
SDS 930 COMPUTER 
EXAMIN ER DIAGNOSTIC SYSTEM 

TECHNICAL MANUAL 
SDS 900097A October 1964 

(Volume II) 

LOGIC BY INSTRUCTION NUMBER, PHASE, AND CLOCK 

SCIE NTIF IC DATA SYSTEMS/1649 Seventeenth Street/Santa Mon ica, Co I iforn ia 

Printed in U.S.A. @1964 Scientific Data Systems, Inc. 





CONTENTS 

Page 

INTRODUCTION 1 

INSTRUCTIONS 3 

OP Code Mnemonic Address Name 

00 HLT Halt 3 

01 BRU Unconditional Branch 7 

01 BRU* Unconditional Branch, Indirectly Addressed 9 

02 EOM 20001 Reset Overflow 12 

02 EOM 20002 Enable Interrupt 13 

02 EOM 20004 Disable Interrupt 14 

02 EOM 20010 Set Overflow if X14 /; X15 15 

06 EOD 2010X Set Bank Register 2 = X 16 

06 EOD 202XO Set Bank Register 3 = X 17 

10 MIY Memory to Y Buffer When Ready 18 

12 MIW Memory to W Buffer When Ready 22 

13 POT Parallel Output When Ready 26 

14 ETR Extract 30 

16 MRG Merge 33 

17 EOR Exclusive II or" 36 

20 NOP No Operati on 39 

23 EXU Execute 40 

30 YIM Y Buffer Into Memory When Ready 41 

32 WIM W Buffer Into Memory When Ready 45 

33 PIN Parallel Input to Memory When Ready 49 

35 STA Store A 53 

36 STB Store B 56 

37 STX Store X 59 

40 SKS 10400 Channel Inter-record Test (W Buffer) 62 

iii 



CONTENTS (Cont. ) 

Page 

OP Code Mnemonic Address Name 

40 SKS 10500 Channel Inter-record Test (Y Buffer) 64 

40 SKS 20001 Skip if Overflow Not Set 66 

40 SKS 20002 Skip if Interrupt Disabled 68 

40 SKS 20004 Skip if Interrupt Enabled 70 

40 SKS 20010 W Buffer Error Test 72 

40 SKS 20020 Y Buffer Error Test 74 

40 SKS 20040 Sk i P if Breakpoi nt 4 Not Set 76 

40 SKS 20100 Skip if Breakpoi nt 3 Not Set 78 

40 SKS 20200 Sk i P if Breakpoi nt 2 Not Set 80 

40 SKS 20400 Skip if Breakpoint 1 Not Set 82 

40 SKS 21000 Skip if W Buffer Ready 84 

40 SKS 22000 Skip if Y Buffer Ready 86 

40 SKS 24000 Power Off Test 88 

40 SKS 40001 Skip if Not Bank Register 2 90 

40 SKS 40002 Skip if Not Bank Register 3 92 

41 BRX Increment Index and Branch 94 

43 BRM Mark Place and Branch 97 

46 CLX 00000,2 Clear X 100 

46 CLA 00001 Clear A 101 

46 CLB 00002 Clear B 102 

46 CAB 00004 Copy A into B 103 

46 CBA 00010 Copy B into A 104 

46 CBX 00020 Copy B into X 105 

46 CXB 00040 Copy X into B 106 

46 RCH 00100 Copy least significant 9 bits only 107 

46 CXA 00200 Copy X into A 108 

46 CAX 00400 Copy A into X 109 

46 CNA 01000 Copy Negative of "A into A 110 

50 SKE Skip if A Equals M 111 

IV 



CONTENTS (Cont. ) 

Page 

OPCode Mnemonic Address Name 

51 BRR Return Branch 115 

52 SKB Skip if Band, M Do Not Compare Ones 117 

53 SKN Skip if M Negative 121 

54 SUB Subtract 125 

55 ADD Add 128 

56 SUC Subtract With Carry 131 

57 ADC Add With Carry 134 

60 SKR Reduce Memory and Skip if Negative 137 

61 MIN Memory Increment 140 

62 XMA Exchange A and Memory 143 

63 ADM Add A to M and Store in M 146 

64 MUL Multiply 149 

65 DIV Divide 153 

66 RSH OOOXX Right Shift A, B 160 

66 RCV 200XX Right Cycle A, B 163 

66 RCV 240XX Logical Right Cycle A, B 166 

67 LSH OOOXX Left Shift A, B 169 

67 NOD 100XX Normalize A, B 172 

67 LCV 200XX Left Cycle A, B 176 

70 SKM Skip if A Equals M on B Mask 179 

71 LOX Load X 183 

72 SKA Skip if A and.M Do Not Compare Ones 186 

73 SKG Skip if A Greater Than M 190 

74 SKD Difference Exponents and Skip 194 

75 LOB Load B 198 

76 LOA Load A 201 

77 EAX Effective Address to X 204 

Programmed Operator (C2) 208 

Indirect Addressing, 1 level (Ia) 210 

v 



CONTENTS (Cont. ) 

Page 

OP Code Mnemonic Address Name 

Indirect Addressing, 2 levels (Ia) 211 

A Register Selection 213 

B Register Selection 220 

X Register Selection 227 

05 UDI Branch to Address Plus One 235 

(A, B, C Registers Change as in Divide) 

07 UDI Branch to Address Plus One 240 

(Phasing Similar to Left Shift) 

11 UDI Simi lar to Parallel Output When Ready 244 

15 UDI Two Cycle NOP 248 

31 UDI Memory into C, C into Memory 252 

(No other Registers affected) 

34 UDI Merge A + B and Store 255 

45 UDI Branch to Address Plus One 259 

(Regi ster change in 00, Count in 03 as in Divide) 

47 UDI 263 

APPENDIX A 265 

Rsa B Register Right Shift Add 267 

B Register Right One (Srl) 268 

AI2 A Left Two S Register 269 

vi 



Page Catalog No. 304004 

INTRODUCTION 

The following equations show the complete logic flow for each instruction in terms of phase 
and clock. This logic breakdown per instruction indicates the logic terms involved during 
each clock time of every phase. 

The right-hand columns contain remarks concerning an equation or group of equations. 

The logical derivation of the B Register during Rsa, Br1, and A 12, is illustrated in detail 
in Appendix A. 

The last instructions have the heading "UDI". These are unassigned operator codes. 





HLT 

~O T8 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 

~5 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP (" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

TO sHt 
Tr Cxm 

sC(0-23) 
rC (" ) 
rIa 
rIx 
rRc 

Tp rF1 
rF3 
rGO 
rRf 
rJu 
Oc 
rO (1 , 3 , 4 , 5 , 6 ) 
s02 

Halt 

= T8(TsTsr) 
= 00T8 
= (~OT8IaC2C5C8(C3+C4» 
= ( " ) 
= T8 
= ~OT8IaC2C5C8(C3+C4) 
.. (00T8IaGO)C2 
= OxcC(3,5,6,7,8) 
= OxcC4 
.. (01020304)Q1 
= A(21-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
::& B( ") " 
::& B(0-20)Ar3 
::& B(" ) " 
= 05(AOO+GO) 
= (F1GO)~ 
::& (F1GO(·02"040~-S~0--6»(P1~P13P14Ia» 
= ( " ) (Pl~P13P14Ia) ) 
.. ( " ) (Pl$. P14Ia» 
= ( " ) (Pl~P14Ia) ) 
= ( " )(~) 
.. ( " ' ) (pUi:tJi) 
.. (P12P13P14)Q2Fl 
= P(0-11)Pr3 
= P(" )" 
= T4(End+F1F2)Inr 
= Sc 
= T3Int (~d+:tliEaX)GO+T~ 
= (F1GO(02040506») (P1~4Ia))Sxp 
= ( " ») (P1L$ra) Sxp 
= P(O-ll)S~ 
= ~5T0010205 
= EndGOTSm(Tr+Tp) 
= M(0-23)Cxm 
= M(" )" 
= TrF1 
~~ 

= Tr(F1F3)(GOHt) 
= Tr 
= TpEndSk 
= ( " ) 
= ( ":"' . .,l!!!. 
= Tp01 (GOHt) 
=Tp -
= TpEndSk 
= Oc 
= Oc 
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RtT 1 

4 Cycles 

05 next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l ~ P T7 thru T3 

Clear S 

P-+S 

initiate Halt (Set Halt light) 

M-+C Tr + Tp 

00 next clock (T8) 

Machine enters HALT Status 

NOP (20) -+ 0 



00 TS rC24 
rCz 
sF1 
sF3 
sHz 

~5 T7 Ar3 
sA(0-2) 
rA ( " ) 
sA(3-23) 
rA (" ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 

T4 Sc 
rS (1-14) 

Tr rIa 
rRc 

Tp rF1 
rF3 
rGO 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= TS(TsTsr) 
:: ~OTS 
= TSGO 
= TSGO 
= T.;;;S_~~_ 
:: (01020304)Q1 
= A(21-23)AnrAr3 
= A."( ") " 
:: A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
= B(" ) " 
= ~5 (AnO+GO) 
= T4(End+Fl.Fi)Inr 
= Sc 
= TrF1 
= Tr 
= TpEndSK 
= ( " ) 
= ( " )Ht 
= Tp 
= TpEndSK 
= Oc 
= Oc 

~5 next (T7) 

Recirculate A 

Recirculate B 

last cycle 

Clear S 

~O next clock (TS) 

ltLT ~ 

T7 thru TO 

T7 thru TO 

Machine enters HALT Status 

NOP (20) -70 

The Computer is now in Halt status and will remain in this state until the 
mode switch is placed on "IDLE". The following shows what takes place in "IDLEfI. 
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00 T8 

05 T7 

T4 

Tr 

Tp 

rC24 
rCz 
sFl 
sF3 
rHt 
sHz 
Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( " ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB( II ) 
End 
Sc 
rS (1-14) 
rIa 
rIx 
rRc 
0'1 
rF3 
rRf 
rJu 
Oc 
rO(l,3,4,5,6) 
s02 

== T8(TsTsr) 
-= 00T8 
I: TSGO 
== TSGO 
-=T~cm 
-= TS 
== (OlO2Qj04)Ql 
== A(2l-23)AnrAr3 
-= X( " ) " 
-= A(0-20)Ar3 
-= 'A( " ) " 
== B(2l-23)BnrAr3 
== E( " ) " 
== B(0 ... 20)Ar3 
== 1f( " ) II 
== 05(AOO+G0) 
-= T4(End+nY2) Inr 
== Sc 
== TrFl 
== Tr(nF3) (GoHt) 
= Tr 
== TpEndSk 
== ( "...l--
-= Tpm (GOHt) 
== Tp 
= TpEndJl( 
== Oc 
= Oc 

HLT 3 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Clear S 

00 next clock (TS) 

NOP (20) -+ 0 

T7 thru TO 

T7 thru TO 

The Computer is now in Idle status and will remain in this state. until the 
mode switch is placed on IIRUN or STEP". The following shows what takes place 
when the mode switch is placed on "RUN". 
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00 TS 

05 T7 

T4 

Tr 

Tp 

rC24 
rCz 
sFl 
sF3 
sHz 
Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( " ) 
sB(0-2) 
rB ( tI ) 

sB(3-23) 
rB ( " ) 
End 
Sc 
rS(1-14) 
rIa 
rRc 
rFl 
rF3 

= TS(TsTsr) 
= 00TS 
= TSGO 
= TSGO 
= TS 
= (OlO20304)Ql 
= A(2l-23)AnrAr3 
= A( " ) " 
= A(0-20)Ar3 
= A( II ) " 
= B(2l-23)BnrAr3 
= B( " ) " 
= B(0-20)Ar3 
= 1r(" ) " 
= 05(AOO+GO) 
= T4(End+F1F2)Inr 
= Sc 
= TrFl 
= Tr 
= TpEndSk 
= ( " ) 

05 next (T7) 

Recirculate A 

Recirculate B 

last cycle 

Clear' S 

00 next clock (TS) 

RtT 4 

T7 thru TO 

T7 thru TO 

sGO = AOOBOOTpHt@@)Tem Machine enters normal run status 
rRf = Tp01(GOHt) 
rJu = Tp 
Oc = TpEndSk 
rO(1,3,4,5,6) = Oc NOP (20) -) 0 
s02 = Oc 

The Computer is now in normal run status with the contents of the C 
register about to be executed o 
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BRU 

~O T8 rCz 
sHz 
sIx 
sJu 
Oxc 
sO (1,3,4,5,6) 
r02 

T7 Ar3 
sA(O-2) 
rA( II ) 

sA(3-23) 
rA( II ) 

sB(O-2) 
rB ( II ) 

sB(3-23) 
rB( II ) 

End 
Cr3 
sCO 
rCO 
sC(1,2) 
rC( .. ) 
sC(3-23) 
rC(" ) 
sOp 
rCp 
Pr3 
sP(O-2) 
rP( " ) 
sP(3-l4) 
rP( 11 ) 

Xz(1-3) 
fi( " ) 
YZ(1-3) 
Yi"( .. ) 
sCZ 
rCz 

T4 Sc 
rS(l-14) 

T3 rCO 
Sxp 
sS(l,2) 
sS(3-l4) 

T2 rC(l,2) 
Tl sC(1,2) 

rC( 11 ) 

TO rCz 
sCO 
rCO 
rC(1,2) 

Unconditional Branch 

- ~OT8 
- T8 
- ClOO~OT8 
D IaOOC4C3C8C9T8 
- raGOC2~OT8 
- C(3,5,6,7,8)Oxc 
- C40xc 
- (01020l04)Ql 
.. A(2l-23)AnrAr3 
.. I( ..) 11 

- A(O-20)Ar3 
== I( 11 ) 11 

- B(2l-23)BnrAr3 
.. B( ") 11 

.: B(O-20)Ar3 

.: B( 11 ) 11 

- JuEaxor 
.. FlF'2(TsQl) 
.. (P12)JuTScr3qb 
= (~ II 

= P(13,14)JuTSCr3Q2 
== P( ") " 
== C(O-20)Cr3 
== c(" ) .. 
== (C2$2~23)CpTSHtQl1'ln 
== ( " ) Cp If 

== JuQ2 
= Add(1-3)(JuEax+O~04~06)Pr3 
= Add ( It)( ") If 

== P(O-11)Pr3 
== P( If ) " 

== Xn(l-3)00Ix 
= Xn( 11 )00Ix+lx 
== C(21-23)Ji 
== c{ " ) 11 

l1li KzQITO 
= KzQl 
= tnrn~T4 
a Sc 
- (JuTsCr3)Q4Q6 
a rntEndGOT3 
.. Add(2,3)(JuE8X~040306)Sxp 
a P(O-ll)Sxp 
- (JuTsCr3)T2 
- (JuTiCr3)Em(l,2)Tl 
_ ( " . ) iiii( 11 ) 11 

.. nTO 

.. Of(Ju'l'iCr3)TO 
• (If( 11 ) 11 

• (JuTiCr3)TO 
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BRU 1 

M -+P I Cycle 

Initialize indexing 

Instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P(1-14) ~ C(lO-23) T7 thru T3 

Parity check T7 thru TO 

C + X-Ix ... P T7 thru T3 

Input to adder (X-Ix) T7 thru TO 

Input to adder (C) T7 thru TO 

Carry logic T7 thru TI 

Clear S 
No input to C3, C6, C9 T3 thru Tl 

P ..... S 

No input to C7, C8 

(Cl,C2) is (C4,C5) at Tl 

Set CO if overflow 
No input to Cl, C2 



BRU ~ 

Tr Cxm = EndGOTsm(Tr+Tp) 
sC(0-23) = M(0-23) Cxm M -7 C (Fetch next instruction) 
rC( .. ) = CxmTr Tr thru Tp 
sHt = C~K002 Parity error 
rlx = ( F3)(~)Tr 
rRc = Tr 

Tp rAOO = EndGOTp 
rBOO = ( " ) 
sCp = M24Cxrn.trETSTp Initiate parity 
rJu = Tp 
Oc = (6103Ya+EndSK) Tp 
rO(1,3,4,S,6) = Oc 
802 = Oc NOP (20) -~ 0 
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BRU* 

~O T8 rCZ 
sHz 
sIa 
sIx 
Oxc 
sO ( 1 , 3 , 4, 5, 6) 
r02 

T7 Ar3 
sA(O-2) 
rAe II ) 

sA(3-23) 
rAe It ) 

sB(O-2) 
rB( It ) 

sB(3-23) 
rB( II ) 

Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC( II ) 

sCp 
rCp 
Xz(1-3) 
fi( II ) 

YZ(1-3) 
fi( II ) 

sCz 
rCz 

T4 8c 
r8(1-14) 

T3 Ib 
Sxc 
sS(1,2) 
s8(3-l4) 

TO rCz 
Tr Cxm 

sC(O-23) 
rC( II ) 

sHt 
rlx 
rRc 

Tp sCp 

BRU* 1 

Uncock Active Interrupt (M) -+ P 2 Cycles 
~(Unconditional Branch, Indirectly Addressed) 

.. ~OT8 

.. T8 

.. C2C9(C5+C8+C3C4)~OT8 

.. ClGO~OT8 

.. IaGOC2~OT8 
= C(3,S,6,7,8)Oxc 
- OxcE4 
= (~fl~+(Ol02~04»)Ql 
.. A(2l-23)AnrAr3 
- A( ") II 

.. A(O-20)Ar3 

.. A( II ) .. 

- B(2l-23)BnrAr3 
.. B( ") II 

-= B(O .. 20)Ar3 
_"!'( II ) .. 

- Ts~OQl 
.. Add(1-3)Cr3JUTs 
- Idd( ") .. 
= C(O-20) Cr3 
= C( II ) .. 

.. (C2*2~23)CpTsiftQlnJ2 
-( " )Cp " 
- Xn(1-3)~OIx 
= xn( " )~OIx+lx 
.. C(2l-23) Vi 
.. C( " ) II 

- KzQlTO 
= l<zQl 
= I'ilrflF2T4 
- 8c 
~ IaOIcnOZiOs06TsQ5Q6 
= JuT3 
= Add(2,3)Sxc 
= C(O-11)8xc 
= FlTO 
= J'UTsm(Tr+Tp) 
= M(O-23) Cxm 
= CxmTr 
== CPTt&~ 
.. (FiF3)(GOHt)Tr 
-= Tr 
= M24CxmHtfSTp 
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Indirect addressing 
Initialize indexing 

C(3-8) -+ 0 instruction to 0 register 

(All instructions except 66 & 67) 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C + X. Ix -+ C T7 thru TO 

Parity check T7 thru TO 

Xz input to adder T7 thru Tp 

Yz i~put to adder T7 thru Tp 

Carry logic T7 thru TI 

Clear S 

Uncock active interrupt T3 thru Tr 

C + X-Ix -+ 8 

M ~ C (Fetch effective add) 
Tr thru Tp 

Parity error 

Initiate parity 



~O T8 rCz 
sHz 
rIa 
sIx 
sJu 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Cr3 
sCO 
reo 
sC(1,2) 
rC( II ) 

sC(3~23) 
rC(" ) 
sCp 
rCp 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-l4) 
rP(" ) 
Xz(1-3) 
XZ( " ) 
Yz (1-3) 
Yz( " ) 
sCz 
rCz 

T4 Sc 
rS (1-14) 

T3 rCO 
Sxp 
sS(1,2) 
sS (3-14) 

T2 rC(1,2) 
Tl sC(1,2) 

rC( II ) 

TO rCz 
sCO 
rCO 
rC(1,2) 

= 00T8 
= T8 
= C9Ia 
= C1G000T8 
= C9020300T 8 
= 0500Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) II 

= JuEaxOl 
= TS~OQl 
= (P12)Ju~Cr3qo 
= (") II 

= P(13,14)JuTSCr3Q2 
= P( ") " 
= C(0-20) Cr3 
= c( II ) II 

= (C2~2a:B:::23)"cpT"SlrtQIF1F2 
=( " )Cp " 
= JuQ2 
= Add(1-3)02040506Pr3 
= AOc1( " ) " 
= P(0-11)Pr3 
= P(" ) " 
= Xn(1-3)~OIx 
= Xii( " )00Ix+ti 
= C(2l-23)07 
= C( " )" 
= KzQlTO 
= KzQ1 
= InrnF2T4 
= Sc 
= (JuTSCr3)Q4Q6 
= IntEndGOT3 
= Add(2,3)(JuEax~~06)Sxp 
= P(O-ll)Sxp 
= (JuTSCr3)T2 
= (JuTSCr3)Em(1,2)Tl 
= ( " )F.ro(")" 
= FiTO 
I: Of(JuTsCr3)TO 
= or( II )" 

= (JuTSCr3)TO 
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Initialize indexing 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P(1 .. 14) -7 C(10-23) T7 thru T3 

Parity check T7 thru T~~ 

T7 thru T3 

Input: to adder (X-Ix) 

Input: to adder (C) 

Carry logic T7 thru Tl 

Cleat' S 
No input to CO T3 thru Tl 

No input to Cl, C2 



BRU* 3 

Tr Cxm - EndGOTsm(Tr+Tp) 
sC(0-23) .. M(0-23)Cxm M -+ C (Fetch next instruction) 
rC( II ) II: CxmTr Tr thru Tp 
sRt -~~ Parity error 
rIx - ( 13) (miit) Tr 
rRc 1:1 Tr 

Tp rAOO 1:1 EndGO'Ip 
rBOO - ( " ) 
sCp - M24CxmlttTSTp Initiate parity 
rJu .. Tp 
Oc - (Ol~ra+EndSK)Tp 
rO(1,3,4,5,6) 1:1 Oc 
s02 .. Oc NOP (20) -+ 0 
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02 EOM 20001 

~O T8 rC24 
rCz 
sFl 
sF3 
sHz 
sla 
Oxe 
80(1,3,4,5,6) 
r02 

~5 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA (" ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Eorn 
rOf 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Se 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr Cxm 
sC(0-23) 
rC (" ) 
rIa 
rIx 
rRe 

Tp rFl 
rF3 
rRf 
rJu 
Oe 
rO ( 1 ; 3 , 4, 5 , 6) 
s02 

Reset Overflow 

CI T8(TsTsr) 
s:r 00T8 
r:; (00TBlaC2C5CB (C3+c4» 
IQ ( " ) 

::: TB 
;;; 00T8IaC2C5CB(C3+c4) 
::: (00T8IaGO)C2 
= ~cC(3,5,6,7}8) 
ro:: OxcC4 
== (01020304)Ql 
c A(21-23)AnrAr3 
::.: A( ") " 
::: A(0-20)Ar3 
II: X(" ) " 
= B(21-23)BnrAr3 
:::B( ") " 
::: B(0-20)Ar3 
::::; B(" ) II 

s:r 05(AOO+GO) 
(050l05TsQ2Q5)04 

~ (EomC10Cll)C23 
(FIGO)~Q~Z =-=,...--

= (FIGO(OZaurS06»(PIl±KPl3P14Ia» 
( " )(PlmP13P14Ia) 
( " ) (Pl1:b\Pl4Ia» 

:= ( " ) (PljfXPl4I~» 
( " ) (Pl4BIa) 

- ( " ) (Pll(fita) 
== (P12Pl3P14)QZFl 
::: P(0-11)Pr3 
== PC" ) " 
c:I T4(End+FIF2) Inr 
~ Se 
~ T3Int(End+JuEaX)GO+T~~ 
= (F1GO(02040506)(Pll±K~Ia)Sxp 
= ( " )(P1L@1:a)Sxp 
= P(O-ll)Sxp 
~ EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
== M(. " .) II 

;::II TrFl 
::: Tr(FiF3) cGOiit) 
C: Tr 
ICZ TpEndSk 
::: ( "..J­
== Tp01 (GOHt) 
== Tp 
= TpEndSk 
:; Oc 
::: Oc 
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EOM 1 

1 Cycle 

0S next (T7) 

initiate P register increment 

C(3-B) ~O instruction to 0 register 

Recjrculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 
T7 thru Tr 

Reset OverfloH 

P+l --7 P T7 thru 'r3 

Clear S , 

P ~S 

M ~ C Tr + Tp 

00 next clock (TS) 

NOP (20) -} 0 



12 
'-" 

EOM 20002 

"0 T8 rC24 
rCz 
sF1 
sFJ 
sHz 
sIa 
Oxc 
80(1,3,4,5,6) 
r02 

~5 T7 Ar3 
sA(O-2) 
rA( " ) 
sA{3-23) 
rA(" ) 
sB(0-2) 
rB( II ) 

T4 

T3 

8B(3-23) 
rB (" ) 
End 
Eom 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-14) 
rP{ " ) 
Se 
rS(I-14) 
Sxp 
sSl 
sS2 
sS (3-14) 

TO sEn 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rlx 
rRc 

Tp rF1 
rF3 
rRf 
rJu 

t 

Oc 
rO(I,3,4,5,6) 
802 

Enable Interrupt 

• T8(Tsfu) 
• ~OT8 
• (~OT8IaC2C5C8 (c3+C4» 
a ( tI ) 

II: T8 
- ~OT8IaC2C5C8(C3+C4) 
- ("OT8IaGO)C2 
- OxcC(3,5,6,7,8) 
• OxC& . 
- (Ol02030ili l 
- A(21-23)AnrAr3 
_ A( ") II 

- A(O-20)Ar3 
• X(" ) tI 

II: B(21-23)BnrAr3 
.. B( ") " 
II: B(O-20)Ar3 
-B(" )" • "5 (AO(}+{;OL _ 
III ("SOl05T~2Q5)Q4 
- (F1GO)§i , . 
- (FIGa(o:o405o6»{Pl~P13P14Ia» 
• ( '.. ) (PlIiXP13P141a» 
.. ( " )(Pl~P14Ia» 
.. ( " ) (PljfXPI4Ia» 
= ( " ) (PIQa) 
= ( It ) (Pl$a) 
- (P12P13P14)Q2Fl 
II: P{O-ll)Pr3 
.. P{ 11 ~ " 

- T4(End+FIF2)Inr 
.. Sc· . 
II: TJIiit (End+JuE8x)GO+-T~ . 
== (FlGO(~040s06) (Pll:B(P14I·a) )Sxp~ 
== ( " ) (P1LfBra)Sxp 
== P(O-ll)Sxp 
== (EomC10CII)C22TO 
• ~ndGdfSm(Tr+Tp) 
== M(0-23)Cxm 
iii li(" )" 
- TrFl 
~ ---c Tr(FlF3) (GOHt) 

c: Tr 
a TpEndSk 
- ( "..l--
- Tpli (GOHt) 
- Tp 
• TpEndSk 

- Oc 
- Oc 

13 

EOM ~ 

1 Cycle' 

"5 next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

RecirculateB T7 thru TO 

last cycle 
T7 thru Tr 

P+l~P T7 thru T3 

Clear S 

P -. S 

Enable in~errupt 

Tr + Tp 

gO next clock (TS) 

NOP (20) -+ 0 



02 EOM 20004 

"0 T8 rC24 
rCz 
sFI 
sF3. 
sHz 

b!~ 
80(1,3,4,5,6) 
r02 

~5 T7 Ar3 
sA(O-2) 
rAe " ). 
sA(3-23) 
rA( II ) 

sB(O-2) 
rB ( " ) 
sB(3-23) 
'rB (" ) 
End 
Earn 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Sc 
rS(I-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

TO rEn 
Tr Cxm 

sC(O ... 23) 
rC( II ) 

rIa 
rlx 
rRc 

l'p rFl 
rF3 
rRf 
rJu 
Oc 
rO(I,3,4,5,6. 
802 

Disable Interrupt 

• T8(TsTsr) 
- ~OT8 
• (~OT8IaC2C5CA(C3+C4» 
l1:li ( " ) 

- TS 
- ~OT8IaaC5C8(C3+C4) 
- (~OT8IaGO)C2 
- OxcC(3,5,6,7,8) 
Ia O!cC4 
• (Ol02roollil 
- A(21-23)AnrAr3 
sa A( ") " 
• A(0-20)Ar3 
• A(" )" 
~ B(21-23)BnrAr3 
- B( ") " 
.. B(0-20)Ar3 
:a B(" ) " 
.. "S(AOO+GOL-
= .e'SOi05TsQ2Q5)04 
III (FIGO)Yl . 
- (FIGO(01040506»(Pl~P13P14Ia» 
- ( " ) (Pl$:P13P14Ia) 
- ( " ) (PlJi,(PI4Ia» 
az ( " ) (PljfXP14Ia» 
;:: ( " ) (Pl(dha) 
= ( II ) (Pl/lf1[a) 
.. (P12P13P14)Q2Fl 
II: P(O-ll)Pr3 
• P(" ) " 
- T4(End+FlF2)lnr 
= Sc . 
III TJInt(End-h1uEaX)GO+T~ 
t:: (FlGO(02040506» (PLl'i~(pl4Ia) )Sxp 
::: ( " ) (PllEDIa) Sxp 
= P(O-ll)~ 
= (EomC10Cll)C21TO 
- EndGOTsa{Tr+Tp) 
= M(O-23)Cxm 
.. M(" )" 
.. TrFl 
a: Tr (FlF j) (oom) 
- Tr 
- TpEndSk 
.. ( "....l-­
- Tpll (GOHt) 
ar Tp 
.. TpEndSk 
- Oc 
- 0(" 
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EOM 3 

1 Cycle 

~5 next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

RecirculatE! A T7 thru TO 

RecirculatE! B T7 thru TO 

last cycle 
T7 thru Tr 

P+l-.P T7 thn :3 

Clear S 

P -+S 

Disable interrupt 

M -+ C Tr + Tp 

~o next clock (T8) 

NOP (20) .... 0 



02 J(»l 20010 

;0 T8 rC24 
rCa 
sFl 
,Fl 
alia 
sl. 
Oxe 
80(1,3,4,5,6) 
r02 'S T7 ArJ 
eA(O-2) 
rAe II ) 

sA(3-23) 
rAe II ) 

8B(0-2) 
rB( II ) 

8B(3-23) 
rB(" ) 
Bt4d 
IQIIl 

Pr3 
sPO 
rPO 
aPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

T4 sOf 
Sc 
rS(1-14) 

'l3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr CxIIl 
sC(O-23) 
rC(" ) 
rIa 
rlx 
rIte 

Tp rIPl 
rFJ 
rRf 
rJu 
Oc 
rO(1,3,4,,5,6) 
s02 

Set Overflow if X14 ~ X15 

- T8(TsTSr) 
.. "OTB 
.. «(l0T8IaC2~~(C3+C4» 
- ( II ) 

.. TS 

.. fOT8IaC2C5C8(C3+C4) 

.. (fOT8IaGO)C2 
- OxcC(3,S,6,7,8) 
• OxcC4 . 
.. (Ol02~04J.91 
• A(21-23)AnrAr3 
- I( ") " 
.. A(O-20)Ar3 
.. i(" ) " 
= B(21.23)BnrAr3 
- B( ") " 
- B (O-20)Ar3 
• B( f1 )" · .5 (IOOiOOL-
III ('SOlOSr.Q29,~)04 . 
- (F1GO)g2 
- (FIGO(026iOS06»(Pl~P13P14Ia» 
.. ( " ) (Pl$p13Pl7ira) 
.. ( " ) (PI P14Ia) ) 
.. ( " , ) (P P 41a» 
1:1 ( II ) (P1 a) 
= ( II ) (P1$a) 
- (P12P13P14}Q2Fl 
• P(O-11)lr3 
.. 'f( II ) .. 

= (EomC10C11)C20T4(XnltKw1) 
.. T4(End+llf2)Inr 
.. Sc .' 
• T3tilt (End+Juiiii)GO+I1'~ 
= (F1GO(520Z100s06) (P1~4Ia) )Sxp 
= ( ") (P1L(fl[a) Sx.p 
= P(O-11)Sxp 
.. EndGOfiiii(tr+Tp) 
= M(0-23) Cxm 
~ lie II )" 

.. TrF1 

.. Tr (11P'3) (00iit) 

.. Tr 

.. TpEndSk 

: ~Pi;ca1.t)' 
.. Tp . 
.. TpEndik 

- Oc 
- Oe 
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EOM 4 

1 Cycle 

", next (T7) 

initiate P register increment 

C(l-8) ~O instruction to 0 register 

Recirculate A 

Recirculate B 

last cy~le 

~1-+P 

Set overflow if X14 ~ X1S 

Clear S 

P -. S 

M -+ C 

~o next clock (T8) 

NOP (20) .... <> 

T7 thru TO 

T7 thru TO 

T7 thru Tr 

T7 tbl'U ':3 

Tr + Tp 



06 EOD 2010X 

. ~O T8 rC24 
rCz 
sFl 
sF3 
sHz 
sla 
Oxe 
sO(1,3,4,5,6) 

. r02 
~5 T7 Ar3 

sA(O-2) 
rA ( II ) 

sA(J-23) 
rA (" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Ead 
Pr3 
sPO 
rPO 
sPI 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

T4 sE2m(O-2) 
rE2m( " ) 
Sc 
rS (1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr Cxm 
sC(O-23) 
rC (" ) 
rIa 
rlx 
rRe 

tp rFl 
rP3 
rRf 
rJu 
0, 
rO(1,3,4,5,6) 
s02 

Set Bank Register 2 = X 

---I:: T8(TsTsr) 
a: ~OT8 
= (~OT8IaC2C5C8(a+C4» 
.::: ( " ) 
::. T8 
l1li (60T8IaC2C5C8(C3+c4) 
= ({60T8IaGO)C2 
g OxcC(3,5 , 6,7,S) 
= OxcC4 
I:: (Ol02ro04)QI 
== A(21-23)AnrAr3 
:::I A( ") " 
== A(O-20)Ar3 
c: A(" ) " 
~ B(21-23)BnrAr3 
III B( ") " 
::II B(O-20)Ar3 
&: B(" ) " 
- (65 (M'mTGO) 
== (0501o'TsQ2Q5)04 
::II (FIGO)Q.L._ 
= (FlGO(02040-s06»(PI 
= ( " ) (-=P~l ~i=-:-~~-

= ( " )(P1 
g ( " ) (~P-:-l ~~-...... 

== ( " ) (PI a) 
== ( .. ) (Plea) 
= (PI2P13P14)Q2FI 
Ill; ,f(O-11)Pr3 
-"'P(" ) II 

= C(21-23) (EodCI0Ci1C17) 
~ C( " L<_ ~ ) 
g T4(End+F1F2)lnr 
= Sc 
c:: T3Int(lnd+Juiiii)GO+T~ , 
== (F1GO(020t;0506» (PlJ±(pi4Ia})Sxp 
= ( ") (Pl~a) Sx:p 
= P(O-ll)Sxp 
- EndGOfim(Tr+Tp) 
== M(O-23)Cxm 
117 Me" ) II 

a TrFl 
a Tr(F1F3)(GOHt) 
I: Tr 
1:1 TpEndSk 

: ~p~(~) 
= Tp 
- TpEnclSi 
• Oc 
- Oc 
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EOD 1 

1 cYcle 

;5 next (T7) 

initiate P register increment 

C(3-S) ~O instruction to 0 register 

Recirculate A 

Recirculate B 

last cycle 

Set bank register 2 

Clear S 

P -+ S 

fo next clock (T8) 

NOP (20) ..... 0 

T7 thru TO 

T7 thru TO 

T7 thru Tr 

T7 thru T3 

Tr + Tp 



BOD 202XO 

00 T8 rC24 
rCz 
s~l 
sF3 
8Hz 
sla 
Oxc 
80(1,3,4,5,,6) 
r02 
Ar3 
sA(O-2) 
rAe tI ) 

sA(3-23) 
rA( II ) 

sB(O-2) 
rB( n ) 

sB(3-23) 
rB (" ) 
End 
Rod 
Pr3 
sPO 

Set Bank Register 3 = X 

-----• T8(TsTsr) 
- 'OTS 
a (M8laClCSC1l(a+c4» 
.. ( It ) 

.. T8 

.. tfOT8IaC1CSC8(a+e4) 
= (tfOTSraGO) C2 
.. OxcC(3,S,6,7,8) 
.. OxcC4 
.. (Ol02i304)Ql 
.. A(21-23)JnrAr3 
.. X( tI) If 

.. A(O-20)Ar3 

.. A( It ) It' 

.. B(21-23)BnrAr3 

.. "1"( ") II 

.. B(O-20)Ar3 
&I B(" ) 'u 

.. (I.5(~L"_ 

.. (f.5M.o,fiQ2Q5)04 
• .(F1GO)Q.g 
.. (F1GO~6»(Pl 
.. ( It ) (-:-r.IIiIj~""..nr~ rPO 

aPl .. ( .. 1(.1 
\ I 

.. ( II ) . rPl 
sP2 
rP~ 

.. ( » )(.1 

.. ( n )~p~. --~ 

.. (Pl2fi3l'14)Q2rl 

.. P(O-11)Pr3 
rIa 
.,(3-14) 
~'(" ) .. 'P( II ) It 

T4 sE3m(O-2) ~ C(18-20) (EodC10CIiC16) 
rE3m( II ) 

Sc 
= c( "t( " ). 
.. T4(Ind+fill) iiir 

rS(1 .. 14) 
'l3 Sap 

.. Be .. . 

.. t3lit (lncWJuiii) acwr3bd 
sSl == (F1GO(&204~) (P1~4Ia)Sxp 
sS 2 ::: ( ") (P1L(±lJ:a) Sxp 
s8(3-14) ::: P(O-11)8xp 

Tr CD. . - 1I1c!Ge!ii('fr+'1'p)' 
sC(0~23) = M(0-23)Cxm 
r:c( ". ) • 'i(" ) It 

:: ·::~)cE) 
~ -'ft 

tp d'l • tplft4\, 
r'). • ( It....l..-. 
raf • Tpll (lIiit) 
rJu • Tp 
~ . -..-"\ 
~1.3,4#S,6)' • Oe 
• 02 ,- Oc • 

17 I 

1 Cycle 

's next (T7) 

initiate P register increment 

C(3-8) ~O inatruction to 0 register 

a..circulate A T7 thru TO 

~ 
Rec.irculate B T7 thru TO 

last cycle 
T7 thru Tr 

.. 1 ..... ' T7 thi"u T3 

Set bank register 3 

CI .. r S 

P -+ S 

Tr + 'I, 

ItO n.eat clodt '(t8) 

•• (20) ~O 



10 MIY Memory to Y Buffer Whert Ready (M) -} Y 

MIY 1 

2 Cycles 
+ Wait 

~O T8 rCz = ~OT8 
sIx 
Oxc 
sO ( 1 , 3 , 4, 5 , 6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( II ) 

sC(3-23) 
rC(" ) 
Xz(1-3) 
XZ ( II ) 

Yz (1-3) 
yz ( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
sS(1,2) 
sS(3-l4) 

TO rCz 
sRf 

Tr Cxm 
sC(0-23) 
rC(" ) 
sRt 
rIx 
rKO 

Tp sCp 
sFl 
sF2 
rRf 

= 00T8ClGO 
= (0OT8IaGO) ~ 
= C(3,5,6,7,8)Oxc 
= C40xc 
= (0102Qj04)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A( II ) " 

= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= FlF"2(TsQl) 
= Add(1-3)00JuTsCr3 
= Add( " ) " 
= C(0-20)Cr3 
=C(" )" 
= Xn(1-3)00.Ix 
= Xn( " ) 00 Ix+Ix 
= C(2l-23)07 
= C( " )" 
= KzQlTOJ] 
= KzQl 
= (C2l(f(;2~23)CpTsRtQlFlF2 
= ( ") Cp " 
= T4F1F2Inr 
= Sc 
= T3FlnJu 
= Add(2,3)Sxc 
::I: C(O ... ll)Sxc 
= nTO 
= T0F305Yf(YO+Y9) 
= Ju00Tsm(Tr+Tp) 
= M(0-23)Cxm 
= TrCxrn 
~ CpT~O~ 
= Tr(FiF3) (GORt) 
= GOTrF2 
= M24CxmHtTsTp 
= Tp(FlF30l0304)IaRf 
= (TpIa!g)0302 
= TpWf(GORt) 

Initialize indexing 

Instruction ~ 0 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X-!x ~ C (Add=Xz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder: input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 

Clear S 

C + X-Ix -~S 

Set Rf if Y Buffer empty 

M ~C (Fetch operand) Tr thru Tp 

Parity error 

Initiate parity 
06 next clock (T8) if Rf 
02 next clock (T8) if Rf 

If the Y Buffer is empty and ready to accept from C, 06 will follow; otherwise, 
02, the waiting phase, will occur. 

18 



02 T7 Ar3 
sA(O .. 2) 
rA( " ) 
sA(3-23) 
rA(" ) 
8B(0-2) 
rB ( " ) 
8B(3-23) 
rB (" ) 

TO rCz 
sRf 

Tp sPI 

rRf 

III (OI020304)QI 
III A(21-23)AnrAr3 
- A( ") " 
• A(O-20)Ar3 
III A( II ) " 

= B(21-23)BnrAr3 
a 1f( ") n 

III B(O-20)Ar3 
.. B(" )" 
• nro 
- rofj~Y1 (YO+~) 
~ Tp(p~i3Oio~04)raRf 

- ....-
- TpJ!(GOHt) 

MIY ~ 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Set Rf if Y Buffer empty 
06 next if Rf 
e2 next if n 

The Computer will continue to repeat ~2 until to. Y Buffer becomes ~eady. 

19 



~6 T8 sIa 
End 
Rx 
Yxx 
sCpr 

T7 Ar3 
sA(O-2) 
rAe 11 ) 

sA(3-23) 
rAe II ) 

sB(O-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( It ) 

sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz ( II ) 

yz(1-3) 
Yz ( II ) 

sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-14) 
rP( II ) 

rIa 
sYw(1-3) 
rYw( II ) 

sCpr 
rCpr 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 

= T8Fl~ 
= FlF2 
= (Ol030406FIF3Ts) 
= Rx03 
= T8(C2~2~23) 
= (Ol020304)Ql 
= A(21-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 
= A( II ) " 

= B(2l-23)BnrAr3 
= B( II) II 

=.; B(O-20)Ar3 
= B( II ) " 

= FlF3(TsQl) 
= Add(1-3)¢6TsCr3 
= Add( ") " 
= C(O-20)Cr3 
= C(" ) " 
= A(2l-23)¢~04 
= A( ") " 
= C(2l-23)07 
= C( II )" 

= KzQlFlJj 
= KzQl 
= (C2l$C2~23)CpTsHtQl¢603 
=( II )Cp " 
= (FlGO)Q2 ==-= (Pl~13P14Ia)FlGO(02040506)Pr3 
= ( tt) II 

= (Pl3±P14Ia) " 
= ( it) II 

= (Pl$a) " 
= ( " ) " 
= P(O-11)Pr3 
= P(" ) " 
= (P12P13P14)Q2Fl 
= C(2l-23)YxxQlY4 
= C( " ) " Y4 
= (Cl~1~20)Ql 
= ( if )Ql 
= T4EndInr 
= Sc 
= T 3In tEndGO 
= (Pl3ffif14Ia)FlGO(02040506)Sxp 
= ( if) " 
= (PlLeta) " 
= ( " ) " 

20 

MIY .3 

Initiate P register increment 
Last cycle 

Initiate transfer of C to Y buffer 

Start parity generation for I/O 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

T7 thru TO 

Unused adder inputs T7 thru Ti 

Carry logic T7 thru TO 

Check parity T7 thru TO 

P + 1 ~P T7 thru T3 

C ~ Y buffer T7 thru TO 

Generate parity for I/O 

Clear S 



MIt 4 

sS (3-14) - P(O-ll)Sxp 
rS( I' ) =- P( " ) " 

Tr Cxm == EndGOTsm(Tr+Tp) 
sC(0-23) =- M(0-23)Cxm M ~ C· (Fetch next instruction) 
rC( " ) == TrCxm Tr thru Tp 
sHt == CpTt@roJ2 Parity error 
rIa = TrFl 
rlx l1\li Tr(flF3) (OOHt) 

Tp rAOO = TpEndGO 
rBOO == ( " ) 
sCp == M24cxmiItfSTp Initiate parity 
rCpr == Tp 
rF(1,2) = TpEndSk (tJ0 next clock (TS) 
Oc = ( " ) 
s02 - Oc 
rO(1,3,4,5,6) == Oc NOP (20) ~ 0 

21 



12 MIW 

00 T8 rCz 
sIx 
Oxc 
sO ( 1 , 3, 4, 5 , 6) 
r02 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB(" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 

T4 8c 
r8 (1-14) 

T3 8xc 
s8(1,2) 
s8(3-l4) 

TO rCz 
sRf 

Tr Cxm 
sC(0-23) 
rC(" ) 
sRt 
rIx 
rKO 

Tp sCp 
sFl 
sF2 
rRf 

Memory to W Buffer When Ready 

= 00T8 
= 00T8ClGO 
= (~OT8IaGO)C2 
= C(3,5,6,7,8)Oxc 
= C40xc 
= (Ol020304)Ql 
= A(21-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
=B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= F1F2(TsQl) 
= Add(1-3)~OJuTsCr3 
= Add( " ) " 
= C(0-20)Cr3 
= C(" ) " 
= Xn(1-3)~0·Ix 
= Xn( " )~OIx+Ix 
= C(2l-23)¢7 
= c( " )" 
= KzQlT007 
= KzQl 
= (C2@:;2~23)CpTsRtQlFlF2 
= ( " ) Cp " 
= T4FlF2Inr 
= 8c 
= T3FlF2Ju 
= Add(2,3)8xc 
= C(0-11)8xc 
= FITO 
= TOF305Wf(WO+W9) 
= Ju~OTsm(Tr+Tp) 
= M(0-23)Cxm 
= TrCxm 
= cpTJ{K~oW2 
= Tr(F!F3) (GORt) 
= GOTrF2 
= M24C~tTsTE... _ 
= Tp(FlF30l0304)IaRf 
• (T.efa~30 2 
= Tp~l(GORt) 

(M) ~ W 

Initialize Indexing 

Instruction ~ 0 

MIW 1 

2 Cycles 
+ Wait 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X-Ix ~C (Add=Xz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 

Clear 8 

C + X"Ix ~ 8 

8et Rf if W buffer empty 

M ~C (Fetch operand) Tr thru Tp 

Parity error 

Initiate parity 
~6 next if Rf 
~2 next if RI 

If the W Buffer is empty and ready to accept from C, ~6 w:ill follow; otherwise, ~2, 
the waiting phase, will occur. 
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~2 T7 tAr3 
sA(O-2) 
rA( .. ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB( .. ) 
IB(3-23) 
rB(" ) 

TO rCz 
sRf 

Tp sPl 

rRf 

- (Ol020304)Ql 
• A(21-23)AniAr3 
• A( ") It 

• A(O-20)Ar3 
• X( II ) .. 

- B(21-23)BnrAr3 
• 1f( ") " 
• B(O-20)Ar3 
- B( II ) " 

• FIro 
- TOF305Wf(WO+W9) 
~ Tt) (Pli30l0~) rallf 

• =:: Tp0]. (GOiit) 

Recirculate A T7 thru !O 

Recirculate B T7.thru TO 

Set Rf if W Buffer empty '6 next if af 
~2 next if n 

The Computer will continue to repeat ~2 until the W Buffer becomes ready. 
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~6 T8 sIa 
End 
Rx 
Wxx 
sCpr 

T7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(I-3) 
Xz ( " ) 
yz(I-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-14) 
rP (" ) 
rIa 
sWn(I-3) 
rWn( " ) 
sCpr 
rCpr 

T4 Sc 
rS(I-14) 

T3 Sxp 
sSI 
rSI 
sS2 
rS2 

= T8FIF~ 
= FIF2 
= 01030406FIF3Ts 
= Rx05 
= T8(C2~2~23) 
= (0102~04)QI 
a A(21-23)AnrAr3 
= A( ") " 
= A(0"20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
= B(" ) II 

= FIF3(TsQI) 
= Add(I-3)~6TsCr3 
= Add( ") " 
= C(0-20)Cr3 
= C( II ) II 

= A(21-23)~60204 
= A( ") " 
= C(21-23) W7 
= c( " )" 
= KzQIFl07 
= KzQI 
= (C2@:;2l±£23)CpTsHtQI~603 
=( ")Cp " 
= (FlGO)Q2 
= (PI~13PI4Ia)FlGO(02O=40506)Pr3 
= ( It) " 
= (PIl±l>14Ia) " 
= ( Ii) " 
= (PIL@r.a) " = ( r.t ) II 

= P(0-II)Pr3 
= P{" ) " 
= (P12P13P14)Q2FI 
= C(21-23)WxxQI 
= C( ") " 
= (CI~I~20)QI 
= ( ") QI 
= T4Endlnr 
= Sc 
= T3IntEndGO 
= (PI~14Ia)FlGO(~-S06)Sxp 
= ( it) " 
= (PILki}[a) " 
= ( ") " 
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MIW 3 

Initiate P register increment 
Last cycle 

Initiate transfer of C to W buffer 
Start parity generation for I/O 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

A + C ~ C T7 thru TO 

Unused adder inputs T7 thru TO 

Carry logic T7 thru TO 

Check parity T7 thru TO 

P + I ~ P T7 thru T3 

C ~W Buffer T7 thru TO 

Generate parity for I/O T7 thru TO 

Clear S 



MIW4 

sS (3-14) = P(O-ll)Sxp 
rS( " ) = 'Y( II ) " 

Tr Cxm = EndGOTsm(Tr+Tp) 
sC(0-23) = M(0-23)Cxm M -+ C (Fetch next instruction) 
rC( .. ) = TrCxm Tr thru Tp 
sRt = CpT~O~ Parity error 
rIa D TrF_1 ___ 
rIx = Tr(F1F3) (GORt) 

Tp rAOO = TpEndGO 
rBOO = ( .. ) 
sCp = M24C:KJD1ItTSTp Initiate parity 
rCpr = Tp 
rF(1,2) 1:& TpEndSk ~O next clock (TS) 
Oc 1& ( " ) 
802 - Oc NOP (20) -+ 0 rO(1,3,4,5,6) =- Oc 
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13 POT 

00 TS rCz 
sIx 
Oxc 
sO ( 1, 3 , 4, 5 , 6) 
r02 

T7 Ar3 
sA(0-2) 
rAe .. ) 
sA(3-23) 
rAe 11 ) 

sB(0-2) 
rB( 11 ) 

sB(3-23) 
rB (.. ) 
Cr3 
sC(0-2) 
rC( .. ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
Yz( " ), 
sCz 
rCz 
sCp 
rCp 

T4 8c 
r8(1-14) 

T3 8xc 
s8(1,2) 
s8 (3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sRt 
rIx 
rKO 

Tp sCp 
sF2 

Parallel Output When Ready 

== 00TS 
== 00TSC1GO 
== (00TSIaGO) C2 
== C(3,5,6,7,S)Oxc 
== CZioxc 
== (0102<TI04)Q1 
== A(21-23)AnrAr3 
= A( ") " 
== A(0-20)Ar3 
=="X(" ) " 
== B(21-23)BnrAr3 
= B( ") " 
== B(O-20)Ar3 
= B(" ) " 
= "FIY2(TSQI) 
== Add(I-3)00JuTsCr3 
== AOa( " ) " 
== C(0-20)Cr3 
= C(" ) .. 
== Xn(1-3)00'Ix 
== Xn( " )00Ix+Ix 
== C(21-23)Ji 
== -0-( " )" 
== KzQlTOJ7 
== KzQ1 
== (C2@:!2~23)CpTsHtQlFIF2 
==( ")Cp " 
== T4Fl.F2Inr 
== 8c 
== T3fi.F2Ju 
= Add(2,3)8xc 
== C(0-11)8xc 
== FITO 
== Ju00Tsm(Tr+Tp) 
== M(0-23)Cxm 
= TrCIDIl 
= cpT~oW2 
== Tr(FiF3) (GORt) 
== GOTrF"2 
=:= M24CxmHt'TSTp 
== (Tp!a00)03O! 
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(M) ~ Output Device 

Initialize indexing 

Instruction ~ 0 

Recirculate A 

Recirculate B 

C+X· Ix ~ C (Add=Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear 8 

M ~C (Fetch operand) 

Parity error 

Initiate parity 
02 next clock (TS) 

POT 1 

3 Cycles 
+ Wait 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TI 

T7 thru TO 

Tr thru Tp 



{62 T7 

TO 
Tp 

Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA( " ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB( " ) 
sRf 

rCz 
sFl 

rRf 

D (OlO20304)Ql 
= A(2l-23)AnrAr3 
= I( " ) " 
D A(O-20)Ar3 
*= A( " ) " 
D B(2l-23)BnrAr3 
="If( " ) " 
= B(O-20)Ar3 
= 1r( " ) " 
= Q2F306F2Rt 

= FITO 
- Tp(FlF30l0304)IaRf 

= Tp(fi(GOiit) 

POT ~ 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

External Device is ready (Rt) 
to receive information T7 thru T3 
from the computer. 

~6 next if Rf 
~2 next if lIT 

The Computer will continue to repeat ~2 until the External Device becomes ready, 
at which time the data will be transferred in parallel from the C register to the 
device. At Tp time, following the transfer, ~6 will occur. 
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~6 T8 al. 
Ind 

T7 Ar3 
sA(O-2) 
rAe It ) 

sA(l .. 23) 
rA( II ) 

81(0-2) 
rB( It ) 

5B(3 .. 23) 
rB(" ) 
Cr3 . 
aC(O-2) 
rC{ ,e ) 
sC(3-23) 
rC(" ) 
b(1-3) 
YZ(1-3) 
Ti( " ) 
8~ 

rCz 
8Cp 
rCp 
Pr3 
arc 
rPO 
aPi 
rll 
.r2 
r.2 
,P(3-14) 
rP( If ) 

rla 
T4 Sc 

rS(1-14) 
T3 Sxp 

sSl 
rBl 
.S2 
rS2 
8&(3-14) 
d( It ) 

tr a. 
.C(O"23) 
rC(" ) 
sHt 

.. T811~ 
• F.1F2 
~ (Ol02ro04)Ql 
- A(2l-23)AnrAr3 
~ A( ") " 
• A(O-20)Ar3 _ X( II ) II 

• B(21-23)BnrAr3 
.. if( ") " 
.. B(O-20)Ar3 
."1(" ) ,. 
.. rl~(raQl) 
• Add(1-3)~6T8Cr3 
• I<fcI' ( tI) .. 
.. C(O-20)Cr3 

... C(" ) tI 

.. Ix 
~ C(21-23)rf 
.. ~( tr )" 

.. KzQIFIJ7 
• iZQl 
.. {C2U$tZ~23)cpfSRtQl_603 
.. ( " ) Cp " 
a (11GO)Q2 
• (Pl~13P14Ia)F1GO{0!84d506)pr3 · ( " ). .. 
.;(PlliJ~?4Ia) II .. (.) " 
• (Pl$.) It 

a ( fi) II 

.. P{O-11)Pr3 

.. J"(" ) It 

- (P12P13P14)Q2Fl 
.. T4lndIrlr 
- Sc 
.. T3lntEndGO 
• (Pll!r14Ia)FlGO(~06)Sxp 
.. ( ") It 

.. (Pl/fJaa) " 

.. ( fi) II. 

- ,(O-11)Sxp 
.. P( II ) .. 

• BndGOf;M(Tr+Tp) 
• M(O-23)Cx.m 
• TrCxm 
.. CpT.1'2 
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POT .3 

Initiate P register i.ncrement 
La.t cycle 

Recirculate A T7 thru TO 

Recix'culate B T7 thru TO 

A + C ..... C 1.7 thru TO 

.. V· .• 

Unus ad addu inputs T7 thru TO 

Carry 1011c T7 thru TO 

Check parity T7 thru TO 

p + 1 ..... P T7 thru 13 

Clear S 

p + 1 -.8 

M -+ C (retch next instrw:.tion) 
Tr thru Tp 

P~rity error 



rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rP(1,2) 
Oc 
s02 
rO(1,3,415,6~ 

• TrFJ..-- -===-­
- Tr(FIF3) (GOHt) 
= TpEndGO 
• ( II 2...._ 
- M24CxmHtTsTp 
- TpEndSk - ( " ) 
aI Oc 
• Oc 

POT 4 

Initiate parity 
fa next clock (IS) . 

NOP (20) -+ 0 
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rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
s02 
rO(1,3 ,4,5,6) 

lQ TrFJ:c- =-­
~ Tr(FIF3) (GOHt) 
z:: TpEndGO 
SIll ( " L._ 
= M24CxmHtTsTp 
11:1 TpEndSk 
= ( " ) 
::: Oc 
:1:1 Oc 

Initiate parity 
~O next clock (T8) 

NOP (20) --+ 0 
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14 ETR 

00 TS rCz 
sIx 
Oxc-
80(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rAe It ) 

sA(J-23) 
rA(" ) 
sB{O-2) 
rB( It ) 

8B(3-23) 
rB (" ) 
Cr3 
sC{O-2) 
rC( " ) 
sC(J-23) 
rC( It ) 

Xz{1-3) 
Xi( II ) 

Yz(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rep 

T4 Sc 
rS(1-14) 

1'3 Sxc 
88(1,2) 
88(3-14) 

TO rCSt 
Tr Clan 

sC(O-23) 
rC(" ) 
sCz 
sHt 
rlx 
rKO 

Tp 8Cp 
811 
sF2 

Extract 

CD ~OT8 
~ "OT8C1GO 
- ('OTSIaOO)C2 
a C(J,5,6,7 1 8)Oxc 
- C40Xc 
sa (0102030ill l 
a A(21-23)AnrAr3 
_ A( ") II 

- A(O-20)Ar3 
_ A( If ) It 

- B(21-23)BnrAr3 
lID B( If) " 
.. B(O-20)Ar3 
-B( II .1 II 

.. fiF2(TsQl) 
IIDAdd(1-3)~OJuTsCr3 
-.Add( " ) II 

~ C(O-20)Cr3 
- C( II ) It 

- Xn(1-3HfO,-!x 
.. !ii{ t. ) ~OIx+rx 
m" C(21-23)J1 
ra C( ~ It 
- l{zQliO~ 
- KiQl 
- (C2$:2$2l)CpTsHtQIFIF2 
sa ( It )Cp " 
- T4FIF2Inr 
• Sc 
- T311P'2.Ju 
• Add(2,3)Sxc 
- C(O .. ll)Sxc 
• fiTO 
• J~obm(Tr+Tp) 
.. M(O-23)Cxm 
• TrCxm 
.. (T .. riO·ir40S06) 
• CpT oi'L..-
• Tr{ ) (clOKt) 
• GOTrP2 
- H24exmRtf8Tp 
- (TprafO) 0304 
ID ( ")O~ 
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Initialize ca~ry 
Initialize indexing 

Instruction -+ 0 

ETR 1 

2 Cycles 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X-I:x -+ C (Add..xz+Yz) T7 thru TO 

Adder input: 1f Ix (indexing) 
T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru II 

Check parity T7 thru TO 

Clear S 

M .... C (letch Operan4) 

Parity errctr 

Initiate parity 

~6 next clock (T8) 

T:r thru Tp 



~6 T8 Anr 
sla 
End 

T7 Ar3 
sA(O-Z) 
rA( " ) 
sA(3-Z3) 
rA(" ) 
sB (0-2) 
rB ( " ) 
sB(J-2J) 
rB (" ) 
Cr3 
sC(O-Z) -
rC( II ) 

sC(3-Z3) 
rC(" ) 
Xz(1-3) 
ii( " ) 
Yz(1-3) 
Vi( II ) 

sCz 
rCz 
sCp 
rCp 
PrJ 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-14) 
rP(" ) 
rIa 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rSI 
sS2 
rS2 
sS (.3-14) 
rS(" ) 

Tr Cxm 
sC(O-2J) 
rC(" ) 
aHt 

- 0102040606 
• TSFlnt)O 
• FLl2 
- (OI02OJ04)Ql 
• (A·C)(21-23)(0102040606)Ar3 
~ (A+C) ( " ) ( " )" 
'!I A(O-20)ArJ 
- A( II ) II 

• B(21-23)BnrAr3 
.. If( ") " 
.. B(0-20)ArJ 
.-W(" ) tI 

at llFJ (TsQl) 
• Add(1-3)~6T8Cr3 
.. Act<r ( ") " 
a C(0-20)Cr3 
- C(" ) " 
.. A(21-23)e60204 
at "I( ") " 
• C(21-23)J1' 
aC( ")" 
CI KzQIFIJ1 
• KzQl 
• (C2~2~23)cpfSntQ1~603 
.. ( " ) Cp " 
ID (11GO)Q2 
• (P13lr13P14Ia)FlGO(O~84OJo6)Pr3 
• ( h ). " 

.. ,'(Pl~?4Ia) II 

=- ( ) " 
.. (PILft·) " 
= () " 
.. P(O-11)Pr3 
_ P( II ) It 

• (P12P13P14)Q2F1 
.. T4lndlnr 
.. Sc 
.. T3htEndGO 
.. (Plllr14Ia)FlGO(616td306)Sxp · ( ") .. 
.. (P1'8_) " 
.. ( ") u; 

.. P(O-ll)Sxp 

.. P( II 1" 
- BndGdfii (Tr+'l'p) 
.. M(O-23)Cxm 
• TrCxm 
-CpT~ 
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Irlitiate P register increment 
Last cycle 

T7 thru TO 

Recirculate B T7 thru TO 

T7 thru TO 

UnU8~ adder inputs T7 thru TO 

Carry logic T7 thru TO 

Check parity T7 thru TO 

P + 1 -t P T7 thru 13 

Clear S 

P + l-tS 

M ... C (Fetch next instruction) 
Tr thru Tp 

Pari ty error 



MaG· 1 

'.6 MRG Merge Ai + Mi -+Ai 2 Cycles 

~o T8 rCz ;II 00T8 Initialize carry 
sIx a 00T8C1GO Initialize indexing 
Oxe 1:111 ("OT8IaGO)C2 
80(1,3,4,5,6) a C(3,5,6,7,8)Oxc Instruction -+ 0 
r02 .. C40Xc 

T7 Ar3 .. (OlO203011i1 
sA(0-2) Ie A(21-23)AnrAr3 
rAe " ) - A( " ) " 
sA(3-23) .. A(O-20)Ar3 

Recirculate A T7 thru TO 

rA( " ) .. A( " ) -"-
sB(0-2) - B(2l-23)BnrAr3 
rB ( " ) = B( " ) " 
sB(3-23) II: B(0-20)Ar3 Recirculate B 1.7 thru TO 

rB( " ) a B(" ) " 
Cr3 III FlF2(TsQl) 
sC(O-2) 1:1 Add(1-3)00JuTsCr3 
rC ( " ) .. Add( " ) " C+X-Ix -+ C (Add-Xz+Yz) T7 thru TO 
sC(3-23) ~ C(O-20)Cr3 
rC( II ) ~ C( " ) " 
Xz(l-3) a Xn(1-3)(60 .• 1x Adder input if Ix (indexing) 
Xz( It ) a 'Xii( .. ) 00Ix+lx T7 thru TO 
YZ(1-3) 1:1 C(21-23)J7 

Adder input C rqister T7 thru TO yz ( " ) sa C( "~" 
sCz .. KZQlTO 7 

T7 thru Il rCz .. KzQ1 Carry for Adder 

sCp .. (C2$2~23)CpTsHtQlFlP'2 
Check parity T7 thru TO rCp a ( " )Cp " 

T4 Sc at T4FlF2Inr 
rS (1-14) - Se 

Clear S 
T3 5xc - T3F1F2Ju 

s5(1,2) .. Add(2,3)Sxc 
C+X.!x -+ S sS (3-14) = C(O-ll)Sxc 

TO rCz .. fiTO 
Tr Cxm • JU00Tsm(Tr+Tp) 

sC(O-23) .. M(O-23)Cxm M .... C (Petch Operand) Tr thru Tp 
rC( " ) .. TrCxm 
sCz .. (T~405XWl Set carry if Xwl 
sHt .. Cp1: oiL- Parity error 
rIx - Tr( _3) (COHt) 
rKO - GarrF2 

Tp sCp - M24Cxmlli:TsTp Initiate parity 
sFl - (Tpiii"o)0304 

~6 next clock (T8) sF2 11:1 ( .. )0302 
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~6 I8 Anr 
sIa 
End 

I7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB ( ". ) 
Cr3 
sC(0-2) 
rC ( II ) 

sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz( " ) 
YZ(1-3) 
?Z( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rP1 
sP2 
rP2 
sP(3-l4) 
rP(" ) 
rIa 

I4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rS1 
sS2 
rS2 
sS (3-14) 
rS (" ) 

Ir Cxm. 
sC(0-23) 
rC (" ) 
sHt 

sa 010 204Ob0 6 
~ I8F1~ 
= FIF2 
= (0102ro04)QI 
= (A+C)(21-23)(0l~04(05+Ob)~6) 
~ (A· C) ( " ) ( " ) 
~ A(O-20)Ar3 
c A( II ) " 

= B(2I-23)BnrAr3 
:I B( ") " 
=r B(0-20)Ar3 
= B( II ) " 

= FIF3(IsQl) 
:I Add(I-3)06TSCr3 
:I X<Ia( ") " 
Q C(0-20)Cr3 
Q C(" ) " 
:I A(2l-23)060204 
1::1 A( ") II 

lIZ C(21-23)07 
g C( " )" 
= KzQlFl07 
I: iZQl 
=- (C2]$:2~23)CprsntQ10603 
at ( " ) Cp " 
A (FlGO)Q2 
~ (Pl~13P14Ia)FlGO(01040-S06)Pr3 
_ ( if ) " 

- (Pl~14Ia) " 
:I ( ) " 

:II (Pll$£.a) " 
__ ( n ) " 

:II P(0-ll)Pr3 
l1li P(" ) II 

:I (P12P13P14)Q2Fl 
a T4EndInr 
... Sc 
=- T3IntEndGO 
:II (Pl3$f14Ia)FlGO(~06)Sxp 
l1li ( Ii) " 
l1li (Plea) U 

III! ( ") II· 

- P(O-ll)Sxp 
:a P( " ..2...." . 
- EndGQTsm(Tr+Tp) 
.. M(O-23)Cxm 
=- TrCxm 
a CpTqDl2 
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MRG ~ 

Initiate P register increment 
Last cycle 

T7 thru TO 

Recirculate B T7 thru TO 

A+C+l~C T7 thru TO 

Unused adder inputs T7 thru TO 

Carry logic T7 thru 

Check parIty T7 thru TO 

P + 1 ~ P T7 thru T3 

Clear S 

P + 1 ... 5 

M -t C (Fetch next instruction) 
Tr thru Tp 

Parity erl:or 



rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
802 
rO(1,3,4,5,6) 

a TrF.1::- _ 
~ Tr(FIF3) (GOHt) 
g TpEndGO 
&: ( " L_ 
a M24CxmHtTsTp 
a TpEndSk 
= ( " ) 
= Oc 
:a Oc 
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Initiate parity 
~O next clock (TB) 

NOP (20) -+ 0 

MaG 3 



17 EOR 

00 T8 rCz 
sIx 
Oxc 
sO (1 , 3 , 4,5, 6) 
r02 

T7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( II ) 

sC(3-23) 
rC( II ) 

Xz(I-3) 
Xz ( II ) 

yz(I-3) 
Yz ( 11 ) 

sCz 
rCz 
sCp 
rCp 

T4 8c 
r8 (1-14) 

T3 8xc 
s8(1,2) 
s8 (3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sRt 
rIx 
rKO 

Tp sCp 
sFI 
sF2 

Exclusive "or" 

= 00T8 
= 00T8C1GO 
= (00T8IaGO)C2 
= C(3,5,6,7,8)Oxc 
= C40xc 
= (010203011i1 
= A(21-23)AnrAr3 
= A( II) " 
= A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= Be' ..l " 
= F1F2(TsQl) 
= Add(1-3)00JuTsCr3 
= Add( " ) " 
= C(0-20)Cr3 
= C(" ) " 
= Xn(I-3)00· Ix, 
a Xn( " )'IOIx+lx 
= C(21-23)07 
=C( " )" 
= KzQIT007 
= KzQI 
= (C2~2~23)CpTsRtQIFlF2 
= ( ") Cp 11 

= T4Flnlnr 
= Sc 
= T3FIF2Ju 
= Add(2,3)8xc 
= C(0 .. 11)8xc 
= FITO 
= Ju00Tsrn(Tr+Tp) 
= M(0-23) Cxm 
= TrCxm 
= CpTnXdro02 
= Tr (rrFJ) (Will) 
III GarrF2 
== M24CxmHtTsTp 
III (TpIa00)0304 
= ( 11 )0302 
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Ai~Ti+AiMi ~ Ai 

Initialize carry 
Initialize indexing 

Instruction ~ 0 

EOR 1 

2 Cycle;;, 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X·Ix ~C (Add=Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 
T7 thru TO 

Adder input C register T7 thru l"u 

Carry for Adder T7 thru TI 

Check parity T7 thru TO 

Clear 8 

C + X· Ix ~ 8 

M ~ C (Fetch operand) 

Parity error 

Initiate parity 

06 next clock (T8) 

Tr thru Tp 



f6 T8 Anr 
ala 
Ind 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(l .. 23) 
rA(" ) 
81(0-2) 
rB( .. ) 
sB(3-23) 
rB(" ) 
Cr3 
aC(O-2) 
rC( " ) 
aC(3-23) 
rC(" ) 
b(1-3) 
ii( .. ) 
YZ(1-3) 
!i( II ) 

sCz 
rCz 
ICp 
rCp 

Pr' arc 
rPO 
aPl 
rPl 
a,2 
rP2 
.,(3 .. 14) 
r,(" ) 
rIa 

T4 Sc 
rS(1-14) 

T3 S'XP 
sSl 
rSl 
8S2 
rS2 
81(3-14) 
d(" ) 

Tr Olea 
.C(0-23) 
rC(" ) 
aHt 

.. 61.02040506 
II!I T8Fl~ 
.. F1F2 
• (Ol020!04)Ql 
_ (~)(21-23)(0102040506)Ar3 
~ (~) ( " ) ( " )" 
.. A(O-20)Ar3 
_ X( II ) If 

- B(21-23)BnrAr3 
• B( II) " 
.. B(O-20)Ar3 
CII ~(It ) " 
.. Pli'3(fSQ1) 
• Add(1-3)~6TSCr3 
• X<r<f( ") tt 

• C(O-20)Cr3 
. - C(" )" 

.. A(21-23>_66204 

.. A( It) " 

.. C(21-23)(I'1 

.. ~( "-.L It 

• ~lrlJi 
.. KZQl 
.. (C2~2~23)~f8UtQlf603 
- ( .. )Cp II 

at (11GO)Q2 
• (P13lrl3P14Ia)F1GO(ti!dt8506)rr3 
.. ( " ). It 

.~Pl_l41a) It .. ( ) " 
• (P1'f!a) " 
all ( .) II 

.. P(O-11)Pr3 

.. T( II ) If 

.. (P12P13P14)Q2Fl 
- T41ndIni' 
.. Be 
.. T3iiitBndGO 
.. (PillP14Ia)FlGO(otOt8!06)Sxp _ ( ") " 
.. (Pl/8.). It 

.. ( ") II; 

• P(O-ll,Sxp 
.. T( II_L_" 
.. ~(Tr+Tp) 
• M(O"23)Cxm 
• TrCxm 
-CpT~ 
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EOR. ~ 

Initiate P register increment 
Last cycle 

77 thru TO 

Recirculate B T7 thru TO 

A+C-+C 77 thru TO 

Unused adder inputs T7 thru TO 

Carry 10lic T7 thru TO 

Check parity T7 thru TO 

p + 1 .... P T7 thru T3 

Clear S 

P + 1 -+8 

M -+ C (Fetch next instruction) 
Ti thru Tp 

Parity error 



rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rP(1,2) 
Oc 
802 
rO(1,3,4,5,6) 

- TrFJ...- -=-r--
- Tr(F1F3) (GOHt) 
p TpEndGO 
- ( " L_ 
- K24CxmHtT8Tp 
- TpEndSk - ( " ) 
= Oc 
• Oc 
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'"Initiate parity 
'0 next cl~ck~(T8) 

NOP (20) -~O 



'. 
C2.. 

20 NOP 

00 TS rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 

05 T7 Ar3 
sA(0-2) 
rA( It ) 

sA(3-23) 
rA( " ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB( " ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP( " ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr Cxm 
sC(0-23) 
rC( " ) 
rIa 
rIx 
rRc 

Tp rF 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

- C ~ C' \ L' 4, 

No Operation 

= TS(TsTsr) 
= 00TS 
= (00TSlaC2C5CS(C3+C4» 
= ( If ) 

= T8 
= 00TSIaCZc:5CB(a+C4) 
== (00TS1iGO)C2 
= OxcC(3,5,6,7,8) 
= OxcC4 
:= (0102~04)Ql 
= A(2l-23)AnrAr3 
== A( ") " 
== A(0-20)Ar3 
== A(" ) " 
= B(2l-23)BnrAr3 
== B( ") " 
== B(0-20)Ar3 
=B(" )" 
= 05 (AOO+GO) 
= (F1GO)gt __ 
= (F1GO(02040506»(Pl$(P13P14Ia ) 
= ( " ) (P P13P14Ia) ) 
= ( " )(Pl P14Ia» 
= ( " )(Pl P14Ia» 
= ( " ) (Pl$a) 
= ( " ) (Pl$a) 
= (P12P13P14)Q2Fl 
= P(O-11)Pr3 
= P(" ) " 
= T4(End+F1F2)~ 
= Sc 
= T3Int(El1.d+JuEaX)GO+T~ 
= (F1GO(~~06)(Pl~4Ia»Sxp 
= ( ")(Pl~a)Sxp 
= P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cx.m 
::= M(" )" 
= TrFl 
= Tr(FIF3) (GOHt) 
= Tr 
== TpEndSk 
== ( "~ 
:= TpG!(GOHt) 
= Tp 
== TpEndSk 
== Oc 
= Oc 
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NOP 1 

1 Cycle 

05 next (T7) 

initiate P register increment 

C(3-S) ~O instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l ~ P T7thru T3 

Clear S 

P -+ S 

Tr + Tp 

00 next clock (TS) 

NOP (20) ~ 0 



23 EXU 

~O T8 rCz 
sHz 
sIx 
Oxc 
sO (1,3,4,5,6) 
r02 

T7 Ar3 
sA(O-2) 
rAe f1 ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB(" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
sCp 
rCp 
Xz(1-3) 
XZ( " ) 
YZ(1-3) 
rz( " ) 
sCz 
rCz 

T4 Sc 
rS (1-14) 

T3 Sxc 
sS(1,2) 
sS (3-14) 

TO rCz 
Tr Cxm 

sC(O-23) 
rC(" ) 
sHt 
rIx 
rRc 

Tp sCp 
Oc 
rO(1,3,4,5,6) 
s02 

Execute 

.. ~OT8 

.. T8 
= ClGO~OT8 
= raGOC2~OT8 
= C(3,5,6,7,8)Oxc 
= CZioxc 
.. (0102(j'j04)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 
= I(" ) " 
= B(2l-23)BnrAr3 
.. B( ") " 
= B(O-20)Ar3 
= B( II ) " 

= Ts~OQl 
= Add(1-3)Cr3JUfS 
= Add( ") " 
= C(O-20)Cr3 
=C( II ) " 

= (C2~2~23)CpTsHtQlFlF2 
=( " )Cp " 
= Xn(1-3)~OIx 
= Xn( " )~OIx+Ix 
= C(2l-23)07 
= C( .. )" 
= KzQlTO 
= KZQl 
= InrFlF2T4 
= Sc 
= JuT3F1F2 
= Add(2,3)Sxc 
= C(O-ll)Sxc 
= FITO 
&:I JuTsm(Tr+Tp) 
= M(O-23) Cxm 
- CxmTr 
.. CpTnid.KO[2 
= (J1F3)(OOHt)Tr 
= Tr 
.. M24cxmHtTSTp 
.. O1~Ia 
= Oc 
= Oc 
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M -+ P 1 Cycle 

Initialize indexing 

Instruction to 0 register 

Recirc.ulate A T7 thru TO 

Recirculate B T7 thru TO 

C + X-Ix -+ C T7 thru TO 

Parity error T7 thru TO 
Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry logic T7 thru Tl 

Clear S 

C(lO-23) -+ S 

M -+ C (Fetch instruction) 
Tr thru Tp 

Parity error 

Initiate parity 

NOP (20) -+ 0 



YIM 

~O T8 rCz 
sIx 
Oxc 
sO ( 1 , 3 , 4, 5 , 6) 
r02 

T7 Ar3 
sA(O-2) 
rA( It ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB( II ) 

sB(3-23) 
rB( It ) 

Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC( II ) 

Xz(1-3) 
XZ( " ) 
yz(1-3) 
YZ"( II ) 

sCz 
rCz 
sCp 
rCp 

T4 8c 
r8(1-14) 

T3 8xc 
s8(1,2) 
s8(3-l4) 

TO rCz 
sRf 

Tr Cxm 
sC(O-23) 
rC( II ) 

sHt 
rlx 
rKO 

Tp sCp 
sFl 
sF2 
rRf 

Y Buffer Into Memory When Ready 

= (60T8 
1:11 (60T8C1GO 
:I «(60T8IaGO)C2 
= C(3,5,6,7,8)Oxc 
1:11 ~xc 
:I (01020304)Ql 
= A(2l-23)AnrAr3 
1: 'A( ") .. 
- A(O-20)Ar3 
= A(" ) II 

= B(2l-23)BnrAr3 
:I B( ..) .. 
= B(O-20)Ar3 
= B(" ) II 

= nn(fSQ1) 
= Add(1-3)(60JUfSCr3 
= Add( " ) .. 
= C(O-20)Cr3 
1:11 C(" ) " 
= Xn(1-3)(60'Ix 
&:I Xn( .. )(60Ix+lx 
= C(2l-23)Ji" 
= C( II ) .. 

1:11 KzQ1TO"," 
1:11 KzQl 
1:11 (C2~2$::23)CpTsHtQ1F1F2 
&:I ( .. )Cp II 

1:11 T4n~Inr 
=:I 8c 
= T3n~Ju 
&:I Add(2,3)Sxc 
= C(O-11)8xc 
• FITO 
= TO~03Yf(YO+Y9) 
-= Ju(60Tsm(Tr+Tp) 
= M(O-23) Cxm 
-= TrCxm. 
= CpTl1KdKOi2 
-= Tr(FtF3) (GOHt) 
.. GOTr~ 
:I M24CxmHtTsTp 
- Tp (Fl~Olo304) IaRf 
:I Tpra~003~n 
= TPJI(5t) 

Y ~ (M) 

Initialize indexing 

Instruction -+ 0 

Recirculate A 

Recirculate B 

C+X· Ix -+ C (Add=Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear 8 

Y Buffer ready to send 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 
(64 next clock if Rf 
~2 next clock if R1 

If the Buffer is ready', (62 is ignored and ~4 will occur. 
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YIM 1 

3 Cycles 
+ Wait 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru Tl 

T7 thru TO 

Tr thru Tp 



_2 T7 Arl 
sA(O-2) 
rA( II ) 

IA(3-23) 
rAe II ) 

sB(O-2) 
rB( .. ) 
sB(3-23) 
rB(" ) 

TO rCz 
sItf 

Tp srl 
rF2 
rRf 

• (Ol02OJ04)Ql 
• A(2l-23)A'iir.lr3 
- X( ..) It 

- A(O-20)Ar3 
- 'I(" ) .. 
- B(2l~2l)BnrAr3 
• 1f( It) II 

- B(O-20)Ar3 
-B(" ) .. 
- JI'.tO 
• rofl03Y'f (YO+Y9) 
• (Tp(FlF30l0304)IaRf) 
~ (~. )02 
II: Tp01(GOHt) 

YIM ~ 

Recirculate A T7 thru TO 

Recirculate B T7 thru to 

Set Rf if Y Buffer full 
04 next if Itf '2 next if 11 

The Computer will continue to repeat 02 until the Y Buffer belcomes ready. 

42 



~4 Ta rC24 
sIa 
Mxc 
Ix 
sRn(1-3) 
rRn( II ) 

T7 Ar3 
sA(O .. 2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB{O-2) 
rB{ " ) 
sB{3-23) 
rB(" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3 .. 14) 
rP(" ) 
rIa 

T6 sC24 
rC24 

T3 rM(O .. 24) 
TO rCp 
Tro sRt 

rIa 
rKO 

Tp sF(1-3) 
sM(O-24) 
rM(" ) 

= Ta{~) 
-Fl~ 
= 9J4fsm 
== Ol0302t0bF1F?3Ts 
== Rwy(1-3)Tsr 
== RWY< " ) fI 

- (Ol020304)Ql 
- A{21-23)AnrAr3 
== A{ ") " 
= A{O-20)Ar3 
== A( II ) " 

- B(21-23)BnrAr3 
= B( fI) " 

- B(O-20)Ar3 
'- B(~ .1 " 
III F1F3(TsQl) 
- Rn(1-3)RxCr3 
== Ril( ") " 
- C(O-20)Cr3 
==C\" )" 
== (F1GO)Q2 
= (Pl~13P14Ia)F1GO{02O=40506)Pr3 
= ( if) fI 

== (Pl3d:J?14Ia) " 
_ ( Ii) fI 

III (PllQiI,a) " 
== ( Ii ) fI 

== P(O-11)Pr3 
- P{" ) " 
== {P12PI3PI4)Q2F..;;,,1 __ 
- (C~~2)~(TsTsr)(Q3+Q5) 
.. ( .. ) C24 ( II ) ( " ) 

.. T3 
= T'STOHtKO{Fi~iOl06)J2 
- CpTt@)K'OJi 
.. TrFl 
= TrOOfi 
== Tp~4 
= C(O-24)MxcTp 
- C( II ) .. 
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tIM ~ 

Initialize parity generation 
Initialize P register increment 

Information from Y 

Recirculate A 

Recirculate B 

Y Buffer ~ C 

P + 1 ~P 

Generate parity 
Clear M 

Parity error 

9J7 next clock (T8) 

C ~ M (Store operand) 

Ta thru Tp 

T8 thru Tp 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T6 thru Tr 



'7 T8 lad 
'r7 Ar3 

eA(O-2) 
rA( " ) 
.A(3-23) 
rAe If ) 

81(0-2) 
rB( II ) 

.1(3 .. 23) 
rl( It ) 

rr3 
'P(0-2) 
r'( " ) 
aP(3-14) 
rP(" ) 

T4 Sc 
rS(1-14) 

1:3 Sxp 
88 (1,2) 
rS ( tt ) 

.S(3-14) 
rS(" ) 

TO rSk 
T-r Cxm 

aC(O-23) 
:rC( tl ) 

rIa 
rlx 

Tp rAOO 
rlOO 
aep 
rl(1-3) 
Oc 
s02 
rO(l,~ ,4,,5,6) 

• F11'2 
• (01020304J..g1 
• A(21-2J)AnrAr3 
• I( ") " 
.. A(O-20)A1:'3 
• 'I( It ) " 

• B(21-23)lnrAr3 
.. B( ") " 
.. B(O-20)Ar3 
• '1( II ) .. 

.. F1GOQ2; 

.. P(l2-14)Y-aF1OO(~6)Pr3 

.. Y( ..) "( .. ) It 

.. '(O-ll)Pr3 

.. P( II }." 

- T4Endtnr:' 
.. Sc 
.. T3IntBndGO 
.. P(13,l4)iiF1GO(020%QF506)Sxp 
.. 1'( ") n ( " ) H 

.. P(O-11)Sxp 

.. '1(" ) " 
• '7TO 
.. EndGdfDi(Tr+Tp) 
.. M(O-23) Cxm 
.. TrCxm 
.. F1TIi,-- ___ 
.. Tr(flP3) (GOHt) 
- TpSadGO 
.. TpEndGO 
- K24CDitTsTp 
• TpEndSl{ 
.. TpEndSK 
.. Oc 

- Oc 

44 

YIM 4 

Lut cycle 

Recirculate A T7 thru TO 

Recirculate B T,1 thaj 1'0, 

a..circulate P T7 thru T3 

Clear S 

P(13,14) containa P(1~2) at T3 
p .... S 

K -+ C (retch next 1natnactiOll) 
'rl'.thru Tp 

Initiate parity '0 next~ 
lIOP (20) -+ 0 

'. 



32 WIM 

~O T8 rCz 
sIx 
Oxc 
sO (1,3,4,5,6) 
1'02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 

T4 8c 
r8 (1-14) 

T3 8xc 
s8(1,2) 
s8(3-14) 

TO rCz 
sRf 

Tr Cxm 
sC(0-23) 
rC( II ) 

sRt 
rIx 
rKO 

Tp sCp 
sFl 
sF2 
rRf 

W Buffer Into Memory When Ready 

.. ~OT8 

.. ~OT8C1GO 
I: (~OT8IaGO)C2 
= C(3,5,6,7,8)Oxc 
.. C40xc 
.. (01020304)Q1 
- A(2l-23)AnrAr3 
-A( ") " 
- A(0-20)Ar3 
.. A(" ) .. 
= B(21-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
= B(" ) " 
.. F1F2 (TsQ1) 
= Add(1-3)~OJuTsCr3 
= Md( .. ) .. 
1:1 C(O-20)Cr3 
== C(.. ) II 

= X.n(1-3)"'0·Ix 
= X.n( " )~OIx+lx 
= C(21-23)07 
~ C( " )" 
1:1 KzQ1T007 
= KzQ1 
= (C2~2$!23) CpTsHtQ1F1F2 
=( ")Cp II 

= T4F1F2Inr 
= 8c 
a T3F1F2Ju 
II:; Add(2,3)8xc 
II:; C(O-ll)Sxc 
.. fITO 
.. T0F3,05Wf(WO~)06 
a Ju~OTsm(Tr+Tp) 
.. M(0-23)Cxm. 
.. TrCxm. 
a CpT.ttKPla>J2 
=- Tr(fti3) (GORt) 
- OO'rrl"2 
=- M24CxniRETSTp 
.. Tp (FlFJOI0304) IaRf 
.. (TpIa@p)0304Rf 
.. TpJi(GORt) 

If Buffer is ready ~2 is ignored and ~4 will occur. 

45 

W ~ (M) 

Initialize indexing 

Ins truction ~ 0 

Recirculat e A 

Recirculate B 

O+X·lx ~ C (Add-Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear 8 

C + X-Ix ~ S 

W Buffer ready to send 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 
"'4 next if Rf 
~2 next if Rf 

WIM 1 

3 Cycles 
+ Wait 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru Tl 

T7 thru TO 

Tr thru Tp 



02 T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( tl ) 

sB(3-23) 
rB (" ) 

TO rCz 
sRf 

Tp sFl 
sF2 
rRf 

- (Ol020304)Ql 
= A(21-23)AnrAr3 
- A( ") " 
- A(O-20)Ar3 
III A(" ) II 

= B(21-23)BnrAr3 
D 1r( ") " 
- B(O-20)Ar3 
&II B(" ) II 

- FITO 
- TOF305Wf(WO+W9) 
~ (Tp(F1F30l0304)IaRf) 
~ ( __ " }02 
~ Tp01(GOHt) 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Set Rf if W Buffer full 
04 next if Rf 
02 next if R1 

The Computer will continue to repeat 02 until the W Buffer becomes ready. 
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~4 TS rC24 
sIa 
Mxc 
Rx 
sRn(1-3) 
rRn( " ) 

T7 Ar3 
sA(O-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB(" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3 .. 14) 
rP(" ) 
rIa 

T6 sC24 
rC24 

T3 rM(O-24) 
TO rCp 
Tr sRt 

rIa 
rKO 

Tp sF(1-3) 
sM(O ... 24) 
rM(" ) 

=- T8(TsTsr) 
;:Fl~ 
;: ~4Tsm 
III Ol03040oFli3Ts 
.. Rwy(1-3)Tsr 
.. RWY( II ) " 

III (Ol02Qj04)Ql 
;: A(21-23)AnrAr3 
.. A( ") " 
.. A(O-20)Ar3 
.. A( II ) II 

11:1 B(21-23)BnrAr3 
III B( ") " 
.. B (O-20)Ar3 
III B(" ) " 
;: FIF3(TsQl) 
;: Rn(1-3)RxCr3 
III Rn( ") " 
III C(O-20) Cr3 
.. C(" ) " 
.. (FlGO)Q2 
.. (Pla±P13P14Ia)FlGO(52545506)Pr3 
.. ( Ii) " 
.. (Pll.il>14Ia) " 
III ( ii) " 
III (Pllffi[a) " 
III ( it ) " 

.. P(O-11)Pr3 
- P(" ) " 
.. (PIZP13P14)Q2F_l __ _ 
- (~~2)C24<TsTsr)(Q3+Q5) 
.. ( ") C24( " ) ( " ) 
.. T3 
;: T'STOittKn(Fl"Oln)J2 
III CpT~~ 
l1li TrFl 
.. TrGO~ 
I: Tp~4 
III C(O-24)MxcTp 
.. C(") " 
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WIM 3 

Initialize parity generation 
Initialize P register increment 

Information from W 

Recirculate A 

Recirculate B 

W Buffer -4 C 

P+l-+P 

Generate parity 
Clear M 

Parity error 

~7 next clock (TS) 

C -+ M (Store operand) 

T8 thru Tp 

T8 thru Tp 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T6 thru Tr 



fJ7 T8 End 
17 Ar3 

sA(O-2) 
~A( " ) 
sA(3-23) 
rAe If ) 

sB(O-2) 
rB( II ) 

8B(3-23) 
rB (.. ) 
Pr3 
sP(O~2) 
rP( " ) 
sP(3-14) 
rP(" ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
85(1,2) 
rS ( If ) 

sS (3-14) 
rS( II ) 

TO r5k 
Tt' Cxm 

sC(O-23) 
rC(" ) 
rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oc 
802 
rO ( 1,3 , 4,5 , 6) 

- F1F2 
• (01020:3°ili1 
- A(21-23)AnrAr3 
- X( ") " 
• A(O-20)Ar3 
- A( II )" 

m B(21-23)BnrAr3 
• B( ") " 
- B(O-20)Ar3 
-"B(" )" 
- F1GOQ2' 
:II P(12-14)r-aF1GO(02040506)PrJ 
.. P( ") " ( II )" 

- P(O-ll)PrJ 
=- P(" ) .. 
- T4End~ 
= 'Sc 

- T3IritEndGO 
a P(13,l4)i&F1GO(62540506)SXP 
• ~( ") II ( " )" 

.. P(O-ll)Sxp 
a:- PC·" ) .. 
.. ~7TO 
A EndGO¥S:m(Tr+Tp) 
- M(O-23) Cxm 
~ TrCxm 
.. F1Tx.....- sr­
• Tr(flF3) (GOHt) 
- TpEfldGO 
.. TpEndGO 
• K24CxmiltTsTp 
• TpEndSK 
_. TpEndSK 

.. Oc 

- Oc 
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WIM 4 

Last cycle 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate P T7 thru TJ 

Clear S 

P(13,14) contains P(l,2) at T3 
p -+ S 

M -+ C (retch next instruction) 
Tr-thru Tp 

Initiate pari.ty 
~O next 

NOP (20) -+ 0 



33 PIN 

00 T8 rCz 
sIx 
Oxc 
sO (-1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( tI ) 

sA(3-2J) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(l-J) 
Xz( " ) 
YZ(1-3) 
YZ( " ) 
sCz ' 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
s8(1,2) 
as (3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sHt 
rIx 
rKO 

Tp aCp 
sF2 

Parallel Input to Memory When Ready External Device ~ (M) 

a 00T8 
~ 00T8CIGO 
= (~OT8IaGO)C2 
= C(3,5,6,7,8)Oxc 
II: C40xc 
a (0102<U04)Ql 
a A(21-23)AnrAr3 
II: A( ") " 
=- A(0-20)Ar3 
== A(" ) " 
-= B(21-23)BnrAr3 
=B( ") " 
II: B(0-20)ArJ 
aB(" ) " 
- fi.F2(TsQl) 
-= Add(1-3)00JuTsCr3 
= Acid( " ) " 
=:I C(0-20)Cr3 
l1li C(" ) " 
I:: Xn(1-3)00 e Ix 
g 'Xii ( " ) 00Ix+Ix 
= C(21-23)J7 
a c( "~" 
III KzQ1TO"-
l1li KzQI 
=- (C2~2~23)CpTsHtQlFiF2 
=:I ( ") Cp " 
= T4FIF2Inr 
III Sc 
== T3FIF2JU 
=- Add(2,3)Sxc 
:I C(0-11)8xc 
=- FITO 
• JU~OTsm(Tr+Tp) 
- M(0-23)Cxm 
I: TrCXm. 
s:aCpT~~ 
- Tr{~)(GOHt) 
- GOTrl'1 
- M24CxmHtTs!p 
- (Tpfi00)0304RI 
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Initialize indexing 

Instruction ~ 0 

Recirculate A 

Recirculate B 

O+X·Ix ~C (Add-Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear S 

C + X· Ix ~ S 

M -+ C (Fetch operand) 

. Parity error 

Initiate parity J 

02 next clock (TS) 

PIN 1 

4 Cycles 
+ Wait 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T1 

T7 thru TO 

Tr thru Tp 



~2 T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cxi 
sC(O-23) 
rC(" ) 
sRf 

TO rCz 
Tp sFl 

rF2 
rRf 

----
== (01020304)Ql 
== A(2l-23)AnrAr3 
= A( ") " 
== A(O-20)Ar3 
== A(" ) " 
== B(2l-23)BnrAr3 
== B( ") " 
= B(O-20)Ar3 
== B( II ) " 

== (FlF2F306Ts)02Ql05 
== CxiCdO 
== CxiQ2 
= Q2~06F2Rt 
= FITO 
= (Tp(FlF30l0304) IaRf) 
= ( " )02 
= TPJi(GOiit) 

PIN ~ 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

External lDevice -4 C T7 thru TO 

External TIevice ready (Rt) 

04 next if Rf 
02 next if Rf 

The Computer will continue to repeat ~2 until the External Device transmits to C. 
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~4 T8 rC24 
ala 
Mxc 

T7 Ar3 
IA(O-2) U, " ) 
sA(l-2J) 
rA.<" ) 
8B(0 .. 2) 
rB( " ) 
sB(J-23) 
rB( It ) 

Cr3 
sC(O-2) 
rC( " ) 
aC(3-2J) 
rC( II ) 

Pr3 
aPO 
rPO 
sPl 
rPl 
sP2 
rP2 
8P(3-14) 
rP(" ) 
rIa 

T6 aC24 
rC24 

T3 rM(O-24) 
TO rCp 
Tr lilt 

rIa 
'dtO 

Tp al(1-3) 
811(0-24) 
1."Il(" ) 

- T8~~ - FiF: -'4 8m 
a (01020004.131 
- A(21-23)AnrAr3 
.I'"( .. ) .. 
• A(O-20)Ar3 
_ A{ It )" 

- B(21-23)BnrAr3 
-'"1\ ") II 

• B(O-20)Ar3 
- 'i' (~. -1 .. 
• FIFJ(TsQ1)____ __ 
• C(21-23)040l0406TsCr3 
~ C( ") 1I 

If C(O-20)Cr3 
• C( II )" 

• (F1GO)Q2 
- (Pl~13P14Ia)F1GO(02~506)Pr3 · ( ") " 
- (Pl.$'l4Ia) .. 
• ( rr) " 
• (Pl •• ) " · ( ") .. 
.'P(O-11)Pr3 
CD p( tf 1 II 

- (,t2P13Pi4)Q2Fl 
• (ae:$2) CR( .... -r.-f-.. -r) (Q3ofQ5) 
• ( • II ) C24 ( It) ( 'I ) 

• Xl 
• !it~@Q:l"OiJi)n 
.. CpT90f2 
• Trrl 
-TrG~ 
- Tpf4 
• C(O-24)MxcTp 
• ~(II) It 
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PIN ~. 

ln1,t1.a11&e parity °SeReXat1on 
luttlalt •• P re&18ter lncr~ent 

aec:1rcu.1ate A 

... circulate B 

Recirculate C 

p+1 .... r 

...... e,.J'ity 

Cr~'K·.,\ 

ParttJ' ex-ror 

",~ clJoek (Ta) 

, c 'Jtootl~ .~t9J:. operand) 

T, tllru Tp 

T7 thru TO 

T7 thru TO 

1:7 thro TO 

T1 thru T3 

T6· tlms Tl:' 



i7 T8 End 
T7 Ar3 

sA(O-2) 
J:"A( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB{ II ) 

Pr3 
sP(O-2) 
rP( " ) 
sP(3-14) 
rP{" ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
88(1,2) 
rS ( II ) 

88(3-14) 
rS (" ) 

TO r8k 
Tr Cxm 

sC(O-23) 
rC( tI ) 

rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oc 
802 
rO(l,3 ,4,5,6) 

- F1F2 
- (0102030~1 
- A(21-23)AnrAr3 
- A( ") " 
- A(O-20)Ar3 
• A( II ) " 

.. B(2l-23)BnrAr3 
_ B( ") II 

- B(O-20)Ar3 
-'B(" )" 
- F1GOQ2· 
- P(12-14)r-aF1GO(~040506)Pr3 
- P( ..) " ( " )" 
- P(O-11)Pr3 
- P(" ) " 
- T4Endlnr 
m Sc 
- T3lntEndGO 
a P(13,14)i8FlGO(52040506)SXP 
• 1'( ") "( " )" 
- P(O-ll)Sxp 
- P(" ) " 
- 07TO 
a EndGdf8:m(Tr+Tp) 
.. M(O-23) CXm 
- TrCxm 
• F 1 Tx.-.. ==-­
- Tr(FlF3) (GOHt) 
- TpEndGO 
- TpEndGO 
- M24CxmHtTsTp 
• TpEndSk 
.... TpEndSk 
-.Oc 

• Oc 
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Last cycle 

Recirculate .1.. 

Recirculate B 

Recirculate P 

Clear 8 

• 

PIN 4 

T7 thru TO 

T7 thru TO 

T7 thru T3 

P(13,l4) contains P(l,2) at T3 
p -+ S 

M ~C (Fetch next instruction) 

Initiate parity 
ftfo next 

NOP (20) -+ 0 

. Tr .thru Tp 



STA 1 

35 STA Store A A -+ (M) 3 Cycles 
f 

00 T8 rCz =t 00T8 
sIx - 00T8C1GO Initialize indexing 
Oxc a (~OT8IaGO)C2 
sO(1,3,4,5,6) = C(3,5,6,7,8)Oxc Instruction -+ 0 
r02 -= C40xc 

T7 Ar3 a (OlO2ro04)Ql 
sA(O-2) - A(2l-23)AnrAr3 
rAe " ) a A( " ) " 
sA(3-23) - A(0-20)Ar3 

Recirculate A T7 thru TO 

rAe " ) ="I( It ) " 
sB(0-2) - B(21-23)BnrAr~ 
rB ( " ) :a B( " ) " 
sB(3-23) III B(0-20)Ar3 Recirculate B T7 thru TO 

rB( " ) -B(" -2" 
Cr3 - flF'2(T$Ql) 
sC(O-2) - Add(1-3)00JuTsCr3 
rC( " ) :1:1 Add( " ) " C+X· Ix -+ C (Add-Xz+Yz) T7 thru TO 
sC(3-23) :II C(O-20)Cr3 
rC( " ) .. C( " ) " 
Xz (1-3) m Xn(1-3)00 e lx Adder input (XIx) T7 thru TO 
Xz( " ) .. 'Xii ( " ) 00Ix+lx 
YZ(1-3) III C(2l-23)J1 Adder input (C) T7 thru TO fi( " ) Om C( "~" 
sCz - KzQ1TO 7 
rCz .. KzQl Carry logic I7 thru II 

sCp =- (C2~2$;23)CpTsHtQ1F1F2 
Check parity T7 thru TO rCp :1:1 ( " )Cp " 

I4 Sc = T4F1F2Inr 
rS (1-14) - Sc 

Clear S 

T3 Sxc - T3F1F2JU 
8S(1,2) =- Add(2,3)Sxc 

C + X· Ix -+ S sS (3-14) = C(O-ll)Sxc 
TO rCz A FITO 
Tr Cxm III JU00Ism(Tr+Tp) 

sC(0-23) .. M(O-23)Cxm M -+ C (Fetch operand) Tr thru Tp 
rC( " ) = TrCXm 
sRt .. CPT~p~ Parity error 
rlx - Tr( F3) (GOHt) 
rKO - GOTrf! 

Ip sCp - M24CxmHtTsTp Initiate parity 
sFl . .. (Tpfi00)0304 ~4 next clock (T8) 
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"4 T8 rC24 
Bla 
Mxc 

T7 Ar3 
sA(O-2) 
rAe " ) 
sA(J-23) 
rAe It ) 

sB(O-2) 
rB ( " ) 
sB(J-23) 
rB (tl ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-I4) 
rP (" ) 
rIa 

T6 sC24 
rC24 

T3 rM(O-24) 
TO rep 
Tr sHt 

rIa 
rKO 

Tp sF(l-3) 
sM(O-24), 
rM(" ) 

- T8 T 
- F1-=-" ..--""-
.. ~l+ 8m 
.. (0102 304)QI 
- A(21-23)AnrAr3 
• A( It) .. 

- A(O-20)Ar3 
.. A(" ) " 

,= B(2I-23)BnrAr3 
-m ") fI 

.. B(O-20)Ar3 

.. B(_" ..l " 
- f1FJ(TsQl) 
- A(21-23)040405TsCr3 
~ A( ") " 
~ C(O-20)Cr3 
.. C( II ) " 

• (FlGO)Q2 jh 

.. (PI!iP13PI4Ia)F1GO(02~506~ 

.. ( ") It~' . 

.. (PI.$»14Ia) It 

.. ( ft) .. 
III (PIL$T.a) " 
.. ( it) " 
• P(O-11)Pr3 
III PC tI 1 If 

- ('12Pi3P14)Q2F~ 
a (~2)~(Ta!ii)(Q3+QS) 
.. ( If ) C24( It) ( It ) 

.. Xl 

.. TsTOHtKO{fI"OlR)n 

.. CpT4jKOiJ2 

.. TrFl 
- TrGoFi 
:1:1 Tp_4 
- C(O-24)MxcTp 
.. '"E'( tI) " 
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STA ~ 

Intt1alilte parity generation 
Initialls. P relister increment 

a.eetrc1l1&t e A 

.. circulate B 

A~C 

Gal.ate parity 

Clear M 

Parity error 

'7 next clock (TS) 

C .... )" (Store operand) 

T~ thru Tp 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru 

T6 thru Tr 



'7 T8 End 
t7 Ar3 

sA(O-2) 
J"A( " ) 
.A(3-23) 
rA(" ) 
aB(O-2) 
rB ( .. ) 
8B(3-23) 
rB (" ) 
Pr3 
aP(O-2) 
rP( .. ) 
sP(3-l4) 
rP(" ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
85(1,2) 
rS( .. ) 
8S (3-1,4) 
rS (" ) 

TO rSk 
Tr Clem 

sC(O-23) 
rC( tI ) 

rIa 
rlx 

Tp rAOO 
rOOO 
aCp 
ri(1-3) 
Oc 
802 
rO(1,,3,4,5,6) 

• Fll2 
• (Ol020§~1 
• A(21-23)AnrAr3 
• I( ") " 
• A(0-20)Ar3 
• A( It )" 

• B(21-23)lirAr3 
• B( ") It 

• B(0-20)Ar3 
• 1'( II ) .. 

- F1GOQ2; 
• P(12-14)r-arlOO(~06)Pr3 
• y( ") It ( 11 ) II 

• P(O-11)Pr3 
• P(" } " 
- T4End~ 
1:11 Se 

• T3 iiit BndGO 
- P(13,14)iirlqo(~040506)Sxp 
• Y( It) It ( II )" 

• P(O-II) Sxp 
• T(" ) " 
• f7TO 
- EndQOf;B(Tr+Tp) 
- M(O-23)Cxm 
• TrCxm 
• PIT~ ____ 
• Tr(flP'3) (GOHt) 
• TpEndGO 
• TpBndGO 
• M24CxmiitTaTp 
• TpEndSK 
III TpEndSk 

• Oc 
• Oc 
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STA 3 

La.t cycle 

R.ecirculate A T7 thru TO 

Recirculate B T7 tbh'rO 

Recirculate P T7 thru T3 

Clear S 

P(13,14) contain~ f(1,2) at TJ 
p -+ S 

M ~ C (Fetch next 1natru.ctiOl1) 

Initiate parity '0 next 

NOP (20) -+ 0 

Tr thru Tp 



36 STB 

00 TS rCz 
sIx 
Oxc 
sO(I,3,4,5,6) 
r02 

T7 Ar3 
sA(O-2) 
rA( " ) 
s.&(3-23) 
rA(" ) 
9B(0-2) 
rB( " ) 
sB(3-23) 
rB (II ) 
Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz( " ) 
yz(I-3) 
fi( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS(1-14) 

T3 Sxc 
s8(l,2) 
88(3-14) 

TO rCz 
Tr CXm 

sC(O-23) 
rC(" ) 
sHt 
rIx 
rKO 

Tp sCp 
sFI 

Store B 

a 00T8 
- 00TSClGO 
a (~OTSlaGO)C2 
a C(3,5,6,7,S)Oxc 
lIZ 'C4oXc 
a (Ol02tn04)Ql 
- A(2l-23)AnrAr3 
11:1 A( ") " 
sa A(O-20)Ar3 
.. "X( II ) II 

.. B(2l-23)BnrAr3 
-B( II) II 

III B(O-20)Ar3 
-B"( " . .J. " 
- Fin (TsQl) 
- Add(1-3)~OJuTsCr3 
=- Add( " ) " 
- C(O-20)Cr3 
... C( II ) " 

11:1 Xn(1-3)00-Ix 
lIZ Xii( II )00Ix+Ix 
III C(2l-23)J7 
a C( "~I' 
.. KzQlTOI7 
.. KzQl 
=- (C2:Q:2$:23)CpTsHtQlFi.F2 
=- ( ") Cp .. 
.. T4FlF2Inr 
... 80 
... T3FlF2Ju 
:. Add(2,3)Sxc 
.. C(O-ll)Sxc 
a FITO 
... JU"OTsm(Tr+Tp) 
aa K(O-23)Cxm 
III TrCXm 
=cPT~~ 
11:1 Tr(mJ) (GOHt) 
- GOTrl'! 
.. M24CxJDHtTsTp 
a (Tpf&f60)0304 
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B -+ (M) 

Initialize indexing 

Ins truction -+ 0 

Recirculate A 

Rec:lrculate B 

orx .. Ix ~ C (Ad~-Xz+Yz) 

AddE~r input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear S 

c + X· Ix -~ S 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 
04 next clock (TS) 

STB 1 

3 Cycle 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru _ 

T7 thru TI 

T7 thru TO 

Tr thru Tp 



'4 T8 rC24 
sla 
Mxc 

T7 Ar3 
sA(O-2) 
rAe II ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB( tI ) 

Cr3 
sC(O-2) 
rC( " ) 
sC(J-23) 
rC( II ) 

Pr3 
sPQ 
rPO 
sPI 
rPl 
sP2 
rP2 
sP(l-14) 
rP( II ) 

rIa 
T6 sC24 

rC24 
T3 rM(O .. 24) 
TO rCp 
Tr sHt 

rIa 
rKO 

Tp sF(1-3) 
sM(O-24) 
rM( II ) 

-T8~. ) 
- P1 · 'It sm 
• (OlO~Ql, 
• A(21-23) rAr3 
.1'"( ") ... 
• A(O-20)Ar3 
• A( II ) .. 

• B(21-23)BnrAr3 
• '"!\ It) II 

- B(O-20)Ar3 
- 8(~ -2. " 
- Flr3(TaQl) 
_ B(21-23)'¢40406TsCr3 
~B( ") II 

., C(O-20)Cr3 
• C( II ) " 

- (F1GO)Q2 
• (Pl§p13PI4Ia)F1GO(82&B506)rr:3 
• ( ") If 

_ (Pl.:Qp141a) If 

• ( if) If 

• (PI") II 

• ( ") It 

• P(O-11)Pr3 · .,~'1 ~ .. 
• ( izpi 'i4)q~~ 
• (~2)'l!R(T.fii) (Q3+Q.s) 
• ( If ) C24 ( If) ( It ) 

- t.3 
• "TO~!9ill"OiR)H 
.. CpT90'2 
- TrYl 
• Tre0i2 
-tpf4 
- C(O-24)Hxctp 
• ~(It) If 
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STB ~ 

Initialis. pa~1ty SeBer.tlan 
Intt1al1ae P rel1ater increment 

~cir¢ul.t. » 

B .... C 
" 

<lee" e,.~ity 
Cl.u K 

Parity error 

'7 next clock (tl) 

C .... H (Store operand) 

T~ thru Tp 

T7 thru TO 

T7 thru TC 

r7 thtu T3 

T6 thru T" 



~7 TS End 
t7 Ar3 

sA(0-2) 
~A( " ) 
sA(3-23) 
rA (" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (It ) 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-14) 
rP (It ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sS(1,2) 
rS ( II ) 

sS (3-14) 
rS (" ) 

TO rSk 
Tr Cxm 

sC(0-23) 
rC(" ) 
rIa 
rlx 

Tp rAOO 
rBOO 
sCp i 

rF(I-3) 
Oc 
s02 
rO(l,3,4,5,6) 

- FlF2 
- (Ol02030llil 
- A(2l-23)AnrAr3 
- I( ") " 
- A(0-20)Ar3 
• A(" ) " 
m B(21-23)BnrAr3 
- B( ") " 
- B(0-20)Ar3 
-'B(" ) " 
- FIGOQ2 
- P(12-14)r-aFlGO(0i040506)Pr3 
.. J"( ") "( " )" 
11:1 P(0-II)Pr3 
- P(" ) " 
• T4Endfur 
1:11 Sc 
• T3IntEndGO 
.. P(13,l4)i&FlGO(62040506)Sxp 
.1'(11) "( " )" 
.. P(O-ll)Sxp 
.. P(" ) " 
.. ~7TO 
.. EndGOTS:m(Tr+Tp} 
Ell M(O-23)Cxm 
.. TrCxm 
- FITL-- ==--
- Tr(flF3) (GOHt) 
.. TpEndGO 
.. TpEndGO 
11:1 M24CxmHtTsTp 
.. TpEndSk 
• TpEndIDC 
- Oc 
.. Oc 
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STB ~ 

Las t leyel e 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate P T7 thru T3 

Clear S 

P(l3,14) contains P(l,2) at T3 
P -+ S 

M ~ C (Fetch next instruction) 

Initiate parity 
"0 next 

NOP (20) ~ 0 

Tr thru Tp 



STX 1 

37 STX Store X x -+ C 3 Cycles 

00 TS rCz == 00T8 
sIx == 00T8C1GO Initialize indexing 
Oxc = (00TSIaGO)C2 
sO(1,3,4,5,6) = C(3,5,6,7,S)Oxc Instruction ~ 0 
r02 ;:: C40xc 

T7 Ar3 = (01020304)Ql 
sA(0-2) ;:: A(2l-23)AnrAr3 
rA( tI ) = A( II ) " 
sA(3-23) = A(O-20)Ar3 Recirculate A T7 thru TO 

rA( " ) ="X( " ) " 
sB(0-2) a B(21-23)BnrAr3 
rB ( " ) aBC " ) " 
sB(3-23) mr B(O-20)Ar3 Recirculate B T7 thru TO 

rB( tI ) ;:: B(~. -L tI 

Cr3 - F1F2(TsQl) 
sC(O-2) - Add(1-3)00JuTsCr3 
rC( " ) :I Add( " ) " c+x- Ix -) C (Add-Xz+Yz) T7 thru TO 
sC(3-23) - C(O-20)Cr3 
rC( " )' ~ C( II ) " 
Xz(1-3) lIZ Xn(1-3)00-Ix Adder input (XIx) T7 thru TO 
Xz( " ) 1:I!ii( " )00Ix+Ix 
yz(1-3) sa C(21-23)Ji 

Adder input (C) T7 thru TO Vi( " ) - C( ",t" 
sCz - KzQlTO 7 
.rCz .. KzQl Carry logic T7 thru Tl 

sCp -(C2~2~23)CpTsRtQlF1F2 
Check parity T7 thru TO rCp =a ( II )Cp " 

T4 Sc II: T4F1F2Inr 
rS (1-14) =- Sc Clear S 

T3 Sxc .. T3FIF2Ju 
8S(1,2) ;II Add(2,3)Sxc 

C + X· Ix -+ S sS (3-14) =a C(O-II)Sxc 
TO rCz 511 FITO 
Tr Cxm - Ju~OTsm(Tr+Tp) 

sC(O-23) - M(O-23)Cxm . M -+ C (Fetch operand) Tr. thru Tp 
rC( " ) == TrCXm 
sRt 1:1 CPT~OJL- Parity error 
rlx .. Tr( F3)(GORt) 
rKO - GOrrV! 

Tp sCp ;: M24exmHtTsTp Initiate parity 
sFI 1:1 (Tpra~O)0304 ~4 next clock (TS) 

59 



~4 T8 rC24 
sla 
Mxc 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(J-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-14) 
rP(" ) 
rIa 

T6 sC24 
rC24 

T3 rM(0-24) 
TO rCp 
Tr sRt 

rIa 
rKO 

Tp sF(I-3) 
sM(0-24) 
rM( Ir ) 

a T8.trii$ 
sa FIF 
= ~4fSm 
:II (OI020004)QI 
- A(21-23)AnrAr3 
- A( ") " 
- A(O-20)Ar3 
m A(" )" 
= B(21-23)BnrAr3 
.. ~ ") II 

- B(O-20)Ar3 
-T" .. 
- r .Ql) 
- . _4040S06TS Cr 3 

. 'if.« II 
• "1\'" 

- ; CrJ 
. - ~:, ~ " 
.. (nGO)Q2 
.. (Pl!iP13P14Ia)F1GO(02040So6)pr3 
.. (. ") .1 . 

.. (Pl.$t14Ia) II .. ( ") .. 
:a (Pl$,a) " 
.. ( if) " 
.. P{O-ll)Pr3 
= P{" ~ .. 
m (P12Pl P14)Q2p~ 
a (C~~2)C24(T~)(Q3+QS) 
.. ( If )C24( .. ) ( " ) 
.. T3 
- TSrOHtKO(¥1e70i"i6)iI 
-. CpT~On 
- T1:FI 
.. TrGOF2 
:II Tp'4 
- C(O-24)MxcTp 
.. ~(It) If 
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STX ~ 

Initialize parity generation 
Initialize P register increment 

Recirculat, A 

Recircula~' B 

x -+ C 

Generate parity 

Clear M 

Parity error 

'7 next clock (TS) 

C ~M (Stote operand) 

T~ thru Tp 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru 

T6 thru Tr 



fJ7 TS End 
T7 Ar3 

sA(O-2) 
J:'A( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB( ,. ) 
sB(3-23) 
rB (.. ) 
Pr3 
sP(O-2) 
rP ( II ) 

sP(3-14) 
rP (.. ) 

T4 Se 
r5 (1-14) 

T3 Sxp 
s5(l,2) 
rS ( " ) 
sS (3-14) 
rS(" ) 

~ TO r5k 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oe 
s02 
rO(1,3,4,5,6) 

= FIF2 
a (Ol02030lli l . 
- A(21-23)AnrAr3 
- A( ") " 
III A(O-20)Ar3 
III A(" ) It 

= B{21-23)BnrAr3 
== B( ") " 
.. B(O-20)Ar3 
-B{" ) II 

- F1GOQ2 
= P{12-14)r-aFIGO(02040506)pr3 
.. P'{ It ) ." ( It )" 

= P(O-ll)Pr3 
;:;;. P(" ) " 
a T4Endlnr 
= Se 
a T3lntEndGO 
a P(13,l4)IiFIGO(62040506)Sxp 
= P( ") "( " )" 
- P(O-ll)Sxp 
;: P(" ) •• 
=- ~7TO 
=- EndGoTS:m(Tr+Tp) 
III M(O-23)Cxm 
sa TrCxrn 
sa FIT::-- ==-­
a Tr(FlF3) (GOHt) 
&:: TpEndGO 
sa TpEndGO 
;: M24ClCltlHtTsTp 
.. TpEndSk 
iii TpEndmt 
~ Oe 
- Oc 
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STX 3 

Last cycle 

Recirculate-A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate P T7 thru T3 

Clear S 

P(13,14) contains P(I,2) at T3 
p -+ S 

M ~C (Fetch next instruction) 

Initiate parity 
~O next 

NOP (20) -+ 0 

Tr thru Tp 



40 SKS 10400 

00 T8 rC24 
rCz 
sFl 
sF3 
5Hz 
sIa· 
Oxc 
sa ( 1 , 3 , 4, 5 " 6) 
r02 
Skr 
Sks 

05 T7 Ar3 
sA[.O-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
End 
Pr3 ' 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP( II ) 

T4 Sc 
rS(1-l4) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

Tr Cxm 
sC(O-23) 
rC( tt ) 

rIa 
rlx 
rRc 
sSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,S,6) 
802 

Channel Inter-Record Test 
(W Buffer) 

T8(TsTsr) 
= 00T8 

(00T8IaC2C5C8( 0+C4) ) 
( " ) 
T8 
00T8IaC2CSC8( C3~·C4) 
(00T8IaGO)~ 

= OxcC(3,5~6)7,8) 

SKS 1 

Inter-Record Condition 1 Cyclp 
Not True = P + 1 ~ P 
Inter-Record Condition 2 Cycles 
True == P + 2 ~ P 

05 next. (17) 

Initiate P regisLer increment 

C(3-8) -) 0 instruction to 0 register 
::= OxcC4 

ClC17C9ClOCllC19C20C2lC22C23C15Wsc 
Skrz Signal complete 

(Ol02~04)Ql 
A(21-23)A'f1rAr3 

= A( II) II 

= A(-O-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(0-20)Ar-3 
= B(" ) " 

0sB"CTI 
(F1GO)~ 
(FlGO(~o2"'040~-:::IIII5':-0-6» (Pl~P13P14Ia» 

= ( " ) (Pnt(PTJP14Ia» 
( " ) (P1XiXP14Ia» 

= ( " ) (Pllj1P14Ia» 
( " )(PIL$a) 
( " ) (Pl24Jta) 
(P12P13P14)Q2Fl 

= P(0-ll)Pr-3 
= 1"'( II ) I I 

= T4(End+F1F2)Inr 
Sc 

= T3Int(EndtJuE!iX)GO+T3kmd 
~ (FlGO(~64O)06»(PI~4Ia»Sxp 
= ( ") (PI$a) Sxp 
= P(O-ll)Sxp 

EndGOTsrn(Tr+Tp) 
= M(0-23)Cxm 
:: K( II ) " 

== TrFl 
~ Tr(riF3)(~) 
::::; Tr 
= 0S0104AUnTrSks 
= TpEndSK 
:: TpSk 
= TpEndSK 
= Tp(r! (~Ht"> 
= Tp 
= TpEnd'SK 
=:; Oc 
=- Oc 62 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P+l ~ P T7 thru T3 

Clear S 

P -; S 

M -; C T!:" -+- Tp 

Skip if Sks 

00 next clock (T8) if Sk not set 
~7 n~>xt clock (T8) if Sk set 

NOP (20) -) 0 



07 T8 rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB( tI ) 

Cr3 
sC(3-23) 
rC (" ) 
Pr3 
sPO 
rPO 
sPI 
rPl 
sP2 
rP2 
rIa 
sP(3-l4} 
rP (" ) 

T4 Sc 
rS(l-14) 

T3 Sxp 
sSl 
sS2 
sS(3-l4) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rIx 
rRc 

Tp sCp 
rF(I-3) 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= T8(TsTsr) 
= 07T8TS 
:::: FIF2 
= T 801S kU(0 
:: (Ol02OJ04)QI 
= A(21-23)AArAr3 
::: A( ") " 
;; A(O-20)Ar3 
= A( II ) II 

= B(21-23)BnrAr3 
= Be ") " 
r= B(0-20)Ar3 
::: 1r( II ) II 

~ 0 7IT'5 ( TS Q I ) 
= C(0-20)Cr3 
= C(" ) " 

(F1GO)Q2 
- (F1GO)(~~otbS~-O-6»(Pl~P13P14Ia» 
.- ( " ) (Pi w: pljP14Ia» 

( " )(Pl~PI4Ia» 
( " ) (PllYP14Ia» 
( " ) (Pl*a) 
( " ) (t>l4$ta) 

= (P12P13P14)Q2Fl 
= P(O-ll)Pr3 
= PC" ) " 
= T4Endlnr 
;; Sc 
;; T3IntEndGO 
;;: (F1Go(02iM~040)~~O-6» (PI3d-XP14Ia» Sxp 
~ ( " ) (P I4.±-X a) S x p 
= P(O-ll)Sxp 
~ 07TO 
= EndGOTsm(Tr+Tp) 
::I M(O-23)Cxm 
= M{" ) " 
= TrFI 
= Tr(ftF3) (roHt) 
= Tr 
= M24CxmHtTsTp 
;.: TpEndSl< 
:.: TpWi(GOHt) 
:.:: Tp 
;.: TpEndg'l{ 
= Oc 
= Oc 
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SKS 2 

Last cycle 
Initiate P register increme~t 

Recircula te A T7 thru TO 

Recirculate B T7 thru TO 

o ~ C 

P+l ~ P T7 thru T3 

Clear S 

P --+ S 

Reset skip 

M --+ C 

Initiate parity 

~O next clock (TS) 

NOP --~ 0 



40 SKS 10500 

00 T8 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO ( 1, 3, 4 , 5 . 6) 
r02 
Skr: 
Sks 

0~ T7 Ar3 
sA(0-2) 
rAe " ) 

sA(3-23) 
rA( " ) 
sB(O-2) 
rB ( " ) 
sB:.J-23) 
rB ( I! ) 
End 
Pr~3 

sPO 
rPO 
sPl 
rP1 
sP2 
rP2 
rIa 
sP(3-14) 
rP( II ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

Tr Cxm 
sC(O-23) 
rC: fI ) 
rIa 
rIx 
rRc 
sSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Channel Inter-Record Test 
(Y.Buffer) 

T8(TsTsr) 
00T8 
(00T8IaC2CiC8(O+C4) ) 
( " ) 
T8 
00TSIaC2CJC8(C3+C4) 
(00T8IaGO)C2 

= OxcC(3,S~G,7,8) 
OxcC4 . . , 

SKS 3 

Inter-Record Not True = 1 Cycle 
'F+l-7P 
Inter~Record True = 2 Cycles 
P + 2 -7P 

05 next (17) 

Initiate P rt'~istt'r incremenL 

C (3 -8) -:·0 instr1lct ion to 0 le~~isLcr 

=: ClCl7C9ClOCllCl9C20C2lC22C23C15Ysc 
- Skrz Signal complete 

(Ol020304)Ql 
A(21-23)A'i1'rAr3 

:=. A( I') I, 
= A(-O-20) Ar3 
::: A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
::: B(O-20)Ar3 
::: B(" ) " 
~sBm 
(F1GO)~ 
(FlGO(~02~6%6~~-O-6»(Pl~P13P14Ia» 
( " ) (pT~fmp 14 lei) ) 
( " ) (Pl3±.(,P14Ia» 
( " ) (Pl)$.(P14Ia» 
( II ) (Pl4t:tla) 
'. II ) (Pl@Ia) 
(Pt2P13P14)Q2Fl 
P(O-ll)Pr3 

= V( " ) " 
T4( End-t·F1F2) 1nr 
Sc 
T3Int(EndtJuEaX)GO+T3Q 
(FlGO(rrr64O)Ob»(Pl1£(~4Ia»Sxp 

= ( ") (PlL@a)Sxp 
P(O-ll)Sxp 
EndGOTsm(Tr+Tp) 
M(O-23)Cxm 

;::Mfll )" 
TrFl 

~ Tr(nF3) (mHt) 
Tr 
0S0104AUt>TrSks 

= TpEndS'J( 
TpSk 
TpEnd~ 
Tp~(~) 
Tp 
TpEndm< 

::.: Oc 
== Oc 64 

Recirculate A T7 tLru TO 

Recirculate B 

Las I. cy c 1 e 

P+1. ~ p T7 thru 1'3 

C 1 ea r S 

Tr + Tp 

Skip if Sks 

~o next clock (1'8) if Sk not set 
~ -: nt' XL· c 10 C k ('1' e ) i f S k set 

NO P (2 (l) -) 0 



07 TS 

T7 

T4 

T3 

rC24 
Ck 
End 
sIa 
Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC:3-23) 
rC (" ) 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-1L~) 

rP (" ) 
Sc 
1'S ( 1-14) 
Sxp 
sS1 
sS2 
sS(3-14) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC (" ) 
rIa 
rIx 
rRc 

Tp sCp 
rF(1-3) 
rR[ 
rJ\! 
Oc 

rO(1,3,4)5,6) 
s02 

TS(TsTsr) 
07TSTS 
F1F2 

- TS01S kftl{0 
-. (0102OJ04)Ql 

A(21-23)AnrAr3 
== A( ") " 
:; A(0-20)Ar3 
= A( " ) " 
:=: B(21-23)BnrAr3 
:.= B( ") " 
r= B(0-20)Ar3 
:=: 1r(" ) " 
~ 070) crsQ 1) 
::: C(0-20)Cr-3 
= C(" ) " 
== (F1GO)Q2 
... «(F1GO) (&2=040)==:0-0-6» (PllfjP13P14Ia» 
._ ( I' ) (~z;ra» 

= ( " ) (P1l:B(P14Ia» 
.. ( " ) (PL$pI4Ia» 
- ( " ) (PIL(IjIa) 
._ ( II )(PIZ@a) 

(P12P13P14)Q2Fl 
P(0-11)Pr3 

== P(" ) " 
::: T4Endlnr 
::: Sc 
::: T3Ti1T.EndGO 

~~=--
- (F1GO (0 2040506) ) (PIJ±(P14Ia) )Sxp 

( " ) (Pl4£la)Sxp 
= P(O-ll)Sxp 
== 07TO 
- EndGOTsm(Tr+Tp) 
;:: M(0-23)Cxm 
=Mt" )" 
::: TrF1 
::: Tr(FlF3)(GOHt) 
::: tr 
:-:: M24CxmHtTsTp 
:..: TpEndSk 
• .: Tp01 (GOHt) 
::: Tp 
= TpEndSl( 
= Oc 
::: Oc 
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SKS 4 

Last cycle 
Initiate P register increment 

Reci rell la t.e A T7 thru TO 

Recirculate B T7 thru TO 

O-.c 
r .. 

P+l ~ P T7 thI'l1 T3 

Clear S 

P ~ S 

Reset. skip 

In i t i. at. epa r i t Y 

00 next clock (TS) 

NOP --+ 0 



40 SKS 20001 

00 T8 rC24. 
rCz 
sFl 
sF3 
sHz 
sla 
Oxe 
sO(1,3,4,5,6) 
r02 
Sks 

~5 T7 Ar3 
sA(0-2) 
rA ( II ) 

sA(3-23) 
rAe ,II ) 

sB (0-2) 
rB ( II ) 

sB(3-23) 
rB (/I ) 
'End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP (" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr Cxm 
sC(0-23) 
rC (" ) 
rIa 

Tp 

rIx 
rRc 
sSk 
rFl 
sF2 
rF3 
rRf 
rJu 
Oc 
rO ( 1 ,3 , 4, 5 , 6) 
s02 

Skip if Overflow not set 

II: T8(Ts'f'Sr) 
a ~OT8 
a (~OT8IaC2C508(C3+C4» 
- ( II ) 

101 T8 
I: ~OT8IaC2C5C8(C3+C4) 
11:1 (~OT8IaGO)C2 

- Oxc~3,5,6,7/8) 
- OxcC4 
III (C10~)C2301 
a (01020 04)Ql . 
a A(21-23)AnrAr3 
II: X( II) II 

:: A(O-20)Ar3 
- X(" )" 
== B(2l-23)BnrAr3 
.. 1r( ") " 
:: B(O-20)Ar3 
== 1r( II ) II 

.. ~5~ 
-: (F1GO)Q,f 
- (FlGO(~~06»(Pl~P13P14Ia» 
~ ( " ) (Plt:9(Pl3P14Ia» 
;;II ( n ) (Pllj)(P14Ia» 
== ( " ) (PliB(P14Ia» 
:= ( " ) (Pl$a) 
:: ( " ) (mQa) 
== (P12P13Pl4}Q2Fl 
= P(O-11)Pr3 
=tJ(" ) " 
= T4(End+FIf2) Inr 
= Sc 
== T3Int(End+JuEai)GO+T~ 
= (F1GO(~~0306»(Pl~4Ia»)Sxp 
== ( II ) (Pl41:!a) Sxp 
== P(0-11)Sxp 
c EndGdfSm(Tr+Tp) 
== M(0-23)Cxm 
~ lI(" ) 11 

a TrFl ' 
- Tr(FiF3) (GOHt) 
A Tr 
c 050104AOOTrSks 
.: TpEndSk 
A TpSk _. 
- TpEnd~ 

. a 'rPm. (COHt) 
a Tp 
ZI TpEndSk 
== Oc 
= Oc 
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SKS 5 

Set = P+1 ~P reset overflow 1 ~e 
Reset == P+2 ~ P 2 Cyclef 

~5 n-ext (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Over flow ndt set 

Recirc1L1late A T7 thru TO 

Recirculate B T7 thru TO 

las t cy cle 

P+l ~ p T7 thru T3 

Clear S 

P ~S 

M -+ C Tr + Tp 

Skip if Sk~ 

00 next clock (T8) if Sk not set 
~7 next clock (TS) if Sk set 

NOP (20) -7 () 



fJ7 T8 rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(0-2} 
rA( " ) 
sA(3-23} 
rA( ,. ) 
sB(0-2) 
rB ( " ) 
sB(3-23} 
rB (" ) 
Cr3 . 

== T8(TsTsr) 
I&: 07T8Ts 
lID FlF2 
-= T8~7S 
- (0102 04 Ql 
-= A(21-23)AnrAr3 
1:1 A( ") " 
== A(O-20)Ar3 
r;:;"X(" ) " 
-= B(2l-23)BnrAr3 
-1J( ") " 
l1li B(0-20)Ar3 
m"!(" } " 
-= ~705(TsQ1) 
- C(0-20)Cr3 sC(3-23) 

rC(" } 
Pr3 

. -.. -e(" ) " 
1:11 (F1GO)Q2 
-= «F1GO)(-02-O=-40-=S-O-6»(Pl~Pl3P14Ia» sPO 

rPO 
sP1 
rP1 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" } 

T4 Sc . 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rIx 
rRe 

Tp sCp 

rF (1-3) 
rRf 
rJ.u 
Oe 
rO(1,3,4,5,6) 
s02 

lie ( " )( " -) 

lie ( " }(Pl~P14Ia» 
== ( II )( Ii ) 

II: ( " ) (Pl$a) 
= ( II )( ") 

II: (P12P13P14)Q2Fl 
== P(O-11}Pr3 
·-pc" ) " 
== T4Endlnr 
.. Sc 
m T3IntEndGO 

~~~-
~ (F1GO (02~06) ) (Pll3;,(P14Ia) YSxp 
=:= ( " ) (P1~a) S~{P 
= P(O-ll)Sxp 
.. (l7TO 
1:1 EndGOTsm(Tr+Tp) 
= M(O-23}Cxm 
-:= M( II ) " 

.11:1 TrF1 
&1 Tr (ffi3) (GORt) 
a Tr 
::;:M24CxraHtT sTp 
III TpEndL. 
:a Tpn(OOiit) 
-= Tp 
=- TpEnd~ 
-= Oc 
-= Oc 
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SKS 6 

Last Cycle 
Initiate P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

o -+ C 

P+I -+ P T7 thru T3 

Clear S 

P -+ S 

Reset skip 

M -+ C 

Initiate parity 

00 next clock (T8) 

NOP -+ 0 



40 SICS 20002 

~O I8 rC24 
rCz 
sFl 
sF3 
sHz 
sla 
Oxc 
sO(1,3,4,5,6) 
r02 
Sks 

~5 I7 Ar3 
sA(0-2) 
rAe " ) 
sA(J-23) 
rAe ,It ) 

sB(O-2) 
rB( .. ) 
sB(3-23) 
rB (" ) 
'End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP(" ) 

T4 Se 
rS (1-14) 

T3 Sxp 
sSl 
sS2 
sS (3 ... 14) 

Tr Cxrn 
sC(O-23) 
rC (II ) 
rIa 
rlx 
rRe 
sSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,S,6) 
s02 

Skip if Interrupt Disabled 

III I8(TsTsr) 
aL ~OT8 
III (~OT8IaC2C5C8(C3+C4» - ( " ) 
SlI T8 
.: QJOT8IaC2C5C8(C3+c4) 
11:1 (~OT8IaGO)C2 
11:1 Oxc~3,,5,6,7,8) 
.. OxeC4 
.: <c10ffi)C22En 
.. (01020304)Ql 
Q A(2l-23)AnrAr3 
a A( II) " 
== A(O-20)Ar3 
_ I( If ) " 

== B(21-23)BnrAr3 
-= lr( ") " 
- B(0-20)Ar3 
;m 1r(" )" 
11:1 05Bc23 
-= (FlGO)Q.f 
11:1 (FlGO(~~n~~~O-6»(Pl~P13P14Ia» 
::I ( " ) (Pl$(Pl3Pl4Ia» 
== ( " ) (Pll!KPl4Ia» 
== ( " ) (PlltKPl4Ia» 
== ( " ) (P1$a) 
== ( " , )(~ 
.. (P12P13P14)Q2Fl 
III: P(0 .. ll)Pr3 
.:tJ(" )" 
== T4(End+F1Y2) lnr 
::I Sc 
=- T3Int (End+JuEai)GO+T~ 
= (FlGO(02~0506»(Pl~pf4Ia»Sxp 
= ( ") (Pl~a) Sxp 
= P(O-ll)Sxp 
11:1 EndtoTim{Tr+Tp) 
= M(0-23) Cxm 
~ 1I(" )". 
SlI TrFl 
- Tr(nF3) (GOiit) 
- Tr 
- ~50l04AOOTrSks 
- TpEndSk 
&:II TpSk _ 

- TpEnd~ 
- 'Tpll (GOHt) 
III Tp 
.. TpEndSk 
III Oc 
11:1 Oc 
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Enabled III P+l ~ P 
Disabled == P+2 -+ P 

~5 next (T7) 

SKS 7 

1 Cycle 
2 Cycles 

initiate P register increment 

C(3-8) ~O instruction toO register 

Interrupt disabled 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l ~ p T7 thru T3 

Clear S 

P -+ S 

M ~C Tr + Tp 

Skip if Sks 

fo next clock (T8) if Sk not set 
~7 next clock (T8) if Sk set 

NOP (20) ~O 



~7 T8 rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( tI ) 

sB(3-23) 
rB (" ) 
Cr3 
sC(3-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sP1 
rP1 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
s81 
sS2 
s8 (3-14) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC{ tI ) 

rIa 
rlx 
rRc 

Tp sCp 
rF(1-3) 
rRf 
rJu 
Oc 
rO(1,,3,4,5,6) 
s02 

l1li T8(TsTsr) 
- ~7T8Ts 
.. F1F2 
-= T8~7S 
- (0102 04 Ql 
- A(21-23)AnrAr3 
11:1 A{ ") " 
,. A(O-20)Ar3 
-= "X(" ) It 

CI B(21-23)BiiXAr3 
-~( ") .. 
III B(0-20)Ar3 
III '!(" ) " 
a ~705 (TsQl) 
- C(O-20)Cr3 
- "C'(" ) " 
l1li (FlGO)Q2 
.. {(FIGO)(--02n.0403~0--6»{Pl~P13P14Ia» -( " )( " ") 
l1li ( " ) (P1lB(P14Ia) ) 
-= ( " )( if ) 

II; ( " ) (Pl$a) 
AI ( " )(") 

- (P12P13P14)Q2F1 
1:11 P{O-11)Pr3 
a"p(" ) II 

III T4Endlnr 
• Sc 
1:11 T3IntEndGO 
~ (F1GO(02040506»(P1)ffiKP14Ia»8xp 
= ( " ) (P1lki1.[a) 8xp 
= P(O .... 11)8xp 
- "7TO 
,. EndGOf8:m(Tr+Tp) 
= M(O-23)Cxrn 
c:= M(" ) " 
- TrF~ 
• Tr(firJ) (COiit) 
• Tr 
=? M24CxmHtTsTp 
- TpEn~ 
- Tpl1 (OOHt) 
• Tp 
• TpEndSk· 
... Oc 
-= Oc 
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srs 8 

Last Cycle 
Initiate P register increment 

Recirculate A 

Recirculate B 

o -+ C 

P+1-+P 

Clear S 

P ~S 

Reset skip 

Initiate parity 

~O next clock (T8) 

NOP -+ 0 

T7 thru TO 

T7 thru TO 

T7 thru TJ 



40 SICS 20004 

~o T8 rC24 
rCz 
sFl 
sF3 
sHz 
sla 
Oxc 
sO(1,3,4,5,6) 
r02 
Sks 

"5 T7 Ar3 
sA(O-2) 
rA( II ) 

sA(3-23) 
rAe ,II ) 

sB (0-2) 
rB ( II ) 

8B(3-23) 
rB (" ) 
'End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Se 
rS (1-14) 

T3 Sxp 
sSI 
sS2 
sS (3-14) 

Tr CXJIl 
sC(O-23) 
rC (" ) 
rIa 
rIx 
rRe 
sSk 

Tp rF1 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Skip of Interrupt Enabled 

c: T8(Tsf'S'r) 
a ~OT8 
c: (~OT8IaC2C5C8(C3+C4» 
III ( II ) 

1:1 T8 
I: ~OT8IaC2C5CS(C3+C4) 
II: (~OT8IaGO)C2 
-= Oxc9j3,5,6,7,8) 
l1li: OxcC4 
Q (ClO~)C21(En~ 
.. (01020 04)Q1 
Q A(2l-23)AnrAr3 
cA( ") " 
::: A(0-20)Ar3 
:. A(" ) " 
= B(21-23)BnrAr3 
=-n-( ") " 
== B(0-20)Ar3 
=- If('' ) H 

= ~5Bc23 
11:= (FIGO)~ 
- (FIGO(~~06»(Pl~P13P14Ia» 
= ( " .) (Pl$(Pl3P14Ia» 
-= ( It ) (Pl$:P14Ia» 
:I ( " ) (Pl1IXP14Ia» 
- ( " )(Pl$a) 
=- ( It ) (PI7Q8) 
.. (P12P13P14)Q2Fl 
-= P(0-ll)Pr3 
-'1"(," ) .. 
== T4(End+FI")rnr 
== Sc 
.. T3Iilt(End±JuEii)GO+T~ 
= (F1GO(02040506»(Pl~(pf4Ia»Sxp 
~ ( ") (P1L@Ia)Sxp 
= P(O-ll)Sxp 
l1li: EndGdfim(Tr+Tp) 
= M(O-23)Cxm 
~ IT('' )" 
a TrF1 
- Tr(FIF3) (GOii't) 
- Tr 
III: "50104~OTrSks 
l1li: TpEndSk 
- TpSk _ 
• TpEnd~ 
• TpM(~t) 
l1li: Tp 

- TpEndSk 

- Oc 
- Oc 
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Disabled == P+l -7 P 
Enabled = P+2 -7P 

~5 next (T7) 

SKS 9 

1 Cyele 
2 Cycles 

initiate P register increment 

C(3-8) -70 instruction to 0 register 

Interrupts enabled 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycI'e 

P+l -+.P T7 thru T3 

Clear S 

P -7 S 

M -7 C Tr + Tp 

Skip if Sks 

_0 next clock (T8) if Sk not set 
~7 next clock (TS) if Sk set 

NOP (20) -+ 0 



~7 T8 rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-Z3) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(3-23) 
rC( II ) 

Pr3 
sPO 
rPO 
sP1 
rP1 
sP2 
rP2 
rIa 
sP{3-14) 
rP(" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3 ... 14) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rlx 
rile 

Tp sCp 
rF(1-3) 
rRf 
rJu 

• 

Oc 
rO(1,,3,4,5,6) 

• s02 

.. T8(TsTsr) 

.. _7T8Ts 
III F112 
II: T8f7S 
.. (0102 04 Ql 
.. A(21-23) .. ~( " ) 
Ja A(O-20)Ar3 
c: 'A(" ) " 

" 

III B(21-23)BnrAr3 .. ~( ") " 
III B(O-20)Ar3 
sa W(" ) " 
II: fl703 (fSQ 1) 
.. C(O-20)Cr3 . .. ~(" ) " 
.. (F1GO)Q2. __ _ 
II: «FIGO)(02040306»(P1~pi3P14Ia» 
.. ( II )( f1 ") 

.. ( " ) (PlliKP14la) ) 

.' ( " )( if ) 

.. ( " ) (P1$a) 

.. ( II )(") 

.. (P12P13PI4)Q2F1 

.. P{0-11)Pr3 
111& 15( II ) " 

.. T4Endlnr 

.. Se 
- T3IntBndGO 
=. (F1GO(B2040s06))(Pl~P14Ia))Sxp 
= ( " ) (Pl4ffi[a) Sxp 
= P(O~ll)Sxp 
.. '7TO 
.. EndGdfia(Tr+Tp) 
= M(O-23)Cxm 
.. M( It ) It 

.. TrF~ 

.. Tr(flF3)(~) 
~ Tr 
7 ~24CxmHtTsTp 
.. TpEn~' 
.. Tpl1(OOHt) 
.. Tp 
• TpEndfi 
.:I Oc 
.. Oc' 
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SItS 10 

Last Cycle 
Initiate P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

o -+ C 

P+l-+P T7 thru T3 

Clear S 

Reset skip 

M -+ C 

Initiate parity 

eO next clock ,(TS) 

NOP -+ 0 



40 

"0 f8 

SICS 20010 

rC24 
rCz 
sF1-
sl3 
8Hz 
ela 
Oxc 
80(1,3,4,5,6) 
x02 

·Skr 
Sks 

115 T7 Ar3 
sA(O-2) 
rA( If ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB( .. ) 
8B(3-23) 
rB(" ) 
End 
Pr3 
sPO 

.. rPO 
sPI 
rPl 
8P2 
rP2 
rIa 
.P(3-14) 
rP( II ) 

T4 Sc 
rS(l-14) 

T3 Szp 
.S1 
.52 
8S(3 .... 14) 

Tr Clan 
.C(O-23' 
Tt:(" ) 
rIa 
r~ 

* '!p';_l 
.r2 
rF3 
Taf 
rJu 
OC 
11)(1,~,4,5,6) 
110. 

W Buffer Error Test 

- T8(TaTsr) 
• fleT8 
- ('OT8iiC2C5CB(~~» 
.. ( It ) 

.. T8 
- "OT8ra~C3~(a+<:4) 
:II (fOT8raGO)~ 
• OxcC(3,5,6,7,8) 
= Oxc~ 
:II ClOCllC20WeCI 
-:s Skrz 
• (Ol02~04)Ql 
- A(21-23)AnrAr3 
.A( ") If 

.. A(..o-20)Ar3 

.. A( ft ) " 

• B(21-23)BnrAr3 
.1f'< ") If 

.. B(O-20)Ar3 
=- ~(II )' II 

- "slm 
.. (F1GO)Ql 
• (F1GO(~81-~~~O-6»(PI3$(Pl3Pl4Ia» 
a ( II ) (Pi$OP13PI4ia» 
.. ( " ) (Pl~Pl4Ia» 
.. ( " ) (p1$P141a) ) 
• ( II ) (Pl'$a) 
• ( II ) <'12$'8) 
- (P1Zpijp14)Q2Fl 
• P(O-ll)Pr3 
_yt" )If 
• T4( Bnd+fln) 11).r 
- Sc 
• T3rnt(I&61~)GO+T~ 
• (rlGO(8264l&6»(Pl~4Ia»Sxp 
• (. II ) (Pl •• ) Sxp 
• P(O-l1.)Srp 
.·~dQO!iIi(TrTTp) 
• M(O-23)C;aja 
.1r( '" ) " 
- trFl 
• Tr(ftft)(lIJit) 
- Tr 
- .SO IO'Utl&.rf-S~ 
• Tplndllt ,.1 

• l'pSk 
•. TpEndft 
- TpI!(mHtj 
• Tp • 
• !pEndD 
- Oc 
• .. Qc 72 

Error = P + 1 ~P 
No Error = P + .2 ~ P 

(65 next (17) 

SKS 11 

1 Cycle 
2 Cycles 

Initiate P register increment 

C(3-B) ~O lnBt~uction to 0 register 

No Error Detected 

Recirculate A T7 thru TO 

Recirculate B T'7 thru TO 

Last cycle 

P+l ~ p T7 thru T3 

Clear S 

p -+ S 

M -+ C Tr + Tp 

Skip if Ska 

~O next clock (T8) ,1f Sk not set 
~7 next clock (TB) 1f Sk set 

NOP (20) -+ 0 



"7 'IS rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
8B(0-2) 
rB( .. ) 
8B(3-23) 
rB (tl ) 
Cr3 
sC(3 .. 23) 
rC( tt ) 

Pr3 
sPO 
rpO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

14 Sc 
rS (1-14) 

13 Sxp 
8S1 
882 
.,(3-14) 

TO J:~k 
Tr CXm 

;,C(O-23) 
rC(" ) 
rIa 
rlx 
rite 

Tp .Cp 
rl(1-3) 
rRf 
rJu 
OC 
1:0(1,3,4,.5,6) 
.802 

- T8(TsTsr) 
a ~7Tars 
• F1F2 
.. T8@7Skft'rl 
.. (Ol020'§(iiJQl 
- A(21-23)AArAr3 
.. X( ") " 
.. A(O-20)Ar3 
.. T( II ) " 

.. B(21~23)BnrAr3 

.. T( tt) II 

1&1 B(O-20)Ar3 
.. T( II ,) " 

.. ~7cr;(rsQl) 

.. C(O-20)Cr3 

.. ~(It ) " 

.. (F1GO)Q2 
a «PlGO)(~~---~O-6»(PllffiKPI3P14Ia» 
a ( " ) (PlliXPljP14fa» 
.. ( " ) (Pll:B(P14Ia» 
.. ( " ) (pl~pl4I8) ) 
.. ( " ) (PI$a) 
.. ( " ) (pI4£la) 
.. (P12PiJP14)Q2Fl 
- P(O-11)Pr3 
• y( It ) II 

.. T4Endlnr 

.. Sc 

.. T31ntEndGO 

.. (FlGO(~06»(Pl~P14Iaj)Sxp 

.. ( " )(Pl~a)8xp 

.. P(O-ll)Sxp 

.. '7TO 

.. EndGOt8m(Tr+Tp) 

.. M(O-23)Cxm 
-lit" )" 
.. TrFl..-. 
.. Tr(rrFJ) (QlHt) 
.. Tr 
.. K24ex.mrsTp 
.. TpEndli-. 
.. TpfI (00iit) 
lIZ Tp 
.. 'lpRnd& 
··Oc : 
.. Oc· 
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SKS 12 

Last cycle 
Initiate P register increment 

Recircula te A 

Recirculate B 

o -+ C 

P+I .... I 

Clear S 

p -+ S 

Reset skip 

M -. C 

Initiate parity . 

'0 next clock (TS) 

NOP -+ 0 

T7 thru TO 

T7 thru TO 

T7 thru T3 



40 SKS 20020 

.0 TS rC24· 
rC~ 
sFI 
s;3 
sHz 
eIa 
Oxe 
80(1,3,4,5,6) 
102 

-Sir 
Ske 

'S T7 Ar3 
8A(O~2) 
rA( I' ) 
84(3-23) 
rA( ft ') 

1$1.(0-2) 
rB( fl.) 
8B(3-,23) 
rB'(" ) 
End 
Pr3 
,PO 

" 'tPO 
sPi 

. , rPl 
: .' aP2 
I .. 

TP2 
rIa 
aP{3-14) 
rP{ It ) 

T4 Se 
rS(1-14) 

T3 Sap 
sSl 
.82 
88(3-14) 

Tr Cx:m 
sC(O-Z3)· 
r<;:{" ) 
rIa 
xIx 
rae: 
.Sk 

fp dl 
.12 
1":13 
raf 
rJu 
Oc 
1'0(1,3,4,5,6) 
.o~. 

Y Buffer Error Test 

• T8(TsTsr) 
• ~OT8 
• (fOT8ii~~C8(~» · ( " ) 
• f8 
- (l0T8ra~C3~(~+&) 
=- «(lOT araOO) ~ 
• OxcC(3,5,6,7,8) 
- Ox.c~ 
• CIOCIIC19YeCl 
~ Sirz 
• (010iM04)Ql 
• A(21-23)InrAr3 
• T( It) " 
- A<~-20)Ar3 
-x(" )" 
• B(21-23)BnrAr3 
• T( ..) It 

• B(O-20)~3 
."1'( It ) " 

• fSI'CT.J 
• (FlGO)~ 
- (E1GO(~06»(Pl3E(PI3P14Ia» 
a ( 11 ) (Pl!&'tXPi3Pt4Ia» 
lIZ ( " ) (PlliKP14Ia» 
lIZ ( " ) ('1$P14ta) ) 
• ( It ) (Pl'$a) 
_ ( It ) (P1$a) 
lIZ (P12PI3P14)Q2Fl 

. - P(O-11)Pr3 
• 'f'(" ) II 

• T4(End+I1")tnr 
- Se 
• T3!iit(~)GO+T~ 
• {FlGO(~ 6»(Pl~4Ia»Sxp 
- ( ,,' ) (PIGa) Sxp 
- P(O-ll)Sxp 
-EndOO'fant(Tr+Tp) 
• M(O-23)Cx5 
• K( " ) It 

A TeFl 
- t~(ITFJ)(~) 
- Tr 
- '50104lDOTrSks 
• TpBndSlt " 
- TpSk 
• TpEnd§ 
• Tpn(miit) 
• Tp 
• XpEnd'SK 

- 0<: 
- 0<: 74 

Error = p + 1 ~p 
No Error = P + 2 ~ P 

4 

~ 

~5 next ('I7) 

SKS 13 

I Cycle 
2 Cycles 

Initiate P register increment 

C(3-8) ~O instruction to 0 register 

No error detected 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P+I -t P T7 thru T3 

Clear S 

P -+ S 

Tr + Tp 

Skip if Sks 

. ,( ~O next clock (T8) if Sk not set 
f7'next clock (TS) if Sk set 

NaP (20) -+ 0 



'17 f8 rC24 
CIt 
End 
ala 

T7 Arl 
"(0-2) 
rA( " ) 
aA(3 .. 23) 
cA(" ) 
.1(0 ... 2) 
rJ( .. ) 
1.1(3-23) 
rB(" ) 
'Cr3 
aC(3-23) 
rC(" ) 
Pr3 
ePO 
rIO 
sPl 
rP1 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

74 Sc 
rS (1-14) 

'I3 Sxp 
881 
852 
8S (3-14) 

TO rSk 
Tr CXm 

aC(O-23) 
rC(" ) 
rIa 
rlx 
rRc 

Tp sCp 
rF(1-3) 
rRf 
rJu 
Oc 
xO(1,3,4,5,6) 
802 

• T8(TsTsr) 
- "7T8Ti 
• Fll2 
• T8'7~ .(OlO~Ql 
• A(21-23)InrAr3 
_ 1'( tI) " 

• A(O-~)Ar3 .r(" ) II 

• B(21~23)lnrAr3 
• J"( t1) .. 
• B(O-20)Ar3 
• T( II ) " 

- f703 ('fiQl) 
• C(O-20)Crl 
• -e-(" ) " 

S~ 14 

Last cycle 
Initiate P register increment 

Recircula te A T7 thru to 

Recirculate B T7 thn TO 

o -+ C 

• (PlGO)Q2 .' . 
• '(P1GO)(~6»(Pl~P13P14Ia» 
•. ( II )(pl~'13P14I.» 
• ( " ) (Pl$P14Ia) ) 
• ( " ) <'IlJXl'14ta» 
- ( II ) (Pl$a) 
_ ( If ) (P11$&) 
• ('12PljP14)Q2rl 
• 'P( 0-11) Pr3 
• l'<" ) .. 
- T4Endtnr 
.. Sc 
- T3rnEE~ 
.. (F1GO( ~»(PlltKP14Ia)Sxp 
.. ( " ) (Pl$a)Sxp 
- P(O-ll)Sxp 
.. ~7TO 
• EndGOtam(Tr+Tp) 
• K(O-23)Cxm 
-lit It)" 
- TrFL-
.. Tr(fiF3) ('5t) 

• Tr 
• K24exmmrsTp 
• TpEndli--
• TpfI(OOHt) 
.. Tp 
- TpEnd!i 
.. Oc 

• Oc 

75 

P+l .... P T7 thru '13 

Clear S 

p -+ S 

Reset skip . 
M -+ C 

I Initiate parity 

~O'next clock (T8) 

NOP -+ 0 



40 SKS 20040 

00 TS rC24 
rCz 
sFI 
sF3 
sHz 
sla 
Oxe 
80(1,3,4,5,6) 
r02 
Sks 

~5 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rAe ,II ) 

sB(0-2) 
rB ( " ) 
8B(3-23) 
rB (" ) 
'End 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Se 
rS(I-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr Cxm 
sC(0-23) 
rC (" ) 
rIa 
I'Ix 
~Re 
.Sk 

Tp rFI 
sF2 
rF3 
rRf 
rJu 
Oe 
rO (I ,3 , 4, 5 , 6) 
s02 

Skip if Break Point 4 not set 

t:= TS(TsTSr) 
a 00TS 
= (00TSlaC2C5C8(C3+c4» - ( " ) 
-= TS 
-= 00TSlaC2C5C8(C3+c4) 
I;; (~OTSlaGO) C2 
= Oxc~3,5,6,7,S) 
-= OxeC4 
a: CI0 T . ls@+ 
a (01020 04)QI 
a A(21-23)AnrArJ 
c A( " ,) II 

= A(0-20)Ar3 
=- I(" ) " 
= B(21-23)BnrAr3 
,. -n-( ") II 

= B(0-20)Ar3 
::II 1r(" ) " 
A 05&23 
~ (FIGO)Ql . 
- (FIGO(b1~06»(Pl~P13PI4Ia» 
= ( " ) (PlI$KP13P14Ia» 
.: ( " ) (PllE(P14Ia» 
::I ( II ) (P1lB(P14Ia» 
- ( " ) (Pl$a) 
= ( II ) (PI1a8) 
=- (P12P13P14)Q2FI 
= P(0-11)Pr3 
.:""P(" )" 
= T4(End+fIn) Inr 
= Se 
- T3Int(End±JuEai)GO+T~ 
=:: (F1GO(02640506))(1'1~4Ia))Sxp 
= ( ") (P14J1.ra) Sxp 
= P(O-ll)Sxp 
- EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
-= If('' ) " 
-= TrFl 
--~ - Tr(FIF3) (GOHt) 

- Tr 
- ~50104AOOTrSk8 
• TpEndSk 
• TpSk ~ 
• TpEndh-.. 
.. TpJ'i (COHt) 

• Tp 
• TpEndSk 
• Oc 
ID Oc 

76 

BP4 set :: P+l -7 P 
BP4 reset =: P+2 -7 P 

05 next (T7) 

SKS 15 

1 Cycle 
2 Cycles 

initiate P register increment 

C(3-S) -70 instruction to 0 register 

Break Point 4 

Recirculate 'A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l -+ P T7 thru T3 

Clear S 

P ~S 

M -+ C Tr + Tp 

Skip if Sks 

00 next clock (TS) if Sk not set 
07 next clock (T8) if Sk set 

NOP (20) -? 0 



~7 T8 rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(O-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
8B(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(3-23) 
rC( II ) 

Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
s82 
s8 (3-14) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC( tI ) 

rIa· 
rlx 
rRe 

Tp sCp 
rICl-3) 
rRf 
rJu 
Oc 
1:0(1,3,4,5 .. 6) 
s02 

- T8(TsTlilr) 
- _7TSTs 
• F112 
II: T8f7S 
• (010 04 Q1 
- A(21-23) 
• "'X ( It ) 

• A(O-20)Ar3 
II;"'X(" ) " 

II 

- B(2l-23)BUrAr3 
-lI( tt) .. 
- B(O-20)Ar3 
III '1(" ) .. 
• f7l>!(fSQ1) 
- C(O-20)Cr3 
- -e-(" ) " 
• (F1GO)Q2 
• «F1GO){:"~~04a5..r0~6»(Pl~P13Pl4Ia» 
• ( II )( h ) 

- ( " ) (PlliKP14Ia» -( " )( " ) 
_ ( tI ) (Pl~a) - ( " )(") 
• (P12P13P14)Q2Fl 
• P{O-11)Pr3 
III -PC" ) n 

- T4lndlnr 
• Se 
- TlIiitBndGO 
= (F1GO(0204CJ506» (PIJd;(P14Ia.) )Sxp 
= ( " ) (Pl%![a) 8xp 
= P(O-ll)Sxp 

• '7TO 
- EndGdf'8i(Tr+Tp) 
= M(O-23)Cxm 
~ ll( 11 ') " 

- TrFl..-.-
• Tr(flr3)(~) 
:;: Tr 
= M24cxmIfi:TsTp 
- TpBn~ 
• TpJi (Milt) 
• Tp 
• TpEndk . 
• Oc 
-Oe 
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SKS 16 

Last Cycle 
Initiate P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

o -+ C 

P+l-+P T7 thru T3 

Clear S 

p -+ S 

Reset skip 

M -+ C 

Initiate parity 

~O next clock (TS) 

NOP -+ 0 



40 ' SICS 20100 

~O T8 rC24 

(15 T7 

rCZ 
sFl 
sF3 
sHz 
sla 
Oxe 
sO(1,3,4,5 / 6) 
r02 
Sks 
Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(,1I ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB"(" ) 
'End 
Pr3 
sPO 
rPO 
sPl 
rPI 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Se 
rS(I-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr Cxm 
sC(O-23) 
rC (" ) 
rIa 
rlx 
rRe 
sSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(I,3,4,5,6) 
s02 

Skip if Break Point 3 not set 

- T8(Tshr) 
a ~OT8 
ell (~OT8IaC2C5CS(C3+C4» 

- (j " ) 
all T8 
I: "OT8IaC2C5C8(C3+C4) 
- (00T8IaGO)C2 
- Oxc~3,5,6,7,8) 
- OxcC4 < 

I: (CI0CI1)Cl~3 
.. (OI020304)Ql 
~'A(21-23)AnrAr3 
I: 'A( ") II 

= A(0-20)Ar3 
_ A( If ) " 

= B(21-23)BnrAr3 
-.Jr( ") " 
= B(O-20)Ar3 

, :=I 1f(" )" 
- ~5Bc23 
~ (FlGO)~~~ __ 
- (FIGO(M~06» (Pl. P13P14Ia» 
= ( " ) (P P13P14Ia» 
- ( " ) (Plli(Pl4Ia» 
:& ( II ) (PlliXPI4Ia» 
- ( II ) (PI$a) 
::I ( " ) (Pl1liIa) 
• (P12P13PI4)Q2FI 
== P(0-11)Pr3 
==""'P( II ) " 

::: T4(End+FI12) Inr 
= Sc 
.. T3Int(End+Ju&ax)GO+T~ 
= (FlGO(010Zl0S06»)(Pl1f,(p14Ia»)Sxp 
= ( 11 ) (P1Qa) Sxp 
= P(O-ll)Sxp 
- EndGOTsm(Tr+Tp) 
= M(O-23)Cxm 
~ l{(" ) " 
a TrFl 
- Tr(FiF3) {COOt) 
- Tr 
- ~50l04A60TrSks 
- TpEndSk 
.. TpSk _ 
- TpEnd~ 
- TpJ1(~t) 
- Tp 
- TpEndSk 
- Oc 
- Oc 

78 

BP3 set = P+l -+ P 
BP3 res et = P+2 -+ P 

05 next (T7) 

SKS 17 

1 Cycle 
2 Cycles 

initiate P register in~rement 

C(3-8) -+0 instruction to 0 register 

Break Point 3 

Recirculate A Tl thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l -+ P T7 thru T3 

Clear S 

P ~S 

M -+ C Tr + Tp 

Skip 1f Sks 

'0 next clock (T8) if Sk not set 
~7 next clock (T8) if Sk set 

NOP (20) ~ 0 



f7 T8 rC24 
Ck 
End 
sla 

T7 Ar3 
sA(O-2) 
rAe II ) 

, aA{3-23) 
rA(" ) 
88(0-2) 
rB ( .. ) 
sB(3-23) 
rB( fI ) 

Cr3 
sC(3-23) 
rC( II )-

Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

TO rSk 
Tr CX1B 

sC(O-23) 
rC(" ) 
rIa 
rl~ 

rile 
Tp sCp 

rr(1-3) 
raf 
rJu 
Oc 
rO(1,,3,4,5 .. 6) 
.02 

- T8(TsTsr) 
• ~7T8Ts 
• FIF2 
-= T8078 
- (0102 04 Ql 
• A(21-23)AnrAr3 
• A( II) " 
• A(O-20)Ar3 
II:"'X(" ) " 
• B(21-23)BnrAr3 
."!( " ). " 
• B(O-20)Ar3 
.. 1'(" )" 
IQ "705 (fEiQl) 

. - C(O-20) Cr3 
• "e(" ) " 
- (FlGO)Q2 
• «FIGO)(-02-~---5~O-6»(Pl~PlJP14Ia» · ( " ) ( " ") 
- ( " ) (Pl~P14Ia) ) 
- ( " )( if ) 

• ( " ) (Pl$a) -( " )(") 
- (P12P13P14)Q2Fl 
- P(O-ll)Pr3 
- -P(" ) " 
- T4Endlnr 
• Sc 
• T3IntEndGO 
~ (F1GO(~(jZj.03'06» (P1.l±XP14I~» Sxp 
= ( " ) (Pll(.gJ:a) Sxp 
= P(O-II)Sxp 
• _7TO 
• EndGOTS:m(Tr+Tp) 
= M(O-23)Cxm 
~ li(" ) " 
• TrF~ . 
• Tr(fiP3)(~) 
• Tr 
= ~24cxmmTSTp 

.• TpBn~ 
• Tpl1(~Ht) 
• Tp 
• TpEnd§li 
.. Oc 
- Oc 

79 

SKS 18 

Last Cycle 
Init~ate P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

o -+ C 

P+l-+P T7 thru T3 
• 

Clear S 

p ~S 

Reset skip 

M -+ C 

Initiate parity 

"0 ~ext clock (T8) 

NOP -+ 0 



40 SKS 20200 

00 T8 rC24 
rCZ 
sF1 
sF3 
sHz 
sla 
Oxe 
sO(1,3,4,5,6) 
r02 
Sks 

~5 T7 Ar3, 
sA(0-2) 
rAe " ) 
sA(3-23) 
rAe," ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
'End 
Pr3 
sPO 
rPO 
sP1 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

T4 Se 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-l4) 

Tr CXJD. 
sC(0-23) 
rC (II ) 
rIa 
rIx 
rRe 
sSk 

Tp rF1 
sF2 
rF3 
rRf 
rJu 
Oc 
rO ( 1 ,3 -' 4 -' 5 -' 6) 
s02 

Skip if Break Point 2 not set 

III T8(TsTsr) 
a ~OT8 
a (00T8IaC2C5C8(C3+c4» 
_ ( tt ) 

a T8 
a= 00T8IaC2C5C8(C3+c4) 
II: (00T8IaGO)C2 
• Oxc~3,5,6,7,8) 
II: OxcC4 

: ~Zi~~M~~ 
a A(21-23)AnrAr3 
s: X( It) tt 

== A(0-20)Ar3 
_ 'X(" ) It 

- B(21-23)BnrAr3 
_ "J( tt) It 

= B (0-20)Ar3i 
.. "If( It ) It 

- 05Bc23 
~ (FIGO ) .. qfirwr_~ 
- (F1GO(~~06»(Pl P13P14Ia» 
::I ( It )(Pl P13P14Ia» 
... ( It ) (PI PI4Ia) ) 
::I ( " )(Pl PI Ia» 
_ ( It ) (Pl$a) 
::I ( " ) (PJJGIa) 
.. (P12P13PI4)Q2FI 
II: P(O-II)Pr3 
.-P( tt ) If 

= T4(End+Fl~) lnr 
= Se 
- T3Int(E'nd+JuEaX)GO+T~ 
= (F1GO(01640506»(Pl~4Ia»Sxp 
= ( It ) (PIL@ra) Sxp 
= P(O-ll)Sxp 
II: EndGOTsm{Tr+Tp) 
= M(0-23)Cxrn 
II!' If( tt ) It 

-= TrFI 
- Tr(FlF3) (GOiit) 
- Tr 
- ~50104AOOTrSks 
- TpEndSk 
.. TpSk _. 
- TpEnd~ 
.. TpJi (GOat) 
a Tp 
- TpEndSk 
.. Oc 
.. Oe 

80 

BP2 set = P+l -+ P 
BP2 reset = P+2 -+ P 

05 next (T7) 

SKS 19 

1 Cycle 
2 Cycles 

initiate P register increment 

G(3-8) -+0 instruction to 0 register 

Break Point 2 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+I --+ P T7 thru T3 

Clear S 

p ~S 

M -+ C Tr + Tp 

Skip 1f Sks 

fo next clock (TS) 1f Sk not set 
~7 next clock (T8) if Sk set 

NOP (20) -+ 0 



f7 T8 rC24 
Cit, 
Jnd 
sla' 

T7 Ar3 
sA(O-2) 
rAe " ) 
aA(J-2J) 
rA(" ) 
8B(0-2) 
rB ( " ) 
sB(J-23) 
rB (" ) 
Cr3 

.sC(3-23) 
rC( II ) 

Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP{3-l4) 
rP{ II ) 

'r4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

TO rSk 
Tr Cxm 

sC(O-23) 
X'C( II ) 

rIa 
rIx 
rile 

Tp sCp 
rF(1-3) 
rRf, 
rJu 
Oc 
rO{113,4,5,') 
802 

- T8(TsTllr) 
- _7TsTs 
- PlP2 
- TN7S 
- (0102 
- A(2l-23) 
-"X( It ) 

• A(O-20)Ar3 
c"X(" ) " 
• B(2l-23)BnrAr3 
-"W( It) II 

- B(O-20)Ar3 
-"1(" ) .. 
- .703(f8Ql) 
- C(0-20)Cr3 
• ~(tI )" 
- (PlGO)Q2 
- «F1GO)(·-~n.040S"'o--6»(Pl~P13P14Ia» · ( " )( " ") 
• ( " ) (Pll"B(P14Ia) 
_ ( n )( " ) 

- ( " ) (Pl$a) 
- ( II )(") 

- (P12P13P14)Q2Fl 
• P(~11)Pr3 
- 1'( II ) " 

- T4Endlnr 
• Se 
- T3IntBndGO 
~ (F1G6(~040506»)(P1~p14Ia»Sxp 
= ( II ) (P1~a) Sxp 
= P(O-11)Sxp 
• '71:0 
• EndGOTsm(Tr+Tp) 
= M(O-23)Cxqt 
~ ll(" )." 
• TrFL.­
.Tr(flj3)(~) 
~ ~r 
= M24CxmlTI:TsTp 
- Tplndi. .. 
• Tpl1('5) 
• Tp 
• TpEndfi 
- Oc 
- Oc 

81 

SKS 20 

Last Cycle 
Initiate P regi8ter increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

o -+ C 

P+l-+P T7 thru T3 

Clear S 

P -+ S 

R.eset skip 

Initiate parity 

_0 next. clock (TS) 

NOP -+ 0 



40 SICS 20400 

~o T8 rC24 
rCz 
sFI 
sF3 
sHz 
sla 
Oxc 
sO(I,3,4,5,6) 
r02 
Sks 

Is T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(·It ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
'End 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-14) 
rP(" ) 

T4 Se 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

Tr Cxm 
sC(0-23) 
rC (" ) 
rIa 
rIx 
rRe 
sSk 

Tp rFI 
sF2 
rF3 
rRf 
rJu 
Oe 
rO(1,3, 4, 5,6) 
s02 

Skip if Break Point 1 not set 

- T8(TsTsr) 
a ~OT8 
lIZ (~OT8IaC2CSC8(C3+C4» - ( " ) 
.:II T8 
I: "OT8IaC2C5C8(C3+C4) 
III: (00T8IaGO)C2 
E Oxc~3,5,6,7,8) 
-= OxcC4 
= (~O~>Cl~ 
.. (Ol02004)Ql 
= A(21-23)AnrAr3 
III: 'A( " ) • II 

::I: A(0-20)Ar3 
- A( II ) " 

= B(21-23)BnrAr3 
- -r( ") " 
lIZ B(0-20)Ar3 
=- 1r(" ) .. 
:a ~5Bc23 
~ (FlGO)Q,f 
.. (F1GO(~~06»(Pl~P13Pl4Ia» 
:::I ( " ) (Plt:9(P~jPl4Ia) ) 
.. ( " ) (Pll3KP14Ia» 
:::I ( " ) (Pll;KPI4Ia» 
lIZ ( " ) (Pl$a) 
= ( " ) (P17Ii1f8) 
.. (P12P13P14)Q2F1 
= P(0-ll)Pr3 
="1'( If )" 

= T4(End+F1J"2) fnr 
= Sc 
III T3Int(End-hJUEaX)GO+T~ 
= (FlGO(~040506»(Pl~Pl4Ia»Sxp 
= ( " ) (PIQa) Sxp 
= P(O-ll) Sxp 
III: EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
- If('' ) .. 
A TrFl 
- Tr(iiF3) (GOiit) 

- Tr 
- "50104AQijTrSks 
- TpEndSk 
.. TpSk __ 
.. TpEnd1L-
• TpJi( l:OHt) 

• Tp 
=- TpEndSk 

- Oc 
-= Oc 
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BPl set = P+l -+ P 
BPl reset = P+2 -+ P 

~5 next' (T7) 

SKS 21 

1 Cycle 
2 Cycles 

initiate P register increment 

C(3-S) ~O instruction to 0 register 

Break Point 1 

Recirculate A T7 thru TO 

Recirculat,e B T7 thru TO 

last cycle 

P+I -. P T7 thru T3 

Clear S 

P -+ S 

·M -+ C Tr + Tp 

Skip :If Sks 

~O next clock (T8) if Sk not set 
~7 next clock (T8) if Sk set 

NOP (20) -+ 0 



~7 T8 rC24 
Cit 
EQd 

sla 
T7 Ar3 

sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
8B(0-2) 
rB ( .. ) 
sB(3-23) 
rB (" ) 
Cr3 
aC(3-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP(" ) 

T4 Sc 
rS(1-l4) 

Xl Sxp 
sSl 
sS2 
sS (3-14) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC( It ) 

rIa 
rlx 
rRe 

Tp sCp 

rr(i-3) 
rl.f 
rJu 
Oc 
rO(1,,3,4,5 .. 6) 
.02 

.. T8(TsTsr) 
- ~7T8Ts 
.. Fl12 
- T8f7S r 
iii (0102 0 Ql 
.. A(21-23)AnrAr3 
.. A( ..) II 

.. A(O-20)Ar3 
III '1:(" ) It 

-B(21-23)BnrAr3 
• l.t ( It) " 
.. B(O-20)Ar3 
.. 'I( It ) " 

.. ~703 (fSql) 

.. C(O-20)Cr3 

.. '"C'(" ) " 

.. (F1GO)Q2 

.. «FlGO)('-02-0405~~O-6»(Pl~PllP14Ia» 

.. ( " )( fi ) 

.. ( " ) (Pll9{P14Ia)') 

.. ( II )( " ) 

.. ( " ) (Pl$a) 
_ ( It )(") 

.. (P12P13P14)Q2Fl 

.. P(O-ll)Pr3 
""!(" ) " 
.. T4Endlnr 
.. Se 
.. T3IntEndGO 
= (F1GO(Cf2~06»(P1~P14Ia»Sxp 
= ( " ) (P1$a) Sxp 
= P(O-11) Sxp 
.. f7TO 
.. End~(Tr+Tp) 
= M(O-23)Cxm 
.. M(" ) It 

"'TrF~ ~ 
.. Tr(F1F3) (GOHt) 
~. Tr 
= M24CxmHtTs'Tp 
.. TpEnd~ 
.. Tpll(OOHt) 
.. Tp 
.. TpEndSk 
• Oc 
.. Oc 
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SKS 22 

Last Cycle 
Initiate P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

o -+ C 

P+l-.P T7 thru T3 

Clear S 

P ~S 

Reset skip 

M .... c 

Initiate parity 

;0 next clock (T8) 

NOP -+ 0 



40 SKS 21000 

00 18 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO ( 1 , 3 , 4 , 5 , 6) 
r02 
Skr 
Sks 

~5 T7 Ar3 
sA(O-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP( " ) 

14 Sc 
rS(1-l4) 

T3 Sxp 
SSl 
sS2 
sS(3-l4) 

Tr Cxm 
sC(O-23) 
rC (" ) 
rIa 
rlx 
rRc 
sSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4)5,6) 
s02 

Skip if W Buffer Ready 

::: T8(TsTsr) 
00T8 

= (00T8IaC2CSCS(O+C4» 
= ( " ) 

T8 
00T8IaC2C5C8(C3+C'4) 
(00T8raGO) C2 

= OxcC(3,5,G,7,8) 
= OxcC4 

CIOmC14WIOwIlW12W13W14Cl 
== Skrz 
:.: (Ol020304)Ql 
= A(2l-23)AnrAr3 
= A( II) II 

= A(.O-20)Ar3 
=: A(" ) " 
== B(2l-23)BnrAr3 
= B( ") " 
== B(O-20)Ar3 
= B(" ) " 
== 0s1k'TI 
= (FlGO)Q1 
== (FlGO(52040-s06»(Pl~P13P14Ia» 
== ( " ) (Plt}XP13P14Ia» 
= ( " ) (PlJ,±XP14Ia» 
== ( " ) (Pl$P14Ia» 
=: ( " ) (PIL$a) 
= ( " ) (,PIZ(£Ita) 
== (P12P13P14)Q2Fl 
= P(O-ll)Pr3 
= 1""( II ) II 

== T4(End+ylF'2)Inr 
== Sc 
= T3Int CEnd-t-JuE¥)GO+T3Q 
; (FlGO(61040)06»(PllbK~4Ia»Sxp 
= ( ") (PIL@ra)Sxp 
== P(O-ll)Sxp 

EndGOTsm(Tr+Tp) 
= M(O-23)Cxm 
= 11( II ) II 

== TrFl 
== Tr(nF3) (mHt) 
= Tr 
== 0S0l04Atrr>TrSks 
= TpEndSJ(. 
= TpSk 
= TpEndSK 
== Tp01(~) 
= Tp 
= TpEndm< 
:.: Oc 
::I Oc 84 

Not Ready :: P + 1 -7 P 
Ready = P + 2 -7 P 

05 next. (1'7) 

SKS ~3 

Cv ell) 
2 Cy c 1 es 

Initiate P register increment 

C(3-8) ~O instruction to 0 register 

Buffer ready (disconnected) 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P+l --~ P T7 thru T3 

Clea r S 

P ~ S 

M -7 C Tr + Tp 

Skip if Sks 

~O next clock (1'8) if Sk not set 
~7 n~xt clock (T8) if Sk set 

NOP (20) -)0 



07 TS rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB( tI ) 

Cr3 
sC(3-23) 
rC (" ) 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-I4) 
rP (" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

TO rSk 
Tr Cxm 

sC(0-23) 
rC(" ) 
rIa 
rIx 
rRc 

Tp sCp 
rF(1-3) 
rRf 
rJu 
Oc 

rO(1,3,4,5,6) 
s02 

= T8(TsTsr) 
= 07T8TS 
== FIF2 
~ TS0lSkftf0 
== (Ol02<TI04)Ql 
== A(21-23)Ar1rAr3 
:c X( ") " 
= A(0-20)Ar3 
= AC," ) " 
= B(21-23)BnrAr3 
;: B( ") " 
= B(0-20)Ar3 
Ie 1f(" ) " 
== 0705 (TSQl) 
:2 C(0-20)Cr3 
= ~(" ) " 
- (FlGO)Q2 
== «FIGO)(~~~~~~O-6»(PIl!XP13P14Ia» 
.~ ( " ) (Plti¥PI3P14Ia» 

( " ) (Pll±XP141a» 
~.2 ( " ) (PIXfX p14Ia» 

( " ) (PIL@Ia) 
- ( " ) (PI£®a) 
= (P12PI3P14)Q2Fl 
:: P(0-11)Pr3 
== P(" ) " 
= T4Endlnr 
== Sc 
= T3IntEndGO 
~ (F1GO(~=2~~~~O-6»(Pll±XP14Ia»Sxp 
- ( " ) (Pl$a) Sxp 
;: P(O-ll)Sxp 
c 07TO 
== EndGOTsm(Tr+Tp) 
;: M(0-23)Cxm 
=M't" )" 
:: TrFl 
= Tr(FlF3) (GOHt) 
= Tr 
== M24CxmHtTsTp 
;:.: TpEndSk 
;;: Tp0l (GOHt) 
;~ Tp 
;;,: TpEndSl< 
== Oc 
== Oc 
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SKS 24 

Last cycle 
Initiate P register increment 

Recircala te A 

Recirculate B 

o -~ C 

P+l -+ P 

Clear S 

P ..... S 

Reset skip 

M ..... C 

Initiat.e parity 

00 next clock (TS) 

NOP -~ 0 

Ti thru TO 

T7 thru TO 

T7 thru T3 



40 SKS 22000 

00 T8 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO ( 1 , 3 , 4 , 5 , 6) 
r02 
Skr 
Sks 

05 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( II ) 

sBC,3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPI 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP( " ) 

T4 Sc 
rS(I-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

Tr Cxm 
sC(O-23) 
rC(" ) 
rIa 
rlx 
rRc 
aSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Oc 

rO(1,,3,4,5,6) 
s02 

Skip if Y Buffer Ready 

::: T8(TsTsr) 
::: 00T8 
= (00T8IaC2C.5C8(O-..-C'4» 
== I " ) 

::: 1"8 
c 00TSiaC2C5C8( C34-C'4) 
::: (00T8IaGO)~ 
= OxcC(3,5,6,7,8) 
::: OxcC4 

clOCTIC13YIOYIlY12Y13Y14Cl 
=:= Skrz 
::: (Ol02<D04)Ql 
= A(21-23)Arii-Ar3 
::: A( ") " 
= A(-0-20)Ar3 
::: A(" )" 
= B(21-23)BnrAr3 
= 1r( ") " 
= B(0-20)Ar3 
= B( " ) " 
::: 0513'CTI 
::: (FlGO)~ 

(FlGO(s02n045~--~5~O-6»(Pl~P13PI4Ia» 
( " ) (Pl:tjJP13Pl4Ia» 
( II ) (Pl~P14Ia» 
( " ) (Plj$(PI4Ia» 

= ( II ) (P 1 L(f:l a ) 
( II ) (Pi14jta) 
(P12P13Pl4)Q2FI 
P(0-ll)Pr3 

= 1"( II ) II 

:lC T4( End+FIFi) fnr 
:::: Sc 
::: T3Int(~EiX)GO+T3~ 
~ (FlGO(&:t~06»(Pl~4Ia»Sxp 
= ( ") (PIL@a)Sxp 
= P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
::: l:r( I' ) 'I 

= TrFI 
::: Tr(JiF3)(~) 
::: Tr 
= 050104AUnTrS~s 
== TpEndSK 
= TpSk 
= TpEndID< . 
= Tprr(~'iU) 
= Tp 
= TpEnd'SK 
:::I Oc 
=- Oc 86 

Not Ready =1 P + 1 -7 P 
Ready == P + 2 -7 P 

05 next. (1'7) 

SKS 25 

1 Cycle 
2 Cy c les 

Initiale P register increment 

C(3-8) -70 instruction to 0 register 

Buffer ready (disconnected) 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P+l ~-} P T7 thru T3 

Clea r S 

p ~ S 

M -~ C Tr 1- Tp 

Skip if Sks 

00 next clock (T8) if Sk not set 
07 n~xt clock (TS) if Sk set 

NOP (20) ~ 0 



07 TS rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" } 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (tl ) 
Cr3 
sC(3-23) 
rC (" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2· 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-l4) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rIx 
rRc 

Tp sCp 
rF(1-3) 
rR[ 
rJL~ 

Oc 

rO(1,3,4,S,6) 
802 

= T8(TsTsr) 
::: 07T8TS 
== FIF2 
::: T807Skftf~ 
=: (0102Qj04)Ql 
= A(21-23)AnrAr3 
:c 'I( ") " 
:::: A(O-20)Ar3 
= A(" ) " 
= B(21-23}BnrAr3 
:::: B( ") " 
::: B(O-20)Ar3 
= 1r(" ) " 
:::: 07IT'5 (TSQ1) 
::: C(O-20)Cr3 
== C(" ) " 
- (F1GO)Q2 
- «F1GO) ({f2~mm=~0-6» (Pla:t>(P13P14Ia» 
~~ ( " )(plmpl~PI4Ia» 

( " )(PIXfXP14Ia» 
~:: ( " ) (p I$PI4Ui) } 

( " ) (P1L@Ia) 
( " } (Pllij}[a) 

== (P12PIJP14}Q2Fl 
== P(O-11}Pr3 
= P(" ) " 
= T4Endlnr 
= Sc 
= T3Int.EndGO 
::: (F1GO(02;';;"~5tO§~~0-6}) (Pl3.1:K.P14Ia) }Sxp 
- ( " ) (Pl4±la)Sxp 
== P(O-ll)Sxp 
g ~7TO 

= EndGOTsm(Tr+Tp) 
;:& M(O-23)Cxm 
==M(" ) " 
== TrFl 
::: Tr(MF3) (GOHt) 
::: Tr 
:= M24CxmHtTsTp 
= TpEndSK 
:.: Tpri ( GOiit.) 
= Tp 
~; TpEndSK 
= Oc 

= Oc 
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SKS 26 

Last cycle 
Initiate P register increment 

Recirculate A T7 thr~. TO 

Recirc'Jlate B T7 thru TO 

o -+ C 

P+l --t P T7 thrll T3 

Clear S 

P --+ S 

Reset skip 

M -+ C 

Initiate parity 

00 next clock (T8) 

NOP -+ 0 



40 SKS 24000 

00 T8 rC24 
rCz 
sFI 
sF3 
sHz 
sIa 
Oxc 
sO ( 1 , 3 , 4 , 5 , 6) 
r02 
Sks 

~5 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPI 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP( " ) 

T4 Sc 
rS(l-14) 

T3 Sxp 
sSI 
sS2 
s8(3-14) 

Tr Cxm 
sC(0-23) 
rC (tf ) 
rIa 
rIx 
rRc 
aSk 

Tp rFI 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(l,3,4,5,6) 
&02 

Power Off Test 

= T8(Ts'fS"r) 
= 00T8 
== (~OT8IaC2C5CS(a+C4» 
= ( " ) 
::: T8 
== 00T8raC2C5~(a+C4) 
::: (00'£ sYiGO ) C2 
= OxcC(3,5,6,7,S) 
::: Oxc~ .. ~ 
== (CIOm)Cl~ 
~ (Ol02~04)Ql 
-= A(21-23)AnrAr3 
::: A( II) II 

= A(-O-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
::: B( ") " 
::: B(0-20)Ar3 
= If('' ) " 
::: 05~ 
= (FlGO)Q2, , 
::: (FlGO(0i540506»(P1aiXP13P14Ia» 

( " ) (PltfJ.f>13PI4Ia» 
= ( " ) (PIl±XP14Ia» 
= ( " ) (pl:W:Pt4Ia» 
= ( " ) (Pl~a) 
::: ( " ) (Pl4tJta) 
::: (P12P13P14)Q2Fl 
::: P(0-II)Pr3 
= 1'"(" ) " 
::: T4(End+F1F2)lnr 
= Sc 
= T3Int(~W)GO+T3Q 
::: (FlGO( 06»(Pl~~4Ia»Sxp 
::: ( ") (Pl$a).Sxp 
= P(O-II)Sxp 
::: EndGOTsm(Tr+Tp) 
::: M(0-23)Cxm 
::: If('' )" 
::: TrFI 
~ Tr(fiF3)(~) 
II:: Tr 
= 050104AOnTrSks 
= TpEndSK . 
:z TpSk 
::: TpEndm< 
m Tpn(l!fIU) 
::I Tp 
=: TpEndm< 
::: Oc 
~ Oc 88 

SKS 27 

Power Off = P + 1 ~P I Cycle 
Power Not Off = P+2 ~P 2 Cycles 

05 ne~t (1'7) 

Initiale P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P+I -~ P T7 thru T3 

Clea r S 

P ~ S 

M ~ C Tr t· Tp 

Skip if Sks 

00 next clock (T8) if Sk not set 
07'next clock (TS) if Sk set 

NOP (20) -.0 



07 T8 rC24 
Ck 
End 
sIa 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(3-23) 
rC (" ) 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Sc 
rS(I-14)' 

T3 Sxp 
sSl 
8S2 
8S(3-14) 

TO rSk 
Tr Cxm 

sC(0-23) 
rC(" ) 
rIa 
rIx 
rRc 

Tp sCp 
rF(1-3) 
rRf 
rJu 
Oc 
rO(I,3)4,S,6) 
s02 

::: T8(TsTsr) 
:: 07T8TS 
:: FIF2 
::: T801Sk[jfi) 
:: (0102~04 )Ql 
= A(21-23)AArAr3 
c A( ") " 
:: A(0-20)Ar3 
:: A( II ) II 

= B(21-23)BnrAr3 
:: B( ") " 
c B(0-20)Ar3 
== 1r( II ) II 

:: 07<Y5 (TSQl) 
:I C(0-20)Cr3 
::: C(" ) II 

- (FlGO)Q2 
:: «FlGO)(~---~~~0-6»(Pl~P13P14Ia» 
~ ( " ) (Pllj)(p13PI4Ia» 
::: ( " ) (PllfXP14Ia» 
r~ ( " ) (PIX£(PI4Ia» 
::: ( " ) (P 1$a) 

( " ) (PIZ(fha) 
= (PI2P13P14)Q2Fl 
:: P(O-1l)Pr3 
::: P(" ) " 
::: T4Endlnr 
::: Sc 
::: T3IntEndGO 
::: (FlGO(02~~~~~0-6»(Pl~Pl4Ia»Sxp 
== ( " ) (Pl$a)Sxp 
::: P(O-ll)Sxp 
= ~7TO 
::: EndGOTsm(TrtTp) 
::I M(0-23)Cxm 
=='Mt" ) " 
== TrFl -- -==--= Tr(rlF3) (GOHt) 
:: Tr 
::: M24CxmHtTsTp 

SKS 28 

Last cycle 
Initiate P register increment 

Recircula te A T7 thru TO 

Recirculate B T7 thru TO 

o ~ C 

p+l ~ P T7 thru T3 

Clear S 

P ~ S 

Reset skip 

M -) C 

Initiate parity 
~ TpEndSk 
".: TpJi (GOHt) , 00 next clock (T8) 
~:: Tp 
;= TpEndSK 
::: Oc 
:: Oc 

NOP -.~ 0 

89 



40 

00 T8 

T7 

T4 

T3 

Tr 

SKS 40001 

rC24 
rCz 
sFI 
sF3 
sHz 
sIa 
Oxc 
sO ( I , 3 , 4 , 5 , 6) 
r02 
Sks 
Ar3 
sA(0-2) 
rA,: " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
ra( II ) 

sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
rIa 
sP(3-l4) 
rP( " ) 
Sc 
rS(I-14) 
Sxp 
sSl 
sS2 
sS(3-l4) 
Cxm 
sC(0-23) 
rC (" ) 
rIa 
rlx 
rRc 
sSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Dc 

rO(I:3,4,S,6) 
s02 

Skip if Not Bank Register 2 

:::; TS(TsTsr) 
= 00T8 
:::; (00T8IaC2CSCS(O+C4» 
::: ( " ) 
:::; T8 
00T8IaC2C5~( a+C4) 

:::; (00T8raGO)~ 
:::; OxcC(3,5,6,7,8) 
:::; Oxc~ 
~ CIOtllc9C23(E2mOE2mlE2m2) 
=: (Ol02<D04)Ql 
:::; A(2I-23).An."rAr3 
:::; A( ") II 

:::; A(.O-20)Ar3 
::: A(" ) " 
= B(21-23)BnrAr3 
:::; B( ") " 
:::; B(O-20)Ar3 
:::; B( II ) " 

::: 0'slrCTI 
:::; (FlGO)Ql 
::: (FlGO(52040-s06»(Pl~P13P14Ia» 

( " ) (PIXfXP13P14Ia» 
:::; ( " ) (PI~ Pl4Ia» 
:::; ( " ) (Plj'£(P14Ia» 

( " ) (PIL41a) 
( II ) (P 1 Zlf.Jta) 

:::; (P12P13PI4)Q2Fl 
:::; P(0-II)Pr3 
:::; Y( II ) II 

= T4(End+F1Fi)Inr 
::: Sc 
- T3Int(~EAx)GO+T3Q 
:::; (FIGO( 06»(PIlbK~4Ia»Sxp 
::: ( ") (PI$a) Sxp 
= P(O-II)Sxp 

EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
:::; K( " ) II 

:::; TrFl 
:;: Tr(nFJ) (C!trH"t) 
= Tr 
:::; 0S0l04AO'OTrSks 
::: TpEnd~ 
:::; TpSk 
:::; TpEndS'l< 
:::; Tpwr(~Ht)' 
= Tp 
:::; TpEnd'SK 
:::: Oc 
:a Oc 90 

SKS 29 

Bank Register 2 = P+1 ~pl Cycle 
Not Bank Register 2 = 2 Cycles 
p + 2 ~p 

05 nexr. (1'7) 

Initiale P register increment 

C(3-S) -70 in.struction to 0 register 

Not Bank Register 2 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P+l ~ P T7 thru T3 

Clea r S 

P ~ S 

M -7 C Tr + Tp 

Ski'p i:E Sks 

~O next clock (TS) if Sk not set 
07 next clock (T8) if Sk set 

NOP (20) -70 



07 T8 

T7 

T4 

T3 

TO 
Tr 

rC24 
Ck 
End 
sia 
Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rAe" ) 
8B(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(3-23) 
rC (" ) 
Pr3 
sPO 
rPO 
sPl 
rp1 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 
Sc 
rS(1-14) 
Sxp 
sSl 
sS2 
sS(3-14) 
rSk 
Cxm 
sC(0-23) 
rC(" ) 
rIa 
rlx 
rRc 

Tp sCp 
rF(1-3) 
rRf 
rJu 
Oc 

rO(1:3 J 4)5,6) 
802 

T8(TsTsr) 
07TSTS 
FIF2 
T807Sk[if0 
(0102Qj04)Ql 

= A(21-23)Ai1"rAr3 
::: A( ") " 
;:: A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
:;::: B( ") " 
c: B(0-20)Ar3 
= 1r(" ) " 
= 0703(TsQl) 
== C(O-20)Cr3 
== C(" ) " 
= (F1GO)Q2 
: (F1GO)(~~=~~~0-6»(Pl~P13P14Ia» 
= ( " ) (pI:ti)(P13PT4ia» 
= ( " ) (Pl~Pl4Ia» 
= ( " ) (PIl$(P14Ia» 
:= ( " ) (p lL@ra) 

( " ) (PIZ@ta) 
= (P12P13P14)Q2Fl 

P(0-11)Pr3 
== PC" ) II 

:: T4Endtnr 
== Sc 
7-:: T3IntEndGO 

(FlGO(CI=2~~~~0-6»(Pl~Pl4Ia»SXp 
( " ) (PILl±lu)Sxp 
P(O-ll)Sxp 
07TO 
EndGOTsm(Tr+Tp) 

:;: M(O-23)Cxm 
='M1" )" 
= TrFl 
:::: Tr(FlF3) (GOHt) 
== Tr 
~ M24CxmHtTsTp 
:;::: TpEndSK 
~;: Tp0i(~) 
~= Tp 
=-" TpEndSK 
= Oc 
:::: Oc 
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SKS 30 

Last cycle 
Initiate P register increment 

Reci rcu la t.e A Tl thru TO 

Recirculate B T7 thru TO 

o -) C 

P+l -+ P T7 thru T3 

Clear S 

P 4 S 

Re~t't. ski.p 

M ~ C 

Initiate parity 

~O next clock (T8) 

NOP -70 



40 SKS"40002 

00 T8 rC24 
rCz 
sFI 
sF3 
sHz 
"sIa 
Oxc 
sO ( I , 3 , 4, 5 , 6) 
r02 
Sks 

05 T7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP( II ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

Tr Cxm 
sC(0-23) 
rC (tt ) 
rIa 
rlx 
rRc 
sSk 

Tp rFl 
sF2 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Skip if Not Bank Register 3 

:::: T8(TsTsr) 
= 00T8 
= (00T8IaC2C5C8( O-t-C4» 
= ( " ) 

T8 
= ~OT8IaC2C5C8( C3~C4) 
= (00T8IaGO) C2 
= OxcC(3,5,6,7,8) 
= OxcC4 
= CIOmC9C22(~E3mlE3m2) 

(OI020304)QI 
= A(21-23)A'firAr3 
= A( ") " 
= A(-0-20) Ar3 
:= A(" ) " 
= B(2l-23)Bi'lrAr3 
= Be ") " 
= B(0-20)Ar3 
= B(" ) " 

05B'CTI 
= (FlGO)~ 
=: (FlGO(~02~040~-!2I!I5-0-6» (Pl$:PI3P14Ia» 

( " ) (PlX£(P13PI4Ia» 
( " ) (PI3dXP14Ia» 

=: ( " ) (PIX£(P14Ia) ) 
= ( " ) (PI~la) 

( " ) (Pi26"la) 
(P12P13P14)Q2Fl 

= P(0-li)Pr3 
= 'P"( " ) ,. 
= T4(End+F1F2)Inr 
=: Sc 
= T3Int(~;ax)GO+T3Gd 
= (FlGO(616i6306»(PI3](pl4Ia»Sxp 
= ( ") (PIL@a)Sxp 
= P(O-Ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= K(" ) ,. 
=: TrFI 
= Tr(J!F3)(~) 
= Tr 
= 0501C14AUnTrSks 
= TpEndS'K " 
== TpSk 
= TpEndm< 
= Tpn(~Ht'>" 
= Tp 
= TpEnd'SK 
=: Oc 
:::a Oc 92 

Bank Register 2 = P+l~P 
Not Bank Register 2 = 
P + 2 ~P 

05 next. (T7) 

SKS 31 

Cycle 
2 eye les 

Initia["~ P register increment 

C(3-8) -;)0 instruction to 0 register 

Not Bank Register 3 

Recirculate A T7 thru TO 

Recirculate B T7 t.hru TO 

Last cycle 

P+l --) P T7 thru T3 

Clea r S 

p ~ S 

M -~ C Tr- +- Tp 

Skip if Sks 

00 next clock (T8) if Sk not set 
07 n~xt clock (T8) if Sk set 

NOP (20) -) 0 



07 TS rC24 
C~ 
End 
sIa 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3 -23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(3-23) 
rC (" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 Sc 
rS(1-14) 

T3 ~xp 
sSl 
sS2 
sS(3-l4) 

TO rSk 
Tr Cxrn 

sC(O-23) 
rC (" ) 
rIa 
rIx 
rRc 

Tp sCp 
rF(1-3) 
rRf 
rJu 
Oc 
rO(1,3,4,S,6) 
s02 

= TS(TsTsr) 
:= 07TSTS 
:::: FlF2 
;:: TS01Skt\f0 
== (010 2Qj{)4) Q 1 
= A(2l-23)AnrAr3 
:c A( ") " 
= A(O-20)Ar3 
== A(" ) " 
= B(21-23)BnrAr3 
== Be ") " 
&:; B(O-20)Ar3 
-= 1r{" ) " 
:::: 07(T) (fSQl) 
= C(O-20)Cr3 
= c( " , ) " 
- (FlGO)Q2 
~ «FlGO)(~~=~~~0-6»(Pll±XP13P14Ia» 
- ( " ) (Pll;B(pt3PI4Ia» 
::: ( " )(Pl~P14Ia» 
- ( " ) (Pl:&P14la» 

~ " ) (P l$a) 
- ( " ) (fSIZl±1ta) 
= (P12P13P14)Q2Fl 
== P(O-11)Pr3 
== P(" ) " 
= T4Endlnr 
== Sc 
:::: T31ntEndGO 
;:: (FlGO(O~2~~~~0-6» (PlxtXP14Ia) )Sxp 
- ( " ) (PI4.tla)Sxp 
== P(O-ll)Sxp 
= ~7TO 
:;;:: EndGOTsm(Tr+Tp) 
= M(O-23)Cxm 
= liZ " )" 
== TrFl 
cTr(fuJ) (GOHt) 
;:: Tr 
:= M24CxmHtTsTp 
;:: TpEndSK 
:.: TpJi(OOiit) 
::.:: Tp 
::: TpEndSK 
== Oc 
= Oc 
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SKS 32 

Last cycle 
Initiate P register increment 

Re c i r c ala teA T7 thr',. TO 

Recirc'..11ate B T7 thru TO 

o -+ C 

P+l --) P T7 thrl.l T3 

Clear S 

P -+ S 

Reset skip 

M -~ C 

Initiate parity 

00 next clock (TS) 

NOJ? -~ 0 



41 BRX 

00 T8 rCz 
sHz 
sIx 
sJu 
Hx(1-3) 
Hal 
Ha2 
Ha3 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sCO 
rCO 
sC(1,2) 
rC( " ) 
sC(3-23) 
rC(" ) 
sCp 
rCp 
rHz 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-l4) 
rP(" ) 
Xnr 
sXw(1-3) 
rXw( " ) 
Xz(1-3) 
Xz( " ) 
Yz(1-3) 
Yi"( " ) 
sCz 
rCz 

t4 Sc 
rS(1-14) 

T3 rCO 

Increment Index and Branch 

== 00T8 
= T8 
= ClG000T8 
= IaGOC4C5C8C9T8 
== Xn(1-3)F! 
== Hi1(Hx2Hx3Hz)tHxl {Hx2Hx3Hz) 
= ~(~)+Hx2(Hx3Hz) 
== ~Hz+Hx3Hz 
- 0500Ql 
= A(2l-23)AnrAr3 
= A( ") II 

== A(0-20)Ar3 
&: I(" ) " 
== B(2l-23)BnrAr3 
= B( ") " 
== B(0-20)Ar3 
== B(" ) " 
= Ts00Ql 
= (P12)JuTsCr3Qb 
== C") II 

== P(13,14)JuTsCr3Q2 
= 1>( ") II 

= C(0-20)Cr3 
== C(" ) II 

= (C2lGC2a:£C23)CpTsHtQlFlF2 
=( II )Cp " 
== (Hxl-Hlx2-Hlx3) TS 
= JuQ2 
= Add(1-3)02040506Pr3 
= Add( II ) " 

= P(0-11)Pr3 
= P(" ) II 

== JuOl05 
= Ha(1-3)TSJuOl05 
= Ha( ") II 

= Xn(1-3)00Ix 
- Xn( " )00Ix+Ix 
= C(2l-23)07 
= c( " )" 
= KzQlTO 
= KzQl 
= InrFlF2T4 
=:= Sc 
= JuTiC~3Q4Q6 

94 

(X+l. -+ X) If X( 9) =1 
M -. P branch 
(X+l -. X) If X( 9)-0 
P+l -. P 

Initialize indexing 

Half adder inputs 

Half adder outputs 

BRX 1 

1 Cycle 

2 Cycles 

Reci~culate A T7 thru TO 

Recirculate B T7 thru TO 

P(1-14) -.C(10-23) T7 thru ~ 

Parity check T7 thru TO 

C + X-Ix -~P T7 thru T3 

X+l.-.X 

Adder input (X· Ix) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Clear S 
No input to C3, C6, C9 T3 thru Tl 



8xp 
s8(1,2) 
s8(3-14) 

T2 rOl 
rC(I~2) 

Tl sC(I,2) 
rC( II ) 

End 
TO rCz 

sCO 
rCO 
rC(I,2) 

Tr Clem 
sC(0-23) 
rc(" ) 
sCz 
sRt 
rlx 
rRc 

Tp rAOO 
rBOO 
sCp 
sFI 
sF2 
rJu 
Oc 
rO(I,3,4,5,6) 
s02 

= IntJ:uEaxGOT3 
= Add(2,3) (JuEaX+52040506)Sxp 
= P(0-11)8xp 
~ XwlJuOST2 
= (JuTsCr3)T2 
= Em(I,2) (JuTiCr3)TI 
= !m( tr ) ( " ) 11 

= JuEaXoI 
= FlTO 
=- Of(JuTSCr3TO) 
== 01( ") 
== JuTsCr3TO 
- EndGOTSm(Tr+Tp) 
= M(0-23)Cxm 
= exmTr 
.. 0z.0506~OTr 
- cpT&RO~ 
- (~(~)Tr 
- Tr 
- EndGOTp -( " ) 
** M24cxmiIE'fSTp 
- 04IaOI~OTp 
=- m " 
- Tp 
- (Ol03Ia+EndSk)Tp 
a::a Oc 
• Oc 
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P ~8 

Reset 01 if (X9 = 1) 
No input to C7, C8 

Branch condition (X9 = 1) 

No input to CI, C2 
Branch condition (X9 - 1) 

BRX ~ 

M ~C (Fetch operand) Tr thru Tp 

Initiate C register increment 
Parity error 

Branch condition (X9 == 1) 

Initiate parity 

~6 next if 01 (X9 - 0) 

NOP (20) ~ 0 if 01 (X9 a::a 1) 



06 T8 End 
sla 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-l4) 
rP(" ) 
XZ(1-3) 
Yz(1 .. 3) 
Y'Z( " ) 
sCz 
rCz 
rIa 

T4 8c 
r8(1-14) 

T3 8xp 
s8(1,2) 
s8 (3-14) 

TO rCz 
rCp 

Tr CJan 
sC(0-23) 
rC(" ) 
rRc 

Tp rAOO 
rBOO 
sCp 
rFl 
rF2 
Oc 
rO(1,3 ,4,5,6) 
s02 

= FlF3 
= FIF r 8 
= (0102 04)Ql 
= A(2l-23)AnrAr3 
= X( If ) " 

= A(0-20)Ar3 
= X( If ) If 

= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B( If )" 

= TsFlF3Ql 
= Add(1-3)TSCr306 
= A<ICr ( ") " 
= C(0-20)Cr3 
= C(" ) " 
= FlGOQ2 
= Add(1-3)02040~06Pr3 
= Add( " ) " 
= P(0-11)Pr3 
= P(" ) If 

= Ix 
= C(2l-23)07 
=c( " )" 
= KzFlQl 
= KzQl 
= (P12P13P14)Q2Fl 
= InrT4 
= 8c 
= WEndGOT3 
= Add(2,3)~~03068xp 
= P(0-11)8xp 
= FlTO 
= TsIrtRnFl(J7~)nTO 
= EndGOTsm(Tr+Tp) 
= M(0-23) Cxm 
= CJanTr 
= Tr 
= EndGOTp 
= ( " ) 
- M24CxmHtTsTp 
= EndSkTp 
= ( " ) 
= ( " ) 
-= Oc 
= Oc 
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BRX 3 

Recirculate A T7 thru TO 

Rec:lrculat e B T7 thru TO 

Recirculate C T7 thru TO 

T7 thru T3 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Clear 8 

0+1 ~8 (C contains original P) 

M ~C (Fetch next instruction) 
Tr thru Tp 

Initiate parity 
00 next clock (T8) 

NOP (20) -~ 0 



43 BRM 

00 T8 rC24 
rCz 
sHz 
sIx 
sJu 
Oxc 
sO ( 1 , 3 , 4, 5 , 6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB(0-2) 
rB( " ) 
sB(3-23) 
rB( II ) 

Cr3 
sCO 
rCO 
sC(1,2) 
rC( II ) 

sC(3-23) 
rC( II ) 

sCp 
rCp 
Mxc 
Pr3 
sP(0-2) 
rP( II ) 

sP(3-l4) 
rP( II ) 

Xz(1-3) 
Xz( II ) 

YZ(1-3) 
Yz ( II ) 

sCZ 
rCz 

T6 sC24 
rC24 

T4 8c 
r8(1-14) 

T3 rCO 
rM(0-24) 
8xp 
s8(1,2) 
s8 (3-14) 

T2 sC(0-2) 
rC( " ) 

Tl sC(0"'2) 
rC( " ) 

Mark Place and Branch 

= T8(TsTsr) 
=- 00T8 
= T8 
1:11 C1G000T8 
= IaGOC4C5C8C9T8 
1:11 raGO~00T8 
= C(3,S,6,7,8)Oxc 
=- CZioxc 
= (01020304)Ql 
= A(2l-23)Aii'rAr3 
.. A( ") II 

= A(0-20)Ar3 
_ A( II ) II 

= B(2l-23)BnrAr3 
1:1 B( ") II 

= B(0 .. 20)Ar3 
-= B(" ) " 
-= Ts00Ql 
.. (P12)JuTsCr3Qb 
.. (--rr) II 

= P(13,14)JuTsCr3Q2 
=="'P"( ") " 
1:11 C(0 .. 20)Cr3 
_ C( fI ) " 

= (C2$2~23)CpTsHtQ1F1F2 
_( " )Cp II 

- Ju0105Tsm 
- JuQ2 
= Add(1-3)JuEaxPr3 
= Add( II ) " 

- P(0 ... 11)Pr3 
="P'( II ) " 

= Xn(1-3)00Ix 
= Xn( II )00Ix+Ix 
-= C(2l-23)J1 
= C( II )" 

= KzQ1Tn 
- RZQl 
= CZ4(TiTSrC~li±C2)(Q3+Q5) 
- C24( " ) ( " ) 
= mrrlY2T4 
= 8c 
- JuTsCr3Q4Q6 
-= T3 
- lrltJuEaxGOT3 
= Add(2,3)(JUEax+02040506)8~p 
= P(0-11)8xp 
~ E2m(0-2)T2(Ju~)Cr3 
= E2m( " )T2 (" ) " 
= E3m(O ... 2)T2(Ju'l'S) Cr3 
-= E3m ( " ) T 2 (" ) " 
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P ~ (M) 9-23 Of ~ (M) 
M + 1 ~P 

BRM 1 

2 Cycles 

Initialize parity generation 

Initiate indexing 

Instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

P(1-14) ~ C(10-23) T7 thru T3 

Parity check T7 thru TO 

Initialize store into memory 
T7 thru Tp 

C+X'Ix~P T7 thru T3 

Adder input (X-Ix) T7 thru TO 

Adder input (C) T7 th~u TO 

Carry logic T7 thru Tl 

Generate parity T6 thru Tr 

Clear 8 
No input to C3, C6, C9 T3 thru Tl 

p ~ 8 P(C+X· Ix) 

Record bank register 2 into C(6-8) 

Record bank register 3 into C(3-5) 



TO 

Tr 

Tp 

rCz 
sCO 
rCO 
rC(I,2) 
sRt 
rlx 
rRc 
sFI 
sF2 
rJu 
sM(O-24) 

= F1TO 
::: Of(JuTsCr3TO) 
::: <fr( II ) 
::: JuTiCr3TO 
a C~OJ2 
= ( F3)(~)Tr 
= Tr 
= OZi-IiOl0oTp 
= 02 II 

::: Tp 
= C(O-24)MxcTp 

Set CO if overflow 

No input to CI, C2 
Parity error 

06 next clock (TS) 

C ~M 

The C register at Tp contains the following information: 

CO = State of the Overflow Flip-Flop 
CI thru C2 .. 0 
C3 thru C5 = Contents of Bank Register 3 
C6 thru CS = Contents of Bank Register 2 
C9 = 0 
CIO thru C23 = Original contents of the P register 
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BRM ~ 



~6 T8 End 
sIa 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB(" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC( II ) 

Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP(" ) 
XZ(1-3) 
Yz(1-3) 
fi( " ) 
sCz 
rCz 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

TO rCp 
Tr Cxm 

sC(0-23) 
rC(" ) 
rRc 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
to(1,3,4,5,6) 
s02 

=- FlF2 
==Fl~8 
- (O~)Ql 
• A(2l-23)AnrAr3 
I: A( ") " 
• A(O-20)Ar3 
- 1;(" ) " 
= B(2l-23)BnrAr3 
."'lr( ") " 
.. B(0-20)Ar3 
1;1 B(" ) " 
= FlF3 (TsQl) 
== Add(1-3)TSCr3~6 
• Add( ") " 
== C(0-20)Cr3 
c!I C(" ) " 
.. F lGOQ2.-=="",~_ 
- (FlGO(~~06»(Pl~13P14Ia)Pr3 
= ( ")( if ~" 
= ( ")(Pll1:i'14Ia)Pr3 
== ( ")( " )" 
I: ( ") (Pl*a) Pr3 
= ( ")( Ii) II 

= (P12PI3P14)Q2Fl 
=- P(0-11)Pr3 
= P(" ) " 
.. Ix 
.. C(2l-23)J7 
I: c( " )" 
= KzQlFl 
= GQl 
== InrT4 
- Sc 
=- rntEndGOT3 

~~"..,.,..--

.= (FlGO(02~06»(Pllffif14Ia)Sxp 
= ( II ) (Pll$.a) Sxp 
.. P(O-ll)Sxp 
III TsHtKO(Fl~J40;g)~2TO 
- EndGOTsm(Tr+Tp) 
D M(0-23)Cxm 
= CxmTr 
.. Tr 
- EndGOTp . ( " ) 

. .. M24c:mHtfiTp 
1:11 EndSkTp 
.. ( II ) 

1:11 Oc 
.. Oc 
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BRM 3 

Initiate P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate C T7 thru TO 

P+l ~ P (P contains the original 
contents of the C register.) 

T7 thru T3 

Adder input (C) T7 thru TO 

Carry logic T7 thru TO 

Clear S 

P -+ S 

M -+C (Fetch next instruction) 

Initiate parity 
~O next clock (T8) 

NOP (20) -+ 0 

Tr thru Tp 



46 CLX 00000,2 

~O T8 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
sIx 
Oxc 
sO(l,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP{" ) 
Xnr 

T6 sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
sS2 
sS(3"14) 

Tr Cxm 
sC(0-23) 
rC(" ) 
rIa 
rlx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Clear X 

= T8(TsTsr) 
= 00T8 
= (00T8IaC2C5C8(C3+C4» 
= ( II ) 

= T8 
=- 00T8IaC2C5C8(C3+C4) 
=:: 00T8ClGO 
~ (00T8IaGO)C2 
= OxcC{3,5,6,7,8) 
= OxcC4 
= (¢OT8IiGO)C2C3C4C5C6 
= (Ol020304)Ql 
= A(2l-23)AnrAr3 
= X( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
=B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= 05(AOO+G0) 
= (F IGO) ~Q 2=-==-=-_ 
= (FlGO(02040506»(Pl2±XP13P14Ia» 
= ( " ) (Pl!t£j(P13P14Ia» 
= ( " ) (Pll'±XP14Ia) ) 
= ( " ) (PltfXP14Ia» 
= ( " ) (PlLtbU:a) 
= ( " ) (Pllffia) 
= (P12P13P14)Q2Fl 
= P(0-11)Pr3 
= P(" ) " 
= (Ol020304Ix) 
= ( " )Xw(1-3)T7 
= ( " )Xw(" )T7 
= T4(End+FlF2)Inr 
= Sc 
== T3Int(End+JUEaX)GO+T~ 
~ (FlGO(~04~06»)(Pll±(P14Ia»Sxp 
= ( ") (PILkf):a) Sxp 
= P(O-ll)Sxp 
= EndGOTSm(Tr+Tp) 
= M(0-23)Cxm 
= M(" ) " 
= TrFl 
= Tr{Fl~3)(GOHt) 
= Tr 
== TpEndSk 
== ( "--L­
== Tp0].(GOHt) 
== Tp 
l1li: TpEndSk 

- Oc 
a Oc 
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RCH 1 

1 Cycle 

05 next (T7) 

initiate P register increment 
Initialize Clear X 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l -7 P T7 thru T3 

T7 
o -7 X T6 thru TO 

Clear S 

M -7 C Tr + Tp 

00 next clctck (TS) 

NOP (20) ~ 0 



46 CLA 00001 

00 TS rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
Anr 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP (" ) 

T4 8c 
r8 (1-14) 

T3 8xp 
ss1 
s82 
s8 (3-14) 

Tr Cxm 
sC(0-24) 
rC (II ) 
rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO (1) 3, 4, 5 , 6) 
s02 

Clear A 

= TS(TsTsr) 
= 00TS 
= (00TSIaC2C5CS(C3+C4» 
= ( " ) 
= TS 
= 00T8IaC2C5CS(C3+C4) 
= (00TSlaGO)C2 
= OxcC(3,5,6,7,8) 
= OxcC4 
= (00TSIiGO)C2C3C4C5C6 
= (01020304)Ql 
= RcC23 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" )" 
= 05(AOO~) 
= (F1GO)~ 
= (F1GO(WOZ:~06»(Pl~P13P14Ia» 
= ( " ) (pl~P13P14Ia) ) 
= ( " ) (Pllt):P14Ia» 
= ( II ) (Pl$i(P14IQ) ) 
= ( " ) (Pl$a) 
= ( " ) (Pl$a) 
= (P12P13P14)Q2Fl 
= P(0-11)Pr3 
= P(" ) " 
= T4(End+Fln)fur 
= 8c 
= T3Int(End+JuEiX)GO+T~ 
~ (F1GO(~~~06))(Pl~4Ia))Sxp 
= ( " ) (Pl4i!a,)Sxp 
= P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-24)Cxm 
= X(" ) " 
= TrFl 
~ Tr(J'IF3) (~Ht) 
= Tr 
= TpEndSk 
= ( "~ 
= Tp0i(GOHt) 
= Tp 
D TpEndSk 
= Oc 
= Oc 
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RCH ~ 

1 Cycle 

05 next (T7) 

initiate P register increment 

C(3-S) ~O instruction to 0 register 

no inputs to A(0-2) 
causes 0 -4 A 

Recirculate B 

last cycle 

P+l -4 P 

Clear 8 

P -+ 8 

00 next clock (TS) 

NOP (20) -40 

T7 thru TO 

T7 thru TO 

T7 thru T3 

Tr + Tp 



46 CLB 00002 

00 TS rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( JJ ) 

Bnr 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP (II ) 

T4 8c 
r8 (1-14) 

T3 8xp 
sSl 
s82 
s8(3-14) 

Tr Cxm 
sC(0-23) 
rC(" ) 
rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Clear B 

= TS(TsTsr) 
= 00TS 
= (~OTSIaC2C5CS(C3+C4» 
= ( II ) 

= TS 
= 00TSIaC2C5C8(C3+C4) 
= (00TSIaGO)C2 
= OxcC(3,5,6,7,8) 
::I OxcC4 
= (00T8laGO)C2C3C4C5C6 
= (01020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= RcC22 
= B(0-20)Ar3 
="E"(" ) " 
= 05(AOO+G0) 
= (F lGO) ~Q 2=-==--_ 
= (FlGO(02040506»(Pl~P13P14Ia» 
= ( " ) (Plt+)(P13P14Ia» 
= ( " )(Pl~P14Ia» 
= ( " ) (PllfXP14Ia» 
= ( " ) (PlL@l:a) 
= ( " ) (Pl*a) 
= (P12P13P14)Q2Fl 
= P(0-11)Pr3 
= P(" )" 
= T4(End+FlF2)Inr 
= 8c 
= T3Int(End+JuEaX)GO+T~ 
~ (FlGO(~040306))(Pl~4Ia))Sxp 
= ( II ) (Pll(i1La) 8xp 
= P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= M( II ) " 

= TrFl 
= Tr(FIF3) (GOHt) 
= Tr 
= TpEnd8k 
= ( It ~ 

= Tp01 (GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 
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RClt ~ 

1 Cycle 

~5 next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A 

no inputs to B(0-2) 
causes 0 -7 B 
last cycle 

P+l -~ P 

Clear 8 

P ... 8 

M ~C 

~O next clock (TS) 

NOP (20) ~ 0 

T7 thru TO 

T7 thru TO 

T7 thru T:;,. 

Tr + Tp 



\6 CAB 00004 

00 T8 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3 ,4,5,6) 
r02 
sRc 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
Bnr 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP (" ) 

T4 Sc 
rS (1-14) 

. T3 Sxp 
sSl 
sS2 
sS(3 ... 14) 

Tr Cxm 
sC(0-23) 
rC(" ) 
rIa 
rlx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Copy A into B 

1:11 T8(TsTsr) 
= 00T8 
= (00T8IaC2C5C8(C3+c4» 
= ( " ) 
= T8 
= 00T8IaC2C5C8(C3+C4) 
= (00T8IaGO)C2 
= OxcC(3,5,6,7,8) 
= OxcC4 
= (00T8IaGO)C2C3C4C5C6 
= (01020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= RcC2l 
1:11 A(2l-23)RcC2lAr3 
= A( ") " 
= B(0-20)Ar3 
l1li ~(" ) " 

= 05(AOO+G0) 
- (FlGO)~=== == 
= (FlGO(02040506»(Pla,tXP13Pl4Ia» 
= ( " ) (Pl~P13Pl4Ia)) 
= ( " ) (Pl1±XP14Ia) ) 
= ( " ) (Pl~P14Ia) ) 
= ( " ) (Pl4±la) 
= ( " ) (Pl$a) 
1:11 (P12P13P14)Q2Fl 
= P(0-11)Pr3 
= p(" ) " 
= T4(End+FlF2)Inr 
= Sc 
= T3rnt(End+JuEax)GO+T~ 
~ (FlGO(02~0506)(Pl~4Ia))Sxp 
= ( " ) (PIlCf[a) Sxp 
= P(0-1l)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= M(" ) " 
= TrF1 
= Tr(flF3) (GoHt) 
= Tr 
1:11 TpEndSk 
= ( "...l.­
= TpJI (GOHt) 
= Tp 
l1li TpEndSk 
= Oc 
= Oc 
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RClt 4 

1 Cycle 

05 next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

A ~B T7 thru TO 

last cycle 

P+l ~P T7 thru T3 

Clear S 

P ~S 

M ~C Tr + Tp 

00 next clock (T8) 

NOP (20) ~ 0 



46 CBA 00010 

00 T8 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
Anr 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP (" ) 

T4 8c 
r8 (1-14) 

T3 8xp 
s81 
s82 
s8(3 .. 14) 

Tr Cxm 
sC(0-23) 
rC( II ) 

rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Copy B into A 

= T8(TsTsr) 
= 00T8 
= (00T8IaC2C5CS(C3+C4)) 
= ( II ) 

-= T8 
m 00T8IaC2C5C8(C3+c4) 
= (00T8IaGO)C2 
a OxcC(3,5 , 6,7,8) 
= OxcC4 
= (@OT8IaGO)C2C3C4C5C6 
= (Ol020304)QI 
== RcC20 
= B(21-23)RcC20Ar3 
= B( ") " 
= A(0-20)Ar3 
= A( II ) II 

= B(21-23)BnrAr3 
=B( ") " 
= B(O-20)Ar3 
= 1f( II ) " 

= 05(AOO+GO) 
=: (FIGO)-=*~~=--_ 
= (FlGO(Q2040506))(Pla±XPI3PI4Ia)) 
= ( " ) (Pl~P13P14Ia)) 
= ( " ) (PI~PI4Ia) ) 
= ( " ) (Pl3$(P14Ia) ) 
= ( " ) (PI4¢!a) 
= ( " ) (Pl@Ia) 
= (PI2PI3PI4)Q2FI 
= P(0-II)Pr3 
=p( II ) " 

= T4{End+FIF2)Inr 
= 8c 
= !3Int(End+JuEaX)GO+T3~~ 
~ (FlGO(~045306)){PI~P14Ia))8xp 
= ( ") (PIL@[a)8xp 
= P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= M{" ) II 

= TrF_l __ _ 
= Tr(FIF3) (GOHt) 
= Tr 
== TpEndSk 
= ( "...L­
= Tp0! (G~Ht) 
= Tp 
= TpEndS'k 
= Oc 
= Oc 
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RCH 5 

I Cycle 

05 next (T7) 

initi.ate P register increment 

C(3-8) ~O instruction to 0 register 

B ~A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l -+ P T,7 thru T3 

Clear S 

P -+8 

M ~C Tr + Tp 

00 next clock (T8) 

NOP (20) ~ 0 



46 CBX 00020 

00 T8 rC24 
rCz 
sF1 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sP1 
rP1 
sP2 
;rP2 
rIa 
sP(3-14) 
rP(" ) 
Xnr 
sXw(1-3) 
rXw( " ) 

T4 8c 
r8 (1-14) 

T3 8xp 
sSl 
s82 
s8(3-14) 

Tr Cxm 
sC(O-23) 
rC (If ) 
rIa 
rIx 
rRc 

Tp rF1 
rF3 
rRf 
rJu 
Oc 
rO(1,3, 4,5,6) 
s02 

Copy B into X 

= T8(TsTsr) 
= 00T8 
= (00T8IaC2C5C8(C3+c4)) 
= ( " ) 
.. T8 
= 00T8IaC2CSC8(C3+C4) 
= (00T8IaGO)C2 
= OxcC(3,5,6,7,8) 
= OxcC4 
= (00T8IAGO)~C3C4C5C6 
= (01020304)Q1 
= A(21-23)AnrAr3 
= "X( ") " 
= A(0-20)Ar3 
="'X(" ) " 
= B(21-23)BnrAr3 
= B( If) " 
= B(0-20)Ar3 
= T( If )" 
= 05 (A.OO+GO) 
=(F1GO)Q2 
= (F1GO('~02~~~05~0-6))(P1~P13P14Ia)) 
= ( " ) (Pl2EFXp13P14Ia)) 
= ( " ) (Pl3EEXP14Ia)) 
= ( " ) (P11?XP14Ia) ) 
= ( " ) (P1llf1a) 
= ( " ) (P1iQa) 
= (P12P13P14)Q2F1 
= P(0-11)Pr3 
= 1>(" ) " 
= (Rc19) 
= (" )B(2l-23) 
= (" )lr ( " ) 
= T4(End+FlF2)Inr 
= 8c . 
= T3Int(End+JuEax)GO+T~ 
~ (F1GO(02040506))(Pl~4Ia))Sxp 
== ( " ) (Pl4±lra) 8xp 
= P(O-ll) 8xp 
= EndGOTsm(Tr+Tp) 
= M(O-23)Cxm 
= M(" ) " 
= TrFl =--= Tr(F1F3) (GOHt) 
= Tr 
= TpEndSk 
III ( "-:l-­
= Tpn(GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 105 

RCH 6 

1 Cycle 

05 next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+1 ~ P T7 thru T3 

B ~X T7 thru TO 

Clear 8 

P -+8 

Tr + Tp 

00 next clock (T8) 

NOP (20) ~ 0 



46 CXB 00040 

(60 T8 rC24 
rCz 
sFl 
sF3 
8Hz 
sla 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
Bnr 
sB(0-2) 
rB( If ) 

sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP(" ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-l4) 

Tr Cxm 
sC(O-23) 
rC (If ) 
rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO (1,3 , 4,5 , 6) 
s02 

Copy X into B 

= T8(TsTsr) 
= 00T8 
= (00T8laC2C5C8(C3+c4» 
= ( I' ) 

.. T8 
= (60T8IaC2C5CB(C3+c4) 
= (00T8IaGO)C2 
= OxcC(3,5,6,7,8) 
= OxcC4 
= (00T8IaGO)C2C3C4C5C6 
= (01020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= X(" ) " 
= RcClS 
= Xn(1-3)RcC18Ar3 
= -xn( ") " 
= B(O-20)Ar3 
= B(" )" 
= 05(AOO+G0) 
= (F 1 GO )~Q2==-===--_ 
= (FlGO(02040506»(Pl~P13P14Ia» 
= ( " ) (PlatXP13P14Ia» 
:: ( " ) (Pl:\4XP14Ia» 
= ( " ) (Pl~P14Ia) ) 
= ( " ) (PlLtfla) 
= ( " ) (Pl$a) 
= (P12P13P14)Q2Fl 
= P(O-11)Pr3 
= P(" ) " 
= T4(End+FlF2)Inr 
= Sc 
::.: T3Int (End+JuEax)GO+T£~ 
~ (F1GO(01040306)(Pl~4Ia»Sxp 
= ( ") (P1L(f):a) Sxp 
= P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
-= M(O-23)Cxm 
= M(" ) " 
= TrFl 
= Tr(FiF3) (GOHt) 
.. Tr 
= TpEndSk 
= ( "~ 
= Tp0i.(GC'Ht) 
= Tp 
= TpEndSk 
= Oc 
= Oc 
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RCH 7 

1. Cycle 

05 next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

X ~B T7 thru TO 

last cycle 

P+l ~P T7 thru T3 

Clear S 

P ..... S 

M ~C Tr + Tp 

(60 next clock (T8) 

NOP (20) ~ 0 



46 RCH 00100 

00 TS rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP (" ) 

T5 sIx 
rRc 

T4 Sc 
rS(I-14) 
Xnr 
sXw(I-3) 
rXw(1-3) 

T3 Sxp 
sSl 
sS2 
sS(3-l4) 

Tr Cxm 
sC(O-23) 
rC(" ) 
rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

Copy least significant 9 bits only 
extend bit 15 throughout X when 
X is designation register. 

= TS('lsTsr) 
= 00TS 
= (00TSIaC2C5CS(C3+C4» 
= ( " ) 
= TS 
= 00TSra~C5CS(C3+C4) 
== «(6oTSraOO) C2 
= OxcC(3,5,6,7,S) 
= OxcC4 
= (00TSIaGO)C2C3C4C5C6 
= (01020304)Ql 
= A(2l-23).Aii"rAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
== B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" J" 
= 05(AOO+G0) 
= (F1GO)~Q2~=-_ 
= (FIGO(02040506»(Pl~~13P14Ia» 
= ( " ) (Pli9(PI3P141a) ) 
= ( " ) (Pl~P14Ia) ) 
= ( " ) (Pl:m(P14Ia» 
= ( " ) (P1L{9ra) 
= ( " ) (Pl2$ta) 
= (P12P13P14)Q2Fl 
= P(0-11)Pr3 
= P(" ) " 
= RcCI7T5(C15+C19) 
= C17T5 
= T4(End+FiF2)Inr 
= Sc 
= 01020304Ix 
= ( " )XwIT7 
= ( " )XwlT7 
= T3Int(End+JuEai)GO+T~) 
~ (F1GO(02040506»(PlltKp14Ia»Sxp 
= ( ") (P141la) Sxp 
= P(O-.ll)Sxp 
= EndGOTsm(Tr+Tp) 
;:z M(O-23)Cxm 
= M( If ) If 

=!I TrFI 
= Tr(FIF3) (GOHt) 
-= Tr 
== TpEndSk -( "~ 
- Tpm: (GOHt) 
= Tp 
-= TpEndSk 
- Oc 
= Oc 
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RClt S 

1 Cycle 

05 next (T7) 

initiate P register increment 

C(3-S) ~O instruction to 0 registeI 

Recirculate A 

Recirculate B 

last cycle 

P+l ~P 

only for CAX or CBX 
A and B recirculate 

Clear S 

extend Xl5 thru XO 

00 next clock (TS) 

NOP (20) ~ 0 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T4 thru TO 

Tr + Tp 



46 CXA 00200 

00 TS rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

05 T7 Ar3 
Anr 
sA(0-2) 
rAe U ) 

sA{3-23) 
rA{" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP{3-14) 
rP (" ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
sS2 
sS{3-14) 

Tr Cxm 
sC(tt~23) 
rC{" ) 
rIa 
rlx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO{1,,3,4,5,6) 
s02 

Copy X into A 

= TS(TsTsr) 
= 00TS 
= (00TSlaC2C5C8(C3+c4)) 
= ( " ) 
= TS 
= 00TSlaC2C5CS(C3+C4) 
= (~OTSlaGO)C2 
= OxcC{3,5,6, 7,S) 
= OxcC4 
= (00TSlaGO)C2C3C4C5C6 
= (01020304)Q1 
= RcC16 
= Xn{1-3)RcC16Ar3 
= Xn( " ) " 
= A(0-20)Ar3 
= 'X(" ) II 

= B(21-23)BnrAr3 
= B{ ") " 
= B(0-20)Ar3 
=B(" ) " 
= 05{AITO-Km) 
= {F 1GO )~Q~2 =::::---
= (F1GO(02040606)){P1~P13P14Ia)) 
= ( II ) (Pl29:P13P14Ia)) 
= ( " ) (Pl~P14Ia)) 
= ( " ) (Pl3EE(P14Ia)) 
= ( " ) (Pltera) 
= ( II ) (Pl4itia) 
= (P12P13P14)Q2Fl 
= P{0-11)Pr3 
=1'{" ) II 

= T4(End+FIF2) Inr 
= Sc 
= T3Int(End+JuEaX)GO+~~ 
~ (FlGO(02040506))(Pl~P14Ia))Sxp 
~ ( U) (Pl4:Bra) Sxp 
= P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(O-23)Cxm 
="W(" ) " 
= TrFl 
= Tr(~)(GOHt) 
= Tr 
= TpEndSk 
= ( "-2-
= Tpm (C(;Ht) 
= Tp 
-= TpEndSk 
-= Oc 
= Oc 
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RCH 9 

1 Cycle 

05 next (T7) 

initiate P register increment 

C(3-S) ~O instruction to 0 register 

X ~A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+1 ~ P T7 thru T3 

Clear S 

P ..... S 

M ~C Tr + Tp 

00 next clock (TS) 

NOP (20) ~ 0 



CAX 00400 

00 T8 rC24 
rCz 
sFl 
sF3 
sHz 
sIa 
Oxc 
sO(1,3,4,S,6) 
r02 
sRc 

05 T7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA( II ) 

sB(0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP (" ) 
Xnr 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
sS2 
sS(3-14) 

Tr Cxm 
sC(O ... 23) 
rC(" ) 
rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3 ,4,S, 6) 
s02 

Copy A into X 

= T8(TsTsr) 
= 00T8 
= (00T8IaC2CSC8(C3+CZi.» 
= ( " ) 
l1li T8 
= 00T8raCZC5CB(a-rez;) 
= (00T8l8.GO)C2 
= OxcC(3,S,6,7,8) 
= OxcC4 
= (00T8IiGO)C2C3C4CSC6 
= (01020304)Ql 
=: A(2l-23)AnrAr3 
= A( " ) " 
= A(0-20)AR3 
= A(" ) " 
= B(21-23)BnrAr3 
=B""{ ") " 
= B(0-20)Ar3 
- B(" ) " 
= 0S (AOO+GO) 
= (F1GO)~ 
= (FlGO(W~0=04=OS=-0-6» (Pl2tl)(P13P14Ia» 
=: ( II ) (Pl2$(Pl~P14Ia) ) 
= ( II ) (Pl~P14Ia) ) 
= ( " ) (Pl3E9(P14Ia) 
= ( " ) (Pl$a) 
= ( II )(PIZ@.[a) 
= (P12P13P14)Q2Fl 
= P(0-ll)Pr3 
= "P"'(" ) " 
= (RcC1S) 
= ( " )A(2l-23) 
= ( II )A(2l-23) 
= T4(End+F1F2)Inr 
= Sc 
= T3Int(End+JuEai)GO+T3~ 
- {FlGO(~040506))(PlllKP14Ia))Sxp 
&:& ( ") (P1Qa) Sxp 
- P(O-ll)Sxp 
= EndGOTsm(Tr+Tp) 
=: M(O-23)Cxm 
= "M(" ) " 
= TrFl 
= Tr(1'!F3) (OOHt) 
= Tr 
= TpEndSk 
-( "~. 
= Tpn(OOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 109 

RCH 10 

1 Cycle 

0S next (T7) 

initiate P register increment 

C(3-8) ~O instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

last cycle 

P+l ~P T7 thru T3 

A ~X T7 thru TO 

Clear S 

P~S 

Tr + Tp 

00 next clock (T8) 

NOP (20) ~ 0 



46 CNA 01000 

(60 TS rC24 
rCz 
sF1 
sF3 
8Hz 
sIa 
Oxc 
sO(1,3,4,5,6) 
r02 
sRc 

(65 T7 Ar3 
Anr 
sA(0-2) 
rA( " ) 
Hx(1-3) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
Pr3 
sPO 
rPO 
sP1 
rP1 
sP2 
rP2 
rIa 
sP(3-14) 
rP (.. ) 

T4 8c 
r8 (1-14) 

T3 8xp 
s81 
sS2 
sS (3-14) 

Tr Cxm 
sC{O-23) 
rC( rr ) 

rIa 
rlx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1 , 3,4,5,6) 
s02 

Copy Negative of A into A 

= TS(TsTsr) 
= (60TS 
= «(60TSlaC2C5CS(C3+c4» 
= ( " ) 
= TS 
= (60TSlaC2C5CS(C3+c4) 
= (00TSlaGO)C2 
= OxcC{3,5,6,7,S) 
= OxcC4 
= (00TSIiGO)C2C3C4C5C6 
= (0102<B04)Q1 
= RcC14 
= Ha(1-3)RcC14 
= Ha{ ") " 
= F1IDA{21-23) 
= A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= 05 (AOO+GO) 
= (F1GO)~ 
= (FIGO(~~06»)(P1J$(P13P14Ia») 
= ( " ) (PlI&(P13P14Ia) ) 
= ( " ) (Pl3E9(P14Ia)) 
= ( rt )(P1~P14Ia») 
= ( rt ) (P1l$[a) 
= ( " ) (P1l6Jta) 
= (P12P13P14)Q2F1 
= P(0-11)Pr3 
= P{" ) " 
= T4(End+F1F2)Inr 
= 8c 
= T3Int(End+JuEaX)GO+T3~ 
= {FlGO{02~506»{PlJ3j(P14Ia.»)Sxp 
= ( ") (P1$a) 8xp 
= P(0-11)8xp 
= EndGOTsm(Tr+Tp) 
.. M(O-23)Cxm 
= lr{" )" 
= TrF1 
= Tr(FIF3) (OOHt) 
= Tr 
= TpEndSk 
= ( "..J.-­
= Tpn(GOHt) 
= Tp 
= TpEndmc 
= Oc 
= Oc 
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RCH 11 

1 Cycle 

05 next (T7) 

Set carry into half adder 
initLate P register increment 

C(3-S) ~O instruction to 0 register 

Ha = Hx+1 
Hx = A 
A = X+1 = ··A 

Recirculate B 

last cycle 

P+1 ~P 

Clear 8 

P .... 8 

M ~C 

(60 next clock (TS) 

NOP (20) ~ 0 

T7 thru TO 

T7 thru TO 

T7 thru T3 

Tr + Tp 



50 SKE 

"0 TS rCz 
sIx 
Oxc 
sO(1,3,4,5,6) 
r02 

T7 Ar3 
sA(O-2) 
rA( .. ) 
sA(J-23) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23)' 
rB( tI ) 

Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC( " ~) 
Xz(1-3) 
Xz( II ) 

YZ(1-3) 
Yz( II ) 

sCz 
rCZ 
sCp 
rCp 

t4 Sc 
rS(1-14) 

T3 Sxc 
85(1)'2) 
55(3-14) 

TO rCz 
Tr CXm 

sC(O-23) 
rC(" ) 
alit 
rlx 
rKO 

Tp sCp 
sF1 
sF2 

Skip if A Equals (M) 

.. flOt8 
II: ~OT8C1GO 
11:1 ("OT8IaGO)C! 
.. C(3,5,6,7,B)Oxc 
.. &axe 
.. (Ol02~04)Ql 
.. A(2l-23)AnrAr3 
.. A( ") " 
III A(O-20)Ar3 
.. I(" ) " 
.. B(21-23)BnrAr3 
.. B( ") " 
.. B(O-20)Ar3 
m B( II ) " 

.. flfl (TsQl) 

.. Add(1-3),oJUfScr3 

.. IdcJ( II ) " 

.. C(O-20)Cr3. 

.. ~(" ) If 

.. Xn(1-3)"O-Ix .. xn( II ) ~Olx+i'i" 

.. C(21-23)rr 

.. c( It ~ II 

.. KzQ1T017 

.. IZQl 

.. (C2$2$23)CpTsHt:Q1Fin 

.( ")Cp " 

.. T4nnlnr 
-= Sc 
• T3fi'F2Ju 
.. Add(2,,3)Sxc 
.. C(O-ll)Sxc 
m JiTO 
- ~(Tr+Tp) 
.. K(O-23)Cxm 
.. TrCxm 
.. cpTaofi 
.. Tr(m3)(~) 
.. GOTrF2 
- H24CxJnHtTs!E 
.. (TplafO)0104 
• ( tI )0301 
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A :/= (M); P + 1 -> P 
A = (M); P + 2->P 

Initialize carry 
Initialize indexing 

Instruction -> 0 

SKE 1 

2 Cycles 
3 Cycles 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

~·Ix ...... c (Add-Xz+Yz) T7 thru TO 

Adder inlJut. if Ix (indexing) 
'17 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 

Clear S 

C + X-Ix-+8 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 

f6 next clock (T8) 

Tr thru Tp 



" fa .1. 
II.\d 
.Slt 

T7 Ar3 
sA(O-2) 
rAe .. ) 
.A(3-23) 
rAe It ) 

81(0-2) 
rl( fI ) 

211(3-23) 
rl( tl ) 

CJ'3 
.C(O-2) 
rC( " ) 
aC(3-23) 
rC( If ) 

1i(1-3) 
1&(1-3) 
b( II ) 

sCz 
rez 
aCp 
rep 
Pr3 
aPO 
rPO 
aPl 
rPl 
aP2 
rP2 
8P(3-14) 
rP{ II ) 

rIa 
rSk 

T4 Se: 
rS(1-14) 

13 Sxp 
sSl 
rSl 
152 
rS2 
88(3-14) 
ra(" ) 

Tr Cxm 
sC(O-23) 
rC(" ) 
alit 

• TUllO) 
• r1P2 
- (Ol~6)T8 
- (010 ~l 
• A(21-23)AnrArJ 
- A( ") " 
- A(O-20)ArJ 
."X(" ) It 

- B(21 w 23)inrAr3 
• T( ") II 

- B(O-20)Ar3 
- B( If ) II 

- rOO(fSQl) 
• Add(1-3).6fiCr3 
• Da( ") " 
• C(O-20)Cr3 
- C( II ) It 

-tX 
• C(21-23)JT 
• C( u~" 
- KzQIFIV 
.IiQl 
- (C2~2~3)~lf£QU'603 
• ( ")Cp It 

• (rlGO)Q2 
• (Pl~13P14I.)11GO(~06)Pr3 
• ( Ii) " 
• (Pl"141.~ " 
• (w " 
- (;p_~ •• ) " 
• (~ 11-

- ~(O-11)Pr3 
_~ t. ~ II 

- ( 12Pl ft4)Q2Fl 
- ~(21~23)(~60l03040506Ql)02 
~ T411idlnr 
• Se 
• T3IntEnclGO 
• (p1~14Ia)FlGO(~06)SXp 
_ ( ) tI 

: ~Pl •• ~ 
• P(O-11)8xp -
• T( II ) .... 

- End~(Tr+Tp) 
- K(O-2J)Cxa 
• T'rCmJ..-_ 
- CpT~2 

" 
" 

,112 

Initiate P register increment 
Lalt cycle 

R.ecirculate ,A 

a..circulate B 

Recirculate C 

Adder input (J) . , 
Adder input (C) 

Carry logic 

Check parity 

P + 1 -+ P 

Not skip logi.c 

Clear S 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7- thru TO 

T7 thru TO 

T7 thru T3 

T7 thru TO 

P13,14 contains Pl,P2 at T3 
P + 1 -+ S 

H -+ C (Fetch next instruction) 
Tr thru Tp 

Parity 4Itrrot 



r:t. 
th 

Tp rAOO 
rBOO 
aCp 
rF(l,2) .,3 
Oc 
802 
rO(l,3,4,5,6} 

• TrFl 
• Tr(JYF3) (5t) 
• tpEndGO 

• ( " 1.'_ 
- K24CxmHtTsTp 
- TpBndlk 
• 'rpSk 
.. TpEndSk 
• Oc 
- Oc 
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Initiate parity 
00 next if Sk 
07 next if Sk 

NOP (20) -; 0 

SKE 3 



'7 T8 ala 
End 

T1 ArJ 
aA(O .. 2) 
rA( U ) 

aA(3-23) 
rA(" ) .. 
sB(O-2) 
rB( " )" 
aB(3-23) 
rB(" ) 
h'3 

• sPO 
rPO 
aPl 
rP1 
aP2 
1'12 

. 8P,,.14) 
rP{." ). 
rIA 

74 Sc 
. rS(1~14) 

%3 .Sxp 
sSl 
ra1 
s82 
rS2 
.8(3-14) -
rS( II ) 

TO r8k 
rq» 

Tr Clem 
aC(O-2J) 
rC(" ) 
rIa . 
rIx 

Tp I'M<> 
dOO 
sCp. 
rr(l .. 3) 
Oe 
.02 
1."0(1,3,4,5,6) 

- Sk07T~ 
• F1F2 
- (0102in04)Ql 
• A(21-23)xnFAr3 
III X( . ") II 

• A(O-lO)Ar3 
- A(" ) " 
- B(21-l3)BnrAr3 
-a( If) '" 
• B(O-20)Ar3 
• B(" ) II 

• (rlGO)Q2 
• (PlIiP13Pl4Ia)llGO(cr20WZO-S06)Pr3 
_ ( fi) " 
• (PllJ1t14Ia) II 

• ( ") 11 

- (~!'4Ja) 
.(~ 
- P(O-11)Pr3 
- PC II ) .. 

Q (P12P13P14)Q2Fl 
- T4Endlnr 
• Sc 

" 
" 

• T3IntEndOO 
- (PlliPl4Ia)F1GO(O=204OiS06)Sxp 
a ( ") tI 

- (P1'Ef1[.) II 

• ( !' ) .. 
• P(O-11)Sxp 
_ p( If ) II 

• fno 
• TsTOHtlCO (11031416) 12 
.. EndOOTam(Tr+Tp) 
• M(O-23) Clem 
-TJ:e.:. 
• T1:I'l 
• T:r(fli3) (5t) 
• TpBndOO 
• ( II l._ 
a M24C1caHt18Tp 
• TpEndlk 
a ( " ) 

• Oc 
• Oc 
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SKE 4 

Initiate P regi.ter increment 
Last cycle 

Recirculate A T7 thx'u TO 

Recirculate B T7 thru TO 

P+l-+P T7 t~u T3 

Clear S 

P13, P14 contain ~l, P2 at T3 
P + 1 -.5 

K -+ C (Petch next instruction) 

lnitiat,e pari.ty check 
fO next clock (T8) 

NOP (20) ..... 0 

Tr thw Tp 



51 BRR 

00 T8 rCz 
sHz 
sIx 
Oxc 
sO ( 1 , 3 , 4, 5, 6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB( " ) 
sB(3 .. 23) 
rB(" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
sCp 
rCp 
Xz(I-3) 
fZ( " ) 
Yz(I-3) 
rz( " ) 
sCz 
rCz 

T4 8c 
r8(1-14) 

T3 8xc 
s8(1,2) 
s8(3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sCz 
sHt 
rIx 
rRc 

Tp sCp 
sFI 
sF2 

Return Branch 

III 00T8 
III T8 
s= C1G000T8 
&:I raGO~00T8 
&:I C(3,5,6,7,8)Oxc 
III C40xc 
s= (OI020304)Q1 
III A(21-23)AnrAr3 
s= A( ") " 
III A(0-20)Ar3 
III A{" )" 
III B(21-23)BnrAr3 
III 1r( ") " 
III B(O-20)Ar3 
III B(" )" 
- (TSQ1) FlFi 
s= Add(1-3)JUTSCr300 
III Add( " ) " 
&:I C(O-20) Cr3 
= C(" ) " 
&:I (C2~2~23)~TSHtQ1Flr2 
&:I ( " ) Cp " 
III Xn(I-3)00Ix 
III Xii.( " )00Ix+rx 
III C(21-23)r7 
III C( " )" 
&:I KzQ1T"Cr 
&:I KzQ1 
&:I InrFlF2T4 
= 8c 
III JuFIF2T3 
&:I Add(2,3)8xc 
&:I C(O-11)8xc 
III fITO 
III JUTs~O(Tr+Tp) 
III M(0-23) Cxm 
III CxmTr 
&:I Qqo506~OTr 
III C~OJ2Tr 
III (m3)(~)Tr 
- Tr 
- M24CxmIf'fTsTp 
III 04IaOI00Tp -~ " 
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BRB. 1 

(M) + 1 ~ P 2 Cycles 

Initiate indexing 

Instruction to 0 register 

Recircu1at e A T7 thru TO 

Recirculate B T7 thru TO 

C + X-Ix ~ C T7 thru TO 

Parity check T7 thru TO 

Adder input (X·Ix) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru TI 

Clear 8 

C(10-23) ~ S 

M ~ C (Fetch operand) Tr thru Tp 

Initiate C register increment 
Parity error 

Initiate parity 

06 next clock (T8) 



~6 TS End 
sIa 

T7 Ar3 
sA(0-2) 
rAe .. ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB(" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
sCp 
rCp 
sOf 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-l4) 
rP(" ) 
Xz(1-3) 
YZ(1-3) 
YZ'( " ) 
sCz 
rCz 
rIa 

T4 Sc 
rS(1-14) 

T3 Sxp 
sS(1,2) 
sS(3-l4) 

Tr Cxm 
sC(0-23) 
rC(" ) 
sRt 
rRe 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
rO(1,3,4,5,6) 
802 

.. FlF2 

.. Fi~s 

.. (~)Ql 

.. A(2l-23)AnrAr3 

.. A( ") " 

.. A(0-20)Ar3 

.. A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
l1li: B(0-20)Ar3 
.. B(" )" 
= TSFlnQl 
= Add(1-3)TSCr306 
= Add( ") " 
= C(0-20) Cr3 
= C(" )" 
.. TsCpHt0306Ql 
.. TsCp " 
.. 03(~~06)C006T7 
= FlGOQ2 
.. Add(1-3)02040506Pr3 
= Add( ") " 
-= P(0-11)Pr3 
.. P(" )" 
.. Ix 
-= C(2l-23)J7 
= C( " )" 
.. KzFlQl 
.. ri'Ql 
= (P12P13P14)Q2Fl 
= InrT4 
= Se 
.. IiltEndGOT3 
.. Add(2,3)02~06Sxp 
= P(O-ll)Sxp 
.. EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= CxmTr 
= cpT~o12 
= Tr 
= EndGOTp .. ( " ) 
.. M24CxmHtT8Tp 
.. EndmtTp 
-= ( II ) 

.. Oc 

.. Oc 
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BRR 2 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate C T7 thru TO 

Check parity 

Set overflow if CO 

C+l-+P T7 thru T3 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Clear S 

C+l-+S 

M -+ C (Fetch next instruction) 

Parity error 

Initiate pa.rity 
00 next clock (TS) 

NOP (20) -+ 0 

Tr thru Tp 



SKB 

00 T8 rCz 
sIx 
Oxc 
80(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( II ) 

8A(3-23) 
rA(" ) 
8B(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC( II ) 

Xz (1-3) 
Xz( " ) 
YZ(1-3) 
Yz( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
r8 (1-14) 

T3 Sxc 
88(1,2) 
s8(3-14) 

TO rCz 
Tr Clan 

sC(O-23) 
rC(" ) 
sRt 
rIx 
rKO 

Tp sCp 
sFl 
sF2 

SKB 1 

Skip if Band M do not Compare Ones Bi·(M)i=l; P + 1 ~p 
Bi· (M) i-o; P + 2 ~ P 

2 Cycles 
3 Cycles 

.. gOT8 
a 00T8ClGO 
m (00T8IaGO)'Q: 
.. C(3,5,6,7,8)Oxc 
- C40xc 
- (Ol020304)Ql 
III A(21-23)AnrAr3 
- X( ") " 
IS !(O-20)fr3 
III A( II ) " 

- B(21-23)BnrAr3 
.. B( ") II 

- B(0-20)Ar3 
= B( It ) " 

- flF2(TsQ1) 
- Add(l-3)00jUTSCr3 
.. Adcf( It ) It 

- C(O-20)Cr3 -~(" ) " 
.. Xn(1-3)00-Ix 
a Xii ( " ) ~Olx+r; 
• C(2l-23)~ 
.. c( "J II 
.. KzQlTo~ 
- XiQl 
.. (C2$2$23)CpTsHtQlFiFi 
-( ")Cp " 
- T4Jlnlnr 
-= 8c 
.. T3f'lF2Ju 
a Add(2,3)Sxc 
.. C(O-11)8xc 
.. JlTO 
- Tu;OTSiii(Tr+Tp) 
.. M(O-23)Cxrn 
• TrCxm 
.. CpTufi&OJi 
.. Tr(rrF3)(~) 
= GOTrF2 
- M24CxmHtTs!,p 
.. (TpIa~O)0104 
.. ( " )0301 
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Initialize carry 
Initialize indexing 

Instruction ~ 0 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+x·!x ~C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 
T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 

C + X-Ix ~ S 

K ~ C (Fetch operand) 

rarity error 

Initiate parity 

~6 next clock (Ta) 

Tr thru Tp 



~6 T8 sla 
End 
sSk 

T7 Ar3 
sA(O-2) 
rAe II ) 

sA(3-23) 
rA(" ) 
8B(0-2) 
rB ( " ) 
sB(3-23) 
rB (II ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC( II ) 

"Xi(1-3) , 
YZ(I-3) 
yz ( II ) 

sCz 
rCz 
sCp 
rCp 
Pr3 
spa 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-I4) 
rP (" ) 
rIa 
rSk 

T4 Se 
rS (1-14) 

T3 Sxp 
sSI 
rSI 
sS2 
rS2 
as (3-14) 
rS (tl ) 

Ir Cxm 
sC(O-23) 
rC(" ) 
8H~ 

• T8F1JOE> , 
- llF2 
- (OI03~6)T8 
- (01020304)Q1 
- A(21-23)AnrArJ 
_ A( fI) " 

.. A(0-20)Ar3 
- A(" ) " 
a B(21-23)BnrAr3 
.. T( ") tI 

II: B(O-20)Ar3 
• B(" )" 
- F1n(fiQ1) 
• Add(1-3)f6TSCr3 
- AcJd.( ") " 
• C(0-20) Cr3 
sa C(" )" 
1:IIfj[ 

- C(21-23)Ji 
- C( "~" 
- KzQIFIJf 
• 'fiQl 
• (C2~2~23)cpfSHtQ1'603 
- ( ") Cp .. 
• (F1GO)Q2 
.. (Pla$P13P14Ia)F1GO(~dlO306)Pr3 
_ ( if) " 

- (P1~l4Ia) " -( ") .. 
- (P14Jjl[.) " - ( ") .. 
- ~(O-lI)Pr3 
.~ II ) II 

• (P12P13P14)Q2Fl 
- B·C(21-23)U2(060103040605Ql) 
~ T4Endlnr 
.. Se 
III I3IntEndGO 
• (Pl~14Ia)FlGO(~~06)SXP 
• ( ,) II 

.. (Pl"Ja
S .. ( 

- P(O-II)Sxp 
• T(" )" 
• EndGOfim(Tr+Tp) 
- M(O-23) CJCl11 
• TrC~~ 
.. Cpr~0I2 

" 
" 
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Initiate P register increment 
Last cycle 

Recirculate A 

Recirculate B 

Recirculate C 

Adder input <_) 
Adder input (C) 

Carry logic 

Check parity 

P+l--)P 

Don It skip if B· (M) 

Clear S 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru IO 

T7 thru TO 

I7 thru TO 

T7 thru TO 

I7 thru T3 

T7 thru TO 

Pl3,14 contains 'Pl,P2 at T3 
P + 1 ~S 

.M -+ C (Fetch next instruction) 
Tr thru Tp 

Parity error 



rIa 
.. Ix 

Tp dOO 
rBOO 
aCp 
r'(1,2) 
al3 
Oc 
802 
rO(l,3,4,S,6) 

• Trl'l 
• trd'fi3) (5) 
• !p~clGO 
• ( ,. L 
• M2~Ts'lp 
- 'lplndft 
• TpSk 
.. TpEndSk 

• OC 
-Ge 
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Initiate parity '0 next if ik 
'7 next 1'f Sk 

NOP (20) ... 0 

SKB 3 



rJ7 TS ala 
End 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB( II ) 

88(3-23) 
rB{ II ) 

Pr3 
sPO 
rPO 
sPl 
rPl 
aP2 
rP2 
sP{J-l4) 
rP{" ). 
rIa 

T4 Sc 
rS{1-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 
s8(3-14) 
rS{ II ) 

TO rSk· 

~ 
'rr em. 

sC{O .. 23) 
rC( f. ) , 

rIa 
rIx 

Tp rAOO 
rBOO 
sOp 
rF{1-3) 
Oc 
802 
1"0(1,3,4,5,6) 

= Sk07T~ 
=- FIFl 
.. (Ol02tno4)Ql 
a A(2l-23)AnrAr3 
:: A( ") " 
III A(O-lO)Ar3 
- A(" )" 
m B(2l-l3)BnrAr3 
III B( ") " 
• B(O-20)Ar3 
- B(" ) " 
=- {F1GO)Q2 
• (Pl~l3P14Ia)FIGO(cr2540--506)PrJ 
_ ( Ii) " 
.. (PIlJl'l14Ia) " 
III ( it) " 

:~~ :: 
.. P(O-11)Pr3 
- P(" ) .. 
a (P12PljP14)Q2Fl 
- T4Endlnr 
III Se 
- T3IntEndOO 
.. (Pl~l4Ia)P1OO(o-2040506)Sxp 
_{ tt~ tI 

- (Plf6[a) .. -
_ ( t1 ) " 

- P(O-ll)Sxp 
- P(" ) II 

- ~7TO 
• TSTOHtKO(FI03i4i6)i2 
• EndGOT-sm(Tr+Tp) 
• .K(0-2J.) Cxm 
- TrQan • 
- TrFl 
• Tr(F!i3)(~) 
III TpEndQ) 
III ( " l._ 
- M24cx.Ht'lsTp 
- TpEno!it 
III ( " ) 

- Oc' 
• Oc 
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SIB 4 

Initiate P register increment 
Last cycle 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

P + 1 '-+ P T7 thru T3 

Clear S 

P13, Pl4 contain Pl, P2 at T3 
P+l-+S 

K -+ C (letch next inatruction) 

Initiate parity check 
fo next clock ('lS) 

NOP (20) ..... 0 

Tr thru Tp 



SKN 

~O T8 rCz 
sIx 
Oxc 
sO(1,3,,4,5,6) 
r02 

·T7 Ar3 
sA(0-2) 
rAe II ) 

sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC ( " ) 
sC(3-23) 
rC(" ) 
Xz (1-3) 
Xz( " ) 
yz(1-3) 
Yz( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
8S(1,2) 
sS(3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sHt 
rlx 
rKO 

Tp sCp 
sFl 
sF2 

Skip if M Negative 

:= 00T8 
~ 00T8CIGO 
:;: (00T8IaGO)~ 
::I C(3,5,6,7,8)Oxc 
- C40xc 
- (01020304)Q1 
:;: A(2l-23)AnrAr3 
-= A( ") " 
:;: A(0-20)Ar3 
:;: 'X(" )" 
:;: B(21-23)BnrAr3 
:;: B( ") " 
:= B(0-20)ArJ 
:;: B(" )" 
:II F1F2(TsQ1) 
::: Add(1-3)00jUrsCr3 
:;: Add ( " ) " 
= C(0-20)Cr3 
:;: C(" )" 
=- Xn(1-3)00 e Ix :;: xn ( " ) 00Ix+I; 
::I C(21-23)07 
::z c( "_1 " 
-= KzQ1To07 
;;I rzQ1 
:;: (C2$2$23)CpTsHtQ1Fln 
:;: ( ") Cp " 
:: T4F1.nrnr 
== Sc 
= T3flnTu 
::: Add(2,3)Sxc 
a C(O-ll)Sxc 
::: nTO 
::I .fu00T'Sr;(Tr+Tp) 
&:I M(O-23)Cxm 
= TrCxm 
::I CpT~002 
a Tr(nF3) (~) 
::I GOTrF2 
::I M24CxmHtTsTp 
a (TpIa00)0104 
::: ( " )0301 
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M~0;P+1-+P 

M<O;P+2-+P 

Initialize carry 
Initialize indexing 

Instruction ~ 0 

SKN 1 

2 Cycles 
3 Cycles 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X· Ix ~ C~ (Add=Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 
T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 

Clear S 

C + X-Ix ~ S 

M ~ C (Fetch operand) 

Pari ty error 

Initiate parity 

06 next clock (T8) 

Tr thru Tp 



~6 T8 sIa .. T8F1F~~ Initiate P register increment 
End = F1F2 Last cycle 

T7 Ar3 = (OlO20304)Ql 
sA(O ... 2) a A(2l-23)AnrAr3 
rA( It ) == A( II ) II 

sA(3-23) = A(O-20)Ar3 Recirculate A T7 thru TO 
rA( .. ) = A( II ) " 
sB(O-2) = B(2l-23)BnrAr3 
rB( " ) 1:11 B( " ) " 
sB(3-23) = B(O-20) Ar3 Recirculate B T7 thru TO 
rB( II ) .. '"B( II ) II 

Cr3 - F1F3 (TsQl) 
sC(O .. 2) == Add(1-3)06TsCr3 

Recirculate C T7 thru TO rC( II ) = Add( II ) 
II 

sC(3 ... 23) 1:11 C(O-20) Cr3 
rC( II ) == C( II ) " 
Xz(1~3) = Ix Adder input (0) T7 thru TO 
YZ(1-3) == C(2l-23)07 

Adder input (C) T7 thru TO Yz ( " ) = C( II ) II 

sCZ =- KzQ1Fl07" 
rCz == KzQl Carry logic T7 thru TO 
sCp = (C2~2~23)CpTsRtQl~603 

Check parity T7 thru T(J rCp = ( " )Cp II 

Pr3 = (F1GO)Q2 
sPO - (Pl~13P14Ia)F1GO(02640s06)Pr3 
rPO .. ( Ii ) II 

sPl == (Pll:9?14Ia) II 

rPl == C ----rr----) " 
sP2 == (P1L63f.a) II P+l-+P T7 thru T3 
rP2 = ( II ) II 

sP(3-l4) == P(O-11)Pr3 
rP( " ) == P( II ) II 

rIa == (P12P13P14)Q2Fl 
T4 Sc = T4Endlnr 

rS(1-14) == Sc Clear S 
T3 Sxp == T3IntEndGO 

sSl == (Pllffif14Ia)F1GO(~040506)Sxp 
rSl - ( 

Ii ") " P13, P14 contain Pl, P2 at T3 
sS2 = (PllflUa) " P + 1 -+ S 
rS2 - ( 

.. ) " 
sS(3-l4) == P(O .. ll)Sxp 
rS ( II ) = P( II ) " 

Tr CXm = EndGOTsm(Tr+Tp) 
sC(O-23) = M(O-23) CXm M -+ C (Fet'ch next ins t ruct ion) 
rC( 11 ) == TrCXm Tr thru Tp 
sRt == CpT~002 Parity error 
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SKN 3 

rIa - TrFl 
rIx • Tr(!1F3) (~) 
sSk - 0103~~6PSP6Tr(~Ix) Sk if M < 0 

Tp rAOO • TpEndGO 
rBOO . ( " ) 
sCp • M24Cxm11E'fiTp Init,,iate parity 
rF(1,2) - TpBnd!K ~O next if S"k 
sF3 Sf TpSk '/J7 next 'if Sk 
Oc - Tp~dmt 
s02 - Oc NOP (20) ~ 0 rO(1,3,4,5,6) - Oc 
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'7 T8 .Ia 
End 

T7 Ar3 
81.(0-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB(O-l) 
rB( II ) 

8B(3-23) 
rB( II ) 

Pr3 
sPO 
rPO 
sPI 
rPl 
aP2 
rP2 
sP(3-14) 
rP{" ) 
ria 

T4 Se 
rS(1-14) 

T3 Sxp 
881 
rSl 
sS2 
r82 
8&(3-14) 
rS( .. _) 

TO rSk 
rCp 

orr Cxm 
sC(O .. 23) 
rC(" ) 
rIa 
rIx 

Tp rAOO 
rBOO 
.ep 
ri(1-3) 
Oc 
.02 
1.'0(1,3,4,5,6) 

- Sk"7:r:~ 
- F112 
- (Ol02<n04)Ql 
• A(21-23)MrAr3 
.. I( II) " 
• A(O-lO)Ar3 
• A(" ) " 
• B(21-l3)BnrAr3 
• B( ") " 
• B(O-20)Ar3 
• B(" ) II 

• (l'lGO)Q2 
• (Pl3iP13P14Ia)rlGO(cr25ZO*so6)Pr3 · ( ") " 
• (Pll':Ef14Ia) If 

• ( "). It 

• (!!~.) II · (~ " 
• P(O-11)Pr3 
• P(" ) II 

• (P12PIlP14)Q2Fl 
• T4Endlnr 
• Sc 
• T3lntEndOO 
• (PIJ;P14Ia)llQO(o-~S06)Sxp 
• C-tl

) " 

- (P1LElJ[.) " · ( " ) " 
• P(O-ll)Sxp 
• P(" ) II 

• ,no 
• f8TOHtKO(PI03~4I6)j2 
• EndOO'f'SUi (Tr+Tp ) 
• M(O-23)C:Icm 

• 'lxCxnl 
• TrFl 
• T~(i1i3)(~) 
• TpEndCl> 
• ( " t_ 

o - M24QcaHt'lsTp 
• TpEndIk · ( " ) 
• Oc 
• Oc 

\12{ 

SD 4 

Initiate P regi.ter increment 
Last cycle 

Recirculate A T7 thJ:u TO 

Recirculate B 77 thn TO 

T7 thru T3 

Clear S 

P13, P14 contain PI, P2 at TJ 
P+l ..... S 

K -. C (Petch next inJtruction) 

Initiate parity check 
fO next clock (TS) 

NOP (20) ... 0 

Tr thru 'J:P 



.:::4 SUB 

fO T8 rCz 
sIx 
Oxe 
sO (1, 3,4,.5 , 6) 
r02 

T7 Ar3 
sA(O-2) 
rAe tI ) 

sA(3-23) 
rA (., ) 
s8(0-2) 
rB ( " ) 
8B(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC ( " ) 
aC(3-23) 
rC(" ) 
Xz(l-3) 
Xz( " ) 
Yz(1-3) 
fi( " ) 
aCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
8S(1,2) 
as (3-14) 

TO rCz 
Tr Cxm 

sC(O-23) 
rC(" ) 
sCz 
sHt 
rlx 
rKO 

Tp sCp 
sFl 
aF2 

Subtract 

- (lOT8 
• ~OT8C1GO 
• (6fOT8IaGO) C2 
.. C(3,S,6,7,8)Oxe 
• C40Xc 
• (01020304J..91 
a A(2l-23)AnrAr3 
_ i( ") If 

- A(O-20)Ar3 
."I(" ) " 
- B(2l-23)BnrAr3 
III B( ") " 
.. B(O-20)Ar3 
.. B( If ..1 " 
.. FIF2(TsQl) 
.. Add(1-3)~OJuTsCr3 

.• Add( If ) U 

~ C(O-20)Cr3 
• C(" ) tt 

l1li Xn(1-3)tfO~ • .Ix 
.!ii( t. ) fOlx+lX 
- C(2l-23>J7 
~ c( ~" 
• KzQlTO"-
• KiQl . 
• (C2$2$23)cvraitQ1l1F2 
I:lI ( n)Cp .. 

. III T4fii2iilr 
• Se 
.. T3PlF2J-U 
.. Add(2,3)Sxc 
• C(O-ll)Sxc 
• Flio 
• Ju00Tsm(Tr+Tp) 
.. M(O-23)Cxm 
., TrCxm 

.. (Tiif40S06) 
- CpT o"-L-
- Tr( 3) (GOHt) 
• GarrFi 
.. M24CxmRi:TsTp 
,- (Tpra~O)0304 
a ( .. )O~ 
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A-(M)~A 

Initialiaa carry 
Initialice indexing 

1ne truet ion ... 0 

SUB 1 

2 Cycles 

Recirculate A T7 thru TO 

B.ecircu1ate B T7 thru TO 

O+X·lx -+ C (Add-XZ+Yz) T7 thru TO 

Adder input if Ix (indexing) 

Adder input C reaister 

Carry for Adder 

Chedt pari ty 

Claar S 

K ... C (letch Operanci) 

T7 thru TO 

T7 thru TO 

T7 thru Tl . 
T7 thru TO 

Tr thru Tp 

Set carry for two's complement 
Parity error 

Initiate parity 

'6 next clock (T8) 



06 T8 Anr 
Ck 
sC(O-23) 
rC(" ) 
sIa 
End 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC(" ) 
Xz (1-3) 
Xz ( " ) 
YZ(1-3) 
YZ ( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP(" ) 
rIa 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 
sS (3-14) 
rS (" ) 

= Ol020304{16 
== (0601020304)06T8TS 
== C(O-23)Ck 
== C( "_b.:~ 
== T8FlF~ 
= FlF2 
= (Ol020304)Ql 
== Add(1-3) (Ol02030406)Ar3 
== Add ( " ) ( " )" 
== A(O-20)Ar3 
= A(" ) II 

= B(2l-23)BnrAr3 
== B( ") " 
= B(O-20)Ar3 
= B( II ) II 

= FlF3(TsQl) 
= Add(1-3)06TsCr3 
== Add( ") II 

= C(O-20)Cr3 
= C(" ) " 
= A(2l-23)060204 
= A( ") " 
= C(2l-23)17 
= C( " )" 
== KzQlFl07 
= KzQl 
= (C2~2~23)CpTsHtQ10603 
= ( " ) Cp II 

= (FlGO)Q2 
= (Pl~13P14Ia)FlGO(02040S06)Pr3 
= ( Ii -) " 

= (Pl.l:ll>14Ia) " 
== ( Ii) II 

= (Pl$a) " 
= C----n- ) II 

= P(O-11)Pr3 
= P(" ) " 
= (P12P13P14)Q2Fl 
= T4EndInr 
= Sc 
= T3IntEndGO . 
== (Pl]£f14Ia)FlGO(02040S06)Sxp 
= ( "") " 
= (PlLGn.a) " 
= ( it) " 
= P(O-ll)Sxp 
=P( II )" 
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SUB ~ 

Invert C 

Initiate P register increment 
Last cycLe 

A+C+l-+A= 
A - (M) ,~A 

Recirculate B 

Adder input (A) 

Adder input (C) 

Carry logic 

Check parity of C 

P+l-+l? 

Cle,ar S 

P + 1 -+ S 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru 

T7 thru TO 

T7 thru TO 

T7 thru T3 



SUB ~ 

TO sOf = (~60l020304)TOOfe _ 
Ofe = AddlXzlYzl+AddlXzlYzl Overflow logic 

Tr Cxm 1:1 EndGOTS:m(Tr+Tp) 
sC(0-23) = M(0-23) Cxm M -+ C (Fetch next instruction) 
rC( II ) = TrCxm Tr thru Tp 
sRt = CpT~O(J2 Parity error 
rIa = TrF_l ___ 
rIx = Tr(FlF3) (GOHt) 
Xld = Cz(Ol~030406)Tr 
Xld = Cz( " ) " Save carry 

Tp rAOO = TpEndGO 
rBOO 11:1 ( " ) 

sCp = M24CxmHtTsTp Initiate parity 
rF(I,2) = TpEndSk ~O next clock (T8) 
Oc = ( II ) 
s02 1:1 Oc 

NOP (20) --+ 0 rO (l , 3 ,4, 5 , 6 ) = Oc 
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55 ADD 

00 T8 rCz 
sIx 
Oxc 
sO(1,3,4,5,6) 
r02 • 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB (0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC( II ) 

Xz(1-3) 
Xz( II ) 

YZ(1-3) 
yz ( ".) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 8xc 
s8(1,2) 
s8(3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sHt 
rlx 
rKO 

Tp sCp 
sF1 
sF2 

Add 

- "OT8 
a ~OT8C1GO 
m (00T8IaGO)C! 
a C(3,5,6,7,8)Oxc 
- C40xc 
- (01020304)Q1 
- A(21-23)AnrAr3 
_ A( It) tt 

- A(0-20)Ar3 _ A( It ) It 

a B(21-23)BnrAr3 
_ B( ") tI 

m B(O-20)Ar3 
= B(" ) " 
- fIF2(TsQ1) 
- Add(1-3)00jUTSCr3 
_ Adcf( It ) " 

.. C(O-20)Cr3 
= ~(" ) It 

:II Xn(1-3)00-Ix 
a XIi ( " ) 00Ix+Ix 
- C(21-23)ff 
a C( II ~ It 
l1li KzQ1T007 
.. fiQl 
- (C2$2$23)CpTsHtQ1F1n 
.. ( ") Cp " 
- T4finrnr 
I: Sc 
at T3nFi.fu 
= Add(2,3)Sxc 
- C(0-11)Sxc 
l1:li nTO 
l1li Ju00Tsm(Tr+Tp) 
.. M(O-23)Cxm 
• TrCJOn 
Q CpT~O~ 
a Tr(rrF3)(~) 
= GOTrF2 
- M24CxmHtTsTp 
at (TpIa00)0304 
&I ( " )0302 
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A + (M) -+ A 

Initialize carry 
Initialize indexing 

Instruction -+ 0 

ADD 1 

2 Cycles.... 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X· Ix --+ C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 
T7 thru TO 

Adder input C register T7 thru~O 

Carry for Adder T7 thru T1 

Check parity T7 thru TO 

Clear S 

C + X· Ix -+ S 

M ·~C (Fetch operand) 

Parity error 

Initiate parity 

06 next clock (TS) 

Tr thru Tp 



06 T8 Anr 
sIa 
End 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC ( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
E( " ) 
yz(1-3) 
Yz( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP(" ) 
rIa 

T4 Sc 
rS (1-l4) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 
sS(3-l4) 
rS (" ) 

TO sOf 
Ofe 

Tr Cxm 
sC(0-23) 
rC(" ) 
sHt 

= 010203Q?f.06 
= T8FlF«9 
== FlF2 
::: (01020304)Ql 
= Add{1-3) (0102030406)Ar3 
= Add{ " ) " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
== B( ") " 
= B{0-20)Ar3 
== B( It ) II 

= Fl~(TsQl) 
== Add(1-3)06TSCr3 
== Acld{ ") II 

= C(0-20)Cr3 
::: C(" ) " 
= A(2l-23)060204 
= I( ") It 

= C{2l-23)07 
= C{ It )" 

= KzQlFlW7 
= KzQl 
= (C2~2~23)CpTSHtQ10603 
-( ")Cp " 
== (FlGO)Q2 
= (Pla$f13P14Ia)FlGO(02040306)Pr3 
_ ( Ji) " 

= (Pl~14Ia) II 

= ( it) " 
== (Pl$a) " 
== ( if) " 
= P{0-11)Pr3 
_ P{" ) II 

== {P12P13P14)Q2Fl 
== T4EndInr 
== Sc 
= T3WEndGO 
== {Pll$f14Ia)FlGO{~~~06)Sxp 
= ( it) It 

• (Pl$a) " 
== ( if) " 
- P{O ... ll)Sxp 
=p(" )It 

== (060lOI0304)TOOfe 
- AddlXzlYzl+AddlXzlYzl 
- EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
== TrCxm 
- CpT~002 
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ADD 2 

Initiate P register increment 
Last cycle 

A+C-+A= 
A + (M) -+ A 

Recirculate B 

A+C-+C 

Adder input (A) 

Adder input (C) 

Carry logic 

Check parity 

Clear S 

P + 1 -+ S 

Overflow logic 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

M -+C (Fetch next instruction) 
Tr thru Tp 

Parity error 



ADD 3 

rIa = TrFI 
rIx = Tr(FlF3) (GOHt) 
Xld = Cz(01~030~6)Tr 
XId = Cz( " ) " Save carry 

Tp rAOO = TpEndGO 
rBOO = ( " ) 
sCp = M24CxmlltTsTp lni t iat e pari ty 
rF(I,2) = TpEndSk 00 next clock (TS) 
Oc = ( " ) 
s02 = Oc 
rO(I,3,4,5,6) = Oc NOP (20) ~ 0 
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SUC 1 

-'6 Suc Subtract With Carry A - (M) + Carry ~ A 2 Cycles 

00 T8 rCz CD 00T8 Initialize carry 
sIx .. ~OT8ClGO Initialize indexing 
Oxc III (00T8IaGO)C2 
sO(I,3,4,5,6) CD C(3,5,6,7,8)Oxc Instruction -+ 0 
r02 c: C40Xc 

T7 Ar3 D (0102030llil 
sA(0-2) CD A(21-23)AnrAr3 
rAe It ) - X( 

II ) " 
sA(3-23) - A(0-20)Ar3 

Recirculate A T7 thru TO 

rAe " ) III A( " ) " 
sB(0-2) III B(2l-23)BnrAr3 
rB ( " ) =B( " ) " 
sB(3-23) II:: B(0-20)Ar3 Recirculate B T7 thru TO 

rB' " ) III B( " ) " 
Cr3 a FIF2(TsQl) 
sC(0-2) = Add(I-3)00JuTsCr3 
rC( " ) = Add( JI ) JI C+X· Ix -+ C (Add-Xz+Yz) T7 thru TO 
sC(3-23) ~ C(U-20)Cr3 
rC( II ) a c( It ) " 
Xz(1-3) s;:a Xn(1-3) 00.·Ix Adder input if Ix (indexing) 
Xz ( " ) .. 'file II ) ¢OIx+lx T7 thru TO 
YZ(I-3) III C(21-23)J] 

Adder input C register 17 thru TO YZ ( " ) aI C( ~" 
sCz - KzQ1TO 7 17 thru Ti rCz - KzQl 

Carry for Adder 

sCp • (C2~~2.3)CpTsHtQlFlF2 
Check parity T7 thru TO rCp a ( " )Cp " 

T4 Sc s;:a T4FIF2Inr 
rS (1-14) - Sc 

Clear S 
T3 Sxc - T3FIF2Ju 

sS(1,2) • Add(2,3)Sxc 
C+X.I~ -+ S as (3-14) = C(O-ll)Sxc 

TO rCz .. FITO 
Tr Cxm • Ju~OTSm(Tr+Tp) 

aC(O-23) .. M(O-23)Cxm M ..... C (Fetch Operand) Tr thru Tp 
rC( " ) .. TrCxm 
sCz .. (Tiiii405XWl Set carry if Xwl 
sHt - CpT O~ Parity error 
rIx aI Tr( 3) (GOHt) 
rKO • GarrF2 

Tp sCp - M24CxmID.:TsTp Initiate parity 
aFl • (Tpra~O)0304 
sF2 sa ( II )0302 06 next clock (T8) 
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06 TS Anr 
Ck 
sC(0-23) 
rC( II ) 

sIa 
End 

T7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA( II ) 

sB(0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC ( II ) 

sC(3-23) 
rC(" ) 
Xz (1-3) 
Xz ( II ) 

YZ(1-3) 
Yz ( It ) 

sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP (" ) 
rIa 
rOf 

T4 Sc 
rS(1 .. 14) 

,T3 Sxp 
sSl 
rSl 
sS2 
rS2 
sS (3-14) 
rS (" ) 

= Ol~030406 
= ( II )06TSTS 
= ~(0 .. 23)Ck 
= C(" )." 
= TSFl~ 
= FlF2 
= (Ol020304)Ql 
= Add(1-3) (Ol02030406)Ar3 
= Add ( II ) ( II )" 

= A(0-20)Ar3 
= A( II ) II 

= B(2l-23)BnrAr3 
= B( ") " 
= B (0-20)Ar3 
=B( II )" 

= FlF3 (TsQl) 
= Add(1-3)06TsCr3 
= Add( ") " 
= C(0-20)Cr3 
= C( II ) " 

= A(2l-23)060204 
= A( ") " 
= C(2l-23)~ 
=C( " )" 
= K2QlFl07 
= KzQl 
= (C2(BC2~23)CpTsHtQ10603 
= ( " ) Cp " 
= (FlGO)Q2 
= (Pl~13P14Ia)FlGO(02640506)Pr3 
= ( ") " 
= (Pll.±P14Ia) " 
= c--- Ii) " 
= (PlL@a) " 
= ( " ) II 

= P(O-11)Pr3 
=~(" ) " 
= (P1ZP13P14)Q2Fl 
= (0601020304)05Q2 
= T4EndInr 
= Sc 
= T3IntEndGO 
= (Pl~14Ia)FlGO(02040506)Sxp 
= ( ") " 
= (Plf®a) II 

= ( It) " 
= P(O-ll)Sxp 
= P( II ) II 

132 

sue ~ 

Invert C 

Inititate P register increment 
Last cycle 

A + C + Carry -+ A = 
A .. (M) + Carry -+ A 

Recirculate B 

A + C + Carry -+ C 

Adder input (A) 

Adder input (<5) 

Carry logic 

Check parity of C 

Reset Overflow 

Clear S 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru-

T7 thru TO 

T7 thru TO 

T7 thru T3 

T7 thru T3 



sue ~ 

TO sOf - (0601020304)TOOfe_ 
Ofe = AddlXzlYzl+AddlXzlYzl Overflow logic 

Tr Cxm :II EndGOTS:m(Tr+Tp) 
sC(0-23) :II M(0-23)Cxm M -7 C (Fetch next instruction) 
rC( " ) = TrCxm Tr thru Tp 
sRt :II CpTt{j<002 Parity error 
rIa = TrFl 
rIx = Tr(FlF3) (GORt) 
Xld = Cz(0102030406)Tr 
Xld :II Cz( " ) " Save carry 

Tp rAOO = TpEndGO 
rBOO = ( " ) 
sCp = M24CxmHtTsTp Initiate parity 
rF(1,2) = TpEndSk ~O next clock (T8) 
Oc = ( " ) 
s02 - Oc 
rO ( 1 ,3, 4,5 , 6) =- Oc NOP (20) -70 
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57 ADC 

00 T8 rCz 
sIx 
Oxc 
80(1,3,4,.5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
5A(3-23) 
rA (tl ) 
5B(0-2) 
rB ( " ) 
5B(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC( II ) 

Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
yz ( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
55(1,2) 
sS (3-14) 

TO rCz 
Tr Clan 

sC(O-23) 
rC(" ) 
sCz 
sRt 
rlx 
rKO 

Tp sCp 
sFI 
sF2 

Add With Carry 

aI 00T8 
a ~OT8C1GO 
=- «(lOT8IaGO)C2 
a C(3,5,6,7,8)Oxc 
III C40Xc 
.. (0102030lli1 
a A(21-23)AnrAr3 
.. A( ") " 
• A(0-20)Ar3 
a A(" ) If 

1:1 B(21-23)BnrAr3 
= B( ") " 
I: B(O-20)Ar3 
=B(" )" 
-= FlF2(TsQl) 
= Add(l-3)00JuTsCr3 
=- Add ( " ) " 
aI C(0-20)Cr3 
a C(" )" 
;g Xn ( 1-3) ~O I' I X 

sa tn( .. ) 00Ix+lx 
I:Z C(2l-23)J7 
aI C( ~" 
cal KzQlT007-
.. KzQ1 
.. (C2~$23)CpTsHtQIFIF2 
a ( ,.) Cp " 
&:I T4FIF2Inr 
cal Sc 
1:1 T3F1F2Ju 
III: Add(2,3)Sxc 
= C(0-11)Sxc 
sa FITO 
.. Ju0OTsm(Tr+Tp) 
a M(O-23)Cxm 
CI TrCxm 
.. <Tfii405XWl 
.. CpT O~ 
.. Tr( 3) (COKt) 
• GOTrF2 
- M24CxmlU:TsTp 
a (Tpra~)0304 
;:a ( rr) 0302 
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A + (M) + Carry ~ A 

Initialize carry 
Initialize indexing 

Instruction-+ 0 

!DC 1 

2 Cycles 

Recirculate A T7 thru to 

Recirculate B T7 thru TO 

O+X-Ix -+ C (Add~z+Yz) '17 thru TO 

Adder input if Ix (indexina) 
T1 thru TO' 

Adder input C reaist,er T7 thru to 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 

Clear S 

C+Xelx -+ S . 

M -+ C (Fetch Operand) 

Set carry if Xwl 
Parity error 

Initiate parity 

~6 next clock (T8) 

Tr thru Tp 



06 T8 Anr 
sIa 
End 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz( " ) 
YZ(1-3) 
Yz( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP(" ) 
rIa 
rOf 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 
sS (3-14) 
rS (" ) 

TO sOf 
Ofe 

Tr Cxm 
sC(O-23) 
rC (tl ) 
sRt 

= 010203Q406 
= T8FlF~ 
5:1 FlF2 
= (01020304)Ql 
= Add(1-3) (0102030406)Ar3 
= Add ( " ) ( " )" 
= A(O-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
=B( II ) II 

= FlF3(TsQl) 
= Add(1-3)06TsCr3 
= Add( ") " 
= C(O-20)Cr3 
= C(" ) " 
= A(2l-23)060204 
= A( ") " 
= C(2l-23)07 
= c( " )" 
= KzQlFl07 
= KzQl 
= (C2~2~23)CpTsRtQ10603 
= ( ") Cp " 
= (FlGO)Q2 ___ _ 
= (Pl~13P14Ia)FlGO(~540506)Pr3 
= ( II ----) " 

= (PllDi?14Ia) " 
= ( Ii - --) " 

= (Pl$a) " 
= C----Jr-- ") J I 

= P(O-11)Pr3 
== '"P""(" ) " 
= (P12P13P14)Q2Fl 
= (0601020304)05Q2 
= T4Endlnr 
== Sc 
= T3WEndGO 
= (Pllif14Ia)FlGO(02040506)Sxp 
= ( tI ") - " 

= (Pl$a) " 
= C--rr-) II 

== P(O-ll) Sxp 
== P"'{" )" 
= (0601020304)TOOfe 
= AddlXzlYzl+AddlXzlYzl 
= EndGOTsm(Tr+Tp) 
= M(O-23)Cxm 
= TrCxm 
= CpTt{j<002 

135 

ADc ~ 

Initiate P register increment 
Last cycle 

A+C-+A= 
A + (M) + Carry -+ A T7 thru TO 

Recirculate B T7 thru TO 

A+C-+C T7 thru TO 

Adder input (A) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru TO 

Check parity T7 thru TO 

T7 thru T3 

Reset Overflow 

Clear S 

Overflow logic 

M -+C (Fetch next instruction) 
Tr thru Tp 

Parity error 



rIa 
rIx 
Xld 
Xld 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
s02 
rO ( 1 , 3 , 4, 5 , 6) 

= T r F l __ ... _~ ._ .. ___ _ 
= Tr(F1F3) (GOHt) 
= Cz(016~0304~6)Tr 
= Cz ( " ) " 
= TpEndGO 
= ( " .L_ 
= M24CxmHtTsTp 
= TpEndSk 
= ( " ) 
= Oc 
= Oc 
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Save carry 

Initiate parity 
00 next clock (TS) 

NOP (20) -+ 0 

ADc 3 



60 

00 T8 

T7 

T4 

TJ 

TO 
Tr 

Tp 

SKR 

rCz 
sIx 
Oxe 
sO(1,3,4,5,6) 
r02 
Ar3 
sA(0-2) 
rA ( " ) 
sA(3-2J) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC ( " ) 
sC(J-23) 
rC(" ) 
Xz(1-3) 
Xz ( " ) 
yz(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 
Sc 
rS (1-14) 
Sxc 
sS(1,2) 
sS (3-14) 
rCz 
Cxm 
sC(0-23) 
rC (" ) 
sHt 
rIx 
rKO 
sCp 
sFl 

Reduce Memory and Skip if Negative 

::: 00T8 
::: 00T8CIGO 
::: (00T8IaGO)C2 
::: C(J,5,6,7,8)Oxc 
== C40xc 
::: (Ol020304)Ql 
::; A(21-2J)AnrAr3 
= A( ") " 
=: A(O-20)Ar3 
= A(" ) " 
::. B(21-23)BnrArJ 
=B( ") " 
= B(0-20)Ar3 
=B(" ) " 
::: FIF2(TsQl) 
::: Add(1-J)00JuTsCr3 
=: Add( " ) " 
=: C(0-20)Cr3 
~ C(" ) " 
::; Xn(1-3)00-Ix 
~ Xn( " )00Ix+Ix 
::: C(21-23)07 
::: C( "~" 
:= KzQIT007 
:= KzQl 
;:: (C2Q2~23)CpTsHtQ1FiF2 
::: ( ") Cp II 

::: T4FIF2Inr 
::: Se 
== T3FIF2Ju 
::: Add(2,3)Sxe 
== C(O-ll)Sxe 
;; FITO 
::: jU00Tsm(Tr+Tp) 
::: M(0-23)Cxrn 
::: TrCxrn 
::: CpTa-O~ 
::: Tr(~)(GOHt) 
::: GaI'rn 
::: M24CxmHtTsTp 
::: (Tpra00)Ol04 
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(M) - 1 ~ (M) 
(M) ). 0; P + 1 ~ P 
(M) < 0; P + 2 ~ P 

Initialize indexing 

Instruction ~ 0 

Recirculate A 

Recirculate B 

C+X. Ix ~ C (Add=Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear S 

C + X· Ix ~ S 

M ~C (Fetch operand) 

Parity error 

,Initiate parity 
04 next clock (T8) 

SKR 1 

3 Cycles 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TI 

T7 thru TO 

Tr thru Tp 



61 MIN 

(60 T8 rCz 
sIx 
Oxc 
sO ( 1 , 3 , 4, S , 6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3 ... 23) 
rC(" ) 
Xz (1-3) 
Xz ( " ) 
YZ(1-3) 
Yz ( ") 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS( 1-14) 

T3 Sxc 
sS(1,2) 
sS(3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC( II ) 

sCz 
sHt 
rIx 
rKO 

Tp sCp 
sFl 

Memory Increment 

= (60T8 
= (60T8C1GO 
= «(60T8IaGO) C2 
= C(3,S,6,7,8)Oxc 
= C40xc 
= (01025304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= F1F2(TsQl) 
= Add(1-3)(60JuTsCr3 
= Add( " ) " 
= C(0-20)Cr3 
= C(" ) " 
= Xn(1-3H!J0-Ix 
= Xn( " )(60Ix+Ix 
= C(21-23)07 
= C( II ) II 

= KzQ1TOWi 
= KzQl 
= (C2~2~23)CpTsHtQ1F1F2 
=( ")Cp " 
= T4FlF2Inr 
= Sc 
= T3FInJu 
= Add(2,3)Sxc 
= C(O-ll)Sxc 
= nTO 
= Ju(60Tsm(Tr+Tp) 
= M(0-23)Cxm 
= TrCxm 
= (Tr(60)04OS06 
= CpTttKP'lKO~ 
::I Tr(FiF3) (GOHt) 
= GOTrF2 
= M24CxmHtTsTp 
= (TpIa(60)0104 
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(M) + 1 ~ (M) 

Initialize indexing 

Instruction ~ 0 

Recirculate A 

Recirculate B 

c+x- Ix ~ C (Add=Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear S 

C + X"Ix ~ S 

M ~ C (Fetch operand) 

Initiate increment C 
Parity error 

Initiate parity 
(64 next clock (T8) 

MIN 1 

3 Cycles 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru Tl 

T7 thru TO 

Tr thru Tp 



~4 T8 rC24 
sIa 
Mxc 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
sCp 
rCp 
Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC(" ) 
Xz(1"'3) 
YZ(1-3) 
yz ( " ) 
sCz 
rCz 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP( II ) 

rIa 
T6 sC24 

rC24 
T3 rM(O-24) 
TO sOf 

Ofe 
Tr sHt 

rIa 
rKO 

Tp sF(1-3) 
sM(O-24) 
rM(" ) 

III T8~~) 
-FlF~ 
III ~4Tsiii 
- (Ol02530~Ql 
III A(2l-23)AnrAr3 
= A( ") " 
III A(O-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
• B( ") " 
III B(O-20)Ar3 
-1f(" ) " 
III (C2~2~23)CpTsHtQl~40l 
-( ")Cp " 
III FlF3(TsQl) 
III Add(1-3)~40l05TsCr3 
== Add( " ) " 
== C(O-20)Cr3 
III C(" ) " 
.. ~40506Ix 
.. C(2l-23)07 
== C( II )" 

!;II KZQlFl07 
!;II KzQl 
== (FlGO)Q2 
== (Pl~13P14Ia)FlGO(~5Z0506)pr3 
== ( it) " 
== (Pl~14Ia) " 
III ( if) " 
= (Pl$a) " 
== ( It ) " 

= P(O-11)Pr3 
= P(" ) " 
.. (P12P13P14)Q2Fl --== (C~1EC2)C24(TsTsr)(Q3+Q5) 
III ( " ) C24( " ) ( " ) 
= T3 
III OfeTO~40l05Ts 
III .&Id1:xz 1 Y~ l-hA,dd lXz lYz i 
III CpT~m~ 
III TrFl 
- TrOOF2 
- Tp~4 
III C(O-24)MxcTp 
::a C(" ) " 
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MIN ~ 

Initialize parity generation 
Initialize P register increment 

Recirculate A 

Recirculate B 

Parity check 

C + 1 -+M 

Adder input (~'s) 

Adder input (C) 

Carry logic 

Generate parity 
Clear M 

Overflow logic 
Parity error 

~7 next clock (T8) 

C -+ M (Store operand) 

T8 thru Tp 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T6 thru Tr 



_7 T8 !ad 
'1:7 Ar3 

sA(O-2) 
l=A( It .) 

aA(3-2J) 
rA(" ) 
81(0-2) 
rB( .. ) 
8B(3-23) 
rB(" ) 
Pr3 
sP(O-2) 
rP( tt ) 

sP(3-14) 
rP(" ) 

T4 Sc 
rS(1 .. l4) 

TJ Sxp 
as (1 ~ 2) 
rS( , ) 
s5(3-14) 
rS( II ) 

TO rSk 
Tr Clem 

sC(O-23) 
rC(" ) 
rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
ri(l-3) 
Oc 
s02 
rO(1,3,4,S,6) 

• r~r2 
• (Ol02Qj0!l.91 
• A(2l-23)AnrAr3 
• A( ") .. 
• A(0-20)Ar3 
• 'I(" ) tt 

• B(21-23)BnrAr3 
• B( ") " . 
• B(O-20)Ar3 
."I( tI ) •• 

- l1GOQ2 
• P(12-l4)~arlgo(~06)Pr3 
• ., ( ") n· ( tt )'t 

• '(O-ll)Prl 
• P( II ) " 

• T4Endlnr 
• Se 
- T31ntEndGO 
• P(13,14)firlGO(02~506)Sxp 
- J'( ") .. ( II )" 

• P(O-ll) Sxp 
- J'(" ) II 

• f7TO 
- EndGOfS:m(Tr+Tp) 
- K(O-23) CXm 

- trCxm 
- F1TL.- :a--
- Tr(flr3) (GOHt) 
- TpEndGO 
- TplndGO 
- K24CxmiltTsTp 
• 'fpEndSk 
• TpEndSk 
- Oc 
- Oc 
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MIN .3 

Laat cycle 

I.ecirculate A '1:7 thru TO 

aecirc:ulate B t7 tbh TO 

a.circulate ., 1:1 th~u T3 

Clear S 

r(13,14) containa r(1,2) at t3 
p .... 8 

M -+ C (retch naxt inetructiOll) 

, Initiate parity "0 n~t 
HOP (20) -+ 0 

tr thru Tp 



62 XMA . 

00 T8 rCz 
sIx 
OJtc 
80(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz( tI ) 

YZ(1-3) 
Yz( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
r5 (1-14) 

T3 Sxc 
s5(l,2) 
sS (3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sRt 
rlx 
rKO 

Tp sCp 
sFl 

Exchange A and Memory 

.. ~OT8 
- (lOT8ClGO 
• (~OT8IaGO)C2 
.. C(3,5,6,7,8)Oxc 
-~c 
.. (0102cn04)Ql 
- A(21-23)AnrAr3 
.. A( tI) tI 

l1li A(O-20)Ar3 
• A(" ) " 
• B(21-23)BnrAr3 
-B'( ") " 
• B(O-20)A.r3 
-"B("..l " 
- flF2(TsQl) 
- Add(1-3)~OJuTsCr3 
=- Add( " ) " 
- C(O-20) Cr3 
• C(" ) " 
.. Xn(l-3)00-Ix 
.. !ii ( " ) 00 Ix+Ix 
- C(2l-23)Ji" 
.. C( "~" 
- KzQ1TOJ] 
- KzQl 
- (C2~2$23)CpTsHtQIFIF2, 
- ( ") Cp " 
- T4FlF2Inr 
- Se 
• T 3Flf2.fii 
=- Add(2,3)Sxc 
- C(O-ll)Sxe 
- FITO 
- JUfOTsm(Tr+Tp) 
- M(O-23)Cxm 
- TrCxm 
- CpT~O~ 
- Tr(mJ) (GOHt) 
• GOTrl'! 
- M24exmHtTsTp 
• (Tpfi00)Ol04 
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XMA 1 

A ~(M) 3 Cycles 

Initialize indexing 

Instruction -+ 0 

Recirculate A T7 thru TC 

Recirculate B T7 thru TC 

T7 thru T( 

Adder input (XIx) T7 thru Te 

Adder input (C) T7 thru re 

Garry logic T7 thru 'rl 

Check parity T7 thru T(J 

Clear 5 

C + X-Ix ~ S 

M -+ C (Fetch operand) Tr thru Tp 

Parity error 

Initiate parity 
(14 next clock (T8) 



f/J4 TS Anr 
rC24 
sIa 
Mxc 

T7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA( II ) 

sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
sCp 
rCp 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP(" ) 
rIa 

T6 sC24 
rC24 

T3 rM(0-24) 
Tr sHt 

rIa 
rKO 

Tp sF(l-3) 
sM(0-24) 
rM(" ) 

1:1 f/J40l0S00 
1:1 TS(TsTsr) 
1:1 FlF~ 
1:1 f/J4Tsm 
-= (Ol02<TI04)Ql 
1:1 C(2l-23)f/J40l0sObAr3 
1:1 C( ") " 
1:1 A(0-20)Ar3 
1:1 A(" ) " 
1:1 B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= If('' ) " 
= (C2ltj;(:2~23)CpTsHtQlf/J40l 
=( ")Cp " 
-= FlF3(TsQl) 
= A(2l-23)f/J4010S06 
= A( ") " 
= C(0-20)Cr3 
= C(" ) " 
= (FlGO)Q2 
- (Pl~13P14Ia)FlGO(020z.0s06)Pr3 
= ( it ) " 

= (PlJ'i)?l4Ia) " 
= (" if) " 
= (Pl$a) " 
1:1 ( if) " 
= P(0-ll)Pr3 
= P(" ) II 

= (Pl2Pl3Pl4)Q2F_l __ 
= (C~~2) C24(TsTsr) (Q3+QS)· 
1:1 ( " ) C24 ( " ) ( " ) 
= T3 
1:1 CpT~002 
= TrFl 
1:1 TrGOF2 
= Tpf/J4 
= C(0-24)MxcTp 
= C(" ) ,I 
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Initialize parity generation 
Initialize P registe.r increment 

C ~A 

Recirculate B 

Parity check 

P+l--+P 

Generate parity 
Clear M 
Parity error 

f/J7 next clock (TS) 

C --+ H (Store operand) 

TS thru Tp 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T6 thru Tr 



~7 T8 End 
T7 Ar3 

sA(O-2) 
,:A( " ) 
sA(3-23) 
rA(" ) 
8B(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Pr3 
sP(0-2) 
rP ( " ) 
sP(3-14) 
rP (" ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sS(1,2) 
rS ( " ) 
sS (3-14) 
rS (II ) 

TO rSk 
Tt" Cxm 

sC(O-23) 
rC( It ) 

rIa 
rIx 

Tp rAOO 
rOOO 
sCp 
rF(1-3) 
Oc . 

s02 . 
rO(l,3,4,5,6) 

- FIF2 
- (010203<>lli1 
- A(2l-23)AnrAr3 
- A( ") " 
- A(0-20)Ar3 
- A(" ) " 
a B(21-23)BnrAr3 
_ B( ..) II 

- B(O-20)Ar3 
-"B(" )" 
- FIGOQ2' 
- P(12-14)r-aFlGO(~O%OS06)pr3 
• p( ") II ( II )" 

a P(0-ll)Pr3 
• P(" ) II 

- T4Endlnr 
ell Sc 

- T3lntEndGO 
- P(lJ,l4)I8FlGO(0i040506)Sxp 
• 1'( " ), It ( It ) .. 

• P(O-II) Sxp 
~ P( " ) " 
a ~7TO 
- EndGdTS:m(Tr+Tp) 
- M(0-2J)Cxm 
- TrCxm 
- FlT.L--, ::-
- Tr(ilF3) (GOHt) 
- TpEndGO 
- TpEndGO 
- M24CxmHtTsTp 
• TpEndSK 
- TpEndSk 
- Oc 
- Oc 

145 

XMA.3 

La.t cycle 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate P T7 thru T3 

Clear S 

P(13,l4) contains P(l,2) at T3 
p -+ S 

M -+ C (Fetch next instruction) 

Initiate parity 
"0 next 

NOP (20) -+ 0 

Tr thru Tp 



63 ADM 

00 T8 rCz 
sIx 
Oxc 
sO(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC( " . ) 
Xz(1-3) 
Xz ( " ) 
yz(1-3) 
fi( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
sS(1,2) 
sS (3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC(" ) 
sRt 
rlx 
rKO 

Tp sCp 
sFl 

Add A to (M) and Store in (M) 

Q 00T8 
- 00T8CIGO 
:D (~OT8IaGO)C2 
== C(3,5,6,7,S)Oxc 
-= 'C4oXc 
&:I (0102cB04)Ql 
&:I A(21-23)AnrAr3 
s:: A( ") " 
&:I A(0-20)Ar3 
=="I(" ) " 
= B(21-23)BnrAr3 
::IIB( ") " 
IZ B(0-20)Ar3 
s::B(" ) " 
- flF2(TsQl) 
- Add(1-3)00JuTsCr3 
== Add( " ) " 
::II C(0-20)Cr3 
l1li C(" )" 
&:I Xn(1-3)00-Ix 
== XIi( " )00Ix+Ix 
III C(21-23)07 
&:I C( "l_" 
- KzQ1TOJ] 
18 KzQ1 
::II (C2~2~23)CpTsRtQ1F1F2 
::I ( II) Cp " 
= T4FIF2Inr 
- S'c 
&:I T3FIF2Ju 
:II Add(2,3)Sxc 
::I C(O-ll)Sxc 
;: FITO 
:II j'U00Tsm(Tr+Tp) 
r=I M(0-23)Cxrn 
a::: TrCXm 
::II CpT~OJi 
== Tr(JiTF3) (GOHt) 
III GOTrr! 
I: M24exmHtTsTp 
= (Tpra~O)Ol04 
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A + (M) --i' (M) 

Initialize indexing 

Instruction -+ 0 

Recirculate A 

Recirculate B 

O+X· Ix -+ C (Add-Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logi.c 

Check pari.ty 

Clear S 

C + X· Ix -+ S 

M -+ C (F et ch operand) 

Parity error 

Initiate parity 
04 next clock (TS) 

ADM 1 

3 Cycles 

T7' thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru Ta. 

T7 thru T1 

T7 thru TO 

Tr thru Tp 



rJ4 T8 rC24 
sIa 
Mxc 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
sCp 
rCp 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(I-3) 
Xz ( " ) 
YZ(I-3) 
Yz ( " ) 
sCz 
rCz 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-14) 
rP(" ) 
rIa 

T6 sC24 
rC24 

T3 rM(O-24) 
TO sOf 

Ofe 
Tr sHt 

rIa 
rKO 

Tp sF(I-3) 
sM(O-24) 
rM( II ) 

1:1 T8(TSTsI) 
= Flhfikr) 
c: ~4S-
= (OI02~04)QI 
I: A(21-23)Aii:rAr3 
_ A( If) " 

1:1 A(O-20)Ar3 
c: A( If ) If 

== B(21-23)BnrAr3 
1:1 B( If) If 

== B(O-20)Ar3 
== B( If ) If 

I: (C2~2~23)CpTsHtQI~401 
== ( " )Cp " 
- FlF3 (TsQl) 
== Add(1-3)~40l06TsCr3 
= Add( " ) " 
1:1 C(O .. 20)Cr3 
== C( If ) " 

= A(2l-23)~40S 
== A( If ) " 

== C(2l-23) 'Ii 
1:1 C( .. ) .. 

== KzQlFlJi 
I: KzQl 
I: (FlGO)Q2 
I: (Plaffif13P14Ia)FlGO(02040S06)Pr3 
.. ( if) .. 

I: (PllB?14Ia) " 
== ( Ii) If 

=. (Pl$a) " 
.. ( if) " 
= P(O-11)Pr3 
I: P{" ) " 
1:1 (P12P13P14)Q2F1----
== (CO$C~2)C24(TsTSr)(Q3+Q5) 
== ( " ) C24( " ) ( " ) 
== T3 
= OfeTO~40S 
= AddiiilYil+AddlXzlYzl 
= CpT~J2 
1:1 TrFl 
I: TrGOF2 
I: Tp~4 
1:1 C(O-24)MxcTp 
I: C( tJ ) If 
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ADM 2 

Initialize parity generation 
Initialize P register increment 

Recirculate A 

Recirculate B 

Parity check 

A + M -+M 

Adder input (A) 

Adder input (C) 

Carry logic 

Generate parity 
Clear M 
Overflow logic 

Parity error 

~7 next clock (T8) 

C -+ M (Store operand) 

T8 thru Tp 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T6 thru Tr 



i7 T8 End 
T1 Ar3 

sA(O-2) 
J:'A( " ) 
sA(3-23) 
rAe II ) 

sB(O-2) 
rB ( .. ) 
sB(3-23) 
rB (" ) 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-14) 
rP (" ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sS(1,2) 
rS ( " ) 
8S (3-14) 
rS( II ) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oc 
s02 
rO(1,3,4,5,6) 

- FIF2 
- (Ol0200011il 
- A(21-23)AnrAr3 
- A( ") .. 
• A(O-20)Ar3 
• 'I(" ) " 
III B(21-23)BnrAr3 
- B( II ). " 

- B(O-20)Ar3 
-B(" ) .. 
- F1GOQ2 - -
III P(12-l4)Y-aFlGO(~0%0506)pr3 
• PC ") .. ( " ) It 

III P(O-11)Pr3 
_ P(" ) It 

III T4Endlnr 
=:I Sc 
- T3lntEndGO 
- P(13,14)r-aFlGO(62540506)Sxp · ~( ") "( " )" 
- P(O-ll)Sxp 
~ P(" ) " 
III ~7TO 
A EndGOT;m(Tr+Tp) 
III M(O-23) Cxm 
III TrCxm 
III FITL-- =r­
III Tr(FlF3) (GOHt) 
.. TpEndGO 
III TpEndGO 
l1li M24CxmHtTsTp 
III TpEndSk 
III TpEndSk 
III Oc 

- Oc 
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ADM 3 

La.t cycle 

R.ecirculate Ii T7 thru TO 

Recirculate B T.7 thru TO 

Reel rculat e. :P T7 thru T3 

Clear S 

P(13,14) contains P(l,2) at T3 
p -+ S 

M ~C (Fetch next instruction) 

Initiate parity 
fo next 

HOP (20) ~ 0 

Tr thru Tp 



MUL 1 

64 MUL Multiply 4 Cycles 

00 TS rCz - 00T8 
sIx .. ~OTSC1GO Initialize indexing 
Oxc .. (~OTSIaGO)C2 
80(1,3,4,5,6) .. C(3,5,6,7,8)Oxc Instruction -+ 0 
r02 .. C40X.c 

T7 Ar3 .. (0102~04)Q1 
sA(O-2) .. A(21-23)AnrAr3 
rA( tt ) -= A( " ) " 
sA(3-23) .. A(O-20)Ar3 Recirculate A T7 thru TO 

rA( II ) .. A( " ) " 
Bur .. (V1003040506) 
rB( " ) ~ ( " ) 
sB(3-23) .. B(0-20)Ar3 o -~B T7 thru TO 

rB( " ) DB( ",..l " 
Cr3 .. flF2(TsQl) 
sC(0-2) .. Add(1-3)~OJuTsCr3 
rC( " ) - Acid( " ) " O+K.lx -+C ~dd .. Xz+Yz) T7 thru TO 
sC(3-23) :l1li C(0-20)Cr3 
rC( II ) * C( " ) " 
Xz(1-3) lIZ Xn(1-3)00 e Ix Adder input (X-Ix) 1.7 thru TO 
XZ( " ) .. Yii( " )00Ix+Ix 
Yz(1-3) .. C(21-2J)J'i Adder input (C) T7 thru TO Yz( It ) .. C( II ir" 
sCz ... KzQlTo 7 

logic T7 thru T1 rCz \ .. KzQl Carry 

sCp =- (C2~2~23)CpTsHtQ1FiF2 Check parity T7 thru TO rep .. ( " )Cp " 
T4 Sc .. T4FlF2Inr 

r8 (1-14) .. Sc Clear S 

T3 Sxc .. TJnF2Ju 
sS(l,2) .. Add(2,3)Sxc 

C + X· Ix -+ S 88(3-14) .. C(O-ll)Sxc 
TO rCz· .. HTO 
Tr CXm - JUfOTsm(TrTTp) 

sC(O-23) .. M(0-23)Cxm K -+ C (Fetch operapd) Tr thru Tp . rC( .. ) .. TrCxm 
sHt .CPT~~ Parity error 
rlx .. Tr( P3)( t) 
rKO .. GOTrf! 

Tp sCp .. M24CxmiftTsTp Initiate parity 
sF2 .. (Tpfi00)040506 ¢3 next clock (TS) 
sF3 =:' ( " )OJ04_ 
sKO .. ( " )030406 Hold Computer in "1 bit per clock" 

mode 
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MUL 2 

~3 TS Arl - F2F305ObKO 
= B2305Ari 

T7 
T6 
T5 
T4 
T3 
T2 
Tl 
TO 
Tr 
Tp 

~3 TS 
T7 
T6 
TS 
T4 
T3 
T2 
TI 
TO 
Tr 
Tp 

sAO 
rAO 
sA(I,2) 
rAe " ) 
sA(3-22) 
rA(" ) 
sA23 
rA23 
Brl 
Rsa 
sBOO 

= B23 " 
= A(O,I)~Arl 
= X( ") " 
= A(2-21)Arl 
= I(" ) " 
= A220bAri 
= A22 " 
= (F2F305ObKO)A23 
= ( " )A23 
= RsaCO 

Shift A right I bit - bring in first 
product bit: (always 0) 

Shift B right if .A:n 
Shift B right and add C if A23 
BOO • CO after the first Rsa 

Rsa causes the B register to shift right I bit and then be added in parrallel octates 
with the C register, the results occuring in B. One bit (B23) is shifted into A 
and represents one product bit. 

Brl causes the B register to shift right I bit. B23 is shifted into A and represents 
one product bit. 

(refer ~3 TS) generates B(22) from A(22) 
( " ) " B(21) " A(21) 
( " ) " B(20) " A(20) 
( " ) " B(19) " A(19) 
( " ) " B(IS) " A(IS) 
( " ) " B(17) " A(17) 
( " ) " B(16) " A(16) 
( " ) " B(IS) " A(IS) 
( " ) II B(14) II A(14) 
( " ) " B(13) " A(13) 
sSk = ~3lJ5(J6Tp 
(refe:: 03 TS) generates B(12) from A(12) 
( " ) B(ll) " A(ll) 
( " ) B(lO) " A(IO) 
( " ) B(9) " A(9) 
( " ) B(S) A(S) 
( " ) B(7) A(7) 
( " ) B(6) A(6) 
( " ) B(5) A(5) 
( " ) B(4) A(4) 
( " ) B(3)' A(3) 
( " ) B(2) A(2) 
sFI = TpSk 07 next clock 
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MUL3 

~7 TS (refer ~3 TS) generates B(l) fr~m A(l) 
Anr = ~703040500 
Bnr 
Ck 
sC(O-23) 
rC(" ) 
End 
sIa 

T7 (refer ~3 TS) 
sBc23 
Cr3 
rC(O-2) 
sC(3-23) 
rC(" ) 
sCp 
rCp 
rKO 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP(" ) 
rIa 

T6 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
Xz(1-3) 
Xz( " ) 
YZi 
Yz2 
Yz3 
Yz! 
rBOO 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB( tI ) 

T4 8c 
rS(1-14) 

T3 Sxp 
s8(1,2) 
rS ( " ) 
sS (3-14) 
rS (" ) 

" 
= ~7TSTS 
= "C"(O-23) Ck 
= C(" )" 
= FlF2 
= TS~7Sk1fj@ 

generates B(O) from A(O) 
= Rsa~7Ql 
= ~705TsQl 

II 

= C(O-20)Cr3 
= ~(II ) I. 

Invert C 

Last cycle 
Initiate P register increment 

Rsa means AO = l;C + 1 = -C 

o ~C T7 thru TO 

= (C2I+c2$23) Cp(~70"30405rro)TSREQl Ch k . 
= ( " )Cp( " ) " ec par1ty T7 thru TO 

from 1 bit/clock mod = ~7QlObol Release-Computer 
= (FlGO)Q2 
= (Pl~13P14Ia)F1GO(~04U306)Pr3 
= ( ") " 
= (Pl~14Ia) " 
= ( ") " 
= (PlLfiira) " 
= ( ") " 
= P(O-11)Pr3 
= p('1 ) " 
= (P12P13P14)Q2Fl 
= (~703040500)l{OTP 
= Add(1-3)(~7~040S00)Ar3 
= ACId( " ) ( " )" 
= A(O .. 20)Ar3 
=A:\" )" 
= B(2l-23)~70556 
= B( ") " 
- 07Rf 
- ¢7KO 
= ~7Bc23 
= ¢7BCTI 
= Ar3GO 
= A(2l-23)~703040506 
= A( ") " 
= A(O-20)Ar3 
= A(" ) " 
= T4Endlnr 
= 8c 
= T3IntEndGO 
= P(13,14)r-aFlGO(02Qq0506)Sxp 
= 1.5"( ") "( " )" 
= P(O-ll)Sxp 
= P(" ) " 
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T7 thru T3 

B+Bc ~A (add Bc's to B) T6 thru Tr 

Adder input (B) T6 thru Tr 

Adder input (Bc) T6 thru Tr 

A ~B T6 thru Tr 

Clear S 

P(13,14) contains P(1,2) at T3 
P ~S . 



MUL4 

TO rSk = "'7TO 
Tr Cxm = EndGOTsm(Tr+Tp) 

sC(0-23) = M(0-23)Cxm M -+- C (Fetch next instruction) 

rC( " ) = TrCxm Tr thru Tp 
sHt = CpTt@KOJ2 Parity error 
rIa = F1Tr 
rlx = Tr(r!F3) (~Ht) 

Tp rAOO = TpEndGO 
rBOO - TpEndGO 
sCp = M24CxmlIETSTp Initiate parity 
rF(1 ... 3) = TpEndSk "'0 next 
sOf = ("'703040306)TpAOAOO -1 times -1 
Oc - TpEndSK 
s02 = Oc 
rO(1,3,4,5,6) = Oc NOP (20) -+-0 
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65 DIV 

00 TS rCz 
sIx 
Oxc 
sO ( 1 , 3 , 4, 5 , 6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sAOO 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB (It ) 
Cr3 
sC(0 ... 2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz ( " ) 
yz(1-3) 
yz( " ) 
scz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
sS(1,2) 
sS(3-l4) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC( 11 ) 

sHt 
rlx 
rKO 

Tp sCp 
sF3 

Divide 

= 00TS 
= 00TSCIGO 
= (00TSIaGO) C2: 
= C(3,5,6,7,S)Oxc 
= C40xc 
= FIn05Ql 
= A(2l-23)AnrAr3 
= A( ") II 

= A(0-20)Ar3 
= A(" ) II 

= A000T7 
= B(2l-23)BnrAr3 
=B( ") II 

= B(0-20)Ar3 
= B(" ) II 

= FlF2 (TsQl) 
= Add(1-3)00JUTSCr3 
= ACId( " ) " 
= C(0-20) Cr3 
=C(" )" 
= Xn(1-3)00·Ix 
= Xii( " )00Ix+Ii 
= C(2l-23)W1 
= C( " ) II 

= KzQlTO" 
= RiQl 
= (C2~2~23)Cp"TSIrtQlY1n 
= ( " ) Cp II 

= T4F1F2Inr 
= Sc 
= T3F1F2Ju 
= Add(2,3)Sxc 
= C(O-ll)Sxc 
= FlTO 
= Ju00Tsm(Tr+Tp) 
= M(0-23) Cxm 
= TrCxm 
= CpTtOCOi<O~ 
= Tr(Fri3) (GOHt) 
= GOTrF2 
= M24cxm.iIETSTp 
= (Tpla00)0304 
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A,B/ (M) ... A,B 

Initialize indexing 

Ins t ruct ion -+ 0 

Recirculate A 

Set AOO = Sign of A 

Recirculate B 

C+X· Ix -+ C(Add=Xz+Yz) 

Adder input (XIx) 

Adder input (C) 

Carry logic 

Check parity 

Clear S 

C + X'Ix -+ S 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 
01 next clock (TS) 

DIV 1 

10 Cycles 

T7 thru TO 

T7. thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru Tl 

T7 thru TO 

Tr thru Tp 



~1 T8 Anr 
Bnr 
Ck 
sC(O-23) 
rC( It ) 

sCz 
sHz 
sIx 

T7 Ar3 
sA(O-2) 
rA( II ) 

sA(3~23) 
rA( It ) 

Hx(1-3) 
Hx( It ) 

sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Xz(1-3) 
XZ( " ) 
yz(1-3) 
yz( ".) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC( It ) 

sCp 
rCp 

T6 sRf 
T4 Sc 

rS(1-14) 
T3 Sxc 

sS(1,2) 
rS ( " ) 
sS(3-14) 
rS (" ) 

Tr sBc23 
sHt 

Tp sF2 
Sc 
rS (1-14) 

= ~105 
= ~lOS 
= ~lT8c()Ts 
= C(O-23)Ck 
= C(" )" 
= ~lT8CO 
= T8 
= ~lT8CO 
= F1F205Q1 
= (Ha(1-3)AOO+B(21-23)AOO)0105Ar3 
= (iIi ( " ) II +B ( II ) ") " 

= A(O-20)Ar3 
= A(" ) " 
= B(21-23)~1 
= B( " )" 
: Add(1-3)~105Ar3 
= Add( ") II 

= B(O-20)Ar3 
= B(" ) " 
= (A(21-23)Aoo+A(21-23)AOO)~1 
= (A( II ) "+A( " ) " ) II 

= C(21-23)07 
= C( " ) II 

= FlY2(TsQ1) 
= C(21-23)F1F2F3TsCr3 
= C( ") " 
= C(O-20)Cr3 
= C( II ) " 

= (C2~2~23)CpTsHtQ1F1F2 
= ( __ " ) Cp II 

= ~ l.ltnQb.,liBOBJ.B 2ATIKIA2BCTI) 
= T4F1F2Inr 
= Sc 
= T3FlF2Ju 
= Add(2,3)Sxc 
= Add( " ) " 
= C(O-11) Sxc 
= C(" ) " 
= ~lTrHzAOO 
= CpTl@KO¢2 
- ~lTp . 
=== 01Tp 
- Sc 
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Invert C i:E C >- 0 

Initiate - B if A -
Set Ix - Sign of (M) 

B -+ A if A > 0 
13+1-+A<O 

I>IV ~ 

T7 thru TO 

Half Adder inputs (*1) T7 thru TO 
(B23 is turned off unconditionally) 

IAI - ICI -~B T7 thru TO 

Adder input (IAI) 
.T7 thru TO 

Adder input: (I C I) 

Recirculate C T7 thru TO 

Check parity T7 thru TO 

Rf means IA,Bt - tel)O T6 thru Tp 
when A > 0 
Clear S 

Junk input to C 

Set Bc23 if B = 0 and A < 0 
Parity error 
~3 next 

Clear S 



03 T8 sS2 
T7 AL2 

sBOO 
rBOO 
Ck 
sC(O-23) 
rC(" ) 
sOf'lc 
sSl 
rS2 

T6 Arl 

T5 
T4 
T3 
T2 
T1 
TO 

Tr 
Tp 

sA23 
rA23 
Rsa 
sBc23 
rBc23 

rS1 
(refer 03T8) 
(" tlT7) 
(" " T6) 
(11 " T8) 
(" " T7) 
(" "T6) 
rCp 
(refer 03T8) 
(" " T7) 
rRf 
Sd2 
sSll 
sS12 
sS13 

== SlS'2STc (030506) 
= (030.;06)S2 . 
== (B~2Bc2)AL2 
:= (B$2Bc2)AL2 
= (030306)S2TS(CafB~zo) 

DIV 3 

Set 8(1,2)=1 (Counts:O,1,2,O,1 •• oetc) 
Cycle A,B left 2 bits 

:= C(O-23)Ck Invert C if sign of last result = 
= C (" )" sign 0 f C 
= (030506)T7(S9SIOSIl~)«Bzd$BO)(RfBO+(AOQt[~»+BzoBO) 
= (030506)S2 
=( ")" 
= (030506) S 1 

= C00506Ar1 
== CO " 
= (0.:m306)M<Sl 
== (C<$x)Rsa06 
= (cQ'fjtx) " 

= (030S'06) Sl 

generates Al 

generates A2 
III ToItEKOTs (F 2W7J4'JO)"J2 

generates A3 
= TpWI(miit) 
= (030306)Tp"SK 
= Sd2S11SI2s13 
= Sd2m'STI 
III Sd2S13 

Set 8(1,2) = 2 

Cycle A(O-21) right 1 bit -
ay-c1e B23 ~ AO 

Generate 1st quotiant bit (AO) 

B(OO-22)+C(O-23) -+ B(O-23) 
If C is inverted at T7: C+l(sBc23) 
if C ~ C original; C:(rBc23) if C -
C original. 
Set S(1,2) = 0 
S(1,2) = 1 

" 
" 
" 
" 
" 

2 
o 
1 
2 
o 

8(1,2) = 1 
" 2 

Set S(11,12,13)=7 (Counts 7,6,5,4 ••• 
etc) 

'1~he overflow logic is as follows: 
(Bz<$O) =: positive result (IA,BI ? IMI) 

Irr = all zero's result ('A,BI = I MI) 
(BzC$O)(RfBO) = all one's with Bc23 set (JA,Bl = J MI; signs different) 

(BzCi'iiO) (Aotifix) == positive result (IA,Bf >, MI) 
Bzoim == minus one inverted in B with Bc23 on 
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DIV 4 

~3 T8 (refer ~3 T6 snsnm) generates A3 S (1,2) .. 0 
T7 ( " " TS " ) " 1 
T6 ( " " T7 " ) " 2 
TS ( " " T6 " ) " A4 " 0 
T4 ( II " T8 " ) " 1 
T3 ( 11 " T7 tI ) 11 2 
T2 ( tI It T6 It ) " AS " 0 
T1 ( " " T8 " ) .. 1 
TO ( " " T7 " ) " 2 
Tr ( It " T6 " ) " A6 " 0 
Tp ( " " T8 " ) " 1 

rS13 = Sd2S13 Set 9(11,12,13) .. 6 
~3 T8 (refer 03 T7 msnm) S(1,2) .. 2 

T7 ( II " T6 " ) " A7 " 0 
T6 ( " T8 " ) " 1 
TS ( tI T7 " ) " 2 
T4 ( " T6 " ) It A8 " 0 
T3 ( " T8 " ) " 1 
T2 ( " T7 " ) It 2 
T1 ( " T6 " ) " A9 " 0 
TO ( " u T8 " ) " 1 
Tr ( " 11 T7 " ) " 2 
Tp ( " " T6 " ) " A10 " O' 

rS12 :I Sd2S12ll Set S(11,12,13) S sS13 = Sd2SI3 = 
03 T8 (refer 03 T8 msnSI3) 8(1,2) = 1 

T7 ( " " T7 " ) " 2 
T6 ( It " T6 " ) " All " 0 
TS ( " fI T8 " ) " 1 
T4 ( It " T7 " ) " 2 
T3 ( " " T6 " ) " A12 " 0 
T2 ( " " T8 " ) " 1 
T1 ( " " T7 " ) " 2 
TO ( " " T6 " ) " A13 " 0 
Tr ( " " T8 " ) " 1 
Tp ( " " T7 " ) " 2 

rS13 .I: Sd2S13 Set S(11,12,13) = 4 
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DIV 5 

03 T8 (refer ~3 T6 ffiS12S13) generates A14 S (1,2) .. 0 
T7 ( II " T8 " ) " 1 
T6 ( " " T7 " ) " 2 
T5 ( " " T6 " ) " A15 " 0 
T4 ( " " T8 " ) " 1 
T3 ( II " T7 " ) II 2 
T2 ( " " T6 " ) " A16 II 0 
T1 ( II " T8 " ) " 1 
TO ( " " T7 " ) " 2 
Tr ( " " T6 " ) " A17 " 0 
Tp ( " " T8 " ) " 1 

rS11 .. Sd2S11S12S13 
sS12 .. Sd2~sn Set S(ll, 12, 13) .. 3 
s813 .. Sd2m 

~3 T8 (refer ~3 T7 STiS12S13) 8 (1,2) .. 2 
T7 ( " " T6 " ) " A18 " 0 
T6 ( " " T8 " ) " 1 
T5 ( " " T7 II ) " 2 
T4 ( " " T6 " ) " A19 " 0 
T3 ( " " T8 ) " 1 
T2 ( " " T7 ) " 2 
T1 ( " " T6 ) " A20 " 0 
TO ( " " T8 ) " 1 
Tr ( " " T7 ) " 2 
Tp ( " " T6 ) " A21 " 0 

,rS13 .. Sd2S13 8et 8(11,12,13) .. 2 
~3 T8 (refer ~3 T8 snrnm) S(1,2) .. 1 

T7 ( " " T7 " ) " 2 
T6 ( " " T6 " ) " A22 " 0 
T5 ( " " T8 " ) " 1 

sSk .. (030506)TSSIl812Si3 
T4 (refer ~3 T7 811812S13) " 2 

sKO .. (030506)S2Sk(Ba±B1B2Bc2) 8ave BO (BO would be last by AL2) 
T3 Ar1 = (030506)81 Cycle A(O-21) right 1 bit -

cycle B23 -7 AO 
sA23 = C00506Arl (A23) rA23 = CO " Generate last quotiant bit 

Br1 = (03~06)81Sk 8hift B(OO-23) right 1 bit 
sBOO .. KOBrl06 

Set BOO = BO (refex' sKO 03 T4) rBOO -KO " 
rKO = 0306Q6 

Tr sCz - AOO(030506)Tr Initiate - A if original sign of A 
is minus 

Tp Rsa = (030306)SkTpOO Force remainder to lie between 0 and 
Br1 = (030506)8kTpCO + 1 
sFl .. TpSk . 07 next clock 
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07 T8 Anr 
Bnr 
rC24 
Ck 
sHz 
End 
sIa 
sKO 
sRf 

T7 Ar3 
sA(O-2) 
rAe 11 ) 

sA(3-23) 
rAe <II ) 

Hx(1-3) 
Ri( " ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Xz(1-3) 
Xz'( " ) 
Yz(1-3) 
Yz ( " ) 
sKO 
sRf 
Cr3 
sC(3-23) 
rC( II ) 

Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP(" ) 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

TO rSk 
Tr Cxm 

sC(O-23) 
rC( If ) 

rIa 
rIx 
rKO 
rRc 

= (07~040506)(AO~x) 
= ( II ) 

= T8(TsTsr) 
= 07T8Ts 
= T8 
= FlF2 
= T807SIffl 
= (07T8Bc23AOO) 
= ( II ) 

= 0706Ql 
= A(2l-23)Anr+Ha(1-3)Anr(AOatlx) 
= A( " ) " +Ra( ")Anr( " ) 
= A(O-20)Ar3 
= A(" )" 
= A(2l-23)Fl03 
= A( " ) II 

= Add(1-3)07~040506Ar3 
= A<fcf( " ) " 
= B(O-20)Ar3 
= B(" )" 

DIV 6 

Last cycle 
Initiate P register increment 
KO is used to negate the Bcs 
Rf combines the - Bcs wit h B 

A ~A if sign A = sign M T7 thru TO 
kt-1-7 A if sign A I:. sign M 

Half adder input (A) 

B ~ B if sign of B :II AOO T7 thru TO 
-B ~ B if sign of B 1= AOO 

= (B(2l-23)AOO+B(21-23)AOO)070506 Adder input (B) if AOO = + 
= (B( II )AOO+B( II )AOO) " Adder input an if AOO = -
= Rf07 
= Rt07 Negate the Bc' s 
= (0706QlAOOBc20) 
= ( " ) 
.. 07Q)(TiQl) 

Form 2's complement of the Bc's 

= C(O-20)Cr3 
I: C(" ) " 
= (FlGO)Q2~~=--
= «rlGO)(~~06»(Plaffi(P13~141a»Pr3 
= ( " )( if ) If 

= ( " ) (Pl~P14Ia) ) Pr3 
= ( " )( if ) " P + 1 ~P 
= ( " ) (Pl4ffi[a)Pr3 
.. ( " )( if)" 
.. (P12P13P14)Q2Fl 
= P(O-11)Pr3 
= P(" ) " 
= T4Endfur 
= Sc 
= T3IntEndGO 
~ (FlGO(-02~5Z0~5~O-6»(Pl~P14Ia»Sxp 
= ( " ) (PlLkf1.[a) Sxp 
= P(O-ll) Sxp . 
= (iJ7TO . 
.. EndGOTsm(Tr+Tp) 
:II M(O-23)CXm . 
.. CxmTr 
~ TrFl 
III Tr(F'lF3) (GOHt) 
- ~7Tr 158 
=: Tr 

Clear S 

P ~S 

Reset skip 

M ~C 

T7 thru TO 

T7 thru T3 

Tr thru T~ 



Tp rAOO 
sCp 
rF(1-3) 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= EndGOTE-_ 
= M24CxmH.tTsTp 
= TpEndSk 
= Tp0l(GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 
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Initiate vatity 
00 next clock (T8) 

NOP ~O 

DIV 7 



66 RSH· OOOXX 

00 I8 rCz 
sIx 
Oxc 
sO(1-6) 
rO( " ) 

T7 sAOO 
Cr3 
sC(O-2) 
rC( " ) 
Xz(1-3) 
XZ ( " ) 
YZ(1-3) 
yz ( " ) 
sCz 
rCz 
sCp 
rCp 

IS sF3 
~1 I4 sC(O-2) 

rC( II ) 

Sc 
rS (1-14) 

I3 Sxc 
sS(1,2) 
sS(3-14) 

T2 sF2 
rS (1-8) 
Sx48 
sS(9,.10) 
rS'( 11-14) 
sSk 

03 Tl Ar1 
!jAO 
rAO 
sA(1-23) 
rA(" ) 
Br1 
sBO 
rBO 
sB(1-23) 
rB(" ) 
Sd2 
rS9 
sS10 
rS10 
sSll 
rS11 
sS12 
rS12 

Right Shift A,B 

s:: (~OT8) 
== ( " ) CIGO 
l:1li ( " ) IaGOCZ 
= C(3-8)Oxc 
I: C( II ) " 

g A000T7 
= FlF2TsQ1 
- Add(1-3)00JUTsCr3 
III Acid( " ) " 
III Xn(1-3)00Ix 
g Xn( " )00Ix+lx 
= C(21-2J)Ji 
1:1 C( " )" 
1:11 KzQlfO~ 
a Kz"Ql 
III (C2@:2~23) CpTsHtQ1F"lF'2 
1:11 ( II ) Cp II 

= 00IaQLKn040S 
1:11 C(21-23)F1F2F3TS 
= C( ") " 
~ T4F1F2fur 
;;: Sc 
= T3F1F2Ju 
" Add(2,3)Sxc 
1:1 C(O-ll)Sxc 
~ 010S<r2 ' 
1:11 0105T2 
= (8687S8+S9S10)0105T2 
g Sx48 
= Sx48 
1:11 ("105Tll (S6S7S8S9SI0STIIT2S1~S14) 
1:11 030S06Sk 
I:: A0005C4Arl 
= AOOO 5 C4Ar 1 
1:11 A(0-22)Arl 
III A(" ) " 
III 03050bSk 
= A2305Brl 
-= ffi05Brl 
= B(0-22)Brl 
I: if(" ) " 
== (030506~S14 
- Sd2SIO(SllSl2S13) 
= Sd2S"rn( " ) 
&:I Sd2S 10 ( " ) 
&; Sd2Sll{S12STI) 
= Sd2SllL" ) 
a Sd2Sl2S13· 
II: Sd2Sl2m 
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A,B right XX bits 
extend Sign of A 

Initiate indexing 

RSH 1 

2...xx-J Cycles 
10 ... 

C(3-8) ~O if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix~C T7 thru TS 

Adder input (X) if indexing 

Adder input C 

Adder carry logic 

Try for parity check T7 thru T2 
01 next clock (T4) 
C recirculate. Indexing 
is terminated. T4 thru T2 

Clear S 

C(lO-23)+X(15-23) Ix~S 
put shift count into S 
03 next clock (Tl) 
Clear S (1-8) 

Set S(9-14) I:: 48 if shift 
count ~ 48. 
Shift count = 0 

Extend sign bit 

Shift A,B r.ight 1 bit if 'IDt 

Count every other clock until Sk set 

Decrement count by 2 
every other clock 



(continued) 
03 Tl sS13 

rS13 
5Sl4 
rS14 
sSk 

TO (refer ~3 
Tr ( " 
Tp ( " 

rRf 

Tl) 
) 
) 

a Sd2S13 
::II Sd2S13 
III (~30506Sk)SI4 
III ( " ) S 14 
a (030SS1t) (S9STbmsn) sn 

Count each clock 

Count as 0 or 1 

RSH ~ 

Initiate X into Xz during ~7 

Clear Rf 

If Sk is not set (M<) at Tp, ~3 will continue to occur with each clock 
responding as shown in ~3 T1 until Sk sets. When this.happens, all functions 
will stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set. 

Tp Arl 
sAO 
rAO 
sA(1-23) 
rA(" ) 
Br1 
sBO 
rBO 
sB(1-23) 
rB (" ) 
sFl 
rRf 

= (030S06)TpSkS14 
l1li A0005C4 
= A0005C4 
a A(0-22)Arl . 
.. A(" ) " 
= (030506)Tp5k5l4 
a A23Bri 
= WBrl 
I: B(O-22)Brl 
::II B( ,t )" 
m TpSk _ 
1:11 Tp~(OOHt) 

lA 1 

Clean up right shift A,B 
(If 514 reset, no shift occurs) 

07 next clock (TS) 
Clear Rf 



RSH~ 

~7 T8 Ck -= ~7T8'ri 
sC(0-23) .. ~(0-23)Ck Invert C 
rC( " ) .. C( " )Ck 
End .-; FIF2 
sIa .. SkT8~~ Initiate P register increment 

T7 Ar3 .. ~706Ql 
sA(0-2) .. A(2I-23)AnrAr3 
rAe " ) aA( " ) " 
sA(3-23) a A(0-20)Ar3 Recirculate A T7 thru TO 

rA( It ) c:::a A( " ) " 
sB(0-2) .. B(2I-23)BnrAr3 
rB( " ) 1:1 ~( " ) " 
sB(3-23) .. B(0-20)Ar3 Recirculat E! B T7 thru TO 

rB( " ) .. 1r( " ) " 
Pr3 III (FlGO)Q2 
sPO = ( " )(0"20'%0506) (Pl~13P14Ia) Pr3 
rPO .. ( " )( " )(Pltil13P14Ia) II 

sPI = ( " ) ( " ) (PlI14Ia)pr3 
rPl a ( " ) ( " )(PI 141a) " 

P + 1 ~ P T7 thru T3 sP2 .. ( " ) ( " ) (PILtBI:a)Pr3 
rP2 .. ( " )( " ) (P ilfftta) " 
rIa = P12Pljpi4Q2Fl 
sP(3-I4) = P(0-ll)Pr3 
rP( " ) = lS'( It ) " 

T4 Sc a T4Endlnr 
rS(I-14) .. Sc Clear S 

T3 Sxp a T3IntEndGO 
sSl .. (FIGO)(02d40306)(Pl~14Ia)Sxp 
sS2 ;:a ( " ) ( " ) (PI4B£a)Sxp P .... 8 
sS(3-14) == P(O-II)Sxp 

TO rSk a:a ~7TO 
Tr Cxm .. EndGOTsm(Tr+Tp) 

sC(0-23) .. M(0-23) Cxm Fetch next instruction 
rC( " ) .. CxmTr 
rIa III TrFI 
rlx .. Tr(FtF3) (GOHt) 
rKO III ~7Tr 
rAOO = TpEndGO 

Tp sCp - M24CWHtTS Initiate parity 
rF(I-3) .. TpEndS ~O next clock (T8) 
rRf .. TpJI (GOat) , 
Oc a:a TpEndSK 
s02 == Oc NOP (20) ~ 0 
rO(l,3,4,S,6) a Oc 
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f 

00 T8 

T7 

T5 
~1 T4 

T3 

T2 

03 Tl 

RCY 200XX 

rCz 
sIx 
Oxc 
sOC 1-6) 
rOc " ) 
sAOO 
Cr3 
sC(0-2) 
rC( " ) 
Xz(1-3) 
Xz ( 11 ) 

YZ(1-3) 
fi( " ) 
sCz 
rCz 
sCp 
rCp 
sF3 
sC(0-2) 
rC( II ) 

Sc: 
rS(1-14) 
Sxc 
8S(1,2) 
sS(3-14) 
sF2 
rS(1-8) 
Sx48 
sS(9,10) 
rS(11-14) 
sSk 
Ar1 
sAO 
rA~ 

sA(1-23) 
rA(" ) 
Brl 
sBO 
rBO 
sB(1-23) 
rB (" ) 
Sd2 
rS9 
s810 
rS10 
8811 
rS11 
8S12 
rS12 

Right Cycle A,B 

I: (00T8) 
c ( " ) C1GO 
= ( " ) IaGOCZ 
;:: C(3-8)Oxc 
;:: C( " ) " 
= A000T7 
= flF2TsQl 
1:1 Add(1-3)00JUTsCr3 
1:1 Add( " ) " 
::a Xn(1-3)00Ix 
-= Xn( " )00Ix+lx 
1:1 C(21-23)1i 
1:1 C( " )" 
;:: KzQlfO~ 
.. KzQl 
= (C2@::2I11;23) CpTsHtQlFlF'2 
&:: ( II ) Cp II· 

a 00raQ~0405 
=. C(2l-23)FlF2F3!S 
= C( ") " 
&:: T4FlF2Inr 
1:1 Sc 
= T3FlF2Ju 
= Add(2,3)Sxc 
1:1 C(O-ll)Sxc 
~ 0l05~ 
1:1 0lQ5T2 
;:: (86S7S8+S9S10)0105T2 
1:1 Sx48 
= Sx48 
1:1 (0105Tn (S6S7S8S9S10Siis12Sl3S14) 
&:: 030506Sk . 
a:: B23C4C6Arl 
9 En C4ct>Ar 1 
a A(0-22)Arl 
= A(" ) " 
&:: 03050bSk 
&:: A2305Brl 
;:: .ffi05Brl 
;:: B(0-22)Brl 
c B( " ..l":'" _ 
;:: (030506~S14_ 
-= Sd2S10(SllS12Sl3) 
== Sd2STI5 ( " ) 
1:1 Sd2S10( " ) 
;:: Sd2S1l(S12ffi) 
== Sd2~L" ) 
~ Sd2S12Sl3 
-= Sd2S12rn 
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A,B right cycle XX bits 
B23 ~ AO 

Initiate indexing 

RSH4 

2~-3 Cycles 
10 

C(3-8) -t 0 if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix-tC T7 thru T5 

Adder input (X) if indexing 

Adder input C 

Adder carry logic 

Try for parity check T7 thru T2 
~l next clock (T4) 
C recirculate. Indexing 
is terminated. T4 thru T2 

Clear S 

C( 10-23)+X( 15-23) Ix-t S 
put shift count into S 
03 next clock (Tl) 
Clear S (1-8) 

Set S(9-14) = 48 if shift 
count ~ 48. 
Shift count a:: 0 

Cycle B23 into AO 

Shift A,B right 1 bit if [K 

Count every other clock until Sk set 

Decrement count by 2 
every other clock 



(continued) 
03 Tl sS13 

rS13 
sS14 
rS14 
sSk 

TO (refer ~3 
Tr ( " 
Tp ( " 

rRf 

Tl) 
) 
) 

=a Sd2S13 
a Sd2Sl3 
- (~30506Sk)ST4 
III ( " ) S 14 
=a (~305Sk)(S9SIbSIlS!2)S13 

Count each clock 

Count =a 0 or I 

RSH S 

Initiate X into Xz during ~7 

Clear Rf 

If Sk is not set (~) at Tp, ~3 will continue to occur with each clock 
responding as shown in ~3 Tl until Sk sets. When this happens, all functions 
will stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set. 

Tp Arl III (~30506)TpSkS14 
sAO r::I B23C4C6Arl 
rAO c=:a B23C4CbArl 
sA(1-23) ~ A(O-22)Arl 
rAe " ) III A( " ) " 
Brl r::I (030506)Tp8k8l4 
sBO sa A23Bri 
rBO III A23Brl 
sB(I-23) II: B(O-22)Brl 
rB( II ) - B( " ) " 
sFl - Tp8k _ 
rRf .. Tp0i(GOHt) 
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Cycle B23 into AO 

Clean up right shift A,B 
(If 814 reset, no shift occurs) 

07 next cl()ck (TS) 
Clear Rf 



~7 T8 Ck 
sC(0-23) 
rC(" ) 
End 
sIa 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) , 
rA(" ) 
sB(0-2) 
rB( ,. ) 
sB(3-23) 
rB(" ) 
Pr3 
sPO 
rPO 
sPI 
rPl 
sP2 
rP2 
rIa 
sP(3-14) 
rP( I. ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sS1 
sS2 
sS (3-14) 

TO rSk 
Tr Cxm 

sC(0-23) 
rC(" ) 
rIa 
rIx 
rKO 
rAOO 

Tp sCp 
rF(1-3) 
rRf 
Oc 
s02 
rO(1,3,4,5,6) 

III "'7T8TS 
&3 -rr(0-23) Ck 
CI c(" )Ck 
1101 FIF2 
- SkT~W 
III ~706Ql 
- A(21-23)AnrAr3 
III A( " ) " 
= A(0-20)Ar3 
= A(" ) It 

g B(21-23)BnrAr3 
= ~( " ) " 
= B(0-20)Ar3 
= ~(" )" 
III (FIGO)Q2 
g (" ) (020-=::eoz540~--5-0-6) (Pl~13P14Ia) Pr3 
III (" ) ( " ) (Plf.iiS13P14Ia) " 
= (" ) ( " ) (PIli!?14Ia) Pr3 
= (" ) ( II ) (PIJ)Ji14Ia) WI 

=' (" ) ( II ) (P1~a)Pr3 
g (" ) ( II ) (PllfBIa) II 

g P12P13P14Q2Fl 
I: P{O-11)Pr3 
= 1>(" ) ", 
CI T4Endlnr 
g Sc 
= T3Ii1tEndGO 
-= (FIGO) (, .. cn ... crut5 ..... II"'!:O-...6) {PI~14Ia)Sx:p 
= (" ) ( " ) (PI4BI:a) Sxp 
== P{O~1l)Sxp 
g ~7TO 
I:: EndGOTsm(Tr+Tp) 
-= M{0-23) Cxm 
III CxmTr 
.. TrFl 
- Tr (J!F3) (00iit) 
I: ~7Tr 

,= TpEndGO 
11:1 M24Cxr:!!»HtTs 
III TpEndSk 
= TpJI(GOHt) 
a TpEndmt 
1::1 Oc 
11:1 Oc 
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RSH 6 

Invert C' 

Initiate P register increment 

Recirculate A 

Recirculate B 

Clear S 

P ~S 

Fetch next instruction 

Initiate parity 
~O next clock (T8) 

NOP (20) ~ 0 

T7 thru TO 

T7 thru TO 

T7 thru T3 



66 

00 T8 

T7 

T5 
01 T4 

T3 

T2 

03 Tl 

RCY 240XX 

rCz 
sIx 
Oxc 
sO(1-6) 
rO( " ) 
sAOO 
Cr3 
sC(0 .. 2) 
rC( " ) 
Xz(1-3) 
Xz ( II ) 

YZ(1-3) 
YZ( " ) 
sCz 
rCz 
sCp 
rCp 
sF3 
sC(0-2) 
rC( II ) 

Sc 
rS (1-14) 
Sxc 
8S(1,2) 
sS(3-14) 
sF2 
rS (1-8) 
Sx48 
8S(9,10) 
rS'(11-14) 
sSk 
Ar1 
rA~ 

sA(1-23) 
rA(" ) 
Brl 
sBO 
rBO 
sB(1-23) 
rB (" ) 
5d2 
rS9 
s5l0 
r5l0 
s511 
rSll 
s512 
r512 

Logical Right Cycle A,B 

s:: (00T8) 
= ( " ) CIGO 
:= ( " ) IaGOC2 
::: C(3-8)Oxc 
::: C( " ) " 
=t A000T7 
c:: FlF2TsQl 
a Add(1-J)0DJuTsCr3 
&:I Add( " ) " 
&:I Xn(1-3)00Ix 
:= Xi1( " )00Ix+lx 
a C(21-2J)1i 
= C( " ) II 

:= KzQ1TOJi 
&:I Kz"Ql 
Ill! (C2@::2a'il:23) CpTsHtQlnf2 
&:I ( " ) Cp " 
g 00IaQ4m0405 
&:I C(21-23)FlF2F3TS 
l1li C( ") " 
c:: T4FIF2Inr 
:;: 5c 
::: T3F1F2Ju 
.: Add(2,3)Sxc 
&:I C(0-11)5xc 
= 010sCf2 
= 0105T2 
::: (SbS7SS+S9S10)010ST2 
g 5x48 
= Sx48 
gr (~lOSTll (S6S7S8S9SToffiS12ffiSU) 
A ~305065k 
a C4C605 
r:a A(O-22)Arl 
~ A(" ) " 
&:I ~3056bSk 
&:I A2305Brl 
::: m05Brl 
:= B(O-22)Br1 
III: B( " -1" , 
:= (030506~SI4_ 
III: Sd2Sl0(SllSI2513) 
:= Sd2S115 ( " ) 
11:1 Sd2S10( " ) 
I:: Sd2S1l(SI2ffi) 
== S d 25 11 L " ) 
= Sd2S12S13 ' 
I:: Sd2S12ru 
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A,B right XX bits 
Zero IS ~ AO 

Initiate indexihg 

RSH7 

C(J-8) ~O if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix~C T7 thru TS 

Adder input (X) if indexing 

Adder input C 

Adder carry logic 

Try for pa~ity check T7 thru T2 
~l next clock (T4) 
C recirculate. Indexing 
is terminated. T4 thru T2 

Clear S 

C( lO-23)+X( 15-23) Ix~ S 
put shift count into S 
03 next clock (II) 
Clear S(1-8) 

Set S(9-14) = 48 if shift 
count ~ 48. 
Shift <:ount c:: 0 

o ~ AD (C4 cycle bit, C6 logical) 

Shift A,B right 1 bit if Sk 

Count levery other clock until Sk set 

Decrement count by 2 
every other clock 



(continu~d) 

03 TI sS13 
rS13 
sS14 
rSI4 
sSk 

TO (refer 03 Tl) 
Tr ( " ) 
Tp ( " ) 

rRf 

=:I Sd2SI3 
= Sd2S13 
= (030506Sk)SI4 
a:g ( " ) S 14 
a (0305Sk)(S9SIbSIlSI2)S13 

Count each clock 

Count a 0 or 1 

RSH8 

Initiate X into Xz during ~7 

Clear Rf 

If Sk is not set (~) at Tp, ~3 will continue to occur<with each clock 
responding as shown in 03 TI until Sk sets. When this happens, all functions 
will stop, except the clock, untillTp. The following shows what occurs 
at Tp when Sk is set. 

Tp Arl 
rA~ 

sA(1-23) 
rA( " ) 
Brl 
sBO 
rBO 
sB(1-"Z3) 
rB( " ) 
sFl 
rRf 

=:I (030506)Tp8k8l4 
= C4C605 
~A(0-22)Arl 
CI A( II ) " 
= (030506)TpSkS14 
1:11 A23Bri 
a:g WBrl 
.:: B(O-Z2)Brl 
:I B( " ) " 
-= TpSk _ 
a Tp01(GOHt) 
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a ~AO 

Clean up right shift A,B 
(If 814 reset, no shift occurs) 

07 next clock (T8) 
Clear Rf 



RSH 9 

~7 T8 Ck CI ~7T8'fS 
sC(O-23) a ~(O-23)Ck Invert C 
rC( It ) ell C( " )Ck 
End - FlF2 
sIa - SkT80~ Initiate P register increment 

T7 Ar3 - ~706Ql 
sA(O-2) • A(2l-23)AnrAr3 
rA( " ) -A'( " ) It 

sA(3-23) - A(0-20)Ar3 Recirculate A T7 thru TO 

rA( " ) .. A( " ) " 
sB(O-2) ell B(2l-23)BnrAr3 
rB( tl ) ra -n-( " ) " 
sB(3-23) =- B(0-20)Ar3 Recirculate B T7 thru TO 

rB( " ) a"!""( " ) " 
Pr3 - {FlGO)Q2 
sPO Gil ( " ) (0201:0506) (Pl@'13P14Ia)Pr3 
rPO - ( " ) ( " )(PIQ13PI4Ia) " 
sPl ::; ( " )( " ) (PlI14Ia)pr3 
rPl III ( " ) ( " ) (PI 14Ia) " 

P+l·-.P T7 thru TJ sP2 a ( " ) ( " ) (P1433Ia)Pr3 
rP2 a ( II )( " ) (PILfBIa) " 
rIa III P12P13P14Q2F1 
aP(3-l4) = P(0-11)Pr3 
rP{ " ) :I "1( " ) " 

T4 Sc - T4Endlnr 
rS(1-14) a Sc Clear S 

T3 Sxp 11:1 TJIiiEEndGO 
aS1 III (FlGO)(02dt0506)(Pl~14Ia)Sxp 
sS2 s:::a ( tI ) ( " ) (Pl$a)Sxp P -+ S 
a5(3-l4) = P(O-ll)Sxp 

TO rSk III 07TO 
Tr C:xm -= EndGOTsm(Tr+Tp) 

sC(0-23) G M(0-23) Cxm Fetch next instruction 
rC( II ) - CxmTr 
rIa m TrFl 
rIx - Tr(FIF3) (GOHt) 
rKO = ~7Tr 
rAOO = TpEndGO 

Tp sCp - M24C~HtTs Initiate parity 
rF(1-3) s:::a TpEndSk ~O next clock (T8) 
rRf -= TpJi(GOi-it) 
Oc CIa TpEndmt 
a02 = Oc NOP (20) -+ 0 
rO(1,3 ,4,5,6) sa Oc 
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~7 

00 T8 

T7 

T5 
01 T4 

T3 

T2 

~3 Tl 

LSH OOOXX 

rCz 
sIx 
Oxc 
80(1-6) 
rOc " ) 
sAOO 
Cr3 
sC(O-2) 
rC( " ) 
Xz(1-3) 
Xz( " ) 
Yz(1-3) 
W( " ) 
sCz 
rCz 
sCp 
rCp 
sF3 
sC(0-2) 
rC( " ) 
Sc 
rS(1-14) 
Sxc 
sS(1,2) 
sS(3-14) 
sF2 
rS(1 .. 8) 
Sx48 
sS(9,10) 
rS(1l-l4) 
sSk 
AL2 
sAOO 
rAOO 
sA(0-2l) 
rA(" ) 
sA(22,23) 
rAe " ) 
sB (0-21) 
rB (" ) 
rB(22,23) 

sOf 
sOf 
Sd2 
rS9 
8S10 
rS10 
sS11 
rSll 
sS12 
rS12 

Left Shift A,B 

= (00T8) 
== ( " ) ClGO 
:::: ( " )raGO~ 
== C(3-8)Oxc 
= C( " ) " 
= AO~OT7 
= FlF2TsQl 
= Add(1-3)00JUfScr3 
11:1 Add( " ) " 
== Xn(1-3)00Ix 
== Xn( " )00Ix+lx 
1:1 C(21-23)07 
I;;: C( " )" 
:::: KzQlTOJ7 
== rzQl 
== (C2@;2Ztc23)cpTStn:Q1FlY2 
:::: ( " ) Cp II 

:; 00raQ4030405 
== C(21-23)F1~F3~ 
=c( ") " 
= T4nY2Inr 
:::: Sc 
:::: T3F1nJu 
:::: Add(2,J)Sxc 
= C(0-11)Sxc 
= 0105~ 
EO; 0l05T2 
:; (!tS7sn+o9Sl0)0105T2 
= Sx48 
;;; Sx48 
:; (0l05T2) (S"bSiSBS9srnsrlmmS14) 
:::: (030506)SK 
= AIAL205 
= AI " 
= A(2·-23)AL2 
= A( II ) " 

1::1 B(O,1)AL2 
= B( " ) " 
= B(2-23)AL2 
:::: B( II ) II 

== C4AL205 

== (03050 6STcCZt C5 ) (AQ-li\.l) 
== ( " ) (A ~ 2) ('""=:89===--. -. .""':S-=:I11&.3) 
= 030506SK 
== Sd2Sl0(ffiS12S13) 
EO; Sd28rn( " ) 
;:I'Sd2S10( " ) 
:::: Sd2Sl1(SI2S13) 
= Sd2S11( " ) 
== Sd2mrn 
:::: Sd2S12m 
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LSH 1 

A,B left XX bits 2~ Cycles 
Set overflow if AO changes'-:fO--

Initiate indexing 
C(3-8) ~O if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)IX-"7 C T7 thru T5 

Adder input (X) if indexing 

Adder input C 

Adder carry logic 

Try for parity check T7 thru T2 

01 next clock (T4) 
C recirculate. Indexing 
is terminated. T4 thru T2 

Clear S 
C(lO-23)+X(15-23)Ix-"7 S 
put shift count into S 

03 next clock (Tl) 
Clear S(1 ... 8) 

Set S(9-l4) = 48 if shift 
count ~ 48. 
Shift count = 0 

Save old Al for clean up shift 
when 03 terminates 

A,B left 2 bits 

o -1 B(22,23) C4=ClO (cycle bit) during 
03 
Normalized and shifting 2 
Normalized .in 1 and shifting 2 
Count until Sk set. 

Decrement count by 2 
each clock. 



(continued) 
~J Tl sS13 

rS13 
sSk 
sSk 

TO (refer 03 TI) 
Tr ( " ) 
Tp ( " ) 

rRf 

= Sd2[n 
= Sd2Sl3 
g (~30506Sk)(~SlOSllS12)S14 
g (~305SK)(SVSIbSIl~)~ 

Count = 0 or 2 
Count - 0 or 1 

LSH 2 

Initiate X into Xz during ~7 

Clear Rf 

If SIt is not set (s'K) at Tp, 03 '..vi 11 continue to occur with each clock 
responding as shown in 03 Tl until Sk sets. When this happens, all functions 
\Jill stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set. 

Tp Arl 
sAO 
rA~ 

sA(1-23) 
rA(" ) 
Brl 
sBO 
rBO 
sB(1-2.3) 
rB (" ) 
sFl 
rRf 

m (¢30506)TpSkS14 
:0 A0005~ 
= ArrOOSCL+ 
o;;a A(0-22)Arl 
= A(" ) " 
= (030S06)TpSkS14 
=: A23Brl 
.. A23Brl 
=:I B (0-22) Brl 
=B(" )" 
.. TpSk 
Q TpJ!(GOHt) 
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Clean up right shift A,B 
(If 814 reset, no shift occurs) 

07 next clock (TS) 
Clear Rf 



LSH ~ 

rJ7 T8 Ck = rJ7T8TS 
sC(0-23) = C(0-23) Ck Invert C 
rC( " ) .. C( " )Ck 
End .. FIF2 
sIa -= SkT8~~ Initiate P register increment 

T7 Ar3 a 0706Ql 
sA(0-2) I: A(2I-23)AnrAr3 
rAe " ) I: A( 'I ) " 
sA(3-23) -= A(0-20)Ar3 Recirculate A T7 thru TO 

rA( " ) 11:1 A( " ) " 
sB(0-2) -= B(21-23)BnrAr3 
rB ( " ) :1 B( II ) " 
sB(3-23) -= B(0-20)Ar3 Recirculate B T7 thru TO 

rB ( " ) a 1f( " ) " 
Pr3 .. (F1GO)Q2 . 
sPO -( " )(~~06)(P1~13P14Ia)Pr3 
rPO .. ( " ) ( " ) (p!!ijJ!jP14Ia) " 
sPI · ( " ) ( " ) (P1.l"il'14Ia) Pr3 
rPl • ( II )( " )(Pl$14Ia) " 
sP2 I: ( " ) ( " ) (P1l$[a) Pr3 P + 1 ~p T7 thru T3 
rP2 .. ( " ) ( " ) (Pl49ta) " 
rIa = P12P13P14Q2F1 
sP(3-14) = P(0-11)Pr3 
rP( " ) - 15"'( " ) .. 

T4 Sc a:I T4Endlnr 
rS (1-14) CIt Sc Clear S 

T3 Sxp = T3IntEndGO 
sSl .. (F1GO)(~~0306)(P1~14Ia)Sxp 
sS2 .. ( " )( " ) (P1L@[a)Sxp P ~S 
8S(3-14) .. P(O-ll)Sxp 

TO rSk .. ~7TO 
Tr Cxm = EndGdTS:m(Tr+Tp) 

sC(0-23) -= M(0-23)"exm Fetch next instruction 
rC( " ) = CxmTr 
rIa = TrFl 
rIx CIt Tr(rTF3)(~) 
rKO &:I ~7Tr 
rAOO =- TpEndGO 

Tp sCp .. M24CXmTpilET'S Initiate parity 
rF(1-3) c:a TpEndSl< ~O next clock (T8) 
rRf a Tp0]. (Wilt) 
Dc -= TpEnd~ 
802 • Oc 
rO (1,3,4,5,6) oa Oc NOP (20) 40 
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67 NOD 100XX 

00 T8 rCz 
sIx 
Oxe 
sO(1-6) 
rO( " ) 

T7 sAOO 
Cr3 
sC(0~2) 

rC( " ) 
Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
Y'Z( " ) 
sCz 
rCz 
sCp 
rCp 

TS sF3 
01 T4 sC(0-2) 

rC( " ) 
Se 
rS (1-14) 

T3 Sxe 
sS(l,2) 
sS(3-14) 

T2 sF2 
rS (1-8) 
Sx48 
sS(9,10) 
rS (11-14) 
sSk 
sSk 

'rS14 
03 T1 AL2 

sAOO 
rAOO 
sA(O-2l) 
rA(" ) 
sA(22,23) 
rA( " ) 
sB(O-21) 
rB (" ) 
rB(22,23) 

rBe23 
sIx 
rKO 

Normalize A,B 

= (00T8) 
= ( " ) C1GO 
= ( " ) IiGOC'Z 
= C(3-8)Oxe 
.. C( '1) II 
== A000T7 
= Fl.~TsQ1 
.. Add(1-3)00JuTsCr3 
= Add( " ) " 
.. Xn(1-3)00Ix 
= Xn( " )00Ix+Ix 
- C(21-23)J! 
act II )" 

= KzQ1T007 
.. KzQ1 
.. (C2~2$23)CpTsHtQ1FlF2 
=( " )Cp " 
== 00IaQ4030405 
= C(2l-23)FlF2F3TS 
= C( I') " 
.. T4FlF2Inr 
== Se 
= T3F1F2Ju 
= Add(2,3)Sxe 
= C(O-ll) Sxe 
.. 0l0SQ2 
- 0l0ST2 
- (S6S7S8+S9S10)0105T2 
.. Sx48 
.. Sx48 
- (0105T2) (S"bSiSSS9sl0mmrnm) 
= ( " ) (A$.l) C2 
= ( ") ( " ) C2 
== (030S06)Sk. 
.. AlAL205 
- Al " 
= A(2-23)AL2 
=A(" )" 
= ~(O, 1)AL2 
- B( II ) " 

== B(2-23)AL2 
= B(" )" 
== C4AL205 

- AL2 
.. 0305 . 
== ~306Q6 
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LSH 4 

A,B left until AO"'Al, 2+XX;..6 Cy~ 
or XX shifts have occured 20 

Initiate indexing 
C(3-8) ~O if not Indirect Addressing 

Save sign of A 

C(lS-23)+X(lS-23)Ix~C T7 thru TS 

Adder input (X) if indexing 

Adder input C 

Adder carry logic 

Try for parity check T7 thru T2 
01 next clock (T4) 
C recirculate. Indexing 
is terminat.ed. T4 thru T2 

Clear S 

C(10-23)+X(15-23)Ix~S 
put shift count into S 
03 next cldck (Tl) 
Clear S (1-8) 

Set S(9-l4) - 48 if shift 
count ~ 48. 
Shift count = 0 
A,B normalized. C2-C1l(norm bit)atl T2 
Avoid clear up shift. 

Save old Al for clean up shift 
"1hen ~3 t erminat es 

A,B left 2 bits 

o ~ B(22, 23) C4-C10(cyele b~t) during 
03 
Clear Be23 
Initiate adder input (X) during 07 
Clear KO T3 thru Tp 



LSH 5 

(continued) 
03 Tl 

TO 
Tr 
Tp 

Tp 

Sd2 
sS2 
sS3 
rS3 
sS4 
rS4 
sS5 
rS5 
sS6 
rS6 
sS7 
rS7 
rS9 
sSlO 
rSlO 
sSll 
rSll 
sS12 
r8l2 
sS13 
rS13 
sS14 
rS14 

s8k 
sSk 

sSk 
sSk 
(refer 03 Tl) 
( II ) 
( " ) 
rRf 

= 030506Sk 
= (Sd205)S6S7 
= ( " )~(S4S5SbS7) 
= ( II ) S3 ( II ) 

= ( II ) S4(S5S 6S 7) 
= ( " ) S4( ") 
= ( " )S5(86S7) 
= ( " ) S5 ( " ) 
= ( II ) S6S 7 
= ( It )56S7 
= ( " )S7 
= ( " )87 
= Sd2Sl0(SllSI2S13) 
= Sd2Sl0( " ) 
= Sd2Sl0( " ) 
= Sd2Sll,(S12Sl3) 
= S d 2S 11 ( " ) 
= Sd2S12STI 
= Sd2Sl2Sl3 
= Sd2Sl3 
= Sd2Sl3 

Count until Sk set. 

Develop negative count 
to be added to the 
index register during 07. 
(counts for each AL2) 

Decrement count by 2 
each clock. 

= (030506Sk)(A~2)C5 _________ Set clean up shift. 
= ( " ) (~) (A2Efl\3) (S9 •••• m) C5 

No clean up shift. 
= ( " ) (A1$2) C5 Over normalized 

" ) (~) (A$\3) (~ ••• 813) C5 = ( 

= ( " ) (S9STI>mS12) Si4 
= (0305Sk) (S9STomm) S 13 

Normalized 
Count = 0 or 2 
Count = 0 or 1 
Initiate X into XZ during 07 

Clear Rf 

If Sk is not set (s'k) at Tp, 03 will continue to occur with each clock 
responding as shown in 03 Tl until Sk sets. When this happens, all functions 
will stop, except the clock, until Tp. The follo"\'ling shows what occurs 
at Tp when Sk is set. 

Arl = (030506)TpSkSI4 
sAO = AOOO5C4 
rAO = AOOO5C4 
sA(I-23) = A(0-22)Arl 
rA( " ) = A( " ) " 
Brl = (0305Q6)TpSkSI4 
sBO = A23Brl 
rBO = ~Brl 
sB(1-23) == B(0-22)Brl 
rB( " ) =B( ,I ) " 
sFI = TpSk __ 
rRf = Tp01(GOHt) 
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Clean up right shift A,B 
(If S14 reset, no shift occurs) 

07 next clock (T8) 
Clear Rf 



07 T8 Ck 
sC(O-23) 
rC(" ) 
End 
sla 
sBc23 

. sKO 
sRf 

T7 Ar3 
sA(O-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB( II ) 

Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP( II ) 

Xnr 
sXw(1-3) 
rXw( " ) 
Xz(1-3) 
Xz( " ) 
Yzl 
rzI 
Yz2 
YZ2 
Yz3 
Yz3 
sBc23 
rBc23 
sKO 
rKO 
sRf 
rRf 

:a 07T8fi 
= C(O-23) Ck 
= C( 1\ )Ck 
= FlF2 
:& 8kT807OO 
= (0705T8)S14 
= ( II )S7 
= ( ") 86 

= 0706Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") II 

= B(O-20)Ar3 
:a B( II ) " 

= (FlGO)Q2 
- ( " )(01~dt~03-0-6)(Pl~13P14Ia)Pr3 
= ( " ) ( " ) (PIZfPi3PI4Ia) II 

= ( " ) ( " ) (Pll{;P14Ia) Pr3 
= ( " ) ( " ) (PLtii'14Ia) " 
= ( " ) ( " ) (Pll$a) Pr3 
= ( II ) ( II ) (Plzmta) " 
= P12P13Pl4Q2Fl 
- P(O-11)Pr3 
I:: P( II ) II 

= ~(040506)C507 
I:: Add(1-3)~(040506)C5~7Fl 
= Add( " ) II 

I:: Xn(1-3)Ix0705 
= 'XU( ") " 
= Rf~7 
:a Rf07 
- K007 
= KO~7 
= Bc2307 
= B'C.2307 
= (~705T7)S5 
= ( " ) 85 
= ( ") 84 
= ( ")~ 
= ( " ) S3 
=( ".)83 
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Invert C 

Initiate P register increment 
Rf,KO,Bc23 form an Octal input to 
yz(1-3) from T8 thru T6 which 
represent the negative number of 
shifts during normalize. 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

T7 thru T3 

ns is norm bit inverted at T8 
X + 8(2-7) +- 814 ~X 
(X-number of shifts ~X) T7 thru TO 

Adder input (X) T7 thru TO 

Adder input (8) 
Bits 83 thru 87 contain 
a negative count of the 
AL2 r s during normalize. 
814 contains the clean up, 

Rf, KO and Bc23 must 
be set for the next 
clock 



T6 sBc23 
sKO 
sRf 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

TO rSk 
Tr Cxm 

sC(0-23) 
rC( fI ) 

rIa 
rIx 
rKO 
rAOO 

Tp sCp 
rF(l-3) 
rRf 
Oc 
s02 
rO(1,3,4,5,6) 

= «(6705T6) S 2 
= ( ")S2 
= ( ")S2 
= T4EndInr 
= Sc 
= T 3 Ii1t:En':E:d:!iGO~~_ 
= (F1GO) (02540506) (PllffiP14Ia)Sxp 
= ( " ) ( " ) (Pl$a) Sxp 
= P(O-ll)Sxp 
= (67TO 
= EndGOTSm(Tr+Tp) 
= M(0-23)Cxm 
= CxmTr 
= TrFL- _ 
= Tr(FlF3) (GOHt) 
= (67Tr 
= TpEndGO 
= M24CxmTpHtrs 
= TpEndSk 
= TpJ!(GOHt) 
= TpEndSk 
= Oc 
= Oc 
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Extend minus sign for 
negative count to Yz 

Clear S 

P ~S 

Fetch next instruction 

Initiate parity 
(60 next clock (TS) 

NOP (20) -+0 

LSH 7 

T5 thru TO 



67 LCY 200XX 

00 T8 rCz 
sIx 
Oxc 
sO(1-6) 
rOC II ) 

T7 sAOO 
Cr3 
sC(O-Z) 
rC( " ) 
Xz(1-3) 
Xz( " ) 
YZ(1-3) 
TZ( II ) 

sCz 
rCz 
sCp 
rCp 

T5 sF3 
01 T4 sC(0-2) 

rC( It ) 

Sc 
rS(1-14) 

T3 Sxc 
sS(1,2) 
8S(3-14) 

T2 sF2 
rS(1-8) 
Sx48 
sS(9,10) 
rS(11-14) 
sSk 

03 Tl AL2 
sAOO 
rAOO 
sA(O-2l) 
rAe tJ ) 

sA(22,23) 
rAe " ) 
sB(0-21) 
rB(" ) 
sB(22,23) 
rB ( II ) 

Sd2 
rS9 
sS10 
rS10 
sS11 
rSll 
8S12 
rS12 

Left Cycle A,B 

m (00T8) 
• ( " ) ClGO 
= ( " ) Iioo"C"2 
r:I C(3-8)Oxc 
= ~( " ) " 
r:I A000T7 
sa FlF2TsQl 
sa Add(1-3)00JUfScr3 
sa xacr( " ) II 

r:I Xn(1-3)00Ix 
= Xn( " )00Ix+lx 
• C(21-23)07 
-= C( " )" 
.. KzQlT"OJ1 
c:II KZQ1 
= (C2$:2~2J)~TSm:QlnY2 
- ( II ) Cp II 

r:I 00!8Q4030405 
- C(2l-23)Jl~F3TS 
r:I ~( II) " 

.. T41'1F'2Inr 
- Sc 
III T3FlnJu 
= Add(2,3)Sxc 
CD C(O-II)Sxc 
= 0l05ct1 
r:: 0l05T2 
r:: (!tS7S8+s9Sl0)0l05T2 
III Sx48 
= Sx48 
CD (0l05T2) (SbSissS9sromsnmrn) 
- (~30506)m< 
a A1AL205 
= n II 

r:I A(2-23)AL2 
= A( II ) " 

= B(0,1)AL2 
-= B( II ) II 

- B(2-23)AL2 
• B(" ) " 
= A(O, I)AL2 
= A( " ) " 
• 030S06Sk 
III Sd2SIO(mmS13) 
sa Sd2S!O( " ) 
= Sd2Sl0( " ) 
r= Sd2Si1(S12Sl3) 
= Sd2SII( II ) 

- Sd2~~ 176 
r= Sd2S12~ 

LSH 8 

A,B left cycle XX bits 2+XX- 6 Cycles 
AO into B23 20 

Initiate indexing 
C(3-8) ~O if not Indirect Addressing 

Save sign of A 

C(lS-23)+X(15-23)Ix~ C T7 thru T5 

Adder input (X) if indexing 

Adder input C 

Adder carry logic 

Try for parity check T7 thru T2 

01 next clock (T4) 
C rec:lrculate. Indexing 
:LS terminated. . T4 thru T2 

Clear S 
C(10-23)+X(15-23)Ix~ S 
put shift count into S 

03 next clock (Tl) 
Clear S(1-8) 

Set 5(9-14) = 48 if shift 
count ~ 48. 
Shift count - 0 

Save old Al for clean up shift 
when 03 terminates 

A,B left 2 bits 

Cycle AO,AI into B22,B23 
Count until Sk set. 

Decrement count by 2 
each clock. 



(continued) 
~3 Tl sSlJ 

rSl3 
sSk 
sSk 

TO (refer ~3 TI) 
Tr ( tI ) 

Tp ( II ) 

rRi 

;;; Sd2sn 
= Sd2S13 
g (~30506Sk)(~SlOSllS12)S14 
lOa (~305SK) (Sfmmm)~ 

Count rQ 0 or 2 
Count g 0 or I 

LSH 9 

Initiate X into XZ during ~7 

Clear Rf 

If SIc is not set (81<) at Tp, ~3 will continue to occur with each clock 
re~ponding as sho',m in ~3 Tl unti 1 Sk sets. When this happens, all functions 
\Jill stop, except: the clock, until Tp. The follo\dng ShovlS what occurs 
at Tp when Sk is set. 

'Lp Arl 
sAO 
rA~ 

sA(1-23) 
rAe II ) 

Brl 
sBO 
rBO 
sB(I-23) 
rB (" ) 
sFI 
rRf 

lOa (030506)TpSkS14 
=B23C4C6Arl 
c:z B23C4C6Arl 
~ A(O-22)Arl 
= A(" ) .. 
= (030506)TpSkS14 
=: A2:3Brl 
GIl: A23Brl 
= B(O-22)Brl 
1:1 B( tI ) tI 

- TpS1\. 
10: TpJ!(GOHt) 
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Cycle B23 into AO 

Clean up right shift A,B 
(If 814 reset, no shift occurs) 

07 next clock (TS) 
Clear Rf 
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rJ7 T8 Ck A ~7T8TS 
sC(O-23) = C(O-23) Ck Invert C 
rC( tI ) 11:1 C( " )Ck 
End D FIF2 
sIa 11:1 SkT8~~ Initiate P register increment 

T7 Ar3 a ~706Ql 
sA(O-2) 11:1 A(21-23)AnrAr3 
rA( tI ) D A( " ) " 
sA(3-23) III A(O-20)Ar3 Recirculate A T7 thru TO 

rA( " ) D A( " ) " 
sB(O-2) - B(21-23)BnrAr3 
rB( It ) 1:1 B( " ) " 
sB(3-23) 1:::1 B(O--20)Ar3 Recirculate B T7 thru TO 

rB( " ) A B( " ) " 
Pr3 a (FlGO)Q2 
Spa a ( )(~~06)(Pll±P13P14Ia)Pr3 
rPO = ( )( " ) (Pll±1'13P14Ia) " 
sPl a ( ) ( " ) (PlliJ'14Ia)Pr3 
rPl CI ( ) ( " )(Pl$i14Ia) " 
sP2 II: ( ) ( " ) (Pll$I.a)Pr3 P+l-+P T7 thru T3 

rP2 CI ( ) ( " ) (ptZQIa) II 

rIa CI P12P13P14Q2Fl 
sP(3-1.4) 1:2 P(O-11)Pr3 
rP( " ) I:lo'l '}r( " ) " 

T4 Se sa T4Endlnr 
rS(1-14) =- Se Clear S 

T3 Sxp a T3IntEndGO 
sSl - (FlGO)(~06)(Pl~14Ia)Sxp 
sS2 a ( II )( " ) (Pl4tir.a)Sxp P -+ 8 
88(3-14) 11:1 P(O-11)8xp 

TO r8k a ~7TO 
Tr Cxm = EndGdfSffi(Tr+Tp) 

sC(O-23) A M(O-23) Cxm Fetch next instruction 
rC( " ) = CxrnTr 
rIa == TrFl 
rIx = Tr(rrF3)(~) 
rKO =r ~7Tr 
rAOO a TpEndGO 

Tp sCp A M24CxmTpiIETS Initiate parity 
rF(1-3) - TpEndID< ~O next clock (T8) 
rRf 1:2 Tp0i(~) 
Oe == TpEnd~ 
s02 = Oe 
rO(1,3,4,5,6) = Oe NOP (20) -+0 
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70 SKM 

00 T8 rCz 
sIx 
Oxe 
sO(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC (" ) 
Xz(1-3) 
Xz( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Se 
rS (1-14) 

T3 Sxc 
s8(1,2) 
s8(3-14) 

TO rCz 
Tr Cxm 

sC(0-23) 
rC (" ) 
sHt 
rlx 
rKO 

Tp sCp 
sFl 
sF2 

Skip if A Equal (M) on B Mask 

= ,,",OTS 
::I 00TSCIGO 
;:.: (00T8IaGO)-a-
::I C(3,5,6,7,8)Oxc 
= C40xc 
::I (01020304)Ql 
:I A(21-23)AnrAr3 
::I A( ") It 

::I A(O-20)Ar3 
-= A(" )" 
a B(21-23)BnrAr3 
= B( ") " 
:: B(0-2d)Ar3 
= B(" ) " 
- fIF2(TSQl) 
== Add(1-3)00jUfSCr3 
=r Add ( " ) " 
&:II C(O-20)Cr3 
=: C(" ) " 
=r' Xn(1-3)00-Ix 
= Xii ( " ) ~OIx+Ix 
= C(2l-23)07 
::I C( ")" 
I: KzQITOW] 
- IrzQl 
== (C2$2$:23)CpTsHtQIFlFi 
::I ( ") Cp " 
::I T4F1nrnr 
:: 8c 
== T3FinJu' 
= Add(2,3)Sxc 
::I C(O-ll)Sxc 
::I nTO 
== .fti~OTsm(Tr+Tp) 
::I M(O-23)Cxm 
= TrCxm 
;:: CpT~Ol2 
I: Tr(ffi3) (~) 
::I GaI'rF2 
1:11 M24CxmHtTsTp 
I: (Tpla00)0104 
-= ( ") 0301 
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A" B" (M) • B; P + 1 -+ P 
A·B=(M)-B; P + 2 -+P 

Initialize carry 
Initialize indexing 

Instruction -~ 0 

Recirculate A 

Recirculate B 

C+X·lx -7C, (Add=Xz+Yz) 

SKM 1 

2 eyel es 
3 Cycles 

T7 thru TO 

T7 thru TO 

T7 thru TO 

Adder input if Ix (indexing) 
T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 

Clear S 

c + X· Ix -+ S 

M ~ C (Fet ell operand) Tr thru Tp 

Pari ty error 

Initiate parity 

06 next clock (TS) 



~6 T8 sla 
End 
sSk 

T7 Ar3 
sA(0-2) 
rA( .. ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3' 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
yz(1-3) 
yz ( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-14) 
rP (" ) 
rIa 
rSk 

T4 Sc 
r5 (1-14) 

T3 Sxp 
sSl 
rSl 
852 
rS2 

.. sS (3-14) 
rS (fl ) 

Tr Gxm 
sC(O-23) 
rC(" ) 
sHt 

• T8Fl~ 
- FlF2 
D (0103~~6)T8 
sa (Ol02t1j04)Ql 
a A(21-23)AnrAr3 
a A( ") " 
- A(0-20)Ar3 
-"I(" ) " 
a B(21-23)BnrAr3 
D B( ") " 
I: B(0-20)Ar3 
-B(" )" 
:= F1~(TsQ1) 
- Add(1-3)06TSCr3 
IA Add( ") " 
Ie C(0-20)Cr3 
:-.= c( II )" 

~rx 
1:1 C(21-23)Ji 
a C( "~" 
= KzQIFl07 
• KzQl 
- (C2X;C2~23)CpfSHtQ10603 
• ( ") Cp " 
- (FlGO)Q2 
g (Pl~13P14Ia)FlGO(~040306)Pr3 
_ ( if) JI , 

&:11 (Pl:a:-14Ia) " _ ( "5 .1 

• (Pl/IBIa) II 

c:a ( ") " 

- P(O-11)Pr3 
-T< tI ) " 

- (P12P13P14)Q2Fl 
- B <8:;) (21-23) <"60103040506Ql) 
• T4Endlnr 
1:1 Sc 
D T3IntEndGO 
• (Pll$f14Ia)F1GO(0i040506)Sxp 
• ( ") II 

: ~p1.a~ " 
" 

- P(O-11)Sxp 
- P( II ) " 

- End~(Tr+Tp) 
- M(O-23)Cxm 
- TrC~ 
.. CpT~Orz 
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Initiate P register increment 
Last cycle 

Recirculate A 

Recirculate B 

Recirculate C 

Adder input (j) 

Adder input (C) 

C~rry logic 

Check parity 

P+l·-+P 

Don't skip logic 

Clear S 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T7 thru TO 

P13,14 contains Pl,P2 at T3 
P+l·-+S 

M -+ C (Fetch next instruction) 
Tr thru Tp 

Parity error 



SKM 3 

rIa • TrFl 
rlx ... Tr(FiF3) <PoHt) 

Tp rAOO • TpEndGO 
rBOO a ( II 1._ 
sCp - M24CxmHtTsTp Initiate parity 
rF(1,2) ~ TpEndSk 00 next if Sk 
sF3 III TpSk rJ7 next if Sk 
Oc =* TpEndSk 
802 = Oc 
rO(1,3,4,S,6) = Oc NOP (20) -+ 0 
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'7 'fa 81a 
End 

T1 Ar3 
IA(0-2) 
rAe It ) 

aA(3-23) 
. rA( II ) 

sB(O-2) 
rB( tI ) 

8B(3 .. 23) 
rB{" ) 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP{3-l4) 
rP{" ) 
rIa 

T4 Sc 
rS{1-14) 

T3,. Sxp 
sS1 
rSl 
s82 
rS2 
88(3-14) 
rS(" ) 

TO dk 
rq» 

Tr Can 
aC(O-23) 
rC(" ) 
rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oe 
.02 
rO(1,3,4,5" 6) 

- Sk"7T~ 
- F112 
- (-ol02~4)Ql 
- A(21-23)AnrAr3 
• X( ") II 

- A(O-lO)Ar3 
- A( II ) .. 

- B(21-l3)BnrAr3 
• B( ") II 

• B(O-20)Ar3 
• T(" ) .. 
• (F1GO)Q2 
• (PI3iP13P14Ia)rlGO(cr20=tOiS06)PrJ 
• ( Ii) If 

• (P1$14Ia) II 

• ( if) II 

• (Pl,,-&) " · () " 
• P(O-11)Pr3 
- P( II ) II 

- (P12Pi3P14)Q2Pl 
- T4Endlnr 
• Be 
• T3WEndGO 
- (PlliPI4Ia)F1GO(~506)Sxp 
• ( fi) " 
- (P1I$[a) " 
_ ( Ii ) II 

• P(O-1l)Sxp 
_ P( It ) n 

• _no 
• f'STOHtKO (PI03l4l6) 12 
- EndOOtm(Tr+Tp) 
- K(O-23)CXm 
- TrCXla 
• Trfl 
• Tr(fIi3)(~) 
• TpEndOO 
• ( II 1._ 
• M24C1aHtTs'rp 
• TpEndlk · ( " ) 
• Oc 
• Oc 
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SKM 4 

Initiate" regiater 1"crement 
Last cycle 

Recirculate A T7 thru TO 

Recirculate :8 T7 thru TO 

P + 1 -+P T7 thru T3 

Clear S 

PIJ, P14 co~.in PI, P2 at 'l3 
P+l-+S ' 

M -+ C (retch next instruct1..on) 

Initiate parity check 
'0 next clod, (TS) 

I«>P (20) ... 0 

Tr thru Tp 



71 LDX 

00 T8 rCz 
sIx 
Oxc 
sO(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA (" ) 
s8(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC{0-2) 
rC( " ) 
sC(3-23) 
rC( II ) 

Xz(1-3) 
Xz( " ) 
Yz(1-3) 
fi( " ) 
sCz 
rCz 
sCp 
rCp 

T4 8c 
rS (1-14) 

T3 Sxc 
88(1,2) 
as (3-14) 

TO rCz 
Tr Clan 

sC(0-23) 
rC (" ) 
sCz 
sRt 
rIx 
rKO 

Tp sCp 
sFl 
sF2 

Load X 

= 00T8 
= 00T8C1GO 
~ (~OT8IaGO)C2 
a C(3,5,6,7,8)Oxc 
II:! C'4oXc 
.. (0102030lli1 
1::1 A(21-23)AnrAr3 
- A( ") " 
- A(0-20)Ar3 
a A(" ) It 

- B(21-23)BnrAr3 
= B( ") " 
-= B(O-20)Ar3 
a B(" ) It 

1::1 F1F2(TsQl) 
= Add(1-3)00JuTsCr3 
:I Add( It ) II 

~ C(0-20)Cr3 
1:1 C(" ) " 
:;a Xn(1-3Hlo .• !x 
== In( tI ) 00Ix+lx 
=- C(21-23)J7 
sa C( II -1 " 
CII KzQ1i5~ 
- KzQ1 
- (C2](±C2$2J)CpTsHtQ1F1F2 
a ( ,.) Cp " 
= T4FIF2Inr 
sa Sc 
CII T3FIF2Ju 
c: Add(2,3)Sxc 
= C(O-ll)Sxc 
• FITO . 
• Ju00Tsm(Tr+Tp) 
.. M(0-23)Cxm 
&:I TrCxm 
.. (T1ii203 
- CpT O~ 
AI Tr( 3) (GOHt) 
- G<JrrFi 
- M24CxmitETsTp 
• (Tpra~O)Ol04 
':' ( ")0301 
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(M) -7 X 

Initialize carry 
Initialize indexing 

Instruction -+ 0 

LDX 1 

2 Cycles 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X-Ix -+C (Add~z+Yz) T7 thru TC 

Adder input if Ix (indexing) 
T7 thru TC 

Adder input C register T7 thru TC 

Carry for Adder T7 thru T1 

Check parity T7 thru T( 

Clear S 

M -+ C (Fetch Operand.) 

Parity error 

Initiate parity 

06 next clock (T8) 

Tr thru T) 



06 T8 sIa 
End 

T7 Ar3 
sA(0-2) 
rA( tI ) 

sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sP1 
rP1 
sP2 
rP2 
sP(3-14) 
rP (" ) 
rIa 
Xnr 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 
sS (3-14) 
rS (" ) 

Tr Cxm 
sC(0-23) 
rC(" ) 
sHt 

= T8F1F«~ 
= F1F2 
= (01020304)Q1 
= A(21-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
- B(21-23)BnrAr3 
- B( ") " 
- B(0-20)Ar3 
- B(" ) " 
= Fl13 (TsQ1) 
= Add(1-3)06TsCr3 
- Add( ") " 
= C(0-20)Cr3 
=C'{" )" 
- A(21-23)060204 
~ A( II) II 

= C(21-23)07 
~ c( "2" 
= KzQ1Fl07 
= KzQ1 
= (C2~2~23)CpTSHtQ10603 
= ( II ) Cp II 

= (F1GO)Q2 
= (P1~13P14Ia)F1GO(02040506)Pr3 = ( ___ o",-y ___ ) " 

= (P1~P14Ia) " 
= ( if) " 
= (P1L@Ia) " 
= ( if) " 
= P(0-11)Pr3 
="P(" ) " 
= (P12P13P14)Q2F1 
= 0601020304~06 
= ( " )TsC(21-23) 
= ( " )TsC(") 
= T4Endlnr 
= Sc 
= T3IntEndGO ==--=_. --
= (Pl~14Ia)F1GO(02040506)Sxp = (--_. __ .. "y,- ._-) " 

= (P1lffi1a) " 
= ( if) " 
.. P(O ... ll)Sxp· 
= P( " . ) " 
= EndGOTsm(Tr+Tp) 
= M(0 ... 23)Cxm 
= TrCxm 
= CpT~02 
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LOX ~ 

Initiate P register increment 
Last cycle 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

B+C~C T7 thru TO 

Unused adder inputs T7 thru TO 

Carry logic T7 thru TO 

Check parity T7 thru TO 

T7 thru T3 

C ~X T7 thru TO 

Clear S 

M ~C (Fetch next instruction) 
Tr thru Tt· 

Parity error 



rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
802 
rO(1,3,4,5,6) 

• TrF.lz-- -===-­
- Tr(FIF3) (GOHt) 
== TpEndGO 
.. ( II 2..._ 
- M24CxmHtTsTp 
~ TpEndSk 
r:a ( " ) 
== Oc 
- Oc 
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Initiate parity 
~O next clock (T8) 

NOP (20) -.0 

LDX 3 



72 SKA 

00 T8 rCz 
sIx 
Oxe 
80(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
8B(0-2) 
rB( II ) 

sB(3-23) 
rB(" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
Xz( " ) 
yz(1-3) 
Yz( "_) 
sCz 
rCz 
sCp 
rCp 

T4 Se 
rS (1-14) 

T3 S"xe 
8S (1,2) 
sS (3-14) 

TO rCz 
Tr Clan 

sC(0-23) 
rC(" ) 
sRt 
rlx 
rKO 

Tp sCp 
sFl 
sF2 

sKA 1 

Skip if A and M do- not Compare Ones Ai (M) 1=1; P + 1 ~ p 
Ai: (M) 1.-0; P + -2 -? P 

2 Cycles 
3 Cycles 

• fOT8 
a "OT8ClGO 
• (~OT8IaGO)C! 
• C(3,5,6,7,8)Oxc 
• aoxe 
• (Ol02Oj04)Q1 
• A(21-23)AnrAr3 
- X( ") .. 
• A(O-20)Ar3 
_ i( tI ) " 

- B(2l-23)BnrAr3 
• B( ") " 
- B(D-20)Ar3 
a B(" )" 
- flf2(TsQ1) 
- Add(1-3)~OJUTSCr3 
- ldct( It ) " 

• C(O-20)Cr3 
• ~(" ) tI 

- Xn(1-3)"O-Ix 
• iii ( II ) "OIx+r;z 
- C(21-23)i7 
- C( "J_ .. 
- KzQ1To17 
• IZQl 
- (C2$2$23)CpTsHtQ1Fin 
• ( ..) Cp " 
- T4JlY21nr 
- Se 
- T3flnJu 
a Add(2,3)Sxc 
• C(O-ll)Sxc 
- JlTO 
• JufOts~(Tr+Tp) 
- M(O-23)Cxro 
- TrCXrn 
- CpT~Oi2 
• Tr(rT:F3)(~) 
- GOTrF2 
- M24CxmHtTsTp 
- (TpIaclO}Ol04 
- ( ")0301 
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Initialize carry 
Initialize indexing 

Instruction -+ 0 

&ecirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X·Ix -+ C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 
T7 thru TO 

Adder input C register T7 thru TOj 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 

Clear S 

C + X-Ix -+ S 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 

06 next clock (T8) 

Tr thru Tp 



06 T8 sIa 
End 
sSk 

T7 Ar3 
sA(O-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB (3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC( II ) 

fi(1-3) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP(" ) 
rIa 
rSk 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 
sS(3-l4) 
rS (" ) 

Tr Cxm 
sC(O-23) 
rC(" ) 
sHt 

= T8FlFl'OO 
= FlF2 
=:: Ol030Zi.M¢6T8 
= (Ol020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 
== A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
== B(O-20)Ar3 
== B(" ) " 
= FlF3(TsQl) 
= Add(1-3)06TsCr3 
= Add( ") " 
= C(O-20)Cr3 
= C(" ) " 
= Ix 
= C(2l-23)¢] 
= C( " )" 
= KzQlFl07 
= KzQl 
== (C2(fC2~23) CpTsHtQl~603 
=( ")Cp " 
= (FlGO)Q2 
= (Pl~13P14Ia)FlGO(02040506)Pr3 
= ( Ii --.- ) II 

= (Pll:EP14Ia) " 
= (-""'-"rr---) " 
= (Pl$a) II 

= C ...... --rr- .. ) " 

= P(O-11)Pr3 
= P( II ) II 

= (Pi2P13P14)Q2Fl 
= A· C(2l-23)02(~601030406)05Ql 
= T4EndInr 
= Sc 
= T3IntEndGO 

===:--r-
== (PllXP14Ia)FlGO(02040506)S~ 
= ( Ii --_.) II 

= (PlLEf3[a) " 
= (-'-'~'-"---) " 

= P(O-ll)Sx.p 
= P{" ) " 
= EndGOTsrn(Tr+Tp) 
= M(O-23) Cxm 
= TrCxm 
= CpT~002 
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Initiate P register increment 
Last cycle 

Recirculate A 

Recirculate B 

Recirculate C 

Adder input (~) 

Adder input (C) 

Carry logic 

Check parity 

Don't skip if A-(M) 

Clear S 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

. T7 thru T3 

T7 thru TO 

P13, P14 contain PI, P2 at T3 
P + 1 ~ S 

M ~C (Fetch next instruction) 
Tr thru Tp 

Pari ty error 



SI<A 3 

rIa - TrFl 
rlx • Tr(TrF3) (00iit) 

Tp rAOO • TpEndGO 
rooO -( 

II 2.._ 
sCp • M24CxmHtTsTp Initiate parity 
rF(1,,2) - TpEndlk "0 next 1f Sk 
813 • TpSk '7 next 1f Slk 
Oc .. TpEndSk 
s02 III Oc 
rO(1,,3,4,5,6) - Oc NOP (20) -+ 0 
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fJ7 T8 sIa 
End 

T7 Ax3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-l) 
rB( .. ) 
sB(3-23) 
rB( II ) 

, Pr3 
sPO 
rPO 
sPl 
rPl 
aP2 
rP2 
8P(3'-14) 
rP(" ) 
rIa 

T4 Sc 
rS(1 ... 14) 

T3 8xp 
sSI 
rS1 
sS2 
rS2 
88(3-14) 
rS( II ) 

TO rSk 
~ 

Tr CJtm 
sC(O-23) 
rC(" ) 
rIa 
rIx 

Tp rAJ)O 

rBOO 
sCp 
ri(1-3) 
Oc 
s02 
1."0(1,3,4,5 J 6) 

- Sk{67T~ 
- FIF2 
• (OlOzlfj()4)Ql 
- A(21-23)AnrAr3 
::I 'A( ") It 

- A(O-lO)Ar3 
- A(" ) " 
= B(21-l3)BnrAr3 
-B( ") " 
- B(O .. 20)Ar3 
• B( It ) " • 

• (FlGO)Q2 
• (Pl3$P13P14Ia)llGO(0*20"4OiS06)PrJ 
• ( Ii) " 
.. (Pllil'14Ia) II 

• ( ") II 

: ~pl,.a~ :: 

- P(O-11)Pr3 
- P(" ) .. 
.. (P12P13Pl4)Q2Fl 
• T4Kndlnr 
• Sc 
• T31ntEndOO 
• (PlliP14Ia)rlGO(o-2540506)Sxp 
.( ,If) ", 
- (PlLE8[a) " -( " ) .. 
• P(O-11)Sxp 
- P(" ) " 
- ~7TO 
• TsTOHtKO(FI0384i6)i2 
.. EndOOfii(Tr+Tp) 
• K(O-23) CXm 
- TrCDl 
• TrF1 
• Tr(f1F3)(aoHt) 
• TpEndOO 
• ( II 1._ 
• M24c:xaHt'ls'rp 
• TpEndmt· • -( " ) 
• Oc 
- Oc 
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SKA 4 

Initiate P register increment 
Last cycle 

Recirculate A T7 thru TO 

R.ecirculate B T7 thru TO 

T7 thru T3 

Clear S . 

P13, P14 cont~in PI, P2 at T3 
P+1-+8 

M -. C (letch next inatruction) 

Initiate parity check '0 next clock (T8) 

NOP (20) ...+0 

Tr thru Tp 



73 SKG 

~o T8 rCz 
sIx 
Oxe 
80(1,3,4,5,6) 
r02 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA( 1/ ) 

sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC{ II ) 

Xz(1-3) 
Xz( " ) 
YZ(1-3) 
YZ ( " ) 
sCz 
rCz 
sCp 
rep 

T4 Sc 
rS (1-14) 

T3 Sxc 
a5(1,2) 
as (3-14) 

TO rCz 
Tr Cxm 

aC(O-23) 
rC(" ) 
sCz 
sRt 
rlx 
rKO 

Tp sCp 
sFl 
aF2 

Skip if A Greater Than M 

'" ~OT8 
a "OT8C1GO 
• (fOT8IaGO)C2 
a C(3,S,6,7,8)Oxc 
CD C40Xc 
• (0102030lli l 
a A(2l-23)AnrAr3 
- I( ") " 
- A(O-20)Ar3 
&I A(" ) " 
• B(21-23)BnrAr3 
III B( ") " 
&I B(O-20)Ar3 
a B(" ) It 

.. FIF2(TsQ1) 
~ Add(1-3)00JuTsCrJ 
• Add( " ) " 
a.r C(O-20)Cr3 
- C(" ) II 

.. Xn ( 1-3) fa;- Ix 
III 'Iii( .. ) ·"OIx+lx 
fa C(21-23)J7 
• C( ~" 
• KzQlT017 
&I fiQI 
• (C2$2$23)CpTsHtQ1F1F2 
Cit ( ") Cp " 
sa T4Fl.F2Inr 
- Sc 
• T3FIF2Ju 
- Add(2,3)5xc 
= C(O-ll)Sxc 
III FITO 
• JU0OTsm(Tr+Tp) 
.. M(O-23)Cxm 
- TrCxm 
ra Tr000203 
~ CpT~Oi.L.-. 
- Tr(~}(GOHt} 
• GaI'rF2 
1:1 M24Cxmlfi:Ts!E 
- (Tpra~)Ol04 
D ( ")0301 
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A ~ (M); P + 1 -7 P 
A > (M); P + 2 -7 P 

Initialize 1nd~ing 

Instruction -+ 0 . 

SI<G 1 

2 Cycles 
3 Cycles 

Recirculate A T7 thru to 

Recirculate B T7 thru TO 

O+X-Ix -+ C (Add-'X.z+Yz) T7 thru 'to 

Adder input if Ix (index1na) 
T7 thru.1:O 

Adder input C resister T7 thru ~. 

Carry logic T7 thru ~l 

Check parity T7 thru TO 

Clear :s 

M .... C (P et ch OperaNi) 

Initiate - A into Xz 
Parity error 

Initiate parity 

"6 next clock (T8) 

Tr thru Ip 



~6 T8 sIa 
End 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( " ) 
sB (3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(1-3) 
XZ( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP( II ) 

rIa 
T4 Sc 

rS (1-14) 
T3 Sxp 

sSl 
rSl 
sS2 
rS2 
sS (3-14) 
rS (" ) 

TO sIx 
Ofe 

Tr Cxm 
sC(0-23) 
rC(" ) 
sHt 

= T8F1F~ 
= F1F2 
= (Ol020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
=A( 'I ) 'I 
= B(2l-23)BnrAr3 
= -n-( ") " 
= B(0-20)Ar3 
= 1r(" ) " 
= Fln (TsQl) 
= Add(1-3)~6TsCr3 
= Add( ") " 
= C(0-20) Cr3 
= C( II ) " 

= A(2l-23)020406 
= A( ") " 
= C(2l-23)07 
= C( "~" 
= KzQ1F1W] 
= KzQl 
= (C2~2~23)CpTsHtQl~603 
=( ")Cp " 
= (F1GO)Q2 
= (Pl~13P14Ia)F1GO(62040s06) Pr3 
= ( if) " 
= (Pl~14Ia) " 
= ( It) " 
= (P1L@[a) " 
:= ( ") " 

= P(0-11)Pr3 
=P(" ) " 
= (P12P13P14)Q2Fl 
= T4Endlnr 
= Sc 
= T3IntEndGO 
= (PllXP14Ia)F1GO(020*40506)Skp 
= ( Ii) " 
= (Plf6Ua) " 
= ( tt) " 
:= P(O-ll)Sxp 
:= P(" ) " 
= 06TOOfe 
~ AddlXzlYzl+AddlXzlYzl 
= EndGOTsm(Tr+Tp) 
= M(0-23) Cxm 
= TrCxm 
= cpT~oW2 
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SKG ~ 

Initiate P register increment 
Last cycle 

Recirculate A 

Recirculate B 

A+C+l~C= 
(M) - A ~ C 

Adder input (X) 

Adder input (C) 

Carry logic 

Check parity 

Clear S 

T7 thru TI 

T7 thru T( 

T7 thru T( 

T7 thru T( 

T7 thru T( 

T7 thru T( 

T7 thru T( 

T7 thru T~ 

P13, P14 contain Pl, P2 at T3 
P + 1 ~ S 

Ix if Overflow 

M ~C (Fetch next instruction) 
Tr thru Tp 

Parity error 



rIa 
rlx 
sSk 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
sF3 
Oc 
s02 
rO(1,3,4,5,6) 

- TrFl 
a TrCFIF3) (GOHt) 
:I 010304050606TrC$x 
:I TpEndGO -( " ) 
:I M24C}QlI}{tTsTp 
~ TpEndSk 
&I TpSk 
11& TpEndSk 
&I Oc 
-= Oc 

192 

Skip if (M-A<0~f 

Initiate-pa);,ity 
00 next if ~ 
07 next if Sk 

NOP(20) -+ 0 

SKG 3 



tJ7 T8 sIa 
End 

T7 AJtJ 
8A(0-2) 
rA( " ) 
.,,(3-2J) 
r~(" ) 
sR(O-2) 
rB'( II ) 

8B(3-23) 
rB( II ) 

Pr5 
sPO 
rPQ 
sPl 
rPl 
sP2 
r1»2 
sP(3-14) 
rP(" ) 
rt. 

T4 Se 
rS~1-14) 

T3 8xp' 
sSl 
rSl 
sS2 
rS2 
88(3-14) 
rS( II ) 

TO' rSk 
r~ 

'rr CKm 
sC(O-23) 
rC(" ) 
rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rP(1-3) 
Oc 
s02 
rO(lt3 ,4,S., 6) 

III Sk"7T~ 
• FIP2 
.. (Ol02tno4)Ql 
.. A(21-23)AnrArJ 
1:11 AC It) " 
III A(O-lO)Ar3 
_ A(" ) If 

.. B(2I-23)BnrAr3 

.B"'( ") " 
- B(O-20)Ar3 

- • T(" ) It 

.. (rlOO)Q2 

.. (Pl3iP13P14Ia)rlGO(OW20"4O*S06)Pr3 

.. ( ii) " 

.. (Pl$'14Ia) .. 

.. ( if) .. 
III (li~a) II .. (~ " 
.. P(O-11)Pr3 
III P( tl ) II 

g (P12P13P14)Q2F1 
.. T4Endlnr 
.. Se 
.. T3htEndGO 
.. (PlliPl4Ia)rlOO(020405o6)Sxp 
II! ( tI) " 
.. (P11$[.) " .. ( " ) " 
• P(O-ll)Sxp 
.. p( II ) It 

.. f7TO 

.. TsTOHtKO(1103l4l6»)2 

.. EndoofSiii(Tr+Tp) 
• K(O-23)Cxm 
.. TrCXi1l 
III TrFl 

. • Tr(ffi3)(OOHt) 
III TpEndOO 
.. ( " 1._ 
.. M24CaalHt'lsTp 
.. TpEnd!k 
.. ( fI ) 

.. Oc 
III Oc 
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SI{G 4 

Initiate P register increment 
Last cycle . 

Recirculate A T7 tru:u TO 

Recirculate B 

T7 ~hru T3 

Clear S 

Pl3, P14 contain Pl, P2 at T~ 
1'+1 .... 8 

M -+ C (retch next :Lnstruction) 

Initiate parity check 
'0 next clock (TS) 

ltOP (20) -+ 0 

Tr thru Tp 



SKI> 1 

74 SKD Difference Exponents and Skip B(15-23) - (M)(15-23) ~X<14-23) 
If X14·=O ;P+l ~ P 2 Cycles 
If X14.=1, -X ~ X;P+2 ~ P 3 Cycles 

00 TS rCz - 00T8 Initialize carry 
sIx ~ "OT8ClGO Initialize indexing 
Oxc • <"OT8IaGO)C2 
SO(l,3,4,5,6) a C(3,5,6,7,8)Oxc Instruction -+ O· 
r02 • C40Xc . 

T7 Ar3 - (OlO2030lli l 
sA(O-2) a A(21-23)AnrAr3 
rAe It ) • I( " ) " T7 thru TO 
sA(3-23) • A(O-20)Ar3 

Recirculate A 

rAe " ) - A( " ) :.-. 
s8(0-2) - B(21-23)BnrAr3 
rB ( " ) -B( " ) " 
s8(3-23) • B(0-20)Ar3 Recirculate B T7 thru TO 

rB( " ) .. B(~ .1 " 
Cr3 - FlF2 (TsQI) 
sC(O-2) .. Add(1-3)0eJuTsCr3 
rC( " ) • Add( " ) 

II C+X-Ix -i' C (Add4z+Yz) T7 thru TO 
sC(3-23) ~ C(0-20)Cr3 
rC( " ) - C( " ) .. 
Xz(1-3) • Xn(1-3Hfo~·Ix Adder input if Ix (index1ni) 
Xi( " ) • Iil( " ) ~OIx+lx T7 thru TO 
Yz(1-3) - C(21-23)J7 Adder input C re&ister T7 thru TO 
Yz ( " ) - C( ~". 
sCz - KzQITO 7 for Adder T7 thru TI rCz • KzQl Carry 

sCp • (C2~$23)CpTsHtQIFIF2 
Check parity T7 thru TO rCp a ( " )Cp " 

T4 Se - T4F1F2Inr 
Clear S rS (1-14) - Sc. 

T3 Sxc - T3F1F2Ju 
88(1,2) - Add(2,3)Sxc 

C+X.lx -+ S a8 (3-14) • C(O-ll)Sxc 
TO rCz • FITO 
Tr Cxm • ~00TSm(Tr+Tp) 

sC(O-23) - M(O-23)Cxm M -. C (Petch Operand) Tr thru Tp 
rC( " ) - TrCxm 
sCz .. (Tiii40506 Initiate - Minto Yz 
sRt - CpT on Parity error 
rlx • Tr( 3){~) 
rKO • GOTrF2 

Tp sCp • M24CxmfftTsTp Initiate parity 
sFI • (TpiilfO)OJ04 

~6 next clock (T8) sF2 D ( " )0301 
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~6 T8 Ck 
sC(0-23) 
rC( II ) 

sIa 
End 
Xnr 

T7 Ar3 
sA(0-2) 
rA( fI ) 

sA(3-23) 
rA( II ) 

sB(0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(I-3) 
Xz ( II ) 

YZ(I-3) 
Yz ( II ) 

sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-14) 
rP( II ) 

rIa 
sXw(I-3) 
rXw( 11 ) 

T5 sIx 
Ofe 

T4 Sc 
rS(I-14) 
sSk 

T3 Sxp 
sSI 
rSI 
sS2 
rS2 

= 0102030465Ob~6T8Ts 
= C(0-23) Ck 
= C( " _)~I ... 
= T8FIF~~ 
= FIF2 
= ~6010203040506 
= (01020304)QI 
= A(21-23)AnrAr3 
= A( ") 11 

= A(0-20)Ar3 
= A( II ) II 

= B(21~23)BnrAr3 
= -B( ") II 

= B(0-20)Ar3 
= B(" ) " 
= FIF3 (TsQI) 
= Add(I-3)~6TsCr3 
= Add( ") " 
= C(0-20) Cr3 
= C( II ) II 

= B(21-23)060204 
= B( ") " 
= C(21-23)07 
~ c( " )" 
= KzQIFl07 
= KzQI 
= (C2~2a±c23)CpTsHtQI0603 
= ( ff) Cp II 

= (FlGO)Q2 
= (PI~13P14Ia) FlGO (02040506) Pr3 
= (----n' ... _) " 

= (PI3+l>14Ia) " 
= C-----'JI------ ) " 

= (PI4ta:a) " 
= ( It ) " 

= P(0-II)Pr3 
= P(" ) " 
= (P12PI3PI4)Q2FI 
= Add(I-3)06010203040506FI 
= Acid( " ) 11 

= 0606T50fe 
= AddlXzIYzI+AddlXzlYzl 
= T4Endlnr 
= Sc 
= 06010203040550T4(C~x) 
= T3IntEndGO 
= (PI~14Ia)FlGO(02040S06)~ 
= ( Ii) " 
= (PIl.@Ia) " 
= ( It) " 

195 

SKD 2 

c~C 

Initiate P register increment 
Last cycle 

Recirculate A 

Recirculate B 

B+C+I~C= 
B ... (M) ~ C 

Adder input (B) 

Adder input (C) 

Carry logic 

Check parity 

B .. (M) -7 X -

Overflow of XIS into Xl4 

Clear S 
Sk if Xl4 ~ Of 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T7 thru TO 

Pl3, Pl4 contain PI, P2 at T3 
P+I-7S 



sS (3-14) 
rS (" ) 

Tr Cxm 
sC(0-23) 
rC(" ) 
sHt 
rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
sF3 
Oc 
s02 
rO(1,3,4,5,6) 

:: P(O-ll)Sxp 
:: P(" ) " 
:: EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
:: TrCxm 
:: cpT~OW2 
= TrF1 
:: Tr(FlF3) (GoHt) 
:: TpEndGO 
= ( " ) 
:: M24CxmHtTSTp 
:: TpEndSk 
:: TpSk 
:: TpEndSk 
= Oc 
:: Oc 
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SIm 3 

M ~C (Fetch next instruction) 

Parity error 

Initiate parity 
00 next if Sk. 
~7 next if Sk 

NOP (20) -70 

Tr thru Tp 



f/J7 T8 End 
sHz 
sIa 
Xnr 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB( tl ) 

sB(3-23) 
rB (" ) 
Pr3 
sPO 
rPO 
sPI 
rPl 
sPZ 
rP2 
sP(3-l4) 
rP(" ) 
rIa 
sXw(1-3) 
rXw( " ) 
Hx(1-3) 
trx( " ) 

T4 Sc 
rS(1~14) 

T3 Sxp 
sSl 
rSl 
sSZ 
rS2 
sS (3-14) 
rS (If ) 

TO rCp 
rSk 

Tr Cxm 
sC(0 ... Z3) 
rC(" ) 
rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oc 
s02 
rO(1,3,4,5,6) 

= FlFZ 
= T8 
= T8Skf/J -', ~ - ../ = 0304050 7 
= (010Z0304)Ql 
= A(Zl-Z3)AnrAr3 
= A·( If) " 
= A(0 ... ZO)Ar3 
= X'(" ) " 
= B(Zl-23)BnrAr3 
= B( ") " 
= B (0-20)Ar3 
= 13"(" ) " 
= (FlGO)QZ 
= (Plail'13P14Ia) FlGO(OZQli.o506) Pr3 = (-----yy- ... _ ..... _.) 'I 
= (Pl~14Ia) " 
= (_._...".--...... ) " 

= (Pllffl[.a) " 
= ( if) " 
= P(0-11)Pr3 
= P(" ) " 
= (Pr215r!pIz..) Q ZF 1 
= Ha(I-3)03040506f/J7Ts 
= Ha( " ) " 
= Xn(1-3)03 
= Xn( " ) " 
= T4EndInr 
= Sc 
= T3IntEndGO 
= (Pl~14Ia)FlGO(OzO=46506)Sxp 
= ( if -) " 

= (PlLtBr.a) " 
= (-----yr.- ) " 

= P(O-ll)Sxp 
= P( II ) tl 

= TsTOHtKO(Fl030406)f/J2 
= f/J7TO 
= EndGOTsm(Tr+Tp) 
= M(0-Z3)Cxm 
= TrCxm 
= TrFl 
= Tr(FlF3) (GOHt) 
= TpEndGO 
= ( " ) 
= M24CXrnHtTsTp 
= TpEndSk 
= ( " ). 
= Oc 
= Oc 
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Last cycle 
Initiate - X ~ X 

SKD 4 

Initiate P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

T7 thru T3 

T7 thru TO 

Clear S 

P13, P14 contain PI, PZ at T3 
P + 1 ~S 

M ~C (Fetch next instruction) 
Tr thru Tp 

Parity error 
f/Jo next clock (T8) 

NOP (20) ~ 0 



'15 LDB 

00 T8 rCz 
sIx 
Oxc 
sO(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA (" ) 
88(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC ( " ) 
sC(3-23) 
rC{ 11 ) 

Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
yz ( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 5xc 
85(1,2) 
sS (3-14) 

TO rCz 
Tr Cxm 

sC(O-23) 
rC( tI ) 

sCz 
sHt 
rIx 
rKO 

Tp sCp 
sF1 
sF2 

Load B 

1:11 00T8 
- 00T8ClGO 
- (00T8IaGO)C2 
m C(3,5,6,7,8)Oxc 
III &aXc 
• (Ol02630~1 
III A(21-23)AnrAr3 
- I( ") .. 
- A(0-20)Ar3 
a A(" ) If 

- B(21-23)BnrAr3 
m B( ..) If 

III B(O-20)Ar3 
a B(" ) " 
= F1F2(TsQ1) 
1:11 Add(1-3)00JuTsCr3 
lIZ Add( " ) " 
~ C(0-20)Cr3 
1:1 C(" )" 
a Xn ( 1 - 3 ) ~O ,. I X 

1:1 XU( tI ) i10Ix+lx 
a C(21-23)i7 
all C( II -1 II 

m KzQ1TO~ 
-= KzQl 
- (C2~2$:;23)CpTsHtQ1F1F2 
a ( ") Cp " 
a T4F1F2Inr 
ell Sc 
.. T3F1F2Ju 
c Add(2,3)Sxc 
&:I C(0-11)5xc 
a FITO 
- Ju0OTsm(Tr+Tp) 
a M(O-23)Cxm 
CI TrCxm 

.. (Tiii203 
- CpT oiL-
- Tr( ) (GOHt) 
- GCYrrn 
- M24Cxmifi:TsTp 
a (Tpiii00)0304 
a ( ")0301 
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(M) -7> B 

Initialize carry 
Initialize indexing 

Instruction -+ 0 

LDB 1 

2 Cycles 

Recirculate A T7 thru to 

Recirculate B T7 thru TO 

O+X-Ix -+C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

Adder input (C) 

Carry for Adder 

Check parity 

Clear 5 

M -+ C (Fetch Operand) 

Parity error 

Initiate parity 

06 next clock (T8) 

T7 thru TO 

T7 thru TO 

T7 thru T1 

T7 thru TO 

Tr thru Tp 



(l6 T8 Bnr 
sla 
End 

T7 Ar3 
sA(O-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB(" ) 
Cr3 
sC(O-2) 
rC( It ) 

sC(J-23) 
rC( II ) 

Xz (1-3) 
Xi( " ) 
YZ(1-3) 
Yi( tr ) 

sCz 
rC~ 

sCp 
rCp 
Pr3 
sPO 
rPO 
sPI 
rPl 
sP2 
rP2 
sP(3-14) 
rP(" ) 
rIa 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rSl 
s82 
rS2 
88(3-14) 
rS (" ) 

Tr Cxm 
sC(O-23) 
rC(" ) 
sHt 

a 010203040306_6 
AI T8F1nfJf9 
III F1F2 
.. (01020304)Ql 
- A(21-23)AnrAr3 
~ A( ") " 
~ A(O-20)Ar3 
!DC A(" ) " 
.. Ol0203040506Ar306C(21-23) 
~" " C( fI ) 

~ B(O-20)Ar3 · ~(" ) " 
1:\1 Fli71(TsQl) 
• Add(1-3)~6TSCr3 
• ncr ( ") " 
• C(O-20)Cr3 
• C(" ) " 
.. B(2l-23)~60204 
II!' B( If) " 
.. C(21-23)07 
a C( " ) I. 

a KzQlFlJ7 
• KZQ1 
• (C2U$t2~23)cpfSntQl~603 
.. ( " ) Cp " 
a (F1GO)Q2 
• (Pl3$r13P14Ia)FlGO(~06)Pr3 
• ( If >. " 
III (Pl~14Ia) II 

=-(. ) " 
a (Pll$la) " 
~ ( Ii ) " 

at P(O-11)Pr3 
• P(" ) " 
.. (P12P13P14)Q2F1 
.. T4E11diiir 
- Sc 
.. T3~ntEndGO 
a (P1~14Ia)FlGO(~06)Sxp 
III ( ") " 

III (Plea) " 
.. ( ") II. 

.. P(O-ll)Sxp 

.. P( " lIt 
- EndGOl'sm(Tr+Tp) 
.. M(O";23)Cxm 
.. TrCxm 
= CpTq5Ji 
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LDB ~ 

Initiate P register increment 
Last cycle 

Recirculate A T7 thru TO 

(M) -7 B T7 thru TO 

T7 thru TO 

Unused adder inputs T7 thru TO 

Carry logic T7 thru TO 

Check parity T7 thru TO 

T7 thru T3 

Clear S 

p + l-+S 

M -+ C (Fetch next instruction) 
Tr thru Tp 

Parity error 



rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
s02 
rO(1,3,4,5,6) 

LDB 3 

- TrFJ-- ~ 
- Tr(F1F3) (GOHt) 
- TpEndGO 
- ( " L_ 
- M24CxmHtTsTp Initi.ate parity 
- TpEndSk ~O next clock (T8) -( " ) 
=- Oc 
- Oc NOP (20) -+ 0 
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76 LDA 

00 TS rCz 
sIx 
Oxe 
80(1,3,4,5,6) 
r02 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA (" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB(" ) 
Cr3 
sC(O-2) 
rC ( " ) 
sC{J-23) 
rC(" ) 
Xz(1-3) 
Xz( " ) 
YZ(1-3) 
yz ( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Se 
rS (1-14) 

T3 Sxc 
sS(1,2) 
sS (3-14) 

TO rCz 
Tr CXm 

sC(O-23) 
rC (" ) 
sCz 
sHt 
rIx 
rKO 

Tp sCp 
sFl 
8F2 

Load A 

aa 00TS 
a "OT8ClGO 
=- <"OT8IaGO)C2 
= C(3,5,6,7,8)Oxc 
.. C40Xc 
.. (0102030lli1 
a A(21-23)AnrAr3 
III A( ") tI 

.. A(O-20)Ar3 

.. A(" ) " 

.. B(2l-23)BnrAr3 
1:1 B( ") tI 

IE:: B(O-20)Ar3 
= B( 'tl ) It 

.. F1F2(TsQ1) 
= Add(1-3)00JuTsCr3 
• Add( It) , II 
r:= C(O-20)Cr3 
= c( " )" 
a Xn(1-3)4fO.lx 
a Iil( tI ) 00IK+lx 
m C(21-23)J7 
aa C( "-.l" 
== KzQ1ro~7' 
.. KzQl 
- (C2$:2$23)CpTsHtQIFIF2 
a ( ") Cp " 
a T4F1F2lrlr 
III Sc 
III T3FIF2Ju 
• Add(2,3)Sxc 
= C(O-11)Sxc 
.. fiTO 
• Ju00TSm(Tr+Tp) 
a M(O-23)Cxm 
CI TrCxm 
.. (Tr;203 
III CpT O~ 
m Tr( ) (COHt) 
• GarrF2 
.. M24Cxmift:TsTp 
.. (TpIa(lO)0304 
a ( ")0301 

201 

(M) ~A 

Initialize carry 
Initialize indexing 

Instruction -+ 0 

LDA 1 

2 Cycles 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X-Ix -+ C (Add-XZ+Yz) T7 thru TO 

Adder input 1f Ix (indexlna) 
T7 thru TO 

Adder input (C) T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru ro 

·Clear S 

M -+ C (Fetch Operand) Tr thru Tp 

Parity error 

Initiate parity 

06 next clock (T8) 



LDA ~ 

(16 T8 Anr - 01020304050616 
sIa III T8F1PlfjO Initiate P register increment 
End - FIF2 Last cycle! 

T7 Ar3 .. (0102ro04)Ql 
sA(O-2) .. C(2I-23)010203040S~6 
rA( " ) a lr( II ) .. 
sA(3-23) • A(O-20)Ar3 (M) --+ A T7 thru TO 

rA( " ) .. A( .. ) " 
8B(0-2) - B(21-23)BnrAr3 
rB ( " ) .1f( tI ) " 
sB (3-23) .. B(O-20)Ar3 Recirculate B T7 thru TO 

rB( " ) .. -We .. ) " 
Cr3 • Fln(TsQl) 
sC(O-2) .. Add(1-J)96T8Cr3 
rC( It ) .. ncr( " ) " A+C--+C T7 thru TO 
sC(3-23) a C(O-20)Cr3 
rC( " ) .. c( " ) " 
Xz(1-3) - B(21.23)~60204 
Xz( " ) ~ B( It ) " 
YZ(1-3) .. C(21-23)07 Unused adder inputs T7 thru TO 

Yi( " ) sa c( " ) " 
sCz - KzQlFlJ] 
rCz • KzQl 

Carry logic T7 thru TO 

sCp • (C2$2$:23)Cpi'SIrtQI~603 Check parity T7 t~ru TO rCp III ( " )Cp " 
Pr3 sa (FlGO)Q2 
sPO • (PI3$rl3P14Ia)FlGO(~043J06)Pr3 
rPO · ( if ) It 

sPI - (P1~l4Ia) " 
rPI III ( ) " 
sP2 r:a (PI.a) Jt P+l-.P T7 thru T3 

rP2 ~ ( " ) tI 

sP(3-14) III P(0-II)Pr3 
rP( " ) .. P( " ) " 
rIa - (P12P13P14)Q2FI 

T4 Se .. T4Endiilr' 
rS (1-14) .. Se Clear S 

13 Sxp .. T3IiitEndGO 
sSl .. (P1l;fl4Ia)FlGO(OtdtdS06)Sxp 
rS1 .. ( " ) .. 
sS2 .. (Pl$a) " P + 1-.8 

rS2 -. ( " ) II . 

sS (3-14) .. P(O-ll)Sxp 
rS ( " ) - P( II l" 

Tr Clem .. EndGOrsm(Tr+Tp) 
sC(O-2J) - M(O-23)Cxm M -+ C (Fet(!h next instruction) 
rC( " ) - TrCxm Tr thru Tp 
aHt - CpTq512 Parity error 
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LDA 3 

rIa .. TrFlc-- -==:---
rIx -= Tr(FIF3) (GOHt) 

Tp rAOO == TpEndGO 
rBOO .. ( " 1.._ 
sCp .. M24C~tTBTp Initiate parity 
rF(1,2) .. tpEndSk ~O next clock (TS) 
Oc .. ( .. ) 
s02 = Oc 

NOP (20) -+ 0 rO(1,3,4 , 5,6) .. Oc 
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77 EAX 

~O T8 rCz 
sEax 
sIx 
Oxc 
sO (1,3,4,5,6) 
r02 

T7 Ar3 
sA(O .. 2) 
rAe " ) 
sA(3-23) 
rAe II ) 

sB(O-2) 
rB( tl ) 

sB(3-23) 
rB(" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC( II ) 

Xz(I-3) 
Xz ( " ) 
yz(I-3). 
Yz ( II ) 

sCz 
rCz 
sCp 
rCp 
Xnr 
sX(O-2) 
rX( " ) 

T4 Sc 
rS(I-14) 

T3 rEax 
Sxc 
8S(I,2) 
sS(3-14) 
sXwl 
rXwl 

T2 sXw(I-3) 
rXw( II ) 

TO rCz 
Tr Cxrn 

sC(O-23) 
rC(" ) 
sCz 

Effective Address to X 

== ~OT8 
1:1 (~OT8IaGO)C3C4C5C6C7C8C9 
1:1 ~OT8ClGO 
= (~OT8IaGO)C2 
= C(3,5,6,7,8)Oxc 
= C40xc 
= (0102030llil 
= A(21-23)AnrAr3 
= A( II) " 

1:1 A(O-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
= B (_" -1. " 
1:1 FIF2(TsQl) 
1:1 Add(I-3)~OJuTsCr3 
.. Add( " ) " 
= C(O-20) Cr3 
a C( II ) " 

1:1 Xn(I-3)~O.Ix 
a Xn( " ) ~OIx+Ix 
= C(21-23)VJ7 
1:1 C( If ~ II 

1:1 KzQIT007 
1:1 RZQl 
a (C2$2~23)CpTsHtQIFIF2 
=( II )Cp " 
= EaxJU 
= ( " )Add(1-3)Q6 
a ( " ) Add ( II ) " 

= T4FIF2Inr 
= Sc 
== JuT3 
= T3FlF2Ju 
= Add(2,3)Sxc 
= C(O-II)Sxc 
II: EaxQ6Xnl 
a EaxQ6Xnl 
== Xn(I-3)Xnr 
= Xn( " ) " 
= FITO 
= Ju~OTsm(Tr+Tp) 
-= M(O-23) Cxm 
-= TrCxm 
= (Tr~O)6203 
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EAX 1 

M ~X 2 Cycles 

Initialize j.ndexing 

Instruction 0:-+ 0 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X .. Ix ~ C (Add=Xz+Yz) T7 thru TO 

Adder :Lnput (X-Ix) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 

C + X-Ix ~ X T7 thru T3 

Clear S 

Recirculate XI0 

Recirculate X T2 on 

M ~ C (Fetch operand) Tr thru Tp 



EAX ~ 

sHt = CPT~002 Parity error 
rIx = Tr( F3)(~Ht) 
rKO = GOTr 

Tp sCp = M24cxrniitTsTp Initiate parity 
sF1 - (TpIa00)0304 06 next clock (TS) sF2 = ( " )0301 
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06 T8 ala 
Ind 

r7 Ar3 
.A(O-2) 
rAe It ) 

sA(3 .. 23) 
r4<" ) 
a.(0-2) 
rB( " ) 
51(3-23) 
rI( tt ) 

cr3 
aC(O .. 2) 
rC( ,. ) 
aC(3-23) 
~(" ) 
n(1-3) 
1&( " ) 
YZ(1-3) 
r.< " ) 
sCz 
rC& 
aCp 
rCp 
Pr3 
ara 
rPO 
aP1 
rP1 
.P2 
rP2 
"(3-14) 
rP(" ) 
rIa 

T4 Be 
rS(1-14) 

!3 Sxp 
851 
r&1 
882 
rS2 
•• (3-14) 
d(" ) 

fi a. 
aC(O-2l) 
re(" ) 
aRt 

• TSllfQ9 
• F~F2 
• (Ol020!<i4.J.gl 
~ A(2l-23)AnrAr3 
~ l( JI) II 

• A(O-20)Ar3 
• X(" ) II 

• B(21-23)BnrAr3 
• T( ".) It 

• I(O-20)Ar3 
• -r(" ) II 

• lll3(fSQ1) 
• Add(1-3)f6T8Cr3 
• l(I(f( tI) tI 

• C(O-20)Cr3 
.• C( II ) " 

• A(21-23)_65204 
• "I( It) .. 
• C(2l-23){I1 · ~( " ) .. 
• ~lPIJr 
• bQl 
• (C2~2~23)cpfSItQl_60J 
.( " )Cp " 
• (rlGO)Q2 
• ( P13l!13P14Ia)F1GO(6!846So6)pr3 
• ( " ). II 

:~Pl~14Ia~ :: 

- (P11'-&) I': 
~ ( ) 
- P(O-ll)PrJ 
• T~ II ) tI 

• ( 12Pl~'i4)Q2Fl 
• T4lndlnr 
.. Se 
.. T3htKndGO 
- (Pllir14la)F1GO(~06)Sxp 
• ( ") If 

• (Pl~a). " 
.( ") II; 

... (O-ll)Sxp 
• T.( ( It It~ ·L' " 
.. ~(Trfrp) 
• M(O-23)CD. 
.. TrCxll 
.Cp~ 
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EAX 3 

Initiate P register incr.-ent 
La.t cycle 

Recirculate A 

A+C-+C 

Unuaed adder 11l1»uta 

Carry lOlic 

Check parit.y 

p + l .... P 

Clear S 

P + 1 -.8 

77 thru TO 

T7 thru TO 

t7 thru TO 

T7 thru TO 

T7 thru T~ 

t7 thru TO 

T7 thru t3 

M ... c (r.tch next iastruc:.t10C1) 
Tr thru Tp 

Parity error 



rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
802 
rO(1,3,4,5,6) 

• TrFl.-- ----
• Tr(FIF3) (GOHt) 
a TpEndGO 
• ( " 2..._ 
• M24CxmHtTsTp 
• TpindSk 
• ( It ) 

1m Oc 
• Oc 

EAX 4 

Initiate parity 
fa next clock (TS) 

HOP (20) -+ 0 
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~O T8 rCz 
sEax 
sJu 

T7 Ar3 
sA(O-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 

T5 

sCO 
rCO 
sC(I,2) 
rC( " ) 
sC(3-23) 
rC(" ) 
Xz(I-3) 
Yz(I-3) 
Yz( " ) 
sCz 
rCz 
sCp 
rCp 
Mxc 
Pr3 
sP(O-2) 
rP( " ) 
sP(3 .. 14) 
rP(" ) 
sP2 

T4 Sc 

T3 

T2 

TI 

TO 

rS(I-14) 
sCO 
rM(O-24) 
sC(O-2) 
rC ( " ) 
sC(O-2) 
rC ( " ) 
rCz 
sCO 
rCO 
rC(I,2) 

Tr sRt 
Tp rEax 

sF(I-3) 
rJu 
sM(O-24) 

Programmed Operator (C2) 

= ~OT8 
= ra:GOC2~OT8 - " 
= (OI02CD04)QI 
= A(21-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
= B(" ) " 
= FlF2TsQI 
= (PI2)JuTsCr3Q6 
= (-rr) " 
= P(13,14)JuTsCr3Q2 
= P( ") " 
= C(O-20)Cr3 
- C( II ) 'I 

= Ix 
= C(21-23)0'7 
= C( " )" 
= Kz~QITO 
= KzQI 
= (C2~2l±C23)CpTSRtFIF2QI 
=( ")Cp " 
= EaxTsm 
= JuQ2 
= C(6-8)Eax(T6+T7)Pr3 
= C( " ) " 
= P(O .. II)Pr3 
= P(" ) " 
= EaxT5 
= InrFIF2T4 
= Sc 
= TsEaxCr3T3 
= T3 
= E2m(O-2) (JuTSCr3)T2 
= rTtn( " ) ( " )" 
= E3m(O-2) (JuTSCr3)TI 
= ~( " ) ( " )" 
= FITO 
= Of(JuTsCr3)TO 
= Of( " ) II 

= (JuTsC:r3)TO . 
= CpT~002 
- Tp 
= EaxTp 
= Tp 
= C(0 ... 24)MxcTp 
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P -7 Location 0 
C(2-8) -7 P 

Recirculate A 

Recirculate B 

P(I-14) -7C(IO-23) 

Adder j.nput (C) 

Carry logic 

Check parity 

C(3-S) -7 P 

C2 -7 P 

Clear S 
C9 set 

PROG OPER 1 

2 Cycles 

T7 thru TO 

T7 thru TO 

T7 thru T3 

T7 thru TI 

T7 thru TO 
T7 thru Tp 

T7 thru T6 

Contents of Bank Register 2 -) C(6-8) 

Contents of Bank Register 3 -7 C(3-5) 

Sign of C = Of 
No input to CI, 2 
Parity error 

~7 next cycl1e (TS) 

C -7 M(P -7 Location 0) 



~7 TS End 
T7 Ar3 

sA(O-2) 
;rA( It ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
Pr3 
sP(O-2) 
rP( " ) 
sP(3-14) 
rP (ti ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
s5(l,2) 
rS ( " ) 
sS (3-14) 
rS( II ) 

TO r5k 
Tr Cxm 

sC(O-23) 
rC(" ) 
rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oe 
s02 
rO(1,3,4,5,6) 

• F1F2 
• (Ol02030~1 
~ A(21-23)AnrAr3 
• A( ") " 
• A(O-20)Ar3 
- A(" ) " 
III B(21-23)BnrAr3 
_ B( ") If 

- B(O-20)Ar3 
• ii(" ) .. 
- F1GOQ2: 
.. P(12-14)r-aF1GO(01040506),r3 
• P'( ..) "( It ) It 

.. P(O-11)Pr3 
• P(" ) .. 
- T4Endlnr 
m Se 

• T3lntEndGO 
.. P(13,14)i&F1GO(52040506)Sxp 
-J'( ") .. ( . II )" 

.. P(O .. ll)Sxp 
~ P(" ) " 
III it17TO 
a EndGOTS:m(Tr+Tp) 
= M(O-23)Cxm 
.. TrCxm 

- F 1 TI:.-- -==-­
• Tr(FlF3) (GOHt) 
-= TpEndOO 
.. TpEndGO 
= M24CxmHtTsTp 
.. TpEndSk 
l1li TpEndSk 
.. Oe. 

- Oe 
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PR.OG OPER ~ 

Last cycle 

R.ecirculate A T7 thru TO 

R.ecirculate B T7 thru TO 

Recirculate P T7 thru T3 

Clear S 

P(l3,14) contains P(l,2) at T3 
p -+ S 

M ~C (Fetch next instruction) 

Initiate parity 
"0 next 

NOP (20) -+ 0 

orr thru Tp 



~O TS rCz 
sHz 
sIa 
sIx 
Oxc 
sO ( 1 , 3 , 4, 5 , 6) 
r02 

T7 Ar3 
sA(O-2) 
rAe II ) 

sA(3-23) 
rAe II ) 

sB(O-2) 
rB ( II ) 

sB (3~23) 
rB( II ) 

Cr3 
sC(O-2) 
rC( tI ) 

sC(3-23) 
rC( II ) 

sCp 
rCp 
Xz(1-3) 
XZ( " ) 
Yz(1-3) 
fi( " ) 
sCz 
rCz 

T4 Sc 
rS (1-14) 

T3 Sxc 
sS(1,2) 
sS(3-1:4) 

TO rCz 
Tr Cxm 

sC(O-23) 
rC( II ) , 

sHt 
rIx 
rRc 

Tp sCp 

Indirect Addressing, 1 Level (Ia) 

= 00TS 
~ TS 
= C2C9(C5+CS+C3C4)00TS 
= C1GO~OTS 
= IaGOC200TS 
= C(3~,6,7,S)Oxc 
= OxcC4 
= (05FlF2+(01020304))Ql 
= A(2l-23)AnrAr3 
= X( ") " 
= A(O-20)Ar3 
= X(" ) " 
= B(2l-23)BnrAr3 
= B( II) II 

= B(O-20)Ar3 
= B( II ) " 

= E00Ql 
= Add(1-3)Cr3JuTs 
= Add( ") " 
= C(O-20)Cr3 
= C(" ) " 
= (C2~2~23) CpTsHtQlFlF2 
= ( I') Cp II 

= Xn(1-3)00Ix 
= Xn( II )00Ix+Ix 
= C(2l-23)01 
= c( " ) II 

= KzQlW 
= KzQl 
= InrFlF2T4 
= Sc 
= JuT3 
= Add(2,3)Sxc 
= C(O-ll)Sxc 
= FlTO 
= JuTsm(Tr+Tp) 
= M(O-23)Cxm 
s::: CxmTr 
= CPTl.11f~ggz 
= ~(, Ht)Tr 
= Tr 
= M24exnmTSTp 

INn AnnR 1 

(M) -+ P 1 Cycle 

Initialize indexing 

C(3-S) -+0 instruction to 0 register 

(All instructions except 66 & 67) 

Recirculate A 

Recirculate B 

C + X· Ix -+ C 

Pari ty check 

Xz input to adder (X-Ix) 

Yz input to adder (C) 

Carry logic 

Clear S 

C(lO-23) -+ S 

M -+ C (Fetch operand) 
Parity error 

Initiate parity 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T.7 thru TO 

T7 thru Tp 

T7 thru Tp 

T7 thru Tl 

Tr thru Tp 

Oxc is inhibited for next cycle because the instruction is already in the 0 register 
and is now ready to be executed. 

210 



~O T8 rCz 
sHz 
sIa 
sIx 
Oxc 
sO (1,3,4,5, 6) 
r02 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3 ... 23) 
rA(" ) 
sB(O-2) 
rB( tl ) 

sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( II ) 

sC(3-23) 
rC(" ) 
sCp 
rCp 
Xz(1-3) 
XZ( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 

T4 8c 
r8(1-14) 

T3 Sxc 
s8(1,2) 
s8 (3-14) 

TO rCz 
Tr Cxm 

sC(O ... 23) 
rC( II ) 

sHt 
rlx 
rRc 

Tp sCp 

IND AnnR ~ 

Indirect Addressing, 2 Levels (Ia) «M») ~P 2 Cycles 

= ~OT8 
;;; T8 
= C2C9(C5+C8+C3C4)~OT8 
= ClG000T8 
= raGOC2"~OT8 
= C(3,5,6,7,8)Oxc 
= Oxc~ 
= (55FlF'2+(01020304)Ql 
= A(2l-23)AnrAr3 
= T( ") II 

= A(O-20)Ar3 
=A(" ) II 

= B(2l-23)BnrAr3 
=If( ") " 
= B(O .. 20)Ar3 
= B( II ) " 

= TS~OQl 
= Add(1-3)Cr3JUTs 
= .AcICI ( ") II 

= C(O-20) Cr3 
= C(" ) II 

= (C2:Gc2~23)CpTsHtQlFlF2 
=( ")Cp II 

= Xn(1-3)~OIx 
= Xn( II )~OIx+Ix 
= C(2l-23)07 
= C( II )" 

= KZQlTO 
= KzQl 
= mrF1~T4 
= 8c 
= JUT3 
= Add(2,3)8xc 
= C(O-11)8xc 
= YlTO 
= JUTsm(Tr+Tp) 
= M(O-23) Cxm 
= CxmTr 
= CpT~J2 
= (t'!F35 (OOHt) Tr 
= Tr 
-= M24cxm1Ii:TsTp 
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Initialize indexing 

C(3-8) ~ 0 instruction to 0 register 

(All instructions except 66 & 67) 

Recirculate A 

Recircula te B 

C + X-Ix ~ C 

Parity check 
Xz input to adder (X-Ix) 

Yz input to adder (C) 

Carry logic 

Clear 8 

C(lO-23) ~ 8 

M ~ C (Fetch operand) 
Parity error 

Initiate parity 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru Tp 

T7 thru Tp 

T7 thru Tl 

Tr thru Tp 



00 T8 rCz 
sHz 
sIa 
rIa 
sIx 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3 .. 23) 
rA(" ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
sCp 
rCp 
Xz(1-3) 
XZ( II ) 

YZ(1-3) 
Y'Z( II ) 

sCz 
rCz 

T4 Sc 
rS(1-14) 

T3 Sxc 
sS(1,2) 
sS(3-l4) 

TO rCz 
Tr Cxm 

sC(O-23) 
rC(" ) 
sHt 
rIx 
rRc 

Tp sCp 

= 00T8 
= T8 

C2C9(C5+C8+c3C4)OOT8 
= 00T8C9Ia . 
=: ClG000T8 
=: (05FlF2+(-Ol~O-2':::=:Qj=--O-4) )Ql 
= A(2l-23)AnrAr3 
=: A( ") II 

=: A(O .. 20)Ar3 
=: A(" ) " 
=: B(2l-23)BnrAr3 
=: 1r( ") " 
= B(O-20)Ar3 
=:"'B'"(" ) " 
=: Ts00Ql 
=: Add(1-3)Cr3JuTs 
= Add( ") " 
=: C(O-20)Cr3 
=: C( II ) " 

=: (C2]$:2~23)CpTsHtQlFlF2 
=: ( " ) Cp " 
=: Xn(1-3)00Ix 
=: XU( " )00Ix+Ix 
=: C(2l-23) 01 
=: c( " )" 
=: KzQlTO 
=: KzQl 
=: InrFlF2T4 
=: Sc 
=: JuT3 
=: Add(2,3)Sxc 
=: C(O-ll)Sxe 
=: FlTO 
=: JuTsm(Tr+Tp) 
= M(O-23) Cxm 
:= CxmTr 

=c~J2 
= (FIF3)(OOHt)Tr 
=: Tr 
=: M24exmRi:TSTp 

IND AnDR. 3 

Initialize indexing 
(All instructions except 66 & 67) 

Recircula te A T7 thru TO 

Recirculate B T7 thru TO 

C + X'Ix ~C T7 thru TO 

Parity check T7 thru TO 
Xz input to adder (X·Ix) 

yz input to adder (C) 

Carry logic 

Clear S 

C(lO-23) ~ S 

M ~ C (Fetch operand) 
Parity error 

Initiate parity 

·T7 thru Tp 

'f7 thru Tp 

T7 thru TI 

Tr thru Tp 

Oxe is inhibited for next cycle because the instruction :ls alx'eady in the 0 register 
and is now ready to be executed. 
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A Register Selection - Computer in "IDLE" (GOHt) with C Register Selected Q 

= T8(TsTsr) 
= 00T8 

05 next (T7) 

REG SEL 1 

00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

= T8GO 
=T8~ 
=T~OO 
= T8 

initiate idle (also reset halt light) 

05 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS(1-14) 

Tr rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= (0-1-0--'2cn=04) Q 1 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= X(" ) " 
= B(2l-23)BnrAr3 
= 1f( ") " 
= B(0-20)Ar3 
::i B(" )" 
= 05(AOO+G0) 
= Xn(1-3)Xnr 
= Xn( I' ) " 

= T4(End+FlF2)Inr 
= Sc 
= TrFl 
= Tr(FlF3) (GOHt) 
= Tr 
= TpEndSk 
= ( "~ 
= Tp01 (GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) -+ 0 

The C register is being displayed. The following shows what takes place 
when the Register Selector Switch is placed on A. 

@encludes@ 

(~ " ~) 
lKc') " .'i]) '. c 

'-. 

\Kx) " ~ '--'" .... _-_ .. ' 
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'@----
~-@; 
\ • I 
\ I 
\ .-. ..., 

Register 
Selector 

Switch 

T7 thru TO 

T7 thru TO 



00 T8 rC24 
rCz 
sF1 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( .. ) 
sB(3-23) 
rB (.. ) 
End 
sXw(1-3) 
rXw( .. ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp sEx 
rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3 ,4,5,6) 
s02 

&:II T8(TsTsr) 
&:II 00T8 
- T8GO 
- T8GO 
&:IT~~~pGO 

• T.;:;;,8_-==--
.. (Ol02~04)Ql 
.. A(21-23)AnrAr3 
= A( ..) " 
III A(0-20)Ar3 
-= A(" ) " 
.. B(21-23)BnrAr3 
III B( ") .. 
.. B (0-20)Ar3 
= B(" ) .. 
= 05(AOO+G0) 
- Xn(l-3)Xnr 
-1Ci1( 11 ) " 

III T4(End+JlF2)Inr 
= Sc 
.. TrF1 
= Tr(FIF3) (GoHt) 
.. Tr 
.. (TSTpGOHt)~ 
&:I TpEndSk 
II: ( "~ 
.. Tpm: (OOiit) 
.. Tp 
.. TpEndSk 
= Oc 
- Oc 
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REG SEL 2 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

T7 thru TO 

T7 thru TO 

initiate exchange between A and C 

00 next clock (T8) 

NOP (20) ~ 0 



00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
Anr 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( If ) 

sC(3-23) 
rC(" ) 
End 
sXw(1-3) 
rXw( U ) 

T4 Sc 
rS (1-14) 

TO sAOO 
Tr rIa 

rlx 
rRc 

Tp rEx 
rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
= T8GO 
= T8GO 
aT~pGO 
= T . ...::;8_~_ 
= (0102<D04)Ql 
=E~ 
= ~(2l-23)E~r3 
= C( ") If 

= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= Ex(TsQl) 
= A(2l-23)E~Cr3 
= A( ") " 
= C(0-20)Cr3 
= C(" ) " 
= 05(AOO+G0) 
= Xn(1-3)xnr 
= Xn( " ) " 
= T4(End+FlF2)fur 
= S.C 
= ExTOAOcG 
= TrFl 
~ =--= Tr(FlF3) (GOHt) 

= Tr 
= ExTp 
= TpEndSk 
= ( "..J-. 
= Tpm. (GOHt) . 
= Tp 
= TpEndSk 
= Oc 
= Oc 
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REG SEL :3 

05 next (T7) 

initiate idle (also reset halt light 

C -+A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) -+ 0 

T7 thru TO 

T7 thru TO 

T7 thru TO 



00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB( tr ) 

sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( tr ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO ( 1 , 3 , 4,5 , 6) 
802 

= T8(TsTsr) 
== 00T8 
= T8GO 
r= T8GO 
r= T~OO 
== T..;;.8_-=~ 
== (0102~04)Ql 
== A(2l-23)AnrAr3 
= I( II) II 

= A(0-20)Ar3 
=A( II ) II 

r= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= 05(AOO+G0) 
== Xn(1-3)Xnr 
= 'Xii( " ) " 
= T4(Bnd+Fin)Inr 
= Sc 
= TrFl 
= Tr(FlF3) (Gc>Ht) 
= Tr 
= TpEndSk 
= ( "--'-­
= TpJi (GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 

REG SEL 4 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) -? 0 

T7 thru TO 

T7 thru TO 

The A register is now being displayed. The following shows what takes place 
when the Register Selector Switch is returned to C. 
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00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp sEx 
rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,,3,4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
= T8GO 
= T8GO 
=T~pOO 
= T..:;.,8_-::::--
= (0102~04)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
I: B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= 05(AOO-f.GO) 
= Xn(1-3)Xnr 
= Xn( " ) " 
= T4(End+FlF"Z)Inr 
= Sc 
= TrFl 

---- =---= Tr(FlF3) (GOHt) 
= Tr 
= (TsTpGOHt )(KOOBUO)~ 
= TpEndSk 
= ( "~ 
= Tp(n(GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 
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REG SEL 5 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

T7 thru TO 

T7 thru TO 

initiate exchange between A and C. 

00 next clock (T8) 

NOP (20) ~ 0 



REG SEL 6 

00 T8 rC24 = T8(TsTsr) 
rCz = 00T8 
sFl = T8GO 05 next (T7) sF3 =T~ 
rHt = T - - pGO initiate idle (also reset halt light) 
sHz = T8 

05 T7 Ar3 = (01020?304)Ql 
Anr = ExAOOBOO 
sA(0-2) = C(2l-23)ExAOOBOOAr3 C -+ A T7 thru TO 
rA( " ) = c( " ) " 
sA(3-23) = A(0-20)Ar3 
rA( " ) = A( " ) " 
sB (0-2) = B(2l-23)BnrAr3 
rB ( " ) = B( " ) " 
sB(3-23) = B(0-20)Ar3 Recirculate B T7 thru TO 

rB( " ) = B( " ) " 
Cr3 = Ex(TsQl) 
sC(0-2) = A(2l-23)ExAOOBOOTSCr3 
rC( 11 ) mA( " ) " A -+ C T7 thru TO 
sC(3-23) = C(O-20) Cr3 
rC( " ) = c( " ) " 
End = 05 (ADb+GO) last cycle 
sXw(1-3) = Xn(1-3)Xnr Recirculate X rXw( It ) = Xn( " ) " 

T4 Sc = T4(End+FlF2)Inr 
rS (1-14) = Sc Clear S 

TO rAOO -= ixTOAOO 
Tr rIa = TrFl 

rIx = Tr(FiF3) (GOHt) 
rRc = Tr 

Tp rEx =:: ExTp 
rFl = TpEndSk 
rF3 = ( "...l-- 00 next clock (T8) 

rRf = Tp0l(GOHt) 
rJu = Tp 
Oc = TpEndSk 
rO(1.?3,4,5,6) = Oc NOP (20) -+ 0 
s02 = Oc 
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00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0 .. 2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rX'w( " ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3 ,4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
- T8GO 
= T8Go 
=T~tm 
= T8 
= (-Ol-O-2~--0-4)Ql 
- A(2l-23)AnrAr3 
== A( ") If 

= A(0-20)Ar3 
m A( If ) " 

= B(2l-23)BnrAr3 
= 1r( ") If 

= B(0-20)Ar3 
== B( If ) " 

== 05 (AOo+GO) 
== Xn(1-3)Xnr 
=="Xii( " ) If 

= T4(End+FlF2)rnr 
= Sc 
== TrFl _ 
= Tr(ri.F3) (OOHt) 
= Tr 
== TpEndSK 
_ ( If ~ 

= Tpm.(~ 
== Tp 
== TpEndSk 
== Oc 
== Oc 

REG SEL 7 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) ~ 0 

T7 thru TO 

T7 thru TO 

The computer is now in normal "IDLE" mode with C being displayed. 
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B Register Selection - Computer in "IDLE" (GOHt) with C Register Selected ~. 

= T8(TsTsr) 
= ~OT8 
= T8GO 05 next (T7) 

ltEG SEL 8 

~O T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

= T8~_ 
=T~pGO 
= T8 

initiate idle (also reset halt light) 

~5 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

~--==--
I: (Ol020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
-= B(" ) " 
= ~5 (AOO+GO) 
= Xn(1-3)Xnr 
= XU( " ) " 
= T4{End+FlF2)Inr 
-= Sc 
= TrFl 
= Tr(FIF3) (ooiit) 
= Tr 
-= TpEndSk 
= ( "..-L­
= Tp0I(GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 

Recirculate A 

Recirculatle B 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) ~ 0 

The C register is being displayed. The following shows what takes place 
when the Register Selector S~itch is placed on B. 

~encludes~ 

" 
II 

" 
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T7 thru TO 

T7 thru TO 



00 TS rC24 
rCz 
sF1 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( t1 ) 

sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw(1-3) 

T4 Sc 
rS (1-14) 

Tr rIa 
rlx 
rRc 

Tp sEx 
rF1 
rF3 
rRf 
rJu 
Oc 
rO ( 1, 3 , 4, 5 , 6) 
s02 

= TS(TsTsr) 
= 00TS 
= TSGa 
= TS~~_ 
=T~GO 
- T=-S_=-_ 
III: (01020304)Q1 
- A(21-23)AnrAr3 
_ A( ") It 

- A(0-20)Ar3 
= A( It ) It 

= B(21-23)BnrAr3 
.1r( It) " 

• B(0-20)Ar3 
= B( II ) " 

= ~5(AOO-Kffi) 
= Xn(1-3)xnr 
=XU( II ) " 

= T4(End+F1F2)rnr 
= Sc 
- TrF1 
== Tr(flF3) (GOHt) 
= Tr 
.. (TSTPGOHt)BO~ 
= TpEndSk 
= ( "--L-. 
= Tpn(GOHt) 
:= Tp 
= TpEndSk 
= Oc 
= Oc 
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R.EG SEt 9 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

T7 thru TO 

T7 thru TO 

initiate exchange between Band C 

00 next clock (TS) 

NOP (20) -+ 0 



00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rAe " ) 
sA(3-23) 
rA(" ) 
Bnr 
sB(0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

TO sBOO 
Tr rIa 

rIx 
rRc 

Tp rEx 
rFl 
rF3 
rRf 
rJu 
Oc 
rO (1,3,4,5)1 6) 
s02 

::I T8(TsTsr) 
::I 00T8 
::I T8GO 
::I T8GO 
::IT~pGO 
::I T8 
::I (O~ 1-0-2~03~0-4) Q 1 
::I A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
I: A(" ) " 
=E~ 
::I C(2l-23)E~r3 
= C( ") " 
::I B (0-20)Ar3 
::IB(" ) II 

= Ex(TsQl) 
= B(2l-23)E~Cr3 
= ~( ") If 

= C(0-20)Cr3 
= C(" ) " 
::I 05 (Atm+GO) 
= Xn(1-3)Xnr 
= Xn( II ) " 

::I T4(End+FlF2)lnr 
= Sc 
= ExTOBO~Ar3 
::I TrF1 
= Tr(flF3) (GOHt) 
=:: Tr 
::I ExTp 
= TpEndSk 
= ( " . .L­
= TpWl (GOHt) 
= Tp 
= TpEndSk 
::I Oc 
::I Oc 
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REG SEL 10 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

C -7 B 

B -7 C 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) -) 0 

T7 thru TO 

T7 thru TO 

T7 thru TO 



00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( tI ) 

sA(3-23) 
rA(" ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( II ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rlx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3;14,5,6) 
s02 

- T8(TsTsr) 
I: 00T8 
I: T8GO 

-T~ 
II: T pOO 
= T-.8_-=~ 
- (0102ln04)Ql 
-= A(2l-23)AIlrAr3 
-A( If) " 
-= A(0-20)Ar3 
I: A(" ) " 
= B(2l-23)BnrAr3 
II: B( ") " 
= B(0-20)Ar3 
- B( II ) " 

- 05 (AOO+GO) 
II: Xn(1-3)Xnr 
- 1Gl( " ) " 
- T4(End+FiF2)Inr 
- Sc 
- TrFlr- =--
II: Tr(F1F3) (GOHt) 
I: Tr 
- TpEndSk 
iii ( "-1-
= TpJI (GOHt) 
iii Tp 
= TpEndSk 
- Oc 
== Oc 

REG SEL 11 

~5 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

00 next clock (TS) 

NOP (20) ~ 0 

T7 thru TO 

T7 thru TO 

The B register is now being displayed. The follov]ing shows what takes place 
when the Register Selector Switch is returned to C. 
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00 TS rC24 
rCz 
sF1 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rAe 11 ) 

sA(3-23) 
rAe 11 ) 

sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp sEx 
rF1 
rF3 
rRf 
rJu 
Oc 
rO(1,3 ,4,5,6) 
s02 

= TS(TsTsr) 
= 00TS 
a TSGO 
a TS~_ 
=T~GO 
= TS 
= (';:;"'01-0-20==3::0-0-4) Q 1 
= A(21-23)AnrAr3 
1:# A( ") " 
= A(0-20)Ar3 
= A(" )" 
a B(21-23)BnrAr3 
= B( ") " 
= B (0-20)Ar3 
= B(" )" 
= 05(AOO+G0) 
a Xn(1-3)XUr 
= Xn( " ) " 
= T4(End+FIF2)Inr 
= Sc 
= TrF1 

- =---= Tr(F1F3) (GOHt) 
= Tr 
= (TSTpGOirt) (AOOBOO)@ 
= TpEndSk 
= ( "--.l-. 
= Tp01(GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 
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REG SEL 1~ 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

T7 thru TO 

T7 thru TO 

initiate exchange between Band C. 

00 next clock (TS) 

NOP (20) ~ 0 



00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( 11 ) 

sA(3-23) 
rA(" ) 
Bnr 
sB(0-2) 
rB ( II ) 

Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

TO rBOO 
Tr rIa 

rIx 
rRc 

Tp rEx 
rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,?4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
III T8GO 
=T8~ 
= l'~pGO 
= T.,;::;.8_-=_ 
= (01020304)Ql 
= A(2l-23)AnrAr3 
III A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= ExAOOBOO 
= C(2l-23)ExAOOBOOAr3 
= c( ") " 
= Ex{TsQl) 
= B(2l-23)ExAOOBOOTsCr3 
= B( ") " 
=C(0-20)Cr3 
= C(" ) " 
= ¢5(AOO+G0} 
= Xn(1-3)Xnr 
= Xn( " ) " 
= T4(End+FlF2)Inr 
= Sc 
= ExTOBOO 
= TrFl -- ----= Tr(FlF3) (GOHt) 
= Tr 
::= ExTp 
= TpEndSk 
::: ( "-:J.­
::: Tpn(GOHt) 
::: Tp 
= TpEndSk 
1:1 Oc 
= Oc 
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REG SEt 13 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A T7 thru TO 

C -+ B T7 thru TO 

B -+ C T7 thru TO 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) -+ 0 



00 T8 rC24 
rCz 
sF1 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( II ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp rF1 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
= T8GO 
= T8GO 
=T~~ 
= T8 
- (-01-0-2":;;;;153;0-0-4) Q 1 
= A(21-23)AnrAr3 
= 'A( ") " 
l1li A(0-20)Ar3 
l1li A'(" ) II 

= B(21-23)BnrAr3 
= 1r( ") " 
lIZ B(0-20)Ar3 
= B( II ) " 

= 05 (AOO+GO) 
= Xn(1-3)XUr 
='Xi1( " ) II 

= T4(End+F1F2)Inr 
= Sc 
= TrF1 
= Tr(FIF3) (GOHt) 
= Tr 
= TpEndSk 
=( "~. 
== TpGl (Galli") 
= Tp 
= TpEndSk 
.. Oc 
lIZ Oc 

REG SEL 14 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Cleat S 

00 next clock (T8) 

NOP (20) -+ 0 

T7 thru TO 

T7 thru TO 

The Computer is now in normal "IDLE" mode with C being displayed. 
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X Register Selection - Computer in "IDLE" (GOHt) with C Register Selected ~. 

= T8(TsTsr) 
-= 00T8 
-T8GO 
-=T8~ 

~5 next (T7) 

REG SEL 15 

00 T8 rC24 
rCz 
sFl 
sF3 
rRt 
sRz 

-T~pGO initiate idle (also reset halt light) 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

-= T;::.8_-=_ 
= (0102<D04)Ql 
= A(2l-23)AnrAr3 
= A( ") It 

-= A(0-20)Ar3 
== A(" ) " 
= B(21-23)BnrAr3 
-= B( ") " 
= B(0-20)Ar3 
- B(" ) " 
= 05(IOOf<m) 
= Xn(I-3)Xnr 
= Xn( II ) " 

= T4(End+FIF2)Inr 
= Sc 
- TrFl 
= Tr(M) (GORt) 
= Tr 
= TpEndSk 
=( "-1-­
-= Tpm (GORt) 
.. Tp 
- TpEndSk 
= Oc 
= Oc 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

00 next clock (T8) 

NOP (20) -+ 0 

The C register is being displayed. The following shows what takes place 
when the Register Selector Switch is placed on X. 

~enclUdes@ 

~ 
~ 
~ 

" 

" 

" 
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T7 thru TO 

T7 thru TO 



00 T8 rC24 
rCz 
sFl 
8F3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( II ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp sEx 
rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
= T8GO 
= T8GO 
= T~pGO 
- T..;;;,8_-==--
= (Ol02~04)Ql 
= A(2l-23)AnrAr3 
= A( ") II 

= A(0-20)Ar3 
= A(" ) II 

= B(2l-23)BnrAr3 
= B( ") II 

= B(0-20)Ar3 
= B(" ) It 

= 05(AOO+G0) 
= Xn(1-3)Xnr 
= xn( II ) It 

= T4(End+FIF2)Inr 
= Sc 
= TrFl 
= Tr(FIF3) (GOiit) 
= Tr 
= ('fsTpGOHt)BO~ 
= TpEndSk 
=t fI.J­
= Tp-n (GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 

228 

REG SEL 16 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recircuillte B 

last cycle 

Recirculate X 

Clear S 

T7 thru TO 

T7 thru TO 

initiate exchange between X and C 

00 next clock (T8) 

NOP (20) ~ 0 



REG SEL 17 

00 T8 rC24 = T8(TsTsr) 
rCz :I 00T8 
sF1 = T8GO 

05 next (T7) sF3 = T8GO 
rHt = T~pGO initiate idle (also reset halt light) 
sHz =- T8 

05 T7 Ar3 = (0102~04)Q1 
sA(O-2) = A(21-23)AnrAr3 
rA( " ) = A( " ) " 
sA(3-23) = A(O-20)Ar3 Recirculate A T7 thru TO 

rA( " ) = A( II ) " 
sB(0-2) = B(21-23)BnrAr3 
rB ( II ) ==B( II ) II 

sB(3-23) = B (0-20)Ar3 Recirculate B T7 thru TO 

rB( " ) =1r( II ) II 

Cr3 == Ex(TsQ1) 
sC(O-2) = Xn(1-3)E~Cr3 
rC( " ) = Xn( II ) " X -+ C T7 thru TO 
sC(3-23) - C(O-20) Cr3 
rC( II ) = c( " ) II 

End = "'~O+GO) last cycle 
Xnr = E 
sXw(1-3) - C(21-23)E~ C 4X· T7 thru TO 
rXw( " ) == c( It) II 

T4 Sc = T4(End+F1F2)Inr 
rS (1-14) II: Sc Clear S 

TO sAOO - TOExA°2 
sBOO = Ar3TOExB ot§9 

Tr rIa = TrF1 
---- ==--rIx = Tr(F1F3) (GOHt) 

rRc = Tr 
Tp rEx = ExTp _ 

rF1 = TpEndSk 
00 next clock (T8) rF3 = ( ".:J-

rRf = TpJl(GOHt) 
rJu = Tp 
Oc = TpEndSk 
rO(1,3 ,4,5,6) II: Oc NOP (20) -+ 0 
s02 = Oc 
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00 TS rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= TS(TsTsr) 
= 00TS 
= TSGO 
=TS~ 
= T~pGO 
= TS ---==---= (Ol020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= ~5(AOO+GO) 
= Xn(1-3)Xnr 
= Xn( " ) " 
= T4(End+FlF2)Inr 
= Sc 
= TrFl 
= Tr(FlF3) (GOHt) 
= Tr 
= TpEndSk 
= ( "~ 
= Tp01 (GOHt) 
= Tp 
= TpEndSk 
sa Oc 
= Oc 

REG SEL 18 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

~O next clock (TS) 

NOP (20) ~ 0 

T7 thru TO 

T7 thru TO 

The X register is now being displayed. The following shows what takes place 
when the Register Selector Switch is returned to C. 
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00 T8 rC24 
rCz 
sFl 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( 11 ) 

sA(3-23) 
rA( It ) 
sB (0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( II ) 

T4 Sc 
rS(1-14) 

Tr rIa 
rlx 
rRc 

iTp sEx 
rFl 
rF3 
rRf 
rJu 
Oc 
rO(1,3 ,4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
= T8GO 
= T8~ __ 
= T~pGO 
= T.,;:;.8 __ _ 
= (01020304)Ql 
= A(2l-23)AnrAr3 
= A( It) " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= 05(AOO+G0) 
= Xn(1-3)Xnr 
= Xn( " ) " 
= T4(End+FlF2)Inr 
= Sc 
= TrF_l __ _ 
= Tr(FlF3) (GOHt) 
= Tr 
= (TsTpGOHt) (AOOBOO)~ 
= TpEndSk 
= ( "--1-
= Tp0I(GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 
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REG SEL 19 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

T7 thru TO 

T7 thru TO 

initiate exchange between X and C. 

00 next clock (T8) 

NOP (20) -+ 0 



00 T8 rC24 
rCz 
sF1 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( .. ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB ( II ) 

sB (3-23) 
rB (" ) 
Cr3 
sC(O-2) 
rC( " ) 
sC(3-23) 
rC(" ) 
End 
Xnr 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

TO rAOO 
rBOO 

Tr rIa 
rIx 
rRc 

Tp rEx 
rF1 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= T8(TsTsr) 
= 00T8 
= T8GO 
== T8~ __ 
= T~pGO 
= T8 ----==---
= (01020304)Q1 
== A(21-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ..) " 
= B(0-20)Ar3 
= B(" ) " 
= Ex{TsQ1) 
= Xn(1-3)ExAOOBOOTsCr3 
= Xn( " ) " 
= C(O-20)Cr3 
= C(" ) " 
= 05(AOO-J{;0) 
= AOOBOOEx 
= C(21-23)AOOBOOEx 
= C( ") " 
= T4{End+F1F2)Inr 
= Sc 
= ExTOAOO 
= ExTOBOOAr3 
= TrF1 
= Tr(FlF3) (GOHt) 
= Tr 
~ ExTp 
-= TpEndSk 
= ( "~ 

'= Tp01(GOHt) 
= Tp 
== TpEndSk 
= Oc 
= Oc 

REG SEL ~O 

05 next (T'7) 

initiate idle (also reset halt light) 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

x -+ C T7 thru TO 

last cycle 

C -+X T7 thru Td 

Clear S 

00 next clock (T8) 

NOP (20) -+ 0 
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00 TS rC24 
rCz 
sF1 
sF3 
rHt 
sHz 

05 T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB (0-2) 
rB ( 11 ) 

sB(3-23) 
rB (" ) 
End 
sXw(1-3) 
rXw( " ) 

T4 Sc 
rS (1-14) 

Tr rIa 
rIx 
rRc 

Tp rF1 
rF3 
rRf 
rJu 
Oc 
rO(1,3,4,5,6) 
s02 

= TS(TsTsr) 
= 00TS 
= TSGO =T. = T pGO 
= TS .---==---= (0102CD04)Q1 
= A(21-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(21-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= B(" ) " 
= 05(AOO+G0) 
= Xn(1-3)Xnr 
= Xn( II ) " 

= T4(End+F1F2)iIlr 
= Sc 
= TrF1 
~ Tr(F1F3) (GOHt) 
= Tr 
= TpEndSk 
= ( "--1-
= Tp'0I(GOHt) 
= Tp 
= TpEndSk 
= Oc 
= Oc 

REG SEL ~1 

05 next (T7) 

initiate idle (also reset halt light) 

Recirculate A 

Recirculate B 

last cycle 

Recirculate X 

Clear S 

00 next clock (TS) 

NOP (20) -70 

T7 thru TO 

T7 thru TO 

The Computer is now in normal "IDLE" mode with C being displayed. 
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03 
04 

UD1 
UD1 

Same as Unconditional Branch 
Same as Halt 

234 

unI 03 
UD1 04 



05 UDI 

00 T8 rCz 
sHz 
sIx 
sJu 
Oxc 
sO ( 1,3,4,5, 6) 
r02 

T7 sAOO 
Ar3 
sA(0-2) 
rA( II ) 

sA(3-23) 
rA( 11 ) 

sB(0 ... 2) 
rB ( 11 ) 

sB(3-23) 
rB (ti ) 
End 
Cr3 
sCO 
rCO 
sC(1,2) 
rC( 11 ) 

sC(3-23) 
rC( II ) 

sCp 
rCp 
Pr3 
sP(O-2) 
rP( II ) 

sP(3-l4) 
rP( tI ) 

Xz(1-3) 
XZ( " ) 
YZ(1-3) 
VZ( " ) 
sCz 
rCz 

T4 Sc 
rS(1-14) 

T3 rCO 
Sxp 
sS(1,2) 
sS(3-14) 

T2 rC(1,2) 
TI sC(1,2) 

rC( tI ) 

TO rCz 
sCO 
rCO 
rC(1,2) 

UDI 05 .. 1 

Branch to Address Plus One, A,B,C Registers Change as in 
Divide (~l)<> 

5 Cycles 

= 00T8 
a T8 
1:1 ClG000T8 
1:1 fiGOC4C5C8C9T8 
= IaGOC200T8 
= C(3,5,6,7,8)Oxc 
= C40xc 
= 00T7AO 
= FIF20sQI 
= A(2l-23)AnrAr3 
I: A( ") " 
= A(O-20)Ar3 
= A( II ) " 

= B(2l-23)BnrAr3 
= B( ") " 
= B(O-20)Ar3 
= B(" ) " 
I: JuEaiol 
== FlF2(TsQl) 
= (P12)JuTSCr3Q6 
= (-rr-) " 
III P(13,14)JuTsCr3Q2 
= y( ") " 
III C(O-20) Cr3 
= C(" ) " 
III (C2~2~23)CpTsmQlF1F2 
= ( " ) Cp " 
= JuQ2 
1:1 Add(1-3)JuEaxPr3 
= Add( ") " 
= P(O-ll)Pr3 
III P( II ) " 

= Xn(1-3)00Ix 
1:1 Xn( II )00Ix+iX 
1:1 C(2l-23)07 
1:1 C( " )" 
= KzQlTO 
III KzQl 
1:1 InrFlF2T4 
= Sc 
= (JuTSCr3)Q4Q6 
== IntEndGOT3 
= Add(2,3) (JuEaX)Sxp 
=- P(O-ll)Sxp 
= (JuTsCr3)T2 
a (JuTsCr3)Em(1,2)Tl 
a.L " ) Ei"( " ) " 
.. FlTO 
- Of(JuTsCr3)TO 
- Of( " )" 
= (JuTsCr3)TO 
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Initialize indexing 

Instruction to 0 register 

Set AOO = sign of A 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P(l-l4) -+ C(10 .. 23) T7 thru T3 

Parity check T7 thru TO 

C + X· Ix -+ P T7 thru T3 

Input to adder (X-Ix) T7 thru TO 

Input to adder (C) T7 thru TO 

Carry logic T7 thru Tl 

Clear S 
No input to C3, C6, C9 T3 thru Tl 

P -+ S 

No input to C7, C8 

(Cl,C2) is (C4,C5) at TI 

Set CO if overflow 
No input to Cl, C2 



UDI 05-~ 

Tr Cxm = EndGOTSm(Tr+Tp) 
sC(0-23) 1:11 M(0-23)Cxm M ~ C (Fetch next instruction) 
rC( II ) = CxmTr Tr thru Tp 
sRt .. ~~ Parity error 
rIx 1:11 ( F3)( Rt)Tr 
rRc = Tr 

Tp rAOO == EndGOTp 
rBOO .. ( " ) 
sCp 1:11 M24CxmHtTsTp Initiate parity 
sF3 = Ia030400Tp 01 next clock (T8) 
rJu = TE...__ _ 
Oc == (Ol03Ia+EndSk)Tp 
rO(1,3,4,5,6) = Oc 
s02 = Oc NOP (20) ~O 
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01 T8 Anr 
Bnr 
Ck 
sC(O-23) 
rC(" ) 
sCz 
sHz 
sIx 

T7 Ar3 
sA(O-2) 
rA( If ) 

sA(3-23) 
rA(" ) 
Hx(1-3) 
1lX( " ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB(" ) 
Xz(1-3) 
Xz( " ) 
yz(1-3) 
Y'Z( " ) 
Cr3 
sC(O-2) 
rC( It ) 

sC(3-23) 
rC(" ) 
sCp 
rCp 

T6 sRf 
T4 Sc 

rS(1-14) 
T3 Sxc 

sS(1,2) 
rS ( If ) 

sS(3-14) 
rS (" ) 

Tr sBc23 
sHt 

Tp sF2 
Sc 
rS(1-14) 

= 0HB 
= 0105 
= 01T8COTs 
= "C"(O~23) Ck 
.. C(" )" 
= 01T8CO" 
= T8 
= 01T8CO 
= FlF205Q1 
.. (Ha(1-3)AOO+B(21-23)AOTI)0105Ar3 
= (iIa( " ) "+1r( " ) ") " 
= A(O-20)Ar3 
.. A"(" ) " 
.. 13(21,,23)01 
= B( If )" 

= Add(1-3)0105Ar3 
= Add( ") If 

=' B(O-20)Ar3 
.. B(" )" 
= (A(21-23)ADn+A(21-23)AOO)01 
= (K( " ) "+A( " ) " ) " 
= C(21-23)VJ! 
= c( " )" 
= F1F2(TsQ1) 
.. C(21-23)FlF2F3TsCr3 
= C( ") " 
= C(O-20)Cr3 
.. C(" ) " 
= (C2~2a±x!23)CpTsHtQ1FlF2 
= ( __ " ) Cp " 
= 01 (<nQb) (BOBlB2AOAIA2~) 
= T4r1JiInr 
= Sc 
lIZ T3fiF2Ju 
= Add(2,3)Sxc 
lIZ Add( " ) " 
.. C(O-ll)Sxc 
= C(" ) " 
lIZ 01TrHzAOO 
= CpT~002 
= 01Tp 
= 01Tp 
= Sc 

01 same as for a Divide instruction. 
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Invert C if C :> 0 

Initiate -B if A­
Set Ix = sign of (M) 

B -'; A if A :> 0 
~ + 1 -'; A if A < 0 

Half adder inputs (B+1) 

I AI - Ic I -'; B 

Adder input (IAI) 

Adder input (ICl) 

Recirculate C 

Check parity 

~ means 0 ~ A,B = rct 

Clear S 

Junk input to C 

UDI 05-3 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 
T6 thru Tp 

Set Bc23 if B = 0 and A < 0 
Parity error 
03 next 

Clear S 



UDI 05~4 

03 T7 Ar3 == (OI02~04)QI 
sA(0-2) = A(2I-23)AnrAr3 
rA( If ) == A( " ) If 

sA(3-23) - A(0-20)Ar3 Recirculate A T7 thru TO 
rA( H ) = A( " ) " 
sB(0-2) == B(2I-23)BnrAr3 
rB ( II ) =B( " ) " 
sB(3-23) = B(0-20)Ar3 Reciruclate B T7 thru TO 

rB( " ) == B( " ) " 
TO rCp == TsHtKO(FI+F2)(~~I602)TO 

rCz = FITO 
Tp sSk = 03~ObTp 

sFl = TpSk ~7 next clock (TS) 
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~7 T8 Ck 
sC(O ... 23) 
rC(" ) 
End 
sIa 

T7 Cr3 
rC(O-2) 
sC(3-23) 
rC(" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3 ... 14) 
rP(" ) 
rIa 

T6 Xz(1-3) 
Xz( " ) 
Yz3 
rYzl 
rYz2 
rYz3 

T4 Sc 
rS( 1 ... 14) 

T3 Sxp 
sS(1,2) 
rS ( " ) 
s8(3 ... 14) 
r8 (" ) 

TO rSk 
Tr Cxm 

sC(0 ... 23) 
rC(" ) 
sRt 
rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF( 1-3) 

= ~7T8't'i 
= ~(0-23) Ck 
= C(" )" 
= F1F2 
= T8~7S~ 
= ~703TSQ1 

" 
C(O-20)Cr3 

= C(" ) " 
= (F1GO)Q2 

(P1~13P14Ia)F1GO(~0%0-;06)Pr3 
( it) " 
(P1~14Ia) " 
( ") " 
(Pl@a) " 

= ( ff ) " 

= P(0-11)Pr3 
= P(" ) " 
= (P12P13P14)Q2Fl 
= B(21-23)~705Ob 
= B( ") " 
= ~7Bc23 
= ~7iIT 
= 07KO 
= 07'BcTI 
== T4Endlnr 
= Sc 
== T3IntEndGO 
= P(13,14)IaFIGO(02040506)Sxp 
= P( " ) " ( " )" 
= P(O-ll)Sxp 
== P(" )" 
= 07TO 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= TrCxm 
== ,CpTr@<OJ2 
= F1Tr 
= Tr(J!F3)(~) 
= TpEn<:\GO 
= TpEndGO 
= M24CxmHtTsTp 
= TpEndSK . 
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UDt 05 .. 5 

Invert C 

Last cycle 
Initiate P register increment 

o -+ C T7 thru TO 

T7 thru T3 

Adder input (B) T6 thru Tr 

Adder input (Bc) T6 thru Tr 

Clear S 

P(13,14) contains P(1,2) at T3 
P -+ S 

M -+C (Fetch next instruction) 

Parity error 

Initiate parity 
00 next 

Tr thru Tp 



07 UDI 

"0 T8 rCz 
sIx 
sJu 
Oxc 
sO ( 1 , 3 , 4, 5 , 6) 
r02 

T7 sAOO 
Ar3 
sA(0-2) 
rA( " ) 
sA(3 .. 23) 
rA(" ) 
sB(O-2) 
rB ( II ) 

sB(3-23) 
rB (" ) 
Cr3 
sCO 
rCa 
sC(l,2) 
rC( " ) 
sC(3-23) 
rC( It ) 

End 
Xz(1-3) 
Xz ( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-l4) 
rP(" ) 

T5 sF3 
01 T4 sCO 

rCO 
sC(l,2) 

rC( " ) 
sC 
rS (1-14) 

T3 rCa 

Branch to Address Plus One. (Phasing Similar to Left Shift, 
May Hang-up in 03 if Sk Doesn't Set) (Shift May Occur But it 
May be Dependent Upon Contents of P Register) 

= 00T8 
lIZ ClG000T8 
= C4C5C8C9fiG000T8 
lIZ ~raG000T8 

Initialize indexing 

UDI 07-1 

= C(3,5,6,7,8)Oxc 
= C40xc 

C(3-8) -+ 0 if not indirect addressil 

= AO¢OT7 
= (01020304)Ql 
lIZ A(2l-23)AnrAr3 
lIZ A( ") " 
= A(0-20)Ar3 
lIZ A(" )" 
= B(2l-23)BnrAr3 
= B( ") " 
= B(0-20)Ar3 
= 1r( II ) II 

= FlF2 (TsQl) 
= (P12)JuTsCr3Q6 
= (") II 

= P(13,14)JuTSCr3Q2 
= P( ") " 
= C(0-20) Cr3 
lIZ C(" ) " 
= JuEaX<r! 
= Xn(1-3)00Ix 
= Xn ( ") " +Ix 
= C(2l-23)~ 
= C( " )" 
= Kz~QlTO 
= KzQl 
= (C2~2~23)CpTsHtQIFlF2 
= ( It ) Cp tt 

= JuQ2 
= Add(1-3)JuEaxPr3 
= Add ( " ) " 
= P(0-11)Pr3 
lIZ P(" ) " 

Save sign of A 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

T7 thru T2 

P(6-l4) ~ C(15-23) T7 thru 1'5 

Adder input if Ix(indexing) 
T7 thru TO 

Adder input (C) T7 thru 'I'O 

Carry logic T7 thru TO 

Check parity T7 thru TO 

C +- X·Ix ~ P T7 thru T3 

= Ia03040500Q4 01 next clock (T8) 
= (C2lYlF2F3+P12JuQ6)TsCr3 JMerge (P4+c12 ~ C15) T4 only 
= (C2l It +P12 ") " (C(6,9) -~ C(9,12) T3 thru T2 
= (C(22'23)FIF2F3+P(13'14)JUQ2)TSCr~erge (P(2,3,5,6)+C(10,11,13,14) ~ 

C(13,14,16,17) T4 thru T3 
= (C( ") "+P( " ) ") " C(7 8) -~ C(lO 11) T2 only --- " =InrFlF2T4 
= Sc Clear S 
= JuTSCr3Q4Q6 No inputs to C6,C9 T3 thru T2 
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~3 

UDI 07-2 

Sxp 
sS(1,2) 
rS ( II ) 

sS (3-14) 
rS (" ) 

T2 rC(1,2) 
sF2 
Sx48 
rS (1-8) 
sS(9,10) 
rS(11-14) 
sSk 
sSk 
rS14 

T1 AL2 
sB(22,23) 
rB ( " ) 
Sd2 
sSk 
sSk 

TO rCz 
sCO 
rCO 
rC(1,2) 
rCp 
(refer 03 T1) 

Tr sHt 
(refer ~3 T1) 

= (End+JuEax)In1T3 
= Add(2,3)JuEaxSxp 
= Add( ") " 
= P(O-ll)Sxp 
= P( II ) " 

= JuTsCr3T2 
= 05~lQ~ 
= (S6S7S +s·9S10)0501T2 
= 0501T2 
= Sx48 
= Sx48 -== = (0501T2)(S6S7 o •• S14) 
= ( II )(M@\1)C2 
= ( " ) ( " ) C2 
= 0506Sk03 
= A(0,1)AL2C405 
= A( "-2. " 
= 0506Sk03 
= 05Sk(S9S10S11S12)S13~3 
= 0506SK(S9SIOSIlSI2)Si403 
= FrTO 
= Of(JuTsCr3)TO 
= OI( " )TO 
= (JuTSGr3) TO 
= TsTOHtKO(F20704W6)J2 

= CpT~OJ2 

P ~S 

No input C7,C8 
03 next clock (T8) 
Shift ;,. 48 bits 
Zero ~ S (1-8) 
Set count = 48 if shift ~ 48 
Leave count alone if shift < 48 
Count = zero 
A,B normalized C2=Cll(norm.bit) 
Avoid clean up shift. 
See instruction 67 (~3 T1) 

II 

" 
" 
" 

" 
" 
" 
" 

" 
II 

" 
" 

No input to Cl,C2 

" 
II 

" 

Avoid erroneous parity error 

Pari ty error 

If Sk is not set (81<) the Computer vJi11 hang up in 03. If Sk sets before Tp, 
the Computer ~'7i11 remain in a dynamic halt until Tp occurs Q 

Tp Ar1 = (0506SkS14)03Tp See instruction 67 (~3 Tp) 
Br1 = ( II ) " " " " " 
sF1 = TpSk 07 next clock (T8) 
rJu = Tp 
Oc = EndSKTp 
rO(1,3,4,5,6) = Oc NOP (20) ~ 0 if SK 
s02 = O_c __ 
rRf = (GOHt)WiTp Clear Rf 

If ~7 occurs Sk must be set and the instruction (07) is still in O. 
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at T2 



C/J7 T8 Ck 
sC(O-23) 
rC(" ) 
End 
sIa 
sBc23 
sKO 
sRf 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA( II ) 

sB(O-2) 
rB( II ) 

sB(3-23) 
rB(" ) 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
rIa 
sP(3-l4) 
rP(" ) 
Xnr 
sXw(1-3) 
rXw( " ) 
Xz(1-3) 
XZ( " ) 
Yzl 
YZ1 
Yz2 
~ 
Yz3 
YZ3 
sBc23 
rBc23 
sKO 
rKO 
sRf 
rRf 

= C/J7T8Ts 
= C(O-23) Ck 
= C(" ) Ck 
= FlF2 
= SkT8C/JilfV@ 
= (C/J705TS)Sl4 
= ( II )S7 
= ( ")86 

= C/J706Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 
-= X(" ) " 
= B(2l-23)BnrAr3 
= 1r( II) " 
= B(O-20)Ar3 
= B( II )" 

= (FlGO)Q2 
= ( ") (~~04<n==-=--O-6) (Pl&13P14Ia) Pr3 
= ( ") ( " ) (plt:t1i13fi14Ia) " 
= ( ") ( " ) (Pl~14Ia) Pr3 
= ( ") ( " ) (Pll1114!a) " 
= ( ") ( " ) (Pl~a)Pr3 
= ( ") ( " ) (Pl2@a) " 
= P12P13P14Q2Fl 
= P(O ... 11)Pr3 
=p( II ) II 

= ~(040506)C5C/J7 
= Add(1-3)0!(040506)~C/J7Fl 
= Acfd( " ) " 
= Xn(1-3)IxC/J705 
= Xn( ") III 

= RfC/J7 
= RfC/J7 
= K007 
= KOC/J7 
= Bc23C/J7 
=~C/J7 
= (C/J705T7)S5 
= ( ")85 . 
= ( " ) S4 
= ( II )84 
= ( ") S3 
= ( " )~ 
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UDI 07-3 

Invert C 

Initiate P register increment 
Rf,KO,Bc23 form an Octal input to 
yz(1-3) from T8 thru T6 which 
represent the negative number of 
shifts during normalize. 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

P ~S T7 thru T3 

X+S(2-7)+8l4· ..-7 X 
(X-number of shifts ~X) T7 thruTO 

Adder input (X) T7 thru TO 

Adder input (8) 
Bits 83 thru 87 contains 
a negative count of the 
AL~'s during normalize. 
814 c.ontains the. clean up. 

Rf, KO and Bc23 must 
beset for the next 
clock 



T6 sBc23 
sKO 
sRf 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
sS2 
sS (3-14) 

TO rSk 
Tr Cx:m 

sC(0-23) 
rC(" ) 
rIa 
rIx 
rKO 
rAOO 

Tp sCp 
rF(1-3) 
rRf 
Oc 
s02 
rO(1,3,4,5,6) 

= (0705T6)S2 
= ( II )S2 
= ( JI )S2 
= T4Endlnr 
= Sc 
= T3IntEl1dGO 
.. (FlGO) (-=0==204=-05==0"-0-6) (Pl~14Ia)Sxp 
= ( ") ( " ) (Pl~a)Sxp 
= P(O-ll)Sxp 
= 07TO 
= EndGOTsm(Tr+Tp) 
= M(0-23) Cxm 
= CxmTr 
= TrFl 
= Tr(flF3) (GOHt) 
= 07Tr 
= TpEndGO 
= M24CxmTpHtTs 
= TpEndSK 
= Tpn(GOHt) 
=- TpEndS1< 
= Oc 
= Oc 
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Extend minus sign for 
negative count to Yz 

Clear S 

P ~S 

UD! 07-4 

T5 thru TO 

M ~C(Fetch next instruction) 

Initiate parity 
00 next clock (T8) 

NOP (20) ~ 0 

Tr thru Tp 



11 UD1 

"0 T8 rCz 
sIx 
Oxc 
sO(1,3 ,4,5,6) 
r02 

T7 Ar3 
sA(O-2) 
rAe II ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-2J) 
rB (" ) 
Cr3 
sC(O-2) 
rC( .. ) 
sC(3-23) 
rC( II ) 

Xz(l-J) 
Ii"( " ) 
yz(1-3) 
Vi( " ) 
sCz 
rCz 
sCp 
rCp 

T4 Se 
rS (1-14) 

T3 Sxc 
s8(1,2) 
a8 (3-14) 

TO rCz 
Tr Cxm 

sC(O-~J) 
rC(" ) 
sHt 
rlx 
rKO 

Tp sCp 
sF2 

Similar to Parallel Output When (M) ~Output Device 
Ready (Next instruction is found in 
location designated by operand) 

- gOT8 
- flOT8ClGO 
;a (~OT8IaGO)C2 
- C(J,5,6,7,8)Oxc 
.. 'C4oXe 
.. (0102~04)Q1 
- A(21-23)AnrArJ 
-= A( ") " 
.. A(O-20)Ar3 
1:1 A( II ) " 

.. B(2l-23)BnrAr3 
_ B( It) .. 

- B(O-20)ArJ 
mB( " . ..1 " 
- fln(TsQ1) 
.. Add(1-3).OlUTicr3 
lIZ Add( " ) It 

- C(O-20)Cr' 
_ C(" ) U 

III Xn(l-3)IJO.Xs 
-!ii( " )f01x+iX 
.. C(21-23)'J'1 
.. C( ':'J_" 
.. KzQ1T0J7 
.. KzQ1 
=- (C2~2~23)CPTsiftQ1Fif2 
.. ( " )Cp .. 
.. T4F1F2Inr 
- Sc 
.. T3F1F2Jli 
.. Add(2,3)Sxc 
.. C(O-ll)Sxc 
.. PITO J 

.. JU~OTsm(Tr+Tp) 

.. M(0-23)Cxm 

.. TrCXm 

.. CpT~1!L­
-= Tr(m3) (GOHt) 
- GOTrf! 
- M.24CxmHtTs!E. 
- (TpfagO)0392 
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Initialize indexing 

Instruction -+ 0 

Recirculate A 

Recirculate B 

Adder input (XIXP 

Adder input (C) 

Car:ry logic 

Check parity 

Clear S 

C + X· Ix -+ S 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 
~2 next clock (TS) 

UDI 11-1 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru I 

T7 thru Tl 

T7 thru TO 

Tr thru Tp 



02 T7 

TO 
Tp 

Ar3 
sA(O-2) 
rAe " ) 
sA(3-23) 
rAe " ) 
sB(O-2) 
rB ( " ) 
sB (3-23) 
rB( " ) 
sRf 

rCz 
sFl 

rRf 

= (OlO20304)Ql 
= A(2l-23)AnrAr3 
=A( " ) " 
= A(O-20)Ar3 
= X( II ) " 
= B(2l-23)BnrAr3 
=1r'( " ) II 

= B(O-20)Ar3 
= 1r( " ) II 

= Q2l"!06F2Rt 

= rITO 
= Tp (F1~01.0364) IaRf 

= TpG!(GOHt) 

UDI 11-~ 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

External Device is ready (Rt) 
to receive information T7 thru T3 
from the computer. 

06 next if Rf 
¢2 next if Rr 

The Computer will' continue to repeat 02 until the External Device becomes ready, 
at which time the data will be transferred fn parallel from the C register to the 
device. At Tp time, following the transfer, 06 will occur. 
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~6 T8 sIa 
End 

T7 Ar3 
sA(0-2) 
rAe If ) 

sA(3-23) 
rAe If ) 

sB(0-2) 
rB ( If ) 

sB (3-23) 
rB (" ) 
Cr3 
sC(0-2) 
rC( If ) 

sC(3-23) 
rC( If ) 

XZ(1-3) 
YZ(1-3) 
Yz ( If ) 

sCz 
rCz 
sCp 
rCp 
Pr3 
sP(0-2) 
rP( If ) 

sP(3-14) 
rP(" ) 
rIa 

T4 Sc 
rS(1-14) 

T3 Sxp 
sSl 
rS1 
sS(3-14) 
rS (" ) 

Tr Cxm 
sC(0 ... 23) 
rC( II ) 

sHt 

= T8F1.~ 
= F1F2 
= (0102tn04)Q1 
= A(21-23)AnrAr3 
= 'A( If) " 

.. A(0-20)Ar3 
= X( II )" 

= B(21-23)BnrAr3 
= 13( ") " 
= B(0-20)Ar3 
= 1f(" ) " 
= F1F3(T'SQ1) 
= Add(1-3)~6TSCr3 
= AOcr( ") " 
= C(0-20) Cr3 
=c( If)" 
=Ix 
= C(21-23)W7" 
= c( " ) If 

= KzQ1F1~ 
= KZQ1 
= (C2~2~23) cprsIIEQ10603 
=( If )Cp If 

= (F1GO)Q2 
= Add(1-3)02040506Pr3 
= Add( " ) " 
= P(0-11)Pr3 
= 1f'( If ) " 

= (P12P13P14)Q2F1 
= T4Endlnr 
= Sc 
= T3IntEndGO 
= Add(2,3)02540506Sxp 
= Add( If) " 

= P(O-ll)Sxp 
= P(" )" 
= EndGOTsm(Tr+Tp) 
= M(0-23) Cxm 
= CxmTr 
= CpT@KOJ2 
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Has no effect 
Last: cycle 

Recirculate A 

Recirculate B 

Adder input (C) 

Carry logic 

Check parity 

unI 11-3 

T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO .. 
T.7 thru T,-

C( 10-23) -7 P T7 thru T3 
C contains operand (bits 14-23 of 
which represent I/O starting address) 

Has no effect 

Clear S 

C(10 ... 23) + A(10-23) ~ S 

M ~C (Fetch next instruction) 
Tr thru Tp 

Parity error 



rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1,2) 
Oc 
s02 
rO(1,3,4,5,6) 

• TrFJ..-- -==-­
.. Tr.(FIF3) (GOHt) 
::II TpEndGO 
.. ( It L_ 
a M24CxmHtTsTp 
• 'rpEndSk 
• ( II ) 

- Oc 
- Oc 
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Initiate parity 
~O next clock (T8) 

NOP (20) -.0 

UDI 11-4 



15 unI 

~O TS rCz 
sIx 
Oxc 
sO(1,3,4,5,6) 
r02 

T7 Ar3 
sA(O-2) 
rA( II ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB,< II ) 

Cr3 
sC(0-2) 
rC( " ) 
sC(3-23) 
rC<" ) 
Xz(1-3) 
Xz( II ) 

Yz(1-3) 
Yz( ".) 
sCz 
rCz 
sCp 
rCp 

T4 Sc 
rS (1-14) 

T3 Sxc 
s8(1,2) 
sS (3-14) 

TO rCz 
Tr Clan 

sC(O-23) 
rC{" ) 
sHt 
rlx 
rKO 

Tp sCp 
sFl 
sF2 

Two Cycle NOP 

- ~OT8 
&I ~OT8ClGO 
- (~OT8IaGO)C! 
- C(3,5,6,7,8)Oxc 
- C40xc 
- (0102Qj04)Ql 
- A(2l-23)AnrAr3 
III A( II) II 

a A(O-20)Ar3 
... A( II ) " 

- B(2l-23)BnrAr3 
_ B( ") II 

III B(O-20)Ar3 
r::a B(" ) " 
- fIF2(TsQl) 
- Add(I-3)00jUTSCr3 
- Add( II ) " 

- C(O-20)Cr3 
• ~(II ) II 
CII Xn(1-3)00-Ix 
a iii ( II ) 001x+DZ 
- C(2l-23)ff 
III C( "J" 
- KzQ1TOJ] 
- l{zQl 
- (G2$2$23)CpTsHtQ1Fln 
- ( ") Cp II 

a T4F1~fnr 
c Sc 
- T3FiFiJu 
a Add(2,3)Sxc 
CII C{O-ll)Sxc 
r::a JlTO 
- Ju00Ts'ii(Tr+Tp) 
- M(O-23)Cxrn 
- TrCxm 
sa CpT~O~ 
r::a Tr(rn=3) (~) 
r::a GOTrF2 
CII M24CxmHtTsTp 
a (Tpla00)0304 
- ( " )0302 
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Initialize carry 
Initialize indexing 

Ins t ruct ion ~ 0 

UDI 15-1 

2 Cycles 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C+X·lx -+ C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 
T7 thru TO 

Adde:r input C regis ter T7 thru T~ 

Carry for Adder T7 thru Tl 

Check par:J.ty T7 thru TO 

Clear S 

C + X· Ix -+ 8 

M -+ C (Fetch operand) 

Parity error 

Initiate parity 

06 next clock (TS) 

Tr thru Tp 



06 T8 81. 
Ind 

T7 Ar3' 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB(" ) 
Cr3 
8C(O-2) 
rC( II ) 

sC(3-23) 
rC( It ) 

Xz(1-3) 
Xi( " ) 
yz(1-3) 
Yi( " ) 
sCz 
rCz 
sCp 
rCp 
Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-14) 
rP(" ) 
rIa 

T4 Sc 
rS (1-14) 

T3 Sxp 
sSl 
rSl 
s82 
rS2 
88(3-14) 
rS (" ) 

Tr Cxm 
sC(O-23) 
rC(" ) 
aHt 

• TSPlfQ9 
~ F~F2 
• (Ol020!04)Ql 
- A(21-23)AAr"Ar3 
~ A( ") It 

~ A(O-20)ArJ 
- A(" ) " 
• B(21-2J)BnrAr3 
• B( ") " 
• B(O-20)ArJ 
."I( It ) I~ 

• lli](fi'Q1) 
• Add(1-3)f6T8Cr3 
• xact( ") .. 
• C(O-20)CrJ 
_ C( tI ) " 

• A(21.23)~60204 
• A( tI) " 
-C(21-23)rT 
.~( II )" 

- ~lrlJ1 
• iiQl 
• (C2~2~23)~fiItQl_603 
• ( II )Cp " 
• (11GO)Q2 
• (P13lr13P14Ia)rlGO(ti2Bt8J06)'rJ 
• ( if J " 
: ~~Pl~?4I.~ :: 

: ~Pl'fta~ :: 

- P(O-11)Pr3 
• P( It ) II 

- (P12P13P14)Q2rl 
• T4lndInr 
.. Sc 
• T3iiit~dGO . 
a (Pl$-14Ia) Floo(0'1_06) 'Sxp · ( ") .. 
- (P1'8a) It 

• ( ") II; 

.. P(O-ll)Sxp 
• P( IIJ" 
• ~(Tr+Tp) 
• M(O-23)CDl 
- TrCxm 
.CpT~ 
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001 15 .. ~ 

Initiate P regi.tet increment 
L •• t cycle 

Recirculate A 77 thru TO 

Recirculate B T7 thru TO 

A+ C -+ C T7 thru TO 

Unused adder input8 T7 thru TO 

T7 thru TO 

Cheek parity T7 thru TO 

T7 thru T3 

Clear S 

P+l-tS 

M ... C (Fetch next instruction) 
Tr thrtt Tp 

Parity error 



rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rl(1,2) 
Oc 
802 
rO(1,3 ,4, 5,6) 

- TrFl.-- -==--
- Tr(F1F3) (GOHt) 
r:I TpEndGO 
- ( II L_ 
- K24CxmHtTsTp 
- TpEndSk. -( " ) 
- Oc 
- Oc 

250 

Initiate parity 
'0 next clock (T8) 

NOP (20) -.0 

OO! 15-3 



21 UD1 Same 
22 UD1 Same 
24 UD1 Same 
25 UD1 Same 
26. UD1 Same 
27 UD1 Same 

as 
as 
as 
as 
as 
as 

Execute 

UDI 21 
UD1 22 
UDI 24 
UDI 25 
UDI 26 
UD1 27 

EOM 2000(1,2,4,10)-(See ~M for specific EOM instruction) 
No Operation 
Execute 
EOD 200(30,21,12,3)-(See EOD for specific EOD instruction) 
Execute 
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UDI 31-1. 

31 001 M ~ C (~O), C ~M (~4), No Other Registers Affected 3 Cyc~ 

~o T8 rCz .. ~OT8 
sIx .. (lOT8ClGO Initialize indexing 
Oxc .. (~OT8IaGO)C2 
sO(1,3,4,5,6) .. C(3,5,6,7,8)Oxc Instruction -.0 
r02 • &<>Xc 

T7 Ar3 - (0102ro04)Ql 
sA(0-2) - A(21-23)AnrAr3 
rA( " ) .. A( " ) " 
sA(3-23) SII A(0-20)Ar3 Recirculate A T7 thru TO 

rA( It ) III A( " ) " 
8B(0-2) .. B(21-2~)BnrAr3 
rB ( tI ) -"B( " ) " 
sB(3-23) - B(O-20)Ar3 

Recircu.lat e B T7 thru TO 

rB( " ) - B ( ". ) " 
Cr3 - flF2(TsQl) 
sC(O-2) - Add(l-3)00JuTsCr3 
rC( H ) =- ACid( " ) " o+X- Ix .... C (Add-Xz+Yz) T7 thru TO 
sC(3-23) D C(O-20)Cr3 
rC( II ) .. C( It ) " 
Xz(l-3) - Xn(I-3)00·Ix Adder input (X-Ix) T7 thru TO 
fi"( " ) l1l:I !Ii ( " ) 00Ix+lx 
Yz(1-3) .. C(2l-23)J7 Adder input (C) T7 thrt:~ Yz( It ) -e( II ~II 
sCz .. KzQlTO 7 
rCz .. KzQ1 Carry logic T7 thru TI 

sCp =- (C2~2lB::23)CpTsHtQlFiF2 Check pari ty T7 thru l~O 
rep =- ( " )Cp " 

T4 Sc .. T4FIF2Inr 
rS(l-l4) .. Sc Clear S 

T3 Sxc .. T3F1ruu 
&8(1,2) =- Add(2,3)Sxc 

C + X· Ix .... S as (3-14) .. C(O-II)Sxc 
TO rCz =a nTO • 

sRf = OsF3TO No input to Y buffer 
Tr Cxm III Ju~OTsm(Tr+Tp) 

sC(O-23) III M(0-23)Cxm M -+ C (Fetch operand) Tr thru Tp 
rC( tI ) .111 TrCxm 
sHt .. CPT~O~ Parity error 
rIx .. Tr( F3)(GOHt) 
rKO - Gorrr! 

Tp sCp .. M24CxmiTtTsTp Initiate parity 
sFI .. OlO304IaRfFlnTp 04 next clock (TS) 
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~4 T8 rC24 
sla 
Mxc 

T7 Ar3 
IA(O-2) 
rAe II ) 

sA(3-23) 
rA,(" ) 
sB(O-2) 
rB( " ) 
sB(3-23) 
rB( II ) 

Cr3 
sC(O-2) 
rc( " ) 
sC(J-23) 
rc(" ) 
Pr3 
sPO 
rPO 
sPl 
·rPI 
sP2 
rP2 
sP(3-14) 
rP(·" ) 
rIa 

T6 sC24 
rC24 

T3 rM(O-24) 
TO rep 
Tr sRt 

rIa 
rKO 

Tp sF(2,3) 
sM(O-24) 
rM( II ) 

- T8lT 
• 1'11_.J __ 

- .~ 8m 
• (0102 O~l 
• A(21-23)~rAr3 
.1'"( It) f' 

a A(O-20)Ar3 
_ A( tt )" 

.. B(21-23)BDrArJ 
• "'D\ It) II 

• B(O-20)Ar3 
-Be: .2 If 

- FIF3(TsQl} 
- C(21-23)Ol0406Ts04 
II!I.C{ ") ,II 

~ C(O-20)Cr3 
• C(" ) " 
Ilia (FIGQ)Q2 
.. (Pl$'13P14Ia)F1GO(Oi&6lO6)Pr3 
• ( " ). at 

_ (PI.$'141a) If 
_ ( if) If 

- (Plea) " 
• ( ") .t 
• P(O-ll)Pr3 
.. P( II ) II 

= (P12i>T3:rI4)Q2Fl 
= (COffiCl~C2)E24(Tstsr)(Q3+Q5) 
= (II )C24(") ( " ) 
= T3 
= TsTOHtKO(Fl070106)02 
= Cp Tugp\K002 
= TrFl 
.. TrG0F2 
.. Tpf4 
• C(O-24)Mxc'lp 
.. ~(") Jt 
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UDI 31-~ 

In1t1.11ae parity a'-at·ion 
In:tt:Lalt •• P raal.ter'1ncr_ent 

twcirculate B 

Recirculate C 

P + 1 ..... r 

Geuer.te parity 

Clear M 

Parity error 

'7 neXt clock (T8) 

C .... K (Store operand) 

T, thru If 

T7 thru to 

T7 thru TO 

T7 thru TO 

t7 thru T3 

T6 thru Tr 



fJ7 T8 End 
T7 Ar3 

sA(O-2) 
~A( " ) 
sA(3-23) 
rA(" } 
sB(0-2) 
rB ( " ) 
sB(3-23) 
rB (" ) 
Pr3 
sP(O-2) , 
rP ( " ) 
sP(3-14) 
rP (tl ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sS(1,2) 
rS ( " ) 
sS (3-14) 
rS (" ) 

TO rSk 
Tr Cxm. 

sC(0-23) 
rC( II ) 

rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oc 
s02 
rO(1,3,4,5,6) 

·"F1F! 
.. (0102030lli1 
.. A(21-23)AnrAr3 
- A( ") " 
III A(0-20}Ar3 
III A(" ) " 
= B(21-23}BnrAr3 
= B( ") " 
a B(0-20)Ar3 
-B(" )" 
- FIGOQ2 
= P(12-14)laF1GO(02040506)pr3 

, .. P( "} " ( " )" 
= P(0-11}Pr3 
III P(" ) " 
= T4EndInr 
== Sc 
.. T3lntEndGO 
- P(13,14)laFlGO(6254OS06)Sxp 
= P( ") "( " )" 
.. P(O-ll)Sxp 
~ P( it ) " 

m QJ7TO 
a EndGOT-am{Tr+Tp) 
III M(0-23)Cxm 
- TrCxm 
.. F1TL--
a Tr(F1F3) (GOHt) 
= TpEndGO 
- TpEndGO 
III M24CxmH.tTsTp 
.. TpEndSk 
~ TpEndSk 
r:a Oc 
.. Oc 
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Last cycle 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate P T7 thru T3 

Clear S 

P(l3,l4} contains P(l,2) at T3 
P ~ S 

M ~C (Fetch next instruction) 

Init:late parity 
~O next 

NOP (20) -~ 0 

Tr thru Tp 



unt ~4-1 

34 UD1 Merge A + B and Store A + B -7 (M) 3 Cycles 

00 T8 rCz =- ~OT8 
sIx .. ~OT8ClGO Initialize indexing 
Oxc .. (lfOT8IaGO)C2 
sO (1,3,4,5,6) .. C(3,5,6,7,8)Oxc Instruction -.0 
r02 III C'4oXc 

T7 Ar3 .. (OlO2~04)Ql 
sA(O-2) .. A(2l-23)AnrAr3 
rA( " ) II: A( " ) " 
sA(3-23) 1:1 A(O-20)Ar3 Recirculate A T7 thru TO 

rA( " ) Ell A( .. ) " 
sB(O-2) .. B(21-23)BnrAr3 
rB ( " ) =-B( " ) " 
sB(3 ... 23) !:It B(0-20)Ar3 Recirculate B T7 thru TO· 

rB( " ) -B'( " . ..1 " 
Cr3 - FlF2(TsQl) 
sC(0-2j - Add(~-3)00JuTsCr3 
rC( " ) =- A.dd( " ) " O+X·Ix .... C (Ad d-Xz+Y z ) T7 thru TO 
sC(3-23) ., C(O-20)Cr3 
rC( " ) .. c( " ) " 
Xz(1-3) a Xn(1-3)00-Ix Adder input (XIx) T7 thru TO Xz ( .. ) .. !ii( " )00Ix+lx 
Yz(1-3) III C(2l-23)07 Adder input (C) T7 thru TO Yz( " ) lit c( It~" 
sCz .. KzQlTO 7 
rCz III KzQl Carry logic T7 thru II 

sCp =- (C2~2$23)CpTsHtQlFiF2 Check parity T7 thru TO rCp =a ( " )Cp " 
T4 Sc == T4FlF2Inr 

rS (1-14) .. Sc Clear S 

T3 Sxc .. T3FlF2Ju 
88(1,2) =- Add(2,3)8xc 

C + X- Ix .... S as (3-14) = C(O-ll)Sxc 
TO rCz a FITO 
Tr Cxm .. JU00Tsm(Tr+Tp) 

sC(O-23) = M(O-23)'Cxm M ~ C (Fetch operand) Tr thru Tp 

rC( " ) = TrCxm 
sHt QCPT~~ Parity error 
rlx .. Tr( F3)(GOHt) 
rKO .. GOTrl"! 

Tp sCp .. M24CxmHtTsTp Initiate parity 
sF1 III (TptaC60)0304 ~4 next clock (T8) 
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04 T8 rC24 
sIa 
Mx.c 

T7 Ar3 
sA(O-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB (11 ) 
Cr3 
sC(O-2) 
rC ( II ) 

sC(3-23) 
rC( II ) 

Pr3 
sPO 
rPO 
sPI 
rPI 
sP2 
rP2 
sP(3-14) 
rP (" ) 
rIa 

T6 sC24 
rC24 

T3 rM(O .. 24) 
TO rCp 
Tr sRt 

rIa 
rKO 

Tp sF(I-3) 
sM(O-24) 
rM(" ) 

::: T8(~~_:~) 
::: FIF~ 
= 04TSffi 
::: (OI020304)QI 
::: A(21-23)AnrAr3 
::: A( ") " 
::: A(O-20)Ar3 
::: A(" ) " 
::: B(21-23)BnrAr3 
::: B( ") " 
::: B(O-20)Ar3 
::: B( II ) " 

::: FIF3(TsQI) 
::: (B(21-23)O~A(21-23)05)04TSCr304 
== (.B ( II ) " 

~ C(O-20)Cr3 
::: C( 'I ) II 

= (FIGO)Q2 ....:----::: (PI~13PI4Ia)FIGO(02040506)Pr3 
::: ( ") " 
::: (PI~14Ia) " 
::: (--n~ II 

::: (PI$a) " 
= ( ") " 
::: P(O-II)Pr3 
::: P( It ) II 

::: (PI2PI3PI4)Q2F..;;.,I-==r 
= (C~~2)C24(TsTsr)(Q3+Q5) 
= ( " ) C24 ( ") ( " ) 
= T3 
::: TsTORtKO(FI070106)0z 
::: CpTr@j<002 
::: TrFI 
::: TrGOF2 
::: Tp04 
::: C(O-24)MxcTp 
= C(") " 
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UDI 34-2 

Initialize parity generation 
Initialize P register increment 

T8 thru Tp 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

A+B ~ C (Merge of A and 
B Vlit'h result in C) T7 thru TO 

P + I ~ P T7 thrt~ 

Generate parity T6 thru Tr 

Clear M 

Pa.rity error 

07 next clock (T8) 

C ~M (Store operand) 



~7 T8 End 
T7 Ar3 

sA(O-2) 
~A( It ) 

sA(3-23) 
rA( It ) 

sB(O-2) 
rB ( It ) 

sB(3-23) 
rB (It ) 

Pr3 
sP(0-2) 
rP ( " ) 
sP(3-14) 
rP (tt ) 

T4 Sc 
rS (1-14) 

T3 Sxp 
sS (1,2) 
rS ( tt ) 
sS (3-14) 
rS (" ) 

TO rSk 
fTr Cxrn 

sC(O-23) 
rC(" ) 
rIa 
rlx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oc 
s02 
rO(1,3,4,5,6) 

= FlF2 
Ell (0102"03011il 
- A(2l-23)AnrAr3 
.. A( ") It 

Ell A(0-20)Ar3 
- A(" ) " 
::I B(21-23)BnrAr3 
I: B( ") " 
-= B(O-20)Ar3 
-S(" )" 
= F1GOQ2 
= P(12-l4)IaFlGO(02040506)Pr3 
Ell P( ") "( " )" 
- P(0-11)Pr3 
::I P(" ) " 
::= T4EndIili?' 
= Sc 
AI T3IntEndGO 
= P(13,14)W1GO(02040s06)SxP 
= P( ") "( " )" 
:i P(O-ll)Sxp 
~ P(" )" 
1:1 ~7TO 
1:1 EndGOr;m(Tr+Tp) 
= M(0-23)Cxm 
-= TrCxm 
- FlTL--
= Tr(FIF3) (OOHt) 
c::: TpEndGO 
a TpEndGO 
= M24CxmHtTsTp 
= TpEndSk 
= TpEndSk 
I: Oc 
a Oc 
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Last cycle 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Recirculate P T7 thru T3 

Clear S 

P(13,14) sontains P(l,2) at T3 
P -+ S 

M ~C (Fetch next instruction) 

Initiate parity 
~O next 

NOP (20) -+ 0 

Tr thru Tp 



42 UD1 
44 UD1 00000,2 
44 UD1 00001 
44 UD1 00002 
44 UD1 00004 
44 UD1 00010 
44 UD1 00020 
44 UD1 00040 
44 UD1 00100 

44 UD1 00200 
44 UD1 00400 
44 UD1 01000 

Same as No Operation 
Same as Clear X 
Same as Clear A 
Same as Clear B 
Same as Copy A into B 
Same as Copy B into A 
Same as Copy B into X 
Same as Copy X into B 

UDI 4~ 
UDI 44-1 
UD1 44 ... 2 
UD1 44-3 
UD1 44-4 

~~~ :Z:l-
UD1 44-7 
UD1 44-8 
UD1 44-9 
UD1 44-10 
UD1 44-11 

Same as Copy least significant 9 bits only extend bit 15 throughout 
X when X is designation register. 
Same as Copy X into A 
Same as Copy A into X 
Same as Copy Negative of A into A 
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UDI 

"'0 T8 rC24 
rCz 
sHz 
sIx 
sJu 
Oxc 
sO (1,3,4,5, 6) 
r02 
sRc 

T7 Ar3 
sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB (0-2) 
rB( " ) 
sB(3-23) 
rB (" ) 
Cr3 
sCO 
rCO 
sC(1,2) 
:rC( " ) 
sC(3-23) 
rC(" ) 
sCp 
rCp 
Pr3 
sP(0-2) 
rP( " ) 
sP(3-l4) 
rP(" ) 
Xz (1-3) 
XZ( " ) 
YZ(1-3) 
Yz ( " ) 
sCz 
rCz 

T6 sC24 
rC24 

Tl~. 8c 
r8(1-14) 

T3 rCO 
rM(0-24) 
8xp 
s8(1,2) 
s8(3-14) 

T2 rC(1,2) 
Tl sC(1,2) 

rC( " ) 

Branch to Address Plus One. 
Register Changing Occurs in ~O, 
Count in ~3 as in Divide. 

= T8(TsTsr) 
= ~OT8 
= T8 
= ClG000T8 
= ra:GO~C'Sc8C9T8 
= IaGOC2~OT8 
= C(3,5,6,7,8)Oxc 
= C40xc 
= (~OT8raGO)C2C3C4C5C6 
= (0102Qj04)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A(" ) " 
= B(2l-23)BnrAr3 
=B( ") II 

= B(0-20)Ar3 
=B( 11 )" 

= TS~O(t1 
= (P12)JuT3Cr3~ 
= C't) " 
= P(13,14)JuTsCr3Q2 
= P( ") 11 

= C(0-20)Cr3 
= C(" )" 
= (C2~2a±x;23)CpTsHtQlF1F2 
= ( " ) Cp " 
= JuQ2 
= Add(1-3)JuEaxPr3 
= AcId( " ) " 
= P(0-11)Pr3 
= P(" ) " 
= Xn(I-3)~OIx 
= Xll( " ) 00Ix+lx 
= C(2l-23)07 
=c( " )11 

= KzQlTO 
= KzQl 
= m(TsTsrCC$C1$C2) (Q3+Q5) 
= C24( " ) ( II ) 

= !UrFJ.F2T4 
= 8c 
= Ju'TSCr3Q!+Q6 
= T3 
= IntJuEaxGOT3 
= Add(2,3)(JuEax;m04~06)8xp 
= P(0-11)8xp 
= (JuTsCr3)T2 
= Em(1,2) (JuTsCr3)Tl 
= Em( " ) ( " ) " 
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UDI 45-1 

o f ~ (M) M + 1 ~ P 3-10 Cycles 

Initialize parity generation 

Initiate indexing 

Instruction to 0 register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

P( 1-14) ~ C( 10-23) T7 thru T3 

Parity check T7 thru TO 

C + x- Ix ~ P T7 thru 13 

Adder input (X-Ix) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru 11 

Generate parity T6 thru Tr 

Clear 8 

No input to C3, C6, C9 T3 thru Tl 

P -+ 8 P (c + X' Ix) 
No input to C7, C8 

Cl, C2 is C4, C5 at Tl 



TO 

Tr 

Tp 

rCz 
sCO 
rCO 
rC(l,2) 
sHt 
rlx 
rRc 
sF2 
sF3 
rJu 

= FlTO 
= Of(JuTsCr3TO) 
= Of( II ) 
= JuTsCr3TO 
= C~002 
= (FlF3 «;QHt)Tr 
= Tr 
= <nIao l~OTp 
= 5304Ia00Tp 
= Tp 

Set CO if overflowo 

No input to Cl, C2 
Parity error 

03 next clock (TS) 

The C register at Tp contains the following information: 

CO 
Cl thru C3 
C4 
C5 
C6 thru C9 
ClO thru C23 

= State of 
= 0 
= State of 
= State of 
= 0 
= Original 

the Overflow Flip~Flop 

the Eml Flip-Flop 
the Em2 Flip-Flop 

contents of the P register 

UDI 45-~ 

Rc is set at TS which allows register change activity to go on during 00 of ' this 
instruction. See RCH (46) instruction for details on what effect indexing and 
the address configuration of a UDI (45) instruction will have in regard to 
register changes. 
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03 T7 Ar3 
sA(O-2) 
rA( 11 ) 

sA(3-23) 
rA(" ) 
sB(O-2) 
rB ( " ) 
sB(3-23) 
rB(" ) 
sOf 

T5 sSk 
TO rCp 

rCz 
Tp sFl 

Sd2 
sSll 
rSll 
sS12 
rS12 
sS13 
rS13 

= (Ol020304)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(O-20)Ar3 Recirculate A 

= A(" ) " 
= B(2l-23)BnrAr3 
= B( ") ff 

= B(O-20)Ar3 
= B(" ) " 

Recirculate B 

= (~SIOSIlSI2)(BzQtBO)(RfBO+(AO~x»050603T7 
= OS06SllSl2S1303TS 
= 'l.'Sittirn (Fl+F2) (W704JbWZ)TO 
= FiTO 
= SkTp 
= 0506SK03Tp 
= mmS13Sd2 
= SllmmSd2 
= Sl2Sl3Sd2 
= Sl2Sl3Sd2 
= S13Sd2 
= S13Sd2 

07 next clock (T8) 

Counter for divide 

UD! 4S-3 

T7 thru TO 

T7 thru TO 

The Computer will continue to repeat 03 until Sk is set. The Computer may hang-up 
in 03 as much as eight cycles; the following is a sequence of combinations of Sll, 
S12, S13 and number of cycles required before 07 is encountered: 

Sll 
o 
o 
1 
1 
1 
1 
o 
o 

S12 
o 
o 
1 
1 
o 
o 
1 
1 

S13 Number of Cycles 
1 . 8 
o 7 
1 6 
o 5 
1 4 
o 3 
1 2 
o 1 

This method of counting is the same as the one for a Divide instruction. 
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~7 T8 End 
Ck 
sC(0-23) 
rC( It ) 

sIa 
T7 Ar3 

sA(0-2) 
rA( " ) 
sA(3-23) 
rA(" ) 
sB(0-2) 
rB( It ) 

sB(3-23) 
rB( II ) 

Cr3 
sC(3-23) 
rC( II ) 

Pr3 
sPO 
rPO 
sPl 
rPl 
sP2 
rP2 
sP(3-l4) 
rP( II ) 

rIa 
T6 sC24 

rC24 
T4 Sc 

rS (1-14) 
T3 Sxp 

sS(1,2) 
sS(3-l4) 
rS (It ) 

TO rSk 
Tr Cxm 

sC(0-23) 
rC(" ) 
rIa 
rIx 

Tp rAOO 
rBOO 
sCp 
rF(1-3) 
Oc 
s02 
rO(1,3,4,5,6) 

== F1F2 
= Ts~7T8 
= C(0-23)Ck 
= C(" ) II 

= m k ¢7TS 
= (0102~04)Ql 
= A(2l-23)AnrAr3 
= A( ") " 
= A(0-20)Ar3 
= A( II ) It 

= B(2l-23)BnrAr3 
=B( II) II 

= B(0-20)Ar3 
== B( II ) II 

= 05Ts~7Ql 
= C(0-20)Cr3 
= C( II ) II 

= F1GOQ2 
= (Pl~13P14Ia)F1GO(02046506)Pr3 
= ( II ) II 

== (Pl~14Ia) " 
== ( II) It 

= (P1L(9l:a) It 

= ( Ii ) " 

== P(0-11)Pr3 
== 1.5'(- It ) II 

= (P12P13P14)F1Q2 
== (Catc~2)~(TsTsr)(Q3+Q5) 
== ( II ) C24( It ) ( It ) 

= EndInrT4 
== Sc 
= EndIntGOT3 
= P(13,14)!aF1GO(~06)Sxp 
= P(O-ll)Sxp 
== P( II ) It 

== ~7TO 
==. EndGOfSffi(Tr+Tp) 
== M(0-23)Cxm 
== TrCxm 
== F1Tr 
== (FlF3)(GOHt)Tr 
== EndGOTp 
== II 

== M24CxmHtTsTp 
== EndGOSk 
== 
== Oc 
== Oc 

II ' 
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unI 45-4 

Ones complement of C ~ C 
Initialize P register increment 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Zero ~ C (No input to C(0-23» 

P + 1 ~p (P contains 
original contents of 
the C register.) 

Generate parity 

Clear S 

T7 thru TO 

T6 thru Tr 

P(13,14) contains P(1,2) at T3 
P ~ S 

M ~C (Fetch next instruction) 

Initiate parity check 
~O next clock (TS) 

NOP (20) ~ 0 

Tr thru Tp 



unr 47 

This unr is quite complex in its operation. The phases encountered are 
those of shift instructions. However both .Ju, a flip-flop that controls 
branching, and Rc, a flip-flop that is true during the register change 
instructions, are set at 00 T8 time. 

The effect of Ju is that the next instruction will be designated by the 
address of the instruction plus one. The effect of Rc is not predictable 
unless the address of the instruction and the contents of bit 10 are known. 
The contents of the P-register also affect the instruction in that a 
transfer of the contents of P(6-14) to C(lS-23) is made during 00 (T7-TS). 
Since register change instructions employ the address portion of the 
instruction the contents of the P-register will be interpreted as part of 
the instruction. 
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UOI 4' 





APPENDIX A 
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B Register Right Shift Add (Rsa) 

BOO == CO ~ 
BO III BOO @ CO ffi.r BOCI + (BO (±I CI) [BIC2 + (BI ~ C2)B2~e2~ 
BI -= BO ffi CI 6j [~IC2 + (BI ~ C2) B2Be2] 
B2 == BI ~ C2 ~ B 2Be2 
Be2 = (B2 ffi Be2) C3 + (B2 @ Be2 ~ C3) {B3C4 + (B3 ~ C4) [B4CS + (B4 (d1 CS)BSBeSJ} 

B3 = (B2 ffi Be2) ~ C3 (f) {B3C4 + (B3 @ C4) [B4CS + (B4 E9 CS)BSBeS]} 
B4 = (B3 E& C4) ffi [B4CS + (B4 ~ CS)BSBeS] 
BS = B4 <31 CS ffiJ BSBeS } 
BeS == (BS E9 BeS) C6 + {BS @ BeS ~ C6){B6C7 + (B6 EE> C7) [B7C8 + (B7 (jj C8)B8Be8) 

B6 = (BS @ BeS) E& C6 $ {B6C7 + (B6 @ C7) [B7C8 + (B7 e1 C8)B8Be8]} 
B7 = B6 E9 C7 E9 (B7C8 + (B7 <i1 C8)B8Be8] 
B8 == B7 (ij C8 te B8Be8 it 
Be8 = (B8 ~ Be8) C9 + (B8 ffi Be8 (f) C9) ~9CIO + (B9 ~ CIO) [BIOCII + (BIO ffi CII)BIIBell)J 

B9 =- (B8 <i1 Be8) $ C9 E:B {B9CIO + (B9 $ CIO) [BIOCII + (BIO <11 CII) BIIBell]} 
BIO = B9 Ei1 CIO ffi (BIOCII + (BIO e;> CII)BIIBellJ 
BII = BIO ~ CII <31 BIIBel1 :;t 
Bell = {BII @ Bell)Cl2 + (BII ffi Bell EB CI2){BI2CI3 + (B12 (f) C13) [Bt3C14 + (B13 ~ CI4),BI4BeI41r 

Bl2 .. (Bll E9 Bell) E9 Cl2 E9 {BI2C13 + (B12 (-fl C13) [B13C14 + (BI3.~ CI4)BI4BeI4)} . 
Bl3 = Bl2 E9 C13 E9 I Bl3C14 + (B13 ~ C14) B14Be14] 
Bl4 = Bl3 ~ Cl4 @ B14Bc14 1 
BcI4 == (B14 ~ Be14) CIS + (B14 @ Bel4 ~ CIS){BISCI6 + (BIS 6j CI6)[BI6CI7 + (Bl6 EB CI7)BI7BeI7Jf 

Bl5 .. (B14 E9 Be14) E9 Cl5 6'! {s15C16 + (B15 EB C16) IBl6Cl7 + (B16 E9 CI7)BI7BeI7~ 
Bl6 = BIS EP CI6 e1 [B16C17 + (B16 @ CI7)BI7BeI7] 
Bl7 = Bl6 & Cl7ffi Bl7Bcl7 l 
Bel7 III {B17 ~ Be17)C18 + (BI7 G1 Bel7 EB CI8){BI8CI9 + (B18 t$) CI9)[BI9C20 + {B19 ~ C20)B20Be20~ 

Bl8 III (B17 f:9 Be17) <T> CI8 \t\{ Bl8CI9 + (B18 Q;i C19) [B19C20 + {B19 ~ C20)B20Bc2o]1 
Bl9 III Bl8 E9 Cl9 ~ r Bl9C20 + (B19 E9 C20)B20Be20] Jf 
B20· == Bl9 E9 C20 ~ B20Be20 rt 
Be20 = (B20 ~ Be20) C21 + (B20 ~ Be20 ~ C21){B2IC22 + (B21 ~ C22) IB22c23 + (B22 E& C23)B23Bc231J 

B21 -= (B20 ~ Be20) E9 C21 e {B21C22 + (B21 E:F> C22)[ B22C23 + (B22 $ C23) B23Be23J} 
B22 = B21 ~ e22 ~ [B22C23"+ (B22 $ C23)B23Be23] . 
B23 =- B22 C:B C23 EB B23Bc23 
Be23 = B23Be23 
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BO 1:1 BOO 
BI 1:1 BO 
B2 1:1 BI 
Be2 1:1 B2Be2 

B3 = B2 e:> Be2 
B4 1:1 B3 
B5 1:1 B4 
Be5 1:1 B5Be5 

B6 1:1 B5 @ Be5 
B7 1:1 B6 
B8 = B7 
Be8 = B8Be8 

B9 1:1 B8 E9 Be8 
BIO 1:1 B9 
BII = BIO 
Bell = BIIBel1 

Bl2 = BII @ Bell 
Bl3 a Bl2 
Bl4 = Bl3 . 
Bel4 = Bl4Bel4 

Bl5 = Bl4 ~ Bel4 
Bl6 = Bl5 
Bl7 1:1 Bl6 
Bel7 = Bl7Bel7 

Bl8 = Bl7 ® Bel7 
Bl9 = Bl8 
B20 = Bl9 

. Be20 = B20Be20 

B21 = B20 ~ Be20 
B22 = B21 
B23 = B22 
Be23 = B23Be23 

B Register Right One (Brl) 
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BO ::; B2 Ei1 Be2 
BI = B3 
B2 = B4 
Be2 - B5Be5 

B3 = B5 ~ Be5 
B4 = B6 
B5 = B7 
Be5 = B8Be8 

B6 = B8 (jj Be8 
B7 = B9 
B8 = BIO 
Be8 = Bll-Bell 

B9 sa BII @ Bell 
BIO sa Bl2 
BII = Bl3 
Bell = Bl4Bel4 

Bl2 = Bl4 ~ Bel4 
Bl3 .. Bl5 
B14 iii Bl6 
Bel4 = Bl7Bel7 

Bl5 = Bl7 @ Bel7 
Bl6 ::; Bl8 
Bl7 - Bl9 
Bel7 = B20Be20 

Bl8 = B20 (i Be20 
Bl9 - B21 
B20 sa B22 
Be20 sa B23Be23 

B21 - B23 ffi Be23 
B22 - AO 
B23 - Al 
Be23 • 0 

A Left Two (AL2) B Register 
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