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\ ABSTRACT

MX The CMU~1l is a microprogrammable processor built with the Intel
3000 microcomputer set that emulates the PDP-11 architecture. 1In
addition, it has been designed to provide full Unibus support. The
enclosed documentation gives the details of the CMU-1l1l design. This

documentation has been generated in conjunction with the Stanford

it e, (o iy

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

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

Lo i 5

1 encouraged to also use these design aids and all of the CMU-1l 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 evalugtion 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 j
Microcomputer Design,'" Technical Report, Department of Com- k
puter Science, Carnegie-Mellon University, Pittsburgh, PA,
January 1976.
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ASSEMBLY OF MICRO.DAT ON B-Jan-76 AT 18148

| RODRESS Jrco 0PCD CYCD PLA KURGIMATF

0000000 6211111 1111 122 2 22 22222333
1234567 8901234 5678 %01 2 34 56789012

) ]

sMICRO CODE YO MAKE A PDP-11/40 OUT OF THE INTEL 3000

| sMICRO PROCESSOR CHIPS. )

| 3 [
N ]
)

)
1PROGRAMMING CONVENTIONS USED IN CODE:

3
1. ZERD 1S KEPT IN P9 SO THAT TRAP ADORESSES CAN ERSILY BE
PUT IN 1T 70 CALL THE TPAP SEQUENCE. THE TRAP SEQUENCE
PUTS ZERD BACK IN P9 WHEN 1T 1S DOME.

H

i

3

3

3 2. THE 2 BIT 1S USED TO DETECT DOUBLE BUS ERPORS AND

H TO INDICATE THAT THE PROCESSOR 1S JN CONSOLE MODE.

) 1F 1T 1S SET AND R TRAP OCCLRS. THME MICROPROCESSOR

i WILL JUP TO THE CONSOLE COOE. 3
3
F

JELD PLR 3.9:PLAI=} . PLA2=2 ,PLA3=3,PLA4=4,PLAS=S,PLAB=6.PLA7=7,L

NINST=0, INTSR=Z .DECR=3, INCR=4,BUSWT=5,BREST=6,STKIV=7,8

3 WIF18=4,HIF13=2 .
E | FIELD KUB 1.1:KA1=0.KL1=0 INOTEs ALL K LINES ARE INVERTED.
g | FIELD RG12 2.3:RG1=2.PG2=0.RGD=1,KMAB=3,KNO1=2 . KN1B=1,KN11=0, L

; KTY=2,SET51=2,SETD1=1,¢

k SCLR1=1,5TST1=1.5C0OMI=1,SINCi=1,S0EC1=2.SNEGI=0,L
3 . SASR1=3,5ASL1=3.5R0R1=3,SR0L1=3,5A0C1=1.558C1 =2, ¢
e SMOV1=1,S81T1=1.58CS1=] .SXOR1=],SSXT1=1.5CIP1=0,¢
SSUB1=0,5A001=0.55WB1=3.¢L

. PSVS=1,PSUN=2

5
x sHICRO WORD FOR 1/0 INSTRUCTIONS IS (B BITS):
b 3 EXTENDED INSTRUCTON.GEY BUS(ASSERTED LOW),PAUSE.CHECK WORD.C(f:62.118
i }
3 FIELD MALTF B8.16000118:EINS=110000)18,ECPWD=101100118.EGD]1=160100118.8
b= EPWDI=111109118.ELD1=119109118,PAUSE=11000118.EGPHT=10100011B.¢
EGD1=100000118.EPRSE=111022118.¢
. GPWD1=1100118.GPWDP=1101118.GPWD0=1118118.GPDB=1111118.¢
{ GPD1=1808118.GP01P=1621118.GPDO=1016118.CPD0B~101111B.2
| GUDI=8100118.G:DIP=0101118.C00=0110118.C+D0B+0111118.8
GD1=0020118,G01P=¢0081118,600=1016118,6008=0011118.¢
PWDI=11160118.PWDIP=11101118.PHD0=11110118,PHD0B=11111118,8
PDI=11000118,P01P=11801118,P00=11816118.P00B=11811118.¢
P WDI=10180118,WDIP=10101118.KD0=10116118.WD0B=10111118.¢
i DI=10000)18,D]P=30001118,00=)¢0)8118.008:10811118.8
b EDI=116000118.E01P=11€001118.ED0=116016118,E008-110€11118.8
b re=111111018,KR}=01B,KN2=1081B,K1=1111101B.¢
; K2=111101018,K4=111011018,K7=111000018.¢
K10=110111018.¥K14=116011018.%17=116200018,K20=101111818.¢
; K21=1011109018.¥24=101011018,¢L
] K30=100111018.¥34=10001101B,K35=102010018.¢
1 ¥40=01111101B.K57=010200018.L
e | K69=1111¢18,K66=001001018,K70=111018,K?71=000116018.8
R K?77=018.KCR=110:016018,VLF=110101018,KPB=1018.¢8

S

8 KOr=018,).ZER0=¢:A1111818.FSLSH=0) 0000018,
) KTKS=1111018.KTKB=11081018.KTPS=1011018,KTPB=1001018.¢
! SETSZ=2.SE102=2.8
SCLRZ=011011108,57572=611611108.5C0N2=101011108.¢
SINC2=000001 168, SDEC2=00000] 108, SNEGZ=100001108,¢
i SASRZ=019011108,5ASL2=110801168,SPOR2=£10101108.¢
i SPOLZ2=118101108,5A0C2=610101168,558C2=1001111¢8.¢
o { . SHOVZ=00101116¢8.581T2=031011108,58C52=001011108.¢
o i SXOPZ=001011198.55XTZ=0N017R1108,5CMP2Z=101101108.¢L
| : §SUB2=1011€11¢8,54002=011011108.55W82=101111108.8 .
{ SETTT=0011¢0108,CLRTT=101100108.55KB3:=001110108.¢L >
PSCS=011111168.PSCN=0601111108,PSCIN=01060108

44 | .
)

JPUT PESULT OF LAST INSTRPUCTION IN MEMORY
1AND FETCH MEXT INSTRLCTION.

B A i3

[
# -
4 WDESR: SO RA,1,KA1.PGZ.JMP FETCH 4 RINI=RC i 100072/ AA0A0A M E181811 RI0N000 1111 803 6 @ 10600l
'
6 WOSRB: SOR T.1.KM11,K77 16 T=AC AND 377 100074/ 000000116 0011131 0101160 1111 608 1 00 AOCENO]
4 470 ILR RO,PGZ 176 ACsRINZ) /00975/ 111010110 AO10A10 A0 BA11 600 | 00 A10R0011
L] 294 ILR T.KL1.Kk® 1446 AC. TeT¢(RC AND 177420) /80376/ 182100110 2011030 0301100 011 €00 6 11 (1111161
i 398 SOP PO, 1,KAL,RG2,JrP FETCH 1686 RINZ)=AC 100077/ 110000110 0101011 010000 1111 000 0 0@ Q100011
’
@ WDESHW: NOP GPWDO.JMP FETCH 10 AR ) =RC 700879/ 00000000 ©101011 0021181 0811 000 1 11 BO111611
!
1 000ADs LM] R9.K4.JIP GTRAP 11 TRAP TO LOC 4 000000001 0101010 0011001 8011 800 1 11 11181181




-37-

;000 ADORESSING ERROR.

i
3 WDEDB: LDI AC.1.KA} ;3 000 BYTE, SWAP HALVES /80084/
2 WDES8: NOP GPDOB.JMP FETCH 12 NIMAR)=AC. BYTE /00085 /
B
B
11 FETCH: LMl R7.EGO! 1 MAR=R(7) /60e88/
? FFET:  ROR R7.1.EINS 17 R(7I=R(7141 /0e083/
359 AMA T,EPWD] 3647 T=INSTPUCTION /00098/
366 AOR R?,1.PLA) i556 WAIT FOR INSTPUCTION DECOD/0A@91/
350 LMl R?.8 STZ,PLA?.MP 358  :536 CO INITIAL DECODE /00092/
JON INSTRUCTION BY USING THE
iHICRO INTEPRUPT FEATURE.
iMR=R?,2:0
3
i- f )
sLOAD SOUPCE OPEPAND INTO T. FORMAT IS SSDD ;
s INSTRPUCTION CLASS 1 !
pemmsmsenac ’
sPEGISTER MODE=8: R(N)
i
80 SCPa:  ILP RO.RGI.PLAZ :129 AC=R(N) /00104/
92z NOP PLA4.JPX B4 $132 /00105/

3
sPEGISTER HOOE=1: (P(N))+

81 SOP1: LAMI RO.RGI.EGDI.INCR 1121 MR=R(N), R(N)=R(N)+CONDIN/00109/
9 ILR RO.1,PGI.PLAZ. JMP SRCHR :RIN),.AC=RIN)+) /00118/
;

sPEGISTER MODE=2: -(R(N))

[

82 SOPZ: LMI PRA.KAL.PGI 3122 R(N)=R(N)~{ /001147
418 LM] PQ.¥AL.PGY,EINS,DECR sR(N)=R(N)-1+CONDOECR /08115/
429 LMI P2,PG1.GDI.JHP SRCHMY 1MR=R(N) /00116/
sPEGISTER MODE=3: X(R(N))

83 SOP3: LMl P7,1,GWDI 1123 MAR=R(7), R(7)=R(?)+y, /00120/
9s ILR R7.1,W01 IR(7I=R(7})4} reatet/
287 1LR RQ,PG1.WDI $AC=RINT) 100122/
286 AMA AC.KAL.PWUD] sAC=RCAMIMAR) /08123/
334 LHI AC.GOI shaR=AC /00124/
333 SPCMi: NOP PLAZ.DI . sALLOWS ACOP LINES 10 SETTLE /08128/
93 SRCMR: LTH RC.KA1.PDI.PLAY,JPX B4 ;135 AC=M(MAR) /00126/
H

65 SIPB: SOR T,1.KA1,PLR?,SETS!,SETS2.JPX 64 700128/

s INDIPECT BIT SEY

66 SDEF:

LMI AC.GO1
258 NOP 01
279 LTH AC.¥A1.PLA3.PDI
94 NOP PLA4.JPX B4
;
67 S0BYT: LDI AC,1,KA]1.PLA4.JMP SIRB

....... -3

:101 GO CALCULATE SECOND OPERAND
sPUT SOURCE OPERAND INTO T AND
sSET SOURCE SIGN BIT.

H

sIN INSTRUCTION.
JINSTRUCTION CLRSS 2

:LORD D(ST!PMT!ON"S OPGINAL VALUE INTO AC IF USED

3 -

5
JPEGISTER MODE=0: PR(N)

;

68 DUSE®: ILP PO.RGZ,JPX DUIPB  °*

[
sPEGISTER MODE=1: (P(N))+

’

69 OUSEl: LMI P2.1.PGZ.GOIP

495 ILR PQ.PGZ.EOIP. INCR
496 NOP PLA7.DIP,JHP DESHR

'
;REGISTEP MODE=2: ~(R(N))

72 DUSEZ: LM] RA.KAl,PG2
438 LHI R9.VAL,PGZ,EINS,.DECR
328 LAl R9,RGZ.GOIP.JHP DESHI

'
tPEGISTER MODE«3: X(R(N))

i

71 DOUSE3: LMI P?7,1,GWDI
343 ILR R7,1.W01
34 ILP PO.PGZ.WD1
357 AR AC,YAL,PHDT

1192 MAR=AC /00135/
sNEECED TO DO ADORESSING /62136/
/00132/
3T=M(MR) /060138/
1193 AC=RAC SWAPPED /09148/

s

3

[

H
1104 AC=R(N2) /00159/
1105 MAR=R(N), RINI=R(N)+{, 100154/
iP(N) .AC=R (N1 +CONDINCR /091557
/00158/
1106 RIN)=R(N)-1 /90169/
1666 PIN)=R(N)~1+CONDDECR /001617
1826 MAR=R(N) /001862/
1107 PAR=R(7), R(?)=R(?)4}) /001667
P(2)=R(7)4) 100167/
1FC=R(N) /60168/
sAC=ACIM(MAR) 7100169/

000300011 0160010 0101111 1111 600 0 1] 61000011
000000010 0101011 0001101 @911 600 1

000001011 0102111 0018111 0011
0300001(1 0016116 dl16111 1111
101109111 ©111110 6001010 0011
101101110 9210191 0118111 1111
181011110 2010101 0218111 0083

001010000 8111100 0AN0AA0 6011
001011100 1111000 0001101 0011

001810001 0111011 06310000 PO11
001011011 0111101 00EeRO 1111

091010016 03116168 0010000 6e11
110100016 6111101 6010000 0011
110181101 010100 0210000 0011

001010011 0111111 ce10111 1111
091011111 001000) 000011] 1111
100011111 0111119 000000 0011
100011110 0010100 CEO1011 @11
101001110 0111101 0011101 6011
161001101 G000101 €@81181 0e11
001011181 1111090 10811011 8011

001000001 1111000 0181102 1111

001000010 00106900 0011101 0011
100090010 0111110 0281161 6011
100001110 0000101 1011011 8011
001011110 1111000 8001101 0011

001000811 011000) 8101111 1111

001000100 1111011 00e000d 6811

801000181 00110601 0010000 1111
116916101 0110116 0300000 0011
110018110 0000111 6001101 0011

001000110 0211011 DO1000O 8011
110116118 0010100 0010000 0011
181000110 0011010 0919000 0011

001000111 0010101 €010111 1111
181010111 @118101 oee0lll 1111
101010101 0010110 (O0OC00 0011
101100101 0110110 0e@1811 0011

000
600
000
o1
111

e1e
100

100

§23

s38333

ell
19

109
m

]

el

3

2333

(]

D - -

11 0181111

11 10000011
11 11000011
11 11110011
11 81000011
11 81000011

10 01000011
11 91000011

18 10¢0091 |
18 s1000R1 |

10 1000011
10 11006011
19 oecoedll

11 82010011
11 01010011
10 21810011
11 e1110011
11 20000011
11 e1000011
11 01100011

18 09200019

11 00oeoly
11 eleeedll
11 1169011
11 91000011

11 e1e0e011

60 aleecell

00 0000111
60 11000111
11 e1000111

01600011
11000011
00000111

333

11 a0010011
11 e1010011
00 e1010011
11 e1110011




358 LMl AC.GOIP 1546 MAR=AC /860179/

422 DESMI:  NOP PLA?.DIP 1ALLOMS ADOR LINES TO SETTLE  /00171/

118 DESMR: LN AC,KA1.WIFI3,PDIP.JPX DUIPB re8372/
1166 ACsNII¥R)

i

112 DUIPB: NOP SETDI.SETD2.PLAS 1168 JUP TO INSTRUCTIONS ROC. /80175/

13 DUIBI: NOP JPX ROC 115 108176/

'
+INDIRECT BIT SET

3
113 DUDEF:  NOP GDO 1161 DIP MUST BE FOLLOMED BY A D/001B0/

38s NOP . /09181/
3% NOP PDO /001827
123 DUDFR: LMI AC.GODIP,PLAG #1173 nAR=RC /00183/
124 LM AC.¥KA1.PDIP.JPX DUIRB re18¢/
!

114 0UOB:  LDI AC.1.KA1.PLRS,JMP DUIB! /162 0ODD BYTE /60186/
]

3 '

SCALCULATE DESTINATION'S RDORESS AND PUT IT IN MAR AND RC:

JINSTRUCTION CLASS 3 )

3 )

H

sREGISTER MODE=8: RIN)

)

72 DAO: ILR R9,RGZ./JPX DUIPB 1118 AC=RIN) 160195/
3

IREGISTER MODE=11 (R(N))e

i

73 DAl ILR PB,PG2 1111 ACsRIN) /00183/
45?7 #DR P2, PT2,EINS. INCR $R(N)=R(N)+CONDINCR 100209/
463 ADR %9,1.RG2,PLA? IR(N)=R(N)e) /6@201/
127 JOURB: LM] AC,JPX DUIRB 1177 MAR=RC /09202/
;REGISTER MODE=2: ~-(RIN))

H

74 0A2: LMl Re.KAL.RGZ 1112 RINI=R(NI-| /060206 /
se LM] RO.KAY,.RGZ.EINS.DECR ¢RIN)=RIN)-1+CONDECR /00207 /
€3 ILR RO.RGZ.PLAZ,JMP JOURB  3AC=R(N) 100208/
3

JREGISTER HOOE=3: X(R(NJ)

3

7S DA3: Lnl R?7,1.GW01 +113 MAR=R(?), R(?)=R(?)+}, /00212/
43 ADR R7.1,WDI SR(?)=R(7)1 /00213/
44 ILR P9,PGZ,W01 $HC=R(NZ) 180214/
4?7 AMA AC.KAL,PLA7.PWDI . JIP JOURE IAC=AC+H(IR) 108215/
3

116 DAIRB: NOP SETDI.SETDZ.PLAS 1164 100212/
9 NOP JPX SXT 3JUT TO INSTRUCTIONS SXT, ... /eaz218/
3

3 INDIPECT BIT SET

:

117 OFOEF: AMa AC.GPWDT 1185 /8a222/
126 DAOFR: LM] AC,JMP DAIRS IMAR=AC /00223/
)

1 ]

1LOAD SOURCE OPEPAND INTO AC. FORMAT 1S SS

s INSTRUCTION CLASS S i ) .

L ]

' .

JPEGISTER MODE=@: R(N)

:

76 LSOPO: JLR RA,PG2,JPX DUIPB 1114 AC=R(N) /00232/

[
JPEGISTER HODE=1t (R(N))e
i

77 LSOPIs LM R@,RG2,EGDI, INCR 3115 MAR=RIN), RIN)=R(N)+CONDIN/0O238/
128 ILR R®,1.RGZ,01,PLA7,JMP LSCIR ;R(N).ACER(N)+1 108232/
;

;PEGISTER MODE=Z: -(RIN))

3

78 LSOPZ: LMl RO.KAL.RGZ 1116 RIN)=RIN)~} /08241/
318 LAI RO,KA1,RG2,EINS,DECR IR(N)=R(N)-1+CONDECR /00242/
478 LNl RO.RG2.GOI.JMP LSCH1 1MAR=R(N) 100243/
%]

sPEGISTER MODE=3: X(RIN))

1}

79 LSOP3: LNI R7.1.GW01 1117 MAR=R(?), R(7)=R(7)41, 100247/
387 JLR R7.1.W01 IRI7)=R(?)41 100248/
365 ILR P9,PG2.W0I sRC=RIN2) 100249/
397 AMA 1C.PHD] . KAL iAC=ACHM(I¥R) /00259/
391 LM] AC.GO! 1 MAReAC 3 r0Q2s1/
471 LSCHI:  NOP PLA? 1HOOR LINES SETTLE 190252/
119 LSCMR:  LTM AC.KARY,NIF13.PD1.JPX DUIRS 1167 ACsNIMR) /M253/
)

120 LSIPB: NOP SETOI.SETDZ.PLAS 1170 JUP TO INSTRUCTIONS TST, /00255/

12 LSIBI: LNl R7,JPX TST 114 MAR«PC 100256/

" 101100116 8011018 001110)

110100110 6000111 0001101
ea111011@ 1111811 111011

801110000 0101101 0001101
000001181 1111001 000118)

00111000 0011000 #A118)
110000001 0111011 6eo)1e)
110001011 6000111 0001101
801111911 8111109 0011101
21111100 1111611 1811611

01110018 018118 B1BI11}

01001000 1111811 GOOCVOO

00100100] 0011100 HAAOROR
111091821 0111111 @110008
111601111 @e00111 0110000
801111111 1111011 81118}

001031010 8220011 8010000
600111018 2111111 8210000
002111111 6008111 0800000

001081011 8000010 0010111
€00101011 111100 0118111
000101168 8111111 002000
€38101111 600a11! eval1e]!

01110100 818120) 020118
000001001 1111810 0201181

80111818 8111118 AAAIA)]
201111110 B110180 0O11180)

001601100 1111811 0200000

001001101 630111
ee11111e1 8118111

00) (o0
BA06200

001001110 0@10011
183111118 0O1110)
11181111@ 8110111

0016200
0010000
0018000

0a1001111 0010118
161101111 811110)
101181101 0011000
110001101 8110111
f1aa0e111 caittel
111210111 @011}
pe)118111 111101

oe1en
coee1t
0200000
Q00101
oartiet
ce01101
1811011

001111600 8101100 00R110)
000001100 11110811 8010111

0011
0011
a1t

o)1
0041

[ 3}
0911
811
011
8911

111

8811

0211
011
nu
o911

o911
8011
ea11

1
mn
&1
a1

11
8011

o011
011

@11

ool
un

8011
o011
w11

nm
1
o1l
o011
eert
o011
o011

(28]
o011

180
1

83

100
m

3

el

g

83 333331

D = v e

- -

-0 D
838

1
1"

el
1

1n
n
1n
1n
1

3

338

3

11
11
-]
11

8]
1n

1n
11

1
1
o
1n
1
n
1

L)}
11

0000111
01000111
e1eertl

60000018
81000011

e0es1011
01609211
81103011
20000111
eriee11t

0100001 1

01600011

01000011
11600011
081000011
81000011

081000011
11000011
e1oevelt

00010011
ejejeell
ej1e10e11
81118911

22020010
01000011

0118011
ejeeeell

ejeaceil

10000011
21600011

ele0eelt
11000211
00000011

ooarce1l
01010011
e1010011
o1110011
00000011
81000011
01100011

BOM00010
o1000011




-

s INDIRECT BIT SET

:
121 LSOEF:
115
99

122 LS08:
3

LMl AC.GDI
NOP D1.PLA6
LTH AC.¥A1.PDI.JPX DUIPB

1171 MaR=AC
JFDOR LINES SETTLE

LOI AC.1.KA1,PLAS,JIP LSIBI :172 000 BYTE - SWAP AC

TRAP DEFINITIONS START HERE

248 BETRP:
253

19 GTRAP:
259 GTPP1:
42

40

456

468

S04
509

591
496

319 TSVPC:
262

260 PFIRP:
263
271
223

159
158
2
382

3
;DOUBLE BUS
sEPPOP WHEN
’

251 DBEPR:
254

238 oUTOM:
234 TSTOM:
235 OMPDY:
231

236

237

[

sPUSH PS ON STRCK

iR9 CONTARINS TRAP ADDRESS

;P8 IS USED TO HOLD THE ADORESS OF THE PSW
1IF 2 BIT 1S SET, JUMP TO CONSOLE COOE.

[
3JUMP HERE ON ODD ADDRESS AND SSYN TIME OUT

i
LH] R9.K4

3370 TRAP TO LOC 4

SOR P8,1 STZ2.CLRTT,JZF GTRP1,DBERR

1P8=0, TEST AND SET Z BIT
ICLEAR TRACE TRAP F.F.

1JUMP HERE FOR ALL OTHER TRAPS

[
ANR RB.A STZ,CLRTT
LMI P8.KL1,KNI1.KN2
Ara AC.GPWDI

LAl P6.KL1.KMIL.KNZ
LM1 R6,EINS,STKOV

NOP

NOP GWDO
NOP PHOO

sPUSH PC ON STACK

i

LMI RG.KLI.KMIL.KNZ
LM] P6.EINS.STKOV
NOP

ILR R?7.GuWDO
NOP PWOO

[
iPICK UP NEW PC

100260/
/00261/
100262/

100264/

100278/
100279/

112 R8=0,2=0,CLEAR TRACE TRAP F/00285/

;372 PB=MAR=127776

1412 AC=N(177776)

1400 PS=R6-2

1481 MAR=RE

1403 WAIT FOR RED ZONE STACK
sOVERFLOW MICRO INTERRUPT
1404 WAIT FOR TRAP

1 H(RG)=PS

1465 R6=P6-2

14068 MAR=PE

1407 WAIT FOR RED ZONE STACK
sOVERFLOW MICRO INTERRUPT.
1667 M(PS1=PC

1662 WAIT FOR BUS

iPOWER FAIL TRAP ENTERS HERE

3
LMl R9.1,GWOI
ADR R9.1.WOI
AMa AC,PUD]

SOR R?.1.KkA1

[

1PICK UP NEW PS

H

LMl R9.GUOI

AMa AC.PUDI

LMl P8,GUD0

SOP P9.1.PWD0,JMP FETCH

1404 MAR=R9.P9=RI+]
R9eRI4]
JAC=M(MAR)

" IR7eAC

iHaP=R9 .
sAC=NEW PS
MR =PSH
iPS=0; SET PSW

ERPOR WHEN DOING A TPAP, (R BUS

IN CONSOLE MOOE.

ANR P9
LM} PI.KTPS.KLL.KTY

1373 MER=PUNCH STRTUS REG
sOUTPUT A °2° AND JUP T0
sCONSOLE.

AMA AC.GPWDT . JFL TSTOM,QMROY :PUNCH REAOY

TZR AC,KM10,K0.JrP OUTOM
ANR AC

LMl AC.KGM

LMI R9.KTPB,KLI.KTY

ANR P9.GPWDO. JIP CONSL

'

3 [
5 INSTPUCTION DEFINITIONS START HEPE
’

[

3

1AC=*?*
1 AP =PUNCH
JOUTPUT BUFFER

sSPECIAL CODE TO MAKE MOV, CMP, ADD, AND SUB RR MODE GO FAST

[

84 MOVRR:
300

'

s CrPeR:

ILP P9.PGL 1AC=S

NOP SMOVL,SMOVZ ., JIP WDESR

ILR RO.PGZ.EGWDI

N —— - o ; o

1MR=PC,S5ET PSH

1AC=0

/09286 /
/068287/
/00288/
/90289/
/00299/

700292/
109293/

160292/
/00298/
160293/

100301/
/90302/

/08307/
/09308/
/90309/
/00318/

709314/
/09315/
100316/
/00312/

/00322/
700323/

/09326/
09322/
108328/
708329/
108330/
/09331/

100342/
790343/

700345/

001111001 0110011 0011101
001110011 0000110 0001101
001100011 1111811 1811011

001111010 08101100 0101111

011111000 81111681 0011001
011111101 1611111 0181600

000001816 0001111 1661000
011111018 Q000010 0911600
009101010 0111800 0001011
000101000 06311100 (010118
111001000 0011110 0010110
111101000 0011111 0001181

111111000 0111101 000118]
111111101 0118101 0001101

111110101 0110000 0010110

© 111110000 0010011 0016110

160110000 8110110 0001181

100110110 6310000 0000111
100000110 0110100 0001101

160002180 0118111 0011001
10ece0111 111111 o1110e!
100001111 0001161 0001011
011011111 0ee10e1 0100111

016011111 0111110 001101
010011110 0010010 0201011
100101110 0010111 6211600
101111110 0101011 0101001

8111110811 0111110 10a100]
811111110 8091110 001100)

811101110 1001110 0001011
011101010 0111110 1011181
811101011 o116111 (031101
011108111 0111109 0211101
011101100 01111681 0011001
011101101 0101118 1001001

0011
0011
0011

111

o011
11814

0001
ea11
0911
ee11
0011
00]1

2011
0011

0011
0011
0011

0011
0011

1111
1
0011
11

0011
0011
ool
1

eo11
0011

0011
0011
a1t
oe11
8011
0011

000 1
118 1
000 0

181 ©

.

e

i 1

1113

1112

© -

153120 12

11 e0000011
11 01000011
11 81100011

11 01000011

11 11101101
11 10110010

11 19116018
00 20ea10)
11 00110011
00 09000101
11 11e0e011
11 e1000011

11 60011011
11 81111011

00 80000101
11 11000011
11 @jeoeell

11 coo11011
11 81111011

11 00010011
11 Q1010011
11 01110011
11 01000011

11 60010011
11 81110011
11 90011011
11 01111011

11 01000011
10 00101101

11 00110011
o1 11111101
11 01000011
11 90000001
10 60100101
11 eo111011

001010100 0211000 0OONSC0 0O11 000 1 10 01000011
110000100 0000000 0001101 0011 000 1 ©1 00101110

091018101 0011010 D000O%0 6011 000 | 00 10910011




421

453

| 469

! y 479

s

413 TFFET
3

86 ADORR:
i 45¢

| 452

484

488

)

87 SUBRR:
s

374

38

3s

s1

48 TS,
3

S0 BIT:
» 2]

= ;

£ 104 HALT:
¥ H

| 165
B “
b | 3

106 RTIs
20

: es
4 136

1WAl

135
134
150
151
152
168

Bt i

i
187 BPT:
{ 3
| 188 10T
1]
1069 RESET:

3
110 RTT:

’
182 MR
278
272
224
: 2e8
1 2e9

TP WREPYT - amenasvayey

.

q 225
‘ 12?7
b, { 169
! 157

)
' 8¢ IWINL
™ 466 IWI2:
111 INVI3:

3
| 97 YESBR:
{ 417
{ 420
! 4 500
: 458 851G«
451 BSI1G1:
448 BRMEG:
. 449
’
96 NOBR:

|
|
L
[
5 )
9% Cu
498
] 499
i 467 SECLY:
3 | 464
i 489

CIR AC 1RC=NOT AC
SOR T,3.KA),SETDS.SETD2
ILP PO.PGI

NOP SETS1.SETS2
ILR 7.1.KA].SCHPY.SCHP2
NOP JrP FFET

ILR RO.PG1

SOR T1.1.KR1,.SETS].SETSZ
ILR RO.PG2

NOP SETD1.SETDZ

1TeaC
sACeS
IRC=(NDY D)¢S¢)
1PS TIME TO PROP
IRC=S
1T=RC
1RC=D

ILR T.KA].SADD1.SADDZ.JIP WDESR ;AC=S+D

ILR RO.PGY

ClA AC sRC=NOY AC
SOP T.1.KA1,SETSS.SETS2
JLR RO.PG2

NOP SETD1.SETDZ
ILR T.1.KA1,SSUBI.SSUBZ. JIP

NOP STST1.STST2.J2R FETCH

ANR T,KAY,EGWD]
ILR T,S8I71.S81T2.JZR FETCH

NOP JZR CONSL

NOP EGPUT,BUSWT
NOP JMP 1WAIT

1POP PC OFF OF STACX

NOP SETTT.JrP FETCH
LMl R9.K14.JZR GTRAP
LM] RI.K20,JZR GIRHP
NOP EPASE.BREST.JZR F[YC.H

NOP JrP RTI

IR

ILR AC.KAS

TZR AC.¥MO1.K77

0P R6.KAL

ILR RS

SOR R7.1}.,KA)

POP OLO RS OFF OF STRCK

1,KA1, JZR FETCH

LNl R9,K10,JZR GIRAP
‘LM] R9.K10.JZR GTRAP
LH] R9.K10.JZ2R GTRAP

ner

T2R T.¥n11,K7?

TZP AC.KM1B. KO

SOP AC,JFL BSIGO.BSIGI
SOP AC,1

ILP T.RL1.KO

ILR AC.¥A)

ILR R7,KA},JHP FETCH

NOP EGWDI ., JIP FFET

EITHER SET OR CLR COND. CODES:

IR 7

TZR AC.K40

ILR T.JFL INVIZ,.SETLO
TZR AC.K17

TZR T.v20

1RCeS

1T=pC
sHC=D

MDESR AC=D+(NOT S)e1
iD=D

1T=T AND AC
3AC=T

1CAUSES BUS OWNERSHIP TD WAJT
JFOR INTERRUPT,

3152 MWAR=RE, RE=RE+
1432 RE=RE+1

1131 RC=N(MER)

1430 R7=NEW PC

1427 MR=PE, RE=RE+1
476 PB=RE+]

1475 AC=N(MAR)

1424 MAR=17777%

1544 R9=8, AND SET PSW

/09346/
109342/
/00348/
/00343/
/08358/
100351/

/088353/
/88354/
/00355 /
708358/
/00357/

/09359/
/60368/
/003617
760362/
/09363/
/0836¢/

/008366/

/08358/
768363/

/08321/

/00373/
/00374/

/08372/
109378/
/89379/
/093808/

/0a382/
760383/
70384/
/0R38S/
/8a386/

1551 SET TRACE TRAP F.F. IF RT1/00387/

;D0 TRAP TO LOC 14
;00 TRAP TO LOC 20

1155 DO A RESET ON BUS

/09389/
/89391/

/80393/

1LOGIC ONMLY SETS TRACE TRAP F.F/00395/

+1F RT] INSTRPUCTION IN IR REG

JRC= INST
sINST=INSTe2
1INST=INST AND 177
15P=SP+2PNN

sHC=RS

IR7=RS

1MéR=R6, PB=RE+)
1R6=R641
1AC=N(MAR)
IRS=RC

1100 INVALID INSTRUCTION
) TReP T0 LOC 19
115?

1141 AC=T=INSTRLCTION
iT=T AND 377

sAC=CAPBAGE, RC(?7)=)
1AC=-}

1702 AC=0.51CN=0

1703 AC=SIGN EXTEND OFFSET
s#C=OFFSETRZ
1R7=R7+0FFSE T2

iNG BRANCH

1142 AC=T (INSTRUCTION)
:UALID INSTR TEST

IRESTORE ACaT, JUP ILLEGAL
IACsRC AND 17

1TEST IF SET/TLR

LMI RS.KLE, ML, KN2,JFL SECL).SECL2

' CLEAR CC

1740 MR 77776

/03398/
/08329/
100400/
/60403 /
/00402/
/00403/

700405/
/00408/
/00407/
/60468/

/m410/
/00411/
100412/

700414/
/004157
700416/
/10041?/
/004187
160419/
700429/
/004217

700423/

700426/
/004227
/004287
708429/
10043/
709433/

110100101
111080010)
111018101
111811111
118e11111
11001118)

0011160 0011111 0011
e01110) 0161180 1111
0111111 OOOOMOA 8011
0211001 0001181 8031
8111101 2011080 1111
8103111 000118 ©0l11

©31010110 0011100 PEPCRRAD
111000116 8116108 0161160
111600100 0011110 PACSCSO
111100100 0110110 POO1101
111100110 0100100 0001100

091010111 6010111 0000000
101110111 ©110118 0011111
101118110 ACOM10 0101160
800100118 2110011 AACNND
000100011 6000011 ©08110)
000110011 0100108 AOR)108

600110000 2101011 620116)

020110010 €111100 1001100
eoe111100 e1p1811 8001100

601101000 9101110 001101

91101081 6000010 0001101
000101001 0000110 0001101

001101010 £00R18) BRjR110
©01011010 0111000 0110118
01011600 01008 0001011
010201000 0110111 8100114

010000111 0110110 80IC{10
210000110 6001001 08118119
elosielte erterll eoeisll
10018111 1116230 801160]
010011000 6001010 £18)00)
016181600 9101911 ©00118)

91101811 0181818 0011091
821101100 €181018 0911631
011011081 ©101011 0e0110)

001101110 0111018 0ee118l

001160110 0018001 Q001109
100018110 8110000 #2R)10)
1060010000 0201118 1811161
811100000 0001101 0110110
211010000 811000] COOC181
11910001 6001110 100111

01110000) 0001011 0910118
010116001 8111101 6118118
817111181 8001001 0V01R11
0102111081 @181011 8100181

001000000 01010108 0811001
111010010 0101010 0011091
0a1101111 e101816 0611001

001100001 0011010 0003100
11000001 0110108 1611100
11010008 6031111 1611101
111110100 1001160 0101101
111000010 8110011 0l18110)
1110800]1 0110000 000) 160
111600000 011000] 0001101
111800001 6101011 ceel1ll

€01100000 0100111 6301101

© 001100010 0R11111 0001100

111110810 0110011 1011101
111110011 1021101 6001100
111010911 0110000 10)118)
111010000 0011110 1011100
111100000 1001110 001100}

0011
1t
0011
0011
2011

eo11
o1t
1111
eas
0011
mn

o811

911
ea11

0011

o011
0811

un
11
0011
1111

1111
mun
a1}
0011
un
8011

8011
eo11
ea11

eo1!

o011
8011
0011
0011
o011
11

11
111
o011
i

oot
e
eelt

0011
11
o011
011
1
0011
(L 2}
el

el

0011
001!
el
8011
el
el

€= % $3 3 23%33% 88833 333338

3 § 833333 233%

1

§

§ 87333232 333 2333 3333832

111212

Dt D e D e e D

D s e D - e

DD D e s s e @ e

1
L}
10
1@
]
1

10
1e
0
]
]

10
11
10
-]
el
2]

1"
]

11
11

1
11
1
11

11
11
11
;]
1
1

-

1

1

-

1

-

1
1
18
1n
1
n

1
1
1n
1

1
1
1

11
oo
el
1n
11
1
n
1n

1
1
1n
n
1

01000011
00600018
01000011
00000010
18110110
916020011

81000011
09000910
81000011
80000018
81181118

81000011
81000211
60000010
01000011
00000010
18110118

1181118

10010011
oojel118e

ejpeessl

16100011
01000011

eceleell
01810011
el111ea11
e10ee011

ece1eell
01010211
081110011
00000181
ea111esl
80110010

110011801
1ei11101
111ee011

e10e0011

01000011
ejoce0lt
0000001
21000011
01600011
01600011

20810011
01010011
1118011
eloagert

11e1iel
11011181
11811101

01000031
00000
11111101
01000011
01000011
11111181
o1ee0es!
01000011

10001t

01000011
e111118)
01000011
11000001
18111101
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482 SECL{:
469

H

) SET
483 SECL2:
485 SE2:

)
100 ENT:

H

101 TReP:
i

103 S08:
407

5§03

518

426 SOBRY:
427 SOBR1:
416

i

29 ROR:
H

21 ROL:
l

22 ASR:
i

23 ASL:

89 RTS:

26 INC:
2? DEC:

28 NEG:

29 XOR:

33 pe

36 JSR:
372

% R At $4y R L I35 AR .o o

CIA AC.GWDIP
AN AC . KAL.PUDIP.JIP SE2

cc
ORM AC.KA1.GPHDP
SDR R9.1,JMP WDESH

LHI R9.K30,JZR GTPHP
LH] R9,K34.J2R GTRHP

ILR RO.RG1

SOR R9.PG1.KAl

TZR PO.RG1.¥AL

ILR T.JFL SDERO.SOBR}
LMI R7.EGWDI.JMP FFET
TZR AC.KM9D, K77

CIR AC.1,JMP BRNEG

SRA AC.SROR|,SRORZ. JPX ©

1742 AC=NOT AC
1442 RCsAC AND PS

1743 AC=&C OR PS
1443 563 R9+0

iTRAP TO LOC 30
1145 TRAP TO LOC 34

1147 AC=R(N)

1627 R(N)=HC-1

1622 RIN) ZEPO?

;462 AC=T...JUP FOR ZERD
1593 NO.GO TO FETCH

1502 RC=AC AND 77

16C= = (RC)

100 A ROR

ILR AC.¥A],SROL1,.SPOLZ.JPX @ :DO A ROL

SRA AC.SASR1,SASPZ, JPX @

126 D0 A ASR

ILR AC.KAL,SASL1,SASL2,JPX & DO A ASL

ILR PQ,PG2 sAC=R(N)

SOP R?7.1.KA) iR7=AC

sPOP TOP ELEMENT OFF OF STACK

LM1 P6.1.,GHO1 iMR=RE , RE=PE+1
ADR P6.1.K01 iP6=PE+|

A AC, PLUD] 1HC=M(MRR)

SOR P@.1.KA1.PGZ.JZR FETCH :R(N)=AC

LDI AC.1.KA1,SSHB1.SSWBZ s HC=AC EXCHANGED
NOP SSWB3.JPX @ iTO FIX TIMING BUG
CIR AC,SCOM1.SCOM2.JPX 9 i0=NOT O

ILR AC.1.SINC1.SINCZ.JPX @ ;D=D+})

SO AC.KA1,SDEC] . SDECZ.JPX @ ;D=D-1

CIA AC.1,SMEGL,SNEGZ, JPX @

ILR AC,SHDCY ,SHOC2,JPX @

1D=(NOT D)+

sHARDUARE HANDLES C IN

SDR AC.KA1.SSBC1,SSBCZ. JPX © ;HARDMARE HENDLES C IN

ClA T
ANR T,KA1,JHP HTWD

OPR T.¥A1
ILP 7,58C51,58CS2.JPX @

iS=NOT §
iT=(NOT S) AND D

1T«S OR D
AC=T

ILR T,KA1.SA001,SA00Z,JPX O :0=0+S

SOR PB.1.KAY
IR T

Cla AC

NOP SETS1,SETSZ

1PBeRCHD

1RCeTsS
1S=NOT §

ILR PB,1,¥A1,SSUB1,SSUBZ. JPX @

SOR T.,1.¥A)

ILR PO.PGL

XNP T,KAL

e

CIA AC.SXOR],SXORZ.JPX @

SCR R7.1.¥A].JZR FETCH

SOR T.1.XA)

ILR PO.PG1

LAT RS, FNZ.KL1.KNIL
LAl R6.EINS,STKOV
NOP

NOP GUDO

NOP PHDO

T

ILR R7,EGWD1

S0P R9. ) .KAL,RGY
ner

SOP R?7.1.KA1.JMP FFET

TZR AC,SCLP1,SCLRZ,JPX @

1Tet
IAC=R(N}

iT=T XNOR AC
ifCe=T

185 ACsNOT AC

IR(?7)=D ADORESS

1T«D ADDRESS, T IS TP
iFC=R(N)

1PE=RE-2

PR (6)

iHAIT FOR RED ZOME STACK

JOVERFLOW NMICRO INTERRUPT.

INEED TO MAIT FOR BUS
IMRNEXT PC

1AC=R?

IRINI=R?

HC=T(TP)

IP7=THP

142 D=0

/00434/
/98435/

/00438/
/80433/

108441/
100443/

/00445/
/00445/
160442/
/00448/
100449/
/00450 /
/00451/

180483/
/09455/
/80457/
/60459/

700461/
100462/

/0046¢/
700465/
100466/
100467/

/99469/
/80478/

/904721
700474/
700476/
100478/
/00400/
/60482/

709484/
100485/

700487/
/00488/

/00490/

100492/
/00493/
/09494 /
/00495/
100496/

/00498/
760498/

700501/
100502/

/00504 /

/00506 /
/00507/
/09508/
109509/
108510/

09512/
700513/
/00S14/
/00815/
100516/
700512/
700518/

111100010 0111001 0011111
111191001 #110191 1001011

111100011 0119101 1101011
111100101 0100000 0101001

001103108 8101010 0011001
001100101 0181010 (011001

001100111 0011001 COOMARRA
110010111 0011111 0100000
111110111 0111110 1610200
111111118 1001010 0001100
110101016 0100111 @01@111
110101011 0110000 1011101
110100000 0011162 0011111

000010100 1111000 0001111
000010101 1111000 0001101
000010110 1111000 0001111
000210111 1111000 NOB)18)

001011001 AQ13111 000000
181111001 2011000 0100111

110001001 0011010 0010110
11010100] 0111000 0110110
110101600 A118:1]1 0201011
110100111 010181 2100008

000010011 0101008 0101111
800001700 1111000 060119)

000010010 1111800 0011111
000011010 1111000 M001101
020011011 1111008 0101101
000011100 1111000 GO11111
000010000 1111600 0001101
000010001 1111000 0161101

000011000 AO0AR11 0011110
000111000 0111001 1001100

000011001 0000011 1101100
00011100) 1111000 POQ)100

000011110 1111000 0001100

00011111 0010111 0101006
101111111 0011000 0001100
110001111 0111110 8211111
110001110 0101111 0001101
000001111 1111000 0001000

000011101 0000011 0101100
000111101 0111118 FACOO00
000111110 6000010 1111100
000101110 011110] 6001100
000101101 1111000 0@11111

000100001 0101011 6100111

000100100 0010111 0101100
101119109 0110101 G0N0
101110101 0111000 0310110
101111000 0011000 0010118
110281008 8111108 00011081

110001100 0011001 0001181
110011100 6011010 0001101
110101100 0111110 W11109
110101110 8111111 0000111
110101111 0011611 0100000
118111111 8111110 0001109
110111110 0100111 010RI11

000100010 1111000 1011101

0011
0011

11
11

eelt
0011

0011
0011
11
911
0011
eo11
1

eo11
0011
L2}
(LB

L]0
1

1
1
oa11
1t

m
001!

o011
un
0011
mn
ee11
eell

a0l
el

011
001

11
0011
001
co11
1

11
ool
o011
0011
ea1l

1

1
0011
0011
0011
e8!l

o011
o1
0011
oot
1"
8011
1

000

1

11

999 9 11
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81000011
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llQlOliO
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e10eco1t
01600011

00010011
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101921110
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10000110
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01000011
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