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EHANEHARS, HtAZENST—EE—NMENENMRREE. B TFREEE, I— ) H0
AR S RIEFE TR, ERUEERRPELARNMLEE. EGHRHEERIGH REHIT
MRER, FEENMHeENSEFERG NAMHRIEAEE, —BAMFSva(G)RR. —K
t, M¥FEEFEE G, va(G) <3, BMEEEZE G, va(G) > 1 HKil. £, va(G) =14
BNEEG 2— 1 EBE. M TRLEFKRER, WREGRE—ITR3-BHNFEEE, va(G) < 2.
Raspaud #Wang F ANIEA TMREGR— M S4-BIH A 25-BRIFEE, Moa(G) < 2. 1t
5b, Huang, Shui #Wang F AR TUNREGR—NM A S7-BRFEE, Moa(G) < 2. EERX
F, BOMLEATUHREGR— N SHEBAS-BEi4-BHEmE, &N SHE4A4-BFs5-BaE
mE, Mva(G) <2
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Abstract

In the research of social networks, social structure decomposition has always been a
valuable research topic. For security reasons, we study a new social structure decom-
position problem, which can be decomposed into a problem of minimization in graph
theory. The vertex arboricity of a graph G, denoted by va(G), is the minimum number
of subsets such that the vertices of G can be colored and every color class induces an
acyclic graph such as a forest of G. Normally, va(G) < 3 for every planar graph G and
va(G) > 1 for every nonempty graph G. There is no doubt that va(G) = 1 if and only if
G is an acyclic graph. For some special cases, it is known that va(G) < 2 if G is a planar
graph without 3-cycles. Recently, Raspaud and Wang et al. proved that va(G) < 2 if
G is a planar graph without 4-cycles or without 5-cycles. In addition, Huang, Shiu,
and Wang showed that if G is a planar graph without 7-cycles, then va(G) < 2. In this
paper, we prove that if G is a planar graph without adjacent 3-cycles and 5-cycles, or

without adjacent 4-cycles and 5-cycles, then va(G) < 2.
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1. 515

A PH S5 A4 ) 7 19 AR A P X 2 F 7 b BT BB R S RSk [1-9] Caext Kk AT 72 1t
To ARILHIE T —ASBTIAL G5 R o0 1) e BATTRE T 4L 2 535 R0 A A IR 4, IR
TR — DER TS 7M. hTRELERNER, BAHESBEILE M, Joklaithn]
PR 2y R 0l JC P S48 mR (70 2 (B A7 AR AR SR AR DR PR S ). AEIR I B, BRATT AT BAEIX
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AN SR R ) R 3R DR — A de /MG ] R

AN FRAR. fipf . WG E. RIMEHS V(G). E(G)ME(G) kK7 Ex
EGH A4, BGHIIEMEGHIHE. BA(G)F(G)HHEREGH B KEMEG it/ E. £
FERERIREFR k-l FRATFRPIA R AHAS 1, G X P B /DA — N A FE T R R 9 4 Pl A
8, R ez E — %A,

KIGH TC Bl kG 2 fa NV (G) Bk AR A I S, YR —F B S FEE T
Bl ). W RERAESRG A — LBk s /M8, A RAMRENGH SR, 2 A S
Hva(G)FEor. B SRA RIS 219684 & 4 i Chartrand %6 A\ 5[\ [10]/, AATHIEREZEIGH
B Eva(G) < [H59], BHEEEEEG, va(G) > 1, YHMCYEGRELBE, va(G) = 1.
Chartrand M1Kronk [11]7E1969UEH] 7 XHAFE R -FHIEG, va(G) < 3. —fd, WREGE —1
AE3-B I TFEE, Moa(G) < 2. E3CHL [12-15]) FEH T, WREGRE — DA F4-18. 5-Fl.
6B FI7-E [ T B, Woa(G) < 2. 20124, Chen [16)55 ANBF 78 T A 4 3-F8 10 F i G 1) 5314
Fva(G) < 2. fEHTRE—FH, Huang MWang [17)3E T X F8H & 5%46- B 1-F 1 E G &
B va(G) < 2. Cai [18]%F NIEH T X TAEHA5-E-FHEG AT Eva(G) < 2. 1EFR—,
SCHR [19]0E B 1 AN AH 22 5- el 5 6- B 1R~ T B G s B P va(G) < 20 SCHR [20)3 B -1 1 B G,
ANE 3- e 5 4- P8 5 3- P8 i 5-TE AH AL, Mva(G) < 2. F34b, @A # #H IS B 45 SR m SR [21-25]
HEE.

FAHE 7 STk [12,13]F0 [15]/045 5, BRILUN L.
EE 1.1 wRGRA—ANTREAAR3-B55-Ba-FaRB, A 4va(G) < 2
EIHE 1.2 W RGR—ATAEAAA-B E5-B8-F@RE, 7 4va(G) < 2

2. %

NTHERTTE, HATE LA BA P EMSHN— &5 5. wEGRFIE, X1 EGH T
B, BATHA() R, BI5oESAE. W 2d(v) = k BITIEFONE- 5, W 2d(v) > kT
RACRET -, W Ed(v) < k NTEHOAE -5 FFE, X TGHMEf, BRAMEHI(f)FRRFIIE,
B fIA K. d(f) =k, BRI - 15 d(f) >k, FREONET-T; d(f) <k, FRHONE -,

—Nk-TH, I S 7 A NS ST R vy g, - 0 BR (01, vg, -+ - v )-THTBR
(d(v1),d(va), -, d(vy))-T0e X FHf BAVE fr(f) RS FHBRIETIEG Hng (f) ARRS FAH
AR E- NSO H . XTI S0, SotHA8 AT S B ne(v)RoR, SoA8R-TEH £ (v) R
e AT (01,09, -y vr), FARRG A A D00 BT, (=12, k1), RATHfHLER
58 Ao BT X FE-T05, AV FHoy, ve, - - -, 0, 3R 78 5o U £ AH AR B kAN 3 8210 55,
RJEH fidomo; Flovgyy (1= 1,2,k — DA, H £ moo, Moo AT X F4-T00 85,
BATHRORE R, R f(0) = T fss(v) = 30 X T4-Ti v, AR Z NAE fsfEo AR,

f25f47f’05¢7iﬂ&o
FEASTH AT, B2 B LA ant, Tis Hedir, nl REiAT &l th A L, Ti
Ao IR.
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3. &/ BRI R

PUAEBATE L SRR #EAT 2 B 0.1 AEPE 0.2 HIIERA. 5B RBOERE 0.1 AMERE 0.2 2.
FER 0.1, WG —ANTE AL P A DBIN R B Wea(G) = 3. &R, EIGR 121
I, RIEGRUER M KL ARAL T — A JeRE b BUIERATZ GRS LN T -

313 3.1 [15] 6(G) > 4.

glii 3.2 [15, 17] ’fFii)‘ﬂ( 3-@(’1}1,1}2,1)3) ﬁﬂ 3-@(1)4’1)3,«1}2) j:g]/ﬂg’ Eﬂ]i]"—/l\‘}ﬂ:‘]g] éﬁiﬁ,vg’l)z;o i
Rd(v) + d(vs) <9, AR Ad(v1) + d(vs) > 9

SIFE 3.3 [12] & fA 3-8, ny(f) =30 wRA—A K-8 (vi,02,---,0), EFE>4, T4
ANe{1,2, - kY Rd(v;) =4, MW (v, vg,- -, v,) N5 fAAR,

FIRE, XFEEE 0.2, WERIGHR —ANTRRL AR D IR /NG, G Z RS E # 0.1
MEG Es AR .

4. TR{E

NUEB EHE 0.1 FEHE 0.2, BAVEARTFHAAREMN. HEGHFmE, T EGH R
B A MEGH T A M, TATE X T — NPUE R e, &%, BATABEGHREANTI Mo — M
flc(v) = 2d(v) — 6, PABEANH fBUEC(f) = d(f) — 6. AR H:

V(G)| = |E@G)] +|F(G)| =2 (1)
Y odw)= > d(f) =2|E(G) (2)
veEV(Q) fEF(G)
38 5 R s A B G SRR 2 U -
Yoo+ Y ef)=-12<0. (3)
veV(G) fEF(G)

XEF PN E BEAUENT,  BA TR AR T i gs th (A AN, 25 P G B A T R T A il — 138
M E R e HIRESATR, S, Bl

Yoo+ D ef)= Y L)+ D ). (4)

veV(QG) fEF(G) veV(G) fEF(Q)
FET I, FATRIUEX—

> dw)+ YAz (5)

vEV(G) fEF(G)
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KRR BOP JE AL, S8R T PSR BRI

FERE RS, B8 (v = f) RFvl B, Ko e V(G), f e F(G). &%
r(f = fu) TR PHERBBL OB, P f e FG), fi € F(G).

4.1. FIE 0.1 JERB
X H 0.1 BIIRAE R a0

R1. %€ v &5 f AHARAY 4-Ti s

) r(v— f)=1, WRA(f)=3, fsv)=2
2) T(v— f) =35, WRA(f) =3, f3(v) =1
3) T(v— f) =13, WMRLS) =4
4) (v — f) =%, WRd(f) =5

R2. B v &5 f LS 5-T5
1) T(U—>f):%, WHRd(f) =3, fz3(v)=3
2) T(v— f) =3, WRA(f) =3, f3(v) <2
3) T(v— f) =13, WMELS) =4
4) (v — f) =%, WRA(f) =5

R3. B v &5 f AHLEH 67-T0 5
D) r(v—f)=3%, mEdf)=3
2) T(v— f) =14, WRA(f)=4
3) T(v— f) =+, WRA(f) =5

BUAE AR E B GRS T fE A — AN AR BUE. B BB B4, BGHREAN6T-TH#E —
AU, B d(f) = 5, MH R1(4), R2(4)FR3(3) % (f) = -1+5x 1 =0, &%
d(f) =4, W R1(3), R2(3)FR3(2) & (f)=-2+4x1=0, & d(f) =3, Wk RI1)-(2),
R2(1)-(2)FR3(1) %1 (f) > -3 +3x 1> 0,

B TR TRAIE B E G TR o BB — AN AEABUE. X d(v) = 40 R f3(v) = 2, N
R1(1) 53] ¢ (v) =2-2x1 =0, WHf5(v) =1, MW@ R1(2)-(4) 52 ¢ (v) > 2—3—maz{3, 1} >
0. WHRf(v) =0, WIE R1(3)-(4) 58] ¢ (v) > 2 -4 x % >0, d(v)=5. WRf(v) =3, WiE
T R2(1) M3l d(v) =4 — 5 x3 =0, WRfs(v) =2, Wil R2(2)-(4) 2] /(v) >4 -2 x5 -
maz{3, 1} > 0. W f(v) = 1, Wil R2(2)-(4) 5] ¢/ (v) >4777ma;1:{2><5,5+ 2x 11> 0.
W f3(v) = 0, WIEER2(3)-(4) 5]/ (v) > 4 — maz{fa(v) x 3 + fs(v) x 1} > 0. fH#d(v) =
kT (k> 6). WHk > 7, WIEERS EAIFITE (v) > (2k—6)—ma1:{f3(v) g (k— f3(v)) x 2} >0,
Blt, BATREEE = 6. X d(v) = 6. WHR f3(v) =4, Wi R3(1) 152 d(v) =6 —4x 2 =0,
R f3(v) = 3, Midid R3(1) 43 /(v) =6 -3 x 2 > 0. WRf3(v) <2, )HJ@ R3(1)-(3 ) B3
(v) > 6 —maz{fs(v) x 5+ fa(v) x 3+ f5(v) x 5} > 0,
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b, BAREW THFTE v e V(G) M fe F(G): LW +Xd(f) >0, X5Hi@iRhon
AR P ABUE R T G, HOE PR IE.

4.2. FIE 0.2 ERB

FEZ HE R 0.2 IREL LI Z |, Se/v i — DRSS M, BEESHREAE R, 2(5)-(7) A AT,
wmiE 1 froR: d(v) =5, fs+(v) =3, f3(v) =2, HPD3-HAME. Ak Bk BRIXf, f
Ffa ST -1, fofl fs /E3-Te WER f5(v) = 3, vk T fa(va) = 1, BIEog NI 3-11 24
5 faBfy A48, AR, RS- -5 f AT

R2(4)

Figure 1. The discharging rules icon in Theorem 0.1

1. SEF0.209 — Ee A B B R
SEER0. 2 TR AE R 2 s

R,1. Bv 25 f MM 4-Ti 5.

) rv—f)=2% WRAf) =3 fs(v) =2, fs(v) =0
2) T(Uﬁf)zg’ mAEA(f) =3, fs(v) =2, fs(v) >1.
3) T(v— f)=§ WHRAf) =3, fs(v) =1 falv)=1
4) T(v—>f)=§’ WA A(f) =3, fs(v) =1, fa(v)=0.
5 (v — f) =14, WRAf) =4
6) T(v— f) =+, WRA(f) =5
7) T — f) =% MWRA(f)=6".

R,2. v 25 f AL 5-Ti k.

1) 7(v = f1) = %’ T(v = f2) = %’ T(v = f3) = %, WRA(f1) = d(f2) = d(f3) = 3,
fg(’U) =3, f1 5 f2 *H@B’ f3 5 fl K*HQB’ f3 5 f2 Z:*H@Bo

2) T(v—f)= ; WR d(f) =3, fa(v) <2

3) T(v— f) =%, WRA(f) =

4) (v — f)=2, WRd(f) =5, f3(v) =2, HFHA 3-THAHLE.

5 T(v— f1) =2, MR d(f,) = d( 3) =d(f1) =5, f5(v) =3, f3(v) =2, HA 3-THAFHLE.
a) T(v = f3) = £, T(v— f1) =2, WR fORARERE 4-1H.
b) T(v— f3) =3, T(v— f1) =55 WR vy & 5-TURE vy &Rk 4-TH
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6) T(v— f1) =2, (v > f3) :% ﬁn% d(f1) = d(fs) =5, fs(v) =2, FA 3-THAHIAE,
fs(v) =2, fe+(v) =1, d(fs) =6T, f1 5fs AHHEE.

rv—=fs) =2 tv— fi) =3 ﬁn% d(fs) = d(fs) =5, fs(v) =2, PI 3-THAAALE,
fs(v) =2, for(v) =1, d(f1) = 6+ fs 5 fa HA4E.

8) T(v— f)= 2, MR A(f) =5, f3(v) =2, WA 3-HAMHELE, fi(v) =

9) (v —f)=2, WRA(f)=5H frs(v) <1

10) (v — f) =g, WHR d(f) =6"-

LW s AR 67-T0 A

1) T(v—>f)=§ wmERd(f) =3

2) T(v— f) =3, WRASf) =4

3) T(v— f) =3, WA d(f)=5

4) T(’U—)f):%, wmERd(f) =6

B2 (4,4,4)-T f3(f1) =0, d(f) =3, fEALERONIL,  firf bR o LM REATI A

RERFRIA-TI AT, fAER 7oA TI S 25 T-T0 5, B AN B R SRR 04-T S, B — A

FERFIR A4 T 5 — AN - T A

D) 7(f = f1i) =15 MRS =1, fHEBRToBSMNIATIR L —&5- T, H5=3-HH
4B, ST s N5 -Ti R

2) T(f — f1) =2, Hth.

XﬂL? 3-@ f ("U1,"U2,"U3)c Hﬂ f1 f2 Pl f3 5'%2%/3“ \%'J '3 f E-ﬁ/éx\;j\: 1 v1v9, Vo3 il V3V1 E@Eo

-1 f ), WHRWL: -3 +7(vn = f)+7(v2 = f)+7(vz = f) > 08 -3+ 7(v; —

H+7lve = fl+7vs = )+ % >0 (4 AR Q) BF) 88 -3 + 7(vy = f) + 7(v2 —

[ +7s = [)+2 >0 f WHERL(2)IN)E —34+7(vy — f)+7(v2 = f)+7(vs = f)+7(fi =

f)>0(€1,2,3) =3+ 71(v1 = f) +7(va = f) +7(vs = f) +7(fi = f)+7(f; = f) >0

(i #j» ij€1,2,3)e Hnd(f) RERG FAHBIEFHIBEIEH. M ny FoRGN TR

Ja IS AUE S

Rf2. T(f — fl)

fs(f)

R;3. W fRE5MH, fs(f) —
) 7(f = f)=nf ﬁﬂ%fs(f) —n3(f) =1, Hf5FHAM: (B A DEFII3-1H.

ns(f

2) T(f = f) = m R f3(f)
I L E A, FATIHE S T 1 ]

5138 4.1 55T EAARIET- B E S AL — 2 (k> 6)NTRAF93-\,

JERR :

;H\:jﬂ’l)kvlo

Yt PR IEGH k- (k > 6).
SR R SRR R f (e {12,
Loy BT TR T % H8 ] A

kYR

Bnse (f) =1 SFk-MHfk>6, Huv (ic{l,2,-
w5 A AR

ﬁ[l%fm*/%* i, Hf5f M8, Hf AR 3-1.

—nd(f) > 2, A S AR AT 31

AN
H EJrEAA
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B BB far (f) > 20 B8R, fEZHE - 2D AREFHI3-THAHAR.

1EH2. B fe (f) = 1o F—A5 FAHARHIEFI3-TH. iR £ g —4+- T, WEE R, 2(2)FIR,3(1)
G2 7(vy = fi) = Lo frle—NEFRIB-TH.  [FIREH Q2R fofe—Aat-T, U fy e — AN 3-TH. A
BfRAT-TH, (1€{2,3,---,k—1}), W R,2(1)-(2)FIR,3(1) A5 fL A A — AN UFHI3-TH

1GR3, AR fas (f) = 0o RIS FAHRBAY3-TH. 1o Z6T-TH A, M R,3(1) 2 7(vy —
f1) = Hr (v — fi) = L Eﬁk SIMf R 8- B oy 52 5-TH, W18 LR A% L -

o f3(v1) =2, MBI R,2(2) & 7(vr = f1) =L Mr(vy — fi) = Lo fiflfi ERREAFHIBIHI

o f3(v) = 3. AR, @i R,2(1) 27(vy — fu) = £ Fir(vy — f1) = 1« \'f'zﬁjﬁy [rRElF
MI3-TH, for (f1) =2, f3(fi) = 1. HfiAHLLRI6T- ﬁﬁﬂ‘fu\’f’l‘w\ﬁtﬁé/\fl%/'\jji t, did fiAH
AR s AR AR f LAAM6 - TR J5 f1 A2 47 10

gi b, S5T-TAAHSET-TEZHE — 2 (k> 6) N AEFHI3-TH.
I 4.2 4R d(f) =5, M f3(f) —nd(f) < 5n)

WERR: 4 d(f) = 5. XT5-Mf, BATH vis ver v, vaBllvs RoRITE S FARAEHIT AL f;
KorEAEAKDvv, (€ {1,2,3,4)), fiRREGA AL Do, HEIE 2.3 1550, Wff2s-
(i € {1,2,3,4,5}) » Wfs(fi) = 0o B, HAnge (f) > 3 W, 5nf > 1 > fis(f) —ni(f)e B
Bena(f) = 5. W R,1(6) /5800, = 0. Zfs(f) > 0 W, RAETIEL 2.2 /53], 5 FARARH3-10 +
AA5T-Ti A Bk, @it R,1(2), R,1(4), R.2(2)HIR,3(1), WHfR23-1H (G € {1,2,3,4,5}),
W R BRI f5(f) — n3(f) = 0. R RBRUL T FFETE:

T L. Bt (f) = 1. AR Mitk, 4uts FARSBIOS T, 4 DUAT
(L.1) fs+(f) 235 fa(f) —ni(f) =0, n} > 0.

(1.2) for(f) = 2o BXIFRME, BATRBEAMEL. B8, f(f) —nd(f) = 0. i—’nd(ﬁ) =
d(fi) > 5 80d(f1) = d(f;) > 5, i€ {3,4}. [, >0. Bk, FATHELLT BHFAHE

1) d(fi) = d(fs) > 5. it R29)FIR,3(3) B3 7(0r — f) = &, falf) —nd(f) < 1. B
f3(f) = n(f) < 1 < bnfe
2) d(fi) = d(f2) > 5. @I R,2(5)-(9)FIR,3(3) & 7(v1 — f) > L BHitn, > 0. B4,

5
STl fs BRI AFII3-ThT . WR fule —DEFHI3- W, W f3(f) —nd(f) =0 < nlpo BUERNTAFIUEM f12
4 1 /Q"\fi%(vuwi,viﬂ)-ﬁ(i €{3,4}), f5%(v5,w3,v1)—ﬁo é‘&%ﬁm%fﬁw (i€ {37475})
AN ST AR Wws, waMlwsH BEF — 5T 8T R,2(2) MR, 1(2) 193] £y ZUEFH. R
w3, wy Mws R4 T e W nse(sq) > 1, nge(ss) > 1o s1 225 (d(s1) — 3)/NMALFI3-TH AHAR,
s2 B2 (d(s2) — 3)MALFHIS-TAHSR. REHE, Mws, wiflwsHE/Db—A 0 ﬁﬁﬁiﬁﬂmﬁﬁ?m Al

AT HE Bw: s woMws BEAZEFIR A S h R 5 fafbw, SN SLHITH . 25 R LT AT B8

o WRd(sy) = d(s5) > 6, MM R,1(1)-(3)MR1-21F —347(vs — fa)+7(vs = fa)+7(ws —
f)+7mh = f) > 24+ 3 4243 >0 -3+ 7(vs — fu) +7(vs = fa) +7(ws = f1) +7(s54 =
fo)+rlss = fa) 2§+ 3+ +35 20 Rk, fRIFH.
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XA, EEE

o [Rwghbh, sqMlss DA —NE5-MH, 1R T FAST-TI 5 B 1 AR5 FR4- T B0F —
PR4- T RO —5-Ti 0, 3@ Ry3 Tﬁf4Eﬁ?H’] f)r‘ftﬁdl]ﬁ%fﬁhltlj%i%ﬁ AN5T-TH A Bl 2
2 —AERA-TH . W R sy Msstp— AN RS-, 5 —AN26t-T, W R,1(1)-(2) MR2-3 13
B34+ 71(vg = fo) +7(v5s — f4)—|—T(w4 — fa) +7(s4 = f4)—|—T(s5 S f)>it+i+E+i+1>0
WRd(sq) = d(ss) = 5, Hifa(sa) —nj(sa) < 2 B fa(ss) —nj(ss) < 1 BHAfa(ss5) —nj(ss) < 20
fa(sa) —nd(ss) < 1o B, W Ry1(1)-(2)MR3 FFEN-3 + 7(vs — fa) + 7(vs = fa) + 7(wy —
fa) +7(s4 = fa) +7(s5 = f1) > 0o

(1.3) f5+(f) = 1. tHXFRME, BAMNFE=FIEE: d(f1) > 5, d(f2) >5 Fd(f3) >5

1) Btd(f2) > 5 Bd(fs) > 5. i R,2(5)-(9) MR,3(3) F2] 7(vy — f) > 2, Bl: b0/ > L
B R,1(4), R2(2)FIR,3(1) 135 f5(f) —nd(f) < 1o L f5(f) —nd(f) <1< 5

2) 1Bi%d(f1) > 5. 8L R,2(5)-(9)FIR,3(3) BE 7(v1 — f) > 2, Hl: 5n) > 1. IR ol f- 40
FEAF I3 IR fo M fy A —ANIFII3-TL W f3(f) — nd(f) < nfpe BUAETRATUEW f5 A £, 280
— AR RS- 2 fi S (v, wi,vi)-TH(i € {2,3,4}),  fsrz(vs, ws, v1)-Me s, RE fIEv; (i €
{2,3,4,5}) AL IR AL AR wey wsy waklws B> —ARST-TH AL, i R,2(2)MR,1(2), 15
B fo M fL DA — AN RIS B we, wss wyMlws B 24T, Wss, soflssHHEDH—
BT Hwas wzs wyMlwsHEDF —ANRFFIRES, f2Rf, 20— NG BUES Bw,,
w3, walws FARKFERN. hRoRE fifEw; (i € {3,4}) MATINISLIH. Ms3, sufllsy EAPA
Je5- T, Brw; (i € {3,414k, @i Sh, P PIAST-T00 s 5 P9 FEIR I 4-T0 5 B — AR IR f4-T0 A5
A—ABT-TH AL, W f2ar . Bk, Wis,, soflsy B A RS-, W R ERhMh,hEE—
AT AT 2 — AMRRIRA-TH s, B LU R /SFhT B

WRd(s3) = d(ss) = 5, s5 > 6, M Rp2-3 & 7(s5 = f3) > 2, 7(sa = f3) > &
T(s5 = fa) > % » T(s4 = fa) > éo [FAEHL, WId(ss) = d(ss) =5, s3 > 6, M@ R2-3 4
T(ss = fa) > 25 T(sa = fa) > § Br(ss = f3) > 55 7(sa = f3) > 5o WRd(s3) = d(s5) = 5,
s4 > 6, ﬂU@ﬁRfQAT(s4 — f3) > % y T(S4 = fa) > % , I Ry3 A T(s3 — f3) > é )
T(ss = fu) >+ o B, @ RAQ2)MR2-3 5F] -3+ 7(vs = f3) + 7(va = f3) + 7(ws —
f3)+7(s3 = f3) +7(sa = f3) >0, =34+7(vg = fa) +7(vs = fa) +7(wy = fa) +7(s4 —
f1) +7(ss = f1) >0, Bl: faff &2 WRd(s3) = d(s4) = d(s5) = 5, WszHlls, FED—
Ao AR 25 fo M fy 2220 20 s R, 1(2)MIR,3 7343 =3 + 7(vs — f3) + 7(va — f3) + 7(ws —
f3) +7(ss = f3) +7(sa = f3) > 0 B =3+ 7(vs — fa) +7(vs = fa) +7(ws — fa) +7(s4 —
fo) + 7(ss = f1) > 0. WiHd(s3) = d(s5) > 6, s4 =5, FRw; (i € {3,414, Mh, P H A5
To0 R B P AN R R4 T A B — AN KR R4 T R AT — ANBE-TOsSUis, U f = B i—'lhg*l]hzlqj@%*
ST 5 — RIS, soBlsy 55— o BB 7,8 L, S R,2 13

B 7(sy = f3) >+ Bor(sqa = f1) = 5o WRd(ss) = d(ss) > 6 Bd(ss) = d(s5) > 6, WisL
Ri2 1343 7(sq = f3) > Hir(ss = f3) > L Br(sy = fu) > 2Fr(s5 — f1) > 3. @I R,1(1)-
(2)MRs2 135] =3 + 7(vs — f3) + T(va = f3) + 7(ws — f3) + 7(s3 = f3) +7(sa = f3) > 0 E&
=3+ 7(vg = f1) +7(vs = f1) +7(wg — f1) +7(84 = f1) +7(s5 = f1) > 0. Zi L, fsMlfZ/b—
A RIF .

e

DOI: 10.12677/pm.2021.118176 1593 HibH


https://doi.org/10.12677/pm.2021.118176

XNE, E

=R

(1.4) fo+(f) = 0. L R,2(4)-(5), +2(9), R,2(11)-(12)MR,3(3) #F 2] 7(0n — f) = &,
Bi: 5nf = 2. i R,1(1)-(4), Ry2(2)FIR,3(1) 32 fo £ #02 4F B93-T1. WI2R fo, fafilfi2E
> — AN G 13-, fs(f) n3(f) < nhe BAETRATIR TUEW fo, f5F £ 25 A0 — A 47 13- T8I
2 [k (viy wi, vi)-TI (3 € {1,2,3,4}), fs E(v5,w5,vl) [, %8 KFAE o (i € {2,3,4,51) 5
ARG SETH . R wis wes  was waMlws RS — ARSI AL Wi R,2(2)FIR,1(2) 135 £,
f3$uf4§//l\—‘/l\7\%ﬁ}ﬁ/~]3_ﬁ ﬁi‘{jwl’ Was W3 ZU4$D’LU5%BZ%4 Tﬁljj *Eﬁ%lfﬂ23y S92y S3» 8432[]85
R —A5H-TH A, AR, é[wl, Wy, Ws3» w4$uw5¢'§/l\~/|\ R )]_]JfQ, f3$uf4':':‘
T —ANRIFH3-T. MERIUE Ewy s wyy ws, wiflws EAZEFFRET . Ah, KE RS fitEw,
(i € {2,3,4}) AALHIX ST AR =] f

1) S92y S35 S4 $D85 §§¥/]\6+_ﬁo [‘é?wz (Z € {2,3,4})9[\ ﬁl]%hz *75%4\5+-Tﬁ)\5ﬁiw‘j/l\t%
RA-TH R B — MR IR A-TH R A — A5 T R, WU f R 0P BRI AT f& Ry Th B2 — N5 - T ki B
BL—MRRA-TI, @ € {2,3,4}. A LLTPIMATfE

o f5i¥ss s35 saMssHIED-THI, soMlss B — AT AIMESS fo 1 f4 2020 #id Rp2 4 7(s3 —
f2) = 55 (54— fa) > o B, @i R,I()MR3 HE] =3+ 7(v2 = fo) +7(vs — f2) + (w2 —
fo) + 7(sa = fa) + 7'(33 — fo) > 08 -3+ 7(vs = f1) +7(vs = f1) +7(wy — f1) +7(54 —
f1) +7(ss — fa) >0, Bfy, fafllfyZ/D—A2UF 131,

o iksy, 83, sqfflss Z—H26T-TH. HXTFRME, (5 REHF Flﬂ:/ d(sz) > 6 Ml d(s3) > 6.
Rd(sy) > 6, WL Ry2-3, H7(sy — fo) > 30, 2 7(s3 = fo) > £ Hr(sy = fo) > 0, 2
7(s5 = f1) geq?. T R 1(2)MR;2-3, 15F] —347(va — fo) +7(vs = f2) +7(w2 — fo) +7(s2 —
fo)+7(s3 = fo) > 0o0r =3+7(vy — fa)+7(vs = fa)+7(ws = fa)+7(s4 = fa)+7(s5 = f1) >0,
Bl: fo RIFMIEL fo2tFi). Bk, fo, foflfyZ/D— 2 i 13-M. WHd(s;) > 6, it Rp2-
3, Ar(sy = fo) > 3, B 7(s2 = f2) = £ B Hr(s2 = fo) = 2 W, 2 7(s3 = fo) > £ B
Hr(ss = fa) = 20, 2 7(sq — fa) > 5. Blbfo, folfaZb—ARAFHI3-TH.

2) 595 53, saMlsy FPIAIE6T-MH. [FFEM, KALHE LR (0 € {2,3,4})FEZ—A5T-Ti

B B2 —AMRRERA-TIS . XK, FRAUNE EVUFEIL: d(so) = d(s3) > 65 d(ss) = d(s4) > 6;
d(s2) = d(ss) > 6; d(s3) =d(s4) > 6o

o #d(s2) = d(s3) > 6. MR =3+ 7(vy = fo) +7(vs = f2) +7 <0, WL 7(s2 = fo) > 3
7'(83 — fQ) > io ﬁﬁ va(l)—(?))y Rv2(1)—(2)}‘3DRf2 '/f%l‘iu -3 +T(U2 — fg) + T(Ug — f2) +7’(’LU2 —
f2) 20 8L =3+ 7(va = fo) + 7(v3 = f2) + T(wz = fo) + 7(s2 = fa) + 7(s3 = f2) >0, RBl: fo&
Ui,

o fiikd(ss) = d(s4) > 6. I Rp2-3, H7(sas — f2) = 2 I, & 7(s3 — fo) > £, H7(s5 —
fo) = B0 & r(ss = fa) = 5 Hr(ss = fa) = L0 A r(ss = fa) > 5. Kk, @
R, 1(2)MR(2-3132] =3 + 7(vg — fo) + 7(vs = f2) + T(w2 — f2) + T(s2 = fa) + 7(s3 — f2) > 0 BL
=3+ 7(vg = f1) +7(vs = f1) +T(wy — f1) +7(s4 = f1) +7(s5 = f1) >0, Bl: fo, fsHIfyZ2/b
—N R 3-TH .

o [AFEHE, fRikd(ss) = d(s5) > 6. L Rp2-3 & 7(sy — fo) > 1 Bi7(ss — f1) > 3o il
R,12)MR2-3 5] =3 + 7(v2 = fo) + 7(vs = fo) + 7(wz2 = fo) + 7(s2f2) + 7(s5 = f2) = 0 Bk
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-3+ T(U4 — f4) + T('U5 — f4) + ’T(’LU4 — f4) + 7(84 — f4) + 7(85 — f4) Z 0o ,[H:u f27 f3$ﬂf4§
AN 3- T

o JE, Bikd(ss) = d(sq) > 6. W R2, Hr(sy — f3) = 1 B, 2 7(s5 — f3) > 3.
%T(Sg — fg) = 1H—J" 4 7'(84 — f3) > IJJ\_J:I RU1<1) ( )*DR]@2T%‘§J 3+ T(U3 — f3) + T(’U4 —
S4

1
3°
f3) +7(ws = f3) +7(s5 = f3) + 7(sa — f3) >0, Bl: forZfFH3-1i,

3) s21 83, s4Mllss FED=ARCT-TH. BBWMIEL: d(sy) = d(ss) > 6Md(sq) = d(s5) > 6
B8 (s2) = d(s3) > 62 WR=3+7(v2 = fo) +7(vs = fo) +7(ws > fo) < 0> W& 7(s2 = fo) > 5.
T(s3 = fo) = 3o T Ry1(1)—(3), Re2(1)-(2)MR21FF] =3 + 7(v2 — f2) + 7(v3 — fo) + T(we —
fg) Z 0 EE -3+ T(’UQ — fg) + T(U3 — fQ) + T(’LUQ — fg) + T<82 — fQ) —+ T(Sg — fg) 2 0, E]] fg/—\%
UFE. [FAIREHL, fBiBtd(sa) = d(ss) > 6, M fu2dfi.

1B 2. BiBtns: (f) = 2. HIXARME, (CBEPIMEL: WAST-TUGAER—2%1L, WS-
RAEA— 2630 ANR— B, PG T-TURAER — 2K 1UR, 2d(vr) = d(v2) > 55 AP T-TH
RANE[R]— KAy, é\d(ﬂl) = d(Ug) > 5o
Ffru] g

D) R for (f) =20 HXFRME, WHRANFEE: d(fi) =d(fs) > 5; d(f1) =d(fs) > 5; d(f2) =
d(fs) = 5: d(f2) =d(fs) = 5: d(f2) = d(f5) > 55 d(fs) = d(fs) > 5. WRd(fr) = d(fs) > 55 W
B R,2(4)-(9)HIR,3(3) 2 7(v1 = f) > 55 T(va = f) = % ML R,1(1)-(4), R,2(2)HR,3(1)1F
B f3(f) —n3(f) < 1o BEUE f5(f) —nl(f )< 1 <b5nfe B, 8 R,1(1)-(4), R.2(2)FR,3(1)7%

@Jf:z(f)_”()—o W fa(f) — (f)—0§5nf

2) BB for (f) = 1o EXTFRME, W =FER: WRd(f;) > 5 MWL (v - f) = 2,
vy = f) =2, f3(f) —nd(f) = 0. WRd(f2) > 5, Ei R,2(4)-(9)MRL3(3) 2 7(v1 = f) > 2,
T(vy = f) = 3, Bl 5nf > 3 I R,1(1)-(4), R2()FR,3(1) 13 f3(f) —ni(f) < 1. W

Rd(fr) > 5, WEEET R,2(4)-(9) FIR,3(3) vT(v1—>f)_ 2, = f) >3, Bl 5nf > 10 &
IRE fo f1 f5 ARG II3-T. QIR fo M fo B —ARUFHI3-HR,  f3(f) —ni(f) < nfpe BUERAK
i ELAE W fo A fu B> — AN R3-TH. X 5UEWI(1.3) 2T BRI, BRI, fofl fu /b —
NREUFHI3-T. L5 EFTIR, fs(f) —nd(f) < 5n'

3) i fse (f) = 0. I R,1(1)-(4), Ro2(2), Ru2(4)-(6), R.2(8)-(9)HMR ,3(1) Ar(vy —
=2 1= =23 fi(f) —ny(f) <2 M fs(f) —ni(f) < 5nfe

(2.2) v Flog 5T JETI. FIREHL, Hfse(f) > 305, Ff(f) —n(f) =0, nf>0. WiBLAF
=P fE

1) BB fsr (f) = 20 HXFRIERANMIEL: d(f) = d(f2) > 5: d(f2) = d(fs) > 55 d(fz) =
d(fa) 2 55 d(f>) = d(fs) 2 55 d(fs) = d(fa) 2 55 d(fs) = d(f5) = 5. WRd(f>) = d(f:) > 5(i €
{3,4,5}), #d(fs) = d(f;) = 5(j € {4,5}), WLLRlﬂH) R,2(2)HIR,3(1) 4 f5(f) —ng(f) =

0. it R,1(6), R,2(4)-(9)HR,3(3) A 7(v; — f) >

$(1€41,2,3,4,5}). L, f3(f) —nd(f) =
0 < 5n/pe f)’l&ﬂ%r‘?d( f1) = d(f2) > 5. it R,2(4)-(1

DFIR,33B) H r(v1 — f) > L, (v —
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f) > to WER(1)-(4), R2(FR,3(1) A fs(f) —nd(f) < 1o FHHHEW f 2L HI3- T

2 f3rE (v3, w1, va)-Mo  fu A2 (va, wo, vs)-M, f5rE(vs, ws,v1)- Mo 251N fFAE vy B XS SLIH
So RN f1Evs BT ST R w,, wo Fllws B/ —AN5+H-Ti . @I R, 1(1)-(2), R,2(2)HIR;1(2)1%
B fy RAFI3-TH. B BEw:, woMlwsFiE4-TH . sy FlsyFEBEDH —N5H-T0 . Hwy, woflwsZ
D ANRRFERI, f R IR S Bwy, waMws HEAZREIRIY . S hy TR G fifEw, AL HIXS
ST BRwebh, Hisi Mlso /D —ANR5-THI, WA HAST-TI A, B0EPIARIRIA-TH A, B
—ANREIRA-TH R A — A5 -T0, W R . BRI, M Mllsy B —AN5-H, XE R T REZ—
A5+ T R BYA- T A

W sy Mlso Horp — AN 25-11, 53 — AN =26T-1, NHEER, 1(1) (2)FRf2-3 33| -3 + 7(vy —
f +7(vs = fa) +7(we = fa) +7(s1 = fo) +7(s2 = fo) 2 5+ 5+ 55 +5 >0 M fi2
TP nRd(s1) = d(s2) =5, HGIE 2343, Hr(sy — f1) > 2 B, A 7(sy = fa) > 2: HH
Hr(sy — f1) > %HﬂL, H1(sy = f1) > %o i R, 1(1)-(2)MR,3, H =3+ 7(va — f4) + 7(v5 —
f1) +7(wa = f4) +7(s1 = fa) +7(s2 = fu) >0, B fo2lifFi. WHd(s,) = d(s2) > 6, it
R2 H 7(s1 = fa) = 5 7(s2 = fa) > 5o WL RA(1)-3)MRs2, H =34 7(vs — fa) + 7(v5 —
f1) + 7(we = f1) +7(s1 = fa) +7(s2 = f1) >0, Bl: fi /28 H,

2) Bk for (f) = 1o HXTRRMER =FER: d(fe) > 55 d(f3) >5 (f4) > 5. WIRd(f3) >5
Hd(fs) > 5, MBI R,1(1)-(4), R,2(2)HR,3(1) BEI f5(f) - f;(f) =0. Bk, f5(f) —nd(f)
0 < 5nfpe ﬁn%d(fg) > 5, MET R,1(1)-(4), R,2(2), R,2(4)-(9)FIR, (1) 2 f3(f) —n(f)
1, 7(v; = f) = 5, T(vg = f) > go 3) Tﬁiﬁfw(f) = 0. HER,1(1)-(4), R,2(2), R,2(4)-
(DAIR,3(1), A fs(f)—nd(f) <1 7(v1 = f) =25 7(v2 = f) = 2o P, fs(f)—ni(f)§5nfo

gibprik, Wk f R G K5, W f5(f) —nd(f) < 5nfe

LAE FRATIE G A T F#8E JE U AUE. Ad(f) > 6. BidR,1(7), R ,2(10), R,3(4)
FIR2, A ¢(f) > 0. 2d(f) =5, HR,1(6), R,2(4)(9), R,3(3)MFIHL 2.3 51, AR5
FAUEEDNL, Hfs(f) —nd(f) <bnfe BIL, d(f) > -1+5x L >0. 2fRGHA-TH, Wi
R,1(5), R.2(3)FIR,3(2), A (f)=-2+3i+1+31+L1=0.

Ad(f) =30 XT3 fr Hors vglog S 2R FIZATR S Hf fo M RRRS A
A vive, vovgMlvgvg HTHT

B 1. na(f) = 3. WE 2 IR, s1 5 f1Ev s SL, 805 fAEv sARXS AL, 535 fEvs midb
XL RIEFIEE 2.3, f3(f) < 1o fi, folillfs PEREADA —A51-T5

(1.1) f3(f) = 0. HEFEDG—AAT-qHxF . WL R,1(1)-(4)RIR;2-3 1 ¢/(f) > —3 +
min{§+3+%,8+5+2+3,3+1 +6,5+7+g,g+7+7}>01F§i&f'3:/\3-ﬁxﬁj, B s
sﬁnsﬁﬁmﬁﬁ’w M. HEIEE 2.3 Hfs(f) =0, fi(f) =0. WRLLF=Fmlfg

o FBRSf5(f) > 2. B, fa(s1) = 0, fs(s2) = 0, fs(s3) = 0o HWIRsy, spMlsg = b—A
ABEAST-TR, B — A5 - T AU —ANRFRR (4- TR, B0 PR NMRRR I 4- TG, s R, 1(2),
RAMRBH C(f) > -3+2+2+24+22>0. |/, fi, foflfsZZDHPATHEELS FE. A
RK—MetE, 2d(f) = d(f2) =5, (fg) > 5 MR4E 51 3.1 A1 5| B 3.2, 3257 [ 25 AH 4B IR 13-

IN I
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XA, EEE

HREZED AL MR-B3+2+2+247(fo = f)+7(fs = f) =0, WT 2K R
B2+t drr(fo—= )HT(fs— ) <0, WfFXTfRR. RIEIIHE 326 7(fL — f) > 1.
Bk, -3+2+2+2+7(fo=f)+7(fs—= f)+7(fr = f) =0

e BBLf(f) =1, for (f) =20 AR—MHE, 2d(fr) = d(fs) > 6, d(f2) =5 CHIfa(s1) < 1o
WRf5(s1) =1, M@ R, 1(1)-(2)FR1-3 185 ¢/ (f) > -3+ 3+2+2+min{d, 1 +14+ L 1414
L1 +31>00 W f3(s1) =0, Hsy, sﬁﬂsgﬂl@/'\—/\ﬁﬁﬁ%ﬂﬁﬁ B — A5 s A — A
FEPRA-TRR, BUE P ANFEIRA-THARS, l3d R, 1(2), Ry1L)FRB A C(f) > —3+2+2+2+2>0.
Msy, soMlszs M HRZ—A5T- TNE B2 —MERATISES, f (0 € {1,2,3}) TS fIRE.
gb, @S # 3.1, 513 3.2, R,1(1)-(2)FR,2-3, BF -3+2+2+247(fi > f)+7(fs—= f) >0
B -3+ttt ) +7(fs—= f)+7(fi = f) =0

o & fo+ (f) = 3. LTI 3 IMR BEI7(f; — f) > 4 € {1,2,3}. #udEid R, 1(1)FIR,2
BE () >-3+2+24+24+14141>0,

(1.2) f5(f) = L. WE 2(b) B, #kd(fs) = 3, d(s1)
Rd(sz) =3, WL RU)MRP2A(f) > -3+2+2+2+1+1
RAB)MRs2 A (f) > -3+ 2+ 2+ 141 >0. WRd(s2) >
B4+24+24+1I>0

1B 2. na(f) =2, nse(f) = 1o AR, 2d(vs) > 5. B f3(f) =0, RHE R,2HIR,3,
TS5 A 3T D T Rk, 383 R, 1(1)-(4), R,2(1)-(2)FIR,3(1) Hc/(f) > -3 +
24201500 BIKS() =1, 2 f=E3-1, WE 2(c) i, WETIE 2.3, d(fi) = d(f2) > 6
WiRd(vs) =5, vyt 'ﬁ*/\s HAHAE, 8 R,1(1), R,1(3)-(4), R.2(1)FIR,2 BEIC(f) > -3+ 2+
434 l>0. B, @i R,1(1)-(4), R,2(1)-(2)FR,3 BHIC(f) > -3+2+2+T1>0. Hixs
i rﬁz, (fg) =35d(f;) =3 —#f. BUENFHEA(f) =3, WE 2(d) Fiw, d(f) =d(f2) > 6, @

i R,1(1), Ry2(1)-(2)FR,3(1) 42/ (f) > -3+ I+2+2>0.

= d(s3) = d(f1) = d(f2) > 6. W
> 0. WHd(se) =4, @EILIR,1(1),
5, 1@ R,I(D)AR,1(4)E(f) >

Figure 2. The configurations used in Theorem 0.2

2. ER0.2M—LLE]

B 3. na(f) = 1o nse (f) = 20 RNE—MEME, Sd(vy) = 4. BB f(f) =0, T R,1(1)-(4),
R,2(1)-(2), R,3(1)MRf1(2), A (f) > —3+L+3+L—2 > 0. BESf3(f) =1, /—;»\d(fl):s, ]
2(e) fizm, d(fy) =d(fs) > 6. it R,1(1), R2( )-(2)FIR,1(1 )ﬁc(f) 3+}—§+§+gzoo £
XIFRIE, d(fe) = 35d(f1) = 3—F. Bd(fs) = 3. Wk MoK — Dﬁ;ﬁ, H5 =431
ARG, — mEST-T A, AR —ME, Do nE 2(f) Proxis-i, i Ry1(1), Ru1(3)-(4),

R.2(1)-(2), R3(MHMR;1(1) A (f) > =3+ 15+ +5— 55 > 0. A, j“R 1(1), Ry1(3)-(4)>
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XA, EEE

R,2(1)-(2), R3MMRs1(2) A (f) > -3+L+2+L—-2>0
&R 4. ns+ (f) = 3. @i R,2(1)-(2)MR,3(1) H(f) > -3+ L+ 41>,
WAEFRATUE W GRS oA FEFAUES
Ld(v) =4 BEGIH22FH fr(v) <2 WRfa(v) =2, BILR,1(1)-(2)FR,1(6)-(7) ' (v) >

2—max{2><7—1—2><5,2><7+2><%,2><7+ + 2} > 0. WRf3(v) =1, @i R,1(3)-(7)

() > 2—maz{3+I+2x¢, 5+f5(v) X+ for(v) x £} > 0. WIR f3(v) =0, @i R,1(5)-(7),
Hc(v) > 2 —max{fi(v) x %—l—fg,(v) X g + f6+( ) X 6} > 0,

Ld(v) = 5, BITEIF 2.2 F f3(v) < 3. WHRSf3(0) = 3. W R,2(1) H(v) > 41 -
7
5

LT -2x3 >0 WRf00) =2, HWA3-HAHAE, @i R,24) Ad(0) > 4 — maz{2 x
Tyoxi+i2xit2xi+22xI4+3x1i} >0 WARWA3MEAHHE, WE R,2(5)-
(8) WL LA F LA %: @i R,2(2) MR,2(5)1, c(v) =4—-2 -1 -2 _2x I =0; @
R,2(2) FIR,2(5)2, d(v) = 4—2 -2 -3 _2x I =0; @i R,2(2) FIR,2(6), A (v) >
4-3-2_1_92xI>0; @il R2(2)$IJR2() Hdw)y>24-2-2-L-2xI>0; @1

Rv2(52) FMR,208), Ad(v)>4—2—-2xi-2xI>0. WRfv)=1, @i R,2(2)-(3)FR,2(9)-
(10), Hd(v) > 4 — I —maz{fi(v) X 3 + fs(v) x 2 + fer(v) x £} = 0. WIRf3(v) = 0. Eid
R,2(3)M1R,2(9)-(10), £ (v) >4 —maz{fi(v) x 5 + f5(v) x 2 + fo+(v) x £} > 0
Ld(v) = k(k > 6). EiL R,3 13, WHRE>7, W (v) > (2k —6) — maz{fs(v) x I+ (k-
fa(v )) %} > 0. FIEACEEE = 6. WRE =6, A fs(v) <4 WRf3(v) =4, B R,3(1)FR,3(4)
dw)=6—4xI—-2x1>0. WHRfv) <3, @i R,3H(v) > 6—maz{fs(v) x £+ fa(v) x 1+
fs(v) X 2+ for (v) ¥ g} =0
Zp, WABEW TXHFER v e V(G) Ml f € F(G) # /2 S () + S (f) > 0. X 5@t
R~ A5 B S BUE R TP &, #OE PRASIE.

i b, WATSE R T X e B 0.0 R 2 B 0.2 UE #H.

EEH

7R BB 5 4 (ZR2020M A 045),

&% 3k

[1] Yang, J, McAuley, J. and Leskovec, J. (2013) Community Detection in Networks with N-
ode Attributes. 2018 IEEFE 13th International Conference on Data Mining, Dallas, TX, 7-10
December 2013, 1151-1156. https://doi.org/10.1109/ICDM.2013.167

[2] Bi, Y.J., Wu, W.L., Zhu, Y.Q., Fan, L.D. and Wang, A.L. (2014) A Nature-Inspired Influ-
ence Propagation Model for the Community Expansion Problem. Journal of Combinatorial
Optimization, 28, 513-528. https://doi.org/10.1007/s10878-013-9686-9

DOI: 10.12677/pm.2021.118176 1598 HibH


https://doi.org/10.1109/ICDM.2013.167
https://doi.org/10.1007/s10878-013-9686-9
https://doi.org/10.12677/pm.2021.118176

XA, EEE

[3] Lancichinetti, A. and Fortunato, S. (2009) Community Detection Algorithms: A Comparative
Analysis. Physical Review E, 80, Article ID: 056117.
https://doi.org/10.1103/PhysRevE.80.056117

[4] Wagenseller, P., Wang, F. and Wu, W.L. (2018) Size Matters: A Comparative Analysis of
Community Detection Algorithms. IEEE Transactions on Computational Social Systems, 5,
951-960. https://doi.org/10.1109/TCSS.2018.2875626

[5] Chen, G. and Wang, Y. (2011) Community Detection in Complex Networks Using Extremal
Optimization Modularity Density. Journal of Huazhong University of Science and Technology
(Natural Science Edition), 39, 82-85.

[6] Tong, G.M., Cui, L., Wu, W.L., Liu, C. and Du, D.Z. (2016) Terminal-Set-Enhanced Com-
munity Detection in Social Networks. The 35th Annual IEEE International Conference on
Computer Communications, San Francisco, CA, 10-14 April 2016, 1-9.
https://doi.org/10.1109/INFOCOM.2016.7524473

[7] Lu, Z.X., Wu, W.L., Chen, W.D., Zhong, J.F., Bi, Y.J. and Gao, Z. (2013) The Maximum
Community Partition Problem in Networks. Discrete Mathematics, Algorithms and Applica-
tions, 5, Article ID: 1350031. https://doi.org/10.1142/S1793830913500316

[8] Chartrand, G., Kronk, H.V. and Wall, C.E. (1968) The Point-Arboricity of a Graph. Israel
Journal of Mathematics, 6, 169-175. https://doi.org/10.1007/BF02760181

[9] Chartrand, G. and Kronk, H.V. (1969) The Point-Arboricity of Planar Graphs. Journal of the
London Mathematical Society, 44, 612-616. https://doi.org/10.1112/jlms/s1-44.1.612

[10] Fortunato, S. and Hric, D. (2016) Community Detection in Networks: A User Guide. Physics
Reports, 659, 1-44. https://doi.org/10.1016/j.physrep.2016.09.002

[11] Wang, L., Wang, J., Bi, Y.J., Wu, W.L., Xu, W. and Lian, B. (2014) Noise-Tolerance Com-
munity Detection and Evolution in Dynamic Social Networks. Journal of Combinatorial Op-
timization, 28, 600-612. https://doi.org/10.1007/s10878-014-9719-z

[12] Raspaud, A. and Wang, W. (2008) On the Vertex-Arboricity of Planar Graphs. European
Journal of Combinatorics, 29, 1064-1075. https://doi.org/10.1016/j.€jc.2007.11.022

[13] Wang, W. and Lin, K.W. (2002) Choosability and Edge Choosability of Planar Graphs without
Five Cycles. Applied Mathematics Letters, 15, 561-565.
https:/ /doi.org/10.1016/S0893-9659(02)80007-6

[14] Fijavz, G., Juvan, M., Mohar, B. and Skrekovski, R. (2002) Planar Graphs without Cycles of
Specific Lengths. Furopean Journal of Combinatorics, 23, 377-388.
https://doi.org/10.1006/eujc.2002.0570

[15] Huang, D., Shui, W.C. and Wang, W. (2012) On the Vertex-Arboricity of Planar Graphs
without 7-Cycles. Discrete Mathematics, 312, 2304-2315.
https://doi.org/10.1016/j.disc.2012.03.035

&
g%ﬁ
L.&\‘:

DOI: 10.12677/pm.2021.118176 1599 -


https://doi.org/10.1103/PhysRevE.80.056117
https://doi.org/10.1109/TCSS.2018.2875626
https://doi.org/10.1109/INFOCOM.2016.7524473
https://doi.org/10.1142/S1793830913500316
https://doi.org/10.1007/BF02760181
https://doi.org/10.1112/jlms/s1-44.1.612
https://doi.org/10.1016/j.physrep.2016.09.002
https://doi.org/10.1007/s10878-014-9719-z
https://doi.org/10.1016/j.ejc.2007.11.022
https://doi.org/10.1016/S0893-9659(02)80007-6
https://doi.org/10.1006/eujc.2002.0570
https://doi.org/10.1016/j.disc.2012.03.035
https://doi.org/10.12677/pm.2021.118176

XA, EEE

[16] Chen, M., Raspaud, A. and Wang, W. (2012) Vertex-Arboricity of Planar Graphs without
Intersecting Triangles. Furopean Journal of Combinatorics, 33, 905-923.
https://doi.org/10.1016/j.¢jc.2011.09.017

[17] Huang, D. and Wang, W.F. (2013) Vertex-Arboricity of Planar Graphs without Chordal 6-
Cycles. International Journal of Computer Mathematics, 90, 258-272.
https://doi.org/10.1080/00207160.2012.727989

[18] Cai, H., Wu, J. and Sun, L. (2018) Vertex Arboricity of Planar Graphs without Intersecting
5-Cycles. Journal of Combinatorial Optimization, 35, 365-372.
https://doi.org/10.1007/s10878-017-0168-3

[19] Chen, H.L., Teng, W.S., Wang, H.J. and Gao, H.-W. (2018) Vertex Arboricity of Planar Graphs
without 5-Cycles Intersecting with 6-Cycles. Scholars Journal of Physics, Mathematics and
Statistics, 5, 322-327.

[20] Teng, W.S., Wang, H.J., Chen, H.L. and Liu, B. (2019) Social Structure Decomposition with
Security Issue. IEEE Access, 7, 82785-82793. https://doi.org/10.1109/ACCESS.2019.2924052

[21] Choi, I. and Zhang, H. (2014) Vertex Arboricity of Toroidal Graphs with a Forbidden Cycle.
Discrete Mathematics, 333, 101-105. https://doi.org/10.1016/j.disc.2014.06.011

[22] Tao, F.Y. and Lin, W.S. (2016) On the Equitable Vertex Arboricity of Graphs. International
Journal of Computer Mathematics, 93, 844-853.
https://doi.org/10.1080,/00207160.2015.1023794

[23] Yang, A.F. and Yuan, J. (2007) On the Vertex Arboricity of Planar Graphs of Diameter Two.
Discrete Mathematics, 307, 2438-2447. https://doi.org/10.1016/j.disc.2006.10.017

[24] Guo, Z., Zhao, H. and Mao, Y. (2015) On the Equitable Vertex Arboricity of Complete Tri-
partite Graphs. Discrete Mathematics Algorithms and Applications, 7, 225-243.
https://doi.org/10.1142/S1793830915500561

[25] Cui, X.Y., Teng, W.S., Liu, X. and Wang, H.J. (2020) A Note of Vertex Arboricity of Planar
Graphs without 4-Cycles Intersecting with 6-Cycles. Theoretical Computer Science, 836, 53-58.
https://doi.org/10.1016/j.tcs.2020.06.009

DOI: 10.12677/pm.2021.118176 1600 HibH


https://doi.org/10.1016/j.ejc.2011.09.017
https://doi.org/10.1080/00207160.2012.727989
https://doi.org/10.1007/s10878-017-0168-3
https://doi.org/10.1109/ACCESS.2019.2924052
https://doi.org/10.1016/j.disc.2014.06.011
https://doi.org/10.1080/00207160.2015.1023794
https://doi.org/10.1016/j.disc.2006.10.017
https://doi.org/10.1142/S1793830915500561
https://doi.org/10.1016/j.tcs.2020.06.009
https://doi.org/10.12677/pm.2021.118176

	1 引言
	2 注释
	3 最小反例的性质
	4 赋值
	4.1 定理  0.1 证明
	4.2 定理  0.2 证明


