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620/F EMULATION MICROPROGRAM

REGISTERS USED:

0

£ N -

m

#ana

620 A REGISTER

620 B REGISTER

620 X REGISTER

1/70 DEVICE SELECTION REGISTER (LOW ORDER 4, BITS)

USED BY HALT LOOP TO0 HOLD INSTRUCTION REGISTERo THE
CONSOQOLE IS WIRED TO REQUEST DISPLAY OF REGISTER & wHgN
THE INSTRUCTION REGISTER KgY Is PRESSED,

USED FREELY AS WORKING spACE, AND REQUIRgD BY MU T1PLY
AND DIVIDE [NSTRUCTIONS, _
USED FREELY AS WORKING SpACE, AND REQUJRED BY MU_TIPLY
AND DIVIDE INSTRUCTIONS,

ENTER AT X?1D FOR TESTING PURPOSES IN PAGE 1o

HEXADECIMAL CONSTANTSo

EQU
€EQu
EQV
EQU
EQU
EQU

SPECIAL

EQU
EQU
EQU

EQU

XA
X8
xec
XeD
XCE
X¢F

REGISTERSe

1/0 DEVICE REGISTER

MmMmMmaes w

INTERRUPT MASKSo

EQU
EQU
EQU

MACRQS

€ ALLOW J,0 ONLY [F M/P
F ALLOW 1/0 ALWAYS
C DO NOT aLLOW I,0

ORIGIN AT NEXT MULTIPLE OF P(l)oe

MAC
ORG
ORG
EMAC

s+P(1)=1
2/P(1)eP(1)

ILLEGAL INSTRUCTIONS

EQU
MAC

GMSK
EMAC

EJEC

2 ILLEGAL INSTRUCTION INTERRUPT

/INCILLOP1)2LAL B3, RFISFFP oMK P=2=>p

INSTRUCTION REGISTER (HA T LoOP)

001
002
003
00oH4
005
006
007
go8
g0¢9
glo
01}
012
0l3
cl4
015
0lé
017
als
09
020
o2l
022
ge3d
024
025
026
627
028
gee9
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
o486
049
050
051
052
053
054
065
gs5é6
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57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
8s
86
87
8g
89
90

92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

s €

LDA}
ELDA]

LDB

ELDB]

SWA31
ELDX1}

LOX
EINRI

INR}
INR2

sus

EsuBl

ANA

EANAL

SWA26
EORA]

ORA}
ORA2

ADD

EADD1

SWA35
sSWa22

ERA

EERAL

SOURCE DECK: 49

SINGLE WORD ADDRESSING INSTRUCTIONS,

PART OF DOUBLE«WORD EXTENDED INSTRUCTIONS,

MORG
GEN
GEN

MORG
GEN

GEN
ORG
GEN
GEN

ORG
GEN

GEN
ORG
GEN
GEN

MORG
GEN

GEN

ORG
GEN

GEN
MORG
GEN
GEN
ORG
GEN
GEN

MORG
GEN

GEN
ORG
GEN
GEN

ORG
GEN

GEN

ORG

32 REF BY FSEL(15e123)

/N(LDB) SF1,AB3,IMg,RF4,BB],AAD
/NCIWALIT) g1 (M) ,GF5,LB1 ,FFA MF1,
CWR},BB],AAD

2 LDB,LDX REF BY FSEL(}2)
/NCIWAIT)1(1),GF5,IM6,LB1FFA,
CMF L WR} BB ,AAL i
/INCINATIT) 30 (M) 4GF5,LB1,FFAMFIL,
CWR1,8B]1,AAl

LDAL+4

/F(LDB) ,2(4) ,FSE,SF1,IM8,RFH4
/NCIWALT) 1 (M) ,GFS,LBL,FFAMF1,
CWR],BB1,AA2

LOB+y ‘
/NCIWALIT) o 1(1),GF5,1M6,LBL,FFA,
CMFI'WRL,BBI.AAZ
/N(INR2),GF8,LB}) ,FF9,CF3,5H1,B8B]
SWA3L+4

/NCEINRL) 3SF1,IM6,LBLFFAMF
/F{SS3M),2(8),FSF,SF1,IM8,RF4,
cLB1,FF9,CF3,5H]1,BB}

2 SUB,ANA REF BY FSEL(}12) }
INCIWAIT) 1 (1) ,GFD,IM6,LBI,FF6,
CCF3,WR1,BB1,AAD )
/NCIWALIT) 1 (M) ,GFD,LB1 ,FF6,CF3,
CWR1,BB},AAQ

SUB+2 ,
/NCIWAIT) 41 (1) ,GF5,IM6,LB],FFB
cMFlgle.BBl.AAO
/NCIWAIT) 1 (M) ,GF5,LBL1 ,FFB,MF,
CWR1,BB1,AAQ

2 /S(LDAL,SWA26)
/N(SWA22),SF],1MD,RFs
/NCIWAIT) ,1(M) ,GFS LB1,FFE,MF},
CWR}),B8B1,AAD

INR1+8

/NCORA2),S5F1,IM8,RFHY .
/NCIWAIT)Y 1 (1) ,GF5,IM6,LBL,FFE,
CMF1,WR},BB1,AAD

2 ADD, ERA REF BY FoSEL(12)
/NCIWAIT) 31 (1),GFD,IM6,LBY,FF9,
CWR},8B1,AAD _
/NCIWAIT) 43 (M) ,GFD,LBL1,FF9,WR1,
CBB},AAD

ORAl+H4

/F(ADD) 92(49) s FSEsSF1,IM8,RFH
/S{LDALsSWAZ26)02(C)sMTLFSFsTF3,
CGFB, LBl )RF3oFFAoMF1,8B]

ADD<¢+y MORG 14 WITH ADD _
/NCIWAIT) g1 (1) ,GF5,IMé6,LBL,FF6,
CMF1,wR}1,BB1,AAD
/NCIWAIT) 1 (M) ,GFS,LBL ,FF&,MFIL,
CWR1,8B],AAC

SWA35+4

620

INCP,IF(P),SET Anb&BbB
IBR=>1 ,DEC,INTRPT, FREE
MIL=>A

IBR=>] ,DEC,INTRPT,
SELSRESET CINTFomiL=>B
IBR=>1,0EC,INTRPT, FREE
MiL=>8

FSEL(12),IF(P), INCP
I1BR=>1,DEC,INTRPT, FREE
MIL">X

IBR=>1,0EC,INTRPT,
SELORESET CINTF MIL=>X ,
MIL*1=>ALU,SAMPLF OoVFL FREE

0S(ALU) ,DOR=>ALU
FSEL(14) ,MIL*1a2sLuUs FREE
INCPLIF(P)

IBR=>] ,DECODEEN INT,
SAMPLE ovFL,AeMI_L=>A
IBR=>[ ,DEC,INTRPT, FREE
A=MILa>A ,SAMPLE oVFL

IBR=>1 ,0ECODE N INT,
AGMIL=>)

IBR=>1,DEC,INTKPT, FREE
AEMIL=>A

OF (MIL), INcCS
IBR=>1 ,0EC,INTRPT, FREE
AV MIL => A

IF(P) ,INCP
JBR=>1 ,DEC,INTRPT, FREE
AV MIL => A

IBR=>] ,DECQDEgN INT,
SAMPLE OVFL,A*MIL=>A
[BR=>1,DEC,INTRPT, FREE
A*+MiL=>A,SAMPLE oVFL

FSEL(12),IF(P),1nCP
CoFSEL(15=13)(mIL1520)sFREE
MIL">0PR

IBR=>] ,DECODEeN InT,

A XOR MIL «> A
IBR=>1,DEC,INTRPT, FREE
A XOR MIL => A

057
0s8
059
060
0é1i
062
063
0é4
065
066
067
068
069
070
071
a72
073
074
075
076
077
078
079
oeo
08!
082
083
084
08s
0eeé
o087z
088
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
tas
109
110
111
112
113
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N
A\ . 4

.

®

®

114
§115
116
117
i118
119
120
12}
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
144
142
143
44
§145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

SWA36
SWA2l

MULO
MUL
SWA37?7
ENTER

DIvVg

*® ¢ O o

EXTBAS
DL

ELDA
ELDB
ELDX
EINR
ESTA
ESTB
ESTX
0s

EORA
EADD

EERA
ESUB

EANA
EMUL
EOIV
DERL
DEIX
DEIB

DENI

DEPRE

DEPOST

DEIND]

DEPST]

[ ]

GEN
GEN
MORG
GEN
GMSK

ORG
GEN

GEN
ORG
GEN

GEN
EJEC

DOUBLE-WORD EXTENDED INSTRUCTIONS,
ARE DIFFERENT FROM VARIAN’S SINCE AN M,FIELD EQUAL TO ZERO OR 8

SOURCE DECK: 49

/F(SuUB),2(2),FSF,SF1,IM8,RF4
/N(SWA22),S5F1,1MD
2 REF BY FSEL(12)
/N(MUL) s LBL,FFA,MF},WR],BB],AAF
/T(MULY ,MULL),TF2,GFD,LB3,RF2,
CFFA,MKOOOE
SWA36*4
/F(MULO) ,2(4) ,FSE, IM1
/N(SS3M1),SFy,IM8,RFH4
MULO*Y MORG 16 WITH MULO
/N(DIV) LBl ,FFA,MF],WR] ,WF] , BB,
c24(s2)
/T(DIV2,DIV]),TF3,GFF,VF]1,AAQ

DOES NOT CAUSE UNPREDICTABLE RESULTS,

MORG
EQU
GEN

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
MORG
GEN

GEN
GEN
GEN

MORG
GEN

GEN

MORG
GEN

GEN

620

FSEL(12),IF(P
OF (ML)

MIL=>sS2
ROSIGN=>MULY,

FSEL(12),WAIT
IF(P),INCP

), INCP

15=>5¢C

(M)

MIL=>S2 ,MIL15%=>Qs

Qs5=>p1v) Kot

32 ELDA ETC REF By CND FSEL, FAIL TO DEIND

®
/N(DLL) oSF1,IMS,LB1,RF4,FF9,cF3,
CSH1,880
/NCELDAL) ,SF},IM4,RF 1 FFO,CF3,AAE
/N(ELDB1),SF1,1M4,RF)FFO,CF3,AAE
/N(ELDX1),SF|,IM4,RF)FFO,CF3,AAE
/N(EINRL)4SF1,IM6,LB1sRF4,FFA,MFI
/N(SS2M) ,SF 1 ,IM2,AB3 ,RF4,AAQ
/N(SS2M) ,SF1 ,IM2,AB3,RF4,AA}
/N(SS2M) ,SF 1 ,IM2,AB3,RF4,AA2
/N(DS1),SF1,IM2,AAQ
/NCEQRAL) 4SF ), IM4,RF 1 FFO,CF3,AAE
/N(EADD]) 4SF),IM4,RF1,FFO,CF3,AAE
/N(EERAL) ,SF 1, IM4,RF 3 FFQg,CF3,AAE
/N(ESUBL) ,SF1,IM4 ,RF],FFO,CF3,AAE
/NCEANAL) ySF 1, IM4,RF | FFQ,CF3,AAE
/N(MULD) , IM] RF4
/NIDIVOD) ,IM]| RFy

16 REF BY CND FSEL, FAIL TO DEIND

/S(EXTBAS,DEIND) 42(F)9sFS7,TF3,
CSFl.GFF’!MS.LA"Lal.RF3.FF9°BBO
/S(EXTBAS,DEIND) ,2(F)sFS7,TF3,
csFlQGFF’IMS.LBl°RF3°FF9.BBOQAA2
/S(EXTBAS,DEIND) ,2(F)sFS7,TF3,
CSFy ,GFF,IM5,.B} ,RF3,FF9,BB0,AA}
/S(EXTBAS,DEIND) ,2(F)sFS7,TF3,

CSF1)GFF o IM5,1L Bl FFAsMF1,BB0
2 REF BY FSEL(7)
/F(DERL) y2(3)sFS491B1sRF3,
CFFA,MF1,WF],8B} ,
/S(DERL,DEPST1),2(3),FS4,TF3,
CGFB,LB1,RF3,FFA,MF],88)
2 /T(DEPSTI,DEINDI)
/S(EXTBAS,DEIND) (2(F)osFS7,TF3,
CSF1,GFB,IM5,LB) ,RF3,FFA,MF1,BB,
/S(DERL,DEIND)o12(3)oFS4,TF3,5F3,
CGFB:[MS@LB!ORFSQFFAQMFIQBBl

oF (ALU), DOR*
INCP

IF(A),S1+l=>P
IF(A) ,S1¢1a>P
IF(A) ,S1+1=>P

5)ea>DsB

NOTE THAT THESE INSTRUCTIONS

le>aluo

0S(A) ,DOR=>ALU, INCP

OVR(0S) ,A=>AA
OVR(0S) ,B=>AA
OVR(0S) ,X=>AA
OVR‘OS)Q Aa>A
IF(A),S1+1led>P
IF(A),s1+1=>P
IF(A)DSlQIa>P
IF(A),S1¢1=>P
IF(A) ,s1+1=DP
WAIT (M), INCP

WAIT(M),INCP

»INCP
s INCP
s INCP
Lu

CoFSEL(6=3) (Qsmp),
OF (A) ,P+DOR=>0Q0R

CoFSEL(6=3) |

Qs=py),

OF (A) ;X+DOR=>DOR

CoFSEL(6=3) |
OF (A) ;B+DOR=>
CoFSEL(6=3) |

QAs=n),
DoR
Qsan)o

OF (A) yDOR=>ALU

FSEL(1,0)0
MIL=>DOR,MIL}

CoFSEL(1,0) (MIL15=0),

MIL=>DOR

CoFSEL(6=3) (MiL15z0),

OF (A) yMIL=>DO

CeFSEL(1,0) (M1L15a0),

CND(MILIB=])
MIL®">DOR

5-)!;’5

R

OF (alkU)y

FREE

FREE

FREE

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
1589
160
16}
162
163
164
165
166
167
168
169
170
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171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
20}
202
203
204
205
206
207
208
209
210
211
212
213
214
21s
216
217
218
219
220
221
222
223
224
225
226
227

RESX

SRE20

SRE21

SRE22

SRE23

SREg0
SREs|
SREg2
SRE&3
SREsH4
SREsSS
SREgé
SRES7

SRE30
SRE&O

SRE40
SRE70

-]
@
REG30
REGH41!
REG42
REG43

REG20
REG21
REG22
REG23
REG24
REG25
REG26
REG27

MORG
GEN
GEN

MORG
GEN

EJEC

SOURCE DECK: 49 620

2 /S(EXTBAS,DEIND)

/T(DEPSTI ,DEIND}),TF3,GFF,IM] ,RFS WAIT (M) Q@S=>DEINn},InCS
/N(ELDB1),SF1,IMB,LB1,RF4,FFA, IF(P),INCP ,MILa>a
CMF1,wR1,BBl,AAQ

2 /S(DERL,DEPST1)

/N(DEIND) ySF 1 ,IM5,0LB}) FFA,MF1,8B0 OF (ALU) ,DORe>ALU

SKIP IF REGISTER EQUAL, THIS CODE ]S SOMEWHAT DIFFERENT FnOmM
VARIANeS SINCE SETTING OF MORE THAN ONE OF THE A, B OR X BITs
DOES NQT CAUSE UNPREDICTABLE RESULTS,

GEN

MORG
GEN

GEN

GEN

GEN

MORG
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
MORG
GEN
GEN
MORG
GEN
GEN

EVEC

/N(SREGO) e IMIos LA} sRFLI0FF1oBBO WAIT(M)sP V A =a> P

4 REF BY FSEL(1=0)
/S{SRE50,SRE30),2(7),FS7,TF3,SF2, CND(MIL15=0) FsE| (5=3),
CGFB,IM5,LBY, A1 ,FF9,B8B) CND(MILI5%0) OF(aLu),
P*MIL=>aLU _
/S(SRE50,SRE30),2(7) ,FS7,TF3,SF2, CND(MIL15%0) FSEL (5=3),
CGFB,IM5,LB1 ,FF9,BB},AA2 CNDIMIL15=0) OF(aLU),
XeMILe>aLV
/S(SRE50,S5RE30),2(7),FS7,TF3,SF2, CND(MJL15%0) FsSEL (5"3),
CGFB,IM5,LB1 ,FF9,BB1,AA} CND(MIL}5=0) OF(aku),

B+MILa>aALV )
/S{SRES0,SRE30),2(7),FS57,TF3,S5F1, CND(M|L}15%0) FSEL(5=3),
CGFB,IMD OF (MIL)

16 SRES+ REF By CND FSEL
/N(SRE&D),IM1 ,RF],SH}
/N(SRE60),IMl ,RF1,AAD
/N(SRES0) IM]1,RF1,AA}
/N(SRE60) 1M1 ,RF1,FF1,BB}],AAD
/N(SRE6C)IM1,RF],aA2
/N(SRE6D) o IM1,RF | ,FF1,BB2,AAQ
/N(SRE60) s IM1 RF1,FF1,BB2,AA}

WALIT(M),0=>P
WALIT(M) ,a=>P
WAlT(M).B°>P
WAIT(M),A V B > P
WAIT(M) Xx=>P
WAIT(M),A V X o> P
WAIT(M),B V X > P

/N(SRESX) sRF1,FF1,BB2,AA1l BV X «> P
2 MORG 32 WITH SRESO
/N(SRE40) ySF1,IMD OF (MIL)

/N(SRE70),6F2,LB1 LA FFg,MF1,8B1 MIL XOR P, SAMpLF

2 MORG 32 WITH SRESO

/F(SRE20),2(3),FS4,IM) ,RFS FSEL(1=p) o WAET (M), 1NCS
/T(SRE80,552M) ,TF2,SF2,GF9,1IM4, CNDINO ALYZ) IF(aLU),
cLB1,RF1,8B0 DOR=>P

REGISTFR « TO = REGISTER TRANSFER INSTRUCTIONS,

GEN
GEN
GEN
GEN
MORG
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

/F(REG20)92(7)oFS4,SF,IMBoLBLRFILFFE MF)
/N(REG20) oSF1oGFb,1M89LB] FF9,WR1,SHS
/N(REG20) ,SF1 ,GF6, Mg LB1 ,FF9,WR1,SH5,AA1
/N(REG21),SF1,6F6,1Mg,LB|FF9,WR1,SH5,AA]
16 REF BY CND FSEL(2=0)
/NCIWAIT) o 1(1),GF5,1IM6

/NCIWALT) 31 (1),GFD,IM6,LB1,FF9,WR],SHS
/NCIGATT) o 1(1) ,GFD,IM6,LB1,FF9,WR] ,SH5 A4
/N(REG4]) )SF 1 ,GF6,IM1,LB1,FF9,WR1,SH5,AA}
/NCIWAIT) 1(1),GFD,IM6,LB1,FF9,WR],SH5,AA2
/N(REGY]1))SF1,GF6,IMI LB FF9,wR1,SH5yAA2
/N(REGY42) SF|,GF6,1M} LB ,FFo,WR1,SH5,AA2
/N(REGH43) ySF 1 ,GF6,IM1 LBl ,FF9,WR1,SHE,AA2

8060000000 e000 0808000 ROEOO DECOoODTER 0O0000URTNR000000gR 0D GO

FREE

FREE

FREE

FREE

FREE
FREE
FREE

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
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228
229
230
23}
232
233
234
235
236
237
238
239

240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
26}
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284

SOURCE DECK: 49 620

ORG X*s58 DECODER REFERENCES NEXT 8 INSTRUCTIONS °

REG18 GEN /S(REG20,REG20) 42(7)sFSH4sTF2,SFl»IMB,RF7,SH] °
REGIA GEN /S({REG20,REG20) 12(7)sFS4sTF2,SFloJMBRF7,a4al ®
REGIC GEN /S{REG20,REG20),2(7)sFS4,TF2,SF1o[M8,RF7,a42 ®
REGIE GEN /S(REG20,REG20) ,2(7)+FS4,TF2,5F L+ IM8,RF7,FFE, v
CMF1,B8B2,AAl .

REG]9 GEN /S(REG20,REG20),2(7),FS4,TF2,5F],IM8,RF7 °
REG1B GEN /SI{REG20,REG20),2(7),FS4,TF2,5F1,1M8,RF7,FFE, .
CMF ] ,B8B} A

REG1D GEN /S(REG20,REG20),2(7) ,FS4,TF2,SF1,IM8,RF7,FFE, .
CMF1,8B2 °

REG)F GEN /T(REG3p,REG20) ,TF2,S5F2,IM8,RF7,FFE,MF) ,BB2,AA} °
BGOSR BO P RV RPR00 0Nt APHER0VNBELO OOV OWR0BPOVOTAOBOTOH RGNV BRG0P0

L]
]

®
MORG 16 REF BY FSEL(5=4), (5=4)all IMP0OSSIBLE, REG F_D sgLecT
HREN1 GEN /N (HMEM) NOP (CAN*T CHANGE sTAT)
HREN2 GEN /N(HMEM) ,LB1 ,RF1,FFA,MF1 DOR=>P
HREN3 GEN /N(HMEM) LB ,FFA,MF1 %R} DOR=>Ree
® HMDP] 1S NOT REFERENCED BY FSEL, ~ ‘
HMDP] GEN /N(HROP§),IM|,RF4,AB3,BB WAIT(M) ,INCP,"MIL"=288 FREE
MORG 4 REF BY FSEL(7=6), (7=6)510 IMPOSSIBLE
HREN  GEN /F(HREN1)1(0),2(3),FS8,AB2,MR]  FSEL(5+24)(3=0)=>An
HMEMA GEN /NCHLT1) ,1(4) ,GF4,1MC SAMPLE INTERRUPTs
° HMEN4 IS NOT REFERENCED BY FSEL
HMEN4 GEN /N(HMEM) LB ,RF4,FFA MF| WAIT(M),INCP,DORo>aLY
HMEN3 GEN /N(HMEN4) ySF1,IMA 0S(P)
0000 eUR00800400080009300 DECoOoDER® G000000820000%000%%00 00 % 00
ORG Xe68 DECODER REFERENCES NEXT 8 INSTRUCTIONSo ¢
IMMREL GEN /F(IMPRE)22(1)oFSB,SFlsIM4rLal, P+1=>S1o1F(A)o0D=>u4s0 *
CFFOsCF3,WRI WF1,24(S1) FSEL(7) d
IMMIX GEN /FCIMPRE) 92(1),FSB,SFi,IMY4sLAL, Pel=>S1,1F(A)s0=>usY *
CFFO,CF3,WRI1,WF]1,24(S1) FSEL(7) °
IMMIB  GEN /F(IMPRE) y2(1) ,FSB ,SF1,IM4,LAlL, P+1>S1,1F(lA) 0245, °
CFFO,CF3,WR1,WF1,24¢(S}) A FSEL(7) .
IMMN]  GEN /NCIMNI) ,SF1,IM4,LAL ,FFO,CF3, Pri=>s1,1F(A) b
CWR1,29(S1) _ .
DE#}  GEN /F(DEPRE) 2(1),FSB,SF1,IM4,Lal, P*1=>S1,IF(A),p=sdus, @
CFFO,CF3,WR1 ,wF1,XF],AAE _ FSEL(7),0=>CINTF °
DE#2 GEN /F(DEPRE)2(1) ,FSB,SF1,IM4,LAlL, P+#1=>S1,IF(A)sp=dQss @
CFFO,CF3,WR1,%F 1 ,XF1,AAE ] FSEL(7),0=>CINTF °
DE#3 GEN /F(DEPRE)2(1),FSB,SF1,IM4,LAl, P+1=>S1,1F(A)op=>uss *
CFFOZCFIsWR1oWF1oXF10AAE FSEL(7),0=>CINTF e
DE#4 GEN /F(DEPRE)»2(1)sFSB,SFloIM4sLAL, P+1=>S1,1F(A)oD=2uss ©
CFFO,CF3,WR1,WF1,XF|,AAE FSEL(7),0=>CINTF e
PUCRLRCIOCH 03000000 RPCCBO0BBRNB0030008B0000ENOVOGD0OORODBOPR000B 0000
MORG 16 REF BY FSEL(5=4), (5=4)=41 IMPOSSIBLE, REG F_D SgLECT
HRDP} GEN /N(HRPT) (LB} ,RF3,FFA,MF} STATUS=>DOR
HRDP2 GEN /N(HFPT) ,LAL ,RF3 P=>DOR
HRDP3 GEN /N(HFPT) ,RF3 _ Res=>DOR
¢ HFPT IS NOT REFERENCED BY FSEk,
HFPT GMSK INCHFPT1) 0 1(7),AB2,IMF LB3,FFA, STARY 10 & X*1g
CMKBFCO X*403F=>alU (D70)
MORG 2 /T(HSTT6,HSTT2)
HSTT2 GEN /F(S52),2(1),F53,5F1,IM8 FSEL(STEP) ,IF(pP)

EVEC
HALT LOooP PROCESSING, CONTRoOL GETS HERE VIA HALT OR ILLEGaL
INSTRUCTIONS, VIA THE RESET KEY AND VIA THE STEP KeV,

228
229
230
23}
232
233
234
235
2346
237

238
239

240
241
242
243
244
245
246
247
248
249
250
251}
252
253
254
255
256
257
2586
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
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Ft
g

285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
30a
304
305
306
307
308
309
310
all
312
al3
314
315
als
317
38
ale
320
32}
322
323
324
32%
326
327
328
329
330
33}
332
333
334
338
3346
337
338
339
a40
341

C0R0CN08008000a00 00000900

SQOURCE DECK: 49

/NCHSTT7) o IM4,24(1KH)

/T(HSTT4 ,HSTT2),TF3,GF9
INCHLT) 4GF 1

8 REF BY FSEL(8<=4)
/F(HRDPI’91‘0’52(3).F58.MR1,A320
cB8B3

/NCHLT L) 4 1(4) ,GF 4, IMC
/N(HSTT1)9GF2,LB3,FFB,MKOILFF,
C16(1IH)
/N{HMENT) 5 1(3) ,AB2,IMF ,LB3,FFA,
CMKDFCO

/NCABL20) sSF1,GF4,IM6,LB3,RF,
CFFAMKFF7F

/N(HMDP 1) ¢SF1,1M9
/NCABL2})ySF1,GF2,IM6,LBI,RFy,
CFFA,MKFF7F
/N(ABL31)ySF1,IM6,LB3,RF1,FFaA,
CMKFDA7
DECnODER
Xx¢80 DECODER REFERENCES *HLT®
/F(HLT8),2(1),FSt

620

IH=> BR,MIL
ALUZ=>HSTT?2
IBR=>1]

FSEL(5=4), (3=p)a>aA
STATUS=>BB

SAMPLE INTERRUPTS
IHEXPFEQQ»SAMEBLE ALV
(WAS IT A HALT INST?)
START 10 B X'E,
X*203F=>aLU (D71
0S(ALU) ,X*80=2p,
RESET OVERFLOW

OF (P)

0S(ALU) ,X*80=>p

SET OVERFLOW
0S(ALU) X 258=>P

FSEL(CINTF)

G0eeVV0V0ABQeVesP0QRg00Y%000

(]
[

3000003000290 0RO RNTROQOOCORL IR0V RBRQOGUOLRVNIBGHLOIPOVVepeuloOBe

HSTT6 GEN
HSTT] GEN
HSTTS GEN
MORG
HRDP GEN
HMEM GEN
HSTT GMSK
HMEN GMSK
ABLIO GMSK
HMDP GEN
ABLL] GMSK
ABL30D GMSK
ORG
HLT GEN
HLT2  GMSK
HLT2a GEN
HLT4 GEN
HLTs GEN
HLT6 GEN
HSTT7 GEN
HSTT8 GEN
HSTT9 GEN
HFPT1 GEN
HMEN] GEN
HMEN2 GEN
EVEC

L J
L

(Z XY EFN Y ELY EENYYR-2-F2 L K-N-FR-¥

/N(HLT3),LB3 RF3,FFA,MKFFCO
/N(HLT4) ,IM2 LB} ,FFB MF],WR}],BBO,
C24(DR)
/N(HLTS) o IM4,LB} RF3,FFA,MF),BB2
/N(HLTS) ,GF] LB} ,FFA,MF} ,BBg
/F(HRDOP) ,2(7),FSA
/N(HSTTB) pGF 1 ,24(1H)
/N(HSTT9),SF1,1M8
/NCIWATIT) 1(4),GF5
/N(HMEN) ,IM2 LB ,FFA MF|
/N(HMEN2) ,IM2
/F(HREN) ,2(3) ,FSA,LB1,RF3,FFa,
CMF1,B8B2

DIVIDE INSTRUCTION.

ORG
JMP GEN
DIVS GEN
MORG
DIV GEN
DIV2 GEN
MORG
DIVi3 GEN
DIVs GEN
ORG
DIVi4 GEN
DIV? GEN

DECopDETR
X?90 DECODER REFERENCES *JMP’
/T(JMPxQSS‘M)’TFZDsrsﬂGFSOIMC.

CRF4,XF |

/N(DIV6) ¢GF2,RF3,FF2,CF3,5SH1 ,Bgl
2 /T(DIVZ,pIVl)

/N(DIV2) FF&6,CF3,WR1,SH] ,BBF  AAF
/T(DIV4,DIV3),TF2,6FA,FF2,CF3,
CWR1,5H] ,BBF ,AAE
4 BE CAREFUL}
/S(SS3M,DIV18),2(8)4FSF,TF3,5F2,

CGFF ,IMB8,RF4
/N(DIV7) ,FF2 CF1,¥R1,5C1,WF1,SHI
DIV1a+2 REF BY FSEL(DSB)
/S(SS3M,DIV1s),2(8),FSF,TF2,sF3,
CGFF,1M8 ,RF4 ,FFg,CF3,WR]1,5H1,B88p,
CAAOC
/N(D1V8) ,GF 2 FF9,WR1,SC],XF2,BBE

0°77=>pOR
WAIT(10),00R60R=>DR

IOR®>DOR,ALU=?1BRr
DOR=>ALU,IBR=>]R
FSEL(8=6)

IHa?ALU, 1BR=>IR
IF(P)

IBR=>1 ,DECODE ETC
WAIT(10),00R=>aLy
WALIT(10)
FSEL(726)010R=>DOR

Ba00000V00000%90b 00 sCo0e

&

620%>JMP 1 yRESET cINTF e

CND(620) IF(MIL), INCPe
BROEHPEOCV 0000000000020V ROREEREGHOODOROANINDHOBEINE0RNe TGO 0000000

=B=>DOR,SAMPLE

=RF=>RF
DSB=>D]VYy=RFe>RE

/S(DIV136DIvi4,0IV12) SELECTS DsB

FSEL(15) IF NO @s
IF(P) IF No QS, NcP
DOR(RT) ,CARRY=a=>A

FSEL(15) IF QS
IF(P) IF &S, luncCp
=A=>A

FIRST DIVIDE STEP

FREE
FREE

FREE
FREE

FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE

FREE

FREE

FREE

285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
340
301
302
303
304
305
306
a7
ao0s

309
310
3l
ala
3ld
314
315
alé
317
318
319
320
321
322
323
324
k3
326
327
3ze
329
330
331
a2
333
334
33%
336
337
338
339
340
341
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O

342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
37}
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398

SOURCE DECK: 49 620
MORG 2 /S(DIVI3,DIV12)
DIVi2 GEN /T(DIV4,0IV]13),TF2,6FA,FF9,hRy, DSB=>D[V]4,A*RFm>A
CBBF ,AAD
DIvs GMSK /7(51V9.01V10),TFa,GFD.Lea.er, RO(15)=>pIVi0,=14=>5¢C
CFFAQMKE
MORG 2 /T(DIV4,DIV3)
DIV3 GEN /N(DIV7) ,RF3,AAL B=>D0OR
DIVY4 GEN /N(DIVS) LA2 ,WR1,AAL B(L)=>B,p=>DLAg
MORG 2 /T(DIV9,pIViOD), ¢sT(DIVI],DIVIO)
DIVio GEN /T(DIV1l,e),TF2,GFCyMR},LA2,RF5, DIVIDE STEP
CFF9,WR},SC1,XF2,SH2,BBF
DIVil GEN /S(DIV13,DIV12),2(6),FS2,TF3,GFD, FSEL(DSB) IF Rp(;5)%0
cLB1 ,FFA,MF1,WR],BBo,AA1L DOR=>8
DIVe GEN /N(DIV10),SF1,GF2 SET OVERFLOW
EJEC
® JUMP AND MARK INSTRUCTION,
®
CO0P QOO0 G LR PBBDOBEA[OS DECODETR 980830000000 aR00400000 0w
ORG XtAD DECODER REFERENCES ¢JMRK? °
JMRK GEN /TUIMRK Y (JMRKS) ,TF2,SF3,6F5,1MD, 620%>JMRKI, ®
CXF| CND{620) OF (ML) °
0008000008000V ROCR0QL00RG00P000080CGEEC000000080 0080000800000
JMRK3 GEN /N(SS2M) oSF Lo IMYsLBLlsRFIFF9,CF3s IF(ALU) MIL*L">P
CSH‘DBB‘
MORG 2 /T (JMRK] ,JMRKS)
JMRKS GEN /N(SS2M) ,SF | ,IMB,RF4 IF(P), INCP
JMRK] GEN /T(JMRK2 ,JMRKY4) ,TF3,5F2,GFB, M2, MILI5=2>JUMRK4,P+je>alu,
CLAL,CF3 CND(M]IL15=0) OS(MIL)
MORG 2 /T (JMRK2,JMRKY)
JMRKY GEN /N(JMRK ) 9SF1,1MD,RFS5 oF (MIL), INC SC
JMRK2 652 /NCIMRK3) o IM1,LAL,CF3 WAIT(M) P*1=>ALU
EJVEC
. EXECUTE REMOTE INSTRUCTION,
[
00009000 C0 0B g00R00RC0RR0 DECODETR 0000230008000 eVsE20 304000000
ORG X¢BO DECODER REFERENCES ¢XgC!? ®
XEC GEN /T(XEC) ,XEC3) ,TF2,SF3,6GF5,IMCsXF1 6203>XEC]oRESET CINTF,0
. CND(620) IF(MIL) °
oecﬁea@oaéaaeeaaﬁaaoDueeﬁoceoaogegea00ueoecgaoa0aaen?aegeeﬁacﬂeoogeoﬁeag
XEC2 GEN /N(XEC1) 4SF1,IMC,RF5 IF(MIL),INC SC
MORG 2 /T(XECL,XECI)
XEC3 GEN /N(SS2)3SF1,IMBsRFY IF(P)oINCP
XEC1 GEN /T(XEC2ySS2),TF2,GFB MILIS=>xgC2
MORG 2 /T(XEC2,S52), FSEL(STEP)
SS2 GEN /N(SS3),SF1,1M8,RFY4 IF(P),INCP
HSTT4 GEN /N(HSTTS) ) IM] RF 4 WAIT(M),INCP
SS3 652 /INCIWATIT) o0 (N) ,GF5, IM6 DECODE, EN INTs, ETC
EJEC
e SINGLE WORD ADDRESSING STORE INSTRUCTIONS,
[ ]
DORTOP GEN /N(RESET)oRF1,1LBIoFFAsMF1+BBO DOR®">P FOR DEBUGGING
MORG 8 REF BY FSEL(13=12), 00 NQT POSSIBLE,
STABX] EQU e
Ds1i GEN /N(DS2)pIML,AAD WAIT(M), A=>ALyY
Ds2 GEN /N(ESTB) oSF1yIM6y LBl oFF9,CF3sSHlos OS(ALU)»DOR*I=>4 U
cego
ORG STABX1+2

FREE

FRFE

FREE

FREE

FREE
FREE

A42
343
344
348
346
347
348
349
350
351
352
353
354
35%
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
sl
382
383
384
388
38
387
aes
389
390
391
392
393
394
a9s
396
397
398
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O

0

o

S

399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
44
442
443
444
445
446
447
448
449
450
451
452
453
454
455

SOURCE DECK: 49 620
STAl GEN /T(SWAS50,552M1),TF2,5F3,6FB,AB3, A=>ALyY,SET AA,INCS
CIM} ,RF5,AAD MILLI5=>0VR(QF) ,=>SnAsQ
ORG STA1+2
ST8B1 GEN /T(SWAS0,SS2MI),TF2,5F3,6FB,aB3, B=>ALU,SET AA,INCS
CIMI,RF5,AAL MILIB=>Q0VR(OF) ,=>54A50
ORG STBi+2
STX}y GEN /T(SWA50,552M1),T7F2,S5F3,GFB,AB3, X*>ALU,SET AA,[N¢S
CIM],RF5,AA2 ‘ MILIS=>0VR(0OF) ,=>SwA50
MORG 8 REF BY FSEL(13=12), 00 NOT POSSIBLE.
STABX2 EQU ®
0600008800040 0008000000000 DECoDER 90QIOVBVODRONOPPBO PO 000000
oRG Xxe¢Co DECODER REFERENCES ¢SHFT* )
SHFT GMSK /N(SHFT1)9GF2,LB2,RF7sFFAMKFFEO 1(4=0)=>DOR,INCP,SaAMPL®
0002 aoe000000u30000000 0000 0RO ERROUBBTEBOOPVARDICRSDCIRBOV PNV aV VOO N0D
ORG STABX2+2
STA2 GEN /N(SS2M1),AB3,AAD A=>ALU,SET AA
ORG STA2+2
STB2  GEN /N(SS2M]1),AB3,AAl B=>ALU,SET AA
ORG STB2+2
STX2 GEN /N(SS2M]) sAB3,AA2 Xe>ALU,SET AA
EJEC

e INTERRUPT SERVICE.

® THE STATES WHICH ENABLE THg DECODER aLSO ENABLE INTERRUPYS, |F

° A SINGLE WORD INSTRUCTION WAS AT THE INTERRUPT ADDRESS, THg NEXT
e WORD IS IN THE INSTRUCTION BUFFER BuUT SHOULD NQT BE PROCESSED®

° PROCESSING OoF THIS WORD IS INHIBITED BY TRANSFERRING TO |NTBAS

° IF CINTF=] AND IM=6, IF CINTF=g AND NO INTERRUPT IS PENDING, THE
@ INSTRUCTION 1S DECODED, IF AN INTERRUPT IS PENDING AND CINTF=g

0 OR IM NOT =4, CONTROL GOES TO INTBAS+7, WHERE THg INTERRUPY

» MICROPROGRAM IN 1/0CS IS INITIATEDo IF THE INTERRUPT WASNeT

° REALLY AN INTERRUPT, BUT INSTEAD WAS A DMA REQUEST, INTERRuP7T

) PROCESSING MUST BE ABORTED AND THE PIPELINE RESTARTEDe IF IT

o REALLY 1S AN INTERRUPT, CONTROL GOES TO INTBAS+{ WHERE INTERRUPT
® SERVICING IS COMPLETED,

®
1

LLoP1 GMSK /NCILLOP2) oSF1,IM4,LB3RF3, ILLAD=>DOR, 1B (ALV)
ClS(=1=ILLAD)
ILLOP2 GEN /NCINT4) ,SF1,IM4,18) ,FF9,CF3,WRl,y DOR*1=>RFs IF(ALU)
CSH]1,BBo,AAF
INT2 GEN /NCINT3) ,SF IM4,LBY1FFAMFY, IF(ALU) ,10R=>RF
CWR1,BB2,AAF
INT3 GEN /NCINT4) ,SFy IM4,CF3,%R),AAF IF(ALU) ,RF+]=>RF
INTY GEN GF5,IM7 ,FFA ,MF] ,WR] ,BBF ,AAE [BR=>1,DECODE,
° v 12>CINTF,S52-2>5
MORG 16 INTERRUPT HARDWARE USES INTBAS, INTBAS+l, INTB,S+7
INTBAS EQU o
MORG 2 /T(SWAS0,552M1)
SSa2MI  GEN /N(SS3IMI) SF1,IM8,RF4 (AA)=>ALUIF(P),INCP
ORG INTBAS*]1 INTERRUPT SECOND TRY COMES HERE
INT] GEN /NCINT2) ,IM2 RF} ,FFF ,AAE WAIT(10),RE=1=>P
SWAsQ GEN /F(STAL1=2),2(6),FSF,SF1,IME FSEL(]13=12),05(M1L)
ABORT GMSK /N(ABORT 1), IM4,LB2,FFA MKO I=>18BR
ABQORT] GMSK /N(SS2M1),1M4,LB2,FFA,MKO 1=>18R
. HLT! AND HLT7 ARE REFERENCED WITH INTERRUPTS ENABLEDo
HLT1 GMSK /NCHLT2) ,103),AB2,IM4,LB3,FFa, START 1/0 AT X+E,
CMKEFCO X?103F=>ALU

HLT7 GEN /NCHLT L) LB ,FFAMF1 ,WR1,24(1IH) DOR=>1H

FREE

FREE
FREE

FREE

399
400
401
402
4023
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
45}
452
453
454
455
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456
457
458
459
460
461
462
463
4b4y
465
466
467
468
469
470
471}
472
473
474
47%
476
477
478
479
480
48]
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512

SOURCE DECK: 49 620
ORG INTBAS+7 INTERRUPT FIRST TRy CoMES HERE
IWAIT GEN 2(ABORT) ,1(7) MT1,GF4yMR1,IME, ENABLE [NTERRUPTs,
CLAL ,RF 1 ,FFF ,WR1,AAE DISABLE DEC, START 10, Pele>P,RE
$LQEOO0 KGNV BHTOOGEBORCO QA0SR DECoODTER (XA A X AR ELETEYEY YLK FY-X R ¥y,
ORG Xx*08 DECODER REFERENCES NEXT 8 INSTRUCTIOQONS °
REGL10 GEN /F(REG20)s2(7)sFS4,SFl o IMBoRF7,SHI °
REG12 GEN /F(REG20)¢2(7)+sFS4,SFlyIMBIRF7,AAl °
REGI4 GEN /F(REG20)92(7)sFSH4,SF1l,IMBoRF7,AA2 »
REG16 GEN /F(REG20)92(7) yFS4,SFl,IMB4RF7,FFE,BB2,AA1,MF1 °
REGy) GEN /F(REG20),2(7),FS4,SF1,IMB,RF7 ®
REG]3 GEN /F(REG20),2(7) FS4,SF1,IM8B,RF7 ,FFE,BBI ,MF} o
REG}5 GEN /F(REG20) ,2(7) ,FS4,SF1,IMB,RF7,FFE,BB2 MF °
REGL17 GEN /N({REG30)sRF7,FFE+BB20oAALl s MF | ®
0200300008800 0900000000e008000CYLR0O0CRVO0TBRCPONNO8C0UBECRGBRIPB 0Pl
EJEC
@ JUMP TOo SUBROUTINE, SOME oF BIT TEST, SOME OF SKIP IF REGISTER
° EQUAL, SOME oF TRANSFER SWITCHES TO ao
[
MORG 16 JSR40+JSR41 REF BY CND FSELe FAIL TO JSR3O
JSR40 GEN /N(SS3M),SF1,IMg,LBI ,FFA ,MF} ,WR), IF(P),DOR=>X
CBBO,AA2
JSR4} GEN /N(SS3M) ,SF},IMg,LBL ,FFA ,MF] ,WR1, IF(P), DoR=>B
CBBO,AA‘
MORG 2 FAIL OF CND FSEL TO JSR4Q,JSRH4I
JSR30 GEN /N(JSR20) ,SF1,IMC,RFS IF(MIL),INCSC
[(EEYIFXXELE-FR Y YR Y- NN Y YN ] D ECOUDER POV0OLOCOVDOUOOVO AR L0000
ORG X*E3 DECODER REFERENCES *BT10’ °
BT10 GEN /F(BT20) ,2(F) yFS4,RF4,XF1 FSEL(3=0) s INCP, °
° RESET CINTF ©
[ ZXYFEF LR T YRR LR Y EL-EEE R R Y- PSR E-E R LT LYY YA LEY Y NPT R LYY PY T Y- XY
MORG 2 /T(BTS51,B8T7T52)
BTs2 GEN /N(SS3M),SF1,1M8 IF(P)
BTsi1  GEN /N(BT50),SF1,IMC,RF5 , IF(MIL) ,INCSC
JSR20 GEN /S(JSR40,J5R30),2(1) ,Fs5,TF3,GFB, MIL®>JSR30,FSEL (),
cLBy,RF ] ,FF9,CF3,XF2,SH},BB] MIL*1=>p ,JUMP sicNal
08000 BR00000830%0 0000 DECoDTETR (X2 XXX EXXEYYRANR-X-E XX RN E-FFY
ORG X*E7 DECODER REFERENCES +JsR10 °
JSR10 GEN /N(JUSR20) oSF1,IMC,LAL1sRF3,CF3,XF) IF(MIL) ,P*1=>D¢R, °
® RESET CINTF °
OCQQOQQQGQQOGQQQQGQOGOOOQG9GOEOeeaQQ@OQGQOQQ00@050900500000@96@;a,a.aaa.
TSAl GEN /N(TSA2),1M2 WAIT(10)
TSA2 GEN /N(SS3M])»SF1,IMB,LBIeRF4FFA IF(P)yINCPIQR=>,
CMF1,WR},BB2,AAD
SRE8! GEN /N(SS2M) )SF1,IM8IRF4,XF2 IF(P)oINCPyJ=5]6
0000 nAC0Oslope0CeeR00000 DECODTER 30080000 TaOOOge DO
ORG X*EB DECODER REFERENCES *SRELO!? o
SREj0 GEN /F(SRE20) ,2(3) ,FS4,IM1 ,LAL,RF3, FoSEL(1m=mD) WAIT(M), °
CCF3,XF} P*1=>D0R,0=>CINTF °
uaeeeaceﬁaeaaeoaaa.eneoooom:acoseaﬁoeeeoonaaoaaece'eﬁﬁaonaﬂoeﬁﬁﬁﬁuoeﬁamu
EJEC

INDEXEpD JUMP INSTRUCTION,
NOTE THAT THIS VERSION OF jJMP DIFFERS FROM VARIAN’S VERSIQON
SINCE BIT 2 MAY BE USED TO INDICATE PRg= OR POSTaINDEXING, AS MAY
BE DONE USING BIT 7 WITH OTHER EXTENDED ADDRESSING INSTRUCTIONS,
ALSO, BITS 463 HAVE THE FOLLOWING MEANINGS

00 = JUMP

10 « XEC

% o 0 & ¢ ¢ &

456
457
458
459
460
446}
462
463
464
465
466
467
468
449
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
489
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
50%
sQé
5Q7
508
509
510
511
512
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L

513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
56}
562
563
564
565
566
567
568
569

SOURCE DECK: 49 620
0l = JSR,X
1l = JSR,B
MORG 2 REF BY FSEL(2)

IJPRE GEN /FCTJRL) ,2(3) FSH4,LB1,RF3, FSEL(1=0)»
CFFA,MF1,WF1,BB] MIL=>DOR,MIL15a>0S

1JPOST GEN /SUIJRL,IJIND) ,2(3),FS4,TF3,5F3, CoFSEL(1=0) (MIL5a0),
CGFB,IM5,LB1,RF3,FFA,MF],BB] CoOF (ALU) (MILI5a1)

® MIL=>DOR

(LYY AN Y R Y X-F YR XX 9%-¥ ] [»] E C 0 D E R Gﬁ'ﬂﬂﬁﬂ‘&éﬂﬂﬁ‘.mﬂugognﬁcp‘g

ORG XPEF DECODER REFERENCES ¢ IJMP? °

IJMP GEN /FCIUPRE) 92(1) ,FSe,IMI,FFO,WFL, FSEL(2),0=>QS, .
CXF},SH1 0=>CINTF .

VOOGEQOIV0AB0e00BHODCOHTCOOODOOOPCEIVBGDOIQVOBVOVOSOVSH R etoo0ls0 000000

e IVRLyTJIX»IJIByJUNI,IJINDL ALL DO CND FSEL (694,3) BUT BIT 6 = 1o

MORG 16 REF BY CND FSEL(1=0)

IJRL GEN /SCIJXIT,IJIND) ,2(B) FS7,TF3,5F1, RS=>IJIND,P+DOR=>DpR,
CGFF,IM4,LAL,LB),RF3,FF9,XF2,88¢p IF(A)EN JUMP sloeNab

1JIX GEN /SCIJXIT,IJIND),2(B),FS7,TF3,5F1, QS=>1JIND,X+D0Or=>D0R,
CGFF ,IM4,LB1 ,RF3,FF9,xF2,BB0,AA2 IF(A) ,EN YUMP sIcGNaL

IJ1B GEN /SCIJXIT ,IVIND),2(B) ,FS7,TF3,5F1, QS=>1JINDB+DOR=>DgR
CGFFoIM4oLBlyRFI)FF9oxF2,BB0,4A1 IF(A)sEN JUMP sIGNAL

IJINI GEN /SUIJXIT,IJIND) ,2(B) FS7,TF3,SF1, QS=>1JINDsDOR=>A LV,
CGFF ,IM4,LBL ,FFA ,MF) ,xF2,88B0 IF(A),EN JUMP SIGNAL

MORG 2 /T(IJPOST,1JIND1)

IJIND; GEN /SUIJXIT ,IJIND) 2(B) ,FS7,TF3,5F1, MILIS=>[JINDyMIL=>DOR,
CGFB , IMy4, L BL ,RFI,FFA MF1 WF] ,XF2, MILIS=>4S,J=SIG,IF(A)
cBBl

MORG 2 /SEIJXIT,IJIND)
IJIND GEN /T(IJPOST IJINDL) yTF3,GFF,IMI RF5 WAIT (M) ,@S=>IJNp1,INCS
MORG 8 REF BY CND FSEL(604,3) WITH BIT & ALWAYS = |,

IJXIT GEN /N(SS3M) ,SF1,IM4,LB1,RF{,FF9,CF3, IF(A),DOR*}=>P
CSH1,8BB0

IJPX GEN /NCIJXTIT)LAL,FFO,CF3,WR1,AA2 Pe1=>X

IJXEC GEN /N(SS3),SF1,IM8,RF4 (SAME AS SS2) IF(P),InCP

1JPB GEN INCIJXIT) sLAL,FFO,CF3sWR1,AA} P+1=>B

2000000090 Q00030000000004580 DECoDETR 020000008 00e0d P00 00tOOE

ORG XeFc DECODER REFERENCES NEXT 4 INSTRUCTIONS o

ROF GEN /N(SSIMI) 4SF | ,GF4,1M8,RF4 RESET OQVFL, IF(P),INCPs

SOF GEN /N(SS3IMI),SF1,GF2,1M8,RFY SET OVFL, IF(P), INCP e

TSA GMSK /N(TSAL),1(3),AB2,IME,LB3,FFa, START 10 .
CMKDFCO ®

ILLOP °
omaaaaaﬁ?°¢?meaeﬁémeeaamﬂﬂaaéaaneebeﬂmeqamaeuaewaaoeOuaatﬁﬁaeaﬂga.ﬁeﬂaeo
EJEC
o BIT TEST INSTRUCTION,
]
MORG 16 REF BY FSEL(3=0)

BT20 GMSK /F(BT30) ,2(1),FSB,LB3yRF3FFa ,MKFFFE

BT21 GMSK /F(BT30),2(1),FS8,LB3sRF3,FFa MKFFFD

BT22 GMSK /F(BT30),2(1),FS8,LB3sRF3,FFA,MKFFFB

BT23 GMSK /F{BT30),2(1),FS8,LB3RF3,FFa,MKFFF7

BT24 GMSK /F(BT30),2(1),FS8,LB3sRFa3,FFaA ,MKFFEF

BT25 GMSK /F(BT30),2(1),FS8,LB34RF3,FFa ,MKFFDF

BT26 GMSK /F(BT30),2(1),FSB,LB3yRF3,FFa MKFFBF

Br27  GMSK /F(BT30),2(1),FS8,LB3sRF3,FFa,MKFFT7F

BT28 GMSK /F(BT30),2(1),FS8,LB3,RF3,FFAMKFEFF

BT29 GMSK /F(BT30),2(1)yFSB,LB3,RF3,FFaAMKFDFF

513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
53}
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562

563
564
565
566
567
568
569
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Pl
5

{7

o

570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626

BT2A
BT28
BT2C
8T20
BT2E
BT2F

BT30
BT31

BY4g
BT 41

MUL |
MULY

MULS
MUL 3
MUL 2
MUL s
MUL8

MUL7

MUL 13

MUL12
MUL9
MUL 11

o ¢ & 5 & & €6 & O &G B

IMMBAS

1LD0aA

ILo8

SOURCE DECK: 49 620

GMSK /F(BT30),2(1) 4 FSByLB3yRFIsFFaA,MKFBFF

GMSK /F(BT30),2(}) FSB,LB3,RF3,FFAMKF7FF

GMSK /F(BY30),2(1),FS8,LB3)RF3,FFA,MKEFFF

GMSK /F(BT30),2(1)4,FS8,LB3,RF3,FFaA MKDFFF

GMSK /F(BT30),2(1),FS8,LB3,RFI,FFAMKBFFF

GMSK /F(BT30),2(1),FSB8,LB3,RF3,FFa MK7FFF

MORG 2 REF BY FSEL(4)

GEN /F(BTH0) ,2(1)4FS9,6GF2,LB1,FFB,MF!

GEN /F(BTH40) ,201)4FS9,GF2,LB1 ,FFByMF1,AA}

MORG 2 REF BY FSEL(S)

GEN /T(BTSOosSlM)oTF395F296F9|IMC

GEN /T(BT50,SSIM),TF2,SF3+GF9,1IMC

EJEC

MULTIPLY INSTRUCTION,

MORG 2 /T(MULY ,MULT)

GEN /N(MUL2) ,GF2 FF9,BBF,AAl RF+B=>A UySAMPLE

GEN /N(MULS) s LAZsRFI,VFi, Al B(L)=>DQoR?*BI5">DgB

MORG 2 /T (MUL3,MULS)

GEN /N(MULS) FF3 MF],WR1,AAE ZERO=>RE

GEN /N({MULS) ,GF8 ,FF9,BBF jAAL RF+B=>ALU,SAMPLE OVFL

GEN /T(MUL3,MULS) ,TF2,GF9,LA2,RF3, ALUZ=>MyL3,B(L)=>D0R,
CVF1l,AA] B15=>DsS8

GEN /N(MUL7) JMR1,SC1 ,WF 1, XF} DOR(RT) ,DORO1=>B4Dp

MORG 2

GEN /T(MUL9 ,8) ,TF2,GFC,MR]1,LA3,RFS5, MULTIPLY STEP
CFF9,WR1,SC1,WF ] XFi

GEN /N{MULB) MR} ,RF5,FF9,%R]1,SC] ,WF], FIRST MULTIPLY StEP
CXF}

MORG 2 /T(MULLI2,MULL3)

GEN /F(SS3M) ,2(8) FSF,SF1,IMg,RF4, FSEL(14) ,IF(P), JnCP
CLA3,WR1 ,SH4,AA} SHIFT 8

GEN /N(MUL13),FF6,CF3,WR] ,BBF A=RF=>p

GEN /N(MUL11) LA3 WR1,SCL WF1,XF} AyDOR(RT)sMULS=>pLAlSs

GEN /T(MUL12,MUL13),TF2,GFA,LB1 ,FFA, DSB=>MUL|2,D0R~>&

CMF1,WRi,AAl
EVEC
DOUBLE WORD IMMEDIATE INSTRUCTIONS, NOTE THAT THESE INSyRucTlOnS
ARE DIFFERENT FROM VARIAN®S SINCE AN M=FIELD EQUAL To ZERO QR 8
DOES NOT CAUSE UNPREDICTABLE RESULTS, IN ADDITION, BITS 7, |
AND g ARE USED SIMILARLY 70 THE USAGE FOR DOUBLE-WORD EXTENDED
ADDRESSING JNSTRUCTIONS, WHEN B8ITS 3 AND 0 ARE EQUAL TO gp, 01
OR 10, INDEXING AND INDIRECT ADDRESSING ARE PERFORMED, tHuUS,
NEGATIVE OPERANDS ARE NOT POSSIBLE. WHEN BITS | AND 0 ARE E@Val
TO {1, THE ACTION IS THE SAME AS VARIAN’S ACTION, NOTE THaT THE
VARIAN ASSEMBLER ASSEMBLES BITS | AND O AS 00y NOT 1o THIS
PROGRAM MAY BE MADE TO EXECUTE PROGRAMS SO ASSEMBLED BY
EXCHANGING IMMREL(X*468) AND IMMN](X?4B), AND BY EXCHANGING
IMRL AND IMNI BELOW,

MORG 32 REF BY CND FSELs FAIL TOo IMIND

ILLop

NEXT 7 INSTRUCTIONS ALL 0D0; 0 => CINTF,

GEN /N(SS2M) , LB} ,RF4,FFA,MF1 ,WR]1 ,XF1, INCP, DOR=>A
CBBOgAAO

GEN /N(SS2M) ;LB ,RF4,FFA,MF1 ,WR1 ,XF1, INCP, DOR=>B

CBBO,AAD

FREE

FREE

FREE

FREE

570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
986
587
588
589
590
591
592
593
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595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
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627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
6723
674
675
676
677
678
679
680
681
682
683

ILDX
IINR
ISTaA
I1ST8
ISTX

®
I0RA

IADD
IERA
IsuB
IANA
IMUL
I01v
IMXC
®

IMRL
IMIX
IMIB

IMNI

IMPRE

IMPOST

IMIND|

o
IMPSTI

¢

IMIND
I[STYy

IMPST}
IST3

IST2
IST1

(-]

GEN
GEN

GEN
GEN
GEN
ILLoP
NEXT 7
GEN

GEN
GEN
GEN
GEN
GEN
GEN
MORG
EQU
NEXT 3
GEN
GEN
GEN

GEN

MORG
GEN

GEN

MORG
GEN

GEN

MORG
GEN
GEN
MORG
GEN
GEN
MORG
GEN
GEN
EJEC
SHIFT

SOURCE DECK?: 49 620

/N(SS2M) ,LB1 ,RF4,FFA,MF} ,WR1 ,XF1, INCP, poR=>X
CBBO,AA2

/FL1ST2) ,2(1),FS1,GF8,LB1,RF3, FSEL(CINTF), DoRe¢1=~"00R

CFF9,CF3,XF1,SH},BBp
/F(1ST2),2(1)4FS1,RF39XF1,AAQ
/FCIST2),2(1)FS1,RF39XF1,AAL
/FCIST2) 4201 )4FS1,RF3IsXF}AA2

SAMPLE OVERFLOw

FSEL(CINTF),A=>D0R
FSEL(CINTF) B=>D0R
FSEL(CINTF) X=>D0R

INSTRUCTIONS ALL DO: O=>CINTFo» INCP

/N{SS2M) ,LB] ,RF4,FFE,MFI ,WRY ,XF1y, A V DOR => A
CBBO,;AAD

/N(S5S2M) ,GF8,LB] RF4,FF9,WR1 ,XF1, A*DOR=>A,SAMPLE oVFi
CBBO,AAD

/N(SS2M) LBl ,RF4,FF6 ,MF} ,WR1 ,XF1, A XOR pQoR => A
CBBO,AAD

/N(SS2M) ,GFg,LB1 ,RF4,FF6,CF3 WR1, A=DOR=>A,SAMPLg oVFL
CXF1,BB0,AAD

/N(SS2M) LBl ,RF4,FFB ,MFl ,WR] ,XF1l, A&GDOR=>A
cBBO,AAD

/N(MUL) 4LBL ,RF4,FFA,MF1 ,WR1 ,XF], DOR=>RF
CBBO,AAF ,

/N(DIV),LB1 ,RF4,FFA,MF1 ,WR1 ,wF3, DOR=>RF, ALU}5=>yS
CXF1,B8B0,AAF

16 REF BY CND FSEL, FAIL TO IMIND

o IMMEDIATE INSTRUCTION INpDEX COMPUTATION

INSTRUCTIONS DO CoFSEL(6=3) (G@S=0), C.OF(A) (QS=])
/SCIMMBAS, IMIND) ,2(F)sFS7,TF23, P+pOR=>pOR
CSF3,6FF,IMS,LAL,LB),RF3,FF9,B8Bp

/SCIMMBAS, IMIND) ;2(F)oFS7,TF3 X+DOR=>pOR
CSF3,GFF,IM5,LB1,RF3,FF9,BB0,AA2

/SUIMMBAS , IMIND) ,2(F)osFS7,TF3, B¢pOR=>pOR

CSF3,GFF,IM5,LB} ,RF3,FF9,BB0,aA]
/FUIMMBAS) p2(F) ,FS7,LB1,RF3I,FFA, MIL=>DOR
CMF},B81
2 REF BY FSEL(7)
/F(IMXC) ,2(3),FS4,LB},RF3,
chA,MF].WFlpBBl

FSEL(1-0)>»
MIL=>DOR MILIB=>uS

/SUIMXC,IMPST1),2(3),FS4,TF3,GFB, CoFSEL(}=0) (MIL;5=20),

cLB1,RF3,FFA,MF],BB MIL=>DOR
2 /TCIMPSTI L IMINDL)
/S(IMMBAS , IMIND) ,2(F) o FS7,TF3, CoFSEL(6=3) (MjLy5=0),
CSF3,6F3,IM5,LB) ,RF3,FFA,MF1,88) CoOF(A) (MILISSL),
MIL=>DOR
/SCIMXC,IMIND) ,2(3) FS4,TF3,SF3, CoFSEL(}]=0) (MiLy5=0),
CGFB,IM5,LB1 ,RF3,FFaA,MF}],BB] CoOF(A) (MILIS=0),
MIL=>DOR

2 /S(IMXC,IMIND)

/TUIMPSTIZIMINDL) yTF39GFF o IM) ,RF5 WAIT(M) ,QS=>[M|Np1,INCS

/N{SS3M) ,SF1,IMg,LB) ,RF4 ,FFA MFL IF(P),INCP,DORa>aLU
2 /S(IMXC,IMPST])

/NCIMIND) 4SF| ,IM5,LB}FFA,MF],BB0 OF (ALU) ,DOR=>ALU
/NU1IST4) LBl ,RF4,FFA,MF1,BBQ INCP,DOR=>ALU

2 REF BY FSEL(CINTF)

/NCIST3) ,SF1,IM6,AAF 0S(ALU) ,RF=a>ALU
/NCIST3),SF1,1IMA 0S(P)

INSTRUCTIONS AND INSTRUCTIONS CONSTRAINED T0 BE

627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
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684
685
686
687
688
689
690
671
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
718
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
73¢9
740

SOURCE DECK: 49 620
» NEAR SHIFT INSTRUCTIONS BY ADDRESSINGe NOTE THAY THESE
° SHIFT INSTRUCTIONS ARE DIFFERENT FROM VARIAN’S SHIFT INSyYRuCTIONS
° SINCE SETTING THE ?LONG®’ AND *A? BITSs SIMULTANEQUSLY DOEs nOT
& PRODUCE UNPREDICTABLE RESULTSo
®
MORG 32 SHIFTS REF BY CND FSEL(8=5), FAIL TO SS4MI
ASLB GEN /T(ey,SS3M]1 ), TF3,SF3,GFC,IMB8,LA2,RF5,WR] ,SH4,AAl
LRLB GEN /Tle,SSaMI),TF3,SF3,GFC, M8, A2,RFS,WR| ,SH],AAl
ASRB GEN /Tle,SS3M1) ,TF3,5F3,GFC,I1M8, A3 ,RF5,WR| ,SH2,AAl
LSRB GEN /T(e,SS3MI) ,TF3,5F3,GFC, M8, A3 ,RFS,WR| SHy,AAI
ASLA GEN /T(8,SS3MI1),TF3,5F3,6FC,1MB,LA2,RF5,WR] SHy
LRLA GEN /T(e,SS3MI) ,TF3,5F3,GFC,1M8, A2,RF5,WR} ,SH}
ASRA GEN /T(®sSS3MI)oTFIsSF39GFCoIM8,LAIsRFSsWRI SH2
LSRA GEN /T(O,SS3MI’oTF3oSFSOGFC91MB.LA39RF59WR1pSH“
LASL GEN /NCLASL])sLA2,RF3,VF10AA}
LLRL GEN /N(LLRL1) o RF3,AA1
LASR GEN /N(LASR1) )LA2,RF3,VFl4AA}
LLSR GEN /N{LLSR1)sRF3I,AAL
® THE NEXT 4 INSTRUCTIONS ARE IDENTICAL 7O THE PREVIOUS 4, BuTt
° ARE USED WHEN BOTH THE *LONG* AND ?A¢ BITS OF THE SHIFT
® INSTRUCTION ARE SET., IT IS POSSIBLg THAT THIS SHOULD BE TwEATED
® AS AN ERROR CONDITION,
LASL#2 GEN /NCLASL1)sLAZ,RF3,VFloAAl
LLRL#2 GEN /N(LLRL1))RF3,AAL
LASR#2 GEN /N(LASR1),LAZ2,RF3,VF1,AA]
LLSR#2 GEN /N(LLSR1),RF3,AAl
MORG 16 REF BY CND FSEL FROM DIv, FSEL FROM MULINR
SS3M GEN /NCIWATIT) 1 (M) ,GF5,IMé 1BR=>1,DECODE, ETC
SHFT} GEN /SIASLB,SS3MI) ,2(F),FS9,TF3,5F3, CNDINOT ALUZ) FSglL(8=5)FREE
CGF?.!MBoLBIpRFZoFFbuCF3’SHIQBBU CND(ALUZ) lF‘P)o
° =DOR=>SHIFT COUNTER
MORG 2
LASL] GEN /T(LASL2,¢) 4 TF2,GFC,LA2,RF5,WR1, SHFT OVFL => LaSL2
€SC1,XF3,5H6,AAD (A,DOR)LEFT, INC Sc
LASL2 GEN /N(LASL3) sSF1,IM8,SC1oWFy ,XF3 IF(P),DOR RT,0SBo>pOR S
MORG 2 /T(e,LASL])
LASL3 GEN /INCIWATT) 04 (1),GF5 ,IM6,LB1,FFA, DECODE,IBR=>1,EN INT,
CMF1,WR1,AAL ) POR=>B
LLRL1 GEN /T(o,LASL3) ,TF3,5F3,GFCc,IM8,LA2, SHFT OVFL®=>LASL3,InC S5C
CRFS5,WR1,SC) ,XF|,SH2 (A,DOR) LEFT RQTATE
MORG 2 /T(LASL2,¢)
LASR1 GEN /TOLASL2,0) ,TF2,GFC,LA3,RF5,WR],SC) WF1,XF1SH2
LLSR1 GEN /Tle,LASL3),TF3,S5F3,GFC,1M8,LA3,RF5,WR],SC,
CWF 1 ,XF1,SH4
ORG SS3M+8 REF BY FSEL, MUST BE MORG 32 WITH SHIFTs
SS3Ml GEN /NCIWAIT) 0(1),GF5,1Mé I1BR=>] ,DECODE, ETC
MORG 2 /S(553M,D1V15)
DIV)5 GEN /F(SS3M) ,2(8) ,FSF,SF1,1Mg,FFs, FSEL(14),IF(P),
CCF3,WR},SH1,BB1,AA} «B=8H
EJEC
° EXTERNAL CONTROL INSTRUCTIQN,
L
G080C¢a00RBINCOeHR00Q00 00000 DECANnhnhDER PVOOVC OV 00000 OOBGgOgORS OO
ORG X*180 DECODER REFERENCES NEXT 3 INXTRUCTIONS °
EXC1 GMSK /N{EXC2) ,LB3,RF3,FFE ,MKF7FF,16(DR) X'8Q0 V DR => oPg ¢
SWA40 GMSK /F(STA2=2),2(6) FSF,SF1,I1M6,. B2, FSEL(13=12),05(A L U)y »
CFFA,MKF800 16X 7FF=>ALU °

684
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686
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69}
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741
742
743
744
745
746
747
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749
750
751
752
753
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7556
756
757
758
759
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766
767
768
769
770
771
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775
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783
784
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BCAENGOVOOPIOPD OO0 00P00BVCVESBe0sVOBRBVOYLRVOFOCEVCRBOOEQOBByOpODDODR

SET /0 DEVICE SELECTION REGISTER.
INSTRUCTION,

SOURCE DECK: 49

/F(LDAL),2(C) yMTL1FSFySF1,IM5,
CLBZpRFJ.FFA,MKFSOO

INCEXC3) b (L) s IMFoLBLIFFAIMF1
CWR1:8B0,24(s51)

/N(SS2),IM2,LB2 ,FFE,MKFEQODO,16(S1) WAIT(10),160%777 V 5
16X*81FF v DR, WAIT(10)

/N(SS2),1M2,LB2,FFE,MK7EQO,
C16(DR)

INSTRUCTION 1S:

SWA10 GMSK

EXC2 GEN

EXC3 GMSK

EXC22 GMSK
EJEC

(-]

L]

&

-]

()

® 107700

L]

[ ]

@

L

-}

SETXIT GEN
MORG

SET1 GMSK

SETA GMSK

SETB GMSK

SETAB GEN

SETX GMSK

SETAX GEN

SET8X GEN

SETABX GEN
EJEC

L
-]

I XX E-RR-S L E-NE-E¥Y.X-FY--X XXX

SEN1
SWA4}

SWALL

000GV o009 2030000000080000000000 VPRI NRR0COVTNPOHOBENEOETBOQVLEOVR 000G g0

SENZ
SEN3

SENY
®

SEN?
SENe

[ )

WHERE

T=0: OD=>DR T=24
T=); A«>DR Tss5;
T=2; B8=>DR T=6:
T=3; A V B -> DR T=7:

INCIWALIT) o b (1) sGF5,IM6,LBLIFFA,
CMFlsWR19BBO,24(DR)

8 REFERENCED BY FSEL(8=6)

/N(SETXIT),SF1,IM8,LB2,RF7,FFA,
CMKFFCO

/N(SETXIT) SF1,IM8,LB3,RF7,FF7,
CMK3F ,16(DR) ]

/N(SETXIT)SF1,IM8,LB3,RF7,FF7,
CMK3F ,AK1 )

/N(SETA) ,FFE ,MF1 ,WR1,BB],24(DR)

/N(SETXIT) SF1,IM8,LB3,RF7,FF7,
CMK3F ,AK2

/N(SETA) ,FFE MF1,WR1,BB2,24(DR)

> o> x

/N(SETAX) oFFA MF1,WR1,BB],24(DR)
/N(SETAX) FFEMF1,WR1BB],24(DR)

SENSE INSTRUCTIONo

ORG
GMSK
GMSK

GMSK

GEN
GMSK
GEN
MORG
GEN

GEN
EJEC

DECODDEHR
X190

<K<V

/N(SEN2) ,LB3 ,RF3 ,FFE MKEFFF ,6{6(DR)

/F(STA2+%2) ,2(6) ,FSF,SF1,1M6,.B2
CFFA,MKF800
/F(LDAI),2(C).MT{,FSF,SF1.IM5.
cLB2,RF3,FFA,MKFB00

/N(SEN3) 1 (1) s IMF oL BLIFFAOMF Lo
CWRI1,RF1,8B0,24(51)
/N(SEN4) ,IM2 LB2,FFE ,MKFEODO,
cl6(sy)

/T(SENS5,SSIM) ,TF2,5F3,GF ] ,IMc,RFH4

2 /T(SEN6,SENT7)
/N(SENS) ,SF1,IMC,RFS
/N(SS3M),SF1,1IM8

620

FSEL(15-

13),05(ALU)

16X 7FF=>DOR

START 10

DR
X => DR
X => DR
B

2DOR=>5 ]

TH1S IS NOT A VARIAN
THIS INSTRUCTION PLACES & BITS IN REGISTER Dg,
WHICH ARE SUBSEQUENTLY INCLUSIVE=OR*gD WITH ALL DEVICE SgLgCrloON

SPECIFICATIONS SENT TO THE 1,0 BUS. THE OCTAL FORM FOR THIS

V X => DR

DECODE, [BR=>1,gN INT

DOR®>DR

160’77->DOR
IF(P),INCP
DR&EO*77->DOR
IF(P), INCP
B&60°77=>pOR
IF(P),INCP
B V DR => DR
X&60°77->DOR
IF(P),INCP
X V DR => DR

B=>DR

B V DR => DR

X’1000

$000000004600080800830,05%000
DECODER REFERENCES NEXT 3 INSTRUCTIONS

V DR => DgR

FSEL(13=32),0S(A U)o
16X 7FF=>ALU

FSEL(15=13),0S(ALU)»

I6X*7FF=>DOR

START 1/0 AT Xo4,
DOR">S1 ,RESET CINTF

WAIT(10)

IEXIFF V S1 =>ALU

1/0 SENSE=>SEN5, INcP,

IF(MIL)

IF(MIL),
IF(P)

INSTRUCTIONS FORCED TOGETHER BY TEST ADDRESSING

IF 170 SgNsE

INCSC

FREE

FREE

FREE

FREE

FREE

FREE

FREE

741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
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P

™,

N/

798
799
800
801
802
803
804
805
806
807
808
809
810
81l
812
813
8ly
81s
8lé
817
sls
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854

SOURCE DECK?! 49

620

MORG 4 /T(JMPL,SSIM)y /T(BT50,5S51IM)y /T(SENS5,SS1M)
SS1IM GEN /N(SS2M)sSF1l,1M8 IF(P)
JMP | GEN /T(IMP2,SS2M) ,TF2,GFB,IM5,4LB], MILS=>UMP2,0F (ALU),
CRF1,FFA,MF1,XF2,B88] MIL=>P,JUMP SIGNalL
BT50 GEN /T(BTS1,BT52),TF2,GFB4LB],RF}, MILS=>8T7T51 ,MiLeln>py
CFF9,CF3,XF2,SH]1,BB} JUMP SIGNAL
SENS GEN /T(SEN6,SEN7) ,TF3,GFB,LB1,RF, MILS=>SEN7 jMIL4}adP
CFF9,CF3,SH1,8B]
MORG 4 /T(JMP2,5S2M), /T(SREBO,SS2M)
SS2M GEN /N(SS3IM) ,SF| ,IMg ,RF4,FFD,24(a=0s) IF(P) INCP,(AA)=>ALV
JMP 2 GEN /N(JIMP 1) ,SF1  IMC,RFS IF(MIL),INc SC
SREgD GEN /N(SREB1)4LB1,RF],FF9,CF3,S5H] DOR*1=>P
EJEC
s INPUT DATA TRANSFER INSTRUCTIONS,
®
0430000005000 008000000000 DECODER CXEEE X EEFY-FYEFERE-FY Y N Y- YY)
ORG X*1AQ DECODER REFERENCES NEXT 3 INSTRUCTIONS o
I1ABM1 GMSK /N(1ABM2) )LB3 ,RF3,FFEMKDFFF,16(DR) X¢2000 V DR => gPR
SWA42 GMSK /F(STA2=2),2(6),FSF,SF1,IM6,LB2, FSEL(13=12),0S5(A V),
CFFA,MKF8QO0 I6X* 7FF=>ALU ©
SWA12 GMSK /FC(LDAL) 42(C)yMT1,FSFsSF1,1M5, FSEL(15=13),0F(ALU)s o
cLB2,RF3,FFA,MKF8OD 16X’ 7FF=>D0OR °
V0ORRe0009300050009000830C0000BQBYELRO00000000C8G000000809N0Ge0Gg0gaRPon

IABM2 GEN /NCTABMI) o b (3) 2 IMF LBLoFFAOMFI, START 1,0 AT XeC,
CWR1,8B0,24(S1) DOR=>S1
[ABM3 GMSK /FUIMEL) ;2(7)4FSA,1M2,LB2,FFE, FSEL(8=p) WAIT(I0),
CMKFEQO,16(S1) IR & X*FF Vv S)
INAB2 GEN /N(IAB) ,SF},IM8,LBy ,RF7,FFE,MFy, IF(P),INCP,
CWR},8B0,AA0 DOR V A «> A,DoR
1AB GEN /NCIWAIT) g1 (M) ,GFS,IM6,LBL,FFA, IBR=>] ,DEC,INTRPT,
CMF1,WR],BBO,AAI DOR=>B
IME2 GEN /N(SS2M) ,SF1,IMg,RF4,LB1,FFA MF1 IF(P),INCP,D0R.>aLu
MORG 8 REF BY FSEL(B8=6)
IME} GEN /N(IME2) ,SF1,IME,LB1 ,RF3,FFA,MF1, OS(MIL),10R=>D¢gR,
CXF1,8B2 RESET CINTF
INA GEN /N(SS3M) ,SF,IMg,LB1,RF4,FFE,MF1, IF(P),INCP,IOR V A => A
CWR1,8B2,AA0
INB GEN /N(SS3M) ,SF} ,IMg, LBl ,RF4,FFE MFl, IF(P),INCP,IOR V B => 8
CWR1,8B2,AAl
INAB] GEN /N(INAB2) LB ,RF3,FFEsMF}),BB2,AAl IOR V B => DOR
ILLOP
ClA GEN /N(SS3M),SF| ,IMg,LBI,RF4 ,FFA MF1, IF(P),INCP,I0R.>,
CWR1,8B2,AA0
cie GEN /N(SS3M),SF1 ,IMg,LB1 ,RF4,FFA MF1, IF(P),INCP,IO0R.>3
CWR],BB2,AAl
claB GEN /NCIAB) ySF1 ,1M8,LB RF7,FFA,MF1, IF(P),INCP,I0R=>a,D0R
CWR1,BB2,AAD
EJEC
° OUTPUT DATA TRANSFER INSTRUCTIONS.
[ ]
(X ETRY NN L AW ER-EFNX-XNFY-X ] DECoOUDER CEE LN Y ENR-R R I I R R
ORG X*1Bo DECODER REFERENCES NEXT 3 INSTRUCTIONS o
UABM] GMSK /F(OME 1) ,2(3),FSA,LB3yRF3,FFE, FSEL(7=6) .
CMKBFFF ,14(DR) X*2000 v DR => poR o
SWA43 GMSK /F(STA2=2),2(6) ,FSF,SF1,1M6, B2, FSEL(13=12),05(ALU)s
CFFA,MKF800 16X* 7FF=>ALU o

FREE
FREE

FREE

FREE

798
799
800
a0l
802
803
804
80s
806
8q7
808
809
810
8ll
812
813
8l4
al1s
8lé
817
8ls
a1y
820
821l
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
eds
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
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855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876

877
878

879
880
881}
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911

SOURCE DECK: 49 620
SWA13 GMSK /FLLDAL) ;2(C)yMT1,FSFsSF1,IM5, FSEL(15=13),0F (AL U)s e
cLB2,RF3,FFA,MKF80Q0 16X 7FF=>DOR ®
G0CQUIR00000000R000800Q0000N00VRGEOR0R0BU0DBB0OCRTUBOBYEINSEUSgRsOOToee
OME2 GEN /N(OARL ), IM] WAIT (M)
MORG 4 REF BY FSEL
OME GEN /N(OME2) ,SF 1 ,IMD,XF 1 OF (MIL) RESET CIwTF
0AR] GEN /N(OABM2) s 1 (7)), IMF,LBL,FFA,MFI, START 1/0 AT X71¢,
CWR1,8B0,24(51) DOR=>S} )
0BR1 GEN /NCOABM2) 4, 1(7),IMF LBIFFAMFIL, START 1,0 AT Xtlc,
CWR1,BB0,24(S1) , DOR=>S]
0AB} GEN /N(OABM2),1(7),IMF LBl ,FFAMFI, START 1,0 AT Xejc,
CWR],BB0,24(S1) DOR=>S]
MORG 4 REF BY FSEL
OME 3 GEN /N(SSIM) ,IM2,LB1,RF4,FFA,MF1,BB]1 WAIT(10),INCPyMIL=>ALU
OAR2 GEN /N(SS2M) ,IM2,AA0 WAIT(10),A=>ALU
0BR2 GEN /N(SS2M) ,IM2 AAL WAIT(10),B=>ALU
0AB2 GEN /N(SS2M) ,IM2 ,FFE ,MF},BB}1,AAD WAIT(10),A V Bad>slLu
0OABM2 GMSK /F(OME3),2(3),FSA,IM2,LB2,FFE, FSEL(7=6)WALT(l0),
CMKFEQDO,16(S1) I6XPIFF V S1 => alu
EJEC
™ AUTOMATIC BOOTSTRAP LOADER FQR TELETYPg AND HIGH-SPEED PAPgR TAPE
® DEPOSITED AT 0200, STARTED WiTH X=07p00 AT 0212,
&
ABL20 GMSK /N(ABL3) ¢SFl,IMA LRI, RF4,FFA,MK7A7E 0200 CcI8 0Opl
ABL21 GMSK /N(ABL3) ,SF1,IMA,LB3,RF4,FFA,MK7AG0 0200 CI8 037
ABL3 GMSK /N(ABLY) ,SF1 ,IMA,LB3 ,RF4 ,FFA MKF7F6 0201 ASLB 9
0830608800000 0p500000000800 DECODER QBBVEOEBCOBRYIOOCAOTOB VeV OGS
ORG X?1C0 DECODER REFERENCES NEXT 3 INSTRUCTIONS ®
EXCzl GEN /NCEXC22) 51 (1) ,1IME START 1/0 AT 4 ®
SWA44 GMSK /F(STA222)4,2(6) FSF,SF1,1M6,LB2, FSEL(13=12),05(A V), o
CLAL,FF9,MKFEQO IEX? IFF « P => ALV .
SWA14 GMSK /FCLDAL) (2(C) MT1 ,FSFySF1,1M5, FSEL(15=13),0F(ALU)y o
cLB2,LA1,RF3,FF9,MKFEODO 16X° LFF ¢« P => DoR ®
Gﬂ&amaﬂ09“696e000600UOC&@GGGCGQG&QteQdﬂaﬁﬁegeganaﬁeﬁﬁamgﬁ5@6&&090009@99
ABLY GMSK /N(ABLS) oSFloIMASLB3sRFY4,FFA MKF7DE 0202 LRLe |
ABL5  GMSK /N(ABL&) ,SF§ IMA,LB3,RF4 FFA MKF6D9 0203 LLRL o
ABLg  GMSK /N(ABL7) ,SF1,IMA,LB3,RF4 FFA MKFDEF 0204 JBZ
ABL7 GMSK /N(ABLB) SF} IMA,LB3,RF4,FFA MKFF73 0205 0214
ABL8g GMSK /N(ABL9) ,SFy  IMA,LB3 ,RF4,FFA MKASFF 0206 STA 0.X
ABLg GMSK /N(ABLA) ,SF}  IMA,LB3 ,RF4 ,FFA MKFDF7 0207 JAL
ABLA GMSK /N(ABLB) ,SF ) IMA,LB3 ,RF4 ,FFA MKFIFF 0210 0700p=>b0R
ABLB GMSK /N(ABLC),SF1,IMA,L83,RF4,FFA,MKF59B 0211 IXR
ABLC  GMSK /T(ABLD) ,ABLDO) ,TF2,5F1,1MA,LB3,RF4, 0212 INCR j
CFFA,MKFSBE
MORG 2 /T(ABLD1,ABLDO)
ABLDD GMSK /N(ABLED) ,SF1,IMA,LB3,RF4,FFa ,MK7A7E 0213 CIB gOni
ABLD] GMSK /N(ABLE]) ySF1,IMA,LB3,RF4,FFaA,MK7EAD 0213 EXC 0537
ABLEQ GMSK /N(ABLF) ;SF)  IMA,LB3 ,RF4 FFA MK7D7E g214 SEN Q201
ABLE] GMSK /N(ABLF) ,SFi ,IMA,LB3 ,RF4 ,FFaA MK7CAQD 0214 SEN (0s37
2000000000000 00 G00R0000 DECoDER LE-RE-X-NEEREFEYEFE-E X I IW-RR NI
ORG X*10Dp DECODER REFERENCES NEXT 3 INSTRUCTIONS °
° NOTE = BCS WILL BE DETECTED BY WcS oN MACHINES SO0 EWUIPPgD, °
® RATHER THAN CAUSING [LLEGAL INSTRUCT]ON PROCESSING, o
BCS ILLOP ®
SWA45 GMSK /F(STA2=2) 42(6) FSF,SF),1M6,1.82, FSEL(13=12),05(ALU), o
CFF9 ,MKFEDO,AK2 IEXPIFF + X =2 ALU °
SWA15 GMSK /JF(LDAL) ;2(C) yMT 1 FSFsSF1oIMs, FSEL(15=13),0F(ALU)y @

FREE

FREE

FREE
FREE
FREE

FREE
FREE

FREE
FREE

FREE

FREE
FREE
FREE
FREE

FREE
FREE

855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
g8l
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
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o

912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968

ABLF GMSK /NCABLXOD) SF1,IMA,LB3IRF4,FFA,MKFF7F 0215 0200
ABLXO GMSK /NCABLX L) ySF]1 IMA,LB3,RF4,FFaA,MKFDFF 0216 JWMP
ABLX1 GMSK /NCABLX2)pIM),LB3,FFA,MKFF73 0217 0214
ABLX2 GEN /N(ABLX3),LB1 ,FFA,MF1sWR1,AA2 DOR=>X
ABLX3 GMSK /NUSS2) SF1,GF4,1M4,LB3,RF1,FFAMKFF75 p2}j2°=>P
o
o AUTOMATIC BOOTSTRAP LOADER FQR DISC,
® DEPOSITED AT 01130, STARTED AT 0113q,
®
ABL3] GMSK /NGABL32)  SF1,IMA,LB3,RF4,FFa ,MK7EF] 01130 EXC 436
ABL32 GMSK /NGABL33) ,SF1,IMA,LB3,RF4,FFa ,MK77F} 01131 EXC, o316
ABL33 GMSK /N({ABL3Y4) ,SF1,IMA,LB3,RF4,FFA MK7F7]} 01132 EXC (216
ABL34 GMSK /N{ABL3S) 3SF1,IMA,LB3,RF4,FFa,MKFSFE 01133 TZA
ABL35 GMSK /N(ABL36) 4SF1,IMA,LB3,RF4,FFA,MK798B] 01134 0AR (016
ABL36 GMSK /N(ABLI7) oSF1,IMA,LB3,RF4,FFaA,MK7DF1 01135 SEN pnpo16
ABL37 GMSK /N{ABL38) ¢SF1,IMA,LB3,RF4,FFa,MKFD9E 01136 0lly)
ABL38 GMSK /IN(ABL39) 9SFLloIMAosLB3oRF49FF Ao MKFDFF 01137 JUMP
GQGGanaaéﬁaeaaeeﬁeaﬁea&ﬂe DECODER LR E-E-E-R R NR- AR - F R IR R
ORG X*1E0Q DECODER REFERENCES NEXT 3 INSTRUCTIONS
ILLop
SWA46 GMSK /F(STA2°2)92(6)FSFySF1,IM6,LB2, FSEL(13=12),0S(A U)>
CFF9 ,MKFEDQ,AK] I&EXP IFF + B => ALV
SWA16 GMSK /FCLDAL) 42(C) 4MT ) ,FSFsSF1,1IM5, FSEL(15a13),0F(ALU),
CLB2,RF3,FF9,MKFEQD,AK] 16X JFF + B => DoR
BOUBVNEREROL008GB0Y00R0VVODINON0RIVONBCDEPOITBVOGLONABN00OOUDaBabRt Y
ABL39 GMSK /N(ABL3A) sSFlyIMA)LB3sRF4sFFA,MKFDA2 01140 01)33
ABL3A GMSK /N(ABLI3B)sSF1,IMALB3sRF4,FFAsMK7ABI Q1141 clAa o016
ABL3B GMSK /N(ABL3C) SF1,IMA,LB3,RF4,FFaA,MK2D89 01142 ANA Q1164
ABL3C GMSK /N(ABL3D) ySF1,IMA,LB3,RF4,FFa,MKFOF] 01143 JANZ
ABL3D GMSK /N(ABL3E) ySF1,IMA,LB3,RE4,FFaMKFDA7 01144 01130
ABL3E GMSK /N(ABL3F ) ,SF1,IMA,LB3,RF4,FFA ,MK7FEE 01145 EXC o2l
ABL3F GMSK /N(ABL40O) 9)SF1,IMA,LB3RF4,FFa MK7F31 01146 EXC 3316
ABL40 GMSK /N(ABLY4 1) ,SF1,IMA,LB34RF4,FFA,MKF5BD 01147 INCR
ABL41 GMSK /N(ABLY42) 4SF1,IMA,LB3RF4,FFaA,MK7971 01150 OBR (016
ABL42 GMSK /NCABLY3) ,SF1,IMA,LB3,RF4,FFA,MK79AF 011s}l OAR (020
ABL43 GMSK /NCABL4Y) ySF1,IMA,LB3I,RFY4,FFa ,MKF9EE 01152 OME poO21)
ABL44 GMSK /N(ABL4S) ¢SF1,IMA,LB3,RF4,FFaA,MKFD9B 01153 0ll4y
ABL45 GMSK /N(ABLY6) 9SF1oIMAOLBIIRFHIFFAIMK7FEF 01154 EXC 020
B060500800805900008000000 DECODER 0000003000 0NG0a00Ro0s00%000
ORG Xt LFOQ DECODER REFERENCES NEXT 3 INSTRUCTIONS
SETDR GEN /F(SET1) 42(7),FSAFFA MF1,%R1, FSEL(8=6), A=>DR
CBBO,24(DR)
SWA47 GMSK /N(SWABQ) ,SF1,IM5,LB2,FFA,MKFEQD OF (ALU),16X*1FFa3ALY
SWap7 GMSK /N(SWA21) ,SF1,IM5,LB2,FFA,MKFEQD OF (ALU) ,16X? IFFe>ALV
a&aeeuaeebagaag@a&eaaeagaaa«wﬁaeeaausﬁaaaaaqaaaumeaecaeaoeeaeaa;saoaagg
ABL46 GMSK /N(ABLAY7) ySF1,IMA,LB3yRF4,FFa,MK7FF] 01155 EXC o016
ABL47 GMSK /N(ABLY48) 4SF1,IMA,LB3,RF4,FFa,MK7CF} 01156 SEN (416
ABLY48 GMSK /NCABLY49) oSF1,IMA,LB3,RF4,FFA,MKFD9] 01157 0Ollgé
ABL49 GMSK /NCABLYA) 9SF L, IMA,LB3RF4,FFaA MK7AB} 01160 CIA pOyé
ABL4A GMSK /N(ABLY4B) 4SF1,IMA,LB3,RF4,FFA,MK2D89 01162 ANA (l1ée
ABL4B  GMSK /NCABLYC) ySF1,IMA,LB3,RF4,FFa,MKFOF] 01162 JANZ
ABL4C GMSK /NCABLYD) ySF1,IMA,LB3RF4,FFa ,MKFDA? D1163 01130
ABL4D GMSK /N(ABLAE) 9SF ), IMA,LB3 RF4,FFA ,MKFOFF 01164 JMP
ABL4E GMSK /N(ABL4F ) 4SF1,IMA,LB3,RF4,FFA,MKFE7F 01165 00600
ABL4F GMSK /N(ABLSO) , IM1,LB3 ,FFA,MKFOOF 01166 07740

CLB2,RF3,FF9,MKFEQQ,AK2
SULeBeesdP0s0R00R000R00000R0GCRU0RRRBORGR0OYRHOB00RBTOBLOBY QU000 a0

SOURCE DECK: 49 620

IEX?LFF + X => DpR

FREE
FREE
FREE
FREE
FREE

FREE
FREE
FREE
FREE
FREE

FREE

FREE

FREE

FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE

FREE
FREE
FREE
FRgE
FREE
FREE
FREE
FREE
FREE
FREE

912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
9267
968
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969

970
971

972

973
974

975
976
CpPULo240
WHDG,P
620=D1

BPRT S
FURPUR 27=5

ABL50 GMSK /N(SS2) oSF1,IM4,LB3,RF),FFA MKFDA?7
000000008000 00s0000000000000 RgSelT
ORG X¢IFE REF BY FSEL(CINTF)
HLTa GEN /N{RESET) sRF4,XF1
ORG X?{FF
RESET GEN /N(HLT7),144) ,GF4,IMCoLB2,RF3,FFA INTRPT,|=>DOR
60‘90oQO‘QOQQOQQQQGGOOGQGQOQQQQ00.00GOGOOGGQOGGUQOCGOGQQ.a‘auﬁagageeﬁccﬁ
END
cTP:,024 SUPS:4.818

FFsDoOC

PFPFILEes20=DIFF/DOC

08/16/78

10314225

SOURCE DECKS 49

SOURCE DECK?

620

RESET CINTF,
HARDWARE INTERRUPTS HERE FOR STEP AND REgSEgT

5014

013130=>P
e0E000000000006%300098 000000

FREE 969

970
971

972
973
974
975
976
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