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Graph &# — Voltage Graph IZDOWT
(Shin VWatanabe)
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] BXRHEUTO Graph
(1) Cayley Graph

BAXEEITSHFEEUT, TOEKNHEELRT Y 5 7T I18T8FE R Cayley &
& o T “Cayley color graph” B¥ESh k. Cayley UEHEOLTORXRERELALUT

EBTBRCIRER TR UREMY ST C(A,X)REHRLE. BALYITED

B{RE2RT.
A
7T A HHE VIG)
T X XA B E(G)= (x,a) =xa
' ¥E a & ax
C(A,X) Cayley color graph
Famr 57
fo % % 4  EHRA=#HOx
A Al =4 Mt X T
C(A,X)® Cayley graph
‘W y 57
Y
alternative Cayley graph

ZEDEEL
C(A,X)!
BT S57

Cayley color Graph O#E
OVSTRERFTXOBEE=pODOF, 2p-EMIS5TTH 3
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QU TDERHEOFLINITT %

QI TDEDOHHEUBFOHMIIHIET 3

@72 7TOHABUBHOBMNTIHNTEIF LR ->-TWVS

T T TDEENWL ax=b OBDBFEET 3L RRT
Cayley graph @) |

Ql oL

1. Cayley graph

(2) Schreier Graph _

Cayley & MI#RIC1927T4 Schreier DA FHORRMETEI L U TER BRI
2EHSTRUVEREMT ITS(AB,X)2E&UR. B L Schreiery 57 OM%
2RY. ‘

B ALCER2E B 757 G=S(A:B,X)
HWAHBOMAE B. A V(G)
R X XA WME(G)= (x,a) = Xsax
‘ % Ba & Bax
B(A:B,X) Schreier color graph
TFm7 57
THAE =# Dcoset

W8 =% s 5t X coset
B(A:B,X)? Schreier (coset) graph

! e IoP D
B(A:B,X)" Schreier alternative graph .
By s57
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Schreier graph o H
ﬁ A=Ds3= {11(1’2)9(1'3)3(293)’(1’2’3)’(19332)} :

HAT B= {1,(2,9} o
R X= ((1,2,3,(,D) (1,2,3)%8,(1,2) S8 TR T

S(A:D3, X)DTEL = {B1,B<1".2>,B (1.3}

S(A:D3,X) S(A:D:,X)  S(A:Ds,X)!
- B 2. Schreier graph
‘Schreier Graph OHEE o B
QY TRERTOBH=p OB, 2p-EMF57TH3
Q@ REMRIEY 57 GlE Schrier coset geaph WHAT 5 3
(3) Cayley Graph & Schreier grap’h'GJE@{x’?: |
OB ={1}0oK, S(A:B,X) C(A,X)
@BHERBABOE, S(AIB,X) C(A/B,X/B)
A/B WEA® X/B QHAXFANOERTO%ES

I Voltage‘v Graph

(1) Ordinary Voltage Graph

757 G REBLRUT, HBALHEAE TLIOVKRERTSTREVHRIT HER,
19744F Gross @ ordinary voltage graph con‘struction EUTHH TV 3.
Y5 IDEDEHADTE, BAEUTERoLI->THEXES. ZOESHN
%ﬁbb\ﬁ??@iﬂ@ﬁﬂ@ﬁ%&&i?‘ 3. 19744F Gross and vTucke'r &>,
COYSTOUENREATVS. RERHET 5. D |
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G By 357 base graph
A B (BHRE) voltage group

a: E(G)——> A ordinary voltage assignment on G
Y v
e =W,V F>b

values of « vol tage
a(e)=bD&Za(e)=(ale*))y =—b MK
<G,a> ordinary voltage graph

(G a) <G,a>hoEPnry 57

(2) (G,o) OEREEZOHHE
OEA VG, a)) = VI(GIXA = {v.=(v,a)}
B EWG,a)) = E(GIXA = {e.=(e,a)}
GBWT e*=(u,v) I voltage b BE X6 TWVWEHE, WET 38
EW(Ga)) & ea"=(ua,vasr) TH3.
base graph GOTHLOEE .2 p, HOAXE 2 q& T 5. FAOROBEHKE L LT
3¢, (G,o) ODTHHEOWBEK =pt, (G,a) ODBOXYE =gt i3,
1. (G,a) 7 9T<G,a>hoWIlRDOVT
G M dumbbell graph THA¥ =2, BAE=3
A = Zs = {0,1,2,3,4,} =5
E(G)= {c,d,e} OKRIDIMHT Bvoltage® a(c)=1, a(d)=0, a(e)=2

' U, G .
B 3. (a)dumbbell graph (b)) (G,a) =P(5,2)

(G,a) ODTHEHE=10, BABE=152HLLVLTLV3
E{(G,a))0&FmMIW



cCi"tui—3Uui+1, di*iUi—>Vise, € IVi—>Vis2
Y UTHENLTWV S, :
OB ELEEUT, —#H0O Petersen Graph P(n,k) 3 & HHK 3.
G * % dumbbell graph, A = Z. & U, E(G)D220DNLV—-TF c,ell3U
T voltage 2 a(c)=1l,a(e)=k&E&ED T & L.
pase graph GHEHET T T TH->Td, FULKIESOI NS TSI TN ZOMEELS| X
WHRVIENDH . HOHEBRWCKRT.
2. (G,a) BT75TGhoHLIIELXDOPVT
G BEm_87 57 Ks.3, A=2Zq,

E(Ks3.3)®D voltage WRBHLOBBL o (EE)=0,a(EE)=1 &7 3.
Uo

B4. (a)Ks.s X, (b)(G,a)

base graph GOTEEVvIEXWUT, ¥BIEdT 3 (G,a) DTHEOES {v.) TS

v fiber EFS5. BRAULTHGCOD T e HWIST ZVOES {ea} 2D
fiber 5. GOBe= (u,v) O[u, ¥AvEl, a(e)=b &¥3
B, JelWEd30e.ORGITHASAuD fiber, REAWTHLA VD fiber P
Y, ea= (Us,Vap) &R 3.

JTHEu®d fiber {us} ETHEVvD fiber {v.} OBEHIELV. ZOoEEOM
ERE, Be=(u,v) OB ea= (Ua,Var) &3 {ua} & {Vvs}

D1-1¥BRE>THExdNB. £, L-TThRVTed fiber WH UL
1 (BADOHNE) DK hoRIZ3EARCEABMTHS. L—TOBRXHUTEY A
JABHETZZELHH3B.

B3, (G,o) DGHEMA®D fiber W T

G @A Tz, V(T3)= {u,v,w}, E(Ts)= {d,e} A = Zs3 Hi¥k

J
w
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E(T3)= {d,e}:®D voltage a(d)=1,a(e)=2
(G,a) OBDUE, di"iui—> Vi, €i*iVi—> Wise
(G.0) EBYZGOBAALD fiber OBHW I THEZL W
. BIHEKuO fiber {uo} = {ue,ui,uz} , , :
ii‘i; (G ) KBFAGOBEXNT S fiber @@ﬁii3b_’=l‘f=b< 3 i @ Jh 3L
VkKebpoRoTW5. ,

&£DdD fiver {da} = {da,d1,d2} e

& e,

U Oo— Y2 0w
O——d%—o- —%ﬁ—o u o di > Orl);; - -€1—>.——O‘Q),
u 3 w |
ho—din o Sy 44,
B5. (a)Ts =~ =, (b) (G,a)

Bla. (G,0) DGOAL-—TRHIETZ3H4IALEDNT |
G Hrm bouguet B2, E(B2)= {d e} W2EDOL—ThHhohk3. )L Tdo

fiberk 2, L -7 e@f:ber&ﬁi’vi'(‘r?‘ %ﬁ@*f«fﬁ»@ﬁé 6, M
O I NLNDRX= 3&;7’&?‘(11‘%5 BRExE voltage Wk TRELRS.
A = Zs, E(B2)= {d,e} ® voltage a(d)=1,a(e)=2

AGya) OBV, di,+:U‘iﬁfﬁUi+1,Y _ei*:l,lir"—éeuizfz_ .
. .85

B 6. (a)bouquet B (b) (G,a) .
M=TEHIET S (G,a) DY LT ILORTDEVY, Goﬂ«fomdm‘\ﬂ“%
(G,a) OV AT LORTOELUE, GOBULEZShk voltage DBV &
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5. 797GOY LI LCRHT 3 voltage BY¥ A VL CLOBREX S0k
voltage O TRDO LD TE&ET 3. |
GBI BYA4 I C=e1s’,¢252, ------ ,ens" DD voltage DI ® ¥ A
ZNCD net voltage &9 3. ﬁf’a“,b, si=+or— &9 5. RBFUEHANETH
RO, YA LVORGvVIBEEERS Y, EGuEHEEVvED net voltage
R RBEIRE R > TV 3. |

fs. (G,a) @&4muzom'c

G=K: A=Z2= {0,1}

£O voltage WF~T1ETBH, RBOVAZLO net voltage = 1, A%
OFAIND net‘vol.tage =0 - ' o

EHEOYA I LN IHETE2HA 7 VEERETE N1 M, HBEOH AT LEHIST 3
Y47 LRREIV2ES 3. M GO

e

/(ZO 3
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! ]

veo) !

Y( A(G;.l)

preguegpegeap——— - -

(€0
(8e. Ue
@2
.7 . (6, 0)
t, ©s.h) o,
7. (a)Ka (b) (G,a) =Qs

COYALINLCOEXMKT, 0 net voltage =nTn"=1.0O8, Zhex
5T % (G,a) OF A I LOEXRKkmT, Y47 LOBHKIXt/ mT53. &
EU, tUBAONBTS3. METZVAILRESuD fiber EmBEALV3
ZERSH AV LOEBUBAOHK Em THAER L.

7S5 ITORWEHNT 3 voltage BEW LOBRE X 5hk voltage DFITERD
FORXREHRTZCEUWEHATHS. GOHODEW=¢e15",€2%52 20000 ,yen®" @
BD voltage OFIRBEWD net voltage &9 %. LEL, si=+or— &7 3.
CHEWO fiber WBHAOHUBIREUVLVWEREET 5.

6. (G,a) OBERDVT

G=Ki, A=Zo= {0,1}, &0 voltage BT ~T1
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HEOED net voltage =1
HEOBRMIET S (G,0) OBOKAEITAS UuD fiber {u.} THREWZES
vdD fiber {va} TH 3. '

% > ,Qt
u‘ ! ' /" 'l
1 \/ _O’ {
/ L W 'l
4 |
€, ’/ l \:J : \V
M 0 - A \
’ '
S : w‘b ! > Ue
/7 - 64 1 4 1
-~ 1 7 ]
-t T"b" < Vi
8. (a)K:s (b)) (G,a)

(3) ordinary Voltage Graph O3k
— relative voltage graph & permutation voltage graph
relative voltage graph DL T ‘
ordinary voltage graph O HZARILIETSH %, relative voltage graph OHM
12 19774E Gross and Tucker ¥ & - CEA X h fz.

G BEmMJ 37 base graph

A B (ERE voltage group

B AD#RL#H

a: E(G)——> A voltage assignment for G in A relative to B
<G,a/B> relative voltage graph

(G,a/B) <G,a/B>bo¥PNBETF5T

TH& VG, a/B)) = V(G)X(AB)Y = {vea=(v,Bad}

U] EC(G, a /B)) E(G)X(AB) = {esa=(e,Ba)}

GRBWLT e*=(u,v) I voltage b BEZ & h TL 3,

NI BVREWG,a/B)) & esa"=(usa,Vear) TdH 5.
BAOBAYITIBELX = {X1,X2,%****,Xn} BADEMTET 3. ’Erﬁlﬁ’
5 7 B (bouquet) DWW relative voltage X1,X2,%¢%2¢, X0 2XEXET
FBEINBT 5T (G,a/B) & Schreier graph S (A:B,X) K@ﬁ!'@&%-
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gi7. (G,a/B) Y 97<G,a/B>PosRLZERDOVT
G dumbbell graph V (G) = {u,v}, E (G) = {d,e,f}
A=Ds, BAo#EEB= {1,(2,3)}
a (d)=(1,2),a(e)=1, a (f)=(2,3)

(G,a/B) OTESEHESE= {us,uB(12),UB(13),Ve,VB(12),VB(13)}

WEE= {ds,dsci2r,dsc13,e8,€8c121, €813, T8, fsc12),Fac13)}

URa3)
' esy  Vsaz)
g3 )
B3 4
U l v Ugai2) B2)
d e ech W
(.2 (2 3) B(.2)
—{
- F 9. (a)dumbbell graph (b) (G,a/B)

8. (G,a/B) &S (AB,X) 0BV T (M288K)
7357 (G,aa/B) B Schreier graph S (A:B,X) ¢ AHTHEHERKT.
G bouquet B2 V (B2) = {u}, E (Bz2) = {d,e}

A=D39 %BﬁﬁB= {19(293)} > X= {(192)9(1’293)}
a (d)=(1,2), o (e )=(1,2,3)

(G,a/B) OTHE%ESE= {us,us(12y,UB(13)}

VES= {ds,ds(12),d8(13),€8,€8(12),€8(13) }

d \ O

a2) “U a3

B 1 0. (a)bouquet B (b)S(A:D3,X)
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permutation voltage graph DWW T » : »
relative voltage graph oS5 T 2T B3I &R UT, AL UTHARAY
DEA=No= {1,2,+2++,n} OBBLEHTCHEI nXORBKHES2AVTT ST
LT 5T & HBI9TT4E Gross and Tucker LKk > TN h k. :

G BmY 57 base graph
A B nRXIEBREE voltage group
a: E(G)——>A  permutation voltage assignment for G
<G.,a>a permutation voltage graph
(G,a) <G.a>. POEMNZT ST

HA VG, a)n) = V(OXNe = {va=(v,m}
B EWG,a)n) = EG)XN, = {en=(e,m} :
GEBVT e =(u,v) & voltage # BEX B> TL3H,
HIETBBIEWG,ad)) @ ei*=(ui,vrer) TH3.
9. (G,a) BT I5T7<G,a> DB HLIERDOLT
G dumbbell graph V (G) = {u,v}, E (G) = {d,e,f}
A=Ss, a(d)=(1,2,3), a(e)=(2,3),a (f)=(1,2)
(G,a) sOTES%EE= {ui1,uz,us3,vi1,V2,V3}
BESLS= {di,d2,ds,e1,e2,e3,f1,f2,f3}
permutation voltage graph <G,a >3 OEWODHE G % u, net permutation
voltage meHUT, (G,a)s OHAu RMAETZHEUB—RIY, 20
BERI v »TH3. B11(@0ODE W=e*,f",e” O net voltagé nid
23)UDED=>UNERY, BHu:, BSu:BRES., (HOBHTHEHETTRY)

ul - _—‘— —‘--\\M‘.

B11. (a)dumbbell graph (b)) (G,a) 3
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M10. (G,a) . ODYALILRDVT ,
G Y4710 Cs VG)= {u,v,w,t} E(G)= {d,e,f,j}
A SXRXMHBHE So o (d)=(89), a(e)=(1567), a (£)=(127), a (i)=(145)
# 47N Ca® net permutation voltage =n = (1)(27)(3)(456)(89)
<G.a>aDY A I NCDFELu, RX=4 ¢T38, W53 (G,a) O
A7 NVES5EBS. ¥ 47 LEIWL net permutation voltage n DK EE O HEF
REULY. 0¥ 47 LERE, ROFHRORX c152,c2=2,c2=1,c4=0,
¢ 520, ¢ 820, ¢ 720, ¢ 520, ¢ 950 & U (2,2,1,0,0,0,0,0.0) &R Y, BE&ADY
A2, RX8H2H, RT12VI1BEERSZIENHD S.
BEui,Vi,Ws, te, U |
&é,@uQ,vQ,wZ,t-.r,.umv'z,wj,tz,ué
MEus, Vs, w3, ts3,us
BEua,Va,Wa,tzs,Us,Vs,Ws,te6,U6,Ve,Wr,t1,Uz2

%,QUS;'VS?aWQ,t99U99V3aW8yt8,U8

B12. (a)Ca | () (G,a) » DH AT
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