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SUFFLEMENT TO UCRL REFORT 81808 "LSI-11 WRITABLE CONTROL STORE
ENHANCEMENTS TO U.C.85.D. PASCAL"

Gordon Smitn and Roder Anderson
Lawrence Livermore Laboratory

This rerort is a susrlement to UCRL rerort 81808, It comtsins
detailed test resulitsy more informstion redarding test sroceduress
listings of software used in the testindgy and microcode listindgs,
Tests were run using the LSI-11/2 (KI11-HA)Y with MSV11-ID 32K memorw
and the U.C.5.,0I: Pascal 1.4 sustem.

Arpendix A — P-machine Instruction Execution Sreeds.
These resulits are from the test series described in UCRL 81808,

Rerort 1 - Comrilations (eartialle listed in Table 1 of rerort)
Rerort 2 - Whetstone

Rerort 3 ~ Sorts

Rerort 4 -~ Cross—Refersncer

Rerort 3 - EBalanced Tree Search and Insertion

e

firreandix B - Standard Procedure Execution Sreeds,
Execution sreeds of standard srocedures were meassured in the
same test series. Notey no microcode was used Tor these tests.

Rerort 8 ~ (five of i) Comrilations

Rerort ¢ - Whetstone

Rerort 10 - Sorts

Rerort 11 -~ Cross-—Referencer

Rerort 12 - Balanced Tree Search and Insertion

Arrendix L ~ Execution Sreeds of Microcoded Pemachine Instructions.
These resulls were summarized in Table 2 of UCRL 81808. Notes
LDOy SRD» and LLA are not in microcode. Thew wers removed
to meke room for microcode routines needed Lo do the timing.

Rerort & — Microcode Times
Rerort 7 - Macrocode Times

fArrendix U - Frodram Execution Seesds.
These results were summarizedr with redard to imrrovements
derived from microcode, in Fisure 1 of UCRL 813808, The U.C.8.0,
Pemachine intersreter can be conditionslly asssembled to make
Cuse of extended FIOF-11 inmstruction sets, Four versions of



the intersreter were tested:?
ANY 11 - only uses the hase FIP-11 instruction set
LEI-11 —~ uses the bese L5111 instruction set

LSIZEIS/FIS - uses the hase LEI-11 inmstructions slus EISAFIS
instructions )

LSI/JEIS/FIS/MIC - uses pase LS8I-11 instructionss EIS/FIS
imstructionsy and microcods

Rerort & - Comrilations
Rerort B - Whetstone
Rerort T - Sorts

Rerort I -~ Cross-Referencer znd Balanced Tree Search and Insertion
Arrendix E - Rerort Gernerators

STATS - wused to cornvert rvaw test scores Lo rerort 1-7

CEPSTATS - used to convert the raw test scores to rerort 8-12

Arrendix F o~ Pascal Testﬁfroﬁrams
WHETSTONE - Whetstone Sunthetic Benchmark
BTSI - Palanced Tree Search and Inserition
RRUICKEORT — Quicksort (recursive)
QUICKSORT -~ Quicksort {(nonrecursive)

HEAPSORT ~ Heassort

firrarndix 6 - Microcode Used for Timing
CNTER.MIC ~ used for rerorts 1-5 and 7
CNTINT.MIC -~ used for rerortéd

Grrendix H - MACRO-11 Code Used For Timing.
These are the key assembly code routines Lhat were inserted
into the U.C.8.0, P-machine intersreter to do the timirnsg.
F—ecode Timer -~ used for rerorts 1-7

Standsrd Frocedure Timer - used Tor rerorts 8-12



Arrendix 1 -~ Microcode Listins

INTERF.MIC

Test Procedure Nobtes
Some of these tests includesd sn intersctive rovition. In 211
cases insbtructions were enterred into the inrut buffer bhefore
the sromels ococurred,

The timing method emeloved in these tests is 2s follows: A table
wes maintained in macro level code which contsined two Tloastins
#oint numbers for each orcode or standard srocedure being
measured (see Arrendix H)s These two numbers were wused to count
the fregquency of execution armd ruumber of microseconds sepent
yecuting each instruction, The timing mechanism was turned on
marally by dHoing into QDT znd chandging 8 branch instructions
which nad been sreventing the execution of the timing routiner Lo
a NOF., When the dats had been collected it was outrut to =
tblank floppgs on volume #£3 by manually causing the execution of s
SYIORG osll, Nexbsthe Pascal srodgrams STATS or CEFPSTATS were
used to inrut the dats from #35 by using z UNITREAD.

In 8TATS the reaw test results were sdiusted by the Tollowing
fzetors Lo isolate the times for the individual instructions?

CNTOVH - Count Bverhesd. The time reauired for turpning the

real time clock on anod off.

COREOGVH -~ Intersrreter feltoh seauence overnesd, The aversse
time serent in the interereter fetoh secusnce for
non SLOCT instructions.

SLOCTIOVHD -~ Intersreter Telch secuence avernezd for SLICT

imnstructions.,

Notes these Tactors are estimates,



AFPENMIIX & - F-mzchine Instruction Execubion Sreeds



REFORTL — & COMPILATIONS

CNTOVH = 4,4 COREOVHD = 14,7 SLDCIOYHD = 7.4
OFCORE MNEM FREQ FPERC MICS AVENICS MFERC

174 CIF 74795.0 . 203 4,7E7 632.4 L2158
158 Csp 32362.0 . 88 3.8E7 118%5,8 1751
161 FJUF 318835.9 . 865 8. 0E4 25,2 . 366
173 FNF 91520.0 . 248 64+8ES 74.6 o 312
171 SRD  174375.0 . 473 . 5.5Eé 31.4 . 250

0 SLOO-TOTAL  467642,0 1268 5.4E6 11.6 . 248
139 INN 40140,0 , 109 4,6E6 114,1 . 209
0 SLODL-TOTAL  310613.,9 . 842 3. 6E6 11.6 o+ 165
167 LOO 109881.9 . 298 3. 6E4 32,4 , 162
206 CLF 16692.0 + 45 3.4E6 205.1 . 156
195 EQUI  166675.9 . 452 3. 4E4 20,4 , 155
185 UJF  144070.0 . 391 3.2E6 22.4 . 147
188 LI 44340,0 . 120 3. 0ES 48,4 . 138
204 STL F0584,0 . 246 2,8E6 3i.4 o 130
205 CXF 5025,0 . 14 2, 4E6 484.8 . 112
172 X JF 38080.0 . 103 2, 4Eé 2.8 . 109
130 ADT  219366.0 . 595 2 1ES 9.7 4 57
154 CUNI 19840,0 . 54 1.8Eé 91.8 . 83
190 LIE £4842.0 . 230 1,8Eé 20,8 . 81
165 LAD 50730,0 . 138 1,6E6 31.0 . 72

O SIND-TOTAL BE60B.0 . 240 1,566 17.0 + 49
198 LLA 48589,0 . 132 1.5E6 30,7 . 68
243 SLODLZ  126586.9 . 343 1,5Eé 11,6 + &7
127 SLOC-TOTAL  565457.0 1533 1.,4E6 2.5 . 64
164 IXA 15363.0 . 42 1.2E6 75.2 . 53
234 SLDO3 PABBE.O 4 257 1,1E6 11.6 » 50
203 NEQT A7859,0 . 130 1.0Eé 21.1 . 4é
179 LEC 15250,0 + 41 P6078Y .9 63.0 . 44
163 IND 29679.0 .+ B8O 957337.0 32,3 . 44
216 SLOL1 B1766.0 . 222 949907 .3 11.6 + 43
244 SLOOLS 73143.,0 . 198 B50692.4 1l.6 « 39
142 MO 3662.0 + 10 732287.8 200.0 . 33
235 SLDD4 62186.0 . 169 722506, 4 11.6 » 33
218 SLIL3 61331,0 » 166 713398, 9 11.6 . 33
217 SLOLZ 60326,0 . 164 701567 . 4 11.6 + 32
182 LOD 9IT4,0 4 25 b22686,5 66.7 » 28
200 LEQI 27982,0 . 76 400088,8 2.4 ., 27
202 LD 17580,0 . 48 EYZ9E0, T 33,8 . 27
132 AN 32472.0 . g8 S51360,7 17,0 . 25
193 REF 6103,0 . 17 5505774 0.2 . 25
160 AL 19086.0 » 52 5385684, 4 28,2 . 25
249 SIND 26416.,0 . 72 518219, 4 19.6 . 24
219 . SLDL4 40801.0 . 111 474034,9 11.6 + 22
199 LDCT 21163,0 . 57 457178.7 21.6 . 21
159 LOCN 47142,0 . 128 420703,8 8.9 . 19



L62
127
233
178
175
191
248
194
163
228
149
154
196
14%
236
242
147
253
237
170
134
250
141
253
erelel

ey
P P

143
254
238
220
232
251
241
239
201
221
225

229
223
243
189
227
22
164
148
138
184
240
226
183
137
230
184
135
208

INC
GRTI
SLng2
.14
COMPARE
STE
SINDO
. CEP
MOy
SLOL1E
SkI
a710
GEGT
MyL
SLDOS
SL.L0LL
NOT
SIND7
SLI0S
545
nyl
SINDZ
10R
SINDS
SLnLL?
SINU4
MPI
SINDG
SLN07
SLIDLS
SLo01
SINDZ
SLOOLO
sLnpg
LEST
SLDLS
SLOLLD
SLOLL4
SLILE
SLD0L4
STM
SLIL12
s5L.0LY
L.CA
GRS
FLT
STR
sSLID0Y
SLbL1l
COMPARE
FLO
SLIOLLS
LI
VR
SiF

23078.0
1468546.0
309546.0
6829,0
2344, 0
27875.0
27130.,0
1085.0
3733.0

233245,0

27279.0.

28135,0
1233138.0
1515.0
17377.0
1624646,0
22012.0
8510.0
13534.0
880.0
&638.0
6283.0
11848.0
3613.0
9247, 0
G356, 0
1443, 0
50930
8203.0
7810,0
7H22.0
4207.0
&205.0
4138,0
2949,0
5487.0
4886.0
45760
3354.0
I121.0
347.0
2629.0
2545.0
13946.0
164,0
84,0
346,00
15160
1318.0
a98,0
48-}0
11650
158.0
48,0
H06,0

PO GL OO D b= OO D NN 0N R

417271.,2
388851 .4
357833.4
S348202.1
3432294
312584.4
3034608.9
278014.4
2755146.7
271198.5
264305.0
261939.5
2E7588.7
203048.4
201954.2
188717.3
18834856, 4
166B848.0
157391.4
135383.9
127556, 1
123326, 6
114837.2
109940, 46
1074346.3
1234992, 4
100441, 4
?7884.7
95335.7
20825.0
87391.8
82487.3
72054,5
71378,.2
L7435, 1
H3706.3
94741, 4
53144.4
38944, 4
362629
32715.3
30629.1
29598.5
28787.4
24120.56
22687.4
197464. 4
176254
15317.2
14672.2
14574, 2
13514.5
10818.2
5718.2
5387.4

18,1
23.1
11.6
51,0
146,3
11.2
11,2
256,23
73.8
1146
9,7
10.4
20,9
134,0
11.6
11.4
8,6
19.4
11.4

153.8

199.9
19.6
?.7
19.4
11.4
19.4
&P b
19.4
1i.4
11.4&
114
19.46
1.6
11.46
22.9
11.46
11,9
11+4
11.5
1144
P4,3
11.7
11.6
20.8
231.¢9
263.8
97,1
11.48
11.4
253.0
303.7
L1.4
68,5
112.1
8.9
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REFORTZ2

ONTOVH

OFCODE

158
188
147
164
189
207
1&3
135
198
144
138
131
134
179
171
206
173
143
183
149
1461
127
O
214
200
130
150
202
205
0O
201
197
195
194
134
204
193
0
217
1446
236
237
178
232
235

= WHETSTONE

= 4,4 COREQVHD =

MNEM

CsF
LM
LG
IXaA
STHM
CGF
LAD
VR
LLA
MFR
FLT
AR
CHK
LnC
8RO
CLF
RNF
MP X
UJde
SEI
FJF
SLDC-TOTAL
SLDL-TOTAL
sl.oll
LERI
ADT
SER
LDL
CXF
SLIDO-TOTAL
LESI
GRTI
EQUI
CRF
nviy
STL
REF
SIND~-TOTAL
sLOLZ
NGR
gLu03S
sSLnos
L.DA
SLD0O1
sl.004

14.7 SLDCIOVHD = 7.4
FRER FFERC MICS
6983.Q + 53 1.6E7
111345.% » 841 b.1E&E
138008,% L1043 4,484
604693.0 » 4358 4,1ES
595392.0 + 418 3+5ES
8990,0 .+ 48 2.4E6
79184,0 + 598 2.4E4
11400.0 + 86 2.3E8
71920.0 .« 543 2,2ES
23199.,0 » 1735 2.2ES
4897.,0 «» 37 1.BE&
368%90.0 + 279 1.7E6
60383.0 + 456 1.4E6
33474.0 5 254 1,4E6
41378.0 » 313 1.3E6
6727.0 351 1.2E6
15718.0 + 119 1+.1E6
14700.,0 . 111 F83710.9
34131.0 . 258 B24235.9
75763.0 . 72 7366524
346100.0 , 273 4583429.0
236649.9 1939 GA73I75.0
44174,0 + 334 S11997.6
42128.0 + 318 48824646, 1
2Q2375.0 .+ 149 456415.5
31964.,0 .+ 241 310417.6
4440,0 » 34 23319%.0
6320.0 + 48 203248, 0
149.0 . 1 109426, 1
8758.,0 . 4é 1017722
4607.0 » 35 23615, 1
4275.0 » 32 BEE31.5
4053,0 . 31 82744.7
205.0 . 2 C953403.5
265.0 2 52978.5
1294,0 » 10 40603 4
332.0 . 3 30753,.0
1671.0 + 13 24594.9
1690.0 . 13 19597.,0
P53.0 7 19319.7
1511.0 + 11 17582.9
1408.0 » 11 16337.2
31%.0 . 2 16091,.1
1279.0 » 10 14841.1
1253.0 g 14574.5

AVEMICS

2361.7
54,5
32,2
67,5
62,4

271.1
30.7
203.1
30.7
23,4
3621
45.5
26,2
42:6
31.4
175.9
71.:2
56,9
24,1
Pe7
18,9
2:3
11,46
1144
20,4
@7
52,5

-
2.2

734.4
11.4
20,7
20.7
20.4

260,585

199,92
1.4
87 .4
14.7
11.4
20,1
11.6
11,46
S0.4
11.4
11.6
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238
233
171
182
248
142
190
132
255
194
163
239
1738
203
253
234
229
240
181
170
141
162
252
154
164
241
128
139
183
149
186
184
251
218
219
220
2322
231
230
254
199
147
133
137
140
145
148
151
152
153
155
156
157
159

160

SLDO?
SLD02
- 8Tk
Lan
SINDO
MOD
LIE
AND
SINDY
GERT
IND
SLonsg
COMPAaRE
NEQI
SINDS
SLO03
SLOL14
SLDOY?
COMPARE
SAS
I0R
ING
SINDS
ST0
LEA
SLDOLO
AR
ITHN
COMPARE
ABR
LI
STR
SINDZ
SLOLE
SL S
SLOLS
SLIL7Z
SLOLA
SIND2
SINDS
LIOCT
©ONOT
DIiF
FLO
INT
NGI

. 8BRE -

5G5S
SQT
SQR
IXS
UNT
G2F
LGN
ALl

1080.0
1001.0
10618.0
121.0
?73.0
352.0
483.0
534.0

432.0
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REFORTS

NTOVH

OFCODE

164
136
146G
199
161
0

0
143
204
142
201
171
0
248
217
127
149
185
158
200
236
130
237
154
218
219
167
224
218
134
C204
196
197
207
- 239
173
242
202
221

205

238
235
220
241
243

- 3 BORTS

= 4.4 COREQUHD =

MNEM

IXA
CHK
L.ai
LT
FJF
SLIOL-TOTAL
SLTU0-TOTAL
MFI
STL
MO
LEST
SRQ
SIND-TOTAL
SINDO
SLOL2
SLOC-TOTaAL.
SEI
LR
CeP
LEQZI
SLITOS
Al
SLI0é
STO
SLULE
SLULS

: LI
SL.003
SLILL
v
CLF
GEQI
GRTI
CGF
SLn08
RNF
sLDotl
LI
SLILé
CXF
SLIo?
SLLDG4
SLILS
SL001¢
SLI01LZ2

FREQ

358455,9
493849, 0
358387.,9
496169.9
272157.0
534440.9
422487 .0
H0077.0
135327.%
18000.0
142358.9
P5582.0
26043535.,9
238751.9
231017.9
F01206,0
218633.0
71133.0
218,90
H5L709,0
1019271.9
11746720
28129.0
29038.,0
887464,0
87830,0
2124690
85375.0
78364.,0
4472.0
4502.,0
32156.0
28978.0
2204.0
43454, 0
6708.0
39805.90
F315.0
3628%.0
87.0
15818.0
14451.90
12156,0
11997.0
7868, 0

14,

7 SLOCIOVHD = 7.4
FFERG MICS

. 684 1.5E7
» 943 1,3E7
. 4634 1,2E7
. 947 1,1E7
. 520 6.5E6
21020 b+ 2E4
. BO7 4,9E6
. 115 4,6Eb
. 258 4,3E6
. 34 3.6E6
. 272 3. 2E6
. 183 3. 1E6
. 497 2.9E6
. 494 2.9E6
. 441 2, 7E4
21721 2.3E6
» 417 2,1Eé
. 134 2,0E4
sy 0 1,9E&
. 127 1,4E6
, 195 1.2E6
. 225 1.1Eé
., 187 1.1E6
., 189 1.0E&
. 149 1.0E&
. 168 1.0E6
. 41 1.0E6
» 163 9OFOR7, 4
. 150 913579 .6
. 9 B94532,7
.9 780707.8
. b1 769051, 4
. 55 6646229, 1
v 4 513452, 5
. 83 505301.5
. 13 4777921
. 76 462160.4
. 18 444890, 4
, 69 420515,0
. 0 285968,2
. 30 1B3752.,2
. 28 167630.8
. 23 1407556,3
. 23 140064 .3
. 15 91484,2

AVEMICS

41.1
264+ 4
34,7
21.7
23.7
11.46
11.4
764+ 4
31,4
200.0

22,2

aeal #oaS

32,4
11.3
11.3
11.46
2.5
7.7
28.1
8&49.9
20,6
11.4
9.7
11.6
10.4
11.4
11.6
47,3
11.46

11.7

200.0
173.4
23.9
23,0
233.0
114({)
71,2
11.46
44,8
11.4
3287.0
11,46
11.6
11.4
11,7
11.46
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193
142
1924
24%
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175
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1920
176
232
178
203
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253
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147
139
184
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148
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172
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1329
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EQUI
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CERF
SINDI
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Lon
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LDE
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SLE01
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SLnoz2
SIND7Y
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LCaA
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STR
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BFT
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LiF
VR
FLO
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MPR
NGT
NGR
SRE
SER
SG8
8501
SQR
IXS
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72.0
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REFORT4 - XREF

CNTOVH

OFCODE

0
205
141
171
174
193
158
163
238

0
163
204
188
1é4
1935
130
233
185
182
1462
197
134
207
127
136
248

o

120
236
199
136

235

234
173
139
154
167
252
208
239
149

253

142
198
237

= 4.4 COREOVHID =

MNEM

SLOO-TOTAL
CXF
R
SRO
CeF
REF
CsF
INT

SLnO7

SIND-~TOTAL
L.ad
STL
LI
IXa

EQUI
Aahl
SLIO2
LJF
Lon
INC
GRTI
nvi
CGF

SLOC-TOTAL
UNI

SINDO

SLDL-TOTAL

LOE

SLnoS
LOCIT
CHEK
SLu04
SLBO3
RN
INN
870
Loo
SIND4
CLP
SLIO8
SEI
SINDG
Mon
LLA
SLI0G

FREQ

890384.9
28095.0
339464,9
17277846.0
2287%.0
50¢76.0
36837.0
125529.0
325100.%
223230.0
74501.,0

91654,0

11313.0
29677.0
121750,9
192529.0
156852,9
FE495, 0
29962, 0
B3702.0
&6320.0
7213,0
6614,0
4620%56,0
4000,0
§4237.,0
90821, 0
50220,0
BO5I. 0
46613.,0
37999.0
81056, 0
77936,0
11089.0
7318.0
792330
17295,0
40431,0
4473,0
606310
6727640
33120.0
3135.0
20037.0
50790.0
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74

MICS

1.0E7
8.4E4
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H.6E6
S5.5E46
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4,5E4
4,0E6
3.8Eé
3.86ES
3.,0E6
2.9E48
2.8E4
2+.4ES6
2.5E4
1.9E8
1 ] BE.t‘fl
1.BEA
1.6E6
L.BES
1.5E48
1.4E64
1.4E4
1.2E6
1+1E&
L+1E&
1.1Eé
1.0Eé
1.0E4
1.0E6
g21202,0
CA0HEZ, 4
204200, 3
844203,0
B32126.2
B27137.4

B21042.5

796483, 9
7949976
703814.9
653349, 4
651970,0
26875, 4
61396143
590509, 9
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11.46
300.4

iy S
g i Rl

31.4
241.7
?3.1
121.4
32.2
11.6
146.1
40.9
31.4
248.6
84,2
20,4
2.7
11.4
18.4

G2.1

adale

18.1
22 + 52'
200.0
204,9
2.5
283.3
11.2
11.4
2G.8
11.4
21.46
2é&.1
11.6
1.4
76,1
114.7
1.4
47,5
19,7
177.7
11,4
2.7
19.7
200.0
30.6
11.4
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232
249
251
143
149
181
200
174
180
203
178
147
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250
216
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217
201
175
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183
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255
172
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AlR
nIF
VR
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REFORTS — BALANCED

CNTOVH

OFCODE

207
161

o

0
173
248
217
249
218
206
142
185
201
216
195
143
197
143
158
159
171
165

0
238
154
199
130
200
172
127
237
239
227
136
250
204
221
134
205
220
164
194

oy

Lo wd A

251

193

4,4 COREQVHD =

MNEM

CGF
FJF

LD -TOTAL
SIND-TOTAL

RNF
SINDO
SLOL2
SIND1
SLDL3

CLF

MOoD

UJF

LESI

SLDLL

EQUI
IND
GRTI
MFI
CSF
LOCN
SRO
LAD

SLIO-TOTAL

SLno7
sSTO
LoCI
AT
LEQI
XJF

SLIC-TOTAL

SLn0é
SLn0g
SLDL12
CHK
SIND2
STL
SLULS
vl
CXF
SLOLS
IXa
CEF
SINDA
SIND3
REF

FREQ

34000.0
149215.0
348293.,%
267720.,0

40997.,0
1982035.9
158375.0

67145.,0
103624.9

S001.0
5015.0

447469.0

403528.0

774%22.,0

41401.0

40337.0

26754.0

5000, 0
978.0

42006.,0

10372.0

10120.0

26393.0

15183.0

15103.0

7184.0
14763.0
S075.0
1380.,0
26575.0
5209.0
95048.0
S5010.0
2174.0
14680.0
226,00
2300,0
83.0
35,0
1180.0
162.0
25.0
314.,0
295.0
62.0

TREE SEARCH aND

FPERC

+ 276
+ 1233
L2864
+ 2202
v 337
+ 1630
+ 1302

992

8352
41
41

3468

333

&37

340

332

220

A

o

343
835
83

217

125

124
o

121
42
11

219
43
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41
i8
14

8
21

-

- » » L d - + > £l - < * L d - - - + -> > - * > L > - L d > > > - * > -> < > - > -+

RS LD R OO e

INSERTION
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8.8E6

4, 8EH
4,0E8
3.6E6
2.9E6

2+ 2E6
1.8BEé4
1.3E6
1+2E6
1.1E8
1.0Eé6
?64811.0
P27220.1
8§99533.7
8472246, 9
731277.3
62622, 4
415564.0
389415.2
3748864.3
3254628.8
310174.9
3046373,5
1758635.7
187883.,7
155645.5
143254.7
103734.4
86754.0
6713%9.0
60517.1
58325.2
58175.0
673344
330465.0
29044, 4
28938.0
16987.5
14119.5
134673.0
7876.,7

6459,

H162.4
3812.5
5541.8

AVEMICS

245. 6

30,9
11.6
13.4
71,1
11.2

11.6

19.7
1.4

225.,9

19%9.9

21,46
22.9
11.4
20,5
18.1
21.0
83.1

673.7

B.9
31,4
30.6
11.46
11.6
10.5
21.7

7.7
20,4
&2.9

2.5
11.46
11.6
11.6
26,1
19.7
31.4
11.6

1922.9
403.4

11.6
48.3

258.4

19.6
19.7
B9.4
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234
178
202
182
132
175
163
196
235
145
234
229
203
190
149
191

[ g
Q\J\J

253
167
170
198
183
147
1468
141
186
240
224
213
254
242
243
128
129
131
133
1335
137
138
139
140
144
144
148
1350
151
152
153

155
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157
1460

146

SLIDS
LA
LD
LOo
AND

COMFARE
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GEQL

SLLO2

sLnn4

. ONGI

SLN0O1

SLOO3

SLI.14
NEQI
LIOR
8RI
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SINDS
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SAL
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COMPAaRE
NOT
MOV
IDOR
LOF

SLDOY

SLDL11
BFT
SINDS
SLDo11
SLO012
ARL
ABR
ALl
DIF
DVUR
FL.O
ELT
INN
INT
MFR
NGR
SRS
SER
565
SR
SAR
IX8
UNIT
S2F
Al
L.CA

447,0
102.0
150.0
6740
201.0
21.0
79.0
117.0
170.0
134.,0
181.0
114.0
104,0
101.0
30,0
93.0
102.0
79.0
43.0

34,0

15.90
3.0
10.0
1.0
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APPFENDLY B - Standard Procedure BExecution Hreeds



31
35
40
41

MNEM

UWRITE
UREALD
Ins

TRS

BN

MVL

NEW

MRK

RLS

I0R

TIM

FOT
UEUSY
XIT
UCLEAR
Ioc

MUR

FLC
LRAWLINE
ODRAWEBLOCK

TRC
RND
SINCSF

coscsrP .

LOGCsr
ATNCSF
LNCSF
EXFLEF
SATCSE
UWAalT
HLT
MEM

REFORT 8 -

(five

STANDARD

FRER

4442.0
120.,0
5089.0
H112,0
A4271.0
3251.0
2221.0
1573.0
1578.0
412.0
150.0
746.0
21,0
14,0

O e
> @
O

*

CCOOO00CCO0000OO0O0O0OCH 000
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QOO COODOOOOCCOOOCDOOoE
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+1511
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+ 1731
+ 2079
+ 1453
21104
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8937
140
a1
26
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SOOOOODO OGO OOCOoOOODODO OO0 0N

SO
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-
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*
?
+
+
+
4
3
?
+
+
?
?
¥
+
+
+
L]
+
4
+
+
°
3
¥+
L4
*
+
+
+
+
]
L]
+

of six) COMPILATIONS

FROCEDURES
- MICH

4. 4E7
4,0E4

1 + ‘?EC')
1.4E4
5291L24.0
B12621.0
196114.0
73950.0
673470
13174.0
6852.0
5309.0
44653, 0
1872.0
295.0

<+

OSOOOOOOODOIO0D OO0 OOOOOC0
SCOOGOQOoOOOOOOROOOOOOOOCOOOO0O0

L3 - > - -> < < <> -+ L d L - - + - - < - > L L * - -~ -

S.2E7

AVEMICSE

?810.5
20888, 3
371.3
228.1
140¢.3
157.7
88.3
47 .0
42.7
32,0
45.7
67.9
221.6
112.3
295,0

0,0

COOOODODOLOOOOOOOCOOOOOCOOO0O
COOCOODOOOOIDDOOLLOO OO GO0

- -> - - > L - > > * < - > -* Ld » > > Ed - > - - * >

MFERC

+B8330
759
361
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37
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13
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el
O

.
]

1
13
14
15
ié
17
18
12
20
21

20
Bae Bee

B

23

23
33
38
40

41

REREIE R R SR

MNEM

COSCSF
UWRITE
LNCSF
ATNCSF
EXFLSE
SINCSF
SQTCSF
LOGCSF
TRC
UREAD
10C
UBUSY
I0R
UCLEAR
FOT

XIT

RLS

NEW

MUL.

MUR

10S

TRS

TIM

FLC

SCN
DRAWL TNE
DRANELOCK

RND
MRK
UWAIT
HLT
MEM

REFORT 9
STaANDARD
FREQ FFERC
1926.0 2777
420,00 + 407
30,0 1345
540.,0 o 924
S 930,00 L1345
640.0 P24
$30.,0 .1345
40,0 o8
337.0 487
2,0 3
104.0 150
3.0
14.0 2
1.0

Lo

O~GOOOOOQOGOOOOOOOOOOQ&OGHHM
L I 2 I R R 2 T S I T S L 2 TR S S T
< COOCQOODOL OO OOOOCOOO0 SO0 OnO0

6715,

*
+
+
4
+
+
L]
+
L
¢
+
+
+
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L4
+
L
?
*
*
k4
+
*
2
L]
+
*
+
+
+
+
+
+
*
+
*
+

COO0OOCOUCOOCOCOUOOOOCOCOO0 OOm=L-Ob

~ WHETSTONE

FROCEDURES
MICS

S bESL
4.1E6
1.7E8
1.46E6
1. 4684
1.3Eé
1.1E6
P00546.0
H53483.0
B632.0
3394,0
HE3,0
445, 0
293.0

-

COOOOOOCoOOIOC OSSO OO OO0
SO0V OO TODOOO0 0D DO

-> > > L d - - L - - L4 L * - - - - - -> -> - -

1.7E7

AVEMICS

2935.,0
@I72.7
1834.,3
2540.1
1478.%
2031.2
1158.1
2251.4
194,3
4316.0
F4.6
221.0
31.8
293.0
59,5
80.0
42,0
0.0
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(s ReNoRoNoNasNBuNoRoNoReRoRalsBeREoBoRaNeRaRoRaloel

COQOQOOOOOOOCDOCOCOOOCOO DD

MFERC

+ 3230
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2389
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246
207
757
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REFORT 10 - SORTS

STANDARD PROCEDURES

FROLC MMNEM FREQ FPERL MICS AVEMILS MPERC
7 UWRITE 46,0 L2945 2:0EH 38801.3 .B133
4 UREAD 40,0 L1784 S779684.0 14492.1 .1B41
3é UBUSY 7:0 + 313 1554.0 222,33 5
345 TOR 44,0 L2054 1464.0 31,9 5

3 MUL 1G.0 5 445 L4545 .0 145, 4 . 5
12 SCN 4.0 o+ 179 1237.0 309.2 4

1 Iac 30.0 1339 1039.,0 34,46 . 3
10 TIM 12.0 .+ 536 5531.0 45:9 2
] XIT 4.0 + 179 488.,0 122.0 2
2 NEW 2.0 , B9 177.0 g8.5 . 1
34 RLS 2.0 » 134 129.0 43.0 . O

4 MUR 0.0 0 0.0 .0 . o

g Ins 0.0 0 0.0 0.0 . ¢

? TRS 0.0 O 0.0 0.0 . o
11 FLEC 0.0 ¢ 0.0 Q.0 ]
i3 DRAWLINE 0.0 o 0.0 0.0 . 0
14 DRAWBLOCK 0.0 0 0.0 0.0 0
15 0.0 G 0.0 0.0 G
16 0.0 Q .0 0.0 O
17 40 Q 0.0 0.0 o O
18 0.0 . 0 0.0 G.0 0
19 0.0 o 0 G0 0.0 0
20 G0 & O 0.0 3.0 & 0
21 0.0 . 0 0.0 0,0 . Q
22 .0 . O 0.0 0.0 . O
23 0+0 G 0.0 0.0 . o
24 TRE 0.0 O 0.0 0.0 Q
25 RND 0.0 . o 0.0 Q.0 . O
26 SINCSF 0.0 . 0 0.0 0.0 O
27 COSCSF 0.0 . 0 0.0 0,0 Q
28 LOGesk 0.0 0 G.0 0.0 G
29 T OATNESF 0.0 ¢ 0.0 0.0 . ]
30 LNCSF 0.0 0 0.0 0,0 o O
31 EXFCEP 0.0 ) 0.0 Q.0 . QO
32 SRTCSH 0.0 . 0 0.0 0.0 0
33 MRRK 0.0 . o 0,0 6,0 . 0
A7 FOT G0 0 0.0 G.0 0
g UWAILT 0.0 . 0 0.0 .0 0
37 UCLEAR 0.0 0 0.0 0.0 . O
40 HLT Q.0 0 0.0 0.0 . Q
41 MEM 0.0 . O 0.0 0.0 . 0

224.90 2.1E4



REFORT 11 -~ CROSS5-REFERENCER

STAMOARD PROCEDURES

FROC MNEM FREQ FFERC MICS AVEMICS  HMPERC

7 HWRITE 33.0 » 1B 2.0E4 37679.8 44649
3 MWL 13447.,0 4467 1. 2E4 89.9 2815
1 e 16358,0 5435 H546175.0 34,6 1318
& UREAD 17.0 . A 452270.9 27604,2 .1092
1L FLLEC 14.0 . 5 3839%.,0 2742.8 .« B
2 - NEW 141.0 » 47 12443.,0 88.4 . 29
35 I0R $G.0 o 20 191g.0 320 4
34 URusY 3.0 . 1 6467 .0 222,33 2
39 UCLEAR 1.0 . 0 294,0 294,0 . 1
10 . TIH 4,0 . 1 184.0 45,0 » O
9 XIT 1.0 . O 81,0 81.0 Q
34 RL& 1.0 . o 42,0 43,0 0
4 MVR 0.0 . \t 0.0 0.0 . O
a8 ILS 0.0 ¢ 0.0 0.0 & 0O
? TRS 0.0 . 0 0.0 0.0 O
2 SENM 0.0 ¢ 0,0 0.0 . O
13 DRAWL INE 0,0 0 Q.0 0.0 0
14 DIRAWEBLOCK G.0 . G 0,0 Q.0 0
15 0.0 . O 0.0 Q.0 0
14 D0 o 0.0 0.0 o Q
17 0.0 O 0.0 0.0 . O
18 0.0 . 0 0.0 0.0 . o
1% Q.0 Q 0.0 0.0 O
20 0.0 . Q 0.0 0.0 . ¢
21 0.0 . 0 0.0 0.0 + O
22 0.0 . ¢ 0.0 0.0 . 0
23 0.0 . O 0.0 0.0 « O
24 TRE 0.0 0 0.0 Qe o 4]
25 RN 0.0 . O 0.0 0. ¢ o
2 SINCSP 0.0 . O G.0 0.0 . O
27 Cascse 0.0 0 0.0 0.0 0
28 LOGCER 0.0 O 0.0 0.0 . )
29 ATNCSP 0.0 O 0.0 G.0 . &
30 LNCEF 0.0 O 0.0 Q.0 O
31 EXFCSP G.0 . G 0.0 Q.0 ]
32 SATCER 0.0 0 0.0 0.0 » 0
23 MRK 0.0 O 0.0 0.0 . 0
37 FOT 0.0 o O 0.0 Q.0 . ¥
38 UWALT 0.0 0 0.0 0.0 . O
40 HLT 0.0 0 .0 0.0 O
41 ‘ MEM 0.0 o 0O 0.0 0.0 . 0
30100.0 4,3E6



REFORT 12 - BALANCED TREE SEARCH AND IMSERTION

STANDARD PROCEDURES

FROC MINEM FREQ FFrERC MIcs AVEMICS MPERC
7 UWRITE 20,0 3543 RE042,9 10944.,%9 .92279
& LIREAD 2.0 ., 79 A680463.0 34031.5 .+ 641
2 NEW 91.0 .2008 4522.,0 83.7 . 43
1 100 89,0 ,3504 3082.0 34,6 . 29

3o ITOR 17.0 . 449 S47 .0 32,2 5
10 TIM 4,0 o 157 184.0 46,0 . 2
] XIT 1.0 + 39 136.0 1346.0 . i
3 MYL 0.0 . ¢ 0.0 0.0 0
4 MUR 0.0 G 0.0 0.0 0
8 Ing 0.0 & 0 0.0 0.0 » 0
? TRE G0 0 0.0 0.0 » ¢
il FLC 0.0 . 0 0.0 0.0 . 0
12 SCN 0.0 0 0.0 0.0 . 0
13 DRAWL INE 0.0 . 0 0.0 0.0 . 0
14  DRAWBLOCK 0.0 . 0 0.0 0.0 0
13 0.0 0 0,0 0.0 G
18 0.0 O G.0 0.0 . o
17 0.0 . 0 0.0 0,0 o
18 0.0 . o 0.0 0.0 . 0
19 = S 6 SN Q O.0 0.0 . Q
20 0.0 ., 0 0.0 0.0 . 0
21 0.0 . Q 0,0 0.0 . 0
22 0.0 O 0.0 0.0 . Q0
23 0.0 Q 0.0 0.0 . O
24 TREC 0.0 g 0.0 00 & 0
25 RMI 0,0 0 0.0 0.0 . 0
24 SINCSF 0.0 O 0.0 0,0 o
27 Cuscse G0 ¢ 0,0 0.0 0
28 LOGESE 0.0 G 0.0 0.0 » Q
29 ATNCEF 0.0 Q 0.0 0.0 ¢
30 LNCEFR 0.0 . O 0,0 0,0 & 0
31 EXFCSF 0.0 G 0.0 0.0 . 0
32 SRATUSF 0.0 g 0.0 .0 & 0
33 MR 0.0 . Q 0.0 0.0 . G
34 LS 0.0 . O G.0 0.0 0
36 UBuUSY 0.0 0 0.0 0.0 0
37 FOT 0.0 . 0 0.0 Q.0 o
38 UWAIT 0.0 0 0.0 0.0 . 0
39 UCLEAR 0.0 O 0.0 0.0 0
40 HLT 0.0 0 0.0 .0 . 0
41 MEM 0.0 . 0 0.0 0.0 . 0
' 254.0 1. 1E6



AFFENDIX O ~ Execution Seseds of Microcoded P-macine Instructions



REFORTS -~ MICROD CODRE TIMES

( ALl

CHTOVH

OFCODE

158
144
147
171

0
174
136
189
198
168
135
144
165
143
133
179

0
127
131
142
130

O
139
195
237
173
238
149
201
207
206
248
203
216
141
199
202
190
156
183
243
134
200
242

234

OF INTERF FAGE EXCERT

= 4,4 COREOVHD =

MNEM

CSP
IXA
LG
SRO
SLDO-TOTAL
cIp
CHKR
STH
LLA
LIM
IVR
MFR
LAao
MPI
FLT
LoC
SLIDL-TOTaL
SLDC-TOTAL
AR
MO5
ADT
SIND-TOTAL
IHN
EGUI
SLIDS
RNF
SLODS
SEI
LEST
CGF
CLF
SINDO
CXF
SLoLl
FJF
LocI
Lok
LIE
UNI
UJF
sLonie
VI
LEQI
SLIOL1
SL003

FREQ

16959.,0
1621462.0
L17483259.¢
169114.0
436123.9

25247.0
211040.9

993059.0

87744.0
125024.9

11403.0

23206.0
191024.9

24371.0

4908.0

384602.0
1498346.0
HEAE08.0

36897.0

723040
141437.9
100987.9

1320446.0

99738.0

?7433.90

46464,0

@6410.0
110345.9

47625.0

8997.0
12216.0
76506.0

1744.0
6£9548,0

209015.9
154163.0

17276.0

28502.,0

61446.90
P8B774.0
48589, 0

2710.0

48304.,0

43353.0

4101640

DLOsSRO»LLA )

14,3 SLOCIOVHD =

FFERC

43
412
S48
427

1108

&4
53&
141
223
3ig

29

59
485

62

12

28
381

1493

24

18
359
254

31
142
247
118
245
280
121

23

31
174

4
177
531
392

44

72

14
251
123

7
123
110
164

R I S T T L. T SR R T I 2 . L I L B R .

-> - > % L3 > » * - > L4 > L3 L3 - - > - £ - ->

7.0

MICS

2.9E7
2.8Eé8
S, 4ES
&.0ES6
I+ 1Eé
4.,7E6
4.5E6
3.5E6
3+CE6
2.8E4
2. 3E6
2. 2E8
1.BEé
1.8Eé&
1.8Eé
1.7E6
1.7E6é
1.7E8
1.7E6
1.4E6
1.4E&
1.3E6
1.3E4
1.1E4
1.1E8
1.1E6
1. 1E4
1.1E8
1.1Eé
2846098, 1
714998.8
BI9406.8
855445, 1
BO5E59.3
748164.7
726917.7
6318%90.8
591251.4
S572790.8
54646054.8
5463788.7
5420446.0
S12577.1
S502165.8
475331.8

AVEMICS

14695.8
6G.7
EH.0
35.2
11,4

188.1
21.5
63,2
34,5

22,2
203.1
23.4
@5
72.4
3546.8
45,1
11.6

2.5
45,5
200.1
Pe7
13.3
0 108.7
20.4
11.6
24,1
11.4
G7

223

107.4
74,9
11,2

470,85
11.6

3.7
4,7
3b. b
20.7
93.2
S+7
11.4

200.0
10.4
11.46
11.46

MFERC

217356
601
388
364
309
290
277
214
185
170
141
132
110
108
167
104
104
103
103
88
84
82
80
69
69
68
a8
535
63
a9
ob

S92

=)
wdal

49
47
44
39
34
35
35
34
33
31
21

29

- > > - - L d L 3 » L3 L d <> - < < <> *> L d - <> <+ > * <> > <+ - > < * <> Ll - > < L d < > * - - < - -+ L3



154
235
204
163
244
217
150
197
218
193
182
249
172
238
162
160
241
219
233
191
194
159
178
203

b2

175
228
148
239

e
aladal

154

2
Ars

220
169
147
132
252

XN

e wF Al

240
253
251
141
222
170
254
229
144
221
225
223
148
227
245
166
226
224

ST0
SLDO4
STL
TN
SLOG13
SLDL2
SER
GRTI
SLOLZ
REP

- Lon
SINDI
XJP
SLLO7
INC
Aall.l
SLEOLO
SLDL4
SLI0O2
STk
GEQI
LICN
LA
NEQT
COMFARE
SLDL13
MOy
SLD0s
SINGY
CER
SIND2
SLDLE
MUR
NOT
AND
SINDA
SLD0L
SLD0Y%
SINDS
SIND3
IOR
SLDLY
8as
SINDS
SLIL14
NGR
SLDLA
SLOL1G
SLIDLE
SRS
SLnL12
SLD014
LCA
SLDL1L
SLDLY

36921.0
274603,0
341463.0
8023.0
223946.0
20744.0
4440,0
22395.0
19253.0
231,90
2928.0
P7465.,0
11915.0
15924.0
8311.0
89768.0
13639.0
129462.0
12950.0
119231.0
61462.0
14210.0
2111.0
154600.,0
890.,0
$729.0
1598.0
8413,0
3449.,0
G973.0
3113.0
9212.0
44740
H6678.0
11901.0
2579,0
3751.0
34460.0
21346.0
2130.0
4265.0
3238.0
226.,0
1312.0
1857.0
2646.0
1651.0
1543.0
1498.0
7140
1326.0
P87.0
443,0
632:0
961.0

- -> > L d - - * < > > - > »> - - - - > - < - < <> - L3 o> * «* - * - Ll L3 > < £l > < - > -> - - + <> * Ed - L d + - < el * -

24
70
87
20
a7
93
11

iy

49

e
A v

30
40
21
13
35
33
33
20

o
. On

3 E.3 fad b=
rY O UL

b

[y

2

ok P
e B bt G QI b g RO GE e O e O LR SO D NG D ke o 00 O e s L8

3B6235,2
320140.,9
317227.9
289053.9
257828.8
240578, 1
233191.9
2246315.4
223201.8
209198, 4
192328.3
1914625, 4
1874680, 4
184455.2
18174%9.2
161751 .4
1578546.7
130435.5
180277.9
134679.2
131944.4
126915.0
122921.2
119314.0
115757.0
1132832,8
100992,3
@P7F24,%
&7680.7
653574.,9
609929 .9
60447 .46
59181.1
97314.4
S56538.3
0709, 7
43552, 3
422585.0
41909.8
418006.0
41484.5
37510.4
33984.8
25727.46
21504.1
19352.8
191351.3
178463.9
173465, 4
16978.3
18321.0
11424.1
P227.9
7297.46

63523.3

10,3
11.4
9?3
36,0
11.6
11.6
92,5
10.1
11.4
0.2
6347
19.4
13.8
11.6
21.9
28.0
11.6
11.6
1146
11.3
21,4
8,9
98.2
76
130.1
i1.6
63,2
11,4
19.6

111.0

12.4
11.4
132,
82,6
4.8
19.7
11.6
11.5
19.4
19,6
G7
11.4
180.4
19.6
11,6
20,0
11.4
11,4
11.6
239.1
11.4
11.6
20,8
11.35

11.5%
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184
184
181
128
183
208
230
187
145
133
129
213
231
140
151
152
153
155
157
176
177
180
192
209
210
211
212
214
215
246
247

STR

LI
COMPARE
" ARI
COMFARE
SiF

FLO
SLnLLs
STF

NGIT

nIF

ABR

EBEFT
SLiLis
INT

568

SQ1

SaR

IXs

S52p
COMFARE
COMFARE
COMFARE
IXF

IXE

BYT

EF.J

NF J

X171

NOF
SLn01s
SLI016

83.0
36,0
40,0

248,90

13.0

202.0

3.0
84,0
6.0
58.0
5.0
20.0

3
)

4]

1]

S

DOOoOOOOOCOO OO0 0000 0D

W
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e e e

L L L3 - » % L] > & L L L * - L Ll L]

3.9E4

SOSGOOODOUOOUOOOOOOOCCODOODOOOR ORS00

> - <> - < - <> <+ - - * < <> +* > % > * * - - < - +* <+ +* > Ll - - <+ L

5188.5
3808.8
3351.0
3070.4
2430.9
1805.6
13237.9
46,2
700.8
491 .4
405.5
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REFORT? -~ MACRO CODE TIMES
! FOR COMPARISON TO REFORTS ~ MICRO CODE RESULTS

CNTOVH

OFCODE

158
174
144
165
188
187
134
171

0
141
189
173
199
198
207
183
135
204
144
138
143
179

0
131
127
142
139
130

0
195
237
236
204
149
201
200
203
248
216
172
202
190
156
243
134

= 4,4 COREOVHD =

MNEM

NS

ciF

IXé

LAao

LD

.00

CHK

SkO
SLIO-TOTAL
FJP

STH

RNF

LOcI

LLa

CGR

CUJP

VR

CLF

MPR

FLT

MFI

iLnc
SLOL-TOTAL
ADR
SLEC-TOTAL
HMOn

INN

ADT
SINI-TOTAL
EQUI
sLDns
SLLOS
5TL
SEI
LESIT
LEQI
CXF
SINDO
SLoL1
- XJF
Lok
LIk
UNT
SLD012
nvI

FREQ

14964, 0
2E247,0
142309, 0
191087.0
125024,9
176387.9
211040,9
169254,9
436732.0
209183,0
55505, 0
4464470
154163,0
§7743,0
B8Y97.0
98B37.0
11403.0
1221940
22040
4908,0
24392, 0
38609, 0
149822,9
34897.,0
564739,9
7230,0
12044,0
141510,0
101182.9
55845, 0
97534,0
P4573.0
34185,0
1103%6,9
A47624,0
48404 ,0
1745,0
76594, 0
49550, 0
11915,0
1727940
28540,0
5144,0
A48591.,0
2711.0

14,

7 OSLDCINDVHD = 7.4
FRERL MICS

+ A3 2.9E7
s b4 1.4E7
+ A12 5. 4ES
+ 483 7.:3E4
+» 317 7+GEé
» H48 He7ES
+ 536 G DES
+ 430 S 3ES
1108 9+ 1Eé
+ 531 H.0E&
+ 141 3.5E4
+ 118 3.4E6
. 391 3.3E6
+ 223 2.7E6
+ 23 2456
s 251 2+ AR5
. 29 2. 3E4
+ 31 2. 3E68
«  G9 24 2E4
« 12 1.BES
+ 2 1.8E&
« 9B 1+.7E&
+ 383 1 O?Efk
L 1.7E&
¢ LAGE 1.7E4
+ 18 1.4E6
+ 31 1.4E4
« Z59 1+4E&
s 257 1.3E&
+ 1432 1+1E6
+ 248 1.1E4
+ 245 1.1E4
+ 87 1.1E46
+ 280 1.1E6
+« 121 1.1E4
« 123 1.0E&
* 4 GE7217.5
« 194 857994,3
« 177 BO&LZP7. 9
+ 30 748305, 4
+ 44 511751.1
. 2 5933234.0
+ 16 572874.4
+« 123 H563571.9
N 7 542241.9

AVEMICS

1696,0
941.7
3.1
38.1
56.0
32.2
26.1
31.4
11.4
24,1
62,5
F3.7
21.4
30.7
270.9
24,2
203,14
188.4
Q3.4
A62.1
/2.4
45,1
11,9
45,9
2.5
200.1
114.,0
F.7
13.3
20,4
11.4
1i.46
31.4
Z.7

2245
20.7
G657
11.2
11.6
62,8
35.4
20,8
93,2
Li.56
200.0

MFERC

+ 1448
588
434
347
3352

284
278
268
255
254
175
172
167
136
123
120
117
116
109
gy
gy
88
87
85
84
73
69
69
68
57
57
54
54
54
54
50
50
43
41
28
31
30
29
28
27
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197
242
234
154
203
235
163
244
217
150
218
193
132
182
249
238
160
241
1862
233
219
194
121
194
139
148
175
22

178
239

IR
a‘-?s.}v..)

250
220
169
147
252
232
240
253
251
141
170

e

A LA,
254
229
144
221
2325

222

VR R

148
207
245
166

224

224

GRTI
SLIDLYL
SLI03
§TO
NEQT
SLI04
IND

- SLDOLE

SLDL2
SER
SLOL3
RBF
AND
Lon
SINDL
SLO07
abJd
SLO01O
INC
SLngz
SLIL4
CER

- 8TH
GEQRI
LICN
MOV
COMPARE
SLIOLL3
LIiA
sLngg
SINDY
SINDZ
SLILS
MVE
NOT
SIND4
sLugi
SLINY
SINDS
SINDZ
10R
8a8
SLOL7
SIMIS
SLOL1a
MGR
SLOLS
SLOL1O
SLILS
SRS
SLOL12
SLIN14
L.CA
SLDL11
SLDLY

224070
43359,0
41050,0
36935,0
156050
27750.0
BOS, 0
22E95,0
20746.0
4440,0
19244,0
2325,0
120200
2933, 0
PB53.0
15946,0
5768.0
13654, 0
B8345,0
12962.0
12963, 0
5790
11931.0
6171.,0
14213,0
1587,0
912,0
P79 0
2123,0
8531 .0
3450, 0
3114,0
5209, 0
447,0
6745,0
2567.0
3740, 0
3659.0
2138.0
2130,0
4276.,0
228,90
3238.0
1315,0
1857.0
9660
16430
1543, 0
1498, 0
71.0
1320,0
987.0
444,0
632, 0
5610
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97
110
104

94

40

70

a7

¥

f—y
Bobd e Dl Gl O ode B D PN OIC0 e e LR O NN N R GO RIGLR N

S10504.2
901786, 0
47570%.0
3B4092.5
3301446.5
321452.0
260871.3
259884. 4
2404604.4
233369.9
223190.4
208606.3
203733.9
197788.7
193704.7
184057.3
1461958.2
158534.46
151015.4
150499.7
18027647
148917.1
1343%1.8
132308.9
126919.7
117090.2
116054.7
112743,0
107661,7
PP178.9
67815.¢
41070.4
H0270,. 1
SP8B7B.3
S7408.5
S50874,3
43342.0
42285.1
42014.2
41919.0
414784
38903.,2
I7506,2
25817.35
21504,3
193%946.4
19053.7
17887.7
17376.2
173463.9
15305.0
11448,3
F230.4
7338.8

6512,9

22.8
11.6
it.46
10,5
21,2
114'5

32,2
11.6
11,6
92,6
11.6
89.7
14,9
67 .4
19.7
11,5
28.1
i1.6
18,1
11.4
11.46
257.2
11.3
21.4
8.9
73.8
127.3
11.6
50,7
11.4
19.7
12.6
11.4
134.0
8.5
19.7
11.6
11.6
19.7
19.7
Fe7
17046
11.46
19.4
11.4
20.1
i1.6
11.6
11.4
244,46
1i.46
11.5
20.8
11.6
11.6
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184
186
183
128
181
208
137
230
187
145
133
1329

213 -

231
140
(151
1352
153
155
157
1754
177
180
192
209
210
211
212
214
215
244

247

STR

LUF
COMPARE
ARY
COMPARE
SiF

FLO
SLDL1S
STH

NGI

OIF

ABR

BET

SLIDL1S
INT
865
SRI
5QR
IXS
S2F
COMFARE
COMFARE
COMPARE
IXF
IXE
BYT
EF.
NF .1
XIT
NOF
SLno1s
Slinilas

o

L]

COCOTOO0O0OTCODO0 O bk

L A A . I I O R I B 2 R R N )

QOO OO OCOoO O OO0 OOOC0O

~
i
2]
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OO OOOOOOCOCOOOCO OGO OO QOO0 OGO

4817.5
4082.0
3344.,7
3064, 2
2837.0
1794.8
1281.7
97348
72%9. 4
497.2
406.5
12640
165,88
46 .4
0.0
0.0

<
L

OO OOO TS OOOOOOO0
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LSOO OODOOOOOO0
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AFFENDIX O~ Progrem Execution Speeds



REFORT A ~

RS T AN

Cree vate shes sate mese sees meus

TRAC, MATN

ATLISTATS

WHETSTOME

Call

XREF

RTLLITOEDIT

rrOgEram

TRAL . MAIN

ADJETATS

WHETSTONE

BEETIR I8

KREF

RTLITOEDIT

lLines

1274

2946

lines

L1274

COMPILATIONS

sacs

84

LSI/ELISAFLS
limes/min

secs

84

limes/min

L0l

Limes min

LSI/ZEIS/FIS/MIC

lines/min

1495

215

Fao

11g4



REFORT B ~ WHETSTONE

WETGHT = 10
EXECUTION TIME IN SECONDS

mocile ANY 11 LEI~11 LBL/ELIS/FIS LBI/JEIS/FIS/MIC

Seee vaee 10 mas beos mare oses seve wnon suss seee res Saes sms tres e1re vee peee 4ese 0o whet sasu suse waet nise Sese tres seet tare €45 aea eas oot 44t Mot Tens Bes sees Sone amew ous e sas mes

L SIMPLE IDENTIFIERS 0 O 0 0

2+ ARRAY ELEMENTS 2 1 1

0

3. ARRAY A PARAMETER 20 14 8 ' &
4, CONDITIONAL JUMFS 4 4 4 2
He (OMITTEILD

de INTEGER ARITHMETIC 15 E4 9 6
7+ TRIG FUNCTIONS 49 49 10 : 10
8. PROCEDURE CALLS 75 74 29 1é
P AaRRAY REFERENCES 2 20 20 11

10, INTELBER ARITHMETIC

f )
L
L]
<

Li. STANDARD FUNCTIONE 26 24 o o

220 200 856 a7



REFORT € - SORTS

EXECUTION TIME IN SECONDS

aldgorithm

QUICKSORT (recursive)
QUICKSORT (nonrecursive)

HEAFSORT

LEI/7EIS/FIS

boew emew swen bess sesn haes ess Sree bees sebr Bens

LSI/EIS/FIS/HIC

e taee tere tere eas mers trce eoes Gres vere Sers bive cets mec



REFORT It - CROSS-REFERENCER

EXECUTION TIME IN SECONDS

FrOETSm

CROSS-REFEREMCER
with Full listing
wWithnout listing

BAaLANCED TREE SEARCH
AND INSERTION

AND BalANCED

L8I~11

Z49

&2

TREE SEARCH

LBIZEISAFIS

335

ANLI INSERTION

LEL/ELIS/FIS/AMIC

cste oo pete buek bets wone been Mem e beme seen setn brin Seas Save

227

144



SFFENDIX E - Rerort Gernersztors



FROGRAM STATSS

TYFE ENTRY = RELCORD
MICS
FRER
END3

RE®#L
REAL

wa e

vak T 3 ARRAYLL, 1321 OF ENTRY:
Isd ¢ INTEGERS
TOTALMFC ¢ INTEGERS
FREQGTOTALy MILBTOTAL 3 REALy
M 3 ARRAYLL..1321 OF BTRINGL1115

CNTOVHDy COREQVHD, SLDCIOVHE, X 1 REALs
REFORT 3 STRINGs

CONFIGURATION, TITLEL, TITLEZ 3 BTRING:
RPFT ¢ TEXTS

OF 3 ARRAYL1..1321 OF INTEGER>

FROCEDURE INITVARIABLESS
BEGIN

WRITE C/CNTOVHD = )3
READLN(CNTOVHID
WRITE ¢/ COREOVHD $= “)3

READLN (COREDVHID § e
WRITE C/SLDCIOVHD 3= 7)3
READLN(SLICTOVHDD
WRITECOUTEUT FILE NAME 3= 703
READLN(REFORT) 3

¥
WRITEC TITLEZ 3= 735
READLN{TITLEZ) S
WRITE( CONFIGURATION 3= 7)3
READLNCCONFIGURATION) ¢

BN

FROCEDURE XCHG$

UaRk M ¢ STRINGL1035
TGF 3 INTEGER®
TENTRY 3 ENTRYS



LR

OFLJT i= ¢
= TLCJ4113

TEJT 3

MOA+13 3
ORld+1d
TLU+1DT 3

Hoes g
it
o 73

EEMIs

FROCETURE PRINTS
Varkk I 3 INTEGERS
FFRCy MPC 3 INTEGERS

AMTIN 7 mEmaA s
AaMILD ¢ BREALF

REGIN
REWRITE(RFTy REFORT) $
WRITELN(RPT TITLELY S
WRITELNC(RFPTTITLER)
WRITELNC(RFT) $
WRITELNC(RFT CONFIGURATION)Y$ «
WRITELN(RPT)
WRITEC(RFTy ‘CNTOVH = 7 CNTOVHD: 7 COREOQOVHD = 7, CORFOVHIDD ;
WRITELN(RFTy 2 SLICIOVHD = ‘»SLOCIOVHID 3
WRITELN(RPT) S
WRITELN(RFT)Y S
WRITEC(RFT ¢ OFCOLE MMEHM FREQ FRERLD) S
WRITELM(RPTy? MIDS AVEMILS  MPERD )3
WRITELNC(RFT S -

iphe .

FOR T 3= 1 TO 132 [0
BEGIN
FFPC 3= ROUNDOCTCOIZLFREQ/FREGTOTALY % 1000005
MPC 3= ROUNDO(TLOIZLMICS/MICETOTAL)Y X 100000y
TOTALMFL 3= TOTALMFO + MPOS

IF TULZGFREQ = 0 THEN
AMIC f= 0
ELGE
AMIC 3= TLIJZ.MICE/TLIT.FREGS
WRITE(RFT,OFLID 2 44010 3
WRITELN(RFTTLIIL.MICE ¢ 13
END '

L1isTCID-FRED § 11 ¢ 497 o7 sFFC
2 1.AMIC $ 11 ¢ i 01 4

WRITELNRFT) 3

WRITE(RFTs * TPFREQTOTAL 2 % 3 133

WRITELN(RPTy CPMICETOTAL 3 13 1 17 + Ty TOTALMPC 3 434
Enis

FROCEDURE INITHMILG

REGIN :
CELOC-TOTALS

MOLd 3= 3
MEZ2T 8= “ARL‘S
MLE3d i= ‘ABR’ s



ME43

MLS]

MUA

ML

MLel

MEY]

‘ML101
MLC1131
MEL2d
MLO13]
MLC143
ME153
ML1AD
MEL1Z]
MLE183
MLigl
MLC201
MLE211
ME221
ML231]
ML241
ML25]
ML2481
ME271
ML281
ML291
MLI0I
MO3LD
ML3E23
ML3E]
ML34]
MLES
MEE&A]
ML37
ML381
ML391
MLa0Gd
ME41 ]
MLOAZ!
MLC43]
ML4a4]
MLC4T
Mi461
MC473
MC481
ML49]

‘A0
P AIR
‘AN
‘DIE
S
‘IVR Y}
TOHK
TELD
TFLT
TINN 3
CINT§
FTOR
MO
*MFT ¢
MR
*NGI "
*NGR
*NOT ¢
‘SRS
*SEI ¢
*SER’
‘BGS
‘BRI’
‘SRR
‘STD?
PIXG
FUNT 3
TBAR G
‘CSE G
PLDDNY 3
TADL 3
TFJF
FING? $
FIND
PIXAY S
‘LADY 3
LCAS
FLD0Y
MOV §
*MVER §
‘BAS‘§
‘8RO
SR
P RINF $
‘CIFY
‘COMPARE ‘ $

Bout

S B S SE Bl S
¥ oMr DR RE S ED

BouoH BB R HEBERRBEHBH BN RY

WE ML B NP ER NS W WIF SR NI SR e Y N ey

L I N O B I

#o#

HI

BE S LT NG RS Br Bt B b eD d SE e G BT Bk B BN bh B RO Sd S 8P Sk BD B SD bk S bd S B ww DE hS b e+ o we ]}

R H B # B8 oHoHH

EENTD 3

FROCEDURE INITMZy

BEGIN
MLH0Y = ‘COMPARE’ S
MLCSLd 3= “COMFARE’



MES2T 3= “LUAYS
MES3D 3= 7LDCY S
MES4d (= ‘COMPARE’S
MESGSED 3= “LOMPARE’ S
MLED6T = ‘LOD7 S
MESZD 3= TCOMPARE’ S
MEEBD &= T8TR' 3
MLES?T 3= “UJP”
ML&OT 3= LI
ML&1d 3= “GTR/
ML&2D 3= ‘LIM7
MLE63T 3= ‘5THY

MLO&4Dd 3= “LDE-
ML&S1 ‘8TR”
ML&&] CIXFY
ML&71] ‘RBF’
ML&BD ‘CRF
ML&%3 ‘EQUI
ML701 TEEQIC
MLZ71d ‘GBRTIY
ML721 LAy
ML731 LncI’
ML7410 TLEQYC
MEZSD LESTY

NP NP NBF EP NRF R e Y '8 ats
We

onnof

#

-

e o @r By

HE O O

ME7&7d Ly
MLE771 TNERIC S

MLE7B1
ML7%91
MLael
ME813
MLB2]
MEB83]
MLB4]
ML8E]
MLBs1
MLEB71
MLes]
MLEE?
MLESOd
ME?1d
MLe2]
MLEP3
ME941
ML9Gd
ML96]
MES7d
ML?813
ML973

‘STL”
FCXF
‘CLF
FCERY
‘LR
*IXE‘
CEYT
TEFJY
NF .
‘BFT
IXITY
*NOF ¢
‘SLDLLY
‘SLIL2’
‘SLIL3’

’

# H

HENE I

et gr el mp tae W s wr Ws D IR R R

TSl 4
CSLINLS
TELILSS
THLLLTY 8
‘oLDLB s
FELNOLS s
TELNLLIOY S

B B P pE B Bl G e B RS RS B Bk BE RE DY B W Bl b Bl RS B B BY SE SO BE G S B P B T R

o OB B oB OB OB OB OI OB ROEOH

EMDy

FROCEDURE INITM3?

BEGIN



MLC1Q0]
MELOLD
MLC102]
ML1OE]
ME1043
MELOS]
MLLO&
ML1O7]
MLC1081
MEL1O%]
ME1103
MCLL1d
MLL121
MLOL1E]
ME1141
ML1151]
MOLL&D
MLC1171]
MLLiB]
MLC1191]
MLE1201
MLOL211
ML1221
ML123]

ME124]
ME1251
ML12413
MLELR27]
MLO1E8]
ME1290
ME1301
MLLELd
ME1323

o0 L R A
=100 LI e
fELDLLES
TBLILL4
‘LIS
CELOL LA
TELDGL s
’VLUU“’i
TELDOE
‘H5LN0A s
‘HELDOSY
’
¥

Ny En I NI s €

THLINS7
CELDODY
FBLIDOB S
‘ELINY
TSLD0L07
‘5LINLLY 5
‘SLn0L2 s
’“LHU17"
SLnoLass
ELDOLG s
TELIDOLAC S
FEINDO 5
FEINTIILY S
FEINDZ2YS
FBIND3T S
TEINDAC S
’SlND“’?
FEINDG
'“JNQ“’“
‘SLDL-TOTAL " 3
SHLI0-TOTAL 5
CHIND-TOTAL S

N A L T (N O B O L I I

LI

Y Ho B Fd PR B b Sk B B PP Sy PP S S S S G e

L B I I I I

S B Bd Do P ks b S D DS b

o oH BB K IoH

Bl e B

IR

BEGIN
WRITE (S INPUT WHAT BLOCK NUMBERT >7)3
READLMCI ¥ 5

UNITREADC(S» T2 1032,1:0) 3

IF TORESULT < O THEN
BEGIN .
WRITELNC/ID ERROR - FATAL )5
EXIT(STATE)
ENDy

INITUARTABLESS
TOTALMPC §=

FREQTOTAL 3
MICSTOTAL 3



FOR I 1
TLEI2.MICS

TO 129 DO
p= TLIZ.MICE -~

L
)

(TLT T,

FOR I = 1 TO 129 DO
BEGIN
FREQTOTAL i= FREQTOTAL + TULIZ
MICSTOTAL 3= MICSTOTAL + TLI]

END s

2 710
@ e
S

129 na
TLId.MICS

P e
8 o

FOR I
TLIZWMICS

(TLId.

L
3=

TELI.MICS TL13.MILS -
FOR I
BEGIN
TLITZ.FREQ
TLI1.MICS
ENDS

130 TO 132 o

P eee
FE

I

*
?
+
+

0
0

- e

FOR I
EEGIN

20 TO 105 D

P e
==

TE1301,FRER $= TLL301.FREQ +
TLL301.MICS $= TLL301.MICE +
ENII -
FOR I 3= 106 TO 121 DO
BEGIN
TLL31D.FRER 3= TCLZLILFRER +
TLLZ11,MICS $= TLL3LI.MICS +

END

FOR I
BEGIN
TEC1321.FREQ
TL1327.MICS
END

122 70 12% 40

2 e
8 =

L
=

TOLEZ23.FREG

s= TL1321.MICE

INITHMLS
INITME S
INETHMSS

= 1 TO 129 D0 OFCID 3= 1 +

13

FOR I 3

FOR I 130 7O 132 D0 OFLCI]

#

+
?

WRITELNS
WRITELNCY 25+ SORTING ) 5
WRITELNS ‘

(TELI.FREQY %

FREQ % CNTOUHID

+FREQS?
+MICE

FREQ % COREOVHIDD §

SLOCIOVHDG §

TLId.FREQ:
TLId.MICS

TEIdLFREQS
TLIZ.MICE

TLId.FREQS
TLId.MICE



FOR I &= TO 131 D0
FOR J §= 1 70 132 - I DD
IF TCJI.MICE < TUJHLI.MICS THEN XCHG:
FRINT? '
CLOSEC(RPT1LLOCK Y #

NI,



FROGRAM CSFSTATSS

TYPE ENTRY = RECORD
MICES 3 REALS
FREQ 3 REAL
END s

VAR T 53 ARRAYLL1, .413 OF ENTRY:

Isd 3 INTEGERS

FREQTOTAL, MICSTOTAL : REALS

M ¥ ARRAYLDL..4113 OF STRINGLC1113
OF § aRRAYLL. 210 OF INTEGERS

RETNAME 3 STRINGS
REFT 3 TEXT3

FROCEDURE XCHG»
VAR TM ¢ STRINGL10I13
TOF ! INTEGER?
TENTRY 3 EMTRYs

BEGIN
™ $=
TOF §

TENTRY

MOJT 3= MUDJGFLds
OFCJD 3= OPCJ+11d5
TEAD 3= TOA4115

MOJ+HLT 3= TMy
OPFCJ+L3 3= TOF3
TEJHLD = TEMTRY3$

S

FROCEDURE FRINTS

Yak I3 INTEGERS
FFCy MFC 3 INTEGERS
AMIC § REAL:s

BEGIN
WRITELNIREFT)S
WRITELN{REFT
WRITELN(REFTY S
WRITEC(REFPT. ©  FROC MMEM
WRITELN(REFT» * AICs
WRITELN(REFT)

FOR I = 1 TO 41 DO
BEGIN
IF (FREQTOTAL = 0) DR
BEGIN

STANDARD

FREQ
AVEMICS

{(MICSTOTaAL =

FROCEDURES )

FFERC” 3
MEERD )

0) THERN

A

?



WRITELNC( A TOTAL IS ZERO‘ )3
EXIT(CSPETATS) S
END3
FFPC i= ROUNDC(TOIDLFREQ/FREGTOTALY X 1
MPC 3= ROUNDC(TOIZLWMICS/MICSTOTAL)Y X 1

IF TOIJ.FREQ = O THEN

AMIC 3=
ELSE :
AMIC f= TLID.HICS/TLIJZ.FRERS

WRITE(REFTOFLII ¥ &»MCIT 3
WRITELN(REFT»TLId.MICE ¢ 13
ENDG

11« TCIJLWFREQ 2

T.8MIC 3 11

WRITELN(REFT) S
WRITE(REFT ffFREQTOTAL ¢ 9
WRITELN(REFTy Y CeMICETOTAL ¢ 13 ¢ L)%
ENDF

FROCEDURE INITHM1:

BEGIN

FOR T 3= 1 T0O 41 DO MLIT 3= 7 /3

ME1d = “I0C75
MEZ2D 3= “NEW’s
MEXT 3= “MULYS
ME4d 3= “MUR‘s
MLGT = “XIT75
MLE&T 3= TUREAD’§
ME71 &= “UWRITE’ S
MOBT 3= “IDE7s
ME®D 3= "TRE’3
MOLIOT = "TIM’ ¢
MC111 3= “FLC7 3
MLO123 = “BON‘S
ME133 2= “DRAWLINE’S
ML141 = “DRAWBLOCK S
ME243 3= “TROYS
ME231 1= "RND’s
ML261 3= “GINCEF’»
MO273 = ‘COSCHF73
MLEZ81 1= "LOGCEFR7 ¢
ML221 1= “ATNCSF 3
ML30d i= ‘LNCSF73
MEZLY 3= “EXPCSF/S
ME321 1= ‘SOTCESF 5
ML331 = "MRK’3
ML341 i= ‘RLE’s
ME3S] 1= “JOR‘#
MEZ6D = “URBUSY 3
ME371 3= ‘FOT’S



ME38T I= ‘UWAIT’S
ML391 $= ‘UCLEAR’ S
MC40d = ‘HLT? 3
MO41d 3= "MEM‘S
Ny
BEGIN

WRITEC INPUT WHAT BLOCK NUMBERT >7)3
READLNCI) S :

UNITREAD(S» T+ 500215003

IF IORESULT < O THEM
BEGIN
WRITELNC/IORESULT = /»IORESULT)S
EXIT(CSFSTATS )
ENDs

FREQTOTAL 2
MICETOTAL 3

FOR I 3= 1 TO 41 0
BREGIN
FREQATOTAL 3= FREQTOTAL + TLII1.FREQS
MICSTOTAL = MICSTOTAL + TOIZ.MICS
ENIs '

FOR I 3= 1 TO 41 DO OFPLCID §= I
IMITMLS

WRITELMNS
WRITELNC 2445 +BORTING ) ¥
WRITELN?

FOR I 3= 1 TO 41 D0

FOR J 2= 1 TO 41 - 1 IO

IF TCJI.MICS < TLJH13.MICS THEN XCHGS

WRITEC OUTFUT FILE NAME 3= “)3%
READLN(RFTNAME) §
REWRITE(REFT»RFTNAME) #
FPRINTS :
CLOSECREFT LODCK) ¢

BN,



AFFENDLX F - Pascal Test Frosrams



CRWHETSTONE BENCHMARK — ~ DIRECT TRANSLITERATION FROM:
A BYNTHETIC BENCKMARK® BY H, Js CURNOW & B. A. WICHMANN
CTHE COMPUTER JOURNAL S VOL 19y NO. %)

(¥ tramsliterstion done bw Rosger Felersons
I70 moditicetions done by Gordorn Smith X3

CREGEK) OF TURN ON 760TOY -- SORRY ABOUT THAT!! %0
FROGRAN WHETSTONES

GCONBT T=0, 4?):‘_}}::’;-?':.“';
Ti=0, 8500053

T2=2,03%
TYFE ARGARRAY = ARRAYL1..41 OF REALS

Uak Ei1 3 aRRayYLi. .41 0F REaALs
XeYrZo X1l X29 X3y X4 3 REALS

MODULE s Ts JooL s NLyN2 NS NA» NE NS N7y NEs NP N1OsN1L 1 INTEGERS

HTe LTI LT2:TTyWRT 3 INTEGERS Ok TIMING VARIABLES %)
FROCEDURE PACVAR EIARGARRAY )

LAREL 19
VAR J 1 INTEGERS

REGIN

1=04

ELL3=(ELL3+EL2I4+EDIT~ELA4D 0 RT ¢
EL213=(EC1I+EC2I-ELIIHEL4DXT 5
EL3N = (EDLI-EL20+ED3I+EL4TIHT 3
EL43=(~EL1I+EL2IFEDIIHEDAT » /TS
di=dbly
IF J<é THEN
GOTO 1

ERNDy (% PROCEDURE PaA¥D

FROCEDURE FO3

BEGIN
E1CJI3=E1LRT>
E1LRII=E1L0L D
E1CLI=E1LJ4]

ENIy (X FPROCELURE FO %)

FROCEDURE F3X YIREAL VAR ZIREALY Y
BEGIN

Key=TROXHYI S
FmTHRIXAY )8



2i={X+Y) /T2
ENDy O PROCEDURE F3 X)

FROCEDURE MODULELS Ok MODULE 13 SIMPLE JTDENTIFIERS X)

BELIN
X13=1,0%
K2i=-1,03 XZi=-1,0% X41=-1,07

FOR I3=1L TO N1 DO
BEGIN
XL3=(X1+X2+XE~XAIKTy
X21=(X1+X2-X3+X4I KT #
KEL= (XL -X2+X3+E40%T 3
X41=(~X1+X2+X3+X4)%T
BNy

ENIG (% MODULE 1 %)
FROCEDURE MODULEZS (% MODULE 23 ARRAY ELEMENTS %)

BEGIN
ELRL13=1.07
FELl233=-1.0% E1D332=-1,0% E1L4di=-1.07

FOR Ii=1 TO N2 DO
BEGIN
E1C133=(ELLIIHELL2I4ELLZI~ELL4T)%Ts
E1CRTi=C(ELLLIHELLRI~ELSI4ELL 4T KT 5
ELL318=(ELL1I~ELLRI+ELLII4ELL41) KT
E1C413=(~ELLLIHELL2IHELLIIHELI L4010 %T
END

ENDG (X HODULE 2 %)

FPROCEDURE MOOULE4S ok MODULE 43 CONDITIDONAL JUMPE X2

BEGIN
Srmly
FOR Ii=1 TO N4 LD
BEGIN
IF J=1 THEN
J3=m2
ELSE
Jim3
IF Jx1 THEN
Ji=0
ELSE
NEE
IF J=1 THEN
Ji=l
ELS
3=0
EMNIs
WDy (k MODULE 4 %)



FROCEDURE MODULESS (% INTEGER ARITHMETIC %)

BEGIN
Ji=ly
Ke=25

hoo=X5

FOR T3= 1 TO Né& 10

BEGIN
JE=AdR K- (LK) #
Ko =LK~ CL-J) XNy
Le={L-~-KI¥K+Js
EiCL~133=J+K+Ly
ELOR-1 33 = J300K0

ENDs

ENIF Ok MODULE & %)

PROCEDURE ﬁﬂﬁULE?? (% MODULE 7% TRIG FUNCTIONS X)

BEGIN
Xi=0,307 YIi=0.57%
FOR I3=1 TO N7 DO
BEGINM
Xi=TRATANCT2REINC RCOE K A (ROS (XY )+ 05 (X-Y)-1.03) 5
Yi=TRATAN(TIREINIYIRCOSIY ) /(COS(R4Y ) F0OEIX~-Y)~1,033
ENDs
ENDy Gk MODULE 7 %)

FROCEGURE MODULERS (X MODULE 83 PROCEDURE CaLLEs #)

- BEGIN
Xi=1,0% Yi=1l,0¢ Z3=1.,05

FOR Ii=1 TO N8 L0
FE(XeY 2
ENDG Ok MODULE 8 %)

FROCEDURE MODULELOS (% MODULE 10

w

INTEGER ARTIHMETIC X))

BEGIN
J3=3
Ki=3s
FOR Id=1 TO N1O DO
BEGIN
NEENE 38
Ri=J+K7
Ji=R-d
QL L L
EnDs
ENDy Ok MDDULE 106 30

FROCEDURE MODULELLS (& MODULE 11! STANDARD FUNCTIONS %)

BEGIN



FOR Ii=1 TO NLL DO
=GART ELFOLNGX) /T )5

ENDF Ok MODULE 11 %)

FROCEDURE FOUT (VAR NyJyK§INTEGERS

BEGIN
TIME(HTLT25 3
WRITEC MODULE
WRITELN(XLS
WKT $= ((LT2 - LTL) +
TT 3= TT + WKT#
WRITELMWET
TIME(HT»LT1) ¥

EZNDs (¥ PROCEDURE FOUT %O

SELS ¥y

U..

BEGIN (% START WHETSTONE %)

(X READ VALUE OF I»
THE TOTAL WEIGHT IS ONE

WRITELNS

WRITE (“WEIGHTING FACTOR I =
WRITELNS

MN13=03

N23=13%1%

N3I=14xXx1s

N4 =340%13

NE3=0s
NE3=210%1 3
WA =E2RT s
NBI=BPP¥Is
NP?I=416¥1
NL1GI=03
MLLI=93%13

03
TIME(HTLT1)3

(k MODULAR PROGRAMMING IS5 USED

ﬁDBULE1§ (& SIMPLE IDENTIFIERS
MODULES =
FGUT(leNi:NipXivXEyXByX%)“

MODULEZY (X
MODULEI =25

ARRAY ELEMENTE X

Ty MODULES 2o NS5 d15 KI5
1233y X231233,X3012

30y DIV a0

Var X1

rJv
> w

LR R e

CONTROLLING TOTAL WEIGHT?
MILLION WHETSTONE

Ty

READL

TO REDUCE

¥

iDUT{NﬁvNuyNﬁpEltljyE1ﬁ239E1E33751£43}3

5
33

(K MODULE

FOR I3= 1 T0O N3 D

FACEL)

ARRAY &5 A FPARAMETER

¥

P R22 X3

3

IF I=10y

N{Is

THE LENGTH OF

INGTRUCTIONS

s A4TREAL Y

k)3

MAaIM CODRE X2



MODIULE: =33
FOUTONI s N2o N2y ELDLD»EAC20 E1I03TsEL IS0 5

O END OF MODULE 3 %0

MODULE4S (k CONDITIONAL JUMFS &)
MODULE 3 =43
FOUT (NG s ds Jp XLy X2»XBo X 4D 3

WRITELNC MODULE & OMITTED 7)s
MODULESY (% INTEGER ARITHMETIC %
MODULE=6%

FOUT(NGy Je Ky ELDLIIELC2,EL03USELL400 5

MODULEZ: (% TRIG FUNCTIOME O
MODULE =73
FOUTIN7 s Jy Ry X Xe XYY 3 4

MODULES: f PROCEDURE CALLS X
MODULE $=85
FOUTINBs Jr e X Yo ZeZ)s

O MODULE 93 ARRAY REFERENCES %)

ek Dt leud g S G@
P i
3o G P
P ar W

133=1.0%
2A1=2,03%
3131=3,0%

FOR Ii=1 TO N9 D0 FOj

MODULES=93
POUTONG » Je Ky ELDL s EIL23»E1L033E1043) 5

MODULELOS Ok INTEGER ARITHHETIC #2
MODHHLE =107
FOUTONLG» Dy Re X1 s X2y X3 X420 5

MODULELLs (k STANDARD FUNCTIONS %3
MODULE =113
FOUTINLL » JeReXe X9 X0 XD 3

WRITELNCTTYy ® TOTAL SECS7 )y
WRITELNCZEND OF WHETSTONE’)
END, Ok END WHETSTONE X)



FROGRAM BTSIF Ok BALANCED TREE SEARCH AND INSERTION %)

TYFE

BALANCE = -1.,.13%

REF = TNODES

NORE = RECORD
KEY s COUNT 3 INTEGER;
Bal. ¢ BALANCES
LEFTsRIGHT 3 REF

ENIIF

VAR
HTLTL1,LT2 3 INTEGERS?
IrdsX § INTEGERS
F REF §
H BOOLEANS

+
+
*
+

FROCEDURE SEARCH(X? INTEGER:VAR F3! REFsVAR H2

vaRk FL:F23 REFS$

BEGIM
IF P = NIL THEN
BEGIN
MEW(F
H o oi= TRUES
WETH P 10
BEGIN
REY
COLINT 3
LEFT i=
R IGHT 2
BaL 1= 0
END
BN
ELSE
IF X = P7.REY THEN
BEGIN
SEARCH(XsF T LEFTeH) 5
IF W THEN
CAaSE P™.Bal OF
11 BEGIN
FoeRBal 3= O3
H = FalsE
END s
: PTLEAL I -1
¢ BEGIN (XREERALANCEX)
Fl1 = P LEFTs
IF P17.BAL = -1 THEN
BEGIN
FoLLEFT
F17TWRIG
F™ s+ BAL
F o= 1

—~

O
-,

T

s 7L

BOOLEAN) 5



END
ELSE
EEGIN
P2 i= P17 RIGHTS
P17 RIGHT 3= P2™,LEFT3
PR™ LEFT i= Pl
PG LEFT §= P27 RIGHTS
F2” RIGHT i= Fj

IF P27.EAL = —~1 THEN B™.RBaL =
IF F27.BAL = 1 THEN F17.BAL 3=

Foi= P2
END
FooBAL 1= 03
H t= FALSE
ENI!
ENI
ENI
ELSE
X >
BEGIN
SEARCH (Xs P~ RIGHT 1 H) 5
IF H THEN (XRIGHT ERANCH HAS GROWN
CASE F~,EBAL OF
~13 BEGIN
FroRAL 3=
H t= FALSE
END 3
P, BAL
BEGIN
Pl
IF

IF F7WKEY THEN

HIGHER)

Oy

+1%

a3 $=
+13
"D RIGHT #
FL17.BaL = +1
BEGIN (¥5INGLE
FTRIGHT &=

g

1=
THEN

i ROTATIONK)
P17 LEFTS

FL7OLEFT 3= Fj
FroEAL 1= 03

F‘

END

ELSE
BEGIN

P2 5= P17,

F1I7L.LEFT 3

F27RIGHT

$= Pl

P RIGHT 3
F27LLEFT = F3
IF F27.B4L = +1 THEN F7.BaAL 3

IF F27,8aL = ~1 THEN FL17,BAL
Fol= P2
END3
P BAL
H 1= FALSE
END
EMD

03

P o
3 =

ENT
ELSE
BEGIN

=
P e
4

+1 ELSE F7.BAL
-1 ELSE F17.RaAL

-1 ELSE P7.BAL

*
+

1 ELSE P17.BAL



FoLCOUNT 3= F7L,COUNT + 13
H = FALSE
END
EN

FROCEDURE PRINT(FS REF)S
BEGEN
IF P NIL THEN
WITH F™ 10
BEGIN
WRITELNC(REY " “2COUNT» " ‘sRBAL)S
FRIMTOLEFT) S
FRINT(RIGHT?
END
ENT S

BEGIN
TIME(HTLT1) 5

F
.

i

3= NILS
1= FALSES:
FOR I 3= O TD 9 DO
FOR J 3= 0 TD 999 DO
BEGIN .
X o= (({Cd % 17) 4+ (I % Si3)) MOD 117) HMOD 5133
SEARCH{X s FrHD
ENII

TIME(HT»LTZ2) 5
FRIMNT(F)S

WRITELNCOOLTZ - LTL1y 4+ 30 DIV 407 SECONDS )3
ENI, :



FROGRAM ROUICKSORT S
TYPE INDEX = 0,,29993

VaR & 3 ARRAYLO..29991 OF INTEGER?
C 3 CHaRs
HT»LTL1sLTE2 § INTEGERS

FROCEGURE SORT(LsR ¢ INDEX) s
vaRk Ted 3 INDEX?
Xell 3 INTEGERS
BEGIN
I 3= L3
J o= R
X = ALL+RY DIV 275
REFEAT
WHILE ALIT < X DD I 3
WHILE X < ACJd4ld DO J 3
IF I <= J THEN
BEGIN

Jers
=
fe
Ll
L t=d 4 oo T
Ho#m
a1
f el B
el e 20 3K 1)

o> e

H

END
UNTIL I » Js
IF Lo Jd THEN SORT{LsJd)s
IF I < R THEN SORT(IsR:
ENLg

BEGIN
FOR LTL &= T0 9 100
FOR LTZ2 1= 0 TOQ 299 DO
REGIN
HT &=
ACHTI
ENDY

(LT2 ¥ 103 + LTis

WRITEC PRINT INPUTY =703
READLNCC) 3
IF © = ‘Y’ THEN
FOR LTZ 3= 0 TO 299 0
BEGIN
WRITELNS

COOCLTE % 17) + (LT1 % 51333 MOD

117y MODn

FOR LTI 3= 0 TOQ ¢ IO WRITECADC(LT2 % 103 + LT13»7 703

ENDF

TIME(HT»LT1) ¥
BORT(022999) 7
TIME(HTLTZ2)%
HT 3= ((LT2 - LT1) + 3¢ DIV 403

WRITEC/FRINT OQUTPUT? =703

S1)4



REATILNLC) 5
IF C = ‘Y’ THEN
FOR LT2 &= ™ 299 10
BEGIN A
WRITELN:
FOR LT1 3= 0 TO % DO WRITEGALDLTZ % 10) + LT1d¢” 733
ENDs

WRITELNS
WRITELN(HT* SECONDS’ )
ENT.



CREBLANKD

FROGRAM QUICKSORT$
CONST M = 1003

TYFE INDEX = 0,,299%

Isdrl.s R § INDEX
KolWsHT s LTLL.T2
5 1 0..05

STACK 3

Vak

P ARRAYLO. .29

CHAR S

o

BEGIN
FOR LT1
FOR LT2
BEGIN
HT &=
ALCHT
ENDs

[ 2
9 =

i= 0 TO

Ll

WRITEC/PRINT INFUTT

READLNCC) §
IF C o= v’
FOR LTR2 3=
EEGIN
WRITELNS
FOR LT1
ENI'

THEN

1= 0

TIME(HT LT3
§ = 13
STACKL1I.L 1=
BTACKLLII.R 3=
REFEAT
L L

P e
3 @

3

§ 1= 85 - 1%

REFEA

s

T
= L.§

b SO B

I
J
X 3=
REFEAT
WHILE
WHILE X
IF I <=
BEGIN
W =

ALCT]

o

i= BTACKESDI.L
R ot= STACKIEIWR

a
H
4
kS

91 OF

G TO 299

O %

4
H
s
?

AL + R

< X DD X
< ALJT 10

o

INTEGERS?

ENDs
INTEGER:

0 TO 9 1d

299 10

RSF

o

a
¥

niv 23y

J THEN

Bl
1
i

ARRAYLL. .M1 OF RECORD

[N

(LT2 % 10) + LT1s
s= (CO(LTR

L,

%+
4

b

INDEX

et

DO WRITECADCLTE * 103

wn Wy

¥ 17) 4+ (LTI % 313)) MOD

+

1172

LTids

MOn

°3

1)



ENI
UNTIL I > Js
IF I < R THEN
BEGIN
S =& + 13

STACKLGT.L. 3= I3
STACKESI.R I= R

ENIi 2
R 3= .J
UNTIL L = R
UNTIL & = Oy
TIMECHT LT2Y5

HT = ((LT2 - LT1) + 30) DIV 40

WRITE(/FPRINT QUTPUTT >7)5
READLNCC) 5
IF C = 7Y’ THEN
FOR LT2 = 0 Ta 29% DO
BEGIN
WRITELNy
FOR LT1 3= 0 TO 9 DO WRITE(AD(LT2 % 10> + LT1ds7 735
ENDy

WRITELNS
WRITELN{HT. - SECONDE")
NI,



CKRPBLA 2 G

FROGRAM HEAFSORT S
TYFE INDEX = 1,.,3000;
VAR LsR 3 INDEX:
XyHT»LT1sLT2 § INTEGERS
C t CHARS |
A 1 ARRAYL1,,30001 OF INTEGERS

FROCEDURE SIFT?
LABEL 137
Vak I ¢ INDEX:
J 3 INTEGERS
BEGIN
I
J Is
X I1s
WHILE J <= R D0
BEGIN
IF J < R THEMN
IF ardd < ALd + 173 THEN J = J 4+ 13
IF X == ALJI THEN BOTO 13
= alJ3s

B B
I I

L3
2%
AL

BEGIN .
FOR LTL 3= ¢ TO % DO
FOR LTZ 3= 0 TDO 299 IO
BEGIN :
HT 3= (LT2 % 10> + LT1s
ACHT + 13 3= ({0LT2 % 17) + (LT &% S1F3y M0D 1173 MOD 5135
END#

WRITEC/PRINT INFUTY =735
READLNICY »
IF C = 7Y’ THEN
FOR LT 3= TO 299 DO
BEGIN
WRITELMS
FOR LTL 3= 0 TO 2 DO WRITE(ALDLT2 % 103 + LTL + 117 73
END

TIMECHTsLT1) 5

Loo3= (3000 DIV Z) + 1%
R 3= 30007
WHILE L > 1 DO

BEGIN



i

o

4

L ot=
SIFT
END§ A
WHILE R > 1 10
REGIN
X = ALLIS
ACLD 3= ALKI;
ALRT 3= X3

R 3= R - 1%

Lo~ 1¥

SIFT
ENDs

TIME(HTLT2) 5
HT 3= ({LT2 - LT1) + 30) LIV 4035

WRITEC/PRINT ODUTPUT? =733
READLNC(C) §
IF C = 'Y’ THEN
FOR LT2 $= 0 TO 299 10
BEGIN
WRITELNGS

FOR LT1 $= 0 TO % 00 WRITE(AD(LTE ¥

END s

WRITELNS
WRITELN(HTy 7 SECONDS ')

g

i,

10y + LT1

+ 11ds 7

)



PFEPENDIK G -~ Microcods Used for Timing



i CNTER.MIC

5K SRR HORMOK KK O KO K K 0k
5 MICRO CODE LOCATIONS

b AR KR O O SO RO O KK
5 MACKD MEMORY LOCATIONS

LLASTHE =
HLASTMP = 1

LJTAE =
HJTAR =

f...'} o3

7 M
@
I
5
5

L.
HE
3 O ROR AN ORI HCCOR RO RROIOK

§ MARK STACK DOFFSET VARIARLES

MEETAT = O
MSIYN
MS LR
MEGED
MEJTAR = 4
MEGE = 1
MERASE = -2
MEDLTA = 12

B o#H
I o= R
<

100 3000
JHF O TROFF
JHE DECODE
ERROR?  JHP 0 TROFF
JMF CLKOPS

INTRUFS JZEBF REREAD
L.GL RFSWL
MI GHy GL
JHE 0

JME U?BIB s0F CODE 74770

JSHFE OFRIG # 75771
JHF OFBIG ¥ 76702
JSMF 3500 ¥ 76773

; 76774

SMF 3504



76775
TE7TE

7E&T7F7

ME Q¢ TROFF
SME Oy TROFF
JMF Oy TROFF

- L M

REREADT LL 7y PCHs REVED
L 120.P0L 7

DECODE: CL 175y RIRL
JZEBF ERROR
CL 304y RIRH
JZET CLKOFF

AL LTOsRIRMH

JCBF ERROR

MI RPSWL y RIRH 5 INDEX JuMP TAEBLE AROVE
JHMF 3010

SLncI: Al 376 5L
Che aFH
W SFHy SPL
G RFGWL. » BL.

EXIT: NOF
MO
MO
JHP CLKOFF

MEXTS LGL RIRH
RIWi GHe» GL
LGL RFSWL
boi. 377 06H
L.l S RERCL

LEF 2y BL

LL 7 yREAH

Li. 11é& s REAL
b REAH REAL
gt RFSWL » GL.

JNF SLOCT
SLu -Gl GL

B RSRCL s GL
LL . 1sRSRCL
LL. 2y REAH
LL. 2y REAL

TW O ROGT
Al 10, RIETH
JCaF MACRO



MI ROSTH ROBTL
SMF O

MACRO: Al ' -1 0y ROETH REVE
Ml RLST»PL

COMMON PROCEDURES SECTION

OFBIG: JWP BIGZsLRR
NOF REVC
LI Li Oy RIRH

LL 4 RISTL

GETER
52

BIGS

3

L

LGL ROSTL
RIW1 GH» GL
LGl RIRH
L.L Oy GH
Ik 25 6L

- JNEF IsMalL

LGL ROSTL
RIW1 GHe» Gl
LGL RIRH
Mb L.y GH
Ni. 177y GH
Ik 2 G

rsMally LL Ay RTHH

RFS

R RIWZ SPH 8P
W Gy RIR

R HFH. SF
T Qs ROET

SWr RIRsROET

RS

PEHFLED LL O RERLL
FEHTRU? W SFHe» SFL
0w RPSWL y RERCL
SMF EXIT

EREIRY JME SUBLRR
: JZT FESHTRU
JME FSHFLS

NERL? JME SUE-LRR
S4F FESHTRU



GRTIS

BTL:

CLKOPSS

DKM

JHF

JHE
Jzr
COE
ML
JZET
OCE
JZET
JNF

JMF
SET
CoF
M.
SLBET
OCR
SJZET
JHME

LOC 3

JMF

SLu
Al
CIe

RIW2Z
LGl
Al

Ty

W
b
JSHE
LOG

L
JEBF
L

.
JEBT
CL
JZBF

FOHFLE

SUE» LRR
FEHTRU
sk

12 REal
PEHFLS
REAL Yy REAL
FOHFLE
FSHTRU

SUByLRE
PEHFLS
REAL

12 REAL
FEHTRU
REaL s REAL
FEHTRU
FEHFLE

5 MaACRD 3230
GETRIG:LRR

Gy ROST
12y ROSTL
RIETH

SFH» 5L
RIRL
GeROET

Oy RERC

ROSTH, RDETL
REROHy RERTL

EXIT

173y RIRL
ERROR
175 RIRIL

304, RIRH

NEXT
314yRIRH
ERROR
FHL P RDBTH
20 RISTL
17 RERCL

ROSTH ROSTL.

177250



DLROFF

oW
JiiE
LL
L.

LL
L

W
O

LL

JEND

RESWL » RERTCL
NEXT

AL ROETH
20y RIOSTL

2y FCL

7y FCH

ROSTH, ROGETL
FOL 2 FOHe REVE

122, 0L



FONTINT MIC

KRR R R
P MACRD MEMDRY LOCATIONS

LLASTHP L&

HLABTME = 1

4

LJTal = 20
HATAR = ]

HEEG = 1

§ SRR OOk Kk

#oMARK BTaACK OFFBET VARIABLES

oy i:)

T o= 10

§ RCOR KK KO HOKR RO ROOR HO R
PUTAR OFFSETS
ENTRIC = -2

OETHREE = 14
FafRMbhz o= &

>

¥ CORE SECTION

SHE Gy TROFF

SME DECODE
ERROR: NP Oy TROFF

JHE CLKOFS

LOT 3004

wpe B

-

eee ve srme ers ess S10s bes sean cere S0r S41s GS08 bebe bows bave SISh Sinb PeSA S036 B4RS SeEs Seis Pese bese Geem w0d Seee Fbd SHGe Seet tere Sms tens Sese ment mes

OFCOOES 220-227, RESERVED BY DELC,
OFCODES 7400074777 TOF &4 ARE {JURS.
MICRO POWER UF.

MICROINTERRUPT ARBORT ENTRY FOINT.



REREALT AL ~dy PLL e REVED # RETURN TO MACRO TO SERVICE INTERRUPT.
Lok FOH i DECREMENT FC S0 SAME OPCODE WILL BE
s READ AGAIN.

CHECK OPFCODE TO MARKE SURE ITS LEGIT.
NOTE, HIGH ORDER BRYTE OF OF I8 IN
RIRL AND LOW BYTE IS5 IN RIRH.

HUICK CHECK FOR INTERPRETER FETCH OF

DECODES Ol 17FS e RIRL
JEBF ERROGR

R TR PR P

L 304y RIRH
JEIBT CLKOFF

Al 20y RIRH
JOBF ERROR

M1 RFEGWL » RIRH
JHE 740

CHECK OFCODES FOR RAMNGE 7674076777

1%

el
i

ITg OF OQFCODE TO INDEX
BLE.

USE LOWER 2

E:
MICRO JUMF Ta

.y

-

LOC 37580 ' 5 MIDRO JUMP TARLE
M DECMOV 3 [P COUE 747460
S DECHOY 3 &7 71
Nl DECMOV 3 FATAZ
JHF O TROFF $ 74743
JM CLF H 7H7H4
JE Cip H 7aH74HT
JME O TROFF 7 FHTHAE
JHF Oy TROFF H TETAET
JHP INOCHMOV ¥ TETTO
WM INCHMOY ] PAETTL
JMP INCMOV § FEHEFIR
Niis O TROFF i

JME OFRIG 3 FHFT4
Niis Qs TROFF 3 FEFTE
i CHRK 3 FATIS
Wil LRLET H FETTT

FETTE

':.‘/ b B 5 3

LOG

SLOCLY ¢ SHORT LOAD CONSTANT INTEGER :
Al -2y 5FL §OFUSH OFCODE ONTO S8TACK
Clhe SHH
Y SEH»8FL i ¢ MOV KOs —-(5F) 2
b REGWLYROSTL

CEINTRPFY ¢ CHECK FOR INTERRUPTS AND THEN Fall INTO INTERPRETER FETCH.
51 i4 -
LL 4y RIRM» REVE
kY 14
Mk CLROFF
TFETCH: INTERFRETER FETCH
THIS IS SIMILAR TO THE BaCK ROUTINE IN MACROCODE,
DIFFERENCES ARES ' :
1. XFRTEL CONTAINE ROTH MICRO AND MACRD ADDRESBSBES.
MICRD AUDRESSES HAVE HIGH DRDER 5 BITS BET TO 18,
2. REGISTER O I8 NOT LUADED WITH THE OFCODE.

BT )

SEie ER NS Ay SED



MaRO3

-T2

CLKORSS

-
¥
s
¥
.x
3
¥
~
H
#

LGl
RIWL
LL
L

TeF

L1
LL
W

0u

JNF
5LE

f
L1
Li.
Li

Pl

Al.
JCBF
M
JMF

il
i

CL

INTERNAL
IFETCH aND CINTRF

RSRCL = 1
REAM = 2
REAL = 3
RIRH = 4

RIRL = 3

»,

RIRH
GHyGL
SyRIRL
&y RERCL

2 ROSTL

7 yREAH
11&yREAL
REaHy REAL
RESWLROSTL

sLOCT

ROSTLRDSTL

RGRCLy ROETL
1 RERTL
2y REBAH
FrREnL &
Gy fRNsT

10 RLSTH
MAacRro

ROETH ROETL
O

REGISTERS ARE

TO THESE

e

3P

| W

-

(39

=10sROETH REVE 3

ROGT« O

F-MAGINE OF COLES

173 RIRL
ERROR

175« RIRL

Z04yRIRH
IFETCH
LAy RIRH
ERROR

INITIALTZED DURING THE COURSE OF

VALUESS

READ OFLCODE

TEMFORARY - WHEM XFRTRL IS5 MOVED TO
ADDRESE 400 CHAMGE TO LL 1»RERCL,

ACCESS XFRTEL.

TEMFORARY - SEE NOTE aABROVE

SEE IF ITS MICRO OR MACRO ADDRESS,
SUbP TO MICRO ROUTINE,

BACK TO MaCRO.



CLEONS  LL FHLyRIETH
L 20 ROGTL
LL 17 RERCL

Wl ROGSTHy ROSTL.

O RPGWL » RERCL.

Jii IFETCH
CLKOFFY LL 361y ROGTH

LL 20y ROSTL

LL 2y FOL

L. e UM

W ROSTHROSTL
O FOLy PEH REVE

LL. 1225PCL

o EEXK
AL MEDL TAY ROSTL
CIk ROSTH

LOGL RIRL

fild G ROST

S REAH. &F

: SFHy BFL

Ol ROSTHy ROSTL

JHE - CINTRF

PORANK

l.Aals v LOADL GLOBAL ADDRESS
S FRCOBIG, LRR
Sl GeROGT

Al. MBDLTAsROETL
CIE RDETH

LGL REAL
&l GeROST

i REBAH 8F

W SPH» 8P
O ROSTHYRIDETL



ROk

AN

¥ AORNRN

LoCLs

B ARk

R

§HEHORE

Lide g

LEIFER

P

+

JHE

§ooAND
RIW:
W

(]

[

I
My
OW

JMF

s LOAD
LGL
RIWI

I

RIWI
5l
Th

W
O

MF

5 FalLsE
RIW2
LG

TEF
BREF
JoE
TCH
i

CINTRF

SFH GFL
Gy ROST

S5FHs &FL
4y RERD

RERC ROET
ROSTH» RDSTL

CINTRE

CONSTANT WORD

RIRH
GHy GL
2y RUSTL

G3kty GL
RE&Hy BF
Ly ROETH

SFHy SFL
ROSTHy RDSTL

CIMTRRF

JUMP (HOTEs REQUIRES UJP RE
SFH s 5L

RIRM

1Ly RERCL

RERCL s REREL

UJFSsRE '

Ga(3

CINTRP

§ OUNCOMDITIONAL JUMP

LGl
RIWL
IBF
JMET

RIFRH
GHy GL
2y RERCH
LONG

FRE

o

<.

ENTD



L OING

Al
SME
L.
L
N
Iy
il
i
I
S

SMF

HUR

A odeafe ohe ok
¥R

AU

FEMFLE?

FEHTRU

RS
NEIIL S

§ROR N

LEGT S

AR
GRTILS

o COMMON PROCEDURE UBED BY

RIWZ
IW

R

T

SWF
RF&

RERCHG
CENTRF

Ly ROSTH

20 ROSTL
ROSTH ROSTL
Oyl

RERCH &
GH»GL

Qs RERE
RERC O

CINTRF
SFHy GF
OyRIR

SFHy GF
Qs RIET

RIRsHDGT

§ OINTEGER EQUAL COMPARE

Nivte
JET

LL
W
O
JHF

FOINTEGER NOT

Nt
JZF
M

OINTEGER LESS

Nivig
SEZT
CoF
M.
JEBT
OCE

JZET

JME

SUBsLLRR
FSHTRU

O REREL
SFH» SFL
RESWL y RERCL
CINTRF

SUBy LRK
FEHTRU
FEHFLS

THaM OR
SURLRR

FOMTRL

REAL

12»REAL

FSHFLS
REAL » REAL
FSHFLE

FEHTRU

Edal COMPARE

COMPARISONG

EQual COMFARE

§OINTEGER GREATER THAN COMPARE

SME
JET

SUE»LRR
FSHFLG



FORACRH

STL3

CONTLS

CoF
NL.
JZET
OCE
JZET
JHiF

s STORE
S

5L
éal.
Cle
RIW2
LGL.

Al
Tu

i
O

JSHE

REAL

12 REAL
FEHTRL
RBEaL REaL
FEHTRU
POHFLE

LOCAL
FROBIGYLRR

G RDST
L2 RUDETL
RIOGTH

8FH» BFL
RIRL
G»RDET
Oy RERE

ROSTHyROGTL
RERCHy ROREL

CINTRF

i CABE TABLE

RIWZ
LGL
ITCWL

Il

RIWE
CWF
COF

TW

ML
JZET
OCE

JZEF

CWF
CoF
ML
JZET

Sk e 8FL.
RIRH
{Gs (3

Gy ROET

769 GL
GHy GL

Gy RERE

G GL
RSRCYyRIST
RIRL

Qs REA

12y RIRL
CONTL
RIRLyRIRL
XJIPEXIT

ROST s REA
RIRL

122 RIRL
CONTZ2



Ocw IRl RIRL
JZBF XMEXIT

CONTZS  ICW2 G20

G RERC RIET
L ROST RIET

Akl RDETYE

iR _ GHy GL
Tig Qe ROET

= ROST G

XJPEXITY JmP CINTRF

I S o

LOMS FoLOAD MULTIPLE
N SHFHeSPL
LGk RIRH
Ml SRy RDET
W Gy RORE

e GH o Gl
i G0
L Oy RRAH

IE Seflal.

SEBT LIOMEXET

S RRaL s RIET

S REAL s RDET

TOW2 ROST RLST

Ml ROST » REA
LOMLOFD 81 Ié

(" Ly RIRH, KRBV

Y Ié

RIWZ RERCH RERCL

CuF . RDETS5BF

IW OyRIR

WD ROSTHy RISTL
Ol RIRH RIRL

JEF LML OF

M RBA» SF
LOMEXITY TCW2 GG



ROk

i
NI

RO 2

DOFRD

rx 3

"

&+
>

M

CINTRE

PORETURN FROM NORMAL PROCEDURE

LG
M
Al
cie

AL0

el
JLRF

L.GL

ST
b

RI
ICW2

RIWz
LL
L1

T

WIlE
iy

RIRL
By RERE
MBEF s RERGL
RSRCH

RERCH» RERCL
RESL
G5

RIRH
GHy GL
Gyls
OrREAH
2eREAL
noFROC

REA>REBRO
REf RERE

RFSWL
2y REAH

RERTH s REROCL
REdAaH RERE
REAH» G

Qe ROBT

GHe GL
RIETH ROSTL

RBEa&Ly REBAL
RNFLOF

RIRL

14
Gy RERE REVED

1&

RERGy RERE

RERCH» RERCL 3 LASTHP
LLASTHP s ROSTL

HLASTMP» RIETH
O

RDETH RUSTL i LABTMP
GHy L.



RIWZ RERCH» RERTL i JTAR
LG RFSWL
I Oy PEA

Wik ROSTHs RDETL #oLATAR

Ow Flak e HEAL

S
£
7
s
i

RIW2 RERCH» RERTL.
M [EXR
W Gy REA

WIWa ROSTH RUSTL s GER

Ou REAH» REAL

LYs
bt
o
3

R RBRCH» RERCL
LGL RIRH
Ty O+

JMF CINTRF

COMMON PROCEDURES SBECTION
FOLLOWING AaRE COMMON PROCEDURES THAT Can BE USED BY
Pe-faCHENE OFCODE.

ey e

THE

fANY

A3

i GETRIG - FPERFORMS THE SAME FUNCTION A% THE GETBIG MACRO EXCERT
§ THE ValUE RETURNED I8 aluWays IN REGISTER 0.

# ASEUMES RIRH CONTAING & 4.

QFEBIGY ¢ ENTRY FOINT FOR GETRIG OFCODDE - FROM MACRD CODE,
JMF FREBIG.LRR
NOF REVE

FROBIG: 7 ENTRY POINT FOR GETBIG PROCEDURE - CaAlLLED FROM MICROCODE,
LGL RIRH -
RIW GHy Gl
LGL RFSGWL.
Li Qs GH
I 2yl
JMEF I&Mal.L

LGL RIRH
RIWI GH » Gi.
LGt RFSHL
ME Gl ¢ GH
ML 1772 GH



TamMall:

THCHOVS

TLOORS

LELETS

LLOORE

IR

= Gl

RF&

OPCODE 7477078772
FERFORMS THE OFERATION
1$3 MOV (RE)+» (RC)+
508 Rarls
Ra I8 THE
ARE THE LDOW ORDER
RESFPECTIVILY OF THE WORD
Ry CAN ONLY BE REGISTERS 0Os1»
CONTAIN A NUMBER >
(I.E. IT WILL BEHAVE LIKE A S0B)

I OBITE OF THE
FOLLOWING
or 2

THE
AND

MR P MR NE CTE AR VBB R DR R

FCHy POL
W Oy REA

Py 3

ST
LGL

RI

Ié
REAL yREVD

Ié&

28]

Gl GL
RIRH
Ge0

Oy RDET

ok
o
!

o
s

LG
LWLF
TW

REAH
GHy BL.
ROSTHs RDSTL.

LOL
WIW2
N

SLF ILOOF

ITCWs FCe L REVE 3 KEE NOTE RSVC HERE

DF COOE 74777
FERFURMS THE FUNCTION
1$3 MOV BR1s-R1
| SO0E  ROs1$
THE INITIAL ADDRESS
IN REGISTER ¢» THE COUNT

FROPERLY »

BE IN THE

MUST

AR T PRV T T

L L RERCL

Ié
RERCL » REVD

Ié

R 5k GL
RFESWL

LOW ORDER DIGIT OF THE OFCDOE AND RE aND
LOW AND HIGH ORDER B
OFCODE .
THE REGESTER

0 TO OFERATE AS PROBABLY INTENDED

MUST BE IN REGISTER 1 AND

NOTE »
SHOULD

THE COUNT
RANGE 1..127 70



DRELF GL. v GL
LGL. RBRCL
IW QG

JEF LLOOF

NOF REVE
NOF POk TEMPORARY

GEDHOVD ¢ OPCONE 787407487472

# FPERFORMS THE OPFERaTIONS

» %13 MOV ~{RE) s~ (R

¥ 508 Rasls

y Ra IS THE LOW ORDER DIGIT OF THE OFCODE AND REB aAND RC aRE
y THE LOW ORIDER 3 BITS OF THE LOW AND HIGH ORIDIER BYTES

P ORESPFECTIVELY OF THE WORD FOLLOWING THE DOFCDODE. NOTE: RA
# CAN OMLY BE RERISTERS 071 DR 2 AND THE REGISTER SHOULD

F OCONTHIN A& NUMBER > O (I.E. IT WILL BEHAVE LIKE A SOB3}

R FCHy PCL
I Oy REA
L1 : 2y RERCH

DLOOF: 51 Ié&
E1 REAL y REVLE
) Ié

o

g
kS

£ RERCH» G
R Gy GL
LGL RIRH
DWLF G0

I O RIBT

L.GL RRAH

Sl RERCH G

i GH Gl

0O ROSTHROSTL

JEF nL.oor

TCW2 FCyPCyREVE
- NOF FRERERTEMPORARY ~ FIND NON JUMF

§ e e e s e e e o i e S i i A 0 i i 0 e
$ MACRO F-MACHINE OFS

§ OTHIS SECTION CONTAINS THOSE P-MACHINE OFE THAT HAVE THEIR DWN

s OFCODE I.E. THEIR MICRO ADDRESS IS NOT OBTAINED FROM THE XFRTEL.



CHRZ # CHECK AGAIMNET SUBRANGE BOUNDS
0P CODE 78776
FMACRD CODE SHOULD LOOK LIKES

¥ SWORD P&7F74
5 SWORD 748704
¥ TRaR INUNI
RIW2 SFH» SFL s GET MAXIMUM RANGE
TCW2 FCyPO y THIS INSURES THAT BOTH THE INUNIDX
# AND NORMAL CINTRF EXIT ROUTINES WORK RIGHT
TW Oy RBRE
RIW2 SFHsSPL 5 GET MINIMUM RANGE
TW Oy RIOST
R S8FHs &L s GET SCALAR
IW OsRIR
CWF RIRy RERC 3 CHECK MAXIMUM RANGE
JMF LESTHNsLRR
CWF RDETsRIR ¢ CHECK MINIMUM RANGE
JHE LESTHNs LRR
JHF CINTRF
RTRM: RFS
LESTHND COF REAL #OLF LESE THAN  -» RETURN
ML 132 REAL y TO MalRO CODE FOR THAP
JZET RTRN
Och REAL » REAL
JEBY RTRN
¢ RAMGE ERROR  ddop NOTE REVC

NOF REVE

CIFs

yOOFCO0E 767465

¢ CALL INTERMEDIATE PROC - SEARCH FOR PARENT

LL 1sRIRH s (OELETE THIS OMCE REAL OF CODE IS IN USE)D
LGL RIRH e

K GH»GL $ BET LEX LEVEL OF PROCEDURE REING CALLED
LGl RIRL
R O REAH

JEBRT QuUIT y IF ZERD DR -1 RETURN TO MACRO CODE FOR
JNEF CONT # o JUMF YO THE LAST PART OF CEF

QUIY
CONT

Tows FCFLC,REVE
M G ROST

S G



OO #l. 4y RDGBTL 3 SEARCH DDWN DYNAMIC LINK FOR PARENT
Cim ROSTH

R ROSTHs ROSTL ¢ GET JTakE FROM MECUW
Tw Qe RERED

I Ié&
-l 2y RIRH» REVE #oCHECK FOR INTERRUFTS
I Is

R RERCHy RERTL v GET LEX LEVEL OF THE FROCEDURE
Sh RIRHs ROST
In Oy RBAL

CE REaHy REAL » COMPARE LEX LEVELS
SNET GOTIT # IF ITE LOWER WE/VE FOUND THE PARENT

R RDBTHRDSTL 3 IF NOT LINK DOWN TO NEXT FROCEDURE
SIW O+RIET 5 OON THE DYNAMIC STACK

JMF LOOF § KEEF LOOKING FOR FARENT
EOTIT: 54 RIRH:RDET

A ROGTHyRUSTL

I Oy RERDC # FUT LEX LINK ON THE STACK

W GHy GL s REVE
04 RERCH» RERLL

HOF REVE : b STACK OVERFLW - RETURN TO MACRO

I I # Call LOCAL PROCEDURE
Li. LSEGyRDETL
L HEEG RIETH
LGL REFSWL
R ROBTHy RDSTL
Ml 5FsG
Ll 2yREAH
LGk REAH
T M ERE]

MOV BFSRO

£ 13

USES RZ INBTEAD OF OLDSEG
MOV SER,QLDSEDS

ey NP

LGL RIRH

R GHs GL

LL 1y RERCL
LGL RBRCL
LL Q:GH

IB 2y06L

GETBYTE R1

a3

Sl GsG A%l R1

1Y



TCW

LL
LL

R

IW

fld

L.L

L1
T
SW

Al

R
LL
Ml

IW

51
54
RI

R
LGL

TW

L

SEZBT
SJOBT

Al
Che
MW

WIWZ
Ol

Li

WINE

oW

L

K
LGL.

L.1.
Ih

WIwz

Gy(3

LSEGyRIOSTL
HEEG RIGTH

ROSTH RUSTL,
0sROST

ROST 0

GHe» GL
A77yROGSTH

DaTASZ RDETL

Qs RERC
RERC G

G ROST
ROSTH RUSTL
S0y REAL
SPyRDST

Qs RSRE

Ié
RERCRIOST
I&

RPSWL s REAL
RIRL

0y RERC
ROET s RERE

CLPERR
CLFERE
- L4y RIOETL
ROSBTH
ROST»RIR

ROSTH ROSTL
GHe GL

LJTAByRERCL

ROSTHs ROISTL
GH» GL
HJITARy REROH
RERCHs RGRCL
REAH

1y RBROL
Oy RBA

ROSTH ROSTL

-

;

a
¥

SUB

NEG R1

ALD BEG.R1

BR1IsR1

SUB DATASZ(RL)5F

CMP BF NP

BLOS CLPERR

REVERSE PUSH ORDER

MOV MF oy~ (GF)

$ MOV MPy—-(5F)

MOV JTAR.—({5F)



QW REAH REAL

LL 4y RSRCH
Wiz ROSTHyRUSTL

s MOV OLDSEGs -
0w Gy GL 5 (R

(8P
RE USED INSTEAD OF OLDSEG)
LGl REREH
ICW1 Ge REA
W ROSTHy ROETL ¢ MOV IPCy—-(SF}
0 RE&H REAL

LGL RESRCL

&1 L&

M GyROST

RI Ia

Al FARMEZ  RTISTL
Che ROETH

R ROSTHy RISTL
LBL RPSUL
W OsROST

MOY PARMSZ(R1) s IFC
(IFC NOT USEID

A 13

SEBT CLFPFIN 3 BEG 2%

BRW ROSTH RTISTH 5 ABR IFD
Ml RIRyRERD FOMOV SFeMP (MF NOT USEDD

Al 18D Ta&T 2y RERCL
LIE RERCH o ALD EMEDLTAL2 s MF

CLPLOPT RIWZ GH»GL
LWIF ROSTyRIOET
T OrRUA
&1 I
LCF O RFBUIL § SET Z FLalG TO FalLsE
RI 14
WIWa2 RERCHy RERCL
Ou REAH REBAL

JEZF CLPLOF

CLFFING MW RIR»SF
LL S RIRL
LL 4y RIRH

LG RIRL
MW SFs G # MOV SF NP



Wiwaz -

(W

Ml
Al
LIE
LGL

OW
LL
LGL
OW
M

Al
Chg

L5
M
T
S
ICW2

2 BN

LLASTMPy RESTL
HLASTMF » ROETH

ROBTHs RLETL
GHe GL

Gy RERE
MEEFy RERCL
REROH

RFGWL
RSROHs RERCL
GH» GL.

1s RERCL
RERCL

ROBTHYRODSTL
GHy GL

GyROST

ENTRIC>ROSTL

RIIGTH

ROSTHYRDSTL
RIRH
ROST» 0

O RIOBT

ROGT» 6« REVE
FCyPL

L33

-~

-

b 23

MOy

MoV

MOy

Moy

Al

o 2

MP s LASTMF

RO MBS (M)

R1»JTAE

Ri»IFC

FENTRIC, IFC

SUR BIFC,IFC

SKIF OVER STalK

OVERFLW ERROR BR



AFPFENDTIX H -~ #HACRO-11 Code Used for timins



i FPoode

Timer

goORHERK INSERT INTO MaLMNOP AT BOTTOM OF  TRANSFER TABLE

INDEX S

ENTRY 2

UFDaTES

S ENDR
s TRF
+ WORD
S ENDR
s TRP
L WORD
+ENDR
PHLTET

s BLKW

+ WORD

o

N lo2s35 889G vl 01l 1213518518189 17220>

SLUOSHCAKTMN-1 25

NeOplo2935495569 70
SINDSHCLORN>

ME

IRCMAXKUNT+H1 > § OUNIT TARBLE IN IOTRaAF

fWORDY 73704 § GO HERE TO RESTART OFS THAT ARE  INTERRUFTED

+WORD 75714 5 MAIN ENTRY POINT 7/ CHAMGE TO NOF TO STaRT COUNT

MOy

TE8TE
BFL
BICE

ASL
ASL
AL
EHY

Al
MOy
MOy
MOy
Fain
MOV
MOV

TS8R
EBMI
TS8T
BEQ

Moy
MOV
MOV

INDEXsRO

RGO
nosLnct
L2002 RO

RG

KO

(¢ F DHANGE INDEX FROM OF CODRE (LEFT SHIFTED
FOPCNTS RO 3 SHIFTED ONEX TO aCTUAL INDEX FOR OFCNTS

45RO

(RO WL

(RGO s W2 # COUNT NUMBER OF TIMES EXECUTED
FADDER R1

R1

WOEs (RO

Wl s~ (ROS

Lok

OURFLUW 7 TEST FOR ERRUR CONDITIONS
EBFR

ZTIME

~(RO) y — (5F)
~ (RO »~ (5F)
BFRy =~ (S5F)



MOV IFCYFRIFC

TST (5F)
EMI NTIME

3 MOy FXy IFC

JMF B(R4)+ # COUNT NUMBER OF MICROSECONDE
Xz ' JWORD $IR-Y
Y3 Moy LASTHMP y MF

MOV FRACK» BR

MOV STKRAS» BASE

MOy FFRIFPC, IFC

Fabo - 8P

MOV (5F)+» (RO
MOy (SF) 4y (RO

SRIFZ s WOR 75714 5 START TIMER aND EXECUTE OF

OUVRFLWD MalT
SWORD 7E7LA
NTIMES RIC FLO0000 (8P
Al 1 (BF)
BMI NERROR
MOV Fay TP
S B{R4)+
JWORD  $IRsEB
Falil 5F

Jam
R
o e

MOV 77777y {8BF2
JME W

MERROR: HALT

+ WORD 73714
ATIHES  HALT

+ WOR 7E714

DOSLDCL: MOV FOP137 5RO
JME UFDATE

DUTPUT ROUTINE TO BLOCK 40¢ OF BLANK FLOFFY ON #3
CMOV S5y - (BF2
MOV FOPL27 s~ (GF
MOV F20109 - (5F)
MOV F40y - (G



CLR - (5F)
JOR RleSYITORMG
«WORD O

HalT

yOREINITIALIZE OFCNTS TaABLES AND RESET COUNTER MACRQO ROUTINE
MOy FOF 127y TARLOC
MOV #1004, TABCNT
INITS CLR ETARLOC
ADD $+2» TARLOC
DEC TARCNT
ENE IMNIT
HALT
TARLOCT WORD
TARCNT S - WORD

OFLE7: SFLT2 050

OFCNTSES LREPT 200
FLTZ2 020
« ENIIM

ADDERS  LFLT2 1
Wit LWORD O
Winzs: LWORD O

CHR = 170420
BER = 170422

CMPTRLD S WORD G
+MWORD REALTMF
+ WORD STREOMP
S WORD BOOLCMP
» WORD FOWMRCMF



i Standard Froe

OGOk TNSE

s A A A A A A

HeBfresvvs

MAIN INTERPRE

OO0 HERE FOR O

FETOH SEQUERNC
HE

P S A A X
LAE AR 25 2% 28 28

e T ey NIY

P G Y
PePFPY

BLOCIE MOY
gatks MOV

CMF

BEQ

MOV

MoV
SRIFIT? GETNEXT

BFL

AGL

MOV

Akl ¥ INTEG
T8T
BFi.

5OKENKE INSERT

MoV
S MOy
T8T
MOy
MOV
MOV
MOy
Y
MOV
MORE

5P i caLL

aoidre Timer

RT INTO MAINOR

TER LUODF
FCOLE
E

P R R O
FryYBEYFRPY

fely—{8F) E
#1007 170420 ’
#1»BFREW

SERIPIT

#1s BFPRSW

170422y SAVERFR

SLOCT
RO
AFRTELIROQ) ¢ FC

e We WE S

ER ABSOLUTE VALUE
@sF
1%

INTO PROCOF

LASTHF » MF
MFa R
(R1)+
(RLY+MP
(R1Y+»JTAE
{(R1)++5EG
(Rix+»IFC
MF e LABTHFP
ROsSF

¥ MEL e b

13

STANDARD FROCEDURE

o
IJ 445w 4100 sere saes sara saus Suss 4ok sers bers FEew 2405 Sers saey Sous emem mewt teve save mmow

JSHE

SRFONT

FUSH THE LIT YaLUE &Nl FalLL INTOD MEXT

5TOF REAL TIME CLOCK

GET NEXT INSTRUCTION BYTE
IF POSITIVE THEM A BHORT LDCI
DOUBLE FOR WORD INDEXING
TRANSFER CONTROL TO PROFER OF

RESTORE OLD MF ValUE

MOW RESTORE STATE FROM MSCW
CHUTK 8TaT LINK

OYNAMIC LINK

NOW BACK INM STATE a7 CaLL TIME

oF



MOV OLIIRG y R

AL #10R1

MOV ~{RLYsy~(5F) # COUNT EXECUTIONS
MOV = (R1)y—{8F

MOy ADNE+2y - (5F

MOV AONE ¢~ (5F)

Falh S

HOV (SFY+y (R1+

MOV (8P4 (R

TSTR CER

EBMI OVRFLUW §# CHECK FOR TIMING ERRORS
TE8T SAVEERPR
BEG ZTIME
MOV OLIORO YR
AL F4R1
MOy ={R1)»—(5F)
MOy =(R1)y=(GF2 ¢ COUNT MICROSECONDS
MOV SAVEERFRy -~ (5F)
Moy RO SAVERO
MOy IFC SAVERS
TaT {EF2 s CHECK FOR NEGATIVE TIMES
Bl NTIME
o3 MO Fs IFC
JHE B{R4)+
i3 SWORD  $IRyE
Bl MOV LASTMP » MP
MOV OLDROsR1L
MOy SAVERO» RO
MoV FEACKy BK
MOV STKEAGy BASE
MOV SAVERA4y IFC
Fahh SF
MOy (SFI+s (R1L+
MOV (SFY+s(R1D
SRFOMTS GETNEXT -
ASL RO
MoV ROy OLLORO
ASL OLORG
ASL OLnRO
ADD #CEFONTE OLDRO
Mov #0» BFRSYW

MOy FON» CBR 5 TURN TIMER DN



SAVERPRS

GRFRSWI

OVRFLYW?
LTIMES

MTEIME?

xs
X3

DLDROZ
DAVERD?
SGFONTES

ADNE §
SAVERA S

0N = 17

Moy COEPTRILLCRO) » PO

S WORD O
SWORD 1

HaLT
HAaLT
BIC
MOV
JME

F1Q00Q0» {5F)
$F0X e IFC
BCR4H T

+WORD  $IR(EX

FAlD sk
MOy FFTIV
JME C

{GF)

JHORDL O
JWORD 0
JREFT 50
JFLTZ 050
+ END

SFLTE L
SWORD O

DR = 170420

BFR =

o OUTFUT ROUTINE TO BLOCK 40

A

oe:

170422

MOV
Moy
MOV
MoV
CLR
JER
LWORD O

F59 - (BF)
HFCSPUNTE y ~(5F)
F500~(5F
F#40-(5F)
-{5F)
R1,8YIDRRQ

HA&LT
s 10 CHECK

8T C#IDRSLT
REQ 1%

0F

BLANK FLOFY ON #

§ +ve e 5n0 8000 svo suks 4025 e et G400 s 4428 S S ercn 5543 S 2844 500 8RS S0 nte s S e Leks 418 ekt SRS S ken BeLs b AP e B s



APPERDIX L - Microcode Listins



o LNTERF.MIC

HESEFET S SIS ETEEE 6085 ¥
FooMaCRD MEMORY LOCATIONS

LLASTMF = 14
”Lﬁ STMF = 1§

lJTOB = 20
HJTalR = 1

LSEG =

MSEDG

= R

li

¥ O AROR R RO R RO R R R R R R R

FINAL

MICRODODE LISTING

o MARK STACK OFFSET VARIABLES

MEBTAT
MBIYN = 2
MEIFE = 10
MEBSED = &
WBJTAR = 4
MEEF = 12
MBRASE = -2

MElLTae =

B AOCR B AR RORIOR R RO R R AR R K

i JTAR OFFSETS
ENTRIC =
HATASZ = ~10
FARMEZ =

H - el
157 et 00 ks ek oo s ke st e e e ke NS s S 0 e S ot 104 e GBS oo S0 o0d e 4eks S HeE sias b A e Srs i e

3 ‘ CORE SECTION

Oy TROFF
DECOLDE
Oy TROFF
ERROR Oy TROFF
Lac 3004
REREALT AL
LI FOH

-2 PCL s REVC

L WP Y g

E TR T T 1Y

OFCODES 220-3227 RESERVED BY DEC,
OFCODRES 74000-748777 TOP &4 aRE QURS,
MICRO FOWER WP, '
OF CODES 7304073777y RESERVED BY DEC.
MICROINTERRUFT ABORT ENTRY POINT.
RETURN TO MACRO TO SERVICE INTERRUFPT.
DECREMENT FC 50 SaME OPCODE WILL BE
READ AGAIN,



DECODE:S

SLOCT

CIHT

bt
s

(R

TEETCOHY

CL.
JZBEF

. 374

s BHORT
al.

Do

b

(i

s CHECK
St
LL

RI

¥

¥ THIS
¥

7 1

W WEn e P osms MM R MR

DIFFERENCES

IFETCH AND

175 RIRL
ERROR

304 yRIRH
IFETCH

20y RIRH
ERROR
RESWL s RIKH
3760

0
DECMOY
DECHOV
DECMOY
0y TROFF
CLF
CIF
0y TROFF
Oy TROFF
INCMOV
INCHOY
INCMOY
0y TROFF
OFBIG
Oy TROFF
CHK
LKLST

LOAD CONSTANT INTEGER

-2y BFL
SFH
SFH» BPL

RPFSHL »RUSTL

FOR INTERRUPTS

L4 )

Ay RIRH« REVE

Ié

INTERFRETER FETCH
TO THE BACK

I8 SIMILAR
ARE:
» XFRTEL

« REGISTER

RERCL = 1
hot

REAH = 2
REAL = 3

CONTAINE
MICRO ADDRESSES
O I8 NOT LOADED

CINTRF

=

AN

“Ep S8R CBY e wE e

R 1Y

MICRO JUMP

a
y

W R R ER TR WWF R YR B VIR WX R WP WP Wit

;;

A
?

BOTH
HAVE

INTERNAL REGISTERS ARE INITIALIZED
TO THESE VaLUES:

CHECK OFCODE TO MAKE SURE ITS LEGIT.
NOTE» HIGH ORDER BRYTE OF OF IS IN
RIRL AND LOW BYTE IS IN RIRH.

QUICK CHECK FOR INTERFRETER FETCH OF
746704 FOR EXTRA SPEED.

CHECK DPCUODES FOR RANGE 767&60-76777
USE LOWER 4 BITE OF OFCDDE TO INDEX
MICRD JUMF TABLE.

TABLE
76760
74771
46762
76763
76764
TETES
74766
TETET
76770
76771
6772
746773
76774
TETTE
FETTE
6777

OF COnE

FUSH OFCODE DNTO STACK

oMoV RGs—{5F} 3

THEN FALL INTO INTERFRETER FETCH.

ROUTINE IN MACROCODE.

MICRD AND MACRO ADDRESSES,
HIGH ORDER S BITS SET TO 1S.
WITH THE OFCODE.

DURING THE COURSE OF



MaCROS

LGS

 te see veen meve vets v arae aree seem ban

s
¥

¥

LGL
RIWL
[N
L.

in
JMEF
SLER
(N
LL
LL
LL
TW

Al
JOBF

MI
JHF

Al
Ml

RIRH
RIRL =

[ 1
L

RIRH
GH» GL

Sy RIRL
é» RERCL

2 ROSTL
SLOCT
ROSTL s ROSTL
RERCLRDSTL
1yRERCL
2y REAH
3y RBAL
O RUST

10y ROSTH
MACKO

ROSTHRDBTL
0

-10yROSTH REVC

ROSTPL

¢ LOAD SLOBAL WORD

JHE
SLid
Al

Clg

LGL
&1
R
B4
W
W
Ob

JHF

FPREBIGsLRRE
GeRLST

MEDLTAYRIDSTL

RUSTH

REAL
G RUST

ROSTHLROSTL

REAH» &F

Oy RUST

SPH SFL
ROSTHROSTL

CINTRF

COnEs

e

e Ay

L 19

- a1

-

REaAD ORCODE

TEMFORARY -~ WHEN
ANDRESS 400 CHANGE TO LL

ACCESS XFRTBL.

KFRTEL IS5 MOVED
L+RBRCL.,

TEMFORARY - SEE NOTE ABOVE

SEE IF ITS MICRO OR

JuMP TO MICRD RDUTINE.

BACK TO MaACRO.

“ess 4moe mas sure dmes Gise ase Sii 4000 N80 B4AB SN L40n Gebe Bebe e BANS GPUA Fiee 00 een sess Nend Sien sets seie sees 4034 Bebe seut Sewm bewe SR vees

F-MACINE OF

TO

MACRO ADDRESS.



AR

SR s STORE GLOBAL WORD
SHE PRCOBIG LRR
Sl Gy ROST

DRt SFH» 8FL

Al MEDLTA RDSTL
Cle ROSTH

LGl REAL

TW Oy REREC

Al Gy ROST

i ROSTH ROSTL
0u RERCH» RERTL

JMF CINTRF

§HAHOK

Li.Ag y LOAD LOCAL ADDREESS
JSMF FRCEBIGYLRR
SLuW Gy ROST

Al. MEDLTAYRISTL
Cle ROSTH

03l RIRL
Al GrRDET
Sl REAH BF

W SFH» SFL
(1 ROSTH ROSTL

JHF CINTRF

FACOORK

lLals $ LOAD GLOBAL ADDRESS
JHE FRCOBIGSLER
8l Gy ROET

fil. MSDLTAsRISTL
Cie ROSTH

LGL REAL
Al G ROST

S REAHM, SF

W SFHy SFL



1y ROSTH ROSTL
e CINTRE
NNk HCkK

AMIE §oOAMND
RIWa SFH» SFL
Ilg Oy ROST

K SFPH e GFL
TW Ay RERD

M RERG RIOET
Ou RIOSTHyRDSTL

SMF CINTRF

P8

LOCT S # LOAD CONSTANT WORD
LGL RIRH
RIWL GH»y GL
Ir 2yRDETL

RIWL GH» GL
Sl REAH BF
Ik 2y ROETH

) SPHe2 SFL
0 ROSTHy RISTL

JSHE CINTRF

B AORAK

FuUAFs ¥OFALSE JUMF {(NOTE» REQUIRES UJF BE PRESENT)

RIWzZ SPHe BFL

L.GL RIRH

IBF 1 ROBROL

SREF RERCL s RERCL

SJOF UJFEREF

ICW1 GG

SME CINTRF

FARAK

LIJF s # UNCONDITIONAL JUMP
L.GL RIRH

LIJFERPT RIWL GH» L.
IBF 2y RSRCH



JNEBT LONG

Al RSRCH»

JHE CINTRF
LLONGI 1L Ly ROSTH

LL ' 20 RISTL

R ROSTH RDSTL

L Os(3

Al RERCH O

i GH e GL

T Oy RERT

Gl RSRE, G

JMF CINTRF

SHER §FOCOMMOMN PROCEDURE USED BY COMPARISONG
RIWZ SPH. &F
T O»RIR

R SFH»5F
W OsRDBT

SWF RIRsRIIST

RF 8

§ AR

FOUT 5 INTEGER EQUAL COMPARE
JiF HSURyLRR
JET FSHTRU

FEHFLES LL O RERCL
FEHTRED W SFH» BFIL
(i RFSWL y RERDL
JME CINTRF

HE

NERLS vy INTEGER NOT EQUsL COMPARE
JME SUEsLRR
Nyad FEHTRU
SME FEHFLS

§OINTEGER LESS THAN OR EQUAL COMPARE
JriF Silks LRR

JET FoHTRU

COF REAL

NL. - 12 REAL

JEBT FEHFLS

DCR REAL s REAL

JEBT FSHFLS

JSHMF FOHTRU

KRk
GRTI 5 INTEGER GREATER THAN COMPARE
JHF SURs LRR



JET FSHFLS
CLF REBAL

NL 12y REAL
JZBT FEHTRU
ace REaLy REAL
SEBT FEHTRU
R PEHFLE

§ KK
E7L3 5 STORE LOCAL
JME PRCBIG, LRR

Gl Gy ROST
Al L2y RDETL
CIE ROGTH

RIWz2 SPH:SPL
LGL RIRL
Al G ROET

Il O RBRE

W ROSTH»ROSTL
0y RERCHy RERTL

JHF CINTRP

5K
O 5 §ODABE TARLE
RIWZ2 SR BFL
LG RIEH
ol Geld
TW Qe RIDSGT

ML 76 Gl
RIWZ GH» 6L
Ty O+ RERC

RIWE GH» 6L
CWF RSERCROST
CCOF RIKL

I OsREA

NL. 12y RIRL
JEBT CONTL
gCce RIRL RIRL
SLEF XJIPEXIT

DONTLIS CWF RIST» REA
COF RIRL
NL 12 RIRL



SEBET CONTZ
nce RIRLy RIRL
JEBEF XJIPEXLIT

CONT2:  ICW2 GG

S RERC» ROGT
Sl ROSTROST

fld RIOSTG

R GH» GL
IW OrRDET

S RIOST»G

XIPEXITE JMFP - CINTRF

¥k

DM $LOAD MULTIPLE
R SFHy SFL
L.GL. RIRH
M SFy RIET
il Oy RERE

R GHy GL

LT GG

LL O REAH

Ik 2y REAL

JEBET LIMEXITY

Hh REBAL y RIGY

5W REBAL » RDET

TOW2 RIOSTROET

M RIOST s REA
LOMLORE 51 L4

Ll LyRIRH» REVD

RI Ié

Riwa RERCHy REROL

CWF RISTyEF

I OyRIR

WIwz ROSTHy RDETL
Ou RIRHsRIRL

JZF LUMLOF

M RE#y P



LIMEXIT?

JAOkKK

Fe g

FNPLOF S

BOFROC

ICW2
JHF

§ RETURN
LGl
M
Al
CIE

R
LGl
IW

LGL
R
T
L
ig
SEBET

fald
fld

LGl
.

o)

i
5
s

T

W
Ou
DRl
JELBF
LG
81
M
RI
ICwW2
RIWE
L.t
L
TW

WIWz

GG
DINTRP

FROM NORMaAl FROCEDURE

RIRL

G RERE
MESF » REROL
RSROH

RERCHy RERCL
RPSWL

Q3

RIRH
GH . 0GL.
GG
Oy REBAH
2y REAL
DOPROC

REARERE
REBAsRSRE

RFGWL
2y REAH

REBRCH RERTL
REaH RERT
REAH» G

Qe ROET

Gy Gl

CROSTHROSTL

REAL » REAL
RNFLDF

RIRL

14

Gy RERCREVC

ié

REREy RERE

RSRCH s RERDL

L LLASTHFRISTL

HLASTHMPF RUOSTH
Q3

ROSTHyROGTL

a

?

s

¥

LASTMF

LASTHE



] G GL
RIWE 3 JATAE
L.GL
T ' Oy REA

Wil ROSTH ROSTL 7 JTAR
Q- REAM REAL

RIWa RERCH RBROL 8 DEG

Ml Gy 5F
T Qo REA

WIW2 ROSTH RIETL ioOBED

Ou REAH» REAL

R RSRCH RGREL ¢ IRC
LBL RIRH
1w OsB3

JHF CINTRF

COMMON FROCEDURES SECTION
THE FOLLOWING aRE COMMON PROCEDURES THAT CaN BE UBED BY
AMY Pe-paCHINE GRCODE .

A T

e

GETRIG ~ PERFORMS THE SaME FUNCTION a5 THE GSETEIG sACRO EXCERT
5 THE VALUE RETURNED I8 ALWAYS IN REBISTER 0.

ASHEUMES RIRH CONTAIME & 4.

-

OFRBEIG: 5 ENTRY POINT FOR GETBIG OFCODE - FROM MACRO CODE,
JMEF FREOBIGY LRR
MNOF REVE

FREOEIG § ENTRY POINT FOR GETRIG PROCEDURE - CaLLED FROM MICROCODE.
LGL RIRH ' .
RIWl GH oy GL
LGL RESWL
Ll OrGH
Ik 2L
SHEF I&Mall.

LGL RIRH
RIWL GHy GL
LGk RFGWL
ME Gl oy GH



NL. 1772 GH
IE 2y GL

LhaMally RFS

INECHMDV: 5 OQFCODE 78770786772

¢ FERFORMES THE OFERATION

¥ 13 MOV (RBY» (RO

¥ SOB RAs1$

i Ra I8 THE LOW ORDER DIGIT OF THE OFCROE aAND RE AND RC
FoOARE THE LOW ORDER I BITE OF THE 1L.OW AND HIGH ORUER RBYTES

§ RESPECTIVILY OF THE WORD FOLLOWING THE OFCODE. NOTE.

¥ Ré CAN ONLY BE REGISTERS 01y OR 2 AND THE REGESTER SHOULD
5 CONTAIN A NUMBER > O TO OFERATE AS FROBARBLY INTENDED

3 (I.E. IT WILL BEHAVE LIKE A S0OR)

i FCHyFCL
il O REA

Li.0oFs 8l 1é
IRET REAL » REVE
RI Ié

RiW2 G GL
L.GL RIRH
D LF Gy G

T Qs ROST

LGL REAH
Wil GHy Gl
O RDSTHy ROSTL

JEF TL.ooy

TOW2 FLs PR REVE yooRER NOTE REVE HERE

OF CODE 76777
FERFORNS THE FUNCTION
163 MOV BRI,R1
SOE  ROs 1%
THE INITIAL ADDRESS MUST BE IN REGISTER 1 AND THE COUNT
IN REGISTER 0., THE COUNT MUST BE IN THE RANGE 1..127 TO
WORK FROFERLY, |

CLLKLETS

MR 'Ry B MY R ML R

Lt 1:RERCL

i

P18l 14
L GL. RERCL y REVE
R 16

LLOE

et

R GH» GL



LG RPSWL
DRLF GLyGL
LGL RERCL.
T Oy ls

SEFE LLOo#

NOF REVE
MO §okkk TEMPORARY

DECHOVY v OPCODE 7874074742
5 FERFORMS THE OFERATION?
; 13 Moy =(REYy~(RCY
§ S0E Révs1%
# RA IS THE LOW ORDER DIGIT OF THE OFPCODE AND REB AND RC ARE
3 THE LOW ORDER & BITS OF THE L.OW AND HIGH ORDER EBYTES
¢ RESFECTIVELY OF THE WORD FOLLOWING THE OFCODE. NOTE. RA
5 CAN ONLY BE REGISTERS 0»1 OR 2 AND THE REGISTER SHOULD
5 CONTAIN A NUMBER > O (I.E. IT WILL REHAVE LIKE A S08)

R FCHs POL
I O REA
L1 2rRERCH

m.aor: b i&
L.GL REral. s REVD
BT I&
Gl RERCH G
R GH» 5L
L0l RIRH
DWiF Geld
T Oy ROET

LGL REAH

54 RERCH G

bW GiH » GL

Ou ROGBTHRDETL

JEZF nLoagr

LCW2 FCyFL REVE
NEIF SXKKKTEHPORARY ~ FIND NON JUMP

; ©eam a0se cmoe s00q Gmom sess sevs cmas sens Shes Sess bere Bise atn W4S Meem 444 Semd Smss Smes See Sest Shas Fove Shee foue kst s $RL KOV Sats Sese shes soss mave s Sime
t MACRD F-MACHINE OFS

5 THIS SECTION CONTAINS THOSE P-MaCHINE DFS THAT HAVE THEIR OWN

i OPCODE I.E, THEIR MICRO ADDRESS 1§ NOT OBTAINED FROM THE XFRTEL.



CHR2 FOCHECK AGEAINST SUBRANGE BOUNDS
O DODE 74776
sMADRO CODE SHOULD LOOK LIKE:

] SWORD ZE&774

SWORD 76704

TRAF ITNVNDX

L P

GET MaxItuM RANGE
THIE INSURES THaAT BOTH THE INUNDX
AND NORMAL CINTRP EXIT ROUTINES WORK RIGHT

RIW2 SFH» SFL
ICW2 FCyPC

R

IWw Oy RERE

GET MINIMUM RANGE

3

RIW2 SFHy GFL
TW CrROBT

GET SCALAR

-t

i SPH»SPL
IW OyRIR
Culr RIR»RERC CHECK MAXIMUM RANGE
JMF LESTHNLRR

-«

CHECK MIMIMUM HRANGE

e

Cur ROSTsRIR
JME LESTHN» LER
JHE CINTRF

RTRME RFG

IF LESS THad  -> RETURN
TO MACRO CODE FOR TRAP

LBSTHNG DOF REAL
Nl 12 REAL
SEBT RTRN
OCE REAL s REAL
SEBT RTRN
MO REVE

N s

FANGE ERROR i NOTE REVC

-

LI ¥OUPCODE V4745 :
v Call INTERMEDIATE PROLC - SEARCH FOR FPARENT
L Ls RIRH FODELETE THIS ONCE REAL OF CODE IS IN USE?D
LGk RIRH :
f : GH» GL. ¥ GET LEX LEVEL OF PROCEDURE BEING CALLED

LGk RIRL
Ik Qs RBAH

JEBRT QUIT vy IF ZERD OR -1 RETURN TO MACRO CODE FOR
JMEF CONT § JUMP TO THE LAST PaRT OF CEBR

oW FCs PO REVE
Mid GyRODET

QUIT
LONT

2 ey



LOOR S Al Q;RDSTL ¢ SEARCH DOWN DYNAMIOC LINK FOR FARENT
CiE RUSTH '

R ‘ ROSTH ROSTL ¢ GET JTAR FROM HEBLU
IW (s RERG

81 , Ié '
L 22 RIRHyREVE ¥ CHECKR FOR INTERRUPTS
RI 14

R RERCHy RERTL § GET LEX LEVEL OF THE PROCEDURE
G RIRHROET
Ik O s REAL

Chk REaH» RBAL i COMPARE LEX LEVELS
SNET GOTIT s IF ITS LOWER WE/VE FOUND THE PARENT

R ROSTHy ROSTL
T Oy RIST

IF NOT LINRK DOWM TO NEXT FROCEDURE
ON THE DYNAMIT STaACK

JMF LOar ¥ KEEF LDOKING FOR FARENT
GOTIT: 84 RIRHRUOST

i ROSTH RUSTL

TW Oy RERE ¢ PUT LEX LINK ON THE STACK

I GHy GLyREVE
0w RERCH» REREL

NOF RHVEC

Y

STACK OVERFLW - RETURN 7O MACRO

CLPs i Call LOCAL PROCEDURE
LL LBEGy RIS TL
LL HSEG y RISTH
LGl REGWL
R ROSTHy ROSTL
Ml GF oy 03
LL. 2y REAH
LGL. REAH USES R2 INSTEAD OF OLDSEG
W 0163 ; MOV SEQR,OLDSEG

MOV GPeRO

1

‘ar

LGL RIRH
N GH» GL
L.L 1sRERCL
LGl RSRCL.
L Oy GH
Ig 2 Gl

GETBYTE R1

L



SLu G0
TCW Geiy

ASL R
NEDG Rl

oy

LL LEEGRDBTL
L HSEG» RDSTH

it ROSTHy RDSTL
T OyRDST

il ROBT»0 oAl SEGYRI

R GHsGL
LL 377 yRLGTH

L. DATASZ RESTL
1w O REBRC

S RERCY G SUB @RI1sR1

.

Al GyROET

R ROSTHsRDSTL

LL S0 REAL 7oOSUE DATASZ(RL)EF
Mi SPyRDET

Iw Qe RERC

f.

51 Ié
s : RSREC» RIDET
RI 14

[ REFSWL » REAL

LGL RIRL

Iy Oy RERD

L ROST» RERC ¢ UMF SFPsNF

SEBT CLFERR ; BLOS CLPERR
JUET CLFPERR

Al ~14yROSTL o OREVERSE PUSH ORDER
cog ROGTH

M RIOSTsRIR

Wiz ROSTHRDSTL

(b GHy Gl § MOV MPs-(EF)

Ll LJATaARs RERTCL

Wb ROSTH«RDETL
O GHyGL 3 MOV MPs— (5P

LL HJTABs REROH

f RSRCHs RERTL
LGL REAH

LL Ly REBROL

I Oy REA



LGP S

CLPFING

WiWwz
(il

Ll
WLk
oW

LGl
ICW1
W

Old

LGL
&1
M
RI

Al
cog

N
LGk
TW

JEBT

SRl
gt
fil.
CIk
RIWZ

OWiF
Iw

5%
LGF
RI

Wiuwz
O

JIZF

Ml
L
Ll

LGl
il

ROSTH ROSTL
REAHs REAL

43 RERTH
ROBTH RDETL
GH» Gl

RERECH

Gy REA

ROSTH RIEGTL
REAHyREAL

Ié
Gy RUST
14

FARMSZy ROSTL

ROSTH
ROSTHs ROSTL
RESWL.
Oy RIST

CLFFIN

ROSTH ROSTH

RIRyRERE

MSDLTA+2 RSROL

RERCH

GH«GL
ROST» RUBT
Os REA

16
Oy RFSHL
Ié

RERCHyRERCL
REAH» RBAL

CLFLOF

RIRsSF
SyRIRL
4 RIRH

RIRL
5Fs0

R H

a
b4
-
4
#
¥

s

]

4

¢

a

¥

*
¥

GET

MOV JTABy~{5F)

MOV DLDSEGs - (SF2
(R2 USED INSTEAD OF OLDSEG)

MOV IFCs-(5F)

MOV FARMBZ(R1)IFC
(IFC NOT USED)
BEG 2%

ASR IFD

MOV SFeMP (MP NOT USEDD

ALD FMEDLTALZ Yy MFP

£ FLAG TO FaLSE

MOV SFeMF



Ll
LL

WiW2
OWd

M
Al
Cie
L.GL
W
Ol

Li
LGL

W
oW

MU
AL
ChE
R
L.GL
M
Tw
54

ICuws

+ NI

LLAGTMP» RDESTL
HLASTHMF » ROSTH

ROSTH» ROSTL
GH» GL

GeRERT
MESF s RERDL
RSROH
RFSWL.
RESRCH» RERCL
GH» GL

1»RERCL
RERCL

ROSTHs ROSTL
GH» GL

GyROST
ENTRICyRDSTL
ROSTH

ROSTHYROSTL
RIRH
RISTyG

O RIST

ROSTy Gy RBYUC
FC«FC

-~

-

13

-

-

Moy

Moy

MoV

MOV

ALD

MFy LAsSTHMEP

ROy MBS (MF)

R1:JTAR

R1,IFC

FENTRICY IFC

SUR BIFC,IFC

SKIF OVER STALK

DVERFLW ERROR BR
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