
 

南京大学学报数学半年刊 
第 13卷 第 1期 JOURNAL OF NANJING UNIVERSITY 
1 996年 5月 MATHEMATICAL BIQUARTERLY 

Vo1．13，No．1 

M ay，1996 

A NEW  SUFFICIENT COND~ ION FOR D--CIRCUr ’ 

Ye M／so／ 

(Dept．of Math．，Anqing Normal 

Institute，Anqin 246011-P．R．C．) 

2 m̂塔 K∞t 

(Dept．0f Math．t Nanjing 
University，Nanj 210093，P．R．C．) 

A~ ract A Berdtoc~ne et alE proved that G contalral● D-cir~it G ●connected- Îm0醴 

bf谴ge1辛雌 aph。f甜dcr ≥3 d deg( )+deg(口)≥呈苎 ira"evm'y弭 nonadiacent惯 tic 

“and Weg扎 "this result，aDd obteinthat，ifGis 8 connected- hr~dgehm即 pIl 0l 

order n>3 and deg(x)+deg(y)+deg( )> for every t6ple inde d曲t set I ，y，；}，'；hen G 

0蛳 _ins-D-circuit． 
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1 Introduction 

We use Ez3／or basic terminology and notation．If H is a subgraph of G，the neiighlmr- 

hood of oll H is NH(U)={口∈ (H)}蛐 ∈E(G)}-and Nn(G J=
．∈ ) 

Ⅳ (")·Som 

times，we aimplflyⅣ )= l NH( )，N (G )= ：ⅣH(G，)．dn(u- )denotesthe distar~eof 

and inH．In E43 afii~uitwas defined as a noatrivia|closedtrail．Cis a circuitifand onlyif 

C is a non．iris1 connected subgraph such that every vei~ex of C has evei~degree C．A domi- 

hating cLrc~t，short say／)-circuit-of G is a circait such that every edge of G is incidem with at 

leagt one v~rtex o{the circuit．We say G is almost bridgeleas，if every bridge of G is incident 

with B vertex of de|ree one． 

In[1]A．Benhocine，L．Clark，N．K6hler．H．J．Veleman proved the fdlowing 

theroem． 

"l~eorem i[13 Let G he a connected，almost bridgel~m graph of order ≥3．Il d h) 

+deg“)≥ (2 +1)／3for every pair of nol~adjaoent vertice~ and ，thenG contains e c 

cuit． 

In this note， get thatI 

· 收藕 日期l1995一ll一1 5． 
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M ajIl Theorem Let G be a connected，almost bridgeless graph of order，l> 3．If cleg(u) 

+deg( )+deg(坤)> for every triple independent set f“，TJ, }。f G，then G~ont~ns a D- 

circuit． 

It is obviously that the condition of Theorem 1 satifies the condition of Main Theorem and 

G (s Fig．1)is satisfied the later but is not satM ied tl1e foITilet． 

<<] > ＼ 二--一．．．一～、 ／ 
2 Preliminary Lemmas 

In order to pt'o~re the main tl1eorem，研 must establish some kmmas． 

LH 1[I】 Let G be a eoaneeted graph &nd C 8 eireuft of G with maximum number 

vertiee~ Then G contains no circuit saris研mg 

( )n (c)≠ ≠ V(CI)n ( (G)一 (c)) 8ad I占( )n E(c)f≤ 1． 

Lemm_2 Let G be a c0nneeted graph and C a~fireuit with maximum number ot"ver_ 

rices，K a riontfivial eompoin~at of G— (C)．If there are ， ∈M ( )：giLlch that for aay“ 

≠ ∈Ⅳ ( )，2：dc～r㈣ “l， )≤缸  】(“，口)，then 

2．1 For any钟∈ (“1)nM ( )， have{ l ，删 ：}cE(c)； 

2．2 There is nO cycle C1 C C such that CI contains exactly one of the edges啦w and 

zTO．And．P = ltp 2 is eontainecl in a 3hortest cycle CzC C； 

2．3 l|I 2．2，let Cl一似 zl⋯隅 +1w( ； t l+l；地)，tl1en 

2．3．1 

llr／J，薯 )n E(G)= 

N(x】)门N(∞)c { ， } 

，̂(薯)nⅣ( )c { ，薯～1)； 

2．3．2 F肼 any ∈y(五)，州 ，haw 

{∞p，屯口)nE(a)： 

，̂ 1)厂IⅣ( c { l， ) 

，̂(‘)n ，̂(口)c { ， ～1)． 

Pr∞f Let P be an 一|I2 pBth with士≠y(P)一{ ，|I!)cy( )such that 1y(P)f iB 

minhnum． 

2．1 If f 硼，删 1) E(C)，let 高{“1w，钍 l}U Pthen bothC andC contradict Lem 

ma 1． 
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2．2 Ⅱ there is a cycle ClCC，wbicb contains exactly one oI edgas 1 end ± ，and]et 

=C一{ l锄， ± )+P，then is a circuitwith Iy( )l> ly(C)I，B contradiction．since 

Cis a circuit，出ereis a shortest cycleG3P 

2．3．1 Ⅱ 1锄∈E(G)，then而 每E(c)by 2．2 thus there is =c一( l lt嗍 )+ 

( 1 )+P with 1V(C)}> Iy(c)f，e contradiction．So 1 每 (G)．ShPilar|y， 每E 

(G)． 

Supposethat 每 ， )and ∈Ⅳ ，)nN(w)twe have 

Case1 If ∈y( )一{ l，勘)，then 而。 每E(c)，otherwise contradicting 2．2． 

ThusWe have =C一(而嵋，例 ±)+{ l ，∞c，硼)+Pwith ly( )l> Iy(c)l，a contradic- 

tion． 

Case 2 If ∈V(G)-V(a )，by 2．2，{ xi， ∞) Efc)．T us there exists a cir- 

cuit l 

fC— I l ，啦 )+ {而 ， )+ P il( 1， 埘)n E(c)= 

=  C— I 1 1． 1 ，删 z)+ {tm )+ P if l ∈ E(c)，zeal每E(c) 

【C一 { l l， 锄， }+ ( l )+ |P if z：d 每E(c)，zeal∈E(c) 

山 Jy( )l>IV(O l，a contradiction．Simihrly，we haveⅣ(五)NN(w)C{u±·五一1)． 

2．3．2 For any口∈y(K)，we have{仉u．劬口)NE(G)； by Lemma1． 

ⅡI，∈Ⅳ( ，)nN )n(y(G)一{ ， )≠ 。then T／每V(C±)Uy( )byL~am．1， 

and lI，∈ (c)by 2．1．Let =C--{ ，xtT／卜卜 ，with lV(C)l>jy(c)j，a coHtra- 

dic6on，where i5·啦一 path with ≠ ( ( )一{口lI，})cy( )．Similarly,we have 

Ⅳ(而)nⅣ0)c{ ，j 1)． 

L啦 眦 3 LetG be e c0nn∞ted觯 ph andC a circuit of thmaximum number of vet-- 

rices．K 矗nontrivlel component ofG—y(C)．Andthere are蜘t ∈Ⅳc( ),uchthatfor any 

≠口∈ ( )：3=如一r ，( L1 )≤缸 y嵋)“，口)．T e暑ll刚档t 一嘶path in G--V(K)i摹 

denoted byut~wzul’thenⅣ( )nⅣ(t )={ 1)or N(u1)nⅣ(z‘l1)宣(啦 }． 

Proof Let P he a 1一 path with ≠y(P)一{“1， )CV(K)such that ly(P)I is 

minim um．Ⅱ 

∈N(u1)nⅣ("z)n (y(G)一 { })≠ 

and 

∈ Ⅳ(蜥)n N(w1)n ( (G)一 { ))≠ ， 

then ≠ ， 每y( )， 1，2，bythe definition o壬 and毗∈y(c ·i=1，2-andLemm~I 

{ ltn，∞l∞2，∞ 1)NE(C)l≥2．InthefoUowlng，using symbol ab~xyto denote 

． ． 
fab+ xy ifxy每E<c) 

曲± =I曲一 if ∈E(c)， 
divide the proof into three ĉ％  

Case 1 { 钟I，锄lt t l嘶)C点(C'． 

W e have 
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fC + P 士 UlVl± ～ 

一  C+ P ～ 1 1士 卯1 ± 2 2 

tC + P 一 l卯1一 ：一 t 

(．j∞2 j{“j ” 1)hE(C){=L 

if(“I 1，Vl 1)《 E(c) 

if( 1 ，口l )《 E(c) 

if{口l l，口】 )U {班～ ， 2 )C E(C) 

Without loss of general t we asl~ume 1 1鹰E(c)，then{ l， ， ， 啦)c 

E(C)byLefftma l_Thuswe have 

ry = Jc+尸+“1 1一∞1 f一珊# if{#l ，口1 2}cE(c) 
【c+P士 1 士 {一 z if{ l l， 1 l} E(C) 

Witl1『y(cr)}> 『y(C)f，a contradictiou． 

Cam 3 tplt 鹰E(C)． 

W ehave 

r’， fc+P—Ul'~1+钾lt 一 if( l口I，Z}1t )or( 1 ，"OZUf}C E(c) 
【c+P士 1口l士仉∞ +lWlT~．．1士埘I 士 otherwise 

with Iy( )j> Iy(c)『，a contradiction． 

3 The Proof of the M ain Theorem 

SupposethatlG containsnoD-circuit，’ willfind atripleindependent aet{ ，口．"}ofG 

such that deg(u)+deg(v)+deg( )≤ ．̂Obviously，G≠KI． l，G contains矗drcuit．LetCbe 

a circuit ofG 8tlchthat 1V(C){_埴maximum．SinceCi|not aD—circuit，G—V(C)has ailorl- 

trivial c。mp0n％ t K．Since G is almost bridgelem，K has at hast two neighb0揩 oⅡC．Let 

Ⅳ。(K) {“1， ，⋯ ， )．By Lemma1 e ha~e缸  ，(埔， )≥2( )．Wetake ， 

∈Ⅳ．( ) th如 y )‘_lt )≤dc— ∞(嘶，HJ)(f≠ )．Now the following three c∞酷must be 

congidered； 

Case 1 凼 c#)“l，啦)一2． 

LetP and{ ，曲，而 ，⋯， 1}惦 inLemma 2， l∈Ⅳ， 1)， l∈N ( )．By Lemma1 

and 2，we have 1w~E(G)，t，1 1鹰E(G)and劫甜鹰E(G)．Thu3thereis a tripleindepen— 

dent set{tr，l， 1t印)．First， have 

N( I)nN( )c { } (1) 

In hct．"hss i-1o neighbors in ( )and t，J Do neighbon in V(G)一(y( )U (c))．If 

∈ (c)with ≠u／∈Ⅳ( 1)nⅣ( )，we have 

』c一̈-铷+(“l ,v,V／l，t，l仉 ，删 J ift帆 鹰E(c) 
【C— t“l t删  )+ (_l t，tr，lt } ifu,a／∈点(cJ 

with『 ( )I> 『 (c)I，a coat~adictinn．(1)f0lI钾rs．And then， I胁 mB 2 am：l t，I#z每 

E(6)，we have 

Ⅳ( )nⅣ( ，c {曲，砘， (2) 
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N(v 1)n N(x1)[ {lI：} (3) 

From (1)，(2)and (3)，we obtain 

deg(v )十 deg(xO + deg(w)≤ 一 3+ 4= n+ L 

If deg(v 1)+deg(x1)+deg(w)一n+ 1．then all equalities of(1J，r2)and(3)hold and P 

“ l l l 2． 

Cage L 1 ≈ 地．恐砷每昱(C)by Lerama 2．Thus there is a C utz％z／l ：∞ ̈  ’二ch 

∞ D打adic拈 Lemma 11 

Case L 2 z2一 ‘ In this cage， 

deg(v 1)+ deg(xD deg(w)≤ 一 5+ 5一 !rt- 

Thus，in case 1．we alv,jys have：deg(v 1)+deg(x1)+deg )≤ ． 

ease 2． dc— )( ， i)=3． 

LetPbe a shortest 1一 pathwith ≠ (P)一{ ， z)cy( )·7J1∈ ，( )- 

Cue 2．1 There exist 1∈N ( )and I每y(P)or l∈Nr(v1)， lEV(P) 

Bnd l (P)I≥5．Inthis caBe．{ 1，_l，u：)is atripleindependentget，andN(d1)NN(u1)= 

{ )，N(d1)QN(uDC{ )=Ⅳ ：)andN(u )NN(uDCV(K)， 山 IN(uD(]N(uj)l≤ 

1．Then 

deg(J1)+deg(u1)+deg(u：)≤ 一 3+ 3=71- 

Bythe symmetry l aad u： the remainsisthat； 

Cage 2．2 = 墨 1 I and P= wI口l l毗．Let l毗 加 i be a short~t柏 -us path in G 

—  ( )，by Lemim 3，we have 

Ⅳ( )n N( i)： { } (4) 

or 

N(uO n N(wt)： { t} (5) 

without loss of generality。We assum  that(t)hulds．Tb there is t triple independent set 

{口 I，地，啦 )．Furthermore r we have 

Ⅳ( 1)n N(u )一 {F】) (6) 

N( 1)nN(d1)= { } (7) 

Infact，Ⅳ(口rI)cy( )UV(C)，N(u，)N(y( )一{口1)) ．If ∈N(d1)nN(uD， ≠ 

， then ∈Nc( )t n如 contradicts如～ )( l， i)=喜 '~imllarly，we can get<7j-From 

(4)，(6)and (7)，we have 

deg(v I)+ deg(u1)+ deg( t)≤ ^一 3+ 3 ·̂ 

Case 3 如一 )( ， )≥4． 

Suppose the亭h皤teBt Ml一地 path in G--V(K)is Pl毒 l I ⋯ ．P is defined蹦 case．1· 

cI雠 ．1 P=ul 地．In ‘／sc ，{t／l， ， i)is atriteimtependmt鼬t rwhere IEK 

with ∈E(G)．And N(u1)nⅣ( 1) Ⅳ( )NNW )罩{ }，Ⅳ“I)nⅣ( )；{n)· 

Tbus We havel 

deg(~／ )+ deg(u1)+ deg(u2)≤ n一 3+ 3= ． 
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Case 3．2 P l"I ⋯ I．In this caae．{z,1，让h， }is a tripIe independent set，and by 

如一r∞“l， )≥4，we haveN(∞I)nⅣ( )= ，N(v )nN(w1)一{ )，N(v1)NN(u：)c 

{ )．ThUSwe get； 

deg(vt)+ deg(~I)+ deg(uI)≤ 一 3+ 2= ^一 1 

Up to now ，we exhaust all case~．They always contradict the hypothesis of M ain Theo- 

rein，Therdore the proof is completed． 

From a result of Harary Bnd Nash—William ”：A line graph工(G)of a graph G is Hamiho- 

nj if and only if G contains 8 D-circuit or G=K】
，， (j≥3)．So we have 

Corollary A connected，almost bridgeless graphGof order̂ ≥ 3．1fdeg(u)+deg(r)+ 

deg(w)2>n for every耐ple independent get{ ，口， }of G，then上(G)is Ham：honien． 
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一 够 关于 闭迹的一个新充分条件 

(安庚师范学院数学囊，安庆 246011) (南京大学数学系，南糸 210093) 

0 

摘 要 A．BenhDc1 e等人证明丁当 G为几乎无桥的阶≥3的连通图且对仔意不相邻 

的两点 t口有deg(u)+deg(v)≥( +1)／3时，有D-弼迹存在 ．我们推广了这一结果．并得 

到；若G为连通的几乎无桥的阶 >3的囝且对任意三点独立集{ ，y， }有 deg(x)+deg(y) 

+deg(z)>n，刚G古 D一闭遘 ． 

美苎 无桥 堕、2二! 分类号O157
． 5 通随日 

号 

元 和jL 
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