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Abstract Energy consumption is one of the most critical constraints in the current VLSI system designs. In
addition, fault tolerance of VLSI systems is also one of the most important requirements in the current shrunk VLSI
technologies. This paper presents an impact of the low power encoding on the fault tolerant data encoding meth-
ods in on-chip data transfer scheme. Experiments using SPEC2000 benchmark programs show that the proposed
methods can reduce signal transitions by up to 33% on the bus with fault tolerance. Moreover, the results show
that bus signal swing optimization can increase the effectiveness of the encoding method.
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Table 1 The number of bus lines in the 12 kinds of codes

RAW | PAR | SEC | DED
no-enc 32 33 38 39
BI 33 34 39 40
BI* 33 34 39 40

Word error rate
1

RAW, RAW+BI
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SEC, SEC+B!
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DED, DED+BI
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Fig.5 Relation between word error rate of each encoding method

and bit error rate.
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Table 2 Signal transition ratio with respect to binary encoding for each benchmark.

Benchmark | RAW | RAW | RAW | PAR | PAR | PAR | SEC | SEC | SEC | DED | DED | DED
+BI | +BI* +BI | +BI* +BI | +BI* +BI | +BI*

ammp 1 |0.889]0.620| 1.05 [0.938|0.666 | 1.266 | 1.155 | 0.874 | 1.314 | 1.204 | 0.920
art 1 |0.903]0.760 | 1.036 [ 0.939 | 0.791 | 1.212 | 1.115 | 0.948 | 1.246 | 1.149 | 0.979
bzip2 1 |0.954|0.737 | 1.072 | 1.026 | 0.809 | 1.406 | 1.358 | 1.116 | 1.470 | 1.424 | 1.187
equake 1 [0.810]0.646 | 1.051 [ 0.859 | 0.690 | 1.308 | 1.116 | 0.917 | 1.357 | 1.168 | 0.963
gec 1 |0.870(0.698 | 1.055 | 0.924 | 0.754 | 1.300 | 1.168 | 0.993 | 1.352 | 1.220 | 1.044
gzip 1 |[0.985(0.784 | 1.067 | 1.052 | 0.856 | 1.368 | 1.353 | 1.166 | 1.427 | 1.413 | 1.227
mcf 1 [0.784 | 0.626 | 1.045 | 0.828 | 0.668 | 1.264 | 1.045 | 0.869 | 1.308 | 1.088 | 0.911
parser 1 [0.945 [ 0.899 | 1.062 | 1.007 | 0.967 | 1.335 | 1.279 | 1.314 | 1.391 | 1.334 | 1.374
Average 1 [0.892|0.721 | 1.055 | 0.947 | 0.775 | 1.307 | 1.199 | 1.024 | 1.358 | 1.250 | 1.076
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Table 3 Estimation of the codec circuit for each encoding

method.
Encoding | Area (um?) | Power (uW) | Scaling
V)

Method Enc. | Dec. | Enc. | Dec. ‘rsg—‘sglﬁ
RAW 0 0 0 0 1
RAW+BI | 13378 | 6412 | 1038 357 1
RAW+BI* | 16941 | 10252 | 1125 532 1
PAR 7103 | 7395 | 459 476 0.71
PAR+BI 15562 | 8866 | 1219 554 0.71
PAR+BI* | 19114 | 12715 | 1307 751 0.71
SEC 10252 | 14898 | 724 1133 0.71
SEC+BI 18662 | 16346 | 1449 | 1209 0.71
SEC+BI* | 22207 | 21602 | 1546 | 1362 0.71
DED 11542 | 18516 | 835 1383 0.59
DED+BI 23488 | 19942 | 1582 | 1441 0.59
DED+BI* | 13636 | 25218 | 1662 | 1615 0.59
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