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CHAPTER 16
TIMING CHARTS

16-1 GENERAL INTRODUCTION

This chapter is a compilation of all the 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
U

PK (PKMS, PKMT, PKM", PRM.. and PKMW)
ax (qef’, gol”, Qar’, Qr . and QR )

PK-QK INSTRUCTION CYCLES

opr1 8 EXX STE JOv
oprE ATX FIF JPA
P DPX FLG JNA
JPX SKM sT- EXA
X LIE ITE INS
AUX SPF TA com
RSX PG UNA PSD
SKX ID- SED

PK-QK-AK INSTRUCTION CYCLES
CY-, SC- MUL DSA ADD, SUB
DIV NO- TLY

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 place 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 significance 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.
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16-2 START-STOP CYCLE

16-2.1 INTRODUCTION

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

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

The start-stop control system is basically a complex synchronizer for the start-stop
console pushbuttons. The heart of the alarm processing system is the ADK counter. ADK

time levels are also used in the start-stop control system.
These two systems individually and jointly generate control levels which become inputs

to the Control Element. The Control Element then directly controls the starting and
stopping of the computer.
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' S
16-2.2 START STOP CONTROL se

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

1) Iow speed repeat (LSRl)
2) Low speed push button (LSPBl)
3) Hi speed (LR - LSPB= 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 STARTl flip-flop in the START synchronizer and
the STOP, flip-flop in the STOP synchronizer. The nextlalpha (o) pulse,‘after these flip-
flops are set, sets the START2 flip-flop tosgﬂgf START2 entersS;iR; factor égAzél the
interlock start conditions, i.e., in the PI 1, PISTARTZ, QT and CSI levels.
The following alpha pulse (the pulse after the one which set STARTZ) clears the STOP,
flip-flop if the computer is not in the low speed repeat mode, i.e., if LSRO. If the
computer is in the low speed repeat mode (LSRl), then the STOP2 flip-flop is cleared by
Ls0. STOPg clears all the stop flip-flops, i.e., PKSl PKSz, QKS and CSKS. These stop
flip-flops enter into the interlock start conditions, i.e., PKBO is a factor in the

START 0 L

PI 1 level, etc. PKS?, Png, QKSO, CSKS™ and START% represent essentially all the

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

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

running IC Units.

Stop. Pressing the stop button clears the STARTl flip-flop. (STARTl is also cleared
by the occurrence of a SYNC alarm or an AL level when the AUTO START switch is turned
on). The START, flip-flop is cleared by either STARTO or AL. STARTO immediately turns

2 1 2
off all the interlock start levels.

If the computer is in either of the low speed modes, the STOP2 flip-flop is set 0.4
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., PKSl, PKSE,
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 in

order to proceed.

If the computer is in the low speed push button mode (1LSPB), 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 processing system. One of its major functions is to convert

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

central computer.

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

delay units (ALDl 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, delay unit. ALDl in turn places the counter in the Ol state. The

1 1

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

1
level is generated for the CHIME ON UNSUPPRESSED ALARMS.

At the end of the period fALD ), the counter goes into state 11 and ALD_ is triggered.
During this delay a preset level for the Control Element ( FRESET 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.

After the delay is over (ALD ), the counter will remain in state 11 unless the AUTO START
switch is turned on or until 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 START button has no effect unless ADK is in state 00. If an unsuppressed
alarm has occurred and the AUTO START switch is not on, then ADK remains in state 03
until the CLEAR UNSUPPRESSED ATARM button is pushed. DNote that the CALACO button first

clears the unsuppressed alarms and then generates a START pulse.
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ADK: ALARM

DELAY COUNTER

ADKz | ALD>JADK, |ALD: {TIME | |PB Stayt . - -+ ¢ - o v v o > L, 5TOP,, Ll START,
START; * START, " -+ > |1, START,
0 0| o| O Inere*s
AL > L, ALD,
ol 0] o0 I |.4ps | ALD; > L . ADK,
o | o I Lotms | ALDY - - -ee e > lo, A,
NO CHLME ON ALARMS 5,5 = CHIME ON ALARMS usu
fo) 0 1 O |.4ps ALD,° ............. > L‘_..ADKZ, L, ALD, PB Clear Alavinsusep _ = L, CUA
PASOFA + |PB Startever . =  |!  SYN,(STARTOVER SEQ)
PASOFA + AUTO- START > |Preset L cE
| | I 0 |55ms
ALDZ > oL ALD, [PB Clear Alamsusup o = |1, CUA
| 0 ! O |notE®2| CUA'+ AUTO-START - - -+ = Lo _ADK,
OC3ALsup *+ " ° " * > |2, 0CSAL
PsALsup st > &..PSAL
QSALgyp * 0 e > (o, RSAL
! MPALgup = = o oo e > 1O, MPAL
} NPAL sur > 1O, NPAL
| XPALgwp =~ =" "t > |Ou XPAL
{10 1 0 ¢ O |d4ps | FPALge D> |0, FPAL
! ; A = = 10, J0AL
§ MBACwe - > 10, MISAL
j : & oADK, o Lo, CUA
o jol o ' 0 horew
[
NOTES! ocsAL! OCSALzap > AL
R ADK NORMALLY 5ITS psat! PSALsup > AL
IN STATE 0000. QsAL' QA sep > AL
THE INDEXING OFADK MPAL MPAL sup > AL
15 INITIATED BY THE NPAL'  *  NPALsap > AL
AL SIGNAL. XpaL' XPALsup > AL
FpPal’ FPALsup > AL
10sAL' T0SALsup > AL
2. THIS TIME STATE MISAL' * MISALsep = AL
IS .4ps IF THE AUTS- MOUSETRAP' -« -+ -+ = = AL
START SWITCH IS ACT-
IVATED OTHERWISE THE [PB Clear Alavmssue , > L1, CSAD  (CSAD =CLEAR SUPPRESSED ALARMS DELAY: DE.=00us)
TIME INTERVAL DEPENDS
ON THE MANUAL SETTING CSAD'  + OCSALgyp > Lo _OCsAL
OF CUA VIA THE CLEAR CSAD' PSALsup ** © 2 Lo PSAL
ALARMS pisup SIENAL CSAD! QSALsue * * © 2 LOL QSAL
CSAD' MPALsup * - * = (9, MPAL
CSAD! NPALsup > |0, NPAL
CSAD’ XPAL sup > 1o, XPAL
CSAD! * FPALsw = o, FPAL i
CSAD'  * IOSAlsup > Lo, TOSAL i
CSAD' ¢ MISALwe > Lo, MISAL
(PB Preset - - > 19, TSAL, L9, USAL, L&, MOUSETRAP
[PB Clear Alarmsusup > Lo, SYAL
AL = ALARM SYD' s 2 CHIME ON ALARMSyusup
CAU = CLEAR UNSUPPRESSED ALARMS
PASOFA = PRESET AND STARTOVER AFTER ALARM
CALACO = |PBClearAlarmssye, + |PB Clear Alarmsusue , * |PB Start
CODABO = [PB Stop [PB Clear Alarmssup, « |PB Clear Alarmsusup _ + |PB Preset, - |PB Starfover . . |PB Start
STARTZ = STOP UNIT
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16-3 SPECIAL CONTROL CYCLES
16-3.1 INTRODUCTION

The timing charts in this section cover the events initiated 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. DNormally the XWK counter is started in Ptha and

FK in qrOO%.

The CSK counter has a double 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) C8K

CSK is a modified four stage counter. It counts in states 00 through O7, when CSKi and
in states 08 through 11, when CSKi. In the first instance, CSK is interpreted as the
change of sggquence counter (CSK); and in the second instance, as the delay synchronization

counter (DSK).

START s .
CSK cannot start unless the CSI condition is generated. On the other hand, DSK can-
not count (assuming CSK} and PK is in one of the waiting states, i.e., PKQO, PK_O2

PK?3) unless XWK is in 1ts 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 Nj' Two possibilities exist:

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
b
X Adder (XA) contains the content of N2 ;s 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 X was previ-

2,1
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 K and N , representing the numbers of the old and new program counters, respectively,
are saved 1n E. In CSK93, the content of K and N are interchanged. The flag of the
Trapping Sequence is also raised at this time if the 2.9 bit of the new program counter
is a ONE and the mode of the Trapping Sequence asks for this information. 1In CSKQ o
the value of the new program counter is copied into P, while simultaneously the value

of the o0ld program counter is copied into both X and E2,l
The value of the old program counter (now in X) is stored in the X Memory register
specified by Nj (Nj now contains the address of the old program counter) by starting
the XWK counter in CSKpha. X is also cleared at this time.

a
PI3 is cleared in CSKPA., and in CSKp5a the flag of sequence number 00 is cleared if

the new sequence is sequence number Q0.

Finally in CSKp7a a certain amount of logic is performed which takes further into account
the requirements of the Trapping Sequence. The information in E is placed in M. If a
change to the Trapping Seguence has just occurred, because of a trap on the 2.9 bit of a
program counter, the content of M is simultaneously placed in E. The content of M
represents information left over from the previcus CSK cycle. If the CSK cycle is one

in which a trap on the 2.9 bit of the new program counter occurs, then this is indicated

a
in CSKO7 by the SSCH REQ level and causes PI_ to be set. The fact that PI_ is set causes

3 3
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the current CSK cycle to be followed immediately by another CSK cycle.

Delay Synchronization. CSK), is set whenever the computer is to wait in "limbo" for some

interlock condition to change. In this case DSK simply counts from 08 through 11 repet-
itively. Finally the interlock change will occur and DSK;l will sample the desired
interlock conditions. At this time CSKﬁ is cleared and the counter goes into CSKpoa.

Each time DSK enters state 11, an IOI clock pulse is fired off (except when either CSKﬁ
is being cleared or the QK cycle of a TSD is being performed).

In the PKQO waiting state, DSK cycles until the flag of a sequence (of any priority)
(07

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

prediction 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).

230

In the PK 3 waiting state, DSK cycles either until the PIWAIT level indicates the

current instruction can proceed or until some other sequence requests attention via the
EAVE SE

PI VE < 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 1is

an instruction which does not hold, respectively.
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CoK: CHANGE SEQUENCE COUNTER
csystart o 0 e > JC'—J—"Ngg ~3
00| A CSIstavt v o« D S + 1/ CSK
LLLXR, LLoXB, LLseXAC
01X e, E
LO o Nay,
! XR'(PLUS.06ps DE)+ > 19, XR
NSPeor ot e D TSP, Lo, XAS
NP+ (K - xps!) 2 10X, L Xp
02X !llfi"“"DLL..XAS
N« (K% + XPS%) = XM —»X, X,
K——Eqs.q.
Nag3i —— Eze-3,
K=+ Ns(-3.1
03 4 N3.¢-3; —+—"-K
TRAP SEQUENCE compuren swe © TP * KD® - Xz = lrase, Flag ¥ (TRAP sEQ)
L Ly XR, L1, XB, L1, XPS, Istrig XWK
¢l L2, PLs
Sday I XA~—~P
K"'O4O<E P-—j—b—EzJ
Dl XPALg,, + XPAL° ¢ D2 P——=X ( NOTE XPAL IS ALWAYS IS ALWAY O AT THIS TIM§
; XPSy v * D LLLXPAL
| XR'(PLUS. oe,we) > 2 XR
: 051l kpoe + - - > dism-ss: FLAG
' \ °:| M
oblol| SSEMTE 2 t_.PI,, Loy PLg, LLoPTy
TRAP SEQUENCE comparer swnc * TP « KD® + X35 > M2
07) & (loo, CSK)
an( SEE NOTES 1 &2 !
NOTE 43 CSKy + ( PKOO* - PKO2X . PK232 +XWK%) = TSK+ | —=CSK
09K SEE NOTES 182 NOTE2: CSKy+ Ky, = KDFEK
|0jx| SEENOTES 12 ss?Mreq = AT LEAST ONE FLAG IS UP OTHER THAN RD].  (SEE NoTE 2)
$578 = A FLAG OF HIGHER PRIORITY THAN KDl IS UP. (SEE NOTE 2)
SEE NOTES 182
C _h_lcst<4-""""3°8CSK
5K. [0 o CSKy* (QKIRY + QB®) © > IOI CLOCK PULSE
" PKoOS -+ Ssattres . (KD &y Kp©) = i, PI,
PKOOE Ssat‘freg . e s D ) C5Ke
HD‘L py o2 .KE—I' L L = » CSK4,
‘ PKO . prAEchseg: - -+ ¢ - D lg,,csK,,, o, PK, (O, PT,, LI, PT;, L2,PIg
KB . prwait © 0 e -0t D 0 Sk, 1244 PK
. PKEA P . pRIR®K » 0 - D g
E PK23& . PI[ea.veng L o cqu_’ 00 PK, ]__I__.P]:3
PK234 . prieveseq « PKIR*M -+ ¢ D [stact XWK
LIMBO = CSKi+ DCsKi + (PKOO% . PKOZZ « PKZH - XWK9] = csx4 « XWK® » (PKOO* 4 PO + PKe)
csstert = pRO. PIP . pL) « XW® « XB® . EB°. CSKS® + START .
PIAEehseq =  AFT . sseffrey . oprg
prlesvesst = praechser. [oaRA + (PKIRSK . XAAD] + s5etrey - praptd - [TocMBB + (QKIR'S + QBYJ
prwsit = agr . [PKIRA + (PKIR™. XA%8)] + PKIRd .[T0CMBB + (QKIR™! . QB')]
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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 FX

(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 mammer for two purposes:

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

CF
case FK runs from FKQO to FKQZ. 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 FX runs in them

during the PX 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. )

STARTING CONDITIONS. During most instructions FK is started at QKQOQ 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 QKl3a. Note that, in the

Q
case of FLF, QK does not start until the QISTART condition is generated at FK.O2 when FI

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

T

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 FKQOG, even though
FK runs through states 00, O1 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, Ok,
05, 06, 07 and 08.
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FK COUNTER CONFIGURATION MEMORY

PKIRIFF = PKIRX - PKIR*®

PkIr' = PKIRSPF+ PKIRSH
PKIRST = PKIRFIF + PkIrFlS
PKIRT = PKIRSP3 + PKIRFla
PKIRT = PKIRST + PKIRSP + PKIRFH + PKIRFla

starlg FK = PULSE DELAY LINE 2
Ghiy FK = FK+1—>FK - .
° L ° ! 2} K
FCo = '——’? FWY NoTe: Fe ALWAYS ZERO Ha FC+ PKIRT = L2 QKIRef
FC' > Ly FwW 2 LLoFR
4zl FC°> L, FW; PKIR'F. PKIRS o CFM<i=QKIR:F
44] PKIRY. PKTRE > E, —'+ QKIRcs
lsal LOwFR; PKIRY o Lo QKIRcL
» , FC°> Loy FW
PKIRT = E4“3”E3, E;+=E,, E; ++E,
PKIRF > E =4
PKIR¥ > QKIRct = E,
. (FpoY o |
PKIRF+ (FP2+ FPALg,p+ PKIRDY) 7 PULSE DE LINE o PKIRe¢
oA| PKIRZ - FPY = Lig FPAL - ” >
PKIRH = Lo FK, Lo .FK8, FR+ 1—=FEK 4| FC+ PKIRT > L2, QKIRc
PKIR? : PKIRS + PKIRI* = L. FT 2 U FR
PKIRTH > E, —4+E,, E;4+E ' = .
e ET;’:E:’ a2 FC5 L1 FW; PKIRF. PKIRE = CFM4-QKTRt
3
44 PKIR. PKIREL > E,-Lw QKIRcE
54 L .FR; PKIRYE = 9. QKIR.s
‘ . il FC° > Lo FW
PKIRT = Eyd>E,, E3-4=E,, E,4—F,
PKIRY = E ~4>E,
F PKIRS > QKIRc—E,
Ko
7 . o
PKIR (PP + FPALsip+ PKIREF) = PULSE D LINE—] | BRTRT + 14— PrIRLA
o PKIRE - FPY = L1, FPAL
a4 FCO+ PKIRY = 1O o QKIRct
2 LLLFR
42l FC°2LL FW; PKIRY. PKIRS SCPM3-QKIRct
44| PKIRY. PKIRE = E, e QKIRH
54 V9w FR; PKIRG o Loy QKIRcE
@l FC° > Lo FW
PKIRf = E 385, E;4=E,, E,4= &
Pkl = E,4—E,
PKIRF = QKIRcE ——= Eq
PKIRH - (FPE: FPALgup+ PKIRY) SPULSE DE LINE — BRIET A
o SUP ct 12| PKIRS + 1 PKIReF
PKIRF « FPE > li FPAL | . ” .
QKIR‘PS - o, EB 14 FC° + PKIR > O, QKIRAE
.26 U, FR
420 FC°> LLu FW; PKIRM. PKIRS} > CFM+»QKIR ¢
: a4 PKIR' . PKIRY > E, -L» QKIRS
PKIRSt > | FT -
LI, FK8 5¢ L FR; PKIR{ > Lo, QKIRcA
.  FC° o Lo, Fw
PKIR® > E =5, E33+E,, E,+E,
PKIRY > E 4+,
PKIRS* > QKIRef ——+E,
%, PKIRS + FPTY > (1 FPAL
8 L2, FK8

st b= QK% QIR BRIRE. PRIRSF™ + QK /3. ( QKIRPT4 QKIRSPF)+ FI% EBS. (PKIRSH pKIRIY)

C.-A NORMAN 2. 20-5]




16-3.4 XWK (X MEMORY WRITE COUNTER)

This counter controls the. logic used in writing the content of the X register into the
selected X Memory register. The counter does not control the logic used in reading out
the contents of a selected X Memory register into X. This is accomplished by the PK or

CSK counters.
: i 2%,
XWK sets the XW interlock to ONE in . This turns the WRITE current on. The XB
(0
interlock is cleared to ZERO at XWKO2 indicating that the X register will in 1.6 micro-

seconds no longer be "busy" (XBO).

Q
The XW interlock is cleared to ZERO in XWKP6 . This turns the WRITE current off and
effectively ends the X write cycle.

The conditions 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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XWK: X MEMORY WRITE COUNTER

XWK'+ 1—+= XWK
00{A| stk YWK = Lo XWK
0l
L XW
02)el) 1o, xB
03
04
03
ObleX Lo L XW
o7
CSKO%‘ ................................. - [515 1. XWK
PK 23« PKTR*M . CSK‘M + PKIR\eave sequence - - - D IHart . XWK
PKBIO( PKIKXM ........................ - start XWK
QKZZ& QKIRM . QKIRX ................ - \start XWK
QKBM QKIR‘“ ........................ - m XWK
PIAEchu‘ = AEl. SS‘h"‘ . PI:.
priwesst = ppAersel. [pgpA®+ (PKIRS: XaM®)] + Sso™t. pKIR™ . [1ocmEP+ (QKIR™. Q)]
PKIRV* = PKIRo, - (PKIRES + PKIRGL) = (JPK+JINX)
PKIRM™ = PKIRI* +(PKIR™ « PKIRi)) = (JPX+JINX+ " IMP)
QKIR* = (QKIR%G - QKIRsp) + (QKIRs * QKIRop! * QKIRope) = (RSX + EXX +DPX)
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16-4 PK-QK MEMORY CYCLES
16-4.1 INTRODUCTION

This section covers the PK and QK 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 the interlock control, waiting state logic, In-Out control, alarm control, X
Memory control and a variety of miscellaneous control logic.

The PK and QK 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 QKMS, depending on whether an instruction or deferred address word, or an operand
word, respectively, is involved. . (It is worth noting the similarity of the entries in

the corresponding PKM and QKM columns.) A miscellaneous column is included on each chart,

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

The PK Memory timing chart covers PK?O through PK?A. The basic PKM cycle extends from

2 L
PKQO through PK? . PK.23 and PK? are special time levels used to determine what activity
will follow the current PK cycle.

The QK Memory timing chart covers QKQO through QKsl. The basic QKM cycle extends from
0
QKQ through QKsl. The actual states used depend on the specific instruction. In some

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

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

contains plugboard and other memory registers.
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— | TIME
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16-k.2 PK CYCLES PK

INTRODUCTION

Unlike QK, there are several 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 cycle. During all of these basic
PK cycles, certain pulses, such as the IO0I clock pulses, X read pulses, etc.,

are always fired off.

When a new instruction is to be performed, PX 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 deferred-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 rather than one.

The organization of the PK Memory timing chart reflects basic 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 is selected, i.e., S, T, U, V’F, or fo' The events occurring in any

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

PK TIME CHART

Initially PK waits in state PKQO until a PISTARTl level occurs. It then goes
through PK.22 and in so doing executes the basic PKM memory cycle. If the
instruction word, obtained by the memory cycle, calls for a deferred-address,
PK goes to PKQO and waits for a PISTART2 level to occur. (This wait condition
also applies to the start of the ultimate deferred cyele.)
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If the instruction does not call for a deferred-address, PK will proceed from
PK.22 to PK.Z)+ and then either go back to PKQO or go on to execute a PKEI cycle
depending on the instruction. If a PKEI cycle is executed, PK will proceed

31a

lo}
through PK and then go back to PKQO . 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-L.2.3 MISCELLANEOUS CONTROLS
The events discussed here take place in all the basic PK cycles.
The memory on-off switches are sampled in PKPO if QK is also in the QK?O state.

Qa
The IOI clock pulses to the IO units are generated in PK.Ol and PKlea- 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.
PP gets the X busy (XB) interlock and initiates the X read cycle. Normally
PKl3a 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). X is also cleared by PKl3a under the following circumstances. If a
change of sequence occurs, XPS 1s set and a program counter is read out of Xk.
After the read out occurs, Xk contains nothing of meaning. If an instruction
now occwrs in which the Nj bits select the Xk register (K.eq J), PK;3a will clear
X. The X% Y condition will also cause XPS to be cleared in PK-’C. lote that
the XWK cycle initiated in PK;ha or later during the instruction will write
something into the Xk rggister. Because of this the next time a K+ J type
instruction occurs, XPS  will be true, X will not be cleared in PKl3a and XM
will be strobed into X.

o
P% also generates the X parity alarm, if an X parity condition exists (XP;;).
16-4.2.4 TINSTRUCTION WORD CYCLE (NO DEFERRED ADDRESSING)

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

1
(PKA™ - DFAO indicate to the address decoding system that PK is executing an

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

PKQ9G causes a PSAL alarm, if an illegal memory is addressed by P.
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20
The hold and OP instruction word bits in N are jammed into PKIR at PK; . Note
that PK.llB is the latest time at which the memory register in which the instruc-

tion is held is strobed into N.

FI is cleared by PK;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. ) FLAGu2 is raised in PK;BG as part of the meta bit sensing logic of the
Trapping Sequence {see Chapter 15).

Q
For the majority of instructions, the X write counter (XWK) is started in Pth .
a
However for the PKIRXM instructions, XWK is started in PK33l or during a DSK
i pRe3% IND . . . L
cycle in P . The PXIR level will be jammed into XAS at P in order to

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

fo!
The execution logic of JPX (06) requires that X be complemented at P,
[0
(See JPX discussion.) Pk also causes an OCSAL alarm if PK is trying to

execute an instruction with an undefined operation code.

L
In PK?2 a number of decisions are made to determine what activity will follow

the current PK cycle. If the conditions for waiting are not present (PIWAI*)

(01 104
PK jumps from PK?2 to PK?h . If, in addition, an operand is called for by the
current instruction, PIl is set.

If the conditions for waiting are present (PIWAIT) in PK?ZG, either the

LEAVE SEQ)
H

conditions for leaving the current sequence are also present (p1 in

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

leaving the sequence are not present (PILEAVE SEQ),

in which case a DSK cycle
a
is initiated and PK goes to the PK.E3 waiting state. (The FLAG dismissing

(04
conditions in PKfe2 are discussed in conjunction with the TSD timing chart.)

o7
PK?3 clears PKA (indicating that the memory cycle is over). PK waits in PK?3

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

PKaua jams the hold bit into PIH' If the current instruction does not go
through PKsla (PKIR ), then PK reverts to PKPOQ. If the current instruction
is not an I0S, the conditions for a change of sequence (PICH SEQ) are examined
at the end of the instruction. If these change sequence conditions are present,
PI3 is set as part of the CSISTART logic. The PKIRDIS type instructions
examine the change sequence conditions again in PKSla 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 (PKPO - PK?z), PK
goes back to PKQO. 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 PIS.
The latest time at which the instruction is strobed into N is PK;IB- The defer
bit (N2_9) is examined in PK-3C. If a deferred-address is called for (Né.9),

FI, is set to ONE. Assuming the instruction is defined (PKIRDEF), P15 is in
turn set to ONE in Ptha. The conditions (PI% . PI;) that require an inter-

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

up-

Jamming PI5 into XAS in PK;AG 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 PKIROP
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 PKQO until the PISTARTQ
conditions are satisfied. When this occurs, the output of the X Adder is
Jaemmed into Q. DFA and PKA are also set in PKpoa when the PISTARTZ conditions

are satisfied. PKAl . DFA; 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 z defer bit in the ONE state (N;_g),
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 PKQO through Ptha, QKIRCF will be

a
cleared at PK.Ol and the NJ bits will be jammed into Q.KIRCF at PKp6a. XAS
9-k
is set to ONE by jemming PI5 into XAS in PK;ha. In all the succeeding inter-
mediate deferred-address cycle the content of QKIRCF will not be altered. The
fact that XAS is now set to ONE causes the deferred base address, represented
by the base address bits (N2 l)’ to be indexed in all the intermediate deferred-
2

address cycles.
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Finally a deferred-address is strobed into N in which the defer bit is a ZERO
(NO }. This causes PI_ to be cleared to ZERO at PK;AOZ and the next PK cycle

2.9 >
to be an ultimate deferred-address cycle.

Q
Note that in each intermediate address cycle FLAG,_,_2 can be raised on the PK.l3
as part of the sense metabit logic of the Trapping Sequence.

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

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

into N during this cycle.

PK waits in PK?O for the PISTARTZ 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.
2
The contents of E is temporarily stored in M and E is cleared. The content of

QKIR (the original J bits) is then placed in E and at the same
CF9_LL 3.6 - 3.1

time the output of the XA is placed in E2,1'
Nh,Z,l is cleared and the content of E is loaded into N. NJ now contains 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 ZEROCS.
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 PK;3Q. The balance of the PK
cycle is similar to the corresponding cycle for an instruction word in which
there is no deferred addressing. PK;3a clears PI2 thereby removing the last

indication of the deferred addressing cycles.
MEMORY CYCLES

S MEMORY CYCLE (PKMS). Two 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 set. The SR,, SET delay line is pulsed at PK.O25 and the SR _ SET
delay line is pulsed at PKpgg. v

The write current is turned on by pulsing the SRV and SRU CLEAR delay lines.
The SRV CLEAR delay line is pulsed at PK;la and the SRU CLEAR delay line is
pulsed at PK}eB. The write current 1s not actually turned on until both the
SRV 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 PK;Ba through PK?QG.
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The memory word is strobed into N by pulses from the strobe delay lines. This

line is pulsed at PK;OB. If the memory word is read out incorrectly (NP;E), the
07

parity circuits will cause an NPAL alarm in PK;3 .

lo
The reasons for clearing Nh 5.1 in PK;O involve the execution logic for specific
)2
instructions rather than the requirements of the basic memory cycle and are

discussed elsewhere in the chapter.

T AND U MEMORY CYCLES (PKMT AND PKMU). 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 PKP1%  Pulses fromthis line both set
and clear the TR (UR) read flip-flops. PK then jumps to PO?,  The memory
register is strobed into N at PKlOB. 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 Memory cycle description.

VFF MEMCRY CYCLE (PKMVFF). This memory cycle has several peculiarities. In

the case of the 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
E is then loaded into N and then E is restored by transferring the content of

M into E.

register is then loaded into E. The content of

Certain conditions can cause PK to wait in PK92. If E is busy (EBl), if M is busy
(QBl) or if the VFF Memory register is in the Arithmetic Element and the
Arithmetic Element is currently busy (QBl + AFB), PK must wait in P2,

(The DSK logic which can occur in PKp2a 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.

v
Vep MEMORY CYCLE (PXM FF). In this case, the selected V= register is loaded

directly into N without going through E and there is no rewrite cycle. For
these reasons, the PKMVFF logic is very simple and consists only of the strobe
pulse at PK;lB.

16-b-7 March 1961



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 assoclated 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 va Memory it is possible
that QK may have to wait in QKp3a until the interlock conditions for proceeding

have been satisfied.

The QK timing chart requires that the contents of three columns be examined to
determine what events are initiated in any given QK time level. The Interlock
columns, the Alarm and Miscellaneous Controls columnsand one of the five Memory

. Cycle columns must be selected and examined.

16-4.3.2 BASIC QK CYCLE
QK waits in QKQO 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 PKQO, the memory on-off switches are sampled.

3) The address of the operand used by the current instruction is copied
from XA into Q.

4) Several interlock conditions are set up which indicate such things
as QK has started and is running (QBl), Q can select a memory register
(QKAl) and E is busy (EBl).

The time level in the QK cycle at which PI. is cleared (PIE indicates another

1
PK or CSK cycle can begin) depends on the specific OP code being executed.
Similarly the XWK and FK counters are started at the time in the QK cycle

required by the execution logic of the particular OP code.

QB is cleared in QK3l, anticipating by 0.4 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 QKpga.

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

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

Trapping Sequence will be set to a ONE ( Li.—SYNTRAP) at QK13 .

Parity logic prevents M from being altered unless the MPA level is present. One
of the conditions that causes the MPA to be generated is MPSl. 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 QKpla and cleared at QK;la (if
MPAL is not suppressed). After the memory is strobed into M (normally QK;lﬁ),
the MPA level will depend on factors other than MPSl, 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
. QK;Qa . R R . . QK;3a
skip over will set up the parity circuits during and check for a
. Qe . irewits in Q2%
parity alarm in . Most other OP codes set up the parity circuits in
[0
and check for a parity alarm in QK;3 , but some do not check the parity until

QK;Ba. Note that the QKIRLOAD instructions rewrite while checking parity,

while the QKIRSTORE instructions must compute parity after checking parity
before rewriting. INS is a special case and will be discussed in the INS 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 is pulsed at QKQZB and the SRU delay line at QKO3B.

M is cleared in QKp9a in anticipation of the S Memory strobe into
M(sM S M) at QKIOS.

The write current is turned on by pulsing the SRV and SR, CLEAR delay lines.

U

. a

SR., is cleared at QK;l 5 SR, is cleared at QK13P for QKIRLOAD instructions
M 18 STORE _ 0

and at QK? for QKIR instructions. The write current is not actually

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

The inhibit currents are turned on by pulsing the SINH SET delay line. This

oceurs 0.2 microsecond before SRU is cleared.
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Q.
The write cycle (QK;3 or 21 through QKsl) begins earlier for QKIRL AD

1
instructions than for QKIRSTORE instructions, so QK jumps from QK.23 to Q.K3
STORE
for the QKIRLOAD instructions and from QK?5 to QKsl for the QKIR
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 L E).
STO

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

OAD

(QKIRE), and at QK?3a for all the QKIRL instructions (except SPG) that do
not select E. Note that EB is cleared ( LO% EB) at the same time the ultimate

pulse is fired off.

QK can jump states in QK.l3 through QK?* depending on the requirements of the

OP code. These jumps are independent of memory considerations.

T
T AND U MEMORY CYCLES (QKM 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 QKpla. QK then jumps to QKPga. The
memory is strobed into M at QK;lB. 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 QKl3a. In the case of the QKIRSTORE instructions the delay line is
pulsed at QK?Sa. 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 cycle description.

V?F 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 QK;l. Note that up to this time E is undisturbed.
In the present case it is also desirable to have the word selected in the VfF
Memory in M by QK;l. However, the route from VFF to M is through E, and the
original content of E must be momentarily displaced and then replaced in E by

QK;l. This is accomplished as follows:

20
At QKQ the content of E is copied into M, and E is cleared.
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At this point the execution logic depends on which of two cases exist. In
Case 1, the selected V.. register is not E (VMD"); in Case 2, the selected Vip
register is E.

Consider Case 1. When the waiting state logic in QKp3a permmits, the content of
the selected Vi, Memory (4,B,C or D) is copied into E. QK now jumps to QKp9a
where M and E are interchanged. M now contains the content of the selected VFF
register and E contains its own original content.

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

o
content of the selected VFF register) at the end of QK.O2 . Nothing happens in
QKp3a and QK jumps from QKQ3a to QK99a. M is now copied into E. Both M and E
now contain the same thing, i.e., the content of the selected VFF register.
M is not cleared in ngga' 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 Jjumps from QKll to QKl3.

The write cycle, which occurs during QKIRSTORE 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 M is copied into E from M and, if this is a STE, E
is saved in M at QK?la. The selected VFF register (4,B,C or D) is cleared at
QK?ea and E copied into the register at QK?3. In all instructions except SPG
the ultimate pulse copies M into E at QK?S. At this time, if this is a STE, E

is also reset from M.

1
In Case 2, nothing occurs at QK? unless a STE is being performed. The content
of M and E are interchanged if this is a STE. Nothing happens in QK?za, but in
QK?3 the content of M is copied back into E again only if this is a STE in-

struction which selects E.

Vo MEMORY CYCLE (QKMV?F). In this memory cycle, M is cleared in prga as

usual and the V toggle switch memory register is copied into M in QK;la.
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Since no write cycle is involved and there are no parity checking requirements,

QK jumps from Ql(ll to QK13 and from Q,K23 to QK31.

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 (PK.25 through PK;l).

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 (PK25
through PK;l) and the operand instruction cycle (QKQO through QKSl).

Class C. Instructions which use an operand and have a simple PK cycle. The
instruction timing charts cover the operand instruction cycle (QKQO

through QKOT).

While there are some 35 OP codes discussed in this section, there are certain seguences
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 B and C instructions an "ultimate pulse"
is fired off in QK?SG. 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 PK;lS. If a LOAD type instruction is involved, the content of M is transferred
into E under permuted activity control in PK;sa. If a STORE type instruction is involved,
the content of E is transferred into M under permuted activity control in PK;3a. A

direct permutation pulse is then fired off in PKisB.

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

parts:
OP CODE DESCRIPTION - a simple non-rigorous description  of the OP code is given.
SPECIAL FEATURES - a list of the special features or unusual characteristics
of the instruction is given, e.g., special logical transfers,
special sampling nets, special counter activity, etc.
DETATLS R 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 L. 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 figures, 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 to
indicate the content of the registers before the 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:

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

Iy - the original operand has been transferred into the register under permuted
P activity control.

Yo - the register contains the configured operand.

yCFSE - the register contains the configured operand with its sign extended.

b Yop - 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,

- lwlelal

ete.

The OP codes fall in several broad categories. Within a category the OP codes have
certain common features or functional similarities. There also exists within the broad
categories subcategories where the similarity of OP codes becomes even more striking.

The broad categories are:

OPR (I0S 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 these instructions can be made depending on what features

are being examined, e.g.,

1) 1DA, LDB, LDC, LDD

2) LDA, ITA, UNA, EXA

3) STA, STB, STC, STD

L) sra, INS

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

In some of these instructions, the load or store logic is both complex and obscure,
e.g., INS.

Load and Store Type Instructions Involving the E Register (LDE, ITE, STE)

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

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

their contents.

COM, 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, Ol, 02, 03, Ok - N%.8’ 13,
23, 33, 45, 50, 51, 52, 53, 63, 73 are undefined. All of these operation codes will
cause OCSAL to be set at PK;sa of this instruction word cycle (the initial PK cycle
if no deferred address is requested or the ultimate PK cycle if a deferred address
is requested). PK will then return to PKpoa from PK?ha and wait for the alarm

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

that the undefined operation codes have no effect on the computer other than
to advance the conmtent of P by one (if K°% 7 then XPS is cleared).

16-5-3



OPR (O4)

OP CODE DESCRIPTION. The function of this OP code is determined by the base address

portion of the instruction word, i.e., N2 8 -1.1° The basic differentiation in function
is determined by N2.8 - o Thus,
N2.8 _ 2.7 INSTRUCTTON
0 0 I0 OPERATION (I0S)
0 1 AFE OPERATION (AOP)
1 0 UNDEFINED
1 1 UNDEFINED

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

at PO

These instructions have an extended PK cycle (instruction execution phase), and no QK

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

The I0S instruction is discussed in detail in Chapter 15 on the In-Out Element, while

AOP instruction is discussed at length in Chapter 14 on the Arithmetic Element. Brief
discussions of the execution logic of each instruction is included in the descriptions
of the IOS and ACP timing chart.
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OPERATE (IN-OUT SELECTION: ° , - 1 .)
2.8 2.7
OP CODE DESCRIPTION. 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. 1IOS has an extended PK cycle (PK.25 through PK31) and no QK cycle.

The base address bits N2 are used to determine the type of I0S executed. The

6 - 1.1
significance of the instruction word bits is shown in the accompanying table. Note that

only CF_ and CFl of the configuration bits are used, and that NgOS distinguish this

5

os - 2.7
as an OPR instruction.
DETAILS. Since an I0S 3X,XXX or 6X,XXX is used to change the operating mode of an IO
2
unit, an TOSAL will occur if the selected unit is in the MATINTenance mode at PK ha.

In a "report" type I0S (CFi), E is cleared preliminary to the transfer of information
(04
into E. This clearing occurs in P vhen E is not busy (EBO).

250

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

PKEEG(EB1+QB1)3m + 1 —/ = PK
E must be free, since an IO0S "report" into E will occur in PK?6a if CFi. It is also
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, if
the IOS refers to the Trapping Sequence, it must not change the set meta bit mode during
a QK cycle. For these reasons I0S is held up in PK?5a until the previous QK cycle is
completed (QBO) or in the case of SPG, until the FK cycle is completed. (FK clears EB

in this case, instead of @B.)

The information placed in bits 3.6 - 3.1 of E is simply the number of the specified IO
unit. The information placed in the remaining bits of E report on the situation at the

I0 unit and in the Sequence Selector before this situation is changed by the IOS.

o . K.26oc
The new modes specified by the IOS type are established by pulses generated at P .
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 discussion of the effect of 20000, 3XXXX and 6XXXX is given in Chapter 15

under each IO unit.
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It CF; the PKIRDTS TEQ

o]
will occur. The flag will be lowered in PK.25 , and either PI

level will be generated and, if the hold bit is a zero, a dismiss

3 or CSK# will be set in

PKsl. However, the I0S will not dismiss if it also raises the flag of the current sequence
(qu J. 20% _ 0 h>' In this case the flag lowering in PK.25 is offset by the flag raising
in PK?6, so'that in fact the flag is left raised at the end of the instruction. PK goes
through four states (1.6 microseconds) after PK.26 before sampling the interlock nets in

order to allow them to set up properly after the mode pulses.
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OPERATE ( IN-OUT SELECTION: Nsg - No7) OPR“°s
24| ] TOCM™MOiInt. (N2 o4 + Npeiza)- + + 2 L1 . TOSAL
EB' £ QB oo *> PR+ |—~PK
25 d EB PKIRcf . 0 . . - . D l_g—’_E
PKIR;. » PKIR4is ret . KD°° .o 02 \dismiss _ Flaq
WD
PKIRce! =+ » v v n om0 2 I0BM~4—+E3 N3g3) —~Exez,
N§lope + =ttt 2 l8ac
PK 26| £ (N;)! w24 Nuoqu I.OCMMQI'\;' (e |Mo¢le + Selec’f‘: 10C
N;‘ﬁf,“ .= 'T,,<> Flag
Neog * '+ - - =2 Lis<> Flag
2714
28|«
29| & 3! , PK
ch se% . v B ' - \ PI
PKIRS » PKLR‘\W% ss*“w- - D {1, CSKe
INSTRUCTION SPECIFICATION
h ctf op code J S (NORMALLY BASE ADDRESS BITS)
Y . ~ -~ ~ — -
4 3 2 1
[o[8]7]c[5]4[3[2] [el8]7[c]s]¢]3] 2|t [o]8[7]e[5]4 3] 2] ] ol8[7]e[s]4]3]2[!
- l ————— e e — — _J
i { } N J
NOT REPORT OPR 04 SPECIFIES DEFER TYPE OF IOS
USED BITQ SEQUENCE _ BIT ; +
NUMBER (D) S
——DISMISS BIT SPECIAL 0 2o0s NoT useD
2 0000 DISCONNECTS UNIT
> HoLD BIT LTS SXXXX CONNECTS UNTT (XXX SPECLFTES MODE)
@ "REPORT" IS INDEPENDENT OF THE 19000 RATSES FLAG
b XXXX SELECTS SUB UNIT (XXXX SPECI':IES
REST OF THE INSTRUCTION. 70000 NOT USED UNTT)
REPORTS ARE: l—y 00 = IOS
Ez,, = FlAe
E,g = BUFFER STATUS OP CLASS DECODER LINES UP:
sy = MAINTENANCE PKIRcL » (KogT - NJU ,0) -« = PKIRY's re
Eso = CONNECT PKIR“fnc
EZ-S' = C". EIA FKIRAIS
E,o = C'+ MISIND Sel;d = Njo,, + PKIR'S
IoC—5<E = IoB—7<F

® VALUES | THRU 37 CAUSE THE
INSTRUCTION TO BE TGNORED. CSK, - PK®* - K3 @ KDFK
ONLY VALUES O AND 40 THRU (K3 15 MADE To LOOK LIKE A EERO INTO THE K DECODER)
77 ARE ACCEPTABLE.

NOTE: COMPUTER PRESET WILL CLEAR C. THE TRANSITION oF C TO THE "ONE" STATE WILL CLEAR

MISIND 4 STATUS IN AN INPUT UNIT AND CLEAR MISIND AND SET STATUS IN AN OUTPUT UNIT.
CANV  T7-1-6f
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OPERATE (ARITHMETIC ELEMENT: NO . Né

2.8 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 oné of the variations of the OPR instruction.

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

SPECIAL FEATURES. AOCP has an extended PX cycle (PK?5 through PKsl) and no QK cycle.

The base address bits Né are used to determine the specific AK type instruction

6 - 1.1
executed. The significance of the instruction word bits is shown in the accompanying

table. Note that the N, o ) ) bits are not used, and that Nng 5., distinguish this
AR .8 - L. .8 - 2.7
as an OPR ~ instruction. AR
OPR
- ok
DETATLS. PX 2 is a waiting state conditioned by the following logic:

@b+ AFB D PK| + 1 —/—» PK

Q,Bl and AEB simply insure that the QK and AK cycles of any previous instructions are

 and AKIR_, in P,

finished. The N, 6 - 1.4 bits are also jammed into AKIR op

2 C

260
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 AXTR o, by AOP, an OCSAL
alarm will occur during the AK cycle.
Note that the configuration used in the Arithmetic Element during an AOP is specified

directly by the 1.0 bits. No permutation is specified, since permutation has

N

1.9 -
meaning only in the Exchange Element. Also, since the configuration is not transmitted
through QKIRCF to AKIRCF, no activity 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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OPERATE ( ARITHMETIC ELEMENT: N3Z4- NJ,) OPRAE
24] ot
QB' + AEB - > PR+ | = PK
AK'O o : = L—°—->AKH-—1, L. AK,
25| " T Nz.g-zq —:‘i—*AKIRopG_‘
il $ 23 N 19~ (.4 '—-j."* AKIRC{S‘4
{31, PK
26| & L. AEP
(St  AK
3' oL pI(h 5'% e . . v D ‘ [} P13
OP Class Decoder Lines Up s PKIR“_"F
PKIRS'S
PKIRAE
AEB - = AKg
PKIR®PTA® = PKIROP" .+ N3y * N,
INSTRUCTION SPECIFICATION
(_\-.\_\r cf g op ,code - J jj\ ) (NORMALLY BASE_ADDRESS BITS) .

4 3 2 1
lo]s[7lels[4[s]el: [slel7|e]sl4s]e[1]o[sl7|e[5]43]2]t|ols]7]c]<]e sl elt]

lt-w-JL_____,.____A_..Jx____,___A\_—I__a
HOLD NOT OPR 04 NOT DEFER OP CODE  FRACTURE ACTIVITY NoT
BIT  USED USED BIT ‘ l l useb
- A — A
¢[sja]3[2[t]o]8]7[c[5]4]
L . S | N —d

SPECIAL  AKIRop  AKIRcS
Ol = AE

c.aw 7-t-6l



JUMP

OP CODE DESCRIPTION. JMP performs an "unconditicnal jump" to the memory address
specified by the output of the X Adder. After P is indexed in the normal manner, the
content of P is 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.

SPECTAL FEATURES. JMP has an extended PK cycle (PK-2 through PKST) and no QK cycle. All

DIS RE
of the configuration bits are used for special purposes: e.g., the PKIR R (dismiss
request instruction), PKIRIND (indexing instruction) and PKIRXM (X Memory instruction)

class decoder levels are dependent on PKIRCF.

13
DETATLS. After the content of the X Memory (xj) is strobed imto X in PK-S (as it is in

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

CFi. The output of the X Adder equals the arithmétic expression (y + cfl - Xj)’

i.e., the content of N, is indexed by x., only if CFl.
2,1 J 1

CF2- The time that the X Memory write cycle occurs, which determines the final
content of X, is conditional on CF2. CFg starts the XWK counter in PK;ha.
This results in the original x‘j being rewritten in Xj' When CF%, the content
of P is transferred into X and the XWK counter is started at PK31% This
results in the original content of P (after being indexed by one) being
written in X,.

J
1
CF3. The content of P (after being indexed by one) is placed in E2 1
2
CFi. The content of Q is placed in B 3" (Q contains the address of the operand
)
or the last deferred address used in the instruction preceding the JMP.)
1 D

CFS. The PKIR TS REQ level is generated. The flag of the current sequence is
lowered at PK.25 and either PI3 or CSKﬂ is set in PK;l if PKIR%. Note that
PI3 can also, be set redundantly, in PK?A.

Note that the content of P is not changed if there is an unsuppressed alarm (AL) and the
Auto Start After Alarm switch is not turned on. Also, the content of Xj is not changed

if there is an X parity alarm (XPALl) and the alarm is not suppressed.

March 1961
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PK

- 05
JMP

24/ oL
» PK'+ | +=PK
25|t | EB® + (PKIRS  PKIRef9): > 3L, PK
EB® ° PKIRd} - o 2 Lo Eas
PRIRG + PKIRYS ™1+ WD+ + + > |dismiss Flag
PI"":::‘ > L Pl
PKIR™ » = 0 v nr 2 start, WK
3)ol| PKIRG » PKIRYSYSY « SS9 - - > 11 | csK,
PKIRcE; « (XPALsup + XPAL®) © * 2 P—=X
PKIRefy © * + + * =+ 0+ D Py
PKIR§} o CAL + AUTO-START) * * 2  YA—3—P
PKIRC{’I L T L > Q \ E4,3
OP Class Decoder Lines Up: PKIRct, = PKIR™
PKIRc, =  PKIRXM
PKIRcSL 2 PKIRYs ey
PKIR <!
PKIR%S
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JUMP ON POSITIVE INDEX

OP CODE DESCRIPTION. JPX performs a jump to the memory address specified by the base
address, if the content of the index (Xj) register is positive 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 Xj' JPX is a non-configurable and non-indexable instruction.

SPECIAL. FEATURES. JPX has an extended PK cycle (PK?5 through PKsl) and no QK cycle. The
content of X is sampled by the XJ net. The XJ level is generated only if the signed
content of Xj is positive and non-zero. The sign bit (CF5) of the CF bits is extended

so that an 18 bit number is formed from the 5 bit content of PKIRCF'
DETATLS. The content of X is complemented at PK;5a and then sampled by the XJ net in
PK?5Q. If an XJ level is generated, the content of N, is transferred into P via the

2,1
X Adder. X is again complemented, restoring the original content of the index register.

The content of PKIRCF is then transferred into N2 1 N2 1 is filled up by extending the
J 2

sign of the CF bits. The X Adder forms the sum of CFSE and the index. This sum is then

transferred to X and written in the selected X Memory register.

DIS RE
The PKIR . level is generated if the XJ level is generated. XJ has meaning only
until PK?S. Hence the change sequence conditions are examined at PK?h, the wait
‘s 5 2
condltlong at PX , and the flag of the current sequence lowered at PK ? pefore PK
leaves PX 5.

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

occur.
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Ob

JUMP ON POSITIVE INDEX JPX
24| £
EBO . . . . . . . ) ] Lc;—bx
EB° + XJ Co > 1o o N2y, LlnXAC
EB® - XJ - ©o o 02 p—i=E,,
25(ct| EB® » XJ - (AL + AUTO-START) = 2  XA—3+»P
EB' . . . .. . . . . . . D W*l—f-"PK
PKIRS + PKIR%svet . ggoaftres 2 L, CSKq¢
PKIRY + PKIR4*™ - kD*® > ldismss, Flag
Lt XAS
26| PKIR ety =" Nig-1y
PKIRGES © *© © ©  © 0 2 L Nago)s
27l o
28| £ B3I, PK
3|o(| XPALsup + XPAL®: + - + - - - D XA —4—¥
PKIR¥M -+ » -+« .« . D [start | xwK
OP Class Decoder Lines Up I = PKIRA'._S e
PKIR%S
PKIR ™
PKIR*

XTI = Xog = (Xog +7o% X))

This instruction jumps if the index 15 positive ¢ hon zevo.
It then adds the sighed 4 bit number represented by +he PKIRcf bits +o the
index vreqister.
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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 Xj' JNX is a non-configurable and non-indexable instruction.
DETAILS. (The execution logic for JNX is identical to that for JPX, except that the

Q a
complement X pulses generated at PK;5 and PK,E5 in JPX do not occur in JNX. In JNX, the

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

07
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JUMP ON NEGATIVE INDEX JNX
24} L
EBO + ‘ij ‘ D l.i.yNzJ ] LL.XAC
EB® + XT- R - e T
25|4| EB® ¢ XJ ¢ (AL + AUTO-START) 2  XA—=P
EB' - - o 2 PR I-PK
PKIR; * PKIRY*™*t - SSFr * 2> |1 (SKe
PKIRS - PKIRY*vt . Kp?® D |\dismiss Flag
Lt XAS
26| o PKIRcfs ——Nig 1
PKIRds = ° =~ © "~ " " "2 Lo Nugoys
27| ot
28| 13, PK
3y |ot| XPALsup + XPAL® > XA—3*X
PKIR*M - © > Istart _ xwK
OP Class Decoder Lines Up: XJ = PKIRS reg
PKIR4's
PKIRXM
PKIRI¥
XJ = Xég . (X'za"' """ + X;ol)

This instruction jumps if +the index 15 negative & non zers.
It then adds +the signed 4 bit number represented by the PKIR:f bits Yo +the
thdex register.
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AUGMENT INDEX (FROM MEMORY)

OP CODE DESCRIPTION.. AUX "augments" the content of the specified index register (X.) with
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
J

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.

AUX
10
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PK

QK

AUGMENT INDEX (FROM MEMORY)

(0

4|«

Loo,_PK

00|ot| QIStert .

-

ls*ar‘l’ > FK

L°—-»N'z.r
L. XAC

SEE QKM TIMING

lo, E
Lo XAS

U3, QK

o€

_ ')
IR & |

X

L %R
L, xB
M—Z—E

|y

2

14

Le~E
LQ—.—PI)

L1 . XAC
2t . QK

L&>E

2!

E2.| "'L"”N2.l

N
X |

23

e, EB

M2l . F

SEE QKM TIMING

31|

XPALsup + XPAL®

-

start | xwK

XA——+=X

OP Class Decoder Lines Up:

PKIR 4ef
PKIR &K
QKIR '
QKIR 0sd
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RESET INDEX (FROM MEMORY)

OP CODE DESCRIPTION. RSX "resets" the content of the specified index register (Xj) with
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.

DETATLS. After E is cleared, quarter 3 and 4t of E are complemented based on the sign of
the word in X. The content of X is then jammed into E2 1 Note that the effect is as if

2
X contained a 3rd and 4th gquarter and the sign of X were extended into these quarters.

After E is 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 N2 1 and XA into X. The content of X is then
3 b4

written in the X Memory by the XWK counter.

Note that the content of Xj is not changed if an unsuppressed X parity alarm occurred.

RSX
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RESET INDEX (FROM MEMORY)

PK |ea] «] loo, PK i
00| £ QIsTav‘t . .o |s+a.r‘|': EK
Oli k| LS, N2,

Lo XAC
SEE QKM TIMING
09 K
e (o, E
0 L! o XAS
Bl Xeo P LBy
O‘- XA'_‘L—*EZ’[
B P, E
L, XR
A LL, XB
QK 13 M-S
B P, E
Le~E
ot Lo, PT,
14 2] » QK
P . E
Ez,l_—l"Nz,l
211t Lo . XAS
(start, xWK
€2lk|  YPpALeyp + XPAL® > XA—X
M 0,1 -
23X Lo, EB
SEE QKM TIMING
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OP Class Decoder Lines Up:
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SKIP ON INDEX

OP CODE DESCRIPTION. SKX performs a conditional skip based on a comparison of the
content of the specified index register (Xj) and the base address, or it replaces or
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.

1
SPECIAL FEATURES. SKX has an extended PK cycle (PK.25 through PK; ) and no QK cycle. The
PKIRCF bits are used for a special purpose.

.

DETATLS. The instruction may be differentiated into two distinct types based on PKIR

CF
3
If PKIR%F , the instruction is a SKIP type and if PKIRéF » the instruction is a SKIP type.
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 loaded into
0]

X at PK.l3 . The content of X is then replaced by jamming the base address via the X Adder

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

The variations in the SKIP instructions involve changing the sign of the base address
(CFi) and/or adding the original content of the selected 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 PK;3a. The base address is then
indexed and loaded into X where the sum is complemented. Note that the content of X will
be negative and non-zero only when the negative value of the base address is arithmetically

less than the value of the content of the index register.

The content of X is now sampled by the XJ net. If the content of X is in fact negative
and non-zero, the XJ level is generated and P is indexed. Note that P was previously

Q
indexed in PK,ZL+ . The balance of the instruction restores the original value of the index

register in X. The content of X is then written in the X Memory by the XWK counter.

The variations in the SKIP instructions involve 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 its complement (CFl) and either an in equality or greater-

than-less than (CF2) comparison.
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The logic of all eight variations are listed separately on the timing chart.

DIS REQ

SKX also has flag raising and lowering features. When the PKIR level is generated

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

specified by the J bits is raised. Note that if CF% . CFi - K84 J, i.e., the current
D,
sequence 1s both dismissed and has its flag raised, then the PKIR 1S REQ level is not

generated. The flag in this case is lowered in PK?5 and then raised in PK?6. The
sequence change condition are examined in both PK?h and PK31 and hence PI3 can be set in
both these states. The instruction cannot lower flags of other sequences, so that the
examination in PK.2lL cannot erroneously set PI
PKgl.

The wait conditions are examined only in

3’
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SKIP ON INDEX SKX
SKIP SKIP
ety efyeef] cf3 - cfs - ef? ofs - ofp . of) oy o chy o ofy ofy e chy - oh CFS ey e ct) [ S R T IS A S
PK | (-r< %j > 5€IP) (r >¥j2SKIP) | (-r £¥#; 2> SKIP) | (r # %j; ©>SKIP) |l (-r+¥j—%j) (r + 2j —¥j) (-r—¥j) (r—¥)
13| xM—X XM—3=X IM——~X XM——X XM—=X XM—X XM—F=X XM—>X
| [(PI2 « PRIR™. PT)+XAS|(PTZ - PKIR™:s PLYY-=XAS) (P13 « PKIR™4PL)-+XAS | (P2 » PKIR™ ¢ PTO)-wAS| (PLS o PKIR™4 PLY)-wXAS| (PIS o PKIRI™+ PLL)Y-+XAS | (PIS = PIR™ PLL)—~XAS | (PIS « PKIEM: PLL)~¥AS
14|
L, YAC Ly, XAC LL, XAC L, XAC L, XAC
154 PI; = i&aX PI; = lenX PI; = ieeX L. XAC LL XAC L1, XAC
SEE PKM TIMING
26| o|(PKIRE '+ PRIRAST*3o|(PIRE « PKIRY* ™1+ [ (PKIRE » PIIRY ™8+ | (PUIR] » PIIRA ™% QOPKRS + PKIRYS ™8+ | (piarg o PRIRAIS T8+ (PKTR] » PKIR®™5e| (pictR] « peaedis vt -
Ko%®) > @'ﬁisg Flag| KD%) > (liﬂ( ‘sth_? Ki®) > @L?sig,ﬂa: KD®) = Hu‘::vs_’, Flg[| ¥D%)> d»;:m Flag | KD%)> ld-'s::s_.s FI(% K%) > ‘i:h(ioﬁs, Flg| KD®)=> J"E)_f 55, Flag
1L, XAC Lt XAC L, XAC LL, XAC L, XAC L, YXAC Lt, YAC L, XAC
26] X |YPAL sup + XPAL SXA X[ XPALgup + XPAL® 2 Xhsdo X [XPAL g + XPAL®D XAGoX | XPALsap + XPAL = XASX | XPALap +XPAL°S XA-X | YPALgupt XPAL'= XASPX | XPALoups XPALOS XA#X | XPALgus+ XPAL’S XA
PKIRcts = L:.D.th PKIRel; = Lo Flag | PKIRef) > Lo Fiog ngﬁ > LipFlay | PKIRef, > LioFleg | PKIRef{ > LicFlag | PKIRcfy > LiuFleg | PKIRcqy = LoFlag
lew X L&, X le, X le,x
27|
XI, > Plt| =P X3 > Pal—P
2BlA] XT = PHl—P | XJ] = Psl—=P XI > Pll—p XT > Pal—p
29| 131, PK (3L,.PK 131, PK 131, PK
30! A [XPALsup + XPAL® DYAT=X | XPALsup + XPAL®S XAS> X | XPALsup * XPAL>XA3+X | XPALsup# XPAL'= XAd=X
e, X e X le v X ey x
Lstart, WK Latart xwi \start, YWK (sfart, YwK 1start, xWK tstart, YWK istart, YWK Istart, XWK
31|
PI“h sef — l.'..PI; Plchsq = L'.PI;; P'I"‘"‘ > UL, Pl, Pld‘ reg 5 L‘,PI; Plr.hrq - L‘_,PI; prehret o L'-PI; PId' reg o 11, PI; PId”" = IL,PIJ
(PRIRE « PKIR ™% (POIRE « P "“Fe | (PIRE + PKIRY® ™Y + | (IR » PIAR4S ™5+ || (PKIR, + PIIRHS™e8 | (PKIR, « PKIRA>¥*8 » | (PKIR} » PKIRNS ™Y« | (KIS » PIGRYS T
ERRLS YETIRGETA ssﬁm):u.csm ST, 5K, | S5 sk | S5F) DU cSK, | S5TH)D LL(SK,| SSETE) D LL.CSK, | 55T S i, sk
OP Class Decoder Lines Up: PKIRf, + PKIRef) - > pKIRiM
PKIR ey + (K- PKIRce)): + = PKIRY™® ¥
PKIR™
prrRdt
PKIR S
XT = Xy + (Xpg *+ 70" + X))
r = (last) direct address.
Ordinarily, if no deferred address, then v =y
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EXCHANGE INDEX (WITH MEMORY)

OP CODE DESCRIPTION. IEXX "exchanges" the content of the specified index register (Xj)
with part of the content of the selected Memory Element register. EXX is a configurable,

but non-indexable instruction.

SPECTAL, 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.

DETATLS. E is cleared and quarters 3 and 4 of E are complemented if the sign of the word

in X is a ONE. The content of X is then jammed into E The effect is as if X

2,1°
contained a 3rd and Lth quarter and the sign of X were extended into these quarters.

After E is loaded with the content of X, the content of M and E are exchanged under
configuration and sign extension control. The content of M is then stored in the

selected Memory Element register and the'! content of E is placed via N, 1 and XA in

2,1 2,
X. The content of X is then written in the X Memory by the XWK counter.

1k
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X EXCHANGE INDEX (WITH MEMORY) EXX
PK [24] | 190, PK
00|kl Qpstart . . > Lstart  FK
IES (20 Na,i
Ll XAC
SEE QKM TIMING
09|oL
oL o, E
0 Ll XAS
B| Xes = ey By
o XA‘—'—*Eg,|
Hig |, E
2
L'_.O.'XR, L, XB
QK| 1% M2 €
E MPA : S L el 1
B (P, E
e, e
SE
oL Lo PI,
14 L2l QK
p l-E
Lo . XAS
Ezn‘—L—’Nz‘l
ARS8 M —-QL-»E
QKMVFF + - > lo.EB
(start, WK
e2lX|  XPALsup + XPAL® - D2 XA—X
SEE QKM TIMING
31|

14

0P Class Decoder Lines Up:  PKIRSX, QKIR', QKIR®! QKIRSP"; QKIR®
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ADD INDEX (TO MEMORY)

OP CODE DESCRIPTION. ADX adds the content of the specified index register (xj) to part
of the content of the selected Memory Element register. The sum is stored back in the
selected Memory Element register. ADX is a configurable, but non-indexable type

instruction.

SPECIAL FEATURES. The addition that occurs in the X Adder treats the content of N2 1
2
and X as two, 18 bit signed numbers. Two distinct configuration processes take place

during the instruction execution logic.

DETATLS. E is 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-
2

ferred to N2 1 and algebraically added to the content of X. The result of this addition
J
is transferred back into E2 1
2

The normal inverse configuration process that takes place during a store type instruction
then takes place. Finally the content of M is stored in the selected Memory Element

register.

15
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PK

QK

15

ADD INDEX (TO MEMORY) ADX
2 A 190, PK |
00 d- QI$"‘0.Y1' . » . N N » . ‘o o !S’*Q"Tc FK
Ol A L°-u-Nz,l
Ly XAC
SEE QKM TIMING
0% A
e . E
10|t LLo XAS
ol U3, aK
oL Mg E
'3 B ]’P E
ot ‘e~E
(4 L o XAC
B &~E
15| A Ea,l'l‘" N2,
L9, Ea,
17] &
ol XA—L“"Ezu
I8 B P _E
19]«| MPA . > E-2—+M
20|ot
M=2lwE
el | QRMVFF - > |o,EB
22|
23| K | . ER
SEE QKM TIMING
31 oA

Op Class Decoder Lines Upt PKIR PKIRSK, GKIRE™™®
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DEPOSIT INDEX (IN MEMORY)

OP CODE DESCRIPTION. DPX "deposits" the content of the specified index register (xj)
into the selected Memory Element register. DPX 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 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

the configuration process during a STA.

DETATLS. After E is cleared, E is complemented, based on the sign of the number in
4,3

X. The content of X is then jammed into Note that the effect is as if X contained

E .
2,1
a 3rd and bth quarter and the sign of X were extended into these quarters.

After E is loaded with the sign extended contents of XA, the normal configuration and

storing process takes place as in a STE.

DPX
16
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DEPOSIT INDEX (IN MEMORY) DPX
ex [l Lo0._pK ]
00| ot| QIStert . « v v .+ D lstart | g
ol L L9 . N2,
LLy XAC
SEE QKM TIMING
09| o Lo, PI,
o le, E
10 Lt XAS
B X’:’-‘b C 2 LS P
L XA——"" Ez
B P E
O] A el =
| MPA - © 2 E=p—M
15| g P, E
e, PI,
14 o 12, QK
M 0,1
2ljett  QKMVFF - ¢ o0 0 e D lo, EB
22/ |
23| Lo, EB
SEE QKM TIMING
3|l |
OP Class Decoder Lines u,p: PKIRdef
PKIR &K
QKIR®
QKIRST
QKIRSTre

6
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SKIP ON MEMORY

OP CODE DESCRIPTION. 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.

a
SPECIAL FEATURES. SKM has an extended PK cycle (PK.25 through PK31). PK waits in PK25

until QK reaches QKlua. The J bits (N

) and CF bits (NM.B _ h.h) are used for

SKIP BIT 3:6 - 3.1
special purposes. The E net samples the state of the selected bit. The operand
can be rotated by an E _CEI-?—’ M pulse.

DETATLS.

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

uses N3.6 and 1\13-5 NES.LL - 3.1

quarter. In practice all the bit sampling and altering occurs in E

to determine the quarter and

13

to select the bit in the

therefore, it

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

the selected bit permuted into El

before the sampling occurs. The permutation is

accomplished by transferring the content of N into QKIR and clearing
3.6 - 3.5 CF,
QKIRCF CF9-M then specifies a 36 bit fracture with all quarters active, while
9-3
CF3—1 specifies the permutation required to place the selected quarter into El. The

specific bit examined in El is selected by N3.h - 3.1

In addition to examining the bits in E, certain other specific bits

1

can be examined

directly, e.g.; MA 107 MP and MP38' In this case; the operand quarter specified by

N has no logical significance.
3.6 - 3.5 & gatid

Decision Logic. Three independent decisions are made based on the state of the

QKIRCF bits.
CF5 and CFA - determine the conditions for skipping.
CF3 - determines whether or not the operand is to be rotated.
CF2 and CFl - determine whether or not the selected bit is to be altered.

(See accompanying DECISION LOGIC tables.)

Note that the execution logic allows M, and MP38 to be sampled (i.e., sensed), but
not altered. All the other selected bits may be sampled and/or altered.

Note also that the selected bit is first sensed, and then altered.

rotated until afterwards.

March 1961
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SKIP ON MEMORY SKM
QUARTER SELECTION BIT SELECTEDO
N3, | N3g |OKIRIQKIRL, geu:é‘l;E!RD PE%!?JI%BION ‘ N34 | Nzz | Nze | 'Ni D:cx&eo
- c o N
ofol 4 | AL o o L L B
n ol ol 1 | ok
(©] v
ol 1 j{oflo] l i l 1 © L L ! B
o o ]2 | oo | e e
o | 1 | o |eue
O | | | Ei.
O T I o R I >§< L7
[ O 0 O | Eus
! O (o] | Ei,g
ExAMPLES OF COMPLETE BIT SELECTION: | o ! O_{ Mo
NS > Ese o o B L.
NslSi 2 Ens l ' O | O |Mpy
MP%% - |lon
1 3 2
" ] I W
*SKIP" locze @ PK3'™| |ROTATE Locre ® QK| IMAKE" Locze @ QK'®*
PKIRcis JPKIRfy Pulse PKIRct, Pulse PKIRc, |PKIR) |  Pulse
o} 0 _— 0 E%'p—" M o] o)
0 l Pl+l—P ) Ear M o | LB
| 0 E:_‘ SPhl—P Eij = Seveerep Brr I 0 (o) Ei.j
Mai0,Mp MP5g = SeLecTED BTT
I \ E'.L.j—gﬁfﬂ_,p Mp¢MPsg MAY BE SENSED BuT| | L B
URLIKE THE OTHER SELECTED
BITS MAY NOT BE ALTERED.
Deciszon Exameres:  (Assume Nj 037, ie. Ej, 15 Sececrep Bar)
PKIRcfg_':' > (Ejp > P+I—P; L, Eyr ; E—zw=M)

PRIR 435 = ( T4l—P; L Es, ; E-2p=M)

DECISION LO6IC
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QK
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SKIP ON MEMORY SKM
24| ot «
25| et QKM-oL . QKIRSK"" - L:ﬂ..;pK, _PW‘H‘—)"*PK
| PSR 2 LRl |
Eskop Y, > P+i—=P
ool oA ,
e, Nz,
ol el L—'—»XAC.
PKIR™ - 2 Nayss— " QKIRehr,, L0 QKIR,-3
SEE QKM TIMING
09|t
10|t
1 X 13, QK
- M—25—E | |
us, @K, L3l _PK
14| A Lo, PI,
PKIR<; + MPA - e M
PKIRS, PKIRA, - = e , Eij
A PKIRSS * PKIRef! * -
18 PKIRcf; - PKIRSS, ° -2 LL By
B P ,E
9| PKIRefs + WPA - > EZ5M
PKIRefs - (MPALsue + MPAL) = E —F+M
20| ot
IS R— M2
L GKMVFF > Lo, EB
22|
231X LS EB
SEE QKM TIMING
511

OP Decoder Lines Up @ PKIRAEF, PKIRLS, PKIRAK 4 QKIRStore

Ekipbit - [PKIRcHE - (E] - PRIRFLY + [(PKIRcfy + Ej) + (PKIRct, - PKIRc{S)]
EJ = sclected bit s a"zero!

Ej

- selected bit 15 a'one’
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LDE
LOAD E (FROM MEMORY) 20

OP CODE DESCRIPTION. 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 QKIR type instructions, does not occur.

DETATLS. See the description of the LDA (B, C and D) OP codes for an explanation of the
basic Moading" process. The execution logic for LDE is similar to that for the other
1D- OP codes} except that the transfers copying the content of the specified register
into E and vice versa are omitted since E is the specified register, and the "ultimate

pulse” does not occur.
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20

_ LOAD E (FROM MEMORY) LDE
PK [e4]ot | 189, PK
ool QI stert . i (start L FK, LO,. PT,
0|l
SEE QKM TIMING
09| et
161X
ot U3, QK
e P, E
o4 M—:—)—’-",——-»E
QK |13 B (P _E
o L€
P &y E
21{et
22| ¢
131, 6K
31X

OP Decader Lines Up:

PIRde?
PKIR™"
PKIRSK
QKIRM
QKIRE
QKR %d
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SPECIFY CONFIGURATION (FROM MEMCRY)
OP CODE DESCRIPTION. SPF "specifies" configuration by loading the content of quarter 1
of the selected Memory Element register into the specified F Memory register. SPF is an

indexable, but non-configurable instruction.

SPECTAL FEATURES. The FK counter controls E register pulses during part of the

instruction.

DETATILS. The 36 bit operand word in the selected Memory Element register is placed in
Q
E. The FK cycle initiated in QK;3 then places the content of quarter 1 of E into the

F Memory register specified by the PKIR 7 bits.

C

The effect of the permuting in E that occurs during the FK cycle is nullified by the
"uwltimate pulse" that copies the content of M into E.

March 1961
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SPF  ILLLUSTRATIVE EXAMPLE
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SPECIFY CONFIGURATION (FROM MEMORY) SPF
PK [24]oA] loo, PK |
00| ot
0l
SEE QKM TIMING
09! o
101t 1o, E
I {ot Uz, QK
lstart L FK
13 |4 M-l
QK
14 A 2L, QK
2l et o, PT,
22|
M=2LE
23X e _EB
B, QK
3
OP Class Decoder Lines Up: prIRdet
PKIRSGK
PKIRT
pPkIR'F
QKIR'MJ

2|
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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.

SPG

SPECIAL FEATURES. PKIRCF specifies the initial address of Bur successive registers in 22

the F Memory. PKIRCF is indexed three times. Quarter-wise shifting to the right occurs

in E during the instruction. FK controls E register pulses during part of the instruction.

DETATLS. The 36 bit operand word in the selected Memory Element register is placed in E.
The FK cycle initiated in QK;3a repeats four times the process of storing the content of
E. into the specified F Memory register. ¥y (see attached figure) is stored in the F

1
Memory register specified by the CF bits originally transferred from Nﬁ o \ to PKIRCF'

S - 4.1

(In the figure, these bits select register Fb in the F Memory-)

Before the first FK iteration, PKIR
second FK iteration, PKIR

oF is inhibited from indexing. However, before the

oF is indexed by one so that it selects the next F Memory

register.

After the transfer between El and the F Memory, the content of E is shifted quarter wise

to the right. Thus, in the second iteration y. is stored in the F Memory.
o~

At the end of four iterations, E contains the original operand word so that no "ultimate

pulse" need occur.
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SPECIFY GROUP (OF FOUR CONFIGURATIONS FROM MEMORY) SPG
PK [24{ | 190, PK
00| ok
ol]o |
SEE QKM TIMING
09|t
10 |e¢ Lo—rE
I et U3, QK
[start o FK
QK (13| M2l
14t 2l . QK
21t (o, PI,
22 lX
23| K 3, QK
311
OP Class Decoder Lines Up: prar4ef
PKIR QK
PIR*
PKIR't
PKIRFF
QKIR load
QKIRspeci*fj
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IOAD A, B, C, D (FROM MEMORY)

OP CODE DESCRIPTION. LD- "loads" the specified Arithmetic Element register with the

content of the selected Memory Element register. These are configurable and indexable

instructions.

SPECIAT, COMMENT. The execution logic

in all the QKIRLOAD type instructioms.

DETATILS.

1)

2)

k)

5)

6)

7

The basic "loading" process consists of:

"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.

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.
Configuring the operand. This consists of: (1) inversely permuting E, (2)
transferring the content of M into E under "permuted activity" control, and

(3) directly permuting the content of E.

Extending the sign of the configured operand. This is accomplished by a clear

and complement operation under "sign extension" control.

Loading the specified Arithmetic Element register with the content of E.

Firing off an "ultimate pulse". This copies the original operand word from
M into E.

Rewriting the original operand back into the selected Memory Element register.

In the case of the V Memory, a rewrite phase is not necessary since the readout

is not destructive.
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for these instructions is found, in modified form,
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24 es 26 ra
LOAD A, B,C, D (FROM MEMORY) LDA LDB LDC LDD
PK (24« | 100, PK
00let| @rstert . LD ST oEK, Lo . P,
0]|1X
SEE QKM TIMING
09| A
10X [0, E
W, QK
QKIRM"' ) A—w E
A QKIRub > B——E
1 QKIR'de >  ¢—leE
QKIRIGM e > I
B £, E
M=3~E
12, QK
I, E
SE
| QKIRIO\& . = Lo w A
4 QKIR'E - > le,.B
QKIR!JQ . = e, C
QKIR!4 . > lo.D
B &€
QKIRIJQ . > E—J_.A
2| QIRib - ©r 2 BB
QKTRMe - ve 0D E—a(
QKIRMJ . ¢ v D E_.l_.. D
22| K
31, QK
3oL

O Class Decoder Lines Up:  PKIRAS, prIR™, pKTREK QIRM QKIR=d 4 p1RA®

akIRM*> QKIRA; QKIR'b o> QKIR®; QKIRMC 5 QKTRS; QIR > GKIRP
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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 indexable instruction.

SPECTAL FEATURES. The "ultimate pulse", which normally copies the word to be "stored"

in memory also into the E register, does not occur.

DETATLS. See the description of the STA (B, C and D) OP codes for an explanation of the
pasic "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 E is the specified register, and the "ultimate

pulse” does not occur.

STE
30
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STORE E (IN MEMORY) STE
PK [ea]<| 100, PK
oolet QIS'\'QV‘\’- 0 s v .. o \5'}a.v1’: FK, Lo PI,
01t
SEE QKM TIMING
09| =
10|t
| B P E
12| of
< WPA -+ - - -t - D Ep—M
i35 P E
QK gl g 2L, QK
QKMYFF - = - - - D o _EB
20lo(] QRMYEF e D M—"’——*:: E
QKMYFF + MPA = E— M
22|
te , EB
3Ll QKMVFF - YMDE © > M—2L
SEE QKM TIMING
31| ]
OP Class Decodev Lines Up: Prigdef
PKIR:Nd
PKIRSK
QKTRS!
QKIRStore
QKIRE
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FILE CONFIGURATION (IN MEMORY)

OP CODE DESCRIPTION. FIF "files" the content of the specified ® Memory register in the

selected Memory Element register. FLF is an indexable, but non-configurable instruction.

SPECIAT, 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.

(o .
DETAILS. The FK cycle, initiated by PK;3 , 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 Eh' The content of E is then shifted quarter wise to the left. This leaves the

content of the selected F Memory register in El. The FK counter then stops and the QK

(0
counter starts. At QK.l3 the content of El is transferred into Mi. This places the
content of the selected F Memory register in M1 and leaves MM—Z with its original content.

The content of M is then written in memory.

FLF
31
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FILE CONFIGURATION (IN MEMORY) FLF
PK [e4]| ] 190, PK ]
00l ot Qrstart . R Lo, PI,
O£
SEE QKM TIMING
09| &
10|st
™
124
—_— o,!
i3loc| MPA > E M,
QK
M—2—E
2l{el|  QKMVFF - . Lo, EB
22| X
3l A Lo, EB
SEE QKM TIMING
3] |
OP Class Decoder Lines Up: PKIR“‘ef
PKIR
PKIR
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QKlebre

C.AN

6-8-6|



FILE GROUP (OF FOUR CONFIGURATIONS IN MEMORY)

OP CODE DESCRIPTIONS. FLG "files" a group of four successive F Memory words in a single
v

register in the Memory Element. FLG is an indexable, but non-configurable instruction.

SPECIAL FEATURES. An FK cycle is initiated during the PX cycle. The FK counter controls
E register pulses during part of the instruction. PKIRCF is indexed three times.
Quarter-wise shifting to the right occurs in E.

DETATLS. The FK cycle, initiated by PK;3a, repeats four times the basic process of
loading 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 E is shifted
guarter wise to the right before the content of QKIRCF is copied into Eh' (The content
of E, is not shifted and is lost.)
Before the first FK iteration, PKIR
second FK iteration, PKIR

oF is inhibited from indexing. However, before the

oF is indexed by one so that it selects the next F Memory
register. The content of E is again shifted quarter wise to the right and the new

content of QKIRCF is then loaded into Eh'

At the end of four iterations, E contains the contents of four successive F Memory

registers with the first in El, the second in EQ, f3, 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.

FLG
32
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QK

32

FILE GROUP (OF FOUR CONFIGURATIONS IN MEMORY) FLG

|24] o | 106, PK l

00} o Qrstart . — Lo, PI,

ol

SEE QKM TIMING »-

09|t

140 ]e4 -

|

12|
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|4| ok el QK
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STORE A, B, C, D (IN MEMORY)

OP CODE DESCRIPTION. ST- "stores" the content of the specified Arithmetic Element
register in the selected Memory Element register. These are indexable and configurable

instructions.

SPECTIAL 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 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.

3) Configuring the content of the specified Arithmetic Element register. This
consists of inversely permuting the content of E and then transferring the

content of E into M under 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) TFiring off an "ultimate pulse”. This copies the word being stored in memory

into E.

6) Writing, i.e., "storing", the content of M in the selected Memory Flement

register. This process will vary depending on the memory selected.

STA
34

STB
35

STC
36

STD
37
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34 35 3¢ 37
STORE A, B, C,D (IN MEMORY) STA _STB STC  STD
PK (24| ] 190, px
oole| QTS -2 st FK, Lo, P,
Ollet
SEE QKM TIMING
09 ot
16} ok Lo, E
QKIRS™ - > A—+E
| QKIrsH . > D——E
B ., E
< MPA > E=+M
3 g £, E
14! 12, QK
# ‘é M-22+E
2l QKMVFF . . 2 lo EB
22| ot
23| oA o, ER
SEE QKM TIMING
3|{.<[ )
OP Class Decoder Lines Up: PRt
PKIR Hhd
PKIRSK
QKIRS™ o QKIRA QKIRSTeve
OKIRST > QkaR® akIrst
QKIRT = QKIRS PKTRAE
QR > QuIRP
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ITE
INTERSECT E (WITH MEMORY) 4o

OP CODE DESCRIPTION. ITE "intersects" (logically AND's) the active guarters 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. COMMENT. The logical AND of the content of M and E is formed by copying the
ZEROS of M into E.

DETAILS. 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,Kl 30t’ instead of ZEROS and ONES, and

no s gn extension occurs.
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INTERSECT E  (WITH MEMORY) ITE
PK [24] ol Lo, PK
00| oL QIS‘I’urT T lS‘hw'f FK, Lo, PI,
01|t
SEE QKM TIMING
09 &
107 o4
oL 2 . QK
H 13 P E
ok M o> E
QK|
mm L2l QK
2\ et
|22|
231 Lo, EB
SEE QKM TIMING
31|«
OP Class Decoder Lines Up: PKIRf{!{
IR
PKIR K
QKIR'OM’!
QKIRE
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INTERSECT A (WITH MEMCRY)

OP CODE DESCRIPTION. ITA "intersects" (logically AND's) the active subwords in A with _—
the content of the selected Memory Element register. The logical product is placed in L1

the A register. ITA is an indexable and configurable instruction.

SPECIATL, COMMENT. The logical OR of the content of A and E is formed by copying the ONES
of A into E. The logical AND of the two factors is formed by complementing in E the
logical OR of their two complements.

DETATLS. The E register is cleared and complemented. The content of M is transferred

into E under permuted activity control and then 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.

a
At QK?l 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 + Yo ) in
SE
the active subwords of E and a in the inactive subwords of E. E is 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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QK

INTERSECT A (WITH

MEMORY')

leal]

{00 _ PK

00} &

QI $“'0‘YT ' ) . ’ . . ' ]

\s+o.r‘f: FK,

L, PI,

ol

'y

SEE QKM TIMING

09

» (& = %] ® |&[%

%

2l

e

23|44

M2l

L& ~EB
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31 |
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PKIRdef
PKTR thd
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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 indexable and eonfigurable instruction.

UNA
SPECIAL, COMMENT. The logical OR of the content of the A and E register is formed by Lo

copying the ONES of A into E.
DETAILS. The execution logic for UNA is identical to that for ITA except for the three

a
complement pulses to A and E at QK?l s QK?lB and QK?ZE. Thus the logical OR, rather than
the logical AND of the two numbers is placed in A.
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UNITE A (WITH MEMCRY) UNA
PK [24] «| 190, PK |
00 o QISJ{Q\;\- . ) . . . . e e D 15-}0\—{» FK’ 1o PI.
01l
SEE QKM TIMING
= e
101X |6, E
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. le.EB
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SKIP IF E DIFFERS (FROM MEMORY)

OP CODE DESCRIPTION. SED compares the content of the E register with the content of
the selected Memory Element register; if any of the active subwords "differ”, a SKIP
occurs, i.e., P is indexed twice during the PK cycle instead of once. SED is an

indexable and configurable instruction.

SPECTAL FEATURES. SED has an extended PK cycle (PK?S through PK?l). SED is also

characterized by: (1) double indexing of P; (2) "exclusive or" transfers between M
o

and E under permuted activity control; and (3) a PKE? waiting state. In this in-

struction, the active quarters of E are sampled for a non-zero condition by an
ESKIP ZERO net

DETATILS. 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 original content of E is shifted quarter wise to the right by an
inverse permutation pulse. An "exclusive or" transfer between M and E under permuted
activity control then occurs. This is followed 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 compared bits are identical, ZEROS are left in the corre-
sponding E bit positions; if they are not identical, ONES are left in the E bit

positions.

Lo . )
At QK; 3 El contains ¥y + ey and E2 contains ¥y + e

vy, = el, therefore Yy + ei is all ZERCS. However, yl % &5 therefore ¥y + e, contains
some ONES.

. In the numerical example,

The ESKIP ZERO net samples the active quarters of E. An "E different from memory"

condition is discovered in E_  and an ESKIP ZER level is generated. PK meanwhile

2

(01 [0 04 7ZERO
Jumps to the PK.3l state from the PK25 waiting state. Since PKsl sees an ESKIP
level, P is indexed (note that P was already indexed in P ).

Note that the change sequence condition are sampled both in PK.ELl and in PKsl.

The balance of the QK cycle restores E to its original content and executes the write

cycle. The numerical example shows how the second "exclusive or" transfer restores E

to its original value.
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SKIP IF E DIFFERS (WITH MEMORY) SED
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JUMP ON OVERFLOW (IN A)

OP CODE DESCRIPTION. JOV performs a "jump" to the specified memory address, if the
overflow flip-flop in the sign gquarter of any active subword of A is set (Zi). JOov

is an indexable and configurable instruction.

SPECIAL FEATURES. JOV has an extended PK cycle (PK?:L through PKSl) 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.

1
DETATLS. PK3 samples the AEJ net. If an AEJ level is present, the output of the JOV
X Adder is strobed into P and the content of P is transferred into E2 1 The output Ly
2
of the X Adder is the indexed base address.

Note that P is 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 PK?” and PKsl-
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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.

21
SPECIAL FEATURES. JPA has an extended PK cycle (PK ~ through PK?l) 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 state of the sign bits in the A register.

a
DETATLS. PK3l samples the AEJ net. If an AEJ level is present, the output of the X
Adder is strobed into P and the content of P is transferred into E2 1 The output of
2
the X Adder is the indexed base address.

Note that P is 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 PK.2L and PKal. JPA

L6
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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 (PK?l through PKSl) and no QK cycle.
This is an instruction in which the FK counter is started in the PX 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.

[0
DETATLS. PK.3l samples the AEJ net. If an ARJ level is present, the output of the
X Adder is strobed into P and the content of P are transferred into EQ The output

of the X Adder is the indexed base address.

»1°

Note that P is 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 PK?u and P 31.

JNA
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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 M and E are "exchanged" under permuted activity control.

DETAILS. M is loaded with the operand word and E is loaded with the content of A.

The content of E is then inversely permuted; an interchange of the content of M and E
under permuted activity control occurs; and then the content of E is directly permuted.
This leaves the inversely configured content of A in M and the configured operand word

in E. The sign of the configured operand word is then extended.

The balance of the QK cycle is used to load A with the configured operand word, with its

sign extended, and write the configured original content of A in memory.

Note that this instruction essentially performs a LDA and a STA simultaneously.
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EXCHANGE A (WITH MEMORY) EXA
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INSERT (A IN MEMORY)

OP CODE DESCRIPTION. INS "inserts" {stores) the content of the flip-flops in 4,
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.

SPECTAL 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.
DETATLS. The timing and an example of the instruction are illustrated in the figure.

In the example the bits in corresponding to ONES in B. are placed in Y,. Y_ is
D. 3 2 2

associated with A3 and B3 because of the configuration. Whenever there are ZEROS in

2
accomplishes the desired "masking" operation.

33, the corresponding Y, bits are left unaltered. The expression (Eé CY, t b3 . a3)

First Eé T Y, is formed in M2. Then b, - a_, is formed in EZ' The logical OR of these

3 3
two terms is formed by copying the ONES in E2 into Mé. Mé now contains Bé " Yyt b3 : a3
and this is rewritten in the Y2 quarter of the memory register.

Similarly (Eé Ty oty a2) is formed and stored in the Y, quarter of the memory

register.
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(PERMUTE AND) COMPLEMENT (MEMORY)

Op CODE DESCRIPTION. COM permutes the content of the selected Memory Element register
and complements the active subwords. Sign extension also occurs in the active subwords.
The result of the operation is placed both in E and in the selected Memory Element register.

COM is an indexable and configurable instruction.

SPECIAL FEATURES. There are no transfers between M and E or E and M under permuted

activity control. E is complemented under activity extension control.

DETATLS. E is cleared. The content of M, previously read out of memory, is then copied
into E and a direct permutation pulse is fired off. Sign extension then occurs in the

active subwords in E. The final step consists of complementing the active subwords of E.

The result now contained in E is transferred into M and written in the selected Memory

Element register.

coM
56
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(PERMUTE AND) COMPLEMENT (MEMORY) COM
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TRANSFER DATA
(BETWEEN MEMCRY AND IO BUFFER)

OP CODE DESCRIPTION. 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.

SPECTAL FEATURES. TSD has an extended PK cycle (PK?5 through PK31). The instruction is
also characterized by: (1) TSD waiting state logic in P 3% and PK?5a; (2) cycle to the
left and cycle to the right transfers from E to M; (3) IOCM control levels; (4) splayed
data transfers; (5) no sign extension.

DETATILS. The IOCM levels (IOCMOUT, IOCMNO , IOCM ) determine the six kinds of data

transfer. IOCM is used only when the Too O (i.e., TOCM LY) level exists

and affects the data transfer between E and M. IOCM (1T0CM FT) indicates that the IO
unit is running in the forward (reverse) direction. TSD data transfers are not affected
when the IOCMN 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 E is then inversely configured and placed in M. The content

of M is 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 L%%—-—IOU pulse which occurs 0.8 microsecond after the E register is set up in
order to allow signals on the IO Buffer to stabilize. The content of M is then

written in memory, and copied into E.

ASSEMBLY Data Transfer IN (Forward/Reverse). In this case, the I0 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 involved, every sixth bit in E is 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 (IOCM ) and to the right one place if the IO unit is running

in the reverse direction (IOE& T). This rotation occurs as the word is copied

from E into M. The content of M is 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 I0 Buffer. The bits selected

depend on the IOCM level and the particular IO unit selected. 1In 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 E is cycled to
. Lo R . . OmHJTT LEFT .

the left (right) as it is copied back into M if the I (zocM ) level exists.

The combent of M is then written in memory and at the same time copied into E.

Interlocking. There are several interlocking features that are peculiar to TSD. In
addition to the ordinary wait conditions examined in PK?Za, certain TSD walt 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 PK?E. A change of sequence can then
occur, or PK can wait in the PK?3a weiting state until the flag of the current

sequence goes back up again or a change of sequence occurs.

PK also waits in PK?Sa for the QK cycle of the TSD to proceed past a certain state.
The specific state depends on the hold bit of the TSD instruétion. The hold bit is
represented by the content of PIh' If PIi, then PK waits until QKPlOZ before
Jumping from PK?SG to PKsla. In this case the TSD will be followed by another
instruction, i.e., the current PK cycle will be followed by another PK cycle.

If PIE, then PK waits until QK?Oa before Jumping from PK?SG to PKSla. In this case
the current sequence is dismissed (PKIﬁ%'- PKIRDIS REQ) 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
PK?Sa (thus preventing the DSK or CSK cycle from occurring) until the QK cycle of

the current TSD is essentially complete, i.e., until QK?Oa.

During the QK cycle of a TSD, no IOI clock pulses are allowed to be generated by an
overlapping PK or DSK cycle, since these pulses can disturb the selected I0 unit
during the TSD.
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B IOCM“' . IOCMW»\«J ........ ey =S l_,E
IocM™ o Jocmrermel o PR o ot . > E—2i M
1gfec|  IocMesembly o Toemledt (WL + MPAS) © 2 E—ar—~M
IOCMESmbly o TocMPe o (MPALg + MPALS) - E—aFr+M
| bo Iou
20| PIS.« « - - - ‘ ' = 21, PK
M [}
2] ol QKMVFF ................ - l-.EB
22[ 4
23 o, lo _EB
SEE QKM TIMING
31]ot]
OP .Class Decoder Lines Up: PKlRfie‘c
PKIR
pKIRd:s
PKIR K
PKIRd'S"%
QKIRS‘toYe

cawnN 6-1-61




16-6.1

March

16-6 PK-QK-AK INSTRUCTION CYCLES
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 first loaded into D. (In TLY, the
operand is loaded into A.) ZExcept for the pulse which transfers the contents of QKIR
into AKIR in QKl3a, and the pulses in QK;ha which start the AK counter and sets the

"AR 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 events initiated by the 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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AE CONTROL LEVELS

GKIR OP & CLASS |
AKIR OP ¢ CLASS INSTRUCTION TABLE INSTRUCTION
TABLE ROMAN NuMERAL LOGIC
AfIRor GkIRep  + [RXXHIXK u»xo :1
Ste EEmOocsaL | AoP SHB | CY CY-AB| AB [ov-we] 2N | NOR L ADD 1oy A D - AK LAESK
6! [CYB o o | o ° ° e e o R
62 |CAB e [e e [e e o D oo e K’Z’Z’XX‘XOX&WIIA-_ I,
63 |udf DBID 5
64 [Non ST e el e e KXXOIOKRL & U777 e
65 | DSA D 0 D o L
I sTeT Telel el Telele] RIXIKKKAL & JRXXN
7 [ADD ° ° e N0 4
RXXH @t JRXXHKXXK] ®
70 [5CA e | e D D BRI £
71 [scB . . . D e e 8 | TN 777 e )
72 |SAB e e | o e | o D D e e | o r
73 [udt| [e@ | @ VA e [/ /|
74 |TY o | o I e | ® £
75 |ov e[ e 0 ...V/[///lazJM
76_|MUL [BIK ° KR £
71 U . slel Tele V7w 77 7777
00 = 57 e | o I
Ay ol V7 s IRXXXKXXXXK L.
£
VA o /77 AKXXXK
fu :
Ca D77V 7770 777
f2
o V77 RKKIRXXA|
s
Cu 77777 AKXXXK
fa
e ] RXXAHRXXHRX XX
4 3 2 1
key o VW ZKXXX]
ACTIVE EXTENDED INACTIVE
ACTIVITY
PKIRP AE QKIR,p (60-77)
( Nee *  OKIRop, ) = AKIRep
€ Nes +  QKIRps ) = AKIRops
( Noo + QKIRop, )y = AKIRQP‘
¢ Ns t QKIRops ) = AKIR cps
€ Npg % QKRgp, ) = AKIRap,
¢ Ny + QKIRsp, ) = AKIRop ,
( Ny +  OKIRg, ) =  AKIRe,
( Nyg + QKRfy ) =  AKIRdg
C Ny 4 QIR = AR, = ay
AEB = A, ( Ne + aaretehs) = AQRefe = a3
AEL = AEP' . (QKIRRESK - QK™ - QKje) ¢ N *  quretedt) = AKIRds = G,
A = Aig *o A{, COMTAINS ALL ZEROES € Ne + okmeteh) = AKIRS, = a,
AL = ALq fo Ay CONTAINS ALL ONES
FD{ = Dig to Dy CONTAINS ALL ONES
LAD; = Dig o Dig CONTAINS ALL ONES ASK PRESET TABLE
CLASS LEVEL | {, f2 [f:-(ad+ ay+0) |f3.(a3- a3 -a3)] £
N—++AKIR = PKIROP"AE . pKE AKIRN | 135 157 146 170 170
NZEL = AKIRNR . Z! . AKda AKIR 161 | 135 13 157 170
Pad ; = AKIR““’l - AKse (AL, + ASK; + ASK)
Pad /77 = AKIR™ - (AKga + AKg )
Padf? = L(waRHse + AKTRA®) - Ay ] + (AKTRE™ - AK3o) AE FRACTURE pRconme
AKIRcto | AKIRcs [FRACTURE
QKIR—+®AKIR =  QKIRA® . K™ o o) £
o] 1 f2
SAD{ = Di 1.; Dy conTaNs AL ONES (NoT usED) ! o s
gl = (A, e) + (Al - Al i | fa
[steri AK = (PKIRDP'AE . pkzes) 4 (QKIRA - GKI+)
AET = 'L g gl e G- ket B0 [y oanmedet - (fa6)] » [z a gedtech - (1, -r);l
+ Wlimam Ay (iR il - AT+ B 703 + Ui - (h@ﬂ S AT - R s TR RTY OR - Gofl) + TR 11 -laeertst
+ o Parir ALy (PR sG] - A - A - f, ¢ QRIRST T3]
+ [ekmRre s AL+ (PRIRP - Az] ¢ ([AT B ¢ (for 8] v OA AT - £1) - [okarested:]
+ [(pKIKJnm_Au')+(PKIRJPl A‘.,)] E - F [+4] - QKIR““"“
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CYCIE A, B OR AB
SCAIE A, B OR AB

OP CODE DESCRIPTION. 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 overflow flip-flops and rotate the entire subwords.

The execution logic for the SCale OP codes is generally similar to that for the CYele OP

codes, except that the shifting is open ended and involves the overflow and sign bits.

SPECTAL FEATURES. The FD level indicates when the required shifting is completed, 1.e.,

when the "count in D is finished". The Z flip-flops are not cleared in CYcle instructions,

but are cleared in SCale instructions. These instructions use the Shift Coupling Units.
DETATILS. 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. D is 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.

(o7
The first pulse shifting the content of A and counting in D occurs at AKQ3 . The
succeeding shift and count pulses occur in AKpha. 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. D is loaded with the operand and the positive operand subwords complemented.
The logic Br 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 altered, i.e., information can
be shifted out of, but not into the sign digit position. - If the shift is 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 the right, then the right-most digit of the
subword is not shifted into the sign digit position.

March 1961

CYA

CYB
61

CAB
62

SCA
70

SCB
T1

SAB
T2




If there is an overflow 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 before the shifting begins (Asza). If thelshift is to the right
(Yi), then the sign digit is complemented at the same time as the first shift and
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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CYA
&K A( \(l Dl 2| Q' OPERATIDON
e (5™l oog] x (X x X x X xx XXV 1 JooC | OV 6 ) Bl =
2 [flaplog] 0 o000 o0)t (6001061 61t OF Lean D
o] c 06600000 V]! loo0 | 01 o O Comprement D
o oft 11111 1oo]l Q0 Ot O\ 0 | OISHFT § £ unt i D
om]o 11 11 11101} 1 Jloo) ol ol olo]m T,
ol o 1T 11 11 11o]l'Jo1610) 0o ofFs |SHFThH ¢
osl o |1 T 11 11 71 11 (161 0l0]ooofFn|feow ND
[GaJo 1 111 11T 111 [161ol0
CYA ILLUSTRATIVE ExawmpLE
oreeand (Lonvep n D Feom Memoer) oo ., |02 00000 |1

Data  (Lerr m O From Previovs msrruem)[eC 01 &1 ot o

bveeFrow STATE (LerT w 2 Feom Peevious INST)., M

ConFleURATION

bodod !

DeeywwaTIVE  INFORMATION For Tug Citep ExampLE

QOWQN ?\)UME?akCSI.&N ngerZ) [ | . ]___
SuescRIPTED Roman NumERALS I, (=I)

(Berwve Quartepy WHICH Have
RN Fop Sien Quazreg)

CrA (60)

aK RK Y|, OPERATION

14y |\ cod ] X | X X X ol

2nfEg o] 0 oo 0 LoaD D
o)l © o0 6 [ ompLemenT B Comergnent i
639 O {11 1 Ceeae 22 SMETA £ Counr m D
s o N 11l 1T1ofoltiel ol Ortefllm[anera ¢
oo (W11 1 1T tiofoliyt ol 61 ell 1IF] rn7 m O
oawjo 1V Ll Il ilolno L&) ofl 1 |]Fo, f
[oealol v 11 T1 1T 1foliiovoron 1] ]

SCA  ILLUSTRATIVE EXAMPLE
( Same Data QND  INSTRUCTION SPECIFICATION.

NS CYPp ExaMpPLE R&OVE)
sca(70)



CYA (60), CYB (61), CAB (62), SCA (70), SCB (7)), S
] (©0) (D), C__B._, Y, SCA (70), SCB (71}, _»AB (72) ] CYCLE A S OYA 60
PK [2ale | 100 _pK i CYCLE B - - - CYB ol
CYCLE AB - - (AB @2
00 L qrstart . C D istet ER, LS o PT, SCALE A XA 10
oll SCALE B B 7
SCALE AB - SAB T2
SEE QKM TIMING
03]
10 Lo, E
I3, 6K
D—+E
g 2, €
MBFE,  Lowhlir, LLoAKs
QKT Refgg =+ AKIRcS,.
& 98 Cty-g
QK '3 Q(IR"“‘""‘——J'—-—AKIRJ.,.‘
GQKIRop,., 3 AKIRoper R , .
B B, € OPERATE (ARITHMETIC ELEMENT : Nzg - Nz2p) OPR™ 04
241 A
12l, GK QB' + AEB = PK+l—-PK
L1, AEP AK, - , > L0 AK, LI AKe
A Q.E 25| o . = Na.c-2q—3+ AKIRop,
14 19, D " . 2 Nysopy = AKIRefy
start o AK (NoTE: AEB = AKS)
P S~
PK L3, PK
21 o E—+D 26| & LL, AEP
22}l sfar‘f: AK
M a,t E
23,0 Lo, EB
| B, QK 3oL prch se§ - T
31Tk
OP Class Decoder Lines Up! QKIRAK, QKIRMESK, qiIrlesd, QIr“ P Class Decoder Lines Upt  PKIRYT, PKIRYS , PKIR®
QKIRP
T
{
OOéo(‘ It  AK: ¢ ¢+ oD A+l =&
| (St QAR =+ . 2 Lo, ASK
:
LIS lereset, ASK
4TH QUARTER 3RD_QUARTER 2ND _QUARTER 15T QUARTER
00| AAKTRSH + YL+ T S15.Dy [AKIRSM . Y3 - IO ©r 2, Dy |AKIRM L YD - D > (C.p, |AKIR® + Y? . T - S I
(AKIR®A + AKIR*AB)- a-YLmag,a,,, (AKIRS®+ AKIRS®) « 24 oY; TIL - = 1€, Ay, [(AKIRSA + AKIR®E). 2, Y7 I = LS, A, |(AKIR®™ + AKIR®®) « 2| « Y7 + I 2 i&.Ay,
JaaRH - T, - IW - D TplDy [AKIRS - D3 -0 - - >Vp1—~D; [AKTR™ + FD2 - I+ - SDpl-=D, |AKIR™ - FD, + 1 S
NP+ AIR™) - I -+ + D 1o, 2, [AKIRSA+ AKIRS®) « TL -+ -« 210, B; (KR + AKIRSA®) - TL cDle E, |[(KIRSA + AKIR™) - I ¢ B 1% %
(AKTE™ AKTRS®) « ZJ » \ra, I D 1€y Agg [AKIRA + AKTR™8) - 2} - Y, Tl 2L, Agy [(AKIRA + AKIR®®) « 2 -« Yy IL DLe A,y |[AKIRFA + MIRHB) - 2} - Y, I 2 e
AK 03| L inarsie., F0, + Yo © D s A, (e < [CFD, v )+ (FD, - \a T s, Ay pceree [(FD, Y3 )+ (BB Yo I by, A, k- (D, « Y3 D+, Yy T, - Ya -Ddloeg 4,
aRshs. T, ¢ Y3 - af ¢t Dl B, NARE- C u J=psm 8, arse.{ W [ Jopur, B, agee. [ u u w Jams)
AKIRSHA. FDy - Ya » 0 -+ 2 s, Ay e [GFF Y5 I+ (Fb.-‘q T g A, Juars [CFD, - Y; IL)+(ED, Y} W= owe, A, Jaxie™ . RFD, - Y- D (7D, - \z TENHED, - Y Tl A,
AR FO, - Y, - oy ¢ - D b g, Bl v L R N v Jomm 8, pax®.C » Jogs,
D ke - FDg +IL -+ > DelwD, Mars - FB (I - ¢ > Di-eDy AR - FD, -IC ¢ ¢+ ¢ > Dl-eD (KRS FD, eI - -+ - ¢ 0t 0 D D)=,
AKIRSHA - FD, - Y - ad > lsaig Ay (AKIRSMA-[CFD, - Y3 T+ (7D, Y& - = st As E&m‘mﬁﬁz'n I+ (PO, Ya - IET > Lokl A, AKIRSALEED, Y]+ T)+ (FDy yl T+ (FD; Y2 - I=lsn, 4,
KRB - TDy - YYD B, ARMED o S - N S N v doum,B, ksl » I,
AKIRS™ - FD, - Y3 © 0Qf > (oig. A, AKIRSMA -[(FD, - Yq -TID)+(FOy - Ya- TD1 1s4R_Az WaRS™* -GFD, - Y3 -IL)+ (Pl Y D= 18R, A, (AKIE™-EFD, <Y, - D+ (D, Y. W)+ (B, Y1 I2IBR A,
04 ol|are¥e - T, -+ YL - a4 > i, B, ke[ o o > suR, By Lo v JoR, 8, Fm""-l: " v 1>isiep,
(FD4+ ) . (Fpy + ) . (FD, + 1) d (FD, + T)= [0 AK,.p, Lo AKo
(LAD, +TX) . (LADy + IH) . (LaD, + W) - LA, + T) 2 Loy AEP
ASK+}—» ASK
Akl AK
00|t
LAD{ = Dig.,
FbL = DLe-u
ASK PRESET TABLE
AKIRSH = CYA (&) + CYB(i) + CAB(€2) + SCA(70) + STB (1) + SAB (72)
AKIR™A=  CYA (es) + CYB GI) + SCA (62) + SABUD cuass Levey £y | f2 |fs.(ajral+al) | £3-(0f -03-a3)] 4o
AKIR¥B=  CYB (o) + CAB(2)+ SCB T + SABGIR) AKIRM (1351157 46 170 170
AIR OP CLASS LEVELS UP: AKIR*M, AKIRCY, AKIR"E, AKIRCY:*, AKIRM |16l {135 13 157 170
AKIR“"B AKIRN AKTR™
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NORMALIZE A, AB

OP CODE DESCRIPTION. The active subwords in A (AB) are shifted to the left until

Ai-9

content of the sign quarters of the operand subwords in D. If an overflow exists in an

# Ai 8" The number of shifts required to accomplish this is subtracted from the

active subword, the subword is shifted one place to the right, the overflow is shifted

into the sign bit, and the sign quarter of the operand subword in D is indexed.

SPECIAL FEATURES. A o~ (sigma) level is used to indicate when Ai 9
quarter. If the data contains all ZEROS or all ONES, ASK prevents the mumber of shifts

= Ai.8 in the sign

from exceeding the register length. These instructions use the Shift Coupling Units.
NOA

DETAILS. The case where an overflow has occurred in a previous instruction is shown in 6k
one of the accompanying examples. ASK is cleared and preset and D is loaded 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 NAB
right occurs, ONE is added to the uncomplemented operand in D. The pulses doing all 66

(o
this are fired off in A.K_O2 .

Pulses that complement D and clear the overflow flip-flops occur at AKp3a.

cm— ——, ’
The (< (sigma) level seen at AKpha prevents further shifting from occurring. D is

x
complemented again and AKX reset to AKQO 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 AKpha, after D has been com-
plemented at 2%, then & o level occurs, the counting is inhibited, D is again
complemented and AK is reset to AKPOG.

If no o 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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NOA — RAssuming OveeFLow Occorpep IN Feevipus INSTRUCTION
QK i1 Bsk Y, D, 2, A, OPERATION
Vi (ST oog [X 0 X A X X X % (A A XXX XXX X] 1V |20 61 0| ] Cene hsK
13 |rempl oo o0 00| 0 looocococo o ooV 1000 161 o | 6]Reser ASK, Loan D
I N -X-N-X-X-X-X- N 0l0 6| O O | Olswer Rient§ Comradl
otull | |V ooololeooobslocel ) [vinjJeo l O 10 |[[Cnerb: tiear 2
[es]l T TH1oocoJo Il v 1 1 1T 1o) HJoJiioloo o1 o tfElam+e; Kk, o
[ecwh 1 T 1ool)[OoJoovoob1b0lo (Violeo] o1 s |
|
No A WHEN 2, ILLUSTRATIVE FEXAHPLE
OPERAND ( Loavoep N D Fesm Memore) , jlcopoooo | 1]
PATH ( LEFT N A Frem Peevious mneue-rm),(bpb T2 1 06 195]
OveERFLow STATE ( Lerr 1N 2 Foom Peeviovs msreua:m),,[ﬂ
Comr160BATION
LLL_IL.L ;_L. l
DeeivaTiVE  INFORHMATION For Tne Cirep ExAMPLE
Woman Numeear (Sibn QuaRtER) . .., . v 0., L
SuBcRIPTED Poman NUMELALS -, .« 4 o ' o ¢ I, (=T)
(QC‘TWE @\JﬂﬂTﬁE} W".‘H H*VE Ew FOR SIGN éwme)
ASK PRESET « . v v« v v v v vt v v, e
NORA — Aesuning Neo Oveeriow OccurRED IN  reevious INSTRUCTION
(14 AL Ast Y, ) 2. h OPE BATION
149 [T oo [X X X X X X X] X [R X X XX X X X X[6 GOT‘&’““I"‘%CL;;Q %
am [et>pio o 0 000000 oooooobaofv. O 0 ,g&mrﬁ‘sm oD
ozw|) | L Tovo]lolovooooR] IO - .
34|l 1V 160010 |[OO0DOCOO Ol |84 F= c,,,p,_mfﬂ D
om[j 11 1oooJo i 11 111 )oofDloioO] o0l ol dal "reamize”
|l " T1oollel 11 11 1 1oi1keodoio 161 61 olds NPT Leer w -
[oaa) 111061 0lo TV 1T Tt v (6fadoli ol 61 o6 ofF] Covnrmsn oo
Tali 1 1101 1|0 lccocob 00 1 EBEIO 610
NoR whEN 2,° ILLUSTPATIVE ExAMPLE
{ Same Darh Auo  INSTBUCTION SPECIFICATION
As Agove , ExcePT 7, =0)

NOA (&)



NORMALIZE A, AB

i NOA 64
PK 4] ] 100, PK ] NAB 66
001;:37 Qrstart . Lo start FK, . LO_ PI,
o1l 4]
SEE QKM TIMING
03] oL
16]ot Lo, E
Uz, ek
ol D_'_.E
1
B 2L E
MZ~E
Lo L AKyyy LluAKe
oA QKTRefs. > AKIRcf 5.5
QK13 QIR ¢t —f—o AKTR A, o
QKRop,., —+ AkIRap,,
B e, €
OPERATE (ARLTHMETIC ELEMENT: N3 - Ni;) OPRM 04
21, QK
e, E 24|
o i, aep
14 e, o QB' + AEB R O had
start  AK 25| o AKy - . = Lo AKy-y Lt AK,
woo - Nagzy —FAKIRopes
&£ oo Nt Nigore —5=AKIRcty.y
PK (NOTE: AED = AKS)
21{d E—~D
3, GK
22 26| < Lt AEP
M2Leg Lstart AK
23 L 1o EB
131, QK
EIES prehsey . . . . . . . D LI
HIES 3

AK

OP Class Decoder Lines Up®

Q

KIRM, QKIR*™, QKR! QuarM s QKIR® OP Class Decoder Lines Up:  PKIRYY, PKIRYS | PKIRAE

00| o |start SAK e = AK+|—+AK
start JAK ¢+ 0 - D Lo ASK
WIS tereset, ASK
4TH QUARTER 3RD QUARTER 2ND QUARTER 15T QUARTER
(- © * 2 L&Ay, | (23D . D oA, (2D S e D e Lk, |(BD G S TP
021 (2L ag) ¢ ¢ > meop, | (2T (24 - Co> Ay (I &I v oD lsmoA, (2D (F WD) o0 0 0 D EA,
€ AR = g B [(w )( 0 - AKIR™® D e, [( 6 )eCTw Do AKIR®® -2 imeeg, [(w)e( v )e( 0 )-AKR™ - 2 R,
(-0« - 2 Bel—df(Z-m) o - 2 B @D Coer D Tab (D) - T 2 DD,
OBO(H. > lo,g, i IO i G I- “o \_9_.2{ ID Lo 2,
X - NN IL.D-, let_.D; I -3 L& D, b R T A X
] i
| | | 56 1A%
| | [ A 1K
| {[A.;A_.s-mx,ﬁ,,»_ﬁ)]_ + DAy B LE-TY - By - &A,}A.E‘I)]’[A.a*AN,‘ﬁ]*[i-TZB +(ASK; - ASKS) T 2 Lon A, , LhaAKY
- A+ - (A5 -AD +T) -+ KRS -AD + 00 (& - AT CIT ¢ {ASKD - ASKD - ASKL - ASK, - ASKS - AsKy} > Lo, AP
04| | (Bas=hig d) + 1D B AL ((AmAng T Y (WA TR . D BEL A (A T Agm A I * 7 C T 13,4, [(AcAe D Agrhe M) HASA L) © T T LML A
Coon KR g, [ v )+ 0 AR s B, [ v )s( w JAKIR™E 2 s, [Cow o )r( w0 )0 w JeAKR™P > BRLB,
(Agy=Ay5 W) * 2 Dsl—=h, (A=A -ID) = + * -+ =+ D Dlri=Dy [(Ay=he 1) - CP =D, (A=A D) - - o s 2 Bal—D,
st -Ugthng + T+ Dyt eg T (B TELY -
SAHE AS 4TH QUARTER SAME AS 4TH QUARTER SAME AS 4TH QUARTER Tathyg (g#h g+ T+l geh g 1+ TE - T+
> e Db, > e, ds [L > le,p, |(AKI-ASKY) « - - - - - ¢ - - le.D,
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DISTINGUISH A (FROM MEMORY)

OP CODE DESCRIPTION. 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

A © YCF —» A

DSA =
c + A*Y,_, —»C

CF
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 A1_2 and Dl.2 produces a carry, but Cl.2 already contains a
ONE, therefore C is not affected. On the other hand, the partial addition of A1.6

1.2
and Dl 6 produces a carry which appears in Cl It (Cl G vas previously ZERO.)

Note that this instruction is simply an abbreviated ADD instruction.

See also ADD (67) and SUB (77) discussion.
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A& AK O, c, A OPEEATION
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DISTINGUISH A

(FROM MEMORY)

65

PK [eal4] 1o, pK DSA
00f & Qrstert . - isfert o FK, L2, PL,
olfo |
SEE QKM TIMING
03] £
10] ! oL E
U3, QK
& D——E
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ADD (MEMORY TO A)
SUBTRACT (MEMORY FROM A)

OP CODE DESCRIPTION. The content of the selected Memory Element register is ADDed
(SUBtracted) from the content of the A register. If an overflow occurs, it is

indicated by the Z overflow flip-flops in the sign quarters of A.

SPECIAL FEATURES. Overflow logic is used in controlling the state of the Z flip-flop
in the sign quarter(s). The addition (subtraction) is performed by "partial addition"

and "carry"logic. These instructions use Carry Coupling Units.

DETATLS. 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 C are cleared preliminary to the partial addition operation.

(This pulse does not occur during a DSA.)

If a subtraction is involved the active subwords of D are complemented. This is the
only pulse where an explicit'distinction 1s made between the ADDition and SUBtraction
logic.

3p ADD
The content of A and D are partially added in AKQ . The partial sum appears in A and 67

the carries in C. (During a DSA, AK does not progress beyond this state.)

A complete carry is propagated through the active guarters 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 controlling Z is complex 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 cleared by the reset Z logic in the last AK state. In the
ADDition exemple no overflow 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 selected by the Roman numeral

levels.

SUB
7
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ADD (MEMORY TO A )3

SUBTRACT (MEMORY FROM 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
the corresponding sign guarters 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 loaded into A instead of into D as is normally done
in AK type instructions. This instruction uses the Shift Coupling Unit.

DETATLS. ASK determines the number of shifts that will 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 Fh
(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 00l. 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, A, contains three (3) ONES. ©Note that D contains 006 at the end of the
instruction and 003 at the beginning of the instruction, i.e., the accumulated count in
D is 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.

TLY
Th
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TALLY (ONES IN MEMORY)
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DIVIDE

OP CODE DESCRIPTION. 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 the 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 Z and 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.

a
DETATLS. The configured operand (divisor) is loaded into D at QK.2]T . The QK execution
logic is identical to that of a LDD, except for the pulses indicated on the DIV time
chart. QK;AQ starts the AK counter which controls the division logic.

[0 04
The pulses clearing and presetting the ASK counter occur at AKQO and AKpl s respectively.
In the example ASK is preset to 170. This value is determined by the length of the longest

subword specified by the configuration.

The sign of the dividend is copied into Z and the content of AB is made negative at AKpla.

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 D is made negative
AKOEOL ! . s in Ax02P

at . The first pad pulse is fired off in .

The CRY-PAD loop is now entered. ZEach 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 1L4. An end-around carry does not occur in DIV;
instead, the content of the sign bit in D is 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 D is always made the complement of that

of A. At the end of each CRY-PAD loop the content of AB is 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 (ASK% . ASKg at AKQ9) the content of B is 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. DIV
>

On the last traverse of the loop ASK is indexed so that ASK, * ASK% . ASKg is true, and

AK jumps to AK;OG.
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AK;OG interchanges the content of A and B, placing the quotient in A and the remainder
in B.

o
AK;l takes care of the sign and overflow conditions. If the quotient is negative at
AK;la, 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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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 Z and Y flip-flops are

used in the sign control logic. MUL uses the Carry Coupling Units and the Shift Coupling
Units.

1
DETATLS. The configured operand (multiplicand) is loaded into D at QK? . The QK
execution logic i1s identical to that of a LDD, except for the pulses indicated on the

o7
MUL time chart. QKllL starts the AK counter, which controls the multiplication logic.

x i
The pulses clearing and presetting the ASK counter occur in AKQO and AK.Ol , respectively.
In the example ASK is preset to 170.
o1 _ . . . . s qs .
At AK Z is cleared in the active sign quarters and the content of A (multiplier) is
transferred into B. The C register is also cleared as a preliminary to storing the

partial carries in the succeeding steps.

In AK92G the multiplicand in D is made positive. Yi is used to remember the original
sign of the multiplicand. The multiplier in B is 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 in AKQZB. 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
AKQSa and the PAD pulse in AKQ3B. Note that each MS pulse shifts the content of AB one
bit to the right.

When ASK reaches the ZERO state (ASK?) AK leaves the loop.

At AKQBQ a full carry pulse occurs. After this pulse, the magnitude of the product is
contained in the AB register. (The right-most bit in B is a duplicate of the sign bits.)
It Zi % 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. 76
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