MEMORXNDUM 3249-LA~ 166

\

8 April 1963
TO: W. S. Fujitsubo

cC: Drs. R. A. Kudlich, J. W. Burkig; Messrs. M. Berkson,
A. Faulkner, F. Gurzi, M. Gutmazx, E. hughes, L. Kaplan,
* L Keranen, K. KirkPatrick, J. Lane, R, Lucas, R. Magrauy,
B, Morewedge, F. Morris, T. Murphy (2) P. Peck, J. Ricketts,
R. Rutman, J. Schulte, R. Schumacher, J. Schwartje,
R. Wattenberg, J. Weiss

FROM: - A, Nergaard*

SURJECT:  MAGIC L Logic

ABSTRACT

The logical equations and a descripﬁve glossary of logioal terms for
the MAGIC I computer is presented

, _ Attached is a copy of the revised logical eguations for the MAGIC I
computer, together with a descriptive glossary of all logical tesx:-mso

Due to the prototype rature of the computer, logieal changes are to be
expectad. Changes contomplated for the MAGIC II computer will first be mad- in
MAGIC I, wherever possible, to verify tueir logical correctiess, When changes are
made, revised copies of the affected pages will be forwardec to the above cistribution.

*Oi'lsinul Instruction Proceséing Unit Logic by F, Gurzi.
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2afl 01 LOGICAL SCUATIONS

1, IXSTHUCTION PROCESSING UNLT

M

lel. CORE KEMONY EEZAD AND CONTROL

E

1.2. IN3TXUCTION BUFFER 1.8613TiR

1.3, OPZRATION CODEZ REGISTER =

l.4. CONTROL COUNTER AND INPUT/OUTPUT ADDRE’3 HBGIS TER
1e5e OPEHATION CYCLE COUNTEH |
1.64 INSTRUCTION COUNTZR
1e7. 3Ia3 KEGISTER

1l.8. OPERAND ADDRE33 ADDER

1.9, KEMGRY ADUKESS BUSFER HEGISTER

110, UENOKY ADDEESS KEGESTER

14114 INTERRUPT

1.12.IDLE

1.13..CU0 INPUT SYNCHAONIZING

2. ARITHMETIC UNIT
£.l. ACOMULATOR N3GISTER |
2.2, MULTIPLIER/CUOTIENT REGISTER
2.3. WULTIPLICGAND/DIVISOE RECISTER
2.4. MULTIPLY CORTROL

2.5, DIVIDE CONTROL
2.6¢ ADDERS
2.7, WLTIPLY/DITIDE BIT COUNTER

2.6 DI3CRETE INPUDS
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3. ACCELE(OMETIR AND OUTPUT PhOCE33ING UNITS
Zele AC ELEHOMETIRS AND 1EAL TIKE
3.2+ JORD COUNTEHK
3.3. 400 CYCLE COUNTZR
3.4, CIMBAL ANGLE COUNTERS
3.5. ZARTH NAVIGATION, STAR 3 CANNER AND EXTRAPOLATOR
 B.6. GYRO TORQUING AND AUTOPILOT
' 3.7. HiLF AIDER B
3.2. SERIAL INPUTS TO 4 REGI3TER

SeJe DL3CRETE OUTPUTS
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1. INST UCTION PLOCESSING UNLT
.1els CORE MEMORY HEAD AND CONTIROL

1,101, KEAD AKD KBSTORE

IR0S = SAO CBS ODD BITS
IRGR = 540 CIS ~

MRES = 3AE CPS EVEN BITS
MRER = SAE* CRs

CMO = MRO(TES CZ + 3T0)* + 11 THS Z + Al ST0
QE = IRE(T:3 . + 3T0)* + M2 TRS (Z + A2 370

DKl

Qs = QO ODT + QUE EDT

3 il TRQL

FDIs = E(m:r + DIV)PC6 + IDL %% D724
HDIR = [(XPY + DIV)CZ:+ EX + W% ] DT24
WDI3 = RDI DT1

WDIR = RDI* DT1

1.2+ IKSTRUCTION BUFFER REGISTER
IR24F = cm%cz IDL* EX* + TP6) I1B243 = IB24P CPp*

+ IB1{C2*(DY* + ) + IDL EX*]

+ ENTKY3 BX : ‘ .
IB24PR = IB24R3* | 1B24R = IB24P* CP*
IBuFS = IBnel  n = 23,22,.....1 1853 = IBnP CP*
IBnPR = IBn+l* - IBR = IBnP* CP*

18GC = (24 PG )CPS + (Gl DT2-7 + 2% DTI223)(DY" + @ )CRL
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1,2, OPERATION CODZ HEGISTER

OH6S = IB24 1370
OR6R = 1B24* LADD
: i 3UB
OR5S = 1B23 - LDA
ORSR = 1B23* MSE
: ; DIV
OR45 = IB22 < MPY
OR4R = IB22*
o . CTha
OR33 = 1321 + TRM R3S
OR3R = IB21* Thu* &

ST LE3
OR25 = 1320 ~ RTE
OR2R = IB20* ~ X4B

3Bk
OH13 = 1319 MBR
OR1R = 1B19* ;
OKGC = BC CP* INP
; ; OUT
TRM = IB24 IB23* IB22* 424 Dsl
, - DsO
BG =3B CPS : JUP
3Ck = DT1 GPS ‘
DY = TRA 4 TH3 4 KPY ¢ DIV
Ci = DIV P4 4 Y¥PY P33 ¢ (Tha +

OR6*
oRe6*
OR6*
Or6*
OR6*
onre*

Hoat g on

g |

oR6
0R6

L 1]

QK6
OR6
w6
OR6
Ox6

imHnnwwun

Ok6
OR6

0}-6

U
» oo )

ORS* OR4*
OR5* OR4
OR5* OR4
OES On4*
ORS OH4*
ORS OR4

' ORS (R4

OR5* OR4*

ORS* OR4
O0R5 O0OR4*
GRS5 OR4*
0i5 OR4*

- OR5 OR4*

OR5 OR4*

0%5 OR4
OR5 ORé
OK5 OR4
OR5. OR4

ORS OR4

THS JPCS

OR3
OR3*
OR3
OR3*
OR3

Or3*

OR3

OR3*

OR3*
OR3®

QOR3

(2‘
=*
(2‘

(2#
om*
(2‘

m *
o hd
OR2*
Or2*
OR2

OR&*

OR2*

aARO*

OR2 .
o4

A24

ORrl1*
0Kl
OR1*
021

(0130 Bl

QR1*
OR1
OR1*
Orl

(2*
@‘
@‘
@t
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1.4, CONT:OL COUNTER AND INFUT/QUTPUT ﬁw&;ﬁe REGLS3 TER

CilP3 =Cal® DEC + (1314 + m:).—su T tals = Calp Cp*
GilPR ;,sz; CslR = calp* Cp*
Ci2R3 =Ca2* Qi1* DEC + (IB15 + IDTN)3E Gi23 = Ci2P Cp*
GA2PR =(Gi2 CAl* DEC ¢ IB16* MDTN* 33 CA2R = Ca2P* CP*
CA3P3 cp., DEC 4 (IB16 + LDTN)SE  CA33 = CA3P CP*
GABPR =PC4 DEC + 1B16® JDTN® 3E CA3F = CaZP* CP*
CA4PS = CA4* P4 DEC 4 1317 SE Cid3 = Cadp CP*
Ca4Pk = CA4 Pz DEC + IB17* 3E CA4R = Cu4P* @*
GA5ES ® IB18 3%  cas3 = Ca5P CP*
CASPR = (CA4* P2 DEC + IB18* 3E ‘CABR & Ci5P* Cp*
CA6P3 = IB13 SE . G463 = Ci6P CP*
GA6FR = IB13* SE P * . CABR = CaéP* CP*

CAGC =cC2* DT24 CP5 + (LBS + ZTE )DT24* Crl
DEC = DY &Z* ¢ 5@
LDTN = IB24* 1B23 IB22 4+ IB24 IB23* ¢ JN
JN = 1B24 1B22 1321

535 (DY* + )DI24 @*

PCT - &3 Ca2 Gl : 507 :
PU6 = Gi3  Ca2 Ql* 306 +(Not dacoded)
PC5 = Cad 'Ci2* Cal ;3@5-‘

PG4 = Ca3  (u2* Qa1* \ 304 = w6 a5t &;4*
PC3 = Cad® a2 Gl 303 = Cac* Ca5 A4
PR = Cu3* Ca2 (al* - is& = CA6* CAb Ca4*
PCl = Ca3* Ca2* @l ‘5CL = Ca6* CaB* 44
P4 = Ca3* Ca2* Cl* 13Z = Ci6* CA5* Cad*

l.4.1s Lis AND RTZ CONTHOL

SCFBs = Cu6 DT24 CP1 5CFS = 3 CFP CP*

SCFFR = DT : 5CFR = 3CFP* CP*
305 = (P* + Cad4 + CAS5)(IRS ¢ RTE)DT1-12

SCP = Ca6(LR3 ¢ KTZ)DT1-12%
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d1eSe OTIATION CYCLSE COUKRTSI

arm
- @AM

CO(DY* + Cz) Cl5 = Clp Cp*
Cl1(DY* + C) + TP6 Clg = C1pr* cp*

Wu
u

C(DY* + CZ) | =3
C2(DY* + Co)IDL* 37

&
C2PR

xp Ccp*
xz=p* cp*

wu
Hu

CGC = DT24 CP5

0= A* x*
1.6s INSTRUCTION COUNTEXR
ICL(TP7* DI1* 2* + TP DTLE23 + IDL) 10125
Qs TP7 DT-12

+
+ 34 D71 s
+ AB1 C2{IXT1* ¢ INT2)IDL*®
+

1¢lzps ICl2p cp*

K2 C2 INTl INT2* IDL*

IC12PL = 1C12Rs* : I1C12R = 1C12P* CP*
- ICnBS = ICn#l m 211,100,001 ICn3 = IGoP CP*
InFR = ICnel* Ty | ICaR = ICaP* CP*

ICGC (TPV‘ DT121'I + TP7 DTlS&ﬁ)GPl + TP7 DT1-12 CP5

6 = (TBA.-P 'ﬂib)P(.G

q

(TRA + TRS )PC?

o
o
ot
1]

or + z)ia

= ICQ @ CY3

CY3Ps = Dzl JuP* ILL® DT11 CR CY33 = CY3P CP*
| CY3FR =(IC1* DTI1® + DTB) CRL CY3R = C3P* Cp*

. BH1Z2P3

(Bhl MBR* + ABl nt)T'P’?‘(aBa‘ r DT1825) BRl23 = BK12P CP*
a8 ™7 : ,

ABl 3BR anli

BRI?-P&" % . |BRI2R = BR12P* Cp*

H+ 4+ 1

BE12FR

BRuBS = BRn#l m = 11,10,.¢..,1 . BRn3 = BEnP CP*
BEnFR = dem‘ ‘ ' | BRNR = BRmP* C7*

.'a}zsc P‘?‘ Dmm.? cpz + (TP7 + saR DP1823 )nm—»lz' CP5
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le7e1s 3145 HEGISTER AND INS THUCTION COUNTEL OLD/EVEN OUTPUT 8

3D = Bl DT1-12* ¢ 1a 5m-12
ED@E = BDO5*
BDOC = CP7

BDT = BDMo

34 = X4@ Y4 @ CY4

X4 = IB13(X4G + JC)DTI217 4 CC
Y4 = {BR1 BI3® + ICL B'3)Y4G DT1217

(DY* + CZ)DTI0

X463 =

X46k = AC* TC* DT15 + DT16

Y465 = (x324* 1320" + 1324 1B23 I“21)(DY‘ + )DT10

4G5 = DT)8

CY4P5 = X4 Y4 + INTL TRS PC6 DT17 : CY4s = Cr4P CP*
CY4FR = X4* Y4* Cv4 CY4x = CY4p* Cp*
CY46C = nm )3 PC6 DTL7 CP5 ¢ (le TH3 PC6 DTL7 )*CP1

CCRs = (x4z, i TC‘ JC" 1313 DT14 + AC nms)crs CCs = CCp Cp*
CCPE = DT17 CP5 CCR = CCP* Cp*
AG = 13‘;4' mao(m‘ 1’- & )pT10

AG = DTL7

G = 1824 ;Bza*(DY' + Ci)bT10

IR = DTl'? .

IS = JN 1323?_( T 4 CpT10

J® = 1B12* D716 +%Mls

BI33 = (JN ¢ 13319)1@@10

"

BI3R = JX* 151‘9‘ D’M.O
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1,9, MENMORY ADDRES3 BUNFER 1uGISTEDR 9

iB12P5 = IC1(&2 IDL* + TP7) -1 AB123 = ABl2P Cp*
+ 33 DI1(INTI* + INT) |
+ 34 [CO(DY* + ) + TR3 PCB)
+ 4Bl IDL ER*

+ ENTKYS EN

+INT1 IX L R :
aB12FR = aBl2R3* Lo . ABl2R = ARl2P* CP*
ABnPS = ABM]. { APn3 = .Bnp CP*

ABnFR = { ABnR = ABnP* CpP*

ABGC. ,a m‘ DP* 4 T DTIRLY 4 * Crl

| # OT1-12 RN s i

LazG.2 nmg a6

m'rls z mm(xfnm + ca)(ml?.* ¢ IB1l)C1 DTI cP7

INTIR = TRS 'CZ ¢ INT2 TRs* o cn

»ﬂ

IN’I’l INT* 1
INTI'

INT2S
INT2R

& jf : ‘H

INT3S

xm' mn‘ DT24
IRTSR '

INT& -

@y
PR DR

) ;n-%

INT43
IKT4R

‘ »Fl

IRTS’S: H{KH,W
INTER 3 INM

INP = Ec@ me GF mw‘ mrmm 11"+ +
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1,124 IDLE

IDLS = LOGIDL £X* w* & DT
IDLK = (LOGIDLY + EX + W) DT1

le12s 21U INFUT SYUC,

' EX3 = EXINST IDL
. = IDL* C0 DTI

-

WS = WDSTEP IDL -
= IDL* 0 DTI

¢
o
]

2
]

INTCR IDL DT1
3Nk = OT8



MEMORANDUM 3249-LA-166 8 April 1963

2, ARITYMETIC UNLT 11

2,1, ACCUMULATOR HBGISTER

A24P5 = 32(W24 ¢+ W27 + ADD + SUB) ~ [ A249
B a1 1?25 ‘ : v S
+ Bl DC?J‘I-D
+ B2(DIV (7 DT24* ¢ XiB + ,.acr 3CF* ¢ ma)
+ &E(m"wz + LDA) »

A24p CP*

]

;2491{ ' AZ4R = AZ4P* CP*

B PN NS SO
s

42378 3  1a233 = a23P oP*

g JQIV Pm 4370+ OUT-+ DSI-+ IDL)

i

a23PR. = Azapb' o Sk 1425R = a23p* @°
ADFS = lau-z * ‘B = 22,21,000000051 ana :: AnP CP*
An?ﬁa.&u+2 v -, : 5 AnR = AnP*CP*
sm=moOVEER [ aBs = ABP CP*
4 A2(W27 LET* + DIV®) | ¥ : |
-+ BB W7 LBT ' ‘ ‘ r
ABPR =ABPS' G T : {ABR =z ABP* CP*

AGC = BGC «(LDA * AED + SUB + 370 « INP 1- OUT + 15K + DSI ¢ IDL)GP’J

= 4l ODT -k A2 E’DT
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B24R = a2(LPY PC7 + W24 LBT 4 DIV

3l ipY C& LBT

A4 LS 3C™*
B24R:"‘

B24PK

*
+
*

B23FR =

B23P3
B1(MPY PC7* LBT*

DC WY .

| FBT®
B23RBY

; Bnm = Bndva
» Bnm = Bn+2“

: BBP&: Ba
BBRR = 32°

3

+
*
+ B1(W27 + Li3 3CPF)
+*

B2 (3PY PC7* LBT* + DIV PO7

+ DIV PC7)

..'LB(MP‘% CZ LBT + uTE 4 Lks)

&+ XAB)
. BTE)

AI(QTE@ + 724 LBT + uIv G o+ XAB)

; g + REB) + B24 Lis* LTPE*

n= 21, 205.’....0',1»

BGC = (W24 + W25 + W27 + 5(5 + 5CP)CP1
+ [XPY C7 + DIV W27* + XAB)CE2

%P:t ’:: [”'”E(»,PY + ‘)IV)

+ PIE T3 FO?
» (B LPY ¢ 12 DIV)Q* PCOT
4 1d INT i1 |
LL4PR = 5,2431‘5‘ '
32355 ;—. [z:ac(mm + OL7) + 310 %J PCY
oty e JIV), o
MRBEL T REIRS®
mP zime2  nm ::z,m,.'.;i;,;..; o
u:nw S Mme® SN
u mm g ME(" ‘Y‘ + .t‘C’?’)
“‘3? = :‘ZBBQ‘ % - ,‘
wL-xIb = m(‘h}’? - 267‘)
c,fh&??m = MAPS*
. KEC = m + W5+ BT M.c» + 3 0P i ®

YK =

IN"’I III”"&" CO‘ Dm?.l‘?‘

.
| BER

T4
vt ad

W33

" i L

PRI

Hxns
A imE

e
e
Fots

Tar
uud

#M

"

Hom 24P

12
= B24p Cp*
= 124P* (Cp*

= B.3p Cr*

R = BE23p* Cp*

3 = N2ZP CP*

s 2.Z2p*

CP‘

RnpP (p*
BnpP* Cp*

B3P CP*
BEP* CPp*

1%4P CF*

cp*

= 1R3P Ipt

"ou

nH

-
-

clt

RV s It*

inp CE%
MmE* opt

¥3r Ccp*

L\HI’* GP#

CLAP CP*
‘L!qu * C}?‘

ms‘ .M" * ¥ m) mL* r‘z»l
a4 :mr + JIV)P‘J? + m(rcri + PCJB CP3
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Z.4. IULTIFLY 20 T.0L o 13

578 = 14 ORI bo3 = RoP CP°
PR A | DOR T DT Pt
- o e DE3 02D CPY

e on TPt ot

DIPs =33 PEA*4 BIY 8. . D13 =0iPp oP*
I ‘ 3 : ' - .')].P* CI)*

ot
e
+
e
ot
tad
1

0l = (:;:*f + ;)iv,p;?* L7 + (i3 FY* DIT* ¢ BOT )}’:‘24‘ i

| E4S = ¥PY PGS DT
Te4R = B‘I‘24 iM’

: T;’vasa‘- LFY PGA D4 £BD
’;m5-z "I)T? '

Se5e DIVIDE m N15:0L

Saps (a2 @ e u:? + (&1 m u;::):’:?‘ B 3T DOF op*
oo Soomt : ez

p&e = 1@1

‘5!2’78

, ::E) vV P® Dfrl
CWRTR :."(

.+ IDL)oTE.

Iy " BE At o Pu i
A% "

.

31 - }:1'_‘@1‘;?11 @f.m -

1RO LFY" DIV

ﬁ;~+, 1z o v2] m* o |ons z one ot
A iy |cYlx = cvip* op*

wz:: &2 cz + “1 mv + ﬁz m a:py
Y2 = '"" 65 1» .fl I).. L“%""" .‘ "Y + E.B(Dl + D2 JL3T »:PY + NHE I rY* nIv*

RE :: (Yl £ 1‘)(51 QAE’*‘) +7n

2 = L*""‘ MPY + XPY* DIT* i
; e opite , 32D = 38 aGC 32D3 = 32DP OP*
63 = D1 1BTY Y+ D17, [ 320F = 32% anC | 52DF = 32Dp* CP*

D*z D3 ITY + DCDLY + SUB
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NOIPS e MCLY MCAT (LD 4 LR*) + LC3* MOL DIV
NCIPR = L (M4* ¢ N2 K(C3)

MnP3 & LCn-1 D= 2,5,000,6
LCnPi @ LCn-1% ’

10 --’-wgpc'z‘ + “”:"BT' )Pl

¥BT = k@l h&"‘ 15(25"‘ NC4
LBT = 2«'02' A % 1Cc4*

ml- xn.! S PC3 + lAi 32 PG4

L msmm+amam1»c4
. 30B 32 PGB + 306 3(2 P4
s 3?»0(‘5 PC& + Tan JG‘S P(‘A

IGPD-‘_L P%f.«m)of
302 501 Pﬁs 4+ 305 3C1 PC6 4 304 371 xC'?
307 3R PCS + 310 5C2 ¥06 ¢+ DR 3 »?
» TIX 3C3 P(5 ¢+ TSA 3C3 P06 + TSB 333 ¢(?

KC13

.o -
™
e Pat

b4
.

JCnk

Hou

14

A\
¥CQP Cp*

LGP CP*

¥tnp CP*
renp* Cp*

PC6 ¢ MAV 37
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K1 TS

1 avmzs

15

AURIS = IUR DTy = AURL DT24 CI5
AUR2R = IUR ‘ AURZK = AURI* DT24 CP5
AUQLS = TUQ DT26 z e AUG23 = UGl DT24 CP5
AUQIR = IUQ €5 e | AUGER = 4UCL* DT24 CP5
AUBS = [aURI ADGL svez® ; AUQS atRZ)

.+ AURL (AUQ2* AUK2* t+ 4 Qr' moz)]nm czp‘}
AUBR = oyt et :

v 1Q1® AUQZ + AU 4URZ)

.ﬁfl,;wmiay D78 ; AVEZE
ATQLS = IVQ m ars | AVQRS
a?QJ.E = xvg* ﬁrs CP5 “AV@R‘

C1* AURR* & LUQL a'r@z*)]nﬂu cp*

| avres

‘ ._AVB& = Civm“ (AVQI AVQi" v AVQL* AVGR)

V3l DT6 CPS
mﬂ“‘ DT6 CP5

H

AVQl DT6 CP5
AVEL® D6 CPS

{11 H

+ AVEL (a¥Q1l a\rﬁa‘ * .wm' ..wez)}na'e CP'

| AVER = DMz IV @

[Am* mm* mmz - AVQ;!. zaml a
CAVHL {a¥Q1* AVR2® + Avar’ Avca‘s b1 13 ap‘
sz mv* cp*

AVG&

: u + a;{;

AY(R

Aman = IR xm, 5

| ames

= AWRD xmz CP5

ATRIR 2 IR »‘mn cps'

 3.¥§13 = IWQ D@u GPS .

 AWQIR = Iwe* nm c?s e gt
s = Lo (ARG A¥GE® Wit awa)
% AR (49 4TER® v AVCL “@M *

”f"f‘ ome I.m' @

R 401* AMQZ + ATGL AM)
AR (4WQ1* AWRZ® +

Wﬁaﬁ = A’ﬂl"‘ Dm CP5

'\""a*m M2 CPS
a7e1* DMz Crs

. “:m a,;;uéz* )] nnz cp*'
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16
UV18FS = Ha3 IUV® | - |Un1es. = UvVisP CP*
UV16PR = UVISRs* UVISR = UV18P*CP*
UVnES = UVnél  n = 17,16,e....,1  |OVES = UTnP OP*
UVnFR = UVnsl® o Sy UVnR = UVaP*: CP*
ISR = s um* W | WD183 = WD18P CP*
D18 = =7mex»s‘ i | ¥D16R = WD18P*CP*
m = el n = 17,164e0000,1 ~ iWDn3 = WDnP CP*
TONFR = WDnel* ~ {¥Dn¥ = YDnp* Cp*

, ‘.msc,‘. au‘ DII223 IAD* L + (0713 ¢ DT NI a5

IWD = 1%P Pcl W |
BATRS = (D6 + DML + n:m + DT23 ) GPL HATS = DATP CP*
CHATER 2 (DTG + DTIZ + nms + DI24)CP5  |HATR = FaTP* CP*

u“

14008

(1 mv + sm ‘.mm)(nm-s + DT1321) + Aau zm-s' DTI:SEI‘ '

IADGR = 1ADOS* o

‘ IADO@* wer - LN , : : ;
IADES = (UV2 xtrv + 7 m Iwn)(nm—-e + Dmazo) + A3M DTI-‘.?‘ Dmazl‘ # A3l
IADER = IA»&‘
IAD“G I+ R

 ass = [ IW(M.'Q . pr21) wm mnm) cm
s = om a-nm)m ; e
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VAS
Hal

HAKH
RAKC

- HUKS
HUEKK
HUEC

Imu.:
HVKR
mc

H’YK‘J
HWKR
Hm{C

EDK c

FAWES = HAW® DT24 CP5
HAWFR = BAW DT24 CP5

yam =
WOLFR = WOl D724 CPS

: vczm’
Wczm = W 'ms’

i)

i ADDZER 17

FAI @ HAK :

UVl DT1223* + D1 DT1223

“{HUK DT6-17* + HVK DT6-17 )DT1223‘ «)- (H‘VK DPe~17 & DK DT6-17* )Dn°23
CHAKS* .

@t

u ] n

A
(AUB ¢ AUC)HAT DT1223* , ’
(vm nVB + uvl* AUC)HAT‘ 4» .)Tl&:&
= CPl :

"non

(AVB 4 AVC)HAT Dr6-17 ,
= (UVl 4VB + UV1® AVC)HAT‘ + DT6-17
id a?l

= (MIB 4 AWC)HAT xmzza
= wm ATB + m' AVC)HAT® 4 DT1223*
= HAW HAT DTR4* i
= (¥D1%HAT* DP6-17 nmzzz + nwzﬂxmr

= GFl

HAWP CP*

HAwp* TP*

HAWR

—

—

(7QAP + 0N JpT
WCLP* ORS* DT

¥Qs =
WaR =
‘wczn =

7(.'1” nm 0P5

7@RP AP
Je2F* war

—
-~

we2* wcnr‘
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Sede 400 CYJLE COUNTER

FC4P
FCAPR

FC3P3
FC3FR

2B

FC2FR

FC1P3

~ FOIFRR

£C4* ra”
FC4(FR2 ¢ FC3* FC1*)

nn

rC4
rc4t

73
#o3*

#0232
rca*

hu

FCGC = oe1 Cp*

FOG = FRG + FCLP* FC4P FC2P*

reds
FC4R

20335
FC3R

Pe23
i. E&}:-

FAS
¥CIR

FRG = FCIP(FO3P PC2P* 4 4C3P* FC2P)

= GA® FO4P* PP FQIP* GA 6 CP

t G CEl

GCAPR = 66° CP1

GCG

636

-
-

0F* 636 + GBGF* + 63G)

ot
o o

" n

18

FC4F CP1
FC4P* CP1

£C3P CpPl
FCP* CA1

FXZP Cpl
rx=p* CP1

£C1P CF1
FC1P* CP1

[GC4s = Go4P Cp*
| GCAR = COsP* Cp*

5
/

GA ¥OAP® PCZP FOLP* + 7OAP ¥G3P(GB PQP + GO 7C2P*)
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19

GAlPS = (GAl® GC4 + GRG)CP1 ' GAl3 = GalP Cp*
GALFR = GAl 0C4 CPL ; GAlR = GAlP* Cp*
, wm *z Ga2* GALPR 4 GG CF1 GA23 = GA2P CP*
GA2FR = Ga2. GAR’B , ) GAZR = Ga2P* (P*
GA3E3 = GA3® G, ;‘mi + GRG CPL 6438 = GA3P CP*

CA3FR & GAB CA3R = GA3P* CP*

R + GRG ORY GA4S = GadP CP*
i Glﬁi = GA4P* Cp*

. GA4PS = Gad*
GA4TR =

GA53 = GASP CP*
CASR = GaSP* Cp*

'G,:A&S = GA6P CP*
IGRSBN & GAGP* CP*

c'Ma % GA7P CP*
GATR :: GATP* CP*

GAl2S = CAIZP CP*
s.uzn s wzr**:cptz

16408 = GAO
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345 EAHTH ;gvxggmm, 3TAR 3 m AQ EXTRAPOJATOR 20

308ele ZATTH NAV

N312F8 = ARS OFS + KBS ORS®(INS* + DTI-12) ¥125 = 1812P CP*
KS12FR = NS12P3°* | / ES12R = 1512P* Cp*
Knf zKm¢l = -11,10,.....,1' | FonS = X5aP CP*
BamR = Bapl* | RSnR = N3nP* CP*

EGC ..Ltm-w‘ I 4+ m-u(ons + wa1]] ces

masa
msm

’oms : POD OFR* DT23
OFIR . = m wea* DT23

! om 3 ¥OD M" DT23

OP25 = OP1 WC2P DT1 ‘
"'iﬂ" weep* D24

@ wep pM

§

; =
ONIR = (N2 WG1® DT23 | ORR = OF2R
o ocs {m’z 7a m

LP2S = LF1 '.m 514
Lpzx 5 vel e pr2e

mnsm
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3 ﬁ § IgaEx ey g!mm
35 " : r
GPI = 5C4 P06 D30 CP5
GPMR = {33P + MOF + DOP)CP5

1333 = 304 PG‘ DSO T2
I35 = a DOF) DT16

MR = 304 PCS D3SO

3.3 :

nm(B 2 .)6’6 b Nﬁ GP5
BiCR = {SS? * MOF + DOR}CPﬁ

EAPS = ch PQI, D:ao cps f
EAFR = Balw P

mizs =DM
BER = EB12P
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3e54%ebe oCAN CONTKOL COUNTHR 22

3K13 = 3K2* 3W3 371 DT12
aKlR = 3K2 337 5T1 DT9 + Is3*

3K25 = 3Kl aDP" STl DTS
dKZR = 3K* D'1’24

.mm.. SES 13#‘ CP5
SWAFR = (3E3*

S5¥4S = 3W4P CP*
3WAR = 39W4P* Cp*

L?np = 3P CP*
| 3WnR =5mP* CP*

3HC3 = SHCP CP*
SEGR = 3HCP* CP*

13y = 8M cpe !

: QJLS = K6 DT! Crs
ﬁJIR :ESG‘ m C}'S

3023 =[301* w11 saP 35 37 NS11°% (34F + sxrﬂxss 7C1 IN3® D9 CP5
3J28 3 18 cPe | ;

SP45 = 5P4P DTS

3P4RS =

3PAPR SP4R = 3P4P* D8
SPaPs =2 3Pm3 = SPnP DTS
 SPRPR = SPnR = 3PnP* DTS
3peC =T
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Sebe3e9e OUTPUT PULSE 3YNCHHONILING

3T18 = 3T2* FOG WC].‘(GPH + 135 )DT3 CP5
STIR = DT2 CP5.

783 = 3m DT24 CP5
3T2R = FOG* CP5

PAN = 3AF EA" u
CAP = 3AC%(; 332 mﬁ (wz + s.rz)

sce aar BA? 4 SEF m)xsa 3m 337* Dr24
3B =(cPH v Issmr BAF + 3EF ERR] 5T1 S3P* D24

; ”‘:‘j‘sm =3 Sl a0 b
SIIR = (MOP 4 DOF|CPS
‘Rx@ = 3EM 53P
EX(R = XOF + DOF

’ m'u 3B W Wwe1® xmc :
'seoasxo '

23
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20RQ AUTOPI | 24

6ele & ! ur R:GISTER
TA2IFS ® ARS OTA + HBS OTA* TA215 = TA21P CP*
TAZ1FR = TA215% | ma21R = TAZIP* CP*
TANFS = TAn+l n = 20,19, ....,1 Tin$ = TinP CP*
TAnFR = Tandl* ; : TAnR =TAnP* CP*
TAGC ® (WC1* FLT* + OTa)(DT1-7 4 DT9-15 ¢ DT1723 )CP5

f"mza e wx" dm Dr24 CP5

e x Rmx n:m* za® 07 4 mx’ HEK2 ma)m m* + m.m]cpa
foms yut* + worjczs "
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3 4 . TES

TXP = B5X* THX® TPG
TXN = TSX TNX* TPG

TYP = BY* TNY* TRG
(TN = BY WY 6

TP = T52% mz* 'zpc
TIN = T3Z mz* ‘m

z cmr‘  p¥i-s B + WAV nm-s* HBE2 ¥a1 pm-12

g 4 HBKQ WCl DM-12*
+(HBE1 ms—xa + umm DTQ—-IG‘ r.vm* rm"

Hmm: awm +LC+ 1B+ GAC + 7C1 + 1 + 83)(:25
mmv = (BB m‘ + HBBEl HBI) + mm‘ mzﬂm

“oc ‘m*rczq-mz)m

‘,fummbmsx* + BB L) + mBG2* ma']cm y

25

fHBKlS = HBKIP CP" '

Hmm't ® TBKIFR cr*\

HBE23 = anzp cp
HBE2R = HBK2P* CP*
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3,8

399

SERIA

10 =
+

1B

+

INPUTS 0 A REGISTE

IADO(IUV 4 IWD) + ICAO IGA
IN30 INS ¢+ IMO PC5 + 15WO ISV

"IADE(IUV + IWD) 4 IGAE IGa
IXSE IN3 + IME PCS 4+ 5W1 ISW

15 CRETE OUTPUTS

ACF3
ACPR

AMI3
AMLR

DATS

DATR

DINMs
DIMR

NCES
RCPR

KEDS
REDR

3D13
3D1R
FLYS
FLXR

ARIS
ARMR

= 32 P D3O CP5
= (3C1 PZ DSO ¢ LOF)CP5

=.5Z P@ D8O CPE
= (301 PG BSO 4 MOF)CPS

s 32 PC2 D30 CP5
= (3C1 PC2 IS0 + MOF)CPS

% 3% PCB ISO CP5
= (5C1 PC3 D30 + MOF)CP5

z 54 PC4 DSO CP5
= (3C1 PC4 D30 + KOF)CP5

= 34 PC5 DSO CP5
= (3C1 PCS D30 + MOF)CP5

= 32 PC6 IS0 CP5
= (321 PC6 D3SO + MOF)CP5

= 32 PC7 D30 CP5
= (5C1 PC7 D3O + KOF)CPS

- MED = 3C5 2C5 IS0

= 5C2 PZ I60 CP5
= (B10F 4 DOF) CPS

FCR = 52 PC1 D8O

FLTS
FLTR

GARS
GaNR
IPAS
3TAR

= 302 PR 780 @5
=(uOF 4 DOP)CPS
= 3@ PCE SO CP5

= (MOF g DOF)CPS
=8

pe
=

26
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3.9, DISCRETE OUTPUTS (CONTYD)

MAC
TAC
HALT

COPPS
COPPR

COPGC

DOF

SC2 PC6 DSO
SC2 PC7 DSO

SC3 PC4 DSO | COPS
e COPP
COP* COPGC

COP COPGC

$C3 PC7 DSO DT9

' §C4 PCT7 DSO

= COPP COPGC*
= COPP* COPGC*
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Term

AB

- ABGC

~ ABR

AB1

- © O o

- AB12

. AC
: ACP
\ AD

- ADD

AGC

APU

AR

* Secﬂon
. 8
L z 199 :
%.
' 1.9
s |18
o
8 199
8 (1.8
§ .89
SAREN
L L3
L 21
8 8,9
3,0
Bl

GLOSSARY OF LOGICAL TERMS

Description
A Register Even Bit Delay. Used in DIV operation for obtaining one bit

left shifted sum (from A Register) as Augend (X) input to Adder,
! Used in MPY operation to remember sign of A Register at last bit time

: (LBT)°

 APBR Gated Clock. Provides either 1 me. or 500 KC clock pulses for
llufﬂng the ABR,

 Memory Address Buffer Register (AB1-AB12)

; Mamory Address Buffer Register. A 12 bit serial register which

accepts the address of the memory location to be acoessed during

- the next word time. In normal operation, (no transfer or interrupt)
~ operand addresses are shifted in during C2 (from IC) and CO

(from $4) and the next instruction address is shifted in during C1
(from 88). The ABR {s initialized from the Inotrucdon Counter entry

- keys on the MCU when En=1,

- Absclute Address Control. Set at beginning of DT10 if next instruction
. to be executed refers to working storage (7600 ~ ‘?'I’l'l’)a for its operand,

- Accepted Check Pdnt Discrete Output Flip-Flop. Set code 7300, Reset
- code 7820,

Add|Subtraot Control. Used in CY1 and CY2 logic to cause 81 and 53
to produce either a sum or diﬂerencoe

' Add Command, Decoded from Operatign Code Reglister (OR1-OR6).

Used in A Register and AU Adder Logic to control the addition (2 bits

“at a time at 260 ko) of the contents of the selected memory location to
- the contents of the A Register, with the gum replacing the initial con~
~ tents of the A Register,

i A Reggm Gthd Clock, Allows the A Register to be shifted only whon
‘used, TboA Register shifts at 1 mo (2 bits at a time) during exeoution

- phase of MPY. DIV, LRS and RTE, and shifts at 250 ke (2 bits nt a time)
“at all oﬂwr ttmov when used,

Acqagm mnm}‘jgput Dlpcreto Output Flgp-l;‘lop. Set code 7302,

~  Reset code 7322,

' Accelergmeter Procemng Unit

;A Rgguhr (Al-A24)

d

e e o3 7 e 3L E S e ey TR T e A P s e i P e

*S = Storage Element Output 'L = Logioal Gate Output
T = Timing Signal I = Computer Input Signal



MEMORANDUM 3249-LA-168 8 April 1963

ARM

ARS

ASM

AU

29

Arm Warhead Disorete Output Flip-Flop. Set code 7340, Reset code
7317 (DOF). Also reset by MOF, ' '

A fjgigtbr 801'10,1‘ Output. Converts A Register output from 2 bits
parallel - serial at 250 ke to one bit serial at 500 ke for purpose
of mmmunicatien with Input/ eutput Registers and MCU,

'

Ae gg}_cromotor Regi__ﬁorl Sign Storage Flip-Flop, Copies and holds
sign bits of Acoelerometer pulse accumulations so that the signs will
be extended into bit positions 10 through 12 and 22 through 24 when the
information is read into the A Register.

Arithmetic unit
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AUB

AUC

AUQ1

AUQ2

AUR1

AUR2

AVB
AVC
AVQl
AVQ2
AVR1

. AVR2

3.1.

1

3. 1.1

3.1.1

3.1.1

&
3.1.1 |~
3.1.1 .}

3.

1.

1

Table 2
#able 1 ¢ ’ -1

RiQ R1Q1[R2/Q2.C|B
U Axis Accelerometer 010 olololololo
Borrow Storage Flip-flop. +
Set at beginning of DT24 if 011 01040 1110
a unity subtract (borrow) i L1l 010|1}0}0}1
condition is detected by the _11:0 0(0j11|~1-
synchronizing flip-flop ol o o l1lolo 011
(AUR1, AUR2,AUQ1, AUQ2).
Carry (C) or Borrow (B) i8 Q2 01110 1070
detected in accordance Carry - '\, - 0!1{1;01}~}- 8
with the truth table as shown 0 ),ﬂ CREY;
in Table 2. Input signals __{0|-jojo| it 2110
R (Reference) and @ Rz\ — 0 T» N 1{0j010;1140
(Quadrature) present a - Q111 1040 11 {—f-
Gray Code sequence as 0jo0jo]- 11011 01010
shown in Table 1, with a - \RY
change in the direction Borrow Q2. 1{0;1:1:0
of the negative arrow ; olo f\, 0 1111010} -~
required to produce a 4 AL 1} 0 1111011 011
Borrow (B) and a change R2 ’rjio O} o N I ‘
in the positive direction s 4 jo1/1 ,1(1:0(10
required to produce a 410 G_e:ﬁ 17141114010
Carry (C). \RY '

The R and Q signals are synchronized by the R1 and Q1 flip-flops
which are copied, in turn, by the R2 and Q2 flip-flops. Therefore,

if R1 and Q1 represent the states of the inputs at.tjme t, R2 and Q2
represent the previous states or the states at time t-1. =

U Axis Accelerometer Carry Storage Flip-flop. Set at beginning of
DT24 if a unity Add (Carry) condition is detected. See above discussion.

U Axis Accelerometer Quadrature Signal Synchronizing Flip-flop
Copies. Quadraxure Signal at end of ms

U Axis Accelerometm: Quadrature ngﬁal Synchronizmg Belay Flip—f,lop
Copies AUQl'at efid of DT24.

= U mc__is Accelerometer Reference ﬂi_gnal Synehromzﬁhg Flip-flop.
Cepies Reference Signal at end‘”of DT23. @,«

U Axis Accelerometer Reference Signal Synchronizing glay Flip-Flop.
Copies AURI1 at end of DT24.

See description for AUB through AUR2. Substitute V for I];DTS ard DT8 for
DT23 and DT24 respectively. Timing is shxfted so that & common unity

Add/Subtract unit can be used for all 3 accelé ametev‘s and real time.
prE
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AWB .
AWC

AWQ1
AWQ2
AWR1
AWR2

BC

BGC

BIE

BIO

BIS

D P P G

3.1.1

2.1

2.8

1.3

2‘2

L1

L7

1.8

31

See description for AUB through AUR2, Substitute W for U and
DT11 and DT12 for DT28 and DT24 respectively. Timing is
» shifted so that & common unity Add{Subtract unit can be used,

igister, A 24 bit register used in all Arithmetic and
put/Output operations except DSO, May be considered as two 12

bit shift registers with a common gated clock, one register holding the
even numbered bits and the other register holding the odd numbered
bits. See description of individual commands (ADD, S8UB, MPY, etc.)
for further details

B Regi ster Even Bit Delay Flip-flop, Used in the execution of the DIV ,

command to allow the least significant half of the double length dividend
to be left shifted one bit position during each ‘12 ps cyole, ,

IBR to OCR Transfer (}gtx'olo Provides a 2 us pulse when the IBR : _:

is to be parallel transferred to the OCR,

B Register Gated Clock, Allows the B Register to be shifted only

when used. The B Register shifts at 1 me (2 bits at a time) during . |
the execution phase of MPY, DIV, LRS and RTE, and shifts at

2580 ko (2 bits at a time) at all other times when used,

Bias Register and Instruction Counter Even Bit Flip~Flop. Used to

~ ' store the even bits of the Instruction Counter (during DT1-12) and

Bias Register (during DT13-24) in preparation for transfer to the
even half of the M Register during the first word (PCT) of execution

‘ ~ of thé TRS command,

'_m__y Rm” and Instruction Counter Odd Bit Flip-Flop, Same
function as BIE for odd bits,

o B

Bias Regiater or Instruct ounter Seleot Flip-Flop, Used in the
Memory Address Adder Logie to select the souroe of the Addend

Input (Y4) for the computation of the effective address of the Op |
to be used in the next command to be executed.” BIS is set at the o
beginning of DT10 if the next command is & JOM or uses an Instruction
Counter Referenced Operand. Otherwijse it is reset,
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BR

BRGC

BR1

BR12

BSR

CAGC

CAN

2.2

1.7

1.7

2.2

1.4

3.5.3

1.4

32

B Register (B1 - B24)

Bias Register Gated Clock. Allows the Bias Register to be shifted
at either 1 mc or 500 ke depending on the command being executed.
The Bias Register shifts at 1 mc during DT12 through DT17 at all
times except during the first word of TRA and TRS, when it shifts
at 500.kc during DT13 through DT24. It also shifts at 500 ke d{lri‘ng
DT18 through DT23 of SBR. s

Bias Register. A 12 bit shift register used as an alternative reference
for relative addressing of operands. The contents of the Bias Register
may be changed indirectly by a TRA or TRS command or directly by an
SBR or MBR command. At all other times the contents remain unc"hﬁged,;

See description of TRA, TRS, SBR and MBR for further details

Bias Register (BR1 - BR12)

Multiplier - Quotient (B) Register. A 24 bit register used‘in executiofx,
of MPY, DIV, LRS, RTE and XAB. May be considered as two 12 bit
shift registeswith a common gated clock, one register holding the .

‘even numbered bits and the other register holding the odd numbered

bits. See description of above commands for further details.

Control Counter and Input/Output Address Register Gated Clock.
Provides a clock at the end of each C0 and C1 word for transfer of
address field into CA1 through CA6 or for decrementing during the
long commands. Also provides a 1 mc clock for LRS and RTE.

Coarse Azimuth Ngﬁgative‘ and Positive Pulses. The output signals
to the Star Scanner Coarse Azimuth digital servo. Pulses are
generated under program control at a 7.5 ms interval in the Gross
Positioning Mode (GPM = 1) and at a 960 ms interval in the Star
Scanning Mode (ISS = 1).

Control Counter and Input/Output Address Register. A 6 bit register

used as a word counter for long commands (MPY, DIV, TRA and TRS),

as a shift counter for LRS and RTE and as an address register for

 INP, OUT, DSI and DSO. In MPY, DIV, TRA and TRS the 3 least

si?gniiicantbits (CA1, CA2, CA3) are set prior to command execution
and decremented binarily at the end of each word time until CZ = 1.

In all other commands the address field (IB13 through IB18) of the
instruction is parallel transferred into the Control Counter as shown, "
prior to command execution. ’
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CAG6

CC

CEN
CEP

CME

CMO

‘CMS

CPp*
CPS
cP1
CP3
CP4
CP5
CP8
CP7
CP8

T

-~
e A i T a0

HHEEAEHaaaa3

s e T A

oo

POUBRR—

1.4

1.8

@ w
)

1.1

1.1

1.1

W W

Bt 7 s v e s e

33

B Instruction Buffer Register )
[24]28]22] 21] 20[10 18 |17 a6 [15] 14 1a[n2[uafao] -~ Ta

IS

Control Counter

In LRS and RTE the Control Counter is decremented at a 1 mc rate until
CA1 through CA5 are all zero. >

Complement Control Flip-flop. For relative addressing CC is used to
extend the sign bit (initially in IB18) of the instruction address field for
the effective address computation. For absolute addressing it is used
to force "1"s into the four most significant bits of the 12 bit memory
address. '

Coarse Elevation Negative and Positive Pulses. The outpu:c signals to the
Star Scanner Coarse Elevation d1g1tal servo. Pulse rates same as
CAN, CAP. ’

Core Memory Even Bit Gate. Presents the even bits to be written into
memory. Except for STO and the last word of TRS these are the bits
just read. In STO they are the even bits of the A Register and in the last
word of TRS they are the even bits at the M Register (which contains the
old Instruction Counter and Bias Register contents to be stored in
memniory location zero).

Core Memory Odd Bit Gate. Same function as CME for odd bits.

Core Memory Serial Gate. Combines CME and CMO to produce a 500 kc
serial signal for input to the Instruction Buffer Register, Instruction
Counter and Bias Register.

1 me Clock occurring between CP1 pulses.

Strobe Clock.

1 mc Clock.

250 k¢ Clock. Coincident with CP5 during EDT.

250 ke Clock. Coincident with CP5 during ODT.

500 ke Clock. Coincident with 2nd CP1 in all digit times.
500 ke Clock. Coincident with 1st CP1 in all digit times.
250 ke G"lock Coincident with CP6 during ODT.

250 ke Clock. Coincident with CP6 during EDT.
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CY1

z CcY2
cvs
CcY4
cz

co

ic1
«C2

o

i 5 2t A Al e e S At N

3.5.3

2.6

2.6

1.6

1.8

1.8

.56

1.6

LS

34

Common 8ign Reget. A one word time discrete output signal used
to ggaet the 4 Star Scanner Polarity Control Flip-Flop. Code 7313,

Odd Bit Address Carry Flip-Flop. Provides car: : borrow storage
for the carry or borrow into the Odd Bit Adder.

Even Bit Adder Carry Gate. Provides the carry/ borrow function for
the carry or borrow into the Even Bit Adder.

Inktmgtion Count Incrementer %&1‘1’ Flip-Flop. Provides carr}
storage for incrementing the instruction count. ‘

Address Adder -Fl Provides carry storage
for the effective address computation.

. Control Zero, Designates the last wovrd" time of the long commands

(MPY, DIV, TRA, TRS).

Zero of . Normally true for one word
time (48 us) unleu a long instruetion (MPY, DIV, TRA, TRS) is
being executed.

1. mgm_m. A two stage, three state counter used to

control the operation sequence of the Instruction Processing Unit. For
normal operation (no Interrupt or Transfer) the sequence is as followa:“
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- —— et e e

State C2

.. Berfal Information Flow

35

. S o

c2 110
Co oo |
§
c1{o |1
c2 {1 io
co (o o
Ci1le h |
B 1 ] )
[ b 4 p ]
? b 4 ?
? ] T
4 ] 1 4

Read in two 12 bit instructions from memory
location n into Instruction Buffer Register (IBR),

Execute right hand instruction from memofy location
n-1. Compute effective address of operand for left
hand instruction from location n.and Place in Memory
Address Buffer Register (ABR), o ‘

Execute left hand instruction from memory location n,
Compute effective address of operand for right hand
instruction from location n and place in Instruction
Counter (IC), while simultaneously placing the

incremented contents of IC, (n+1), in ABR,

Read in two 12 bit instructions from memory location
n+ 1 into IBR. Place contents
of right hand n operand)
Placing the contents of ABR, (n+1), in]C,

Execute right hand n instruction, ete,

of IC (effective address
in ABR, while simultaneously |
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DAT

DEC

DIV

3.9

2.5

1.4

3.9

1.3

3.9

2.8

1.3

Output to Data Link Discrete Output Flip-flop. Set code 7304
Reset code 7324. Also reset by MOF.

Divide Control Flip-flop. See DIV.

Decrement Control Counter Slgnal Enables binary countdown logic
for CA1 through CAS5.

Brightness Gain Change Discrete Output th—ﬂop Set Code 7306.
Reset Code 732G. Also reset by MOF.

Divide Command. Decoded from Operation Code Register. Used to
control gating in AU and IPU for execution of Divide command. During
DIV the Operation Cycle Counter remains locked in either C0 or C1
‘and the Control Counter counts down to zero (PZ = 1) from its initial
setting of 7 (PC7 = 1) at the word time rate. The dividend is assumed
to be in the combined A (most significant half) and B (least significant
half) Registers at the beginning of PC7. The divisor is shifted into

the M Register from memory during PC7. At'the end of PC7 the sign
bits of the divisor and the dividend are compared and the Divide
Control Flip-flop (DC) is set or reset depending on whether the signs

~are the same Or different. During DT1 through DT6 of PC6 the

divisor is subtracted from or added to the 1 bit left shifted dividend
depending on whether DC is true or false. Subsequent changes in DC

‘are made on the basis of comparison of A1 and CY2 at last bit time (LBT)
which occurs every 12 us (6 digit times). DC has the dual function of -
controlling the Add/8ubtract decision and holding the quotient bits which
.are eutered into the least significant end of the B Register as the least
significant bits of the dividend are shifted out. At the end of 24 Add/
Subtract cycles (6 word times) the quotient (with sign bit inverted) is

in the B Register and the residue is in the A Register. During PZ the

A and B registers are exchanged and the quotient sign bit corrected.

Discrete OQutputs Off Signal. Used to reset certain discrete output flip-
flops. Code 7317.

- Data Register Ready Discrete Input Signal. Code 7256.

Discrete Input Command. Decoded from Operation Code Register.
Used in conjunction with Input/Output Address Register (CA1 - CAG)
decoding to cause sign bit of A Register (A24) to be set or reset
depending on whether the selected Discrete Input is true or false.
Al through A23 are unaffected.




MEMORANDUM 3249-LA-166 8 April 1963 37

. DSO L | 1.3 | Discrete Output Command, Decoded from Operation Code Register. -
; | Used in conjunction with Input/ Output Address Register (CA1-CA 6)
i | | decoding to control Discrete Output flip-flops and signals, the
b | Extrapolator Mode flip-flop and the Star Scanner Polarity and Enable
S i flip-flops.
- pT1 T Digit Time 1
T L . .
18 1 , Sequential timing pulses of 2 us duration each
H S ﬂ Jocourring every 48 us.
t 1 . '
- DT24 T . Digit Time 24
" DTm-n T | Digit Times m through n inclusive. .
~or . |
- DTmn '
DY L . L8 | LongCommandSignal, True during MPY, DIV, TRA, TRS.
D1 'S 2.4 | Multiply Control Register. A 3 stage
D2 8 : ; register used to control the addition T ,
D3 8 or subtraction of the multiplicand B4 B3 Bz D3 Dg,?_,l_) 1
' (in the M Register) to or from the 0j0.010 LHQ‘.;.,_
partial produot (in the A Register). 0l0:1+#1,0!0 1
The D1-D3 input logic performs the 0l1 f ok1i0l0 1
i indicated transformation from the " '“? e
. least significant multiplier bits at the 0,1, 142,010
| end of each add cycle to control the 1.0.0-2/1]1 0
| operation during the following cyole. 1{oi1/-1l1l0 !
N ! (Note that the B Register precesses T -
BRI | two bits to the right with respeot A41.0p-11110,1
» . to the 13 us add cycle). D1 and D2 1§1;1{0{1{0{0

' are used to control whether the
! multiplicand or twice the multiplicand

: ; is used as the addend (Y1 and Y2) input.
| D3 determines whether an addition or

| subtraotion is performed.
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EAF

EB

EDT

EEC

EEF

3. 5.3,

3,6.3 !

3.5.4

3Q 503

3° 50 3

Enable Azimuth Coarse Flip-flop, Set code 7360. Reset by
Scanner Servo Positioned (SSP) flip-flop, DOF -or MOF. Used
to control Coarse Azimuth Pulse gates (FAN and CAP) during
GPMg ' ‘

Enable Azimuth Fine flip-flop. Set code 7362. Reset same as EAC.
Used to control Fine Azimuth Pulse gates (FAN and FAP) during
GPM and ISS, -

Extrapolator Borrow Signal. A 2 ps pulse occurring every 96 us in
the Extrapolator Mode (SEM = 1) when the NS Register is non-zero.
Causes the NS Register to decrement every other word time until it

reaches zero.

Even Digit Time. A 250 kc square wave, true in all even numbered
digit times.

Enable Elevation Coarse Flip-flop, Set code 7364, Reset same as EAC,
Used to control Coarse Elevation Pulse gates (CEN and CEP) during
GPM.

Enable Elevation Fine Flip-flop, Set code 7366. Reset same as EAC.
Used to control Fine Elevation Pulse gates (FEN and FEP) during GPM
and ISS. _ ‘
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EN

ENTCTR

ENTKYS

EX

EXINST

EXO

© FAN

 FAP

- FBT

FCGC

FCR

W ow

bt
Hel )

| 1,13

1.13

3.5.4

o o
Lo w

3.9.1

ENTCTR Synchronizing Flip-Flop. Synchronizes the ENTCTR signal
from the MCU with the computer word time. Used in AB Register
logic to allow new Instruction Counter setting to be read in from the
MCU during computer idle mode (IDL).

Enter Instruction Counter - signal from MCU.

Serial Information Line from MCU Control Register. When EN is
true it presents the address which had been set in the Instruction
Counter octal switches. When EX is true it presents the two instruc-
tions which had been set in the Instruction Entry switches.

EXINST Synchronizing Flip-flop. Synchronizes the EXINST signal
from the MCU with the computer word time. Used in IB Register
logic to allow instructions to be read in from the MCU. ’

Execute Instruction - signal from MCU.

Extrapolator Zero Flip-flop. Set during word time that NS Register
reaches zero in Extrapolator Mode. Reset by MOF or DOF.

Fine Azimuth Negative and Positive Pulses. The output signals to the
Star Scanner Fine Azimuth digital servo. Pulses are generated under
program control at a 7. 5 ms interval in both the Gross Positioning

- Mode (GPM=1) and the Star Scanning Mode (ISS= 1).

First Bit Time. A one microseond pulse occurring every 13 us
during MPY and every 12 us during all other operations. Decoded
‘from Multiply-Divide Bit Counter (MC1-MC4). Used in DIV to
designate time to place quotient bit (from DC) in B23 of B Register.

400 Cycle Counter Gated Clock. Presents a synchronized pulse when the
400 cycle reference signal (GF) goes negative. Used to clock the 400
Cycle Counter. '

Flexowriter Carriage Return Discrete Output. Code 7342.
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400 Cycle Counter. A four stage, twelve state shift Iogic‘t\ype
counter. Used in the generation of 1) the Interrupt signal (INT),

2) the Gyro Torquing Pulses (TXN, TXP, TYN, TYP, TZN,

TZP),

3) the Star Scanner Servo Pulses (CAN, CAP, CEN, CEP, FAN,

FAP, FEN, FEP) and 4) the Gimbal Angle Counter Control
(GC1 - GC4).

413(2 |1 | «GC Operation ]
1{o0j01}0 1 Otttpu«trServo Pulse (FOG =1) N e
L1010 3 | e e
0 1 011 4 Reset GA Register (FRG- 1) Output Servo Pulse (FOG—— l)_pj
0/0:110: 5 Count Alpha Gimbal Angle . {
1170:011 6 | Generate INT (middle of interval) ]
1{1:.0j0| 7 | Count Gamma Gimbal Angle, Output gervo Pulse (FOG— lel
11 70| 8 | CoutBeiaGimbalAngle
70101111 10 |Reset GA Register (FRG=1), Output Servo Pulse _(FOG"I)N:___:
1 0;,0,041, 1 - e i i
0joioiol 12 A e ,, | f
1 00 ‘O Lo Output Servo Pulse (FOG—l)
T T

Fine Elevation Negative and Positive Pulses. The output signals to the .
Star Scanner Fine Elevation Digital Servo. Pulse rates same as FAN,

FAP.

Flight Mode Discrete Qutput Flip-flop. Set code 7344. Reset by MOF

or DOF

Flexowriter On Discrete Output Flip-flop. Set code 7316. Reset code

7336. Also reset by MOF.

Initiate Airborne Computations Discrete Input. Code 72086.
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'GAE

GAGC
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MEMORANDUM 3249-LA-166 8 April 1963 41

L 33
L 33

1 3.3

L 34,2
L 3.4.3
L 3.4.3
S 3.9

L 3.4.3
S  3.4.2
S . 39492
§  3.4.9
S \ 30403

133 Cycle Output Pulse, Derived from 400 Cycle Counter
(FC1-FC4).

Gimbal Angle Counter Reset Signal. Derived from 4CC Cycle
Countcr (FC1-FC4).

Alpha Gimbal Angle Input, A 400 cycle 5 juare wav: witk phase
Jisplacement from GF equal tc Gimbal Angle Alpha,

Gimbal A:gle Carry, Produccs a synchronized signal to incwemert
the high order courter (3A8 - GA12) with cach overflow of GAT,

Tke carry is synchronized to occur curing the alteinat: wor: time
when the high orcer count'r is using the Unity Acd/Subtract Urit (HBS).

Gimbal Angle Counter Scan Logic - Even Bits. Performs paraliel to
serial conversicn of odd numbered bits of low ¢rder courter
(GA1-GAT) and gatcs odd bits of kigh order countcr to IGAE flip-flop,
See IGA,

_Gimbal Angle High Order Counter Gated Clocz, Provides 506 k¢
cluck pulses when counter is being ineremerted, rceirculated or

- cleared,

Autopilot Gain Change Discrete Output Flip-flop. Set code 7346,
Reset by MOF or DOF,

Gimbal Angle Courter Scan Logic - Odd Bits, Performs parallel tc
serial conversion of ever numbcred bits of low order counter
(GA1-GAT) and gates even bits of high order counter to IGAO
flip-flcp. See IGA.

Gimbal Angle Counter - Low Order. A 7 stage, 1 me, straight birary
cocunters  The ccuntor is set (to all 18) by FRG pricr to the alpha

“count intorval, During the alpha count interval it courts while

GC4=1, Durirg the Interrupt intorval the court is real out into the
A Register (IGA=1) ar the couter is reset, Duriug the first halves
cf both the gamma and beta count irtervals the counter couvnts while
GC4=1 and is reac out and reset during the last halves.

Gimbal Angle Counter - High Order. A 5 stage serial shift register
which ineremenis on the overfow of GA7 during the gimba! angle
count intervals. The register is set (to all 1's) by FRG and alsc upon

readout to the A Register (IGA=1).
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Beta Gimbal Angle Input. A 400 cycle square wave with phase
displacement from GF equal to Gimbal Angle Beta.

Gamma Gimbal Angle Input. A 400 cycle square wave with phase
displacement from GF equal to Gimbal Angle Gamma.

Gimbal Angle Count Gate. A signal which is true during the phase_
d1splacement interval of each of the 3 count intervals. The phase
dlsplacement interval is defined as the interval from the fall of the
reference signal (GF) to the fall of the angle signal (GA, GB or GC).
For beta and gamma angles g’I'Qater than 1'80 , the phase displacement
interval is undefined. : B ;

GF Trailing Edge Synchronizer. GC1 produces M0 cycle pulse of
lpus duration in synchronismwith the trailing edge of GE. This pulse
is used (in FCGC) to step the 400 Cycle Counter and in the set logic
of GC3.

Alpha > 180° Detector. This flip-flop is set at the beginning of the
alpha count interval if the alpha gimbal angle is greater than 180
Used in count gate logic GCG. P

-~

GCG Synchronizing Flip-flop. Synchronizes GCG with 1 mc/(glock.

Gimbal Angle Low Order Ct')unter Overflow Detector and Synchronizing

FUp-flops. Detects and holds.the 1 us overfloy signal (GA7PR) until
the high order counter (GA8-GA12) is incremented.

” ., /’
400 Cycle Reference Signal. A 400 cycle square wave used in the
400 Cycle Counter and Gimbal Angle Co/upter Control Logic.

Gross Positioning Mode Flip-flop. Set code 7315. Reset when,
Scamner Servo Positioned Flip-flop is set (SSP=1). Also reset by

MOF or DOF. Used in Star Scanner logic to enable Borrow pulses/
(SB) to be generated for decrementing the NS Register and to enable
the Qutput Pulse Sync. (ST1). During Gross Positioning Mode the #
Star Scanner is slewed from the index position to a predetermmed

star position under program control.

2

Gimbal Angle Low Order Counter Reset Gate. Used to set GA1-GAS
when FRG is true and also when the GA Register is read into the A
Register (IGA=1).
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Half Adder A Serial Input. Gates UV and WD Registers to. Half Adder
& '

A (HA% E) ”

Half A@ler A Carry Flip-flop. Used as a common second rank flip-

he 4 primary rank carry flip-flops (HUK, HVK, HWK, HDK).

’

Halt DiScrete Qutput Signal to MCU. Code 7370.
-
)

Half Adder A Sum Output. Used to recirculate and increment UV

and WD Registers.

‘ .
Half Adder A Timing Flip-flop. Used in control of carry Flip-flops

(HUK,. HVK, HWK, HDK).

Alternate Word Flip-flop. Used to increment real time segment of
WD Register at a frequency of 10 ke. , J

Hélf Adder B Borrow Storage Flip-flop No. 1. Detects the 2 us
borrow pulses from the Star Scanner (SB) Altimeter (LB) Gyro
Torquer (TB1) and Extrapolator (EB) logic' @nd causes HBK1 to be
reset on the first "1" bit from the serial input (HBI) for deprementlng.

L
Half Adder B Borrow Storage Flip-flop No. 2. Detects the 2 us borrow
pulses from the Odometer (OB) and Gyro Torquer (TB2) logic and causes
HBK2 to be reset on the first "1" bit from the serial input (HBI) for
decrementing. ¢

Half Adder B Carry Storage Flip-flop No. 1.Detects the 2 ps carg
pulsci#irom the ‘Star Scanner (SC) Altimeter (LC) Gimbal Anglgh
Counter (GAC) and Gyro Torquer*(TC1) and causes HBK1 to §
on the first "0" bit from the serial input (HB]) for incrementir}

Half Adder B Carry Storage Flip-flop No. 2. Detects the 2 §
pulses from the Odometer (OC) and Gyro Torquer TC2 and cdlfSes
HBK?Z to be reset on the first "0" bit from the serial input (HBI) for
incrementing,
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Half Adder B Serial Input. Gates TA, NS and GA Reﬂxsters to Half

Adder B in accordance with following table

Mode [weil DT | ° Function Data %ﬁﬁiﬁ,’é
. Location : pyige ... |..
NAV| «0 | 1-7 | Gyro-X Axis  TAI1-TA7 |TC2,TB2
{ NAV| 0 |9-15 | Gyro - Y Axis ‘TA8-TAl4 |TC1,TB1
' NAV| 0 [17-23 Gyro - Z Axis TA16-TA21,TC2,TB2
' NAV| 1 11-5 !Altimeter NS1-NS5 | LC,LB
o ArmEer b

INAV_‘JW_;_ 6-12 | Odometer 'NS6-NS12 | OC,OB
_ NAV| 1 |18-23.Gimbal Angles _ .GA8-GA12 IGAC .
,i FLT | .(.).«“1 1-7 | Autopilot - Yaw Axis|TA1-TA7 { (None)
FLT| O 9-15 (ft\ﬂ;opllot—Roll Axis TA8 -TA14 (None)
_FLT| 0 :17-23; Autopilot-PitchAxis, TA16 -TA21] (None)
C FLT| 1 |1-12 1Extrap/.‘z,c,-annex: .N31—Nbs ‘EB SB, sc
FLT| 1 |18-23 Gimbal Angles  INSG-NSI2 ;GAC

1

i

and GA R'egisters.

Bt e s e b e 2

CaI'I’Y' :

HBK2

HBK1
HBK2

HBK2
HBK1

HBKI

HBKI |
Half Adder B Carry Input. Gatds HBK1 and HBK2 to Half Adder B in

‘accordance with preceding table.

Half Adder B Carry/Borrow Flip-flops. Operate as Carry/borrow
flip-flops for incrementing and decrementing functions as indicated in

" the preceding table.

Half Adder B Sum Output. Used to recirculate and increment TA, NS

Real Time Carry Flip-flop. Used to increment real time counter in

WD Register.

Accelerometer Ca;!%/Borrow Flip-flops. Used to increment or

decrement Accelerometer counters in UV and WD Registers.

Index Angle Achieved Discrete Input.

Code 7210.

Inpwt Accelerometer and Real Time Registers - Even Bits.

Holds
even bits of UV and WD Registers to be read into A Register.
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Input Accelerometer and Real Time Registers - Odd Bits. Holds

odd bits of UV and WD Registers to be read into A Register.

Instruction Buffer Register Gated Clock. Allows IBR to shift at

500 kc during instruction read in and at 1 mc during effective
address computation and half rotation.

Instruction Buffer Register (IB1 - IB24).

Instruction Buffer Register. ‘A 24 bit shift register used to buffer

the instructions as they are read in from memory to recirculate
the instructions for the purpose of the effective address computation.

OcCC DT Shlft Rate e Qperatxon o
C2 1-24 500 ke CMS-» 11324 Read in two 12 bit mstructlons i
co 12-23 1me | Full recirculation IB13+X4 to form operand
' address fcr next Cl executed mstructwn /
C1 2-7 1 me Half recirculatlon to place rlght hand
instruction in IB13 - IB24. _.'- i
12-23. 1 me Full remrculatlon IBI3+X4 to form operand
address for next CO executed instruction.
Cc2 1-24 500 kcﬁ }}epeat cycle. ‘ o S M

Instruction Counter (IC1-IC12)

# <.

Instruction Counter Gated Clock. Allows Instruction Counter to be

shifted at either 500 kc or 1 mc depending oh operation.

Insert Check Point Discrete Input. Gode 7212

Instruction Counter. A 12 bit serial register ulod to buffer 1) the mtrm
address, and 2) the operand address of the instruction to be executed
during CO.
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Locc| bt ! snitt Rate
c2 | 12-17 1 me
Co 12-17 . 1 me

S C1 | 12-17 1 mc

i S
c2! 12-17  1mc

ut Select:lon Gate,

Discrete %9
ress Hegister states (PC3-PC7 and 8Z-~

Computer Idle Flip-flop. Set at the beginning of C2 if LOGIDL is

e e
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Tnput

tABlIC12,
Instruction address n

IC1-» IC12.
i (Recirculate)

S4->IC12. Operand
~address for next CO
“instruction

;AB1+IC 12. Instruc- |
tion address n+1. ' @
Repeat cycle ;

Combines Dlscrete

true.
for output to the MCU or held static as indicated. Input/Output

registe_rs are unaffected.

| ‘ e)_(ecuted 1nstguotion.

[ —— — .‘,' -

Oufput -

IC1+AB12. Operand |
address for next CO

IC1>Y4 (BIS=1) to
form operand address:
for next C1 executed
mstructlon

IC1>Y4 (BIS—I) to
form operand address
for next C0O executed
ins@ggtion.

1
RS,

e cmbeiom

IC1>ABIl2.

t “1
scgu s gnals and Inpuﬂ

During IDL all AU and IPU registers are either recirculated

Input Even bit.

to the A Register logic.

‘Register W'Dat'\a' Réte ' !
AR Recirculated 250 ke 2 bit parallel i
BR Static , |
MR Static g |
IBR Recirculated 500 k¢ Serial f
OCR Static '
CAR Static
OcCC Static
BSR Recirculated 500 ke Serial !
IC Recirculated 500 k¢ Serial “
ABR Recirculated 500 k¢  Serial
MAR Statlc

PP

Presents even bits of program selected input registers
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Input GA Counter to A Register. Selects GA Counters to be read

into A Register. Used in GA Counter logic to cause all counter
stages to be set following readout. The GA Counter GA1l - GA 12

is read into bit positions 12 through 23 of the A Register and the

sign bit (A24) is always positive (zero). Therefore the odd numbered
bits of GA (GA1, GA3, etc.) are read into even positions of

A (A12, Al4, etc.) and vice versa.

Input MCU Data Register - Even Bits. Even bit data input line from
MCU Data Register.

Input MCU Data Register - Odd Bits. Odd bit datg input line from
MCU Data Register.

Input Command. Decoded from Operation Code Register. Used in
A Register logic to allow IE and IO to be shifted in.

Input NS Register. Selects NS Register to be read into A Register.
Used in NS Register logic to cause all register stages to be reset
following readout. The NS Register is read into bit positions 13
through 24 of the A Register.

Input NS Regiéter - Even Bits. Holds even bits of NS Reglster to
be read into A Register.

Input NS Register - Odd Bits. Holds odd bits of NS Register to be
read into A Register.

Interrupt Signal. A variable length (T > 48 us) logically generated

pulse occurring every 30 ms. Inthe compute mode (IDL = 0) INT
goes true in the middle of the Interrupt state of the 400 Cycle Counter,
and initiates the Interrupt sequence. During the Interrupt sequence
the following operations occur: 1) Program control is transferred
from location n to location 7777 where the instruction pair No Op,
TRS(AT) is stored (assuming that the Interrupt subroutine is to be
executed). 2) The incremented IC (n+1) and the BSR settings are
stored in location 0001. 3) The IC and BSR settings for the

Interrupt subroutine are obtained from location AT. 4) The subroutine
is executed. The last word of the subroutine contains a TRA (001)

- instruction which returns program control back to location n+1. For

specific dtails of timing and information flow see next page.
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(None)
[7777]

oln

CMs [1771)

"4Rn, Mn

BSR

. . Leki i ' JC_(ARn)

i

B

DT 244 1 |2 7|

Instruction Address n - :
Operand Address for left instruction from Location n
Operand Address for right instruction from Location n
Address of first location of Interrupt subroutine _
Address of Transfer Table location where new IC and BSR settings

=
i

Aln
ARn
AS

AT

0 n

i

i N, T

i
|

| INTERRUPT, TIMING AND INFORMATION FLOW - NOE*MAL OPERAT

4

:, l - -
Hk ‘ ‘ r_.w.._..,.,._. ,% - -
Mn ‘ No Op (None) * ? 1
....Ojit}... 0 i KQ op ‘C‘g{‘l‘l‘”‘ .fég.‘ \f .l'." :
"ORn 0 “'No op (n+1] AS Sh
R | R/2 ’ R CN.SLo+ 1) | |
i N TRS(AT), No op L ;
| 4 (AT) _ABR (nt1) __CMS(AS)] |
B T AT n+1 ;
\ R R - f R ! 5 g
2 e | _; ,
| Simey xcan | x
5 A - Noop | S S | L .
i g i | *
§
! ARn A - Noop n+1 | AT
' Io(ntl) ’
uit g2 walafilz vl wrmpa1 opz T o1 a3
: . ] i
1
|+
BS = Bias Register Setting -

ILn =
= Right instruction from Location n _
= Operand for left instruction from Locatipn n
ORn =

arc store

Left instruction from Location n

B e e

Operand for right instruction from Loc §ion n

&



 INTERRUPT, TIMING AND INFORMATION FLOW - NOE#IIAL OPERATION

ey b e A b 8 B S e

.

o

e

No op
¢ - No op
0 ~"No op

Crrfesfsln 2 -

S3(n+ 1)
A ~-Noop

A - No op

7 12

ORn

17 98

W nlu*ﬁ“n

24 1 |12

(None)

gnil] | :
(n+1] -

>i>
i

_CnsEot)
TRS(AT), No op

~ABR (nt1) 1

AT ] .n 41

| R f

IC (\T)

ntil

n+1

CIo(uil)

——

17, 24,; 1

Bias Register Setting ; ~

- Left instyuction from Location n

Right {nstruction from Location n
srand for left instruction from Locaé

13 113

AT

——

17 18

Operand for right mstmﬁﬂﬂ from Loockon

m& nG@

_. ,‘ 12 ar

23 24 1

.
- s . van e i
. A o ot

MR“ (x;+ '~1" BSa)
[ 0001 ]

3

g

i

i
{
i

R
R
R | i LR
;s& AL - A
| ooo1

0001

BSa
i2 17 18

B sy, ey

wul 12 1

R S

o]

8 ‘ - !
o e e b G R S48 e o 2 o
|

D SRR S . b
|

48

SODCINIHPSC P EAS SN E ORI P R s o

: B

5 et ¥ ke et o s R |
| ;

b e e SR

!

IL ~ AS

OL - AS

OL - AS
R

QAR AS)
AS

i
’ R
: ;

S3(AS+ 1)
AL - AS

AL - AS

1 Mot i*-‘s‘ reg&eter WS
alfgo "ation of register contents

‘Inst. Executed

o
Ifﬁgh& .
c .
3SR R
ABR

MAR

MR

DT
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1,11 Interrupt Control Flip-Flops. Used to synchronize the Interrupt
state (from the 400 Cycle Counter) with the OCC and to define the
intervals at the Interrupt sequence. The Interrupt sequence is
inhibited (at the beginning of C1) if a long command is not in its
last word time of execution or if a transfer or a JOM is to be
executed in the following CO. See timing chart on preceeding page.

1,11 MCUINT Storage Flip-Flop. Kemembers the MCU Interrupt signal

until the Interrupt sequence can be initiated. Used in INT logic.

- 3.8 Input Odd Bit. Presents odd bits of program selected input registers

to the A Register logic.

5 1.0 Instruction Processing Unit.

~ 3.5.3 Star Scanning Mode Flip-Flop. Set code 7311. Reset when the

Scanner Servo Positioned Flip-Flop is set (8SP=1). Also reset by

. MOF or DOF. Used in Star Scanner logic to enable carry (SC)
and borrow (SB) pulses to be generated for incrementing or
decrementing the NS Register and to enable the Output Pulse Gates.

| 3.5.3 Ixiput 8W Register. Selects the SW Register to be read into the A

Register. Used in SW Register logic to cause all register stages to be
~ reset following readout. The star pulse width information is read into
- bit positions 1 through 4 of the A Register. Bit positions 5 through 24
- are made zero.

'3.53  Input SW Register - Odd Bits. Holds the odd bits of the SW Register

to be read into the A Register. . +
3. 1. 1 U Accelerometer Quadrature and Reference Signals. Variable frequency
‘8.1, 1 square wave input signals indicating sign and magnitude of change of

| velocity along the U Axis. See AUQ1, AURL

3.1.2 Input UV Register. Selects the UV Register to be read into the A

' Register. Used in UV Register logic to cause all register stages to be
. reset following readout. The U Accelerometer count is read into bit

' positions 1 through 9 of the A Register with the sign bit (position9)

. extended into positions 10 through 12. The V Accelerometer count is

' read into bit positions 13 through 21 with the sign bit (position21)
extended into positions 22 through 24.
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V Accelerometer Quadrature and Reference Signals, See
AVQ1l, AVRI,

Input WD Register. Selects the WD Register to be read into the

A Register. Used in WD Register logic to cause all register
stages to be reset following readout. The W Accelerometer count
is read into bit positions 1 through 9 of the A Register with the sign
bit (positicn 9) extended into positions 10 through 12, The delta t
count is read into bit positions 13 through 21 (sign always positive),

W Accelerometer Quadrature and Reference Sigrals, See AWQL,
AWR1,
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IS | 1.8 | JOM Contr®l Flip~-Flop. Set at the beginring of DTI1C if a Jump-~
v on-Miaus (JOM) command 18 next to be executed, Uses in the
T . X4 logic to extend tie sign of thie ® bit JOM adiiress fiel ! iu

-+ forming tue effective adiress of the jump locatior.

w

JC

JMP L 1,3 Jump Sigral. Deccded from the Operation Coue Register, Conci-
T tional or tae A Register belug negative (A24=1), Usc. to inhibit

. the AXR will not eiange ~uriug C1 and tiie memory conteuts

. ' accessed .uring the followiny C2 will be from the JOM effective

address., Therefore program control will be transferred to the

JOM effective address, If JMP = 1 duriug CO (right code. JOM)

¢ the AZR will net change curing CC anc the memory cortents accessed

¢ during the following C1 will be from the JOM effective ac.ross. TLis

- . has the effect of chaugiug tiie operand address of the lcft codes

(o ! instructior follewing a right codec JOM to the JOM effective aliress

‘ i but does uot affect program coutrel., If the left cocied iustruction

i following a right coded JOM is a TRA, TRS or TRM, the JOM

effective addresg will be accessc msteal of the specified transfer

table address, thoreby giviig all memory locations the capability of

being used as trausfer table locations.

JN L 1.4 ? JOM next CC or Cl. Decoded from operation code fiel ! of I':R,
; Used iz MDTN te irhibit the Interrupt sequence, Also used in
: setting JC and IS,
JOM i ' Jump-aon-Minus Command, An operation code not explicitly decoded
1 but used in formiug JMP, If the jump is exccuted (A24=1), cither
program cortrcl is transferred or the operand address of tiic fellowing
instruction is modified (see JMP), The locatiun of the junip or
operand alddrese is rclative to the Instruction Counter witi; a raug
of 4127 to =128, If the jump is not exccuted (A24=() the effect 15
essentlally the same as if ne cperation had beun Ccoied,
¢
LE L 3.5,2 Altimeter “orrow. A 2 us pulse oceurring ouce for every Negative
: Altimeter pulse (NAL), synchrouized witi the Worc Counter
(WC1, WC2) anu: the digit time to occur at the proper time to “ecre-
ment the Altimeter segment of the NS Register (See HBI). Use: in
the HBKL anit HBL1 logic.
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{ ,
“LBT 3 L 2,7 . Last Pit Time, A one miorosecond pulse ocourring every 13 us
; ? during MPY and every 12 us during all other operations. Decoded
f from Multiply-Divide Bit Counter (MC1-MC4), Indicates the last
: . bit time of the 13 us multiply cycle and the 12 us divide cycle,
f 5 Used in MPY to provide timing for 1) extending the sign bit of the
\ f . right shifted partial product in the A Register, 2) placing the

: . least significant bite of the partial product in the most significant
i end of the B Register, 3) setting up the Multiply Control Register
(D1-D3)for the following cycle and 4) resetting the Carry flip-
flop (CY1)., Used in DIV to provide timing for 1) placing the most
significant bit of the E Register (initially containing the last
significant half of the dividend) into the least significant end of the
A Register, 2) setting up the Divide Control flip-flop (DC) aud
3) resetting the Carry flip-flop (CY1),

LC L 3.5.2 | Altimeter Carry, Same as LB for Positive Altimeter pulse @AL)
! Used in the HBK1 argd HBC1 logic,

LDA L 1.3 | Lon,d Accumulator Register Command, Decoded from Operation
- f Code Register. Used in A Register logic to allow information from
specified memory location to be read into A Register.

| Negative Altimeter Pulse Synchronizing Flip-Flops. Provide a
single computer synchronized pulse for each negative altimeter

. pulse (NAL),

i \ ' \

LP1 = S 3.5.2 | Positive Altimeter Pulse Synchronizing Flip-flops, Provide a single
: - i computer syncrhonized pulse for each Positive Altimeter Pulse (PAL),

LNL . § 3.
LN2 8 3.

or n
o o
N o

'LRS L 1.3 Long Right Shift Command. Decoded from Operation Code Register.
‘ : Used to coutrol gating in AU and IPU for execution of LRS command,
. Prior to the execution of LRS the address field of the LRS tustruction
f (in IB13-IB18) 18 parallel trausferred to CA1-CA6 (See CA1-CAS6).
During DT1 through DT12 the Control Counter is decremented at a
| 1 moc rate and the combined A and B Reglsters are shifted at 1 mc,

| two bits at a time, sign bit extended, until CA1 through CAG are all
zero. During DT13 through DT24 if CA6 = 1 the combired A And B
’ : Registers are rotated, bypassing the sign bit podtion of the B
‘ . Register (B24), to acoomplish the one bit right shift, With the last

R | clock pulse of the rotation (SCF=1) the sign bit (in Bl is placed in

- | both A24 and B24,

MA | S 2,3 | M Reglster Odd Bit Delay Flip-Flop. Copies M1 during MPY, PCT%,
: ' Used as an additional stage in the rectroulation path of the odd M
Regster so that the muluplloand will nqt precess during the 13 us

multiply cycle.

MAC'! L 3.9 Manual Input Scanner Discrete Output, Code 7354.
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1240 * Régidter dated Clock. Cau 3R to be parallel transferred
PR 3:;;7 ' the MAR at the middle of eve .
¥ i
i 1. 10 .noj& \&.%bb R’%ﬁ_g m - VA 12)
110 Mol A ress Reglstvr & 12 bit parallel access register used
@ » holst the adiiress of the instruction or operand during the word tlme
[A12 S 1,10 Rhat the instruction or‘opegand is being read out.
VR 'S 12.3 M,Rtgn,mr Ex en Bit Delay Flip-flop. Copies M2 during MPY. PC7*.
U&.ed as an additional stage i« &e recirculation path of the even M
egister so that the multiplicand will not precess during the 13 us

multiply cycle.

; QKIBE L : Modify Bias Register Command. Decoded from the Operation Code
't . ; | Register. Used in the Bias Register logic to cause the Bias Register
; ; & based effective address to replace the contents of the Bias Register.
) . ;! Modification niay be in the range from +31 to -32 of the existing Bias
b L i Register contents.
omm
i ¥ MC(KE’ 4 Lapd MC Gated Clock. Causes the Multiply-Divide Bit Counter to shift at
e B gl mc at all times other thag when the counter is in the FBT state
during PC7. *
MCU ! E F: Manual Control Unit
LE e ‘
MC1 ; % &7 Multiply-Divide Bit Counter. -
MC2 S 2.7 A 4 stage. 1 mc serial counter MC IMC2MCAMC4MPY DIV
MC3 i ; 2.7 having 12 states during DIV.pc7* | 1 | 0 +0 |3 | 1} 1 FBT
MC4  }§ | 2.7 and 13 states at all other times. 1{1 00 | 212
! Used to define the 12 ps add cycle 0 ] j 0
during DIV and the 13 pus add cycle et 110 2 3 “
during MPY. Normally, the counter | 1 L 0 11 11 414 -
is free running until PC7. FBT=1. 1 4 140 ;1 5,5 |
When PC7*=1 it resumes counting | 1 ' 1 |1 {o | ¢ ¢ !
and if DIV=1 it skips the 0000 state. ek EUUIE IS SR )
: 01 1 1 7 |
0{0 1 }1 |88
‘ 010 :0 1 9 9 ¢ R
0,0 0 (0 |10
110 0 o 11} 10
011 jo o jrzpan ¢
0 ' 0 {1 o |13{12 | LBT
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MDTN

MGC

MOF

MPY

MR
MRD

MRE

L

1.4

1 2.3

¢ 2,

L 3.

W W ww
S O ©

N o W

1.

3

9

1

N S v A N2 1 e

Multiply, Divide, Transfer or Jump Next CO or C1. Decoded

from IBR. Used in setting CA1 - CA3 prior to execution of
MPY, DIV, TRA, TRM, TRS and JOM. Also used to inhibit
the Interrupt sequence. '

M Register Gated Clock. Allows the M Register to be shifted
only when used. The M Register shifts at 1 mc during the add
cycles of MPY and DIV and when it is used as a buffer for the
Instruction Counter during the Interrupt sequence. It shifts at
250 ke while accepting operands from memory during the first
word of MPY and DIV and during TRS when it is used as a buffer
for the Bias Register and Instruction Counter.

Memory Off Signal. Generated by MCU. MOF = 1 when memory
is not operational. Used to turn off certain Discrete Output and
Control Flip-flops.

Multiply Command. Decoded from Operation Code Register. Used
to control gating in AU and IPU for execution of Multiply command.
During MPY the Operation Cycle Counter remains locked in either
CO or C1 and the Control Counter counts down to three (PC3=1) from
its initial setting of 7 (PC7=1) at the word time rate. The multiplier
is assumed to be in the A Register at the beginning of PC7. The
multiplicand is shifted into the M Register from memory during PC7
while the multiplier is shifted into the B Register and the A Register

- is reset. At the end of PC7 the Multiply Control Register (D1-D3) is

set up for the first add cycle. During each of the first 11 add cycles
(W24=1) a new partial product is formed from the previous partial
product (in the A Register) and the multiplicand and placed in the A
Register, shifted two bits to the right. The two low order bits of

each partial product are placed in the high order end of the B Register,
replacing used multiplier bits. During the last add cycle (W25=1) the
new partial product is shifted one bit to the right and becomes the final
product. During the last 18 digit times of PC3 the registers are held
static, with the sign bit of the product in A24 and B24, the most
significant half of the product in A23 through A1 and the least signifi-
cant half in B23 through B1.

M Register (M1 - M24)

MAGIC Read Discrete Output. Code 7372

Memory Read Flip-Flop - Even Bits. Copies the even bit discriminator
output at strobe clock (CPS) time.
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MRO } S 1.1 Memory Read Flip-Flop - Odd Bits. Cop1es the odd bit discriminator,
; output at strobe clock (CPS) time.

MSK 'L | 1.3 i Mask Command. Decoded from Operation Code Register. Used in the

. A Register logic to cause the contents of the A Register to be replaced '%
. with'the logical and of the A Register contents and the specified memory
E ~ location contents.

[ M1 ¢S {2.3 Multiplicand - Divisor Register. A 24 bit register used in the execution
f ! o ~ of MPY, DIV, TRS and in the Interrupt sequence. May be considered

i : as two 12 bit shift registers with a common gated clock, one register

I : "~ holding the even numbered bits and the other register holding the odd

M24 S 2.3 numbered bits.

NAL , I | 3.5.2 Negative Altimeter Pulse Input. A 75 + 25 us pulse occurring each
time the altimeter senses a unit change in the negative direction.

NAV 1 i 2.8 Earth Navigation Mode Discrete Input. Code 7216.

NCP S , " Near Check Point Discrete Output Flip-flop. Set Code 7310. Reset

. code 7330. Also reset by MOF.

NOD 1 1 3.5.2 : Negative Odometer Pulse Input. A 75 + 25 us pulse occurring each
: . time the odometer senses a unit distance change in the backward
' direction.
' NORMINT FT 0111 ' Normal Interrupt Signal from MCU. Used in the INT logic to enable

the computer generated interrupt.

: ; '
i NSGC L :3.5.1 NS Register Gated Clock. Allows the NS Register to shift at 500 ke

|
; when it is being recirculated, incremented, decremented or cleared.

i i

i [ ' .

: NSZ ] : 3.5.31 NS Register Zero Detector. Used in the Scan Mode Control logic to set
©d iSSP when the NS Register reaches the all zeroes state during GPM or

i SEM.

; NS1 "8 3.5.1 Earth Navigation, Star Scanner and Extrapolator Register. A‘12 stage

' | ; serial shift register used as 1) an accumulator for the odometer and
' altimeter pulses during the Earth Navigation Mode, 2) an up-down

: counter for the Star Scanner Servo Control and 3) an extrapolator for
‘ l x generating the Sustainer Cut-off signal (SCO). The NS Register time
NS1i2 "~ 8 ! 3.5.1 shares Half Adder B for incrementing and decrementing. See HBL

o s e e
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ORGC
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Odometer Borrow. A 2 us pulse occurring once for every Negative
Odometer Pulse (NOD), synchronized with the Word Counter (WC1,
WC2) and the digit time to occur at the proper time to decrement the
Odometer segment of the NS Register. Used in the HBK2 and HBB2
logic.

Odometer Carry. Similar to OB for Positive Odometer pulse (PCD).
Used in HBK2 and HBC2 logic to increment the NS Register.

Operation Cycle Counter (C1, C2)

Operation Code Register (OR1-OR6)

Odd Digit Time. A 250 kc square wave, true in all odd numbered
digit times.

Output A Register to NS Register. Used in NS Register logic to
cause the 12 least significant bits of the A Register to be read into
the NS Register. '

Negative Odometer Pulse Synchronizing Flip-flops. Provide a single
computer synchronized pulse for each Negative Odometer Pulse (NOD).

QOutput Processing Unit

OCR Gated Clock. Provides a clock pulse for the parallel transfer of
the order code field (IB19-1B24) of the IBR to the OCR.

Operation Code Register. A 6 bit register used to hold the commands
during execution.

Output A Register to TA Register. Used in TA Register logic to
cause the information in A1 - A7, A9 - A15 and A17 - A23 to be read
into the TA Register.

Output Command. Decoded from the Operation Code Register. Used
in the A Register logic to cause the register to recirculate.

Positive Altimeter Pulse Input. A 75 + 25 us pulse occurring each
time the altimeter senses a unit change in the positive direction.

Positive Odometer Pulse Input. A 75 + 25 us pulse occurring each time
the odometer senses a unit distance change in the forward direction.
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RDI

RED

RTE

SAC

SAF

SB

SBR

L ST S

[9V]
[%)]
w

1.1

3.9

1.3

1.3

Read Drive Inhibit Flip-flop. Used to inhibit the memory read
currents when information is not being read. Set after the first
word of MPY, DIV and IDL. .

Ready to Launch Discrete Output Flip-flop. Set code 7312. Reset
codé 7332. Also reset by MOF. .

Rotate Command. Decoded from Operation Code Register. Used

to control gating in the AU and the IPU for execution of RTE conmmand.
Prior to the execution of RTE the address field of the RTE instruction
(in TB13 - IB18) is parallel transferred to CA1 - CA6. During DT1

. through DT 12 the Control Counter is decremented at a 1 mc rate and

the combined A and B Registers are rotated two bits at a time, by-
passing the sign bit position of the B Register (B24), until CA1 through
CAS5 are all zero. During DT13 through DT24 if CA6 =1 the combined
A and B Registers are again rotated to accomplish the one bit right
shift. The sign bit of the B Register is made the same as the sign bit
of the A Register.

Sign Azimuth Coarse Flip-flop. Set code 7301. Reset by CSR. Used
in the Output Pulse Gate logic to select either CAN or CAP.

Sign Azimuth Fine Flip-flop. Set code 7303. Reset by CSR.

Used in 1) the Output Pulse Gate logic to select either FAN or FAP,

2) the Carry and Borrow logic (SB, SC) to cause the NS Register to
increment or decrement and 3) the Coarse Pulse Control (SJ1, SJ2)

in selecting whether a 0 to 1 change or a 1 to 0 change in NS7 will cause
a Goarse Output Pulse.

Star Scanner Borrow. A 2 us pulse occurring every 7.5 ms while the
NS Register is non zero in 1) the Gross Positioning Mode or 2) the

Star Scanning Mode if either the Azimuth or Elevation fine Eanble (EAF
or EEF) has been set and the corresponding sign flip-flop (SAF or SEF)
is true. The pulse is synchronized to occur at the proper word time to
decrement the NS Register (See HBI). Used in HBK1 and HBB1 logic.

Set Bias Register Command. Decoded from Operation Code Register.
Used in the Bias Register logic to cause the 6 most signficant bits of
the Bias Register to be replaced by the address field of the SBR
instruction and the 6 least significant bits replaced by zero.

1
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SC

SCF

SCO

- SCP

SCS

SC1
SC2
SC3
SC4

SDP

SD1

SE

SEC

L

HE e

T b

- 3.5.3

| 8.5.4

3.9

1.4

3.56.3

Star Scanner Carry. A 2 us pulse occurring every 7.5 ms while

the NS Register is non zero if either the Azimuth or Elevation Fine
Enable (EAF or EEF) has been set and the corresponding sign flip-
flop (SAF or SEF) is false. The pulse is synchronized to occur at
the proper time to increment the NS Register (See HBI). Used in
HKBL1 and HBC1 logic.

LRS and RTE Odd Bit Shift Sign Control Flip-Flop. SCF=1 during the
Tast half of DT24 if an add LRS or RTE is specified. Used in the A24
and B24 logic to extend the sign bit for the LRS precession.

Sustainer Cut Off Discrete Input. Code 7226. An internally generated
signal indicating that the NS Register has reached zero in the
Extrapolator Mode.

LRS and RTE Precess Control. True during DT13-24 of LRS or RTE
if an odd shift is specified. Used in A and B Register Logic to cause a
one bit gight precession of the operand in the combined A and B Registers.

LRS and RTE Shift Control. True during DT1-12 of LRS or RTE until the
rightmost § bits of the Control Counter (CA1-CAJ)are zero. Used in the
Control Counter Logic to enable the counter to decrement and in the A
and B Register Logic to cause the operand to be right shifted or rotated.

Secondary Counter States. Decoded from CA4-CA6. Used in Input-Output
Addressing. .

Star Detection Pulse. A variable length signal from.the Star Scanner
indicating the presence of a star or noise. Used in the Carry Flip-
flop (S8HC) logic for the Pulse Width Counter and in the Scan Control
Counter (SK1, SK2)

Spare Discrete Output Flip-Flop No, 1. Set code 7314. Reset code
7334. Also reset by MOF, ' '

End of Short Command or End of Last Word of Long Command. A 2 ps
pulse used in effecting the parallel transfer of the instruction in IB13-IB24
to the Operation Code Register (OR1-OR6) and the Control Counter
(CA1-CA8) '

Sign Elevation Coarse Flip-Flop. Set code 7305. Reset by CSR. Used
in 1) the Output Pulse Gate logic to select either FEN or FEP, 2) the
Carry and Borrow logic (SB, SC) to cause the NS Register to increment
or decrement and 3) the Coarse Pulse Control (SJ1, SJ2) in selecting
whether a 0 to 1 change or a 1 to 0 change in NS7 will cause a Coarse

_Output Pulse.
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SEM j S ! 3. 54 Start Extrapolator Mode Flip-Flop. Set code 7350. Resét by MOF
Lo - or DOF. Enables EB to decrement NS Register.
S | :
SHC 8 v 3.5.3 Start Pulse Width Counter Carry Flip-Flop. Produces a 2 to 8 ps
' i - signal every 7.5 ms while the Star Detection Pulse is true (SDP=1),
Used in SHS to cause incrementation of the Star Pulse Width Counter.
SHS =~ L . 3.5.3 Jfitar Pulse Width Counter Half Adder. Used to recirculate or increment

the Star Pulse Width Counter (SW1-SW4),
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Coarse Pulse Control Flip-flops. Used to detect a change frorh

0 to 1 in NS7 if the NS Register is being incremented (SAF*.SEF*=1)
or a change from 1 to 0 if decremented, during the Scan Mode
(ISS=1). SJ2 produces a 46 us pulse for each such change which is
directed to the Coarse Pulse Output Gates (CAP, CAN, CEP, CEN).

Scan Control Counter. Used to control the operation of the Star

Pulse Width Counter (SW1-SW4) and the Scan Past Counter (SP1-SP4)
during the Star Scan Mode (ISS=1)

State| SK2| SK1 Operation
0 0 0 Increment SWC every 7.5 ms if SDP=1.
Go to state 1 if ISS=1 and a count of 2 is
in the Star Pulse Width Counter (SWC).
(A count of 2 or more in the SWC is the
condition for a valid star pulse)
1 0 1 Continue incrementing SWC until SDP=0,
then go to state 2.
2 1 1 Step SPC every 7.5 ms until it returns
to SS7 (15 states), then go to state 3 ,
3 1 0 Set SSP. Return to state 0. ) )!

Scan Past Counter (SP1-SP4)

Scan Past Counter Gated Clock. Provides clock pulses for shifting

the SPC every 7.5 ms (if SK2=1) or every DTG if it is not in its
initial state (SS7) and SK2=0.
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SP1
SP2
SP3
SP4

SSp

SS7

STA

STO

v wvwn

@ e e
(2 RS S
Lo W

3.5.3

309

1.3

W W

€1

SP»i4 131211
SS7 0111111
SS8 0{0i1 {1
SS9 01010 |1
Scan Past Counter. A 4 stage, 15 state Johnson SS10 0101010
" type counter used to define a 112.5 ms overshoot ss11 1100 o
past the trailing edge of the star pulse (SDP) in e :
the Star Scan Mode (ISS=1). Before a star is SS12 10, 1]010
detected the counter is initialized to state SS7. SS13 /1,010
After the fall of the star pulse it steps through the 5514 |0 { 1{0 ! 1
sequence as shown, returning to SS7, and indirectly
causing the Star Scan Mode to be terminated. 5815 ;0104110
SS1 1:0{0! 1
SS2 1:¢1107) 0
SS3 (01 1f10,
S84 (1101101
8s5 {1i1i0}1
SS6 f1;1{1]0
SS7 j0i1t1}1
i ' | i '
) 1l - " . !

'Scanner Servo Positioned Flip-flop. Set at the end of the scan

past the star pulse during ISS, or when the NS Register goes to
zero during GPM or SEM. Used to reset the Enable flip-flops
(EAC, EAF, EEC, EEF) and the Mode Control Flip-flops (GPM,
ISS), and in setting the EXO flip-flop.

Scan Past Counter State 7. Decoded from the SPC. '

Staging Discrete Output Flip-flop. Set Code 7352. Reset by

MOF or DOF.

Store Command. Decoded from OCR. Used in A Register and Core
Memory logic. During STO the A Register is recirculated and
Al and A2 go into CMO and CME.
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Star Scanner Output Pulse Synchronizing Flip-flops. ST1 produces

a 46 us pulse every 7.5 ms during GPM or ISS and is the basic

timing pulse for the Star Scanner logic. ST2 prevents ST1 from being
set more than once during the 7.5 ms interval. )

Subtract Command. Decoded from OCR. Similar to ADD except that
the contents of the selected memory location are subtracted from the
contents of the A Register.

Star Pulse Width Counter. (SW1-SW4)

Star Pulse Width Counter. A four stage shift register using a unity
adder (SHS) for incrementation. Used to accumulate the number of
ST1 pulses occurring while SDP=1. The register is cleared to
zero as its contents are read out during ISW.

Secondary Counter State Zero. Decoded from CA4-CA6. Used in
Input/Output Addressing.

Spare Discrete Inputs.

AU 0Odd Bit Adder. Produces the odd sum bit during ADD, SUB, MPY
and DIV. Used in the A Register logic.

AU Even Bit Adder. Produces the even sum bit during ADD, SUB,
MPY and DIV. Used in the A Register logic.

S2 Delay Flip-flop. Delays S2 for fow us. Used in A Register logic.

Instruction Counter Half Adder. Produces the incremented IC
contents to be read into the ABR during C1.

Operand Address Adder. Produces the effective address of the |
operand for the instruction to be executed during the following CO or
C1l. Addresses computed during CO go directly to the ABR. At the
end of# he address is parallel transferred to the AR and the con-
tents le effective address are accessed during C1. Addresses
computed during C1 are buffered in the IC for a word time and go to
the 4BR during C2 to cause operand selection during CO.
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Target Scanner Discrete Qutput. Code 7356.

TA Register Gated Clock. Produces 21 clock pulses per word time
for shifting the TA Register when it is being recirculated, incre-
mented or initialized.

Target Data Discrete Input. Code 7270.

Gyro Torquing and Autopilot Register. A 21 stage shift register used
to accept program computed output values for Gyro Torquing and
Autopilot Control. During Earth Navigation and Preflight, three

seven bit values corresponding to changes in the torque for three

axes are sent to the TA Register and incremented or decremented at
133 ke. During flight, three seven bit values corresponding to steering
error are sent to the TA Register and held until replaced.

Gyro Torquer Borrow Pulses. Produce a 2 us pulse every 7.5 ms,
synchronized to occur at the proper time to increment a seven bit
segment of the TA Register (See HBI).

Transfer Address Control Flip-flop. Set at the beginning of DT10

if the next command to be executed is a TRA, TRM or TRS. For
these commands the rightmost 8 bits of the instruction are treated
as an absolute address. Therefore TC is used to prevent X4G from
turning off until the end of DT 15 and to inhibit the Complement
Control Flip-flop (CC) from being set.

Gyro Torquer Carry Pulses. Similar to TB1, TB2. Used to
decrement a seven bit segment of the TA Register.

Time Marker Discrete Input. Code 7272.

Gyro Torquer Control Flip-flops. Produce a control sequence every
7.5 ms. Used in the generation of the Gyro Torquer Carry and
Borrow pulses and the Gyro Torquer Output Pulses.

DT 23 24 | 1 2 23 24 |1 23 24!1

TK3 ’ |
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Gyro Torquer Inhibit Flip-flops. Detect zero in each of the three
seven bit segments of the TA Register corresponding to the X, Y
and Z axes. Used to inhibit the corresponding Carry, Borrow and
Output Pulses.

Tordquer Pulse Gate. A state of the Control Flip-flops (TKZ-TK3)
used in the Gyro Torquer Output Pulse Gates.

Transfer Absolute Command. Decoded from OCR. Used in IPU
logic. Prior to execution of TRA the Control Counter (CA1-CA3)

is initialized to PC7. During the three word times required for

TRA it counts down to PC5. During PC7 the contents of the Transfer
Table location specified in the 8 bit address part of the instruction
replace the contents of the Bias Register and the Instruction Counter,
and the ABR accepts the new Instruction Counter setting. During
PCG the instruction pair in the first transfer location is read into the
IBR and during PC5 the effective address of the operand for the left
hand instruction is computed.

Transfer on Minus Command. Decoded from the IBR and the sign

bit of the A Register (A24). TRM is used to force the OCR to the
TRA 'state if the sign of A is negative (A24=1). If A24=0, no command
is executed.

Transfer to Subroutine Command. Decoded from OCR. Used in IPU
logic. Same as TRA with the following exceptions: 1) During PC7 the
contents of the Bias Register and the Instruction Counter are sent to
the M Register 2) During PC6 the ABR is cleared to zero 3) During
PC5 the contents of the M Register are stored in location zero. If
TRS is left coded in location n, the unincremented IC(n) will be

stored. If TRS is right coded, the incremented IC (n+1) will be stored.

Target Selection Discrete Inputs. Codes 7274 and 7276.

Gyro Torquing Polarity Control. Detect the sign bits of each of the
three seven bit segments of the TA Register corresponding to the X,
Y and Z axes. Used in Carry/Borrow selection, Output Pulse
selection and zero detection. ’

Gyro Torquing Output Pulse Gates. Produce 46 us pulses every 7.5 ms
when the corresponding mhibit Flip-flops are false. Negative (N) and
positive (P) pulses are mutually exclusive for each axis.
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U Axis Accelerometer Quadrature Signal Input. See AUB.

U Axis Accelerometer Reference Signal Input. See AUB.

UV Register Gated Clock. Produces two groups of nine 1 mc clock
pulses for recirculation and incrementation and two groups of nine
500 ke clock pulses for readout to the A Register.

UV Register. An 18 bit shift register used to accumulate pulse
counts for the U and V axis accelerometers. The UV Register is

" addressable as an input to the A Register and is cleared to zero

on readout.

V Axis Accelerometer Quadrature Signal Input. See AUB.

V Axis Accelerometer Reference Signal Input. See AUB.

Word Counter. A two stage, four state binary counter providing
timing signals for 1) control of time sharing of Half Adder B and
2) synchroniztion of input signals.

DT 24 1 24 1 24 1 24 1 24 1
wcip | 1 I T
wer ] N o
wC2P N 1

wcz | | r

WD Register Gated Clock. Produces two groups of nine 1 mc clock
pulses for recirculation and incrementation and two groups of nine
500 ke clock pulses for readout to the A Register.

Word Step Signal from MCU.

Write Drive Inhibhit. Copies RDI at DT1. Used to inhibit write
currents during MPY, DIV and IDL.

WD Register. An 18 bit shift register used to accumulate pulse
counts for the W axis accelerometer and real time. The WD Register
is addressable as an input to the A Register and is cleared to zero
on readout.
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wQ Tl 3.1.1 W Axis Accelerometer Quadrature Signal Input. See AUB.

W _Axis Accelerometer Reference Signal Input. See AUB.,

WR I 3.1.1

WS S |1.13 ; WDSTEP Sync. Flip-flop. Synchronizes the WDSTEP signal from
. the MCU with the computer word time. Used in IDL logic to enable
one operation cycle and return to C2.

W24 S | 2.4 . Words 2 through 4 of MPY. Set at the beginning of the second word of
‘  MPY (PC6) and reset at the end of the 11th add/subtract cycle. Used
in A, B and M Register logic to control clocks and inputs.

W25 S | 2.4 Last cycle of MPY. True during the last 13 us add/subtract cycle of
- MPY. Used in A, B, and M Register logic to control clcc ks and inputs.

w27 S { 2.5 + Words 2 through 7 of DIV. Set at the beginning of the second word of
| DIV (P€6) and reset at the beginning of the 8th word (CZ=1). Used in
g © A, B, and M Register logic to control clocks and inputs.

XAB | L | 1.3 Exchange A and B Registers Command. Decoded from OCR. Used
' in A and B Register logic. During XAB the contents of the A Register
are replaced with the contents of the B Register and vice versa.

0Odd Bit Adder Augend Input. Presents the odd hit of the augend to the
Odd Bit Adder (S1). During DIV the one bit left shifted contents of the

A Register is the augend input. For the Odd Bit Adder this data appears
in AB. During MPY. LBT the sign of the contents of the A Register is
extended. This data also appears in AB. During MPY.LBT*, ADD

and SUB, Al is the odd augend input.

X1 L} 26

BT T a N

bt - P I A

X2 - L} 2.6 Even Bit Adder Augend Input. Presents the even bit of the augend to
the Even Bit Adder (S2). The one bit left shifted A Register contents.
appears in Al during DIV and the extended sign bit appears in AB
during MPY. LBT. During MPY.LBT*, ADD and SUB, A2 is the even
augend input. ‘

X4 L] 1.8 Operand Address Adder Addend Input. Presents the address field of
the next command to be executed to the Operand Address Adder. Also
presents "1" bits for extending the sign or for producing a 778 or 768

in the 2 MSD's of the address for absolute addressing.

X4G St 1.8 X4 Gate Flip-flop. Used to inhibit X4 during DT 15 if the next corhmand
is not a transfer and does not refer to working storage (77XX8 or 76XX8).
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Odd Bit Adder Addend Input, Presents the odd bit of the addend
to the Odd Bit Adder (S1). During MPY. LBT* either the multiplicand
(if D1=1) or the one bit left shifted multiplicand (if D2=1) is the
addend input. For the Odd Bit dd r this data appears in either

M1l or MB., During DIV the s the addend input and appears .
in M1. During ADD and S O is the addend input.,

Even Bit Adder Addend fnput. esents the even bit of the addend
to the Even Bit Adder (S2). During MPY, LBT* this data appears
in M2 (If D1=1) or in M1 (if D2=1), During DIV the divisor data
appears in M2, During ADD and SUB, MRE is the addend input.

Operand Address Adder Augend Input, Presents the contents of
aither the Bias Register (BSR) or the Instruction Counter (IC) as the

basis of the effective address of the operand for the next command to

be executed,

Y4 Gate Flip-Flop, Used to enable Y4 if the next command is a core
reference command or a JOM,




