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ABSTRACT

The CMU-1l is a microprogrammable processor built with the Intel
3000 microcomputer set that emulates the PDP-1l1l architecture. 1In
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,' Technical Report, Department of Com-

puter Science, Carnegie-Mellon University, Pittsburgh, Pa,
January 1976.
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ASSENBLY OF HICRO.DAT ON B-Jan-76 AT 18:48

[ )
iNICRO CODE TO MAKE A PDP-11/40 OUT OF THE INTEL 3068 |
sNICR0 PROCESSOR CHIPS. )

-—- )

H
’
H

3

1PROGRAEMMING CONVENTIONS USED IN COOE:

i

1. ZERQ 1S XEPT N RO S0 THAT TRAP ADORESSES CAN EASILY BE
PUT IM IT TO OWL THE TPAP SEQUENCE. THE TRAP SEQUENCE
PUTS ZERD BACK 1N R WHEN IT IS DOME.

€. THE 2 BIT IS USED TO DETECT DOUBLE BUS ERRORS AND
TD INDICATE THAT THE PROCESSOR IS IN CONSOLE MODE.
IF IT 15 SET AWD R TRAP DCCURS, THE HICROPROCESSOR
WILL JurP TD THE CONSOLE CODE.

s TR T I R —

IELD PLA 3,8:PLAI=1,PLAZ=Z . PLA3=3.PLAY=4 ,PLAS=S, . PLAB=G, PLAT=7.L
NINST=8, INTSR=2 , DECR=3, INCR=4, BUSWT =5, BREST=6,5TKOV=7,L
HIFI8=4.W]F]3=2

FIELD ¥UB 1, 1:KA}=0.FL1=0 ’ INOTE: ALL K LINES ARE INVERTED.

FIELD PG12 Z.3:RGI=2,RGZ=0.RPGD=1 .Y NOB=3,KN01=2,kM16=1 , KM} 120, ¢
KTY=2,5ETS1=2.56T0 =1, ¢
SCLRI=] . STST)=].5C0M1=1,5INC1 =1, SDECI =2 . SNEG] =0, L
SASRI =3, 5ASL =3, SRORS =3, SROL Y =3, 5A0C1=1 . 5561 =2 .1
SHOV1=1.5807E=1,5005) =1. 5X0R1 =} . SSKTi=] . SCHPI=0. L
SSUB]1=@,5A0D1=0,55KB ] «3. L
PSVS=] , PSWNc2

1

WICRD WORD FOR 1/0 INSTRUCTIONS IS (B BITS):

i EXTENDED INSTRUCTON.GET BUS(ASSERTED LOM).PAUSE ,CHECK MORD.C(1:0),158

FIELD MATF 8.10000118:EINS=110000]110,EGPHD=1011081 18, EGMD1=1001001 18,8
EPHDI=L11102118, EMDI=1101081 18, PAUSE=11090] LB, EGPHT=]101000118. L

EGD1=100008118,EPASE=111008110.¢L
GPUD1=§168118,LPHDP=1101118,GPWD0=1110118,GPuDB=1111118.¢
CPDI=1860118.0PDIP=1601118.GPDO=10168118,GPD0B: 1611518, ¢
GWOT=3)00116.GUOIP=01B1118,GHD0=01 18115, CUODB=011 1118,
GOI=0060110.601P=222]1 11D, G00=08)811B.6D0B=0011118.8

PHOI=1119011B.PUDIP-1110]111B.PADC=1111811B.PLD0B=1111111B.L

PDI=11620118.POIP=110011(8.PDO=11016]16,PDOB=11011110.E
HOT=1€10011H, WDIP=101D1 1[B.HDO=10118118.HDOB=}B11111B.L
DI=}0ega)1B.0IP=3008) 1B, D0=10818118.00B=1021111B. &

£DJ=:16800118.EDIPx} 12051118, ED0=1 109101 10.EDOS=1 190111181

KO=11111101B.YR1=818,KN2=1BIB.KI=]111110218.L
KZ=111101818,K4=1110110)8,£7=111000015.¢
KiGs110111018,K1421160)1018,F] =1 16000018, X2B=10111¢018.L
KZ1=101119918.K24=1010110108.¢
K38=100111018.X 34100811818, %35:1 00010018, ¢
F40=0111118)0.K57=8] 0000018, 2
K69+=111181B,KEG=091001018.K70=11101D,K71=0001 10018,
Ke7=018, K[R=} 16018918, ¥LF=11B1 D) 0] 0. KRE=1B1E. L
Fet=018, ZER0=00) 111018, KSLSH=010800018. ¢
KTKS=1111818,KTKB=1181018.KTP$=1011013,KTPE-5001018.¢
SETSZ=Z,SETDZeZ.L
SCLRZ=811011168.5T5T2=011811168,5C02=1610]11168.¢
SINCZ=B0800] 100, SDEC2=00000] 108, SNEGZ= 1080051 06, ¢
SASRZ=0)8811108.54512=110801108, SRORZ=21018}188.¢
SROLZ=110181108.5ADCZ-01010] 146, 55802108171108.L
SMOVZ=0R1811 166,581 T2=061811108. 5805200105 1108.¢
SKURZ=001811128.55XT2=-RQ1001108, 5CMP2=101301108.¢
SSUB2=101181168. SA0D2=011831108.55MB2=101111188.8
SETTT=0@1190108.CLRTT=101 160108, SSHE3=001110108,¢
PSCS=011111168.PSCN«DO) L L1108, PSCIN=0001 60108

L]

P - -

sPUT RESULT DF LAST INSTRUCTION IN MEMORY

FAND FETCH NEXT INSTRUCTION.

I
4 HDESR:  50R RA,1,KAY.RGZ.JMP FETCH 4 RIN}=RC

¥

6 WOSRB: SDR T.1,KkM11.K?7 iB T=pC RND 377

179 ILR Re.RGZ 17E6 AC=RIND)

294 ILR T,KL1.KQ 1445 AC.TeT+[AC RND 177460}
3% SOR F0.1.KA1.RGZ.JHP FETCH 1686 RINZ)=AC

H

] WDESH:  MWOP GPWDO. JMP FETEH B MR FaRC

]

1 DODAD:  LH) RI.K4,JHP GTRAP 31 TReP TO LOC 4

/06472,
fearey
10075/
100876/
1ooat)
100079/

foaeat/

RODRESS D [¢ g} CYCD PLA& ELRGIMATF

feeRaod dA13111 1111 1e2 2 22 22222333
1234567 B901234 5678 991 2 34 567g9012

AO0GC01PE B1E1011 B1BACON 111
000008116 0011161 9161100 1111
111816118 AA1AGIA FOO0A0H BO1)
100102116 8911090 9291100 FOY]
110000118 8181811 8100006 111}
600000000 6181011 000110t BO11

800000991 0181010 0811081 6011

803 & 00 BInoBas]
809 1 09 pOODEDA]
639 | 00 leoealt
800 8 11 11t1i101
6D 8 b 91000811
800 1 11 8111811

809 1 11 11ie1tel
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;000 ADORESSING ERROR.

3 WDEOE: LDI AC.1.KA :3 0OD BYIE, SHAP HALUES 160084/
2 WDESB: NOP GPDOB,JIP FETCH 32 WEHAR) =L, BYTE /50085/
11 FETCH: M3 R7,EGDI | HBReR[7) /ea088/
7 FFET:  ADR R7,1.EINS 17 REPI=R(7341 o889/
359 AMA T EPHD] 1547 Te[NGTPUCTION 108099/
366 ADR R7.1.PLAL 1556 WATT FOR INSTRUCTION DECOD/0O091/
358 LM} R7.8 STZ,PLA7,JHP 358 1536 DO INITIAL DECODE 60092/
1N INSTRLCTION BY LSING THE
SHICRO INTERRUPT FERTLRE.
tMAR=R7, 208
H
e e s AEE e ——— ¥
;LOAD SDURCE OPERGND INTD T. FORMAT 1S 5500 ;
$INSTRUCTION CLASS 1 “
frmmmmrrmm oo o s
:REGISTER MODE=8: RIN)
B8 SUPE: LR RO.PGI.PLAZ +126 AC=RIN} 190104/
9z NOP PLA4.JPX 6% 132 09105/

H
(REGISTER MODE=1: (RIN))+
j

i INDIRECT BIT SET

66 SDEF:

LNl RC,GDT
258 NOP DI
278 LTM AC.¥AY.PLA3,PDI
94 NOP PLAY,JPX B4
67 §0AYT: 1LDI AC.1.KAL1,PLA4,JIP SIRB

B1 SO0P1:  LH) RAO.RGI.EGDI.INCR 1121 MAR=RIN), RIMI=RINY+CONDIN/EA109/
) ILR P&, 1,PGI.PLAZ, JMP SPCHR RINY,AC=RINY+E /o01Le/
;REGISTER MOGE=Z: -(R(N])
¥
82 SOP21 LM} Re.¥ml,PGI 1122 Ri{N)=RIN}-} /eail1e/
 4i8 LM} RO.¥AY,PGL.EINS.DECR tRIN)=RIN)-1+LONDDECR 1o0115/
423 LM] R9,8G1,601.JHP SRCHE IMRR=R(N] /e0116/
i
JREGISTER MODE=3: X{HIN))
83 SOP3:  LHL R7,1,GWDI 1123 MAR=R(7). R(7)=R(71+1, foeiens
25 ILR R7.1,WDE iRI?71=R(7)+] Joazt/
287 ILR RO,RG1,HWDI iAC=RINDY fed1zz/
2886 AMA AC.KATPHDI iRC=RC4HIMAR 100123/
334 LMl #C,GH1 sMAReAC foaiz24/
333 SRCHY: NOP PLAZ.DI sRLLOWS ADDR LINES TQ SETTLE 100126/
93 SRCMR: LTH AC,KAI.POI.PLR4,JPX 5% 1135 AC=HIMAR) 190126/
§5 SIPB:  SDP T.1.%Al.PLA7,SETS!,SETSZ.UPX 64 feaien/

118) GD CAR.CLR.ATE SECONG OPERAND
sPUT SOURCE DPERAND INTG T AND
iSET SOURCE SIGN BIT.

:L0AD DESTINATION'S DRGINAL WALLE INTO AC IF USED 4

:IN IHSTRUCTION.
sINSTRUCTICN CLASS 2

PR
1

SPEGISTER MODE=0: RN}

B8 DUSE®: ILR R,RGZ,JPX QUIRB '
TPEGISTERP MODE=1: (RIN)I*

1

69 OUSEl: LMI RQ,1.RGZ,CDIP

465 ILR RO.PGZ.EDIP.INCR

106 NOP PLA7.DIP.JHP DESIR

13

iPEGISTER MODE=Z: ={R(H})

78 DUSEZ: LM RB.KRI.RGZ

+38 LMl RA.YALLRGZ.EINS. DECR
aze LM R@.RGZ,G010. 4P DESH]

)
SREGISTER MOOE=3: X(R(N)}

71 DUSE3: LHI R?,1.GWDI
343 ILR R7.1.WDI
341 LR R@,AGZ.WDI

357 e AC, KA PHDT

1102 #AR=AC /80135/
iNEEDED TO DQ ADORESSING /ea136/
/a9137/
s TeMIHAR) /eei3a/
1163 AC=RC SWAPPED /e0149/

----------- H

3

H

-= H
;184 AC=RINZ) Joaise/
1195 HAR=RINJ, RINI=RIN}+], /0R154/
PREN)  AC=RINI+CONDINCR 106155/
/0R156/
;196 RINI=R(N) -1 /00163/
;666 R(NI=R(M)-1+CONDDECR /eR161/
1526 HAR=RIN] MRIeZ/
1167 MaR=R(7), R(Z)I=R(7)+} 100168/
IRIPI=RIT)+) 708167/
1AC=RINZ) 708168/
sAC=RCHHIMAR) 10163/

eacas0ell aleeelo olellll
paGGRAB1E Blelell aeBliol

000001011 6100111 0O18111
0au00R111 9018118 8116111
181108111 0i11118 &Wi8la
161101110 eo1010] @jivlill
101011110 eo18i9] ealeitl

001010608 6111160 OQOAVEY
0a1P11109 1111800 0001181

o31910001 0111011 S@10090
31011011 9111101 060000

01046018 0911010 BRIC0O00
110160010 8111161 6A10000
1101011¢1 6216100 001000

ecorpieal! ai1llil @eioill
101111 eeleo0l Qapelll
180811111 6111118 §008900
100011110 9819198 6J0161!
191001116 81111681 8311161
[01PA110] PGHOIF! H201181
ea18ii1a1 {1110@ 101101

201000001 1111099 0191189

001000010 DOLHBED 6R1i16)
joo0eea1e G1ll1le oeeltel
160001110 009101 1911011
981011110 111180¢ @AAL101

POI000811 BllBR01 0Bl

001000108 1111611 DoBOREY

001600191 6011601 02100800
116316101 @118118 GAe6R
110010110 0easlll 6eal1lel

621000110 PEl1l1 BO15000
110118110 2019100 0310020
181060116 0011019 601800

001000111 8010101 8010111
131018111 11e10] 0venlll
191610181 2010110 006000
tei10010) 8110110 gaajell

338!
eei1

0alt
11t
a1l
1un
oeal

eall
eall

ol
1111

a1l
il
8a11

1t
11
Bail
eajl
2811
0all
8811

1111

0011
eotl
0d11
il

1111

;.13

1R
811
"l

ol
a1l
oa1l

itt
11
oot
o811

o

08
m

a1e
1680

168
018

el
08

L)
ke
s
050

010
109

660

o1t
189

1M
m

eil

——

11
11

11
1"
It
1
13

i@

1e
18

19
10

1
i1
1@
3
3!
il
1

1
1t
15
i

—
-

83

i
1
20
11

01666011
eo1e1k11

10200011
11000011
11119911
ore9eeil
81090011

vlaveall
wleeeall

10800911
3 13: 1)

aloeeall
ligeoall
Qeeeat

oaa1e01]
Q1916011
aieLpall
ai110ail
000eed]l
e1008811
o110¢011

godeealn

pooRealy
Hl ol B
81108011
012011

01200911

81000011

0o9aB} 11
1190111
21509111

alpseatl
110060011
poeaelll

na1eall
a1810811
eioi0ell
a111aa11



358
422 DESHIs
118 DESMR:

]
112 DUIRB:
13 DuUiBl:

LH] AL.GDIP
NP PLA?.DIP

-38-

1S46 HaRe=Al

FALLOWS RODR LEWES 1D SETTLE

LTH AC.KA1.WIFI3,PDIP.JPX DUIRE
116 RCsIIMFR)

NOP SETDI.SETDZ.PLAS
NOP JPX ADC

I
SINDIRECT BST SET

!

113 DUDEF:
385

395

123 DUDFR:
124

i
114 puCe

H

pye—.

NOP GDO

NOP

NOP PDO .

LN] RAC.GDIP.PLAE

LTH RC.FA).PDIP,.JPX DUIRR

/eaive/
/005?17
100172/

1160 JUP TO INSTRUCTIONS ADC, /00475/

115

/00176/

1161 DIP MUST BE FOLLDAMED BY & D/od)ga/s

1173 MAR=AC

LDT AC.1.KAL.PLRS.JMP DUIB! 1562 DOD BYIE

———]

JCALCULATE DESTINATION'S ROORESS AND PUT IT IN HAR AND AC/
sINSTRUCTION CLASS 3

]

1
HREGISTER HODE=8: RiNW)

]
72 DAg:
3

SREGISTER MODE=]:

'
73 Dan
457

463

127 JDURB:

sREGISTER NMODE=Z:

s

74 Dn2:
58

B3

ILR R®,PGZ,JPX DUIRPB
[RINY)¢

ILR PO.PGZ

DR PR RGZ.EINS, INCR
ADR RO.1.RG2,PLAT
LHI AC.JPX DUiRB

~IR(N})
LHI RA.¥A1.RGZ2

LHI RO.KAL.PGZ,EINS . DECR
ILR R@,RGZ,PLA?, JIP JOURB

{REGISTER HODE=3: X(RIN})

7S DAl
43
44
47

116 DAIRB:
2]
3

LH1 R7.1.GUD]
ADR R7.1.40D1
ILR P®.RGZ.HD]

AW AL, KALLPLA?,PRD] . 1P JDURB

NOP SETD].SETDZ.PLAS
NOP JPX SXT

+INDIRECT BJT SET

117 DADEF:
126 DROFR:
!

ArA AC, GPWDT
LM} AC. GNP DaleB

- ]

£119 AC=R(N)

1111 RC=R(N)
IRINI=R{N)+CONGINCR
IRINI=RIN)+}
3177 MAR=AC

$112 R(NI=RIN}-}
tRIN)=R(N)-}+CONDECR
FRC=R(N)

1113 MAReR(7), R(?)I=RIPI+].
IR(ZIeR{?)+]

SAC=RINZ)

FAC=AC+MIMAR )

1164

WJUMP TD INSTRUCTIONS SXT, ...

$165
12021 o

H - ]
tLOAD SOURCE OPERAND INTO AC. FORMAT 15 S5

1 INSTRUCTION CLASS S

)

1
JPEGISTER HOOE=@: RIN)

i
76 LSDPa:
:

ILR R@.RGZ,JPX DUIRB

PEGISTER MODE=it  (RINID+

77 LSOP1s
125

LMl RO.PG2.EGOT, INCR

SREGISIER BWODE=2: -[RINI)

78 LSDPZ:
aie
478

LH] RO,KA).RC2
LMl R®,KA1.RGZ.LINS.DECR

1114 Bl=RiN)

/1817
/0182 /
/oa183/
/maies/

/oales/

/00195,

fo3198/
008200/
re0201/
/002027

/00206 /
/002677
/0R2e8/

roaziz/
J00213/
700214/
/93215/

/00z17/
/eazin/

/eazzes
reez23;

/oa23azys

i115 MeR=RIN). RIN)=RIN)+LONDIN/0OZ3G/
JLR R8.1.RG2.01.PLAZ.JMP LSOMR :RIN).AC=RINI+]

116 RINI=RIN) -1
IRIR}I=RIN)~1+LOMDECR

LAl R9,RG2.GDI,JMP LSCH1 1 MARER(N)

H
sREGISTER HODE=3: XIR(NI)

H

79 LSCP3:
357

365

39?

9t

471 LSCHYy
118 LSCHR
]

12@ LSIRS:
12 LSIBI
|}

LMl R?7.1,G01
ILR R?.1,HDI
ILP P9,PC2.WDY
Aha Al PEDI . KAY
LN AC.GDI

NOP PLR?

LTH AC.KAL.MHIFT3.PD],JPX DUIRE

NOP SETD),SETD2.PLAS
LMl R?7.JPX TST

1117 BAR=RIZ, RI?)=RI7)4],
IR(?I=RI7I4]

JAC=R{NZ)

IRC=AC+NIHAR)

i MAR=AC .

PADDR LINES SETTLE

1167 AC=HiNeR)

178 UMP Y0 INSTRUCTIONS TST.

114 HAR=PL

/002377

Joaz41/
Jeazsgt
100243/

700242/
fit:ral: T
/oaz40/
/8a2s8/
/eezst/
100252/
/60253/

190255/
190256/

" 181190118 BOt1918 0O1118)

119100110 Se0e11l oealtel
ealtielie 1111ei1 ie11eit

001110060
Peeas] 181

aieiiel
111108]

2l R
eopilet

801110001
110300091
Vieoaiogl
eel111int
(L PERERT- )

22§ 1pod
e11ie)t
000111
ailited
1111911

eea11e]
220112)
0] 18}
Bpa111e)
111811
eailleoie

eipitel ele11ll

821001000 1111011 POOOODD

BOBGB0a
a5 10008
2110080
ea11161

pPo16a100]
ittea)ea]
111081114
831111111

pal10
LIRSRU B
el
111180

2018000
0312000
0900000

balealale
Bae{l18]0
208111111

eAgoall
aitin
ed0elll

8e0oa1e
eilt1e8d
Bel111i1
2203111

0910819011
60010181}
ea0101100
30101111

bejet1l
oilelil
BOB00N
Bea1a)l

805116100
oepoa1eat

B181205 #11¢1
1111818 60diia]

ed1118581
par1ILtle

eliiiie
8118lp9

8291851
pal1ie)

Ba)ealiod 1111911 reecoca

60100)101
edlitiiel

0960111
atlelll

3] 0008
0800600

e0ipd111e
1ea1111te
111913818

BaIMalL
oelliel
e11eity

0018380
PR (0
09 008

1001111
181161111
toites1el
116031141
116006111
i1leletll
por1i8llg

0010110
68t11161
€01 1900
al10111
fat11el
200211}
1111013

oalaitt
et
[Layslc::]
apatell
agriial
0001101
1811811

0al111008
00eea] [ 69

eletipe
1trren

L B ECH
oRLIRH

801!
0011
2

eall
811

el
o051
ea)
0011
o011

1R 1

801

8011
L2 0 ]
mn
231!

891t
8911
0911

1111
mn
eelt
Batl

a1l
ooyl

oRil
[:,:3%3

M1l

3] 8]
1111

821l
el
eall

1111
1
edll
o011

o011
o)1

o1l
eal!

i1
2 L)

1ej

109
111

81t
it

ede

111

181

160
m

a1l

008

111
e)e

181

[, - P

—_—

11
1
11

el
1

11
11
1
1
11

233

-

88

11
1
o]
i1

o)
11

13
11

23

888

t
1)
2]
1t
1
1

al
n

e0oeg] 11
pipenlll
01100111

begeenl 8
R1pEDA1)

papdiall
81008011
elielell
008001 11
81109111

Bipeea) |

810081l

BI00eRY }
Ha20aly
B100aa1]
ateeeol ]

alpeae]t
1peagl]
01660811

80010011
aleipeil
ejoipall
eillealt

83000 8
oleeeal]

60118811
Bieocesll

aleeoal]

1oeteel 1
ajeeaall

81000011
110020] ]
0600091 1

soarMmatl
aipleall
aioioaly
01110411
000o0311
81000011
HRL - B

aneenot o
o] pagall
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s INDIRECT BIT SET

121 LSDEF: LM} pC.GDI 1171 HAR=AC 1eazea/ 01111091 el1e911 calfl1o1 091l 0ve 1 11 20800011
115 NOP D1.PLAG iADDR LINES SETTLE /eRZ61/ 801110011 6a0e110 0201181 @011 j1e | 11 ejegaqii
93 L%H AC.KAL1.PDI.JPX DUIRE 09262/ 001180051 1111011 1611011 ©Q1]1 660 8 1l 01180011
122 L5081 LDI AC.1,KR1.PLAS, WP L5IB1 172 ODO BYTE - SWAP AC 100264/ 901111016 101109 0181111 1111 181 @ i 8lededll
P e oo s - s oo oGS Em———— } '

; TRAP DEFINITIONS START HERE H

rPUSH PS 0N STACK

:R9 CONTRINS TRAF ADDRESS

;RO 15 USED TO HOLD THE ADDRESS OF THE PSH
$1F 2 BIT IS SET. JUMP T0 CONSILE COCE.

1
;JUMP MERE ON DDO ADDRESS AND SSYN TIME (UT
:
Z48 BETRP: LMl R3.K4 $370 TRAP YO LOC 4 100z / 811111609 8111181 a21100]1 @al1 600 1 11 11181181
253 SDR P9.1 ST2.CLRTT,JZF GTRP).DBERR 100278/ ei1it1101 1911111 Q181000 1101 @0 1 11 10118012
1P@=0, TEST AND SET Z 81T
iCLEAR TRACE TRAP F.F.

;JUMP HERE FOR ALL QTHER TRAPS

'
19 GTRAP: ANR RB.B STZ.CLRTT 112 RB=0,7=0,CLEAR TRACE TRAP F/00Z05/ 2E00G1016 0001111 1001000 0001 @0 1 11 16116018
269 GTRPI: LMI RA.KLI.KMI1.KNZ 1372 PB=HAR=177776 /00786 / A11111910 00000108 DAI1AAD QAL 08 O @8 6eaa18]
42 AR AC,GPHD] 412 AC=N(177775) /60287/ 200101010 0111800 801011 6011 608 1 11 20110011
40 LMl PG, KL1.KMIE,KNZ 1400 ABrRH-2 /602887 006101060 0011109 6910110 @811 0069 8 69 HBee101
458 LMl RG.EINS,STROV +481 MAR=RG 100289/ 111681600 8011116 2019140 8211 E11 t t1 11000011
488 NOP ;4063 WAJT FOR RED ZONE STACK  /00Z30/ 111191088 £911111 6001181 €011 009 1 11 oi9eeall
JOVERFLOW MICRD INTERRLPT
S04 NOP GWDO 1404 WAIT FCR TRAP 1ozez/ 111111000 0111101 6001191 €011 000 1 11 00811011
509 HOP PHOO 5 H{RG}=P§ 100293/ 111111101 0119101 8001181 Bell o0 | 11 81111851
H
sPUSH PC DN STACK
591 LMl RG,KLI,KNIL1,KN2 1405 R&E=RE-Z jeazar/ 111118181 9110000 0210119 BA11 OG0 @ 00 PEREA1D]
456 LMl R6,EINS.STKDV 3408 MAR=PE /ezIB/ | 111110000 0IDG11 Q910110 €a1l 11t | 1§ Jteecdll
354 NOP ;407 WAIT FOR RED 2ONE STACK  /90293/ 168110860 0110110 POOII6L GBI @20 1 11 91966011
iDVERFLOW MICRD INTERRUPT.
319 TSVPC: ILR R7,GWO0 3BEY MIRG1=PC 100301/ 160110118 0910000 GORG1IL 8011 @eg ) 1] oeellalt
262 NOP PUWDD 3662 WAIT FOR BUS /ea382/ 189206110 2118100 060181 @611 ege 1 11 #11118N1
[
IPICK UP NEW PC
SPOMER FRIL TRAP ENTERS HERE
. '
268 PFTRP:  LKI R9.1,GWDI 1404 MAR=RS, RI=RI+1 109397/ 100000100 911011l 011081 1111 600 t 11 cealgell
263 AOR R9.1.WDT 1P9=RI+] /o03e8/ jeeosalll a1i1iil 111681 1111 @8 [ 11 a101eelt
2?1 AMA AC, PUD] FRCsMIHAR) | 106309/ 160001111 o9011¢]1 6901811 @011 eas 1 11 91110011
223 SDR R?.1.,KR1 | "IR7eRL © jedies 911011111 6005001 6198111 1111 208 © 1] o18evail
H
1PICK UP NEW PS
159 LH! P9.CUDI AP=RY . /60314/ oloeititl oI11110 08110601 9011 000 1 11 60010011
158 AMA AL PUDI sAC=NESN PS 700315/ 010011110 0810010 0001011 €911 6a 1 11 @1110011
392 LHI RA.GWDO i FER=PSUW /883167 100181119 eajel1l A31i000 o811 ¢00 t 11 esalloltl
3Bz SR R9.1,PWDD, JHP FETEH 1P9=0: SET PSH /0031?/ 161111110 0191011 8101005 1111 860 1 11 8111184}

;DOUBLE BUS ERROR WHEN DOING A TRAP. R BUS
JERROR WHEN TN CONSDLE HODE.
5

Z51 DBERR: HANR R9 100322/ a11111011 9111119 1001091 €811 890 1 11 21680011
254 LMI P9, KTPS, KLL.KTY 1373 HAR=PUNCH STATUS REG 780323/ P11i111t0 0OR1110 HO11601 811 BBO © 1D eal0iiel
SOUTPUT A *7° AND JUMP TO

' 3CONSOLE .
238 OUTOM:  AMA AC.GPUDI.JFL TSTON.QIROY :PUNCH REROY /03267 11161116 1901110 0001011 2211 @ed 1 11 falloall
234 TSTOM:  TZR AC.KMI1O.KO. 0P OUTOn 100327/ 11101010 0111110 1811191 6611 @00 1 01 11111181
235 OHRDY: AR AC /oRI29/ o11101011 8110111 1001101 0011 000 1 11 310080011
231 LMI AC.KON FRCa*2T 160329/ 81110111 B111100 (11101 £011 000 1 11 HAed0061
236 LMI RY,XTPR,KL]1.KTY 1 FP =PUNCH 100338/ a11101160 a111161 €011001 8011 030 8 10 BO1OBIRL
237 ANR RQ,GPWDQA, JHP CONSL 1IOUTPUT BUFFER f6R331/ 011101191 6101110 1031001 0811 000 | ii ea111011
J
'
'
fom s o - -
i INSTRUCTION DEFINITIONS START HERE 4
3 [
)
{SPECIAL CODE TO MAKE MOV, CMP. ADD, AND SUB RR MODE 0O FAST
84 MOVRR: ILR R9,RG1 iAC=5 /003421 201619100 6a11000 CEEEeR0 PA1E 600 1 10 01000011

88 NOP SHOV!,SHOVZ . JHP WDESR  iHAR=PC,SET PSH /6@343/ 110000108 0OVE000 BAO1101 BAI1 000 | 01 fojE11le

éS CHPRR:  ILR RO.RGZ.EGHO] {AC=D /e0315/ 001018101 9211018 0OCO09 S311 @0 | 0a 18010a11



424
453
4539
479
415
+13

454
152
404
186

87
375
374
38
35
s1

48
50
=]

104

185

135

110

inZ
278
e
224
268
2839

a5
177
1689
157

64
465
111

TFFET)

ROCRR

SUBFR:

T5T:

BIT:
HALT:

IWR1T,

RTI

BPT:
107:
RESET:

RTT:

HARK

INVITY
Wiz
IMV13:

YESBR:

851Ga:
BSIGI:
BRNEG

NOER:
CL.

SECLD:

IR

J 8482 00571 5947

CIA RC 1AC=NOT A /OR346/
SDR T,1.KA)1,5ET04,5ETD2 1T=RC /00347/
ILR F®,PGL sACeS /e0318/
NOF SET51.5E752 /00343/
1LR T.1,KA),5CMP1.5CHP2 JAC=(NDT D145+] foa3%8/
NOP JHP FFET 1PS TIME TD PROP /8e35t/
LR RO.RGY $AC=S /00353/
SDR 7.1.KA).SETS].5CT52 FTeRC /OR354/
ILR Re.PGZ 1AC=D /0A35S/
NOP SETD .SETDZ /A3SES
ILR T.Ke] . SA001.5ADDZ . J1P WDESR sACxS+]) /803577
LR R@.PG1 sACeE 700339/
ClA AC sAC=NOT ol 108368/
SDR T.1.¥A),SETS],.SETSZ 3T=nC So0364/
JILR RO,PGZ e /e /
NOP SETDIL.SETDZ /00363/
ILR T,1.KA1.S5UBJ . SSUBZ. JHP WDESR 1AC=D+(NDT S)+1 /00364 /
NOP 5T5T1.5T5T2,J2R FETCH  1D=D 709366/
ANR T,KAYEGHD] 3T=T AND RC Jonoae/
JLR T.SBTIT]1.SBITZ.JZR FETLM ;ACsT 19Q363/
NOP JZR CONSL 709371/
NOP EGPWT., BUSHT JCAUSES BUS DWNERSHIP TO WRIT /003737
NOP JMP 1HATT 1FOR INTERRUPT, /008374/
1POP PC OFF OF STACK

LM RE.1,GLDT $152 MAR=RG, RE=RE+] 108372/
#DR R6, 1, HDI 432 RGeRG+] /m3n/
AHA AL, PRDI 1135 RCeR{MER) 700379/
SDR R7,1,¥A) 1438 R7=NEW PC /003807
1PDP PS OFF OF STRCK

LMT PE.1.GsOT HI7 HOPPE, PEeRE+T f0a387/
ROR FE,1.W01 1476 PS=RE6+| /ea3ga/s
AR AL PUD] 1435 AC=M(HAR) /003847
LHM] R3,KL1.kM11,KN2 424 MNOR:177778 rea3ns/s
SDR RS, !.GPWDO 1544 R3=8, AND SET PSH /BA366 /
NOP SETTT,JrP FETCH 155] SET TRACE TRAP F.F. IF RT]/p@387/
LH] RI,K14.)2R GTRP D0 TRA® TO LOC 14 /698389/
LAl R,XZ8,JZR GIRAP +00 TR TO LOC 29 /8071317
NOP EPASE.BREST.JZR FETCH 155 DO A RESET ON BUS /03937
NOP JMP RT] ILOGIC ONLY SETS TRACE TReP F.F/DR59S/

t1IF RT] INSTRUCTIDN IN IR REG

et PRCEINST 700398/
iLR RC.KAY FINSToINSTR2 Je393/
TZR AC,YN01.K77 FINSTEINST #ND 177 00408/
RDF RE,KAL i5P=5P+ 29NN fedsnl/
ILR RS 1AC=RS /o045 /
SDR R7,1,¥KA) IR7xRS /onda3/
sPOP OLD RS OFF OF STRCK

LMI RE.1.GWDT 1HAR=R5 . PBxRE+] 708405/
RDF EEB,).MD] 1PB=RE4+] 10466/
AA RC.PWDT TRC=N(MAR) /094077
SDR RS, 1,KA1,JZR FETCH i RS=RC /fogdoes
LH] R9.K}0.JZR GTRAP 1102 INVRLID INSTRUCTION /e04]8/
"LH] R9.K10.JZR GTRAP ¢ TRAP TD LOC 1B /oed11/
LAY RY.K18,JZR GTRAP 13174 /004127
ey 1145 AC=T=TNSTRUCTION 00424/
T2 T.KR11.X77 sT«T AND 377 /0415 /
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EITHER 5E7 OR CLR COND. CODES:
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SECL1:

sSeT
SECLZ:
SE2:
EMT:
TREP:

S08:

SOERM,

SOBRE:

ROR:

ROL:

RSP

RSl

RTS:

SWeB:

COr:

INCs

DEC:

NEG1

ADC

SBCy

BIC:

B1S:

MTWD:

AOO

SUB:

XOR:

1P

JER

CLE:

Cla
AN

cc

ORH
SCR
LMI
LMl
LR
SDR
TZR
iLR
LHI
TZR
Cln
SRA
e
SPR
ILe

ILR
sor

AC.CUOIP
rC, kAl .PUDIE, JIP SEZ

AC KA1 GPUDP
R2.,1.JnF UDESK

P9, K30, J2ZR GTRAP
R9.534. JZR GIRFP

Ra.PGIL

RO.PGL. KA

Pa.RGS KA

T,JFL SUBFS.S0BR]
R7.EGMO] . JHP FFET
AL KB, K77

AL, 1.JMP DRNEG

AC . SROR1 ,SRORZ. JPX 8

-4 1-

1742 AC=NOT AC
1442 pL=6C AMD BS

;743 AC=RC DR PS
;443 553 R3=0

;TRAP 10 LOC 36

1145 TRAP TO LOC 34
547
iB27
;622
1482
:583
1992
A=

AC=RIN}

RINI=AC-]

RIN} ZERO?
AC=T...JunP FOR ZERQ
N0, GO TO FETCH
AC=AC AND 77

-(RC)

100 A ROR

AC.¥KA1.5R0L],SROLZ, JPX & DO A ROL

AC . BRSPS . 5ASRZ, JPX @

126 00 A ASR

AC, kAL, SASL1,SASLZ, JPX @ D0 A ASL

Pa,RGC2
R7.1.%A)

FRC=RIN)
1R?=AC

sPOP TOP ELEMENT OFF OF STACK

LAl
#DR
atA
SBR

1Pl
NOP

CiA

ILR

SOR

CIA

LR

50

ciA

ORR
ne

SCR
R
XNR
ILR
Cla

SDR

SOR
ILR
LHI
LRl
NOP

NCP
NOP
LHI
ILR
SDR
LR
SoR

TER

PE.1.GHOT

PG, 1.HDL

AC . PUDT
R0.1.XA1,PGZ, JZR FETCH

FC,1,KA1. 55481 55082
S5WB3, JPX 8

AC, SCOM1, SCONZ . JPX @

AC.1.SINC1.SINCZ,JPX @

tHHR=RE  RE«RE+]
iPB=RE+]
TAC=HIHAR)
iRINY=AC

iAL=AC EXCHANGED
170 FIK TIMING BUG

10=MOT D

1D=D+1

‘AC,KA1.SDECY,SDECZ, JPX B ;D=D-]

AC. 1, SNEGY,SNEGZ, JPX B

AL, SADC1 , SADC2 , JPY B

sDE(NOT D+l

yHAROWERE HANDLES C IN

#C KA ,558C1.55BC2 . JPX @ HARDWSRE HANDLES C IN

T
T,KPL, JWP HTHWD

T,KR]
T.56081,5S8CSZ,JPX @

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

tTe5 DR D
sHC=T

T.KAL.GADD1,SRODZ,JPX B 1D=045

Ra.1.KA]

T

AL

GETS) . SETSZ

RB=RC=D

ACaTes
15NDT §

£8.1,¥A1,55U81.55L82,. JPX @

T.1,¥AS

P8, PGl

T.KA)

T

AC,SXORT,SXORZ, JPX B

R?,1.KA) . JER FETCH

T.1.KR1

R9.AG1

76.4N2 LN
RE,EINS,STRIV

GLDG

PWOG

T

R7,EGWDI

RO 1. KALLRGL

T

R7.1.Kal.JHF FFET

AC,SCLR1,SCLRZ, JPX B

1 TeRC
SPC=RINY

$T=T XNOR AC
AC=T

55 AC=NUT AC

tR(71=D ADDRESS

:T=D ADDRESS. T ]S THP
PHC=RINY

sPG=RE-Z

1MAR=R(B)

SHATT FOR RED ZONE STACK
(DVERFLOW MIERD INTERRUPT.

FNEED TO ®AIT FOR BUS
sHAR=NEXT PC

IPC=R7?

IRIN)=R?

IRC=T{THP)

1P7=THP
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