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Abstract

Let GuoH and G:-H denote the Cartesian product and the lexicographic product of graphs G
and H ,respectively. In this note, we investigate the graph minor in products of graphs. In particu-
lar, we show that, for any simple graph G and any connected graph H , the graph G-H is a mi-

nor of the graph GoH"*,where H* is the k-fold Cartesian productof H and k= Z(G ) . This gen-

eralizes an earlier result of Wood. Moreover, we improve the lower bound of ﬂ(GDS,) in Wood,

where S, =k, ,.
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1. 5]

AP SR T A A L o R e SCRARIE AT 5 2 WL OCHR 1]
X 11 B GH MK, G*HFEmGMH I—Fg e, G*H & LAET R4 L.
V(G*H)=V(G)xV(H).

SHFV(G*H) WA T u = (uy,u,) v = (v,v,) » EAIE G*H FAHAE HALY:
® WR/RMGuH : u=v Hu,y,eE(H), Bu,=v, Huy, € E(G):
® BHIGNH: u=vHuyv,eE(H), Bu,=v, Auy, €E(G), iuy, eE(G)Hu,y, eE(H);
® FHIG-H: uv €E(G)stu =v, Huy,cE(H).

GXH ZINGH—ARIALA, KGNSy H K— D EIATSRR, JFH24
wy, € E(G) Huyv, e E(H) W, (u,u,)(v,v,) € E(GRH). G-HWRZMGIHI—EIAEE, ¥ Gk
NS BN H — BRI, T G hiE&lLuy, e E(G), EXRIFHA H BIAZ RGN
BT T RERIIZ, BN FAER uy,v, €V (H) 3585 (u,uy ) B (v,v,) o

FEEFRE T, B RRREEH LTRSS 68#. Pk, XHEEHRNEG,G,,-,G» K
G,0G,0---0G, /& R g L. M EATE LK G = G oG,o---0G, M HEHN

V(G)z{(vl,vz,-~~,vk):v, eV(G),i e[k]}.

SEF BRI w0 = (50,0, ) Fv=(v,v ), BT uve E(G) 2 HACHIEEME— 045 i e [k],
fitg

il

uy, € E(Gi)ﬂuj :v/XﬂLﬁﬁﬁj #i J]OL.

TEMEET, Mibw T4, FTHEREG MR LE>1, id
G* = GoGo---0G
k

A G ¥k B R

SEX 1.2 B H R—ATUEEN L2, n} . #AFE G ) n APPSR AR 2 00 T4
X, X, X, cV(G), Wi:

(1) XA ie[n], G[X,]REEK;

@) XMEEL G e E(H), B GHEE—FIAEE X, 5 X, Wiffue X, Sve X, fiffu e E(G);

WFRH 2 GIH—FR, idNH G . B H =K NEEEN, BRHNGH— TR i, -
RE ST GHAFAE ADPIPIA LTS T, HAERWA T B IR R D> — SN E.

e G, RGBT R 58 4 I TS L B K, <G RS B G Y
Hadwiger #0, ifEn(G) - Hadwiger ¥R EIGMS VRN R R RERLY — . FETBIEEHIRT i Akl ik 52 2 2]
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AR 1 HE T By B 1) 58 KHE 2R [2]-[4]. Kotlov [STHFAN 7 X BB 7wk 78, JFIEM], SHMER =7
G, B GKK, £ GoC, — T Z&8RIHELE T 77(K2k ) BT R 5. Chandran Al Sivadasan
[61FF R T R/RREFRIBFR. BEfE, Wood [7]PA X Chandran. Kostochka F1 Raju [8]4k &0 7T T =
IR PR Reilth, Wood [7]IER] T AR &5 R

SEH 137 W H N MEBEE, GA— 24K, WG-H<GoHoH .

HEE G, FAAE—AB [V > {12, k) MR L uv e EF f(u)= f(v), WFRG k-1
FOM . OF y (G) R ZFM MR NERE ko EARSCH, BATRES: T TR /RBE 237 R
ORI SE, H4 Wood [ 7145 Rt 2] 1 5 — A E L -

SEHE 1.4 WH N—MEBEE, 6=y (G)=k K, WG -H=GoH".

Wu. Yang fl Yu [9REW] T, WHMEEEEE G, B GRK, & GoK! D l— TR, sy
MME LB G-K, MGRK, FIM, MuZss RMaTblSm: SMEZEBR G, G-K, & GoK!') f—A T
Ko Bk, TH 1.4 B2 Wu. Yang Il Yu [9])45 R M.

HEAh, FATBEHSE T Wood [7]9 n(GoS, ) IR F,  H.EGHE 10T A2 R

R 1.5 SHMEE n MRRERE G AT S8 21, A

n(Gos,) > min{|V(G)|,t+a)(G)}.

2. IR

B G =(V(G),E(G)) e MEME. ¥ SRV (G)M—MEETH. LS ATUASE, UG hr g
SETE S TR IR AL T EFR A G i S ST, 0 G[S], ki, BFKG[S] NG
f5 T B R G R EREIFTS TS ECAE G I, 8ME o(G) » T RIGEN T ITHAL 1884
HE e AMTFHEE, WS =K, SEEEE mneZ Hm<n, ZX[mn]={mm+1--,n}, FHid
[n]:=[Ln] -

%PZ{VI,VZ,--;,V,{}%EGE‘HE?W,??%E‘J*/I\%/?, Hi 2 G EANTUSE IR T P i —1
R, Wy, =0, V=V (G), BME = HV,NV, =0, WP REG H—AR5G, PHBEATT
EMN— . F5P P RE G B RFEKRS, H PSS PG ME 228, Wk P
PRI K 5r PRI BT G G/ P, HTi &N P R IR E8, b AN ANFHE 4, B € P
£GP FHAL, MAMN4FEued S5veB, 5 u5vIEG FHAL.

3. IERA

B 3.0 WEHANEBEE H FATERBE k=1, WAEE H W NPk, 575

(a) BRI A EEE £ b 3 — ANl 1

(b) MRS P, T HYPYRT H .

R WV (H)={L2,-,n} . SHMERie[k]F je[n], &X

A=Al sl ol 0 ) L€ [n], i = ).

MAHGA T € [K], Bt {4, Ao 4, ) BB HS B —ARI5y, MTARE] kA5

FATE SCUENIIZ k DRI P X AEBOR B A FRI D AN, Ao 4, M4, Hp
i #i, Hx,ye[n] o B
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METEFMRT 4, 54, FUAERFAR R L% X .
BN RIEM (2). VEREI A [ 4, [ AT B, W H A S B, SORNTE B ST
e Y -
FHEW). (A5 Py RGP = {4,404, - SR (1 /P)=n=y (1)
BRI % ), e E(H), WA, 54, 76 H*[Proish. BIE%
(119“"Zi—l’jx’liﬂ’“.’lk)eAi,jj

A
(ll9'“’li—Hjt’lHl"”’lk)EAi,j[
B FAAESS | MBI, H jj, e E(H), R k BE-RRBIE N E S FRBATALE B FAH
A, AT B2 BT PR A7 i B AR A AR
RZ, YA, 54, EH PHRHIAE, K o=, o WAEE
u:(ll7""li—1’js’li+17.”7lk)eAi,js
Al
Vz(ll,"”’i'—l’jt’ i’+1’“.’lI:)EAi,j,>
5 u 5vIE H PRIAL. BT u 5v7E B PAIAT, MRAEEHRRBURE X, FEIEME— N4 hs r e[k],
A LL € E(HY), M 12 r 4 =1 LT, J, » 5150 55 vEE55 i AN AR, T =i
HH jj, eE(H).
Wik, H*/PY5 H st ——xRi, Wi H /P=H .

SEH 1.4 W H N—MEEE, G~ 7(G)=k MIE, WG-H=GoH" .
R H1 T G2 k-AEGR, A DIEWN 50
¢V (G) > [£].
TR e[k], %£4& {veV(G):c(v):i}EG g T — AL AR
VeV (H)= {120} o HIBIHE 3.0, B HAELE k NPTFAE UK, FEEL R PR a) 5 (b). itike
XN
{4, 4,.-.4,}, ie[k].
S G- H AT (v, ) 52 X GoH* i Ti & 74
Xw. = {(v,u) ‘ue AC,(V)J}.
HTx g iek], {44, } & H E—DR5, AT
{Xw. velV(G),j e[n]}
W T GuH* TR AR — AR5
THSIETRK R H151 8 3.1(a), B4, £ H PSR TERUEEBER, AR -~ RPN E
S AN X, TE GoH ik I T IR
B (v,7,) 5 (v, jo) 5 G- H RPN AR TS, A TEWT HR A 8 X, 15 X, , 7F GoH* AR,
RS U2 L, Eaw' e E(G), Bav=v Hjj,<E(H).
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BE1 we E(G) .
e —MNEFHHE, UHc(v)=c(V). KL, X {AL,(V)!] ,-~-,Ac(v)!n} 5 {AL,(V,)!] ,-‘-,Ac(v,)yn} =
B, MTIAFAETI A

5
st

NA

ued e

c(v),ji
TR(vu)eX,, 5(vu)eX, £ GoH" FHILE.
B2 v=Vv' Hjj, eE(H) o
LERT, ARHL
u= (ll"”’lc(v)—l’jl7lc(v)+l"”’lk ) € A(:(v),jl
A

’ .
u :(ll’“.’lc(v)fl’JZ’lc(ty)H’”.’lk) € Ac(v),jz >

T 5w (LA o(v) MRS AL By € E(H) . TR (v € X, , 5 (vad) € X, 76 GoH*
AHAE

gi b, EWMIEET, G-H ARSI SN T Goa* AR R S B, Rk i 200 e il 18
G-H < GoH" .

O

NTH P25 RAE Wood [7]0) R AR EAE Tkl BT, ATE GoS, 1 Hadwiger 0 R 5
min{|V(G)|,¢+1} #FF min (|7 (G)],t+ 0 (G)} -

1.5 SHMEE n MR REEE G AT S8 21, A

n(GDSl)Zmin{|V(G)|,t+a)(G)}.

B B H 2 GH—AMKE, iLo(G)=c, HAV(H)={v, v, | - AL, &
V(GI\V(H)={v, v, .}, V(S,)={r}U[t] . & k=min{nt+c}. FHEE GoS, {1 k ANFEHE LA
Wi T4

B, Xﬂ"é/l\ie[n—c+l,n], ENX

Xiz{(vi,r)},
IXLE RIS HT H R, SEEARM G, j e[n—c+Ln], T (v,r) 5 (v,.r)fE Gos, &
4K
BETIR, WA aelk-c]c[t](Fk=min{nt+c}, Fillk—c<r), &X
Xa :{(vaar)}U{(V‘/-,a):je[n]}.

BAW S X, 7F GoS, FHE S —MER T b, BT G REBEE, XHH(v,,a)5(v,.r)fE Gos,
HOAHAR, FTA X, BT ST R R A Y

SHFARFEN a,be[k-c], ffEX, 5 X, AL, BTN (v,,a) e X, 5 (v,,r) e X, #H40, FHIk X, 5 X,
ZAFAEIMIE . JEhh, WHMTEaelk—c]fMie[n—c+Ln], HEX,5X AL, BI&(v,r)eX, 5
(v,a)e X, 4L,

G5 EFTR, A (X X VUK, oo X,V 0 T GO, S0k AT 0T A, S 5T
Yiigedl, HAERWNES TR AEELMHEE. B K, <Gos,, M
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n(GoS,) =k = min{|V(G)|,t+a)(G)}.

Y GA—ANEDSE 2T IER, H o(G)=2, A Fik dr e 3
n(GoS,) = min{|V (G|t +o(G)} =1+2.

577, BT S 2K, MTE, Gn(6oS,)<n(GoK,,). i Wood 7E[7]HEHE 10.1 *IEH T
n(GoK,,,)=t+2, Btn(GoS,)<t+2. & Lalkin(GoS,)=1+2, Mifiar 8 1.5 s it~ RAeiz s 7
TR

R 1.5 76 Wood [7]1045 ARl 45 T S ME R BGE, K801 TR o(G) B A 241 G
1 45 ¥y 5t 1 R ALK Hadwiger B TT#R. AULWIIX —5%, WM G=K,, Hhn22. Wi o(G)=nH
|V G)|—no H1 Wood 1) F A L6138 n(K,08,) 21 +1, ZFAREn K. Ml 1.5 i

n(K,08,)zmin{nt+o(K,)}=n. Zn>th, B FFHET + 16 BERTT

SE K
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