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Abstract. An algorithm for generating all maximal cliques can generate all maximal bipartite cliques in
a bipartite graph, while it may take very large space. In this note, we present a specialized algorithm for
generating all maximal bipartite cliques based on CLIQUES that generates all maximal cliques. We show that

the algorithm takes much smaller space and is faster than CLIQUES by computational experiments.
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procedure BCU(G = (V = V1 U V4, E))
begin
E''=BUWh x V1)U (Va x V)
—{(w,v) |1 << Vg
EX'D1(V,V)
end { of BCU }

procedure EX’'_D1(SUBG, CAND)
begin

u := a vertex that has the largest degree in SUBG;

while CAND — I'"(u) # 0 do
p = a vertex in CAND — I''(u);
print (p,%);
SUBG, := SUBG N I"(p);
CAND, := CAND N I''(p);
if p € Vithen
while CAND, NV, # ( do
q := a vertex in CAND, N Vb;
print(q,);
SUBG,q := SUBG, N I"(q);
CANDy, := CAND, N I"'(g);
EXPAND' (SUBGlpq, CANDypy);
print (“back,”);
CAND, := CAND, ~ {q}
od
else
while CAND, N'V; # 0 do
q := a vertex in CAND, N Vi;
print(g,",”);
SUBG,q := SUBG, N I"(q);
CAND,, := CAND, 0 I"(g);
EXPAND/(SUBG q, CAND,g);
print (“back,”);
CAND, := CAND, — {q}
od
fi
print(“back,”);
CAND :=CAND — {p}
od
end { of EX' D1}
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proc;

edure EXPAND'(SUBG, CAND)

begin
if SUBG = 0 then print (“clique,”)
else if CAND # § then
if (CAND C V; or CAND C V,) and there is no vertex

in SUBG adjacent to all vertices in CAND then
for all vertices v € CAND do print(v,“”) od
print(“clique,” };

for i :=1 to |CAND| do print(“back,”) od

else

fi

w := a vertex u in SUBG
that maximizes [CAND N I''(u)];
while CAND — I''(u) — {u} # 0 do
p:= a vertex in CAND — I''(u) — {u};
print (p,%”);
SUBGy := SUBG N I (p);
CANDy := CAND N I''(p);
EXPAND (SUBGY,, CAND,);
print(“back,”);
CAND := CAND — {p}

od
if u € CAND NV} then
print(u,“”);

SUBG := SUBG N I''(u);
CAND := CAND N I (u);
if there is no vertex in SUBG adjacent to
all vertices in CAND N'V; then
for all vertices v € CAND N V1 do print(v,%”) od
print(“clique,”);
for i =1 to |CAND N V1| do print(“back,”) od
fi
while CANDNV; # § do
p = a vertex in CAND N Vy;
print(p, o );
SUBG, := SUBG N I''(p);
CAND, := CAND N I (p);
EXPAND/(SUBG,, CAND,);
print(“back,” );
CAND = CAND — {p}
od
print(“back,”)
else if w € CAND NV, then
print(u,“”):
SUBG := SUBG N I'' (u);
CAND := CAND N I''(u);
if there is no vertex in SUBG adjacent to
all vertices in CAND N'V; then
for all vertices v € CAND N V2 do print(v,%,”) od
print(“clique,”);
for i =1 to |CAND N V2| do print(“back,”) od
fi
while CAND N V4 # § do
p := a vertex in CAND N V;;
print(p,*,”");
SUBG, := SUBG N I''(p);
CAND, := CAND N I (p);
EXPAND/(SUBG,,CAND,);

print(“back,” );
CAND := CAND — {p}
od

print(“back,”)

fi
end { of EXPAND' }
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n m | p w eliques || CLI. [sec] | BCU [sec] CLI. dep. [ BCU dep.
1,000 1,000 | 0.1 131-143 | 1.1 x 107 111.2 92.1 106-122 8
1,000 | 1,000 § 0.2 241-251 | 2.4 x 10? 21,773.4 | 18,280.2 208-227 10-11
3,000 3,000 | 0.01 51-57 | 1.5 x 105 50.9 14.7 43-51 5
3,000 3,000 | 0.1 362 | 3.6 x 10° 52,987.3 | 44,311.7 330 9
5,000 5,000 | 0.001 16-18 | 9.7 x 103 78.7 3.2 14-16 4
5,000 5,000 | 0.01 77-83 | 9.5 x 108 333.5 125.3 64-76 5
3,000 30 | 0.3 936-978 | 4.1 x 10° 9.6 9.5 872-923 10
3,000 30 | 04 1.238-1,268 | 3.1 x 10°¢ 39.0 37.3 |[ 1.141-1,269 12
10,000 100 | 0.1 1,054-1,080 { 9.1 x 105 74.3 50.4 961-1,061 8
wyﬁﬁ%ayﬁAﬁifmﬁ?éiﬁ%%
r=
n m | dens w ficliques || CLIL [sec] | BCU [sec] CLI. dep. | BCU dep.
16,000 | 16,000 | 0.00066 20-22 | 3.4 x 105 4,419 81 19-21 7-8
32,000 | 32,000 | 0.00033 20-22 | 6.9 x 105 29,350 348 20 7-8
64,000 | 64,000 | 0.00016 20-22 | 1.4 x 108 || >100,000 1,519 7-8
16,000 160 | 0.066 1,102-1,116 | 4.2 x 10¢ 268 143 || 1,025-1,085 12-13
64,000 640 | 0.016 1,115-1,131 | 1.7 x 107 3,675 679 || 1,022-1,075 12-13
256,000 2,560 | 0.0041 1,129-1,136 | 6.7 x 107 — 3,647 12-13
r=20

n m | dens w tcliques || CLI. [sec] | BCU [sec] CLIL dep, | BCU de
16,000 | 16,000 | 0.0013 33-35 | 3.3 x 106 5,061 234 30-33 9
32,000 | 32,000 | 0.00064 34-35 | 6.7 x 108 38,625 860 33 9
64,000 | 64,000 | 0.00032 34-35 | 1.3 x 107 || >100,000 4,136 9
32,000 320 | 0.064 2,123-2,144 | 1.7 x 109 14,465 12,017 | 2,018-2,126 15-16
64,000 640 | 0.032 2,148 | 3.4 x 10? 35,655 29,597 2,070 15
128,000 1,280 | 0.016 2,153 [ 6.7 x 10° - 64,693 15
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