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This manual contains all necessary Student Materials for the subject course and is to be 
retained by the student. 

The following sections will normally be included in this m:mual. However, if they are not 
included, it is because they have not been developed at this time. 

• Course and Learning Objectives - The Course Objectives identify student perfor
mance, and the Learning Objectives identify the steps needed to accomplish the 
Course Objectives. 

• Course Chart - This is a layout of the course on a daily basis, and can be used 
by the student in planning his time in the course. 

Handouts - These are normally drawings that are used for clarification or to 
provide supplementary information. 

• Workbook - This is assigned by the instructor either as homework or work to be 
done in the lab while waiting for machine time. The workbook is not assigned as 
"Busy Work," but is an integral part of the course. 

• Student Lab Manual - This is used by the student as a guide in the lab. There may 
be projects to perform, questions to answer or reading assignments to complete, 
and like the workbook this is another important element of the course and should 
be completed in a timely manner. 
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ECS Theory Training 

Terminal and Enabling Objectives 

The Terminal Objectives for this course have been written to reflect job orientated 

tasks namely Preventative Maintenance and Emergency Maintenance. Each terminal 

objective contains a note for clarification. 

The Enabling Objectives that are common to all the Terminal Objectives and that 

identify background material are numbered E.O. O.X. 

The remaining Enabling Objectives support the individual Terminal Objective, the 

first number identifies the Terminal Objective for example E.O. 1.X, the 1 identi

fies Terminal Objective 1-

The criteria for evaluating the Enabling Objective will be a score of 70% accuracy 

on daily quizzes unless stated otherwise. 

The procedure taught for troubleshooting the ECS system employs modular substi

tution. This implies both modules and packs depending on the logic packaging. During 

modular sUbstitution the original location should always contain the original logic 

(module/pack). 
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E.O. 0.1 

E.O. 0.2 

L7031 

GIVEN: Cyber 173/175 System Block Diagrams (HO 5A and 5) 

THE STUDENT WILL: List the purpose and relationship of the follow

ing on a CYBER 17X system. 

GIVEN: 

a. CPU 

b. CMC 

c. CM 

d. Coupler 

e. Controller 

f. Bay 

g. DDP 

Course handouts # HO-5 through HO-5A and Reference Manual 

#60430000 and student written notes. 

THE STUDENT WILL: describe in writing terms used in ECS COURSE 

and associated manuals to include: 

a. ECS Record 

b. Error Exit 

c. Full Exit 

d. Half Exit 

e. Fake Read 

f. illegal Address 

g. Bay 

h. Controller Accept 

i. Controller Abort 
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E.O. 0.3 

E.O. 0.4 

E.O. 0.5 

L7031 

GIVEN: Ees Instruction Format, Address Forrhat and EeS Instruc

tion handouts 1 through 4. 

THE STUDENT WILL: List the purpose of the following; 

a. fmi designator 011 and 012 

b. Bj+K 

c. Ao Register 

d. Xo Register 

e. Word Select Bits 

f. Bank Bits 

g. Bay Bits 

h. Word group address 

i. RA ECS 

j. FL ECS 

k. Flag Register 

1. Flag Function Bits 

GIVEN: ECS Instruction Handout 4. 

THE STUDENT WILL: List conditions which will cause the ECS instruc

tion to full exit and half exit. 

GIVEN: 6640 manual # 60186000 

THE STUDENT WILL: list or describe the purpose of 1/2 ECS mode 

in the 6640 and trace to module level address bits from 

the coupler to the Common Address Register in 1/2 EeS 

mode and normal mode. This will include the purpose of 

all switches at locations A01 and A04 and tracing output 

of switches to module level to the address path. 
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E.O. 0.6 

E.O. 0.7 

E.O. 0.8 

E.O. 0.9 

L7031 

GIVEN: ECS II Bay Manual # 60404700 

THE STUDENT WILL: trace to a module level paths used by the 

ECS read and write operation in the ECS II Bay. This will 

include: 

a. Control 

b. Address 

c. Data 

GIVEN: ECS Bay Manual # 60404700 

THE STUDENT WILL: list the purpose of every module in the ECS 

II Bay. 

GIVEN: ECS II Bay Manual # 60404700 

THE STUDENT WILL: List or describe the purpose and functions 

of the maintenance panel and describe the procedure for 

using maintenance module and maintenance panel. 

GIVEN: ECS SMM Diagnostic Pub. #75442330 

THE STUDENT WILL: List the following for the diagnostics MCS, ECM, 

ECX and DDP. 

a. 

b. 

c. 

d. 

e. 

Purpose for each 

Loading procedure for each 

Parameters Entries 

Display and keyboard entries 

Error/messages and displays 
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E.O. 0.10 

E.O. 0.11 

E.O. 0.12 

E.O. 0.13 

E.O. 0.14 

E.O. 0.15 

E.0.0.16 
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GIVEN: Course terminal and enabling objectives. 

THE STUDENT WILL: List what is expected concerning performance 

after completing the course. 

GIVEN: 7030-1XXECS Subsystem 6642-2 DDP Hardware Reference 

Manual #60430000. 

THE STUDENT WILL: describe the purpose of Distributive Data 

Path (6642). 

GIVEN: 7030-1XXECS and 6642-2 DDP Hardware Reference Manual 

#60430000. 

THE STUDENT WILL: List the functions and uses of function codes 

for the DDPII list conditions in the DDP by reading status 

response codes and write short programs that could be 

used for maintenance of DDP. 

GIVEN: Block diagrams handouts HO-SO through HO-S7. 

THE STUDENT WILL: describe in writing the basic system configuration 

of a computer system with DDP and ECS and the purpose 

of all major parts of the DDP logic. 

GIVEN: DDP Reference Manual #60376300. 

THE STUDENT WILL: List the functions and uses of function codes 

for the DDP and write short programs that could be used 

for maintenance of DDP. 

GIVEN: DDPI Customer Engineering Manual publication #60369400. 

THE STUDENT WILL: locate sections of manual needed for installation 

procedure and check out of DDP, theory of operation, logic 

diagrams, maintenance procedures and power diagrams 

maintenance aid and wiring and know when to use each 

section in maintenance. 

GIVEN: DDPII Hardware Maintenance Manual publication #60425800. 

THE STUDENT WILL: Locate sections of manual needed for installation 

data and checkout, theory of operation, logic diagrams 

and maintenance. 
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T.O.1 GNEN: CAMS listings and CE manuals for couplers, controllers, 

bays, DDPs and diagnostics. The following are the pub

lications numbers. 

Manual Publication Number 

175 Coupler 60428800 

173 Coupler 19984700 

6640 AlB 60186000 

6640 DIE 60440500 

6635 60212200 

Maintenance Aids 60289200 

ECS II 60404700 

DDP 60369400 

DDP II 60425800 

SMM Manual 

THE STUDENT WILL: Perform Preventat:i:ve Maintenance on ECS 

and associated hardware to include: 

NOTE: 

a. Couplers 

b. Controllers 

c. Bays 

d. DDP 

Because of theory only, students have been shown procedures, 

but because of course prerequisites they should be able 

to preform the tasks. If hardware failures occur on PM 

this course will direct this to terminal objective T.O. 2. 

CRITERIA: As per CAMS specifications. 
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E.O. 1.1 

E.O. 1.2 

T.0.2 

E.O. 2.1 

L7031 

GIVEN: DDP manual pub. #60369400 and handouts HO-106 through 

HO-ll1. 

THE STUDENT WILL: locate the Preventative Maintenance procedure 

and requirements for DDPI. 

GIVEN: ECSII Bay manual pub. #60404700. 

THE STUDENT WILL: locate the Preventative maintenance procedure 

GIVEN: 

and requirements for the ECSII bay. 

ECS System Malfunction (Emergency Maintenance or Corr

ective Maintenance) CE Manuals for Couplers, Controllers, 

Bays, DDPs and diagnostics. The following are the Publication 

Numbers. 

Manuals Publication Number 

175 Coupler 60428800 

174 Coupler 19984700 

6640 AlB 60186000 

6640 DIE 60440500 

6635 60212200 

Maintenance Aids 60289200 

ECS II 60404700 

DDP 60369400 

DDP II 60425800 

SMM Manual 

THE STUDENT WILL: Isolate and repair malfunction for pack or 

module failures on all ECS and associated hardware to 

include couplers, controllers, bays and DDP. 

Note: Because of theory only, students have been shown procedure 

for locating failing modules and stack repair and replacement 

procedures, but because of prerequisites for course they 

should be able to perform these tasks. 

CRITERIA: Within a two hour time limit or call for assistance. 

GIVEN: ECS Reference Manual #60430000. 

THE STUDENT WILL: list operations which will occur if an exchange 

jump interrupts an ECS transfer. 

TO-6 



E.O. 2.2 

E.O. 2.3 

E.O. 2.4 

E.O. 2.5 

L7031 

GIVEN: 175 Coupler Block Diagram handout # 10. 

THE STUDENT WILL: list the purpose of all registers in the 175 

coupler. 

GIVEN: 175 Coupler Block Diagram handout #10, 175 Block Diagram 

HO-5. 

THE STUDENT WILL: list the purpose of all signal exchange between 

GIVEN: 

the 175 coupler and the controller, 175 coupler and CPU, 

CPU and CMC, and coupler and CMC. 

175 CPU logic handouts HO-40 through HO-43. 

THE STUDENT WILL: list the purpose and trace signal flow to module 

level in the 175 CPU. 

a. Ao + (Bj + k) - FLcm check 

b. Xo + (Bj + k) - FLecs check 

c. ECS coupler request 

d. Bj + k to coupler 

e. Xo + RA ecs to coupler 

f. Exchange abort ECS 

g. Ao + RA cm to CMC 

h. ECS write bit 

i. Force zero parity code 

GIVEN: 175 CMC logic handouts HO-44 through HO-46. 

THE .sTUDENT WILL: list the purpose and trace signals to a module 

level of the following in the 175 CMC. 

a. 

b. 

c. 

d. 

Accept to ECS Coupler 

Data on line (go ECS) 

CSU address parity error, coupler 

CMC double error, coupler 

TO-7 ' 



E.O. 2.6 

E.O. 2.7 

L7031 

e. CMC input error, coupler 

f. Data and parity - SECDED 

g. Address and parity 

h. Go Bank 

i. Go Refresh 

j. Write 

GIVEN: 6640 Manual :iF 60186000 

THE STUDENT WILL: list or describe the purpose of the following 

signals and major parts of the 6640. (Block Diagram) 

a. Request 

b. Accept to Coupler 

c. Address path 

d. Service Register 

e. Counters 

f. Flag register 

g. Parity generator checker 

h. Channel bit register 

i. Accept logic 

GIVEN: 6635 Manual :iF 60212200 

THE STUDENT WILL: list or describe the purpose of the following 

signals and major part of the 6635 Bay. (Block diagram) 

a. Bank address register 

b. Scan counter 

c. Bank timer 

d. Stack (memory) 

e. Sense amp 

TO-8 



E.O. 2.8 

E.O. 2.9 

E.O. 2.10 

L7031 

f. Sense amp register 

g. Bank data register 

h. Bay data register 

i. Bay address register 

j. Bank bit translator 

k. Store and request signals 

GIVEN: 175 Coupler logic diagram handouts 7 through 39. 

THE STUDENT WILL: trace to pack level control signals, address 

and data thru the CPU, coupler, CMC on an ECS read and 

write operation of at least three ECS records. This will 

include listing, the contents of the following registe,rs in 

the 175 coupler for each record. 

a. X 

b. K 

c. y 

d. P 

GIVEN: 175 Coupler logic diagram handouts 7 through 39 

THE STUDENT WILL: list events that cause end time to occur in 

GIVEN: 

the 175 Coupler and tra.ce signals to pack level from coupler 

to CPU and CMC. 

175 Coupler logic diagram handouts 7 through 39 

THE STUDENT WILL: list the conditions that cause a fake read operation 

to take place and trace all signals and data to a module 

level to CMC. This will include all differences compared 

to a normal read operation. 
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E.O. 2.11 

E.O. 2.12 

E.O. 2.13 

E.O. 2.14 

L7031 

GIVEN: Course handout numbers HO-1 - HO-49 

THE STUDENT WILL: list or describe the purpose of a flag operation 

and describe all differences from a normal data transfer 

operation in the 175 CPU, Coupler and CMC. 

GIVEN: ECS Instruction flow chart and 173 CPU logic diagrams 

handouts HO-50 - Ho-52. 

THE STUDENT WILL: list or describe the purpose of the ECS sequence 

GIVEN: 

and trace to pack level control signals in the 173 CYBER 

computer. 

Coupler diagrams manual Publication # 19984700. 

THE STUDENT WILL: list or describe the purpose of the following 

in the 173 coupler. 

GIVEN: 

a. X 

b. K 

c. Y 

d. P 

e. All signals from and to CPU 

f. All signals from and to CMC 

g. All signals from and to controller 

173 CPU/CMC logic diagrams handouts # HO-50 - HO-56 and 

Coupler diagrams if 19984700 

THE STUDENT WILL: trace to pack level signals, data and address 

for an ECS read and write operation in the CPU, Coupler, 

and CMC in the CYBER 173. 
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E.O. 2.15 

E.O. 2.16 

E.O. 2.17 

E.O. 2.18 

E.O. 2.19 

L7031 

GIVEN: Coupler diagrams # 19984700. 

THE STUDENT WILL: list or describe the conditions that cause a 

GIVEN: 

fake read operation to take place and trace signals to a 

module level in the 173 system. This will include all differ

ences compared to a normal read operation. 

173 CPU/CMC logic diagrams handout # HO-50 - HO-55 and 

coupler diagrams #19984700. 

THE STUDENT WILL: list or describe conditions that cause end time 

to occur in the 173 coupler and trace signals from coupler 

to CPU and CMC to pack level. 

GIVEN: Coupler diagrams #19984700. 

THE STUDENT WILL: list or'describe the purpose of a flag operation 

and trace to a pack level signals that are different from 

a normal read or write operation in the CPU and coupler. 

GIVEN: Coupler diagrams # 19984700. 

THE STUDENT WILL: Trace all signals for a read and write operation 

to pack level of at least 3 ECS records in the CPU, CMC 

and coupler and will list contents of X, K, Y and P for 

each record in the coupler. 

GIVEN: 6640 manual # 60186000. 

THE STUDENT WILL: trace to module level to include output and 

input pins the request from coupler to the accept F IF and 

describe all conditions needed for accept I, II and ill. This 

will include signal flow to a module level to generate accept 

I, II and m. 
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E.O. 2.20 

E.O. 2.21 

E.O. 2.22 
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GIVEN: 6640 Manual if 60186000. 

THE STUDENT WILL: trace to module level accept logic to: 

a. Return accept to coupler 

b. Advance counter assigner 

c. Gate address bit to bay 

d. Clear service register 

e. Start counter 

f. Release scanner 

g. Abort logic 

GIVEN: 6640 Manual if 60186000. 

THE STUDENT WILL: list the uses of counter translations and be 

able to trace the operation of the following to module 

level including input and output pins. 

GIVEN: 

a. Counters and decoders 

b. Address and bay selection 

c. Data flow and gates 

d. Channel bit register 

e. Parity generator and checker 

f. All signals including address and data to and from 

controller. 

g. All signals including data to and from coupler. 

6640 Manual if 60186000. 

THE STUDENT WILL: trace to module level address bits to the flag 

register and flag logic to bring up an accept or abort signal 

for a flag operation. 
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E.O. 2.23 

E.O. 2.24 

E.O. 2.25 

E.O. 2.26 

E.O.2.27 

L7031 

GNEN: 6640 Manual # 60186000. 

THE STUDENT WILL: list all conditions that an abort signal is re

turned to coupler and be able to trace logic to module 

level for these conditions. 

GIVEN: 6635 manual # 60212200. 

THE STUDENT WILL: trace to module level the request from the 

controller and bank bits translations to the bay address 

register. 

GNEN: 6635 manual # 60212200. 

THE STUDENT WILL: trace to module level address bits to correct 

bank and signals required to start the running of the bank 

timer. 

GNEN: 6635 Manual # 60212200. 

THE STUDENT WILL: trace all logic to module level to bring up 

a complete memory cycle. This will include the following: 

a. Read dummy 

b. Read drive 

c. Read return 

d. Write dummy and write drive 

e. Write return 

GNEN: 6635 Manual # 60212200 and course handout numbers 57-62c. 

THE STUDENT WILL: Describe how the memory stack is wired to 

include X and Y lines, diode blocks and how a read and write 

cycle effect the lines. 
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E.O. 2.28 

E.O. 2.29 

E.O. 2.30 

E.O. 2.31 

L7031 

GIVEN: 6635 Manual # 60212200, ECS Installation and Checkout 

Maintenance manual publication number 60289200. 

THE STUDENT WILL: locate wires that need changing for degrading 

memory and also list the reasons for degrading the stack. 

GIVEN: ECS Installation and Checkout Maintenance manual #60289200. 

THE STUDENT WILL: locate procedure for stack repair and stack 

maintenance and list at least 4 reasons for using the procedure. 

GIVEN: 6635 manual # 60212200. 

THE STUDENT WILL: trace to module level all signals used to assemble 

GIVEN: 

\ 

or disassemble records for read or write data. This will 

include every module from memory to controller or controller 

to memory. The following areas are included: 

a. Scan counter 

b. Go bit storage 

c. Sense amp 

d. Sense amp register 

e.· Augment logic 

f. Data path 

6635 Manual # 60212200. 

THE STUDENT WILL: locate possible bad modules for theoretical 

failures such as: 

a. Sense am p f ailur e 

b. Augment failure 

c. BB or BA module failures 

d. Data failure 

e. Address failures 

f. Assemble or disassemble failures 
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E.O. 2.32 

E.O. 2.33 

E.O. 2.34 

E.O. 2.35 

GIVEN: 6635 lVlanual #60212200. 

THE STUDENT WILL: describe the purpose of the maintenance 

GIVEN: 

panel and list purposes of all switches and logic associated 

with the maintenance panel. This will include tracing sig

nals and data to module level for associated logic. 

6640 DIE handouts HO-64 through HO-79. 

THE STUDENT WILL: trace address, address parity data, data parity, 

parity disable logic and error signals to a module level 

through the 6640. This will include only major differences 

in the 6640 DIE compared to 6640 AlB. 

GIVEN: 6640 DIE Manual #60440500. 

THE STUDENT WILL: list the differences in 6640 DIE compared 

to 6640 AlB model. This will include: 

a. Address parity 

b. Data parity 

c. Parity disable logic 

d. Error signals 

GIVEN: ECSII Bay Manual #60404700. 

THE STUDENT WILL: locate possible bad modules for theoretical 

failures such as: 

a. Data failures 

b. Addressing failures 

c. Memory failures 
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E.O. 2.36 

E.O. 2.37 

L703I 

GIVEN: ECS Timing and flowchart handouts # HO-6 through HO-49. 

THE STUDENT WILL: list or describe in general terms what is 

happening at a given time on an ECS operation. This 

will include both read and write transfer and should include: 

a. Coupler 

b. CMC and CM 

c. Controller 

d. Bay 

GIVEN: Theoretical failures and all course material. 

THE STUDENT WILL: list general area of logic that could cause 

failure. This has no restrictions as to the equipment. 

CRITERIA: Answering questions asked on homework and during class

room time as directed by instructor. 
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E.O. 2.38 

E.O. 2.39 

E.O. 2.40 

E.O. 2.41 

E.O. 2.42 

E.O. 2.43 

E.O. 2.44 

L7031 

GNEN: 6640 DIE diagrams handouts HO-78 and HO-79. 

THE STUDENT WILL: Trace to module level the signals for changing 

bank selections when controller is in degrade mode and 

bit 20 of address is received from coupler. 

GNEN: ECS II Bay Manual Pub. #60404700. 

THE STUDENT WILL: Describe the procedure for using spare bits 

on memory modules in the ECS II bay. 

GNEN: DDP handouts HO-90 through HO-10l and DDP diagrams 

publication #60369400. 

THE STUDENT WILL: Trace all signals, address and data paths used 

to read ECS using DDP in the DDPI to a module level. 

GNEN: DDP handouts HO-90 through HO-101 and DDP diagrams 

publication #60369400. 

THE STUDENT WILL: Trace all signals, address and data paths to 

GNEN: 

a module level used to write ECS using DDP in the DDPI. 

DDP handouts HO-90 and HO-91 and DDP diagrams publication 

#60369400. 

THE STUDENT WILL: Trace all signals and data paths used for functions 

of 5010 and 5004 in the DDP to a module level. 

GNEN: DDP diagrams publication #60369400. 

THE STUDENT WILL: Trace to module level all signals used on a 

flag function in the DDPI. 

GIVEN: DDP diagrams publication #60369400. 

THE STUDENT WILL: Trace to module level clock signals and locate 

procedure for tuning clocks. 
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E.O. 2.45 

E.0.2.46 

E.O. 2.47 

E.O. 2.48 

E.O. 2.49 

E.O. 2.50 

L7031 

GIVEN: DDPII diagrams publication #60425800. 

THE STUDENT WILL: trace to module level signals used to read 

ECS in DDPII. 

GIVEN: DDPII diagrams publication #60425800. 

THE STUDENT WILL: trace to module level signals used to write 

ECS in DDPII. 

GIVEN: DDPII diagrams publication #60425800. 

THE STUDENT WILL: trace to module level signals used to Master 

Clear Port function in DDPII. 

GIVEN: DDPII diagrams publication #60425800. 

THE STUDENT WILL: trace to module level signals used to status 

the DDPII in the DDPII. 

GIVEN: DDPII diagrams publication #60425800. 

THE STUDENT WILL: trace to module level signals used to complete 

a flag function in DDPII. 

GIVEN: Error display handouts HO-102 through HO-105, DDP C.E. 

manual #60369400 and SMM publication #75442338. 

THE STUDENT WILL: list general areas in the logic that could cause 

the failures shown on the DDP diagnostic display. 
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ECS INSTRUCTIONS 

Read Extended Core Storage 

59 51 5048 47 I 011 K 

011 RE Bj + K 

Write Extended Core Storage -----

30 29 0 

I ERROR JUMP I' 
INSTRUCTION 

59 51 5048 47 30 29 0 

I 012 K 

012 WE Bj + K 

Word Count 

Bj + K = Number of 60 Bit Words To Be Transfered 

Xo and Ao Registers 

I ERROR JUMP I 
INSTRUCTION 

Data Must Be Loaded Into Xo and Ao Before E CS Instruction Is Executed 

L7031 

17 o 
Ao - RELATIVE C.M. 
STARTING ADDRESS 

23 0 

Xo - RELATIVE ECS 
STORING ADDRESS 

17 0 

+1 '---_RAcm _____ 1-

23 0 

+1 ______ R_A_e_~ ____ ~1 

HO-l/TR-1 

THE INITIAL 
CENTRAL MEMORY 
ADDRESS 
ABSOLUTE· 

THE INITIAL 
ECSADDRESS 
ABSOLUTE 



ECS INSTRUCTIONS 

ECS IT Address Formats 

ECS IT 131k System 

23 21 20 17 i6-

NOT 
USED 

'--- FLAG FUNCTION 

_ECS II 262k System 

23 21 20 18 17 

NOT 
USE_D 

FLAG FUNCTION 

ECS II 524k System 

23 21 20 19- 18 

t NOT 
US~D 

FLAG FUNCTION 

ECS II 1048k System 

23 21 20 19 

,.. r NOT 
USED 

- FLAG FUNCTION 

L7031 

3 2 o 

WORD 
'----ADDR ESS 

WORD SELECT 

4 32 0 

WORD 
'----ADDRESS 

WORD SELECT 

SANK SELECT 

-- -

t 

r 

5 4 32 0 

WORD 
ADDRESS 

. 
L' WORD SELECT 

SELECT ,--SANK 

6 5 4 3 2 a 

WORD 
ADDRESS Ls~ WORD SELECT 

SELECT 
L-SAY SELECT 

HO-2 /T~-2 



ECS II 2096k System 

23 21 20 

t 

FLAG FUNCTION' 

-

L7031 

765'432 0 

WORD ~ Lwo RD SELECT 

ELECT 
ADDRESS __ SANK S 

,-SAY SEL ECT ---

HO-3 ITR- 3 



ECS INSTBUCTION 

ECS Instruction Exit Conditions 

Full Exit - Next Instruction at Parcel No. 0, at P + 1 

- Normal Termination of ECS Instruction 

Half Exit - Next Instruction at Parcel No.2, at P 

- Error Termination of ECS Instruction 

Error Conditions --
Central Processor Parity Error-

C MC Double Error' 

CSU Address Parity Error 

C MC Data. Parity Error 

ECS Bank Parity Error 

ECS Controller Data. Parity Error 

ECS Controller Address Parity Error 

Exchange Jump During ECS Instruction 

If an Exchange Jump occurs while an ECS transfer is in progress, the exchange waits 
until completion of a record. Action is t.qe]l as follows: 

1. If the record just completed is the last record of the block transfer and the transfer 
was error free, the Central Processor exits to (P) + 1. The Exchange Jump then 
takes place. 

2.. If the record just completed is the last record of the block transfer and an error 
_~oE~~tio~_e~s~~, _~h~_Q~ntral ~~~~~!~_ exits to the lower instruction, executes it, and 
then the Exchange Jump is performed .. 

3. If the record just completed does not complete the block· transfer, the transfer· is 
terminated and the Exchange Jump is performed. A return Exchange Jump to this 
program. begins execution with the ECS Read or Write instruction and restarts the 
transfer. Note the transfer does not resume at the point it was interrupted; rather, 
the entire transfer must be repeated. 

H0-4/TR_ 4 

L7031 
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PRIMARY BLOCK DIAGRAM 
~CS COUPLER 

The ECS coupler is the connecting link between the computer system and the optional 
ECS subsystem that augments the central memory (CM) of the computer system. 
The following paragraphs describe the interface signals used by the ECS coupler to 
complete a transfer operation. 

CENTRAL PROCESSOR UNIT '.,.TERFACE SIGNALS 

REQUEST COUPLER 

The CPU generates this signal when it has decoded either a read ECS (011 instruc
tion) or a write ECS (012 instruction) and needs the coupler to transfer Information. 
The coupler uscs the signal to prepare its logic circuits for the receipt of the 
transfer word count and the starting ECS address for the infOrmation. 

COUPLER ACCEPT 

The coupler generates this signal if it is not busy with a previous request and is 
ready to receive the word count and starting ECS address to start the transfer. 

fORCE ZERO PARITY ON ADDRESS/WORD COUNT 

The coupler sends this SIgnal to the CPU to force zero parity on the address and 
word count for the coupler. This is used to check the capability of the coupler to 
detect a parity error on Ihe address and word count. 

ERROR END Of TRANSFER 

The coupler sends this signal to the CPU when an errOl' was detected during the 
transfer operation. Certain errOrs cause the transfer operation to abort at the 
end of the record while others allow the transfer to be completed. 

Errors aborting the transfer a( the end of the record are: 

• Word count or address parity error (CPU to CPLR). 

• Address parity error (CPLR to ECS controller). 

• ICCS bank addressed is not avaIlable due to maintenance mode or loss of 
power. (This error does not cause an abort during an ECS read operation.) 

Errors allOWIng the transfer to complete are: 

I WORD COUNT • Address parity errol' (CMC to CSU). 
---l 

The word counf bits (0 through 17) plus one odd parity b1l (bIt 24) indicate the num
ber of fiO-bit words in the transfer operation. 

ADDRESS 

The address bits (0 through 23) plus one odd parity bit (bit 24) Indicate the startlllg 
ECS address for the transfer operation. 

ECS WRITE 

The CPU sends this signal to the coupler when an 012 instruction is decoded and 
data is to be written into ICCS. The absence of this signal indicates an ECS read 
(011 Instruction). 

EXCHANGE ABORT ECS 

The CPU generates this signal if the CMC receives an exchange request from the 
p£;I'ipIH:r'al proc£;ssor subsystem or the CPU. The receipt of this signal in the 
coupler causes it to abort the transfer at the end of the current record of information. 

ECS TRANSFER ERROR AND CODE 0 THROUGH 2 

The couplcr error code generator gl'nerates this signal if an error is detected 
during a transfer operation. The coupler sends the transfer erl'or signal with 
the 3-bit error code for the en'or uelected to the CPU along with Ihe error end
of-transfer signal. 

5-3-0.0 

• 
• 

Data parity error (CMC to ECS controller). 

Data parIty error (ECS controller to CMC). 

! Data parity error (ECS controller (0 ECS memory). 

• Double errOr detected Il1 data read from CM. 

END Of TRANSFER 

The coupler sends this signal to the CPU when the transfer operation IS completed 
normally. 

fORCE ZERO PARITY CODE 0 AND 

The CPU sends these code bits to the coupler for translation. The code is trans
lated for zero parity Il1structions to the ECS controller or the CPU. 

CENTRAL MEMORY CONTROL INTERFACE SIGNALS 

ECS REQUEST CMC 

The coupler sends this signal to request CM access after' the coupler has received 
the audress and word count from the CPU. 

60428800 A 
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CMC ACCEPT 

Th" CMC sends lllls signal to the coupler when the eM acceSS rcquest (EeS request 
CMC) haH been accepted. The coupler must send the ECS continue request signal 
and bank Imtiate signal after the CMC accept to start the CM memory cycle. 

ECS CONTINUE REQUEST 

The coupler sends this signal to the CMC to reserve the CM banks for the transfer 
operation. 

ECS BANK INITIATE 

The coupler sends this signal to the CMC 400 nanoseconds after the ECS continue 
requesl signal to cause the CMC to send the addreHs and a go signal \0 CM and 
slart a CM memory cycle. 

ECS END OF TRANSFER 

The couph,,' >lcnds this signal to Ihe CMC when the last record has been reccived. 
The signal c1ear>l the ECS in progress status In the CMC. 

ECS flAG PARITY ERROR 

Thc coupler sends this signal to the CMC when a parity error IS detected In the 
."llIr'ess received by the ECS controller during a flag ['egIster operation. 

DATA ON LINE (GO ECS) 

This signal aceoll1)Janies the eM read data to the coupler to lI1dicale the dat a hnes 
cont :lin valid information. 

CSU ADDRESS PARITY ERROR 

The' cOllp["r reedveil thIS signal when an ad,h'ess IKu'lIy (:r}'ul' occurs on th" CIVIC 
addr'f·Yil to the CS[J for an ECS relatcd CM refercnce. 

CMC DOUBLE ERROR 

Th,' cUllpl"l' J't:cl'ives till" >lignal whcn the :lll1gl" '-['1'0,' cOI'rection double e:J'I'OJ' 
detl-cI iom (SECDI,;]) Clrelllt octcet:l a double: l'1'l'Or on data 1'"ad from CM dUl'lng 
.. ""Ill I :CS IrLln::jft~r operatiun. 

(;0,128800 A 

CMC INPUT ERROR 

The: coupler receives ihis signal when a parity errOl' is dele:ct"d on the dat a received 
by the CMC from ECS. 

DATA (CM READI BITS 0 THROUGH 59, PARITY 

These are the 60 data bits read from eM and their odd parity bit for an ECS write 
operation. 

DATA (CM WRITE) BITS 0 THROUGH 59, PARITY 

These: are the 60 data bits to be written mlO CM and their odd parity bit fur an ECS 
read operation. 

ECS CONTROllER INTERFACE SIGNALS 

REQUEST CONTROLLER 

The coupler receives this SIgnal pdor to each record of data to be transferre:t1. The 
first and last records may not be full records but they still requh-e request controller 
signals. 

,I 

CONTROLLER ACCEPT 

The contrOller sends this SIgnal to the coupler when It IS re:ady for a transfer of one 
record. 

ECS ADDRESS BITS 0 THROUGH 23 

The: coupler sends thes,' bits cOlltaming th" bank addt'ess to thc controller for the 
ECS t'ecord to be tram;fel'l'ed. The address bits are tronsmilt .. d at the same time 
as the request controller sIgnal. 

ECS ADDRESS PARITY BIT 

The {'oupler s('nds lhe odd parity bit WIth the address bits to til<' controller. 

ECS WRITE 

Till, coupler scnds this signal to the controll!'r to IIHitcat(' the dala transfer is an ICCS 
write Opel'atlOn. 1'111' I'CS writ!' IS transmitted at til" same timp as the r"<Juest con
troller slgllal. TIIf' ab:>ence of this Signal Indicates the transfer operatlOn IS an ECS 
read opel'atlOn. 

J 5-3-0.1 
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CONTROLLER ABORT 

The controller sends tillS signal to the coupler to mdieate the data transfer was 
aborled. The transfer is aborted by the controller due to one or more of the fol
lowing I·easons. 

• ECS bank address refereneed dOes not exist. 

• ECS bank is in maintenance mode. 

• F:CS bank does not have power. 

• Address parity error has been deteeted at the eontrolltr. 

FORCE ZERO PARITY ON DATA 

The coupler sends this signal to the controller to force zero parity on data trans
ferred to the CMC. This tests the capability of the parity error detection circuit 
in the CMC to detect parity errors. 

CONTROLLER PARITY ERROR 

The controller sends this signal to the coupler when the controller detects a pal'ity 
error on the address or data received from CMC. If an address parity error is 
.detected. the controller sends an abort signal at the same time as the parity 
error signal. 

ECS BANK PARITY ERROR 

The controller sends thIS signal to the coupler when a parity errol' is detected on 
data going to or frum the RCS banks. 

DATA lEeS WRITE) BITS 0 THROUGH 59 

Thc coupler sends 60 bits of data to the controller during an ECS write operation. 

DATA lEeS READ BITS 0 THROUGH 59) 

The controller sends 60 bits of data to Ihe coupler during an ECS read operation. 

DA T A lEeS READ) PARITY 

The controller sends an odd parity bit to fhe coupler wilh the data transfen'ed during 
an ECS read operatlOn. 

DATA lEeS WRITE) PARITY. GO 

The coupler sends an odd panty bit to the eontroller with the data transferred during 
an ECS write operation. A go signal to the eontroller referred to as a daia-on-Ihe
line Signal. mdicates valId transfer data. 

5-3-0.2 

GENERAL DESCRIPTION 

The ECS coupler is activat"d when the central processor initiates a read or write 
ECS operation and Issues a request coupler signal to the coupler. When the coupler 
receives the request. it sends a coupler accept signal to the CPU. The CPU sends 
the word count 350 nanoseconds after it receives the coupler accept signal and 50 
nanuseconds later it sends the ECS starting address. The word count enters the 
word count control Y register and the address enters the X and K registers. The 
CPU sends an ECS write signal at the same time as the request coupler SIgnal for 
an ECS write operation (012 Lllstruction). The absence of the write SIgnal or a not 
write signal indicates an ECS read operation (011 instruction). 

The coupler transmits the request controller signal. ECS starting address. and the 
ECS write signal (if present), to the ECS controllel·. If the ECS is not busy per
forming another ECS operation. the ECS controller sends a controller accept signal 
to the coupler. If thIS is an ECS write operation. the coupler responds to the con-' 
troller accept signal by issuing an ECS continue request signal and 400 nanoseconds 
later issues an ECS bank initiate signal to CMC. In an ECS read operation. the 
ECS continue request signal is not Issued for 1300 nanoseconds and then 400 nano
seconds later the ECS bank initiate is issued. In an ECS write operation. data is 
passed from the CMC through the 16-word random access memory (HAM) data buf
fer. the data registers and Ihen transmltted to the ECS controller. Durlllg an ECS 
read operation. data passes directly through the coupler via the data registers. In 
either mode of operation the transmIssion of data continues until the transfer is 
completed Or an errOr signal is detected by the coupler. If an error IS detected 
during an ECS read operation and an error signal is generated. the remaining words 
fransferred to the cIVic are all zeros. If the errOr is detected III an ECS write 
operation and an errOr signal generated. the request controller slgnal IS blocked to 
end the data transfer and prevent data from possibly being written into an incorrect 
address and destroying other data. 

The 18 bIt Y register keeps track of the word count and decrements each time a 
word is received. The decrementing of the Y register continues untIl Y IS reduced 
to zerO and the end time control CIrcuit activates to end the transfer operation. 

The GPU provides the 23-bit ECS starting address to Ihe X and K registers for the 
transfer operation. The address register is incremented in octal addresses of ten 
fOr each location of a record in ECS. The 24th address bit is not used bv the X 
register as part of the address but is routed through the coupler and use'd by the 
ECS controller fOr a flag operation. 

The Y and K registers provide the P select with the lower 3 bits of both the address 
and the word count. The P select cIrcuit output switches from the K bits to the 
Y bits \vhen the coupler transmits the last reeord. The P counter and P equals 
zerO check cIrcuit controls the number of words transferred dur1l1g each record. 

The error register receIves external errOr signals from the CMC. CPl'. and ECS 
controller and internally a parify errOr signal if the address/word count from the 
CPU has a parity error. The error signals are converted to an error code that IS 
transmitted to the status and control register via the CPC. 

The status afld control reglster via fhe CPU sends the coupler a force zel'O parity 
code during diagnostics to force zero parity to the ECS controller and the CPU to 
create a parity error. The error detectlOn circuits should detect the parity error 
and return an errOr signal to tl1<' error register in the coupler. 

60428800 A 



!:i 
o 

LV 
I-> 

m 
o 
I 

I-> 
o 
""
I-] 
::tJ 
I 

CD 

B 

B 

A 

B 

7 6 

leI COH '~OLL(ft 
GAJA lief; "t:IU,I •• "Alur~ ~ DAUlt,. WRHIE I. P .. RIlY 

, I • "GTa • ewe 

-- EC5 REAP PATA PATH --

(lA'A u;w IIU.oa."""U1"I' ~'A Ul:CS W:"1 ...... ITY UI CDttTIlOLLt:R 

C""{ 00\'" 0,. LINt: !CiO 'Cia I 

CPU tea .IIHE 

COHrflOHU "cenr 

lei CONTROlLU COttlROl,."tiR.:,.:O:R:T:' ~"'~=========== feS .'IiITE 1 eMe ew, "CC;I~l \!.I RIQUEST CONtROLLift 

C .... 

o\ooanS/WOItp COW.T 
.11' 0·15 

IlIC ....... "'E AIIo"1 les 

COUK.lft &cell', 

AlIDAUS,wOho COUNT 
~"£2!:!!!L"ARITY 8., ~"TI o-n,PARITY 

lCl ADORUS 
111'$ 0·21. ''''''IT'I' 

eel "'OUtsl ewe, 

lei C""TAOLLU 

les COlltllk,ll aloUCll, 
I---<!) lei IAlhl UUIIATE eMe 

leI 'LAG PAIIII"I ~"_. 

COUPLER "'CIU'" } 

END Of TRANSflER, ,.u 
',' ERRoR fNO 9' 'tItANSFf __ 

I-@ leI E:ND Of TRANsnll eMe 

~:~ ::'~~i'f::::.'" ~~O~nftOLL(ft1 ~ 
(IrK ~!!~.~_~, ERROR--€) UROftS .. _- - -- \:I 1It:. .... 

lea TRANSf'R fRRO. It.es ""ROlli. 
_(SlCS .FK 'RheR COllE" -I 

CllH'flOLUII p.t.,un t:HkON, 
tCl COIHMOh.ttt _~~ PARITY tflAoR -----4(!)------

7 

-- CONTROL--

~~~~CODt. 0,1 ®-- ZIIIO fOllCt: 11,.0 "ol,un Ott P ... tt. £cs COHlftOlLlR 

ill'OR" ""0 .... " ON tCI ....... 
fORCa: 

.LtR fOket: lIftO ,. ... "ITT ON AOOftUll/WOftD COUNr CPU 

-- fORCE ZERO PARITY --

6 4 

PRIMARY BLOCK DIAGRAW 
ECS COLIPLER 

2 

c 

B 



~ 
o 

LA> 
J-I 

:r. 
o 
I 
I-' 
I-' 

5PKG 4008 BITS 5e~" "'APO "OZe. BfTS 5fH!9 
'IDOl 52 -" DATA 40Z6 52·IS5 

C~CPUl 2.2C :::~ ::::~ r~TROLLER \f.~l ~~'gl.1 :::: ::::~ ...-::..DATA lat WRITE I lilTS O-1S9 
4012 40-4'5 'C7 .. EU 40-4'5 - 'CP" 

CPlttZZ&-,':::OO~M!!'~'QW~ .. ~'_ccf2P_04FII 1 3FX 401:5 ::: ::::: 4~: ::::: 
WAIT[ STRObE (wRIT! STROBE _~. ,I n~~H~r£ <ftO? 28-51 4£2. 21-)1 

'''JlO 4COf 8fTS '5'-09 PAFftT't OAlA ON liNE DAtA ON UNE GENtRATGft ~ "'. I CL~~~O~=ITlI S 4£oa 24-27 "Ea1 24-21 

ewer II DATA OH lIlfflGO t:e" :~~: :~:: t~:T:UOI (CPLA '5 OJ CPLR1IC..ll.[ (CPLft '5 51 ::~: !::~: :::: !::~: 
4CI0 12-'9 ,. IUf WJir,1S'fiii5lif 4EII 12-15 41'24 II-II 

DATA (CftI RUD) 4CII 2.4-]' 4EI2 8-11 41'25 8-11 
eMelle pARITY 4el2 16-U 4ft! 4-7 "F2G 4-7 

(!) I(R :~:! IITS ~: ~5 f!!!! 4£14 BITS 0 - '5 BUF Eft CPLR{I~ ~ 4F27 IITI 0-' DATA 
DATA (eM REAOI ~ IlATAICM"RtAOI PATA BUFfER DATI~CM R£AOJ lie l-I!! DATAftECEIVERS, lEes WRIIEl 

CM(: 2: III liT' o-r~ DATA RECfIVEft. Ins O-~9 ,a-WORD RAM 81M -Ie ~~:~::r:T:: BITS 0-" Eel 

CPLA2 I~..!.!.:.!.- lCPLR :n1 CONTROlLiER 
tCf'LH 551 CCPLR 3!U 

(.PL.2 28 LOAD DATA 
KTO 4f07 81T 5 -5 PARtTY 

~ 4007 t~¥S'wOR.ll:.1 :: ::::; t~Vs~ll:'l 
1/0 '~n~~iRS l----. PAtHT'I' ~4024 DATA P BIT· .;. 4'10 32-39 [;AA!TY- .... • 

,---_-----_'-{-:;;.9-_1-.j I.~&:::'"' ~~T:u~f:l~ t- ~~~T~~~l,£1 I 4fll~ 24-31 ~CWC2IA 
L-__ i---~ __ II ___ ~ __ !!l.,.!L'A!illC"!J.!!.~A.!!JI·~.!!IT!_J.~IC~.L~.~.~.~1J~ ~ECS CONTROLLER :~:: I::~: 

~ 4'14 BITS 0-7 

L ____ -4+. _______ -l!'O!2!!OH!.SS!!Qll\W CPL .. R.!!. DATA TRANSMITTIRS 

ECIi WHITE :CI ~ ~41U2 RECEIV[RS. lie 
CPLR 2 28 EC WRi1£ .:..';i!, 'ANOUT _X_"_' _O'_'A ___ l--. ;::~:!rTST:= CONTROLLJR pr, I :-__ ,:::==:{c:Pl:R:'=.:'==~ ___ --, 

c--------- WIRED ICPLR 3111 {r~ £C~f.:\8AN" E CPLR2~C I 
~g~~L~~~T1R~cr.r· CPLA 2: IC l m. I IPKG 4£12 3CMO 4£36 SPKG "'E12 

Ee, CONTROllER DAtA lEes READ) PARITY '"i' DATA P BIT ~' -f!£!!2J' 6 ~ I OATA leM WRlrE P 81T 
-W rlNVERTERS I ANO I INVERTER 

---QR--- I 
~ ICPLR !II U;PLR 151 

-~ ~ 
CPlR 21C TI.~ DiffERENTIAL fORCED P BIT 

CPlR 2: ZC Ees ABORT REeEI",ER 

(ePLR ) III 

~",,,a ~5PkG4E13aIT:5 r ~4'1' PRUETt-INCA IHP ADRS INPUT ADRS ! rPKG: 41:14 IITS O-'IINP1JT ADR! ~""18 3FXO 401& BIT:5 

~ P"UETt-INCA OUT AD"I 1/0 aUFHR ~S4 0-3 INYERTER alT4s)~ :~:~ 2 

t.CS WRITE PItUU.OECA INP/OUT ADRa ftQTR ADDRESS 1 ' 1/0 flUFfER 110 liFiOTUIl BIT 0 liD 
,CS REGISTERS ICPlR , 61 ADDRESS BUFfER ADRS r=-' 8UFFER AOftS 

CPlR 1 ZII GO EC BU' fER AODRt.55 ~ SfLECT BITS 0-3 1':'1 SITS 0-1 
"'_(OTClR ANO ~ ef'LA2:Z&~ FANOUT ..!. 

CflLR llD --==-~ WRITE CONTROL CPLA 2 Ie ~ I(flla S 01 --t41 OUTflUT "'DRS BITS o-~ 
CPLR 1 2.B ~_.~_--, - ICPLft S 61 ICPLft S 61 

CPI II 2 za -.-"~-- - DI.'I' 60 ECS CPlA 228 

'flA 2 Ie _,, ____ -----0 fOHCf sn GO e(NTRAl CPloR Z ZA 

((fllR 36) ~~ CfOLR 22& 

II 

~~;~NDp~~~:LAO~C: DIAGRAM I~~~ I 0 lov;Q':2880Q I A 
I .:.:::::: ,SUFFER ADORE.. I ICPLR '.D I D-J-, 

I 



~ 
a 

LV 
....... 

:x: a 
I 

....... 
I\) 

I 

; 

I 

- , - - - - , 

I( BITS 0-2 • lLOO ""C30 
X 81TS 3-2.2., 

fLAG RGfR OPtilACRS 81T 231 GE~~I:lOfl Ees AORS P BIT 

ICPI-R :5 Il 

5lAO 4028 BITS 19-22 
APO -4'22 BITS ZO-23 

4C23- 16-19 
4029 13-18 

.4C;:4 12-13 I 
lllRO HI9 BITS 16-23, pARliY P3 

4030 11-14 
FLAG RGfEl Of'tl 4C25 a-II 

~ ,,[20 8-13, P2 ADRS/WD COUtiT alT 23 CPLK l. 2A 4[28 7-10 
CPlA 2: 24 tADRS BLT 211 4C2.6 4-1 

ADDEI(!.S/WORO COuNT 
f~4E2L8ITS 0-1,PARlrYPI 

AOAS/WD J, ADfiS/VOO 
~4E29 BITS 3- Ii 

81TS~4 iO. 

~ 4en BITS 0-' res ADDRESS 
elTs O-Z"PARlf,b. .0 ADDRESS/WORD COOtH 

C~T 81TS 0-23 AD~ wo COuNT IilrS o-n caU"'T BIT~-Z2 J(6~ 3-22 BIg, 0-23 

'" CPu it 01:1 ...... "-" RECtiVER AND 
P~TPI-P3 

~ ~ ~ 
ADDRESS 

eOtHROLlEft 
PARIO CHECK 

~P2lBR~ (CPl'" '01 ~l t8~Wt.~" 0-< 
REGISTER , 

I ADR".' 8~~ .oR".O "eR"A 

CONTROLLtR 
~PI:~ 

tg~~~wo 'KEtO 4[18 ACPT )t,Y REGISTERS --~ -
PARITY 

AOOflES~/WORO COUNT COUNT P 81T -Vi)- t~~~TK'I' COUNT PE ..£Q~ CPUt 22C CPLR ftW- tCPLR 3 II 

C TI,:I f>ARlTy RECEIVER J \CPLR :I O} OL'I' CPLA ACPT\400 NS) r 2 2A 
tCPl.R ) O} 

__ ~ )CIoIO 4[36 ~ 
X RGTR S2 

RG~ 
V ~S 3-18 I~Y BITS 4-19 Y~16 HST '1'''16 "",16 

~ l~ ~ 
.,.. 

CPl.R 2.2B,2 2C 
PLY CPLR HIiTSO-Z' .-.rn 

CPLR 2 2A 
GO C(tHfiAl 

K. X, 'I' 
ACPT mso US} 

REGISHRS 
Y kOTR 51 - CPLI\ Z 2A CO CENTRAL 

STOp GO CENTRAL CPlR 2 2A 
CflR 2 2& 

100 liS SQw CONTROL. iL (e"R'" 

CPLfl Z 28 [CS WRITE WORD COUNT I 
ANO CONTROL 

CfLR 2 i!A OLY CPUt ACPT U~O NS} 
t:NA8LE CPLR 2 2.8 GO EtS AUO 

~4E:lO BITS 0 -2 WC to [aT ClR P SELECT ~ 
CPLA Z 20 CPLf~ Z ZEI 

~ ~ ~KfljTS 
~ )AAO 403i! 

K~,S - ~ 
K 'I' REGISTfRS :I L.AI( :I SELECTED P RGTA 

ENSL RGHt Ct PULSE HOTR ' ~ Cf'LRC~ REGISTER 
CONTROLLER ACPT 8~ 

SHAt'ER !!i!h 
-~ 

2: 2.4. OlY CPUt CPLA 2. i!C CPlR 2 2A 

F 
II,"! 

ICPlH 31) CPL~~ , 
I( RGTH 52 

22A ~ 
Oll' CPLR ACPH"O NSI 

~ -®-It BITS 0-£ 

-f"" 'k 
" BITS 0-2 

T I SEtouO STA-Of GLOCK T' ~ ~.-o --____ - AHO fANOuT ~ A \Cf'LR 311 
, 

{CPLR 3.1) 

lefLA'BI L...:::.CPLH 20,22 
-

~J.E:l7 

lf~40" ..,0 "" 

I 

{~-IL.._ ",,, STAGE CUlC' 2- -G SECONO "AGE CUlC. .!L "UOOT T2 'eeR < 0 
MASTER AND fANOUT WLHEO AND fANOUT \CPLI'I 'fli 

MC~~Of~fL tCPLR 3 BI C CPLH 2 00 

~ CF;::::, ." ,. H~"" -~~ ~ ... ) I ~4El4 ~ ~4C2a 
~ 40" fORCE ZERO E~S AOAS P 81T fORCE .:EflO • ~ COtHHOl 

~~\gl()tITROLL!~ Ec~A~61~ ~~IT ECS AORS P biT TRANSIdITTER ECS ADDHES5 PAfllTY BIT 
ECS CONTROLLER 

1"3 flHST SfAlIE CLOCI( n !If.COtl(J STAGE CLOCK 13 ~ 
fORCE IE 110 ~ \CPLR , ~I CPUI 2 2a~ ICt'LR 3 ,\ -

AND FtlNOUT -- Aim fANouT -~ .. 
ICPLR lSI (CPU" 'tI\ CPLk "n,li! PARITY 

OECOOfR 
fORCE URO PAitin _r::.~f20 fOACE ZERO PARln ON 
ON AClRS/WD COUNT AT CPu ADDRESS IWOfiD COUUT CPU Z ~A CONTROL 

,.0..1.0 4032 
3KRO 4Ci~ 

~TRANSMtTTER 
~A.~4E.l fOHCe. URO fORCE ZERO \CPLR ,3\ 

F 
SlCONO STAGE CLOCK l" .. \.\ 

CPU2!iA PARITY C~I RECEIIIEft ~lCODEO.1 
AND fANOUT -- - C .. 

\LPLR ,el l ____ -(PLIt " 0, " 2 ~(cPLR351 
-®--

~4C29 

COtITROl , 
THANSNITTU fOflCE URD PARIT'I' ON DATA 

\Cl'lft :131 
fOHCE ZERO PAlHTY ON DATA AT CON!~~ ______ 

ECS CONTROLLER 

3.0.. .... 0 4C31 .....@--- !CPUt 351 

.!'..I.L 
~1~~:~ENT1Al 

):::. 4 IIlLELVER 
AND fANOUl ~_-Cf>LR <: 0,2 2 

, " , SECONDARY BLOCK DIAGRAM rU~1 '~I." ·1° .. "100 j';; \Cf'lfl 58\ ADDRESS/wORD COUNT PATHS, 34010 o 60428800 

I ~~~~::-~: I EEggK P~~;~11~e~r&t?L AND I I CPLR 2' I .-,-. - , - , - . , , , 



~ 
o 
lAl ..... 

5 
J ..... 

VJ 

8 i 7 I 6 I 6 + 4 L 3 I 2 I 1 

]KRO 4EIII r-c"",,,C.~AC.,p:!.r ______ j 
-I _ ... ".' _... _.... ._--- --CONTROL. RAQU[U' 

CPL.R 2 IC~ TRAHIMlnfR C NiR L£R les 
fes WRITE CONTROllER 

I 100 NS SQW 

~ 

!tcRoI4CIS 

ID 

-

c 

-. 

B 

-

A 

!leMO 4E3. 

0/..1 CPt.A """400 NSl fLAG 
CPut 210\ ItEGI&T£R 

OPElh\TIOft 
n,] ENAllE 

'fllR zle 
'CPL.A 531 

,'!W'm~ F'A~OUT 100 NI IQ CPU 

(CPL.R:I 41 i :e' 

{
lOA 

CPLR IOC 
2IA 

CPL.R Z 01 

CPL.R 21A AOftS/WD COUN~r~.~,,;.~.~~:1:~:j-~f=.;=.;=.;===.;~~~~~~~~~~~~~tt==~~~===j~~ 
'LAG • .,. 0. ..... L. ; 

CPL.tt 2 DC 'OfiCE SET GO Cf"TML ,,.LR 2. OC--H+"",-,!!.!!;§J -~-. "!=-. CPU, Z II ITt GO CENTRAL 

eMe zoe 

!J..)~; fOT elA 

I,f}lfts? 
~ 

ICPL.R :5 n 

GO C£HTRAt.. 

SELECTED P ROTR 81TS 0-2 ! 

1-

c 

I-""====-'---CJ>LR Z'I 
CONTROllER ACCEPT, "'PO 'lCit ~ TPIING I GO CENTRAL 

DUA' 
ICPLA 341 

ISPkGi4E141 I /-"'''-___ --L_ CPLR Z OC .-

CONficfu .. at COHTROlLfft ABO~T CONTROL rROLL" AtPT CPLR Z,IC---<!> Tt,n,T'.31'CPLR S 411 f.CS 'L.,A," PANARIT,',.fRROR cue 2 Ie 
RECEIVER CON NO 0 R S cPU 2 OA 

R~:::N5e: CONTROLLlA A ORT EeS fLAG fOE ,EOr, EM EOT 5 ERROR END 0' TRANSfER CPU 2. GA 

ewe 2 aC 
CPL' • OC n IC::~I" , ... ,.'tTER 'c, ••• , T"K ... ' 

Eel TRANSFER ERROft 
IECS [RROR, 

ICPLR ! 71 CPU I.SA la 

cPU 2 54 E.CHAItGE nORT EC! 

CMe 2 18 CMC DOuBLE [RRON 

eMe 2 oo.2!!f 'It'lIT ERROR 

elle 2 ID cau ADA, PARllY [RROR 

-0 

erLR 2lc .!.!.d.. 

8 

J!f!§J4eU5 

ExeriAHGE ABORT tes 

fi"'Mi"t='il"'ii'l... ICtoLit ;J 71 

1ilihl4Cl4 I 

EflRDR 

REGISTER 

~ 
~ 

CONTROLLER PE 

ADRS/WD CDUtlT PE, 
eNe DOUBLE ERR: 
CSU ADRS PEt 
eMe INP ERR, 

~ECS BANKPE 
~ 

,I(CC 1 4[34 

lePLR 171 eMC DOUBLE fAR CMC DOUBLEI~~~~~iO£'it'1tc 
It •• RITE ITftOBE ERR GATE 

CPLltlOA ICPLR:S 71 

1 

IlCPLR 371 

6 6 

-'i' 
~ 

t 4 

~"C+EOTCl..R 
CONTROLLER PE 

ADRS/WD COUNT PE, 
eMC DOUBLE ERR, 
esu ADRS PE. 
cue IMP £RR, 
ies aAHK PE, 
ICS ABORT 

r 

!@ill"" 1m XFR ••• 

ERROR 

GE~f:'~OR 

CPLR~~~....n.,~ 

I111III .. '.' '. . SECONDARY SlOC;K DIAGRAM 
~CONTROl 

3 2 

1-

CPU ZOA 

IA 

A 



~ 
o 
VJ 
~ 

i§ 
I 
~ 
+=" 

DETAILED-PAK DIAGRAM 

CPU INTERFACE FOR COUPLER REQU~ST CONTROL, ADDRESS/WORD COUNT, AND ECS WRITE 

COUPLER REQUEST CONTROL 

An ECS operation begins when the CPU sends a request coupler signal to the ECS 
eoupler. If the request is for a write ICCS operation (012 instructIOn). the request 
coupler signal IS accompanied by an ECS write signal. The absence of the ECS 
write signal (not ECS write) indicates a read I;;CS operation (011 instruction). 

The request coupler signal sets a latch register (3I<RO pak) which in turn sets the 
request hold flip-flop (5LnO pale). The request hold flip-flop holds the requcst 
coupler signal if the request flip-flop is not in a reset mode (clear). The request 
flip-flop is cleared by the master clear signal or the end-of-transfer clear signal 
generated at the completion of each ECS operation. If the request nip-flop 's 
clear, the output signal of the request hold flip-flop sets the request flip-flop at 
time Tl. 3. The output signal of the request flip-flop disables its own clock input, 
clears the request hold flip-flop in preparation for the next request. and sets the 
EeS IP (111 progr<:ss) flip-flop. Thc request flip-flop and the ECS IP flip-flop are 
connect<:d in a one-shot pulse-forming combination. In this combination. the 
request flip-flop sets on the trailing edge of a clock pulse and forms the leading 
edge of the coupler accept Signal. Th<: ECS IP flip-flop sets 50 nanoseconds later 
on the trailing edge of the next clock pulse. Since the inverted output signal of the 
ECS IP flip-flop is ANDed with the output signal of the request flip-flop. the selling 
of the ICCS IP flip-nop breaks the AND gate and forms the trailing edge of the 
50-nanosecond coupler accept pulse. The request nip-nap and the ECS IP flip-flop 
remain set until cleared by the end-of-transfer clear signal at the completion of 
the transfE:r operation Or the master clear signal. 

The coupler accept pulse clears the error register (CPLR 3.7) of any errors 
detected in the previous transfer operation and indicates to the CPU. via a latch 
register and transmitter (4KTO pak), that the coupler accepts the request for the 
transfer operation. The accept delay chain (5KSO pak) delays the coupler accept 
pulse 350 and 550 nanoseconds. The register enable and request CMC circuits use 
the two delayed coupler accept pulses as timing signals. 

ADDRESS/WORD COUNT 

The CPU sends the tl'ansfer operation word count and Its odd parity bit to the coupler 
350 nanoseconds after receiving the coupler accept signal. The word count enters 
the latch registers which in turn transfer the count at lime Tl, 3 to the Y register 
(CPLH 3.1). The parity checker (3KRO pak) checks the word count in the latch 
registers in tlll'ee B-bit groups for parity errors. The parity checker generates a 
parity bit for each of the three groups. These parity bits. designated PI through 1"3, 
are merged with the parity bit that accompanied the word count from the CPU in a 
second parity check circuit (4KQO pak). When. the 4K(')0 pak parity check circuit 
detects a parity errOr in the parity bits, it generates a word count parity error 
signal for the err'or register (CPLH 3.7). The parity errol' signal transfers to the 
1:1'1'01' register via a timing selcct circuit on the register enable pak (CPLH 3.1). 

The CPU sends the transfer operation ICCS starting address and its parity bit to the 
coupler 50 nalloseconds after the word count, which is 400 nanoseconds after the 
CPU reedv<:s th., coupler accept signal. The address enters the latch registers 
(3KHO paid which in turll transfer the lower address bits 0 through 22 to the X and 
K registers (CPLH 3.1). The two parity checkers (3KRO and 41<QO paks) check the 
address and the address parity bit for parity E:rrors in the same manner they ch,"ck 
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the word count for parity errors. The parity check circuit (4K(,)0 pak) transfers an 
address parity errOl' signal via a timing select circuit on the r<:gist"r enable pak 
(CPLH 3.0 to the errOr' register (CPLH 3.7). 

The CPU sends the I':CS starting aduI'esS with bit 23 s<:t when it wants the ITS con
troller to perform a fbg register operatIOn. The latch register (3KHO pak) transfers. 
address bit 23 at time T1, 3 to the flag register operation flip-flop (CPLR 3.3). 
The flag registel' operation flip-flop merges address bit 23 back with the lower 
23 bits of the address in the address register (CPLH 3.1) and performs control 
functions on coupler circuits for the duration of the flag register operation. The 
ECS controller performs the flag register function using bits 20 through 22 of the 
address as the instructions. The conlroller accomplishes the flag register operation 
without further instructions 0\' information. 

CPLH 3.0 TJ:ST POINTS 

Module Location Test Point Description 

3KRO 4E19-21 3 (1') Adl's/\\'<1 Count Bit N 

3KHO 4E19-21 5 ('1') Adt's I\\'d COllnt Bit N + 1 

3KHO 4F19-21 2 ('1') Adrs IWd Count Bit N -t 2 

3KHO 4E19-21 6 (T) Adrs/\\ d Count Bit N + 3 

3KHO 41-:19-21 13 ('1') Adrs/Wd Count Bit N +4 

3KI10 4E19-21 9 (T) Adrs IWd Count Bit N + 5 

31<110 4E19-21 12 ('1') 1\drs/\\'d Count Bit N +6 

3KHO 41-:19-21 8 ('1') Adrs I\\'d Count Bit t\ + 7 

3KHO 41-:19-21 7 ('1') Clock Time '1'1. 3 

3KHO 41':18 3 (T) Adr5/\\'d Count Panty Bit 

3KHO 4E18 1 (F) Adrs /\\'d Count PO,rtty Bit 

3KHO 41':18 5 (T) ICCS Write 

3KHO 4EIB 6 ('1') Heq Cplr 

3KI10 4E18 7 (T) Clock Tim<: '1'1. 3 

4KqO 4E34 10 ('1') P,u'ity Bit PI 

4KQO 41-:34 9 ('1') Parity Bit 1"2 

4KQO 41':34 8 (T) Par,ty Bit P3 

5LBO 4])36 3 (Tl Heq Cplr 

5LBO 4D36 2 (F) MC + EOT CLH 

5LBO 4D36 I ('1') Clocl< TlI1le T1. 3 

5KSO 41,:33 5 (F) Diy Cplr Acpt (350NS) 

5KSO 4E33 4 (T) Diy Cph> Acpt (550NS) 

5KSO 41':33 13 (T) Clock Time T1, 3 

41<'1'0 41"20 [} (T) Cph' /\cpt 

4KTO 41"20 2 (T) Clock Time T1. 3 
-- - -
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DETAILED-P At< DIAGRAM 

R~GISTER ENABLE K, X, Y REGISTERS AND P SELECT 

Y REGISTER (WORD COUNT) 

The CPU sends the 23-bit word count for the data transfer operation 350 nano
seconds after it receives the coupler accept signal. The Y register must be in a 
preset mode at that time to load the data word count. The Y register monitors 
and outputs the data word count to the coupler control circuits for the duration of 
the transfer operation. 

The input signals to funetional control inputs Sl and S2 of the Y register (3LAO pak) 
control its mode of operation. The 50-nanosecond eoupler accept signal that was 
delayed 350 nanoseconds is passed directly through the register enable pak 
(5FLO pak) to input S2 of the Y register. The delayed coupler accept (350 nano
seconds) signal is delayed an additional 50 nanoseconds by the 50-nanosecond 
delay flip-flop (5LFO pak) before providing an input to Sl of the Y register. Since 
the output signal of the 50-nanosecond delay flip-flop (that goes to input SI of the 
Y register) is inverted, the Y register is in a preset mode until the flip-nop sets. 
The Y register remains in the preset mode for 50 nanoseconds (350 to 400 nano
seconds after the coupler accept signal). The data transfer operation word count 
bits 0 through 22 arrive at the Y register 350 nanoseconds after the coupler accept 
signal and enter the registcr. The data word count is contained in the lower 19 bits. 
The upper 4 bits are ignored. 

The 50--nanosecond delay flip-flop sets 400 nanoseconds after the coupler accept 
signal, forcing the Y register into a hold mode. The Y register remains in the 
hold mode for 50 nanoseconds while the X register loads the ECS starting address. 
When the 50-nanosecond delay flip-flop clears, it forces the Y register into a 
decrement mode. Since the Y register contains the number of data words in the 
ECS transfer operation and is in a decrement mode, it is ready to monitor the data 
transfer count when enabled. The enable signal to the Y register is the result of 
tlu, ECS controller accepting the first transfer operation request Or thc previous 
transfer of eight 60-bit data words (record). The coupler generates the go central 
signal fI'om the ECS controller accept Signal. The go central sIgnal is ANDed with 
the 100-nanosecond square wave and generates the enable regIster clock SIgnal. 
The clock signal is synchronized with the clock pulse (3AAO p"k) to enable the 
clock input of the Y register. The clock synchronized register enable signal enables 
the Y register at the transfer rate of Once every 100 nanoseconds unless stopped by 
the loss of the go central signal. The enable signal decrements the data word 
count in the Y register at the data transfer rate until the count equals zero. 

The 3CMO and 6LCO paks monitor the data word count from the Y register for a 
word count of zero. The complemented Y register bits 4 through 18 are ANlJed 
in the 3CMO pak which generates the Y register count IS less than 16 signal. The 
Y bits 0 tlu'ough 2 equal zero test circuit (6LCO pak) generates an output signal 
when the bits equal zero. The Y is less than 16 SIgnal and the Y bits 0 through 2 
equals zero SIgnal are ANDed with the complement of bit 3 from the Y registcr. 
Wh{:n the word count in the Y register is at zero, all these signals are present, 
and the AND gatt' generates the Y equals zero signal that sets the word count equals 
ZeI"O flip-nop. IJul'ing an J':CS write operation, the controller accept SIgnal gates 
the won] count equals zerO flIp-flop output Signal to the end time circuits that starts 
the timillg sequence to end the transfer operation. The coupler I'ecdves the con
troller accI:pt signal after the transfer of the last data word that caused the Y reg
ister to go to a zero word count. This ensures that the eonl1'oller receives the last 
word of the transfer operation hefore the end time cirCUits reeeive the Y equals 
zero signal to start the tIming sequence and end the transfel' operation. 

5-3-10,0 

During an ECS read operation, the last word of the transfer operation has left the 
ECS controller when the word eount reaches zero. Therefore, the ECS read signal 
gates the Y equals zerO signal to start the timing sequ('ncl' and end the transfer 
operation. 

X AND K REGISTERS (ADDRESS) 

The coupler X and K registers reeeive the ECS starting address for the transfer 
operation from the CPU. The registcr control circuits inerement the ~ and K 
registers from the starting address to generate the additional r:CS addresses for 
the data of the transfer operation. 

The ECS memory is organized in records (eight 60-bit words) of data. Memory 
references to ECS normally require a specific address for each record, The 
exception is the first rccord of a transfer operation which could contain less than 
the normal eight words and is referred to as a partial record. The ~ reglst .. r 
provides the normal record address while the K register provides the address of a 
word wilhm the firs t record. 

The CPU sends the 23-bit starting address 400 nanoseconds after it receives the 
coupler accept signal. The X and K registers (3LAO pak) must be in a preset mode 
400 nanoseconds after the coupler accept signal to load the J=CS starting address. 

The coupler accept signal that was delayed 350 nanoseconds is delayed an additional 
50 nanoseconds by the 50-nanosecond delay flip-flop (5LFO pak). The delay flip
flop provides the delayed couplcr accept signal (400 nanoseconds) to functional con
trol input Sl of the X register for 50 nanoseconds. Since the complemented delayed 
coupler accept signal (350 nanoseconds) to input S2 of ~ register has ended, SI and 
S2 are in the propel' state to preset the register. 

The same delayed coupler accept signal (400 nanoseconds) provided to SI of the ~ 
register is provided to SI of the K regIster. The delayed coupler accept signal 
(400 nanoseconds) from the 50-nanosecond delay flip-fiop is ANDed with the 100-
nanosecond square wave signal to provide an input to S2 of the K regIster". Inputs SI 
and S2 of the K register are in the proper state to prese:t the K register at the same 
time the X register presets. 

The X and K registers are in the preset mode for 50 nanoseconds (400 to 450 nanO
seconds after the coupler accept signal). During this time, thc address bits 0 
through 22 ar-rive and load into the ~ and K registers. The )·:CS address uses all 
23 lJits. 

When the 50-nanosecond delay flip-flop clears, the ~ register goes into the incre
ment mode and the K register goes 11110 the hold mode, The re:gisters remain in 
their respective modes until the ECS controller' returns a controller accept signal 
to in(licate it is ready for the transfer of data and requirl's the LCS address. After 
receiving the controller accept signal, the coupler generates the go CCS and go 
central signals. The go ECS is necessary to start the 100-nanosecond square wave 
signal. The go central and the 100-nanosecond square wave combine to form the 
K register S2 signal that alternates the K register from the hold to the increment mode. 
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With bOlh ,'egist""s in th" increment mode, the register enable signal to the clock 
input incr(,m"IlIS I he addl'ess in the registers. The go central signal is ANDed 
with Ih" 100-nanosecond square wave and generales the enable register clock signal. 
The dock signal is synchronized with the clock pulse (3AAO pak) to enable the clock 
input of the X and K registers. The clock synchronized register enable signal incl'e
ml:nls Ihe " and K rcgisters at the transfer rate or once every 100 nanoseconds uuless 
"101'1,,,,1 by Ihe loss of the go cl'ntl'al Signal. The incrementing continues until the 
transl'e.' is complete and the end lime circuits stop the go central signal. 

The K ",'gister contains zeros except when the first record of a transfer operation 
is a partial reco,',l. The K registt'!, allows refer",nces to specific 60-bit word 
locations for Ihe number of words contained in the partial record. The d<!layed 
coupler accept signal (550 nanoseconds) gates the first record K register bils 
(lower a hits of Ihe address) into Ihe LAK register (5LKO pak). The ECS accept 
signal from Ihe I':CS controller elears the LAK l'egister. The C:CS accept signal 
indicates the 1·:CS controller "eceived the first address of the transfer. Since the 
dc:laYl!d coupler' accept signal (550 nanoseconds) occurs only once every transfer 
operation, only Ilw lower address bits of Ihe first address from the K register are 
gated into thl! LA1\ register. All rl!maining addresses will have zeros in the lower 
3 bits. Therefore, each time the address registers increment one, the address to 
ECS incrl'ments ten (octal), 

The request controller signal gates the addres~ bits into the address register 
(4APO paid. The 100-nanosecond square wave and the '1'25 clock pulse (25-
nanosecond square wave) gate the address bits in the address registers to the 
trallHmittel'. The '1'25 clock pulse synchronizes the address bits within the 100-
nanosecond square wave for transfer to the ECS controller. The clock time '1'1 
resets the addres>! register in preparation for the next address from the X and K 
registers. 

PARITY GENERATOR 
Thl! address bits 0 through 23 provided to the address register (4APO pak) for 
transmission to the ECS controller are also provided to the parity generator 
(3LOO pak). The parity generator generates an odd parity bit for each address 
and transfers the parity bit via the zero parity circuits (CPLR 3.3) to the ECS 
conll'uller. ' 

ADDRESS/WORD COUNT PE ENABLE 

The address /wol'd count parity error (if detected) r"quires an enable signal 
synchronized with the a ppropriate address or word count to pass the errol' signal 
on to the ('1'1'01' register. The coupler accept signal (350 nanoseconds) gates a 
word count parity errOr signal (5L1"O paId through the select circuit. The delayed 
coupler accept signal (400 nanoseconds) from the 50-nanosecond delay flip-flop 
gates an address parity error tiU'ough the other half of the select circuit •. Thl'se 
gating signals perform the synchroniZing function that differentiates a word count 
parity "L'I'Or from an address parity error for the erro,' register. 
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P SELECT 

The P counter (CPLH 3.4) keeps track of the number of words in the record trans
ferred. The P select circuit (6LCO pak) provides the P counter with the appropriate 
bits to accomplish that function. The K registe,' (3LAO pak) provides the comple
mented lower 3 bits of the address to the \' minus I is greater than K test circuit 
and the P select circuit. The K register eontallls the lower three address bits 
which are normally zero except in the case of a partial first record. Since the K 
register is normally zero, the complemented bits provide a seven to the Y minus 1 
is greater than K test circuit and the P scl(:ct circuit. The Y register (3LAO pak) 
provides the 3 bits of the word count to the Y minus 1 cit'cuit (6LeO pak) which in 
turn provides its output to the Y minus 1 is grealer than K test circuit an'! the P 
select circuit. The Y minus 1 is greater than K test circuit controls the P select 
flip-flop that selects the appropriate bits for the P counter. The go ECS signal that 
indicates the CMC is ready for a data transfer gates Ihe P select nip-flop. Assuming 
that Y (data word count) is grealer than eight, there is at least parI of another record 
to be transferred. The P select flip-flop selects the K bits (seven) for the P register. 
The P counter decrements from the number provided by the selected bits at the data 
transfer rate of one a clock period (100 nanoseconds) until P equals zero indicating 
the end of one record. The count and bit selections are repeated until Y mlllUS 1 is 
less than K. When Y minus 1 is less than K. the last record is ready for transfer 
and the P select flip-flop selects the Y minus 1 value as the selected P register bits. 
When the P counter decrements to zero this time, the Y count equals zero signal sets 
the word count equals zero nip-nap. The word count equals zero flip-flop generates 
the stop go central signal for the go central memory nip-flop (CPLR 3.3) and the Y 
equals zerO signal for end time circuit (CPLH 3.7). The end time circuits generate 
an end of transfer signal to end the ECS transfer operation. 
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'V)odll\p 

5LFO 

5LFO 

5L1"O 

5LFO 

5L1"O 

3AAO 

3AAO 

3AAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

5LKO 

5LKO 

Location 

41"35 

41"35 

41"35 

4F35 

41"35 

41)32 

4032 

4032 

4028,30, 

4E28,29 

4D28.30 

4E28.29 

4E30 

4E30 

4E30 

4E30 

4E30 

41':30 

4E30 

4])33 

4033 

Test Pc-tnt 

3 ('1') 

4 (1") 

9 ('1') 

14 ('1') 

12 ('1') 

4 (F) 

9 (F) 

10 (F) 

1 ('1') 

2 ('1') 

13 ('1') 

14 ('1') 

12 ('1') 

3 ('1') 

7 ('1') 

11 ('1') 

8 ('1') 

9 ('1') 

10 ('1') 

1 ('1') 

2 ('1') 

13 ('1') 

7 ('1') 

11 ('1') 

8 ('1') 

9 ('1') 

12 ('1') 

8 ('1') 

CPLR 3. 1 TEST POINTS 

J}cscrlptlon MoJule LocatIOn Tc~t POlllt Ilescrqllion 

Clock Time '1'1, 3 5LKO 4033 9 ('1') K Hgtr Bit 2 

MC + EOT CLR 5LKO 4033 13 ('1') DIy Cplr Acpt (550 ns) 

Dly Cplr Acr,t (350 nSI 3CMO 4E36 11 (F) Y < 16 

Go Central 4APO 4C22-27 13 (F) Aurs Rgtr Bit N 

Dly Cplr Acpt (400 ns) 4APO 4C22-27 12 (F) Aurs Rgtr Bit N + 1 

Hgtr Enbl 4APO 4C22-27 3 (F) Aurs figtr Bit N +2 

Rgtr Enbl 4APO 4C22-27 14 (F) Aurs Hgtr Bit N + 3 

Hgtr Enbl 4APO 4C22-27 11 ('1') Heq Controller 

AdrsfWd Count Bit N 4APO 4C22-27 9 100 ns SQW 

Aurs fWd Count Bit N + 1 4APO 4C22-27 4 (F) Clock Time '1'1 

Adrs fWd Count Bit N + 2 4APO 4C22-27 2 ('1') ECS Adrs Bit N 

Aurs fWu Count Bit N + 3 4APO 4C22-27 5 ('1') ICCS Aurs Bit N + 1 

Y Hgtr Carry 4APO 4C22-27 8 ('1') ECS Aurs Bit N +2 

X Hgtr Carry 4APO 4C22-27 10 ('1') ECS Aurs Bit N + 3 

Clock Time '1'1. 3 4APO 4C22-27 1 '1' 25 (25 ns SQW) 

Y Hgtr Bit N 6LCO 41"34 2 ('1') Y<16 

YHgtrBitN+l 6LCO 41"34 11 ('1') Word Count ~ 0 

Y Hgtr Bit N +2 6LCO 41"34 5 ('I) Y Bit 3 

Y Rgtr Bit N +3 6LCO 41~34 6 ('1') Y Bits 0 - 2 ~ 0 Tcst 

Aurs fWu Count Bit 0 6LCO 41"34 3 ('1') Go Central 

Aurs fWu Count Bit 1 6LCO 4F34 4 ('1') Y - 1 >K Test 

Adrs fWd Count Bit 2 6LCO 41"34 14 ('1') Select K 

Clock Time '1'1. 3 6LCO 41"34 1 ('1') K Bit 0 

K Hgtr Bit 0 6LCO 41"34 9 ('1') K Bit 1 

K Hgtr Bit 1 6LCO 41>'34 8 ('1') K Bit 2 

K Ilgtr Bit 2 6LCO 41>'34 13 ('1') Y - 1 Bit 0 

K Hgtr Bit 0 6LCO 41"34 10 ('1') Y - 1 Bit 1 
! 

K Hgtr Bit 1 6LCO 41>'34 12 ('1') Y - 1 Bit 2 
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DETAILED-PAK DIAGRAM 
TRANSFER CONTROL 

The basic control center of the coupl"r during a transfer operation is the trans fer 
control circuit (5LJ.'0 pal<). When 0..., CPO initiates a data transfer operation, the 
couplel' Illllst genel'ate " request for the CMC, To generate an ECS request CMC 
signal, the flag register operation Signal must not be present. the Y register 
musl contain a word count, ami a parity error musl not have been detected in the 
word COUllt or starling ECS addl''':';s. WIH:n these conditions are available, Ow Y 
not pqual to zero signal, the not error signal, alld the complemented not flag I'cg
ister operation signal are ANlJed with the delaycd couplel' accept (550 nanoseconds) 
to generale the ECS request CMC signal. The ECS request CMC signal is a 50-
nanosecond puls,' that occurs once during each transfer 0lwralion, 550 nanoseconds 
aftel' th" coupler accepts a transfer operation !'equest from the CPU. The ECS 
r"'1,wst CMC signal is transmitted to lhe CMC via a latch l'egister (4KTO pa],) and 
l!'ansmitkl' at time Tl, 3. 

The ECS l'equest CMC is not generated if the nag register operation signal IS 
p!'esent, Y is equal 10 zero, or an address/word count parity errol' signal is 
present, btlt all ,'nd data transfer signal is generated. The end data transfe!' sig
nal, ~)50 lIanoseeol1Lls after the coupler accepts II transfel' operation, sets the end 
time l'lip-nop (Cl'L11 3.7) to end the transfer opet'alion before a data transfer 
occurs. 'I'll<! ending of the tl'Dnsfer operation bdore a lransfer of (lata occurs does 
nol aff,'ct a flag register opel'ation as it docs not re'lull'e II transfer of data. The 
wonl counl in the Y register is zer'o for a flag register opcl'ation. The ending of 
a transf,,1' operation by a starting address /word count parity crrOr prevents data 
from transferring to an incorrect address in ECS and possibly destroying other 
data. 

It' a flag registel' operation is requested by the CPU, the address !'eceivcd by 
couplcl' has bit 23 se(. Addrcss bit 23 sets Ihe nag regis\(:r operation flip-flop 
(CPLH J.3) lI",t generates the nag register operation signal. The ECS controller 
n:quil'es only the address with bit 23 set to perform a flag register ope!'ation. The 
fbg l'egiskl' opel'alion signal is ANDed (5LFO pak) with Ihe coupler accept signal 
that was ddayed 550 nanoseconds and synchronized by lime 1'1, 3 to set the accept 
go flip-flop, The accept go flip-nop generates the go I';CS signal. The go ECS 
signal sds the go 1';CS flip-nap (6LGO pak) that is COnnecl cd with the request con
troller flip-flop in a pulse fOl'lnillg combination. The go ECS flip-nap sets On the 
tl'ailing edge of a clock pulse and fOrms the lea<lll1g edge ot the {'(:quest controller 
signal. The I'eque:;t controller flip-flop sets 50 nanoseconds later on the trailing 
"dge of anol her dock pulse. The setting of the request eontl'oller nip-flop breaks 
tIl<; pulse lorming AND gate and forms Ihe trailing edge of the request con(roll<,r 
Signal. 'I'he I'''quest conteoller signal is requi!'ed dUClug a nag register operation 
Sllle,' til(: 1':CS conl!'oller p"r1'o!'ms the flag operutl()J1 internally. The Y register 
is (~qllal to zero uHJicating no word count since a trausfer or oat a LS not l'equired. 
'1'11<: compLemented flag register operation SIgnal (5LFO paid p1't,vents mailing Ihe 
pllise forming AND function that generates the 1';CS !'eqt",,,t CMC signal since the 
CMC is not required. 

The Ci\IC send:; the CIVIC accept signal when central menlOl'y is ready for the 
I'equested data tl'.lusfer ol,,:/'atlOn. The CMC accept signal proceeds Ilu'ough the 
receiver awl Latch register (3KHO pnk) and uncondition,llly sets the accept go nip
nop (5LFO pak), 1'1", aceept go flip-flop generates thc go ECS SIgnal that gall's 
the P sdecl cil'CUit (CPLH 3.1), enables the buffer addres;; circuit (CPLI1 3.6). 
ami sels the go I';CS flip-nop (6LeO pak). 

G042!lBOO A 

The go ECS flip-flop sets at time 1'3 and sends Its output SIgnal 10 the request con
troller flip-flop. The request controller flip-flop is initially III a !'eset mode at the 
'llart of each tl'ansfe!' operation, The output signal of the go ECS nip-nap is ANDed 
with the complemented output Signal of the request controller flip-nap in a pulse 
forming network that gene!'ates the request controller signal, unless an abort block 
signal is present. The request COntroller flip-flop Sds at the next time '1'1 after the 
go I':CS Signal IS available. The setting of the request cont!'oller flip-nop breaks the 
AND gate and ends the request controller signal. Since the go I:CS signal is gl'n
eratetl at tll1lC '1'3 and the request flip-nap set al tilt' next lime '1'1, the request 
coupler accept signal dm'ation is 50 nanoseconds. The !'equest controlte.' pulse 
gates the addr'ess hits from the \: ,me! K registers into the addr'ess I'eglst er (CPLH 
3,0) for transmissIOn to the ECS controller. The go ECS SIgnal is also used by the 
buffer eontrol (CPLH 3.4) and the end time control (CPLH 3.7) circuits. 

The request controller nip-flop IS initially in the reset mode as the start of a trans
fe.' ope!'atlOn if Ihe block request I':CS signal IS not present amI Q dops nOI e(lual two. 
The Q counter is in synchronizalion with the number of words written or I'cad in 
ECS. When two words have been lransfer-red, q equals 2 and the !'equesl eontrolle!' 
flip-nap is reset in prepal'alion for the next go ECS signal. The not bloek rpquest 
ECS Signal gates the Q equals 2 signal to the dday circuit which resels tlw ('equesl 
controlle!' nip-nop. During a 1'e..,d operation when the Y register (word count) 
indicates the last record is being read, the block request I:CS signal is generated 
(CPLH 3,1). The block request I:CS SIgnal prevents the Q equals 2 signal from 
resetting Ihe !'equest controller nip-flop. Since the indication IS Ihal the last record 
of the transfer operation is being read, the ECS controller IS no longer requil'ed and 
anolher r('quest controlle!' signal is not necessary, 

The ECS controller sends an ECS abort signal to the coupler if an e('rOr is detected 
during a data transfer operatIon. The ECS abort signal sets the abort block flip-
nop (5LFO paid to prevent the generation of another request controller sIgnal. If 
the ECS abort signal occurs dut'ing an FCS read operation, the I':CS abo!'t signal 
sets the fake read flip-flop along WIth Ihe abort block flip-nap. The fake read tlip-
ltop generates the fake I'ead s.gnal that along wllh lhe Q counte(' keeps the go central 
menlO!,) fhp-f1op (CPLH 3,3) set long enough to lI'unsfel' the data out of ECS, When the 
the transfer operatIOn IS complete, the wol'l1 eount 111 the Y reg!!ltel' .s zero and the 
Y equals zerO s.gnal b.'eaks lhe AND gate on the output 01 the fake read flip-flop 
ending the fake I'ead signal. The el1lllng of the fake read signal e"uses the go central 
memory flIp-flop to reseL 

The CPU ECS write Signal via the coupler interface circuits (CPLH 3.1) sets the I'CS 
w!'lte flip-flop (5LFO pak) for an ECS write operation. The ICCS write signal from 
the ECS write flip-nop is fanned oul (3CAO pak) to appropriate cll'cuits within the 
coupler requiring notification of an I'CS write mode of operation. The r:cs '''rite 
signal is transmitted to the 1':C5 cont!'oller via an ECS control register (4.1\PO pak) 
and transmitters. A request cont!'oller signal gates the I:CS w"lte signal into the 
ECS control register. Hequil'ing the !'equest controller signal as a gate for the ECS 
write signal ensures lhe I':CS conl!'oller that Ihe request for tll1S particular Iransfer 
operation is a write operation. The absence of the ECS write Signal to the I':CS write 
flip-nop indicates an 1:CS read opt-ration, Therefore, the absence of the ECS write 
signal into the I:CS control regisler at the time of Ihe request coupler Signal indicates 
10 the ECS controller Ihat the request is for a !'l"ad operation. The I:CS write flip
flop is cleared at the end of each transfer operation Or by a maste!' clear signal. 
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Module 

3KRO 

3KRO 

5LFO 

5LFO 

5LFO 

5LFO 

5LFO 

4KTO 

4KTO 

3CAO 

3CAO 

3CAO 

3CAO 

6LGO 

6LGO 

6LGO 

6LGO 

6LGO 

4APO 

4APO 

4APO 

4APO 

4APO 

4APO 

4APO 

CPLR 3.2 TEST POINTS 

Locution' Test Point 

4C15 3 (T) 

4C15 1 (P) 

4F35 l(T) 

4F35 4 (P) 

41"35 6 (T) 

4F35 11 (T) 

4F35 3 (,r) 

4F15 11 (T) 

4P15 2 (T) 

4E35 8 ('1') 

4E35 9 (T) 

4E35 10 (F) 

4E35 11 W) 

4F36 12 (T) 

4F36 3 (T) 

4F36 14 (T) 

'4F36 13 (T) 

4F36 2 (T) 

4C28 1 

4C28 4 (T) 

4C28 6 (T) 

4C28 9 

4C28 11 (T) 

4C28 12 (F) 

4C28 14 W) 
-

Uescription 

CMC Acpt 

CMC Acpt 

CMC Acpt 

MC + EOT CLR 

ECS Abort 

Plug Rgtr Opn 

Clock Tim" Tl, 3 

ECS Rcq CMC 

Clock Time Tl. 3 

l';CS Write 

ECS Write 

ECS Write 

ECS Write 

Go ECS 

Abort Block 

Block Req ECS 

Clock Time T1 

Clock Time T3 

T25 (25 ns SQW) 

Clock Time T1 

ECS Write 

100 ns SQW 

Req Controller 

ReC] Controller 

ECS Write 
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3CAO 14£35 

4APQ I 4C28 

CPtR 3 4B , 1100 liS SCIVI' 

Rt.flR TO C"LR ,e OIt.GHAM fOIt CLOCK ulSTHIUUTION 

4 3 

ECS WRITE 

I ECs R[QUEST eMe eMe 35.8 

~-----::----T-;r;;-...:G,-,O-E-C_Sll_cPLR • 4A, 3 7A 

{

' 10 
34A 

CPtR 3. fie 
36A 
> 7 A 
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DEl AtLED-PAK DIAGRAM 
ZERO PARITY CONTROL, FLAG REGISTER OPERATION AND GO CENTRAL 

ZERO PARITY CONTROL 

The CPU sends a force zerO pal'ity code that origlllates in the status and control 
register of the central pl'oc{,SSor when a test is required of the parity errol' 
,lctcclion networks. The code bits are received and passed through the latch 
regist<:r' (3KHO pak) at time '1'1. 3 to the force zero parity decoder (5LKO pak). 
The decoder checks the bits and carries out the coded instructions. Normally 
both of the bits are zeros and an output signal from the decoder is not required. 

If the fOrce zero parity on address fword count at CPU is decoded, the force zerO 
parity signal is transmitted via a latch register and transmitter (4KTO pal<) at the 
next time Tl, 3 to the CPU. If a force zcro parity on address 10 controller is 
detected, the decoder sends the force zero parity signal to a gating select circuit 
(4K(~0 pak). The force zero parity signal makes the AND gate in the. select circuit 
that gates a logical zero as the ECS address parity bit through the select circuit 
to the ECS control register (4APO pak). The complemented force zero parity On 
I';CS address signal breJ.l{s the AND gate in the select circuit and blocks the 
address pal'ity bit that accompanied the address from the CPU. This address 
parity bit path through the sclcct circuit is the path that the address parity bit 
takes for a normal transfer operation. The request coupler signal gates the 
ECS address parity bit, real or logical zero, into the ECS control register (4APO 
pak) to ensure the ECS addrells parity bit is associated with the proper address and 
!'t"luest. The /·;CS control register transmits the I';CS address parity bit to the 
ECS controller at the 100-nanosecond data transfer rate under control of the timing 
pulses. The ECS control register is reset each clock period to prepare it for the 
next ECS address parity oit. If the force zero parity decoder (5LKO pak) detects a 
forcl: zerO parity On data at the controller. the signal is transmitted via an ECS 
control register (4APO pak) that does not require an input gating signal to the ICCS 
conl1'oller'. The I';CS controller generates zerO parity for the /~CS parity check 
circuits. 

ECS RESPONSE REGISTER 

Thc ECS contl'oller' sends a controller accept signal to the couple1' ('or every successful 
transfel' of a "ccIJI'd and also to indicate that it is ready for anolher record. The 
contr'oller accept signal is reeeived and loaded into the ECS rl:sponse register 
(4APO p"k). TIll< I';CS rl:sponse register sends the controller accept signal to 
vIU'iollS coupll!r locations ineluding the go central circuit (5LBO pak). The coupler 
accc!'t signal along with the not stop go central signal (CPLR 3.1) and the not flag 
register' operation signal sd the go central memory flip-flop. The go central 
memory flip-flop generat es the go central signal thai is necessary for the coupler' 
circuits 10 perform any data transfer operation. 

Tlw ECS controller sends d controller abort signal to the coupler if till! controller 
cidects an error during the data transfer operation. The controller abort slgnal 1S 
rl:ceivl!d and loadcd into the ECS response reg1ster. The Jo:CS response register 
sI:nds a controller abort signal to the error register (CPLB 3.7) for determination 
to immediately end the data transfer operation in the caSl' of an ECS write Opera
tion 0,' to continue the data transfer operation to its normal conclusion in the case 
of an ECS read operation. 
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GO CENTRAL AND fLAG ~EGISTER OPERATION 

The controller accept signal sets the go central memory flip-flop (5LBO pak) if the 
flag register operation nip-flop is not set and the word count equals zero 111p-1l0P 
(CPLR 3. Illhat generates the stop go central signal is nOI sci. The go central 
signal, indicating that the ECS conlroller has acceptc-d Ihe transfer request. fans 
out to appropriate coupler circuits. The go central signal allows data transfer to 
begm between the ECS and CMC via the coupler. The go central memory flip-flop 
is also set when the initial go ECS and ECS wrlle Signals result in the gem'ration 
of the force set go centr'al signal. This initial go cenlral signal results in a bank 
initiate signal that transfers 10 CMC before the J:CS controllt·(, responds with its 
first controller accept Signal. This is required since the ITS controller is ready 
to accept data immediately with its acceptance of the transfer request whUp it takes 
longer for the CMC to get data out of central memory. The P equals zero slgnal. 
indicating that all the words of the active record havt' transferred,resels the go 
central memory flip-flop. This requires the ECS controller 10 generate a controller 
accept signal after receipt of each record to set the go central memory nip-flop 
again. 

The 17. 5-nanosecoml delayed Q equals 7 signal and the fake read signal are ANDed 
to set the go central memory fl1p-flop should an ECS abort occur. The I:CS abort 
causes the generation of the stop go cenlr'al signal resulting in the clearing of the go 
central memory flip-flop al the end of the record. The fake r"ad Signal is generated 
only during a read ECS opel' at ion. The go central memory flip-flop remains set 
allowing the transfer of all zeros to CIVIC for the remaining words of the T:CS read 
transfer operation. 

The controller accept signal is delayed, and then OBed wlth the masler clem' Or end 
of transfer clear signal to generate a reset signal for the LAK register (CPLH 3.1). 
This signal resets the LAK register contaimng Ihe lower 3 bils of the address after 
each successful transfer of a record. 

The flag register operation flip-flop is set if address bit 23 is set at the 11me the 
flip-nop is clocked by the flag register operation enable slgnal. This Signal coincides 
with the lime the address arrives from the CPU. The flag register oper'ation flip
flop output signal requests th" ECS controller and passes the flag operation function 
on to the ECS controller. Address bits 20 through 22 of the associated address are 
interpreled by the BCS controller as to what is required during Ihe nag registe,' 
operation function. The ECS controller requires no information other than Ihe 
address with bit 23 set. The coupler sends no request for information to the CMC. 
The output signal of the nag register operation flip-nop is inverted and prevents 
the controller accept signal from setting go central memory flip-flop and allOWing a 
data transfer to take place. Smce no dala transfe,' takes place during a flag register 
operation, the flag register operation flip-flop depends on the clear signal for the 
next transfer operation request to reset Ihe flip-flop. 
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Modul" 

3KHO 

3KHO 

3KHO 

4KTO 

4KTO 

4KQO 

4APO 

4APO 

4APO 

4APO 

4APO 

4APO 

4APO 

4APO 

4APO 

5LBO 

5LBO 

5LBO 

5LBO 

5L130 

5LBO 

5LBO 

LOcation 

4C15 

4C15 

4C15 

4F20 

41"20 

4E34 

4C28 

4C28 

4C28 

4C28 

4C28 

4C28 

4C29 

4C29 

4C29 

4036 

4036 

4036 

4036 

4036 

4036 

4))36 

CPLH 3.3 TEST POINTS - - - -- - - - - -_. ---

Test Point Description 

5 (T) Force Zero Parity Code 0 

2 ('1') Force Zero Parity Code 1 

7 (T) Clock Time '1'1, 3 

11 (T) Force Zero Parity On Adrs /\\'d Count 

2 ('1') Clock Time '1'1, 3 

13 ('1') Force Zero Parity on ECS 
Adrs P Bit 

13 (F) ECS Adrs P Bit 

11 ('1') Heq Controller 

4 (T) Clock Time Tl 

9 100 ns SQW 

1 T25 (25 11S SQW) 

14 (F) ECS Write 

7 (T) Force Zero Parity on Data at 
Controller 

13 (F) Controller Acpt 

12 (F) Controller Abort 

2 (F) MC + EOT CLR 

10 ('1') DIy Q = 7 

11 ('1') Fake Read 

12 ('1') Controller Acpl 

14 (T) Stop Go Central 

13 (F) P=O 

9 ('1') Adrs fWd Count Bit 23 
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DETAIL~D-PAK DIAGRAM 
CMC TRANSFER CONTROL, P AND Q COUNTERS AND WRITE BUFFER CONTROL 

TRANSFER CONTROL (WRITE) 

The I';CS controllel' sends an accept signal to the cOllpler to indicate that thc initial 
r"'IlIest has b('cn acceptcd. When the cOllpler receives the accept signal, it gener
ates the go e,-,nlral signal (CPLn 3.3). The go central signal is fanned out (3CAO 
pak) to the appropl'iate coupler circuits. One of Ihe go central signals is ANUed 
witl) the ECS write signal (4L1!7 pak) to set the 300-nanosecond shift register and 
the io:Cl:l continlle reqllesl nip-flop at time 1'1. The Jo:CS continue request nip-flop 
transmits Ihe ECS continue re'luest signal (4KTO pak) 10 the CMC to reserve a 
memo['y banI. in central memory 400 nanoseconds ahead of each successive bank 
iniliate :-;igllal. The output of the 300-nanosecond sh1ft regisler sets the bank 
illitiate flip-flop at Ihe next lime 1'1 (300-llallosecond shift plus 100-nanosecond 
cloel. jl"l'iod "'III "Is 400 nanoseconds). The 100-llano,wcond square wave that gates 
thl' data mto the data holding register in preparation for transmission to the Jo:CS 
controller also gates the bank mitiate signal to Ihe latch I'egl:;ter (4KTO pak) lor 
transmission to the CMC. The bank initiate signal arl'lves at the CMC 400 nano
s"conds anel' the continuc requesl signal to initiate the addrcssed bank in central 
memory to ,;elld its data to the eOllpler buffer. 

TRANSFER CONTROL (READ) 

))urmg an Jo:CS read operatlOn. a go ecntral signal from the fanout (3CAO pak) IS 
gated inlo IIIl! liOO-nanosecond delay chain (5KSO pak) i.>y the Jo:CS rl:ad (nol I';CS 
wl'it!') signal. A further delay occurs as Ihl: signal is pa,;sed through two 100-
lHUlosl'coml dl'lay nip-flops (4LII7 pak) to Ihe 300-nanosecond shift register and the 
I':CS ('ontinue I'cquest flip-flop. The ECS continul: request Signal transfers to the 
CMC whUp Ihe 300-nanosecond shift register delays the setting of the bank imtiate 
nip-nop 1'01' an addilional 300 nanoseconds plus one clock period. The lotal delay 
iI, all ECS rcad opel'alion before a bank initiate signal reaches the CMC is at least 
1700 llanos (!conds . This amount of time is l'equil'ed fo!' the Jo:CS to get the data out 
of nkn,OI') aft "1' it has acct;pled the tranGfer operation request. The CMC is not 
l'equi!'ed until the memory cycle is complete and data transfer starts. Once the 
trans)'er ,;1 arls. it cUlltulUes at the transfer rate of One word evel'y 100 nanoseconds. 

P COUNTER 

The ,;el<:cte<l P regist"r bits 0 through 2 are selected by the P >lelect circuit 
(CPLIt 3.1) for the P counter. The P counter (6LGO pal<) keep:; track of the number 
of word,; in the !'ecurd being transferred. Th" >l('lectlOn circuit therefore provides 
Ihe K I'egisle!' outpul (lowel' 3 bits of adtlrcss) which IS normally a 7 as the inpul to 
th" l' eounl el' unl11 the Y register oulput (word count) is equal to or less than the K 
,'"gisl .. 1' output. When the last recol'd i,; in the process of being transferred. the 
Y miuus 1 signal is supplwd 10 the P counter as the numher of wOl'ds in Ihc record. 

Th,' I' CUlllllel' is toadt'd with til(' sel('cted P I'l'gi,;ter bils 0 Ihrough 2 when Ihe eOllnter 
is in th" 1H'"Sd motll,. The go central signal, indieallllg an ECS controller accept, 
sd,; Ihe one-shOI nip-flup at clock tlll1C 1'1. 3. This 10f'C"S the P counter into a 
decL't:lllcnl mud,· and allows till' count to be decremented by one every clock period. 
Tlw olltpul of Ihe I' eOllnl(,I' IS lIloniiort'd by the P te,;t cIrcuit unlll P equals O. When 
I' equal,; 0, Ihe last wurd of the reeord ha,; tl'an,;ferred and the P lest circllit sends 
the P equals 0 signal to rcsct the go central flip-flop (CPLH 3.3). The go central 
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flip-flop requires the ECS controllcr to send back an accept signal 10 set it again. 
The enulng of the go central signal returns the P coullter to the preset moue and 
allows the loading of the woru count of the next l'ecol'd, The pI'oeess contlllues unlll 
the last word of the last record is transferred. 

Q COUNTER 

The Q counler (5LGO pak) is reset to zero at the saml' time the P counter goes 10 a 
decl'"ment mode. This is accomplished by the one-shol fhp-flop not b('mg Sd by 
Ihe go central Signal until time 1'1. 3. TIll' Q counter increments once each clock 
time 1'1. The Q test circuit outputs U Signal when Q equals 2. During an r:cs write 
operation. the Q equalS 2 signal lIldicates that two words have transferred fl'om 
CMC to the coupler buffer. The Q equals 2 signal sets write block reqllcst controller 
flip-nop (CPLn 3.6) which allows the first request controller signal of t he transfer 
operation to transfer to the ECS controller. After Ihe Q equals 2 signal has once 
set the write block request controller nip-flop. it is nOI required again until after 
an end of transfer has taken place. However. the q cuunter IS continually reset for 
each record and incremented for each word. The q equals 2 signal also rcsets the 
request controller' flip-nop (CPLH 3.2) 10 allow tilt' gcneralion of the next requ('st 
for the ECS controlll'r. 

The Q test circuil also generates ,1 q equals 7 Signal thaI in combination wilh the 
fake read signal (CPLR 3.3) sels Ihe go central flip-flop. TillS keeps the go cen
tral nip-flop set so that all zerOs are Wl'ltten into eM for the I'emallllng wOl'ds of 
an ECS I'ead operation if an ECS abOrt occurs. 

P DELAY COUNTER 

'rl", P holding register (4LL'1 pak) I'peeives th" selectcu P regis tel' bUs thai contain 
the word count of the next' reeol'd. These bits are clocked into the holding register 
by the combination of the dcla\'ed go I;CS. cOntrollel' accept. and clock lime 1'1 sig
nals. The selected P regisler bits enter the P delay counter wl1lm the controller 
accept signal forces the counter into a preset mode. \\ h"n Ihe coni roller accept 
signal ends, the counler goes into a decrement mode. The counter is decremented 
each clock time 1'1 dul'ing an I'es write operation. \\hen the counter reaches zero, 
the P delay test cirCUit outputs a signal to reset the wrltp data flip-flop at the end 
of the record, 

Thc write data flip-flop is ,;et by Ihe ECS write sign.t1 and the ('ontroller accept sig
nal from Ihe illltial 01' previous record. The write data flip-flop outpul signal is 
delilyed 500 nanoseconds (5KSO paid ilnd ANDed with Ihe 100-nanosecond sqaure 
wave (4L1I7 pak) to generate the loau data signal. TIll' load data signal is fanned 
out to gate the data from Ihe coupler buffer (CPLll 3.5) inlo the datil holding register. 
Thc data IS then transmitted to Ihe I:CS contl'o\1er. The bulTel' addl'es,; circuit use!! 
a complemenled load data signal fOl' synchronizillion of the address to the data 
(CPLH 3.6). The 500-nanoseeond delay (5I(SO pak) affects the wrlle data Signal on 
Ihe first word of Ihe firsl record only in the Iranster operation. The timing of Ihe 
clock pllise to the I'eset time of the wl'ite data flip-flop 1S such thaI the 500-nano
,wcond delay flip-nop does not >lee the sign"l drop at Ihe end of the record unless a 
a gap OccurS 10 delay the controller accept signaL l\ delay caused by a gap would 
still only delay Ihe OUlp1l1 from prOducing another load dala signal for as long as Ihe 
gap occurred. 
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5-3-16.2 

Module 

4LL7 

41,1,7 

4L1,7 

4LL7 

4L1,7 

4LL7 

4LL7 

41,1,7 

3CAO 

3 CAO 

3 CAO 

3CAO 

3CAO 

3CAO 

3CAO 

3CAO 

6LGO 

6LGO 

6LGO 

6LGO 

4LH7 

41,fT7 

4LJI7 

4LH7 

4LH7 

4LII7 

41,JI7 

4KTO 

4KTO 

4KTO 

5KSO 

5KSO 

5KSO 

5KSO 

5KSO 

CPLR 3.4 TEST POINTS 

Locallon Test Point 

41"10 3 (1') 

41"10 12 (T) 

41"10 0('1') 

4F19 10 (1') 

41"19 13 (1') 

41"10 11 ('1') 

4F19 14 (1') 

4F19 2 (1') 

4F35 3 (T) 

41"35 1 (l") 

4F35 2 (F) 

4E35 6 (1') 

4E35 5 (F) 

4E35 4 (F) 

4E35 13 

4E35 14 

41"36 6 (T) 

4F36 4 (1') 

4F36 5 (1') 

4l~36 10 (T) 

4F37 10 

41"37 3 ('1') 

4F37 8 (1') 

41<37 7 (T) 

4F37 4 (1') 

4F37 5 (T) 

41<37 9 (1') 

41"15 7 (1') 

41<15 6 (1') 

41<15 2 (T) 

4E33 14 

4E33 10 

4E33 3 

4E33 1 

4E33 2 

Description 

ECS Write 

P Bit 0 

P Bit 1 

P Bit 2 

DIy P Rgtr Bit 0 

DIy P Rgtr Bit 1 

DIy P Rgtr Bit 2 

P=O 

Go Central 

Go Central 

Go Central 

Load Data 

Load Data 

Load Data 

100 ns SQW 

100 ns SQW 

P Rgtr Bit 0 

P Rgtr Bit 1 

P Rgtr Bit 2 

Go Central 

100 ns SQW 

Clock Time T3 

Bank Initiate 

ECS Write 

Clock Time Tl 

Go Central 

Set ECS Cont Req 

ECS Bank Initiate 

ECS Continue Req 

Clocl, Time T1. 3 

100 ns SQW 

100 ns SQW 

100 ns SQW 

100 ns SQW 

100 ns SQW 
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DH AILEP-PAK P'AGItAM 
DATA PATHS 

WRITE DATA PATH 
The CM read data to be written into ECS is received and enters the latch register" 
(3KHO pak) at time 1'1. 3, The 60 bits of data and a parity bit are accompanicd by 
a data on line signal referred to as a go ECS in the CMC, The data on line signal 
is clocked by a 100-nanosecond square wave in the 3KFO pal" The resultant output 
signal is a 50-nanosecond write strobe and a complemented write strobe once every 
100 nanoseconds. The complemented write strobe provides the buffer address con
trol (CPLR 3,6) with a timing pulde. The write strobe signal is fanned out (3FXO 
pak) to gatc the data and the parity bit into the data buffer 16-word random access 
memory (RAM) at the address designated by the buffer control address bits (5PKG 
pak), 

The 16-word HAM buffer stares the data coming from the CMC that the ECS con
troller is not ready for. The first request for the ECS controller is blocked to 
give the CMC a hcadstart os the ECS controllez; is able to accept data as soon as 
the request is made. The 16-word RAM stores the first two words from CM 
according to the buffer address, The coupler generates a request for the BCS 
coupler only after the successful transfer of two words from the CMC. If the con
troller can do a coupler request at this time, it sends an accept signal to the 
coupler which starts the transfer of data. If the ECS controller cannot takc the 
request and does not send an accept back to the coupler. the next word from CMC 
is stored in the next address of the 16 word RAM. The minimum number of words 
in the 16-word HAM before a transfer begins is two, while a maximum of 16 
depends upon when the J,;CS controller sends bacl< an accept Signal. The initial 
blocked request for the ECS controller is due to the ability of the ECS controller to 
accept data sooner than the CMC can get the data out of central memory. The CMC 
therefor"e. operates the CM ahcad of. and semi-independent of ECS. This allows 
the l6-word HAM buffer to store data and have data transferred out once every 
100 nanoseconds which is as fast as the ECS controlll!r can accept data from till! 
coupler for writing in ECS. The buffer input address which is incremented by the 
complemented write strobe controls the data location Within the 16-word HAM. 
The data in the 16-word flAM is transferred out on a first-in first-out basis by the 
buffer output addrcss. The IOO-nanosecond square wave. 50 nanoseconds of which 
is for the input address and the other 50 nanoseconds for the output address accom
pliShes addrcss control. The l'CS accept signal indicating the ECS controller is 
ready for the first or next word controls the incrementing of the output address. 
The data output from the 16-word HAM is in sequence and at the ECS transfer rate. 

5-3-18.0 

The buffer CM read data enters the data holding register (4APO pak) by the pre
sence of the load data signal. The load data signal is the result of the ECS write 
signal and the controller accept signal that operates the P delay counter for an 
ECS write condition. In order to get a load data Signal. the ECS controller must 
generate the initial accept or an accept due to a successful transfer of the previous 
ward. The transmit data signal and elock time 1'25 gate the data to the transmitter. 
The transmit data signal IS a result of the ECS write signal gated by the IOO-nano
second square wave. 

The CM read data parity bit also passed through a 16-word RAM buffer and holding 
register in synchronization with the associated data word. 

A section of the 16-word HAM parity buffer generates the go signal far the CCS 
controller that accompanies each data word by having that section full of logical 
ones. Therefore. every output word selected by an output address is accompanied 
by a go signal indicating that data is on the line to the r:cs controller. 

REAP DATA PATH 
The ECS read data to be written II1tO CM is received and cnters the data hold1l1g 
registers (4APO pak) unconditionally. No gating Or clocl, signals arc re'tllirl"d 10 
enter the data. The data transfers immediately to a latch register 111 the data 
transmitterS (4KTO pak) and is clocked at time 1'1 to the transmlttt"r. The dat ... 
parity bit accompanies the data through the coupler along a similar path. 

If an ECS abort occurs durlllg a read operation. the I:CS controller transfers the 
remaining words of the transfer opel' allan as all zeros. The coupler receivl's the 
I';CS abort signal and generates the forced parity bit signal (3ANO pnk) 10 accom
pany the remaining words made up of all zeros in the transfer operotion. 

If an errol' occurs in Ihe BCS. the I·:CS controller sends the appropriate errOr 
signal to the coupler. The ECS controller parity 1.'1'1'01' or ECS bank parity error 
signals enter the holding register on the 4APO pok. The hold1l1g register sends the 
error signals to the coupler error register (CPLR 3.7) and are eventuallY coded 
and transferred to the status and control registers for error identification. 
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Module 

3KHO 

:IKHO 

3K110 

:IKHO 

:lKHO 

:lKHO 

3K1W 

3KnO 

3KHO 

5PKG 

5PKG 

5PKG 

5PKG 

5PKG 

5PKG 

5PKG 

51'KG 

5PKG 

5PKG 

5PKG 

5PKG 

51'1<0 

5PKG 

51'I(G 

5PKG 

5PKG 

{iO·12!HlOO A 

Location T(,st Poiut 

4C07-14 3 (T) 

4C07-14 5 (T) 

4C07-1'1 2 ('1') 

4C07-1-1 6 (T) 

-lC07-14 13 ('1') 

4C07-14 • D ('1') 

4C07-14 12 ('1') 

4C07-14 B ('1') 

'1C07-14 7 ('1') 

4])08-14. 
4,"07-14 3 ('1') 

2 ('1') 

10 ('1') 

9 ('1') 

7 ('1') 

6 ('1') 

13 (T) 

14 ('1') 

1 ('1') 

11 ('1') 

B (T) 

5 ('1') 

4UOB-14. 4 ('1') 
41';07-14 

41)07 3 ('1') 

41)07 7 ('1') 

4))07 4 ('1') 

4D07 6 ('1') 

CPLR 3.5 TEST POINTS 

PesCl'lptiOn Module J .ot:atlon 

Data (CM Heud) Bit N 5PKG 41107 

Data (CM Head) Bit N + 1 5PKG 4007 

Datu (CM Head) Bit N + 2 5PKG 41)07 

Data (CM Head) Bit N +3 5PKG 4D07 

Duta (CM Head) Bit N +4. Data Parity 4APO 4025-27. 

Data (CM Head) Bit N + 5 
4E22-27 • 
41~22-27 

Data (CM Head) Bit N +6. Data On Line 
4APO 

Data (CM Head) Bit N + 7 4APO 
Clock Time '1'1.3 4APO 

Data Bit N 4APO 

Datu Bit N + 1 4APO 

Data Bit N +2 4APO 

Data Bit N + 3 
4APO 

Buffel' Data Bit N 
4APO 

Buffer Uat a Bit N + 1 
4APO 

Buffer Data Bit N + 2 
4APO 4D25-27, 

41':22-27, 
Buffel' Data Bit N + 3 41"22-27 

Adrs Bit 0 4APO 4D24 

Adrs Hit 1 4APO 4D24 

Adrs Bit 2 4APO 4D24 

Adr:; Hit 3 4APO 4D24 

Writ e Strobe 4.1\1'0 41)24 

4.1\PO 4D24 
Data (CM Head) P Bit 4APO 4024 
Buffer Dat a P Bit 4.1\1"0 4D24 
Wrtte Strobe 4APO 4])24 
Go 

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

• 

Test POint lJescr'l)tlon 

1 ('1') Adrs Bit 0 

11 (T) Adrs Bit 1 

B (T) Adr" Bit 2 

5 (1') Adrs Bit 3 

13 W) Dat a Holding Hgtr Bit N 

12 W) Data lIol<ling Hgtr Bit N + 1 

3 (F) Data Holdmg Hgtr Bit N 12 

1'1 (10') Dal a Holding Hglr Bit N + 3 

D Transmit Data (100 ns SQW) 

11 ('1') Load Data 

4 ('1') Clock Time '1'2 

2 ('1') Dala (EeS Write) Bit N I 

5 ('1') Dala (EeS Write) Blt N + 1 I 

8 ('1') Data (ECS Write) Bit N 12 

10 ('1') Data (ECS Write) Bit N +:1 

13 W) Controller PE/Data (CM Head) P Bit 

12 (1") Go 

3 W) ICCS Bank PE 

14 (F) Data (EeS Write) Parity 

9 Tr'ansmit Data (l00 ns SQW) 

11 ('1') Load Data 

4 ('1') Clock Time '1'2 

10 ('1') Data (I·:CS Write) Parity 

5 ('1') Go 
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Module 

4KTO 

4KTO 

4KTO 

4KTO 

4KTO 

4KTO 

4KTO 

4KTO 

4KTO 

3KI?0 

3Kf"0 

5KSO 

5KSO 

5-3-18.2 

Location Test Pomt 

41·'07-14 9 ('I') 

41"07-14 7 ('1') 

41"07-14 11 ('1') 

4I~07-14 6 ('1') 

41"07-14 • 10 ('1') 

4["07-14 3 ('1') 

41"07-14 8 ('1') 

41?07-14 5 ('1') 

41"07-14 2 ('1') 

41"16 14 ('1') 

41"16 1 

4E32 1 

4E32 2 

CPLH 3.5 TEST POINTS (Cont'd) 

DescriptIOn Module '"ocatlOn Test POint Description 

Data (CM Write) Bi! N 5KSO 41-:32 3 Transmit Data (100 ns SQW) 

Data (CM Write) Bit N + 1 5KSO 41-;32 10 Transmit Data (100 ns SQW) 

Data (CM Write) Bit N + 2 5SKO 4E32 14 Transmit Data (100 ns SQW) . 

Data (CM Write) Bit N + 3 3FXO 4015 2 W) '1'1 • Write Strobe 

Data (CM Write) Bit N +4. Parity 3FXO 4015 3 W) '1'1 • Write Strobe 

Data (CM Write) Bit N + 5 3FXO 4015 6 W) '1'1 • Write Strobe 

Data (CM Write) Bit N + 6 3FXO 4015 10 W) '1'1 • Write Strobe 

Data (CM Write) Bit N + 7 3FXO 4015 11 W) '1'1 • Write Strobe 

Clock Time '1'1 3FXO 4015 13 W) '1'1 • Write Strobe 

Data On Line 3FXO 4D15 7('1') Clock Time '1'1 

100 ns SQW 3FXO 4015 14 ('1') ClOck Time '1'1 

Transmit Data (100 ns SQW) 3FXO 4015 1 ('1') Write Strobe 

Transmit Data (100 ns SQW) 
-_.-
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4[Oa 24-21 4009 02-00 

L>AU. Ott LINt 11>0 (Cbl , 
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4C08 40-00 
4C09 40-47 
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01021 48-51 
4E22 44-47 
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4[24 
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DETAILED-PAK DIAGRAM 
BUFFER ADDRESS 

BUffER ADDRESS 

TIll! buffl'r "ddt'eHs generates Ihe I/O addresses for the buffer 16-word RAM in the 
CM read dala path (CPLH 3.5). The generation of Ihe buffer address relluires Ihe 
go ECS signal that is generated as a result of the coupler accept signal (CPLR 3.2). 
The go I':CS signal is ANlJed with Ihe complemenled output signal of the one-shot in 
11 pulse forming combination. The go ECS signal makes the AND gate forming Ihe 
leading edge of Ihe pulse. The go ECS signal at the next clock time T3 sets Ihe 
one-shot. This could be 100 nanoseconds after Ihe arrival of the go ECS Signal 
depending upon Ihe I'elationship of the go ECS signal to time T3. When the one
shol Hels. ils signal breaks the AND gate forming Ihe trailing edge of the pulse. 
This pnlse provides an input sign:n to functional eonlrol input 82 of the I/O address 
r,'gisters (3LAO pak) that generate the buffer address. The output signal of the 
pnl,;c' forming ANI> g .. te is also complemenled 10 break two AND gates. The com
plemented ontpulH 01' these AND gates provide inpul signals to input SI of the I/O 
a,I<II'l's'; t'£'gisleI's. With the signals as describl!d at this time. the I/O address 
regislers ar'e in a preset mode and load all zeros. When the one-shot sets al 
lime T:i. the signal from the pulse forming AND gate ends removing the input sig
nalH to Sl and S2. This forces the I/O address rcgisters into a holu made. The 
wl'ite str'obe signal. which IS generated each time a word arrives from CMC. con
trols thl! input signul \0 S2 of till! input address. The write strobe forces the input 
,,"d1'('sS I'cgi,;ter inlo til<' increment mode for cach word. 1'he clock pulse inere-
1I1,'nt:-l the tl1pul addt",ss I'cgislel' al the transfer rate of once every 100 nanoseconds. 
TIlt' ad<"'"ss is incI'cllwl1tcd each time a write slro"e occurs until aU 16 addresses 
havl' be('n usecl; then the address register l'etUI'l1s to zero and starts all ovcr again. 

The output adclresH register operates in the same manner as the input address 
rl'gister l!xccpt that the load dala signal forces the output address register inlo 
Ihe lflcrenll!nl mode. The load data signal is the result 01' the controller accept 
Signal. The controller accept signal occurs once l!very 100 nanoseeonus after the 
initial ECS l'e<1Uest iH accepted. The initial EC8 re'/ueHt is not genl!rated \Inlll at 
\""';( t wu words have arrived from till! CMC. The incrementing of the I/O address 
t'('glsl",' continues l!ach cloek time there is a write slrob .. or load data for their 
["'Hp,'ctiv(' ,'egistN's until Ow transfcr operation IS complet£'. The next go lo:CS 
sign,.1 for' Ihe ncxt tt'ansfer operation results in loading of all zeros into the I/O 
addt",ss "egislet's to begin the process all over again. 

The add,'(:ss bits I't'om the input address r('gistet' are complemcnled externally 
(5PKG pak) whilt' Ihe blls from the output address register' art' comlliemented 
int "I'nally (3LAO pak). Th" 100 mmos('cond souare wave signal (3KI"0 pak) gates 
the complemented I/O addt'ess bits so that every 50 nanoseconds dther the input 
or the output address is fanlled out (31"XO pak) to Ihe dat a path buffer 16-word 
HAM (CPLH 3.5). 

60428800 A 

FORCE SET GO CENTRAL CONTROL 

The CPU request fol' an ECS writ(, operation requires the coupler to generate 
re<luest Signals for the ECS controller and the CMC. The ECS controller is 
capable of accepting data as soon as the request for use is accepted. Since it 
takes more lime for the CMC to get dala out of central memory and to the coupler. 
the force set go central circuit (4LL7 pak) generates a SIgnal to initiate the CMC 
ahead of the ECS controller. 

The go ECS Signal that IS a result of Ihe COUpl£'l' accepling the CPU request for a 
transfer operation is ANDeu in a pulse forming combination with Ihe output of Ihe 
one-shot anu ECS write signal. The pulse ends when the one-shot sets al time T3. 
which then sets the force set flip-nap. The flip-flop s£'nds the force set go cpntral 
signal to set the go central fhp-flop (CPLR 3.3). The go central nip-flop causeS 
the generation of the fil'st bank Initiale signal for the CMC. The coupler has not 
yet issued a re"uest for the ECS controller 10 perform a transfer operatIOn. Th(' 
ECS controller accepting the request for a transfer ol>eration is the normal con
trol Signal that sets the go cl!ntral flip-nap during a transfer operation. 

WRITE BLOCK REQUEST CONTROLLER CONTROL 

The WI'lte block request controller circuit (4LL7 pak) genel'ates tilp signal thai 
prevents the coupler from gcneI'atmg a re"uest for the ECS controller UI1l il at least 
two words from the CMC are in the coupler data path buffer. 

The same pulse that sets the force set go central flip-flop r'escts the write block 
renuest controller flip-flop. The reset mode of the flip-nap genet'ates a block 
request controller signal Ihat Ill'('venls the coupler from senulng Ihe fIrst request 
controller signal (CPLH 3.2) to Ihe ECS controller'. The couplpr docs send a 
request 10 the CMC at IhlS 11m". When two words have transferl'ed into til(' data 
path buffer' from the CMC. the Q counter which IS equal to the P counter' (word 
count) sends the Q equals 2 Signal. The Q equals 2 SIgnal IS complt>ment,'d. ANDed 
with the ECS write signal. [lnd Ihe result complt'ml'ntc>u to set the wrile block reques) 
controller flIp-nap. The seltillg of the write block requpsl controller fllp-flop 
removes the block request coni roller signal. ThiS now allows the couplet' to requ£'st 
the ECS controller as there are at least two words of data In the data path buffer and 
possibly more on Ihe way. 

During a read ECS tl'anHfl!l' op<'ration. a delay of the J:CS request control\(or signal 
is not requir'(·d. The absence of Ihe ECS write signal sets the writ', block requl'st 
controller flip-flop immedialely as the Q equals 2 signal is not requir('d. SInce 
the flip-flop is set. a block request conll'oller signal is not present. the coupler is 
aUowed to gem'rale the request fol' the ECS coupler. 
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Module 

4LL7 

4LL7 

4LL7 

4LL7 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3LAO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3KFO 

3FXO 

3FXO 

3FXO 

3FXO 

3FXO 

Location 

4}<'19 

4F19 

4F19 

4F19 

4F18 

4F18 

4l~18 

4F18 

4F18 

4F18 

4F18 

4F16 

4F16 

4F16 

4F16 

4F16 

4F16 

4F16 

4F16 

4F16 

4F16 

4F16 

4F16 

4DI6.17. 
4E15.16 

I 
4D16,17, 
4E15.16 

CPLR 3. 6 TEST POINTS 

Test POint Descrlphon 

7 (T) Clock Time T3 

50") Load Uata 

6 W) MC + EOT CLH 

3 (T) ECS Write 

1 (T) Logical 0 

2 ('1') Logical 0 

11 ('1') Output Adrs Bil 0 

8 (T) Output Adrs Bit 1 

9 (T) Output Adrs Bit 2 

10 (T) Output Adrs Bit 3 

7 ('1') Clock Time T1. 3 

1 100 ns SQW 

8 (F) Input Adrs Bit 0 

7 W) Input Adrs Bit 1 

60") Input Adrs Bit 2 

13 W) Input Adrs Bit 3 

10 (F) Output Adrs Bit 0 

4 W) Output Adrs Bit 1 

5 W) Output Adrs Bit 2 

11 (F) Output Adrs Bit 3 

90") I/O Buffer Adrs Bit 0 

2 (F) I/O Buffer Adrs Bit 1 

3 (1") I/O Buffer Adrs Bit 2 

1 (T) I/O Buffer Adrs Bit 0.1.2,3 

2 (F) I/O Buffer Adrs Bit 0,1,2.3 

3 W) I/O Buffer Adrs Bit 0, 1,2,3 

6 W) I/O Buffer Adrs BU 0.1.2.3 

13 (F) I/O Buffer Adrs Bit 0,1,2,3 
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2 

1/0 
BUFFER AORS 
BITS 0-' 
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4017 
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END TIME CONTROL, ERROR REGISTER, ERROR CODE GENERATOR AND PROCESSOR INTERFACE 

END TIME CONTROL 

The end tinll! control dr'cluts perform the krmination functions of a successful or 
not so succ<:ssful transfer opel'alion for the coupler. The word count control Clr
euit (CPLH :l. 1) provides a Y c<juals 0 signal (word count) to the end time control 
(4LEO paid wlH"n the Y register k,S decremented to zerO indicating that all the 
words for the .let i ve transfer request are account ed for. In an ECS Write operat ion. 
tlus 1I1l'ans the coupler received a eontroller aee"pt signal for the previous word 
from IIH' I':C:S t:ontroller;whereas. in an ECS read operation only the w('rd count 
Blust equal zerO. When thcsc conditions are pr'esent.the Iransfer operation lS 
compl<:k allli t he end time control ,can terminale the transfer operation. 

The Y e<jlwls 0 sIgnal (4Lt·;0 paid lS cumplcm,mtcd llnd sets the start end tilne 
nip-flop if IIl1' nip-flop is not all'eady set due to an ECS abort and there is a go 
1':CS ""gnal to clock the flip-flop. The go ECS sIgnal indicates that a transfer 
ol)<'ratlOn IS in pI·ogress. The complemented outpul slgnal of the flip-flop forces 
II", (:n<l lin", COllnt!:,' (3LAO pak) into an increml'nt mode. The el1Ll time counter 
Op(·,'&ll:s ill only two modes. The preset mode loads ull zerOs III the counter so 
Ihat when II", coulllel' gDes into an Il1crement roode. it starts at zero and lncreases 
its COtlllt Ollce "ach clock period (100 nanoseconds). The counter outputs end time 

~ lHts 4. B. and 16 lor tlw end time decoder OLI';O puk). When bits 16 amI 4 al'e set 
o ~OO() nanosecunds have dnps{'d and when bits 16 llnd 8 arc set 2400 nanoseconds 
I have elapsed. I':nd lime 4 and 16 are complemented (5PKG pal;) on the way to the 

LV decoder. The lend tim!: decoder Il1terprcts the count :md Oll the next clock pulse 
0\ provld!:s 11ll! cnabl" (:nd time signal 2100 nanose(;onds (for a read j·;CS operation) 

01' 2500 llolllOSt:COllds (for a write r·;cs operation) after the setting of the start end 
time flip-flop. TIlt: (maule end time signal is ANDcd with the start end time IlIP
flop Olltput sIgnal tLl set th" !:nd time flip-flop at time T1. 3. 

The !:lId lillie IlIp-lIop output signal sets the end 01 transler clear flip-nop on tht: 
neAt tlnle '1'1. :J. The end of tl'ansfel' clear flip-flop geneI'ates the end of transfeI' 
clear :;Ignal lor flIp-flops on thIS pale and IS lanned out to appl'opl'late eoupler 
CIt'Cllits to Illeheate the end of the tram;fer operatIOn. 

The 111 astet' cl eur signal Serves the samc purpose as the end of tt'ansfer clear 
signal. The' j'c:st'lting of the end time nip-flop t:nels the >lignal that sets (he end 
of tr'anst!!!' clLeat' flIp-flop and ends the clear signal. The end time flip-flop output 
signal also makt·s an AND function If tlwre has not ucefl a CPU exchange abort. 
TillS ['!:sults in the gr'neration or an end of transfer' Blgllal If a controller aUOrl or 
an elTOr ddeet cd by tlw el'rOl' l'egister' (3ASO paId is not IH't·sent. The end of 
U'allsfer signal lS trallsmltted to the CPU via a latdl I'egistel' and transll'itter 
(.lKTO paid. The ('nd time fllp-flop also sends an ECS ('n<1 of transfer SIgnal. to 
tllO' cPt). TIll' lad Ihat the couplet' generales tllL'se two signals indicates to the 
(,]\IC a,"1 CPU lhal the trallsfpr ope['ation compleu,d sllccessfully. 

If II", t':CS contl'oller d<;(eets an error. it sends a contT'oller abort signal to the 
coul'ler to s<:t the ECS abort flip-flop via a receiver and latch regISter (CPLH 3.3). 
If this occurs dlll'ing an ECS read opel'ation.the AN!) function On the OUtPllt of the 
I':CS abort flip-flop is not made and the output of the ECS abort fltp-flop IS pre
vented from setting the stal'! end time flip-flop. 1I0wever. the I';CS abort flip-nop 
output signal i:~ sent tu the coupler transfer control elrcuil (CPLlt 3.2) 10 sel the 
fake read flip-flop ,mu eause a fill of all zeros for the remaining WOl'ds of the 

fi042ililOO A 

transfer operation to be WI'ltten Into central memory. Thl: I':CS abort nip-flop 
output signal is also sent to the errOr code generator and coded for transmission 
to the CPU. The ECS abort nip-flop output signal IS also inverted and ANDed With 
the err'or signal. Tlw resulting signal from tlus gate prevents the generation of the 
end of transfer signal sent by the end lime nip-flop 10 the transmlttl'r, and at the 
same time sends an error end of transfer signal to the transmltt('r for the CPt:. If 
the transfer operation taking place is an ECS Wl'lte op,'ration when the controller 
sends an abort signal. the output of Ihe l:CS abort nip-nop sets the start end time 
flip-flop to begin the process of endmg thc transfer operation without waiting for the 
word count to equal zero. The transfer operation ends immediately to prevent 
deslroying other data ulready in ECS. 

If the CPU sends an exchange abOI'I l:CS signal. It ,,,,tel'S the coupler via a recl'iver 
and latch register (4KHO pak) and IS gated to the CPU exchange abOrt flip-flop 
(4LEO I'ak) by the go ECS signal. When the CPU exchange abort !lip-flop s"ts. the 
outpul sIgnal ImmedIately sets the end time flip-flop to gl'n!:rale an I:(,S en<1 of 
transfer signal. The CPU does not require the couple,' to send an end of transfer 
signal to the CPU for the CPU exchange abort. 

TI)(: tl'ansfel' control circuit (CPLI{ 3.2) sends an end data transf('r signal th"t 
immedtately sets the end time nip-flop if the Y equals 0 signal (WOrd count) Or an 
error signal Occurs within 550 nanoseconds of the coupler' accepl signal. The CPU 
sometimes sends the Y equals 0 conditIOn along with the coupler "L'quest signal 10 
generate a pass condition for ECS. An error signal at the lIme of the delayed coupler 
accept signal usually indicates that an address eT'I'Or exists and the l'nd time flip-
nop is set to prevent the transfer of data to an incorrect r:CS location. 

The CPU sends an address WIth uiL 23 set as a rt:quest 1'01' a flag reglster operation. 
Dit 23 sets the nag reglster operation fllp-f10p (CPLrt 3.3) that generates tIlt' flag 
regisler operation signal. This sIgnal enter's the end control circuit (4LI:O 1':.11<) and 
partially Inakes three AND functions. Onl.: AND function 1S cOHlpieted when lhe ECS 
COntroller sends an accept signal back upon I'eceipt of the address with bIt 23 set. 
TI](; output signal of thIS AND function scts the end tIme f1lp-l1op and generates an 
end of transfel' signal. The t:nd of transfe!' signal IS generated after receipt of the 
ECS coupler aecept signal fOr I he address becaus(: t he CPt' and CMC are not 
!'e(IuiJ'(·d for a nag ofwcation. HOwever. the end of transfer :;ignal to the CPI' does 
indieate that the address containing bit 23 set :;uccl'ssfully transferred. 

If the 1';CS controller detects a pdrity errol' in Ihe I:CS address that has bIt 23 set. 
i! sellds bilek a controller padty ('rrO!' Signal. The sIgnal ('nters I he couplcr VIa a 
receivel' and holthng register (CPLH 3.5) and passe:; tlll'ough the errOr register' 
(3ASO pOlk) 10 complete the AND functlOn (4LEO paid WIth th<: nag J'egister operntlOn 
signal. The l'Psulting signal from this AND fUllctlOn is the ITS flag register parity 
eI'l'Or signal for transmission (4KTO pat) to the CI\IC. If the ITS controller sends 
uilek a controller abort signal. the funclIOn performed by the controller has had a 
negallve result. The controller abort signdl sets the I':CS abort f1!P-f1op (4LI~0 pak) 
that C[luses the generation of an errOr end of Iransf",' signal to indieate the negative 
r"sult to the CPU. 
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ERROR REGISTER AND CODE GEN~RATOR 

The error register (3ASO pak) receives error signals that occur during an ECS 
operation from the various detection circuits. The errors detected in the CMC 
and CPU enter the error register via a receiver and latch register (~KRO pak). 
The Tl and write strobe signal gates (4KQO pak) the CMC double error signal to 
the error register. The controller parity enhancement switch (4CPO) in the OFF 
position prevents the CMC input error signal from entering the error register. 
This switch is set in the ON position only when the ECS uses a controller that has 
the parity enhancement installed. The CMC would constantly indicate an input 
error if the controller did not have the parity enhancement circuit that sends a 
parity bit to the CMC and the switch was in the ON position. The errors 
detected in the ECS controller load into the error register via a receiver and 
holding register (CPLR 3.5). Any errors detected in the address and word count 
entering the coupler (CPLR 3.11 cause parity erl'or signals that are gated to the 
error register at time Tl. 3. Whim an error Signal sets the error register. the 
error test circuit outputs an error signal to the end time COntrol circuits (4LEO 
pak) that causes an error end of transfer signal. The error register sends any 
error signals to the error code generator (5LKO pak). The error register IS reset 
by the coupler accept signal each time the coupler IS requested for a transfer 
operation. TillS clears out all error signals in registers that were due to the 
previous request. 

The error code generator (5LKO pak) receives error signals from the error 
register and codes them for transmission via a 4KTO pak to the CPU. When an 
error condition does exist. the ECS transfer error signal is always generated. The 
ECS transfer ('rror signal requires the master clear or end of transfer clear Sig
nals as a gating Signal 10 transfer to the latch register and transmitter. This 
causes the ECS transfer error signal to arrive at the status and control register 
after' the end of transfer clear signal to mdicate that an error occurred on the last 
transfer' operation. 

CPLR 3.7 TEST POINTS 

Module Location Test POint Description 

4LEO 4034 8 (T) Flag Rgtr Opn 

4LEO 4D34 2 (T) Controller Acpt 

4LEO 4D34 o (T) I':CS Write 

4LEO 41>34 3 (T) }·:nd Time FF Set 

4LEO 4034 1 (T) Start I':nd Time FF Set 

4LEO 4D34 11 (T) Go I';CS 

4LEO 41>34 13 (T) Clock Time T1. 3 

4LI':0 4D34 6 ('1') Controller PE 

4L1':O 4D34 4 (T) I':nd Tim e Bit 4 

4LEO 41)34 7 (T) End Time Bit 8 

4LEO 4034 10 (1") End Timl! Bit 16 

4KTO 41·'15 3 (T) I':CS Transfer I~rror 
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Module 

4KTO 

4KTO 

4KTO 

4KTO 

4KTO 

4KTO 

3CMO 

3CMO 

3KRO 

3KRO 

3KRO 

3KRO 

3KRO 

4KQO 

4KQO 

3ASO 

3ASO 

3ASO 

3ASO 

3ASO I 

3ASO 

3ASO 

3ASO 

5LKO 

5LKO 

5LKO 

5LKO 

4KTO 

4KTO 

4KTO 

4KTO 

LocatIOn Test Pomt Description 

4F15 8 (T) ECS End of Transfer 

4F15 2 (T) Clock Time T1. 3 

4F20 10 (T) ECS Flag PI': 

4F20 7 (T) End of Transfer 

4F20 6 (T) Error End of Transfer 

4F20 2 (T) Clock Time T1. 3 

4E36 1 (F) MC + EOT Clear 

4E36 5 (F) MC + EOT Clear 

4C15 7 (T) Clock Time Tl. 3 

4C15 6 (T) Exchange /\bort L~CS 

4C15 13 (T) CMC Double Error 

4C15 12 (T) CMC Input error 

4C1ft 8 (T) CSU Address Parity Error 

4E34 4 (T) CMC Double Err 
I 

4E34 12 (T) Tl • Write Strobe 

4C34 13 (F) ECS Bank PI: 

4C34 12 (F) Controller PI-: 
i 

4C34 11 (F) CSU Adrs PE I 

I 
4C34 14 (F) CMC Input J:rr 

4C34 9 (F) CMC Double Err 

4C34 1 (T) Error Clear 

4C34 2 (T) Clk Adrs fWd Count PI-: I 
4C34 4 (F) Clk Adrs /Wd Count PI-: 

I 

"-
, 
, 

4033 1 (T) Adrs fWd Count PI: 

4033 2 (T) CMC Input Err 

4033 3 (T) CSU Adrs PI': 

4033 4 (T) CMC Double Err i 

4F07 2 (T) Clock Time Tl 

4F07 8 (T) ECS Transfer Error Code Bit 0 

4F07 5 (T) ECS Transfer Error Code Bit 1 

4F07 3 (T) ECS Transfer Error Cod£' Bit 2 

--_ .. _-
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NOTES 
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SI REGISTER fUNCTION 

o INCREMENT 

I PRESET Il OAOI 

o END TI .. £ CouNTER OUTPUT BIlS '" 
SIT 4 IS SET BY THE 4TH CLOCK 
PULSE AfTER HIE COUNTER HAS 
BEEN LOADED WITtI ALL ZEROS 
lilT 8 BY THE 8TH CLOCK PULSE 
BIT Ifi BY THE 16TH CLOCK PULSE 

c. 
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ECS xFR ERR 
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DEl AILED-PAK DIAGRAM 
C~OCK DISTRIBUTION 

The clock distribution diagram shows the distribution of the clock pulses which are 
shaped and sent to the various paks within the coupler. A pak and its location is 
shown for each clock pulse it receives. The clock distribution timing diagram 
shows the relationship of the timing pulses to one another. 

CLOCK TIME TI 
(3AAO OUTPUT) 

CLOCK TIME T2 
(3AAO OUTPUT) 

CLOCK TIME T3 
(3AAO OUTPuT) 

CLOCK liME TI,3 
(3AAO OUTPUT) 

CLOCK TIME T25 

(3ANO OUTPUT) 
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Clock Distribution Timing 

Module 

4ABO 

4ABO 

4ABO 

3AAO 

3AAO 

3AAO 

3AAO 

3AAO 

3AAO 

4KSO 

4KSO 

4KSO 

4KSO 

4KSO 

3AAO 

3AAO 

3AAO 

3AAO 

3AAO 

3AAO 

3ANO 

3ANO 

3ANO 

CPLR 3.8 TEST POINTS 

Location Test Point Description 

41':37 8 (1') Clock Time 1'1 

410:37 10 (1') Clock Time 1'3 

4D37 8 (1') Clock Time T3 

4F21 3 (1') Clock Time 1'1 

4F21 1 (P) Clock Time Tl 

4F21 2 (F) Clock Time Tl 

4D19 3 (F) Clock Time T2 

4D19 1 (T) Clock Time T2 I 
4D19 2 (1') Clock Time 1'2 

4F17 1 (F) Clock Time 1'2 

41"17 2 (F) Clock Time 1'2 

4F17 3 (F) Clock Time 1'2 

4F17 10 (F) Clock Time T2 

4F17 14 (F) Clock Time 1'2 

4C36 3 (1') Clock Time 1'3 

4C36 1 (F) Clock Time 1'3 

4C36 2 (F) Clock Time 1'3 

4D32,4E17 3 (T) Clock Time 1'1. 3 

4D32, 41':17 1 (F) Clock Time Tl, 3 

4D32,4E17 2 (F) Clock Time '1'1. 3 

4C31.4E17 3 Clock Tim(' '1'25 (25 ns SQW) 

4C31. 4E31 1 Clock Time 1'25 (25 ns SQW) 

4C31,4E31 2 Clock Time '1'25 (25 ns SQW) 

60428800 A 



L1 
--.I 
o 
Lv 
I-' 

S 
I 
~ 
o 

c 

B 

A 

4 

NASTER{ CLOCK 
MelK 3 10 

I 

Tl 

Tl 

4 

TI 

~4E37 

I TI PULSE TI 
FANOUT 

-I SHAPER 
WIRED 

--1 T3 PULSE P:"I 
SHAPER FANOUT 

TI.! ,-

~0017 13 

J T3 PULSE T3 I FANOUT I SHA?ER 

fiRST STAGE CLOCK 

~ 

~ 

3 2 

II 'LAol 40l~ I 4lH7 

4APO 4C28 
lI'FXO 'Ol~ 6LGO 

~4f21 4e27 
4LL7 

f---I4'SO 4El2 I 4KSO 
4C26 .1 TI PULSE TI 4KTO 

-I SHAPER 
FANOUT 4C2~ 

4C24 ---------. 
4e23 

4APO 4C22 

4APQ 4027 

0026 - "KYO 
4D2~ 

4APO 4024 

r~4D19 
I~ 4FI1 4£26 {-q" -' T2 PULSE OE25 

fANOuT 
T2 FANOUT pL 

I SHAPER 0£24 

~4C36 
.ct4AP014C29 

I T3 PuLSE 
FANOUT f--ll-L SHAPER 

30RO "C14 

4CIl 

4CI2 

4C II 
r-- 4CI0 }- .~. lAAO 4032 

4COB 

~ OEI7 lORO OC07 

HTI,' PULSEI~~ !!d fANOUT -
SiHAPER 

. r;3ANOI 4ClI 

TI,l lAAol .032 

SECOND STAGE CLOCK 
4APO 4C29 

4C28 

4C27 

4C26 r-- 4C25 

3ANOI 4e31 
4e24 

4C23 
~4l31 

"'APO 4e22 

-{~~] .c--~T2~ -- ~ fANOUT ---
RCVR -- 25NS saw 

3 

4E23 

OAPO 4E22 

4lH? 4f37 
I 6LGO 4F36 

5LfO OFl~ 

6LCO 4F34 

4117 4f19 

ril5LBOIODl6 
·14lEO 4D3. 

3CMe 4£36 

I 4050 4£33 

3.RO 4E21 

1--- oE20 

4EI9 

3'RO OEI8 

n- .. " 4026 

4025 

4APO 4D24 

r 4APO 4£27 

U 4£26 

4£25 

4£24 

4£23 

4APO 4E22 

DETAILED-PAK DIAGRAM 
CLOCK DISTRIBUTION 
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I 4LH7 
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5Lfa 
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uBI 
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CPU 
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27 
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[(sm 
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7 L(lm 27 
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7 
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15085 
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21 
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INSTRUCTION' Oil. 012 

z 

I 

o 

c 

B 

A 

(Part 1 of 2) 



E1 
o 

W 
J-I 

~ 
o 
I 

\)1 
I-' 

7 

o 

c 

• 

A 

• 
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[esm 21 [CSlftII 1I 
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ClllWtD (011 tltllCliDII 
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tf'U 11151 
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NIRM. 
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aEULL 

CPU a '40 
PCHEOI . 
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TII4 :ii4 TlG4 
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Ttl" 
1264 ~~ 
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4 3 
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CPU J I~ 
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CPU '''A 
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CPU! 14. 
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EXT~NDED CORE 
STORAGE SUBSYSTEM 
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CPU 3111. 

CPU] II. 
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REQUEST 
COUPLER 

REQUEST 
AND 
ADDRESS 

COUPLER 
RECEIVES 
ACCEPT 

, 

1 73 COUPLER FLOWCHART (CONTROL) 

END TIME NOT SHOWN 

GATE GATE COUPLER 
~ ACCEPTS f---- WORD COUNT ~ ECS ADDRESS 1---+ 

YREQ XANDKREG 

KONTRO~LER 

YES • Q=2 

NO 

SET GO RESET 
CENTRAL I-t-

QCOUNTER 

RESET t I 

K<Y -COMPARE K>Y 

K<Y 
KANDY 1 

KTOP Y-l 
TOP 

YES 

FAKE READ NOT SHOWN 

START GO 
XFER I- ECS F/F 

SET 

END TIME 

YES 

DELAY 
READ 1750NS Y=O 
WRITE 600NS 

t 
DECREMENT 

SEND GO 
I--+- PANDY 

TOCMC INCREMENT 
K 

NO 

p=() 
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CAl ..... 
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~ 

Cpuo 
ADORE 
ANDPA 

CPU I 
AODRE 
ANOPA 

is BITS 
RlTY 

;S BITS 
RITY 

35 CPL 

~E36 

30CMC 

KH 110 

KR 111 

KH 112 
..-

CPUD 

~ CATCHING 
REGISTER 

PARITY CHECK 

CMC32 
1 TOR 

68.60.59 

CAl FI7 

~G17 
TOR 

fAN OUT 

1 TOR 65.56.57 
30CMC ~ 
KH HID IB 

KR !ill 

KR !i12 

f-
CPU 1 

CATCHING 
REGISTER 

PARITY CHECK 

LCOXRO 

LCIXRO 

LHBLKO 
CMC 

CONTROL L1iBl 

LHERD 

I 
LHEPRS 

LHBI 

31CMC 

FIG28 

_. _ ... -
SHIfT ............. ~115 

REGISTER J I 
¢ SACPT ~ 

YRFBZO 31CMC 
'31 CMC I BUSY I RES cl FROM KS L26 02 31CMC KJ JI4 CSU·I j 4·7 0·3 JGO 10·17 30 CMC REFRESH 020K 1017 ~ Ol( KS G2601 ~ F29 t KJ JI5CSU·I iO.3 4·7 KTIK15 10·17 I-KD 114 

IARD02 
~H15 0·7 

30CMC KS G2700 

fsAM BANK KJ 115 CSU·O I 4·7 0·3 
ADR02 BANK I r- DECODER 

D28K 0007 
~ 

KA 109 DECODER SAOI KJ HI4 CSU·O I 0·3 I 4 - 7 JGD 07 E350 SA02 r-KA J09 
BANK BUSY HANYO ENDCKJ BANK RESERVE KA K09 

FROM 
COUPLER 

~~ 
KA KI3 

END TIME A 1 VA 170 KA JI3 C 
VA17 311 CMC 

rfFI9 J 
KA 113 
I-

ADR 17 SHECT ADDRESS 
csu PORT sn 

-"AiiDiiEss- DIBKO 7 OIBK1O·17 
INCR AND \.I~ ADR 3·13 

11 1I0LO RGTR 

cb 
311 CMC 

?ANI7 NXSI.2 
ADR1417 ADDRESS 

6 I DEGRADE 
~ 

~ 
HA.IIB 

ADRP 

37 CMC ~ 30 CMC 

Lf//07 t r,'" '~ PARITY ,-
fAN OUT fAN OUT 

r~ GENERATOR 

30 CMC 

JHA.HB ADR 14. 15. 16 

"I~ } 37 CMC 
NOTE. 

~GOB KHI J08 I BREAKPOINT ANO AODRESS PARITY INPUT 
OUTPUT CHECK NOT SHOWN ADRP~ REGISTER E50XPN 

PURPOSE OF DIAGRAM IS TO SHOW HOW TRANSMITTERS 'RIORITY 
CONTROL ECS OPERATION HANDLES C M ADDRESS 

CSU·O 

FOR MORE DETAILS SEE PUB NO 19982200. 

~~"~' If. 30CMC 33CMC ADR 14. 15. 16 

Ezi M07 KNJ F27 2 FAN OUT 
A 

~M08 
~ OUT'UT 

ADRP REGISTER E350N 
TRANSMITTERS 31 CMC 

~
DR316 

PARITY 

I 16 CSU·l 

LHE50 CAl F26 E50N 
B 

LH300 J 
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UlCllO 

(PU) 4Nl 

f~l 0 

CPU , .. ~O 

(Mel '. 

Pf>$lI4B 

Pf'S ]148 

eNesl. 

8 

7 8 Ii 

~'. CMClI2e, ~ 

-~~ - -@--- ,. on TC DolTA PARITY DIP .,. DIP7,8 

.. .~ 
.J1 '." . .. '.' ... DATA 'ARITY DIP I 2 .,. OA'A INPUT BITS 5a.~9 

IC ." 56,67 
CMe) III .>2 ..... 

1 
!2: 81 ~ (PIDATA BITS ,.-" (PI 0 Pa ." 5i! 63 
3. 814 485$ P1 C71CPI-8 ." Mt,!il .,. 40'47 P. -!.. ... 48.49 

29 BII!. 32-39 P, ... 4647 , CI' 24-31 P, CI'IOOQ". 130 44,45 

2 CI4 16'U .. '" 4243 , ." "16 P' ". 40,4' , el6 CP I DATA ens o 7 CPIO PI 

i 
n. I. ,. 

( 24 01] CPOOA1ABJlS 56'69 CPOD PI ". 3& 37 
23 014 ".-!!5 P7 icPooP". J28 TC '4,35 
22 015 ,,0-4' p. r-<D- 129 TO n,!l 
21 016 n'l9 P' "0 ]0,31 
20 (II 24'" P' -~ ... '" .. 20 
.9 [14 16-21 .. 

~ '" 2627 
II [15 8"1$ P' m 24,25 
11 El6 CPOOATA aITS 0-7 croo PI J54 22.23 

Ii rI 5 PPIOATA 8ITS 56-" f'P1 0 P8 .,. 2021 
I!. PI4 .... P' ~ ••• 18.19 

~ 
14 PI' 40'41 p6 ." 16,17 

15 PI' 32'" p. .>.2 14," 
12 QI5 24-51 p, 

PPI2go'~9 ." 12,13 
II 014 16-25 PO ~., ." 10," 
10 QI~ 8'1!. P2 L30 O •• 
, 016 PP. OATA OITS Q' f JlPIO P' .. , • 1 
I NI5 PPODA.TA Bns !!16-~ PPOD PB , L" •• 
7 N'4 48'5!. P7 I L" 2 • 

I ::: :::::: 1 ~ ...!!.. L34 TO DATA INPUT ans 0./ 
...(i).KJ 00 OJ 

: ::! ~:~:~:: NJ(12,UI '4' '''' ..,mOAl)AS ""51 . ~ ~ 
Z .,' I'HI PZ }" .. '" ~ al6 f'POOATA ans 0-1 PPOD PI NKW .f. 

I "'1 ~ XJ~~~ ~ PARITY PPD,I . e - .. 
I GEN 'POOoo,OI _·t f-«H 2 (2 

~ 1"oo~07 ~~ P~O,OI ~.HE 

b~RCvR CATCrt e)- ~ 
~OOIOt DAf' r<v- WRln: r::-.. 

T-RI - L RGTR ~ Z DATA 2 
1~:'---- ~~~ CP~OD.DI I. L flGTH 

Ct.tC:3 30 ~ L.e--
"- CMC'118~ ~~< fCSODD" 000,01 OA'... 2 

I C:PL368 
I. 
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I 
CMC3 88 ~tI,W' -G> 

JT£S 

,-- -- -.- - - (HECI< CODE GEN£RATOA I ,tci -
~ KC PAt< eu DISTAI8U'-IDN 101",.;-;-, r.-;- r.-;-r.;:-~~T~L 
~~_Il -14:1719 2~ 24 28 16 44464'-"1 52r'i) "a ~i !UJ PI DiCi riOA'A INPuT SEL£CT 

INPUT we we WA K.!O 00 01 02 18 21 21 U :!~ II l2 S6 44 ft2 54 iU U P2 0le2 
JZ6 03 04 05 08 09 10 26 29 \0 33 5~ ]9 40 44 52 P3 0le3 r~ r+ -Tr+-~~~ ~~~~_~~ ~!~_!J 1ft --J1_~~~t~~~~ 48 52 - -r.!..~ I 0lC4 CPl 
1Z6 04 12 14 10 19 20 21 24 n 26 4Z 45 46 019 51 55 56 PO Dle5 PPO 0 , , 
125 ~9 ~_~ -J} 20 22 23 21 2!. 29 52 3! 34 ~9 ~l ~ H. i! P6 I. 0!9~_ PPi 0 , . 
h26 01 05 07 01 IZ 20 21 ~~ 'I n 16 " 40 41 42 58 ,.1 DIU ,cs , , • ~ OI~-;-~· 09 II 15 16.-!Q,. .'" ~fo it )9 41 '44 't5 48 49 b.2. P8-~ xJ 8FA , 0 / 

itT OUJPuT GAl[ USlO OHLY AT LOCATIOHS Hif ,reZD1AND 'u, 'FeZII 

7 8 Ii 

4 3 2 

D 

(MC31N; CSUMC EZ L09 DII066~9 CSIMe 

QllCl'2A~ 
L'O 48-" 
LII 40'47 
LIZ 32-)9 

(UCU'I I .... 24-'1 
IO~OO-Ot 0100'69 = M'. II-n 

~ Mil S'I5 ~C5U lOC 

C .. ClIIG ~MC_ 
E1 u,2: 0110 0- T ICSlMt CSU 1 110 

.f F09 010056-59. CSOllC 
flO U"'!!S 

'" ..... 7 
FI2 ,.-.. 
GOO 24-" 
.'0 10-25 

G" .'15 
& GI2 01000-7 

~ ~'OOO'7 O!UU'e-• "'" IOl~OOO--~SU30t 
cue3111 T{t '0" • :'~I r'" · ~CSU34C .. ,~~ C 

~ 0100" 

U~-8 

B 
I 

... . ,. DIC8 
7 .,. orC7 
6 12' OIC6 Ole z-a 
, 126 DIC5 7 
4 J25 DIC4 
3 J2fi DIC] 

' ... 0lC2 

~ 1(2& Dlel IOy!!"IH"l, .. .,. CSUI """@"+-

fOA elT DlSTRIBUTlON 
~F]O 

~~ SEE 11101£ Q) 
o,c311C !!!!. ---.I ~~N C~t I 0100-" Ct£Ck 

QDICI QD~ DIP I-e co., OICI OUT r.:-. IDIID64-JI ,. 
~RGTI1 .~ I .,. 

~.rel IMiI ~ I CMC5: ll, cn t aup INiiI 

]1 CMCIIO lL DIP, ITf =~!AI 

-<Y DIP 01PI-6 IPI-6 8 CODE £Eft 
..n 

(sum) DC 

A 

....... oc 

O£Ck GDPER CMC l oc 

DATA OUTPUT TO CSU 

4 3 2 
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M<> 08-IS •• 

I. M" (51000-07 eSIOP! 
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12. ~l2m~aam~~»~~~M~~e~ 5YS sno ". ~mw~~ma»~~~n~~~~&Qna S'I7 S'I70 ". ~~ooll~~m~.38»~~eq6~" I'll SY70 

<l) 5'11-11. st- sa ON ME PAl( 5'1NOROhl( QfCOOEft 
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Ql 
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• .. , 
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0100-59, 
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.-. __ .••• " .. 8 
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eSIOPI-I 
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eSOOOO-08, 
D~. 
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50 I I I 0 o 0 0 0 no 45-4' 

~Hl9 49 I I 0 I o 000 SY7 n. 40 ..... 
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14 000 I ... 48-'5 IOPPl00-59, 

f.!UK23 13 0000 , 0 I I SV7 ." 40-47 aPPIOP, 

12 0 I I I T' ••• 32-59 
OPPIIP 
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BASIC STACK OPERA TION 

INTRODUCTION 

c!CS uses a 2 -wire, word-oriented Inernory. The horizontal wire, or word line, is a 

dr'iv.: line; the w,rtical wire is both a drive line (on a write) and a sense line (on a read), 

_',n EC~ ,;tack ~ltJr"~ 131,072 60 -bit words, The 60 -bit words are grouped into <lSB -bit 

CC~, \Vol-d,l. (Jnt! ECS word holds eight GO-bit words and eight parity bits. One p,;rity 

bit lS IJ!wd 10l" t!acb GO -bit word. 

'!'!I~! .fad .... llab l !!!ial plane:.; ',dtl1 GOrE nlats on each side_ Edell pl8.ne holclo 1u, 3ti4 GO-bit 

\,:~'rds -lJ.lcl ,',h:b :5idc·: hofdh 0, tD2 tiD-bit words. Therefort:~ each side holds 1,024 ECS 

'.'1 I )I'llh. 

An l!~CS word is on oue word line acrosS the Hide. A side is lherefore 488 cores wide 

(llld 1,024 lines deep. 

The vertical lines carry the sense and drive currents, There are 488 of these sense / 

dl'ive linelo! per stack, and one line goes through the samc bit in each ECS word. 

The 60 -bit words are not arranged sequentially in an ECS word. Instead, two words 

are alternated with each other (See Sense Line Alternation on diagram below), Words 

1 and 5 occupy the first 122 cores. The first core is bit 0 of word 1 and the next core 

is bit 0 of word 5 and so on including the parity bit. Words 2 and 6, words 3 and 7, and 

words 4 and B are similarly alternated. The ECS read/write cycle first writes one half 

of the ECS word and then the other half. Since the sense/drive lines are alternated, 

only every other sense / drive line can be active at any time. 

When reading, the whole ECS word is read out at the same time. Both ends of the 

sense line are fed into sense the amplifier, (See Sense Line Detail On diagram below). 

The mid -pOint of the sense line is used to send drive current during the write operation. 

(S"8 Sense Line Path on diagram below). 

READ/WRlTf~ OPERATION 

Only onc 488-bit word line is sclected at one time. The word line is selected partially 

by a diode matrix and partially by the logic modules. The addressing bits enable a path 

io ground from a curr"nt source called the dummy (ZU module). The direction of the 

eUl'l'o;l1t is dependent upon which dummy is turned on and which pair of Drive/Return FFs 

are set. 1t i,; not dependcnt on the address bits. The read/write cycle is controlleli by 

a tirner which turns ()Il the duntrnit:s and sets Read/Vlrite FPs. 

On wI'ite operations the addr",ss ,,,,abIes an exdusive path from the dummy to ground 

through the word line, (See Write on diagram \Jelow). It. does this by selecting One word 

lille by means or the write retU1'rJ modules and the write drive modules. Half curl'ent is 

then sent throllgh this Vlord line. lf a "I II is to be stored, then half current is sent down 

the appropriate sense/drive line. This half current is a combination of a "1" from the 

dala register (Sense Amplifier register) and an Augmf:nt signal. The Augment signal is 

used to provide t;ufficient current for the write. (It also controls the writing of one half 

of the ECS word or the olher.) A core receiving full current (half from the drive line, 

and half from the sense line) will switch to the "1" state, 

On a read operation, the line is selected and full current is sent through the line but in 

the reverse direction to the write operation (See Read on diagram below). All cores 

in the "1" state switch to a "0" and are sensed by the Sense Amplifier modules. Note 

that the same module type is used for the read and write dummies. This module is 

adjustable and can have either a half current output (write dummy) or full current 

output (read dummy). 

--.-". 
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SELECTION OF ONE WORD BY A DIODE MATRIX 

The diagram shows part of the diode matrix. Note that the diodes are used primarily to 

direct current flow and not to implement addressing. The same address bits enable both 

the write return module and the read drive module; that is, one end of the word line. 'l"he 

remainder of the address bits enable the other end of the word line; that is, the write drive 

module and the read return module. The direction of current flow is therefore determined 

by which pair of modules (read or write) is enabled. This in turn is done by four FFs 

" which direct the address bits to the modules as the read/write cycle progresses. 

These four FFs* and the dummies are turned on and off by a bank timer which controls 

the whole cycle. 

The write return and read drive modules are designated the X -drive. The outputs of 

these modules are connected to either end of the X-drive diode packs. One such diode 

pack has eight word line connections. Therefore, when the read drive or the write return 

module are selected, eight word lines are also selected. 

*Write Return FF, Read Return FF, Write Drive FF, and Read Drive FF. There is 
a fifth FF that turns on the read dummy; the Write Drive FF also turns on the write 
dummy. These FFs are not shown in these diagrams. 

The write drive and read return modules are deSignated the Y-drive. The outputs of 

these modules are again connected to either end of the Y-drive diode pack. These 

packs extend down the side of the plane in columns. One connection on a Y-drive 

column goes to one connection on the X-drive diode pack. The next connection on 

this X-drive diode pack goes to the next Y-drive column. Therefore, each consecu-

tive connection of a Y-drive column goes to a different X-drive diode pack; or each 

consecutive connection on an X-drive diode pack goes to eight different Y-drive columns. 

When one Y-drive column and one X-drive diode pack arc selected, a single word line 

is selected. The next Y-drive column will have to be selected for the next word line 

down the plane. 

When this sinllie line is selected, current will flow from right to left during the write 

portion of the cycle; that is, part of the address selects the write return and the re

mainder of the address selects the write drive. On a read operation, the current flow 

is from left to right. The same address bits that selected write return will select read 

drive, and the remainder of the address will select the read return. These are the 

same bits that selected the write drive. 

The dummy modules always are connected to the drive modules; the return modules 

have the common pin connected to ground. 
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ADDRESS PARITY CHECK 1 AND PARITY CHECK DISABLE 

PARITY CHECK OIS~BLE 

A parity check disable switch is provided for each of the four channels. 

Parity is disabled when the switch is in the up position. During parity dis

able, parity bits and address and data parity errors are prevented from 

being transmitted to the channel. Also during parity disable. parity bits 

generated in the controller are sent to ECS. This feature provides parity 

checking of data transmission between the controller and ECS. 

With the switch in the down or enable position. data parity is checked for 

the channel selected by the scanner. The received parity bit from the 

channel is also passed on with the data and stored in ECS regardless if a 

parity error occurred or not. 

ADDRESS PARITY 

The address parity bit is received by the address register along with the 

24 address bits from the channel. The scanner in the controller selects 

which channel address bits and address parity bit will be gated into the 

address register. The address parity bit register is cleared by master 

clear signals from the fanout circuit. 

BA Y, BANK, AND OVERFLOW BITS 

The two bay bits and two bank bits are part of the 24-bit address from the 

channel. During half ECS mode of operation, one of these bits is switched 

out of the address network into the overflow network. The bit from the 

overflow network is then used to determine proper parity checking. 

6-12 
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eH 0 
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C35-23.P'6-~5 I 
f18-5 I p'6- 35 

L __ _ 

SCANNER 2 
P.6-39,CII-22 

- - - - - -, GRO 

C3~-l4 ,P.G -35 L ______ _ 
FI8-18.P'6-35 

SCANNER ~ 
p'8-~9ICIl-21 

GRO 

ADDRESS PARITY' 03. 

YJ 

p'6-9,A27-26 ~ CD 
D28-20,P.6-43 

D32-20,p'6-45 

E30-20.P.6-45 

SCAN ° BANK BIT I 
P.6-65I,H33-12 

CH t 

------, L _____ _ 

028-IO,P.6-43 

032-IO,P.6-45 

(30-10.P.6-45 

~~~~·t32-21~ 

GRD 

----- ---, eli 2-

I 
ovERFLOW 
P.G-'. t. H25 -IB 

4 

______ , L _____ _ 

' • SCAN 2 032-17 P-6-45 I P.&-9 ,A31-27 ~tI r-:: 
02B-17,P.6-43 L -- ---- _ 17 I 

eN' 

fMC 
P.6-43.B31-27 

~~~~ '3A33-2Y 6!-----l 

3 
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E35-II,p'6-1~ 

--, 
I 
I 
I 
I 
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I I 
I I 

IIA ___ J : 

I 
I ___ -I 
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CD 

:~·T~ 
I ' 
.. 2 I H36-1, P6-15 

N34 

ex 

<D 
823-5. eS-1i 

~-------

CI]-] ,P.:G-II 

~------

<D 
824-5, p'6-11 

~------

H2. 

VI9 

!!.....o 
4 '0 

10 E 

F 

B T 

0· 
E 

o 

CI'5-25,p'6-11 

G36-6 , P'6-15 

G36-3 .P'6- 15 

G36-16.P'6-15 

G36 -25 .P.6 -15 

635 
Yul 

~F36-221P.6-15 

F36-18 1 P'6-15 

----I 
I 

r- --illO:: 

21 19 - - - ____ j (2 

~
H:: 

26 15 
---- F36-26,p'6-15 

17 F36-IS, p'6-IS 

NOTE 

CD WIRING IS SHOWN FOR 5241< ECS ONLY. FOR OTHER ECS SIZES. 
SEE DELETES AND ADOS WIRE LIST fOR THESE PINS IN SECTION 5. 

® THESE INPUTS ARE SHOWN ON PAGE 6-49. 

ADDRESS PARITY CHECK I AND 
PARITY CHECK DISABLE 
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ADDRESS PARITY CHECK 2 

The CX modules receive the address bits from the address register and 

pass on these bits in their true and inverted condition to the YU modules. 

The address parity bit in its true and inverted form is also an input to one 

of the YU modules. 

The address bits. address parity bit. and inverted states of the bits are 

passed through three ranks of YU modules. ,Parity checking for an odd 

number of 1 bits in the address, including the p~rity bit. is accomplished 

by exclusive OR gates in the YU modules. These gates reduce each set of 

three true and three inverted signals to one true and one inverted signal. 

The address is finally reduced until the YU module in the last rank receives 

only three true and three inverteq signals. This enables the last rank to 

output an address parity error signal when the odd parity check by the 

network fails. 

When an address parity error is detected, a 6640 parity error signal and 

an abort signal is sent to the channel. At the same time, an accept signal 

is disabled to prevent a channel request to ECS. An address parity error 

during a flag operation also enables a 6640 parity error signal along with a 

flag abort signal. The flag accept signal is disabled at this time but the 

flag register bits are not altered. 

6-14 
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ECS DATA PARITY ERROR TRANSMISSION 

RANK ONE RANK TWO 
I 014 I I 018 O-~ ~ 14 - - - - - - - II 0-8 
17-------3 

3-~-l>-73 - - - - - - - ~ ~) 14 - - - - , 
19-------9 17----,1 

&:i -~-2b------- I 11 
28- - - - - - - 7 , I 

:==~,==:: EI4 1----- I, 
9-11 ~/ 14-------12 'I 

17-------4 9-17 " 

iZ-i19-73------- II 4) 13- --, II 

CHANNEL 0-3 
SATE 

19-------10 19--, I' 
i5-i1-II) i~- - - -- - - 2 ' I I RANK THREE 

CHANNEL ECS 
GATE - PARITY ERROR 

XMTR 

{ 

rEGISTER I CI4 I ®:l C25 
26 28-----------------9 8 CHANNEL 0 

4 2 - - - - - - - - - - - - - - - - 1-' II CHANNEL I 

3 1---------------- 13 4 CHANNEL 2 
25 21---------------- 18 Z7CHANNEl5 
I , r- - ~I 1 

RANK fOUR 
(PAGE 6-35) 
• 6111 

I , 
I , , 28- ______ 8 I I I L _ 1'1 0-26 I 618 

:===;~' 1----- II L __ 3 
18-20 5) 1~~4 ______ 20 IL---- O 1» 14-----20 

11-------24 18-26 L ____ $ 11-----24 

I 
IOn YO Modules: 

Zi-23p-1'3-------22 ~) 20-------1 
19- - - - - - -III 28- -- -- - - 7 

24~8l>- 21>---- -- - 28 I 
211---- - --III _ 

'----:-.--': 022 ~; ===~I Ell 
21-Zl5/ 14-------11 

11---- - - - 5 21-311 
;0:-;2-9-73-------1 5).14-----, 
____ -1.9-------9 17---" 

33-51) ~ 211- - - - - - - I I I 
211- - -- - - - 7 

:=1 ===:>..~: E22 1-----: ~ 
31-38 11/ 14 - -- - - - - 12 - 12 21-115 

ZO CALC PARITY 
ECS,P.1I-311 

28- --, 

liT TO 

1 I Test point 5 = (1i. • 13 • C) + (A:. B . C) + (A· 'B. C) + (A • B • C) 

I Test point 4 = (D • E . F) + <"0 . E • F) + (D • E . F) + (D • E • F) , 
I Test point 6 = (0. if . I) + (0. H .1) + (G. R . B + (G. H 

I 
I The above translations will give a lout of the test 
I point if anyone of the four translations on that test 
1 point has an odd number of lis in it. 

I Bit designations shown for rank 1 are for read bits. 
1 Write bits are in reverse order; that is, D14 TP5 

17 - - - - - - - 4 38-44 L -- - 4 
39=414/73-------1 ~ 15-------8 4) 13-----Z2 

I 
I 
1 , 
I , 

1 is labeled as bits 0-2 for a read. These would be 
,bits 59-57, respectively, for a write. 

I 
1 
I 

19-------10 It-------IO 1$-----11 

4Z=-44-Y- ZII- - - - - - - Z r - - - Z I 
~=~=:2,11------- i _____ 1;- -8 .... 1 ___ -'_ I , 145-47~ .... ~~-----20 I I 

17-------Z4 411-55 I r----26 
---:;::...... :-....J I ".-50 Y .,-------22 '/ 211-- r--III 

I 
I 

19-------111 28-----.1 / LI ___ ---I 

;/-1i3-f i5------- 211 I- / / 
I 

r----------1 
I 
I , 

ZII------ -III _ / / 

j ; G22 ~------, / / 
11"-1111 ~ 1 .. ----, / / 
____ -!.7----,1 ' _____ ' / / 

117-118 P 13----, I" , / / 
19---'111 I 1 / / 

-----I I I I 
: I I I I L _ 20 I 6Z2 / / 
L _____ -.J II L--24 1>4-59 / / 

I L--- 2Z II) 20----.1 / 
L----18 ZII----J 

EC' DATA PARITY OR {26 I 
W'"TE GO,P.6-35 16 

60440500 A ' 

CHAN 0-3 
DATA 

PARITY 

I CALC PARITY 
I (PAGE 6- 311) (PAGE 6-35) I 
I I I 1133 I , 825 
L 11-----11 12--..J 

-12 Y I I I -, 
I 

(PAGE 6-30) I 

{ 

, CI4 I (PAGE 8-30) 
20 I I C38 

III I L - 8 10 DATA PARITY ERROR 
10 22----- ~ I I TO 6640 PARITY ERROR 
8 23 CHANNEL TRANSIUTTER,P.8-59) 
I I DATA PARITY 

TO ECS, P .• -30 

6-32 
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I 
7 22 H 

I 
1" I a H 

I 
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t; H. I 

NO T[ 

(j) RANK ONE 

~> .', 6 

~~-~6. 57-fJ9. I'l! Gl2 

~--,. 
B-o< 
cJ 
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~ jO, 

A--,. 11--, I ?fo='.- --, 
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k" I I 
25J I 

28 - J 

~ 
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GI4 -.4 

GI4 - 17 

614 - 13 

614 -19 

GI4 - 25 

614 - 28 

<D ftlO,"" READ R£GIST[R 

PAGE 6 - 31 tHY ORDER SHOWN 

FOR READ ONLY REVERSE 
BIT OROER fOR WRIl E 

CHAN GATE REGISTER 

I IBvl C'4 

CHAN a GATE 26 28 - - - - - - - - - - - - - - - - - - - - - - - -

E16-1 

I PAGE 6- 3. <-
CHAN I GAo If • 

I 
2)GO READ I 2 - - --

I fl6 - I I 
1)&0 REAO 2 . - -CHAN 2 GATE J 

G.6 - • I 
CHMi 3 GAo Tf 2~ 6)GO READ 3 27 - -

I ... ~~'~~-fj 
C04-2~. t 7~ 2<-{!] 

I 
RANK TWO GO TO CHANNEL .---® E25-IO.P6-31 L' _________ J 

G.8 

A 0115 0-26 

: ---14 GI8-20.P6-35 

r - • 

Ak 
C 17 GI8-24.P.6-35 

20 G I : i 7 
204 G 81T5 18-26 I I 

~: ~ )k=6> : : 

c 

26 !. 25J I 

.6 I 2.- J 
I 

fiB - 14 

EI8 -17 

fl8 - 13 

Eta -19 

fiB - 25 

EI8 - 28 

12 ~ elkTS 2:~" 
6 E • 

10 E 13 

•• 
8 F I 

GI8 -22 

P.6-55 

GI8 -18 

P6 -35 

----------, 
--, 

L __ 

I 
L ___ _ 

-, 
• L ____ _ 
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ERROR TRANSMISSION 
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TRANSMITTERS 
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DATA PARITY GENERATION AND TRANSMISSION 

GENERAL 

The controller does an odd parity check on data from the channel to ECS during 

a write operation and also on data from ECS to the channel during a read oper

ation. 

The parity check disable (PCD) inputs to the TR module at F18 are from con

troller switches. There is a switch for each channel. With the switch in the 

normal or enable position. the data parity bit from the channel is checked by 

the controller and then passed on with the data to ECS. With the switch in the 

disable position. the data parity bit generated in the controller is sent to ECS 

instead of the channel parity bit. Other inputs to the TR module are from the 

service registers. The service register for the selected channel provides an 

800-nanosecond window for gating the parity bit to ECS. 

WRITE OPERATION DATA PARITY 

During a write operation. data bits from the channel are passed through the 

four ranks ~f YU modules. In the rank 4 module at G18. a write go bit is 

added to each 60-bit data word. The write go bit enables parity checking of 

partial records (less than eight 60-bit words). The calculated parity bit from 

the TQ module at B33 is a 1 if an odd number of bits pass through the parity 

network. The calculated parity bit for the 60-bit word is then compared with 

the channel parity bit for the same word by an exclusive NOR gate in the AB 

module at C36. A 0 output from the AB module indicates a data parity error. 

A 6640 data parit'J error signal is then transmitted to the channel. 

The channel data parity bit is also passed on with the data and stored in ECS 

regardless if a data parity error occurred or not. This feature enables data 

with bad parity to be stored in ECS. 1f the parity checking network detects 

this bad parity when the data is read back from ECS. the network is function

ing properly. 

60440500 A 

READ OPERATION DATA PARITY 

During a read operation. each 60-bit data word from ECS is passed through the 

four ranks of YU modules. In the rank 4 module at GI8. the accompaning ECS 

data parity bit is added to the 60-bit data word. If an odd number of bits. in

cluding the ECS data parity bit. pass through the network. the TL module at 

B35 outputs a O. If an even number of bits are detected. the TL module outputs 

a I to indicate an ECS parity error. An ECS parity error signal is then trans

mitted to the channel approximately 85 nanoseconds after parity error detection. 

The ECS data parity bit is also passed on to the RM module at HI4 and trans

mitted to the channel regardless if a data parity error occurred or not. When 

the channel receives both a data parity error signal and an incorrect parity bit. 

it indicates an error in ECS storage. If the channel receives incorrect parity 

but not a parity error. it indicates an error in transmission. 

ZERO PARITY 

During a read operation. a coupler may send 25-nanosecond pulses every 100 

nanoseconds over the channel to COincide with the request signal. These zero 

parity pulses lock out the ECS data parity bits so that only 60-bit words from 

ECS are transmitted to the coupler. This enables the coupler to .check its own 

parity checking circuits. 
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PARAMETERS 

Address 1500 = 0002 1507 = 0001 1516 = 0505 
1';;01 = 1000 1510 =- 7777 1517 = 7777 
1502 = 0505 1512 = 0000 1520 = 7777 

1513 = 0000 1521 = 7777 
1514 = 0036 1522 = XXXX 
1515 = 5777 1523 = 0037 

1524 = 7777 

Error Message 

S014 0505, 2- H04 Inactive 5030 

History Table 7600 =- 5030 
7601 = 7777 
7602- = 7777 
7603 =- 7777 

PARAMETERS 

Address 1500 = 0002 1507 = 0001 1517 = 7777 
1501 = 1000 1510 = 7777 1520 = 7777 
1502 = 0505 1512 = 0000 1521 = 7777 

1513 =- 0000 1522 = XXXX 
1514 = 0036 1523 = 0037 
1515 =- 5777 1524 = 7777 
1516 = 0505 

Error Message 

S021 0505 4 Hlo Empty 5004 

History Table 7600 = 5010 
7601 = 7777 
7602- = 7777 
7603 = 7777 
7604 = 5004 
7605 = 7777 
7606 = 7777 
7607 = 7777 

L7031 HO-I02 ITR- 41 



PARAMETERS 

Address 1500 = 0002 1507 = 0001 1517 = 7777 
1501 = 1000 1510 = 7777 1520 = 7777 
1.502 = 0505 1512 = 0000 1521 = 7777 

1513 = 0000 1522 = xxx x 
1514 = 0036 1523 = 0037 
1515 = 5777 1524 = 7777 
1516 = 0505 

Error Message 

S030 0505 4. H14 Empty 5001 

History Table. 7600 = 5002 
7601. = 1000 
7602 = 0000 
7603 = 0050 
7604 = 5004 
7605 = 0010 
7606 = 0000 
7607 = 0000 
7610 = 5001 
7611, = 1000 
7612 =- 0000 
7613 = 0050 

PARAMETERS 

Address 1500' = 0002 1507 = 0001 1517 = 7777 
1501 = 1000 1510 = 7777 1520 = 7777 
1502 = 0505 1512 = 0000 1521 ::- 7777 

1513 ::- 0000 1522 = XXXX 
1514 = 0036 1523 = 0037 
1515 = 5777 1514 = 7777 
1516 = 0505 

Error Message --------
S051 0505 6 H2O Data A 7677 E7777 2 0000000 

L7031 HO-I03/TR-42 



History Table 7600 = 5002 
7601 = 0000 
7602 = 0000 
7603 = 0450 
7604 = 5004 
7605 = 0002 
7606 = 7777 
7607 = 7777 
7610 = 5001 
7611 == 0000 
7612 == 0000 
7613 ::: 0050 
7~14 -- 5004 
7615 == 0002 
7616 == 7777 
7617 = 7777 

PARAMETERS 

Address 1500 == 0002 1507 == 0001 1517 = 7777 
1501 = 1000 1510 == 7777 1520 = 7777 
1502 ;; 0505 1512 = 0000 1521 == 7777 

1513 = 0000 1522 = XXXX 
1514 -- 0036 1523 = 0037 
1515 == 7777 1524 = 7777 
1516 =, 0505 

Error Message 

S061 0505 6 Hl0 Data A0032 EOO12 Yl ZoOO123450 

History Table 7600 = 5002 
7601 = 0032 
7602 = 3450 
7603 = 0120 

-----------------
7604 = 5001 
7605 :: 0012 
7606 == 3450 
7607 == 0120 

L7031 HO-I04/TR- 4 3 



PARAMETERS 

Address 1500 = 0002 1507 = 0000 1517 = 7777 
1~O: = 1000 1510 ;: 0200 1520 = 7777 
1502 = 0505 1512 = 0000 1521 = 7777 

1513 = 0000 1522 = XXXX 
1514 = 0036 1523 = 0037 
1515 = 5777 1524 = 7777 
1516 = 0505 

Error Message 

S101 0505 10 Hl0 Error See r Display 

I Display 

(2 Data A7777 ! EOOOO 81 wooooooo 
History Table 7600 = 5002 

7601 = 1000 
7602 = 0000 
7603 = 04.50 
7604 = 5004 
7605 = 0010 
7606 = 7777 
7607 = 7777 

.' 

4, : 

L7031 HO-105/TR-illJ. 



EQUIPMENT PERFORMANCE STANDARD 

NO. DC135/DT174 

DATE 2/28172 

Estimated system hours for completion: 1·5 hours for the DC135 plus 
.5 hours for each additional DT174 installed {assuming no problems 
are encountered which need corrective action before the EPS can con
tinue}. 

1.0 REFERENCE DOCUMENTS: 

1.1 6000/CYBER SMM Manual 

1.2 6642 (.E. Manual 

2.0 TEST E~UIPMENT: 

2.1 Model 546 oscilloscope or equivalent 

2.2 Precision D.C. voltmeter 

2 •. 3 Shock test tool, calibrated to 10 lbs. Insertion tool, 
PIN 12210773~ Nylon tip, PIN 12209308 

2.4 Delay probe, 33pf, PIN 18483101 

3.0 TEST CONDITIONS: 

Voltage D.C. Chassis 
Condition Voltage 

1 0% {+6.0 VDC} 

2 +7 1/2% 

3 -7 1/2% 

4~0 TEST PROCEDURE: 

4.1. Preliminary Electrical Inspection: 

4.1.1 Measure any bus bar with the prec~s~on D·C. volt
meter~ adjust the power supply to +6 ~ .05 VDC. If 
power supply meter is not on 0%, calibrate meter. 

4.1.2 Using the oscilloscope with a Xl probe, measure the 
ripple voltage on any +6 volt bus bar. The maximum 
allowable ripple is 100 mv· 

4.1.3 Refer to Fi~ure 1 and examine the power supply test 
points for proper wave forms. (orrect any defects. 

L7031 HO-I06 
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Power Supply Test Point Wave Forms 

Good Wave Form: 

- .- - -
\" \ If \ 'I' 

~ '" 
~ 

I VOLT/em .1 m.ec/em 

One or More Open Diodes: 

~ 

" r J """'-~t ~ ,r ~ r 
\ "-

'" 

2 VOLTS/em .1 msee/em 

4.1.4 Clock Checking: 

Syncing the oscilloscope externally at Iob, TP1 of 
the DDP, look at I1S, TP2 with one probe. This is 
reference time, time 00. Examine the clocks listed 
in Table 2. All leading edges should match the 
time listed ± 2 nanoseconds. All the clock pulses 
should be 23-27 nanoseconds wide measured at half 
amplitude. 

, 
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Table 2 

Test Point Time Width 
--. 

IOb, TP-1 Sync. -----

I1S, TP-2 DO 23-27 

I14, TP-4 25 23-27 

I15, TP-4 SO 23-27 

I15, TP-b 75 23-27 

4.2 Performance Tests: 

L7031 

4.2.1 Initial Tests: 

4.2.1.1 Run Section 5 of diagnostic ~DDP~ and 
momentarily ground TP1 of any RW module in 
the ECS bay. An ECS parity error should 
be detected by the diagnostic. Repeat for 
each installed DDP port. 

4.2.1.2 Run Section 5 of DDP and put the ECS bay in 
Maintenance Mode {turn on ~Maintenance 
Unlock9 key and 9Maintenance~ switch}. An 
ECS abort error should be detected by the 
diagnostic. 

Repeat for each installed DDP port. 

4.2.1.3 Run Section 1 of DDP and set the ~Port 
Disable~ switch for the port being used. 
An immediate error should occur· Reenable 
the port. Repeat for each installed port. 
The port disable switches are located on 
module Io1 in the DDP. The top switch ~s 
for port a and the bottom switch for 
port 3. 

4.2.2 Shock Tests: 

Refer to Figure 2 and Table 3 and run indi
cated test. Use a 10 lb. shock test tool 
and randomly shock test 25 modules of each 
port. If more than one intermittent module 
or loose wire is found, shock test the 
entire port and control section. 

HO-I08 
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4.2.2.2 Refer to Figure 2 and Table 3 and pat the 
wire mat while these tests are running to 
locate possible loose w~res· 

4.2.3 Delay Probe Margin Tests: 

4.2.3.1 Run two complete passes of diagnostic °DDpo 
with the 33 p.f. delay probe on each of 
the test points in Table 4. Run Sections 
1-3, 5-7 and 13 {1507 = 0167, 1510 = 0001, 
1501 = lOoo} with all ports running simul
taneously. 

4.2.4 Voltage Margin Tests: 

4.2.4.1 Run Sections 1-3, 5-7, and 13 {1507 = 0167, 
1510 = 0001, 1501 = looo} of diagnostic 
vDDpv for 10 minutes at each of Conditions 
2 and 3 {Table 1}. Run all installed ports 
simultaneously. 

4.2.5 Clock Tuning: 

4.2.5.1 Refer to the DDP maintenance manual and 
check the 100 nsec pulse between F16-19 
and F12-17. This must be 100 nsec ± 3. 

4.2.5.2 Refer to the DDP maintena~ce manual and 
check ECS request timing. 

, 
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fIGURE 2 

\ DDP Chassis Map 

J 16 17 3233 - 36 
A A 

Port 0 Port 1 

{DC135A} {DT174A} 

H 

Clock, Control 
I {DC135A} 

ECS Interface 

J 

Port 3 Port 2 

{DT174A} {DT174A} 

.' 

Q Q 

1 1617 3233 - 36 

, 
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Table 3 

Chassis I Test Parameters 
;, aa Sections r 

Port 0 1507 = 0001 Run Port 0 only 

1510 = 0177 1501 = 1002 

Port 1 1507 = 0001 Run Port 1 only 

1510 = 0177 1501 = 1002 

Port 2 1507 = 0001 Run Port 2 only 

1510 = 0177 1501 = 1002 

Port 3 1507 = 0001 Run Port 3 only 

1510 = 0177 1501 = 1002 

Clock 1507 = 0001 Run all installed ports 
and simultaneously 
Control 1510 = 0167 1500 = 1002 

Table 4 

" Delay Probe Test Points 

I15, TP-4 
I15, TP-6 
I15, TP-2 
I14, TP-4 

, 
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SECTION 20 SENSE LINE-A 

P S YL XL XG B BK W BT RFY TP 
o 0 0 01 1 0 3 3 00 4LI0-5 

SECTION' 18 
P S YL XL XG B BK W BT RFY TP 

o 0 2 06 0 0 2 0 ** ****** 

ERROR STOP 

ACTUAL DATA 
00010001000100010000 

ERROR STOP 
ACTUAL DATA 

00000000000000023020 

SHORT PROGRAM THAT CAN 
BE USED UNDER CPC 

L7031 

ADDRESS 
10=51000 00100 46000 46000 
11=01200 00100 02000 00005 
12=51000 00200 46000 46000 
13=01100 00100 02000 00006 
14=02000 00010 00000 00000 

P=10 
XO=ECS ADDRESS 
FLECS=1000 

HO-112 



OOOOOO!O 0 0 0 00 0 0 3 0 00 ~K~2-4 00010001000100010000 SHOULD BE 00010001000100010001 UUUUUUUUUUUUUUUUUUUl ~tLIIU~ ~u 
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f 00015363 0 0 1 12 '7 0 2 3 Olt 31<l4-5 OOOOOOOOOOOOOOOOO~OO SHOULD BE 00000000000000000020 00000000000000000020 SECTION 18 t 
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o 3 HOD 2 02 It 0 2 3 Olt 31<34-5 00000000000000000000 SHOULD BE 00000060000000000020 00000000000000000020 SECTION 18 
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0025~123 1 0 5 10 2 0 2 3 ~1 3L~1-4 77111777177777177177 SHOULD BE 71115177177177771177 OOOO~OOOOOOoOOOOOOOO SECTION 18 • 

- -002551"23- -.--. ---CO -,-1"2-211- 2· :r ,. 7~L1tR--777717'7777n7n7'''77- SHoU[oIlEf'ni'";17fnn 17177777 IflIffiooolnmrnnooo-o --SEC Hoif -iii ----
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00276023 1 0 1 14 0 0 2 3 41 3L41-4 11711771771111177111 SHOULD BE 17115111777711111111 00004000000000000000 SECTION 18 
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OD~?~?~l 1 1 2 1~ 5 0 2 3 41 3L~1-4 77111771117711717171 SHOULD BE 77715111771111777777 00004000000000000000 SECTION 18 
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00 I ~ 1 1 3 14 5 0 2 3 41 3L41-4 11171777177171171771 SHOULD BE 17115177171777171177 00004000000000000000 SECTION 18 
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00. I t-i 1 1 I, 1~ 5 0 2 3 47 3l41-4 17711777177771777777 SHOULD BE 77115111771777171111 00004000000000000000 SECTION 18 
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DO \Jl f \Jlt f 1 ;-0 .. 1 0 2 3 4' 3l41-It 17171117171771171777 SHOULD 8E 11175717777777117717 00004000000000000000 SECTION 18 
00 ! N 1 1 5 06 7 0 2 J ~1 3L41-4 11771117711117111711 SHOULD BE 77775111771777111711 00004000000000000000 SECTION 18 
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00560163 ~ 2 1 6 00 3 0 Z 3 47 3L41-4 17771111717777777177 SHOULD BE 77775711777777711171 00004000000000000000 SECTION 18 
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0050~t23 2 1 6 10 2 0 2 3 41 JL41-4 '1'11"'711711717711 SHOULD BE 17715711177111711171 oooo~ooooooooooooooo SECTION 18 
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00607363 1 0 0 16 1 0 Z 3 47 3l41-4 77171177111171717777 SHOULD BE 11175777771171771171 oooo~ooooooooooooooo SECTION 18 
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00600263 1 0 0 00 5 0 2 3 41 3L41-4 77111777717717111177 SHOULD BE 71715117171111711717 OOOo~ooooooooooooooo SECTION 18 
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006221fiJ J 0 2 05 1 0 2 3 41 3L~1-4 11771777177777771711 SHOULD BE 71775111711117777117 00004000000000000000 SECTION 18 
-DOb2.u23---3-0Z-1i6{;O-T3;;7~JI)'1::r;--7777i17Hn17nl177f--SHOULifoE·"7i1757717117171f7Hf·--iiiiiioi;"oiilioooooooooiliio--·--·SEcfioN-lo f 

006262bJ 1 0 2 14 5 0 2 J 47 3l41-4 17111171717777.111171 SHOULD BE 11775111117771711171 00004000000000000000 SECTION 18 
-00627763--·]-0 r1""'f1 o-23"""1it-3[1fj=;;---'j111 rnn 7171177117i·-siiouio·-iiE1777577171f1T; i7777f--oo·ooitiioDoiiliiiiiooo ooiiij---·-SECf ION ·18----·--- r 

006223fJ 3 0 2 04 7 0 2 1 41 3L1t1-4 11111111171711177771 SHOULD DE 11775171171177711111 00004000000000000000 SECTION 16 
-1I-06262fJ 3 0 2 14-5-0Z-31;7-3L~1::-;;-711fi7i71717ff717771-siiOUiii-jjE7ilf5717771171711771---ooool;ii-oooooiioooooo-jiij----·SECiToij"·ls·---- -
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00633323 3 0 l 06 6 0 2 3 47 3L41-4 11171177711111177177 SHOULD BE 11175711777717117171 oooo~ooooooooooooooo SECTION 18 
006333fl 3 0 J 06 7 0 2 3 41 3L41-4 77711777711111717717 SHOULD BE 11115711171711111111 00004000000000000000 SECTION 18 

-Oiir,3626.r--·--_j- o·T ·14s-ii -z-·rii"f- iutI':';; --777711.7i771777777777---SHoiJiii-SE: 7777577Yii711177'i7yr ----·ooo·o"4·iioo iili iiiioiiiiiJoll 00-- SECTiON 16-· . 
00632363 J 0 3 04 7 0 2 J ~7 JL~1-4 11771171771171111771 SHOULD RE 11115771171111711711 oooo~OOOOOODOOOOOOoo SECTION 18 I· 
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ECS II BANK 

DATA MODULE LOCATOR 

BITS 0-29 BITS ~0-60 

MMl MM5 
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WORKBOOK 

INTRODUCTION TO WORKBOOK 

The workbook or homework was designed to be an aid for 
your self evaluation and to improve your knowledge of 
the material covered in the classroom •. 

You will find that in most cases the questions or reading 
assignments will take less than the two hours reserved 
for study and some days there is no formal homework. 
This was done so you would have time to study any area you 
feel you need to. During your study time if you have ques
tions or need some help or review of material, be sure to 
bring your questions to class, as each day a small amount 
of time is reserved for review. 

On some of the homework you will find references for lo
cating the needed material and on others no references 
were furnished. The reason for some of the references not 
being furnished is that it should help you to be able to 
locate needed material on a real hardware failure. ECS 
is a system that requires many manuals to document the hard
ware and you should have some knowledge of these manuals and 
there use. 
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DAY: 

TOPIC: 

WORKBOOK 

1 

Introduction to ECS, Instruction Format, 
ECS Address Format, ECS Terminology 

OBJECTIVES: E.O. 0.1, E.O. 0.3, E.O. 0.4, E.O. 2.2, E.O. 2.3, E.O. 2.6, E.O. 2.7, E.O. 0.2 

1. Review all material covered during class today. 

2. Complete objective E.O. 0.2 (page TO-I) 

3. Read complete reference manual (publication #60430000) 

L7031 WRK-l 



WORKBOOK 

DAY: 2 

TOPIC: CYBER 175 ECS coupler, CYBER 172/173/174 coupler 

OBJECTIVES: E.O. 2.13, E.O. 2.8 

L7031 

1. Review handouts HO-6 through HO-47 and read backup pages. Note: only 

CYBER 175 trained people need to review these handouts. 

2. P counter is used to tell how many bank initiates for each record, what 

are the two inputs to P and why? 

3. What is K register used for? 

4. Y = 0 checks is used for? 

5. List pak locations for address bit 3 from the point of receiving bit from 

CPU to point of transmitting bit to controller. 

Note: CYBER 175 trained people only list paks in 175 coupler 

CYBER 173 trained people only list paks in 173 coupler 

6. On a write ECS operation list pak locations for bit 24 of the data for the 

first 60 bit word from the point of receiving bit from CMC'to transmitting 

bit to controller. See note on item 5. 

7. The switch on pak at location 4B34 in the 173 coupler (shown on 

page 5-2-18 of diagrams) does what? 

Note: Only 173 trained people need to complete this item. 

8. The switch on pak at location 4C35 in the 175 coupler (shown on HO-38) 

does what? 

Note: Only 175 trained people need to complete this item: 

WRK-2 



WORKBOOK 

DAY: 2 (Cont.) 

9. What is the Error Code Generator in the coupler used for? 

10. Once End Time Starts why is there- a delay in time before the End of Transfer' 

signal back to the CPU? 

11. Review 173 Coupler Diagrams and read back up pages. 

Note: Only 173 trained people need to complete item 11. 
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WORKBOOK 

DAY: 3 

TOPIC: 6640 AlB Controller 

OBJECTNES: E. 0.2.6, E. 0.2.23, E. O. 2. 21, E. O. 2.19, E. O. 2. 22 

1. On a 524K ECS System, if the coupler sends a request and Address of 1777777, 
and the controller was in degrade mode, what would happen? 

2. List the modules that Bit 5 of Address uses from point of receiving to point of 
transmitting to Bay. Assume controller is not in degrade mode and 524K ECS 
System. 

3. On a 524K ECS System, if the coupler sends a request and Address of 37720, 
and the controller was in degrade mode, what Bank would be used? 

4. What is the Channel Bit Register used for? 

5. Why are the Data Gate translations for Write ECS Data Inputs for the Bay select 
taken off the service register rather than the Address Register? (Page 1-25) 

6. On an ECS Write Instruction (01100 00002) and 
XO;::: 00000 00000 00400 00001 

AO;::: 000000 

RAE;::: 00003000 

RAC;::: 000100 

FLC;::: 000010 

FLE;::: 40000000 

FLAG REGISTER IN CONTROLLER;::: 000 000 

What would happen when instruction is executed? 
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7. What are the Bay Bits used for in the Controller? 

8. Why are the Bank Bits each transmitted on 4 transmitters to Bay, while Address 
bit 5 is only transmitted on one transmitter? (Page 1-11) 

9. Review 6640 Manual and read write ups on facing pages. 
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DAY: 

TOPIC: 

OBJECTIVES: 

READ: 

5 

6635 

WORKBOOK 

E.O. 2.7, E.O. 2.30, E.O. 2.31 

Back up pages in 6635 manual for logic publication #60212200. 

1. What is the scan counter used for? (page 1-21 of 6635 manual) 

2. What is the GO bit coming from the controller on as write ECS operations 

used for? Why is it needed? 

3. List all the modules that bit 10 of the data word passes through from re

ceiver module to the RFY module in the BAY on a write ECS when the 

controller received Address 1600025. Assume 524K ECS bay. 

4. List modules that address bit 10 passes through in the 6635 (524K) to get 

to the correct chassis when the controller received address 1602025. 

5. What are the translations off of module 1N34 on page 1-19 of 6635 manual 

used for? 

6. If the wire was removed from pin 26 of BA module at location 1B12 (shown 

on page 1-11 of 6635 manual) what would the lowest 2 memory locations 

that would fail? How many locations would fail? Give stack addresses 

for first question. 
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WORKBOOK 

DAY: 5 

TOPIC: 6635 

7. If only stack addresses listed below failed to write correct data in locations 

could the failure be caused by 1B12 module? (shown on page 1-11 of 6635 

manual) explain your answer. 

L7031 

Stack addresses that fail 

170 

370 

570 

770 

1170 

1370 

1570 

1770 

2170 

2370 

2570 

2770 

3170 

3370 

3570 

3770 

Note: all other stack addresses work OK. 
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WORKBOOK 

DAY 7 

TOPIC: DDPI 

OBJE CTIVES: E.O.0.15, E.O.0.16, E.O.2.40, E.O.2.41 

READ ASSIGNMENT: Read SMM write up for DDP Diagnostics 

1. Write a PP Program to Clear Port, Write one ECS Record to Address 173654, 
then read that record. Assume the DDP is cabled to channel 5 and start program 
at address 100. 

2. DC Power on and temperature warning light both lite would indicate what 
condition? 

3. What bit positions will the first 12 data bits be loaded into Rank 1 ? 

4. Why does Rank 2 full and byte count = 4 stop the empty signal from being sent 
to the PP? 

5. What conditions is necessary for Request ECS on a READ? Why? 

6. What conditions are necessary to start the transfer of Rank 9 to the PP? Why? 
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DAY: 

TOPIC: 

2. 

L7031 

WORKBOOK ANSWERS 

1 

ECS Terminology 

a. ECS Record = 8 - 60 bits words located at any ECS address which 

has "Os" in bit positions 0, 1 and 2 of address. 

b. Error Exit - Cause by error such as parity errors, power off on bay, 

bay in maintenance mode or illegal ECS Address and will cause CPU 

to exit to parcel 2 for next instruction. 

c. Full Exit - Normal exit (lack of errors on operation) and will cause 

CPU to exit to P + 1 for next instruction. 

d. Half Exit = Some times used in place of error exit - means same as 

error exit. 

e. Fake Read - When on a read ECS operation the coupler transfer zero's 

to central memory without requesting controller more than once. 

This is caused by an illegal address. 

f. illegal Address - ECS address too large for size of ECS memory. 

g. Bay - Hardware that contains ECS memory. 

h. Controller Accept - Replay from controller on Request from coupler -

on data transfer operation tells coupler bay memory is about to cycle -

on flag operation also reply and on flag functions 4 or 6 says positive 

compare. 

i. Controller Abort - Reply from controller cause by parity errors, illegal 

address, power off on bay, maintenance mode on bay or negative 

compare on flag function. 

WRK-A-l 



WORKBOOK ANSWERS 

DAY: 2 

TOPIC: CYBER 175 ECS Coupler, CYBER 172/173/174 Coupler 

OBJECTIVES: 

L7031 

2. P counter'is used to tell how many Bank Initiates for each record, what 

are the two inputs to P and why? 

K and Y-1 

K contains the lower three bits of the ECS address and the compliment 

of K would actual translate number of words in the record minus one for 

all records put the last record of the transfer. Y contains number of words 

and on the last record Y-1 would tell number of words in the last record 

needed for the transfer minus 1. This will take care of cases where the 

whole last record is not wanted on the transfer. 

3. What is K register used for? 

K register is used to hold the lower three bits of the address and checked 

with Y to determine when to set P up for last record. 

4. Y = 0 check is used for? 

Y = 0 check is used to start end time which will start the termination of 

a data transfer. 

5. List pak locations for address bit 3 from the point of receiving bit from 

CPU to point of transmitting bit to controller. 

Note: CYBER 175 trained people only list paks in 17~ coupler 

CYBER 173 trained people only list paks in 173 coupler 
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DAY: 

L7031 

2 (Cont.) 

175 Coupler 

173 Coupler 

WORKBOOK ANSWERS 

4E21, 4E29, 4C27 

CPU-O 4B19 

CPU-1 4019 
4028, 4B26 

6. On a write ECS operation list pak locations for bit 24 of the data for the 

first 60 bit word from the point of receiving bit from CMC to transmitting 

bit to controller. See note on item 5. 

175 Coupler 

173 Coupler 

4Cll, 4E08, 4E27 

4D26 

7. The switch on pak at location 4B34 in the 173 coupler (shown on 

page 5-2-18 of diagrams) does what? 

Note: Only 173 trained people need to complete this item. 

The switch allows the coupler to work with controller that have parity 

enhancement (6640 D/E) and old type controller (6640 A/B). When 

switch is on the logical 0 contact input data errors to CMC are not 

checked. 

8. The switch on pak at location 4C35 in the 175 coupler (shown on HO-38) 

does what? 

Note: only 175 trained people need to complete this item: 

See answer to question 7. 

9. What is the Error Code Generator in the coupler used for? 

To transmit error code to SIC register. Code tells programmer what type 

of error at termination of ECS operation. 
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DAY: 2 (Cont.) 

L7031 

10. Once End Time starts why is there a delay in time before the End of Transfer 

signal back to the CPU? 

To allow the last record to complete the data transfer. 
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WORKBOOK ANSWERS 

DAY: 3 

TOPIC: 6640 AlB Controller 

1. On a 524K ECS System, if the Coupler sends a request and Address of 1777777, and 
the Controller was in degrade mode what would happen? 

Answer 

The Controller would reply with an Accept followed by an Abort. Accept II 
would not come up as this would be an illegal address in degrade mode. 

2. List the modules that Bit 5 of Address uses from point of receiving to point of 
transmitting to Bay'. Assume Controller is not in degrade mode and 524K ECS 
System. 

Answer 

Channel 0 
1 
2 
3 

F29 
F31 
F33 
F35 

C34 

3. On a 524K ECS system, if the coupler sends a request and Address of 37720, 
and the controller was in degrade mode, what Bank. would be used? 

Answer 

L7031 

It would depend on switch for Bit 4 on module at location A04, if Bit 4 

was forced set by switch Bank 2, and if Bit 4 was forced clear by 

switch Bank O. 

WRK-A-5 



4. What is the Channel Bit Register used for? 

Answer 

The Channel Bit Register is used to Gate Data to the correct channel and 
is needed because the scanner is released long before data arrives from 
the controller. 

5. Why are the Data Gate translations for Write ECS Data Inputs for the Bay select 
taken off the service register rather than the Address Register? (Page 1-25) 

Answer 

The input for Data Gate Translation are from the service register because 

by the time data arrives from the coupler or CM, the Address Register 

would have been cleared. 

6. On an ECS Write Instruction (01200 00002) and 
XO = 00000 00000 00400 00001 

AO = 000000 

RAE = 0000 3000 

RAC = 000100 

FLC = 000010 

FLE = 4000 0000 

FLAG REGISTER IN CONTROLLER = 000 000 

What would happen when instruction is executed? 

Answer 

L7031 

The flag Register would end up with Bit 0 set and the controller would 

return an Accept to the coupler causing CP to full exit. 
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7. What are the Bay Bits used for in the Controller? 

Answer 

The Bay Bits are used to translate so Address will only be transmitted to 

Correct Bay. BayBits also go to the service with the Bank Bits and are 

used to check for Busy Banks. 

8. Why are the Bank Bits each transmitted on four transmitters to Bay while Address 
Bit 5 is only transmitted on one transmitter? (Page 1-11) 

Answer 

L7031 

The Bank Bits are used in the Bay to direct Address and Data to correct 

Chassis. All chassis need bank bits. 
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WORKBOOK ANSWERS 

TOPIC: 6635 

1. What is the scan counter used for? (page 1-21 of 6635 manual) 

ANSWER 

The scan counter is used on a write ECS to assemble 60 bit word into an 

ECS record and on a read ECS is used to disassemble an ECS record into 

60 bit words. 

2. What is the GO bit coming from the controller on a write ECS operation 

used for? Why is it needed? 

ANSWER 

The GO bit is used to tell GO bit storage register that 60 bit word is good 

data. It is needed in the case of a particle record is to be written into 

memory. If writing a particle record when GO bits stop coming the CLEAR/ENTER 

terms for the sense amplifier'register are not going to allow data from 

controller into sense amplifier register. The data from the sense ampli-

fiers will be written for the part of the record that had no GO bit from 

the controller. 

3. List all the modules that bit 10 of the data word passes through from receiver 

module to the RFY module in the bay on a write ECS when the controller 

received address 1600025. Assume 524K ECS bay. 

ANSWER 

Bay data input register 

1N35 

Bank data register 

3Q20 

Bank data fan-out 

3R25 

Sense amplifier register RFY module 

3Q13 3M14 
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WORKBOOK ANSWERS 

DAY: 5 

TOPIC: 6635 

4. List modules that address bit 10 passes through in the 6635 (524K) to get 

to the correct chassis when the controller received address 1602025. 

ANSWER 

Bit 10 is STACK ADDRESS bit 8 on a 524K ECS system. 

Received on module 2.006 transmitted to 3,t)34 

5. What are the translation off of module 1N34 on page 1-19 of 6635 manual 

used for? 

ANSWER 

The translations are bank translations are used on a write ECS operation 

to direct data to the correct chassis. 

6. If the wire was removed from pin 26 of BA module at location 1B12 (shown 

on page 1-11 of 6635 manual) what would the lowest 2 memory locations 

that would fail? How many locations would fail? 

L7031 

ANSWER 

First two locations to fail would be STACK ADDRESS 00170 (octal) 

and 00370 (octal) 

There would be 128 bad stackaddresses. (128 records) 

or 

1K of 60 bit words 

WRK-Ji_-9 



DAY: 

7. 

L703J 

WORKBOOK ANSWERS 

5 

If only stack addresses listed below failed to write correct data in locations 

could the failure be caused by 1B12 module? (shown on page 1-11 of 6635 

manual) explain your answer: 

ANSWER 

Stack addresses that fail 

170 

370 

570 

770 

1170 

1370 

1570 

1770 

2170 

2370 

2570 

2770 

3170 

3370 

3570 

3770 

Note: all other stack addresses work OK 

Module 1B12 most likely would not be the problem as it feeds all planes 

and only one plane is failing. This could be a bad connector on the X jumpers 

on the stack. (one pin on connector) 
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WORKBOOK ANSWERS 

DAY 7 

TOPIC: DDP 

1. Write a PP Program to Clear Port, write one ECS record to Address 173654, 
then read that record. Assume the DDP is cabled to channel 5 and start program 
at address 100. 

Answer 

L7031 

0100 = 6505 
0101 = 0103 
0102 = 7505 
0103 = 7705 
0104 = 5010· 
0105 = 7705 
0106 = 5002 
0107 = 7405 
0110 = 2000 
0111 = 0017 
0112 = 7205 
0113 = 2000 
0114 = 3654 
0115 = 7205 
0116 = 1450 
0117 = 7305 
0120 = x:x:xx 
0121 = 6605 
0122 = 0121 
0123 = 7505 
0124 = 7705 
0125 = 5004 
0126 = 7405 
0127 = 7005 
0130 = 3460 
0131 = 1201 
0132 = 0403 
0133 = 0100 
0134 = XXX 
0135 = 3060 
0136 = 1210 

Function Clear Port 

Function Write 

Output Upper 12 Bits of Address 

Output Lower 12 Bits of Address 

Output 

*See Program Note 

Status 

Input Status 
Save Status 
Check for Abort 

Exit on Abort 

Check Write Late 
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WORKBOOK ANSWERS 

DAY 7 - Page 2 

0137 = 0567 
Q140 = 77Q5 
0142 = 5001 
0143 = 7405 
0144 = 2000 
0145 = 0017 
0146 = 7205 
0147 = 2000 
0150 = 3654 
0151 = 7205 
0152 = 1450 
0153 = 7105 
0154 =XXXX 
0155 = 0403 
0156 = 0100 
0157 =XXXX 
0160 = 6505 
0161 = 0165 
0162 = 6705 
0163 = 0160 
0164 = 7505 

Function Read 

Check for Parity Error or Abort 

*Program Note: At this point if you were outputting over forty words you would 
want to check for A=O in case of abort. 

2. DC Power on and temperature warning light both lite would indicate what 
condition? 

Answer 

Chassis temperature is between 100 and 110 degrees F 

3. What bit pOSitions will the first 12 data bits be loaded into Rank 1 ? 

Answer 

59 through 48 

L7031 
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WORKBOOK ANSWERS 

DAY 7 - Page 3 

4. Why does Rank 2 full and byte count = 4 stop the empty signal from being sent 
to the PP? 

Answer 

It signifies the entire buffer is filled. 

5. What condition is necessary for Request ECS on a Read? Why? 

Answer 

Rank 8 Empty. It signifies the buffer will hold an entire ECS record. 

6. What conditions are necessary to start the transfer of Rank 9 to the PP? Why? 

L7031 

Answer 

Rank 9 full and address = XXX:X:XXXO. This signifies that the entire ECS record 
requested is in the buffer. 
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CE SAFETY PRACTICES 

All customer engineers are expected to follow reasonable and appropriate precautions 
with respect to electrical, mechanical, and personal safety hazards while working on 
computer system equipment. You should pay careful attention to all entries in the 
maintenance documentation labelled n*DANGER *" or "*W ARNING*". which identify 
hazardous areas or procedures encountered in maintaining the system equipment. The 
following additional procedures should be followed when working on equipment: 

PERSONAL 

1. You are responsible for insuring that no action on your part causes unsafe 
conditions that may expose customer personnel to hazards in any device. 

2. You should never work alone on equipment having exposed operating mechanical 
parts or exposed hazardous power components. If you MUST do so notify your 
EIC or manager. In any case, the following precautions must be observed: 

a. Someone familiar with the power-off controls must be in the immediate 
area. 

b. Personal jewelry (rings, wristwatches, bracelets, necklaces, etc.) shall be 
removed. A small box in the CE tool kit will make a good storage place for 
these items. 

c. If using one hand, keep the othel" one in your pocket. 

d. Avoid wearing loose articles of clothing that can be snagged and drawn into 
moving- machinery. Wear' short-sleeve shirts or roll sleeves above the 
elbow. Neckties, where required, should be tucked in between the second 
and third shirt button or fastened about 3 inches from the end with a 
tietack or tieclasp, preferably nonconductive. Don't use tiechains. Clipon 
type neckties are preferable to the regular ones; if caught they will pull 
free without causing injury. 

e. Before starting equipment, make sure that no other CE or customer 
personnel are in a position where they could get hurt. 

f~ While working in equipment put red tape strips across any power controls, 
or use "DO NOT OPERATE" tags where available. 

3. Keep CE tool kits out of walkways; put them on or under a desk or table. 

4. Put doors and covers removed from a machine in a safe, out-of-the-way 
location where nobody will trip over them or cause them to fall on top of 
someone. ALL machine covers MUST be restored in place before the machine is 
returned to the customer. 



s. All safety covers, guards, shields, groundstraps, panels, etc. shall be properly 
reinstalled after maintenance is finished. 

6. Maintain good housekeeping practices during and following each maintenance 
activity. Do not permit tools, manuals, wipers, paper trash and the like to 
accumulate in the work area, and CLEAN UP AFTER YOURSELF. 

ELECTRICAL 

1. Remove ALL AC and DC power when removing or installing major assemblies, 
working inside power supplies or power control enclosures, performing detailed 
mechanical maintenance procedures,or doing wiring and/or module changes in 
the machine. If possible, turn off and lock or tag the circuit breaker in the 
service panel on the wall; unplug the main power supply cord. . 

2. Use only well-insulated pliers, screwdrivers, test leads, etc. when working on or 
near live circuits. 

3. Do not disconnect or otherwise disable safety grounding systems even if the 
equipment is powered off. These are installed for YOUR protection. 

4. Avoid coming in contact with grounds, such as equipment frames, metal floor 
tile edgings, electrical conduits, and the like.. If possible, locally purchase 
rubber or vinyl mats. 

MECHANICAL 

1. Do not use chemicals, greases, oils, or solvents that have not been specifically 
approved by the equipment manufacturer for that device. His recommendations 
are usually based on extensive experience with his equipment in service. 

2. Use the proper tools for the job. Improper use of tools can result in personal 
injury or eqUipment damage. 

3.. Replace worn or broken tools or test equipment as quickly as possible. 

4. If the machine is running. DO NOT reach in to the works; remember, they are 
YOUR fingers and you only get on set per lifetime. 

S. If using a strobelight on mechanical devices, DON'T TOUCH ANYTHING; it may 
be moving. 

6. Safety glasses or goggles must be used if you are: 

a. driving pins, riveting, swedging, and similar activities. 

b. USing an electric drill, grinder, reamer, etc. 

c. installing or removing springs under tension or compression. 



d. using any type of solvent, spray, or chemical for cleaning or touch-up 
painting. 

e. any other activity which may endanger the eyes. They are YOUR eyes, and 
you need them for this type of work. 

7. When lifting, use a method that will not injure the spine or strain back muscles. 
Be realistic as to what your capacity for lifting really is. 

ABOVE ALL, USE GOOD JUDGEMENT AND COMMON SENSE - A MOMENT OF 
THOUGHT BEFORE YOU ACT CAN SAVE HOURS OF AGONIZING AFTERTHOUGHT. 
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