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ABSTRACT 

The CMU-11 is a microprogrammable processor built with the Intel 

3000 microcomputer set that emulates the PDP-11 architecture. In 

addition, it has been designed to provide full Unibus support. The 

enclosed documentation gives the details of the CMU-11 design. This 

documentation has been generated in conjunction with the Stanford 

Drawing System, the SAGE simulator, and the Intel 3000 microassembler. 

Those hoping to do any further development of the CMU-11 design are 

encouraged to also use these design aids and all of the CMU-11 design 

information shown here (and other information such as ROM contents 

and wirelists) are available on magnetic tape. See the following 

report for an introductory discussion and evaluation of the CMU-11: 

McWilliams, T. M., S. H. Fuller, and W. H. Sherwood, "Using 
LSI Processor Bit-Slice to Build a PDP-11: A Case Study in 
Microcomputer Design, 1 1 Technical Report, Department of Com
puter Science, Carnegie-Mellon University, Pittsburgh, PA, 
January 1976. 
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0 COT 24 

D I P JU№6R 

<rFf 
2* — S ^ J I I I . 

IzAelzAhlzAe) Z4<J E4é/E4éJ E46 

IK <^1K <̂ 1K <MK <̂ 1K <MK / i K 

" 1 , 5 | 

LOAO MEMORY 

S O 

EMPTY 
SOCKET 

< C D = B3 E 4 1  

ß4 

d B 6 

-E' 
< C Ü > & 

• k i 

J A EMPTY 
SOCKET 

2 < IN 1 

2O IN 2 

2 < IN 3 OUT 3 

OUT 1 

OUT 2 

IN 4 

IN 5 

IN 6 

& 0UT 4 

OUT 5 

CUT 6 

C ENABLE A 

< ENABLE 8 

4*- J 
IN 1 

IN 2 

OUT 1 

OUT 2 
DM8837 

IN 3 OUT 3 

IN 4 D 

IN 5 

IN 6 

ENABLE A 

ENABLE 8 

CUT 4 

OUT 5 

OUT 6 

O O U R 17 

EMPTY 
SOCKET 

0 OUT 19 -ff 7 
D CUT 21 

0 QIJT 25 

-2B 
0 1 2 L 

IN 1 OUT 1 

IN 2 OUT 2 
DM8837 

IN 3 OUT 3 

I N < E26 CUT 4 

IN 5 CUT 5 

IN 6 OUT 6 

ENABLE A 

ENABLE 8 

<PHpg 

<n>
f rvEUS D 10 L 

BUS CflPKT JUMPEPS 

< H > -

< H > -

< Ü > -

-<n> 
- < E I > 

-<m> 

IN 1 OUT 1 

IN 2 OUT 2 
DM6837 

IN 3 CUT 3 

I N < E6 CUT 4 

IN 5 CUT 5 

IN 6 CUT 6 

ENABLE A 

ENABLE 8 

< § I F > È 

IN 1 

IN 2 

CUT 1 

CUT 2 
DMB837 

IN 3 CUT 3 

IN 4 £ | CUT 4 

IN 5 OUT 5 

IN 6 CUT 6 

ENABLE A 

ENABLE 8 

MEMORY SELECTED 

14 

12 

10 MSTN 

2 A 11 

4 A 10 

6 A 9 

14 A 8 

12 A 7 

10 A 6 

2 A 5 

4 A 4 

6 A 3 

14 A 2 

12 A 1 

10 0 15 

2 D 14 

4 D 13 

6 0 12 

14 0 11 

12 D 10 

10 0 9 

2 D 8 

4 D 7 

6 0 6 

12 0 4 

10 0 3 

2 D 2 

A 0 1 

6 D 0 
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POMA 6 

a e 

ft 7 

a 6 

A 5 

LOAD MEMORY 

74$»5? 

ESS 

STROBE 

SELECT 

A2 

A3 

A4 

61 

82 

63 

64 

STROBE 

SELECT 

Y1 
3 1 6 7 Y2 

E2C ^ 
. Y4 

4 ma e 

7 MA 7 

9 MA 6 

12 MA 5 

B1 

62 

B3 

B4 

STROBE 

SELECT 

4 MA 4 

7 MA 3 

9 Mft 2 

12 MA 1 

MSYN 1« 
7400 

MEMORY SELECTED 2 . E11 E11 
<sn> 
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0 15 15 

0 14 15 

0 13 15 

0 12 15 

D 11 15 

D 10 15 

0 9 15 

0 9 15 

0 7 15 

0 6 15 

0 5 15 

0 4 15 

0 3 15 

D 2 15 

0 1 15 

D 0 15 

D IN 93416 E2 0 OUT 

A3 R1 R2 A3 A4 A5 A6 A7 AS A9 UE CS 

TxFV 

D IN 93415 E7 0 OUT 

AO 01 A 2 A 3 A 4 A 5 A 6 A 7 A 8 A 9 U E C S 

14 

D IN 93415 E12 0 0UT17 
AO A1 A 2 A 3 A 4 A 5 A 6 A 7 A 3 A 9 W E C S 

2 3 4 5 6 9 10 11 12 13v> V 
14 1 

0 IN 93415 £17 0 OUT 

A 0 A 1 A 2 A 3 A 4 A S A 6 A 7 A 8 A 9 U E C S 

2 3 4 5 6 9 10 11 12 j13^ > S 
14 

? 

0 IN 93415 E22 0 OUT 

AO fll A2 A 3 A 4 A 5 A 6 A 7 A 8 A 9 U E C S 

2 3 4 5 6 9 10 11 12 13< > < 
14 

> 
1 
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2 3 4 5 6 9 10 11 12 135| > <? 
14 1 
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2 3 4 5 o 9 10 11 12 I3< V <? 
14 
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14 
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 6 9 10 11 12 13^> <> 

14 1 
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2 3 4 5 6 9 10 11 12 13< r* ^ 
14 1 

0 IN 93415 E3 0 OUT 

AO fll A2 A3 A4 A5 A6 A7 AS A9 UE CS 

2 3 4 5 6 9 10 11 12 1 3 0 0 
14 1 

93415 ES 0 OUT 

A 0 A 1 A 2 A 3 A 4 A 5 A 6 A 7 A 6 A 9 U E C S 

2 

7 
6 9 10 11 12 13S ? V 

14 1 

93416 £13 0 OUT 

AO Al A 2 A 3 A 4 A 5 A 6 A 7 A 9 A 9 I J E C $ 

2 3 4 5 6 9 10 11 12 13<; > V 
14 1 

D IN 93415 £19 0 CUT [7 

A 0 A 1 A 5 A 3 A 4 A 5 A 6 f t 7 A 9 A 9 UE CS 

93415 £23 0 OUT 

AO Al A 2 A 3 A 4 A S A 6 A 7 A 8 R 9 U € C 3 

93415 £23 0 OUTJ: 

AO Al A 2 A 3 A 4 A 5 P 6 A 7 A 9 A 9 U E C S 

D OUT 31 

D OUT 30 

0 OUT 29 

D OUT 29 
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PO Al A2 A3 A4 A5 A6 A7 A3 A9 UE CS 
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14 1 

D IN 93415 E5 0 OUT 
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14 
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ASSEMBLY OF M1CRQ.DAT ON 6-Jan-7S AT 10t4B 

A O O R E S S J M C D OPCO CTCO PIA KURG1MULTF 

0000000 0011111 ini \zz z zz 22222333 
123456? 8901234 5578 901 2 34 SS789012 

M I C R O C O D E то П И К Е А Р О Р - И л е O U T or T H E I N T E L зеве i 
M I C R O P R O C E S S O R C H I P S . I 

PROGRAMMING CONVENTIONS USED IN COOEt 

1. ZERO IS KEPT IN R9 SO THAT TRAP ADORESSES CAN EASILY BE 
PUT IN IT TO CALL THE TRAP SEQUENCE. THE TRAP SEQUENCE 
PUTS 2ER0 BACK IN R9 WHEN IT IS DONE. 

2. THE 2 BIT IS USED TO DETECT DOUBLE BUS ERRORS AND 
TO INDICATE THAT THE PROCESSOR IS IN CONSOLE MODE. 
IF IT IS SET AND A TRAP OCCURS. THE MICROPROCESSOR 
WILL JUMP TO THE CONSOLE COOE. 

FIELD PL A 3.0:PLA1M .PLA2»2.PLA3=3.PLA4*4.PLAS=5,PLA6»6.PLA7«7,t 
N1 NST*0, I NT SR«2. DECR«3.1 NCR*4, BUSUT^S, BRE5T«6.STKDV-7, t 
W1FI8«4.W1FI3*2 

FIELD KU8 1.1:KAJ=O.KL1=0 ' JNOTEi ALL K LINES ARE INVERTED. 
FIELD RG12 2.3:RG1*2.RG2=0.RGD*1 ,KM00*3.KM01«2.KM10«1 .KMll«0.t 

KTY=2.SETSl*=2.SETDUl.t 
SCLR1*=1 .STSTlxrl ,SC0M1*1,SINCRI .SOCCl»2.SNEGl"0,fc 
SASR J « 3, SASL1 « 3. SROR1 «3. SROL1 «3. SAOC1 = 1. SS8C1 «Z . t 
SM0V1 = 1 .S8IT1«1 ,S8CS1=1 .SX0R1*1 .SSXT1-1 .SCMPl«0.t 
SSU81»0.SADOl«0.SSWBl-3.t 
PSVS=1.PSVN*2 

; 
;MICRO WORD FOR 1/0 INSTRUCTIONS IS (8 BITS): 
; EXTENDED INSTRUCTOR. GET BUS (ASSERTED LOU) .PAUSE. CHECK UORD.C<1:0).11B 
; 
FIELD MULTF 8,1000011B:EINS=11W0011B.EGPWD-10110011B.EGWD1*1001001IB.fc 

E PWDI «= 11110011B. E WD 1 • 11010011B. PAUSE » 1109011B. E GPWT -101000 ! 1B. t 
EGOI=100O00I1B.EPASE=11100011B,t 
GPWDI=110011B.GPWDP*110111B.GPWDQ*111011B.GPWD6=11111 lB.t 
GPOI «10005 I B . GPD1P= 100111B. GP00=101011 B.GPD08* 101111B. t 
GUDI=010011B.GUDIP*010111B.GWDO*011011B.GWDO8*81111 lB.i 
GO I «0000118. GO I P*000111B. GDO=001811B. GD08= 001111B. £ 
pwoi«iiieeiiB.pwDiP«nteiii8.pwDo»iiii0iiB.pwDOB«niiiiiB.t 
PDI-l 100O1 IB. PDIP»110011 IB. POO* 110101 IB. PD0B*11011 UB.t 
WDI«10100HB.WOIP*1010111B.WDO>10110nB.WDO8*101HllB.( 
01 = 1000011B.DIP*1C0011 IB.DO*1001811B>DO8*1801lllB.t 
EDI -11000011B. E D IP* 11000111B. EDO* 11001811B. E D 0 9 * 11001111B. t 
K0«linn01B.KRl«01B.KN2*181B,Kl«11111003B.i 
K2«llllClOlB.K4-llI011OlB.K7»lllOOO01B.t 
K10*110in01B.K14-11001101B.K17-11000001B.K20«10ini01B.t 
K21«1011l001B.K24*lOlO1101B.t 
K30= 10011101B. K34« 10O01101B. K3S* 10001001B. t 
K40*0H11101B.KS7=01000001B.fc 
KS0=llll01B.K66=00100101B.K70=lllOlB.K71=000H001B.t 
K 7 7«01B.KCR=11001001B . K L F=11010101B . K R B«101B.£ 
KOM=01 B. i:2ERO=(*011 11 01B .»:SLSH=01 C00001B. t 
KTKS=111101B.KTKB=1101018.KTPS=181101B.KTPB=lO0181B,t 
SETS2=2.SETD2=2.fc 
SCLR2=011011108. STST2=011811108. SC0M2» 101011108. t 
S1 NC2«000001108, SOEC2=000001108.SNEG2*100001108, t 
SASR2-018011108. SASL2= 110001108. SROR2*810181108. t 
SR0L2=110101108. SAOC2=010101108. SS8C2» 100111108.1 
SMOV2-O01011108. S81T2«001811108, S8CS2-O01011108, t 
S X0R2=001011108. S S X T 2 = O 01001108. SCMP2 = 1011C1108. t 
SSUB2=101183108. S A 0 0 2=0110111 OB. SSWB2* 101111108. t 
S E T T T «=001100108. C L R T T = 101100108. S S W83*001110108. t 
P S C S * O I l l i n e a . P S C N *O0 I i m o e . p s c i N«0001001 oe 

PUT RESULT OF LAST INSTRUCTION IN MEMORY 
AND FETCH NEXT INSTRUCTION. 

4 
^ 

WDESR» SDR R0.1.KA1.RG2.JMP FETCH .4 R(N)=AC /00072/ 

5 WOSRBi SDR T,1.KM11,K77 ;6 T*AC AND 377 /00074/ 
470 1LR R0.RG2 J 726 AC-R(N2) /00075/ 
234 ILR T.KL1.K0 »446 AC.T«T*(AC AND 177400) /00076/ 
390 
; 

SDR R0.1.KA1.RG2.JMP FETCH )606 R(N2>«AC /00077/ 

0 
t 

UDESU: NOP GPWDO.JMP FETCH ;8 M(MAR)-AC /О0079/ 

1 ОООAO: LM1 R9.K4.JMP GTRAP Л TRAP TO IOC 4 /00881/ 

000000100 8181011 0100000 Ш 1 000 8 00 01000011 

00О000И 0 0011101 0101100 1111 000 1 00 00000001 
111010110 0010018 0000000 8011 000 1 00 01000011 
100100110 8011000 0001100 0011 000 0 11 1 1 U U 9 1 
110000110 0101011 0100000 1111 000 0 00 01000011 

000000000 0101011 0001101 0011 000 1 11 00111011 

000000001 0101818 0011001 0011 000 1 II 11101101 
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;000 ADORESSING ERROR. 

3 WDEOB: 
2 WDES8: 

LDI AC,1,KA1 
NOP GPD08,JMP FETCH 

;3 ODO BYTE» SWAP HALVES 
;Z M(MAR)*=HC, BYTE /8088S/ 

eeoeoeeii 0100010 e i e m i m i eoe e n e i e e e e u 
eeeeeeeie 0101011 e o o n o i e e n 000 l n 00101111 

11 FETCH: LMl R7,EGDI 
7 FFCT: ADR R7,1.EINS 
3S9 AM A T,EPWOI 
36S ADR R7,1,PLA1 
350 LMI R7,0 STZ.PLA7.JMP 350 

î MAR=R(7) /00688/ 
t? RC7)=R(7)+1 /60089/ 
;547 T«INSTRUCTION /60090/ 
;558 WAIT FOR INSTRUCTION DECOO/60691/ 
;536 00 INITIAL DECODE /60692/ 
;0N INSTRUCTION BY USING THE 
;MICRO INTERRUPT FEATURE. 
;MAR*R7,Z*0 

668601811 6160111 6018111 0011 000 1 11 16000011 
008000111 0018110 0110111 1111 000 1 11 11000011 
101160111 0111118 6001010 0011 000 1 U 11110011 
101181110 6010101 0118111 lilt 001 1 11 01000011 
101011110 8018101 0010111 0001 111 1 11 01000011 

;LOAD SOURCE OPERAND INTO T. 
; INSTRUCTION CLASS 1 

FORMAT IS SSDO 

;REGISTER MODE=0: R(N) 

86 SOP0: 
9Z 

ILR R0,RG1,PLA2 
NOP PLA4.JPX 84 

;128 AC=R(N> 
;132 

/80104/ 
/00185/ 

001018000 0111180 8000000 0011 018 1 18 01000011 
001011100 1111000 6001181 8011 160 1 11 01000011 

; REGISTER M00E=1: (R(N)H-

81 SOPÌ: 
91 

LMI R0,RG1,EGDI,INCR 
ILR R0,1.RG1.PLA2,JMP SPXMR ;R(N) ,AC=R(N)+1 

{REGISTER M00E=2: -<R(N)) 

; 121 MAR=R( N ) » R(N)=R(NHCONDI N/60169/ 
/60118/ 

82 S0P2i LMl R6,KA1,RG1 »122 R(N)=R(N)-1 
418 LMl R6,KAJ,RG1,EINS,DECR ;R(N)=R(N)-1*C0NDDECR 
429 LMI R0,RG1,GOI.JMP SRCM1 ,MAR=R(N) 

/60114/ 
/60115/ 
/661IS/ 

001016001 0111011 0016000 8011 100 1 10 10000011 
601811811 0111101 6600000 1111 018 1 IO 01600011 

001016018 6011018 6016000 6011 060 0 10 01000011 
110160018 8111101 0010000 0011 011 0 10 11000011 
110101101 8010160 6016000 0011 000 1 10 00000011 

;REGISTER M00£=3: X<R(N>) 

83 S0P3: LMI R7,1,GWDI ;123 MAR=R(7), R(7)*R(7)+1. /06120/ 
95 ILR R7.1,WDI ;R(?)*R(7)+1 /00121/ 
287 ILR R0.RG1.WDI ;AC=R(N1) /00122/ 
286 AMA ACKA1,PWDI ?AC=AC+M(MAR) /60123/ 
334 LMI AC,GDI ;MAR=AC /60124/ 
333 SRCM1: NOP PLA2/DI ;ALLOWS AOOR LINES TO SETTLE /66125/ 
93 SRCMR: LTM AC,KA1,PDI.PLA4,JPX 84 M 35 AC=M(MAR) /00126/ 
; 
65 SIR8: SOR T,1,KA1.PLA7,SETS1.SETS2.JPX S4 /60128/ 

;181 GO CALCULATE SECOND OPERAND 
5PUT SOURCE OPERAND INTO T AND 
.SET SOURCE SIGN BIT. 

601016011 
601611111 
100011111 
160011110 
181881118 
101801101 
801011101 

0111111 
0016001 
0111110 
8010100 
0111101 
0000101 
1111800 

6016111 1111 600 1 
6000111 1111 000 1 
0006000 0011 000 1 
6001811 0011 000 0 
0011161 6011 600 1 
0001181 0011 018 1 
1011011 e e n toe e 

11 00016011 
11 01016011 
10 01016011 
11 01110011 
11 00000011 
11 01000011 
11 0110001t 

001800001 1111800 0181100 U H H I 0 18 00000010 

; INDIRECT BIT SET 

66 SDEF: LMI ACGOI 
258 NOP 01 
270 LTM AC»KA1.PLA3.POI 
94 NOP PLA4,JPX 64 

67 S08YT: LDI AC,1,KA1,PLA4,JMP SIRB 

»102 HAR=AC 

iNEEDED TO DO AOORESSING 

;T=M(MAR) 

; 183 AC=AC SWAPPED 

/80135/ 001606010 8016000 0011101 6011 600 1 11 00000011 
/60136/ 160000018 611U10 0001181 8011 000 1 11 01800011 
/88137/ 100601110 8000101 1011011 0011 011 O H 01100011 
/00138/ 081011110 1111000 0001101 0011 100 1 H 01000011 

/88148/ 001800011 8118001 0181111 1111 100 0 H 01800011 

;L0AD DESTINATION'S ORGINAL VALUE INTO AC IF USEO 
ilN INSTRUCTION. 
;INSTRUCTION CLASS 2 

;REGISTER MOOE=0: R(N) 

68 DUSE01 ILR R0.RG2.JPX DU1RB 
; 
/REGISTER MODE*!: (R(NM* 
; 
69 DUSE1: LMI RO,1.RG2.G0IP 
405 ILR R0,RG2,EDIP,INCR 
406 NOP PLA7,DIP.JMP DESMR 
i 
;REGISTER M00E=2: -(R(N)) 

70 DUSE2: LMI R0.KA1,RG2 
438 LMI R0,KA1,RG2,EINS,DECR 
326 LMl R0,RG2,GDIP,JMP DESM1 
t 
;REGISTER M0DE=3: X(R(N)) 

71 DUSE3: LMI R7.1.GWDI 
343 ILR R7,1.WDI 
341 ILR R0.RG2.WDI 
357 AMA AC,KA1,PWDI 

i!04 AC*R(N2) 

;105 MAR=R(N>. R(N)*R(N)*1» 
;R(N).AC=R(N)+CONDINCR 

;166 R(N)=R(N)-1 
;666 R(N)eR(Nî-l*CONDDECR 
;526 MAR=R(N) 

»107 MAR*R<7), R(7)*R(7)*1 
;R(7)*R(7)+1 
JAC=R(N2) 
;AC*AC+H<ttAR> 

/00158/ 001000180 1111811 0000000 0011 000 1 00 01000011 

/66154/ 601000181 8011601 6016000 1111 600 1 00 00000111 
/001S5/ 116016101 0110110 6000008 6011 100 1 00 11000111 
/00156/ 110010110 0000111 0001101 6011 I H 1 H 01000111 

/60168/ 001608118 0011011 0016000 0011 000 0 60 01600011 
/66161/ 110110118 8010180 8010000 0011 011 0 00 H0000H 
/60162/ 101600118 0011010 0010000 6611 O00 1 00 00000111 

/66166/ 601800111 0010101 0016111 U H 000 1 H 00010011 
/00167/ 101010111 0110181 0000111 H U 000 1 H 01010^11 
/00168/ 101010101 8010110 O000000 0011 000 1 00 01010011 
/00169/ 101100101 8110110 0001011 0011 000 0 H 01110011 
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358 LMI AC.G01P »546 HAR»AC /80176/ 
422 DCSMlt NOP PLA7.DIP J ALLOWS AOOR LINES TO SETTLE /80171/ 
118 DESMR» LTM AC,KA1,W1FI3.PDIP,JPX DUIRB /80172/ 

J IBS AC«M(MAR) 
I 
112 DUIRSi NOP SET01 .SET02.PLAS 
13 0U1B1: NOP JPX ADC 
» 

;INDIRECT BIT SET 
» 
113 DUDEFi NOP GOO 
385 NOP 
395 NOP POO 
123 DUDfRt LUÍ AC.G01P.PLA6 
124 LTM ACKAl.PDIP.JPX DU1R8 

1160 JUMP TO INSTRUCTIONS ADC. /0017S/ 
115 /00176/ 

»161 DIP MUST BE FOLLOWED BT A D/00180/ 
/00181/ 

»173 MARsAC 

LD1 AC,1.KA1,PLA5.JMP DU1B1 »162 000 BYTE 114 DU08t 
» 
, , 
»CALCULATE DESTINATION'S AOORESS AND PUT IT IN MAR AND AC» 
»INSTRUCTION CLASS 3 » 
»• 1 

/00182/ 
/80183/ 
/00184/ 

181100110 0011018 0011101 0011 000 1 11 00000)11 
110100110 0000111 0001101 0011 111 1 11 01000111 
001110118 l l l i e i l 1011011 0011 010 0 11 01100111 

001110000 6101101 0001101 0011 101 1 01 00000010 
000001181 1111801 0001181 0011 800 1 11 01000011 

001)10001 0011000 0001)01 00)1 000 1 11 00001011 
110000001 01110)1 000)101 00)1 000 1 11 010O0011 
11000)011 0008111 000)10) 0011 000 1 11 0)10)011 
001111011 9111100 0011101 0011 110 1 11 00000111 
081111100 1111011 1011011 0011 000 0 11 01100111 

/00186/ 001110010 0181101 0181111 U l i 101 0 11 01000011 

»REGISTER MOOE*0! RCN) 
» 
72 DA0: ILR R0,RG2.JPX DU1R8 
; 
»REGISTER MODE«!: (RíN))* 

»110 AC-R(N) /00195/ 001001000 1111811 0000000 0011 000 1 00 0)000011 

73 DA) J 1LR R0.RG2 
4 5 7 AOR P0>RGZ.EINS.INCR 
463 AOR R0»1»RG2.PLA7 
127 JDURB» LM1 AC.JPX DUIRB 

»REGISTER MOOE«2: -ÍR(N)) 
; 
74. DAZ: 
58 
63 

LMI R0.KA1.RG2 
LMI R0,KA1.RG2.E!NS.DECR 
1LR R0.RG2.PLA7,JMP JDURB 

»111 AC«R(N> 
»R(N)*R(N)*CONDINCR 
»R(N)«R(N>+1 
»177 MARsAC 

»112 R(N>«R(N)-1. 
»R(N)=R(NJ-l+CONDCCR 
»AC*R(N) 

/00199/ 00)00100) 0011100 0000000 0011 000 1 00 0100001) 
/00200/ 111801001 0111111 0110000 0011 100 1 00 11000011 
/00201/ 111001111 0000111 0110000 1111 H I 1 00 01000011 
/00262/ 001111111 1111011 0011101 0011 000 1 11 01000011 

/00206 / 001001018 8000011 0010000 0011 000 0 00 01000011 
/00207/ 000111010 0111111 0018000 8011 011 0 00 11000011 
/00208/ 000111111 0000111 0000000 0011 111 1 00 010000)1 

»REGISTER M00E«3: X t R C N H 
; 
75 DA3i 
43 
44 
47 

LMI R7.1.GUDI 
AOR R7.1.WDI 
ILR R0.RG2.WO1 
AMA AC.KA1,PLA7,PWD1,JMP JDURB 

»113 MAR*R(7)» R(7)-R(7)*I. 
»R(7)«R(7)*1 
»AC=R(N2) 

»AC«AC*M(MAR) 

116 DAIR8: NOP SETD1.5ETD2.PLA5 »164 
9 NOP JPX SXT »JUMP TO INSTRUCTIONS SXT, 

;INDIRECT BIT SET 

117 DAOEFz AMA A C G P W D I 
126 DAOFRt LMI AC.JMP DAIR8 

»16S 
»MAR*AC 

/00212/ 001001O11 000001O 0010111 1111 000 1 11 00610011 
/00213/ 000101011 0111100 0118111 1111 000 1 11 01010011 
/00214 / 000101100 0111111 0000000 0011 000 1 00 01010011 
/00215/ 000101111 0000111 0001011 0011 111 0 11 01110011 

/00217/ 001110100 0181001 0001101 001) 101 1 0) 000000)0 
/00218/ 000001801 1111018 0001101 0011 000 1 11 01000011 

/00222/ 001118181 8111118 0001011 0011 000 1 11 00110011 
/00223/ 001111118 0118100 0011101 0011 000 1 11 81000011 

»LOAD SOURCE OPERAND INTO AC. FORMAT IS SS 
»INSTRUCTION CLASS 5 

i 

»REGISTER MOOE=0: RíN) 

»114 ACrR(N) 76 LSOP0J 1LR R0,RG2,JPX DUIRB 
» 
»REGISTER MODE*lt <R(N))* 

77 LS0P1 t LMI R0.RG2.EGOI.INCR 

125 ILR R0,1.RG2.DI.PLA7.JMP LSCMR ;R(N) .At>R(N)*l 

»REGISTER M0DE=2: -(R(N)) 

/00232/ 001001100 1111811 0000000 0011 000 1 00 0)000011 

»115 MAReR(N)t R(N)*R(N)*CONDIN/O0236/ 
/00237/ 

001001101 0000111 0010000 0011 100 1 00 10000011 
001111181 0118111 0000000 1111 111 1 00 01000011 

78 LS0P2« LMI R0,KA1,RG2 »116 RiNi«RfN / - l 
318 LMI R0.KA1 .RG2.EIN5.DECR »RíN)=R(N ) - l*CONOECR 
478 LMI R0.RG2.GDI.JMP LSCM1 iMARrR(N) 

»REGISTER M00E«3i X(RiN)) 
» 
79 LS0P3: LMI R7.1.GW0I 
367 ILR R7.1.WDI 
365 ILR R0,RG2.WDI 
397 AMA ACPWDI.KAl 
391 LMI AC.GDI 
471 LSCM1» NOP PLA7 

»117 MAR«R(7)» R(7)*R(7)*1. 
JR(7)«R(7)*1 
»AC«=R(N2) 
;AC=AC*M(MAR) 
< MAR«AC 
»AOOR LINES SETTLE 

/00241/ 
/00242/ 
/00243/ 

/00247/ 
/00248/ 
/00249/ 
/00250/ 
/00251/ 
/00252/ 
/00253/ 119 LSCMRi LTM AC,KA1,W1FI3.PD1,JPX DUIRB »167 AC-M(MAR) 

» 
120 LSIRSi NOP SET01 »SETD2.PLAS »170 JUMP TO INSTRUCTIONS TST» /00255/ 
12 LSIB1» LMI R7.JPX TST , M HAR-PC /00256/ 
I 

001001110 00100)1 0010000 0011 000 0 00 01000011 
100111110 0011101 0010000 0011 011 0 00 11000011 
111011118 0110111 0018000 8011 000 1 00 00000011 

001001111 0010118 
181101111 8111181 
101101181 0011000 
110001101 0110111 
110000111 001110J 
111010111 0000111 
001110111 11)191) 

0010111 1111 
0008111 1111 
0000000 0011 
0001011 0011 
0011101 0011 
00011O1 0011 
10)10)1 00)1 

000 1 11 00010011 
000 1 11 01010011 
0O0 1 00 01010011 
000 0 11 01110011 
000 1 11 00000011 
111 1 11 01000011 
010 0 1) 03100011 

001111000 0101100 0001181 0011 101 1 01 00000010 
000001106 1111811 0010111 0011 000 1 11 01000011 
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îINDIRECT BIT SET 

121 LSDEF: LMl AC,GDI 
115 NOP DI.PLA6 
99 LTM AC,KA1,PD1.JPX DU1RB 

;171 MAR=AC 
;ADOR LINES SETTLE 

1Z2 LS08: LOI AC.1,KA1,PLA5,JMP LSIB1 »172 000 BYTE - SWAP AC 

TRAP DEFINITIONS START HERE 

/03260/ 001111001 0110011 0011101 0011 000 1 1! 00000011 
/002G1/ 001110011 0000110 0001101 0011 110 1 11 01000011 
/00282/ 001100011 1111011 1011011 0011 000 0 H 01100011 

/00254/ 001111010 0101100 0101111 1111 101 0 H 01000011 

;PUSH PS ON STACK 
;R9 CONTAINS TRAP ADDRESS 
;R6 IS USED TO HOLD THE ADDRESS OF THE PSW 
J IF 2 BIT IS SET, JUMP TO CONSOLE CODE-
I 

;JUMP HERE ON 000 ADDRESS AND SSYN TIME OUT 
; 

248 BETRP: LMI R9.K4 ;370 TRAP TO LOC 4 
253 SDR R8.1 ST2.CLRTT,J2F GTRP1.DBERR 

>R8*0, TEST AND SET 
;CLEAR TRACE TRAP F, 

/00278/ 
/00279/ 

2 BIT 
F. 

011111000 0111101 0011001 0011 000 1 H 11101101 
011111101 1011111 0181000 1101 000 1 H 10110010 

»JUMP HERE FOR ALL OTHER TRAPS 

10 GTRAP: 
250 GTRP1: 
42 
40 
456 
488 

504 
509 

501 
496 
304 

310 TSVPC: 
262 

; 
ANR R8,8 STZ.CLRTT 
LMI R8.KL1,KM11,KN2 
AMA AC.GPWDI 
LMI R6,KLI,KM11,KN2 
LMI R6»EINS»STK0V 
NOP 

NOP GWDO 
NOP PWDO 
; 
;PUSH PC ON STACK 

LMI R6,KL1,KM11,KN2 
LMI R6.EINS.STK0V 
NOP 

ILR R7,GW00 
NOP PWDO 

;12 R8=6»2=0»CLEAR TRACE TRAP F/80285/ 
»372 R8=MAR=177776 
»412 AC=tt(177776) 
;400 R6=R6-2 
»481 MAR=R6 
;483 WAIT FOR RED 20NE STACK 
;OVERFLOW MICRO INTERRUPT 
;484 WAIT FOR TRAP 
I M(R6)=PS 

»485 RS=RS-2 
;486 MAR=R6 
;407 WAIT FOR RED 20NE STACK 
.OVERFLOW MICRO INTERRUPT. 
;667 M(R61*PC 
»662 WAIT FOR BUS 

/80286/ 
/80287/ 
/80288/ 
/88289/ 
/00298/ 

/80292/ 
/00293/ 

800081818 0001111 1001000 0001 000 1 11 10110010 
011111810 8000010 0011800 0011 000 0 00 00000101 
000101018 0111800 0001011 8811 000 1 11 00110011 
800101000 8011100 0010110 0011 800 0 00 00000101 
111801000 8011110 0010110 8011 111 1 H 11000011 
111101000 8011111 0001101 0011 000 1 11 01000011 

111111800 0111101 0001101 0011 000 1 H 00011011 
111111101 0110101 0001101 8011 000 1 H 01111011 

/80297/ 111110101 0110000 0010110 0011 000 0 00 00000101 
/80298/ ' 111110000 8010011 0010110 0011 111 1 H 11000011 
/08299/ 100118000 8118118 8001101 0011 000 1 11 ©10000M 

/08301/ 100118110 8010000 0000111 8011 000 1 11 00011011 
/88302/ 100000118 0110100 0001101 0011 000 1 H 01111011 

260 PFTRP« 
263 
271 
223 

;PICK UP NEW PC 
;POWER FAIL TRAP ENTERS HERE 
s 
LMI R9,1.GW0I 
ADR R9.1.WDI 
AMA ACPWDI 
SDR R7.1.KA1 

{484 MAR*R9,R9*R9+1 
)R9=R9+1 
;AC=M(MAR) 
'»R7=AC 

/80307/ 
/80388/ 
/80389/ 
/80310/ 

180088180 8118111 6011801 1111 000 1 11 00010011 
100000111 0111111 0111601 1111 000 1 H 01010011 
180081111 0001101 0001011 0011 000 1 H 01110011 
011011111 0001001 0100111 1111 000 0 H 01000011 

159 
158 
302 
382 
» 
;DOUBLE BUS 
;ERROR WHEN 
; 
251 DBERR« 
254 

238 OUTOM: 
234 TSTOM: 
235 OMRDY: 
231 
236 
237 

;P!CK UP NEW PS 

LMl R9.GW0I 
AMA ACPWDI 
LMl R8 » GWDO 
SDR R9,1.PWDO,JMP FETCH 

s MAR=R9 -
»AC=NEW PS 
JMARSPSW 
»R9*0» SET PSW 

ERROR WHEN DOING A TRAP, OR BUS 
IN CONSOLE MODE. 

ANR R9 
LMI R9.KTPS,KLt,KTY ;373 MAR=PUNCH STATUS REG 

;OUTPUT A AND JUMP TO 
JCONSOLE. 

AMA ACGPWDI.JFL TSTOM»OMRDY {PUNCH READY 
T2R AC,KM1O,K0,JMP OUTOM 
ANR AC 
LMI AC.KÔM >«>•?' 
LMI R9,KTPB»KL1 »KTY »MAR*PUNCH 
ANR R9.GPWD0,JMP CONSL »OUTPUT BUFFER 

/60314/ 
/60315/ 
/00316/ 
/80317/ 

/00322/ 
/60323/ 

/00326/ 
/00327/ 
/06328/ 
/60329/ 
/00330/ 
/00331/ 

018011111 0111118 0011001 0011 000 1 H 00010011 
010011110 0010010 0001011 0011 000 1 H 01110011 
100101110 0010111 0011000 0011 000 1 H 00011011 
101111110 0101011 0101001 1111 000 1 H 01111011 

011111011 0111110 1001601 0011 000 1 H 01000011 
011111110 6001110 0011801 8011 800 0 10 00101101 

011101110 1801U0 0001011 
011101010 0111110 1011101 
011101011 0110111 1001101 
011100111 0111100 0011101 
011101100 0111101 0011001 
011101101 0101110 1001001 

0011 000 1 11 00110011 
0011 000 1 01 11111101 
0011 000 1 11 01000011 
0011 O00 1 11 00000001 
0011 000 0 18 80100101 
0011 000 1 11 00111011 

INSTRUCTION DEFINITIONS START HERE » 

»SPECIAL CODE TO MAKE MOV. CMP. ADD, AND SUB RR MODE GO FAST 

84 MOVRR: ILR R0»RG1 ;AO=S 
388 NOP SM0V1»SM0V2,JMP WDESR tMAR-PC.SET PSW 
! 
85 CMPRR» ILR R0,RG2.EGWOI ,AC=D 

/80342/ 801018180 8011800 6000000 0011 000 1 10 01000011 
/08343/ 110000100 0O00000 8001101 00H 000 1 01 00101110 

/80345/ 001010101 0011010 0000000 0011 000 1 00 10010011 
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3 ÛMflE D D S 7 1 5 ^ 7 
«ZI 
453 
459 
479 
415 
413 TFFET» 
; 
86 ADORRi 
454 
452 
484 
486 
i 
87 SUBRR» 
375 
374 
38 
35 
51 

48 TSTi 
; 
se BIT. 
60 
; 
194 HALT: 

105 3WAIT: 
41 
; 

186 RTIi 
90 

CIA AC »AC-NOT AC 
50R T.1.KA3,SETDJ.SETD2 
1LR R0,RG3 
NOP 5ET51.5ETS2 
ILP T,1.KA1,SCHP1,SCHP2 
NOP JHP FFCT 

»T*AC 
;AC«5 

»AC»(NOT D)*5*l 
IPS TIME TO PROP 

ILR R0,RG1 »AC«S 
SOR T,1.KA1,SCTS1.SETS2 »T«AC 
ILR R0,RG2 »AC«D 
NOP SETD1.SETD2 
ILR T.KAI.SAD01.SAD02.JHP WOESR ;AC»S+D 

ILR RO.RGl 
CIA AC ;AC=NOT AC 
SOR T,1,KA1.S£TS1.SETS2 
ILR R0.RG2 
NOP SETOl.SETOZ 
ILR T.l .KA1.SSUB1.SSUB2.JHP WDESR >AC=D«KNOT S)*l 

»AC-S 

»T*AC 
»AC«D 

NOP STST1.STSTZ.JZR FETCH »D=D 

ANR T.KAI rEGUDI »T«T AND AC 
ILR T,S8IT1.S8IT2.JZR FETCH »POT 

NOP JZR CONSL 

/06345/ 110108101 0011100 0011111 0011 600 1 11 OIOOOOU 
/60347/ 111000181 0011101 OJO1180 1111 OO0 0 Ol 00600010 
/00348/ 111018101 0111111 0000000 6011 800 1 18 OIOOOOU 
/00349/ 111011111 6011001 O0011O1 0011 000 1 10 00000010 
/00358/ 116011111 01111O1 0001100 1111 800 8 00 10110118 
/00351/ 110011181 0100111 8001101 0011 800 1 11 01000011 

/00353/ 081010116 O0111O0 0000000 0011 000 1 10 01000011 
/00354/ 111000110 8116100 0101160 1*111 600 0 18 00000010 
/00355/ 111800100 O011110 0000000 O011 000 1 00 01000011 
/80356/ 111100100 8110118 0001101 0011 000 1 01 08000010 
/00357/ 111180110 0100100 0001100 8011 800 O 80 01101110 

/00359/ 001010111 0010111 0000000 0011 OOO 1 10 01000011 
/00360/ 181U0111 0116118 0011111 0011 000 1 11 01000011 
/00361/ 161118118 00O0018 0101100 1111 000 0 10 00000010 
/00362/ 000100110 0110011 0000000 0011 600 1 00 01O00011 
/00363/ 000100011 0000011 0001101 0011 000 1 01 00000010 
/00364/ 000110011 0100100 0001100 1111 800 0 00 10110118 

/00366/ 000110000 0181011 0001101 0011 000 1 01 81101110 

/80368/ 
/00369/ 

88 
136 

135 
134 
ISO 
151 
152 
163 

NOP EGPWT,BUSWT 
NOP JHP IWAIT 

»POP PC OFF OF STACK 
LHJ R6.1.GW0J 
ADR R6.1.WDI 
AHA AC.PHD3 
SDR R7,1,KAJ 
»POP PS OFF.OF STACK 
Lfll R6,1,GU0I 
AOR R6.I.W0I 
AHA AC.PWDI 
LH1 R9/-KL1 »KH11 »KNZ 
SDR R9 f1 » GPWDO 
NOP SETTT,JHP FETCH 

;CAUSES BUS OWNERSHIP TO WAIT 
>FOR INTERRUPT. 

/00373/ 
/00374/ 

»152 MAR«R6, RS*R6*1 
»432 R6«RS*1 
»131 AC*H(HAR) 
»438 R7=NEM PC 

»427 HAR=P6. R6«RS*1 
»426 R6*R6*1 
»425 AC=H(HAR> 
»424 MAR=177776 
»544 R9=8. AND SET PSW 
»551 SET TRACE TRAP F.F. 

/00377/ 
/00378/ 
/80379/ 
/00380/ 

/00382/ 
/00383/ 
/00384/ 
/80385/ 
/00386/ 

IF RTI/00387/ 

107 BPT. LMI R9.K14.JZR GTRAP ;D0 TRAP TO LOC 14 /60389/ 

188 JOT: LH1 R9.K28,JZR GTRAP »DO TRAP TO LOC 20 /00391/ 

109 RESET: NOP ERASE.BREST.JZR FETCH »155 DO A RESET ON BUS /60393/ 

110 RTT: NOP JHP RTI »LOGIC ONLY SETS TRACE TRAP F.F/O03SS/ 
»1F RTI INSTRUCTION IN IR REG 

10?; HARK» ILR T »AC=INST /00398/ 
278 ILR AC.KAl »1NST*INST«2 /80399/ 
272 TZR AOKM01.K77 »1NSU1NST AND 177 /004(10/ 
224 AOR R6.KA1 »SP*SP*2»NN /80401/ 
208 ILR R5 »AC=R5 /00402/ 
209 SDR R7.1.KA1 »R7*RS /00483/ 

;POP OLD R5 OFF OF STACK 
225 LH1 R6.1.GWDI ;rtAR:=R$,R6*R6+l /00405/ 
177 AOR R5.1.W0I »R6=R6*1 /00466/ 
189 AHA A C PUD I »AC=n(HAR) /00487/ 
157 
i 

SDR RS.l.KAl.JZR FZTCH »RS*AC /00488/ 

64 INVIl« LH1 R9,K10,JZR GTRAP )1O0 INVALID INSTRUCTION /00410/ 
466 INVJZ» LH1 R9.K18.JZR GTRAP ) TRAP TO LOC 10 /00411/ 
111 
; 

INVI3» LHI R9.K10.J2R GTRAP MS7 /00412/ 

97 YES8R: ILR T »141 AC=T=INSTRUCTION /00414/ 
417 TZR T.KM11.K77 »T«T AND 377 /00415/ 
420 TZR AC.KH10.K0 ;AC=GARBAGE. AC(7)«1 /00416/ 
500 SDR AC.JFL BSIG0.BS1G1 ;AO=-l /00417/ 
450 BS1G0: SDR AC.l »702 AC«0,S1GN«8 /60418/ 
451 BSIG1: ILR T.KL1.K0 »703 AC-SIGN EXTEND OFFSET /00419/ 
448 BRNEGi ILR AC,KA1 ;AC*0FFSET«2 /00428/ 
449 
; 

ILR R7,KA1,JHP FETCH >R7=R7*OFFSET«2 /00421/ 
96 N08«: NOP EGUDI.JHP FFET ;N0 BRANCH /00423/ 

; EITHER .SET OR CLR COND. CODES« 
98 CL: ILR T 
498 TZR AC.K40 
499 ILR T,JFL 1NVI2.SECL0 
467 SECL0: TZR AC.K17 
464 TZR T.K20 
460 LHI R9.KL1.KH11.KN2.JFL SECL1.SECL2 

»740 HAR«177776 
» CLEAR CC 

»142 AC*T (INSTRUCTION) 
»VALID INSTR TEST 
» RESTORE AC-T, JUMP ILLEGAL 
»AC*A£ AND 17 
J TEST IF SET/CLR 

/00426/ 
/00427/ 
/00428/ 
/00429/ 
/00430/ 
/00431/ 

000118018 0111180 1001100 8011 000 0 11 10010011 
800111180 0101811 0001100 0011 000 1 01 00101H0 

/00371/ 801181000 8101110 0001101 0011 000 I H 01000011 

001101001 0000010 0001101 0011 101 1 11 18100811 
000101001 0000110 0001101 0011 000 1 11 01000011 

001101010 0080181 0010118 1111 800 1 11 00010011 
001011018 O111O00 0110110 Uli 800 1 11 01010011 
001011000 0001000 0001011 0011 000 I 11 01110011 
010001000 OllOlll 0100111 1111 800 0 11 OIOOOOU 

010000111 8110110 O01O110 1111 OC0 1 11 00010011 
010000118 O001O01 0110110 1111 000 1 11 01O10011 
010010110 OllOlll 00O1011 0011 000 1 II 01110011 
810010111 0111000 0011O01 0011 800 0 00 O0000101 
010011000 0001010 0101O01 1111 000 1 II 00111011 
818181800 8181811 8001101 0011 800 1 11 00110010 

001101011 8101818 0011801 8011 800 1 11 11801181 

001181180 8181818 8011801 0011 000 1 11 10111101 

001101181 0161611 0001161 0011 110 1 11 11100011 

001101110 0111O1O 0001101 8011 O00 1 11 01000011 

001100110 O01O0O1 0001100 0011 000 1 11 01000011 
100010118 01100O0 0001101 0011 000 0 11 01000011 
180010000 O0OI110 1011101 0011 000 1 18 00000001 
811100080 8O01181 0118118 8011 800 0 11 01600011 
011010000 011OO01 0000101 0011 000 1 11 O1000011 
811010001 0001110 8100111 1111 800 0 11 OIOOOOU 

811100001 8001811 8018118 1111 600 1 11 06010011 
016110001 0111101 O11011O 1111 800 1 11 01810011 
016111161 0081001 0001811 8011 000 1 11 01118011 
010011161 0101011 0160101 1111 800 8 11 01000011 

001000000 8101810 0011001 0011 000 1 11 11611101 
111010010 0101018 0011001 0011 000 1 11 11011101 
001101111 8101010 0011001 8011 000 1 11 31011101 

00110*3001 
noiooooi 
118100100 
111110100 
111000018 
111000011 
111000000 
111000001 

0011010 
0110100 
0011111 
1001100 
0110011 
0110000 
8110001 
0101611 

0001100 
1011100 
1011101 
0101101 
0101101 
0001100 
0001101 
0000111 

0011 
0011 
0011 
0011 
1111 
8011 
0011 
0011 

000 1 11 OIOOOOU 
000 1 00 OOOO0O01 
000 1 01 11111101 
000 I 11 01000011 
000 1 11 01000011 
000 0 11 11111101 
000 0 11 01000011 
000 0 11 01000011 

001100008 8180111 0003181 0011 000 1 11 10010011 

001100018 OOlllll 0003100 0011 000 1 11 01000811 
111110010 0110011 1611101 0011 0O0 1 11 01111101 
111110011 1001101 0001100 8011 000 1 11 01000011 
111010011 0110000 1011101 8811 800 1 11 110O0O01 
111010000 8011110 1011100 0011 000 1 H 10111101 
111100000 1001110 0011001 0011 000 0 00 00000101 
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482 SECLt: CIA ACGUDIP 
489 AMI AC.KAl.PWDIP.JMP SE2 

; SET CC 
483 SECL2: ORM AC.KAl.GPWDP 
48S SE2: SDR R9.1.JMP WDESW 
; 
180 EMT: LMI R9.K30.JZR GTRAP 
i 
101 TRAP: LMI R9.K34.JZR GTRAP 

103 S08: 
407 
503 
510 
426 SO8R0t 
427 S08R1: 
416 
i 

20 ROR: 
; 
21 ROL: 
; 
22 ASR« 
i 
23 ASLt 
; 
89 RTSi 
377 

393 
425 
424 
423 
; 
19 SWAB: 
8 
; 
10 COM: 

26 INC: 
t 
27 DEC: 

28 NEG» 
J 

IS ADC: 
i 

17 SBC: 

24 BIC: 
56 
; 

25 BIS: 
57 MTWD: 
i 
30 AOO: 
; 
31 SUB: 
383 
399 
398 
15 
; 
29 XOR» 
61 
62 
46 
45 

33 IJMP: SOR R7.1.KA1.JER FETCH 
; 
36 JSR: SDR T.1.KA1 
372 ILR R0.RG1 
373 LMI R6.KN2.KL1.KM11 
376 LMI R6.EINS.STK0V 
392 NOP 

396 NOP GWDO 
412 NOP PWOO 
428 LMI T 
430 ILR R7.EGWOI 
431 SDR R0.1.KA1.RG1 
447 ILR T 
446 SDR R7.1.KA1. JMP FFET 

34 CLR: 

;742 AC=NOT AC /00434/ 
{442 AC=AC AND PS /00435/ 

{743 AC=AC OR PS /00438/ 
;443 563 R9=0 /00439/ 

;TRAP TO LOC 30 /00441/ 

;145 TRAP TO LOC 34 /00443/ 

;R(7)*D A00RE5S /00504/ 

;T»D AOORESS. T IS TMP /00506/ 
;AC=R(N> /00507/ 
;R6=RS-2 /00508/ 
;MAR=R(6) /00509/ 
.WAIT FOR RED ZONE STACK /00510/ 
.•OVERFLOW MICRO INTERRUPT. 

/00512/ 
JNEED TO WAIT FOR BUS /00513/ 
;MAR*NEXT PC /00514/ 
;AC-R7 /00S15/ 
,R(N)«R7 /00516/ 
;AC«T(TMP> /00517/ 
;R7«T«P /©«S18/ 

TER AC.SCLR1.SCLR2»JPX 0 5 42 0*0 /00520/ 

ILR RO.RGl 
SDR RO.RGl.KA1 
TER R0,RG1.KA1 
ILR T.JFL SOBR0.SO8R1 
LMI R7.EGW0I.JMP FFZT 
TER AC.KM00.K77 
CIA AC.1.JMP BRNEG 

«147 AC*R(N) 
;627 R(N)*AC-1 
j622 R(N) ZERO? 
.462 AC=T.,.JUMP FOR ZERO 
;503 NO.GO TO FETCH 
,502 AC=AC AND .77 
,AC* -(AC) 

SRA AC.SR0R1.SR0R2.JPX 0 tCO A ROR 

ILR AC,KA1,SR0L1.SR0L2,JPX 0 JDO ft ROL 

SRA AC. SASR1. SASR2. JPX 0 J 26 00 A ASR 

ILR AC»KA1,SASL1.SASL2. JPX 0 JDO A ASL 

ILR R0.RG2 ;AC=R(N) 
SDR R7.1.KA1 ;R7=AC 
;P0P TOP ELEMENT OFF OF STACK 
LMI R6.1.GW0I 
AOR R6.1.WDI 
AMA ACPWDI 
SDR R0,1.KA1,RC2.JZR FETCH 

LDI AC.1.KA1.SSW81.SSW82 
NOP SSWB3.JPX 0 

;MAR=R6.R6*R6+1 
,R6=R6*1 
;AC=M(MAR> 
;R(N)=AC 

;AC=AC EXCHANGEO 
iTO FIX TIMING BUG 

CIA AC.SCOM1.SCOM2.JPX 0 ,D«NOT 0 

ILR AC.l.SINC1.SINC2.JPX 0 ;D=D+1 

SDR AC.KA1.50EC1.S0EC2.JPX 0 ;D*D-1 

CIA AC 1 .SNEG1 .SNEG2.JPX 0 ,D*(NOT D)+l 

ILR AC.SADC1,SADC2.JPX 0 JHAROWARE HANDLES C IN 

SDR AC»KA1.SSBC1.SS8C2»JPX 0 ;HARDWARE HANDLES C IN 

CIA T 

ANR T.KAl.JMP MTWD 

ORR T.KAI 
ILR T.S8CS1.S8CS2.JPX 0 

;S=NOT S 
;T=(NOT S) AND D 

»T«5 OR D 
;AC=T 

ILR T,KA1,SA001,SA002,JPX 0 iD*D*S 

SDR R8.1.KA1 ;R8=AC«D 
ILR T ;AC*T«5 
CIA AC >S«NOT S 
NOP SETS1»SETS2 
ILR R8»1.KAI.SSUB1.SSUB2.JPX 0 

SDR T.l.KAl 
ILR RO.RGl 
XNR T.KAl 
ILR T 
CIA AC.SX0R1.SX0R2.JPX 0 

iT*=AC 
;AC=R(N) 
;T*T XNOR AC 
;AC*T 
;55 AC*NOT AC 

/00445/ 
/00446/ 
/00447/ 
/00448/ 
/00449/ 
/00450/ 
/00451/ 

/00453/ 

/00455/ 

/00457/ 

/00459/ 

/00461/ 
/00462/ 

/00464/ 
/00465/ 
/00466/ 
/00467/ 

/00469/ 
/00470/ 

/00472/ 

/00474/ 

/00476/ 

/00478/ 

/00480/ 

/00482/ 

/00484/ 
/00485/ 

/00487/ 
/00488/ 

/00490/ 

/00492/ 
/00493/ 
/00494/ 
/00495/ 
/00496/ 

/00498/ 
/00499/ 
/00500/ 
/00501/ 
/00502/ 

111100010 0111001 0011111 0011 000 1 11 000101H 
111181001 0110191 1001911 0011 000 0 It 01110111 

111100011 0110101 1101011 0011 000 0 11 001101H 
111100101 0100000 0101001 1111 000 1 \\ 01000011 

001100100 0101010 0011001 0011 000 1 11 1001H01 

001100101 0101010 0011001 0011 000 1 11 10001101 

001100111 0011001 0000000 0011 000 1 10 01000011 
110010111 0011111 0100000 0011 000 0 10 01000011 
111110111 0111110 1010000 0011 000 0 10 01O00011 
111111110 1001010 0O01100 0011 000 1 11 01000011 
110101010 0100111 0010111 0011 000 1 II 10010011 
119101011 0110000 1011101 0011 000 1 11 00000001 
110100000 0011100 0011U1 1111 000 1 11 01000011 

000019100 1111000 9001111 0011 000 1 11 01010110 

000018101 1111000 0001181 0011 000 0 11 11010110 

000010110 1111000 0001111 0011 000 1 11 01001110 

000010111 1111000 0001101 0011 000 0 11 11000110 

001011001 0010111 0000000 0011 000 1 00 "01000011 
101111001 0011000 0100111 1111 000 0 11 01O00011 

110001001 0011010 0010110 1111 000 1 11 00010011 
110101001 0111000 0110110 1111 000 1 11 0101D011 
110101000 0110111 0001011 0011 000 1 11 01110011 
110100111 0101011 0100000 1111 000 0 00 01000011 

000010011 0101000 0101111 1111 000 0 11 10111110 
800001000 1111000 0001101 0011 000 1 11 00111010 

000018010 1111008 0011111 0011 00O 1 01 10101110 

000011010 1111000 0001101 1111 000 1 01 00000110 

000011011 1111000 0101101 0O11 000 0 10 00000110 

000011100 1111000 0011111 1111 000 1 00 10000110 

000010000 1111000 0001101 0011 000 1 01 01010110 

000010001 1111000 0101101 0011 000 0 10 10011110 

000011000 0000011 0011110 0011 000 1 11 01000011 
000111000 0111001 1001100 0011 000 0 11 01000011 

000011001 8000011 1101100 0011 000 0 11 01000011 
000111001 1111000 0001100 0011 000 1 01 00101110 

000011110 1111000 0001100 0011 000 0 00 01101110 

000011111 0010111 0101O00 1111 000 0 11 01000011 
101111111 0011000 0001100 0011 000 1 11 01000011 
110001111 0111110 0011111 0011 000 1 11 01O00011 
110001118 0101111 0001101 0011 000 1 10 00O00010 
000001111 1111000 00010O0 1111 000 0 00 10110110 

000011181 0000011 0101100 lilt 00O 0 Ii 010OO011 
000111101 0111110 00O0000 0011 000 1 10 01O00O11 
000111110 0000019 1111100 0011 000 0 11 01000011 
000101110 0111101 0001100 001! 000 1 11 01000011 
000101101 1111000 001111! 0011 000 1 01 00101110 

000100001 0101011 0100111 1111 000 0 11 01000011 

000100180 0010111 0101100 1111 000 0 11 01000011 
101119100 9110101 0000000 0011 000 1 10 01000011 
101110101 0111O00 001O110 0011 000 0 00 0000O1O1 
101111000 0011000 0O10110 8011 111 1 11 11000011 
118001000 0111180 0001101 0011 000 1 11 01000011 

110001100 8011001 0001191 0011 000 1 11 00011011 
1100111O0 001101O 0001101 0011 000 1 11 01111011 
110101100 9111110 0011100 0011 000 1 11 01000011 
110181110 0111111 OO00111 0011 000 1 11 10010011 
110101111 001101t 0100000 1111 000 0 10 0100001t 
118111111 0111118 O001100 0011 000 1 It 0100001t 
110111110 0180111 0100111 till 000 0 11 01O00011 

000100010 1111800 1011191 001! 000 1 01 01101110 


