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sW6 = W5 Ecw (T22-TI7) 

rW6 = W5 TO + W·c 

sW5 = W5 W6 Ecw TO + - - -

rW5 = W4 TO + Wc 

The state, W4 W5 Wb, is used to clear the SeRe 

rRl = 

I 

rR6 = 

rRp = 

+ W9 W4 w5Wb 
I 

I 

+ W9 W4 W5"Wb 

+ W9 W4 w5Wb 

While the state, WO W5 Wb, is used to set the halt detector for outputs other than 
magnetic tape outputs, 

sWh = - - + W9 W 11 WO W 5 W1) T24 + - - -

and to signal a magnetic tape unit that the last output character has been processed~ 

Magnetic tape unit ~WO 'N5 Wb 

A magnetic tape unit, after a suitable delay, provides a halt signal, Whs, to set Who 

s Wh = - - - + W h s T 24 + - - -

Regardless of the method of setting Wh to terminate an output process, the halt 
interrupt signal is generated in the cycle that Wh is set. 

@ = Wi WD. (En + (~): 

rWh = Wc 

Wc + Wh Wf TO + - - -

The Output Termination Timing Charts indicate the flow of the output termination 
processes. 

The Punch Output Timing Chart shows the flow of this complete output proces s. A 
time delay triggered by the EO~v10 XX4X start instruction causes tape leader to be 
punched first while inhibiting output clock signals. An all-zeros character is also 
punched for the first output clock signal. After the last output character is processed, 
a halt interrupt signal is generated. 

The Magnetic Tape Output Timing Chart shows the flow of this output process. 
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A time delay triggered by the EOM02X5X start instruction causes a tape gap to be recorded first 
while inhibiting the output clock signals. After the last output character is recorded, W9 W4 W5 W6 
clears the SCR and we W6 W5 signals the tape unit to count three clock signals and record the 

longitudinal parity character, and triggers a second time delay. This delay causes a ca~5 be 
recorded after the data block. After the gap is completed, the tape unit generates a ~ signal 
to halt the output process. Each character parity and the longitudinal parity of the characters . 
reproduced at the read head are checked by the tape unit and an error signal, CV\&D, is generated 
to set We for any detected errors. 

sWe = - - - + Wes 

SCAN (W9 W10 Wll) 

A forward scan of magnetic tape data blocks is started with an EOM0363X instruction. The process 
is sim i lar to the magneti c tape reading process except that the character counter is blocked from 
reaching 00 again after V/O is set by W9 W6 ~. 

s W8 = - - - + Wl W9 W lOW 1 1 Wh 

This prevents the normal interrupt signals by keeping Wf from being reset. 

rWf = W8 W7 W4 n22- T17) + - - -

(!TIV= Wf WO Wh ( - - - - -) 

This allows each input character to precess into the WAR without WIM instructions for setting we 
When the end of a data block is reached, an interrupt signal is generated as Wf is reset~ 

rVIf :cc - - - + W9 W10 vVl1 WO @V W7 (T22- T17) 

<IG:> ~ Wf WO Wh ( - - - - -) 

This interrupt signal calls on the computer to execute a WIM instruction to store the last four char­
acters of the data block from the WAR. Executing the WIM instruction ,ets VV7 and Wf. 

sWf 

sWl 

+ Wx (T 5 - TO) W4 

+ Wx T24 W4 Wn 

Based on the last four data characters or a block counting program, the computer con reset VvO with 
another EOM0363X instruction to couse the scan process to continLe without ° pause tc0r;S the 
gap and the next record. If VVO is not reset, the scan process will be terminated by a W signal 
from the tape unit in a manner similar to the manner for terminating magnetic tape input. When 
the scan process is allowed to terminate, a halt interrupt signal is generated. 

a 2Vj) = W f Wh \ - - - - - ) 
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During the scan process the character parity is checked by the Rp flip-flop and the 
longitudinal parity is checked '')y the tape unit (only if WO is reset after the 
longitudin2.1 parity character). Any error during the entire scan process will set 
We as in the rnagnetic tape input process. 

A reverse scan of rnagnetic tape data blocks is started with an EOM 0763X instruction 
The process is similar to a forward magnetic tape scan, except that a WIM instruction 
at the end of a data block will store the first four data characters in reverse order, 
and tl:.at the longitudinal parity is not properly checked and We may be extraneously 
set. 

In ~:Joth the Magnetic Tape Forward and Reverse Scan Timing Charts, the first 
interrupt signal is followed by a WIM instruction to store the last four characters 
read. The halt interrupt signal inforr{ls the computer that th~p~as been reached. 
Wf is shown reset early on--.!.er~ination by W9 WIO Wll WO ~ W7 (T22-Tl7) 
rather than by the normal W8 W7 W4 (T22-TI7) tern"!. This allows Wh T24 
to set W4 for only three O's precessions rather than four before Wh Wf Ti} resets 
the W Buffer. This has no significance because the WAR isdeareu by the 
preceding WIM instruction. 

If, after WS WIO W: 1 Wr:., @ W7 (T22 -T17) resets Wf ':0 @;enerate ~n interrupt 
signal, the WIM instrl,~,ction is executed after W:.},s has set Wh; the last four characters 
read will be stored and a halt interrupt signal will still he generated. This is shown 
in the Magnetic Tape Forward Scan Tinling Chz .. rt (late WIM instruction). 

If, after W9 Wl C) W: 1 WJ @ W7 (T22-T17) resets Wf to generate an interrupt 
signal, the WIM instruction is executed before Whs can set Wh but an EOM 03;)3X 
instruction to continue the scan is executed after Whs has set Wh, a halt interrupt 
signal will be generated. 

ERASE (W9 WIO WII) 

A forward data block erase is started with an EOM 0 I X7X instruction. The erase 
process is similar to the magnetic tape output process except the SCR 
is forced to hold all zeros. 

rRl = - - - r WS WIO Wil 

I 
I I 

rRp = W9 WIO WI 1 

The proce 5S flows exactly as with ITiagnetic tape output. Interrupt signal] call on 
the computer to load W each time the WAR is empty~ Exec\lting an EOM 14000 
instruction after ~IW instruction starts the output process terr:1.ination. The tape 
unit generate s a ~ signal after a gap is recorded to re set the W 3uffer and 
generate a halt interrupt. The read head provides error signals, ~ for long­
itudinal or character parity errors. 
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FILL 

Photo-Reader Input 1 is used to fill the computer. First, the Start pushbutton 

is pressed to make ® true. G:!) makes Wc true to reset the W Buffer. 

We = - ... - + ® (TS-TO) 

rW14 = We 
I 

I 

rW9 = We 

rW6 = ..... - + We 

rWS = - - - + We 

sWf = - - - + We Wh 

rWh = We 

rWe = We 

rWO = Wc + - - -

® sets the character code to 11 for four characters per word and loads this code 
into thE' WAR. 

sW8 = -+@ 
rW8 = Wc (T22-TI7) + - - -

sW7 = - - -+G 
rW7 = We (T22-T17) + 

sW4 = - - - + ® TO 

rW 4 = - - - + W 4 T24 

rlw = - - - + ® 
sWw = W4 Tp W8 + W4 T24 W7 + - - - (T24 + Tp) \\14 Wn 
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:r.b.:.e fill input process is started by depressing the Fill switch)making @ true. 
Kf \ is use d to set W 12 . 

sW 12 == - - - + @ 
The input process proceeds and is terminated normally, when the Fill switch is released. 

Re = W9 WIO Wll W12 WI3 WI4 Kf 

TIME-SHARE INTERLACE 

The interlace system is optional eouipment. One can be installed to 'Nark in coniunction 

with the W Buffer and another can be independently instal led to Nork in conjunction,vith 

the Y Buffer. No more than two interlace :)ystems can be attached to each 910 or 920 
Computer. 

":he interlace system is "enabled II by an lac or Bue instruction that contains a "one H in bi t 

position 9. '"heref0re, the interlace ~.y<;tem can be enabled ;'\lith the same instruction that 

sets up the 'Iv Buffer 'BUC, or it can be enabled v'/ithout dLturbing the W Buffer 'lac:!. 
tither instruction cieaL the entire interlace system and theneh the enable flip-flop, Ewo 

:An underlined term repre5ents the "clock"; the trigger occur~ when the "clock II lali~, to 
zero volh.) 

Clear: 

Iwc ;;; Eom C9 CTo CTfQ2 + Wh +~ 

Enable Flip - Flop: . 

sEw = Earn C9 CIa C17 Ew Ql 

rEw ;;; Iwc +Pat 1 Ew 

Pot 1= F 1 F2 F 3 Ts 02 06 

With Ew set the computer can preset the interlace register with the starting address 
and the word count for the input or output process. If the word count is to be greater 
than 1023, the two most significant bits of the word count register must be preset. 
This must be done after the :)y~tem is ellabled arlO before the POT in'~tructjorl j, 

executed. An lac instruction, without bit 9, is given. 

sIwb = lwc 

rlwb = lac C22 Ew 

sIwa == Iwc 

rlwa = lac C23 Ew 

Note that these two most significant bits of the word count are set by the "clear" 
pulse and will remain set unless the lac instruction resets the~The flip-flops in 
the rest of the word counter register (hvO through Iw9) are reset by the clear 
pulse and are set by zeros in the C register dur-ing the POT instruct{on. After the 
POT instruction the word counter register contains the "one's complelTIent" of the 
desired count. The counter can then count up, not down, and generate the terlTIina­
tion signal when all of the flip-flops in the register contain "ones", 
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The POT instruction sets the interlace counter registers and it also resets Ew and 
sets Iw. 

rEw = (~) Ew + 

sIw = (Pot ~) Ew Iw 

Ew furnishes the required "ready" signal for the POT instruction. The Iw and Ew 
flip-flops inhibit W buffer interrupts and Iw allows the buffer to issue a time-share 
request signal to the computer whenever the buffer needB memory access. Iw in­
dicates that the interlace is in operation. 

(Inte rlac e) Tsw = Wf WO Wh CB 
(Inte rrupt) Ilw = Wi WO Wh (En @)~w=~ 

The POT instruction sets the interlace counters: 

Iws = (Pot 2) Ew 

sIwO = Iws CO + Iw 1 IwO 

rlwO = Iwc + Iw 1 IwO 

etc. 

(IwO "counts II by the falling of the previous stage !\v 1) 

The address portion of the interlace register (IwIO through Iw23) is reset by the 
clear pulse and is set by "ones" from the C register. It too counts up rather 
than down. 

For example: 

sIw20 = Iws CZO -+- Iw21 Iw20 

rlw20 ::: IVic + Iw2l Iw20 

The LSB of both the word counter and the address counter are counted by (Wp Tsm). -

sIw9 = Iws C9 + (Wp Tsm) Iw9 

rlw9 = Iwc + (Wp Tsm) Iw9 

sIw23 = Iws CZ3 + (Wp Tsrn) Iw23 

rlw23 = Iwc + (Wp Tsrn) Iw23 

When the word count register contains "ones" a signal, hvf, is generated: 

Iwf = Iw Iwb Iwa IwO Iwl - - - Iw9 
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If the interlace is controlling an input process (W9), the Iw flip-flop is reset so that the next time 
the buffer register is full an Ilw interrupt (word ready interrupt) signal will be generated and the 

interlace register is disengaged. 

r1w = Iwf Iw Ql 

If the interlace is controlling outputs, the Iwf signal will reset the VVO flip-flop in the W Buffer 
just before the last character in the W register is precessed to the character register. Signals WO 
W5 W6 wi II then set Wh (except in the case of magneti c tape) after the last character has been 
clocked to the external device. When Wh is set, the interlace register is cleared as well as the 

W Buffer. 

rWO = CGD W9 (T5- TO) 

Iwc :c:c Wh + - - -

When the W Buffer is cleared an 12w interrupt (record complete interrupt) signal is generated by' 
the buffer: 

12w Wf Wh (En + Cfu) ) 

In the case of magnetic tape outputs, WO is reset by the interlace signal Iwf. This causes the 
magnetic tape control to stop writing and stop the tape. After the tape has stopped the tape con­
trol unit sets Wh, which clears the W Buffer and the interlace register and allows the 12w interrupt. 

An interlace system used in conjunction with the Y Buffer is exactly analogous I"lith the W inter­
lace. The two interlace registers are completely independent of one another~ 

The four interlace signals to the computer, Iw, lwf and ly, lyf, must be grounded if a corresponding 
interlace register is not tied to the computer. This is done around the front of the interlace con­
nector 25G if no interlace is connected (4 wires), or around the front of the "repeated" interlace 
connector at 45L if one interlace is connected (2 wires). If two interlace registers are connected, 
one piugs to the computer and the second piugs to the first (it does not matter which is \"1 or V). 
In this case, none of these four wires should be grounded. 

PHOTO- READER 1 

Photo-reader 1 is enabled by unit code 04. 

Re c-c V/9 \IV 10 \"11 1 \V 1 2 \,,\-'1 3 V/14 K f 

Note: (For photo-reader 2, Re = W9 W10 Wll W12 W13 W14 for unit code 05L 

The pinch roller driver is energized by Re_ 

Rd = Rb ccc Re + K tf 

The signal from the sprocket channel amplifier is gated by Re. 

Re Sp = Re Psp 
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The signals from the data channel amplifiers are gated by Re to form the character 
input signals. 

C~ = (Ch 
I 
I 

@= (Ch 

6 amp) Re 
I I 
I I 
I I 

1 amp) Re 

@ = (Ch 7 amp) Re 

The input clock is derived from the sprocket signal if t..~e W Buffer is addressing fr.e 
tape reader (Re). WO is automatically set in the W Buffer during inputs after the 
first or second clock si:2nal. Until WO is set there must be a data channel punched 
in the tape for the Ecw clock to be sent. Beginning leader on the tape is therefore 
not clocked, but leader after WO is set is clocked. 

Ecvv = (Zwl + Zw2 + Zw3 + Zw4 + Zw5 + Zw6 + Zwp + WO) Sp Re 

s\VO = W9 W6 W8 + - - -
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En 

@ 
EOM 

Eorn 

Ew 

®-@ 
@ 

Ioc 

Ipl-Ip4 

Is l-Is4 

Iw 

Iwc 

Iws 

Iwb, Iwa, 
IwO-Iw9 

DICTICNARY OF BUFFER LOGIC TERMS 

A control term derived from the EOM OXXXX instruction and sent to the 
Wand Y buffers. 

The ~ternal clock pulse used to detect inputs, it is generated by the in­
ternal clock in each input or output unit. 

The enable flip-flop enables interrupts to occur in the computer. 

The manual enable switch. This allows interrupts to occur. 

The mnemonic code for the instruction which activate s the buffer. 

The execution term for an EOM instruction. 

A flip-flop which enables a POT instruction to load the interlace register. 

Inputs to Is 1 - Is4 

An interrupt signal, signaling that a WIM or MIW instruction should 
be executed since the buffer is either full or empty. 

An interrupt signal, signaling that the input or output process should 
be te rrrdna te d. 

Input/ output control signal derived from the EOM 1 XXX X instruction. 

Interrupt program flip-flops that are true when executing the 
interrupt subroutine for its respective channel. 

Interrupt storage flip-flops. 

A flip-flop which determines if memory interlace is in operation. 

The term which clears the memory interlace registers. 

The signal for halting the input or output process when the record coun­
ter has been decremented to zero during memory interlace operation. 

The term which sets the :.'nem.ory interlace register from the C register. 

The record length counter in the mem.ory interlace register. 

IwlO-23 The address counter in the n'lernory interlace register. 

<i~ -@The address lines to memory from the address counter for mer.{lory 
interlace ·operation. 

@ 
Kff 

(§) 

The manual fill switch for loading memory from. the photo -reader. 

Photo-reader tape feed switch on. 

The magnetic tape gap signal generated by the tape unit. 
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) 
I 

® 
R"":, 

Rl-R6 

Rd 

Re 

Rp 

Sio 

Sp 

® 
Sys 

Ts 

Tsw 

Wc 

We 

© 
Wes 

Wf 

Wh 

@ 
Whs 

Wn 

No input parity, blocks aWe. 

The brake driver signal for the photo-reader. 

The six flip-fl.ops which constitute the character buffer 
(parity excepted). 

The pinch roller drive signal for the photo-reader. 

The enable signal for the photo-reader. This signal is enabled 
by the EOM unit address. 

The parity flip-flop in the character buffer. An "odd" parity 
system is used. 

The term which signals a transfer of interlace information from 
mernory to the interlace register on a POT 0007X instruction. 

An input gate (signal input/ output) to the Sks gate (SKIP M). 

The sprocket signal for the photo-reader. 

The manual start switch. 

A control signal for system communication derived from the EOM 3XXXX 
instruction. 

The time-share flip-flop which is on when the buffer has access 
to memory. 

The time -share calling signal indicating that the W Buffer desires 
access to rnemory. 

The term. which clears the, unit address register, input/output 
state, the character counter, and the clock counter. In general, 
it resets the buffer and prepares it for a new operation. 

The error flip-flop which will be set, when character parity is 
incorrect, when magnetic tape parity is incorrect, and when a 
WIM instruction is executed late. The state of the We flip-flop 
can optionally be tested for by the input program. 

Error signal. 

Inverse of @ ; it sets We. 

The flip-flop which in its false state indicate s that the W register 
is full or ernpty and in its true state allows the buffer to prece s s. 

Halt flip-flop in W Buffer. 

External halt signal to W Buffer 

Inverse of G-~~ ; it sets Who 

The "no,-v" flip-flop on the W register 
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WO 

Wp 

Ws 

Wx 

Ww 

W4 

W5 

W6 

Vl7 W8 

W9 

WIO-WI4 

The flip-flop which, in general, enables a halt to occur after 
an input or output process has been initiated and has proceeded 
to the point that characters are being transferred. 

The flip-flop which designates that the W Buffer is to participate 
in memory interlace operation. 

The term enabled by an EOM OXOXX which sets up the W Buffer 
from the C register. 

The term which allows the W register to be loaded from the C 
register. 

The "write" flip-flop on the W register. 

The flip-flop which controls the 'precessing of the data between 
the characte r register and the W register. 

The flip-flop which detects that a precess should occur. 

The flip-flop which detects that an input clock is present. 

The flip-flops which constitute the character counter. 

The flip-flop which in its true state designates an output process 
and in its false state designates an input process. 

The unit address register which designates which I/O unit is to 
be activated. 

@-(?'~9 The 6 inputs to the 6-bit character buffer. 

@ The external input to the parity flip-flop Rp. 
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W BUFFER AND INPUT/OUTPUT EQUATIONS 

UNIT ADDRESS REGISTER 

sWl4 = Ws C23 

rWl4 = We 

sWl3 = Ws C22 

rWl3 = We 

sWl2 = Ws C21 +@ 
rWl2 = We 

sW 11 = Ws C20 

rWII=We 

sWIO = Ws Cl9 + Ioc CT7W9 Cl9 C20 C21 C22 C23 (T5-TO) Cl2 

rWIO=We 

INPUT / OUTPUT 

sW9=WsCI8 

rW9 = We 

CHARACTER COUNTER 

sW8 = Ws Cl6 + W7 W8 W4 TO + Wx T24 Ww 

+W7W9WIOWIIWh+ @ 
r\V8 ::: \Ve (T22 - T 17) + \'18 \'14 TO 
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sW7 = Ws CI5 + Wx T24 W4 Wn +@ 
rW7 = Wc (T22 - '1'17) + W7 W8 W4 TO 

CLOCK COUNTER 

(Clock Detector) 

sW6 = W5 Ecw (T22 - T17) 

rw6 = W5 TO + Wc 

(Precess Detector) 

sW5 = W5 w6 Ecw TO + Ws C13 CI8 

rW5 = W4 TO + Wc 

(Precess W) 

sVl4 = W5 Wi T24 + Ws TO + Wh T24 +@TO 

rW4 = W4 TO + W4 T24 

COMPUTER INTERLOCK 

sWi = Wc Wh + Wx (T5 - TO) W4 

rWf = W8 W7 W4 (T22 - TI7) -+- Ws W9 + W9 WIO WII WO C~ W7 (T22 - TI7) 

INTERRUPT SIGNALS 

([8)= Wi WO Wh (En @) 

TIME-SHARE CALLING SIGNAL 

Tsw = Wi WO Wh @ 
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HALT DETECTOR 

sWh = Whs TZ4 + W9 WII WO W5 W6 T24 

+ W9 WIO WII WI2 WI3 (RI R2 R3 R4 R5 R6 Rp) W5 T24 

rWh = We 

ERROR DE TEC TOR 

sWe = W9 W4 Rp (T5 - TO) Wh @ + WO W6 W5 Ee Tp + Wes 

rWe = We Wh 

SINGLE CHARACTER REGISTER 

sRI = W4 Wn Wx (Tp T24) + W9 W6 W5 ZwI + W4 Wx CZ3 

rRl = W4 Wn Wx + W9 ,v6 W5 W4 + W9 W4 W5 W6 + W9 \VIO WII + W4 Wx C23 

sR2 = W4 RI + W9 W6 W5 Zw2 

rR2 = W4 RI + W9 W6 W5 W4 + W9 W4 W5 w6 + W9 WIO WII 

sR3 = W4 RZ + W9 W6 W5 Zw3 

rR3 =W4 R2 + W9 w6 W5 W4 + W9 \V4 W5 w6 + W9 WIC WII 

sR4 = W4 R3 + W9 W6 W5 Zw4 

rR4 == W4 R3 + W9 w6 W5 W4 + W9 W4 W5 W6 + W9 WIO WII 
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sR5 = W4 R4 + W9 w6 W5 Zw5 

rR5 = W4 R4 + W9 W6 W5 W4 + w9 W4 W5 W6 + W9 WIO WII 

sR6 = W4 R5 + W9 W6 W5 zw6 

rR6 = W4 R5 + W9 W6 W5 W4 + w9 W4 W5 w6 + W9 WIO WI1 

sRp = W9 W4 Rp Ww (T22 - TI7) + W9 W4 Rp Wn (T5 - TO) Wx 

+ W9 W6 W5 Zwp + W9 W4 (T22 - TI7) + W9 W4 Rp C23 (T5 - TO) Wx 

rRp = W9 W4 Rp Ww (T22 - TI7) + W9 W4 Rp Wn (T5 - TO) Wx 

+ W9 w6 W5 W4 + W9 W4 W5 w6 + W9 WIO WII + W9 W4 Rp C23 (T5 - TO) Wx 

LOAD W FROM C 

Wx = (OI 03 04 05 06 FI F3) Ts + Wp Ts 

CLOCK SIGNAL 

Ecw = G:~ 
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WORD ASSEMBLY REGISTER 

sWw = W4 R6 

+ W4 Tp W8 

+ W4 T24 W7 

+ (T24 Tp) W4 Wx CZ3 + (T24 + Tp ) W4 Wn 

+ W4 Wn Wx 

rWw = (sWw) 

sWn = Ww delayed by 24 pulse times 

rWn = Ww delayed by 24 pulse times 

C LEAR AND SET SIGNALS 

Wc = Buc C17 (T22 - T17) + Wh Wf TO + @(T5 - TO) 

Ws = Buc C 17 (T5 - TO) 

W Buffer Ready = W9 WIO Wil W12 WI3 WI4 

WIM and MIW interlock = Wf (WO + W9) 

HALT INTERLOCK 

sWO = W9 W6 W8 + Ws W9 

rWO = Wc + Ioc C 12 C 17 C 19 C20 C21 C22 C23 (T5- 'ro) + "vV9~ (TS-TO) 

MAGNETIC TAPE CONTROL SIGNALS 

Stop Read Interlock = WO 

Output Character Interlock = W 5 
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INTERLACE LOGIC 

Clear 

Iwc = Eom C9 C 10 ~ Q2 + Wh +@ 

Prepare 

rEw = Iwc + Pot 1 Ew 

Load Registers 

Iws = Pot 2 Ew 

Interlace 

sIw = Pot 1 Ew Iw 

rlw = Iwc + hvf Ql lw 

Finished 

Iwf = Iw Iwb Iwa Iwo Iw 1 Iw2 Iw 3 Iv..r4 - - - Iw9 

Ready 

@=@ 

Word Count 

SIV/D = Iwc + Iwa Iwb 

rlwb = Ioc C22 Ew + Iwa Iwb Iw 

sIwa = Iwc + Iwo IVJa 

rlwa = Ioc C23 Ew + IV/O Iwa 

sIwo = Iws Co + Iwl Iwo 

rlwo = Iwc + Iw 1 Iwo 
I 
I , 
I 

sIw9 = Iws C9 +(Tsm Wp)Iw9 

rlw9 = Iwc +(Tsrn Wp)Iw9 
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Address 

sIwIO = Iws CIO + IwII IwIO 

rIwIO =Iwc +IwII IwIO 
I 
I 
I 
I 
I 
I 

sIir23 = Iws C23 +(Tsrn Wp) Iw23 

rIw23 = Iwc +(Tsrn Wp)Iw23 
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PHOTO READER 1 

ENABLE SIGNAL 

Re = W9 WTb WII W12 W13 W14 Ki 

PINCH ROLLER AND LAMP DRIVERS 

Rd = Rb = Re + Kif 

READER SIGNALS 

ci_~ = (Ch 6 amp) Re 

(Ch 5 amp) Re 

(Ch 4 amp) Re 

(Ch 3 amp) Re 

(Ch 2 amp) Re 

(Ch 1 amp) Re 

(Ch 7 amp) Re 

r@= (Zwl + Zw2 + Zw3 + Zw4 + Zw5 + Zw6 + Zwp + WO) Sp Re 

BRAKE DRIVER 

Rb = Re 
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Y BUFFER OPERATIONS 

The Y Buffer is similar to the W Buffer in all respects except for the following: 

(~ Bit C 17 defines the Y Buffer in EOM instructions controlling buffer operations 
(C 17 defines the W Buffer). 

(2) Op codes 10 and 30 are used to load and unload the Y Buffer; Op codes 12 and 
32 indicate similar operations with the W Buffer. 

(3) Y Buffer interrupts branch the program to different memory locations from 
the W Buffer. 

(4) (Ts Wp) causes interlace with Y whereas (Ts Wp) causes interlace with W. 

(5) The Y Buffer may be extended to accommodate up to 24 bits per transmission. 

Extending the Y Buffer beyond six bits plus parity requires that the R register be 
widened to the appropriate character size and the parity be checked and generated 
by a new circuit. 

Rpy is still used to accept the parity bit during input; however during output a new 
line is used, Rpe. During input the parity check is made just prior to the precession, 
thus the s Ye becomes: 

Y9 Yh ® Y4 Y5 Rpe 

Rpe is s·~)ecially lenerated and is "true" if the character register (including Rpy) 
has an even nUIYh..,e r 01 "one s". 

The equations for Rpy become: 

sRpy = Y9 Y6 Y5 Zyp 

+ Y9 Y4 (T22 - T17) 

rRpy = Y9 Y4 Rpy Yw (T22 - T17) 

+ Y9 Y4 Rpy (T5 - TO) Yx 

+ Y9 Y6 Y5 Y4 

+ Y9 Y4 Y5 Y6 

+Y9YIOYll 

+ Y9 Y4 Rpy C23 (T5 - TO) Yx 

(This always resets Rpy on outputs 
when Y Buffer extension is used. 1 

The set term of Yw is modified to accept the least significant bit of the R register 
during preces sion t: me. 

s Yw = Y 4 (LSB of R) + - - -

The end of block term for the paper tape reader which sets Yh is modified to include 
two more bits and becomes: 

s Yh = Y 9 Y lOY 11 Y I? Y 13 (R 1 Y R2 Y R3 Y R 4y R 5y R 6y R 7y R8 y ) Y s T 24 + _ _ _ 
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Y BUFFER EQUATIONS 

UNIT ADDRESS REGISTER 

sY14 - Ys C23 

rY14 Yc 

sY13 -. Ys C22 

rY13 =- Yc 

sY12 - Ys C21 

rY12 Yc 

sYll Ys C20 

rYll Yc 

sY10 = Ys C19 + Ioc C17 Y9 C19 C20 C21 C22 C23 (T5- TO) C12 

rY10 - Yc 

I NPUT!OUTPUT 

sY9 Ys C18 

rY9 - Yc 

CHARACTER COUNTER 

sY8 - Ys C16 +Y7 Y8 Y4 TO +Yx T24 Yw +Y9 Y7 Y10 Y11 Yh ~ 

rY8 = Yc (T22- T17) + Y8 Y4 TO 

sY7 =- Ys (15 + Yx T24 Y4 Yn + (5t) 
'-.../ 

rY7 Yc (T22- T17) + Y7 Y8 Y4 TO 
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CLOCK COUNTER 

(Clock Detector) 

sY6 = Y5 Ecy (TZ2 - T17) 

rY6 = Y5 TO + Yc 

(Precess Detector) 

sY5 = Y5 Y6 Ecy TO + Ys C13 CI8 

rY5 = Y4 TO + Yc 

(Precess Y) 

sY4 = Y5 Yf T24 + Ys TO + Yh T24 + ® TO 

rY4 = Y4 TO + Y4 T24 

COMPUTER INTERLOCK 

s Y f = Y 4 Y x (T 5 - TO) + Y c Yh 

rYf = Y8 Y7 Y4 (T22 - T17) + Ys Y9 + Y9 YIO Yll YO C8~VY7 (T22 - Tl7) 

INTERRUPT SIGNALS 

@V= Yf YO Yh (En @) @® 
@P= Yi Yh (En +@ ) 

TIME-SHARE CALLING SIGNAL 

Tsy = yf YO Yh ® 
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HALT DETECTOR (See Note) 

sYh = Yhs T24 + Y9 Yll YO Y5 Y6 T24 

+ Y9 YIO Yll Y12 Y13 (RIY R2y R3y R4y R5y R6y Rpy) Y5 T24 

rYh = Yc 

ERROR DETECTOR (See Note) 

sYe = Y9 Y4 Rpy (T5 - TO) Yh @+ YO Y6 Y5 Ecy Tp + Yes 

rYe = Yc Yh 

SINGLE CHARACTER REGISTER (See Note) 

sRly = Y4 Yn Yx (Tp T24) + Y9 Y6 Y5 Zyl + Y4 Yx C23 

rRly = Y4 Yn Yx + Y9 Y6 YS Y4 + Y9 Y4 YS Y6 + Y9 Y 10 Y II 

+ Y4 Yx C23 

sR2y = Y4 Rly + Y9 Y6 Y5 Zy2 

rR2y = Y4 Rly + Y9 Y6 Y5 Y4 + Y9 Y4 Y5 Y6 + Y9 YIO YII 

sR3y = Y4 R2y + Y9 Y6 Y5 Zy3 

rR3y = Y4 R2y + Y9 Y6 Y5 Y4 + Y9 Y4 Y5 Y6 + Y9 YIO YII 

sR4y = Y4 R3y + Y9 Y6 Y5 Zy4 

rR4y = Y4 R3y + Y9 Y6 YS Y4 + Y9 Y4 Y5 Y6 + Y9 YIO YII 

2.57 



sR5y = Y4 R4y + Y9 Y6 Y5 Zy5 

rR5y = Y4 R4y + Y9 Y6 Y5 Y4 + Y9 Y4 Y5 Y6 + Y9 YIO Y II 

sR6y = Y4 R5y + Y9 Y6 Y5 Zy6 

rR6y = Y4 R5y + Y9 y6 Y5 Y4 + Y9 Y4 Y5 Y6 + Y9 YIO Yll 

sRpy = Y9 Y4 Rpy Yw (T22 - T17) + Y9 Y4 Rpy Yn (T5 - TO) Yx 

+ Y9 Y6 Y5 Zyp + Y9 Y4 (T22 - T17) + Y9 Y4 Rpy CZ3 (T5 - TO) Yx 

rRpy = Y9 Y4 Rpy Yw (T22 - T17) + Y9 Y4 Rpy Yn (T5 - TO) Yx 

+ Y9 Y6 Y5 Y4 + Y9 Y4 Y5 Y6 + Y9 YIO Yll + Y9 Y4 Rpy CZ3 (T5 - TO) Yx 

LOAD Y FROM C (froITl cOITlputer) 

--- --
Yx = (01 03 04 05 06 F 1 F3 ) Ts + Wp Ts 

CLOCK SIGNAL 

Ecy= ~ 
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WORD ASSEMBLY REGISTER (See Note) 

sYw = Y4 C~ + Y4 Tp Y8 + Y4 T24 Y7 + (T24 Tp) Y4 Yx C23 

+ (T24 + Tp) Y4 Yn + Y4 Yn Yx 

rYw = (sYw) 

sYn = Yw delayed by 24 pulse times 

rYn = Yw delayed by 24 pulse times 

CLEAR AND SET SIGNALS 

Yc=BucCI7(T22-TI7) +YhYfTO+ ®(T5-TO) 

Ys = Buc CI7 (T5 - TO) 

Y Buffer Ready = Y9 YIO Yll YI2 YI3 YI4 

YIM and MIY interlock = Yf (YO + Y9) 

HALT INTERLOCK 

sYO = Y9 Y6 Y8 + Ys Y9 

----rYO = Yc + lac (12 (17 (19 (20 (21 (22 (23 (T5- TO) + Y9 (Iyf) (15- TO, 

1\1AGNETIC TAPE CONTROL SIGNALS 

Stop Read Interlock = YO 

Output Character Interlock = Y5 
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Y BUFFER EXTENSION 

-JOTE: When the Y Buffer extension is used the following modifications are 
:equired in the Y Buffer Logic. 

(1) sYh = Yhs TZ4 
+ Y9 YII YO Y5 Y6 T24 
+ Y9 YIO YII Y12 YI3 (Rly R2y R3y R4y R5y R6y R7y R8y Rpy) Y5 T?4 

(2) sYe = Y9 Yh ®Y4 Y5 Rpe 

+ YO Y6 Y5 Ecy Tp 
+ Yes 

(3) sRpy = Y9 Y6 Y5 Zyp 
+ Y4 Y9 (T22 - T17) 

rRpy = Y9 Y4 Rpy Yw (T22 - T17) 

+ Y9 Y4 Rpy (T5 - TO) Yx 

+ Y9 Vb Y5 Y4 

+ Y9 Y4 Y5 Vb 

+Y9YIOYll 

+ Y9 Y4 Rpy C23 (T5 - TO) Yx 

(4) s Yw = Y4 (Least significant bit of R register) 

+ Y4 Tp Y8 

+ Y4 T24 Y7 

+ (T24 Tp) Y4Yx C23 

+ (T24 + Tp) Y4 Yn 

+ Y4 Yn Yx 
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Reset R Register 

RRy = Y9 YbYS Y4 + Y9 Y4 Y5 Yb + Y9 YIO YII 

Enable R Register 

ERy = Y9 Y6 Y"5 

Parity 

Rpe = Even nUITlber of ones in inforITlation bits. 

R Register 

sR7y = Y4 R6y + ERy Zy7 

rR7y = Y4 R6y + RRy 
iiI 
I I I 
I J I 
I I 
I I 
I I 
I I 
J I 
I I I 

sR24y = Y4 R23y + ERy Zy24 

rR24y = Y4 R23y + RRy 
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SEC TION III 

MAGNETIC CORE 1v1EMORY 

NOTE: This section applies only to core ITleITlory 
units that use QK53 and HK55 type ITlodules. 



INTRODUC TION 

This section explains the logical and electronic operation of the core memory 
in detail. Layout, wiring information, and additional circuitry information 
are contained in a separate manual. 

The reader should be familiar with Memory Control, Page 1. 39, in Section I of 
this manual. 

The computer uses a parallel, random access, coincident current, magnetic core 
memory for permanent storage of all internal data and instructions. 

Each individual bit in each data or instruction word is stored in an individual mag­
netic element called a core. These ferrite cores are the basic storage elements 
and are capable of representing one of two logical states, i. e., one -zero, true-
false. The ferrite cores are physically arranged as the points of a three-dimensional 
coordinate system; the X and Y coordinates of a specific core represent the address 
of the word of which that core is a member; the Z coordinate determines which bit 
of the word the core represents. Thus, a single column of cores (i. e., all cores 
with the same X and Y coordinates) represents a single word. Through all of the 
cores on each Z level or digit plane there are two wires used for the reading and 
writing of information. Below is an example of selecting word number 12

8
, 

-.. ~·l 
~~<~ DIGIT PLAi,jE ? 

.~!""'-"---t~~. "''''-,; 
.~ 

r~~ LIGIT fLAf;E 3 

1; . I ~ 

/~~L~,~,~ 
..(3 

25 
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FIGURE 41. 

BLOCK DIAGRAM 

MAGNETIC CORE MEMORY 



The Z coordinate wires are used for parallel detection of information or for in­
directly writing information. The block diagram of the magnetic core memory 
shows the parallel outputs of the S (address) register being decoded into X and Y 
coordinate signals. To reduce the complexity and number of components in the 
address system, the X and Y coordinates are sub -divided into X, X, Y, and Y. 
These decoded address signals correspondingly drive current driver circuits 
whose output lines pas s through the cores on the X and Y coordinates. 

The 25 (25 bits per word) Z coordinate windings (hereafter called sense windings) 
are fed to 25 sense or detection amplifiers which detect the state of the cores in 
the specific word being addressed; and this information is fed in parallel to the 
M (memory) register for later transfer to the C register. 

Note that although the sense windings pass through all cores in a specific plane, 
only the state of the addressed core will be detected, due to the required coincidence 
of the X and Y coordinates. 

When writing into memory from the 11 register, the outputs of the M side of the M 
flip-flops drive 25 Z drivers that correspondingly drive a second set of Z windings, 
which are used to inhibit the insertion of "ones" in the respective cores requiring 
"zeros". The reasons for this technique will be explained later. 

The reading of information from a core memory of this type is destructive in that all 
of the cores in the addressed word are left in a "zero" state; therefore, the in­
formation read into the 1v1 register lTIUSt be regenerated (written back) into the same 
address position before proceeding. When regenerating or writing into a word 
position, the X and Y coordinates will attempt to set all cores at the coincidence 
points to the Il one " state. Note that previously they have all been reset to the zero 
state by a reading process. The inhibit or Z windings will therefore inhibit the 
setting of cores requiring zeros, and the correct information is written into the 
word location. The process of reading and then immediately regenerating is called 
a memory cycle and takes 6 microseconds to completely execute. 
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MAGNETIC CORE STORAGE THEORY 

The elementary storage element, the ferrite core, whose principal characteristic 
is a rectangular, hysteresis loop, is shown in Figure 42. H is the magnetizing force 
(proportional to the applied current) applied to the core, and B is the magnetic flux 
(proportional to the magnetic permeability of the material) produced in the core by 
the force H. If the force H

t 
is applied to the core, the flux density in the "one" 

direction will increase to Om, which represents maximum flux density or saturation. 
When the magnetizing force H

t 
is removed, the flux density will decrease to the (/Jr 

value, which represents the remanent or residual flux density that (for a constant Om) 
is proportional to the retentivity or remanence of the material. The core is now said 
to be in the "one" state. 

8 

H ---H 

, 

-B 

Figure 42 Hysteresis Loop 

If the magnetizing force is applied in the opposite direction -I--I
t 

(reverse the current), 

the remanent flux density (/Jr'will be - ~31 and the core will be in the "zero" state. 
Note that although the (/Jr'value approximately equals the previous residual flux 
density value, the direction of the flux has completely reverseq. 

The designations of "zero" and "one" for a magnetic core are completely arbitrary 
and are only in relationship to the polarities of the applied signals, sense, and 
inhibit windings. 

The high squareness ratio (Hk/Ht) of the hysteresis loop makes it possible to apply 
magnetizing forces which are less than that required to saturate the core in either 
direction, without materially changing the value of the magnetic flux density of the 
core. An abrupt reversal of the flux direction will take place \vhen the magnetizing 
force exceeds a critical value. The reversal of the magnetic flux direction switches 
the core to the complement of its present state. The core will stay indefinitely in 
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either state until switched back by a sufficient electromotive force applied in the 
opposite direction to the force which set it initially. 

The critical values, the knee, and the squareness ratio, perlTIit the coincident­
current type of operation which required the coincidence of two partial magnetizing 

Ht -Ht 
forces, -2- or 2, each of which alone is less than the lTIagnetizing force re­
quired to drive the core past the knee (point Hk) of the curve of the hysteresis 
loop shown in Figure 42. The two partial magnetizing forces, acting simultaneously, 
are sufficient to change the state of the core. The two partial magnetizing forces are 
supplied by two drive half -currents applied along X and Y drive lines, respectively. 
The switching action of the coincident partial magnetizing forces can be prevented by 
the application of an inhibit current whose value is equal, but whose direction is 
opposite, to either one of the write drive half-currents. The resulting inhibit mag­
netizing force cancels the effect of one of the partial magnetizing forces and prevents 
the core from switching to the other of its two stable states < 

The state of a core at a given moment can be determined by the application of 
read drive current in the direction that would switch the core to the zero state. If 
the core is already in the zero state, the read drive current will drive it minutely 
into saturation, but no flux reversal will take place, and only a slTIall amount of flux 
variation will result. If on the other hand, the core is in the "one" state, it will be 
switched to the "zero" state by the read drive current, the direction of the magnetic 
flux will be reversed, and the relative flux variation will be very large. In both 
cases the flux variations will appear in the form of a voltage induced in a sense 
winding. If the flux density is varied with time at a rate d~/dt, then, according to 
Faraday's law, a voltage V is induced across the windings of lTIagnitude: 

deb 
V = -N­dt 

where N equals the nUlTIber of turns, which in this case, would be one. The signal 
voltage pulse shown below permits the determination of the state that the core was 
in before the application of the read drive current. All magnetic cores in a lTIatrix 
are linked by the X and Y drive lines, the inhibit winding, and the sense winding 
as shown below: 

/ 
NE 

V 

<.::]1-----

Each selected X and Y drive line carries a drive half-current that applies a partial 
lTIagnetizing force to all lTIagnetic cores linked by those lines. The core located at 
the intersection of the selected drive lines will receive the sum of the two partial 
lTIagnetizing forces, which will be sufficient to produce the lTIagnetic flux revers al 
and change the state of the core. 
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The X and Y drive lines are connected to the X and Y decoders and traverse all 
digit planes in series. During the read operation, the direction of the drive current 
in the m.atrix is such that the core at the selected address would be switched to zero. 
As explained above, the cores that are in the one state will produce voltage pulses 
in the sense winding while those that are in the zero state will produce virtually no 
signal. Each m.atrix or digit plane has its own individual sense winding, which will 
thus read the bit stored in that digit plane at the selected address. When the in-­
form.ation is being written into the m.atrix, write or restore drive half -currents 
are applied to the s elected X and Y drive lines in the direction opposite to that 
of the read drive currents, so that the core at the drive lines intersection would be 
switched to the one state. However, in the case of m.atrices in which a zero has 
been written, an inhibit current is applied through the inhibit winding that is in­
dividual for each m.atrix. The inhibit current is approxim.ately of the sam.e m.agnitude 
as an X or Y drive current and will prevent the core located at the intersection of 
the selected X and Y drive lines from. being s~\J;litched to one; a zero bit will rem.ain 
stored in that m.atrix at the selected address. Each inhibit winding intersects all 
cores on a given digit plane. 
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BASIC OPERATION 

ADDRESSING 

The 14 outputs of the S register (address register) are gated into 14 address lines 
designated Ll through L14 as shown below: 

Lll = SI Tsrn + 8 (Tsrn Wp) + ~ (Tsrn Wp) 

I 
I 

L14 = S14 Tsrn + C[~}) (Tsrn Wp) + Q~~ (Tsrn Wp) 

Ll = Ll 
I 
I 
I 

L14 = L14 

Note that the address lines from the buffer interlace system enter at this point. 

The 14 address lines are decoded into the X and Y coordinates according to the 
following chart: 

2
13 212 211 2

10 
2 9 2

8 27 2
6 

2
5 24 2

3 22 21 2° 

SI 52 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12S13 S14 

LI L2 L3 L4 L5 L6 L7 L8 L9 LIO Lll LI2LI3 LI4 

Y Coordinate X Coordinate 

Y Y X X 

The X and Y coordinates each represent 6 bits or two octal digits. These coordinates 
are divided into X, X, Y, and Y, each of which consist of a single octal digit that 
can be decoded into 8 specific configurations. 

The Ll and L2 positions, hereafter referred to as 2
13 

and 2
12

, are used to define 
which 4096-word memory stack is being addressed. 
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zTI zIT = stack one, locations r:(o) to 07777 (4::'95) 

ZTI ZIZ = stack two, locations 100(10 (4C'96) to 17777 (8191) 

Z13 ZIT = stack three, locations Z'J:C(; (819Z) to Z 7777 (I? 2.87) 

Z13 ZIZ = stack four, locations 30(ln(, (1ZZ88) to 37777 (16383) 

Four decoders are thus required and are shown in Figure 43. The decoding function 
for a single octal digit is performed by an individual circuit module designated 
QK5Z, which has one output for each of the eight pos sible states. 

The current path for an X or Y drive line originates at a solid state circuit which 
acts as a current source and will be called a "switch." The current path terminates 
in a solid state circuit which acts as a current sink and will be called a "sink. " 
Any X or Y drive line requires two switches and two sinks, as the current must 
be reversible between the read and write operations. 

~ 

----....J Sw h Sw 

r---D : ,-
[" Sink ~~ --l Sink 

~ 

The combination of 8 X sw-sink pairs and 8 X sw-sink pairs provides selection of 
one of 64 X coordinate drive lines, and in a similar manner the 6 bits represent­
ing the Y coordinate selects one of 64 Y drive lines, The 4096 intersections of the 
64 X drive lines and 64 Y drive lines provide selection of 4096 core storage locations. 

Due to the requirement that the X and Y drive currents must reverse between the 
read phase and the write phase, two separate signals will be required to determine 
the direction of the drive current. These signals are designated Rw and Wr. 

Rw = Mg Q2 

Wr = (1v1g QZ) (Mdt + Ql) 

Due to the fact that the cores alternate in their relative positions to the physical 
drive lines, the current must pass in the opposite direction for all even-numbered 
drive lines with respect to all odd-numbered drive lines, To implement this, the 
external connections on even-numbered lines are reversed as shown below: 

Xl 

Yl 
/ 

YZ ~ 

~~~ 
"-

Y3 / 

Y4 ~ 

\ --

XZ 
)I" 

( , 
1'-. 

! 

), 
I 
i 

'i--

/ .. 
ft 
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Figure 44 shows the selection of address 3037 and the control of the direction of 
the X and Y drive currents by the above -described Rw and Wr terms. 

Figure 43 shows the overall structure of an individual 4096-word core stack with 
the circuit module types and numbers designated. These modules are listed and 
briefly described below: 

Module Quantity 

QK52 4 

QK53 4 

HK52 3 

HK59 5 

HK51 2 

SK58 1 

HK55 2 

SK53 1 

SK57 1 

Function 

Decoding of an octal character for address 
selection. 

8 sw -sink combinations for driving the 
selected line. 

Z coordinate, inhibit drive r s. 

Sens e Amp1ifie r. 

Disc riminator, detects the digital information 
from the amp1ifie r . 

Current regulator, gates and supplies the 
current to the sinks and switches. 

Control, generates and distributes the inhibit 

terms for 212 and 2
13 

and als 0 distributes the 
current direction selection terms Wr and Rw. 

Voltage Regulator, generates the + 12 voltage 
for the inhibit lines and the current regulator. 

Operates in parallel with the SK53. 

Figure 46 shows the core stack in detail. Note that this is approximately a one­
sixteenth model in that one -sixteenth the actual number of cores in a single digit 
plane are shown. It is suggested that the reader trace the directions of current 
flow, for both the read and write phases of the memory cycle, for the following 
addresses: 

0070 
3037 

3760 
3747 

This diagram also shows the inhibit and sense windings. Note that the inhibit wind­
ing passes through all cores in the direction of the Y-axis, and that the sense winding 
traces diagonally through all cores on the digit plane. 

READ CYCLE 

At pulse time TIO of the computer cycle, the S (Address) register is cleared by 
Sc in preparation for receiving a new address. At T9 time, a new address is 
transferred to the S register, the decoders will immediately decode the new in­
formation, and the outputs of the decoders w-ill assume a new configuration. At 
pulse time T8, the ~v1 (!'v1ernory) register vvill be cleared by ~/!c in preparation for 



w . 

END 0 F WOR D P U LS E 

CLEAR ·'S· REGISTER 

TRANSFER·~OO"P' TO '5' 

CLEAR"M"oTO RECEIVE 

MEMORY COOTROL FF 

MEMORY READ TIMING 

XY READ CURRENT 

DISCRIMINATCR OUTPUT 

STROBE SI6NAL 

T RAN SF E R "ti' TO "C 

STORE DATA 

T RAN SF E R "c" 10 "~.,1" 

MEMORY DI61T TIMING 

<:J--TIME---

IT2EJ]1"2T'3]"140~i~li~8I'-912-o12il~#[23I241 Tp 10 [ I [2 [3T4]-~~ .. I!-18 Ig-EOE 
---~------

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

---------~------------~--~~~---
* '" _____ .. ____ . _____ .. _~.-____________ -+-""/m'n"~ __ ___________ .... ]1'---__ _ 

L. ___ _ 
.-------_- - - - -- ____ Ix: 

.. - '" \--- -.. ~ 
\.'t.~ 

----+-~--~ ~-*-~';~~~ 

I N H I BIT (DIGIT) CUR R EN T -./111//1/1//11///////1//1//1//1//1/11///71////1/ ///II!III!III/lI!!!l7!1J~. __________________ AfIl!1lm 
ME M 0 RY WRITE TIM IN G W$II$/tWWIU:/iW//0'}/!;~ __ _ 

x Y WRIT E CUR I~ EN T ~~!I7l/1/////;7/ffffm?l/;'1;/;~ ___ _ 

WRITE TIMING 

READ TIMING 

"* PULSE WIDTH MAY VARY, 

** ONLY IF DIFFERENT CATI- IS TO BE STOIiED IN T HAT ADD R E SS. 

T 
<l~---

Figure 45. Computer Memory Cycle 

Tp 

Sc 

SXC + SXP 

Mc 

Mg 

Mrt 

X Y READ CURRENT 

DIS C RIM I N A TO r~ 
OUT PUT 

Ms 

CXM 

Po 

Mxc 

Mdt 

INHIBIT CURRENT 

MWT 

XYWRITE CURRENT 

Wr 

Rw 



..­
U1 

1- -
______ 1 

2'---.. .=: 
r'1 I ~ 

:'-~--'~" __ +--~ .. 3;\;7CH~, ~ I 1 ! ; l \ \ iii Ii! i \ iI, \ · I I ill til I t j 

Wr ---L> A'Xi ~v- _!!lJ!-*~~~pttbJ::tttttf~t!-~~ rt ft *tW 
-! 2 -- ~ ; -: ::: E .'\'1 ,:. 1" H : 'I 

Figure 46. Memory Digit Plane Diagram 

"----ILw&..x""'z'"----~<J R w 

I , 
I 



recelvlng data from memory, and the Mg flip-flop will be set, initiating a new 
memory cycle. When Mg goes true, this will also qualify the current direction 
signals Rw and Wyl. 

At pulse time T7, the memory read timing signal (Mrt) will be enabled for a 
duration of 8 ~\ulse times. Mrt centrols the current regulator circuits which supply 
the current to all of the switch and sink circuits: 

~ Switch I .----~ --~~ ------.1 

Current oJ -
Regulator ---

_S_in_k~~ 
i 
i 
I 

Mrt 

The decoders selected the proper switches and sinks at T7 time, and current is 
supplied to the drive line by Mrt which, in turn, activates the current 
regulator. 

During the read cycle, all of the X and Y drive line half -currents are applied in 
a direction which will drive all of the cores in the zero direction. The voltage 
outputs of the digit planes are sensed by 25 sense amplifiers which feed their re­
spective outputs to 25 discriminator circuits which detect the large signal change; 
and at T2 time, this information is clocked into the M register by the Ms (strobe) 
signal. 

At Tp time, the Mrt signal is disabled which, in turn, disables the current regulator, 
and no more current is supplied to the X and Y drive line paths. 

WRITE CYCLE 

The write cycle consists of regenerating the present contents of M into the address 
from which it was just read, or of inserting new information into the M register at 
T24 time for storage into the addres s that was just read. 

In either case, the contents of the S (address) register will not change, as the 
address must be the same; therefore, the output configuration of the decoders will 
remain as they were during the read cycle. 

At pulse time T21, the ~v1dt (memory digit timing) signal is enabled. The Mdt 
signal enables the Z (inhibit) drivers whose inputs are qualified by the Mn signal. 
The current for the Z drivers is not supplied by the current regulator modules, but 
by the voltage regulator so that inhibit current will flow from T2l until T8. 

At Tl8 time, the Mwt (memory write timing) signal will be enabled which, in turn, 
will enable the current regulator to supply current to the sinks and switches in a 
fashion similar to Mrt. Note that during the write phase the address selection is 
the same, but the direction of all dri,.re line half-currents is re,\Tersed due to Wr 
and Wy2 now being enabled. 

Voltages will be generated on the sense lines during the write cycle due to the write 



drive currents setting cores to the one position and will be generated from the 
inhibit currents, but these voltages are not strobed by Ms and are always ignored. 

At TI2 time, the Mwt signal is disabled and the X and Y drive current sources are 
inhibited. 
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ME1,fOR Y EXPANSION 

The memory of the computer can be expanded to contain 4 core stacks of 4096 
words each. Figure 47 shows the addressing system used when expanding the 
memory to othe r c onfigur ations . 
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MODULE OPERA TION 

DECODER 

The decoder module, designated QK5Z, produces an output signal (+) on one of 
eight output lines to represent one of eight possible input configurations. Both the 

true and false sides of the three bits to be decoded (ZnZn+ 1Zn+Z) are supplied to the 
module. 

The decoding is performed by a series of negative "AND" gates such that the in­
verted output will be the correct result. The eight output lines feed to one or more 
sets of 8 sw-sink modules (depending upon the size of memory) and will act as the 
enabling addre s s te rms . 

SELECTOR CONTROL 

The selector control module, designated HK55, generates the current direction 
control terms, the stack selection control terms, and the stack selection terms, 
for the inhibit drivers. 

Two HK55 modules are connected together to generate the required complement of 
control terms. On the first HK55, two current direction terms are generated 
froITl ''Yr. These are "VJxl dnd Wyl. On the second HK5:), two sirnilar terITls, WxZ 
and WyZ, C1.re generated from Rw. These four current direction control terms are 
fed to the four sw -sink modules. 

The two most significant computer address terms L1 and LZ are used to generate 
four stack s election terms EO, E 1, E2, and EJ, These stack selection terms are 
coded with Mdt (inhibit or digit tiITlin!:J to r~enerate four inhibit control signals, 
d.esiJ~nated D1, DZ, D3, and DL!:. T:.· ... e stac. se._e"tion si':nals EO, El, E~)_, and E3 
are a .. se, used to ena.~e L,e sw-sin1 r: od',;jes in eae;-_ of tLe iU(:C.r stac~.s. 

XY SELECTOR 

The XY Selector modules designated QK53 contain eight sets of switch-sink circuits 
for selecting the properX or Y drive line. 

The eight address signals from the respective decoder module are connected to pins 
39, 37, 33, 30, Z4, ZO, 14, and 11, respectively. If the specific address input 
signal is true (ANDed with the stack zero signaIEO:;. it will enable the switch-sink 
pair to conduct current when directed by the Rw and Wr signals. 

The switch circuit gates the drive current onto the appropriate XY drive line where 
the current passes through a sink circuit to return to the current regulator. 

When the current direction control signals invert (between read and \\rrite), the 
mating sink circuit will be enabled and will receive current from the same XY drive 
line. 
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CURRENT REGULATOR 

The current regulator module, designated SK58, contains three basic circuits, a 
voltage regulator, and two gated current stabilizers. 

Pins 1, 2, 14, 16, and 18 are inputs to the voltage regulator which, in turn, controls 
the X and Y current stabilizers. 

Pin 1 re ceives the + 12 volt reference signal generated by the outputs of the SK53 
and SK57 voltage regulators. This voltage will vary depending upon the amount of 
inhibit current desired. Pins 2 and 18 receive the + 15 volt floating supply signal, 
which has a + 12v. reference point. Pin 14 (control in) is used by the automatic "Start 
up/shut down" mechanism to inhibit all drive currents when the logical state of the 
computer is in an ambiguous area. Pin 16 (marginal test) is connected to the 
Marginal Test switch on the front panel of the computer and is used to increase or 
decrease the XY drive currents by approximately 60/0. Pins 34 and 36 connect the 
Mrt (memory read timing) and Mwt (memory write timing), respectively. The read 
timing signal (Mrt) may be delayed and it, in turn, will delay the read current on 
the Y lines and, consequently, the sense signal. 

The Mwt and Mrt signals gate the X and Y current stabilizers. Pins 20 and 22 are 
the current outputs for the X and Y switch circuits. Pins 9 and 10 are the current 
returns for the sink circuits. There is a potentiometer adjustment on the SK58 for 
varying the amount of XY drive current. This current is nominally about 500 rna, 
but should be adjusted according to the individual characteristics of each unit. 

VOLTAGE REGULATOR 

The voltage regulator, designated SK53, generates a constant voltage of approximately 
+ 12 v from the + 18 volt line from the power supply. The + 12 v output supplies 
the inhibit lines and serves as a reference signal to the current regulator module. 

The SK57 voltage regulator module operates in parallel with the SK53 and receives 
its V R control signal from the SK53. The threshold potentiometer on the SK57 
is nominally set between 6 and 6. 5 v, but is optimally adjusted according to the 
amount of noise on the sense lines. There is a potentiometer adjustment on the 
SK53 that deternlines the magnitude of the + i2 output which, in turn, determines 
the amount of current that will flow through the inhibit (Z) windings. This is 
nominally about 200 rna, but should be adjusted according to individual stack 
characteristics. 

Z DRIVER 

The Z driver, designated HK52, drives the inhibit winding during the write cycle. 
The false output of the respective stage of the M (Memory) register is connected to 
the input. Depending upon the stack number, the input gate will be enabled by one 
of the stack selection digit signals Dl, D2, D3, or D4. 

During Mdt time, current will now flow through the inhibit winding. 

SENSE AMP LIFIER 

The sense amplifier module, designated HK59, is composed of five basic sense 
amplifiers. The sense amplifier is basically a two-stage, balanced amplifier with 
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rectified output. The output of the s ens e amplifie r is fed to a dis criminator. 

DISC RIMINA TOR 

The discriminator module, designated HK51, contains 13 separate, single-stage, 
inverter circuits whose inputs are biased to discriminate against the noise content 
of the signal from the sense amplifier. 
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