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(An Efficient Parallel Evaluation
Algorithm for Fast Fault Simulation)
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Abstract

This paper describes an efficient parallel evaluation algorithm for accelerating fault
simulation. which can be applied to combinational circuits. The method is based on a
combination of all the advantages in parallel. deductive and concurrent schemes in terms
of evaluation and propagation of fautly gates for achieving high performance and handling
multi-valued signal. We also propose a new fault grouping procedure to increase parallel
operation of fault bits by packing active faults which occur in the same signal line densely
into the same fault group. The algorithm has been implemented in C language on a
Sun3/260, and experimental results for ISCAS 85 benchmark circuits have been shown
that this algorithm is 2.6 to 8.2 times faster than the conventional cocurrent fault
simulation algorithm.
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Fig. 1. Data structure for a cell of fault list.
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Procedure evaluation(x, L, f)
begin
{comment: x=(xy.....x,) is a vector
of fault-free values for inputs,
L= (L, L;) is a vector of fault
signal for inputs, fis a function
from input values Lo an output value)
z «— f(x):
initialize falut signal list M to empty:
for every falut group number k in L
in increasing order do

begin
foreveryi(l=<1i <n) do
begin
C;+ {sls € L. s.group=k}:
b < 0:

for each s € C, do
b« b v s.bits:
t.group + k! t.value <« x;:

t.bits « b
Cl« C; U (t]
end:
for each ¢=(cj,....¢,) such that
V.o, ECI: 3, € C(1 =
i=<n)do
begin
P f(c,.value,..., c,.value):
b < c¢;.bits:

foreveryi (2=i<n) do
b < b A c;.bits:
ifz# zand b # 0 then
ifthercisacell t& M
such thatr.group =k
and r.value=z then
r.bits < r.bits v b
else
begin
add a new cell r to M:
r.group <« k:
r.value <« Z.
r.bits « b
end
end
end.
return z, M
end

a8 2. 2A4%7HE A% z2AA
Fig. 2. Procedure evaluation.
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(a) 7ol 4l 74
(b) WA=l Zo] 41 A
Fig. 4. Grouping algorithms.
(a) Depth first search.
(b) Modified depth first search.
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Fig. 6. Directed graph G for Fig. 5.
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Procedure enumerate(v,n):
begin
{comment: enumerate at most n
vertices which have paths to the
vertex v, returnt he number of
remaining vertices)
if n = 0then return 0:
mark v as “enumerated”:
for each vertex u which has an
edge to v and is not marked
as “enumerated” d o
n < enumerate(u, n):
if n = 0then
remove “enumerated” mark
from v
clse
begin
output v:
ne<n-1
end;
return n
cnd

Procedure group(v):
begin
{comment: make groups of N
vertices which have paths to
the vertex v, return the
number of remaining vertices)
k «— 1:
mark v as “counted”;
for each vertex u which has an
edge to v and is not marked
as “counted” d o
k < k + group(u):
m< kK mod N:
ne— k- m:;
ifn2Nthen
enumerate(v, n);
return m
end

Procedure grouping:
begin

initialize all vertices to "not marked”;

for each vertex v for the fault at
the output line d o
group(v):
for each vertex v for the fault at
the output line do
enumerate(v, n):
end

a8 7. Z2AH 259
Fig. 7. Procedure grouping.
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Table. 1. Characteristics of the circuits.
Circuit | total lf)ml input output | fanout faults
Name | gates | lines | lines lines stems

cq32 | 160 | 432 | 36 7 89 524
c199 202 499 41 32 59 758
880 | 383 [ ggo | 60 26 125 942
c1355 | 546 | 1355 a1 32 259 1574
ctoos| 880 [ 1908 33 25 385 1879
c2670 | 1193 | 2670 233 140 454 2747
¢3540| 1169 | 3540 50 22 579 3428
¢b315) 2307 | 5315 178 123 806 5350
c6288| 2406 | B288 32 32 | 1454 | 7744
€75521 3521 | 7552 | 207 | 108 | 1300 | 7550
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® 2. A" 2H(Sun 3/260 4ol A)
Table. 2. Experimental results on a Sun 3/260.

Circuit | used degree of’ CPU lime(scc.)

Name |mem.(kb] parailel Prol Pro? Conli4]
c432 505 2.50 7.8 9.3 64.1
c499 | 603 411 9.8 15.1 478
c880 808 1. 229 13.0 6.7 53.2
c1355] 924 4.16 436 74.1 | 113.2
cl908| 976 4.7 67.4 | 1294 | 175.2
c2670| 2564 2.88 52.6 78.9 192.5
c3540| 1806 3.07 197.8 1 3363 4727
¢5315| 2925 3.10 156.4 1 262.8] 6551
c6288| 4306 5.44 | 3304.9|10046.9 |18599.0
¢7552| 4002 3.38 | 263.5| 4954 | 6473

* Random 100 patterns are used for all circuits
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