATUS 

GET 10M 
GENERAL 
STATUS 

YES 

YES 

') .., t. 



( 

( 

..... ' 

START 

SET UP 
WRITE 
TCW 

GET 10M 
STATUS 

WRITE1 REWIND 1 READ MAG TAPE 
WITH NO INTERRUPTS I 

e)IO 

l-tJ 

/rw 

YES 

!.., '.' , 
, .... ,Ol}-- ~ ... ,. 

t,..t ... 

GET DEVICE TD~-P~}O 

STATUS 

SET UP 
READ 
Tew 

GET 10M 
STATUS 

GO TO START 

YES 

YES 

3-25 
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Objective: 

···c' 

DAY 3 

INSTRUCTION SET 

I/O PROGRAMMING WORKSESSION 

REFERENCES: 

32/70 SERIES 
REFERENCE MANUAL 

SECTION FIVE 

WORKBOOK 

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 INPUT/OUTPUT 
problems. 
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( 
• 

1. List the fields of a C/D instruction and define each. , 
b/\'J.. lJ(,v/c,e A-eldrf:Ss - rAe, 7 'I ;;~1rI 

3. Code up a c/n instruction forr a Mag ape read. 
r 

1111:110 000 f) It 0, ('/ ()C>°o o CfJ· <!> t!,) OacY~ 
; 

6 I .8 r ~ c 8 I (J) (!> 0 \, , 

4. List the fields of a TCW and define each. 

0-1/- cle.h;e I/v ... t.r- oJ -rr-J...~ . (joqb ... ..,y 
3~/g),.:) F b:f- - fyfe. pI-- tiSCe-c;t- C- l!(;oC,,,,- i~---$kr-' 

, '-29 . J~r:'JMi.k -ftu- J'M e~1 I'j(:fth~ (;r ~4~4 ioUI'&- (bv*V) 
5. Code up a TCW to transfer 16 bytes starting at address 

X' 04000 ' • 

o / (;) tfJ </' () C) 0 

6. What are the TCW dedicated locations,for MHD, MT, TLC? 

loB) /I 0 / 1.3 ~. I If, I~c, 

3-27 



'. . .. , ~, . . ... _ .... 

• 
7. When must the TCW be in the TCW dedicated location? 

Be\6c·, 142<j:«(u\jan pi- Cn ;-..,stryr..j..';'" 
Tn ¢-ooo 

8. When does an 10M normally generate an SI? (,Jht'" r:.jo 

9. List the fields of a T/D instruction and define each. 
'-/~ 

l>ell1c£ AJ,dt-'f!s,s ;e. CR.-r:: 7£ (..P>::'7A 

10. Code up a T /D 2000 to store sta,tus for Mag Tape. luf" ()114tJtiolor/001;p 00 .. 8 ., .. 0 ecoo 

11. When checking 10M status, what defines the 
status? ____ ~~~~~ __ c.~-,-~~~~-s--~·~~--~~~-~~S--w---

12. On execution of a T/D 2000, where is th 
stored? " S+f1V.", cr-

. ;;, . eee~'1' -t;J{4J.,; s:;e~c',(;rI 'I 1Cw 
Code up a TCW to store Device Status of a Mag Tape in the 
Le.ftHalf Word of Memory location X' 2000' • 

" 0 (0000 ':'"! 0. 0 I 
9 000 AMQ QQQ tAo 0 fob coo C'O () 0 () Q 0« 

o I 0 est DO I 
14. List the different classes of I/O. 

e ,I, :2) 3 / b I '; E 

c 



( 

~5. What is the difference between a Multiplexer Channel 
and a Selector Channel? " 

A k~C~ (!tv.. .... ~t: I ,..,..1'"/ ~ ~~~/('c. 
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( 

10M TYPE 

FHD 

MHO 

MTC 

GPMC 

HSD 

ADS 

CR 

LP 

TTY/CRT 

_. (~ .. 
" 

lID INTERRUPT CHART 

S.1. OED DEV ADDR INT LVL, . IVL AD!JR 

00 14 ' 

04 15 

08 - ...... 16 

OC 17 

10 18 

18 19 

20 1A 

30 13 

40 1C 

50 10 

60 1E 

70 1F 

78 20 

7A 21 

7X 22 

7E 23 

........,.. 

140 

144 

I- 148 

·14C 

150 

154 

158 

1SC 

160 

164 

168 

16C 

170 

174 

178 

17C 

BASED ON 
S.I. INT LVL 

i""(,V>::. 
:Iv" -Lft) 

1,00 

(OJ-

I OJ} 

• 
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INTERRUPT STATES 

EI (SOFTWARE) 
S Q 

~ ENABLE 

01 (SOFTWARE) 
R '0 . 

110 COMPLETE [;tf..(Vf~ ~.:rYl1-

~ 
RI (SOFTWARE) S 

S Q 

l 
~ REQUEST 

R 
C Q 
~ 

CPU AC.K 

AI (SOFTWAPlE) S 
S Q ~ 

r-- ACTIVE 

OAI (SOFTWARE) 
R 0 

~ ? 
, 'Ill,. 

CLK BLOCKS LOWER 

INTERRUPT LEVELS 

H 
T 

H H .... 
H INT 

P 

. 

o POLLING _ 
- HIGHEST 

ERRUPT ON THE 
OLL (CPU ACK) 

\ 
',' I c·.-.·.··"'··· 
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PSW MODE 

1/0 INTERRUPT PROCESSING 

VECTOR -OLD PSW 1ST~OCATION 

ADDRESS • 
(ADDR OF SUB) - . • • RDut'''E • + 

( 
4-

BRI--. ----/," 

E-'1~'lt.. T.~~(C( J,t o OOOI~f)O ~rtil .... «.\.._ RcH-t'"-
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PSD MODE 
• 

I/O INTERRUPT PROCESSING /\~ 
~J . 

\ "1-... \O} 
,'0 .)~ (J-l). N-i~ ~}\ 

IVL 1\. t&' 
D DoO t (loC) -).....i\' 

I A~E;:~~ II--------.!~ ICS OLO 

(AOOR OF ICS) . pso o +4 

~QOONEW -; 000 +8 

e PSD 0 +C 

REF: 

RM pg. U F'G', 3.1 

SUBROUTINE 

1ST LCCAT~-J>liS§.JT!JI~Nl§.ST!JRB.!U~C~T~1 OQI 
• • • • 

, \ .'.' .1JJ1~~~.J. 
OAI 'XX' ~7 Ji 

LPSO ICB+O 
\) \ tf:J\) 

yO\&b. 
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( 
LEVELS OF TEST DEVICE (TD) 

EVICESTATU 
T02000 ~----... 

CHECK STATU 
IN MEMORY 

START 

GENERAL 
STATUS 

T08000 

10M NOT 
PRESENT 

OR OFF· 
LINE 

10M ERROR 
T04000 

HALT 

CHECK CC'S 
(10M STATUS) 
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INPUT FROM CONSOLE 
,(~ 
~,;' 



-c; 

OUTPUT TO crmSOLE 

( START 

"'~l----f. A 
~;-

GENERATE 
ICB ADDR 

~, 

STORE IN 
DEDICATED 
IVL LOC 

GENERATE 
TTY TCW 

STORE IN 
DEDICATED 
TCW LOC 

ENABLE 
TTY 

INT LVL 

/ 
'WRITE' 1 L9 
TO TTY 

FER NO 
COMPLETE~~-....I 

? 

YES 
~, 

VECTOR TO 
IVL, FETCH 
Ice ADDR 

STORE OLD 
PSD,FETCH 
NEWPSD 

VECTOR TO 
SUB 

ROUTINE 

COUNT S.I.'s 
DEACTIVATE 
TTY INT 

INCREMENT 
OLD PSD 

+4 
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( 

-( 

INPUT 

OUTPUT 

SET UP TTY & LP 
INTERRUPT LOCA
TION 

~ET UP TCW···;ORl 
LP & TTY IN 
DEDICATED 
LO~~ T.l ON. . _1 

SET UP LI 
COlJNT IN 

FROM TTY & 

TO LINE PR!NTER 

BRANCH IN
DIRECT TO LP 
S. I. ENTRY 



• • 

0"" '\ 



r 

( 

/ 

DAY 4 

INSTRUCTION SET 

I/O INTERRUPTS - WORKSESSION 

REFERENCES: 

32/70 SERIES 
TECHNICAL MANUAL 
SECTIONS III & V 

32/70 SERIES 
REFERENCE MANUAL 
SECTIONS III & IV 

Objectives: State the basic purpose of I/O interrupts. 

Overview: 

Become familiar with I/O interrupt philosophy. 

Identify and list steps required to process 
I/O interrupts. 

I/O Interrupts 

System is interrupt driven, an I/O interrupt 
request can be caused by any of the following: 

A. I/O Termination - A normal or abnormal term
ination will ~ause an interrupt request. 

1. Normal Termination - completion of a 
block transer. (Transfer CNT = 0) 

2. Abnormal Termination - Device terminates 
prematurally because of end of record 
or Inoperable condition. 

4-9. 



B. Software (Interrupt 9ontrol Instructions) 

c. Each I/O channel can handle its Device 
Interrupts (S.I. 's). 

D. 16 interrupt levels dedicated to I/O. 

E. Each 10M has its own self contained in
terrupt generating logic. 

4-10 



( 

( ": 
/ 

c:: 

• 1. The interrupt vector location (lVL) is ~edicated to: 

~ The device address of the 10M. 
(b The interrupt priority of the 10M. 
c The physical address of the 10M. 

2. What are the IVL dedicated locations for MT, MHD, TLC? 

tn f-=- ISO 

lYI/fO ~ HB 
170, /7'1-, /7C' 

3. 
I ) 

What does the IVL contain? _----:A:...L..I!adloWlJ.,:..f'.I;;.j,,$'iIoIIS"--..;::;6..:.+_' ---,;r~c:o..lB"",-_ 
DC ~ bCDcJb:' CJ 

4. , What does an I/O (non Class F) ICB contain? 

OLD PSD / NeW pSj) , 
-----

5. wllen should the new PSD be stored in the IeB? Bel;a. 
I 

ebebl\~ \-v\\<crvr\t, 

6. What bites) in the new PSD should be set? _~~~ ___ __ 

ft'~t.(c'le. ) ~ t ~-A Pc. tA.ddress, l.:h 
What are the 3 states of an ,interrupt - how are they 
set/reset? t"eklCl.. l RUel:rt, Ach;, ' 

$ e+1wofe.1 ~tJ~-\wfJo.<L S<.rv~,t, i".\/ScA1t.t.r, t;c&e.".I~~re 

7. 

8. v~at interrupt control instruction must be used to allow 
servicing of an interrupt? Cl1ea.w-:--r",krrvA-, 

9. What interrupt control instruction will clear any pending 
interrupt ~equest to that level? 

~, ~Able 

L~rtup~ 

10. When aninterruptqoes ac~ive, what~int~rrupt levels are 
blocked?, 'J:~rrvp1'S ik~I: \n.krr-u.a+ t~"'c..f 

CX",-tA.. (l\,U \evel~ Vli\Jfr~t~~' \.I&ee> ' , , ' 
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11. In the PSD mode what instruction(s) are used to exit 
an interrupt servicing routine? _' ~ __________________ _ 

# \ _ '"t'l\lc. 
DtaB'<-h\lc.)lZ. -L fSD 

12. In the PSW mode what instruction(s) are used to exit 
an interrupt servicing routine? 

13. What interrupt levels are dedicated for I/O controllers? 

14. 

\ L\-~:' 

y~at instruction should be executed prior to enabling 
. an interrupt? Why? DIsAble l:n±iCPlp\? 

l' Q W\yW 'he v) ;",\g f[ Yp-\~ i V\ -

-.. 
• 
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DAY 5 

SECTION 5 

SCRATCHPAD 

TRAPS & INTERRUPTS 



t' 



( 

CPU 'c' BOARD 

( 

CPU SCRATCHPAD LOCATION 

LOC. 00 

. FF 

• 

SCRATCHPAD 

256 X 32 BIT 

CONFIGURATION RAM 
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SEL 32 SCRATCHPAD LAYOUT . 
1 .. 00 00 • I~ • 

. 

DEVICE ENTRIES 
I 

FLAGS I CLASS I tNT LEVEL. pur AOOR I sue AOOR 

. 
78 0000100 0 I Ito 1 I I t I o Itt I 0 0 010 0 0 0 0 0 0 0 

1'F -v 
eo INT R. FLA.S R.TOM ENTRY VECTOR ADDRESS 
81 I~TR Ft.o4GS RTOM ENTRy VECTOR ADDRESS 
82 lOCO OEDfCATEO MEMOR1 AClORESS (-700 
8:! MASTER PROCESS LIST BASE ADDRESS (=784) 

~ .IPL/ICL DEVICE ENTRY 
IS ACllVAll:.U lNI!:.HKUtJl LEVELCOUNI'ER 
86 SERIAL PANEL DATA DISPLAY AND CONTROL AREA 

LOCATIONS 86 - 80, 8E NOT USED. 

C 

IDENTIFY DEVICE PROTOCOL RESPON~E (DRT) ONLY ~VAUD FOI I nWTNr. TPI 
0 CURRENT PSD WORD 2 
J CPU STATUS WORD 

NTR. FLAGS RTOM ENTRY VECTOR A )DRESS ,3 iNTR FLAGS RTOM fN"'RV Vf::rTnRA 1rRf::C;C; 
'I :NTR FLAGS DEVICE VF:CTOR S I VEt' [OR ADDRES~ 

LocATIONS 94 -,A3 USED BY I/O CHANNEL SERVICE INTERRUPTS • 
. -II 

A4 - FF USED FOR SYSTEM AND EXTERNAL INTERRUPTS. -

F F 
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INITIAL ftROGRAM 
LOAl) (lPI.) 

FORMATS OF THE 
tNITIAL 

COHFIG::RXTION 
LOAb (Iel) 

-. 

SYSTEM INITIALIZATION 

Inft.i.1fzation .nd configur.tion of a 32170 Series, Syst .. is .ccor 
plhhld through t.he use of t.he Init.ial Prog,... Load (lPL) sequence. 
This sequlnce initilltzlI t.he system. Stts upt.hl 110 configuration, .nd 
boots in tl'l'. op.r.ting SysteM. The usu.l .. thod of initializing the 
syste. fa through the use of the end read.r to read in a dICk of c.rds 
cont.inin; the I/O de.,ice configuration and .nigned int.rl'""t o,.g.n
hation. Tht IPl uquence is initiated by placing the Initial Con
figurat.ion Lo.d(ICl) deck of cards in t.he card r.,d.r. setting up of 
t.he .ddr.ss of t.h. card rt.der on the syst .. front Panel •• nd depressing 
t.he IPL but.ton on the IYs~ front.· p.nel. 

It should be not.ed thlt if the Mode jUiper on the CPU il let up for the 
PSO .ode, the CPU wi 1l c OM up in the PSO .ode. It I when p 1£ c:i ng the 
add".ss of the IPl de.,ici in the B-Display of the f"ont panel,' 
.ddition.' information is added, then the CPU can be .ad. to COMe up in 
the PSW -.ode of operation. rh. p.rocedun for establishing t.h. PSw IIOde 
of oper.t.ion is as follows: . 

1. 

2. 

If usingefther tM pa,.,l'e' or Strill front panel for data Int~. 
.dd aooo to 'the de.,ice address (sets bit 16 to One). For .xa~l •• 
if tht .ddr,ss of the card reader is 7800, then by the setting of 
bft 1& to ant (or.dding 8000), the r,sultant .ddress becOMs 
F8OO. • 

If ustftg t.he serfal front pantl. entering a 55 plus the c.rd "",del' 
add",ss results fn the CPU cotling up in the PSW IIOd.. The re-
sult.nt .ddr,ss in thea-Display fa then 00557800. 

Aft." the c.rods are "e.d into the syst .. , the SYSTEM RESET button is 
depressed, the. Idd"ess of the device (disc) containing the operating 
syst.. is Int. red on the. front panel, Ind the IPL button is .glin 
deprlssed. the"eby booting 1n the operating syst ... 

thl Initial Configur.tion load (ICL) deck of clrds contains three basic 
"cord foruts. The fonowing sections provide descriptions for Ilch 
forut. 

Initial Configurat.ion Load (ICL) ncords are "tid 'rOIl • deflult or 
selected p."fpheral de.,ice. The ICl "cords Ire converted into fn 
formation that"s us~ to 'nitl.11ze the 256- x 32~bit Configur.tion RAM 
(CR) contained in the 32/70 Seri.s Centr.l Processor Unit (CPU). 
InfoNation contained In the CR is us~ by the CPU to addr.ss and .. in
t.in the status of the 128 possible devices ind the 112 possible 
interrupts. '. 

Initi.l Configurat.ion lo.d r,cords .uit be in the follOWing ASCII or 
Hollerith formats: 
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Format " *DEVXX-FCILtASA (,NN) 

where: 

*DEV 

xx 

• 

F 

c 

IL 

CA 

SA 

( ) 

deftnes that the record contains I controller 
definition entry. 

is the hexadecimal address that will be used 
by macro level input/output instructions to 
address the controller. 

is I necessary delimiter. Each letter to the 
right of this delimiter represents one 
hexadec11B1 digit (four binary bits). 

flags used by the CPU for input/output emulation. 
Presently, this field is always zero. 

defines the class of controller being emulated. 
Presently, this field can contain one of the 
following values: ' 

o • LINE PRINTER 
1 • CARD READER 
'2 .'TELmPE 
3 ' • INTERVAL TIMER 
4 • PANEL ' 
5 to D • Unassigned 
E • ALL OTHERS 
F • EXTEHOED lIO (32/75 ONLY) 

. 
is the hexadecimal interrupt 'evI' 0' the Service 

Interrupt (i.e., priority levels 14,6 through 
23,6) for the defined controller. 

is the hexadecill'Bl controll er address as defined 
by the hardware switches on the 10M. 

is the lowest hexadecimal device subaddress 
used by the control'er. This field is 
norma"y zero when more than one device is 
configured. 

denotes optional paramete~. 

is I delimiter that must be used when more than 
one device is configured. 

NN is I 2-digit hexadecimal number that specifies 

NOTE 1: 

the number of devices configured on the controller. 

The subaddress (SA) field must reflect the follow
ing for the Teletype, Line Printer, Card Reader 
(TlC) controller: 

1. Card Reader is subaddress 016. 
2. Teletype is subaddress 116. 
3. line Printer is subaddress 216. 

5 ... 5 



LOC 78 IN 
S~RATCHPAD 

· 
DEVICE ENTRY CARD 

I, 

*?~800· 
SO'TV/ARt ICiIof o.ASS IN: ~UB AOD~ 

OEVICE 0& lP 00# CR 
AOOR. I • Cit PHY SEI. 01 • TTY 

2 a TTY , BUS AOOR. 02-I.·P 
E& 10M OF 10M -

SCRATCHPAD DEVICE. ENTRY 

o 34 15 16 17 

.. 

SCRATCHPAD INTERRUPT ENTRY 

'0') 
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SCRATCHPAD DEVICE ENTRY 

CL~ 

BITS DEFINITION 

04 05 06 07 

0 0 0 0 CLASS 0 . '"rLC' LINE PRINTER 

0 0 0 1 CL~ 1 • 'nc' CARD READEfl 

0 0 1 0 CLASS 2· '"rLC' TELETYPEWRITER 

0 0 1 , CLASS 3· RTOM INTERVAL TIMER 

1 1 1 0 CLASS 'E'STANDARD I/O CONTROLLERS , , , , CLASS 'F' 1/0 CONTROLLER 

INTERRUPT LEVEL 

IITOI-'O 
BITS 08-16 PROVIDE THE lWEI CQMPI.EMENt.OF THE I/O CONTROLLER 

INTERRUPT l Eve-l 

PHYSICAL ADDRESS 

7,;,6-0 
BITS 17·23 PROVIDE THE 1/0 CONTROLLER (10M I PHYSICAL ADDRESS. WHICH 

MUST MATCH THE 10M'S ADDRESS SWITCH CONFIGURATION 

SUBADDRESS 

BITS 28·31 PROVICE THE SUBADDRESS OF SPECIFIC 110 DEVICE 

NOTES: " DEVICE ENTRIES ARE IN SCRATCHPAD ADDRESSES 00-7F. 

2. CORRESPONDS TO THE SCRATCHPAD ADDRESS. 

3. DEVICE ENTRY SCRATCHPAD ADDRESS CAN ALSO BE OBTAINED FROM 
THE INTERRUPT TABLE ENTRY, VECTOR FIELD (REFER TO FIGURE 5-501. 

Form.t - Scratchpad Device Entry 

...... , ... - .. ~ - ...... - .. "'.,.. .• -~---'.-- ..... ""' ........... ~.' .... -..-.... --' •• ..,.-.~ ... ,-.._, ·.,.jOI"".""'"r:; ... a .... _ .... _...., 



Iel INTERRUPT ENTRY FOR~AT 

• 
Format 12 *INTXX-RS 

where: 

*INT 

xx 

• 

R 

s 

NOTE 1: 

NOTE 2: 

NOTE 3: 

NOTE 4: 

defines that the record contains an interrupt 
definition entr,y. 

is the hexadecimal interrupt priority level 
that is to be emulated. 

is I necessary delimiter. Each letter to the 
right of this delimiter represents one hexa
decimal digit (four binary bits). 

is the hexadecimal RTCM board number to which 
the interrupt XX is assigned. 

is the hexadecimal subaddress on the RTOM board 
. to which the interrupt XX is assigned (in one's 

cQq)lement). 

RTOM physical controller address 7916 is RTOM 
board number 1. address 7A16 is RTOM board 
nuniler 2. ete. 

Real-Time Clock hardware is connected to subaddress 
616 on the RTOM board. 

Interval Timer har~are is connected to subaddress 
416 on the RTOH board. 

RTOH physic .. l controller addresses Rlst be 7916 

~ 
, . ,~' . " 

\~ ~~ , 

Format 13 *END 

where: 
*EHD 

• 

is the last record of an Initial Configuration Load 
(tCL) deck. This record signifies the end of 

EXAMPLES OF 
INITIAL 

CONFIGURATION 
LOAD (ICL) 

_ RECORDS 

the load process. 

*DEV04-0E140100,04 

The device entry above specifies the follOWing inforlMt1on: 

1. The 32/55 input/output commands will address the contreller 
as 4,6. 

2. The· ,04- is an optional parameter that specifies that 
there are 416 devices on the controller. There w111 be 
four entries defined in the Configuration RAM (CR). The 
32/55 input/output commands will address the devices 
as 416. 516. 616. and 716 • . 
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( 

.. . 
3. The controller is an -E- class controller. 
4. The priority of the Service Interrupt (Sl) is 1416. 

Assigning I priority to I controller has the followiftg 
implications: 

I. The Transfer Interrupt locltion for priority 14,6 15 100,6. 

b. The Service Interrupt vector locltion for priority 14,6 
is 14016' . 

c. The emulation lOCO will be stored at location 700,6. 

d. The interrupt control instructions (i.e., DI, EI, RI, 
AI. OAI) will control the interrupt on the controller 
by addressing priority 1416' 

S. The physical address of the controller is 01,6. 

*INT28-16 NOTE: 28 + 80 • AS (location in scratchpad) 

The interrupt entry above specifies the follOWing information: 

1. The 32 interrupt control instructions (1.e •• 01. EI. RI, 
AI. 0Al) w111 control the interrupt on the RTOM by 
addressing priority 28,6' 

2. The number of the RTOM board is 1. 
3. The subaddress on the RTOM board is 6,6' (onels complement) 

A sample Initial Configuration Load (Jell Deck is given in 
Figure ~. 
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so 

/ 
/ 

I 

". 
INTE'RRUPT ENTRY CARD , 

'-

1 -9C . 
, o,.j,C 

// ~.~SU8 .ADDR ~ . . . . RTOM SOARD I . 
I I NT LVL 1ST RTOM 

INTERRUPT ENTRY (RTOM J 

FLAGS 1 IYL 

c~ 
3 LSSs 4 ",sea of . 

RTO"" of RTON Ai'/' 
ENTR,/, 'AOCR ( 79) 

SUB ACCR (cJ 

. , 

C-'\ 
, , 

,1''''',\ 
\ i 
~ ...... " 

o 
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., .. - . . .. "-' . ... .. 

SCRATCHPAD INTERRUPT TABLE ENTRY 

VAT. IDEACTIVATE INTERRUPT ISSUED 
o DEACTIVATE ISSUED 

• ACTIVATE ISSUED 

ENABLE/DISABLE INTERRUPT ISSUED 
o • DISABLE ISSUED 

VECTOR 

BIT 08- 0; 
81T 08-1; 

IOMENTRV: 

1 - ENABLE ISSUED 

81TS 09· 15 PROVIDE DEVICE VECTOR 110M ENTRVI 
81TS 09·15 PROVIDETHE RTOM ENTRY. ct ,A}J/-t 0 .... (.. 

IF BIT 08. 0; 81TS 09,'5 PROVIDE THE SCRATCHPAD ADDRESS OF THE 

"TOM ENT"Y: 

DEVICE ENTRY IREFUl TO FIGURE 5-51 fOR FORMAT) AND ALSO 
CORRESPOND TO THE COMMAND DEVICE OR TEST DEVICE 
INSTRUCTION DEVICE ADDRESS FIELD. 

If 81T 01· 1; "TS 09 " PROVIDE THE THREE LEAST SIGNIFICANT IITS 
OF THE RTOM PHYSICAL ADDRESS.\FOUR MOST SIGNIFICANT IITS 
OF PHYSICAL. ADDRESS ARE (1" 1 

81TS 12·15 PROVIDE THE FOUR IITS OF THE RTOM INTERRUPT 
LEVEL SUBADDRESS. 

NOTES: 1. INTERRUPT TABLE ENTRIES ARE IN SCRATCHPAD ADDRESSES .,-1'. 
AND 12,'F .OF THESE ADDflESSES. ADDRESSES 9t.A3 ARE 10M 
ENTRIES. AND THE ''f.MAINING ~DDRESSES ARERTOM ENTRIES. 

2. SCRATCHPAD INTERRUPT TABLE ADDRESSES ARE OBTAINED 8'1 
ADDING IOH TO THE INTERRUPT LEVEL. 

_. (~ Fonnat - Sc:ratc:hpad Interrupt Table Entry 
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EXA~~PLE' INITIAL 

. ~'v S~ 
~L tK 

CONFIGUPJ\TION- DECK ~~ . 0 
I . 

,~~~, ,()MaIl 

(5" IIOTI) RW ASCll WC UAOtR tOCD 

-ono.-o£ 110400 ,OZ WTRtCGt DISC WITH 'NO ~mRS 

-OlYCI-otllC800,OI MOYI",-H£ADOISC 

-oCY10-0£11100Q,0I t-tua IN TUE 

-omO-OUUOOQ.lO IPfC 

-OCYlo-oE1EIOCO.CI ADS 

eomt-OU071CD 'IlU1Alf CUS) .PC£I 

eomA-ocz171Ciz "11'MT Ullt ,.1ICTO 

.-n'-OU27101 PRIMAIlT TEUT'I"E 

-1~11 POWEI 'AILlAIIrO aUTAlT 

-IXT01-1I mT'IR OVPlIOE 

-lm2-lO MDa't 'Aim TW 

-IIT13-lC CCIISCU lI'T~U", 

elm"l1 lDt'IlESENT 'WIT 

-lms-loA _UtlG 1llSnUCTICilt TRAP 

-Ima-l' PlIYILIII YIOLATIOI 

-lm7-11 . CALI. ICIIftTal 

-1m .. " lEAL·nJC C1.OCI 

-lm"17 MlntlETlC DC~T1CN 

-11TZA-L5 1lTEIMI. IIITD.un 

-sm"l' El'TDMLIJlTWV", . 

-Imc-U aTtRIW.lJITEUUPT . 
-IIfTZ.OeU . 

EmIIW. tlCTWUPT 
. -00 LAST CAaD 

110ft: neE 'lIST lECQIUI IS crvJC1OO£MDtHT AltO I"R£SDlTS 'NO 
u·ln WOR:s. 'nt£ nUT "t~ ... u. ZERas .AADTMI SECONl) 
A YAUD IceD TO RW ". ,ou.OWll. UCQRCS •. 

,,,,,", ;. SII. latt1.1 Coafi,urn1. LHct nc.) DIet 

o 



(' 
ICl 

Interrupt level Sub Address ICl . -

r 
00 1(9) F 
01 E 
12 0 
13 C 
24 B 
25 A 

RTOM I' 26 9 
(2117) 27 8 
WITH 28 6 
INTERVAL 29 7 
TIMER 2A 5 

2B 4 
2C 3 
20 '2 
2E 1 
2F 0 

.(' 
30 2(A) F 
31 E 
32 D 
33 C 
34 B 
35 A 

RTOM *, 36 9 
( 2118) 37 8 
WITHOUT 38 . 7 
INTERVAL 39 6 
TIMER 3A 5 

1 
38 4 
3C 3 
3D 2 
3E 1 
3F a 

l' 
RTOM 3, 4, ~, etc. 

~' Interrupt. Sub Address (ICl Card), logic Relationship 
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TRANSFER SCRATCHPAD TO REGISTER INSTRUCTION FORr~tAT 

lOp COOE IRD I RSi~.J. NOT USED 31 1 
o 5 6 89 1112 15 1=6~-------~ 

SCRATCHPAD ADDRESS 

I I~ I 
._. __ ... 1 

8 15 

RD DATA FROM !lCRATCHPAD ADDR (RS BITS 8·15) I 
o 31 

TRANSFER P.EGISTER TO SCRATCHPAD INSTRUCTION FORflV\T 

E CODE I RD I RS I E I 
05 6 8 9 1112 15 16 

NOT USED ~ 
31 

~ _________ D_A_TA __ T_O_S_C_RA_T_C_H_PA_D _____________ 1 

o 31 

RD '-------~18r-:~:-.1,Jl--------. SCRATCHPAD ADDRESS 

,_J 

","""---"',,-
.' , 
! , 
',,-~ 
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--c) 

1\.\ 
lEAP LEYfL ill rESCRIPTION 

.,...vl.. 
00 OF4 pmlER FAIL SAFE TRAP 

- 01 OFC SYSTEM OVERRIDE TRAP (NOT USED) 
02 OE8* ~1EMORY PARITY TRAP 
03 190* -..f "NONPRESENT fllEYIORY TRAP , 

" 04 194* 1 ! UNtEFINED INSTRUCTION TRAP 
!S 05 198* ~ i PRIVILEGE VIOLATION TRAP 
~ 06 

~ c...'i.. ~ SUPERVISOR CALL TRAP 
07 <f ~ ~~CH INE CHECK TRAP 
08 188 ' ~ SYSTEr, CHECK TRAD 
09 ' 18C rlAP FAULT TRAP 
OA NOT USED 
OB NOT USED 
DC NOT USED 
OD NOT USED 
DE DE4 BLOCK r,ort THiEOUT TRAP 
DF 1A4* ARITHr'[TIC EXCEPTION TRAP 

* VECTOR LOCftJIONS SHARED HITH RTOfli INTERRUPTS 

INTERrUPT LEVEL 

00 
13 
27' 
28 
7F 

OFO 
OEC 
19C 
lAO 
2FC 

DESCRIPTION 

POHER FA! L SAFE INTERRL'PT 
ATTENTION INTERRUPT 
CALL r10N ITOR INTERRUPT 
P.EAL TU1E CLOCK INTERRUPT 
INTEP.VAL TI~ER INTERRUPT 
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INTERRUPT LEVEL 

00 
01 
12 
24 
25 
26 
29 

. . . . . , . 
.LTIERRUPT LEVEL 

00 
01 
12 
13 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C -
2D 
2E 
2F 

PSW TRAP rr.PLEMENTATION 
,[~> 

'lj 

.lYL 

OF4 
OFC 
OE8· 
190· 
194· 
198· 
1A4· 

. 

• ON RTOM 

~ESCRI PTION 

POWER FAIL SAFE TRAP 
SYSTEr~ OVERRIDE TRAP . 
ME~1ORY PARITY TRAP C(1'\'\~· oj,-) ~)~~'. 
NONPRESENT ~iE~iOP.Y TRAP 
U~H:EFINED INSTRUCTION TRAP 
PRIVILEGE VIOLATION TRAP 
ARITHMETIC EXCEPTIm~ TRAP 

PSW INTERRUPTS REQUI RED ON 
1ST RTOM 

m 
OFO 
OF8 
OES· 
OEC 
190· 
194* 
19S· 
19C 
lAO 
lA4· 
lA8 
lAC 
lBO 
IB4 
lE8 
lEC 

rESCRIpTION 

POHER FAIL SAFE INTERRUPT 
SYSTEM OVERRIDE INTERF;UPT 
~1E~1ORY PARITY INTERRUPT 
ATTENTION INTERRUPT 
NO~PP£SENT rf~10RY INTERRUPT 
UNrEFINED INSTRUCTION INTERRUPT 
PRIVILEGE VIOLATION INTERRUPT 
CALL r·~ON ITOR INTERRUPT . 
REAL TIME CLOCK INTERRUPT 
ARITHffTIC EXCEPTION INTERRUPT 
EXT INT (J. HAlT FOR RT~~) 
INTERVAL TI~'ER (RIM) 
EXT INT (TSS FOR 'RTM) 

. EXT INT (RESERVED FOR RTr-n 
EXT INT (RESERVED FOR RTM) (;" 
EXT INT (RESERVED FOR RTM) 

• VECTOR LOCATIONS SH~,P£D UITH PSD TRt\PS 
5-16 



INTERRUPT STATES 

c 

II ISOFTWAFlEl 
S Q 

~ ENABLE _ 

DI ISOFTWAFlEl 
R Q-

EXTERNAL EVENT 
. 1 

( 
s. AI (SOFTWAFlI) 

S Q 

r 
- - REQUEST 

R 
C Q 

1 
CPU ACK 

1 
AI (SOFTWAFlE) S 

Q :--S 

~ ACTIVE 

DAI (SOFTWARE) 
R Q 

~, 

eLK BLOCKS LOWER 

INTERRUPT LEVELS 

" ,,'.," --, ••••••. "'":. J ! '," '._ •••. ; .. - '-, "~""." ~ .,', "', 

H 
T 

H H ..... 
r 

H INT 
P 

o POLLING __ 
- HIGHEST 

ERRUPT ON THE 
OLL (CPU ACK) 
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IVL 

VECTOR 
ADDRESS 

(AOOR OF SUB) 

-. 

PSW MODE 

INTERRUPT PROCESS ING 

SUBROUTINE 

'" OLD PSW , 
• • • • 

'---- -

1 

--" 

iT LOCATION 
~-..., 

BRI· -----I 

5-18 



(' PSD MODE 
• 

INTERRUPT PROCESSING 

IVL 
Ice 

I VECTOR 

1 ~ OLD +0 
ADDRESS 

PSD ~ 

(ADDR OF Ice) 

{ NEW +I 

PSO +C 

·NIU .,0 
·N/U .,4 

ADDRESS 

OF REF: 

-(~ SUBRDUTIN RM PI. U FlO', 3· 1 

SUBROUTINE 

1ST LOCAT_-DI . ..;.....;.~;.......;_~ 

• • • • 
• 

OAI 'XX' 

LPSO ICB+O 
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NO 

INTERRUPT PROGRAr'i FOR ATTENT! ON BUTTON 

START 

GENERATE 
ICB ADDR ... ~ 

STORE IN 
DEDICATED 
IVl LOC 

ENABLE 
ATTN 

INT lVl 

VECTOR TO 
IVl,FETCH 
ICB ADDR 

-
STORE 
OLD PSD 

. . . 

FETCH NEW 
PSD,· VECTOR 

TO SUB 
ROUTINE 

COUNT 
ATTN 
INTs 

DEACTIVATE 

An:~J' ! INT~ 
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I 

I ... 

NO 

INTERRUPT PROGRA~1 FOR REAL TIrE CLOCK CHECKOUT 

START 

GENERATE 

ICB ADDR 

STORE IN 

DEDICATED 
IVL LOC 

ENABLE 
INT LVL 

(RTC) 

VECTOR TO 
IVL, FETCH 
ICB ADDR 

STORE 
OLDPSD 

\ 

FETCH NEW 
PSD, VECTOR 
TO SUB· 
ROUTINE 

INCREMENT 
RTC 

COUNTER 

DEACTIVATE 
RTC 

tNT LVL 
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Sy,stem 32/75 Instruction .Set Horksession 

The purp e of t;his worksession is to familiari 
with the i structions'used by the 32/75. 

The student be given the information enter into memory 
and registers 
will .write down 

order to execute the ins ction. The student 
he results observed af r execution. 

Reference: \ 

SYSTEMS 32/75 Refere~ Manual 

\, 
1. Execute a "Supervisor 

Location 

00020 

00024 

00030 

00034 

00038 

0003C 

00040 

00050 

C8 60A'c,E 
\ 

0000030\ 

/

1 00000000. \\ 

00000000 \ 

/ 80800050 \\ 

/ 
to 00020 

00040 -

00000000 

00000000 

EC000050 

00000024 

Step 

instruction as follows: 

Comments 

SVC Instruction 

Secondary Vector 

OLD PSDl 

OLD PSD2 

NE't-T PSDl 

NEW PSD2 

Call Field 

SVC Routine 

Why does PSDl and Loc. 40 appear as they do? 
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2. Execute a "Set CPU" (SETCPU)· instruction as follows: 

Location 

00060 

GPR 0 

PSDl -= 

Data 

2C090002 

00031000 

Comments 

SETCPU In~truction 

Mode bits in. Reg. 0 

3. Execute a "Read CPU Status tJord" (RDSTS) instruction as 
follows: 

4. 

Location Data Comments 

00070 00090002 RDSTS Instruction 

Set P.C. to 00070 

Press Instruction Step 

GPR 0 -= 

~~y does the CPU status word appear as it does? 

Execute an "Enable Arithmetic Exception Trap" (EAE) 
instruction. 

Location Data Comments 

00074 00080002 EAE Instruction 

Set P.C. ~o 00074 

Press Instruction Step 

PSDl -

ifuat is the meaning of bit 7 in PSD1? 

5. Execute a "Block External Interrupts" (BEl) instruction. 

Location 
00078 

Set P.C. to 00078 

Data 
00060000 

Press Instruction Step 

PSDl = 

.... 

Cotmnents 

BEl Instruction 
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Note: Re-execute the RDSTS instruction to look at the CPU 
status word. 

Set P.C. to 00070 

Press Instruction Step 

GPR 0 -

What is the meaning of bit 261 

• 



DAY 5 

INSTRUCTION SET 

SCRATCHPAD & INT/TRAP - WORKSESSION 

REFERENCES: 

32/70 SERIES 
REFERENCE MANUAL 

. SECTIONS III & VI 

WORKBOOK 

Obj~ctive: State the purpose and function of Scratchpad. 

Interpret tCL Device Entries and Interrupt 
Entries in Scratchpad. 

Define the TRAP and Interrupt structure of 
a 32/70 Series computer. 
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1. Where is scratchpad located? .. 'ON .. CpU 8ol'tf2..'PS A-

AND B !-()c{JrtlN.l 3eu>- b£O 

2. What is the purpose of scratchpad? IIAG %,yfl? FoR. 

tpu F.r~m..iagel51V1"tI (D6V/ce) PE-"'<£':rU: &I~,.ry 
P-rE{lJ~(Jer 6NTR r) L-IN/( P»'l.s~ 1 0 Lo6rl( f) L . 

,., - c. ~u:!f 
Given the following IeL card*DE~-ql~~ define: 3. 

4. 

(A) The device address for CD/TO instructions 
10 

(B) The class of 10M 
~ -:-.r()~ 

(C) The interrupt level (51) l5 

(D) The 10M physical address 
/D 

(E) The devicesubaddress o. 
(F) At what location in scratchpad will this 

device entry be located? 
,0 

For the above question, where on scratchpad will the 
interrupt entry be located'Z';zLt 8o'C.. 9. 

5 •. lo1hat is contained in the RHW of an interrupt entry in 
scratchpad? 7hcl:VL 

6. Given the folloWing ICL card *Im@~9 define: 

(A) What is the interrupt level? .0, 

(B) The RTOM physical address? 

(e) What subaddress on the RTOM is the interrupt 
connected to? 

9 

JotA~~ 6e r~\c~~ 5-26 
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In a device interrupt entry inscratchpad, what. do bits 
8 thru 15 reference? ~....P:Rl!v"" 'Est:-, 

7. 

.I...~V ,. ...",--+1 -.:;. 3uS; 0 /. ~-PrI~ ApI) . ~ ~-I $ ... i;&. ~$ c9 * Sob fJJcl.t(!s .. .-JZ;j~VJA - . 

8. In a transfer scratchpad to register instruction - in 
what register s the scratchpad address located? Which 
bits? b' q-I/ 

~~, 

9. List the indications observed on the System Control 
Panel when a non-present Memory Trap ocurrs, without 
traps enabled. 

, '\ 0' ;j;;~-\-~?J (1)9\ 1\-c..-hVCl 

10. When a trap halt ocurrs, where could further information 
be obtained to aid in isolating the problem? ____ _ 

~ 'bO ) .. 'S '-t 0 

11. How are traps enabled in the PSD mode? SE'- C@O 

12. How are traps handled when enabled in the PSD mode? 
~f!lt~({r'( $vkr-fPvI1n~,' TV L ~ rG'8~Su8 ~o ~\\JJ t 

13. How are traps enabled in the PSW mode? 

&:' "., 



-. ('~ ... ' 

14. In the PSD mode, what interrupts are required 
RTOM? DO:;::2 ~ ~ 'dI-'~ ;:;;1 

C-t /I t'1!nt ~ /(n) XIIt krV4( &~C . 
..v ) 

R"'Ow\ . aS. 
15. How is the "Arithmetic Exception Trap" enabled and what 

bit in the CPU st~tus v~rd is ~et when the trap is en~ 
abled? E",./,loe- A~ -u.M~" Gxcytt., $, C ;J.:t 

5-28 
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SECTION 6 

RTOM 
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'.~ , 'REAL TIME OPTION MODULE 

.. \' 
" i " ' 

",: 
18 tNTERRum " 
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i 

'RTOM CPU 

SEL BUS 
! 

RTOM MODEL 2117 WIRElWRAP 

. 2118 WIRE/WRAP 

2345 COPPER 
, " 

• SYSTEM REQUI RES AT lEAST ONE AND MAY HAVE 7 MAX 
• THE SEL BUS INTERRUPT CONTROL LINES PROVIIE FOR 112' INTERRUPT LEVELS • 

1,~~;. ~ (~~ i.~:tl 1 :.,_~ .. i .. : ~, ~ ij:.- ~ 

• THE INTERRUPT STRUCTURE IS FULLY PROGRAMMABLE' BY THE USER TO IWUPUlATE 
THE PRIORITY OF ANY INTERRUPT EVENT. 
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CPU 
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L.,"" 
t5' ,. / 

RTOM 'LOAD RAf1' SEQIENCE . 
.;1 g 

J) 7 

_~_ fWnA. 
, '. ....---. ,...-..---_. ---

ft ,I 1ft I} "''': .. I EI' LVL'xxl .0" 

• I 

SCRATCHPAD 
W 

I 
I 

J 
PRIORITY 
ENCODER 
OUEUE 

I 

(I) 
w 
Z 
::; 

.4( 

~ 
Q 

D 

• 
• • · --

(I) 
w 
Z -.,J 

C!J 
;! 

• 'I 

II 
INTLVL+IO • . _ ........... ) 
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~ ____ .J , 11 
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(I) 
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Z 
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Z 
0 
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Z 
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Q 
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7q~1 
LOT 8. 15" PHYSICAL 

I.~ ADDRESS 
S . H DECODE 

j; A-

C Ii r ... , 3 
LOT 20· 23ll.J SUBADDRESS IfuJ 

t DECODE 

001 «LOAD "At!r-TRANSFER 
DECODE 
LOGIC 

t-

WOOT ~ 

( ) ,. co.; "'" k.t be... 
LOT 01·01, 

" INT LVL' 

~~~) 

LSUBA ~. 
• 

WooT 

" .NT LVL 

o 

o 

..t 
2:1 MUX 

.J 
,d1 

• 
3J "C-

RAM 

r- >"5 
f 
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D 
CJ 
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RTOM SOFTWARE ' REQUEST INTERRUPT' FLOW 

CPU 

IR d~ 

I RI LVL 'XX' I 
• ~ \ ..J 

SCRATCHPAD'" i 

J t {""-
~. ,/' t. v I ·"frJC 
I; '-"?£? .... ., ..... 0 

.,.. fIN ' .\of"' 
~ 0 CcSII'ftt!.· 

EXTERNAL LEVEL 
OUTPUT _ (P1A) 

~ 
PRIORITY 
ENCODER 
QUEUE' 

~ 

• I 
I t, 4 (SUB ADDR) 

I INTLVI.+IO 

E:~IVL- r,--__ J 

t I 

1_- - - _1'_,. 
r- - - 7 - -' I 
I I I 

2:1 MUX 

4 

£.c J1 ~ --,.,_-& .. 
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4Soif 

~I 
..J 
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t-
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0 

PHYSICAL 
~ LOT 8· 15 .1 ADDRESS 

DECODE 

LD27 (RI onlv) 

.~ 
I S Ii 

LOT 20·23 IFW SUBADDRESS f (0) • ..I : EXTERNAL 
. -. - ·STIMULUS 

en w 
Z -..J 

0 
~ 

en 
w 
Z 

DECODER 

I-! ~(~. I TRANSFER 
.t-----+----------~.~- DECODE 

-..J 

z o 
~ z 

LOGIC 

i= , ..I RECEIVERS en 

I-

w , 
o I LD 27 _ 31~") <J~().!!C!"", -----' 

LSUBA 

lEVEL . 
LlCT :J CONTROL 

GATING 

1'S 
OMPlIMENl 

F INT lEVEL 
, 

..-~ 

LEO., " f7 i 
LD 5S 

61 CLI( ~7 BIT SHIFTEf 

1 BIT SER,AL 
.r;~ 55 

___ ..... EXTERNAL UPOl 
LEVEL ------I INTERR N 

r----" 
Jl 

HRI'X' -0 
.. -. 
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RTOM 'EXTERNAL INTERRUPT' FLm., SEQUENCE 

CPU 
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SCRATCHPAD 
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IVL 

CI) 
au 
Z 
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~ 

en au 
Z -.J 
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0 
i= 
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z 
t 
w 
0 

PHYSICAL 
ADDRESS 
DECODE 

SUBADDRESS 
DECODER 

TRANSFER 
DECODE 
lOGIC 

RECEIVERS 
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EXTERNAL 
STIMULUS 

lEVEL 
. ~ONTROL 

-~ I GATING 
( \ 

(\~) 

___ J 

4 

2:1 MUX 

1 
i.e:. 

1 BIT SHIFTE 
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bt: 

lEVEL 
INTERRUPT 
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'tIPOl 

- - - -llOGIC I PI'" If 

lDVINTROO·15 

o P1C 
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'-\..-1 • r .. se c.., 



" 1 
J1 

OJ .... 
g 
".. 

o -• to ... • 3 

i 

) 

~ , y 

, 

~ 

r--------------------------------'7y~~'»l~ • 

.l 
MIS 

laa ) )~ __ _ 
UIIW ) ),.. __ 
llll" "'" ) __ _ 

rokOClln 

lMl .. ~ -. .10M _ .. J-. IIAIe • DlSf_'1OII ,. _'SS 
MIS DlCOIJ(' OGIC 

II( Sf _,I0Il 
II'IS 

U".IIA&. 
IMv!Cf 
IIffJUlS1 
llOlfS 

tot 

fAGa 

~~--~~ IUIAOOfIISS .. " .... , 

, SlUC10ll ... • ,. S1l111UttlS 
lOGIC II Of .. , 

lDl.'.' IIKIMIIS 

LDVIN1_OJ. ........ II IS 

lDOl" 

YO.UICIl5 •. 1 __ 

lOM "o.oc:. '21 
"'STa IYO 1Il0000S. AND II 
llCl ITO .UIOCS4. 1 _ 1:1. 

UlOOT ffO INn.VAL '-.11 CONfIIOl.lOCll" 

AD".f" 
U"'"XX 

L1YU 
ClOfIlIlOl 
GAT ..... 

llCl 

Lon.s~ 4.!:I , 

........ 
L .",,,.,, 

-~.)-.!!. lX ••• 

>--UI'Ol. ... 
,~ol ) )-;-lIN1" 

HlOIP 

,mAl,!!' 

~ .. ~)-.... , 
NYU... ~LtA 

~~ t~f. , 

lOGIC "" >--l .... 'DR' 
)--lOfla 

')--lCtttl 

LWOO' .. ",,1 ') , , 
~ltX 

>--uma 

Bf--. OATAIUS 
Ii" 

~. 

r 

, 
r 



LEOIP 

'LI POL 

LINT,R 

I 

.~ 
$fART 

,SEL 32 INTERRUPT STRUCTURE 

~WINS 
POL.L. 

.' 

~ 1111 

START 

--LEOIf 

-- ........ Q. 

6-6 



( 

~ .. 

OPERATION OF LIPOL 

When LEOIP goes FALSE (HIGH) to enable shifting, the EXCLUSlv.E OR'S 

have high outputs. A zero (l'S compl.) coming out of the shifters is· 

a HIGH, qualifying the NAND gate, driving LIPOL LOW. If, in any 

bit period a shifter shifts out a "LOW", the NAND is defeated and 

attempts to drive LIPOL high. However, if a higher priority level 

is holding LIPOL LOW at this time, the EXCLUSIVE OR on the board 

that is shifting out a LOW wi" output a LOW and set its disabling 

flip-flop. which wi" inhibit this board from further contention 

for LlPOL. 

The one level which is able to shift out a11 seven bits wi11 generate 

LINTR. notifying the CPU that there is a seven bit code to be examined. 

After CPU firmware knows the identity of the winning interrupt. it 

acknowledges the interrupt with an RSTX SELBUS Transfer, which causes 

the interrupt to go active and terminates LINTR, al10wing another cycl e. 

While this level is active, it continues its contention for LIPOL, 

winning until a higher priority is contending also. 

6-7 
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ICL INTERRUPT ENTRY FORPAT 

-INT 

xx 

• 

R 

s 

HOTE 1: 

HOTE 2: 

NOTE 3: 

NOTE 4: 

def1nes that the record contains an interrupt' 
definition entry. 

is the hexadecimal interrupt priority level 
that 1s to be emulated. 

is a necessary delimiter. Each letter to the 
right of this delimiter represents one hexa
decimal digit (four binary bits). 

1s the hexadecimal RTeM board nuni)er to which 
the interM.lpt XX is assigned. . 

is the hexadecimal subaddress ~n the RTOH board 
. to which the interrupt XX is assigned (in one's 

CDq) t ement) • . 

RTOH physical controller address 7916 1s RTOM 
board number 1. address 7A16 is RTOH board 
nUnCer 2. ete. 

Real-Time Clock hardware 15 connected to subaddress 
616 on the RTOM bOlrd. 

Interval Timer hardware 1s connected to subaddress 
416 on the ITOM board. 

RTOH physical controller addresses lUst be 7916 
or above. This convention allows a maximum 
of seven RTOM boards to be defined on a single 
32 systell. Sey.en RTOM boards w111 support 
11216 interrupt levels. 

Format 13 *END • 

EXAMPLES OF 
INITIAL 

CONFIGURA TIOH 
LOAD (IeL) 

RECORDS 

where: 
-ENO is the last record of an Initial Configuration load 

(Iel) deck. This record signifies the end of 
the load process. 

A device entry: 

*OEV04-0E140100,04 

The device entry above specifies the follOWing information: 

1. The 32/55 input/output commands will address the controller 
U~6. . 

2. The ·,04· is an optional parameter that specifies that 
there are 416 devices on the controller. There will be 
four entries defined 1n the Configuration RAM (CR). the 
32/55 input/output commands will address the devices 
as 416. 516. 616, and 716 • . 



JNTERRUPT ENTRY CARD 

*' lNT13=9C . 7 °,.lC . 
\.:I SUB ADD R ()'l 

. ~ RTOM BOARD 
INT LVL 1ST RTOM 

S.GRATHPAD INTERRUPT ENTRY· (RTOM J 

LOC 93 

SC~:rCH FLAGS 1 IVL 
PA 0 0 .., . "'"--"'",,'---.-.-J 

RlOM 
ENTRY' 

3 LSSs 
of RTOM PH.,. 
AOOR (79) 

( 

4 MSes of 
sue AOOR (c) 
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SCRATCHPAD INTERRUPT TABLE ENTRY 

I INTR L.a, •• JaR I'VL AOO!R ESS i I 
"'~,, II;' '!"'."! '. o I J 3 4 !J 6 7 8 9 10 11 12 13 14 1!J 16 17 18 19 20 21 22 23 24 2!J 20 27 28 29 30 31 

INTERRUPT FLAGS 

BIT DEFINITION 

0 RAM LOADED , 110 IN PROGR ESS 

2 2 lOCO'S REOUI RED 

3 ARITHMETIC EXCEPTION PENDING 

4 REFETCH WITH IGNORE ADDRESS STOP 

5 ACTIVAn/DEACTIVATE INTERRUPT ISSUED 
o • DEACTIVATE ISSUED 
1 • ACTIVATE ISSUED 

6 REQUEST INTERRUPT ISSUED 

7 ENABLE/DISABL.E INTERRUPT ISSUED 
o • DISABLE ISSUED 

. 1. ENABL.EISSUED 

VECTOR 

BIT 08.0; BITS 09·15 PROVIDE DEVICE VECTOR 110M ENTRY) 
BIT 08-'; BITS 09·15 PROVIDE THE RTOM ENTRY. 

10M ENTRY; 

IF BIT OB- 0; BITS 09·15 PROVIDE THE SCRATCHPAD ADDRESS OF THE 
DEVICE ENTRY (REFeR TO FIGURE 5-51 FOR FORMATI AND ALSO 
CORRESPOND TO THE COMMAND DEVICE OR TEST DEVICE 
INSTRUCTION DEVICE ADDRESS FIELD. 

RTOM ENTRY; 

IF BITOI· I; IITS OSII 1 PROVIDE THE THREE L.EAST SIGNIFICANT BITS 

j 
OF THE RTOM PHYSICAL ADDRESS. ,FOUR MOST SIGNIFICANT BITS 
OF PHYSICAL ADDRESS ARE 11111 

BITS 12·15 PROVIDE THE FOUR BITS OF THE RTOM INTERRUPT 
LEVEL SUBADDRESS. 

NOTES: ,. INTERRUPT TABL.E ENTRIES ARE IN SCRATCHPAD ADDRESSES 80-81, 
AND 12·FF .OF THESE ADDRESSES. ADDRESSES 94·1.3 ARE 10M 
ENTRIES, AND THE REMAINING ADDRESSES ARE RTOM ENTRIES. 

2. SCRATCHPAD INTERRUPT TABL.E ADDRESSES ARE OBTAINED IY 
ADDING 80H TO THE INTERRUPT L.EVEL.. 

Format - Scratchpad Interrupt Table Entry 

6-10 
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Table 1-2. , P1A Connector Assignments Table 1-3. PIC Connector Assignments C·')\ ".,',. ,:" 

Pin Signal P1n Signal 

1 +5V 1 
2 +5V 2 
3 LRILYLOO 3 - LDVINTROO 
4 4 LXIOl 
5 LRILVLO~ 5 LOVINTROI 
6 6 LXIOO 
7 lRIlVL02 7 LDVINip.n2 
8 8 LXI02 
9 GNO 9 
10 10 LY.I03 
11, ,-",LRII.VL03 ,)Y 
12 ,~. , . 

11' LuV,Nik03 
12 LXI04 

13 13 l.Xl05 
14 GNO 14 
15 I.RII.VL04 15 LDVIN'!'P.~4 
16 

LRII.VI.05 17 
16 LXI06 
17 LOVINTROS 

18 18 ",1,.07 
19 LRILVI.06 19 L"VINTR06 

I 20 
21 GND 
22 

I 23 LRILYL07 
24 

I 25 

I 26 GND 
27 . LRILVLOa 
28 

20 LXI08 
21 
22 LXI09 
23 LC./INTROi 
24 UIlO • 
25 1:..(111 
26 
27 LOVINTRQ8 /" . 
28 LX 112 

29 LRILVL09 29 LOV'kTR09 
30 30 LXI 13 
31 LREALTCLK 31 LXI14 
32 GND " 

33' LRILVLlO ,~, " 

34 

32 
33 LO'lINTRIO 
34 LXI 15 

3S LRILVLll 35 LDV1NTP.11 
36 36 
37 LINTVO 37 
38 GND 38 
39 lRILVLl2 39 :-- I.OVI';;1\12 
40 40 
41 LRILVL13 
42 

41 LOVI"T~13 
42 

43 
4~ GN!l 

43 L,v,CL-: 
44 

45 LRILVL14 
46 

45 LOVINTR14 
46 

47 UH I:VLl 5 
48 
49 
50 GND 

47 LO': H, :iUS 
4S 

I 

.. , J 
,'\ 

'~ -

6-11 



Interrupt 
(Relative Physical 

Priority 
and Subaddress On 

RTOM 
Subaddress 

On ICL 
Deck 

Interrupt 
Level (16) 

Interrupt Definition 

__ ~RT~O~M~B~o~a~rd~,}~ __ ~ ________ ~ _____________________________________________ _ 

c 

o 
1 

2 

3 

4 

5" 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

15(F) 

14(E) 

13"(0) 

12(C) 

11 (B) 

10(A) 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o 

Level 0 

Level 1 

"Level 12 

Level 13 

level 24 

Level 25 

Level 26 

Level 27 

level 29 

Level 28 

Level 2A 

Level 2B 

Level 2C 

level 20 

Level 2E 

" Level 2F 

Power Fail Safe/Auto Start Interrupt 

System Override Interrupt 

Memory Parity 

Attention Interrupt (Console :nterrupt. 

N~npresent Memory 
, 

Undefined Instruction 

Privilege Violation 
.I 

Call Monitor 

Arithmetic Exception 

Real-Time Clock 

External Interrupt (J.Wait if RTM 6.1) 

Interval Timer 

Eyternal Interrupt (T.S.S.) 

External 

External 

External 

Interrupt } 

I nte.rrupt 

Interrupt 

Reserved for 
RTM Software 

------------------~-----------~-------------I------~--_-----------------------------

First ~TOM Internal Priority Interrupt Levels 
RTM/PSW Mode 



--r Interrupt RTOM I nt~rrupt .' Interrupt Definition 
'Relative Physical SlJbaddress Leve 1 (16) • 

Priori ty On ICL 
and Subaddress On Deck 

RTOM.Boardl -. 

0 15( F) -

1 14(E) 

2 13('0) 

3 12(C) Level 13 Attention Interrupt (Console : nterrupt 

4 11 (B) 

5 lO(A) 

6 9 

7 8 Level 27 Ca 11 Monitor 

S 7 

9 6 Level 28 Real-Time Clock 

10 5 

11 4 Level ]F Interval Timer . 
12 3 

13 2 

14 1 

15 0 

-

1st RTOM assignmeRts for PSD Mode or MPX. 
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( '\ ,. 

\ ~ 

ICL 

Logic 
Interru2t level Sub ddress Iel Mnemonic 

. "1"1\ 

I 
00 l(9~ F 00 
01 \ E 01 
12 \0 02 ;i ............... ..... ' . 

13 . ~~ 03 
... '. 

;' 

24 :a 04 \ ,-. ,-~ .-. . 
25 A 05 ... ' 

t,;: . 
RTOM 11 26 - ~. 06 .. ,/ ..,. , .. ::; 

~. 

(2'117) 21 :8 07 '<., 
I 

WITH 28 \ f\ 09 
INTERVAL 29 1 08 
TIMER 2A 5 10 

28 .4 11 
2C 3 12 
20 \ 2 13 
2£ \ i 1 14 i 
2F I 0 15 

\.J 

(> 30 2{A) F 00 
31 E 01 
32 0 02 
33 C 03 
34 B 04 
35 A 05 

RTOM I~ 36 9 06 
( 2118) 37 8 07 
WITH- 38 7 08 
INTERV~L 39 6 09 
TIi·:ER 3A 5 10 

1 
38 4 11 
3C 3 12 
3D 2 13 
3£ 1 14 
3F 0 15 

l' 4-0 3 (b) F 
\:)'t'I 

q.l 01 
E ~ RTOM 3. 4, J. ~~. ~ 

, 
0;4 

1 03 't;) .!J 
of' c.. D~ 'Iif 8 <: 

:)0 Lf (c.) ~ oC) 
51- ~. c' o \ 

( ~ 



Ul3/0l0 

U133/D24 

U1S8/K08 

.... :. • • • 
I II! I I 

l. 
• • '1' • • .8 

MS8 ..J I 

9 LLSB 7 I , 

•••• '.' • Ii I ,Ea 9; 
~. . . . . .. ~ 

',I' 

79 
~ 
7E 

RTOM address selection (1st 
RTOM • 79,6). Subsequent RTOM's 
are addressed 7A through 7E. 

Real time ClocK rate Selection, 
selection of Interval Timer to 
interrupt level sub-address 4 
or " and selection of external 
interrupt to interrupt level 
sub-address 4 or 11. 

~ I ~ .. I lJ: t.~ 
EXT ~T~ ::::::J . L:::.. .. . ' ... E.X Til e 

·lTZ11~ 

e{·~~··1 
9.6 uS ::::::J 
4.8 uS 

Selection of enable to RTOM 
levels 00 & 01, selection of 
Rea' Time ClOCK or external 
1 nterrupt to subaddres s 09. 

Interval Timer, high & low 
frequency selection. Note: 
only one jumper may be 
installed1n each of the two 
groups (high frequency and 
low frequency). 

1. 1,,' ~fL~} e 

e Mutually Exclusive 
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I 
j 
I 

0\ 
I 
t-' 
0\ 

.~ 
/ 

,I 

RTOM ' INTERVAL Tr~" JUMPERING 

120HZ 
LEXCL 

CD (SOFTWARE SELECT) 

.. I I ! ! 

~ ~ I I 
l! l! ! ! 
§ §§ ~ N _ 

INTERVAL TIMER' 

RATE GENERATOR 

J' I • INTERVAL TIMER 

4:1 MUX RATE SELECTOR 

LCNTTIMER 

SEL DATA BUS tD 00·31 • 32 I CLK 
, ~ LD INTERVAL TIMER pl. .. SI=L DATA BUS 

, LlNTCNTZ I -
lDVINTR04 

LDVINTR11 

.--~{ ... --;l--;J--;l---. 
: . : K14/ Ul07 
• 12' . 11 10 . ' . L _____ y ___ 1 ___ ~ __ J 

lDVINTRllA lDVINTR04A 



LRTC 
P1B ·1 oa 

RTOM ' REAL TIME CLOCK' Jur.1PERING 

HEXCLK 
• 
• 

K14/U107 
r- - - - -; , 

3 ,,, 
120 Hz 120 HZ 

" I 

I -I •• 

- I 

60Hz ' .. - -- .' 
110- +2 

I---

LO 

I - I,--f;; I ' 
I I 0241 
I ", ~5' 

VINTR09 

U133 

'- I _. --
LOVINTH09 

HARDWARE ENABLING JU~J'ERS 

SOFTWARE ENABLE 
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TITLE 
Prod U c1 

RTOM, Model No. 2345, Jumper Con£iqur8~ions 

1 M 0 del N u m.b e r 
SEL 32 2345 

IT58 Number 
0014 

This bulletin cont~s the jumpe:ing required to 

configure the new copper RTOM either -a~ the £irst or 

s~sequent lcr'OM U. the 'System. 'Page:2 indicates the 

~oeation and p~ose of a~l jumpers contained on ~he 

board and Pages ::3 th::'ough .s give detailed jmnpering 

.information £or the 'RI'OM.. . The new :RTOM per:orms the 

same :u.""lctions as the Model 2117 & 2118 ,,·j;re :w=ap 

ltTOM's. 

• 

CUSiOMrR SERVICES DEPA'R'TMENi 



TITLE RTOM, Model No. 2345 

Tsa NO. 

0014 

Jumper configurations for the new PrL~ted wire Soard Assembly, Real 
Time Option Module (RTOM), "Model No. 2345. 

Jumper Switoh 
Loc:ations 

uu 

til07 

'0133 

CloSS 

Purpose 

RTOM address selection (l~t RTOM • 
7916 ). Subse~~ent RTOM's are 
adcressed 7~ through 7E. 

~eal tL~e Cloc:k rate Selection, 
selection 'of Interval Timer to 
interr.lpt level s~':'add=ess 4 or 
il and selection of external 
L'"ltur.lpt to interrll'Pt le~el 
sub-address 4 or 11. 

Selection of enable to RTCM leveu 
00 & 01, selection of Real T~e 
Cloc:k or external i~terrupt to 
lever 09. ' 

Interval Timer I high & 1C\11 f=e
quency selection. Note: only 
or.e j~per may be installed in 
each of the ewo groups (high 
fre<:;:"~ency and l:w :r~..lenc:,,!). 

c 
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0\ 
I 

N 
o 

~' 

Second or 
First: Subsequent 
RTOM R'l'0I4 

-- , I 

X 

X 

x 

X 

x 

x 

-

~ 
\ / 

Moctei &2345 R1'oM .Jumper i\osJqnment:s 
• 

'1'0 1\"819" Remove l1'umpor 

Real-time ciock ~b 
I~terh'p1: Leve! 09 U13j-2 To b1ll-1s 

Exter"~l Level 09 ~o 
RTOM Interrupt: Level 
09 (Disable neal-Time 

u111-1 To blj-16 -clock) 

Cons1:ah~ Ehabid ~d 
RtoM ih1:errUp1: Level 
00 (PoWer Fail 
ihtertUpt Level fot 
the Firs 1: k1'oM in 
t.he System) Uijj-b To U1:t~-9 

Sottware Enable ~o 
RTO~ Iht.ertupt Le~el 

,. 
00' (Fot the sedond or 
SUbs"ecjUbiit: RToM Ut 
t:.1te ayst.em) Uljj-1To b1jj~id 

t!ohsbthl.·, f;!rtillil8 't.b 
, 

RtoM 1h1:errUpt: Level 
U1 (system OVerride 
int:.etrupt: for t.he 
~irBt: RToM iH t.he 
System) Ulij-6 ~o Uljj-li 

Software ~riahlb t:.d 
tn'oM ihtert1Jpt:. Level. 
01 (For Hle second 
ot StibaeQuent: kroM 
ih the system) Ulii-s To Ulj3-12 

" 

r--. 

'I'sn Uumher 0014 

Add jumper 
togla Sheet: 
Location 

till3-1 To ulj3-16 11 

u1l3-2 ~o bill-ls 11 

U1Jj-11'o b1Jj-lo I 11 

. 

Ulj3-9 To U131-9 11 

. 
bi3i-5 Td U133-i2 11 

U133-6 To u13l-11 11 

" 



0'\ 
t 

N 
...... 

Fi-rfit 
R'rOM 

l-. 

X 

~ 

X 

~ 

X 

X 

X 

r.·.,: 
~_ :7 

Hada} ft2~15 Il,'o"1 JUlilper AtUlt9f\1J1el\t:~ 'J'S8 Nuulber OOltl 

sccontl or 
Subueql1e l\t I Logic Sbeet: 
It'fOH '1'0 IUH) t.9Jl 'le~ove JllIDper A,d4 ~lp1lpeF J.<>cation 

f{eal-Tfme Cloc~ t:Q ulu1-~ Tn U lQ1-l5 
41\ E4tern4l Plock UlOl-l TQ PlQ1-lR PlQl-~ To PI01-l4 u. 

-
,leal-Tinul cloc~ tq 
120 Hz· (A08"IP~Jl9 UI01-~ TQ UlO1-l1 
120 'I~ at rlD-lOQ) Ul01-l TQ P.101-l6 PlOl-~ To PI01-15 u. 
HeAl-Time Clock ~o 
60 liz (A88~lInln9 Ul01-1 Tp UIQ1-11 
l20 liz at pis-lOO) ulQl-2 TQ ulQ1~l5 Ul01-l To ul01-16 11 

)(: . Interval 'rtlner CouJlt: 
Zero In~~rrupt to 
R'J'Ot-t JnterrQpt f.,evel U101-1 To U101-~ .. 
0'1 PI01-~ To Pl0l-12 PI01-1 To Ul01~lO 11 

x: J!!xterflCll }..evel t:,p llTOM 
Ipterrul)t Level 01 PI01-1 TO UlOl-lQ PIQ1-8 To UlOl-9 11 

X Interval Timer CO"n~ 
Zero Interrupt to . 
llTOl1 .Jnterr'lpt f.,ev~l P101-6 To UlO1-11 
II (816) Ul01-1 TQ QlOl-lQ Ul01-5 To Ul01-12 11 

-
X ~Kternal Level to . , . 

H'fOM Interrupt 
f.,evel II (Bl6) Ul01-5 Tp PlO1-1~ ulOl-fi Tp UIQ1-Jl lJ 

'1'0 Select lntorval T!mef CO"pt Rate, lflotall Only Ope Jqmrer til J!:acJ\ 
of the tWQ Groups (LoW Frequepcy an<1 U~gll FreqQency) 

-- -- -- ----------- ------ ---- --- -------- - ----- ----- ---------

I~ 
\. . j 
"" :7 

, 



(~ ~, I""""'-~ 

1 

Mo~el *2j45 RTOM JUmPe~ nssighments Tsn Number 0014 
-

Second or 
First: subse<iuent · LO<jlc Sheet:· 
R'roM InoM· '1'0 Assign keinoVe ,jlunper Add JUmper Location 

-
Low FtegUblid~ Rat:e 

X X 4.h MicrodecoridU ----- U159 Pin 4 to 13 sheet 5 

X X 9.6 ·J.iictoaedohdlJ ----- Visa pih 3 to 14 Sheet: 5 

X X 19.~ Microsecondti ----- u150 pin 2 to 15 . Sheet:. 5 

:1a -" Midro6ecohdf.t ----- U159 Pin 1 to 16 Sheet. 5 
. .. 

!tlgh {;IreqUehcy Rat:.e 
1 

X X :100 Manosbt!onc1§ ----- tJ150 Pi" 0 to 9 Sheet: 5 
i 

X It: 60U MIlHoSbdbhds . ----- Ul~o pi" 1 to 10 Sheet:. 5 

X :l 1 ,~ Mit!roti edt1l1dIJ . ----- V159 pI" 6 to 11 Sheet· S 

X X ~.4 Midrorjecohdil ----- U158 Pib 5 to 12 Sheet: 5 
-

.. 

.. 



OfI-COOE 
OEVICE 
AOORESS 

" INSTRUCTION WORD 

AUGMENT 

COOE FUNCTION coDe 
___ A .... __ ""'" .~ ___ .. A .... __ --.\ ~ .,.. _______ --'AIo. ______ -_~ 

X IBI· 251· 1 

Y 161T 261 • I 

Z IBIT 271 • 1 

Z IBIT 271 ·0 

I. IBIT 281 • 1 

I. \81T 28/·0 

M \81T 291 • 1 

Ro 
IBIT 301 

0 

0 

1 

I 

SPECIFIES RI:AO TIMER. CAUSING THE 32·BIT CONTENTS OF THE TIMER TO BE 
LOADED I/ljTO GPR 0 AS ILLUsrqATED IN FIGURE 2·11. 

SPECIFIES PROGRAM INTERVAL TIMER AND THAT SITS 27·31 ARE VALlO 

ENABLES (START! INTERVAL. TIMER 

DISABLES ISTOPI INTERVAL TIMER 

LOADS SITS 00·3\ FROM THE ul"R 0 INTO THE INTERVAL TIMER 81TS 00·31. 

DOES NOT AI. TER THE STORE COUNT. 

GENERATES MULTlnE INTERRUPT. WHEN COUNT ZERO IS REACHED. GENERATE 
INTERRUPT. RELOAO INITIAL COUNT, ANO CONTINUE COUNTING. 

GENE RATES SINGLE INTERRUPT ON COUNT ZEAO AND THEN 
COUNT NEGATIVE. 

R, 
IBIT 311 SELECT COUNT RATE 

0 SELECT HIGH FREOUENCY PEA TABLE 2·1 

I SELECT LOW FAEOUENCV PER TABLE 2·' 

0 SELECT 120 HI 

I SELECT EXTEANAL CI.OCK 

RTOM Interval Timer Command Device lnstruc~ion Format 

6-23 



, I ,! , , I " '" J J 
o , 
" 

2 3 4 5 6 7 8 9 10 11 17 1.3 14 15 16 17 18 19 20 21 22 23 24 25 26 n 28 29 3Il 31 , 

32·IIT INITIAL COUNT FOR INTERVAL TIMER 

CPU/GPRO load Count Format 

RTOM PHYSICAL NOT 
N N ADDRESS USED 0 1 0 0 
U x Y Z LIM lRo 1 R 1 U 'J I I I I , " 11 0 ~ 11 I 
o , 2 3 4 5 6 7 e 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 , '" ,.~ ~ 

INTERVAL TIMER 
cx)NTROL cx)OE 
FROM BITS 25·31 
OF THE CD INSTRUCTION 
REFER TO FIGURE 2-8 

DATA BUS 

MSI 

• 

INTERVAL TIMER 
SUIAOORESS 0. 111 OR 8 ,8 

L... _____ PROGRAM INTERVAL TIMER· 

LSB 

, i , " 'I I I I I I I I I I I I I I I I I I 1 1 1 I IJ 
2 -.3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 ~ 3Q 31 .. ... , 

32·IIT INITIAL COUNT FOR INTERVAL TIMER FROM G'R 0 

WooT Control Interval Timer SEl Bus Format 

6-24 



MSB LSB 

I J , J I I I I I 
o 1 

\ 
2 3 4 5 6 7 8 9 10 11 12 13 1~ 15 Ie .17 18 19 20 21 22 23 2~ 25 26 27 28 29 30 31 

v 
32·BIT CONTENTS OF INTERVAL TIMER 

Read Interval Timer. CPU/GPRO Format 

DATA BUS 

1000 ,,10 0 0010000100001000010000100001: 0011 
.111.!!!.!!I.!!!.!!!.!I!.!!!.!!! . 

o 1 :z 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

. RSTX Read Interval Timer SEl Bus Format 

6-25 



r 
l 

(~' 

',' :: .. 

"DEY XX· 

XX 

-03 

yy 

7Z 

·04 OR 
08 

.......... ",.~.-.. -\ ..... ;':".--... ' .. , ............ ..:. ... -..... - ......... . . . .... ... -~ .............. -.~.~ .:. .. "~-' .... -. .... - .~ 

03 yy 7Z 04 OR 01 

THE CD SOFTWARE AODRESS OF THE INTERVAL TIMER 
IN THE RANGE OF 00'1 THROUGH 7"1 

DEFINES THE INTERVAL TIMER AS A CLASS 3 OEVICE 

YY IS THE INTERRUPT LEVEL OF THE INTERVAL TIMER 
IN THE RANGE OF '.,. THROUGH 7'11 

Z IS THE 4 UAST SIGNIFICANT IITS OF THE RTOM PHYSICAL 
ADDRESS IN RANGE OF .,. THROUGH F,. 

DEFINES THE SUIADDRESS OF THE INTERVAL TIMER ON 
THE RTOM 

Interval T1~r ICL Card Format 



c 
TRa..JB lESH:OT I NG 

"SlACK SOX· AIDS IN DIAGNOSING INTERRUPT ACnVE PROBLEMS 

Several users have asked for assistance in troublesnooting interrupt active problems they 
. have ~een experiencin~. The schematic below can be used to build a diagnostic aid for 
this condition. All components are readily available and inexpensive. . 

··~'hen this "black box" is ,",ooked onto the 5el!;US as indicated, it will display the 
he~adecimal number of the last active interrupt. As the interrupt level corresponds to a 
particular controller, this narrows the range of the problem rather quickly. 

'~ire list 

!!.2m. !2. !!2.!!!. !2. .E!:2!!l To 

111 1/9 2/1 1/1 3/1 3/6 
lIS 6/S 2/8 2/10 3/1 3/2 
lIS 2/8 2/9 1/9 3/3 3/10 
l/S 1/10 2/lt 4/S 3/4 4/11 

1/11 2/lt 2/12 3/13 3/5 4/4 
1/12 2/2 2/13 5/13 3/7 4/7 
1/12 6/12 2/13 'J1l2 3/S 5/S 
1/13 6/13 2/14 '/2 3/9 3/11 
1/14 6/2 2/1' 5/3 3/14 4/14 
1/1S 6/3 2/16 '/14 3/14 4/14 
1/16 3/14 
1/16 2/16 

4/2 4/11 '/1 '/14 6/1 5/14 
4/3 4/12 'I' 6/' . 6/1 6/14 
4/~ 4/9 '/7 6/7 
4/7 2/8 '/7 5/8 

'oJ/lO 4/13 "8 6/S 
5/12 6/7 

~ 12. ~ 12. 
1/1 Pin 104 Sackplane 4/5 Pin 85 Backplane 
1/2 Pin t'4 qackolane 4/14 +Sv ~ac'<plane (Pin 181 or 182) 
4/1 Pin 1'6 Sackp lane 4/7 Ground l3ackpla.F1e (Pin 1 or 2) 

Parts list QuantitI Oescrietion 

74194 2 Standard 74 Series TTL Integrated Circuit 
74500 1 Standard 74 Series TTl Integrated Circuit 
74504 1 Standard 74 Series TTL Integrated Circuit 0 Hex Oisplay 2 Standard 74 Series TTl Integrated CIrcuit 
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1-.~:J ~J "- III 
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01'1 
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~ c 
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I - c .. 
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~ ~ : 
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r---:z: .. 
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I '= ~ ... '" .. I L;e ~:-jl 1 1 I Ir:0 :--.1 
: : 111111

1
1.. ;.: 

... ~ ~ I ... - ... ~ - i .., Ir; ~:"" I II IlL; ~ -" 1 
!. r ~ 11111t III r - IIJI 

I I I I I I 

I I I I I I I 

L~ . 
a:I 

- 0 

;0 
... -I :! rr=; ~ ... 
! -If 

I I 
I I 

- t I 

if :i 

I I I I I I 
III II I 

LAST INTERRUPT ACTIVE 
MONITOR 

r :--
~ 

~ 

ell = 

~0 ... -
~ 

! ! 
'" . .. ... ... ~ 
! -'"'""' 

I 

I 

I :> 
_"J 
+ 

eOO22e 
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Real-Time Option Hodule (RTOM) Worksession 

Objectives: 
-

This worksession will reinforce the classroom presentation given 
by the Instructor to insure that you understand the purpose and 
characteristics of the RTOM and how it is used. 

Reference Reading: 

A. SEL 32 Architecture Course Student Workbook, Section on 
RTOM. 

B. 32/70 Series Computer Technical Manual, Page 1-8. 

1. ~fuat basic function does an RTOM perform? 
___ p \,-,\ \'f\\{fV"'\ \1:,,<1 pr'):/,:l~: _,; 

~t.t..\ \\\rI't... C loc.k 
2. How many Priority Interrupts can be assigned to an RTOM? 

It;, 

3. What would be an example of an External Interrupt? 
P./ 11/" -I1""'r .. ,- L I 'IChl 7j ... :(" r 

!?- e lay C' frVI (." c f-

4. Explain what information is available to the CPU from 
this ICL card. *INT28=96 r.N-rCP.~'.j Pr paIO/z.llo!' L{uCL-:'~~' 
./" I _I ~ l ... ""'r- I fJ 

5 • 

6. 

7. 

.::> cr~~pc.td' :.c.+I\h" . ..l.t")i-."fr, I 1. S"'- " TDiN\ :- "f \"~'I~'I<[J Acld-rec,S" "'Iet 
A ~ ... 80,j- d.81,,"~ Sv{; t~~';1;d( .,,;~ :::- Cc 

Does the RTOM ever. do transfers on the SEL Bus to }1emory? 
If so, why? N 0 

What could the external stimulus output from an RTOM be 
used for? ~-s /~lrrl/lt L"r C--.o.jh<-r I<T()~ 

\-..That does the RTOM's RAM contain? 

6-66 



available on the- 1st "9. How many External Interrupts are 
RTOH? 2nd RTOM? 

~L/'9 / :.> T . .~ "~:'''''' . 
.' 
b ~ 
«~ 

\,i K,D'fl\ 1j 
~ I::) ,oj. ,"', '/ l> QtJv \~Dyf\ Ib 

10. What could the interval timer on the RTOM be used for? 
C "t, ,., ~"l"l .-, )). "Q\\ 6. \1\; ,,\ \ ( 

:) llS\l\",:\( 

11. What is the Physical SEL Bus Address of the 1st RTOM? 
lq 

12. How many RTOM's could be in a System? 

13. Wha.t Sub Address could be assigned to the Interval Timer? 

~ l), n C~ 
14. What' difference does it make which Sub Address is 

assigned? How is the Sub Addr.ess assignment made?...u 
T~ svh",ddr,.:;f d t {U,MI/l4'J. -llv addu';,; (;:>VI f e-

~,(j1IIA. . ./;Oa.rd. +Ic, 1~{ur(Jpt- I~ Cjc.-~(r,fd, 

15. Hhat Sel Bus Priority is used on each RTOH? . 
.,.J<: , .) J(:'" l· ,;! r'~ 

16. Which General Purpose Register in the CPU is used with 
the Interval Timer? 0 ~ 

("ie 0 ~ \" Y 
• \ \/. ""I, '. l::\ \ ..... \. " 

17. Write a short program to check out an interrupt level on 
the RTOM. 
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( 18. If you connected an external input line to LDVINTRl2 on 
P1C, what interrupt level could you assign to this line 
and what Sub Address must you assign to it? ;) ( -.l: L 

3 ...... ;3 (.1. 

19. What precaution should be taken when assigning INTERRUPT 
LEVELS to EXTERNAL INPUTS? Vu/'fy pl~ f> U .... u>M 

20. List the 4 rates at which the interval timer can be 
clocked. 

4; La 

)~/L,5 Jlt/5~ 
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DAY 7 

SECTION 7 

CENTRAL PROCESSING UNIT 

SEL BUS 

'. 





...... 
I 
~ 

~ ~, ~ 

CENTRAL PROCESSOR UNIT (CPU) 
WORD LENGTH IS 32 BITS ~ 

• OVERLAPPED INSTRUCTION EXECUTION 
1.2 MICROSECOND INSTRUCTION EXECUTION (TYPICAL) 

• OVERLAPPED INSTRUCTION OPERAND FETCH 
.8 MIPS (STRAIGHT LINE CODE) 

545K WHETS 
• MICROPROGRAMMED (FIRMWARE) 

150 NS PER MICRO-INSTRUCTION 

r 
( ',-;." ,4' 

.' 

" 41< X 64 BIT ROM (OOO':'FFF) l(~'k>'~- 10; ,c :..-"';;' "" ~, _ <~ .!_.t> _-. 

• STANDARD FLOATING POINT (FIRMWARE) 

• HAS 8 GENERAL PURPOSE REGISTERS 0 - 7 

• HARDWARE/FIRMWARE rErllRY MANAGEMENT U1APPING)..I.. S~F-rV~f\ ~E 
• OPERATES IN TWO MODES: 

£Sli 3';)SS 

RTM OPERATING SYSTEM ONLY 

161 INSTRUCTIONS 

SYSTEM INTERRUPTS ON RTOM 
DIRECT ADDRESS 128 KW 
NO CLASS 'F' 1/0 

RTM OPERATING SYSTEM 

161 + INSTRUCTIONS 

SYSTEM INTEGRITY Tr~PS 

DIRECT ADDRESS 128 KW 
CLASS 'F' I/O 

.::" :;. 
.;;.1-.... -"",' 

-~ ~"- " .l.;,#I 1:"") _,:, ~ '_~," \' ::'j '-~' /.,.; I ,r.... -. \.~-.J 

e.s.n ,3::277 

~-~~-~, 
187 INSTRUCTIONS 

SYSTEM INTEGRITY TRAPS 
MAPPING (ADDRESS 16 MB) 
CLASS 'F' I/O 

I/O (ADDRESS 122 KW ONLY) I/O (ADDRESS 16 MB) I I/O (ADDRESS 16 MB) 
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..... ,. '. · ..... __ ........ -

I--Z 
.:J 

~ 
Z -CJ) 
CJ) i • 1 :a 
W 

! (~/ 0 
i 
= 0 

a: ~ co 
c ..I a. 

w 

--I 
U) 

« 
a: 
I-
Z 
W 
0 



....... 
• w 

.. ~i;''', 

\.) 

SYSTEM CONTROL PANELS 

~ OR .'_ .. ~+-----f--

! 

CPU SCPI 

SEL BUS 

SERIAL CONTROL PANEL MODEL 2146 

" PARALLEL CONTROL PANEL WITH sePI MODEL 2346 

sePI - MODEL 2142 
," 



·~ 
~, 

CPU nATA STRUCTURE 

i~ .. ~ ,~ 

} I / .'~ ". ~' . J ..... 

, 11 

j1 ? ~p 
J J .i?J :::"-f~} i·'~--:'-. .;i-

~ 

SCRATCHPAD 
i " ( ," , ,:) BMUX ""z~R-:RO l5IIXlJ BITI " 

!1lJ:?·1 r .. '··" r~ L--
C':1;;'~'""'11_r 

( ~D 
V,;:;~ ..-, SIGN ~ 

-f'"..,...:o(~- i ~' . .:.r!;,.~ .. ~ ~ EXTEND h I -. v- AND 

~>'.'ll MEMORY 
PAonCT 

LOGIC 

~STATu! 

r------~I' 

fiLL 
EXPONENT 

f "i '1 '-I _---' 

;:.'" ,,-:,~ .'; 

[)o 
-"'" ,. ~-

! .. : ,:. ... 

,...-__ -110 S~EGOOJ 

l 211 t==l J"'VSICALI- L..f SoIBUS t=> r-I ADORESS Soleus 
DRIVE 

~ L-J ~I MAR 

r ALU""> 

L...-

DlUS 

MAP 
~ 3lXI11ITS ------

L....-...I 

L-

DRUS 

CREG 

c,f i1=l'Lf" "' 
Y 12X128'T$." 
,.-I G~}-! Poi":;" I 

[)o 
I I E{.'N I 

AMUX 

~. 
[)o .--

0 
t t , I. ' t" d 

LEFT BIT 

'LEFT ,,18BLE t 
, RI~~' NIOBLE 13 

I--

1'--1 ---I 

BMG 

32/75 Data Structure 

L....J 

L-I' 

DIVIDE 

L--

AlU 
AND 

CARRY J-J 
lOGIC 

~ ',.\.l(-' 

j~ b-~ 

I~ 
~ 

.. ~ 

" , 

;/ 
Cq ," 

/ '" . 
~:~.~ .. ,' -.. / 

JI 

~ -DlUS 

WCS 
t=( WCSOA'A 

DATA h 
TRANSCEIVER J--r' WCS DATA 

ALU ------



....j , 
J1 

-"1 
i ," ('~(!'$ 

ff) ('~,,-

"-- '",- '" 

,'~n; 

=-t:Lt-l.lC.U ~"'.I'" 

"Al"STR_~ 
r----

l DE COot ROM J 

ADORE!,!; "'UX ~T"CK 

OECOOE 
~ ROM --,. 

2 

.. .. 
40' LINES EXTENDED 

FROM TEST I-
DATA STRUCTURE SelECT 

--,. 

... . 
18 LINES l-TEST 
FROM SELECT 

DATA STRUCTURE .. 

• .. 
"LINES 

.. 
W-TEST 

FROM SELECT 
DATA STRUCTURE ... . .. 

~ 

.. UNES 5-TEST 
fRO ... StlECT 

DATA STRUCTURE .. 

'32 LINES WHEN IN PSW MODE 

CPU MICRO-ENGINE 

I. 
f-4 MICRO 4:1 

MUX f-' ADDRESS 

If 
.t 

REG . ADOER .. 
0 .. BASIC TEST 

r- ADDRESS • 1 

4 SEOUENCE SEOUENTIAl r CONTROL 1+-:.... CONTROL 
CIRCUITRV 8 

1 
CONTROL. 

I 
I J-..,. 

BASIC 

TEST 

i" 
SElfCT 

"--

EXT, CONTROL 
II 

10 

AMUX 

12 

13 

BMUX 

15 
18 

ALII 

III 
20 

DESTINATION 
II 
24 

fILE READ !;ELECT 

28 
21 

31 
32 

35 
J6 , 
C 
H 

41 

V-ORDERS 

X-ORDERS 

SHARED 
IllS 

CROM 
48X 4098 

I 
I 

J: 
I 
I 
I 
I 
l 
~ 

c 1,/.,:, r'} 

I-

DECODE 
ROM 

t 

INTERNAL 18 INTERNAL 
-,.. ORDER ORDER 

DECODE _L!NES .. .. 

TO DAIA STRUCTURE 
~ 

k .. 
~ .. TO FILE READ IN 

Z:I 

ft .. DATA STRUCTURE 
MUX 

.. 
-

V 32 LINES 
-,.. 

~ ORDER TO 
DECODE nATA STRUCTURE .. 

k .. CREG 

.. 
2:1 X II LINES 

~ f4 MUX ORDER TO 
DECODE DATA STRUCTURE 



TECHNICAL SUPPORT BULLETIN 

TIT L E 
CONFIGURATION JUMPERS 

T 5 B No. 
0107 A 

Product 
32/75A CPU/IPU 

Model No. 
~bi:o~~:', 

Oate 
6-11-80 

~
' e following is a definition of the 

L2 £ on the "C" board (160-103438) of 
jumper settings at position 
the CPU/IPU. 

SITION IN 

1-16 

2-15 

,"~-14 
4-13 

~_.S-l2 
~ 6-11 

~7-~0 
8-9 

-
Enable High Baud Rate 

Enable Low Baud Rate 

}nable S~a~ard_~Q R~t~ 
Disable Trap 
IPU ~'".I( '.1 F \J C ~,~ "\j} 

!:§'Pi.?~.Ji~ 

Parallel Panel 

N/U 

( Jumper Position 4-13 

OUT 

Dis a b 1 ~fi~_g1l __ ?_~_\.:1.s!_B-~1;!L --_ . ..-.. ---
Disable Low Baud Rate 

~---~-.-."" ... --------. 
Disable Standard Baud Rate 

!nable Trap 
CPU 

PSW Mode Only 
Serial Panel -N/U 

This jumper is used only in the CPU and only in a configuration 
under the RTM operating system. When in this configuration, it 
is required to have SELBUS P1B-33 hard wired to the desired RTOM 
EXTERNAL INTERRUPT. Level X'2A' is recommended (RTOM PIC-33). 

Jumper Position 5-12 

When this jumper is in, the 3 board processor becomes the IPU 
(INTERNAL PROCESSING UNIT). When this jumper is out, the 
processor becomes the CPU (GENTRAL PROCESSING UNIT). When both 
processors are on the SELBUS, one must be a CPU and the other 
an IPU. 

Jumper position 6-11 

This jumper must be in both the CPU and the IPU, enabling PSD 
mode. 

Jumper Position 7-10 

This jumper, when out, enables the Serial Panel and must be 
out in the IPU. 

I 
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CONFIGURATION JUMPERS 
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SEL BUS PRIORITY ENABLE JUMPER CONNECTIONS 

The sockets that are to be jumpered for SEL Bus priority are located on the SEL Bus terminator circuit card 
with cOQrdtnates: Sl. S2. S3. When an 10M orHBC is installed. the appropriate jumper points are left OPEN 
(NOT JUMPERED). ----

As an example, the following assignments are made for a given system; and the jumpered sockets would result. 
as is illustrated for Sl, S2, and S3. 

. S3 S2 
Examp 1 e of . 0 0 () 0 0 r-·~O"'-:;:-::~:--=--=-~ * Sl 
ASSignment of SEL Bus Priority . 

• 22 0 0 
a. First M8C-----------~ 1 0 0 

d. CD 10M -----------~ 6 I . 
e. Ml 10M -----------~ 8 3rd mc • • 
f. ADS 10M -----------~ 10 Priority Not Enabled' .. 17.. 
g. TlC 10M -----------~ 21 (Jumper Installed) Not Used- 0 0 
h. SCP 10M -----------~22 · 

* Sl Is a 14 pin DIP 
socket; S2 & 53 
are 16 pin DIP 
sockets. 

PICTORIAL ILLUSTRATION OF Sl, 52, S3 JUMPER SOCKETS ON 
SEL nus TERMINATOR CIRCUIT CARD 

NOTE: EXAMPLE ONLY 



TAG 

LINES 

RESPONSE 

LINES 

PRIORITY 

INTERRUPT 

LINES 

MISC. 

LINES 

SEL BUS LniES 

<]nATA 32 LINESr> 

<JOES'l'lNArION 2Q+r B~ii> 

<jpott PRIoRITY 23 Ll&~Sj> 

~'lSFER (LTX) 
) 

-<MEMORY . (LMEM) > 
(CONTROL 0 (LeNTO) 

~ 

<CCNTROL 1 (LeNT1) 
~ 

. READ 
< 

(IJU)) 
> 

~OR (£'r) 
~ 

~USY ;) 

<TRANSFER AC1<NOWLEOGE (LTA) > 
FDY > 
<UNSUSCESSFtJI. (LUS) > 

(INTERRUE"l' POLL (LIPOL) > 
~TERRtJP'l' REQUEST (LINTR) >. 
.fNA~r.:F. INTErutUPT POLL (LE0r;') 

tASTER CLOCK (LCLK) > 
(!.STSC) 

) 

llO INTERRUPT INHIBIT ,(LIOIN)o 

(10 ~SET (LIORST) ) 

(ME:10RY TRANSFER REQUEST INHIBIT ('Lr.:H» 
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Useful Test Programs 

C'" Using the skills you have learned thus far t try these programs: 

\ .:;: . 

V '. , 
\j 

() 

A. Clear Hemory - This program will write the contents of GPRO into all memory 
locations except location 4. 

", 

Procedure: Enter the following program. 

Location Hex Instruction 
0000 000DOO02 SEA, NOP 
0004 D420000e STW RO, e, 11 " , 
0008 F4COOO04 B1W R1, 4 '., , 

1. SYSTEf~ RESET 
2. :(UN 

Observe program run for about .5 seconds. 

3. Read several locations to verify they are cleared. 

'.' .'Ii" 
••• ~.!±.;:tj. ~dSUii'r.~::~~·i.ls~ThiS program writes the address of the address through 

,memory. This is useful for troubleshooting suspected 
address errors .in memory. . 

Procedure: 1. Enter the following program. 

Location 
0000 
0004 
0008 

2. System Reset 

Hex 
OOOD0002 
D4AOOOOO 
F4e00004 

Instruction 
SEA, NOP 
STv1 1,0,1 
Blvl 1, a 

3. Put X' e' in Reg1. (KB-ENTER C-HRITE-1/REG) 
4. Press and release run. 

Observe program run and halt. 

5. Read several locations t~ see that the data in a location 
equals its own location address. 

Example: location 100. uata • 100 
loc~tion 3F4, data - 3F4 

c. Add bit in memory - This program 1s useful in checking for a gross failure 
in the cpu. It is also a building block for future . 
programs because it may be used as a subroutine to count 
things. The program adds bit 31 to location 100. 

Procedure: 1. Enter the following program. 

location 

0000 
0004 

A3880l03 
ECOOOOOO 

Instruction 

ABM 31, 100 
BU 0 

1-45 



C. Add bit in memory (Continued)~ 

2. System Reset 
3. Run 

Observe program running continuously. 

The only indication the.proBram is runnin~ is the RUN indicator 
is lit. But we can see things happen by monitorin~ the ABM 
instruction executing on location 100. 

4. Use extended function 91 
KB - enter 100 
WRITE - MA 
EXTENDED FUNCTION - #1 

Now observe 'A' display has memory address 100 disp~ayed and 
the 'B' display is constantly being updated. 

1-46 
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S,lBUS Pin Allignmentl 

Pin Si gn.l D,~cription 

1 QNO Ground 
2 ONO Oround 
3 +5vA POlitive ~ volts DC from power luppl'l 
4 +5vA POlitive 5 voltl DC flrom powlr luppl", 
5 Lool Oat. bit 01 . 
6 LOOO Dolt. bit 00 
7 LOO3 Dolt. bit 03 
8 LD02 Oat. bit 02 
9 LOO4 Oat. bit 04 
10 ONO Oround 
1 1 LOO6 Oat. bit 06 
12 LD05 Data bit 05 
13 +5vB POlitive 5 voltl DC from battlr'l backup 
14 LD07 Oat. bit 07 
15 LOO9 Data bit 09 
16 LOO8 Oat. bit 08 
17 LOll Oat. bit 11 
19 LOIO Oat. bit 10 (- 19 ONO Oround 
20 LOl2 Data bit 12 
21 L014 Oat. bit 14 
22 L013 Oat. bit 13 
23 +5vB Po~itive 5 volts DC from batter", backup 
24 L015 O.t. bit 15 
25 L.017 Oat. bit 17 
26 L016 Dolt. bit 16 
27 L019 O.ta bit 19 
28 L019 Dolt. bit 18 
2q L.020 O.ta bit 20 
30 ONO Oround 
31 L.D22 Dolt. bit 22 
32 L.021 Oat. bit 21 
33 LCPUTRAP CPU tr.p 
34 L.D23 Dolt. bit 23 
35 L025 Dolt. bit 25 
36 L024 Oat. bit 24 
37 L027 Oat. bit 27 
38 L026 Dolt. bit 26 
39 ONO Qround 
40 L028 Data bit 29 
41 LD30 Dolt. bit 30 
42 - LD29 Dolt. bit 29 . 
43 +5v8 POlitivl :5 volts DC from b.tt.r'l b .• c k up 

("" 44 L031 Oat. bit 31 
4:S ONO Qround 
46 QNO Qround 
47 +5vA Po~itivl 5 voltl DC from powlr lupp1'l 
49 +5vA Positive :5 volts DC from powlr luppl", 
49 LOTOI Destination bit 01 
50 LDTOO Destination bit 00 

.., .. " 



Pin 

51 
52 
53 
54 
55 
56 
57 
~8 
59 
60 
61-
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 77 
78 
79 
80 .·1 
82 
83 
'84 
<U 
86 
87 
88 
89 
90 
91 
9:! 
93 
94 
9S 
96 
91 
98 
99 
100 

L.OT03 
LOT02 
L.OT04 
CNO 
L.DTOe 
L.OTOS 
L.OT08 
LOT07 
L.DT10 
L.OT09 
LOTI:! 
L.OT11 
OND 
L.OT13 
LDTIS 
L.OT14 
L.OT11 
L.OT16 
L.OT19 
L.OT18 
L.OT:!l 
L.OT20 
L.OT:!:! 
CND 
L.OTF 
L.OT23 
L.READV 
CNO 
QND 
L.SVNC 
L.CL.KE 
CNO 
CND 
LCL.K 
L.CLK~ 
CN1) 
CNO 
LSTSC 
+lSv 
+15v 
OND 
CND 
OND 
OND 
-15v 
-lSv 
LCPUSC 
CNO 
ONO 
LCL.P 

D.scription 

O.,tination bit 03 
D.,tination bit 02 
D.,tin.tion bit 04 
Oround 
D. , ti nat ion . bit 06 
D"tin_tion bit 05 
D,.tination bit 08· 
Destination bit 07 
D,stination bit 10-
D.,tination bit 09 __ 
D.stination bit 12 __ 
D,stination bit 11 __ . 
Oround 
D.stination bit 13'-._ 
Destination bit 15--
O •• tin a t ion bit 1.4 ___ -
O,stination bit 07> 
D.,tination bit 6 
D,.tination bit 1 
D.stination bit 18 
D.stination bit 21 
O"tination bit 20 
D.,tination bit 22 
Oround 
Byt, tran,',r tag Signal 
Oestination bit 23 
R.ad", signal 
Cround 
Cround 
Sync int.rrupt poll 
Syst.m clock earl~ 
Oround 
Cround 
System clock 
Sy.t.m clock lat. 
Oround 
O,.ound 
Stop s~stlm clock 
Po.itiv. 15 volt. DC 
Positive 15 volts DC 
C,.ound 
Oround 
O,.ound . 
Oround 
N'gativ. 15 volt. OC 
N'gativ, 15 volts OC 
CPU ,top clock 
O,.ound 
Cround 
Clock problem c 
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Pin 

101 
102 
103 
104 
105 
106 
107 
109 
109 
110 
111 
112 
113 
114 
115 
116 
117 
liS 
119 
120 
121 
122 
123 
124 
12~ 
126 
127 
129 
129 
130 
131 
132 
133 
134 
135 
136 
137 
139 
139 
140 
141 
142 
143 
144 
145 
146 
147 
149 
149 

• ,'M." ..... ~ .•. _ ... ,' ..... _, ," ": .•. : .... "". 

• .,'".... •• ..... ',. , ...... '. q ..... ' ............... '~. ..... . .......... ' .. • • .... '" -'.. • •• 

LINHOO 
QNO 
LINHOI 
LRESET 
LINH02 
LCLKOV 
LINH03 
LRTC. 
+12v marg in 
-5v margin 
QNO 
LPF 
LPFMEM 
Ext +'V 
LTRC 
LMUNLK 
LREFM 
LERROR 
LECKO 
LRTRY 
LECK! 
QNO 
L032/PO 
LCHBSV 
L033/Pl 
LTX 
L034/P2 
LCPUSTART 
LOPO/P3 
LTA 
QNO 
LeNTO 
lSCPATTN 
LeNT! 
LPEF 
LCPU 
+5vA 
+5vA 
QNO 
QNO 
LPROO 

- LRO 
HPROI 
Lf"EM 
HPR02 
QNO 
HPR03 
LUS 
HPR04 

S.IBUS Pin Allignmlnt (continuld) 

Description 

Mlmorv bUIV inhibit 00 
Oround 
M.",orv bUIV inhibit 01 
1/0 rl.lt 
Mlmorv bUIV inhibit 02 
Clack oVlrridl 
Mlmorv bUIV inhibit 03 
Rial timl cloct 
Margin MOS MI",orils (DSS telt Itand on1v) 
Margin MOS Memoril' (DSS test stand only) 
Qround 
Power 'ail 
Po~er 'ail memorv 
External positivI' volt De 
Transmitting C. 
Unloc;k mlmorv 
RI'r.lh mlmorV 
MI",orv Irror 
Echo bit 0 
Rltrv 
Echo bit 1 
Qround 
Paritv bit bvte 0 
Channll bUIV 
Paritv bit bvt. 1 
Tranl'lr tag bit 
Paritv bit bvt. 2 
CPU start 
Paritv bit bVtl 3 
Trans'er ackno~lldgl 
Oround 
Control 0 tag ligna1 
Svstlm,contro1 panl1 attlntion 
Control 1 tag signal 
Prl-rlfrllh ~1",orV 
CPU bit 11nl Signal 
PositivI' voltl DC 'rom power lupplV 
PositivI S voltl DC 'rom power lupplV 
Oround 
Oround 
Poll priorltv bit 00 
Read tag lillna1 
Poll prioritv bit 01 
Memorv tag ligna1 
Poll prioritv bit 02 
ground 
Poll prioritv bit 03 
Mlmorv unsucclssful tag bit 
Poll prioritv bit 04 



Pin 

1'0 
151 
15:2 
153 
154 
155 
156 
157 
158 
159 
160 
161 
16:! 
163 
164 
165 
166 
167 
168 
169 
170 
171 
17:2 
173 
174 
175 
176 
177 
178 
179 
180 
181 
18:! 
183 
184 

+'vB 
HPR05 
LI'1..K 
HPR06 
LIPOL 
CND 
LEOIP 
HPR07 
LINTR 
HPRoe 
LIOIN 
HPR09 
LEXIN 
HPRI0 
+5vB 
HPRl1 
OND 
HPRl:! 
LERRED 
HPR13 
LIORST 
HPR15 
HPR14 
HPR17 
HPR16 
CND 
HPR18 
HPR:!O 
HPR19 
HPR:!:! 
HPR:!l 
+5vA 
+5vA 
GND 
GND 

D,scription • 

PositivI' volt, DC 'rom 
Poll priorit~ bit 0' 
Mtmorv lock tag bit 
Poll priorit~ bit 06 
Int.rrupt poll 
Ground 
End of intlrrupt poll 
Poll prioritv bit 07 
Int.rrupt rlqu.st 
Poll prioritv bit OS 
1/0 int.rrupt inhibit 
Poll priority bit 09 
Ext,rn.1 interrupt 
Poll priorit~ bit 10 
PositivI 5 volts.DC from 
Poll prioritv bit 11 , 
Ground. 
Poll prioritv bit 1:2 
Paritv bit toggle sign.l 
Poll prioritv bit 13 
1/0 r.l.t 
Poll prioritv bit 15 
Poll prioritv bit 14 
Poll prioritv bit 17 
Poll prioritv bit 16 
Ground 
Poll prioritv bit 18 
Poll prioritv bit ~O 
Poll prioritv bit 19 
Poll prioritv bit ~:! 
Poll prioritv bit ~1 
Positive 5 volts DC 'rom 
PositivI 5 volts DC 'rom 
Ground 
Cround 

pOloll.,. lupplV 
pOIII.r lupp1V 
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BASIC SEL BUS SEQUENCE EXECUTING A CD 

ARSTX (Get ready to send status) 

READY (To send status) 

RSTX (Send status) 

DRT (Status) 

WooT (Start I/O lOCO Address) 

.. "' "~ ....... -"~ " ..... -.. ' -

foRT (Mem. Read Transfer) 

DRT 

MRT 

oRT 

NOTE: Tag Li ne, Res'ponse Li nes, Pri or; ty 
Interrupt Lines and Misc. Lines not shown 

....... .... 

-

--:' 
1 

'a 
...... .... 

M 

(TlC) 

10M MUST 
FETCH lOCO 

- 1st Word .... 

...... .... 2nd Word 



START 

CPU 'IS'Su"ES 
ARSTX AND 

RSTX XFRS, 
TO GET STATUS 

FETCH INT. 
LEVEL FROM 

S.P. COMPUTE 
TCW ADDRESS 

J!'J~ THIS CHAN. 

BASIC'CD INSTRUCTION FIRNWARE FLOW 

DATA TRANSFER COMMAND 

EXIT 
TO RAM 
LOAD 

TO NON 
DATA 
XFR.!. CD 

ElU\ORS 
OR 
BUSY 
EXIT 

FETCH TCW 

& BUlL!) ~ril. a lOCO FOR,. 
.. DEVICE . 

·WRITE lOCO 
INTO DEDICATED 
. LOCATION FOR 

THIS 
CONTROLLER 

CPU DOES WDOT 
XFR. WITH SIO 
BIT AND lOCO 
;.DOR. ON SEL 

DATA BUS 

TRANSFER BITS 
16-31 OF INST. 
REG. TO '1' REG • 
BUILD lOCO 1ST 

WORD 

SUlLO 2ND 
WORD OF ICCD 

WITH AOO:U;SS OF 
TCW LOCATION 

CD INSTRUCTION COMPLETE 
GO ON TO NEXT INSTRUCTION 
IF NO ;::XTER.."tAL UNI""ERSAL.'" 
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I 
0 , 

I I 0+ I I 
I 2 .: 4 !> 

". 
I 

, 

I I 
6 

',:;' . 

fORMAT A 
IIDIVIC;E Cl.ASS O. " OR 2 ., .... '.. ... ~ 

INPUT/OUTPUT COMMAND DOUBLEWORD ·~.~~O 

7 8 9 10 II 12 13 14 I!> 16 17 18 19 20 21 22 23 24 2!> 26 27 28 29 JO 31 , 

~. ... :. i··, 
'& , 

r-__ ~~O~R~D~E~R~~~ ____ ~ __________________________________________ ~ 

,. lOCO WORD 0 BITS 
. FUNCTION o 1 2 3 .. 5 6 

M M M M M 0 o 
M M M M M 0 

M M M M M I 

20 NU 21 22 23 X X 

o 0 0 0 0 0 o 
o 0 21 22 23 0 o 

DEVICE 
CLASS 0 < 

7 

o 
o 
X 

BASIC WRITE· CO INITIALIZE DATA OUTPUT 

BASIC REAO· CO INITIALIZE DATA INPUT 

CO CONTROL (NON·OATA TRANSFERI 

CO INSTRUCTION BITS TRANSLATED INTO lOCO 

WRITE (PRINT DATA WITH NO PAPER ADVANCE) 

ADVANCE PAPER THE NUMBER OF LINES SPECIFIEO 
BY CO BITS 21.22. AND 23 THEN PRINT DATA 

(LINE PRINTER) 
1 0 21 22 23 0 o ADVANCE PAPER TO FORMAT LOOP COLUMN SPECIFIED 

BY CO BITS21. 22. AND 23 THEN PRINT DATA 

o 0 21 22 23 1 I O. ADVANCE PAPER THE NUMBER OF LINES SPECIFIED 
BY CO INSTRUCTION BITS 21. 22. AND 23 (NO·PRINT) 

1 0 21 22 23 1 1 0 

> X NU. fit NU 21 0 X 0 

o 0 0 0 0 o 

ADVANCE PAPER TO THE FORMAT LOOP COLUMN SPECIFIED 
BY CO INSTRUCTION BITS 21. 22. AND 23 (NO·PRINT) 

CO INSTRUCTION BITS TRANSLATED INTO lOCO 

READ IN FULL ASCII MODE (ON I. Y USED IN CPU 
DEVICE INITIALIZATION·IPL SEQUENCE) 

CLASS 1 4 0 0 1 0 0 0 1 0 READ IN HALF ASCII MODE (TRANSLATE MODE) 
(CARDREADERI l~OO~~O~~O~~O~~I~O~~'~O~~R~E~A~o~IN~A~U~TO~M~A~TI~C~M~O~D~E~~~~~~~----------~ 

o 0 0 0 0 t 0 READ IN BINARY MODE 
~~~~~~~+=~~~==========================~ 

17 17 ,7 17 20 0 X X CO INSTRUCTION BITS TRANSLATED INTO lOCO 

DEVICE • ~0~~04'::'0~.::.0-+.:.0~.:.0-+-0~~' -+-.:.:W:.:.R:.:.IT.:..:E:..T.:..:O::..:...PR:.:;I~N~T.:.E:.;.R ____________________________ --i 
CLASS 2 ., 0 0 0 0 0 0 1 0 READ FROM KEYBOARD 

(TELETYPEWRITERI 1-=0-+'::'0-+':'0"""':'0"""':', +O=-f-:", ~O~~R':'E:;;;AD::":"F';':R'::'O~M":'t(:;:E:";Y'::'B~O';;;:A:';":R~O-T-H-E-N-W-R-I-T-E -T-O-P-R-' N-T-E-R--------~ 
IECHOMOOE) 

1 1 1 1 0 0 0 0 ILLEGAL COMMAND CAUSED BY CO BIT 17 
,~~~~--~~~~~~~~~--~--~~~~--~----------~ 

KEY: 'M' • MODIFY BIT USED TO MODIFY THE BASIC WRITE. READ. OR CD CONTROL lOCO ORDERS. 
'X' • BITS AVAILABLE FOR DEFINING THE BASIC ORDER FUNCTION IWRITE. READ OR CD CONTROLI 
17,20.2,,22,.23 • CO INSTRUCTION BITS THAT ARE TRANSLATED INTO lOCO ORDER 'M' BITS. 

m n • FALSE CONDITION OF CO INSTRUCTION BITS 20 AND 21 ARE REQUIRED TO GENERATE THIS BIT 
IN THE lOCO ORDER. 

NU '.. BIT NOT USED • 

• 1 \ ... 
INPUT/OUTPUT COMMAND DOUIsLEWORD • WORD 1 

I • I I 

• I I • 
_ NOT USED TRANSFER ADDRESS 

CBITS 
I I 

I I 

I , ,., I I I , I , I I I I , , , , ..1 ..1 ..1 ..1 ~l I I , , 
C, C2 
. , 

o 1 2 3 .. !> 6 7 8 9 10 11 12 13 14 I!> 16 17 lB 19 20 21 22 23 2" 2!> 26 27 28 29 30 31 

lOCO Format - Class O. 1. and 2 Devices 



I 
0 

0 

I I , : I 
1 2 3 4 5 

I 
I 

NOT USED , , I I I 
1 :2 :3 4 ~ 

·' . . ' . DEVICE cuss.,·· 
INPUT/OUTPUT COMMAND OOUBLEWORO ·WORO 0 

NOTUS~D 
" I . I 

, : , ! , I I ! 
CO +TRUCTION 81' I." 
, !, I " , : I , , 

6 7 8 

I I 
6 7 8 

\ .. ) 
-:\ ,!. w.~~f 
~ ,--", 

(" '" 

9 10 11 12 13 14 1~ 16 17 18 19 20 21 22 23 24 2S 26 27 28 29 30 31 

INPUT/OUTPUT COMMAND OOU8LEWORO • WORD 1 

-' I .. I 

DEDICATED TRANSFER CONTROL WORD ADDRESS 
I I , I I I I I I I I I I , , , I I , , , I I 

9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 2S 26 27 28 29 30 31 

lOCO Format - Class E Devices 

INPUT IOUTPUT COMM~D OOU8LEWORD • WORD 0 

ORDER 6.~. TRANSFER COUNT F 

I 

o 2 0 0 7 F F 

I 0 0 0 0 I 0 0 1 0 I NOT USE~D I 0 " 1 1 ~ 1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 1 

.I"!III. II ... "!'I'!"'!'" 
o 1 2 3 4 S 6 7 S 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 2S 26 27 28 29 30 31 

ORDER 

BIT oe EQUAL TOONE speCIFIES A BINARY READ MODE. 

INPUT/OUTPUT COMMANO WORD 

INPUT/OUTPUT COMMAND OOUBLEWORD· WORD 1 
TRANSFER ADDRESS 

o NOT USE!D 0 I 0 I : 0 0 I 0 : 0 0 I 0 0 : 0 ~ 0 : 0 0 I 0 :0 0 ~ 0 0 : 0 I 
I .. II!' !'I'!"'!! I!!I'. 

o 1 2 3 4 S 6 7 B 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 2S 26 27 28 29 :30 31 

NOTE: THIS lOCO IS STORED AT MEMORY ADDRESS OOOOOOH FOR THe FIRST READ FROM THE "IPL" I/O DeVICE. 

lOCO Format - lPL Device c 
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, " ;. '., 

AleTfleT SlL BUS TRANSFER 

DESTINATION BUS 'j I C~ oJ 

-.,(.' ~./ 

~.~.- ~" ' ,:~ I I 

1 % INTR, LEVEL 0 PHYSICAL ADDRESS o 0 0 0 SUBADDRESS 

I I I I I I I I I I I I I I , , I , 

o 2 3 4 !) G 7 8 I) 10 11 12 13 14 1 ~ 1 n 1 7 lB· 19 20 21 22 23 

I INTERRUPT LEVEL I 
BITS 01·07 PROVIDE THE ONES COMPLEMENT OF THE INTERRUPT LEVEL TO BE CONTROLLED. 

PHYSICAL ADDRESS 

BITS 09·15 PROVIDE THE PHYSICAL ADDRESSOF THE I/O CONTROLLER OR RTOM TO WHICH THE INTERRUPT LEVEL 
IS ASSOCIATED, 

I SUBADDRESS . I 
BITS 20·23 PROVIDE THE 1/0 CONTROLLER OR'RTOM SUBADDRESSWITH WHICH THE INTERRUPT lEVEL IS ASSOCIATED. 

DATA BUS 

: 
NOT USED :(.0) : _, I F~NCT. COO. I 

. I I I . I I o. I I . ; , I I _ 
o 1 2 3 4 !l 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FUNCTION COOE NOTES: 1. THE INTERRUPT CONTROL TRANSFER (AICT OR ICT) 
IS SENT FROM THE CPU TO THE I/O CONTROLlE R OR 
RTOM DURING INTERRUPT CONTROL. INSTRUCTIONS, 
BRANCH AND RESET INTERRUPT INSTRUCTIONS, 
ANO INTERRUPT SEQUENCES. 

BITS 
27 2B 129 
0 0 0 

0 0 0 

0 0 1 

0 1 0 

1 0 0 

30 31 

0 1 

1 0 

0 0 

0 0 

0 0 

DEFINITION 

ENABLE INTERRUPT 

DISABLE INTERRUPT 

ACTIVATE INTERRUPT 

DEACTIVATE INTERRUPT 

REQUEST INTERRUPT 

2. REFER TO TABLE 5·12 FOR THE SEL BUS TAG SIGNAL 
CONFIGURATIONS THAT IDENTIFY THE TRANSFER 
AS AN AICT OR ICT. 

3. THE I/O CONTROLLER OR RTOM RESPONDS TO THE 
AICT AND ICT WITH A DATA RETURN TRANSFER 
IORTI. THE CONTENTS OF THE DRT IS NOT USEO. 

NOTES: 1. THE INTERRUPT CONTROL TRANSFER IAICT OR ICT) IS SENT FROM THE CPU TO THE I/O CONTROLLER OR 
RTOM DURING INTERRUPT CONTROL INSTRUCTIONS, BRANCH AND RESET INTERRUPT INSTRUCTIONS, AND 
INTERRUPT SEOUENCES. 

2. REFER TO TABLE 5-12 FOR THE SEL BUS TAG SIGNAL CONFIGURATIONS THAT IDENTIFY THE TRANSFER AS 
AN AICT OR ICT. 

3. THE I/O CONTROLL.ER OR RTOM RESPONDS TO THE AICT AND ICT WITH A DATA RETURN TRANSFER IDRT). 
THE CONTENTS OF THE DRT IS NOT USED. 

Interrupt Control Transfers (AICl or ICT) 
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ARSTXIRSTX SEL IUS TRANSFER .i , • 
'.i· 

DESTINATION BUS 

, %INTR.LEVEL 0 PHYSICAL ADDRESS 0 0 0 0 SUB·ADDRESS 
I , , I , , , I I , I I I I I i J .1 

o I 2 J 4 & 6 7 8 9 10 11 12 13 14 1& 16 17 18 19 20 21 22 23 

INTERRUPT l.EVEL 

BITS 01.07 PROV IDE THE ONES COMPLEMENT OF THE 110 CONTROLLER INTERRUPT l.EVEL 

PHYSICAl. ADDRESS 

lilTS ()9.15 PROVIDe THE PHYSICAl. ADDRESS OF THE 1/0 CONTROLLER 

SUBADDRESS 

BITS 2().23 PROVIDE THE 1/0 CONTROl.LER DEVICE SU8ADDRESS 

DATA8US 

I : ! iT I ~, to: ',ytcji+ I 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FUNcnON CODE 

BITS DEFINITION 

27 2B 29 30 

0 0 0 I TRANSFER CURRENT WORD ADDRESS (TeAl 

0 0 I 0 DEVICE STATUS (TD2ooo STATUSI 

0 1 0 0 CONTROl.l.ER STATUS (T08000 AND 4000 STATUSl 

I 0 o· 0 ~KNOWl.EDGE INTERRUPT (ACTIVATE INTERRUPT l.EVEL) 

NOTES: 1. THE READ STATUS TRANSFER (ARSTX OR RSTX) IS SENT FROM THE CPU TO THE 110 CONTROLLER DURING ANY 
CPU·I/O COMMUNICATION SEQUENCE. 

:z. THE 110 CONTROLLER RESPONOS TO THE ARSTX AND RSTX SEQUENCE WITH A DRT THAT CONTAINS THE 
REOUESTED STATUS. REFER TO FIGURE 5-S7 FOR THE VARIOUS DRT FORMATS. 

3. REFER TO TABLE 5-12 FOR THE SEL 8USTAG SIGNAl. CONFIGURATIONS THAT IDENTIFY THE TRANSFER AS A 
RSTX OR RSTX. 

Read Status Transfer (ARSTX and RSTX) 
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DRT SEL BUS TRANSFER 
FORMAT F 

DATA BUS FOR 'TLC' CONTROLLER RESPONSE TO AN ARSTX/RSTX TRANSFER CURRENT WORD ADDRESS (TCWAI REOUEST 

NOT USED (aOI CURRENT BYTE TRANSFER COUNT 

3 4 5 6 

CURRENT BYTE TRANSFER COUNT 

BITS 16-31 PROVIDE THE CURRENT BYTE TRANSFER COUNT. 

FORMATG 

DATA BUS FOR STANDARD 110 CONTROLLER RESPONSE TO A ARSTX/RSTX 
CONTROLLER STATUS REOUEST (TD8OOO & T04000 STATUS) 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 21 25 26 27 28 29 30 31 

I 1 • CONTROLLER BUSY 

TD4000 CONDITION CODES 

BITS 00,01,02, AND 03 PROVIDE THE TD4000 CONDITION CODES 1,2,3, AND 4, RESPECTIVELY. REFER TO FIGURE 4·3 FOR 
CONDITION CODE BIT DEFINITION. , 

Format - Data Return Transfer (ORT) (Sheet 3 of 4) 
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DRT SEL BUS TRANSFER • FORMATH 

DATA BUS FOR STANDARD 1/0 CONTROLLER RESPONSE TO AN ARSTX/RSTX DEVICE STATUS REOUEST (TD2000 STATUS) 
I 

I I I 

TD2000 STATUS HALFWORD NOT USED (-0) TD2000 CC'S 
, , , , I , , I , I , , I I I , I , , 1'1 , I I , I , 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 :ZS 26 27 28 29 30 31 

Ll -CONTROLLER 8USY 

102000 STATUS HALFWOR D 

81TS 00·15 PROVIDE THE TD2000 STATUS HALFWDRD. REFER TO THE DEVICE CONTROLLER TECHNICAL MANUAL 
FOR 81T DEFINITIONS. 

102000 CONDITION CODES 

81TS 28.29.30. AND 31 PROVIDE THE TD2000 CONDITION CODES 1.2.3. AND. RESPECTIVELY. REFER TO FIGURE .·3 FOR 
CONDITION CODE BIT DEFINITION. 

FORMAT I 

DATA BUS FOR STANDARD 110 CONTROLLER RESPONSE TO AN ARSTX/RSTX TRANSFER CURRENT WORD ADDRESS (TCWA) REQUEST 

I I ;RAr'T ,+ I I I F I : I T~~"i AF~'SSI : hrn I 
o 1 2 3 4 5 6 7 8 9 10 1 I 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

TRANSFER COUNT 

BITS ()()'11 PROVIDE THE CURRENT TRANSFER COUNT. THE COUNT CAN BE iN WORDS. HALFWORDS. OR 
BYTES, ACCORDING TO THE 'F' AND 'c' BITS. 

TRANSFER ADDRESS 

BITS 13-31 PROVIDE THE CURRENT MEMORY DATA ADDRESS. THE ADDRESS CAN BE A WORD. HALFWORD, 
OR BYTE ADDRESS, ACCORDING TOTHE 'F' AND 'c' BITS. REFER TO FIGURE 5·62 FOR THE DEFINITION OF 
THE 'F' AND 'c' BIn:. 

NOTES; 1. A DATA RETURN TRANSFER (DRT) IS SENT FROM MEMORY OR A 110 CONTROLLER TO n4E CPU UNDER THE 
FOLLOWING CONDITIONS: 

A. FROM THE MEMORY TO THE CPU IN RESPONSE TO A MEMORY READ TRANSFER (MRn. REFER TO 
FIGURE 5-59 FOR A MRT FORMAT. 

8. FROM THE 110 CONTROLLER TO THE CPU IN RESPONSE TO EITHER AN AICTIICT OR AN ARSTX/RSTX 
TRANSFER PAIR. REFER TO FIGURE 5-55 FOR THE AICTIICT FORMAT AND TO FIGURE 5-56 FOR THE 
ARSTX/RSTX FORMAT. 

2. REFER TO TABLE 5-12 FOR THE SELo aUSTAG SIGNAL CONFIGURATIONS THAT IDENTIFY THE TRANSFER 
AS A DRT. 

Format • Data Return Transfer (ORT) (Sheet 4 of 4) 

7-24 



r 

( 

ORT SfL BUS TRANSFER 

DESTINATION BUS (FOR ALL DRT FORMATS) 

NOT USED (-0) PHYSICAL ADDRESS NOT USED (-0) 

o I 2 3 4 S 6 7 8 

CPU ADDRESS BIT) 

9 10 1\ 12 1 3 14 15 16 I 7 18 19 20 21 22 23 

, BIT 08· I, THE CPU IS THE 
eESTINATION 
" BIT 08 • 0, BITS 09-
Is PROVIDE THE PHYSICAL 
JlDDRESirOFTHE 1/0 

JcoNTROLLER DESTINATION 

~'ECHOBIT (USED ONLY WITH A DRT FROM MEMORY TO THE CPU) 

IF Bm'S-O, THE DATA BUSCONTAINSANIt)PERANO FETCH. 
FROM MEMORY 
IF BtI~5-1, THE DATA BUS CONTAINS ANjINSTRUCTION FETC.O 
FROM MEMORY. 

FORMAT A 

MEMORY DATA WORD 

FORMAT a 

DATA aus FOR DRT IN RESPONSE TO AN AICTIICT TRANSFER PAIR 

: : : ,~+~O ! I I 
o 1 234 S 6 789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FORMATe 

DATA BUS FOR DRT IN RESPONSE TO AN ARSTX/RSTX-ACKNOWLEDGE INTERRUPT 

o I -Z 3 456 7 8 9101\ 12131415161718192021 2223212526272829.3O:!1 

Format - Data Return Transfer (ORT) (Sheet 1 of 4) 

7-21 



- .o.o_._ •.•••• _ .... ~ .. __ .. · ..... " ....... ~ ...... ,,_ ..... _.,..~_ .. _ ...... _ .............. _. __ .: •• __ ........... ~ .• _ ..... __ • _._:._._ ............... _ .... _ .......... __ ..... , ........ __ .... _ ...... _ .... 0" , ......... .. 

N 
U T04000 CC'S NOT USED (toOl 

o I 

T04000 CONDITION CODES 

DRT SIlL IUS TRANSFER 
FORMATO 

NOT USED (toOl 

o T04000 ST ATUSI 

TDSOCIO CC'S 

15 LIS 17 18 19 20 2122 23 24 2S 26 27' 28 29 30 31 

. L-.w-Gt.'tIR ..... ,· 

BITS 01,02,03 AND 04 PROVIDE THE T04000 CONDITION CODES I, 2, 3, AND 4, RESPECTIVELY. REFER TO FIGURE 4-3 FOR 
CONDITION cooe BIT DEFINITION. 

T08000 CONDITION CODES 

BITS 28, 29, 30, AND 31 PROVIDE THE T08000 CONDITION CODES t. 2. 3, AND 4. RESPECTIVELY. REFER TO FIGURE 4-3 FOR 
CONDITION COOE BIT DEFINITION. 

FORMATE 

DATA BUS FOR 'TLC' CONTROLLER RESPONSE TO A ARSTXlRSTX DEVICE STATUS REQUEST (TD2ooo STATUSI 

T02000 STATUS HALFWORD NOT USED '-01 T02000CC'S 

TD2000 STATUS HALFWORO I 
BITS QQ.15 PROVIDE THE T02000 STATUS HALFWORO. REFER TO THE 'TLC' TECHNICAL MANUAL FOR BIT DEFINITION. I 
T02000 CONDITlON CODES 

BITS 28,29,30, AND 31 PROVIDE THE T02000 CONDITION CODES 1.2.3. AND 4. RESPECTIVELY. REFER TO FIGURE 4-3 FOR 
CONDITION CODE BIT DEFINITION, 

Format· Data Return Transfer (ORT) (Sheet 2 of 4) o 
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WDOT SEL BUS TRANSFER 

DESTINATION BUS (FOR ALL FORMATS) 
I 

, ~ INTERRUPT LEVEL 0 PHYSICAL ADDRESS 0 0 0 0 SUBADDR. 

I I I I I I . I 1 , I , , I I 1 ~ i i 
o I 2 3 4 ~ 6 7 8 9 10 I I 12 13 14 IS 16 17 16 19 20 21 22 23 

INTERRUPT LEVEL 

BITS 01·07 PROVIDE THE DNES COMPLEMENT OF THE I/O CONTROLLER INTERRUPT LEVEL. 

PHYSICAL ADDRESS 

BITS 09-15 PROVIDE THE PHYSICAL ADDRESS OF THE I/O CONTROLLER. 

SUBADDRESS 

BITS 20-23 PROVIDE THE I/O CONTROLLER DEVICE SUBADDRESS. 

FORMAT A 

DATA BUS FOR WOOTTRANSFER (GENERAL FORMAT) 

FUNCT. 
CODE 

I I I 
o 1 2 3 4 5 6 7 

REFE! TO FORMATS 'i. C. D. AND E 
, I ; , I , . , , I I 

B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 21 25 26 27 26 29 30 31 

FUNCTION CODE 
BITS 

00 01 02 03 OEFINIT"ION 

1 0 0 0 START 1/0. REFER TO FORMAT B FOR THE CONTENTS OF BITS 04.31. 

0 , 0 0 LOAO· RAM. REFER TO FORMAT C FOR THE CONTENTS OF BITS 04.31. 

0 0 1 0 HALT 110. SEE NOTE 2. 

1 0 0 1 INITIAL PROGRAM LOAO AND START 110. REFER TO FORMAT E 
FOR THE CONTENTS OF BITS 04.31. 

Format - Write Data or Order Transfer (WDOT) (Sheet 1 of 3) 
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WOOT SEL BUS TRANSFER 

FORMATB 

DATA BUS FOR WOOT· START 110 

o I 2 J 4 S 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 '4 2S 26 27 28 29 30 31 

IOCD ADDRESS 

BITS 04·31 PROV IDE THE MEMORY ADDRESS OF THE INPUT/OUTPUT COMMANO DOUBLEWORO (lOCOI. 

FORMATe 

DATA BUS FOR WDOT· LOAD RAM 

I 0 • 1 ~ 0 I ~T USED ,-m I I 0 I PHVSI~L ADDR... I 
."'. ,;"" " .. I'!III. / 

o 1 2 .:3 4 S 6 7 8 9 10 " 12 13 14 10 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

PHYSICAL ADDRESS 

BITS 25-31 PROVIDE THE PHYSICAL ADDRESS OF THE 110 CONTROLlER. 

FORMATD 

DATA BUS FOR WOOT· HALT 110 

I I NOT :USEO (-01 o 0 , 0 
. ! ! I . I! I! I 

o , 2 3 4 S 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Format· Write Data or Order Transfer (WDOT) (Sheet 2 of 3) 
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WooT SEL BUS TRANSFER 

FORMATE 

DATA BUS FOR WDOT· INITIAL PROGRAM LOAO START 1/0 

I,!·!·! ,I·!·!·!·:·!·!·!·:·!·!·\·: '\'!'!':'\'!'!': '\'\'\':'!'!" ·1 
o 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 2'1 25 26 27 28 29 30 31 

~~--------------------------------~~~--------------------------------.. , 
lOCO ADDRESS 

lOCO ADDRESS 

BITS 03·31 PROVIDE THE MEMORV ADDRESS OF THE INPUTIOUTPUT COMMAND 
OOUBLEWORD (lOCO). WHICH MUST BE 00 00 00 OOH DURING IPL. 

NOTES: 1. THE WRITE DATA OR ORDER TRANSFER (WOOT) IS SENT FROM THE CPU 
TO THE 110 CONTROLLER OR RTOM. 

2. 

3. 

4. 

THE WOOT IS NORMALL V PRECEDED BV AN ARSTX. RSTX. AND DRT SEQUENCE 
TO DETERMINE THE AVAILABILITY AND OPERABILITY OF THE 1/0 CONTROLLER OR 
RTOM. THE WOOT·HALT 110 IS NOT PRECEDED BY THE ARSTX. RSTX. AND ORT 
SEOUENCE. SINCE THE PURPOSE OF THE WOOT HALT 110 IS TO CLEAR A BUSY 
1/0 CONTROLLER. 

THE 110 CONTROLLER OR RTOM DOES NOT EXECUTE A BUS TRANSFER RESPONSE 
TO THE WOOT. 

REFER TO TABLE 5·12 FOR THE SEL BUS TAG SIGNAL CONfiGURATIONS THAT 
IDENTIFY THE TRANSFER AS A WDOT. 

Format - Write Data or Order Transfer (WooT) (Sheet 3 of 3) 
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MRT seL BUS TRANSFER 

DESTINATION BUS (FOR ALL FORMATSI 

~ - MEMO.Y AD..... I 
! " ~ , , , , , , 

o 1 2 :: ~ S 6 7 e 9 10 11 12 13 14 1!:1 1(, 17 

MEMORY ADDRESS 

18 19 ~o 21 22 23 
'-v-' 
'e' BITS 

(SEE NOTE 41 

LDTF 
UNE 

BITS 00-2:1 PROVIDE THE MeMORY ADDRESS OF THE LOCATION TO BE READ. 

FORMAT A 

DATA BU~ FOR ACN ORIGINATEDMRT 

: • NOT~ED ~ , !, '" I ~U I NOT u..\. ,..., . . , , ; , , IH 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2" 25 26 27 2B 29 30 31 

CPU 

BIT 24 EOUAL TO ONE speCIFIES THAT THE CPU IS THE SOURCE OF THE MRT AND THAT THE 
DATA READ FROM THE ADDRESSED LOCATION IS TO BE RETURNED TO THE CPU. 

El:HO 
BIT 31 EOUAL TO ZERO SPECIFIES THAT AN OPERAND IS TO BE READ FROM MEMORY; BIT 31 
EQUAL TO ONE SPECIFIES THAT AN INSTRUCTION IS TO BE READ FROM MEMORY. 

FORMAT a 

DATA BUS FOR 110 CONTROLLER ORIGINATED MRT 

: 
NOT useD ,..., I I 0 I PHYSlC~ ADO'ESS 

. I , , ; "! ! .. J , ! , , , 
o 1 2 3 4 5 6 7 8 9 10 1 I 12 13 14 IS 16 17 18 19 20 21 22 23 24 2S 26 27 28 29 30 31 

PHYSICAL ADDRESS 

BITS 25 THRU 31 PROVIDE THE PHYSICAL ADDRESS OF THE 110 CONTROLLER THAT ORIGINATED THE MRT AND 
SPECIFIES THAT THE DATA READ FROM THE ADDRESSED MEMORY LOCATION IS TO BE SENT TO THIS 110 
CONTROLLER ADDRESS. 

Format· Memory Read Transfer (MRT) (Sheet 1 of 2) 
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NOTES: 1. THE MEMORY READ TRANSFER (MRTt CAN BE ORIGINATED BY EITHER AN 1/0 
CONTROLLER OR THE CPU. THE DESTINATION OF THE TRANSFER IS THE 
MEMORY BUS CONTROLLER (MBCt. 

2. THE MEMORY BUS CONTROLLER nESPONDS TO THE MRT WITH A DATA RETURN 
TRANSFER (DRn CONTAINING THE CONTENTS OF THE MEMORY LOCATION 
ADDRESSED BY THE MRT. THE DESTINATION OF THE DRT IS THE CPU OR 10M THAT 
ORIGINATED THE MRT. 

3. REFER TO TABLE 5·12 FOR THE SEL BUS TAG SIGNAL CONFIGURATIONS THAT 
IDENTIFY A TRANSFER AS AN MRT. 

4. THE MRT CAN BE USED TO SPECIFY A WORD. HALFWORD. OR BYTE READ FUNCTION. 
THE DATA REAO FROM MEMORY IS RETURNED ON THE DATA BUS. RIGHT JUSTIFIED 
IN A DRT TRANSFER. THE 'F' BIT (THE TAG BUS LDTF SIGNALt AND THE DESTINATION 
BUS 'c' BITS ARE USED TO SPECIFY ANY OF THESE MODES AS FOLLOWS: 

F BITS C BITS 
(LDTF SIGNALt DESTINATION BUS 

BITS 
22 23 TRAf.iSFER FUNCTION 

o (HIGH) 0 0 WORD TRANSFER 

o (HIGH) 0 1 HALFWORD TRANSFER (LEFT HALFWOROt 

o (HIGH) 1 1 HALFWORD TRANSFER (RIGHT HALFWORDI 

I (LOW) 0 0 BYTE TRANSFER TO BYTE 0 
(BITS 00.07) 

1 (LOW) 0 1 BYTE TRANSFER TO BYTE 1 
(BITS OS·15) 

1 (LOW) 1 0 BYTE TRANSFER TO BYTE 2 
(BITS 18·23) 

1 (LOwt 1 1 BYTE TRANSFER TO BYTE 3 
(BITS 24·31) 

Format - Memory Read Transfer (MRT) (Sheet 2 of 2) 
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MWT SEL BUS TRANSFER 

DESTINATION BUS 

: Y'''''RY ..,ORESS ICO ,C'I 
, • J I ! ~ , . . . 

o 1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

'-v-' 
LOTF 
LINE 

'c' BITS (SEE NOTE 3) 

~------------------------------------------------------MEMORY ADDRESS 

BITS 00·23 PROVIDE THE MEMORY ADDRESS FOR THE WRITE MEMORY FUNCTION. 

DATA BUS 

I J 
DATA ~ORO , _ : 

, I I ; , , . . I I I 
o 1 2 3 4 5 6 7 8 9 10 " '2 13 14 IS 16 17 18 19 20 21 22.23 24 25 26 27 28 29 30 31 

DATA WORD 

BITS 00-31 PROVIDE THE DATA WORD TO BE STORED AT THE ADDRESS SPECIFIED BY THE DESTINATION BUS. 

NOTES: I. THE MEMORY WRITE TRANSFER (MWT) CAN BE ORIGINATED BY EITHER AN 
1/0 CONTROLLER OR THE CPU. THE DESTINATION OF THE TRANSFER IS 
THE MEMORY BUS CONTROLLER. 

2. REFER TO TABLE ~'2 FOR THE SEL BUS TAG SIGNAL CONFIGURATIONS 
THAT IDENTIFY A TRANSFER AS A MRT. 

3. THE MWT CAN Be USED TO SPECIFY A WORD. HALFWORD. OR BYTE WRITE 
FUNCTION. IN ANY OF THESE CASES. THE DATA TO BE STORED IN MEMORY 
MUST BE RIGHT·JUSTIFIED ON THE DATA BUS AND THE SEL BUS TAG BUS 
SIGNAL 'LOTF' ('F' BIT) AND THE DESTINATION BUS 'c' SITS ARE USED AS FOLLOWS: 

F 22 23 

0 0 0 WORD 
0 0 1 LHW 
0 , 1 RHW , 0 0 SYTiO , 0 , 8YTi 1 
1 1 0 8YTi2 
1 , BYTE 3 

Format - Memory Write Transfer (MWT) 
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•. _-----

INPUT/OUTPUT COMMAND DOUBLEWORD • WORD 0 

ORDER 
o 

I, 00 
I I ! 

IPL 

o 1 2 3 4 5 6 I 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

ORDER 

BIT 06 EaUAL TO ONE SPECIFIES A BINARY READ MODE. 

INPUT/OUTPUT COMMAND W 

INPUT/OUTPUT COMMAND OOUBLEWORD . WORD 1 
TRANSFER ADDRESS 

,', ':' ,', ':' , : ':' ,', ':' ,', , °NOT USE!O , , . 

o 

I I I ! I I I ! I I I I I 
012345 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 21 25 26 27 28 29 30 31 

NOTE: THIS lOCO IS STORED AT MEMORY ADDRESS OOOOOOH FOR THE FIRST READ FROM THE "IPL'~ I/O DEVICE. 

NOTES: 1. THIS lOCO IS STORED AT MEMORV ADDRESS OO~ FOR THE FI RST READ FROM THE "IPL" I/O DEVICE. 

2. THE ORDER BYTE sPECIFIES A BINARV READ FROM THE IPL DEVICE • 

Format - IPL Basic Input/Output Command Doubleword (lOCO) 
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WORKSESSION 

Central Processing Unit 

Objectives: 

After completing the referenced reading sections of the technical manual. com
pleting general information questions of 'this section, and completing the 
data structure block diagram of the CPU. the student will be capable of identi
fying the following. concerning the 32/70 Series Central Processing Unit: 

1. The fundamental architectural characteristics·of the CPU. 
2. The component parts of the CPU data structure. 
3. Relationship and purpose of the CPU 1n a total system. 

Referenced Reading: 

1. 32/70 Series Computer, Technical Manual; 

A. Functional Oescdption; Pgs.l.,3 thru 1-6 
.B. CPU Modules Intercon~ection; .Pg .•. 1 ..... la 
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( Course IJ 340 - 32/75 Archi tecture 

CPU - WORKSESSION (GENERAL QUESTIONS) 

Directions: Answer the following statements as true or false (true • 1, false = 0). 
Also, correct all false statements to make them true. 

1. One instruction can be decoded while another is being fetched from 
memory •. 

/ 
I 2. High-speed instruction decoding is accomplished by using ROMls (read------

-.L 3. 

/ 

--2. 4. 

only-memories). . 

The CPU is on three plug-in circuit boards. One board is for the micro 
control unit and the other two boards are for micro-arithmetic logic 
units. . 

A 20-bit address field is provided for directly addressing Sl2K bytes of 
memory in memory reference instructions. On 1 y .... -b'i-ts, bytes, halfwords, 
and words are directly addressable. 

~." I' . t'.I,('J~·' ,,? r~,. . . 

5. When a halfword instruction is followed by a fullword instruction, a no 
operation (NaP) is placed in the,second half of the halfword instruction. 

(-1- 6. During the execution of Input/Output operations, the CPU uses the highest 
SEL Bus priority. 

! ' 
I 7. The CPU firmware, which is implanted in the control memory, uses a 32-bit 

elementary operation (EO) micro-command word format. 
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WORKSESSION 

SEL Bus 

It is to your advantage to learn all you can about the SEL Bus since it is the com
munications link between all elements of the system. 

Objectives: 

This worksession will help you to understand the physical characteristics of the SEL 
Bus. The SEL Bus protocol will be better understood if all questions are answered 
correctly. (If you cannot answer a question, please ask the instructor to reword the 
question or to explain it to you.) 

Reference Reading: 

1. Technical Manual, SYSlEMS 32170 Ser.ies Computer 

Overview: 

1. Read the Series 32 Computer Tech. Manual. Pgs. 6-" thru 6 .. 32 

7-51 
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r Worksession 
l 

(~' 

c 

SEL Bus 

1. What is the transfer rate on the SEL Bus? 

2. The SEL Bus is physically a part of '",( In.: i ((&';),1,) P/l? 
3. List the types of transfers that occur on the SEL Bus between the CPU, 10M's, 

Memory and RTOM's. 

Ar.c r '/ ." 1. v/ 

2. A (2.~(r j L"'" r~\J fu 1 6 pIA, 8. -:reT J 

3. b~T J 't) ~\.,. 'Q.t~vr" 'Tr~"'sk(' 9. P.5·Tf'~ 

4. vJ Dor v 10. M rz L -r ,--/ 
5. (v1rtl J 11- £( 

v/ 

6. VV\W, ,,/ 12. MWU(-,,/ 
-

4. During which type of transfers is the CPU's SEL Bus Priority'? . 

1. IIrcT 4. P-STY 

2. Lei 5. w D0f 

3. /I(ljr/ 

5. What Sequence of transfers takes place on the SEL Bus between the CPU and 10M 
when executing a Command Device Instruction? . 

1. 

2. 

3. 

It- f2 ) 7-;\/ 

1<(;;4··0Y· 

/(511<' 

4. b «.1 
5. VV Do ( 

6. During which of the above sequences is the 10M's Priority II? _-=D~R_T.:..-. ___ _ 

7. What sequence of transfers takes place on the SEL Bus when ~he CPU is executing an 
Enable Interrupt Instruction to the 10M or RTOH? 

1. ATe""- 3. Iel 
2. R E;If-;/) '( 4. 1) R T 
Whi~ Sfl Bus lines,.are the 10M's physical address 'transmitted on by the CPU? 

__ . Desft"c-+t'()VI Bus d + !/IIeS +- F Io/t 

~ \~~ S'\ I ~ 0 I \0 \ )0-). ) \c,l\: ,1.0 (.;, ) ~0 
() tl )(,L~\)S ~ \~ 
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Worksession 

S£L Bus 

9. What bit on the Destination Bus tells the CPU that the DRT from the.MBC is for 
an Instruction or an Operand? ' -

B ["f· { fi ~c~o t\ '\ 
10. Most signals on the S~~ Bus are driven low true. What group of Signals are driven 

high true? e"; .. ;,.. er.~ :,oJ.· .... ,.,.' :. 'I> l-;1('~ 

11. 

12. 

When an 10M is removed from the logic chassis what must be done to the S£L Bus 
terminator before the system can be used again? A >- .... ('''-,r / , ~; .. ,r ... ':' .. ...1 

v'('pf' 'f.';i'~ ~~\~(\li 
What indication is observed on the System Control Panel when a Test Oev1c~ In
struction is executed to a non-present 10M? 

F.,r 175vJ C c. I - C C <{ -:: r-
13.' The logic chassis backplane is a copper etched board divided into three sigments. 

The middle section (184 lines) is the S£L Bus. The outer 2 segments are how 
many lines? Are they interconnected? What are they ,!sed for? 

A. 50 / },''1 '/" J 
.. ,.,' .-

B. }Jo 
c. J: /0 

14. 

15. 

16. 

17. In reference to the preceding question. name the lines Ind explain what functions 
they perlOI'll. '" . . . ' ' 

-~/ ~' , t' 
J"" ... .. . ... 

I II')!" i.. / ' ! ,,c' " , :...' ,...':.... .; -, . 

{Jt:'.: ,If"' 
i' 

. :.: 
I- ' 

< ,.,... I 
... ~.,01 ./ ~ll'~' ~ ... ·t. I 

" : .. ., 

..• / 
i 

0(' 

o 
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DAY 8 

SECTION 8 

MEMORY SUBSYSTEM 

MAPPING 





00 
I 
~ 

) 

~ 
MEMORY SUBSYVrEM 

CONTROLLED BY HEmRY BUS CONTROLLERCMBC) 
i . ' 

MBC INTERFACES ~Ef1)RY mDUlf TO SEL BUS 
CHECKS AND GENERATES PARITY 
MBC CONTROLS UP TO 16 MEMORY MODULES 

MBC CAN ADDRESS: 

BIT: SMALLEST MEMORY VALUE ADDRESS BY INSTRUCTION 
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) 

MEflDRY MODUlES: 

8/16 KW (32/64KB) CORE MODULES 1 BYTE PARITY 

32/64 KW (128/256 KB) MOS r1ODULES 1 WORD ECC 

.-,. 

, . 
! 

. , . . 



.MEMORY SUBSYSTEM 

, 
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: . 
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;, J! r: ... :! '.: 
.' ,". ~ ~ , ! I 

"':'r:.;.. :l 

ClO 

• I-.) 

1 . . i 

;. 

• 
i 

! 
I 

• 

! 

CORE MDt'S 

2150 WIRE/WRAP 
2162 COPPER - 4 PORT, 6OO/9OONS 
2164 WIRE/WRAP - 2 PORT, .6ooNS 

ms MDC'S 
2377 32KW/900NS 
2382 COPPER 

o 

•. CPU· 

SEL BUS 
• t 

_ _ _ _ _ _ j I MBC l _____ _ 
I 
r 
I 
I 
I 
I , 
I 
I ------------- - - ---I 

............ . . 

CORE MEmR'l. MODULES 
2152 8KW/600 NS 
2153 16KW/900 NS 

. . .. 

ty)S HEmRY tllDln ES 

2378 32KW/600 tiS 
2376 32KW/900 NS 
2379 64KW/600 NS 

((~381 64KW/900 NS 

.1 

.; 

'., 

,. 
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./ 
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t 

; I. 
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00 
I 

W 

:~ 

CD 

o 
n 
7<'" 

o -III 
oQ , 
PI 
:I 

3: 

~ 
o 
~ 
CD 
r: 
41' 

n 
o 
:::II ... 
""I 
o ..... 
fa 
""I 

to 
CONTROL ~ 
LINES L,,,,,eJ 

. I 

, ruKI/IHJr 

DRIVERSI 
RECEIVERS ~H1f8 

4kJ:: 
R~ c. v'"-/'v-..,p( 

t 
ADDRESS 

/ LIMIT CHECKI .... 
/ 

SWITCHES 

-1? 

f< 
~ 

. - CONTROL 
lOGIC' . 

.~ 

DRIVERSI 
RECEIVERS 

MEMORY 

~ 
CONTROL 

INTER M8C 8US 

,~ 

SHOUS 

dll,'" ~ - I 
DESTINATION Plty5{Ct:< 

ADDRESS ~~f 
LINES A-t~ , 7· • T 

ADDRESS ADDRESS 
RECEiVERS DRIVERS 

f 
4 SOURCE 
ADDRESS -
BUffERS 

~ 
V-
J' 

BYTE 
PARITY 

GEN. • 

I 

4 AOURESS 
hUI FE RS 

~ 
ADDRESS 
DRIVERS 

MEMORY 

ADDRESS 

MEMORY 8US 

~ 

~~ 

DATA 
3Q J, ... ~ 

LINES 

• 
DATA DATA 

RECEIVERS DRIVERS 

to 

TO: \ 7?ea..c( 
CONTROL 4-
lOGIC 

I 

C=;CC 

BYTE .. PARITY 
CHECKER 

! j 
DATA DATA 

P INPUT P OUTPUT 

FORMATTFR BUFFERS 

~ f 
4 DATA DATA 

~ INPUT P OUTPUT -p 

BUFFER FORMATTER 

F,~'C 

",,16--
.~ f 

DATA DATA 
P INPUT P OUTPUT 

DRIVERS RECEIVERS 

WRITE READ 
~ DATA DATA 
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x
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f 
.:J 
.Ut 
r: .. 
i .. 
! 
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-CIt 
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PART 80 

PART II 
PART., 
PART 13 

r;J 

G{1?J 
SflBUS 

I"IOOOI IlIro.l~ ,lOtln 

IIYlI () lYlE. .YTi2 

SHT4 SHl' SHTI 

,...!!!9001 

HOOII I' 

I NO"·23 

I I 

IHOOI.15 Hooo-Ol HO ... 23 
PARITY 

TO MEMORY 
I SHIS4·1 

I ......... -I r T 
........ r-... iW 1071113 81 I Bl 82 I Bl 
........ 

---I .... l. 211 211 
........ SHT9 SHIt SH" --... --... 1- 10111110 '11 I OTB08 15 ;o,,"n 

PARITY 01 I'~ 16·23 

MEMORY 4 x32 BIT DATA REGISTER 
SHTI SHTI 

IIIPARl I I I 
BPARl I I I IPARI I I I' . 

BPARO I 
I I . I I T I I I J I T 

PARITY DATA PARIfY DATA PARITY DATA 
ByrEO BYflO BYTU BYTEt BYIU BYTEl ? SHU SHU ~. 9. SHU 

:AII!:.· 8P800 ~800.01 ~801 80BO ... ' BPIIO~_ . 8081123 .. 

Mf'NlrJlfi 

c--'\ 
( .. oj 

tOl4 J' 

IYTEl 

SHT1 

N024·3' 

tlJ24-3. 

24·31 

8014·3' I 

WRlTt 

1 I MRT 

PARITY DATA 
eYTU IYTE3 

SHII SHI' , 
BPBOJ OB14·3' , 

I 
--- ------

WRITE 

READ 

SOURCE 
AO[\RESS 

MEMORY 
MEM' 

Ie) 
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Q) 
C 
II' 

n 
0 
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~ 

V' 
;:r .. .. ... 
N 

0 

A 

,I 

A 

, .,u./, r.-:;. ~ A: ~LBU5 

~ MEM DTOO~ OT04-08 

\/ MEMORY 
Mil' MODULE 

SHTH SElECT ADDRESS 
SHT 2 SHT2 

LJ OHIO (M 010.0a 

I INTERLEAVE 

UfPI r DTIY.>Oi 

/111' f,#~ :;:;~rs 

MOOULE uOOUU 
ADDRESS ADORE$ 

COMPARE COMPARE (MOB 
UPPER LOWER 
LIMITS LIMitS 

SHT 1 SHT2 SHT] SHT] 

M£M UPBG,t4G L08L.tU 80T0408 
UPGRTA LOLESS I 

INPUT CONTROL 
SHT3 

SHT AOOR 15 = , < ADOR 15 -, < 

16 LOWER LIMITS UPPER LIMITS 

FMIUTA I SHT 
1 AOO1l17 

ITRANSHR ACKNOWtEOG'EI 
c 

,~ 

DT09-21 DTn.2l.F 

ADDRESS FORMAT 

010921 

BYTE 
MARK 

GENERATION 
SHT 13 

0~22.'3,F BMO,] 

091t 22.23,F BM03 

I !afT 1 .. SHT1l 

BOT0921 
I BBMa-3 

WRTMEM 

I I GATM 

I I 

SHT3 SHT13 

AD()()()' 12 8MOO-OO 

MEMORY BUS 
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WJ ROI'l 

IYT£O IYTEI 
AEC RlC 

ISHT 12 SHT 11 

080001 OB08 15 
POlIO POOl 

I 
00 I I 

LATCH LArCH 

SHT 4 SH' !, 
MrJOl) tI, MOO8I!» 
MMUOU MUIIIIO)) 

.. .,RIlV .. A."1 v 
CHECK CHICK 

SH'IO SHTIO 

9 9 

DAHOR 

IUTXO MIUT"I 

RU 81 

~ ~ IIIOtl 111 UJflIJ ", 
U'.:'? 1'(. 1.111.1 PI 

GPJ?/ 

M.MUleV II~ 

IIU81611 110824)1 
BUPl 01') 

IYJU IVTEl 
A(C AlC 

fiJiT 11 ~1t1 
081613 OB24·31 - POOl P803 

I .. I 
01 12 13 I_~l 3 ;. 1 

IAfCH LATC .. 
ISIIl ti ISHJ I 

MMUX016ll:l4 MM'.IIOI4 ll.]!» . 

1 
PARIlY PAAITY 
CHeCK CHECK 

Sit' 10 SHT 10 
l-

IPARJA, f9 ~ 

"AII;>H ~ ~ 

r I I I PARITY 
I-"ARIR 

I t I I J SHTI 

MIUTICr 

. 
/ 

-lltUTX2 Mltl'''' 

I I T 
1t7 83 

,oVty 
SHT II er~ 

Y: ~ y" .... I.UIII J:J I U:--l )1 

I n:w ",' 1.,,,·1'] 
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Program Counter on 
Display Panel -

~emory Reference 
Instruction 
starts here 

. I 

. ,;i 

SEl BUS 
DESTINATION BUS 

MEMORY BUS 

(;: 
t 

MEHORY ADDRESS INTERRELATIONSHIP 
f11;.. ~ Ie s~ fur 

~ 
_._8_9_10-t: .. 1112 :~3~1;-;;1~6: ~;-l~ 1 ;I~:::;;; ( 2; ;6~~~ 30 31 HEX break down 

012 3 

I 8 KW ADDRESS WITHIN 8 KW BLOCK FORMAT 
MODULE BITS 

SELECT 
BITS 

(0 - F) 

I 
I 

81 9 10 11 12 13 14 15 16 11 18 19 20 21122 23 F 415 6 7 

I 8 KW 
MODULE I SELECT 
BITS 

I I FORMAT 

I 

I 
I 

I I 

I I 
I I 

I 
r6 15 14 13 112 11 10 9 8 7 6 5 4 3 2 1 0, 

I MODULE HEK)RY ADDRESS 
SELECT 

(" 

. BITS 

, . 

I""~ , , 
/ ..... e) 



00 
I 

\.0 

) 1 

I~ 8 KW MEMORY ADr~ING 

CONTROL PANEL 
8 9 10 11112!13 14 15116!17 18 19 20 21 22 23/24 25 26 27128 29 30 31 ADDRESS DISPLAY 

. MODUlE 
I SELECT I 

.1 ' BITS I 
I I 

MEMORY HEX ADDRESS PHYSICAL MEMORY HEX ADDRESS PHYSICAL 
MODULE RANGE MEMORY MODULE RANGE MEMORY , SIZE. 1# SIZE 
--

0 00000 - 07FFC 8 KW 8 40000 - 47FFC 72 KW 

1 08000 - OFFFC 16 KW 9 48000 - 4FFFC 80 Kl4 

2 10000 - 17 FFC 24 KW A 50000 - 57 FFC 88 KW 

3 18000 - 1 FFFC 32 KW B 58000 - 5FFFC 96 KW 

4 20000 - 21FFC 40 KW C 60000 - 67FFC 104 KW 

5 28000 - 2 FFFC 48 KW D 68000 - 6FFFC 112 KW 

6. 30000 - 37 FFC 56 KW E 70000 - 77FFC 120 KW 

1 38000 - 3FFFC 64 KW F 78000 - 7FFFC 128 KW 

~ , I 

; . 



00 

• ~ 
o 

t""\ t:.,l 

16 KW MEMORY ADDRESSING 

CONTROL PANEL 
ADDRESS DISPLAY 

. I 

8 9 10 11/12 13 14 15116 17 18 19120 21 22 23124 25 26 27128 29 ~ 3i 

I MODULE I 
I SELECT I 

MEMORY 
MODULE , 

0 

1 

2 

3 

4 

5 

6 

7 

HEX ADDRESS 
RANGE 

00000 - OFFFC 

10000 - 1 FFFC 

20000 - 2 FFFC 

30000 - 3FFFC 

40000 ... 4 FFFC 

50000 - 5FFFC 

60000 - 6 FFFC 

70000 - 7 FfFC 

• BITS I 
I I 

PHYSICAl 
MEMORY 
SIZE 

16 KV 

32 KV 

48 KW 

64 KW 

80 KW 

96 KW 

112 KW 

128 KW 

/" 

~, 

MEMORY 
MODULE , 

8 

9 

A 

B 

C 

D 

E 

F 

HEX ADDRESS PHYSICAL 
RANGE MEMORY 

SIZE 

80000 - 8FFFC 144 KW 

90000 - 9FFFC 160 KW 

AOOOO.- AFFFC 116 KW 

80000 - BFFFC 192 KW 

COnDO ... CFFFC 208 KW 

00000 - DFFFC 224 KW 

EOOOO - EFFFC 240 KW 

FOOOO - FFFFC 256 KW 
I . 

, 

t~:;?" 

(\. 



CD 
I 
t-' 
t-' 

) 

~ 
\" ~.J 32 KW MEMOR~DRESSING 

CONTROL PANEL 
ADDRESS DISPLAY 89 10:11 12 1314:15116.1718 19120 21 22 23124 25 2627/2829 3031 

I MODULE I 
I SELECT t 

•• 

MEMORY 
MODULE , 

0 

1 

2 

3 

4 

5 

6 

7 

I BITS I 
I I 

HEX ADDRESS PHYSICAL 
RANGE MEMORY 

SIZE 

OOOOOO-OlFFFC 32 KW 

020000-03FFFC 64 KW 

040000-05FFFC 96 KW 
• 

060000-07FFFC 128 KW 

080000-09FFFC 160 KW 

OAOOOO-08 FFFC 192 KW 

OCOOOO-ODFFFC 224 KW 

OEOOOO.,.O FFFFC 256 KW 

MEMORY 
'10 DULE , 

8 

9 

A 

B 

C' 

D 

E 

F 

HEX ADDRESS 
RANGE 

100000-11 FFFC 

120000-13FFFC 

140000-15FFFC 

160000-17 FFFC 

180000-19FFFC 

lAOOOO-lO FFFC 

lCOOOO-lDFFFC 

lEOOOO-IFFFFC 

PHYSICAL 
MEMORY 
SIZE 

288 KW 

320 KW 

352 KW 

384 KW 

416 KW 

448 KW 

480 KW 

512 KW 

~ 



()I) 

• ~ 
tv 

ri 
Me. / '-:'--

64 KW MEMORY ADDRESSING 

CONTROL PANEL 
ADDRESS DISPLAY 

,I 

8 ':10 11112 13:14 15116 17 18 1'120 21 22 23124- 25 26 21/28 29 30 31 

I MODlI.E I 
, SELECT I 

MEKlRY HEX ADDRESS 
MODUlE RANGE , 

0 000000-03FFFC 

1 040000-01FFFC 

2 080000-08 FFF.C 

3 OCOOOO-OFFFFC 

4 100000-13FFFC 

5 140000-17FFFC 

6 18oo00-1B FFFC 

7 lCOOOO-lFFFFC 

I BITS 
I 

PHYSICAL 
MERJRY 

SIZE 

64 KW 

128 KW 

192 KW 

256 KW 

320 KW 

384 KW 

448 KW 

512 KW 

~ 

( 

MEMORY HEX ADDRESS 
MODULE RANGE , 

8 200000-2JFFFC 

9 240000-27FFFC 

A 280000-2B FFFC 

B 2COOOO-2FFFFC 

C 300000-33FFFC 

D 340000-J7FFFC 

E 380000-3B FFFC 

F 3COOOO-JFFFFC 

PHYSICAL 
MEMORY 

SIZE 

516 KW 

6~0 KW 

704 KW 

168 KW 

832 KW 

896 KW 

960 KW 

1024 KW 

I ' 



~, .~ ,..........,. 
I 2 WAY INTh ... ..;I\VIt.G 

CONTROL PANEL 
8 9 10 11/12:13 14 15/16:1718 19120 21 22 23124 25 26 27128 29:30 31 ADDRESS DISPLAY 

,I : t : t : 
WORD ADDRESS MODUlE I LOCATION II I 

0000 0 0 

0004 1 0 

0008 0 8 

OOOC 1 8 

0010 0 10 

0014 1 10 

0018 0 18 

001C 1 18 

! ! 1 
7FF8 0 7FF8 

7FFC 1 1FF8 

8000 0 4 

8004 1 4 

8008 0 C 

00 800C 1 C 
I 

t-A 
W 



4 WAY INTERLEAVING 
l 
1 
t 

I I :1 I 

J CONTROl PANEL 
8 9 10 11112:13 14 15116:17 18 19120 21 22 23124 25 26 27128 29:30 31 -ADDRESS DISPLAY 

: t t: . .. J r: 
.1 

WORD ADDRESS IIJDULE , LOCATION , WORD ADDRESS t«)DlLE , LOCATIot , 
1 -
I 

I 0000 0 0 10000 0 8 

f 0004 1 0 10004 1 8 

0008 2 0 
:I 

10008 2 8 

OOOC 3 0 1000C 3 8 

l- 0010 0 10 10010 0 18 

j 0014 1 10 10014 1 1a 
1 
l 

0018 2 10 18 J 10018 2 

1 ODIC 3 10 1001C 3 18 j , 
c 
I 
J 
I 

J aooo 0 4 18000 0 e , 
l 8004 1 4 18004 1 e 
I 
I 
I 8008 2 4 18008 2 C 
I I' 
I aooe 3 4 1800C 3 C 

8010 0 14 18010 0 Ie 
8014 1 14 18014 1 1C 

CD 
I -

8018 2 14 18018 2 IC ..... 
.I:"- o 80lC 3 14 (0 1801e 3 IC(~ 

~j (j 
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Tee h n i cal Sup po rt Bulletin 
T I T'LE Multioortec, ME~ J~~perinq Ir.:orrnatio~ 

T S 8 Number 
0020 

PrOQUel I MOdel Number 
SEL 32/35 & 55 2164 & 2162 

,Dote 
1/27/78 

'l'he following' pages contain all the jUlnpering information 
required for the installation of a model 2164 or 2162 Multiported 
Memory Bus Controller. Pictorial diagrams (Pages 7 & 8) are 
included to assist in cabling the Multiported MBCls~ 

Refer to 'I'SB #0006 for information on configurinq shared me:nory. 
''l'SB #0006 references the Model 21S0 MBC~ jUlnpers refer:e: to in 
that 'l'SB should be cross-referenced to the Multi~or~ed ~~ 
jumpers called out on pages 2 through 6 of tnis TSo. The Model 
2164 & 2162 ~ I s do not require sha:ed memory ji:ltlpers, re:e:enced 
in TSB #0006. 

NOTE: An MaC c~nnot be configured with both decicated memory 
module zer'o and 2 or 4 way interleaved memo:y i these 
features are mutually exclusive. 

CUSTOMER SERVICES DEPARTMENT 
6901 WEST SUNRiSe: BL.VD., FORT LAUD::RDAlE, FLORIDA 8-15 



TITLE Multi?orted, MSC Jumpering In!ornation 

J- '" ~ 
'{ MOdel 
. 2164 (Wire Wrap) (MOd~' 2162 

16k 
. ~ Jumpers '----'" 

Sle " Memory L= 

~on-dedic::ated OS 1, 4 • 7 019 
Memory Module 013 1 " 6 019 
Zero 

S'k " 16k Memory 

Oedic::at:ec Memory 05 1, 4, 7' ]j19 
Module Zer= " 9 013 1 " 6 Ole 

9le Memory Mocules 

2 Way In~e:leavec IjS 

" 

2, 4 " 7 I Ij19 
013 ' :z , 6 Ole 

Sle Memory Mocl:1es 

4 Way Interleavec OS I 2, S " 7 I Ol9 
OlJ 2 " 4 019 

16k Memory Mocules 

2 Way Int:erleavec OS -1 1, 
J " 

7 I 019 
013 J " 6 Ole 

16k Memory Mocules 

4 Way Int:er1eavec OS I 1, 3 " 6 I 019 
OlJ 3 " S 019 

ation Jwnpers for 
Memory Module, 

Model 
2162 

Loe:. J1.:JTlpers L~. 

9k Memory Modules GS 1, 3, S' C19 .-
" 7 

16k 'Memory Modules GS 2, 4, 
6 " 9 C19 

I 

I 

I 

I 

Tse HO. 
0020 

(Co'Q~e:) 

Jumpers 

1, 4 .• 7 

1 " 6 

1, 4, " 7 

l, 6 " S 

.' 
2, 4 " 7 I 2 & 6 

2, 5 " "7 
J 2 & 4 

1, 
3 " 7 1 ' 3 & 6 

1, 3 " 6 I 3, & S 

Jum~ers 

1, 3, 5 
& i 

2, 4,6&9 

C . " ':::;/ 
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Tsa NO. 
TJTLE' Multioorted, MBC Jumoerina Information 0020 

Wire Wrap -~ Copper 
Model 2164 Model 2162 

Bus 
9k & l6k Memory Priority Loe Jumpers Loe: Jumpers 

. 1 B17 1 A19 1 

2 B17 2 Ala 2 

SEL BOS Transmit 3 117 3 Ale 3 

Priority 4 117 4 Ale 4 

5 B17 5 Ala 5 

6 117 6 Ala 6 

7 117 7 A19 7 

a B17 9 _ Ale e 

-( 9k " 16k Memory MOQel 2164 ~ MOQel 2162 

1 Ile None 117 None 

2 Ile 1 117 . 1 

3 119 - 1 " 2 117 1 & 2 

4 Ila 1, 2 B17 1, 2 
& 3 & 3 . 

Sa. lOS Ree:eive S 119 1, 2, 117 1, 2, 
3&4 3&4 

Priority 6 ale 1, 2, 117 1,' 2, 
3, 4, 3, 4, 
.. 5 &5 

,1 a19 1, 2, a17 1, 2, 
3, 4, 3, 4, 
5 " 6 5 " 6 .. 

8 a19 1, 2, a17 1, 2, 
- 3, 4, 3, 4, 

5, 6, 5, E, , 
& 7 & 7 . 

8-17 
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I Sk " 16k Memcry 

. 

Sk " 16 Memcry 

• 

Lowe= Accre •• 

li~uncary ~ 

ex Were Incrementa . 

" 

" 

1 -

. 
Inhibit 
ti.~e toc' 

0 t,23 

'1 %.23 

2 %.23 

3 L23 

Medel 2164 (Wire W'~ 

Jumpers Loc 

licne . t14 

1 . 1.14 

2 t14 

1 " 2 Ll't 

Tsa NO. 
0020 

Medel 2162 
. (C:op~r) sf 

Ju:npers 

Scne 

1 

2 

1 " 2 

Mca_1 2164 • toe: N2~ Mcael 2162 • ~oc B16J 
", 

~ • Jumper In.talled 
\ -=- j\S 0 • Jumper Remcved 

J=-=er Pi."'lS 
MSli ~;a 

Ad.~:,.s. 1 2 3 4 ! 6 , e 9 
000 ' , 1 1 1 1 1 1 1 1 .1 
001 1 1 1 1 1 1 1 1 0 
002 1 1 1 1 1 1 1 0 1 
003 1 1 1 1 1 1 1 0 0 
004 1 1 1 1 1 1 0 1 1 
00,5 1 1 1 1 1 1 0 1 0 
006 1 1 1 1 1 1 0 0 1 
007 1 1 1 1 1 1 0 0 0 
009 1 1 1 1 1 0 1 1 1 
009 1 1 1 0 1 1 0 
OOA 1 1 1 0 10 1 
OOli 1 1 1 o l ° 0 
oce 1 1 I 1 I 0 0 1 1 

.. 09J) 1 1 1 1 1 C 0 1 0 
OOE '1 1 1 '1 1 0 0 0 1 
vol l l l l l 0 0 C 0 

. 
-

IP'!: 0 0 0 0 0 0 0 0 1 -
lFF l 000 0 0 0 0 ° 0 I . 
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TJTLE Multi?orted, 

9k " lQk Memory 

Upper. Adcress 
-

SOW'1da.,ry i."l 

9k Worlt In=rements 

[ 

-

TSe NO. 
MSC Jumperinqi Info:'Tnation 0020 

: 

Model 2164 pill Loe: L02 Model 2162 • Loe: H1SI 

1 • Jumper ;tnstalled 

0 • Jumper Removed 

Jum'Oer Pins 
MSS LSB 

Address 1 2 3 4 S 6 7 9 9 
000 ·1 1 1 1 1 1 1 1 1 
001 1 1 1 1 1 1 1 1 0 
002 1 1 1 1 1 1 1 0 , 
003 1 1 1 1 1 1 1 0 0 -
004 1 1 1 1 1 1 0 1 1 
005 1 1 1 1 1 1 0 1 0 
006 ,1 1 1 1 1 1 0 a 1 
007 :l 1 1 1 1 1 0 0 0 
009 ·1 1 1 .1 1 0 1 1 , 
009 1 1 1 1 1 0 1 , 0 
OOA 1 1 1 1 1 0 1 0 1 
~OOS 1 1 1 1 1 a 1 a 0 
oae 1 1 1 1 1 0 0 

, 
1 .-

OOD 1 1 1 1 1 0 a 1 0 
OOE 1 1 1 , , 0 0 a , 
OOF 1 1 1 1 1 0 0 0 0 

[ l:'~ I 0 0 0 0 0 0 Q 0 1 J l.:'F :0 0 0 0 0 0 0 0 0 

. 
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I 

9k & lEj(, Me:uory 

rarity Se~.c~ion 
option (o:::::!) 

rarity Selection 
o?~ion ( even) 

Tsa NO. 
0020 

(Wire Wrap) MOde~2164 / (CoP?er) Mogel ~ 

Lee: Jumpers r \ Loc J\:""'l:pers 

N02 lO :temovec!! !:Us 10 l\e:uoved 

N02 10 Installed H16 10 :'-:stalle:::! 

lNC'l'~: Parity is nor:nally selecteo as oc!!:::!d 

8-20 



c 
T I TL E Multiported, MBC Jumpering Infor:nation 

• 

JIIIIlIO&' 
i 

--_ .... _ ....... 
I. a.&er:: "'~I'IU MTl.lb ..... 'g fit ~ 

. C.CW .. II.-.TIOw'- U'foe "" 0' 14I .... 'ST 
"IO.IT~ 11\41(. To ~ C6 '~nCl"'. 
",4.,", "". ~ WOf \,/$CQ ~ OII."(ST 
"'."IT'f ~ .it IIO'f \0141.0 c.. .. OoIC~t 
"-IO&IT" 1046C.. 

NOTE: 4 Portea Memory must use 2162 only 

TSB NO. 
0020 

8-21 
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) .7 J TL E Multiported, MBC JumFerin9 Information 

Refers to Modal 2164 & 2162 

Tsa NO. 
0020 

8-22 
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TEe H N I CAL 5 U P PO R T B U L LET IN ''-J 

TI TL E 

roduct 
32/77 

MaS MEMORY BUS 

o. 
2382 

T 5 B No. 
0069B 

ate 
03/25/82 

The following pages contain the necessary jwnperinq informa-

tion to install the MOS MaC • 

. 
~ ~ 
N ... ,., 10 

a '0 
a a 
1 a 
1 a 
2 1 
2 ]; 

3 1 
3 1 
4 2-
4 2 
5 2 
5 2 
6 J 
6 3 
7' 3 
i 3 

4 
·5 

6 
7 
a 
9 

10 
U 
U 
13 
14 
lS 

. \ 

MBC ADDRESS JUMPERS (Jumpers InstUled) 

. OPPElt 
~tmSs AD~~SS 
1. ;. ~. 

00 0000 00 Fn'C 
Ol. 0000 OJ. !'!TC 
O~ 0000 02 !'!'FC 
03 0000 03 nTC 
04 0000 04 F'FFC 
as 0000 as !T'!'e 
06 0000 06 mc 
07 0000 <[7 -~. 
08 0000 08 rttc 
09 0000 09 !'FtC 
OA 0000 OA nTC 
OB 0000 OB nTC 
OC 0000 OC rETC 
00 0000 00 nTC 
OE 0000 OE nTC 
opt 0000 OF P'n'C 
10 0000 13 !TFC 
14 0000 17 !'!TC 
lB 0000 lB E'!TC 
1C 10000 IF i!'!'FC 
20 0000 2-3 rETC 
24 0000 27 !T!'C 
2B 0000 23 !'!'FC 
2C 0000 2!' nTC 
30 0000 33 !'!TC 
34 0000 37 P'n'C 
38 0000 3B P'n'C 
3C 0000 3F nTC 

o 0 
""' .... <:Ia:s""' .... <:1='" 
I I I I I I I I I 
0<=00..,..,..,.., .... 
.................................... 
CJCJCJCJCJCJCJCJc.r 

xxxxxxxxx 
xxxxX"xx X 
xxxxxx xx 
xxxxxx X 
X X X X X X X X 
x x x x x x x 
x x x x x x x 
X X XXX' '--'---7,; 

xxxx x x x x 
X x.. x x x x x 
X X xx. x x.x 
X X X X X X 
XXXX X x x 
X X X X X x-
X X X X X X 
X X X X X 
XXX x.xxxx 
xxx. X x. x x 
xxx X x x x 
X X X x x x 
XX XX-XXXX 
X X X X X X X 
XX X X X X X 
X X X X X X 
XX X X X X X 
X X X . X X X 
X X X X X X 
X X X X X 

/ 0 . 0 " 
""' .... <:1= .... ""'<:1='" I I I I I I I I I 
................ NNNN.., 
.................................... 
CJCJCJCJCJ(.J(.JCJ(.J 

xxxxxxxx 
X X x· x x x X 
xxxxxx X 
x x x x x X 
X X X X X X X 
x x x x x X 
XXXXX X 

I\..X ::x x x ~ ~ 

'X x x x x x X 
xxxx x X' 
xxxx x x 
X x'x x X 
x x x x x X 
x x x x X 
X X X X X 
X·X x x 
x x x x x 
x x x X 
x x x X 
x x x 
x x XXX 
X X X X 
X X X X 
X X X 
X X X X 
X X X 
X X x 
X X. 

~ ~ 
CUSTOMER SERVICES DEPARTMENT Page..Lof..i. 

() 

6901 west Sunrise Blvd., Fort Lauderdale, Fla. 33313 8-24. 



c- TI T L E TSB No. 
MOS MEMORY BOS CONTROLLER 0069B • 

I 

SEL BUS PRIORITY TRANSMIT (Jumpers) 

" PRI 1 -. A16-7 
PRI. 2.. - A16-6 

. PRI. 3 - Al6-3 
PR:t 4 - A16-a 
PlU 5 -. Al6-S 
PRI' 6 - A16~4 
PRI 7 -. Al6-1 
PRI a - Al6-2 

SEL BUS PRIORITY RECEIVE (Jumpers) 

- . . -
PRI 1 - NONE 
PRI 2. - Ala-a 

-( PRI 3: -- Ala-a,6 
PRJ: 4. - Ala-a,6,4 

.. PRI 5 - Ala-a,6,4,7 • PRI. 6 - Ala-S',6,4,7,5 
PRI 7 - AIS-S,6,4,7,S,3 
PRI 8 - Ala-S,6,4,7,S,3,2 I 

.' , .. 
'. 

:." f ~~~ated' .' .~~. 
'" Option' ., " 
, 

.' . 
" . '. . .... 

. . 

I~ 
32K Module 64K ModuJ,.e 

C12-2.,3, 4,5 CI2-3,4,S 
CIO-4,l CIO~4 " 

Cll-4,3' Cll-5,4,3,2 / 

~~-f: 
'\ 

., 

• 
Page 2..012... 



TI TL E 

--

MOS MEMORY BOS CONTROLLER 
T 5 B No. 

0069B 

Confiquration Jumpers (Jumpers Installed) 

Non Dedicated - Np Interleave 

32K Module 

C10-'2. 
Cll-3,4 
C12-5 
C13-4 
C14-4,9,2,7 
C15-S,9 
C16-3,7 
Cl7-6 
01S-1,2 

64K' Module 

Cll-4,3,2. 
C12-S 
C13-4 
Cl4-4,9,6 
C1S-S,8,1 
C16-3,7 
C17-6 
D1S-2 

2. Way - Interleave - Non Oedicate'd 

32K.Module 

. 'ClO-Z 
Cll-4,3 
Cl2-S -
C13-S 

,. Cl4-4,9 ,2.,7 
C1.S-S,9 ' 
C16-3"lQ 

.' C:l7-6. 
01.5-l,2, , 

64K Module 

Cll-4,3,2 
Cl2-5 
el3-4 ' 
Cl4-S,9,6 
C1S-S,8,1 
Cl6-3,S 
C17-6 

·015-2 
01S-2 

4 Way - Interleave - NOn Dedicated 

32K Module 

CIO-2. 
Cll-4,3 
Cl2-S 
Cl3-5 
C14-3,9,2,7 
C1S-S,9 
C16-3,lO 
C17-7 
01S-1,2 

64K Module 

Cll-4,3,2 
C12-S 
C13'-4 
C14-S,6 
C1S-10,S,8,1 
Cl6-3,S 
C17-9 
015-2 

Page ...J..of-S.... 



TITLE 
MOS" MEMORY BUS CONTROLLER 

INHIBIT/ECHO ·DECODE (JUMPERS) 

TS B No. 
0069B 

A mcdificati.on has been made to the Mode~ 2382 MaC, (160-

lO.326S-aOl~ev. G or hiqher) ,to allow proper operation with 

t~e· Concept 3'2/87 CPU'.. ~owever,. this does ef~ect all other 

systems,. (32/7X,.. 3'2/57,- etc ••• l, in which this· board is used. 

The following chart should be used for jumpering the INHIBIT/ 

ECXO Bits. 

{ 32/7X, 32/SX} 
32/2X,· 32/8X 

SEL BUS ECHO 
PRIORITY BITS .. 

.\ 
{ 32/7X, 32/SX} 
. 32/2X. . _ 

INHIBIT. 
BITS 

PRI. 1 or 5 
PRI 2 or 6 
PRI 3 or 7 
PRI 4 

NONE,--:---I--~ E13-7 
. C1.7-1 E13-6 

C17-2. E13-S 
Cl.7~1,,2. E13-4 

: _t •• 

. .. . . 

. ~:':.: '_ERROR DETECTION OPTION (JUMPERS) 

' .. - .. _ SINGLE BIT C17-3· *. N6~ Rt.F"~ -, .J -~ eU~ 
.. I\I&\I.~~L DOUBLE BI.T NONE' ** 

PROGRAM CONTROL AlB-I 

*NOTE:.. Double· Bi.t detection is the standard mode used 
when running undet the operating system. . 

**NO'l'E: . When . performing Preventative Maintenance or 
~roub1eshooting a suspected pro~lem in memory, 
the jumper for Single Bit detection should be 
inserted on the MaC.. The Error Correction 
jumpers on the 32Kand 64'K MOS Memory Modules, 
(reference TSB 073A andTSB 0102), in location 
CIO, should also be in the disabled positions 

. Page Lof...2.-
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1". 
TI T L E MOS MEMORY BUS CONTROLLER T 5 B No. 

0069B 

when troubleshootinq/performinq P.M. Jumperinq 
for Sinqle Bit detection will not.report Double 
Bit errors. 

. . 
Any module that.. fails the memory diagnostic 

. should be replaced as soon as possible. 

Before returning the system' to the customer/user, 
the MBC should be. jumpered for Double Bit de
tection, (remove C17-3), and the MOS Memory 
Modules should have the Error' Correction enabled • 

. :: ' 

~ 1a6ol'ioaUoa OOIIC __ ~ U ., • paopnlCU'Y "awn 
IftIl 1. 1\011 __ Uy .... __ '- app_ .1' p __ 

Syftllll ~UOll. ~nfoc •• 1\0 n_MftUUOII LI __ 
•• 00 LU HGIIftCT ftO&' vUl _n be &IIY .1_eLoft 0' 
lJ.&lN.llt:y W IYIftIII fo", -.. • ..,181.q t .. la ,,"a. 

I 
I 
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TECHNICAL SUPPORT BULLETI 

TIT L e T58 No. 
MOS Memory Jumper Configurations 0073 

Product Model No. Date 
. 32 Ii 64X Word MOS Memory 237G, 237~, 237~, 2301 • J/ZO/'~ 

... 

32X ,",ol'd l-loclule StOr.1go 

Bo~rd Jumpers 

PIn Ilumber 

Socht 
Location 1 Z 3 4 5 6 7 8 9 10 

813 X I X X X 

814 X X X X . 
-

. 

32X Word Module Interface noard JUftII'ers 

- Socket Socktt 
Htr.orl Al~a C10 
Mo~l,llt Socket Ais Socket 1\16 Pin Pin 
H~er Pin NUllo,r Pin Numb.!" Hllt'llber rlumber 

1 Z l • ~ 6 , ~ 9 10 1 2 3 4 S 6 7 B 9 10 1 2 3 4 1 234 

0 l X X X X X X X X X X X 1 X 
1 X I X X X X X X I X X X X X 
2 X X X X X X I X X X X X X X 
3 X X X X X X X X I X X X X X 
.. X X X X X I X I X X X X X X 
5 X X X X X X X X 1 X X X X X , 1 1 X X X X X X X X X X I X 
7 X I X X X X I X X X X X I I 

8 I X X X 1 X X X X X X X X X 
t X 1 X X X X 1 I X X I X X X ... A I I X X X X X X X X X x.. I l 
B - X X X X X X X X X X. X X X I -
C X X X I X X X X X X I X I X 
0 X I I I I I I X X X X I I I 
E X X X X X X X X X I. X X X X .. X X X X 1 X 1 X X X X 1 I X 

. I . . . I 
8-28 
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. -- .. 
,~1;ITL.E TSB No. . 

0073 K:)S Memory Jwrper Con!iqurations 
0' 

0 

. 
. , . 

.' .' .. ', .. 
I, 64lC Word Module Stora9Q 

Soard Jumpers 

Pin Hl.lllber , 

. ' 

So,ket 
Location 1 2 3 4 5 6 7 8 9 10 

Bll X ;( X X X 
" 

. " B14 X X X X X . 
, , 

" , . . ,- . . 
. . 

-

~.~ ......• 
641<. Word Module Interface Board Jumpers 

• 
. Socket Soelcet 

He!'llOr1 A1BS C10 
ModulI Socket A1S Socket A16 Pin Pin 
Humber Pin Number Pin Number Humber tlumber 

1 Z 3·C S 6 7 e , 10 1 2 3 .. 5 6 7 8 9 10 1 234 1 234 

0 X X X XX X X X X X X X X X X 
1 X X X 'x X X X X X X X X X X X 

• 2 X X X X X X X X X X X X X X X 
3 , X X X X ;( X X X ;( X X X X X X 

4 X X X X X X X X • X X X X X X X 
5 X X X X X X X X X X X X X X X 
6 X X X X X X X X X X X X X X X 
7 X X X X X X X X X X X X X It X 

a x x X x x X X X X X X X X X X , X X X X X X X X X X X X X X 1. 
A X X X X X X X X X X X X x x X 
8 X X X X X X X X X X X X X X X 

C . . X X X X X It X X X X X X X X X 
D X X X X X X X X X X X X X X x 
E X X X X X X X X X X .X x X x X 
f X X X X X X X X X X X X X X X 

. ~ ~-"i J 

- ,if \'l\ vJot &[(pr ~""' 
'-- \lVV' II erne" "f, ~ ~ (\ C ________________ --::--1 . 



TIT lETS B No. 
~ _______ M_O_S __ M_e_~ __ ry __ J_u_mp __ a_r __ c_c_n_r_i_gU_r_A_t_1_o_n_s ____________ ~---------L-O-O-7-l----------I\~) 

gOONS Modulo Re!re.sh 

Beard Jumpers 

,1nliUlllb.r 
Socket 
Loc. t ton 1 - Z 3 4 5 6 7 a 

86 x 1 I X 

C7 I 

en x 

. 
600tlS Module Refresh 

J3r,ard Jumpers 

Pin Humber 
Soctet 
Location 1 Z 3 4 5 & 7 8 

06 X 1 1 X 

C7 X 

en x 

fI ................. , ........... , .. , • • , ...... In • .., ..... . 
• ~ , •• , ... n .... ur ... " • .,., ·fI ... ",_, ... , ••• -, 
""sn.,,. "'_11''''_. n.. •• , ...... •• t •••• "" .... &I -•• , •. " ••• no,.'" _ wU I ,..... _ • .., ... ....,." .. • t 
" •• uu, " to"",,, 1M ....... "'a'", tt_ '" .... 

'-~. ~ ..... -. -...... -._---------...;..------~.'" ... '... ...... . .. '. , . .,.., ." ..... " ", 
......... ",_ •• M ••••• _ •••• _ ••• _.~ ..... "":_._' •••• _ ... :-~ ___ ., ........... _:.... ..... ,:. ....... _. __ ., ...... __ •• _ ._.' 

(b 
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TECHNICAL SUPPORT BULLETIN 

TI TL E 
MOS MBC REFRESH TERMINATOR JUMPER CONFIGURATION 

Pro due t Mod e I N o. 
SEL 32 MOS MBC 

T S 8 No. 
0122 
Date 
10-20-80 

~-----------------------------~~--------------------------~--------------~ 

The following chart is an excerpt from drawing 130-103314-000. It 
will aid in configuring the MOS MBC refresh logic fora MOS memory 
system. The mechanical section of the bus terminator with jumper 
locations (160-103314-001) is shown for reference. Refer to 
TSB 0073A for MOS memory ~umper configurations. 

CUSTOMER SER" 
~Qn1 WllIe+ C: ..... 

".. L"toru.C.i.Oft CQl'\taiMCI her_in l_ of • propr tct try n.tyra 
ud II rtOt ".'.&I'11y abltrac:tect t~ _('PI'( ve<S or vropo".,J 
nSTZMI ~nt.ACl.on. nt_refn,., no r.pr ••• ntat 10n 1. IIoA4e 
•• ~o Ita ecc .... ...,. nor "Ul flo .... t.- uy "._'.loft of 
l1uUlty " nl'l'El1l tor _q .. arll1"'1 t."," Itl ~I •• 

ES DEPARTMENT 
01 ..... r" __ " • 

Page..LofL 
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MEMORY MAPPING 

/--~ 

,~ 

Q 
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512 KB MAPPED MODE 

PRIMARY MAP 

16 REGX 8 KW· 128 KW 

I I I I I I I I I , I II I I , I , I I I I I I I I I I I I I 
• , I J 4 , • 7·. i 10 1112 \J 14 1r." 17 ,." 20 2122232' 2S 26 27 28 2130 31 

19 BIT ADDRESS 

r,3 ,:1~7--------------------------3~~' 
MAP REG I 

I 
ADDR BITS I 

~~.-____ O~'_F ____ ~' t 
LOGICAL ADDRESS 

• BITS ~ .... _____ ..J 

l PHYSICAL ADDRESS 

I. 
t 

16 I 17 

2" BIT REAL ADDRESS 

ADDRESS WITHIN 8KW SLOCK 

LOG ICA L/PHYSICAL 

ADDRESS 

'.MB IU~ 
r 1FF " 1FE 

INSTRUCTIONS OR DATA 

10 

F 

E 
0 
C 
8 
A 
9 
8 
7 
6 
5 .. 
~ 

2 
1 

0 ...I 
000 

8-33 



MAPPED EXTEt~DED MODE 

INSTRUCTIONS 

PRIMARY MAP 

" REG X' KW- 121.KW 

OPERANDS ONLY 

EXTENDED MI.' 
1& REO X • KW. 121 KW 

'k t I I I I , I I If I , I I I I I , I I , , , , , , I I I I I I 
, z ~ • I • 7 •• 10 " 12 1:J ,. 1S t6 " ,. 1t 2'0 21 22 232' 2521 Z7 za ZI JO ~1 

I~ ZO liT ADDRESS 

L J.-----____ --' r,z 1 :1" .;J 
MAP REG: ADDRESS WITHIN SleW BL.OCK 

AD OR .,TS I 

.----+iT-o+_ ...... _0. J L.OGICALI ttHYSICA&. 

t.OGICAL AODRESS ADDRESS 

\ 
.IITS 

I ... 
PHYSICAL. AOORESS 

I. • ,.1" 
2' .'T REAL ~DDR£SS 

,.,. 1'1" 

r 1" 
1FI 

IN~TRUCT10NS ., DATA' 

10 , 
I 
0 
C 
B 
A 

t 

• 
'I 
I 
5 

• -3 
2 

1 

0 

•••• ~ ••••••• --_ •• _,_ .. # .. ," --"--... ... _ .. _-...... - ~- ...... -.--- .... --..... - ........ _ ....... ". __ .. - _ .. _--.-._-' 

., 

J y 

000 
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CC'S 

BPIX 

MAPPING EXAMPLE 

PSD ·SCRATCHPAD 

784 X' 83' 

MIDL ·MPX 

o 1 
2 3 

MSDL 

~--..;4 MPX 

MSOL 
MIDL· TASK'A' 

6 9 

MIDL POINTER 

1 1 TASK ~A' 

~r 
MSOL POINTER 

CPU MAP 

! J: 
1 OO~~ 1 0001 -
1 0010 1 0011 •.. __ ....... 
1 0110 1 1001 --_ ... 0 -... 0 

n 
\\J 

.,-

MEMORV 14T Cl.EAR T Cl.EAR 115 
o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

MPX 
MPX 
MPX 

MPX 

TASK 'B' 

TASK 'B' 

Tf\~K f>. 
TASK 'e' 
TASK 'c' 

~~l.\ / 
./ 

/ 



EXPLANATION OF MAPPING EXAMPLE 

. . 
ASSUME A NEED TO LOAD INTO MEMORY, FROM THE DISC, A TASK CALLED '''An, REQUIRING 
16K OF CORE. MPX DETERMINES THAT MODULES 6 AND 9 ARE AVAILABLE, SO IT BUILDS 
SOFTWARE TABLES, NAMELY, A MAP SEGMENT DESCRIPTOR LIST (MSDL) FOR TASK nAn, 
SPECIFYING A TWO PAGE MAP IMAGE DESCRIPTOR LIST (MIDL); A MIDL, SPECIFYING 
MODULES 6 AND 9; AND A PROGRAM STATUS DOUBLEWORD (PSD) WHICH WILL POINT TO 
TASK nAil AND BE USED TO LOAD THE MAP. 

MPX NOW EXECUTES A "LOAD PROGRAM STATUS DOUBLEWORD AND CHANGE MAP" (LPSDCM) 
INSTRUCTION. FIRMWARE INDEXES INTO THE MASTER PROCESS LIST (MPL), ADDING THE 
CONTENTS OF SCRATCHPAD LOCATION 83 TO THE PSD's CPIX. IT FINDS THE "BORROW 
BITn SET IN THE ENTRY FOR TASK "A" (ALL TASKS ON DISC ARE INCLUDED IN THE MPL), 
SO FIRMWARE RETURNS AND INDEXES AGAIN, THIS TIME USING THE PSD's BPIX, WHICH 
IS ALWAYS ZERO. 

THE FIRST ENTRY IN THE MPL IS REFERENCED. THIS WILL BE A MAP SEGMENT CONTROL 
DESCRIPTOR (MSCD), POINTING TO ONE MAP SEGMENT DESCRIPTOR (MSD). THIS MSD 
SPECIFIES FOUR PAGES TQ BE LOADED INTO THE CPU MAP FROM THE MPX MIDL IN MEMORY. 
THE MAP IS LOADED,· PAGE BY PAGE, DECREMENTING THE PA"GE COUNT UNTIL ALL FOUR 
PAGES ARE LOADED. 

FIRMWARE NOW INDEXES AGAIN, USING THE CPIX. NOW TASK "A"S MSCD IS REFERENCED, 
WHICH LOADS PAGES 4 AND 5 OF THE t-1AP FROM TASK flAils MIDL, WHICH WAS JUST 
CREATED. 

THE REMAINING MAP PAGE ENTRIES HAVE THEIR VALID BITS RESET. TASK "A" NOW GOES 
INTO EXECUTI ON. 

"
\ 
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MAPPING ADDRESS TRANSLATION 

INSTRUCTION AODRES3 FIELD INDEX REGISTER 

rF 13 29rCO~~ 
------------------------~ 

1.~ .. _ .. _ ____r__--J311 24 SITS· 4 MW . 19 BITS· 128 KW 
00000 . 7F F FC 

LOGICAL MAR 17 • 
15 alT~ = 8 KW (0000· 7FFC) 

MAP 
32 BIT X 16 

LOC 
RAM ~128 K'NL- INSTRUCTIONS !.SIMARY MAP 

- I 
I & OPERANDS 

! 
c 0; 

·iE; FI -
01 1! ; 

2' 3 1 
, . 

-' '""CXTEN 

I 

OEOuJ. (128 K·.'i1i =OPERANDS ONLY I 

I 
~+-----~+-----~ 
C 0 
E F 

24 BIT REAL ADDRESS 
REAL MAR 

9 SITS 
-"\ 

15 alTS· 8 KW ~ ~~2~r8K MEM I a 3 _, :<: MOD 
~(-' , , , " 

DESTINATION BUS 

I IS~~~T I 13 SIrs 
}~JB MEM W!) AD!:>R 

Mac 0000·7FFC 
0 4 5 S ~ 21 2223 





( 

~.- .... -~ •• '~ •.. -_ ....• ___ • ·_w •• · .......... _ ..... _. __ .... -... __ ._'"_ ........ _. .~. __ I_.., ........ _._ .. _ .... __ · .. _ ... ___ .... _ ..• _.:._. __ ................... _~.~,.'- .. ~_:.i-.~._ .. ~ ... : .... _;~. ~." ~~ . ., .. ,. 

BUILDING CPU's RAM MIDL SEQUENCE .. 
USING PAGES 4-10 and 4-11 (FIG.S 
4-2 and 4-3) of the REFERENCE MANUAL 

I. LOAD NEW PSD 

II •. CPIX AND BASE ADDRESS FROM SCRATCH PAD ADDRESS MAP SEGMENT 
CONTROL DESCRIPTORS (MSCD) 

III. CHECK BORROW BIT 

A. IF RESET: 

( 1) ADDRESS MAP SEGMENT DESCRIPTOR (MSD) 

B. IF SET: 

(1) USE BPIX AND BASE ADDRESS TO RE-ADDRESS MSCD 

IV. ASSUME FOR EXPLANATION PURPOSES THAT THE BORROW BIT WAS SET. 

V. MSCD POINTS TO MAP SEGMENT DESCRIPTOR (MSD) 

A. SOC COUNTER IS LOADED WITH COUNT FROM MSCD 

(1) ASSUME COUNT OF 2 

VI. MSCD ADDRESS MSD 

VII. MSD POINTS TO MAP IMAGE DESCRIPTOR IN MAIN MEMORY 

A. SPC COUNTER LOADED WITH COUNT FROM MSD 

(1) ASSUME A COUNT OF 2 

VIII. FIRMWARE LOADS 16-BIT PAGE ENTRY INTO THE CPU'S MAP RAM. 

IX. SPC DECRIMENTED BY 1 

A. COUNT IN SPC IS NOW 1 

X. FIRMWARE NOW LOADS SECOND IS-BIT PAGE ENTRY INTO ITS OWN RAM 

A. COUNT IN SPC IS NOW 0 

XI. SOC COUNTER IS DECREMENTED BY 1 

A. COUNT IS NOW 1 

B. NEW MSD ·IS USED TO ADDRESS MID 

C. SPC COUNTER NOW LOADED WITH NEW COUNT 

(1) ASSUME COUNT OF 1 





C 

{~ 

;.,. ,; ..• --.... '.' -' .• '...... '." ........... ,,' . ',-. '. "_." ' .. 

XII. NEW MID IS LOADED INTO CPU's RAM 

XIII. SPC COUNTER IS DECREMENTED BY 1 

A. SPC COUNTER EQUALS 0 

XIV. SOC COUNTER DECREMENTED BY 1 

A. COUNTER NOW EQUAL TO 0 

XV. SINCE BORROW BIT WAS SET, FIRMWARE NOW GOES 
BACK TO THE MSD. 

XVI~ CPIX AND BASE ADDRESS ARE NOW USED TO ADDRESS MSCD 

A. BORROW BIT IS IGNORED AT THIS TIME 

XVII. SEQUENCE OF ADDRESSING MSD, MID, AND LOADING SDC/SPC 
COUNTERS BEGINS AGAIN. 

A. FIRMWARE CONTINUES TO BUILD CPU's RAM MIDL UNTIL 
BOTH SPC AND SOC ARE EQUAL TO 0 -

XVI II. FIRMWARE NOW SIGNALS CPU IT HAS BUILT MIDL PROGRAM 
INTO RAM 

XIX. CPU INITIATES PROGRAM 

NOTE: IF PROGRAM CALLS FOR CHANGING ANY MAP REGISTER, ALL 
REGISTER PRECEDING REGISTER TO BE CHANGED WILL ALSO 
BE CHANGED. THIS CALLS FOR' RE-INITIALIZING FIRMWARE 
SEQUENCING JUST DISCUSSED. 

EXP.: YOU WISH TO CHANGE PRIMARY MAP REGISTER 4. 

FIRMWARE WILL CHANGE REGISTER O.1,2.3,AND 4. 

-

R-bn 
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System 32/75 Mapping Lab Exercise 

In tro duc t ion: 

The purpose of this worksession is to familiarize the student 
with the mapping instructions used by the 32/75. 

The student will be given the information to enter into 
memory and registers in order to execute the instruction. 
The student will write down the results observed after 
execution. 

Reference: 

SYSTEMS 32/75 Reference Manual 

Procedure: 

1. Enter a set extended address (Sea) instruction in hexa
decimal into memory as follows: 

Location 

00000 

Set P.C. to 00000 

Press Instruction Step 

After Execution 

PSDl -

Data Comments 

000D0002 Sea Instruction 

. 
2. Enter a "Load Map" (LM) instruction and execute as follows: 

Location Data Comments 

00004 80000000 PSD2 Map Mode 

00784 01002000 Map Segment Control 
Descriptor 

01000 2C070000 Load Map Instruction 

02000 02003000 Map Segment Descriptor 

03000 FFFFFFFF Map Image Descriptor 

8-84 . 



Set P.C. to 01000 

Press Instruction Step 

Note: You have just set up the 1st two page entries in 
the map register. DO NOT press system reset. In 
order to prove it was loaded the map register entries 
must be read back into a GPR. Execution of the next 
step will read it back •. 

3. Enter a "Read Map" in order to verify the previous step. 

Location Data 

01004 2CAA0002 

Set P.C. to 01004 

Press Instruction Step 

GPRl -

Why does GPRl appear as it does? 

Comments ' 

Transfer Map to 
Register Instruction 

4. System reset and re-execute the "Transfer Map to Register" 
instruction. 

GPRl -

'~y does GPRl appear as it does? 

5. Enter a "Load Program Status Doubleword" (LPSD) instruction 
and execute as· follows: 

Location 

00008 

00010 

00014 

Set P.C. to 00008 

Data 

F98000l0 

FFC7FFFF 

80000000 

Press Instruction Step 

PSDl -

Why does PSDl appear as it does? 

Comments 

LPSD Instruction 

Data to PSDl 

Data to PSD2 
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Enter and execute a program that will 
registers with the following pattern. 

load all CPU map 

Location Data Location Data 

08000 00000001 08020 00160017 

08004 00020003 08024 00180019 

08008 00040005 08028 00200021 

0800C 00060007 0802C 00220023 

08010 00080009 08030 00240025 

08014 00100011 08034 00260027 

08018 00000001 08038 00280029 

0801C 00140015 0803C 00300031 

Enter program as follows: 

Location Data Comments 

00784 01002000 Map Segment Control 
Descriptor 

02000 20008000 Map Segment Descriptor 

02004 2C070000 Load Map Instruction 

02008 00000000 PSDI 

0200C 80000000 PSD2 

Enter 00002008 into GPR O. 

Set P.C. to 02004 

Press Instruction Step 

Note: The program just loaded the data pattern into the. 
CPU map registers. DO NOT press system reset. 
In order to look at the data pattern in the map 
registers unload it into memory with the next 
step. 
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7. The following program must be entered to unload the CPU 
map registers into memory starting at location 03000. 
DO NOT system reset. 

Location Data Comments 

02100 C9BOFFCO Load a Neg. Index 
R3 

into 

02104 2CAAOO02 Transfer map to GPRl 

02108 D4E03040 Store GPRl at Loc. 
3000 

0210C 23230002 Add +1 to bit 30 in 
GPR2 

02110 FSC02104 Incr. GPR3 if + branch 

02114 00000000 Halt (finished) 

Set P.C. to 02100 

Press Run 

Enter below what locations 03000 to 0303C contain 

03000 -

//_C,\ 

,,~ 

Q 
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Objectives: 

DAY 8 

MEMORY SYSTEM AND 
MEMORY MAPPING - WORKSESSION 

REFERENCES: 

32/70 SERIES 
REFERENCE MANUAL 

SECTION IV 

TECHNICAL MANUAL 
SECTION 1, III 

WORKBOOK 

After completing the referenced reading 
sections of the Reference and Technical 
Manual, and completing the general in
formation questions of this worksession; 
the student will be capable of: 

1. Describing the functions of the MEC. 

2. Identifying the various circuit units 
of the MBC and describe their purpose. 
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__ 0<.;_.,. __ '_.' .~' ...... ~ ••. , •.•. ,. , ........ _, •.• .-, ............ _, ._ 

1. One Memory Bus Controller (MBC) can handle up to /b 
memory modules •. 

2.· 'What an 4cf MRT? 

" . .~ lice:; .. 'P.'L~ r. ... ~ ~hyslc.f ~S "l~~~ll~ 
3. ''When writing or reading from memory (SK memory modules), ,,-

what do address bits 13 thru 16 define?Y';-ct de A~~ 
'+A.e M'"dvk /() J e.. se/~e'I-t.t:/J. 

4. Does an MBe have a SEL Bus priority? Interrupt priority? 
. .' ~el- 13v.s pr ,;:' ri-lt -= I 

5. 

6. 

7. 

S. 

9. 

10. 

11. 

. DetS no + har,.e ty,f{r(vpf 
The primary map has ______ page entry locations? 
The extended map has ? 6 1-. ~Eb ; ;Qi;;,,"~ 

Ib \b 
How do we gai~ access. . to the extended ,.,mal)?' ~1I'IrI"'j""'~ ....;.....,~#.ul(., 

aj. -, . =:. A fr>, ... tf·'" /t11)7}e. 
~---..JJ-cs""l::he::r-""G"'--~1:W!·,Q~.,;:trt,""~;' ..s ~ fl' 

'Where in scratchpad is the MPL base address stored? 
~~ "/,( S~I / 

The extended map is used for storage and retrieval 
of only. . ap.(l~rtd-$ C t>.:,.h:.) 

'What instruction is used to put the system into the 
extended addressing mode? $£ Pt <;~+ ~~J~c1 

4Jc!('t.SSt~ 
What bites) of. the PSD set the system into the mapped 
mode of operation? ~~-\ '\ '~",i-~;rM6 ~ItPpt.d) v~lWIfpd1 

~\~6 Q~)~'!l 

~~at defines the lower and upper address limits of an 
MBC? 

Q 
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12. When does the MBC activate its inhib~~ line? When is 
inhibit removed? f!/:..,U't. lIs 'wI-!«- I~ # t,!~ 

It/ht..-1Il. bv .r / ~ ~ -~Jtltl'r 

13. 

14. 

When is the "LOAD MAP INSTRUCTION" normally used? v1hy? 
For !)t-~r!l"I,~.s,.:£+- /84.g{s 11«.. mat. r"""tr 

-t ~ 1'1 /I - ",...,-r'1 '-.. 1-0 '+4... C Ptl m,tP Re.~ s Icr..( 
"[)escr'flTW u&r t-n- ,I')ut, .. - V-t.r~t'1 R~,sIer.s ~ good. 

What instruction is used to perform context switching 
in the mapped mode? /....o~ froVrr;.f'II. {.J...,...4-v.s Pn/6I" wlrri Cl"o{ ct .. ~c,.. M-..p 

15. If an MBC is improperly jumpered for high address, and 
attempts to access a non-present module, what error in
dications will be displayed. 

iltf'{fy ~ EY-rIJr L~tf 

/i-a / I- LLJAf 

IV 6111 - Pr~sc.,,1 

w('l·k s fwe( P (l(;4y {rr6'f 

R~ t~plc.y~ Plt~(+y GrIO' 
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DAY 9 

SECTION 9 

10M'S 





\0 
I 
~ 

", 

A ~ 
\, ,/ 

• INPUT/OUTPUT MICROPROGIWt'ABLE PROCESSOR (IOf1> 

PROVIIES DI RECT CO~l1lft I CATIo.~ BETWEEN PERI PHERAl & SEL BUS 
FI RrtIARE PROGRAMMBLE 1/0 CONTROL . 
GENERATES I/O SERVICE INTERRUPTS (INTERNAL SI> 

• TlC - m ILINE PRINTER/CARD READER CONTROLLER 

MULTIPLEXER rnANNEl (ALL 3 UNITS ACTIVE) 
DEDICATED lID cor~NECTOR SLOTS 
3 SEPARATE SERVICE INTERRUPTS 

'\ 

r 



'D 

• N 

~l 
Ii ) 

t:./ 

CONSOLE DEVICES 

CPU 

SEL BUS 

TTV/CRT 
CL.EIA 
9600 BAUD 

TLC 

300LPM 
IOOLPM 
IOOLPM 

200CPM 
1DOOCPM 

. TlC. CONTROLLER e MODEL 9004 WIREIWRAP 

·e MODEL 9005 COPPER 

( 

~. 
t"'\ 

(I",,; 



.~ MAG TAPE SLtjSYSTEM 
r~ 

"" -' 

,. i 
.,';' 

flAG JAPE CONJROUfR - mru ~12/W/IO'd ...... ..SUPPORTS PERTEC & kENNEDY: 
19013(PC)u, c\, ' / . . 

* 4 mlTS MAX 
* SELECTOR OIANNEL (ONLY 1 UNIT ACTIVE AT A TIME) 
• CLASS E - 128 KW ADDRESsf~G;;; i ~~. ::~ " 

* 4096HAlFWORD = 8192 BYTE REtQRD LENGTH 
/' 

LOW SPEED TAPE PROCESSOR - MOlEl,1I9020 .. 

• 4 lfUTS' (OPTIONAL 8) • 4- CL-1t5fF 

• MUlTIPLEXER OIANNEC'(Alt 4/8. ACTIVE) 

• CLASS 'F' - 16 MB ADDRESSING . ,; 

• INFINITE RECORD SIZE 

HIGH SPEED TAPE PROCESSOR - nlDEL 118050 

• 4 UNITS (OPTIONAL 8) 
0- C,l,e55 f 

• MUlTIPLEXER OIANNEL : 
• CLASS 'F' - 16 MB ADDRESSING 

~ • INFINITE RECORD SIZE 
w 

*IMBEDDED FORMATTER 
•. )( *45 IPS TENSION 

. *75 IPS VACUUM 
'};;>~ X *800 BPI (NRZD 

377 7 ~ *1600 BPI (PE) 

DEDICATED TO STC DRIVES: 

*751 PS VACUUM 

*125 I PS VACUUM 

*800 BPI (NRZD 

*1600 BPI (PE) 1 BIT CORRECT 

*6250 BPI (GCR> 2 BIT CORRECT 

*.AUTO LOAD & UNLOAD 
* AUTO & MANUAL DENSITY SELECT 

~ 
j 
I ,4. 
t 

~ r 

r .. 
! 

r· 
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~ c.. 
~ .. . , 

..... 
-= I,;&J 

.~ 
.(,1') <, 

i!' 
...;.J 

~ 
~. 

-= 
...J 
~ 
i! 

I 

c::: c en 
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~I 

ffJDEL II: 

ClASS: 

DEVICE TYPE: 

CHANNEl 
OPERATION: 

ERROR 
CORRECTION: 

\0 
I 

lJ1 

.~. 1-' 

DISC .SUBSYST.EM. 

9010 73-9032 . '._., 9024' 8055 .. 
(WIW) (WIW) DISC PROCESSOR DP II 

.' 

EJ' 128 KW ADDR ' . E, 16 MB . F, 16 MB FJ 16 MB 
>;J,p.h \'T4-1. 40; 80; 150~' 300 MB 40J 80} 150} 300 MB SO, 300 MB 5 MB FHD, 32 MB CMD 

\ . 80, 300 mD, 600 FMD 
. 

SELECTOR CHAN .' SELECTOR OIAN MULTIPLEXER MULTI PLEXER .. , ",' ;, ~ . 

(4 WIT "'X) '(11 lftlT) 
I 

(8 UNIT MAX) (8' UNIT MAX) , 
ALL SAME DEVICES DML PORT DUAL PORT DUAL PORT 

'ALLSAfI[ 011 XED DEVI CES) (MIXED DEVICES) 

9 BIT ECC 9 BIT-Eec ' 9 BIT ECC 9 BIT ECC 
' .. ,.", .. ~ .. -' . -- .-'". 

----- ~---~------.-------
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:";":~' " ...... :. : .•... '" .... ~ .".' . --'"'."- .- ....... ~ .... , .. ~"'-:"""" .... , _ ..... _-_.p." .... -. '~ ....... , . 

ICl DEVICE ENTRY FORMAT 
:···,...,if..f 'l j" ... ' 

Format 11 *DEVXX-FCILCASA (.NN) 

whert: 

-', t I. / .• --

" "t' .~" • ~ 

,., ...•. \ ....... , .• ~,-, '".r\·'~· '"'.o"~ ...... ~., •. ~ .•.. ""'-.~.:. f~;""'''':-'~:' 

·OEV defines thd theretord contains. cCJntrol1er 
defi nl:lfoli>lftfl",Y"'" .' .,"'" . .~. . ... , ,,-' 

',\ ... .,/ .; .... :,: ;:.,,;~~; .. -~ ,~. :>,,:,;, .. '>~: \ \" - .. ' ';'. r;'. '". ': ~~::~ -1~ ~ . ~.;,.-.. 

XX 1sth.)tixlaic·1~:rl&dres~r~:~~ltwi11 be used 
b1)maCe,J;··1eyd 1nputlo~t pu t "1""truc t 1 ons! to 

. 'iddres's th.·,:tontrol1.r~'· , , 
,·.·,~r '. \, 'f~~~ l\'i.t;~: !:?:<;i~:!._\·t·i. ~~~""\ ,.,.,; . .', .... '" -•. ; 

:)!:j is I.n~,·. ·t.~.:diHmft'ir~i~h l'~~:'t3'~ .:the 
\' ·t'f; ;:';1"19 '.~ '. ~sd.11/111te',;iJ'!e.presentft'ion.:. 

oC(' . ;,:~~ he.. ·digit ·(fov"~IJ;tHrybfts). 

''' •. ;,.,p,.F .... ".''.<A'''> .. , .. (t.g .. :~!lt'';".~1.JA1'~SPU1' .. ',·dl~"f_:!~~~~.l~~~~~t.~1It10n., 
Pr.~.i'h,'.Y,tlh'.T· ... 'lsaTways %1M. . . " 

!C~,:~;·,,~y. :3 .. d •. ~~:*~~t~~i;:···jtt~~~::1:~:~·J't"~~Mii~:. 
following values: 

.0 

, . 

, . 

. 0;, , 

'::'1" i 'i ~ ", - . 

tlUrrlD:lr. 'ih.t' s peei f1es 
.~::.CO'lflCI\n·"t id'on the ·cont.roller. 

·lmoin<,.e'1ectthe follow-
. Pl"l.ftte,., Card Reider 
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LOC 78 IN 
~~RATCHPAD 

Loe A0 IN 
SCRATCH PAD 

. . 

~SlQ~·.Al~i~;~R~it·~!i~~~;l~t§~l··.··.E:NT··R~ 
• ' .... ". i1i {,.'! ~.,... '. ' .. -: ',~ ",:,." r:!M· 4, f .. 4L.i::'" "t-r- ,:~)\..' F :,~. '- "~'-:' ,':r.':~}' \.---JfJ"-:~ }l},'~_7(,,~t;~'!4'Yi ' 

, -:,t1~'+irlf~;'.{' _'~~Jt,t~~:~:>'r ,t:>:;:,,';~; 

.. Q 



SCRATCHPAD DEVICE ENTRY 

FLAGS " INTR. LEVEL o ItHVSlCAL ADDRESS 0 0 0 0 SUBADORESS 

o 1 2' 3 • 5 e 7 8 \I 10 11 12 13 I. 15 16 17 18 19 20 21 22 '3 21 25 26 27 28 29 )() 31 

FLAGS 

liT DEFINITION 

oa PROGRAM VIOLATION 

01 NOT ASSIGNED' 

02 NOT ASSIGNED 

03 NOT ASSIGNED 

CLASS 

IITS DEFINITION 

O. 05 01: 07 

0 0 0 
.' 
'0, ,'CLASS 0 • 'fLC'LINE 'fUNTIR 

0 0 0 , CI.ASS 1 • 'TLC' CAROR!AOI" 

0 0 1 ' 0, " CLASS:! • 'fLC' TELETYPEWRITER 

0 0 , t, , .CLASI3· RTOM.lNfI""YALTtMER . , . , 

1 1 ,1' r c\';ASS "I"STAH04JltJIIO CONTROLLIRS , , ,"" 1 CLASS ',qto CONTROL(IR 

1.1'·01-"" ' ,'. , 
IITS Qt.l"~O'IIOITHI,OHIS ~PLEMINT .0' TMI flO CoNTROLI.lJit 

;'NT£It.-u" L!VfL 

liT "-0 
IITS 17 • ft' P"OYIOET"I"OCQfllltJlQ'LE~ 'UOMl PHYSIC .... L AODR'ESS, WHICH 

; "U$T MATCH THE 10M'S ADDRESS SWITCH CON;:IGU~A"ION 

SU8AODRlSS .'. ". , ' , 

IITS 28-3,'RO",10£ T1:'I£ SI.I8"00,R£$$ OF SPECIFIC ilQOEVICE 

, 2. CORRESPON~S TO THE SCRATCH' AD ADDRESS' .• 

; 3. DEVICE ENTIII". SCIIIATCHPAO iDDAESsC:AN ALsO Ie OBTAIN£D'ROM 
THE INTE" RUPT TABLE ENTRY, VECTOR FIELD ,REFE!' TO FIGUIIIE ".01 .. 

FOrmlt • Scr.tchp.d Devict Entry 
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, ' '. ' 

S EL32",SQ,RATCHPAD . LAYOUT . 
. .., . 

>2'~' 

00 J 

• 

DEVICE ENTRIES 
4 '.' 

FLAGS J CLASS I IN T LEVEL PH'f· AOOR I sue AOOR 

7@. 000010001 t I 0 I I I I I 01 I I 10 0-01000 o~oo 0 Jt 
. 

:6 
,~ 

INT R Fl.AQ S RTOM ENTR.1' VECTORADDK£SS ,," 

81 INT R F l.A as RTOM ENTRY VECJO~ ADDRESS 
82 lOCO OEOICATEO MEMORy Act'lOR~SS {-7.0,0 ) 
~ MASTER PROCESS LIST SASE ADDRESS {-764} 

: ,I?!.I Ie!. DEVICE ENTRY 
Al..l!VAltU l,'ifc.r<RUPT I..fVEL. CUUNTEJ{ 
SERIAL. PANEL DATA DlSPLAY ANOCONlROI..AREA 
LOCATIONS 8S -80, 8£ NOT USED. 

, 

c: 
r 

IDENTIFY DEVICE PROTOCOL RESPON5E:(DRTJONLY VAL Tn . J: /"\1 LOW I Nr, TI:II 
0 CURRENT PSD WORD 2 . . 

J CPU STATUS WORD .. , 

2 IN,K. FLAGS RlOM ENTRY VE TOR ADOR E c: C 
3 I i~TR FI ,I.lr,~ RTQt,' EN·RV V1~ nOR Ann~'f:'C C ,.' ' .. 

" llHR FLAGS DEVICE VECTOR·· S V£CTO~ ./- DDRESS 
LOCATIONS 94 - A3 USED BY I/O CHANNEL SERVICE INTERRUPTS. 

"I 
A4 - FF USED FOR SYSTEM AND EXTERNAL INTERRUPTS. , 

, 

F F 
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S CRP.lCHPAD DUf'f, 

Ui!Uu"u3 
OH80C03 
H071007 
OEU1M7 
0!o~20i.l7 
,(1:E05200F 
OEo410(r1' ", 
ClEol.IlOO" , 
Ohll.l007 
~EOl"OOF 
OEo2~007 
OEU~OO' 
Hoh(107 
Ci£01000F 

7006 '0[00701/7 
"\:tiJ,"'b'11e"U'C!':':';" 'O'Ct"rI"7:e.,~·;s. ~"'·V'C''',Ioo'''I! • .Ii t", O:n" 7 ~ 0 " 

Og'I[lW:I~,Q",,:,',,,,U,O,J~g',Q:U)O::; ~'.t.'F,F ~ , 
f~t;P"f1~lt~':IF~Fcf!,-;,,·~.O'~c~;tt;Q.(jO, ~.&iP,QP' 00 CI 0 OM (I 

"UU' OOIlCOl'" 

~. 

;!~~~~,~. 
,', 

. ...",.,. ........ t~f I ":.,?:-,1.\' 

0070uhC 
OOUOJQC 
00'l(l011:1C 
c/<l4R010C 
CltI.CI~(lFC 

OOttt4ui!lC 
OOeOClllC 

,O(lUu2SC 
'Oocnu27C 
(lIouR~l"'C 

Ii ODO,iI'jlclt, 
\. OOE ~uP'" ' 
! "O(O"p,., 

9-11 



• 
Sf L IUS 

TIMING. 
"UET 

IU5'ONSI 
$IG"'AI.S 

O£STIN"rIO'" 
IVS 

1 

I 

OATA 
IUS 

Oil ... ", J L ___ Jt'-----------... --t"--"1--1"O.IOO.2!1 

1~----__ ~::::::~--------~~-:~--~~~~~I~~~'O~"ujT 
'111 1011 IT'" IvS IH'''l~~?S III IUS 

MEMO"'" 
IVS'" 
IUS 

S[ AVle, 
I!'jTA'T 

$1(\"'''1.5 

I 
l.ICKO ~-__ ~.,_---,...-t! ... .!.! .... u: .. :.. __ ~ I'II\O",T" ...... :.:;I'O¥~lWllllJI.i!iI,lU:J...!!i ___ ,.J 

LUSlCMrJ,lT SWITCHES 0 T' 'T (\ T '" LECK! ........ ::.;,:;::..;; ........ UOCIIC \ V V A 1111 ... 1101'1"1. TO 
111.1. "., 1St. -us O.IVI", 

l.INHC .... ---.... ~ell'TQ)lIlvoN'.I&.G'C. 
l.tN,., .... ___ ~ '''I0I0''''' IHT".HSOUT W.vs"\'O.'T .... "HCQ,) 

LINM2 J.o-----.4 ~:~ r-___ ,.. _____ ...:...:':',::",:. ... :.:'C:l,.::IH::,T:.:";.:'.,:.T.:L:O:C::1t.::...-J ~'IIIICII· til 
l.IIIH' .... ---.... ...-...:------------~\,".O'HT 

LUS I----.... '---...J ""VICI ... --------------..fLCL"IHT 
,"T"'T 

LfO'" J----------~ LOtiIC ~----------------I LACT'YE 

1."01. ~---------tC .. ---------------..... I."~' .. T"I'T 
liNT,. .s .... e 

10M Sel Bus Interface Block Diagram 

i OUT'''.4TION 
( ""'VT 'VI 
\ ,inOAMI.IX 

10" T A"o/'VT IVS 
'TO •• , MVX 

I_ II •. GOVT'VT 

lO"Ol"l 

} TO :,I'TUT 
STIIVCTV"E 

9-12 
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·]··:0· ··M·· , .' . . 
. ' .. 

.,.: .... 

;: .. 

. :, .. '.,". 
" ,.: 

50PtNS 
EXT OEVlCE 

····i~j:t;,es···· .• :O'R ..•. 
~ ... ~.~.,>. / ..... 

A 
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1 
2 
3 
4 
5 , , 
• • 10 
U 
12 
12 
14 
15 
l' 
1? 

. 18 
1t 
20 
i~ 

9004 

e18 '2-15 
CI 3-14 
<:18 4-13 
ela 5-12 
ell ,-u 
c:11 7-10 
ell a-, 
el9'l-U 
el92-U 
C19l-14 
C19:4-U 
el9S-12 .. 
Clt',6-11. 
Cl'.7-1.0 ell'-. 
C20 1-16 
CO 2-15 

. CO 3-14· 
CO.4~13 . 
CO 5-12 
C206-U 

., . 
... , .. "," 

;" .. ~.".. ', .. 

9005. 

··X4 2-15' 
X4 3-14 

,X44-U 
. :C. 5-12-. 

X4 6-11 
X4 1-10. 

··X4 ...... 
X5 1-16' .... 

XS 2-15 
XS 3-14 
XS'4-1l 
x5 .. 5-12 
X5 ,-u 
XS7-10 
lese-. 
'X' 1-16 
162-15 
X' 3-14 
XI 4-13 
xe 5-12 
xe 6-11 

. . 
:: . "-:..,..{, .. ;:.; :;i '';:':.\:\:~~ . 

., 

.j 

... 

rf'~\ 

''iJ 

Q 
I 
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~ 'TITLE , . , '. T5·e N'O; 
' " , .,., 

r..1: :'1:;:.:" C:en~'ictu~atiol'\ .. ''''.',' ',' -'.-.- ." . " :'''',-., :,~oO;U", .', '" 

The ~& ~ Z'& te foZ' the oenscl •. d .. vic .• A,s .selec:t.ed.u fQ~lo~.1 . 
.... , ~ ,. 

1At.,;)- RTX COOE XS X9. X10 
" .... '!"!: xa X9 X10 1~34 !678 l''1J4 :!:6i~ 1234 S6·79 

i 

110 10 11.2C OCOl OOOX 0001 . 0111 X01X llX"; 
150 ,10 67.24 OOOl 000 X Q.no 0111 XOlX OlXX 
300 20 9t ~s 00'10 coox 10'01 lnO :<10 X lOXX 

. 

000 40' 79 20 0100 oeox 0111 1001 XClX 0'0:-::< 
900 eo 07 4O. 1000' OO'OX 1101 0111 :>:10:< ouxx 
1200' SO &:6 40' '100,0', OOC'x lHO OUO·· . "X1C=< C'O Xl( 
UOO 0'2 CS 00 C·:lOC 0'01:< 110'1. tOll' ~xoox COX:< 
240'0' 0'2 5Q,OC OvOO 0'01:< OlOl 1101 :<00:< ,;)0:<:< 
l600 0'4 ~A cO' cocO' 01CX con 1010 :<oox COX:< 
4;:00 04 f'2 00 00'00 OlOx Ul..l otno xoox 00;.::< 
7~OO 01 Ee 00 0'000' 100=< oUo 1100 X':lcx ooxx 

~ 960'0' 08 ee co 000'0'., lQ~i' 110'0' 1100' :<00:< OOX:< ; 

0 ,,' ,ca' c.-, ,..;. ,~ 0 
, X ~ol~ 4- Cc.('t.. 

9004 

BAt."rJ H1:X eC~E Nt' t~2 tt3 
AA':"£ H1S2 s3 U300l ~~7e U~4 $.;1 S " 1234'561·9 

110' X'7 80' 33 .. ~ 0111 1000 0000' 0011 0011 
150 :<5 eO' !I ',0101 1000: ·0000 0101 1011 
300 :0. 40 10' 1010 0100 0000 1.011 OllO 
600 X4 20 60 --0100 '0010 0000 OHO 1101 
900 x8 10 r3 lCCO' 0001 0000 UU "0'011 
1200 Xi 10 OA 1000 0001 0000 llOl 1010 
lSOO xc 08 17 000'0 0'0,00 ... 1000 1110 0111 
2400 xo 08 75 0000 000'0 lOOO 01011 0101, 
3600 xo 04 2t ooco eDOO, OlvO l)Ola ,U10 
4800 xc 04 tA 0000 000," 0100 1110 10lO 
7:200 XOO~ SC ~oC'o 0000 0010 !~"I.' 1"11 unn 

t 9600 :co O~ =4 U> 0000 000'0 00'10 1101 0100/ 

etA - 0 0 10 ~'il . CL> t~.34 . 
-n.. IftfOl'l"ll,iOft .. "Ui,," ",,,ill it of • orooritt.rv ",tv,.. :(-l/tIA '."10 
""' " ... , 1Ift ••• ti'Y'OIt"C't~ froll'l .OOt.wel or prOGON<! Xl'Il/CUP~E:rr --01 
11 ~ iOCN"""tatiOll.TlWr'fO"" ". ",,_"utl_ it 11'110 • 
• ttt in 1OII'WIW't ,..r wiU II~'" .,. ''''1' ''''''l'I'IOtiOft of 
IMoIlity., srI. '" cIIII'I,," "itin, It Of'! in· ..... 

.. 
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1'00( 
BAUD RAn: SWnCH SInn/GS FOR. tHE TtC ICl1 

. .(WIREWRAP) -

SWItCH SWrrCH 
Nl ~2 

POSItIONS POS ll'IQ.lS 
~ 578 1.1 1578 

110 OO'*-Olll 10000000 OOllOOll 

lSO 00--0101 10000000 O:'Ol1Oll 

300 00--1010 01000000 ·lOllOllO 

600 00 .... 0100· 00100000 . OllOllOl 

900 00-*1000 00010000 llllCOll 

( 1200 00*·1000 00010000 llO 110 10 

lSOO 00 .... 0000 00001000 1ll001ll 

2~00 00*'*0000 00001000 Q!.llOlOl 

3600 00··0000 00000100 OOlOlllO 

t 
!.I ,,·00 OO**COOO 000C0100 ~lOlO 

G 

i200 OO"~OCO OOOOOOlO C1C11100 

9500 00'**0000 OOOOCClO llOlOlCC 

:10C£S 

'* !!A Ct"!t.~T 
?CSI:ICN l l Q 
P~SI'l'!Q; \,j I) 1 

'. 

9-19 
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SEL BUS PRIORITY ENABLE JUHPER CONNECTIONS 

The sockets that Are to be jumpered for 5El Bus priority are located on the SEL Bus tenalnator circuit card 
with coordinates: Sl. 52. 53. When an 10M or HOC Is Installed. the appropriate Jumper points are Jeft OPEN 
(NOT JUHPERED). -----

As an example. the following assignments are made for a given syste_; and the jumpered sockets would result. 
IS Is Illustrated for SI. S2. and S3. 

Example of 
Assignment !t SEL Bus Priority 

I. first HBC-----------. 1 
b. Second rfJC----------~ 2 
c. fllD 10M -----------. 4 
d. to 10M ---~-------~ 6 
e. HT 10M -----------~ 8 
f. ADS 10M -----------~ 10 
g. TtC 10M -----------~ 21 
h. S(P 10M -----------~ 22 

~. 
,_ f 

S3 52 
x ~X~A~-=~_~_~_--_'. 51 -10 0 

o 0 

• • 
• e 

lrd MlC l I Je · Priority Not Enabled .1,. • 
(Jumper Installed) Not Used- 0 0 

* 51 Is a 14 pin DIP 
socket. 52 & S3 
ar-e 16 p1n DIP 
sockets. 

PICTORIAL ILLUSTRATION Of 51. 52. S3 JUJtlER 50CKETS Otl 
SEL BUS TERMINATOR CIRCUIT CARD 

NOTE: EXAMPLE ONLY 



-( 

NON-STANDARD 10M CONFIGU·RATION 

MAG TAPE 10M: 

DEVICE ADDRESS 

PHY.SICAL ADDRESS 

SEL BUS PRIORITY 
5.1. PRIORITY 

TCW OED. LOC. 
IVLDED. LOC. 

lOCO OED. LOC. 

I CL DEV1CE ENT~Y: 

*DEVOO·OE3AOAOO 

SCRATCHPAD. 

00t--"'-......... ..;.;;..I.ol~~-t 

PROBLEMS : 
1) TOI ADDR- IVL ADDR FOR 

INT LVL 2A 

2) lOCO ADDR dedi.clted for 
something else? ' 

CALCULATE TCW & I VLADDRESS FOR ANY INTERRUPT 

GREATER THAN 23: 

EX: INT LVL 3A (HEX) 

-..1i SLBTRACT 14 (HEX) 
26 (HEX) 

010 0110 

/I II SHIFT ANSWER LE FT 2 PLACES 
0000 1001 1000 (MULTIPLY BY 4) 

~.::..---=-1 _.:.0 ADD 110 (H E X) 
A 8 (HEX) TCW OED. LOC. -

+ 4 0./\0040 (HEX) 
> 

1 E 8, (HEX) IVL OED. LOC. 
- 2: po..a :c;: 

. CALCULATE THE lOCO ADDRESS FOR ANY INTERRUPT 

GREATER THAN 23:· 

EX: INT LVL 3A (HEX) 
- 14 S1.2TRACT 14 (HEX) - . 

26 (HEX) 

010 0110 

SHI FT ANSWER LEFT 3 PLACES 
0001 0011 0000 (HULTIPLY BY 8) 

--:.;,...:...---=-1_..:.0 ADO 71 0 (H EX) 
4 0 (HEX) 10bP OED. LOC. -Ii 

9-23 
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[ NON-STANDARD 10M CONFIGURATION WORKSESSION 

IROBLEM: . 

l} CONFIGURE THE MIT IO~ USING ANY INTERRUPT LEVEL GREATER THAN 3F 

2) USE A DEVICE ADDRESS OF .QQ. 

3) JU~1PER THE PHYSI CAL ADDRESS TO M 

4) JUMPER SEL BUS PRIORITY FOR 03 
.. -

. , 

5) GENERATE ·THE PROPER IeL ENTRY FOR,CONFIGUAATIONOF 4 DEVICES ON THE CONTROLLER. 

6) . WRITE A THUMS-INTO 'WRITE' TO THE rAPt DRIVE THAT lS PHYSICAL UNIT 112. 

9-24 
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WORKSESSION 

Input/Output Microprocessor (10M) 

Objectives: 

This worksession will help to reinforce your knowledge of the 
10M. . It may also make you aware of some features of the 10M 
that are not obvious. .. This wOl:'ksession may also. stimulate 
questions that you may bring up in class on points that you 
do not understand. 

Referenced Reading: 

1. 32/70 System Architecture Course Student Workbook. 
A. Microprocessor, Functional Block Diagram 
B. SEL Bus Interface Block Diagram 

2. SEL 32 Series Computer. Tech. Manual, Pgs. 1-9 and 
1-10, 3-20 thru 3-31. . 

1. How.many inputdata'litles are there f.rom the device logic 
to the Microprocessor? I h 

2. How many data input lines are there to the Microprocessor 
from the SEl. Bua? 3~ 

3. What locations in memory ar~.reserved for Input/Output 
Command Doublewords (lOCO)? . '700 -1'7 B 

4. What is the ma~or difference between a Class 0,1,2 IOCD 
and a Class IE IOCD?· Bu;/d.s 

5. When is an 10M IS SEL Bus Priority zero? 

DR\" re~$e- +0 CPC,L 

FIII'f C..J (!., 
rev.) 

9-51 



7 •. What is 
SELBu8 .be.t~.,.:e. e .. n'.· .Int:erru~.t .Le. ~.1 ... ".'~~. "~.'.".'. ". 

" ..... ' .... ··~L .... .. ~ .. ~'. V.'. '\.' ".i!l~ft'ii';if. ,r'}·":~'r"',,(j ~ ""'~ - ",'" - .. ,~~~,~.~.<, ---, ". .' : ' .... ~ -- -; -" ',~" : ,\ - ,," , .,,', ' " . 

:. .' ..;~ ', .. ,ercoO,.: .. . ."'" 

s. '. Re:,fl:,: e ... t. f¢ .... c ... ~., .•. ~ .,;.~ .:,1, .. "~ •• t.].~ .... j •.•. :" ' .. J: .: ... , .'."" .. ' \~:.~~l)~;'~~~~~~~'~r!'~~:;~~!. . 
a) What Device Adcr'.'ls w..,"' .... '" "b •... usedt"J;' ••• U.·~j'..,('f{[)i!i ."j. 

CD'W:rite' co_and to (\t1'*'#'2?'.D,t,flt«-:(J·~' 
, " ',"_ r 

b) 

9. 

10. ' 

, ~. 
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I 
I 
I 
I 

- -
CPU ROUTINE 

• • 
START 

o 
• ,. 

~-T""E';:'S-T-"'""'- - -

• c 
STOP 

CPU 

CLASS 'F' I/O 

SVSTEMMEMOR!-

CHANNEL 
STATUS AND 
WORK AREA 

(DMAr 

"':~. '". -<" ...... {., ; • 

iSTART STOP' 

, . 
evc's 

OUTPUT 

BUFFER 

loeL , 7 . I INPU;:--; 
.. CONT /~. . --,':' BUFFER I 

.·OUTPUT :. ~ 
lNPUT ' ..... ~ 

OUTPUT 

OUTPUT 

INPUT 

I 

I 

I 
I 
I 
1_ - - -

l , 

l 

I 
I 

I 

CIo.AS$'F' 110: 
•. DMA,16M8AODRESS1NG,,·65KB·T'R~NSFeR$, INFINITE RECORD LENGTH CAPABILITY 

(.DATA CHAINEDIOCLCMDS). 

• INTELLlGENCETO P£RFORMCONTROL OF MULTIPLE VOACTIONS FOR COMPLEX I/O PROCESS 
• CLASS F MACRO INSTRUCTION SET PROV1DES FOR ADDRESSING '128 CHANNELS WITH EACH 

HAVING 255SUBAODRESSES (DVe'S). 
• DYNAMIC STATUS POSTING IN ASSIGNED AREAS OF MEMORY FOR DIRECT VIEWING. 

-f" ...... • CLASS F MACRO INSTRUCTION SET HAS A STANDARD 110 PROTOCOL FOR ALL CLASS 
'--/ F PROCESSORS. 

• CLASS F: TAPE PROCESSOR 
DISC PROCESSOR' 

10-1 
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e~_~~,'; 

.I10 .. ,I·NIE!RUPt:; __ J.,.!$~'~Z 
" ,"'. "', ......... , ... -:", '" ,'", 

.. ~ "' 

<,. 
.'~ ;. 

I :V:;:<;h~ 
(ADD" OF ICB) 

'~'J~:"" ",-

.~ .. ;'. " ~ 

.~ .. ~ 

.... :. .. , "j .... : 
.~ : 

, . 
. \ 

-. ' 

"(~~\A 
.. -

"\-~"""'-~:";;" ~.~~;: ~{ t:~·~E.:;~~. :'~~~~;.' t·~:~.;:~~· 

DACI·-'XX· 

I 
1. 

j 
I. f·· 
~., . 

. , 
.. :'~ .. : ~;" .. .;. . 

,':', 

'1~~i: :~(.~?,>~ ·i~;tl 
'~j~~~,t:;td:;i:V'i;){ J:. 
.. - . 

~:.f'{: . ~l. ·:'/;:i;'~~'.~i,: .~"'. ~ 

'-: ·~~~·{~.f~~~~)g~.!;~~'ii~; ~~ f~~ 
ll" 

·10-2 
. ,: 

o 

• > 

I 
,} 

'-

"-



CLASS 'F' 

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

",.$UB ADDA: 
"NOT USED: 
MUST BE 0 

'? ~;': .... ~,i~, .. ;~;;'1.(/ .~;~ 
: " ~'.:: ~ '*?,'5;:,~; '"\' _.V::'-< ::, 



rijlUOeTt6ai 
INSTRUCTION 

FORMAT 

i 

,AUG 
OIl CODlcOOI ,QoIANNIL 

t 1 t1 .1 ,1 ' '.t , , :0 

Th.sub Opfitl:df>lt,OQ-U.,.C1:f1thttyPi ofoptraUontbltJ, to,it 
perfoMllld, Ud •• C1'1bHbtlow:. .. ····1 . , 

Ins . O~.1ZSU.OP 

HOTES 1. ChannelllUstbt lCL..'~.sCl"I', 

2. Exrt.£XRR.~.ndEXM IIIl1ftot .. btllltd.' 

3. "'stbe in "!)_I. 
4. ets _Itbetuted .fte,. I&ch1nUruct1on. 

S. CO.TO.El t DI tAl .DAI.tnd.RIetnnot.btulcutld.tClCllSsFchlnnel. " 

.. 

,( '" 
.~ j' -,,-



The condition cod.swin b. set for the execution of an Clus F I/O 
instructions and indicate the successful or unsuccessful initiation 
of an I/O ins truct i on. The cond 1 t 1 on codes can be set by the CPU. 
for channel busy and inop.rable,or und.f.~tledc:hannel. orb), the 
fnfonnation passed directly fran the chann". The ISsigments for 
thecondit1oncodes".re: 

CC1~~~ 

o 0 0 0 
o 0 0 1 
o O· 1 0 
o 0 1 1 
o 1 0 0 
o· 1 "0· ·1· 
o 1 1 0 
o 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1· ~ 0 0 
1 1 1 0 
1 1 1 1 

REQUEST ACTIVATED. WILL ECHO STATUS 
CHAHNEL BUSY 
CHANNEL IHOPERABLEOR UNDEFINED 
SUBCHAHNEL BUSY . 
STATUS STORED . 
UNSUP·PORtED TAAHSACTION 
UNASSIGNED 
UNASSIGNED 
REQUEST ACCEPTED AND QUEUED, NO ECHO STATUS 
UNASSIGNED 
UNASSIGNED 
UNASSIGNED 
UNASSIGNED 
UNASSIGNED . 
U"ASSIGN~ 
UHASSlGNED 

Although 16 encoded c·ond~10.'lS,ll"t poss1bl •. , only the ISsigned patterns 
will occur. . ,.. . 

) 

) 

J 

'. 
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· . 

IOCDMSW 

'1 CJMMANO : t :: ;~Al.DAT~+~;' I ":~ Ie ~ 
- • ! I ; I. ! I •• I I , ; , , .• ; . I I • • ' I I • ,:.J 
o 1 2 3 4 5 8 7 8 8 1011 12 13 14 15 18 17 'I 18 20 21 22 23242$2127 21 a 3D 31 

lOCO LSW 

I ........ : •• ·1'· • •• .. • •• ··1: : .TTI ........ ~N; I 
, , I ! ! , , '. ' I , !" I' ' •. , " ! I ,. I ;.' I'· I ! ' I , 

liT ASSIGNMENTS IN THE CJMMANCARI: 

xxxxoooo 
"''''''''''0 .. 00 
x xx XI 00,0 
'" "''''M t10 0 
"''''MM .... 01 
"'M" MM .. I 0 

'" '" .. M .. "" .. 

CMANNILCONTROL' 
SENSE 
TR~FEA IN .CHANNEL 
A!ADIAQCWARO 
WAITE 
AEAD 
CONTROL 

FI.AGIIT ASSIGNMENTS ARE: 

, 000 0 0 
o I 0 0 0 0 
o 0 10 0 0 
000 , 0 0 
o 0 00 I 0 

DATA CHAIN 
CMCCHAIN 
SUPPJIIESS INCORRECT' LENGTH 
SICIP 
POST "'06III"M CONTROLLlO.INTEA"U" 

c· lIT ASSIGNMENTS AAI: 

IIT30 lIT 31 

o 
o 
1 
1 

o 
1 
o 
1 

IYTE 0 DR FULLWOAO 
IYTt 1 OR FIRST H"LFWORO 
IYTE 2 DR DOUILIWORO· 
IYTE 3 OR SECOND HALFWORO 

·,F OOUIUWOROIS INDICATED TO A CHANNEL. A"'8IGUOUS RESULTS 
.. AYOCCUR. 

Input/Output Command Ooubleword (lOCO) 

10-6 
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"0011111$ 

31 
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CPU---ARSTXTRANSFER---..... RPU 

DESTINATION BUS .. (LOTOO~23) 

DATA BUS (LO 00-31) 

FlAGS I REAL IQCL ADPRESS 

CpU .... r.----REAOY-----RPU 

CPU----RSTX TRANSFER---.... RPU 

DEST:NATIONB US 

INT~YL IPHY· ApDg I SliADDRI 

DATA BUS 

. e.AGSI····REA~IQCL ·ADPRESS I· 

CPU ...... t--.... ·ORT TRANSFER-·· ----RPU 

t€STINATION BUS 

Icpul 

DATA BUS 

CC ' S I ISTATl'S· AODRESS 

. RPU--MEmRY READ TRANSFER--..... MEMORY 

DESTINATION BUS 

DATA BUS 
t-__ ----J PHY AO@ 

RPU ... ~t---DRT TRANSFER ----"!--MEMORY u 
DATA BUS 

CMA I STATUS ADDRESS 1ST IOCD.OFLIST 
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EACH 1IO'HAN:DLElt'HAS AS.CRAT'.CHPAJ:t'AREP,.< INMAIN~'EMORY 

WHERE '.T~,~!'~~Rf!~~'S.E,~~~:tJI,,~,q;~;.,9F,.;!~f'D£VrcE .CH~~,CTE RISTICS 
. S UCH ASMoD£l~T'fPE"()F 'Rtco~~l,NGt(~Rif:"'PE ·~·'ete:!)-. AND 

, ALSO .EACHDEVlcE's~;~TATOS AOQrtES'Si~ 
. ' ... ' ......• ."' .. ' ." .... C'·'·~Ti,·",,~;~":t·~i;r"15·1,,}~;L~:·: ...... 't 

HANDLE R ·.SCRAT CHP!AO·~~!o;"nt .. ·'t-rAtN~"'ME~tO'~v'" ....... '." 

MODEL' , 
kE'COF{DIN~G:".'~~RZr;'!'~~£'7;.t:c~:" 

" .IIT\J$AOORESS,;:PEV.!~,;·.; .. 
·'STATUSAO.ORESSDEY.' l' " 

§lP;: ·II.LA:Q~t~~:;;:.QEl~"!i '~;";"" 

'~:J~~r. . 
'~~ESANIIO 

' .. ·.·tNstaUCTIOf4io}A.:, . · .•. '!Ft:E1S,T :ifiNtfJ:l£ ·.,lIOC(H~MAND 
'.. ~lSr .i,~.UJ.S~lit~~~.~·I~~.~~~:l~~~f.jfi.~_,~g~g~~~~~ ... ~·.SCAATCH-
. '~;~AO~~).'::'" .... .." . . '. •... . '. ' 
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CPU ---Al CT TRANSFER ---..,.,RPU 

DESTINATION BUS 

INT LVL I PHYADDRI 

DATA BUS 

ACK INT Big BIT I. 

cpu .... P----READY·-------RPU 

. CPU --- I CT TRANS FER----I ....... RPU 

DESTINATION BUS 
INT LVll PHY Aqp~ ... R_1 ___ 

DATA BUS 
I . ·ACK tNT REO BIT· 

CPUfoII'-I--- DRT TRANSFER------· RPU 

DESTINATION BUS 
Icpul 

DATA BUS. 
eelsl STATUS AODR 

THE cpu STORES THE 'bEVICE STATUS ADDRESS 

IN THEICB (WORD·6) 

WORD 1 
WORD 2 
WORD 3 

WORD 4 
WORD 5 .. 

WORDS 

ICS 

OLD PSDl 

OLDPSDZ 

NEW ·PSDl 
. NEW PSDZ 

·IOCl ADDRESS 

I/O STATUS ADDRESS 
( ...... ~\ .. 
\~/'-
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..... 

..... 
. '. 

., " . 

, : ~ ~ . ~ ;' . 

·;TH£~.I/Cl,H~NDLE't'·tAffN·OW·ACC£SS\THE~·DE:VlCESTATUS· 
.. USING llfE·.STATUS'AC:DRESS·IN: 'Tl-tEICB.·· 

.. " f. 'lJ~~·~ •.. 
.. tE.VIC£:STATUS:IS ·AS:·FOLLOWS f·· . ',' .. . '. ~ ' . 

:::. 
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8. What field in a CD instt"uctiontells the CPU where to 
locate the Device Entry in Scratchpad? 

D12 v; cL-Mc4tesS he I cI· Lt>~/co. \ G\ Jei'Ce.s5 
b;h iP-ld.. .... 

9. lVhen executing of TD2000, whet"e is'device status stored 
in Memo:? 1ft-. I '1,,-h~ _Sf'" c ;/:'id hy . -rC iJJ 1«J,,,!rd 

I {j (a~,trn .fo;. +It-.~ ... dev( r.e ... . 

10. Where inScratchpad is the 'lPL' Device Entry stored? 
~'\ ',,~ 

'11. How do we detem.ine where tl Device Interrupt entry is 
located inScratchpad? . . . , 

... t:-L '\-'~~ 5"~~F ·loc.o.ttVf' 

12. How is anIPL IOCDformed?What do the fields mean? 
<;) ~·B ~U f(rm~~t; lwU9..b \ ~ ~=l (~~"O- ~-;)'\~. "Dqk W 

-\-\)V~~~"",, ~ .. J" 00 0' -:'Ctlt~, . ' 

'~ ~< D~O~ "1F~f ~~. k~)"~ 'k3b~. Ib~3l Byk 1fir Co~Y'+ 

13. Ifa trap occurs·'C>tb. CPU . traps , nable.. where wou (O/~ CX\).-
the CPU Status Word be located?·· sare not en- } 
abled, where would the CPU St,tus Word be located? 

~v6/u( +t-P.fs .. ~ C'(II $-H.~tWD1JtJ Je, /tJ (AluL ,Sf::i. w~ 
5+- -rc.13. I~f~ '1}~Jk,( +keflPl)$.{.~.'+-iJ.s w-N-,). WnI(&{ b~ 

/" Cfi.f.u{ 5lJ6, . ..". . . 

15. Where in memory is the dedicated IVL for Memory Parity 
Trap? Machine Check Trap? 

0,68 rn e ~¢1j ~+1 T ~ -:tvL. 
! 81 j41~tkl~" C!Je,(;L Tr-tAf 
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16. What type of trap occurs when an unpriveleged pr9gram 
tries to writ~ into ~ prote~ted area of memory? 

PI- \\J ~Jtje. V I olfl-+ (iM T( (i r \ "B 

17. What causes a System Check Trap? :;;d'//w.o,r< j;;)'.JfC +hc'!-
~Nc-""'flerA i-u ?rc.e.. It~ CPc.t.. :nl-o C?0 :/!oJ;cal S·t''(v .... /lt-e., 

18. 

19. 

What causes a Mac~.it;e Check Trap? (h /!-r'~ ( 
//~r.r(t-V"'.r~ If-fr.Mt-,,-,,,.t:~ ;:':!vr..:. '11.4< ". 

Q", t~lr::r-n/ff- c;r cdV1lexl .:)/,J/lch. 
?:;::;- / y ',) 

What happens if the PSD 
trap condition occurs? 

5 ~o - 5'-l-o 

Traps are not enabled 
"1'"he. l~Ll 11-1\\\ ~ \\-

W'\ \I C (l"\ ~ c..i v'\ \\\\0_ 

and a 

20. In the PSD Mode, if the CPU Trap Halts, can you find 
out why? What information is available? CA !"$. , . 

-r"", e.. 7f~ t7.f -I'0f.' ;r (/;'l"';~yl'j Cfnti-. by c.t (' "~~'iAj #./<L-
o LlJ ps./) '-fhr€ / 0 C '" h (nA. (a r t r "I/;'Vs /0<'.<\ ,t;~t) o.f. i .. r {rvc A,." ./ hc.· f-; 

Ca.·f/J(!,d ~l Q..V\.t?C CP(J d..lv.J wF·rd {JrdVl:te /11,.,(' ..s1't'c/~<7£ (;1", 

21. Write a 'SET CPU' instruction that will enable the 
PSD Mode. /' ylCPU (Jolf/II 0'-;"'):~-:)()//{)()1 NcOr O!~"'~(l?':) ",):0/) ''''''/D 

( Ro -== OJ~~)t):· )/)0;00/00 00: Good OOI!>Q 00000000 

~ ;)"C.6900D~ -
Ci<o="OoOO{ ()OO 

22. Write a 'READ CPU STATUS' instruction into Register- Zero. 
oooq 000;). ROi'TS-j rJoOf 

CPu ~k.l~ ~ 1Ze~ 'I 
23. What is the IVL for the REAL TI~m CLOCK? Power Fail? 

-1A ~ ~ f2-Ie IVL. 

ira.p fJflJ- - PF :tvL 
oR 

ft r-1 :t"\ k/'('vf'~-
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24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

How can the 32/75 CPU be put into the PSW Mode? 

By v.sr'J ii,' .f~-t cpa !V/ ode. ()~ (!Ltllj/~j to... 

.y I~c.- {' PI( ('i '7 { J v."""ftr 0\- \... !) f.):.1\./ '/" ~ 

5c-+ ~"" , to 
You have a requirement to install an external interrupt, 
the 4th RTOM in your system has the LDVrNTR~l line avail
able. What would be the physical pin ~n the backplane to 
connect to and what rCL interrupt entry would you generate? 

P, ~ "/ PIC) ~:J:h ' ,9 *:t,,~ 5 \ '" C. E 

It\':.,.t Q, ~~~,~'IS ®_).WI'~\./''\ 
"'7 What jumpers must be in L24 CPU 'c' board for 75 Mode 

and Parallel Control Panel? 
f,;ft; ;\) {';10 i /~ 10 , \ ~(\~0. ~\,\ 

-).~ H ~~- S,' .1,' 

What component 
priority? The 

c,. 1/ 

of the system has the highest 
lowest? Cpc.z • CP{L 

(7( J ~ c?3 
/' Y11vrI&fi 

SEL Bus 

What are the field assignments on the Destination Bus 
for a DRT? 0 _ 3.1 tv'C" « I ;.lrJ:l1 ('LS 

C \)1/ s 

What is the Tag Line configuration for an MRT? 

L T'f. -.:.. L

L- \"A (M ,.. l,., 

(...( ~T\ .:: \-\ 
kRD ~ L-
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32. When in the Mapped Mode, does the 'Program Count' in PSDl 
give you the real memory a4dress of an instruction? '~y? 

No. -rhe.. o-M~i Is M.-8d:J.cly) bti'~'D~· ~1~L,s ~(~ I Ad.d.rdS 

33. 

34. 

Pc ",s 0'" 1,\ 11 ,b,'4s 

In the Mapped Mode, do -programs have to be in contiguous 
memory? Why? Nt)."T7u.. frlri ;Q~:6kI'S 'S/~~;fi CU'r!c:r 

J'e-ttl'(r1('e" ~ e~w OloJs 

What is the minimum amount of memory a program is allocated 
in the Mapped Mode? 6 Ie w 

35. What is the minimum amount of m.emory that can be WRITE 
protected at any given time? 8~W r'rIllfftA 

-(.... ~ P IWtJ ~N fY4lJPJ 

36. lVhen is the "BP1Xu used iriPSD2? 
dttk.rM;/\~ '1:>" il>eI('(tM ~It-

vsJ. ~1~ t'Y\u.' 

37. How is the CPU put into the Mapped Mode? 
l>y L oJ . ,rJ~~ ~Iw fJw~-.,.,J. C4j~ fb&P' 

1>~ l~ ~ Ki)~ \)? 1) . 

38. How can you examine the contents of the CPU Map Registers? 

39. How many bits are used in one Map Register entry (8KW 
MAP Il-'AGE)? What are they? 'lfbtls 

V!d,d;+t .' ~;+- -·r 

Pr6'kc"" ~~f - r 

qY\l\~M:4res5 -, 
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40 •. ~;!::a;F±ri~~:~~~iiif~.~~~;·~ 
.,t·· . . '. ..... .. 

l~~ ·~·t~~ 
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.•... (- '." , .. ;:,-,:. ,~, {.'.','.. :~.' . , ~ , ,''.: ,""', 
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.-: " 

'.',' " 

~; ... .1 

" .•.. ,. ," 

: ,'\. 
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',';., . ~ ;', 
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• "0' 
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SECTION 11 

MIS~CELLAN-EO',US'-lNFORMATIO N. 



··0····.: , , 

'. t,-

',.' 

:I~ .. 

\0 



_. ,_ •••••• _ •• • ... , __ ~ h 

TROUBLESHOOTING 

FLOWCHART . 

...................... :- "-';"-"'-' .•. , ...... ''''" 
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I' 

Start 

Power up CPU • 
all peripherals 

Halt CPU if 
. running . 

... , ... ~ ." ., ... , -.. ..• " .. "., . 

. ' '.', 

. . 

'. .•... ::ft1t4l(5~e:,.t~·· ' 

Check power-,s upply, . . .' .... 
out.,utvolti:ges . Power .• 

~ ___ .. fallcl1"'d'confttcted·... . 
·properlY··· 

.>. ,.' 

Powe rdown~ .,R*movetPU. 
,Chetlt fnter.bcoa'''d' ...• . .... 

>-------~ connett01"S&thlitdt1:1'$ 
. . ere seated proper'l,y ,.' Q 

"1 .. ,2· .' . . ':" ... ', ...... :,,,',,, 



~ 0 '. Yes 
~ _________ ,_..;...l;.,.,....;...--'"-___ ..... ""----"" 

.Runext. func
. tion3 ... S 

" 

--'.-1 

. Cent inue 
TreubleSl'lootin9 
<.I5.tNG 

"c D6(1.7l"'i11itNr/!4c'TA 

No 
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. '. ", .'~ .. 

'Example: 

. ", -;-;;';: .. 

Pr.ss .rPL .'b~ttcf\ _: Lii',%1~t 
,Mo"1tQr,~p.ilo4.t ion 

"'I:£J(tfun~tlon r ~ 
I,press,keyon TTV .L,." .. :",o., 
j , 

11 ... 4 

( '" 

r',~ 



5 

Put 7 card loade 
& diagnostics 
into system & 
run 

After running 
MDl & MDZ run 
memory diag. the 
interrupt diag. 

Load DEXP and 
run all I/O 
diag. 

No 

Troubleshoot ~ 
repa ir 

00 a system generation. 
RTI-1 • r~iOF.tape & SDF 
cards 

Exit 

6 

Execute a TO 
8000 to TTY & 
C.R. & L.P. 
Observe con(j. 
codes 

No 

No 

Yes 

10r·l off 1; ne or 
not present 

Yes 

Yes 

Device inop. 
repair Dev/ 
replace 

Replace TLC 10rl 1 

_I 

7 

Check C.R. cables 
for broken pins 
etc. 
Repa i r/rep 1 ace 

') 
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S. E.l.~ 32 TROUBLESHOOTI}JG FORM 

N»m _______________________________________ __ 

WEEK ______ DAY ____ TIME EXPENDED ______ _ 

TROUBLE WAS: BOARD _____ CHIP ________ _ 

SYM?TOMS: 

TEST & MP.:rnTE}JANCE ROUTINES USED TO F:DjD PROBLE~I: 
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r S.E .. L 32 TROUBLESHOOTI~G FORM 

N~. ______________________________________ __ 

WEEK ______ DAY ____ TIME EXPENDED ______ __ 

TROtmLE WAS: BOARD _____ CHIP _________ _ 

SYMPTOMS: 

. 
TEST & MA~T~ANCE ROUTINES USED TO F~D PROBLE~I:-

STtJDE~r=s COL-~.n;TS: 
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[ 
S.E..L 32 TROUBLESHOOTING FORM 

N~ _______________________ • ______________ _ 

WEEK ______ DAY ____ TIME EXPENDED ______ _ 

TROUBLE WAS: BOARD _____ CHIP ________ _ 

SYMPTOMS: 

TEST & MA~TENANCE ROUTINES USED TO FDiD PROBLE~l: -

( 

STt~E~:S CO~~~TS: 
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S.E •. L 32 TROUBLESHOOTING FORM 

c. 
N~, ____________________ ~ _______________ __ 

WEEK ______ DAy ____ TIME EXm~DED ______ _ 

TROUBLE WAS: BOARD _____ CHIP ________ _ 

SYMPTOMS: 

TEST & MA~T::~ANCE ROUTINES USED TO F~D PROBLEN: 
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ABBREVIATIONS 
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L' LIST OF ABBREVIATIONS 

ADS ASYNCHRONOUS DATA SET, USED TO INTERFACE COMMUNICATIONS TERMINALS 
AND MODEMS TO THE SYSTEM. 

AICT ADVANCE INTERRUPT CONTROL TRANSFER. SELBUS. 

ALIM ASYNCHRONOUS LINE INTERFACE MODULE, IS A GPDC, USED TO INTERFACE 
COMMUNICATIONS DEVICES TO THE SYSTEM. 

ADI ANALOG DIGITAL INTERFACE, INTERFACES REAL TIME PERIPHERALS (RTP'S) 
SUCH AS ANALOG TO DIGITAL, DIGITAL TO ANALOG, CONVERTERS, ETC. TO 
THE SYSTEM. 

ALU ARITHMETIC LOGIC UNIT. 

ANSI AMERICAN NATIONAL STANDARDS INSTITUTE. 

ARSTX ADVANCE READ STATUS TRANSFER, IS A SELBUS TRANSFER. 

BLIM BINARY SYNCHRONOUS LINE INTERFACE MODULE, USED TO INTERFACE 
COMMUNICATIONS DEVICES TO THE SYSTEM. 

BOT BEGINNING OF TAPE. 
(" 

/ 
BPI BITS PER INCH, NUMBER OF BITS PER INCH ON MAG TAPE. 

BPI X BASE PROCESS INDEX, 32/75 PSD2. 

CALM CALL MONITOR, USED IN SOFTWARE TO COMHUNICATE WITH THE REAL TIME 
MONITOR (RTM). 

CC CONDITION CODE. FOUR BITS IN THE PSW. 

DC CARTRIDGE DISC OR COMMAND DEVICE (INSTRUCTION). 

CDC CARTRIDGE DISC CONTROLLER, IS AN 10M. 

CE CUSTOMER ENGINEER. 

CR CARD READER, READ PUNCHED CARDS. 

Cf40S CAPACITOR METAL OXIDE SEMI-CONDUCTOR. 

CPIX CURRENT PROCESS INDEX, 32/75 PSD2. 

CROM CONTROL READ ONL Y MEr~ORY, USUALLY THE FIRMWARE FOR A ~1I CROPROCESSOR. 

CP CARD PUNCH, PUNCHES HOLES IN CARDS. 

. (~ 
CPC CARD PUNCH CONTROLLER, GPDC . 
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CPM CARDS PER rUNUTE. SPEED OF CARD READER. 

CPU CENTRAL" PROCESSING UNIT, USED TO CONTROL THE ENTIRE SYSTEM. 

CRC CYCLICAL REDUNDENCY CHECK, PARITY CHECK CHARACTER ON NINE LEVEL 
(9 TRACK) MAGNETIC TAPE. 

CRT CATHODE RAY TUBE, USED AS OPERATOR CONSOLE OR COMMUNICATIONS TERMINALS. 

CYL CYLINDER, TERM USED WITH DISC DEVICES. 

DCC DEVICE CONTROLLER CHANNEL. USED TO IDENTIFY DEVICES DURING SYSGEN. 

DRT DATA RETURN TRANSFER. SELBUS. 

DSS DEVELOPMENT SUPPORT SYSTEM. 

ECC ERROR CORRECTION COCE. MOVING HEAD CISC. 

ECL EMITTER COUPLED LOGIC. 

ECO ENGINEERING CHANGE ORDER. 

EOT END OF TAPE. 

FCB FILE CONTROL BLOCK. SOFTWARE. 

FHD FIXED HEAD DISC, HEADS ARE ELECTRONICALLY SELECTED TO DESIRED TRACK. 
THERE IS A FIXED READ/WRITE HEAD" FOR EACH TRACK. MAGNETIC STORAGE 
DEVICE. 

FM FREQUENCY MODULATION, ALSO FILE MARK ON MAG TAPE. 

FPU FLOATING POINT UNIT, USED TO PERFORM HIGH SPEED ARITHMETIC COMPUTATIONS. 

FXD fULL DUPLEX. COMMUNICATIONS TERM. 

GPDC GENERAL PURPOSE DEVICE CONTROLLER, USED WITH THE GPMC. 

GPIO GENERAL PURPOSE INPUT OUTPUT MICROPROCESSOR. 

GPMC GENERAL PURPOSE MULTIPLEXING CONTROLLER, USED TO CONTROL UP TO SIXTEEN 
GPDC'S. 

HSD HIGH SPEED DATA INTERFACE, USED TO INTERFACE HIGH SPEED DEVICES TO THE 
SYSTEM. SUCH AS ANOTHER COMPUTER. 

HXD HALF DUPLEX. COMMUNICATIONS TERM. 

tSl INTER-BUSS LINK. USED TO CONNECT TWO SELBUSSES. 

ICB INTERRUPT CONTEXT BLOCK, OR INITIAL CLEAR BUS. 

ICL INITIAL CONFIGURATION LIST. USED TO DEFINE THE PHYSICAL SYSTEM EN
VIRONMENT TO THE CPU. STORED IN CPU SCRATCHPAD. 

c 

o 
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ICT INTERRUPT CONTROL TRANSFER. SELBUS. 

loeB INPUT OUTPUT COMMAND BLOCK. 

lOCO INPUT OUTPUT COMMAND DOUBLEWORD. 

10CL INPUT OUTPUT COMMAND LIST. 

10M INPUT OUTPUT MICROPROCESSOR. USED TO CONTROL I/O DEVICES. 

IPL INITIAL PROGRAM LOAD. USED TO LOAD PROGRAMS INTO THE SYSTEM 
FROM AN INPUT DEVICE. 

IPS INCHES PER SECOND ( TAPE SPEED ). 

IRG INTER RECORD GAP. MAG TAPE. 

LED LIGHT ~MITTING DIODE. 

LP LINE PRINTER. 

LPM LINES PER MINUTE. 

LRC LONGITUDINAL REDUNDINCY CHECK. TRACK PARITY-ON TAPE. 

LSB 

LSI 

LEAST SIGNIFICANT BIT. 

LARGE SCALE INTEGRATION. 

MBA MEMORY BUS ADAPTER. USED TO CONNECT A SELBUS TO REMOTE MEMORY. 

MBC MEMORY BUS CONTROLLER. CONTROLS MEMORY MODULES. 

MDF MONITOR DISTRIBUTION FILE. SOFTWARE. 

MHO MOVING HEAD DISC. DIRECT ACCESS DEVICE. 

MIA MEMORY INTERFACE ADAPTER. SAME-AS MBA. 

MID MAP IMAGE DESCRIPTOR, 32/75 MEMORY MANAGEMENT COMPONENT. 

MIOP MULTIPLEXING INPUT OUTPUT PROCESSOR. USED TO CONTROL VARIOUS TYPES 
OF I/O CONTROLLERS ON A TIME SHARING BASIS. 

MIU MEMORY INTERFACE UNIT. 

MOS METAL OXIDE SEMI-CONDUCTOR. 

MPE MEMORY PARITY ERROR. 

MPL MASTER PROCESS LIST. LOCATIONS 784 THRU 7Fe. (32/75) -

MAPPED. PROGRAM EXECUTIVE. 32/75 OPERATING SYSTEM SOFTWARE. 
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MRLT MEMORY READ AND Lo"CK TRANSFER. SELSUS 

MRT MEMORY READ TRANSFER. 

MSD MOST SIGNIFICANT DIGIT. 

MTF MAGNETIC TAPE FOR~1AnER 

MUX MULTIPLEXOR. USUALLY A CHIP THAT SELECTS ONE OF SEVERAL INPUTS AND 
SENDS IT TO THE CHIP'S OUTPUT. 

MSDl MAP SEGMENT DESCRIPTOR LIST. 32/75 MEMORY MANAGEMENT. 

MTU MAGNETIC TAPE UNIT. 

MWT MEMORY WRITE TRANSFER. SELBUS. 

PCB PRINTED CIRCUIT BuARD. 

PDX PROGRAM DEVELOPMENT EXECUTIVE. 

PE PHASE ENCODED. A TYPE OF MAGNETIC RECORDING USED ON TAPE. 

PFS POWER FAIL SAFE. 

PLO PHASE LOCK OSCILLATOR. USED IN DISC DEVICES. 

PROM PROGRAMMABLE READ ONLY MEMORY. ROM CHIP. 

PSD PROGRAM STATUS DOUBLEWORD. 32/75 

PSW PROGRAM STATUS WORD. 32/55 

PTR PAPER TAPE READER. 

PTRP PAPER TAPE READER AND PUNCH. 

QC QUALITY CONTROL. 

RAM RANDOM ACCESS MEMORY. SOLID STATE DEVICE (CHIP). 

ROM READ ONLY MEMORY. SOLID STATE DEVICE. 

RPU REGIONAL PROCESSING UNIT. 

RSTX READ STATUS TRANSFER. SELBUS. 

RTOM REAL TIME OPTION MODULE. USED TO HANDLE INTERRUPTS. 

RTM REAL TIME MONITOR. 32/55 SOFTWARE OPERATING SYSTEM. 

SCPI SYSTEM CONTROL PANEL INTERFACE. AN 10M. 

SOC SEGMENT DESCRIPTOR COUNT. 32/75 MEMORY MANAGEMENT COMPONENT. 

. (( .. ,,~. 
"--j' 
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SDF 

501 

50S 

SEC 

SYSTEM DIRECTORY FILE. USED DURING SYSGEN. 

SERIAL DATA INTERFACE. 

SYNCHRONOUS DATA SET. 

SECTOR ON A DISC. 

SERVICE INTERRUPT. OCCURS WHENEVER A DEVICE TE~1INATES. 

SYNCHRONOUS LINE INTERFACE MODULE, COMMUNICATIONS TERM. IS A GPDC. 

SYSTEM GENERATION. SOFTWARE SYSTEM BUILT ON DISC. 

TRANSFER ADDRESS WORD. 

TRANSFER CONTROL WORD. HAS TRANSFER COUNT AND DATA ADDRESS. 

TELETYPE, LINE PRINTER, CARD READER, CONTROLLER. 

TASK SERVICE AREA. SOFTWARE TERM. 

TECHNICAL SUPPORT BULLETIN. CUSTOMER SERVICE. 

SI 

SLIM 

SYSGEN 

TAW 

TCW 

TLC 

TSA 

TSB 

TSM TERMINAL SERVICES MANAGER. SOFTWARE, USED WITH MPX FOR TERMINAL SUPPORT. 

TSS TERMINAL SUPPORT SYSTEM. SOFTWARE, USED WITH RTM FOR TERMINAL SUPPORT. 

TTY TELETYPE TERMINAL. 

UART UNIVERSAL ASYNCHRONOUS RECEIVE AND TRANSMIT. (CHIP) 

VFO VARIABLE FREQUENCY OSCILLATOR. 

VLSI VERY LARGE SCALE INTEGRATION. 

VRC VERTICAL REDUNDANCY CHECK. BYTE. PARITY ON MAG TAPE. 

WCS WRITABLE CONTROL STORAGE. CPU OR I/O MICROPROCESSOR. 

WDOT WORD DATA OR ORDER TRANSFER. SELBUS. 
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APPENDIX 

GLOSSARY OF BUZZ WORDS . 

ACCESS "TIME 

.The time interval between the request for information and the instant this 

information is available. 

ACCOUNTING MACHINE 
" , , 

1. A keyboard actuated machine that prepal"es accounting records. 

'Z. A machine that reads d~ta from externai storage media. such as cards 

or tapes, and aU,tomatical1y produces accounting records or tabulations, 

usually on continuous forms. 

ACCUMULATOR 

A device · ... l1ich stores a number an~ Wh1Ch, 011 receilJt ;jf anotr,er 'numter, 

adds the t\'IO and 5 tores the sUr.]. 

ACCURACY 

ACK 

The degree of freedom from error. thH is, the degre''! of confonllty. to 

truth or to a rule. Accuracy is ~ontrasted with precision. ror example. 

four-place pumerals are less precise than six-place numerals, nevertheless 

a properly computed fo~r-place n~meral might be more a~curate than an 

improperly computed six-place nUi:leral. 

Ac~nowledge message sent upon a communication link to indic~te the 

reception of correct data. Used with error detectors in block and 
I . 

tree codes. \t_"/ 
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APPENDIX 

GLOSSARY OF BUZZ WORDS 

A (Cont'd) 

ADAPTER-

ADDER 

A device used to effect operative capability between different parts of 

one or more sys terns or subsys terns. 

Switching circuit that combines binary bits to gene~ate the Sum and Carry 

of these bits. 

ADDt\ESS 

An address is a coded instruction designating the location of data or 

.program segments in storage. The address may refer to storage in 

(~ registers or memories or both. The address code itself may be stored 

so that a locatton may contain the address of data rather than the data 

itself. This form of addressing is common in microprocessors. 

Ad~ressing modes vary considerably because of efforts to reduce program 

execution time. 

ADDRESS FORMAT 

1. The arrangement of the address parts of an instruction. The 

expression "plus-one" is frequently used to indicate that one of 

the addresses specifies the location of the next instruction to be 

executed, such as one-plus-one, two-plus-one, three-plus-one • 
. . ~ 

four-plus-one. 

2. The arrangement of the parts of a single address, such as·those 

required for identifying channel. module. track. etc., in a 

disc system. 
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A register in which an addres~ is stored. 

ALGORITHM 

A term used by mathmaticians to describe a set of procedures by which a 

given result is obtained. 

ALPHANUMERIC CODE 

A code whose code set consists of letters. digits. and associated 

special characters. 

ALU ~ARITHMETIC AND LOGIC UNIT): 

The ALU is one of the three essential components of a microprocessor ... 

t~e other two being the registers and the control block. The ALU performs 

various forms of addition and subtraction; the logic mode performs such 

logic operations as ANDing the contents of two registers. of masking 

the contents of a register. 

ANALOG REPRESENTATION 

A representation that does not have discrete values but is continuously 

variable. 

ARCHITECTURE 
. 

An, design or orderly arrangement perceived by man; the architecture 

of the microprocessor. Since their existance microprocessors. vary considerably 

in deSign, their architecture has become a bone of contention among C-· .... 
, ... / 

specialists. 
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1. A shift that does not affect the sign position. 

2. A snift that is -equivalent to the mu1tip1,ication 'of a number by a 

positive or negative integral power of the radix. 

ARRAY LOGIC 

A logic network whose configuration is a rectangular 'array of intersections 

of its input-output leads. with elements connected at some of these inter

sections. The. network usually functions as an encoder or decoder. 

ASCll 

American National Standard Code for Information Interchange. The standard 

cnde. using a coded character set consisting of 7-bit coded characters 

(8 bits including parity check). used for infonmatior interchange among 

data processing systems. communication systems, and associated equipment. 

The ASCII ~et consists of control characters ar~ graphic characters. 

Synonymous with USASCII. 

ASSEMBLE 

To prepare a machine language program from a symbolic language program 

by substituting absolute operation codes for symbolic oper~tion codes 

and absolute 0,' relocatable addresses for symbolic addresses. ", 

ASSEMBLER 

A computer program that assembles. 
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ASSEMBLER PROGRAM 

The Assembler Program translates man read~ble source statements (mnemonics) 

into machine understandable object code. 

ASSEMBLY LANGUAGE 

A machine oriented language. Normally the program is written as a series 

of source statements using mnemonic symbols that suggest the definition of . . . 

the instruction and is then translated into machine language. 

ASYNCHRONOUS 

Operation of a s\"itching network by a free-running Signal which signals 

successive instructions, the completion of one instruction triggering the 

next. There is no fixed time per cycle. 

ASYNCHRONOUS DEVICE 

B 

BAUD 

A ~evice in which the speed of operation is not related to any frequency 

in the system to which it is connected. 

A unit of signaling speed equal to the number of discrete conditions or 

signal events per second. For example. one baud equals one-half dot 

cycle per second in Morse code. one bit per sec~nd in a train of binary 

signals. and one 3-bit value per second in a train of signals each of 

which can assume one of eight different states. 

c 

0", 
. ! 
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A measure of data flow. The number of signal elements per ~econd based 

on the duration of the shortest element .. When each element carries one 

bit, the Baud rate is numerically equal to ~its per second (bps). The 

Baud .rates on UART data sheets are interchangeable with bps. 

BAUDOT CODE 

Information code used in data transmissio~. . 

BCD (BINARY CODED DECIMAL) 

Each decimal digit is binary coded into 4-bit words. The decimal number 11 

would become 0001 0001 in BCD. Also known as the 8421 code. 

BENCHMARK 

Originally a surveyor's mark used as a reference point in surveys. In 

co~nection with microprocessors, the benchmark is a frequently used 
. .' 

routine or program selected for the purpose of comparing different 

makes of microprocessors. A flow chart in assembly language is written 

out for each microprocessor and the execution of the benchmark by each 

unit is evaluated on paper. It is not necessary to use hardware to 

measure capability by benchmark. 

BENCHMA~K PROBLEM 
i 

A problem used to evaluate the performance of hardware or software 

or both. 
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A term applied to a port or bus line that can be used to transfer data in 

either direction. 

BINARY 

A system of numbers using 2 as a case in contrast to the decimal system 

which uses 10 as a base. The binary system requires only two symbols, 

a and 1. Two is expressed in binary by.the number 10 (read one, zero), 

Each digit after the initial 1 is multiplied by the base 2. Hence the 

following table expresses the first ten numbers in decimal a,d bi nary: 

. Decimal Binary Decimal Binary 

O. 0 5 101 

1 1 6 110 

2 10 7 111 

'. 3 11 8 1000 

4 100 9 1001 

BINARY CODED DECIMAL (BCD) 

A binary numbering system for couing decima1 numbers in groups of 

4 bits. The binary value of these 4-bit groups ranges from 0000 t~ 

1001, and codes the decimal digits .. a" through "9", To count to 9 

takes 4 bits; to count to 99 takes two groups of 4 bits; to count 
.. 

to 999 takes three groups of 4 bits~ etc. 
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1. A set of things, such as words, characters, or digits handled 

as a unit. 

2. A collection 'of contiguous records recorded as a unit. Blocks are 

separated by block gaps and each block may contain one or more 

records. 

3. A group of bits, or n-ary digits, transmitted as a unit. An encoding 

procedure ;s generally applied to the group Of b;ts or n-ary digits 

for error-control purposes. 

4. A group of contiguous characters recorded a~ a unit. 

BLOCK DIAGRAM 

A'~iagram of a system, instrument, or computer in which the principal 

parts are represented by suitable associated geometrical figures to 

show both the basic functions and the functional relationships among 

the parts. 

BGOTSTRAP 

A technique or device designed to bring itself into a desired state by 

m~ans of its own action, e.g., a machine routine whose first few 

instructions are sufficient to bring the rest of itself into the 

computer from an input device . 
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An arithmetically negative carry. 

BRANCH 

Refers to the capability of a microprocessor to modify the function or 

program sequence. Such modification de~ends on the actual content of 

the data being processed at any given instant. 

BRANCHING 

A method of selecting. on the basis of results. the next opera:;on to 

execute while the program is in progress. 

BUS DRIVER 

An integrated circuit which is added to the data bus system to facilitate 

proper drive to the CPU when several memories are tied to the data ous 

line. These are necessary because of capacitive loading which slows 

down the data rate and prevents proper time sequencing of microprocessor 

operation. 

BUS SYSTEM 

A.network of paths inside the microcomputer which facilitate data flow. 
'\ 

The important busses in a microprocessor are identified as Data Bus. 

Address Bus. and Control Bus. 
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BUFFER 

BUS 

BYTE 

C 

CALL 

An isolating circuit used to avoid reaction of a driven circuit on the . 
corresponding driver circuit. Also, a storage device used to compensate 

for a difference in the rate of flow of information or the time of 

occurrence of events when transmitting information from one device to 

another. 

One or more conductors used for transmitting Signals or power. 

A sequence of 8 adjacent binary digits operated upon as a unit. 

To transfer control to a specified closed subroutine. 

CARRY 

1. One or more digits, produced in connection with an arithmetic 

operation on one digit place of two or more numerals in positional 

: notation, that are forwarded to another digit place for processing 

there. 

2. The number represented by the digit or digits in definition 1 above. 
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COMBINATORIAL LOGIC SYSTEM 

Digital system not utilizing memory elements. A circuit arrangement 

°in which the output state is determined QY the present state of the 

input. Also called Cominbatorial logic'.' (See also SEQUENTIAL LOGIC.) 

COMMUNICATION CONTROL CHARACTER 

A control character intended to control or facilitate transmission of 

data over communication networks. 

COMMUNICATION LINK 

The, physical means of connecting one location to another for the purpose 

of transmitting and receiving data. 

COMPILE 

To prepare a machine language program from a computer program written 

1n another progralT1T1ing language by making use of the overall logic 

structure of the program, or generating more than one machine instruction 

for each symbolic statement, or both, as well as performing the function 

of an assembler. 

COMPILER 

A program that compiles. 

CONDIT.lON CODE 
0'"'1 

Refers to a limited group of program conditions such as carry, borrow, 

overflow, etc., which are pertinent to the execution of instructions. 

The codes are contained in a Condition Codes Register. (See also STATUS 

WORD REGISTER.) 
o I 

I 
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A jump that occurs if specified criteria are met. 

CONTROL BLOCK 

This ;s the circuitry which performs the control functions of the CPU. 

It is responsible for decoding microprogrammed instructions, and then 

generating.the internal control signals that perform the operations 

requested. 

CONTROL BUS 

Conveys a mixture of signals which regulate system operation. These 

·"traffic" signals are cOlilTlands which may also originate in peripherals 

for transfer to the CPU or the reverse. 

CONTROL CHARACTER 

A character whose occurrence in a particular context initiates, modifies, 

or stops a control operation, e.~ .• a character that controls carriage 

return, a character that controls transmission of data over cor:vnunication 
. 

networks. A control character may be recorded for u~e in a subsequent 

action. It may in some circumstances have a graphic representation. 

CONTROLLER 

Oigital subsystem responsible for implementing IIhow" a system is to 
.', 
function. Not to be confused with "timing" as timing tells the system 

"when" to perform its function. 

11-27 



C (Cont'd) 

APPENDIX 

GLOSSARY OF BUZZ WORDS 

3. Most corrmonly, "a digit as defined in definition 1 above that arises 

when the sum or product of two or more digits equals or exceeds the 

radix of the number representation system. 

4. Less commonly, a borrow. 

5. To forward a carry. 

6. The corrmand directing that a carry be forwarded. 

CARRY LOOK-AHEAD 

A type of adder in which the inputs to several stages are examined and 

the proper carrtes are produced simultaneously. 

CENTRAL PROCESSOR UNIT (CPU) 

Part of a computer system which contains the main storage, arithmetic 

4nit, and special register groups. It performs arithmetic operations, 

controls instruction proceSSing, and provides timing signals and other 

housekeeping operations. 

CHANNEL 
, .. A path along which Signals can be sent, e.g., data channel, output 

channel. 

Z. The portion of a storage medium that is accessible to a given reading 
". 

or writing station, e.g., track, band. 
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CHARACTER 
. . 

A letter. digit, or other symbol that is used as part of the organization, 

control. or repre~entation of data. A character is often in the form of 

a spatial arraogement·of adjacent or connected strokes. 

CHECK· BIT 

A binary check digit. e.g .• a parity bit. 

CLOCK 

A generator of pulses which controls the timing of switching circuits in 

a microprocessor. Clock frequency is not the onl~ criterion of data 

, . manipulation speed. Hardware architecture and programming skill are 

more important. Clocks are a requisite for most microprocessors and 

multiple phased ClOCKS are common in MOSprocessors. 

CODE 

1. A set of unambiguous rules specifying the way in which data may 

be represented, e.g .• the set of correspondences in the standard 

code for information interchange. Synonymous with coding scheme. 

2. In telecommunications. a system of rules and conventions according 

to which the signals representing data can b~ formed. transmitted, 

received, and processed. 

3. In data processing, to represent data or a computer program in a 

symbolic form that can be accepted by a data processor .. 

11-29 



APPENDIX 

GLOSSARY OF BUZZ WORDS 

C (Cont'd) 

CONTROL PROGRAM 

The Control Program is a sequence of instr~ctions that will guide the 

CPU through the various operations it must perform. This program is 

stored permanently in ROM memory where it can be accessed by the CPU 

during operations. 

COUNTER 

A circuit which counts input pulses and will give an output pulse after 

receiving a predetermined number of input puises. 

CPU (CENTRAL PROCESSING UNIT) 

CRC 

The heart of any computer system. Basically the CPU is made up of 

storage elements called registers, computational circuits in the ALU, 

the Control Block, and I/O. As soon as LSI technology was able to 

build a CPU on an Ie chip, the microprocessor became a reality. The 

one-chip microprocessors have limited storage space, so memory 

implementation is added in modular fashion. Most current micro

processors consist of a set of chips, one or two of which form the CPU. 

The Cyclic Redundancy Check character. 

CROM (CONTROL READ ONLY MSMORY) 

"this is a major component in the control block of some microprocessors. 

It is a ROM which" has been microprogrammed to decode control logic. 

C-.. -·.~·\ , J 
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CROSS.-ASSEMBLER 

CYCLE 

D 

When the prog ram is ass emb 1 ed b.)'.. the same compu ter tha tit wi 11 run 

on, the program that performs the assembly is referred to as the 

resident or native o'r self-assembler. If the program is assembled 

by some other computer, .the process is referred to as cross-assembly. 

1. An interval of space or time in which one set of events or 

phenomena is completed. 

2. Any set of operations that is repeated regularly in the same . 
r 

sequence. The operations may be subject to variations on each 

repetition. 

DAISY CHAIN 

A bus line which is interconnected with units in such a way that the 

signal passes from one unit to the next in serial fashion. The 

architecture of the ~airchild F-B provides an example of daisy-chained 

memory chips. Each ,chip connects to its neighbors to accIJ:nplish 

daisy-chaining of interrupt priorities beginning with the chip 

~losest to the CPU. 
, { 

DATA 

Information in numerical code which is aSSigned an address in memory 

(,~. that the CPU uses when storing or fetching the information. 
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The microprocessor communicates internally and externally by means of· 

the data bus. It is bidirectional and can transfer data to and from 

the CPU, memory storage, and peripheral devices. 

DATA PROCESSING 

The execution of a systematic sequel"ce of operations performed upon data .. 

Synonymous with information processing. 

DATA PROCESSOR 

A device capable of performing data processing, including desk calculators, 

punched card machines, and computers. Synonymous with processor. 

DEBUG 

To detect, locate, and remove mistakes from a routine or malfunctions from 

~ computer. Synonymous with troubleshoot. 

D-BUS (See DATA BUS) 

DECIMAL 

1. Pertaining to a characteristic or property involving a selection. 

choice, or condition in which there are t~n possibilities. 

2. Pertaining to the number representation system with a radix of ten. 
" 

DECIMAL DIGIT 

In decima1 notation, one of the characters a through 9. c··.··.'·\ 
I, 
1 ." 
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A conversion circuit that accepts digital input information - in the 

memory case, binary address information - that appears as a small 

number of lines and selects and activates one line of a large number 

of output lines. 

DECREMENT 

A programming instruction which decreases the contents of'a storage 

location. (See also INCREMENT and DECREMENT.) 

DEDICATED 

4[. To set apart for some special use. A dedicated microprocessor is one 

that has been specifically programmed for a single application such as 

weight meaSJrement by scale, traffic light control, etc. ROMs by their 

very nature (Reac-Only) are "dedicated" memories. 

" ( .. 

DlAGNOSTIC 

DIGIT 

Pertaining to the detection and isolation of a malfunction or ~istake. 

A symbol that represents one of the non-negative integers sm3l1er than 

the radix. For example. in decimal notation, a digit is one of the 
. 

characters from 0 to 9. Synonymous with numeric character. 

DIGITIZE 

To use numeric characters to express or represent data, e.g., to 

obtain from an analog representation of a physical quantity, a 

digital representation of the quantity. 
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1. Pertaining to the process of obtaining data from, or placing data 

int'o. storage where the time required f~r such access is independent 

of the location of the data most recently obtained or placed in 

storage. 

2. Pertaining to a storage device in which the access time is effectively 

independent of the location of the data. 

3. Synonymous with random access. 

DIRECi ADDRESSING 

Method of programming that has the address pOinting to the location of 

data or the instruction that is to be used. 

::~~CT MEMORY ACCESS CHANNEL (DMA) 

A method of input-output for a system that uses a small processor whose 

sole task .is that of controlling input-output. With DMA, data are 

moved into or out of the system without program intervention. 

DOT ~tATRIX 

A matrix of dots that 13 used to identify alphanumeric cha"acters. 

~ 

DOUBLE PRECISION 

?ertaining to the use of two computer words to represent a number. 

• .'J {c· . 
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To copy the contents of all or part of a storage, usually from 

an internal storage into an external storage. 

2. A process as in definition 1 above. 

3. The data resulting from the proce~s as in definition 1 above. 

DUPLEX 

The method of operation of a communication circuit in which each end can 

simultaneously transmit and receive. 

E 

EBCDIC 

Extended Binary Coded Decimal Interchange Code. An 8-bit, 256-character 

·code us~d in transmission of binary data. 

ECl CIRCUITS 

Bipolar emitter-coupled logic circuits, also called current-mode 

logic circuits. 

EDGE TRIGGERING 

Activation of a c;rc~it at the edge of the pulse as it begins its 

change. Circuits th~n trigger at the edge of the input pulse rather 

than sensing a level change. 

11-35 



E (Cont'd) 

EDIT 

APPENDIX 

GLOSSARY OF BUZZ WORDS 

To modify the form o~ format of data, e.g., to insert or delete 

characters such as page numbers or decimal pOints. 

ELECTROSTATIC STORAGE 

, A storage device that stores data as electrostatically charged areas 

on a dielectric surface. 

'EMULATE 

To imitate one. system with another su~h that th: imitating sys~em acce~ts 

the same data, executes the same programs, and achieves the same results 

as the imitated system. 

ENCODE 

To apply a set of unambiguous rules specifying the way in which data may 

.be represented such that a subsequent decoding is possible. Synonymous 

with code. 

END-AROUND CARRY 

A carry generated in the most significant digit place and ~ent directly 

to the least significant place. 

ENTRY POINT 

~n a routine, any place to which control can be passed. 

ERASE 

To obliterate information from a storage medium, e.g., to clear, 

to overwrite. 

c 

o 
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The number of loads connected"to the output of a logic stage. (A load 

normally consists of the input impedance of a logic circuit.) 

FEEDBACK LOOP 

The components and processes involved in correcting or controlling a 

sys tern by us i ng paort of the output as input. 

FEEDBACK SYSTEM 

See INFORMATION FEEDBACK SYSTEM. 

FETCH 

(_' To go after and return with things or objects. In a microprocessor, the 

"obj"ects" fetched are instructions and data which are entered in the 

Instruction and Data Registers. The next, or a later step in the program 

wi1l cause the machine to execute what it was programmed to do with the 

fetched instructions and data. 

FIELDS 

A source statement is made up of a number of code fields. usually four, 

which are acceptable by the assembler. The four fields may Connote Label, 

Operator, Operand, and Comment. Fields are also applicable to iata 

storage. The eight bits stored in a memory location might contain two 
° ·i 

4-bit fields, or eight l-bit fields, etc. 

FIRMWARE 

(~) (See SOLID STATE SOFTWARE.) 
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FIXED-POINT BINARY NUMBER 

FLAG 

. 
A binary number represented by a sign bit and one or more number bits, with 

a binary pOint fixed somewhere between two neighboring bits. 

1. Any of various types of indicators used for identification, e.g., a 

wordmark. 

2. A character that signals the occurrence of some condition, such as 

the end of a word. 

3. Synonymous with mark, sentinel, tag. 

FLAG BIT 

An information bit which indicates some form of demarcation has be~n 

reached such as overflow or carry. Also an indicator of special conditions 

such as interrupts. 

FLIP-FLOP (STORAGE ELEMENT) 

A circuit having two stable states and the capability of chang;~g from one 

state to another with the application of a control Signal and remaining in 

that state after removal of signals. 

FLOATING-POINT BINARY NUMBER 

A binary number expressed in exponential notation. That is, a part of the 

binary word represents the mantissa and a part the exponent. 

c 
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FLOW CHART OR FLOW DIAGRAM 

A sequence of operations charted with the aid of symbols, diagrams, or 

other representations to indicate an executive program. Flowcharts 

enabie the designer to visualize the procedure necessary. for each item 

on the program. A complete flowchart leads directly to the final code. 

_ FORMAT . 

The arrangement of data in a usable form. 

FORTRAN 

(FORmula TRANslating system) A language pr-imarily-used to express computer 

programs by arithmetic formulas. 

FULL-ADDER 

A logic circuit like the half-adder, but with a provision for a carry-in 

from a preceding addition. 

FUNCTION 

1. A specific purpose of an entity, Qr its characteristic action. 

2. In communications, a machine action such as a carriage return 

or line feed. 

G 

GENERAL-PURPOSE COMPUTER 

A computer that is designed to handle a wide variety of problems. 
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A logic circuit capable of adding two binary numbers with no provision 

for a carry-in from a preceding addition. 

HANDSHAKING 

A colloquial term which describes the method used by a modem to establish 

contact with another Modem at the other end of a telephone line. Often 

used inter~hangeably with buffering and interfacing, but with a fine line 

of difference in which handshaking implies a direct package to package 

connection regardless of functional circuitry. 

HARDWARE 

The individual components of a circuit, both passive and active, have 

long been characterized as hardware in the jargon of the engineer. Today. 

an1 piece of data processing equipment is informally cailed hardware. 

Physical equipment, as opposed to the computer program or method of 

use, e.g. J mechanical, magnetic, electrical, or electronic devices. 

HARD-WIRED LOGIC 

Random Log;c design solutions require interconnection of numerous integrateJ 

circuits representing the logic elements. An example of hard-wired logic 

is. the use of a hand-wired diode matrix instead of a ROM. These inter-
~ 

connections, whether dcne with soldering iron or by printed circuit board, 

are referred to as hard-wired logic in contrast to the software solutions 

achieved by a programmed ROM or Microprocessor. 
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This is a problem-oriented prograrrming lar,guage as distinguished from a 

machine-oriented prograrrming language. The former's instruction approach 

is closer to the needs of the problems to be handled than the language of \ 

the machine on which they are to be implemented. 

HEXADECIMAL 

I 

Whole numbers in positional notation using 16 as a base. (See Octal and 

compare.) Since there are 16 hexadecimal digits (0 through 15) and there 

are only ten numerical digits (0 through 9) an additional' six digits 

representing 10 through 15 must be introduced. Recourse is had to the 

alphabet to provide the extra digits. Hence, the least Significant 

hexadecimal digits read: 0,1.2.3.4,5,6.7.8.9. AI BI C. D. E, F. 

The decimal number 16 becomes the hexadecimal number 10. The decimal 

number 26 becomes the hexadecimal number 1A. 

IMMEDIATE ADDRESS 

Pertaining to an instruction in which an address part contains the value 

of an operand rather than its address. Synonymou~ with zero-1eve1 address. 

INCREM~NT (AND DECREMENT) 

These two words are software operations most often associated with the 

stack and stack pOinter. Bytes of information are stored in-the stack 

register at the addresses contained in the stack pointer. The stack 
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pointer is decremented after each byte of information is entered into the 

stack. it is increme~ted after each ,byte ;s removed from the stack. The 

terms can also refer to any addressable register. 

INDEXED ADDRESS 

An address tha~ is modified by the content of an index register prior to 

or during t~e execution of a computer instruction. 

INDEXING 
. 

In computers, a method of address modification that is implemented by means 

. of index registers. 

INDEX REGISTER 

A register whose content may be added to the operand address prior to or 

d~rin9 the execution of a computer instruction. 

INDIRECT ADDRESSING 

Programming method that has the initial address being the storage location 

of a word that contains another address. This indirect address is then 

used to obtain the data to be operated upon. 

INITIALIZE 

~e reset control unit is used to start execution of program for initial 

startup. At the beginning of each new program, initialization req~ires 

re-setting all hardware controls to starting values. 

,;(~ 

\-! 

o 
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INPUT/OUTPUT DEVICES (I/O) 

Computer hardware by which data is entered into a digital system or by 

which data are recorded for immediate or future use. 

INSTRUCTION 

One of a number.Df computer operations stored in memory that may, when 

called upon, command the CPU to perfonn arithmetic and logic functions, 
. . . 

control peripheral devicel. or indicate succeeding instructions. 

INSTRUCTION COUNTER 

A counter that indicates the location of the next computer instruction to 

be interpreted. 
J 

INSTRUCTION REGISTER 

A register that stores an instruction for execution. 

INSTRUCTION SET 

Constitutes the total list of instructions which can be executed by a given 

microprocessor and is supplied to the user to provide the basic information 

necessary to assemble a program. 

:NTERFACE 

A shared boundary. An interface might be a hardware component to link 

two devices or it might be a portion of storage or registers accessed 
~ 

by two or more computer programs. 
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INTERLEAVE (OR INTERLACE) 

To assign successive storage location numbers to physically separated 

memory storage locations. This serves to reduce access time. 

INTERPRETER 

A method or program that translates high level language into machine 

assembleable information. (See a130 Machine and Hi9h Level Language.) 

INTERRUPT 

An interrupt involves the suspension of the norma4 programming routine 

'of a microprocessor in order to handle a sudden request for service. The 

importance of the interrupt capability of a microprocessor depends on the 

kind of applications to which it will be exposed. When a number of 

peripheral devices interface the microprocessor, one or several s;multane~us 

interrupts may occur on a frequent basis. Multiple interrupt requests 

require the processor to be able to accomplish the following: to delay 

or prevent further interrupts; to break into an interrupt in order to handle 

a more urgent interrupt; to establish a method of interrupt priorities; 

and, after completion of interrupt service, to resume the interrupted 

program from the point where it was interrupted. (See also VECTOR INTERRUPT.) 

INTERRUPT MASK BIT 

Th~ Interrupt Mask Bit prevents the CPU from responding to further 

interrupt requests until cleared by execution of programmed instructions. 

It may also be manipulated by specific mask bit instructions. o 
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I/O (INPUT/OUTPUT) 

J 

JUMP 

Package pins which are tied directly to the internal bus network to enable 

I/O to interface the microprocessor with the outside world. 

The Jump operation. like the Branch operation is used tv control the 

transfer of operations from one pOint to a more distant paint in the 

control program. Jumps differ from Branching in not using the Relative 

Addressing mode. 

JUMP CONDITIONS 

l 

LABEL 

Conditions defined in a transition table that determine the changes of 

flip-flops from one state to another state. 

A label may correspond to a numerical value or a memory location in the 

programmable system. The specific absolute· address is not necessary since 

the intent of the label is a general destination. ~abels are a requiSite 

for jump and branch instructions. 

~ 

LANGUAGE 

A set of representations, conventions, and rules used to convey information. 
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LARGE-SCALE INTEGRATION (LSI) 

The simultaneous realization of large-area chips and optimum component 

packing density, resulting in cost reduction by maximizing the number of 

system connections done at the chip level. Circuit complexity above 

100 gates. 

LEVEL 

The degree of subordination in a hierarchy. 

LIBRARY 

LIFO 

'A collection of complete programs written for a particular computer. 

minicomputer, or microprocessor. For example. Second Order Differential 

Equation may be the name of a program in the Library of a particular 

computer; this program will contain all the subroutines necessary to 

perform the solution of second order differential equations wri.tten in 

machine language and using,the instruction set of this machine. 

Last-In-First-Out. (See PUSH-POP Stack.) 

LINK REGISTER 

This 1s a register of 1 bit (sometimes called the Carry register) which , 

c 

i 
acts as an extension of the Accumulator during rotation or carry ope~ations. 

C~\, ' j 
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LOGIC . 

A mathematical treatment of formal logic in which a system of symbols ;s 

used to represent quantities and relationships. The symbols or logical 

functions are called AND,' OR, NOT, to mention a few examples. Each 

function can be translated into a switching circuit, more commonly 

referred to as a ligate." Since a switch (or gate) has only two states -

open or closed - it makes possible the application of binary numbers 

for the solution of problems. The basic logic functions obtained from 

gate circuits ;s the foundation of complex computing machines: 

LOGIC SHIFT 

A shift that affects all positions. 

LOOK AHEAD 

lOOP 

1. A feature of the CPU which allows the machine to mask an interrupt 

request until the following jnstruction has been completed. 

2. A feature of adder circuits and ALUs which allow these devices 

to look ahead to see that all carrys generated are available 

for addition. 

A ~equence of instructions that is executed repeatedly until a terminal 

condition prevails. 
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LOOPING 

LSB 

Repetition of instructions at delayed speeds until a final "alue is 

dete~ined (as in a weight scale indication) is called looping. The 

looped repetitions are usually frozen into a ~Ot~ memory location and 

then jumped to when needed. Looping also occurs when the CPU is in a 

wait condition. 

-Least Signif.icantBit. (See SIGNIFICANT BITS.)-

LSI .(LARGE SCALE INTEGRATION) 

At the beginning of the LSI era a count of 100 gates qualified for LSI. 

Today an a-bit CPU can be fabricated on a single chip. 

M 

MACHINE CODE 

An operation code that a machine is designed to recognize. 

Mft:HINE LANGUAGE 

The only language the microprocessor can ",nderstar.d is binary .. ~l' 

other programming languages must be translated into binary code before 

eQtering the processor and decoded back into the original language 
.. " 
after l~aving it. 

o 
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MACRO COMMAND 

A program entity formed by a string of standard, but related, commands 

which are put into effect by means of a single macro command. Any 

group of frequently used commands can be combined into a macro command. 

The many become one. 

MACROINSTRUCTIOr>l 

An instruction in a source language that ;s equivalent to a specified 

sequence of machine instructions. 

MACRQPROGRAMMING 

Programming with macroinstructions. 

MAIN FRAME 

MASK 

Same as Central Processing Unit. 

1. A pattern of characters that is us.ed to control the retention or 

elimination of portions of another pattern of characters. 

2. A filter. 

MATRIX 

1.:' In mathematics, a two-dimensional rectangular array of quantities. 

Matrices are manipulated in accordance with the rules of matrix algebra. 
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2. In computers, a logic network in the fonm of an array of input leads 

and output leads with logic elements connected in some of their 

intersections. 

3. By extension, an array of any number of dimen~ions. 

MICROPROGRAMMING 

Control .technique used to implement the stored program control function. 

Typically the technique is to use a preprogrammed read-only memory chip· 

to contain several control sequences which nonmally occur together. 

MNEMONIC CODE 

These are designed to assist the human memory. The microproc~ssor 

language consists of binary words which are Q series of O's and I's 

making it difficult for the programmer to remember the instructions 

corresponding to a given operation. To assist the human memory, the 

binary numbered codes are assigned groups of letters (or mnemonic 

symbols) that suggest the definition of the instruction. LOA for 

load accumulator, etc. Source statements can be written in this 

symbolic language and then transla~ed into machine language. 

MNEMONIC SYMBOL , . 
~ 

A symbol chosen to assist the human memory, e.g., an abbreviation such 

as "mpy" for "multiply". 

MICROCOMPUTER 

(See MICROPROCESSOR.) 

o 
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The microprocessor is a Central Processing Unit fabricated on one or 

two chips. While no standard de~ign is visible in existing units, a 

number of well-delineated areas are present in all ~f them: Arithmetic 

& Logic Unit. Control Block~ and Register Array. When jOined to a 

memory storage system and peripheral I/O's, the resulting combination 

is referred to i'n today's usage as a Microcomputer: It should be 

(~--. added that each microprocessor is supplied with an Instruction Set 

listing the basic operations which the processor performs. 

MICROPROGRAM 

This word pre-dates the microprocessor and refers to computer instructions 

which do not reference the main memory storage. It is a computer technique 
. , 

which perfonns subroutines by manipulating the basic computer hardware 
. 

and is often referred to as "computer within computer." The word has 

not changed its basic meaning when used in connection with microprocessors. 

A series of instructions stored in a ROM, any port~~n of which can 

implement a higher language program. is labeled a microprogram . 

. -=; 

MICROINSTRUCTION: (See MICROPROGRAM) 
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The part of a computer system into which information can be insert~d and 

held for futUJ"e use. Storage and memory are interchangeable expressions. 

Memories accept and hold binary numbers only. Memory typ~s are core, disk, 

drum, and semiconductor. 

MODEM 

(MOdulator-DEModulator) A device that modulates and demodu1ates signal<: 

transmitted over communication facilities. 

MOS TRANSISTOR (METAL-OXIDE-SEMICONDUCTOR TRANSISTORf 

An active semiconductor device in which a conducting channel is induced in ~-~ 

the region between two electrodes by a voltage applied to an insulated 

electrode on the surface of the region. 

MOS (METAL OXIDE SEMICONDUCTOR) 

The structure of an MOS Field Effect iransistor (FET) is metal over 

silicon oxide over silicon. The metal electrode is the gate, the 

silicon oxide 1s the insulatori and carrier doped regions in the 

silicon substrate become the drain and source. The result is a sandwich 

very much like a capacitor, which explains why MOS is slower than bipolar 

since the 'capac;tor sandwich' must charge up before current can flow. 

The three great advantages of MOS are its process simplicity because of 

r~duced fabrication stages; the savings in chip real estate resulting in 

functional density, and the ease of interconnection on chip. These 

qualities enabled MaS to break the LSI barrier, something bipolar is 
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MSB 

just beginning to achieve. The hand-held calculator and the microprocessor 

are triumphs of MOS-LSI technology. 

Most Significant Bit. (See Significant Bits.) 

r.UL TIPLEX 

To interleave or simultaneously transmit two or more messages on a 

single channel. 

MULTIPLEXIN~ 

N 

Mu1tiplexing describes a process of transmitting mOre than one signal at 

a time over a single link, route, or channel. Of the two methods in use, 

one frequency-shares the bandwidth of a channel in the same way hurdlers 

run and jump in their assigned lanes thus permitting many contestants to 

c?mpete simultaneously on the same track. The second way is to time-share 

multiple signals in the sa~e \·:ay that pole vaulters jump over the same bar 

one after the other. The two methods may be described as parallel and 

serial processing. Time-sharing may not seem "simultaneous," but it should 

be remembered that the signal speed is so fast that it is possible to 

multiplex four different numbers through a single decoder-driver and have 

them appeQr on four different displays without a flicker to disturb the eye . 

. { 

NEGATIVE LOGIC 

(' Log;c in which the more-negative voltage represents the "111 state; the 

1ess-negative vo1tage represents the liD" state. 
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NESTIN~ 

Nesting is referred to when a subroutine is enclosed inside a larger 

routine, but is not necessarily part of the outer routine. A series 

of looping instructions may be nested within each other. 

NOISE 

A term referring to spurious or undesirable electrical signals. 

NONDESTRUCTIVE READ OUT 

o 

A memory designed so .that read-out does not affect the content stored. 

It is not necessary to perform J write after every read operation. 

OBJECT CODE 

Output from a compiler or assembler which is itself executable machine 

code or is suitable for processing to produce executable machi~e code. 

OBJECT LANGUAGE 

The language to which a statement is translated. 

OBJECT PROGRAM 

The end result of the source language program after it has been translated 

into machine language. 

OCTAL 

Whole nllmbers in positional notatibn using 8 as a base. The decimal 

or base 10 number. 125. becomes 175 in octal or base 8. Here is a 

(
-~ 

" 
. / 
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convenient way to convert a decimal number into an octal number: 

1 

8 15 

8 125 

7 

5 

Divide the decimal number by 8. The answer is 15 

and 5 left over. 

Divide the answer, 15, by 8 again. The answer is 1 and 

7left·over. 

The octal number is 175. 

To prove your answer is correct, do the following: 

5 x 1 == 5 

7 x 8 == 56 

1 x 64 = 64 
lIT 

OPERATING SYSTEM 

Arrange the octal number vErtically with the 

significant digit on top. 

The least significant digit represents one's, so 

multiply 5 ~ 1 == 5. 

The next digit in the octal number represents 8's, so 

multiply 7 x 8 == 56. 

The third digit of the octal number represents 64's, so 

multiply 1 x 64 = 64. 

The sum is the decimal number 125. 

Software'which controls the execution of computer programs and which may 

provide scheduling, debugging. input/output contr:l , accounting, compilation, 

~torage assignment. data management, and related services. 
i 

OPERAND 

A quantity on which a mathematical operation is perfol-med. .One of the 

instruction fields in an addressing statement. Usually the statement 

consists of an operator and an operand. The operator may indicate an 

"add" instruction; the operand will indicate what is to be added. 
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OPERATION 

1. A defined action, namely, the act of obtaining a result from one or 
. . 

more operands in accordance with a rule that completely specifies 

the result for any permissible combination of operands. 

2. The set of such acts specified by such a rule. or the rule itself. 

3. The act specified by a single computer instruction. 

4. A program step undertaken or executed by a computer. e.g., addition. 

multiplication. extraction, comparison, sh)ft, transfer. The 

operation is usually specified by the operator part of an instruction. 

5. The even or specific action performed by a logic element. 

OPE~ATION CODE (OPCODE) 

A code that represents specific operations. Synonymous with instruction 

code. Source statements which generate machine codes after assembly are 

referred to as operating codes. 

OVERFLOW 

P 

PACK 

Overflo\'1 results when an arithmetic operation genetates a quantity heyond 

the capacity of the register. Also referred to as arit~1etical overflow. 

An overflow status bit in the condition ~ode register can be checked to 

determ;:1e if the previous operation caused an overflow. 

To compress data in a storage medium by taking advantage of known 

characteristics of the data, in such a way that the original data 

can be recovered, e.g., to compress data in a storage medium by making 

use of bit or byte locations that would otherwisp. go unused. 
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A natural grouping of memory locations by higher-order address bits'. 

In an 8-bit MPU. 28 = 256 consecutive bytes may constitute a page. Then 

words on the same page only differ in the lower order 8 address bits. 

PAGE MODE ADDRESSING 

A technique used in MPU's to directly address memory locations stored within 

the page. (See PAGE.) 

PARALLEL OPERATION 

Processing all the digits of a word or byte simultaneously by transmitting 

( each digit on a separate channel or bus 1 ine. 

PARAMETER 

A variable that is given a constant value for a specific purpose or process. 

PARITY BIT 

A check bit appended to an array of binary digits to make the sum of all 

the binary digits, including the check bitr always odd or always ev~n. 

PARITY CHECK 

The technique of adding one bit to a digital word to rn3ke the total number 

of binary ones or zeros either always even or always oad. This type of 
. 

checking will indicate an error in data but will not indicate the 

location of the error. 

(C~C:RIPHERAL EQUIPMENT 

Units which work in conjunction with a computer but are not part of it. 
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PIPELINE REGISTER 

A register placed on the output of the microprogram m~mory to essentially 

split the system in two. This allows the micro-instruction fetch to occur 

in parallel with the data operation rather than serially, allowing the 

clock frequency to be doubled. Stack processing ,is done on a last-in

first-out basis while pipeline processing is first-in-first-out. 

POINTER 

A register which serves as a reference point to a memory location. 

POLLING 

PORT 

Polling ;s the method used to identify the source of interrupt requests. 

When several interrupts occur at one time. the control program decides 

which one to service first. 

Device terminals which provide electrical access to a system or circuit. 

The point at which the I/O is in contact with the outside world. 

POSITIVE LOGIC 

Logic in which the more positive voltage represents the "1" state; the 

less positive voltage represents the "0" state. 

PRIORI1Y INTERRUPT (See INTERRUPT.) 

Designation given to method of providing some commands to have precedence 

over others thus giving one condition of operation priority over another. 
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PROCESSOR 

1. In hardware, a data processor. 

2. In software, a computer program that includes the compiling, 

assembling, translating, and related functions for ~ specific 

programming language, COBOL processor, or FORTRAN processor. 

PROGRAM 

A procedure for solv';ng a problem and frequently referred to as Software. 

1. A series of actions proposed in order to achieve a certain result. 

2. Loosely, a routine .. 

3. To desig.n, write, and test a program as in definition 1 above. 

4. Loosely, to write a routine. 

PROGRAM COUNTER 

One of the registers in the CPU which holds addresses necessary to step 

the machine through the program. During interrupts, t~e program 

counter value containing the address of the next instruction is saved. 

Branching'also requires loading of the return address in the program 

counter. 

PROGRAMMABLE READ ONLY MEMORY (PROM) (See ROM ALSO.) 

A fixed program, read only, semiconductor memory storage e1ement that 
. 
(an be programmed after packaging. 

PROM 

('- (See PROGRAMMABLE READ ONLY MEMORY.) 
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The time required for a change in logic le~el to b~ transmitted through 

an element or a chain of elements. 

PUSHDOWN LIST 

A list that is constructed and maintained so that the item to be retrieved 

is the most recently stored item in the list, i.e., last in, :irst out. 

PUSHDOWN STACK 

. A register which implements a pushdown list. 

PUSH-POP STACK 

A register that receives information from the Program COJnter and stores 

the address locations of instructions on a last-in-first-out basis. Two 

operations are involved in stack processing: "Pushing" describes the 

fil1ing of the stack from register; "Popping" involves emptying the 

stack for transfer to registers. 

P-STACK (See PUSH-POP STACK.) 

PUSHUP LI 5T . 

A~ list that is c~nstructed and maintained so that the next item to be 

retrieved and removed is the oldest item still in the list, i.e., first 

in, first out. 

o 
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RAM • 

(See RANDOM ACCESS MEMORY.) 

RANDOM ACCESS MEMORY (RAM) 

A memory from which all information can be obtained at the output with 

approximately, the $ame ti!1le de1ay ,by choosing an address randomly and 

without first searching through a vast amouflt of irrelevant data. 

READ ONLY MEMORY (ROM) 

A fixed program semiconductor'storage element that has been preprogrammed 

at the factory with a permanent program. 

REAL TIME 

1. Pertaining to the actual time during which a physical process transpires. 

2. Pertaining to the performance of a computation during the actual time 

that the related physical process transpires, in order that results of 

the computation can be used in guiding the physical process. 

REAL TIME OPERATION 

Data processing tec,hnique used to allow the machine to utilize information 

as it becomes available, as opposed to batch processing at a time unrelated 

to the time the information was generated. 

REDUNdANCY 

The technique of using more than one circuit of the same type to implement 

a given function. 
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Because electrical charges momentarily applied to Dynamic memory circuits 

(representing data ~r instructions) leak off rapidly. periodic recharging 
. . 

is necessary to keep memory voltage levels intact and determinable. 

REGISTER 

A register is a memory on a smaller scale. The words stored therein nlay 

involve arithmetical, logical, o~ transferral cperations.Storage in 

registers may be temporary. but even more important is their accessibiiity 

by the CPU. The number of registers in a microprocessor is considered 

one of the most important features of its architecture. 

RELATIVE ADDRESSING 

The relative addressing mode specifies a memory lccation referenced to the 

CPU's Program Location Counter register. This addressing mode is mainly 

used for Branch instructions in which case an opcode is added to or 

subtracted from the Program Counter to complete the branchirg instruction. 

RESIDENT ASSEMBLER (See CROSS-ASSEMBLER.) 

ROM (READ ONLY MEMORY) 

In its virgin state the ROM consists of a mosaic of undifferentiated cells. 

'One type of ROM is programmed by mask pattern as part of the last manufacturing 

stage. Another. more popular type better known as P/ROM. is programmable 

in the field. with the aid of programmer equipment. Program data stored in 
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'ROMs are often called firmware because they cannot be altered. However, 

another type of P/ROM is now on the market called EPROM which is erasible 

by ultra violet irradi,ation and electrically reprogra~able. 

(See READ ONLY MEMORY also.) 

S 

SCRATCHPAD 

This term is applied to information which the Processing unit stores or 

holds temporarily. It is a memory conta'ining subtotals for various 

unknowns which are needed for final results. 

SCRATCH-PAD MEMORY 

A small local memory utilized to facilitate local data handling on a 

temporary basis. 

SEQUENCING 

Control method used to cause a set of steps to occur in a particular ordel'. 

SEQUENTIAL LOGIC 

A circuit arrangement in which the output state is determined by the 

previous state of the input. (See also COMBINAT1JN LOGIC.) 

. 
SERIA~ OPERATION 

The organization of data manipulation within circuitry wherein the 

(~. digits of a word are transmitted one at a time along a single line. 

The serial mode of operation is slower than parallel operation, but 

utilizes less complex circuitry. 
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A movement of data to the right or left. 

SHIFT REGISTER 

A register in which the stored data can be moved to the right or left. 

SIG~ED NUMBERS (See TWO's COMPLEMENT NUMBERS.) 

SIGNIFICANT BITS 

The most significant bit (MSB) in a byte of 8 numbers is on the extreme 

left. The least significant bit (LSB) is on the extreme right. The 

remaining bits are weighted according to their position in the byte 

between the MSB and the LSB, 

SIMULATE 

~. To represent certain features of the behavior of a physical or 

abstract system by the behavior of another system. 

2. To represent the functioning of a device, system, or computer 

program by another, e.g" to represent the functioning of one 

computer by another, to represent the behavior of a physical 

", 

SIMULATOR 

system by the execution of a computer program, to represent a 

biological system by a mathematical model. 

A device, system, or computer program that represents certain features 

of the behavior of a physical or abstract system. 
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To ignore one or more instructions in a sequence of instructions. 

SNAPSHOT 

A CRT representation of a contiguous portion ofa machine's memory 

addresses and data contained therein. A series of snapshots can 

capture the entire state of a machine including memory contents, 

registers, flags, etc. 

SOFTWARE 

What sheet music is· to the piano, software is to the computer. Looked 

at from a practical point of view, one might say that software is the 

computer's instruction manual. The name, software, was obviously chosen 

to contrast with the fonnidable hardware which confronted the first . . 

programmers. Software is the language used by a programmer to commu~;cate 

with the computer. Since the only language spoken by a computer is 

mathematical, the programmer must convert his verbal instructions into 

numbers. In the case of microprocessors, which vary from maker to 

maker, software libraries are assembled by the manufacturer for the 

benefit of the user. 

SOURCE'" LANGUAGE 

The language from which a statement is translated. 

(,:\ SOURCE PROGRAM 

A computer program written in a source language. 
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A program written in other than machine language, usually in three-letter 

mnemonic symbols, that suggest the definition of the instruction. There 

are two kinds of source statements: "executive instructions" which 

translate into operating machine code (opcode). and "assembly directives" 

which are useful in documenting the source program, but generate no code. 

STACK 

The stack is a blo~k of successive memory locations which is acce~sible 

from one end on a last-in-iirst-out baS1S (LIFO). The stack is co-

ordinated with the stack pOinter which keeps track of storage a~d 

retrieval of each tyte cf information in the stack. A stack may be any 

block of successive information locations in the read/write memory. 

STACK POINTER 

The stack pointer is coordinated with the storing and retrieval of 
.. -information in the stack. The stack pOinter is decremented by one 

immediately following the storage in the stack of each byte of information. 

Conversely, the stack pointer is incremented by one iii1T1ed.iately before 

r~trieving each byte of information from the stack. The stack pointer 
. 
~ay be manipulated for transferring its contents to the Index register 

or vice versa. 
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The condition of an input or output of a circuit as to whether it is 

a logic "1" or a logic "0". The state of a circuit (gate or flip-flop) 

refers to its output. A flip-flop is said to be in the "1" state when 

its Q output is "l" .. A gate is in the "l".state when its output is "l". 

STATU: WORD REGISTER 

A group of bil1ary numbers which informs the user of the present condition 

of the microprocessor. In most microprocessors, the Status Regi~ter 

provides the following five pieces of information: plus or minus sign 

of the value in Accumulator, overflow indication, carry bit, all zero's 

in accumulator, and interrupt bit status. (See also Condition Code 

Register. Also called Program Status Word.) 

. 
STORAGE 

The word storage is used interchangeably with memory. In fact, it has 

been recommended as the preferred term by people who would rather not 

imply that the computer has any relationship with the hu~an brain. 

STORED PROGRAM 

A set of instructions in memory specifying the o~eration to be performed . 

. '\ 

SUBROUTINE 

Part of a master routine which may be used at will in a variety of master 
, 

routines •. 'The object of a Branch or Jump corrrnand. 
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-

A circuit in which all ordinary operations are controlled by equally 

spaced signals from a master clock. 

SYSTEM 

1. An assembly of methods, procedures, or techniques united by regulated 

interaction to form an organized who'e~ 

T 

2. An organized collection of men, machines, and methods required to 

accomp1ish a set of specific functions. 

TABLE LOOK-UP 
. 

A procedure for obtaining the function value corresp6nding to an argument 

from a table of function values. 

TEMPORARY STORAGE 

In programming, storage locations reserved fer intermediate results. 

Synonymous with working storage. 

TERMINAL 
.~ 

A point in a system or communication network at which data can either 

enter or leave. 

11-68 



r 
l 

T (Cont'd) 

THROUGHPUT 

APPENDIX 

GLOSSARY OF BUZZ WORDS 

The speed with which problems or segments of problems are performed is 

called Throughput. Defined in' this way, it is obvious that t~roughput 

will vary from application to ~pplication. As an index of speed, 

throughput is meaningful only in terms of your own application. 

TRANSFER 

Same as jump. 

TRANSLATE 

To transform statements from one language to another withc~t significantly 

changing the meaning. 

TRUTH TABLE 

TTL 

A chart that tabulates and summarizes all the combinations of possible 

staies of the inputs and outputs of ~ circuit. It tabulates what will 

happen at. the, output for a given input combination. 

Bipoiar semiconductor transistor-transistor coupled logic circuits. 

TWO'S COMPLEMENT NUMBERS 

The flU performs standard binary addition using the 2's complement 

numbering system to represent both positive and negative numbers. The 

positive numbers in 2's complement representation are identical to 

the positive numbers in standard binary. 
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+ 127 in standard binary = 01111111 + 127 in 21 s complement = 01111111. 

Note that the eighth or most si9n~ficant digit indicates the sign: 0 = plus; 

1 = minus. 

However, the negative lIS complement ;s the reverse of the negative 

standard binary plus 1. 

127 in standard binary ="llllllli. To form the 2 1 s complement of - 127. 

First reverse all the digits except the sign 

= 10000000 

Then add 1 1 

10000001 = - 127 in .2's complement. 

U 

UART (UNIVERSAL ASYNCHRONOUS RECEIVER T~ANSMITTER) 

This device will interface a word parallel controller or data terminal 

to a bit serial communication network. 

USASCII 

United States of America Standard Code for Information Interchange. 

The standard code used by the United States for transmission of data. 

Sometimes simply referred to as the "aslki" code. 
" ·i 
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V 

VARIABLE 

A quantity that can assume any of a given set of values. 

VECTOR INTERRUPT 

This· tenn is used to describe a microprocessor system in' which each interrupt. 

both internal and external. have their own uniquely recognizable address. 

Th is enables the mi croprocessor to perform a set of spec; fi ed o·pera t; ons 

which are pre-programmed by the user to handle each interrupt 1n.a 

distinctively different manner. 
.1' 

, -
VOLATILE STORAGE 

W 

WORD 

A storage device in which stored data are lost when the applied power 

is removed. 

A group of "characters" treated as a unit and given a single location in 

computer memory. Presumably a byte is a group of 8 bits in contrast to a 

word which is a group of numeric and/or alphabetic characters and symbols, 

but "the two words are used interchangeably more often than not • 
. ~ 
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APPENDIX 

GLOSSARY OF BUZZ WORDS 

Also ca 11 ed read/write or R/W. The contro 1 signa 1 to a storage e 1 emen ~ or 

a memory that activates the write mode or operation. Conversely when not 

in the write mode. the read mode ;s active. 

WRITE TIME 

The time that the appropriate level must be maintained on the write-enable 

line and that data must be present to guarantee successful writing, of data 

in the memory. 

" , 
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