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A\s- B MLIE IR & Cayley

PR, HEA?, xIRE?
(1. oM EEEXF KF 5 A4FFR, ThAM 450003;
2. /AT #HFEZFAMFFR, HBLEFKF 830046)

# E THEBX = (V,E), #wEX - FA%E@FLX - FHEN L E T HEA
S, RLAAEEF C EA—Ak-TRA A B, B X 89k-FR 4 b & 58 BN (X) A X895
N TR AR b 2 B 9 SR E 4 T R A Cayley B 893 1R 4] M ) 38 S Ao \g- R AR 1.
KEEiA): A& Cayley B (R4 K BT bk

FE S 01575

SCERARIRES: A XEHS: 1000-4424(2024)01-0114-07

§1 5 &

W2 PR — DTSR AR A EALWE., AXhX = (V,E)RAEARV = V(X), 4
$£NE = E(X)MARERFAE. Su e V(X), X1, Xo R XD TE. EXN@u) = {v e
V(X)\ {u} : v5ut4B}, d(u) = |N(u)|BufEXHFHIE, Nx, (X2) = {v e V(X)) \V(Xz) : v
5Xo A SAATY. 26(X) =min{d(u) : u € V(X)}, A(X) =max{d(u) : u € V(X)},
ARV (X)) —A T 5. EXX[AIRX THARHMFE, NA) = {ue V(X)\ A: u5AH
MIHEA B AHARY. X T WAL SHEAMB, 2(A,B) = {zy € E(X) : 2 € A, y € B},
|(A, B)[N(A, BYRIA%. HA=V\ A, itw(A) = (A, A). THERE KIS MAERZE ().

AF C B(X), BMFAXK —ANIREME LR RX — FAE®EBAQE I if
I 1) 44 3 ) o e /) P 5 BORR DR XD PR AR PR A SR, e RN (X)), A A A BR a2
MR Z B RN-ZE@E 1. HE(X) =min{d(u) + d(v) — 2 : wv € E(X)}Rx~ B 5N E.
EsfahanianflHakimi?E SC[2]HFUE 8 T B AN BIX R 2 S in(X) > 4, BAZE, BN-EEH
HN(X) <&(X). RN (X) = (X)), MXFRAN-HAHT, B RFRXA RN -5 AR

PENHET, IR X — SAEE HX — SHRAN D SCEDEEAD R, EEE X KEIL5ES C B(X)FK
X H Y e-BR AL F]. X R~ R 4320 72 308 8 SOy e /N k- IR VEIL ) L, 8 (G,
NE- BRI A IR AN-EL BXFR AN G- I8 B RN, (XA E. RN (X) = N(X). Zan
X RN-EE N (k> 2), WX RN - A1 (X) < Ap(X). 3T JUAE R k- R ) 1 120 3%
I E AT FER I, N (X)iBROK, 4% 1) AT FE PRk G (278 5C[3-4]). PRI TEE N, (X)) AT RE K.
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BARN (X)) SR R 1 et 7 2 — A AL WHME R BB Rk, £6,(X) =min{|(4,A4)] : A C
V(X),|A] = k, X[APZIE@ER}. WRN(X) = (X)), WIXFR AR K k-PR ) PE120%E @ E, &
WAL WR|(A,A)] = M(X), WA C V(XO)FRAN TR B, iR AR —AN-F
Fr, WA — DM A\e-BE R 2y = ri(X) —min{|A\ ARNXHI— DN TR} — AT AFR
AXHIN-EFUMR|A] = rp. B, k< rp < 3|V(X)]. BHARNAET, WX [AJFNX [A]#52 % 18
B, IS i A 2 3 30 R e B £ ML 0 3 T A E%E’J o oK) 28 5 A P ()N B T . TR b R o 42
AT SR 7 B T2 0k, B ansC[5-9]). AR SCHE TR A Cayley I \s- S I PE.

2 X1, Xo, o, XK WA S B — A eIt Hibu5V(X5) (6 = 1,2, -+,
n) AT AIE, 13 3000FT ENC N X, . WTRAEIIX: (8A (5(X;: ) + 1)-BR\IPEL %] h
SCIO] R b R R E AL, R ARk < O(X),) + LB R, X7 S ME—AAELE k- PR

B0 S XRTUSHCA2(5(X) + 1)MEEE BX ARG T X, Ht = 6(X), WAE
Bk < 5(X) + 1, XA k-BREIEDE N (X) < &(X).

FESCHR[5]) 1, Bonsma N 45t 1 40 R 45 R

EE1.20 WRXGRN-FEBE, WA (X) < &(X). T30, As- @ X2 Ag- R
M HA Mg = 3.

SC[10] AT E G T e S

X130 SGRANEIREE, So, S, SHRGIITHE, Hle ¢ Si, 571 = Sili = 0,1).
MR & Cayley Bl X = MC(G, So, S1, S2) R mENV(X) = G x {0, 1} FIUERNE(G) = EgUE, U
BB, P E; = {{(9,9), (si9,9)} : g € G,s; € Si}(i = 0,1), B> = {{(9,0), (529, 1)} : g €
G,s9 € Sy}

XFge G, B X BMMR(g)NX b(x,i) — (xg,i)(i =0, 1) B [FA S, Fra RyixLs E [E
PTG B [FASHE Aut (X)) — N FREM R(G), 1EG x {0}HIG x {1} B8 HifE AL i, Rt X &
ZHPAPIE. EARSCH, BATH %) E 8 TR A Cayley B 13- R il 4 120 7% 8 BE. FH o B 10,
X = MC(G, So, S1, 52) B —3-MREIMELE HAz(X) < &(X).

§2 VB E& Cayley BB \s- T

A Py AN TVS . AT STk [11] ) 51 32 R e B3, FRATTA NI 458,

SIFE2.1 CAIXEAE - IEEE, FAXP— M-, U NFRIETHE, LNX —-w(U)
T IS R, LNX — w(U)H T B85y SCP B R R, KT = I U L. WIRT C
UH|I,F)| > |(I, F\U)|, WF\ TRXE— -0 7.

W WURT = o, WEARMAL. TR # 0. ®A=F\I, F'=F\U. B AX —

w(A)F T I S RIS, BoNX — w(A)F A B9 S P s A, 2B =
By UBs. B = o, WMFRNFRAX B —MNg-1 ), FrLLAR X (13- il 14 s ). ljj|(1 )| >
|(I, F")|, FrLA

A3(X) < |w(A)] = [w(B)| = (1, F)| + (1, F')| < |[w(F)| = A3(X).
KEWHANX M —ANs-0E, B = o450, #% FRE®B £ 2.
B#r1 SHMEBEWIz € I, (2, F) # @.

W' ={xel: (x,F) =2} WMRPI # o, WHERNI,U\I) = @, fTBANI') C F'.

4B = (BNF')\N(I'),C=(AUI)\ B". IRESGKINX —w(C)EAILL, Bt (C)HXH
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—ANSFREIELE] WMEINT =2, WA=F\I=F\I'. BANB, F\I) =2, 5FR\-HH
FIE, FTAIN\ I' # @, H
I\, F)| > |(L,F)| > (I, '\ B[+ [(I\ I, F'\ B')| > [(I\ I', F"\ B)].
F5)4
A3(X)

IN

w(C)] = |w(F)| = (B, F)| = [I\ I, F)| + I\ I', "\ B')|
lw(F)| = [(B', F)| < |[w(F)] = As(X).

EEWED = o, WeEE Mz e I, (z,F) # 2.

B#r2 B=N()NF'.

M HMR1E, B C A B = By U By, HX — w(F)EE I A, HFBIANX — w(A)F
(A IRAL R, BoAX — w(A)H T 6 5 P M i i 86 &, FTUAB € N(I). R %
MNI)NU =@. AIkB C NI)NEF. WR(NI)NEF')\ B # @, MK ANF=EXN\-TEF, B
MNA\ B # @ HX —w(A\ By R SC B2 DA E =ATi . NI £ oHe #BC NI)NF,
FrA(I, B) # 2. XHA|(I,F)| > (I, F")|, FTLk

A3(X) < WA\ B)| = w(F)| = [(I,F)] = (B, F)| +|(I,F'\ B)|
) = (L, )|+ (I, F)
)| = As(X),

A

< w(F
< |w(F
FIE, HkB = N(I) N F'.
B#r3 MEEMz € B, (2, F) # 2.

WMEXNHEA2 € B (2, F) = @, WEANB)N(A\ B) = @, iblzEX — w(U)FE T
&Y, Mzel, MICU,BCF\U, ¥J&.
B#r4 A\ B=02.

B&A\B # @. BNB = N(I)NF', BiLA(A\B,I) = (A\B,B) = @. FAX —w(A\ B)¥
AN SRS ZATIRL, FTlhw(A\ B)| > X\3(X). BUA(LLF) # of(B, F) # @, AL

A3(X) < [w(A\B)| = [(A\ B, F)| = [(F, F)| = |(I, F)| = (B, F)| < [w(F)| = A3(X),

FIE, WA\ B = @.

HEARAFIE = T U B. BFRFAXKIN-BE Fr, BT AX (F)H A7 — DK E 3 %, il
AP; = z1x023. NR—IKNE, Wy € I, 20,23 € By, WAE LN TNHITE
A3(X) < [IN({z1, 22, 23})|

IN({z1,22,23}) N F| + |N(21) N (B\ {2, 23})| + |[N({w2,23}) N (I \ {x1})]
|({w1, 2, 23}, F)| + [(N(21) N (B \ {22, 23}), F)| + [(N({@2, 233) N (I \ {21}), F)|
|(N({z2,23}) NI, F)| + |(N(z1) N B, F)|
(1, F)| + (B, F)| = |w(F)|
= M(X) < &(X).

EI2.2 CRIX AN, WX AR AF - T T,

W WARBAX AN ERIN-JE T M HEHEL2H|w(A)] = [w(B)] = A3(X) < &(X),
|Al = |B] =r3 > 4. i£X; = ANB, Xo=ANB, X3 = ANB, X4 = AnB. N|Xs| =

IA

IN
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X3 =15 — | X1| > LH|X4| > | Xq|. SFXy # 2, ELAX — (X)L SR RIE S,
LRX —w(Xy) IR X P TH SIS, 18T = 11 U L. NS IS8,
BRI+ 0.

RNAFIBRX INs-JE T, FTBAT C Xy, (I, Xs) # @H(I, X3) # @. XFENX NAR AT
5, AL, B\ X0)| > [(1, A\ Xu)|, W1, A)] > [(1, X3)] = [(I, B\ X1)| > |(I, A\ X1)],
FrUhA i g1 2.1 A \ TAX IN-T . X5 AR XI- IR T3 E.

BJR2 I =0.
KERE (X)) WX —AD3-BREWEDE], | X1 > 3, [w(X1)] > A3(X). FFV(X)KIPINA
ZHIAEE FEEAMB, NN (Z5E3C[12])
lw(ANB)|+ [w(AU B)| < |lw(A)| + [w(B)],
Jir EA
w(Xa)| = [w(AU B)| < [w(A)| + |w(B)| — [w(A N B)| < A3(X).
REWRE X ARXIN-FE . RY12X — w(Xy) T IGL S S, Yo NX — w(Xy)H
A Z P T SR ES, LY = Vi UYe, BRY C Xy WHEX, = X4\ Y # 2,
W (X5) 2 X B —>3-FR i M. Rtk
A3(X) < w(XY)| = [w(Xy)| = [wY)] < [w(Xq)| < A3(X),
FrRLY = Xy BINARXPIN-WE R, YRAME T8, A%V, B\Y)| > |[(V,A\Y)],
MY, A)| > |(Y,X2)| = [(Y,B\Y)| > |(Y,A\Y)|, FrAH 5 B2 1504 \ YRX I —PAs-BEH,
XEBREXWN- IR T T JE.

g LR, S5 RO

PR RBKX = MC(G, Sy, S, So) & 1R A CayleyH, V(X) = XoU Xy, X, = G x
i(i = 0,1), k; = |Si|(i = 0,1,2). AR, XN EREKE S HN6(X) =min{ko + ko, k1 +
ko JRTA(X) =max{ko + ko, k1 + ko }.

FANTSCHR[7] T ¥ 51 3. LRI3.2, A5 NI 51 HE2. 31 5] #2.4.

31382.3 CHIX = MC(G, Sy, S1,S2) 2T M ¥in > 6RI /N ES > 2fiEmEAE. |
WARXH— A Ns-JiTFHA = AN X, # 2(i =0,1). WEEXARN-FATH, W

(1) V(X)RAFNs-JEFHITEAZ I (2) [Ao| = A1 = 2.

SI¥2.4 CHIX = MC(G, So, S1, S2) 2T riflin > 6 /NES > 200 @ K. RixXA
FEX-E M. A RXHIN-JEF, Y = X[ARHASHPXHTERBA = ANX; = H; x {i}(i =
0,1), X H; CG.

(1) MR FEA € {0, 1VEA; # 2, 2Y; = X[A)R—HASHXHTE, W Aut(Y;)1EA; -
VERIALES. Bt 1, WA # @(i = 0,1), W Aut(Y)1EA KA, E#BAEFA&38;

(2) WHEXFHA € {0,1}, ABF A (1, q), WHZGHTHE.

WRX = MC(G, Sy, S1,S2)Z&k-1EME, Wk = ki, k = ko + ko = k1 + ka.

5IH#2.5 CHIX = MC(G, So, S1,S2) 2T mi#lin > 6/EEE. R X AR -,

(1) WREKg(X) =3, Wrs >k — 1; (2) WHEEKg(X) > 4, Wry > k.

W 25 >4, k > 3. RARXIIN-JR T, Mrg = |A|H|w(4)| = A3(X).
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(1) HEKg(X) = 30, A3(X) < &(X) = 3k — 6. X T ARFTA TSR, H

krs = de <r3(rs —1) + |w(A)| <73 —r3 + 3k — 6,
z€A
Blkrs — 3k — 73 + 73 +6 <0, RS (r3 — 3)(k —r3 —2) < 0. B Nrs >4, fillrs >k — 1.
(2) HHKg(X) > 4B, A\3(X) < &3(X) = 3k — 4, BLBS AR BT A 005010 B AT 2
k:rg—Zd ) <r3(rz —2) + |w(A)| <75 —2r3 + 3k — 4,
z€A

Hp
krg —3k —7r3 +3 <kr3 — 3k —r3+2r3+4 <0,
PA Ik
(rs =3)(k—r3 —1) <0.

[ Ars > 4, frlhrs > k.

WMRX = MC(G, So, S1, So) NEIEW K, AR —MAE, Bk < ki, WH/NES = ko + ko Hl
RKEA = ki + koo AT EHIE, A T AT

gl¥2.6 CHIX = MCO(G,So,S1,S2) 2T i Hin > 6ME/NES > 2 E K. &
WARXWINs-JE T, XA RN IR

(1) HHEKg(X) = 3. WA C Xo, Mrg = |A] z §—1; WA C Xy, Wry = |A] > A—1;
WMRANX; £ 2(i=0,1), Wry =|A| > [3(6+ A)] —

(2) HHEKg(X) > 4. WIRA C Xo, Wrg = \A| > & WA C Xy, Mrs = |A| > A;
RANX, #£2(i=0,1), Wry = |A| > [1(6 + 4)].

63 VR A Cayley B I Ng- Bt

EE3.1 CHX = MO(G, Sy, S1,S2) 2T A %n > 6/k-1ENZEEE. WREKg(X) =
3Hky > 3, WX ANIE - AL 2 HLAX 24 X 2 7 T ) e rp — A 2%

(1) fFAEGHTBEH, Sof A T4 {s01, - , som}, SIS THEs11,- -, 51} (1 <m+
n < 5)RITEHKsy € Sy WE|H| < -2 (3k — 6), ((SoU{le}) \ {s01,+~ , som}) < H, (S5'Ss) <
HR{(S U {16} \ {511,y s1n}) < s2Hs3 s

( ) ﬁfGE’]%ﬁH Sﬁ’]iﬁl‘?ﬂ?%{sm, : S()m} 5194]@[‘{:]%;%{811,'” ,Sln} (0 <m+
n < 3)FHANARIFIITC R 59, 55 € Soifi /| H| < e (36— 6), ((SoU{1a}) \ {501, , som}) <

H, ((S2\ {s5}) 7" (S2 \ {s5})) < HFI((S1 U{lc}) \ {511, - s1a}) < s2Hs5 '3

(3) AFAEGH THEH, Sof3 M T He{sor,- -, som}, SV T HR{s11,--- 510} (0 <
m+n < DA ZANARFE KT Ksg, sh, 55 € Soifi 2|H| < 23k — 6), ((So U {le}) \
{so1, - som}) < H, ((S2\ {5, s5}) 7 (S2\ {s5,s5})) < HA((S1U{lc}) \ {511, s1n}) <
soHsy .

W W TA&MQ1), 24 =Hx{0}UsoH x {1}. FARKg(X) =3, &(X) =3k—6. RES
K w(A) X HIAa-IRBIVEILE]. KAIH| < 23k —6), ((So U {la}) \ {s01,- -+, som}) < H,
(S7182) < H, H{(S1U{1e})\ {511, s1a}) < saHs5 ", FTLING(X) < |w(A)| = (m+n)|H| <
3k — 6 = &(X). HILXARN- AL,

1 (2)F1(3)IE BRI T 2614 (1).
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N THIE B B

L AR IR BUNXA RN L), BT Lt € BEL.2%0rs = |A] > 4. XFEMAA ¢
XoMA ¢ Xy, 24, = ANX; # 9 = 0,1). 24; = H; x {0}(i = 0,1). ARk—
Y, % (16, 0) € Ao, WHSI#2451Hy < G. BIAX[A|ZEE, PrLfF sy € Solfi Hy =
soHy. INHy < G, TLAG = UE_ Hogi(g1 = 1¢). W, V(X) = U, MR(g:)(A), Xo =
Uk M R(g;)(Ag) = UE_  Hogi x {0}, HX; = U¥_ soHog; x {1}.

Mol H2.4, SHFREY; = X[A4]6G = 0,)FY’ = X[A]\ (E(Yo) U E(Y1))#B2&1EN ). &
WY 2r-IEWE (= 0,1), Yid-1IEME, MA3(X) = [w(A)| = |Ao|(ko — 7o) + |A1|(k1 — 1) +
|A| (ks —d) < 3k—6. HI|A| > k—113Ao| = [A1| > 5L, Bko—ro =m, ki —11 = nfllky—d = ¢.
it < 2| Ho| < b5 (3k — 6). R4 =FhioLiTiE.

B{RL ky —d=0.

B Aky — d = OM|Ho| < s 3k — 6), FTRAL < m +n < 5. BNk —ro = m, JTLMF
FESHIE P 8 { 501, - -+, Som JHE ((SoU{Lla})\ {01, -+ Som}) < Ho. 18K (1e, 1) € s2Hogs x
{1}, Mg = sahogs(ho € Ho) Flgs = hytsyt. BPEAMR(g)(A) RN F Hky —ry = n, AT
PAFELES) ISP FAE {s11, -, 510 WA ((S1 U {1e )\ {511, -, 51n}) < s2Hogs = saHosy '
Nky —d =0, FTAHERE sy € SofishHy = soHy. KIS 1Ss) < H.

BR2 ko —d=1.

EEkQ —d= 1%]0 <m+n<3. 79]60 —To=1m, ﬁﬁuﬁESoE/‘]iﬁlﬂ¥7/%{So1, ce ,SOm}‘}ﬁ
A((So U{Le}) \ {so1:- -, som}) < Ho. ¥ (1lg,1) € soHogs x {1}, Wlg = sahogs(ho €
Ho)Flgs = hytsy ', HHMR(gs)(A)BREN-JEF Hky — v = n, WA S, K385 1T s11,- -, 510}
(S U{Leh) \ {511, s s10}) < s2Hogs = soHosy . B Ak —d = 1, FIUAFE—A T
#sl, € Syifhi R shHo # soHo, AXMERNIsY € So\ {syV sy Hy = soHy. FIE((S2\ {s4})~1(S5 \
{s2}) <H
BR3 ky —d=2.

ko —d = 25810 < m+n < 1. B Nky — ro = m, T DAEAES IS T4 {s01, - - - , Som }iFk
B{(So U {1} \ {501, ,80m}) < Ho. 1R%(1g,1) € saHogs x {1}, Wig = sahogs(ho €
Ho) Mgy = hglsgl. HMR(gs)(A)WREN-JET Hky —r = n, WAES B HATEEs11, -, s1n}
WS U{1a}) \ {511, ,81n}) < saHogs = saHosy *. FIAky —d = 2, FIAEAER A FK)
TG sh, s € SaithfeshHy # soHoflsly Hy # soHo, HXHERERIS' € Sy \ {sh, sy }Hs'Hy = soHy.
RIE((S2 \ {5, 5 1) 71 (S2 \ {5, 55})) < H.

FALT BT RIITE, WS BT S5

EE3.2 CHX = MO(G, Sy, S1,S2) 2T A n > 6/k-1ENEEE. WREKg(X) =
3Hky <2, WX AR Ng- 5 1924 HLA S X0 2 T T 3 i — AN 2% A
(1) FFEGI TR HWZ|H| < 15 (3k — 6)$u<50> < H;

(2) FAAEGH TR HMITE so € S()(Vﬁ/%\fﬂ < 1 +1 (8k — 6)HM1(Sy \ {so}) <

(3) FAEGH) TREHE | H| < & (3k — 6)FI(S1) < H;

(4) FFEEGHTHHMNITE s, € Slwﬂ\m < 5 Bk = 6)H1(S1 \ {s1}) < H;

(5) FAEGHIFREH, Sof I FH{s01, -, Som}, S1HIE AT s11,-- 51, (1 <m+
5

n < )/WE|H‘ < m+n(3k 6) <(S() U {lg}) \ {801, cee ,Som}> < H, <(SQ>_1(SQ)> < H‘*H«Sl U
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{]‘G}) \ {8117 co 751n}> < 32H551~
Sty > 4k ENBEREX = MC(G, Sp, S1, So) FIEEIEMERB EIX, 0] LU FH 2L
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As3-optimally connected mixed Cayley graph
CHEN Lai-huan', MENG Ji-xiang®, LIU Feng-xia?
(1. College of Mathematics and Information Science, Henan University of Economics and Law,
Zhengzhou 450003, China;
2. College of Mathematics and System Sciences, Xinjiang University, Urumqgi 830046, China)

Abstract: For a connected graph X = (V, E), an edge set F' C E is a k-restricted edge cut if
X — F is disconnected such that every component of X — F' has at least k vertices. The k-restricted
edge connectivity A\i(X) of the graph X is the cardinality of a minimum k-restricted edge cut of X.
The article provides the 3-restricted edge connectivity and the As-optimal of the mixed Cayley graphs.

Keywords: mixed Cayley graph; restricted edge connectivity; atom; optimal
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