


















































































































































































ICC CI-'ARACTER DATA RECCRC 80K f'1EMORY 

PRCCESS TIME TAPE TIME MAXIMUM NUMBER OF 
cw MRG �~�C�.� MILLISECCNDS/R[CORC MILLISECCNDS/RECORD RECORDS IN THOUSANDS 
LNG ORO Cf G PH PH2 PH3 733C 729 II 729 IV 729 V 200 CPI 550 CPI 800 CPI 

<;9 495 14.C2 3 • .,5 5.51 5.21 2.51 1.67 1.81 54 147 208 
99 495 24.30 5.57 8.73 5.21 2.5L 1. 67 1.81 54 147 208 
82 57'. 15.56 4.14 5.69 5.25 2.51 1.69 1.83 108 292 411 
82 574 71.12 6.a2 9.97 5.25 2.53 1. 69 1.83 108 292 411 
64 576 15.59 4.32 5.85 5.32 2.57 1.71 1. 87 161 432 605 
64 576 27.16 7. CJ6 11. ca 5.32 2.57 1.71 1.87 161 432 605 
52 572 15.54 4.4" 6.Gl 5.39 2.61 1. 74 1.91 214 568 791 
52 572 27. 11 9.C2 12.12 5.39 2.61 1.74 1.91 214 568 791 

IC 99 495 1l1.38 3.S9 5.60 5.21 2.51 1.67 1.81 54 147 208 
9S 495 24.'31 5.6C 8.78 5.21 2.51 1.67 1.81 54 147 208 
82 574 15.96 4.21 5.81 5.25 2.53 1.69 1.83 108 292 411 
82 574 27.37 6.87 lC.C4 5.25 2.51 1.69 1.83 108 292 411 

4 64 5n 16.00 4.42 6.CO 5.32 2.57 1.71 1.87 161 432 605 
64 576 n.4C a.C2 11.17 5.32 2.57 1.71 1.87 161 432 605 
52 572 15.95 4.62 6.18 5.39 2.61 1. 74 1.91 214 568 791 
52 572 27.35 9.1C 12.22 5.39 2.61 1. 74 1.91 214 568 791 

2C 99 495 15.10 4.C8 5.78 5.21 2.51 1.67 1.81 54 147 208 
9S 495 24.95 5.65 8.89 5.21 2.51 1. 6 7 1.81 54 147 208 
82 574 16.77 4.36 6.C5 5.25 2.53 1.69 1.83 108 292 411 
82 574 27.85 6.96 10.18 5.25 2.53 1.69 1.83 108 292 411 
64 576 16.81 4.62 6.29 5.32 2.57 1.71 1.07 161 It 32 605 
64 576 27. 89 8. 14 11.34 5.32 2.57 1.71 1.87 161 432 60.5 
52 572 16.76 4.87 6.52 5.39 2.61 1.74 1.91 214 568 791 
52 572 27.84 9.25 12.42 5.39 2.61 1.74 1.91 214 568 791 

4C 2 C;'1 495 16.54 4.27 6.14 5.21 2.51 1. 67 1.81 54 147 208 
9<; 495 25.81 5.76 9.11 5.21 2.51 1.67 1.81 54 147 208 
82 574 18.39 4.66 6.53 5.25 2.53 1.69 1.83 108 292 411 
82 574 28.82 7. 14 lC.47 5.25 2.53 1.69 1.83 108 292 411 
64 576 18.43 5.C3 6.88 5.32 2.57 1.71 1.87 161 432 605 
64 576 28.86 8.19 11.69 5.32 2.57 1.71 1.87 161 432 605 
52 572 18.38 5.38 7.20 5.3'1 2.61 1. 74 1.91 214 568 791 
52 572 28.81 9.56 12.83 5.3CJ 2.61 1.74 1.91 21ft 568 791 

12C CI-'ARAC TER CATA RECCKC 80K MEMORY 

PRCCESS TItJE TAPE T 1/lIE MAXIMUM NUMBER OF 
CII fJRG H. �~�I�L�L�I�S�E�C�C�~�C�S�/�R�[�C�C�R�C� tJILLISECCNDS/RECORD RECORDS IN THOUSANDS 
�l�~�G� CRC CF G PH PI-' 2 PI-' 3 733C 729 I I 729 I V 729 V 200 CPI 556 C PI 800 CPI 

83 415 13.12 4.37 5.92 6.25 3.01 2.01 2.17 45 122 11.3 
83 415 23.40 6.CO 9.14 6.25 3.01 2.01 2.11 45 122 173 
68 476 13.98 4.56 6.1C 6.3C 3.04 2.03 2.20 90 243 .342 
68 476 24.26 7.26 10.38 6.30 3.04 2.03 2.20 90 243 342 

4 53 477 14.00 4.75 6.27 6.38 3.08 2.06 2.24 134 360 504 
53 477 24.29 8.4C 11.49 6.38 3.08 2.06 2.24 134 360 504 
44 484 14.11 4.93 6.43 6.4l: 3.13 2.09 2.29 178 474 660 
44 484 2' •• 39 9.47 12.53 6.46 3.13 2.09 2.29 178 474 660 

le 2 83 415 13.48 4.42 6.01 6.25 3.01 2.01 2.17 45 122 L 73 
83 415 23.62 6.C2 9. 19 6.25 3.01 2.01 2.17 45 122 173 
68 476 14.34 4.64 6.22 6.30 3.04 2.03 2.20 90 243 342 
68 476 24.48 7.3C 10.45 6.30 3.04 2.03 2.20 90 243 342 

4 53 477 14.36 4.85 6.42 6.38 3.08 2.06 2.24 134 360 504 
53 477 �2�4�.�~�0� 8.46 11.58 6.38 3.08 2.06 2.24 134 360 504 
44 484 14.47 5.C6 6.60 6.46 3.13 2.09 2.29 178 474 660 
44 484 24.61 9.54 12.64 6.46 3.13 2.09 2.29 178 474 660 

2C 2 83 415 14.20 4.51 6.19 6.25 3.01 2.01 2.17 45 122 173 
83 415 24.05 6.08 9.30 6.25 3.01 2.01 2.17 45 122 173 
68 476 15.C6 4.79 6.46 6.30 3.04 2.03 2.20 90 243 342 
68 476 24.91 7.39 10.59 6.30 3.04 2.03 2.20 90 243 342 
53 477 15.08 5.C6 6.71 6.38 3.08 2.06 2.24 134 360 504 
53 477 24.9.3 8.58 11.76 6.38 .3.08 2.06 2.24 134 360 504 
44 484 15.19 5.:U 6.94 6.46 3.13 2.09 2.29 178 474 660 
44 484 25.04 9.69 12.84 6.46 3.13 2.09 2.29 L 78 474 660 

itC 1 83 415 15.64 4.69 6.55 6.25 3.01 2.01 2.17 45 122 173 
5 83 415 24.92 6.19 9.52 6.25 3.01 2.01 2.17 45 122 173 

3 1 68 476 16.50 5.C9 6.94 6.30 3.04 2.03 2.20 90 243 342 
5 68 476 25.78 7.57 10.88 6.30 3.04 2.03 2.20 90 243 342 

4 1 53 477 16.52 5.47 7.29 6.38 3.08 2.06 2.24 134 360 504 
5 53 477 25.80 8.83 12.11 6.38 3.08 2.06 2.24 134 360 504 
1 44 484 16.63 5.82 7.62 6.46 3.13 2.09 2.29 118 474 660 

44 484 25.90 10.00 13.25 6.46 3.13 2.09 2.29 178 474 660 
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140 Cl-ARACTER DATA RECORD SOK tJEMORY 

PROCESS TIME TAPE TIME MAXI~UM NUMBER OF 
CW MRG NO. tJILLISECONDS/RECORD MILLISECONDS/RECORD RECORDS IN THOUSANDS 
,lNC; ORO CF G PHI PH2 PH3 7330 729 I 1 729 IV 729 V 200 CPI 556 CPI 800 CPI 

1 71 355 12.51 4.79 6.34 7.29 3.51 2.34 2.53 38 105 148 
5 71 355 22.79 6.42 9.':i5 7.29 3.51 2.34 2.53 38 105 148 
1 58 4C6 13.23 4.99 6.52 7.35 3.55 2.37 2.57 77 208 293 

58 406 23.51 7.69 10.79 7.35 3.55 2.37 2.5-' 77 208 293 
4 46 414 13.35 5.18 6.69 7.44 3.59 2.40 2.61 115 308 432 

46 414 23.63 8./,!4 11. <;1 7.44 3.59 2.40 2.61 115 308 432 
37 444 13.78 5.37 6.85 7.55 3.65 2.44 2.67 153 405 565 
37 444 24.C6 9.92 12.95 7.55 3.65 2.44 2.67 153 405 565 

JC 1 71 355 12.87 4.84 6.43 7.29 3.51 2.34 2.53 38 105 148 
5 71 355 23.01 6.45 9.61 7.29 3.51 2.34 2.53 38 105 148 
1 58 406 13.59 5.07 6.64 7.3':i 3.55 2.37 2.57 77 208 293 
5 58 406 23.73 7.73 10.87 7.35 3.55 2.37 2.57 77 208 293 

4 1 46 414 13.71 5.29 6.83 7.44 3.59 2.40 2.61 115 308 432 
5 46 414 23.85 8.90 12.00 7.44 3.59 2.40 2.61 115 308 432 
1 37 444 14.14 5.50 7.C2 7.55 3.65 2.44 2.67 153 405 565 
5 37 444 24.28 9.99 13.06 7.55 3.65 2.44 2.67 153 405 565 

H 2 1 71 355 13.59 4.93 6.61 7.29 3.51 2.34 2.53 38 105 148 
5 71 355 23.44 6.51 9.71 7.29 3.51 2.34 2.53 38 105 148 
1 58 406 14.31 5.22 6.88 7.35 3.55 2.37 2.57 77 208 293 
5 58 406 2', • 16 7.82 11.01 7.35 3.55 2.37 2.57 77 208 293 

4 1 46 414 14.43 5.49 7.12 7.44 3.59 2.40 2.61 115 308 432 
5 46 fd4 24.28 9.C2 12.17 7.44 3.59 2.40 2.61 115 308 432 
1 37 444 14.86 5.75 7.36 7.55 3.65 2.44 2.67 153 405 565 
5 37 444 24.71 10.15 13.26 7.55 3.65 2.44 2.67 153 405 565 

4C 1 71 355 15.03 5.11 6.97 7.29 3.51 2.34 2.53 38 105 148 
5 71 355 24.30 6.62 9.93 7.29 3.51 2.34 2.53 38 105 148 

3 1 58 406 15.75 5.52 7.36 7.35 3.55 2.37 2.57 77 208 293 
5 58 406 25.02 8.00 11.30 7.35 3.55 2.37 2.57 77 208 293 

4 1 46 414 15.87 5.90 7.71 7.44 3.59 2.40 2.61 1L5 308 432 
5 46 414 25.14 9.26 12.52 7.44 3.59 2.40 2.61 115 308 432 
1 37 444 16.30 6.26 8.04 7.55 3.65 2.44 2.67 153 405 565 
5 37 444 25.57 lC.45 13.67 7.55 - 3.65 2.44 2.67 153 405 565 

160 CI-IIRACTER CATA RECORe 80K MEMORY 

PRCCESS TI~E TAPE TIME MAXI~UM NUMBER OF 
Ck to'RG I\C. MllLISECCNCS/RECORD ,..ILLISECONDS/RECORD RCCORDS IN THOUSANDS 
LNG eRC CF G PH 1 PH2 PH3 7330 729 II 729 IV 729 V 200 CPI 556 CPI 800 CPI 

1 62 31C 12.11 5.22 6.75 8.33 4.01 2.68 2.89 33 92 130 
.5 62 31C 22.39 6.85 9.96 8.33 4.01 2.68 2.89 33 92 130 
1 51 357 12.77 5.42 6.93 8.40 4.05 2.70 2.93 67 182 257 
5 51 357 23.06 8.12 11.21 8.40 4.05 2.70 2.93 67 182 257 

4 1 4C 36C 12.82 5.62 7.1C 8.51 4.11 2.74 2.99 101 270 378 
5 4C 360 23.11 9.28 12.33 8.51 4.11 2.74 2.99 101 270 378 
1 33 363 12.88 5.81 7.26 8.62 4.17 2.78 3.05 134 355 495 
5 33 363 23.16 '10.36 13.37 8.62 4.17 2.78 3.05 134 355 495 

Ie 2 62 31C 12.47 5.26 6.84 8.33 4.01 2.68 2.89 33 92 130 
62 310 22.61 6.88 10.C2 8.33 4.01 2.68 2.89 33 92 130 
51 357 13.13 5.49 7.05 8.40 4.05 2.70 2.93 67 182 251 
51 357 23.27 8.16 11.28 8.4C 4.05 2.70 2.93 67 182 251 

4 4C 36C 13.18 5.72 7.25 8.51 4.11 2.74 2.99 101 270 378 
4C 360 23.32 9.34 12.41 8.51 4.11 2.74 2.99 101 270 318 
33 363 13.24 5.93 7.43 8.62 4.17 2.78 3.05 134 355 495 
33 363 23.37 10.43 13.47 8.62 4.17 2.78 3.05 134 355 495 

:2C 2 62 310 13.19 5.35 7.C2 8.33 4.01 2.68 2.89 33 92 130 
62 31C 23.04 6.93 10.13 8.33 4.01 2.68 2.89 33 92 130 
51 357 13.85 5.64 7.29 8.40 4.05 2.70 2.93 67 182 257 
51 357 23.70 8.25 11.42 8.40 4.05' 2.70 2.93 67 182 257 
4C 36C 13.90 5.93 7.54 8.51 4.11 2.74 2.99 101 270 378 
4C 360 23.75 9.46 12.59 8.51 4.11 2.74 2.99 101 270 378 
33 363 13.96 6.19 7.78 8.62 4.17 2.78 3.05 134 355 495 
33 363 23.81 10.59 13.68 8.62 4.17 2.78 3.05 134 355 495 

4\C 2 62 310 14.63 5.54 1.38 8.33 4.01 2.68 2.89 33 92 130 
62 310 23.90 7.04 10.34 8.33 4.01 2.68 2.89 33 92 130 

1 51 357 15.29 5.95 7.77 8.40 4.05 2.70 2.93 67 182 251 
5 51 357 24.57 8.44 11.71 8.40 4.05 2.10 2.93 67 182 251 

4 1 4C 360 15.34 6.33 8.13 8.51 4.11 2.14 2.99 101 270 378 
5 4C 360 24.62 9.71 12.94 8.51 4.11 2.74 2.99 101 270 318 
1 33 363 15.40 6.70 8.46 8.62 4.17 2.78 3.05 134 355 495 
5 33 363 24.67 1C.89 14.C9 8.62 4.17 2.78 3.05 134 355 495 
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18C CI-ARACTER DATA RECCRe 80K MEMORY 

PROCESS TIME TAPE TIME MAXIMUM NUMBER OF 

CW MRG NO. MILLISECONDS/RECORD MILLISECONDS/RECORD RECORDS IN fHOUSANDS 

LNG ORO cr G PHI PH2 PH3 7330 729 II 729 IV 129 V 200 CPI 556 CPI 800 CPI 

55 275 11.85 5.64 1.16 9.37 4.52 3.01 3.26 30 81 115 

55 275 22.13 7.28 10.38 9.37 4.52 3.01 3.26 30 81 115 

45. 315 12.42 5.85 7.35 9.45 4.56 3.04 3.30 60 162 228 

45 315 22.70 8.55 11.62 9.45 4.56 3.04 3.30 60 162 228 

4 35 315 12.43 6.C6 1.52 9.58 4.~.3 3.09 3.37 89 239 336 

35 315 22.71 9.72 12.74 9.58 4.63 3.09 3.37 89 239 336 

2S 348 12.90 6.25 7.68 9.1C 4.69 3.13 3.43 119 315 440 

29 348 23.18 lC.81 13.79 9.70 4.69 3.13 3.43 119 315 440 

IC 2 55 275 12.21 5.69 7.25 9.37 4.52 3.01 3.26 30 81 115 

55 275 22.35 7.31 10.43 9.37 4.52 3.01 3.26 30 81 115 

45 315 12.78 5.92 1.47 9.45 4.56 3.04 3.30 60 162 228 

45 315 22.91 8.6e 11.69 9.45 4.56 3.04 3.30 60 162 228 

4 35 315 12.79 6.16 . 7.67 9.58 4.63 3.09 3.31 89 239 336 
,5 315 22 .92 9.78 12.83 9.58 4.63 3.09 3.37 89 239 336 

29 348 13.26 6.38 7.85 9.10 4.69 3.13 3.43 119 315 440 
2<; 348 23.40 1C.88 13.89 9.70 4.69 3.13 3.43 119 315 440 

~C 55 275 12.93 5.78 7.43 9.31 4.52 3.01 3.26 30 81 115 

55 275 22.78 7.36 10.54 9.31 4.52 3.01 3.26 30 81 115 

45 315 13.50 6.07 7.70 9.45 4.56 3.0 i t 3.30 60 162 228 

45 315 23.35 8.69 11.84 9.45 4.56 3.04 3.30 60 162 228 

4 35 315 13.51 6.36 7.96 9.58 4.63 3.09 3.31 89 239 336 

35 315 23.36 9.90 13.01 9.58 4.63 3.09 3.31 89 2-39 336 

29 348 13.98 6.63 8.20 9.70 4.69 3.13 3.43 119 315 440 

29 348 23.83 11. C4 14.10 9.10 4.69 3.13 3.43 119 315 440 

4C 55 275 14.37 5.96 7.79 9.31 4.52 3.01 3.26 30 81 115 

55 275 23.64 7.47 10.75 9.37 4.52 3.01 3.26 30 81 115 

45 315 14.94 6.38 8.18 9.45 4.56 3.04 3.30 60 162 228 

45 315 24.21 8.87 L2.12 9.45 4.56 3.04 3.30 60 162 228 

35 315 14.95 6.77 8.54 9.58 4.63 3.09 3.31 89 239 336 

35 315 24.22 1C.15 L3.36 9.58 4.63 3.09 3.31 89 239 336 

29 348 15.42 7.14 8.88 9.70 4.69 3.13 3.43 119 315 440 

29 348 24.69 11.34 14.51 9.70 4.69 3.13 3.43 119 315 440 

200 CHARACTER DATA RECCRe 80K MEMORY 

PRCCESS TIfJE TAPE TI,..F MAXIMUM NUMBER OF 
0 fJRG I\C. "'ILLISECCNCS/RECORC ~ILLISECONDS/RECORD RECORDS IN THOUSANDS 
.LI\G eRC CF G PH L PH? PH) 1330 729 II 729 IV 129 V 200 CPI 556 CPI 800 CPI 

49 294 12.34 6.G7 7.57 10.42 5.02 3.35 3.62 21 13 104 
49 294 22.63 7.71 10.79 10.42 5.02 3.35 3.62 27 73 104 
41 287 12.25 6.27 7.16 10.50 5.06 3.38 3.66 54 146 205 
41 287 22.53 8.S8 12.03 10.50 5.06 3.38 3.66 54 146 205 

4 32 288 12.28 6.4A 7.93 10.64 5.14 3.43 3.74 80 216 302 
32 288 22.56 1 C. 15 13.16 10.64 5.14 3.43 3.74 80 216 302 
26 312 12.63 6.69 8.10 10.78 5.22 3.48 3.82 107 284 395 
26 312 22.91 11.25 14.21 10.78 5.22 3.48 3.82 101 284 395 

IC 49 294 12.70 6.11 7.66 10.42 5.02 3.35 3.62 27 73 104 
49 294 22.84 7.73 10.84 10.42 5.02 3.35 3.62 21 13 104 
41 287 12.61 6.35 7.E8 10.50 5.06 3.38 3.66 54 146 205 
41 287 22.75 9.C2 12.11 10.50 5.06 3.38 3.66 54 146 205 

4 1 32 288 12.64 6.59 8.C8 10.64 5.14 3.43 3.14 80 216 302 
5 32 288 22.78 10.21 13.25 10.64 5.14 3.43 3.14 80 216 302 
1 26 312 12.99 6.82 8.27 10.78 5.22 3.48 3.82 107 284 395 
5 26 312 23.12 11.33 14.31 10.78 5.22 3.48 3.82 101 284 395 

~C 49 294 13.42 6.20 1.84 10.42 5.02 3.35 3.62 21 73 104 
49 294 23.27 7.79 10.95 10.42 5.02 3.35 3.62 21 13 104 
41 287 13.33 6.50 8.12 10.50 5.06 3.38 3.66 54 146 205 
41 281 23.18 9.12 12.25 10.50 5.06 3.38 3.66 54 146 205 
32 288 13.36 6.79 8.31 10.64 5.14 3.43 3.14 80 216 302 
32 288 23.21 10.34 13.42 10.64 5.14 3.43 3.74 80 216 302 
26 312 13.71 7.C1 8.61 10.78 5.22 3.48 3.82 101 284 395 
26 312 23.56 11.48 14.52 10.78 5.22 3.48 3.82 107 284 395 

4C 49 294 14.86 6.39 8.20 10.42 5.02 3.35 3.62 27 13 104 
49 294 24.14 7.90 11.17 10.42 5.02 3.35 3.62 27 73 104 
41 287 14.77 6.80 8.60 10.50 5.06 3.38 3.66 54 146 205 
41 287 24.05 9.30 12.54 10.50 5.06 3.38 3.66 54 146 205 

4 32 288 14.80 1.20 8.96 10.64 5.14 3.4.3 3.14 80 216 302 
32 288 24.07 10.58 13.17 10.64 5.14 3.43 3.14 80 216 302 
2(; 312 15.15 7.59 9.30 10.78 5.22 3.48 3.82 107 284 395 
26 312 24.42 11.79 14.93 10.78 5.22 3.48 3.82 107 284 395 
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220 CHARACTER DATA RECCRC 80K MEMORY 

PROCESS TIME TAPE TIME MAXIMUM NUMBER OF 
CW MFIG NO. MIllISECCNCS/RECORD PIlliSECONDS/RECORD RECORDS IN THOUSANDS 
.tNG ORO CF B G PHI PH2 PH3 7330 729 I I 729 IV 729 V 200 CPI 556 CPI 800 CPI 

45 27C 12.24 6.4<,; 7.<';9 11.45 5.52 3.68 3.98 24 66 94 
45 270 22.52 8.13 11.20 11.45 5.52 3.68 3.98 24 66 94 
37 259 12.C9 6.7C 8.17 11.55 5.57 3.72 4.03 49 132 186 
37 259 22.37 9.41 12.45 11.55 5.57 3.72 4.03 49 132 186 
29 261 12.13 6.<)2 8.35 11.70 5.65 3.77 4. II 73 196 275 
29 261 22.41 lC.59 13.58 11.70 5.65 3.77 4.11 73 196 275 
24 288 12.52 7.13 8.52 11.85 5.73 3.82 4.19 97 258 360 
2'1 288 22.80 11.69 14.63 11.85 5.73 3.82 4.19 97 258 360 

IC 45 27C 12.60 6.53 8.C8 11.45 5.52 3.68 3.98 24 66 94 
45 27C 22.73 8.16 11.26 11.45 5.52 3.68 3.98 24 66 94 
37 25<; 12.45 6.78 8.29 11.55 5.57 3.72 4.03 49 132 186 
37 259 22 .59 9.46 12.52 11.55 5.57 3.72 4.03 49 132 186 

4 2'; 261 12.49 7.e2 8.50 1l.70 5.65 3.77 4.11 73 196 275 
2'> 261 22.63 lC.65 13.66 11.70 5.65 3.77 4.11 73 196 275 
2', 288 12.88 7.25 8.69 11.85 5.73 3.82 4.19 97 258 360 
2', 288 23.02 11.77 14.73 11. 85 5.73 3.82 4.19 97 258 360 

~C 45 270 13.32 6.63 8.26 11.45 5.52 3.68 3.98 24 66 94 
45 27C 23.17 8.?! 11.36 11.45 5.52 3.68 3.98 24 66 94 
37 259 13.17 6.93 8.53 11.55 5.57 3.72 4.03 49 132 186 
37 25<) 23.C2 9.55 12.66 11.55 5.57 3.72 4.03 49 132 186 

4 2S 261 13.21 7 .• 23 8.79 11.70 5.65 3.77 4.11 73 196 275 
2<) 261 23.06 1C.78 13.84 11.7C 5.65 3.77 4.11 73 196 275 

1 2 i , 288 13.60 7.51 9.03 11.85 5.73 3.82 4.19 97 258 360 
5 24 288 23.45 11..92 14.93 11. 85 5.73 3.82 4.19 97 258 360 

4C 1 45 27C 14.76 6. e 1 8.62 11.45 5.52 3.68 3.98 24 66 94 
5 45 270 24.03 8.32 11.58 11.45 5.52 3.68 3.98 24 66 94 
1 37 259 14.61 7.23 9.C1 11. 55 5.57 3.72 4.03 49 132 186 
5 37 2511 23.89 9.73 12.95 11. 5~ 5.57 3.72 4.03 49 132 186 

4 1 29 261 14.65 7.{;4 9.38 11.70 5.65 3.77 4.11 73 196 275 
5 2CJ 261 23.93 11. C2 14.19 11.70 5.65 3.77 4.11 73 196 275 
1 24 288 15.04 8.C2 9.72 11.85 5.73 3.82 4.19 97 258 360 
5 24 288 24.32 12.23 15.34 11.85 5.73 3.82 4.19 97 258 360 

240 ChARACTER CATA RECORC 80K MEMORY 

PReCESS TItlE TAPE TI/'[ MAXIMUM NUMBER OF 
0 PRG I\C. ~ILlISECCNCS/RECORC PILlISECONDS/RECORD RECORDS, IN THOUSANDS 
.lI\ G (RC CF D G PH Ph2 PI-'3 7330 729 II 729 IV 729 V 200 CPI 556 CPI 800 CPI 

1 41 246 11.70 6.S1 8.40 12.5C 6.02 4.02 4.34 22 61 86 
5 41 246 20.70 8.56 11.61 12.50 6.02 4.02 4.34 22 61 86 
1 34 238 11.60 7. L3 8.59 12.60 6.08 4 .. 05 4.40 45 121 171 
5 34 238 20.60 9.84 12.86 12.60 6.08 4.05 4.40 45 121 171 

4 1 26 260 12.35 7.36 8.77 12.78 6.18 4.12 4.50 67 179 251 
5 26 260 22.63 11. C4 13.99 12.78 6.18 4.12 4.50 67 179 251 
1 22 264 12.42 7.56 8.S4 12.92 6.25 4.17 4.57 89 237 330 
5 22 264 22.70 12.14 15.04 12. <.l2 6.25 4.17 4.57 89 237 330 

Ie 41 246 12.02 6.96 8.49 12.5C 6.02 4.02 4.34 22 61 86 
',1 246 20.89 8.59 11.67 12.50 6.02 4.02 4.34 22 61 86 

3 34 238 11.91 7. 20 8.71 12.60 6.08 4.05 4.40 45 121 171 
34 238 20.7B 9.89 12.93 12.6C 6.08 4.05 4.40 45 121 171 
26 260 12.71 7.',6 8.92 12.78 6.18 4.12 4.50 67 179 251 
26 L6C 22.85 11. 10 14.08 12.78 6.18 4.12 4.50 67 179 251 
22 264 12.78 7.69 9.11 12.92 6.25 4.17 4.57 89 237 330 
22 264 22.92 12.21 15. 15 L2.92 6.25 4.17 4.57 89 231 330 

;,C 41 246 12.65 7.05 8.67 12.50 6.02 4.02 4.34 22 61 86 
41 246 21.27 8.64 11.78 12.50 6.02 4.02 4.34 22 61 86 
34 238 12.54 7.35 8.<,;5 12.60 6.08 4.05 4.40 45 121 111 
34 238 21.16 9.98 13.08 12.60 6.08 4.05 4.40 45 121 171 

4 26 26C 13.43 7.67 9.21 12.78 6.18 4.12 4.50 67 179 251 
26 260 23.28 11.22 14.26 12.78 6.18 4.12 4.50 67 179 251 
22 264 13.50 7.95 9.45 12.92 6.25 4.11 4.57 89 237 330 
22 264 23.35 12.37 15.35 12.92 6.25 4.17 4.57 89 237 330 

·\C 1 41 246 13.91 7.23 9.03 12.50 6.02 4.02 4.34 22 61 86 
5 41 246 22.02 8.75 11.99 12.50 6.02 4.02 4.34 22 61 86 
1 34 238 13.80 7.66 9.42 12.60 6.08 4.05 4.40 45 121 171 
5 34 238 21.92 10.16 13.37 12.60 6.08 4.05 4.40 45 121 171 

4 1 26 260 14.87 8.C8 9.79 12.78 6.18 4.12 4.50 67 179 251 
5 26 26C 24.14 11.47 14.61 12.78 6.18 4.12 4.50 67 119 251 
1 22 264 14.94 8.46 10.13 12.92 6.25 4.17 4.57 89 237 330 

22 264 24.21 12.68 15.76 12.92 6.25 4.17 4.57 89 237 330 
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26C Cf-,IIRACTER CATA RECORC 80K MEMORY 

PROCESS T I ME TAPE TI~E MAXIMUM NUMBER OF 
CW MRG NO. MILLISECONDS/RECORD MILLISECONDS/RECORD RECORDS IN THOUSANDS 
LNG ORC CF G PH L PH2 PH3 7330 729 I I 729 IV 729 V 200 CPI 556 CPI 800 CPI 

38 228 11. 68 7.33 8.81 13.54 6.52 4.35 4.70 20 56 80 
38 228 20.68 8.<;0 12. C3 13.54 6.52 4.35 4.70 20 56 80 
31 217 Ll.54 7.56 9.CC 13.66 6.59 4.40 4.77 41 112 158 
31 217 2C.53 lC.28 13.28 13.66 6.59 4.40 4.77 41 Il2 158 

4 24 24C 11.87 7.79 9.19 13.85 6.69 4.46 4.87 62 L65 232 
24 24C 20.87 11. 48 14.41 13.85 6.69 4.46 4.87 62 165 232 
2C 24C 11.89 8.Cl 9.36 14.C2 6.78 4.52 4.96 82 218 304 
2C 24C 20.88 12.59 15.47 14.C2 6.78 4.52 4.96 82 218 304 

1C 2 38 228 11.99 7. 38 8.90 13.54 6.52 4.35 4.70 20 56 80 
38 228 20.86 CJ.Cl 12.C8 13.54 6.52 4.35 4.70 20 56 80 
31 217 Ll.85 7.63 9.12 13.66 6.59 4.40 4.77 41 112 158 
31 217 20.72 lC.32 13.35 13.66 6.59 4.40 4.77 41 112 158 
24 24C 12.19 7.CJO 9.33 13.85 6.69 4.46 4.87 62 165 232 
24 24C 21.06 11.54 14.50 13.85 6.69 4.'t6 4.87 62 165 232 
2C 24C 12.20 8.14 9.53 14.C2 6.78 4.52 4.96 82 218 304 
2C 24C 21.07 L2.67 15.57 14.C2 6.78 4.52 4.96 82 218 304 

2C 2 38 228 12.62 7.47 9.CR 13.54 6.52 4.35 4.70 20 56 80 
38 228 21.24 9.07 12.19 13.54 6.52 4.35 4.70 20 56 80 
31 217 12.48 7.79 9.36 13.66 6.59 4.40 4.77 41 112 158 
31 217 21.10 1C.41 13.49 13.66 6.59 4.40 4.77 41 112 158 

4 24 240 12.82 8.1C 9.63 13.85 6.69 4.46 4.87 62 165 232 
24 24C 21.44 11.66 14.67 13.85 6.69 4.46 4.87 62 165 232 
2C 24C 12.83 8.4C 9.87 14.02 6.78 4.52 4.96 82 218 304 
2C 24C 21.45 12.82 15.77 14.02 6.78 4.52 4.96 82 218 304 

4C 38 228 13.88 7.66 9.44 13.54 6.52 4.35 4.70 20 56 80 
38 228 22 .CO 9.18 12.40 13.54 6.52 4.35 4.70 20 56 80 
31 217 13.74 8.C9 9.84 13.66 6.59 4.40 4.77 4L 112 158 
31 217 21. fl6 lC.60 13.78 13.66 6.59 4.40 4.77 41 112 158 

4 24 24C 14.C8 8.52 10.21 13.85 6.69 4.46 4.87 62 165 232 
24 24C 22.19 11.91 15.03 13.85 6.69 4.46 4.87 62 165 232 
2C 24C 14.C9 8.<;1 10.56 14.C2 6.78 4.52 4.96 82 218 304 
2C 24C ?2 .21 13. 13 16. 18 14.C2 6.78 4.52 4.96 82 218 304 

28C ChARACTER DATA RECCRC 80K MEMORY 

PRCCESS TI,.,E TAPE TIME MAXIMUM NUMBER OF 
Cit ,.,FlG f\C. ~ILLISECCNCS/REcaRC fJIlLISECCNDS/RECORD RECORDS IN THOUSANDS 
Lf\G eRe CF G Pl-'l Ph2 PH3 7330 729 II 729 IV 729 V 200 CPI 556 CPI 800 CPI 

2 1 35 21C 11.66 7.76 9.22 14.58 7.03 4.69 5.07 19 52 74 
5 35 21C 20.65 9.41 12.44 14.58 7.03 4.69 5.07 19 52 74 
1 2<; 203 11.57 7.98 9.41 14.7C 7.09 4.73 5.13 38 104 146 
5. 29 203 20.57 lC.71 13.69 14.70 7.09 4.73 5.13 38 104 146 

4 1 23 207 11.64 8.22 9.60 14.88 7.19 4.80 5.23 57 154 216 
5 23 2C7 20.64 11.90 14.82 14.88 7.19 4.80 5.23 57 154 216 
1 18 216 11.79 8.47 9.78 15.13 7.32 4.89 5.36 76 202 281 

18 216 20.78 13.(6 15.89 15.13 7.32 4.89 5.36 76 202 281 

Ie 2 1 35 21C 11.97 7. P.l 9.31 14.58 7.03 4.69 5.07 19 52 74 
5 35 21C 20.84 9.44 12.49 14.58 7.03 4.69 5.07 19 52 74 
1 29 203 11. C9 8.C6 9.53 14.70 7.09 4.73 5.13 38 104 146 
5 29 203 20.76 10.75 13.76 14.7C 7.09 4.73 5.13 38 104 146 

4 1 23 2C7 11.96 8.32 9.74 14.88 7.19 4.80 5.23 57 154 216 
5 23 2C7 20.83 11.96 14.91 14.88 7.19 4.80 5.23 57 154 216 
1 18 216 12.10 8.59 9.95 15.13 7.32 4.89 5.36 76 202 281 

18 216 20. cn 13.13 15.99 15.13 7.32 4.89 5.36 76 202 281 

2C 2 35 21C 12.60 7.90 9.49 14.58 7.03 4.69 5.07 19 52 74 
35 21C 21.22 9.50 12.60 14.58 7.03 4.69 5.07 19 52 74 
29 203 12.52 8.21 9.77 14.7C 7.09 4.73 5.13 38 104 146 
29 203 21.13 10.84 13.91 14.70 7.09 4.73 5.13 38 104 146 

4 1 23 2C7 12.59 8.53 10.04 14.88 7.19 4.80 5.23 57 154 216 
5 23 2C7 21.21 12.C9 15.C9 14.88 7.19 4.80 5.23 57 154 216 
1 18 216 12.73 8.85 10.30 15.13 7.32 4.89 5.36 76 202 281 
5 18 216 21.35 13.29 16.20 15.13 7.32 4.89 5.36 76 202 281 

4C 35 21C 13.86 8.C8 9.85 14.58 7.03 4.69 5.07 19 52 74 
35 2IC 21.98 9.61 12.82 14.58 7.03 4.69 5.07 19 52 74 
29 203 13.78 8.52 10.25 14.70 7.09 4.73 5.13 38 104 146 
29 203 21.89 11.03 14.19 14.70 7.09 4.73 5.13 38 104 146 

" 23 207 13.85 8.<)4 10.62 14.88 7.19 4.80 5.23 57 154 216 
23 207 21.96 12.34 15.44 14.88 7.19 4.80 5.23 57 154 216 
18 216 13.99 9.37 10.98 15.13 7.32 4.89 5.36 76 202 281 
18 216 22.11 13.60 16.61 15.13 7.32 4.89 5.36 76 202 281 
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3CC Cl-tlRACTER DATA RECORe 80K I<'EMORY 

PROCESS TIME TAPE TIME MAXIMUM NUMBER OF 
cw MRG NO. MILLISECONDS/RfCORO ~ILLISECONDS/RECORD RECORDS IN THOUSANDS 
,LNG ORO CF B G PHI PH2 PH3 733C 729 II 729 I V 729 V 200 CPI 556 CP I 800 CPI 

2 33 198 11.72 8.18 9.l:4 15.l:2 7.53 5.02 5.43 18 49 69 
33 198 20.72 9.84 12.85 15.62 7.53 5.02 5.43 18 49 69 
27 189 11.61 8. 'i 1 9.83 15.75 7.60 5.07 5.50 30 97 137 
27 189 20.60 11. 14 14.10 15.75 7.60 5.07 5.50 36 97 137 

4 21 210 11.92 8.66 10.C2 15.97 7.71 5.15 5.61 53 143 201 
21 210 20.91 12.35 15.24 15.97 7.71 5.15 5.61 53 143 201 
17 204 11.85 8.90 lC.20 16.20 7.84 5.23 5.74 71 189 263 
17 204 20.85 1.3.50 16.31 16.20 7.84 5.23 5.74 71 189 263 

IC 33 198 12.03 8.23 9.73 15.62 7.53 5.02 5.43 18 49 69 
33 198 20.91 9.86 12.90 15.62 7.53 5.02 5.43 18 49 69 
27 189 11.92 8.49 9.e;5 15.75 7.60 5.07 5.50 36 97 137 
27 18e; 20.79 11.18 14.18 15.75 7.60 5.07 5.50 36 97 137 

4 21 21C 12. i3 8.76 10.16 15.CJ7 7.71 5.15 5.61 53 143 201 
21 21C 21.10 12.41 15.33 15.97 7.71 5.15 5.61 53 143 201 
17 2C4 12.17 9.C3 10.37 16.20 7.84 5.23 5.74 71 189 263 
17 204 21.04 13.57 16.41 16.20 7.84 5.23 5.74 71 189 263 

LC 33 198 12.66 8.32 9.91 15.62 7.53 5.02 5.43 18 49 69 
33 198 21.2R CJ.92 13.01 15.62 7.53 5.02 5.43 18 49 69 
27 189 12.55 8.l:4 10. 19 15.75 7.60 5.07 5.50 36 97 137 
?7 IRe; ?l.17 11. 28 14.32 15.7':> 7.60 5.07 5.50 36 97 137 

4 21 21C 12.86 8.97 10.46 l5.e;7 7.71 5.15 5.61 53 143 201 
21 21C 21.48 12.54 15.51 15.97 7.71 5.15 5.61 53 143 201 
17 204 12.80 9.29 10.71 16.20 7.84 5.23 5.74 71 189 263 
17 204 21.42 13.73 16.62 16.20 7.84 5.23 5.74 71 189 263 

4C 33 198 13.92 8.51 10.27 15.62 7.53 5.02 5.43 18 49 69 
33 198 22.04 lC.C3 13.23 15.62 7.53 5.02 5.43 18 49 69 
27 189 13.81 8.<;5 10.67 15.75 7.60 ':>.07 5.50 36 97 137 
27 189 21.93 11.46 14.61 15.75 7.60 5.07 5.50 36 97 L37 

4 21 21C 14.12 9.38 11.04 15.97 7.71 5.15 5.61 53 143 201 
21 21C 22.24 12.79 15.86 15.97 7.71 5.15 5.61 53 143 201 
17 204 14.06 9.80 11.40 16.20 7.84 5.23 5.74 71 189 263 
17 204 22.17 14.C4 17.03 16.20 7.84 5.23 5.74 71 189 263 

4CC Cl-tlRACTER DATA RECORD 80K MEMORY 

PRCCESS TI,..E TAPE TIME MAXIMUM NUMBER OF 
0 ~RG t\C. ~ILLISECCNCS/RECORO ~ILLISECONDS/RECORO RECORDS IN THOUSANDS 
l.t.G CRe CF e G PHI P,",2 PH3 733C 729 II 729 IV 729 V 200 CPI 556 CPI 800 CPI 

1 24 144 12.12 1C.31 11.70 20.85 10.05 6.70 7.25 13 36 51 
5 24 144 21.12 11.98 14.92 20.85 10.05 6.70 7.25 13 36 51 
1 2C 14C 12.08 10.55 11.90 21.02 10.14 6.76 7.34 27 72 102 
5 2C 14C 21.08 13.30 16.18 21.02 10.14 6.76 7.34 27 72 102 

4 1 16 144 12.16 10.82 12.1C 21.27 10.27 6.86 7.47 1+0 108 151 
5 16 144 21.15 14.53 17.32 21.27 10.27 6.86 7.47 40 108 151 

5 1 13 156 12.35 11. C9 12.29 21.57 10.43 6.96 7.63 53 142 197 
5 13 156 21.34 15.71 18.40 21.57 10.43 6.96 7.63 53 142 197 

Ie 2 1 24 144 12.44 1C.36 11.79 20.85 10.05 6.70 7.25 13 36 51 
5 24 144 21.31 12.Cl 14.97 20.85 10.05 6.70 7.25 13 36 51 

3 1 2C 140 12.40 10. C3 12.02 21. C2 10.14 6.76 7.34 27 72 102 
5 20 140 21.27 13.35 16.25 21.C2 10.14 6.76 7.34 27 72 102 

4 1 16 144 12.47 1C.<>2 12.24 21.27 10.27 6.86 7.47 40 108 151 
5 16 144 21.34 14.60 17.41 21.27 10.27 6.86 7.47 40 108 151 
1 13 156 12.66 11.22 12.46 21.57 10.43 6.96 7.63 53 142 197 
5 13 156 21.53 15.79 18.50 21.57 10.43 6.96 7.63 53 142 197 

2C 1 2'. 144 13.07 lC.45 11. 97 20.85 10.05 6.70 7.25 13 36 51 
5 £'1 144 21.68 12.07 15.C8 20.85 10.05 6.70 7.25 13 36 51 
1, n 140 13.03 10.78 12.26 21.02 10.14 6.76 7.34 27 72 102 
5 2C 14C 21.64 13.44 16.39 21.02 10.14 6.76 7.34 27 72 102 

4 1 16 144 13 .10 11.13 12.54 21.27 10.27 6.86 7.47 40 108 151 
16 144 21.72 14.72 17.58 21.27 10.27 6.86 7.47 40 108 151 
1"1 156 13.29 11.48 12.8C 21.57 10.43 6.96 7.63 53 142 197 
13 156 21.91 15.<;5 18.71 21.57 10.43 6.96 7.63 53 142 197 

4C 2 2'1 144 14.33 10.64 12.33 20.85 10.05 6.70 7.25 13 36 51 
2'1 144 22.44 12.18 15.29 20.85 10.05 6.70 7.25 13 36 51 

1 2C 140 14.29 11.09 12.74 21.C2 10.14 6.76 7.34 27 72 102 
5 2C 14C 22.40 13.62 16.68 21.C2 10.14 6.76 7.34 27 72 102 

4 1 16 144 14.36 11.55 13.12 21.27 10.27 6.86 7.47 40 108 151 
5 16 144 22.48 14.<;7 17.94 21.27 10.27 6.86 7.47 40 108 151 
1 13 156 14.55 12.CO 13.49 21.57 10.43 6.96 7.63 53 142 197 
5 13 156 22 .67 16.26 19.12 21.57 10.43 6.96 1.63 53 142 197 
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500 O-ARAC TER DATA RECORe 80K MEMORY 

PROCESS TIME TAPE T I ME MAXIMUM NUMBER OF 
CW MRG NO. MILLISECONDS/RECORD MILLISECONDS/RECORD RECORDS IN THOUSANDS 
LNG ORO CF G PH 1 PH2 PH3 7330 729 II 729 I V 729 V 200 CPI 556 CPI 800 CPI 

1<; 114 L2.42 12.43 13.11 26.07 12.57 8.38 9.07 10 29 41 
19 114 20.14 14. 12 16.98 26.07 L2.57 8.38 9.07 10 29 41 
16 112 12.41 12.6CJ 13. '17 26.27 12.67 8.46 9.17 21 58 82 
16 112 20.13 15.46 18.25 26.27 12.67 8.46 9.17 21 58 82 

4 12 12C 12.56 13.C3 14.20 26.7C 12.90 8.6L 9.40 32 86 120 
12 120 20.2"/ 16.78 19.42 26.70 12.90 8.61 9.40 32 86 120 
lC 13C 13.16 13.32 14.40 27.C3 13.08 8.73 9.58 42 113 157 
lC 13C 22.15 11.98 20.51 27. C3 13.08 8.73 9.58 42 113 157 

IC 1<; 114 12.69 12.48 13.86 26.07 12.57 8.38 9.07 10 29 41 
19 114 20.3C 14.15 17. C3 26.07 12.57 8.38 9.07 10 29 41 
16 112 12.6H 12.71 14.09 26.21 12.61 8.46 9.17 21 58 82 
16 112 '?0.29 15.51 18.32 26.27 12.67 8.46 9.17 21 58 82 

4 12 120 12.83 13.14 14.34 26.70 12.90 8.61 9.40 32 86 120 
12 120 20.43 16.84 19.51 26.70 12.90 8.61 9.40 32 86 120 
lC DC 13.47 13.45 14.57 27 .03 13.08 8.73 9.58 42 113 157 
lC 130 22.34 18.C6 20.61 27.03 13.08 8.73 9.58 42 113 157 

2C 2 19 li4 13.23 12.51 14.04 26.07 12.57 8.38 9.07 10 29 41 
19 114 20.62 14.21 17.14 26.07 12.57 8.38 9.07 10 29 41 
16 112 13.22 12.CJ2 14.33 26.27 12.67 8.46 9.17 21 58 82 
16 112 20.61 15.60 18.46 26.27 12.67 8.46 9.17 21 58 82 

4 12 12C 13.37 13.35 14.64 26.70 12.90 8.61 9.40 32 86 120 
12 120 20.76 16.97 19.68 26.70 12.90 8.61 9.40 32 86 120 
10 13C 14.10 13.71 14.91 27.03 13.08 8.73 9.58 42 113 157 
lC 13C 22.72 18.22 20.81 27.03 13.08 8.73 9.58 42 113 157 

4C 1<; 114 14.31 12.76 14.4C 26.U7 12.57 8.38 9.07 10 29 41 
19 114 21.27 14.32 17.36 26.07 12.57 8.38 9.07 10 29 41 
16 112 14.30 13.23 14.81 26.27 12.67 8.46 9.17 21 58 82 
16 112 21.26 15.79 18.75 26.27 12.67 8.46 9.17 21 58 82 

4 12 12C 14.45 13.77 15.22 26.7C 12.90 8.61 9.40 32 86 120 
12 120 21.40 17.22 2C.04 26.70 12.90 8.61 9.40 32 86 120 
10 130 15.36 14.24 15.60 27.C3 13.08 8.73 9.58 42 113 157 
10 13C 23.47 18.~3 21.22 27 .03 13.08 8.73 9.58 42 113 157 

750 CI-'ARACTER DATA RECCRr. 80K MEMORY 

PRCCESS TI~E TAPE TIMF MAXIMUM NUMBER OF 
C~ JoIRG I\C. ~ILlISECCNCS/RECORD ~lllISECCNDS/RECORD RECORDS IN THOUSANDS 
ll';G eRO CF A G PH 1 PH2 PH3 7330 729 II 729 IV 729 V 200 CPI 556 CPI 800 CPI 

5 2 1 13 78 14.8C 17.71 18.92 39.07 18.83 L2.56 13.58 7 19 27 
5 13 78 22.51 19.45 22.13 39.07 18.83 12.56 13.58 7 19 27 
1 lC 80 14.87 18.09 19.17 39.53 19.08 12.73 13.83 14 38 54 
5 10 80 22.58 2C.92 23.44 39.53 19.08 12.73 13.83 14 38 54 

4 1 8 80 14.91 18.47 19.41 40.04 19.35 12.91 14.10 21 57 80 
5 8 8C 22.62 22.29 24.63 40.04 19.35 12.91 14.10 21 57 80 
1 7 84 14.99 18.77 19.61 40.41 19.54 13.04 14.29 28 75 105 
5 7 84 22.71 23.50 25.72 40.41 19.54 13.04 14.29 28 75 105 

lC 2 13 78 15.07 17.76 19.01 39.07 18.83 12.56 13.58 7 19 27 
13 78 22.68 19.47 22.18 39.07 18.83 12.56 13.58 7 19 27 

1 Ie 8C 15.14 18. 17 19.29 39.53 19.08 12.73 13.83 14 38 54 
5 lC 8C 2?74 2C.97 23.52 39.53 19.08 12.73 13.83 14 38 54 

4 1 8 80 15.18 18.58 19. ':i6 40.04 19.35 12.91 14.10 21 57 80 
5 8 8C 22.78 22.35 24.72 40.C4 19.35 12.91 14.10 21 57 80 

5 1 7 84 15.26 18.S1 19.79 40.41 19.54 13.04 14.29 28 75 105 
7 84 22.87 23.58 25.83 40.41 19.54 13.04 14.29 28 75 105 

tC 13 78 15.61 11.86 19.19 39.07 18.83 12.56 13.58 7 19 27 
13 78 2"1.00 19.53 22.29 39.07 18.83 12.56 13.58 7 19 27 

3 1 1C 8C 15.68 18.33 19.53 39.53 19.08 12.73 13.83 14 38 54 
5 10 8C 23.07 21.C6 23.66 39.53 19.08 12.73 13.83 14 38 54 

4 1 ·8 80 15.72 18.79 19.85 40.04 19.35 12.91 14.10 21 57 80 
5 8 80 23.11 22.48 24.90 40.C4 19.35 12.91 14.10 21 57 80 

5 1 7 84 15.80 19.17 20.13 40.41 19.54 13.04 14.29 28 75 105 
5 7 84 23.19 23.74 26.C3 40.41 19.54 13.04 14.29 28 75 105 

4C 13 78 16.69 18.05 19.55 39.07 18.83 12.56 13.58 7 19 27 
13 18 23.65 19.65 22.51 39.07 18.83 12.56 13.58 7 19 27 

1 lC 80 16.76 18.65 20.01 39.53 19.08 12.73 13.83 14 38 54 
5 LC 80 73.71 21.25 23.95 39.53 19.08 12.73 13.83 14 38 54 

4 1 8 80 16.80 19.22 20.43 40.04 19.35 12.91 14.10 21 57 80 
5 8 80 23.76 22.74 25.25 40.C4 19.35 12.91 14.10 21 57 80 

5 1 7 84 16.88 19.70 20.81 40.41 19.54 13.04 14.29 28 75 105 
5 7 84 23.84 24.06 26.44 40.41 19.54 13.04 14.29 28 75 105 
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lCOO CHARACTER DATA RECCRC BOK ,..EMORY 

PROCESS TIME TAPE TIME MAXIMUM NUMBER OF 
C~f MF!G NO. MILLISECCNDS/RECORC MILLISECONDS/RECORD RECORDS IN THOUSANDS 
l NG ORO CF B G PHI Ph2 PH3 1330 129 I I 129 IV 129 V 200 CPI 556 CPI 800 CPI 

9 54 16.94 23.C9 24.10 52.26 25.20 16.81 18.20 5 14 20 
9 54 23.37 24.87 21.32 52.26 25.20 16.81 18.20 5 14 20 
8 56 16.99 23.38 24.32 52.54 25.35 16.91 IB.35 10 29 41 
8 56 73 .41 26.25 28.60 52.54 25.35 16.91 IB.35 10 29 41 

4 6 6C 11.11 23.91 24.62 53.39 25.80 17.22 18.80 16 43 60 
6 60 73.53 27.79 29.85 53.39 25.BO 17.22 18.BO 16 43 60 
5 65 11.66 24.35 24.88 54.07 26.16 11.46 19.16 21 56 78 
5 65 25.38 29.17 30.99 54.07 26.16 11.46 19.16 21 56 78 

IC 2 54 11.16 23.14 24.19 52.26 25.20 16.81 18.20 5 14 20 
<; 54 23.50 24.90 21.37 52.26 25.20 16.81 18.20 5 14 20 
I~ 56 17.21 23.46 24.44 52.54 25.35 16.91 18.35 10 79 41 
e 56 23.55 26.30 28.67 52.54 25.35 16.91 IB.35 10 29 41 

4 6 6C 17.33 24.C2 24.17 53.3<; 25.BO 11.22 18.80 16 43 60 
6 60 23.67 27.86 29.93 53.39 25.BO 11.22 IB.80 16 43 60 

65 17.93 24.49 25.G5 54.07 26.16 11. '16 19.16 21 ')6 78 
65 25.54 29.26 31. C9 54.01 26.16 17.46 19.16 21 56 78 

g 54 17.61 23.74 24.31 52.26 25.20 16.81 18.20 5 14 20 
<) 54 23.17 24.96 27.48 52.26 25.20 16.81 18.20 5 14 20 
e 56 17.66 23.62 24.68 52.54 25.35 16.91 18.35 10 29 41 
8 56 23.82 26.~0 28.81 52.54 25.35 16.91 18.35 10 29 41 
6 60 11.78 24.24 25.C6 53.39 25.80 17.22 18.80 16 43 60 
6 6C 23.94 27.<;9 30.11 53.39 25.80 11. 22 18.80 16 43 60 
5 65 18.41 24.76 25.4C 54.07 26.16 l1.46 19.16 21 56 18 
5 65 25.86 2'1. ',2 31.30 54.07 26.16 11.46 19.16 21 56 18 

4C 2 1 <; 54 18.51 23.44 24.73 52.26 25.20 16.81 1B.20 5 14 20 
5 9 54 24.31 25.C8 21.69 52.26 2.5.20 16.81 18.20 5 14 20 

3 1 8 56 18.56 23.94 7. 5. 16 52.54 25.35 16.91 18.35 10 29 41 
5 8 56 24.36 26.59 29.10 52.54 b.35 16.91 18.35 10 29 41 

4 1 6 6C 18.68 24.67 25.65 53.39 2?80 11.22 18.80 16 43 60 
5 6 6C 24.48 28.25 30.46 53.39 25.80 11.22 18.80 16 43 60 
1 5 65 19.55 25.30 ?6.CB 54.07 26.16 11.46 19.16 21 56 18 
5 5 65 26.51 29.74 31.71 54.01 26.16 11.46 19.16 21 56 18 

1500 CHARACTER DATA ~ECCRC 80K MEMORY 

PReCESS TltJE TAPE TI/IC MAXIMUM NUMBER OF 
C~ /lRG r~c • tJILLISECCNCS/RECORC /lILLISECCNDS/RECORD RECORDS IN THOUSANDS 
LNG eRC CF G Pl-il PH2 PH 3 133C 729 II 129 I V 729 V 200 CPI 556 CP I 800 CPI 

6 36 22 .41 33.71 34.43 78.39 31.80 25.22 21.30 3 <) 13 
6 36 28.90 35.59 31.64 78.39 31.80 25.22 21.30 3 9 13 

4C 22.57 34.18 34.72 79.07 38.16 25.46 27.66 7 19 27 
5 4C 28.99 37.17 38.99 79.07 38.16 25.46 21.66 1 19 27 
4 4C 22.65 34.79 35.05 80.C9 38.10 25.82 28.20 10 28 40 
4 4C 29.08 38.81 40.21 80.C9 38.70 25.82 28.20 10 28 40 
3 42 ?2.82 35.68 35.49 81. 78 39.60 26.43 29.10 14 37 51 
3 42 29.24 40.72 41.6C 81.78 39.60 26.43 29.10 14 31 51 

n c 6 36 22.69 33.77 34.52 78.39 37.80 25.22 21.30 3 9 13 
6 36 29.03 35.62 31.70 78.39 37.BO 25.22 27.30 3 9 13 
5 4C 22.79 34.27 34.84 79.07 38.16 25.46 27.66 7 19 27 
5 4C 29.13 37.22 39.C6 19.07 38.16 25.46 27.66 7 19 27 

4 4 40 22.B8 34.<;0 35.19 80.C9 38.10 25.82 28.20 10 28 40 
4 40 29.21 38.87 ',0.36 80.09 38.70 25.82 28.20 10 2B 40 
3 42 23.04 35.82 35.66 81.78 39.60 26.43 29.10 14 31 51 
3 42 29.38 4C.8C 41.70 81. 78 39.60 26.43 29.10 14 31 51 

t: C 6 36 23.14 33.E7 34.70 78.39 37.80 25.22 21.30 3 9 13 
6 36 29.30 35.68 37.8C 18.39 31.80 25.22 27.30 3 9 13 
5 4C 23.24 34. ',4 35.07 19.07 38.16 25.46 27.66 1 19 27 
5 40 29.40 37.:>3 39.21 19.07 38.16 25.46 21.66 7 19 21 
4 40 23.33 35.13 35.49 80.C9 38.10 25.82 28.20 10 28 40 
4 4C 29.48 39.Cl 4C.53 8C.C9 38.70 25.82 28.20 10 28 40 
3 42 23.49 36. 11 36.CO 81.78 39.60 26.43 29.10 14 31 51 

42 29.65 4C.97 41.9C 81.78 39.60 26.43 29.10 14 31 51 

o4C 1 6 36 24.04 34.G8 35.06 78.39 37.80 25.22 21.30 3 9 13 
5 6 36 29.84 35.81 38.02 78.39 37.80 25.22 21.30 3 9 13 
1 5 4C 24.14 34.77 35.55 79.07 38.16 25.46 27.66 1 19 21 
5 5 40 29.94 37.53 39.49 79.07 38.16 25.46 21.66 7 19 27 

4 1 4 40 24.23 35.58 36.07 80.C9 38.70 25.82 28.20 10 28 40 
5 4 40 30.02 39.28 40.89 80.C9 38.70 25.82 28.20 10 28 40 
1 3 42 24.39 36.61 36.69 81.18 39.60 26.43 29.10 14 37 51 
5 3 42 30.19 41.31 42.31 81.78 39.60 26.43 29.10 14 37 51 
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2000 CHARACTER DATA RECORD 80K MEMORY 

PROCESS TIME TAPE TIME MAXIMUM NUMBER OF 
CW MRG NO. MILLISECONDS/RECORD MILLISECONDS/RECORD RECORDS IN THOUSANDS 
LNG ORO CF B G PHI PH2 PH3 7330 729 II 729 IV 729 V 200 CPI 556 CPI 800 CPI 

5 2 1 4 28 27.73 44.59 44.85 105.09 50.70 33.82 36.70 2 7 10 
5 4 28 32.87 46.60 48.07 105.09 50.70 33.82 36.70 2 7 10 

3 1 4 28 27.13 44.76 45.02 10.5.09 50.70 33.82 36.70 5 14 20 
5 4 28 32.87 47.83 49.30 105.09 50.70 33.82 36.70 5 14 20 

4 1 3 30 27.89 45.67 45.47 106.78 51.60 34.43 37.60 8 21 30 
5 3 30 33.03 49.82 50.70 106.78 51.60 34.43 37.60 8 21 30 

5 1 2 32 28.19 47.32 46.21 110.17 53.40 35.65 39.40 10 27 38 
5 2 32 33.33 52.62 52.32 110.17 53.40 35.65 39.40 10 27 38 

10 2 1 4 28 27.91 44.65 44.94 105.09 50.70 33.82 36.70 2 7 10 
5 4 28 32.98 46.64 48.12 105.09 50.70 33.82 36.70 2 7 10 
1 4 28 27.91 44.85 45.14 105.09 50.70 33.82 36.70 5 14 20 
5 4 28 32.98 47.88 49.37 105.09 50.70 33.82 36.70 5 14 20 

4 1 3 30 28.07 45.78 45.62 106.78 51.60 34.43 37.60 8 21 30 
5 3 30 33.14 49.89 50.18 106.78 51.60 34.43 37.60 8 21 30 

5 1 2 32 28.31 47.46 46.38 110.17 53.40 35.65 39.40 10 27 38 
5 2 32 33.44 52.71 52.42 110.17 53.40 35.65 39.40 10 27 38 

20 2 1 4 28 28.27 44.76 45.11 105.09 50.70 33.82 36.70 2 7 10 
5 4 28 33.20 46.70 48.23 105.09 50.70 33.82 36.70 2 7 10 

3 1 4 28 28.27 45.02 45.38 105.09 50.70 33.82 36.10 5 14 20 
5 4 28 33.20 41.99 49.51 105.09 50.70 33.82 36.70 5 14 20 

4 1 3 30 28.43 46.02 45.91 106.78 51.60 34.43 31.60 8 21 30 
5 3 30 33.35 50.03 50.96 106.78 51.60 34.43 37.60 8 21 30 

5 1 2 32 28.73 47.76 46.73 110.17 53.40 35.65 39.40 10 27 38 
5 2 32 33.66 52.89 52.63 110.17 53.40 35.65 39.40 10 27 38 

40 2 1 4 28 28.99 44.99 45.48 105.09 50.70 33.82 36.70 '2 7 10 
5 4 28 33.63 46.84 48.44 105.09 50.70 33.82 36.70 2 7 10 

3 1 4 28 28.99 45.36 45.86 105.09 50.70 33.82 36.10 5 14 20 
5 4 28 33.63 48.19 49.80 105.09 50.70 33.82 36.70 5 14 20 

4 1 3 30 29.15 46.48 46.50 106.18 51.60 34.43 31.60 8 21 30 
5 3 30 33.79 50.31 51.31 106.18 51.60 34.43 37.60 8 21 30 

5 1 2 32 29.45 48.36 47.41 110.17 53.40 35.65 39.40 10 27 38 
5 2 32 34.09 53.24 53.04 110.17 53.40 35.65 39.40 10 27 38 
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OPERATING PROCEDURES 

The Program Deck 

The Sort/Merge 12 program deck consists of: 
1. The Assignment Phase 
2. Phase 1 (the internal sort): 9 blocks 
3. Phase 2 (the internal merge passes): 18 blocks 
4. Phase 3 (the output merge pass) 
A block is defined as a portion of the program deck 

ending with an execute card. 
Figure 28 shows the proper order of the program 

deck and the control card packages required by the 
program. 

Tape Requirements 

The tape units that must be available for a particular 
application are those specified in control card 1, 
columns 2-6, 11-15 and 68-72. 

Program Loading 

The Sort/Merge 12 program deck, as distributed, 
is designed primarily for loading from the card 
reader; however, the deck may also be adapted to 
loading from tape. 

From the Card Reader 

1. Clear storage 
2. DISPLAY: 0024'7 . 
3. ALTER: L%1100257R~' 
4. ADDRESS SET: to location 00247 
ri. START 

From Tape 

To read in the program from the systems tape, the 
X control fields of the read instructions contained in 
the first and third cards of the five-card load pro­
gram must be modified. The X control fields are 
contained in columns 11-13 and 4:5-47 of the first 
card, and in columns 48-50 of the third card. The 
original contents of each of these sets of three col­
umns are %11 (the read is to be from the channel 1 
card reader). Each field must be changed to %BO to 
indicate that the read is to be from tape unit 0 on 
channelL (Unit 0 on channel 1 must be used, or 
the tape reread routine will not work.) 

1. Clear storage 
2. DISPLAY: 00247 
3. ALTER: 1%B000257R~ 
4. ADDRESS SET: to location 00247 
5. START 
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Figure 28. The Program Deck 
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If a tape parity error occurs during the loading of 
the program from tape, the load program halts at 
location 00397 and the channel 1 DATA CHECK light 
is turned on. The record that is in error may be 
reread by pressing COMPUTEH RESET, then 
ST ART. If after several attempts, the record has 
not been read successfully, the program tape may 
have to be regenerated. 

Placing the Sort/Merge 12 program on tape does 
not affect the procedures for control card loading. 
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If the control cards are to be read from the card 
reader, they should be placed in the hopper in the 
proper order, and the card reader should be placed 
in the ready status. The following section describes 
how control cards are loaded from magnetic tape. 

Control Card Loading 

From the Card Reader 

To load control cards from the card reader, follow 
the procedure indicated above for program loading 
from the card reader. 

From Tape 

To load control cards from tape, core-storage loca­
tions l5138-15142 must be overlaid with the informa­
tion described below. The required patch card must 
precede the execute card for the Assignment Phase 
(card 999S1200). 

Location 15138, labeled TAPEIN, must contain the 
character T. 

Location 15139-15142, labeled PROGTAPE, must 
contain the address of the tape unit from which the 
control card information is to be read, the parity, 
and the operation code of an error test on the cor­
responding channel. 

For example, . if control cards are to be read in 
from tape unit 5 on channel 2v in even parity, loca­
tions 15138-15142 contain T J:I U5X. 

The patch card is punched Y5138~0005 T 6 U 5X. 
If the control cards are on the systems tape, they 
are on channel 1, unit 0, in odd parity. The cor­
responding patch card is punched Y5138~0005 T %BOR. 

Operation of the Restart Program for Card Input: 
Sorting Applications 

The Sort/Merge 12 program deck contains a restart 
program for use with the checkpoint feature. A 
checkpoint record is automatically written at the 
beginning of each merging pass of a sorting applica­
tion; that is, at the beginning of each pass of Phase 
2 and at the beginning of the Phase 3 pass. If a halt 
occurs during one of these merging passes, the user 
can take advantage of the restart program, and the 
last recorded checkpoint record, by restarting the 
application at the beginning of the pass that precedes 
the one during which the halt occurred. 

The procedure for a restart operation is as 
follows: 

1. Remove any portion of the program deck that 
is still in the card reader. 

2. Place the restart program in the card reader. 
Place on top of the restart program the portion of 
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the program deck previously removed from the card 
reader. 

3. Clear core storage and load the restart pro­
gram. (See the standard card loading procedure 
outlined under "Program Loading - From the Card 
Reader. ") 

4. Press INQUIRY REQUEST as the program is 
being loaded. 

5. After the request has been made, and the con­
sole I/O printer has typed an I and spaced, type in 
the mode, channel, parity and unit on which the 
checkpoint was written, in that order. (Each time a 
checkpoint is written, the message CHKPT XXXN 
is typed out, where XXXN indicates the mode, 
channel, parity and unit that are specified in step 
5.) For example, M%Bl would be typed to specify 
that the checkpoint has been written on channel 1, 
unit 1, in the Move mode, and in odd parity. 

6. Press INQUIRY RELEASE to give control to 
the restart program. The sorting application will 
continue from that stage of the program at which 
the last checkpoint was taken. 

The restart program must be removed from 
the Sort/Merge 12 program deck after a restart has 
been effected. 

To restart the last pass of Phase 2, it may be 
necessary to reread part of the program deck. If 
this action is required, a message will inform the 
operator. If the program is loaded from tape, the 
restart program performs this function auto­
matically. 

The restart program can be loaded from a 
magnetic tape unit on channel 1 by inserting the 
following program change card immediately pre­
ceding execute card 999S12RS. 

Initial 
Location 

00091 

Length 

00002 

Seq 
Contents No. Block 

nBu 998 S12RS 

The tape unit number (0, 1, .. or 9) must be 
punched in column 15, to specify the tape unit from 
which the restart program will be read. 

If both the Sort/Merge 12 program and the restart 
program are read from tape, the restart program 
must be on a unit other than "0". 

HALTS, MESSAGES, AND CORRECTIVE ACTION 

Sort/Merge 12 Messages are divided into the follow­
ing groups: 

1. Messages which primarily indicate current 
program status. These may help the oper­
ator to make his particular application run 
more efficiently; for example, an analysis of 
the messages concerning BMAX, Band G 
might lead to a better choice of Bi for a 
future run. 



2. Programmed halts with messages; each halt 
is preceded by an explanatory message. 

3. Programmed halts without messages; these 
are identified by their I-Addresses. The 
messages and halts are listed alphabetically, 
except that the halts without messages are 
listed by their I-Addresses. The following 
information is given for each halt or message: 

The message (if any) 
The I-Address (if any) displayed with the 

message 
An explanation of the message 
The action (if any) to be taken by the machine 

operator (If a choice is allowed, both 
actions are given.) 

XXXXX ARE FULL - MORE DATA THAN TAPES 
WILL HOLD 

I-Address: 10662. 
Explanation: A short reel work tape has been 
mounted. 
Action: Mount full reel work tapes and restart 
sort from beginning. 

*AT XXXXX 
I-Address: Variable. 
Explanation: There has been a parity error when 
attempting to read a tape. XXXXX is the ad­
dress(es) of inserted asterisks. 
Action: 

1. Correct the block and press START. 
2. Press COMPUTER RESET AND START, 

to dump the block on either the console 
printer or the specified dump tape. 

B =:xxxx 
I-Address: None. 
Explanation: :xxxx represents the sort blocking 
factor that is computed by the Assignment Phase 
and actually used in processing the particular ap­
plication. This message appears only when fixed­
length records are to be sorted. 
Action: None. 

BI=XXXX 
I-Address: None. 
Explanation: XXXX represents the input blocking 
factor speeified by the user in control card 1. 
This message appears only when fixed-length 
records are to be ,sorted. (See messages under 
CORRECT ERROR AND RE LOAD PROGRAM.) 
Action: None. 

BI TOO LARGE 
(See messages under CORRECT ERROR AND 
RELOAD PROGRAM.) 

BI &/OR BO TOO LARGE 
(See messages under CORRECT AND RELOAD 
PROGRAM.) 

BLMAX=XXXXX 
I-Address: None. 
Explanation: XXXXX represents the maximum 
acceptable block size as computed by the Assign­
ment Phase for an input file consisting of variable­
length records. This message appears only when 
variable-length records are to be sorted. 
Action: None. 

BLOCKED OUTPUT NOT LEGAL WITH SPECIFIED 
INPUT FORMAT, PRESS START TO ACCEPT UN­
BLOCKED OUTPUT. 

I-Address: 01795 
Explanation: This message is associated only with 
merging applications. Either fixed-length un­
blocked records without record marks, or 
variable-length unblocked records without record 
marks and/or without record character count 
fields has been specified for input. Blocked rec­
ords have been specified for output; however only 
unblocked output can result from the specified in­
put format. 
Action: 

1. Press the start key if unblocked output is 
acceptable. 

2. Correct cards and reload. 

BMAX=XXXX 
I-Address: None. 
Explanation: XXXX represents the maximum sort 
blocking factor that can be handled by the Sort/ 
Merge 12 program for a particular application. 
The computation of this maximum sort blocking 
factor does not take into consideration the size of 
G, and may not, therefore, be the sort blocking 
factor that is ultimately acceptable for the ap­
plication. This message appears only when 
fixed-length records are to be sorted. 
Action: None. 

CD NOT = NO. GIVEN. PRESS START FOR 
CD=XXXX 

I-Address: 02456. 
Explanation: The total length of control data fields 
specified in control card 2, columns 3-6, does not 
equal the sum of the lengths of the individual con­
trol data fields. 
Action: 

1. Press the start key if the total contained 
in the message is acceptable. 

2. Correct the control card and reload the 
program. 
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CHKPT XXXX 
I-Address: None. 
Explanation: XXXX represents the mode, chan­
nel, parity, and unit associated with each check­
point record written during Phase 2 and Phase 3 
of a sorting application. 
Action: None. 

CONTROL CARD MISSING OR OUT OF SEQUENCE 
(See messages under CORRECT ERROR AND RE­
LOAD PROGRAM. ) 

CORRECT ERROR AND RELOAD PROGRAM 
I-Address: 08958. 
Explanation: This message is associated with a 
programmed halt caused by detectable control card 
errors. A message identifying the particular 
error appears first, followed by the CORRECT 
ERROR AND RE LOAD PROGRAM message. The 
specific control card error messages are listed 
below. 

102 

BI=XXXX 
BI TOO LARGE 
The specified input blocking factor is larger than 
the sort blocking factor. 

BI &/OR BO TOO LARGE 
The sum of the input block length multiplied by 
the specified order of merge and the output 
block length is too large for the amount of core 
storage available to the particular application; 
that is, 2(BiL) (m) + 2BoL is larger than avail­
able storage. 

CONTROL CARD MISSING OR OUT OF SEQUENCE 

A check of columns 77 -80 (the identification col­
umns of each control card) indicates that a 
control card is missing or out of sequence. 
The control cards for a particular application 
should be in the following order: 

CTLI 
CTL2 
CTL3 (optional) 
HDRI (optional: for sorting application) 
HDRI 
HDR2 

HDR5 

(optional: for merging application) 

HDRO (optional) 

ERROR IN CF SPECIFICATION, CF-CD 0 
An analysis of data contained in control card 2 

indicates that the number of characters con­
tained in a control data field (CD) is greater 
than the position of the field within the record 
(CF). For example, if the low-order position 
of control data field 7 is 10, and the field con­
sists of 13 characters, it cannot be wholly 
contained within the record. 

ERROR IN LOR CF POSIT XXXX CH GIVEN 
YYYY INDICATED BY CF 
A check of control card 1 (columns 33-36) and 
control card 2 indicates that the specified record 
length (XXXX) is less than the highest specified 
control data field position (YYYY). For ex­
ample, this halt would occur if the specified 
record length was 0154 characters, and the 
highest specified control data field position 
occupied the 0156th character position in each 
record. The halt would also occur if the 0154th 
character position of the record contained a 
record rnar](, and the highest specified control 
data field position was specified as occupying 
that position of the record. 

ERROR NO BIL GIVEN 
The input blocking factor has not been punched 
in control card 1, columns 43-46. 

ERROR NO BO GIVEN 
The output blocking factor has not been punched 
in control card 1, columns 49-52. 

ERROR NO BOL GIVEN 
The output blocking factor has not been punched 
in control card 1, columns 49-52. 

ERROR, NO MERGE CHANNEL 
The channel used for input to Phase 2 of a sort­
ing application, or for the first input file of a 
merging application, is not properly specified 
in control card 1, column 16. 

MACHINE SIZE ERROR 
A character other than a 2, 3, 4 or 5 has been 
specified in control card 1, column 66. 

M AMBIGUOUS, CHECK TAPE DRIVE 
SPECIFICATION 
Improper specification of tape units in control 
card 1, columns 2-6 and/or 11-15. For a sort­
ing application the same number of tape units 
must be specified for input and output. For a 
merging application at least one input and one 
output unit must be specified. 



MERGE PATCH PROGRAM TOO LARGE 
The core-storage area reserved for user-inserted 
routines in Phase 2/Phase 3 of a sorting appli­
cation, or in a merging application, is too large; 
i. e., storage is not available for the correspond­
ing running program. 

NO. REELS INPUT -:} REELS ON INDIVIDUAL 
DRIVES 
The total number of input tape reels specified in 
control card 1, columns 8-10, does not agree with 
the total calculated by the Sort/Merge 12 program 
from the data punched in control card 1, columns 
21-30. This halt applies to a merging application 
only. 

RECORD FORMAT ERROR 
A character other than 0, 1, 2 or 3 has been 
punched in control card 1, column 32. 

Action: Correct error and reload program. 

DATA CHECK ON XXXXXXXXXX 
I-Address: None. 
Explanation: Data check has occurred on an I/O 
operation" 
XXXXXXXXXX is the instruction which set the 
condition. 
Action: Press START to try again. If error per­
sists, restart at last checkpoint. 

END OF JOB 
I-Address: 18304. 
Explanation: The application has been processed 
to end of job. This halt occurs in Phase 3 of a 
sorting application, and in a merging application. 
Action: Dismount all output tapes. 

ERROR IN CF SPECIFICATION, CF - CD < 0 
EHROR IN L OR CF POSIT XXXX CH GIVEN YYYY 

INDICATED BY CF 
EHROR NO BIL GIVE N 
ERROR NO ]30 GIVEN 
ERROR NO ]30L GIVEN 
ERROR, NO MERGE CHANNEL 

(See messages under CORRECT ERROR AND RE­
LOAD PROGRAM.) 

G==XXXXX 
I-Address:: None. 
Explanation: For fixed-length records: XXXX 
'represents the number of records that can be 
sorted at one time in Phase 1 of a sorting appli­
cation. For variable-length records: XXXXX 
represents the maximum number of records that 
can be sorted at one time in Phase 1 of a sorting 
application. 
Action: None. 

HASH TOTAL XXXXXXXXXXXXXXXX 
I-Address: None. 
Explanation: XXXXXXXXXXXXXXXX represents 
the hash total, if any, taken in the current phase. 
This message appears only when there is a 1-
punch or a 2-punch in column 67 of control card 1. 
Action: None. 

MACHINE SIZE ERROR 
M AMBIGUOUS, CHECK 
MERGE PATCH PROGRAM 

(See messages under CORRECT ERROR AND RE­
LOAD PROGRAM. ) 

MFS=XXXXXXX 
I-Address: None. 
Explanation: XXXXXXX represents the maximum 
file size, as computed by the Assignment Phase, 
that can be sorted in a single run. This message 
appears only when fixed-length records are to be 
sorted. 
Action: None. 

MFSEXCEEDED 
I-Address: 06130. 
Explanation: The maximum file size has been ex­
ceeded; that is, more records have been processed 
than can be contained on m -1 full reels of tape. 
Action: Press the START key if only a few records 
remain to be processed. If the file size is too large 
to be handled by the Sort/Merge 12 program, a 
continuous merge results after the START key is 
pressed. In that case, the file size must be ad­
justed and the application rerun. 

MIN RECORD GIVEN < HIGH CD POSIT. PRESS 
START FOR MIN = XXXX 

I -Address: 02310. 
Explanation: The minimum record length spec­
ified in control card 1, columns 38-41, is not 
long enough to contain the rightmost control data 
field specified for the application. 
Action: Press the start key if the minimum rec­
ord length contained in the message (XXXX) is 
acceptable; otherwise, correct the control card 
and reload the program. 

NO. REELS INPUT -:} REELS ON INDIVIDUAL 
DRIVES 

(See messages under CORRECT ERROR AND RE­
LOAD PROGRAM. ) 

NOT EQUAL * START TO CONTINUE 
I-Address: 16263. 
Explanation: The record count or hash total taken 
during the current pass is not equal to the record 
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count or hash total taken during the previous pass. 
Action: Press START to continue. 

NOT READY XXXXXXXXXX 
I-Address: None. 
Explanation: An I/O unit is not ready. 
XXXXXXXXXX is the instruction which set the 
condition. 
Action: Ready the I/O unit and press START. 

OUTPUT BLOCKING > SORT BLOCKING: PRESS 
START FOR XXXX 

I-Address: 08483. 
Explanation: The output blocking factor specified 
in control card 1, columns 49-52, is larger than 
the sort blocking factor. 
Action: Press the START key if the sort blocking 
factor contained in the message (XXXX) is accept­
able for use as the output blocking factor; other­
wise, correct the control card and reload the 
program. 

OUTPUT COUNT < PHASE ONE INPUT COUNT 
I-Address: 18168. 
Explanation: Number of records read into Phase 1 
is different from final count. 
Action: Restart sort at last checkpoint. If error 
persists, restart sort from beginning. 

1 PASS NEEDED, GO TO PHASE 3. 
I-Address: None. 
Explanation: This message indicates that the 
number of sorted sequences produced by Phase 1 
is one less than the specified order of merge (m); 
the application, therefore, can proceed directly 
to Phase 3. 
Action: None. 

PASS YY XXXXX SEQUENCES 
I-Address: None. 
Explanation: YY represents the number of the 
pass; XXXXX represents the number of sorted se­
quences produced by that pass. Phase 1 is des­
ignated "PASS 00." 
Action: None. 

PHASE 1 END 
I-Address: None. 
Explanation: Phase 1 has been completed. 
Action: None. 

PHASE 3***OUTPUT ON TAPES XXX XXX .... 
I-Address: None. 
Explanation: XXX XXX .... represents the chan­
nel, mode and unit, respectively, of each output 
tape unit. For example, %U1 would be written for 
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an even-parity tape mounted on channel 1, unit 1. 
Action: None. 

READER ERROR 
I-Address: 09129. 
Explanation: A read error has been detected dur­
ing the reading of control cards or while passing 
Phase 1 for a merging application. This applies 
to card reading or tape reading operations. 
Action: For errors detected from a card read, 
reload the error card and press the START key. 
For errors detected from a tape read 9 restart the 
application. Ninety-nine rereads would have been 
automatically attempted by the 1410 Input/Output 
Control System before this halt. 

RECORD FORMAT ERROR 
(See messages under CORRECT ERROR AND RE­
LOAD PROGRAM. ) 

XXXXXXXXXX RECORDS PROCESSED 
I-Address: None. 
Explanation: XXXXXXXXXX represents the num­
ber of records processed in current phase. This 
message appears only when there is a O-punch or 
a 2-punch in column 67 of control card 1. 
Action: None. 

TAPE XX FINISHED 
I-Address: None. 
Explanation: This halt occurs when there is either 
a O-punch or a 2-punch in column 47 of control 
card 1, and when an end-of-reel condition is de­
tected on the last tape reel of each input cycle. 
The mode (Move or Load) and the unit (0, 1. .. or 
9) of the tape which is "finished" are indicated 
respectively by the XX of the message. For ex­
ample, the message TAPE L3 FINISHED refers 
to the input tape reel mounted on unit 3 and read 
in the Load mode. 
Action: Mount new reel (if needed) and press 
START. 

TAPE XX HEADER IS ..... , IT SHOULD BE ..... 
I-Address: None. 
Ex-planation: Tape XX header label does not cor­
respond to provided control card information. 
Action: Investigate error. Press START to 
accept the tape. 

TAPE XX SHOULD BE XXXXX, IT IS XXXXX 
I -Address: None. 
Explanation: The block count in the trailer label 
of the input tape does not equal the number of 
blocks read. 
Action: Press START to continue. 



TAPE XXX SHOULD BE RETAINED UNTIL XXXXX 
I-Address: None. 
Explanation: The indicated output tape has an un­
expired retention date. 
Action: Press START to accept the tape. 

WRONG LENGTH RECORD XXXXXXXXXX 
I-Address: None. 
Explanation: A wrong length record has been de­
tected in executing the operation XXXXXXXXXX. 
Action: Restart sort from beginning. 

Halt: No message 
I-Address: 10577. 
Explanation: This halt occurs only upon detection 
of the end -of-reel condition associated with the 
last available output tape for sorting or merging 
applications. This -halt enables the operator to 
mount the number of additional reels of tape (up to 
m reels) needed for the remaining output of the 
application. 
Action: Mount the desired reels of tape and press 
START to continue processing. 

Halt: No message 
I-Address: 16253. 
Explanation: Core-storage location 00158 should 
contain the order of merge. This halt occurs if no 
order of merge is found in this location in Phase 2. 
Action: Reload the program. 

Halt: No message 
I -Address: 16939. 
Explanation: This halt occurs only when there is 
a O-punch in control card 1, column 63, specifying 
a halt after the last pass of Phase 2; i. e., before 
entering Phase 3. This halt can also occur during 
a merging application. 
Action: Press the START key to continue 
processing. 

Halt: No message 
I-Address: 10777. 
Explanation: This halt results if a record is found 
to be out of sequence. It should not occur unless a 
logical error exists in user-inserted routines. 
Action: Reload the program. 
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APPENDIXES 

APPENDIX A 

CHARACTER CARD CODE BCD CODE (Core Storage) 

Com- Science 
merte (Pro-

(Report) gram) 

(1) - b No Punches C . 12-3-8 B A 8 2 1 

0 ) 12~4-8 C B A 8 4 

[ 12~5-8 B A 8 4 1 

< 12-6-8 B A 8 4 2 

* 12-7-8 C B A 8 4 2 1 

& + 12 C B A 

$ 11-3-8 C B 8 2 1 

* 11-4-8 B 8 4 

] 11-5-8 C B 8 4 1 

; 11-6-8 C B 8 4 2 

b. 11-7-8 B 8 4 2 1 

- 11 B 

/ 0-1 C A 1 

, 0-3-8 C A 8 2 1 

% ( 0-4-8 A 8 4 

I¥\ 0-5-8 C A 8 4 1 

\ 0-6-8 C A 8 4 2 

-tH- 0-7-8 A 8 4 2 1 

(2) - b 2-8 A 

# = 3-8 8 2 1 

@ 
, 

4-8 C 8 4 

: 5-8 8 4 1 

> 6-8 8 4 2 

V 7-8 C 8 4 2 1 

(3) - ? 12-0 C B A 8 2 

A 12-1 B A 1 

B 12-2 B A 2 

C 12-3 C 8 A 2 1 

0 12-4 8 A 4 

E 12-5 C 8 A 4 1 

F 12-6 C 8 A 4 2 

Standard BCD Interchange Code 

106 

CHARACTER 

Com- Science 
merce 

(Report) 

G 

H 

I 

(4) ! 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

:f 
S 

T 

U 

V 

W 

X 

Y 

~ 

~ 

1 

2 

3 
f-----

4 

5 

6 

7 

8 

9 

(1) Print 81ank 

(2) Print * 
(3) Print & 
(4) Print-

(Pro-
gram) 

l 
J 

CARD CODE 8CD CODE'(Core Storage) 

12-7 8 

12-8 8 

12-9 C 8 

11-0 8 

11-1 C 8 

11-2 C B 

11-3 8 

11-4 C 8 

11-5 8 

11-6 , 8 

11-7 C 

11-8 C 

11-9 

0-2-8 

0-2 C 

0-3 

0-4 C 

0-5 

0-6 

0-7 C 

0-8 C 

0-9 

0 C 

1 

2 

3 C 

4 

5 C 

6 C 

7 

8 

9 C 

On IBM 1403 Printer 
having typical printing 
chain installed 

8 

B 

8 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

4 2 1 
--I--

8 
-- --- ~ 

8 1 

8 2 
f---

1 

2 
--

2 1 

4 

4 1 

4 2 

4 2 1 

8 

8. 1 

8 2 

2 

2 1 

4 

4 1 

4 2 

4 2 1 

8 

8 1 

8 2 

1 
--I--
2 

2 1 

4 

4 1 

4 2 

4 2 1 

8 

8 1 



APPENDIX B 

= r+ :i6 
t--cn 

~T CTL 1 
:::: 

~ CTL 1 
T 

<0 ~pntrol Card 3 Indicator r-
<0 Control Card 3 Indicator r-

Lt> Lt> 

-~ 
Not Used ~ T 

-"""""(i) t-----;;;,-
--%--- ..... 

~ 
-~ 

Optional Tape --%-
-%-- Units Input 

-~ (Channel in Column 7) File 

-~ 
R~cord Countll-iash Total :;; 

~ Not Used 

r-%-
r-%-
~ 

l"8 
:;; Record Count/Hash Total 

~ Core Storage Size ~ Core StoraQe Size 
lB Paddina Output File 

Lt> PaddinQ Output File <0 

C1; Retention C~cle Check: Phase 1, 2 
l2 Halt Option:Phase 3 
~ Temporary Tape Label Handlino 
<0 Tape Marks Output 

... 
'"*- t'-lot Used T 

<0 Tape Marks toutput 
= r-1i!:lader Lobel s File f-i- TaDe Marks Input 
18 Header LClhels Fii", 

0 Header Labels File <0 

~ Tape Marks Input 
00 Header Labels File Lt> 

r- Dumo Ootion Unreadable Lt> 
..... Dump Option Unreadable Lt> 

m Scan OptIon Record m Scan Option Record 
Lt> Work Tape Densit~ IJ") 

Lt> Not Used IJ") 

;1; MerQe Sequence Check ;1; Meroe Seal enee Check 
[ri Collating Sequence M CollatinQ Sequence Output Lt> 

"" r-~ 
Blocking Factor Output r--E-

Lt> or Length File I--W-

N 
File ~ 

+ Blockin'g Factor 
IJ") or Length 

-W-
~ Parity/Mode ~ Parity/Mode 
~ Savina or Switching 

r-!-
Blocking Factor Input -~ -t- or Length File 

~ Not Used 

-~ 
Blocking Factor ~ 

4- or Length 

""" N --.E9r ity/Mode '-~ 
-~ 

-~ Minimum Record Length 
-...,-

M 

~~ord Char Ct Fld Length 
-;;::-
-g.. 

!5l 

Input !;;! Paritv/Mode 

~ File 

~ Minimum Record Length -;-
.... Record Char Ct Fld LenQth M 

!5l 
--.;:;- -.n-
-~ Record Length -~ 
~ 

.....g.. 
Record Length + ~ 

~ Record Format ~ Record Format 
M Unload O~)tion M Not Used 

-g... 
-~ 
-;::-
-~ 

-~ 
-~ 

= IIE ~ 
!!:l 
co 

IID Number of --!:i.... 
~ Reels 
<0 

~ IIC 
~ 

""" -~ Not Used _fL """ ~ ITB ~ 

-~ 
-~ 
-~ 
-;.-
~~ 

-~ tLhannel 

~ IIA Input 

~ IT E File 
~ ITD 
~ IIC Channels 
:::: ~B 
~ ITA 

-~ Tape Units ... Phase 1 Output: Phase 2 
-~ 
-~ Work; (Final Output) 

-§:-

:2 :n E 
~ ITD 
::2 TIC Tape Units 
~ IIB 
::: ITA 

r~ Total Number of Reels Input File 

~~ 
~ Total Number 

~ of Reels 

~:-- Channel .... Channel 
~~ Tape Units ,I> -- Phase 2 Work; (Input) 
~~ (Final Output) 
-;;-

~ 
~ Tape Units Output File 

r--:!... 
~ 

.~ S = Sort Application - M = Meroe Appl ication 
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Accelerator Special Feature, 1410 

Activating Overlays 27' 

Added Routines, Loading 27 

Appendix A 106 

Appendix B 106 

Ascending Sequence 7, 13, 20 

Assignment Phase 6, 12 

B Records 12, 13, 14 

H, Use of in Timing Formulas 43 

Block 28 

Block Character Count Field 8 

Block Count 9 

Blocked Records 9 

Blocking 9 

Blocking Factor 9, 10, 19, 20 

Blocking Factor, Input 10 

Blocking Factor, Sort 10 

Bo Records 13 

Collating Sequence 6, 20 

Control Card 1. 9, 12, 13, 16-22 

Control Card ~~ 17, 23 

Control Card 3 7,17,22,24 

Control Card 4 25, 26 

46 

Control Card, Header Label 17, 25, 26 

Control Card 1. Identifier 22 

Control Card 2 Identifier 23 

Control Card 3 Identifier 24 

Control Card Loadilig 100 

Control Constants 28 
Control Data Fields 23 

Control Data Parameters 7 
Core Storage, Reservation of 27 

Core-Storage Size 20 

Creation Date 9, 24, 26 

CTL 1 22 
CTL 2 23 

CTL 3 24 

Date, Creation 24 

Descending Sequence 

Density, Work Tape 

7, 13, 20 

20 

Deletion of Da.ta Records 

Form 2 37 

Form 4 38 

DTF Exits 29-33 

Dum p Option 20 

Editing 31 

Equal Routine Timing Formulas 

Exit Control Constants 29, 31 

Exit Number 28 

Exits, DTF (IOCS) 

Exits, Modification 

Expected File Size 

29, 30 

29-33 
24 

File A 

File B 

File C 

13-1S, 28, 32 
28, 3:2 

28, 32 

45 

File D 28, 32 

File E 28, 32 

File Name 9, 26 

File Serial Number 9, 25 

File Size 10, 11 
File Size, Expected 24 

Form 1 Data Records 8 

Form 2 Data Records 8 

Deletion of 37 
Lengthening 34 
Shortening 33 
Summarization of 35 

Form 3 Data Records 8 

Form 4 Data Records 8 

Deletion of 38 

Lengthening 34 

Shortening 33 

Summarization of 36 

Format 1 Standard Trailer Labels 39, 40 

Format 2 Standard Trailer Labels 39 

G Records 12-14 

G, Use of in Timing Formulas 43 

Halts 12, 13, 100-105 

Halts, Messages, and Corrective Action 100-105 

Halt Option 21 

Hash Total 12, 22 

HDR 26 

Header Labels 

Header Flag 

9, 20, 21 

9 

Header and Trailer Labels 9 

Header Label Control Card 9, 17, 25, 26 

Header Label Control Card Identifier 26 

Header Labels, Phase 3 Output from Phase 1 Input 

Header Labels Temporary 13 

High-Order Storage Location 28 

Identifiers, Control Card 

Index Registers Available 

Input Blocking Factor 10 

22, 23, 24, 26 

28 

Input File, Saving or Switching 19 

Input, Merge 16 

Input, Phase 1 12 
Input Reels, Number of 17 

Input Tape Units, Optional 22 

Internal Factor, Timing 41, 42 

Internal Sort Factor 10 

IOCS DTF Exits 29, 30 

IOCS Scan Option 20 

Label and Sequence Number 28 

Label Areas 

Phase 1 29 

Phase 2 32 

Lengthening Data Records 

Form 2 34 

Form 4 34 

Linkages 27 

Literature, Prerequisite 5 

INDEX 

39 

Index 109 



Load Mode 12 

Loading Added Routines 

Loading, Control Card 

Loading, Program 99 

27 

100 

Machine Capacities, Additional 5 

Machine Requirements, Minimum 5 

Magnetic Tape Units, 729 VI, Timing 46 

Major Fields 7, 23 

Maximum File Size 10, 11 

Maximum Record Length 24 

Maximum Value of G 10 

Merge Application 17 

Merge Program 15 

Merge Running Program 15 

Merge Sequence Check 20 

Messages 12, 100-105 

Minor Fields 7, 23 

Mode 19, 20 

Modified Binary Search 12 

Modification Exits 28 

Modification Exits 

Phase 1 29, 30 

Phase 2 and 3 30, 31, 32 

Modifications, Useful 33 

Modification: User-Inserted Routines 

Move Mode 12 

Operator IS Guide 99 

Operating Procedures 99 

Optional Input Tape Units 22 

Order of Merge 10 

Org anization of Sort/ Merge 12 

Output, Phase 1 13 

Output, Merge 16, 17 

Padding 11, 13, 14, 21 

Parity 19, 20 

Phases of Sort/Merge 12 12 

Phase 1 6, 12, 13 

Phase 2 6, 13 

Phase 3 6, 13 

6 

27 

Phase 3 Output Header Labels from Phase 

Input Header Labels 39 

Processing Overlap and Priority Special Features 5 

Program Deck 99 

Program Loading 99 

R Records 14 

Read Error Procedure 9 

Record Character Count Field 19 

Record Count 22 

Record Formats 7, 8, 15, 19 
Record Length 24 

Record Length, Maximum 24 

Record Marks 8 

110 

Reel Sequence Number 

Requirements, Machine 

Restart 7 

Restart Program, Sorting 

Retention Cycle 9, 26 

Retention Cycle Check 

Running Program 

Merge 15 

9, 26 

5 

100 

21 

Phase 1, Phase 2, Phase 3 6 

Saving or Switching Input File 

Scan Option, IOCS 20 

Sequence Check, Merge 20 

Serial Number, File 25 

Shortening Data Records 33 

Sort Blocking Factor 10 

19 

Sort Blocking Factor, Timing 41, 42 

Sort Block Length 10 

Sort Factor, Internal 10 

Standard Trailer Label, IBM 9 

Standard Trailer Labels, Format 39, 40 

Summarization of Data Records 

Form 2 35 

Form 4 36 

Symbols, Timing Formula 41 

Symbols, Timing Table 45 

Tables, Timing 50-98 

Tape Assignments 12 

Tape Label Handling 25 

Tape Marks 20, 21 

Tape Serial Number 9 

Temporary Header Labels 13 

Temporary Tape Label Handling 

Timing Formulas 41-44 

Timing Formulas, Equal Routine 

Timing Formula Symbols 41 

Timing Tables 50-98 

Timing Table Symbols 45 

Trailer Flag 9 

Trailer Labels 9 

Unblocked Records 9 

Unload Option 18 

Unreadable Record Procedure 20 

Useful Modifications 33 

User Area 24 

21 

44 

User-Inserted Routines 7, 15, 16, 27 
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Value of G, Maximum 10 

Work Tapes 12 
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1410 Accelerator Special Feature 46 



Technical Newsletter File Number 1410-33 

Re: Form No. C28-0343 

This Newsletter No. N28-2006 

Date September 20, 1963 

Previous Newsletter Nos. 

mM 1410 Tape Sorting!MergingPrograms: Sort/Merge 12 

This newsletter contains replacement pages and notes for corrections to the 
pubUcation, mM 1410 Tape Sorting/Merging Programs: Sort/Merge 12, Form 
C28-·0343. 

Pages 7, 8, 21 - 26, 99, 100, 107, 108 have been replaced because of extensive 
chaIliges. A new cover page is also included to correct the revision notice on page 
2. Text changes are indicated by a vertical bar at the left of the lines affected; 
figure changes by a dot ( .) at the left of the figure title. 

6 

12 

102 

Other changes are to be made as shown below: 

Amendment 

In column 2, the first line of the Note under "Collating 
Sequence" should be changed to read: 

Note: A record mark (=t=, 0-2-8 punch) should 

In column 1, the first entry under "Initial Lac" should 
be (!hanged to read: 

'""""'0:2580 

In column one, the message at the bottom should read: 

ERROR IN CF SPECIFICATION, CF-CD<O 

International Business Machines Corp." Programming Systems Publications, P. O. Box 390, Poughkeepsie, N. Y. 

None 

PRINTED IN U.S.A. N28-2006 (C28-0343) Page 1 of 1 
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PREFACE. 

This publication provides detailed information 
for programmers, systems analysts, and 
machine-room personnel on the use of the mM 
1410 Tape Sortin~Merging Program: Sort/ 
Merge 12. 

Sort/Merge 12 is an efficient tape sorting and 
merging program which is directed by user­
supplied control cards. It makes use of .the 
Overlap and Priority special features. to permit 
overlap of the read/write and processing oper­
ations, and so provides most efficient use of 
computer time. The program can perform the 
following fuilctions: 

1. Sort and merge files composed of Form 1, 
Form 2, Form 3, or Form 4 data records 
(see "Record Formats"). 

Major Revision (July, 1963) 
This publication supersedes the preliminary reference manual, 
IBM 1410 Tape Sorting/Merging Programs: Part n, Sort/Merge 
12, Form J28-0253, with its associated Technical Newsletters 
(N28-1018 and N28-1020); and the Systems Reference Library 
publication, IBM 1410 Tape Sorting Programs, Sort/Merge 12: 
Sorting Times for the IBM 1410 with 7330. 729n. 729IV or 729V 
Tape Units, Form C28-0293, with its associated Technical News­
letter (N28-1056). 

2. Sort on one through ten control data fields; 
each field. can contain from one through 9990 
characters. 

3. Merge two through five sequenced files. 

4. Reblock and/or sequence check a se­
quenced file. 

5. Label output tapes, as directed through 
control cards. 

6. Provide automatic checkpoint and restart 
facilities. 

7. Provide exit points to link Sort/Merge 12 to 
user-supplied routines to perform editing, 
summarizing, and other functions. 

Copies of this and other IBM publications can be obtained through IBM Branch Offices. 
Address comments concerning the content of this publication to: 
IBM Corporation, Programming Systems Publications, Dept. D91, PO Box 390, Poughkeepsie, N. Y. 



The only characters that are invalid for this pur­
pose are the record mark and the group mark. 
Figure 2 gives the minimum and maximum 
parameters for control data fields. The fields 
can be in any order, separate or adjacent, but 
rn.ay not overlap (see Figure 3)" 

Major and Minor Fields 

The first control data field specified is the major 
field. All subsequent fields are minor field-s-­
who~e relati.ve rank is determined by the order 
in which they are specified in control card 2. 

Major control fields are compared first; if they 
are unequal ~ the data records are sorted in the 
ascending or descending sequen.ce specified in 
control card 1. If the major fields are equal, 
the first minor control fields are compared. If 
the first minor fields are unequal, the data rec­
ords are sequenced; if equal, the next minor 
control fields are compared. This action con­
tinues until the records are sequenced, or until 
all control data fields are equal. 

The input order is not necessarily maintained 
for those re,cords in which all control data fields 
compare equal; in that case, the two records are 
sequenced in arbitrary order, determined by the 
program. 

USER-INSEHTED ROUTINES 

The user has the option of adding his own closed 
subroutines to Sort/Merge 12. These subroutines 
may perform nonstandard sorting functions, or· 
those not related to such as editing. 
Exits which provide linkage to the user's sub-

Minimum Maximum 

Number of Fields 10 

Characters per Field 999 

Total Number of Control Data Characters 9,990 

Figure 2. Control Data Parameters 

f-t------ Data Record ---------~ 

r:~ ~6+- 5-~ ~2-DL ~ It-3~ 1: . .L..
1 .....JI_-,-I -----'-----'--'-----' Valid 

~-----Data Record _________ -.j 

[ ~3-Ft_41 )1 .... 1 _----L..~-7-i__8~ J 
Invalid 

Figure 3. Control Data Field Configur:!I1ions 
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routines are supplied at logical points within 
Sort/Merge 12. The user must specify in con­
trol card 3 where his programming is to start. 
Space will be reserved for it from that specified 
location to the end of core storage. For full de­
tails on the exits available, linkages, program­
ming considerations and suggested modifications, 
see "Modifications: User-Inserted Routines. " 

CHECKPOINT AND RESTART 

The term checkpoint refers to periodic recording 
on tape of the contents of core storage to provide 
convenient points for subsequently restarting the 
program. 

Checkpoint records are automatically written 
for each pass of Phase 2 and for the Phase 3 
pass. These checkpoint records are written on 
the output tape unit specified last on control card 

1. For example, if five units are specified in 
columns 2-6 and 11-15 of control card 1, check­
point records in Phase 2 will always be written 
on the unit specified in column 6, for odd num­
bered passes; and in column 15, for even num­
bered passes. In Phase 3, only a checkpoint 
record will appear on the unit in column 6, if 
Phase 2 ended on an even pass, or in column 15, 
if Phase 2 ended on an odd pass; no data records 
will be written on it. 

Sort/Merge 12 uses checkpoint records to re­
initialize each pass of Phase 2 and for Phase 3. 
When it is necessary for the user to restart the 
program after a halt, the last recorded checkpoint 
is read into core storage, and the program is re­
initialized to commence processing at the begin­
ning of the pass during which the halt occurred. 

FILES AND RECORDS 

The Sort/Merge 12 Input/Output Control System 
is based on the IOCS described in IBM 1410 In­
put/ Output Control System for Card and Tape 
Systems, Form C28-0334. The following infor­
mation is essentially an abstract from that pub­
lication, combined with other material pertinent 
to Sort/Merge 12. 

Record Formats 

The four classes of record formats that can be 
handled by Sort/Merge 12 are summarized in 

I Figure 5. Figure 4 is a schematic representa­
tion of each format. 

General Considerations 7 
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Form 1 

l) = l2 = l3= l4 = lS 

I BI I 1-----B2 I I 

II *' 
1 *1 

Form 2 
II l2 l3 

Notes: 
1 • IRG = Inter-Record Gap 

RCC = Record Character Count 
BCC = Block Character Count 

*1 D 

2. Record Marks, (*'), in Parentheses, are optional. 

Figure 4. Record Formats, Schematics 

Fixed-Length 

l) = l2 = l3 = l4 = lS = l6 

B) = B2 

Variable Lenathl~~~~~Ir=--==~~~ 

CD With padding of short-length blocks. 

Q) With or without Record Character Count fields. 

@ With Record Character Counts and Block Character Count fields. 

Figure 5. Record Formats 

Form 1: If the input file consists of Form 1 
records without record marks, a record mark 
is added at the end of each record by Sort/Merge 
12 for internal processing. If Form 1 records 
are specified for output, the added record marks 
are deleted and the records are restored to their 
original length. If Form 2 records are specified 
for output, the added record marks are retained. 
If the input file consists of Form 1 records with 

8 

record marks, and Form 1 is specified for out­
put, the record marks are retained throughout. 

Form 2: If both input and output record format 
is Form 2, record marks are retained and short­
length blocks are padded. For a merging ap­
plication, if the input is Form 2 records, the 
output may not be Form 1 records. 

Form 3: If the input file consists of Form 3 
records without reco.rd marks and/or without 
record character count fields, record marks 
and record character counts (if necessary) are 
added for: internal' processing. If the output 
format is the same as the input format, the 
added record marks and the added record 
character count fields are deleted. If the output 
format is blocked records with a blocking factor 
greater than 1, the added record marks and 
record character cOWlt fields are retained. 

Form 4: If both input and output format is Form 
4, record marks and record character counts 
are retained for each record; and a proper 
block character count field is computed for each 
block. If Form 3 records are specified for out­
put, the record marks and the record character 
count fields are retained. For a merging ap­
plication, if the input is Form 4 records, the 
output cannot be Form 3 records. 

Block Character Count Field 

The block character count field consists of the 
first four characters of each Form 4 block of 
records. This field is a count of the total num­
ber of characters in the block, including the four 
characters of the block character count field, 
itself. 

The block ,character count field has AB zone 
bits over the units position. 

Record Character Count Field 

The record character count field consists of two 
to four characters within a data record; and is a 
count of the total number of characters in the 
record, including those in the record character 
count field and the record mark, if any. 

The record character count field must be in 
the same relative position in each record, and 
must be of the same length for each record 
(Figure 4). 



Card 
Column 
60 

61 

62 

63 

65 

66 

Contents Sor~ing Merging 

HEADER LABELS: OUTPUT TAPES 

blank Output tapes are ngt to contain heoder labels. 

2 

blank 

blank 

o 

blank 

o 

blank 

o 

blank 

9 

2 

3 

4 

5 

Information in Ithe input header label control card also defines output 
header labels. If this option is chosen, column 58 must be punched 1 (Note 3). 

Output tapes are to contain a new heoder label as specified in the output 
header label control card. If this option is chosen, an output header control 
card is required, and should ,be the last control card entered. 

TAPE MARKS: OUTPUT TAPES 

Output tape header labels (if any) are l!2!: to be followed by tape marks. 

Each output tape heoder label is to be followed by a tape mark. 

TEMPORARY TAPE LABEL 
HANDLING: PHASES 1 and 2 

Phase 1 and Phase 2 output tapes are not to contain 
labels. 

Phase 1 and Phose 2 output tapes are to contain 
labels. 

Phase 1 and Phase 2 output tapes are to contain 
labels and tape marks. 

HAL T OPTION: PHASE 3 

Program is not to halt prior to Phase 3. 

Program is to halt prior to Phase 3. 

RETENTION CYCLE CHECK: PHASE 1 AND 
PHASE 2 OUTPUT LABELS 

Retention Cycles on Phase 1 and Phase 2 output 
labels are not Ito be checked. 

Retention Cycles on Pha~ 1 and Phase 2 output 
labels are to be checked. This option requires 
that column 62 contain 0 or 1 and that control 
card 3 be included in the control card package. 

PADDING 

Always blank 

Always blank 

Always blank 

Padding records, when required to fill out short length blocks, to consist of blanks 

Padding records to consist of 9s 

CORE STORAGE SIZE 

Specifies the number of core-storage positions avaOlable: 

20,000 positio/ils 

40,000 positions 

60,000 positions 

80,000 positions 

Figure 17. Control Card 1 (page 5) 
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Card 
Columns 

67 

68-72 

73-75 

76 

77-80 

Contents 

blank 

o 

2 

all blanks 

nnnnn 

blank 

blank 

o 

Sorting 

RECORD COUNT/HASH TOTAL 

Indicate whether record counts and/or hash totals 
are to be made. 

Record Count Hash Total 

No No 

No 

No Yes 

Yes Yes 

Merging 

If the output file is to consist of Form 2 records, either 0 or 2 should be punched to insure that 
blocks created internally which consist entirely of the specified padding records are not 
written in the final output file. 

OPTIONAL INPUT TAPE UNITS 

Input is from the units specified in 
columns 2-6. 

Input is from the tape unites) specified. 
in column 7. 

(See also columns 2-6.) 

These columns must be blank 

CONTROL CARD 3 

Control card 3 is not included. 

Control card 3 is included 

Always blank 

CTl1 CONTROL CARD 1 IDENTIFIER 

1. If fewer than five units are specified, their identifying numbers are written left-justified, with the remaining 
field positions left blank. 

2. The total number of input reels; ~hat is, the sum of columns 21-22, 23-24, 25-26, 27-28, and 29-30, must be 
equal to or less than 495. 

3. Control card 3 must be supplied in the control card package,with the current date specified in l=olumns 18-22. 

4. The final output file is written on the units specified in columns 2-6 Q! in columns 11-15. The group of units 
used is dependent upon the number of passes required by Phase 2. If the number of passes required in,Phase 2 is 
~, the final output file is written on the units specified in columns 2-6; if the number of passes required is 
odd, the output is written on the units specified in columns 11-15. 

For the special case where no passes are required by Phase 2, the output is written on the units specified in 
columns 2-6. 

• Figure 17. Control Card 1 (page 6) 
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Card 
Columns Contents Sorting and Merging 

1-2 nn NUMBER OF CONTROL DATA FIELDS 
nn can be from 01 to 10 

3-6 nnnn TOTAL LENGTH OF CONTROL DATA FIELDS 
nnnn can be from 0001 to 9990 

7-10 nnnn FIELD 1 (MAJ OR FIELD): LOCATION (Note 1) 

11-13 nnn FIELD 1: SIZE (Note 2) 

14-17 nnnn FIELD 2: LOCATION (Note 1) 

18-20 nnn FIELD 2: SIZE (Note 2) 

21-24 nnnn FIELD 3: LOCATION (Note 1) 

25-27 nnn FIELD 3: SIZE (Note 2) 

28-31 nnnn FIELD 4: LOCATION (Note 1) 

32-34 nnn FIELD 4: SIZE (Note 2) 

35-38 nnnn FIELD 5: LOCATION (Note 1) 

39-41 nnn FIELD 5: SIZE (Note 2) 

42-45 nnnn FIELD 6: LOCA TI ON (Note 1) 

46-48 nnn FIELD 6: SIZE (Note 2) 

49-52 nnnn FIELD 7: LOCATION (Note 1) 

53-55 nnn FIELD 7: SIZE (Note 2) 

56-59 nnnn FIELD 8: LOCATION (Note 1) 

60-62 nnn FIELD 8: SIZE (Note 2) 

63-66 nnnn FIELD 9: LOCATION (Note 1) 

67-·69 nnn FIELD 9: SIZE (No\e 2) 

70-·73 nnnn FIELD 10: (MOST MINOR FIELD): LOCATION (Note 1) 

74-·76 nnn FIELD 10: SIZE (Note 2) 

77-·80 CTL2 CONTROL CARD 2 IDENTIFIER 

Notes: 

1. This is the location of the low-order (last) character of the field; for example: if this field consists 
of the 27th, 28th and 29th characters of each record, nnnn should be punched 0029. 

2. This specifies the number of characters in the appropriate control data field; nn can be from 
001 to 999. 

Figure 18. Control Card 2 
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Card 
Columns 

1-7 

8-12 

13-17 

18-22 

23-26 

27-76 

77-80 

Contents 

all blanks 

nnnnnnn 

all blanks 

nnnnn 

all blanks 

nnnnn 

yyddd 

all blanks 

all blanks 

nnnn 

all blanks 

CTL3 

Sorting Merging 

EXPECTED FILE SIZE 

Number of records in input file unknown. 

Exact or approximate number of records in 
input file. 
nnnnnnn can vary from 0000001 to 9999999. 

High-order padding will complete last block 
of Form 2 output, 2!:. output is Form I, 3 or 4. 

Exact number of records in input files if Form 2, 
and low-order padding is specified. 

USER AREA: PHASE 1 

User-suppl i ed routi nes are not incorporated. 

Starting address of core-storage area to be 
reserved for user-supplied routines to be in­
corporated into Phase 1 (Note 1). 

Always blank 

USER AREA PHASE 2, PHASE 3, MERGE 

User-supplied routines are not incorporated. 

Starting address of core-storage area to be 
reserved for user-supplied routines to be 
incorporated into Phases 2 and/or 3 
(Note 1). 

DATE 

Starting address of core-storage area to be re­
served .for user-supplied routines to be in­
corporated into the merge program (Note 1). 

yy specifies the year (00-99); ddd specifies the day (001-366). The date should be punched if the 
retention cycle is to be checked for Phase 2 or Phase 3 output tape labels of a sort, or on temporary 
tape labels that are retained. Date should also be punched, for both sorting and merging applications, 
if this information is to be retained on output header labels. 

This field is left blank if none of the above options has been chosen. 

Always blank 

This field is not used. 

MAXIMUM RECORD LENGTH: FORM 3 
RECORDS 

Merge is performed on Form I, Form 2, or 
Form 4 records, or size of output area for 
Form 3 records is equal to the input block 
length (BiL) (Note 2). 

Size of longest record where output consists 
of Form 3 unblocked records; nnnn can be 
from 0001 to 9999. 

CONTROL CARD 3 IDENTIFIER 

1. Core storage is reserved from this address to the last core-storage location of the machine (see control card I, 
column 66). 

2. For example, if the input block length is 9999 characters, the merge program wi II specify an output area 0('9999 
characters, even though the.longest record of the file does not, for instance, exceed 250 characters. If 9999 
core-storage locations are not available for this output area, the particular merge cannot be processed. 

• Figure 19. Control Card 3 
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Card 
CollUmns 

1-3 

4-8 

Cont4mts 

nnn 

nnnfln 

all blanks 

Input Files Output Files 

TAPE-LABEL HANDLING 

nnn is determined by the appropriate table, below. "Yes" means that the item is to be checked or 
written; II No" that the option is not selected. In cases of conflict, YES has priority over NO. 

Trailer 
Header Labels Labels 

File Reel Bloc~ 
Card Serial Sequence File Creation Character 
Column Contents Numbers Numbers Name Date Count 

0 Yes Yes Yes Yes Yes 

1 1 No No No No No 

2 Np No Yes No Yes 

0 Yes 
2 

1 No 

0 Do Not 
Update 

3 
1 Increment 

by 1* 

*Optional for multi-reel input files. 

File Reel 
Card Serial Sequence File Creation Retention 
Column Contents Numbers Numbers Name Date Cycle 

0 No No No No Yes* 
1 

1 No No No No No 

0 Specified 
in 

/Cols. 4-8 
2 

1 Replace by 
Tape Serial 
Number 

0 Do Not 
Update 

3 
1 Increment 

by 1** 

*Current date must be supplied in control card 3 
(columns 18-22). 

**Successively for each output reel. 

FILE SERIAL NUMBER 

Specifies file serial to be checked if checking 
is specified in columns 1 or 2. 

Specifies file serial if "0" is punched in 
column 2. 

If "1" is punched in column 2. 

• Fit'1lre 20. Header Label Control Card (page 1) 
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Card 
Columns Contents 

9 

10-12 

nnn 

13 blank 

14-23 
aaa ••. a 

24-28 

ddyyy 

29 

30-32 
nnn 

33 blank 

34 

35-76 all blanks 

77-79 HDR 

80 

lor 0 

1,2,3,4,5 

Input Files Output Files 

Hyphen, Il-punch (Note) Hyphen, ll-punch (Note) 

REEL SEQUENCE NUMBER 

nnn can be from 001 to 999 

(Note) (Note) 

FILE NAME 
Any combination of the 64 valid 1410 characters (including blank) that identify the file. 

CREATION DATE 

Hyphen, Il-punch (Note) 

This field need not be punched if control card 
3 is included in the control card package. 

Hyphen, 11-punch (Note) 

RETENTION CYCLE 
Always blank 

(Note) 

The number of days after the date specified in 
columns 24-28 (or In control card 3) that this 
file is to be preserved. 

(Note) 

Record Mark,=I=, 0-2-8 Punch (This character must be punched)(Note) 

This field is not used. 

HEADER LABEL CONTROL CARD IDENTIFIER 

APPLICATION/FILE IDENTIFIER 

Letter I, 12-9 punch. This card is for 
the Input file in a sorting application. 

This card is for the input file in a merging 
appl'lcation. The Input file is to be mounted 
on the unit as specified in the following 
columns of control card 1: 

Card 1 
2 
3 
4 
5 

for Column 11 
12 
13 
14 
15 

Letter 0, 11-6 Punch. This card is for the 
out~~t fi.'e in either a sorting or merging 
app Icatlon. 

Note: For compatibility with fonnat accepted by IOCS. 

• Figure 20. Header Label Control Card (page 2) 
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OPERATING PROCEDURES 

The Program Deck 

The Sort/Merge 12 program deck consists of: 
1. The Assignment Phase 
~~ . Phase 1 (the internal sort): 9 blocks 
:l. Phase 2 (the internal merge passes): 9 blocks 
4. Phase 3 (the output merge pass): 11 blocks 
A block is defined as a portion of the program deck 

ending with an execute card. 
Figure 28 shows the proper order of the program 

deck and the control card packages required by the 
program. 

Tape Requirements 

The tape unitB that must be available for a particular 
application are those specified in control card 1, 
columns 2-6, 11-15 and 68-72. 

Program Loading 

Thc~ Sort/Merge 12 program deck, as distributed, 
is designed primarily for loading from the card 
reader; however, the deck may also be adapted to 
loading from tape. 

From the Card,Reader 

1. Clear storage 
2. DISPLAY: 00247 
3. ALTER: L%,11002?7R~' 
4b. ADDRESS SET: to location 00247 
fie START 

From Tape 

To read in the program from the systems tape, the 
X control fields of the read instructions contained in 
the first and third cards of the five-card load pro­
gram must be modified. The X control fields are 
contained in columns 11-13 and 45-47 of the first 
card, and in columns 48-50 of the third card. The 
original contents of each of thesE~ sets of three col­
umns are %11 (the read is to be from the channel 1 
card reader). Each field must be changed to %BO to 
indicate that the read is to be from tape unit 0 on 
channelL (Unit 0 on channel 1 must be used, or 
the tape reread routine will not work.) 

1. Clear storage 
~~. DISPLAY: 00247 , y v 
3. ALTER: . L%B000257R. 
4. ADDRESS SET: to location 00247 
f». START 

Form C28-0343 
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r-----~ 
I HDRO) 
IHeader Label Control 

---ICard: Output File I 
I ·----HDRs'--1 
IHeader Label Control) 

---ICard: ~ut File 5 I 
I -- -FiDR4'--.I 
lHeader Label Control) 
,Card: Influt File 4 I r-"'-----= ..J 

IHeader Label C~~~~r 
jfard: In,E!!t File 3 ! 

r -- "HDR2'-I 
lHeader Label Control f 

---ICard: Input File 2 I 
I ----miR''i'-J 
IHeader Label Control) 

lCard: Input I r ----~_...J 

I Control' Card 3 1 

Control Card 1 

J 

5-Card 
Load Program 

Figure 28. The Program Deck 

r----HDIW 
jHeader Label Control 1 

...LCard.:2~~~ J 
r HDR1~-
lHeader Label Control I 
,Card: Input File I , .... _--- ---- -' 

I Control Card 3 ' 'i-
I 
I 

.J 

If a tape parity error occurs during the loading of 
the program from tape, the load program halts at 
location 00397 and the channell DATA CHECK light 
is turned on. The record that is in error may be 
reread by pressing COMPUTER RESET, then 
START. If after several attempts, the record has 
not been read successfully, the program tape may 
have to be regenerated. 

Placing the Sort/Merge 12 program on tape does 
not affect the procedures for control card loading. 
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If the control cards are to be read from the card 
reader, they should be placed in the hopper in the 
proper order, and the card reader should be placed 
in the ready status. The following section describes 
how control cards are loaded from magnetic tape. 

Control Card Loading 

From the Card Reader 

To load control cards from the card reader, follow 
the procedure indicated above for program loading 
from the card reader. 

From Tape 

To load control cards from tape, core-storage loca­
tions 15138-15142 must be overlaid with the informa­
tion described below. The required patch card must 
precede the execute card for the Assignment Phase 
(card 999 S12 00) . 

Location 15138, labeled TAPEIN, must contain the 
character T. 

Location 15139-15142, labeled PROGTAPE, must 
contain the address of the tape unit from which the 
control card information is to be read, the parity, 
and the operation code of an error test on the cor­
responding channel. 

For example, if control cards are to be read in 
from tape unit 5 on channel 2v in e"yen parity, loca­
tions 15138-15142 contain T ~U5X 

The patch card is punched 15138t0005T~5X. 
If the control cards are on the systems tape, they 
are on channell, unit 0, in odd parity. The cor­
responding patch card is punched Y513800005T%BOR. 

Operation of the Restart Program for Card Input: 
Sorting Applications 

The Sort/Merge 12 program deck contains a restart 
program for use with the checkpoint feature. A 
checkpoint record is automatically written at the 
beginning of each merging pass of a sorting applica­
tion; that is, at the beginning of each pass of Phase 
2 and at the beginning of the Phase 3 pass. If a halt 
occurs during one of these merging passes, the user 
can take advantage of the restart program, and the 
last recorded checkpoint record, by restarting the 
application at the beginning of the pass that precedes 
the one during which the halt occurred. 

The procedure for a restart operation is as 
follows: 

1. Remove any portion of the program deck that 
is still in the card reader. 

2. Place the restart program in the card reader. 
Place on top of the restart program the portion of 
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the program deck previously removed from the card 
reader. 

3. Clear core storage and load the restart pro­
gram. (See the standard card loading procedure 
outlined under "Program Loading - From the Card 
Reader.") 

4. Press INQUffiY REQUEST as the program is 
being loaded. 

5. Mter the request has been made, and the con­
sole I/O printer has typed an I and spaced, type in 
the mode, channel, parity and unit on which the 
checkpoint was written, in that order. (Each time a 
checkpoint is written, the message CHKPT XXXN 
is typed out, where XXXN indicates the mode, 
channel, parity and unit that are specified in step 
5.) For example, M%B1 would be typed to specify 
that the checkpoint has been written on channell, 
unit 1, in the Move mode, and in odd parity. 

6. Press INQUffiY RELEASE to give control to 
the restart program. The sorting application will 
continue from that stage of the program at which 
the last checkpoint was taken. 

The restart program must be removed from 
the Sort/Merge 12 program deck after a restart has 
been effected. 

To restart the last pass of Phase 2, it may be 
necessary to reread part of the program deck. If 
this action is required, a messagew1l1 inform the 
operator. If the program is loaded from tape, the 
restart program performs this function auto­
matically. 

The restart program can be loaded from a 
magnetic tape unit on channel 1 by inserting the 
following program change card immediately pre;­
ceding execute card 999S12RS. 

Initial 
Location 

00091 

Length 

00002 

Seq 
Contents No. Block 

---BU 998 S12RS 

The tape unit number (0, 1, .. or 9) must be 
punched in column 15, to specify the tape unit from 
which the restart program will be read. 

If both the Sort/Merge 12 program and the restart 
program are read from tape, the restart program 
must be on a unit other than "0". 

HALTS, MESSAGES, AND CORRECTIVE ACTION 

Sort/Merge 12 Messages are divided into the follow­
ing groups: 

1. Messages which primarily indicate current 
program status. These may help the oper­
ator to make his particular application run 
more efficiently; for example, an analysiS oje 
the messages concerning BMAX, Band G 
might lead to a better choice of Bi for a 
future run. 
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