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Abstract
fields such as resource allocations, electric networks and wireless ad hoc networks. The two most known dominating
problems are Vertex Dominating Set(VDS) and Edge Dominating Set(EDS) problem. People designed and analyzed exa-

ct algorithms for the two problems by dynamic programming and measure-and-conquer techniques and proposed many

In complexity theory,dominating problem is an important problem, which has important applications in many

approximation algorithms for EDS problem by reducing the problem to Edge Cover problem, Recently, parameterized
dominating problem has attached considerable attention, Planar VDS and General EDS problem has been proved to be
Fixed-Parameter Tractable(FPT) problem, and many techniques such as tree decomposition and branch-search have
been used in the design of FPT algorithms for them. The paper presented the classification for the two problems respec-
tively,and gave definitions and some relative algorithms for each derivative problem, Furthermore, the Matrix Domina-
ting Set problem and some research directions on dominating problem were also introduced.

Keywords Dominating problem, Vertex dominating set problem, Edge dominating set problem, Exact algorithm, Ap-

Vol. 37 No. 2

proximation algorithm, Parameterized algorithm

1 35l

SCBL IR AR 3 B A 4 5 SR 4 (VDS) [) B8 A 3 32 B 4R
(EDS)RIRRFIRHE . s3 X B MR — R EA ) NP-hard [
B R TR BAYEET (o 1 R4 T R TEAR 1 el I 45
SEEGEH, A REEEd R NP-hard [, FF i
AT R E SRR ™,

PEAFEOR s AATTx s SC B4R [ R AL ST PR R IR RO M i B
EMEMERMT REVR, BdR#EEL S EEERA
A B A T 5 2 B BT B BE , B T 66 48 B 9 7 SC PR B A
Eul4T. SEOTEESER T, AT 5A XX 9 (5] 2 Y

i

kS H#1.2009-03-09 &4 B #1:2009-05-25

SEEPHATOR,IFER T — R E LS RN
W -hard "} , J2- 1 B b8 S S ECE ) AR — B B B
Be4E A5 & FPT (Fixed-Parameter Tractable) [a]f, 43048
HE R BT (4 ) BB 22 7, oF s 32 T 4 1) R A 320 S P 4 o) s
1402, 3t B R M AH R R T RS . Wesh, A SCEXT
M AR SR T HENSE. REMXEREH#HTT &
&5, RN TH— 2P I M,

2 RXEHKNEEA

A E AR RT3, I 5 B R M EH R
E X FIHHRE L.

AXTEKBRREES (60773111, K 973 ATHIHF 7T % 15 (2008CB317107) , BiEg & 7 1

FAERS (06]J10009) , it B £ FE AA TR (NCET-05-0683) 1 E X & #5057 H BA % 8hit R (IRT0661) ¥EBh .
FEEFA969—), B, d 4, 3032, 8144 S, CCF R LR, TEWR SN BRILRINE  MEHTERER . MERLEEE S, E-mail: jxwang@
mail. csu. edu. cn; BRERE(1984—), 0, 44, TEFHRFTFARNSHGTHE HEVIIES; BE=1954—), 8. B+, # 8, 145, TBHR

THCTEYEBE STENER TR SRR M.

.70



BERG=(V,E),veV, N £ v FFTH B S E
&, Nlv]l={v} UN(); AEHE S DSV, R UweoN[v]=
V,8i# D 2 G M SR
2.1 —M Ry EEEE

S AR PR R — 2 R ) NP-hard [8)88, HoE CINF .,

B 4E (Vertex Dominating Set) [a] 8. A ® G=(V,
E), AfFRRIEE G HEr& S8 i SR E.

HAER A3 A 2B E R B R E LM TREVIR.
Fomin™ 48 I $THE OC2") B _b 57, Xof 55 3% e 48 1] L4 1 B+ ]
ERER O B9 MR, XEHERE AN X
FLNE G R ERCH 12 RT3 ERE G RE
TEERORT 2 09800 0 BF &0, 4% 0 B 0D op A BR A T 45 2]
FAEG . BESERI6]TH MR L ENE GPEE n A
HAA TR ERSARNT 3 WE GHhLERFEARKT 30/8
B RS R, BRI AR, (N B IR G TR R
KF 3n/8 M ES. B Stirling SR HL X EEESHI
BORSA 1. 9379 (¢ HE G s EMAE 0 <o), WFA 72
HIEfRIE 2B R OCL. 9379") . 5413 i F2 Ry A1 2 40 B 5
THBAETEE/ME R E S M EE 28 OCL. 9379"),
/5, Grandoni™ Mt A H E MR U MEREHR O
(L3424 M¥E B 2, Hvb & o) AR (BD Rl B sE ) AR 45
EREATBNTERBEENTENEZH RERIE S X
BEEEREMESEEMBZRIMMAX R, BB S LREN
FERT IR 24 BE S OCL. 3424%)=0(1. 8021") BIE TR B 1%,

AL 45336 5 A (Measure-and-Conquer) 4 #2 Hh {# 18 55 3%
Fl A R TR B E A T 8 F Wi, Fomin™ F
FIRAL G T AR SCRRL 7 ] P 8 4 7 5 o) B K o B vk A 4T
4347, 8 BHZ S B R BT ] & 2% A2 24 OC1. 2353"), Forht n 241A)
B, HEBFEN - NEEN—HTE « WESU
PRUB—HFEs RS S Fn R"ARS PRPN NE
BN m RAEE U P freq(w)=j(frequ) HITLE u FE S
PHBRED ., B SHIERNN HES s BPUE w:,
UHFiA freqw=i MTTE u BMTREvi. & SHKA/DE
(S)=§1w.-n,v +j§'(/]‘mj swi =1 =1,% i=6 t,w=u =1,
Awr=wn s Ave =1 ; ¥ i223 B, Awy = w, —wiey , Au = v —
vi—1 3 0L AW Awi—y o ARJF XEF T UL L BURGIERE T 3C#k
C7 s 8 B A F BN BOR B 1. 2353 | K|, P
K A FRIER TR/ PMIESR, | K| =poly(n), BB
R R ¥ VT 7 Z0 T 2 A 1) P e, DR 45 BB Ok B AT B 2%
B OC1. 2353") . MTIARE], FFIZ BB £ Ol 2353) =
OC1. 5137t {R] P4 e 1 S BL A A1 BB, Rooij 1 Bodlaend-
el F AL G B AR B Bk AT B 5 40T, 18 B A T
SRR REaT B E A 2R OCL. 5063") MG HIE I .

SERM AT B G A S A R —#E, R
R R TREFTEM BN BT R, HRFES
HGCHBANERFARMBUE. Bk ANTH 3T nsE X
BC4R TR 20

DAL 3 B £ (Weighted Vertex Dominating Set) B} 55 .
HEMRE G=(V,E), B/ G F 8N RHE —TKRT 0 B
&, BiFRRHE G FRE B /NG S L Fo 8 LR AAR
AEBDY S XM TR S MBUEZ D .

Fomin"" S F AR5 6 H AR , UF MO BT A 1R /N X

e 8 o

B4 Bt ) 5 2R B 2 OCL. 76977) , FH B F B 348 BlnALR
e RAE Rl e R] 2 B OCL. 5780 YRS BB B:
2.2 BHUREEEGE

FEESHIRCHMRE, AMTER T — R E LA SR
[T 2 W -hard [, B M % ) BB R FEFE I 1) S 2 BE O
O(f(Ryn™ ) BB B B, A, AMTEIEN TP @ A L
A XEEMBR B SHEEMNNY KRN SRR
AT T REHIT. T HES TV S B B AR
Y EERERNSHE X,

¥ b F | 5 X B £ (Parameterized Planar Vertex
Dominating Set) A8 : 4 € FE A G=(V,E)MIE¥¥ &, H
FRERHE G~ ESEAKRT b BsSIEEE.

S HL - I ALE 7 Ad 2B (Parameterized Planar Weigh-
ted Vertex Dominating Set) [Alf8 : % /& -l I E G=(V,E)
MIEBH £, B G HE4 S8 - EREAUE, BiR2R i
B G H—MUEARKT b 05 ACE.,

SEESHSI AR EERERENRRAAERTNE
BRATATHE, 2001 48, Alber '™ 4545 th 45 AR - 1 A3 X RE 42 9]
AR TRE G=(V,E)MIE¥H £, V=BUW,B #3%
BEWHEAAS, BRERBR—MARRKTFERSAES, M
BBHRRBRFSHEAHHESHAREEIN FPTEE. &
BB R E A B A AR X5 B A E TR AR
BRAS XBREARM A BN FERPERR/NMMIBRE
WA, WAL, RE W E A E R 08 ),
W=, W DA bR ic ¥ H S S R AL 0 F 1 S A
£2IRIRE , BRL g2 R 0 [ e T P oR g T o S P AR AL

2002 5, AT G R AR S BB AR RBS PP E S X
BigE MR, Alber FESCER(12]1 7 HiE Bl . R — AP E E h#F
FEARKF k 092 HLEE , WET-EE A 5 OWE) , i

SMRERHE B 2B OWEn) . BT, BB H—AEhA M
R R RS TERT ] O(2™% ) R S BT 5 XA
SRS HAL T INALS S RS, S, O[4I F
Backers 4 ¥:8 BI - [ 4 S fio 4 ) S i 1) B 22 BE O 025 )
WS, Albed FH T2 AV EA L RERNELY
KN 335k Wi, SR BB AT E OGP BN Fo-
min F Thilikos ) 5 FH 258, H 44 LW ERH RS
PURIBEAR , 466 T 0 5 3 B 0 5 B0 0 0 O O 2 B i
K O@S e+ b ).

% 1 HFIH T — s A R SRS B A R R
b — S R 3 B T B 2 B R LA R

1 SRR S

1E#/ X # B3 i (5] B % HEHEA
FomintJ F oAt — e B O(1. 9379m) AEHE

Grandonit™ T dm AR — R B O(1. 8021™) AR
Fominl™®  (F)mil—# @ O(1. 5780") A4
Fornin[® FAm i — # O(1. 5137") L O8]
Rooii ! K i — A (1. 5063%) AR 4 6
Alber{13 A% T O8km) LXHE
Albert12] R -FEE 02"k BB FHBRXY
Kanj[14] T iR 6 B 02",y AW AR

Fornin( 1% ThREEE 0@ 13VE 4534 2) AR SARK

2.3 BERETEREGH
Y538 5 3¢ B2 £ (Connected Vertex Dominating Set) [




T AR G=(V.E), BRI E G R g A E L,
BREAERAGPFHMERTFE NEBEANAXIE.

HEEATRERNT AR ERBNEPEEENH, B
BZHIER T & W [2]-hard [M] &, AfT4F 33 %8 45 LB
A B 4R T — SR B S B Lk

ERSE T, FE R ST B steiner 48 B M 5 1
PEATRAR . SCERT 18 % # i L B AR A1 R 44 IR LB A Ins+
3 MR AL MRS, e o BRE S A KER.
H R4 BB RE EE S R AR RE N — R
FEE ARG R steiner BT U PO AS 8 X BT
T RS TS5 R P A O . SCRRL 19 % e #k[ 18]
B 2 LB R AT G SRR RUE R Ing+ 2 (19 2 i B
BRI .

KBS, BATRE B8 O, 9407)M7 i B 1%
UM E SR AR E MR XRRE Z AT, K
AR IR PRI AR A, S —REE
B EFER GhREMAER TR hEER. BE.
R IR E R AT B BT H B 22 #1740,

ST 4 % Ae 4 (Independent Vertex Dominating Set) [6]
B B2l G=(V.E, Bin R E G v & S 8EL,
BAr& SR G PR E IS,

Mz S X EEREE SgEH T2 W[ 2]-hard [0, A
TIFEH TSR E L TP 5T, Liu A1 Song™ & KT
BOCHRY ER IBIERIEZREN OO 7321 MK HE
¥, Randerath # Schiermeyer'?” F it M T A KL &
kRkBEAMMTETRE HEZEBELZERO
(1. 4423  SCER[ 22 JF FIIIAR A6 B AR RS SCRkL21 ] 48 th i
BT S BB AT Rl E 22 B R O(1. 35757),

% Bt Bl (Dominating Clique) JAJEEP5 ;42 B G=(V,E),
BRERHE G REEEEED, AMERE G PR R E
%,

XHR[23]4H T BHaTi/h X B R RIS E .
ZB B 3 (mdo ¥ B3 I3 /S B B R E S A S R4 2R
4 MEE S (BEMAXERBAN S D (A AZERK
) A (G SHAEMSERBTSUDKE) . F(RE SHA
HBHARBT SUD KL, BT RERIS (S, DA H
SEil I — AL A F T AT ALY SR BN A HELH F-de-
gree (B4R SH BT F AN M EOBRANE v H vl F-
degree 1, M4 v WA B EATR T F AN w, &BAE
Minue v, o {mde(G, SU (o}, DU (Na )\ {v}) U {u} UNs[w],
A\N(Na (0) UNi ) F\ ()} iR Ny o= N(w) N A, Na[[w]
=A\NA[]; B i& B min(mde(G, SU {v}, DUNa[v]U
Nr(v),A\N4 (), F\ Ne () .mde(G,S,DU{v},A\v, F)),
CEF MG AR M S B E 2R BT, B BE
BB 2B O, 3390,

3 AXEERIA

AT L LR R AT 42 A R R M B R R
ESCRIAH R :

BEEG=(V,E), 4 SCE,MREGHARBTFSH
HEBELSMS P—LKBHAREZTE MK S ERG Wil EE
-

3.1 — i E & e

1% Bl % (Edge Dominating Set) [0} 5 &€ & G=(V,
E), BfrERHE G P&t i/ b M Tk,

Jin#l5h 32 B 48 (Weighted Edge Dominating Set) [A] 55 : 43
EMRE G=(V,E), B G B &NEHA—NKT 0 FFRUE,
Bk I G AR B/ il 32 BE & Giln 3e 4 s BUE B
i S ERE S TR W AUEZ A .

AT — e R M MR R B L TR B BT T
REBIF . SCER[24 16 B/Nid 3B R AR 24 A f/ MR K T
e [5) R 38 A7 R A < ik ot g /MR R UG i ) S 4 o i ) A 4
H OC1, 4423 KR BREL S, T8 3 f/Ni S Fin 46 W) R T 7
OC1. 4423 B A R . IS » Fomint® 4 i it (8] & 2% ok
# O. 4082"), XML RBEREZHABENIELHE
ETUTEEZL . AR G=V. DM EWNFED,MED
REEAGCHHXEE. MV, REGHSES. NHER.EG
M XEEREERG PP EABEENDESE. FHik, A
WE YA TREREATEEEPAR/NSE S S TH
2 R EAS SR EERREG MM ESENNESE,
TS B B s ST B4 . SCRR(26 it vEdR /N AU 35 AR
e AR R A — 2E AL 20 H0 45 B3 3 AR A AN A S R 4R 1)
RE R FE RO EDS B B IR R R IR s B B ki T 4
B, A5 BRI S 20 B OCL. 3226™)

EYEEF @R Y MENEEAENLEEE
(] RESR AR, Hoer, SCER (29 Ixd A i 32 B 4 (A1 A 45
LU 2 M WA B EEE, XS B2 B AT
=R/ ES =3 g
3.2 BRPHiLTEKEE

AR, AT RS T E K B 1 X Al RE
A X BECAE [ TR %, JF HE &iE T —RE L
DX EEMIAGH X ERE NN FPT B8, TERAHEMN
MEEbE X7,

¥4k % Bi#E (Parameterized Edge Dominating Set) [a]
BLAEE G=,E)FIERE L BirE2KHE G F—4F
EHBEARKRT R i T EEE.

2504k im AL 3% Bt £ (Parameterized Weighted Edge
Dominating Set) (8} : 453 JIAL & G= (V, E) fIE L4 &, B
G HBEBEAE—ANA/NTF 1 BAUE, BARRKRHE G Hh—
MRUERKTF b W93 BEE.

PR M SR AR R T U TR A
G=(V,EYM E MFED, R D ZE G iy k-ih STE4E (BIFT
EHBARKRT b ZESE .M Vp BEG h—AFRKTF 2k
WaEE. HL.BGHENIERELNERFETENFK
F 2k /N SEEN B RS, BTUL, 30 X ECE AR
R R B el PR A2 R - MR 45 B BT R KT 20 AR
NEER AR RIE 2B 0D S BAR/P A
BrRERHEE/NIBRE, 2L REE T ESHLRNAHERX
it . Fernau™ Flf L ik 7 #: 48 3 1 7 fig 48 Ao AL =2 B2
£ ) B ) & 2 BE S O(2. 6181) S B 1%, Fomin®¥ %t
XEk [0 M HF ST # BRANBERER
O 4181 B BB .

3 2 hF T i SO ECAE MR — S A B Tk A B ) B 2 B
KA EXER,



£2 UXEEABARE LK

Xk WHXA  eEA&E/RUE HEEA
Ramanl?]  Fpmix B O(1. 4423™) W KT /MR A T R
Fomin(®]  Fi B O(1. 40827y SEEE AR

Rooit?8] (Rt @ O(1. 3226™) oA 4 74

Carr'?7 A A £ R ot /2.1 (ST EAP:
Parekh™®] iR E & A Bt /2 LS F LY E AP
Fernau®? () iuix B (2. 6181%) SEEE HARX
Fomin*®)  CF) i & 0(2. 4181%) XA oA HE

4 EREXEKEER

BE nXm EHEMMPETENEN O 1, MRFE
—AE MPBFEFCENENES D FB M PETE
BAEZLAD PEANATREM 1R TR—IHFE—17,53%
B D NZERERERE .

Sk 4 M 3T A 4 8] S R FPT Al £, M B4k X
FEI,

B84k 46 BE ¥ Bt £ (Parameterized Matrix Dominating
Set) [IRH : 45 7E nXm 5BREM FIEBH &, M P& ILENMEN
08k 1, Bfp2RHE MBW—NA KT & BB LEE.

SCERL 29044 HH M — AN BB BRI S B e B S Bl
BEMANSPAH TR E R, HENEE MBE—1
BE G, BN . I ERE M pE—1{7 ME—5); B
B GHrsi M Fm: 3 M,=1UEEGHFFRMAG ).
REBE G MBI XMEHS T REM WEFXEE. Bt
FEERBENSRE S0 TRESBLE R B ER
B BN XBEERNESHEENERER R O
(2.4181)PY M B EM X EERBRETUZE O
(2. 4181%) Bt El A f B,

HFE FRAEEE—RFIEEN NP-hard &, 7
BEEFGIREA N . ASCEET S AE MRS A
EREHTNE I HRBEEHT 0. A3 EERE
[RIE AR T A KRB h 3 2.

DO R XELFAREAEREEHETHR. TREEN
fardkeatt . et MIAME R BED n IEEL AR RITA A 2 £
MRKHE BB LT 0 e SE B P 30T .

(X1 8 X A RB R SRR LT, BArk
REB R R 22 R O ¥ e +1 ),

(3) S — Bu IR o5 S BO4E I B HEATR 35, B 0 ST A S R
£2 [ R 7% 38 A S PO 4 0] R LA % S A ) R

AT 1 S B SR I R T B STt Al 4 3 2

(D34 h X B MBS T B R TR, X B B R A
R XN B Lhr .

(2) %3k 3 B [P B A 2 TR AR VB B AT, R
T B A R AT S IR AL R H R FEAR

GOMUZRENENSREEHTHR, HEiBiiE %
BHE B 2B R O2. 4181%), X4 & 8/t , B¥E LRt A1 R
FEELRRERRTESZN. Bk, S50 HEHEB N4
Wesh T S REREB B & R 8 2 s UE By B S H S B 52 1)
B

X FXEREKRE R BRE S HAFANSTE—5
FIBHF 3T«

(DR SHAE ARV S 2 £ SR E SN+
HEGEAR, ESREEENHR LR AR E e

0100

AR 2R .

(2) BRTE M 3 BL 2R (50 BE 9 5 B8 SLOUR B
R TEEMEFE RS . FBEE—-FHRESL X
PUGH SRR T & B R, - FRAE RSB, X
W LR BT X RLAR TP AUE BN AR AT SRR

GOBRIESHERPF=ET B E S BT AR X —
AP MR RIS RS H E 4 BE OCf () n%V 220 YBERA
[ERERIRT = R SEAR IR R B € 2 30T B (fixed-
parameter enumeration) [F8. BEiXFMAH X EEMER
BAHARREELS, A ERd R~ R E 28
BRI R 2 MUE /N k-3 TR HATHEE .

2 % X &

[1] Haynes T W, Hedetniemi S T,Slater P J. Fundamentals of domi-
nation in graphs[ M. Monographs and Textbooks in Pure and
Applied Mathematics, Marcel Dekker, 1998, 208

[2] Haynes T W, Hedetniemi S M, Hedetniemi S T, et al, Domina-
tion in graphs applied to electronic power networks{J]. SIAM
Journal on Discrete Mathematics, 2002,5(4):519-529

[3] Wan P J, Alzoubi K M, Frieder O. A simple heuristic for mini-
mum connected dominating set in graphs[J]. International Jour-
nal of Foundations Computer Science,2003,14(2),323-333

[4] Flum J, Grohe M. The parameterized complexity of counting
problems(J]. SIAM Journal on Computing, 2005, 33 (4): 892-
922

[5] Fomin F V,Kratsch D, Woeginger G J. Exact (exponential) al-
gorithms for the dominating set problem[ C] //Proc. 30th Work-
shop on Graph Theoretic Concepts in Computer Science, LNCS.
vol. 3353, Springer, 2004 ; 245-256

[6] Reed B. Path, stars and the number three[J]. Combinatorics,
Probability and Computing,1996,5:277-295

[7] Grandoni F. A note on the complexity of minimum dominating
set[]]. Journal of Discrete Algorithms,2006,4(2),209-214

[8] Fomin F V,Grandoni F,Kratsch D. Measure and conquer: Domi-
nation — a case study[ C]// Proc of the 32nd International Col-
loquium on Automata, Languages and Programming, LNCS. vol.
3580, Springer,2005:191-203

[9] wvan Rooij ] M M, Bodlaender H L. Design by measure and con-
quer: a faster exact algorithm for dominating set[C]//Proc. 24th
Symp. Theoretical Aspects of Computer Science. 2008

[10] Fomin F V,Grandoni F, Pyatkin A, et al. Bounding the number
of minimal dominating sets:a measure and conquer approach{ C]
// Proc. 16th International Symposium on Algorithms and Com-
putation. LNCS, vol. 3827, Springer, 2005:192-203

[11] Downey R G, Fellows M R. Parameterized Complexity [ M].
Springer-Verlag, 1999:111-122

(127 Alber J,Bodlaender H L, Fernau H, et al. Fixed parameter algo-
rithms for dominating set and related problems on planar graphs
[J7. Algorithmica, 2002,33;461-493

[13] Alber J,Fan H, Fellows M, et al, Refined search tree technique
for dominating set on planar graphs[ C]// Mathematical Founda-
tions of Computer Science 2001, LNCS. vol. 2136, Springer,
2000:111-122

[14] Kanj I, Perkovic L. Improved parameterized algorithms for pla-
nar dominating set[ C]// Mathematical Foundations of Computer
Science 2002, LNCS. vol. 2420, Springer, 2002 ; 399-410

[15] Alber J, Fellows M R, Niedermeier R. Efficient data reduction



[16]

(17]

(18]

(19]

[20]

Le1]

[22]

[23]

24]

for dominating set: A linear problem kernel for the planar case
[C1//Proc. 8th Scandinavian Workshop on Algorithm Theory.
LNCS. vol. 2368, Springer, 2002 150-159

Fomin F V, Thilikos D T. Dominating sets in planar graphs:
branch-width and exponential speed-up{C]// 14th ACM-SIAM
Symposium on Discrete Algorithms. 2003.168-177

Fomin F V, Grandoni F, Kratsch D. Solving connected domina-
ting set faster than 27[C] //Proc. 26th International Comference
on Foundations of Software Technology and Theoretical Com-
puter Science. LNCS, vol. 4337, Springer,2006:152-163

Guha S, Khuller S. Approximation algorithms for connected
dominating sets[ ] ]. Algorithmica,1998,204;374-387

Ruan L.,Du H, Jia X, et al. A greedy approximation for minimum
connected dominating set [ J]. Theoretics Computer Science,
2004,329.325-330

Liu C, Song Y. Exact Algorithms for Finding the Minimum In-
dependent Dominating Set in Graphs[ C] // ISAAC. LNCS. vol.
4288, Springer, 2006 :439-448

Randerath B, Schiermeyer 1. Exact Algorithms for Minimum
Dominating Set[R]. zaik-469. Kéln, Germany; Zentrum fur An-
gewandte Informatik, 2004

Gaspers S, Liedloff M. A branch-and-reduce algorithm for fin -
ding a minimum independent dominating set in graphs[C] /
Proc. 32nd International Workshop on Graph-Theoretic Con-
cepts in Computer Science. LNCS. vol. 4271, Springer, 2006 78-
89

Kratsch D, Liedloff M. An exact algorithm for the minimum
dominating clique problem[ C] // Proc. 2nd International Work-
shop on Parameterized and Exact Computation. I.NCS, vol.
4169, Springer, 2006 ;128-139

Raman V, Saurabh S, Sikdar S. Efficient exact algorithms
through enumerating maximal independent sets and other tech-
niques[ J]. Theory of Computing Systems, 2007,42;563-587

Les]

[26]

fe7]

(28]

[29]

[30]

[31]

[32]

£33]

[34]

Fomin F V, Gaspers S, Saurabh S, Branching and treewidth
based exact algorithms[C] // Proc. 17th International Sympo-
sium on Algorithms and Computation. LNCS, vol, 4288, Spring-
er,2006.16-25

van Rooij J M M, Bodlaender H L. Exact Algorithms for Edge
Domination[ R]. UU-CS-2007-051. Netherlands: Department of
Information and Computing Sciences, Utrecht University, 2007
Carr R, Fujito T, Konjevod G,et al. A 2 1/10 approximation al-
gorithm for a generalization of the weighted edge-dominating set
problem{ ] 1. Journal of Combinatorial Optimization, 2001,5(3);
317-326

Fujito T, Nagamochi H. A 2-approximation algorithm for the
minimum weight edge dominating set problem[]]. Discrete Ap-
plied Mathematics, 2002,118(3):199-207

Parekh O. Edge domination and hypomatchable sets[ C] / Sym-
posium on Discrete Algorithms, ACM Press, 2002;287-291
Fernau H. Edge dominating set; efficient enumeration-based exa-
ct algorithms[C] // Proc. 2nd International Workshop on Pa-
rameterized and Exact Computation. LNCS, vol. 4169, Springer,
2006:142-153

Fernau H. On parameterized enumeration{ C} // Proc, 8th Annual
International Conference on Computing and Combinatorics.
LNCS. vol. 2387, Springer,2002:151-179

Fomin F V, Gaspers S, Saurabh S, et al. On two techniques of
combining branching and treewidth[ R]. No. 337. Norway: De-
partment of Informatics, University of Bergen, 2006

Weston M, A fixed - parameter tractable algorithm for matrix
domination{ J]. Information Processing Letters, 2004, 90, 267-
272

Chen J,Kanj I A,Meng J, et al. On effective enumerability of NP
problems[ C]// Proc. of the 2nd International Workshop on Pa-
rameterized and Exact Computation. LNCS, vol. 4169, Springer,
2006,215-226

(L#F 6 1)

[17]

(18]

[19]

[20]

(21]

[2z]

Zhen Yu, Yong Guan. A Key Management Scheme Using De-
ployment Knowledge for Wireless Sensor Networks[J]. IEEE
Transactions on Parallel and Distributed Systems, 2008, 19
(10):1411-1425

Blom R. An optimal class of symmetric key generation systems
[C] // Beth T,Cot N, Ingemarsson I, eds. Proc. of the EURO-
CRYPT’84. New York: Springer-Verlag, 1984 :335-338

Du W,Deng J,Han Y S, et al. A pairwise key pre-distribution
scheme for wireless sensor networks[ C] // Proceedings of 10th
ACM Conference on Computer and Communications Security
(CCS’03). 2003:42-51

Camtepe S A, Yener B. Combinatorial design of key distribution
mechanisms for wireless sensor networks[ CJ // Proc. of the
Computer Security—ESORICS, Berlin: Springer-Verlag, 2004.
293-308

Zhu S, Setia S, Jajodia S. LEAP: Efficient security mechanisms
for large-scale distributed sensor networks[ C] // Proc. of the
10th ACM Conf. on Computer and Communications Security.
New York: ACM Press, 2003.62-72

Morales L, Hal Sudborough 1, Eltoweissy M, et al. Combinatorial
Optimization of Multicast Key Management[ C] // Proceedings of the
36th Annual Hawaii International Conference on System Sciences
(HICSS’03)-Track 9-Volume 9. 2003.332-340

[23] Eltoweissy M, Heydari H, Morales L, et al. Combinatorial optimiza-

[24]

(25]

[26]

[27]

(28]

[29]

[30]

[31]

tion of key management in group communications] ] ]. Journal of Net-
work and Systems Management, 2004,12(1) :33-50

Younis M, Ghumman K, Eltoweissy M. Location-aware combinatori-
al key management scheme for clustered sensor networks[J]. IEEE
Trans. on Parallel and Distribution System, 2006,17(8) :865-882
Zhang Y C,Liu W,Lou W J, et al. Location-based compromise-toler-
ant security mechanisms for wireless sensor networks[]]. IEEE
Journal on Selected Areas in Communications, 2006,24(2) : 247-260
Perrig A, Szewczyk R, Tygar ], et al. SPINS; Security protocols for
sensor networks[ ] . ACM Wireless Network, 2002,8(5):521-534
Liu D, Ning P. Multilevel ;» TESLA : Broadcast authentication
for distributed sensor networks(J]. ACM Trans. on Embedded Com-
puting Systems, 2004, 3(4) : 800-836

Watro R,Kong D, Cuti Sue-fen, et al. TinyPK ; Securing Sensor Net-
works with Public Key Technology [ C] // Proceedings of the 2nd
ACM Workshop on the Security of Ad Hoc and Sensor Networks.
ACM Press, 2004 : 59-64

Benenson Z, Gedicke N, Raivio O. Realizing Robust User Au -
thentication in Sensor Networks[ C] // Workshop on Real-World
Wireless sensor Networks(Realwsn). 2005

Eltoweissy M, Moharrum M, Mukkamala R. Dynamic key mana -
gement in sensor networks[ J]. IEEE Communications Maga-
zine, 2006,44(4):122-130

Bauer K, Lee Hyunyoung. A Distributed Authentication Scheme
for a Wireless Sensing System{ ] ]. ACM Transactions on Infor-
mation and System Security,2008,11(13):1-6

e 11 »



