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A Survey on Exact Algorithms for Dominating Set Related Problems
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Abstract  This paper provides a review on recent advances in the analysis and design of exact al-
gorithms for domination in arbitrary graphs. The dominating set problem is one of the classical
NP-complete problems and fits into broader class of domination problems. The authors provide
the detailed algorithms, which have been very recently obtained, and illustrations for the domina-
tion problems in arbitrary graphs including minimum dominating set, maximum independent set,
minimum independent dominating set, minimum connected dominating set and minimum weighted
dominating set for the purpose of making the paper be self-contained and easy reading. Several
techniques such as Branch & Reduce, Complexity analysis, Measure & Conquer, Memorization
and so on are also discussed. After a long period of silence since Claude Berge formulated for the
first time of modern conception of domination, the interest in design of exact exponential time al-
gorithms has been growing significantly within the last five years. In addition to present a view of
the latest results, the authors also hope more domestic research communities would pay attention

to this rapidly developed field of research.
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X=V)

Wi — MDS

LW3ueG Hdw=0;MF ve X, iR Fl fhw(G—
{ub s SUus XN s L3R 18] flw(G—{u},S,X) s

2. 1R Jue G Hdw=1,% N =uv;

WA we X, 38 M fhw(G—{u,v},SUv, X\N[v]);
FW LR B frw(G—{u} .S, XD

3R JueG Hd(w=2,% Nw ={v,w}. NE u&
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(3) fhw(G—{u}.S.X);

5. A 3 A3 e (D) frw(G—{u,v),SUv, X—
NLoD) s (2) fhw(G— {usvrw)sSUus X — u— v—w);
(3) fhew(G—{usw),SUw, X—N[w]);
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i & W (Search Tree) & 4% 37 f# 1k (Branch &
Reduce, D) Ffijic BERYE B, WE 2(c). 24 1 n] 5
HE — g B0 i, F5 Sk 187 A6 B (reduce rules) , ]
W flew FIERD 120 2 8RB 00 30 0 2R
T[] {85 22 I 450 o R IR s SR BB 1) SR Sy 3 SRR )
(branch rules) , il N L #2540 5, 8 R ™4
Z2OWA L. B 2o P RATIE R )P &85 —
AT A SR O3 SR A B — A 8 R R A b
13493 A itgh . BB e A 7 AR R 7 K B
PATHZE CGE 6l AT g5 WK 2(d).

O Dominatee

@ Dominator

Link between two dominators

Link between dominator
and dominatee

_______ Link between two dominatees
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B&.R J& Davis fil Putnam" ™ ¥F 40 Z 4RI &
FRIHE A 2 A e NP OYE RS B i FH A0 O k. HoAZLO JE AR
J2 L1 — 25 9] a7 A L DR 1] L5 figp g 78 A B 5[]
R, AR 5 36k A Ml AE - [8) AL F [] A R 0] ) i) R
Ay B R LB (base case). RE&FE0 O2") B
FR o fleew AT5HEA A 7 A 2R I h TEAR T 2 R AL
SEVE X B FLI AL S . T IE 9 Grandoni 53502 H
i e 4F 1) MDS Bk 2 —.

3.2 RE/MNZBEER Grandoni &%

SR 4 a2 | MDS | i Ak B AR MDS, A
SCRA kst L 45 BAR MDS. Sy e Y o &
TS [a] O 2% R FEs [\ 2 O (257N [ H A
HEMIAEEWT.

&%, Grandoni(S,S").

A WIRAL S={N[v]|veV}.S" =

. ST (E G/ MDS)

1. [S|=0,0:& = S*;

2. 4B S FHTFHE S CS; . &1 Grandoni (S\S;
S

3. FHk u€e S, ER o W EUE N 1. 3R [B] Grandoni (S—
($),8"USH;

4. FH S BA BRI S W R TS <2, 1 H
BORVLE R L B G S/ / 2T A

Z L3R B min{ Grandoni (S\'S;+S™) , Grandoni (S —
(S).S"USH};

Y. S— ()RR MNEADTE SHELBRITR
(%}, S\S:RIRIUN S HlBR 74 S, 2 4 X [S;|<
2 B HEME—AE G XA B AU = {uE
SIS €S, MHEH S, = (usv) U uv kG . R
HIZE R & R ICEE M 5, B4~ Mg 3l 6 i — A~
S, PRI 1 SR X R AR A ST AR B B e R
D JiE ) 5t 22 90 psf ) 3592 i it Edmond (1964) 2
LY R EE S OGS JE SR OGr®).



1078 it "

Bl

e 2010 4E

L
&

Grandoni FIERAFLHIE A = (1) % MDS
[) 750 4 A Ay B 5 B ) R (R0 B Ak . (2) 5 Sk 1
A TR 4 D dee K DR C TE 22 TN 8] PN R R
(3) i | Measure and Conquer (M&.C) % 2% Ff 4> #7
HR.

B&R AR )72 I H 5 19 A0 24 K — B a] iy
(20 {22 70,80 4AEAL)  AA BT 8] T B3 B 2 52
A R0 B i S B L+ A SR ke B St A DU iy
7 A T RS f 00 0 R A 5] 2 i
B0 FRATVFR 2 J3E Ay ) L < ME.C™ S AR
B AT 25 1 A AL I R R A R — > SR B
. A B A < B R B A R R A R L
1. 75m {K 8 85kg B {d e . AR M ax > I 52 2 158 B At
R B A e o i B B o] b AR B2 A0 R b id g2 KeAg 7 I
i S 200 S5O A6 I 23 A o B 455 0 UL PR R A AR D
NN S I OIS N NS L SIS P
S5 BT Z ) A HG AR Y A AR R — > A n R A
J¥i6 JRE 240 B TR B L 0 85k WAL SR, E1G B ik 4k
EAEAE RS R EAE N DR R
T RGEM 53 50 KT — > 8 247 B ALEL, SR A S s
B — 7 R 1) SRS 0 2 4 (R A R T RO
CMTAR 2K V) Bl FEAE. B3 3 2 A — & S5
SRCE: SR B T LA ) P S ) O 1T A R
TR KR e BE AN 2 A A Y SR AR AL TR AR O3
2")=0(3") , 5315 52 Z% B YTk T ds M WL DU £ 52 2R
1t 22 (43 30 BN A B s i 1 A2 A v o an 3B
PNINISY #3518

TR Sk B R 0 M B 8 T A O AR
(recurrence equations) B 4R 1E Z W . DIA T B %
HB L) 2R B35 03 3™ AR g - L U
KR THRPFEGEN S ERIE k=S| + U
HBREL A Y |S | >2 B AWA .58 14
S3CSTARE S S—S, Bt B =k—1555 2 A 4)
KIS HTEL R 3 <|IS| =1+ |U|=3: LA
LD<L(k—D+LGk—4 , ' —a2'—1=0
R E AR A7 20150510 = 2 R AN
TR A A WA 2 R R T R O A R
8 B R IE S AR

EFSUNIINEE  SNITRCRPIE N
TR H LI B AU AR S 1) WA 2 1] X 4K B
B AR, MEC &% S, | 1A ) o ASCE Ak
k=>7a; |S|4+258 |U| s« €L0, 1] AT itk — 2

S a8 1 — e B L AL 4 A i R O PR

i,j=6 0 p=1%) , RA[IILMN o =22+
VIR R AiA SR« B R X
— N2 Ieid AT AR X Ay R A LAE A AR 2 A 5K
e8] A Eppstein, Amenta 28 A\ 3¢ T quasi-
convex programming [ T/EP A5y 3R & iy
LR 2N E B EME KT ISIFESH
LMEHGWRZ R ORGM S HSEH A 2 D20
R MEC e — DG i ow KRR R 2% G
AW A CRABL 22 F 46 B2 R B - 4R )5 R AT O it
R SR i 7 2 » B Ja A 30 RS B R — > (JE B
HO EFANE00 B S % R Sk, R ME.C
HHT 1F 5% Grandoni 57 %5 & Z% & O £ W0 %5 (6] N
OQ2020 S IvD = 2000y b5 Ji By W OB 4> B 45 R
O™ )M L 20 835 » 0 3 3 A B BeA AT T 22 5
SE 21548 T BT BOR iy k25

Grandoni B 3 i4 7] # — & 2 #. Robson 4 44
T Memorization £ AR F 18 # 5% 80 oo
JEARUE DA () 48 I 0] < 58 7 (] 0 2 0 ik o o 25
(G'salgo (GDIEAE I algo. O REF LI
G55 5 I 5 B A Ak AT o] 5 1] [R] BRI, S A
EHCAFIZEG G WA W B g5 R R
GG MTEERZHE 2 Y AR T &
FER] L 8CE 2 O G B B) 9 3R AT AT 4% 21 3 7 &
CECH HE PR A& 7 ED.

TEFRATT R BOWL L — 1 3x Pl Ak w52 4% B 5
Wi, AR 0] F LG <L (n—1) +L(n—4) /R &
B : L, Go) 7R Y /il 0] 0% % O HL 3 28 1 [n] 8
i h S IR TR TR o R b w O k. A

Lo =2 G iy n g ) 4 A
FRRZHEEITFE —IR.A L, (n)émin{ 20465k

C”aﬂﬁmmammﬂmmstﬁﬁﬁﬁnﬁ

j(ﬂ‘j' W_, 1, ¢ jb%E?%?’ﬁ&( 90-465(1—0) A

%ah:an,*ﬁtﬁﬁiiﬂﬁﬁ Ejﬁ% a =
a“(1—a)

0.0865, It LAk & B AR FE R O X (2210t =
255y INTRT T LT EEAR R R O2% ") T4
M43 A 2 B Grandoni 23 W f] Memorization J5§
SR OX (207,
3.3 ReiEPZBELER LMDS(Listing Minimal
Dominating Sets) & %
AR 22 i g N AT T A SR H0E — S B G MDS, 3C
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HR[26 122 Hif o WL B 95 2% A Ho A 55 . LMDS 355 f
A/ AT 3. 2 TR kRt R
[i] R 2 Ao Sy £ 5 B . VTSRV R D B A - A SR
EEA SHA B M TTER AT e RSB IB AR
ik S AR AL G b s 3 D7 SRR BT AR R S
AR A RN ER/NEEHFE S eSS 2D
IR u AET S PRI E T BEENE
IXAE R Y i A A B R R ok, SCiEk26 ] A
L A AT R IR

YT B L Imds 25 10 RIS R IR S, S, €
S*, H Sl\sz:llvsz\sl :v,ﬂl'Jﬁf% S, eS8’ E%Z:ﬁé
T u WAREE o U w, W AT ST R Sy, a6
GREGIE RN OR2 4 W P R S L = 87 =S
FER O 2555 [y sk B 2R 1 AR IR Lnd s 3]
T 2Ca) 1Y A fe /D SCRCAE L 3L 56 .

%1, Imds(U,S,S%).

AW U=V, S=N[v](veV), S"=J

Wi ST(E G Wi MDS)

0. (EFHF Ry2)

LUSS HENERME S ;

2. FHu€U. BWR w fEEA S BB N 1. &8
u€ S, iR Imds(U—{S;},S—(S),S"US);

3. FH ueU. Bk {(u) =S, =S, = =S,,r=>2,H u
MUE F x4, BIRfEX B~k r A3

A S=S\(S), Hr i @I 1,2, r; SR JF K BRIl
tmds(U—{u}»S.S"US);

4, FIHIS | =5.% S ={wsup s su, b PEHEBHA D
Py Cilp

(1) lnds(U,S\'S; . S);(2) Imds(U—{S;},S—(S;),
S*"US);

5. GRS =4 kb # X AKE 2 45

6. FH w€U, ZR w fEEH S PHIMMBE R 2. ¥
S S w, HIS =[S0 HI

WMES | =1,3& [\ (1) lnds(U—{S,},(S\SH\S;,
S USH;(2) lnds(U—{S;},(S\S)—(S5;),S"US;);

MRS [ =2, 85 HW R S SS R EW A3,

(1) Imds (U — {S;}, (S\'S;) —(S;),S" U Si);
(2) Imds(U—{S;},(S\S)—(S;),S"US));

WL P 3 A SR AL (D) Imds(U—{S; ), (S\S;) —
(S).S"US); (2)Imds(U—{S;},(S\S)—(S;).S"US;);
(3) lmds(U—{S,S;}.S—(S:$;,).S"US;US,);

7. FHIS | =3 b KM 4

8. FH S,SS;. & I Wi 43 3 : (1) Limds (U, S\'S;,S™);
(2) lmds (U—{S;},S—(S;),S"US);

9. TR €U, ZR u LA S P B I AR 3. &%
Sl E{usu b i=1,2,3, 77 TF 0 74413

(1~3) Imds (U—{S,},S—(S),S"US);//# 3 1M4r 3

(4~6) lmds(U—{P§ S;} S\FT 5 & W w2 — T4,
S U S s//3k 3 A 533

[/ SRR T AR AR BA G NS PR E S E

—u; T,

(7)) Imds(U—{S,,i=1,2,3}),S—(S,;,i=1,2,3),S"U
(S2i=1.2.3))3// =5

10. SIS [=2. 8 Si={u.v}, ] S,S. LR S P H
B E w0 G A 3 AN

(1) Imds(U,S\'S;,S");(2) Imds(U—{S,},S\S:\S,,
S*US) (3 lmds (U—{S;},S\S:\S,.S"US,);

1L B R B A BN ARG B ST AL /b
SCHLAE K.

TEREA ST Al b A SOk — 2P Az vk S
FEAR T B WG B Lnds 194 0 48 R R 8 R oy
SCHYS [ = | YAl /DB | AR g% R A
W Y e /NVE A [ WD AG A TE S5 R TR K G
SIS HHT. X RE AR AR S % BE B A R I O B I 1
UL T W RE B S T8 R B A d KA 46 BUE T A AR
[F) 3. SR T 368 81 0 1 3 R ARICHY O 58032 4 4 18 Bk
FR IS 1) o PR O FRATT B AR A BT w2 S G 4D . —
HERMIEHEBEGHEN L MANHE e+ 1~n 1)
Oy AN LIRS FE . A SOR B 2 SR AT SE 0 s
0l A7 ] D 3 — A BcE 9. BT Grandoni
B A SR A 4 i L B 2 A S R AT
WD CULR A5 520 . BB A B & S B R X L
i 2 o-B 57K 3% AR (Knuth and Moore, 1975).

SR bnds WS 2% R S0 E AR IROAS s 12 3C
BRL27 R S th s DURN 57 2. Is K45t Inds ) — 283
) 5 H AR R B B A e R TR A 00 3 B
FPERE R O (27 EFXT & 2 /Y BAKRSE ] S 25
R Inds Y HR—15 2.

3.4 RAMIIE MIS HBmEE

AT SRR FEARM S S A 221K4 DS fn b
— e JE PERR W TR Y JE Iy GLDS ] — A&,
HEIE 57 A B AL DU IR R AL g /DN I 6
IDS.CDS.Dominating Clique, Hamilton Cycle DS,
MWDS, 7 4hi4 £ 35 DN (Domatic Number, BJ & G
JERR A kA TO P B B AN A 32 1 AR /DN 32 RD
f— HAETFTEARRLWE F RIGFRX LR 5%
PSR, ZE b J& P T DL TR IR A AV —
DS}, ) 40 B 5K 5 dominatee F /D #E Sl £ R L
Wi R AT R 2R LG, O T3 Jy T Y B
Z WA AT S 78 SCIRLL . AT 4 MIS i
BT 4 DS T JEME: | DS K H GLDSTA &L,




1080 it "

Bl

e 2010 4E

L
&

AL MIS —5E K DS B T RS u K¥E %
Bl 0w 5 MIS o i JE % IS MIS U w Jj&— 4~ H
MIS BRI IS, iX 5 MIS 2 e KM 7 47 & .
MIS B30 57 Ji §2 4% & . Tarjan S5 £ 1977 4F
B O (2075) MIS iy 5 3% s Tang Jian'™ £

R T PASTE 3 A FH 22 500 45 B (], 6 i B [A]
BB O 245 ) F O™ (27 5 b et ek
B Beigel 1820, 2 O (2%2) Jp 215 25 [f]. A 5 8L
AW SCHERL30] AL B A O (1. 221" =
20255 & H HI 22 W A5 () P g 1 B Bt i) —— AR
PR R = — N T A EERN B R
Medrd”; RMAET MEC AR =BT
M&.C & il JE A8,

Bifg (mirror). WA o A —A4 2 BB A w,
A S=NGw) — NG 8 GLST R 5 4 B 5
2P w N v BBEAR. w T REAN H— A, BL et
M) R v WEBRRES.

BORPER. WA E G WA MIS A& o, N
MIS AT M o). JER T A MIS A% v,
W d(o) Z2CE W v R 1B b — 4
MIS & v), H N(o) R 2D PALE i i F MIS(F
MR N(o) =€ MIS, v 4 =z J5 [MIS| A7) ;
¥ GLSIh 2R, 2 HAg & — 4 MIS g, fip
PLEH—H weS =N NN & T MIS, T &
TATH E wud MIS. [W 3 M(v) & MIS.

#r& (folding). B N (o) A&k 3 4 4f 7
£ FR v RS,

Wowu; B N o) i S #AEHR 4 AP BRA
B @ WRAT B — X Cugu ) Z [EANAEAE I S 72— A
B w s QBN w; ZBIBRIN— B (RE —1 u,
MIRE ) s @ FERFAN (N (w) UN )\ v} S5
Z I — 431 ;@ G— N[ v].

N2 Y mis SR SCRERE30 MMEE B U 1Y
JiAS S B T SR 030 ] Hr — 28 52 Z% 1% 4] B 45 1. mis
SLIRIESR O (25T FRATT HE 1 48R/ 8 3l 1 H 45
H— A HAR MISURE 2 mis TR E & IMIS]).

£ 2. mis(G).

WA E G=(V,E)

s — A~ Eme RN & MIS

LA G 8 VI 1R BV

2. AR G A — A Sz @ A ot CL iR [l mis(CO) U
mis(G—C)

3. R Fu,w L NLw]S N 3R [\ mis(G—{v}) ;

4.0 3d(0) =2 MR w; & mis(G) IR E] mis(G) Uv; 5

MR [ s (G \u;; U N(0) 5

5. 3%#E G P EARKREN A v, & B max{mis(G—v—
M(0)) smis(G—N[v])}.

kg 3 BRTEL 4 rdmh, o HA —F
B WIE 3. AR B ITEE A G AL REG M
|IMIS| /1.

B3 &

M&.C JFHE W, fff 7 BT e B 1y 90 00 o
R ARG A 5k CE A V) 162 BER SO B2,
K H = FI. B mis 245 5 Y R ik
WU R BE R HE A 0 3 H— S AR & o f0 B
BYERTAL MR AT o MW AE M (o), i
mis(G—ov—Mv)); H =4 F v 55 R4 S £
TR AR MRS o W—E A E N (o) il mis(G—
NLoD. X Fhi it B % 7E Grandoni 53 il 1s B3k
Tz A B ARG 8OR - FATTIA R /] DA 4 J5 3
BT F I A 2 R OR.

mis BTG UAE. 5 20 4t 70,80 AT JLTT
WA N A SETE A L U S8 Bk SRR BIAER 4 Hh.

B4 — AR AR

3.5 R/NEBEZEE MCDS &i%

SCHRL7 136 B MCDS [a] 8 i) NP s ¢4 Jii. CDS
5] 5 A T TR G — > A B SRz A 1
T SBGR B f ok 1) e 5 E T 8 I GLS T
B AR, R X AT 2 R AR A 2 4 1) TSP
5]  Che N 38 D7 56 4 B BT A 19 20 Fil Steiner B
SN 5] BB (3% 33 { V-Steiner ) B0 B /MO B . LLRT
PEF ) S RN TE v BB F B CDS ] 8 H 5 78 3C
BRL31 JZ R A Sk R O2) F FLABR.

SCHRL31 ] MCDS Bk i i it BV o T 2 2%
AT EE IR T MCDS, XFER B IR Z2H O ) A4, A
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W Bk 2 A 2 G AT TR RE R B B T AR R R
MFEBRBANEIRE O () BHE LT RILE 34
5 I O CoO G, I U AE 52 BURE DU 2 2 v 1z
JH 2 S R D0 e A 46 55 2% L R S Ml O(27) SRR, “
7 AR AR S 1 P GLS 3% 3 A ek T

CHRL3L I A Sk E A% 5 TRk 3 . &
ZRBEN OF (295N BRI 5.

B 5 — AR/ S AL 4

R M 02 FBRH & B A&t ny,
MCDS BRI (S FEAR SR 4 8
TR RER IR A . TR B ol M 45 v, 7458 S e 4R
TE 46 B Rl 22 455 5 A & R iR B N
Wi, M3 CDS Fr R F I LRk KR S S i v — A
ST 37 T A R R Ak ST 4 L TS R 2 R CDS.

3.6 ER/\IRIL X Fl&E MIDS

Karp 7€ 1972 4F-3F B 4 37 4 [n) & NP- 58 44
. SCERL32 J T A 44 1 MIDS 589k (S % it 5 4)
AH U Z A AE TR T — R AR A80bR 10 1 B HE

it (marked graph). B W95 S8 F .M
e AV S E NI T Rt SO S & 3l D =l s s
HH R B T AR A S B 2 B A w T
BT RN v vy A EA ISR SIKIRE
v s v B ATESS 3 43 HE L FRATTAT LA S R
Foo HRIESR 2 N R E SHhEeaBE T
oy TGO C5F 2 43 SRR AR TS T RE % v) s I AE 5 3
43 3 ARIE o BRI MR AL BRIg S A 2
TR B &% 18 T 0 66 % W15 0, X Fp g4
Wi B 1% 338 45 )i 1T 43 5.

F F afES PR GLE A8 & 24> 8 41
g6 C,— %6 3% 58 21 JC A R R PR B vl LU AR AT - 24 C
Sy H Celique) B, @ 4R AT fe] MIDS 15 & 1 4> C o
M CHESe A RC=X+Y., H A% X 04
AR SR Y WA 5D B B AR WA S
SO XY (2R 181 43 SCH/NED L Y i I A
A B BRI A B N F B w ™
A 5332

SRS FLIN W 22, H0 R L A TR B L 4% 5 BRSO L
AR 2] [ MIDS| =8. 75 F o 5t v B 5
—A~H Ak MIDS, WLIE 6. F F M&.C H AR 5 b 8 12
E%Eﬂ‘j ()x(zo.’l/lllz).

K6 —Ad/habsr SR AR

3.7 w/ANIIEZBELE MWDS &%

b X FE AT AT 5 R R A B R A
AE LA ARAC 1L A5 5 2 35 48 S X7 i T 76 AS ) b
SR AR — A, BUI ) A 45 o T3 — A X
Kl ) MWDS.

BT 3.3 WA Imds (S 1s) W o 1% B F it 24
MWDS, WMZAES Y imds W, T R DS H
A SHEAF RE B E FEB MMM ER — DA
AR ok IXORE B R sE 0, BB I A TR 4% 1
HON Y1 /MY L BERE 4 B G T E MWDS,
SR RS B 2 (a) S AE N V>R,
weight=2"" (2 WL R BE T  iH A4 R WK 7
(weight==64). MR W FHFE —A4~ MWDS, W& %5
ZeEE A g — B FRAR T O (2%, 3% P g 24 i A5
|Si | <2 B}, X gt Sl M i — AR GO ik L
3.2 WHILE AL MU G R ALK G
Sy 5E 4 4y B e R 28 RV E LD 3R [ d5 /N in A 5
FEVCHL . o H U L 15 [|] B A

H At MWDS 8355k | ik [33], i —5)
TEMERE S L A5 A BOR FR 5 A MR AR
Pl 4. TR . 224 i et A K e R BEAR 7
Az 53 3K TR AT - ] R ARE L — L [ AR A
BB/ B (LB B D8 358 /N B 4 52 43 S R0 D0 fife
5] R A2 2= Ak I B 3l 2 A R SR B R 4

FR T e 3 L ASOME 3R B vk R R Dnd s
$5e /)N 32T B i) RO 4 kg B G W) B /N B TR T
AHIF B 254 = G R [ S| =0 Nk s =K we S,
WA 1o SRR = A [ S <3, R+
&S NPT R — DR G AT B 45 07
J& F I 2 25 R0 B AR 5 91 R 3% — 4y B i A
BN RS s =3 — DKW S| gk
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Bl

e 2010 4E

L
&

RAT SEART EWA I 3R 1 = AL
fEf/N. AT LS NPT 1 MWDS. 2 7% %

O" 2" GHREER S Imds 1 —E0 WL 7.

[ 7

4 INESRE

# 1 F 5 L B GRE 2010 4F) 1 DS
AHOCERL VL. Horpr, SCHRE34 1T 2009 4R 4241 1 H A fx
PRy MDS 55325, LA SCA 44 19 Grandoni 5325 42 4%
JEREAR— A JL-T 0] DL 2200 1) o (H R0 DA Ay 52 %
1l a — P & gnFE S 2% BE L o Tl B b S VR
SNl TR A AR AT AR
B RPN AU S

H i 5K A 65 MDS 4876 N #Y NP 58 25 NP
MERERE B 7 35 DL BE&R R F L AN R Y 6 £
45 3h 75 3 %1 (dynamic programming) . T &b 3 4% R
(preprocessing the data). & #f 8 & 4 R (local
search, WA AT 1 & o 2ok V8 B35 30 19 55 — A4~ W]
3 5 Joe 230 [ 48 AN W AT 38828 [ 3 &8 30 3 5 2 il
BR8] T AN 6] 41 40 Hamming BE85) 5 S5 /M A B
— ol 5 s B Bl L5 7 (randomization) , B [ 8 B 2
B B 495 1) R ) i 2 2 0 I L 35 5805 s A 1 I
JF . 3X R TG B 2 3 O S i e E RS BRI T ) L A
WM ] AR ) B3 A 22 R DA A R AR SRS 0/ (i
RS UCHT T RSB 1) L B B b A8 1R 5 A
B TR 7 IS 6] 2o 0N ML Ol po O 0 B 1
KHEBMMRERNRBLT e (=0 —p)7")  HEEH
cot e p NRCIR TR R EE CE RO T k- A L
S ] EARTRATTA 4 10 o S B0 2 [R) R (H S &
Tt 2 B FRAT AT LUK 3G S 5 4y 3-SAT. [EAEHEAT
BE AL 5 A Pl 85 10 ) ABE 38 B AR s e — MRS A%
R B AIF S8 PR AL, 3X 5 T 2508 W] 2% SCHR[40-41 ]
S5 A R AT AE H UL B A I8 L 3 44 R RE DL 1k
TR st Al Bk LN T2 M 2% 48 4 L X Sk Ty
AR iR TSP 4 NP s [n] 8 7 1 48 A 4 A5 IR

2(a) B Ir A /MBS Bt 4

. BER i bR A N2 IR LOK A 3
i ATUBH A b i BRI U] L 3k A 00 e H R Ak e .
o] el FH 3 26 ) g 5 S5 R AT AR Oy i — 2B O WF S 7
m. RS — R R BEE 2% 0T R i A
AT R R H 355 BER FILMR 25 K
SRIE B Z B2 A0 FLAR 1 AT 7 2L BEE A% O B R
Ry £, 115 A Ta) 28 PR AR

ARSI & DS Bk B AS gt vl T H
B NP 5845 NP M [n] 8. 4] a0 76 4F 5 K b 348 5
KH Cclique) /& NP 5E4 A i, 3. 4 37 MIS B A
it AT AT A8 AT R SR A B KA R 1 G 7%
BRHE G L IRIE R G B Kk 37 4 5 X A ] B3R
SN T 0 B 0 B /N TR 7 . A0 WS XA 1) 48] 5
LHE

10 505 WF 5 AT SRy 30 A0 Bk R B A B O 4R
T /A DURRIR PR ) AR — 2 Hlig F O &
HE IS AT fE G5 B B 3L DL (BRIEFE P= NP X~ ¢
BB %) . T DS (] 8T B TR A AN
DA F AL — 2 500 TR S PR ROR R4 i 3 28
SCHCAE | X DS |8 He 100K 0 A i (8 5 — R L 55 5
T3 235 TR 55 K5 0 4t SR AH B 19 S - X 0 AR G & T R
VIR BE 3 28 S 7 AR 1 ER i R B T

S5 AR SO A 8 A SAE AT T B
2 SO 0 B A R R) RS, RV TR B SR IR AR —
& Dell KM ICA RN _E#F 17, [l & CPU, Intel
Yonah 1. 6GHz; N ff.2. 5GB DDR2 667; #:/FE & 4t
4 Windows XP. SZEG 45 5 )L 3 2.

22 FRATRR S s Ay Al — R iy AR
1) 6 A\ Sy TR I 24 i P <0 358 i 1T ) A 3G 1)
UDG(R ™ 12) GG DTG, MST &:821 4y 24
25 6] KA B A GE 4G
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Problem Reference fime Complexity space Comp:::}‘);}i]qir;alysm L;)Orr:gprl::;r}:iri;r
MDS Fomin, 2004, [19] O* (20-955m) polynomial Stirling's approx. simple
MDS(all) Fomin, 2005, [26] O (20-8235m) polynomial M&.C moderate
‘L : % (90.61n :
s donowe T D g e
MDS Johan, 2009, [34] O*(20-59m) polynomial M&.C complicated
MIS Moon, 1965, [35] O* (20-5283m) polynomial Recurrence equat. moderate
MIS Tarjan, 1977, [3] O (20-334m) polynomial Recurrence equation complicated
MIS Tang Jian. 1986, [28] O*(20-304m) polynomial Recurrence equat. moderate
MIS Robson, 1986, [25] 8 : E;: ;:::; é);l)zzz:till Recurrence equations complicated
MIS Beigel, 1999, [29] O (20-29m) polynomial Recurrence equat. moderate
MIS Fomin, 2006, [30] (O*(20-288m) polynomial M&.C simple
MIS Furer, 2006, [36] O (20-3063m=n) polynomial Measure m-n simple
MCDS Fomin, 2006, [31] O (20-9566m) polynomial M&.C moderate
0 (20-4411) _
MIDS Gaspers, 2006, [32] 3+ (201057 polynomial M&.C moderate
MWDS Fomin, 2005, [26] (O* (20-658m) polynomial M&.C complicated
MWDS(all) Fomin, 2007, [33] O (20-6355m) polynomial M&.C complicated
the numbAer of maximum Dahllof, 2002, [37] O* (204057 polynomial Recurrence equation complicated
weighted 1S
. L . O (20-1212n) . N
Min Dominating Clique Kratsch, 2006, [38] (203330 polynomial M&.C moderate
Exis. Dominating Clique O (20-%m) polynomial M&.C simple
Max Dominating Clique Bourgeois, 2009, [39] O* (2%, tight polynomial M&.C simple
Min Dominat. Clique O*(20-41m) polynomial M&.C complicated

x2 WRREERE
8 /NI T fige B

i) 78 o 28 B B 1% ] AL (24 RN &7
MDS!21 200
LSz 100 4
MISL30] 300 £ ARG T P Joit AN [
e . 5 30 MK A
MCDSH ANF 50 1~3 F B il
MIDSE32] AF 200 15
MWDS!27] 100 A

KT 2 P BT - (1) ) 380 1 5T 4K o i
AT ST 3 8 R, 4 g A2 MST (e /M
JER D B PR S5 ] RE AR Ak D — 4> 22 T [ P R fE
fift TR B4 TR] AL, 3] 4 MIDSS B30 3 7 AR g A st A7 AR
YRR 2 BB A R PR TR
(2 FRE FRF 8] Py AT figp phe i 80 R0 A 77 08 T 1] 1
YR B R (i 8 4x D) B0 /) AT ) 52
P L ST fift e ] AT AL AR i G A SR 2
{8 MR B R BHERR.

%33 2, [A g NP e, Sy A2 4 9 18] n]
ARTFELPR AL A AR RE? (AR5

A5 T 5 DL I3 A AT LA B R R R X i
Bk ) AR AR 22 R )y L 38 S SRR B AR A R
FEM M B V2 A 0 A0 BEAE K R R R — Bt S N Y
FEZHETE T 1.

5 B id

SO BRI Sk 2 TR A . i A A T
.24 (2 2010 A7), SCH A 43 1 Sk A 2 TR 2 )
R h e MR 22— B S 5 BRI B (] 2Ca))
SRR B AR BT I S B T AT R

BR 7K S8 o F AT Y 2R A X S A A B R U 4
L FRATTRE S IE.

B  # A University of Bergen # Fedor V.
Fomin #.4% ## Alexey A. Stepanov 1 4 #4 fit & %5
B A L TAEAF A BEAT 1 BB E ST S B

2 % x #
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As remarked by Haynes in Ref. [1]., Dominating Set
(and related problems) is “an area of graph theory that is
rich in history, applications, interesting questions and re-
sults, and unsolved research questions. ” Within the last fifty
years, concurrent with the growth of computer science and
engineering, the study of domination has seen explosive
growth both in algorithm design and application. To date,
thousands of papers have been written on this topic.

Recently, especially after 2004, the interest of design
and analysis of the exact exponential time algorithm has been
growing significantly. This interest has several motivations:

(1) Before the very unexpected thing in complexity theo-
ry occurs, the best we can hope for when we are dealing with
an NP hard problem are the exponential algorithms.

(2) Approximation algorithms are not always satisfacto-
ry, and many problems are hard to approximate.

(3) When we are starting to design an approximation al-
gorithm, the results of exact solution for moderate input size

are usually helpful.
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(4) A reduction of the base of the exponential running
time, together with the increased speed of the modern com-
puters, can effectively improve the size of the instances solv-
able. This may actually lead to practical algorithms.

(5) The design and analysis of exact algorithms leads to
a better understanding of NP-hard problems and will initiates
new combinatorial and algorithmic challenges.

One of the major techniques for constructing fast expo-
nential time algorithms is the Branch &. Reduce paradigm
which can be traced back to sixties in 20th century. Such al-
gorithms (also called search tree algorithms) recursively
solve NP hard problems by using reduction rules and branch-
ing rules. Though have been used for more than 40 years,
the analytical tools for Branch & Reduce algorithms available
are still far from producing tight worst-case running time
bounds. An important progress——*Measure & Conquer”
analysis technique occurred only few years ago. The M&.C
technique has shown that a good choice of measure for analy-
zing branching algorithms can lead to a significantly better
analysis results. Other techniques such as Local Search,
Randomization, Memorization, Dynamic Programming and
so on, which are interesting in their own, have also been

used in the design and analysis of exact algorithm.



