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Improving compression ratios for code-based compressions by test set
significant components based transform-decomposing method

Zhang Minghe Xia Ze Kuang Jishun

(College of Information Science and Engineering, Hunan University, Changsha 410082, China)

Abstract ; Chip testing is an effective method to prevent defective or faulty chips from reaching the market. During test application, large-
scale test patterns are transmitted to a system-on-chip through chip pins. Test application time mainly depends on the transmission time
with the limited chip pins. Code-based compressions can reduce the transmission time with no information for the circuit under test, and
save storage space for test patterns. Therefore, it is widely applied to compress the test set composed of test patterns. However, code-
based compressions fail to fully exploit the characteristics of the test set, resulting in poor compression efficiency. To solve this problem,
this study proposes a transform-decomposing method based on significant components of the test set, which makes the current coding
compression effect significant. First, extract the significant components that best represent the characteristics of the test set, and then use
them as vectors to construct a matrix. Via performing matrix transform in mathematics between the matrix and the test set, the test set
can be decomposed into a primary component set (PCS) and a residual component set (RCS). Compared with the original test set, the
RCS has better compressibility. As the PCS can be generated on-chip, it does not occupy the transmission time. The experimental results
on ISCAS’89 benchmark circuits show that the highest compression ratio for the proposed method reaches 80. 53% on average. Compared
with the state-of-the-art transform-composing method, the average compression ratios for different code-based compressions are increased,
and that for the most improved code-based compression is increased by 5. 27%.
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Algorithm 1: The SCEBC algorithm

Input: a test set T = {b,,b,,--,b, |

Output: b’ = {b’, b’ ,--,b', |
1.T,=|b',,b',,,b",| < FillingWith_0(T,)
2.b,=1b,,b_,-,b | <0

3.b, b,
4. for i=2 to d do
5. for j=1 to n do

. 2
w. =min(b. —b.
7 1£q<1( L'(/ 1)

w, < max{w, ,w,, - ,w,}|
b, b,
10. end for
1.8, <1
12. T, =1C,,C,,--,C,| < ClassToCluster(T,,b,)
13. S, < DifferentSum(T,, ,b,)
14. while ( S,, = S,, =0.5) do
15. b', < UpdtClusterCentre(b,)
6. 7, =1{C',,C',,-+,C",;} < ClassToCluter(T,,b’,)
17. S,, < DifferentSum( T, ,b,)

18. end while
19. return b’, = {b'vl,b'%,---,b'c |
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Table 1 Compression ratios for code-based
schemes with our proposed method (%)

&4 Golomb VIHC FDR EFDR ALT-FDR RL-Huff. Op.SHC
$5378  68.5 72.81 70.76 67.76 65.17  68.59  68.42
89234 72 73.25 69.59 66.14 62.72  67.07 70
S13207  89.9 94.2 92.29 91.6 90.88  92.82 87.87
S15850 84.76 84.76 87.47 83.34 81.66  84.34 82.66
S38417 76.34 79.73 77.36 75.9 73.34  76.17 75.98
$38584 76.53 78.42 76.09 73.6 70.82  73.7  74.38
) 78.01 80.53 78.93 76.39 74.10  77.12  76.55

x2 XAFETHRBEFRLRSHMTERLLE
Table 2 Comparison of the compression effect

of the proposed method with other methods (%)

HASE  Original ®F  WHTISE  pRTDI S AFEF
Golomb 51.74 74.24 74.76 78.01
VIHC 61.02 77.89 78.08 80. 53
FDR 57.23 75. 41 75. 42 78.93
EFDR 63.3 73.30 73.27 76.39
ALT-FDR 60. 58 70. 06 69. 86 74.10
RL-Huff. 62. 96 71.85 71. 64 77.12
Op. SHC 68. 52 75.72 75. 69 76. 55
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Table 3 Compression effect for code-based

schemes with different d values

ST FE 4 PRI %
d=17 d=8 d=9 d=10 d=11
Golomb 76.76 77. 87 78. 64 79. 64 80. 66
VIHC 79. 95 80. 89 81.42 82.45 83.43
FDR 77.35 78.34 78.78 79. 83 80. 86
EFDR 75.18 76.25 76.76 77. 89 79. 05
ALT-FDR 72.75 73.93 74. 58 75.73 76. 96
RL-Huff. 75.79 77.07 77. 45 78.7 79. 83
Op. SHC 75.47 76. 46 77.03 78. 04 78.95
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