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16-l GENERAL INTRODUCTION 

CHA.PI'ER 16 

TIMING CHARTS 

This chapter is a compilation of all t he computer timing charts. The pulse and level 

notation used on these charts is described in Chapter 8. The timing charts vary in 

format and content, but generally they are arranged to show the events initiated by the 

various counter time levels . To facilitate their use, the charts have been arranged in 

the following groupings: 

START-STOP CYCLE 

ADK (Alarm Delay Counter) 

SSC (Start-Stop Control) 

SPECIAL CONTROL CYCLES 

CSK (Change of Sequence Counter) 

FK (F Memory Counter) 

XWK (X Memory Write Counter) 

PK-QK MEMORY CYCLES 

PK (PKMs, PKMT, PKMu, p~ and P~) 

QK ( QKMS' QKMT' QKMu, 'l.KMvFF and ~F) 

PK-QK INSTRUCTION CYCLES 
OPRIOS EXX 

OPRAE ADX 

JMP DPX 

JPX SKM 

JNX LDE 

AUX SPF 

RSX SPG 

SKX LD-

PK-QK-AK INSTRUCTION CYCLES 

CY-, SC

DIV 

MUL 

NO-

STE 

FLF 

FLG 

ST-

ITE 

ITA 

UNA 

SED 

DSA 

TLY 

JOV 

JPA 

JNA 

EXA 

INS 

CCM 

TSD 

ADD, SUB 

Generally it is necessary to examine one or more charts from each of the above groups in 

order to see the overall activity taking place in the execution of an instruction. For 

example, suppose a LDA is executed. First the PK Memory Timing Chart is examined to 

determine the events taking pl ace during the instruction memory cycle. Since XWK is 

started during the PK memory cycle, the XWK timing chart is also examined . Next the QK 

Memory Timing Chart is examined to determine the events taking place during the operand 
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memory cycle. Since FK is started during the QK Memory cycle, the FK timing chart is also 

investigated. The operand instruction logic (as distinct from the operand memory logic) 

is found on the LDA Instruction Timing Chart. This too is examined. In this way a 

composite picture of the activity taking place during a LDA is obtained. 

A brief description of the signif-icance of the logic found on the timing charts accompanies 

each timing chart. In the case of the Instruction Timing Charts, the description has been 

supplemented with diagrams showing the significant data transfers, logic nets, etc. Some 

of the Instruction Timing Charts have also been illustrated with specific numerical 

examples. The intent is to bring out the general and special features of each counter 

and OP code. 

16-1-2 March 1961 



l 
S

T
 A

R
T

-S
T

O
P

 
Q

;Y
C

L
E

 



16-2 START- STOP CYCLE 

16-2.1 INTRODUCTION 

There are two closely integrated systems that influence the starting and stopping of t he 

computer . These are the star t - stop control system and the alarm processing system . 

The start-stop control system is basicall y a compl ex synchronizer for the star t-stop 

console pushbuttons. The heart of the al arm processing system i s t he ADK counter . ADK 

time levels are a l so used in the start-stop contr ol system. 

These two systems individually and jointly generate control l evel s which become i nput s 

to the Control El ement . The Control Element t hen directly contr ol s the starting and 

stopping of the computer . 
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16-2.2 START STOP CONTROL 

The computer can operate in any one of three push button modes : 

1) 
2) 

3) 

1 Low speed repeat (LSR) 
1 

Low speed push button (LSPB) 

Hi speed (LSRO · LSPBO = hi speed) 

The effect of depressing the START button depends on which of the three push button modes 

the computer is operating in and the condition of the alarm system . However , the effect 

of depressing the STOP button is always the same , i . e . , it is independent of the push 

button mode . 

Start, Pressing the START button sets the START1 flip-flop in the START synchronizer and 

the STOP
1 

flip -flop in the STOP synchronizer. The next alpha (a) pulse, after these flip

f lops are set, sets the START2 f l i p-flop to ONE . START! enters as a factor in all the 

interlock start conditions , i . e ., in the PISTARTl , PISTART2 , QISTART and CSISTART levels. 

The following alpha pulse (the pulse after the one which set START2 ) clears the STOP2 
flip-fl op if t he computer is not in the low speed repeat mode , i.e . , if LSRO. If the 

computer is in the low speed repeat mode (LSR1 ) , then the 8'J'OP2 flip-flop is cleared by 

LSO . STOP~ clears all the stop flip-flops , i . e ., PKS1 PKS
2

, QKB and CSKS. These stop 

flip-flops enter into the interlock start conditions , i . e ., PKS~ is a factor in the 
START O O O O 1 . PI 1 level, etc . PKS1 , PKS2 , QKB , CSKS and START2 represent essentially all the 

control levels going to the Control Element from the start stop system . 

0 Note that when START2, the STOP IO Unit level is generated . This level stops all free -

running IO Units . 

Stop. Pressing the stop button clears the START1 flip -flop . (START1 is also cleared 

by the occurrence of a SYNC alarm or an AL level when the AUTO START switch is turned 

on) . The START2 f lip-flop i s clear ed by either START~ or AL. START~ immediatel y turns 

off all the interlocK start levels . 

If the computer is in either of the low speed modes, the STOP2 flip-flop is set o.4 
microsecond after it is cleared . When STOP! , the stop switches on the console , i . e ., 

STOP ON CSK, STOP ON QK, etc ., are used to set the stop flip-flops , i.e., PKS1, PKS2, 

etc. In this way , only the interlock start levels selected by the console switches are 

turned off . The computer now stops only when it needs one of the selected levels i n. 

order to proceed . 

If the computer is in the low speed push button mode (LSPB) , the START button must be 

depressed in order for the computer to proceed, because in this case the START button 

clears STOP2 . 
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16 -2 . 3 ADK ( ALARM DELAY COUNTER) 

ADK controls the alarm pr ocessing system . One of its major functions is to convert 

a synchronous inputs into synchronous alarm control levels which can be used by the 

centr a l computer . 

ADK is a modified two stage Gray code counter . It is modified in the sense that two 

delay units (ALD1 and ALD2 ) are an integral part of the counter's logical circuitry . 

The counter starts only when an unsuppressed alarm occurs or when the SYNC SYSTEM STOP 

level is generated. Such an occurrence, as indicated by the presence of the AL level , 

triggers the ALD
1 

delay unit. ALD~ in turn places the counter in the 01 state . The 

counter stays in this state until ALD1 times out synchronously . During this period a 

l evel is generated for the CHIME ON UNSUPPRESSED ALARMS . 

At the end of the period (ALD~), the counter goes into state 11 and ALD
2 

is triggered . 

During this delay a preset level for the Control Element ( jPRESET ., CE) is generated if 

the AUTO START and PASOFA (Preset And Start Over After Alarm) switches are on. The flag 

in sequence 00 is also raised if the PASOFA switch is on . 

0 
After the delay is over (ALD2 ) , the counter will remain in state 11 unless the AUTO START 

switch is turned on or unt il the CLEAR UNSUPPRESSED ALARMS push button is depressed (CA~). 

From state 11 the counter proceeds to state 10 at which time all the unsuppressed alarms 

are cleared . 

Pressing the srART button has no effect unless ADK is in state 00 . If an unsuppressed 

alarm has occurred and the AtJrO START switch is not on, then ADK remains in state 03 

until the CLEAR UNSUPPRESSED ALARM button is pushed . Note that the CALACO button first 

clears t he unsuppressed al arms and then generates a START pulse . 
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ADK: ALARM DELAY COUNTER 
ADK2 ALD2 ADK, ALO, TIME I PB Sta,t • . . ' . ::, lL+-.STOP1 , LL.. START, 

START~ START; . . ::, ~START?. 

0 0 0 0 Norc"1 

AL .. '. . . . . . ::, ~AlD, 

0 0 0 I .4,.,.s ALD: . . . . . :::, L!...-ADK, 

0 0 I I 7-ms ALD:0 
• 

. . .. ' ' . . ::, l,Q_ALD 1 

I NO ( Ht.ME ON ALARMS,.,.p-::, CHIMe ON ALARM.SuwF 
0 0 I 0 ,4µs ALD~ · . . . . . . .. ::;, L!...ADK2 , LL_ALD2 

1 
!Pe> c1.,., Alrnn•~••~ • :::, u_ CUA 

PASOFA +- \ PB sto.'1'011&.-0 
::, L'..o SYN, (STARTOVER SEQ. 

PASOl"A AUTO-START ::, I Pr•s•t • C:E 
I I I 0 551r1s 

ALD~
0 ::, l..Q.,_ALD2 I PB Cleo., Ala."""•l!••P ., .::, l.l_. CUA 

I 0 I 0 NoT!!."2 CUA'+ AUTO-START · ::, L2-ADK, 

OCSAL sup . . . . . . ::, l...9.._CX:SAL 

PSALsuP . . .. :::, Ll2.._ PSAL 

QSALsuP ::, l...Q...QSAL 

MPAL,up :::, L.Q..MPAL 

NPALsur . . . . . . :::, l.Q...NPAL 
XPAL,-p . . . . :::, LQ.. )(PAL 

I 0 0 0 .4flS FPALsuP .. :::> ~FPAL 

JOSALsup . .. :::, ~JOSAL 

fiil5ALsup . . . . . ' :::> l.Q..,.MI5AL 

L£-,.ADK2 , l£-CUA 

0 0 0 0 NOT€•l 

NOTE:S: OCSAL1 
OCSAL sur ::, Al 

I, ADK NORMALLY 5.ITS PSAL1 PSALsue .. :;;, AL 

IN STATE 0000, QSAL' QSALsup ::, AL 

THE INDEXING OFADK MPAL' MPALs•P ::, AL 

15 INI.nATED Bl' THE NPAL' NPALsuP .. ::, AL 

Al 5IGJ./AL . XPAL' XPAlsuP ::, AL 

FPAL' FPALs'<P :::, AL 

IOSAl' IOSALsuP · :::, AL 
MISAL' --- :;;, AL 2. T~IS TJME STATE MISALsup . 

]:';, ,4/'s IF THE AUTO - MOUSETRAP ' · '. ::;:, AL 

START SWITCH IS ACT-

lVATED ornERWJSE me \ PB C\eQr Alo.r~ss11.P ,. :::, L.J..... CSAD (CSAD : CLEAR SUPPRG"SSED ALARMS DELAY: DE. • IOOf s) 

TIME .INTE~AL DEPENDS 

ON TH I: MANUA l SCTT.I/JG CSAD' OCSALsuP :::, l.Q_ QCSAL 

OF CUA VIA T~E CLEIIR. CSAD' PSALsup :;;, Ue..-PSAL 
IILA RM5!'s.p Sir.NA L CSAD ' QSALsuP . . :::, l.Q..QSAL 

CSAD' MPAL ,. , :::, L.2.- MPAL 

CSAD' NPAL,,p :;;, L.Q...NPAL 

C5A D
1 

XPAL ,..p ::;:, LQ_. XPAL 

CSAD' FPAL sup . ' ;;;, L.Q...FPAL 

CSAD' IOSALs.r :::, LQ...IOSAL 

CSAD' MISAL,we · · :;;, Ul.-MISAL 
!P!l P,eset., .. :=, l2.._ TSAL, l.Q....lASAL, LQ..... MOUSETRAP 
\PB Clea.r A\o.rW1S 1..C.5 11..p ., .. = LQ.... S'r'Al 

AL = ALAR"' SYD' . . . :;;;, CHIME OIJ ALARMS us"• 
CAil ; CLE/IR. UNSUPP~ESS ED ALAR.MS 

PASOFA == Pli'.ES Er AND STARTOV!cR AHER ALARM 

CALACO = 1 PB Clca.r Ala.rh'IS.sttf, \ PB C! ea.r A la.1-rns1A.~U.P 
1 

1 PB s t .. ,t , 

(ODABO = lf.B StoE \ PB Clcax Alant1S 5L(e 
11 

1PB Cleq_" Ala.rms~iwe., IP~ p,.~•!~ \ P8 S-t<>,-tover C>, I PB St",t .. 
START~ = STOP UNIT - - -
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16-3 SPECIAL CONTROL CYCLES 

16-3.1 INTRODUCTION 

The timing charts in this section cover the events i nitiated by three special purpose 

counters. These counters are CSK, FK and XWK. 

The FK and XWK counters control the F and X Memory systems , respectively . FK controls 

the read-write process in the F Memory, while XWK controls the write process in the X 

Memory (the read process is controlled by PK and CSK time levels). By having these 

processes controlled by independent counters , it is possible to initiate the processes at 

several different PK, QK and CSK times. Normally the XWK counter is started in Pi2-4a and 

FK in QfOa. 

The CSK counter has a doubl e function . It controls the events that occur during a change 

of sequence , and is also used as a delay synchronization counter in the PK waiting states. 
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16-3,2 CSK (CHANGE OF SEQUENCE COUNTER) 

It counts in states 00 through 07, when CS~ and 

In the first instance , CSK is interpreted as the 

CSK is a modified four stage counter . 

in states 08 through 11, when CSJS, 

change of s~quence counter (CSK); 

counter (DSK) . 

and in the second instance , as the delay synchronization 

CSK cannot start unless the CSISTART condition is generated . On the other hand, DSK can

not count (assuming CSJS and PK is in one of the waiting states , i.e ., pifl0 , pifl2 or 

P13) unless XWK is in its 00 resting state. 

Change of Sequence. When CSK starts it transfers the address of the next program counter 

from the output of the J Coder into N . . Two possibilities exist: 
J 

1) If the selected register is number 00, then a ZERO is placed in X and the 

contents of TSP is placed in N2 , 1 XAS is cleared in this case so that the 

X Adder (XA) contains the content of N2 ,
1

, i . e . , TSP. 

2 ) If the selected register is not register number 00, XAS is set and the content 

of the selected X Memory register is then read into X. Since N
2

,
1 

was previ 

ously cleared, the sum formed in the X Adder is just the content of X. 

In either case , the X Adder contains the value of the new program counter . The contents 

of Kand N. , representing the numbers of the old and new program counters, respectively, 
J 

are saved in E. In csifl3, the content of Kand N. are interchanged . The flag of the 
J 

Trapping Sequence is also raised at this time if the 2 .9 bit of the new program counter 
o4o: is a ONE and the mode of the Trapping Sequence asks for this information . In CSIC" , 

the value of the new program counter is copied into P, while simultaneously the value 

of the old program counter is copied into both X and E
2

,
1 

The val ue of the old program counter (now in X) is stored in the X Memory register 

specified by NJ. (N. now contains the address of the old program counter) by starting 
J D4o: 

the XWK counter in CSIC" . Xis also cleared at this time. 

PI
3 

is cleared in csifl4o:, and in csifl50: the flag of sequence number 00 is cleared if 

the new sequence i s sequence number 00 . 

Finally in csifl70: a certain amount of logic is performed which takes further into account 

the requirements of the Trapping Sequence. The information in Eis placed in M. If a 

change to the Trapping Sequence has just occurred, because of a trap on the 2 .9 bit of a 

program counter , the content of Mis simultaneously placed in E. The content of M 

represents information left over from the previous CSK cycle , If the CSK cycle is one 

i n which a trap on the 2 .9 bit of the new program counter occurs , then this is indicated 
. _D70: CH REQ 
in CSK- by the SS level and causes PI

3 
to be set . The fact that PI

3 
is set causes 
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the current CSK cycl e t o be f oll owed immediately by another CSK cycle . 

Del ay Synchronization . CSK4 is set whenever the computer is to wait in "limbo " for some 

interlock condition to change. In thi s case DSK s i mply counts from 08 through 11 repet 

itively . Finall y the i nter lock change will occur and DSl<1 will sample the desir ed 

interlock conditions . At this time CSK4 is cleared and the counter goes into cst 0a. 

Each time DSK enters state 11, an IOI cl ock pulse is fi r ed off (except when e i ther CSK4 
is being cleared or the QK cycle of a TSD is being perf ormed). 

In the Pt0 waiting state , DSK cycles until the flag of a sequence (of any priority) 

goes up . In the Pt2a waiting state , DSK cycles until either the Arithmetic Element 

pr ediction net (AEI) indicates that the Arithmetic Element will soon be available or , 

if the previous instruction did not hold, until a sequence with a higher priority wants 

attention (PIAE CH SEQ) . 

In the P!C3a waiting state , DSK cycles either until the PIWAIT level indicates the 

current instruction can proceed or until some other sequence requests attention via t he 

PI LEAVE SEQ level . Whether this other sequence is a sequence of any priority or one of 

a higher priority depends on whether the current instruction is a TSD or whether it is 

an instruction which does not hold , respectively . 
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CSK: CHANGE 
CS l , t ~,-t :=, 

00 ~ csr•+.v+ . ":;) 

01 o( 

XR
1 
(PLUS,Ohl's DE ) • ::, 

N1° ' ::, 

SEQUENCE COUNTER 
JC -;i--- NH-V 

I5K7 + 1+.- CSK 

L!.... X R , u._ XB , L..L.. XAC 
LQ.... E. 
l.2.+N2,1 

L2..-XR 
TSP_i__N 2, , , LQ....XAS 

~ + ( K'\:r • XPS') ::, 1..9.._X I L..!....,,. Xp 

Oc. o< 

03o( 

05 o( 

N'" , ' . 
J 

Nj° • ( l('V + XPS0
) 

::, 

:::, 
U...... XAS 
XM-+.X,Xp 
I<~ E 4 -~- ◄ • I 
N,.~_3,1-!......- EJ.,-J.J 

K-t-N}.~-,.1 
N u • . , . , --.I-- K 

=T""R.,..AP,,..,,s-=1,Q"'U-.::E:::-N""=c-=1:-co-..,-PU-,.-.... - sv-Nc TP1 ' .KD 42 ' x~.~ :::, )r41s• ., ~1.j 4 t<•> (TRAP SEQ.) 

XPALs1<p + XPAL0
• 

XP~~ ' 

XR 1(PLUS ,CH,p5 DE.) • ::, 
KDOO :::, 

L!_.. XR, Lt.- XB, LL+- XPS I l~fot. XWK 
L.Q..,,. PI3 
XA--d--P 
P-J..-E: Z, I 

P-t--X ( f.lOH )(PAL IS ALWAYS 15 ALWA'("o " AT THISTT>I~ 

l.L.l(PAL 

LQ...XR 
ic/.is1n,s, o FLAG 

KD 

E~M 
55 ch r~i ' ' ' ::, l.Q...PI

2 
, LQ.... PI;, L!....PI3 

TRAP SEQUENCE CAMP~re:R S~NC. • TP' . 'KD"2. ' x;.~ :::, M ~ E 

(~ CSK) 

1--~+--~--- ------ --- - ---------------------------1 

DSK: DELAY SYNCHRONJZER COUNTER 

08 J_ SEE NOTES 1i2. 

NOT!: 1: CSK; • ( PK 0o-< • PK0 z.< • PK23o< + XWK00 ) ::;, l3i<'+ I -+-CSK 

0~ o< 'SEE' NOTE'S I 4 2. NOTE 2: csi<.;. • K~.~ :::, KD =I= K 

10 o( SEE N0TE;S I a 2- SSati rei = AT LEAST ONE FLAG IS UP OTHER THAN Ki51 , (":>EE NOTE 2) 

SS c" "'I= A FLAG OF HIGHER PRIORITY THAN KD! IS UP. (SEE NOTE 2) 

SEE NOTES ll2 

C ~ CSK.i · 
:::, ~CSK 

SI(' LQ.._ CSK+· ( QKIR+sd + QB
0

)• 

4 PK0 0ol 550.tf •• , • (KD"l'i: + KD00) 

:::, IOI CLOCK PU LSE 
;::, L!_ PI 3 

! PKood ss~tt i--~i ;::, l.£..,CSl<.i, 
11 d-_ PK 0

2"' AEI ;::, L£.._ CSK+ 
PK ou PI AE ch •"'I · 

PIWG.it' 

• PI""''+ · PKIRGK • • 

PK23~ 

PK2~ 

? l£..., C5K+, LQ.Q..PK, l.:?..+ PI z, l.!.... PJ3 ' l.2.+.PI; 
:::, LQ.,. CSK+ l lfi+_PK 
:::, L..!....,,. PI, 

PK23._ PI1"'",. 5 •1 :::, LQ.... CSJ<.i. l ~PK) L.!...,PI, 
pl(23"- PI lco.vc 5•, • PKIRxM :::, 1, to.,"t .. X>NK 

LIMBO -- CSK~• [ csKi • < PK 0 °" • PK02"" • Pi(Ei • xwK00)J = c SK~ • xwK00 
• (PK 00"" + PK 0 u + PKZ,3,() 

csr•-lo·t = 
PIAEc.hse'!. = 
Pr'••u• ••1 = 
Pl wa.it = 

PK00.t. • PI ,0 PI~ XW 0 
• X8 ° • EB 0 

• CSK5° • START~ 
AEI 55ott rei PI~ 
PI~E °' ••t • [PKIRAE + (PKIR61K • XAAEJJ + 55•tf "t • PK'IRtsd • [IOCMBB + (QKIR-k~ • QB')] 
AEI , [PKIRA" + (PKIRQK • )(1\'11E)J + PKIRtsd • [IOCM68 + (QKIR-1!.d • QE,1

)] 

C"' >IC~MAlv 5 - Z,-l.l 



16-3.3 FK (F MEMORY COUNTER) 

FK is used, in conjunction with a pulse delay line, to control the load and store 

processes involving the thin magnetic film F Memory. In these processes FK time levels 

(either directly or via a delay line) are used to control the E and QKIRCF registers and 

the F Memory read-write process. 

FK is used in this manner for two purposes: 

1) To read a configuration word into QKIRCF from the F Memory register. In this 

case FK runs from FfO to Ff2 . This occurs in all the operand type instructions 

(except the F Memory instructions themselves). In these instructions FK runs 

during the QK cycle . FK is also used to read out a configuration word during 

JPA, JNA and JOV. These are non -operand type instructions and FK runs in them 

during the PK cycle . 

2) To execute the F Memory instructions themselves . In the case of FLF and FLG, 

FK reads out the content of the specified F Memory register(s) into the E register. 

Conversely, in the case of SPF and SPG the specified F register(s) are loaded 

from E. The execution logic of these instructions require that FK permute the 

content of E. (See discussion of FLF, FLG, SPF and SPG Instruction Time Charts.) 

__ Doa 
STARTING CONDITIONS. During most instructions FK is started at \,l,K when QK starts. 

However, for the JA instructions and FLF and FLG, FK is started via the FI interlock and, 

in the case of SPF and SPG, FK is started in the QK cycle at Qi<-3a . Note that, in the 

case of FLF, QK does not start until the QISTART condition is generated at Ff2a when FI 

is set. Similarly, in the case of FLG, the QISTART condition is not generated until 
FK07a _ 

DELAY LINE. FK initiates the F Memory read-write cycle by pulsing the F Memory delay 

lines in the even numbered FK states, excluding the terminal state of FK. Thus, when 

only one F Memory cycle is required, the delay line is pulsed only in FfOa, even though 

FK runs through states 00, 01 and 02 . Similarly, is the case of SPG and FLG, the delay 

line is pulsed only four times, even though FK runs through states 00 , 01, 02, 03, 04, 

05, 06 , 07 and 08. 
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FK COUNTER CONFIGURATlON MEMORY 
i•+~,t • FK :, PULSE 01:LAY LINE 

,,, 
l.!!9.4 FK ::, Ff<7 + 1 --+- J:"K 

.,2 
0 ol.. 

FC 0 
::, L..Q... FW} NOTE : FC. ALWAYS tceRO ·14 FC0 + PKIR1f :::, ~ QKIRcf 

FC' :, LL..FW LL-FR 26 

,42 FC0
:::> L.!.+. FW; PKIR 1f. PKIR.:i => CFM~GKil?of 

ol.. .44 PKIR 1• • PKrRn :::, E, --1....-.QKI Rd 

54 ~FR; PKIRti° ::> 12-QKif?d 

1 ·64 FC0 
· ::, 1...9...- FW 

PKJRf => E4 --t-E:,, E3+.E1 l E2 -t-E, 

13 PKIR1f :::> E,-f-. bi-
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LL.-FR 
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PKIR1f · PKIR!i::, CFM ~QKJRc+ /3 Ez ~E3 , E 1-t-E2 .42 FC0
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o( ,54 L.Q..._J:'R ; PKIR~f ::, L£.,. QKIR,.; 

3 .1,4 FC 0
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,12 
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::, l..Q..-FW 
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13 PK.Il~lf ::, E1-t-E4 
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:::, 
I 
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PKIR5f ::, QKll?c-1--+--. E4 

F PKIR~f • FP~~ ::> L.1_ FPAL ~· 0 d... 
l..£+.FK8 

PK:tRlff = PK I R3x • PKIR)(2 

Pl<IRI+ = PKIR5P' + PKIR 5P.S 

Pk'IRst = PKI R11f • PKIR fl .9 
PKIRff = PKIRSpj + PKJR f l9 

PKIRf = PKIRsrf + PKlR5P.3 + PKIRflf + PK1R f/.9 
\stc.,t• ~K = QK0 0

", QI ' 1•'7 PKIRf , PKIR'k"' + G K'>< . ( Ql(Jf?'P9 + QKJR spf)+ FI 0
- EB 0

, (PKJR~-1+ PKIRj"-) 



16-3 . 4 XWK (X MEMORY WRITE COUNTER ) 

Thi s counter controls t he. l ogic used in writing the content of the X register into the 

selected X Memory r egister . The counter does not control the logic used in reading out 

the cont ents of a sel ected X Memor y r egi ster into X. This is accomplished by the PK or 

CSK counters . 

XWK sets the XW interlock to ONE in xwif2a. This 

interlock is cleared to ZERO at xwif2a indicating 

seconds no longer be "busy" (XBO) . 

turns the WRITE current on . The XB 

that the X register will in 1 . 6 micro-

The XW interl ock is cleared to ZERO in xwif6
a . 

effectively ends the X wri te cycl e . 

This turns the WRITE current off and 

The condi tions for starting XWK are discussed in detail in Chapter 10 . The interlocking 

of XWK with other counters is also discussed in Chapter 9. 
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'/WK: X MEMORY WRITE COUNTER 
XWK

1 
+ 1-1-- XWK 

00 oL.. !s1o.rt., XWK ::::i t...!......XWK 

01 

oz of. 
Ll._. xw 
~XB 

03 

04 

05 

Oh °"- l..Q....XW 

07 

CSKO♦ot •...... . .. . .. . .... . . ... •..•..... · ::> 

PK 14.( • ( PKIRx~ + PI~) · · · · · · · · · · · · · · · · · ·:::, 
PK23-< • Pk'IRXM • CSKlla( • PKIR.l••ue Se\UChc.& . . -::::> 

PK 31"' • PKIR_lCrt · · · · · · · · · · · · · · · · · · · · · · · · ::::> 
QK22.,( • QKIR Id • QKIR x . . . . . . . . . . . . . . . . -:::> 

QK3 I-< • QKIRdll~ . . .... .. . .. . .. . .... . .. . ·:::> 

lst,u::t., XWK 
ls-lo.rt., XWK 
\S14yt., XWK 
1~1ut.., XWK 
1s1,.r1~ XWK 
1,to,r1 ~ XWK 

PI~E'c;h Ht :::: 

n'•11es~ = 
PKIRj1 -

PKIRXM = 

AEI · 55'11 r•1 · PI~ 
PI'"c!. s-i • [PKtRAc+ (PKIRGt< · XA~i:)] + SS11tt"1 · PKIR+.~ • [IOCM8&+ (QK!RttJ,QB)] 

PKIR~~ • (PKIR!i + PKIR!P = (JPX + JNX) 

QKIRx. = 
PKIR:iv- + ( PKIRJ"'P • PKIRci') - (JPX ... JNX + tim JMP) 

a 
(QKIR~ • QKIR!p) + (QKIR~p • QKlRo~ • QKIRop~) ::: (R5X t E~ 1-DPX) 
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16-4 PK- Q.K MEMORY CYCLES 

16-4 .1 INTRODUCTION 

This section covers the PK and Q.K Memory Timing Charts . All of the instruction , deferred

address and operand read-write control is found on these charts . The charts also cover 

much of t he interlock control , waiting state logic , In - Out control , alarm control , X 

Memory control and a variety of miscellaneous control logic . 

The PK and Q.K Memory Timing Charts have very similar formats . All of the memory dependent 

logic is columnated by memory , e . g. , all the S Memory dependent logic is found under 

PKMS or Q.KM8, depending on whether an instruction or deferred address word, or an operand 

word, respectively , is involved . (It is wor th noti ng the similarity of the entries in 

the corresponding PKM and Q.KM columns.) A miscellaneous column is incl uded on each chart , 

and also one or more columns are included showing the basic interlock control. 

The PK Memory timing chart covers pifO through Pif4. The basic PKM cycle extends from 

pifO through Pif2 . pif3 and Pif
4 

are special time l evels used to determine what activity 

will follow the current PK cycle . 

The QK Memory timing chart covers ~O through ~ 1 . The basic Q.KM cycle extends from 

~O through Q.K31 . The actual states used depend on the specific instruction . In some 

cases the basic cycle is extended to accomodate the needs of the instruction l ogic . 

Note t hat VFF is usually referred to as a toggle switch memory, even though it also 

contains plugboard and other memory registers . 
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16 -4.2 PK CYCLES 

16 -4.2 .1 INTRODUCTION 

Unlike QK, there are sever al basic PK cycles . When PK runs , it can be obtaining 

an instruction or deferred -address word from memory or it can be computing the 

final deferred-address . Except in the latter case , some sort of memory cycle is 

always performed during the running of the PK cycl e . During all of these basic 

PK cycles , certain pulses , such as the IOI clock pulses , X read pulses , etc . , 

are a l ways fired off . 

When a new instruction is to be performed, PK first reads an instruction word 

out of memory. If this instruction does not call for a deferred-address , then 

PK immediately goes on to do whatever may be called for by the instruction. On 

the other hand, if a deferred address is called for , PK goes through another 

cycle , during which it reads out the deferred-address word from memory . If this 

deferred-address word calls for still another deferr ed-address word, the cycle 

is repeated . Finally a deferred-address word is obtained which does not call 

for another deferred-address word . PK now performs the so called ultimate 

deferred cycle, during which the final base address is computed . No memory cycle 

is involved in this step . The final base address is usually modified by two 

index registers r ather than one . 

The organization of the PK Memory timing chart reflects bas i c PK cycles . This 

is shown by the small chart abstract on the main chart . Three columns are 

usually examined in order to determine which events are initiated by a given PK 

time level . The miscellaneous control column is always examined . A decision 

must then be made whether or not deferred addressing is involved, and if 

deferred addressing is involved, which of the deferred addressing cycles is 

involved . After the basic PK cycle has been selected, the appropriate memory 

column i s selected, i.e., S, T, U, VFF, or VFF " The events occurring in any 

PK time level are then the sum of the events occurring in the selected columns . 

16-4.2 .2 PK TIME CHART 

March 1961 

Initially PK waits in state pJfO until a PISTARTl level occurs . It then goes 

through Pl2 and in so doing executes the basic PKM memory cycle. If the 

instruction word, obtained by the memory cycle, calls for a deferred-address , 
_DO START 

PK goes to P~ and waits for a PI 2 level to occur. (This wait condition 

also applies to the start of the ultimate deferred cycle . ) 

16 -4 -2 



I f the instruction does not call for a deferred-address, PK will proceed from 

plf2 to plf4 and then either go back to pifO or go on to execute a PKEI cycle 

depending on the instruction. If a PKEI cycle is executed, PK will proceed 
__ ·na _ ooa 

through PK" and then go back to Pic- . The various PKEI cycles are discussed 

under the corresponding instruction headings later . 

The specific events taking place while the PK counter is running will now be 

examined and explained . (The DSK logic will not be discussed since this is 

covered in detail in the discussion of the CSK timing chart . ) 

16-4.2.3 MISCELLANEOUS CONTROLS 

The events discussed here take place in all the basic PK cycles. 

The memory on-off switches are sampl ed in pifO if QK is also in the QifO state . 

The IOI clock pulses to the IO units are generated in pifla and P02a. These 

pulses are inhibited if the QK cycle of a TSD overlaps the current PK cycle . 

(See TSD discussion . ) 

The remainder of the miscellaneous control pulses involve the X Memory system . 

P02a sets the X busy (XB) interlock and initiates the X read cycle . Normally 

P03a strobes the contents of XM into X. Under certain conditions , X will be 

cleared instead of the strobe occurring. For example , this happens if the 00 

X Memory register is selected (since this register is thought of as containing 

ZEROS). Xis also cleared by P03a under the following circumstances . If a 

change of sequence occurs , XPS is set and a program counter is read out of~

After the read out occurs , ~ contains nothing of meaning . If an instruction 

now occurs in which the Nj bits select the~ register (rq J) , P03a will clear 

X. The rq J condition will also cause XPS to be cleared in P05a. Note that 

the XWK cycle initiated in P04a or later during the instruction will write 

something into the~ register. Because of this the next time a rq J type 

instruction occurs , XPSO will be true, X will not be cleared in P~3a and XM 

will be strobed into X. 

P05a also generates the X parity alarm, if an X parity condition exists (XP~;). 

16-4.2.4 INSTRUCTION WORD CYCLE (NO DEFERRED ADDRESSING) 

As soon as the PISTARTl level is generated, PKA is set and DFA is cleared . 

(PKA
1 

· DFAO indicate to the address decoding system that PK is executing an 

instruction word in which the content of P selects a memory register.) 

pif9CX causes a PSAL alarm, if an illegal memory is addressed by P. 
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_i2a 
The hold and OP instruction word bits in N are j8Jll1Ued into PKIR at Pr . Note 

that p!("1~ is the latest time at which the memory register in which the instruc 

tion is held is strobed into N. 

FI is cleared by pj("3a for certain instructions whose execution logic makes use 

of the F Memory during the PK cycle . (See discussion of JOV, JNA, JPA, FLF and 

FLG.) FLAG
42 

is raised in pj("3a as part of the meta bit sensing logic of the 

Trapping Sequence (see Chapter 15) . 

For the majority of instructions , the X write counter (XWK) is started in PJ("4a . 

However for the PKIRXM instructions , XWK is started in PK31a or during a DSK 

cycle in Pif3a . The PKIRIND level will be j8Jll1Ued into XAS at PJ("4a in order to 

determine whether or not the base address of the instruction is to be indexed. 

The execution logic of JPX (06) requires that X be complemented at pj("5a_ 

(See JPX discussion . ) pj("5a also causes an OCSAL al arm if PK is trying to 

execute an instruction with an undefined operation code. 

In Pif2a a number of decisions are made to determine what activity will foll ow 

the current PK cycle. If the conditions for waiting are not present (PIWAIT) 
~a 2~ 

PK jumps from Pr to Pr . If , in addition, an operand is called for by the 

current instruction, PI1 is set . 

If the conditions for waiting are present (PIWAIT) in Pif2a , either the 

conditions for leaving the current sequence are also present (PILEAVE SEQ) , in 

which case PK reverts to pifO and a CSK cycle occurs , or the conditions for 

leaving the sequence are not present (PILEAVE SEQ) , in which case a DSK cycle 

is initiated and PK goes to the Pif3a waiting state . (The FLAG dismissing 

conditions in Pif2a are discussed in conjunction with the TSD timing chart . ) 

Pif3a clears PKA (indicating that the memory cycle is over) . PK waits in Pif3 

examining the DSK logic for a decision as to how to proceed . 

Pif4a jams the hold bit into PI4. If the current instruction does not go 
,1a DIS _Doa 

through PK"' (PKIR ) , then PK reverts to PIC" . If the current instruction 

is not an IOS, the conditions for a change of sequence (PICH SEQ) are examined 

at the end of the instruction. If these change sequence conditions are present , 

PI
3 

is set as part of the CSISTART logic . The PKIRDIS type instructions 

examine the change sequence conditions again in P01a at which time IOS is 

included . 
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INSTRUCTION WORD CYCLE (DEFERRED ADDRESS). This PK cycle is identical to the 

previous case , except that the instruction word read out of memory calls for a 

deferred-address word . Henee it is always followed by an intermediate deferred

address cycle . Once the basic memory cycle (PKM) is complete (PifO - Pl
2

), PK 

goes back to pifO. The memory cycle is essentially the same as the memory cycle 

for the no -deferred-addressing instruction word cycle . The differences show up 

in the setting and use of PI2 and PI
5

. 

The latest time at which the i nstruction is strobed into N i s Pr-
1

~. The defer 

bit (N
2

_
9

) is examined in Pr-3a . If a deferred-address is called for (w; _
9

), 

PI
2 

is set to ONE. Assuming the instruction is defined (PKIRDEF) , PI
5 

is in 
_ _14a 1 1 

turn set to ONE in Pr . The conditions (PI2 · PI
5

) that require an inter-

mediate deferred-address cycle to follow the current PK cycle have now been set 

up . 

Jamming PI
5 

into XAS in PJ2-4a prevents the base address from being indexed . 

For this reason the X read-write cycle , while it does occur , doesn't accomplish 

anything. 

At the end of this cycle, as in the previous case, the configuration, hold, and 

OP code bits of the instruction word are contained in the PKIRCF and PKIR0p 

registers. The PKIR registers store these bits all through the succeeding 

intermediate and ultimate deferred cycles (after which they are decoded and 

used in the normal manner) . The output of XA now specifies the address of the 

first intermediate deferred-address . 

INTERMEDIATE DEFERRED-ADDRESS CYCLE . PK waits in PIO until the PISTART2 

conditions are satisfied . When this occurs , the output of the X Adder is 

jammed into Q. DFA and PKA are also set in Ploa when the PISTART2 conditions 

are satisfied. PKA1 DFA
1 

now indicates that Q contains the address of an 

intermediate address and that Q can select a memory register. 

If the deferred-address strobed into N has a defer bit in the ONE state (~_
9
), 

the current intermediate deferred-address cycle will be followed by another 

intermediate deferred-address cycle. During the first intermediate deferred 

cycle XAS will be in the ZERO state from pifO through Pr-4a, QKIRCF will be 

cleared at pif la and the NJ bi ts will be jammed into QKIRCF at pif6a. XAS 
4a 9-4 

is set to ONE by jamming PI
5 

into XAS in Pr- . In all the succeeding inter-

mediate deferred-address cycle the content of QKIRCF will not be altered . The 

fact that XAS i s now set to ONE causes the deferred base address , represented 

by the base address bits (N
211

) , to be indexed in all the intermediate deferred

address cycles. 
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Finally a deferred-address is strobed into Nin which the defer bit is a ZERO 

(N~_
9

) . This causes PI
5 

to be cleared to ZERO at PJ2-4a, and the next PK cycle 

to be an ultimate deferred-address cycle. 

Note that in each intermediate address cycle FLAG42 can be raised on the PJ2-3CX 

as part of the sense metabit logic of the Trapping Sequence . 

ULTIMATE DEFERRED-ADDRESS CYCLE . PKA is cleared in the PtOa state of the 

ultimate deferred cycle indicating a memory element register will not be strobed 

into N during thi s cycle . 

PK waits in PtO for the PISTART2 condition to occur . This condition allows 

the console stop-start control to control the start of this cycle. When 

PISTART2 occurs DFA is set to ONE and the output of XA is jammed into Q, but 

these events do not influence the operation of the computer . 

The ultimate deferred-address is now formed in N2 , 1 by the following steps. 

The contents of Eis temporarily stored in Mand Eis cleared. The content of 

QKIRCF (the original J b i ts) is then placed in E
3

_6 _ 
3

_
1 

and at the same 
9 - 4 

time the output of the XA is placed in E2,
1 

N4, 2 , 1 is cleared and the content of Eis l oaded into N. NJ now contai ns the 

original J bits , N2,
1 

contains the deferred-address formed in XA during the 

previous intermediate deferred cycle , and the remainder of N contains ZEROS . 

The original H, CF, and OP bits , however , are still in PKIRCF and PKIRop· Note 

that N and PKIRCF and PKIROP are all set up by PJ2-3a . The balance of the PK 

cycle is similar to the corr esponding cycle for an instruction word in which 

there is no deferred addressing . PJ2-3CX clears PI
2 

thereby removing the last 

indication of the deferred addressing cycles. 

16- 4 .2.5 MEMORY CYCLES 

March 1961 

S MEMORY CYCLE (PKMs). Two tapped delay l ines are used to set the two read 

flip-flops SRU and S¾· The read current in the memor y occurs when both flip

flops have been set . The S~ SET delay line is pulsed at Pt2~ and the SRU SET 

delay l ine is pulsed at Pt3 . 

The write current is turned on by pulsing the SRV and SRU CLEAR delay lines. 
_ _1_1a 

The SRV CLEAR del ay line is pulsed at Pr and the SRU CLEAR delay l ine is 

pulsed at PJ2-
2

~ . The write current is not actually turned on until both the 

S¾ and SRU flip -flops have been cleared . The inhibit currents are turned on 

by pulsing the SINH SET delay line . This occurs 0 . 2 microsecond before SRU is 

cleared . The write cycle extends from P03a through pif2a . 
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The memory word is strobed into N by pulses from t he strobe delay lines . This 

line is pulsed at Pi<-O~ . If the memory word is read out incorrectly (NP;~) , the 

parity circuits will cause an NPAL alarm in PJ<3a . 

The reasons for clearing N41211 in PJ2-0a involve the execution logic for specific 

instructio~ rather than the requirements of the basic memory cycle and are 

discussed elsewhere in the chapter . 

T AND U MEMORY CYCLES (Pfill AND PK!l) . The T and U memory cycles are identical 

and are i n fact very similar to the S Memory cycle . However, here the read 

and write currents are determined by the read and write flip-flops directly. 

pf la. Pulses from this line both set 

PK then jumps to pif9a. The memory 

The T (U ) read delay line is pulsed at 

and clear the TR (UR) read flip -flops. 

register is strobed into Nat pJ2-O~ . The delay line is tapped so as to set 

the TINH (UINH) flip-flop before the TW (or UW) flip-flop. At the end of the 

write time , TW (uw) and then TINH (UINH) are cleared . The other PK Memory logic 

is identical to that found above under the S Memor y cycle descript i on . 

VFF MEMORY CYCLE (PKl\,pF ) . This memory cycle has several peculiarities. In 

the case of t he S, T and U memory cycles, the word selected in memory was 

strobed directly into N. In the present case, N is always loaded from E, This 

is done by temporarily storing the content of E in M, and at the same time 

clearing E, The selected VFF register is then loaded into E. The content of 

E is t hen loaded into N and then Eis restored by transferring t he content of 

M into E. 

Certain conditions can cause PK to wai t in Pif2 . I f Ei s busy (EB1 ), if Mis busy 

(QB1 ) or if the VFF Memory register is in the Arithmetic Element and the 

Arithmetic Element is currently busy (QB1 
+ AEB), PK must wait in pif2a . 

(The DSK logic which can occur in Pif2a will be discussed in conjunction with 

the CSK timing chart . ) 

Note that the content of N does not need to be rewritten in the selected VFF 

register . 

VFF MEMORY CYCLE (PKMVFF) . In this case, the sel ected VFF register is loaded 

directly into N without going through E and there is no rewrite cycle, For 
V-these reasons , the PKM FF logic is very simple and consists only of the strobe 

pulse at PJ2-1~ . 
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16-4 . 3 QK CYCLES 

16 -4 . 3 .1 INTRODUCTION 

The QK counter runs only during those instructions that have an operand cycle. 

The counter ' s basic function is to control the operand word ' s memory read-write 

cycle . The QK cycle is always preceded by the associated PK cycle . Once the 

QK counter starts it always completes the entire operand cycle before another 

QK cycle can begin. If the operand is stored in the VFF Memory it is possible 

that QK may have to wait in ~ 3a until the interlock conditions for proceeding 

have been satisfied . 

The QK timing chart requires that the contentsof three columns be examined to 

determine what events are initiated in any given QK time level. The Interlock 

columns,the Alarm and Mi scellaneous Controls columnsand one of the five Memory 

Cycle columns must be sel ected and examined . 

16 -4 . 3.2 BASIC QK CYCLE 

QK waits in ~O until the QISTART level occurs . At this time QK begins 

counting and the following events take place: 

1) The content of PKIROP is copied into QKIRop · 

2) If PK is in pifO, the memory on-off switches are sampled . 

3) The address of t he operand used by the current instruction is copied 

from XA into Q. 

4) Sever a l interlock conditions are set up which indicate such things 

as QK has started and is running (QB1 ) , Q can select a memory register 

(QKA1 ) and Eis busy (EB1 ) . 

The time level in the QK cycle at which PI1 i s cleared (PI~ indicates another 

PK or CSK cycle can begin) depends on the specific OP code being executed . 

Similarly the XWK and FK counters are started at t he time in the QK cycle 

required by the execution logic of the particular OP code . 

QB is cleared in ~
1

, anticipating by o . 4 microsecond the completion of the 

QK Memory cycle and the completion of the use of the Q and M registers . 
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When an illegal memory address is decoded (e . g . , an address in a memory which 

is turned off), a QSAL alarm will occur at ~9<X. 

If the meta bit is a ONE and if the toggle switch indicating that the operator 

is trapping on operand word metabits is set (~) , then the synchronizer in the 

Trapping Sequence will be set to a ONE ( l.!.. SYNTRAP) at Q.030: . 

Parity logic prevents M from being altered unless the MPA level is present . One 
1 of the conditions that causes the MPA to be generated is MPS Since it is 

desirable to alter M during the read portion of the QK Memory cycle , independent 

of the parity logic, MPS is always set to ONE at ~lO: and cleared at Q.0l0: (if 

MPAL is not suppressed). After the memory is strobed into M (normally ~ 1~) , 
1 the MPA l evel will depend on f actors other than MPS , e . g., parity conditions . 

Parity is not checked in the V memories. The time at which parity is checked 

in the S, T and U memories depends on the specific OP code . Those OP codes which 

skip over ~ 20: will set up t he parity circuits during ~ 30: and check for a 

parity alarm in Q.040:. Most other OP codes set up the parity circuits in ~ 20: 

and check for a parity alarm in ~ 30:, but some do not check the parity unti l 

~ Bo:_ Note that the QKIRLOAD instructions rewrite while checking parity, 
. STORE . . while the QKIR instructions must compute parity after checking pari ty 

before rewriting. INS is a special case and wi l l be discussed in the I NS OP 

Code Timing Chart . 

16 -4 . 3 . 3 MEMORY CYCLES 

Tapped delay lines are used to set the two read flip-flops SRU and SRV. The 

read current in the memory occurs when both flip-flops have been turned on . 

The SRV delay line i s pulsed at ~2~ and the SRU delay line at ~3~ . 

Mi s cleared in ~ 90: in anticipation of the S Memory strobe into 

M(SM ~ M) at ~ 0
~ . 

The write current is turned on by pulsing the SRy and~ CLEAR delay lines . 
_ _llO: . l A LOAD 

SRV is cleared at Q~ ; SRU is cl eared at QK 3~ for QKIR instructi ons 
__ 21~ STORE . . 

and at <tK for QKIR instructions . The write current is not actually 

turned on until both the SRy and SRU flip -flops have been cleared. 

The inhibit currents are turned on by pulsi ng the SINlI SEr delay line . This 

occurs 0 . 2 microsecond before SRU is cl ear ed. 
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__ _i3 or 21 ... 'l l . LOAD 
The write cycle (liK. through QK"' ) begins earlier for QKIR 

instructions than for QKIRSTORE instructions, so QK jumps from Qlf3 to QJ21 

for the QICIRLOAD instructions and from Qlf5 to QJ21 for the QKIRSTORE 

instructions . 

The same operand that is written back into memory during the WRITE portion of 

the memory cycle is usually copied into E by an "ultimate pulse " (M ~ E) . 
.. 21a STORE 

This occurs at QK for all the QKIR instructions that do not select E 

(QKIRE), and at Ql3a for all the QKIRLOAD instructions (except SPG) that do 

not select E. Note that EB is cleared ( ~ EB) at the same time the ultimate 

pulse is fired off. 

QK can jump states in ~ 3 through Qi1 depending on the requirements of the 

OP code. These jumps are independent of memory considerations . 

T AND U MEMORY CYCLES (QKMT AND QKMu). The T and U Memory. cycles are identical 

and are in fact very similar to the S Memory cycle . 

However, here the read and write currents are determined by the read and write 

flip-flops directly. 

The T (u) read delay line is pulsed at ~la_ QK then jumps to ~ 9a_ The 

memory is strobed into Mat ~ 1~ . During this read time the TR (UR) read 

flip-flop is turned on and then off. 

In the case of the QKIRLOAD instructions, the "inhibit and write" delay line is 

pulsed at ~ 3a_ In the case of the QICIRSTORE instructions the delay line is 

pulsed at Qlf3a. The delay line is tapped so as to set the TINH (UINH) flip

flop before the TW (uw) flip-flop. At the end of the write time, TW (UW) and 

then TINH (UINH) are cleared. The other QK logic is identical to that found 

above under the S Memory cycl e description . 

VFF MEMORY CYCLE (QKMVFF). This memory cycle has several peculiarities. In 

the case of the S, T and U Memory cycles, the word selected in memory was 

strobed into M essentially at ~ 1 . Note that up to this time Eis undisturbed. 

In the present case it is also desirable to have the word selected in the VFF 
__ .ll _ 

Memory in M by \iK. However , the route from VFF to Mis through E, and the 

original content of E must be momentarily displaced and then replaced in Eby 
.. .ll_ 
\iK. This is accomplished as follows: 

At Qif2a the content of Eis copied into M, and Eis cleared. 
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At this point the execution logic depends on which of two cases exist . In 

Case 1 , the selected VFF register is not E (VMDE); in Case 2 , the selected VFF 

register is E. 

Consider Case 1 . When the waiting state logic in ~ 3a permits, the content of 

the selected VFF Memory (A,B, C or D) is copied into E. QK now jumps to~~ 

where Mand E are interchanged. M now contains the content of the selected VFF 

register and E contains its own original content . 

In Case 2, Eis cleared and M contains the original content of E (i . e. , the 

content of the selected VFF register) at the end of Qf2a. Nothing happens in 

~ 3a and QK jumps from Qi<°3a to ~~- M is now copied into E. Both M and E 

now contain the same thing, i . e . , the content of the selected VFF register. 

Mi s not cleared in~~- As a result any operation on the metabit uses the 

metabit left there by the previous QK Memory cycle. 

Note that no read or write cycles in the sense of the S, T and U Memory are 

involved in the V memories . Everything is accomplished by simple register 

transfers . For this reason no parity checking or parity computing is involved. 

QK therefore jumps from ~l to Qi<-3. 

. STORE 
The write cycle , which occurs during QKIR type instructions , is complicated 

by the question of whether or not a STE instruction is being performed . As 

before , there are two cases . In Case 1, the selected register is not E (VMDE); 

in Case 2, the selected VFF register is E. 

In Case 1, the content of Mis copied into E from Mand, if this is a STE, E 

is saved in Mat ef1a. The selected VFF register (A,B, C or D) is cleared at 
__ 22a :_23 
~ and E copied into the register at~ . In all instructions except SPG 

the ultimate pulse copies Minto Eat QJ(23 . At this time , if this is a STE, E 

is also reset from M. 

In Case 2, nothing occurs at «1 
unless a STE is being performed . The content 

of Mand E are interchanged if this is a STE. Nothing happens in ef2a, but in 

ef3 the content of Mis copied back into E again only if this is a STE in

struction which selects E. 

VFF MEMORY CYCLE (QKMVFF) . In this memory cycle, Mis cleared in~~ as 

__ J.1a_ 
usual and the V toggle switch memory register is copied into Min~ 
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Since no write cycle is involved and there are no parity checking requirements, 

QK jumps from QK"1 to QK"3 and from m<.23 to QK
31 . 

The ultimate pulse logic is the same as that for the S, T and U memories. 
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16-5 PK-QK INSTRUCTION CYCLES 

16-5 .1 INTRODUCTION 

The timing charts in this section tabulate the sequence of logic used in the execution 

of specific instructions . These timing charts fall into three basic classes : 

Class A. Instructions which do not use an operand. The instruction timing charts 

cover the PKEI (PK extended instruction) cycle (Pi5 through PK31 ). 

Class B. Instructions which use an operand and have an extended PK cycle , i . e., a 

PKEI cycle . The instruction timing charts cover the PKEI cycle (Pi5 

through Pi<:31) and the operand instruction cycle (Q,IfO through QK31 ) . 

Class C. Instructions which use an operand and have a simple PK cycle. The 

instruction timing charts cover the operand instruction cycle (QfO 

through QK31 ) . 

While there are some 35 OP codes discussed in t his section , there are certai n sequences 

of pulses which appear in more than one OP code. For example , in all load type instruc 

tions there is a sequence of pulses that initiates the configuration - sign extension 

pattern . Isolated pulses also occur which serve a common purpose in the instruction in 

which they are fired off. For example, in Class Band C instructions an "ultimate pulse" 

is fired off in Q/3a. This pulse copies the operand written into the Memory Element 

register also into the E register. 

The basic pattern of configuration pulses is very similar for all the configurable 

instructions, whether of a load or store type. An inverse permutation pulse is fired 

off in Pi1 ~ . If a LOAD type instruction is i ,nvolved, the content of Mis transferred 

into E under permuted activity control in Pi3a. If a STORE type instruction is involved, 

the content of Eis transferred i nto Munder permuted activity control in Pi3a. A 

direct permutation pulse is then fired off in Pi3~. 

The brief discussion accompanying each timing chart in this section consists of three 

parts : 

March 1961 

OP CODE DESCRIPrION - a simple non -rigorous description of the OP code is given . 

SPECIAL FEATURES - a list of the special features or unusual characteristics 

DE'TAILS 

of the instruction is given , e . g., special logical transfers , 

special sampling nets , special counter activity, etc. 

- a discussion of the significance of the timing chart pulses 

is given. 
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The types of figures used to illustrate the timing charts or supplement the discussion 

vary in format somewhat depending on the OP code. Most figures contain two types of 

information . A picture is given illustrating the register transfers that occur during 

the instruction execution . The circled numbers on these illustrations indicate the 

relative order in which the transfers occur, e . g., 3 occurs after 2 and before 4. The 

heavy arrows indicate the transfers of major significance in the logic . The lighter 

arrows indicate transfers that may restore registers or provide some secondary function . 

The tables accompanying the f i gures , give the content of the registers as a result of 

the pulses fired off by the indicated time level . Lower case letters have been used t o 

indicate the content of the registers before t he instruction execution phase begins . 

For example , b represents the original content of register B, m the original content of 

register M, y the content of the selected Memory Element register, etc . The following 

symbology has also been used : 

b
p 

the register contains the inverse permutation of the original content of B. 

- the original operand has been transferred into the register under permuted 

activity control . 

- the register contains the configured operand . 

the regi ster contains the configured operand with its s ign extended . 

- the inactive quarters of the register contain the original contents of 

the corresponding quarters of B; the active quarters contain the 

configured operand . 

In some cases the specific contents of each quarter of the register have been spelled 

out to indicate more clearly what is taking place. For example, 

y y3 yl 

etc . 

The OP codes fall in several broad categories . Within a category the OP codes have 

certain common features or functional simi l arities . There also exists within the broad 

categories subcategories where the similarity of OP codes becomes even more striking . 

The broad categories are: 

OPR (IOS and AE) in these instructions the address bits have a special function. 
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X Memory Instructions (JPX and JNX; AUX; RSX; ADX; DPX; and EXX) in these 

instructions either a logical decision to skip or jump is made , based on the contents 

of one of the X Memory registers , or a load or store operation (simple or complex) 

occurs that involves the X Memory . 

F Memory Instructions (FLF, FLG, SPF and SPG) - these are load and store instruc

tions involving the F Memory . 

Load and Store Type Instructions Involving the Arithmetic Element Registers 

several sub -groupings of t hese instructions can be made depending on what features 

are being examined, e.g ., 

1) LDA, LDB, LDC, LDD 

2 ) LDA, ITA, UNA, EXA 

3) STA, STB, STC , STD 

4) STA, INS 

5) LDA, STA, EXA, LDB, STB, LDC , STC, LDD, STD, etc. 

In some of these instructions , the l oad or store logic is both complex and obscure , 

e.g . , INS. 

Load and Store Type Instruct ions Involving t he E Register (LDE, ITE, STE) 

Jump on Arithmetic Element Type Instructions (J0V, JPA, JNA) - these are logical 

instructions which sample registers or flip -flops and make jump decisions based on 

their contents . 

CQ~, TSD and SKM are somewhat unique instructions , although the pattern of their 

execution logic is found in other instructions . TSD is similar to the LD- and ST

instructions depending on whether an input or output unit is involved. COM has 

some of the characteristics of both the LDE and STE instructions . 

Undefined Operation Codes The operation code values 00, 01, 02, 03, 04 · ~ -B' 13, 
23 , 33 , 45 , 50 , 51, 52, 53, 63 , 73 are undefined . All of these operation codes will 

cause OCSAL to be set at PJ("5a of this instruction word cycl e (the initial PK cycle 

if no deferred address is requested or the ultimate PK cycle if a deferred address 

i s requested) . PK will then return to pfOa from Pl4a and wait for the alarm 

condition to be removed if this condition stopped the computer . Note that when 

Keq J that the undefined operation codes have no effect on the computer other than 

to advance the content of P by one (if Keq J then XPS i s cleared) . 
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OPR (04) 

OP CODE DESCRIPI'ION . The function of this OP code is determined by the base address 

portion of the instruction word, i . e . , N2 . 8 _ 1 .1 • 

is determined by N2 _8 _ 2 _
7

. Thus , 

The basic differentiation in function 

N2 .8 - 2 .7 
INSTRUCTION 

0 0 IO OPERATI ON (Ios ) 

0 1 AE OPERATION (AOP) 

1 0 UNDEFINED 

1 1 UNDEFINED 

I f either of the two undefined instructions are executed an OCSAL alarm will be generated 

at Pi<5o:. 

These i nstructi ons have an extended PK cycl e (instruction execution phase) , and no QK 

cycle, i . e ., no operand is obtained from memory . 

The IOS instruction is discussed in detai l in Chapter 15 on the In- Out Element , while 

AOP instruction is discussed at l ength in Chapter 14 on the Arithmetic Element . Brief 

discussi ons of t he execution l ogic of each i nstruction is included in t he descr i ptions 

of the IOS and AOP timing chart. 
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OPERATE (IN-OUT SELECTION: 

OP CODE DESCRIPI'ION. IOS is used to control and/or report on the state of the In-Out 

system, as well as to raise and lower flags in the Sequence Selector . It is one of the 

variations of the OPR instruction. It is also a non-configurable and non-indexable type 

instruction . 

SPECIAL FEATURES . IOS has an extended PK cycle (P/5 through Pi3
1

) and no QK cycle . 

The base address bits N
2

_6 _ l . l are used to det ermine the type of IOS executed . The 

significance of the instruction word bits is shown in the accompanying table. Note that 

only cF
5 

and CF
1 

of the configuration bits are used, and that N~~B _ 2 _
7 

distinguish this 

as an OPRIOS instruction . 

DETAILS. Since an IOS 3X, X:XX or 6x, x:xx is used to change the operating mode of an IO 

unit, an IOSAL will occur if the selected unit is in the MAINTenance mode at p/4a. 

1 In a "report" type IOS (CF1 ) , Eis cleared preliminary to the transfer of information 

into E. This cl earing occurs in Pi5a when Ei s not busy (EB0 ). 

PK25a is a waiting state and depends on the following conditional logic: 

/ ► PK 

E must be free , since an IOS "report" into E will occur in Pi6a if CF1 It is also 1· 
important that the current IOS not upset the mode of the IO unit of the current sequence , 

since a data transfer during the QK cycle of a TSD can still be taking place . Also, i f 

the IOS refers to the Trapping Sequence, it must not change the set meta bit mode during 

a QK cycle . For these reasons IOS is held up in p/5a until the previous QK cycl e is 

completed (QJ3°) or in the case of SPG, until the FK cycle is completed . (FK clears EB 

in this case, instead of Q;B .) 

The information placed in bits 3.6 - 3.1 of Eis simply the number of the specified IO 

unit . The information placed in the remaining bits of E report on the situation at the 

IO unit and in the Sequence Selector before this situation is changed by the IOS . 

_26a 
The new modes specified by the IOS type are established by pulses generated at PK- . 

Note that changes in the operating mode of an IO unit are prevented if the specified IO 

unit is in the MAINTenance state . 

A complete di scussion of the effect of 20000 , 3XXXX and 6xxxx is given in Chapter 15 

under each IO unit . 
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1 DIS REQ . If CF
5 

the PKIR level will be generated and, if the -hold bit i s a zero, a dismiss 

will occur . The flag will be lowered in Pi25a, and either PI
3 

or CSK4 will be set in 

pJ1
. However, the IOS will not dismiss if it also raises the flag of the current sequence 

(Keq J . 101 ) 25 _
26 

~ .6 2.4 • In this case the flag l owering in Pr is offset by the flag raising 

in Pr, so that in fact the flag is left raised at the end of the instruction. PK goes 

through four states (1 .6 microseconds) after Pi26 
before sampling the interlock nets in 

order to allow them to set up properly after the mode pulses. 
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OPERATE (ARITHMEI'IC ELEMENT: { .8' ~.7) 

OP CODE DESCRIPTION. AOP allows the programmer to operate on existing data in the 

Arithmetic Element with any one of a number of defined AK type instructions without 

obtaining an operand from memory . It is one of the variations of the OPR instruction . 

AOP is a non -configurable and non-indexable type instruction. 

SPECIAL FEATURES . AOP has an extended PK cycle (Plf5 through PI2
1) and no QK cycle . 

The base address bits N2 _6 _ l , l are used to determine the specific AK type instructio~ 

executed. The significance of the instruction word bits is shown in the accompanying 

table . Note that the N4_8 _ 4_4 bits are not used, and that ~~8 _ 2_7 distinguish this 

as an OPRAE instruction. 

DETAILS . p/50: is a waiting state conditioned by the following logic: 

QBl + AE.B :::, PKj + 1 --+---- PK 

QB
1 and AE.B simply insure that the QK and AK cycles of any previous instructions 

finished. The N2 _6 _ 1 _4 bits are also jammed into AKIRCF and AKIROP in Pif5a . 

260: 

are 

PK initiates the AK counter which executes the instruction logic specified by the 

contents of AKIRCF and AKIRop· 

If an undefined Arithmetic Element operation code is specified in AKIROP by AOP, an OCSAL 

al arm will occur during the AK cycl e. 

Note that the configuration used in the Arithmeti c Element during an AOP is specified 

directly by the N
1

_
9 

_ 
1

_4 bits . No permutation is specified, since permutation has 

meaning only in the Exchange Element . Also , since the configuration is not transmitted 

through QKIRCF to AKIRCF' no activi ty or sign extension will occur in partially active 

subwords . Hence operations specified by AOP with such configurations will yield 

different results than when specified in the usual manner. 
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JUMP 

OP CODE DESCRIPTION. JMP perfonns an "unconditional jump" to the memory address 

specified by the output of the X Adder . After Pis indexed in the nonnal manner, t he 

content of Pis replaced by the content of the X Adder . Before this occurs , the content 

of P and Q may be placed in the E register . JMP is a non-indexable and non-configurable 

instruction. 

SPECIAL FEATURES . JMP has an extended PK cycle (Pi5 through PK31 ) and no QK cycle. All 
DIS REQ 

of the configuration bits are used for special purposes : e . g ., the PKIR (dismiss 

request instruction) , PKIRIND (indexing instruction) and PKIRXM (X Memory instruction) 

class decoder levels are dependent on PKIRCF ' 

DETAILS . After the content of the X Memory (x.) is strobed into X in P~3a (as it is in 
J 

all other instructions) , the following actions , conditional on the PKIRCF bits, take 

place: 

The output of the X Adder equals the arithmetic expression (y + cf1 · x.) , 

CF
l J 

i.e ., the content of N
211 

is indexed by xj only if 1 . 

The time that the X Memory write cycle occurs , which determines the final 

content of X, is conditional on CF
2

. CF~ starts the XWK counter in P~4a . 
1 This results in the original xj being rewritten in Xj. When CF2, t he content 

of Pis transferred into X and the XWK counter is started at PK3ia. This 

results in the original content of P (after being indexed by one) being 

written in xj. 

The content of P (after being indexed by one) is placed in E
211 

The content of Q is pl aced in E
413

. (Q contains the address of t he operand 

or the last deferred address used in the instructi on preceding the JMP.) 

DIS REQ . The PKIR level is generated . The flag of the current sequence is 

lowered at Pi5 and either PI
3 

or CSK4 is set in PK31 if PKI~ . Note that 

PI
3 

can also , be set redundantly, in Pi4 . 

Note that the content of Pis not changed if there is an unsuppressed alann (AL) and t he 

Auto Start After Alann switch is not turned on. Also , the content of X. is not changed 

if there is an X parity alarm (XPAL1 ) and the alann is not suppressed. J 
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JUMP ON POSITIVE INDEX 

OP CODE DESCRIPI'ION . JPX performs a jump to the memory address specified by the base 

address , if the content of the i ndex (Xj) register is positive and non - zero . The signed 

four bit number r epr esented by the CF bits i s then added to the index register and the 

r esult stored in Xj . JPX is a non -configurable and non-indexable instruction. 

SPECIAL FEATURES. JPX has an extended PK cycl e (Pi<:25 through PJ<3
1) and no QK cycle . The 

content of Xis sampl ed by the XJ net. The XJ level i s generated only if the signed 

content of X. is positive and non - zer o . The sign bit (cF
5

) of the CF bits is extended 
J 

so that an 18 bit number is formed from the 5 bit content of PKIRcF· 

DEI'AILS. 
pj5CX. 

X Adder . 

The content of Xis complemented at P05cx and then sampled by the XJ net in 

If an XJ level is generated, the content of N2, 1 is transferred into P via the 

Xis again complemented, restoring the origi nal content of the index register . 

The content of PKIRCF is then transferred into N
2

,
1 

N2, 1 is filled up by extending the 

s i gn of t he CF bits . The X Adder forms the sum of CFSE and the index . This sum is then 

transferred to X and written in t he selected X Memory register. 

DIS REQ 
The PKIR level is generated if the XJ level i s generated . XJ has meaning only 

until Pi<:25. Hence the change sequence conditions are examined at Pi<:24, the wait 

conditions at 
25 

leaves PK . 

_25 25 
PK , and the flag of the current sequence lowered at PK before PK 

As in JMP, the content of P and t he content of Xj are not changed if the parity alarms 

occur . 
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JUMP ON NEGATIVE INDEX 

OP CODE DESCRIPTION . JNX performs a jump to the memory address specified by the base 

address, if the content of the index (Xj) register is negative and non - zero . The signed 

four bit number represented by the CF bits is then added to the index register and the 

result stored in X . . JNX is a non - configurable and non-indexable instruction . 
J 

DETAILS . (The execution logic f or JNX is identical to that for JPX, except that the 

complement X pulses generated at PI<"5a and pj5a in JPX do not occur in JNX . In JNX, the 

XJ level occurs if the content of X. is negative and non - zero . See JPX description . ) 
J 

March 1961 



PK 

24 

25 

2, 

Z7 
28 

31 

XJ 

JUMP ON NEGATIVE It-JOEX 
o,/. 

EB0 + XJ . . . 

EB0 • XJ. . . . . 
at. EB0 • XJ • ( AL +- AUTO- START) 

E.B' . . 
PK1Rh • PKIRcii!> ve, • 550..ff .... , 

PKIR~ • PKIRd.i s v-•t . KD6o 

at. 

PKIRd~ . ' 

ol.. 

d.. 

oJ. XPAL~up + XPAL0 . 
PKlR'l(M · ' . ' . . . 

= VI • ( X ~8 + ..... + XO ) 
""2·~ "' 1,1 

:, 

::, 

:, 

=> 
:, 

:=> 

::::> 

;:) 

. ::> 

l.4~'2,I ' L!....XAC 
P-+-Ei,1 
XA-¼-P 
PK'+ I -I-PK 
u..c.s1<4 
\dismis,.., Fla~ 

LL,... XAS 
PKIRd"'.1 

I 

ll__ N2.,- l•S' 

ill-PK 

XA-t-+X 
1s-+o.t-t ~ )(WK 

PKIRcfi~ ~'1 
PKIRcil<i 

PKIRJef 
PKIR)(M 
PKIRjt-

- N,.~-1.1 

T~,s 1~sh1.1c:t1on jl,Ul'lpS if+~~j.,,Ja 1':> n~34+iu~ .t l')Qn iCl"O, 

l-t the.~ a.tlch -fhe 5j~11ed 4 bi+ '11~W1ber v-epres~teJ. b~ +h~ Pk.IR cf bd· .s iu +k~ 
index re31sie..-. 

07 
JNX 



AUGMENT INDEX (FRCM MEMORY) 

OP CODE DESCRIPrION .. AUX "al.,lgillents " the content of the specified index register (X.) with 
J 

part of the content of the selected Memory Element register . The sum is stored in the 

specified index register . AUX is a configurable, but non - indexable instruction . 

SPECIAL FEATURES . The addition that occurs in the X Adder treats the contentsof N2, 1 
and X as two 18 bit signed numbers . 

DETAILS. The E register is cleared . After the normal configuration and sign extension 

process that takes place in a load type instruction has occurred, the content of E2,
1 

is 

algebraically added to the content of X. The result of this addition is then placed in 

X and the content of X written in the X Memory . 

Note that content of Xj is not changed if an unsuppressed X parity alarm occurred . 
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AUGME~T INDEX ( FROM MEMORY) 
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RESEI' INDEX (FRCM MEMORY) 

OP CODE DESCRIPI'ION . RSX "resets " the content of the specified index register (X.) with 
J 

part of the content of the selected Memory Element register . RSX is a configurable, but 

non - indexable instruction. 

SPECIAL FEATURES . The content of the X register is treated as an 18 bit signed word . 

By extending the sign bit of this word to the left , a 36 bit word is formed. This 36 

bit word then enters into the configuration process just as the 36 bit content of A 

would enter into the configuration process in a LDA. 

DETAILS. After Eis cleared, quarter 3 and 4 of E are complemented based on the sign of 

the word in X. The content of Xis then jammed into E
2

,
1 

Note that the effect is as if 

X contained a 3rd and 4th quarter and the sign of X were extended into these quarters. 

After Eis loaded with the sign extended content of X, the normal configuration and sign 

extension process that takes place in a load type instruction occurs . 

The content of E2, 1 is then routed through N
2

,
1 

and XA into X. 

wri tten in the X Memory by the XWK counter . 

The content of Xis then 

Note that the content of X. i s not changed if an unsuppressed X parity alarm occurred . 
J 
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SKIP ON INDEX 

OP CODE DESCRIPTION . SKX perfonns a conditional skip based on a comparison of the 

content of the specified index register (X.) and the base address, or it replaces or 
J 

augments the content of the specified index register with the positive or negative value 

of the base address . SKX can also lower the flag of its own sequence and raise the flag 

of any other sequence. SKX is a non -configurable and non - indexable instruction. 

SPECIAL FEATURES . SKX has an extended PK cycle (Plf5 through PK31) and no QK cycle. The 

PKIRCF bits are used for a special purpose . 

DETAILS . The instruction may be differentiated into two distinct types based on PKIRCF. 
3 

if PKIR~F, t he instruction is a SKIP type . If PKIR~F , the i nstructi on is a SKIP type and 
3 3 

There are four versions of each type , based on the state of the PKIRCF and PKIRCF bits . 
2 1 

Consider the SKIP example illustrated. The content of the index register is l oaded into 

X at P03a . The content of Xis then replaced by jamming the base address vi a the X Adder 

into X. The content of Xis then written into the X Memory by XWK. 

The variations in the SKIP i nstructions involve changing the sign of the base address 

(CF~) and/or adding the ori gi nal content of the select ed X register (CF~) before storing 

it in the X Memory . 

Similarly, there are four SKIP type instructions. Consider the SKIP example illustrated . 

The content of the index register is loaded into X at P03a . The base address is then 

indexed and l oaded into X where t he sum is complemented . Not e that the content of X will 

be negative and non - zero onl y when the negative val ue of the base address is arithmetically 

l ess than the value of the content of the index register . 

The content of Xis now sampled by the XJ net. If t he content of Xis in fact negative 

and non-zero , the XJ level is generated and Pis indexed . Note that P was previously 

indexed in Pif4a . The balance of the instruction restores the original value of the index 

r egister in X. The content of Xis then written in the X Memory by the XWK counter . 

The variations in the SKIP i nstructions invol ve the type of comparison of the base 

address and the index register that is used to make the SKIP decision . The comparisons 

involve the base address or i ts complement (CF1 ) and either an in equality or greater 

than-less than (CF
2

) comparison . 
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The logic of all eight variations are listed separately on the timing chart. 

SKX also has flag raising and lowering features . When the PKIRDIS REQ level i s generated 

(CF~) , the flag of the current sequence is lowered . If PKIR~F
4

, the flag of the sequence 

specified by the J bits is raised . Note that if CF~• CFt · ~q J , i . e. , the current 

sequence is both dismissed and has its flag raised, then the PKIRDIS REQ level is not 

generated . The flag in this case is lowered in P!f5 and then raised in P!f6 . The 

sequence change condition are examined in both P!f4 and Pf21 and hence Pr
3 

can be set in 

both these states . The instruction cannot lower f l ags of other sequences , so that t he 

examination in p/4 
cannot erroneously set Pr

3
. The wait conditions are examined only in 

pf21 . 
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EXCHANGE INDEX (WITH MEMORY) 

OP CODE DESCRIPrION . EXX "exchanges " the content of the specified index register (X.) 
J 

with part of the content of the selected Memory Element register . EXX is a configurabl e , 

but non - indexable i nstruction . 

SPECIAL FEATURES . The content of the X register is treated as an 18 bit signed word. 

By extending the sign of this word, a 36 bit word is formed . This 36 bit word then 

enters into the configuration process just as the content of A would enter into the 

configuration process in an EXA. 

DETAILS. Eis cl eared and quarters 3 and 4 of E are complemented if t he sign of the word 

in Xis a ONE . The content of X i s then jammed into E2,
1 

The effect is as if X 

contained a 3rd and 4th quar ter and t he s i gn of X wer e extended i nto these quarters. 

After Eis loaded with the content of X, the content of Mand E are exchanged under 

confi guration and sign extensi on control, The content of Mi s then stored in the 

selected Memory Element register and the' content of E2, 1 is placed via N2 , 1 and XA in 

X. The content of Xis then written in the X Memory by the XWK counter. 
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EXCHANGE. INDEX (WITH MEMORY) EXX 

PK 24 d. LQ.Q. PK 

00 cl-. r.JT s1art- , . . . . :::> I stcir-t -~ FK 

01 d... ~N2,1 
11~\c'AC 

SEE QKM TIMiij6 

0~ ol.. 

ol l£....-E 
10 LL._ XAS 

f3 X2.9 . . . . . . . . :::> ~ E.3,4 

cl-., XA~£2,1 

I) 
~ !-P ► E 

12 

L..L- XR.' Ll....XB 
QK 

c,(. Mo,, .,.E ... , p 

13 MP.A . ' ' . . . . • ::, ,;;_ - :_,,~ ., M 

B ~E 

~E 
of., 

SI!' 
LQ...,..PI, 

14 12./ .._ QK 

13 l.£-. E 
5€ 

~XAS 

21 d,.. 
E2,,-.L.-N2,1 
M 

0
'

1 E 
QKM"FF. . . . . . . ' => ~EB 

1 stc1...-t • )(WK 
22 a< XPAL~LlP + XPAL0

• 
. . . • =::> XA-j-X 

23 ol. ~EB 

SE"E" QKM TIMING, 

31 .,t. 



ADD INDEX (TO MEMORY) 

OP CODE DESCRIPTION . ADX adds the content of the specified index register (X.) to part 
J 

of the content of the selected Memory Element register . The sum is stored back in the 

selected Memory Element regi ster . ADX is a configurabl e , but non - indexable type 

instruction . 

SPECIAL FEATURES. The addition that occurs in the X Adder treats the content of N2 , 1 
and X as two, 18 bit signed numbers . Two distinct configuration processes take place 

during the instruction execution logic . 

DETAILS . Ei s cleared. Then, after the normal configuration and sign extension process 

that takes place in a load type instruction has occurred, the content of E2, 1 is trans

ferred to N2 , 1 and algebraically added to the content of X. 

is transferred back into E2, 1 

The result of this addi tion 

The normal inverse configuration process that takes place during a store type instruction 

then takes place. Finally the content of Mis stored in the selected Memory Element 

regi ster . 
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ADD INDEX (TO MEMORY) 
~PK 
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DEPOSIT INDEX (IN MEMORY) 

OP CODE DESCRIPTION. DPX "deposits " the content of the specified index register (X.) 
J 

into the selected Memory Element register . DPX is a configurable, but non - indexable 

i nstruction. 

SPECIAL FEATURES. The content of the X register is treated as an 18 bit signed word . 

By extending the sign of this word, a 36 bit word is formed . This 36 bit word then 

enters into the configuration process just as the 36 bit contents of A would enter into 

t he configuration process during a STA. 

DETAILS . Af'ter Eis cleared, E4,
3 

is complemented, based on the sign of the number in 

X. The content of Xis t hen jammed into E2, 1 Note that the effect is as if X contained 

a 3rd and 4th quarter and the sign of X were extended into these quarters . 

Af'ter Eis loaded with the sign extended contents of XA, the normal configuration and 

storing process takes place as in a STE . 
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DE:POSIT INDEX (IN MEMORY) 
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SKIP ON MEMORY 

OP CODE DESCRIPrION . SKM allows a programmer to select .and use any bit in a memory word 

as an operand. This bit can be used to make a decision whether or not to SKIP . The bit 

can also be altered . Finally, the whole memory word can be rotated . SKM is a non 

indexable and non -configurable instruction . 

SPECIAL FEATURES. SKM has an extended PK cycle (Pl5 through PK31) . PK waits in Pl5a 

until QK reaches w2-4a . The J bits (N 6 _ 
3 1

) and CF bits (N4 8 _ 4_4) are used for 
SKIP BIT 3· . • 

special purposes . The E net samples the state of the selected bit . The operand 
1 

can be rotated by an E CYR .. M pulse. 

DETAILS. 

Operand Bit Selection. The NJ bits are used to select the operand bit . The scheme 

uses N
3

_6 and N
3

_
5 

to determine the quarter and N to sel ect the bit in t he 3.4 - 3.1 
quarter . In practice all the bit sampling and altering occurs in E

1
; ther efore , it 

is necessary for the operand to be read out , copied into E and the quarter containing 

the selected bit permuted into E
1 

before the sampling occurs . The permutation i s 

accomplished by transferring the content of N
3

_6 _ 
3

_
5 

i nto QKIRCF and cl earing 
2 -1 

QKIRCF 
9-3 

CF
9

_4 then specifies a 36 bit fracture with all quar ters active , while 

CF
3

_
1 

specifies the permutation required to place the sel ected quarter into E
1

. The 

specific bit examined in E
1 

is selected by N
3

_4 _ 
3

_
1

. 

In addition to examini ng the bits in E
1 

certain other specific bits can be examined 

di rectly, e . g. , M4_10, MP and MP
38

. In t his case , the oper and quar ter specified by 

N
3

_6 _ 
3

_
5 

has no logi cal significance . 

Decision Logic . Three independent decisions are made based on the state of the 

QKIRCF bits . 

CF
5 

and cr4 - determine the conditions for skipping . 

CF
3 

determines whether or not the operand is to be rotated . 

CF2 and CF
1 

determine whether or not the selected bit is to be altered. 

(See accompanying DECISION LOGIC tabl es . ) 

Note that the execution logic allows~ and MP
38 

to be sampled (i . e ., sensed) , but 

not altered . All the other sel ected bi ts may be sampled and/or al tered . 

Note also that the sel ected bit is fi r st sensed, and t hen altered . 

rotated until af terwards . 
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SKIP ON MEMORY 
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QK 
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LOAD E (FR(].1 MEMORY) 

OP CODE DESCRIP:rION . LDE "loads" the content of the selected Memory Element register 

into the E register . LDE is a configurable and indexable instruction . 

SPECIAL FEATURES. The "ultimate pulse" , which normally copies the content of the memory 
LOAD 

word into E in Q,ICIR type instructions , does not occur . 

DETAILS . See the description of the LDA (B, C and D) OP codes for an explanation of the 

basic "loading" process . The execution logic for LDE is similar to that for the other 

LD- OP codes, except that the transfers copying the content of the specified register 

into E and vice versa are omitted since Eis the specified register, and the "ultimate 

pulse " does not occur . 
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SPECIFY CONFIGURATION (FRCM MEMORY) 

OP CODE DESCRIPrION . SPF "specifies " configuration by loading the content of quarter 1 

of the selected Memory El ement register into the specified F Memory register . SPF is an 

indexable, but non -configurable instruction . 

SPECIAL FEATURES . The FK counter controls E register pulses during part of the 

instruction . 

DETAILS. The 36 bit operand word in the selected Memory Element register is placed in 

E. The FK cycl e initiated in QJC'-3a then places the content of quarter 1 of E into the 

F Memory register specified by the PKIRCF bits . 

The effect of the permuting in E that occurs during the FK cycle is nullified by the 

"ultimate pulse" that copies the content of Minto E. 
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SPECIFY GROUP (OF FOUR CONFIGURATIONS FROM MEMORY) 

OP CODE DESCRIPTION. SPG "specifies" a group of four configurations by loading the 

content of the selected Memory Element register into four successive F Memory registers . 

SPG is an indexable, but non-configurable instruction . 

SPECIAL FEATURES . PKIRCF specifies the initial address of:flur successive registers in 

the F Memory. PKIRCF is indexed three times . Quarter-wise shifting to the right occurs 

i n E during the instruction. FK controls E register pulses during part of the instruction. 

DETAILS. The 36 bit operand word in the selected Memory Element register is placed in E. 

The FK cycle initiated in Q,J<-3a repeats four times the process of storing the content of 

E
1 

into the specified F Memory register . y1 (see attached f i gure) is stored in the F 

Memory register specified by the CF bits originally transferred from N4_8 _ 4_1 to PKIRCF" 

(In the figure, these bits select register FO in the F Memory . ) 

Before the first FK iteration, PKIRCF is inhibited from indexing. However , before the 

second FK iteration, PKIRCF is indexed by one so that it selects the next F Memory 

register. 

After the transfer between E1 and the F Memory, the content of Eis shifted quarter wise 

to the right . Thus, in the second iteration y2 is stored in the F Memory . 

At the end of four iterations, E contains the original operand word so that no "ultimate 

pulse" need occur . 
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LOAD A, B, C, D (FROM MEMORY) 

OP CODE DESCRIPJ'ION. LD - "loads " the specified Arithmetic Element register with the 

content of the selected Memory Element register. These are configurable and indexable 

instructions . 

SPECIAL CCMMENT. The execution logic for these instructions is found , in modified form, 

in all the QKIRLOAD type instructions. 

DETAILS . The basic "loading" process consists of: 

1) "Reading" the content of the selected Memory Element register into M. Slight 

variations will occur in this process depending on which memory register is 

selected . 

2) Loading E with the content of the specified Arithmetic Element register . This 

is necessary in order that the configuration operation which follows will not 

disturb the inactive quarters · of the specified Arithmetic Element register. 

3) Configuring the operand . This consists of : (1) inversely permuting E, (2) 
transferring the content of Minto E under "permuted activity" control , and 

(3) directly permuting the content of E. 

4) Extending the sign of the configured operand . This is accomplished by a clear 

and complement operation under "sign extension " control . 

5) Loading the specified Arithmetic Element register with the content of E. 

6) Firing off an "ultimate pulse". This copies the original operand word from 

Minto E. 

7) Rewriting the original operand back into the selected Memory Element register. 

In the case of the V Memor y, a rewrite phase is not necessary since the readout 

is not destructive . 

March 1961 

LDA 
24 

LDB 
25 

LDC 
26 

LDD 
27 



..Q,!., 

/ <t,f' 

11 / 1 

LD8 l="e•.., Z /,L..Lt.>STIZ-~TI \/I: f:>t.AHPL~ LDfs f" 12bM B 1 LLU~T RATIIII: 91Alfll. LP8 1=1Zbl1 E I LLIJ~Tt,..11111' t:>tAl-1,~t 

~t'.. STfP V t-1 ~ 13 OPE.i,,.m,-1. H1=tt6« <vi::. .Sf!P B 11 E 0,&!i,\Tll)IJ ~t:: STl.'f) 13 M E. OPf!!ATI OH 

- - ~ m e b I,/ .. 
0,-11 (L) c1 * 0 I> RE-AO 

ll<i (D 0 ~ b b E SfTUP 

ii(!. @ 0 'a b- b ,. 
Co,.FIM'llA.l.,,. 

IS~ © 0 ~ IP;I~ b 

13e ® 0 ~ b I~" b 

1"'1d. (9 0 !~ b1~, i Q ~ .. 
11 ~ (!) 0 ·si 0 r~Tf>UIIHI 

@ h l~crse b Id" .. 
,, aJ ,, ,~ 0 ~ Lo ~ 

l~ ~ () 
~ ~ b l'clc~ U•Tn•f1'T1! 

?..~•• 

l.1-ll ® ~ C' ij' b ~F$1 ~Ewr:ne 

- - h l"1 f'. r.?P.7 ~ ..,½ 
1d. © b e 0 
3-.1 <D b e b 

11 $r7 u.. 
"l<j @ b b e 
I~ © b b 0 

11,1. © b b b 1: Sn Up 
II~ ~ b b b-p 

Co>1•~~t~n111 
llo- (i) h h b-lb p , .. 
I~~ @ b b I:> lbl:F 

11d © 0 b l b jb,~I 
S,~,. 

I 1C, @) 0 b ~ t~Tf>•11Dlj ., 

Ho- ® h lbc~ b b (her \ollll 6 • 
Si 

l!,o. § b I bc'u b b l)lll""-1( 

?u,L~i, 

b 
, ,,, - - ""' e 

.1,:i (D b e 0 

~.a. ® b e e H Sn IJ40 
IOd a) b e 0 

II d. Ci) b e b E SEr Uo 

II 13 @ b e. bf 
CoNfl,uP.UIII 

l~o @ b e b;I~ ... 
I.!,~ (j) b e b lecF 

--
14i ©) 0 ~5 $1!,N 

~ C) 
b lee, 

E'x.re>1.110"1 l"\i s, 
21 Q- ® b lecF e b IC°cF .l..o;J &' 

lf lf 

@ b I ecr.lL e e. U1,,.T1'1~Tf 
2~ 

P-.~£ 



PK 24 d-

00 d.. 

01 o<. 

09 ~ 

10 cJ. 

d-

II 

~ 

ol 

)3 f3 

c:1... 

14 

13 

2.1 al-. 

22 o< 

23 ~ 

31 oL. 

24- 2 S' 2~ ?_1 

LOAD A I B, C' D FROM MEMORY) LDA LDB LDC LDD 
LQQ...PK 

orsta.rt . . ::, 1sta.rt ~ FK 
1 l.2..,PI, 

SEE' QKM TIM!N6 

l..Q...E 

IJ.l.QK 
QKIRlcla. ::, A~E 
QKIR tdb . . . . ::, B---1-. E 
QKIRldc. . . . ::, c-L.E 
QKIRlcld . :;:, D-'-E 

Ii>". E 

M~E o.,p 

L1:._ E 

@-QK 

l..£-. E 
QKlRlcl.o.. 

SE . ? L.9.....A 
QKIRlclb ;;, L.Q... B 
QKIRIJc. :::> LQ....C. 
QKIR1c!d . . ~ L~D 

~E 
!.E 

QKIRl.la.' . ' ' ' :::> E~A 
QKIR!c:lb • . ' . . . -:, E___i__ B 
QKIRkJc: · ' . . . . . :::> E--L+ C. 
Ql<'.IRIJc{ · . ' . . . . :::> f---1- D 

M...2.i.4E 
t..E__ EB 
l1J-QK 

Of c.to.5~ Decoder Lines Up: PKIR'M, PKLR th', PK.!RQ.~ QKIR1~ QKI/?loJ ◄ PKlRAE 

QKIRJJ,.::> QK.IRA; Ql<IRIJb::> QK:r~ 8; QKIR/Je::, QKIRc; QlaR 1clJ 7 Gk'.IR. 0 

e .1,..,,1 6- 1,-" 



STORE E (IN MEMORY) 

OP CODE DESCRIPTION . STE "stores " the content of the E register in the selected Memory 

Element register. STE is a configurable and indexabl e instruction . 

SPECIAL FEATURES . The "ultimate pulse", which normally copies the word to be "stored" 

in memory also into the E register , does not occur . 

DETAILS . See the description of the STA (B, C and D) OP codes for an explanation of the 

basic "storing" process . The execution logic for STE is similar to that for the other 

ST- OP codes , except that the transfers copying the content of the specified register 

into E and vice versa are omitted, since Eis the specified register , and the "ultimate 

pulse" does not occur . 
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FILE CONFIGURATION (IN MEMORY) 

OP CODE DESCRIPTION. FLF "files" the content of the specified F Memory register in the 

selected Memory El ement register. FLF is an indexable , but non-configurable instruction. 

SPECIAL FEATURES . An FK cycle is initiated during the PK cycle . The PK counter controls 

the E register pulses during part of the instruction . Quarter wise shifting to the right 

occurs in E. 

DETAILS. The FK cycle , initiated by PJ<"3a , shifts the content of E quarter wise to the 

right . The content of the F Memory register selected by the PKIRCF bits is then loaded 

into E4. The content of Eis then shifted quarter wise to the left . This leaves the 

content of the selected F Memory register in E
1

. The FK counter then stops and the QK 

counter starts . At QJ<"3a the content of E
1 

is transferred into~- This places the 

content of the selected F Memory register in~ and leaves M4_2 with its original content . 

The content of Mis then written in memory . . 
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FILE GROUP (OF FOUR CONFIGURATIONS IN MEMORY) 

OP CODE DESCRIPTIONS . FLG "files " a group of four successive F Memory words in a single 

regi ster in the Memory Element . FLG is an indexable , but non- configurable instruction . 

SPECIAL FEATURES . An FK cycle is initiated during the PK cycle . The FK counter controls 

E register pulses during part of the instruction . PKIRCF is indexed three times . 

Quarter -wi se shifting to the right occurs in E. 

DETAILS. The FK cycle , initiated by Pi<3a, repeats four times the basic process of 

l oading E with the content of an F Memory register . The first word read out of the F 

Memory comes from the register selected by the CF bits . The content of Eis shifted 

quarter wise to the right before the content of QKIRCF is copied into E4. (The content 

of E
1 

is not shifted and is lost . ) 

Before the first FK iteration, PKIRCF is inhibited from indexing . However, before the 

second FK iteration, PKIRCF is indexed by one so that it selects the next F Memory 

register. The content of Eis again shifted quarter wise to the right and the new 

content of QKIRCF is then l oaded into E4. 

At the end of four iterations, E contains the contents of four successive F Memory 

r egisters with the first i n E
1

, the second in E
2

, f
3

, etc . 

After the FK counter has loaded E with the content of four registers in the F Memory, 

FK stops running. The QK counter then starts and stores the contents of E in the 

selected Memory Element register . 
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STORE A, B, C, D (I N MEMORY) 

OP CODE DESCRIPTION. S'l' - "stores " the content of the specified Arithmetic Element 

register in the selected Memory Element register. These are indexable and configurable 

i nstructions. 

SPECIAL COMMENT. The basic execution logic of these instructions is found in modified 

form in all the QKIRSTORE type instructions . 

DETAILS . The basic "storing" process consists of : 

1) "Reading " the content of the selected Memor y Element register into M. Slight 

variations will occur in this process depending on which memory register is 

selected . 

2 ) Loading E with the content of the specified Arithmetic Element register. 

3) Configuring the content of the specified Arithmetic Element register. This 

consists of inversely permuting the content of E and then t r ansferring the 

content of E into Munder permuted activity control . 

4) Restoring the content of E. This is done by a direct permutation pulse. In 

STA (B, C, D) this is an unnecessary step , since the effect is wiped out by 

the succeeding "ultimate " pulse, but it is used by certain OP codes (e.g . , 

STE) which make use of the basic store process. 

5) Fi ring off an "ultimate pulse" . This copies the word being stored in memory 

into E. 

6) Writing , i,e., "storing", the content of Min the sel ected Memory Element 

register . This process will vary depending on the memory selected. 
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INTERSECT E (WITH MEMORY) 

OP CODE DESCRIPTION. ITE "intersects" (logically AND's) the active quarters of E with 

the content of the selected Memory Element register . The logical product is left in the 

E register. ITE is an indexable and configurable instruction . 

SPECIAL CCMMENT . The logical AND of the content of Mand Eis formed by copying the 

ZEROS of M into E. 

DEI'AILS. The logic of this OP code is the same as that of LDE, except that ZEROS are 

copied into E under permuted activity control in Q.03a , instead of ZEROS and ONES , and 

no agn extension occurs. 
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INTERSECT A (WITH MEMORY) 

OP CODE DESCRIPTION . ITA "intersects " (logically AND ' s) the active subwords in A with 

the content of the selected Memory Element register. The l ogical product is placed in 

the A register . ITA is an i ndexabl e and configurabl e instruction. 

SPECIAL CCMMENT . The logical OR of the content of A and Eis formed by copying the ONES 

of A into E. The logical AND of the two factors is formed by complementing in Ethe 

l ogical OR of their two complements . 

DETAILS. The E register i s cleared and complemented . The content of Mis transferred 

into E under permuted activity contr ol and t hen the content of E is directly permuted. 

Finally, the sign of the configured operand is extended . These operations set up E for 

the logical manipulations that take place during the balance of the QK cycle . 

At Q;f1a the inactive subwords of E contain ONES and the active subwords contain the 

configured operand with its sign extended . The A and E registers are now complemented . 

This places ZEROS in the inactive subwords of E. 

The ONES in A are now transferred into E. This leaves the logical sum (a+ YcF ) in 
SE 

the active subwords of E and a in the inactive subwords of E. Ei s now complemented. 

The active subwords of E now contain the logical product (yCF · a ) and the inactive 
SE 

subwords contain a. The content of E (the logical AND) is now copied into A. The 

original operand (y) is rewritten in memory and also copied into E. 
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UNITE A (WITH MEMORY) 

OP CODE DESCRIPTION. UNA "unites " (logically OR ' s) the active subwords in A with the 

content of the selected Memory Element register. The logical sum is placed in the A 

register . UNA is an indexabl e and configurable instruction . 

SPECIAL CCMMENT . The logical OR of the content of the A and E register is formed by 

copying the ONES of A into E. 

DETAILS. The execution logic for UNA is identical to that for ITA except for the three 

complement pulses to A and Eat Q!{1a, ~l~ and Q!f2~. Thus the logical OR, rather than 

the logical AND of the two numbers is placed in A. 
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SJC[P IF E DIFFERS (FRCM MEMORY) 

OP CODE DESCRIPI'ION . SED compares the content of the E register with the content of 

t he selected Memory Element register; if any of the active subwords "differ ", a SJC[P 

occurs , i. e ., Pis indexed twice during the PK cycle instead of once . SED is an 

indexable and configurable instruction. 

SPECIAL FEATURES . SED has an extended PK cycle (P/5 through Pi31 ). SED is also 

characterized by : (1) double indexing of P; (2) "exclusive or " transfers between M 

and E under permuted acti vity control; and (3) a p/5a waiti ng state . In this in-

struction, the active quarters of E are sampl ed for a non - zero conditi on by an 

ESJC[P ZERO t ne . 

DETAILS. The SED example shown was worked out for a specific configuration and for 

specific numerical values of operand and data in E. The general features of the 

instruction should be apparent from the example . 

In the example , the origi nal content of Eis shifted quarter wise to the right by an 

inverse permutation pulse . An "exclusive or " transfer between Mand E under permuted 

activity control then occurs . This is fol lowed by a direct permutation . This process 

compares the bits in the active quarters of E with the corresponding bits of the 

configured operand. If the compar ed bits are identical, ZEROS are left in t he corre

sponding E bit positions ; if they are not identical, ONES are left in the E bit 

positions . 

At QI<"4a E 
' 1 

contains Y4 + el and E
2 

contains y
1 

+ e2 . In the numerical example , 

Y4 e
1

, therefore Y4 + e. is all ZEROS . However , yl f e2, therefore Y1 + e2 contains 
J. 

some ONES . 

The ESJC[P ZERO net samples the active quarters of E. 

condition is discovered in E
2 

and an ESJC[P ZEi'm level 

jumps to the Pi31a state from the p/5a wai ting state . 

An "E different from memory " 

is generated. 

Since Pi31a 

level , Pis indexed (note that P was already indexed in p/4a) . 

PK meanwhi l e 
SJC[P ~ 

sees an E 

Note that the change sequence condition are sampled both in p/4 and in Pi31 . 

The balance of the QK cycl e restores E to its origi nal content and executes the wri t e 

cycle. The numerical example shows how the second "exclusive or " transfer restores E 

to its original value . 
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JUMP ON OVERFLOW (IN A) 

OP CODE DESCRIPI'ION . JOV performs a " jump" to the specified memory address , if the 

overflow flip-flop in the sign quarter of any active subword of A is set (Z~) . JOV 

i s an indexable and configurable instruction . 

SPECIAL FEATURES. JOV has an extended PK cycle (Pi<21 through PK31 ) and no QK cycle . 

This is an instruction in which the FK counter is started in the PK cycle, since 

configuration information is used to determine the fracture and activity of the A 

register . An AEJ net is used to sample the Z overflow flip-flops . 

cna 
DETAILS . PK"' samples the AEJ net . If an AEJ level is present , the output of the 

X Adder is strobed into P and the content of Pis transferred into E2, 1 The output 

of the X Adder is the indexed base address . 

Note that Pis not changed if an alarm condition exists (AL) unless the Auto Start 

switch is turned on. 

Note also that the change sequence condition is sampled both in Pi<24 and PJ1
. 
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JUMP ON POSITIVE A 

OP CODE DESCRIPTION . JPA performs a "jump" to the specified memory address, if the sign 

of any non - zero subword in A is positive . JPA is an indexable and configurable instruction . 

SPECIAL FEATURES . JPA has an extended PK cycle (PK
21 

through PJ21 ) and no QK cycle . This 

i s an instruction in which the FK counter is started in the PK cycle , since configuration 

information is used to determine the fracture and activity of the A register. An AEJ net 

is used to sample the state of the sign bits in the A register. 

·ucx 
DETAILS . PK" samples the AEJ net . If an AEJ level is present , the output of the X 

Adder i s strobed into P and the content of Pis transferred into E
2 1

. The output of 
J 

the X Adder is the indexed base address . 

Note that Pis not changed if an alarm condition exists (AL) unless the AUTO START switch 

is turned on . 

Note also that the change sequence condition is sampled both in Pi4 and PK31 . 
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.JUMP ON NEGATIVE A 

OP CODE DESCRIPTION . JNA performs a "jump" to the specified memory address , if the sign 

of any non - zero subword in A is negative . This is an indexable and configurable in

struction . 

SPECIAL FEATURES . JNA has an extended PK cycle (Pi<:21 through PK31 ) and no QK cycle. 

This is an instr uction in which t he FK counter is star ted in the PK cycle , since con

figuration information is used to determine fracture and activity in the A register . An 

AEJ net is used to sample the state of the sign bits in the A register. 

DETAILS. P~la samples the AEJ net . If an AEJ level is present , the output of the 

X Adder is strobed into P and the content of Pare transferred into E 
2 , 1 

of the X Adder is the indexed base address . 

The output 

Note that Pis not changed if an al arm condition exists (AL) unless the AUTO START 

switch is turned on. 

Note also that the change sequence condition is sampl ed both in pj4 and p~1 . 
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EXCHANGE A (WITH MEMORY) 

OP CODE DESCRIPTION. EXA "exchanges " the content of the A register with the selected 

Memory Element register . EXA is a configurable and indexable instruction . 

SPECIAL FEATURES . The content of Mand E are "exchanged " under permuted activity control . 

DETAILS. Mi s loaded with the operand word and Eis loaded with the content of A. 

The content of Eis then inversely permuted; an interchange of the content of Mand E 

under permuted activity control occurs ; and then the content of Eis directly permuted . 

This leaves the inversel y configured content of A in Mand t he confi gured operand word 

in E. The sign of the configured oper and word is then extended. 

The balance of the QK cycle is used to load A with the configured oper and word, with its 

sign extended, and write the configured origi nal content of A in memory . 

Note that this i nstruction essentially performs a LDA and a STA simultaneousl y . 
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INSERT (A IN MEMORY) 

OP CODE DESCRIPTION. INS "inserts " (stores) the content of the flip-flops in A, 

corresponding to those flip -flops in B containing ONES, into the selected Memory 

Element register. The other memory bits in the selected Memory Element register are 

left unaffected. The effect of the instruction would be identical to that of a STA in 

which bits of A were transmitted to memory through a "mask" (or "sieve") corresponding 

to the ONES of B. INS is a configurable and indexable instruction. 

SPECIAL COMMENT . The logical AND of the content of two registers is formed by copying 

the ZEROS of one register into the second register . The logical OR of the content of 

two registers is formed by copying the ONES of one register into the second register . 

The logical AND of two factors is formed by complementing the OR of the complements of 

the two factors. 

DETAILS . The timing and an exampl e of the instruction are illustrated in the figure . 

In the example the bits in A
3 

corresponding to ONES in B
3 

are pl aced in 

associated with A
3 

and B
3 

because of the configuration. Whenever there 

B
3

, the corresponding Y2 bits are left unaltered. The expression (t
3 

· 

accomplishes the desired "masking" operation . 

Y2 . Y
2 

is 

are ZEROS in 

Y2 + b3 . a3) 

First '5"3 Y2 is formed in M
2

. Then b
3 a3 is formed in E2 . The logical OR of these 

two terms is formed by copying the ONES in E
2 

into M
2

. M now contains b3 Y2 b3 2 
and this is rewritten in t he Y2 quarter of the memory register . 

Similarly (b2 · y1 + b2 · a2 ) is formed and stored in the Y1 quarter of the memory 

register . 
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(PERMUTE AND) COMPLEMENT (MEMORY) 

OP CODE DESCRIPrION . COM permutes t he content of t he selected Memory Element register 

and complements the active subwords . Sign extension also occurs in the active subwords . 

The result of the operation is pl aced both i n E and in the selected Memor y Element register . 

COM is an indexable and configurable instr uction . 

SPECIAL FEATURES . There are no transfers between Mand E or E and Munder permuted 

activity control . Eis complemented under activity extension control . 

DETAILS . Eis cleared . The content of M, previously read out of memory, is then copied 

into E and a direct permutati on pulse is f i red off . Sign extension t hen occurs in t he 

active subwords in E. The final step consists of complementing the active subwords of E. 

The result now contained in Eis transferred into Mand wri tten in t he selected Memory 

Element register . 
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TRANSFER DATA 

(BEI'WEEN MEMORY AND IO BUFFER) 

OP CODE DESCRIPrION . TSD transfers data between the specified IO Buffer and the selected 

Memory Element register. There are six different modes in which data can be transferred. 

TSD is an indexable and conditionally configurable instruction. 

SPECIAL FEATURES. TSD has an extended PK cycle (Pi5 through P!2
1

). The instruction is 

also characterized by: (1) TSD waiting state logic in pif3a and pif5a; (2) cycle to the 

l eft and cycle to the right transfers from E to M; (3) IOCM control levels; (4) splayed 

data transfers; (5) no sign extension. 

OUT __ _NORMAL _ LEFT 
DEI'AILS. The IOCM levels (IOCM , IO~ , IO~-) determine the six kinds of data 

transfer. I~ is used only when the I dORMAL (i . e., IO~SEMBLY) level exists 

and affects the data transfer between E and M, IOCMLEFT (IO~FT) indicates that the IO 

unit is running in the forward (reverse) direction . TSD data transfers are not affected 

when the IO~ORMAL level exists . IOCMOUT determines whether data will be transferred 

from memory to the IO buffer, or vice versa . 

NORMAL Data Transfer IN, The configured operand is placed in E without sign 

extension . The content of the IO Buffer , represented by IOBM, is then jammed into 

E. The IOBM levels can present either a ONE or ZERO input to a given bit of E, or 

neither . The content of Eis then inversely configured and placed in M, The content 

of Mis then written in memory, and copied into E. 

NORMAL Data Transfer OUT. The configured operand is placed in E without sign 

extension and the IO Buffer is cleared . The content of that part of E which 

corresponds to the IO Buffer is then copied into the IO Buffer. This is done by 

the I ~ ~ IOU pulse which occurs o.8 microsecond after the E register is set up in 

order to all ow signals on the IO Buffer to stabilize . The content of Mis then 

written in memory, and copied into E. 

ASSEMBLY Data Transfer IN (Forward/Reverse). In this case, the IO Buffer data is 

"assembled" rather than configured . The unconfigured 36 bit operand word is first 

copied into E. If a six bit IO Buffer is invol ved, every sixth bit in Eis loaded 

with the content of a buffer bit, By means of six successive TSD's, 36 bits of 

input data (six lines) can be assembled in a single Memory Element register . During 

each TSD, the operand is rotated to the left one place if the IO unit is running in 

the forward direction (IO~) and to the right one place if the IO unit is running 

in the reverse direction (IoafEFT). This rotation occurs as the word is copied 

from E into M, The content of Mis then written into memory and copied into M. 
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ASSEMBLY Data Transfer OUT (Forward/Reverse). The unconfigured 36 bit operand word 

is copied into E, and the IO Buffer is cleared. The content of the bits of E which 

correspond to the IO Buffer is then transferred to the IO Buffer. The bits selected 

depend on the IO~T level and the particular IO unit selected. In the case of a 

six bit IO Buffer, six successive output TSD's will disassemble a 36 bit memory word, 

so that six successive input TSD's can reassemble it, The content of Eis cycled to 

the left (right) as it is copied back into M if the IOetfEF'T (IoetfEF'T) level exists . 

The content of Mis then written in memory and at the same time copied into E. 

Interlocking. There are several interlocking features that are peculiar to TSD. In 
_22a 

addition to the ordinary wait conditions examined in Pr , certain TSD wait conditions 

are examined, These wait conditions depend on whether the selected IO Buffer is busy 

or the QK cycle of a previous TSD is going on. If either of these conditions exist, 

the flag of the current sequence is lowered at Pl-2 . A change of sequence can then 

occur, or PK can wait in the p,/-3a waiting state until the flag of the current 

sequence goes back up again or a change of sequence occurs. 

PK also waits in p,/-5a for the QK cycle of the TSD to proceed past a certain state . 

The specific state depends on the hold bit of the TSD instruction. The hold bit is 

represented by the content of PI4. If Pit, then PK waits until ~la, before 

jumping from p,/-5a to P~1a. In this case the TSD will be followed by another 

instruction, i . e., the current PK cycle will be followed by another PK cycle . 

o __ 2oa _25a ,ia 
If PI4, then PK waits until \iK before jumping from Pr to PK" . In this case 

. ( 0 DIS REQ) the current sequence is dismissed P!CIRh · P!CIR and therefore the current 

PK cycle will be followed by a DSK or CSK cycle. Since either of these cycles would 

deselect the IO Buffer used by the TSD (by changing KD), PK is forced to wait in 

p,/-5a (thus preventing the DSK or CSK cycle from occurring) until the QK cycle of 

the current TSD is essentially complete, i,e., until efoa. 

During the QK cycle of a TSD, no IOI cl ock pulses are allowed to be generated by an 

overlapping PK or DSK cycle, since these pulses can disturb the selected IO unit 

during the TSD. 
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16-6 PK-QK-AK INSTRUCTION CYCLES 

16-6 .1 INTRODUCTION 

These instructions perform operations on data in the Arithmetic Element . They are 

characterized by the fact that the AK counter controls the pulses which occur in the 

Arithmetic Element. 

In all but one of these instructions an operand is f i rst loaded into D. (In TLY, the 

operand is loaded into A. ) Except for the pulse which transfers t he contents of QKIR 

into AKIR in Q03a , and the pulses in Q04a which start the AK counter and sets the 

"AE predict" (AEP) interlock, the PK-QK execution logic is identical to the LDD (LDA in 

the case of TLY) PK- QK execution logic . For this reason the timing charts in this 

section emphasize the event s initiat ed by t he AK counter. 

Generally the illustrations accompanying the timing charts in this section give specific 

numerical examples. The state of each register involved in the execution of the 

instruction is given at each AK time state . 

The figure on the next page tabulates the principal logic elements in the Arithmetic 

Element. 
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CYCLE A, B OR AB 

SCALE A, B OR AB 

OP CODE DESCRIPrION. In the CYcle OP codes the subwords in the A (B or AB) register are 

shifted bitwise to the left or right a number of places determined by the operand . The 

CYcle OP codes ignore the state of the overfl ow flip-flops and rotate the entire subwords . 

The execution logic for the SCale OP codes is generally similar to that for the CYcle OP 

codes, except that the shifting is open ended and involves the overfl ow and sign bits . 

SPECIAL FEATURES . The FD level indicates when the required shifting is completed, i . e . , 

when the "count in Dis finished ". The Z flip-flops are not cleared in CYcle instructions, 

but are cleared in SCale instructions . These instructions use the Shift Coupling Units . 

DErAILS. The clearing and presetting of ASK is an unnecessary operation since ASK levels 

are not used in the execution logic of either the CYcle or SCale OP codes . However , the 

ASK count pulses occur each time the subwords are shifted . 

CYcle. Dis loaded with the operand and the positive operand subwords complemented. 

The original sign of the subwords is remembered in the Y flip-flops. A shift left 

occurs if the sign is positive , and a shift right if negative . 

The first pulse shifting the content of A and counting in D occurs at Aif3a. The 

succeeding shift and count pulses occur in AifJ4a . The shift and count pulses 

continue until FD indicates that all the subwords are completely shifted . 

Note that during these instructions the A and B coupling units connect the left 

end of the subwords to the right end of the same subwords so that the subwords are 

simply rotated, left or right , the specified number of places . 

SCale . Dis loaded with the operand and the positive operand subwords complemented . 

The logic:fbr these instructions is identical to the logic for the CYcle instructions, 

with the following exceptions and additions: 

The content of the sign digit in each subword is not al tered, i.e., information can 

be shifted out of, but not into the sign digit position. If the shift i s to the 

left, then the digit to the right of the sign digit is not shifted into the sign 

digit, Similarly, if the shift is to t he right, then t he right -most digit of the 

subword is not shifted into the sign digit position . 
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If there is an overfl ow left from a previous instruction, it is shifted into the 

subwords during SCA and SAB instructions and the overflow flip-flops in the sign 

digit position are cleared . If the shift is to the left (Y~ ), then the sign digit 

is complemented befor e the shifting begins (Aif2a). If the shift is to the right 

(Y~), then the sign digit is complemented at the same time as the first shift and 
l 

count pulses; this shifts a ONE (a ZERO in negative numbers) into the bit position 

to the right of the sign bit on the first shift . 
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04.l 0 I I I I I ' I 0 I I DO ' 0 I 0 I t>lo FO, , 

0"1J 0 I I I I I I I I 0 I 6 I bl C l oro 0 nr, <SIIIF;r- ~ f 

0'/11 0 I I I I I I I I I I I b I 0 IO Do 0 Fo,°" CoL>,,JT IN 'o 

-
O()<j. 0 I I I I I I I I I I I 0 I ol 0 0 0 0 ~ - --. ... , ·....:. --~->IF - ~~- ••.. .__ ~ 

... """"'----

C.'(A llLU,STl2ATlv'E. EJ<..AYl~L.E 

~rl-A JllC (LoAPi:O IN D rew, ,-1£110,?f) , , , , , [ O O O O O O O I I/ 
DATA ( LE r:r ,~ I'.} Fi?r>l-1 PiEv1~v~ /)>J~i/2tx1oi)lo o o 1 6 1 o t q) 

Dne 1=~11\1 STAT~ ( Lis.J::f IN ~ Fto..-, ~1::\/ll>Vl )NSr.)' ' m 
Cor-i~ I~ uiA ,1Dl,J 

k'ovi,4~ lvvMl=i'A- L ( S1f..N OvA ~rel) 
·Svl!..SC1<IP1Eo l20....,4t,,1 Nvt--11?t?AL.._S 

(Ocr111E. Ov~1cit! k'S Wtt1GH- g,r111e 
gN. Foil s,.,., QvA~11=12,. ') 

c..rA (60) 

Sc fi 

en: ij )( '<1 D1 ?, A, OPE PA.TION 
' - ><. )( I ·o,:c:r o :t e ~ --o l z:, ,, ,_ ... ·- - -.'..,-~~·~· ........ _;_ .. _ 

~ ~ OCd. X. X X )( X X.. X ><. . :-=--,,. --- .. -"'::::'::'¼'·:--. ~ 

2-li. I' ...1-J: 0 1<,1 0 0 0. () O 0 () C> 0 o I ·o}t..>o t -o' I 6 7 '. 0 LoAO D 
O~d, 0 0 0 0 0 00 01 I ... l Oll>Di · OJ CH -'° Co1-1PLfl1f'NT D• CaMPL"n.=tJrl:l,, 

OJJ. 0 I I I I l I ) (J 0 C 1 :·o_o l .. CL J e; k O CuAi. r: · s 111t::rA / r -· -,T 1N .T'l 

I -
ll4ol Cl I I I l I I I C I 0 I :o I 0 I 0 l o 11 ro; .SH-I F-r l°t ? 
01.J 0 \ I I I I I I I 0 0 I 1 \ o I DI 011 I i:-o, 

CovNT IN .0 
01'). 0 \ I I I l I I I I n I ID I bl 0 I I I FD, , 

OM. 0 \ I I I I l I I II 0 I ,o I 0 I D I I I .. 
\ -

SC A l'--LVSTeATlv'E Ex fH1'i'L£ 

( SA..,,i:: D4ri4 A11JD /NS ,f<. vcT ,o~ 5fEc1FICA ,JOrJ-

f\-~ C(fi Ex.lH1PL..E A~OVE) 



CYA (c.O), CYB (~ I), CAB (~2), SCA ( 70), 5CB (71) , SAB (72 ) 

PK 124!<,: I ---- I.QQ__~ P~K~-- ----~ 
CYCLE A C(A 60 
CYC LE B CYB 6 1 

QK 

Ooi.L 

01 al-. 

0~.,,. 
10 ol. 

II 
13 

c/.. 

13 

/3 

cl.. 

14 

/3 
2.1 .,__ 

22 o/. 

23 .,__ 

31 .,_ 

QT. sto.ri ' => 1s+a.-r1_...._ l=K I 0 PI, 

SEE QKM TlMINC, 

LQ...E. 

\Q_QK 
D---L.-E 

li...E 

M~E, l...Q......A'Ku-•' U..AK0 

QKIR,1., --.+--AK!Rd, .0 
QKIR u-r .. c:t• -1-i--AKlRd ".~ 
QKIRop.,_, -i- AKI Ro ... , 

l.1...E 

~ QK 
LL.. AEP 

~ E 
l.2-.D 
~ AK 

Lf..._E ,. 
E ---'--D 

M~E 
\..Q._ EB 
G.!....QK 

OP Cl• ss Decodt, 1-;••s Up: QKIR'4K, QKIRAESI<, QKIR 1••' , QKIRl,,I 
QKIR0 

4T~ QUARTER 3 RD QUARTER 

Pl( 

CYCLE AB CAB 

SCALE A ':£.A 
SCALE B SCB 
SCALE AB SAB 

OPtRATE (AIUHIMETIC. ELEMENT: N;e · "ll,) 
<'4 ,,I. 

QB ' + AEB 
AK! 

25 ol 

" 
(N OTE.: 

2' .,__ 

31 .I. PI'" ~e1 

2 ND QUARTER 

"' 
::, 

::, 

:;;, 

AES'= AK! ) 

=> 

lst,.,t ◊ AK · 
~AK· 

PK'+l ---f.-PK 

l.9....AK11-1' L.!-AK. 
N,...,.1--t--Al(IRor,- , 
N,.,.1•4 ~ Al(IR,f,_, 

l1l. PK 
L!...-AEP 
~AK 

u.._ PI, 

f,t-•ut ASK 

1ST QUARTER 

f,2. 

70 
71 
72 

oz ~ AKIR'". y;. Il[ • .. ::,Lf..D+ AKI R' ". v; . DI . . . .. ::, l.s.+D! AKIR'". v: II. 
CAKI.Rs'A + AKIR~&), ~- v: -12~~A4~ (AKIRs<"'+AKIR~•>. z;,v; •ID.. J t.£...-.H ( AKIRsc"• AK.IRs"8) -·2.~ .y;.n 

::, ~D, AKIR'" • Y~ I · 

"' ~A,• (AKIR'"' + AKIR' .. ) · .-: • Y: • I 

. AKlR'" · FD,• N · "'~1-04 AKIR'" · FD, · ID. =>D',♦ 1-01 Al<IR'" · Rf.: · I[ · ::,15!,1-D, A~lRSH · FD. • 1 -::, W.'-1-0, 

<AKlR""+AKIR""l • l'i · · "'1.£..i., /AKIR ' "•AKI~"'•l • IO: · =>~e3 (Al(IR'°'' AKrR"•) 11. ·=>~l.t <AKIR"" • AKIR"'") I :, ~ 
(Al(j£""+AAIR"8)•i!~• .Y+•I2: -:> ~A.,.0KIR'"•AKIR"8)•i!; ·Y~ -m 7 l£...,Ai,(AKIR""• AW?"") ... ; .y;,n"t.£...·A., 

AK 03 ol.. AKIR""· Fo. · v: · ~ · => 11!'.:.A+ AKIR' " .rrfD, •Y;• m)+ (~ •Y: •lll,)] 7 ~A, Am'"'·[<fo, ·Y: ·11,)+(Fo.•Y:-nr,iJ-:,~ A, 
Al<lR'"• • FD; • Y+ · a.4 ? W!!+,6+ t;(!Jl"6 • [ " ' J "i!!!!.B, AKIR""• [ " ' ]:::,~ ll, 

AKIRl<A • M<IR"'•) • z: · Y; · I => ~ .. 
IIKD!'" . nro, . v:• n•<~ -v:-m,)+<Fr, -v:•D.il"t!!!U. 
AIOK"'•· [ " " " ]=-~ 
•"'•"". CTF5, • v; • Il•<~ •Y+ ·lll,\•<i'D, · v; -n)],ll!!J.., 
Al([R',.,[ ], IJlll.1!, 

AKIR' "•· FD+ , Y, , Q• · :;;, lfil..A, m•• .. . [(Fi\ •Y; •llJ.l• (FD, •Y+ · Jll,iJ=> ~A, Al<IJI'"" .[Ii'o,_ · Y; ·JI,)+(FD,· Y~ .tj:, ~ A, 

AKJ.R SIII) , ~. y~ . 0.4 •"-=>as.., AKIRS"6,[ II J,:;,~83 MRstJ•.[ " 11 ]-=>~6t 

AKl RSH · FD~ · N 

AKIR'HA · fo. · Y: 
Al<rR'"' · eU. · YZ 
AKIR sWA . ~ . y~ 

::, Q!+1-o.., AKJ.R51l • FOi • m • :::, ~ .. 1-ol AICIR5H • Fol.• II· ::i ~• I-P2. AKIR.~ • n, • r :11 ~•1-0. 

04- d. AKIR"' · ~ · Y;, 

a., -:> ~A. i'l>(lR ' "', (<Ff, · y; ·Ill)•(~ .y; · lll,)]:, ~A3 AKIR'"' ,tii'D; · y; · ll,)+( ~ .y; .llfzl] :, Ul!l..Ao AKIR"•.(JFii,Y: · I),Cffi. ·v: ·rl,)HF°D; ·V: •JI,)J:,l!!!!.,A, 
a,::, U!!!,_B..i'1JaR'"'·[ " J:,~3AK11('"8 •[ ' J=>~, AK!R--[ " " " J::,l!!!o-1, 
a_ ::, ~A. ~KIR' "' ·[<f'D; · Y, ·ill)+(~-Y~ ·lll;iJ~ aA, AKIR'"' · lli=O', · Y; · Il,)• (~·Y, ·.m.,il=-1!11!!..At. AKIR.-·TiFD, ·Y>I>Hiii;.Y;-nr.),(FO,.Y:-11,l)"ia.A, 
a, ::, \'l!!4B, ~KIR'"8 ·[ " ]:,~a,~"'··[ " " J:,~e. AKIR'""-[ " " J:,~ 8, 

00 oZ 

LAD, 
FD, 

(FD
4
+ nz:) 

(LAD, +l'il' ) 

DLs-~ 
DL.%-1 

(FD 3 + ml 
(LA 03 + Ill ) 

AKIR " : CYA("') + CYB (" )+ CAB('2) + SC A(/01 + 5CB (71 ) + SAB (JZ ) 

AKIR,'"'\c CYA to,) + C.YB (.i) + SCA l•2> + SA5tl2l 
AKIR'"5= CYB(• ll + CAB(42) + SCBl'/1) + 5AB(l2) 

AKl R OP 'ClASS lEVELS UP: AKIR'~' , AKIR 'Y , AKIR.A", AKIR cY,AB, 
AKUA••, AKIRN \ A~IR'" 

( FD, + lf) 
(LAD, + TI) 

CLASS LEV•'-

AKIR>J 

AKIR2N 

( FD 1 + Y ) :::> l.Q.J.K.1. ,, ~ AK0 

(Ll\D, + I) ::, L2.AEP 

llm'•I-ASK 
AK+l--'-AK 

ASK PRESET TABLE: 

f , f2 f3, f n 1 
t<l.~ .. aJ.) f3 , (~ -o.~ -Q~) f .. 

1~5' 157 146 170 170 

161 l~S' I 13 15'7 /70 



NORMALIZE A, AB 

OP CODE DESCRIPTION. The active subwords in A (AB) are shifted to the left until 

A. 
9 

f A. 8 . The number of shifts required to accomplish this is subtracted from the 
l • l , 

content of the sign quarters of the operand subwords in D. If an overflow exists in an 

active subword, the subword is shifted one pl ace to the right , the overflow is shifted 

into the sign bit, and the sign quarter of the operand subword in Dis indexed . 

SPECIAL FEATURES. A a-- (sigma) level is used to indicate when A. 
9 

= A. 8 in the sign 
l • l, 

quarter. If the data contains all ZEROS or all ONES, ASK prevents the number of shifts 

from exceeding the register length. These instructions use the Shift Coupling Units. 

DETAILS . The case where an overfl ow has occurred in a previous instruction is shown in 

one of the accompanying examples. ASK is cleared and preset and Dis l oaded with the 

operand . 

Since an overflow condition is indicated, the sign bit is complemented and at the same 

time the content of the data register is shifted to the right. Since a shift to the 

right occurs, ONE is added to the uncomplemented operand in D. The pulses doing all 

this are fired off in AJ:f2a. 

Pulses that compl ement D and clear the overfl ow flip-flops occur at AJ:f3a. 

The er- (sigma) level seen' at Ai<°4a prevents further shifting from occurring . D is 

complemented again and AK reset to AJ<?Oa by this logic. 

The other example shows the "no overflow" case. In this case the shifting is to the 

left and all the shifting and counting pulses occur in AJ:f4a, after D has been com
.. 03a_ plemented at Al\ When a a- level occurs, the counting is inhibited, D is again 

complemented and AK is reset to AJ<?Oa. 

If no er level occurs , i.e., if the number being normalized is positive or negative 

zero, then ASK will eventually become positive and stop the shifting process . 
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Cvt:: -'~ 
11d -

Gt -l"'l.1 -,H>l -

~1 
I 
f~ 

NOA -
f)t f:/St: 

0~ ,._ )I.. x ,-. X xx 
01.l C, OD006D 
O::W I 

O.\.l J 

01d 

0~ I 

I I ' 000 

I I I 0 0 f':J 

I I I I 000 

I I IO O I 

I 
WHEN l 1 

A.uuM1N!, Ove-e.Ft.. 0'11 D" . ..,12efD IN Pe1:v1ou5. 1 N-S. nwa, ON 

Yj D, r, A, 0fE,U..i/ON 

)(.. X. /- xl-:,t..xJ< X X I 0 10 O ID I 0 I o e.e.,.e AS( 

0 Ob 0 0 OD 0 0 () I o,o o Io I o I 6 ~l!Sl!'T B~K· l..<,..o 0 
C) OOODOO() I I I Olo · O I DI 01 0 sw,i:r 1<',~*T f . Co"""'•-0 
0 Ob 000~10 0 I I 'o 00 10101 C'o"PI. 0 • c,e .. , ~ 

0 I I I I I I O I II o I ; () C 0 1010 H&; \ o1+,+-0~ ·tf_. .Q 

{) OC>DODOIO 0 0 I :c, 001 0101 :...,-.~ .. 

I , 

DATA- ( LE!=, IN A r~,..., Puv,01.>~ INS'TIUi'TiON),1¢0 0 ()IO I 0 / 

I 

Dvrl2.+:'1-.0W s-r-;.,-~ ( Le:i:r ,,.. C- 1=tD,.,, a~v,ou~ IHSTiLJt:°r1tlN) •• til. 

Coi-i~•~utA'"'t/ON 

fl( 

~ OD,,l. 

E.4J) 01..1 

0.'2d. 
.?3 .I 

O"l,,I 

~ 

DO~ 

lll l 
l<oH,Al-l Nv1-1E'2AL ( Si .. N GvAi2TEIZ) • • • ' ' • I' 'I .. r 
.SvaJc.e1PTfO 2o'-'IIHJ Nvl-'ll!t,1:i,u • . , . , 1 • • .• I., (=-I) 

( An1vE (J)vA12niJ Wi+,tH ~ ..... ~ e-.J Fo;t s; .. ,., C>'-"'~e12) 
~.St::. PRES e-r , , , • , , , , , . , , , , , , , , l?o 

NOA - A~.s Ul-11N6-
'" 0 

Ove-~F=Lov Dc.cu,ureo IN t"lll!!ll'IOIJ~ 1N.ST!i!UCTION 

tt.S t. ~'i D r, 't) l Of'E tA11t1~ 

x.xx.x i( X >'- )( JI.. )( )( .X. X X It ;<. >< ';~ ~15-" ~ -- .. . C~••ll l¼t'. 
0 

I 
I 

0 00 0 0 0 
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I I I 
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w t+E- N 
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~ 0() 

D 00 
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0 

0 
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l- 0 
I 
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0 
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0 

0000() Ob 0 0 ~ Z'4"s:OA~ l : f-h"er ltsr· 1.,, .. " n 
0000 o o l> l I . ·o-: " ::-~ .. b _,k."s;,,i .,~L'l".;;: . : 4 ~.::~·'~E-::·-:~ 
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QK 

AK 

00 .,,,( j 

0 1 .l 

0~ ol 

10 .,( 

ol 

II 

/3 

rJ._ 

13 

fl 

ol 

14 

/3 

21 al_ 

22 ol. 

23 "'-

31 J.. 

00 .,( 

01 "'-

Ocol. 

03 o( 

04 o( 

NORMALllE A, AB 
LQQ...PK 

QI ~ta.l"t . :, ~l=K, l£_.PI, 

SEE QKM TIMING 

I..Q...E 

l.!1-QK 
D-.!-E 

l.LE 

M~;! E 
L.£....AK1H, U...AKo 
QKIRd,-a-+---AKIRd,-1 
QKtJ?NtUt4.1 ---t-AKil?c.f.,_ .. 

QKIRop .... , -;--AKJR0 ,.~ 

l.!.- E 

lll.,QK 
Ll?....- E 

" L!.- AEP 
1.£..._D 

~AK 

1£.-_£ ,. 
E-'-D 

M~E 
U!__EB 

U!.QK 

OP CJoss t>teoder Li.,,s Up: 

4TH QUARTER 3RD OUARTER 

r2;-nn . :, l£..-.A,. ri; · ml :, l.£..AM 
(l~ · a~ ) . " !!!!!.-A+ (c; · ll[)+ (I, ·Ill,) :, ~ A, 
( " )· Al(IR"'b . "' W!!.-B, ( )•( ) · AKIR,,.b ::, ~B, 
(2; · Ill) . ::, ~1'"1-0. <z; •ml ::, o;,1-0, 

ll[ . ::, l.2-c, m ::, t2_1, 
.N . ::, l£...-D, m ::, ~D, 

I I 
I I 
I I 

24 ol 

25 .,_ 

PK 

2~ .,( 

31 .l 

2ND 

cz; -nl 

NOA 64 
NAB 66 

OPERATE (AR1T\\METIC. ELEMEN'!': N:.a • N~7 ) 

QB' + AE B .:, PK'+i-+--PK 
AK~ . :, l£...-AK 11 _,, L!..-AK0 

II .:=, Nu..z.1 --+-AKIRop•-• 
II ,:, 

N,.,-1.4 ---t-AKI~fit-♦ 
(MOT£ t AfB•Alt<.!) 

ll!._.,GK 

L..!_ AEP 

~AK 

PI'h .. , . , :, t...!_ PI 3 

1,,.,t oAK · :. AK.7•1-AK 
I, 1-.t c:,AK . :, ~ASK 

\J!!l!!._ASK 

QUARTER 1ST QUARTER 

. :, l.£..-Ar,. <,:-n " 1£_.,A,., 
c1; • n:,1 • (c, • nc,l · . ::, ~At. 

) · AKIR'"b 
<z: • Il dz~• nz:,l + cz; • n,l · · · " 1!9-A. 

) · AKIR"'b ( II )•( ' . ::, 1!!!.!-.61 ( " _)+( ) + ( . " ll!!.!.-B, 
(li · lll ,::, 'll;•l-0, (l; •r) " !5;•1-D, 

n_ • . ::, l..2.....-,. I· " i..Q.__l, 
.[ · . ::, ~o, I · " ~o, 

I 
I ASi(; 1-.ASK 
I zy',1-t-A~ 

I {[A .. *A,., ' (A,. .. A,. + j[i) + [A""'A11 · ii!]+ [ Dl ' iii J} . [A,_,."» -(A,t A, .• + Ti] + (A,,,. A, .• ' ii] + Di · Ill + (ASK; ' ASK:) ' ::, ~AK11 ~1 ,l.l._A~ 
I {[<A!-fi;l+W] - [CA; ·A;l +Iii] · [/~ · All ~JI]· [(A; · A:)+ I] + [ASK; ·ASK; · ASK; · ASK; - ASK; · ASKi\ ::, ~AEP 

(11,,= A,, . •~l . . ::, ~ A+ ( Al,"' AJ.i · fil) + CA.,,'-" A~.a · 111) · 
::, ~A-, (Au• Au ·Il.t)+(A...,=A.••nla) .::, 

~At (A,_,• .\1-1 ·I)+£A.., .. "4.a · N,)t (A.,., .. A14 ·ll,)' 
::, ~Al 

( " )· AKJR~•;:, l1Jih._ B+ ( .. )•( .. ) · AKlR...,:, llli_B, ( " )•( )· AK!Rtoab ;:, l!!!l-B, ( " ) • ( " )+ ( " l •AKIRh•'o? ~B, 
(A..,=l\, , ·l'll . ::, o;-..,-oi (A,1=A,_ •fill ;:, 15; .. 1-D., (A.,=A,. ·ll) . :, ~•I-D, (A,.,=A., · I) · - · · · · · · · " "6:°•I-D, 

trn•™Q"'~ [ ] [ ] ifA..*A., ·(A,,,A,.. +l!til•[A,,•A,•·ll!1•[li! ,mJ)-
SAME ~'j 4114 QI.IAR'TER SAME" A!. ◄114 QUARTER flA,/A,.. ·(A.,•A,.,. Iil•fi.,,•A,, .ft] • [l! . I)]+ 

::, 1.£.._ D, ::, 1.40, ::, L£-Dz (A)I(; · ASK;) ::, ~D, 



DISTINGUISH A (FRCM MEMORY) 

OP CODE DESCRIPI'ION . DSA "partially-adds " the content of the selected Memory Element 

register to the content of the A register. The partial sum is left in A and the carries 

are left in C. Logically the OP code is defined as 

{

AC G) YCF - A 
DSA 

+ A · YCF - C 

SPECIAL FEATURES . Partial addition is performed by a "pad" pulse . No coupling units 

are used. 

DETAILS. The clearing and presetting of ASK are unnecessary operations, since ASK 

levels are not used in the instruction. Note that C is not cleared before the partial 

addition is performed . This results in the "carries " accumulating in C. Thus, in the 

example the partial sum of ~ -2 and D1 _2 produces a carry, but c1 _2 already contains a 

ONE, therefore c
1

_
2 

is not affected . On the other hand, the partial addition of ~ -6 
and D1 _6 produces a carry which appears in c1 _6. (c1_6 was previously ZERO.) 

Note that this instruction issi.mply an abbreviated ADD instruction . 

See also ADD (67) and SUB (77) discussion . 
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~( AK D, C, -
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DATA- ( Lerr 
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0 b o D!I 
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D I ~6 I b Lt>AP 0 . ,, 
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00 ,I.. 

01 .,I 

09 ,1.. 

10 d-

,I.. 

II 

~ 

d-
QK 13 

13 

,I. 

14 

J3 

21 o( 

22 oi 

23 ,1.. 

31 ol 

00 .,I. 

01 ,/.. 

AK 02 .,I. 

cL 

03 

(3 

DISTING UIS H A ( FROM MEMORY) 

or •i.rt • .-:, 1'$ta.r1 o.l=K, Ll!..-PL 

SEE QKM TIMING 

OP Class Decode• L 1nes Up : 

4TH QUARTE:R 

a.' + 
::, 

l..2_. E. 

1.!2_QK 
o---'-.-E 

l:f.._ E 

M~:; E 
LQ...AK11_,, L!....AKo 
QKIR<f ,_,-¼--+-AKIRcf,.e 
QKIR" 1.,._, -f-AKlR,f,_. 
QKIRop4_, -t-AKIRop.,_1 

tt_E 

fil_QK 

~E 
L...!....-AEP 
l..2... D 
~AK 

l.f...+.. E 
SE 

E....1....-D 

M.E!L.-E 
L.2...EB 
W...QB 

QKJ:RAK OKIR"'K, QKIR1...i , QK!R1" 4 
QKrR.0 ' 

3RD QUARTEP 

~A4,C4 
a, . •? ~A1 ,C3 

24 ,._ 

QB' +- AEB . ::, 
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ADD (MEMORY TO A) 

SUBTRACT (MEMORY FRa.! A) 

OP CODE DESCRIPTION . The content of the selected Memory Element register is ADDed 

(SUBtracted) from the content of the A regi ster . If an overflow occurs , it is 

indicated by the Z overflow flip -flops in the sign quarters of A. 

SPECIAL FEATURES . Overflow logic i s used in controll ing the state of the Z f l ip -flop 

in the sign quarter(s) . The addition (subtraction) is performed by "partial addition " 

and "carry"logic . These instructions use Carry Coupling Units . 

DErAILS . The clearing and presetting of the ASK counter is an unnecessary operation, 

since ASK levels are not used in the instruction . 

The active subwords of Care cleared preliminary to the partial addition operation. 

(Thi s pulse does not occur during a DSA. ) 

If a subtraction is involved the active subwords of Dare complemented. This is the 
\ 

only pulse where an expl icit distinction is made between the ADDition and SUBtraction 

logic. 

The content of A and Dare partially added in Ax°3~. The partial sum appears in A and 

the carries in C. (Duri ng a DSA, AK does not progress beyond this state . ) 

A complete carry is propagated through the active quarters of A. The complete sum 

appears in A after this operation. 

The last step in the logic forces the sign of D to agree with the sign of the original 

operand as remembered by Y. (The only time they can differ is when a SUBtraction is 

executed . ) 

The logic control ling Z is compl ex and is described in Chapter 14 . Note that in both 

the ADD and SUB examples , Z is cleared and set early in the AK instruction . If no over 

flow has occurred, Z is cl eared by the reset Z logic in the l ast AK state. In the 

ADDition example no overfl ow occurs and Z is cleared . However, in the SUBtraction 

example an overflow does occur and Z is left set . The logic selects the Z flip -flop 

associated with the sign quarter in A, i . e ., the quarters sel ected by the Roman numeral 

levels . 
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ADD ( MEMORY TO A ) ; SUBTRACT (MEMORY FROtv'I A) 
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TALLY (ONES IN MEMORY) 

OP CODE DESCRIPTION. TLY examines the content of the selected Memory Element register 

for ONES. The number of ONES appearing in active subwords is added to the content of 

t he corresponding sign quar ters of the D register . Except for the effect on D, the 

final result is as if a LDA instruction were performed. 

SPECIAL FEATURES. The operand is l oaded into A instead of into Das is normal ly done 

in AK type instructions. This instruction uses the Shift Coupling Unit . 

DETAILS. ASK determines t he number of shifts that wil l occur in A. The number of shifts 

equals the length of the subword . ASK is preset to a value determined by the fracture 

specification of the instruction . In the example , ASK is preset to 170, since an F4 
(9,9,9, 9) fracture is specified. For each shift in A, ONE is added to the contents of 

ASK. The final value of ASK is always 001 . Before each shift the state of the sign bit 

of A is examined. If a ONE is sampled, the corresponding (sign) quarter of the D register 

is indexed. (D acts as a counter . ) 

In the example , ~ contains three (3) ONES . Note t hat D contains 006 at the end of the 

instruction and 003 at the beginning of the instruction, i . e. , the accumulated count in 

Dis 003 . 

The subwords in A are rotated, as in a CYcle instruction, so that the content of A at 

the end of the instruction is exactly the same as after the operand was originally loaded 

in A. 
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TALLY ( ONl:5 IN MEMORY) 

LQQ...PK 

led.< QISh.""1'" ' ,:::, 1st•rt - "K ~ PI, 
01 o/. 

SEE QKM TIMING 

o, .,_ 
10 ,;.. l.E..-E 

l!l+-QK 
o/. A--L.E 

II 

13 Lf-E 

Ill!.'~ E 
i.£-AK11-1, U...,AK0 

QK 
o/. QKIRtfH --:i--AKIRct,_. 

1'3 QKIR"'"'1•·1--i--AKIR,f,-+ 
Ql(JRop.,_1-i---AKIR.,p,_1 

13 ti_E 

lil_QK 

~E 24"' 
.,_ L!.-AEP 

14 l..Q...A 
11!!.!:!o AK 12.5 "' 

~ \..£- E .. 
21 .,_ E.....!...-A 

PK 

?co/. 12~ o/. 

111.!!!L+E 
23 o( ~EB 

il.!...GK 
31 d. 

31 o( 

OP llo..s,; Dec.oder Luu:s Up: Ql(lRAK Ql(IRAESI<, QKIR 1°'d , Ql(IR1' 4 
QKIR"' 

00 o( 

0 1 o/. 

AK 

j02c,(. 
ASK; ASK, 

4TH QUARTER 3RD QUARTER 

a.'. :, 
~A" a.' . ::, W!.!..A, 0, I • ' t 

N · A~., ::, ,:;;. 1-0 .. ill · Ai., .::, '5;+ 1-0, Il · 

74 
TLY 

OPERATE ( ARITHMETIC ELEMEIIT : N;_8 • 11;,1 ) 

QB' + AEB ,::, PK'+ I -I- PK 
AK;, , :::, i.£-AK11-i , U......AKo 
" ,::, N, .•. ,. , ---i---- AKIR,,,. , 
" :::, N ,,,_ ,., --j--- AKlRct,.4 

(NOTE ; AEB c AK:) 

W...GK 
U....AEP 
~ AK 

Plth "\ · • :::> U....PI, 

OP Ci•SS Decoder L,nes llp : 

~AK ,:::, AK'+ 1--AK 
~AK ,::, L.9..ASK 

w, .. r, ASK' 

ASK'+J-ASK' 
iW' + I -f+AK 

A5K1 · A5K~ ::::, t.E.-AK110 , L!-AK. 
ASK; ASK+ · A5Ki · ASK; ::, l...2.,..AEP 

WD QUARTER 1ST QUARTER 

::, ~A2 a: · ::> ~A, 
A~.,. ::, ~+I-D2 I A;., ,::, W,+1-0, 



DIVIDE 

OP CODE DESCRIP.rION . DIV divides the content of AB by the content of the selected 

Memory Element register . The quotient appears in A and the remainder in B. If an 

overflow occurs t he Z flip -flops are set. With the exception of the possible generating 

of remainders and/or overflows the instruction is the inverse of MULtiply. 

SPECIAL FEATURES . The ASK counter is used to count the number of carry (CRY) , partial

add (PAD) loop iterations . In this instruction, the Zand Y flip-flops are used in the 

sign control logic although the Z flip-flop is also used in the DIV overflow control logic . 

DIV uses the Carry Coupling Units and the Shift Coupling Units . 

DETAILS . The configured operand (divisor) is loaded into D at QJf1a . The QK execution 

l ogic is identical to that of a LDD, except for the pulses indicated on the DIV time 

chart. Q~4a starts the AK counter which controls the division logic . 

_Doa _D1a 
The pulses clearing and presetting the ASK counter occur at AK- and A~ , respectively . 

In the example ASK is preset to 170 . This value is determined by the length of the longest 

subword specified by the configuration . 

_Dla 
The sign of the dividend is copied into Zand the content of AB is made negative at AK- . 

The C register is also cleared as a preliminary to storing the partial carries in the 

succeeding steps. If A and D have the same sign then the content of Dis made negative 

at AJ<°2a. The first pad pulse is fired off in AJ<°2~. 

The CRY-PAD loop is now entered . Each time the loop is traversed a count ASK pulse occurs. 

Certain characteristics of the CRY-PAD loop should be pointed out . (The carry and partial 

add logic are fully explained in Chapter 14. An end-around carry does not occur in DIV; 

instead, the content of the sign bit in Dis carried into the right end of the carry 

circuit of each subword. Note that a complete carry occurs in each traverse of the loop. 

Before the partial addition occurs , the sign of Dis always made the complement of that 

of A. At the end of each CRY-PAD loop the content of AB i s shifted (rotated) one bit to 

the left in each subword. The bits shifted into the right end of each subword in B 

generate the quotient . Note that this shift is made after the decision to traverse the 

CRY-PAD loop again . During the last loop (AS~· ASS at AJ<°9) the content of Bis shifted 

to the left, but not the content of A. Whether or not the pad pulse is fired off in this 

last loop is conditioned by the sign of the subwords in A. This last loop generates the 

correct remainder in A. 

On the last traverse of the loop ASK is indexed so that AS~ · ASJS · ASS is true, and 
__ ioa _ 

AK jumps to g-
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. ma AK interchanges the content of A and B, placing the quotient in A and the remainder 

in B. 

AJ("1a takes care of the sign and overflow conditions. If the quotient is negative at 

AJ("1a, then an overflow occurred during the division process. Note that if an overflow 

occurs and the dividend is less than twice as large as the divisor, then the overflow can 

be shifted into A by a SCale or NOrmalize instruction and the correct quotient obtained. 
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QK 

AK 

DIVIDE (75) 

00 ol ar skrt , ? lstvt...J'\._~K , 10 PI, 
01 ol. 

5E'E QKM TIMING 

09oL 
10 ol. I.Q...F 

d. l!.l_QK 

II D--l.+E 

f3 Lf-E 

M~E 
~AK,, •• I L!....AK0 

ol.- QKIRct, .• -i--AKIR,f,.• 
13 QUR'ri"ct◄-• .-++-AKI~ri-,.4 

QKIRw, -'--AKlR.,,-, 

13 L!....E 

@.....QK 

l&-E 
o( l...!....AEP 

14 l.2_D 
!.!!!!!.o,AK 

f3 IS......E 
" 

21 ol. - E--.!.....-D 
22 "'-

tv,.&..E 
23 ol. ~EB 

Ill r.,K 
31 o( 

oc "" 

4TH QUARTER 3RD QUARTER 
I 

01 cl-. (A:.~ . Q,.) '::, lf.....~, B+ (A;• · lll) +(A:., · Jl,(,) ' :, 1.£...A,, B, 
rl ' :> ~ ... m . -::, ~i.3 
a.' • .::, 

Lf...._C• a, ::> L.sc.. c, 

I 
I 

oL I 

02 (A4~D4.,) · a' • 
::, u;_o • RA..,=D.,)-mJ• Il~;' D,.,)· lll;:I ::, Lf.D, 

~ ~ 
:, Lf..._A4 , C, a.1 . :> tf.._AhCl 

03 ol I 

04ol I 

05 "'- I 

°" ol I 

07 d. 
I 
I 
I 
I 

I 

I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 

75 
DIV 

OPERATE (ARITHMETIC ELEMENT: N;.8 • N;_, ) 

24 ol. 

QB' + AEB ' -::, "l5K'•l+--PK 

25 o1. AK! · '::, l£..._AK11-1 1 U.... AK o 

" 
. ::, Nt,6-l,1 -t--AKIR.opt,,-1 

" . :, N,.,.1.4 ----t--- AKIR Ci._,-
(NOT! : iU:&• A.K!) 

PK 
ill.Pl< 

26 o1. l...!....AEP 
~AK 

31 cl.. Pr'' "' ' ::, L.!_PI1 

~ AK :, lil<'•I -AK 
1,t-,t c AK ::, i..Q...ASK 

2ND QUARTER 15T QUARTER 
I 1PtKtt ASK 

(A;_, · II,)• (A:.,· Ill,) ' :, ~A,,B, (A;.,· I)• (A;_,· ll!,) • (A;,· II,) · :, u.._ A. I B, 
n . -::, ~°el I ::, ~l1 
a.i • ' :> Uc_C, a· ::, ii_ C, 

I AK'•l+AK 
I f. ,::, ~AK 
I f. ' · :, \2!,.AK 

R11,.-0,,) ·II,l • RA.,f' D,J ·.ll!J:, l.£...D, rrA ,.rD,,) · rl•rrA_.=o.,)· lll,l+RA,.rO,J·Il,1 ::, ~ D, 

a.'' ::, l.f_ Az, Ci. a.: · ::> Lf:.._A,, c, 
' 

I 
I 

I 
I 
I ASll'•I -AS! 
I 
I ASK; ::, Ai('+/ ~AK 
I :, 

08 d. ASK; ASK; · ASK ~ 1.12..AK 
a' => ~A., LQ..C, I n; "~A,. l.2..C, la.;- . ::, 

lf!:!..Al,l.2... Ct I a: ::.~, , l.E.... C1 . 
I I I AK'+/...;.-AK 
I I I r. . . -::,~AK 
I I I f+ ' ·=>~AK 

o( I I I ASK; ·ASK:· . ::, ~AEP 

0~ · (ASK;• ASK.:) • a.~ :, ~"~ (ASK: • ASK:) · n; " ~A, ASK; i ASK!) · a.~ . ::, 
~Al (ASK; + ASK: ) · a.: , ::, 

~A, 
a' :, ~B, Q) ~ ~ 8J a.~ . . ::, W!b-B, a: .:, l!tl..B, 
' (~., .. o,~) · a; :, u.._o, [<A,.," D,.,). m:)• IA,.,=D.,). lll,)] :, l£... D, RA.,= D,.,l · n,l• liA..,= o,_,l ·N,1:, ~D, RA ,.= o,.~· Jl, iA.,= o,.,l • lll~ • iA.,• O.,l·llJ ·=- ~D, 

J3 CASK;+ ASK! 1- A:.,) · a~ =- l!!i.A4 1 C,._ (AsK; •ASK; )· aA;, · fill• (A~,· N~]" \!!!.. A, , C, (AsK;+AsK:l- RA;.,· IIJ•<A:, · lll:,11 => le.A1 \C2, (AsK;. ASK: )-[IA;,-r>•<A"·N,)•(A;, .n.il '::, ~A,,C, 

10 d.. a ' :, A1tj::;. B, a. ' ::> 
A,*B, ai · . ::, A,~B, a' . :, A,~B, ' ' 

I I I l!!....Aki,. 1) ~AKo 
I I I Jil<'+l+AK 

2; · a+ " LL..,B, (i:'; · fil ) + (, : · lll,) ' :, lk.... B, (l; • l!,)+ (i.:. N.) :, ~B, (l;•l)•(c; -Ill,)+(l; ·II ,) .=, ~8, 

II d. (z_.;.y,) . a; . ::, t.......A, RI,*Y,l- ml•Rz.,,Y,l ·lll,1 ::> Ls-. A" ~2, *Y,l · lIJ•~l, H,). NJ =:, l.S<_A, R,,,.y:J. I]•~l.*Y+l·N.Hr.,,i,Y,J-n,l · . -;;, l£,,.A, 

{O~_,• Y4) · a4 · ;;;, 1...1..... D+ liD,.;/aY,)· ml+R D,f Y,Hlt,1 ::> L5:.- D1 Ro,.;H,l· uJ•Ro,.,. Y,l · N,1 ::, u__ D, ~~-?Y,l·Il•liD,.jl'Y,l·.lll,]+ ffD,.,,i,Y,·lIJ-:, ~D, 
lll ;;, 1••·•'''' , '• m :, 11'\.~ '>• ti> 'r.3 II ::, 

~Cz I . => ~a. 
·-

c i:i .'-1 t-- 21-C.I 



MULTIPLY 

OP CODE DESCRIPTION . MUL multiplies the content of A by the content of the selected 

Memory Element register. The signed product is left in AB by the instruction. 

SPECIAL FEATURES . The ASK counter is used to count the number of multiply- step (MS) 

partial -add (PAD) loop iterations . In this instruction the Zand Y flip-flops are 

used in the sign control logic , MUL uses the Carry Coupling Units and the Shift Coupling 

Units . 

DETAILS . The configured operand (multiplicand) is loaded into D at Q11a . The QK 

execution logic is identical to that of a LDD, except for the pulses indicated on the 
__ J.4a 

MUL time chart . r.,iK starts the AK counter , which controls the multiplication logic. 

ooa 01a 
The pulses clearing and presetting the ASK counter occur in AK and Ale" , respectively . 

In the example ASK is preset to 170. 

At A'11a Z is cleared in the active sign quarters and the content of A (multiplier) is 

transferred into B. The C ~egister is also cleared as a preliminary to storing the 

partial carries in the succeeding steps . 

02a 
In AK the multiplicand in Dis made positive . Yi is used to remember the original 

sign of the multiplicand . The multiplier in Bis also made positive by complementing B. 

Zi is used to remember the original sign of the multiplier. 

The first partial-add pulse is fired off i n AK
02~. The pad pulses are always conditional 

on the right -most bit in B being in the ONE state at the time the pulse is fired off. 

The first ASK count pulse also occurs at this time. 

The MS - PAD loop is now entered . ASK records each traverse of this loop. (The multiply 

step and partial-add logic are fully explained in Chapter 14 . ) The MS pulse occurs in 

Af3a and the PAD pulse in Aif3~. Note that each MS pulse shifts the content of AB one 

bit to the right . 

When ASK reaches the ZERO state (AS~) AK leaves the loop . 

o8a At AK a full carry pulse occurs. After this pulse, the magnitude of the product is 

contained in the AB register. (The right -most bit in Bis a duplicate of the sign bits.) 

If Zif Yi , i . e ., if the sign of the multiplicand and multiplier were not originally the 

same, AB is complemented, i . e., made negative . The multiplicand is also given its original 

sign, as remembered by Yi. 

The overflow bits are left cleared . 
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QK 

AK 

00"' 
01 oL 

0~ .,_ 

10 oL 

ol. 

II 
ll 

[ol. 

\'~ 

13 

cl-

14 

13 

21 d. 

22 "' 

23 d. 

31 d. 

00 oi. 

01 d,. 

cJ. 

kl2 

MULTIPLY (71,) 

~PK 

QI$io.l't .:, lll.!!1...o,FK, i..£-PI , 

SEE QKM TIMING 

~E 

i.Ll..-QK 
D~E 

li....E 

M¼E 
l.2.-AK11-1' L!.-,,..AK0 

QKlR,;,.,-+-AKIRd ,., 
Ql(1Ru1 a.d4-1 -t--AKlRd1-+ 
QKIR"~' -t--AKJR., •. 

~E 

lll,..QK 

~E 
l.L..AEP 
~D 
~!!.:,AK 

~E 
SE 

E-' -o 

M~E 
~EB 
\31 r.>K 

OP C\•,s Decoders UM• Up: QKIRA\ QKIR•-, QKIR1•••, QKIR 1• , 
QKIRD 

I 

m· , :::, LQ.._z.+ m :::, L£-. <3 
a4-. ' :::, i\--i+-B, a.; ;;, A, -+--B, 
'4 . . ::, L.£..c, a; . :, L2.-C, 

I 

I 

Ill : => ~l4 Ill :::, ~z, 
a; , ::, ~A, a, :::, LQ.,._A, 

Cs:.,· '¼l .:::, L.£...S. (Bi., •ml+ (B;., · Ill,) :::, ~B, 
(y~ . o.~) . ::, is._ 0. (Y, ·ml• cv; . l'l,) :::, ~D, 

f:, a;-is.:,•1,l •(&;;IJ•(B;;l,l•IB;,1,)]:::, ~A,. c, a;-ffs~.(f,.i,~•fo;,1J,[s~-fJl" ~A,,(, 

I 

I 
I 

I 

cl-
I 

~3 
I 

N, . :, ~ .. . c )It 
a; · ~ l"••ht,, A,, C♦ <l; ::J~A-,,c3 

~ . = ~s. "'• :, 1'!'!.-8, 

f3 ~-ia~,/4\•0\,fJ•CB~;fJ•(B;_,f,iJ::, ie..A,,c, ~;.ffa;,<1,•<,Hs;,1J•[B;, ·f.11 "'~A,,c, 

04 .I. I 
OS .I. I 
01, ol. I 
07 .I. I 

a. . => I.Q..C , <lj :::, 1.£...C, 
OS .I. 0: · f4;,(A'j •f4l• W,·(f,•f,il•(A; ·f,l"' ~c ... •·· fii;,(~ ·f,l•IA! . (f,+f,TI•<.i: ·f.'ll " lf!i..A, 

I 
I 
I 

09 ,( Il[ . :::, L£__z, II[ :::, ~l., 

(Y,"' l ,\ · '4 . :;, 1£..,A, a'l,H,1 -nrJ• KY,,,,z,) -]][J ::> LS- A1 
( ) . ::, U-6, [ • "1 • [ " ,. 1 ::, Ls- 6, 
y; ~) "' u;__o, (Y; · ill\ + (Y\ · Ill:,\ ::, 1.£.._ D, 

I 

I 
I 

I 
I 
I 
I 
I 

I 

I 
I 

I 
I 

I 
I 

! 
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MUL 

OP£RATE (ARITt\METIC E'LEtvlENT : N~ • tJ; ,,) 

24 ,t. 

QB' + AEB . ::, l'K'+ I-PK 

25 ol. AK.b . . ::, l..2..-AKu-1, L!-AK0 

" ::, N,.,. . 1,,--+--AKIR., .. , 
::, N, .,_, ,,-+-AKIR<1,_~ 

(NOTE : .t..E~ as A~) 

U!.._PK 
21, ol l.L..AEP 

~AK 

31 "'- PI"' '" c:, L!-PI, 

~AK . :::, /IR'+i-AK 
~AK ,::, L2....ASK 

I l""<t, ASK 
n . ::, l.£,."l, l . :, \...Q.._ i!, 
a, . ::, A,--i+-B, a.:. . :, A1-+-B, 
a.; . :, ~c, a: . . ::, l.!l.+C, 

I 
I ASK>I-ASK 

II. . ::, ~l, I . ::, ~z. 
a.:. . ::, L2..,..A , a: . ::, L.9.._A, 

(B;., · JI,) + (B~,· llZ:,) . :::, Lf.-B, (B;,•ll•(~ ·N,)+/B;., •JI,)::> Li_.B, 
{Y; · Il.,) + (Y~ · Ill,) ,::, t.£.P, (Y,' · IJ•<Y~ · .IY,\•(Y; · II,)=> I.L-D, 

a; [[s;,· (f,•f.il • fo:, · (f, >f,)1} . ::, ~A:uCi (o.: . e;.,l· . :, ~AnC, 

I 
I ASl('.1-ASK 
I lii<'•l+AK 
I ASK; · ·-::, LQ...AEP 
I ASK; · f, . ·"' ~AK 
I ASKf '• . · :, I.Ql,..AK 

N, . :, ~Au,C1-, II, + .rl,l . · ==- I wt ~, si, .. A, .• ,c,., 
a~• . :::, l....ttit•r A21C1: a.; . ·=-~,,c, 
a.;• . :, l!!!.,B, n; · => ~B, 

a;-f[s;, tf,• 1,11 • [s;_, ti, ,1,11l · . :, ~A.,C1 (n; s:.,)· . :, ~A11 C, 

I 
I 
I 
I 

~ . :, L2.._ Cz a.: ::, l2_c, 
~-f~•~ •<1,,1.iJ.Ci;-<1,,<,lNf:·ff,•l,m " ~Al a.: -\,i; , Oil •f,), (A\ -f,)•Vi\·(f,•fJl:, ~A, 

I 
I ~Al<,1-1,l!..A~ 
I IIK'• /+-AK 

IT . . :, l.£..l, I :, l..Q_l, 
~Y, "'2,l · IIJ + [CY4•"24l . l'l,1 . ::, u.._A, [(Y,#,l ·Il]+[(Y+'>l,l· ll!)•~Y,1'1,l ·llJ" u.._ A, 
[ " .. 1 • [ " ] . :, U-_B, C " H " H J::o ~~-
(Y~ · Ilil + (Y; · N,) . :, ~D, cv:-r)•<Y~· N.l • cv;-n,) · ::, Lk..P, 
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