
















































































































































































































































































































































































HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE (cont.)

1

Hexadecimel Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal
.00 0000 00  .0000C 00000 .00 00 40 00 .00000 38146 .00 0080 00  .00000 76293 .00 00 CO 00  .00001 14440
.00 60 01 00  .00000 00596 .00 00 41 00  .GOO0O 38743 000081 00  .00000 76889 .0000C1 00  .00001 15036
.00 00 02 00  .00000 01192 .00 00 42 00  .00000 39339 .00 0082 00 .00000 77486 .0000C2 00  .00001 15633
.00 00 03 0C  .00000 01788 .00 00 43 00  .00000 39935 .00 0083 00  .00000 78082 .0000C3 00  .00001 16229
.00 00 04 00  .00000 02384 .00 00 44 00  .00000 40531 .00 00 84 00 .00000 78678 .00 00 C4 00 .00001 16825
000005 00  .00000 02980 .000045 00 .00000 41127 .000085 00 .00000 79274 .0000C5 00  .0000% 17421
.00 0006 00  .00000 03576 .00 00 46 00  .00000 41723 .00 0086 00  .00000 79870 .00 00 C6 00  .00001 18017
.00 00 07 00  .00000 04172 .00 00 47 00  .00000 42319 .00 0087 00  .00000 80466 .0000C7 00  .00001 18613
.00 00 08 00  .00000 04768 .00 00 48 00  .00000 42915 .000088 00 .00000 81062 .0000C8 00  .00001 19209
.00 00 09 00 .00000 05364 .00 0049 00  .00000 43511 .000089 00 .00000 81658 .0000 C? 00  .00001 19805
.00 00 0A Q0 .00000 05960 .00 00 4A 00  .00000 44107 .00 00 8A 00  .00000 82254 .00 00 CA 00  .00001 20401
.00 00 0B 00 .00000 06556 .00 00 48 00  .00000 44703 .00008B 00  .00000 82850 .00 00 C8B 00 .00001 20997
.00 00 0C 0OC .00000 07152 .00 00 4C 00  .00000 45299 .00 00 8C 00  .00000 83446 .0000 CC 00  .0000! 21593
.00 00 0D 00 .00000 07748 .00 00 4D 00  .00000 45895 .00 00 8D 00  .00000 84042 .0000CD 00  .00001 22189
.00 00 OE 0OC .00000 08344 .00 00 4E 00  .00000 46491 .00 00 8E 00  .00000 84638 .00 00 CE 00 .00001 22785
.00 50 OF 00  .00000 08940 .00 00 4F 00  .00000 47087 .00 00 8F 00  .00000 85234 .00 00 CF 00 .00001 23381
0000 10 00  .00000 09536 .00 0050 00  .00000 47683 .00 00 90 00  .00000 85830 .00 00 DO 00 .00001 23977
000011 OC  .00000 10132 .00 00 51 00  .00000 48279 .0000 91 00  .00000 86426 .00 00 DI 00 .00001 24573
.00 0012 00 00000 10728 .00 0052 00  .00000 48875 .0000 92 00 .00000 87022 .00 00 D2 00 .00001 25169
000013 00  .00000 11324 .00 0053 0O  .00000 49471 .0000 93 00 .00000 87618 .00 00 D3 00 .00001 25765
.00 00 14 CO .00000 11920 .00 00 54 00  .00000 50067 .0000 94 00  .00000 88214 .00 00 D4 00 .000C1 26361
.00 0015 00  .00000 12516 .00 0055 00  .00000 50663 .000095 00 .00000 88810 .00 00 D5 00 .00001 26957
.00 0016 D0  .00000 13113 .00 00 56 00  .00000 51259 .00 00 96 00  .00000 89406 .00 00 D6 00 .00001 27553
.00 0017 00 .00000 13709 .00 0057 00  .00000 51856 .00 00 97 00 .00000 90003 .00 00 D7 GO .00001 28149
.00 0018 00  .000C0 14305 .00 00 58 00  .00000 52452 .00 0098 00  .00000 90599 .00 00 D8 00 .00001 28746
000019 00 .00000 14901 .00 0059 00  .00000 53048 .00 00 99 00  .00000 91195 .00 00 D9 00 .00001 29342
.00 00 1A 00 .00000 15497 .00 00 5A 00  .00000 53644 .00 00 %A 00 .00000 91791 .00 00 DA 00 .00001 29938
.00 00 1B 00 .00000 16093 .00 00 5B 00  .00000 54240 .00 00 9B 00 .00000 92387 .00 00 DB 00  .00001 30534
.00 00 1C 00 .00000 16689 .00 00 5C 00  .00000 54836 .00 00 9C 00 .00000 92983 .00 00 DC 00  .DC00! 31130
.00 00 1D 00 .00000 17285 .00 005D 00  .00000 55432 .00 00 9D 00 .00000 93579 .00 00 DD 00 .00001 31726
.00 00 1E 00 .00000 17881 .00 00 5 00  .00000 56028 .00 00 9E 00 .00000 94175 .00 00 DE 00 .00001 32322
.00 00 1F 00 .00000C 18477 .00 0C 5F 00  .00000 56624 .00 00 9F 00 .00000 94771 .00 00 DF 00  .0000! 32918
.00 00 26 00 .00000 19073 .00 00 60 00  .00000 57220 .00 00 A0 00 .00000 95367 .00 00 EO 00 .00001 33514
.00 06 21 00 .00000 19669 .00 00 61 00 .00000 57816 .00 00 A1 00 .00000 95963 .00 00 E1 00 .00001 34110
.00 00 22 0C .00000 20265 .00 00 62 00 .00000 58412 .00 60 A2 00 .00000 96559 .00 00 E2 00  .00001 34706
.00 00 23 00 .00000 20861 .00 0063 00  .00000 59008 .00 00 A3 00 .00000 97155 .00 00 E3 00 .00001 35302
.00 00 24 00 .000C0 21457 .00 0064 00  .00000 59604 .00 00 A4 00 .00000 97751 .00 00 E4 00  .00001 35898
000025 00 .0000C 22053 .00 00 65 00  .00000 60200 .00 00 A5 00 .00000 98347 .00 00 E5 00  .00001 36494
.00 00 26 00 00000 22649 .00 G0 66 00  .00000 60794 .00 00 A6 00 .00000 98943 .00 00 E6 00  .00001 37090
.00 00 27 00 .00000 23245 .00 00 67 00  .00000 61392 .00 00 A7 00 .00000 99539 .00 00 E7 00  .00001 374686
000028 00 .00000 23841 .00 00 68 00  .00000 61988 .00 00 A8 00 .0000! 00135 .00 00 E8 00 .00001 38282
0000 29 00 00000 24437 .00 00 69 CO  .00000 62584 .00 00 A9 00 .00001 00731 .00 00 E9 00 .00001 38878
00 GO 2A 00 .00000 25033 .00 00 6A 00  .00000 43180 .00 00 AA 00  .00001 01327 .00 00 EA 00 .00001 39474
.00 GO 2B OC  .00000 25629 .00 00 6B 00  .00000 63776 .00 00 AB 00 .00001 01923 .00 00 EB 00  .00001 40070
.00 00 2C 00 .00000 26226 .00 00 6C 00  .00000 64373 .00 00 AC 00 .00001 02519 .00 00 EC 00  .00001 40666
.00 00 2D 00 .00000 26822 .00 00 6D 00 .00000 64969 .00 00 AD 00 .00001 03116 .00 00 ED 00  .Q0001 41263
.00 G0 28 00 .00000 27418 .00 00 6E 00 .00000 65565 .00 00 AE 00 .0000% 03712 .00 00 EE 00  .00001 41859
.00 00 2F 00 .00000 28014 .00 00 6F 00  .00000 66161 .00 00 AF Q0 .00001 04308 .00 00 £EF 00  .00001 42455
.0G 060 30 0C  .0000C 28410 .00 0070 00  .00000 66757 .00 00 BO 00 .00001 04904 .00 00 FO 00 .00001 43051
.00 00 3t 00 .00000 29206 .00 0071 00 .00000 67353 .00 00 B1 00 .00001 05500 .00 00 F1 00 .00001 43647
.00 60 32 00 .0000C 29802 .00 0C 72 00  .00000 67949 .00 00 B2 0C .00001 06096 .00 00 F2 00 .00001 44243
.00 00 33 00 .00000 30398 000073 00  .00000 68545 .00 00 83 00 .00001 06692 .00 00 F3 00 .00001 44339
.00 00 34 00 .00000 30994 .00 0074 00 .00000 69141 .00 00 B4 00 .00001 07288 .00 00 F4 00  .00001 45435
.00 00 35 00 .00000 31590 .00 0075 00 .00000 69737 .00 00 B5 00  .00001 07884 .00 00 F5 00 .00001 46031
.00 00 36 00 00000 32186 .60 0076 00 .00000 70333 .00 00 B6 00 .00001 08480 .00 00 F6 00 .00001 46627
.00 0606 37 0C  .00000 32782 .0000 77 00 .00000 70929 .00 00 B7 00  .00001 09076 .0G GO F7 00 .00001 47223
.00 00 38 00 .00000 33378 .00 00 78 00 .00000 71525 .00 00 88 00 .00001 09672 .00 00 F8 00 00001 47819
N0 00 29 00 .00000 33974 .00 007% 00 .00000 72121 .00 00 B9 00 .00001 10268 .00 00 F9 00 00001 48415
} .0000C 34570 000074 50 .06000 72717 .00 00 BA 00  .0G0001 108464 .00 00 FA 00 NO0CT 49011
.000C00 35166 000078 o0 .00000 73313 .00 00 BB 00 .00001 11460 .00 00 FB 00 00001 49607
00000 35762 0000 7C 09 .00000 73909 .00 00 BC 00  .00001 12056 .00 00 FC 00 0000 50203
00000 34338 A0 00 7D 00 .00000 74505 .00 00 8D 00 .00001 12852 .00 00 FO 00 00001 20799
.CO00C 36954 000078 00 .C0000 75101 .00 Q0 BE 00  .0CO0! 13248 .00 20 FE 00 00001 51295
O0GC 37550 O 00 7F LC .00000 75697 .00 00 BF 00 00001 13844 .00 00 FF 00 O600T 21991
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HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE (cont.)

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadec mal Decimal

.00 00 00 00 .00000 00000 .00 00 00 40 .00000 00149 .00 00 00 80 .00000 00298 .00 00 00 CO .00000 00447
.00 00 00 01 .00000 00002 .00 00 00 41 .00000 00151 .00 00 00 81 .00000 00300 .00 00 00 C1 .00000 00449
.00 00 00 02 .00000 00004 .00 00 00 42 .00000 00153 .00 00 00 82 .00000 00302 .00 00 00 C2 .00000 00451
.00 00 00 03 .00000 00006 .00 00 00 43 .00000 00155 .00 00 00 83 .00000 00305 .00 00 00 C3 .00000 00454
.00 00 00 04 .00000 00009 .00 00 00 44 .00000 00158 .00 00 00 84 .00000 00307 .00 00 00 C4 .00000 00456
.00 00 00 05 .00000 00011 .00 00 00 45 .00000 00160 .00 00 00 85 .00000 00309 .00 00 00 C5 .00000 00458
.00 00 00 06 .00000 00013 .00 00 00 46 .00000 00162 .00 00 00 86 .00000 00311 .00 00 00 C6 .00000 00461
.00 00 00 07 .00000 00016 .00 00 00 47 .00000 00165 .00 00 00 87 .00000 00314 .00 0000 C7 .00000 00443
.00 00 00 08 .00000 00018 .00 00 00 48 .00000 00167 .00 00 00 88 .00000 00316 .00 00 00 C8 .00000 00465
.00 00 00 09 .00000 00020 .00 00 00 49 .00000 00169 .00 00 00 89 .00000 00318 .00 00 00 C9 .00000 00447
.00 00 00 OA .00000 00023 .00 00 00 4A .00000 00172 .00 00 00 8A .00000 00321 .00 00 00 CA  .00000 00470
.00 00 00 OB .00000 00025 .00 00 00 48 .00000 00174 .00 00 00 8B .00000 00323 .00 00 00 CB .00000 00472
.00 00 00 OC .00000 00027 .00 00 00 4C .00000 00176 .00 00 00 8C .00000 00325 .00 00 00 CC .00000 00474
.00 00 00 OD .00000 00030 .00 00 00 4D .00000 00179 .00 00 00 8D .00000 00328 .000000 CD  .00000 00477
.00 00 00 OE .00000 00032 .00 00 00 4E .00000 00181 .00 00 00 8E .00000 00330 .00 00 00 CE .00000 00479
.00 00 00 OF .00000 00034 .00 00 00 4F .00000 00183 .00 00 00 8F .00000 00332 .00 00 00 CF .00000 00481
.00 0000 10 .00000 00037 .00 00 00 50 .00000 00186 .00 00 00 90 .00000 00335 .00 00 00 DO .00000 00484
.0C 0000 11 .00000 00039 .00 00 00 51 .00000 00188 .00 00 00 91 .00000 00337 .00 00 00 DI .00000 00486
.00 000012 .00000 00041 .00 00 00 52 .00000 00190 .00 00 00 92 .00000 00339 .00 00 00 D2 .00000 00488
00000013 .00000 00044 .00 00 00 53 .00000 00193 .00 00 00 93 .00000 00342 .00 00 00 D3 .00000 00491
.00 00 00 14 .00000 00046 .00 00 00 54 .00000 00195 .00 00 00 94 .00000 00344 .00 00 00 D4 .00000 00493
.00 00 00 15 .00000 00048 .00 00 00 55 .00000 00197 .00 00 00 95 .00000 00346 .00 00 00 D5 .00000 00495
.00 00 00 16 .00000 00051 .00 00 00 56 .00000 00200 .00 00 00 96 .00000 00349 .00 00 00 D& .00000 00498
.000000 17 .00000 00053 .00 00 00 57 .00000 00202 .00 00 00 97 .00000 00351 .00 00 00 D7 .00000 00500
.00 0000 18 .00000 00055 .00 00 00 58 .00000 00204 .00 00 00 98 .00000 00353 .00 00 00 D8 .00000 00502
.000000 19 .00000 00058 .00 00 00 59 .00000 00207 .00 00 00 99 .00000 00356 .00 00 00 D9 .00000 00505
.00 00 00 1A .00000 00060 .00 00 00 5A .00000 00209 .00 00 00 9A .00000 00358 .00 00 00 DA .00000 00507
.00 00 00 1B .00000 00062 .00 00 00 58 .00000 00211 .00 00 00 98 .00000 00360 .00 00 00 DB .00000 00509
.00 0000 IC .00000 00065 .00 00 00 5C .00000 00214 .00 00 00 9C .00000 00363 .00 00 00 DC  .00000 00512
.00 00 00 1D .00000 00047 .00 00 00 5D .00000 00216 .00 00 00 9D .00000 00365 .00 00 00 DD .00000 00514
.00 00 00 1E .00000 00069 .00 00 00 5E .0N000 00218 .00 00 00 9E .00000 00367 .00 00 00 DE .00000 00516
.00 00 00 1F .00000 00072 .00 00 00 5F .00000 00221 .00 00 00 9F .00000 00370 .00 00 00 DF .00000 00519
.00 00 00 20 .00000 00074 .00 00 0C 60 .00000 00223 .00 00 00 AO .00000 00372 .00 00 00 EO .00000 00521
.00 00 00 21 .00000 00076 .00 00 00 61 .00000 00225 .00 00 00 Al .00000 00374 .00 00 00 EI .00000 00523
.00 00 00 22 .00000 00079 .00 00 00 62 .00000 00228 .00 00 00 A2 .00000 00377 .00 00 00 E2 .00000 00526
.00 00 00 23 .00000 00081 .00 00 00 63 .00000 00230 .00 00 00 A3 .00000 00379 .00 00 00 E3 .00000 00528
.00 00 00 24 .00000 00083 .00 00 00 64 .00000 00232 .00 00 00 A4 .00000 00381 .00 00 00 E4 .00000 00530
.00 00 00 25 .00000 00086 .00 00 00 65 .00000 00235 .00 00 00 A5 .00000 00384 .00 00 00 ES .00000 00533
.00 00 00 26 .00000 00088 .00 00 00 66 .00000 00237 .00 00 00 A6 .00000 00386 .00 00 00 E6 .00000 00535
.00 00 00 27 .00000 00090 .00 00 00 67 .00000 00239 .00 00 00 A7 .00000 00388 .00 00 00 E7 .00000 00537
.00 00 00 28 .00000 00093 .00 00 00 68 .00000 00242 .00 00 00 A8 .00000 00391 .00 00 00 E8 .00000 00540
.00 00 00 29 .00000 00095 .00 00 00 69 .00000 00244 .00 00 00 A9 .00000 00393 .00 00 00 E9 .00000 00542
.00 00 00 2A .00000 00097 .00 00 00 6A .00000 00246 .00 00 00 AA  .00000 00395 .00 00 00 EA .00000 00544
.00 00 00 28 .00000 00100 .00 00 00 6B .00000 00249 .00 00 00 AB .00000 00398 .00 00 00 EB .00000 00547
.00 00 00 2C .00000 00102 .00 00 00 6C .00000 00251 .00 00 00 AC .00000 00400 .00 00 00 EC .00000 00549
.00 00 00 2D .00000 00104 .00 00 00 6D .00000 00253 .00 00 00 AD  .00000 00402 .00 00 00 ED .00000 00551
.00 00 00 2E .00000 00107 .00 00 00 6E .00000 00256 .00 00 00 AE .00000 00405 .00 00 00 EE .00000 00554
.00 00 00 2F .00000 00109 .00 00 00 6F .00000 00258 .00 00 00 AF .00000 00407 .00 00 00 EF .00000 00556
.00 00 00 30 .00000 00111 .00 060 00 70 .00000 00260 .00 00 00 BO .00000 00409 .00 00 00 FO .00000 00558
.00 00 00 31 .00000 00114 .00 00 00 71 .00000 00263 .00 00 00 B1 .00000 00412 .00 00 00 F1 .00000 00561
.00 00 00 32 .00000 001716 .00 00 00 72 .00000 00265 .00 00 00 82 .00000 00414 .00 00 00 F2 .00000 00563
.00 00 00 33 .00000 00118 .00 000073 .00000 00267 .00 00 00 B3 .00000 00416 .00 00 00 F3 .00000 00565
.00 00 00 34 .00000 00121 .00 0000 74 .00000 00270 .00 00 00 B4 .00000 00419 .00 00 00 F4 .00000 00568
.00 00 00 35 .00000 00123 .00 60 00 75 .00000 00272 .00 00 00 B5 .00000 00421 .0C 0000 F5 .00000 00570
.00 00 00 36 .00000 00125 .00 00 00 76 .00000 00274 .00 00 00 86 .00000 00423 .00 00 00 F6 .00000 00572
.00 00 00 37 .00000 00128 .00 00 00 77 .00000 09277 .00 00 00 87 .00000 00426 .00 00 00 F7 .00000 00575
.00 00 00 38 .00000 00130 .00 00 00 78 .00000 00279 .00 00 00 B8 .00000 00428 .00 00 00 F8 .00000 00577
.00 00 00 39 .00000 00132 .00 00 00 79 .00000 00281 .00 00 00 B9 .00000 00430 .00 00 00 F9 .00000 00579
.00 00 00 3A .00000 00135 .00 00 00 7A .00000 00284 .00 00 00 BA .00000 00433 .00 00 00 FA .00000 00582
.00 00 00 3B .00000 00137 .00 00 00 78 .00000 00286 .00 00 00 BB .00000 00435 .00 00 00 FB .00000 00584
.00 00 00 3C .00000 00139 .00 00 00 7C .00000 00288 .00 00 00 8C .00000 00437 .00 00 00 FC .00000 00586
.00 00 00 3D .00000 00142 .00 00 007D .00000 00291 .00 00 00 8D .00000 00440 .00 00 00 FD .00000 00589
.00 00 00 3E .00000 00144 .00 00 00 7E .00000 00293 .00 00 00 BE .00000 00442 .00 00 00 FE .00000 00591
.00 00 00 3F .00000 00146 .00 00 00 7F .00000 00295 .00 00 00 BF .00000 00444 .00 00 00 FF .00000 00593
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TABLE OF POWERS OF TWO MATHEMATICAL CONSTANTS

=N

_Z_ n 2 Constant Decimal Value Hexodecimaol Volue
1 0 1.0 " 3.14159 26535 89793  3.243F  GAS89
2 ; 3'35 w! 0.31830 98861 83790  0.517C C1B7
8 3 0125 N 1.77245 38509 05516  1.C58F B91C
16 4 0.0625 Inm 1.14472 98858 49400  1.250D 048F
32 5 0.031 25 e 271828 18284 59045  2.B7El 5163
64 6 0.015 625 -1
128 7 0007 812 5 e 0.36787 94411 71442  0.562D0 58D9
N 1.64872 12707 00128  1.A612 98E2
256 8 0.003 906 25
512 9 0.00) 953 125 log,ge  0.43429 44819 03252  0.6F2D EC55
1 024 10 0.000 976 562 5 logye  1.44269 50408 88963 17154 7653
2048 11 0.000 438 281 25 Y 0.57721 56649 01533  0.93C4 67E4
409 12 0.000 244 140 625 InY -0.54953 93129 81645 -0.8CAE 9BC)
8 192 13 0.000 122 070 312 5
16 384 14 0.000 061 035 156 25 N7 1.41421 35623 73095  1.6A09 E648
32 768 15 0.000 030 517 578 125 In2 0.49314 71805 59945  0.8172 17F8
65 536 16 0.000 015 258 789 062 5 log g2  0.30102 99956 63781  0.4DI10  4D42
131 072 17 0.000 007 629 394 531 25 N 3.16227 76601 68379  3.2988 075C
262 144 18 0.000 003 814 697 265 625
524 288 19 0.000 001 907 348 632 812 5 n10 2.30258 40929 94046  2.4D76 3777

1 048 576 20 0.000 000 953 674 316 406 25

2 097 152 21 0.000 000 476 837 158 203 125

4 194 304 22 0.000 000 238 418 579 101 562 5
8 388 608 23 0.000 000 119 209 289 550 781 25

16 777 216 24 0.000 000 059 604 644 775 390 625

33 554 432 25 0.000 000 029 802 322 387 695 312 5
67 108 864 26 0.000 000 014 901 161 193 847 656 25
134 217 728 27 0.000 000 007 450 580 596 923 828 125

268 435 456 28 0.000 000 003 725 290 298 461 914 062 5
536 870 912 29 0.000 000 001 862 645 149 230 957 031 25
1 073 741 824 30 0.000 000 000 931 322 574 615 478 515 625
2 147 483 648 31 0.000 000 000 465 661 287 307 739 257 812 5

4 294 967 296 32 0.000 000 000 232 830 643 653 869 628 906 25
8 589 934 592 33 0.000 000 000 116 415 321 826 934 814 453 125
17 179 869 184 34 0.000 000 000 058 207 660 913 467 407 226 562 5
34 359 738 368 35 0.000 000 000 029 103 830 456 733 703 613 281 25

68 719 476 736 36 0.000 000 000 014 551 915 228 366 851 806 640 625
137 438 953 472 37 0.000 000 000 007 275 957 614 183 425 903 320 312 5
274 877 906 944 38 0.000 000 000 003 637 978 807 091 712 951 660 156 25
549 755 813 888 39 0.000 000 000 001 818 989 403 545 856 475 830 078 125

909 494 701 772 928 237 915 039 062 5

099 511 627 776 40 0.000 000 000 000

000 000 454 747 350 886 464 118 957 519 531 25
000
000

1

2 199 023 255 552 41 0.000 000
4 398 046 511 104 42 0.000

8 796 093 022 208 43 0.000

227 373 675 443 232 059 478 759 765 625
113 686 837 721 616 029 739 379 8382 812 5

17 592 186 044 416 44 0.000 000 000 000 056 843 418 860 808 014 869 689 941 406 25

35 184 372 088 832 45 0.000 000 000 000 028 421 709 430 404 007 434 844 970 703 125
70 368 744 177 664 46 0.000 000 000 000 014 210 854 715 202 003 717 422 485 351 562 5
140 737 488 355 328 47 0.000 000 000 000 007 105 427 357 401 001 858 711 242 675 781 25

281 474 976 710 656 48 0.000 000 000 000 003 552 713 678 800 500 929 355 621 337 890 625
562 949 953 421 312 49 0.000 000 000 000 001 776 356 839 400 250 464 677 810 668 945 312 5

1125 899 906 842 624 50 0.000 000 000 000 000 888 178 419 700 125 232 338 905 334 472 656 25
2 251 799 813 685 248 51 0.000 000 000 000 000 444 089 209 850 062 616 169 452 667 236 328 125
4 503 599 627 370 496 52 0.000 000 000 000 000 222 044 604 925 031 308 084 726 333 618 164 062 5
9 007 199 254 740 992 53 0.000 000 000 000 000 111 022 302 462 515 654 042 363 166 809 082 031 25
18 014 398 509 481 984 54 0.000 000 000 000 000 055 511 151 231 257 827 021 181 583 404 541 015 625
36 028 797 018 963 968 55 0.000 000 000 000 000 027 755 575 615 628 913 510 590 791 702 270 507 812 5
72 057 594 037 927 936 56 0.000 000 000 000 000 013 877 787 807 814 456 755 295 395 851 135 253 906 25
144 115 188 075 855 872 57 0.000 000 000 000 000 006 938 893 903 907 228 377 647 697 925 567 626 953 125
288 230 376 151 711 744 58 0.000 000 000 000 000 003 469 446 951 953 614 188 823 848 962 783 813 476 562 5
576 460 752 303 423 488 59 0.000 000 000 000 000 001 734 723 475 976 807 094 411 924 481 391 906 738 281 25
1152 921 504 606 846 976 60 0.000 000 000 000 000 000 867 361 737 988 403 547 205 962 240 695 953 369 140 625
2 305 843 009 213 493 952 61 0.000 000 000 000 000 000 433 680 868 994 201 773 602 981 120 347 976 684 570 312 5
4 611 686 018 427 387 904 62 0.000 000 000 000 000 000 216 840 434 497 100 886 801 490 560 173 988 342 285 156 25
9 223 372 036 854 775 808 63 -0.000 000 000 000 000 000 108 420 217 248 550 443 400 745 280 086 994 171 142 578 125
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APPENDIX B. REFERENCE DIAGRAMS

This appendix contains flow diagrams that are intended to
illustrate the major operations involved during the execu-
tion of instructions by the SIGMA 6 computer. The flow

diagrams are not intended to depict actual computer oper-

ations and sequences, but the operations and sequences
shown are valid representations of the internal computer
operations. The symbolic notation used in the flow dia-
grams is consistent with that used in other portions of this
reference manual. The symbolic terms used are:

Term Meaning

A An internal CPU register used to hold an operand
obtained from the general register that is speci-
fied by the R field value in the instruction word.

AC Access control code — the code used to determine
whether or not a slave program operating with
the memory map may read from, access instruc-
tion from, or write into a specific page of virtual
addresses.

ADDR  Address — any virtual address.

B An internal CPU register used to hold an operand
obtained from the yeneral register that is speci-
fied by the value produced by performing a logi-
cal OR between the R field of the instruction and
the value 1.

C An internal CPUregister used to hold an immediate
operand obtained from the instruction, or a byte,
halfword, or word operand obtained from the me-
mory (or general register) location specified by
the effective address of the instruction. For
doubleword operations, this register holds the 32
high-order bits of the effective doubleword.

D An internal CPU register used to hold the 32 low~
order bits of the effective doubleword in a double-
word operation.

EB Effective byte.

EBL Effective byte location.

ED Effective doubleword

EDL Effective doubleword location.

EH Effective halfword.

EHL Effective halfword location.

EW Effective word.

EWL Effective word location.

I Instruction register.

IA Instruction address.

IRA Indirect reference address.

MA Memory Address — an actual core memory address.
OP Operation code — bits 1-7 of an instruction word.
R General register address value.

TCC Trap condition code — the code that is used during
the EXCHANGE PROGRAM STATUS DOUBLE-
WORD (XPSD) instruction.

TYPE Memory access type — the following values are
used to indicate the reason for accessing memory:

0 = write
1 = instruction read
2 = operand read

WK Write key
wL Write lock

X Index register designator.

NOTES ON BASIC SIGMA 6 INSTRUCTION
' EXECUTION CYCLE

The hexagonal elements in the flow diagram labeled
"Memory Control" refer to the memory request process
shown at the right of the basic flow diagram. The memory
request process is represented as a subroutine withtwo inputs:
an address value (ADDR) and a memory access TYPE, sepa-
rated by a slash, that correspond to the values shown in the
“"Memory Control" elements of the basic flow diagram.

The circular entry point labeled "TRAP" is a continuation
of the circular exit points labeled "Trap X'n'", where n is
the appropriate trap location.

The triangular entry point labeled "EXU" indicates the
point in the basic flow diagram at which an instruction
(being executed as an operand of the EXECUTE instruction)
is started.

The triangular entry point labeled "ANLZ" indicates the
point in the basic flow diagram at which the effective ad-
dress computation for the instruction being analyzed is
started; the triangular exit points indicate the completion
of the effective address calculation.
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Int f_o MA

BASIC SIGMA 6 INSTRUCTION EXECUTION CYCLE

no
UPDATE 1A -1—=IA JA=MA?
I yes
¢4 FEicH! Trap f—= MA
(MA)—’IO.:H
existent?
implemented?
op Trap
privileged? 2—-TCC X'40'
ANLZ
or )
Immediate ? §—=TCC

Memory
control

FETCH DA

(RAY s 31 Nis-31
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Mys.33* O35 sz

Msa2 e hsam l*—"ﬁ

M5 317 Khs_g—T15.31

Mg31* Kby 31203

M550 Che-31—T15_50

ANLZ
flag on?

Memory no
operand ?

yes

Memory
control

hs-372

op yes EB —= Cys3)
byte? 0 —=Cg_p3
0— D
no
op EH = C
halfword ? yes 0—sD
no
op yes
EW—eC
word ? 0—eD
no f’
E0par ~ ¢ B
By P




BASIC SIGMA 6 INSTRUCTION EXECUTION CYCLE (cont.)

Select corresponding
general register in
current register bank

B
No. of 1
register R)—=A
operands
2
R)—=A
? >
R even? no (R)—8
yes
(R)—= A
(R+1)—=B
y
Execute
instruction
No. of 1
register (A)—=R
results?
2
(A)—R >
R even? Ve (B)— R+ 1
no
orP
MI, MW, DW, (A)—=R
or CVS?2 ne
Yes
(8)—R
yes
Memory
Request Memory
1]5_33/0 yes result?
OP A — EBL >
byte ? yes ( )24":"
no
opP
holfword? 7  (A), 3, EHL
no
OP (A)— EWL
word ? yes w—
o
(A, B)—EDL START

1 —=TCC

Memory
request process
ADDR/TYPE

Mapped ADDR —= MA

Slave mode ?

ADDR — MA

no

AC for ADDR = TYPE?

Is MA existent ? o

yes

RETURN

4—=TCC

Trap
X'40'
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FLOATING- POINT INSTRUCTION EXECUTION

FLOATING-POINT MULTIPLICATION AND DIVISION

yes

Prenormalize numbers

¥

Multiply or divide
numbers

v

Postnormalize if multiply

Characteristic

yes

3

X'4' —= CC

()

overflow?

Characteristic

underflow?

0 —=CCl
0 —CC2

0 —CCI
I —=CC2

1 —=CQ1
| —=CC2

Resvlt
positive?

Store result in A, B Store result in A, B 0 —=CC3
1 —=CC3 0 —CC3 0 - CC4
0 —= CC4 } —= CC4 0 —A,B
! |
RETURN

1 —CC3 0 —CC3
0 —=CC4 } —= CC4
Trap
X'44'




Right shift number with
smaller characteristic and
increment its character-
istic by 1 for each hex
place shifted until the
characteristics of the num-
bers are equol

}

Add or subtract the
fractions

yes

FLOATING-POINT ADDITION AND SUBTRACTION

Right shift resultant frac-
tion 1 hex ploce and in-

fraction 21?2

crement characteristic by |

no Ch

Postnormalize

Choracteristic

X'g" — CC
0 — A,B

X'8 — CC

overflow ?

Result

positive ?
X'6' —= CC X'5' — CC
Trap
X'44'

underfiow?

Postnormalization

quired more thun'\fyﬁ
2 hex shifts?

2 hex shifts?
N

}

11— CQ1
I — CC2

no
Resuit
zero?
yes
3
0 — CCi 1 — CcC)
0 — CC2 0 —= CC2
| P il
Result no
positive?
0 — CC Store :i;lr inAB Store :e—sul'rfn A,B
0 B i fe{ex} ~ CC3
“r A 0 — CC4 1 — CC4
RETURN

X'C* —= CC
yes 0—A,B
1 — CC1
0 —= CC2
Result
positive ?
yes
1 — CC3 0 - CC3
0 — CC4 1 —= CC4
Teap
X'44'
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FLOATING-POINT SHIFT

X'g' —= CC 00— CC
J
RETURN
LEFT SHIFT
0 —= CCi
0 = CC2 [

»

Shift fraction left 1 hex place,
fill vacated bit position on the
right with 0's, decrement char-
acteristic field by 1, and dec-
rement shift count by 1.

Appendix B

1 — CC2

Is number
normalized ?

A

Form the 2's comple-
ment of the flooting-
point number

RIGHT SHIFT
0 —= CC1

"l o—cc2
le-

Y

Shift fraction right 1 hex place,
fill vacated bit positions on the
left with 0's, increment char-
acteristic field by 1, ond incre-
ment shift count by one.

k!

Form the 2's comple-
ment of the final

floating-point number

Form the 2's comple-
ment of the final
floating -point number

0 —(CC3
1 —=CC4

Store result in A, B |

:

Characteristic
overflow?

0 — CC3 T — cca
1 — CC4 0 —= CC4 0—cc

Store result in A, B




EDIT BYTE STRING INSTRUCTION EXECUTION

Fill - (R)°_7 a = byte buffer
SA = (R) B = byte buffer
13-31 & = digit buffer
D= (I)l2~3! ds = X'20°

yes - ss= X'21°
Q €= RNy, fs = x'22°
DA = (Ru1) si= X273

13-31

X'40* — (DA) >

Fill —= (DA)

' — (DA — Rl
X'FO u 3 (DA) DA — Rl

Fill —= (DA}

| — CC4 | — CC4
X'F0* u 38— (DA)
DA — Rlj3.31 DAY =Rz g
le v
1 — CCl
0— CC4
SA+] —= SA
1 —= cCl -
| —= CC4 SA+] SA
2 —cc2
le
DA+l —= DA
C-t — C JA-1 —= 1A
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Mnemonic

AD
AH
Al
AlIO
AND
ANLZ
AW
AWM
BAL
BCR
BCS
BDR
BIR
CAL1
CAL2
CAL3
CAL4
CB
CBS
CD
CH
Cli
CLM
CLR
CsS
CVA
CVS
cw
DA
DC
DD
DH
DL
DM
DS
DSA
DST
DW
EBS
EOR
EXU
FAL
FAS
FDL
FDS
FML
FMS
FSL
FSS
HIO
INT
LAD
LAH
LAW
LB
LCD
LCF
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APPENDIX C. SIGMA 6 INSTRUCTIONS (MNEMONICS)

Code

10
50
20
6E
4B
44
30
66
6A
68
69
64
65
04
05
06
07
71
60
1
51
21
19
39
45
29
28
31
79
7D
7A
56
7E
7B
78
7C
7F
36
63
48
67
1D
3D
1E
3E
1F
3F
1C
3C
4F
6B
1B
5B
3B
72
1A

- 70

Instruction Name

Add Doubleword
Add Halfword
Add Immediate

Acknowledge 1/O Interrupt (privileged)

AND Word

Analyze

Add Word

Add Word to Memory
Branch and Link

Branch on Conditions Reset
Branch on Conditions Set
Branch on Decrementing Register
Branch on Incrementing Register
Call 1

Call 2

Call 3

Call 4

Compare Byte

Compare Byte String

Compare Doubleword

Compare Halfword

Compare Immediate

Compare with Limits in Memory
Compare with Limits in Register
Compare Selective

Convert by Addition

Convert by Subtraction
Compare Word

Decimal Add

Decimal Compare

Decimal Divide

Divide Halfword

Decimal lLoad

Decimal Multiply

Decimal Subtract

Decimal Shift Arithmetic
Decimal Store
Divide Word

Edit Byte String
Exclusive OR Word
Execute

Floating Add Long T
Floating Add Short

Floating Divide Long
Floating Divide Short

Floating Multiply Long
Floating Multiply Short
Floating Subtract Long
Floating Subtract Short J
Halt Input/Output (privileged)

Interpret

Load Absolute Doubleword
Load Absolute Halfword

Load Absolute Word

Load Byte

Load Complement Doubleword

Load Conditions and Floating Control

¥ optional

Addressing Type

Doubleword
Halfword

Immediate, word

Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Byte

Immediate, byte

Doubleword
Halfword

Immediate, word

Doubleword
Word
Word
Word
Word
Word
Byte

Byte |
Byte
Halfword
Byte

Byte

Byte

Byte

Byte
Word

Immediate, byte

Word

Word
Doubleword
Word
Doubleword
Word
Doubleword
Word
Doubleword
Word

Word

Word
Doubleword
Halfword
Word

Byte
Doubleword
Byte

Page

40
39
39
87

37
40
43
74
73
73
74
73
74
74
74
74

62
45
45

45
49
50
45
57
58
58
42
56
57
57
58

42
64

73
53
53
54

54
54
53
86
38
34
33
33
32
33
35



Mnemonic
LCFI

LCH
LW
LD
LH

LI
LM
LPSD
LRP
LS
LW
MBS
MH
MI
MMC
MSP
MTB
MTH
MTW
MW
OR
PACK
PLM
PLW
PSM
PSW
RD

S

D
SF
SH
SIO
STB
STCF
STD
STH .
STM.
STS
STW
W
TBS
DV
TIO
TTBS
UNPK
WAIT
WD
XPSD

Code

SIGMA 6 INSTRUCTIONS (MNEMONICS) (cont.)

Instruction Name

Load Conditions and Floating
Control Immediate

Load Complement Halfword

Load Complement Word

Load Doubleword

Load Halfword

Load Immediate

Load Multiple

Load Program Status Doubleword

Load Register Pointer

Load Selective

Load Word

Move Byte String

Multiply Halfword

Multiply Immediate

Move to Memory Control (privileged)

Modify Stack Pointer

Modify and Test Byte

Modify and Test Halfword

Modify and Test Word

Multiply Word

OR Word

Pack Decimal Digits

Pull Multiple

Pull Word

Push Multiple

Push Word

Read Direct (privileged)

Shift

Subtract Doubleword

Shift Floating

Subtract Halfword

Start Input/Output (privileged)

Store Byte

Store Conditions and Floating Control

Store Doubleword

Store Halfword

Store Multiple

Store Selective

Store Word

Subtract Word

Translate Byte String

Test Device rivileged

Test Input/Output P g

Translate and Test Byte String

Unpack Decimal Digits

Wait

Write Direct

Exchange Program Status Doubleword

Exchange Word

] privileged

] privileged

Addressing Type

Immediate, word
Halfword

Word
Doubleword
Halfword
Immediate, word
Word
Doubleword
Word

Word

Word
Immediate, byte
Halfword
Immediate, word
Word
Doubleword
Byte

Halfword

Word

Word

Word

Byte

Word

Word

Word

Word

Word

Word
Doubleword
Word

Halfword

Word

Byte

Byte
Doubleword
Halfword

Word

Word

Word

Word
Immediate, byte
Word

Word
Immediate, byte
Byte

Word

Word
Doubleword
Word

Page

35
33
33
32
32
32
35
75
77
34
32
61
41
41
77
71
43
43

. 42

59

© 70
- 69

70
69
80
47
41
48
40
83
36
37
36
36
37
36
36
40
63
87

63
59
79

75
36
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APPENDIX D. INSTRUCTION TIMING

This appendix shows the timing (in microseconds) for
executing individual SIGMA é computer instructions under
a variety of circumstances. All of the times are based on
the assumption that whenever the CPU requests a service
cycle from o particular memory bank, it never has to wait
for such service due to other devices (such as IOPs) that
are connected to that memory bank.

Execution times depend not only on the nature of the specific
instructions, but also on the configuration of memory banks
in the system, and the placement of instructions and operands.
The following table provides a means of estimating instruction

execution times for some of the possible combinations of
memory bank configuration, data placement, and instruc-
tion type, where

MAX = Time with no memory overlap (i.e., all se~
quential memory accesses come from the same

bank)

MIN = Time with complete memory overlap (i.e., all
sequential memory accesses come from a bank
not currently busy, that is, the bank being
accessed is not being used by the CPU or any
external 10P)

Average Instruction Execution Time

Memory Bank Configuration

Instructions that utilize

Instructions that utilize

All instructions and operands are in two inter-
leaved memory banks

All instructions and operands are in four inter-
leaved memory banks

All instructions are in one memory bank and all
operands are in two interleaved memory banks.

(Both operand memory banks are different from

instruction memory bank.)

byte, halfword, doubleword
and word addressing addressing
All instructions and operands are in the same
memory bank MAX MAX
All instructions are in one memory bank and all
operands are in a different memory bank MIN 1/2 MAX +1/2 MIN

1/2 MAX + 1/2 MIN 1/4 MAX + 3/4 MIN

1/4 MAX + 3/4 MIN 1/8 MAX +7/8 MIN

MIN MIN

Basic timing information is summarized in the following two
tables. A dashentry forany item indicates anon-applicable
or impossible condition for the instruction. Special notes
(identified by numbers in the "Notes" column are given at
the end of the table to which they apply. Table D-1 shows
the execution times for instructions under the most common
conditions that the user can expect to encounter in his pro-
gram. Table D-2 shows the additional times that must be
added to the basic times if (1) the instruction perfoms a
register-to-register operation (i.e., accesses one or more
of the general registers for an operand(s) or a direct address)
or (2) the register pointer in the current program status
doubleword selects one of the register blocks in the range
from X'4' through X'1F" (4 through 31 decimal).

The times given in Table D-2, where the instruction per-
forms a register-to-register operation, assume the following
conditions.

1. The CPU is operating in the mapping mode with one
memory bank so that no memory overlap occurs.

2. All instructions are in core memory.
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3. In the case of an instruction with a direct address, its
operand is in one or more of the general registers. For
a push-down instruction with a direct address, however,
its stack pointer doubleword is in the general registers
and the stack is in core memory.

4. In the case of an instruction with an indirect address,
the indirect reference is to one of the general registers,
which contains the direct address of the operand. The
resultant virtual address is assumed to be a core memory
address. For a push-down instruction with an indirect
address, therefore, both the stack pointer doubleword
and the stack are assumed to be in core memory.

The timing data given below are for a typical system. A
specific CPU may vary by up to £10% of the times shown.

For large core memory configurations, an additional . 1 psec
per memory access may be encountered due to added cable
lengths.




Table D-1.

Basic Instruction Timing

No Memory Overlap Maximum Memory Overlas
No Map Map No Map Mop
Mnemonics Notes Direct Indirect Direct Indirect Direct Indirect Direct Indirect
No No No No No No No No
Index Index Index Index Index Index Index Index Index Index Index Index Index Index Index index
AD 2.9 3.6 3.9 4.2 2.9 3.7 3.9 4.3 2.4 3.0 3.3 3.6 2.5 3.2 3.4 3.8
AH 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.4 2.0 2.3 2.6 1.5 2.2 2.4 2.9
S . - . - - ——— [ ——
Al 1.3 - - -- - 1.4 -- -- -- 1.3 -- -~ -~ 1.4 -- -- --
AIO R#0 6.9 6.9 7.5 7.5 6.9 6.9 7.5 7.5 6.6 6.6 7.2 7.2 8.7 6.7 7.3 7.3
AlO R=0 6.1 6.1 6.7 6.7 6.1 6.1 6.7 6.7 6.1 6.1 6.7 6.7 6.1 6.1 6.7 6.7
AND 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.4 2.0 2.3 2.6 1.5 2.2 2.4 2.9
ANLZ H 3.3 3.9 4.3 4.6 3.3 4.1 4.3 4.7 3.2 3.8 4.1 4.4 3.2 3.9 4. 4.5
- e T e S . n
AW 2.0 2.6 29 3.2 2.0 2.7 2.9 3.3 1.4 2.0 2.3 2.6 1.5 2.2 2.4 2.9
AWM 3.0 3.6 3.9 4.2 31 3.8 4.0 4.4 2.6 3.3 3.6 3.9 2.9 3.6 3.8 4.2
BAL 2.3 2.3 2.9 2.9 2.4 2.4 3.0 3.0 2.2 2.2 2.8 2.8 2.3 2.3 2.9 2.9
BCR branch 1.0 1.6 2.0 2.3 1.0 1.7 2,0 2.4 0.9 1.5 1.8 2.2 0.9 1.6 1.8 2.3
8CR no branch 2.0 2.6 3.0 3.3 2.1 2.8 3 3.5 1.9 2.5 2.8 3 2.0 2.7 2.9 3.3
8CS branch 1.0 1.6 2.0 2.3 1.0 1.7 2.0 2.4 0.9 1.5 1.8 2.2 0.9 1.6 1.8 2.3
BCS no branch’ 2.0 2.6 3.0 3.3 2.1 2.8 3.1 3.5 1.9 2.5 2.8 3.1 2.0 2.7 2.9 3.3
80R branch 1.4 1.7 2.4 2.4 1.4 1.8 2.4 2.5 1.4 1.7 2.3 2.3 1.4 1.8 2.3 2.4
BDR no branch 2.4 2.7 3.4 3.4 2.5 2.9 3.5 3.6 2.3 2.6 3.2 3.2 2.4 2.8 3.4 3.4
8IR branch 1.4 1.7 2.4 2.4 1.4 1.8 2.4 2.5 1.4 1.7 2.3 2.3 1.4 1.8 2.3 2.4
BIR no branch 2.4 2.7 3.4 3.4 2.5 2.9 3.5 3.6 2.3 2.6 3.2 3.2 2.4 2.8 3.4 3.4
CAL1-4 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
cB 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.4 2.0 2.3 2.6 1.5 2.2 2.4 2.9
4.1 .2 4.1 4.2
cas 2 ae | 7T - R PPV B -- TTojaaen | 7T - R VRV B -- -
co 2.9 3.6 3.9 4.2 2.9 3.7 3.9 4.3 2.4 3.0 3.3 3.6 2.5 3.2 3.4 3.8
CH 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.4 2.0 2.3 2.6 1.5 2.2 2.4 2.9
ClI 1.9 - - - -- 2.0 -- -- -~ 1.8 -- - -- 1.9 .- -- --
I — e e e == - -
CM 2.9 3.6 3.9 4.2 T 2.9 3.7 3.9 4.3 2.4 3.0 3.3 3.6 2.5 3.2 3.4 3.8
CLR 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.8 2.4 2.8 3.1 1.8 2.6 2.8 3.2
_— SRR SR S S _
cs 3.0 3.6 4.0 4.3 3.1 3.8 4.1 4.5 2.9 3.5 3.8 4.1 3.0 3.7 3.9 4.3
CVA 3 17.1 171 17.6 17.6 17.1 17.1 17.8 17.8 17.1 17.1 17.3 17.3 17.2 17.2 17.3 17.3
+0. 6N +0.6N +0.6N +0,6N +0.7N +0.7N +0.7N +0.7N +0.5N +0.5N +0.6N +0.6N +0. 6N +0.6N +0.7N +0.7N
Cvs 34.7 34.7 35.2 35.2 38.4 38.4 38.5 38.5 33.2 33.2 3.7 33.7 36.8 36.6 36.7 36.7
I . S _ — _—
cw 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.4 2.0 2.3 2.6 1.5 2.2 2.4 2.9
NN SIS —
DA 4 19.2 19.2 20.0 20.0 19.4 19.4 2.6 20.6 19.2 19.2 20.0 20.0 19.4 19.4 2.6 20.6
+0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D0 +0.3D +0.30 +0.3D
e 4 e
DC 4 1.8 n.s 12.3 12.3 12.1 12.1 12.8 12.8 1.8 11.8 12.3 12.3 2.1 12.1 12.8 12.8
+0.3D 40.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D0 +0.3D +0.3D +0.3D +0, 3D +0.3D +0,3D +0.30 +0.3D
oD 5 29.7 29.7 30.3 30.3 30.8 30.8 31.4 3.4 29.7 29.7 30.3 30.3 30.8 30.8 31.4 31.4
L +0. 8K +0. 8K +0. 8K 40.8K +0. 8K +0.8K +0. 8K +0. 8K +0.8K +0.8K +0.8K +0.8K +0. 8K +0.8K +0.8K +0. 8K
R = o e - IR
DH 12.4 13.0 13.4 13.7 12.4 13.2 13.4 13.8 12. 4 13.0 13.3 13.6 12.4 131 13.3 13.7
DL . 1.8 1.8 12.4 12.4 11.8 1.8 12.5 12.5 1.8 11.8 12. 4 12. 4 1.8 n.s 12.5 12.5
+0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D
oM 6 61.2 61.2 61.8 61.8 62.3 62.3 62.9 62.9 FGLZ 61.2 61.8 61.8 62.3 62.3 62.9 62.9
+0.4DN | +0.4DN  +0.4DN | +0.4DN| +0.4DN | +0.4DN +0.4DN| +0.4DN | +0.4DN | +0.4DN +0.4DN | +0.4DN | +0.4DN | +0.4DN  +0.4DN | +0.4DN
DS 4 19.2 19.2 19.7 19.7 19.3 19.3 19.7 19.7 19.2 19.2 19.7 19.7 19.3 19.3 19.7 19.7
+0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D +0.3D
D3A 20.3 2.3 20.9 20.9 20.3 20.3 21.0 21.0 20.2 2.2 20.6 20.6 20.2 20.2 2.9 20.9
DST 7 1.3 1.3 12.0 12.0 1.3 1.3 12.1 12.1 n.3 1.3 12.0 12.0 1.3 1.3 12.1 12.1
+0.7D +0.70 +0.7D +0.70 +0.7D0 +0.7D +0.7D +0.7D +0.7D +0.7D +0.7D +0.7D +0.7D +0.7D +0.7D +0.7D
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Table D=-1. Basic Instruction Timing (cont. )
i No Memory Overlop Maximum Memory Overlap
,  NomMw Map No Map T Map
Magmonics | MNotes Direct Indirect Direct Indirect Cirect Indirect 1 Direct Indirect
| No No No No No No No No
j Index lv:dex lnd_ex !ndef— lndex Index lnderx“ lr\dAerx ) lnd?x ln:.‘ex !nde‘x Index ]nieri 'rfff, Index - F_?idf:__
[Tow i 12,6 132 (135 13.8 12.5 13.2 136 13.9 12.5 13.1 13.4 136 12.5 13.2 135 | 13.8
—Eés T s ; T T o _F_fﬂ ) 4.2 . . FWTM R . . . 4.2 . . .
16. 8N +7. 1IN +6. 8N +7.IN
L SN SR ARGy SR NN SN S ~ i
£OR 18 2.4 2.7 3.0 1.8 2.5 2.7 31 1.4 2.0 2.3 2.6 1.5 2.2 2.4 2.9
T Y IEE 16 | 22 | 22 13 | 1e | 22 2.4 1.2 1.6 2.1 2.2 1.3 1.8 22 2.4
—_féljfin o 74:41 47 50 | 53 4.2 MJT;VELL 5.5 41 | 47 | 50 75;?”1 42 | 49 5.1 5.5
FALmax | 11 13.7 14.2 14.6 14.8 13.8 14.4 14.7 15.1 13.7 14.2 14.6 14.8 13.8 14.4 14.7 15.1
| FAL typical | 12 S0 | ss [se | e 5.1 57 | 60 | 64 5.0 5.5 5.9 6.1 5.1 57 | 6.0 6.4
| Fasmin |0 1 3.3 39 | 42 4.6 3.3 4.0 42 4.7 3.3 3.9 4.2 46 3.3 4.0 4.2 47
| Fasmex |11 8.2 8.9 | 91 9.5 8.2 9.0 9.1 9.6 8.2 8.9 9.1 9.5 8.2 9.0 9.1 9.6
'_7%A;‘;ypz;a] | 12 4.0 s |45 | sa 4.0 49 | 54 0 | 46 4.9 49 5.4
[?EQ(J e 54 261|264 267 |25 l270 |28 254 | 261 | 264 1270 |28
DL max : " “lsa7 Tass |37 a0 34.8 | 35.4 363 |31 |37 |34 | 357 3.4 |33 |36
FDS min | 13,14 124 133 134 a7 |24 134 134 |38 |124 133 |14 |17 |124 194 [1a4 138
FDS max |11 16.6 17.5 7.6 Lie |66 17.6 17.6 18.0 6o | 175 |76 |79 16.6 17.6 17.6 18.0
emimin L1304 |90 | 98 |00 |04 | 92 10.0 10.2 10.6 9.1 9.8 | 10.0 10.4 9.2 10.0 1.2 106
FMLmox | 11 14.7 15.4 15.6 16.0 14.8 15.6 15.8 16.2 4.7 15.4 15.6 16.0 14.8 15.6 15.8 16.2
FMS mi:_’ 13, l47 - wé_ 0 6.6 6.9 7.2 6.0 6.8 6.9 7.4 6.0 6.6 6.9 7.2 6.0 6.8 6.9 7.4
| FMs mox | 11 Tes [ o4 |97 |10 8.8 5.6 | 9.7 10.2 8.8 9.4 9.7 10.0 8.8 9.6 9.7 |10.2
FSL min 10 4 47 5.0 5.3 4.2 4.9 5.1 5.5 4.1 47 5.0 5.3 4.2 4.9 5.1 5.5
 FsLmax | 11 13.7 14.2 14.6 14.8 13.8 4.4 4.7 15.1 13.7 14.2 14.6 14.8 13.8 14.4 4.7 15.1
FSL typical | 12 5.0 5.5 5.9 6.1 5.1 5.7 6.0 6.4 5.0 5.5 5.9 6.1 5.1 5.7 6.0 6.4
FSS min 10 3.3 3.9 4.2 4.6 3.3 4.0 4.2 47 3.3 3.9 4.2 4.6 3.3 40 4.2 47
Fssmon 111 |82 8.9 9.1 9.5 8.2 9.0 9.1 9.6 8.2 8.9 9.1 9.5 | 8.2 9.0 9.1 9.6
FSS typical | 12 w0 | 46 I 49 5.3 4.0 4.7 4.9 5.4 4.0 4.6 4.9 5.3 4.0 47 4.9 5.4
o k- even 0 | 9.7 9.7 |103 10.3 9.7 9.7 10.3 10.3 9.4 9.4 10.0 10.0 9.5 9.5 10.1 10.1
HIO R = odd 8.3 8.3 8.9 8.9 8.3 8.3 8.9 8.9 8.3 83 | 89 8.9 8.3 8.3 8.9 8.9
HIO R=0 TR R 7.1 7.1 7.7 7.7 7.1 7.1 7.7 7.7 7.1 7.1 7.7 7.7
INT 2.4 3.0 3.4 3.6 2.5 3.2 3.4 3.8 2.3 2.9 3.2 35 2.4 3 3.3 3.7
LAD 3.4 4.0 4.3 4.6 3.4 4.2 4.4 4.8 31 3.7 4.0 4.3 3.2 3.9 4.2 4.6
LAH 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.8 2.4 2.7 3.0 1.8 2.5 2.7 3.1
LAW 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.8 2.4 2.7 3.0 1.8 2.5 2.7 31
L8 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.8 2.4 2.7 3.0 1.8 2.5 2.7 3.1
Lo 2.9 3.6 3.9 4.2 2.9 3.7 3.9 4.3 2.4 3.0 3.3 3.6 2.5 3.2 3.4 3.8
LCF 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 .8 2.4 2.7 3.0 1.8 2.5 2.7 3.1
LCFI 1.3 -- -- -- 1.4 -- -- -- 1.3 -- -- -- 1.4 -- -- --
LCH 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.8 2.4 2.7 3.0 1.8 2.5 2.7 31
Lew 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.8 2.4 2.7 3.0 1.8 2.5 2.7 31
LD 2.9 3.6 3.9 4.2 2.9 3.7 3.9 4.3 2.4 3.0 3.3 3.6 2.5 3.2 3.4 3.8
.
LH 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.8 2.4 2.7 3.0 1.8 2.5 2.7 3.1
u 1.3 -- -- -- 1.4 -- -- -- 1.3 -- -- -- 1.4 -- -- --
M ' 2.3 2.3 3.0 3.0 2.4 4 0 0 2.2 2.2 2.8 2.8 .3 3 .8 2.8
F1LON | +1.ON [+1.ON | +1,0N | +LIN | +LIN [+1IN [ +LIN [ +1LON | +1.ON | +1.ON | +LON [+1IN | +1IN 41N [+TN
LPSD 4.4 44 5.0 5.0 4.7 4.7 5.2 5.2 4.4 44 5.0 5.0 47 47 5.2 5.2
LRP 2.2 2.8 31 3.4 2.3 3.0 3.2 3.6 2.2 2.8 3.1 3.4 2.3 3.0 3.2 3.6
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Table D-1.

Basic Instruction Timing (cont. )

No Memory Overlap

Maximum Memory Overiop

No Map Map No Mop Map
Mnemonics Notes Direct Indirect Direct Indirect Direct Indirect Direct Indirect
No No No No No No No No
Index Index Index Index Index Index Index Index Index Index Index Index Index Index Index | Index
Ls 2.5 31 3.4 3.7 2.6 3.3 3.5 3.9 25 31 3.4 |37 |26 33 35 3.9
LW 1.8 2.4 2.7 3.0 1.8 2.5 2.7 3.2 1.4 2.0 2.3 2.6 L5 2.2 2.4 3.0
4.2 . . . 44 . . 42 4.4 . . .
MBS word |2 10.8N +0.8N o 08N | T o o +0.8N
4.2 . . 4.3 _ 42 4.3
MBS byte |2 L3 4N -- g | - .. P .. .. g A . .
MH 3.8 4.4 48 5.1 3.9 47 4.9 5.3 38 4.4 48 5.1 3.9 4.7 4.9 5.3
M 5.0 - .- - s I 5.0 -- B O - T DU -
3.0 T a1 | 3.0 ) EX
mMmc 15 430N | T - T BAN | T - - 29N | 77 - - doN | TT - T
Msp 7.6 8.2 8.5 8.8 8.0 8.7 8.9 9.3 7.4 8.0 8.3 8.6 8.0 8.7 8.9 9.3
MTB RA0 3.6 4.2 4.6 4.9 3.7 4.4 47 5.1 36 4.2 4.6 4.9 3.7 4.4 7 s
T
MTB R=0 2.6 3.2 3.6 3.9 2.7 3.5 3.7 4.1 2.6 3.2 3.6 3.9 2.7 3.5 3.7 41
MTH RAO 3.6 4.2 4.6 4.9 3.7 4.4 4.7 5.1 3.6 4.2 4.6 4.9 3.7 |44 4.7 5.1
MTH R=0 2.6 3.2 3.6 3.9 2.7 3.5 3.7 41 2.6 3.2 3.6 3.9 2.7 3.5 3.7 4
e e - JERSRE a0 Y R —— ; ;
MTW RFO 2.8 3.4 3.7 4.0 3.9 3.6 3.8 4.2 2.6 3.3 3.6 3.9 39 .36 | 38 4.2
R P MGG AT RS St N i :
MTW R=0 2.3 2.9 3.2 3.6 2.4 3.1 3.4 3.8 2.3 2.9 3.2 3.6 24 131 34 3.8
MW 5.0 "6 5.9 6.2 5.1 5.8 6.0 6.5 5.0 5.6 5.9 6.2 5.1 ‘ 58 | 6.0 6.5
[N S S —— S A t L -
OR 1.8 2.4 2.7 3.0 1.8 2.5 2.7 3.2 1.4 2.0 2.3 2.6 15 122 124 2.8
PACK 1 12.0 12.0 12.6 12.6 12.0 12,0 12.8 12.8 12,0 12.0 12.6 12,6 120 1120 128 12.8
H0.6N 306N | +0.6N | +0.6N [ +0.6N | +0.6N | 40.6N | +0.6N | +0.6N [ +0.6N | +0.6N [:0.6N | +0.6N [ +0.8N  +C.6N | +0.6N
. - T T
LM 15 10.0 10.0 10.8 10.8 10.5 10.5 " ni 9.5 .5 10.0 10.0 0.2 iw0.2 1107 107
FLON [+LON [ 4LON | +1LON | +LIN [4LIN | +LIN [+LIN [ +LON | 410N | ¢LON [+1ON [+1ON [ +1.0N  <LIN | +LIN
i 4
PLW 10.8 10.8 .4 1.4 1.2 1.2 n.8 .8 10.2 10.2 10.8 10.8 0.8 (108 1.4 T
- 5 8.7 8.7 9.4 4 9.0 .0 .7 9.7 8.3 8.3 9.0 9.0 8.6 86 | 9.6 9.6
L1.ON [+1.ON | +1.ON | +1.0N | +1.ON | +1.ON | +1.ON |+1.ON } +0.8N | +0.8N | +0.8N [+0.8N [+1.ON [+)1.ON :+1.0N | +1.0N
PSW 9.8 9.8 10.5 10.5 10.2 10.2 10,9 10.9 9.3 9.3 9.8 9.8 9.8 9.9  110.5 10.5
RD internal 2.5 2.5 3 3. 2.5 2.5 3.1 3.1 2.5 2.5 3.1 3.1 2.5 2.5 a1 Lo
T
. external 2.8 2.8 3.4 3.4 2.8 2.8 3.4 3.4 2.8 2.8 3.4 3.4 2.8 2.8 3.4 3.4
17 40.4N 404N | 04N | 04N | 04N | $0.4N | 004N | 04N | 04N | 404N | 04N | 104N [+0AN | H0.AN | 04N i 04N
S left 18 2.1 2.1 2.7 .7 2.2 .2 2.8 2.8 2.1 2.1 2.7 2.7 21 21 P27 |27
e FOING 10 TN |40 IN | HOUIN [ +0IN | 40 IN | H0UIN | WOUIN ] HOIND T H0UIN | <0 TN [HOIN [ HOUING [ WCLIND D HOIN | 0 IN
S right 8 2.1 2.1 2.8 2.8 2.2 2.2 2.9 2.9 2.1 2.1 2.8 2.8 22 | 2.2 29 | 29
' 402N |+0.2N | +0.2N N JH02N 02N | 402N [0.2N | 402N [ 40.2N | H0.2N [40.2N JH0.2N [40.2N | +0.2N 1 40.2N
JEES I SN - ——— |
D 2.9 3.6 3.9 4.2 2.9 3.7 3.9 4.3 2.4 3.0 3.3 3.6 2.5 3.2 3.4 | 38
SF 1okt single 2.6 2.6 3.2 3.2 2.7 2.7 3.3 3.3 2.6 2.6 3.2 3.2 2.7 2.7 33 33
¢ 9 HO.2N 402N | +0.2N | +0.2N [ +0.2N | 4+0.2N | +0.2N [+0.2N | +0.2N | +0.2N | «0.2N  [+0.2N [+0.2N 402N -0.2N | +0.2N
B S S US| SR S i
N 2.4 2.4 3.0 3.0 2.6 2.6 3.2 3.2 2.4 2.4 3.0 3.0 2.6 2.6 32 ¢ 3.2
i 19 06N 140.6N | +0.6N | +0.6N | 406N | 406N | 406N [+40.6N | +0.6N | +0.6N | +0.6N | +0.6N [40.6N [ 40.6N [ +0.6N  +0.6N
SF left double 4.0 4.0 4.6 4.6 41 4.1 4.7 4.7 4.0 4.0 4.6 4.6 41 4.1 47 47
e 19 +0.2N  [40.2N | +0.2N | +0.2N | +0.2N i +0.2N | 402N {+0.2N | #0.2N | +0.2N | +0.2N  [+0.2N [+0.2N [40.2N [ +0.2N | +0.2N
0. o ;
S righy | dovble 3.8 3.8 4.4 4.4 3.9 3.9 4.6 4.6 3.8 3.8 4.4 4.4 3.9 3.9 46 | 46
g 19 0.6N  {+0.6N | 0.6N | +0.6N | +0.6N | +0.6N | +0.6N [ +0.6N | +0.6N | +0.6N | +0.6N |+0.6N [ +0.6N I +0.6N | +0.6N | +0.6N
SH 2.0 2.6 2.9 3.2 2.0 2.7 2.9 3.3 1.4 2.0 2.3 2.6 L5 2.2 2.4 2.8
$10 R = even, 70 |10.6 10.6 n.2 1.2 10,6 10.6 1.2 1.2 10.3 10.3 10.9 10.9 10.4 10.4 1m0 1.0
Ble) R = odd 9.5 9.5 10.1 10.1 9.5 9.5 10.1 101 9.5 9.5 10,1 10.1 9.5 9.5 1.1 |10
SI0 R=0 7.1 7.1 7.7 7.7 7.1 7.1 7.7 7.7 7.1 7.1 7.7 7.7 7.1 7.1 77 | 77
ST8 3.0 3.0 3.6 3.6 31 31 3.7 3.7 2.9 2.9 35 3.5 3.0 31 3.6 | a7
STCE 20 |30 | 36 36 33 31 3.7 3.7 2.9 2.9 3.5 3.5 3.0 3.1 36 3.7
$TD 4.2 4.2 3.7 3.7 4.3 4.3 3.2 3.2 3.3 3.7 3.5 3.5 3.3 3.9
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Table D-1. Basic Instruction Timing (cont. )

No Memory Overlap Maximum Memory Overlap
Nc Map Map No Map Map
Maemonics Notes Direct Indirect Direct Indirect Direct Indirect Direct Indirect
No No | No No No No No No
Index Index Index Index Index Index Index Index Index Index Index Index Index Index Index Index
STH 30 | 3.0 3.6 36 3.1 3 3.7 37 28 28 35 |39 | 30 0 | 36 40
- s 2.1 21 2.8 28 2.2 27 | 28 2.8 21 21 2.8 28 72 22 22 2.2
: +1.0N +1.0N +1.0N +1.0N +1.ON +1.0N +1.O0N +1.ON +0. 8N +0.8N +0. 8N +0.8N +0.9N +0.9N +0.9N +0.9N
— — -
STS 3.7 4.3 4.7 5.0 3.8 4.5 4.8 5.2 3.5 4.0 4.4 4.6 3.6 43 4.5 4.9
sTW 2.6 2.6 3.2 3.2 27 |27 | a3 3.3 2.3 23 29 2.9 2.6 2.7 | 32 3.3
sw - 20 |26 |29 |32 |20 |27 |29 | 33 te [20 T23 J2e [us [2z2 | 24 30 |
3.0 3.2 3.0 3.2
785 2 g | T - R RV NI R - R RV VI S -- R VIV B - -
oV R-even {97 | 97 (103 {103 9.7 |97 |03 |03 9.4 9.4 100 |100 9.5 9.5 (101 101
Tov R - odd 83 | 83 8.9 8.9 8.3 8.3 89 | 89 83 | 83 8.9 | 89 83 | a3 8.9 8.9
T T
TOV R=0 7.1 71 7.7 7.7 7.1 7.1 7.7 7.7 7.1 7.1 7.7 7.7 7.1 7.1 v 7.7 7.7
110 R=even 197 | 97 |103 |03 57 |97 |13 |03 94 | 94 (100 |10.0 9.5 9.5 | 101 101
o R = odd 83 | a3 89 | 89 |83 8.3 | 89 | a9 8.3 8.3 89 | 89 | a3 8.3 89 | a9
TiIO RIOV“ 7.T- 7.1 7.7 7.7 7.1 7.1 7.7 7.7 7.1 7.1 7.7 7.7 7.1 7.1 7.7 . 7.7
1 ‘
3.2 3.2 3.2 3.2
7785 2 aaN | T - B BVIPINE B - B PV NI R - Tt |een | T - o
T
UNPK 0,21 e e (121 laza o fuwe e 2z (123 | Ine fizo lwo fus luns a2z 22
. LN | SLAN [ 41AN | eTaN [+13N | +13N [sLaN | +0aN [ean | enan [ enan [l [aran (eran | alan Talan
wAIT 21 1.9 1.9 26 | 26 1.9 vy |27 | 27 1.8 1.8 2.4 2.4 1.9 1.9 25 | 25
wD internal 25 2.5 3.1 31 2.5 2.5 31 3 2.5 2.5 3.1 3 2.5 25 | 31 3
wp external |28 | 2.8 34 | 3.4 2.8 28 |34 | 34 28 | 2.8 34 | 3.4 2.8 28 | 34 |34
17 WO AN |10 AN [0 AN | s004N [0 AN [ 004N |0 AN | 104N [40.4N | 104N [ 404N (004N | +01aN | 04N | +0.4N [404N
S ahahi
XPSD ho-0 65 | 65 71 71 65 | 65 7.1 7.1 6.1 6.1 66 |66 |61 6.1 6.7 |67
XPSD ho-1 65 | 6s 7.1 7.1 67 |67 |73 73 | 61 6.1 66 |66 |65 [ 65 71 71
xw 30 | 36 e | 42 |30 38 |40 | 44 26 |33 |36 (39 |29 |36 | a8 |42
Notes: 1. Add 0.6 if analyzed instruction is indirect. Subtract 0.3 if it is LCFI, Al, LI, CBS, MBS, or EBS.
2. N = number of destination bytes processed.
3. N = number of 1's in the word converted.
4. D = number of digits (including the sign) in the effective decimal operand.
5. K =(D+6) (16 - Q); D = same as note 4; Q = number of leading zeros in the quotient.
6. D = same as note 4; N = number of nonzero decimal digits in the decimal accumulator.
7. D = number of digits (including the sign) to be stored.
8. N = number of bytes in the editing pattern.
9. Add execution time for subject instruction.
10.  No pre-alignment or post-normalization required.
11.  Un-normalized operands.
12.  One hexadecimal pre-alignment and one hexadecimal post-normalization.
13. Nonzero, normalized operands.
14.  Minimum time is also typical time.
15. N = number of words moved.
16. N = number of bytes in zoned number in memory.
17. N = integer (0, 1, 2,...), dependent on delay in external device.
18. N = number of bit positions shifted.
19. N = number of hexadecimal positions shifted.
20. N = number of bytes to be stored in memory.
21.  Minimum time.
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Table D-2. Additional Instruction Timing
(Add to times in Table D-1)

Mnemonic

Register-to-register Operations

Register pointer selects

register block X'4' - X'TF!

Mnemonic

Register-to-register Operations

Register pointer selects

register block X'4' = X1F!

Direct Indirect Direct Indirect Direct Indirect Direct Indirect
Hotes h::x Index ]nNdzx Index potes h::x Index h::x Index Notes h::x Index h:‘e’x Index Nores lr:‘;x Index ’:‘;x Index
AD 22 | va 12 |2 22 05103 | 09 |06 FAL 23 [ 16 ] 15| 1s 0.4 | 03] 08 | 06
AD SR D R 23 05| 04| 10 |07 FAS 15 08 15] 15 04 | 03| 08 |06
AH 12 os ]2 {3 0403 | 08 |06 FOL 23 L1s | s s 04 | 03] 08 |06
Al AU R R o1 ] -- | --]-- FDS 15 |08 15] 15 0.4 { 03| 08 |06
AlO 0 o |15 |1s 061061 09 |09 FML 23 161 15 1s 04 ] 03] 08 |06
AND 12 |os] 12 |13 04103 | 08 |06 FMs 15 08| 15] 15 0.4 | 03| 08 |0s
ANLZ va los 13 |13 05 | 07 ] 16 |1.3 Fst 23 | 16| s 1 04 | 03] 08 |06
Aw 12 [os |12 {13 04103 | 08 |06 Fss 15 108 | 15| 15 0.4 {03 | 08 |06
AWM 22 16113 |13 04| 03] 08 |06 HIO ) o | 15| 15 0.6 | 08| 09 |09
BAL 07 107} 14 | 1.4 04104 | 07 |07 INT 14 ] 07 14| 14 0.4 ] 03| 08 |06
BCK branch | 1.3 | 07 | 13 | 1.4 03] 03] 07 |06 LAD 23 {15 13 13 04 | 03| o8 | 06
BCR mbianch| 21 | 19 ] 1.3 | 13 S RO I . LAH 12 [ os | 13| 1.4 0.4 | 031 08 |06
BCS branch | 1.3 | 07 ] 13 | 1.4 03|03 | 07 |06 LAW 12 {os )13 14 04 | 03] 08 | 06
BCS nobranch| 25 | 1.9 ] 1.3 | 1.3 N R O L8 12 o5 13] 1.4 04 | 03| 08 |06
BOR banch | 1.4 1 09 | 14 | 1.4 03] 03| 07 |06 LcD 22 | 14| 12| 12 04 {03 ]| 08 |06
CBDR fnobionch] 24 | 21| 12 | 13 SO R I LCF 12 1 o5 13] 14 0.4 { 03] 08 | o6
BIR beonch | 1.4 [ 09 | 1.4 | 1.4 03] 03| 07 |06 LCFI S R R R I S R
BIR obranch| 2.4 | 21 | 12 |13 S I R LCH 12105 1.3] 1.4 0.4 | 03] 08 |06
1C,Az%3,4 0 o | 14 |14 04 | 04| 07 |07 Lcw 12 o5 13} 14 04 | 03| 08 |06
s 13 Jos |13 |13 04| 03| 08 | 06 LD 22 | 14 {12] 12 04 | 03] 08 |06
css 2 28 I R 06 | -- | -- | -- LH 12 {os] 13} 14 04 {03l o8 | o6
co 22 | 14 |12 |12 0.4 ] 03 | 08 |06 L N N e 61 | -- | -- | --
CH 13 Los |13 §12 04103 | 08106 LM osnoent 13] 13 04 | 04 07 | o7
1 N R - 04 | - | -- )= LPSD 18| 180 15| 15 04 | 03] 08 | 0s
cLM 15 112 ]2 |12 0.4 | 03] 08 | 0.6 LRP 1507 ] 151 15 64 | 04 07 | 07
CIR 13 o7 | 14 114 04| 03| 08 | 06 Ls 15 o8| 15[ 15 05 | 04| 10 | 07
cs 14 | o7 |13 |13 04 ] 03] 08 [ o6 w 14 o7 | 5] s 04 | 03] 08 | 07
cva 3o N B B 04| 04 | 07 fo07 mes |27 02N| - | --| -- 06 | -1 -- | --
cvs a0 R P 04| 04| 07 |07 mes |28 03N -- | -o| -- N
cw 13 {0613 |13 04 ] 03| 08 | 06 MH 15108 15| 1.5 04 ] 03| 08|06
DA 010 |oap| 1.5 | 15 04| 04| 07 |07 MI R R R 04§ -- 1 -- 1} --
oC oip lomd| 15 | 15 04| 04| 07 |07 MMC 08N| --| --| -- 06 | 0] 05 | 09
DD 35 | 35015 ] 15 0.4 ] 04| 07 | 07 MsP 35| 35 15 1.5 04 ) 04| 07 | 07
DH 15 |07 14 | 1.4 04 ] 03| 0806 mre |0 210 | 14| 15| s 04| 03| 08|06
DL oo {oap]| 15 | 1s 04| 04| 07 | o7 mre | r= 15 08 i5] 15 S N D
DM 35 1 350 15 | 15 04 ca ) 07 |07 MTH | R#0 21 1a] 5] 1 04 03| 08 | 06
DS 01D {0.0D| 1.5 | 15 04| 04| 07 | 07 Mt | r=0 15| 081 1.5] 1.5 R R I .
DSA 0 0] 14 | 14 04| 04| 07 | 07 Miw | R#0 24| 170 ws) s 04| 03| 08 | 06
DST 030 {030 1.5 | 15 04 04 07 |07 Mrw  {r=0 151 08l 15] 15 B St s
DW 15108 14 | 1.4 04 03| 08 06 Mw 15 08] 15| 1.5 0.4 | 03] 08 | 04
EBS 25 oan] - - 1 - 03} - | ~- | -- OR 14 07) 15] 1.5 04 ] 03] 08! 06
EOR V4l o7 e | s 04 03| 08 | 06 PACK 02N 02N] 15| 15 04 ] 04 o7 | 07
exu |26 15 07| 15 |1 26 04] 03| 08 | 06 PLM 32 32] 1] 1 04 04| 07 | 07
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Table D-2. Additicnal Instruction Timing {(cont. )
(Add to times in Table D-1)

Register pointer selects

register block X'4¢ - X'IF*

Register-to-register Operations

Register pointer selects
register block X'4' - XIF'

Meemonte _Y Indirect Direct Indirect Mnemonic Direct Indirect Direct Indirect
L mf e | Index h:; Index otes Ir:zx Index lr:Zx Index rotes l"'::‘ Index ;:;Zx Index ore: lr::‘ Index [:; Index
P P I I e 04 |04 | 07 |07 STM 08N {08N | 09 | 09 0.4 |04 |07 | 07
Ps 30 L aa | 1s ] e 0.4 |04 | 07 |07 sTS 23 |15 13 |2 06 |04 |10 ] 07
e sofs2 04 |04 | 07 |07 sTW 08 |09 |14 |15 03 103 | 06| 06
o - o o |1s]1s 04 |04 | 07 |07 sw 12 o5 {13 | 14 04 |03 |08/ a6
. ) o | o |1s s 04 {04 [ 07 |07 Tes 2 1eN |- | oo | -- 06 L= | --] --
s ; 22 114 |12 12 04 |03 | 08 | o6 Tov o | 0 J15] s 06 |06 |09 ] oo
T o | o |15 15 04 |04 [ 07 |07 1o o | o J1s]|s 06 |06 09| 09
s 12 05|13 ] 1.4 04 |03 | 08 |06 Tres |29 08N | -« | -- | -- +3'2°N - -
$I0 o {0155 06 |06 | 09 |09 UNPK osn Josn b | 04 |04 |07 | 07
sT8 05 [ o6 |14} 15 03 |03 | 06 |06 WAIT o | o |13 |13 04 |04 |07 | 07
~stcr 05 [ 06 [ 14| 15 03 |03 | 06 |06 wD o | o |15 s 04 |oa |07 | 07
STD w7 |17 joes | 03 |03 | 06 |06 XPSD 35 |35 |13 ] 13 04 |04 |07 | 07
STH 05 05| 14| 14 03 {03 [ os [os Xw 22 {15 {1313 04 |03 |08 | 06
Notes: 22, No memory overlap.
23. Maximum memory overlap.
24, One byte string is in registers.
25, Decimal number is in registers.
26, Add factor for object instruction,
27. Word mode — one byte string in registers.
28, Byte mode — one byte string in registers.
29. Byte string to be translated in registers.
30. CVA and CVS instructions require a 32-word table and should not be used in register-to-register
operations. The indirect word, however, may be located in a register.
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INDEX

Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

A

access codes, 14,15,78
access protection, 14,11,15,78
control image, 78
loading process, 78
accumulator, decimal, 10,55
address
actual, 13
control, 14,15, 16
direct reference, 12
effective, 13,30
indexed reference, 13
indirect reference, 12
input/output, 82,88
instruction, 17,31
memory, 8
modification, 13,28
nonexistent, 24,23,76
reference, 12,30
register, 13,30
updated instruction, 72
virtual, 11,13,14,15,47,82
Analyze/Interpret instructions, 37,38
arithmetic shift, 47,48
armed interrupt, 20,81

block pointer, register, 11,18,77
Branch instructions, 72-74

byte format, 8

byte-string instructions, 60-67, 125

C

Call instructions, 74,6,27,77
Call instruction traps, 23,27,74,77
central processing unit, 10-27
channel end, 92
circular shift, 48
clock, real-time, 5,18, 19
command chaining, 89,91
comparison instructions, 44-46
computer modes, 9
condition code, 17,6,23,29,30,35,37,51,53
condition code setting for
decimal instructions, 56,26
fixed-point arithmetic instructions, 39,25
floating-point arithmetic instructions, 53,26,122,123
load/store instructions, 31
push-down instructions, 68,25
Shift instructions, 47,49
control instructions, 75-82
Conirol order, 90

conversion instructions, 49,6, 50
core memory, 8

dedicated addresses, 8,9, 18,23
counter interrupts, 19
CPU fast memory, 9

data chaining, 89,91
decimal
accumulator, 10,55
arithmetic fault trap, 26,17,23
arithmetic hardware, 5
illegal digit, 55,26
instructions, 54-60
overflow, 55,23, 26
packed format, 55
zoned format, 55
device interrupt, 83,88
disabled interrupt, 20,81
disarmed interrupt, 20,81
displacement indexing, 5
doubleword
format, 8
I/O command, 90,83
program status, 17,22,24,75,76,94
stack pointer, 68,70

E

effective address, 13,30

effective location, 13,30
effective operand, 13

enabled interrupt, 21,81
Execute/Branch instructions, 72-74
external interrupt, 20

F

fail-safe, power, 20,1

fixed-point arithmetic
instructions, 39-44
overflow trap, 25,17,23,30

floating ~point
addition and subtraction, 52,53, 54, 123
arithmetic fault trap, 26, 23,31, 52
arithmetic option, 5
hardware, 5
instructions, 50-54,24,122,123, 124
multiplication and division, 52,53, 54, 122
normalize control, 17,30,35,37, 50
numbers, 50,51
shift, 48,49,124
significance control, 52,17,26,35,37
zero control, 52,17,26,35,37
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6

general characteristics, 1
general registers, 11,6
general -purpose features, 5

halfword, format, 8

immediate addressing, 12
immediate operand, 12
indexed reference address, 13
indexing, 13
index registers, 13,10
indirect addressing, 13,11
information format, 8
inhibits, interrupt, 18,19,81
inhibits, push-down trap, 68
input foutput
address, 82,88
commands, 90
command doubleword, 90, 83
flags, 91,92
instructions, 82-88
interrupt, 19,91, 92
operations, 89-92
status information, 82,83
unit address assignments, 82
instruction format, 11
instructions, 28-88
Analyze/Interpret, 37,38
Branch, 72-74
byte string, 60-67,125
Call, 74,6,27,77
comparison, 44-46
control, 75-82
conversion, 49,6,50
decimal, 54-60
Execute/Branch, 72-74
fixed-point arithmetic, 39-44
floating-point arithmetic, 50-54,24,122,123
format, 11
input/output, 82-88
Interpret, 38,6
load/store, 31-37
logical, 46
nonexistent, 22,23,76
privileged, 75-88
push-down, 67-72,25
Shift, 47-49,124
translate, 63,6
unimplemented, 24,23,52
interleave /overlap, 97
Interpret instruction, 38,6
interrupt
active, 21

armed, 20,81
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channel end, 92
control panel, 94,19
counter~equals-zero, 19
count-pulse, 18,19
device, 83,88
disabled, 20,81
disarmed, 20, 81
enabled, 20,81
external, 20

inhibits, 18,19,81
input/output, 19, 91,92
internal, 18

locations, 19
override, 18,19
priority chain, 18
single-instruction, 22
states, 20

system, control of, 20,18, 81
time of occurrence, 21
trigger, 82

unusual end, 88,92
waiting, 20

zero byte count, 88,91

L

loading process

access protection, 78

core memory, 98

memory map, 78

write protection, 79
load/store instructions, 31-37
logical instructions, 46
logical shift, 47

master mode, 9,17
memory
access protection, 14,11,15,78
addresses, 8
control, 11, 14
fast, 9
fault indicators, 97,80
map, 11,14,78
nonexistent address trap, 23,24
nonexistent addresses, 24,23
parity error, 85,88,97
protection violation trap, 23,24,76
write locks, 15,11,79
write protection, 11,14,15,79
memory map, 11,14,17,78
control image, 78
loading process, 78
multiplexor IOP (MIOP), 89,3,5
multiplexor IOP (MIOP) expansion option, 89,3,5
multiuse features, 6
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nonallowed operations, 76,22, 23
nonexistent instructions, 22,23,76
nonexistent memory addresses, 24,23, 76
normal ized control, floating=-point, 17,35,50
numbers

decimal, 54

floating=point, 50,51

0

operator controls, 93-99
optional features, 4
overflow
decimal, 23,26,55
fixed-point, 25,26
floating-point characteristic, 52,26, 51
override interrupt group, 18

P

packed decimal format, 55
parity error, memory, 85,88,97
peripheral equipment, 3,4
power fail ~safe, 20, 1
priority interrupt chain, 18
privileged instructions, 75-88

violation trap, 23,24,76
processor control panel, 93-98
program status doubleword, 17,22,24,75,76,94
push-down

instructions, 67-72,25

stack limit trap, 25, 23,68

read direct, 80

Read order, 90

real -time clocks, 5,18,19
real-time features, 4

reference address, 12,30
register address, 13,30

register block pointer, 11,18,77

S

selector IOP, 89,3,5

Sense order, 90

sense switches, 98,80

Shift instructions, 47-49, 124

significance control, floating=-point, 52,17,26,35,37

single~instruction interrupt, 22
slave mode, 9,17

stack pointer doubleword, 68,70
standard features, 4

states of an interrupt level, 20
Stop order, 91

system
input /output, 82-92
interrupt, 18-22
organization, SIGMA 6, 8-27
SIGMA 6, 1~-7
trap, 22-27

T

time of interrupt occurrence, 21

time-sharing features, 6

Transfer in Channel, 90

translate instruction, 63,6

trap, 22-27
Call instruction, 74,23,27,77
decimal arithmetic fault, 26, 17,23
fixed~point overflow, 25,17, 23, 30
floating-point arithmetic fault, 26,23, 52
masks, 17,23,29
memory protection violation, 24,23,76
nonallowed operations, 22,23, 76
nonexistent instructions, 24,23,76
nonexistent memory address, 24,23,76
privileged instruction violation, 24,23,76
push-down stack limit, 25,23,68
unimplemented instruction, 24,23,52
watchdog timer runout, 26,23

unimplemented instructions, 24,23, 52
unusual end, 88,92
updated instruction address, 72

v

virtual address, 11,14, 15,47,82

watchdog timer runout trap, 26,23
word format, 8
write

direct, 80

key, 11,15, 16,17

lock, 15,11,79

lock control image, 79

lock loading process, 79

order, 90

z

zero byte count interrupt, 88, 91
zero control, floating-point, 52,17,26,31,37
zoned decimal format, 55
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XEROX SIGMA 6 INSTRUCTIONS (OPERATION CODES)

Mnemonic Instruction Name

LCFI Load Conditions and Floating Control Immediate
CALI Call 1

CAL2 Call 2

CAL3 Call 3

CAL4 Call 4

PLW Pull Word

PSW Push Word

PLM Pull Multiple

PSM Push Multiple

LPSD Lood Progrom Status Doubleword 1ot
XPSD Exchungoeg Program Status Doubleword } privilegsd
AD Add Doubleword

cD Compare Doubleword

LD Lood Doubleword

MSP Modify Stack Pointer

STD Store Doubleword

SD Subtract Doubleword

CLM Compare with Limits in Memory
LCD Lood Complement Doubleword
LAD Lood Absolute Doubleword

FSL Floating Subtract Long

FAL Floating Add Long 4
FDL Floating Divide Long optional
FML Floating Multiply Long

Al Add Immediate

Cl Compare Immediate

LI Load Immediate

MI Multiply Immediate

SF Shift Floating

S Shift

Cvs Convert by Subtraction

CVA Convert by Addition

M Load Multiple

ST™M Store Multiple

WAIT Wait s

LRP Load Register Po'm'er] Frivileged
AW Add Word

cw Compare Word

Lw Load Word

MTW Modify and Test Word

STW Store Word

bW Divide Word

MW Multiply Word

SW Subtract Word

CLR Compare with Limits in Register
LCW Load Complement Word

LAW Load Absolute Word

FSS Floating Subtract Short

FAS Floating Add Short .
FDS Floating Divide Short Sphioaat
FMS Floating Multiply Short

TTBS Translate and Test Byte String

TBS Translate Byte String

Page

35
74
74
74
74
69
69
71
71
75
75

45
32
71
36
41

33

54
53
54
54

Code

45

47
48
49
4A
48

4D
4E
4F

50
51

52
53
99
56
57
58
5A
5B

60
61
63

65

67
68
69
6A
6B
6C
6D
6E
6F

70
71

72
73
74
75
76
77
78
79
7A
78
7C
7D
7E

7F

Mnemonic Instruction Nome

ANLZ Analyze

cs Compare Selective

Xw Exchange Word

STS Store Selective

EOR Exclusive OR Word

OR OR Word

LS Load Selective

AND AND Word

SIO Start Input/Output

TIO Test Input/Output :
TDV Test Device [ Privileged
HIO Halt Input/Output

AH Add Halfword

CH Compare Halfword

LH Load Halfword

MTH Modify and Test Halfword
STH Store Halfword

DH Divide Halfword

MH Multiply Halfword

SH Subtract Halfword

LCH Load Complement Halfword
LAH Load Absolute Halfword
CBS Compare Byte String

MBS Move Byte String

EBS Edit Byte String

BDR Branch on Decrementing Register
BIR Branch on Incrementing Register
AWM Add Word to Memory

EXU Execute

BCR Branch on Conditions Reset
BCS Branch on Conditions Set
BAL Branch ond Link

INT Interpret

RD Read Direct

WD Write Direct

AIO Acknowledge 1/0O Interrupt
MMC Move to Memory Control
LCF Load Conditions and Floating Control
CB Compare Byte

LB Load Byte

MTB Modify and Test Byte

STCF Store Conditions and Floating Contrel
STB Store Byte

PACK Pack Decimal Digits
UNPK Unpack Decimal Digits

DS Decimal Subtract

DA Decimal Add

DD Decimal Divide

DM Decimal Multiply

DSA Decimal Shift Arithmetic
bC Decimal Compare

DL Decimal Load

DST Decimal Store

privilejed

Poge
37

36
36

34

83
86
87
86

39
45
32

36
42
41

33
33




Information Systems
In the U.S.A.: 200 Strest, MS 486, Waltham, Massachuseits 02154
In Canada: 2025 Sheppard Avenue East, Willowdale, Ontario M2J 1W5
In Mexico: Avenida Nuevo Leon 250, Mexico 11, D.F.

24776, 3C1079, Printed in U.S.A. XL47, Rev. 0




