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Abstract

In the absence of a polynomial time algorithm capable of obtaining the exact solutions to it, the domatic
number problem (DNP) of dominating set (DS) has been regarded as NP-complete. This paper suggests
polynomial-time complexity algorithm about DNP. In this paper, I select a vertex v, of the maximum
degree A(@) as an element of a dominating set D, i=1,2,--,k, compute D,,, from a simplified graph of
Vi1 = VD, and verify that D, is indeed a dominating set through V\ D, = N(D,). When applied to 15
various graphs, the proposed algorithm has succeeded in bringing about exact solutions with
polynomial-time complexity O(kn). Therefore, the proposed domatic number algorithm shows that the

domatic number problem is in fact a P-problem.
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AlES] R, AHEose Wl i
(dominating set, DS)ol =9, °] 1§ =dY
(domatic number)E el gle #el8 A5 U
F71 oot gt} o] A9, BAYE HA&H o 5P|
e =g +5 Zololrt gt}

aHWZ G=(V,EB),vE Ve ={u,v}EEA Dol ZEAst
7 &' BE ZA V\Do| Dol &3 RS Aol st
o zho= A4 (UF, adiacent)Ho] Y& Vel FEFE
D < VE AuAE (dominating set, DS)olg} FtH1-3].

Z]HHX]""—SL A= #4& DSE 2= MDS (minimum DS)
A, 35 948 2 ¥% 34 59 (independent, 1)
DSE 77%‘\: MIDS 5= MDDS (digjoint DS) &4, #4 914
(connected) DSE 2= MCDS 24|, & Wk A4
(weakly connected) DSE 2= MWCDS #A417F Slth
(1,3-5].

MCDSE 41840%, VLSI AAlRokl %o] #8455
ek DS #AIE 19794 Garey9} Johnson(6)°] NP-¢
A AR AZE olF op7A] A & (exact
solution)Z thtr|zte s Zh= dme|Fo] EAlekA] Ex
UTH1,2,4,7.8).

DS EAl9A k7F FARS W] VE FEULS 2%
AMRYE D, D, -, D, 2 B (partition)she A<
g ¥  (domatic partition)elgt 3P, ZwE
(d(@), dn(G), dom(G))E k7} A7t =& ) A3
& 9ugti9-11). &, D UDU--UD,
D,(i=1,2,+,k) ©|% (neighborhood)< N,(D;)e}
VN\D, = Ny(D,)°ltt.

Fold agjzex Ha A (minimum degree)
@), A A4 (maximum degree) & A(G) 2 3P4,
Ao 2 < dn(G) <8(G)+17F ARE. dn(G)= D
7R 2 NP-2 #A4]01tH6).
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(1 Dl D,,--.D, R
Ng(D)el EH?EH, D, = N, (

AMFFeR D, (i=1,2,--,k) <] ©]
D)7} 4R

(2) DUD,U - UD,=VelH, DND,N-+ND,=a2
2 I ULE 2] gdent
(3) D.(i=1,2,-k) F3 Well &3 A& (B ES A=

ZHNER 92 (CDS)Ho
(IDS) 3l = T3t
a9 19 270 ag==s

A EPdon =)

WEez dn(@) 9] NdE 123

F{F

£t G 3 G, ezl tal CDS9} IDSE #eket 23
a3 29k 19 39 AAEe ek ¢ A=
o] ZuE] Fof

= Wikipedia(9)
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1M, G, e Wikipedia(1)9] 21133l

(b) @, =
02] 1, Jef=
Fig. 1. Graph

V={123456.7)
Dy = {5.6}.Ng(Dy) = {12347}
V =Dy =Ng(Dy)

V={1234567) V=1{123456.7}
D, = {13}.NG(Dy) = 2456.7) Dy = {247}, Ng(Dy) = {13.5.6}
V -D, =No(D,) VD =Ng(Ds)

(a) CDS partition

V={1234567}

V= {123456.7)

v ={123456.7}

Dy ={L6}.Ng(D) = 23457, D, = (3.5).Ng(Dy) = {12.4.6.7} D, = 2.4.7}.Ng(Dy) = {1356}
V-Dy=Ng(Dy) V=D, =Ng(Dy) V =Dy =Ng(D;)
(b) IDS partition
T3 2. ¢, a=e| dn(G) =3
Fig. 2. dn(G,) =3 of @, graph
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G, 3= CDS% IDS =% 3709 DSz Easo]
dn(G,)=3°] Bt} G, 2= CDS9} IDS EF 271¢]
DSZ E&59] dn(G,) =2°|t}.

G, a9z s(@e O Zher 4,1)=20t}. G, 2
#gzol s(@e © FPoz d,6)=10c} weA 2<

dn(G) < 6(G) +10] Y3},

@ @O—© @ GO—©
@ D @

@ © ® ©

V ={123,45,6}
Dy = (24).Ng(Dy) = 1356}
V=D, = Ng(Dy)

V= {12,3456}
D, = {135.6}.Ng(Dy) = (2.4}
V=D, =Ng(D,)
(a) CDS partition

e

V = (123456} ¥ ={123.45.6}
D, = {2.5.6).Ng(Dy) = {13.4} D, = {L3.4}.Ng (D,) = {2.5.6}
VﬁDl:“VG(Dl) VﬁDEZ‘VG(DE)

(b) IDS partition
O3l 3. G, J2Ri=2 Idn(G )=2

Fig. 3. dn(GQ)—Q of G, graph
G, aY=ZolM D, ={2,5}, D, ={3.6} o2 ¥& & 7
. D9 WS {1,500t e {15} N,(1,5)=
{2,342 {6} 9H HHoz 2tz B3l D, = {1,5}0]
o, Dol EgEolof it} A=, D, ={2,5}, D, = {1,3,5,
602 dn(G,y)=2°]t}h.

Il Z[cHRF= HE X|ejde L02|1F

oI aYZ G=(V,E)dl g =HE FE 3] 93,
B A e AU FHS Ao s dgshe WS
A ez}

= (VBN 2t B8 ¢ d(v,

g ARt} el A (A(G)9 HH v, E Dol
91, v, A, v, B AR o, Ny} B Ny(,) 5 7

7N(;(Ul) % ]'Xﬂo]—tq U QN( ) XJX42
:{25}0 2 714 3
ek,

V=D t&l D, = FEA 24 D, o thal
V-D, N(V( ) ]tﬂ D+la —.75101':!1 V—D7+1¢

i+ 1

Ng(D, )9 v = {@}old D, BHE v, WA Ny,

2 mgt ek V- D +1¢NG(D,,H) v, ={o}om
D, & Do TFATH
Ak ATES AR A ARG gl

(maximum degree vertex dominating set algorithm,
MDVDSA) & 817, &8 5% O(kn)Ql THIAIZICE 1
& 4ol A= ST},

G=(V,E)k=1
SES| 'u—IXI-rd L(v;) AL
A(G) BB v, M8 D, = D, +uv,.
Vi=v,& Nglv)+ {v; Nolv)}l Nglo,) .
until ¥, ={¢} do/* +8 EFT: O(k) ¥/
until v;={¢} do /* 8 EF=T: O(n) */

dgv) AR

de(v,) =0 B v, 884 D, = D, +v,.

if [A(G)| = 2 then v, & Ny(v,) TR M=

N

else if [A(G)] =1 then siigt A v, M=
end
Dy= D+,
Vi=v,& Nglv)+ {v, Nolv) }2 Nelv,) .
end
if V—(D,+ Ng(D,)) =2 then
k=k+1, Vi = VoD,

else if V—(D+ Ny(D,))= @ andv;= {2} then
v, CHA {Y,Yj,NG(Ui)}?_l Ng(v,) 2 mat
else if V—(D,+Ng(D,)) = @ and v,={@} then
Dy =Dy 1+ Dy, D M, Vi, = {9}
end
end
dn(G) =k.

8 4. 2] Al I XpiiEg do2E
Fig. 4. Maximum Degree Vertex Dominating Set Algorithm

a3 19 G G, = dial Al
Avs ¥ 59 A= ik

Fe DNAZ 283

Dy = (61 No(Dy) = 23457}
VD, = No(D)

D, = (35).Ng(D,) = 12467}
V=D, = Ng(Ds)
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Dy = {247} Ng(Ds) = 1356}
¥ -D; = Ng(Ds)

(a) @, graph, dn(G)) =3

oL e

Dy = (2.4).N(D,) = 1356}
VD= N(Dy)

O O] @ O—©
@ DQ D Q@
O—® ONO) (T O 0
Dy = {3.6}.Ng(Dy) = {123.4)
V-D, =Ngs(D,)

4

D—5) O O O NN DG

6
Dy 5. Ng(D)=234) Dy =(3.6+{15) - 11356

(b) G, graph, :,17711)3(:5;3”32
1%l 5. MDVDSAS| el =
Fig. 5. Domatic number of MDVDSA
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B2 AEEE {vg0, Q) dn(G) =29 =VE FE 4=
o T AR, (v} AR 2 zel] tie Ao 2b
B vy & dg(v,) =322 {v,,v,0,} & AW, F& FH
£ vt {v4.,vﬂ,v1}—% Avjste]  xujR gt {Ug,’us}?_]
dn(G))=2% deth. Al AR, {vvv50; 15 AR
gz HAE {vpvnv ol ¥l v {vmv) e vE
{opvgy ), v {vg v }a AUs AR {o),0;,0,}
2 dnl(G)=3% FsIoith. ZEHoz, Ho A
{0050, } 2 =V 5 dn(G)) =39 S @t GOl o
gME FLg Wer AHAdY AuiRdE JHe
{opv b {vgvgh {vpos} 5 Bl stz 2k dn(G,)
=25 det} o] 2 O 29 7 39X e THE
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£ M e 28 69 1370 tid vt S 2=
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G K, 9 agZeos, G,& Chordal 1=
Kaplan®} Shamir(12)el4, G, Hypercube ZIEZZ
Pemmaraju$} Pirwani(13)el4l, G, ¥ (planar) L

Y2 Moscibroda®t Wattenhofer(14)ol4 <Q1-&= 3]t}

(m) G5 graph
% 6. &% HiolH
Fig. 6. Experimental data

() G, graph

G. = Petersen 1Y ZE At (regular) LeZelH, &
g = Aol A4t 308 4 (cubic) ezt g
% G2 A7 TYZE Hartnelld} Rall(15)9l4 Q145
. GE K, (bipartite) — Z1jZ=

o)



Hedetniemi(10)¢F Tsui, Yen® Tang(16]<lM, G &

K, , °1% (bipartite) Z2|=ZZ Tsui, Yen? Tang(16)°]
A, G,E Hedetniemi(10)94, G,& 9 == |,. (©
oG _] e o—¢ F—0
ROthe[]-?]o“}ﬂ 13 8 'ﬁw‘i _j_ﬂH;‘i—_i SII‘I]JOL]I[].SJO]]}\{ Gflfll‘rT 4 lz);:{vl'ﬂ(u) v 2 —‘Ni}Dn sz); ::(izj}'b) v %1{363D>
Gadjet 992 T2==Z Rothe(17)9} Rieges} Rothe[19]°ﬂ/“], (c) dn(G,) =4 for G, graph

(D

G = 99 222 Hartnell2} Rall(15)914 <1891t}
a8 69 A Holeol sl At duelEs A4%
A= a9 7o AAE i

Dy ={24.6}.V -D, = Ng(D,) D, (17)r —-D, =Ng(Dy) Dy ={3.5}.V -D; = Ng(Dy)
0 © © Q) @\ © (d) dn( = 3 for G4 graph
N, N\,
N N
l\‘\\® /1 QO & 996 96 %
\ (O—®
d % o R e e é e PO
Dy={I}, V=D =Ne(D) D, =3} V=D, =Ne(Dy) =3} V-Dy= NG(D>
(148} 77{250} D—fbcd)
0 9 ®\ F V,DIZNG(DI) V-D, =Ng(D,) V—D:: Ng(D3)+ {15}
D, =D, +{3.b.c.d}
G) (e) dn(@G,) =2 for G.graph

Dy ={#}. V=D = Ng(Dy) D5:<5>.

(a) dn( Gy) =

=Ng(Ds) =1{6}. V=D = N(Ds)

k for G, graph

II‘

= {14.6} D, =37 Dy ={258}
V- Dl No(Dy) V- Dz No(Dy) VD, = Ng(Dy)
(f) dn(Gg) =3 for Gy graph

}?/@ 09\0

?a?a SES

Dy ={l.a}. ¥ =Dy =Ng(Dy) D, ={2.b}. V=D, =Ns(D,)

5

D, =3.¢}, V=D, = Ng(Ds) D4 {4.d}. V=D, =Ng(Dy)
(@) dn(Gy) =4=n, (K,,) for G, graph

//)Q}DK

={al. V-D = NG(D,) D, ={b2}. V-D, NG(D) {M} V —Dy = Ng(Dy)

(h) dn(G,y) = 3:m Km,m <n) for G, graph

D; ={i.e.d}. V—D; = Ng(Ds)+(g.h}
D, —{d.e.i}, Dy ={be.d.e.hiy

(b) dn(G,) =2 for @,graph
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D, = {439}. V=D, = No(Ds)

Dy={158}. V=D, = N,(D;)

(i) dn(G,) =3 for @, graph

® @ ®
— O O & ©
J © F—@ oo

Dy ={a} D, ={c} D; = b} Dy ={d}. V =Dy =Ng(Dy)+{}

V—Dy = Ng(D;) V=D, = Ng(D,) V- D; - Ng(Dy) Dy =Dy +{h}={b.d. I}

() dn (@) =3 for @, graph

OJOY OROMOIOp OO O -G

O, ® \ ® ® 5 9.6 \

@ © O @Y
0= @ o= @ ® © @
D, = {3.6.b} D, =1{1.2.¢.79.4} D; ={58,a}

V-D, =Ng(D;) ¥ -Dy = No(Dy)+{L2.c.7}

D, =D, +{58.a) = {L2.4.5.7.89.a.c}

(k) dn(G,;) =2 for G, graph

Dy = {f4}.V~Ds = Ng(Ds)

Dy = {16}. V —Ds = N (Dg) + {23.4.5)
Dy =Dy +{16}. D = {L46.1}

(1) dn(G,) =5 for @, graph

D; ={2.49.b.¢}. V- D; = Ng(D3)

Dy ={7.a.¢}.V =Dy = Ng(D,)+{23459.1.}

Dy =245, {0 = 2479.0.08

(m) dn(Gy) =3 for G5 graph

& 7. MDVDSAS| THEl 4=

Fig. 7. Domatic number of MDVDSA
a3 79 7+ g el g =E £E e e 3%
5 AW YoM AR BAE At

2 =wolA ARE 15709 AF diolelel] oisf Alctd
MDVDSAZ 243 A7} 42 g & & 19] AA=Ho]
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7 A 9 FL AHE AU € F Uk wEA,
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Table 1. Algorithm performance

SOl & (dn) SoE] & (dn)
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o | 4 4 Gy | 2 2
GG 3 3 GM 5 5
G7 2 2 015 3 3
o | 3 3
V. 28
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