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An Effective Robust Design for Large Delay Variation
Using Suspicious Timing-Error Prediction Scheme
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As process technologies advance, process and delay variation cause a complex timing design and in-situ timing error
correction techniques are strongly required. Suspicious timing error prediction (STEP) predicts timing errors by
monitoring checkpoints by STEP circuits (STEPCs) and how to insert checkpoints is very important. We have pro-
posed a network-flow-based checkpoint insertion algorithm for STEP. Our proposed method moves STEPC insertion
positions to optimize inserted STEPC counts. In this paper, we widely change the parameters in our algorithm and
evaluate it by applying it to four benchmark circuits. We show that our proposed algorithm realizes 1.31X-2.25X
overclocking compared with just inserting STEPCs into several speed-paths.
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Clock a=09 a=0.7
period § = 100ps and € = 0.05 § = 150ps and e = 0.05 § = 100ps and € = 0.1 § = 150ps and € = 0.1
[ns] (#CPs = 1) (#CPs = 4) (#CPs = 2) (#CPs = 3)
TN FN FP TP TN FN FP TP TN FN FP TP TN FN FpP TP
5.8 65536 0 0 0 54968 0 10568 0 65536 0 0 0 | 61296 0 4240 0
5.4 65451 0 85 0 46278 0 19258 0 65451 0 85 0 | 54576 0 10960 0
5.0 64877 0 659 0 37507 0 28029 0 64645 0 891 0 | 44610 0 20926 0
4.6 62531 0 3005 0 27019 0 38517 0 62012 0 3524 0 | 34904 0 30632 0
4.2 57744 0 7792 0 17743 0 47793 0 56877 0 8659 0 | 25994 0 39542 0
3.8 53116 0 12420 0 10970 0 54566 0 49836 0 15700 0 | 16712 0 48824 0
3.4 46547 2 18888 99 4867 0 60596 73 39419 0 25966 151 9553 1 55913 69
3.0 35473 846 26790 2427 2274 1 60164 3097 28062 362 33831 3281 5017 4 57527 2988
2.6 20842 4130 27163 13401 786 13 46602 18135 16269 1952 31259 16056 2532 110 45167 17727
2.2 10383 8789 19657 26707 438 139 29113 35846 6850 4913 23020 30753 1368 601 28313 35254
Clock a=05 Three critical paths
period 6 = 100ps and € = 0.1 6 = 150ps and € = 0.1 6 = 150ps and € = 0.3 are monitored
[ns] (#CPs = 5) (#CPs = 5) (#CPs = 4) (#CPs = 3)
TN FN FP TP TN FN FP TP TN FN FP TP TN FN FpP TP
5.8 65536 0 0 0 61311 0 4225 0 64036 0 1500 0 65536 0 0 0
5.4 65439 0 97 0 54615 0 10921 0 61834 0 3702 0 65536 0 0 0
5.0 64495 0 1041 0 44641 0 20895 0 57801 0 7735 0 65536 0 0 0
4.6 61574 0 3962 0 34899 0 30637 0 52708 0 12828 0 65536 0 0 0
4.2 56614 0 8922 0 25751 0 39785 0 45900 0 19636 0 65160 0 376 0
3.8 48975 0 16561 0 15715 0 49821 0 36948 0 28588 0 62105 0 3431 0
3.4 37107 0 28253 176 8034 0 57433 69 29075 15 36402 44 51658 6 13761 111
3.0 24058 176 37601 3701 3621 0 58926 2989 21652 363 41188 2333 38203 355 23998 2980
2.6 14120 1221 33113 17082 1532 o 46196 17808 13836 1271 34572 15857 26006 3313 21761 14456
2.2 5468 3503 24315 32250 661 84 29118 35673 7261 3067 22962 32246 12577 9825 17459 25675
7% 2: ¢H315 [MIEEIZ 1T 2 B REIME AR D Z AL
Clock a=09 a=0.7
period & = 100ps and € = 0.05 6 = 150ps and € = 0.05 6 = 100ps and € = 0.05 ¢ = 150ps and € = 0.05
[ns] (#CPs = 1) (#CPs = 1) (#CPs = 3) (#CPs = 2)
TN FN FP TP TN FN FP TP TN FN FP TP TN FN FP TP
4.2 65056 0 480 0 51098 0 14438 0 63252 0 2284 0 | 40582 0 24954 0
3.8 61750 0 3786 0 35295 0 30241 0 54812 0 10724 0 | 19685 0 45851 0
3.4 50183 0 15353 0 21125 0 44411 0 32319 0 33217 0 6674 0 58862 0
3.0 32761 0 32775 0 12880 0 52656 0 12221 0 53315 0 2432 0 63104 0
2.6 18022 40 47143 331 8496 21 56665 354 3624 2 61512 398 971 0 64150 415
2.2 10410 747 48844 5535 6537 607 52736 5656 1164 25 57930 6417 628 56 58461 6391
1.8 6461 2290 41421 15364 3141 4739 44712 12944 412 96 47414 17614 294 1174 47483 16585
1.4 3734 16571 16955 28276 882 29922 19804 14928 244 1471 20444 43377 151 19960 20540 24885
Clock a=0.5 Three critical paths
period § = 100ps and € = 0.15 6 = 150ps and € = 0.15 6 = 150ps and € = 0.3 are monitored
[ns] (#CPs = 10) (#CPs = 14) (#CPs = 13) (#CPs = 3)
TN FN FP TP TN FN FP TP TN FN FP TP TN FN FP TP
4.2 63253 0 2283 0 39887 0 25649 0 39802 0 25734 0 65536 0 0 0
3.8 54817 0 10719 0 18647 0 46889 0 18508 0 47028 0 65536 0 0 0
3.4 31800 0 33736 0 5038 0 60498 0 4903 0 60633 0 64396 0 1140 0
3.0 11038 0 54498 0 1031 0 64505 0 957 0 64579 0 61001 0 4535 0
2.6 2728 0 62401 407 107 0 65014 415 96 0 65025 415 47329 138 17786 283
2.2 531 6 58578 6421 6 0 59059 6471 5 0 59058 6473 27666 2085 31628 4157
1.8 50 6 47593 17887 () 0 47873 17663 0 0 47874 17662 12303 3893 35412 13928
1.4 20 19 20603 44894 0 1 19372 46163 0 1 19376 46159 4476 8643 16197 36220
B B U 72,

6 BbYIC

i
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R 3: c6288 [HI#E 12 B 1T 2 I KIEJE B D ZAL.

Clock a=09 a=0.7

period § = 100ps and e = 0.05 § = 150ps and e = 0.05 § = 100ps and e = 0.05 § = 150ps and € = 0.05
[ns] (#CPs = 9) (#CPs = 17) (#CPs = 18) (#CPs = 34)

TN FN FP TP TN FN FpP TP TN FN FP TP TN FN FP TP

13.0 65534 0 2 0 51053 0 14483 0 65479 0 57 0 | 10775 0 54761 0
12.0 62302 0 3234 0 16359 0 49177 0 58525 0 7011 0 2763 0 62773 0
11.0 38623 0 26853 0 1126 0 64410 0 31978 0 33558 0 512 0 65024 0
10.0 4980 0 60556 0 146 0 65390 0 3539 0 61997 0 218 0 65318 0

9.0 576 0 64937 23 23 0 65513 0 474 0 65016 46 72 0 65430 34

8.0 132 0 61036 4368 5 0 65252 279 104 0 59296 6136 23 0 60292 5221

7.0 29 0 14463 51044 0 0 47008 18528 24 0 10804 54708 7 0 12044 53485

6.0 8 0 184 65344 0 0 1968 63568 5 0 150 65381 2 0 134 65400

5.0 0 1 4 65531 0 0 32 65504 0 1 3 65532 0 1 3 65532

4.0 0 14 0 65522 0 2 1 65533 0 0 0 65536 0 0 0 65536

Clock a=05 Three critical paths
period 6 = 100ps and € = 0.05 6 = 100ps and € = 0.3 ¢ = 100ps and € = 0.15 are monitored
[ns] (#CPs = 34) (#CPs = 16) (#CPs = 27) (#CPs = 3)
TN FN FP TP TN FN FP TP TN FN FP TP TN FN FP TP
13.0 65480 0 56 0 8026 0 57510 0 65479 0 57 0 65536 0 0 0
12.0 58659 0 6877 0 1277 0 64259 0 56867 0 8669 0 65301 0 235 0
11.0 32089 0 33447 0 176 0 65360 0 27694 0 37842 0 58623 0 6913 0
10.0 3439 0 62097 0 46 0 65490 0 1239 0 64297 0 35261 0 30275 0
9.0 389 0 65101 46 9 0 65490 37 266 0 65224 46 12043 0 53478 15

8.0 74 0 59307 6155 2 0 60344 5190 54 0 59334 6148 1888 4 60610 3034

7.0 15 0 10756 54765 1 0 13483 52052 11 0 10765 54760 240 34 18642 46620

6.0 3 0 146 65387 0 0 177 65359 2 0 150 65384 31 33 188 65284

5.0 0 0 4 65532 0 0 4 65532 0 0 4 65532 2 18 2 65514

4.0 0o 0 0 65536 0o o 0 65536 0o 0 0 65536 0 99 0 65437
- = I K
5+ 4: 7552 PRI B 1T 2 I KEER B DZAL.
Clock a=0.9 a=0.7
period § = 100ps and € = 0.05 6 = 150ps and € = 0.05 § =100ps and € = 0.1 6 = 150ps and € = 0.1
[ns] (#CPs = 1) (#CPs = 1) (#CPs = 6) (#CPs = 4)
TN FN FP TP TN FN FP TP TN FN FP TP TN FN FP TP
5.0 65535 0 0 65536 0 0 0 65204 0 332 0 | 64679 0 857 0
4.6 65529 0 7 0 65485 0 51 0 62779 0 2757 0 | 55422 0 10114 0
4.2 65429 0 44 0 64992 0 544 0 52449 0 13087 0 | 42405 0 23131 0
3.8 65131 0 405 0 63695 0 1841 0 43280 0 22256 0 | 32465 0 33071 0
3.4 64359 0 1177 0 62497 0 3039 0 34333 0 31203 0 | 21528 0 44008 0
3.0 59504 4 6025 3 49782 4 15747 3 22391 0 43133 12 8411 0 57118 7
2.6 46434 4065 11754 3283 40165 3010 18023 4338 8324 21 49353 7838 2652 5 53379 9500
2.2 29586 18749 2842 14359 24413 12572 8014 20537 1966 187 30250 33133 787 54 30844 33851
Clock a=0.5 Three critical paths
period 6 =100ps and € = 0.1 § = 150ps and € = 0.1 § = 100ps and € = 0.3 are monitored
[ns] (#CPs = 8) (#CPs =17) (#CPs =17) (#CPs = 3)
TN FN FP TP TN FN FP TP TN FN FP TP TN FN FP TP
5.0 65042 0 494 0 64512 0 1024 0 64538 0 998 0 65536 0 0 0
4.6 55114 0 10422 0 49650 0 15886 0 52928 0 12608 0 65499 0 37 0
4.2 41943 0 23593 0 37244 0 28292 0 41646 0 23890 0 65256 0 280 0
3.8 35430 0 30106 0 30023 0 35513 0 34951 0 30585 0 61733 0 3803 0
3.4 27936 0 37600 0 18088 0 47448 0 25530 0 40006 0 56311 0 9225 0
3.0 10837 0 54687 12 4152 0 61374 10 10025 0 55499 12 46575 2 18952 7
2.6 2243 [0} 54762 8531 723 1 54624 10188 2745 2 53912 8877 36489 1513 21680 5854
2.2 309 23 31865 33339 107 1 31415 34013 582 59 31491 33404 20916 6554 11430 26636
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