


























































































































































































































































































































































HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE (cont.) 

Hexodecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexodecimal Decimal 

.00 00 00 00 .00000 00000 .40 000000 .25000 00000 .80 00 00 00 .50000 00000 .CO 000000 .75000 00000 

.01 000000 .00390 62500 .41 000000 .25390 62500 .81 00 00 00 .50390 62500 .Cl 00 00 00 .75390 62500 

.02 000000 .00781 25000 .42 00 00 00 .25781 25000 .82 000000 .50781 25000 .C2 000000 .75781 25000 

.03 000000 .01171 87500 .43 000000 .26171 87500 .83 00 00 00 .51171 87500 .C3 00 00 00 .76171 87500 

.04 00 0000 .0156250000 .44 000000 .26562 50000 .84 00 00 00 .5156250000 .C4 00 00 00 .7656250000 

.05 00 00 00 .01953 12500 .45 000000 .26953 12500 .85 00 00 00 .51953 12500 .C5 000000 .76953 12500 

.06 000000 .02343 75000 .46 000000 .27343 75000 .86 00 00 00 .52343 75000 .C6 000000 .77343 75000 

.07 000000 .02734 37500 .47 000000 .27734 37500 .87 000000 .52734 37500 .C7 00 00 00 .77734 37500 

.08 000000 .03125 00000 .48 000000 .281 25 00000 .88 000000 .53125 00000 .C8 00 00 00 .78125 00000 

.09 000000 .0351562500 049 000000 .28515 62500 .89 000000 .53515 62500 .C9 000000 .78515 62500 

.OA 000000 .03906 25000 AA 000000 .28906 25000 .8A 00 00 00 .53906 25000 .CA 00 00 00 .78906 25000 

.OB 000000 .04296 87500 AB 000000 .29296 87500 .8B 000000 .5429687500 .CB 000000 .79296 87500 

.OC 000000 .04687 50000 .4C 000000 .29687 50000 .8C 000000 .54687 50000 .CC 00 00 00 .79687 50000 

.00 000000 .05078 12500 .40 00 00 00 .30078 12500 .80 000000 .55078 12500 .CD 00 00 00 .80078 1 2500 

.OE 000000 .05468 75000 .4E 000000 .30468 75000 :8E 00 00 00 .55468 75000 .CE 000000 .80468 75000 

.OF 000000 .05859 37500 .4F 000000 .30859 37500 .8F 00 00 00 .5585937500 .CF 000000 .80859 37500 

.10 000000 .0625000000 .50 000000 .3125000000 .90 000000 .56250 00000 .00 000000 .8125000000 

.11 000000 .06640 62500 .51 000000 .31640 62500 .91 000000 .56640 62500 .01 000000 .81640 62500 

.12 000000 .07031 25000 .52 000000 .32031 25000 .92 000000 .57031 25000 .02 000000 .82031 25000 

.13 000000 .07421 87500 .53 000000 .32421 87500 .93 000000 .57421 87500 .03 000000 .82421 87500 

.14 000000 .07812 50000 .54 000000 .3281250000 .94 000000 .57812 50000 .04 000000 .8281 2 50000 

.15 000000 .08203 12500 .55 000000 .33203 12500 .95 000000 .58203 12500 .05 000000 .83203 12500 

.16 000000 .08593 75000 .56 000000 .33593 75000 .96 000000 .58593 75000 .06 000000 .8359375000 

.17 000000 .08984 37500 .57 000000 .33984 37500 .97 000000 .58984 37500 .07 000000 .83984 37500 

.18 000000 .09375 00000 .58 000000 .34375 00000 .98 000000 .59375 00000 .08 00 00 00 .84375 00000 

.19 00 00 00 .09765 62500 .59 000000 .34765 62500 .99 00 00 00 .59765 62500 .09 000000 .84765 62500 

.IA 000000 · 10 156 25000 .5A 000000 .35156 25000 .9A 000000 .60156 25000 .DA 00 00 00 .85156 25000 

.IB 000000 .10546 87500 .5B 000000 .35546 87500 .9B 000000 .60546 87500 .DB 000000 .85546 87500 

.1C 000000 · 10937 50000 .5C 000000 .35937 50000 .9C 00 00 00 .60937 50000 .DC 000000 .85937 50000 

.ID 000000 .11328 12500 .50 000000 .36328 12500 .90 000000 .61 328 12500 .DD 000000 .86328 12500 

.1 E 000000 .11718 75000 .5E 000000 .36718 75000 .9E 000000 .6171875000 .DE 000000 .8671875000 

.IF 000000 · 1 21 09 37500 .5F 00 00 00 .3710937500 .9F 000000 .6210937500 .DF 000000 .8710937500 

.20 000000 · 1 2500 00000 .60 000000 .3750000000 .AO 000000 .62500 00000 .EO 000000 .87500 00000 

.21 000000 · I 2890 62500 .61 000000 .37890 62500 .Al 000000 .62890 62500 .El 000000 .87890 62500 

.22 000000 .1328125000 .62 000000 .38281 25000 .A2 000000 .63281 25000 .E2 000000 .88281 25000 

.23 000000 .13671 87500 .63 000000 .38671 87500 .A3 000000 .63671 87500 .E3 000000 :88671 87500 

.24 000000 .1406250000 .64 000000 .39062 50000 .A4 000000 .64062 50000 .E4 000000 .89062 50000 

.25 000000 · 14453 I 2500 .65 000000 .39453 12500 .A5 00 00 00 .64453 1 2500 .E5 000000 .89453 12500 

.26 000000 .1484375000 .66 000000 .3984375000 .A6 000000 .6484375000 .E6 000000 .89843 75000 

.27 00 00 00 .15234 37500 .67 000000 .40234 37500 .A7 000000 .65234 37500 .E7 000000 .9023437500 

.28 000000 .15625 00000 .68 000000 .406 25 00000 .A8 000000 .65625 00000 .E8 000000 .90625 00000 

.29 000000 .16015 62500 .69 000000 .410 15 62500 .A9 000000 .66015 62500 .E9 000000 .9101562500 

.2A 000000 .16406 25000 .6A 000000 .41406 25000 .AA 00 00 00 .66406 25000 .EA 000000 .91406 25000 

.2B 000000 .167-1687500 .6B 000000 .41796 87500 .AB 000000 .66796 87500 .EB 000000 .9179687500 

.2C 000000 .17187 50000 .6C 000000 .42187 50000 .AC 000000 .67 I 87 50000 .EC 000000 .92187 50000 

.20 000000 .17578 12500 .60 000000 .42578 12500 .AO 00 0000 .67578 12500 .ED 00 00 00 .92578 1 2500 

.2E 000000 · 17968 75000 .6E 000000 .42968 75000 .AE 000000 .67968 75000 .EE 00 00 00 .92968 75000 

.2F 000000 · I 8359 37500 .6F 0000 00 .43359 37500 .AF 000000 .68359 37500 .EF 000000 .93359 37500 

.30 000000 .18750 00000 .70 000000 .43750 00000 .BO 000000 .68750 00000 .FO 000000 .93750 00000 

.31 00 00 00 .1914062500 .71 000000 .44140 62500 .Bl 00 0000 .6914062500 .FI 000000 .9414062500 

.32 000000 .19531 25000 .72 000000 .44531 25000 .B2 000000 .69531 25000 .F2 000000 .9453 I 25000 

.33 000000 .19921 87500 .73 0000 00 .44921 87500 .B3 00 00 00 .69921 87500 .F3 00 0000 .94921 87500 

.34 000000 .2031 2 50000 .74 000000 .453 I 2 50000 .84 000000 .7031 2 50000 .F4 000000 .95312 50000 

.35 000000 .20703 12500 .75 00 00 00 .45703 12500 .B5 000000 .70703 12500 .F5 000000 .95703 I 2500 

.36 000000 .21093 75000 .76 000000 .46093 75000 .86 000000 .7 1093 75000 .F6 000000 .96093 75000 

.37 000000 .21484 37500 .77 000000 .46484 37500 .B7 000000 .71484 37500 .F7 000000 .96484 37500 

.38 000000 .21875 00000 .78 000000 .46875 00000 .B8 000000 .71875 00000 .F8 000000 .96875 00000 

.39 000000 .22265 62500 .79 000000 .47265 62500 .B9 000000 .72265 62500 .F9 000000 .97265 62500 

.3A 000000 .22656 25000 .7A 00 0000 .47656 25000 .BA 00 00 00 .72656 25000 .FA 000000 .97656 25000 

.3B 000000 .23046 87500 .7B 000000 .48046 87500 .BB 00 00 00 .73046 87500 .FB 000000 .98046 87500 

.3C 000000 .23437 50000 .7C 000000 .48437 50000 .BC 000000 .73437 50000 .FC 000000 .98437 50000 

.30 000000 .23828 12500 .70 0000 00 .48828 12500 .BD 000000 .73828 12500 .FD 000000 .98828 I 2500 

.3E 000000 .24218 75000 .7E 000000 .49218 75000 .BE 000000 .74218 75000 .FE 000000 .99218 75000 

.3F 000000 .2460937500 .7F 000000 .49609 37500 .BF 000000 .74609 37500 .FF 000000 .9960937500 
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TABLE OF POWERS OF TWO MATHEMATICAL CONSTANTS 

L.!!.i:. 
1 0 1.0 
2 1 0.5 
4 2 0.25 
8 3 0.125 

16 4 0.062 5 
32 5 0.031 25 
64 6 0.015 625 

128 7 0.007 812 5 

256 8 0.003 906 25 
512 9 0.001 953 125 

1 024 10 0.000 976 562 5 
2 048 11 0.000 488 281 25 

4096 12 0.000 244 140 625 
8 192 13 0.000 122 070 312 5 

16 384 14 0.000 061 035 156 25 
32 768 15 0.000 030 517 578 125 

65 536 16 0.000 015 258 789 062 5 
131 072 17 0.000 007 629 394 531 25 
262 144 18 0.000 003 814 697 265 625 
524 288 19 0.000 001 907 348 632 812 5 

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 

1 099 511 627 776 40 0.000 000 000 000 909 494 701 772 928 237 915 039 062 5 
2 199 023 255 552 41 0.000 000 000 000 454 747 350 886 464 118 957 519 531 25 
4 398 046 511 104 42 0.000 000 000 000 227 373 675 443 232 059 478 759 765 625 
8 796 093 022 208 43 0.000 000 000 000 113 686 837 721 616 029 739 379 882 812 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 0.000 000 000 000 007 105 427 357 601 001 858 711 242 675 781 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 668945 312 5 

1 125 899 906 842 624 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 667236 328 125 

Constant 

11'-1 

oJ; 

Inn 

e 
-1 

e 

..Je 
loglOe 

log2 e 

'i 

In'i 

.J2 

In2 

log10 2 

.JTO 
In 10 

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 583404 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 395851 135 253 906 25 

Decimal Value 

3.14159 26535 89793 

0.31830 98861 83790 

1.77245 38509 05516 

I .14472 98858 49400 

2.71828 18284 59045 

0.36787 94411 71442 

1.64872 12707 00128 

0.43429 44819 03252 

1 .44269 50408 88963 

0.57721 56649 01533 

-0.54953 93129 81645 

1.41421 35623 73095 

0.69314 71805 59945 

0.30102 99956 63981 

3.16227 76601 68379 

2.30258 40929 94046 

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 924481 391 906 738 281 25 

1 152 921 504 606 846 976 60 0.000 000 000 000 000 000 867 361 737 988 403 547 205 962 240 695 953 369 140 625 
2 305 843 009 213 693 952 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 

Hexadecimal Value 

3.243F 6A89 

0.517C C187 

I.C58F 891C 

1.2500 048F 

2.87El 5163 

0.5E20 5809 

1.A612 98E2 

0.6F20 EC55 

1.7154 7653 

0.93C4 67E4 

-0.8CAE 98Cl 

1.6A09 E668 

0.8172 17F8 

0.4010 4042 

3.2988 075C 

2.4076 3777 

Appendix A 163 



APPENDIX B. SIGMA 9 INSTRUCTION LIST 

Mnemonic Code Instruction Name Page Mnemonic Code Instruction Nome Page 

LOAD/STORE flOATING-POINT ARITHMETIC 

1I 22 load 1mmediate 48 FAS 3D Floating Add Short 7-4 
LB n Load Byte 48 FAL ID Floating Add long 75 
LH 52 load Halfword 48 FSS 3C Floating Subtract Short 75 
LW 32 Load Word 48 FSl lC Floating Subtract Long 76 
to 12 load Doubleword 49 fMS 3F Floating Multiply Short 76 
lCH SA Load Complement Halfword 49 FMl IF floating Multiply Long 76 
LAM 58 load Absolute Hal fword 49 FDS 3E Floating Divide Short 76 
lCW 3A load Complement Word 49 FDL IE Floating Divide long 76 
LAW 3B Load Absolute Word 50 
LCD lA Load Complement Doubleword 50 DEQMAl 
LAD lB load Absolute Doubleword 51 
LAS 26 Load ond Set 51 Dl 7E Decimal Load 79 
lS .fA Load Selective 51 05T 7F Decimal" Store 79 
LM 2A load Multiple 52 DA 79 Decimal Add 79 
LCFI 02 load Conditions and Floating Control Immediote 52 DS 78 Decimal Subtract 79 
lCF 70 Load Conditions ond Floating Control 53 OM 7B Decimal Multiply 80 
XW 46 Exchange Word 53 DD 7A Decimal Divide 80 
STB 75 Store Byte 53 DC 7D Decimal Compare 81 
SfH 55 Store Halfword 53 DSA 7C Decimal Shift Arithmetic 81 
STW 35 Store Word 53 PACK 76 Pack Decimal Digits 81 
STD 15 Store Doubleword 54 
STS 47 Store Selective 54 

UNPK 77 Unpack Decimal Digits 82 

STM 2B Store Multiple 54 
STCF 74 Store Conditions and Floating Control 54 BYTE STRING 

ANAL YZE/INTERPRET MBS 61 Move Byte String 84 
CBS 60 Compare Byte String 85 

ANLZ « Analyze 55 TBS 41 Translate Byte String 86 

INT 6B Interpret 57 TTBS 40 Translate and Test Byte String 87 
EBS 63 Edit Byte StrilJg 88 

FIXED-POINT ARITHMETIC 
PUSH DOWN 

Al 20 Add Immediate 58 
PSW 09 Push Word 94 AH 50 Add Halfward 58 

AW 30 Add Word 58 PLW 08 Pull Word 94 

AD TO Add Doubleword 59 PSM 08 Push Multiple 94 

SH 58 Subtract Halfword 59 PLM OA Pull Mul.tiple 9S 

SW 38 Subtract Word S9 MSP 13 Modify Stock Pointer 96 

SD 18 Subtract Doubleword 60 
MI 23 Multiply Immediate 60 EXECUTE/BRANCH 
MH 57 Multiply Halfward 61 
MW 37 Multiply Word 61 EXU 67 Execute 98 
DH 56 Divide Halfword 61 BCS 69 Branch on Conditions Set 98 
OW 36 Divide Word 62 BCR 68 Branch on Conditions Reset 99 
AWM 66 Add Word to Memory 62 BIR 65 Branch on Incrementing Register 99 
MTB 73 Modify and Test Byte 62 BDR 64 Branch on Decrementing Register 99 
MTH 53 Modify and Test Halfword 63 BAL 6A Branch and li nk 99 
MTW 33 Modify and Test Word 63 

CALL 
COMPARISON 

CAll 04 Call 1 100 
a 21 Compare Immediate 64 CAL2 05 Call 2 100 
CB 71 Compare Byte 64 CAL3 06 Call 3 100 
CH 51 Compare Halfword 65 CAL. 07 Call. 100 
CN 31 Compare Word 65 
CD 11 Compare Doubleword 65 CONTROL (privileged) 
CS 4S Compare Selective 66 
elR 39 Compare with limits in Register 66 lPSD Of Lood Program Status Doubleword 101 
ClM 19 Compare with limits in Memory 66 XPSD OF Exchange Program Status Doubleword 102 

LRP 2F load Register Pointer 104 
MMC 6F Move to Memory Control 104 

LOGICAL LRA 2C load Reol Addres 107 
lMS 20 load Memory Status 108 

OR 49 OR Word 66 WAIT 2£ Wait 110 
EOR 48 Exclusive OR Word 61 RD 6C Read Direct 110 
AND 4B AND Word 67 WD 6D Write Direct 112 

SHIFT INPUT/OUTPUT (privileged) 

S 25 Shift 67 SIO 4C Start Input/Output 123 

SF 24 Shift floating 69 TIO 40 Test Input/Output 124 
TDV 4E Test Device 125 
HIO 4f Halt Input/Output 126 

CONVERSION RIO 4F Reset Input/Output 126 
POlP .F Poll Processor 127 

OIA 29 Convert by Addition 71 POlR 4F Poll and Reset Processor 127 
OIS 28 Convert by Subtraction 71 AIO 6E Acknowledge Input/Output Interrupt 127 
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APPENDIX C. INSTRUCTION TIMING 

TIMING CONSIDERATIONS 

In less complex computers it was quite simple to express the 
exact times or timing formulas for the execution of each op­
eration. To determine the total time to execute a program 
it was necessary only to add the times required for each in­
struction. Simple timing formulas cannot exactly express 
SIGMA 9 central processor operations because the timing of 
each operation is dependent in varying degrees upon the 
previous instruction, the amount of address modification 
required, and the configuration of the memory system. The 
degree of overlap depends on the type of problem (i. e. , 
the instruction mix); it varies widely among problems that 
require predominantly floating-point, decimal, or byte 
string arithmetic, and is also affected by the number of in­
structions between branches and by input/output activity. 
To be accurate, it. is necessary to examine the exact timing 
relationships of the instructions inconsiderable detail. 
Even then, the effect of system configurations on perfor­
mance is not included in that examination. The best method 
is to program a problem and time its execution under actual 
system operating environments. 

Timings and formulas in Table C-l are based on the assump­
tion that, whenever the CPU requests a service cycle from 
a particular memory bank, it never waits for such service 
due to other devices (such as lOPs), which are connected 
to that memory bank. 

Execution times depend not only on the nature of the spe­
cific instructions and the configuration of memory banks in 
the system but also on the placement of instructions and 
operands in memory. These basic execution times must be 
increased to account for the effects of memory interference, 
indexing, indirect addressing, and register-to-register 
operations, These effects are discussed below. 

Note that formulas given in Table C-l for long instructions 
such as shift, decimal, floating, byte string, and multiples 
are linearaverages of nonlinearfunctions. Programsheavily 
dependent on the times of these instructions should be 
benchmarked. 

EFFECTS OF MEMORY INTERFERENCE 

Memory interference wi II affect centra I processor speed, 
which varies with the memory cycle time, the number of 
memory banks capable of running in parallel, and the func­
tion being executed. Interference is minimized by inter­
leaving memory banks to allow maximum memory overlap. 

90 17 33C-1{4/74) 

In a typical instruction mix used in scientific/engineering 
applications, the percentages of the instructions executed 
might be as follows: 

Type of Instructi on 

Floating-point 

Fixed-point 
(including loads and stores) 

Branch 

Miscellaneous 

Percent 

8.5 

53.0 

27.5 

11. 0 

The effect of memory interference on the above instruction 
mix in an 8-bank system for 100 instructions is an increase 
of approximately 7. 4 microseconds or an average of 74 nano­
s.econds per instruction. Changing the mix to a commercial 
application that uses decimal and byte-string instructions 
does not signifrcantly change the effect of memory inter­
ference on the average instruction. Over a wide range of 
mixes, the effect of memory interference in an 8-bank sys­
tem changed by less than 10 percent. 

EFFECTS OF INDEXING 

Indexing causes a maximum increase of .260 microsecond 
(.440 microsecond for SIGMA 9, Model 2) in the execution 
time of an instruction. Many instructions are I imited in 
speed due to memory access time. Indexing is often per­
formed in conjunction with memory accesses. This over­
lapping of indexing with memory time allows the effective 
time due to indexing to be .260 microsecond (.440 micro­
second for SIGMA 9, Model 2) less the memory overlap 
time. For a typical scientific mix of instructions, the aver­
age memory overlap is .120 microsecond. The typical in­
dexing time would then be .140 microsecond (.320 micro­
second for SIGMA 9, Model 2). 

EFFECTS OF INDIRECT ADDRESSING 

Indirect addressing requires a memory access. This access 
may be from the general registers or the main memory. 

1. Indirect addressing from general registers requires a 
maximum time of .960 microsecond (1. 98 microseconds 
for SIGMA 9 Model 2). 

2. Indirect addressing from main memory requires a maxi­
mum time of 1. 050 microseconds (1. 32 microseconds 
for SIGMA 9 Model 2). 

The maximum time required for indirect addressing is re­
duced when the indirect memory request is overlapped with 
instruction execution. This effect is instruction dependent. 
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EFFECTS OF REGISTER-TO-REGISTER OPERATIONS 

If the reference address is X'OI through XIP, the operand 
is accessed from the appropriate general register rather 
than from main memory. The additional time required for 
this operation varies from 155 to 445 nanoseconds, depend­
ing on the sequence of instructions being executed. 

The major factors determining the additional time required 
for register-to-register operations are the type of instruction 
(multiple operands versus single-operand instructions) be­
ing executed and the type of instruction preceding the 
instruction in question. 

For multiple operand type of instructions (load and store 
multiples, push/pul Is, byte strings, etc.), the average de­
lay for operands other than the first of the string is approxi­
mately 260 nanoseconds for load-type instructions and 
155 nanoseconds for store-type instructions. 

For all initial operands pointed to by the effective address 
of the instruction, the delay due to register-to-register 
operations is dependent on the preceding instruction as 
follows: 

1. If the preceding instruction is generally greater 
than 1 microsecond, then the typical delay is 
445 na noseconds. 

2. If the preceding instruction isgenerally less than 1 micro­
second, then the typical delay is 235 nanoseconds. 

OTHER SIGMA 9 PERFORMANCE FACTORS 

"To achieve improved system performance, SIGMA 9 uses 
"anticipation logic". By anticipating the access of the next 
few memory words (i. e., guessi ng the location of the next 
words to be obtained from memory) certain machine func­
tions can be overlapped. Factors that affect this capability, 
and thus machine performance, are outlined below. 

1. If instruction n + 1 is altered by instruction n, the 
machine's anticipation logic is cleared (aborted), caus­
ing an extra delay of approximately 1. 3 microseconds. 

2. If instruction n + 1 or n + 2 is located in main memory, 
and if either is modified by instruction n, the anticipa­
tion logi c is cleared (aborted). Due to hardware con­
siderations this abort occurs if instruction n stores not 
only into location n + ] or n + 2 but also into locations 
128 + (n +"1 or n + 2), 256 + (n + 1 or n + 2), and 
384 + (n + 1 or n + 2). The delay caused by this abort 
is approximately 1.6 microseconds. 
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A special case is excluded from this type of abort. 
This case occurs when the location being modified is 
the one following the location of an unconditional 
bronch, as in the following example: 

Instruction Location: 

n STORE WORD INTO n + 2 
n + 1 UNCONDITIONAL BRANCH 
n+2 X 

Note: The special case occurs only when the uncondi­
tional branch branches to the next location. 
This case works normally (i. e., without an 
abort) due to n + 2 being accessed with operand 
timing. 

3. If the index register being used for operand n+ 1 is 
modified by instruction n, then a preparation abort 
occurs. The indexing for instruction n+ 1 is performed 
at the start of execution of n. This is to allow time to 
overlap the n+ 1 operand memory access with the exe­
cution of instruction n. The delay caused by this type 
of abort is approximately .89 microsecond. 

4. Instructions that cause a change in sequentia I accessing 
of instructions cause partial aborts of the anticipation 
logic. These instructions are branches, calls, XPSD, 
and LPSD. 

5. Instructions that change the state of the machine cause 
a complete abort. This is necessary due to the fact that 
any anticipate operation may have been invalidated. 
The instructions causing this are: MMC, LRP, XPSD, 
and LPSD. The times shown in this appendix for these 
instructions include the extra time due to the anticipa­
tion restart. 

6. Faults that cause traps, if detected for an instruction 
access (Memory Not Present, Access Protect, Map Parity 
Error, Memory Parity Error, and Bus Check Fault), cause 
the anticipation to be aborted. If the fault occurs dur­
ing restart of the anticipation, the appropriate trap 
action will then occur. 

7. Interrupts cause a change in the address from normal 
sequencing and therefore cause the anticipation to be 
aborted. 

8. Instructions accessed from scratchpad cause a delay of 
from 0 to .355 microsecond. 

9. SIGMA 9 performance is affected by the amount of 
memory overlap between instructions and operands. A 
performance gain will be realized if operands and in­
structions are located indifferent memory uni ts. Inter­
leaving will allow overlap between instructions with 
instructions and operands with operands. 



Table C-1. Basic Instruction Timing 

Time in Microseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes 

AD 1.66 2.5 1.66 

AH 0.73 1.1 0.73 

AI 0.73 1.0 0.73 

AIO 6.78 + D 8.8 + D 6.78 + D Rj O. 
5.96 + D 8.0 + D 5.96 + D R = O. 

Includes 3 tJSec to claim the 
processor bus. D = tu rna round 
time on the interface. 

AND 0.73 1.0 0.73 

ANlZ 4.00 5.8 4.00 

AW 0.73 1.1 0.73 

AWM 1.53 2.5 1.53 

BAl 0.84- 1.6 0.84 

BCR 0.83 1.5 0.83 Branch occurs. 
1.57 1.9 1.57 No branch occurs. 

BCS 0.83 1.7 0.83 Branch occurs. 
1.57 1.9 1.57 No branch occurs. 

BDR 1.08 2.4 1.08 Branch occurs. 
1.57 2.4 1. 57 No branch occurs. 

BIR 1.08 2.4 1.08 Branch occurs. 
1.57 2.4 1.57 No branch occurs. 

CALl...;4 8. 15 11.6 8.15 Includes trap entry and XPSD. 

CB .82 1.5 N/A 

CBS 7.60 + 0.6N 8.60+1.1N N/A R is even. 
5.60 + 0.6N 6.60 + 1.1N N/A R is odd. 

N =number of destination bytes 
processed. 

CD 1. 41 2. 1 1. 41 

CH 0.82 1.5 0.82 

CI 0.84- 1.5 0.84 

ClM 1.41 2. 1 1.41 

ClR 0.94 1.6 0.94 
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Table C-1. Basic Instruction Timing (cont.) 

Time in Microseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes 

CS 1.33 2.4 1.33 

OIA 9.16+0.58N 17.0+0.5N 9.16+0.58N N =number of bits in the word 
converted. 

OIS 27.43 33.0 27.43 

CW 0.82 1.5 0.82 

DA 5.80+0.4D 7.3 +0. 7D N/A D =number of digits, including 
the sign, in the effective deci-
rna I operand. 

DC 4.70+0.3D 12.8+0.3D N/A D =number of digits, including 
the sign, in the effective deci-
mal operand. 

DD 18.50+0.5K 25.4+0.6K N/A K = (D+6)(16-Q); D =number of 
digits, including the sign, in 
the effective decimal operand; 
Q =number of leading zeros in 
the quotient. 

DH 9. 17 17.2 9.17 

DL 3.80+0.2D 5.5+0.30 N/A D =number of digits, including 
the sign, in the effective deci-
mal operand. 

DM 38.20+0.28DN 57.2+0.4DN N/A D =number of digits, including 
the sign, in the effective deci-
rna I operand; N = number of 
nonzero decimal digits in the 
decimal accumulator. 

DS 5.80+0.4D 7.7+0.5D N/A D =number of digits, including 
the sign, in the effective deci-
mal operand. 

DSA 11.90 21.0 N/A 

DST 5.40+0.5D 9.0+0.5D N/A D =number of digits, including 
the sign, to be stored. 

DW 9.48 17.8 9.48 

EBS 8.00+3.8N 10.0+ 7.5N N/A N =number of bytes in the edit-
ing pattern. 

EOR 0.73 1.0 0.73 

EXU 0.71 2.3 0.71 Add execution time for subiect 
instruction. 

FAL 2.72 4. 1 2.72 Minimum time. No preal ignment 
or post normalization required. 
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Table C-1. Basic Instruction Timing (cont.) 

Time in Microseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes 

FAL{cont.) 3.93 5.2 3.93 T l~i cal time. Assumes one 
hexadecimal prealignment 
digit on either operand and 
one hexadecimal postnor-
malization digiton the result. 

9.57 16.4 9.57 Maximum time. Assumes 14 
hexadecimal preal ignment 
digits on either operand and 
13 hexadecimal postnormal-
ization digits on the result. 

FAS 2.25 4.0 2.25 Minimum time. No preal ignment 
or postnormalization required. 

3.06 5.0 3.06 T~~ical time. Assumes one 
hexadecimal prealignment 
digit on either operand and 
one hexadecimal postnormal-
ization digit on the result. 

5.00 9. 1 5.00 Maximum time. Assumes six 
hexadecimal prealignment 
digits on either operand and 
five hexadecimal postnormal-
ization digits on the result. 

FDL 17.40 30.5 17.40 Minimum time. Nonzero, nor-
malized operands. 

Tl~ical time. Is usuallymini-
mum plus O. 13 microsecond. 

25.00 42.8 25.00 Maximum time. Assumes 13 hex-
adecimal prenormal ization digits 
on both operands. 

FDS 7.69 15.0 7.69 Minimum time. Nonzero, nor-
malized operands. 

Typical time. Is usually mini-
mum time plus O. 13 microsecond. 

10.96 20.5 10.96 Maximum time. Assumes five 
hexadecimal prenormal ization 
digits on both operands. 

FML 6.96 8.6 6.96 Minimum time. Nonzero, nor-
malized operands; no postnor-
malization required. 

T~~ical time. Is usually mini-
mum time plus O. 13 microsecond. 
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Table C-1. Basic Instruction Timing (cont.) 

Time in Mi croseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes -, 

FML (cont.) 10.5 18.5 10.5 Maximum time. Assumes 13 
hexadecimal digits on both 
operands and one hexadecimal 
digit of postnormalization on 
the result. 

FMS 3.97 5.5 3.97 Minimum time. Nonzero, nor-
mal ized operands; no postnor-
malization required. 

Typical time. Is usually mini-
mum time plus O. 13 microsecond. 

6.00 11. 1 6.00 Maximum time. Assumes five 
hexadecimal prenormalization 
dig i ts on both operands and one 
hexadecimal digitof postnormal-
ization on the result. 

FSL 2.72 4. 1 2.72 Minimum time. No prea I i gnment 
on postnormalization required. 

3.93 5.2 3.93 T~ical time. Assumes one 
hexadecimal prealignment digit 
on either operand and one hexa-
decimal postnormalization digit 
on the result. 

9.57 16.4 9.57 Maximum time. Assumes 14 hex-
adecimal prealignment digits on 
either operand and 13 hexadeci-
mal postnormalization digits on 
the result. 

FSS 2.25 4.0 2.25 Minimum time. Noprealignment 
on postnorma I i zat i on requ ired. 

3.06 5.0 3.06 T~eical time. Assumes one 
hexadecimal prealignment digit 
on either operand and one hex-
adecimal postnormalization digit 
on the result. 

5.00 9. 1 5.00 Maximum time. Assumes six 
hexadecimal prealignmentdigits 
on either operand and five hex-
adecimal postnormalization digits 
on the result. 

HIO 7.37+D 9.4+D 7.37+D R is even, I- o. 
6.78+D 8.8+D 6.78+D R is odd. 
5.96+D 8.0+D 5.96+D R = O. 

Includes 3 tJSec to claim the pro-
cessor bus. D = turnaround time 
on the interface. 
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Table C-1. Basic Instruction Timing (cont.) 

Time in Mi croseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes 

INT 0.73 1.4 0.73 R is odd. 
0.75 1.4 0.75 R is even. 

LAD 1.66 2.4 1.66 

LAH 0.73 1.4 0.73 

LAS 2.22 2.6 2.22 

LAW 9.73 1.4 0.73 
(.82 ifnegative) (1.5 if negative) (.82 if negative) 

LB 0.73 1.0 N/A 

LCD 1.66 2.5 1.66 

LCF 0.73 1.1 0.73 

LCFI 0.73 1.0 0.73 

LCH 0.73 1.1 0.73 

LCW 0.73 1.1 0.73 

LD 1.58 2.4 1.58 

LH 0.73 1.0 0.73 

LI 0.73 1.0 0.73 

LM 2.54 +0.83 (N-l) 3. 9 + 1. 0 (N - 1) 2.54+0.83 (N-l, N =number of words moved. 

LMS 2.22 2.9 2.22 

LPSD 3.70 5.3 3.70 

LRA 4.40 5.7 4.40 

LRP 2.15 3.0 2.15 

LS 1.00 1.9 1.00 

LW 0.73 1.0 0.73 

MBS 7.60+0.6N 8.6+1.1N N/A R is even. 
5.60+0.6N 6.6+1.1N N/A R is odd. 

N =number of destination bytes 
processed regardless of word or 
byte boundaries. 

MH 2.78 4.2 2.78 

MI 3.78 5.2 3.78 
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Table C-1. Basic Instruction Timing (cont.) 

Time in Microseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes 

MMC 3.60 + 2.65N 6.9 + 3.6N 3.60 + 2.65N N =number of words moved. For 
(l: 7map) (l:7 map) (l: 7 map) SIGMA 7 compatible mode, 

maximum N is 64, because each 
3.60 + 1. 96N 6.9 + 2.6N 3.60 + 1.96N page is one byte. For SIGMA 9 
(l: 9 map) (l:9 map) (l:9 map) mode, maximum N is 128, be-

cause each page is 13 bits or 
approximately a halfword. 

MSP 4.70 9.5 4.70 

MTB 1.80 2.7 1. 80 
(1. 20 if R =0) (2.0 if R=O) (1. 20 if R =0) 

MTH 1.80 2.7 1.80 
(1. 20 if R =0) (2.0 if R=O) (1. 20 if R = 0) 

MTW 1.53 2.5 1.53 
(1. 20 if R =0) (2.0 if R=O) (1.20 if R=O) 

MW 3.78 5.2 3.78 

OR 0.73 J.O 0.73 

PACK 3.50+0.55N 5.6+0.8N N/A N =number of bytes in zoned 
number in memory. 

PLM S. 40 + O. 42(N-1) 13.4 +0. 5(N-1) 8.4O+0.42(N-1) I N =number of words moved. 

PLW 6.20 9.6 6.20 

PSM 7.80 +0. 57(N-l) 11.6 +0. 7(N-l) 7. SO +0. 57(N-1) N =number of words moved. 

PSW 5.70 9.0 5.70 

RD 1.44 2.7 1.44 Internal. 
2.07+0.24N 3.5+0.44N 2.07+0.24N External. 

N = integer (0,1,2, •.. ) de-
pendent on delay in external 
device. 

S 1. 90+0.06N 2.3+0.1N 1. 90+0.06N 
2.9 + O.06N 2.7+0.2N 2.9+0.06N Searching left. 
2.90+0.12N 2.7+0.3N 2.90+0.12N Searching right. 

N = number of bit positions 
shifted. 

SO 1.66 2.6 1.66 

SF 2. 16+0.24N 3.S+0.44N 2. 16+0.24N N = number of hexadecimal 
positions shifted. 

SH 0.73 1.1 0.73 
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Table C-1. Basic Instruction Timing (cont.) 

Instruction 
Mnemonic Time (fJsec) Notes 

STB 1.80 

STCF 1.80 

STD 2.10 

STH 1.92 

STM 3.08 + .57 (N-1) N = number of words moved. 

STS 1.76 

STW 1.53 

SW .73 

T~S 6.10 + 2.3N N = number of destination bytes processed. 

TDV 7.37 + D R = even, I- O. 

Includes 3 fJsec to claim the processor bus. 

D = turnaround time on the interface. 

TDV 6.78 + D R = odd. 

Includes 3 fJsec to claim the processor bus. 

D = turnaround time on the interface. 

TDV 5.96 + D R = O. 

Includes 3 fJsec to claim the processor bus. 

D = turnaround time on the interface. 

no 7.37 + D R = even, I- O. 

Includes 3 fJsec to claim the processor bus. 

D = turnaround time on the interface. 

no 6.78 + D R = odd. 

Includes 3 fJsec to claim the processor bus. 

D = turnaround time on the interface. 

no 5.96 + D R = O. 

Includes 3 fJsec to claim the processor bus. 

D = turnaround time on the interface. 
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Table C-l. Basic Instruction Timing (cont.) 

Time in Microseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes 

SIO 7.37 + D 9.4 = D 7.37 + D R is even, f O. 
6.78 + D 8.8 + D 6.78 + D R is odd. 
5.96 + D 8.0 + D 5.96 + D R = O. 

Includes 3 lJSec to claim the 
processor bus. D = turnaround 
on the interface. 

STB 1. 80 2.5 N/A 

STCF 1. 80 2.5 1. 80 

STD 2. 10 4.9 2. 10 

STH 1. 92 2.6 1. 92 

STM 3.08 +0. 57(N-1) 6.3+0.7(N-l) 3.08 +0. 57(N-1) N = number of words moved. 

STS 1. 76 3.3 1. 76 

STW 1.53 2.3 1. 53 

SW 0.73 1.1 0.73 

TBS 6.10+2.3N 10.5 +3. 6N N/A N = number of destination 
bytes processed. 

TDV 7.37 + D 9.4 + D 7.37 + D R is even, f O. 
6.78 + D 8.8 + D 6.78 + D R is odd. 
5.96 + D 8.0 + D 5.96 + D R = O. 

Includes 3 J.lsec to claim the 
processor bus. D = turnaround 
time on the interface. 

TIO 7.37 + D 9.4 + D 7.37 + D R is even, f O. 
6.78 + D 8.8 + D 6.78 + D R is odd. 
5.96 + D 8.0 + D 5.96 + D R =0. 

Includes 3 lJSec to claim the 
processor bus. D = turnaround 
time on the interface. 

TTBS 6.10+2.4N 10.5 +3. 6N N/A N = number of destination 
bytes processed. 

UNPK 7.40+ LON 11.6+ LON N/A N = number of bytes to be 
stored in memory. 

WAIT 0.73 1.0 0.73 Minimum time. 

WD 1.44 2.7 1.44 Internal. 
2. 07+0. 24N 3.5+0.44N 2.07+0.24N External. 

N = integer (0, 1, 2, ... ) de-
pendent on delay in external 
device. 
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Table C-l. Basic Instruction Timing (cont.) 

Instruction 
Mnemonic Time {J.asec) Notes 

rrBS 6.10 + 2.4N N = number of destination bytes processed. 

UNPK 7.40 + l.ON N = number of bytes to be stored in memory. 

WAIT .73 Minimum time. 

WD 1.44 Internal 

'NO 2.07 + .24N External 

N = integer (0, 1, 2, ••• ), dependent on delay in external 
device. 

XPSD 5.43 

XW 1.53 
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Table C-1. Basic Instruction Timing (cont.) 

Time in Microseconds 

Instruction SIGMA 9 SIGMA 9 
Mnemonic SIGMA 9 Model 2 Model 3 Notes 

XPSD 5.43 7. 1 5.43 

XW 1. 53 2.4 1.53 
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APPENDIX D. SYSTEM RELIABILITY AND MAINTAINABILITY 

The SIGMA 9 computer system has many new design features 
that provide the user with reliable operation and efficient 
maintenance. For example, the extent to which a system 
can be partitioned into separate un its for either checkout 
or maintenance is a "fail-soft" feature (i. e., ability to 
keep remainder of a system operational in case of failure 
of any given unit), which was a major design goal for 
SIGMA 9 development. 

The new design features are outl ined in the following 
sections: 

System t-ilaintainabi I ity Features 

CPU Features 

Main Memory Features 

Multiplexor Input/Output Processor Features 

High-Speed RAD I/O Processor Features 

SYSTEM MAINTAINABILITY FEATURES 
SIGMA 9 computer systems are maintained by means of the 
following: 

1. Diagnostic Programs 

Diagnostic programs for centralized SIGMA 9 units 
(CPUs, memory units, and lOPs) use special hard­
ware to detect and isolate system faults. Interface 
with maintenance personnel is provided through a 
local keyboard-printer or a remote keyboard-printer 
connected via a telephone line. Diagnostic programs 
are designed with a multilevel structure consisting of 
the following capabilities. 

a. System verification and testing to determine which 
unit is faulty. 

b. Unit functional testing to determine the specific 
function that is faulty. 

c. Fault location diagnosis to analyze which compo­
nent is malfunctioning. 

2. Snapshot Log i c 

Snapshot logic enables diagnostic programs to retrieve 
control fl i p-fl ops and i nterna I reg i ster contents that are 
not otherwise "visible" to a program. This feature 
makes it possible to determine system status at the time 
a fault occurs and to locate the source of a fault con­
dition down to the level of a small set of replaceable 
elements. (See "CPU Features".) 

3. Status and Fault Retrieval 

When a fault is detected, system status and fault infor­
mation is available for program retrieval and error 
logging for subsequent analysis. 

4. Partitioning Feature 

A SIGMA 9 system can be reconfigured through the use 
of reconfiguration controls. SIGMA 9 units can be 
partitioned out of the system by selectively disabling 
them from the busses. Thus, faultyunitscanbe isolated 
from the system, or an entire subsystem (including a 
CPU in a multiprocessing environment) can be parti­
tioned from the primary system to permit diagnosis and 
repair of a faulty unit. Repaired units can be returned 
to service by reenabl ing the connections. 

5. RESET I/O (RIO) Instruction 

This instruction provides programmed I/O Reset that 
operates exactly as though the I/O Reset had been 
initiated with the switch on the processor control 
panel (PCP). The addressed lOP and all peripheral 
devices connected to it are initialized. Special 
coding of RIO will reset a CPU (see RIO instruction, 
Chapter 3.) 

6. Parity Checking 

Parity on all data and addresses communicated in either 
direction on busses between memory units and pro­
cessors (CPUs, MIOPs, and HSRIOPs) is checked. This 
feature provides fault detection and location capa­
bilities that enhance the ability of an operating system 
or diagnostic program to quickly determine which 
unit is faulty. 

7. Clock and Voltage Margins 

Centralized units are provided with clock and voltage 
margin capabil ities that assist maintenance personnel 
or diagnostic programs to quickly Locate the source of 
an intermittent fault. Programmable clock margin 
control is provided and status is avai lable for program 
retrieval. NOT NORMAL conditions are indicated on 
the PCP. 

8. Alternate Processor Bus (optional) 

This feature provides a redundant connection of the 
lOPs and CPUs in a system. It is used in partitioning 
centralized units for diagnostic or reconfiguration 
purposes. 
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9. Unique Processor Numbers 

All processors have unique numbers so that they can be 
identified in communications on the processor bus. 

10. Processor Fau I t Interrupt 

A processor fault interrupt (PFI) signal is generated by 
processors (CPUs, MIOPs, and HSRIOPs) when certain 
fault conditions are detected. The interrupt signal is 
transmitted via the processor bus to all CPUs in the 
system (except to the CPU generating the PFI) for 
special fault handl ing. 

11.. Status Instructions 

The two instructions, POLL PROCESSOR (POLP) and 
POLL AND RESET PROCESSOR (POLR), are used to 
determine status. All processors in a SIGMA 9 system 
retain the status of faults, internal conditions, and pro­
cessor identification. When a Processor Fault Interrupt 
(PFI) occurs, the CPU(s) that receives the interrupt 
must determine which processor caused the PFI and 
the nature of the fault. 

The POLP instruction causes the addressed processor to 
return the contents of its fault status register and, in 
the condition code bits, indicate whether the processor 
had detected a fault and generated PFI. (See POLP 
instruction, Chapter 3.) 

The POLR instruction performs the same functions as 
POLP but, in addition, causes the addressed processor 
to reset the contents of the processor fault register and 
resetthe PFI signal. (See POLR instruction, Chapter 3.) 

CPU FEATURES 

1. Processor Control Panel (PCP) 

The PCP (see Chapter 5) is divided into two sections. 
The upper portion (MAINTENANCE SECTION) con­
tains controls and indicators used exclusively by main­
tenance personneL The lower portion is used primarily 
by operating personnel to load, execute, and trouble­
shoot progf"Oms. A Control Mode switch disables cer­
tain maintenance functions during normal operation. 

2. Maintenance Display 

Various phases, control flip-flops, and registers of the 
CPU and decimal unit can be displayed on the PCP. 
A 16-position thumbwheel switch identifies and selects 
display information during maintenance activities. 

3. Snapshot Log i c 

All CPU logic that can be displayed on the PCP can be 
monitored by a program with the snapshot logic. At a 
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preselected dock time of a given instruction execution, 
selected logic is stored into a 3~-bit snapshot register. 
The contents of the snapshot register are then retrieved 
by a specially coded READ DIRECT instruction. By com­
paring the "snapped" information with known correct 
information, the diagnostic program can accurately 
determine a specific fault. The failing component can 
then be identified. Snapshot action can also be initi­
ated at the PCP, and the contents of the snapshot reg­
ister displayed. 

4. Clock and Voltage Margins 

Clock margin control is accomplished manually at the 
PCPwith the CLOCK MARGIN switch or under program 
control with a properly coded WRITE DIRECT instruction. 
Three c lock rates are provided: 

• NORMAL 

• FAST 

• SLOW 

Voltage margin controls are also provided at each 
local d. c. power supply within a unit. 

5. Memory Clear and Scan 

Manual memory clear and scan capabilities are pro­
vided to enable operators or maintenance personnel 
to rapidly clear or read selected data from, or store 
selected data into, any or all consecutive CPU main 
memory locations. During the read scan operation, 
the CPU can be made to halt on a memory parity 
error, at which time the address and data of the 
indicated memory location can be displayed. 

6. Address Stop Feature 

This feature (see Chapter 5) allows the operator or 
maintenance personnel to: 

a. Stop on any instruction whose virtual address equals 
the SELECT ADDRESS switch value. At the time 
of the halt, the instruction pointed to by the 
SELECT ADDRESS appears in the DISPLAY indicators. 

b. Stop on any rea I memory (read or wri te) reference 
indicated by the SELECT ADDRESS switches. 

c. Stop on any real memory write reference indicated 
by the SELECT ADDRESS switches. 

d. Stop when any word ina selected page is referenced. 

7. PCP M.anual Instruction Execution 

The PCP allows manual execution of READ/WRITE 
DIRECT instructions while the CPU is in the IDLE mode. 
This feature is in addition to the programmable interro­
gation provided via the READ/WRITE DIRECT instruc­
tions (see Chapter 3). Thus, all devices connected to 
the direct I/O or maintenance interface may be ex­
amined manually by maintenance personnel. 

Memory status word zero can be manually displayed on 
the PCP without clearing memory fault status while the 
CPU is in the IDLE mode. This action is similar to the 



programmed LMS instruction with initial condition code 
setting 1000 (see Chapter 5). 

8. Single Clock Mode 

The CPU has a single clock mode of operation that 
enables maintenance personnel to execute an instruc­
tion from the PCP, one internal phase at a time. 

9. Timer and Decimal Override 

The operation of the watchdog timer and decimal unit 
can be selectively overridden to aid maintenance 
personnel in diagnosing related machine faults (see 
Chapter 5). 

10. CPU Traps 

CPU traps are provided for a variety of detected CPU 
and system fault conditions. The trap system (see 
Chapter 2) provides a high degree of system recovera­
bi lity. Indicators and audit trails enable the system 
programmer to accurately determine the status of the 
machine at the time of the trap. CPU fault conditions 
are: 

a. Memory Parity Error - When a CPU receives a 
signal from the memory indicating a memory parity 
error, the CPU traps. The condition code identi­
fies the memory parity error trap condition. 

b. Data Bus Check - If the CPU detects a parity error 
on data received from memory, and the memory 
does not also indicate a parity error on the infor­
mation sent, then a data bus check occurs. Oc­
currence of the data bus check condition causes 
the CPU to trap. 

c. Map Check - When the CPU is operating with the 
memory map, a parity check is made on the page 
address retrieved from the map. If an error is 
found, the CPU aborts the memory request and 
traps. 

d. Watch Dog Timer - The watch dog timer prevents 
the CPU from being "hung Up" due to internal 
faults or faults in other units. When the timer 
times out, the CPU traps and sets the condition 
code indicating which fault .has occurred. 

e. Instruction Exceptions - If a CPU encounters an 
illegal condition in certain CPU operations, an 
instruction exception fault is detected and causes 
a trap. Included as instruction exceptions are: 

• A processor-detected fault occurring during 
the execution of an interrupt or trap entry 
sequence. 

• An illegal instruction in a trap (not XPSD) 
or interrupt (not XPSD, MTB, MTH, MTW) 
location when operating a trap or interrupt 
sequence. 

• The setting of the register pointer of the PSD 
to a nonexistent register block as a result of 
an LRP, LPSD, or XPSD instruction. 

• An illegal MMC instruction. 

• An invalid register (odd) for an instruction 
(doubleword and byte string) that would yield 
an unpredictable result. 

11. Processor Fault Interrupt 

Whenever a CPU fault is detected, a Processor Detected 
Fault (PDF) flag is set in that CPU. If a second fault is 
detected (with PDF set), the CPU will generate and 
transmit the Processor Fault Interrupt (PFI) to any other 
CPUs in the system and enter a WAIT state that requires 
a Reset function to clear. Another CPU (in a multi­
processor system) may issue an RIO instruction to the 
malfunctioning CPU, which will clear the machine {in 
the same way as a CPU RESET or SYS RESET and cause 
it to resume execution at a predetermined instruction 
location. For a monoprocessor, operator action is 
required. 

12. Automatic Instruction Fetch Retry 

When fault conditions are detected on overlapped in­
struction fetch operations, the fetch is aborted and an 
automatic instruction fetch retry is attempted. If the 
fau I t recurs on the second attempt, the CPU traps in 
the normal manner. 

13. Partitioning Feature 

Various partitioning features in the SIGMA 9 CPU en­
able system reconfiguration. These features are locally 
controlled by switches and are readable by specially 
coded READ DIRECT instructions (see Chapter 3). 

a. Homespace bias switches enable placing the Home­
space for each CPU in different physical locations 
of memory (see "Homespace", Chapter 2). 

b. CPU-lOP control bus selection is provided for the 
purpose of switching the CPU from primary to alter­
nate processor busses. Thus, a failed CPU may 
be effectively partitioned out of the system; also, 
an entire subsystem consisting of an lOP, including 
attached peripherals, CPU, and memory unit can 
be partitioned from the primary system via this 
switch and the memory port disable switches, to 
allow diagnosis of any unit in the subsystem while 
the primary system continues operation. 
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c. The direct VO bus and the maintenance interface 
bus may be sel ectively disabled from the CPU. 

MAIN MEMORY FEATURES 

1 • Snapshot Logic 

Each memory bank contains snapshot logic that is auto­
matically activated when a memory fault occurs to 
record the nature and environment of the fault. The 
contents of the memory snapshot words (each 32 bits in 
size) can be retrieved by the use of the instruction, 
LOAD MEMORY STATUS (see Chapter 3). This feature 
may be used by the operating system for error logging, 
or by a diagnostic program to assist in fault locating. 
Notification of a fault occurrence is via the Memory 
Fault Interrupt. 

2. Memory Fault Detection 

Memory fault detection covers the following types of 
faults: 

a. Parity errors detected on information read out of 
the memory bank. 

b. Parity errors detected on addresses received from 
processors. 

c. Parity errors detected on data received from 
processors. 

d. Port selection errors detected if more than one port 
is simultaneously selected for one bank. Under 
this condition, the memory aborts the requested 
operation without modifying the contents of any 
memory locot i on. 

e. Memory bank operational status, e. g., overtem­
perature, d. c. voltages out of tolerance, etc. 

f. Data loop checks that provide additional fault de­
tection on read operations. As data is gated onto 
the memorybusfortransmission to a processor, itis 
also gated from the bus back through the input path, 
clocked into a register, and checked for parity. 
Thus, the integrity of the I inedrivers/receivers at 
the memory is tested on every read cycle. 

3. Memory Interleave Switch 

The interleaved mode of memory operation may be dis­
abled for certain diagnostic purposes with a switch 
located on the PCP (see Chapter 5). 

4. ctock Mlrgin Switches 

Clock margins are controlled manually by means of 
switches or by use of the LOAD MEMORY STATUS in­
struction. Voltage margin control is also provided at 
each local d.c. power supply within a unit. 

l78 Appendix 0 

5. Partitioning of Iv\emory 

Partitioning of memory units is allowed on a memory 
port basis where each memory bus connection may se­
lectively be disabled. Starting address switches allow 
the memory system to remain a contiguous unit after 
partitioning. A centrally located reconfiguration con­
trol panel for each memory I:Jnit is provided for this 
purpose. 

6. Memory M:>de Feature 

Two additional memory modes of operation are provided 
for testing memory units. These modes are called Read 
and Inhibit Parity and Read and Change Parity (see 
Chapter 3). 

a. During the Read and Inhibit Parity operation, a 
word is read from memory and transmitted to the 
requesting processor. If a parity error is detected 
in the memory bank, the memory is prohibited from 
taking any snapshot and does not generate the 
Memory Fault Interrupt. It does transmit the Parity 
Error signal, however. The CPU recognizes this 
mode of operation and inhibits the trap that might 
occur for memory parity error and data bus check 
and, instead, records these attributes in the con­
dition code at the conclusion of the instruction. 
If there is no parity error, the instruction is treated 
as a normal LOAD WORD instruction, except for 
the setting of the condition code. 

b. During the Read and Change Parity operation, a 
word is read from memory and transmitted to the 
requesting processor. In the write half cycle, the 
word is restored to memory, and the word with an 
invalid parity bit is unconditionally restored. This 
allows the parity generation and checking logic of 
the memory to be tested. 

MUL nPLEXOR INPUT/OUTPUT PROCESSOR 
(MIOP) FEATURES 

1. Maintenance Interface Bus 

The maintenance interface bus (a special mode of the 
direct VO bus) is connected to each MIOP from the 
CPU for maintenance purposes. The MIOP responds 
in the following way to special WRITE DIRECT and 
READ DIRECT instructions executed by the CPU. 

a. Under RD control, monitors one of 32 selectable 
groups of MIOP logic. 

b. Under WD control, steps the clock control of the 
MIOP in a single-phase mode. 

c. Under WD control, a snapshot mode of operation 
selects a display group and stores it in a snapshot 
register at the end of a preset countdown for later 
monitoring by an RD instruction. 



d. Under WD control, writes directly into an 
addressed subchannel. 

e. Under RD control, reads directly from an addressed 
subchanne I. 

f. Under WD control, sets the clock margins to fast, 
normal, or slow rates. 

2. Parity Checking 

Parity is checked on information brought out of the 
MIOp·s local memory for each subchannel. A fault is 
reported to the system via the Processor Fault Interrupt. 

3. Maintenance Subcontroller 

A maintenance subcontroller feature on each I/o chan­
nel assists in diagnosing the I/O system. A diagnostic 
program controls and monitors the maintenance sub­
controller via the maintenance interface and the I/O 
bus. The following functions can be accomplished: 

a. Simulation of a device controller that responds to 
commands sent to it by the MIOPand receives and 
sends strings of data bytes. 

b. Monitoring of lOP bus during diagnostic 
operations. 

c. Exercising of the lOP at variable rates up to and 
including its maximum rate. 

d. Self-testing of the maintenance subcontroller 
logic. 

4. Clock and Voltage Margins 

Clock margins are programmatically controlled by a 
specially coded WRITE DIRECT instruction (see Chap­
ter 3). Voltage margin controls are provided at each 
d. c. power supply. 

5. Partitioning of MIOPs 

Partitioning of MIOPs is accomplished by disabling the 
primary (or alternate) processor bus connection and 
disabl i ng the appropriate memory port(s). 

HIGH-SPEED RAD 110 PROCESSOR (HSRIOP) FEATURES 

1. tv\aintenance Interface Bus 

The maintenance interface bus (a special mode of the 
direct I/O bus) is connected to the HSRIOP from the 
CPU for maintenance purposes. The HSRIOP responds 

in the following way to special WRITE DIRECT and 
READ DIRECT instructions executed by the CPU: 

a. Under WD control, selects a phase that causes the 
HSRIOP to halt when entered during execution of 
any HSRIOP operation. At this time, the HSRIOP 
may be IIsnapped ll for diagnosti c purposes, via RD 
control. 

b. Under RD control, IIsnapsll one of seven selectable 
groups of internal HSRIOP logic. 

c. Under WD control, steps the clock control of the 
HSRIOP in a single-phase mode. 

d. Under WD control, selectively sets various fault 
indicators (e.g., device and memory faults) to 
simulate actual fault occurrence. This feature 
allows the diagnostic to test for correct HSRIOP 
response under these fault conditions. 

e. Under WD control, selectively initiates Test 
Mode 1 or Test Mode 2 of the HSRIOP in which 
the HSRIOP responds to normal I/O instructions 
whi Ie simulating action of the storage units. In 
this way, major portions of the HSRIOP logic can 
be diagnosed separately from the storage units. 

2. Test Mode 1. 

This mode permits the diagnostic program to check the 
data paths, control logic, and byte alignment logic 
from memory to the buffer (with a write operation) and 
from the buffer to memory (with a read operation). 

3. Test Mode 2. 

This mode permits the diagnostic program to check most 
of the RIOP functions without using a RAD. Data pat­
terns for read and check-write operations are simulated 
and applied to the cable receivers in lieu of RAD out­
put. In addition to the normal functions, the error 
detection logic is also tested. Although a write op­
eration can not check data paths, all the vital control 
functions can be tested. 

4. Clock and Voltage Margins 

Clock margins for the HSRIOP are not applicable be­
cause of its unique design. Voltage margin controls 
are provided at each local d. c. power supply. 

5. Partitioning of HSRIOPs 

Partitioning of HSRIOPs is accomplished by disabling 
the primary (or alternate) processor bus connection and 
inhibiting the appropriate memory port(s). 
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APPENDIX E. GLOSSARY OF SYMBOLIC TERMS 

Term 

( ) 

o 

u 

AM 

AS 

CC 

CI 

DA 

DBS 

DECA 

DM 

Meaning 

Contents of. 

AND (logical product, where 0 n 0 = 0, 
o n 1 = 0, 1 n 0 = 0, and 1 n 1 = 1). 

OR (logical inclusive OR, where 0 u 0 = 0, 
o u 1 = 1, 1 u 0 = 1, and 1 u 1 = 1). 

EOR (logical exclusive OR, where 
o @ 0 = 0, 0 @ 1 = 1, 1 @ 0 = 1, 
and 1 @ 1 = 0). 

Fixed-point arithmetic trap mask - bit posi­
tion 11 of PSD. If set (=1), computer traps 
to Homespace location X'43' after executing 
an instruction causing fixed-point overflow; 
if not set, computer does not trap. 

A NSCII control-bit position 12 of PSD. When 
set (=1), ANSCll codes are generated; when 
not set, EBCDIC codes are generated. 

Condition code - 4-bit value (bit positions 
labeled CC1, CC2, CC3, and CC4), estab­
I ished as part of the execution of most 
SIGMA 9 instructions. 

Counter interrupt group inhibit - bit posi­
tion 37 of PSD. If set (=1), all interrupt 
levels within this group are inhibited. 

Destination address - in byte string instruc­
tions, address of the destination byte string. 

Destination byte string - operand specified by 
byte string instruction. 

Decimal accumulator - general registers 12, 
13, 14, and 15 in decimal instructions. 

Decimal arithmetic trap mask - bit posi­
tion 10 of PSD. When set (=1), decimal 
arithmetic fault trap is in effect. 
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Term 

EA 

EB 

EBL 

Meaning 

Extension address - 6-bit field concatenated 
to 16-bit extended displacement field to 
form 22-bit real extended address. 

Effective byte - 8-bit contents of effective 
byte location (EBL). 

Effective byte location - byte location 
pointed to by effective virtual address of an 
instruction for byte operation. 

ED Effective doubleword - 64-bit contents of 
effective doubleword location (EDL). 

EDL 

EDO 

Effective doubleword location - doubleword 
location pointed to by effective virtual ad­
dress of an instruction for a doubleword 
operation. If odd-numbered word location is 
specified, low-order bit of effective address 
field (bit position 31) is automatically forced 
to O. Hence, odd-numbered word address (re­
ferring to middle of doubleword) designates 
same doubleword as even-numbered word 
address when used for a doubleword operation. 

Effective decimal operand. 

EH Effective halfword - 16-bit contents of 
effective halfword location, or (EHL). 

EHL Effective halfword location - halfword loca­
tion pointed to by effective virtual address of 
an instruction for halfword operation. 

EI 

ES 

fSA 

External interrupt group inhibit - bit posi­
tion 39 of PSD. If set (= 1), all interrupt 
levels within this group are inhibited. 

Extension selector - I-bit flag used during 
real extended addressing. 

Effective source address - in byte string in­
structions, address of the source byte 
string. 



Term 

EVA 

EW 

EWL 

FN 

FS 

FZ 

IA 

II 

L 

Meaning 

Effective virtual address - virtual address 
value obtained as result af indirect addressing 
and/or indexing. This address value is inde­
pendent of the program's actual location in 
main memory, and is final address value be­
fore memory mapping is performed. 

Effective word - 32-bit contents of effective 
word location (EWL). 

Effective word location - word location 
pointed to by effective virtual address of an 
instruction for a word operation. 

Floating normalize mode control - bit posi­
tion 7 of PSD. If not set, results of floating­
point additions and subtractions ore to be 
normalized; if set (=1), results are not 
norma I i zed. 

Floating significance mode control - bit posi­
tion 5 of PSD. If set (=1), computer traps to 
location X'441 when more than two hexa­
decimal places of postnormalization sh ifting 
are required for a floating-point addition or 
subtraction; if not set, no significance 
checking is performed. 

Floating zero mode control - bit position 6 
of the PSD. If set (=1), computer traps to 
location X'441 when either characteristic 
underflow or zero result occurs for a floating­
point multiplication or division; if not set, 
characteristic underflow and zero result are 
treated as normal conditions. 

Instruction register - internal CPU register 
that holds instructions obtained from memory 
while they are being decoded. 

Instruction address - 17-bit value that defines 
virtual address of instruction immediately 
prior to the time that it is executed. 

I/O interrupt group inhibit - bit position 38 
of the PSD. If set (=1), all interrupt levels 
within this group are inhibited. 

Numeric value of bits 8-11 of decimal in~ 
struction word (value of ° is 16 bytes). 

Term 

MA 

MM 

MS 

PSD 

R 

RA 

RP 

Ru1 

SA 

Meaning 

Mode altered - bit position 40 of PSD. This 
bit is set (=1) during master-protected mode 
of operation and during real extended type 
of addressing. 

Memory map mode control - bit position 9 of 
PSD. When set (=1), the memory map is in 
effect. 

Master/slave mode control - bit position 8 of 
PSD. When set (=1), computer is in slave 
mode; when not set, computer may be in 
master or master-protected mode as deter­
mined by bit 40. 

Program status doubleword - collection of 
separate registers and flip-flops treated as a 
64-bit internal CPU register to store and 
display critical control information. 

General register address value - 4-bit con­
tents of bit positions 8-11 (R field) of instruc­
tion word, also expressed symbolically as 
(1)8-11. In instruction descriptions, register R 
is general register (of current register block) 
that corresponds to R field address value. 

Reference address - contents of bit posi­
tions 15-31 of instruction word, a 17-bit 
field capable of directly addressing any 
general register in current register block (by 
using a value in range 0-15) or any word in 
main memory in address range 16 through 
131,071. This address value is initial ad­
dress value for any subsequent address com­
putations, memory mapping, or both 
computation and mapping. 

Register pointer - bit positions 56-59 of PSD; 
bits 58 and 59 select one of four possible reg­
ister blocks; bits 56 and 57 are reserved. 

Odd register address value - register Ru 1 is 
general register pointed to by value obtained 
by logically ORing 0001 into address for 
register R. Thus, if R field of instruction 
contains even value, Ru1 = R + 1 and if R 
field contains odd value, Ru 1 = R. 

Source address - in byte string instructions, 
contents of specified R register. 

Appendix E 181 



Term 

SBS 

SE 

SPD 

Tce 

TS 

Meaning 

Source byte string - operand specified by 
byte string instruction. 

Sign extension - some instructions operate on 
two operands of different lengths; they are 
mode equal in rength by extending sign of 
shorter operand by required number of bit 
positions. For positive operands, result of 
sign extension is high-order O's prefixed to 
the operand; for negative operands, high­
order 1 IS are prefixed to operand. Sign 
extension process is performed after operand 
accessed from memory and before operation 
called for by instruction code is performed. 

Stack pointer doubleword - contains the 
context (TSA, space count, word count, and 
TS, TW inhibit bas) of the push-down 
instruct ions. 

Trap condition code - 4-bit value (bit 
positions labeled TCCI, TCC2, TCO, and 
TCC4), established as port of trap operations. 

Trap-on-space inhibit bit - conditions push­
down stock tim.it trap for impending overflow 
or underflow of space count. 

Term 

TSA 

TW 

WK 

x 

Meaning 

Top-of-stock address - pointer that points to 
highest-numbered address of operand stack in 
push-down instructions. 

Trap-an-word inhibit bit - conditions push­
down stock limit trap for impending overflow 
or underflow of word count. 

Write key - bit positions 34 and 35 of PSD; 
they are evaluated by the memory write­
protect feature to determine accessibi tify of 
real memory by current program. 

Index register address varue - 3-bit contents 
of bit positions 12-14 (X field) of instruction 
word. In instruction word, if X = 0, no 
indexing is performed; if X I 0, i~dexin9 is 
performed (after indirect addressing if indi ... 
rect addressing is called for) with general 
register X in current register block. 

Hexadecimal qualifier - hexadecimal value 
(n) is unsigned string of hexadecimal digits 
(0 through 9 and A through F) surrounded by 
s.ingle quotation marks and preceded by the 
qualifier II XU {for example, 78016 is written 
XI7BOt. 

Note: For additional definition of terms, see IIXerox Sigma Glossary of Computer Tenninologyll, Publication 
No. 900957. 
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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 
control codes, 26 
control loading process, 106 
protection, 26 
protection control image, 106 

accumulator, decimal, 77 
active interrupt, 32 
address 

actual, 9, 18 
branch, 20 
direct reference, 16 
effective, 18 
index reference, 18 
indirect reference, 16,5 
input/output, 18 
instruction, 18 
memory byte, 130 
memory control, 23 
memory reference, 15 
memory unit starting, 14 
modifi cation examples, 21 
nonexistent memory (trap), 37 
reference, 16 
reg i ste r, 18 
twenty-bit reference, 16 
virtual, 9 

addressing 
indirect, 5, 16 
interrupt, 21 
logic, 17 
modes, 29 
real, 18,21 
real extended, 19,21,23,97,102 
trap, 33 
trap entry, 21 
virtual, 19,21,22 

altemate bus, 4, 175 
Analyze/Interpret instructions, 55-57 
ANSCII communication codes, 146, 147-150 
armed interrupt, 31 
arithmetic, hexadecimal, 151,152 

B 
basic systems, equipment and features, 
block pointer, register, 27,9 
bootstrap loading program, 143 
boundaries, information, 13 
branches in real extended addressing mode, 97 
branching and branch addresses, 20 
bus, alternate, 4, 175 
byte coun t, 132 
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byte format, 11 
byte-string instructions, 83-88, 14 
byte-string register format, 20 

c 
Call 

instruction trap, 40 
instructions, 100,4 

card codes, 147-150 
central processing unit (CPU), 2,9-14, 176 
channel A, 5 
Channel B, 5 
channel end, 131 
character sets, standard, 145 
characteristi cs, genera I, 1 
check 

map, 42 
data bus, 42 

circular shift, 68 
clock and voltage margins, 175-179 
clocks, real-time, 30,3,6 
command chaining, 131 
command doubleword, input/output, 130 
comparison instructions, 64-66 
compute r modes, 11 
condition code, 27 

Analyze/Interpret instructions, 57 
decimal arithmetic fault, 40 
decimal arithmetic instructions, 78 
fixed-point arithmeti c instructions, 57,39 
floating-point arithmetic instructions, 74,39 
load/store, 47 
push-down, 93 
shift instructions, 68 

constants, mathematical, 163 
context switching (PSD, XPSD, LPSD), 8-1,8-2,27, 

101-109 
control 

command doublewords, 132 
instructions, 100-114 
of the interrupt system, 32 
panel interrupt (see input/output group 

interrupt) 
Control order, 130 
conversion instructions, 70,71,4 
counter-equals-zero group interrupts, 31 
conversion tables, 153-162 
CP~R, 7 
CPU, 9-14 

features, 176 
port, 15 

CP-V, 7 
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o 
data bus check, 177 
data chaining, 131 
decimal 

accumulator, 77 
arithmetic fault trap, 40 
arithmetic unit, 2 
illegal digits, 77 
-hexadecimal conversion tables, 153-162 
instruction format, 77 
instruction nomencfature, 78 
instruction timing, basic, 165-174 
instructions, 72-82 
overflow, 78 
pa.cked format, 77 
zoned fonnat, 77 

device and device controller status byte (AIO instruc-
tion), 122 

device interrupt, 127 
device status byte, 118-119 
direct 

data input/output, 8-2 
input/output (010), 3,8, 110-114 
reference address, 16 

disabled interrupt, 32,33 
disanned interrupt, 31 
displacement indexing, 8 
displacements, 18 
doubleword 

E 

format, 11 
I/O command, 130 
program status, 27 
stack pointer, 92 

EBCDIC computer cades, 146, 147-150 
effective 

address, 18 
location, 18 
operand, 18 

enabled interrupt (see states of interrupts) 
Execute/8ranch instructions, 97-99 
extemal interface, 3,8, 110-114 
extemal interrupts, 31 

F 
fault 

CPU traps, 177 
decimal arithmetic trap, 40 
floating-point arithmetic (trap), 39 
processor-detected, 40 

features 
central processing unit (C PlJ), 176,2,9-14 
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genera I-purpose, 8 
high-speed RAD lOP (HSRIOP), 179,5,8 
main memory, 178 
multiplexor lOP (MIOP), 178,5 
multiprocessing, 8 
multiusage, 8-3 
real-time, 8-2 
standard and optional, 3 
system maintainability, 175 
time-sharing, 8-1 

fetching and storing data, 144 
fixed-point 

arithmetic instructions, 57-63 
overflow trap, 38 

flags 
lOCO, 130-132 
PDF, 40, 101 
PSD, 27,43, 101 

floating-point 
add and subtract, 73 
arithmetic fault trap, 39 
arithmetic instructions, 72-76 
arithmetic unit, 2 
condition code settings, 74 
multiply and divide, 74 
normalize control, 73 
numbers, 72,73 
shift, 69 
significance control, 74 
zero control, 74 

format 
byte, 11 
byte-string instruction, 83,20 
decimal instruction, 77 
doubleword, 11 
general instruction, 19 
general registers, 118 
halfword, 11 
immediate operand, 13 
input/output instruction, 114 
instruction, 45 
interrupt instruction, 21 
memory referencing, 13 
operational command doubleword, 130 
program status doubleword, 27 
Stop command, 133 
Transfer in Channel command, 132 
trap instruction, 21 
word, 11 

four-byte interface feature, 5 

G 
general 

characteristics, 5 
instruction format, 19 
reg i sters, 9 

general-purpose features, 8 
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generation 
of actual memory addresses, 24 
of effective virtual address, 25 

glossary of symbolic terms, 180 

H 
hal fword format, 11 
hardware map, 26,2,9,23,105 
hexadecimal arithmetic, 151, 152 
hexadecimal-decimal conversion tables, 153-162 
high-speed 

RAD input/output processor (HSRIOP), 5,8, 179 
Homespace, 15,7, 16 

bias, 15 

illegal digit and sign detection (decimal), 77 
immediate operand instruction format, 13 
index 

displacement al ignment (real and virtual), 22 
displacement alignment (real extended addressing), 23 
reference address, 18 
register, 20 

indexing 
(real and virtual addressing), 21,22 
(real extended addressing), 21,23 
displacement, 4 

indicators (on PCP) 
ADDRESS STOP, 137, 138, 140 
ALARM, 140, 137 
DISPLAY, 139,138,140, 142, 144 
DISPLAY FORMAT, 134 
EXECUTION, 140 
HALT, 135 
INSTRUCTION ADDRESS, 137,138,139,140 
INT/TRAP, 140 
INTERRUPT, 137 
MEMORY FAULT, 141 
NOT HERE, 137 
NOT NORM (clock), 140 
NOT NORMAL, 135 
PCP, 140 
PDF, 140 
PHASES, 140, 141 
POWER, 135 
PREPARATION, 140 
PROGRAM STATUS DOUBLEWORD, 136 
RUN, 136 
SCAN, 142,135 
SNAP MODE, 141 
STOP (ADDRESS), 137, 138, 140 
WAIT, 136, 137,140 

indirect 
address location, 20 
addressing, 5, 16 
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index halfword (real extended addressing) example, 23 
indexed halfword (virtual addressing) example, 22 
reference address, 16 " 

information boundaries, 13 
inhibits 

interrupt, 32 
push-down traps, 93 

input/output 
capability, 8-2 
command doublewords (lOCD), 129-133 
group interrupts, 31 
instructions, 114-128 
interrupts, 31,127,131 
multiusage, 8-3 
operations, 129-133 
processors (lOPs), 129,4,5,178, 179 
status information, 117 

instruction 
address, 16 
branch, 97 
exception trap, 41 
format, 45 
Interpret, 57,8 
register, 13 
set, 8,8-3,45-128, 164 
timing, 165-174 
unimplemented (trap), 37 

instructions 
Anal yze/Interpret, 55-57 
byte-string, 83-88 
Call, "100,8 
comparison, 64-66 
control, 100-114 
conversion, 70,71,8 
dec imal, n -82 
Execute~ranch, 97-99 

fixed-point, 57-63 
floating-point, 72-76 
immediate operand, 13 
input/output, 114-128 
load/store, 47-54 
logical, 66,67 
memory-referencing, 13 
nonexistent (trap), 36 
privileged in slave mode (trap), 37 
push-down, 92-96 
Shift, 67-70 
translate, 86,87,8 

interleaving, memory, 14 
internal 

computer control, Read Direct, 111 
computer control, Write Direct, 112 
interrupts, 30 

Interpret instructi on, 57,8 
interrupt 

active, 32 
and trap entry addressing, 21 
and trap instruction format, 21 
channel end, 131 
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control (Read Direct), 112 
control (Write Direct), 114 
control chassis, 3 
control panel, 31 
device, 127 
inhibits, 32 
locations, 29 
multilevel priority system, 8-2 
operations, 28 
priority chain, 30 
system, 29 
system control of, 32 
trigger, 29 
unusual end, 131 
zero byte count, 131 

interruption of Move to Memory Control, 106 
interrupts, 29 

active, 32 
armed, 31 
control of, 33 
counter-equals-zero group, 31 
disabled, 32,33 
disarmed, 31 
enabled, 32,33 
extemal, 31,3 
input/output group, 31 
intemal, 30,3 
override group, 30 
single-instruction, 33 
states of (level), 31 
time of occurrences, 33 
waiting, 31 

lOP status byte (Ala instruction), 122 

L 
I anguage processors 7 
load 

interrupt inhibits, 113 
operation details, 143 
procedure, 143 
snapshot control register, 113 

load/store instructions, 47-54 
loading 

operation, 143 
the access protection controls, 106 
the memory map, 105 
the memory write protection locks, 106 

logical 

M 

instructions, 66,67 
shift, 68 

main memory, 14-29,3 
main memory features, 178 
manual partition-ing capability, 8 
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maintainability, system reliability and, 175-179,6,7 
map check, ln 
map, hardware, 26,2,9,23, 105 
margins, clock and voltage, 175, 176 
master mode, 12 (see also user protection) 
master-protected mode, 12,26 
mathematical constants, 163 
memory 

access protection, 11 
access traps (move to memory control), 107 
address control, 23 
bank, 14 
byte address, 130 
control storage, 9 
expansion, 4 
fault detection, 178 
interleaving, 14, 178 
lock, 23,27 
lock control image, 106 
lock loading process, 106 
map, 26,2,9,23,105 
map control image, 105 
map loading process, 105 
nonexistent addresses, 37 
nonexistent addresses (trap), 37 
page address codes, 26 
parity error, 42,ln 
ports, 14,4,5 
protection, 2,3,8-3, 12 
protection violation (trap), 37 
real, 15 
reconfiguration control unit, 4 
reference address, 15 
referencing instructions format, 13 
sizes, 1,4 
unit, 14 
unit starting address, 14 
virtual, 15 
write protection, 12,3 
write protection locks, loading the, 106 

memory partitioning, In, 178 
memory-to-memory move, 104,5, 106, 107 
motor generator set, 4 .-
multilevel priority interrupt system, 29-34,8-2 
multiple register blocks, 4,8-1 
multiplexor input/output processor (MIOP), 4,5, 178 
multiport memory system, 14,4,5 
multiprocessing features, 8 
multiprocessor control function, 8-3 
multiprocessor interlock, 8-1 
multiusage features, 8-3 

N 

nona II owed operation trap, 36 
nonallowed operation trap during execution (branch), 97 
nonexistent instruction (trap), 36 
nonexistent memory address' (trap), 37 
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nonstop operation, 8-2,ln 
normal ize control, floating-point, 73 
numbers 

o 

decimal, n 
floating-point, 72 
packed decimal, 77 
zoned decimal, n 

operating and addressing modes, 29 
operating procedures, 143 
operating systems, 7 
operational command doublewords, 130 
operational status byte, 119-120 
operator controls, 134-144 
optional equipment, 4 
overflow 

detection (decimal), 78 
fixed-point, 38 
floating-point, 39 

override group interrupts, 30 

p 

packed 
decimal format, n 
decimal numbers, n 

parity checking, 175, 179 
parity error, memory, 42 
parity error trap, 42 
partitioning, memory, 8-1, 177, 178 
PCP, 134 
PDF, 40, 101 
peripheral equipment, 7 
PFI (processor fault interrupt), 176, 177 
port priority, 15 
power fail safe, 1,2,3 
priority interrupt, 29-34 
privileged instruction in slave mode (trap), 37 
processor control panel (PCP), 134 
processor-detected faults (PDF), 40, 101 
processor fault interrupt, 176, 177 
processor fault status, 122 
program status doubleword, 27,43, 101, 136 
program status doubleword (PSD) indicators, 136 
push-down 

R 

condition settings, 93 
instructions, 92-96 
stack limit trap, 38 

rapid context saving, 8-1,8-2,27,101-109 
rapid context switching, 8-2,27, 101-109 
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Read 
order, 130 
Backward order, 130 
Direct, internal computer control, 111 
Direct, interrupt control, 112 

read 
internal controls, 111 
interrupt inhibits, 111 
sense switches, 111 
snapshot sample register, 111 

real 
addressing, 19 
memory, 15 
memory write locks, 27 

real extended addressing, 19,21,23,97,102 
real-time clocks, 30,3,6,8-2 
real-time features, 8-2 
reference address, 16 
reference tables, 145-163 
register 

address, 18 
altered bit (trap), 43 
block pointer, 27,9 
general, 9,3 
instruction, 13 

reliability and maintenance, system, 175-179,6-7 
reset alarm indicator, 113 
reset interrupt inhibits, 112 

s 
Sense order, 130 
sense switches, 135, 111 
set 

alarm indicator, 113 
internal controls, 113 
interrupt inhibits, 112 

shared input/output, 8-1 
Shift instructions, 67-70 
significance control, floating-point, 74 
single-instruction interrupts, 33 
slave- mode, 12,26 (see also user protection) 
SNAP, 141 
snapshot, 113,2,111,141,175,176,178 
stack pointer doubleword (SPD), 92 
stack pointer for push-pull instructions, 20 
stack-manipulating instructions (see rapid context saving) 
states of an interrupt leve I, 31 
status response for I/O instructions, 121 
status response for AIO instruction, 123 
Stop order, 133 
storage management, 8-2 
switches (on PC P) 

ADDRESS STOP, 137, 138, 142 
AUDIO, 140 
CLOCK MARGIN, 140,135, 178 
CLOCK MODE, 141, 135 
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COMPUTE, 140, 135-139, 141-144 
CONTROL MODE (EXT CONT/LOCAL NORM/LOCAL 

MAINT), 135, 143 
CPU RESET, 137,136,142 
DATA, 139,137,138,144 
DECIMAL, 141, 135 
DISPLAY, 139,138,144 
EXT DIO, 142, 135 
FORMAT SEL, 139, 134 
INSERT, 137, 144 
INSTR ADDR, 138,139,144 
INTERLEAVE SEL, 141, 135 
INTERRUPT, 137 
I/O RESET, 135 
LOAD, 135, 143 
MEMORY CLEAR, 135 
MEMORY FAULT, 141,135,142 
MEMORY MODE, 142 
MODE, 142, 138 
NOT NORMAL, 135 
PDF, 140 
POWER, 135 
SCAN, 135 
SELECT ADDRESS 138, 142, 144 
SENSE, 135, 111 
SNAP, 135 
SNAP ENTER, 141 
SNAP STOP, 141 
START ADDR-LMS, 142, 138 
STORE, 138, 144 
SYS RESET, 135,136, 143, 144 
UNIT ADDRESS, 135, 143 
W. D. TIMER, 141, 135 

symbol-code correspondence, standard, 147-150 
symbol i c terms, glossary, 180 
system 

T 

maintainability features, 175-179,6,7 
organization, 9 
reliabil ity and maintainabil ity, 175-179,6,7 

time of interrupt occurrences, 33 
time-sharing features, 8-1 
timing, basic instruction, 165-174 
toggle program-controlled frequency (PCF), 113 
Transfer in Channel, 132 
translate instructions, 86,87,8 
trap, 34, 177 

addressing, 34 
by byte-string instructions, 84 
Call instruction, 40 
condition code, 34,42 
conditions during anticipate operations, 43 
decimal arithmetic fault, 40 
entry sequence, 34 
fixed-point overflow, 38 
floating-point arithmetic fault, 39 
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instruction exception, 41 
locations, 35 
masks, 34 
memory protection violation, 37 
nonallowed operation, 36 
nona"owed operation (branch), 97 
nonexistent instruction, 36 
nonexistent memory address, 37 
parity error, 42 
privileged instruction (slave mode), 37 
processor detected faults, 40 
push-down stack I im it, 38 
register altered bit, 43 
system, 34 
unimplemented instruction, 37 
watchdog timer runout, 41 

turn off mode altered flag, 113 
turn on mode altered flag, 113 
twenty-bit reference address, 16 
types of addressing, 18 

u 
unimplemented instructions, 37 
unusual end, 131 
user protection, 82,26, 106 

v 
variable precision arithmetic, 8-3 
virtual 

address, 9 
addressing, 19 
memory, 15 

w 
waiting interrupt, 31 
watchdog timer runout trap, 41 
watchdog timer (see nonstop operation) 
word format, 11 
Write 

Direct (internal computer control), 112 
Direct (interrupt controf), 114 
order, 130 

write key, 27 
write locks, real memory, 27 
write-protection locks, 27, 106 

z 
zero 

byte count, 131 
byte count interrupt, 131, 122 
control, floating-point, 74 
zoned decimal numbers, 77 
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SIGMA 9 INSTRUCTION LIST [OPERATION CODES) 

Code Mnemonic Instruction Name Page Code Mnemonic Instruction Name Page 

02 LCFI Load Conditions and Floating Control Immediate 52 40 HBS Translate and Test Byte String 87 
04 CALI Call I 100 41 TBS Translate Byte String 86 
05 CAL2 Call 2 100 44 ANLZ Analyze 55 
06 CAL3 Call 3 100 45 CS Compare Selective 66 
07 CAL4 Call 4 100 46 XW Exchange Word 53 
08 PLW Pull Word 94 47 STS Store Selective 54 
09 PSW Push Word 94 48 EOR Exclusive OR Word 67 
OA PLM Pull Multiple 95 49 OR OR Word 66 
OB PSM Push Multiple 94 4A LS Load Selective 51 
OE LPSD Load Program Status Doubleword (privileged) 101 4B AND AND Ward 67 
OF XPSD Exchange Program Status Doubleword (privileged) 102 4C SIO 

Stoc' 'op,'/O,'p" I 123 
40 TIO Test Input/Output 124 
4E TOV Test Device 125 

10 AD Add Doubleword 59 4F HIO Halt Input/Output privileged 126 
11 CD Compare Doubleword 65 4F RIO Reset Input/Output 126 
12 LD Load Doubleword 49 ~F POLP Poll Processor 127 
13 MSP Modify Stack Pointer 96 ~F POLR Poll and Reset Processor 127 
IS STD Store Doubleword 54 
18 SO Subtract Doubleword 60 

50 AH Add Ha I fword 58 
19 ClM Compare with Limits in Memory 66 

51 CH Compare Halfword 65 
IA LCD Load Complement Doubleword 50 

52 LH Load Ha I fward 48 
IB LAD Load Absolute Doubleword 51 

53 MTH Modify and Test Halfword 63 
IC FSL Floating Subtract Long 76 

55 STH Stare Halfword 53 
10 FAL Floating Add Long 75 

56 DH Divide Halfword 61 
IE FDL Floating Divide Long 76 -7 MH Multiply Halfword 61 
IF FML Floating Multiply Long 76 

SH Subtract Halfword 59 
SA LCH Load Complement Halfward 49 
5B LAH Load Absolute Halfward 49 

58 
60 CBS Compare Byte String 85 

20 AI Add Immediate 
61 MBS Move Byte Stri ng 84 

21 CI Compare Immediate 64 
63 EBS Edit Byte String 88 

22 LI Load Immediate 48 
64 BDR Branch on Decrementing Register 99 

23 MI Multiply Immediate 60 
65 BIR Branch on Incrementing Register 99 

24 SF Shift Floating 69 
66 AWM Add Word to Memory 62 

25 S Shift 67 
26 LAS Load and Set 51 

67 EXU Execute 98 
68 BCR Branch on Conditions Reset 99 

28 CVS Convert by Subtraction 71 
69 BCS Branch on Conditions Set 98 

29 CVA Convert by Addition 71 
6A BAL Branch and Link 99 

2A LM Load Multiple 52 
6B INT Interpret 57 

2B STM Store Multiple 54 
6C RD Rood D;md } 110 

2C LRA Lood lleol Addc~, } 107 
60 WD Write Direct privileged 112 

20 LMS Load Memory Status privileged 108 
6E AIO 127 

2E WAIT Wait 110 
Acknowledge Input/Output Interrupt 

2F LRP Load Register Pointer 104 
6F MMC Move to Memory Control 104 

70 LCF load Conditions and Flooting Control 53 
30 AW Add Word 58 71 CB Compare Byte 64 
31 CW Compare Word 65 72 LB Load Byte 48 
32 LW Load Word 48 73 MTB Modi fy and Test Byte 62 
33 MTW Modify and Test Word 63 74 STCF Store Conditions and Floating Control 54 
35 STW Store Word 53 75 STB Store Byte 53 
36 OW Divide Word 62 76 PACK Pack Decimal Digits 81 
37 MW Multiply Word 61 77 UNPK Unpack Decimal Digits 82 
38 SW Subtract Word 59 78 OS Decimal Subtract 79 
39 CLR Compare with Limits in Register 66 79 DA Decimal Add 79 
3A LCW Load Complement Word 49 7A DO Decimal Divide 80 
3B LAW Load Absolute Word 50 7B OM Decimal Multiply 80 
3C FSS Floating Subtract Short 75 7C DSA Decimal Shift Arithmetic 81 
3D FAS Floating Add Short 74 70 DC Decimal Compare 81 
3E FDS Floating Divide Short 76 7E DL Decimal Load 79 
3F FMS Floating Multiply Short 76 7F DST Decimal Store 79 
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