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Abstract - This paper proposes an implicit method for computing the minimum cost feedback vertex set for a graph.
For an arbitrary graph, a Boolean function is derived, whose satisfying assignments directly correspond to feedback
vertex sets of the graph. Importantly, cycles in the graph are never explicitly enumerated, but rather, are captured
implicitly in this Boolean function. This function is then used to determine the minimum cost feedback vertex set. Even
though computing the minimum cost satisfying assignment for a Boolean function remains an NP-hard problem, it is
possible to exploit the advances made in the area of Boolean function representation in logic synthesis to tackle this
problem efficiently in practice for even reasonably large sized graphs. The algorithm has obvious application in flip—flop
selection for partial scan. The algorithm proposed in this paper is the first to obtain the MFVS solutions for many

benchmark circuits.
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dfs_initialize(G)
{
foreach vertex u € V {
status[u] = unvisited;
function[ul = 0;
}
foreach vertex u € V {
if (status[u] == unvisited)
dfs_initialize_visit(u);
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dfs_initialize_visit(u)
{
status[u] = visiting;
foreach edge(u, v) {

if (status[v] == unvisited)
dfs_initialize_visit(v);
if (status[v] == visiting) {
add_to_set(B, u);
functionl[u] =
)
}
status[u] = visited;

g1 X758 402
Fig. 1 Initialization algorithm

compute(G, B)
{
fori = 1 to IB] {
foreach vertex v. € V
status = unvisited;
foreach vertex v € B
compute_step(v);

}

f=0

foreach vertex v € B {
f=1fU vl

}

}

compute_step(v)
{

status = visiting;

g =0

foreach edge(u, v) {
if (status[u]l == unvisited)

compute_step(w);

g =g U flul;

}

flvl =v N g

status = visited;

a8 2 grEAM e[
Fig. 2 lteration computation algorithm
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t}3)s] BDD(Binary Decision Diagram)+
product ARt ¢ 7ESA =gd4E 23T F U=
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gt ez A, =233 T gHo] Foid iy

off gt g Fkelt.
min_cost(f)

{

f.cost = 1;
f.assignment = {};

)

if (f==0) {
f.cost = oo
f.assignment = {};

)

if (f->1branch.cost < f->0branch.cost) {
f.cost = f->1branch.cost;
f.assignment = f->1branch.assignment;

} else {
f.cost = f->0branch.cost + cost(f.variable);
f.assignment = f->0Obranch.assignment U

f.variable;

}
1% 5 BDDE o8¢t z[2H|&
Fig. 5 Minimum cost assignment using BDD
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Table 1 Characteristics of benchmark circuits
=]
=

[

2 |FYY F|FEY F | AJE F |EHEF 7T
s13207 31 121 7875 669
$1423 17 5 635 74
35932 35 320 15998 1728
38417 28 106 22263 1636
5378 35 49 2195 164
838 35 2 390 32
$9234 19 22 5556 228
953 16 23 395 29
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Wel 93 FF4| FF = |CPU Al (s)
s13207 59 59 31
s1423 21 21 3469
$35932 306 306 91
s38417 374 374 306
s5378 30 30 8
s838 0 0 1
$9234 53 53 1770
$953 5 5 15
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