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(An Efficient Algorithm for Test Pattern Compaction
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Abstract

As combinational ATPG algorithms achieve effectively 100% fault coverage, reducing the length

of test set without loosing its fault coverage becomes a challenging work. The new approach is
based on the independent and the compatible relationships between faults. For more compact test
set, the size of compatible fault set must be maximized, thus this algorithm generates fault-pattern
pairs, and a fault-pattern pair tree structure using the independent and the compatible relationships
between faults. With the fault-pattern pair tree structure, a compact test set effectively generated.
The experimental results for ISCAS 85 and 89 benchmark circuits demonstrate the effectiveness of

the proposed method.
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Table 1. Comparing Two Patterns.
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0 1 X
depend 1 1 0
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[+ Compare Patternt and Pattern 2 +
intersection = Pattern1->depend & Pattern2->depend;

T1 = intersection & Patterni1->value;
T2 = intersection & Pattern2->value;
if T1==T2

Pattern3->depend = Patterni—>depend | Pattern2->depend;
Pattern3->value = Pattern1->value | Pattern2->value;

=R EER e
Fig. 1. Algorithm for comparing two patterns.
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struct Fault_Pattern_Pair
{
fault;
pattern;
Fault_Pattern_Pair *independent
Fault_Pattern_Pair *compatible

Fault Pattern

Pair Independent

compatible

(b)

8 (b) 2=

Fig. 2. Fault-Pattern Pair. (a) structural expression
(b) graphical expression

(a)

T8 2. 2g-A- 4 (a) 724 el



62 52 745 of Jbsd 14L o] &8 Ag49 HAE Y gt sy FEH

A 59 Tl - At o P WAl EAksh) delch

Sl 7A-NR AL SR ZANE AR olz)  AAE: 33-ud 4e) EdlE Y4 o T 3
@ 2o A4S Wasln o WA AdakR ad Aol I AFeE AT AR i - Al
39 & Ee| T2E YA &k £ AZ AR DS A DA - 4

£2) F2E TAD Foll 4ol 7%
A grobe Eau chtel] Sl IA-HE 44 HaE
Hed L o] 4 F IS TABIIcE

A Ro]| xg/\-lﬂ aA-sel e A 4 Eg]d)
Z7ske e 28 4o etk 71&94 -
A % EEM 9 wel, Eele) A 9= 3 A
ey o) LARE AST 4 Aok o1 =
(this_node)7} 2137, °] =e] =] T1d =, T1%}

38 3. w3-dd % B2 749 ¢ el o = oielel okalat s o
Fig. 3. Example of constructing Fault-Pattern Pair Aol AR ARl T2 wlastel g & ok

Tree. Aze 97 A= TIE S = web

this_node®) %% ==} NULLelehdl sl T3 7}
o] I 3ol Hele Er| FEM A 1, 2,3, gze 1A el A4S this noded 2 wr
4= AE 55 A 3 L, 5, 82 o 7hekt 1 Z7)sla, NULLe] oijebdl o= xos A2g
Z Agelch 24 89 A= A 54% dHFEI s nodem sz e T3E T28 sl Ao E
B 2 3, TR B R 7Re® 201 ynpare and_merge
oled Ef] 7ERERE ogd AL O 7T 5 Uxe =9t gl o g Alede
A ATE 92 5 Ut 2 AN 55 Axdh 9ok 59 WA e =
=7} NULLe|2H flage AARIA o] ==r} 297t
#e] ohg uEst of WAl AE Aol ldle
A5 FAbeaL whef ofuldt =k o WAl F
AL el ofe s Ayl veibe 212 Y oA Wkt AlRe 59 BA x=F ks
7bedh A A A 5 e o A AU =

LR

K

{1,5 8} (1,5 9}, {1, 6}, {2, 7, 8, {2, 7, 9}, {3, 8},
4,5 9} {4, 7, 8}, {4, 7, 9}

compare_and_merge(this_node, pattern T2, flag)
{
memory allocation for pattern T3;
compare this_node’s pattern(T1) and T2;
if compatible
{
flag = MERGED:;
if this_node—>compatible is NULL
make a nhew FPP node which is a this_node's compatible;
else
compare, and_merge {this_node—>compatible, T3, NOT_MERGED);
free memory for T3;
if this_node->independent is not NULL;
compare, and_merge(this_node—>independent, T2, flag)
else if flag is NOT_MERGED
make a new FPP node which is this_node's independent:

}

12| 4. compare_and merge 4aES
Fig. 4. compare_and_merge algorithm.
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compaction algorithm
{
Independent_Fault_Set_calculation():
for faults in Maximum Independent Fault Set
{
T2 = pattem_generation( );
it FPP is NULL
make_a_new_FPP( );
else
compare_and_merge(FPP, pattem T2, NOT_MERGED);
1
for 2nd IFS to last IFS
{
for faults in current IFS
{
T2 = pattem_generation();
compare_and_merge(FPP, pattern T2, NOT_MERGED)

!
select_terminal_node_pattem_from_FPP_tree_structure(;
fill_random_value_on_unspecified_bits_of_pattermns();
extract_minimal_test_set();

}

a3 6. Ak sks d3ElE
Fig. 5. Proposed compaction algorithm.
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Fig. 6. cl7 circuit.
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a2 8. 3AFAq uA-AE 4 B X
Fig. 8. Constructed Fault-Pattern Pair Tree structure.
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Table 3. Compaction result comparisons for ISCAS 85 benchmark circuits.
5% g e frle] 4 3 A7HZ2)
[12] [13] [9] A el E [12] [13] [9) A daelE
cl7 6 5 - 4 0 0 - 0
c% 16 14 - 12 0 0 - 0
cd32 55 5% 38 44 0 6 41 1
c499 53 56 52 52 0 11 34 0
¢830 &3 63 26 44 0 3 80 6
cl355 86 8 84 86 1 36 15 3
c1908 137 153 113 124 2 46 40 8
c2670 142 107 51 77 11 A 91 119
3540 197 184 97 141 10 123 204 72
ch315 157 188 49 81 5 66 244 730
6288 30 - 18 3 8 - 203 26
7552 276 239 4 167 39 188 490 76
I 4. ISCAS 89 3|2l w3l A3} v]w
Table 4. Compaction result comparisons for ISCAS 89 benchmark circuits.
5z HAE Felo] 4 S8 A 7HE)
[12] (9l Al e & f12] [9] Al gy E
s208 42 27 29 0 09 0
s208 33 23 30 0 14 0
s344 28 15 19 0 14 0
s349 29 13 19 0 14 0
$382 41 25 30 0 18 0
$386 33 64 70 0 3.1 0
s400 41 24 33 0 19 0
s420 74 43 51 1 29 0
s444 38 24 28 0 23 0
s510 67 59 0 58 0
s$526 79 51 63 0 4.2 0
s641 74 24 42 1 31 0
s713 74 24 41 1 4.1 1
s820 136 95 110 1 14 1
s832 134 6 109 2 16 1
3838 143 7 20 4 11 24
$953 116 79 83 2 16 2
s1196 163 117 143 1 27 4
s1238 170 129 147 2 34 5
s1423 90 34 44 1 21 48
$1488 152 102 116 1 36 4
$1494 150 101 115 1 36 4
A "o}t e 2" 4 Eefr) o AL 59
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v ARA ek % o) Bae) AR duha o) 4
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