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1 Introduction and Notation 

In 1973，ENTRINGER R C raised the problem of determining which graph G is uniquely 

pancychc ，thatis，Gcontains exactly one cycle of eachlengtht，3≤ t≤ l̈ G)1．In 1 983， 

YAP H P and TEO S K generalized the notion of a uniquely pancychc graph and defined a 

notion of a uniquely r—pancyclic graph ． A graph G of order is said to be uniquely r_ 

pancyclic if G contains exactly one cycle of length f for each r≤ t≤ -o，and G contains no cycle 

of length less than r．In[2]and[43．several important results of uniquely r’pancycle graphs 

have been obtained．In 1 991，SHI Yong—bing and SUN Jia—shu considered analogous questions 

relating to bipartite graphs ． A bipartite graph G of order (where口 is even)is said to be 

uniquely r—bipancyclic(We call G r—UB—graph for short，where r≥ 4 is even)if G contains 

exactly one cycle of every even length f，r≤ t≤ 口，and G contains no cycle of length less than 

r．W e usually abbreviate 4-UB graphf to UB—graph ． 

In[33，the class of r‘UB—graphs with + m edges for ≤ 3 is completely determined． 
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第 4期 孙浩平等：唯一偶泛圈图的一十定理 

In this pe【’we determine the class of UB—graphs with口 + 4 edges- 

Al1 definitions and n。tation used in this paper．but not defined in the following·can be 

found in[3]． 
Let c be  a cycle of graph G．If there exists another cycle in G wihieh contains all bridges 

contained in C ，we call this cycle the dual of C and express it by D ( )． 

A graph G is said to be a skew[i]graph the number of the skew bridges of G is 2- 

In[5]，we have the following result． 

Result 1_1 LetGbe a skewD]graph．ThenGis anUB—graphif and onlyifG∈ {H 1 

一 1．2，⋯ ．6)． 

2 UB-graph with 4 bridges 

Lemma 2，1 IfG is a 4-skew UB gr aph，then G contains one 4-bridge． 

Proo f By contradiction，Suppose that G contains no 4-bridge．Then G must contain one 

4-inner cycle，say C{．W e consider the number of the bridges contained in C‘．There are three 

possible eases only． 

Case 1 C{contains exacity two bridges，say L and B7．Clearly B】and B are not skew 

(for otherwise，Ghas two Hamilton cycles．A contradiction)．By Lemma 3．4 in[3]．we only 

need to consider the case that the other bridges B3 and do not skew to b0th B】and B7．In this 

case，B3 andB‘are skew．SinceG contains no 4-bridge．the 一 2)一cycle ofG must be a skew 

cycle．We may assume that B L= 7Jt and there are no bridges in int(c L． ]U 幽 )．Let 

G 一 G — C(vl， )and ’= I (G )I．Then G。contains one 4-bridge and one 。一 

2)一skew cycle．That is to say．G contains two 一 2)一cycle．A contradition． 

Case 2 Cd contains exactly three bridges，say Bl，Bz and B3．C1early there do not exist 

two skew bridges in{B L． 2． a}．Otherwise．suppose B L and B。are skew．See G(vl 3， 2 ， 

,uI )．LetG 一 G — C(v L． )and 一 I (G )I．Then G。contains two,／d’ cycles．A 

contradiction．SeeG(v 2， 2 3 4)，It is easily en that there exists B ∈ (B，，B2，B3}such 

that it does not skew to B ．say — B L．Let G 一 G — C(vl， 2)．Then G similar to G in 

Lemma 3．4in[3]．In a similarway，we call provethatG’containstwo cycleswhich havethe 

same length．Again a contradiction． 

Case 3 C4 contains exactly four bridges，say B】．B2， Ba and B‘． Since G is a skew 

graph．there are two skew bridges in {B】 B B3． 4)，see G(vl ． 】 a，口2 ， 2 )．Let 

G = G一 (c( ． )U c( ． 1))and 一 IV(G )I．Then G’contains two cycles． 

Onee more a c0nrradict】0n． 

From the above proof—we can conclude that every 4-skew UPwgraph has a 4-bridge． 

Lemma 2．2 If G is a 4-skew UB—graph．then G contains one 6-bridge． 

Proof By contradiction．Suppos e that G contains no 6-bridge． Then G contains one 6一 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


上海师范大学学报 (自然科学扳) 2000笨 

inner cycle，sayCB，andthe如 一 4)一cycle containedinG，say ，is a skew cycle．Clearly，C 

does not contain 4-bridges in G (for otherwise， G contains two 0 — 2)一cycles． A 

contradiction)．W e now consider the number of the bridges contained in C6．There are three 

possible cases only． 

Case I C6 contains exactly two bridges，say Bl and Bz．If one of the bridges Bl and B2 is 

a 4-bridge，say ，then ?and the othertwo bridges and do not skew to 1．Clearly， t 

∈ extC (if B1∈ intC ，then G contains two — 6)一cycles，that is，D(C(B2))and(C 

C(／3】) n (C)U BI．A contradiction)，and there are three bridges contained in C (for 

otherwise，C contains exactly two skew bridges and G contains two 8-cycles，i e．C( )and 

D(C )．A contradiction)．It is easily seeD．that these three bridges contained in C skew to each 

other(for otherwise，there exists one bridge in C ，say B，which does not skew to the 0ther 

two bridges in C ．Then上}一 B1．This contradicts that Bl∈ extC )，then G contains two 8 

cycles (One is C(B2)， and the other is the cycle which contains four bridges)
． A 

contradiction．Therefore neither Bj nor B：is a 4-bridge．W e may asSUlT~e that Bd is a 4-bridge
． 

Clearly is not a skew cycle (for otherwise，G contains two(口一 2)一cycles，i
． e．D(C(B )) 

and D (C。)．A contradiction)，then B1 and Bz are not skew．W e have tw0 subcases
． 

Case 1．1 One ofthe bridgesBl andB2 skewstoB3．W emay assum ethatBl skewst0B 
． 

SinceGdoes not contain 6-bridge，IC(B?)I≥ 8andB2 C-intC'．LetB2一 ,／／2t／3 and neitherBI 

nor岛 becontained inint(c[ ， ]U vz)．Furthermore，letG 一G—c( ． )and t— 

IV(G )1．Then G contains one 6-bridge and one(口。～ 4)一skew cyc1e．Now G。c0ntains 

two( 一 4)一cycles．A contradiction． 

Case 1．2 Both and B。skew to Ba，see G(v1 T， ， 3 ，口‘ 5)
． Clear1y d。曲 n0T 

contain B4·If B4∈ extC ，then C contains exactly three bridges (for otherwise
， G c。ntains 

two 6-cycles，i．e．C6 and(D(C )一 C(B4)n C)U ／34 A contradiction．SpecificaiIyC isthe 

cyclec[ ，7,17]U 7口l Uc[ ， 1]U 3 U c[ ，va]U 6．N0wwe c。nsiderthe number of 

the vertices contained inC 1， ]．)Clearly， 】z≠ 4．Then l：∈ {0，1，2，3}．Tab1e1 give au 

the four cases and the causes of impossibility of etqch case
． 

Tablel T fo⋯ ⋯ 0f 

Cause(the cycle(s)~ ntained G ) 

o／le 11 cycle：c 】， U 8 

tw0 10~cycle：C[va一 ]U 5 and(’[ ． ]U U c[ 

cw0 6-cycle：c[ 】t ‘]U · s U j， ]U R and Cs 

two 6-cycle：C[va ]U m and 

Therefore，B4∈ intC ．W e now consider the number of the bridges contained in C， 

There are two possible subcases only． 

Case 1·2-1 C contains exactly two bridges of{日 ，B2，Ba}
． w e consider ml z．ClearIy 
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I2 ∈ {0．1，2，3，4)and 1 7≠ 2(for otherwi~，G containstwo cyclesCD1， ]U 3 8 Uc[ ， 

8] U vtv7 and C[v2， ] U 3砜 U ely ． B] U -u2v6 which have the same length．A 

contradiction)． If ml z= 0，then C contains exactly BI and B3(for otherwise，C contains 

exactly B2 and Ba．Then the length of the cycle which contains exactly BI and B3 is 4． A 

contradiction)．Inthis case，G contains one 8 skew cycle，i e．D(C )，and one1 2-skew cycle， 

sayC⋯ which contains exactlyB2 andB ，andB1∈ extC Thus，B4∈ extC1 0(the1O-cycle 

contained in G)．Furthermore，CIc contains only one bridge．It leads to that G contains two 

一 8)一cycles，i e．D(C|。)and D(C 2)．A contradiction．If 2= l，then C contains exactly 

B1 and B3(for otherwise，C contains exactly B?and B3．The length of the cycle which contains 

exactly BI andB3is 6．a contradiction)．Thus，G containstwo 一6)一cyc ，thatis，ely8I1，z] 

U ,132,o6 U C[va．口6]U 3 a andC[v3，-uj]U U c[ ． 7]U口7 l U c[vB， ]U 3 ．A 

contradiction，It is analogous to prove that j {4，3}． 

T“ te 2 Thefive cas⋯ of ?】 

Case 1．2．2 C contains exactly Bt，B。and B ．In this case，C is the cycle c[ ，v2]U 

z 6 U C[va， ]U-uav6 U c[v7，-08]U"01 ．We also consider mI 2．Clearly l 2∈ {1，3．4)．If 

m12=1，then G contains two 6 cycles，that is．c[ 8． 3]U-u3"8andc ．A contradiction．When 

re't2— 3，letG’一 G C(v ， )一 C( ， )and ’： l (G‘)1．ThenG containstw0 ‘ 
一

3)一cycles，i e．v1 Uc[-03， 7]U 3 U c[ ，v1]and口2 6 U c[ 5，口6]U 口s U Civ4，．u3] 

U 3 U c[ ，,02]．Again a contradition．Now 2l — 4．LetG‘一G—c(口 "08)and口 = 

lV(G )1．ThenG contains one( ‘一 )cycle and one0 一矗一 1)一cyclefor帅me k∈ {4， 

5，7}for ∞ ∈ (1，2，3，4，5 (see Table 2)．That Ls to say，G always contains an odd length 

cycle． Once more a contrad Lction． 

Case 2 C6 contains exactly three bridges， 

three suhcases，depending on B L，B2 and B are 

bridge． 

say B1，B}and B|．W e shall now consider 

skew bridges or not． Let B be the other 

Case 2．1 Any two of the three bridges B L，B2 and Ba does not skew t0 each 0ther
． Since 

G is a skew graph，one of the bridges B1，B2 and B must be a 4-bridge，say B1． 

Case 2．1．1 B{skews to one of the bridges B2 and ，say B：，see B(v| 2，口 a 5 口f ， 

"U4V6)．Clearly B3∈ intC (for l C(B3)l≥ 8)．Then B L∈ intC ．Furthem o ，C c0ntains 

exactlyBz and B4，G contains tWO 8-cycles，i e
． (cn B )U (c n C(B】))and D(C )．A 
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contradlctlOn． 

Case 2．I．2 B‘skews to both B2 and Ba，See G(vl ， ， ， )． If C contains 

exact1y two brid碍es，the12G containstwo 8-cycles，i e．D(C )and(G — BI)t3(CnC(B1))． 

A contradiction．Therefore C contains three bridges that is，B2，B and Bj．If B1∈ extC ， 

then the length of the cycle containing four bridges is 8．G contains two 8-cycles (the other is 

(c‘一 B1)U (c n C(B1))．A contradition．ThusB1∈ intC andC isthe cycleC[-vs， ]t3 

UC ‘，v5]U ‘ UCEv6， ]t3 s．We now consider S6-Clearly卅 ∈ {1，2，3)．Let 

G‘一 G— C(v6， )一 C(v3， )and口 一 jV(G。)I．Table 3 gives allthethree cases andthe 

cause of impossibility of each case． 

Tabk 3 Ttxethree㈣ 5 of n‘55 

Cause (the eych(s)confined inG 0rG ) 

two 10 cycles：c[ ，仉]U U c[卿． 1]U l and 

c l， ]U 聊 U c[嘶， ]U U C[vs， 6]U 口5 

two扣 一 4)一cycles；c[ ， ]U B U c[ ． 。]U ． ，and 

c m ]U l口}U c[ m ]U 3 U c ， 5]U 7 

two 一 3)cycl~ c[ ， E]U ‘ I U c ， ]U 7 aad 

CEvq， ]U U c[ ． i]U 

Case 2．2 Exactly two ofthe bridgeBl，Bf andB3 skew to each other，sayB2 andB ．If 

1 is not a 4-bridge，then C is the cycle which contains exactly B2 and such that Bl∈ C ． 

In this case，G contains one 6-side cycle to Bz or B3．Therefore G contains two 6-cycles． A 

contradiction． Hence B1 is a 4-bridge． In this case，G contains one 8-cycle，se y Ca，which 

contains exactly B2 and B3．Then C 一 D(Ca)and B L∈ extC ，Let且 be the fourth bridge． 

1etG。一 G— E(且 )，seeG (口 1 ￡，t，3t，s，v1 4口 6)．Itis easily seenthatthereis no vertex 

contained in CO／‘， 5)． 

Case 2．2．1 B‘does not skew toB2 orB3，seeG(vl ，V3V7， 6 ， ‘ )．SinceG contains 

CB and does not contain any 6-bridge，the 0 — 6)一cycle of G is the cycle c[ ， ]U 8 U 

c[ ，v,3 U 口‘ U C[vs，口4]U V4"07．Therefore B‘is a 4-bridge，too．A contradiction． 

Case 2．2．2 B4 skews to one of the bridges B2 and B3，say ．See G(v L z，-o3 ， " ． 

6)， G(v1 ， 口5， 口7， 3 6)， G(v1 ，口3 ， 7， 口 )， G(v1 ， ， 4 ， 6)， G(vl ， 

"02"／]4， ， 5 )andG(vw~， v4，-o3,u6， 口s)．They are denoted byGI，G ，⋯ ，G6，respectively． 

We now consider the( 一 6)一cycle contained in G，sayC”．Clearly B1岳 C ．Otherwise， 

G contains two(口一 4)一cycles，that is，C and(C B L)U (C n C(BI))．A contradiction． 

Since G contains a 8-skew cycle which contain3 exactly B2 and Ba w h Bt∈ intC8，and G does 

not contain 6-bridge，C is a skew cycle． 

IfC contains exactlytwo bridges，thenthey areB3andB4．IfB1∈ extC ，then conta_ns 

one 8-cycle again，which contains exactly B L，B3 and ．Thus this case is im possible
． But． 

when ∈ intC ，G contains C(Bs)，C(Bz)，C(B2)and C(Bz)for GI，G2，G3 and C‘， 
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respectively．ThelengthsC(Ba)andC(B2)arelessthan 8；ForG5 andGd，G containstwo10一 

cycles．One is D(c )，and the others are C：Ev,．v5]U 2 [U 2 ]U C[-v7， ]U 7 and 

C[-v4，口5]U 5口l U c 】， ]U z ，respectively．Thus G always contains two cycles having 

the seine length．A contradition． 

】f c， containsB2，B3andB‘．thenG contains another cyclewhoselengthislessthan 8(the 

discussion is similiar to the former)． Again a contradiction． 

Case 2．2．3 B4 skews to both Bz and B3，see G(v【 2， 6， 5 ， ‘ )．Let G’ 一 G — 

C(v{， 5)一 C(v【，口2)一C(v6， )，口‘一 IV(G )I．ThenG‘contains two( 一 2)一cycles， 

i e．cE．07， ]U．01 2 U [ 2， ]U andCEv3， ]U 7 U cE73 ， ]U 73aV5 Uc[ ． ] 

U ．A contradiction． 

Case 2．3 There exists one of the bridges B】，B2 and B3，say B【，which skews to the 

othertwo bridges． IfB2 and B3 have one end—vertex，seeG(vlv4，口z ， ： )．C6isthe cycle 

CE73l， ]U 5 U U c 3， ]U { I．Futhermore，one of c( ， 2)and c( 4) 

contains one vertex and the other does not．W ithout loss of generafity，let C(vt，口2)contains 

one．Then cE735， ]U 2 s and．o r U C[v3， ]U ,03v5 U cE735， ]have the same lengh． 

Otherwise，G containstwoHamilton cyclesC andD (C )．A contradiction 

Case 3 C6 containsB】，B2，B3 andBd．Clearly(c6～ B1)U (C n C(BJ))is a 8 cycle． 

Since G is a skew graph，we may assume that B2 and B3 are skew ，and B】is a 4-hr d e
．  

Case 3．1 B4 does not skew to B or B3，see G(v【 ， ， 6， )and G(73【 z． 。口{， 

口s ， 1 )．Since G does not conta atW 6 hridge，B4∈ intC ．Clearly cEva，仇]U 6 U 

cE．05 ]U V3．05 kS also a 8 skew cycle．A contradietion． 

Case 3．2 B4 skewsto oue ofthe bridgesB2 andB3，sayB3，seeG (v【口2
，-o87J4， 6， 1 ) 

andG(vl 2， z ， 6， )．Fortheformer，G comainstwo( 一 2)一cydes．one of whichi 

the cycleCE．0z， ]U"U3V6 U c[ ， 1]U口5 U cEv{．"05]U ．For the latter，C r contains 

only two skew bridges Then G contains a 8-skew cycle，i e
． D (C )． It always leads to a 

contradictlon． 

Case 3．3 B{skews to both B2 and B3，see G(vl z， 。 ， ‘ ， 3 )and G(vl ， ， { 
， 

v2vD· G contains two 一 2)一cycles，one of which contains exactly B2，B and B
{． A 

contradition． 

Lemma 2．3 Let G(v,vz， 3 ，口‘ 6)be a graph in which no two cycles have the 龃me 

length， 6̂— 5 and 1 2= 3，then {5— 4
．  

Proof By contradiction．Suppose {s≠ 4．Then ‘5∈ {1，2，3)． 

Case 1 州{5= 1．Let G‘：G— C(va， )and ‘一 IV(G )I．Then G·contains two 

0  一 37一cyc~s．A contradition． 

Case 2 州{5： 2．LetG =G— C(v]， )and ‘一 IV(G )I．Then G‘contains rwo 

(口 一 2)一cycles．A contradition． 

Case 3 州{s 3．LetG’= G—C(v5， )and ‘一 IV(G’)1．ThenG‘contains rwo 
一 2)一cycles．Again a contradition． 
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Thus al1 the possible cases lead to contraditions，and the proof is completed 凸 

③⑧ ◎◎ 
Gjj’ 6 (出’ e；g 

③③ 
G 础 ’ 

F u 1 The six UB—g~phs with + 4 edges 

The graphs G：j ，q G ，q： ，G andG are depicted in Figure 1． 

Theorem 2．1 A 4-skew graphGis an UB-graph if and only ifG ∈ {Gj{ ，Gg ，q 3)． 

G ，q s】'G： ’}． 

Proo~ The sufficiency is easily seen by im mediately checking G ( — l，2，⋯ ，6)．W e 

shah prove the necessity．Let G be any 4-skew gr aph． Suppose that G is an UB-graph． By 

Lemma 2．1 and Lemma 2．2，G contains one 4-bridge and one 6-bridge，say B1 and ， 

respectively．By Lemma 3．1 in[33，Bl does not skew to the other three bridges．Clearly，Bl 

岳 intC(B2)．Let B3 and B4 be the other two bridges of G．We consider the number of the 

bridges which skew to ．It is evident that̂ ≤ 2． 

If^一 0，Bz does not skew tothe other bridges．Inthis case，B andB4m ust skew to each 

other．Then G is a skew [1]graph．By Result 1．1，this case can not arise． 

If^一 l， skews to exactly one bridge，sayB ．In this case，Bamust skew toBe(by the 

same cause as that in the case of 一 O)．When B2 and B‘al'e not adjacent，we have two 

SUbeaS@．S and express then by l_1．1 and 1．1．2．When B2 and B{are adjacent，we have three 

SUbe ases and expressthem by 1．2．1，1．2．2 and 1．2．3． 

If̂ 一 2，Bz skewsto bothB3 andB‘．WhenB3 andB‘are adjacent，we havetwo subcases 

and express then by 2．1．1 and 2．1．2．When B3 and B|are neither adjacent nor skew，we have 

two subcases and express them by 2．2．1 and 2．2．2．W henBa and且 skew to each other，we 

also have two subcases and express them by 2．3．1 and 2．3．2． 

Table 4 gives some digr ams and theis numbers of cycles contained in G as described above． 
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By Lemma 2．3，we12011．e[imiDate cases 2．1．2，2．2，1，2．2，2 and 2．3．2 f~rst． 

For case 1．1．1．Let G‘一 G— C(v3， )一 c( ， )and ‘一 lV(G‘)f．Then G‘ 

contains two( 一 3)一cycles，thatis．c[ ．口 ]U 3口6 UC[vz，口3]U 口2 Uc[ s， I]U 口8 

andc[ ． ]U"037)6 U c[ 6， ]U U c 4．"05]U 7．7t"0B，which is false． 

Table 4 The various casesIor — l and 一 2 

For cfdse 1．2．2，h G 一 G — C(v3， )一 C(v6， )and ’ 一 }V(G’)1
． Then G- 

contains two 一 3)一cycles，i．e．CLv4， ]U 3 UcEv2，砒]U U c[ 7，"01]U ‘ and 

C[vs． 6]U 6 7 U cEv7， ]U口3 ，wl1ich is false． 

For case 2-3．1．LetG = G — f( 3，口4)一 C(v7， )and 一 I (G )I
． ThenG · 

contains two 一 2)一cycles．One is f s． ]U TJ6 U c[轧． ]U and the。ther i 

c[ ， 5]U 日U c[口 一3]U口 U c[砜 ]U ．wh1ch is false
． 

W e nOW discuss the other foII1"CaS~S in Table 4
．  

LetM = { 1 is the order of a cycle in G)，M 一 ／4，6，⋯．丁J一 2． }． 

= ∑ ， (1) 
E M  

ana _r一 一 2) + 4)／4
， (2) 

∈ 

where口is the order ofG． 

Case 1·1-2·It is easlly seen that G contains 8 cycles which contains exactly one bridge
， 8 

cycles which contain exactly two bridges，5 cycles which contain exactly three brid
ges and one 

cycle which contains exactly four bridges
． Hence G contains 23 cycles in aII(we can count the 

numbers of cycles contained in G for the other cases by the same nlethod
，see Table 4)． 

By Lemma 2．3．we havem6 7= 4 andm 7 = 1
．  

Counting the length of evel'y cycle in G，we have 

M = {4，6，m‘5+ m5 + 5，m】+ 州3‘+ 5，m34+ d5+ 1，m．+ 56+ 9， 
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l
+ ¨ + 3，ml+ m56+ 7， 5+ 5B+ 3， 】+ 3‘+ 9 

1
+ 5+ 6， 3{__卅 + 6， l+ + 7， 】+ Y~Z56+ 3 

ml+ {5+ 10，m L一 + 8，42，44，46，48j， 

wherem1一 8I+ ￡3 and 

】 + + {s+ s6— 40， 

Using (1)，(2)and (3)，wefind easily 一 5ml+ s6+ 565 and S’ 

graph，We have s— s ．i e， 

l + 56+ 5 

I + m‘5+ 4 

(3) 

598．SinceG is UB一 

5ml+ m56— 33． (4) 

Bec~luse each I is an integer and l+ 5d+ 3∈ M  is everl，equation (4)has five solutions． 

Then we can obtain the values of “ + m‘5 from (3)about these solutions．From min ( 一 

{4，6})一 8，we can obtain tile values of a4。r m 

Tabte 5 Thefive subcases o[Ca辩 1．1 2 

Table 5 gives the five solutions of(4)，the values of + ‘5，the smallest elements in M 

一 {4，6)，the values of {and s，and tWO elements in M having the same value about these 

five solutions． 

Table 5 shows that G always contains two cycles having the same length for C~ISe 1_1
． 2， 

which is false． 

Case 1．2．1_By Lemma 2．3，we have，” 一 4 and m3 ： 1_ 

we obtain easily 

M 一 {4，6， s6十 7_-5， 1+ 5， 56+ 6， L+ 67十 4， 

I + ynfif,+ 6 7上 2，坍 + 3， l+ 坍 7+ 2， E+ 9，m + 州 7+ 3， 

56 + 2，m67+ 3， J+ 坍s6+ 9， L一 7，，"L_- sE+ 7， 6 + 7，38，40，42)， 

where l— m7l+ 2 and 

l + 56+ 67— 34． (5) 

Using (1)，(2)and (5)，wefind 5— 2m，+ 442 and 5 一 460．Hence 

J一 9． (6) 

In this case， 5e+ 67— 25from (5)．If min(埘 一 {4，6” ： 56+ 2，then 56— 6 and 67 

— 19．We havem56+ 6一 l+ 3．Ifmin( 一 {4，6})一 6 + 3，thenm67— 5 and 56— 
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20，we havem1+ m5B+ l 7+ 4一 m L+ 55+ 9．ThatistO say，G always containstWO cycles 

having the same length for case 1．2．1，which is false． 

Case 1．2．3．By Lemma 2．3，we haveⅢ}6— 4 andm6 — 1． 

we carl obtain easily 

M = {4，6，m s+ 5，m L+ m3 + 5，m34十 m‘5+ 1，m L+ 9， 】+ ad+ m‘5+ 2， 

m】+ m“ + 3， 】+ 7，m‘s十 3， L+ "t】4+ 9， 】+ 5，m + 6， 

m L+ m 5+ 6，m L m a|+ 7，m1+ 3，m L+ m{5+ 4，m3‘+ 4，40，42，44)， 

where I— m7I+ m 2 3 and 

m L+ ma4一 m{ = 36． (7) 

Using (1)，(2)and (7)，we find 

5— 5m】+ 2mad十 431 and 一 504． 

H elite 

5m】+ 2m3‘= 73． (8) 

Since both mI+ 5∈ M  and m3‘+ 4∈ M a evell，m Lis odd andma is even．Then equation 

(8)has{our solutions．From (7)，we can obtain the values d m45 about~hese f。ur solutions
．  

Table 6 gives the four solutions of(8)，the values of m45 and tWO elem ents in M  having the 

same value about these four solutions． 

Table 6 Thefo ubc一 0I Ca⋯ 1 2 3 

Table 6 shows that case 1，2．3 citrlrl0t arise． 

Case 2．1，1．By Lemma 2．3，we have “ = 1 andm 5— 4
． 

we obtain easily 

M 一 {4，6，m56+ 5， s6+ m6 + 5， 】+ 5．Ⅲ】十 m5d+ m B + 2， i+ m67+ 3， 

m】+ 3，m】+ m + 9， 56+ 3，m L+ 9， s6+ m67+ 3，m67+ 2，m L+ m 6 十 7， 

m】+ 7，州I+ 6+ 6，ml+ 56+ 4，m】十 m67十 5，40，42，44}， 

whereml— m7I+ 23 and 

I+ m55+ B7— 36． (9) 

Using (1)，(2)and (9)，We find 一 4m L+ m + 466 and 一 504
． Hence 

4m】+ m67— 38． (10) 

Since mI+ 3∈ M is~verl，equation (1O)has five solutions
． Table 7 gives the four soluti0ns 0f 

(10)， the values of 56 and tWO elements in M  having the sam e value ab0ut these four 

s0luti0ns． 。 
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Table 7 shows that case 2．1．1 cannot arisefor 】∈ {1，3，7，9}．W hen m】= 5，we have 

一 18 and m 56— 1 3．Then G ∈ {q ，G ，G ，q： ，q 5J'G )．In [3]，the authors 

determined all outerplanar r-UB—graphs． 

The class of UB—graphs with + 4 edges is determined and the conjecture in E3]is false． 

But．there is much work to do to determ ine the class of r_一UB—graphs with 口 + m edges 

(wherem ≥ 5)． 
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摘 要 ；设 G是一个偶 图， 是偶数 且是 G的阶．若对每个偶数 ，4≤ t≤ ，G恰有 一个长为 的圈 ，则称 

G是唯一偶 泛圈图(简称 UB-图) 作者证明恰有 6十 + 4条边的 UB 图． 

； ；幽； 嘘桶 睚翻  
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