




































































































































































































































































HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal

.00 000000  .00000 00000 .40 00 00 00 .25000 00000 .80 0000 00 .50000 00000 .CO 00 00 00  .75000 00000
.01 00 00 00 .00390 62500 .41 00 00 00 .25390 62500 .81 0000 00 .50390 62500 .C1 000000 .75390 62500
.02 0000 00 .00781 25000 .42 00 00 00 .25781 25000 .82 0000 00 .50781 25000 .C2 00 00 00 .75781 25000
.03 00 00 00 .01171 87500 .43 00 00 00 .26171 87500 .83 0000 00 51171 87500 .C3 000000 .76171 87500
.04 00 00 00 .01562 50000 .44 00 00 00 .26562 50000 .84 00 00 00 .51562 50000 .C4 000000 .76562 50000
.05 00 00 00 .01953 12500 .45 000000 .26953 12500 .85 0000 00 .51953 12500 .C5 000000 .76953 12500
.06 00 00 00 .02343 75000 .46 00 00 00 .27343 75000 .86 000000  .52343 75000 .C6 000000 .77343 75000
.07 00 00 00 .02734 37500 .47 00 00 00 .277 34 37500 .87 0000 00 .52734 37500 .C7 000000 .77734 37500
.08 00 00 00 .03125 00000 .48 00 00 00 .28125 00000 .88 0000 00 .53125 00000 .C8 000000 .78125 00000
.09 00 00 00 .03515 62500 .49 00 00 00 .28515 62500 .89 0000 00 .53515 62500 .C? 000000 .78515 62500
.0A 00 00 00 .03906 25000 .4A 000000  .28906 25000 .8A 000000 .53906 25000 .CA 00 00 00 .78%906 25000
.0B 00 00 00 .04296 87500 .48 00 00 00 .29296 87500 .88 000000  .54296 87500 .CB 00 00 00 79296 87500
.0C 00 00 00 .04687 50000 .4C 00 00 00 .29687 50000 .8C 0000 00 .54687 50000 .CC 000000 .79487 50000
.0D 0000 00  .05078 12500 .4D 0000 00  .30078 12500 .8D 0000 00  .55078 12500 .CD 000000 .80078 12500
.0E 0000 00 .05468 75000 .4E 00 00 00 .30468 75000 .8E 00 00 00 55468 75000 .CE 00 00 00 .80468 75000
.OF 00 00 00 .05859 37500 .4F 00 00 00 .30859 37500 .8F 000000 .55859% 37500 .CF 00 00 00 .80859 37500
.10 00 00 00 .06250 00000 .50 00 00 00 .31250 00000 .90 00 00 00 56250 00000 .DO 00 00 00 .81250 00000
.11 00 00 00 .06640 62500 .51 00 00 00 .31640 62500 .91 0000 00 .56640 62500 .D1 00 00 00 .81640 62500
.12 00 00 00 .07031 25000 .52 0000 00 .32031 25000 .92 0000 00 .57031 25000 .D2 00 00 00 .82031 25000
.13 00 00 00 .07421 87500 .53 000000  .32421 87500 .93 000000 .57421 87500 .D3 000000  .82421 87500
.14 00 00 00 .07812 50000 .54 00 00 00 .32812 50000 .94 00 00 00 .57812 50000 .D4 000000 .82812 50000
.15 0000 00 .08203 12500 .55 00 00 00 .33203 12500 .95 0000 00 .58203 12500 .D5 000000  .83203 12500
.16 00 00 00 .08593 75000 .56 00 00 00 .33593 75000 .96 000000 .58593 75000 .D6 00 00 00  .83593 75000
.17 00 00 00 .08984 37500 .57 00 00 00 .33984 37500 .97 0000 00 .58984 37500 .D7 00 0000  .83984 37500
.18 00 00 00 .09375 00000 .58 00 00 00 .34375 00000 .98 000000  .59375 00000 .D8 00 00 00  .84375 00000
.19 0000 00 .09765 62500 .59 0000 00 .34765 62500 .99 000000  .59765 62500 .D9 00 00 00  .84765 62500
.1A 00 00 00 .10156 25000 .5A 00 00 00 .35156 25000 .9A 000000 .60156 25000 .DA 000000 .85156 25000
.18 00 00 00 .10546 87500 .58 00 00 00 .35546 87500 .98 000000  .60546 87500 .DB 00 00 00  .85546 87500
.1C 00 00 00 .10937 50000 .5C 00 00 00 .35937 50000 .9C 000000  .60937 50000 .DC 00 00 00  .85937 50000
.1D 00 00 00 .11328 12500 .5D 00 00 00 .36328 12500 .9D 000000  .61328 12500 .DD 000000  .86328 12500
.1E 00 00 00 11718 75000 .5E 00 00 00 .36718 75000 .9E 000000 .61718 75000 .DE 00 00 00  .86718 75000
.1F 00 00 00 .12109 37500 .5F 00 00 00 .37109 37500 .9F 000000 .62109 37500 .DF 00 00 00 .87109 37500
.20 000000  .12500 00000 .60 000000  .37500 00000 A0 000000  .62500 00000 .EO 00 00 00  .87500 00000
.21 00 00 00 .12890 62500 .61 0000 00 .37890 62500 A1 000000  .62890 62500 .E1 000000 .87890 62500
.22 00 00 00 .13281 25000 .62 00 00 00 .38281 25000 .A2 0000 00 .63281 25000 .E2 00 00 00 .88281 25000
.23 00 00 00 .13671 87500 .63 000000 .38671 87500 A3 000000 .63671 87500 .E3 000000 .88671 87500
.24 00 00 00 . 14062 50000 .64 00 00 00 .39062 50000 .A4 00 00 00 .64062 50000 .E4 000000 .89062 50000
.25 00 00 00 .14453 12500 .65 00 00 00 .39453 12500 A5 000000  .64453 12500 .E5 000000 .89453 12500
.26 00 00 00 .14843 75000 .66 00 00 00 .39843 75000 A6 000000  .64843 75000 .E6 000000  .89843 75000
.27 000000  .15234 37500 .67 00 00 00 .40234 37500 A7 000000  .65234 37500 .E7 000000 .90234 37500
.28 00 00 00 .15625 00000 .68 00 00 00 40625 00000 A8 000000  .65625 00000 .E8 00 00 00 .90625 00000
.29 00 00 00 .16015 62500 .69 00 00 00 .41015 62500 A9 000000  .66015 62500 .E9 000000 .91015 62500
.2A 0000 00  .16406 25000 .6A 00 00 00 .41406 25000 AA 000000 .66406 25000 .EA 000000 .91406 25000
.2B 00 00 00 16796 87500 .6B 00 00 00 41795 87500 AB 000000  .66796 87500 .EB 000000 .91796 87500
.2C 00 00 00 .17187 50000 .6C 00 00 00 .42187 50000 LAC 000000  .67187 50000 .EC 000000 .92187 50000
.2D 00 00 00 17578 12500 .6D 00 00 00 42578 12500 LAD 000000  .67578 12500 .ED 000000  .92578 12500
.2E 00 00 00 17968 75000 .6E 00 00 00 42968 75000 AE 000000  .67968 75000 .EE 000000 .92968 75000
.2F 00 00 00 .18359 37500 .6F 00 00 00 .43359 37500 .AF 000000  .468359 37500 .EF 000000 .93359 37500
.30 00 00 00 .18750 00000 .70 00 00 00 .43750 00000 .BO 000000 .68750 00000 .FO 000000 .93750 00000
.31 00 00 00 .19140 62500 .71 00 00 00 .44140 62500 .B1 000000 .69140 62500 .F1 000000 .94140 62500
.32 00 00 00 .19531 25000 .72 00 00 00 .44531 25000 .B2 000000  .69531 25000 .F2 000000 .94531 25000
.33 00 00 00 .19921 87500 .73 00 00 00 44921 87500 .B3 000000 .69921 87500 .F3 000000 .94921 87500
.34 00 00 00 .20312 50000 .74 00 00 00 .45312 50000 .B4 000000 .70312 50000 .F4 000000 .95312 50000
.35 00 00 00 .20703 12500 .75 00 00 00 .45703 12500 .B5 000000 .70703 12500 .F5 000000 .95703 12500
.36 00 00 00 .21093 75000 .76 00 00 00 .46093 75000 .B6 000000 .71093 75000 .F6 000000 .96093 75000
.37 00 00 00 .21484 37500 .77 00 00 00 46484 37500 .B7 000000 .71484 37500 .F7 000000 .96484 37500
.38 00 00 00 .21875 00000 .78 00 00 00 .46875 00000 .B8 000000 .71875 00000 .F8 000000 .96875 00000
.39 0000 00 .22265 62500 .79 00 00 00 47265 62500 .B9 000000 .72265 62500 .F9 000000 .97265 62500
.3A 00 00 00 .22656 25000 .7A 00 00 00 47656 25000 .BA 000000 .72656 25000 .FA 0000 00 .97656 25000
.38 00 00 00 .23046 87500 .7B 00 00 00 .48046 87500 .BB 000000 .73046 87500 .FB 000000 .98046 87500
.3C 00 00 00 .23437 50000 .7C 00 00 00 .48437 50000 .BC 000000 .73437 50000 .FC 000000 .98437 50000
.3D 00 00 00 .23828 12500 .7D 00 00 00 .48828 12500 .BD 000000 .73828 12500 .FD 000000  .98828 12500
.3E 00 00 00 .24218 75000 .7E 00 00 00 .49218 75000 .BE 000000 .74218 75000 .FE 000000 .99218 75000
.3F 00 00 00 .24609 37500 .7F 00 00 00 49609 37500 .BF 000000 .74609 37500 .FF 0000 00  .99609 37500
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HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE (cont.)

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal

.00 00 00 00 .00000 00000 .00 40 00 00 .00097 65625 .00 80 00 00 .00195 31250 .00 CO 00 00 .00292 96875
.0001 0000  .00001 52587 .00 41 0000  .00099 18212 .00 81 0000 .00196 83837 00C1 0000  .00294 49462
.00 02 00 00 .00003 05175 .00 42 0000 .00100 70800 .00 82 0000 .00198 36425 .00 C2 00 00 .00296 02050
.00 03 00 00 .00004 57763 .00 43 00 00 .00102 23388 .0083 0000 .00199 89013 .00 C3 00 00 .00297 54638
.00 04 00 00 .00006 10351 .00 44 00 00 .00103 75976 .00 84 0000 .00201 41601 .00 C4 00 00 .00299 0722%
.00 05 0000 .00007 62939 .00 45 00 00 .00105 28564 .00 85 00 00 .00202 94189 .00 C5 00 00 .00300 59814
.00 06 00 00 .00009 15527 .00 46 00 00 .00106 81152 .00 86 00 00 .00204 46777 .00 C6 00 00 .00302 12402
.00 07 0000 .00010 68115 .00 47 00 00 .00108 33740 .00 87 00 00 .00205 99365 .00 C7 00 00 .00303 64990
.0008 0000  .00012 20703 .0048 0000 .00109 86328 .0088 0000  .00207 51953 .00 C8 0000  .00305 17578
.0009 0000 .00013 73291 .0049 0000 .00111 38916 .0089 0000  .00209 04541 .00C9 0000  .00306 70166
.00 OA 00 00 .00015 25878 .00 4A 00 00 .00112 91503 .00 8A 00 00 .00210 57128 .00 CA 00 00 .00308 22753
.00 0B 00 00 .00016 78466 .00 4B 00 00 .00114 44091 .00 8B 00 00 .00212 09716 .00 CB 00 00 .00309 75341
.00 0C 00 00 .00018 31054 .00 4C 00 00 00115 96679 .00 8C 00 00 .00213 62304 .00 CC 00 00 .00311 27929
.00 0D 00 00 .00019 83642 .00 4D 00 00 .00117 49267 .00 8D 00 00 .00215 14892 .00 CD 00 00 .00312 80517
.00 OE 00 00 .00021 36230 .00 4E 00 00 .00119 01855 .00 8E 00 00 .00216 67480 .00 CE 00 00 .00314 33105
.00 OF 00 00 .00022 88818 .00 4F 00 00 .00120 54443 .00 8F 00 00 .00218 20068 .00 CF 00 00 .00315 85693
.00 10 0000  .00024 41406 .00 50 0000  .00122 07031 .00 90 0000  .00219 72656 .00 DO 00 00  .00317 38281
.00 11 0000  .00025 93994 .0051 0000 .00123 59619 .00 91 0000  .00221 25244 .00 D! 0000  .00318 908469
.0012 0000  .00027 46582 .00 52 0000  .00125 12207 .00 92 0000  .00222 77832 .00 D2 00 00  .00320 43457
.00 13 00 00 .00028 99169 .00 53 00 00 .00126 64794 .00 93 00 00 .00224 30419 .00 D3 00 00 .00321 96044
.00 14 00 00 .00030 51757 .00 54 00 00 .00128 17382 .00 94 00 00 .00225 83007 .00 D4 00 00 .00323 48632
.00 15 00 00 .00032 04345 .00 55 0000 .00129 69970 .00 95 00 00 .00227 35595 .00 D5 00 00 .00325 01220
.00 16 0000 .00033 56933 .00 56 00 00 .00131 22558 .00 96 00 00 .00228 88183 .00 D6 00 00 .00326 53808
.00 17 00 00 .00035 09521 .00 57 0000 .00132 75146 .00 97 00 00 .00230 40771 .00 D7 00 00 .00328 06396
.00 18 00 00 .00036 62109 .00 58 00 00 .00134 27734 .00 98 00 00 .00231 93359 .00 D8 00 00 .00329 58984
.00 19 00 00 .00038 14697 .00 59 0000 .00135 80322 .00 99 0000 .00233 45947 .00 D? 00 00 .00331 11572
.00 TA 00 00 .00039 67285 .00 5A 00 00 .00137 32910 .00 9A 00 00 .00234 98535 .00 DA 00 00 .00332 64160
.00 1B 00 00 .00041 19873 .00 58 00 00 .00138 85498 .00 98 00 00 .00236 51123 .00 DB 00 00 .00334 16748
.00 1C 00 00 .00042 72460 .00 5C 00 00 .00140 38085 .00 9C 00 00 .00238 03710 .00 DC 00 00 .00335 69335
.00 1D 00 00 .00044 25048 .00 5D 00 00 .00141 90673 .00 9D 00 00 .00239 56298 .00 DD 00 00 .00337 21923
.00 TE 00 00 .00045 77636 .00 5E 00 00 .00143 43261 .00 9 00 00 .00241 08886 .00 DE 00 00 .00338 74511
.00 1F 00 00 .00047 30224 .00 5F 00 00 .00144 95849 .00 9F 00 00 .00242 61474 .00 DF 00 00 .00340 27099
.00 20 00 00 .00048 82812 .00 60 00 00 .00146 48437 .00 A0 00 00 .00244 14062 .00 EO 00 00 .00341 79687
.00 21 00 00 .00050 35400 .00 61 00 00 .00148 01025 .00 A1 00 00 .00245 66650 .00 E1 0000 .00343 32275
.00 22 0000 .00051 87988 .00 62 0000 .00149 53613 .00 A2 00 00 .00247 19238 .00 E2 00 00 .00344 84863
.00 23 0000 .00053 40576 .00 63 0000 .00151 06201 .00 A3 00 00 .00248 71826 .00 E3 00 00 .0034% 37451
.00 24 00 00 .00054 93164 .00 64 00 00 .00152 58789 .00 A4 00 00 .00250 24414 .00 E4 0000 .00347 90039
.00 25 0000 .00056 45751 .00 65 00 00 .00154 11376 .00 A5 00 00 .00251 77001 .00 E5 00 00 .00349 42625
.00 26 00 00 .00057 98339 .00 66 00 00 .00155 63964 .00 A6 00 00 .00253 29589 .00 E6 0000 .00350 95214
.00 27 00 00 .00059 50927 .00 67 00 00 .00157 16552 .00 A7 00 00 .00254 82177 .00 E7 0000 .00352 47802
.00 28 00 00 .00061 03515 .00 68 00 00 .00158 69140 .00 A8 00 00 .00256 34765 .00 E8 00 00 .00354 00390
.00 29 00 00 .00062 56103 .00 69 00 00 .00160 21728 .00 A9 00 00 .00257 87353 .00 E9 00 00 .00355 52978
.00 2A 00 00 .00064 08691 .00 6A 00 00 00161 74316 .00 AA 00 00 .00259 39941 .00 EA 00 00 .00357 05566
.00 28 00 00 .00065 61279 .00 6B 00 00 .00163 26904 .00 AB 00 00 .00260 92529 .00 EB 00 00 .00358 58154
.00 2C 0000 .00067 13867 .00 6C 00 00 .00164 79492 .00 AC 00 00 .00262 45117 .00 EC 00 00 .00360 10742
.00 2D 00 00 .00068 66455 .00 6D 0000 .00166 32080 .00 AD 00 00 .00263 97705 .00 ED 00 00 .00361 63330
.00 2E 00 00 .00070 19042 .00 6E 00 00 .00167 84667 .00 AE 00 00 .00265 50292 .00 EE 00 00 .00363 15917
.00 2F 00 00 .00071 71630 .00 6F 00 00 .00169 37255 .00 AF 00 Q0 .00267 02880 .00 EF 00 00 .00364 68505
.00 30 00 00 .00073 24218 .00 70 00 00 .00170 89843 .00 BO 00 00 .00268 55468 .00 FO 00 00 .00366 21093
.00 31 0000 .00074 76806 .00 71 00 00 .00172 42431 .00 B1 0000 .00270 08056 .00 F1 00 00 .00367 73681
.00 32 0000 .00076 29394 .00 72 0000 .00173 95019 .00 B2 00 00 .00271 60644 .00 F2 00 00 .00369 26269
.00 33 00 00 .00077 81982 .00 73 0000 .00175 47607 .00 B3 00 00 .00273 13232 .00 F3 00 00 .00370 78857
.00 34 00 00 .00079 34570 .00 74 00 00 .00177 00195 .00 B4 0000 .00274 65820 .00 F4 00 00 .00372 31445
.00 35 0000 .00080 87158 .00 75 0000 .00178 52783 .00 B5 0000 .00276 18408 .00 F5 00 00 .00373 84033
.00 36 0000 .00082 39746 .00 76 0000 .00180 05371 .00 B4 00 00 .00277 70996 .00 F6 00 00 .00375 36621
.00 37 00 00 .00083 92333 .00 77 00 00 .00181 57958 .00 B7 00 00 .00279 23583 .00 F7 00 00 .00376 89208
.00 38 00 00 .00085 44921 .00 7’8 00 CO .00183 10546 .00 B8 00 00 .00280 76171 .00 F8 00 00 .00378 41796
.00 39 0000 .00086 97509 .00 79 00 00 .00184 63134 .00 B9 00 00 .00282 28759 .00 F9 00 00 .00379 94384
.00 3A 00 00 .00088 50097 .00 7A 00 00 .00186 15722 .00 BA 00 00 .00283 81347 .00 FA 00 00 .00381 46972
.00 38 00 00 .00090 02685 .00 78 00 00 .00187 68310 .00 BB 00 00 .00285 33935 .00 FB 00 00 .00382 99550
.00 3C 00 00 .00091 55273 .00 7C 00 00 .00189 20898 .00 BC 00 00 .00286 86523 .00 FC 00 00 .00384 52148
.00 3D 00 00 .00093 07861 .00 7D 00 00 .00190 73486 .00 8D 00 00 .00288 39111 .00 FD 00 00 .00386 04736
.00 3E 00 00 .00094 60449 .00 7E 00 00 .00192 26074 .00 BE 00 00 .00289 91699 .00 FE 0000 .00387 57324
.00 3F 00 00 .00096 13037 .00 7F 00 00 .00193 78662 .00 BF 00 00 .00291 44287 .00 FF 00 00 .0038%9 09912
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HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE (cont.)

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal

.00 00 00 00 .00000 00000 .00 00 40 00 .00000 38146 .00 0080 00 .00000 76293 .00 00 CO 00 .00001 14440
.00 0001 00 .00000 00596 .00 00 41 00 .00000 38743 .00 0081 00 .00000 76889 .00 00C1 00 .00001 15036
.00 00 02 00 .00000 01192 .00 00 42 00 .00000 39339 .00 0082 00 .00000 77486 .00 00 C2 00 .00001 15633
.00 00 03 00 .00000 01788 .00 00 43 00 .00000 39935 .00 0083 00 .00000 78082 .00 00 C3 00 .00001 16229
.00 0004 00 .00000 02384 .00 00 44 00 .00000 40531 .00 00 84 00 .00000 78678 .00 00 C4 00 .00001 16825
.00 0005 00 .00000 02980 .00 00 45 00 .00000 41127 .00 0085 00 .00000 79274 .00 00 C5 00 .00001 17421
.00 0006 00  .00000 03576 .00 00 46 00  .00000 41723 .00 0086 00  .00000 79870 .00 00 C6 00  .00001 18017
.0000 07 00 .00000 04172 .00 00 47 00 .00000 42319 .00 00 87 00 .00000 80466 .00 00 C7 00 .00001 18613
.00 0008 00 .00000 04768 .00 00 48 00 .00000 42915 .00 00 88 00 .00000 81062 .00 00 C8 00 .00001 19209
.00 0009 00  .00000 05364 .00 00 49 00  .00000 43511 .00 0089 00  .00000 81658 .00 00 C9 00  .00001 19805
.00 00 0A 00  .00000 05960 .00 00 4A 00  .00000 44107 .00 00 8A 00  .00000 82254 .00 00 CAQ0  .00001 20401
.00 00 0B 00  .00000 06556 .00 0048 00  .00000 44703 .00 0088 00  .00000 82850 .00 00 CB 00  .0000t 20997
.00 00 0C 00  .00000 07152 .00 00 4C 00  .00000 45299 .00 00 8C 00  .00000 83446 .00 00 CC 00  .00001 21593
.00 00 0D 00  .00000 07748 .00 00 4D 00  .00000 45895 .00 008D 00  .00000 84042 .00 00 CD OO0  .00001 22189
.00 00 OE. 00  .00000 08344 .00 00 4E 00  .00000 46491 .00 00 8E 00  .00000 84438 .00 00 CE 00  .00001 22785
.00 00 OF; 00  .00000 08940 .00 00 4F 00  .00000 47087 .00 00 8F 00  .00000 85234 .00 00 CF 00  .00001 23381
.00 00 10; 00 .00000 09536 .00 00 50 00 .00000 47683 .00 00 90 00 .00000 85830 .00 00 DO 00 .0000% 23977
.00 00 ”:i 00 .00000 10132 .00 00 51 00 .00000 48279 .00 00 91 00 .00000 86426 .00 00 D1 00 .00001 24573
.00 00 12' 00 .00000 10728 .00 00 52 00 .00000 48875 .00 00 92 00 .00000 87022 .00 00 D2 00 .00001 25169
.000013 00 .00000 11324 .00 00 53 00 .00000 49471 .00 00 93 00 .00000 87618 .00 00 D3 00 .00001 25765
.00 00 14 00 .00000 11920 .00 00 54 00 .00000 50067 .00 00 94 00 .00000 88214 .00 00 D4 00 .00001 26361
.000015 00 .00000 12516 .00 00 55 00 .00000 50663 .00 00 95 00 .00000 88810 .00 00 D5 00 .00001 26957
.000016 00 .00000 13113 .00 00 56 00 .00000 51259 .00 00 96 00 .00000 89406 .00 00 D6 00 .00001 27553
.000017 00 .00000 13709 .00 0057 00 .00000 51856 .00 00 97 00 .00000 90003 .00 00 D7 00 .00001 28149
000018 00 .00000 14305 .00 00 58 00 .00000 52452 .00 0098 00 .00000 90599 .00 00 D8 00 .00001 28746
.0000 19 00 .00000 14901 .00 00 59 00 .00000 53048 .00 00 99 00 .00000 91195 .00 00 D% 00 .00001 29342
.00 00 TA 00 .00000 15497 .00 00 5A 00 .00000 53644 .00 00 %A 00 .00000 91791 .00 00 DA 00 .00001 29938
.00 0018 00 .00000 16093 .00 00 5B 00 .00000 54240 .00 00 98 00 .00000 92387 .00 00 DB 00 .00001 30534
.00001C 00  .00000 16689 .00 00 5C 00  .00000 54836 .00 009C 00 .00000 92983 .00 00 DC 00  .00001 31130
.00 00 1D 00 .00000 17285 .00 00 5D 00 .00000 55432 .00 00 9D 00 .00000 93579 .00 00 DD 00 .00001} 31726
.00 00 1E 00  .00000 17881 .00 00 56 00  .00000 56028 .00 00 9 00  .00000 94175 .00 00 DE 00  .00001 32322
L0000 1F 00  .00000 18477 .00 00 5F 00  .00000 56624 .00 00 9F 00  .00000 94771 .00 00 DF 00  .00001 32918
.00 0020 00  .00000 19073 .00 00 60 00  .00000 57220 .00 00 A0 00  .00000 95367 .00 00 EO 00  .00001 33514
.00 0021 00  .00000 19669 .00 00 61 00  .00000 57816 .00 00 A1 00  .00000 95963 .00 00 E1 00  .00001 34110
.00 00 22 00  .00000 20265 .00 00 62 00  .00000 58412 .00 00 A2 00  .00000 96559 .00 00 E2 00  .00001 34706
.00 0023 00 .00000 20861 .00 00 63 00  .00000 59008 .00 00 A3 00  .00000 97155 .00 00 E3 00  .00001 35302
.00 00 24 00 .00000 21457 .00 00 64 00 .00000 59604 .00 00 A4 00 .00000 97751 .00 00 E4 00 .00001 35898
.000025 00 .00000 22053 .00 00 65 00  .00000 60200 .00 00 A5 00  .00000 98347 .00 00 E5 00  .0000% 36494
.00 0026 00  .00000 22649 .00 00 66 00  .00000 60796 . .00 00 A6 00  .00000 98943 .00 00 E6 00  .00001 37090
.000027 00  .00000 23245 .00 00 67 00  .00000 61392 .00 00 A7 00  .00000 99539 .00 00 E7 00  .00001 37486
.000028 00 .00000 23841 .00 0068 00  .00000 61988 .00 00 A8 00  .00001 00135 .00 00 E8 00  .00001 38282
.00 0029 00 .00000 24437 .00 0069 00  .00000 62584 .00 00 A9 00  .00001 00731 .00 00 E9 00  .00001 38878
.00 00 2A 00  .00000 25033 .00 00 6A 00  .00000 63180 .00 00 AA 00  .00001 01327 .00 00 EA 00  .00001 39474
.00 00 2B 00 .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 24822 .00 00 6D 00  .00000 64969 .00 00 AD OO0  .00001 03116 .00 00 ED 00  .00001 41263
.00 00 2E 00 .00000 27418 .00 00 6E 00 .00000 65565 .00 00 AE 00 .00001 03712 .00 00 EE 00 .00001 41859
.00 00 2F 00  .00000 28014 .00 00 6F 00  .00000 66161 .00 00 AF 00  .00001 04308 .00 00 EF 00  .00001 42455
.00 00 30 00  .00000 28610 .00 0070 00  .00000 66757 .00 00 BO 00  .00001 04904 .00 00 FO 00  .00001 43051
.00 00 31 00  .00000 29206 .00 0071 00 .00000 67353 .00 00 Bl 00  .00001 05500 .00 00 F1 00  .00001 43647
.00 00 32 00 .00000 29802 .00 0072 00 .00000 67949 .00 00 B2 00 .00001 06096 .00 00 F2 00 .00001 44243
.00 00 33 00  .00000 30398 .00 0073 00  .00000 68545 .00 00 B3 00  .00001 06692 .00 00 F3 00  .00001 44839
.00 00 34 00 .00000 30994 .00 0074 00 .00000 69141 .00 00 B4 00 .00001 07288 .00 00 F4 00 .00001 45435
.00 0035 00 .00000 31590 .000075 00  .00000 69737 .00 00 B5 00  .00001 07884 .0000 F5 00  .00001 46031
.00 00 36 00 .00000 32186 .000076 00 .00000 70333 .00 00 B6 00 .00001 08480 .00 00 F6 00 .00001 46627
.00 00 37 00 .00000 32782 .00 0077 00 .00000 70929 .00 00 B7 00 .00001 09076 .00 00 F7 00 .00001 47223
.00 00 38 00  .00000 33378 .00 0078 00  .00000 71525 .00 00 B8 00  .00001 09672 .0000 F8 00  .00001 47819
.00 00 39 00 .00000 33974 .00 0079 00 .00000 72121 .00 00 B? 00 .00001 10268 .00 00 F9 00 .00001 48415
.00 00 3A 00 .00000 34570 .00 00 7A 00 .00000 72717 .00 00 BA 00 .00001 10864 .00 00 FA 00 .00001 49011
.00 0038 00  .00000 35166 .00 0078 00  .00000 73313 .00 00 BB 00  .00001 11440 .00 00 FB 00  .00001 49607
.00 00 3C 00 .00000 35762 .00 00 7C 00 .00000 73909 .00 00 BC 00 .00001 12056 .00 00 FC 00 .00001 50203
.00 00 3D 00 .00000 36358 .00 007D 00 .00000 74505 .00 00 BD 00 .00001 12652 .00 00 FD 00 .00001 50799
.00 00 3E 00 .00000 36954 .00 00 7E 00 .00000 75101 .00 00 BE 00 .00001 13248 .00 00 FE 00 .00001 51395
.00 00 3F 00  .00000 37550 .00 00 7F 00  .00000 75697 .00 00 BF 00  .00001 13844 .0000 FF 00  .00001 51991
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HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE (cont.)

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal 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 0002 .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 0000 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 00 00 C7 .00000 00463
.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 00467
.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 0B .00000 00025 .00 00 00 4B .00000 00174 .00 00 00 88 .00000 00323 .00 00 00 CB .00000 00472
.00 00 00 0C .00000 00027 .00 00 00 4C .00000 00176 .00 00 00 8C .00000 00325 .00 00 00 CC .00000 00474
.00 00 000D .00000 00030 .00 00 00 4D .00000 00179 .00 00 00 8D .00000 00328 .00 00 00 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
.000000 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 D1 .00000 00486
.000000 12 .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
.000000 14 .00000 00046 .00 00 00 54 .00000 00195 .00 00 00 94 .00000 00344 .00 00 00 D4 .00000 00493
.000000 15 .00000 00048 .00 00 00 55 .00000 00197 .00 00 00 95 .00000 00346 .00 00 00 D5 .00000 00495
.00 0000 16 .00000 00051 .00 00 00 56 .00000 00200 .00 00 00 96 .00000 00349 .00 00 00 D6 .00000 00498
.00000017 .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
.00000019 .00000 00058 .00 00 00 59 .00000 00207 .00 00 00 99 .00000 00356 .00 00 00 D9 .00000 00505
.00 00 00 TA .00000 00060 .00 00 00 5A .00000 00209 .00 00 00 %A .00000 00358 .00 00 00 DA .00000 00507
.00 00 00 1B .00000 00062 .00 00 00 5B .00000 00211 .00 00 00 98 .00000 00360 .00 00 00 DB .00000 00509
.000000 IC .00000 00065 .00 00 00 5C .00000 00214 .00 00 00 9C .00000 00363 .00 0000 DC  .00000 00512
.0000001D .00000 00067 .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 .00000 00218 .00 00 00 %E .00000 00367 .00 00 00 DE .00000 00516
.00 00 00 IF .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 00 60 .00000 00223 .00 00 00 AQ .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 E5 .00000 00533
.00 00 00 26 .00000 00088 .00 00 00 66 .00000 00237 .00 00 00 AS .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 48 .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 00 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 FI .00000 00561
.00 00 00 32 .00000 00116 .00 00 00 72 .00000 00265 .00 00 00 B2 .00000 00414 .00 00 00 F2 .00000 00563
.00 00 00 33 .00000 00118 .00000073 .00000 00267 .00 00 00 B3 .00000 00416 .00 00 00 F3 .00000 00565
.00 00 00 34 .00000 00121 .00000074 .00000 00270 .00 00 00 B4 .00000 00419 .00 00 00 F4 .00000 00568
.00 00 00 35 .00000 00123 .00 00 00 75 .00000 00272 .00 00 00 B5 .00000 00421 .00 00 00 F5 .00000 00570
.00 00 00 36 .00000 00125 .00 00 00 76 .00000 00274 .00 00 00 B6 .00000 00423 .00 00 00 F6 .00000 00572
.00 00 00 37 .00000 00128 .00 00 00 77 .00000 00277 .00 00 00 87 .00000 00426 .00 00 00 F7 .00000 00575
.00 00 00 38 .00000 00130 .00 00 0078 .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 89 .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 38 .00000 00137 .00 000078 .00000 00286 .00 00 00 BB .00000 00435 .00 00 00 FB8 .00000 00584
.00 00 00 3C .00000 00139 .00 00 00 7C .00000 00288 .00 00 00 BC .00000 00437 .00 00 00 FC .00000 00586
.00 00 00 3D .00000 00142 .00 00 007D .00000 00291 .00 00 00 BD .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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N

144

1152
2 305
4 611
9 223

503
007
014
028

057
115
230
460

921
843
686
372

TABLE OF POWERS OF TW0

1
2
4
8

\7
34

68
137
274
549

099
199
398
796

592
184
368
737

474
949
899
799

599
199
398
797

594
188
376
752

504
009
018
036

186
372
744
488

976
953
906
813

627
254
509
018

037
075
151
303

606
213
427
854

65
131
262
524

048
097
194
388

777
554
108
27

435
870
741
483

967
934
869
738

476
953
906
813

627
255
51
022

044
088
177
355

710
421
842
685

370
740
481
963

927
855
711
423

846
693
387
775

576
152
304
608

216
432
864
728

456
92
824
648

296
592
184
368

736
472
944
888

776
552
104
208

416
832
664
328

656
312
624
248

496
992
984
968

936
872
744
488

976
952
904
808

w N - O

NO oA

48
49
50
51

52
53
54
55

1.0

0.25
0.125

0.062
0.031
0.015
0.007

25
625
812 5

906
953
976
488

0.003
0.001
0.000
0.000

25

125
562
281

0.000
0.000
0.000
0.000

244
122
061
030

140
070
035
517

0.000
0.000
0.000
0.000

015
007
003
001

258
629
814
907

000
000
000
000

0.000
0.000
0.000
0.000

953
476
238
19

0.000
0.000
0.000
0.000

000
000
000
000

059
029
014
007

000
000 001
000 000
000 000

0.000
0.000
0.000
0.000

003

0.000
0.000
0.000
0.000

000 000
000 000
000 000
000 000

0.000
0.000
0.000
0.000

000 000
000 000
000 000
000 000

0.000
0.000
0.000
0.000

000 000
000 000
000 000
000 000

0.000
0.000
0.000
0.000

000 000
000 000
000 000
000 000

0.000 000 000
0.000 000 000
0.000 000 000
0.000 000 000

0.000 000 000
0.000 000 000
0.000 000 000
0.000 000 000

0.000 000
0.000 000
0.000 000
0.000 000

000
000
000
000

0.000 000
0.000 000
0.000 000
0.000 000

000
000
000
000

5
25

625
312
156
578

789
394
697
348

674
837
418
209

4604
802
901
450

725
862
93!
465

232
116
058
029

014
007
003
001

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

125

062
531
265
632

316
158
579
289

644
322
161
580

290
645
322
661

830
415
207
103

551
275
637
818

909
454
227
13

056
028
014
007

003
001
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25
625
812

406
203
101
550

775
387
193
596

298
149
574
287

643
321
660
830

15
957
978
989

494
747
373
686

843
421
210
105

552
776
888
444

222
m
055
027

013
006
003
001

000
000
000
000

25

125
562
781

390
695
847
923

461
230
615
307

653
826
N3
456

228
614
807
403

701
350
675
837

418
709
854
427

713
356
178
089

044
022
51
755

877
938
469
734

867
433
216
108

625
312
656
828

914
957
478
739

869
934
467
733

183
091
545

772
886
443
721

860
430
715
357

678
839
419
209

604
302
151
575

787
893
446
723

361
680
840
420

25
125

062
031
515
257

628
814
407
703

851
425
712
856

928
464
232
616

808
404
202
601

800

700
850

925
462
231
615

807
903
951
475

737
868
434
217

25
625
812

906
453
226
613

806
903
951
475

237
18
059
029

014
007
003
001

500
250
125
062

031
515
257
628

814
907
953
976

988
994
497
248

25

125
562
281

640
320
660
830

915
957
478
739

869
434
nz
858

929
464
232
616

308
654
827
913

456
228
614
807

403
201
100
550

5
25

625
312
156
078

039
519
759
379

689
844
422
71

355
677
338
169

084
042
021
510

755
377
188
094

547
773
886
443

5
25
125

062
531
765
882

941
970
485
242

621
810
905
452

726
363
181
590

295
647
823
411

205
602
801
400

5

25
625
8125

406 25
703 125
351 562
675 781

337 890
668 945
334 472
667 236

333 618
166 809
583 404
791 702

395 851
697 925
848 962
924 481

962 240
981 120
490 560
745 280

w

625
312
656
328

164
082
541
270

135
567
783
391

695
347
173
086

5
25
125

062
031
015
507

253
626
813
906

953
976
988
994

Constont Decimal Value Hexadecimal Value
" 3.14159 26535 89793  3.243F  6A89
! 0.31830 98861 83790  0.517C CI187
NS 1.77245 38509 05516  1.CSBF 891C
Inw 1.14472 98858 49400  1.250D 048F
e 2.71828 18284 59045  2.B7E) 5163
! 0.36787 94411 71442  0.562D 58D9
N~y 1.64872 12707 00128 1.A612 98E2
log e  0.43429 44819 03252  0.6F2D EC55
logye  1.44269 50408 88963  1.7154 7653
Y 0.57721 56649 01533  0.93C4 67E4
InY -0.54953 93129 81645 -0.8CAE 9BC1
NZ 1.41421 35623 73095  1.6A09 E&68
In2 0.69314 71805 59945 0.8172 178
log g2 0.30102 99956 63981  0.4D10 4D42
N0 3.16227 76601 68379  3.2988  075C
In10 2.30258 40929 94046  2.4D76 3777
5

25

625

812 5

906 25

953 125

476 562 5

738 281 25

369 140 625

684 570 312 5

342 285 156 25
171 142 578 125
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APPENDIX B. INSTRUCTION TIMING

INSTRUCTION TIMES

The instruction times for the Xerox 530 instructions are calculated by adding the preparation time and the instruction execution
time. These times are shown in Table B-1. For those instructions where a range of numbers is shown for the preparation time,
the preparation time is a function of the specific effective address mode as shown in note @ to Table B=1. Al of the times
shown in the table are accurate within +0.1%, assume no input/output or memory interference, and assume that all instruc~
tions and operands are in the same 8K memory module.

Table B-1. Instruction Preparation and Execution Times (in psecs.)

Preparation Instruction
Instruction/Mnemonic Time® Execution Time Minimum | Maximum
Memory Reference Instructions
LDA 0-.80 1.92 1.92 . 2.72
STA 0-.80 2.24 2.24 3.04
LDX (Normal) 0-.80 1.92 1.92 2.72
LDX (Interrupt Exit)
See "Interrupt Exit" under "Direct Control Instructions”
ADD 0-.80 1.92 1.92 2.72
SuB 0-.80 1.92 1.92 2.72
AND 0-.80 1.92 1.92 2.72
IM 0-.80 2.72 2.72 3.52
cp 0-.80 1.92 1.92 2.72
MUL 0-.80 8.00 8.00 8.80
DIV 0-.80 13.12-13.76 13.12 14.56
Branch Instructions
B 0-.80 1.12 1.12 1.92
BAN (no Branch) 0 80 .80 80
BAN (Branch) 0 1.12 1.12 1.12
BAZ (no Branch) 0 .80 .80 .80
BAZ (Branch) 0 1.12 1.12 1.12
BEN (no Branch) 0 80 .80 80
BEN (Branch) 0 1.12 1.12 1.12
BNC (no Branch) 0 .80 .80 .80
BNC (Branch) 0 1.12 1.12 1.12
BNO (no Branch) 0 80 .80 80
BNO (Branch) 0 1.12 1.12 1.12
BIX (no Branch) 0 80 .80 80
BIX (Branch) 0 1.12 1.12 1.12
BXNO (no Branch) 0 80 .80 80
BXNO (Branch) 0 1.12 1.12 1.12
BXNC (no Branch) 0 80 .80 80
BXNC (Branch) 0 1.12 1.12 1.12
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Table B-1. Instruction Preparation and Execution Times (in psecs.) (cont.)

Preparation

Instruction

Instruction/Mnemonic Time Execution Time Minimum | Maximum
Shift Instructions
SARS 0-.80 2.56 + .32N(») 2.56 8.16
SARD 0-.80 2.88+ .32NnQ) 2.88 13.60
SALS 0-.80 2.56+ .32N (@ 2.56 8.16
SALD 0-.80 2.56 + .32N (3) 2.56 13.28
SCRS 1 0-.80 2.56 + .32N (&) 2.56 8.16
SCRD 0-.80 2.56 + .32N (& 2.56 13.28
SCLS 0-.80 2.56 + .32N () 2.56 8.16
SCLD 0-.80 2.88+ .32N (® 2.56 13.60
Normalize Shift 0-.80 3.52+.32N () 3.52 14.24
Copy Instructions
RCPY, RCPYI, RCPYC, RADD, RADDI, RADDC,
RCLA, RCLAI, RCLAC, ROR, RORI, RORC, 0 .96(5) .96 1.44
RAND, REOR
RANDI, RANDC, REORI, REORC 0 1.28(5) 1.28 1.76
Direct Control Instructions
RD - Internal Mode (Except for the following) 0-.80 2.88-4.16 2.88 4.96
1/O Reset 0-.80 83.80 (1) 83.80 84.60
IOP Registers 0-.80 5.44 () 5.44 -
IOP Instructions 0-.80 10.88 + .32 FSL(W 11.20 -
RD - Interrupt Mode 0-.80 8.96(s) 8.96 15.52
RD - External Mode 0-.80 3.52 + .32 FSA(e 3.84 -
WD - Internal Mode (Except for the foilowing) 0-.80 2.24 - 4.32 2.24 5.12
Interrupt Exit (&) 0-.80 11.52 () 11.52 16.26
IOP Registers 0-.80 5.12(3) 5.12 -
WD - Interrupt Mode 0-.80 9.28(9 9.28 15.84
WD - External Mode 0-.80 3.84 + .32 FSA(® 4.16 -
General Register Instructions
LW 0-.80 ) 3.84 ) 3.84 4.64
STW 0-.80 4.48 4.48 5.28
AW 0-.80 o 3.84 %0 3.84 4.64
SW 0-.80 3.84 3.84 4.64
AND 0-.80 3.84 3.84 4.64
ol 0-.80 J 4.48 J 4.48 5.28
Multiple Register Instructions
LDM 0-.80(» 4.64 -7.68 (D(G)(o)| 4.64 8.48
LDD 0-.80 (0) 4.00(» 4.00 4.80
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Table B-1. Instruction Preparation and Execution Times (in psecs, ) (cent.)
Preparation Instruction
Instruction/Mnemonic | Time @ Execution Time Minimum | Maximum
Multiple Register Instructions (cont. )
STM 0-.80 | 5.28-8.322®( | 5.28 9.12
STD 0-.80 4,16 4,16 4.96
DAD 0-.80 $& | 4.00 o 4.00 4.80
DSB 0-.80 | 4.00 4.00 4.80
cPD o-.»soJf 4.32 ) 4.32 5.12
Floating Point Instructions
FLD ) 0-.80 3,68 3.68 4,48
FST 0-.80 3.84 3.84 4,64
FAD 0-.80 8.80 + .32J +.96K(¢| 8.80 38. 40
FSB p( 0-.80 8.80 +.32J + .96K(s) 8.80 38.40
FMP | 0-.80 32.96 Typical 31.36 35.36
FDV 0-.80 77.56 Typical 8.32 101.92
FCP 0-.80 5.96 Typical 3.52 20.36
Field Addressing Instructions
LLF (Y
16-bit field (starfing on bit 0) 0-.80 ) 8.64(D(@) 8.64 13,92
8-bit field (starting on bit 0 or 8) @ 0-.80 | 9.28 - 9.60 @@ 9.28 14,88
4-bit field (starting on bit 0, 4, 8, or 12) () 0-.80 | 9.28 - 9.60(D(® 9.28 14,88
1-bit field 0-.80 (@ 10.88 @) 10. 88 16,16
Other fields — contained within one word 0-.80 11.20-15.68(® () | 11.20 20,96
Other fields — contained within two words 0-.80 J 11.52 - 16,00 @ | 11,52 21,28
LAF
16-bit field (starting on bit 0) 0-.80 ) 8.64 ()@ 8.64 13.92
8-bit field (starting on bit 0 or 8) () 0-.80 10.24 - 10.56 () (@ | 10.24 15.84
4-bit field (starting on bit 0, 4, 8, or 12) (@) 0-.80 ’>@ 10.24 - 10.56 () (@ | 10,24 15,84
1-bit field 0-.80 | 10.88(») (@ 10.88 16.16
Other fields — contained within one word 0-.80 | 11.20 - 15.68() @ | 11.20 20.96
Other fields — contained within two words 0-.80 J 11.52 - 16,000 @ | 11.52 21,28
CLF(™
16-bit field (starting on bit 0) 0-.80 ) 8.96 W@ 8.96 14.24
8-bit field (starting on bit 0 or 8) () 0-.80 ! 9.60 ~9.92(») @ 9.60 15.20
4-bit field (starting on bit 0, 4, 8, or 12) (@) 0-.80 9.60-9.2(O® | 9.60 15.20
1-bit field 0-.80 ,P@ 11,2000 ® 11.20 16.48
Other fields — contained within one word 0-.80 | 11.52-16.000 @ | 11.52 21.28
Other fields — contained within two words 0-.80 j 11.84-16.32(0) () | 11.84 21.60
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Table B~1, Instruction Preparation and Execution Times (in psecs.) (cont. )

Preparation Instruction
Instruction/Mnemonic Time @ Execution Time Minimum | Maximum
Field Addressing Instructions (cont, )
CAF()
16-bit field (starting on bit 0) 0-.80 ) 8.64 (» ® 8.64 13.92
8-bit field (starting bit 0 or 8) () 0-.80 10.24 - 10,56 (O (| 10.24 15.84
4-bit field (starting on bit 0, 4, 8, or 12) (® 0-.80 10.24 - 10,56 () () | 10.24 15.84
1-bit field 0-.80 'O 10.88 () 10.88 16.16
Other fields — contained within one word 0-.80 11,20-15.68(»(® | 11.20 20.96
Other fields — contained within two words 0-.80 J 11,52 - 16,00 @@ 11,52 21.28
SLF ()
16-bit field (starting on bit 0) 0-.80 ) 10.88 (O @ 10. 88 16.16
8-bit field (starting on bit 0 or 8) (@) 0-.80 10.56 - 10.88 () (® | 10.56 16.16
4=bit field (starting on bit 0,4, 8, or 12) (@) 0-.80 10.56 - 10.88 (O ® | 10.56 16,16
1-bit field 0-.80 & 11,200 ® 11.20 16.48
Other fields — contained within one word 0-.80 11.52 ~ 16.00 @ @ | 11.52 21.28
Other fields — contained within two words 0-.80 J 11.82-16.32®O® | 11.82 21.60
SOF (™
16-bit field (starting on bit 0) 0-.80 ) 9.44() ® 9. 44 14,72
8-bit field (starting on bit 0 or 8) () 0-.80 10.08 O @ 10.08 15.36
4-bit field (starting on bit 0, 4, 8, or 12)(® 0-.80 6 10.08 ® (® 10.08 15.36
1-bit field 0-.80 1n.68 ®@ 11.68 16.96
Other fields — contained within one word 0-.80 11.68 () @ 11.68 16.96
Other fields — contained within two words 0-.80 14.24 O @ 14.24 19.52
SZF ()
16-bit field (starting on bit 0) 0-.80 ) 9.20® 9.12 14,40
8-bit field (starting on bit 0 or 8) (@) 0-.80 9.76 (O ® 9.76 15,04
4-bit field (starting on bit 0, 4, 8, or 12)@ 0-.80 9.76 @ ® 9.76 15.04
1-bit field 0-.80 O 1M.36®OE 11.36 16.64
Other fields — contained within one word 0-.80 11.36 (» ® 11.36 16.64
Other fields — contained within two words 0-.80 | 13.60 (® ® 13. 60 18.88
STE(D
16-bit field (starting on bit 0) 0-.80) 10.40 O @ 10, 40 15.68
8-bit field (starting on bit 0 or 8) (@) 0-.80 10.72 - 11.04 O | 10.72 16.32
4-bit field (starting on bit 0, 4, 8, or 12)(@) 0-.80 10.72-11.36 O @ | 10.72 16,64
1-bit field 0-.80 O 13.28 - 18.08 () ® | 13.28 23.36
Other fields — contained within one word 0-.80 13.28 - 17.76 O @ | 13.28 23.04
Other fields — contained within two words 0-.80 16,16 -20.64 O® | 16.16 25.92
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Table B=1. Instruction Preparation and Execution Times (in psecs. ) (cont.)

Notes:

O]

OO OO 66606

Preparation time depends on effective address mode according to the following table:

R I X S Effective Address' Preparation Timing (psec.)
0 00 0 D 0
0 00 1 D + (B) 0
0 01 0 D + (X) 0
0 01 1 D + (B) + (X) .32
0 10 O (D) .80
0 10 1 (D + (B)) .80
0 11 0 (D) + (X) .80
0 11 1 (D + (B)) + (X) .80
1 00 (W) +SD 0
1 01 (W) + SD + (X) .32
1 10 (W) + SD) .80
11 ((W) + SD) + (X) .80

"Refer to "Effective Address Computation", Chapter 2, for definition of symbols.

For single register shift instructions, N is the number of bit positions shifted (0 < N < 15).
For double register shift instructions, N is the number of bit positions shifted (0 < N < 31).

For normalize shift instructions, N is the number of bit positions registers Eand Amust be shifted to generate
a normalized number (0 < N < 31).

For copy instructions, add .48 psec if the destination register is general register 1 (P).

Time shown for interrupt exit is for both the set exit WD instruction and the LDX instruction.

Preparation time varies according to the addressing mode specified by the R, I, X, and S bits of the second
word of the two-word instruction. Preparation times are the same as shown in note () above.

Instruction execution time is for the entire two-word instruction.

Two=register LDM and STM instructions which operate specifically on the E and A registers have the
same execution times as LDD and STD instructions, respectively.

LDM and STM instruction execution time depends on the number of registers to be stored according to
the following table:

Number of Registers LDM Instruction Execution Time STM Instruction Execution Time
2 4.64 5.28
3 5.44 6.08
4 6.08 6.72
5 6.88 7.52
6 7.68 8.32

Optional Instruction.

Generates approximately 81 psec reset pulse.
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Table B-1. Instruction Preparation and Execution Times (in psecs. ) (cont.)

Notes: (cont, )

@0 066 606

® ©

®

Assumes IOP is not busy. If IOP is busy, CPU must wait until the end of the current IOP service cycle.
Assumes external device controller, FSL is Function Strobe Leading Acknowledge,

Assumes standard interrupts. Add 2,88 psec for first group of 12 interrupt levels. Add 5.76 psec for
second group of 12 optional interrupt levels.

FSA is Function Strobe Acknowledge from external device,

Assumes standard interrupts, Add 1,92 psec for first group of 12 optional interrupt levels, Add 3,94 psec
for second group of optional interrupt levels, Also assumes not reentering floating point mode,

J is the number of prealignment shifts required. K is the number of postnormalization shifts required.

FMP and FDV instruction execution times are typical times based on a random distribution of ones and zeros
in the operands.

Time shown is for 16=bit field starting on bit 0. For a 16~bit field starting on some other bit position, use
the "other fields — contained within two words" execution times.

Time shown is for 8-bit field starting on bit 0 or 8, For an 8-bit field starting on some other bit position,
use the appropriate "other fields" execution times, depending on whether the 8-bit field is contained
within one memory word or two memory words,

Time shown is for 4-bit field starting on bit 0, 4, 8, or 12, For a 4-bit field starting on some other bit
position, use the appropriate "other fields" execution times, depending on whether the 4-bit field is con-
tained within one memory word or two memory words,

Add 0, 32 psec if register indexing is specified by the RX field in the instruction. Add 3,52 psec if self~-
incrementing is specified by the SX field in the instruction. Add 4.16 if self-decrementing is specified by
the SX field in the instruction. See the description of "Field Addressing Instructions™ in Chapter 3.
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APPENDIX C. READ/WRITE (MODE 0} INSTRUCTIONS

This appendix is comprised of eight tables. Tables C-1
through C-4 show the 256different function values fora READ
DIRECT (Mode 0) instruction. Tables C-5 through C-8 show
the 256 different function values for a WRITE DIRECT

(Mode 0) instruction. Each table consists of 64 function
values (assigned and unassigned). Unassigned function values
are reserved and must not be used. Attempting to use an un-
assigned function value results in a Machine Fault Interrupt.

Table C-1. READ DIRECT (Mode 0) Instruction, Function Values X'00'-X'3F'

Hexadecimal Value of Bits 12-15 of Function Field

0 1 2 3 4 5 6 7 8 9 A B C D E F

_ Copy contents of specified 4 Copy contents of specified
~ general register into A o /O channel register info A
®©
@ 0 P L T X B E A | X'08' [X'09' { X'OA' | X'0B' | X'0C' { X'0OD"' | X'OE' | X*OF"
= 3
E ;E Copy contents of specified I/O channel register into A
©
%.5 1] X0 X110 XP120 X113 [ X140 | X 15 | X 16 [ X117 X'18' [ X' 19 | X' TA' [ X'1B' [ X'IC' [ X'ID' [ X'1E' [ X'IF'
> 5
—é E Copy contents of specified 1/O channel register into A -
'gLs 2 | X'20"| X'21" | X'22' [ X'23' [ X'24' | X'25' | X'26' | X'27'] X'28' | X'29' | X'2A' | X'2B' | X'2C' | X'2D"'} X'2E' | X'2F"
©
c
E Copy contents of specified /O channel register into A

3 | X'30'| X'31' [ X'32" [ X'33" [ X'34" | X'35' | X'36' | X'37'| X'38' [ X'39" | X'3A" | X'3B" | X'3C' | X'3D" | X'3E' | X'3F"

Note: Except for function value X'00', which is unassigned, each of the function values designates a general
register or 1/O channel register whose contents are copied into the A register (accumulator). Function
values X'08' and X'09' are associated with the first /O channe! and function values X'3E' and X'3F'
are associated with the last I/O channel.

Toble C-2, READ DIRECT (Mode O) Instruction, Function Values X'40'-X'7F'

Hexadecimal Value of Bits 12-15 of Function Field
0 1 2 3 4 5 6 7 8 9 A B C D E F
£ 4 SIO | TIO TDV HIO
a ©
T
o i
B < 5 | AIO
o =
> ¢
ERRIC 1/0
S % RESET
L -
gn
v ™| 7
T
Note: Each of the assigned function values within this group is labeled with an appropriate mnemonic representing
an 1/O instruction. See Chapter 4 for further details.

92 Appendix C



Table C-3. READ DIRECT (Mode 0) Instruction, Function Values X'80'-X'BF'
Hexadecimal Value of Bits 12-15 of Function Field
0 1 2 3 4 5 6 7 8 9 A B C D E F
Copy FA FA GR=2 |GR=3 | GR-4 | GR=5 | GR=6 | FA
8 | (DATA) RX=1 | RX=1 RX=1
2 info A SX=0 | SX=1 SX=7
2
5 FA FA LDM | LDM |LDM | LDM| LDD, | FA FA FA LDM |LDM |LDM |LDM |SFM |FA
= RX=2 RX=2 | or or or or STD, | RX=2 | RX=3 | RX=3 | or or or or RX=3
< SX=0 SX=1|STM | STM | STM | STM | DAD, | SX=7 | SX=0 { SX=1 | STM |STM |STM | STM SX=7
ol B4 X=2 | X=2 | X=2 | X=2 | DSB, X=3 |X=3 |X= X=3
o Y=2 |Y¥=3 |Y=4 |Y=5|or Y=2 [Y=3 |Y=4 |Y=
:1 CPD
(s 2] x:2
£ Y=6
o0
o FA FA |LDM |LDM |LDM FA  |FA |FA |LDM |LDM FA
% RX=4 RX=4 | or or or RX=4 | RX=5 | RX=5 | or or RX=5
> | ALSX=0 | SX=1|STM |STM | STM SX=7 | SX=0 | SX=1| STM |STM SX=7
o X=4 | X=4 | X=4 X=5 |X=5
g Y=2 |Y=3 |Y=4 v=2 |vy=
o
©
2 FA FA LDM FA FA |FA FA
T RX=6 | RX=6|or RX=6 | RX=7 | RX=7 RX=7
B | SX=0 | SX=1|STM SX=7 | SX=0 | SX=1 SX=7
X=6
Y=2
Note: Except for function values X'80' (copy contents of DATA switches into A register) and X'9E' (SFM; Set Floating

Mode), which are one-word instructions, each of the other assigned function values within this group is the first
word of a two-word instruction sequence.

symbols and mnemonics:

CPD

DAD

DSB

FA

GR

LDD

LDM

RX

STD

STM

SX

A doubleword compare instruction,

A doubleword add instruction.

A doubleword subtract instruction.

A field addressing instruction,

These function values are identified and described with the following

A general register instruction, The accompanying value (2-6) indicates the general register that is used
as the accumulator,

A doubleword load instruction,

A multiple register (other than doubleword) load instruction.

For field addressing instructions, RX=1 signifies no indexing register, RX=2 through RX=7 signify the
indexing register.

A doubleword store instruction.

A multiple register (other than doubleword) store instruction.

For field addressing instructions, SX=0 signifies no self-indexing, SX=1 signifies self-incrementing,
SX=7 signifies self-decrementing,

For multiple register and doubleword instructions, the X value signifies the number of registers.

For multiple register and doubleword instructions, the Y value signifies the first register.
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Table C-4.

READ DIRECT (Mode 0) Instruction, Function Values X'CO'-X'FF’

Hexadecimal Value of Bits 12-15 of Function Field
0 1 2 3 4 51 6 7 8 9 | A B C D E F
Copy

— | S lesw
&
£ D
o O
5 @

U
S s Copy Copy Copy Copy
T2 (PSW1) (PSW1); (PSW1); (PSW1);
> GI|E
~ s reset EI resef 11 reset
g EI& I
og %
? Copy Copy Copy Copy
> £ | (PSWD) (PSW1); (PSW1); (PSW1);
T set EI set 11 set

EI&II

Note: Each of the assigned function values causes the contents of the first word of the Program Status Doubleword (PSW1)
to be copied into the A register (accumulator); zeros are copied into those positions that do not correspond to a
program status indicator. In addition, function values X'E4', X'E8', X'EC', X'F4', X'F8', and X'FC' permit the
El and II bits to be set or reset, as indicated.

Table C-5. WRITE DIRECT (Mode 0) Instruction, Function Values X'00'-X'3F'

Hexadecimal Value of Bits 12-15 of Function Field
0 1 2 3 4 5 6 7 8 9 A B C D E F

— (=~ Copy (A) into specified general register —m—t1-e——Copy (A) into specified 1/O channel register ——{
& 0 P L T X B E A | X'08' | X'09' | X'OA' X'OB'|X'0OC'|X'OD' [ X'OE' | X'OF'
E'g %3 — Copy (A) into specified I/O channel register -
o u; VP XTTO X T1 | XP120 X113 | X P14 XI5 [ X6 | XMH7' ) X' 18" { X' 19" | X' TA' [ X'1B' [X'1C" | X'ID' [X"1E' [ X' IF!
=2 0 .
GRS
z g - Copy (A) into specified 1/O channel register -
o
g fg 2 [ X'20"[ X'21' | X*22' X‘ZB'J X'24' 1 X'25' [ X'26' | X'27'| X'28' | X'29' [ X'2A" | X'2B' [ X'2C" | X'2D' [ X'2E' | X'2F'
]
§ — Copy (A) into specified 1/O channel register
T 3 X'304'l X'31"| X'32" | X'33" ‘X‘34' X'35" | X'36'| X'37'| X'38' | X'39" | X'3A" | X'3B' | X'3C' | X'3D"' | X'3E'| X'3F'

Note: Except for function value X'00', which is unassigned, each of the function values specifies either a general
or 1/Q channel register that is to receive a word of information, as copied from the A register. (These copy in-
structions are the converse of READ DIRECT (Mode 0) instructions with the same function values.)
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Table C-6. WRITE DIRECT (Mode 0) Instruction, Function Values X'40'-X'7F'

Hexadecimal Value of Bits 12-15 of Function Field

0 1 2 3 4 5 6 7 8 9 A B C D E F
———————— See Note 2 Bt See Note 3 -
ﬁ o4 P L T X B E A | X'08' | X'09'| X'0A" X'OBJ X'0C' | X'OD' | X'OE' | X'OF"
“ o
o i See Note 3 -
;’ % 5| x10 X'lﬂX'lZ' X3 | X 14 | X151 X6 [ X'17'| X118 | X' 19 | X' TA' [ X'IB' | X'IC* | X'ID' | X'1E' [ X'1F!
— C
.g E = See Note 3
Y o
1: — |6 | X20"| X'21" [ X'22" | X'23" | X'24' | X'25" | X'26' | X'27" X'28' 1 X'29' | X'2A' | X'2B' X'ZCJX'ZD' X'2E' | X'2F"
¢
T See Note 3 -
7] X'30'| X'31' | X'32' [ X'33' | X'34' | X'35' [ X'36' | X'37'| X'38' | X'39' [ X'3A' | X'3B' | X'3C' [X'BD' X'3E' | X'3F'
Notes: 1. Except for function value X'40', which is unassigned, the function value for a specified fegister is X'40'
greater than the address of the specified register,
2. Copy bit 0 of specified general register into Overflow; then reset bit 0 of specified general register to 0.
3. Copy bit 0 of specified 1/O channel register into Overflow; then reset bit 0 of specified 1/O channel regis-
ter to 0,
Table C-7. WRITE DIRECT (Mode 0) Instruction, Function Values X'80-X'BF'
Hexadecimal Value of Bits 12-15 of Function Field
0 1 2 3 4 5 6 7 8 9 A B C D E F
— 5 Copy (A) into specified protection register
é E 8 XIOI XI'II Xl2l X|3| x|4| Xlsl x|6| x'7‘ X|8’ x|9l XIAI X’Bl XICI XIDI XDE' XIFI
251,
5 ~
SZ (A
S%
B
Note: Except for function values X'80'-X'8F', all function values are unassigned.
Table C-8. WRITE DIRECT (Mode 0) Instruction, Function Values X'CO'-X'FF'
Hexadecimal Value of Bits 12-15 of Function Field
0 ! 2 3 4 5 6 7 8 9 A B C D| E F
2 Diagnose | Diagnose
=3 C [0P-1  |10P-2
S
35| | set Wit Set Exit
L% flip-flop condition
< S
EC £ Reset EI Reset I Reset EI
_§ ° to 0 to O &Ilto O
e
s Set EI Set 11 Set EI
F to 1 to 1 &1l to ]

Note: Except for the ten function values shown above, all function values within this group are unassigned.
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APPENDIX D. MODEL 4180 DIRECT MEMORY ADAPTER

INTRODUCTION

Model 4180 Direct Memory Adapter (DMA) is a 16-bit direct
memory interface that provides direct data interchange
between external user devices and the main memory of a
Xerox 530 computer system. A Xerox 530 system may in-
clude up to two Direct Memory Adapters (hereafter referred
to as DMA 1 and DMA 2), each of which has a maximum
information transfer rate of 1,250,000 bytes per second.

SYSTEM INTERFACES

As noted in Chapter 2, main memory in a Xerox 530 system
may be accessed via a maximum of four access paths to the
synchronous unit memory bus. One of these memory access
paths will be used by each Direct Memory Adapter attached
to the system. An asynchronous DMA user interface bus
provides the interconnection between the DMA and the

external device. The asynchronous operation between the
DMA and the external device eliminates the differences in

clock timing between the two devices. The physical con-
nection between the DMA and the external device is pro~
vided by two low-performance ribbon cables not more than

five feet in length. The DMA also interfaces with the CPU
by means of the internal DIO bus, and the Interrupt Master
through the system fault bus. These relationships are illus-
trated in Figure D-1.

MULTIPROCESSING

In multiprocessing applications, the external device to
which the DMA is connected will be the Dual Processor
Adapter of an alternate Xerox 530 system. The memory
modules of the system containing the DMA can then be ac-
cessed by the alternate CPU and by any unit (such as an
external 1OP) on the unit memory bus of the alternate system.
Note that in this particular configuration the system con-
taining the DMA cannot conversely access the memory of
the alternate system; bidirectional access requires the

Interrupt ‘

CPU Master

System Fault Bus

Internal DIC Bus

Unit Memory Bus

Second 8K
Memory Mod- |-
ule (optional)

Eighth 8K
Memory Mod-
ule (optional)

8K Memory
Module

Memory Bus

-

Memory
Control

-~
<

(Synchronous) (Synchronous) -
[Model 4180
Direct Memory
Adapter
External

DMA User Interface Bus

Device (e.g.,

(Asynchronous)

Dual Processor
Adapter)

Figure D-1. DMA Block Diagram
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presence of a Direct Memory Adapter and a Dual Processor
Adapter on each system. See Appendix E for a more de-
tailed description of the various possible dual processing
configurations.

If the external device connected to the DMA is something
other than a Dual Processor Adapter, then the DMA effec-
tively functions as if it were an Input/Output Coupler.

i FUNCTIONAL DESCRIPTION

A Direct Memory Adapter can be used to access any
Xerox 530 memory location in the range 0 - 64K, as re~-
quested by the external device. The DMA contains an
address register and a data register which enable it to per-
form the following three types of memory operations:

1. Read one word from memory.
2. Write one word to memory.

3. Write one byte to memory.

The DMA's internal watchdog timer will trigger a machine
fault interrupt if the DMA should remain in a non-idle

phase for more than 16.6 milliseconds. Other hardware

faults detected by the DMA or the system’s Memory Control
are reported to the system fault register and, where appro-
priate, to the external device (see "Fault Handling").

DMA CONTROLS

The Model 4180 Direct Memory Adapter responds to specially
coded READ/WRITE DIRECT instructions, and to the system
reset function, as described in the following sections.

INTERFACE CONTROLS

The DMA's connection with the various system buses can be
controlled by means of the following WRITE DIRECT (WD)

instructions.

ENABLING THE DMA

Before any memory accesses through the DMA can be
attempted, the DMA's connection to the unit memory bus,
the system fault bus, and the DMA user interface bus must
be enabled. This is accomplished by :xecuting a WRITE
DIRECT instruction with an effective address of X'BDEQ" for
DMA 1 or X'BDFO' for DMA 2.

DISABLING THE DMA

By executing a WRITE DIRECT instruction with an effective
address of X'BDE1' for DMA 1 or X'BDF1' for DMA 2, the
DMA is logically disconnected from the unit memory bus,
the system fault bus, and the DMA user interface bus. If a
memory access is in progress when the instruction is encoun-
tered, it is allowed to complete before the DMA is disabled.

90 19 60B-1(10/73)

ENABLING THE FAULT INTERFACE

Executing a WRITE DIRECT instruction with an effective ad-
dress of X'BDE2' for DMA 1 or X'BDF2' for DMA 2 enables
the DMA's interface to the system fault bus without affecting
the interface to other system buses. Subsequent hardware
errors detected by the DMA or by Memory Control will be
reported to the system fault register,

DISABLING THE FAULT INTERFACE

Executing a WRITE DIRECT instruction with an effective ad-
dress of X'BDE3' for DMA 1 or X'BDF3' for DMA 2 logically
disables the DMA from the system fault bus without affecting
the interface to other system buses. Subsequent hardware
errors will not be reported to the system fault register.

DIAGNOSTIC TURNAROCUND OPERATIONS

Diagnostic programs use the turnaround mode of operation
to test the address and data paths to and from the DMA, and
to simulate the sequence of operations occurring in a mem-
ory access from the external device. During turnaround op~
erations, the external device's power should be left on if
the two ribbon cables between it and the DMA remain con-
nected. If the external device's power must be turned off,
however, the cables must be disconnected before the DMA
can enter the turnaround mode. The instructions governing
diagnostic turnaround operations are described below.

ENABLE TURNAROUND MODE

The diagnostic turnaround mode is enabled by executing a
WRITE DIRECT instruction with an effective address of
X'BDE4' for DMA 1 or X'BDF4' for DMA 2. The effect of
the instruction is to logically disconnect the DMA user in-
terface bus from the external device and to couple it to the
internal DIO bus instead. This creates a turnaround path
from the CPU through the DMA and back to the CPU, allow-
ing the CPU to simulate memory requests from the external
device and test the results of the requests. This instruction
must be executed before any of the turnaround operations
(except loading the DMA address register) described below
may be attempted. If @ DMA memory access cycle is in
progress when the instruction is executed, it will be allowed
to complete before the turnaround mode is entered.

DISABLE TURNAROUND MODE

Executing a WRITE DIRECT instruction with an effective ad-
dress of X'BDE5S' for DMA 1 or X'BDF5’ for DMA 2 disables
the turnaround mode. The DMA user interface is recon-
nected to the external device, allowing normal operations
to be resumed.

LOAD DMA ADDRESS REGISTER
Executing a WRITE DIRECT instruction with an effective ad-
dress of X'BDES' for DMA 1 or X'BDF6' for DMA 2 causes

the contents of the CPU accumulator to be written into the
DMA's address register. Once the address register is loadec,
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a diagnostic program may then read from or write into the
specified memory location by using one of the following two
instructions. However, this instruction can be successfully
executed whether or not the DMA is in the diagnostic turn—
around mode.

WRITE WORD INTO MEMORY

A WRITE DIRECT instruction with an effective address of
X'BDE7' for DMA 1 or X'BDF7"' for DMA 2 causes the con-
tents of the CPU accumulator to be written into the memory
location pointed to by the DMA address register. The DMA
must be in the turnaround mode prior to the execution of
this WRITE DIRECT instruction; otherwise, a CPU fault con-
dition ("no DFSA response") will occur.

READ WORD FROM MEMORY

A READ DIRECT instruction with an effective address of
X'BDE7' for DMA 1 or X'BDF7’ for DMA 2 causes the con-
tents of the memory location pointed to by the DMA address
register to be loaded into the CPU accumulator. The DMA
must be in the turnaround mode prior to the execution of
this READ DIRECT instruction; otherwise, a CPU fault con-
dition ("no DFSA response") will occur.

FAULT INJECTION MODE

Fault injection is a mode of operation that is provided as a
hardware aid to diagnostic programs. When fault injection
is enabled, the DMA deliberately writes the wrong parity
bits (i.e., both byte parity bits) into memory whenever a
memory write request is executed. This will occur for both
normal user write requests and turnaround mode write re-
quests. A subsequent read request to the same memory
location will cause a read data parity error to be detected
and reported. Fault injection is controlled by the following
instructions.

ENABLE FAULT INJECTION

Executing a WRITE DIRECT instruction with an effective

address of X'BDE8' for DMA 1 or X'BDF8' for DMA 2 causes
the fault injection mode to be entered, and incorrect parity
bits to be written into memory whenever a memory write
request is executed,

DISABLE FAULT INJECTION
Executing a WRITE DIRECT instruction with an effective

address of X'BDE9' for DMA 1 or X'BDF9' for DMA 2 causes
the disabling of the fault injection mode of operation.

DMA STATUS WORD

The current operational status of the Direct Memory Adapter
is maintained in an internal status word. The information
contained in the DMA status word is listed in Table D-1.
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Table D-1. DMA Status Word

Bit Position
01234567 | Meaning
=== The external device is present

(i.e., the device is powered up,
the cables to the DMA are prop~-
erly connected, and the DMA
user interface bus is logically
enabled).

The external device is the Dual
Processor Adapter of an alternate
Xerox 530 system.

The DMA's interface with the sys-
tem fault bus is logically enabled.

The DMA's interface with the unit
memory bus is logically enabled.

The DMA user interface bus to
the external device is logically
enabled.

The DMA is in diagnostic turn-
around mode.

This DMA is DMA 2 (bit6 =0
for DMA 1).

The DMA is in fault injection
mode.

'Bits 8-15 are always zero.

The contents of the DMA status word may be examined by
executing a READ DIRECT instruction with an effective ad-
dress of X'BDEQ' for DMA 1 or X'BDFQ' for DMA 2. The
instruction causes the DMA status word to be loaded into
the CPU accumulator.

SYSTEM RESET

Whenever a system reset occurs (due to a PCP reset, an 1/0
reset instruction, or the system power-on sequence), the
DMA's interfaces with the unit memory bus, the system fault
bus, and the DMA user interface bus are effectively dis-
abled; a WRITE DIRECT instruction must be executed to
reenable the interfaces.

FAULT HANDLING

The hardware fault detection system basic to the Xerox 530
design is extended to the Direct Memory Adapter. All
faults connected with the operation of the DMA are reported
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through the fault interrupt system. Tests for faults occurring
in data transactions include the following:

® Memory address parity errors detected by memory
control.

® Memory module absent (i.e., nonexistent memory ad-
dress) detected by Memory Control.

e Read data parity errors detected by the DMA.

e  Write data parity errors transmitted from the external
device and detected by the DMA.

e  Address parity errors transmitted from the external de-
vice and detected by the DMA.

As discussed in Chapter 2, the general format for the 16 bits
of fault information that may be copied into the A register
is as follows:

Unit Fault Status

4oaoz

01 2 3 4 56 7 8 91011121314 15

A DMA fault is indicated whenever bit 5 of the fault infor-
mation word is set to 1. Bits 6 and 7 will then specify
which DMA caused the fault, bit 8 indicates the DMA fault
mode, and bits 9-15 describe the source of the fault. The
possible bit configurations for DMA faults are listed in
Table D-2. Fault reporting and special handling, if re-
quired, is listed in Table D-3 for each type of fault.

NONDATA REQUEST

The external device can issue a special nondata request,
which does not access memory, in order to effectively
interrupt the current instruction stream being processed by
the CPU. This request causes a machine fault interrupt to
be triggered, with bit 12 of the Mode 2 fault field set to 1.
On sensing this special fault, the software interrupt handling
routine may then perform whatever operations the user deems
appropriate; e.g., the routine may access certain memory
locations for information previously stored by the external
device. If the external device is a Dual Processor Adapter,
the nondata request is programmed by means of a WRITE
DIRECT instruction (effective address X'BDD3') from the
CPU to the DPA in the alternate system. See Appendix E
for additional information.
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Table D-2. DMA Fault Status Values

Bit Position

6789101

12131415

Type of Fault

10--- -
01--- -
11--- -

DMA 1 fault.
DMA 2 fault.

DMA 1 fault and DMA 2
fault. The remaining mode
and fault status information
(bits 8-15) is not valid in
this case (the information
is merged).

]
1
o
p—
1
!

MODE 1

For Mode 1 faults, bits
9-11 will contain the most
significant three bits of the
memory address associated
with the fault.

DMA address register parity
error (diagnostic turnaround
mode only).

Memory module absent de-
tected by Memory Control
(i.e., nonexistent memory
address) .

Memory address parity
error detected by Memory
Control .

Memory read data parity
errordetected by the DMA.

o011 - -

MODE 2

Undefined internal DIO
address.

DMA phase sequence error

(irrecoverable internal
DMA fault).

DMA watchdog timer
runout.

External device error.

Internal DIO bus write
data parity error detected
by the DMA.

Memory address parity
error from the user inter~
face bus detected by the
DMA.

Memory write data parity
error from the user inter-
face bus detected by the
DMA.
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Table D-3. DMA Fault Reporting and Special Handling

Fault

Reported To

Special Handling

DMA address register parity error
(turnaround mode only).

Memory module absent.

Memory address parity error de-
tected by Memory Control.
Memory read data porif); error
detected by DMA.

Undefined internal DIO address.
DMA phase sequence error.

DMA watchdog timer runout.

External device error.

Internal DIO bus write data
parity error.

Memory address parity error
detected by the DMA.

Memory write data parity error
detected by the DMA.

System Fault Register.
System Fault Register and
external device.t

System Fault Register and
external device.'

System Fault Register and
external device.'

System Fault Register.
System Fault Register.

System Fault Register.

System Fault Register.

System Fault Register.

System Fault Register and
external device.

System Fault Register and
external device.'

None.

None.

None.

Send read data and parity bits as is to
external device (in normal mode) or to
CPU (in diagnostic turnaround mode}.
None.

Disable DMA user interface bus.

Remain in timed-out state until reset by
CPU. Disable DMA user interface bus.

None.

None.

Send address and parity bits as is to
memory (Memory Control will detect

the error and abort the write operation).

Send write data as is, but send correct
parity bits to memory.

'If the external device is a Dual Processor Adapter, the error will also be reported, through the DPA, to the alter-
nate system. See Appendix E for additional information.
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APPENDIX E. MODEL 4185 DUAL PROCESSOR ADAPTER

INTRODUCTION

Combining two processors into one multiprocessor presents
two basic problems: The two systems are independently
clocked, and the accessing system must distinguish between
its own internal memory and that of the system it accesses.
The problem of asynchronous clocks is solved by the asyn-
chronous memory interface residing in the accessed system,
called the Direct Memory Adapter (DMA) and described in
Appendix D. The problem of controlling memory access in
the combined systems is handled by the Dual Processor
Adapter (DPA), described in this appendix.

Model 4185 Dual Processor Adapter is the interface between
the Xerox 530 computer in which it resides and an alternate
system whose memory it may access either in whole or in
part. The alternate system may be either another Xerox 530
or a special-design 32-bit memory system. Requests for ac-
cess to the alternate system's memory may come from any
user on the accessing system's Unit Memory Bus (UMB) or
the CPU, and are all under the control of the system's
Memory Control Module (MCM), as shown in the block
diagram, Figure E-1. Access to a specific location in the
alternate system's memory is controlled by the DPA's mapping
feature which, in turn, is controlled jointly by the CPU and
the access requestor. Requestors have full read access
(words only) and full or partial (words or bytes) write access
to the alternate system. Conflicting memory addresses are
not permitted. If the requested location in the accessed
memory duplicates an internal memory location, then the
internal memory location will be accessed.

« CONFIGURATION CONSTRAINTS

The system inwhich the DPA resides must have not less than
8K and, because of electrical constraints, not more than

56K of internal memory. The combined total of internal
memory and accessible memory in an alternate system can-
not exceed 64K, the maximum number of memory locations
that the Xerox 530 can address. Internal memory must,
therefore, be reduced by the amount by which the combined
total exceeds 64K.

As illustrated in Figure E-2, each DPA can connect to one,
and only one, alternate system. Two systems may share the
memory of one alternate system, and the alternate system
may itself be equipped with a DPA via which it connects
either to a third alternate system or back to the first system
for reciprocal sharing of the two systems' memories. Serial
linking of several computers is theoretically possible but
not practical because of performance degradation and in-
herent programming difficulties. But the other three con-
figurations mentioned above are basic and typical.

Configuration 1 allows system B to access any portion of
system A's memory, but the converse is not true. Config-
uration II allows systems B and C to access any portion of
system A. And Configuration III allows systems A and B to
share each other's memories, but not concurrently. A bus
conflict will occur, resulting in a watchdog timer runout in
one or both systems, if system A attempts to access system B
while system B is in the process of accessing system A,
or vice versa.

MEMORY OPERATION

The Memory Control Module (MCM) presents the addresses
of all memory requests to the DPA. The DPA determines
whether a requested address refers to an internal or an ex-
ternal memory location, and transmits those that refer to an
external location to the external asynchronous memory in-
terface, the Dual Memory Adapter (DMA). Internal memory

To
DMA of
Alternate << Low Performance Bus DPA Core Memory
Xerox 530 Ma Module
System P (CMM)
I
Unit Memory Bus
. Internal Direct Input/Output (DIO) ’
Memory
Control
CcPU Module
(MCM)

Figure E-1. Relationship of DPA to Host and Alternate System
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addresses fail to activate the DPAand are treated normally,
as if the DPA module were not resident in the system. Sim-
‘ilarly, if the module is actually removed, the system reverts
to its:nprmal operation, returning an MMA (Memory Module
Absent)indication to the requestor of a nonexistent memory
address. AMemory Transaction Complete (MTC) indication
is:returned to the user (by the DPA via the MCM) at the
conclusion of the memory cycle.

MAPPING
The DPA containg 16 map registers for mapping every request
‘for an external memory address. The requestor's virtual ad-
dress space (above internal memory) is organized in blocks
of 4K, one block for each register. Theseblocksare mapped
into equivalent blacks of 4K of actual memory space in an
alternate Xerox 530 system. The appropriate map register

is selected by the four most significant bits of the requested |
address. The 12 low-order bits of the address word are trans- |
mitted unmodified to the alternate system's interfoce, while
the high-order bits are obtained from the map register.

Control over the contents of the registers is exercised by the
CPU via its internal Direct Input/Output (DIO) bus. Spe-
cially coded READ/WRITE DIRECT instructions are used to
initialize, read, or alter the register contents. In changing
the map, the program must guard against interfering with
another user's memory cycle currently in progress (e.g., an
10P's). A memory cycle is always completed before the
map may be accessed.

To access the map (READ/WRITE DIRECT), the CPU uses of-
fective address X'BDCx', where x designates the DPA map

address register that is either to be read into the accwmulator
or loaded with the contents of the accumulator. At the end'

of the READ/WRITE DIRECT cycis, the selected map sagister
Systein B ' "

‘ DPA

. System A
S
DMA
|
UMB |
[ I
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Figure E-2. Typical System Configurations
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will contain the most significant portion of the virtual

memory address (i.e., effective 4K block number): Four

bits for alternate Xerox 530 external memory or nine bits

for a 32-bit external memory system. The format of the
register contents describing this block address value is

shown below.

0 0 L

0 6 7 15

L represents the output of the map. If the alternate system
is a Xerox 530, bits 12 through 15 represent the four most
significant bits of the requested address, corresponding to
AQ0 to AQ3 of the alternate system's memory address. In

a special-design 32-bit alternate system, all nine bits of

L represent the most significant bits of the memory address.
Bits Othrough éare always returned as zero data. Similarly,
if the alternate system is a Xerox 530, bits 7 through 11
must always be coded as zeros to avoid a parity error. This
requirement may be violated as a means of intentionally in-
jecting a parity error for diagnostic purposes. A map reg-
ister parity error results in inhibiting transmission of the
memory request to the external system, with appropriate
notification to the requestor.

FAULTS

The DPA records five types of faults in its internal fault
register (i.e., the DPA status word):

1. Map address parity error (MAPE).

2. Read data parity error (MRDPE).

3. Write data parity error (MWDPE).

4. Watchdog timer runout (WDT).

5. External device not here (EXTDNH).

In addition, it receives and transmits the Memory Module
Absent (MMA) and Memory Parity Error (MAPE) indications
from the alternate system and transmits them to the user/
requestor (via the system and CPU fault registers) without
storing them in the internal DPA register.

MAP ADDRESS PARITY ERRORS (MAPE)

Two types of address parity errors are distinguished: MAP-PE
which is internal to the DPA and results in inhibiting trans-
mission of the memory request to the alternate system, and
MAPE which is generated by the DMA in the alternate sys=
tem on wrong parity for the entire address. For diagnostic
purposes, MAP-PE can be induced by an odd number of ones
in bits O to 6 which are normally returned as zeros. A map
address parity error for the entire address (MAPE) is induced
and will be detected by the DMA in a Xerox 530 alternate
system if WD instruction places an odd number of ones in
bits 7 through 11 of the map register word. Either fauit is
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reported as MAPE to the requestor, but only MAP-PE causes
the MAPE fault flag (bit 8) to be set in the DPA status word.

In the event of a map address parity error, the DPA forces
both MAPE and MMA (Memory Module Absent) back to the
requestor. The combination of MAPE and MMA results in

a unique fault status in the system fault register, since the
MCM generates only one or the other, MAPE or MMA,
never both together. The unusual MAPE-MMA configuration
alerts the system to the fact that the DPA has detected an
otherwise unspecified fault. As determined by an error-
analysis program, the system can then interrogate the DPA
for further details. It should be noted that this special fault-
reporting configuration applies only to the system fault reg-
ister, not to the CPUs. The CPU reports only MMA to the
fault bus after receiving MAPE-MMA from the DPA.

READ DATA PARITY ERROR (MRDPE)

Since the DPA detects read data parity errors late in the
memory cycle, it transmits this data to the requestor un-
altered, including the original byte parity. An error in
the byte parity merely causes the appropriate fault flag
(bit 10) to be set, provided the data parity checking logic
is enabled. The DPA takes no other action.

WRITE DATA PARITY ERROR (MWDPE)

With a write data parity error, the DPA transmits the data to
the alternate system with corrected parity but drives MMA
and MAPE to the user and sets the appropriate fault flag
(bit 11).

WATCHDOG TIMER RUN-OUT (WDT)

After 41 microseconds, the DPA forces MMA, MAPE, and
MTC (Memory Transaction Complete) to the user and sets
the fault flag (bit 9) in the DPA status word. This con-
cludes the memory cycle and makes the DPA available for
the next request.

EXTERNAL DEVICE NOT HERE (EXTDNH)

If a programmed disable or a power failure disables the
DMA in the alternate system during a memory cycle, bit 12
of the DPA status word is set to "1" and the DPA inhibits all
further memory requests, even after the DMA has been reen-
abled, until bit 12 is reset by a READ DIRECT (see below).

MULTIPLE FAULTS

Detecting certain faults precludes the possibility of detect-
ing others. These preclusive faults are WDT, MAP-PE,
MRDPE, and EXTDNH. Specifically, detecting a watchdog
timer runout, for example, precludes the possibility of sub-
sequently detecting any other fault associated with the same
memory request cycle. Similarly, since MAP-PE inhibits
transmission of the memory request to the alternate system,
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this precludes the possibility of any subsequent error
detection. Read data parity errors are detected subsequent
to the completion of the memory access, and EXTDNH in-
hibits access to the alternate system. (Both are therefore
preclusive.) The only multiple-error combinations the DPA
is capable of detecting and logging during the course of a
memory cycle are errors associated with write data parity:

1. MWDPE and MAP-PE
2. MWDPE and WDT
3. MWDPE and EXTDNH,

because this check is not affected by other faults. The
suppression of read data parity checking following the de-
tection of one of the other faults eliminates what would in
this case be redundant and meaningless fault reporting by
the DPA.

DPA STATUS MONITORING

Monitoring DPA status includes both reading the DPA status
word into the CPU accumulator and optionally altering it
by a write operation, using READ/WRITE DIRECT instruc-
tions in conjunction with effective address X'BDDO'. The
structure of the status word is shown below.

., NN M 2 Jw]E] N
%ﬁwsﬂmc‘:ee#\g‘
i NI AR NS

01 2 3456 7 8

9 101112 131415

where

bit0 =1 if the alternate device is disabled, either
by being physically disconnected, or programmat-
ically disabled, or by absence of power.

bit0 =0 if the alternate system is connected and
enabled, and power is on.

bit 1 =1
of responding to memory requests and appearing
nonexistent to the memory system, though still
capable, of course, of communicating on the DIO

bus.

bit2=0 if the DPA watchdog timer is enabled,
thereby preventing the alternate system from
“hanging up" the accessing system through a mal-
function. The DPA retums control to its host sys-
tem 41 microsecands after the memory request has
been initiated, if no Memory Transaction Com=
plete (MTC) is received before that time.

bit 2 = 1 if the watchdog timer is disabled, usually

for diagnostic purposes to allow the DPA to re-
main in its "hung=-up" state.
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if the DPA is in a disabled state, incapable

bit 3=0  if the error detection logic for memory
read/write data is enabled. Parity is checked for
write on the byte indicated by the memory write
byte lines, and for read on both bytes.

bit 3 =1 if parity error detection logic is disabled,
‘allowing the program the option of suppressing
what it might consider secondary error reporting.

bit 4 =0 if both the DPA and the alternate device
have been continuously enabled.

bit 4 =1 if either the DPA or the DMA is disabled
or, if both are enabled, if the DMA was at one
time temgorarily disabled before being reenabled.
This notifies the program that a temporary disrup-
tion occurred in the alternate system (power tran-
sient, for example) after the DPA and the DMA
became originally enabled. In this state the DPA
does not allow any memory accesses to the alter-
nate system, causing the MCM fo treat such access
attempts as nonexistent memory addresses. A
READ/WRITE DIRECT instruction is required to re-
set this condition.

bit 8 (MAPE) =1 if a DPA map parity error has oc-
curred; =0 following reset.

bit 9 (WDT) =1 if watchdog timer has run out (41
microseconds after memory request); =0 following
reset.

bit 10 (MRDPE) =1  if a read data parity error has
occurred; =0 following reset.

bit 11 (MWDPE) =1 if a write data parity error has
occurred; =0 following reset.

bit 12 (EXTNH) =1 if a disabling malfunction has
occurred in the altemate system during a memory
cycle; =0 following reset.

bit 15 (SF) =1 if a fault has occurred subsequent
to the operation to which the DPA status report is
pertinent, e.g., a read data parity error; =0 fol-
lowing reset.

Bits 5-7, 13, and 14 are unused and ‘always returned as
zeros. If any of the fault flags (bits 8 - 11) have been set
to one by the detection of an error, they remain frozen until
they are reset, either by o X*BDDO' DIO instruction or CPU
reset. This is the reason for bit 15, which is set for errors
detected in subsequent memory cycles.

The READ DIRECT X'BDDO' resets the DPA fault register
after its contents have been transferred to the CPU accumu-
lator. A WRITE DIRECT X'BDDO’ resets the DPA fault flags
and alters the contents of bit positions 1, 2, 3, and 4 as a
function of the contents of the accumulator to disable or
enable the DPA (bit position 1), the watchdog timer (bit
position 2), the data parity test (bit position 3) and the
Continuously Enabled flag (bit 4). All other bit positions
are unused and unaffected.
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RAPID DPA ENABLE/DISABLE

Two WRITE DIRECT instructions are available for rapid
system reconfiguration:

1. Effective address X'BDD1' — disable DPA only. Con-
tents of accumulator not used. DPA fault flags not
reset.

2. Effective address X'BDD2' — enable DPA only. Con-
tents of accumulator not used. DPA fault flags are
reset.

DPA RESET

CPU reset or Power-on will each, individually or jointly,
trigger the CPU to generate the CPURST signal which resets
the DPA. Following reset, the status of the DPA will be as
shown: )

X11j0(0}1 m 0 0
01 2'3 4 5 8 15
where
bit 0 remains unchanged because the alternate sys-
tem does not receive reset through the DPA.

bit1=1  disabling DPA.

bit2=0 enabling Watchdog Timer.

bit 3=0 enabling read/write parity test.

bit 4 =1 disabling access to DMA.

bits8-15=0 all fault flags being reset.

DMA FAULT INJECT

AWRITE DIRECT instruction using effective address X'BDD3'
causes one of two machine fault interrupts to be triggered
in the alternate system: X'0608' for DMA 1, or X'0508' for

DMA 2. The contents of the CPU accumulator are not used.
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The DMA must be enabled for the instructionto be executed.
If it is not, or incapable of responding because of a malfunc-
tion, then the DPA times out after 41 microseconds and re-
turns to idle, ready to service subsequent memory requests.
The CPU will in this case have no Function Strobe Acknowi-
edge (FSA) response trap. No fault flags are set as a result
of this transaction.

WATCHDOG TIMER

Any DPA-associated memory transaction requiring more than
41 microseconds causes the watchdog timer to set the fault
flag in the DPA (bit 9 of DPA status word) and release the
current user. This frees the system to at least use internal
memory, if the alternate system is unavailable as a result of
a mulfunction that originally caused the watchdog timer
runout.

THROUGHPUT

Table E~1 shows access and cycle times of the DPA con-
nected to the DMA of an alternate Xerox 530 processing
system. No memory interference is assumed.

Table E-1. DPA Access and Cycle Times

Worst Case Nominal

Memory
Cycle Access |Cycle  [Access Cycle

160 clock|13 clocks|{14 clocks|12.5 clocks|12.94 clocks
cMmf [2.08 ps [2.24 ps [2.00 s [2.07 s

Worst case times assume worst case circuit and cable
delays, " and worst case alignment of clocks between
systems.

The nominal case assumes average circuit and cable
delays, and that the clock period of the DPA is not
exactly equal to that of the DMA.

tCore Memory Module.

tt . .
Based on maximum cable length of five feet.
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