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KEY TO LOCIC SYMBOLS 

(Standard tiOOO Series Card Types) 

Logic diagrarn s represent a syn1hotic approach to electronic sehematics. By 

11sing symbols to reprcsr:nt building block circuits, the schematic becomes easy 

to read if the reader understands the function of the symbols. In CONTHOL DATA•> 

logic, two signals, a logical 11 0 11 anJ a logical 11 1 11 are the possible input or outµut 

conditions of a circuit. For exarnple, 11 1 11 is considered 11 up11 and 11 0 11 is considered 

",fown" on a timing chart. Jlctailed descriptions of logic symbols and their 

associated electronic repr( .. Sentations are contained in the Printed Circuit 1\tlanual, 

Cut'lhvouu Modules (Pul,. Nu. ti004~700). 

STANDAH!l LOGIC SYl\lBOLS 

Standard logic diagram symbols for Control Data equipment using oOOU Series 

card lyp<·s ar<' invPrters, test points, flip-flops, twisted pair line drivers, and 

coaxial cable line drivers. 

Inverters 

An inv,;rkr is a logic elt•rnent which provides an output that is a negation of its 

input. When n1ore than one input is provided to an inverter, 11 0 1s 11 take precedence 

OVl'r "l's" and llll'rdore drive the output of the inverter to "l". Because all of the 

sr·veral inputs have to La~ 11 1 ' 1 to drive the output oJ the invertc>r to a 11 0 11 , the 

rnvertt•r may l'e consilkred an inverting AND (or NAND) gatP whl'n more than one 

input is present. Ttw basic inverter is shown in the logic diagrams as an arrow 

into dther a ci.rd<" or a square (Figurt· l). Both symbols repn·sent the same 

Plt>ctronic l·ircuit anrl have the sa1ne logic interpretation. In a logic sequence of 

rnvt,rtl-rs, , ir"'" and square symbols are usually alternated as an aid in tracing 

signals, t'. g., a 11 1 ' 1 output frcan a squarP syn1bol implies a 11 1 11 output from 

subsequt·nt squarf's in tlu· logic chain. 

Figure 1. Inverter Symbols 

Ct'rtain t'ard types t'rnploy variations of the standard inverter building block. 

Tht'S<' diffPrenc<'s 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, Conlwood l\ilodule,; (Pub. No. b00~2700) contain 

dt•ctronit' sdwmatll's of these special variations. 

* llegist l"r<·d t raderna rk of Control Ila ta Corpora ti on 

---[2J 

Figure 2. Spt'cial Inverlcrs 

Acceptable conventions for showing mult.iple inputs and outputs arP given in 

Figure :i. Note that th<' output of inverter A is "O" only if inputs X. Y attd Z an• 

all "l". The multiple outputs are identical. 

Figure 3. Multiple Inputs/Ou1puts 

Acceptable conventions for showing inverter networks arp illustratPd in Figur<' 4. 

As a general rule, eircle inverters altPrnatP with squarP invt>rtr•rs wht>rever 

possible. Because multiple outputs are idPntical, only one arrow is shown in 

cases where an inverter (A) serves as~ the singlC' input tu st'vPral t;tH'{·t·Pding 

inverters. In inorc con1plt•x inverter networks, rnultiplf· arrows art' us1·ri 

(B to C and D; in this case because B is not th<' only input to C or D) 

w 

x 

Figure 4. Inverter Networks 

Test Points 

A test point has no logic function, but is shown in tht> logic diagrarnt:i as a 

triangle (Figure 5). They are nurnbPred from 1 to Ii. 

Figure 5. Tt•st Point Symbols 

lfrv. A 1-iv 



KEY TO LOGIC SYMBOLS (Cont'd.) 

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 flip-flop is said 

to be set when the set output (Bl is a "l ", and clear when it is a "O''. Note that 

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

A 

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 :;;tandard square or circle. The 

output of the square or circle, howt•ver, is connected to a pin of the module in 

question and wired from there ~o 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 

arc r<'presented by small circles and are numbered from l to 28 (Pins 2"1 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. 

__ (}WJ.S_J~ _ f~RJ ___ _ 

Figure 7. Twisted Pair Line Driver 

Coaxial Cable Drivers 

The coaxial cable driver is a 25 nsec pulse l'ircuit, and is r<'prt·scnlt>d as 

shown in Figure 8. The pins used are represenlt•d by a small douhk circle. 

Figure 8. Coaxial Cable Dz'iver· 
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CENTRAL MEMORY 

ADDRESSING 

The CP programs are stored in CM, and all PPs may use CM for supplementary stor

age or inter-comrnunh:ation control. Thus CM addresses are generated by the CP and 

all PPs. 

Each processor sends a ClVI 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 intet'vals (maximum rate) on a priority basis and in turn 

issue one address every 100 nsee 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-saye 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 caS"e because ?f bank conflict) of the first time 

it is issued. 

DATA DlSTRll3UTJON 

Data to and from CM is distributed from a data distributor. The word from a read 

reference goces from CM to lhe 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 thal 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 lhe address, e.g., read, write, or PP exchange JUmp. 

The stunt box sends the tags to lhe data distributor (and to destinations in the processors 

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

data transmission. For 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 ehassis. 

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. Bence 32 eonsecutive 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 r'egister 

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 rkference 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. 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 
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GO CONTHOL (131K) 

A go control cin:uil is associated with each chassis (four b<inks) of ClVI. The circuit 

has sevet'Jl functions. 

1. HecugniL:e an addrc~ss frorn the stunl box and detern1ine if it is lot'.ated in 

an associated bank. 

2. :-:>ends an accept to the stunt box if the address is valid and the bank is 

free. 

3. Stal'ts llie 1000 n;iec storage cycle to read or store the word at the selected 

address~ 

No ac<'ept is sent to the stunt box if the s'elected bank is executing a storage cycle 

from a previously isstied address (bank busy case). The address is ignored in this 

case. The lime of address issue from the stunt box and the time the accept should 

be received bac:k 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 ClVI go control circuits to 

search the bank selection bits and determine if the 12-bit address is located in one 

of its assuciated banks. A translator circuit in .each go control translates the lower 

five bits of tlk 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 :l2 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 11 lXX, the complement of 

OOOXX. A OOOXX 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 FFs. A go from lhe 1 of 8 translator, a bank free condition 

from the storage sequence control circuit, and a clock pulse gates the l of 4 storage 

and turns on the accept signal. The set FF then starts an associated storage sequence 

control 'circui.t. 

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. lf 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 he 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 OH drcui t which feeds the stunt box. Since an address may 

be sent each 100 nsecs, an accept may be sent tu the stunt box every 100 nsecs, with 

each accept delayed from its assucialed address by 200 nsecs. 

6613 Central Memory 
Pub. No. 60246600 
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STOHl\GE SEQUENCE CONTHOL 

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 tbe storage 

module. ln general, the circuit establishes the bank free condition, makes the 

addre!::is available tu the storage inoduleJI 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 uf the 1000 nsec storage cycle. The storage module discussion 

details the <Circuits which respond to the address and read and write drive signals, 

and lheceby make the read word available on the sense lines, or store the word to 

be written or restored in memory. 

TI!VIING CHAlN 

The timing chain is a series chain of FFs 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 FF to start the sequence, Each FF is set for 

400 nsecs; slave inverters from set and cleared FFs in the chain are combined to 

establish timed gating signals for the various drive signals. 

BANK FHEE 

The bank frere condition is established when all FFs in the chain are cleared, i. e,, 

no pulse is travelling down the chain. The read FF, and intermediate FF, and 

write FFs (last FF 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 i-ead FF to turn off the bank free signal. 

STOHAGE CYCLE TIMING 

The following are the recommended times or timing durations for Central 1Vlen1ory 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 ± 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 adJUS ted by 

varying 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 

DATA FLOW 

In a read reference, the read word from the specified address flows from the 

storage modules to the dala distributor and also back to the storage modules for 

restoration. The SI:; modules send the read word to the distributor and start the 

restore portion of the cycle. The restore FFs on these modules are cleared JUSt 

before receiving the read word. 

In a write referenc(o, 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 FFs 

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

stored in place of the l'ead word during its normal restore cycle. The write control 

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 ll1rough the chain 

and format just exceeds the read access time and thereby destroys the read word 

immediately after it enters the SE restore FF. Effectively, the pulse in the timing 

chain runs in parallel with the pulse in the storage sequence contcol associated with 

the selected bank, but the write pulse from the timing chain fanout is emitted just 

after the bank merge pulse (which enters lhe read word in the SE 1·estore 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. 

circuit and timing of stunt box tags direct the sequence. The timing within the data distributor is such that a write word is sent lo the SE modules 

Wl1ITE CONTROL 

Write control clears the rest.ore FFs in the SE modules when writing in memory 

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

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

6613 Central Memory 
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DA TA OISTIUIHJTOR 

The data distributor distributes read and write words to and from CM. 

Head wonts are sent to CP <:ontrol on chassis 5, CP registers on 

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

Wi'ite words are ac<:epted from CP control on chassis 5 (exchange jump 

or return jump instructions), CP register chassis 7 and 8 (XO-? 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. 

6613 Central Memory 
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I READ DISTRIBUTOR I 
~ 

245-591 

BANKS 

CH 16 
NOTE: 

ALL LINES ARE COAXIAL CABLE. 
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"-
~ 

f'-... 

"--
"--

\. ~ / 

v 

\-..~ 
\.. 

\. 

'-.. ~ 

CH 14 

BANKS 24-27 

cu. 13 

SANKS 20-23 

CH.10 

BANKS 04-07 

CH.9 
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READ DISTIUBUTOR 

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

1'<JL1tes them to the several destinations. 

The distributor is organized on chassis 9, 10, 11 and 12 each of which 

handles 15 bits of the GO-bit word. Chassis cable limitations dictate 

the ocganizalion. The listing below shows the bits handled by each 

chassis. 

CHASSIS 

9 

10 

13 

14 

BITS 

0-14 

15-29 

30-44 

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. Head 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 c 5 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 c 5 full FF in the 

PP (after data word is in c 5) 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 

49 

48 

47 

46 

45 

44 

.i:1 

42 

41 

40 

3U 

38 

:J'I 

36 

35 

34. 

33 

32 

31 

30 

2 8 

27 

26 

2 5 

24 

23 

22 

21 

20 

JU 

18 

17 

16 

15 

14 

13 

12 

11 

10 

\todule Pin TP Module Pin TP 
9H42 28 6 14116 5 4 

6 2 17 5 

l l 16 , 
911.u 28 6 15 5 

8 2 H 5 

1 l '" 5 

9H40 

:· 1 

Ii 11 5 

2 10 5 

l l 09 5 

9"'fJ39 28 6 08 5 

8 2 05 5 

l l 04 5 

9 H37 28 6 03 5 

8 2 02 5 

I 1 01 5 

91136 28 6 131<2 ~) 

8 2 41 5 

1 1 40 5 

9 H35 28 6 39 5 

8 ., 
38 5 

1 1 36 5 

$1134 28 6 35 5 

8 2 34 5 

I 1 33 5 

'11'2 28 6 :12 5 

8 2 29 5 

l 1 28 5 

tBJl 28 b 27 5 

8 2 26 5 

l l 25 5 

9 ll30 29 6 10118 17 

8 2 17 

l 1 16 

lH129 28 6 l:i 

8 2 14 

l I 12 

91127 28 6 11 

8 2 10 

I I 09 

'1!26 28 6 08 

8 2 05 

l 1 04 

9H25 28 6 03 

8 2 02 

1 l 01 17 

9 1124 28 

I 
6 1142 7 

8 2 H 

l l 40 

9H22 28 6 39 

8 2 38 

l l 36 

9 ll21 28 6 35 

8 2 34 

l l 33 

91120 28 6 32 

8 2 29 

l l 28 

9Hl9 28 6 27 

8 3 26 

l l 25 7 4 

L-------v-----' L----y---3 

Read/IHst. Head 
Hestore --~----.... Dtstriliutor 

Bd 

58 

57 

56 
.').') 

54 

53 

52 

51 

50 

49 

,,8 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

:l7 

35 

34 

33 

32 

JI 

:rn 
29 

28 

27 

26 

25 

24 

2:J 

22 

21 

20 

18 

17 

16 

15 

14 

13 

12 

II 

10 

Module Pin TP Module Pin TP 
IOH24 2B 6 14118 17 4 

8 2 17 

1 l 16 

101123 211 6 15 

B 2 14 

I l 12 

IOH22 28 6 11 

8 2 10 

l I OH 

IOH21 28 6 08 

8 2 05 

I l 04 

10H19 28 6 03 

8 2 02 

l l 01 17 

IO!llB 2B 6 IJ 142 

8 2 41 

l I 40 

10 ltl 7 28 6 39 

B 2 38 

1 I 36 

IOHlti 28 6 35 

8 2 34 

I l 33 

10 lll4 2B 6 32 

8 2 29 

l I 2B 

10 Hl3 28 6 27 

8 2 26 

l I 25 

IOH12 2B 6 10 IlB 

8 2 17 

I l 16 

IOHll 2B 6 15 

8 2 14 

I I 12 

IOH09 28 6 11 

8 2 10 

I I 09 

101108 28 6 08 

8 2 05 

l I 04 

IOJ-107 28 6 03 

8 2 02 

I I 01 7 

101106 28 6 '142 17 

8 2 41 

l l 40 

oOH04 2B 6 39 

8 2 3B 

l I 36 

101103 2B 6 35 

8 2 34 

l I 33 

101102 2B 6 32 

8 2 29 

l I 28 

!OHO! 28 6 27 

8 2 26 

l I 25 17 4 

'---y--1 '-------y--1 
H~:~[:?r~t. --- n1~\~~~utor 

Bit 

5fl 

> 

58 

57 

56 

5' 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

3B 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

I 

20 

19 

lB 

17 

16 

15 

14 

13 

12 

I 

10 

Module Pin 

111-142 28 

8 

1 

llH41 2B 

8 

l 

11H40 28 

8 

l 

llH39 2B 

B 

l 

11 H37 28 

8 

I 

111!36 28 

B 

I 

llH35 28 

B 

1 

111134 28 

B 

l 

11 H32 2B 

B 

l 

111131 ! 28 

I 8 
i l 

11u3o I 2s 
, B 

l 

llH29 28 

8 

l 

UH27 2B 

8 

l 

11H26 28 

8 

I 

llH25 28 

I 
8 

! I 

llH241 :8 

I• 
UI-122 I :8 

l 

111121 2B 

B 

l 

111120 28 

B 

l 

lllll 9 2B 

B 

I 

TP Module 

6 14 118 

2 17 

1 16 

6 15 

2 14 

I 12 

6 11 

2 10 

l 09 

6 OB 

2 05 

l 04 

6 03 

2 02 

I 01 

6 13142 

2 41 

I 40 

6 39 

2 38 

1 36 

6 35 

2 34 

I 33 

6 32 

2 29 

I 28 

6 27 

2 26 

I 25 

6 10 llB 

2 17 

I 16 

6 15 

2 14 

I 12 

6 11 

2 10 

l 09 

6 08 

2 05 

I 04 

6 03 

2 02 

l 01 

6 9142 

2 41 

I 40 

6 39 

2 38 

I 36 

6 35 

2 34 

l 33 

6 32 

2 29 

I 28 

6 2'1 

2 2fl 

l 25 

Pin 

10 

10 

19 

19 

TP 
3 

5 

• 

Bit 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

lB 

17 

16 

15 

14 

13 

12 

11 

10 

Module Pin TP Module Pin TP 

121!24 2B 6 IAIIB II 3 

a 2 17 

l 1 16 

121l23 28 6 15 

B 2 14 

l 1 12 

12H22 2B 6 11 

8 2 10 

1 l 09 

121121 28 6 OB 

8 2 05 

l I 04 

12Hl9 28 6 03 

8 2 02 

1 I 01 

12Hl8 28 6 13142 

8 2 41 

I I 40 

12Hl7 2B 6 39 

B 2 38 

l 1 36 

121!16 28 6 35 

B 2 34 

l 1 33 

121!14 28 6 32 

a 2 29 

l l 28 

12Hl3 28 6 27 

8 2 26 

1 I 25 II 3 

12Hl2 28 6 10118 5 4 

B 2 17 

I l 16 

12Hll 28 6 15 

8 2 14 

l l 12 

12H09 28 6 11 

8 2 10 

l l l 09 

lZHOS 28 6 OB 

B 2 05 

l l 04 

1ruo·1 28 6 03 

8 2 02 

l l 01 

12H06 28 6 9142 

8 2 41 

I l ;o 

12H04 2B 6 39 

8 2 3B 

l l 36 

121!03 28 6 35 

8 2 34 

l l 33 

l2H02 28 6 32 

8 2 29 

l 1 

:: I lZHOl 2B 6 

8 2 26 

l I 25 5 4 
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Utt Module Pin TP Module Pin TP Hit Module Pin TP Module Pin TP Ht 

141124 28 6 14118 9 3 59 59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

13H42 28 6 

8 2 

I I 

131Hl 28 6 

8 2 

l l 

13H-t0 211 6 

14118 

17 

16 

15 

H 

12 

11 

10 

09 

08 

05 

17 4 59 

5B 

S7 

56 

55 

54 

53 

l4H23 

l4H22 

8 2 

l I 

28 6 

8 2 

I l 

28 6 

8 2 

17 9 58 

16 9 57 

15 9 56 

14 9 55 

12 9 54 

11 9 53 

8 2 

I I 

l3H39 28 6 

8 2 

l l 

J3H37 28 6 

8 2 

04 

03 

02 

52 

51 

50 

49 

48 

47 

•• 

10 9 52 

1 I 09 9 51 

14H21 28 6 08 9 50 

8 2 05 9 49 

04 9 48 

l4Hl9 03 9 41 

02 9 46 

I 1 01 1 45 

44 fl3iiJ6 21+-s·13H2T++-. T« 

I I 

28 6 

8 2 

I l ___ 0_1-1--9+-+-l 45 
l4HJ8 28 6 13H42 9 44 

43 8 2 41 ' 43 8 2 tl 9 43 

42 .. 
40 

39 

38 

37 

36 

30 

34 

33 

l I 

13H35 28 6 

8 2 

l l 

141134 28 6 

8 2 

I l 

13H32 28 6 

6 2 

l l 

'.:12 13Hll 28 6 

31 8 2 

30 -~ 1 
29 l-titt30 28 6 

28 

27 

8 2 

26 13H29 28 6 

25 

21 

8 2 

1 I 

23 131127 28 6 

22 

21 

20 

19 

18 

17 

16 

8 2 

l I 

131126 28 6 

8 2 

l I 

l3H25 28 6 

8 2 

40 

39 

36 

36 

35 

3t 

33 

32 

29 

28 

27 

26 

-~?.+~-
10118 11 3 

l1 11 

16 11 

15 11 

u 11 

12 11 

11 11 

10 11 

09 1 t 

08 11 

05 11 

Ot 11 

03 11 

02 11 

15 1 1 01 11 
14 '13fr~ 28 >--6+--9-1-42-;--l I 

13 

12 

II 

10 

8 2 41 11 

I I 40 11 

13H22 28 6 39 11 

8 2 38 11 

I I 36 11 

13H21 28 6 35 11 

8 2 34 11 

l l 33 11 

13H20 28 6 32 11 

8 2 29 11 

1 I 28 11 

l3Hl9 28 6 

8 2 

l J 

27 

26 

25 

11 l 
ll 

11 3 

Read/Dlat/ Rea.d 
Rc111:tore --..........--.. nte1tdbutor 
~-----1\__ _ _._._.A_ _ _J 

14Hl1 

l l 

28 6 

B 2 

40 9 42 

39 9 41 

38 9 40 

39 l 1 36 9 39 

38 141116 28 6 35 9 38 

3·1 8 2 34 9 37 

36 1 l 33 9 36 

35 l.U14 28 6 32 9 35 

34 8 2 29 9 34 

33 1 I 28 9 33 

32 l4Hl3 28 6 27 9 32 

31 8 2 26 9 31 

'o !------- _.:_• +_o'-+---=2::5--+---'9'+--H 30 
29 14Hl2 28 6 10118 9 29 

2a a 2 F 9 20 

l l 

26 l4Hll 28 6 

25 
24 

8 2 

l l 

23 14H09 28 6 

22 8 2 

2 l 1 1 

20 141108 28 6 

19 6 2 

18 l l 

17 14H07 28 6 

16 8 2 

16 9 21 

15 9 26 

14 9 25 

12 9 24 

11 9 23 

10 9 22 

09 9 21 

08 9 20 

05 9 19 

O.t 9 18 

03 9 11 

02 9 16 

IO ~----+-! -l---l,j.---0-1-+-9+-+-I 15 
14 141106 28 6 9142 9 14 

13 8 2 4:1 9 13 

12 l 1 

11 HB04 28 6 

10 8 2 

9 I l 

8 141103 28 6 

7 

6 

' • 
8 

2 

I 

0 

8 2 

I l 

14H02 28 6 

6 2 

l l 

14H0l 28 6 

8 2 

l I 

.fO 9 12 

39 9 11 

38 9 lO 

36 9 

35 9 

34 9 

33 9 

32 9 

29 9 

28 9 

27 9 

26 9 

25 9 3 

L. Read/Dial/ Read 
Restore -·-• Ditstributor 

\. __ _JL_~___J \______,,,______) 

t Module Pin TP Module Pin TP 
15H42 28 6 14118 15 3 

8 2 17 

1 I 16 

15H41 28 6 15 

8 2 14 

l 1 12 

15H40 28 6 11 

8 2 10 

1 1 09 

15H39 28 6 08 

B 2 05 ! 

1 1 04 

15H37 28 6 03 

8 2 02 

1 l 01 

15H36 28 6 13142 

8 2 41 

1 I 40 

15H35 28 6 39 

8 2 38 I 
1 1 36 

I 
15H34 28 6 35 

8 2 34 

1 l 33 
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WltITE DISTIUBUTOR 

The write distributor accepts words from the several sources and 

stores lhem in l of 8 memory chassis. The distributor is on chassis 4. 

The 60-bit word on chassb 4 is split into four 15-bit groups which are 

sent to chassis 13-16 respeetively. Eaeh of these chassis in turn sends 

(or stores) its 15-bit group to the other 7 chassis unconditionally. 

A 3-to- l 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. 

The word is then split and transmitted to chassis 13-16. The chassis 4 

data registers and the tag FFs are cleared simultaneously. 

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. 

6613 Central Memory 
Pub. No. 60246600 
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CENTRAL MEMORY 

AIJDRESSING 
I 

I 
The CP pt'ograms at'e stored in CM, and all PPs may use CM for supplementary 

storage or intet'-communication contt'ol. 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 

acc:ept signal to the stunt box if the bank is not busy (free) with a previous reference. 

The stunl 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 D!STRIBUTJON 

Dala 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 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 helLJ 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. 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. 
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GO CONTROL (65K) 

A go conlr'ol circuit is associated with each chassis (four banks) of CM. The circuit 

has several functions. 

1. necognize an address from the stunt box and determine if it is located in an 

as!Oociated bank. 

2. 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 C.):'cle from 

a previously i!>sued address (bank busy case). The address is ignored in this case. 

The time of addre!>S 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 pr·oper time voids reissue of the 

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

BANK SELECTlON 

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 

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 11 lXX, the complement of OOOXX. 

A OOOXX 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 FFs. 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 ~hen 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 fr()m its associated address by 200 nsecs. 
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STOHA(;J:: SEQUENCE CONTHOL 

Sl<H'age St~quence contr-ol respond.'.:i to a bank go condition fron1 go control and generates 

a series uf timing signals which direct the basic eycle of the storage module. ln general, 

the cin:uit establislws the bank free cundilion, makes the address available to the stor

agt: nHJdule, and then issues read, sensl:, start and end inhibit, bank merge, and write 

drive signals to sequence r·eading and writing. The sense signal samples the differen

tial amplifier which receives I.he 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 wt·ite drive signals, and thereby make the read word available on the sense 

lines, ur st.ore lhe word to be written or restored in n1e1nory. 

Tl iVllNl_; CHAIN 

The timing chain is a sel'ies chain of FFs whose outputs ddve slave inverters, which 

in turn supply the various signals to sequence reading and writing in CM. A pulse 

entiers the chain and is transferred to successive FFs at 50 nsec intervals. A bank go 

signal sets the read l•'I•' to stad the sequence. Each FF is set for 400 nsecs; slave 

inverters frorn set and cleared l•'Fs in the chain are combined to establish timed gating 

signals for the various drive signals. 

llA.NK FHl·:E: 

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 FF, and write l''Fs 

(last l<'l<' in chain), contribute timing signals to the bank free circuit and indicate 

whelher a pulse is in the chaiu. All three FFs must be cleared to signal bank free, 

but their sel. slaks overlap to sign,al bank busy when a rmlse is in the chain. 

The bank free signal all<.iws 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. 

STOHAGE CYCLE TIMING 

The following are the recommended times or timing durations for Central !VI emory in 

all 6000 series computers: 

Strobe (time 75 ± 5 nsec) 

This is measured on TP5 of the SE module, (see page 7). This lime should be 

adjusted by varying the length of wire to pin 16 of the SG module. 

Head-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 (385 nsec ± 5 nsec) after the start of Head. 

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 n>Jec) 

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, tile 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 

FFs 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 FFs are cleared again to destroy the read word and reset 

with the write word which is stored in pla<.:e of the read word during its 

normal restore cycle. The write control circuit and timing of stunt box 

tags dired the sequence. 

WWTE CONTHOL 

Write control clears the restore Fl~s in the SE modules when writing in 

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

circuits. 

5.85V 
I 56!1 

56!1 
-'Vl/\r 

10011 
~ ,--~--vvv-

I 

' 

16 

TO PU MODULES 
IN OTHER BANKS 

PU 

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 FFs on the respective 

chassis SE modules. The delay time through the chain and format JU St 

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 paraHel 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 DISTHlBUTUR 

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 C:P control on chassis 5 (exchange or 

return .1ump instructions}, CP register chassis 7 and B (XO-? registers), 

or from the PP on ehassis 1. 

Address tags from the C: P 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. Il should not be necessary lo adjust the on time 

for the inhibit 30-50 nsec is the usual delay between inhibit-on and wrile

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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HEAD DlSTlllBUTOH 

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

routes lhern lo 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. 

CI!ASSI-S 

9 

10 

BITS 

0-14, 30-44 

15-29, 45-59 

Chassis 11-12 each send the same 30-bit group to chassis 9 and 1 O. 

A read word from chassis 9 retains bits 0-29 but sends remaining bits 

to chassis 10. Head 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 D 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 c 5 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 c 5 full FF in the PP 

(after data word is in c 5) 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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WRITE DISTRIBUTOR 

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-bil 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. 

The word is then split and transmit'ted to chassis 9-10. The chassis 4 data 

registers and the tag FFs are cleared simultaneously. 

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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MODULE LOCATION INDEX MODULE LOCATION INDEX MODULE LOCATION INDEX 

CHASSIS PUB. NO. SECTION CHASSIS 9 PUB. NO. SECTION CHASSIS PUB. NO. SECTION 

R8w MODULE PAGE TYPE R'{f MODULE PAGE TYPE R~W 
MODULE PAGE TYPE 

01 01 01 TI 21 25 29 31 35 
02 02 02 ...Tll 11 21 11 
0 3 
04 TL 31 33 35, 11 
05 I 

03 
04 
05 

03 PJ 5 
04 PJ 5 
05 PJ 5 

06 06 06 PJ 7 
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09 09 09 PJ 7 
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20 TR 7 15,21...._25 20 20 TR 30 
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MODULE LOCATION INDEX MODULE LOCATION INDEX MODULE LOCATION INDEX 

CHASSIS PUB. NO. SECTION CHASSIS PUB. NO. SECTION CHASSIS PUB. NO. SECTION 

RlW MODULE PAGE TYPE R_f{I MODULE PAGE TYPE R£W MODULE PAGE TYPE 

01 TA 12 21 29 01 TR 7 11...._13 15...._25 01 TD 11...._21 
02 HF 13 02 TI 13 15...._25 02 TB 21...._25_._31 
03 .TE. 9 ..ll 03 .TE. J1 ..ll 03 TE_ Jlll 
04 TE 9 11 
05 T:Q 9, 13 
06 T.Q 5 7' 11 25 

04 .TE. J1 ..ll 
05 T_Q 13 
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06 IV 33 
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15 Tl 11 21 23 ..... 27 15 TL 7 11...._22 23_._29 31 15 TL 11....._21 22 
16 WE 17 19 I 6 WE 17__.19 16 
17 WE 17 19 I 7 WE 17_._ 19 17 TE 17...._21 • 
I B WE 17 19 I 8 WE 17_._19 18 TE 17...._21 
19 WE 1 7, 19 19 WE 1 7, 19 19 TE 1 7..L21 
20 TG 17 21 20 TG 17...L21 20 TG 17..L21 
21 TG 1 7, 21 21 TG 17, 21 21 TG 17, 21 
22 FA 23 22 FA 23 22 FA 11, 22 
23 FA 23 23 FA 22 23 FA 22 
24 FA 23 24 FA 22 24 FB 22 
25 FB 23 25 FD 23 25 FD 22 
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27 .EE 23 27 FE 22 ....... 31 27 FE 22 
28 FE 23 29 
29 rf_Q_ 23 

28 FE 22_._35 
29 TQ 22..._23 

28 PD 9_._11 
29 PD 9...._11 
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40 SB 17_._19 
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42 CR 9_,_ 12...._ 27 

39 QJ 33 
40 SB 1 7 ..... 19 
41 SB 1 7' 19 
42 SB 17 ..... 19 
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GENERAL DESCRIPTION 

The ECS Coupler allows the CPU to r:ommunicate 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 Field 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 x0• A0 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. 

ECS Coupler 
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SEQUENCE OF OPERATIONS 

lNTlHJJ)UCTJON 

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. Hecord Setup. 
This part of the operation is performed before each record transferred. 

3. Oata Transfers. 
If 524K of ECS are used, the data can be transferred at the rate of one word 
every 100 nsec. The coupler handles 8-word records and to sustain this rate, 
it must re4uest a new record while the data transfer is in progress. That is, 
the Hecord 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 lo CM (chassis 5). This path (and the coupler 
timing chain) is used by the CE.J/ME.J instructions (St. Opt. 10104). 

TRANSFER SETUP 

Ou any Exchange Jump, FL(ECS), FL(ClVI), RA(ECS), HA(CM) are sent from the package 
to the couple,._ 

When an ECS instruction is translated, 

1. The timing chain is started. 

2. The content,; of XO and AO are sent to the coupler X and A registers. (These 
address relocation qlrnntities must be stored prior to instruction execution.) 

3. The Clear signal on 130 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 re4uired values are not stored in the coupler. Note that the values of FL(ECS), 
FL(CM), RA(ECS) and HA(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. 

RECOHD SETUP 

FlHST HECOHD 

ECS reads/writes eight GO-bit words at 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 diagcam). 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 re4uired, 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 lOB to give the number of words to 
be transferred in this record. This result b sent lo K. 

2. K is checked against H. lf K-Jl 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 beco{l1es the last record and Bis senl to P 
(see Last Record). 

3. Bis reduced by K words. 

4. The ECS address, Store bit and llequest 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. It is also sent to the f<~xehange 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 HECOHD 

Any record may become a last i·ecord if the K-B test is positive. If so,- His sent to 
P register. Since B may be 0-7, the record can be a partial t·ecord but only in that it 
is terminated early (when B is less than 7). Note that a Last Record 'is 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 TRANSFEHS 

Note that data transfers musl be continuous; that is, non-consecutive address are not 
possible in a block transfer. However, it is possible lo reference a single word in ECS. 

PPU lNTEHHUPT 

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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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. The timing chain runs for 2. 4 µsec minimum and controls most 

of the Coupler's operations. TOl to T26 of t'1e timing chain are used for Normal Transfer 

Setup, Flag Function and CEJ sequences. T27 to T42 of the timing chain are used for Normal 

Transfer completion, Next Record Setup sequence and PPU Break-in operations. 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. Read/Write FF is set. Timing chain is started at TOO. 

TOl 

T02 

T03 

(NORMAL TRANSFER) Enable Pass on; Enable XO, BO, AO to X, B and 
A registers. 

(NORMAL TRANSFER) Clear K register; force 11 0 11 into B. 

(NORMAL TRANSFER) Enter XO in X via Il. 

T05/T06 (NORMAL TRANSFER) Enter AO and BO into A and B via 11. 

T07 (NORMAL TRANSFER) Continue timing chain. 

(CEJ/MEJ) Enable END of operation. 

(FLAG FUNCTION) Clear Flag Function FF. 

T08 (NORMAL TRANSFER) Enable B (word count) to I3 and to the adder. 

(CEJ/MEJ) Enable Monitor address to the adder. 

T09 (NORMAL TRANSFER) Continue timing chain. 

(FLAG FUNCTION) Enable Flag Function FF. 

TlO 

Tll 

(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. 

T12 (NORMAL TRANSFER) Send A via I3 and K to the adder. 

(FLAG FUNCTION) Enable address to ECS Controller for Flag Function. 

T13 (NORMAL TRANSFER) Enable B to the adder. 

(CEJ /MEJ) Clear Block Flag Function FF. 

T14 

T16 

T18 

T20 

T21 

T22 

T23 

T24 

T25 

T26 

(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) Send FL error signal if N register is negative 
(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) Set First FF. 

(NORMAL TRANSFER) Perform X +RA (ECS); result to N register. 

(NORMAL TRANSFER) Send FL error signal, if N register is negative. 

(NORMAL TRANSFER) For first record only, send X and RA (cm) to the 
adder. Enable E term. 
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T27 

T28 

T29 

T30 

T31 

T32 

T34 

END OF TRANSFER SETUP 

START RECORD SETUP 

If this were and intermediate record, the Record Setup would begin for 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 T 41 to continue 

the timing chain. 

(NORMAL TRANSFER) Set Clear K FF. 

(NORMAL TRANSFER) Set K = 10 ; mask all bits of 13 Fan-in (extend 
sign) except bits 0-2. Send Kand ilJ to the adder. X and N both contain 
the actual ECS address, from N we have: 7- 7x (note that the 7's are 
masks and the Xis the complement of the 60 Bit Word Count)· from K we 
have: 0 - 010 Results from the adder; 0 - OX+ 1 (end around carry) extend 
in K. Since the lower 3 bits of X may possibly be zero (partial record) 
the Coupler must determine what to enter in P. (First record only) 

(PPU BREAK IN) PPU Break-rn is the same as a Normal Operation 
except that set K = 10 8 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 
record. 

(NORMAL TRANSFER) Clear K. Enter A (1f this record is not the first) 
with A + 108 (see T42). If this is the first record, send N (cm address) 
to A (see TZ6) Send Addr. to controller (x Register) 

(PPU BREAK-IN) Clear K. Enter A with A+ 0. A is added to 0 on a 
PPU Break-in because set K = 10 8 was disabled at T28. A in this case 
holds the Cl\1 address for the interrupted record and must not be incre-
mented by 108' Addr. to controller (x Reg) is blocked, but Timing Chain continues 

(NORMAL TRANSFER) Enter adder results (T28) in K. This is the number of 
1111ords to be transferred for this record. 

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

(NORMAL TRANSFER) Enable B tot he adder. This will initiate the check to 
detern1ine if this is last record and if so, how many words will be transferred. 
This is done by subtracting the Word Count (BJ + K), now in B, from K (T32). 

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

(NORMAL TRANSFER) Kand 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 recurd 
will to started at word 0. If this 1s any record but the first, .10 8 is added to 
X and the ECS record address is incremented by 1. Also, il tlus is any record 
other than the first, 108 is added to X, and the ECS record a{jdress is i icre
mented by 1. 

T35 

T36 

T37 

T38 

T39 

T41 

T42 

(Enter N into B register via 11. This is the result of K - B, complemented. 
If N is negative, B was larger than K and this is not last record, K is entered 
in Pat T38. If N is positive, the Word Count< 8 FF is set and Bis entered 
inPatT37, -

(NORMAL TRANSFER) Send A to the adder. N will send A to CM (T38) 

(NORMAL TRANSFER) Send B to P if last record. Enable N to the VIA Il. 

(NORMAL TRANSFER) Enter N in X. From I this is the result of the K and 
X addition at T34 and is the ECS address fro the next record. Enable N to CM. 
Enable K to P. 

(NORMAL TRANSFER) Start the delay chain if this is a read operation; this is 
to delay the start of the decrementer long enough to get the data back from 
ECS. Clear ENABLE P FF, 

(NORMAL TRANSFER) An Accept from the Controller sets T41 FF and 
enables the P decrementer. T41 clears Read Last Record FF and clears 
FIRST FF. If last record (Read Last Record FF is set) this FF blocks 
the timing chain and prevents the requesting of any further records. 

(PPU BREAK-IN) The Accept from the controller to T41 is blocked at T30 
when Address to Controller (X Reg) was disabled by the PPU Break-In. 
The timing chain hangs at T40 until a Read or Write Resume signal sets 
T42 FF. 

'.,NORMAL TRANSFER) Set FF. Send A and K to the adder. This up dates 
"he CM address by 10 . This new address is entered in at T2D. It is not 
>ent to CM each recofad 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 . 
. ~ote that T27 FF is set 25 nsec after T42 and T28 FF is set 75 nsec after 
T42. Therefore, T42 at 75 is the same as T28 at TOO. 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 
<cdder. 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. 
T27 FF is set and a new record sequence is set up. 
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A. B, X AND FLAG REGISTERS DESCRIPTION 

A REGJSTEl1 

This is an 18-bit register which initially holds the contents of A0 (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 to CM T38 (P. 11) for each record. 

B HEGlSTER 

This 18-bit register holds the total number of words to be transferred. Initially, it has 

the contents of B0 (ilj + K), but it is 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. Bis not changed if this condition 

is met. 

X REGISTER 

This 24-bit register holds the ECS address. It is updated by 108 for each record 

request made to the ECS Controller. The initial contents of Xis the relocation 

quantity x0. 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 (XO) and FLECS. No FL(ECS) checking is performed and 

RA(ECS) is not added to the ECS address (XO). The operation is the same for either 

ECS instruction and is not affected by the Fifty Percent Capacity Reduction. 

The contents of XO 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). 

1. 

Function 
Code 

23 21 ·20 ,, 

Function Code (N) is bits 21-23. 

operation. 

2. Bits 18-20 are not used. 

18 17 

Flag 
Word 

0 

Bit 23 is always set for a Flag register 

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. 
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I3 FAN IN DESCRIPTION 

The I3 Fan In allows the X, B, A or N registers to enter the adder. 

Note: 

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

2. 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. 

3. 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 Tl6 when (A+K) is in N and is to be subtracted from 

FL(CM) for Field Length checks. At the K-B test is performed 

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

H2 HEGISTEH 

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. 

lVIA, RA AND FL REGISTER 

These hold lVIA, 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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12 FAN !N AND K REGISTEH 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 108. An 

exception occurs during PPU Break-in when K is held clear disabling the 

K + 108 addition. Its inputs on 12 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 12. The lower 3 bits of K are sent to the P register except on the 

last record, when Bis sent to P. 

12 !<'AN IN 

This fan in allows RA, F'L and K to send operands to the adder or to the 

pass on network. The letter would be done only if an Exchange .J_ump ~ccurred. 

Since the lower 6 bits of the ECS registers do not exist, their inputs on 12 

are not used. Also, since RA(CM) and K are controlled by the merge gater• 

their gating term (A) on 12 is always a logical one output. 
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GRD 15 ~ fl(ECS) 

L ______ . ___ _ 



L24 

GR 3 SECTION 1 L25 \ 

BOHROW 

I3 F. AN -IN 

INVERTER 
RANKS,Pt5 

Ll5 

lsrr 2~-~ 

ADDER FEEDER REGISTER -----·---

GR_~P 2, BITS 

L23 

L22 

K24 

K23 

I- -=-~ -== =; =~~~-~ ~~-~e;t 
1 

BORR OH 1 2 ·-0--- FD c,. 5 

::R~O~ 1
1
5 1-t: ~~EC TI ON~ 113! M 

I I 9- I I 6 

2s-->()--20 

I BIT 22 I 
27-0-17 

I BIT 21 I 
26---0--1 f:l 

I BIT 20 I 
25--0-15 

I BIT 19 I 

GROU~~_T_S ____ ,__, 
GROUP O,BITS 

1--
B I 

D-,. ! GROUP 0 I 

GR I 

BORROH 

J--0 BORROW I ~3 PASS 

K-"' P- I GRT?ASS 
C--- I 7-J GR I PASS 

B-,. .-------
ri--0 GROUP 0 I 
1-"' PASS 

16-- SECTION 0 9 

I B-_;f 

~l 
~-o __ _J 

BORRO~, 

J2S-8 

~ ~~~TION I PASS 
10--6---1 12 TO SECTION 0 

K25-9~BELOH> 

GROUP PASS 

GROUP I PASS 

A l 

6--2 4 - 1 1e-----N~c: 20 

I GROUP 3 BORROW INPUTS 

I 17 

N 

2~-\6 

I BIT 1 s I 
13---- 8-, 

1:/; -"- ~ ·-·· ~y """'' """""" '"'"" 
! 1~.· ~· 2i' -1_ _________ _ 

23-~13 r·-· -- 10 

I sr; 171 : 
21-~191 
1 l I @) 

f ROM !2 f AN-IN 

K\5 

20_;(_ 
A-X-

BIT 13 

5-

I® "" 6-, "--
I 
I 

BIT HI 

I 
L_ -

- - - - - - - - - - - - - - - - - - - - 212 >6-26 - 25 -· ·· ·· · KY-
2t GROUP 1 BORROW INPuTS .-------------------., L I 1~23 

I ,------------ ---11 I 
I I I ---b=2a-1 
I I ADDER RESULT IJETHORK I A--0-··\ 0 - 27 I I 
I I GROUP 3,BITS 21-23 I I 261 I 
I I GROUP 2,BITS 18-20 · I I I 

I GROUP 1,BITS 15-17 --------· ---·----- ___ _JI 
I GROUP 12-14 -------·- -------·------_J 

-, 
I 

NOTES 

Ci) 

GROUP 0 
BORR OH INPUTS 

SINCE K IS AN I 8-

~~ 
1- - -, 

12- __ ~ _s- - BIT REG, BITS 18 

REG -23 GO DIRECTLY 

jarr 1 7 9 m Ci) 

18~:~ ~~ ~ 20-...()--20 

1 l i 
FROM I2 FAN-IN 

I 

1 BIT 141 I 
2 1--0-1 7.J I 

.~Jl_J 
A-~ 

BIT 12 

I BIT 131 I ,2 3-

26--0-t 0 _ .J I ' 

I BIT 12 I : 
2 5-0-- I 5 - - J 
L_ ___ J 

FROM I2 fAN-IN 

P21 

T 2 0 

r A 

11--- L 

BIT 13 

26--1·~~-
L_ ------ ---

I 
L_ 

\an 1sO- I• 
5--0-{J- 6 

I BIT 1 CT-21a 
2 1--{)--{]-2 6 I BIT 14 I 
2--0-B= 3 N I BIT 13 I 

-24~-B=:: 
I BI: 12 --212 

-2 I ---C3-B--2 a L _______ J 

REG 

® 

'· 

® 

SECTION I 

TO N REG 

PIN 13 NOT USED 

ON K24,L22,L2"3 

PIN • NOT USED 

ON L23 

TH I$ ADDER IS IDENTICAL 

TO TH£ LONG AOO UN IT 

IN TH£ 6600. 

SEE PUB. NO. ci02?480 1:i 

PIN 20 GROUNDED Oi-l l 23 

tCS COUPLER ANDCEJ/\l: 
Sl21:: OR ... W•NG NO 

c 6024668( 

4 2" 



l3 FAN IN 

INVER fER 
RANKS 

KIS 

~!1 ,J~S-
20->()-20 I 

I BIT 6 I : 
21--0-11 I 

I I I 
FROM I2 FAN IN 

I BIT I 
26-·0-IB 

I BIT 4 I 
2s·--0-1 s I 

I BIT 3 I : 
2 4--0--- I 6 I 

I I I 

r--- s 
I 

FROM 12 FAN IN 

I BIT 2 I I 
2 o--{)-1 3-1 I 

I BI! 1 I : 
21 --C3·--l 9 _ _J 123-

BIT 

6 '> BIT 0 

1 BI: 0 I : 

22-f?5--14- __ J 
L _ ____J 

FROM t2 fAN IN 26---!
5
---

K ----

r-->\!) 
1 1 ---·-:{_0 t 2 0 

J25 

GROUP 3 BORRO~ INPUTS 

GROUP 2 PASS 

GROUP I PASS GROUP 2 BORROW INPUTS 

-13- - - - - -, - a-, L----

BIT 2 

BIT l 

BIT 0 

1 "" '---·-· I 
I 
I 
I 
L_ 

I 
L-

- - - -- - - - - - - - - - - - - - - 22------+ GROUP l BORROH 1NPU1S 

+ 

,-
1 
I 
I 

,- ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: :::_:,,'" ~ I I I 

: ADDER RESULT NEHWRK "" ""'- "\ A-.()-1 o - 21---- _JJ-- 2
;
6 -i 

GROUP 3,BITS 9-11 FE K26 "'- "'- I j -TI---2s1 I 
,_G_R_O_U_P_2~, _B_I_T_S--6---B----<e-F--1E J 2 e "'- " - J I I 
f-G_R_O_U_P__.1-'-'B-'I'-T-'S--3---5---1-F--jE J 27 -" "- - - - _J I 

GROUP '----- ___ _J 

+-+11---~ REG 

REG I I I A 

La~ 
I IX 
I rs-;{) 

~/ I _ _// l /,-211--
1 /I 
L_ - r - + - - 26------+-->l 

GROUP D 

BORROW INPUTS 

-_ _/ :· I s( BIT o 

L_ - 2 1s---~-)-•()"6( 
PIN 13 IS NOT USED 

ON J23, J24, K 2 2. 

Sib ORAWtNG NO REV. 

I ~~B-
- - - - -- - - . 4-- -- -%-0 I L___________ _ ___ , 

ECS°COLf'LER AND CEJ/ME 
ADDER: SECTION 0 

L_----------·---~ 
c 60246600 E 
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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 TOO, 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 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 CONTHOL 

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, Bis sent to P; if clear, K is sent to P. 

READ LAST RECORD FLIP FLOP 

This set by the Word Count :s_ 8 FF, Head 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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G20 122 KOi 

1 1-1:r~ ,-~ 
WRll E 2, 

ll 2-28 ,P27 

,--~ 
2 3 -_,..{)-- 19 . ,,_)- I M06 - 19 21 ----()_---- !9 -- -- 26--__,..(_)--- lb -- l 

T3 5 23__)__/_J 
108-10 L__ I 

J 

r ------
' J06 I -- -- 119 

f37 
IO'j -- 3 

I I 4 L0j I j~[T~ 
I 4

( [}-- 23 ...!_ __ 27 __ -0-- !? CLEAR WAITE 2, 

L - 24--(HJ-- 25-' 1 L I P31- 3, P27 L I -----

.. ____ _j I: r··=sir~; 

r -- - -

: ~- .. 5 - 1'> 
T38 --;_r GATE BITS 0-2 OF 

I 109-7 --~)------13 K REG TO p REG, 

I 17 L_~ ______ J JI 1-14, P2l 

: r ---.-- ---lf1 
G078;,21-:: :iS-..r-f--20 

READ 2 FF, 24- []-zz~ 
112··3, P27 L____________________ l 

-- _____ _J 

l 13 
1 REAo LAsfRECc,Ro··---Fj 
I z> ·- P31-5, P27, 

L ·-12-~ L 2-- I CLR READ 2 FF 

tl03 ~~) .. MIZ-2714- · '- -· --3 CLR INIT 3, 

T41 I I Cl3-15,P29 

L05-13, l I -- ~---~---10 

P27 L____ __________ J 

NOTES 

CD tOO,M06-28 

@t60, G21 28 

4-25 

I 
1, 

I 1 

11 
I I 
I 
I 
I 1 

_j I 



READ AND WHITE FF DESCHIPTIONS 

Along with the Initiate 1 signal, CPU sets either the Write 1 or Read 

1 FF's, 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 T2 '/, the 

timing chain will be blocked, Either Write 2 or Read 2 must be set 

for it to continue. 
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W24~93-W21 

5033- 26 

GO WR!TE(ECS) 

FROM C1-1 5 

W24-92-W21 

5033-26 

GOREAD (ECS) 

FROM CH 5 

M t 3 - 2 7 

T41 

I 09 - I 0 

--···-··-------~ j 38 

YWRITEl l 

·: ~~ ~~ '[ .: --- --~~-,2-r -T ~2-2 
I CEJ 1 F31 6,P356-0-10 

"CS- 1 
6 - T~ J I 

4
- ~ ~~U~ =l rnP31 

WORD 6-- !NJTIATE 2 

C DUNT ?: 8 3 Gl2- 9, P25 

~ "" , \'>}:' - I : 
20_j 
L 

I 2(*--1~0~ / :~~~R~AST 
6-6 5NU tl3-11P25 

L------- _'JI~ -I,;_-;, , P 25 
__ __ CLEAR LAST 

RECORD FF 

L5 I 
I Q--11 
7 _JI j 
L__ 

GRD 

Gl2- 20, P25 

INITIATE2 

- - Iii •/ .. ,," r 1t--=~2H3 GPOIB2 ~ ~ -7,P31 PPU BREAK IN FF 

GADIB 26 ______ 26_ -~:--.H33-~CL£ARI~~T!A4:E3FF 
16_/"' -28ENABLEBTOPKOl--23,P25 L 111'-,ISTOREB!T 

(' I ", ~ 1-.--~ p 06 __ ____J I 13 ---v-Y3 T 0 - - I •( T ~ 0-3 CONTROLLER 

-~ 

JI~ } E PO fl7' "---24-0--E=:53-IG ~~ ~5A: ~~ABl E p FF B 2( -:=-

I ~'rlJ 'i~REAO;,WRIT t-CEJ J =~ (READ-L~ST ~ECORD l•T30· 170 Gl2-7 ,.~~ 
5~11 I~ 103-8,P.5 / J THIS MODULE ALSO CARRIES 

B ~ ~T~RTTIMING CHAIN I)( REG(ECS ADDRESS) TO CONTR ... 

I ( INPUTTOPIN14ISSHOWN 

A 6 NU l I ON P 12 

L02-l,P25/ 

l~I19 

~ 1
1 ~:l I TI M l NG c HA IN 'T 27 l 

3~ 9 G20-18,P7 

/ 

I 10 

SET READ LAST RECORD 

/ 

~ ~ I I~: 
FF ACCEPT I24-18,P7 :~-10 - ,,JI 
FLAG FCN P06-22,P12 aJ I 9~7-i 10-t - J 

I - ( L__-=-.__j I 

) 

I !4-14,P25 

r-- - - - - - - - - - - - - - - - - - - - -- -- - - - - _J E NABL E 

DECREMENT ER 

( I 17 

~,-, 1R 
15---,. '( 

T39 J06-6,P7 11-:cJ----13 

r 22 

11 
- 2a-0----20 -

L_____J 

FIRST-FF 114-9. P.11 

t 95 

MO 6- 2 2 

READ DELAY CHAIN 

RE A 0 READ 

0 ELA Y 2 0 ELA Y 3 

----- 3 0 0 N SEC DELAY 

~I ,--1 
11 NU 

I- -96'~ - 5 2 - - 96 "- 12 

3 C13- 7, P31 6 NU 

A/B A/B 

CLE AR I CLEAR I 

SET SET 

I 
13 NU 

10 - - 96 "-

14 NU 

GRO 

t9 0 

L05-23 

READ 

DELAY 4 

•> 
15 NU 

21 17 - ·-- 96 ''. __ 

~~0 _119 :~2A~~I~ P25 

20~ B--+P 

22 c 

M31 

READ 
0 E.LAY J~ 

5) I ) 
16_/ 

24 27 NU 

16 C13- l4, P31 

EN ABLE PPU 

Cl D BREAK IN 

CLEAR/ 

SET 

iij1mlit•l••Mi1lmLE 
• •• •.. • READ AND WRITE FFS 

DEVELOPMENT !----'-----~---'-- y 
DIVISION 4-27 



EHHOR AND TEHMINA TION 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 E:icit 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 Head 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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e.-p I 
L02-17,P.5 23 

I 
LO~ - 23 22 

I 

W25-99 
(FROM CONTROLLER} @=---o-t 

Hl6-28 18 

NOTES: 

CD RESULT OF FL (CM)-IA+Bl IS 

IN N REG AT T20. 

RESULT OF FL (ECS)-(X +Bl IS 
IN N REG AT T25 

@ THIS MODULE IS ALSO SHOWN 
ON P.25 AS GO EACH WORD TO CM. 

W24-96-W21 
TO CH.5 



N22-901 
W03 1F37-7 

N~2-902 

W03 IF37 -5 

N:2~-:,103 

W03 IF37- I 

N22-904 
wo3 1n1-2e 

N22·"905 { 
W03 1F3'!-26 

P PU ADORE SS REG 

: :•:;"; h;l: ,., - .. 1 i ~::;' :: ,, o~ 
I I L. 2 I 

~ ~ L ---, i ! I F I 
I I 1 __ 3 BIT 2) 

14-----./1 I 
I I L - - 4 BIT 2 

4 
5-

1 

K33 

JH 

6-
<?2-906 

W03 IF37 -24 12 - --, : i I 
1~0 ___ __J : : I_ - -,7 BIT 

-i3f'f'S,-~ J41 I L---23 BIT 4 

1 
B-

l 
N';:'2-907 

W03 lf38 - 7 
23 

22 

21 - -

19--,' I 
I ' ' '\. '- -- 22 BIT 5 
11-, , I 

25----, 

N REG 

N REG 

N REG 

- 3 

- 20 

1 8 

- 14 

12 

6 

I 
1 - - - 4 2 

212 - s-- 2:7 ·> 
I i- -y 4 s> 

16.J 1 -20 5 s) 

28 

26 

24 

TO CH 5 

W2~~-901-w24 

~N40-23 

,--
1 

,- . - -
I 

-11 

6 

I W23-902-W24 

5N40-22 

W23-903-W24· I 
5N40- 21 

I 1------ • 
I 

l>-l 2 3 - 9 O 4 - W24 
5N40 - 10 

H23-905-W24 
5N40- 9 

N23-906-W24 

5N40 - 8 

121-13 

I21-7 

I 2 I - I 

125 

H/6-26 

27 

I 
25 

I 
20 

18 

10 

11 

,.23-Q07-W24 
&N41 -25 

W23-908-W24 
5N41- 2Z 

><23-BOO-W24 
&N41- 21 

28 W23-91-W24 

5N41 -10 

26 W23-92-W24 
&N41- t 

24 W2.3-9J-W24 
ON41 - 8 

1'.122-908 
wo3 1ne- o I ', '- - -26 BIT 

15 K33-2' I 
s) 

I I 
24--- 1 L_ -----21 

I : 1~·-------~ 
I 9 _ _J r21-22 11 12 

QJ J •2 

"'U-94-W24 
&N42 - 25 i<j22-900 

W03 IF38- I 

1-1~ 2 - 91 
W03 IF3e-2e 

N22-92 
W03 lf-38-26 

W22-93 
W03 IF3&-24 

125 

Hl6 - 26 

N22-94 
W03 /1'39-7 

r-.12 2 - 9 5 
W03 IF39- 5 

rJ22-96 

W03 IF39 I 

1--122-97 

W03 ff39-28 

N22-98 
W03 IF.39-26 

N22-99 

W03 1F39- 24 
t 2 2 

2 I 

I "--21 BIT 7 ·> 
16 K33-3 I 
I :ro2-1e 10~ ENTER 

1 4 1(33-4 102-16 12--~ ENTER 

I 0 

10 

11 112 K3J-l I02·19 1 10~ CLEAR 

'," I J12- 19 ·I •q XMIT 

-fiITS~ J42 

2 3 12 1 9 1(33-23 

I 
22 13 I 7 1(33-22 

I 
·2 1 1 4 

10 15 \6 K33-27 

I 
9 16 14 L32-4 

8 17 12 l32-6 

18 

L-----~ 

----------

I I 
20- -, I 

I L_ 

I 
I 
L_ -

I 
N REG 23 

I 
- 27 25 - - - - - - - - - - - - - - - -

I 
_ _J 

N REG 

I 
- 26 28 - - - - - - - - - - - -

N REG 

BIT 8 1 K33-1 

N REG 

214 I T- - - - - - - - - -
s) 10-.J 

~.J 

I 
- - - - - _.J I 
_______ _J 

I21-l6 

I 2 I - I 9 

I21 -25 

I21-2B 

r21-10 

125 

Hl6 -27 

6 I 3 

I 
14 

I 
2 7 15 

I 
25 16 

I 
20 17 

1 B 

s) 

.. 23-95- 1!124 

ONU- ?2 

"'23-a6·-we• 
!5N4~ - 21 

28 W2.!-97 -W24 
5N42 · 10 

26 W23-QiJ-W24 
5N42- 9 
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5N42 - 8 

[.____ _____ ~ 

.. ~n'l~~~'IT7tll.-"'.::'.".'.""~~~~~~~~~~~~~~r..,.:;;oo~""~"';;-~~~~~~--t,~ 
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NETWORK (TO CM) 
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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 FE". 
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W21-903-Wll 
1130-8 

W21-901-WU 
1130-19 

W21-902- W Jl 
1130-12 

t 25 
·Hl6-2B 

.-pp~~::-~~39 
'W.ITl6 I ~L32 

CEJ TIO ~GZ? I ·~XCHGO 
',,'- PPUADOR{

4 
D :I ~~--26 1 Gl6--l~:~:~~G---------- 20 

"'-, SEE ABOVE E F /' _.. C 
PPU READ "-.. SEE ABOVE ; _. / 

16 ' - I ~TRIIO 
"'- ' '\,. A ~ // GRO 23~ 

'- 6 BIT 17 = 7 NU -', '-"-. I 5 121--s .---/// _--- 2
1
1 11----------27

1 
READ Go& 
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w24- so2-w21-5054-

28 
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:

2
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TO WR1TE2 1-0-11--- 1 ----

1 GOS-23,P.27 ~ 
lcLEAR K 21--0-..[}- 26 -1. - K27 I --0-£= // is no--10 
I Il4-19,P21 L 0---2s -- l t65 I rFEl fl6-2l 27 26 17 F35-IO 
'1 I --5 I ..fl J) L-J 180" I NU I 21•---~26 -19 F36--IO - I Ml3-23 20~11---12 - . I 2 NU (!80") I 3 NU GRO 218 21 f41-JO 

I READ DELA y I 7 I I L 23 F l 7 4 NU I READ DELAY 5 14 42-10 
•. , M31--3,P.2 I I M31--18,P.27 I ___ ______J 

', I NU 13 i0-·1 
'-,_ Nu 6 9 - ----l------------- 111 _J I •1•~1"llfllll11111jI1"'!i"1"rl"'t•t1--------------,-;::::==------l 

., '· "'- '- , ~ ~ __ ~-==--=-=-=1-_ J ---- --- -- --j DEVELOPMENT :~~:EHS~R~O O~p C~Q~~R~~J/MEJ ~~; ~~~~r: 
, ____________________ - DIVISION """.\.31 



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 

HA(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 fi'L(ECS) to be stored in Exchange Jump packet. 

(Note that bit 1 of these tags is also used; see 12 fan in, page 21.) It is 

not necessary to restore the C!yl parameters, as these are also held on 

the CPU and restored from there. 
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W24-906-W21 
5031- 7 

W24-907-·W21 
5031- 24 

140 
G32-21 

NU 

W24-908-W21 
5031-27 

X TO MEMORY TAG BITS 

BIT O 

I 
21- - -6~ 
22 NU 

9 
21 -- - - - e ---0-@J 

·22 NU 

L06 

kTAG 
0 3 ~ ENABLE RA(ECSl TO 

B I I2 FAN-IN 

D ll L15-2,P.21 G27 

E 20,,, ~ 

TAM I ',,!l~,.Yl ITAGol+2+3 

A 21 EN fLiEcSl 4 1 0 1 
o 14m rzFAN-lN J 1 1 
E I Jl5-l,P21 B , I 

TAG= I ///// I I 

/_,,, r - - - - - _J 

B~I IJ I c 10 ___,...()_ 

E I\ L 2 ~ 2"! 
, ,.-21 I )(' I l 

NU _..,,,,. \\ 4( l~~tal~G ~!TO 
032-19 b~ ///// 'iap-22 1.ii'!~~.Ep~~(CM)+K+MA 

5 BIT 3 ~ ,'/// //"I° I I 

26 I 1...... / 
W21-905-W21 -0-{]--zs- - - -24~16/ / 

5103 1-4 0------ 2\ I I // g~1\~g~~ER 
t40 25 J \ K06 / 

632 - 24 L ', )(TO MEM GO Q / / 

----- \\a 1 o-:::::,P.21 ENABLE RA(ECS) TOI2 

L~ 17 Ll5·4,P.21 ENABLE FL(ECS) TO I2 

r - - - - - -- -- - - - - - - - - - - - - - - - - - - -- - - -

I~ ~ §] 

I 
_J 

: 1 .Js= ~2- - - - - -25~:; ~:::11: 
L -y 'i°',, I - 8=::~3~-1·_ - - - - - - - - - - - - - - -

"" . I . 
"- G04 ti33 

I 
I 
I 

NOTE LOWER 30 BITS OF ECS DATA ARE ROUTED DIRECTLY TO THE CHASSIS 4 

WRITE DISTRIBUTOR FROM THE ECS CONTROLLER. ON THE OJ MODULE AT L35 

ONLY, THE DATA PASSES THROUGH; I.E.,PIN 19 IS CONNECTED TO PIN 11 ETC. 

f-------------------~B~IT~S:__3~0:__-~3=5'--~-----IQ=-=-JJ L35 

f------------------~B~IT~S:._:3~6:__-~4~1------IO~J~ L36 
BITS 42 - 47 QJ L37 

e.----------------------
e.------------------~·~IT~S'--4_B_-~5~3------l~J~ L3B 

OJ L39 

BITS 36-41 

BITS 42-47 

BITS 48- 53 

BIT 54 I 
B 

17 - - - 3 

I 
55 2) 

15 - - 13 56 

I 
12 

57 

14 - - - - 26 58 

® 20 

I 
12 - - - - 25 

® 27 

59 6) 

TE 

TE 

TE 

~ 

J33 

K32 

L31 

IIB 

- - 6 55 

I 
-4 56 

I 
-27 57 

I 
- 25 58 

I 
20----20 59 

2) 

3J 

•> 

o) 

TO WRITE 
DISTRIBUTOR 

', I frlJ · I~ 
'2s~15- - -2~20- 1 
I I I I ~ I 

- _J I J37 

~----------- __ L~ 
,.. ·~ .... l1~:;.~ .. -,!~~ __ : ____ ~ 

READ GO 
FROM ECS 
CONTROLLER 

tM.13- 20 

GRO 

r L09 

-0-0-r L =[l!._ -_ rJ6J tr . ., ... ~ ... ·"'·" '""' L_J 1 r ~ W27-905-4W33-A07-21 

~-= 
NOTES: 

CD FOR THIS GATING TERM, SEE P.29 

.® ~R~MRAI~ct.f~~-~l (CM)+ RA (ECS) + FL (ECS). 

I 20 K32-15 

24 L31-15 

I 

DEVELOPMENT 
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ECS COUPLER ANO CEJ/MEJ 
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CEJ/MEJ 

Standard Option IO 104 (CEJ /MEJ) makes PPU exchange jumps (MDJ) conditional and allows 

one of two starting addresses for Central Processor exchange Jumps (CEJ). The condition 

determmmg the execution of a CEJ or MEJ instruct10n is the status of the Momtor Flag 

(See Table 1 ). 

TABLE l. EXCHANGE INSTRUCTION DIFFERENCES CONDITIONS AFFECTING MONITOR FLAG 

OPERATIONAL 

CONDITIONAL/ Effect on Monitor 
INSTRUCTION ~NCONDITIONAL Flag Bit 

261 (Peripheral Comhtional Sets Flag 

Processor Monitor (occurs only if 

Exchange Jump) monitor flag is 

clear; passes 

ts flag is set) 

013 (Central Ex- Unconditional Sets Flag 

change Jump) with 

monitor flag bit 

set. 

013 (Central Ex- Unconditional Clears Flag 

change Jump) with 

monitor flag bit 

set. 

DIFFERENCES 

Location of Starting 
Address for Exchange 

Peripheral Proces-

sor A register. 

Central Processor 

Morutor Address 

Register 

Address formed by 

K +(BJ) 

Monitor Flag set by: 

cleared by: 

Monitor Control FF set - T85 

Monitor Control FF clear - T85 

Monitor Control FF set by; 

cleared by: 

Mom tor Flag Clear - (T 10 - CEJ 2) + (M EJ) 

Momtor Flag set - (MC)+ (TIO - CEJ2) 

(Note that M EJ cannot clear Monitor Flag) 

CEJ INSTRUCTION SEQUENCE 

1) A C EJ instruction is issued from Chassis 5. 

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

l:l regtster (enter l:l, T05, P, 5) 

3) Select startmg address, (MA) or (l:l) depending on the status of tne 

Momtor Flag. (Se~ Tab.le 1). 

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

MEJ INSTRUCTION SEQUENCE 

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

chassis 5. 

2) If the Monitor Flag is set, MEJ passes. 
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~IOI 

I T07,I04-3,P5 I~~ I OF OPERATION JOl-20,P29 CENTRAL-;X-~-~-py F31 rl 12 II SEND END r;:;l 

~LJ G04 
CE J I G CH A I N I 2 2 - 2 6 p 2 7 --.()--- B CL EAR T 14 l 05 - 22' p 5 

0-u~ L;~I~"gfi"'"' '" l" i I ~4f-::.:,~." "~"'" rn~:·"' 
GRD 7 _) 23- -1 
GR 0 6- 4 - l5 

y -- 2 - - - 2G ° Fl2 

r 

8 
9 

SET 

1 

I f ~~1 I I ___J PERIPHERAL CONTROL G 27 I II ~ ~ FFI14-24, P31 iffil1 

', I 1-1 L 24 

", r------21---0-19 +- -22 

', I MC2, Ml7-3, 23__/ I I 
''-------10 P29 I . GRD 23 25 -

t-,:ik:,,;~ .. f} Tl rn i<~rJ ! .,:·:. '( ::1 
EXCHANGE RESUME G I L - - - - t-
W23-90-W25 -5040-2 - 21?----z, 3CLEARGOECS-2 l 

I JO~l~P~9_ + 
-- 25- 28 ~ L-----~- / I 
tl5 ,G32- l L ' '---------_/ 

EXCHANGE 

FROM CHO 

NU 

t 55 I H I 6 - 2 2 

I 

\ - -

' 
NOTES: 

CD CLEAR FLAG FCN ff, 636-221 P.12 

) 
/ 

/ 

/ 

1 __ --lfl P 3 I 

t65 I G 33 - I 7 21--0--11 l 
I 

G04 i1 I Q__ 12-, BLOCKS EXCHANGE : 
I ~E~~~E WI-EN DOING J 

I FOG I bJK4
i ~ J ~ : I ~ CR CLEAR CENT. 

L 4-
2? I f I ~-11:~ ~~:~ .. ::GE 

z--0-10 - i1~1s - L.r-v RESUME ro 
15 _,,, I 

;,L---~- - 7 CHASSIS I) 

' I 
L_ 

FOG 

,~~ ENABLE MA TO MERGE 
25 I RA(CM)-fKtMA,P21 

TOS ~ !'.fOl G 16 z1 ie- I L'..I 

r
2
(____ I~ SLIB-15 

G37-4,P.5 J -----. 3~6 L17-15 

1 
10 Ll9-15 (XTO MEM GO}•(TAG BiT'S=6),G27-22.,P33 LI _____ _ 

FR OM 

CH I 

t 5 5 

H 16 -2 2 L 





8 7 

B 

8 7 

I 

'n ~t?_J-

6 5 

6 5 

4 3 

I) 

c 

CHASSIS 5, CONTROL ! 

t 4 3 2 





N28 

ERROR-B~y EX IT 
2 

-0- I -, 

A 
ECS 

COUPLER 

16 

CHASSIS 5 
CONTROL I 

(FROM F21-5) P.37 

Ir- --
1 

11 

CHASSIS 5 
CONTROL I 

(FROM Ql8-20)P37 

r ,-
I 

I 
l_ 

® 19 I- - -

t 25 

- 1 I 

1 I 

- + 

II 
11 
I I 

NU I I 

11 

I I 

11 
11 
11 
11 
I I 

::'J 

M 

1 

I 

I 

I 
I 
L 

L 

' I 
I 

- ~ _- _-_::---=- ~ -
A22 

SEL EVEN PO 

I 1 
11 
i 1 

11 

1 I 

1 I 
11 MC r'\-'-"----------------~ 

I 
I 1 
I! (TAG• 61 )•(CM ACCEPT) 

gPl9 

sceo ISSUE. fm :;;QX 

B ---- --

~, 
~ 

PARCEL COUNTER 

JUMP+ LOOP 
SEQUENCE Ll3-7 

- -- l 
,,------------

22 

GO CONTROL P.25, 
PART I C.P. 

/ 
/ 

r---
1 

(TO F37-2) 

I 

L - - - - I 
F22 

-~;j' F3~~;oo 2 I 
RA TO STAG P.37 I 

Plll,CP 
- - - 6 10 - 26 18 J N2!5-ll 

NU - 4 NU MC . 

I -----
'-CLR PC 

' A I NU 

' I 

~LR PC''\. I GRD 

' . LI I 

19 : 

I 

' I 
' 040-21 

" - F I P115, CP 

j NU 

20 

17 

18 

14 

23 

24 

GO CONTROL 
PART I 

(TO F37 - 28) 

BRANCH 
SELECT 

SEQUENCE 

BRANCH SELECT-! 

SEE P.113, 
CP 

L _ -

PIB B NU 

-- --

NU 

M27 

H Pll5,CP 

16 NU 

1--~2~8 < lll35-14 

r 
I 

26 

Ml FULL FF 
R33-4, 
P.IOl ,C.P. 

018-16 
P37 

L 

H30 

K@ 

REDUCE 

J4 

A09 

x 

-, 
I 
I 
I 
I 

- -, 1 

L09 

11 
1 I 
1 I 
1 I 
1 I 
11 
1' 
11 I: 

JI 

~------,: 
~----Q~3_3~ 1 I 

L07 

1 I 
11 

__ Ji 
I 
I 

P.115,CP. I 
I 
I 

-- __ _J ;:8-
1 

: i 1 I 

~ - - - - L _ - - - - - ~ - - - - - ~ ~ __= ~ _::: _::: j-" 23 

' P.37 _..-- - ~- - - - - - - - - - - - - - - - - _J 

~ I 

IL ________ _ 
NU k-- --- --------

NOTES: 
= = = = = = =- -= = :::- .:: .:: _-.::: ::- ::- .:: _---=-- -::::. -_ ~ ' ' 

I. ALL LOCATIONS ON Ct1ASSIS 5. 

® ECS REAOtWRITE. 

@ADV ETK +GO BRANCH. 

© ALSO SHOWN ON P. 37 

@)SEE FUNCTIONAL UNIT DRAWING ON P. 9 FOR DETAIL. '' ......_ 

@CLEAR ECS INSTRUCliON TRANSLATION f21-171 P.37. ' ' ' '' °' I I 
\~~ _-_--=---_--=--_--.:...._ -~ - - - - _J 

CHASS IS 5, CONTROL 2 ECS COUPLER/CEJ/MEJ ... 
y 



Duration (NSEC) 

400 

500 

1600 

6600 ECS TIMING 

Assuming no PPU Conflicts: 

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

is received at Chassis 5. 

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

l{ead is received at the Coupler. 

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

Request is sent to ECS. 

Duration (NSEC) 

400 

2100 

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 Operalion 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) 

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

ECS Proceed. 

300 (Read/Write) From ECS Proceed until SCBD issue for next 

instruction. 
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TIME: 
(NSEC) 

0000 0500 1~00 

I 

1500 
I 

2000 2500 3500 
I 

45.00 
I 

5000 5500 
i 

i 1·13 H/W Sl I r1y ISSUl 

HltJlJ[SI fi~QM COi.JPLlr' '<E"(;E[V[O (CH, J) 

f!l:..UUl:.Sl \NCPEMlMT UN!T 

SCBO !SSd FU~ 1NC 1~lMLNT UNIT 
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,,/v1 . .;u Rlffl\.l.D AT COlJPltc.t (CH. 3) 
{START T IM!NG CHf, IN) 
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r1<1 urs 1-tl"Ao ONt v J 

tNO OF OP! RATION RECEIVED IN CH. 5 FROM 
COUPLCH {LCS Rf.AO ONLY) 

ECS PROCEED TO GO CONTROLLER (CH. 5J 
(RCAIJ UN! Y) 
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PART 5 

POWER WIRING 
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Typical Power Supply Configurations 

Typical Memory Module Power and Control Wiring 

Power Wiring, Maintenance Panel, Bay 1 

Power Wiring, Maintenance Panel, Bays 2, 3, 4 

Power Wiring, Condenser Unit and Cabinet 

Power Wiring, Chassis 1 

Power Wiring, Even Logic Chassis 
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Power Wiring, Odd Memory Chassis 
' 

Electrical Interference Grounding 
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I cao1( 
r 

ceo2( 1 
2 

TO 
+6 VOLT BUS 

TO +15 VOLT 
SUPPLY 

>------TO CBOl-1, NEXT 
MEMORY MODULE 

NOTE. 

CONNECTOR WIRING SHOWN IS FOR 

STORAGE MODULE SI 

320 µF + (ONE USED PER~----------------------~ 
30 V ~ 5 MEMORY -¥- MODULES) 

+ 320 µF, 30 V r (ONE USED PER 5 MEMORY MODULES) 

DRIVE CURRENT REGULATOR 

RI 

2 fl, IOW 

QI 

_______ _J 

TYPICAL MEMORY MODULE POWER S CONTROL WIRING 

TYPICAL 
ME MORY MODULE 

CONNECTORS 

TO A08-P14 

+6 VOLT BUS -<------7 >--

INHIBIT 
AOl-P17 

>--

PUB NO 
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TO 
PIN 

1E14 

El5 

FRAME 
GROUND 

A3T82 { y 
S I & 6 

CBI 

I L..o2 

I 

I roL 
6 1 E-<>5 

~I 
I !'-<>-'-I---' 

I c._,,2 

I 
I c-<'4 

CI 5 

~~I 
~ 

~Kl ~ 
I 
~ 

2 

~ 
I= 30- Kl 

4.,._ 
4'> 

[ 50-

L--
7 

Kl 

2 

CHASSIS VOLTAGE 
MONITOR 

El 2K 

~:6.~~K9"+ 
ISi M3 

I -
I 

0--0.----~ 

l 

:IK4 

PRESSURE~ ~ 

::·· ~ I 

f 2 

3 

40 
PRESSURE ........... 

78 

2 

4 <>-: T4 

5 c 
3 

I.,_: 
I 

2 
I 

~ 
I 

I 

5.,_: 16 

I !~ 
I 

2.,_: I 

~~~l~l'=.~~~~~~~~~~~~~~~~~~~~--~~~-+-+-+-+~~~i.--~ 
JI A B C J K P R ] J4 A B C J K P R ] 

400Hz (HIGH TEMP.) I. PINS D,E AND F ARE SPARE WIRES 
~1 l T';;;;MOSTAT NOTE : TO W38, ~4 

TO +6V eus R GRD FOR JI AND J4. 

'------v---1 
CHASSIS POWER AND 
CONTROL TO W38 
CHASSIS I 

CENTRAL COMPUTER 
POWER WIRING 
COMPUTER MAINTENANCE 
PANEL, BAY I 

A3JI ,........, 
I 

2 

3 TO JI COMPUTER 

r-- 4 MONITOR PANEL 

SEE 
6600 SITE 

5 PREPARATION AND 

6 
INSTALLATION 
MANUll.L q 7 PUS. NO. 60276600 

8 

1--J 

IE:QUIPMIE:NT 

6613-D / 6614-D 

·c 60246600 Pv 
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FRAME 
GROUND 
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"-+'-d 

r [~------i---+--+--<--l>-+-1---
~"'-"'--'-......................... ~ 

JI A8CJKPR] J2 AICJKPR] 
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TO t6'11' BUS GAO 
NOTE: 

~-___, 

CHASSIS fl'OWER .4NO 
CONTROL TO W~ CHASSIS 

~. t, Off 13 
I, PINS D, E AHO F AM SNR£ WIRES 

fOtl Jt, THfttJ J4. 

C83 J 
c d 

II 
J3 L A 8 c J K p R J 

'-----y----' 
TO W38, CHASSIS 

3,7,llORl5 

C84 J 
.__:_H-~-

--~ 

TT 
J4 A 8 C J K P R 

"-------,.-----' 
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CENTRAL COMPUTER 
POWER WIRING 
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6613-D, 6614-D 





208/120V ,60Hz 
3iiJ lNPUT 

E2 

FRAME -t 
GROUND 

TO POWER CONTROL BOX { 
T85, PINS 3 a 4 

N 

¢1 

•2 ,,, 

{ 

N 

•1 208 v '100th. ,_ •2 ., 

A3TB2 

lo 

• 0 

In 
A3TB3 

lo 

A3TBI 

~PIN 

~::,:. 
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v 

Kl 

Tl 

T2 

T3 

E15 

L 
CONDENSING 
UNIT GROUND 

El7 

L 
SCOPE JACK 

CONDENSER UNIT 8 CABINET 
POWER WIRING 

L 
SCOPE JACK 

Ptrt;OO\JCT 

6613-D, 66140 
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Figure 5-1. Electrical Interference Grounding; Cabinet and Chassis. 
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Figure 5-2. Electrical Interference Grounding; Dead Start Panel. 
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Figure 5-3. Electrical Interference Gounding. Maintenance Panel. 
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Figure 5-4. Electrical Interference Grounding; Cabinet Doors. 
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