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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 manual. 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.

e 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 clarifization.

The Enabling Objectives that are common to all the Terminal Objectives and that
identify background material are numbered E.O. 0.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% acecuracy
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 logie

(module/pack).
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E.O. 0.1 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.

a. CPU

b. CMC

c. CM

d. Coupler

e. Controller
f. Bay
g. DDP

E.O. 0.2 GIVEN: 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
ec. Full Exit
d.  Half Exit
" e.  Fake Read
f. llegal 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: ECS Instruction Format, Address Format and ECS 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 Funection Bits

GIVEN: ECS Instruction Handout 4.

THE STUDENT WILL: List conditions which will cause the ECS instrue-

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 ECS
mode and normal mode. This will ineclude the purpose of
all switeches 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 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
E.O. 0.7 GIVEN: ECS Bay Manual # 60404700

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

II Bay.
E.O. 0.8 GIVEN: ECS II Bay Manual # 60404700

THE STUDENT WILL: List or desecribe the purpose and funetions

of the maintenance panel and describe the procedure for
using maintenance module and maintenance panel.

E.O. 0.9 GIVEN: ECS SMM Diagnostic Pub. #75442330

THE STUDENT WILL: List the foliowing for the diagnosties MCS, ECM,

ECX and DDP.

a. Purpose for each

b. Loading procedure for each
c. Parameters Entries

d. Display and keyboard entries

e.  Error/messages and displays
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E.O. 0.10 GIVEN: Course terminal and enabling objectives.
THE STUDENT WILL: List what is expected concerning performance

after completing the course.
E.O. 0.11 GIVEN: 7030-1XXECS Subsystem 6642-2 DDP Hardware Reference
Manual #60430000.
THE STUDENT WILL: describe the purpose of Distributive Data
Path (6642).
E.O. 0.12 GIVEN: 7030-1XXECS and 6642-2 DDP Hardware Reference Manual
#60430000.
THE STUDENT WILL: List the funetions and uses of function codes
for the DDPII list conditions in the DDP by reading status
response codes and write short programs that ecould be

used for maintenance of DDP.
E.O. 0.13 GIVEN: Block diagrams handouts HO-80 through HO-87.
THE STUDENT WILL: desecribe in writing the basie system configuration
of a computer system with DDP and ECS and the purpose

of all major parts of the DDP logie.

E.O. 0.14 GIVEN: DDP Reference Manual #60376300.
THE STUDENT WILL: List the funetions and uses of function codes
for the DDP and write short programs that could be used

for maintenance of DDP.
E.O. 0.15 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.
E.O0.0.16 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.0. 1 GIVEN: CAMS listings and CE manuals for ecouplers, controllers,
bays, DDPs and diagnostics. The following are the pub-

lications numbers.

Manual Publication Number
175 Coupler 60428800
173 Coupler 19984700
6640 A/B 60186000
6640 D/E 60440500
6635 60212200
Maintenance Aids 60289200
ECSII 60404700
DDP 60369400
DDP II 60425800
SMM Manual

THE STUDENT WILL: Perform Preventative Maintenance on ECS

and associated hardware to include:
a. Couplers

b. Controllers

c. Bays
d. DDP
NOTE: 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 direet 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-111.

THE STUDENT WILL: locate the Preventative Maintenance procedure
and requirements for DDPIL.

GIVEN: ECSII Bay manual pub. #60404700.

THE STUDENT WILL: locate the Preventative maintenance procedure
and requirements for the ECSII bay.

GIVEN: ECS System Malfunction (Emergeney 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 A/B 60186000
6640 D/E 60440500
6635 60212200
Maintenance Aids 60289200
ECS O 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 oper‘ations which will oceur if an exchange
jump interrupts an ECS transfer.
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E.O. 2.2 GIVEN: 175 Coupler Block Diagram handout # 10.
THE STUDENT WILL: list the purpose of all registers in the 175

coupler.
E.O. 2.3 GIVEN: 175 Coupler Block Diagram handout #10, 175 Block Diagram
HO-5.

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

the 175 coupler and the controller, 175 coupler and CPU,
CPU and CMC, and coupler and CMC.
E.O. 2.4 GIVEN: 175 CPU logie 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) - FLem check

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

c. ECS coupler request

d.  Bj + k to coupler

e. Xo + RA ecs to coupler

f. Exchange abort ECS

g. Ao+ RA em to CMC

h. ECS write bit

i. Foree zero parity code
E.O. 2.5 GIVEN: 175 CMC logie 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. Accept to ECS Coupler

b.  Data on line (go ECS)

c. CSU address parity error, coupler

d. CMC double error, coupler
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E.O. 2.6

E.O. 2.7

L7031

i.

Je

CMC input error, coupler
Data and parity - SECDED
Address and parity

Go Bank

Go Refresh

Write

GIVEN: 6640 Manual # 60186000

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

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

a.
bt

C.

i.

Request

Accept to Coupler
Address path

Service Register
Counters

Flag register

Parity generator checker
Channel bit register

Accept logic

GIVEN: 6635 Manual # 60212200

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

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

a‘

b.

Bank address register
Sean counter

Bank timer

Stack (memory)

Sense amp

TO-8



f.  Sense amp register
g.  Bank data register
h. Bay data register
i. Bay address register
Je Bank bit translator
k.  Store and request signals
E.O. 2.8 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
inelude listing, the contents of the following registers in

the 175 coupler for each record.

a. X
b. K
e. Y
d. P

E.O. 2.9 GIVEN: 175 Coupler logic diagram handouts 7 through 39

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

the 175 Coupler and trace signals to pack level from coupler
to CPU and CMC.
E.O. 2.10 GIVEN: 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.C. 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 Instruetion flow chart and 173 CPU logic diagrams

handouts HO-50 - HO-52.

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

and trace to pack level control signals in the 173 CYBER

computer.

GIVEN: Coupler diagrams manual Publication # 19984700.

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

in the 173 coupler.

a.
b.
c.
d.
e.

f.

g.

X
K
Y
P
All signals from and to CPU
All signals from and to CMC

All signals from and to controller

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

Coupler diagrams # 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 GIVEN: Coupler diagrams # 19984700.
THE STUDENT WILL: list or deseribe the conditions that cause a

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.

E.O. 2.16 GIVEN: 173 CPU/CMC logic diagrams handout # HO-50 - HO-55 and

coupler diagrams #19984700.
THE STUDENT WILL: list or deseribe conditions that cause end time

to oecur in the 173 coupler and trace signals from coupler
to CPU and CMC to pack level.
E.O. 2.17 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.
E.O. 2.18 GIVEN: Coupler diagrams # 13984700.

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.

E.O. 2.19 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/F and
describe all conditions needed for accept I, II and III. This
will include signal flow to a module level to generate accept

I, I and I11.
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E.O. 2.20 GIVEN: 6640 Manual # 60186000.
THE STUDENT WILL: trace to module level aceept logie 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 logie

E.O. 2.21 GIVEN: 6640 Manual # 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.

a. Counters and decoders

b. Address and bay selection

e. 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 ineluding data to and from coupler.

E.O. 2.22 GIVEN: 6640 Manual # 60186000.
THE STUDENT WILL: trace to module level address bits to the flag

register and flag logie 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

GIVEN: 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.
GIVEN: 6635 manual # 60212200.

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

bank and signals required to start the running of the bank
timer.
GIVEN: 6635 Manual # 60212200.

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

a complete memory cycle. This will include the following:
a. Read dummy
b.  Read drive
e. Readreturn
d. Write dummy and write drive
e.  Writereturn
GIVEN: 6635 Manual # 60212200 and course handout numbers 57-62c.

THE STUDENT WILL: Desecribe 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
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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

or disassemble records for réad 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 logie
f. Data path
GIVEN: 6635 Manual # 60212200.

THE STUDENT WILL: locate possible bad modules for theoretical

failures such as:

a. Sense amp failure

b.  Augment failure

e. 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

L7031

GIVEN: 6635 Manual #60212200.

THE STUDENT WILL: describe the purpose of the maintenance

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 logie.

GIVEN: 6640 D/E 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 D/E compared to 6640 A/B.

GIVEN: 6640 D/E Manual #60440500.

THE STUDENT WILL: list the differences in 6640 D/E compared

to 6640 A/B model. This will include:
a. Address parity
b. Data parity
e. Parity disable logic
d. Error signals
GIVEN: ECSII Bay Manual #60404700.

THE STUDENT WILL: loeate possible bad modules for theoretical

failures such as:
a. Data failures
b. Addressing failures

e. Memory failures
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E.O. 2.36 GIVEN: ECS Timing and flowechart 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

e. Controller

d. Bay

E.O. 2.37 GIVEN: Theoretical failures and all course material.

THE STUDENT WILL: list general area of logic that ecould 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

GIVEN: 6640 D/E 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.
GIVEN: ECS II Bay Manual Pub. #60404700.

THE STUDENT WILL: Describe the procedure for using spare bits

on memory modules in the ECS II bay.

GIVEN: DDP handouts HO-90 through HO-101 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.

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

publication #60369400.

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

a module level used to write ECS using DDP in the DDPL
GIVEN:  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.
GIVEN: DDP diagrams publication #60369400.
THE STUDENT WILL: Trace to module level all signals used on a

flag funetion in the DDPIL
GIVEN: DDP diagrams publication #60369400.

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

procedure for tuning cloeks.
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E.O.

E.O.

E.O.

E.O.

E.O.

E.O.

2.45

2.46

2.47

2.48

2.49

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 DDPIL

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 logie 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 30 29 0

ERROR JUMP
011 J K INSTRUCTION
011 RE Bj+K

Write Extended Core Storage

59 51 50 48 47 30 29 0
ERROR JUMP
012 J K INSTRUCTION
012 WE Bj+K

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

Xo and Ao Registers

‘Data Must Be Loé.ded Into Xo and Ao Before ECS Instruction Is’E:xecuted

17 o 17 0
THE INITIAL
Ao - RELATIVE C.M. + RAcm _ CENTRAL MEMORY
STARTING ADDRESS — ADDRESS
ABSOLUTE:
23 0 23 0
THE INITIAL
Xo - RELATIVE ECS —
+ RAecs = ECS ADDRESS
STORING ADDRESS ABSOLUTE
HO-I/TR'I
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ECS INSTRUCTIONS

ECS II Address Formats
ECS I 131k System

23 2120 17 18 32 0
t L___notr ¥ WorD T WORD SELECT
USED ADDRESS

'FLAG FUNCTION
ECS II 262k System

23 21 20 18 17 4 32 0
4 t NOT $ WORD 1 f _ WORDSELECT
USED ADDRESS BANK SELECT

FLAG FUNCTION
ECS I 524k System '

23 21 20 19 18 54 32 0
Lot L___worD | T woro seLECT
USED ADDRESS.
- FLAG FUNCTION L.BANK SELECT

ECS I 1048k System

23 21 20 19 6§ 54 32 0
_ L NoT t___ wORD { _WORD SELECT
USED ADDRESS L___BANK SELECT
—— FLAG FUNCTION BAY SELECT

HO-2 /TR-2
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ECS IO 2096k System

23 21 20 : 76 54 32 0
L__woro | ¥ T worp seLECT
ADDRESS
| FLAG FUNCTION' __BANK SELECT
- |_sAY SELECT
HO-3 /TR-3
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ECS Instruction Exit Conditions

ECS INSTRUCTION

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

Err;)r Termination of ECS Instruction

—

Error Conditions T =

]

Central Processor Parity Error
CMC Double Error

CSU Address Parity Error

CMC 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 then 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.

If the record just completed is the last record of the block transfer and an error
condition exists, the Central Processor exits to the lower instruction, executes it, and

then the Exchange Jump is performed.

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 hegins 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.
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PRIMARY BLOCK DIAGRAM
ECS COUPLER

The 1ECS 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 INTERFACE SIGNALS

REQUEST COUPLER
The CPU generates this signal when it has decoded either a read IECS (011 instruc-
tion) or a write ECS (012 instruction) and needs the coupler to transfer information,

The coupler uses 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.
WORD COUNT

The word counf bits (0 through 17) plus one odd parity bit (b1t 24) indicate the num-

ber of 60-bit words in the transfer operation.

ADDRESS

The address bits (0 through 23) plus one odd parity bit (bit 24) indicate the starting
IECS 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 XCS. The absence of this signal indicates an ECS read
(011 1nstruction).

EXCHANGE ABORT ECS

The CPU generates this signal if the CMC receives an exchange request from the
peripheral processor 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 coupler error code generator generates this signal if an error is detected
during a transfer operation. The coupler sends the transfer error signal with
the 3-bit error code for the error detected to the CPU along with the error end-
of-transfer signal.

5-3-0.0

FORCE ZERO PARITY OM 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 the address and word count.

ERROR END OF TRANSFER

The coupler sends this signal to the CPU when an error was detected during the
transfer operation. Certain errors cause the iransfer operation to abort at the

end of the record while others allow the transfer to be completed.
Errors aborting the transfer at the end of the record are:

e Word count or address parity error (CPU to CPLR).
e Address parity error (CPLR to ECS controller).

. ECS bank addressed is not available due to maintenance mode or loss of
power. (This error does not cause an abort during an 1:CS read operation.)

Errors allowing the transfer to complete are:

e Address parity error (CMC to CSU).

° Data parity error (CMC to ECS controller).

e Data parity error (ECS controller to CMC).

e Data parity error (ECS controller to ECS memory).
¢ Double error detected 1n data read from CM.

END OF TRANSFER

The coupler sends this signal to the CPU when the transfer operation 1s 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 instructions 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 address and word count from the CPU.

60428800 A
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CMC ACCEPT

The CMC sends this signal to the coupler when the CM access request (1:CS request
CMC) has been accepted, The coupler must send the 12CS continue request signal
and bank imitiate 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 12CS continue
request signal to cause the CMC to send the address and a go signal to CM and
start a CM memory cycle.

ECS END OF TRANSFER

The coupler sends this signal to the CMC when the last record has been received.
The signal clears the ECS in progress status in the CMC.

ECS FLAG PARITY ERROR

The coupler sends this signal to the CMC when a parity error 1s detected 1n the
address received by the 12CS controller during a flag register operation,

DATA ON LINE (GO ECS)

This signal accompanies the CM read data to the coupler to indicate the data lines
contain valid information.

CSU ADDRESS PARITY ERROR

The coupler reccives this signal when an address purity crror occurs on the CMC
address to the CSU for an IECS related CM reference.

CMC DOUSBLE ERROR

The coupler receives this signal when the single crror correction double error

detection (SI2CDIED) circuit detects a double cerror on data read from CM during
an LCS transfer operation,

60128800 A

CMC INPUT ERROR
The coupler receives {his signal when a parity error is detected on the data received

by the CMC from [:CS.

DATA (CM READ) BITS 0 THROUGH 59, PARITY

These are the 60 data bits read from CM and their odd parity bit for an I:CS write
operation.

DATA (CM WRITE) BITS 0 THROUGH 59, PARITY
These are the 60 data bits to be written into CM and their odd parity bit for an ECS

read operation,

ECS CONTROLLER INTERFACE SIGNALS

REQUEST CONTROLLER

The coupler receives this signal prior to each record of data 10 be transferred. The
first and last records may not be full records but they still require request controller
signals.

CONTROLLER ACCEPT

The controller sends this signal to the coupler when it 1s ready for a transfer of one
record,

ECS ADDRESS BITS 0 THROUGH 23

The coupler sends these bits containing the bank address to the controller for the
I:CS record to be transferrced, The address bits are transmitted at the same time
as the request controller signal.

ECS ADDRESS PARITY BIT

The coupler sends the odd parity bit with the address bits to the controller.

ECS WRITE

The coupler sends this signal to the controller to indicate the data transfer is an ECS
write operation.  The I'CS write 1s transmitted at the same time as the request con-
troller signal. The absence of this signal indicates the transfer operation 1s an ECS
read operation,

- 5-3-0.1



T€0lT

6-6y

CONTROLLER ABORT

The controller sends this signal to the coupler to indicate the data transfer was
aborted, The trunsfer is aborted by the controller due to one or more of the fol-
lowing reasons.
" ECS bank address referenced does not exist.

ECS bank is in maintenance mode.._

F.CS bank does not have power.

Address parity error has been detected at the controller.

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 parity
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 error is detected on
data going to or from the F.CS banks.

DATA (ECS WRITE) BITS 0 THROUGH 59

The coupler sends 60 bits of data to the controller during an IZCS write operation,

DATA (ECS READ BITS 0 THROUGH 59)

The controller sends 60 bits of data to the coupler during an I°CS read operation,

DATA (ECS READ) PARITY
The controller sends an odd parity bit to the coupler with the data transferred during

an FCS read operation,

DATA (ECS WRITE) PARITY, GO
The coupler sends an odd parity bit to the controller with the data transferred during

an IXCS write operation. A go signal to the controller referrcd o as a data-on-the-
line signal, indicates valid transfer data,

5-3-0.2

GENERAL DESCRIPTION

The ECS coupler is activated when the central processor initiates a read or write
ECS operation and 1ssues 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
nanoseconds later it sends the IICS 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 1nstruction). The absence of the write signal or a not
write signal indicates an I:CS read operation (011 instruction).

The coupler transmits the request controller signal, IZCS starting address, and the
ECS write signal (if present), to the IECS controller. 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 IECS 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 1ssued for 1300 nanoseconds and then 400 nano-
seconds later the ECS bank initiate is issued, In an FICS write operation, data is
passed from the CMC through the 16-word random access memory (RAM) data buf-
fer, the data registers and then transmitted to the IZCS controller. During an IECS
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
transferred to the CMC are all zeros. If the error is detected 1n an ECS write

, Ooperation and an error signal generated, the request controller signal 1s 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 1s reduced
to zero and the end time control circuit activates to end the transfer operation,

The CPU provides the 23-bit 1:CS starting address to the 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 IZCS. The 24th address bit is not used by the X
regisier as part of the address but is routed through the coupler and used by the
IECS 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 ‘when the coupler transmits the last record. The P counter and P equals
zero check circuit controls the number of words transferred during each record.

The error register receives external error signals from the CMC, CPU, and 1CS
controller and internally a parity error signal if the address/word count from the

CPU has a parity error. The error signals are converted to an error code that 1s
transmitted to the status and control register via the CPU.

. 1

The status and control register via the CPU sends the coupler a force zero parity
code during diagnostics to force zero parity (o the FCS controller and the CPU to

create a parity error. The error detection circuits should detect the parity error
and return an error signal to the error register in the coupler.

60428800 A
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DETAILED-PAK DIAGRAM
CPU INTERFACE FOR COUPLER REQUEST CONTROL, ADDRESS/WORD COUNT, AND ECS WRITE

COUPLER REQUEST CONTROL

An ECS operation begins when the CPU sends a request coupler signal to the 1:CS
coupler. If the request is for a write I2CS operation (012 instruction), the request
coupler signal 1s accompanied by an 12CS write signal. The absence of the 12CS
write signal (not 15CS write) indicates a read IICS operation (011 instruction),

The request coupler signal sets a latch register (3KRO pak) which in turn sets the
request hold flip-flop (5LBO pak). The request hold flip-flop holds the request
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 IECS operation. If the request flip-flop 1s
clear, the output signal of the request hold flip-flop sets the request flip-flop at
time T1, 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
12CS IP (1n progress) flip-flop, The request flip-flop and the ECS IP flip-flop are
connecled 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, The 1CS IP flip-flop sets 50 nanoseconds later
on the trailing edge of the next clock pulse. Since the inverted output signal of the
1.CS IP flip-flop is ANDed with the output signal of the request flip-flop, the setiing
of the 15CS IP flip-flop breaks the AND gate and forms the trailing edge of the
50-nanosccond coupler accept pulse. The request flip-flop and the ECS IP f{lip-flop
remain set until cleared by the end-of-transfer clear signal at the completion of
the transfer 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 (6KS0 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 transfer operation word count and 1ts 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 time T1, 3 to the Y register
(CPLR 3.1). The parity checker (3KRO pak) checks the word count in the latch
registers in thrree 8-bit groups for parity errors. The parity checker generates a
parity bit for cach of the three groups. These parity bits, designated P1 through P3,
are merged with the parity bit that accompanied the word count from the CPU in a
second parity check circuit (4KQO pak). When, the 4KQO pak parity check circuit
detects a parity error in the parity bits, it generates a word count parity error
signal for the error register (CPLR 3.7). The parity error signal transfers to the
error register via a timing select circuit on the register enable pak (CPLR 3.1).

The CPU sends the transfer operation IECS starting address and its parity bit to the
coupler 50 nanoseconds after the word count, which is 400 nanoseconds after the
CPU receives the coupler accept signal. The address enters the latch registers
(3KRO pak) which in turn transfer the lower address bits 0 through 22 to the X and
K registers (CPLR 3.1). The two parity checkers (3KRO and 4KQO paks) check the
address and the address parity bit for parity errors in the same manner they check

5-3-8.0

the word count for parity errors. The parity check circuit (4KQO pak) transfers an
address parity error signal via a timing select circuit on the register enable pak
(CPLR 3.1) to the error register (CPLR 3.7).

The CPU sends the [2CS starting address with bit 23 set when it wants the 1:CS con-
troller to perform a flag register operation. The latch register (3KRO pak) transfers
address bit 23 at time T1, 3 to the flag register operation flip-flop (CPLR 3. 3).

The flag register operation flip-flop merges address bit 23 back with the lower

23 bits of the address in the address register (CPLR 3.1) and performs control
functions on coupler circuits for the duration of the flag register operation., The

1:CS controller performs the flag register function using bits 20 through 22 of the
address as the instructions. The controller accomplishes the flag register operation
without further instructions or information.

CPLR 3.0 TLIST POINTS

Module Location Test Point Description
3KRO 41219-21 3(T) Adrs/Wd Count Bit N
3KRO 41719-21 5 (T) Adrs/Wd Count Bit N +1
3KRO 41719-21 2 (T) Adrs/Wd Count Bit N 42
3KRO 41219-21 6 (T) Adrs/Wd Count Bit N +3
3KRO 41719-21 13 (T) Adrs/Wd Count Bit N +4
3KRO 41219-21 9 (T) Adrs/Wd Count Bit N +5
3KRO 41219-21 12 (T) Adrs/Wd Count Bit N +6
3KRO 41:19-21 8 (T) Adrs/Wd Count Bit N +17
3KRO 41:19-21 7(T) Clock Time T1, 3

3KRO 41018 3(T) Adrs[Wd Count Parity Bit
3KRO 41:18 1(F) Adrs [Wd Count Parity Bit
3KRO 41718 5 (T) 1:CS Write

3KRO 4118 6 (T) Req Cplr

3KRO 41218 7(T) Clock Time T1, 3

4KQO0 41234 10 (T) Parity Bit P1

4KQO0 41534 9 (T) Parity Bit P2

4KQO0 41734 8 (T) Parity Bit P3

5L130 4D36 3 (1) Req Cplr

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

5L.B0 4D36 1(T) Clock Time T1, 3

5KS0 41233 5 (F) Dly Cplr Acpt (350NS)
5KS0 41733 4 (T) Dly Cplr Acpt (550NS)

5K S0 41233 13 (T) Clock Time T1, 3

4KTO 4F20 9 (T) Cplr Acpt

4KTO 4520 2 (T) Clock Time T1, 3
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DETAILED-PAK DIAGRAM
REGISTER 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 functional control inputs S1 and S2 of the Y register (3LAO pak)
control its mode of operation, The 50-nanosecond coupler accept signal that was
dclayed 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 (5L10 pak) before providing an input to S1 of the Y register. Since
the output signal of the 50-nanosecond delay flip-flop (that goes to input S1 of the

Y register)is inverted, the Y register is in a preset mode until the flip-flop 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 register, 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
T:CS 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 resuli of
the 1:CS controller accepting the first transfer operation request or the previous
transfer of eight 60-bit data words (record), The coupler generates the go central
signal from the 12CS 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 pak) 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 nanoscconds unless stopped by
the loss of the go central signal. The enable signal decrements the data word
count in the Y rcgister at the data transfer rate until the count equals zero.

The 3CMO and 6L.CO 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 ANDed

in the 3CMO pak which generates the Y register count 1s less than 16 signal. The
Y bits 0 through 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
cquals zero signal are ANDed with the complement of bit 3 from the Y register,
When the word count in the Y register is at zero, all these signals are present,

and the AND gate generates the Y equals zero signal that sets the word count equals
zero flip-flop. During an I2CS write operation, the controller accept signal gates
the word count equals zero flip-flop output signal to the end time circuits that starts
the timing scquence 10 end the transfer operation. The coupler receives the con-
troller accept signal after the transfer of the last data word that caused the Y reg-
ister to go to u zero word count, This ensures that the controller reccives the last
word of the transfer operation before the end time circuits receive the Y equals
zero signal to start the timing sequence and end the transfer operation,
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During an IECS read operation, the last word of the transfer operation has left the
ECS controller when the word count recaches zero. Therefore, the FCS read signal
gates the Y equals zero signal to start the timing sequence and end the transfer
operation.

X AND K REGISTERS (ADDRESS)

The coupler X and K registers receive the IECS starting address for the transfer
operation from the CPU. The register control circuits increment the X and K
registers from the starting address to generate the additional ECS addresses for
the data of the transfer operation.

The IXCS 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 record of a transfer operation which could contain less than
the normal eight words and is referred to as a partial record. The X register
provides the normal record address while the K register provides the address of a
word within the first 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 IZCS starting address.

The coupler accept signal that was delayed 350 nanoseconds is delaycd an additional
50 nanoseconds by the 50-nanosecond delay flip-flop (5LFO0 pak). The delay flip-
flop provides the delayed coupler accept signal (400 nanoscconds) to functional con-
trol input S1 of the X register for 50 nanoseconds. Since the complemented delayed
coupler accept signal (350 nanoseconds) to input S2 of X register has ended, S1 and
S2 are in the proper state to preset the register,

The same delayed coupler accept signal (400 nanoseconds) provided to S1 of the X
register is provided (o Sl of the K register, The delayed coupler accept signal

(400 nanoseconds) from the 50-nanosecond delay flip-flop is ANDed with the 100-
nanosecond square wave signal to provide an input to S2 of the K register. Inputs S1
and S2 of the K register are in the proper state to preset 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, the address bits 0
through 22 arrive and load into the X and K registers., The I'CS address uses all
23 bits.

When the 50-nanosecond delay flip-flop clears, the X register goes into the incre-
ment mode and the K register goes into the hold mode, The registers remain in

their respective modes until the T2CS controller returns a controller accept signal

to indicate it is ready for the transfer of data and requires the 1:CS address. After
receiving the controller accept signal, the coupler generates the go 1"CS and go

central signals. The go I'CS 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 both registers in the increment mode, the register enable signal to the clock
input incroments the address in the registers. The go central signal is ANDed

with the 100-nanosecond squarce wave and generates the enable register clock signal.
The clock signal is synchronized with the clock pulse (3AAOQ pak) 1o enable the clock
input of the X and K registers. The clock synchronized register enable signal incre-
ments the X and K registers at the transfer rate of once every 100 nanoseconds unless
stopped by the loss of the go central signal. The incrementing continues until the
{ransfer is complete and the end time circuits stop the go central signal,

The K register contains zeros except when the first record of a transfer operation
is a partial record, The K register allows references to specific 60-bit word
locations for the number of words contained in the partial rccord., The delayed
coupler accept signal (550 nanoseconds) gates the first record K register bils
(lower 3 bits of the address) into the LAK register (5LKO pak), The 1XCS accept
signal from the 1:CS controller clears the LAK register, The 1CS accept signal
indicates the 12CS controller received the first address of the transfer. Since the
delayed coupler aceept signal (550 nanoseconds) occurs only once every transfer
operation, only the lower address bits of the first address from the K register are
gated into the LAK register. All remaining addresses will have zeros in the lower
3 bits. Thercfore, cach time the address registers increment one, the address to
12CS increments ten (octal).

The request controller signal gates the address bits into the address register
(4AT0 pak). The 100-nanosecond square wave and the T25 clock pulse (25-
nanosccond square wave) gate the address bits in the address registers to the
transmitter. The T25 clock pulse synchronizes the address bits within the 100-
nanosecond square wave for transfer to the 1:CS controller. The clock time T1
rescts the address register in preparation for the next address from the X and K
registers.

PARITY GENERATOR

The address bits 0 through 23 provided to the address register (4AP0 pak) for
transmission to the IXCS controller are also provided to the parity generator
(3LN0 pak). The parity gencrator generates an odd parity bit for each address
and transfers the parity bit via the zero parity circuits (CPLR 3.3) to the I2CS
controller. !

ADDRESS/WORD COUNT PE ENABLE

The address/word count parity error (if detected) requires an enable signal
synchronized with the appropriate address or word count to pass the error signal

on to the error register. The coupler accept signal (350 nanoseconds) gates a

word count parity error signal (8LIF0 pak) through the select circuit. The delayed -
coupler accept signal (400 nanoseconds) from the 50-nanosecond delay flip-flop

gates an address parity error through the other half of the select circuit. - These
gating signals perform the synchronizing function that differentiates a word count
parity crror from an address parity error for the error register.
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P SELECT

The P counter (CPLR 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 register (3LAO pak) provides the comple-
mented lower 3 bits of the address to the Y minus 1 is greater than K test circuit

and the P select circuit, The K register contains 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 circuil and the P select circuit. The Y register (3LAO pak)
provides the 3 kits of the word count to the Y minus 1 circuit (6LCO pak) which in
turn provides its output 10 the Y minus 1 is greater than K test circuit and the P
select circuit., The Y minus 1 is grcater than K test circuit controls the P select
flip-flop that selects the appropriate bits for the P counter. The go 1°CS signal that
indicates the CMC is ready for a data transfer gates the P select flip-flop. Assuming
that Y (data word count) is grealer than eight, there is at least part of another record
to be transferred. The P sclect 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 minus 1 is
less than Ko 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 flip-flop. The word count equals zero flip-flop generates
the stop go central signal for the go central memory flip-flop (CPLR 3.3) and the Y
cquals zero signal for end time circuit (CPLR 3.7). The end time circuits generate
an end of iransfer signal to end the I'CS transfer operation.
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CPLR 3.1 TEST POINTS

Modale

Location Test Point Description Module Loocation Test Point Descripuion
5L1°0 4735 3(T) Clock Time T1, 3 5LKO 4D33 9(T) K Rgtr Bit 2
S5LIM0 4135 4 (F) MC + EOT CLR 5L.KO 4D33 13 (T) Dly Cplr Acpt (550 ns)
5LF0 4135 9 (T) Dly Cplr Acpt (350 ns) 3CMO0 4136 11 () Yy <16
5LF0 4F35 14 (T) Go Central 4APO 4C22-21 13 () Adrs Rgtr Bit N
5LIF0 4F35 12 (T) Dly Cplr Acpt (400 ns) 4APO 4C22-21 12 (F) Adrs Rgtr Bit N +1
3AAQ 4D32 4 (F') Rgtr Enbl 4APO 4C22-217 3(F) Adrs Rgtr Bit N +2
3AAQ 4D32 9 (F) Rgtr Enbl 4APO 4C22-217 14 () Adrs Rgtr Bit N +3
3AAQ 4D32 10 (F) Rgtr Iinbl 4APO 4C22-27 11 (T) Req Controller
3LAO 4D28,30, 1(T) Adrs/Wd Count Bit N 4APO 4C22-217 9 100 ns SQW
3LAO 41:28,29 2 (T) Adrs/Wd Count Bit N +1 4APO 4C22-27 4 (F) Clock Time T1
3LAO 13 (T) Adrs/Wd Count Bit N +2 4APO 4C22-217 2(T) I2CS Adrs Bit N
3LAO 14 (T) Adrs/Wd Count Bit N +3 4APO 4C22-27 5 (T) I2CS Adrs Bit N +1
3LAO 12 (T) Y Rgtr Carry 4APO 4C22-27 8 (T) LECS Adrs Bit N +2
3LAO 3(T) X Rgtr Carry 4APO 4C22-27 10 (T) ECS Adrs Bit N +3
3LAO 7(T) Clock Time T1, 3 4APO 4C22-27 1 T 25 (25 ns SQW)
3LAO 11 (T) Y Rgtr Bit N 6L.CO 41°34 2(T) Y<16
3LAO 8 (T) Y Rgtr Bit N +1 6L.CO 4F34 11 (T) Word Count = 0
3LAO 4D28,30 9 (T) Y Rgtr Bit N +2 6L.CO 4F34 5 (T) Y Bit 3
3LAO 41228,29 10 (T) Y Rgtr Bit N +3 6L.CO 4F34 6 (T) Y Bits 0 - 2 = 0 Test
3LAO 41330 1(T) Adrs/Wd Count Bit 0 6L.CO 4F34 3(T) Go Central
3LAO 4130 2 (T) Adrs/Wd Count Bit 1 61.CO 4F34 4 (T) Y -1 >K Test
3LAO 41330 13 (T) Adrs/Wd Count Bit 2 6LCO 4F34 14 (1) Select K
3LAO 41330 7(T) Clock Time T1, 3 6L.CO 4F34 1(T) K Bit 0
3LAO 41230 11 (T) K Rgtr Bit 0 6L.CO 4F34 9 (1) K Bit 1
3LAO 41230 8 (T) K Rgtr Bit 1 6LCO 4F34 8 (T) K Bit 2
3LAO 41230 9 (T) K Rgtr Bit 2 6LCO 4F34 13 (T) Y -1Bit0
5LKO 4D33 12 (T) K Rgtr Bit 0 6LCO 4134 10 (T) Y -1Bit1l
5LKO 4D33 8 (T) K Rgtr Bit 1 6L.CO 4F34 12 (T) Y -1 Bit 2
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DETAILED-PAK DIAGRAM
TRANSFER CONTROL

The basic control center of the coupler during a transfer operation is the transfer
control circuit (5L1'0 pauk), When the CPU initiates a data transfer operation, the
coupler musi generate a request for the CMC.  To generate an ECS request CMC
signal, the flag register operation signal must not be present, the Y register

must contain a word count, and a parity crror must not have been detected in the
word count or starting 12CS address. When these conditions are available, the Y
not equal to zero signal, the not error signal, and the complemented not flag reg-
ister operation signal are ANDed with the delaycd coupler accept (550 nanoseconds)
to generate the ECS request CMC signal, The ECS request CMC signal is a 50-
nanosccond pulse that occurs once during each transfer operation, 550 nanoscconds
after the coupler accepts a transfer operation request from the CPU, The 12CS
request CMC signal is transmitted to the CMC via a latch register (4KTO0 pak) and
transmitter af time T1, 3.

The 12CS request CMC is not generated if the flag register operation signal 1s
present, Y is equal to zero, or an address /word count parity error signal is
present, but an end data transfer signal is generated. The end data transfer sig-
nal, 550 nanoscconds after the coupler aceepts a transfer operation, sets the end
time flip-tflop (CPLR 3.7) to end the transfer operation before a data transfer
occurs. The cnding of the transfer operation before a transfer of data occurs does
not affect a flag register operation as it does not require a transfer of data. The
word count in the Y register is zero for a flag register operation. The ending of
a transfer operation by a starting address /word count parity error prevents data
from transferring {o an incorrect address in 12CS and possibly destroying other
data .

If a [lag register operation is requested by the CPU, the address received by
coupler has bit 23 sel. Address bit 23 sets the flag register operation flip-flop
(CPLR 3.3) that generates the flag register operation signal. The JECS controller
requires only the address with bit 23 set to perform a flag register operation, The
flag register operation signal is ANDed (5LIP0 pak) with the coupler accept signal
that was dclayed 550 nanoseconds and synchronized by time T1, 3 to set the accept
go flip-flop. The accept go flip-flop generates the go 15CS signal. The go 1:CS
signal sets the go 15CS flip-flop (61.GO pak) that is connected with the request con-
troller flip-flop in a pulse forming combination. 7The go I'CS flip-flop sets on the
trailing cdge of a clock pulse and forms the leading edge of the request controller
signal. The request controller flip-flop sels 50 nanoseconds later on the trailing
edge of another clock pulse. The setting of the request controller flip-flop breaks
the pulse torming AND gate and forms the trailing edge of the request controller
signal.  The request controller signal is required during a flag register operation
since the 19CS controller performs the flag operation internally. The Y register
is equal Lo zero indicating no word count since a transfer of data 1s not required.
The complemented flag register operation signal (5LF0 pak) prevents making the
pulse forming AND function that generates the INCS request CMC signal since the
CMC is not required,

The CMC sends the CMC accept signal when central memory is ready for the
requested data transfer operation.  The CMC accept signal proceeds through the
receiver and lateh register (3KR0 pak) and unconditionally sets the accept go flip-
flop (SLIFO puk). The accept go [lip-flop generates the go 12CS signal that gates
the P select cireuit (CPLR 3,1), enables the buffer address circuit (CPLR 3.6),
and scts the go 11CS flip-flop (6L.GO pak),
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The go 1XCS flip-flop sets at time T3 and sends ils output signal to the request con-
troller flip~-flop. The request controller flip-flop is initially 1n a reset mode at the
start of each transfer operation, The output signal of the go FICS flip-flop is ANDed
with the complemented output signal of the request controller flip-flop in a pulse
forming network that generates the request controller signal, unless an abort block -
signal is present, The request controller flip-flop sets at the next time T1 after the
go 1CS signal 1s available, The selting of the request controller flip-flop breaks the
AND gate and ends the request controller signal, Since the go 1'CS signal is gen-
erated at time T3 and the request flip-flop set at the next time T1, the request
coupler accept signal duration is 50 nanoscconds. The request controller pulse
gates the address bits from the X and K registers into the address register (CPLR
3.0) for transmission to the I'CS coniroller. The go 1:CS signal is also used by the
buffer control (CPLR 3.4) and the ¢nd time control (CPLR 3.7) circuits,

The request controller flip-flop 1s initially in the reset mode as the start of a trans-
fer operation if the block request 1:CS signal 1s not present and Q does not equal two,
The Q counter is in synchronization with the nuiber of words written or read in
IECS. When two words huve been transferred, Q equals 2 and the request controller
flip-flop is reset in preparation for the next go IXCS signal. The not block request
IXCS signal gates the Q equals 2 signal to the delay circuit which resets the request
controller flip-flop, During a read operation when the Y register (word count)
indicates the last record is being read, the block request 1:CS signal is generated
(CPLR 3.1). The block request 1:CS signal prevents the Q equals 2 signal from
resetting the request controller flip-flop, Since the indication 1s that the last record
of the transfer operation is being read,the .CS controller 1s no longer required and
another request controller signal is not necessary.

The 1XCS controller sends an 1CS abort signal to the coupler if an error is detected
during a data transfer operation. The IZCS abort signal sets the abort block flip-
flop (5LI0 pak) to prevent the generation of another request controller signal, If
the 1'CS abort signal occurs during an INCS read operation, the IXCS abort signal
sets the fake read flip-flop along with the abort block flip-flop. The fake read flip-
tlop generates the fake read signal that along with the Q counter keeps the go central

memory flip-flop (CPLR 3. 3) sct long enough to transfer the data out of ECS. When the

the transfer operation i1s complete, the word count in the Y register 1s zero and the
Y equals zero signal breaks the AND gate on the output of the fake read flip-flop
ending the fake read signal. The ending of the fake read signal causes the go central
memory thip-flop to reset.

The CPU IECS write signal via the coupler interface circuits (CPLR 3.1) sets the I'CS
write flip-flop (5LIF0 pak) for an IXCS write operation, The I:CS write signal from
the 1°CS write flip-flop is fanned out (3CAO pak) to appropriate circuits within the
coupler requiring notification of an 1'CS write mode of operation. The T.CS write
signal is transmitted 1o the 12CS controller via an FCS control register (4APO pak)
and transmitters. A request coniroller signal gates the 1:CS write signal into the
1:CS control register. Requiring the request controller signal as a gate for the IECS
write signal ensures the 11CS controller that the request for this purticular transfer
operation is a write operation. The absence of the IXCS write signal to the 1'CS write
flip-flop indicates an 1:CS recad operation, Therefore, the absence of the 1.CS write
signal into the 1:CS control register at the time of the request coupler signal indicates
to the 1:CS controller that the request is for a read operation. The 1:CS write flip-
flop is cleared at the end of cach transfer operation or by a master clear signal.
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5-3-12. 2

CPLR 3.2 TEST POINTS

Module Location Test Point Description
3KRO 4C15 3(T) CMC Acpt

3KRO 4C15 1 (F) CMC Acpt

S5LFO 4F35 1 (T) CMC Acpt

5L170 435 4 (F) MC + 1IOT CLR
S5LIF0 4135 6 (T) 15CS Abort
5LE0 4F35 11 (T) Flag Rgtr Opn
S5LFO 41735 3(T) Clock Time T1, 3
4KTO 4F'15 11 (T) 1XCS Req CMC
4KTO 4115 2 (T) Clock Time T1, 3
3CAO 41235 8 (T) 1:CS Write
3CA0 41235 9 (T) 1:CS Write
3CAO 41235 10 (F) LLCS Write
3CAO 41235 11 () IICS Write
6LGO 4136 12 (T) Go ICS

6LGO 4F36 3 (T) Abort Block
61L.GO 4136 14 (T) Block Req IECS
6LGO -4F36 13 (T) Clock Time T1
6LGO 4F36 2 (7T) Clock Time T3
4APO 4C28 1 T25 (25 ns SQW)
4APO 4C28 4 (T) Clock Time T1
4AP0O 4C28 6 (T) ECS Write
4APO 4C28 9 100 ns SQW
4APO 4C28 11 (T) Req Controller
4APO 4C28 12 (F) Req Controller
4APO 4C28 14 (F) ECS Write
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DETAILED-PAK DIAGRAM
ZERO PARITY CONTROL, FLAG REGISTER OPERATION AND GO CENTRAL

ZERO PARITY CONTROL

The CPU sends a force zero parily code that originates in the status and control
register of the central processor when a test is required of the parity error
detection networks. The code bits are received and passed through the latch
register (BKRRO pak) at time 11, 3 to the force zero parity decoder (5LKO0 pak).
The decoder checks the bits and carries out the coded instructions, Normally
both of the bits ure zeros and an output signal from the decoder is not required.

If the force zero parity on address/word count at CPU is decoded, the forcc zero
parity signal is transmitted via a latch register and transmitter (4KTO pak) at the
next time T1, 3 to the CPU. If a force zero parity on address to controller is
detected, the decoder sends the force zero parity signal to a gating select circuit
(4KQO pak). The force zero parity signal makes the AND gate in the.select circuit
that gates a logical zero as the 11CS address parity bit through the select circuit
{o the I5CS control register (4APO pak)., The complemented force zero parily on
['CS uddress signal breaks the AND gate in the select circuit and blocks the
address parity bit that accompanied the address from the CPU, This address
parity bit path through the sclect circuit is the path that the address parity bit
takes for a normal transfer operation. The request coupler signal gates the

I"CS address parity bit, real or logical zero, into the IXCS control register (4AP0O
pak) to ensure the ECS address parity bit is associated with the proper address and
request,  The KCS control register transmits the IXCS address parity bit to the
12CS controller at the 100-nanosecond data transfer rate under control of the timing
pulses. The INCS control register is reset each clock period to prepare it for the
nexi 1CS address parity bit, If the force zero parity decoder (5LKO0 pak) detects a
force zero parily on data at the controller, the signal is transmitted via an ECS
control register (4APO0 pak) that does not require an input gating signal to the 1ECS
controller, The IECS controller generates zero parity for the IECS parity check
circuits, ‘

ECS RESPONSE REGISTER

The 15CS controller sends a controller accept signal to the coupler for every successful
transfer of a record and also to indicate that it is reuady for another record. The
controller accept signal is received and loaded into the 12CS response register

(4A PO pak). The I'CS response register sends the controller accept signal to

various coupler locations including the go central circuit (5L130 pak). The coupler
accept signal along with the not stop go central signal (CPLR 3.1) and the not flug
register operation signal set Lthe go central memory flip-flop, The go central
memory flip-flop generates the go central signal that is necessary for the coupler
circuits to perform any data transfer operation.

The I5CS controller sends d controller abort signal 1o the coupler if the controller
detects an error during the data transfer operation. The controller abort signal 1s
received and loaded into the ECS response register, The 1XCS response register
sends a controller abort signal to the error register (CPLR 3.7) for determination
to immediately end the data transfer operation in the case of an ECS write opera-
tion or to continue the data transfer operation to its normal conclusion in the case
of an I°CS read operation,
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GO CENTRAL AND FLAG REGISTER OPERATION

The controller accept signal sets the go central memory flip-flop (5LBO pak) if the
flag register operation flip-flop is not set and the word count equals zero fhp-tlop
(CPLR 3.1) that gencrates the stop go central signal is not set. The go central .
signal, indicating that the I'CS controller has accepted the transfer request, fans

out to appropriate coupler circuits. The go central signal allows data transfer to
begin between the ECS and CMC via the coupler. The go central memory flip-flop

is also set when the initial go 1CS and I:CS write signals result in the generation

of the force set go central signal. This initial go central signal results in a bank
initiate signal that transfers to CMC before the 1:CS controller responds with its
first controller accept signal. This is required since the 1:CS controller is ready
10 accept data immediately with its acceptance of the transfer request while it takes
longer for the CMC to get data out of central memory., The P equals zero signal,
indicating that all the words of the active record have transferred,resets the go
ceniral memory flip-flop, This requires the IXCS controller to generate a controller
accept signal after receipt of each record to set the go central memory flip-flop
again,

The 17, 5-nanosecond delayed Q equals 7 signal and the fake read signal are ANDed
to set the go central memory flip-flop should an 1:CS abort occur. The 1:CS abort
causes the generation of the stop go central signal resulting in the clearing of the go
central memory flip-flop at the c¢nd of the record. The fake rcad signal is generated
only during a read 1CS operation. The go central memory flip-flop remains set
allowing the transfer of all zeros to CMC for the remaining words of the I.CS read
iransfer operation.

The controller accept signal is delayed, and then ORed with the master clear or end
of transfer clear signal {0 gencrate a reset signal for the LAK register (CPLR 3.1).
This signal resets the LAK register containing the lower 3 bits 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 time the
flip-flop is clocked by the flag register operation e¢nable signal. This signal coincides
with the time the address arrives from the CPU. The flag register operation flip-
flop output signal requests the 12CS controller and passes the flag operation function
on to the ICS controller. Address bits 20 through 22 of the associated address are
interpreted by the IICS controller as to what is required during the flag register
operation function. The T'CS controller requires no information other than the
address with bit 23 set. The coupler sends no request for information to the CMC.
The output signal of the flag register operation flip~flop is inverted and prevents

the controller accept signal from setting go central memory flip-flop and allowing a
data transfer to take place. Since no data transfer takes place during a flag register
operation, the flag register operation flip-flop depends on the clear signal for the
next transfer operation request 1o reset the flip-flop.
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CPLR 3.3 TEST POINTS

Module Location Test Point Description

3KRO 4C15 5 (T) Force Zero Purity Code 0

3KRO 4C15 2(T) Force Zero Parity Code 1

3KRO 4C15 7(T) Clock Time T1, 3

4KTO 4120 11 (T) Force Zero Parity on Adrs/Wd Count

4K'T0 41°20 2 (1) Clock Time T1, 3

4KQO0 41234 13 (T) Force Zero Parity on ECS
Adrs P Bit

4APO 4C28 13 (F) IZCS Adrs P Bit

4APO 4C28 11 (T) Req Controller

4APO 4C28 4 (T) Clock Time T1

4A PO 4C28 9 100 ns SQW

4APO 4C28 1 T25 (25 ns SQW)

4APO 4C28 14 () ECS Write

4A PO 4C29 7(T) Force Zero Parity on Data at
Controller

4APO 4C29 13 (F) Controller Acpt

4A PO 4C29 12 (F) Controller Abort

S5L1BB0 4D36 2 (F) MC + EOT CLR

S5LBO 4D36 10 (T) Dly Q =17

5LBO 4D36 11 (T) Fake Read

5LBO 4D36 12 (T) Controller Acpt

5LB0 4D36 14 (T) Stop Go Central

5LB0 4D36 13 (F) P=0

5L1B0 436 9 (T) Adrs/Wd Count Bit 23
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DETAILED-PAK DIAGRAM
CMC TRANSFER CONTROL, P AND Q COUNTERS AND WRITE BUFFER CONTROL

TRANSFER CONTROL {(WRITE)

The 15CS controller sends an accept signal to the coupler to indicate that the initial
request has been accepted. When the coupler receives the accept signal, it gener-
ates the go central signal (CPLR 3,.3). The go central signal is fanned out (3CA0
puk) to the appropriate coupler circuits. Onc of the go central signals is ANDed
with the 12CS write signal (4LH7 pak) to set the 300-nanosecond shift register and
the 12CS continue request flip-flop at time T1, The 1CS continue request flip-flop
transmits the 1CS continue request signal (4KTO pak) to the CMC to reserve a
memory bank in central memory 400 nanoseconds ahead of each successive bank
initiate signal, The output of the 300-nanosccond shft register sets the bank
initiate tlip-flop at the next {ime T'1 (300-nanosecond shift plus 100-nanosecond
clock period cquals 400 nanoseconds), The 100-nanosccond square wave that gates
the data mto the data holding register in preparation for transmission to the 1:CS
controller also gates the bank initiate signal 1o the latchregister (AKT0 pak) for
transmission to the CMC. The bank initiate signal arrives at the CMC 400 nano-
sceonds after the continue request signal to initiate the addressed bank in central
memory to seud its data to the coupler buffer.

TRANSFER CONTROL (READ)

During an ICS read operation, a go central signal from the fanout (3CAO0 pak) 1s
gated into the 1100-nanosecond delay chain (5KS0 pak) by the 15CS read (not 1CS
write) signal. A further delay occurs as the signal is passed through two 100-
nanosccond delay flip-flops (4LII7 pak) to the 300-nanosecond shift register and the
12CS continue request flip-flop, The ECS continue request signal transfers to the
CMC while the 300-nanosecond shift register delays the setting of the bank initiate
flip-flop for an additional 300 nanoseconds plus one clock period, The total delay
in an 12CS read operation before a bank initiate signal reaches the CMC is at least
1700 nanoscconds, This amount of time is required for the 15CS to get the data out
ol memory after it has accepted the transfer operation request. The CMC is not
required until the memory cycle is complete and datua transfer starts., Once the
fransfer starts, it continues at the transfer rate of one word every 100 nanoseconds.

P COUNTER

The selected P oregister bits 0 through 2 are selected by the P select circuit

(CPLR 3.1) for the P counter. The P counter (61.GO pak) keeps track of the number
of words in the record being transferred. The sclection circuit therefore provides
the K vegister output (lower 3 bits of address) which 1s normally a 7 as the input to
the P counter until the Y register output (word count) is equal to or less than the K
register output,  When the last record is in the process of being transferred, the

Y minus 1 signal is supplied to the P counter as the number of words in the record,

The P counter is loaded with the selected P register bits 0 through 2 when the counter

is in the prescet mode.  The go central signal, indicating an 11CS controller accept,
sels the one-shot flip-flop at clock time T1, 3. This forces the P counter into a
deerement mode and allows the count o be deeremented by one every clock period.

The output of the I° counter 1s monitored by the P test circuit until P equals 0. When

P equals 0, the last word of the record has transferred and the P test circuit sends
the P equals 0 signal 1o reset the go central flip-flop (CPLR 3.3). The go central

60428800 A

flip-flop requires the 1XCS controller to send back an accept signal {0 set it again.
The ending of the go central signal returns the P counter to the preset mode and
allows the loading of the word count of the next record. ‘The process continues unul
the last word of the last record is transferred,

Q COUNTER

The Q counter (5LGO pak) is reset to zero at the same time the P counter goes (o a
decrement mode., This is accomplished by the one-shot fhip-flop not being sct by
the go central signal until time T1, 3. The Q counter increments once each clock
time T1. The Q test circuit outputs a signal when Q equals 2, During an I'CS write
operation, the Q equals 2 signal indicates that two words have transferred from
CMC to the coupler buffer. The Q equals 2 signal sets write block request controller
flip~flop (CPLR 3. 6) which allows the first request controller signal of the transfer
operation to transfer to the ECS controller. After the Q equals 2 signal has once
set the write block request controller flip-flop, ii is not required again until after
an end of transfer has taken place, lowever, the Q counter 1s continually reset for
each record and incremented for each word, The Q equals 2 signal also resets the
request controller flip~-flop (CPLR 3.2) to allow the generation of the next request
for the 12CS controller.

The Q test circuit also generates a Q equals 7 signal that in combination with the
fake read signal (CPLR 3. 3) sets the go central flip-flop, Tius keeps the go cen-
tral flip-flop set so that all zeros are written into CM for the remaining words of
an I:CS recad operation if an 17CS abort occurs.

P DELAY COUNTER

The P holding register (4LLY puak) receives the selected P register bits that contain
the word count of the next rccord. These bits are clocked into the holding register
by the combination of the delayed go IICS, controller accept, and clock time T1 si1g-
nals. The selected P regisier bits enter the P delay counter when the controller
accept signal forces the counter into a preset mode, When the controller accept
signal ends, the counter goes into a decrement mode. The counter is decremented
each clock time T1 during an 1'CS write operation. \\hen the counter reaches zcro,
the P delay test circuit outputs a signal to reset the write data flip-flop at the end
of the record.

The write data flip-flop is sct by the I°CS write signal and the controller accept sig-
nal from the intial or previous record, The write data flip-flop outpul signal is
delayed 500 nanoseconds (5KSO0 pak) and ANDed with the 100-nanosecond sqaure
wave (4L117 pak) to generate the load data signal. The load data signal is fanned
out to gate the data from the coupler buffer (CPLR 3.5) into the data holding register,
The data 1s then transmitted to the 1:CS controller, The buffer address circuit uses
a complemented load data signal for synchronization of the address to the data
(CPLR 8.6). The 500-nanosccond delay (5KSO0 pak) affects the write data signal on
the first word of the first record only in the transter operation. The timing of the
clock pulse to the reset time of the write data flip-flop 1s such that the 500-nano-
second delay flip-flop does not see the signal drop at the end of the record unless a
a gap occurs {o delay the controller accept signal, A delay caused by a gap would
still only delay the output from producing another load data signal for as long as the
gap occurred,
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CPLR 3.4 TEST POINTS

Module Location Test Point Description
4LL7 41719 3(T) ECS Write

4LL7 4119 12 (T) P Bit 0

4LL7 4F19 9 (T) P Bit 1

4LL7 4F19 10 (T) P Bit 2

4LL7 4F19 13 (T) Dly P Rgtr Bit 0
4LL7 4F19 11 (T) Dly P Rgtr Bit 1
4LL7 4F19 14 (T) Dly P Rgtr Bit 2
4LL7 4F'19 2 (T) P=0

3CAO0 4F35 3(T) Go Central

3CAO 4F35 1(F) Go Central

3CAQ0 4135 2 (F) Go Central

3CAO0 41235 6 (T) Load Data

3CA0 4135 5 (F) Load Data

3CAOQ 41235 4 (F) Load Data

3CAO 41235 13 100 ns SQW

3CAO 41235 14 100 ns SQW

6LGO 41°36 6 (T) P Rgtr Bit 0
6LGO 4F36 4 (T) P Rgtr Bit 1
6LGO 4136 5(T) P Rgtr Bit 2
6L.GO 4F36 10 (T) Go Central

4L.17 4¥317 10 100 ns SQW
4LHT7 4737 3(T) Clock Time T3
4LH7 4137 8 (T) Bank Initiate
4LH7 437 7(T) ECS Write

4LH7 4F37 4 (T) Clock Time T1
4LH7 4137 5(T) Go Central

4LH7 437 9 (T) Set ZCS Cont Req
4KTO 4115 7(T) ECS Bank Initiate
4KTO 4F156 6 (T) EECS Continue Req
4KTO 4115 2 (T) Clock Time T1, 3
5K S0 41233 14 100 ns SQW

5KS0 41233 10 100 ns SQW

5KS0 41233 3 100 ns SQW

5K S0 4133 1 100 ns SQW

5KS0 4133 2 100 ns SQW
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DETAILED-PAK DIAGRAM
DATA PATHS

WRITE DATA PATH

The CM read data to be written into IECS is received and enters the latch register
(3KRO pak) at time T1, 3, The 60 bits of data and a parity bit are accompanied 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 3KI'0 pak, 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 pulSe. The write strobe signal is fanned out (3FX0
pak) to gate 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 RAM buffer stores the data coming fromthe CMC that the IICS con-
troller is not ready for, The first request for the ECS controller is blocked to
give the CMC a headstart as the 1°CS controller is able (0o 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 12CS
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 take 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 RAM before a transfer begins is two, whilec a maximum of 16
depends upon when the 1XCS controller sends back an accept signal. The initial
blocked request for the 1NCS 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
therefore, operates the CM ahead of, and semi-independent of ICS. This allows
the 16-word RAM buffer to store data and have data {ransferred out once every

100 nanoseconds which is as fast as the ECS controller can accept data from the
coupler for writing in 1CS. The buffer input address which is incremented by the
complemented write strobe controls the data location within the 16-word RAM.

The data in the 16-word RAM is transferred out on a first-in first-out basis by the
buffer output address. The 100-nanosecond square wave, 50 nanoseconds of which
is for the input address and the other 50 nanoseconds for the output address accom-
plishes address control, The ECS accept signal indicating the 1:CS controller is
ready for the first or next word controls the incrementing of the output address.
The data output from the 16-word RAM is in sequence and ai the ECS transfer rate.

5-3-18.0

The buffer CM read data enters the data holding register (4APO0 pak) by the pre-
sence of the load data signal. The load data signal is the result of the 12CS 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
word, The transmit data signal and clock time T25 gate the data to the transmitter.
The transmit data signal 1s a result of the I2CS write signal gated by the 100-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 RAM parity buffer generates the go signal for the I.CS
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 I.CS controller.

READ DATA PATH

The ECS read data to be written into CM is received and enters the data holding
registers (4APO pak) unconditionally, No gating or clock signals are required 1o
enter the data. The data transfers immediately to a latch regisier in the data
transmitters (4KTO pak) and is clocked at time T1 to the transmitter. The data
parity bit accompanies the data through the coupler along a similar path,

If an ICS abort occurs during a read operation, the 1:CS controller transfers the
remaining words of the transfer operation as all zeros. The coupler recceives the
I:CS abort signal and generates the forced parity bit signal (3ANO pak) to accom-
pany the remaining words made up of all zeros in the transfer operation.

If an error occurs in the [ECS, the }.CS controller sends the appropriate error
signal to the coupler. The I'CS controller parity crror or IXCS bank parity error
signals enter the holding register on the 4APO0 pak. The holding 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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CPLR 3.5 TEST POINTS

Module Location Test Point Description Module l.ocation Test Point bescription

3KRO 4C07-14 3(T) Data (CM Read) Bit N SPKG 407 1(1) Adrs Bit 0

3KRO 1C07-14 5 (T) Data (CM Read) Bit N +1 SPKG 4D07 11 (T) Adrs Bit 1

3KRO 1C07-14 2 (1) Data (CM Read) Bit N +2 5PKG 4107 8 (T) Adrs Bit 2

3KRO 1C07-14 6 (T) Data (CM Read) Bit N +3 5PKG 407 5 (T) Adrs Bit 3

3KRO 1C07-14 13 (1) Data (CM Read) Bit N +4, Data Parily 4APO 4D25-21,

3KRO 4C07-14 "9 (1) Data (CM Read) Bit N +5 oy 13 (F) Dota Holding Rgtr Bit N

3KRO 4C07-14 12 (1) Data (CM Read) Bit N +6, Data On Line 4APO 12 (F) Data Holding Rgtr Bit N +1

3KRO 4C07-14 8 (1) Data (CM Read) Bit N +7 4APO 3 (F) Data lolding Rgtr Bit N 42

3KRO 1C07-14 7(T) Clock Time T1,3 AAPO 14 () Data Holding Rgtr Bit N +3

5PKG ;“Ifjgf;:ii' . bata Bit N AAPO 9 Transmit Data (100 ns SQW)

5PKG 2 (T) Data Bit N +1 4AP0 11 (T) Load Data

5PKG 10 (T) Data Bit N +2 AP0 (1) Clock Time T2

PG 8 (1) bata BiL N 43 4APO 2 (1) Data (CS Write) Bil N

5PKG 7(1) Buifer Data Bit N 4AP0 5 (T) Data (ECS Write) Bit N +1

5PKG 6 (1) Buffer Data Bit N +1 4APD 8(1) Data (1CS Write) Bit N 4 2

5PKG 13 (T) Butfer Data Bit N +2 AP0 PRt 10(1) Data (1CS Write) Bit N +3

SPKG 14 (T) Buffer Data Bit N +3 4F22-27

5PKG 1(T) Adrs Bit 0 4AP0 4D24 13 (F) Controller PI1/Data (CM Read) P Bit

SPKG 11 (1) Adrs Bit 1 4APO D24 12 () Go

SPKG 8 (T) Adrs Bit 2 4APO an24 3 (1) 12CS Bank PE

SPKG 5 (T) Adrs Bil 3 4APO 4p24 14 (F) Data (1CS Write) Parity

5PKG 4D08-14, 4 (T) Write Strobe 4AP0 41124 9 Transmit Data (100 ns SQW)
41507-14 4APO 4Dp24 11 (1) Load Data

5PKG 407 3 (1) Data (CM Read) P Bit AADO ah24 o 1) Clock Time T2

SPKG 407 7(T) Buifer Data P 1t 4APO an24 10 (1) Data (1CS Write) Parity

5PKG 4Do7 4 (T) Write Strobe 4APO D24 5 (T) Go

5PKG 4007 6 (T) Go
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CPLR 3.5 TEST POINTS (Cont'd)

Module ILocation Test Point Description Module [.ocation Test Point Description

4KTO 41°07-14 9 (T) Data (CM Write) Bit N 5KS0 41:32 3 Transmit Data (100 ns SQW)
4KTO 41°07-14 7(T) Data (CM Write) Bit N +1 5KS0 41932 10 Transmit Data (100 ns SQW)
4KTO 4F07-14 11 (T) Data (CM Write) Bit N +2 5SKO 41232 14 Transmit Data (100 ns SQW)
4KTO 4107-14 6 (1) Data (CM Write) Bit N +3 3IrxXo0 4D15 2 () T1 . Write Strobe

4KTO 4F07-14 - 10 (T) Data (CM Write) Bit N +4, Parity 3FX0 4D15 3 (F) T1 . Write Strobe

4KTO 41r07-14 3(T) Data (CM Write) Bit N +5 3FX0 4D15 6 (IF) T1 . Write Strobe

4KTO 4F07-14 8 (T) Data (CM Write) Bit N +6 3FX0 4D15 10 (F) T1 - Write Strobe

4KTO 4107-14 5 (T) Data (CM Write) Bit N +7 3FX0 4D15 11 (F) T1 - Write Strobe

4KTO 4F07-14 2 (T) Clock Time T1 3FX0 4D15 13 (F) T1 + Write Strobe

3KIF0 4F16 14 (T) Data On Line 3rXo0 4D15 7(T) Clock Time T1

3KI0 4F16 1 100 ns SQW 3FX0 4D15 14 (T) Clock Time T1

5KS0 41232 1 Transmit Data (100 ns SQW) 3FX0 4D15 1(T) Write Strobe

5KS0 41232 2 Transmit Data (100 ns SQW)
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DETAILED-PAK DIAGRAM
BUFFER ADDRESS

BUFFER ADDRESS

The buffer address generates the 1/0O addresses for the buffer 16-word RAM in the
CM rcead data path (CPLR 3.5). The generation of the buffer address reauires the
go I5CS signal that is genérated as a resull of the coupler accept signal (CPLR 3.2).
The go 12CS signal is ANDed with the complemented output signal of the one-shot in
a pulse forming combination. The go I:CS signal makes the AND gate forming the
leading edge of the pulse. The go 1ECS signal at the next clock time T3 sets the
one-shot, This could be 100 nanoseconds after the arrival of the go 15CS signal
depending upon the relationship of the go 1°CS signal to time T3, When the one-
shot sels, its signal breaks the AND gate forming the trailing edge of the pulse.
This pulse provides an input signa to functional control input 52 of the I/O address
registers (3LAO pak) that generate the buffer address. The output signal of the
pulse forming AND gate is also complemented 10 break two AND gales. The com-
plemented outputs of these AND gates provide input signals to input S1 of the I/O
address registers., With the signals as described at this time, the I/O address
registers are in a preset mode and load all zeros., When the one-shot sets ai

time T3, the signal from the pulse forming AND gate ends removing the input sig-
nals 1o S1 and S2, This forces the 1/0O address registers into a hold mode. The
write strobe signal, which 1s generated each time a word arrives from CMC, con-
trols the input signal to S2 of the input address. The write strobe forces the input
address register into the increment mode for each word, The clock pulse incre-
ments the input address register at the transfer rate of once every 100 nanoscconds.,
The address is incremented each time a write strobe occurs until all 16 addresses

have been used; then the address register returns to zero and starts all over again. °

The output address register operates in the same manner as the input address
register except that the load data signal forces the outputl address register into
the increment mode. The load data signal is the result of the coniroller accept
signal. The controller acceptsignal occurs once cvery 100 nanoseconds after the
initial 1CS reaucest is accepted, The initial FCS request is not generated until at
least two words have arrived from the CMC. The incrementing of the 1/0 address
register continues cach clock time there is a write strobe or load data for their
respective registers until the transfer operation 1s complete, The next go 1CS
signal for the next transfer operation resulis in loading of all zeros into the [/O
address registers to begin the process all over again.,

The address bits from the input address register arc complemented externally
(5PKG pak) while the bits from the output address register arce complemented
internally (3LAO pak). The 100 nanosecond sauare wave signal (3KIF0 pak) gates
the complemented I/O address bits so that every 50 nanoseconds cither the input
or the output address is fanned out (31°X O pak) to the data path buffer 16-word
RAM (CPLR 3.5).
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FORCE SET GO CENTRAL CONTROL

The CPU request for an INCS write operation requires the coupler to gencrate
reauest signals for the 1NCS controller and the CMC. The 1XCS controller is
capable of accepting data as soon as the request for use is accepted, Since it
takes more time for the CMC to get data 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 IZCS controller.

The go ECS signal that 1s a resull of the coupler accepting the CPU request for a
transfer operation is ANDed in a pulse forming combination with the output of the
one-shot and ECS write signal. The pulse ends when the one-shot sets at time T3,
which then sets the force set flip-flop. The flip-flop sends the force set go central
signal to set the go central flip-flop (CPLR 3.3). The go central flp-flop causes
the generation of the first bank initiate signal for the CMC. The coupler has not
yet issued a re-uest for the INCS controller to perform a transfer operation. The
12CS controller accepting the request for a transfer operation is the normal con-
trol signal that sets the go central flip-flop during a transter operation.

WRITE BLOCK REQUEST CONTROLLER CONTROL

The write block request controller circuit (4LL7 pak) generates the signal that
prevents the coupler from generating a reouest for the 1:CS controller until 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 resets the write block
reauest controller flip-flop, The reset mode of the flip-flop generates a block
request controller signal that prevents the coupler from sending the first request
controller signal (CPLR 3.2) to the IXCS controller. The coupler does send a
request 1o the CMC at this time. When two words have transferred into the data
path buffer from the CMC, the Q counter which 1s equal to the P counter (word
count) sends the Q equals 2 signal. The Q equals 2 signal 1s complemented, ANDed
with the ECS write signal, and the result complemented 10 set the write block request
controller flip-flop. The setting of the write block request controller fhip-flop
removes the block request coniroller signal. This now allows the coupler to request
the IICS coniroller as there are at least two words of data in the data path buffer and
possibly more on the way.

During a read ICS transfer operation,a delay ol the 1:CS request controller signal
is not required. The absence of the INCS write signal sets the write block request
controller flip-flop immediately as the Q equals 2 signal is not required., Since
the flip-flop is set, a block request controller signal is not present, the coupler is
allowed {o generate the request for the 1:CS coupler,
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CPLR 3.6 TEST POINTS

Module Location Test Point Description

4LL7 4F19 7(T) Clock Time T3

4LL7 4F19 5 (I") Load Data

4LL7 4F19 6 (I7) MC + EOT CLR

4LL7 4F19 3(T) 1ICS Write

3LAO 4F18 1(T) Logical 0

3LAO 4F18 2 (T) Logical 0

3LAO 41718 11 (T) Output Adrs Bit 0

3LAO 41°18 8 (T) Output Adrs Bit 1

3LAO 4F'18 9(T) Output Adrs Bit 2

3LAO 4118 10 (T) Output Adrs Bat 3

3LAO 4F18 7(T) Clock Time T1, 3

3KF0 4F16 1 100 ns SQW

3KF0 4F'16 8 (I") Input Adrs Bit 0

3KIF0 4F16 T(F) Input Adrs Bit 1

3KFO 4F16 6 () Input Adrs Bit 2

3KF0 41°16 13 (") Input Adrs Bit 3

3KFO0 41716 10 (F) Output Adrs Bit 0

3KIF0 4716 4 () Output Adrs Bit 1

3KFO0 4F'16 5 () Output Adrs Bit 2

3KF0 4F16 11 (F) Output Adrs Bit 3

3KF0 4F16 9 (") 1/0O Buffer Adrs Bit 0

3KI'0 4F16 2 (F) 1/O Buffer Adrs Bit 1

3KFO0 4F16 3 (F) I/O Buffer Adrs Bit 2
4D16, 17,

3FX0 4E15,16 1(T) 1/O Buffer Adrs Bit 0,1,2,3

3FX0 2 (F) 1/O Buffer Adrs Bit 0,1,2,3

3rXo0 3 (F) I/O Buffer Adrs Bit 0,1,2,3

3FX0 6 (1) 1/O Buffer Adrs Bit 0,1,2,3
4D16, 11,

3rxo 41215, 16 13 (I7) 1/O Buffer Adrs Bit 0,1,2,3
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DETAILED-PAK DIAGRAM
END TIME CONTROL, ERROR REGISTER, ERROR CODE GENERATOR AND PROCESSOR INTERFACE

END TIME CONTROL '

The end time control circuits perform the termination functions of a successful or
not so successful transfer operation for the coupler. The word count control cir-
cuit (CPLR 3.1) provides a Y equals 0 signal (word count) to the end time control

(41120 puk) when the Y register has decremented to zero indicating that all the

words for the active transfer request are accounted for, In an IZCS write operation,

this means the coupler received a controller accept signal for the previous word
from the FCS controller;whereas, in an 12CS read operation only the word count
must equal zero, When these conditions are present,the transfer operation 1s
complete and the end time control can terminate the transfer operation,

The Y equals 0 signal (4L1IE0 pak) 1s complemented and sets the start end tiine
flip-flop if the flip-flop is not already set due to an 1SCS abort and there is a go
1CS signal to clock the flip-flop. The go IECS signal indicates that a transfer
operation 1s in progress, The complemented outpul signal of the flip-flop forces
the end time counter (3LAO pak) into an increment mode, The end time counter
operates in only two modes, The preset mode loads ull zeros in the counter so
that when the counfer goes into an imcrement mode, it starts al zero and increases
its count once cach clock period (100 nanoscconds), The counter outputs end time
bits 4, 8, and 16 tor the end time decoder (4L1E0 puk). When bits 16 and 4 are set,
2000 nanoseconds have elapsed and when bits 16 and 8 are set 2400 nanoseconds
have clapsed,  Iind time 4 and 16 are complemented (5PKG pak) on the way to the
decoder, The end time decoder interprets the count and on the next clock pulse
provides the enable end time signal 2100 nanoseconds (for a read 15CS operation)
or 2500 nanoscconds (for a write I2CS operation) after the setting of the start end
time flip-flop. The enable end lime signal is ANDed with the start end time flip-
flop outpul signal to set the end time flip~flop at time T1, 3.

The end time thp-tlop output signal sets the end ot transter clear flip-flop on the
next time I, 3. ‘The end of transfer clear flip-flop generates the end of transfer
clear signal tor flip-flops on this pak and 1s fanned out to appropriate coupler
circuits to indicate the end of the transfer operation.

The master clear signal serves the same purpose as the end of transfer clear
signal. The resetting of the end time flip-flop ends the signal that sets the end
of transter clear [lip-flop and ends the clear signal. The end time flip-flop output
signal also makes an AND function 1f there has not been a CPU exchange abort,
This results in the generation of an end of transfer signal if a controller abort or
an error detected by the error register (3AS0 pak) is not present. The end of
transfer signal 1s transmitted 1o the CPU via a latch register and transmitter
(4KTO pak), The end time (hip-flop also sends an FCS end of transfer signal to
the CPU, The fact that the coupler generates these two signals indicates to the
CMC and CPU that the transfer operation completed successfully,

If the ECS controller detects an error, it sends a controller abort signal to the
coupler to set the I°CS abort flip~flop via a recerver and latch register (CPLR 3.3).
If 1this occurs during an FCS read operation,the AND function on the output of the
12CS abort flip-flop is not made and the output of the 1:CS abort flip-flop 1s pre-
vented from sctting the start end time flip-flop, Ifowever, the 1<CS abort flip-flop
output signal is sent to the coupler transfer control circuit (CPLR 3.2) to sel the
fake read flip-flop and cause a fill of all zeros for the remaining words of the
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transler operation to be written 1nto central memory. The IECS abort flip-flop
output signal is also sent to the error code generator and coded for transmission

to the CPU, The ECS abort flip-flop output signal 1s also inverted and ANDed with
the error signal., The resulting signal from this gate prevents the generation of the
end of transfer signal sent by the end time flip-flop to the transmitter, and at the
same time sends an error end of transfer signal to the transmitter for the CPU., If
the transfer operation taking place is an IXCS write operation when the controller
sends an abort signal, the output of the 1.CS abort flip-flop sets the start end time
flip-flop to begin the process of c¢nding the transfer operation without wuiting for the
word count to equal zero, The transfer operation ends immediately to prevent
destroying other data already in 12CS.

If the CPU sends an exchange abort 1:CS signal, 1t enters the coupler via a receiver
and latch register (4KRO pak) and 1s gated to the CPU exchange abort flip-flop
(4L120 pak) by the go ECS signal. When the CPU exchange abort (lip-flop sets, the
output signal immediately sets the end time flip-flop 1o gencrate an 1:CS end of
transfer signal. The CPU does not require the coupler to send an end of transfer
signal to the CPU for the CPU exchange abort,

The transfer control circuit (CPLR 3.2) sends an end data transfer signal that
immediately sets the end time flip-flop if the Y equals 0 signal (word count) or an
crror signal occurs within 550 nanoseconds of the coupler accept signal. The CPU
sometimes sends the Y equals 0 condition along with the coupler request signal 10
generate a pass condition for I2CS, An error signal at the time of the delayed coupler
accept signal usually indicates that an address error exists and the end time flip-
flop is set to prevent the transfer of data to an incorrect F.CS location.

The CI’U sends an address with bit 23 set as a request for a flag register operation,
Bil 23 scis the flag register operation flip-flop (CPLR 3. 3) that gencrates the flug
register operation signal, This signal enters the end control circuit (4L1:0 pak) and
partially makes three AND functions. Onc AND function 1s completed when the 1CS
controller sends an accept signal back upon receipt of the address with bit 23 set.
The output signal of this AND function sets the end hime flip-flop and generates an
end of transfer sigmal. The end of transfer signal 1s generated after receipt of the
I°CS coupler accept signal for the address becausc the CPU and CMC are not
required for a flag operation, However, the end of transfer signal 1o the CPU does
indicate that the address containing bit 23 set successfully transferred,

If the IXCS controller detects a parity error in the 1:CS address that has bit 23 set,
it sends back a controller parity crror signal. The signal enters the coupler via a
receiver and holding register (CPLR 3.5) and passes through the error register
(3AS0 pak) to complete the AND function (4L1:0 pak) with the flag register operation
signal. The resulting signal from this AND function is the 1ICS flag register parity
crror signal for (ransmission (4KT0 pak) to the CMC. If the 1.C'S controller sends
back a controller abort signal, the function performed by the controller has had a
negative result. The controller abort signal sets the IICS abort flip-flop (4L120 pak)
that causes the genceration of an error end of transfer signal to indicate the negative
result to the CPU,
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ERROR REGISTER AND CODE GENERATOR Module Location Test Point Description

The error register (3AS0 pak) receives error signals that occur during an ECS 4KTO 4F15 8 (T) ECS I:nd of Transfer
operation from the various detection circuits. The errors detected in the CMC . .

and CPU enter the error register via a receiver and latch register (3KRO pak). 4KTO 4r1s 2T Clock Time T1, 3
The T1 and write strobe signal gates (4KQO pak) the CMC double error signal to 4KTO0 4120 10 (T) ECS Flag PE

the error register. The controller parity enhancement switch (4CP0) in the OFF .

position prevents the CMC input error signal from eatering the error register. 4KTO 4F20 7T) knd of Transfer
This switch is set in the ON position only when the 1CS uses a controller that has 4KTO 4F20 6 (T) Error I:nd of Transfer
the parity enhancement installed, The CMC would constantly indicate an input .

errtfr if tyhe controller did not have the parity enhancement circuit that send}; a 4KTO 4F20 2(T) Clock Time T1, 3
parity bit to the CMC and the switch was in the ON position, The errors 3CMO 41236 1 (F) MC + EOT Clear
detected in the ECS controller load into the error register via a receiver and 3CMO 41536 5 (F) MC + EOT Clear

holding register (CPLR 3.5). Any errors detected in the address and word count
entering the coupler (CPLR 3.1) cause parity error signals that are gated to the 3KRO 4C15 7(T) Clock Time T1, 3
error register at time T1, 3, Whén an error signal sets the error register, the . -
error test circuit outputs an error signal to the end time control circuits (4LIZ0 3KRO 4C15 6 (T) Lxchange Abort [CS
pak) that causes an error end of transfer signal, The error register sends any 3KRO 4C15 13 (T) CMC Doubte Error
error signals to the error code generator (5LLKO pak). The error register 1s reset

by the coupler accept signal each time the coupler 1s requested for a transfer 3KRO 4C15 12.(T) CMC Input [Lrror
operation. This clears out all error signals in registers that were due to the 3KRO 4C15 8 (T) CSU Address Parity Error
previous request. 4KQO 4134 4(T) CMC Double Err

The error code gencrator (5LKO pak) receives error signals from the error 4KQO 41234 12 (T) T1 . Write Strobe
register and codes them for transmission via a 4KTO pak to the CPU. When an 3AS0 4C34 13 (F) ECS Bank P1:

error condition does exist,the .CS transfer error signal is always generated. The
IZCS transfer error signal requires the master clear or end of transfer clear sig- 3AS0 4C34 12 (F) Controller PI:
nals as a gating signal to transfer to the latch register and transmitter. This

causes the ICS transfer error signal to arrive at the status and control register | 3AS0 4C34 11 (F) CSU Adrs PL
after the end of transfer clear signal to indicate that an error occurred on the last 3AS0 4C34 14 (F) CMC Input lrr
transfer opcration, 3AS0 4C34 9 (F) CMC Double Lirr
’ 3AS0 4C34 1(T) Error Clear
CPLR 3.7 TEST POINTS 3AS0 4C34 2 (T) Clk Adrs/Wd Count PI
Module Location Test Point Description 3AS0 4C34 4 (F) C:]k Adrs /Wd Count PE
d :
4L10 4D34 8 (T) Flag Rgtr Opn SLKO 4023 1(T) Adrs /W Co‘unt Pl
4L10 4D34 2 (T) Controller Acpt 5”(3 4332 2 (T) CI:I?;ZP‘H;J‘T
1LEO 4D34 9 (T) I5CS Write 5LK0 4033 (:ll:) CM - rsbl t-]
4LLEO 4D34 3(T) Iind Time FF Set 5L¥0 4ro Z (T) gl Ck :.u eT-ll"r
4L1:0 4D34 1 (T) Start I’nd Time FF Set 4K . 4F07 (T) ock Time
o 4KTO 4F07 8 (T) 12CS Transfer lirror Code Bit 0
4LI10 4D34 11 (T) Go ICS :
; 4KTO 4F07 5 (T) ECS Transfer lirror Code Bit 1
4L150 4D34 13 (T) Clock Time T1, 3 4KTO iror s (D) os o B
0 7 \ rro 0 i
4L1:0 4D34 6 (T) Controller PE KT ransfer Frror Code Bi
4L10 4134 4 (T) I'nd Time Bit 4
4L1:0 4134 7(T) Iind Time Bit 8 !
4LI:0 4D34 10 (I") Iind Time Bit 16
4KTO 41°15 3(T) 12CS Transfer lirror
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DETAILED-PAK DIAGRAM
CLOCK 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.
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CPLR 3.8 TEST POINTS

Module Location Test Point Description

4ABO 41237 8 (T) Clock Time T1

4ABO 4137 10 (T) Clock Time T3

4ABO 4D37 8 (T) Clock Time T3

3AAQ 4F21 3(T) Clock Time T1

3AA0 4F21 1 (F) Clock Time T1

3AA0 4F21 2 (F) Clock Time T1

3AAQ 4D19 3 () Clock Time T2

3AA0 4D19 1(T) Clock Time T2

3AA0 4D19 2 (T) Clock Time T2

4KS0 4Fr17 1(F) Clock Time T2

4KSO 4F17 2 (F) Clock Time T2

4KS0 4F17 3 (F) Clock Time T2

4KSO0 4F17 10 (F) Clock Time T2

4KSO0 4F17 14 (F) Clock Time T2

3AAQ 4C36 3(T) Clock Time T3

3AAO 4C36 1 (F) Clock Time T3

3AAO 4C36 2 (F) Clock Time T3

3AAOQ 4D32,41217 3(T) Clock Time T1, 3

3AAO 4D32,41E17 1 (F) Clock Time T1, 3

3AA0 4D32,41°17 2 (F) Clock Time T1, 3

3ANO 4C31,4LE17 3 Clock Time T25 (25 ns SQW)
3ANO 4C31,41:31 1 Clock Time T25 (25 ns SQW)
3ANO 4C31,4E31 2 Clock Time T25 (25 ns SQW)

60428800 A



4 I 3 v 2 | 1

1£0.1

Ot -CH

[[3cao] 438 1 [[oeeesr
| [3Fxo[ 4015 ] 6LGO| 4F36
24P01 ac2s aLLT| 4F19
] aca7
3240 4F21 e ——{axso] ae32 } 4KSO| 4F17
T TI PULSE —— 1 AKTO| aF14
FaNouT } 4czs aF13
T |_snarer acaa P
ac23 aFil
4APO| 4C22 AFI0
4F09
A
e
AKTO0| 4FO7
AD25
4ap0| 4D24
L
4APO| 4E27
4ABO| 4E37 3a0] 4pi9 Twso] 4R Eve
aE25
T -n PULSE Tl r T2 PULSE ——— T2 12
——] FANOU -H FANOUT FANOUT :
ASTER SHAPER not winED SHAPER L 4£24 ~
& A F27
CLOCK 4E23 4APO] 4F2

MCLK 310 i T3 PULSE 1,3 4apo| a£22 4F26
SHAPER aF2s

AF24
4LHT| 4F37 4F23

3AAO| 4C36
l—*— RRGD Aro[aFes

4480 4037 13 T3 PuLse Fanout 12 SLFO| 4F35
SHAPER
3 T3 PULSE 13 ] BLCO| 4F34

SHAPER FaNoUT | 3KRO :z:; LT 4F1S
aci2
ach
FIRST STAGE CLOCK 4cio
4c09
. 3aA0] 4032 4c08 [sceo] 4036 ] ALWT| 4F37
3AR0] 4EV7 3KR0| 4007 [ateo] %034 | 6LGo| 4736
PR e IS ~ ol
HAP
S 3cM0] 4636 3LAO| 4F18
[—»—{sAno[4c3| ] 4KSO| 4E33 4KTO| 4F15
3KRO| 4E2)
1.3 [38a0] 4b32 ] 4€20
319
SECOND STAGE CLOCK 3KRO| 4E18
4APO] 4C29 L
icz8
acar
ac26
aces [[saPo] ap27
acea D26
3aN0] 4c3i ac2s ] 425 [saro] arz7
[ 3an0] 4e31 aAPO| acez 4APO| 4D24 ! 4F26
" [ o | e . ! e
Lﬂﬁ__ T 25NS sQw r .
4APO| 4E27 4F23
! 3626 L3RG
[T
M 4E24
! aE23
[ 4APO| 4E22
R  ocTaiLeD-PAK DIAGRAM
i CLOCK DISTRIBUTION
DEVELOPMENT
DIVISION

4 ] 3 4 2 I



T7-0H

1£0.1

{CPU IO

E‘

FANOUT

SHIFT
STACK

}

[sCi7jeots

{cPu 3 0;

Siirfeors )

FANOUT

CLR 1AS

02 INSTH 25-NS

e

CPU2.4C ———> DELAY
{CPY30)
NSA  LoOP

P+
ADDERS

cruso)

P 8178 017
@

<l

=5
oc
Y
%

CPU 2 4C

NSA LOOP
8173 0-17
Asr
NP TO
h3A
ey M2 5 | doa
214
NSA BITS
SHIFT STACK o-7
cuc 2
210 —G—
PBITS O~I1T
(cPu3 0)
READ DATA
273 36-83
cpPu 2 40— (O
K481
Pel

x

XJ ENTER P
—_—

02 EN
—_
GIF -1
—_——

& GATEI3/30 PATH _ oo )
PK BITS 0,1
SAMPLE Iws,
AnB7[oHI0_BITS 54-69 OATE 18/30 PATH [ io7letos aiTs o7-89 ¢ CESIMES
BHOS 48-83 €ME 2 00 MO SET PK O, )
BHOS 42-47 HOT {8107 s4-s6m | {{!.md ) e
SHOT 36-41 AGTRY FREE PARCEL
o - p DOTA FREE! | leuerjotoe 830 JCF.XIFXSF o Ratag rree) oo
oHOS 24-20 cru el o I 1s3uE o108 621 caw JCPUZIY o enisquei | RoTR
= o——&-———— cPU3 1
SHos 18-23 6104 &1l 230 sF, 4o cons ‘ !
8HO3 12-17 READ STACK
SHO2 e-11 6103 s0j cPu num cLEAR ———=——2.IC.2.4A
= 2 A MASTER CLEAR] ILLEGAL INSTR
4n87]6J0] 8118 0-8 #B7]6101 8178 4HBT|6HOI BI7TS 0- 6 stoz 49 ) ¥ [LLEOL SR 2 10 cPu
[ 2 sp_HALE EXIT INITIATE ERROR ,
IWS AANKS Iws maNKS IS RANKS stor __ 4o8) 20p REQNTRET } o o
12-9 s-3 4-1 €408 474,K
ater]eto o .
(cPu30) 8407 484,k INCR 2 0A, BOOL 2 0A
<  — 7 luerfesos  asa.x X,A.8 "
AGTRS QUIET X INCR 2 OA, SHIFT 204,
wos 3-12 wos 6-8 wos 1-4 anrr{esos 42-44 X 2 1A - CPU 224
A STACK " K
8iTS 0-39 8178 0-39 R 604 Ak cru o FANOUT 0 L8 A0p 2 oA kLT 208
N
g > —(3x80) 8403 36-38 K 21— FAG 208 DIV 206
15/30 PATH -
el 60z 3338k - wuur 2 0o, a0 2 on
o] .28, A
? Bt 2 it daten 380 dics T -
2] U JROUP:! X
COINE COING COINC G ——crutne slos e L 32 sooL20a,FA0 208
( [ 6104  24-26 EwABLE XSF
603  2i-23 - cPu 258
16/30 PATH w0z To-20 60 ECS BLOCK :
SHIFT STACK, BITS 15-29 weosaf—
CLR TAS r‘"""@‘{ 601 1817
8 8408 12-14 .
e o 8178 0-17 é 6> L CPU 2 18,2 4C
8iTS 0-17 b 604 9-11 )
6403 .- cPu 210
1m0l
INTEIA P sJ02 3-8 -0
cPu 2 4C———e—rdl o SHIFT 2 0A
snrzfesor aiTs 0-2
widd L @=:K »ica 2oa
idk 1
® —guzia, uurenor] SHIFT 20n
Fairs P arrs |.| i
o7 0-17 cIw FANUT  f~@——cPu 21a
REGISTER W
st | @ cruzm23c
cy cPy
28cC 240 w /*MS m
) 'J/s 2 A
l Jemayso ] RIX BITS 30-47 ‘l" ) m"u 2
asx (@ —e——cuc 21a RERRR
RGTR 4rc7]6L03 BiTS 2-44 ¢
ENTER RIX 4 ooz 1-43 9
CPU 2 10 ————"——+](cPU 3 0)
) BITS 0-44 gy z 58 [4LG7[610) BITS 0-42@
{cPu 3.l 18/30 PATHS
o3| P BITS L ® XSK + 1
, P BITS 0-17 [z 0-12, PAR cPu2 50 —5)ETS 0-2 To cIw
narn | 2 80—
INPUT ND ~ XsF cPU3 I}
mERGE PAR GEN cruzac—20 4
cPu 2.4C (Pu 3 0)
NOTES
@ NSA BITS O-17 ONLY INPUT TO 3HA7 MODULES AT 8Jit-5413
ALL OTHER TAS AND P RGTR INPUTS ENTER ALL 3HA7 MODULES
@ EVERY THIRD BIT (£G,8ITS 0-12 0,3,6,9,12)
(cpu 30l

RN SECONDARY BLOCK DIAGRAM | 34010 | coa "'
34010 | 60420300

ear| PART OF INSTRUCTION STACK,

owision | 'SSUE, AND BRANCH D |cruz.ofs-u-3




(i

10

0

=
N

8 1 7 | 6 | 5 4 4 ! 3 | 2 T 1
swivcy —DISABLE CE) 09
- INITIATE _ERR
208 ~MTIATE ERR | - -
I U EN P ENZ | o8 — ECS ENTER XJA CPU-I 24a
AAE [3HXT|5FI3 8178 O-11 2 44 /0 EXCH RESUME j
8178 21-23 oxe €N 1SSUE ECS 210
[sLu7] 5703 BiTS 12-23 LOGICAL 0 ®—f{avi]sros_bivs i8-23 X8 o — REQ_INTRPT
atuT[sF02 1T O- 11 aLv7]sF0s  BITS 6- 14 cPuzan 81Ts -8 2 an INSTR W CIW 208
*O 9 - ET_JCF
8178023 xo 878 021 anddas RAE %0 ADRS/WORD 2qcdme0 ] | SELJCE . 2
<Py 2 26—v—&3— Fanour —&3— RAESXQ 8IS 623 DATA SELECT BiTS 0-23, PAR €cs JUMP_COMPLETED
A CPLR 2 1A 24c 2MELOMPLEIED | ERR EXCH MA o4
(CPU 3 9) o f-20 o Ecs X4 70 X i
CPUQ 2 4A —————————ef XJ Y0 _X-
CPU 24D 2.30
(cPu 39l X0 [RTY | SR
- . SET XSF-1
BITS 0-23 = /_ 4 4 2 4c XSE 2 4
® ™~ 9 ENABLE K TO P
l X0 BIT 23 rreereae KUIT WORD COUNT XMIT 200 Q0 ECS BLOCK ] n s 24aa
4WF7|5FO7 BITS 0-9 [V7]s EGRCEOTRRONT X0, 2.aa MASTER cLEAR |  ERRY . o
X8l BITSR-1T SRAUP BORROWS (cPy 39) EnABLE x3F ERROR ENTER P
248 s 208 -ENABLE XSF | ERAOR EWTERP 24¢
FORCE ZERO PAH ON n -
A0 BITS 0-17 FLC-(K+BI+AD) ADRS/ WORD COUNT___ , 0~ Y Y S—
23 GROUP ENABLES -
COUPLER ACCEPT
FLC BITS 0-17 z 224 pop CEames |
LR L] (CPU 3 9) ERROR EOT 220 2 oc -PPS:-0 262 INSTR
CPU
r FLE BIT 23 €cs | EO0T 220 2 0c -PPS-0 261 INST
AMP7[SPI1 BITS 2023 ECS ERROR, ECS cMc<
= CONTROL -
k+8) BiTs g-17 | [AMPTISPOS BITS 0-91 1 GRouP BORHOWS 220 508 CPLR 2 op -REQ CONTINUE
2AA FORCE ZFRNG Ran REQ_PAUSE CPU-0 ERROR
CODE {73 O, [supT]5Fo7 _REQ PAUSE cPu-0 |
X0 BITS 0-23 FLE-(K+B|+X0) E | . [suet] L2.00 piond
%) GROUP ENABLES REQUEST COUPLER 25-NS EXCH ABORT CONTROL MONITOR FLAG CPU 2.4A
22a DELAY X
FLE BITS 0-22 e I
CPU 2 4D L (CPU 3 9)
0 ———é—«L (cPu 3 9) Foce zeno 224 206¢
EXCH ABORY
PAR _CODE BITS 0,1 22c ] AMPT] 5PI0 amPT]8POT EXCH BLOCK REFRES!
132,133) MASTER CLEAR MCLK 2.08 | EXCH BLOCK REFRES 2.0
€CS IN PROGRESS g 50-NS HALF EXIT 28-ns  |HALFENT oo 208 EXCH BLOCK 1/0
R (194) —— "2 00 | MASTER CLEAR DELAY DELAY ' zie
AR £cs ERnOR 21A SAMPLE_XJA
(S/C RGTR BITS) €CS TRANSFER K+B| BITIT, 24 [PV (CPU 3 9) {CPU 3 9) f————————————————— 20 c
ERROR CODE BITS 0-2 1/0 EXCH RESUME CPU-0 oM
(1,138-138) EXCH ABORT i L3 #oc
EXCH ABORT STOPPED
e e 3 08
cucz oo (CPU 39} HALF_EXIT 50-N3 ECS €07
cPuzap-fLEBIT2Y | I i "l oeav cPU-0 PAUSED 2.00
ECS EOT (CPU 3 9) SWB BIT 56 2.
cLock FREQ  [GivyTeeis ] . CLOCK FAEQ ECS IN CIW
MAGNITUOE 0,1, [AHYT]SPID MAGNITUDE 0,1,
r3-0 SLOW/FASY SLOW/FAST ECS WRITE L,
{8/C RITR RCVR/XMTR e MCLK 2.0C
T8 W1-143)
{CPU 39) CMC 2 0C
asyTjeLio MODE ERROR, RANGE ERROR
ECS ADV BAK 2
PARITY OR
210 o0uae Prnon EHROR 2, STARY EXCHANGE
P BITS O-(T 2.1c —CSMC INPUT ERROR __} XSK+i_BITS 0-2 EMORY DEAD
cpu 2 0c ®—H SNOS P-FL.P BITS 9-17 €cs s & 2 oD 21c —MEMORY DEAD . | )
aLHT[6012 I-FL,P BITS 0-8 2 c—CARITY ERAOR ]
4 BIYSK%'IT 2 40 200 CPU BRKPT
INCR 2 6)
© EXIT CONDITIONS cPu
. 1-FL,Ps0 XSK+l BITS 0-2 . cMe banks F
. FLe ens w i 24 ERROR SENSE HEQUESY STOP 208 2 O —_ALL BANKS FREE
cPu P BITS 0-17 w© EM BITS 12-14,21-23 | EMTER HAE 240 2 0p —ECS GATE CPU-1 TO BAK
20c c EXIT CONDTH BITS 46-53 (cPu 310)
(cpu 3 10) 2qcEWTER RAE ] oM -
2 anXIF SAMPLE_BAK 204
GO INCR YO STOR
218 - XIF 2
2ec-X8F cme
ADV BAK 2 0A
NORM INF, INDEF
HORM 2 0B INCR_RANGE ERROR 21
MULT INF, INDEF - RANGE ERROR-1 21
MULT 2 0B
DIV INF, INDEF -1
o 206
FLTG ADD INF, INDEF -
£AD 2 0B 0 tePusio}
== OWG N0 My
[AAOYLLE sEcoNDARY BLOCK DIAGRAM ;‘"" D £0420300 K
EEIRCTIRG ECS INSTRUCTION CONTRO.: 34010
sncex miss ERROR EXIT CONTROL CPU25 l -l1-13
8 ] 7 I 6 [ 3 4 4 1 3 i 2 1




T€0LT

O

-

CPU 2 BA

MA BITS O-I7

£/0 AURS 8ITS 0-17

KeB) BIT8 0-17
A4

1/0,MA, K¢8) TO XJA,

ECS ENTER
XJA CPU-I

XJA RGTR

(crPU3T)

fsiv7]
[stivrjemos BiTS 0-7

XJA
8IT8 0-I7
CMC 2 0A

Lur] eHo7 BiTs 48-53
[ALUT| 304 BITS 36-47
FANOUT

(cPud®)

BEFS %
CPU 20C

READ DATA
8ITS 36-83

ENTER RAC.FLC

CPU 2.86C

READ DATA
BITS 54-39
cMC 218

cPu 288 JEAD PATA
iT8 36-63
cucz 8
X3KH
i} 0} —(@)-ENTER nAG, FLO
HO—@®. AKKT]OLIZ
—® cuc 2 10 A0Y XC
L_x_:_x- 14 ROTA
(cPu 3 T) |2 AITER CLEAR
1A e+
x3kelr CPUZ.IA X T X cpu 208
x+8) GATE EXCH DATA
Sws] 10 Xia | CNC 2.18
170 70 XJA,
[2ictocome MA'TO XA X7 10 A8
BEY JCF,MON FLAG LAALLILEN
€RR EXCH MA, NO COING xic
P cPU 21 . aEN X4 70 X
238 ALf
excrianae fRIF L ooy o8 x4¢ o
- u 2 30
#D stack.oare| duwe | ,_@E.T“_‘
13730 PATH ano  RXIF L cpyzop.zia,2ec
200 SRANCH :.:gsmév%
cPu+ 00 EXIT, xR LPXE . cpy 21D, 2.8
T 6)
A xat
210
INSTR IN CIW, ﬁi‘l‘.'h"é!.
naTRS FREK 1/0 EXCH ResUme cruan HO———————————
2 cPuU 2 08
x4
scr . ENTER P
2 A MASTER CLEAR |- cPu 208,214,210 | cPu 20
TS B— PP
ar LLLLLLL
PP3-0 262 INSTA,
REQ EXCH CPU-O, cruzi0
cuc2 oc 0 APF
(cPUIT)
X8F X4 ENTER P
GJF, APF BLazjeL
- ® JUMP COMPLETED
x) riz]ecos COEF ZER0S, f-————————cPu 21c.2 88
8iTs 0-47 coer COEF ONES
————@~ zen0.0mes TesT X1 BT Se.58 @ ENTER @
228 (cPu3T) 2 25 \COEF. EXP_SIGN) enTER | Oz epaBe  [OPU20C
cPu P
X eor 200 UL cony | XSE_  ogec
cpu . CIW) gxp 2€n0s, AND
[iLnT]6L04 EXP ONES sancn |ETHIY o0
8} 2 XLTRS fm-0Q
213 027 @) X) z€mo.onEs TEST EQUAL, ENABLE, 208 pcPu
238 BORROW 02 INSTR
. 8).8i TEsT o 2.0A
813 0-17 SAMPLE P
——® (cPu3n 2 65— EARON ENTER P [ —z@c¢
op—SRMCRENTER P J
cw{ 21058 XF
NBF ® ENTER P-4
cMC 2 1A cPu3T)
l ENTER P-1 DLYD

ENTER RAE,FLE, MA
{:)——-[:
ENTER
u _RAE

READ DATA
BITS 38-33

————————{

ENTER EM

.
T 0- 47 Jar7]enio Bits i6-23]
. GPU 2 OC (i)
|
RAC m]ﬁm? B8iTS 0-8
@.ITS o-I7 CNC 2.0A
GKQ‘IIlHI T8 0-3 -
H:)__’_RIA‘FA 217 INCR 2 OC
RAC,FLC RAC BITS 0-17
RGTRS
3 FLC BITS 0-17
;ﬁ’;l 0-I17
r—@———¢—-cw 28A,C
{CPU 3.0)
MERGE
FOR EXCH SEQ DATA
EXCHANGE 8178 3 oMC
T0 2.4
SWA (SWA)
X8K+ |
9178 0-2
[AHRT|6PI) BITS 18-23
8PI0 12-17
6PO% 1]
*llﬂ" 6PO8 BITS 0-8
RAE,FLE,MA,
EM RGTRS
(crPu 3.0l
(crPu3e)
[eest il Jows ad
SECONDARY BLOCK OIAGRAM l
EXCHANGE SEQUENCE CONT; 3401050420300 | K

DEVELOPMENT
DIVISION

BRANCH CONT
SUPPORT REGISTERS

D

=
CPU 2.4 1 5-11-11




T£0.1

¥ 7-0H

¥

2

1

ADDRESS PATHS

I—————‘— CONTROL SIGNALS —'———l

1/0, DESTN TAG MEMORY I t
—(8)- PRIORITY DESTINATION CONTROL
NSTRUCTION FETCH CONTROL
P RGTR —(18) ADDRESS
(cPu) REGISTER
aac —(@ SIonase (©) 1/0, DESTN
(cPu) IFA STACK TAG
+ + OPERAND
REGISTER ]
Q
sAs
¥ &
@ RANK B & 3
40 ROTR ——(18)—
(cpu) ADRS
L] .| BANK BUSY
aac —(@) os . BITS 0-3 P 60 BANKS
(cPU) BLOCK ADDRESS REFRESH _ . RESERVE oM
COUNTER RANK A REGISTERS
REGISTER
XJA RGTR M —1 t
{cPU) £cs cpLR—sf  ROEREOM BARK. BlisY
ADDRESS CODE
PARITY, ' O} cPU—!
t 8175 0-3
. ‘ (i® - SYNDROME CODE
PPS o——@—T o {18) PARITY. ERROR/ 16,17 '|  ApDRess AND ADDRESS $/C ROTR
ADDRESS ADDRESS PARITY ERROR PORT CODE —©—  oeLay &) (PPS-0)
Pra-| ——@)—s{  PRIONITY BREAKPOINT $/C ROTR CHAIN
SELECTION | _(5) PARITY BREAKPOINT (PPS-0)
CHECK ADDRESS ABDRESS 8/C RATR
Aux —— (80— 8/C RATR (PPS-0), S T (D —{ o R EA PO BREAKPOIN {pre-ol,
- REQUESTING
REQUESTING PORT prvbarersy QST
REQUESTING <ASEE GENERATOR
PORT
ADRS BANK ADDRESS
BITS 4~17|  ADDRESS Ay
_ PARITY (9 oM
DATA GENERATOR
raniTy | ERROR
GHECK | ERROR _ s/c noth (PPS-0),
REQUESTING PORT SYNDROME
?ﬂ) NOROM READ DATA PATHS
DATA, PARITY
DATA, PARITY WRITE DATA PATHS o PPS-0
pp8-0 J READ PPS-1
PPS -1 (8} @ u:fg;Ao
- WRITE N f——{@)—> ecs C
c DATA Q) :',': REGISTERS & PLR
& :Lsn SELECTION AUX
AUX (@) —
ERRO Fi @
enon exr RROR INFO OR 0400 INSTR o RAC P )
iceul ~ RGTRS (CPU)
X ROTR WRITE READ
(cpPu) DATA DATA (60 s X RGTR
SECDED 69—
(D R\ SECDED CHECK (cpPu)
AB, AND swA swe GENERATOR @ swo |y M i)
3UPPORT — (O~ ~ ~ AND SWC ~7 € ® AND CORRECTION o Iws
RaTAS & (cru)
(cpu}
DOUBLE ERROR
8/C RGTR (PPS-0),
AJK ROTA (CPU) REQUESTING PORT
STORAGE WORD STACK q
BN PRIMARY BLOCK DIAGRAM
CENTRAL MEMORY CONTROL
DEVELOPMENT
OIVISION CMC 1.0 |5-12-I
4 i 3 2 l 1




8 I 7 L 6 L 5 ¥ 4 ! 3 L 2 ! L

-
= e o&rs 2 « 2008 T3 CP-0 STOPPED PPS-0
STOPPED - -
-~ apgn kco :—L:-_;l.—ﬁr—— cPU 2 8D psazjsmiz ($/C RGTR BIT 192)
[SHT7 6014 BIT8 9-17] | a1y EnaBLES cTive | [e8T7]8L MON FLAG
O ; rorce [48 CPU 2 8B ———»=—)
[suizfeois BiTs 0 TERG €8U-0,-1
(W) MK (E58;8rn AORS PaY ] FAULY MON FLAG cP-0,
and P BT73.0-17 PR ROTR IFA+l OR cMe 2.8 2 STORAGE 8T 129) MEMORY €8U-0,-1 " ® E¥NoRoME "
2 0c —>—(O——— AN TRA® RAC+P o ot Avoness RECONF synoroue | [Sswrerin)®
. FA_BITS O-f STA ADRS ADRS
ENTEN [FA-1,-2 (FIRST STAQE) E (SICOND  3TAGE) {0 > B130-7  miT3 47| ADR 8ITS_0-7
cPus 2.1A —p—D—p ROUP CARRIES INCR 8ITS 0-i7 @ PAR GEN €MC 2 1D ——(B)}—
D RAC 8IS Q-7 o INCR2 00
2 u—-—»—é&—‘ 1/0 ADRS BUTS 0-17 40-47; 5,
4 ARRIES vem SWO-3 478z,
cuc 2 1¢-A0Y LFA 1N 3.0} o gﬁ%’r{_@, m;go}e‘x" 48-60,83)
. OATE CMC 21A 25;——’——-—~—- 0, ®
one 2.1c-IFAT0 348 (cMe 3 0) 8! r::n: s He siow. AORS
SLLT[6016 BITS 0-8 N ADHS ,.,', -7 rea- FAS ) eiTs 0-3
(CMC 3.0) [
(8/C RGTA —-—*——b—* 3 134,130
8ITS 90-113) =7 oy ! [A%K7] [5x07] faxr]
REFRESH
e
7 " o™ REFRESH
- REFRESH CONTROL | go mEFRESH 0-7,10-17
_dovesx | [3HWT]8LOL BITS O-8 DELAY D g
260 ] COUNT
200 -2AMPLE BAK t37")
CPUS , u _SAMPLE XJA BLOCK AONS
. [ e o ADDAESS )i | AEEAESH SLOCK RXCH Aons aiTe -2 CPRESH 0-7,10-17
A cMC 2 1C >
24 COUNTER BAK BiTS O-i7 EXCH BLOCK REFAESH STOP MEM -~ C8u-0,-1
M 2.1c-RELOAQ BAK 4 REFRESH IErOEAS STOPNEM ADRS BIT 3 G0 BANKS 0-7,10-I7 g
U Bt wiTe 07 cru 260 [|  oanx sua
c AgenAC, | ALL BANKS FREE MASTER CLEAR 80- NS DELAY AND
' AO*AAC BITS 017 - {cue 28) on
cPU2 80 icuc_3.8) MASTER CLEAR SEL AND RGTAS
cru ieT satcs o-gic-iT CPU 2.1A
(cME 3.0) LG
(enc 3.0) . O (EXi0)-
BANKS
[ o-7.8 h 8USY
4 BANKS 0-7,10-17 FREE
(8] h N
(cMC 3.0) = ®- cue 2. o
QO BRKPT : "
i CoINC ‘ e ',—’J CLEAR RSVTN,
—O—r—@) A VTN
I~ P AEFRESH 8TOP 1/0 @-—-.—é.—.m ey (CMC 30)
n - [ [SLos 8178 23 | ]
N CONTINUE AEQUEST- | [3877] SET ASYTN _ o 010
+ECS MODE =
[esu7]eL 10 AUX,PPS-O,PP8-| ACCEPT .
{1 AT T YT ) B,
(CMC B 4) 13 )
d 90 OR ECS ACTIVE
F:jmu BRKPT CONDTN | _®_
HAI
BUSERMDR 10 Taa 8178 0.1 [ATTTTBOE) /0 14g airs o 2 I ROTR PPS-0 CODE BIT818-2/ | BREAKPOINT, cNe zic
® FaNOUT i R @ grenora - 1/0 ACCEPT -
. TS 114~
B [e5a7]omiz | exch Resume CMC21CY _ NBF HOLDS ECS HOLO ECS (CHC 3.4) QESTY TAG XLTRS —_@—P__ﬁ'p‘:io.
261 INSTR PPS-0 281 INSTR [ (CMC 3 S) " A . PPS-1,*
cPu 250
PPS-0 262 INSTR }cru 208 ¢ Ecs waire_] SET RSVIN cMe 21 et
202 INSTR cPU R BDI CPU-0 F‘USED' HOLD PPS-0, [4LQ7]5015 :g;lzll’ii‘-xa. BITS 0,1 CMC INPUT ERR AUX,
Pr8-0,-1 REQ :xm}cru 24A cpy 2 14 MASTER CLEAR PPS -1, AUX Fanout | Ty a @ —O—— Pha-g ¢
EXCH REQ " - - _‘_‘@“‘J L
N PP3-0,£PS -1, AUX REQ (cMc 3 8) 170 DATA PAR CuC BRKPT MATCH, ECs CPLR 22C
PP3-0,PPS-1, Q MEMORY CHECK BITS 1/0 DATA PE BRKPT_AND PAR ERR
EXCH CPU DEFINE 170 2 2A—CMC, ACCEPY i PORT CODE BITS °"',é
& excuanae 2 23 REQ  / PRIOMTY FANOUT | MEMORY ENABLE v 5 1a c.0 MC2IA BrcpY FUNCTION cdot BrTS 0,1,
cPu 2 1A MASTER CLEAR | CONTROL 2 25— ECS BANK INITIATE voncreme? fomc 38) CMC PAR ERR #pPs-0
£CS 4,5 CONTINUE REQ [aKK7]5N05
MON FLAG CPLR B = EXCH ABORT DELAY | EXCH ABORT cPu28A (CMC 3 4)
CPUZ3DJ /0 EXCH >, cue 38) ._©_~_L|_/'o_wns PE
RESUME CPu-q A A.“:.E:_”L_' omMe 2 Ic
AUX, PPS-0, PPS-)
. ‘ M G3) FORCE 2ERO
" -0 FORCE ZERO
CEJ/MES CLEAR RSVIN, 7 (glpcsnam SECDED CODE AND PAR_[6Su7][5L10 A8
O <. | €nreLe RsvTH - 8IT 128}
o Ao EXCH_SWITCH cMc 21
7)PPS-0.-1 EXCH REQ ECS WRITE
EXCH REQ | ECcs wiite
£ XCHANGE ECS JAG.1/0 REQ  bcmc 2.1A A
A ECS_CPU_DEFINE "
ST PTYTY —
cE.
1/0 EXCH REQ EXCH e e Y Lcruzse PPS-0 CPU 2.08,2.58
RESUME CPU- 8.5 (LGoicAL T}-HQ AUX EXCH ECS GATE CPU-1 TO BAK
(cue 38) NO VO BB (e 361
[coot ioent OWG NO "y
T | :umoJ Dt soszo300 | K
cu({ N3 CLOCK
cMc 20 | 6-12-3

8 I 7 I ) ] [ 4 4 ] 3 2 1




LEOLT

L-H1/v9-OH

175 COUPLER FLOW CHART
FLOW FOR CONTRO
END TIME AND DATA NOT SHOWN

2.0 3.0 3.0 3.\ 3.2 3.2 3.2 3.2
S~aer WORD COUNT REQUEST
ov REQUEST COUPLER AND CMC cMe CMC SET
. COUPLER ACCEPT "1 seesiote: 1 ACCEPT GOECS
OPERATIGN ECS ADDRESS :
3.2
REQUEST |,
CONTROLLER
|
/’/'
. 3.3
CONTROLLER
ACCEPT
P = CONTROLS NUMBEROFBANK INITIATES/RECORD
g 3 rv'an”-E Y =NUMBER OF 60 BIT WORDS TO TRANSFER
- 3 “’ K =LOWER 3 BITS OF ECS ADDRESS
SETGO EAD 3 “: CzN"NUE X =BITS 3 AND UP OF ECS ADDRESS
BV | centRaLrie Ny 2 ST |~ TOCENTRALMEMORY CONTROL Q=INCREMENTS ONCE/WORD AS P = DECREMENTS
. /700 nS BANK INITIATE 3 ’-{ \;‘ AND IS USED FOR CONTROL
d @y Q=2 USED TO REQUEST CONTROLLER
t RESET INPUT YvES E o Q=7 USED ON FAKE READ
%. CONTINUE REQUEST — RESERVES BANKS
- 2.4 ? BANK INITIATE — WILL CAUSE CM TO CYCLE
J/ ) VES
3.4 DECREMENT a=2¢ .\‘ TAST RECORD
DELAY P N
| RESETQ= NO
1"toons ot ek — | T
STARY OF i .4 ]
YES 3.
INCREMENT O=77. FAKE READ Z
RD
omcszvo 3 WO EVECY
! 300 S
NOTES:"
ECSREAD 3 7
(1) REQUEST CMCIF NO ADDRESS OR WORD COUNT INCREMENT 1. ANDL en )
PARITY ERROR AND WORD COUNT NOT ZERO. ONCE/RECORD CONTROLL| 3 {
IV=0 ABORT 3. ' .
(2 GOCENTRALSETS. THISWILL CAUSE CONTINUE VES 3.7
REQUESTS FOLLOWED BY BANK INITIATES TO CMC. K >V o v TOEND TIME
DECREMENT 3. l LAST RECORD T0 E——
ON A READ ECS THESE SIGNALS ARE DELAYED — CM v
BANKWILLNOTSTART UNTIL 1700 NS DELAY RUNS oNe NO
OuT. W) Kg‘ 3 ’
DELAY IS USED TO SYNC THE TWO MEMORIES
K< v COUPLER IS TO CONTINUE
' Rvoe







8 I 7 1 8 1 5 4 ! 3 | 2 1 1

TE0.1

7=0H

2

P 60 GEN, CODE BIT 0
euc 2.0p _FORCE ZERO
ECS WRITE - WHITE
cue cs w - 1..__,79 ey “‘I_.aﬁ-.‘ RSN T [5708 B17S 0- 7.PAR |
50-54, WRITE DATA PARITY LOGICAL 0 ——(3) f SFo8 $6-63, 7 gEcpeD cove
K4 43-49, ADRS PARITY oa 5:/053::73 (cMC 3 1) ~ [5F07 48-%5, & ® 8T
fux, o) 518 40-44, ADRS BITS " 5F0c__ 40-47, 8
PP3-1" SLIS 35-39 . (7) PaR CHECK BITS 5F 0% 32-39, 4 (]
:g; uozvcpss L1, Aux 3034 . CMC 20D 2308 LRI
28-29 : 1/0 ADRS ([(3%n7 [5F BiTs 56-59,7] ] MASTER CLEAR (oo 0 PAR CHECK 5607 16-23, 2 SECDED_CODE
20-24 N PAR_CHECK BITS [5Fis 48-56.6] 5606 8-15, 1 OLLECRd
cmMc2 00 18-19 . (oFia___ 40-47,0] 173 SELECT (LOGICAL 0) —RER0 PAT 3XH7]5G03 BITS 0- 7, 0
1/0 TAG BITS 0,1 10-14 : 5h3___ 32-39,4) oD S90E NOAOKE
—_ =9 2, 19%00% MASIER | ﬁws o-7 HLOG RGTR b 'Eies.
ADRS 3S07|SNi4 DATA BITS O- 4, ADAS BITS O, ,—@——'——-ciu 24, 5615 16-23,2) 3SWI|SFil BITS 54-55,0-7) £ AND 0
BITS 0-17,PAR o CMC 2 0A, | [4HMT]SEIS BITS 40-56] READ DATA
170 ADORESS AND WRITE ghe 2 SYNDROME BEAD OATS
v, @n) DATA HOLDING || b7 ] - Jesv-ol] GEN
o5 4 waie oata REGISTER/SELECTION WRITE DATA NRITE Sl 35W7| 5610 eits 0-17 csu-1
tes ! 7 Bisotisean | 873 0-59 i l?"nla?so RIS SEcpep cove ] |
CPLR 208 — (cMC 3 1) % : swe 27 swe AND . % swo lneao oATA
_ eme 3 1 FORCE ZERD c::?::u WRITE DATA »
eic 2 op FORCE ZERD | © BITS 0-59_ _
X KGIR DATA [[srmT]sR07 BiTS 40-89 fcue 3 1)
228 ol WRITE DATA —2HIFT 3W 6A08 __20°30 Swe whITE
P SWaA e 250 AHN7]5A08 8118 0-19 DATA BITS 0-55)
BiTS 38-39 DATA
o 5% £ | SWITCH SW8 FOR RJX] swb
2 Y €9 SHIFT SWC
cPy BITS 18-35 fcuc 31 . —SWiTCH" SWC ] (©Me 311
234 €T conorn| cue 3
BITS 0-17 smtcn swA FOR EXCH, BIT848:33,
23 SHIFT B cPuU4230
RITE CM
&‘L“ €cs
- ) ) R €PLR 204
U2 36— (3)—+} 1 ~ AUX,
1/0 REQ,ECS TAQ / CRUZID, 2 4C yoousLg engon ADX:
CMC 2 0D / l 3XE7[3609) :cs"'
10-77 MO Hor 5k07] switch swel fanour CPLR 22C
cPu24a 1 MEMORY A _EMPTY, NCF
FIE,SXF 1 pRiORITY cMc 3.40)|
CPU 2 1A XLTR | DESTN VAG BIf$ Q-le MEMORY DEAD
XIF, RANGE ERR-1 L cuceon UERORY DERD_cpy 2 50 nea0 oatA
cPu 25D 80_ADARS SAS TAGS | ADRS FLAQG .
OHY_ENABLE s MAHKS A8 FULL L.cMC 20A runsuls 10N
oM HHEL L ‘] e ] CO:’:’:Ot “‘©——’—‘} ° 1/0 TAG_BITS 01 SECDED — ;”‘ AT s AUX,
cPU 21D G0 INCR 10 STOR EXCH BLOCK 1/0 - e 0-9Q OR ECS ACTIVE XLTR —~._CORRECTION Bi‘g - 1‘1‘53:»:3}:1 - ':Ss‘_t}.
. NBF c 20AC MEMORY ENABLE AND DATA BITS 11'59 o 3 .
CPU 2 4C el ] [CATE IFA TOSAS \ | o R r—— DISTRIBUTION chuzon (cMC 3 2) CPLR20A
SEL BAK NeY EXCH, REFRESH -] RERD | (IWS)
EXCH_BLOCK 1/0 ADV 17 cuc]  STOP MEM RERD
cPu 2 50 — XN DLOCKT/O A 2.0
ENABLE_ECS B730-59
(CMC 3 1) C € CPU 2 2C
:10 ADRS P a0 BITS 0-3 READ | (X RGTR)
/0 TAG 8IS 0,1 DESTN DATA
excy cPuZ.ID 2 g
WRITE o wcme 31 O 5‘“@ o
INCR i SELECT cMe 32) CPU 2 44,0 -
asi7]sLZ SAE-A-B %) SAS-A,-B ‘ —— (SUPPORT RGTRS)
o SETRSVTH _ \ sECoED suzan
CMC 204 A o gsy i SYNDROME CPU 2 3A
- YN M
| puMEMORY EnsmLE ] T ] @ cPuzsa
. 22 2 (@)~ PP3-0 (S/C RGTR BITS 1,2) H BITS 0-7
2ia MASTERSLEAR  f  riaion [REROAR BAK T e a0n DESTN TAG_BITS 0-3 / SELECT £5Y-0 cMc 208
cPy wicR RanGe ERR | DESTINAT A) PARITY MODE
250 HCR RANGE ERR 1 convhoL -1 @ i
| ROV XSK___ _ _ cpy24a e .
:»I;gc:w‘::: ERR cPuz 1D CMC 2 05 _ADRS BIT 3 IN RANK 9 1o ORERD,
CSU-0,-1 ADRS PE j——————+———CPU 28C CMC 2 0D —~MEMORY. ENABLE OESTINATION 0 ps(,)_ssu_coo: )
CSU RORS P E : CONTROL-2 |o—ere -
DESTN TAG BITS 0-3 €PU 2 |A—MASTER CLEAR | AUX,PPS-0,PPS-1,ECS CPLR 2 2C
CM TOX TAG BITS 0-2 . OATA ON LINE AUX, PPS-0.PPS-1
———6‘)————-» cPu 2 3 ———-(:h)———————-—- 3 X
SECDED ERROR-1,00UBLE ERROR-1
- —] PPS-0(S/C RGTR BITS 3,183)
ANCR READ TO X SHIFT STACK PU 208,2 0C, 2 IC
SEY_COMP.
SEYcoMp A
ecs ERR £ [FARITY On ouBLE ERRDR crgoe  oTES.
C3UACRS PE CPLR 2 20 @ HEFER 70 SECDED GENERATOR
CrONRSTE @ REFER 10 sscnzn sHECK anD
- CORRECTION WIRING DIAGR
(78 TR —CLEAR Chu 244 @ REFER TO SWITCH Bl
ALu7]an0d) BIT i27) WIRING ODIAGRAM
FULL Fanout | FuLL 208 DISABLE CMmC 33) cPU285B
cMc 33) (576 noTn ADRS P E oot ot RO v
BT hor LYULILY seconDARY BLOCK DIAGRAM 34010 l n 60420300 K
cuc B DATA PATHS AND CONTROL
leuc 3w arovass cuc 21 | s-12-5
‘ortmaticns
8 1 7 I 6 I 3 4 4 1 3 | 2 1




TE0.LT

L =0H

REQUEST _COUPLER
COUPLER ACCEPT
WORD COUNT
ECS STARTING ADDRESS
REQUEST CMC
CMC_ACCEPT

J

_»~POSSIBLE
T/

START -UP SEQUENCE

nf_r—]'_ﬁ'u_""_'—'—_“[_—‘

END TIME 4—————————>» 2030 NS READ/2430 NS WRITE
rs

END OF TRANSFER F
Eﬁ_mms_#_____u__
END CLEAR *

END TIME SEQUENCE

DELAY

DEVELOPMENT

TIMING DIAGRAM
START-UP AND END TIME
SEQUENCE

DIVISION
a A 2




-
N
O
“ b
c
o
?
4=
=
B
A

T3 CLOCK

rrurvvurvvvrvvvrvrvrvrvvvryrrvurvrreuruyyr

GO ECS (FROM 3TARY SEQUENCE)

Q0 CENTRAL FF

WRITE DATA FF

P _DELAYED COUNTER

¥=0 (TO END-TIME SEQUENCE)

CONTINUE REQUEST

BANK INITIATE

- UuyuvuudivvuvuduUuuwuy

DATA FROM CNC

REQUEST ECS

ECS ACCEPT

DATA_T0 ECS

CONTROL DATA

WRITE ECS

TIMING DIAGRAM 34010 | 60428800

DEVELOPMENT
DIVISION

C

PAS
e

4 I 3 A 2 I 1




T€0.1

67 =OH

11 cLocx

yrvvrvvvvvrvvvrvvrvvurvvvvrvvvvryvrvvrvvrrvrvrvrururery

T3 cLocx

CONTROL

Q0 ECS FF (FROM START SEQUENCE)

GO CENTRAL FF

Y_COUNTER
20 [l luwlis]ielulw]lr]e]s|alsla]|i]o
X_COUNTER
° I 10 I 20
P COUNTER o
Q_COUNTER r

Y20 (TO END-YIME SEQUENCE)

REQUEST ECS

ECS ACCEPT

DATA FROM ECS

COMTINUE REQUEST

BANK INITIATE

DATA TO CMC

PLILYSINE TIMING DIAGRAM et ieiat “Towe 50 iy
e READ ECS 34010 _60428800
DEVELOPMENT w g
DIVISION

C« 5-5-3
4 | 3 4 2 | 1




8 7 | 6 | 5 L 4 4 | 3 | 2 | 1
~
o
w0 To 150 100 7150 1200 1250 ¢
[ CoMT64 T ECS1Ia I ECSi64 1 €CS214 1 ECS264 1 ]
H 1 1] 1 i i 1 J
1 ) ’ 1 1 )
1 ) 1 | 1 )
D 1 VRAE ——¢ Il ——+ JI5——2 15— C ! ! N
1 i -1 6-23 ' \ 1 ' '
1 1 ' 1 1
Los ” ™ : IE >———+ [l4——>14—— D '-\ H '
! ' ' ) l>—.m—o|4 +0 n »15 .chm
' | 1 ' / b \ h
' ' ‘%o 15 cm ' fl>_ﬂu__' 14——s0m
1) 1 )
| ] ' ] 15 »C HUXT ECS g
, . . ' a w095 ,-\ wBT XMIT
' ' ' ! us ' WORD COUNT PARITY j :
_— 1 1 i 1 1
NESREQ '
tes » £ : 9___.12-- — s Fm SET AdR : \
[ ' ' f ' OF FiTen) . !
_ —_—i—— SET A0R 1F
: :n 13 12 FI- ' le————————~Fm—sli gk is .
) ' ) 1 1 JOUT OF RANGE ]
- \ . ADVANCE Y 13 €pm . .
' ' PC ONTR ' \ ' )
1 i ] | I i
c 1 [ V : 'm—olo—-»xa—-*lz—-——-vf‘ih
] 1) ) i
1 ] ' 1 ] 1
' ' | | " |
1 ' 1 1 1 1 J
i 1 1 ' i 1
' ' ! SET ILLEGAL INSTRUCTION FF ' ! H
o] ! i 'R ecs2 ! !
i ' 1 1 1 )
o i i L 1} 1 ]
[ i i ' ' ' '
) » ' 0 , } ]
o TERM nAME | COMMAND OR FUNLTION | DD o f  TERM NaMg | CORMAND OR FUNCTION | DPD HO TERM NAME | COMMAND OR FUNCTION | DPD NOJ| TERM Nadg | COMMAND OR FUNCTION | DPD N0 " TERM NAME | COMMAND OR FUNCTION | DPD HO
50 15 Jlecsin 2 ||ecsi £cs21 HE264 2
SILLY SELECT BJ RGIR 2 SRAECS RIIC 1 2 ECStiw EIABLE D RGIR ;; KSS? ?gt‘l lfl Rlﬂ:: g 15085 D—— 155107 7
? R £CS | 15064 7
[ 15 |leesns [ ng—nse. 8 ECSERF | EWARLE F Rl , J—
HBI3 B——13 12 £Csi 01 €23 2 HELEA . 7 ||FRxISTS | Fer— 1517 8 15136 (I5S4-T552- 15513 7
iicest 15 €SI | 0Sgsg— 05 | 2 15125 Moy lagae | 7 Heeaw z || ues z
e EIBLE E AGIR B g Dug Esils 2 SIS 153755 1545-05 2 IESKEG COUPLER REQG—— | 27
N 15285 €154+ 15521551 7 15285 (15s4- 1552- [581) 7 59 248 €S XIT
8 ) NESLI I | P 15285 1554+ 152°1551) | T
WG iur - fOS— 14 5 SELKI3 K——13 12 CCSENC EIABLE € TGTR 2 Jlecsa ) 2 proe P— p.
850 ADVPC2 ADVANCE PC CATR TR | P 7 ECSENC EIALLE C RGIR L | P s
LALLD LHABLE D RGTR 5 s a2 | seis A—13 | [rz-1] z AB2R EIMELL TEST ABR Y
6si312 13 12 2 LHAEE ENAULE E RGIR 13 AR SET ABR L | P P
HABF ENAZLE F RGTR 13 Sie2 4
NE2H 2
sLiots 10———13 1
_ ECS264 2
es312 13 12 27
2 CIABLE F RGTR B
" J
(Part 1 of 2)
. . Tea oo s =
CONTROL DATA INSTRUCTION FLOW 3570 I 1] I 19981800 ] A
SEQUENCE +  ECS —
INSTRUCTION + Ol 012 FIGWRE 5-2-29  |5%2%561
e ————rrr—rrn 8 7 ‘ R 3 I 6 ‘ Fy | 3 2 1




I€0/1

15-0H

s | (] | ] L4 4 3 | 2 | 1
2% T300 T260 1400 T4%0
}' 1 ECS314 I ECS364 I €CS414 T ECsaca ]

[ 1 3 ' .

1 i ‘ ' )

i ) ] l ]

' ' ' ' '

1 1 + i 1

i 1 U ] 1

MRTY T N,

] £cs | ' . ]
chs / SHXT xMiT .- 1 i '
oL 48-7 H . ! !

- T I}—nu‘—» 14—+0 b ' )

ecs ] I \ ] N
xar P ! ! ) : .

,Mt———ollo—-b." na‘—o_u B3—scCc ' , ' 1

N FLE——e Il —»lI5 — 13— C I SET AGR | '

¥ come 1 . 0-17 6-23 i 48, 4K > FLE) ' '

1 1 ' ] )

' ' Conp ' 1 '

| ' ' ' '

1 I ] i ]

' ' ) (OM) ECSLRT N ' '

[} i i [ 1]

| H ' STARTT iy . H

1 ' | ' '

[ i ' | '

[l i 1 [} .
Fmus i 1 1 [

[ \ \'l>——uz oF : - S
T '

| I \ o _._;._.' ADRS PARITY  —— A, 1

\ 1 1 )

1 ] ' ] ]

] i t [} 1

] ' ' ] 1

| | ' ' '

1 1 1 ] ]

) ) 1
TERM NAE | COMPAND OR FUNCTION 1 Dpp no] Tern waE | comwno oR FuncTion | oeo wof|  vERM nane | CoMaND OR runcTion | oep no | Temm mavE | coman ok EuncTion | oPo no
ECS3l4 a7 || ecssn w Jlecsa {raeac) 77 || ecsuen {enpie]
SRAECS RAE——=11 27 SELECS FLE——11 2 SETABR SET ABR ” HESETR mlgki W‘l b/
i FuER R
FELESNS | g N5¢.p3 8 |jAexesns  fugg—usgy | 8 - et exr »
ECS3IM ] sc:z(;« ; i s }]7
51115 115, 154g. 2 1 1 "
P 659 5y8-95 ? e G5 s | 2
ECS34 2 fecsse 2
ECSISC P 15 2 ECSiSC we I 7
ECS3la ECS364 :
ECSENF CHALLE F RGTR u ECSEND ENAELE D RGTR b2l
ECSENC EIKBLE C RGTR ] ECSENC EIBLE C RGIR 7
* (Part 2 of 2)
INSTRUCTION  FLOW
SEQUENCE +  ECS
mmenn INSTRUCTION® Oil, O




T€0.1

OH

”
25 -
S

8 | ] [ | 4 | 3 2 | 1
o] wa CA] Fie
NESREQ
o{z} ofFra}HEREO L o cpu3 asD 3
NES264
] [ NES264 | CPU3 7A 3i2¢,347C
ca | H3z
nESIES 6
+{=} — HESIes HEIBS 1 cpu 3 7c,312¢,313C,3 7a
Ecs2ia
fostie foom Esen P 347
G NES364 |—= CPU 3174
cPudop ——MMEE R £cs4is cPU3ITA
TIMING!
cPu 3468 ——i20 L0 cram T A on
CPU 3158 —9— goecs Tie Ti4 ~ ,
€csach 164 (enaB T13
cPusop —p—fERSAPL Ti64 T v szoma. 2lobi SISUS (i) ESIIS cPU 3 88
214 THE + T304 +
HE2) T264_ 1] T304
ETTrE 1314
T34 s1818+ (ENAB 15)  ST5IS
T364 1364 _FTii4 + 1214 + = —+ CPU3TB
1414 | T34 + T364
b T464
Tae4 EcsIaC: (ENAB COMP I3) ECSTSC
T31447364 » cPu 3 BC
(ENAB I3-»12) ESI312
EsIs1z.
THa+T264 v T CPUIIA
Ie .
o8 N e (ENAB D RGTR)  ECSEND
+7264 + 1364 * CPu 3 3¢
E N ee (ENAB F RGTR) ECSENF
0] H:’ 1721447264 cPu 3 i3A
+1314
NERREX . (ENAB C RGTR)  ECSENC
e | sern cPu 31T —] L] ecsenc:  CPU 3 8C
chu 3190 SETILN exr SETILL ECSEND + ECSENF
cru 3 24 ‘_l&.l_'ij L] e s (ENAB RAE— 1) SRAECS
penEQr €cs 1134 CPU3AA
cPu 3 140 —o—] foes
FF NESTER+
Lﬁ—o T464 - ENDTRF
[ (ENAB RNI)  NESETR
E£3ERRX ¢ ou 3 10A
4 NERREX » SETILL- cruai
2 ECSILL F.
(ENAB SEQ EXIT)  ESERRX
CPU 3200 —o- ::::: —_— :::?‘ > CPU 3 14A
cPU 3 200 4 B
[
ECSILt cPu 31TC
0 Im ont OWG WO Y
CONTROL DATA
b EXTENDED CORE sas0 | D] iesetec0 | »
STORAGE SUBSYSTEM - =
L =
SEQUENCE Chua2r | sepest
ey
8 | ] -8 ] 4 | 3 2 1




160271

€5-0OH

173 COUPLER FLOWCHART (CONTROL)

END TIME NOT SHOWN FAKE READ NOT SHOWN
- GATE GATE
REQUEST COUPLER ~ START GO
> »| WORD COUNT »{ ECS ADDRESS
COUPLER ACCEPTS Y REG X AND K REG XFER ECS F/F
SET
REQUEST
AND CONTROLLER
ADDRESS
) f.' END TIME
1 YES
COUPLEB SET | co | RESET DELAY
RECEIVES 1 CENTRAL > Q COUNTER READ 1750NS
ACCEPT WRITE 600NS
y -
) DECREMENT
K>Y SEND GO PANDY
TO CMC INCREMENT
K
Y-1 NO
TO P

YES




LEOLT

vS-OH

3i1cme
ks]G2s 31cme
SHIFT IACPT k4] 115
REGISTER
' SACPT
30CMC
ki) 110 31CMC ’ -\
YRFBZO 31CMC BUSY |_RES
&l FROM ks| L26 02 310MC
cPUO 30cmc ] REFRESH - 028K 1617 k| Jacsur 4.7 jo-3 GO 1017
ADDRESSBITS Q | o] ) ko[ 1na il B o] F20 k| 5 csua jo0-3 147 <7 K15 1047 26 1117
anppamiTy | |KR| 1 30cmc arpo2 |fxs| 627 00 BANK ) csu
CPUO | ADRO2 ooe SAGD]  DECODER k| nscsuo j4-7]0-3 KT |H15 07
KA} 109 DECODER D2BK 00 07 — 5
CATCHING SA01 | nmacsuo 1o DIOG 07
REGISTER wal 00 E350 SA02 1 © ] - 3147 GO 07 ———-CSU -0
PARITY CHECK HANYO \ BANK BUSY
TOR KA} K09 END CKJ BANK RESERVE
cMC 32 58, 60, 59 FROM
KA K13 COUPLER
cal F17 END TIME
KA} 113 ESON VA 170
2 G;Zm KAl 113 i P
FAN OUT — o ku] F10
10 FORT L ADR 17 f - SELECE
565,66,67 |F—=—=—=—1 tsu
30CMC ADDRESS DIBKO 7 DIBK10- 17 7\
INCR AND \‘GJ
kR| H10 HOLD RGTA ADR 313
B\
KR| H11
311 CMC
Ut KR| H12 NXS1,2 Kz | N17
ADDRESS BITS § [ ADR14 17 s
AND PARITY cPU DEGRADE
CATCHING
REGISTER
PARITY CHECK ADRP
37 cMC 0 cMC 3
CA| L17 CA] F17 LD | NO7
FAN OUT FAN OUT ¥ PARITY  F&1——
HANYO GENERATOR
I 30 CMC WRITE
35 CPL HA, HB ADR 14,15,16 [ ADR 3-16
5 37 cmMC NOTE. KT| Go7 PARITY
LHI E36 LCOXRQ KH' 408
1 BREAKPOINT AND ADDRESS PARITY INPUT KT] Gos csu-0
LCIXRQ E50XPN CHECK NOT SHOWN ntélg:;lir
LHBLKO PRIRITY PURPOSE OF DIAGRAM IS TO SHOW HOW ADRP R
coumeny LBt CONTROL ECS OPERATION HANDLES C M ADDRESS (| IRANSMITTERS
33 cme FOR MORE DETAILS SEE PUB NO 19982200,
cal 617
33CMC [ NXS1, 2 ._J 30CMC WRITE
| 727 FAN OUT ADR 14,15,16 ADR 3 16
LHERD l €z| mo7 PARITY
LHEPRS £z | mos
LHBI nwR | " outeur
E£350N ADRP I REGISTER
37 CMC L TRAI TERS
LHES0 Al 126

LH300

ESON o




8 | 7 | 6 | 6 L Z 4 | 3 | 2 | 1

T€0.L1

BPO,108
cmMe3 e 3
CPOIDP,
cme 12C oD — —mm——(D—fof <8 [G29_TC DATA_PARITY OIP__
30 1P 7,
ECSOPUL-8) m 3
UL3EB e (B)— - - =D e X
33 DATA PARITY 01712 |
H30 DATA_INPUY BITS 5859
- T 56,57
cM3 1B [ w2 34.55 e
E:‘ 813 CPIDATABITS 5655 CPID_P H33 52,53 cMe3 e o[£z ] co9 briose-s9, csiMe
s 48 55 57 | [croe e H34 50.5 CSOAE 10 a8-58
I N 0 2047 76 | b4 35 28,4 oM 3124 i 40-47
[ wie 32-39 P 129 a6 - [ iz 323
$CPIDOD 59 24 €13 24-31 P CPIDOO 59 30 44, CMC3 1B || w09 24-31 )
(PU 3 450 2 Cla 16-23 P —6)—— 423 0100-59 ") 1623 $011D00-59
6] €15 T8 P 2 4041 | 60— T T8 e Cudec
2! 16 CPIDATA BITS 7 _CPID P 38,39 CSUMC _El_ Mi2 DIID O- 7 % 3cSt Csu 3 ac
23] DI3  CPODATABITS 56°59 CPOD P L ] 4 36,37 CMC3 416 —p ——f KT | FO3 DIOD36-59, CSOMC
1-R 24 23 Dia 4855 P lcpoopre | ] 428 TC 34,35 [ fi0 48-55
w30 » 4 27 ois 40°47 P H:)—J [ 17 10 32,33 Fit -47
2 01c 32739 2 330 30,31 [ [F2 32-39
sc 20 E13 24 P4 -89 % 28,29 31 31
Py Y nn-’r-o&{ 0 6- P3 vwggﬂ 332 26,27 GI0 25
8] - 2 N 24.28 [ 1o e-i5
17| €16 _CPODAIABITS _0-7 CrOD P 134 22.23 [x7 ]z o1 o-7
I PPIDATA BI1S_56-59 PRI D P [ %28 2021 | Y
13] p1 48 88 [3 1081-8 x30 18, . . .
cucs 78 18 ""-1 W e 0w ® 0 [T X LHURL I pIo? $01000°7 1| 3010000 2 susoc
P 32-3% 3 [ [x% 14, % csonc
$P100-59) [ 24-31 3 PPIDO0-89 K33 iz, M3 s csu3 4c
PpS 3 148 00— al 16-23 ) >—60) X34 10,
a1 815 P2 I ED N
[ Q16_PPIOAABITS 0-7 PPID L3
[ o[ Nis ProoaTABITS 56-59 PPOD P, | %7 N .
[ a8~ 5: 3 L33 2,
W 04 P i PPODOU-5S XB | L34 TO DAIA INPUT BITS 0,1
' NI 32 - 3 [ z 3 Oz XJ 00,01
! 243 4 NKI2AS (v | tx) BUFFER ADRS B1TS)
T o1 16-23 P - {&)
T [HD P2
1 PPODATA BTIS O-7 FPPOD PI NXW
- - ’ JBUFFER BITS 0}
| earz1y Jero. wowouo L_@ -
‘__f‘(“ e PPOD 00, OF
#PID GO0
+£0000-59] \I PPODO0-07 0 | @) Soer%9) o100 59
— CATCH .
¢s 3 148 ~p—460— H—(E)—dfrcvA] RGTR {8)— CPOD 00, 01 DIPI-g
1-R1°8 1A [t N&l €9~ —2)
ey T8 - 248 CPIQ 00,00
- cMc3 30 —%(3)- 60— 2
cme 3 g B €cs
Mo 00 o _ 600,01
cPL3 6B —‘—-——-——@—{ ke 8] Hs o1ce
10 W26 BICT
cue3 e 1 RS oIc6 oIC 28
[ 51126 DIC5 | - » ()
[ 4] 52s DICA
IS [TEY
ey e $AMEEE ) ] ::2 ore SO11064°TH
oIt
1:4 W] K16 csut |—(&)-+— csum3oc
NOTES ¥Q ] F30 HK | W16 CSUO
o . o o fon_ 817 DIstateution
o CHECK CODE_GENERATOR_(# C) B | B cwcs e ]
LeN N C Pak_BIT TRIBUTION (DI--) outeut_| 1P 1-8 cou:' o1ct SDLI064-TH
K26 10f13f 14171922124 |28 | 364446 (a7 st ]52]53]136(37]3%8|P1 DICH _DA'A InNPUT SKLKL P—@ 19 GEN pomtp= CSUIO) 3 OC
K25/00f 01 jo2f18)21 22128 |2~ |3;132]|36]44]152]54]585]59 P2 nICc2 INPUT WC [ wB |wa KT (DICI INH) +
326|03| 0405|0809 10]26|29]30] 3335|3940 aa]52 P3| _oics [ olo |1 |——| o1p InH)
iz_i O4|o06 o7t 421 13] 6] 17 li_ ’1 37138141 }j4a3f4r148]s2 Pa 0ic4 cPi 1 [}
126{ 04| 12| 14| 15] 19|20 2i|24|25]|26 42| 45| a6}49|5i 55|56 P5 | oics PPO o vy
36 31 Dics |
t25[oofoalizf20 22 23|27 |28 | 293233345053 54 )57 59 »6’| oice_| PP o || DIP DIP1-6
[n2e[ 01 | 03| o7]oa| 122028 |30 3 |ss|aefszfaofaifaz]sa] ~| [er]| o1cr | Ecs [
[h2s] 02|05 o6 ool v | 18] r6j20].~|s6]30] 39 asfaafss]sa]45]s0]re[ Bice | XTeFR [ v o]

@ KT OUIPUT GATE USED ONLY AT LOCATIONS HIf (FCZ0) AND K16 (FCZI)

GO0t et | Ead rm
DATA OUTPUT TO CSU sw | D] isss2z00 l A
=

Ty PACE 4O
CMC 35 l $2-13

Canabnin
ouvE comtiy
svision

g l 7 I 6 | 8 ‘ 4 l 3 l 2 !



~ oava] i
O pax |e1rs SYND-NOM( 8ITs
LCN & {S4]s 3] 1| FNO
2 p——v BXPTDI
w cucnni%o KE |19 fofiTolol v [olol s, s Fommans® cMC 3120
| ad eMe 3 7c —r 1[1]ololofifofo o™ CMC 3 A
xR ] Ji6__ C5I06 (csipci-8) cuc 36 — el KE [ G20 TioTo[ofo[v ol s Fanen® 40,3 /28,
Li3 CSIDP8 cMC 37¢ ————— rfofofertsdijof” 7 cMc 3 0c
CSID00-59, Lid 48-33 £7 C5I000-59,CSIDCI-8, XE Jezi [ [T[o[T(ofofo[T[of T (0]
64-11 [0 40-47 [ CSiDPI-8 se |ifi]olojojofols
D csu 300 T we Jezz [ 57 [vfofifofv] Jo[ ] o
F ] r20 DTP5-P8 22 Hjojolijotolol
G =
XE J623[ 55 [o[1]o]i oo+ [0 NXIPCA
[~ 1721 oteirs ]
cuc sus LL 21 DTP1I-PA ESER 22 loli [V lololol i 1o]sv2 R
121 D1C5-C8
Drcs s KE [mi7 | 53 [0]if1{o[ofo[o]+
cmc 318 L | {J23  oreiccs ] s2 fo|ifolofifuls ™
|} Fez [LEETI | xe Jwie | 51 [o[ifoli[ofofafvf "
—25 :g-:; 50 Jij1fsfojojojojo
- K€ Jms | 4s Ji|+|ofr]o]ofo}o
Y
L ;:':; 43-_[_300-00057
- KE [nzo| 47 [ofo] o[+ fojo |t .
::—;; 16 fojo] i {i{o]ofo]i |5 0000-59
— - € [nzi | 45 |1|o] 1| 1|o]o]o[o cPL 3 6B
w0 20-24 «ngwpon.:.s"
| { uat 122 we Jwzz | 33 [1]of1{o] rfo[o[of+vs
Cs00PI-8 || uz2 0:14 42 Joji}i]i}ojojolo
(2] 03-03 KE [H23| 41 {o|tfi]oli]cjo]o SY6
0100-04 0 fo]i}i]olo]ifofo
e xe Jnza {35 [v[ofofTofT[ofof
DlgPu oTPI-PE 38 Jilojojr{ijojolo;
. Y ’ cMC 3 8C XE J117] 37 fo1fo]1]1]o[o]o
c 3 305000007 & ° 36 |1 lifol: lofol 1 1572
csu 300 ——€9—d @—+frcv) xe J1is | 35 fo] 1 Jofifof T ofof
CMC 3118 1€ 1€ 34 jolofifiitjofolo
e 310 ke J 11| 33 |ojof 1| 1|0} 1]o]o
- orct svs
cMC 3 8C 32 fojof+{1jofofs]of DED-1 €Dt
_ﬁ] Ji7 | 31 Jojijojolijojrio CMC 38C pLLall Ll_ 803 DOSE-59 DCPIDP IP F'——‘-‘—' CPU 3 0C
ja s ‘ s0{oli]olo]i{i]ofof®” 10 as-55 30cPI00-59,
xe J 5} 29 fofofifoliT{ofof | i 40-47 1341
e 26 Jilififofifolu]s 12 32-39
cue 3 60— cPu 3 04
! xeJuis |27 fofofifofifoliof - i cos _ 2e-m |
wul 26 Jolofolil 1] ilule cio 16-23 OCPIOP o cpu 3 0a
O\ * KE [ k17 p 25 Jojojofijijolijo sva ci 08-15
24 Jojojo] 1] i]olo}s €2 | C12__0e00-07 €00
[ xe Jxis { 23 Jofof+{ofo]+ofs sv6 CMeC 38C v“'o:) r XT ] 009 0056-59  DCPODP 1P F————# CPU 3 OC
22 folo]1]ofo}i]i]o cuc 318 1 DI0 _ 48-55 5CP000-55,
xe Jwsf 21 fojofoljofilifof o ™ 011 40-47 3 oo
20 fjitarlrjoliiofo CMC 318 012 32-39
| ) cPUd oA
OTES. «e Jxzo] 1s fofofofifofifolil e 38 ¥ 4 €09 24-31
. 18 Jofojoloififilo PA €10 16-23 DCPODP | 3 0
[ xe Jx21 |17 Jofofofo[1]1]o]s cMe 31 €l 08-15
SENERATOR (KC) 16 {ifofofofi]i]ojof5*? KT | €12 beco-o7
8| [ Ke PAK BT DISTRIBUTION _{0T- ) | oureut e Jxzz} 15 [1]ofo]1]ofo]o]+ €2 | POS _ 0036-39 DPPIDP 1P
321 [10 13 14 17 15 2324 28 % 44 4647 51 525356 57 58 P1 C|5Y1,5¥10 va lolololi lofoli s k57 oo 555 — 11 sorpico-so,
422[0001G2 18 21222527 3 32 3544 32 34 33 59 60 61 P2 C2|5Y2, $Y20 K Jwzs | 13 [o[ofolol[o[ {1 15rr Pit 40-47 fragid
122 |0304 030809 10 26 29 3033 35 39 40 4 52 60 62 63 P3 C3|SY 3, 5Y30 ol b lihilelilo TEEE T o5 310m
124 [040607 11 12 13 16 17 18 34 37 38 41 43 47 48 52 60 P4 C4SY4, 5Y40 T hitetetehiteie cuc 3nB T ——
123[04 12 14 15 19 20 21 24 25 26 42 43 46 49 51 55 56 60 P3 C5|SY3, SYB0 vo lolofolalols hilils —Tore T
1200004 2 2022 23 27 28 29 32 3 34 30 33 54 57 5 63 P6 C6|SY6, SY60! Eﬁ s TifofololohiTiTs o o615
920101 0307 08 12 20 28 30 31 35 36 37 40 41 42 58 61 62 P7 C7|5Y7, SY70) s lolifololol: | lo}5%2 97 520007
12402050609 1113 16 2028 36 38 39 43 44 43 48 43 50P8 CB|SYT, SY70 " 5 0o5c 5 SFPObP 1P
Sk I MRARRREAR cuesun ([T Lot e
@ SY1-8 + 5I-58 ON KE PAK SYNDROME DECODER orci-ce. w T 2047
OTFI- P8 KE Ji22| 5 fijojojofo]r[of cuc 3ue
—_ $v10-80 * §i- 58 ON KE Pax - @ < « lololi Lili] i lof i ]5ve A { T 32-35
e Ji2s| 3 Jo|1]o]ojof+|o]1 w 203 2a-31
2 2 |i]ofolofofol:]i]®™® cuC 318 —o— { @10 r6-23
siGuaL T GeN ox K WeJiza| 1 fo]1folofoo[i]" 1 o1 08-15
BAME A1 LCTH o |olofi{ofofols |1} KT | 012 0200-07
SRt L24 7jss[ss[safsalsz]si 0000-39, 30PPO00-39,
f ) ) 0000-59, INVP, ) DPPODP,
3 K21 D100-59 0700, Ot INVP QooP 0200-07 DPPOIP
s I & b-GD—> prs 3138
s s ™
H s vt cue 38
7 s SY1,5YI0 cuc 380
A siene c22 R o 5
0100-39, INH mr T For
1
@ BACK PANEL WIHED ARD orCI-C8, Sn-e. cue 3ne —e— SYNDROME e SYERI-8 @
DieLre Y8 10-00 DECODER sver-y || SYERI-® CODE BIT ERRY gcoERD ceere, (. o
@ 2 ® @+ ’ @9 0 —© ~—@—{t——] ne 3 8c
sy R
5Yi0-80 SYIDB0 e o e 318 QCOER?
®© 320 Tere — =
7 510 | Dl isss2200| &
CSU-DATA INPUT FROM CSU 34
. = 0 ]
- ‘ovann cuC 3 6 ' 5-2-13
e
8 | 7 | 6 | 6 4 4 | 3 | 2 1




€047

E-¥1/1G-0H

STORAGE REFERENCE CYCLE ECS

AMP

3.2us >
]

012345678 91011 121314151617 1819 20 21 22 23 24 25 26 27 28 29 30 3| 32
' i 1 [ | ! ! ! [
]

REQUEST | b ! : '
o b | | !
{1 1 1 sTRoBE— | i WRITE —— >
by 1 e ~ <V U r4—(WORDS 4-7)—»

—__ 11 READ f“p%g.\ l4——(WORDS 0-3)—»+  AUGMENT = |
B I
CHANGE
AUGMENT
HALF I
WRITE READ
RETURN RETURN
x / %
READ WRITE
DRIVE ¢ DRIVE
FULLI SENSE HALF I



1€0.L1T

BASIC STACK OPERATION

INTRODUCTION

LIC3 uses a 2-wire, word-oriented memory. The horizontal wire, or word line, is a
drive line; the vertical wire is both a drive line (on a write) and a sense line (on a read).
An I2CS stack stores 131,072 60-bit words., ‘The 60-bit words are grouped into 488-bit

LCS words.  One ECS word holds eight 60-bit words and eight parity bits. Oaqe parity

bit 18 used tor each G0-bit word.

tlach plane holds 16, 384 60 -bit

Therefore, ciach side holds 1,024 £CS

The Ltack bas el planes with core mats on each side.
words and cach side holds 8, 192 60-bit words.,

WHOrah,

An BCS word is on one word line across the side, A side is Lherefore 488 cores wide

and 1,024 lines deep.
The vertical lines carry the sense and drive currents., There are 488 of these sense/

drive lines per stack, and one line goes through the same bit in each ECS word.

Instead, two words
Words

The first core is bit 0 of word 1 and the next core

The 60-bit words are not arranged sequentially in an ECS word.
are alternated with each other (See Sense Line Alternation on diagram below).
1 and 5 occupy the first 122 cores.
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 8 are similarly alternated. The ECS read/write cycle first writes one half
of the ECS word and then the other half.

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

Since the sense/drive lines are alternated,

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.

(Sce Sense Line Path on diagram below).

READ/WRITE OPERATION

The word line is selected partially
The addressing bits enable a path
The direction of the

Only one 488-bit word line is selected at one time,
by a diode matrix and partially by the logic modules.
to ground from a current source called the dummy (ZU module).
current is dependent upon which dummy is turned on and which pair of Drive/Return FT's
The read/write cycle is controlled by

are set. 1t is not dependeat on the address bits.

a timer which turns on the dumumies and sets Read/Write FFs.

On write operations the address enables an exclusive path from the dummy to ground
through the word line, (See Write on diagram below). It does this by selecting one word
line by means of the write return rnodules and the write drive modules. Half current is
then sent through this word line. 1f a ''1" is to be stored, then haif current is sent down
the appropriate sense/drive line. This half current is a combination of a ''1" from the
datwa register (Sense Amplifier register) and an Augment signal, The Augment signal is
used to provide sufficient current for the write. (It also controls the weiting of cne half
of the ECS word or the other.) 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. The
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 1o eight different Y-drive columns.

When one Y-drive column and one X-drive diode pack are 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 single line is selected, current will flow from right to left during the write
portion of the cycle; thatis, 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.

Rev A
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ADDRESS PARITY CHECK 1 AND PARITY CHECK DISABLE

PARITY CHECK DISABLE

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.

BAY, 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.
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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 parity 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 inverted 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.
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ECS DATA PARITY ERROR TRANSMISSION
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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 of 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 waords). 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 parity 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. If 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 G18, 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 0. If an even number of bits are detected, the TL module outputs
a 1 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 H14 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 so;bit words from
ECS are transmitted to the coupler, This enables the coupler to.check its own
parity checking circuits.
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goae
1000
0sas

gsas

ggcoe
1000
gsgos

asas

PARAMETERS

1507 = 0001 1516
15810 =-7777 1517
1512 = 0000 1520
1513 = Q000 1521
1514 = 003k 1522
1515 = 5777 1523
1524
2 HOY Inactive
7600 = 5030
0L = 7777
7602 = 7777
7603 = 7777
PARAMETERS
1507 = 0001 L1517
1510 = 7777 1520
1512 = 0Ooo 1521
1513 = 0000 1522
1514 = 003k 1523
1518 = 8777 1524
181k = 0508

Y H10 Empty

7600 = 5010
7601 = 7777
7602 = 7777
7603 = 7777
7L04 = 5004
7605 = 7777
7606 = 7777
7607 = 7777

HO-102 /TR-41
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XXXX
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XXXX
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P77

5004
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1500
1501
1502

essage
s03a
Table

1500
1501
1502

essage

0sas

oo

PARAMETERS

oog2 1507 = 0001 1517 = 7777
1000 1510 = 7777 1520 = 7777
gs0s . 1512 = 0000 1521 = 7777
1513 = 0000 1532 = XXXX
1514 = 003t 1523 = 0037
1515 = 5777 1524 = 7777

151t = 0505

0505 4. HL4 5001

7000 = 5002

?60L = 1000

?L02 = 0000

7603 = 0050

7604 = 5004

7L05 = 0010

?L0L = 0000

?L07 = 0000

7010 = 5001

711 = 1000

7L12 = 0000

7613 = 0050

PARAMETERS

0oga 1507 = 0001 1517 = 7777
1000 1510 = 7777 1520 = 7777
0505 1512 = 0000 1521 = 7777
1513 = 0000 1522 = XXXX
1514 = 003k 1523 = 0037
1515 = 5777 1514 = 7777

151t = 0505
H20 Data A ?L?? E???7? 2

HO-103 /TR-42

goooaag



History Table

Address 1500
1501
1502

Error Messaée
SOkl gsgs

History Table

L7031

7600 = 5002

7601 = 0000

7602 = 0000

7503 = 0450

7664 = 5004

7605 = 0002

760b = 7777

7607 = 7777

7610 = 5001

7611 = 0000

7612 = 0000

7613 = 0050

7514 = 5004

7615 = 0002

7blk = 7777

7617 = 7777
PARAMETERS

oooz 1507 = 0001

1000 1510 = 7777

0s0s 1512 = 0000

1513 = 0000

1514 = 003k

1515 = 7777

151t = 0505

H1D Data A0032

7600 = 5002

7601 = 0032

7602 = 3450

7603 = 0120

7604 = 5001

7605 = 0012

7606 = 3450

7607 = 0120

1517
1520
1521
1522
1523
1524

EQ01e

HO-104/TR-43

LU N A R T 1}

?70??
7?77
77?77
XXXX
aa3z
Xas

Yl

7000123450



PARAMETERS

Address 1500 = 0002 1507 = 0000 L81? = 7777
3301 = 1000 1510 = 0200 1520 = 7777
1502 = 050S 1512 = 000U 1521 = 7777
1513 = 0000 1522 = XXXX
1514 = 003k 1523 = 0037
1515 = 5777 1534 = 7777
151k = 084S

Error Message

S101 0sas 10 H10 Error See I Display
I Display ‘

C2 Data A7?77 , EOOOC Bl  wO0OCOoOoao

History Table ?L00 = 5002
7801 = 1000
702 = 0000
7603 = 0450
7?04 = S0O04
705 = 0010
7606 = 7777
7607 = 7777
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EQUIPMENT PERFORMANCE STANDARD
NO. DCL35/DT174
DATE 2/28/72
Estimated system hours for completion: 1.5 hours for the DCiBS plus
.5 hours for each additional DT1?74 installed {assuming no problems
are encountered which need corrective action before the EPS can con-
tinuel. ‘
1.0 REFERENCE DOCUMENTS:
1-1 bLOOO/CYBER SMM Manual
L.2 bkk42 C.E. Manual
2.0 TEST EQUIPMENT:
2.1 Model 54k oscilloscope or equivalent

2.2 Precision D.C. voltmeter

2.3 Shock test tool: calibrated to 10 lbs. Insertion tool,
. P/N 122107733 Nylon tip, P/N 12209304

2-4 Delay probe, 33pf, P/N 18483101

3.0 TEST CONDITIONS:

Voltage D.C. Chassis
Condition Voltage
1 07 {+&.0 VDCZ
2 : +? L/2%
3 -? W/2%

4.0 TEST PROCEDURE?
4.1, Preliminary Electrical Inspection:

4.1.1 Measure any bus bar with the precision D.C. volt-
meter: adjust the power supply to +kt + .05 VDC. If
power supply meter is not on 0%: calibrate meter.

4.1.2 Using the oscilloscope with a X1l probe, measure the
ripple voltage on any +b volt bus bar. The maximum
allowable ripple is 100 mv.

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

L7031 HO-106



L7031

Power Supply Test Point Wave Forms

Good Wave Form:

NN NN N

I VOLT/em .| msec/cm

One or More Open Diodes:

/‘
e

2 VOLTS/cm .Imsec/cm
Clock Checking:

Syncing the oscilloscope externally at I0k, TPl of
the DDPs look at I1S5, 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-.

HO-107



Table 2

Test Point Time width
-idzj.TP-l Sync. | @ =———-
I15, TP-2 oo 23-27
Il4, TP-Y4 258 23-27?
I15, TP-Yy 1] 23-27
I15, TP-b ?5 ’ 23-27
Lﬁ:é Performance Tests:

L7031

4.2.)1 Initial Tests:

4.2.L.1

4.2.1.2

4.2.1%-.3

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

Run Section 5 of DDP and put the ECS bay in
Maintenance Mode {turn on “Maintenance
Unlock? key and “Maintenance” switch}. An
ECS abort error should be detected by the
diagnostic.

Repeat for each installed DDP port.

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 I0l in the DDP. The top switch 1is
for port 0 and the bottom switch for

port 3. :

Shock Tests:

4.2.2.1

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.
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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 wires.

Delay Probe Margin Tests:

4.2.3.1 Run two complete passes of diagnostic 9DDP¥
with the 33 p.f. delay probe on each of
the test points in Table 4. Run Sections
-3, 5-7 and 13 {1507 = 01?7, 1510 = 0001,
1501 = 1000} with all ports running simul-
taneously-.

Voltage Margin Tests:

4.2.4.1 Run Sections 1-3, 5-7, and 13 {1507 = 01kL7.
1510 = 0001, 1501 = 1000} of diagnostic
9DDPY for 10 minutes at each of Conditicns
2 and 3 {Table 1}. Run all installed ports
simultaneously.

Clock Tuning:

4.2.5.1 Refer to the DDP maintenance manual and
check the 100 nsec pulse between Flk-19
and Fl12-17?. This must be 100 nsec = 3.

4.2.5.2 Refer to the DDP maintenance manual and
check ECS request timing.
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FIGURE 2

\ DDP Chassis Map

} 16 17 32 33
A
Port 0O . Port 1
{DC1358A% {DTL74AZT
H
, o Clocks Control
I {DCL35A}
ECS Interface
J
" Port 3 Port 2
{DTL7UHAZ {DTL74AZ
Q
! 1617 3233

-
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Table 3

Chassis Test Parameters

Foas Sactions

Port O 1507 = 0001 Run Port 0 only
1510 = 0177 1501 = lDUé

Port 1 1507 = 0001 Run Port 1 only
1510 = 0177 1501 = 1002

Port 2 1507 = 000l 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 = 01k? 1500 = 1002

Table 4

Delay Probe Test Points

I15, TP-Y
I15, TP-&
I15, TP-2
Il4, TP-y
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SECTION 20 SENSE LINE-A
P S YL XL XG B BK W BT RFY TP
000 01 1903 300 4L10-5

SECTION 18
P S YL XL XG B BK W BT RFY TP

0 0206 0 0 2 0 %% ¥*k%x*

ERROR STOP

A ACTUAL DATA
00010001000100010000

ERROR STOP
ACTUAL DATA

00000000000000023020

SHORT PROGRAM THAT CAN

BE USED UNDER CPC

ADDRESS '
10=51000 00100 46000 46000
11=01200 00100 02000 00005
12=51000 00200 46000 46000
13=01100 00100 02000 00006
14=02000 0001C 00000 00000

P=10

X0=ECS ADDRESS
FLECS=1000

L7031 HO-112



( 00000030 0. 00 0000 3000 &K42-4 00010004000100010000 SHOULD BE 00010001000100010001  UUUUUUUUUUUUUUUDUUUL _ SELiiuw cu
TTp0000031 T T 0000000 3100 WwH31-5 00010001000100010000 SHOULD RE 00010001000100010001 ﬁnouoooon 00000p0000T SECTION 20
00000032 0 0D 0000 32 00 4K21-% 00010001000100040000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20

000000337 T U 0000700 37300 4CID-5 0001i0001600100040000  SHOULD BF 00010001000100010001 ~COOOOCO0000000060001 — TSECTIoN 207
00000070 0 0000103000 4K42-4 00010001000100010000 SHOULD BE 00010001000400040001 00000000000000000001 SECTION 20
TTOUO0007IT T U0 O U T 07300 T 4H3T-5 00010001000100010000° SHOULD BE 000i0007000f00d10001 00000000000000000001 SECTION 20
( 00000072 0 0000103200 uKei-4 00010004000100010000 SHOULD BE_00010001080100010001 00000000000000000001  SECTION 20
""""" J737T7T000 6071073 300 &L10-5 00010001000100010000° SHOULD BE 00010001000100910001 00000000000000000001 SECTION 20
130 0 0000203 000 4Khs2-4 ©00010001000400010000 SHOULD BE 00010001000100010001 00000000000000000001 _ SECTION 20
« 131 0 0000 20 31 00 &M31-5 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
532 0 00 00 20 3200 uK2i-4 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
TTOO8 T AU 0 ITY 00 GLIg-% 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
( =170 0 0000 303000 4K42-4 00010001000100010000 SHOULD BE 00010001000400010001 00000000000000000001 SECTION 20
- (7477706000730 3T 00 4M31-5 od0fo001o0d1d0d10000  SHOULD BE 000l000i0001000710001 0000000DO000D00G000L SECTION 20
172 00000303200 &K21-4 00010001000100040000 SHOULD BE 00010001000100010001% 00000000000000000001 SECTION 20

( 00000173 § G0 G0 I 0 300 4Li0-5 00010001000100010000 SHOULD BE 000100010004100010001 00000000000000000001 SECTION 20

00000430 0 00 01 00 3 000 4K42-4 00010001000100010000 SHOULD BE 00010001000400010001 00000000000000000001 SECTION 20
TTOGTO0NITT T 00 0 i 80 3TT00 4W3T-57 00010801000100010000 - SHOULD BE 00010001000i00030001 00000000000000000001 SECTION 20

( 00000432 0 0001003200 &K21~-4 00010001000100010000 SHOULD BE_00010001000100010001 00000000000000000001 _ SECTION 20 _
"TT00000433 T "0 00 61 00 373 00 4L10-5 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20

00000470 0 D D 01 10 3 0 00 4K42-4 00010001000100010000_ SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20__

¢ ~ 00000%71 7 "D 0D 01 10 3100 &M31-5 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20

0000072 0 D001 1032 00 &K2i-4% 00010001000400010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
TTO06008?3 000 0T 1703 300 ALLi0-5 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
( 00000530 .0 00 04 203 0 00 &K&42-4 00010001009100010000 SHOULD BE 00010001000100010001 00000000000000000004 _ SECTION 20
T opuuus3L T o000l 2703 17000 4M3IT-5 00010001000100010000  SHOULD BE 0001000100010001000% 00000000000000000001 SECTION 20
00000532 0 00 04 203 2 00 &K2i-4 00010001000100010000 SHOULD BE 00010001000100010001  00000000000000000001  SECTION 20
( ~nnanng33 "o 700 000172707373 060 4U10-5 00010001000100010000 SHOULD BE D0010001000100010001 00000000000000000001 SECTION 20
$70 t 0 00 D1 3 0 3 0 00 &K42-4 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
Ty T E OO0 031 00 4NM31-% 00010001000100010000 SHOULD OE 00010001000100010001 00000000000000000001 SECTION 20
( .9 572 Z 00001303200 4Ker-y 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001___ SECTION 20
- 573 0707001 3703300 &Ui0-5 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
a4 430 3 000 0100 3000 4K42-4 00010001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 __ SECTION 20
( 31" 270 00 01 00 31 00 &HM31-5 DO0O1000D1000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
1432 ™ 0 0 0 01 0 0 3 2 00 4K2i-4 00040001000100010000 SHOULD BE 00010001000100010001 00000000000000000001 SECTION 20
T LIR30 UL 063 I00 LUi0-5 000i0001000100010608  SHOULD BE 0001G001000100010001 00000000000000000001 SECTION 20
( 00000470 &£ 0 00 01 1 0 3 0 D0 4Ky2-4 00040001000100040000 SHOULD BE 00010001000100010001 00000000000000000001 __  SEGCTION 20__
T 00000471 TOU 00T 170 3T 007 «M3T-5 T 00010001000100010000° SHOULD BE 00010001000100010001 00000000000000000001 " SECTION 26
00000472 2 0 0.0 01 1 0 3 2 00 4K2i-4 D0010001000400D10000,.SHOULD BE 00010004000400010001  .000D0000000Q00000001  SECTION 20

¢ 00000473 0 6 07000 170737300 WC10-5 00010001000100010000  SHOULD BE 000i0001000160010001 00000000000000000001 SECTION 20
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DDP II

CONTROL MODULES
RCVR  B29 B8 B80S
PP B12 B13 TO STOR MODULES
ML B16 B17 HO-120
ACID-;TS FUNCTION FCTN B20 RD CONT B21 i
P CLOCK | .D SEQ 4 THROUGH-
; 10N
-FUNCTION _ oy > .D SEQ 0 (USED
' :E TO DISASSEMBLE)
<i o -R
preee Y P
+CHAN
RCVR 829 W g}g (o) -RD REQUEST
PP ]
L -INACTIVE
ALL EMPTY | -BMPTY | e cont 2;2 ASEQ4
PORTS | 3 THROUGH
-A SEQ 0 .
+RD GO | = o SEE HO-120 FULL
RCVR  A04 - e oM 508
E_C_S_, RD GO [ J L
) +P SEL SCAN 824
B23 PORT 3 D)-ABORT 1 LoGic .g_%g
B25 PORT 2 | +CHAN B07 CAa XMTR {831
B27 PORT1 | ACT (&) |B11
RCVR B30 PORTO 815 ABORT | .
STAT B19 EMPTY FULL
PP INACTIVE [+DEL FULL S EMETY INACTIVE | PP__
—»1 ACTIVE FULL > DATA
FULL [ACTIVE PARITY
ABORT |
ACCEPT
B23 A31
B25 A25 +BITO
g7 ENBL ADRS A3 g7 A3
RCVR 830 % ADRS STOR A13 +BIT2 XMTR  A35
REQUEST
PP BITS REQUEST ADRS WORD ECS
L ADDRESS [——p
ADD.PARITY
A0S
RCVR  AO06
£cs ACCEPT —@SACCEPT
———» ABORT
SEE HO-120 —‘ ABORT
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DDP 11

| B24 PORT 3
DATA MODULE LOCATOR
B26 PORT 2
B28 PORT 1
WR CONT RD CONT XMTR  B31PORTO
XFR SHIFT EMPTY
USED FULL
FOR . A26 INACT [——™FP
ASSEMBLE 23132 BITS 0 - 11
B23 STOR A0S XMTR A32
B2S
A B27 - PORT 1 BITS BITS
RCVR  B30-PORTO 0-11 0-15, [—»=CS
59, PAR, GO
- BITS
PP o o0-11
A27
A21
A15
STOR  A09 XMTR  A33
IT
BITS
ECS
- -14
0 A28
RD GO ﬁfé
STOR  A10 XMTR  A34
RCVR___AGS BITS BITS s
| BITS 24.-35 33.50 [
ECS | 15.29
ACCEPT A29
A23
A17
RCVR  A06 STOR A1l XMTR  A35
BITS BITS BITS
ECS 1 30-44 36 - 47 51.54 [——%ECS
ABORT
A30 PORT 3
A24 PORT 2
RCVR _ A07 A A18 PORT 1
STOR A12PORTO XMTR  A36
s BITS
45 - 59
—_— BITS BITS
coM BO6 48 .- 59 s5.58 [ ECS
CHECK
PARITY
BUFFER REG.
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“ECS II BANK

DATA MODULE IOCATOR

BITS 0-29 BITS 30-60
MM1 MMS
WORD 7 WORD 7
MM9 MM13
WORD 6 WORD 6
MM2 MM6
WORD S WORD 5
MM10 MM14
WORD 4 WORD &4
MM3 My
WORD 3 WORD 3
MM1l MM1S
WORD 2 ~WORD 2
MM4 MM 8
WORD 1 WORD 1
MM12 MM16
WORD O WORD O

BANK
CONTROL
MODULE

EO-121/TR-47

NOTE:
blit 60 considered
parity bit
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L7031

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 gquestions 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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WORKBOOK

DAY: 1

TOPIC: 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-1)

3.  Read complete reference manual (publication #60430000)

L7031 WRK-1



DAY:

TOPIC:

WORKBOOK

2
CYBER 175 ECS coupler, CYBER 172/173/174 coupler

OBJECTIVES: E.O. 2.13, E.O. 2.8

L7031

1‘

2.

8.

Review handouts HO-6 through HO-47 and read backup pages. Note: only
CYBER 175 trained people need to review these handouts.
P counter is used to tell how many bank initiates for each record, what
are the two inputs to P and why?
What is K register used for?
Y = 0 checks is used for?
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 17 3 fcrained people only list paks in 173 coupler
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.
The switeh 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 switeh 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:
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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 ecomplete item 11.
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DAY:

WORKBOOK
3

TOPIC: 6640 A/B Controller
OBJECTIVES: E.0.2.6, E.0.2.23, E.0.2.21, E.0.2.19, E.0.2.22

1.

3.

5'

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 ?

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.

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 ?

What is the Channel Bit Register used for?

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)

On an ECS Write lstruction (01100 00002) and
X0 = 00000 00000 00400 00001

A0 = 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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WORKBOOK

DAY: 5

TOPIC: 6635

OBJECTIVES: E.O. 2.7, E.O. 2.30, E.O. 2.31

READ: 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 tﬁé 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.

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
OBJECTIVES: E.0.0.15, E.0.0.16, E.0.2.40, 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 2a READ? Why?

6. What conditions are necessary to start the transfer of Rank 9 to the PP? Why?
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DAY:

TOPIC:

L7031

WORKBOOK ANSWERS

1

ECS Terminology

a. ECS Record = 8 - 60 bits words located at any ECS address which
has "0s" 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 instruection.

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. Hlegal 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 ceoupler -

i.

on data transfer operation tells coupler bay memory is about to eyele -
on flag operation also reply and on flag functions 4 or 6 says positive
compare.

Controller Abort - Reply from controller cause by parity errors, illegal

address, power off on bay, maintenance mode on bay or negative

compare on flag funetion.
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DAY:

TOPIC:

WORKBOOK ANSWERS

2

CYBER 175 ECS Coupler, CYBER 172/173/174 Coupler

OBJECTIVES:

L7031

2.

4.

5.

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.
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.
Y = 0 check is used for?
Y = 0 check is used to start end time which will start the termination of
a data transfer.
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 pedple only list paks in 175 coupler

CYBER 173 trained people only list paks in 173 coupler
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DAY:

L7031

WORKBOOK ANSWERS

2 (Cont.)
175 Coupler 4E21, 4E29, 4C27
173 Coupler CPU-0 4B19

4D28, 4B26
CPU-1 4D19

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 4C11, 4E08, 4E27
173 Coupler 4D26

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 switeh allows the coupler to work with controller that have parity
enhancement (6640 D/E) and old type controller (6640 A/B). When
switeh is on the logical 0 contact input data errors to CMC are not'
checked.

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.

What is the Error Code Generator in the coupler used for?

To transmit error code to S/C register. Code tells programmer what type

of error at termination of ECS operation.
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DAY: 2 (Cont.)

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.

L7031 WRK-A-4



WORKBOOK ANSWERS

DAY: 3

TOPIC: 6640 A/B 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 F29
1 F31
2 F33 €34
3 F35

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
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 0.
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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
X0 = 00000 00000 00400 00001

A0 = 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
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
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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TOPIC:

L7031

WORKBOOK ANSWERS

6635

What is the scan counter used for? (page 1-21 of 6635 manual)

ANSWER

The secan 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.

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.

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 Bank data register Bank data fan-out
1N35 3Q20 3R25

Sense amplifier régister RFY module
3Q13 3M14
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DAY:

TOPIC:

L7031

WORKBOOK ANSWERS

5

6635

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 2806 transmitted to 3434

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.

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?

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-A-9



WORKBOOK ANSWERS
DAY: 5

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:

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

ANSWER

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 econnector) '

L7031 WRK-A-10



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

0100 = 6505

0101 = 0103

0102 = 7505

0103 = 7705 Function Clear Port
0104 = 5010

0105 = 7705 Function Write
0106 = 5002

0107 = 7405

0110 = 2000

0111 = 0017

0112 = 7205 Output Upper 12 Bits of Address
0113 = 2000

0114 = 3654 Output Lower 12 Bits of Address
0115 = 7205

0116 = 1450

0117 = 7305 Output

0120 = XXXX

0121 = 6605 *See Program Note
0122 = 0121

0123 = 7505

0124 = 7705 Status

0125 = 5004

0126 = 7405

0127 = 7005 Input Status

0130 = 3460 Save Status

0131 = 1201 Check for Abort
0132 = 0403

0133 = 0100

0134 = XXX Exit on Abort

0135 = 3060

0136 = 1210 Check Write Late
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DAY

L7031

WORKBOOK ANSWERS
7 - Page 2

0137 = 0567
0140 = 7705
0142 =5001 Function Read
0143 = 7405

© 0144 = 2000

0145 = 0017
0146 = 7205
0147 = 2000
0150 = 3654
0151 = 7205
0152 = 1450
0153 = 7105
0154 = XXX
0155 = 0403
0156 = 0100
0157 = XXXX Check for Parity Error or Abort
0160 = 6505
0161 = 0165
0162 = 6705
0163 = 0160
0164 = 7505

*Program Note: At this point if you were outputting over forty words you would
want to check for A=0 in case of abort.

DC Power on and temperature warning light both lite would indicate what
condition ?

Answer

Chassis temperature is between 100 and 110 degrees F
What bit positions will the first 12 data bits be loaded into Rank 1?

Answer

59 through 48
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WORKBOOK ANSWERS
7 - Page 3

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.
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.
What conditions are necessary to start the transfer of Rank 9 to the PP? Why?

Answer

Rank 9 full and address = XXXXXXX0. 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 "*DANGER*" or "*WARNING*", 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.

b‘

c‘

e.

f.

Someone familiar with the power-off controls must be in the immediate
area..

Personal jewelry (rings, wristwatches, bracelets, necklaces, ete.) shall be
removed. A small box in the CE tool kit will make a good storage place for
these items.

If using one hand, keep the other one in your pocket.

Avoid wearing loose articles of elothing 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.

Before starting equipment, make sure that no other CE or customer
personnel are in a position where they could get hurt.

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, ete. 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 majdr 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, ete. 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 eoming 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.

5. 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, ete.

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.

N
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