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HEWN(hierarchical edge-weight network) HEWN
, HEWN , HEWN HEWN
, HEWN , HEWN .
, MCST(maximum complete sub-graph tree) 3 2j>n GM
HEWN JHEWN ] on®).
; NP- ;
: TP301 A
NP- R R NP-
G(V,E),
Input: G(V.E), K(=VI); i n
Question:  G(V,E) C  |czKk? W
: MCST n G(V.E), $ih i
(HN) LPHN
n—j+1 HN , 1 2 3 4..nj+2
1, .
, 1 . HN , j- ) Ay ™
) Fig.1 j-Level HN
Cd, 1 j- HN
HN , HN A
, j-  HN, J-
, - j- (maximum complete sub-graph tree, MCST).
,MCST
Y (hierarchical edge-weight network, HEWN)
(1] , MCST
HN s MCST s TL.
MCST TL :MCST TL TL
JMCST HN ,
, (HEWN), HEWN (GM).
* 1 2001-05-28; 1 2001-12-06
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HEWN, . HEWN : n
G(V,E),HEWN n- HEWN, n- HEWN ,
n, , (n-1)- HEWN, i Xx-  HEWN, 3- HEWN
HEWN ,
GM, LHEWN MCST, MCST HEWN.
JLHEWN
HEWN , HEWN , MCST , 2j>n
,LHEWN ) , : PHEWN(partial HEWN),
HEWN;IHEWN(intermediate HEWN), X- HEWN HEWN; k  PHEWN, k
PHEWN; k  MCST, k MCST;TL(tree’s label), MCST
1 HEWN
+ = HEWN R HEWN.
HEWN 4 GM >
, HEWN HEWN
1.1 HEWN
HEWN LHEWN HEWN
5 HEWN HEWN s
s R HEWN
,LHEWN 2l ,
(1)  HEWN , , GM
(2) HEWN ,LHEWN ,
mark ivertex | jvertex [info [ jlink [ilink |
vertex link
,Jivertex,jvertex ) jivertex , jvertex ;info
GM;ilink ivertex ;jlink jvertex 1
;mark ( mark ). ,vertex HEWN
;link vertex 1 JHEWN

CONST vtxnume...; {vixnum denotes the number of vertexes in a graph}
TYPE edglink=1 edgnode;
edgnode=RECORD
mark: 0..1;
ivertex, jvertex: 1..vtxnum,
info: ARRAY [1..vtxnum, 1..vtxnum] OF 0..1;
ilink, jlink: edglink
END;

El

vtxnode = RECORD
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vertex: 1..vtxnum,

link: edglink
END;
graphlist = ARRAY [1..vtxnum] OF vtxnode;
12 HEWN
2 ,14,13,12,11- HEWN .10-  HN 3 , 10- HEWN
: 1011 1213 14
Stepl. 3- PHEWN, 3-
THEWN. 34567
Step2. 3- THEWN 4- PHEWN,
4- THEWN. 2 3456
1 4  4- PHEWN.
2 3 4
stepl - THEWN, o 3 S A7 1 Fi 13 1?)1 51HN
1g. n example 1g. -leve
, 3- IHEWN, 3-2-1. 4 ) 3 10- HN
,GM;,  GMy, ) GMy.;.
GM 3, 4 4- MCST TL
@) 5 4- PHEWN.
stepl 3- THEWN, 3 - - , 4 3- THEWN. 5
3- IHEWN , 4- PHEWN, 5
5, R 5 4

s 5

3 4 5-3

IilllGM#I_-l*Ll_kM*l_lS 4 n , GMs 5 GM;.z GM,.;;

23 3R2IGM, [+]  [4]2IGM] 4[3IGM [~ 5-4 S GM;4 GMy.,,
! 2[1IGMIA[A] 3[1IGMIA[ 3 2IGMIA[~ GM,.;,GM,43,GM;,;  GM;.,. :GM,;
Fig.4 Fig.5 Storage of the 4-level PHEWN of vertex 5 ) , 5 4- PHEWN
4 > > 4 PHEWN GM (1+2)+(1+5)=9,
5 4 MCST TL .
3) 6 4- PHEWN.
Stepl 3- THEWN, 3 - - , 6 3- THEWN.
6 3- IHEWN 3 . 4- PHEWN, 7
7 ’ 345 @;l
6 i Y74l ST nE s Rn e nE e e ng
3 2 3 4 BRGML[ [RIGM] [ HHEBRIGM AI-PISZEM I ERIGM [ PEIGM, [~
: 6-3 : M v v v
3 3. PHEWN {23 [RhcMAL] BHIGMA[»ERIGMIAA]  4[LIGMIA[1{42IGMIA[ -4 3IGMIA[A]
GM : 6-4 Fig.6 Fig.7 Storage of 4-level PHEWN of vertex 6
6 7 6 4- PHEWN
, 4 3- PHEWN
GM : 6-5 , 5 3- PHEWN GM o, 6 4
PHEWN GM (142)+(1+5)+(1+9)=19, 6 4 MCST TL
7 8 R R 3- THEWN 4- PHEWN |
GM 4-  MCST TL . 4- THEWN R
GM 4- MCST TL .
Step 3. 4- THEWN 5-  PHEWN, 5- THEWN.
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(1) 5 5- PHEWN.
Step2 4- THEWN, 4 - - 4-  THEWN, 4-3-2-1.
5 , GM 4. 4 3- IHEWN 4- PHEWN
GM 3, 5 3- IHEWN 5- PHEWN GM
4, 5 5- MCST TL
2) 6 5- PHEWN.
Step2 4- IHEWN, 4 - -
4 5 4 5 6
8(a) 4-  THEWN, 6 4- THEWN 6-4
{4 £45% ., GMga, 4 4. PHEWN GM ;
6-5 . GMgs, 5 4- PHEWN GM
23 234 4 5 3- IHEWN 4- PHEWN
Vil GM 39, 6 3- IHEWN 5- PHEWN
(a) (b) , GM (143)+(1+9)=14, 6 5- MCST
Fig.8 Two IHEWNs TL
8 THEWN
3) 7 5- PHEWN.
step2 4- THEWN, 4 - - 8(b) 4- THEWN,
7 4- IHEWN 7-4 , GM,., 4 4- PHEWN
GM ; 7-5 , GM,.s, 5 4- PHEWN GM ; 7-6
J% 0 GMy, 6 4- PHEWN GM 4,56 3- THEWN
4- PHEWN GM 3,919, 7 3- IHEWN 5- PHEWN
, GM (143)+(149)+(1+19)=34, 7 5~ MCST TL
8 9 , , 3- IHEWN 5- PHEWN
GM 5- MCST TL .
Step4. 6,7,8,9,10- THEWN  HEWN. , 3-
[HEWN x- PHEWN |, GM X MCST TL
10- HEWN , 6- PHEWN , 10- HEWN
6 10,
2 HEWN
, n G(V,E), j, HEWN n~ HEWN.
x-  HEWN, 3- HEWN HEWN HEWN, -
- \ SR Y “«
» , e HEWN
JHEWN — JHEWN HEWN
GM , ,
HEWN , </ ( o(n*Hy,
GM , “« /o G(V,E) n j.
HEWN . , G(V,E)
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HEWN , n~j- HEWN,
, . j- HEWN
i(3<i<)) IHEWN , i=j—(n—j+1)+1=2j-n i- PHEWN . i=2j-n
2j>n, j- HEWN (2j-n) i, , (2j-n)- PHEWN ,
. , 3- IHEWN (2j-n)- PHEWN GM
(2j-n)- MCST TL , (2j-n)- MCST TL . (2j-n- MCST
cr, ., (2j-n- MCST TL cH,
,(2j-n)-  MCST 2 TL cirt, . ,(2j-n)-  MCST TL
ClM+CiiM 4+ +CL . 3- IHEWN (2j-n)- PHEWN GM
(2j=n)- MCST TL , . (2j-n- PHEWN GM
E(nj)=C/"+C/[™ +..+C2,,=0(C/'™).
P(n,j) GM , HEWN
T(n.)=E(n,j)+P(n.j)= O(C;'~")+P(n.j).
, 2i>n  T(nj) . JHEWN , on®?).
3
HEWN . n
G(V,E), i, 2j-n j/2 ,HEWN
HEWN MCST .
9 s HEWN R 8 l
8,7,6,5 , GM 164 MCST 7 2
, 82 . 6 3
2 ’ HEWN ’ Fig.9 i In:tance 1
14,13,12,11,10 GM 291,2410,5563,9232, 9 1
12578, 10- HEWN , 5- IHEWN 6- PHEWN
10 6- PHEWN GM 1 751 HEWN GM
3.01x10% MCST , » 14~1 1~14,
14,13,12,11,10 46, 297,983,2167,45,
3.54x10°.
Tablel Comparison of the basic operation times between HEWN and MCST algorithm
1 HEWN MCST
Algorithm The times of creating and modifying The times of testing connection in
Instance GM in HEWN algorithm MCST algorithm
Instance 1 =8 164 82
i=
Instance 2 r.‘fH 3.01x10* 3.54x10°
=10
, , HEWN GM ,
MCST , 1, 2.
, JHEWN GM MCST
,HEWN ,
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Complexity Analysisfor the HEWN Algorithm—A Discussible Opinion*
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Abstract: In this paper, the time complexity of the HEWN algorithm for the maximum clique problem is
analyzed. Firstly, a sort of data structure to implement the HEWN algorithm is designed by analyzing the structural
characters of HEWN and the needed operations. It is pointed out that the storage structure of HEWN should use the
linked list which combine adjacency multi-list with binary linked list. And then, the building procedure of HEWN is
anatomized by starting with the storage structure of HEWN. In the anatomizing procedure, by comparing with the
MCST, it is pointed out that underlying exponential times of creating and modifying GM exists in the HEWN
algorithm when 2j>n. Therefore, the time complexity of the HEWN algorithm is exponential instead of O(n®?).
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