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PREFACE 

The SDS 900 Series Computers are solid state, general purpose, digital 
machines which use a parallel, random access, coincident current, mag­
netic core memory and s erial arithmetic operation. 

These computers are cornpletely modular, contain all silicon components, 
and have positive true logic. Internal operations are binary and two's 
complement arithmetic is used. 

This ITlanual is presented in four sections. These cover COITlputer Logic, W 
Buffer and Input/Output Operations, Magnetic Core Memory, and BCD Type­
writer and Tape Punch. Each section has its own lists of Contents and 
Illustrations which define the referenced pages. 
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SECTION I 

COMPUTER LOGIC 



INTRODUC TION 

The Computer Logic Section describes the logical operation of the computer in 
detail. It is primarily intended for engineering, checkout, training and main­
tenance use. Descriptions are presented with the assumption that the reader 
has a working knowledge of Boolean algebra and basic digital operations. 

For proper use of this publication, the reader should be familiar with the SDS 
Reference Manual for this computer. 
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BASIC COMPUTER STRUCTURE AND OPERA TION 

NOTE: The description below includes only the most common conditions. 
Further details and qualifications are given later in this section. 

The computer uses a 24-bit, single-address instruction: 

Ins truction Address 

xTx 
A 

", " c.. "\ 

• Ix X X xl • X X;' X X XIX X X! X X x/x X xl I 
0 1 2 3 4 5 6 7 8 9 Ie 11 12 13 14 15 IS 17 18 19 2el 21 22 23 

The instruction code occupies the six bit positions 3 through 8 and deterrriines the 

operation which will be executed. For example, the binary configuration 101100 

represents an octal "54", which is the designation for a subtraction instruction. 
The address field occupies the 14 bit positions, 10 through 23. In general, the 

address field represents the address of the operand. For example, it rrlay re­

present the address of the nun1ber which is to be subtracted from the A register 
(accumulator) upon execution of a subtraction instructiono 

The computer has nine registers, as represented in Fi6ure 1. The P rebister 

(program counter) holds the 14-bit address of the next instruction to be executed. 

This 14-bit flip-flop register is incremented by one before reading a new instruction 
since the instructions are generally read in numerical sequence, i. e. , 

10046 
10047 

10050 

10051 

The address held in the P register is transferred in parallel to the 14-bit S flip-
flop register (memory address) where it sets up the address lines in the core 

rrlemory for access to the word position addressed. The contents of the desired 

word are then transferred in parallel to the 24-bit M register from ITlerrlory. Dur­

ing memory accessing or storing the S register will always hold the desired address 

and the NI register will contain the operand or accept it froni rnerr,ory. 

The instruction in the M register, after being received from memory, is transferred 

in parallel to the 24-bit C register where its fields are distributed as follows: The 
6-bit instruction code field is transferred in parallel to the 6- :'it]ip-flopfO" 

(instruction code) register where it will be used to control exeCUIlvd 01 the instruction. 



• 

BUFFER S,(STEM 

FIGURE 1 

BASIC COMPUTER STRUCTUR:E 

INFORMATION FLOW 



Depending upon the instruction to be executed, the address fie Id contain ing the memory address 
of the desired operand is transferred in paralle I to the S register. For examp Ie, the M register 
accepts the operand from memory and transfers it in parallel to the C register. At this point the 
code of the operation to be performed is held in the 0 register and the operand, upon wh ich the 
operation is to be performed, is held in the C register. 

During the execution of the instruction the operand is serially sh ifted out of the C register and into 
the Word Assembly register (WAR), Adder, A register, B register, or X register. 

During the execution of "Store" instructions the operand address of the instruction is transferred to 
the S register to set up the Store address. The data to be stored is then sh if ted into the C register 
from its present location, and the information is transferred in parallei to the M register which 
stores it in memory. 

To communicate with external devices such as a photo-reader, magnetic tape unit, punch and 
typewriter, the computer uses the WAR with its associated single character register (SCR) as shown 
in Figure 1. During an input process 6-bit characters from the external device are transferred into 
the SCR in parallel. When the Buffer "control" detects that a character has been received, it 
shifts the character into the WAR, and when the WAR contains the desired number of characters, a 
signal is sent to the computer to store the information held in the WAR into memory. 

On output, the inverse operation is used; the information is shifted from the C register to the 'WAR 
and the computer returns to its previous program. The WAR now sh ifts one character at a time into 
the SCR where it is sent out in parallel to the external device in operation. When the buffer 
control detects that the WAR is empty, it signals the computer to load the WAR with another word 
for output. 

When studying the information which follows, frequently refer to the Reference Manual to properly 
integrate the programming nomenclature and discussion with that of the internal operation o 
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LOGICAL DESCRIPTION 



INSTRUCTION AND WORD FORMA T 

The instruction list for the computer is shown in Figure 2. The instructions are 
numbered from 00 through 77 octally and are listed with their respective mnernonic 
codes and execution times. The execution time for a specific instruction is the 
number of word times (rrlachine cycles) which elapse during the accessing of the 
instruction and its complete execution, including the accessing or storing of any 
operands. 

INSTRUCTION FORMAT 

The instruction format is: 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

o 
1 
2 

3----),.,. 8 

9 
10----)+23 

i 
Address 

Relative address bit (not used in logic) 
Index bit 
Program operator bit 
6 -bit instruction code 
Indirect address bit 
14-bit address 

The programming functions of the above fields are: 

Index Re gister Bit: 

A "I" in this position causes the contents of bits 10 through 23 of the index register 
(X register) to be added to the address portion of the instruction prior to execution. 

Program Operator Bit: 

A "1" in this position causes the program operator bit and the 6 bits of the instruc­
tion code to be interpreted as an entry address for a subroutine. 

Instruction Code: 

The 6 bits of the instruction code contain the 2-digit octal code for the instruction 
to be executed. This information is transferred to the "0" register flip-flops, 
01, 02, 03, 04; 05, and 06. 
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Indi rect Address Bit: 

A "I" in this position causes the computer to interpret bits 10 through 23 of the in­
struction (possibly modified by indexing) as the memory location where the effective 
address of the instruction may be found. A "0" causes bits 10 through 23 of the 
instruction to be interpreted as the effective address. 

Address: 

The address is defined by bits 10 through 23 of the instruction. The address 
generally represents the men-lory location of the operand. 

DATA WORD FORMAT 

The data word format is: 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Arithmetic is performed using the binary two's compleITlent number system. The 
sign bit can then be considered to be integral with the data word. Data words 
consist of eight octal digits, each octal digit consisting of three binary digits (bits). 

During all serial operations the 23rd bit position (least significant end) appears first 
in time. 

TWO'S COMPLEMENT ARITHMETIC 

Considerin:=, the rnachin'3 to b:: a fix',:'l poir:.t, fractioE-:-,J cO:tnputcr, usin:::, tv.ro's 
complement arithn1etic, any number stored in memory can be expressed by the 
following general formula: 

or it can be expressed as: 

23 

N 

= 1 

Fron"l. this it can be seen thrlt the largest allowable positive number is: 

0.11111111111111111111111 
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The minimum positive number is: 

o. 00000000000000000000000 

The maximum negative number is: 

1. 00000000000000000000000 

The minimum negative number is: 

1. 11111111111111111111111 

Numbers of negative magnitude are expressed in two's complement form and 
arithmetic operations, where the operands and answers are within the allowable 
range, maintain the negative numbers in two's complement form. 
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..... . 

..... 
0 

i I Mne- ,I : !Mne-
! i Time I Code 

monic Function '; Time Code !monic Function 
i' l 
I; i 

Skip if M not set 1 00 HLT Halt 1, 2 40 i SKS 
! i 

1 01 BRU Branch to M 1, 2 41 I BRX (X) + l~X, BR if X9 = 1 ! 
I 
! 

1 i 
I 

2+ 

2+ 

3+ 

2 

2 

2 

02 I EOM Energize 1-1 42 I 
i 

03 2 43 BRM P~M, BRU-+M + 1 

04 44 

05 45 

06 1 46 * 
07 47 

10 MIY (M)----)o Y when ready 50 

11 2 51 BRR (M) + 1----+ P (BRU) 

12 MIW (M) -~ W when ready 52 

13 POT Parallel out, when ready 2, 3 53 SKN Skip if (M) negative 

14 ETR I Extract 2 54 SUB (A) - (M) --+ A 

15 2 55 ADD (A) + (M)-+ A 

16 MRG Merge: (A)or (M)~A 56 

17 EOR Exclusi ve OR 
i 

57 . , 
~:~ Instructions where the address is used in addition to the instruction code to define the specific 

operation. (see page 1. 12) 
FIGURE 2 

INSTRUCTION LIST 
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L 

T im.e 

3 

3 

4 

I 

1 

+ 

+ 

+ 

3 

3 

3 

Mne- Mne-
Code m.onic Function Tim.e Code m.onic Function 

20 NOP No operation 

21 3 61 MIN (M) + l~M 
22 62 

23 EXU Execute 63 

24 2 64 MUS Multiply Step 

25 2 65 DIS Divide Step 

26 N+2 66 * 
27 N+2 67 * 
30 YIM (Y)---+M when ready 2 70 SKM Skip if (A) = (M), on B mask 

31 2 71 LDX (M)-4-X 

32 WIM (W)---+ M when ready 2, 3 72 SKA No skip if (A) (M) = 1 anywhere 

33 PIN Parallel in, when ready 2,3 73 SKG Skip if (A) > (M) 

34 74 

35 STA (A)---)-M i 2 75 LDB (M)-+ B 

I 36 STB (B)~M 2 76 LDA (M)--+A 

37 I STX (X)~M 2 77 EAX Eff. addre s s --+ X 

::' Instructions where the address is used in addition to the instruction code to define the specific 

operation. (see page 1. 12) 

FIGURE Z 

INSTRUCTION LIST (CONTINUED) 



The specific operation to be executed for instruction codes 46, 

66, and 67 is specified by the address configuration as shown below: 

Timing Code Mnemonic Function 

1 4600000 XAB A~B 

1 4610000 BAC B ---... A, O--+B 

1 4620000 ABC A----+ B, 0---+ A 

1 4630000 CLR 0---). A, O~B 

N+2 66000xx RSH Righ t Shift AB 

N+2 66200XX RCY Right Cycle AB 

N+2 67000XX LSH Left Shift AB 

N+2 67200XX LCY Left Cycle AB 

N+2 67100XX NOD Normalize and 
decrement X 

The las t two digits of the addre s s, for ins truc tions 66 and 67, specify the 

number of shifts or cycles to take place. 
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(-----_ .... -
06 
~ 

33 37 36 32 

03 

73 77 76 72 67 1 66 

06 
~ 

02

l
J PIN STX 

35 

ISTA 
j 

STB WIM SKG EAX LDA SKA ,'. -,- I , .. 
',' 

23 

EXU 

30 71 

YIM LDX 

I 

13 I 17 16 12 53 

POT I EOR MRG MIW SKN 

14 10 j 51 

ETR MIY I BRR 

04 
\._-- ----~-- . 

l 

C Register C3 C4 

o Register 01 02 

75 

LDBi 
I 

I 
I 
! 

. 
55 i 54 

ADD 1 SUB 

'--- ,_. " . ..,,----

I 

70 61 65 I 64 

SKM MIN DIS MUS 

43 

BRM 

41 

BRX 

! 46 

I 
40 

SKS 

-""'./.' ,., .. _) 
__ 0_4 ___ ~. ____ 04 _____ ) 

01 

j 

01 i 

BRU 

04 

20 

NOP 

02 

EOM 

00 

HLT 

C5 C6 C7 C8 * Instruction~; where the address is used 

03 04 05 06 

FIGURE 3 

INSTRUCTION DECODING 

in addition to the instruction code to de-
fine the specific operation (see page 1. 12). 
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-

31 

PULSE COUNTER 

Pulse Time Ql 

Tl 0 

TO 0 
END 

Tp 'If 0 

STAR T T24 0 

T23 0 

T22 0 

T21 0 

T20 0 

T 19 0 

T 18 0 

T 17 0 

T 16 1 

T 15 1 

T14 1 

T 13 1 

T 12 1 

T 11 1 

TI0 1 

T9 1 

T8 1 

T7 1 

T6 I 1 

T5 
l 

1 

T4 ~ 1 

T3 1 

T2 Y 1 

FIGURE 4 
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PULSE COUNTER 

.A pulse counter consisting of flip-flops Ql, Q2, Q3, Q4, QS and Q6 that counts the 
I pulses that make up the twenty-six pulse times of each computer word. 

The pulse counter is a modified gray code counter with Ql as the most significant 

bit. 

The gray code is off-set from the 26-bit pulse count and certain counts are elirrJinated 
to facilitate decoding and counter design, 

Note that computer pulse times are designated in reverse order, with respect to 

time. 

Q6 acts as a straight binary counter generating the output which is counted by the 
gray code counter Ql through QS, 

sQ6 = Q6 
rQ6 = Q6 

The least significant gray code stage QS counts in gray sequence with the addition 
of (Q1 + Q3) on the reset side to force a skip of gray counts 15 and 16. 

sQ5 = as Q6 

rQ5 .. Q5 Q6 (01 + Q3) 

Q4 counts in gray sequence with the addition of (Ql t Q3) on the set side to force 
the skip of gray counts 2, 3, 4 and 5. 

sQ4 = Q4 QS Q6 (Ql + Q3) 
rQ4 = Q4 Q5 Q6 

Q3 counts in gray sequence with the addition of TO to force the skip of gray counts 
2, 3, 4 and 5. 

sQ3 = ill 04 Q5 m + TO 

rQ3 = Q3 Q4 Q5 Qb 

Q2 and Ql count in a gray sequence but the forced skip of gray counts 2, 3, 4, 5, 
15 and 16 simplifies their set and reset expressions. 

sQZ = Q1 Q5 Qb 

rQ2 = 01 Q4 Q5 

sQl = 03 05 06 

rQl = CIT 54 Q5 
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PULSE DECODING 

Several multiple and single pulse times are decoded from the pulse counter for use 
in the computer logic: 

Data word, Tp T24 = Ql + 02 + 03 

Most significant or Sign bit, TO = 01 Q2 Q3 Q5 

Least significant bit, T23 = Ql Q2 04 Q5 

Guard and first bit of word, T24 = Ql Q2 Q3 Q5 

Guard and last bit of word, Tp = 01 02 Q3 QS 

Address field, (T23 - TIO) = 02 

Indirect address bit, T9 = QI Q2 Q3 04 Q5 

For additional requirements, the following pulse times are also decoded: 

(T22 - T 17) = Ql Q2 T23 

(T21+T22) = Q1 Q2 03 Q5 

--
T14 = Ql Q2 Q3 05 

--
T 10 = Ql 02 Q4 05 

--
(T5-TO) = 02 03 

----
Tl = Ql Q3 Q4 05 
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PHASE CONTROL 

The various internal operations, such as transfers of inforrrlation, clearing 

registers, read from memory, etc., which nl.ust take place during the reading and 
ex e cut ion 0 fin s t r u c t ion s, are con t roll e d bye i g h t pha s e s , des i g na ted p ha s e (/) a 
through pha se (/)7. A general de scription of these eight pha ses i s given below, 
followed by more detailed discussions on control of the phase sequence by the 

instruction code. 

PHASES 

A phase chart is shown on page 1. 19 which indicates the phase sequencing for the 

various operation codes. Usually, each dot on the diagram represents one cycle 

time from Tp until the next Tp. 

Phase a ((/)0) 

This pha s e is the beginning of all instruc tions. Instructions sta rt at 00 T24, with 

the new instruction in the C register and the instruction register cleared to "NOP'! 

(2 0). 

T his Fha s est e p s d ire c t I y top ha s e (/) 5 (a t (/) a T 2 4) for sam e ins t r u c t ion s r e qui r in g 
only one cycle time for execution. For others, indexing and indirect addressing 
are pro c e sse d i np ha s e 0 0, A I so, the me mar y reg en e ra t e s the in s t ru c ti on (w r it e s 
it back in memory because of destructive read-out) and fetches the operand. This 

~Irocess rnay require more than one cycle time, as in the case of indil'ect addressing, 
executing and transfe:cring. 

At (/J 0 T24 the instruction code is transferred to the OP code register (01, 02, 03, 
04, as, 06), 

Pha s e 1 (0 I ) 

This pha s e is the set -up or prepa ra tion pha s e for the shift instruction s. This pha se 
is not entered until the end of the fi r st T9 in, :ha s e (/)0 and i: lasts thrO'.lL~l) Tp. Phas e 1 
inhibits pulsing the lYlemory for an o~~erand. 

Pha s e 2 (02) 

This phase is the wait phase for the input/output instructions, (10), (12), (13); (30), 
(32), (33). The conl.puter idles in this [}hase until the data is ready. If the data is 

ready before the instruction is given, then phase (/)2 is by-passed, except for the 
I)arallel input/output instructions, (13), (33), where :-,hase (/)2 will last only one 
cyc Ie tim e for da ta to be t ra ns fe r red, 

Pha s e 3 ((/)3) 

This phase is the execution phase fur shifting and usually requires several word 
times. The du ... :ation of this phase is dependent u:)on the nUITlber of shifts required, 
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.. 
Pha se 4 (04) 

This pha s e is the second cycle time of three -cycle instructions which write cia ta 
into the memory. These three cycles are 00~<1>4 ~ 07. During phase 04 
the P register is incremented for accessing the next instruction, and the word to be 
stored is shifted serially into the C register. 

Pha s e 5 (05) 

Thi s pha s e is the execution pha s e for some single -cyc Ie in struction s. The C regi ster 
does not shift and parity is not checked. 

Pha s e 6 (06) 

This phase is the main execution phase of instructions reqUlrIng an operand, but 
no memory modification, These instructions are the two-cycle instructions, and 
include conditional skips which may require three cycles. 

Pha s e 7 (07) 

During this phase memory regeneration (or new storage) and next instruction access 
are pe rformed. The P re gis te r is not inc remented unle s s the Skip flip -flop is high. 

End Cycles 

An End is defi:;.ed as ~he last: cycle of execu-::ion for :he particular ij:1struction bei:.1.g 
perforrned. The End te rr':l de sig:1ate s '.:ha1.: the :l.ex: pha::.e is to be phafie (/)0 unle ':; 5 

t~e instruction cause s a skip. 
End = 05 + 06 + 07 + 00 (- - - - ) 

The la st term is for uncondi tiona I branche s. 

PHASE COUNTER 

A thre e -flip -flop counter, F I, F2 and F 3, controls the s e ':iue nc e and ad vane ernent of 
phases: 

F1 F2 F3 (/)0 

F1 F2 F3 = 01 

F1 F2 F3 = 02 

F1 F2 F3 = 03 

F1 F2 F3 = 04 

F1 F2 F3 = 05 
r 1 r"") ~ = rid 
.L' 1. .L' L. .L' ..J \J.Iu 

F1 F2 F3 = 07 
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The following discussion indicates the actions of the phase counter during the 
execution of the various instruction groups shown in the phase diagram. 

SINGLE-CYCLE INSTRUCTIONS 

Phasing: ®_T_2_4 __ >~® __ >~® 
Instructions 00, 02, 20 and 46, and the idle state, Go, advance directly to phase 
(/)5 from phase (/)0, 

sFl 

sF3 

:: T 24 Ia (/)0 Go [C 5 C 8 C 2 (C 3 + C 4)] + T 24 Go + 

= T24Ia (/)0 Go [CS C8 C2 (C3 + C4~+ T24 Go + 

The output of the C register flip-flops must be used for the instruction code, as the 
transfer to the 0 register is not made until T24. 

The Ia term represents the indirect address flip-flop and need not be considered 
for this instruction group. Go is the control term which allows computation. 

To reset to phase (/)0, F1 and F3 are reset at the first Tp, 

where: 

rFl = Tp End Sk 

rF3 = Tp End Sk 

End = Fl F3 Ts + Fl F2 Ts + 

Ts is a time-share signal and freezes the internal operation of the computer for 
two machine cycles while exte rnal device s control acces s to memory. Sk is the 
flip-flop which signals for a skip condition and need not be considered in this 
instruction group. 

TWO-CYCLE INSTRUCTIONS 

Phasing: (~-->~@6)-->~00) 
Instructions 14, 16, 17, 41, 4:3, 51, 54, 55, 64, 65, 71, 75, 76, and 77 advance 
to phase (/)6 from (/)0 at the first Tp, if there was :1.0 indirect addressing. 

s F I = Tp fa (/)0 0 3 04 + Tp ra (/)0 0 1 04 + Tp "fa ~O 0 1 05 + 

sF 2 = Tp fa (/)0 ( () 3 + 03 04 05) + Tp fa (/)0 0 1 OT + - - _ 

If there had been an indirect addressing bit, Ia would be true and phase (/>0 would 
have been extended one or more additional word times until Ia was reset by the 
effective address. The computer resets to phase ~O at the first Tp of phase (/)6. 

rFl Tp End SK 

r F 2 = Tp End S k + 
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THREE-CYCLE CONDITIONAL SKIP INSTRUCTIONS 

skip 

~®~ 
Phasing: ®----7®® 

Instructions 53, 70, 72 and 73 advance to phase (/)6 at the end of phase (/)0. 

s F 1 = Tp Ia (/>0 0 1 (04 + 05) + - - -
sF2 = Tp ra (/)0 03 + 

rSk = (/)0 TO + - - -

These instructions are conditional skip instructions where the Sk (skip) flip-flop is 
left in a set condition at the end of phase (/)6, if a skip is to occur. If Sk is true, 
the phase counter advances to phase (/)70 

sF3 = Tp Sk Ts + - - -

Sk will be re set at the s tart of phas e (/)7. 

rSk = (/)7 + - - -

If Sk was left in a reset condition at the end of phase (/)6, the phase counter will 
'reset directly to phase (/)0. 

rFl = Tp End Sk 

rF2 = Tp End Sk + 
rF3 = Tp End Sk 

Note that phase rD 6 and (/)7 are both end cycle phases, and if a skip occurs, End 
will be true for two cycles. The conditions under which Sk is set during phase (/)6 
are discussed in the material on "Skip and Branch Instructions". 

TWO-CYCLE CONDITIONAL SKIP INSTRUCTIONS 

Phasing: 

skip 

~®~ 
®_T2_4~>® >® 

Instruction 40 advances directly to phase (/)5 at (/)0 T24. 

sFl = T24 'fa (/)0 Go[CS C8 C2 (w + VlU + -

sF3 = T24 fa (/)0 Go[C5 C8 C2 (C3 + C4)] + - - -

This phase advancement is identical to the single-cycle operation discussed under 
Phase Control. 

During pnase (/)5, instruction 40 tests to see if M (external signal) is in a true or false 
condition. If the signal is false, then the Sk (SKIP) flip-flop '\vill be set and a skip 
will occur. 
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sSk = TO (/)5 01 04 (external signal) + -

If Sk is set at TO, then the phase counter advances to phase (/)7 at Tp to perform 
the skip. 

sF2 = Tp Ts Sk - + - - -

At the cOITlpletion of phase (/)7, or at the cOITlpletion of phase (/)5, (if the skip condition 
were false and Sk was not set) the phase counter is reset to phase (/)0. 

rF1 = Tp End Sk 

r F 2 = Tp End S k + 

rF3 = Tp End Sk 

Sk is reset at the start of phase (/)7. 

rSk = (/)7 + - - -

Note that phases (/)5 and (/)7 are both end-cycle phases, and if a skip occurs, End 
will be true for two cycles. 

THREE-CYCLE MEMORY INCREMENT AND DECREMENT INSTRUCTIONS 

Phasing: ®-~>®-~)@)~® 

'nstruc~ ions 60 and 61 advance to phase 04 at the compl et ion of phase ~O. Dur ing ~O 
indexing or indirect addressing may have been perfornied. 

sF1 = TpIa(/)O 01 (55+ 04) + - --

At the cOITlpletion of phase (/)4 (one cycle), during which the contents of memory are 
increITlented. the nhase counter is rldvrlnced to nhrlsf' (/)7. '..L - - - - - - - .1- - -- - - ..,....-.. 

sF2 = Tp Ts (/)4 + 

s F 3 = Tp T s (/)4 + 

During phase (/)7 the modified number is stored in ITleITlory and the next instruction 
is accessed. At the completion of phase (/)7 the counter is reset to phase (/)0. 

rF1 = Tp End Sk 

rFl = Tp End Sk + - - -

rF3 = Tp End Sk 
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N-CYCLE SHIFT INSTRUCTIONS 

Instructions 66 and 67 terminate phase (/>0 at pulse time T9 to advance to phase 
(/>1 for pulse times T8 through Tp. 

sF3 = T9 fu. (/)0 02 03 04 05 + - - -

During phase (/>1 (10 pulse times) the registers and shift counter are prepared for 
shifting. At Tp the counter advances to phase (/)3. 

s F 2 = Tp (/) 1 + - - -

The shift operation occurs during phase (/)3 and is terminated when the Sk flip-flop 
is set, indicating that the shift counter has reached zero or that a normalized 
condition exists. Upon termination, the phase counter advances to phase (/)7 from. 
phase (/)3 (or phase (/>1 if the shift count was originally zero). 

sF 1 = Tp Sk T s + 

sF2 = Tp Sk Ts + 

During phase (/>7 the next instruction is accessed and at Tp the counter is reset tc 
phas e (/)0. 

rFl = Tp End Sk 

rF2 = Tp End Sk + 

rF3 = Tp End Sk 

THREE-CYCLE PLUS N OUTPUT INSTRUCTIONS 

~® Vvait 
Ph;:l~;na~ ((7)()) ~((i)i;)~~ 
- -------0· ~ .;' ~ /~ 

Instructions 10, 12 and 13 are output instructions which are interlocked with a 
flip-flop designated Rf, which indicates when the external device is "ready" for 
output. Instructions 10 and 12 advance the counter to phase (/>6, if Ri is set during or ue­
fore rJhase (/)0. 

sF 1 = Tp Ts OT 03 04 Ia F 1 F 3 Rf + - - -

sF 2 = Tp ra (/>0 03 + - - -

If Rf was not set, th e c 0 un t e r i sad v an c edt 0 ph a s e (/> 2 (a w ai t ph a s e) . 

s F 2 = Tp Ta (/>0 0 3 -+-

Instruction 13 always advances the counter to phase (/)2 for at least one cycle time. 

When Rf is set during phase (/>2 the counter advances to phase (/>6. 

s F 1 = Tp T s or 0 3 04 ra F 1 F 3 Rf + - - -
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At the completion of phase (/>6, during which output was executed, the counter is 
reset to phase (/>0. 

rFl = Tp End Sk 

rF2 = Tp End Sk + 
rF3 = Tp End Sk 

--
r Rf = Tp End Sk Ts + 

FOUR-CYCLE PLUS N INPUT INSTRUCTIONS 

.../?® ~ >@-7@ 
Phasing: ® wait~c!p.§) T24 

Instructions 30, 32 and 33 are input instructions which are interlocked with the 
Rf (Ready) flip-flop. 

If Rf is not set during or before phase (/>0, the counter advances to phase (/)2 
(automatic all y for ins truc tion 33). 

sF2 = Tp ra (/)0 03 + 

When Rf is set during phase C/J2, or if Rf was set during or before phase C/JO, the 
counter advances to phase C/J6. 

sF 1 = Tp Ts OT 03 04 fa F 1 F 3 R£ + - - -

sF 2 = Tp fa C/Jo 03 + - - -

The counter remains in phase (/)6 for one pulse time (T24) and is reset to phase 
C/J4 where the input is executed. 

r F 2 = (/)6 or 02 03 + -

At the completion of phase C/J4 the counter is set to phase (/)7. 

sF2 = Tp Ts C/J4 + 
sF3 = Tp Ts (/)4 + 

At the completion of phase C/J7 the counter is reset to phase (/)0 and Rf is reset. 

r Rf = Tp Ead Sk Ts + - - -

THREE-CYCLE STORE INSTRUCTIONS 

®.----~>@~Cii) 
Phasing: @ S'® T24 
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Instructions 35, 36 and 37 advance to phase (/>6 at the cOITlpletion of phase (/>0. 

sF 1 = Tp 1a (/>0 03 04 + 

sF 2. = Tp fa (/>0 03 + - - -

rF2 = T24 (/)6 OT 02 03 + -

After one pulse tiITle in phase (/)6 the counter is reset to phase (/>4 where the 
inforITlation is shifted to the C register for storage. At the cOITlpletion of phase 
(/>4 the c ounte r advanc e s to phas e (/>7. 

sF2 = Tp Ts (/>4 + 

sF3 = Tp Ts (/)4 + 

During phase (/)7 the data is stored in ITleITlory and the next cOITlm.and is accessed. 
At the cOITlpletion of phase (/)7 the counter is reset to phase (/)0. 

rF1 = Tp End SIc 

rF2 = Tp End Sk + 
rF3 = Tp End Sk 

ONE-CYCLE UNCONDITIONAL BRANCH INSTRUCTIONS 

Phasing: @-------->~® 

The 01 (Unconditional Branch) and 23 (Execute) instructions occur within phase 
(/)0, and there is no change in the phase counter. A siInilar operation occurs when 
there is an indirect address bit in the instruction and phase (/)0 is extended as a 
new addre s s is re ad froIn rne n:-~ory. 

PROGRAM OPERA TOR INS TRUC TIONS 

Phasing: @------->~®~~) 

All instructions affected by the prograIn operator bit act as follows: 

The prograITl operator acts as the instruction code and the counter 
is advanced to phase (/)7. 

sF1 - Tp Ts PO + 

sF2 = Tp Ts PO + 

sF3 = Tp Ts PO + 

During phase (/)7 the prograITl operator bit and the instruction code are cOITlbined as 
an entry address to a subroutine and are transferred to the P register, which contains 
the address of the next instruction to be accessed. At the cOITlpletion of phase (/)7 
the phas e c ounte r is re s et to phas e (/)0. 

rFI = Tp End Sk 

rF2 = Tp End Sk + 

rF3 = Tp End SK 
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REGISTERS 

There are nine registers in the SDS 910 COITlputer. These registers are iITlpleITlented 
in three different ITlethods. The S, M and 0 registers use the usual RS-type 
flip-flops. The P and C registers use flip-flops designated as "repeaters". 
These flip-flops will autoITlatically reset, if there is no set input. However, these 
flip-flops will not set or reset unless they receive an "enable" signal. 

rhe A, 8, X and Word Assembly registers are one-v/ord recirculatirlg register,) using dynamic, 

serial, shift circuits with repeater flip-flops at the "read and write" ends. To hold i(,forrna­

tion, these registers rrlust constantlv shift and usually !C'circulate ir! a fa~hior, ::';" :Iar to delay 

lines. 

The first or "write" flip-flop (repeater) of the register is designated "w", i. e., Aw, 
and the las t flip -flop, which ITla y or ITla y not be dri ven by an inte rmediate "re ad" 
flip-flop, is designated by an "n", i. e., An, which means "now". The "read" 
flip-flop is designated by "1''', i. e., AI'. 

During normal recirculation the output of the "n" (now) flip-flop is fed to the "w" 
(write) flip-flop which, in turn, feeds the dynamic register stages. The output 
of the last register stage either feeds the "n" (now) flip-flop directly or feeds an 
intermediate "r" (read) flip-flop which, in turn, feeds the "n" (novi) flip-flop. 
In this case, the number of dynamic stages would be reduced by one to allow for the 
added delay of the "read" flip-flop. 

~~ ___ A __ W __ ~ ___ R_e_b_~;_is __ te_~_r __ ~ ___ A_r __ ~ __ A __ n __ ~~--~ 
When writing into these recirculating registers a "not recirculate" term is enabled 
for the register involved, i. e., Anr (A register not recirculated). Enable signals 
are also required for the repeater inputs, i. e., Ag (A register enabled). 

P REGISTER 

Function: 

The P register is the program counter. It contains the location from which the 
instruction was taken. It is increased by one, just preceding the time when the 
mernory lT1US t oe addres sed for the next ins truc tion. Sinc e it mus t t ransfe I' its 
contents to the S (address) register in parallel, in order to keep the mernory 
going at full rate, it is compos ed of 14 rcpe ate r flip -flops. The s e flip -flops are 
the repeater-type, since P is basically a shifting register. It is incremented by 
ring - shifting righ t fa r one complete rcvolu tion, us ing the Ia flip -flop as a car ry In 
a half adde r. 
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Pl P2 P3 P4 P5 P6 P7 P8 P9 P10 Pll P12 P13 P14 

-----------To 5 (Address) tegister 

Implementation: 

14 repeater flip-flops 

Control Terms: 

The P register is enab led by Pg o The P register recircu lates duri ng pu Ise times T23 through T 1 0 
and for phases ¢4, 05, ¢6 and ¢?, and increments by one during phases ¢4, ¢5 and ¢6, 
and sometimes during phase ¢7. 

P g ~- Q 2 T s Go F 1 - - - + - - -

For certain instruction codes incrementing wi II occur during phase ¢7. Incrementing is performed 
using the Ia (Indirect Address) flip-flop as a carry in a half adder. 

sIa T24 Fl F3 ® + C2 Cs C8 (C3 + C4) ¢O Ia T24 Go + T24 07 5k + - - -

ria P14 F1 T24- - - +TO F1 +- --

The sum is imp lemen ted on sett i ng Pl. 

sP1 '---= ~P14Fl--- +laP14Fl--- +---

The P register is always loaded serially. The new instruction address is transferred to the 5 (Address) 
re~li::ter at pulse time T9 of each End cycle. 

5xp = T9 Int End + - - -

5 REGI5TER 

Function: 

The 5 register holds the address of the memory location to be accessed. It must remain in a static 
state when memory is actively reading or writing. The 5 register receives its address information 
in parallel from the P register, the C register (the address field of the instruction is in the C 
regi ster), or from the interrupt address lines. 

The S register does not shift and only receives information" 
n t -------------Sxc Sxp Sxm - - - - - - - - - - - - - - .. 

51 52 53 54 55 56 57 58 59 510 511 512 513 

~ - - - - - - - - - - - - Address Lines - - - - - - - - - - - - - -

to memory 
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Implementation: 

14 RS flip-flops 

Control Terms: 

The S register is reset or cleared by Sc just prior to receiving the addres s of the 
next instruction (TIO End), or the address of the operand (TIO 00). 

Sc = TIO (End + 00) 

At T9 the S register receives the address of the next instruction from the P 
register. 

Sxp = T9 End + 00 Branch Instructions 

During phase 00 the S register receives the address of the operand from the C 
register which now contains the instruction. 

Sxc = T9 00 PO ~a + 03 + 02J 

During the "interrupt" operation the S register receives its address from external 
address lines designated "N", where "Int" is the In-:er:':lI-t flip-flop. 

Sxn = T9 Int Ts 

During certain shifting and arithmetic operations the upper end (S9 - S14) of the S 
regisl:~~ is used as a sLift counter. 7he :~asic eq',lations lor the S ilip-ilops are: 

sS 1 = CO Sxc + PI Sxp 
rS 1 = Sc 

1 
I 

sS5 = C4 Sxc + P5 Sxp + N5 Sxn 

rS5 = Sc + - - -
I 
I 
I 
I 
I 

sSI4 = C13 Sxc + PI4 Sxp + N14 SX!I 

rS 14 = Sc + - -

M REGISTER 

Function: 

The M register is the Read-Vv' rite register for the core memory. It receives the 
information frorn memory Juring a read proces s and holds the information for 
storing in memory during a write process. 
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~- - - - - - - - - - - - - - - Mxc - - - - - - - - - - - - - - - - -~ 

MO MI M2 M3 M4 M5 M6 M7 M8 - - - - - - M21 M22 M23 M24 

l- - - - - - - - - - - - - - - - 1v18 - - - - - - - - - - - - - - - - -1 
Implementation: 

25 RS flip -flops 

Control Terms: 

The M register is cleared or reset by Mc just prior to receiving information to 
be stored or just prior to receiving information from memory. Mc also acts as 
the pulse which signals memory to start a read-write cycle. 

Prior to writing new data: 

Mc = Tp PO + Tp G'4 + Tp 02 6305 (/)0 Ya 
+ -

Prior to reading: 

Mc = Q1 Q2 Q3 04 Q5 (F1 + F3 + Ts) (Tsm + Ts) + -

Note that the above pulse ~ime is T8 and phases are G'O, G'2.., G'4, G'5, G'6, G'7, 
excluding phases (/)1 and (/)3. 

The contents of the C register are transferred to M for storage at T2..4, when 
writing new data into memory. 

Mxc = T24 PO 

In this case, PO is time -shared and remembers that the data in C is to be stored. 

The equations for the M flip -flops are: 

sMO = MdO Ms -+ Mxc CO 

rMO = Mc 
I 
I 

I 
I ,"';. 

sM24 ='';Md24 Ms + Mxc C24 

rM2..4 = Mc 

Ms is the strobe pulse which loads the M register from memory, and MdO - Md24 
represent the data signals from memory. 
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C REGISTER 

Function: 

The C register acts as a central transfer station for all information going to and 
from memory. During certain arithmetic operations C acts as an arithmetic 
register. 

LB ~ 
-~ICI\C2\ C3\ c41 CS\ C6 \ C7\- - - - - I C;:O \ C2l I cui C2~ 

t ------------Cxm + Cxi - - - - - - - - - - - - - - - - - -t 
lm .. lernentation : 

24 :rei~eater and Z RS flip-flops. 

Control Terms: 

The C register receives information in parallel fronl the M register. The next 
instruction is transferred to the C register at T~~ tilne of an End cycle. 

Cxm = T::; End Go + 

Operands are transferred to C fran) M during phase (/)C with the excei~tion of 
instructions 4C, 41, 43, 46, \lv-hich are ;:'tanch, skip or register change instructions. 

[(/)0 Ia 02 03 G 1J + - - -

For instruction 33 the C register receives its information in parallel froUl e::_ternal 
signals. 

Cxi = (/)2 02 06 

The C reuister ils shifted to the rip'ht bv ri. tp.rn1 rlp.H;O'n~tp.n c:~ c:~ ~hiit~ to thp 
CJ - - - -- --~- --0--- ---'" ~ ------ ----0------ --. -- - ...... ---- -- -_ ... -

right during phases (/)0, (/)1, (/)4 and (/)6; it also shifts to the right during ex~hange 
of registers and tiIT1e-share, which are disc11.ssed in their res~:..ective sections. 

-- -- ----
C s = T? T 2. 4 F I F 3 + Tf T 24 F 1 F 2 + 

Since repeater fli; .. -ilops are used in the C l'egiste:~ .. , it is "enacled" to receive 
inforrnation by a term designated Cg. 

Cg ~ Cs + CXITI + C,'>,:i 01 + - - -

Sor:le of the basic equations lor the C register flip-flops are: 

sca = Cxrn MO + Cxi Cdt.; + S 
+ - - - - - + - - - - -

(NOTE: Other CO inputs are described in In.;truction explanations. ' 
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sCI = Cs CO + Cxm MI + Cxi Cdi +@ 
I 
I 
I 
I 

sC23 = Cs C22 + Cxm M23 

+ Cxi Cd23 + cg~) 

® is the C register manual set button on the control panel. 

o REGISTER 

Function: 

The 0 register usually contains the 6-bit instruction code during the execution of the 
instruction. This register does not shift and only receives information. 

02 ')3 04 06 

- Oxc-

Implementation: 

6 RS flip -flops. 

Control Terms: 

The 0 register is cleared or reset by a term designated Oc at the end of each 
End cycle, at the start of phase (/)7, and at the end of phase (/JC lor Instruction 23. 

Oc = Tp End Go + (/)7 + or 03 05 Tp Ta + 

The 0 register is always reset to a (20) by setting 02. 

The 0 register receives the instruction code from the C register at T24 of (/)0. 

Oxc = T24 (/)0 Go YaC2 

In this equation C2 repres ents the PO (program operator) bit, in which case the 
instruction code would remain a (20). 

The basic equations for the o register flip -flops are: 

sOl = Oxc C3 s04 ::: Oxc C6 

rO I = Oc r04 = Oc 

s02 = Oc s05 = Oxc C7 

r02 = Oxc C4 r05 =- Oc 

s03 = Oxc C5 s06 = Oxc C8 

1'03 = ,...... ~ r06 = Oc uc 
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A REGISTER 

Function: 

The A register is the accumulator for the computer and is employed in all 
arithmetic, logical and shifting operations. 

Implementation: 

II 

/

1/' The write flip-flop (repeater) is followed by 23 stages of dynamic delay. The read 
flip -flop (Ar) and the "now" flip -flop (An) are both repeate rs. To maintain re-

II' circulation the Aw and Ar flip -flops are always enabled. The An flip -flop is dis­
abled for certain instructions. The A register is exactly 26 bits in length and 

I must recirculate to maintain internally stored information, as in a delay line. 

Control Terms: 

The An flip-flop is enabled by a terlTI designated Ag, which is disabled during 
lnst ruction 64 (nl.ultiply) and shift right. 

Ag = Rf 01 T24 Ts 

The recirculation of the A register is inhibited by Anr (A not circulate). The 
recirculation of the A register is blocked during the execution (~6) of logical 
instructions and Add and Subtract instructions. 

Anr = 02 03 04 ~6 + - - -

It is inhibited during the loading of A from n1emory (76) . 

Anr = 01 02 03 04 06 ~6 + -

It is inhibited during the register change (46) . 

Anr = OZ Qj 04 Ts + - - -

It is also inhibited during the Multiply step (64), Divide step (65), Right Shift (66) 
and Left Shift (67). 

An r = Rf 0 1 T 24 T s + F 2 03 04 06 T s + - - -

For instructions 64 and 66, Rf is time -shared and designates that the A B register 
pair will shift to the right. 

The bas ic recirculation equations are shown below. Additional input te rms are dis­
cussed under Instructions. 

sAw = Anr An Tp + 

sAn = Ar [- - - -J + - - -
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Ar is fed froITl the last dynaITlic stage of the A register. 

B REGISTER 

Function: 

The B register acts as an extension of the least significant end of the A register 
for double precision operations and for shift operations. The B register holds 
operands for the rnultiply (64) and divide instructions (05). 

l'~ ___ B_V,_I~ _______ 2 __ 3_D __ Y_n_2_~ITl __ i_c __ S_t_a_g_e_s ________ ~_B __ r~_B_-n __ ~1 1. 
The B register is iITlpleITlented in the sarne Inanner as tLe A register. 

Control Terlns: 

Bw (write) and Br (read) are always enal)led to ti:aintain recirculation and En 
(now) is enabled by the saIne terrn that ena~)les An in the A register. 

Ag = Bg Rf 01 T24 Ts 

The recirculation of tile B register is inlli:)ited 1)\~ Bnr (B not recirculate). The 
contents of the B register are inbi~)ited during t;je loading of B fron1 n1ernory (75:. 

Bnr = 01 02 03 04 0 j (j)u + - - -

It is inhibited during the register change instruction (46). 

Bnr = 02 03 04 Ts + - - -

It is also inhiGited during shift U;t~. :~T and lvlultiply. Divide ({.J4, >S) instructions. 

Bn r = Rf 0 1 T 2.:1 T s + F,~ ()3 04 0 ,') T s + -

The recirculation equations for tLe B regis ter al'e sLown Jelovv'. Additional input 
terITlS are described under Instructions. 

X REGISTER 

Function: 

s Bw - Bnr Bn + - - -

·sBn = Br 

The X register is the Index register. The least significant ]4 ·:its will ;)e addej to 
the address of the instruction before exccation, if there is an index tag in position 
T 1 of the ins truc tion. Indexing take s plac e during phas c (j)O and is dis c us s cd in detail 
un de r Indexing. 



24 dynam i c stages 

Imp lementation: 

The Xw flip-flop (repeater) is followed by 24 stages of dynamic delay and the last dynamic 
stage feeds the Xn (now) repeater. 

Control Signals: 

The Xw and Xn repeaters are always enabled to maintain recirculation. Recirculation 
of the X register is inhibited by Xnr (X not recirculate) during certain instructions. 

Recirculation is inhibited during the loading of X from memory (71), 

Xnr = 01 02 03 04 05 06 ~6 + - - -

Increment X and branch (41), 

Xnr ~O 01 02 03 05 10 + - - -

and duri ng norma I ize (67) and copy effective address to X (77), 

Xnr =: ~3 06 S2 + 01 02 03 04 05 06 10 00 Q2 

S2 is time-shared during normalize. The basic recirculation term for the X register is: 

sXw = Xnr Xn + - - -

WORD ASSEMBLY REGISTER (WAR) 

Function: 

The WAR is part of th3 Buffer System a1d is desc.-ibed in detail in the W B'Jffer section. Its 
ba:;ic functio'l is to ;1old info(matio,l O~l inp:.Jt a'ld o.Jtp:Jt. 

1 ~LI_vv __ W~L-______ 2_4_d_l_n_~_~ __ ic __ st_a_3_e_5 ____________ ~_w __ n~ 
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IITlpleITlentation: 

The WAR is implemented in the same manner as the X register. 

Control Te rITlS : 

Refer to the W Buffer Section. 
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MEMORY CONTROL 

The computer generates the basic timing signals used by the core memory. 

The M (memory) register receives the information in parallel from the sense 
amplifiers during reading and controls the Z inhibit lines to the core memory 
during writing. 

The memory cycle is out of phase with the computer cycle. Reading is started at 
T7 and the word read is strobed into the M re gis te r at T 2., so that the word is 
ready for the computer to use before Tp. The memory write cycle is performed 
during the first part of the computer cycle, from T21 through TIL 

The address that controls the memory is usually set up in the computer S register. 
This register is cleared at T 10 time and loaded in parallel at T9 time from the 
C or P registers. At T8 the Mc signal clears the M register and starts the 
meITlory cycle. The meITlory is cycled every computer cycle, except when the 
compute r is in phas e <1> 1 or <1>3 for shift ins truc tions and exc ept during the second 
cycle:: of a time-share interlace operation. 

M c = Q 1 Q 2 Q 3 04 05 (F 1 + F 3 + T s) (T s m + T s ) 

where: 

01 Q2 03 04 05 = T 8 

This signal (Mc) clears the M register. It also sets Mg, the flip-flop that gates 
all timing signals to the n'lernory. 

sMg = Mc 01 @ St 

rMg = Q1 02 03 04Mg = TIl 

The@ signal is a signal from the automatic "start-up, shut-down" relays and it 
is normally true. 

The read timing signal is true from T'7 through TO. 

Mrt = Mg 02 (03 + 04', 

The memory is strobed into the M register at T2. by Ms. 

Ms= Mg (T5 - TO) 01 Q4 Q5 

s MO = Ms MdO + - - -
I 

I 

sM.2.4 = Ms MdZ,4 + - - -
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If the M (memory) register is to be copied in parallel to the C register, it is 
done at Tp by Cxm. The contents of the M register are then regenerated (written 
back) into memory. If new information is to be stored in memory, then the M reg­
ister is cleared at Tp by Mc. 

This sets the PO flip-flop, if it was not already set. PO then remembers to 
transfer the contents of C to M at the following T24 time for storage. 

sPO = Mc Tp 

rPO = T24 PO 

Mxc = T24 PO 

The write timing signal to the memory is true from T 18 through T 12. 

Mwt = Mg 02 (01 Mdt + Q3 05) 

The two terms in the OR gate overlap in time so that there is no cross-over 
voltage spike. 

The digit timing pulse supplied to the memory is true from T21 through T 12. 

Mdt = Mg 02 (03 + 04) 

Two signals control the direction of the current through t~le cores, as the current 
must be reversed between the "Read" and "V/rite" periods. 

Rw = 02 Mg 

Wr (Q2 Mg) (Mdt + QJ) 
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ADDER 

The adder is a full adder composed of the Xz (augend) input, the Yz (addend) input 
and the Cz carry flip-flop. It is completely serial and there is no "logical" delay 
through the adder. 

The Yz input alvvays delivers the word from melTIory. The adder is used in lTIany 
instructions and during indexing. The basic equations are shovvn below. The 
adder is discussed in additional detail under Instructions and Indexing. 

Add = Xz Yz Cz + Xz YzCz 

+ Xz Yz Cz + Xz Yz Cz 

Add = Xz Yz Cz + Xz Yz Cz 

+ Xz Yz Cz + Xz Yz Cz 

Only the Add is irnplelTIented and tb.e Add is forrned'j:{ negation. 
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INSTRUCTION OPERATORS 

INDEX OPERA TION 

All instructions begin at (/)0 T24 with the instruction in the C register. During phase 
(/)0 the C register is shifted right, through the adder, and back to itself. 

Enable C register: 

C s = Tp T 24 F 1 F 2 + - - -

As it is shifted right, through the adder, it enters through Yz. 

Yz = C23 F 1 F3 Ts + - - -

The carry flip-flop Cz starts in a reset condition. 

rC z = (/)0 IX + - - -

If there is an index bit in C 1 at (/)0 T24, the Index flip-flop will be set. 

s Ix = T 2 4 (/) 0 C 1 Go + 

It is reset at the end of phase (/)0. 

rIx = Tp + - - -

Duri ng the addition the Index register (X) is selected by Xz (augend input), if Ix 
is set. 

Xz = Xn FT F3 Ix + - - -

If the Index flip-flop Ix is not set, then zero will be added to the C register and 
the address will remain the same. 

sCO = (/JO Add 02 PO (j)0 fa 02 63 01 + 

Note that the addition only takes lJlace from T23 through TIO. The last term is to 
inhibit indexing in this manner during branch instructions 41 and 43. Branch in­
structions (01, 41, and 43) index by running the adder directly into PI. 

s PI = (/)0 Ta 02 03 Add 

Pg =€)Q2 Ts Go (/)0 Ta 02 03 

At T9 the address has shifted completely around so that it is in the u"y:-)er half of 
1- ~ 

the C register and, at this tiITle, it is transferred in parallel to the S register in 
order to access the operand. 

Sxc = T9 (/)0 PO ( - - - + 03 + 02) + - - -
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INDIREC T ADDRESS OPERA TION 

All instructions begin at 0>0 T24 with the complete instruction in the C register. 
A t the end of puIs e time T 24 the 6 - bi tins truc tion c ode is tr ansfe r re d to the in­
struction register. 

Oxc = T24 (/)0 Go Ta C2 

If the instruction contains an indirect address bit in C9 during Tl4 (/)0, the In­
direct address flip-flop, la, is set. 

sIa = T24 Ta Go (/)0 C2 C9 + - - -

C2 is the program operator bit which inhibits indirect addressing. 

An indirect address bit prograr.tl:-:.:'1ed with a single-cycle inatruction (except BRU 
2.:1d EXU) has no effect, since the Ia flip-flop is set in any event to increm.ent the 
P register (Prograrn Counter). The indirect addressing in this case is ignored.) 

For any other instruction the Ia flip-flop inhibits the pha se count and allows an 
additional cycle of phase (/)00 

Indexing may occur on the first address during phase (/)0 and at T9 the address 
(of the "indirect instruction") is transferred to the S register for accessing. At 
pulse time Tp the indirect instruction is transferred from M to the C register. 

At T24 of this second cycle of phase (/>0 the transfer of the instruction code to the 
o register is inhibited by Ia. 

Oxc = (/)0 T24 Ta C2 Go 

Ia is reset at this second T24 unless another indirect address bit is present. In 
this case it is not reset and another cycle of indirect address takes place. 

rIa = T 24 (/)0 C 9 Ia Go + - - -

C9 represents the new indirect address bit. 'When Ia is finally reset at some T24, 
the real operand (effective address) is obtained from memory and the instruction 
is executed. 

Indexing will take place on any indirect address cycle where an index bit is present. 

PROGRAM OPERA TOR 

When an instruction is executed that has a "program operator" bit, the computer 
stores the contents of the P register in memory word zero and transfers control 
to the address specified by the seven-bit instruction code, including the program 
operator bit itself. For example, an instruction, 

1 34-

t 
~ 

o 3571 
~ 

Address 
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will cause a transfer to word 134 after storing the contents of the P register 
(location of above instruction) in word zero. The contents of the overflow flip-
flop are stored in the sign position of word zero and the overflow flip -flop is reset. 
An indirect address bit is also stored in word zero. The addressed subroutine can 
then indirect address word zero, which, in turn, can indirect address the location 
of the above instruction, which, in turn, will address the operand in 03571. 

At time (/>0 T24 (start of the instruction) the PO (program operator) flip-flop is set, 
if C2 in the C register contains a "program operator" bit. 

sPO = C2 ((/>0 Ia T24 Go) + 
It is reset at the start of the next cycle. 

rPO = T24 PO + - - -
The operation takes two cycle times. The phasing is shown below ·with one cycle 
time in each phas e . 

@ :>~® 
During (/>0 Q2 the P register is shifted into C for eventual storage in 'word zero o 

sca = (PO (0) Q2 P14 + (PO (0) T9 + (PO (0) Of TO + - - -
The second term above inserts an indirect address bit in word zero so that the 
true operand of the original instruction can be easily accessed indirectly. The 
third term inserts the contents of the Of (overClo\v) flip-ilol' in the sign position, 

rOf = 00 PO TO + - - -

and the overflow flip-flop is reset. 

The 0 register is not set at (/;0 T24 as ,lsual, .iecause Lilt:' transfer IS in.lliuiLed. 

Oxc = 00 T24 YaC2 Go 

The 0 register remains reset in tl1e 20 (NOP) configui4 ation. As P is slli£ting 
into C, the I-bit instruction code, which is no\v the transier address in C, is 
shifted into the P register. 

sP 1 = C 3 PO (/;0 Q 1 Q2 + - - -

This is followed by 7 zeros into the P register. 

Pg = ® 02 Ts Go PO 00 + - - -
At 00 Tp the n1ernory register is cleared and rnernory is l,ulsed for storage, 

1v1 c = Tp PO + - - -
and at T24 07 the word construe ted In C is transferl'ed to the M register for 
storage and PO is reset. 

~1xc = T24 PO 

rPO = T24 PO + 
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The S register is cleared at TI0 do, as usual, for receiving the address of the 
o~)e rand, 

Sc = T 10 (/)0 

But PO inhibits the usual C to S transfer. 

Sxc = T9 (/)0 PO (Ia + 03 + 02) 

Thereiore, the address rernains zero. At T~) (/)0 the phase changes to ~)hase (/)7. 

sF 1 = sF 2 = s F 3 = T:t- Ts PO + - - -

During phase (/)7 vvord zero is stored, P is transierred to S at T~1 and the instruction 
fr:"!n this new address is accessed. 

Note that address positions 100 through 177 rnust ahvays be reserved £01' program 
operator instructions and that these instructions, in turn, n1ust be BRU instructlons 
to t:ransier to other starting locations outside the reserved field. 
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~v1ANUAL AND TIMING CONTROL 

INTERRUPT 

The computer can be interrupted by an external signal through the priority 
interrupt logic which causes the computer to access an address assigned to 
interrupting channel. The location addres sed usually contains a 43 (BRM) 
struction, which stores the location of the present instruction and branches 
interrupt subroutine. 

the 
in-
to the 

Interrupt channels 3 and 4 are designated@ and ® ' with @) being of 
higher priorit~Interrupt channels can be used in additional groups of 16. When 
interrupt line~requests an interrupt, a flip-flop designated Is4 is set to estab-

lish the request. 

sIs 4 = (T_2_2 __ T_l_7) ® 
The underlined term is used as a clocking term. 

If there are no higher priority requests present, then an "interrupt request" is 
sent to the computer, 

I r = - - - + Is 4 IS3 I p 4 IS1 Is 2 + - - -

Note that a request will not be sent, if Is3 ( a higher priority) is true, or priorities 
highe r than Is 3 are true. The C ornpu te r will set the inte r rupt flip -flop (lnt) at 
T 1 0 0 f th e fi r s ten d c y c Ie, if are que s tis pre sen t. 

sInt = T 10 End Ir 

The time elapsed between the request signal Ir and the actual interrupt Int varies 
according to the length of time necessary to conlplete the instruction that the 
computer is performing when the request is made. 

If the computer was halted froln a Halt instruction (not a parity error), and the 
Control switch is in the "Run" position, an interrupt request will allow the 
c ompu te r to run. 

rHt =@Int Cp + - - -

Ht is a Halt control flip -flop and Cp is the parity flip -flop. 

When the Int (Interrupt) flip-flop is on, the transfer fronl P to S which usually takes 
place is inhibited. 

Sxp = T9 End Int + 
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Instead, ten address lines lajeled N5 through N14, controlled 0y the priority 
interrupt system, are transfer:-:ed to the least signiiicant bits of S to address 
a pre -assigned subroutine. 

Sxn = T9 Int Ts 

sS 14 = Sxn N 14 (35 -S13 are set in a similar way. ) 

Dur~ the first cycle after the last "End" an interrupt "acknowledgment" signal 
(Int F I) is sent back to the priority logic and the Int flip -flop is res et. 

rlnt = TIO (Int FI) 

F I signifies that the computer is not in an End cycle. The interrupt acknowledg­
ment signal sets a flip-flop labeled Ip4 (Ip3 for the higher channel) which, in turn, 
cancels the request and signifies that the computer is now in interrupt subroutine "4" 

sIp4 = Is4 Is 3 Ie iS1 Is2 

I r = - - - + IS3 Is 4 I P 4 I s I Is 2 

If a higher priority interrupt (@) occurs during the execution of interrupt sub­

routine "4", it will interrupt accordingly. Or if@ requests an Interrupt before 

interrupt@is acknowledged, then interrupt@will be acknowledged instead and 

interrupt subroutine "4" will not begin until interrupt subroutine "3" is completed. 

Ir = Is3 tp5 (fS1 IS2) + - - -

The end of an interrupt subroutine is signaled by a term labeled lb, which is en­
abled by an 01 (BRU) instruction with indirect addressing. 

Ib =- (00 Ia 01 02 03 06) (T22 T 17) 

This term will reset only the highest priority interrupt channel as the others are 
either in a request state or were interrupted in the execution of their routine. 

rls3 = Ip3 112 Ip I Ip2 + St ~cJ 
rlp3 =- Ip3 1.Q Ip I TpZ -t St [}c] 
rls4 = Ip3 Ip4 Th Ip I Ip2 + St ~J 
rlp4 = ""lp5 Ip4 Th Ip I IP2 --I St ~cJ 

If the end cycle that causes Int to be set is terminating a skip instruction and a 
skip occurs, the phase is changed to phase (/)7 to increment P before the interrupt 
instruction is performed. In this case a higher priority interrupt request could 
oc cur during phas e (/)7, but the N lines are transferred again during phase (/)7 
so that the higher priority subroutine would be entered. This is the reason for 
Fl. The computer cannot acknowledge the lower priority program because it will 
be entering a higher priority program instead. Study the interrupt timing diagrams 
for thes e relationships. 

If Ts is set after Int is set and if a higher priority is set during the Ts tiIne, the 
43 instruction from the first interrupt will be executed before the higher priority 
interrupt begins because the acknowledgment of the interrupt is not qualified by 
Ts, -
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Ie = In t F 1 (T 2 2 - T 1 7 ) 

and the higher priority interrupt will require an end cycle to interrupt and the 
first end cycle will be the end cycle of the 43 instruction in the lower priority 
program. Refer to the interrupt timing diagram showing Ts. 

When any interrupt subroutine is completed, Ib, which is caused by an indirect 
branch, resets the interrupt channel flip-flops, and the P register is then set to 
the value it had when the interrupt occurred. If an intervening priority channel 
is waiting, it will not be recognized until the end cycle of the indirect transfer 
instruction, by which time P has the proper contents to be stored by the interven­
ing priority channel. Any of the external interrupt channels can be modified for 
execution of a single instruction (the P count is maintained). This is accomplished 
by generating an external term Ij, which represents any external signal designated 
as a single -instruction interrupt, 

Ij = I P a + I P b + I pc + 

where a, b, c, represent the numbers of the desired single -instruction, interrupt 
channels. 

Ij is used to block the incrementing of the P register by disabling the setting of 
Ia during phas e s 04 or 06. 

sIa = T24 FI F3 r:r-+ -

Ij is also used to immediately reset the interrupt system. 

I b = Ij T s F 1 (T 22 - T 1 7) + - - -

Ij is implemented as follows: 

= 
Ij = Ij 

TIME -SHARE (MEMOR Y INTERLACE) 

F\ 
With the optionaHI.W';or Y Buffer time-sha re interlace equipment the memory can 
be automatically shared between the W an(J./or Y Buffer and the computer. When­
ever the buffer has received a full word from a peripheral unit, it can momentarily 
stop the computer and insert the word into the memory without disrupting the 
program, and without any program controL Similarly, if either W or Y is being 
used for output, tV\TO memory cycles are taken from the computer to reload the 
buffer V\'henever the buffer is empty. 

The W or Y buffer logic issues a Tsw or a Tsy (time -share request),respectively, 
to request use of the memory. At the next Tp time the Ts (time-share) flip-flop 
is set and the computer idles regardless of what it was I.::'~oing. 

Tsw = Wf WO Wh <J;) 

Tsy = Yf YO YhQi) 

sTs = (Tsw +~) Tp 
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Almost all control gates in the computer are disabled when Ts is set. The computer 
idles wherever it is for the two cycle times that Ts is on, and it resumes operation 
from that state when Ts is reset. A, B and X registers (dynamic) must re­
circulate. 

Tsw, if true, does not go false until Ts Tp; therefore, Ts is always on for two 
cycles. 

Wp is set if the W Buffer is to use the memory; it is reset if the Y Buffer is to 
us e the memory. 

sWp = (Go + Tsw) Tsy Tsm Tp 

rWp = (Go Tsw + @) Tsrrl Tp + - - -

If both Tsw and Ts yare true at Tp, then Wp will be re set at Tp and the Y Buffe r 
I 

will get the first two Ts cycles. In this case Ts stays set for four cycles, two I 

cycles for each of the two buffers. Wp will be complemented at the end of the I 
second cycle. W-hen Ts is set, almost all terms in the computer are disabled. ' 
Most of thelTI are disabled since TS is ANDed into the expressions for the phases. I 
For example, phas e (/)3 = F 1 F2 F3 Ts. The re are exc eptions . If PO is on at Tp 
when Ts is being set, it caus es the Mxc to write in rnerllory at the next T24 re - I I 
~ardless of T~. ~ut ,except for recirculating th~, shift ~egisters" A, B and X, \ I 
~.t:.e C'JI?p ..... 1ter ,-j&slcally d~es. not cx:.ange state ·,7~:'11.e Ts IS set. !.fle phas~ cC".lnter. \ \ 
IS set In the pLase that ·V'llll De executed -;;::...en Ts IS reset. DurIng Ts, the C regIster 
and t ... e Vol register exc:L:ange serially (if Wp, C and Y exc~:·,.ange). 

Cs = Ts (T24 Tp) 

sCO = Ts Wn Wp Tp 

+ TS®Wp Tp + - - -

At Ts TIO the Tsm flip-flop is set for one cycle only. 

sTsm = Ts T 10 Tsm 

rTSlTl = TIO Tsm + Ts 

Tsm is used to ITlodify the n1.emory control. The rnelnory is pulsed at the first 
Ts T8, but not at the second Ts T8. Tsm controls this, 

t\/f c = Q 1 Q2 Q 3 04 Q 5 ( F 1 + F 3 + T s ) ( T s rn + Ts) + - - -

and the lines which control tile addressing of the lnelnory are not gated from the 
5 register but instead are gated from address lines IwIO through Iw23 (or lylO 
through Iy23), which are generated in the interlace units, 

L1 = 51 TSITl + ~~ (Tsm \Vp) +8 (TSlTI Wp) 

etc. This ensures that the previous word lJeing regenerated during the first part 
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of Ta ia controlled by the S register. At the firat Tp Ts the word ad~rease~ by 
the buffer has been read from memory. If the buffer is being used for output, W9, 
then M ia transferred to C. 

Cxm = Tp Tsm Wp W9 

+ Tp Tsm Wp @ 
Here Tam is used to specify the first Tp Ts and not the second. If the buffer 
using the interlace is being used for input, 'WV, the memory register is cleared 
at this Tp and PO is set to remember to load M from C at T24. 

Mc = Tp Ts W'9""(Tsm Wp) 

+ Tp Ts @ (Tsm Wp) 

sPO = Mc Tp 
rPO = (PO T24) 

Mxc = (PO T24) 

During the second cycle of Ts the buffer register and the C register again ex­
change serially. At the second Tp Ts the C register again contains the number 
it originally contained when Ts was just set and the buffer register,. if used for 
output, contains the requested word from memory. 

Ts is reset at this second Ts Tp and the computer continues. Refer to the "Time­
Share" timing diagram. 

The buffer waits two cycle times after the Tsw signal is given before it precesses 
the next character in or out, unless both buffers are interlacing. In this case, 
the waiting time is four cycles. 

Interlacing can take place regardless of the state of the Go and Ht (control) flip­
flops, regardless of the position of the Control switch, and regardless of the 
position of the Register Display switch. 

CONTROL SWITCH 

The Control swit ch is a three-position switch on the control panel of the computer 
labeled "Run-Idle-Step. " 

In the "Idle" position, the com.puter idles by inhibiting the advance of the P register, 
and by repetitively executing a "NOP" instruction. 

In the "Run" position, the computer executes instructions as required until: a 
Halt instruction is executed, the switch is placed in the Idle position, or a parity 
error occurs with the Parity Override switch in the Halt position. 

In the "Step" position, the computer executes the instruction in the C register, 
reads the next instruction and halts. The switch locks in the Run 01 Idle positions, 
but must be held in the Step position. 
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The Control switch controls two flip -flops designated Go and Rt, which, in turn, 
control the state of the computer. 

Go Ht 

Go Ht 

Go Ht 

Go Ht 

= 
= 
= 

= 

Halt, Ready to run 

Run 

Run, but the computer will halt a t completion of the 
Instruction 

Halt, the computer will not run until the' switch is returned 
to Idle and back to Step or Run 

Refer to the control switch diagram for the following discussion. 

The two signals supplied by the Control switch are ®, which is true when the 

switch is in the Step position, and ®, which is true when the switch is in the 

Run position. Both of these signals are false when the switch is in the Idle position. 

If the switch is put in Run, the Go flip -flop is set at the next Tp. 

sGo = Tp @Ht - - - + - - -

The Ht flip-flop is not set to stop the computer unless: a Halt instruction is executed, 
the switch is placed in Idle, or a parity error occurs with the Parity Override 
switch in the Halt position or while the Control switch is in the Step position. 

sHt = ®Go TO End + TO QS010z 05 Int 

+ Cp Tp ® Ts +-

During a Halt instruction Ht is set at TO and Go is then reset at Tp. 

rGo = Tp End Sk Ht + - - -

The Rt flip -flop remains set until the switch is returned to Idle. 

If the switch is set to Idle when the computer is running, Ht is set at TO just before 
the end of the instruction is being performed, 

sHt = @ Go TO End + -

and Go is reset at the next clock time, Tp, stopping the computer. 

rGo = Tp End Ht Sk + - - -

Then Ht is reset, since Go is in the reset state. 

rHt = @® Go Cp T24 + -

If the switch is depressed to the Step position, Go is set at the next Tp time and the 
instruction set up in the C register is performed. 

sGo = Tp ® Ht - - - + - - -

At TO of the last cycle of the instruction, Ht is set and at Tp, Go is reset, and the 
computer idles. As long as the switch is held in the Step position, Ht stays set 
preventing Go from being set again. When the switch is released, Ht is reset; 
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but now Go has lost its @input requirement. 

The Go flip -flop controls whether the computer executes instructions or not. It 
does so by inhibiting Oxc, which sets up the new operation code. Therefore, a NOP 
(20) instruction is set up in the 0 register and is perforrned repetitively. 

Oxc = (/)0 Go T 24 Ia C2 + - - -

Oc = Tp End + -

The P register does not shift while Go is reset so that it cannot be incrernented and 
can be displayed on the control panel. 

Pg = - - - Q2 Ts Go + -

The transfer from the l'-A register to the C register is inhibited so that the 'Nord set 
up in C is not destroyed. 

Cxrn = Tp End Go + - - -

C does not shift in the execution of a NOP instruction regardless of Go because 
repetitive NOP executions hold the phase COclnter in phase (j)5 where C does not 
shift. 

REGISTER SWITCH ..--
/~~ 

When Go and Ht are both reset, it is possii,)le to display the A, B or X registers in 
place of the C register. This is accornplished Gy interchanging the contents of tLe 
register to 1)e displayed and the C register. The contents HluSt, of course, be 
switched back before computation is resunled. 

Two flip-flops, Dc and Su, in the cOlnputer, "rememLer" -which of these registers 
is being displayed in the 'C regis te r. 

Dc Su = C Register 

Dc Su = B Register 

Dc 5U = A Register 

Dc Su = X Register 

When the computer first reaches the Go Ht configuration, Dc and Su are both reset 
indicating that all re gis te rs are horne (tlle contents are in their original re gis ters). 

r Dc = Tp End Go + -
rSu = Tp End Go + -

If the switch is turned to the "A" position, then at the next T24 time a flip-flop 
designated Ex (exchange) is set. 

sEx = - Ts T L 4 Go Ht Dc @ + - - -
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Ex controls the timing of the actual inte rchange and is set for one cycle time. 

rEx = TO Fl 

While Ex is set and the switch is in the "A" position, the C and A registers exchange 
contents. 

sAw = Anr Ex C23 + -

Anr = Ex @+ 
The C register is enabled by Ex. 

Cs = Ex + - - -
sCO = Ex @ An + - - -

At pulse time TO the flip-flops are set to Dc Su indicating that the contents of 
the A register are in the C register. 

sDc =Ex TO Dc @+ 
Now if the switch is rotated, it must first pass through the ® position. Ex 

is set the next T24 time after the switch reaches the C positionJ 

sEx = T24 Ts Go Ht Dc ® @+ - - -
rEx = TO Fl 

and again A and C exchange 

sAw = Anr Ex C23 + - -
Anr = Ex Dc Su + -

sCQ = Ex Dc Su An 

At Ex TO the flip -flops change back to the Dc Su configuration. 

rDc = Ex TO Dc + - - -

There are two sets of contacts on the Register switch. One set is "break before 
make" and the other set is "make before break." The "break before make" contacts 
are indicated by the' (prime) and are used to set Ex. The "make before break" 
contacts are used to control the exchanges. This ensures that the exchanges will 
not be interrupted by bouncing contacts, since the "exchange" contacts are well 
made before Ex is set. If the Register switch is turned to the @ position, Ex is 

set at T24, 

sEx = T24 Ts Go Ht Su @ + - - -
rEx = 'TO Fl 

the Band C registers interchange, 

sBw = Bnr Ex C23 + - - -

Bnr = Ex@ 

sCO = Ex @ Bn + - - -

and at TO the flip-flops are set in the Dc Su configuration: 
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sSu =.: Ex TO Su @ + - - -

If the switch is advanced further to the @position, it first advances through 

another @ position, which causes the registers to first return home and the 

Dc and Su flip-flops to be reset to the Dc Su configuration. If the Register 
switch is not at the C position 'wnen the Control switch is placed into Step or Run, 
Ex comes on to send the registers home .. 

sEx = T24 Ts Go Ht (Dc + Su) (@+@) +--­

rEx = TO 

For example, if in the ®position, the C and X registers interchange, 

s X w = Xn r Ex C 23 + - -
Xnr = Ex Dc Su + - - -
sCO = Ex Dc Su Xn + 

and at TO the flip-flops will be set in the Dc SU configuration, 

r Dc = Ex TO Dc + - - -
rSu = Ex TO Su + - - -

and the Go flip-flop is not set to start computation until the registers are honl.e. 

s Go = Dc Su Tp (® Ht + ® Ht) 

The Register switch can, of course, be turned safely while the computer is 
running, since Dc and Su are not concerned with the register position at this time 
and Ex will be reset. 

During the Step operation the C register is displayed when the Control switch is 
held down because Ht re'mains set. When the control switch is released, Ht is 
reset and the Register switch may cause an exchange. If the computer halts due 
to a Halt instruction or a parity error, an exchange cannot occur until tl)e Control 
switch is returned to Idle, or in the case of a parity error, until the Parity 
Override switch is put in the Continue position. 

MANUAL CONTROL SWITCHES 

There are several manual switches on the front panel for controlling the computer. 
The Control and Register switches have just been discussed in the preceding pages, 
and the Fill and Start switches are discussed on the following pages. The others 
are described below. 

Hold: 

The Hold switch, ® ' inhibits the incrernenting of the P register. It does so 
by disabling Pg which enables the P register. 

Pg =@ Q2 Ts Go - - -
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Parity Override: 

The Parity Overri.:le switch, @ I when it is in the "Continue" position, disables 

the gate which causes the computer to halt if there is a memory parity error. 

sHt = Cp Tp Go ® Ts + - - -

If the switch is in the Halt position, it does not allow Cp to be reset after a 
parity error. 

rCp =®Ht + - --

Clear: 

The Clear switch, ~, clears the C register by causing it to shift to the right; 
zeros are shifted in 'atthe left. 

Cs = €V + - -

C Load Switches: 

The C register Load switches (Q---)~0 ) set the individual C register 

flip-flsi s. 

sCO = S + 

s C 23 = cg~y + - -

Due to tr:e auxiliary DC inputs on the repeater flip -flops, the C register need not 
be enabled for this load cperation. 

Breakpoint Switches: 

The Breakpoint switches are four program switches on the control panel, whose state 
can be tes ted for by the computer \vi th the SKS instruction. 

Sks = CIO C 11 C 15 @ 
+ CIO C 11 C16 @ 
+ CIG C 11 C 17 @ 
+ CIG C 11 C 18 @ 

Enable Switch: 

The Enable switch, @' forces the enabling of the interrupt system, regardless 

of the state of the Enable flip -flop, En. 

sInt = TIO Ir End (En +@~+---
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START AND FILL SWITCHES 

When the computer is first turned on, certain flip -flops must be cleared or set in 
specified configurations to enable the start of operation. 

The Start switch, @, on the front panel performs this function. 

This switch clears the Overflow, the Memory Parity, Skip, and the Enable flip-flop. 

rOf =@ + - - -
rCp =@+ -
rSk =@+ -
rEn =-@+ - - -

The C register is cleared making ready for a Halt instruction (00). 

Cs =@(Tp TZ4) + - - -

The Start switch also clears the W Buffer and the P register, Go, Dc and Su are 
all reset and Ht is set. 

Wc =@(TO - T 5) + - - -

Pg =@ + -

rGo =® + -

sHt =@) + 
rDc =® + -

rSu =(St) + -
'-----'" 

If there is a program still in the computer, then a BRU to the start of the program 
should ;je set up manually in the C register, and the Control switch placed in the 
Run position. Then the BRU in the C register is executed and the computer is in 
operation. 

If there is no program in rnemory, then t.te Control switch should be placed in the 
Runposition~nd the Halt instr.lction in tb.e C re:,,~ister will be executed. The computer 
halts in the Go Ht configuration. The Ex flip -flop does not cause the exchange 
of a,ny re~oisters regardles s of U~e Register sw, itch be, cause Ht is on. Then the Fill 
switch, Kf , is pushed to iorce tLe reading of a ';ootstrap program. The Fill 
switcl1, Kf , sets up the W Baifer to real at lOLlr c:":.aracters per word from p}\oto­
reader No. 1. It also forces a WIM00002 instruction into the C register, 
and it turns off the Ht flip -flop. 

sC4 =@+ 
sC5 =@+-
sC7 =@+ -
sCZ2 @ + - - -

.:Ht = ®+ - - -
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The Fill switch also forces a (-7) into the X register. 

sXw ::@ T21 T!Z +-

Xnr =@ (T21 + T22) +-

This places zeros in positions T2 1 and T22 and ones in all other positions. 

When the Fill switch is released, the Go flip-flop usually turns on at the next Tp 
time. The computer executes the WIM instruction (input from the W Buffer) when 
the first word from the tape is ready in the buffer. This word is inserted in 
memory location 0002. The program counter was cleared with the Start button, 
it counted once in executing the Halt instruction, and the next instruction is picked 
up from address 0002. This word is the one just read in from the tape. 

The first eight words on the tape should be the following: 

Location in 11emory 

000 2 

000 3 

000 4 

000 5 

000 6 

000 7 

001 0 

001 1 
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Instruction 

2 WIMOOO 12 

BRX00002 

LDXOOO 11 

2 WIMOOOOO 

SKS2IOOO (Buffer Ready) 

BRX00005 

(First Instruction) 

(Starting Address with Ia Tag) 



A flow chart of the program is shown below: 

Start 

Yes ,~ 

Yes 
,/ 

Exit to 

Is eight-word bootstrap 
loaded? ( BRX) 

--
Store starting address 

(LDX) 

t 
Input (WIM) ~ ., 

t -.-
~ 

Is buffer ready? \ 
(SKS) J 

y 
Is (N}-word program 

loaded ? 
first I '~~---- .. ---

(BRX)) 

ins truc tion 
'--------". 

I , 
I 

Nol 

I 
No J 

No 

While the Fill switch is held down, Ht is turned off, but neither Go nor Ex will go 
until the Fill switch is released. 

s Go = Dc Su Ts Tp Ht 

sEx = Ts ® T24 Go Ht 

If, when the switch is released, Go comes on at TF time, then Ex will h.e inni;)ited 
by Go .. If Ex is set first (at T24), then an exchange '.vill occur if tlle Register 
switch is not at C .. However, Go will notlJe set until a second excL.ange returns Ule 
register contents home, since the setting of Go requires (Dc Su), .a~E. x. will be set 
the second time because the Control switch is in tLe Run position ( ~ ). 
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INSTRUCTIONS 

A detailed description of each instruction is included in this material. An intilnate 
knowledge of all preceding descriptions and the Reference Manual is assumed. 
For additional information on phase changes refer to ti_e phase counter. 

SKIP AND BRANCH INSTRUCTIONS 

Ins truc tion 0 1 (BR U) 

Phasing: 

During phase (j)0 the address field in the C register is shifted through the adder 
for possible indexing and into the P register, and tLe next instruction is accessed 
from this address. The P register is ena~1led ~yy Pg, 

Fg = @ Q2 Ts Go Cj)0 1a 02 ~ + - - -

The new address is received )y P 1, 

sP 1 = Cj)O ra 02 03 Aid + 

and Xz and Yz perfornl. the indexin;:;, if any. 

Xz Xn Ix F 1 F 3 Ts + - - -

Y z C 2. 3 F 1 F3 + - -

Instruction 40 (SKS) SkiPA®~ 
~ T2'1 ~' ~ 

Phasing: ~~------>~'-~ >~ 

Instruction 40 advances:iirectly to phase Cj)5 at (])O T2-i:. During phase Cj)S the Sk 
(Skip) flip-flop will be set if Sks is true. 

sSk = (/)'5 0 1 04 TO Sks -I- - - -

Sks will represent one of thirteen internal signals, or one of N external signals 
wilich have 1~)een specified ':Iy tJle instruction address. 
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Sks = + 
+ C 10 'CTI C19@ 

+ C 10 C 11 C20 We 

+ C 10 c:n C21 En 

+ C 10 CTT C22 En 

+ C 10 C 11 C23 Of 

+ CTO C11 Sio 

+ C 10 C 11 Ssc 

+ - -
+ - -

Sio and Ssc represent external signals used for additional skip inputs. If Sk is set 
at TO, then the phase counter is advanced to phase (/)7 to increment P again and 
perform the skip. 

sF2 -- Tp TS Sk - - - - + - - - -
sIa = T24 (/)7 Sk 

rSk = (/)7 

If Sk was not set, the phase counter will reset to phase (/)0. 

rFI = Tp End Sk 

rF3 = Tp End Sk 

Ins truc tions 53, 70, 72 and 73 

Phasing: 

During phase (/)0 of the above instructions the operand is accessed from memory 
in the usual manner, and then the phase counter is advanced to phase (/)6. 

During phas e (/)6 the Sk flip -flop will dete rmine if a s kip is to occur. 

Instruction 53 (SKN) will set the Sk flip-flop at TO if the operand was negative. 

sSk = 01 02 03 04 05 06 (/)6 TO C23 + - - -

Note that the sign of the operand has been shifted to C23, by TO time. 

Instructions 70 (SKM) and 72(SKA) preset the Sk flip-flop at T24 time. 

s Sk = 01 03 04 06 (/)6 T24 + - - -
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Instruction 70 will reset Sk if the contents of A and C (operand) differ when B is a 
"one". 

rSk = 01 03 04 05 (/)6 Tp T24 Bn (An C23 + An C23) + - - -

If Sk is left in a set condition, then the skip will occur. 

Instruction 72 will reset Sk if the operand and (A) compare "ones". 

rSk = 01 0304 as Db (/)6 Tp T24 C23 An + -

Instruction 73, (SKG) will set Sk if A has a "1" bit and C has a "a" in the corresponding 
bit position; Sk will reset for the opposite condition. If 2 bits in corresponding bit 
positions in the registers compare, Sk remains in its current state. Since the sign 
bits have negative weights, the reverse logic applies at TO; and since the least 
significant bits arrive first, the final state of Sk is determined by which register 
contains the larger number. 

sSk = 01 02 03 04 as 06 (/)6 Tp T24 TO An"C"D 

+ 0 1 0 3 04 0 5 0 6 (/) 6 TO C 2 3 An + - - -

rSk = 01 03 04 05 06 (/)6 Tp T24 TO An C23 

+ 0 1 03 64 05 06 (/)6 TO An CD + - - -

and a skip will or will not occur accordingly. 

Instruction 41 (BRX) 

Phasing: @---@ )@ 
" T8-- (41~01),,7I 

In phase (/)0 the address portion of the instruction is shifted into the P register 
through the adder as indexing may simultaneously tak:.; place. 

sPI = 02 03 (/)Ora Add + - - -

The previous number in P must be saved in case a transfer does not take place; 
therefore, it is shifted into the C register. 

sCO = 02 03 00 Ta P 14 Q2 

The X register is incremented during phase (/)0 with Sk being used as a carry in a half 
adder. Sk will corne in to (/)0 in a reset state. 

sSk = 01 05 02 0"5 (/)0 Ia Tn Tp 174 TO + 
rSk = 00 TO + - - -

sXw = 01 05 02"'05 00 Ia (Xn Sk + Xn Sk) + - - -
Xnr = (/)0 Ta 02 lfj 01 05 + 
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l , 

Pulse time 

Shift C register 

Transfer P to S 

Instruction code flip-flop 

End of execution 

Clear M, pulse memory . 

Transfer M to C 

Phase (/)6 

---- ---- - - ---------------------...----_._----------
fto -+ $6 1 

---rt--~---------~--..-----...-~----....--. ...--~--~-.......,.---..--,., e------....;:~ 
_________ ... ~ .... , ",..... ______ ........ _"",.",.,,~""""""'~=""""""'=:..L.-=-_________ ___I__ 
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Note: Dashed lines indicate newly formed X9 bit is 
not a "one". 

TIME 
~~ ... ---

FIGURE 17 
TIMING: INSTRUCTION 41 (BRX) 
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End 
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Example: 

Xn 1 0 1 0 0 1 1 

Sk 1 1 1 1 0 0 0 

sXw 1 0 1 0 1 0 0 

At T9 the P register is transferred to S to access the instruction for branching. If the newly 
formed X9 bit is a "one ll

, the branch will occur. The Xw flip-flop is gated at T8 to reset 
the 01 instruction code fl ip-flop. Th is changes the operation code from 41 to 01, 

rO 1 = 01 02 03 05 ~O Ia Xw Mc Q 1 + Oc 

where Mc is the pu Ise to the memory and occurs at T8. 

If 01 is reset, the phase ~O cycle becomes an End cycle since, 

End = ~5 + ()6 + ~7 + go Ia 01 02 03 

However, it becomes an End cycle too late for a possible iriterrupt operation. The X register 
also starts to rec irculate (stops incrementing) and the carry into X normally does not go beyond 
X8. There is no carry beyond X8 unless X becomes pos itive, at wh ich time the carry can 
extend to XO. 

If 01 is not reset T8 ~O, then the phase changes to C)6 at Tp and the instruction (41) continues 
operat ion. 

sF 1 T p Ia ~O 01 (04 + 05) + - - -

s F2 = T p Ia ~O 01 02 + - - -

The C register is not altered at TPi the word from memory is simply regenerated without being 
used. 

During phase ~6 the original contents of P wh ich were shifted to C must be shifted back to P 
and be incremented. 

sIa T24 F1 F3 n + - - -

sP1 01 02 04 05 06 c;16 (C23 Ia + C23 Ia) 

ria = C23 C)6 01 02 04 05 06 T24 + - - -

At T9 this shift is completed and P is transferred in parallel to S to access the next instruction 
in sequence. 

Instruct ion 43 (BRM) 

Phasing: @-..@----.@ 
During phase V'O the contents of the P register are shifted to the C register for eventual storage, 

s CO = ~O Ia 02 03 P 1 4 Q 2 + - - -

and th e contents of th e overflow fl ip- flop are sh i fted into C. 

sCO = (10 ~ 02 03 Of TO + - - -
----

Cs - T p T24 F 1 F2 + - - -
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The address portion of the instruction is shifted into the P register. 

Pg = 0 Q2 Ts Go 0'0 Ia 02 03 + - - -

sP1 = ~O Ia 02 03 Add + - - -

There may be indexing taking place. At T9 the new address in the P register is transferred to 
the S register to set up the address for storage. 

Sxp = T9 02 03 Ia 0'0 + - - -

At T p of 0'0 the M reg ister is c I eared and at T24 of ~6 the contents of the C reg ister will be 
transferred to M for storage in core memory. 

Mc Tp ~O Ia 02 03 05 + - - -

s PO = Mc T p + - - -

Mxc = PO T24 

During phase 0'6 storage will take place, P will be incremented, and the next instruction 
accessed. 

Instruct ion 51 (BRR) 

Phas ing: 

In phase 0'0 the contents of the memory location are accessed in the usual manner. The C 
register shifts through the adder around to itself for possible indexing. At T10 the S register 
is cleared; at T9 the upper part of the C register is transferred in parallel to S (Sxc); and at 
0'0 Tp the M register is transferred to C, (Cxm) and the phase changes to phase ~6. 

During phase 0'6 the operand, in C, shifts to the P register. The Ia flip-flop is preset and 
increments the contents of C as it sh i fts to P. 

sIa T24 F1 F3 + - - -

ria = C23 0'6 01 02 04 05 06 T24 + TO F1 + - - -

sP1 = ~6 01 02 04 05 06 (C23 Ia + C23 Ia) 

The contents of CO are stored in the overflow flip-flop (true side only). 

sOf = (Qf6 0102030405 06) CO T24+- --

At T10 the S reg ister is cleared; at T9 0'6 the new contents of P are transferred to S to access 
the memory for the next instruction. At Tp c;16 the next instruction is brought from memory and 
th is instruction ends. The phase counter is reset to phase (10. 

Cxm = T p End Go + - - -

rF1 = rF2 = rF3 = Tp End Sk 
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MEMORY DECREMENT INSTRUCTION 

Instruct ion 60 (MD E) 

Phasing: ~o ------~ .. ~4 ---~~ ~7 ---..... ~ ~O 

During phase ~O the operand to be decremented will be accessed from memory in the usual 
manner and indexing or indirect addressing may occur. 

The phase counter is then advanced to ~4 and C is sh if ted to the right one cycle time. 

Cs = T p T24 F 1 F 3 + - - -

The decrementing is performed by serially inverting the operand up to and including the first 
one and then passing the rest unchanged. 

sCz 01 <;;4 T24 + - - -

Yz F1 C23 06 Rf + - - -

rCz T24 Xz Y z S u + - - -

sCO 0'4 01 (C23 Cz + C23 Cz) + - - -

Example: 

C23 ell 0 1 0 1 ~ 
sCO 1 1 0 1 0 1 0 1 

An overflow can occur during this arithmetic operation if octal 4000 0000 is decremented. 

s Of = 0'4 01 TO Y z Cz + - - -

During 0'7 the result is transferred from C to M by Mxc, 

Mxc T24 PO 

sPO Tp Mc + - - -

M c To <;;4 + - - -

and is stored in memory. 
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MEMORY INCREMENT INSTRUCTION 

Instruction 61 (MIN) 

Phasing: ®~--->;>®~® 

During phase (/)0 the operand to be incremented will be accessed from memory 
in the usual manner and indexing or indirect addressing may occur. 

The phase counter is then advanced to phase (/)4 and C is shifted to the right one 
cycle time. 

C s = Tp T 24 F 1 F 3 + 

The incrementing is perfor1TIed by using Cz (carry flip-flop) in a half adder and 
the sum is returned to Co, 

sCQ = (/)4 01 (C? 3 Cz -+ C23 Cz) + - - -

sCz = (/)4 01 T24 I - - -

rCz = Tp + T24 Su Xz Yz + 

where 

Y z :: F 1 C 23 06 R:f + - - -

If the instruction code is (61), then the Yz input will represent CZJ and Cz will be 
reset the first time C2.3 is false. Therefore, the operand is incremented by ( + 1) 

Example: 

C23 1 1 0 1 0 1 1 1 

Cz 0 0 0 0 1 1 1 

sCc 1 1 0 1 000 

An overflow can occur during this arithnletic operation. 

s Of = 0 1 G4 TO Y z C z -+ - - -

During ~:.hase (/)7 e.~.e operand is trar..sferl·ed frau!. C to ~v1 vy :t-.1xc, 

1\1xc = T24 1') 

and is s tared in 1TIemory. 

STORE INSTRUCTIONS 

Ins truc tions 35 (STA), 36 (STB), 37 (STX) 

During phase (/)0 the address is shifted through the adder for possible indexing, and 
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at T9 is transferred (Sxc) to the S register to address the store location. 

The phase counter advances to phase 06 for one pulse time and is reset to phase 04. 

During phase 04 the information to be stored is shifted into the C regis ter. 

C s = Tp T 24 F 1 -n + - - -
Instructions 35, 36, and 37 store the contents of the A, BandX registers, respectively. 

s C 0 = 04 OT 04 0 5 06 Xn 

+ 04 Of 04 0 5 An 

+ 04 Of 04 Db Bn 

At the completion of phase 04 the counter advances to phase 07 and the information 
will be transferred to the M register and stored. 

LOAD INSTRUCTIONS 

Ins truc tions 71, 75, 76, and 77 

Phasing: 

During phase (/)0 the operand is accessed in the usual fashion and transferred to the 
C register at Tp. During phase (/)6 the operand is shifted into the designated 
registers depending upon the instruction code. 

C s =- Tp T 24 F 1 F 3 + - - -

For Instruction 71 (LDX): 

s X w = Xn r 0 1 03 04 (/J 6 C 2 3 + - - -

Xnr = 01 03 04 C/J 6 02 05 06 + - - -

For Instruction 75 (LDB): 

sBw = Bnr 03 C23 + - - -
Bnr = 0 1 02 03 04 05 (/)6 

For Instruction 76 (LDA): 

sAw = Anr 01 02 03 04 C23 

Anr ~ 01 02 03 04 06 ¢6 + -

Instruction 77 (EAX) causes the effective address of the instruction to be shifted 
through the adder and into the X register during phase 00. 

s Xw = Xnr 01 02 03 04 Add + - - -

Xnr = 01 02 03 04 05 06 Ia (/)0 Q2 

The input to the adder is as usual during phase (/>0, 

During phase 06 the P register is incremented, end at Tp the phase counter is reset 
to phas e (/)0. 
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INPUT INSTRUCTIONS 

Instruction 30 (YIM) and 32 (WIM) 

Phasing: 

During phase (/)0 the operand is accessed in the norITIal fashion and transferred 
to the C register at Tp (although it will not be used). At Tp (/)0 Ia the F2 flip­
flop is set for ei the r phas e (/)2 or phas e (/)6. 

s FZ = Tp Ia (/)0 03 

If the Buffer (War Y) is ready to receive data, the "Ready" flip-flop Rf is set 
either during phase (/)0 or phase (/)Z. 

s Rf = Ts or 03 04 raF 1 F3 [Wf (WO + W9) 05 Db 

+(YI (YO + Y9» 05 ] 

rRf = Tp End Sk Ts + - - -

The Wand Y terITIS are buffer terITIS which signal that the respective buffer is ready 
to transfer a new word to ITIeITIory. The Fl flip-flop is set forITIing phase (/)6 only 
if Rf is set. 

sFl = Ts Tp 0103 Ia F1 F3 Rf 04 + 

At (/)6 T24 the F2 flip-flop is reset and the phase changes to phase <7>4. During 
phase (/)4 the buffer is shifted into the C register. 

C s = F 1 F 3 Tp T 24 + - - -

sCO = <7>4 01 04 05 Ob@ 
+ (/)4 lIT lY4 05 no Wn 

The address in the S register is not altered and the '.fiord in :-:-l.e:i.Tiory is interrogated 
a;?ain. Mc clears the rnernor; register (M) at T 1>, 

\11 c = Tp <7>4 .L - - -

and PO reITIeITIbers to write in the memory. 

sPO = ~Ac Tp 

rPO = PO T24 

Mxc = PO T24 

During phase <7>4 the P register is increITIented. At <7>4 Tp the phase counter 
changes to phase (/)7. During phase (/)7 the data is generated in the ITIeITIory and 
the next instruction is accessed. 
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Instruction 33 (PIN) 

Phasing: 

T24 

During ~Jhase QJO the storage address is transferred to the S register in the usual 
fashion. 

The phase counter then advances to phase (/>2, as this phase cannot be by-passed on 
instruction code 33. This allows at least one cycle time for the parallel input 
transfer to occur. The ready flip-flop Rf is not set until phase (/>2, where Rt is the 
appropriate external ready signal for input. 

sRi = or 03 laFl F3 Ts (/)2 06 Rt Q2 04 + 

During phase (/>2 a signal designated Pin is generated to indicate that the input lines 
are being strobed. 

Pin = Cxi Q 1 

F I will not be set to advance to phase (/>6 until the Rf flip-flop is set. 

sFI :: Ts T~: or 03 laFI F3 Rf 04 + - - -

The external information is transferred in parallel to the C register via lines CdO, 
Cdl, - - - - Cd23. These are gated by: 

Cxi = 02 06 02 

Cg = Cxi QI + -

During i=',hase 04 the C register shifts around to itself, parity is generated and a 
completion signal, Rti, is also generated. 

C s = Tp T 24 F I F 3 + - - -
Cg = Cs + - - -
s C C = (/)4 M 04 C 6 C 2 3 + 

sC24 :: T24 T?3 CO C74 

rC24 = T23 + T24 T?J CO C24 + ® 
Rti = (/)4 or C4 C6 

During phase (/>4 the P register is incremented and during -,.~,hase (/>7 the information 
is generated in memory. 

OUTPUT INSTRUCTIONS 

Instructions 10 (1tlIY) and 12 (MIW) 

Phasing: 

During ~~;hase 00, the operand is accessed in the normal fashion and transferred to 
the C register. At T~) (/>0 la, the F2 fli=~ -flop is set for either phase (/>2 or phase (/>6. 

sF 2 = TJ; Ii" (/>0 03 + - - -



I: the :,u:ier is read) to receive a ne'lv' "Nord, the ready flip-flop is set during 
ei the r phas e d;c or (/)2. 

sRi = Ts Cl 03 04 ~Fl F3 [Wf (WO + W9) 05 06 + ~Y£ (YO + Y9) 05 ] + 

rRf = T~"" End Sk Ts + - - -
Therefore, if the buffer is ready before the instruction is given, phase (/)2 is nc:t 
reached ani the phase counte::.- goes directly to phase (/)6. If the buffer is not 
ready, the cOn1puter remains in phase (/)2 until Rf is set by the buffer. In phase 
C/>z the C register does not shif:. 

Dur:ng phase 06 the C register is shifted into the W or Y Buffer VVord Assembly register:;, ,At 
Tp the phase counter is reset to phase 00. 

Instruction 13 (POT~ 

Fhasing: 

During phase (/)0 the operand is a::::cessed in the normal fashion and transferred to 
the C register at T~·. During instruction 13 phase (/)2 cannot be by-passed, even ii 
the external buffer is ready. This allows at least one cycle time for the 
:)arallel output transfer to occur. The ready flip-flop is not set until phase (/)2. 

sRi = aT 03 04 IT F3 952 06 Rt Q2 Ia Ts + - - -
r Rf = T.~ End S k + - - -

Rt is the appropriate external ready signal for output. 

During ?hase ¢2 tvvo signals are generated ior external use. Pot 1 indicates that 
the information is being ~)resented. Pot 2 can be used as a "strobel! signal fer 
setting external ilip-flops. 

Pot I = F 1 F2 F3 Ts 02 06 

Pot 2 = (j)2 02 06 01 

F 1 will not be set for advancing to phas e (/)6 until the Ri flip -flop is set. 

sF 1 = Ts Tp or 03 Ia F 1 F 3 + - - -
Memory :)arity for the output data is checked during (/)6. 

s C p = C p C 2 3 HtTp T 24 (03 06 + - - - ) + - - -

rCp = Cp C23 Ht Ti:") T24 (03 (/)6 + - - - ) + - - -

During phase (/)6 the P register is incremented and at Tp the phase counter is reset 
to phase (/)0. 

CONTROL INSTRUCTIONS 

Instruction 23 (EXU) 

Phasing: 

Durin~ _;hase OC the address of the instruction is shiited through the adder .for 
... iossilJle indexing and at T9 transferred (Sx::::) to the S register to access the in­
straction to be executed. 

At T~~;. the 0 register is reset. 
nro - 7'\T ~ nh. ".,._ ~ I 
'-''''' - 'V ~ voJ \.1 J .1.,' l.d.. ,-

The P :register is not aife::::ted and "'jill be incremented by the accessed instruction 
in the normal :Zashion. The' hase ::::ounter remains in phase (/)0. 
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Instructions 00, 02, and 20 

Phasing: ®~®~® 
T24 

The phase counter rern.ains in phase (/)0 for only one pulse tim.e and then advances 
to phase (/>5. The C register does not shift during phase (/)5. Instruction 00 
(HLT) sets the Ht flip-flop during phase (/>5 to initiate a halt, 

s H t = (/> 5 TO Of 02 05 In t + - - -

and at Tp (/>5 the corn.puter will halt. 

r Go = Tp End Sk Ht + - ~ -
End = F 1 F 3 T~s + 

Instruction 02 (EOM) activates Eorn. signals to external devices and/or to the W Buffer 
during phas e (/>5. 

Eorn. = (/>5 or 05 

Sys = (/>5 or OS C9 c: le! C: 11 01 

loc - (/>5 or 05 era C 11 Ql 

Buc = (/>5 or 05 CTOCTI 

where: 

Sys = Systern.s corn.m.unications 

Ioc = Input/output control 

Buc = Buffer control 

Instruction 20 (NOP) does not cause any special operation to occur in phase (/)5 and 
all registers recirculate as normal. 

The P register is increm.ented during phase (/)5 and the next instruction is accessed. 

LOGICAL INSTRUCTIONS 

Instructions 14, 16, and 17 

Phasing: @~®~® 

During phase (/)0 the operand is accessed in the normal fashion and at Tp the phase 
counter is advanced to phase (/>6. 

T"\ •• _~ __ _ 1..._~_ nL 4-1..._ r ___ ~_4- _____ ;'1 t ___ 1_;-C4-_...l _;_1_4- ___ ...l 1 __ ; __ 1 _____ 4-~ ____ ___ -c ___ .. , 
.LI U J. J.ll b }J 11 a,;:) c: '+' U l.11 c: V J. c: g.1;:) l. C:.1 W.1 J. J. U c: ;:) 11.1 J. l. c: U .L.1 g 11 l. a, 11 U J. U g .1 '-- a, J. u 1:-' c: J. a, l..1 U 11;:) }J c: .L .1 U r r n e u 

as it en te r s th eAr e g i s t e r . 

C s = Tp T24 F 1 F3 + 
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Instruction 14 (ETR) causes the contents of the A register and the operand to be 
"ANDED" together. 

sAw = An r or 04 err; An C 2 3 + - - -
Anr = 02 03 04 (/)6 + - - -

Instruction 16 (MRG) causes the contents of the A register and the operand to be 
"inclusively OR'd" together. 

sAw = Anr or 04 05 An C23 

+ AnrOlO1:05AnC23 

+ Anr or 04 Db An CZ3 

+ 

Instruction 17 (EOR) causes the contents of the A register and the operand to be 
"exclusively OR'd" together. 

sAw = Anr Of 04 05 An C23 

+ Anr or 04 05 An C23 

+ 

At (/)6 Tp the phase counter is reset to phase (/)0. 

REGISTER CHANGE INSTRUCTIONS 

Instruction 46 (XAB) 

Phasing: ®-~) ®~® 
T24 

The phase counter advances to phase (/>5 after one pulse time. During phase (/)5 
certain logical transfers will take place bet\veen the A and B registers under the 
control of address bits C 10 and C 11. 

C 10 C 11 

C 10 C 11 

C 10 C 11 

sAw = 02 03 04 Ts Bn C 11 -+ - - -

An r = 02 0 3 Q 4 T s -;- - - -

s Bw = 02 0.3 04 T s An C 1 1 + - - -
Bnr = 02 03 04 Ts + - - -

(XAB): The contents of the A and B registers will 

(BAC) : The contents of B will be transferred to A 
cleared. 

(ABC): The contents of A Vv·ill be transfe rred to B 
cleared. 
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C 10 C 11 (C LR): Both A and B will be cleared. 

C does not shift, the P register is incremented and a new instruction is accessed. 

SHIFT INSTRUCTIONS 

Ins truc tion 66 

Phasing: ®~®~®~®?® 
T9 ~ 

~ one shift per cycle. 

During phase (/)0 indexing may proceed as usual but only from T23 to T16 (8 bit 
times). The Ix flip -flop is re s et at T 16 so that indexing will not modify the 
instruction modifiers originally in bits C 10 and C 11. The instruction modifier 
(CI0) determines if the operation is to be a right shift or a right cycle. 

66 2 OOXX (Right Cycle) RCY 

66 0 OOXX (Right shift) RSH 

Bit C 10 will ultimately be transferred to S 1. The carry flip-flop is also forced 
off when Ix is off to prevent a carry into this bit position. 

r Ix = (/)0 Ia 02 03 04 05 Q 1 Ts + - - -
rC z = (/)0 IX + - - -

The adder continues to feed CO but after TI5 its output must be the same as C2.3. 
At TI0 the S register is cleared as usual during phase (/)0. 

Sc = T 10 (/)0 + - - -

At T9 the C register is transferred to the S register, 

Sxc = T9 (/)0 PO [Ia + 03 + 02J + - - -

and at the s arne time the phas e is changed to phas e (/) 1. 

sF 3 = T 9 0 5 ra (/)0 02 OJ 04 + - - -

The memory is not pulsed at T8 by Mc because of phase (/)1. Therefore, the S 
register does not have to remain constant and it will count down the number of 
shifts required. 
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rS9 = (/)3 T24 S10 sTI S12 S13 S14 + - --

8S10 = (/)3 T24 S10 SITSTI S13 Sl4 + 

rSl0 = (/)3 T24 S10 SII S12 S13 S14 + 

8S11 = (/)3 T24) SII S12 S13 S14 + 

rSll = (/)3 T24 SII S12 S13 S14 + 

8 S 12 = (/) 3 T 2 4 S 12 IT3 S 14 + 
rS12 = (/)3 T24 S12 S13 S14 + 

8S13 = (/)3 T24 S13 S14 + 

rS13 = (/)3 T24 S13 S14 + 

8S14 = (/)3 T24 S14 + 
rS 14 = (/)3 T24 S 14 + 

At 01 1'p the phase is changed to phase (j)3 (unless the required shift count was 
zero) . 

8 F 2. = <1> 1 Tp 

The Rf flip-flop is tirne -shared and controls the right shift. It is set by <1>3 1'24 OC;. 

sAw=Anr RfOl F1ArTOTp 

+ An r Rf 0 1 05 TO SlAw 

+ An r Rf 0 1 05 TO S 1 Bn + 
Anr = Rf 01 Ts T24 

The first term shifts A by lJy-passin~ the An flip-flop, feeding AVv' directly frorn 
A r . Th e sec and te r m ex ten d s th e s i i" n 0 f A for r i gh t s 11 i ft (S1). The th i r d t e r m 
inserts the least sibnificant bit of B, stored in Bn, into the sign positions of A for 
right cycle (Sl). 

1. 89 



An holds the least significant bit of A and Bn holds the least significant bit of B 
during the shift. They hold these bits because their respective enable terms are 
fals e. 

Ag = Bg = R£ + OI + T24 + Ts 

The T24 term lets in each new least significant bit every cycle of the shift. 
Similarly, 

s Bw = Bnr Rf 0 1 Br TO 

+ Bnr R£ 0 1 An TO + 

The least significant bit of A always shifts to the most significant bit of B. The 
S register S9 through S 14 is counted down one at each ()3 T2<± time. The Sk flip­
flop will be set when the count reaches zero. 

s S k = F 1 F 3 [S 9 S 10 S 11 S 12 S 1 3 S 14J TS + - - -

The Sk flip-flop forces phase (/>7 and causes the Ia flip-flop to be set at T24 (/>7 so 
that the P regis ter will be inc remented. The P register is transferred to S at 
(/)7 T9 to access the next instruction. 

Instruction 67 

Phasing:@~®~®.~®~® 
T9 ~e shift per cycle 

During phase (/)0 indexing may proceed as usual but only from T23 to T16 (8 bit 
times). The Ix flip-flop is reset at T16 so that indexing will not ITlodify the 
instruction modifiers originally in bits C 10 and C II. 

The instruction modifier C 10 determines if the instruction is to be a left shift or 
a left cycle. 

67 2 OOXX (Left cycle) LCY 

67 0 OOXX (Left shift) LSH 

67 ~ OOXX (Normalize) NOD 

Bit position C 11 determines if the instruction is to be a "norITlalize. 11 Bit positions 
C 10 and C 11 will eventually be transferred to S I and S2 of the S register. 

At T16 the index flip-flop is reset, and at T15 the carry flip-flop is reset. 

r Ix = (/)0 fa 02 0 3 04 0 5 Q 1 Ts + - - -

rC z = (/>0 Ix + - - -

At T 10 (/)0 the S register is cleared; at T9 (/)0 the C register containing the i-nodified 
shift count is transferred to the S register. Also, at T9 (/)0 the phase counter is 
advanced to phase ~l. 

sF3 = T9 05 (/)0 ra:-02 0304 + - - -

This phase inhibits the memory pulse, ~\/fc, normally at T8, so that the memory 
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is not cycled and the 5 register is free to count, since it does not have to control 
the memory. At ~1 Tp the phase counter steps to phase ~3. 

sF2 = ~1 Tp + - - -

The most significant bit of the B register is picked up by Dc at each Tp. 

sDc = 03 04 06 FI Ts Tp Bw + - - -

rDc = 03 04 06 F2 Ts Tp Bw + - - -

The Dc flip -flop is then us ej as an additional delay to shift the A register left. 

sDc = 03 04 06 F2 Ts An -Tp T24 + 

rDc = U"3 04 06 F2 Ts An TPTZ4 + Tp End Go + - - -
sAw = ~3 06 Dc + - - -

Anr = 03 04 06 F2 Ts + - - -

The PO flip-flop is borrowed and used as the additional delay in shifting the B 
register left. PO must pick up the most significant bit of A for the left cycle 
instruction. However PO cannot be set at Tp since it also controls the C to M 
transfer at T24. Therefore the Ia flip-flop is borrowe ':1 and picks up the most 
significant bit of the A register at Tp and tr?llsfers it to PO at T24. 

sIa = F 1 F3 Aw Tp + 

rIa = T 24 (/)3 + - - -

sPO - 03 04 06 F2 Ts 05 Ia 51 T24 + - - -

rPO = FZ TO + - - -

Here 51 is the modifier that causes left cycle rather than left shift. If 51 is false, 
then ze ros are shifted in to B. PO then c aus e s B to shift left. 

sPO = 03 04 06 F2. Ts TO Tp T24 Bn + - - -

r P 0 = 03 04 06 F 2. T s) TO Tp T 24 Bn + -- -

s Bw = 0 3 04 0 6 F 2 T s PO + - - -
Bn.' = Ft!. 03 04 06 Ts 

At each 03 T24 tlie 5 register is counted down. Wben it reaches zero the 5k flip­
flop is set to force phase (/)7. 

s S k c= F1 F 3 [59 S 10 S 1 1 S 12 S 13 5 14J + 

sF1 =sF'2 =: sF'3= Tp Ts 5k 

In phase (/)7 the P register is increcnented and the next instruction is accessed. 
The 0 re~ister is cleared to (20) at T24 (/)7 so that the above shift gates are 
inoperative. All registers recirculate during phase ~7. The left shift can cause 
an overflow. This occurs when the sign of A chanJes, that is, when the new and 
old signs of A are unlike. 

sOf = (/)3 06 ST T'J An Dc 
+ (/)3 06 ST TO An Dc + - - -

'~"'he Sl tern1 inhibits the settinr:; of overflow during a left cycle operation. The normal· 
ize instruction is only slightly different. r-fhe 5k flip-flop is set before the shift 
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count reaches zero, provided that the two Inost significant bits of A are different. 

sSk =[Yl F3 Ts 06 S2 TO] Aw An 

+[! 1 F 3 Ts 06 S 2 T OJ Aw An + - - -
These gates set Sk, if the old sign bit is different from the new Al bit, except during 
phase Cl>l when it co:mpares the present two most significant bits, However, in phase 
Cl>3 the old sign bit must be the same as the new sign bit because otherwise it would 
not be shifting, 

The normalize instruction also causes the X register to be decremented, one for eaCh 
left shift. 

sXw = Xnr (/>3 IX Xn 

+ Xnr (/>3 Ix Xn + -

Xnr = Cl>3 06 S2 + - - -
sIx = (/)3 T24 + - - -
rIx = (/)3 T24 Xn + Tp + - - -

S2 (normalize) causes the X register to be decremented. The Ix flip-flop is borrow-
2d and used as a carry for the half adder feeding Xw. 

ARITHMETIC INSTRUCTIONS 

Instructions 54 (SUB) and 55 (ADD) 

Phasing: @-->...,®-~>@) 

During phase (/)0 the operand is accessed in the norrn.al fashion and at Ttl Lne phase 
counter is advanced to phase (/)6. Durin7 phase (/)6 the contents of the C 1'c -<ister 
are shifteJ through the adder and are adeled or subtracted froITl the contents> of the 
A register. 

C s = F 1 F 3 Tp T 24 + - - -
sAw = 01 02 03 04 (/>6 Add + 
Anr = 02 03 04 (/)6 + - - -

Instruction 54 (SUB) 

Xz = An FlO 3 + - - -

Yz = FI C23 Q[ Rf -t- -

sCz = Of T24 at Ri + F1 T24 Tp Xz Yz Cz Su + 
rCz = T24 Xz Yz Su + Tp + 

The Cz flip-flop is preset to con-lple:e '.Le two's cOTn?lement. 

Instruction 55 (ADD) 

Xz = An FIe 3 + - - -
Yz = F 1 C 2 30'S Rf + -

At TF (/)f:, the phase coun1~er is rese~ to pi.-~ase (/)0. The overflow flir::-ilop will Le 
set if the res~llt of the aritl1Ynetic operation exceeds the allowa:~~le num','--)er range. 

L 92 



sOf = 01 02 03 04 (/)6 TO (XzYz Cz + Xz yz Cz) 

The state of Of can then be tested \vith an SKS instruction. 

Instruction 64 (MUS) 

Phasing: 

During phase (/)0 the operand (ITlultiplicand) is accessed in the norITlal fashion. 
Also during phase (/)0 the sign of the A register is extended two bits to the left 
forITling a 26-bit word in A. During phase (/)0 the A-B registers shift right one 
position. During phase (/)6 the contents of C (ITlultiplicand) are added or subtracted 
to the 25-bit word in A according to the three least significant bits in B (ITlultiplier) 
at the beginning of the instruction, As this arithn1etic is being done the result in 
A-B is shifted right another position. Since these tnree "Operator" bits appear too 
late during phase (/)6 to properly begin the arithITletic. they are pre -exaITlined dur­
ing phase (/J0, 

MULTIPLIER BIT TABLE 

B Register 

B21 B22 B23 Operation 

!O 0 0 + 0 
I 

A) 2 (M) 
1

0 0 1 + 
10 1 0 fl. ) + 2 {M} 

I" 1 1 
' A \ + 4 (M) u A) 

1 0 0 'A) - 4 {M} 

1 0 1 'A) - 2 {M} 

1 1 0 ,A) - 2 {M} 
I 
i 1 

I 
1 1 - 0 
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The following heuristic proof is given to justify the use of the multiplier bit 
table shown above. 

Approaching the computer as a fixed point, fractional device, let us evaluate 2 
fractional numbers following the rules of the table, remembering that the register 
shifts one bit at a time. 

Example: - 19/128 

N = 1. 1 1 0 1 I[ 0 1 0, 

L 1[ _____ ~s~t~e~p~l __ __ 

I _ step 2 
I 

( step 3 

T______ step 4 

N= 

Example: + 19/64 

step 3 

step 4 

N= 

1, 94 

(+ 1) 1/128 

(- 1) 1/32 

(- 1) 1/8 

( 0) 1/2 

- 19/128 

(- 2) 1/128 

(+ 2) 1/32 

(- 2) 1/8 

(+ 1) 1/2 

+ 19/64 



The Su flip-flop is used to detect a subtract condition and picks up bit B21. The 
Dc flip-flop is used to detect if bits B22 and B23 are alike. From the Multiplier 
Bit Table it can be seen that if these two bits are unlike, one times the multiplicand 
is to be used; if they are alike, then either twice the multiplicand is to be used or 
zero is to be used. 

. , 

If Dc is reset, then addition or subtraction must start immediately when the least 
significant bits in A reach Ar during phase (/)6. This is at (/)6 T24. If Dc is set 
indicating B22 and B23 were originally alike, then one more clock time is available 
before arithmetic is to begin, since twice the multiplicand is to be used. If all 
three of the bits in B were alike, then zero is to be added to A. The PO flip-flop 
is set at (/)6 T24 when this occurs and PO gates off the input to the adder. 

The A-B registers are shifted right during both cycle times. During phase (/)6 
arithmetic is done simultaneously with the right shift. The Rf flip-flop controls 
right shifts. 

sRf = C2 C5 C6 -C:7 C8 C9 (/)0 T24 Ta Go 

+ 03 04 05 06 C 9 (/)0 T 24 Go Ts + -

rRf = Tp End + - - -

The first set term above is for the case of direct addressing. The second terITl 
sets Rf only if the operand, or ITlultiplicand, is indirectly addressed. In either 
case, then, Rf is set for two cycle times, phase (/)0 and (/)6. 

During phas e (/)0 the shift is simple: 

sAw= Anr Rf 0 I FI Ar TO Tp 

+ Rf 01 (/>0 Of Aw (TO + Tp) 

An r = Rf 0 I T s T 24 + - - -
Note that the sign of A is extended two bit positions in A if the overflow flip-flop Of 
is reset; otherwise, zeros are extended. 

sBw = Rf 01 Br TO Bnr 

+ Rf 0 I An TO 

Bnr = Rf 0 I Ts T24 + 

An h aIds tn e least s ignific an t':i t ")I A and ·the d t '. -sec~n ern} a,:.ove Inserts t.:J.at ~At into B. 

During F11ase 00 D2 is set ii tLet'v\,o least signi:icant ".its of B were alike. 

sDc = Ri 01 ¢O T23 {Er Bn + Br Bn' + _ 

r Dc = Tf End Go + - - -
This will control the input to the adder. If the least significant two bits of Bare 
alike, twice the multiplicand should feed the adder (if arithmetic is to be done at 
all). If the two bits are different, the multiplicand will be used directly and either 
addition or subtraction will definitely occur. 

The Su flip -flop picks up the third leas t significant bit of B during phase (/)0. If it 
is set, it will control the carry flip-flop Cz as a "borrow" for subtraction. 
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sSu = Rf 01 (/>0 Br T22 + - - -
rSu = Tp End Go 

sCz = FI T24 Yz Xz Su 

+ FI T24 Yz Xz Su + 

rCz = T24 Xz Yz Su 

+FIXzYzSu+ 

At T24 (/>6, An receives Ar, if Dc, so that the bit can be transferred to the most 
significant position of B. If Dc, the sum of C23 and Ar goes to An to be delivered 
to the most significant position of B. 

Ag = T24 + Rf + 01 + Ts 

sAn = Ar Dc C23 T24 (/>6 Rf 01 

+ Ar [Dc C23 T24 (/>6 Rf OIJ + - - -

The PO flip-flop is set at (/>6 T24 to stop arithmetic if the three least significant 
bits of B were originally alike. Dc set indicates that the two least significant bitr 
were alike. Br at T24 has the second bit and Su has picked up the third bit: 

sPO = Rf 01 (/>6 T24 (Br Su + Br Su ) + - - -
r PO = FZ TO + - --

PO is gated to the adder input so that zeros will be added to A if all three bits in B 
were alike. 

Yz = (/>6 Rf 01 Dc C22 + - - -

+ (/>6 Rf 01 Dc PO C 23 + - - -
Xz = Ar (/>6 Rf 01 

Note that C22 feeds the adder if Dc is present; C23 feeds the adder if Dc is present. 
C23 presents twice the multiplicand whereas C22 presents one times the multiplicand. 
The timing is such that the first bit in A to be added is in Ar at T24. RemeITlber 
that the first 0it of the result is stored in An to be deposited later in the B register 
The sign of the multi plic and is extended. 

sCO = 03 04 05 (/>6 CO Tp Ts + 

The carry flip-flop may 0e set at T2.4 if Dc, 

sCz = ill 01 db T24 Dc C23 (Su Ar + Su Ar) + 

and afterwards Cz is controlled by Su for addition or subtraction. The adder ieeds 
Aw. 

sAw = 01 02. 03 04 05 dJ6 Add + - - -

During phase (/)6, Ia adds one to the P register and the next instruction is accessed 
as usual. 

The overflow flip-flop is set in one special case. This case is when two times - 1 
is subtracted from A \\lhen A is already zero. This + 2. result overflows even the 
2.5-bit register of A, (25 bits before the last shift.:. 
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s Of = Rf 0 1 0>6 TO Su Dc PO CzAr C 23 + - - -

In this term Su Dc PO indicates that subtraction of twice the multiplicand is taking 
place, that is, the bits in B were 100. Cz Ar C23 gives the adder output a "one'; 
yet CZ3 Ar will turn on the carry, Cz, for the next clock time. If the signs of A 
and C were to be further extended, the next bit from the adder would be a zero and 
hence, the overflow. 

When the overflow is set, the next multiply step should extend zeros to the left of A, 
not ones. This is why Of is present in the gate that extends the sign of A. If there 
are no further multiply step instructions, then Of being set indicates that the mul­
tiplication performed was - 1 x-I = + 1 and the overflow remains set. 

After the bits in A are extended as zeros during tIle l"Dultiply step instruction, the 
overflow flip-flop is reset. 

r Of = Rf 0 1 0>6 T 24 + - .. -

Instruction 65 (DIS) 

Phasing: @-7~@ 

The function of the instruction is to shift A -B left one bit position. The complement 
of the sign of A is inserted in the least significant bit position of B. If the signs of A 
and (M) are alike, (lvl) is subtracted iroDl the shiited A register. If the signs are 
diffe rent, 0,,1) is added to the shifted A re gis te r. 

During phase 0>0 the operand is accessei as usual. The only different activity 
perforrned is that the Dc flip -flop, which is us e d in phas e 0>6 to shift A left, picks 
up theinos t significant bit of B. 

sDc = 03 04 (~.~ Ts Tp Bw F 1 + - - -

At 0>6 T24 the Su flip -flop is set for subtraction if the signs of C and A are alike: 

s S u = .F 2 T s 03 04 0 to T 2 4 (CO A w + CO A \v) +- - -

rSu = Tp End Go 

The sign of A is in A\v at T2.4 because the sign of A is always extended when A is 
recirculated. 

sAw = Anr An Til .l-

+ Anr Aw Tp + 

During phase 0>6 An feeds Dc to shift A left and Dc feeds the adder. C23 feeds the 
second input to the adder. Su controls the carry flip-flop, CZ,if subtraction is 
necessary. 

sDc F~ 03 04 06 An T24 

rDc = F2 03 04 06 An T24 -j-

Xz = .F 2. 03 04 06 Dc + 

Yz = Fl C23 06 Rf + 
sAw = 01 02 ill 04"('fS 0>6 Add + __ _ 
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The B register is shiited.:-~! PO. Since the qU0tient ;,i:.; to enter the least signi:;:ican'~ 
't: osition 0: B is the cc:mplement o:E the sign of A, PO is set e,y A-oN at 24. 

s PO = F 2 03 C 4 06 0 5 A v;.; T 2 I~ 

+ F 2 63 04 06 Bn T Z. 4 TO Tp + 
rp:: = F2 03 OLl: C6 Bn T24 

+ F2 TO 

+ PO T2~ + - - -
s B-;v = F 2 C3 C 4 06 PC + - - -

Dur'ing phase (j):~ the P register is incre~lented and the nex[ inst:::':lction is accessed 
as usual. 
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MEMORY PARITY 

MEMORY PARITY GENERATION 

The memory has a capacity for 2 5-bit words. One of these bits is used for parity. 
The total number of ones in any word in memory, including the parity bit, must be 
even. If a word read out of memory has an odd number of ones, then normally 
the computer will halt and the memory parity indicator on the control panel will be 
lit. Parity is automatically generated on words stored in the memory. 

The C24 flip-flop generates parity on words entering the C register serially. It 
counts ones in the CO flip-flop as the entering bits step through; it counts from 
T22 to Tp. 

sC24 = (T24 T23) CO CZ4 

rC24 = (T24 T23) CO CZ4 + T23 + ® 
.... 

The C24 flip-flop is transferred to MZ4 with the rest of the C register when Mxc 
is actuated. This is at T24 time. Even on the p?-rallel input (PIN) instruction, 
C24 generates parity by shifting the contents of C serially in phase ~4. 

ME:NI0RY PARITY CHECKING 

The Cp flip-flop checks parity on words read from memory. It counts ones as they 
step out of the C register at C23. It is preset by the parity bit from memory_ If, 
after it has counted all the ones, it is left set, it will cause Ht to be set and the 
c ompu te r will halt. 

When the Control switch is in the Idle position and Go and Ht are both reset, which 
is normal, Cp is reset every TZ4 time. It may be set at Tp for one pulse time, if 
the parity bit in memory M24 is set, but Cp will be reset again at T24. 

When the Control switch is moved and Go is set, Cp will be properly preset at the 
s arne time Go is set. 

sCp = M24 Tp Ht Ts + -
rCp = Go Ht TZ 4 + - - -

During any phase that parity is not being checked it will be turned. off at Q1 time. 

rCp = (F1 F2 Ts Wp + 01 Q4 + 02 Q6 + 03 Q6) Ts Ht Q1 

Cp is preset by the memory parity bit and then is complemented by every "one" 
stepping out of the C register at C23 during certain phases. 
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sCp = Cp C23 Ht (T23 - TO) (Fl F2 Ts wp + 01 04 + 02 06 + 03 06) 

rCp = Cp C23 Ht (T23 - TO) (Fl F2 Ts Wp + 01 Q4 + 02 Q6 + 0306) 

The above term gives the phases when parity is checked. If at Tp the Cp flip-flop 
is set, an odd number of ones must have corne from memory. If so, an error is 
indicated and Ht is set to halt the computer, 

sHt = Cp Tp Ts @+ - - -
where (Kp)is from the Parity switch on the control panel and is true in the halt 
position~hen both Cp and Ht are set, they lock each other set. The gate Cp Ht 
controls the parity error light on the control panel. 

When Cp and Ht are set, the Control switch is inoperative because Ht will not reset. 
The computer idles because Go will reset at the completion of the instruction. The 
computer is inoperative until the Parity switch is placed in the continue position 
and the Control switch is returned to Idle. 

rCp = @ Ht + 
rHt = ® ® Go Cp T24 + 

The Cp flip-flop will not trigger when Ht is set until the parity switch is placed in 
Continue. 

Parity is not checked. on certain ins true tions from the memory. 

These are the instructions that use phase 05 (00, 02, 20,40, 46). Other operation 
codes that are not used also cause 05 and they are not parity-checked (04, 06, 22, 
24, 26, 42, 44). The reason is that the C register cannot shift during phase 05. 

Words from the memory delivered to the W or Y Buffer during a time -share interlace 
are not pari ty-checked. Ts inhibits the check. 

When the computer is locked up with a parity error (Cp Ht), an interrupt request 
will not re -s tart the compute r. 

rHt = @ Int Cp + - - -

The first instruction executed when starting or stepping will not be checked because 
this instruction may have been manually generated by the operator, using the control 
panel. This is accomplished by inhibiting Cp when Wp is on. 

sCp = 
rCp = 

( 00 Wp Ts + 
( 00 Wp Ts + 

-) Cp C23 

-) Cp C23 

Wp will always be turned on during the idle phase, 

sWp = (Go + Tsw) Tsy Tsm Tp 

and it will be turned off at Tp time at the end of the first phase (/)0. 

rWp = (Go Tsw + ~) Tsm Tp + - - -
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IMP LEMENTA TION 

The algebraic equations discussed in preceding sections are implemented in the 
computer using diode-transistor logic (DTL). 

The diode -transistor circuits are all silicon and are divided into several module 
types. Each of these modules uses printed circuit techniques on glass epoxy 
boards. The output signal levels for the circuits are: 

one = true output = + 9. 5v to + 6. 5v 

zero = false output = + o. 6v to o. Ov 

The supply voltages to all circuits are +25, +8, Ov, and -25 v. The following 
descriptions are of individual circuit types and do not represent the contents of any 
ac tual module. 

GATES 

AND Gates 

The algebraic expression ABC represents an "AND" expression and is implemented 
by the use of an AND gate composed of diodes and resistors. 

The function of an AND gate is that it will yield a high output (true) only if all of 
its inputs are true. 

Logic Diagram: 

A 

B 
\ 
~I -----"1[> ABC. 
I 

I / 

C--~ .-
l~/ 
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+Z5V 

Schematic Diagram: 

A 

B 1-------+------ ABC 

c ------~~r--------I 

The AND gate operates as follows: If anyone of the inputs is fals e (0 volts), it 
must absorb the full load of Rg and the output point (ABC) will fall to 0 volts (except 
for the forward drop at the diode); when all three inputs are true (approximately 
+ Bv), the output point will be at the potential of the most negative of the inputs. 

OR Gates 

The algebraic expression A + B + C represents an OR expression and is implemented 
through the use of an OR gate composed of diodes and resistors. The OR gate 
shown below generated the logical OR function of several input signals. The input 
signals may be provided by inverters, buffers, or flip -flops. 

Logic Diagram:--D.J 

Schematic Dia.ram: 
+2S-

I 

A 

B ---KI--.......... ---t ~_+--_v._+_L:;::> A + B + C 
+26" 

c.. 
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If anyone of the input terms is true (+8v), its output point, VI, V'l, or V3, will 
be at + 8 and will hold the output V4 true, and the other two OR diodes will be 
back-biased unless a similar condition exists. 

AND-OR Gate 

AND-OR expressions such as AB + C can be implemented in the following manner: 

Logic Diagram: 

A 
8 

c 
Schematic Diagram: 

A 

B 

A8+ C 

ABt C 

This circuit operates essentially the same as the previously described OR gate 
with additional diodes on the input to form AND gates. Or it can be said that all 
OR gates must be fed from AND gates, though they may have a single term, as in 
the previous case. 

An OR gate can be formed by connecting one input terminal of each of several AND 
gates. The resulting OR output must be connected to the input terminal of an 
Inverter, Buffer, or a flip-flop. 
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AND-OR-AND Gate 

An algebraic AND-OR-AND expression, such as (AB + C) DE, can be implemented 
in the following manner: 

Logic Diagram: 

A 

B 

__ --;1 

! 

c -----. 

Schematic Diagram: 
+Z5 

DE 

(~means no resistor) 

Note that if D or E goes false they will absorb the current load of both Rg resistors 
and the output will be fals e as well as points V 1 and V2. 

INVER TERS, BUFFER AMPLIFIERS, AND FLIP-FLOPS 

Inverters 

An inverter circuit generates the inverse of the output of any gate. The input 
circuit has a Zener diode to provide a stable input threshold of approximately + 3 
volts. This reduces noise problems as it essentially provides noise rejection. This 
Zener also clamps input signals to approximately + 3 to + 6 volts through the base 
~lni tter junction of the transistor. 
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Logic Diagram: 

A ------------1 ~__._-----c A 
~---Ao 

+8 
Schematic Diagram: 

A 

I---------"T----, A 

L---,~ 7 

To invert a single input signal an- AND gate or an AND -OR gate coupling circuit is 
used with an inverter and must be fed from isolated circuits .. The A O 

output uses 
a high los s magnetic element to reduce ringing on long connecting lines. 

+zs-

A ----1(}-
l 

_ L-- • 

+2:;-

I 

A 
f 

- --1<}-- -L------.__ r-C~:B-- _.-
-f>l----

-,A 

Buffe r Amplifie rs 

A buffer amplifier generates a buffered signal from the output of any gate. The 
input circuit has a Zener diode to provide a stable input threshold of approximately 
+ 3 volts. The rule s for coupling to the input are the s arne as thos e for the inve rte r. 

Logic Diagrarn: 

A ------~I__>_ 
L -----

A 

L-·--·--~ A" -----, - _.J - ------
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Flip-Flops 

Schematic Diagram: 
+8 

A --~ I---r----+--c I 

~--.-----

- z:;-

Two basic types of flip-flops are used. The first is a standard, set-reset flip- flop 
shown below. All flip-flops are clocked on input and clock is always transformer­
coupled. The clock signal is approximately 100 nanoseconds wide (positive signal) 
and the flip -flop will trigger on the trailing edge. 

Reset __ ----.oI.B 

Set 

The B
O 

and 130 
outputs use special high loss tnagnetic eletnents to reduce line 

ringing and are used for outputs where the wire length is considerable. 

The (B) output is used for additional source power and can be coupled directly to 
B or to a separate load resistor and used independently. 

The second type of flip-flop is the repeater. This flip-flop cannot set or reset if the 
"hold" input is false. If the hold input is true the flip-flop will reset if there is no 
true input present on the set side. This flip-flop has similar outputs to the Rs -type 
but also has a DC set input and a special input from the dynatnic register card. 
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Set In 

Register In 

Clock 

DC Set 

~-----o(B) 

aO 
---_ I 

.-----1 ~----ooB 

Hold (Enable; 

REPEA TER FLIP-FLOP 
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CONDENSED COMPUTER LOGIC EQUATIONS 

A REGISTER 

sAw = Anr An Tp 

(65 ) + Anr Aw Tp 

( 76) + An r 0 1 02 0 3 04 C 2 3 0 5 

(16,17) + Anr Of 04 05 An C23 

(16,17) + Anr or 04 05 An C23 

(16, 14) + Anr Of 04 06 An C23 
- -

(64,66) + Anr Rf 01 F 1 Ar TO Tp 

( 66) + Anr Rf 01 05 ToSTAw 

(66) + Anr Rf 01 05 TO S 1 Bn 

(46) + 020304 Ts Bn C 10 

+ Anr Ex C23 

(54,55) + 0 1 02 03 04 (/)6 Add 

(64,65) + Ts 03 04 05 (/)6 Add 

( 64) + Rf 0 1 (/)0 aT Aw (TO + Tp) 

(67) + (/)3 06 Dc 

sAn = Ar DC C23 T24 (/)6 Rf 01 

+ Ar Dc C23 T24 (/)6 Rf 01 

An enable = Ag = Rf + aT + T24 + Ts 

Anr 

(14-17, 
54- 57) 

(76,74) 

( 46) 

(64,66) 

(65,67) 

= 

+ 02 03 04 (/)6 

+ 01 02 03 04 Ob(/)6 

+ OT~) Ts 04 

+ Ex 8 
+ Ex Dc Su 

+ Rf 01 Ts T24 

+F2030406Ts 
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B REGISTER 

sBw = 

+ Bnr Bn 

(75,74) + Bnr 03 C23 

( 46) + 0203 04 Ts An CII 

+ Bnr Ex C23 

(64, 66) + Bnr Rf 0 I Br TO 

(64,66) + 0 I Rf T24 Ts TO An 

(65,67) + F2 0304 06 Ts PO 

sBn = Br 

Bn enable = Ag= Rf + OT + T24 + Ts 

Bnr 

(75,74) 

( 46) 

(65,67) 

= 

+ 01 02 03 04 05 (/)6 

+02 0304 Ts 

+ Ex Dc Su 

+ Ex @ 
+ Hi 0 1 Ts TZ 4 

+ F2 03 04 06 Ts 
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C REGISTER 

sCO 

( 30) 

(37) 

( 32) 

( 33) 

(35) 

(36) 

(60,61 ) 

(60~ 61) 

(01,41,43) 

(01,41,43) 

(64,65) 

= 
+ Q4 OT 04 05 @ 
+ <:b4 OT 04 05 06 Xn 

+ <:b401 ()'4" 05 06Wn 

+ ~4 OT 04 06 C 23 

+ <:b4 or 04 05 An 

+ Q4 or 04 06Bn 

+ <:b4 0 1 C 2 3 C z 

+ <:b4 0 1 C 2 3 C z 

+ <:b0 ra 02 03 P 14 Q2 

+ <:b0 ~02 03 Of TO 

+ PO <:b0 Q2 P 14 

+ PO ~O Of TO 

+ PO <:b0 T9 

+ 03 04 05 <:b6 CO Tp T s 

+ Ex Dc Su An 

+ Ex Dc Su Bn 

+ Ex Dc Su Xn 

+ Ex 

+ Ex 

+ Ex 

+ PO ~O <:b0 Ii 02 03 0 1 Add Q2 

+ Cxm MO 

+ Cxi CdO 

+ Ts Wn Wp Tp 

+ Ts @ Wp Tp 
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C REGISTER (continued) 

sC 1 = Cs CO 

+ Cxm Ml 

+ Cxi Cdl 
similarly C2 - C23 

+@ 
Also sC4, sC 5, sC 7, sC22 with @) 

C register enable = Cg 

Cg 

Shift C 

Cs 

(~4, ~6) 

(~O, ~l) 

= 

+ Cs 

-+ Cxm 

+ Cxi Ql 

+ @Ht 

= Tp T24 Ex 

+ Tp T24 F 1 F3 

+ Tp T24 F 1 F2 

+ Ts Tp T24 

+ @Tp T24 

+ ~ Tp T24 

Transfe r Memory to s:: 

Cxm' = 

CXll, 

-t PO ~O 1a 02 03 0 1 ~O 

+ Tsm Wp W9 

-+- Tsm Wp @ 
T End Go 

+ Ht Int Su Dc Ts C;= 
CX1L I 1 F 
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Transfer Inputs to C 

Cxi = (j)2 06 02 

Parity Generation 

sC24 

rC24 

Parity Check 

sCp 

rCp 

= T24 T23 CO C24 

= T23 

+ T24 T23 CO C24 

+@ 

= M24 Tp Ht TS 

+ Cp @23 Ht Tp T24 (F 1 F2 fSwp + 01 (j)4 + 02 (j)6 + 03 (j)6lJ 

Parity error light = Cp Ht 

Halt light = Cp Ht 
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Carry 

sCz 

(54) 

(60" 61) 

(64) 

( 64) 

rCz 

= 

+XzYzCZFIQ2 

+ (/>6 T24 Db Rf 

+ T24 (/>4 01 

+ F 1 T 24 Tp Su Xz Y z C z 

+ F 1 T 24 Tp Y z Xz Su 

+ Rf 01 (/>6 T24 Dc C23 Su Ar 

+ Rf 01 (/>6 T24 Dc C23 Su Ar 

= 
+ (/>0 Ix 

+ F 1 Xz Yz Cz 

+ T24 Xz Yz Su 

+ Fl Xz YZSu T24 

+ Tp 

Shifts A left - Delays C in ~1US 

sDc 

rDc 

(65, 67) 

(65, 67) 

= Rf 0 1 (/>0 T 2 3 B r Bn 

+ Rf 0 1 (/>0 T 2 3 Br Bn 

+ F2 Ts 03 04 06 An TI4 Tp 

+ 03 04 06 Tp Bw T s F 1 

+ Ex TO Dc @ 
+ Ex TO Dc ® 

= 
+ F2 Ts 0304 06 An T24 Tp 

+ F2 Ts 03 04 06 Tp Dw 

+ Tp End Go 

+ Ex TO Dc 

-L ~ , 'C:) 
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Enable 

sEn 

rEn 

End 

End 

((/)5, 

((/),S, 

(() 1 \ 

(/)7~ 

(/)7) 

Earn Signals 

Earn 

= Earn C 10 GIl C22 TO 

= Earn C 10 C"TI C21 

+® 

= 
+ F 1 F3 Ts 

+ F 1 F2 Ts 

+ (/)0 ra 02 03 01 Ts 

= (/)5 or 05 

System Communications 

(Sys) = (/)5 OI 05 C9 CIO Cli 01 

Input/ Output Control 

lac = (/)5 or 05 C 10 C 11 Q 1 

Buffer Control 

Buc = (/)5 6T 05 C 10 C 11 
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Exchange C and A, D 
.L) or X 

sEx = Ts T2.4 Go Ht Dc 

+ Ts T24 Go Ht Dc 

+ Ts T24 Go Ht Dc 
--

+ Ts T24 Go Ht Su 
--

~ + Ts Tl-4 Go Ht Su 
--

+ Ts T24 Go Ht S1.1 

+ Ts T24 Go Ht Dc «b, 
--

~" + Ts T24 Go lit Su 
- -- c0 + Ts TL4 Go Ht Dc 
--

Dc ~ + Ts T24 Go 1ft 
--

+ Ts T2,4 Go Ht Su 
- -

Su @ + Ts T24 Go 1ft 

rEx - F 1 TO 

,Phase Flip-Flops 

sFl = Tp Ts (Sk + PO + <1>4) 
(60, 61, 64, 
65, 50-55, 
70 - 75, 
41,43) 

(14-17, 
34 - 37, 
76, 77) 

rFl 

+ Tp Ia (/)0 0 1 04 

+ Tp ra <1>0 0 1 65 

+ Tp 'ra <1>0 03 04 

+ T24 Go ra <1>0 C5 C8 C2 (C3 + C4) 

+ (T24 Go) 

+ Tp Ts ITo 3 04 raFT FT Rf 

- Tp End Sk 
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Phase Flip -Flops (continued) 

sF2 

(41,43) 

(1-,3-, 
5-,7-) 

(64,65) 

rF2. 

sF3 

(66,67) 

rF3 

Phases 

= 
+ Tp Ts (Sk + PO + ~4) 

+ Tp ya ~O 0 1 02 

+ Tp ra ~O 03 

+ ~1 Tp 

+ Ts 0304 05 Tp ~O Ia 

= Tp End Sk 

+ (/)6 or 02 03 

= 

+ Tp Ts (Sk + PO + ~4) 

+ T24 Go ra ~O C5 C8 C2 (C3 + C4) 

+ TZ4 Go 

+ T 9 05 fa (/)0 0 Z 03 04 Ts 

= 

+ Tp End Sk 

~o = F 1 TI F"3 Ts 

~ 1 = F 1 F 2, F 3 Ts 

~Z = F 1 F2 F3 Ts 

(/)3 = Fl FZ F3 Ts 

~4 = F 1 F2 F 3 Ts 

(/)5 = F 1 F2 F 3 Ts 

~6 = F 1 F2 F.3 Ts 

(/)7 = F 1 F2 F 3 TS 
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Control Flip-Flops 

sGo 

rGo 

sHt 

(external 
halt) 

(OO) 

rHt 

= Dc Su Ts Tp Ht ( @ + @@) Mg 

= Tp End Sk Go Ht 

+@ 

= 

+ Ts ® TO Int 

+ (/)5 TO OT ITT 05 Int 

+ @ Go TO End 

+ Cp Tp ® Ts 

+@ 

= IRs@"coCPT24 
+ Kg Int Cp 

+ Kf Wp 

Indirect Addressing 

sIa 

{(/)4, (/)6) 

( 67) 

rIa 

(41,51) 

("ijO) 

= 

+ (/)0 Ia T24 Go "C"2 C9 

+ T24 (/)7 Sk 

+ T24 FI F3@ 

+ T24 Go (/)0 Ii 'C2 C5"C8 (C"J + C4) 

+ F 1 F J Ts Aw Tp 

= 

+ T24 C9 (/)0 Ia Go 

+ C 23 (/)6 0 I OZ 04 0;- 06 TZ4 

+ TO FI 

+ (/)3 T24 

+ P 14 F 1 (/)6 01 O! 04 0; 06 TI4 
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Index Flip -Flop 

sIx 

rIx 

(66,67) 

Interrupt 

sInt 

rInt 

Ir 

Is 

= 
+ (/)0 T24 Go Cl 

+ T24 (/>3 

= 

+ (/)3 T24 Xn 

+ (/>0 ra 02 Ts 03 04 05 QI 

+ Tp 

= End TIO Ir (En + @) Earn + End TIO Is 

= @ + TID FI Int 

=@ 

Indirect Transfer Gate for External Use on Priority Interrupt 

Ib = (/)0 Ia or 02 03 06 (T22 - TI7) 

+ @(T22 - TI7) 

+ Ij Ts FI (T22 - TI7) 

Interrupt Subroutine Entry 

Ie = In t F 1 ( T 22 - T 1 7) 

Address Lines to Mernory 

LI4 

= SI TSlll + 8 TSlll Wp ~ TSlll Wp 

= S2 TSm + 0 TSlll Wp + 8 TSlll Wi> 

= S 14 Tsrn + 0 Tsrn Wp +(!v23) Tsrn Wp 
~ 

Also provide L3 through LT3 
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Clear M 

Me 

(43) 

Transfer C to M 

Mxe 

Memory Pu Ise 

sMg 

rMg 

Read Timing 

Mrt 

Write Tim ing 

Mwt 

Dig it Timing 

Mdt 

Rw 

Wr 

= 

+ Tp PO 

+ Tp ¢4 

+ T p 02 03 ¢O i;" 05 

+ T p Tsm Wp W9 T s 

+ Tp Tsm Wp Y9 Ts 
- --

+ Q1 Q2 Q3 Q4 Q5 (F1 + F3 + Ts) (Tsm + Ts) 

= T24 PO 

= Me Q1 ® St 

= Q 1 Q2 Q3 Q4 Mg 

= Mg Q2 (Q3 + Q4) 

c_: Mg Q2 (Mdt Q1 + Q3 Q5) 

Mg Q2 (Q3 + Q4) 

- Mg Q2 

= All,... (")') {AII,.J+ ~ rll \ 
'.'~ _"" \,y,,,,,. ' - I I 
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Memory Strobe 

Ms = Mg (T5 - TO) Q4 OSQI 

Memory Register Logie (25 flip-flops) 

sMO 

rMO 

sMI 

rMI 

sM24 

= Mxe CO 

+ Ms MdO 

= Me 

= Mxe C I 

+ Ms Mdl 

= Me 

= Mxe C24 

+ Ms Md24 

rM24 = Me 

o REGISTER 

Clear 0 

Oe 

(23) 

= Tp End 

+ ~7 
+ OT 03 05 Tp ra 
+ St 

Transfer C to 0 

Oxe 

sOl 

rOI 

( 41) 

= ~O Go T24 ra C"2 

= Oxe C3 

= Oe 

+ 01 050203~OraXw Me 01 
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o REGISTER (continued) 

s02 = Oc 

r02 = Oxe C4 

s03 = Oxe C5 

r03 = Oe 

s04 = Oxe C6 

r04 = Oc 

s05 = Oxe C7 

r05 = Oe 

s06 = Oxe C8 

r06 = Oe 

Ove rflow Flip -Flop 

sOf 

(54,55) 

(54,55) 

(67) 
1/ ..." 
\ 0 ( } 

(64) 

( 51) 

( 61) 

rOf 

( 40) 

( 64) 

= 

+ 0 1 02 03 04 (/>6 TO Xz Yz Cz 

+ 0102 03 04 (/>6 TO Xz Yz cz 
+ (/>3 06 ST TO An Dc 

+ (/)3 06 S 1 TO An Dc 

+ Rf 01 (/>6 TO Cz C23 Ar Su Dc PO 

+ (/>6 0102640506 03 CO T24 

+(/>401 TOYzCz 

= 

+ (/>5 01 04 TO C 10 cr 1 C23 

+@ 
+ Earn C 10 C 11 C23 

+ Rf 0 1 (/>6 T 24 

+ PO (/>0 Of TO 
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Program Operator 

sPO 

(64) 

(64) 

(65,67) 

( 67) 

( 65) 

rPO 

(65,67) 

= (/)0 Ia T24 Go C2 

+ Me Tp 

+ Rf 01 (/)6 T24 Br Su 

+ Rf 01 (/)6 T24 Br Su 

+ F2 Ts 03 04 06 Bn T24 TO Tp 

+ F2 Ts 03 04 06 05 Ia S 1 T24 

+ F2 Ts 03 04 06 05 Aw T24 

= 
+@ 
+ PO T24 

+ F2 TO 

+ F2 Ts 03 04 06 Bn T24 

P Register enable = Pg 

Pg = Q2 Ts Go F 1 

(01,41,43) 

sP1 

(01,41,43) 

(41,51) 

(41,51) 

I 
T Q2 Ts Go PO (/)0 

Q2 Ts Go (/)0 Ia 02 OJ 

= PO (/)0 Q 1 02 C 8 

+ (/)0 ra 02 03 Add 

+ (/)60102040506 C23 raTs 

+ (/)6 01 02 04 05 06 C23 Ia 

+ ra P 14 F 1 (/)6 0 1 02 04 05 06 Go 

+ Ia P14 F1 (/)6 0102 0405 06 

sP2 = PI 

sP3 = P2 
I 
I 
I 
I 
I 

sP14 = P13 
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PIN, POT 

Pin 

Pot 1 

Pot 2 

= Cxi 01 

= F 1 F2 F3 Ts 02 06 

= (/J2 06 02 01 

Computer to computer 

<1>4 Oi 04 06 = Rti 

Pulse Counter 

sQ1 = Q3 Q5 Q6 

rQ1 = Q3 Q405 

sQ2 = 01 Q5 Q6 

rQ2 = Q1 Q4 Q5 

sQ3 = Q3 Q4 Q5 Q6 + TO 

rQ3 = Q3 Q4 Q5 Q6 

sQ4 = 04 Q 5 Q6 (Q 1 + Q3) 

rQ4 = Q4 Q5 56 

sQ5 = Q5 Q6 

rQ5 = Q5 Q6 (Q1 + Q3) 

sQ6 = Q6 

rQ6 = Q6 
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Pulse Timing 

(T9) = Q 1 Q2 Q3 04 05 

(TO) = 01 02 03 05 

(Tp) = Q1 02 Q3 05 

(T24) = 01 02 03 Q5 

(T23) = Q1 02 04 Q5 

(T22-T17) = Ql 02 T23 

(Tp T24) = Q1 + 02 + 03 

(T21 + T22) = Ql Q2 Q3 Q5 

(T 10) = Ql Q2 Q4 Q5 

(T5 - TO) = Q2 Q3 

T22 = (T 2 1 - T 22) 04 

T2 = (T 5 - TO) Q 1 04 Q5 

Ready Flip -Flop 

sRi 

(12,32) 

(10,30) 

(13,33) 

( 64) 

( 66) 

(64) 

rRf 

Clear S 

Sc 

= 

+ C2 C5 C6 C7 C8 C9<1>0 Go T24 ra 
+ <1>3 Q1) T24 

+ 03 04 05 06 C9 <1>0 T24 Go Ts 

= 
+ Tp <1>3 

+ Tp End Sk fS 

=EndTIO 

+ (/>0 T 10 
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Transfer C to S 

Sxc = T9 (/>0 PO (Ia + 03 + 02 + (}O) 

Transfe r P to S 

Sxp = T9 End Int 

+ 02 Bra (/>0 T9 Int 

Interrupt N to S 

Sxn 

S REGISTER 

sS 1 

rS 1 

sS2 

rS2 

sS3 

rS3 

sS4 

rS4 

= T9 Int Ts 

= 
+ CO Sxc 

+ PI Sxp 

= Sc 

= 
+ C 1 Sxc 

+ P2 Sxp 

= 
-1- Sc 

= 
+ C2 Sxc 

+ P3 Sxp 

= Sc 

= C 3 Sxc 

+ P4 Sxp 

= Sc 
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S REGISTER (continued) 

sS5 

rS5 

sS6 

rS6 

sS7 

rS7 

sS8 

rS8 

sS9 

rS9 

= N5 Sxn 

+ C4 Sxc 

+ P5 Sxp 

= Sc 

= N6 Sxn 

+ C 5 Sxc 

+ P6 Sxp 

= Sc 

= N7 Sxn 

+ C6 Sxc 

+ P7 Sxp 

= 

+ Sc 

= N8 Sxn 

+ C 7 Sxc 

+ P8 Sxp 

= Sc 

= 

+ C8 Sxc 

+ P9 Sxp 

+ N9 Sxn 

= 

+ Sc 
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S REGISTER (continued) 

sS10 

rSl0 

sS 11 

rS 11 

s512 

r512 

s513 

r513 

= 

+ C9 Sxc 

+ P 10 Sxp 

+ NI0 Sxn 

+ (j)3 T24 S 10 SIT S 12 S 13 Sl4 

= 

+ Sc 

+ (j)3 T24 S10 STTS12 S13 S14 

= 

+CI0Sxc 

+ P 11 Sxp 

+ N 11 Sxn 

+ (/)3 T24 STTs 12 S 13 S 14 

= 

+ Sc 

+ (j) 3 T 24 S 1 I' S 12 S 13 S 14 

= 
+ C 11 5xc 

+ P 12 Sxp 

+ N 12 Sxn 

+ (/)3 TZ4 STz 513 ST4 

= 

+ 5c 

+ (j)3 TZ4 512 ST3 S14 

= 
+ C 12 5xc 

+ P 13 5xp 

+ N 13 Sxn 

+ (j) 3 T Z 4 S 13 Sl4 

= 
+ Sc 

+ (j)3 T24 S 13 S 14 
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S REGISTER (continued) 

sS14 

rS 14 

= NI4 Sxn 

+ C 13 Sxc 

+ P 14 Sxp 

+ (/>3 T24 S 14 

= 

+ Sc 

+ (/>3 T24 S 14 

SCOPE SIGNALS 

An 

Bn 

C23 

Xn 

Ecw 

Ts 

(/>0 

Tp End Sk Go MO 

TO 

Gnd 
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Red 

Yellow 

White 

Natural 

Black 

Yellow- 1-_ i '. -, 

orange{N Th' , 1 'd ote: IS sIgna proVI es a scope 
Red.~ "sync" on any instruction executed 

B which has a "I" in bit position zero. rown 

Black 



Skip Flip -Flop 

sSk 

(70,72) 

(73) 

(73) 

(53 ) 

( 40) 

(66, 67) 

(67) 

( 67) 

( 41) 

rSk 

(72) 

(73) 

(73) 

( 70) 

( 70) 

= 

+ 01 03 04 (/)6 6'"6 T24 

+ 01 03 04 (/)6 05 06 02 Tp T24 TO An C23 

+ 01 03 04 (/)6) 05 06 TO C23 An 

+ 01 03 04 (/)6 05 06 TO C23 02 
+ C15 0 1 04 TO Sks 

+ Fl F3 Ts 59 STo S11 S12 513 514 

+ Fl F3Ts 06 52 TO Aw An 

+ Fl F 3 Ts 06 52. TO Aw An 

+ 0 1 05 02 03 (/)0 ra Tp T 24 TO Xn 

= 

+ 01 03 04 (/)6 05 Db Tp T24 C23 An 

+ 01 03 04 (/)6 05 06 An C23 Tp T24 TO 

+ 010304 (/)6 05 06 An C23 TO . 

+ (/)0 TO 

+ (/)7 

+ (/)6 01 03 04 05 (Tp T24) Bn An C23 

+ (/)6 0103 0405 (Tp T24) Bn An C23 

+@ 
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SKS 

Skip if: 

Sks 

Sio 

Sse 

= C 10 C 11 C 13 CY9 TID YIT TIZ YTI Yf4) 

+ C 10 C 11 C 14 W9 W 10 W 11 W IZ W 13 W 14 

+ C 10 C 11 C 15 @J) 
+ CIO CII CI6cRID 

+ C 10 C 1 1 C 1 7 Ci<b D 
+ C 10 C 11 C 18 Ci<~D 
+ CIO CII CI9@ 

+CIOCIIC20We 

+ C 10 C 1 1 C 2 I (En + @ ) 
+CIOCIICZ2En 

+ C 10 C 11 C 2 3 Of 

+ C 10 C 11 Sio 

+CIOCIISse 

= Inverter fed externally 

= Inverter fed externally 
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Su (Used in Exchange, Mup and Div Step) 

sSu 

( 64) 

(65 ) 

( 65) 

rSu 

= 

+ Rf 0 1 (/)0 B r (T 22 + T 2 1) Q4 

+ F2 03 04 06 Ts T24 CO Aw 

+ F2 0304 06 Ts T24 CO Aw 

+ Ex TO Su @ 
+ Ex TO Su ® 
= Tp End Go 

+ Ex TO Su 

+@ 

Buffe r Select Flip -Flop 

sWp 

rWp 

= (Go + Tsw) Tsy Tsm Tp 

= (Go Tsw + 8 ) Tsm Tp + ® 
Time -Share Flip -Flop 

sTs 

rTs 

= (Tsw + 9 ) Tp 

= Tsw Tsy Tp Tsm ® 
Time-Share Memory 

sTsm = Ts TlO Tsm 

rTsm = Ts + TIO Tsm 

01 03 04 06 F 1 F3 Ts 05 to W buffer 

Of 03 04 06 F 1 F3 Ts 65 to Y buffer 
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X REGISTER 

sXw 

(7 1) 

( 41) 

( 41) 

(67) 

(67) 

(77) 

Xnr 

( 71) 

( 41) 

(67) 

( 77) 

Adder 

Xz 

(54-57) 

( 64) 

( 65) 

Yz 

(+, -, ) 

( 64) 

( 64) 

Add 

= 
+ Xnr Xn 

+ Xnr 01 03 04 0>6 C23 

+ 01 05 02 03 0>01a Xn Sk 

+ 01 05 02 OJ 0>01a Xn Sk 

+ Xnr 0>3 Ix Xn 

+ Xnr (/>3 IxXn 

+ Xnr Ex C23 

+ Xnr 0102 03 04 Add 

+ @ T21 T22 

= 

+ 01 03 04 (/>6 02 6506 

+ (/>0 ra 02 0 3 0 1 05 
+ (/>3 06 S2 

+ Ex Dc Su 

+EX@ 
+ 0 1 02 0 3 04 0 5 0 6 ra (/>0 Q2 

-L fv?\K+ ( T) 1 ~ 'T' ') ') \ 10' ...... I .I. .......... , 

=: Xn [X F 1 F 3 T s 

+ An F 1 03 

+ A r Rf 0 1 (/) 6 

+ Dc F2 Ts Cf5 04 06 

= 

+ C23 F1 n TS 

-:- F 1 C23 06 Rf 

+ F 1 C23 Ob Rf 

+ (/)6 Rf 01 Dc C22 

+ OJ 6 Rf OlD c C 2 3 PO 

= Xz Y z C z + Xz Y z C z + Xz Y z C z + Xz Y z C z 
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Priority Interrupt 

sIs 1 

rls 1 

sIp 1 

rip 1 

sIs2 

rls2 

sIp2 

rIp2 

(T22 - T17) ® 
Ip1 lli + St [de] 
Is 1 Ie 

Ip 1 .lli. -+- St [de] 
(T22 - T17) ® 
I p 1 I p2 & + St [d e ] 

Is 1 Is2 Ie 

1Pi lp2 1£ t- St [de] 
is 1 Ip 1 

t Is 1 Is2 Ip2 

t is 1 ;52 :::;3 :p3 + - - -
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SECTION II 

W BUFFER AND INPUT/OUTPUT OPERATIONS 



INTRODUC TION 

This section describes the theory of operation of the W Buffer and Input/Output 
Equipment. It is intended for engineering, maintenance and training use. For 
proper use of this document, the reader should be familiar with the SDS Re­
ference Manual for this computer. 

The operation of the optional Y Buffer is almost identical to that of the W Buffer. 

2. 1 



GENERAL OPERATION 

The Input/Output or W Buffer contains a full-word register, a six-bit character register, six-bit 
unit address register and the associated contro! circuitry needed to transfer full words to and from 
memory. The W Buffer communicates directly with external devices using a 6-bit character. 
Parity detection and gen,eration is automatically performed in the buffer, but is not part of the 
computer word. 

Input and o..Jtput operations using the buffer are basically performed in the following manner. An 
EOM instruction sets the input or output address to designate the particula- I/O device, input or 
output status, and the character count (number of cha"a:ters per word). WIM and MIW instructions 
are then used to transfer information between '11emory (via the C register) and the Wo;"d Assembly 
Register (WAR). Vvhen the WAR has been filled 0.' input (or emptied on output), an interrupt can 
occur to ca'Jse the computer to unlo.:td (WIM) or fill (MIW) the WAR unless the interrupt has been 
disabled; in case the interrupt has been disabled, the WIM O( MIW instruction wi II be executed 
prior to need a,d he Id unti I the buffer is ready for executio;l. 

When an EOMOXXXX instruction to sta;-t an input or output process is executed, the buffer unit 
ado::lress register and character counter is set up from the C register. The registers are first cleared 
by Wc, 

W c Bu c C 17 (T 2 2 - T 1 7) + - - -
Buc 0501 05 Cl0 Cl1 

and then s~t from thp. C'~gister by Ws, 

Ws :::: Buc CT7 (T5 - TO) 

where LT7 designates the W Buffer. 

sW14 Ws C23 
rW14 Wc 

J 
I Un i t address code 
I 

sW10 Ws C19 
rW10 Wc 

sW9 Ws C18 

I 
W9 = 1 fo,- Output 

rW9 Wc W9 ::.- 0 for Input 

sW8 Ws C16 + - - -
rW8 Wc (T22- T 17) + - - -

Character 

sW7 Ws C 15 + - - -
count 

rW7 Wc (T22- T17) + - - -

2.3 

W7 W8 Cha'-a:ter/wo:-d 
1 4 

1 0 3 
0 1 2 
0 0 



Refer to Drawing 19. 

At the end of the start EOMOXXXX instruction, W4 is set on for two pulse times to 
gate the storing of the character count into the WAR. 

sW4=WsTO 

rW4=W4T24+ 

+ - - -

sWw = W4 Tp W8 + W4 T24 W7 

+ - - - + (Tp + T24) W4 Wn + W4 WX Wn 

~his allows W8 and Vv? to act as a character counter during input or output and be 

reloaded from the WAR each time that a completed input word is ctored from the ,VAR, 
or a new output word is loaded into the \VAR by a Wx signal. 

s W 8 - - + W x T 24 W v' + - - -

sW7 = + Wx T 24 W 4 Wn + - --

Both for shifting an input character from the single character regi:~ter into the WAR, 
and for shifting an output character from the 'WAR into the SCR, W4 i'e set for :'123- TO) 
of one machine cycle to gate a one-character precession in the VVAR, by causing the 
data in the WAR to recirculate through the SCR. 

sRI = W4 Wn Wx TpT24 + 

rRI = W4 Wn Wx + -

sR2 = W4 RI + -
rRl = W4 RI + -

I 
I 
I 

I 

sR6 = W'4 R5 + -
rR6 = W4 R5 + -

sWw = W4 R6 + - - -+ W4 Wn Wx 

Wf is set when a WIM or MIW instruction is executed. Wf then allows precessions of 
the WAR unti i the character COllnter\N? \'8, indic-ate' that the: ast character 
is being precessed an-:i Wf is reset. 

The signaling to the computer for a WIM or MIW instruction is conditioned by Wf 
( - - - - ), indic ating that the WAR ic: fu i I ,)r empty. 

sWf = Wx (T5 - TO) W4 

rWf = W8 W7 W4 (T22 - T17) 

The character count at T24 and Tp in Wn is not altered by this precession. At the 
end of each precession of the WAR, the character count in \V8 and '1'17 is 
dec remented until W 8 W 7 = 00. 
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sW8 = + W7 W8 W4 TO + - - -

rW8 - - - - - + W8 W4 TO 

r W7 - - - + d/ W8 W 4 TO 

The setting of W4 is interlocked with W6 ane vV5 to cause a precession of the WAR after each 
input or output clock signal, Ecw o The setti:-;S; of W4 is also interlocked with Wf to prevent a 
precession when the WAR is full on input or empty on output. The clock Ecw is detected by 
W6 as followso 

sW6 \N5 Ecw (T22 - T17) 

rW6 W5 TO + Wc 

The precess condition is then detected by W5 0 

s W5 W5 W6 Ecw TO + - - -

rW5 W4 TO + Wc 

The actual precessing is then controlled by Vv4. 

sW4 

rW4 

+ W5 Wf T24 + - - -

+ W4 TO 

Wh and WO provide an interlock on interrupt signaling in connection with the stopping of an 
input or output process, as will be indicated later. 

The foregoing discussion applies to both input and output processes) Particular features of the 
input and output processes are discussed separately in the following material. 

I NPUT PROCESS (W9) 

,AJter an EOf\AOXXXX instruction starts an input process, Wf is set to prepare the W Buffer to 
precess the first input character into the WAR. 

sWf = - - - + Wc Wh 

The So C. Ro is cleared between input clock signals by W9 W6 W5 W4 and the input character 
signals Zwl, Zw2 •••• Zw6 and Zwp, are gated into the character buffer during input 
clock signals by W9 W6 W5. 

sRl + v::1; W6 W5 Zwl 
rRl + W9 W6 v:i5 W4 + - - -

I 
I 
I 

sR6 + W9 W6 W5 Zw6 
rR6 + 'N9 W6 VI5 V/4 + ~ ~ ~ 

sRp W9 W6 W5 Zwp + - - -
rRp W9 W6 W5 W4 + - - -
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Start Sig. 

Clock Sig. 

Clock Detect. 

Precess Detect. 

Precess W 

Clear "RillS 
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The Input Timing Chart indicates the basic flow of the input process. The execution of the first 
WIM instruction is shown occurring late to illustrate how the S. Co R. accepts and holds one more 
character after the WAR is full. When a WIM instruction is executed late, the Error Detector 
flip-flop is set and, if desired, this condition can be tested by an S KS instruction~ The Error 
Detector fl ip-flop (We) is reset by each EOMOXXXX instruction. 

sWe WO W6 W5 Ecw Tp + - - -

rWe = Wc Wh 

The Error Detector flip-flop is also set if an input character has an even parity. 

The Rp flip-flop is used to check the character parity as each character is shifted into the WAR. 

sRp 

rRp 

+ W9 W4 Rp Ww (T22 - T17) + - - -

+W9 W4 Rp Ww (T22 - T17) +- --

s We = - - - + W9 W4 Rp (T 5 - TO) + - - -

Each time a WIM instruction is executed, the C and Word Assy registers are interchanged. 

seo 04 01 04 05 06 Wn 

Wx (0103040506 Fl F3) Ts +- --

sWw W4 R6 + (T24 Tp) W4 Wx C23 + - - - + W4 Wn Wx 

sRl W4 Wn Wx + - - -

r~l 
I 
I 
I 

sR6 

rR6 

W4 Wn Wx + - - -, 
I 
I 

Vv4 R5 + - - -

W4 R5 + - - -

Synchronizing W6 and W5 with TO and T22- T17 allows the input clock to be ambiguous for one 
machine cycle both while going true and while going false. The input clock must be unambiguously 
true for almost one machine cycle and unambiguously false for at least one machine cycle 
(f max = 62.5 Kc). Refer to Figure 21. The input character signals must rise while the clock 
signal is up and fall before the rise of the next clock signal. 

A photo-reader input process is terminated by detecting tape gap following the block of input 
data o Since the photo-reader must be able to read tape leader unti I the start of a block, the' WO 
flip-flop inhibits the sprocket clock signals LJntil it is set by the first or second cha~actero 

sWO W9 W6 W8 + - - -

rWO Wc + - - -

The input clock signal is derived from the tape characters, and after WO is set, by the sprocket 

signal. s1l 
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Ecw = (ZwI + Zw2 + Zw3 + Zw4 + Zw5 + Zw6 + Zwp + WO) Sp Re 

ZwI = (Ch 6 amplifier) Re 
Zw2 = (Ch 5 amplifier) Re 

I I 

I I I 

Zwp = (Ch 7 amplifier) Re 

The first, all-zeros character gated into theS.C.R. is detected by the 
halt detec tor, Wh, at the s arne time that W 4 is set. 

sWh = W9 WTo WII WI2"'WTI (RI RZ" lIT"R4 R5 RbRp) W5 T24 

+ - - -
rWh = Wc 

sW4 -+W5WfT24 

rW4 = - - - + W4 TO 

With Wh set, parity errors are no longer used to set We. 

s W e = - - - + W 9 W 4 Rp (T 5 - TO) Wh + - - -

W4 is set for successive cycles until the character counter reads 00 when Wf is 
reset, and the W Buffer is reset. 

sW4 = 
rW4 = 

+ Wh T24 

+ W4 TO 

s W f = - - - + W c Wh 

rWf = W8 W7 W4 (T22-T17) + -

We = + - - - \Vh W f TO + - - -

The tape reader brake is signaled. 

reader 1 brake~W9 WloWTI Wl2 W"13 WI4 1<1 
This termination process fills in the final input word with all-zero characters. The 
Photo-tape Termination Timing Charts show the flow of this termination process. 
A halt interrupt signal is generatej during the Wf Wh cycle to call for a final WIM 
ins truc tion and to signal the te rmination of the input p roce s s . 

C[§) = W f Wh ( - - - ) 

The final WIM instruction in the Halt subroutine will store the data even though the 
last input may not have a complete com.plement of characters. The Magnetic Tape 
Input Timing Chart shows the flow of this input process. As with photo-reader input 
a final WIM instruction is executed after the halt interrupt to store any remainino­
characters in the WAR. The magnetic tape unit generates a halt signal with 
a time delay triggered by the tape gap signal and WOo The halt detector is then 
triggered by this halt signal. 

s Wh = - - - + Whs T 24 + - - -

The magnetic tape-handler is also stopped directly from the Whs signal. 
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....... -----To 
I 

~; .... 1 _--..' L. __ 4-
. ~ ~ 

I I I 2 
i 

Ecw 

I I __ I _ 
~------- . . ,,-,,---...I---~ -

~~~n------~ ~-~---~-- -n 
I; -i'~ J 

W6 

W5 

J7) IP --EI---

fl I: ,- ~--~I 

l- I 
--t~· 

I ---~- -

--1 .--_r-----I i ___ I - W9 W 6 W 5 

I! 
I 

-W7 

- W8 

• j ....... ------ Wf 

@ 
~---

WIM 

WO 

Wll 

8 
4 Char. /Word 

TIME .. FIGURE 23 

TERMINA TION TIMING A 

PHOTOTAPEINPUT 



('\.., 

w 

, ________ r-.. ___ ....".,..., ___ ~ .-.... _______ .~ ____ '"'"' ___ . ______ ._ ..••• _____________________ .... 

Clock Signal 

Clock Detect 

Precess Dt·tect 

Precess W 

Clear I RillS 

Set "RIllS 

Counter { 
WI1\1 Interlock 

Interrupt S1gnal 

Store \V 

Halt Interlock 

LIalt: Detect 

Halt Interrupt 

TIME 

________________________ ~, Os 

LJ 
~ ____ ~rl _________ _ 

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

~------~--------------------
1 I 

\ 
____ ~fl~ ______________ ~ 
______________ ~_C~)r--------------------------------------

I 

________ ..--~fl _________________________ __ 

FIGURE 24 

TERMINA TION TIMING B 

PHOTOTAPEINPUT 

To 

ECN 

W6 

W5 

'W4 

W9 W6 W:, 

W7 

W8 

Wf 

G 
WIM 

-----------.----..--~-.~.-.. - ...... --.--------------------__ ---1 



WIM )------~ /0 \'c "e£GISTE~ 
A A/£> ''''STOZ£ It 

W.A.R, 

--------------

INTE,e,eupr 

LONGITUOIN4L ,PARITY 
(EVEN) 

FIGURE 25 
INFORMATION FLOW DIAGRAM 

MAGNETIC TAPE 

-
--I 
-2 .. -~ 

-~ 
- 4"" 
-~ 

"-7 



- To 

Start Signal 
i - - 1 , ________ ~ .~L------~--__________ ---

_~_J 

-+--____ --'I_I-u EOM 

Gap Signal 

£)ETECT£O ---"-.:- Q 
I -~ 
I 

Clo(:k Signal 

-W6 
Clock Detect 

PrelCes s Detect 
---~-~_ W4 

Prelcess W 

Clear "Rtl1s 

N 

..... Cou:ntE~r 
-W8 

U1 

WIM: Interlock -Wf 

Halt Interrupt 

Store 'W --11 

__ +-__ ~.~ __________ ~ ____ ~_-+ _______ -_-_-+r __ --__ -+ __ -4 ____________ l-_~ 

l~n~~~!n~~~~·n~~~~~~~-~--~--~-~~~--WI~ 
Halt Interlock 

Halt Signal 
~ ............... ILHi?h'.E .aF~ y j ! n ---I .. 1 

Halt Detector 
--- -------- -n 

l·~----~------~~------
Wh 

Wc 

FIGURE 26 
2 Char. /Word 

TIME INPUT TIMING .. 
MAGNETIC TAPE 



Gap Signal 

Clock Signal 

Clock Detect 

Precess Detect 

Precess W 

Clear "R" IS 

Set "R"ls 

Counter 

WIM Interlock 

Halt Inte r rupt 

Store W 

Halt Interlock 

Halt Signal 

Halt Detector 

- To 

18 ------L- . ~r- I \-T-- Mtg 

______ ~--/.-~-~-~-1-7-~-~~·~-~-.~-L-----~~---~~-a-j~y~j;-_-_~~\I __ - _______________ -_-~-_-_--_--________ --_-_--~··~-·-J-~~3DL_-Ecw 

----r----.--~---l--- .-- __ l/J_e.'-/ ------ ---,-- --------------- ---.--------..... l_----'IIr--
W6 i 

i 

1 W5 

~_-_·_--_--_·-·-... -~_--_--_··-·-_--_---_---__ --·~---FL,_-_------_-__ ~_~ __ _!-~-----------~--------------====----.-.---.---_--_--_.-_.--113 --~- W4 

- - _____ n --J..L---
)- -

r -W9 WbW5W4 

I 1 W9 w6 W5 

------- -f-- t----
t 

- W7 

i 
l -.--.---- -.. ----.-- - - -----f---+-

----- j-- - } 

t 

i -----u--·-iC 

=--r-- p 

! - W8 

___ ..... _.·.-.-=1-· .=-._-_--.~._ . i--t -Wi -.--.-.------- ----- ---i ! 8 
! [ 
t-----~+- WIM - .-. - .. ----.. -.--1----.. --------r--------

~--i 
i 

--____________ ~~-.----.------_---_-___ --~~~--__ -._-._-___ -._-.... ------------~l-.------~~-- wo 

TIME .. 
4 Char. !W ord 

FIGURE 27 
INPUT TERMINATION TIMING 

MAGNETIC TAPE 

Whs 

I 
- Wh 



The tape unit may also check the longitudinal parity and generate an error signal,~, if 
there is an error. This signal is used to set Weo 

s We = - - - + Wes 

The tape unit blocks the longitudinal parity character from generating an input clock signal. 

OUTPUT PROCESS (W9) 

When an EOMOXXXX instruction is executed to start an output process, an interrupt can be 
immediately signaled to calion the computer to load the WAR with the first output word> 

rWf - - - + Ws W9 + - - - s WO = - - - + Ws W9 

@ W f WO Wh (- - - - -) + - - -

Each MIW instruction or time-share operation loads the WAR from C register. 

sWw 

sR1 

r~l 
I 
I 
I 

sR6 

rR6 

W4 R6 + (T24 Tp) W4 Wx C23 +- - - W4 Wn Wx 

= W4 Wn Wx (T p T24) + - - - + - - -

W4 Wn Wx + - - - + - - -
I 
I 
I 
f 

W4 R5 + - - -

W4 R5 + - - -

Wx (01030405 06 F1 F3) +- --

Each time W4 is set to precess an output character from the WAR into the SCR, Rp is used to 
generate an odd parity output bit. 

sRp = - - - + VV9 \N4 Rp \A/n (T5 - TO) Wx + W9 W4 (T22 - T17) 

+ W9 W4 Rp C23 (I5 - TO) Wx 

rRp + W9 W4 Rp Wn (T5 - TO) Wx + W9 W4 Rp C23 IT5 - TO) Wx 

+ - - -

Figure 29, Output Timing Chart 1, indicates the basic flow of the output process) The execution 
of the second MIW instruction is shown occurring late, to illustrate how the SCR is cleared when 
a new output character is not avai lable. If a new output character is not avai lable in time, the 
error detector is set as with input. 

sWe WO W6 W5 Ec Tp i- - - -

rWe Wc Wh 

2. 17 
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As with input, the SCR is cleared at the start of output by W9 W6 W5 W4. The first output 
character is, therefore, all zeros for the first clock signal, which is appropriate for a leader, or 
a gap in tape punching. For some forms of output, such as leaderless punching or typing, the 
first output character should be in the character buffer before the first clock signal. For this type 
of output, an EOM02XXX start instruction with a one-bit in C13 is used. This code bit is used to 
set W5 which then causes the first loading of the WAR to be followed directly by precession of 
the first output character into the SCR. 

sW5 +WsC13C18 

rW5 + W4 TO + Wc 

sWf Wx(T5-TO)+---

sW4 W5 Wf T24 + - - -

r W4 W4 TO + - - -

Figure 30, Output Timing Chart 2, illustrates the flow of this process. 

On output, Ecw is generated by var ious osc i Ilator- type c i rcu i try instead of from the characters. 
This circuitry is described in a separate publication. 

To terminate an output process, the MIW instruction to load the last output word into the WAR is 
followed by an EOM 14000 instruction to reset WO (EOM 14100 instruction for the Y Buffer) .. 

r WO - - - + 10 c C 1 2 t 17 C 20 + - - -

Resetting WO results in the following: Further normal interrupt signals are blocked; 

~ = Wf WO Wh (- - - -) 

further late load W error signa Is are blocked; 

sWe = WO W6 W5 Ecw Tp + - - -

and Wf is not set again after it is reset as the last output charactel is precessed into the SCR, 

s Wf Wx (T 5- TO) + - - -

r Wf W8 \N7 W 4 (T 22- T 17) + - - -

Preventing the setting of Wf blocks W4 from being set after the last output character is precessed 
into the SCR. 

s W 4- W 5 VI/ f T 24 + - - -

Preventing vV4 from being set produces the state, WO W4 VV5 VI/6, after the last output character 
has been processed by the output clock. 
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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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Buc 

Ecw 

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 @ 

2.46 



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 
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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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SE NSE 

y 
INHI BI T 

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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l ___ ~ 

DRIVER 
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E3 

Wx2 

Wy? 
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-
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Figure 43. Memory Block Diagram 
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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 
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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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