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A Faster Algorithm for Finding a Maximum Clique
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Vooo (vertex) D00, ECV xV OO (edge) O
o0ooooooo,G=(V,E)DOODOOoooooo
goood. boboobooo vooooooooobg,
VooOooo«00o0o0o00 VEooo. o0 200
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:0jj0000000000. 0DbD,0000O00g
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0000000000 |V|x|[V|0D0000000
00 (adjacency matrix) Ag = (aij) @, jyevxy 0000
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00000000 00000000,00000000
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000000000000000000000000
00 MCQYOD,00000000000D000D00
000000000000. 000000000000
00po00000000000,0000000000
00po00000,0000000000000000
000000000000,000000000000
00D0000000000D0000. MCQYODODO
000000 NUMBER-SORTODOOOOOODDOO
0000,00000000000,00000000
000000000000 00000O00000.
l.aj=1, 1 #)0000, NliJ#N[j]0DO0O.
2.N[i]=k>100000, Njj] =12,....k—1
0000, jel:)00D000000ODOOOODO
oo.
0000000 NUMBEROODO, 00000000
000000000000 000000000D0DO
SORTODOO.D1000000000000.
NUMBER-SORT(N-SOO0D00)00000000O
00000000 Max{N[p|]} O w(R) < Max{N|[p] |
p € R} (< |R) DD0O0O0DOODODODO, |Q+
Max{Np] | p € R} < |Qma/ 000000000 R
0000000000000000000000000
00,0000000000000000000
000 MCQYOD,00 1(000DO00#1)00
00000000000000,0000000000
000000000000, N-S00000,0000
0000000000000000000 EXPANDO
0000000000 00000D00000 (00 9],
Tables 1, 30 0).
3.3 MCQ'[17]
0000,0000000000000000000
17700000. 000,0000000000000
0000,00000000000000000000
0000000000 0000000000,0000
0000.00000000000000000000
00,000000000000100000. 000
00po0000000,00000000000000
0000000000 00000000000,000
000000000000O0O00ooooooooooo,
000000000000000000000. 000
000,000000000000000000000
oooooooo.
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procedure NUMBER-SORT(R, N)
begin
{NUMBER}
mazxno = 0;
Cy =0
while R # () do
p := the first vertex in R;
k:=1;
while C, N I'(p) # 0
do k:=k+1 od
if £ > maxno then
mazxno = k;
Cmaacno+1 =0
Nlp] := k;
Ck := Cr U {p};
R:=R— {p}
od
{SORT}
i:=1;
for k := 1 to maxno do
for j :=1 to |Cy| do
Rl = Ci )
=141
od
od
end {of NUMBER-SORT}
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00000000 EXPANDOODODOO,0D00000
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gobooooooooo,0boooooooooa
0. MCQO MCQ'00000000,N-SO0000
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OO0,N-SO00s00000000000000000
OO0o0o0oooOoo 7. 00Oo,000000000
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gdooboobooooooobooooboon.
goboooo,0obooobuoooooooooa
dooo,cpUO0OODOODODOOODODOODOOOO
oddoooodooooooooo. ogooog, N-S
goboooooobooooobuooooob, oo
goboooooooo,0pboooooooooa



FIT20040 0300 DO 000O0OooboOO

0.00000,00000000000000000
000,100000000000000000000
000. 000000000000, 00000000
000000000000000000,000000
0000000000000000000000.00
000000000000000 ABSORB(ABSO O
0)0000,02000000000000. N-SOO
00000000000000000000,0000
00000000000000000,nxn0000
000000.00000,0000000 ABSOOO
00000000000 nx20,000000000
0000000000000 Rx1000000000
0000000,00000000000000000
00000000000000.000,000000
000000000000000000,000000
00000000 10000000000 (n0000,
p0000 (2000000000000 [2)).

procedure ABSORB(R, N)
begin
ColorN :=1;
i:=1;
List := R
while List # () do
p :=the first vertex in List;
C =0
while p #nil do
if CNI'(p) =0 then

C :=CU{p};
R[] := p;
=1+ 1:

List := List — {p};
N{p] := ColorN;
fi
p :=the next vertex of p in List;
od
ColorN := ColorN + 1;

od
end {of ABSORB}

0 2: 0OO ABSORB

O 1: NUMBER-SORT O ABSORBO OO

Graph N-S ABS ooooo
n | D [msec.] | [msec.] || ABS/N-S[O]
0.1 0.261 0.115 44.1
300 0.5 0.412 0.244 59.2
0.9 0.589 0.287 48.7
0.95 0.734 0.313 42.6
3.5 MCQ”

0000000000000 ABSON-SOOOOO
MCQ 0000000000000000000000O
MCQ’O000.

4. 0O0O0OO0O0O
O000oO0oooMCQ/O0O0OOOOO,00000
O000,00000000000000. 000000
ocoooooooooo cooo,ooooggoooo
0O CPUO Pentium4 2.2GHz(OD OO O 000 O 512KB),
OSO Linux, 00 0000Ogec-02000.
OO0,000000000,000n 000 p000
cooooooooOoooooooobo wogooboooo
ooo0o0,00000000000000 20000
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0.00,000000000000,00001000
0D000000000,00000*00000000
000. 00,DIMACSO000O0O0OOO [2l000
0000000 300000.02,30000,0000
00000000000,000000000000 [2
000000 (0000,0000000000000
0000000, Tar/5000000). 0000, ABS
0D000000000000000, MANN.a45 00
00 MCQ' 00 MCQ”00 1/2.9000, hammingl0-
20000 MCQ' 00 MCQ'O0 1/21 000000
0.MCQDOODOMCQ/0ODD0ONODOOOO,O0O00
$an200.0.9300000 1/86.700 0, san400_0.9_1 0
0000 1/161000 (»0),00000.
000000000 MCQ'O000 MCQODOOODO
0D00000000,00000000000,000
000000000000000000000MCQO
0000000000000000000
0000,00000000MCQ"OOOOOOO0O
00000000000000000,0000000
0000000000 O0O0oooo.

5. OO0
00000,000000000000000000
000 MCQ'000000000000000. OO
0000000000000000000000000
000000000000000,MCQOO 1,0840
000000000 MCQ’O0 4700 1/230000
00.0000000000000000,00000
00000000000000 [12)0000,0000
00000000000,000000 [19), [2000,0
0000000000,00000000000000
oooooooo.
00 00000000000000000000000
00000000000, 00,0000000000
000000000000000000000000,
000000000,000000000000000
0000000000. 00,00000000000
00000 (B)DOOOOOOOO.
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Graph dfmax MCQ MCQ’ MCQ” New [ COCR
n [ p | w [6] 9] (17] (8] [5]
0.8 ] 19-21 0.22 0.026 0.019 0.016 0.10 0.24
100 0.9 | 29-32 5.97 0.066 0.059 0.047 1.04 0.31
0.95 | 39-44 40.94 0.023 0.019 0.015 0.31
0.6 14 0.46 0.14 0.12 0.11 0.27 0.82
200 0.7 | 18-19 6.18 1.13 0.93 0.80 4.75 2.59
0.8 | 24-27 314.92 20.19 17.63 14.81 | 231.54 | 13.66
0.5 | 12-13 0.59 0.24 0.196 0.185 0.32 1.78
300 0.6 | 15-16 7.83 2.28 1.85 1.52 5.50 7.83
0.7 | 19-21 233.69 37.12 30.89 27.10 | 179.71
0.8 | 28-29 48,280.6™ 2,063.3 1,790.0 1,514.9
0.4 11 1.02 0.48 0.44 0.42 0.94
500 0.5 | 13-14 14.45 5.40 4.52 4.27 11.40 27.41
0.6 17 399.22 96.34 79.94 73.71 | 288.10
0.4 12 51.92 22.98 19.49 19.15 36.46
1,000 | 0.5 15 1,766.85 576.36 482.52 461.94
0.6 20 160,028.33" | 34,496.35" | 27,095.67" | 25,290.03"
0 3: DIMACSOOOUOOOOO0000O0O0O0O000 [sec.]
Graph dfmax MCQ MCQ’ MCQ” New x+DF | COCR | MIP SQU Tar/5
Name 2] [9] [17] (8] [7] [5] [4] 3] [10]
brock200_1 23.96 2.84 2.39 2.05 19.05 112.2 1,471 35.0
brock200_2 0.05 0.016 0.015 0.014 0.018 0.37 0.54 60 | 847.3 0.10
c-fat200-5 444.03 | 0.0021 0.0025 0.0023 2.74 0.008 1.7 60.5
hamming&-2 >24hrs. 0.0205 0.0036 0.0030 0.014 0.088 0.05
hammingl10-2 || >24hrs. 1.82 0.33 0.16 0.88 6.23 1.0
johnson&-4-4 0.0071 0.0009 0.0006 0.0004 | 0.0035 0.032 0.4 | 0.004
johnson16-2-4 1.21 0.34 0.21 0.18 0.095 9.65 777 | 0.003
MANN_a9 0.062 0.0002 | 0.00018 | 0.00014 | 0.0035 0.008
MANN _a27 >24hrs. 8.49 4.22 3.40 | >3,500 | 12,488.6 4.33 | 1,524
MANN _a45 >24hrs. | 7,107.83 | 6,212.62 | 2,115.91 | >3,500 | >17,000
p-hat500-2 219.37 6.22 4.99 3.63 150.5 246.1 5,331 >2160
p-hat1000-1 1.66 0.86 0.75 0.74 2.05 19.83
p-hat1000-2 >24hrs. | 4,104.15 | 3,512.07 | 2,862.37 >17,000
san200-0.9_3 >24hrs. 16.41 0.24 * 0.19 235.27 431 | 23.60 || >2,160
san400.0.7_1 >24hrs. 1.72 2.34 1.97 | >3,500 514.06 12.1
san400.0.7_2 >24hrs. 1.58 0.45 0.39 177.6 192.74 786.8 56.6
san400.0.9_1 >24hrs. 72.69 5.32 * 4.51 8,712.2 3,240
sanr400_0.5 3.50 1.47 1.12 1.06 2.32 27.87
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