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KEY TO LOGIC SYMBOLS

(Standard 6000 Series Card Types)

Logic diagrams represent a symbolic approach to electronic schematics. By

using symbols to represent building block circuits, the schematic becomes easy .

to read if the reader understiands the function of the symbols. In CONTROL DATA* __i,@ __,E] _)g
logic, two signals, a logical "0'" and a logical ""1"" are the possible input or output

conditions of a circuit. For example, "1'" is considered "up" and "0" is considered

"down' on a timing chart. Detailed descriptions of logic symbols and their Figure 2. Special Inverters
associated electronic representations are contained in the Printed Circuit Manual, Acceptable conventions for showing multiple inputs and outputs are given in
Corvdwood Modules (Pub. No. 60042700). Figure 3. Note that the output of inverter A is "0" only if inputs X, Y. and Z are

all "1'". The multiple outputs are identical.
STANDARD LOGIC SYMBOLS

‘ ‘ X %
Standard logic diagram symbols for Control Data equipment using 6000 Series Y‘B@i
z

card types are inverters, test points, flip-flops, twisted pair line drivers, and
coaxial cable line drivers.
Figure 3. Multiple Inputs/Qutputs

Inverters Acceptable conventions for showing inverter networks are illustrated in Figure 4.
R . . . . . . - ene u circle i rters > i > inverters
An inverter is a logic element which provides an output that is a negation of its As a general rule, circle inverters alternate with squarce inverters wherever
. . . X . ossible. caus iple > identi o is s
input. When more than one input is provided to an inverter, "0's" take precedence possible. Because multiple outputs are identical, only one arrow is shown in
) . case i 3 5 >S as. single i several succeedi
over "1's" and therefore drive the output of the inverter to ''l"'. Because all of the ases where an inverter (A) serves as.the single input to several succeeding
. . . inverters. In more complex inverter networks tiple a S are use
several inputs have to be "1" to drive the output of the inverter to a "0", the I pl M rks, multiple arrows arc usced

inverter may be considered an inverting AND (or NAND) gate when more than one (B to C and D; in this case because B is not the only input to € or D)

input is present. The basic inverter is shown in the logic diagrams as an arrow
into cither a circle or a square (Figure 1). Both symbols represent the same

electronic circuit and have the same logic interpretation. In a logic sequence of
inverters, circle and square symbols are usually alternated as an aid in tracing

signals, ¢.g., a 1" output from a square symbol implies a "'1'"" output from

subsequent squares in the logic chain.

Figure 1. Inverter Symbols A test point has no logic function, but is shown in the logic diagrams as a

Figure 4. Inverter Networks

Test Points

: . triangle (Figure 5). They are numbered from 1 to 6.
Certain card types employ variations of the standard inverter building block. gle (Fig y

These differences are indicated in the logic diagrams by a dot or a cross in the

circle or square (Figure 2). Both the chassis tabs containing the card in ques-

tion and the Printed Circuit Manual, Cordwood Modules (Pub. No. 60042700) contain

clectronic schematics of these special variations. Figure 5. Test Point Symbols

#*Registered trademark of Control Data Corporation Rev, A 1-iv



KEY TO LOGIC SYMBOLS (Cont'q.)

Flip- Flops (FF)

The flip-flop (FF) is a storage device with two stable states--designated as Set
and Clear--and is composed of two inverters (Figure 6). The {lip-flop is said
to be set when the set output (B) is a ''1", and clear when it is a ''0"". Note that

the input (A) must be "0" to set the flip-flop and (C) must be "'0" to clear it.

/2

Iil
c—{ ]

Figure 6. Flip-Flop Symbol

Logic signals are transmitted from one module to another by means of a line
driver. Modules on the same chassis are connected with twisted pair lines, and

those on separate chassis are connected by coaxial cable.

Twisted Pair Drivers

The twisted pair driver is represented by the standard square or circle. The
output of the square or circle, however, is connected to a pin of the module in
question and wired from there to a pin on another module (Figure 7). The ground
wire of the pair is wired to the connector ground bus of each module. The pins
are represented by small circles and are numbered from 1 to 28 (Pins 29 and 30
are ground and +6 volts, respectively, and generally are not shown in logic
diagrams). The module location is shown above the card, and the module type

is denoted in the upper right corner.

Figure 7. Twisted Pair Line Driver

Coaxial Cable Drivers

The coaxial cable driver is a 25 nsec pulse circuit, and is represented as

shown in Figure 8.

The pins used are represented by a small double circle.

Figure 8.

Coaxial Cable Driver’

Rev.
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CENTRAL MEMORY

ADDRESSING

The CP programs arve stored in CM, and all PPs may use CM for supplementary stor-
age or inter-communication control. Thus CM addresses are generated by the CP and
all PPs.

Each processor sends a CM address to a common address clearing house, or stunt box,
from where they are sent on to CM. The stunt box can accept addresses from the
several sources at 100-nsec intervals (imaximum rate) on a priority basis and in turn

issue one address every 100 nsec to CM.

An address goes to all banks of CM for decoding, and the referenced bank returns an
accept signal to the stunt box if the bank is not busy ({ree) with a previous reference.
The stunt box saves each address that it sends to CM in a hopper mechanism, and, if
the address is not accepted, it is recovered from the hopper and re-issued to CM and
again saved. The issue-save cycle repeats until an accept is received to void the hopper
address. Up to three addresses can be saved in the hopper. However, an address is
always accepted within 2000 nsec (worst case because of bank conflict) of the first time

it is issued.
DATA DISTRIBUTION

Data to and from CM is distributed from a data distributor. The word from a read
reference goes from CM to the data distributor and then to the requesting processor.
A word to be stored during a write reference goes from the processor to the data
distributor to CM. "The distributor can transfer a word to or from CM every 100 nsec.
A store word goes Lo all banks of CM, but separate storage control mechanisms for

each bank insure that the word is stored in the proper bank.

The distributor routes data to and from proper origins and destinations as directed by
control information or tags received from the stunt box. The tags are entered in the
stunt box along with each address and serve to identify the address sender, origin or
destination of data, and nature of the address, e.g., read, write, or PP exchange jump.
The stunt box sends the tags to the data distributor (and to destinations in the processors
for read references) when an address is accepted, and the distributor accomplishes the
data transmission. ['or write references, the data source sends the word to the

distributor, where it is held temporarily before it is stored.

STORAGE

The many banks of storage in CM are evenly distributed on 8 chassis in the computer.

There are four banks per chassis.

The circuit organization allows the four banks to operate independently and be phased into
operation at 100-nsec intervals, which corresponds to the maximum rate at which the
stunt box issues addresses. A chassis input register receives the 17-bit address frofn
the stunt box and distributes the 12-bit address to 1 of 4 storage address registers
associated with the four banks. Hence 32 consecutive addresses referencing 32 separate
banks may be accepted at 32 consecutive minor cycle intervals and result in a data word
flowing to or from CM in 32 consecutive minor cycle intervals. The independent controls
for each bank and treatment of the address and data word insure that only one bank is in a
given time segment of its 1000 nsec storage cycle at any one time. At least one minor

cycle separates the storage cycle of all banks.

A word read from any bank is sent to a common temporary storage register and to the
data distributor by a common path. A word to be restored is then sent to a write register
by way of a buffer register. The write register sends the word to 1 or 4 restoration
registers for restoring in the proper bank.

Y
A word from the data distributor during a write réference goes to the temporary storage

register on all chassis and then follows the restore path for writing in memory. Only one
of the many banks is in the proper time spot in its storage cycle to store the word

received, and this bank is the one associated with the write address.

A go signal with each address from the stunt box allows a group of four banks (one chassis)
to recognize and translate the bank bits. The referenced bank, if not busy, sends an
accept to the stunt box and starts 1 of 4 storage sequence control circuits, which in turn

direct the 1000 nsec storage cycle for the seleeted address.

A write signal may also accompany each address from the stunt box. It distinguishes

read and write references and controls the path to the restoration registers. The CM uses
the same 12-bit storage module as used in the PPs, but five are driven in parallel to hold
the 60-bit word.

6613-D Central Memory
Pub, No. 60246600
Rev A Page 1-0
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GO CONTROL (131K)

A go control circuit is associated with each chassis (four banks) of CM. The circuit
has several functions.
1. Recognize an address from the siunt box and determine if it is located in

an associated bank.

2.  Sends an accept to the stunt box if the address is valid and the bank is
free.
3.  Starts the 1000 nsec storage cycle to read or store the word at the selected

address.

No accept is sent to the stunt box if the selected bank is executing a storage cycle
from a previously issued address (bank busy case). The address is ignored in this
case. The time of address issue from the stunt box and the time the accept should
be received back at the stunt box is 200 nsec, and this time is used by the stunt box
to determine if the address has been accepted. An accept at the proper time voids
reissue of the address; otherwise address reissue continues until the accept is

received.

BANK SELECTION

The go signal accompanying each address signals all CM go control circuits to
search the bank selection bits and determine if the 12-bit address is located in one
of its associated banks. A translator circuit in each go control translates the lower
five bits of the address, stores the selection in a I'F (one FF for each bank), sends

the accept, and starts the storage sequence control circuit to start the storage cycle.

The five bits provide 32 unique codes, one for each bank. The upper three bits

select 1 of 8 chassis and the lower two bits 1 of 4 banks on the chassis.

The 17-bit address and bank quantity is stored in an input FF register. Before an
address is received, a clock pulse presets the upper three of the five bank bits to the
complement of the quantity it should recognize. Thus, for a zero chassis selection
(physical chassis 3), the upper three bits are preset to 111XX, the complement of
000XX. A 000XX bank code then is necessary to complete the go FF output gate, which

in turn allows recognition of the lower two bits of the bank selection.

Four unique translations are made from the lower two bits of the bank selection bits
and stored in separate FI’s. A go from the 1 of 8 translator, a bank free condition
from the storage sequence control circuit, and a clock pulse gates the 1 of 4 storage
and turns on the accept signal. The set FF then starts an associated storage sequence

control circuit.

ACCEPT CONTROL

The accept signal indicates a bank is free and has accepted the address in its chassis
input register. The time interval from address issue from the stunt box to receipt of
the accept in the stunt box allows the stunt box to determine if the address has been
accepted. If so, the address in the stunt box hopper is destroyed, and address tags
are sent from the stunt box to the data distributor and other areas to tell the address
sender to send its data word (write reference) or be ready for receipt of the word

read (read reference).

One accept is associated with each chassis for a maximum of eight signals. All are
combined in a common OR circuit which feeds the stunt box. Since an address may
be sent each 100 nsecs, an accept may be sent to the stunt box every 100 nsecs, with

each accept delayed from its associaled address by 200 nsecs.

6613 Central Memory
Pub. No. 60246600
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STORAGE SEQUENCE CONTROL

Storage sequence control responds to a bank go condition from go control and
generates a series of timing signals which direct the basic cycle of the storage
module. In general, the circuit establishes the bank free condition, makes the
address available to the storage module, and then issues read, sense, start and
end inhibit, bank merge, and write drive signals to sequence reading and writing.
The sense signal samples the differential amplifier which receives the data word
read out on the double-ended sense lines from storage. The signals time the basic
pulse sequence of the 1000 nsec storage cycle. The storage module discussion
details the circuits which respond to the address and read and write drive signals,
and thereby make the read word available on the sense lines, or store the word to

be written or restored in memory.

TIMING CHAIN

The timing chain is a series chain of FF's whose outputs drive slave inverters,
which in turn supply the various signals to sequence reading and writing in CM.

A pulse enters the chain and is transferred to successive FFs at 50 nsec intervals.
A bank go signal sets the read FI" to start the sequence. Each FF is set for

400 nsecs; slave inverters from set and cleared FI's in the chain are combined to

establish timed gating signals for the various drive signals.

BANK FREE

The bank free condition is established when all FF's in the chain are cleared, i.e.,
no pulse is travelling down the chain. The read F'F, and intermediate FF, and
write I'I's (last FF in chain), contribute timing signals to-the bank free circuit and
indicate whether a pulse is in the chain. All three F'F's must be cleared to signal
bank free, but their set states overlap to signal bank busy when a pulse is in the

chain.

The bank free signal allows go control to respond to its back translation circuits and

issue a bank go signal which sets the read FF to turn off the bank free signal.

STORAGE CYCLE TIMING

The following are the recommended times or timing durations for Central Memory in
all 6000 series computers:

Strobe (time 75 £ 5 nsec)

This is measured on TP5 of the SE module, (see page 7). This time should be
adjusted by varying the length of wire to pin 16 of the SG module.

Read-On(255 nsec = 5 nsec) before Strobe.

This is measured on pin 1 of the PU module. This time should be adjusted by
varying the length of wire to pin 10 of the PU module and/or pin 2 of the GI
module. '

Read-Off (395 nsec x 5 nsec) after the start of Read

This is measured on pin 1 of the PU module. This time should be adjusted by
varying the length of wire to pin 11 of the PU module.

Write (355 nsec + 5 nsec)

This is measured on pin 24 of the PU module. This time should be adjusted by
varying the length of wire to pin 19 of the PU module and/or pin 5 of the Gl module.

See also page 7. )

6613 Central Memory
Pub. No. 60246600
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DATA FLOW

DATA FLOW

In a read reference, the read word from the specified address flows from the
storage modules to the data distributor and also back to the storage modules for
restoration. The SE modules send the read word to the distributor and start the
restore portion of the cycle. The restore FI's on these modules are cleared just

before receiving the read word.

In a write reference, the read word from the specified address is sent to the data
distributor and entered in the restore KFFs of the SE modules. The restore FFs

are cleared again to destroy the read word and reset with the write word which is

stored in place of the read word during its normal restore cycle. The write control

circuit and timing of stunt box tags direct the sequence.
WRITE CONTROL

Write control clears the restore FFs in the SE modules when wriling in memory

and thereby allows entry of the write word into the restore circuits.

A write signal from the stunt box enters the write control timing chain at the same
time as the memory address is received in the input register of all memory chassis.
The timing chain feeds a pulse to all chassis where they are fanned out and clear the
restore FFs on the respective chassis SE modules. The delay time through the chain
and format just exceeds the read access time and thereby destroys the read word
immediately after it enters the SE restore I°. Effectively, the pulse in the timing
chain runs in parallel with the pulse in the storage sequence control associated with
the selected bank, but the write pulse from the timing chain fanout is emitted just
after the bank merge pulse (which enters the read word in the SE restore FFs) from
storage sequence control. Write pulses may enter the chain at minor cycle intervals

and each is associated with a parallel operating storage sequence control.

The timing within the data distributor is such that a write word is sent to the SE modules

slightly later than the SE modules sent the read word to the data distributor.
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DATA DISTRIBUTOR

The data distributor distributes read and write words to and from CM.
Read words are sent to CP control on chassis 5, CP registers on

chassis 7 and 8, and to the PP on chassis 1.

Write words are accepted from CP control on chassis 5 (exchange jump
or return jump instructions), CP register chassis 7 and 8 (XO‘7 registers),

or from the PP on chassis 1.

Address tags from the CP stunt box define the read or write cases and

the origin or destination of the data.

STORAGE CYCLE TIMING

Inhibit On and Off

The inhibit should turn on at least 20 nsec before the start of the Write,
and stay on at least 15 nsec after the end of the Write. The inhibit time
is measured on pin 5 of the PZ module and is compared to the Write on
pin 24 of the PU module. It should not be necessary to adjust the on time
for the inhibit 30-50 nsec is the usual delay between inhibit-on and write-
on. The off time is adjusted by varying the length of wire to pin 14 of
C21, F21, M21, or P21 (clock working ranks).

The read pulse should be adjusted to obtain 395 nsec * 5 nsec.
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READ DISTRI BUTOR

The read distributor accepts read words from the 8 CM chassis and

routes them to the several destinations.

The distributor is organized on chassis 9, 10, 11 and 12 each of which
handles 15 bits of the 60-bit word. Chassis cable limitations dictate
the organization. The listing below shows the bits handled by each

chassis.

CHASSIS BITS
9 0-14

10 15-29

13 30-44

14 45-59

Chassis 13-16 each send the same 15-bit group to chassis 9-10-11 and
12. A read word from chassis 9 retains bits 0-14 but sends remaining
bits in three groups to chassis 10, 13 and 14. Read words from chassis

10, 13 and 14 are handled similarly. Intra-chassis coaxial cables are

used on chassis 9, 10, 13 and 14 for their 15-bit portions so that timing

is consistent with the chassis receiving the data.

Each read word is sent unconditionally from chassis 9, 10, 13 and 14 to
chassis 5 (CP control) and chassis 7 and 8 (CP registers). A read
peripheral tag from the stunt box is sent to chassis 10 and then on to
chassis 9, 13 and 14. The tag gates the read word to the C5 register

in the read pyramid on PP chassis 1.

The read peripheral tag also enters a time delay chain and is returned
to the PP as a resume signal. The resume sets the CS full I'F in the
PP (after data word is in C5) to signal the presence of the read word.
The same resume also clears the central busy FF to indicate to PP
control that the address has been accepted by the stunt box and CM has
delivered the word. This allows the PPs to proceed and send another

address to the stunt box.
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Bit Module Pin TP | Module Pin TP Bit | Module Pin TP | Module Pin TP | Bit [Module Pin TP| Module Pin TP Bit | Module Pin TP | Module Pin TP
59 9142 | 28 6 14118 5 Qj 39 lioH24 28| 6 14118 17 4 59 | nH42 | 28 6 14118 |10 3 59 12H24 | 28 | 6 14118 n 3
58 8 2 17 5 58 8 2 17 58 8 2 17 58 8 2 17
57 1 1 16 5 57 1 1 16 57 1 1 16 57 1 1 16
56 94l | 28| 6 15 | 5 56 fion2s | 28 |6 15 56 |nH41 | 28 | 6 15 56 12n23 | 28 | 6 15
55 8 2 14 5 55 8 2 14 85 8 2 14 55 8 2 14
54 1 1 12 | 5 54 1|1 12 54 1 1 12 54 1 1 12
53 9H40 | 28 | & 11 | 5 53 |woH22 | 28] 6 1 53[uH40 | 28 | 6 1 53 1eH22 | 28 | 6 1"
52 8 2 105 52 8 |2 10 52 8 2 10 52 2 10
51 1 1 09| 5 51 1|1 09 51 1 1 09 51 1 1 09
50 | 9H39 | 28| 6 08 | 5 50 [ionz1 | 28| 6 08 50f11H39 | 28| 6 08 50 12H21 | 28 | 6 08
49 8 2 05 5 49 8 2 05 49 8 2 05 49 8 2 05
48 1 1 04 5 48 1 1 04 48 1 1 04 48 1 1 04
47 9 H3T | 28 6 03 5 47 |1OH19 28| 6 03 47|11 H37 | 28 6 03 47 12H19| 28 | 6 03
46 8 2 02 5 46 8 2 02 46 8 2 02 46 8 2 02
45 1 1 01 5 45 1 1 o1y 45 1 1 01 45 1 1 01
44 9H36 | 28 6 13142 5 44 |i0H18 28( 6 13142 | ¥ 44| 1 H36 | 28 6 13142 44 12H18 | 28 | 6 13142
43 8 2 41 5 43 8 2 41 43 8 2 41 43 8 2 41
42 1 1 40 5 42 1 1 40 42 1 1 40 42 1 1 40
41 9 H35 | 28 6 39 5 41 HIOH17 28| 6 39 41} 1IH35 | 28 6 39 41 12H17 | 28 | 6 39
40 8 2 38 5 40 8 2 38 40 8 2 38 40 8 2 38
39 1 1 36 5 39 11 36 39 1 1 36 39 1 1 36
38 91134 | 28 6 35 5 38 hhoHls 28| 6 35 38|11 H34 | 28 6 35 38 12H16 | 28 | 6 35
37 8 2 34 5 37 8 2 34 317 8 2 34 37 8 2 34
36 1 1 3] 5 36 11 13 36 1 1 33 36 1 | 33
35 ous2 | 28| 6 32| 5 35 |1o0k14 | 28] 6 32 35[11H32 | 28] 6 32 35 12a14 | 28 | 6 32
31 8 2 29) 5 34 8] 2 29 34 8 2 29 34 s |2 29
33 1 1 28 5 33 1 1 28 33 1 1 28 33 1 1 28
32 913l | 28 | © 27| 5 32 honis | 28 6 27 32| uu31 | 28| 6 27 32 12113 | 28 | 6 27
31 8 2 26) 5 31 8| 2 26 31 8] 2 26 31 8 |2 26 | |
30 1 1 25 5 30 1] 1 25 30 [1 1 25(10f 8 30 1 1 25 | 1|3
29 9130 | 29 | 6] toms] 17 29 liom2 | 28 6 | 10118 29| 11H30 ' 28| 6 | 0118[19] 4 29 T2H12| 28 | 6 o118 | 5 | &
28 8 2 17 28 8| 2 17 28 8 2 17 28 8 |2 17
27 1 1 16 217 1 1 16 27 1 1 16 27 1 1 16
26 9 H29 | 28 6 15 26 011 28 6 15 261 J1H29 | 28 6 15 26 12H11) 28 | 6 15
25 8 2 14 25 8 2 14 25 8 2 14 25 8 2 14
24 1 1 12 24 1 1 12 24 1 1 12 24 1 1 12
23 9 H27 | 28 6 11 23 |10 HO9 28| 6 11 23| nH27 | 28 6 11 23 12H09 | 28 | 6 11
22 2 10 22 8 2 10 22 8 2 10 22 8 2 10
21 1 1 09 21 1 1 09 21 1 1 09 21 1 1 09
20 9H26 |28 | 6 08 20 lioHo8 | 28| 6 08 20| um26 | 28/ 6 08 20 12H08 | 28 | 6 08
19 8 2 05 19 8|2 05 19 8 2 05 19 2 05
i8 1 1 04 18 1 1 04 18 1 1 04 18 1 1 04
17 9 H25 | 28 & 03 17 |10HO7 28] 6 03 171 1UH25 | 28 6 03 17 12HO7 | 28 | 6 03
16 8 2 02 o 16 8 2 02 16 8 2 02 16 8 2 02
15 1 1 01{ 17 15 1 1 01 |7 15 1 1 o1 15 1 1 01
14 9124 | 28 6 9142 7 14 {10106 28] 6 9142 17 14) HHH24 | 28 6 9142 14 12HO6 | 28 | 6 9I42
13 2 41 13 8 2 41 13 8 2 41 13 8 2 41
12 1 1 40 12 1 1 40 12 1 1 40 12 1 40
11 9H22 | 28 6 39 11 [10HO04 281 6 39 11} WwH22 | 28 6 39 11 12HO4 | 28 | 6 39
10 2 38 10 8 2 38 10 8 2 38 10 8 2 38
9 1 1 36 9 1|1 36 9 1 1 36 9 1] 36
8 9H21 |28 | 6 35 8 10H03 2816 35 8 | WH21 | 28] 6 35 8 12603 | 28 | 6 35
7 2 34 1 8 |2 34 7 8 2 34 7 : 8 |2 34 Data Trunks
6 1 1 33 6 1|t 33 6 1 1 33 6 1 1 33 6613-D Central Memory
5 91120 | 28 6 32 5 10102 2816 32 5 1H20 | 28 6 32 5 12HO2 | 28 | 6 32 Read/Distribute/Restore (CH 9,10,11,12)
4 2 29 4 8 |2 29 4 8 2 29 4 8 2 29 to Read Distribute (CH 9,10,13,14)
3 1 1 28 3 1 1 28 3 1 1 28 3 1 1 28 Sheet 1
2 9HI19 | 28 6 21 2 10HO1 2816 27 2 1WH19 | 28 8 217 2 12H01| 28 | 6 21
1 8 3 26 1 8 2 26 1 8 2 26 1 8 2 26
0 1 1 25 T4 o 1 1 25 [i7) 4 0 1 1 25 |19 4 1] 1 1 25 | 8 4 REV. A |-12
\ v AN — v v J o\ V——J | WO—
Read/Dist. _ Read Read/Dist. Read Read/Dist. = Read Read/Dist, Read

Reatore Distributor Restore Distributor Restore Distributor Restore " Distrtbutor



Bit |Module| Pin| TP| Module| Pin| TP | Bit [ Module| Pin| TP| Module| Pin| TP | Bit | Module| Pin [TP| Module] pin [TP Bit | Module| Pin| TP | Module | Pin} TP

59 13H42 | 28| 6 | 14118 17] 4 |59 | 14H24 | 28 6 | 14118 9| 3 |59 J15H42 | 28| 6 | 14118 |15 [ 3 59 16H24 | 28] 6 14118 19 | 4

58 8 |2 17 58 8 |2 17 9 58 8 |2 17 58 8 |2 17

57 1 16 57 1|1 16 9 57 1 16 57 1| 16

56 13H41| 28| 6 15 56 | 14H23 | 28| 6 15 9 56 15H41 281 6 15 56 16H23 | 28| 6 15

55 8|2 14 55 8 |2 14 9 55 8 |2 14 55 2 14

54 1| 12 54 1| 12 9 54 1|1 12 54 1| 12

53 | 13H40 | 28] 6 1 53 | 14H22 | 28| 6 11 9 53 | 15H40 | 28] 6 11 53 |16H22 | 28| 6 11

52 812 10 52 8 |2 10 9 52 8 |2 10 52 8 |2 10

51 1 1 09 51 1 1 09 9 51 1 1 09 51 1 1 09

50 | 13H38| 28| 6 08 50 | 14H21 | 28| 6 08 9 50 | 15H39 | 28] 6 08 ; 50 | 16H21 | 28| 6 08

48 8|2 05 49 8 |2 05 9 49 8 |2 05 [ 49 8 |2 05

4t 1| 04 48 1|1 04 9 18 1| 04 48 1| 04

47 13437 | 28} 6 03 47 | 14H19 | 28| 6 03 9 47 | 15H3T | 28| 6 03 47 16H19 | 28| 6 03

46 8|2 02 46 8 |2 02 9 46 8 |2 02 46 8 |2 02

45 1 01 45 1|1 01 9 45 1| 01 45 1 {1 01 ]

44 13436 | 28| 6 | 13142 44 | 14H18 | 28] 6 | I3H42 9 44 | 15H36 | 28| 6 }i13142 44 16H18 | 28 | 6 13142

43 8|2 41 43 8 |2 11 9 43 8 |2 41 43 8|2 41

42 [R 40 42 [ 40 9 42 ' 10 42 1|1 40

41 | 13035 | 28] 6 38 41| 14m17 | 28| 6 39 9 41 | 15H35 | 286 39 41 |16H17 | 28] 6 39

40 8|2 38 m 8 |2 38 9 40 8 |2 38 40 8 |2 38

39 1 {1 36 39 1 {1 36 9 39 1 |1 36 39 111 36

38 | 14H34 | 28] 6 35 38 | 14H16 | 28| 6 35 9 3g | 15H34 | 286 35 38 | 16H16 | 28| 6 35

31 8 |2 34 37 8 |2 34 | 9 37 s |2 a4 37 8 |2 34 ’

36 1 1 33 36 1 1 33 9 36 1 1 33 36 1 1 33 .

35 | 13H32| 28] 6 32 35 | 14H14 | 28| 6 32 9 35 | 15H32 | 286 32 35 |16H14 | 28| 6 32

34 ] 29 34 8 |2 29 9 34 8 |2 29 34 8 |2 29

33 1 {1 28 33 [ 28 9 33 R E 28 33 1] 28

32 13H31 | 28] 6 21 32 14H13 | 28] 6 21 9 32 15H31 | 28| 6 27 32 16H13 | 28| 6 217

31 8 |2 26 ) 31 8 |2 26 9 31 8 |2 26 31 8 |2 26 v

30 1|1 25 | 17/4 | 30 1 {1 25 9 30 1|1 25 30 1] 25 [19] 4

29 | 13H30| 28| 6] ion8 113 | 29| 14H12 | 28] 6 10118 9 29 | 15H30 | 28 |6 |ions8 29 |16H12| 28| 6 118 |10 | 3

28 8 2 17 11 28 2 }7 9 28 8 2 17 28 8 2 17

217 1| 16 | 11 217 1)1 16 9 27 1|1 16 27 ot 16

26 | 13H29| 28] 6 15 | 11 26| 14H11 | 28/ 6 15 9 26 | 15H29 | 286 15 26 |16H11| 28 (6 15

25 8|2 14| 1 25 8 |2 14 9 25 8 |2 14 25 8 |2 14

24 1 1 12 11 24 1 1 12 9 24 1 1 12 24 1 1 12

23 | 13H27| 28] 6 1| 1 23| 14HO9 | 28 6 11 9 23 | 15H27| 286 11 23 |16HO9 | 28 |6 1

22 8|2 i0 | 1 22 2 10 9 22 8 |2 10 22 8 {2 10

21 111 09 | 1 21 1|1 09 9 21 1| 09 21 11 09

20 | 13H26| 28| 6 08 | 11 20{ t4HO8 | 28| 6 08 9 20 | 15H26 | 28 |6 08 20 |16HO8 | 286 08

19 8 {2 05 | 11 19 8 |2 05 9 19 8 |2 05 18 812 05

18 1 1 04 | 11 18 1 1 04 9 18 1 |1 04 18 1|1 04 .

17 | 13H25 ] 28] 6 03 | 11 17{ 14HO7 | 28| & 03 9 17 | 15H25 | 28 |6 03 17 | 16HO7 | 28 | 6 03

16 8 |2 02 | n 16 8 |2 02 | 9 16 2 02 16 8 12 02

15 1 01 | 11 15 1] 01 9 15 1| 01 15 1t 01

14 13H24 | 28 8] 9l42 11 14| 14HO8 | 28| 6] 9I42 9 14 | 15H24( 28 (6 |9m2 14 |16HO6| 2816 9l42

13 8|2 an 13 8 |2 41 9 13 8 |2 41 13 8 |2 41

12 1)1 40 | 11 12 1|1 40 9 12 1 11 40 12 1|1 40 .

11 | 13H22 | 28| 6 39 | 11 11] 14HO4 | 28] 6 39 9 11 | 15H22| 286 39 11 [16HO4| 28| 6 39

10 2 38 | 11 10 8 |2 38 9 10 8 |2 18 10 8|2 38

9 11 36 | 11 9 1|1 36 9 9 1 {1 36 9 131 36

8 13H21] 28] 6 35 | 11 8 14H03 | 28| 6 35 9 8 15H21| 286 35 8 16HO3 | 28 | 6 35

1 8 ]2 341 1 7 8 |2 34 9 1 8 |2 34 7 8 12 34

6 1 1 B n 8 1 1 33 9 6 . 1 1 33 6 1 1 33 Data Trunks

5 13H20 | 28| 6 32| 1 5 14HO2 | 28 | 6 32 9 5 15H20| 281} 6 32 5 16HO2| 28 | 6 32 6€613-D Central Memory

4 8|2 20 | 11 4 8 |2 29 9 4 8 |2 29 4 8 |2 29 Read/Distribute/Restore (CH 13, 14, 15, 16)

3 1 1 28 11 3 1 1 28 9 3 1 1 28 3 1 1 28 to Read Distributor (CH 9,10,i3,14)

2 13H19 | 28] 6 27 | 1 2 14HOL | 28 | 6 27 9 2 15H19 | 28 |6 217 2 16HOL| 28 |6 27 Sheet 2 '

1 8|2 26 | 11 1 8 |2 26 9 1 8 |2 26 | 1 8 |2 26

0 1l 25 | 11]3] o 1| 25 9l 30 11 25 . 15 |3 0 I 25 |10} 3 REV. ﬂ (-3
Rl;:‘:t/o[:": t/'—"" Dh:‘:ﬂg:mr Rne::‘{)e?t/ — Dtstﬁgztor RRe::t,;[;iestl__’ Dis}t(reﬁgnur R;:;IOELBL Dis?:iﬁnor '-‘

\ A I\ A / v A —J\ A / \ A —d A / R




WRITE DISTRIBUTOR

The write distributor accepts words from the several sources and The word is then split and transmitted to chassis 13-16. The chassis 4
stores them in 1 of 8 memory chassis. The distributor is on chassis 4. data registers and the tag FFs are cleared simultaneously.
The 60-bit word on chassis 4 is split into four 15-bit groups which are

sent to chassis 13-16 respectively. Iach of these chassis in turn sends One minor cycle after the register clear, a central write resume is

(or stores) its 15-bit group to the other 7 chassis unconditionally. sent to the PP to clear the central busy F'F and allow the PPs to send
another address to the stunt box. ‘
A 3-to-1 fan-in on chassis 4 selects the proper word under control of

the store tag from the stunt box which is established ahead of the data.
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9 |WEj4BI9 16102-03 161071t 16HOI -24

-
1] r aA23 |
—m | . frs] o . L - |245-59 lﬂl .,[245-59 L.n_al - m
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Bit | Module | Pin| TP | Module| Pin [ TP | Bit { Module| Pin [ TP } Module| Pin| TP | Bit [ Module| Pin | TP | Module |Pin TP Bit | Module {Pin | TP [Module] Pin| TP | Bit | Module] Pin [ TP {Module | Pin | TP
59 | 4a17 |24 6 | 16105 | 7 |3 |59 | aone |18 | 4 |ouaz | 24| 6 |59 | 16n6] 20| 4| 1ouzal2e| 6| 59 | 1616 {22 |5 fuamdz| 24} 6§59 | 10116 | 24 |5 [ a2ied ] 24 6 |
: 2] 5 RERED g |2 1w | 2 |ss 7] 2 19 2} 38 13| 3 192 | s 1|3 1| 2
26 | 4 4|1 | 57 301 2] 1 a1 511 211 57 26 | 6 201 ] 57 28 16 211
6 vl s | aetoz | 27 |6 |56 [ aetis | as {4 | o | 2a| 6 |56 | 1ens| 20| 4| tonzs| 21 6 16us |22 |5 [ninan|za| 6 |96 | venis |24 [ 5 | 1zmes| e |6
55 5] 2 25 s |85 y |2 192 |55 7| 2 ) 2] 55 133 19| 2 |55 i3 w2
54 701 22 |4 | o4 311 201 |54 50 1 20 1] 54 26 | 6 201 |54 28 | 6 2|
53 | 416 |24 | 5 03 |53 fa6na |18 | 4 {940 | 24| 6 {53 | 16u4] zo| 4| ronzz|za| 6| 53 | aema |22 |5 im0 24| 6 | 53 | 16114 | 24 | 5 | 1znz2z| 24 |6
2 51 5 6 |2 |52 9|2 19| 2 | a2 70 2 1w 2| s2 13 | 3 w2 | s2 1|3 1w |2
51 28| 4 11 |s1 301 201 |51 501 20 1] 81 26| 6 201 |51 28 | 6 i
50 13 |16t | 27 {6 {50 | aens |18 |4 [ousy | 24| 6 |50 | 16m3| 20| 4] 1omzi| 24| 6] 50 | ems [zz | 5 |1iuse| 24| 6 |50 | 1603 | 24 | 5 | 1202124 | 6
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CENTRAL MEMORY

ADDRESSING

The CP programs are stored in CM, and all PPs may use CM for supplementary
storage or inter-communication control. Thus CM addresses are generated by the CP
and all PPs.

Each processor sends a CM address to a common address clearing house, or stunt box,
from where they are sent on to CM. The stunt box can accept addresses from the
several sources at 100-nsec intervals (maximum rate) on a priority basis and in turn
issue one address every 100 nsec to CM.

An address goes to all banks of CM for decoding, and the referenced bank returns an
accept signal to the stunt box if the bank is not busy (free) with a previous reference.
The stunt box saves each address that it sends to CM in a hopper mechanism, and, if
the address is not accepted, it is recovered from the hopper and re-issued to CM and
again saved. The issue-save cycle repeats until an accept is received to void the hopper
address. Up to three addresses can be saved in the hopper. However, an address is
always accepted within 2000 nsec (worst case because of bank conflict) of the first time

it is issued.

DA'TA DISTRIBUTION

Data to and from CM is distributed from a data distributor. The word from a read refer-
ence goes from CM to the data distributor and then to the requesting processor. A word
to be stored during a write reference goes from the processor to the data distributor to
CM. The distributor can transfer a word to or from CM every 100 nsec. A store word
goes to all banks of CM, but separate storage control mechanisms for each bank ensure

that the word is stored in the proper bank.

The distributor routes dala to and from proper origins and destinations as directed by
control information or tags received from the stunt box. The tags are entered in the
stunt box along with each address and serve to identify the address sender, origin or
destination of data, and nalure of the address, e.g., read, write, or PP exchange jump.
The stunt box sends the tags to the data distributor (and to destinations in the processors

for read references) when an address is accepted, and the distributor accomplishes the

data transmission. lfor write references, the data source sends the word to the distributor,

where it is held temporarily before it is stored.

STORAGE

The many banks of storage in CM are evenly distributed on 4 chassis in the computer.
There are four banks per chassis. '

The circuit organization allows the four banks to operate independently and be phased into
operation at 100-nsec intervals, which corresponds to the maximum rate at which the
stunt box issues addresses. A chassis input register receives the 17-bit address from
the stunt box and distributes the 12-bit address to 1 of 4 storage address registers
associated with the four banks. Hence 16 consecutive addresses referencing 16 separate
banks may be accepted at 16 consecutive minor cycle intervals and result in a data word
flowing to or from CM in 16 consecutive minor cycle intervals. The independent controls
for each bank and treatment of the address and data word ensure that only one bank is in a
given time segment of its 1000 nsec storage cycle at any one time. At least one minor
cycle separates the storage cycle of all banks.

A word read from any bank is sent to a common temporary storage register and to the
data distributor by a common path. A word to be restored is then sent to a write register
by way of a buffer register. The write register sends the word to 1 or 4 restoration

registers for restoring in the proper bank.

A word from the data distributor during a write reference goes to the temporary storage
register on all chassis and then follows the restore path for writing in memory. Only one
of the’many banks is in the proper time spot in its storage cycle to store the word received,

and this bank is the one associated with the write address.

A go signal with each address from the stunt box allows a group of four banks (one chassis)
to recognize and translate the bank bits. The referenced bank, if not busy, sends an
accept to the stunt box and starts 1 of 4 storage sequence control circuits, which in turn

direct the 1000 nsec storage cycle for the selected address.

A write signal may also accompany each address from the stunt box. [t distinguishes

read and write references and controls the path to the restoration registers. The CM uses
the same 12-bit storage module as used in the PPs, but five are driven in parallel to hold
the 60-bit word.
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GO CONTROL (65K)

A go control circuit is associated with each chassis (four banks) of CM. The circuit
has several functions.
1. Recognize an address from the stunt box and determine if it is located in an

associated bank.

o

Sends an accept to the stunt box if the address is valid and the bank if free.

3. Starts the 1000 nsec storage cycle to read or store the word at the selected

address.

No accept is sent to the stunt box if the selected bank is executing a storage cycle from
a previously issued address (bank busy case). The address is ignored in this case.
The time of address issue from the stunt box and the time the accept should be received
back at the stunt box is 200 nsec, and this time is used by the stunt box to determine if
the address has been accepted. An accept at the proper time voids reissue of the

address; otherwise address reissue continues until the accept is received.

BANK SELECTION

The go signal accompanying each address signals all CM go control circuits to search
the bank selection bits and determine if the 12-bit address is located in one of its
associated banks. A translator circuit in each go control translates the lower five bits
of the address, stores the selection in a FF (one FF for each bank), sends the accept,

and starts the storage sequence control circuit to start the storage cycle.

The five bits provide 16 unique codes, one for each bank. The upper three bits select 1

of 4 chassis and the lower two bits 1 of 4 banks on the chassis.

The 17-bit address and bank quantity is stored in an input FF register. Before an
address is received, a clock pulse presets the upper three of the five bank bits to the
complement of the quantity it should recognize. Thus, for a zero chassis selection
(physical chassis 3), the upper three bits are preset to 111XX, the complement of 000XX.
A 000XX bank code then is necessary to complete the go FF output gate, which in turn

allows recognition of the lower two bits of the bank selection.

Four unique translations are made from the lower .two bits of the bank selection bits and
stored in separate I'F's. A go from the 1 of 8 translator, a bank free condition from the
storage sequence control circuit, and a clock pulse gates the 1 of 4 storage and turns on

the accept signal. The set FI then starts an associated storage sequence control circuit.

ACCEPT CONTROL

The accept signal indicates a bank is free and has accepted the address in its chassis
input register. The time interval from address issue from the stunt box to receipt of
the accept in the stunt box allows the stunt box to determine if the address has been
accepted. If so, the address in the stunt box hopper is destroyed, and address tags are
sent from the stunt box to the data distributor and other areas to tell the address sender
to send its data word (write reference) or be ready for receipt of the word read (read

reference).

One accept is associated with each chassis for a maximum of eight signals. All are
combined in a common OR circuit which feeds the stunt box. Since an address may be
sent each 100 nsecs, an accept may be sent to the stunt box every 100 nsecs, with each

accept delayed from its associated address by 200 nsecs.
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STORAGE SEQUENCE CONTROL

Storage sequence control responds to a bank go condition from go control and generates

a series of timing signals which direct the basic cycle of the storage module. In general,
the circuit establishes the bank tree condition, makes the address available to the stor-
age module, and then issues read, sense, start and end inhibit, bank merge, and write
drive signals to sequence reading and writing. The sense signal samples the differen-
tial amplifier which receives the data word read out on the double-ended sense lines

from storage. The signals time the basic pulse sequence of the 1000 nsec storage cycle.
The storage module discussion details the circuits which respond to the address and

read and write drive signals, and thereby make the read word available on the sense

lines, or store the word to be written or restored in memory.

TIMING CHAIN

The timing chain is a series chain of FI's whose outputs drive slave inverters, which
in turn supply the various signals to sequence reading and writing in CM. A pulse
enters the chain and is transferred to successive I’Fs at 50 nsec intervals. A bank go
signal sets the read I°1" to start the sequence. FEach FF is set for 400 nsecs; slave
inverters from set and cleared FPI's in the chain are combined to establish timed gating

signals for the various drive signals.

BANK FRIE

The bank free condition is established when all FFs in the chain are cleared, i.e., no
pulse is travelling down the chain. The read FF, an intermediate ['F’, and write FFs
(last 1K in chain), contribute timing signals to the bank free circuit and indicate
whether a pulse is in the chain., All three FFs must be cleared to signal bank free,

but their set states overlap to signal bank busy when a pulse is in the chain.

The bank free signal allows go control to respond to its back translation circuits and

issue a bank go signal which sets the read FF to turn off the bank free signal.

STORAGE CYCLE TIMING
The following are the recommended times or timing durations for Central Memory in
all 6000 series computers:
Strobe (time 75 + 5 nsec)
This is measured on TP5 of the SE module, (see page 7). This time should be
adjusted by varying the length of wire to pin 16 of the SG module.
Read-On (255 nsec % 5 nsec) before Strobe.
This is measured on pin 1 of the PU module. This time should be adjusted by vary-
ing the length of wire to pin 10 of the PU module and/or pin 2 of the GI module.
Read-Off (395 nsec * 5 nsec) after the start of Read.
This is measured on pin 1 of the PU module, This time should be adjusted by vary-
ing the length of wire to pin 11 of the PU module.
Write (355 nsec + 5 nsec)

This is measured on pin 24 of the PU module. This time should be adjusted by vary-
ing the length of wire to pin 19 of the PU module and/or pin 5 of the GI module.
(See also page 7).
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DATA FLOW

In a read reference, the read word from the specified address flows
from the storage modules to the data distributor and also back to the
storage modules for restoration. The SE modules send the read word

to the distributor and start the restore portion of the cycle. The restore

I’F's on these modules are cleared just before receiving the read word.

In a write reference, the read word from the specified address is sent
to the data distributor and entered in the restore FFs of the SE modules.
The restore I'Fs are cleared again to destroy the read word and reset
with the write word which is stored in place of the read word during its
normal restore cycle. “The write control circuit and timing of stunt box

tags direct the sequence.

WRITE CONTROL

Write control clears the restore FFs in the SE modules when writing in

memory and thereby allows entry of the write word into the restore

A write signal from the stunt box enters the write control timing chain
the same time as the memory address is received in the input register

of all memory chassis. The timing chain feeds a pulse to all chassis
where they are fanned out and clear the restore I'F's on the respective
chassis SE modules. The delay time through the chain and format just
exceeds the read access time and thereby destroys the read word imme-
diately after it enters the SE restore FF. Effectively, the pulse in the
timing chain runs in parallel with the pulse in the storage sequence con-
trol associated with the selected bank, but the write pulse from the timing
chain fanout is emitted just after the bank merge pulse (which enters the
read word in the SE restore FFs) from storage sequence control. Write
pulses may enter the chain at minor cycle intervals and each is associated

with a parallel operating storage sequence control.

The timing within the data distributor is such that a write word is sent
to the SE modules slightly later than the SE modules send the read word

to the data distributor.
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DATA DISTRIBUTOR

The data distributor distributes read and write words to and from CM.
Read words are sent to CP control on chassis 5, CP registers on

chassis 7 and 8, and to the PP on chassis 1.

Write words are accepted from CP control on chassis 5 (exchange or
return jump instructions), CP register chassis 7 and 8 (XOV'7 registers),

or from the PP on chassis 1.

Address tags from the CP stunt box define the read or write cases and

the origin or destination of the data.

STORAGE CYCLE TIMING

Inhibit On and Off

The inhibit should turn on at least 20 nsec before the start of the Write,
and stay on at least 15 nsec after the end of the Write. The inhibit time
is measured on pin 5 of the PZ module and is compared to the Write on
pin 24 of the PU module. It should not be necessary to adjust the on time
for the inhibit 30-50 nsec is the usual delay between inhibit-on and write-
on, The off time is adjusted by varying the length of wire to pin 14 of
C21, F21, M21, or P21 (clock working ranks).

The read pulse should be adjusted to obtain 395 nsec = 5 nsec.
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READ DISTRIBUTOR

The read distributor accepts read words from the 4 CM chassis and

routes them to the several destinations.

The distributor is organized on chassis 9 and 10 each of which handles
30 bits of the 60-bit word. Chassis cable limitations dictate the organ-

ization. The listing below shows the bits handled by each chassis.

CIIASSES BITS
9 0-14, 30-44

10 15-29, 45-59

Chassis 11-12 each send the same 30-bit group to chassis 9 and 10.

A read word from chassis 9 retains bits 0-29 but sends remaining bits
to chassis 10. Read words from chassis 10 are handled similarly.
Intra-chassis coaxial cables are used on chassis 9 and 10 or their
30-bit portions so that timing is consistent with the chassis receiving

the data.

Each read word is sent unconditionally from chassis 9 and 10 to chassis 5
(CP control) and chassis 7 and 8 (CP registers). A read peripheral tag
from the stunt box is sent to chassis 4 and then on to chassis 8. The tag

gates the read word to the C5 register in the read pyramid on PP chassis 1.

The read peripheral tag also enters a time delay chain and is returned
to the PP as a resume signal. The resume sets the C5 full FF in the PP
(after data word is in C5) to signal the presence of the read word. The
same resume also clears the central busy FF to indicate to PP control
that the address has been accepted by the stunt box and CM has delivered
the word. This allows the PPs to proceed and send another address to

the stunt box.

6614 Central Memory

Pub. No.
Rev C

60246600
Page 2-10



CHI2 12H01-04, 06 - 09, 11-14,16-19, 21 - 24

CH I 1 1119 -22,24-27,29-32,34-37 39-42
CHY | 9119 -22,24-27,29-32,34 37 39 42

10 HOZ -04, 06 09, 11-14,16-19, 21 -24 6of

- SE STORAGE -
23-59 SFOUENCE START/END INHIBIT . cordoL

CONTROL

- | SENSE |

—— - BANK
SE STORAGE
- O- — ~ — () MODULES
_

_
Kt AD RESTORE
- WORD REGISTERS

|
ADDRESS

| I
ESET 259 . 8A01- 08 ,8B0I -04

7A38- 42 7B37-42 7C37-42
- e e
, 22 - 535 RA|

L7 20 7a37|RA

s
RESTORE
-

TO XBA
OPERATING

REGISTERS
_ |15
I 215729 235759 5001 05,08 -12,14-18
! 9126- 28,32 - 36,38 - 42 |

.
| [T [sx X 5441-42,5B841- 42 ,5C41-42,5D41 ,5E41- 42

9125(2\_‘ | [23-250 Jisi

| 26-2%9 1634-42 |QV
IGBB‘OV

227,28;29;0 ol 22 504211

TO READ
PYRAMID

ECS WRITE
1129
1 i5 OUTPUTS [Pg
MODULES
|
CENT.
1 8USY
) ) |
| ..y @
1125
&
STUNT READ 124
BOX PERIPH i
e I e S T S e I A (N i B e q
s
1100 FULL
TiTLE PROSUCT
%, CONTROL DATA 6614 —D

CORPORATION | CENTRAL MEMORY (65K)

sre Tonsw REV
READ DISTRIBUTOR C | 60246600 | 4

COMPUTER DIVISION lu«vlua m

265) 2-11 1§

P



WRITE

The write distributor accepts words from the several sources and
stores them in 1 of 4 memory chassis. The distributor is on chassis 4.
The 60-bit word on chassis 4 is split into two 30-bit groups which are
sent to chassis 11-12 respectively. Each of these chassis in turn sends

(or stores) its 30-bit group to the other 2 chassis unconditionally.

A 3-to-1 fan-in on chassis 4 selects the proper word under control of

the store tag from the stunt box which is established ahead of the data.

DISTRIBUTOR

The word is then split and transmitted to chassis 9-10.

registers and the tag FFs are cleared simultaneously.

The chassis 4 data

One minor cycle after the register clear, a central write resume is sent to

the PP to clear the central busy FF and allow the PPs to send another

address to the stunt box.
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Bit| Module | Pin|TP | Module | Pin[TP| Bit |Module | Pin|TP |Module | Pin|TP| Bit [Module | Pin| TP | Module | Pin| TP Bit|Module | Pin| TP | Module | Pin| TP} Bit |Module | Pin| TP’ | Module | Pin | TP
59 [4A17 24 |6 [ 12005 |27 |6 59 (12116 18 |4 |9H42 24 |6 59 {12116 |20 |4 |1o124 |24 |6 59 12116 | 22 [5 |11H42 |24 |6 59 112016 [ 24 |5 |1z1124 {24 |6
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53 | 1A16 24 6 | 12104 27 |6 53 12114 18 {1 J9H40 24 |6 53 12114 20 {4 101122 |24 |6 53 112114 22 |5 (111140 |24 |6 53 12114 24 |5 1212g |24 (6
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19 5 {2 6 |2 49 9 |2 19 |2 49 7|2 19 |2 49 13 |3 19 j2 49 113 19 {2
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16 26 |5 25 |5 46 9 |2 19 |2 46 2 19 |2 46 13 |3 19 j2 46 11 |3 19 |2
45 28 |4 22 |4 15 3 |1 2 |1 45 5 |1 2 |1 45 26 |6 2 |1 45 28 |6 2 |1
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GENERAL DESCRIPTION

The ECS Coupler allows the CPU to communicate with ECS via the Controller. The
coupler has two major functions. First, it computes the actual starting addresses

in CM and ECS and checks to see if these addresses are out of range. This is the
only error check made by the coupler. Second, it keeps count of the number of words

transferred and terminates the transfer accordingly.

Most of the coupler's complexity arises from the fact that the programmer specifies
initial addresses in CM and ECS and the number of 60-bit words to be transferred.
However, ECS uses 8-word records and the coupler must automatically keep requesting

new locations in ECS every eight words.
Coupler action can be interrupted by a PPU requesting CM. Action is started once the
PPU read/write request is completed. Coupler action can also be interrupted if another

computer is using ECS and the controller.

Coupler action is stopped if an Exchange Jump occurs. The transfer must be restarted

at its beginning as intermediate values of word counts and addresses are not stored.

The coupler acts on an Abort or a Parity Error signal and relays them to CPU.

LOGICAL ELEMENTS

Four registers hold the values of I'ield Length for CM and ECS and the values of the
Reference Address for CM and ECS. These values are not changed during a data

transfer, and are restored, via the data paths, on an Exchange Jump.

The N and K registers are used for holding intermediate values generated during a

transfer.
The adder is a 24-bit adder resembling 2 stages of the CPU Long Add unit.

P Register holds the 3-bit word count of the record in transfer. Its contents are

decremented during a transfer.

The X, A and B Registers initially hold the same values as X, AO and B0 respectively.
X holds the ECS address and is incremented during a transfer; A holds the CM address

and B the number of words left to transfer.
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SEQUENCE OF OPERATIONS

INTRODUCTION
Coupler operation is divided into three parts:
1. Transfer Setup.
This portion is performed only at the beginning of a transfer and is not repeated.
2. Record Setup.
‘This part of the operation is performed before each record transferred.
3.  Data Transfers.
If 524K of ECS are used, the data can be transferred at the rate of one word
every 100 nsec. 7The coupler handles 8-word records and to sustain this rate,
it must request a new record while the data transfer is in progress. That is,
the Record Set-Up for the next record is performed at the same time as the
data transfer. (See block transfers below.)
The coupler has a path for an address to CM (chassis 5). This path (and the coupler
timing chain) is used by the CEJ/MEJ instructions (St. Opt. 10104).

TRANSFER SETUP
On any Exchange Jump, FL(ECS), FL(CM), RA(ECS), RA(CM) are sent from the package
to the coupler.
When an ECS instruction is translated,
1.  The timing chain is started.
2. The contents of X0 and A0 are sent to the coupler X and A registers. (These
address relocation quantities must be stored prior to instruction execution.)
3. The Clear signal on BO is dropped and the word count (Bj + K) is formed in the
increment unit and sent to BO which is sent in turn to coupler B register.
All required values are not stored in the coupler. Note that the values of FL(ECS),
FL(CM), RA(ECS) and RA(CM) are not changed during an ECS transfer. They are
restored to CM if an Exchange jump occurs.
4. The coupler then checks to see if the initial addresses are in bounds. If either
CM or ECS Field Length errors occur, the transfer is terminated.

5. The first ECS address is computed, (X+RA(ECS), and stored in X. This
absolute address will be updated after each record.

RECORD SETUP
FIRST RECORD
ECS reads/writes eight 60-bit words al once. This single record is disassembled/
assembled in ECS under control the lowest 3 bits of the ECS address (see Definition Of
Word Count Bits on diagram). These bits specify where in the record the operation
should start. ECS always continues from the starting point to the end of record. If only
word three is required, then the record at that address sends five words starting at
word three. However, the word count is one, and this is entered in the P register. The
single word is accepted and the transfer concluded even though ECS sends the remaining
four words.

First record proceeds as follows:

1. The first record may be a partial record. Therefore, the lower 3 bits of X
(60-bit word count bits) are subtracted from 10, to give the number of words to
be transferred in this record. This result is sent to K.

2. K is checked against B. 1If K-B is negative, more than one record is to be
transferred. K is sent to P as this number of words is the first record.
(If K-B is positive, then this becomes the last record and B is sent to P
(see Last Record).

B is reduced by K words.
4. The ECS address, Store bit and Request bit are sent to the controller.

5. The ECS address is incremented by K. This means that the lower 3 bits of X
are clear and that the following records must be complete ones. |,

6. The Accept is received from the controller. The coupler waits until this
occurs.

7. The Central Memory address, (A+RA(CM), is computed and stored in the
A register. Itis also sent to the Exchange Address Counter (EAK), where it
is incremented by the P decrementer Go pulses.

8. The P decrementer is enabled and the data transfer is started.

SECOND RECORD

While the data is being transferred for the first record, the second Record Setup is
starting the next ECS bank into its Read/Write cycle. The differences between the
second record (or any intermediate record) and the first are:
1. Since they cannot be partial records, step 1 simply transfers 108 to K.
Also the ECS address is incremented by 108'
2. Since the Exchange Address counter holds the CM address, a new address is
not sent to CPU as in 7.

LAST RECORD

Any record may become a last record if the K-B test is positive. 1If so, B is sent to
P register. Since B may be 0-7, the record can be a partial record but only in that it
is terminated early (when B is less than 7). Note that a Last Recordis different only
in that the parameters for the record following are not generated and that an End of
Operation signal is sent to CPU.

DATA TRANSFERS

Note that data transfers must be continuous; that is, non-consecutive address are not

possible in a block transfer. However, it is possible to reference a single word in ECS.
PPU INTERRUPT

Provision is made for a PPU to perform a read or write or an exchange jump during an
ECS transfer. The PPU interrupt can occur only between ECS records and only one
interrupt per record is allowed.
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TO1
T02
TO03
T05/T06
TO7
TO08

TO9

T10

T11
T12

T13

TIMING CHAIN DESCRIPTION

Each FF in the timing chain is set for 100 nsec, but there is only a 50 nsec delay between the

setting of consecutive FF's.
of the Coupler's operations.

Setup, Flag Function and CEJ sequences.

Transfer completion, Next Record Setup sequence and PPU Break-in operations.

The timing chain runs for 2.4 ysec minimum and controls most

TO1 to T26 of ‘e timing chain are used for Normal Transfer

T27 to T42 of the timing chain are used for Normal

Note that

all adder results go unconditionally to N, which is cleared every 100 nsec.

TRANSFER SETUP

The Initiate, Read (or Write) FF's are set.

(NORMAL TRANSFER)
A registers.

(NORMAL TRANSFER)
(NORMAL TRANSFER)
(NORMAL TRANSFER)
(NORMAL TRANSFER)
(CEJ/MEJ) Enable END of operation.

(FLAG FUNCTION) Clear Flag Function FF.

(NORMAL TRANSFER) Enable B (word count) to I3 and to the adder.
(CEJ/MEJ) Enable Monitor address to the adder.

(NORMAL TRANSFER) Continue timing chain.

(FLAG FUNCTION) Enable Flag Function FF.

(NORMAL TRANSFER) Enter adder results in K. This is the transmission
of B to K in preparation for FL checks.

(CEJ/MEJ) Enable Monitor Flag; Exchange Go to CH 5 if CEJ.
(NORMAL TRANSFER) Clear Word Count < 8 FF.

(NORMAL TRANSFER) Send A via I3 and K to the adder.

(FLAG FUNCTION) Enable address to ECS Controller for Flag Function.
(NORMAL TRANSFER) Enable B to the adder.

(CEJ/MEJ) Clear Block Flag Function FF.

Enable Pass on; Enable X0, B0, A0 to X, B and

Clear K register; force ''0'" into B.
Enter X0 in X via Il.
Enter A0 and BO into A and B via I1.

Continue timing chain.

Read/Write FF is set.

T14
T16

T18

T20

T21
T22

T23
T24
T25
T26

Timing chain is started at T0O.

(NORMAL TRANSFER) Extend Sign.

(NORMAL TRANSFER) Perform FL check, (FL (cm) (A + B), by sending N,
(A + K) and FL (cm) to the adder; results to N. If FL error send error signal
(T20).

(NORMAL TRANSFER) Send X and K to the adder, result to N.
(FLAG FUNCTION) Send End of operation.

(NORMAL TRANSFER)
(Bit 23 set).

(NORMAL TRANSFER) Clear K register.

(NORMAL TRANSFER) Perform FL check (FL (ECS) - (X + B) by sending
X + B, and + FL (ECS) to adder; results to N register. If error send error
signal at T25.

(NORMAL TRANSFER)
(NORMAL TRANSFER)
(NORMAL TRANSFER)

(NORMAL TRANSFER)
adder. Enable E term.

Send FL error signal if N register is negative

Set First FF.
Perform X + RA (ECS); result to N register.
Send FL error signal, if N register is negative.

For first record only, send X and RA (cm) to the
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T27
T28

T29

T30

T31

T32

END OF TRANSFER SETUP

START RECORD SETUP
If this were and intermediate record, the Record Setup would begin tor the next record, the
Read 2 or Write 2 FF's would be cleared and the timing chain would not be restarted.
PPU BREAK IN

If a PPU interrupts between records the timing chain continues from T27 to T40. At T30 the

address to controller X register is blocked and no Accept will be received at T4l to continue

the timing chain.

(Enter N into B register via I1. This is the result of K - B, complemented.

(NORMAL TRANSFER) Set Clear K FF. T35
1 . P ) If N is negative, B was larger than K and this is not last record, K is entered

(NORMAL TRANSFER) Set K = 10,; mask all bits of I3 Fan-in (extend . s e i S
sign) except bits 0-2. Send K and N to the adder. X and N both contain 12 g 2: ,'11:32 If N is positive, the Word Count < 8 FF is set and B is entered
the actual ECS address, from N we have: 7+ 7x (note that the 7's are ! :
masks and the X is the complement of the 60 Bit Word Count).from K we T36 (NORMAL TRANSFER) Send A to the adder. N will send A to CM (T38)
have: 0 + 010 Results from the adder; 0 < 0X + 1 (end around carry) extend :
in K. Since the lower 3 bits of X may possibly be zero (partial record) T37 (NORMAL TRANSFER) Send B to P if last record. Enable N to the VIA I1.
the Coupler must determine what to enter in P. (First record only) T38 (NORMAL TRANSFER) Enter N in X. From I this is the result of the K and
(PPU BREAK IN) PPU Break-in is the same as a Normal Operation )Ei:naa%(iletllgntstPTIi‘l and is the ECS address fro the next record. Enable N to CM.
except that set K = 10, is blocked by a cleared condition being held on the :
K Reg, K is held clear to avoid the loss of the word count for the interrupt T39 (NORMAL TRANSFER) Start the delay chain if this is a read operation; this is
record. to delay the start of the decrementer long enough to get the data back from
(NORMAL TRANSFER) Clear K. Enter A (if this record is not the first) ECS. Clear ENABLE P FF.
with A + 10, (see T42). If this is the first record, send N (cm address) (NORMAL TRANSFER) A B

: ) T41 ) An Accept from the Controller sets T41 FF and
to A (see T§6) Send Addr. to controller (x Register) enables the P decrementer. T41 clears Read Last Record F} and clears
(PPU BREAK-IN) Clear K. Enter A with A + 0. A is added to 0 on a FIRST FE If_last record (Read Last Regord bF is vset) this FF blocks
PPU Break-in because set K = 10, was disabled at T28. A in this case the timing chain and prevents the requesting of any further records.
holds the CM address for the interrupted record and must not be incre- (PPU BREAK-IN) The Accept from the controller to T41 is blocked at T30
mented by 104. Addr. to controller (x Reg) is blocked, but Timing Chain continues when Address to Controller (X Reg) was disabled by the PPU Break-In.

The timi i i i ; si ;
(NORMAL TRANSFER) Enter adder results (T28) in K. This is the number of [he timing chain hangs at T40 until a Read or Write Resume signal sets
words to be transferred for this record. , :
T42 {NORMAL TRANSFER) Set FF. Send A and K to the adder. This up dates

(PPU BREAK IN) Enter adder results in K. This is the result of the A + 0
addition (T28).

(NORMAL TRANSFER) Enable B tothe adder. This will initiate the check to
determine if this is last record and if so, how many words will be transferred.
This is done by subtracting the Word Count (B + K), now in B, from K (T32).

(NORMAL TRANSFER) B and K to adder; force ''1" into bits 18-23 of adder
input to make B negative.

(NORMAL TRANSFER) K and X to the adder. This is updating the ECS address
by the number of 60 bit words for this record. Note that for the first pass

this made any address have its lower 3 bits all zeros. There after, any record
will to started at word 0. If this is any record but the first, 10, is added to

X and the ECS record address is incremented by 1. Also, if this is any record
other than the first, 108 is added to X, and the ECS record audress is iacre-
mented by 1.

the CM address by 10,. This new address is entered in at T29. It is not
sent to CM each recoxgd but is available if needed; that is, after a PPU
‘nterrupts the transfer. Enable No Interrupt FF to clear K. Enable Read
Last Record FF. Set T27 FF which starts a new Record Setup sequence.
Note that T27 FF is set 25 nsec after T42 and T28 FI is set 75 nsec alter
T42. Therefore, T42 at 75 is the same as T28 at T00. This overlap ensure
that K = 108 and A are sent to the adder at the same time.

(PPU BREAK-IN) Set by Read or Write Resume signal. Send A and K to the
adder. A is holding the CM address for the interrupted record and K is
clear. Therefore we are adding A to 0 to re-establish the interrupt record.
727 FF is set and a new record sequence is set up.
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A, B, X AND FLAG REGISTERS DESCRIPTION

A REGISTER

This is an 18-bit register which initially holds the contents of AO (relocation quantity
for CM addresses). During Transfer Setup, RA(CM) is added to A and the result is
entered in A and sent to the EAK. The initial CM address (page 11) A is updated every
eighth word (once every record) by a count of 10; however, this updated address is
entered in N and sent tc CM T38 (P.11) for each record.

B REGISTER

This 18-bit register holds the total number of words to be transferred. Initially, it has
the contents of By (Bj + K), butitis decremented by the number of words to be trans-
ferred in the next record. This is done during Record Setup. If it is the last record,
the lower 3 bits of B are sent to the decrementer. This condition is determined by N
being positive; that is, K was greater or equal to B. B is not changed if this condition

is met.

X REGISTER

This 24-bit register holds the ECS address., It is updated by 1()8 for each record
request made to the ECS Controller. The initial contents of X is the relocation
quantity XO. During transfer set up time RA(ECS) is added to X and the result entered
in X. The address is sent to the controller at T34, but the updating for the address
took place during the previous Record Setup time. This is done to ensure sufficient
time for the Request to be processed by the Controller. Note that the Store Bit trans-

mitter is on module K42 and is sent at the same time, (see page 27).

FLAG REGISTER

The Flag register is selected by executing an ECS Read or Write instruction with bit 23
set in both the ECS address (X0) and FLECS. No FL(ECS) checking is performed and
RA(ECS) is not added to the ECS address (X0). The operation is the same for either
ECS instruction and is not affected by the Fifty Percent Capacity Reduction.

The contents of X0 are sent to the controller as is any other ECS address. Since bit 23
is set, the controller recognizes this as a Flag register operation. It then translates

bits 22 and 21 to see what function is to be performed.

The response to a Flag register Function is either an error exit or a normal exit from
the ECS instruction. Receipt of either an Accept or an abort from the controller enables

an End of Operation for a Flag Function (see P29).

For a Flag register operation the ECS address is considered to have three parts
(Figure 3-2).

Function Flag
Code Word
23 21 20 18 17 0

1. Function Code (N) is bits 21-23. Bit 23 is always set for a Flag register

operation.
2. Bits 18-20 are not used.

3. The flag word is bits 0-17. These bits are compared with or entered into the

Flag register depending on the function specified by N.

ECS Coupler
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I3 FAN IN DESCRIPTION

The 13 Fan In allows the X, B, A or N registers to enter the adder.

Note:
1.

2.

The lowest 3 bits of the fan in are gated by the timing chain only.

Bits 3 through 23 can be forced to ones by the extend sign (A term).
This is done at T28 to extend the negative sign of the complement

of the lower 3 bits of X register. This is done when N (holding the
newly updated ECS address) and K are sent to the coupler is deter-
mining the number of words to be transferred on all records except

last.

Bits 18 through 23 can be forced to ones by the extend sign (A term).

This extends an 18-bit negative number to 23 bits. The sign is
extended at T16 when (A+K) is in N and is to be subtracted from
FL(CM) for Field Length checks. At the K-B testis performed

with B being sent to the adder, and its sign is therefore extended.
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R2, RA AND FL REGISTERS

R2 REGISTER

This is a 24-bit catching register. Its contents are directed to the RA or

FL registers by the address tags. These tag bits are the Increment Unit
to A bits which are not used during ECS instructions and are therefore

assigned to directing the ECS and CM parameters.

MA, RA AND FL REGISTER

These hold MA, RA and FL quantities from the Exchange Jump package.
Note that the lower 6 bits of the ECS registers do not exist.
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NOTES: ] | | 7 10 mAREG on k38 CR K39,TO FL (ECS) | | BITS 10-17 hel k16
(D ENABLE R2 TO MA REGISTER A ' b BITS 0-9 el u1s
SEE ABOVE 17 s> BIT 2 o BIT 0
B 24— — — — — — — — — — — — — — — — — — — — o~~~ = = = = = | | |
cz s 25 TO FL(CM) | | e - - ) > -2 ALL
26 10 MA REG ON K38,TO RA (ECS) | | ouT-
MA REG ON K38,TO FL {ECS) | | A PUTS
| I C T0
| | I2
———————————————————————————— 9 1 b——————— '3 BIT 11> 4 FANIN
FLECM) i | | |  Pace
MA REG ON K38,TO RA (ECS) T s BIT 2 3) 6 21
F37 MA REG ON K38,T0 FL (ECS) | ! |
b e - 7 BIT 3 8
BIT O t20 | |
5 LRO) miz-m k39-3 8 BIT 4 10
17 e e e - | |
r-'e e —— e e e e — — — 1 : [ra wes I RIE K39-10 19 BIT 5 6» 20
| I TAG= | I
e 1 o ! 2 RACCM) F37-9 21 BIT 6 4y 22
INCREMENT TO A TAG BITS [ B SN Jl' - + ————— GO — 4y H s kis-11 1O | |
L33 | i T Bt 0— 6 2—— 8 5 ——_ F37-14 23 BIT 7 5) 24
I T Tt Tk S i- e \ | |
1> GO : ! S 2— 10— N\ F3r-8 25 BIT 8 26
s P 7 [ N, | |
wor-s0 @ | —iz Ny ) 036, N N pm o a3 | TAG=2 F3r-25 27 BIT @ 28
|\ / 2)BIT | ( (/ AN : ] [ 2 6 FL(CM) \ 2
OAF -7 14+ + — =X X—-— =~ — B T S R GO~ 3 -2 K17-11 N
|+ =3 —16 F06-1 D / .\l [ SR R 0— 5— | — —28- 15 U17-11 1 © ©
A [ _ I NN L~—-i— ————— 1= — I 4]
I 1> 8T 0 1 AN f~———— 2- 9 Ly O8]
wea-904 D24 EXCH- s> 27 nul| | - e N\ X [rq xos L
ANGE 2e— - | 2 —1 =+ == NN s TAG=4
| | BIT | | AN N 6 | RACECS)
woi-s1 b7 BIT 0 2) 4— —! : | 5 71— AN XN b = - -~ - 60 — 25— — s ki19-11
14~-»T—1 ) M5 — — + — ——~_ \ /oN b 0—17 —27 12 H»—n J1e-11
| yua 19— — 4 =~ Mo XA - - =X — - - - - - 1 =197 v/
woi-92 1o BIT 1 3> 14— — — | l | N VAN e 2 21— S
13- - §>8IT 2 | N/ NS 1 0\ s FLCECS)
| —22 — - 7\ VAN | Tralnes ¥, \ “tF—22 kis-11
WNO1-93 @21 BIT 2 4> 17 — — = — — 21— 20— — = — = N\ / AN | 3 q , \~2n--~' )—--){‘] 20  J18-11
te-~ PR .‘,‘_.j VRN AN L_go— 26 28 - — | .
RO e ») CONTROL DATA” pieg £CS COUPLER AND CEJ/MEJ
795 IS"MJ—)% l e CORRORATION R2, FL{CM), FL{ECS), RA(CM) SIZE] DRAWING NO EJ’::LE
L - = AND RA(ECS) REGISTERS C 160246600
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I2 FAN IN AND K REGISTER DESCRIPTION

K REGISTER

This 18-bit register holds the word count for one record. It also can have

bit 3 forced to a one, which is used to increment quantities by 10 An

exception occurs during PPU Break-in when K is held clear disal?ling the
K + 108 addition. Its inputs on I2 are shared with RA(CM) register and
they are controlled by the merge RA(CM) or K gates which allow one or the
other to I2. The lower 3 bits of K are sent to the P register except on the

last record, when B is sent to P.

12 FAN IN

This fan in allows RA, FL and K to send operands to the adder or to the

pass on network. The letter would be done only if an Exchange Jump occurred.

Since the lower 6 bits of the ECS registers do not exist, their inputs on [2
are not used. Also, since RA(CM) and K are controlled by the merge gates,

their gating term (A) on 12 is always a logical one output.
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P31 11 Jts 102 L2 FAN-IN
. TR o BITS 20-23 To| L21
612 -13,P25, X TO MEM TAG= 3, BITS 16-19 T6| L20
INITIATE 2 24 — Lo6~14,P33 14 L21-15 BITS 12-15 To| K21 ®
a4z 2 g9 — = o = wpg— — 28 X TO MEMORY GO, 3 . - - 12 L2015
[ R | L 1 KO6-19,P33 | ™~ LOS 10 K21-15 BITS 8- 11 16| K20
. \ -
3 LIS 16| v21
e e - = (o3 ~- 8 K20-15
| 14 X TO MEM TAG =3 2 MO6 -25 26 -3 ] -~ -7 T ;:1:22; 66 BIT 4 ) 14 PASS ON P33
| CLEAR K AA| LO6~11,P33 2 Ios-lg 24:b; 28~ b | FL{CM) > 3
s o 6 o 195 I v 4 13 ADDER
| MO8 -20 B ‘
s or-11. pi2 X TO MEMORY GO, 4 J | rocT2d 27 25 — — 26—\ 6 hr \
GRD 17 — 26 REQ TO'CONTROLLER KO6-I7, P33 L | toe-26 T | | 23 Lzi-11 ] FL(ECS) 7
078 e — 28— — - — — o K _REGISTER ) > 21 L20-11 | @ RA(ECS) &
6 1 PO6-2T, P3I, BITS 12-17 Mo L1t o keion fLicwy s BTO 2> 9 PAS ON
~ PPU_BREAK | BITS 6-11 o] K11 = K201 | ! ) 10 ADDER
| BITS 0-5 MO} J 11 [
B = 15— = — = == | | |
T s | (. FL(ECS) 22
TH ADDER 4 8IT O |> 3 - — =9 1 1 (@ RA(ECS) 24 BIT 6 5> i8 PASS ON
2 117-4 | BITS I2-17 |TE|LI9 Iy | FL(CM) 26 17 ADDER
~12 NU | | 6-11 |TE|L1B . | | RA(CM)K 28
3 4 K-t ADDER 6 BIT 1§ » T--- -, BITS 0-5 [TE|LI7 Iy I .
—10 LIt 5 T19-4 | L N FL(ECS) 2i
3 — 2— - - - - - 4 | 0] | -6 BITO 1> 9 | L | @ rA(ECS) 23 BIT 7 53 19 PASS ON
2'4 NU | ADDER 12 BIT 2 P 0= - - ® 4 AN ! | FLCM) 25 20 ADDER
8 Tri-4 | 2 N b RA(CM)4K 27
|
5 20 LI1-13 | . N pon
‘ 18 Kil-13 | Te28 I ® L | NN | [ |
b 25— — 25 . oo - | siz-27 21 BIT 3 a aem - b e 2> 8 N ;! | @ 12 K +RA(CM)
L ‘ B | ADDER 2 2o ® 3 . N o SEE 420 16 ———={B] FL(CM)
_————J___'_______ || | X ® . N Ll-y= = = = = — i —>{c] ratecs)
et L ADDER 18  BIT 4 8 5= N N Lj—j— — — = = 15———{D] FL(ECS)
N
Loz G20 | \ | NU 1T 9 NU llL - —7ET2 3 0. N ~ L )
| Lo ® 3 > A ~ 27 ==
o 3 t9s 5 | I ® 2 AN N PN
| -~ 9— MOG~18 12— | | | N N <7 X NU 8
|| MXIeMF o e 6 d | @ nu 27 l | . S < )
by Trie-7 R35 r | AooER 28 25 4= - - -2BT3 4y 9 ~ SN 7 S NU 6 BIT O > 14 PASS ON
P T27 9 | ] ] | | | I ® s N AN /(/ o FL(CM) 4 13 ADDER
III GRD | | — | l‘——~~|1 1 N PN P N ~— - -2
| e —23NUI ® o N < |
" | | B . O w !
00 | - N N < v
| o - - - = =3 |L~——2481T4 5> 217 N o N NU 8
3 { I N BIT | 2 3 PASS ON
! 5 WO cursa+13sl ® 2 AN AN v Friems > |0 ADDER
i | | - ! I0i-13,P25 14 ! ® 28 o , N N e m 1
l
FIRST FF, ] | 55 23 lg 4 (ironLy o | | BIT5 L7 N \\ |
G08-4,PIl 8 iz b — ’ - - -2 6 - ~ N Ny o
I I | \ T2l 25 os l e N N NU 24 BIT 2 5> 18 PASS ON
27 N FLCM) 26
WORD COUNT < 8 J r . . N |7 ADDER
o L o | R ® 2 20
906-17 , P25 23—={ )—13 | o IE S - - -2
| : y— 16
- | L R RA (CM) 27 LO9 ) l
e | | Tie | Nu 21
| H33 ~ — — JenaBLe MA TO 12 | ¢ 105-18 2! : ¢ BIT 3
T X TO MEM GO-TAG=6+ :2) s —
READ+ \ TO8+CEJ2+MONITOR FLAG 15 —{5 ] MOéO_OZ‘ 2 T
WRITE + 142 616 -6, P35 ‘ l | NU 23— )
EXCHANGE I Giz=12 28 18 E P!
B | 19 PASS ON
5 ll _I r Hi8 v l
! T i FL(CM) 25 20 ADDER
LO2-18,P31 22 —ta— - : R, 27
L ! T e @ o "
(D USED ON LOWER 3 BITS @ BITS 21,22,23 (L21) ARE MERGE RA (CM) N e S KrRaCMIIMg
OF Jil ONLY. FORCED TO ZERO FOR RA(ECS). ” oo T T T Tis (o] FLiem
NOT USED ON Kil OR Lil. Lo —22 Kkai-ls 6RO 11 RA(ECS)
(2) NOT USED ON KiI OR LII. 24 L20-16 6R0 15 ———=[D] FL(ECS)
= NU 4 :
(3) FROM RA (CM) REGISTER. 100,M06 -23 6 3)—10— - -2 T
(3) CONSTANT ZERO (L16-7). T26,107-17,P7 8 | I CONTROL DATA CauPmEnT
@ o P L - I2 FAN-IN, MERGE RA (CM) REG, ECS COUPLER ANDCEWMEY
M H - CORPORATION ING N
STER P19, MERGE RA (CM) +K + MA. K REG, 8 MONITOR ADDRESS Cle0%a6a00 | 'y
(€) L20-26 COMES FROM 103-18 (T04) FORCES CONSTANT ZERO. PEVELOPMENT SheET FAGE
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I3 FAN-IN
INVERTER ADDER FEEDER REGISTER
RANKS, P15 GROUP 3,BITS 21-23 [FA
Lis GROUP 2,BITS 18-20 [FA
i) GROUP 1,BITS 15-17 [FA
BIT 23 GROUP 0,BITS 12-14 [FA
28—>()—20 ]
IBIT 22 ’ B
27 17 D—\ GROUP 0
J BORROW
IBIT 21 k"
26— )—18 c- el
| :
BIT 20 H GROUP 0
25— )—15 - PASS

FROM I2 fAN-IN

P21

T20

26-

1

GR 3 =|
BORROW IJ

~(©)

A
GR 2 15 F
L3 BORROW
L2z Aj‘
K24 GR 1 16 "
K23 BORROW BJ
/—/ A”\

SECTION
! BORROW

BORROW, A L
J2s5-8 N 20 )
[ s (%}—e4-—|a—-——~——— GROUP 3 BORROW INPUTS
SECTION | PASS I 17
8 |2 TO SECTION O L
K25-9( BELOW) N
GROUP 2 PASS J
22
GROUP | PASS | cRour 2 BORRUW INPUTS
J 21
K 24
——————————————————————— 22~—————-~———4%)——2s-—25———— | eRour 1 BORROW INPUTS
—————————————————— A K 23
“““““““““““““““ 3 I |
| 28 — .
ADDER RESULT NETWORK b a—O—10—27 | 1 Groue o
GROUP 3,BITS 21-23 Fe| La7! \ | I 26 |  BORROW INPUTS
GROUP 2,BITS 18-20 FE| L2s | S
GROUP 1,BITS 15-17 Fel kel b - - = — o o~ 4
GROUP 0,BITS 12-14 Fe| K27l — — - - — e -
N
12— —— NOTES
| kzs (1) (1) sINCE Kk Is an 18-
| BIT 17 BIT REG,BITS 18
| ) 19 TO N REG -23 GO DIRECTLY
| 18 17 TQ K REG TO N REG
| l |
| BIT 1§ 4 N (@ PIN 13 NOT USED
| 3 6 K ON K24,L22,L23
| ’ |
| BIT 1 28 N PIN B NOT USED
a | 27—9OEB:26 K ON L23
| lan 14 |
22——| | 1 N 3, THIS ADDER IS IDENTICAL
L 2 3 K TO THE LONG ADD UNIT
| BIT 13 IN THE 6600.
| l 4 25 N SEE PUB. NO. 60224800
L—~—~-—24——>5~ —23 K
@ PIN 20 GROUNDED ON | 23
BIT
6 N
_— = -—21 "ZO K
wed L=
CONTROL DATA £CS COL
.
"ADDER, SECTION | £ CS COUPLER ANDCEJ/M 3
DEVELOPMENT s?r.(rs 024 6695..: A <
DivisioM 4 2"

7 SECTION O
Itg-11
SECTION 0 9

PASS,I19-11
SECTION O




K25

GRP 3 ~E) SECTION O
BORROW 1> BORROW [
A_
GRP 2 1= XXE} — T - — - 13
K22  BORROW — 8 SECTION 1
J24 I A"‘\ L2s-11
J23  GRP 1 SECTION 1 9
J22  BORROW l/,_// 8" j} PASS,L15-12]
A
- “345 SECTION 1 11
| ’\( BORROW
1
| GRP 3 PASS T 122
| GRP 2 PASS SECTION O PASS
7-l GRP 1 FASS 13 To SECTION 1
= I L1 | 25-g0aBoOvVE )
|

I3 FAN IN ADDER FEEDER REGISTER
INVERTER GROUP 3,BITS 9-11 JFa
RANKS GROUP 2,BITS 6- 8 [FA

GROUP 1,BITS 3- 5 Fa
1 E% K1s GROUP 0,BITS 9+ 2 [FA
BIT 11 T
24— )—16
B
‘ BIT 10 D~y GROUP ©
23— )—13 J BORROW
P
BIT\Q C '
6 B
2\-—><§~\9 H:\:O GROUP O
’ - PASS
BIT 8
5
L
415
B8IT 7 [nhalialt!
28— )—20 |
|
IBIT 3 l [

27 1

FROM I2 FAN IN

7
t

2

|
|
IT 5 i
26- 18 |
i
BIT 4 | -
25— )—15 | |
[
’BIT N I
24— (]
[

FROM I2 FAN IN

| BIT 2 | 1 4
~a(:)——|3J
!
BIT | |
6 |
21 —i9—-
i
BIT O |
5 I
22 14— —
[

FROM I2 FAN IN 2

Fol

o

~

J2s

GROUP 3 BORROW INPUTS

GROUP 1| PASS GROUP 2 BORROW INPUTS
——————————————————————— GROUP 1| BORROW INPUTS
—————————————— -~ \
28—
ADDER RESULT NETWORK l | GROUP O
GROUP 3,BITS 9-11 Fe| K26 AN — ' ___.___<{§i:::261 |  BORROW INPUTS
GROUP 2,BITS 6- 8 FeE| u28 NN\ 4oy
GROUP | BITS 3- 5 Fe| uz7 N e e e e e -y
GROUP 0,BITS O- Fe| u2e B N
BIT 9-11 [1d k29 BIT & Td vzs
125 BIT 0-4 [Tq 429 ’ l:: ION
| BIT 4 2 3 K
| 4 25 TO N REG
| 24 23 TO K REG BIT &
| 28 N
1 BIT 3 ;‘ 27 26 K
| & 22 N
{ 21 o 20 K BIT 7 '
| | oH
| BIT 2 5 & K
i 3 8 N
L — - - 7%37 —10 K BIT 8
22-‘\ -19 N
AN BIT 1 ‘ 18- 3 17 K
. 25 14 N S ————
s —15 K
BIT O
BIT 0 () PIn 13 Is wov usen
[T 9 N aN J23, J24, K22,
28 — — - _[ |
CONTROL DATA B £CS COUPLER AND CEJ/MEJ
ERLECEYSIEIIN ADDER: SECTION O

# €702

DEVELOPMENT

DIVISION

BIZK| DRAWING NO wEV.
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P DECREMENTER AND REGISTER

The output of the decrementer is one count less than the 3-bit quantity
in the P register. When the clear/set input to P is strobed at T00, this

reduced quantity is entered in P.

The lower 3 bits of K are entered in P unless it is the last record; then

the lower 3 bits of B are entered in P.

The decrementer runs only when the Enable P FF is set. On a write
operation this is at T41 but on a Read operation there is a considerable
delay before the data arrives, so the Read 2 FF is sent through a 300 nsec
delay chain before setting the Enable P FF. Once this FF is set, the
remainder of the coupler's logic can start the next Record Setup and the
clock pulses decrement P and send the GO signal to the Exchange Address
Counter. When P = 0 the Enable FF will be clear unless a new request

has been sent; that is, it was not the last record. Note that the decre-

menter logic is cyclic; it will decrement an all zero P register to all ones.

LAST RECORD CONTROL
WORD COUNT < FLIP FLOP

This is set if the N register is positive after the K-B check on the last

record only. If set, B is sent to P; if clear, K is sent to P.

READ LAST RECORD FLIP FLOP

This set by the Word Count < 8 FF, Read 2 FF and T42 and blocks the

reset Record Setup sequence from occurring.

INITIATE 1 FLIP FLOP

This is set from CPU when the instruction is translated. The Accept

signal is returned immediately to CPU.
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4
620 122 KOl r Kol Koz
I I - !
t WRITE 2, i —
MO ~19 21 19 = = 26-( )i - 1 1i2-28,P27 23 19 ~ — 27 25—  READ DEL 4,M31-19,P27 21 |
T35 23 l B R l | I ERain O e B8 23 5; 18—t
108-10 | — I 109-3 ! ' "NU 25
- -4 |
e e 2 ] r NU 27—~
r 113 J06 | Loz [ |
: ’ WORD COUNT £ 8 An 70 | ST T starT cLm 110 1|: :
TR
5 5 CLR K FF, 2 INITIATE 3
S Loy 17 P31-23, P21 Lo 2 — 7 ;;}»fmzea‘csé\gm 4 B('); a D bl :
£ ;2} ) —{( ) e e - -4 s 13— - BIT O —_—
Segy P g o 535 pas N %= "7 oreRes® sri-2 4 .
| —26- 19 DlsABLE -6 2= = — — — — 20 —R— - — —— -8 — | O
T8 g ] T _ GRD 10 | JER
5 g . - 19 INITIATE 3 15 r
xoseij} T | 6RD 8 K H
NU 16 | | 1i | |
L | | | ! | I19 i !
| |
e il i | ll
r e 77 7T T 08 I NOTES! oL by
1
) too, MO&-28 | BIT10F g bt !
| N LT_Q‘ | ! bﬁl o ! | B REG | o I |
A CLEAR WRITE 2 | 2) 160, G21-28 b
:_ 23 2 ~O—n P3I-3, P27 | @ teo. | . ! _lH_Jllul
- 24 25— - = = =
IT t_ .J | | | " il | i
l i Tol ! § | FIERN
| i ! i [ | P
| | |
i » | L2 8o | Py
[ GATE BITS 0-2 OF BIT 2 OF o4 et
;110?3?7 - ——13 K REG TO P REG, | 8 REG ,PI3 ! | | ! !
Jii-1a, P21 : E— Pt
o L ' i e I » N
— . LO2 ! r------ | (R i X
! [ . T8 i F l—-“a T rﬁnP o
| | | L
L 26 | Lo 12 o
14z 26T | n | i
co8 21 28 20 | | | | Lo
READ 2 FF, 24— 22— | €28 L -7 | ! ! |
Ti2-3, P27 L — 7 | | | i 'I
L T Iy
r 113 (Nu3~—>O———|~—»a | | | IIIII
! ( READ LAST RECORD  |AA o0 | = | | I lI L
: WRITE 2, ! |
b P31-5, P27, I— | P27,P06 - 23 ° | 7= P
L_p — | CLR READ 2 FF [ ACCEPT, G28-13,P7 4 | | ll'l’
o3 14 = -3 CLR INIT 3, 2 5 - | — 15— ENABLE P A vty
- | Ci3-15, P29 9 NU T39, J06-4 6 | 2 N Foton
L05-13,11 0= = = — = = 11 TOTIMING CHAIN, - [p—_——— [
G| | I3 XMIT ADDR TO P27 14 3 — = XN SET READ | Yy
CONTROLLER, INU 12 \ + WRITE FF, o
-5, P12 ! !
138 _— J01-5, e ) Pi2-a, P3I, 1 3 116-20,P29] | I,
GOECS | [PY 13 P - 10'seT PPU- "y 5 END OF OP | o
5 G2 140 4. l BREAK IN | | LOGIC, I0I- LI
122 GO ECS 2 Eel Mnxsﬂa' i ' Ve, P29 | !
w24-90 |10 ) SET 60 [Ty 2 g | |
FROM C — 5 ECS 3, 21+ 5 ENABLE T3, H33-23,P7 [om-=ob - L
CH 5 — a~I'~3‘“5'P2i424—>Q—|5—t5—247 zs—lue 9 CLR WRITE FF, Ji5-7, P27 | |
. A — |- L iwsez 2 | | 13 ENABLE CLR K FF, TIi-24, P21 | € e . ‘|
RO 14 - \C} (END OF OPER) + — 1718, P31 '
— 12 - - —11 SEND X 8 RE CONT, JOI- 13, P12 -
145 20:?’}-—,{ - n 271 (wc)texch resume) 2 270 | q 7O CONT. AR - — 22 N N
Mi3-27 | - | JOI-27,P29 | 5 W24-95
I J36 - - TO CHS ]
Fi7 . R )
lp—zl o N 2 Ii2-21, P2 b
J -2l P2s, 06
ACCEPT TO CHS L 4 23 CLR ABORT FF _ P I
8 NU | ) TQ
10 NU | Lo~ —24 5 I
[ | —19 — — — Iy
7
12- — i1 —
o | J—2s car,—2i,p29 - —ie > 17 - . 1
3Ny =
15
' ¢ | ____M‘_J | '1I | : |
5 NU = | ! | { ______ | Il
D3] r e 5 D CLRRCAD 2 AT | — T ——————
| 28 ol L2 B — — BRI p pecREMENTER AND REGISTER ECSCOUPLER ANDCEW/MES
-18 END OF OPER. LOGIC, I01-2, p2s MAllhIMR <o 1o cM 5&‘ 05 a6600 ‘ v
. o —24 SET PERIPH. CONT FF, 110-9, P31} DEVELOPMENT eeT rrvers
B JF pision | INITIATE/ACCEPT FROM CH & 25 |5 28




READ AND WRITE FF DESCRIPTIONS

Along with the Initiate 1 signal, CPU sets either the Write 1 or Read
1 FFs. The Read/Write FF is set by either one and the timing chain
started. On a Read operation the decrementer is not enabled until
T39 + 400 nsec to give the data time to reach the coupler. On a Write

operation, the delay is not necessary,

When the last record reaches T42 and tries to restart at T27, the
timing chain will be blocked. FEither Write 2 or Read 2 must be set

for it to continue.
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- AAI T 12
_— Pyl J 38 5
2y WRITE 1 WRITE 2 co8
w24 -93-w2i 6 18- - — — = — = = = — = - - - - = - - - = = —|§ 4 ——23 P12 -7,P 31 PPU BREAK IN FF
5033.26 . »Q— 7 NU r22 | 27 H33-4,P29 CLEAR INITIATE 3 FF
GO WRITE (ECS) | l 2 GRD 18 26 ~ - — — — — — - e = = - pg— 19~ K 42
FROM CH & A — O——9 ===~~~ 4 16—" 28 ENABLE B TO P KOI-23,P25 l 179
CEJ 1 F31-6,P35 6 —10 - - - = = I EEN Tq| Po6 by 10
.,__2.,/' N . N 4 | CONTROLL ER
U .____J ~23 G 28 -5 P 25 |
w24 -92 -w2li 4 - = =" READ+WRITE + CEJ - 24 26—, CLEAR ENABLE PFF |
5033-26 - NU ! P31 h L - — | J )
GO READ (ECS) worp ! INITIATE 2 7 NU (READ LA ST RECORD )¢T30+ 170 G12-7 (4
]
FROM CH 5 COUNT 28 Gl2- 9, P25 s| NU / '
1i8-17,P25 —-—— = = 11 103-8,P5 I THIS MODULE ALSO CARRIES
[ | | START TIMING CHAIN
8 4 nu ! X REG{ECS ADDRESS) TO CONTR.
X ( ! INPUT TO PIN 14 LS SHOWN
7N A e N [ I ON PI2 '
' , N m e m s — ) 1] Tie |
Mi3-27 20 s ETRN 112 | 4 [
\ . RN r—z L I~ TIMING CHAIN,T27 |
————————ATH| L 05 ~/ '2\ READ 2 3 9 G20-18,P7 |
| A
2 7/ READ LAST 3 r""j 2 NU 14 4 !
s
141 9 RECORD 5 GRD 6~ | Lo2-1,pP25 / N o
109-10 6 5 NU oi3-1, P25 | H—-— == -2 10 = = I 3 SET READ LAST RECORD FF A
L Gl2- 20, P25 4 GRD 13 19 s ACCEPT I24-18,P7 &
13 I13-11,P25 | INIT IATE z' { o4 -~ FLAG FCN PO6-22,P12 B8 =
—1 CLEAR L AST ] T L 1
RECORD FF /) | )
v ! I14-14,P25
el | E NABLE
g | DECREMENTER
v |
s READ DELAY CHAIN M3
7 READ READ READ READ READ | ‘
v DELAY 1 DELAY 2 DELAY 3 DELAY 4 DELAY 5 '
( 117 122 |
[ TR \ 300 NSEC DELAY |
N 1 F> I 3> a 5> /
15 4 NU 1N 13 NU 15 NU 16
T39 y06-6,P7 I7 |3~«—28~»O———20——-~—a— | — —96"™ — § 2 - — 96"~ 12 10 — —96"~ 2I 17 — —98'- — 24 27 NU
| —— | 3 CI13-7,P3 6 NU 14 NU 19 K02 -21, P25 18 Ci13-14,P3)
[0] ENABLE ENABLE PPU
FIRST FF I 14-9, P. 11 A/B A/B GRD 207 B—>P BREAK IN
t 95 CLEAR/ CLEAR/ 1so 22—C)
MO6-22 SET SET LO5-23
cONTRO A TITLE PRODUCT
b-tddd READ A ECS COUPLERANDCEWMEJ
R EEFRNE
DEVELOPMENT C | 60248600 ]
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ERROR AND TERMINATION CONDITIONS

End of Operation signal is sent if the decrementer reaches 0 and this is

the last record, or if a Field Length error occurs.

A Field Length error signal is sent after checking FL(CM)-(A+B) and
FL(ECS)-(X+B) and getting a negative result. This is the only error

condition that the coupler checks or acts upon.

Error Exit Mode signal is sent on any Field Length error, Abort or
Parity error. Note that CPU cannot distinguish between a Parity Error
and an Abort.

On a Read operation, an Abort is used in place of the Accept to keep the
timing chain running. This allows the programmer to transfer all zeroes
to CM if he wishes. On a Write operation CPU discontinues the transfer.
On a Parity Error, the coupler relays the signal as an Error Exit Mode.

Neither Abort nor Parity Error cause an End of Operation signal.
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PPU BREAK IN

A PPU may interrupt any record except the first and last record. To

enable a PPU Break in these conditions must exist:
First FF is clear.
Enable P FF is set.

Clear K FF is clear.

At T30 a PPU Break in disables the Address to Controller for the
interrupted record, but allows the timing chain for that record to continue
to T40. At T40 the timing chain stops because an Accept from the Con-
troller was not received. During a PPU Break in K is held clear to dis-
able the K + 108 addition which increments the word count of the interrupted
record. The incremented word count would be used for the next record on
a Normal Transfer; however, during a PPU Breakin, with K being held
clear, 0 is added to K to maintain the word count of the interrupted record.
At the end of a PPU Break in a Read or Write Resume signal sets T42 FF,

repeating the Record Setup for the interrupted record and resets the First FF.
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PASS-ON NETWORK DESCRIPTION

The data path from the Controller to CM has provision for the contents
of the Coupler's registers to be restored into memory. This logic is the
OR gate marked on the block diagram and provides a restore path for
RA(ECS) and FL(ECS) if an Exchange Jump is executed. RA(CM) and
FL(CM) are restored from the CPU. As long as the coupler is involved
in a data transfer, the data path from the Controller to the Write Dis-
tributor (Chassis 2) is enabled. This is done by the Initiate 2 FF, which

is cleared only on an End of Operation condition.

The address tags from the stunt box are translated for an Exchange Jump
and enable RA(ECS) and FL(ECS) to be stored in Exchange Jump packet.
(Note that bit 1 of these tags is also used; see 12 fan in, page 21.) Itis
not necessary to restore the CM parameters, as these are also held on

the CPU and restored from there.
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CEJ/MEJ

Standard Option 10104 (CEJ/MEJ) makes PPU exchange jumps (MDJ) conditional and allows

one of two starting addresses for Central Processor exchange jumps (CEJ).

The condition

determining the execution of @ CEJ or MEJ instruction is the status of the Monitor Flag

(See Table 1).

TABLE 1. EXCHANGE INSTRUCTION DIFFERENCES
OPERATIONAL DIFFERENCES

CONDITIONAL/ |Effect on Monitor Location of Starting
INSTRUCTION UNCONDITIONAL Flag Bit Address for Exchange
261 (Peripheral Conditional Sets Flag Peripheral Proces-
Processor Monitor| (occurs only if sor A register.
Exchange Jump) monitor flag is

clear; passes

is flag is set)
013 (Central Ex- Unconditional Sets Flag Central Processor
change Jump) with Monitor Address
monitor flag bit Register
set.
013 (Central Ex- Unconditional Clears Flag Address formed by

change Jump) with
monitor flag bit
set,

K +(B))

CONDITIONS AFFECTING MONITOR FLAG

Monitor Flag set by:
cleared by:

Monitor Control FF set by:
cleared by:

Monitor Control FF set - T85
Monitor Control FF clear - T85

(Note that M EJ cannot clear Monitor I'lag)

CEJ INSTRUCTION SEQUENCE

1) A CEJ instruction is issued from Chassis 5.

2) Bj + K computed by Incremented 1, results are sent to Coupler's

B register (enter B, T05, P,5)

Monitor Flag Clear - (T10 - CEJ 2) + (MEJ)
Monitor Flag set - (MC) + (T10 - CEJ2)

3) Select starting address, (MA) or (B) depending on the status of tne

Monitor Flag.

(See Table 1).

4) Send starting address at T08 (P, 5) via adder to N and then to chassis 5.

MEJ INSTRUCTION SEQUENCE

1) If the Monitor Flag 1s clear enable (MA) at T08 (P. 5) via adder to N and than to

chassis 5.

2) If the Monitor Flag is set, MEJ passes.
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Duration (NSEC)

400

1600

6600 ECS TIMING

Assuming no PPU Conflicts: Duration (NSEC)

(Read/ Write) From Issue setting ECS Read until accept 400

is received at Chassis 5.

(Read/ Write) From Accept received at Chassis 5 until Go 2100

Read is received at the Coupler.

(Read/Write) From Go Read received at Coupler until

Request is sent to ECS. '

180

Assuming no Controller Channel or Bank Conflicts:

(Read/Write) From Sending Request to ECS until an ECS

Accept‘is received at the Coupler.

(Read only) From ECS Accept received at the Coupler until
an End of Operation is received at Chassis 5 (+100 nsec for

each word).

(Write only) From ECS Accept received at Coupler until
End of Operation is received at Chassis 5 (+100 nsec for

each word)

(Read/Write) From End of Operation received at Chassis 5 until

ECS Proceed.

(Read/Write) From ECS Proceed until SCBD issue for next
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Figure 5-1. Electrical Interference Grounding; Cabinet and Chassis.
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Figure 5-2.
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Electrical Interference Grounding; Dead Start Panel.
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MAINTENANCE CIRCUIT BREAKER
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EXISTING

5-20
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Figure 5-3. Electrical Interference Gounding, Maintenance Panel.
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W

N
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Figure 5-4. Electrical Interference Grounding; Cabinet Doors.
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