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An Evaluation of Approximate Methods for Soft Error Tolerance

Evaluation of Sequential Circuits
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Abstract Soft error tolerance evaluation method is necessary for the soft error aware logic design. An evaluation
method with Markov model is one of soft error tolerance evaluation methods for sequential circuits. In this method,
we analyze the behavior of the state transition strictly. This method has an issue that it is difficult to apply for

large scale circuits, therefore it is necessary some kind of approximate evaluation method. In this paper, we evaluate

calculation accuracy and execute time of two approximate methods.
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circuit method susceptibility
FF1 FF2 FF3 FF4 FF5 FF6 FF7 FF8 FF9 FF10 FF11 FF12 FF13 FF14
s27 base 0.2283 | 0.2262 | 0.1454
PPO 0.2283 | 0.2262 | 0.3086
PPO+PPI | 0.2708 | 0.2917 | 0.3125
s820 base 0.9264 | 0.9995 | 0.7594 | 0.7593 | 0.7707
PPO 0.9448 | 0.9996 | 0.7594 | 0.7594 | 0.7994
PPO+PPI | 0.6103 | 0.9500 | 0.8450 | 0.6525 | 0.6025
s386 base 0.6319 | 0.6166 | 0.7970 | 0.8785 | 0.6423 | 0.6327
PPO 0.6789 | 0.6634 | 0.8031 | 0.8846 | 0.6938 | 0.6540
PPO+PPI | 0.7115 | 0.3750 | 0.9423 | 0.8269 | 0.4904 | 0.4808
s510 base 0.9900 | 0.8976 | 0.9397 | 0.9921 | 0.9809 | 1.0000
PPO 1.0000 | 0.9575 | 1.0000 | 1.0000 | 0.9858 | 1.0000
PPO+PPI | 1.0000 | 0.9255 | 1.0000 | 1.0000 | 0.9894 | 1.0000
51488 base 0.9616 | 0.9894 | 0.9972 | 0.9998 | 0.9612 | 0.7958
PPO 0.9616 | 0.9894 | 0.9973 | 0.9999 | 0.9617 | 0.7958
PPO+PPI | 0.9323 | 0.8724 | 0.9154 | 0.9010 | 0.9375 | 0.9323
s208.1 base 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
PPO 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
PPO+PPI | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
mm4a base 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.0115 | 0.0218 | 0.0364 | 0.0655 | 0.0037 | 0.0150 | 0.0297 | 0.0589
PPO 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.0150 | 0.0223 | 0.0369 | 0.0660 | 0.0150 | 0.0223 | 0.0369 | 0.0660
PPO+PPI | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.0898 | 0.0928 | 0.0967 | 0.0964 | 0.0898 | 0.0928 | 0.0967 | 0.0964
5298 base 0.1073 | 0.1957 | 0.3331 | 0.9179 | 0.7951 | 0.9991 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.1136 | 0.2832
PPO 0.5007 | 0.5620 | 0.5625 | 0.9381 | 0.8814 | 0.9991 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.5007 | 0.5000
PPO+PPI | 0.7500 | 0.5938 | 0.6240 | 0.7021 | 0.7314 | 0.9189 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.5313 | 0.5000
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circuit | #input | #FF time(s]

base PPO PPO+PPI
s27 4 3 0.01 0.01 0.01
s820 18 5 84.99 22.50 19.74
s386 7 6 0.06 0.01 0.01
s510 19 6 382.91 63.66 55.65
51488 8 6 0.55 0.43 0.32
5208.1 10 8 129.06 6.27 4.45
mm4a 7 12 | 2388.28 1.60 0.46
5298 3 14 516.82 0.40 0.28
s344 9 15 — 63.84 5.21
51196 14 18 — 661.11 627.22
5382 3 21 — 1411.93 6.65
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