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Another result on polynomial-time solvability
for the maximum clique problem

HiroAKI NAKANISHI T ETsusr TomrTaflf2
and M1TSUO WAKATSUKI 3

Several improvements have been done for the time-complexity of the max-
imum clique problem, though it is exponential of the number of vertices. In
this note, we present a simple branch-and-bound algorithm for the maximum
clique problem. It is based on our preceeding algorithm CLIQUES, which is
designed for generating all maximal cliques. Then we give simple proof that
its polynomial time-complexity is O(n4) for a graph with n vertices and whose
minimum degree is n — 4. The result could contribute to improve the upper
bound of the time-complexity for finding a maximum clique in a general graph.
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0000: procedure MAXCLIQUE(G)
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0600: procedure EXPAND(SUBG®, d)
0700: begin
0800: if SUBGY # () then u, := a vertex in SUBGY that maximizes |SUBG® N I'(ug)l;

0900: if d=1thenv:=u; i

1000: Q= QU {ua};

1100: SUBGEde‘*'l) = I'(uq) N SUBG;

1200: if d = 0 then RSUBG := SUBG{) fi

1300: EXPAND(SUBG{Y, d + 1)

1400: Q= Q — {ua};

1500; if d =1 then RSUBG := RSUBG — {u:1} fi
1600: EXT := SUBG) — {uq} — SUBG{HY;
1700: for i := 1 to |[EXT?| do

1800: v; := a vertex in EXT(® that maximizes |SUBGY N I'(v;)[;
1900: if d =1 then

2000: U:=I(v;) NEXTY;

2100: if U/ <2theni:=i+1fifi
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2200: SUBGFUj+1> = I'(v;) N SUBG®D;
2300: if d=0and i =1 then RSUBG := SUBG() fi
2400: if d=0and i # 1 then RSUBG := 0 fi
2500: if d =1 then
2600: if SUBGSY C SUBGY) theni:=i+1fifi
2700: Q=QuU{uv};
2800: EXPAND(SUBGSJ:?“), d+1);
2900: Q:=Q—{vi}
3000: EXTYD = EXT@ — {v;};
3100: if d =1 then RSUBG := RSUBG — {v;} fi
3200: od

3300:  else {i. e. SUBG(Y =0}
3400: if |Q| > |Qmaz| then Qmaz := Q
3500: fi

3600: end {of EXPAND}
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3501: REXT := RSUBG — {v} — (RSUBG N I'(v));
3502: if |[REXT| > 3 then

3503: Us = 0;

3504: Us := 0

3505: for i = 1 to |REXT| do

3506: for j =i+ 1to |[REXT| do
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3513: if Qmaxz — {v} C Wathen Qmax := (Qmaxz — {v}) UUz[i]} fi
3514: for i := 1 to |Us| do
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