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F—#hs WB (HEIRZFFNETESEEAR) AR

m =

AR B B B IS FAAF P 5T EE R B S SRl E e AR RE
B L AR A O 6 BB, WAHE R T8 f.09, BRI W, Fody A% 7| AL 4
BAP MR Ao BB AR TACR WA ILIAF R 6 & BR A, AR B 18 i3 B 69 IR AR Ao 04 F AL A
¥ Cayley B, 7 T 4 R4 A8 B o4 5T LW AN, AT EIKL 10 2 F09F4; #ET
HFBEL A (B R, (n, k) ER%. B35 RE A%, sHB55 . LHRA L F KR s B3
7 LS ) SR EA (R ) BIAFEBE; FFH T ERBEHTHRESH 4S5 258 5585
Z Bk R, MR T 5 % F 4 MGG ST bi g 2 R EEEE, AT EA
WAL RBHRANEBE, AL T ETFTRE (R IHR, ZEF ) BN EEEE Aok AL EE
B AR A e T ENE. BEHE. §FRRARESY 2 208 F O ME (BPFAR) ; iE9
T BRI F IR TS E . B4R PR B RRIGH, AT ARBE AR, #F
AR B 5 ALAR ST BT T RAR 55 AR P 04 AR AL B4R, AR B xR TREAAR R A 2R A
HAT, ZRFIR AL S, A TR B A7, KRB LR RFRL 25 B, K&k 23 5, £F
AREARIRE S5 61272008 B9 17 . EXEHRTARRRKKF G AT ET A RNLIZE, Hoti ML
P A AR A B — I 09 B4R IR

§1 HKEBLEREMNSANTIEFAENE

MBI FE 5, B8 & IF 7T 0 466 () AT 1 A0 T I, DRA I8 i Bk 40 45 R vl DU Ik o, Horp
(AT 5 s 9 6% o (R AL B 2R A5 T0 AT, IR I R TR 4 TOA T IR RIS 248 PR AR P A e XS T
I RCE S ko o I X SR . ) T RN Z 75H5 P, Boesch 45 AL T 1981 4F
PR e . W RIS GRS (LD #RE T B — ANV, WIFR G il w3
JH¥] (super-x connected) (W A\ ZEHH 1] (super-A connected)). IXLEHES G F 4 80 SEACH
R XTI R A FEE AT T A
LA, Harary (2] 32 H £&4Fi%:8 & (conditional connectivity) ey (A3 §2.1 Bfiode—5 15t
1) ; Esfahanian fll Hakimi 3] #4601 JLAkfb, 3 AOFR4%1%38 & (restricted connectivity) M. {H
IS, XA T SRR AT 45 B R S AR B Y, DRI & AR RIF IR AT A9 SR AT S8 B bE e e L
B EHZRFIAR L], o ERFERR KA G BRI A 2T B 1 A S B NS AT
I JEWTFE. MICLLG, B A AMEIS 38 R 28BS 1T AE S I AT, AWK 4 13408 PR T 4
) i, BAANEE, e A SRR OS2, OC T 18] A FEWT AT P 5 £RIR SCHR AT B2
%, RIS W, Mader (4 FIEIAWFFT 45 5 W, Hellwig Fl Volkmann 1%
1Bauer, D., Boesch, F., Suffel, C. and Tindell, R., Connectivity extremal problems and the design of reliable proba-

bilistic networks. The theory and application of graphs. Y. Alavi and G. Chartrand (Editors), Wiley, New York (1981),
89-98.

2Harary, F., Conditional connectivity. Networks, 13 (3) (1983), 346-357.

3Esfahanian, A. H., and Hakimi, S. L., On computing a conditional edge-connectivity of a graph. Information
processing Letters, 27 (1988), 195-199.

4Mader W. Connectivity and edge connectivity in finite graphs. London mathematical Lecture. Note Series, 38(1979),
66-95

5Hellwig, A. and Volkmann, L., Maximally edge-connected and vertex-connected graphs and digraphs-A survey.
Discrete Mathematics, 308 (15) (2008), 3265-3296.




§1 2550 AR 30 JF 4 5T i B A Mk 5

FH I RIS NS, IR AR — AN N w 15 (o N ) K G L2 b
AR (B2 D 4000) A oAl G AN I HARAN W 43 SCHIAN AN i AEIETS S50, KL
JEE R 0320 A e T ok

WG = (V,E) ZERK, FcV(G) (#H FCEQG). M G-F ANEEH 6(G-F)>1, 1
2K F N G S (EEILED . G 1 A& EE L (super connectivity) kg (G) (BiFH AR A %
i (super edge-connectivity) \s(G)) & XA e/ NEE s F v 1 s 20 (ol e/ NI ) 40

V] 4 32 30 R 2 A2 A6 SR (6] gl I s oK, ‘B Y5 Esfahanian Ml Hakimi B $7% Y () FR 4] 3%
i@ B (restricted connectivity) 13 s Xl AEPRHIER L £, (G) (i FRIEMEE A\ (G)) &

B BRI TR 0 R SRR AN 5 AR AR A PR AR A (ol R AN T ORI R IL A
AEAEATBRAILFFD

ME SCRT AN, R R BRI RX AR AT A A D, BEXHEAT W G, i
Xs(G) SRR E N (G) 2—FEM, BI A(G) = A\ (G). PRk, VP2 SCHR AP FUPE R 100 5
TR/DER FOR . FsE b, VP2 AT O PRI 5 R E B b, Je B SR T R
X.

SR, R R g PR A X PSS 2 AR R ). i, 8K 1 Bos i G, e ME— ik
ME]F = {9, 25, v7} (LEA BB AE], RN 27 PIAELE {22, 25} € F) . I, £s(G) = 3. HG
T AT BRI SEL R, ke (G) AEAE. BOER], G MRS AR E A8 AHL prik, Wi . (G)
TEAE, A ks (G) AAAE, TTH. £5(G) < £,(G). R, W k5 (G) MEALE, A K, (G) B8 ALEAE.

Z1 z2 z3
0O
z7
A\
T4 Zs5 Ze6

1 ks(G) =3, T kr(G) NIEALE

AT R el i (ol BRARD) JLETR L, 4 ROE T SCHR A A9 23 158, 3 HLIE SR« BRI
WL ], IFLA N(G). B, R K, M5EalEl Ka MRRBIZEE N AEAE. 8 G i
R G BEAR K, AR Ks, ARG 9 X #EH. R, R G N IERK, A ek

%
Z/bJ¢ 4, 1 H. Esfahanian fl Hakimi Pl 1E0 T N(G) HIFEAENE.

L 1.1 sHEFT N %3 H G,
ANG) <N (G) <€(G),

HF NG) & G 9B, ((G) £ G WA, B £(G) = min{dg(z)+da(y) : 7y € E(G)}—2.
G RN N AR, WER N (G) = €(G); AWFR A AR X ALY,

§1.1 BHLER. BEMCR

XA PR L AT I P ) PR A G A Dt TR L ARUR i) B
ST AT K G, MG) = 6(Q), Hf MG) F1 6(G) 43l G R33N

(2005), 191-195.
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VieEZNE! G(n;:I:S),/\EF‘S—{Sl,...,Sk}E_O<81< < sk < L IE T0i 7 \my‘]{(),l,"'an_l}a
LN {ij « AAAEHA ¢ AT4F |j — i] = s¢(mod n)}.

PR A (circulant graph) & B IILAESCER 7] b, HEBEHTR WAL 4 ST ER k> 1,
EREEEL S TS G(n; £5) A/ EAT. »’§~5’JIIE59§ TEIN S T, AR 2k 4R ap # 2, 15
WISk (2k — 1) IEWIR. S TORER B BRI E R L, 27w RAIZETRE) SR1Gan H 45 L.

i

1.2 N(G(n;£S5)) =&(G(n;+£8)) =4k —2, £ S={s1,....s6} B 1<s1 < - <5, <%,
> 2.

=

KT AT I I BRI IZE T, 2002 4F, 4745 A0) $R45 Nk g5 R

Rl 1.3 KRG A n(>4) METEERE, ENE d(>2). 1
(a) R n ZHHK, & G REZAT, R4 N(G) =¢(G) =2d - 2; H
(b) HGEEEH m (>2) EF d<N(G) =2 <2d-3.

#Ei£ 1.4 (Esfahanian'®, 1989) 3t FAR 54K Q, (n > 2), N (Qn) = &(Qn) =2n — 2.

MA@ 1.3 SERRGL: 3T n B d B NEEME G, e AAE N R, A

d<N(G) < g <2d-3.
P28 SCEE (44 P s R F L 1 [ ot g S ) (0] R A
BE15 AT ol dEETEEBE G, Rd< N(G) <G), A4 NG)=1in
1997 /D AFYEA= T AEMOR RN I8 SO, TR B BOE AR 1.5, SR, (H3RAG i B 45 12

W 1.6 M TFLENEK dF s, d>3 L 0<s<d-3 G dEETTEEBE G 1243
N(G)=d+sedZTHRE s ZI1BE.

IR T R ANEER K G N(G) = LV(G)|. MEEEMEE s Rlm (> 1), &

) Gk +s£{1,2,--- ,m}), FHk=2m+1,
0 Gk +54{1,2,-- ,m—1Lm+1s}), #k=2m H s ZMHH

4 G & Go RIERE Ky MR, B G = GoO Ky, (EXBELFR, KNP AFT O &+
BagsF REAR) . A G 2R, TH XN (G) =v(Go) =k + 5 = L|V(G)|.
Al 1.3 (b) 1 N(G) = NG) METIEE G WIRAAAER. Fist b, FERE I N

"Wong, C. K., and Coppersmith, D., A combinatorial problem related to multimodule memory organization. Journal
of Association for Computing Machinery, 21 (3) (1974), 392-401.

8Li, Q. L. and Li, Q., Reliability analysis of circulant graphs. Networks, 31 (2) (1998), 61-65.

9%u, J.-M. and Xu, K.-L., On restricted edge-connectivity of graphs. Discrete Mathematics, 243 (1-3) (2002),
291-298.

10Esfahanian, A. H., Generalized measures of fault tolerance with application to n-cube networks. IEEE Transactions
on Computers, 38 (11) (1989), 1586-1591.

Mhttp://staff.ustc.edu.cn/~xujm/essay2003b.pdf, 2003.

121, L. and Xu, J.-M., On restricted edge-connectivity of vertex-transitive graphs. ¥ B # 3 #H K X ¥ 54k, 33 (3)
(2004), 266-272.
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R 1.7 R G R N, ey S TiEEE B, ENE d(>3). 0
NG =de G et dhzeThH K.

#illn, G = K,OKa, Hi17 A\(G) = AG) =n = 1|V(G)|.

DTS ARER AT LS AN T TRDKRBEA . — T3 ELRCUE AT AR, o) — Jr i i ) 55 e 4
*H

Ry 3 s AT AT PRI 7%, — &R Cayley B, &R EIRIa 5. Cayley & miv]iE
(1), 7L T Cayley Hl ()45 B 81 0 H RIS EAT LT Cayley MHIBR i 4m BE Edk—5 1)
R DU TR (Cayley B HOE R RIRFRATD My SOTIE (Cayley B, WIS R KRN
Ve P IR 1 3 T T 5 | RS AT TR K D

B (2002 R4 AR RN 5 I, DA AR R (2003 805D 85 I B
1, ORI, KK ERTAR 1.5, Bl ATIT K G 018 AG) < N,(G) < 3|V(G)|, (H&AT
1. AR R, B RERAE NS R R B TN SURE R /K SRR 8 4 300 5 T 4
(14,15,16] ] DM 0 Hofh 2 F o0 A5 AR 1.5, RIS B s, RIWARCIIE R T, B L
SCHRAERIF T R AT SE Fel A R 2K SR el 149 S ke

10 42, F5AR 1.5 — ER B TRAT T O Sk TR I ), S IS BN KA A ) 5k, 3938 AT U
2012 4FJI, FAi e Pl B R O ARRHE R 4T H <<frﬁmﬂ7~¢ﬁ’1 A TS ) I, e SN
ZI0H S AN T BRI R, ER AT AR R OR T R R X T T (AT AR

FEIZIH PAT IR, AT AT SERT UAE A BRARUE A T A5 AR 1.5, 215 1T LURBERT
LS MOERATE. BaE 1.6, W d =3, A s =0. G5 1.3, frdl 1.6 Fldn il 1.7, A4 %
T H T 7 5 — R 1)

B 1.8 AR FH d(>5) PIEEEM s (1<s<d-3), RTHHEn W d EETEHER @
45 N(G) =d+s < 3n.

B SRR S, (HE T Cayley B s iR, ik Cayley Bk i) i &
I 1R 1. WIE Cayley ¥l Cr(S) OB B —NEIEMHE T FIEEEE S. C&%IE: Cayley
.El’]%‘?d\%* WA Cayley ¥, BEARTGIE N R IR AR kpits th e g, A 15 T LA il F A B
BRRF IR, AR BRI F A BELRUEE AT Cayley T FNE?
HERA (2011 R AR R A Lﬁ.lﬁiﬁﬂ,llﬂ 1.8. I AN R R IR IE, 2T 1%
IjJT' DL A 4HIZ AT T8 A LI A 1) LR A R

§1.2 Cayley

[l — K Cayley K. % T = (X,0) 2T MHE, S c X HAS T MHEAIG. BT T4 S 1
Cayley ¥l Cr(S) AT R4k X FILEE {(z,y): 27 loy €S, z,y € X}

3 Tindell, R., Connectivity of Cayley Graphs. In Combinatorial Network Theory (D.Z. Du and D.F. Hsu, eds.), pp.
41-64, Kluwer Academic Publishers, 1996.

M1ii, M., Chen, G.-L. and Xu, J.-M., On super edge-connectivity of Cartesian product graphs. Networks, 49 (2006),
135-157.

15Lii, M., Wu, C., Chen, G.-L. and Lii, C., On super connectivity of Cartesian product graphs. Networks, 52 (2008),
78-87.

1611, M., Chen, G.-L. and Xu, X.-R., On super edge-connectivity of product graphs. Applied Mathematics and
Computation, 207 (2009), 300-306.
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BIF 1.9 #A3KE G(n; S) £ Cayley B.

& n (> 2) BHIEHEE Z,, 0 BAITG, i =n—i=—i. R S = {1}, B2* n=2 R,
S—1=8; M n#£2Hf, S #£S. K Cayley B Cz,({1}) = Ka, Oz, ({1}) &K n (= 3) K1
Bl C,,, M Cz, ({1,n—1}) Z2KNH n (> 3) MENE C,.

—MeHE, #F S C {1,2,---,n—1},n > 3, WY S~ £ S B, Cayley Kl Cz,(S) ZEHAT K
G(n; S); M4 S~ = S WHEIGA LMK G(n; +S).

— MK, Cayley B O (S) AT, 1R S =81, HA Cp(S) LK. NS EAR
BTSN (B0 (A MRS ) DO g B 4.4.1.).

R 1.10 Cayley B ETEH, 3 H Cayley B8 & F RELMDZ Cayley B. FAFHRIF, K
Gi = Cr,(S;) RAMBETD; = (X;,0;) A F%E S 49 Cayley B, A4 G =G0OG0---0G, ##
=Ty xIyx---xI,, F%

S = O{elmei,l} x S; x {eit1--en},
=1
4 Cayley B Cr(9), £F e; £ T; 898450, i=1,2,---,n
fflF 1.11 BZHIK Q, & Cayley A.
FZJERE T = (Zo)" = Zo X Lo X -+ X Lo, FIBTE N:
(@1 an)o (Y1 yn) = (x1 +y1)(mod 2) -+ (zn + yn)(mod 2),
Hdr g, vy, €{0,1},e,=0,i=1,2,--- ,n. &
S = O{elmei,l} x S; x {eiq1--en}
=1

= {100---00,010---00,---,000---01},

Hrp s, ={1},i=1,2,--- ,n. AHEER] S HHTEICEA L W, BIFF S~ = S. T4, Cayley ¥
Cr(S) )T i, ddrd 1.10 41, XNEE KoOKoO - O Ky, ERtEE TR Q.

BlF 1.12 n 7B E CCC, & Cayley B.

n YENTJ7IER S (cube-connected cycle ') cCC,. MEM &, CCC, = Ky = Q1; CCCy =
Cs, ‘B LLEME 2 LT Qo TFRE AT R % Ko MR, X T n > 3, CCC,
& ML Qn IR B RN I S e i il ©, TfEIMKL &l 2 PRI CCCs. AL TT
& Q, NI C, # Cayley &, i EIREAUS RN TTEM R COC, ikt Cayley &l H5E L, ¥
I = (Zy)" X Z, S = {(oo -0;1), (00---0;n — 1), (10---0;0)}, B4 CCC(n) & Cayley & Cr(S).
WEMJE T Carlesson 25 AT (tBHT LS WL CH-G M2 BEiS ) 191 ol 1+ 3.5.3.) , J5 VAT A,
&ﬁﬁﬁﬁﬂlﬁ‘]%ﬁéﬂ@.

17Preparata, F. P. and Vuillemin, J., The cube-connected cycles: a versatile network for parallel computation. Com-
munications of the Association for Computing Machinery, 24 (5) (1981), 300-309.
18Carlsson, G. E., Cruthirds, J. E., Sexton, H. B., and Wright, C. G., Interconnection networks based on a general-

ization of cube-connected cycles. IEEE Transactions on Computers, 34 (8) (1985), 769-772.
1R, LA MR, dbT: A G, 2007 5 R
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(000,2) (001,2)
000 001
Q 0O
(000,1) (000,0) (001,0) (001,1)
100 101 (100,2)  (101,2)
(100,0) © O Q O (101,0)
110 111
(100,1) ¢ Y (101,1)
(e O
010 Qs o1l (110,1) ) (111,1)
0 (110,0) 50— & (111,0)
(110,2)  (111,2)
(010,1) (010,0) (011,0) (011,1)
1 2
(010,2) (011,2)
s Q3®C3

Kl 2 3 47 E ML coCs = Qs@®Cs.

BT 1R B A AR 2 AR BLAERR 60201, Dunbar Fl Haynes (201, Favaron (21:22]
Wt KA (inflation or inflated graph) . G MEMKEE G RN « B4 K
K (z)- Alon 55 N2 Fl Hoory 45 A4 A I 0FF0S BRI (replacement product) K], I
WrE > Cayley Kl IEACTAR K& Cayley . ABATIAERRIR AN 25 L FH 2P NES . PN HE
=1 ELARR A B AR AR,

§1.3 BERUFEMN
HCnl A F A AR (semidirect product) Fl—LEAH 5 KBS HE &

B A= (A00) Fl B=(B,x) WM M A 2| B HZR 4 (group homomorphism) g BRI
¢: A— B plaob) = pa)* ¢(b). #E B ERE A EIIAEA (action) EHEFA ¢: B — Aut(A)
WL o(b) = ¢y H ¢(biba) = ¢(b1)d(ba) = ¢, dv,, FH Aut(A) A& A 11 FIRIHE.

HE IS TR AN T 6 A1 =45 B E i Al A H.

Rl 1.13 K A fe B RANARBE, es F7 ep 2FIR A A B AL, ¢ RN A 2| B 097%

(a) ¢lea) =ep;
(b) p(a™t) = (¢(a)) ! HHEHEA a € A

£ B MIEH ¢ K, a € A f14id (orbit) 24 of = {¢(a) € A: be B}.

20Dunbar, J. E. and Haynes, T.W., Domination in inflated graphs, Congr. Numer. 118 (1996), 143-154.

21Favaron, O., Irredundance in inflated graphs. Journal of Graph Theory, 28(2)(1998), 97-104.

22Favaron, O., Inflated graphs with equal independence number and upper irredundance number. Discrete Mathe-
matics, 236(1-3) (2001), 81-94.

23 Alon, N., Lubotzky, A. and Wigderson, A., Semi-direct product in groups and zig-zag product in graphs: connections
and applications (extended abstract). In 42nd IEEE Symposium on Foundations of Computer Science (Las Vegas, NV,
2001), pp. 630-637. IEEE Computer Society, 2001.

24Hoory, S., Linial, N. and Wigderson, A., Expander graphs and their applications. Bull. Amer. Math. Soc. (N.S.)
43 (4) (2006), 439-561.
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fBIF 1.14 W A= (Zo)" =Zo X Lo X -+ X Lo, B =7y, & n NIEHHE,

e0=0---0, e;=0---010---0 i=1,2,...,n. (1.1.1)
~—— ' = =

n i—1 n—i
Hr eg 72 (Zo)™ BIBATIG, {e1,ea,. .. en} WTELESIE n 23 [0] FIRIHELE.
Bt A LI ¢ (b WD a = araz. . a, € A,

¢i(a):al_iaz_i...an,i(modn), i=0,....,n—1¢€ B.
fltn, Wk a=er, WA gi(er) = eipr (1 =0,1,...,n—1). f£ ¢ FHIHIE
elB - {617627”' 7677,}-

B AR BXT ¢ MFAM (semidirect product) A x4 B M, BMAEN Ax B =
{(a,b): a€ Abe B} Ml _Jtiafi «

(al,bl) * (ag,bz) = (a1¢b1 (az),blbz), ai,as € A, bl,b2 < .B7
BAITCAE (ea,ep), H ea Ml ep 739l& A FI B (AT, JTGHR (a,b) KT
(a’ab)_l = (d)b*l (a_l)vb_l)'

AU ¢ ot A HESE AR, W (a1, b1) * (az,b2) = (araz,bibs), A xg B B HAR A x B.

HER P TR RN T2 W Alon 55 N LRk SCEE 31 VP2 ) O )R e A 0 s P AN BE I T B AR
200, w0, R R ERR, SA74 25] F Ganesan [26] #fi5E T B Se - iS22 1 1K) Cayley (1 E [H)
Re s JRIE 2 N (272280 i s 1 ACHEARE SRS B ARE WU 286 1) 1 DRI iR, R0 1 EL AR A FH A IR A B
P2 Cayley B, 0, Ja45 W14 NI290 UEB T 0BT AR M E% DC,, 42 Cayley Kl Crryryw,z, (),
HrAp T = (Zy)", S = {(eo, e1,0), ..., (eo,en,0), (eo,e0, 1)}, EH ¢ : Zy — Aut(T x T) & XU~

(a,8) #i=0;

di(a, ) = {(ﬁ,a) #Hi=1.

Alon il Hoory 5 N$231| Cayley &l Ca(Sa) Fl Cp(Sp) BB Ca(S4)®CE(SE) & Cayley
Cax,B(S). EIREAITPIEE 4 E LMR?

§1.4 [ERIEBKFER

B e BT (replacement product) TFZ AF R E S T HRAI T X R H B
Hoory 5 N4 #2158 3, g Gr Al Go #OEIENE. B Gy A& n B 61 IEWE], Go 42 61 B 6o
IEWEL XA 2 € V(Gr), Gi PORIET o BT AR SR el e2, ... el

25Feng, Y.-Q., Automorphism groups of Cayley graphs on symmetric groups with generating transposition sets.
Journal of Combinatorial Theory, Series B, 96 (2006), 67-72.
26 Ganesan, A., Automorphism groups of Cayley graphs generated by connected transposition sets, Discrete Mathe-

matics, 313 (2013), 2482-2485.
27Zhou, J.-X., The automorphism group of the alternating group graph. Applied Mathematics Letters, 24 (2011),

229-231.
28Zhang, W.-J. and Zhou, J.-X., Automorphisms of the alternating group network. Ars Combinatoria, 128 (2016),

301-307.
29Zhou, S.-M., Chen, L.-X. and Xu, J.-M., Conditional fault diagnosability of dual-cubes. International Journal of

Foundations of Computer Science, 23 (8) (2012), 1729-1749.
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EX 115 X G ZnM o ENE, Gy £ 6 W6, ENE. G A2 G HEHRERAB GI®G,,
HEF V(GI®G:) = V(G1) x V(Ga), ARETRE (x,1) F (y,5) (HLF 2,y € V(Gy), i,j € V(Gs))
EGIR®G, PHAME & XA c=y B ij € B(Gy), & zy € B(Gy) B el =ay= el

FMEF, BUEHs Gy A Gy mie P b (R Gy b osimK2E, Gy mihee) | RIS Gy 7
wift Gn RN« BAERS Go (0 0 TRAE Gy RENIL f B B 3 B2 Ky il Cs 1
BRI Ka®Cs YLK Ky Tk, X T, e sl iy, Jdl]— H s il
.

(z,0) (z,1)

(y,2) (u,1)
Ki®C3

3 BAIRRIE Ki®Cs.

FHRAE (lexicographic product) G1[Ge]: TEEN V(G1) x V(Ga), WAL (z,4) A (y,5)
M & i o=y Hij € BE(Gs) W& ay € B(Gr), RIEEA KM el = xy = el”. K, BAK
G1®G2 &7 IR G1[G,] T K.

FHFAE JEH Hausdorff 3O HLHEHI KA. Sabidussi B AIEH T: G1[Go] &M WIEH <
Gy 1 Gy #E HIEM. RIUEW: XA i = 1,2, % G; & Cayley K Or,(S;), e; »& Ty AL
T6. A F-HIRR G1[Go) & Cayley Bl Cr(S), Hth T'=T1 x T2, S = (S x [o}) U ({er} x So). &
3 §2.10 BT A

Yo B F IUIRAR K, BATAFAIE S — Nl s M B gt g ATt A Tatd B g
R k1) & G2CKS] (n>6)RF LQ3)[KS] (n>1), £F L(Qs) ZFHK Qs 494K A,
K¢ & m WA, PRel K, ¢948E.

AL 2L K (inflation or inflated graph), 3% B3 SRR IRAR ] 3 I K 1] IO A4S TR 1 .
SO N SES T BT Q TSI Qu®K, f Cayley [ 1351

Vel PR AR TR AR A A 1] e I 28 1) TR BTV 2 —. o, ST i, 5 A AL T 1B PE) CCC,, it
RENL TR Qn FIFE C,, IR Q.®C, (WKl 2 Fr7r) . 534k, Malluhi Fl Bayoumi (361 2 i}

30Hausdorff, F., Grundziige der Mengenlehre. Leipzig, 1914.

31Sabidussi, G., The lexicographic product of graphs. Duke Math. J., 28(1961), 573-578.

32Meng, J., Connectivity of vertex and edge transitive graphs. Discrete Applied Math., 127 (2003), 601-613.

335%: MEFTHLAG AR B4 “VINTE” | PA G B F LT 6932 7T 3.

34Liu, J., Zhang, X.-D., Cube-connected complete graphs. IAENG International Journal of Applied Mathematics,
44(3)(2014), IJAM_44_3_03.

3572 HAEA L Carlesson A (18] ¢ 75 ik—#F (a4f# 2% A 3R BAX B LK. $ 3 [J.-M. Xu, Topological structure
and analysis of interconnection networks, Kluwer Academic Publishers, Dordrecht, 2001.] FE 90 B 3 ENBT
Carlesson AT k. V£ TiZ B, 205 AH RAMAEN.

36Malluhi, Q. M. and Bayoumi, M. A., The hierarchical hypercube: A new interconnection topology for massively
parallel systems. IEEE Transactions on Parallel and Distributed Systems, 5(1) (1994), 17-30.
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(1) n 457 JZHENL TR (hierarchical hypercube) M4 HHC, /& Qam Fl Q ZAUE Qomn ®Q,
o =27+ m. W 4 FToRfE 0 B i RME HHC, it m =2 H n=6.

(b) HHCs
4 YR ITRNS: HHC
IXUEH SR EEIRA T, A T IR BIFRAM B 1, PR Q. REIAE] G(n, £8) AR
ELEHERE, KA EA #R A& Cayley .

JIHNR L R AGRARIE AR 3 TR0 3 M8 Al Hamilton ~F T & I MHT, L% 0 H IF 50
o, FUE U U B R AR AR A L2, (I8 S 1.

O

(b) Tutte T (c) Ka

K5 Tutte B

1880 4F, Tait (B7) £ “AFA> 3 1L 3 JE 0 P11 & #62 Hamilton K™ (OB M4 I T GA5AR
“UERH” . NTZAFEJG, Tutte B8] (1946) #it 7 —A> 3 IEW 3 14 E Hamillton “FIE (Kl 5 (a)), M
MAE T Tait FJUEM. Tutte BIHUEWERE Ky B 3 DAL (B 5 (c) TR H Tutte 1K (K
5 (b)) KEAGS RIS, B/ FlE 38 N A, BT &R 6 A 5 54T (K1 6 (b) ) TN A (]

37Tait, P. G., On the colouring of maps. Proc. Royal Soc. Edinburgh, 10 (1878-1880), 501-503
38Tutte, W, T., On Hamiltonian circuits. J. London Math. Soc., 21 (1946), 98-101
39Holton, D. A. and McKay, B. D., The smallest non-Hamiltonian 3-connected cubic planar graphs have 38 vertices.

Journal of Combinatorial Theory, Series B, 45 (3) (1988), 305 - 319
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1 3
(a) Tutte 7K G

(b) TikEA:
P 6 Tait {5 N R Ha 3

§1.5 Cayley BRI FEID
T B P ARTRAR R ) oA S, PR T DARRIA — AN OREE S I, E i AE MR B v LAl |

BRE 1.16 X A F= B ZANAFREE, S A2 Sp 7512 A F B #9AERE, |Sa|=|B| =2, ¢ £ B
A LR HR Sy =28 (z€8S4), B S={(ea,b): be Sp}U{(z,ep)}.

EIE 1.17 AEMBE 116 F, S AR AxgB. MmE, R Sp=83' Hao=2"!, Az S=95"1 A
Cax,5(S) & Ca(Sa) 2 Cp(Sp) t9BNRRRA.

BB — R @B 1.17 PR AIAA B RO FTHR Cayley IR HIE, BE X, M
TR 3 /> Cayley Kl Ca(Sa), Cp(Sp) Ml Cax,s(S) EBRTIME, Z&A“Sa = 54", Sp=S5" Fl
S =817 HRAELER. i 1.13 (b) & B 4 A _ERAEME 6,

(xveB)_l = (¢€B (z_l)aeB) = (x_lveB)'
P, 2641 “S = S0 MWH

{(ea,b): be Sp}U{(x,ep)} {(ea,b): be SptU{(z,ep)}) !
(

ea, b1 be Sptu{(zten)}
KERERMN“S =S L& “Sp = S5t H o =217 25401

RUONEAER ¢ 8 Sa = 2B, FTUXHEAT a € Sa, FEEFED b e B TS a = ¢p(z). M 1.13
(b)7 N{E{Ej ac SA ﬁ

=
=

r=2tea=g@x) =gz ) = () =at, Bla=2'e =91

A E B A (zig-zag) TR 1400 (RERERIE TE, @3 1.17 (0 JRUah B g ) B b %08 7 Alon 45
NEER S 23 e B 2.3 1, Caw,5(S) = Ca(Sa)®Cp(Sp), HEAUEM. Hoory 4& NAELRA L
=R R e 11.22 A LRSS AR, BERAE &M “S = 5717, RHE &M “e = 2717 Al
“Sp = S UEBEATERE. FRAT IS L S SE R IR FIRIE B, I O (1) 22 B0 VR AR A 5 A QR AR I 1)
115 KAE - CA>4¢B(S) = Ca(Sa) H Cg(SB) AT 4.

0F £ R B 4EE (zig-zag ) ARG B A L HK [O. Reingold, S. Vadhan and A. Wigderson, EntropyWaves, The zig-zag
graph product, and new constant-degree expanders and extractors. Proc. of the 41st FOCS (2000), pp. 3-13] .
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fBlF 118 & A = (Z)", B = Zn. W ea = e, ep = 0. % Sa = {er,ea,...,en}, HH ¢
(1) Fre X, et =e Ge{1,2,...,n}), 7% Sp = £{s1,52,...,5x}. M4, Cayley
Ca(Sa) AH IR Q, (ILBIF 1.11) | Cayley B Cp(Sp) EMEHRE G(n,£S) (WFIF 1.9) .
% ¢ &t BAE A BEH CGESCAERIT 1.14) . IBA, Sa 74 ¢ NICE e € Sa MEIE P, 4
S={(ea,s): seSptu{(er,en)}. Ma =571 HEM 1.17, S £ A%y B, H Cax,p(S) &
Ca(Sa) 1 Cp(Sp) HIZARIFA.

ol 4R Sp = {1,n—1}, A S = {(e0,1), (e0,n—1), (e1,0)}. Cayley &l Cz,ynx,2,(S) =
Q.®C, = CCC,. K 2 BRI LI ERRE CCC(3) it Qs F Cs FIZACIRFK, 1 H A2 Cayley
Co, 2, ({(000, 1), (000,2), (100,0)}).

% Sp={1,2,...,n—1}, Wl Cp(Sp) &K K,. & S=/{(eo,1),...,(e0,n—1),(e1,0)}. N
Cayley ¥l Cz,)n 5,2, (S) = Qu®K,. Xt 2&XIAHE A BY 433 145 L.

4 A=174, B="173 Sa={1,2,3}, Sp={1,2}. W Sa /& Zy ML, Sp 4 Zs MIEAE,
1M H. Cayley Kl Oz, (Sa) &5¢4K Ky, Cayley Kl Cz,(Sp) =M Cs. B ¢ = {b1, 0,03} & B £ A
PR, Hh gy = (1234) & Qu B ARG @0 = 63, o3 = ¢f. WIKE 1€ Sy AT Sa =18, H
S ={(ea,b): be Sg}U{(1,ep)} ={01,02,10}. HHEHE 1.17 51, BT K K,®Cs & Cayley
Crix,zs(S), Horf § = {01,02,10}. Rk, & 3 Fros AT Kua®Cs 22 Cayley &, AT
AR .

§1.6 EHRFMEMLEEE

J T IS BFRATT H ), AT I AR K L3
VEPE. MRS @ = 1,2, W Gy AWK, N\ A6,
H R AR TR P F) a0 3 T R .

EHE 1.19 & G, #2 Gy, AAAZEEE. N

WM PR ALE . 507 S AR L
TR Gy LI EEA /N EE. R IR B

min{/\l, /\2} < A(G1®G2) g min{/\l, 52 + 1} (112)
rﬁjﬂ, '}(U% K1 2 27 }JFQ‘
min{)\l, )\2 + 1} < )\(G1®G2) (113)
1 8
2 7
®
3 6
4 5
G2

K7 BEWIERE 119 AN “ry > 27 AR DIEAE G R Ga
SEI 119 PR “ry > 27 WA (1.1.3) AR, B, A Gy B Gy Il 7
Fis. RO k=1, M =4, Ay =62 =2, Gi®G2 & 3 LN, H
AMG1®G2) =2 < min{4, 3} = min{\;, Ay + 1}.

4h4 Whitney AR £(G) < MNG) < 6(G) FIERE 1.19, S HIERA MidHER.



§1 4 AR B B9 BT L B A A2 15

HEL 1.20 K G| #= Gy 2 AAEERE. N

(a) MG1®G2) =1 R A\ =1;

(b) MG1®G2) = A1 %2R Ag > Ay;

(€) MG1®G2) =\ %R k1 =2 H Ay >\ — 1

() M(G1®G2) = min{A;, 00+ 1} 40F k> 2 B Ay = 5.

IS 1.21 HMEFT n ENEBE G HA NGRK,) = A(G).

IS 1.22 AHMEAT n BN 258 G HAH AGRC,) = min{\(G), 3}.

§1.7 BREREHRGLERE
IX 1 LR AR AR I ) R TR e T P82, 1 o L R A SRR e P B 2 0 g 5
EIE 1.23 K Gy Fo Gy ARANEEBHE, WH 6 >4. M
min{A;, k1 4 Ag — 1,29, Xy + 2} < N(G1®G2) < min{\;, 255} (1.1.4)
HAR, 2ok k> M — A+ 1 (RF k> A+ 1) H Gy Z N #HHY, A
N(G1®G2) = min{\;, 285} (1.1.5)
HE B 1.23, W EIFS 3] MR HER.
HIL 1.24 X G, Fo Gy ARANZER. R k=) B Gy £ N K8 0
N (G1®G2) = min{\;, 285}

I G W ANEE X ) (super-M\) WHRAEN X UE B G PEATIA. 8K, G 2 )<
N(G) > ANG). BHER 1.23, VLIRS NiRL5 0

EE 1.25 K Gy A2 Gy ZFEHE. ZFri > —d+122 (k> )\2+1)_ELG2?E)\I’VL\§/J n
(a) G1®G2 ?E N ’f}[‘é/] =4 )\1 > 252,‘
(b) G1®G2 Z%%"Q A élJ S A > 09+ 1.

?E'Vt\. 1.26 X Gl ﬁu G2 Z%lﬁ/l\l:%ﬁ@, H 51 > 4. ‘f(ﬂ% R1 = )\1 =2 H G2 /’% N ’ﬁ{,é/], %J[VA
(a) G1®G2 7~E7E N ’T}Léﬁ SN\ > 252,’
(b) G1®G2 Z%%"Q A élJ S A > 0g + 1.

HEW 1.26 AEUEMY S IS5 R i 7oA.

#i2 1.27 R G & n ENFEBE, H £(G) =3, A4 N(GRC,) = min{\(G),4}.
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§1.8 (GEMRFIAEBEER R AEEFEN

TIAE 12525 5 PR 04500 P2 ) s T B A ek
G WFRA kAR, W £(G) = 8(G). #5 Ca(Sa) #& x B H Cp(Sp) & X AL, W R
Mg RZE L Cayley Kl Cas,B(S) & N LA 2 5AT

EIE 1.28 AMRE 1.16 F, & S = {(ea,s) : s € St U{(z,ep)} B S = S~ R Cayley
B Ca(Sa) A& & 89 E Cayley B Cp(Sp) & XN #H#, R4 Cayley B Can,p(S) £ N £

B+ 1.29 W A= (Z)", B="17Zn. Sa={e1,€2,...,en}, Sp = {51,582, ..., 51} (sx < %, k >2).
B¢ s HE]F 1.14 FprE XM B 4 A FIEH, S = {(e1,0), (e, 5) : s € S} 4, HHER 1.4 Fl
Ca(Sa) = Qu A ALMK), BATE 1.3 51 Cp(Sp) = G(n, £5) & X K. £ G = Cax,p(9). BE
H1.28, G & N I < [|Se] < 318l =L1n.

) 1.29 FIEERE 1.28 W HI G R ik4E .

EIE 1.30 &K A = (Z2)", B = Zyn, Sa = {e1,e0,...,en}, EF e 2o (1.1.1) BTEZX, Sp =
+{s1,82,....s6}, k=2, 5, <%, ¢ & BEALAGER BT 1.14 FH®. 4 G=Cax,p(9), &
F S ={(eo,5):5€SpIU{(e1,0)}. 3R 2 < |Sp|<n—1, A4 G R N ey B

v(G)
2 )

AMG) < N(G)=n< n >3,
BIF 1.31 XEEEMTH d(>5) IEEES s 1 <s<d-3), % n=d+s k=251l
LEEH 130 H, A1 |Sp| =d =1 H G = Cpare, 5 (S) 4 Cayley Bl BIA 1< s <d -3, fitl
dts < |Spl <d+s—1. HER 1.30, G &4E X LM, i H

(d+s)-29Ts  v(Q)

NG =d<N(G)=d+s< : -2

B 1.31 W LARRIR A 11 ) 5 2.

EIE 1.32 AT THA(0) PIEEEK s (1<s<d-3), HEENEH d 4 Cayley B G
145 N(G) =d+s < 0(G).

K2 Cayley & v/, BrCAERE 1.32 F4ZRI% T i@ 1.8, XS5 AN EM L 1 A
B 10 ZAE—HARME PR, T HAF S RS T T KOS Tt 3R, A A AR
XA 45 R R rh R R 20D T S A G R

SO R IR ARSI, KR (LR, 1712 B, On restricted edge-connectivity of re-
placement product graphs. SCIENCE CHINA Mathematics, (60) (4) (2017), 745-758) — .

AT 5 R N AR b RO IR RO SR Gl s B RURSE . F LU
R AR T T TR AN R 7 o TR SR RIS b TR i)
B RS B RS RS . R R4 10 2 ke, CIERURERIAL A8 A
IS LI RS HCEIRT ) - CKEA IR S ST 23 ) FI 201655 55 = )i e 9 9
R LA Wi 2 ) R I TS SOR RIS 73, 2 B RAT) 2], fe S L. Ei
[F) 3K 26 i3] 4 7 7 Sk i
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§2 MZHFEEMEMR

§2.1 [ERE n EBEE b EEE

AR JRL L, DR 288 FRY 2 1 e T V2 ] PR B 00 A PR . {20 L R0 R o %o e ) % 7 ik
W AR, BN AN REAEAN W 4y ST R /IME L. A T S A b X 286 (1) 254 7, Harary 2
P EATIEIIE (conditional connectivity) M. X T &K G B4 S, G — S PAEEANE 4y
Y ENH A EAE R 2. WRIETER 2 (ANE], Harary $2H 13 B AR, A TE IO ) T8
PR BT A BRI 4 S I AT 4 0 ) R B /NS (R Harary $2H0EE (CO FORIZE (ED Pk
PRI .

H A4 Harary #1195 (C) Fh g AFIEMEE, HoA (451 SRR 7 S ) BN T
— NG EREEE h. Harary Ui/& Harvey Greenberg [ fih & 754 AAEWFFLX PRI . Fabrega Fl
Fiol Y X Fhidl SRR N 3% h 518 E  (extra h-connectivity) .

WG = (V,E) &K, FcV(G) (¥ F C EG)). XTHENER h(>0), Ik G- F
ANFET T HAFAN RS2 P i S BOT by IRARR F oA G 58 b S (B8 hia%). G
3% h LR £0V(G) (ER b aEEE A(Q)) i XUNE/N b O (0 BN B
WEIF LR, X T R 1 R IRERE G, x0(6) (1k#F A(G) B i < (G)
(WF A(@) F4E, WIFR G A w8 ¥l (i A0 dEmED - B M T h > 1, Wi e &
s (Gl A L, B4 s TV(6) < k(@) WE APV <A 6)

e AT AU b IR, K RN A S BN T R SO RN “R7
0, i H, Volkmann, 5KHA%E A [42:43,44] 3 4 5 | AR G 45 LI 1% = 1.

BUAEA 44 Harvary $2 H 1958 (B) B 100 B2, Forb A9 45 A LR REAN 118 43 32 [P e /N BEAS /S
T h, IXPRIEE TR AR b %18 Z (super h-connectivity) (FEAHITIES I (A& ML FRiE ) 19
S $16.6 1Y) .

¥ G = (V,E) ZIEHKE, F c V(Q) (& F c BE(G)). A THEMEE h0), Wk G -F
ANERT Hase DEANT by AR F 4 G 1 b i F) (08 n LH). B G MR b EdE
(@) (RHER b kB E A (G) SN RN b B (0 N b L E L)
ST b > 1 B EERE G, (@) @#H (@) A ik s (@) w1 A (G))
TEAE, WRR G Oy ) ) (g A MEIED . AR, 3T R > 1, R 6 kY Gl A %
WEL B M6 < PG @E APV < A6 .

SR A8 RS, Wil F ol h ) A 6(G - F) > h. B, G — F G4NE
WA b+ 1 ATUE. BefiFin, ST 0 MOEKE G, h AEIREE b EEL R, £
Y G ot k8 Hf, TH £0(GQ) < k(@) FREHE, AP EEE G s A S, T
H (@) < AM(G). FIXHEST A (= 0),

MG < kP(@), AP(@) < A(G). (2.2.6)

o

Bk 8@ B AM(G) (83 k(@) R A (G)) E k(G) Bl NG) TREHERISE M %% G 11
PEPE, PRI T — 25 2 M2, i€ X 4 DSHUE — B2 A& MBS TARE FrocOf @l {8
4 Fabrega, J. and Fiol, M. A., On the extraconnectivity of graphs. Discrete Mathematics, 155 (1996) 49-57.

42Meng, J.-X. and Ji, Y., On a kind of restricted edge connectivity of graphs. Discrete Appl. Math. 117 (1-3) (2002),
183-193.

43Bonsma, P., Ueffing, N. and Volkmann, L., Edge-cuts leaving components of order at least three. Discrete Math.
256 (1-2) (2002), 431-439.

44Zhang, Z. and Yuan, J., A proof of an inequality concerning k-restricted edge-connectivity. Discrete Math. 304
(2005), 128-134.




§2 PUL&0Y & B AR 18

B 10 ZAER, M p BUNEL, W ke {0,1,2), AMIHIE TS24 R%HX 4 NS HE. T
B h, ANIRUE KL RER A, ST ITE Qn, 4 h < n—2 I, Oh ZEA (1993) 1451 Fil
Wu A (1998) 146) By e T sl (Qn) = 2(n — h); %4 h < n— 1 B, & (20000 47 Fise T
AP Q) =2M(n—h). T Qn 1 h A £, HH] 2000 FA B SN 48] Hi5e

£ (Qn) :n(h+1)—%h(h+3) (0<h<n-—3,n=4).

M TAERERE G Mg E AR RS b, B £0(G) B A (G) (i kEY(G) RIS (G) 2
HISURAE A, AT AR, Latifi S5 A0 FFIE & NP-hard 1,

AT H SIS b S £ R b R A AR T RO, FIHIX L))
EE T4 T2 W2 S EE. X555 (1) L0 R B 2 1) 2 58 I ).

Sl — LB . T ERE S n (> 2), & L, ={1,2,...,n}, I, ={2,...,n}. NTj
UL, A (pipe---po) FoREH ()20 0). MM LK (1 <k <n—-1), % P(nk) =
{pip2...pk: pi € Ln,pi #pj, 1 <i#j <k} & L, Bk HAEE. B3R, P(n) & I, LRAHETILE,
|P(n)|=n! H |P(n,k)| = (nf—'k),

AP IO T AR IO AR (1) AR A X (transposition) ; H (4, 7) A i Al 5 (R0 4k,
1, (pr-pi-pj o)) = @1 DjDi*Pn) SRS 7 e I id pf =p1-pi-pipa)(l,d)
=DiD2 - Pic1PIPit1 - - - Pr- RPN, BEASKT 4 2503 e () BT A .

H Q, £ L, ERXFREE (symmetric group) ; T, #/~ Q,, FTHIACEEHE (alternating group)
(EHZ R . B TR, FTMIZRE A Cayley .

BIF 2.1 RIEBEMLE (alternating group networks )

4213 ‘v‘ 1423
O
123
QO
231 312 2431

Q O3241  1342% O
AN, v '

4321 3412
ANy

8 ATHEBEM L AN3 Fl ANy

4132

ACHEREM 4 AN, S FHFEAT IR 1500 R UK, &2 (n—1) IEW] (n—1) W) Cayley ¥l Cr, (5),
Hhn>3,8={(1,2,3),(1,2)(3,9): 4<i<n}. K 8FIRMZE ANs Fl AN,

450h, A. D. and Choi, H., Generalized measures of fault tolerance in n-cube networks. IEEE Transactions on Parallel
and Distributed Systems, 4 (1993), 702-703.

46Wu, J. and Guo, G., Fault tolerance measures for m-ary n-dimensional hypercubes based on forbidden faulty sets.
IEEE Transactions on Computers, 47 (1998), 888-893.

47Xu, J.-M., On conditional edge-connectivity of graphs, Acta Math. Appl. Sin. 16 (4) (2000), 414-419.

48Yang, W.-H. and Meng, J.-X., Extraconnectivity of hypercubes. Applied Mathematics Letters, 22(6)(2009), 887-891.

495, Latifi, M. Hegde, M. Naraghi-Pour, Conditional connectivity measures for large multiprocessor systems, IEEE
Trans. Comput. 43 (2) (1994), 218-222.

SOEA IR, —E A6 KAREE Cayley W% BAR A 45 F IR, A14(2) (1999) 235-239.
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BIF 2.2 ZiEBEE (alternating group graphs)
THEBEK AG, fE Jwo S5 NP $EHDKR, B2 Cayley Kl Cr, (9), HF n >3, 9 = {(1,2,i) :
3<i<n}. W9 PRI AGs Il AGy. ATHEREE] AG,, 42 (2n — 4) 1EN (4n — 4) I

4132 2431

123

3412 ) 4321

231 312
AGs3

4213 1423
AGy

B9 aehb B AGs Rl AGy

JE BEEE A N BT28) Bl 5 T AT HRE A 45 RN AT R E P ) 1 R RA

§2.2 EEF (n, k) 2EM h BEEE

n YERP (star graph) S, &M Akers Al Krishnamurthy %21 #2HI2K 1), H V(S,) = P(n),
E(S,) ={pp': pe P(n), i € I}. FHEL L, B S, & Cayley ¥l Cq, (S), HH S ={(1,i): 2 §
i< n}. KB 10 PRSI So, S3 Fl Sy AL S, 4 (n—1) 1IEW) (n—1) 0 2 3K HAE

1234 4231
21 12
O——O 3214 (Y Q o) D 2431
(a) Sz 2314 0\ ’0 3421
123 1324 4321
321 213
3412 2413
231 312 4312 0/ \0 1423
130 1342 (Y O Q O 4123
(b) Ss
3142 2143
(c) Sa

10 2K Sa,S3 F Sy

XLEIL[&I7 (TL, k) El&l Sn,k H‘J]‘ﬁ){—\:‘\ﬁﬂj P(n k) Tﬁ\,ﬁ: pPp=pip2...Di...Pk — T[UI XK \*H?K
() pip2 -+ Pic1P1Pi41 - Pr, FeH i € I ={2,3,... k}.

51Jwo, J. S., Lakshmivarahan, S. and Dhall, S. K., A new class of interconnection networks based on the alternating

group, Networks, 23(1993), 315-326.
52 Akers, S. B. and Krisnamurthy, B., A group theoretic model for symmetric interconnection networks. IEEE Trans-

actions on Computers, 38(4)(1989), 555-566.
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(b) pipaps - pr, HH pl € I, \ {pi: i€ I}
K 11 PR (n k) 2K Sy Al Syo.

231 431 134 314

341 234
Q Q O d
421 124

s o

143 432

\J \J
423 243 342 142
S4,3

K 11 (n, k) E ] Sz F Sa

(n,k) FEEH Chiang 48NS $EHKRM, Bt (n — 1) IEW (n — 1) W STIER. BR
Spi1 = Ky, Spn1 = S,. M H, Cheng 5 NP AEIHT S, 0 = AN, ZEEREMZS, WHIT 2.1) .
SF—R/x8 k (2< k<n—3), Spr £&FZ Cayley B ?

I, Cheng 55 N15%) Z & T XA, 51 Seo AN Cayley K, UEB T S0 4% Cayley K
& n B RO, S,z 2 Cayley BIWR n— 1 2 FECE, IFTARRARA & B, Al e 45

Sy XT Cayley 532 M MMEYE, JF4&H W H A5 AR,

518 2.3 AMERT k (= 2), WK S,k £ Cayley B, ARA S,_14-1 2 Cayley B.
B E £ (Sp) B AL (Sp). 2012 4F, A1) Az T AL (S ).

EHE 2.4 R 2<k<n-1H0<h<n—Fk, R4

(n—=h—=1)(h+1), h<min{k-2,5 —1},

(h) =
Ay (Snok) { (n—k+1)(k—1), HERHEH.

ET kM (Spr), HTESEAETFHT: W T 2<k<n—2 c(Sur) =n+k—3 (n>3),
P (Spp) = n+ 2k =5 (n > 4). ATHERHET £ (S0n).

53Chiang, W.-K., Chen, R.-J., The (n, k)-star graphs: A generalized star graph, Inform. Process. Lett. 56 (1995)

259-264.
54Cheng, E., Qiu, K. and Shen, Z., A note on the alternating group network. The Journal of Supercomputing, 59(1)

(2012), 246-248.
55Cheng, E., Li L., Liptdk, L., Shim, S. and Steffy, D. E., On the Problem of Determining which (n, k)-Star Graphs

are Cayley Graphs Graphs and Combinatorics, 33 (1) (2017), 85-102
56 4= &) &, {7188, Generalized measures of edge fault tolerance in (n, k)-star graphs. Mathematical Science Letters.

1 (2) (2012), 133-138.
57Yang, W.-H., Li, H.-Z. and Guo, X.-F., A kind of conditional fault tolerance of (n, k)-star graphs, Inform. Process.

Lett. 110 (2010) 1007-1011.
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EH 2.5 R 2<k<n—-1H0<h<n—k 4
K (Spk) =n+ bk —2) — 1.

XA AL EAE (X-J. Li and J.-M. Xu, Fault-tolerance of (n, k)-star networks. Applied Math-
ematics and Computation, 248 (2014), 525-530) — 3. Bz 4% 058] 50y B AN 45 1.

EWEATTERIN, 2 k=n—18, Sy pno1 = S, EXFMESLT, ZHE 2.5 PZAT “0 < h <
n—k” BWEEH “0 < h<1”. Cheng 25 A9 Hu 25 A160] Fhmpes st A 61 I Rouskov 25 A [62] Jfiny
BSE T 187 (Sn) = AP (80) = 20— 4 (n > 3). KULL AL S (LT 2.5,

SR, 4 h > 2 I, EH 2.5 BIEAT £(S,) FAM(S,). M h=2 Hn>4, Pk
25 N3 E T AP (S,) = 6(n — 3); IKIBEENI BiE T £{7(S,) = 6(n — 3) IR £I(S,) =
(h+1)!(n—h—1). HIZEEERINAB O S AT R 2.5, FSL L, ARG M HE—fRIEIR.

EIE 2.6 MAEATESL h, 9oR 0<h<n-2, A4

kM(S,) =AM (S,) = (h+1)! (n—h—1).

S

SEBLAIENTZSE n, X h > 0 RIAGE. USRS, 580 MH] S, G RPES, I )
G T ST .

S 2.7 % HRES, WTH VH)=X,UX ={pj: pr...pj...pn € X}, j € I,. 3 FTEZH
hel, 1, %R 6(H) > h, MALLE je I, 247 [UX| > h+1.

IR (Xiang-Jun Li and Jun-Ming Xu, Generalized connectivity of star graphs.
Networks, 63 (3) (2014), 225-230.) — 3.

FERBEHE 2.4 FEH 2.5 UHIEMEE 0 < h <n—k. TAIBOEIS] ZIBHEE n—k <h <n-2,
RAGI N 4R
T 2.8 R 2<k<n—1Hn—-k<h<n-2 4

h+1)l(n—h—1)
(n—k)! '

’igh)(sn,k) = )‘gh)(sn,k) = (

KT ACHERERIS AN, (n > 3), 4 h € {0,1,2) B, HSEEE 2.4 RIEHE 2.5 GV EIHHE A (AN,)
bl th) (AN,):
n—1 WHRA=0Hn>2,
kMAN) = 2n—5 WRh=1Hn>5,
3n—9 WRAr=2Hn>4

)

58Wei, Y. and Chen, F., Generalized connectivity of (n,k)-star graphs. International Journal of Foundations of
Computer Science, 24 (8) (2013), 1235-1241.

59Cheng, E. and Lipman, M. J., Increasing the connectivity of the star graphs. Networks, 40 (3) (2002), 165-169.

60Hu, S.-C. and Yang, C.-B., Fault tolerance on star graphs. International Journal of Foundations of Computer
Science, 8 (2) (1997), 127-142.

CLE WA, XLk, RIRA, Star B LE RN LG SRS, (BFHIZFIRY, 24 (2) (2004), 168-176.

62Rouskov, Y., Latifi, S. and Srimani, P. K., Conditional fault diameter of star graph networks. Journal of Parallel
and Distributed Computing, 33 (1) (1996), 91-97.

63Yang, W.-H., Li, H.-Z. and Meng, J.-X., Conditional connectivity of Cayley graphs generated by transposition trees.
Information Processing Letters, 110 (23) (2010), 1027-1030.

64Wan, M. and Zhang, Z., A kind of conditional vertex connectivity of star graphs. Applied Mathematics Letters, 22
(2009), 264-267.

65Xjang-Jun Li, Yong-Ni Guan, Zheng Yan and Jun-Ming Xu, On fault tolerance of (nk)-star networks. https:
//arxiv.org/abs/1611.06460, 2016.
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il
n—1 m h=0Hn>2,
AM(AN,) =4 2(n—2) W h=1Hn>5,
3n—3) W r=2Hn>4
F, M h>2 0, e 2.8 Al

il WATAAE N0 e T AP (AN,) = 12(n — 4) (n > 5). Hi5k
~7HIAR 3R T
#it 2.9 £V(AN,) = A\ (AN,) =

Y H TR R, W A bR GLD BRI 2.8 i EAL
| — h —
max{\{" (S, ), k" (Sp.x)} < (h+ 1()71@ k)f‘ L. (2.2.7)

2(h+1)!n—h—1) for2<h<n-2.

SERE 2.8 R FHRERIG TG 1R EIE ST
WG K, RIEEE. G 1t 38 (t-split graph) G &M G # FHITTER I X G

RN o TV, RN X G PRI e = ay V. RV, ZI5ES
UORE B, ABARE. [ 12 FRRIOEIE (4,2) R S, MIERIRLGRE S, (02 S5 2,

14 41

42 12 43 13

23

32
Sa,2

K12 (4,2) BE Sap FIERSEE S5 1 2 50540 53,

NPT A E 2.8 TR SR AT T OCBEAE .
BI3E 2.10 % G A&EA, Gt L G 8t HAA, W min{x" (G, A\ (G
I3 2.11 ATk (2<k<n—1), S, AERMFER S, 49 (n— k) H2E s

<t&"(@).

5IHE 2.10, 513 2.11 FIEHE 2.6, AT RIAT
R (S )(n = k) = w8 (ST = k0(S,) = (h 4+ Di(n — h— 1)
A (S ) (n— k) = AP (SN =AM (8,) = (h+ Dl —h - 1),

h+Din—h—1) 2.28)

R,
min{)\gh)(sn,k), ﬁgh)(sn,k)} 2 ( (n—k)!

i (2.2.7) A1 (2.2.8) , AL ENE 3] 5EHE 2.8.

66Feng, Y.-Q., Hao, R.-X. and Zhou, J.-X., On computing of a conditional edge connectivity of alternating group
network. Linear and Multilinear Algebra, DOI: 10.1080/03081087.2016.1277689, 2017.
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§2.3 (n, k) HFIER ZEBEE T

WA TE R, RS, 1 n! AN B 7S, 3 Sy, TUSEEM 2! 8] (n+1)! 2
AT AR B, A T s IRIX M, Day 28 A7 H2HY (n, k) HEFIIE (arrangement graph) A, 5, H

HV(Ank) = Pok, E(Ank) = {pq: p Fl ¢ (L—AFRANATY. 13 Fosif g (4,2) HEFIE Ays.

13 (4,2) HAE Aq2

Ap o1 = S,. Chiang 85 NS GEN: A, o = AG,,, HH AG, & n HEACHIREIE] (HE UL+
2.2) . 524l K, K S, RIAZEEREE AG, #R)E Cayley K.

BRE 2.12 MMEFT k (2 <k <n-—3), Apr 25 Z Cayley A.

S TASHEREE] AG,, Cheng S5 N6 SEB: £(V(AGy) = 4, kY (AG,) = 4n — 11 (n > 5). KT

s NITOTGEI: k(P (AGY) = 4, kP (AG,) = 6n — 18 (n > 5). JBIAS AT 4 X425 3 A, .

rO(Ang) =2k —D)(n—k) -1 (k=3n>k+1).
KO (Anr) =Bk —2)(n—k)—2 (k> 4,n>k+2).
PRI SE R AT (721 B 7 SHER 0< h<k—2 Ml n>k+h,

M (Ans) = (h+ Dk — h)(n — k) — h.

st—fh >3, A (A ), 65 (Anr) F2 A (A, 0) EEA AR

B G At kI G PR /N m B A B — AN, WK G i s 14238 (super s-connected)

Kl W RN /N R RIER 3 BS G O ANIE S 3, Hoh iz M, WIRR G2 5l < 158
(tightly super x-connected) &, #i40, 5¢4% 2 #KE K, ., &8 n &, HAREE n K.

67Day, K. and Tripathi, A., Arrangement graphs: a class of generalized star graphs. Information Processing Letters,

42(5)(1992), 235-241.
68Chiang, W. K. and Chen, R.J., On the arrangement graph. Information Processing Letters, 66(4)(1998), 215-219.

69Cheng, E., Liptdk, L. and Sala, F., Linearly many faults in 2-tree-generated networks. Networks, 55(2)(2010) 90-98.
70Zhang, Z., Xiong, W. and Yang, W. H., A kind of conditional fault tolerance alternating group graphs. Information

Processing Letters, 110(2010) 998-1002.
7L e, #8189, Conditional fault tolerance of arrangement graphs. Information Processing Letters, 111 (21-22)

(2011), 1037-1043.
723k %, J§ $ A, Conditional connectivity for (n, k)-arrangement graphs. 33 #F %, 45(4)(2012), 350-364.
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Cheng 45 NI WP T /LI S, FISCHIRER] AG, SFRSGHBIEMME: M n > 4 1, S, REH#
(n—1) HIMI; M n>5 0, AG, 2% (2n —4) ET. BAHE XKLL R BT B (n, k) HE
G, FRIIAE: Ay A2 BHIEMR, BrLMESE k> 3.

TEHE 218 AMERT n >4, k> 3, HIIE A, p RER k(n — k) &89,

XL A5 (Shuming Zhou and Jun-Ming Xu, Fault diagnosability of arrangement graphs.
Information Sciences, 246 (10) (2013), 177-190) — 3.

§2.4 IIHREIWEKE h BAERE

W Gy = (Vo,Eo) Ml Gy = (Vi, BEy) ZWDAZHEH Vo = Vi, 0« Vo — Vi & XUR,
M, = {J,'U(!E)l T € %,0’(1‘) S Vl} )EH Go ®s Gy i%ZT? G = (VO uUVi, By U Eq UMU). E%, M, 7}433
G MI5E#4UCHE. T H, Wi o 3& V(Go) ERESEEHR, A Go ©y Go = Go x K.

W o WAR, B85 o, WTUARME. #EIIHISHIES o, WTUL—Z8BFA n 4887 J7 K
TR 4% (hypercube-like networks) (74 HL,,, JRFRXUSTIEFE P (bijective connection graphs, f##x BC
K1) . H L, B8 SR

(1) HLO = {GQ}, ,E\:EF' GO = Kl;

(2) G,eHL, G, =Gn-1Ds G;th :,H\:EP Gn—laG;Lfl c HL, 1.

B, BN G, € HL, & 20 B n 150 n .

FH3E M, X 2 E: #2J7K (hypercube) Qn = Qu—1 ®o, Qn_1, ZLIEHEL T (varietal hyper-
cube) "l VQ,, = VQ,_1 ®o, VQu_1, FAVIiE (twisted cube) 7" TQ,, = TQ,—1 ©oy TQn-1, JAIH
LT (locally twisted cube) (™8] LTQ,, = LTQpn 1 ®o, LTQn_1, 38 X LTTHK (crossed cube) [7]
CQn = CQn-1 Doy CQun—1, Mobius LI MQ, = MQuy ®oy MQn_1. 2 TIEVIEINE (re-
cursive circulant) G(27,4), ¥4 n € {2,3,4} I, V(G(2" 1, 4)) FAEE—ANE R o 115 G(2n,4) =
G2 4)o,G2" 1 4). i, G(2n,4) AREMNAS ISR IS ©, MR 2. 4R, Kim (51
E: V(G(2n2,4)0 Ky) AR o 18 G(27,4) = [G(2"2,4)0 Ka) @, [G(2"2,4)0 Ks]. [
W, {Qn, V@0, TQn, LTQ,, CQpy MQ,,G(27,4),...} C HL,.

73Cheng, E., Lipman, M. J. and Park, H. A., Super connectivity of star graphs, alternating group graphs and split-

stars. Ars Combinatoria, 59 (2001), 107-116.
74Vaidya, A. S., Rao, P. S. N. and Shankar, S. R., A class of hypercube-like networks. In Proceedings of the Fifth

IEEE Symposium on Parallel and Distributed Processing, IEEE Computer Society Press, Los Alamitos, CA, 1993, pp.

800-803.
"5Fan, J.-X. and Jia, X.-H., Edge-pancyclicity and path-embeddability of bijective connection graphs. Information

Sciences, 178(2)(2008), 340-351.
76Cheng S.-Y. and Chuang J.-H., Varietal hypercube-a new interconnection networks topology for large scale multi-

computer. Prooceedings of International Conference on Parallel and Distributed Srstems, 1994, 703-708.

"THilbers, P. A. J., Koopman, M. R. J. and van de Snepscheut, J. L. A., The twisted cubes. In Parallel Architectures
and Languages Europe, Lecture Notes in Computer Science. June 1987, pp.152-159.

"8Yang, X. F., Evans, D. J. and Megson, G. M., The locally twisted cubes, International Journal of Computer
Mathematics, 82 (4) (2005), 401-413.

"Efe, K., A variation on the hypercube with lower diameter. TEEE Transactions on Computers, 40 (11) (1991),
1312-1316.

80Cull, P. and Larson, S. M., The Méobius cubes. IEEE Transactions on Computers, 44 (5) (1995), 647-659.

81Kim, S.-Y., Lee, J.-H. and Park, J.-H., Disjoint path covers in recursive circulants G(2™,4) with faulty elements,

Theor. Comput. Sci. 412 (35) (2011) 4636-4649.
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St hoe {0,1}, A(HL,) BHHE (052880 | KITHFE T Gn € HL, ({1 h A8,
EH 2.14 SEFT n(>2), Gy € HL, # h € {0,1,...,n— 1}, A\ (G,) = 2"(n — h).

HEIR 2.15 *ET n (= 2) F2 h € {0,1,...,n— 1}, & G € {Qn,VQn, CQpn, MQyp, TQ,, LTQ.,
G2, 4), ...}, R4 MG, = 2" (n — h).

ARG RS AE (Xiang-Jun Li and Jun-Ming Xu, Edge-fault tolerance of hypercube-like
networks. Information Processing Letters, 113 (19-21) (2013), 760-763) — 3.

6T b A £ (G), 2 ke {0,1} B, £$Y(GL) BT, 00— R 1 (G)
TRAE. X THEFRI LS, LU TR Qn, 24 0 < h < n— 2 I, Oh 2% N84 i1 Wu 4% A [85]
MO E T £ (Qn) = 2" (n — h). XTTﬂiBfﬂjTMS (locally twisted cubes) M%% LTQ,, Filt,
Wei Fl Hsieh 361 752 T2 24 0 < h < n—2 B, s (LTQ,) = 2"(n — h). i, Ye Fl Liang (87 iif
BT AHER he {0,1,...,n—2} ns’”( G,) > 2h(n — h), R CQny MQn, LTQ, JHAT.

$518 2.16 AHEAT n(>2), G, € HL, #2 h e {0,1,...,n -2}, k" (G,) = 2"(n — h).

X T b SRERE £V (Ga) FAS(GR), 4 b e {0,1,2) B, EATEBE, (X —H A,
k(GL) FAN(GL) TRME. RS, & G, haa I Ky, HARAH T A RS —A AL
A5, 0 k(G < fulh), Forp

fa(h)=n(h+1)— %h(h +3).

WA 38 i T TTAR Qu 1 k57(Qn) = fulh) (0< h<n—3, n>4); %ﬁ%ﬂé’%
I E 2555 1900 QT e TH ALK FQn 1 65 (FQu) = frar (b > (O<h<n-3 n>6). &
i, JAuEEE OV B TAREN TR VQ,, GZMESITEA B WA §5.1) : # n = 3k+t, k>
0<t<2, M k(VQn) = fulh) (0<h<n—k).

AR N192)) Ay T AR N 193] %Mﬂiﬁ% O SiFRH: ST Gn € HL, Fl h, # 0< h < n— 3,
W k(G > folh). FBEEDLY JEH: # G, & (h+ 1) MK H H |Ng, (H)| = fu(h), W

82Chen, Y.-C., Tan, J. J. M., Hsu, L.-H. and Kao, S.-S., Super-connectivity and super-edge-connectivity for some
internation networks. Applied Mathematics and Computation, 140 (2003), 245-254.

83Xu, J-M., Wang, J.-W., and Wang, W.-W., On super or restricted connectivity of some interconnection networks.
Ars Combinatoria, 94 (2010), 25-32.

840h, A. D. and Choi, H., Generalized measures of fault tolerance in n-cube networks. IEEE Transactions on Parallel
and Distributed Systems, 4 (1993), 702-703.

85Wu, J. and Guo, G., Fault tolerance measures for m-ary n-dimensional hypercubes based on forbidden faulty sets.
IEEE Transactions on Computers, 47 (1998), 888-893.

86 Chia-Chen Wei, Sun-Yuan Hsieh, h-restricted connectivity of locally twisted cubes. Discrete Applied Mathematics,
217 (2) (2017), 330-339. (iE: H o AHF L #k [33] P & Z A& “Discrete Math. 243 (2002), 291-298” .)

87Ye, L. and Liang, J., On Conditional h-Vertex connectivity of some networks. Chinese Journal of Electronics, 25
(3) (2016), 556-560.

88Yang, W.-H. and Meng, J.-X., Extraconnectivity of hypercubes. Applied Mathematics Letters, 22 (6) (2009),
887-891.

89Yang, W.-H. and Meng, J.-X., Extraconnectivity of folded hypercubes. Ars Combinatoria, 116 (2014), 121-127.

90Zhang, M.-M. and Zhou, J.-X., On g-extra connectivity of folded hypercubes. Theoretical Computer Science, 593
(2015), 146-153.

91 #t &, On g-extra connectivity of hypercube-like networks. arXiv1609.08885v1, 2016.

92Zhu, Q., Wang, X.-K. and Cheng, G.-L., Reliability evaluation of BC networks. IEEE Transaction on Computers,
62 (11) (2013), 2337-2340.

93Yang, W. and Lin, H., Reliability evaluation of BC networks in terms of the extra vertex- and edge-connectivity,
IEEE Transactions on Computers, 63(10)(2014), 2540-1548. (J&: FF A5 LK [31] ¥ “2012” FiZ A “2013”, LA
KA Lk [92].)
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kIN(G) = fulh); TTHMET —28 G, € HL, A543 180(G) > fulh). TEREEIY b€ {0,1,2} B,
kS (G) = falh). —NTBIGERE: XPTAI G, € HL,, g A b 5 x8(G) = falh).

§2.5 MBI AFIREBILARE b BEBE

SHEALTT (dual-cube) DC, & Li 45 A4 SEHURA, EA7 22008 AE, B T0E Kh
(2n+1) 19 {0,1} FH, AT (n+ 1) DABR; WA v = ugpuzn—1...uo M v =v2pvan_1...v9 714
HIE & u Mo AL @ AARRANF], T H.

(a) £ 0<i<n—1, W ugp = v2, =0;

(b) #n<i<2n—1, W ug, = vy, = 1.

00000 oo~ o o L
10100] 10001] 10101 00100
11100/ 11001| 11101] OO0110

10111
11111
..

B 14 XHEALTTRIZ% DOy

01100

Kl 14 BRI XHENLTT NES DCy. SHBALTTMES DO, & (n+ 1) 1EW] 2 FBE. R HEE
R, BN IEW DO, & Cayley B Crryn,z,(S), HoH T = (Z2)", ¢ : Zo — Aut(I' x T)
E XA

.

(bi(avﬁ): { (ﬁ,a) ey

JEI— S = {(6076170)7"'7(60767170)7 (6076071)}7 :/H\:EP € ﬁﬂ (111) Fﬁfﬁx
KHEA e {0,1,2), B ALS) i T2 £ (DO(n)) = 2" (n+ 1 — h).

NTAE XAZ WGBS T AR (exchanged hypercube). %] T-45 € AN 8850 s Fll ¢, &

(a,8) #i=0;
’ 1

V(s,t) = {tstt - Upprug -~ uruo : ug,u; € {0,1},4 € Ty}

BN TR EH (s, t) WITHSEEN V(s t), AT w = ugrs - -uo Al v = vy -+ vy HHEE <
AL A XA § € Ty,

(a) u Ml v ANFEALER ¢ Ao — N AARR,

(b) ik i e I, WA uo = v =1,

(c) W i€ Ly — I, A up =vo = 0.

15 FiRffe EH(1,1) fl EH(1,2).

94Li, Y. and Peng, S., Dual-cubes: a new interconnection network for high-performance computer clusters, Proceedings

of the 2000 international computer symposium, workshop on computer architecture, 2000, 51-57.
95Zhou, S.-M., Chen, L.-X. and Xu, J.-M., Conditional fault diagnosability of dual-cubes. International Journal of

Foundations of Computer Science, 23 (8)(2012), 1729-1749.
96Yang, X. and Zhou, S.-M., On conditional fault tolerant of dual-cubes. International Journal of Parallel, Emergent

and Distributed Systems, 28 (3) (2013), 199-213.



2 I IR AL TS -

0001 0011
000 001 0000 - __ 0010
100 011 1000 - 1010
0101 0111
1001 1011
010 101 0100 o _ 0110
110 111 1100 o 1110
1101 1111
EH(1,1) EH(1,2)

15 AT TR ML EH(1,1) Fl EH(1,2)

AN TR GS EH (s,t) s Loh S N7 KM, Qopppr T (s +t+2)25+ 1 Sl 198
% E! x‘% Qste1 T NIIRALN) & g4 KT e e Bl # i€ I, W e MW G s 15 J5 AL b
N 0; # i€ Loy — I, W e MIPTSRRERIER ST ABR N 1. WE XD B R, EH (s, t) W LAMGEEIL ) 4
Qsrtr1 TXTRRHAE LT LUILLR EL (i € Iopy) 1921 I, EH(s,t) & Qspepr MISCHE 2 #7 K, &
ANFESN min{s, t} + 1, e KA max{s,t} + 1.

B, M s =t=nll EH(n,n) = DC(n). XMELTTHE DC(n) /& Cayley K, {1 s # ¢ I,
EH (s, t) WARAEIENI, KA Cayley K.

RO FER, EH(s,t) = EH(t,s). P, ATRMESE s < ¢ HRARSEAD91000 g 70 it
1<s<t, Ba c(EHs,1) = NEHs,1) = s+ 1, s\(EH(s,1) = \V(EH (s, 1)) = 25. FA
25 ) 20 25— TR

T 2.17 40X 1 <s<t, ARLAXAEAT h, 0 < h < s,
KM(EH(s,t)) = A\ (EH(s,t)) = 2"(s +1—h).
Kb EH(n,n) = DC(n), BTLAEHE 217 (55 7 J8 B4 A0 (4 3.
HEIE 2.18 *EAT h, 40 0< h < n, A4
M(DC(n)) = \M(DC(n)) =2"(n+1—h).

IXEEZE A5 E (Xiang-Jun Li and Jun-Ming Xu, Generalized measures of fault tolerance in
exchanged hypercubes. Information Processing Letters, 113 (14-16) (2013), 533-537.) — 3.

§2.6 NEILFMLE

/%‘\Vn:{l'll'g"- Tp @ Tj 6{0 1}
MM @ BOAb, Horpr 2 = {0,1}\ {ai}, 1
{z} x Qn.

97Loh, P. K. K., Hsu, W. J. and Pan, Y., The exchanged hypercube. IEEE Transactions on Parallel and Distributed

Systems, 16 (9) (2005), 866-874.
98Chen, Y.-W., A comment on “the exchanged hypercube”. IEEE Transactions on Parallel and Distributed Systems,

18(4) (2007), 576.
99Ma, M., The connectivity of exchanged hypercubes, Discrete Mathematics Algorithms and Applications 2 (2) (2010)

213 - 220.
100Ma, M. and Zhu, L., The super connectivity of exchanged hypercubes. Information Processing Letters, 111 (2011),

360-364.

i<n}. A r=x120 - 1p €V, W Z = 2120 -7, €V,

i < n 2Q, XN x AN IME Q. MR /KFM

<
<




§2 M50 5 B4 AT R 28

n Y5 JE37J7 M 2% (hierarchical cube network) HCN,, J&H Ghose fll Desai 101 H2E k1, &
AV, x V,, B 27 DNBYIAE {2Q,, - x € Vi, ) IF4% N HRINLEPIANKE T 7 (2 TR s iz 21
B 2Qn PR (z,y) ER] yQ, TR (y,2) W o # y, 0 2Q, T (z,9) R 2 =v.

HCN,, & 22" NS (n+ 1) IEWE. B 16 Frai)ie )23 05 Mg HON,.

16 4} E L ITMES HO N,

Chiang %5 A\ (1996) (1021 FI Fu %% A (2002) 193 4 T : k(HCN,)) = A(HCN,,) = n + 1.
JEIAE N (2016) D041 SEBE T2 %4 T n > 3, sV(HCON,) = 2n, H. &P (HCN,) = 4n — 4.

(b) HHC

17 YR TTRMES HHCs

EI 2.19 (FHF, 2016 199])
101 Ghose, K. and Desai, K. R., Hierarchical cubic network, IEEE Transactions on Parallel and Distributed Systems, 6

(4) (1995), 427-435.
102\ -K. Chiang, R.-J. Chen, Topological properties of hierarchical cubic networks. Journal of Systems Architecture,

42 (4) (1996) 289-307.
1033 _S. Fu, G.-H. Chen, D.-R. Duh, Node-disjoint paths and related problems on hierarchical cubic networks. Net-

works, 40 (2002), 142-154.
1045, Zhou, S. Song, X. Yang, L. Chen, On conditional fault tolerance and diagnosability of hierarchical cubic networks.

Theoretical Computer Science, 609 (2016), 421-433.
105 &) % Generalized measures for fault tolerance in hierarchical cubic networks. 2016 ES BN - AR ANT

5 &S A4 2016.7.22-24, 7 KF. A JL: http://arxiv.org/abs/1709.02013
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M(HCN,) =2"(n+1—h), 0
AM(HCN,) =2"(n+1-h), 0

5553 JZNT T S ALL R e n 4l 53 2B T AR 2% (hierarchical hypercube networks) HHC,,, &
J& i1 Malluhi Il Bayoumi (061 $EHIK K, Hip n = 2" +m, B2 Qom Al Qu B Qom ®Qn. 75
WA, HEM 1.17 5 HHC,, #& Cayley B (W55 §1.4 ) . K] 17 B 22 JE8A KM 2% HHC;,
Hrftm =2 Hn=6 JABHSEAL #iET ) (HHC,) =2m, ) (HHC,) = 3m — 2 (m > 2).
Bt % T " (HHEN,) il AP (HHEN,) B 55R. HA5 .

§2.7 EIIARMERY 2 BEEE

n YEIA) ST J7 4K (augmented cube) M4 AQ, AL V(AQ,) = {z, 21 : 2; €{0,1}, 1<
i < n}, F N IRTT A R T G

AQ1 = K, V(K3) = {0,1}. Xt n > 2, AQ,, AW NN (n — 1) 4E¥E) STk AQC_,
FAQL _y, Hp V(AQY 1) = {0zp—1...m021 = x; € {0,1}, 1 < i < n—1} Al V(AQL_,)) =
{lzp_q...20zy s 2 € {0,1}, 1 <i<n—1}, AQY | M X = 0zy1 ... 2011 5 AQL | F IR
Y = lyp1...0001 HIUMIE & & o=y, 1 <i<n—1, 8 (i) 25 =7, 1 <i<n—1.
18 Frnfiig AQq, AQ2 Ml AQs.

1 00 10
0 01 11
AQ1 AQ2

18 HET IR AE AQ1, AQa F1 AQs

)37 i AQ, - Choudum Fil Sunitha 08 $RHUKAY, B (20— 1) T (20 — 1) il
Czn(S), S ={e1,...,en,€h,... €0}, Hrb e, (1<i<n) W (1.1.1) FrE X,

e=0---01---1 (1<i<n). (2.2.9)

Choudum F! Sunitha M%) Bt BHfiE T AQ, MIFTH HHIk.

T3 N 0T EB: k8D (AQ,) = 4n—8 (n > 6), AV (AQu) =4n —4 (n > 2). W T h=2,
A2t~ 4 2R
106 Malluhi, Q.M. and Bayoumi, M.A., The hierarchical hypercube: A new interconnection topology for massively

parallel systems. IEEE Transactions on Parallel and Distributed Systems, 5(1) (1994), 17-30.
107Zhou, S.-M., Lin, L.-M. and Xu, J.-M., Conditional fault diagnosis of hierarchical hypercubes. International Journal

of Computer Mathematics, 89 (16) (2012), 2152-2164.

108Choudum, S. A. and Sunitha, V., Augmented cubes. Networks, 40 (2) (2002), 71-84.

109Choudum, S. A. and Sunitha, V., Automorphisms of augmented cubes. International Journal of Computer Mathe-
matics, 85 (11) (2008), 1621 —1627.

H10Ma, M., Liu, G. and Xu, J.-M., The super connectivity of augmented cubes. Information Processing Letters, 106 (2)
(2008), 59-63. See a corrigendum: M. Ma, X. Tan, J.-M. Xu, G. Liu, A note on “The super connectivity of augmented

cubes”. Information Processing Letters, 109 (12) (2009), 592-593.
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T 2.20 £2(AQ,) =6n—17 (n>9), \P(4Q,) =6n—9 (n > 4).

XU A 54 ( Meijie Ma, Yaxing Song and Jun-Ming Xu, Fault-tolerant analysis of aug-
mented cubes. AKCE International Journal of Graphs and Combinatorics, 10 (1) (2013), 37-55) —
.

SEF—fG b >3, BIREA AL £ (AQn) F2 AV (AQ,). 2F kM (4Q,) F A (4Q,),

AT AEATLE R

§2.8 XA RHE Cayley

B Ty st Q PIHIXHAE, S C 7, X (transposition graphs) Ts f 1S5 I, = {1,...,n}
LS {ij = (i,4) € S}. R, Cayley Kl Cq, (S) i n! DAL lﬁ—ﬁxﬁ%@ﬁ&mﬁ?@@ﬁ’]%ﬁ
P, B ARSI — AN B R — /M g e, PRI, Cayley Kl Cq, (S) A& 2 #F K. 1y H XL
NS, S C Ty Ts = Ts & Ca, (S) = Ca, ().

i, # S ={(1,i): 2<i<n}, W Ts & Kipn1, XINVH Cayley B Cq,(S) &K S, (W
AR §2.2 49 L X AR A A Akers Fil Krishnamurthy 4848 S, R4 AL

B, #F S = {(ii+ 1) 1<i<n— 1}, W Ts ¥ P,, XN Cayley Bl Co, (S) ¥
J¥ 4Kl (bubble-sort graph) B,,. IXFPRAL g — B AR — 4 HE, VFIE XA R A,
Akers fll Krishnamurthy 2 #J4 B,, FROMIEILTAIEL. Kl 19 BroarEi@il) 5K By, Bs fil By.

4123

12 O—O 21
Bs
1342 1324
123
132 213
3142 3124
312 231
321
Bs

19 @5 K By, Bs Fl By.

Polya (UL Berge™) WM T: 4£ S C .7, (|IS| = (n—1)) E Q, < FHE Ts W, TRFK
X (transposition tree) . K, AATIECSER ) A& AT b Ts S HIA Cayley B Cq, (S), fiid
K T T (n—1) IEW (n— 1) Y50 2 #ATHER, B 1.3 41, MY (Z) = 2(n - 2).

M on >4 0 B DS AND HE T

k(7)) = M (F) = g(n - 3), Hrh g 1 7, MIFIK;
k() =3n-8 HANP(Z)=3n—T.

111Berge, C., Principles of Combinatorics, Academic Press, New York, 1971, p118
112Yang, W.-H., Li, C.-H. and Meng, J.-X., Conditional connectivity of Cayley graphs generated by transposition

trees, Information Processing Letters, 110(23)(2010), 1027-1030.
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KRN — 1 LR E e Ty A2 T KT 3 L Cayley Kl 4 Ty = Kpypeg, B
S={(i,j): 1<i<kk+1<j<n}, W Cayley ¥l Cq, (S) FrA) X2 (generalized star)
GSp . B 20 PrRIEE GSap. BAR, GSpa 2R S, FTLL, GSnp &R K S, MHE) T, HFR A
SUR. )T SURE GS,, g A H Fragopoulou 4 A3 1AL 2 504 H FEATFFEA).

1432 2314

3241 4123

Kl 20 7 XEE GSa

TN, 5 T = C, BI S = {(i,i+1): 1<i<n—1}U{(n, 1)}, Wl Cayley &l Cq, (S) FRAIHLHI
P74 (modified bubble-sort) K| M B,,; #5 T, = K,, Bl S = {(i,j) : 1 <i < j <n}, W Cayley I
Ca, (S) FRASERXT# (complete-transposition) & CT,.

W BRI B 115) #iE T kP (M B,) = 3n—5 (n>4) . TE BRI S (116) jFEm T

kS(CT,) =n(n—1) =2, &(CT,) =201 6 (n > 4);
ety =nmn-1) -2, \P(©T1,) =0 g (n>3).

FIUK Cayley BEFFRARARY , HIZAFH—F L. 45300, 4 h>3 0, #Zal(7,),
M), w680 (T0), A ().
§2.9 BJAMBERIERNERBE

KA STIHUR G IR 4b, B s R e HL,, % S, 5%, #IATIE 40, —
AN T JT RS 78, A 70 ) W 208 WERE RIS A 748 H o S s X 288 v i o 002 ol e 4 S s
R R A SR n] e 2 3 B PG ANE T, AT BRI AR 90 SCREUAT L JROR I 4 —FE 1)
WA aik. A T A LE, B R A T S RN ERE (embedded connectivity) HE.

113 EFragopoulou, P., Communication and fault tolerance algorithms on a class of interconnection networks. PhD thesis,

Queen University. Kingston, Canada, 1995.
114 Fragopoulou, P. and Akl, S. G., Optimal communication primitives on the generalized hypercube network. J.

Parallel Distrib. Comput. 32(2)(1996), 173-187.
11500728 # BIE | Restricted Vertex connectivity of modified bubble sort graphs. #758 X 5 4R, 29 (1) (2012), 78-81.
16 F F & JFik s, AT M &6 FRb) 58 E . 5 &5 IR, 17(3)(2013),57-64.
117Yang, Y.-X. and Wang, S.-Y., Conditional connectivity of star graph networks under embedded restriction. Infor-

mation Sciences, 199 (15) (2012), 187-192.
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B G 2 n dERIARZE, WK T IEEE b (h<n— 1), FAETRZ G C G, & 0n = 6(Gy).

W F CV(G,) (8 F CE(G)), h REHH 1<h<n—1. % G, — F A, i LA
M EGEREA T G, P, WER F O Gy BHRAN b GREFIRN b ILED . B G, IR b
L Gh(Gn) (SR h JEE 1y,(G)) 58 SO IR/MRA b rGEIH ) R (i B /MR
h FI LD

e, W F o G, RN b S E]L A G, — F B85 M Gy T2, 6(G, — F) >
VKA F A G (008 8 2550 AL, 10 (Ga) < P = Gu(G). M, A (G) < (Gn)
] L ADILEEA (2.2.6) $A T G (Gn) Al n(Gr) MR AR

JX

Rl 2.21 AT h<n—1,
(a) & Cu(Gn) AAE, M C(Gr)
(b) & i (Grn) A4, W np(Gr)

VERCEL MR b & 1< h <n—2 W /7(Qu) = 2"(n—h); EH 1< h<n—1
A (Qn) =20 (n — h). WLET Qn = Qn X Quon BHE Cu(Qn) Fl np(Qn) M LT, T H vl
2.21 SLEI{EE] T4 B

Ch(@n) = 2"(n — h)

EIE 2.22 SHEFT b,
{ m(Qn) = 2"(n — h)

X TR S, B TR A F S e X S 1 Rl i, R @ 2.21, B15E T G(Sh) = n2(Sh)
2n—4 (n = 3), 73(S,) = 6(n—3) (n>4), HFHXER L (1 <h<n—1), 45 9,(Sn) < h!(n— h).
AR G (Sn) < B! (n—h). HEIE 2.6 SHLATEE b, & 1< h <n—1, W £ (S,) = A (S,) =
R)! (n — k). FIHIX LS F R ay i 2.21, SLRIF 2] 45 .

EIE 2.23 SHMEFT b, F 1<h<n—1, W (Sn) =nn(Sy) =h!(n—h).

XETHIETHE B, (WASCE §2.8 19) | A KRR T SUASE X S & 6 [, ) i
221, HIE T G(Bn) =2n—4 (n>3) IFEH gu(B,) LR

AR 2.24 AMEMTES L (1<h<n—1,n>2)H g(B,) <h!(n—h).

F 4 EL RN 45 SRR 2.24, IR G UEMH no(B,,) = 2n — 4 (n > 3) [118],
FIHDA n (= 4) #EATECAIAQN, TRATUEM T ns(B,) > 6(n — 3). Ham@l 2.24, NIHHE T
n3(Bn) = 6(n — 3)1119].

EIE 2.25 & n>4, U n3(B,) = 6(n—3).

X e gl Ul 40, A E 1 (Xiang-Jun Li, Qi-Qi Dong, Zheng Yan and Jun-Ming Xu, Embedded
connectivity of recursive networks. Theoretical Computer Science, 653 (2016), 79-86) 1.

sE—RE 4 h, BRKEHAZ nu(B,) A nu(B). FIRGH 2.21 Fadrd 2.2, REHZ M(B,)
Fo k" (Ba); B k) (By) Ao 5l (By).
11873 . #%ii%;/\)&ﬁh\’f AR, A2 AR P ARIABE B K g(Bn) = 6. FFRE, 4 n>48, g(B,) =4.

195% . HEREARGETIANER. R, RAVEIER P4RBEE AND(BL) =6(n—3). TL L, % n >4 0,
A _
(Bn) = 4(n — 3).
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§2.10 FHFRMIMERENEBE

W G = (Vi,Br) Nl Gy = (Va, Bo) s&MIAN ML VRIS, Gy Al Gy MR
(cartesian product) , 5EIEFT (strong product) , FHLIEF (lexicographic product) FEF (direct
product) J& & K H LA G, AT TR & Vi x Vi, 22 Ho i )iy =X

YT H-RRRA GIO Gy, WAL 220 Al g1y FHIE < 2 =91 H 2oys € By B0 20 = 3o H.
Ty € En;

XTI G R Gy, WWITEL myz0 Fl yrye AHIE & XSRS 0 = 1,2, B0 2; = y; BH 2y € Ej;

XTI GG, WIS 2120 Fl y1ys FHIE < 2191 € Br, 0 21 = y1 H 20y2 € By

YT HR Gy x Ga, WL 2120 Fl yyys #HIE © 2191 € B1 H. 20y € Es.

21 R T Ko Al Py & FhIRMIK, Hrp V(Ky) = {a,b}, V(P) = {z,y,2}. ER: 730K
Hh B IRAI R Kronecker AN (WA SCES §6.1 15) .

ax ay az ax ay az ax ay az ax ay az
O O O
) A S
bx by bz bx by bz bx by bz bx by bz
KQD P2 K2 X P2 KQ[PQ] K2 X P2

21 Ky Ml Py ) 4 TR

YRS i = 1,2, W G; 4 Cayley ¥ Cr, (S:), e; & Ty BIEAITT. W Gy Fl Go 1IIX 4 PR
# Cayley [ Cr(S), FoHft ' =Ty x 'y, § R HIRFUKAFTAR L 1200 syt 7) 1210,
ST RIRTIR G1OGa, S = (S1 x {e1}) U ({ea} x Sa);
XTI Gy )G, S = (S1 x {e1}) U ({ea} x S2) U (S1 x T);
X TR G1[Ga), S = (S1 x Ta}) U ({e1} x S2);
KT HI Gy x Gy, S =81 x Ss.
SEHTAIAT A E T 8RR SRAR I A FE (S 0, 11221280 i afe R Jl (e i (2 0, 0240 )
MG1OG2) = min{d; + d2, Ayv2, Aav1 };
k(G1OG2) = min{kiva, kov1, 1 + d2}.
MG1 X G2) = min{ A1 (v + 2e2), Aa(v1 + 2€1),01 + d2 + 0102};
k(G1 KW G2) = min{dva, dov1, 01 + 02 + 0102}

120Heydemann, M. C. and Ducourthial, B., Cayley graphs and interconnection networks. In: G. Hahn, G. Sabidussi
(Eds.), Graph Symmetry (Montreal, PQ, 1996), NATO Advanced Science Institutes Series C, in: Mathematica and

Physical Sciences, vol. 497, Kluwer Academic Publishers, Dordrecht, 1997, pp. 167-224.
1215, ZIEZA A [Li, F., Wang, W., Xu, Z., Zhao, H., Some results on the lexicographic product of vertex-transitive

graphs. Applied Mathematics Letters, 24 (2011), 1924-1926.] — X #9732 2.4 P H ARG X FIEHIAL L A
Cayley B4 F RRFARZ Cayley B . (127 415 A Fa Bl P B IEA X955 “Dy” (A So). HIF, EL
PR 22 WE: ATEBRNFRARRMAATIEN. FFEE, Imrich FAJE [ Edge-transitive lexicographic and
cartesian product. Discussiones Mathematicae Graph Theory, DOI: 10.7151/dmgt.1892, May 2016] P — A%
)R A K3[Ps], FrE—FEH: X Gy REBIETELHE, Go RIEEH, N G1[Ge] RATiEW o G AATiEWE
G ARLIAHA.

122¥4, J.-M. and Yang, C., Connectivity of Cartesian product graphs. Discrete Math., 306(1) (2006), 159-165.
123Xu, J.-M. and Yang, C., Connectivity and super-connectivity of Cartesian product graphs. Ars Combinatoria, 94

(2010), 25-32.
1243738 #2429, Connectivity and edge-connectivity of strong product graphs. ¥ B #54& K K 5 33k, 38 (5) (2008),
449-455.
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TATI . 3RAT - AR I T G 00 R AT AR VAT A 5
EIHE 2.26 K G F2 Gy ARAANEFLAE. & G, Akl N
MG1[G2]) = min{ A\ v2, 5y + 6102}

ST HARKE Gy x Gy (1 OEWE, Mamut F1 Vumar 125) 45 5]
K(Kn X Kp)=(m-1)n—1), n>2m =2, n>3.
Jrk, Guji A Vumar 1260 F0F T XHT- 2 #& G,
k(G x Kp) = min{nk(G), (n — 1)§(G)}, n > 3,

IF HAGAX A28 1AE 2 #18 G Wy, 24 no= 2 B, Wang F1 Wu 127 SIE B 73X /M AR. Wang
1 Xue 28] A FRUEH T IXAMEHAR. Wang Fil Yang [129] 75 5]

k(G x K3) = min{2x(G), min{| X | + 2|Y|}},
Hep XY € V(G) Hili e gisk, e o) — e s 130 hifie 7l G 5584 ¢ B E
MUKIEMLE. Tang 45 NP3 ff5E T o842l L se 4 ¢ IS B AR E L.

ST HAE Gy x Gy MILIEBE, Cao 25 NP2 AE T2 A\(G x K,) = min{(n — 1)§(G), n(n —
DAG)}, Hn >3 Mn =28, BAIE T AG x K2). & B(G) i/ NUEL, e M 2 53
—A 2 fEL WA, B(G) =0 G 42 2 JE. XA >N 4 B8(G) =min{B(C): C & G-B
HISZ, B e G LK § Y. FIAZLEE S, A4 RAER R I .

EIE 2.27 K G £ N(>0) 2iEdBE, 6 =6(G), 8=06(G) B 3, =p;(G),
NG x Ko) = min{2), 26, min{j +26,)}. (2.2.10)
s

IX ezt % F4E (Cao Yang and Jun-Ming Xu, Connectivity of lexicographic product and direct
product of graphs. Ars Combinatoria, 111 (2013), 3-12.) —3CH.

TG, PR E ) k(Gy x Ga) F2 MGy x Go) LIEA AT

KR L1331 35038 73X 4 Bl e R 1] (1 8 4

125Mamut, A. and Vumar, E., Vertex vulnerability parameters of Kronecker product of complete graphs. Inform.
Process. Lett. 106 (2008) 258-262.

126 Guji, R. and Vumar, E., A note on the connectivity of Kronecker products of graphs. Appl. Math. Lett. 22 (2009)
1360-1363.

127"Wang, Y. and Wu, B., Proof of a conjecture on connectivity of Kronecker product of graphs. Discrete Mathematics
311 (2011) 2563 - 2565.

128Wang, W. and Xue, N.-N., Connectivity of direct products of graphs. arXiv:1102.5180, http://arxiv.org/abs/
1102.5180.

129Wang, W. and Yan, Z., Connectivity of Kronecker products by Ks. Applied Mathematics Letters, 25 (2012),
172-174.

130Wang, W. and Yan, Z., Connectivity of Kronecker products with complete multipartite graphs. Discrete Applied
Mathematics, 161 (10-11) (2013), 1655-1659.

131 Tang, D., Wang, H. and Shan, E., Vertex vulnerability parameters of Kronecker products of complete multipartite

raphs and complete graphs. Operations Research Transactions GEFFFIR) , 16 (1) (2012), 31-40.
g ~ ~

132Cao, X.-L., Brglez, S., Spacapan, S. and Vumar, E., On edge connectivity of direct products of graphs. Information
Processing Letters, 111 (2011), 899-902.

1330y, J.-P., On optimizing edge-connectivity of product graphs. Discrete Mathematics, 311 (6) (2011), 478-492.
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83 WLEMEIDHIIN R

HE G = (V, E) KAAYUHFEHIAL R G0 T W 25 R $h 2k, b Ve s AR o 5 v g Ak 2
&%, B PIUACRACBLG 2 M L. G AP TR b . (fault-vertex) , AU RE VAR R 2% v
REPRGS R MR, T4 F C V(G) B bRss, i Foopip A T A b i

FEZ MBSV SENLR GE D, AL TR &% (B AN T A ), U A PR BE BN R R GEK
AW IR, AR IVFZ REUKF O RSWER, b i W R PMC 7Y
FIEERIS WY (S WLk SR [134)) - i Ri2 Wih e 5 S VR 2T I0 LA TN .

§3.1 JRAFIIMEE PMC EE THEESIESHE

PMC #7 & B Preparata, Metze £l Chien [13%] T~ 1967 442 HI 1.

YT RY G, PMC BMER G A AP A o o @A TR DR, 4w W o
B, w AW, T v e B Ml R 1 (B 0) R v AR i (s R 2D
o(u,v) Tz w PR v F5 . T HAB E : 25 0 o A B e, Uyt s T 405 5 DU
HOBEAN IR, e ST MRRE tHidh o, FROAZZKIIRE - (syndrome).

X THEMNRE T o FITFHE F C V(G), HXMEM w € B(G), w e F = V(G- F) 1
ou,v) =1 ve F, WK F Y o & —31 (consistent with o) . XA F 1] A6 5 M .
Shy B AR A I L A AN TTRERY, BT DA RN R AR B W] REAS BN ] A - B R 1
Ty T3, AN PR AR T REAS BAH A S BRI 1. W o ={0: o & F & 51}
W EFL,F CV(G) NARTE. # op Nop, =, W Py Fl B 21X (distinguishable) ;
0, By R By S ASAT X5 F) (indistinguishable)

Preparata 55 AN135) ZEHR HUXLEME S () R A L By R By & W IR 3 1 78 70 e B4 AT

WMA31EXF AR Z2GCEPANTRORETE. I o B, RTRAN © HBEueFLUFR A2
NS FlAFQ /@i//f%' uv € E(G), —;H:—CP FlAFQ = (F1 U FQ) \ (F1 ﬂFQ)

HRRG G RS E MR 1 RE Hh e — 0 BN ¢ bR AR BT E, WIFK G AE
PMC Nt ¢ a2 W, ¢ MR ERRY G £ PMC B N RIZIE, 000 ¢(G), B

t(G) = max{t : G {£ PMC BTN ¢ nJi2Wi}.
Lai S A0%) 24t G ¢ TR 7 BB AT

el 3.2 £ PMC BAE T, 2% G £ t THWH < sHEMAANARRY LB c V(G), #
max{|F1|, [Fo|} <t, W] Fy A= Fy &7T X A49.

B F G R, TR v e V(G) AT Ng(v) € F, WFR F 4.
W R Al B 2 G PR EAEEE H max{|Fy|, |Fa|} <t 45 Fy Al Fy 2] X))
(1), WIFR G J&45AT ¢ W2, ¢ MR NAERRA G RSN, ik t.(G), B

te(G) = max{t: G &%t WiZWI}.

134Duarte Jr., E. P., Ziwich, R. P. and Albini, L. C. P., A Survey of Comparison-Based System-Level Diagnosis. ACM
Computing Surveys, Vol. 43, No. 3, Article 22, Publication date: April 2011. 1-56.

135preparata, F. P., Metze, G. and Chien, R. T., On the connection assignment problem of diagnosable systems, IEEE
Transactions on Computers 16(1967) 848-854.

136,ai, P. L., Tan, J. J. M., Chang, C. P. and Hsu, L. H., Conditional diagnosability measures for large multiprocessor
systems, IEEE Transactions on Computers 54 (2) (2005) 165-175.
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A lfhE THNEFPAE B, (K §2.8) f£ PMC BB FRIZATZ T to(By).

EIE 3.3 £ PMC AR T, 4 n>4 8, t.(B,) :{ 5 4ok n =4

dn—11 4oX n>5.

XA EERALEAE (Shuming Zhou, Jian Wang, Xirong Xu, Jun-Ming Xu, Conditional fault di-
agnosis of bubble sort graphs under the PMC model. Intelligence Computation and Evolutionary
Computation, Advances in Intelligent Systems and Computing Volume 180, 2013, pp 53-59.) — 3.

§3.2 MZHFETE LLBIEE T R FAS WA 5%

X Z e 2 WY (comparison diagnosis model) , faiFR A ELBAR Y (comparison model) .
ELAS AR 7Y} F Malek FIl Maeng [137-138) T~ 1980 4F A= 45 H& Hi K K.

YTRE G, el 2 BERBEHWNANE R o fly J5, 2 EKEA o Fy B, EEREATT
A B S BRI AR B, T @ A1 y th 2 A T b IR b
1, W @ Ay HBBATRE T HOE. 1 o (e, y).) % Hohesdh

oy~ [ O W Ty IR
e U o Ry IR R

Ltk LR o FRAZIZ I K - (syndrome).

AT, AR = A, TS et SR TS, PRLIE, BT A A R O R
T W FCV H o BRI T, 4 o BEFEF PHTH RO M, 11 F AT S R T,
WIFR F Y o ZAHZEH) (compatible) .

HRRGE G PERSEMNRK T o HAEAEME—, BB ¢, HY o BB TE F CV(G),
WIFR G AEHEHETY 2 ¢ W2, ¢ I KRR G AE ELBTRRRL N 2T, 00 t(G).

Wop={o: o5 FREMEMN}. V(G) TNARTE By Al F v U (distinguishable)
& op, Nop, = ¢, BNFEARTT P (indistinguishable) . & AT N AELEVEZ AN ) T 240 56
ARG L t W[ZWIK). Sengupta Fl Dahbura 1391 45 H—ANFE 20 b BE A LA AR 2R 458 )R] U000 1

Rl 3.4 ARERAYT, G FANTEGETR B 2 B, ATRANEG & CNEY ZHLT I

EHz— (LA 22 Bf7 ) :
z0 z Q)
/\ /\
O @) @, O
(2) (3)

22 EURTmE 3.4 IS AF

137Maeng, J., Malek, M., A comparison connection assignment for self-diagnosis of multiprocessors systems, in: Pro-
ceedings of the 11th International Symposium on Fault-Tolerant Computing, New York, ACM Press, (1981) 173-175.

138Malek, M., A comparison connection assignment for diagnosis of multiprocessors systems, in: Proceedings of the
7th annual symposium on Computer Architecture, New York: ACM Press, (1980) 31-36.

139 A, Sengupta, A. Dahbura, On self-diagnosable multiprocessor systems: diagnosis by the comparison approach.
IEEE Transaction on Computers, 41(1992), 1386-1396.
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(a) Hle x,2 € FLUF, A2 y € FIAF, 143 22,9z € BE(G);

) B 2€ FLUFE, o x,y € By \ Fo 424F 22,92 € E(G);

(c) BE z€ FLUF, Fo a,y € Iy \ Fy #4F 22,92 € E(G).

2008 4F, Lin 25 N[M01 BB A LW SRS, B G MR EE F bR o 210 4E (conditional
fault-set) WERXIEEAS o € F #8447 Ng(z) ¢ F, o Ne(z) & ri o 468 G PSR, Bl G- F A
TIAL R ARXT (Fy, Fo) BRRA AT EBEEEXT, iR Fy FIl Fy #2451k,

G PRI SRS APy #2 U, T Hl AL max{|Fy], |Fol} < t, WFK G
TR N4 ¢ PSR, AR BIPIASATHRSE Py R By 225k AT ¢ WISk, BVBGE
max{|F|, |F»|} < t. Sengupta Fll Dahbura 25t Kl G )& 4541 ¢ P2 78 0 b B4 A
WAL 3.5 ALWBHEA T, G REM ¢ T & G PEMANMAHEE F fo B ZTR5].

G {LEHAT R R 45A1 ¢ P2 (conditional diagnosability) t.(G) & XA

to(G) = max{t : G AR N A1 ¢ WS}
B, t.(G) = t(G). M TEEME G, NMTEEABHEL t.(G). SR, X AEIR IAET].

WFCV(G) 2 GMEHR, HZEG-—F M55 Wi H @7 s i, WIFR H A7
Y3 WWIFR H K532, Cheng S5 AU g3 INESRME AT AT ¢.(G) > t.

e 3.6 KB G=(V,E) ARKE A Fofk N E 6§ > 3. R G S t 1213

(@) [VI>(A+1)(t—1)+4;

(b) MEFT F C V(Q), |F|<t—1, R G- F H 9L HFA 4 L6 SRR 2,
AL, 1.(G) > t.

XAEERE HATAMTHE t.(G) AIFERL

§3.3  (n.k) HEFIEBOSESHTE

F622 0 ENT (n,k) HEAIKE (arrangement graphs) A, i, MH 4,1 = Ky, Appo1 =S, OF
KD Ao &2 AG,, CCEEIEED .

Lin 25 N2 A2 W EERES A RN, B5E T AEELERR N AR K S, MIZATTZIIEE ¢.(Sh)
3n—T7 (n > 5). FTWRIE SCR 21 i T AR LLBUERY B ACHRE ] AG,, AT TSITE t(AG,) =
6n — 19 (n > 6). FAHE) XKLL RBE —KH (n, k) FEIVE A, KA NS

EIR 3.7 K Ay 2 (k) HER, k>4, NAERBER T,

Fo(Anp) = 3n—17 En=k+1;
ik Bk—2)(n—k)—3 Zn>k+2

IXAMIFFE SR & AE 18 3 Shuming Zhou and Jun-Ming Xu, Fault diagnosability of arrangement
graphs. Information Sciences, 246 (10) (2013), 177-190) H. X553 C AR 27, Forp 3 B EoE
T3V AT FT B e B S A TR AT AR

140, K. Lin, J. J. M. Tan, L. H. Hsu, E. Cheng, and Lipték, Conditional diagnosability of cayley graphs generalized
by transposition tree under the comparison diagnosis model. Journal of Interconnection networks, 9(2008), 83-97.

141Cheng, E., Liptdk, L., Qiu, K., Shen, Z., On deriving conditional diagnosability of interconnection networks,
Information Processing Letters, 112(17-18)(2012), 674-677.

1427hou, S. M. and Xiao, W. J., Conditional diagnosability of alternating group networks. Information Processing

Letters, 110(10)(2010), 403-409.
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§3.4 ZEHLWESE 2 TEBEMLR

WIFURIR, fridl 3.6 AT (b) L5 Iy oi 2 IER ATV R. BB AT 2 i 2 %
W JE LSRN TR AT H HEFFAN AL . AW 20 H TR A A8 R
FUTIANN, L ZROS oR B A () T G IR S A A R, KR A (Rong-Xia Hao, Zeng-Xian
Tian and Jun-Ming Xu, Relationship between Conditional Diagnosability and 2-extra Connectivity
of Symmetric Graphs. Theoretical Computer Science, 627 (2016), 36-53) —3CH'. X5 fl F—1%
A% I T EET 7R

[ ] Fp it 2 ST (LS §2.1 1Y) . ¥ G K], S c V(G). Wik G — S A H A
AN SE DA 3 AR AR S G H) Ry skl X THAERK G, A EAHE Ry s it
Kl 5 W8 5 BAFLE Ry rH K G BFRN Ry K, R E S 2D —A Ry KEL X T Ry K
G, B 2 WL w0 (G) SO Ry sFIT S N BT, UL w(G) M wI(G).

R, TR ERE G, t(G) Al k2(G) RAEBIFTFTHT. 28PN 1.

TR REM 4% CE LA 2.0 AN, JETHFN SCf& P43 852 T t.(AN,,) = 3n — 9
(n>5); FPEHM HET 67(AN,) =3n—-9 (n>4). N n>5 117, t.(AN,) =3n—9 =
K (AN,).

XF TASHEREE] G SUWASIHI - 2.2) AG,, TV NS B2 T t.(AG,,) = 6n—19 (n > 6)
(WASICER §3.3 41 ; Lin 2% N M6] M55 THIE &/ (AG,) =6n—19 (n>5) . KNIk, ¥4 n > 6 I,
1 t(AG,) = 6n — 19 = K!/(AG,,).

AT H R R A AR AL N RS WL t(G) Lk 2 BT £)(G) Z IR R,

N T BRAIRATEE R, FERLES. 6T X C V(G), it No(X) = (Urex Ng(2))\ X A X
FI&8 AR, KT G A AMET A = Il y, 2 l(z,y) = IN(z) N N(y)|, H G) = max{{(z,y) :
z,y € V(G), 2y ¢ E(G)}.

N TAE TS, XEACEEIENE. B S & G i/ Ry fiE W G — S h &%
T Py W Cs. T, IATVRIAEFLE AT N IR G AR N 14441 ¢ T2 t.(G)
Lintk 2 JEME £2(G) HW FEVILR.

EH 3.8 % G An BN Ry B, t =min{|Na(T)|: T & G #3% Py KK B O3}, ¥R G HLT
5| A

(a) XA F CV(O), [F| <t -1, G~ F A—AKH A0 83 BATES 5 2

(b) 2o & G R4 Cs, A4 n > 20(G)+2, TN n>30G) +2;

(©) V(G > (n+ 1)t — 1) + 4;
AR AFEWEAER T, 1.(GQ) =t = £(G).

)
)

FEH 3.8 HIUEIAAE, & BErh 40 EARAT A%, (LA UESEVE 2 25 44 1 .34 W0 4 58 1 ) el #
FAT IR LK,
1437hou, S.-M., Xiao, W.-J., Conditional diagnosability of alternating group networks, Information Processing Letters,

110(2010), 403-409.

1447hou, S.-M., The study of fault tolerance on alternating group networks. In Biomedical Engineering and Informatics,
2009. BMEI ’09. 2nd International Conference on, Issue Date: 17-19 Oct. 2009, DOI: 10.1109/BMEI.2009.5305876.
1457hou, S.-M. and Xu, J.-M., Fault diagnosability of arrangement graphs. Information Sciences, 246(10)(2013),
177-190.

1461in, L., Zhou, S., Xu, L., Wang, D., The extra connectivity and conditional diagnosability of alternating group
networks, IEEE Transactions on Parallel and Distributed Systems, 26(8)(2015), 2352-2362.
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§3.5 FELRAINHA

TENEH 3.8 KNI, RATRES: —VF2 F 4 MR AE UL N UM T IE ¢ Lol 2 JETE
roy. LEWMERIGUEE B 3.8 FRIZAT () , SERFIXEEAATXS N T S 21 i1 P 2% © 28 HEIESE.

B+ 3.9 Z2EF (n,k) 2E

SEB (star graphs) S, Bl (n, k) R S, x B0E XAES §2.2 715, AT 852 T to(S,) = 3n—7
(n > IS DS IBHE T to(Snk) =n+2k—5 (n = k+2, k> 3). SR, &7(S,) Fl 67(Snr)
i T‘/ﬂﬁ%&ﬁﬁi% YRR 3.8 HIHELR, L HIAT MRS58,

HEIL 3.10 t.(S,) =3n—T=k"(Sn), n=5;te(Suk) =n+2k—5=r"(Spr), n=k+2, k>3.
KN Spn_o = AN, BH#EL 3.10, 3L EIAT

#iL 3.11 t.(AN,) =3n—9=k/(AN,), n > 5.

f5l-F 3.12 (n,k) HEFIE (arrangement graphs)

(n, k) HEANEL Ay (UWL62.3) , EEE 3T MIET: M n>k+2 H k> 48, t(Ar) = (3k —
2)(n — k) — 3. 3R, £ (An) RATHAE. M AEH 3.8 R, LHIAT MR L.

HI£ 313 Hn>k+2 H k>80, t.(Aur) =Bk —2)(n—k) —3=r"(Anr).
A Ao & AG,, HIHER 3.13, SRR 2] MRS, 2.

IR 3.14 t.(AG,) =6n—19 =k (AG,) (n>6).

f5lF 3.15 FHiRE

Xl (transposition graphs) R IS §2.8 5. H 7, Ron XA A ) Cayley Bl 4
4 B, Lin A NPOVEE T te(7,,(5)) = 3n — 8, B DAAENIO 58 T k(7,(5)) = 3n—8.
7 I, LS L E 3.8 i

HEIL 3.16 t.(7,(S)) =3n—8 =K/ (F(S)), n > 7.

2
2

5IF 3.17 k X n IIFHMLE (k-ary n-cube networks)

M k> 20,k Xon SEJTME QF JE n ANE Cp I RIKTERL C), x -+ x C, H Dally 151
LR BAR, Q2 = Q.. M 1.10, QF J& 2n IEN Cayley K& Cp(S), T = (Zp)", S =
{e1,... en}U{e(k b ’_”765571)}7 Hrpe, (1 <4 < n) W (111D FTEX, el(-kfl) e P 1
B (k- 1), B

e! =0---0(k—1)0--
——

i—1 n—u

1477hou, S.-M. and Xu, J.-M., Fault diagnosability of arrangement graphs. Information Sciences, 246(10)(2013),
177-190.

1487hou, S.-M, The conditional fault diagnosability of (n,k)-star graphs, Applied Mathematics and Computation,
218(2012), 9742-9749.

149Lin, C.-K., Tan, J.J.M., Hsu, L.-H., Cheng, E., Liptak, L., Conditional diagnosability of Cayley graphs generalized
by transposition tree under the comparison model, Journal of Interconnection networks, 9(2008), 83-97.

150Yang, W.-H., Li, C.-H. and Meng, J.-X., Conditional connectivity of Cayley graphs generated by transposition
trees, Information Processing Letters, 110(23)(2010), 1027-1030.

151Dally, W. J., Performance analysis of k-ary n-cube interconnection networks. IEEE Transaction on Computers,

39(6)(1990), 775-785.
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BN e T K7(Q2) = 3n—5 (n > 4) . RIGRENDS e T &/(Q3) = 6n -7
(n > 3) . WIPESEANY BET (QF) =6n—5 (k>4,n>5 . Hsu S N ffiE T
t(Q2)=3n—5 (n>5). XL LIHEH 3.8 .

HES 3.18 B k=5 A& n>8 BN n>6. 1(QF) =t =r/(QF), £

6n—>5 ifk >4

3

t={ 6n—7 ifk=3;

)

3n—5 ifk=2.
BF 3.19 FEILFMELE (dual-cube networks)

SHEL TG DO, 58 LAEE §2.5 15, Mn > 3 1, Ji-
Al t.(DCy) = 3n — 2. IXLLLE AT L EHE 3.8 Tl

S A BIFIE T #(DCy) = 3n—2

#i2 3.20 t.(DC,) =3n—2=k"(DC,), n>5.

f51F 3.21 FIE (pancake graphs)

1234 4321
21 12
o0——oO
3214 Q O 0 2341
(a) PG2
2314 Q ® 3241
123
1324 4231
321 213
3142 2413
231 312
4132 O O 1423
132
1432 O Q ) 4123
(b) PGs
3412 2143
(c) PG4

& 23 RiBEE PGa, PGs Fil PGy.

AGHE PG, & Akers Fll Krishnameurthy[156] FeHRM, BTSN Q,,, PITH A p; A D
TIUAE & pi = ivig- - igingr - -in H pj = ig--igivipgr i, FP 2 <k <n 823 PRz
RIGHA PG2, PGy FI PGy. FIVFEl PG, & (n— 1) IEW] (n — 1) @ Cayley Kl Cq, (S), H

152Xu, J.-M., Zhu, Q., Hou, X.-M., and Zhou, T., On restricted connectivity and extra connectivity of hypercubes and
folded hypercubes. Journal of Shanghai Jiaotong University (Science), E-10(2)(2005), 208-212.

3R IR, &R, 3 n L MEey 2 MiEi@ . AU A, 33(4)(2013), 1036-1038.

154Hsieh, S.Y. and Chang, Y.-H., Extra connectivity of k-ary m-cube networks, Theoretical Computer Science,
443(2012), 63-69.

155Hsu, G.-H., Chiang, C.-F. Shih, L.-M., Hsu, L.-H. and Tan, Jimmy J.-M., Conditional diagnosability of hypercubes
under the comparison diagnosis model, Journal of Systems Architecture, 55(2009), 140-146.

156 Akers, S. B. and Krisnamurthy, B., A group theoretic model for symmetric interconnection networks. IEEE Trans-
actions on Computers, 38(4)(1989), 555-566.
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S={(iyi—1,---,1,i4+1,---,n): 2<i<n}. FAPHENDTHET t.(PG,)=3n—-7 (n>5).
SRT, k2 (PGy) APHfiE. w3 3.8 GEFH MiR4s L.

#iL 3.22 t.(PG,) =3n—-T7=k!(PG,) (n>5).

5IF 3.23 HDEFBILFHIARMLE (hierarchical hypercube networks)

ST n YE9Y LTI R ML, HHC, (ILES §2.6 715, B4 N8 35 T v/ (HHC,) =
3m—2 Mt (HHC,) =3m—2 (n=2"+m, m>2). 24 m >5 I, XL LuT L d e 3.8 Sl

#E 8.24 (. (HHC,) =3m—2=rj(HHC,) (n=2"+m, m>5).
AT AZE ) ) A 428 T

§3.6 7 PMC #AT ¢/t BHESEERENKXER

1991 4F, Kavianpour and Friedman 129 $£Hi7E PMC R {R5FIZWIE (pessimistic diagnos-
ability) M.

Wb BB ¢ MRS G, WA BRI B —ME S, S| < e TmH S
W2 &N A, WFR G X t/t TTEW. £ PMC BN, G HIRSFI2IIE (pessimistic
diagnosability) & XA

tp(G) = max{t: G & t/t \[iZWI1}.
Tsai fl Chen 160 45N K% G 2 t/t WIS 78 /0 Db E AT

Rl 3.25 (Tsai Al Chen'00) R4k G £ t/t THWiH) o SME S C (G), |S]=p, 0<p<t—1,
G-SHRSZANRLE, AESLEVH 2(t—p) +1 M.

KT GBI 2 By, & (2,y) = [N@) N N(y)l, H £(G) = max{l'(z,y) : =,y €
V(G), zy € E(G)}.

ETE 3.26 X G Ak EN kFEiBE Kk >5) v(G)>4k—2,cn(G) <2, U CV(G), F & G #.53].
(1) & 2<|U| <202k —4—0), W [Ng(U)| =2k —-2—1;
(2) & |F|<2k—3—0, 0 G- F R BNE, P —MHIKLE.
ARL t,(G) =2k — 2 — 1/ = K. (G).

YEAHER, VP2 F 4 M IR TS W RERCE, ELln: ATHEREIS], AZHERERI 4%, BC 4%, k X
n ST, r RO R, BB AR Cayley 54

IXHEZE Ll A0 5 1 S (Mei-Mei Gu, Rong-Xia Hao, Jun-Ming Xu and Yan-Quan Feng, Equal
relation between the extra connectivity and pessimistic diagnosability for some regular graphs. The-
oretical Computers Science, 690 (2017), 59-72) .

157Zhou, S.-M. and Xu, L., Conditional fault diagnosability of pancake graphs, Journal of Convergence Information
Technology, 8(10)(2013), 668-675.

1587hou, S.-M., Lin, L.-M. and Xu, J.-M., Conditional fault diagnosis of hierarchical hypercubes. International Journal
of Computer Mathematics, 89 (16) (2012), 2152-2164.

159Kavianpour, A. and Kim, K.H., Diagnosabilities of hypercubes under the pessimistic one-step diagnosis strategy.
IEEE Trans. Comput. 40(2) (1991), 232-237.

160Tsai, C.-H. and Chen, J.-C., Fault isolation and identification in general biswapped networks under the PMC
diagnostic model. Theoret. Comput. Sci. 501 (2013) 62-71.
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§4 MR FEERIRSENR

§4.1 BEIRSRIDEBMIFAE

5§21 YWIRIT T b LEAE X R G Bk, 2 h > 1, AY(@) IEAR B AL
B, 5 n>1, 4 G;, =KV (k). B8R, Gi, = K., T H A (G ) AAEAE.

22 (@) FE1E, WIFR G ol A s % T A i ¢, W T X C V(G), |X| > htl
i3 Eq(X) ik h i H GIX) A GIX) #AEERN), K Eq(X) ®5 ¢+ X 5 X 2
W & da(X) = |[Eq(X)],

&(G) =min{dg(X): X CV(Q), |X|=h+1 H G[X] ZZEHH}.

B, &(G) = 6(@) H &(G) = €G). AT A" Bl G, Whitney AR E®E A (G) < &(6);
Esfahanian Il Hakimi LT 1.DEH T A(G) < &(G); F A AU SE T AP(G) < &(G).

<
%I h > 3, Bonsma 55 A162) RILAZGER A(G) < €,(G) ANFEL. KHFAIE YL (163) §FB TR
LI, B T A (G) HTEETE.

il 4 1 kG REY 25+1) MEMEEE, £ F §=0(G). RIEMELL b, G 2G5, T
2 3(G) #te, A
AP(G) < (@) AHEFT b, 0 < h <6,

e AD EEE. 2 AD(G) = (@), MER G AW 1. B 6P K, G
AP hE P, G- F ST EE b+ 119432, WER G oA A [ e ORI,
A sk A AR, R AR,

@E 42 %G AN @B AE NG < &(G). MAEM >0, G 2R ANV B o &%
A6 REE, 3E NG > 6(0).

EX 4.3 B B G 89HFAE (persistence) pi (G) %X J KIS m ABIFHES F C E(G)
(|F|<m), G—F mu2a M @A,

ﬁHQ%L&EiE& I, FEASE p)(G) KSR A MBS S T e i
)\(h I G, T5E o8 (G) HE AT RS, — Rk, ﬁ)‘fﬁ% p(h( ) RS RARZ M. 2
(@) 1) LA R D IR,

W 4.4 TR A B G, 0@ <6(G) - 1.

SHEM#E A B G, TAIAREIEE pS (G) J 75 NP-hard [, ix HLH % BB b,
he{0,1,2}. KI5, S HIH A N, N p il 3 AL A AR o0 Fir plh.
PLHEAA NS JE T 6 TR A G, e N O, A

p(G) = min{\N(G) - §(G) — 1,6(G) — 1}.

161Meng, J.-X. and Ji, Y., On a kind of restricted edge connectivity of graphs. Discrete Appl. Math. 117 (1-3) (2002),

183-193.
162Bonsma, P., Ueffing, N. and Volkmann, L., Edge-cuts leaving components of order at least three. Discrete Math.

256 (1-2) (2002), 431-439.
1637hang, Z. and Yuan, J., A proof of an inequality concerning k-restricted edge-connectivity. Discrete Math. 304

(2005), 128-134.
164Hong, Y.-M., Meng, J.-X. and Zhang, Z., Edge fault tolerance of graphs with respect to super edge-connectivity.

Discrete Appl. Math. 160 (2012), 579-587.
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W, AERLERAT R, AATEHE T k(> 3) IEWE G FRFATE

1 Wi k=3 H G &\,
p(G)=19q k-1 W k>4 HGEEN K;
N—k R G BN EARE N W, MH ~(G) >N —k+1.

ZIH % S N K G IMEEATE o/(G). XA LSRR HRA SR, 4R R A
13 (Zhen-Mu Hong and Jun-Ming Xu, Vulnerablhty of super edge-connected graphs. Theoretical
Computer Science, 520 (2014), 75-86) Al {HONG Zhenmu and XU Junming, Edge fault-tolerance of
super restricted edge-connected Cartesian product graphs. 1 E R} EH AR N E2EHL, 44 (12) (2014),
967-974) .

§4.2 —MEFAEHTR
ERWREL IS 2
313 4.5 R G2 N #HiBH, FC EG).
(i) & GENRKRETE |F|<HG) -1, 0 G- F & XN i,
(i) & G — F & N &ileg, W G 42 N &ideg, mB N'(G-F) > )\'(G) - |F|
H51 B 4.5 “ZRIERTG 4 AL
EIHE 4.6 X G AR N B. & N(G) RE, N p(G)=6G) 1.
HERE 4.6, (TS REE N H N EWE G MEEATE 0(G).
Kl G RO ILEN, R TR REAU R 2 <(G). H n(G) Fom G LN €(G) il
ECH. JT5E, AL N = N'(G), X = N(G), p' = p/(G), £ = &(G) Al 6 =6(G).
N E B HE N H N K G FFATE p/(G) BTN
I 4.7 K G AL N BN\ EERE. N
(i) P'(G) = min{\" —€—1,0 — 1} %2R (G) > 6, KA

(ii) p/(G) = min{\" — £, 6 — 1} %2R G AZIEN] 4.

EH A7 PEA “n(G) = 67 L EM, T H p/(G) BN 25K

§4.3 ENERFAE

N T I s HERE 4.7, #tRIE G REILIENR, BN, B, T & (> 2) Kb fd
Bl LS 9(G) Fonld G MEHKC RIEBIIICED . AHRAE, Cy M Cs 2P 2 IENE
N OEWE. BRAT p/(C) = p'(Cs) = 1. P, BOE k > 3. BAAHIE 3 LMK, IR AT i
T 2 Gy e T ) i L

Wl 4.8 K G A& 2n W 3 ENA N EBHE. Fn>4, MNEK g(G) >4, M n#4.

NREESEARE T3 RN N ElE G AR o(G).
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EIE 4.9 X G A 2n M3 ENA N HFEBE, N

— MUK, M k> 4 B BE kOEWGE XN B G IREATE p/(G) AR BB 4.6, 4
N(G) AEAE, W p'(G) =k — 1. Pk, ATREEZEE kRN N7 JER K. T XA G, AN
FERR A SRR

NiEEE D N AARE D AN EiEE.

Iy X LA N B AL o 5. ORI PR G EE
B3 4.10 £ G A kK EN N KB, BHk>4 W G RN EiB6 < g(G) =24 3HE k=5
N E B K IEW N AR G IFEATE p/(G) HISE
EIE 4.11 R G &k EN N KB, k>4 % g(G) >4, N
k—2<p(G)<k—1.
% g(G)=3,k>5 H G & (k—2) #@{a R \ Eid6g, N

k—4<p(G)<k—3.

IXLE AT LR B, AEX T35 A58, &4 “G & (B —2) &l ” Ho HAEUE 4, (02
B H TR AHIE.
YTk EWGE N K G, p/(G) A NS

T 4.12 X G A kL ENE N B, N

=k—-1 F k>4 HgG) >4
PGS =2 # k=5 H g(G) =3;
>k-3 £ Ek>6.

T k(> 4) ENEHEE G, ERATAIZRR ST UER T 45 g > 5, W G 2 X7 AL 1%
SENDSSJEI T 4 G A Oy Hog VAR, W G &8 N IR, 255X seah RE B 4.12, 57
HIERCENINELE

HIL 413 R G R E(>4) ENETER. & g>5 0 p(G)=k-1.

HEW 4.13 HHIZRAT “g > 57 S EE . Py 4 BN T5K Qu o2 N AR RTIEMIE H. g = 4,
EAGER N JEWR, FFATL o/ (Qa) = 2.

165Wang, Y.-Q. and Li, Q., Conditional edge-connectivity properties, reliability comparisons and transitivity of graphs.

Discrete Math. 258 (2002), 205-214.
166Yang, W.-H., Zhang, Z., Qin, C.-F. and Guo, X.-F., On super 2-restricted and 3-restricted edge-connected vertex

transitive graphs. Discrete Math. 311 (2011), 2683-2689.
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§4.4 EMEMBFAE

HEHE 4.12 TS —ADERAL R G & k EWEE N Kl k>4 H g(G) > 4, B4 p'(G) = k—1.
X, A IR AN GE RN, A28 e e B R SCE e B RS

B HEE W G(Go, Gr; M), 'E Hl Chartrand Fl Harary 167 FEHIK M. 4 Gy Il Gy A
AR {1,2,...,n} WL EIRE G(Go, G M) HIHELE V(Go) U V(Gr) MiLLE E(Go) U
E(Gy) UM, Hrf M = {ic(i) : i € V(Go),0(i) € V(Go),0 € Q,} #& Go Fl Gy T2 [8] 158 %
VCRC. 28 §2.4 19 LN TR 32 G(Go, Gr; M) FIFFRIGTE. L, G(Go,Gr; M) BL& BT
TIE Qn, BT VQn, HLTTK TQ,, JREARLITE LTQ,, A XL T7K CQu_y 1 Mébius 3777 44
MQ,.

JXCE W G(Go, Gy Gy ) FEXUTR. B Go, G,y ..o, Gy 72 m (= 3) DN ILATHHIA]
AL B G(Go, G, .., Goer; ) FTTREE V(G) UV(GL) U -+ UV (Go1) FIILEE E(Go) U
E(G1) U+ UE(Gu-1) U, o ot = U5 M i 1(mod m)s Miiti(mod m) & Gi Fl Gii1(mod m) W
FLZ AN 5E 4 UCHE. 3BV B (Recursive circulant graphs) G = G(cd™, )18 F JG [n) HE PR THT M
Ca, 0 Cg,0 -0 Cy, 1091 3 S Pl I,

B Gn,d) —MKE, ERTEE V = {0,1,...,n— 1}, WA 2 and y HHiE < |2 —y| =
d'(mod n) T i € {0,1,...,[loggn] — 1}. IR, G(d™, d) MG, Bk 5 B0 6 EMT,
Hp s =2m—1 W d =2, #F 6 =2m W d # 2. FEMAE a5 a2 EIIEHE
G(ed™,d), 1 <c<d, 6 =2m+1 WH ¢ =2, ikFH 6 = 2m + 2 WL ¢ > 2. Park Fl Chwall™
T Ged™, d) F#BALEHK, Bl G(cd™, d) = G(Go,G1,...,Ga_1; . 4), Hh G; = G(ed™ 1, d),
i=0,1,...,d — 1. [IEFNIXNE, Ged™, d) B AIBIAIEIFE (recursive circulant graph) , &
JE 6 IEN) S JERP). R, G2m,4) & m BN m EWlE. G2™,4) Y Q. AHHFEMEY 2™, (1Y
m >3 B, G(2™,4) 2 Q. BN G(2™,4) B 7. R, Y ¢ > 3 I, G(cd®, d) = C., BT
c=3 I Glcd™, d) B&=MIE.

n YEEIRTHI C(dy,...,dy) = Cg,0Ce,0---0Cy,. Cdy,...,dy) 72 2n [IEW) 2n EIE ) A
iR, K g = min{4,d;,1 <i <n}. B W 4 >4 G e {1,2,....n}, WA Cdy,...,d,)
AT ZAM. Cdy, ... d,) BEWEIRN G(Go,Gr,y. .., Gay1;.4), Hp G = Cy,0---0Cy,
(i € {0,1,...,d, —1}).

Chen 5 NB7HA72] H1 Xu S5 NO7) BEFY T X W28 K 8 1000 J5 . F g A7) JFY 7 ax
PRI 2 sl g . BEACSE N7 WF50 T X R IR ATE p. X — 15 HE— DX P9 2 B () 4

167Chartrand, G. and Harary, F., Planar permutation graphs. Ann. Inst. H. Poincaré (sect B), 3 (4) (1967), 433-438.
1681 ,ee, J.H., Park, S.M. and Chwa, K.Y., Recursive Circulant: A New Topology for Multicomputer Networks, in:

Proceedings of Internet Symposium Parallel Architectures Algorithms and Networks (ISPAN94) Japan, IEEE Press,
New York, 1994, pp. 73 - 80.
169Dally, W.J., Performance analysis of k-ary n-cube interconnection networks. TEEE Trans. Comput. 39 (1990)

775 - 785.
170park, J.H. and Chwa, K.Y., Recursive circulant: a new topology for multicomputer networks. In: Proceedings

International Symposium on Parallel Architectures, Algorithms, and Networks, Kanazawa, Japan, 1994, pp. 73-80.
171Chen, Y.C., Tan, J.J.M., Hsu, L.H. Kao, S.S., Super-connectivity and super-edge-connectivity for some intercon-
nection networks. Appl. Math. Comput. 140 (2003), 245-254.
172Chen, Y.C. and Tan, J.J.M., Restricted connectivity for three families of interconnection networks. Appl. Math.

Comput. 188 (2007), 1848-1855.
173Xu, J.-M. Wang, J.-W. and Wang, W.-W., On super and restricted connectivity of some interconnection networks.

Ars Combin. 94 (2010), 25-32.
174Wang, S.Y., Yuan, J. and Liu, A. X., k-restricted edge-connectivity for some interconnection networks. Appl. Math.

Comput. 201 (2008), 587-596.
175Wang, D. and Lu, M., Edge fault tolerance of super edge connectivity for three families of interconnection networks.
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AL pl.

EM 4.14 HEAN i =0,1,K G £ n WMREZATE kL BN N B, K N, = V(G). =R
min{n, \j + \|} >3k — 1, RLAE#E G = G(Go,G1; M) AR N 89 H p/(G) = k.

EH 4.14 P “min{n, N (Go) + N (G1)} > 3k — 17 ZDE, Bk G = G(Go, Gi; M) 72
N L B, Go x Ky Ag# N, B Go 2 n AN =MIBH k IEWEE A K, k>3 H
n > 6.

#iL 4.15 K G, € {Qn,TQn, CQu, MQ,, LTQ,}. X n>5 A4 G, 24 N HA N &idd],
TH o (Gy)=n—1.

R 4.15 TPAAE “n > 57 SR BIAN, Qq K N ARAAREE N7 JEE, p'(Qq) = 2.
WAEFIR) SCEHE G(Go, Gr,. .., Gr; ) RFFAE o W THitR G AEF =K, BE

m>4. % I,=1{01,....m—1}.

EHE 4.16 sEEN i€ Ly, K G A n Wk BN k AEER, ARE=ZAN. R k>3, n> [EE2]
Hom>4, A G=G(Go,...,Cuo1; M) AN £, B p'(G)=k+1.

PEH R 4.6 RN H], TA I RIZRAG NIk ai R

HEIL 417 Ko dm REEH, 1<c<d, c#3,d>4,m=>2 0 G=G(cdm,d) AR N %l
49, o B

e p— .
J(G) = 2m 730—2,
2m+1 #F c > 4.

ML 418 wE n >3, di >4 (1<i<n), ML G =C(d,...,d,) A N #&i@ey, ;mA
P (G)=2n—1.

§4.5 HFRFMERFAE

FEF R TR P T ST, BRI 70) 25 A D P ) B AR T2 e S K 7S
FAT

P
¥

R 419 B i =1,2,% G & k BN k; BFEEE, k> 2. NHEFRER GIOG, 242 N
%) & ERRTAEE GG FRRER.

eSS AT 25 I B S R KT IREATE p(G) B R SR B A i = 1,2, % Gy
S ng B kg IEW) kg JUEWE, k> 2. W)

min{kl + kz - 1,711]{32 - kl - kQ,ngkl - kl - kz} g p(Gﬂ:l GQ) g kl + kz —1.

FEZIHWTF T, RAZE IR WS -RRTFRRAREATL p/(G) 7 F ARER

Inform. Sci. 188 (2012), 260-268.
176 Oy, J.-P., On optimizing edge-connectivity of product graphs. Discrete Mathematics, 311 (6) (2011), 478-492.
177Hong, Y.-M., Meng, J.-X. and Zhang, Z., Edge fault tolerance of graphs with respect to super edge-connectivity.

Discrete Appl. Math. 160 (2012), 579-587.
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EIE 4.20 xfHN i =1,2,8 G & ng Ik BN k; DEER, K >4, 1)

min{kl + kz — 1,n1k2 - 2I€1 - 2]{32 + 1,7’),2]€1 - 2I€1 - 2I€2 + 1} g p/(Gﬂ:l GQ) g kl + kz — 1.

E P UE ] R NAEAE T 1 AR08 5E, 1 HAXLE EFORN R FRARREIA D). QR in— L8 ANy
ZIRZAT, IEW RS RRAE o (G) BERCHASE .

WG 4.21 A i =1,2,8 G &k EN k; hE8 B, k; > 4. o R TR —HH L
(i) Gy = Gy HAFRAZAEHE;
(i) k1 + ko > 10;

(iii) ky =4, ko =5 B Gy TR ZAH,

) p/ GO GQ) =ki+ky—1.

Bldn, BLTE Qn = Qp0 Qn—p. #5 n =8 H min{p,n—p} >4, W p'(Q,) =n—1.
TXUEATF 5 A AL 5 4E 18 SC ( Edgegslant fault-tolerance of super restricted edge-connected Carte-
sian product graphs. HEBFEEIAR KN HAR, 44 (12) (2014), 967-974) H.
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85 MBREIRANR

KT P AR, 3 10 JUFER SRR TAFHROE. Sk w0 fHR T 2009 4F
AT R B AT AH DR 4 R AR H 25 i8R TR N7 5 AR X 2%

§5.1 ZRAYHE T 77 IRMILE 8918 R E AN RS B ER A

n YEARTIENL T K (varietal hypercube) VQ, IB1E XMW F. VQ, = Ko, THAEN {0,1}.
e VQ.—1 B X, HiEE vQY (3 vQL) &K VQ,_1 FEAN AR 0 (33 1
MAARKE. T n > 1, VQ, = VQ2 uVQL JFHZI N MW g iu S 2k vl i
Xp = 02p1Zp—2p—3 2221 15 VQL W Yo = 1yn—1yn-2yn—3 - y2mn L &

L Ty 1%n 2Tn_3- - T2T1 = Yn—1Yn—2Un—3 - Y2y1 WR n # 3k,

2. Ty 3 Tol1 = Yn_3-Yoy1 H (Tpn_1%n_2,Yn_1Yn_2) € I W n = 3k,

Hrp 1 = {(00,00), (01,01),(10,11), (11,10)}.

24 PR 2R TR VQ1, VQ2, VQs Fl VQy.

0 00 10

V@i VQ2 VQs

VQa

K 24 ARG ITA VQ1,VQa, VQs F VQy

ARG IR VQ,, & H1 Cheng Al Chuang 7 $2HK M. S8 7K Q. —FE, VQ, & n 1F
W A, FBIE ST RGR LA 2n — 2 OLFERAESALD G0 T Q, mtEm. i
W, vQ, WA, PRIERE, A0 ARG EARER LA TR Q) /. AEZI0H H, ATk BT
VQn MERYTETT. AEXMHFFUERE T RIS n = 3k I & 5 N AER.
178Xy, J.-M. and Ma, M, Survey on path and cycle embedding in some networks. Frontiers of Mathematics in China,

4 (2) (2009), 217 - 252.
179Cheng S.-Y. and Chuang J.-H. Varietal hypercube - a new interconnection networks topology for large scale multi-

computer. Proceedings of International Conference on Parallel and Distributed Systems, 1994: 703-708.
180 3£ 4% #2128, Reliability analysis of varietal hypercube networks. P B #F5#H K K F FIR, 39 (12) (2009),

1248-1252.
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1 VQs THL 3 DT A X =0101,Y = 1101 F1 Z = 0001 (WK 24) | il X Z 54—l
Cs ", Tl XY HIACEAEALME Cs. IXEWRE VQu AEURTITN. SR, VQ, & rinIEH.

EHE 5.1 SEFT n>1, VQ, ~£.&8Tite.

RN 772 HAA ] BT E S, 0T VQ, TAERMTIA X F Y, Mg —A AR o A
13 ( ) =Y. AEBRK RE, ARAE.
NGERALE AR (Li Xiao, Jin Cao and Jun-Ming Xu, Transitivity of varietal hypercube
networks. Frontiers of Mathematics in China, 9 (6) (2014), 1401-1410) .

F A n=3k+t,k>0,0<t<2,Dy o 8 IR Dy = {a,b: a* =02 =1,b"tab=a"1}.
% Gp = (Dg)* % (Zs)t, Sp = {a?,...,a%b,....b,ab,... ab,1,... 1}. HiT, fEdEEE 181 @ 5tiiE w)
E/—’H/—/W—’H/—’

Cg, (Sn) 2 VQn, MIMIEHT VQ, & Cayley K, IJH:% '5—IL_FI’J JEBFFUEY VQ, & Cayley K
75 AT AN R ﬁﬁ/“ﬁﬁ%ﬁ?ﬂu A T FESSE S i3 VQn = Cr(S). LR
R LEPEHE T A n=3k+t, k>3,0<t <2, M

1 i
ngh)(VQn)zn(h+1)—§h(h+3) 0<h<n—k

KT ARSI VQu M9LTHIEIR, SRAFT R 45

EIE 5.2 3 n>2 VQ, PHELAAROLSEAKRE (M43 20, IRT 5)0BF, B VQ, £ 6
DZEM(n>3).

EM 5.3 KAy R VQ, PEEHA dHRATRE. & n>3, LA VQ, PHLEAKE (M d
B 2" —1,RT 2,4 4R d=1) zy 3.

XGRS RS CEEE, M, #8121, Cycles and paths embedded in varietal hypercubes.
o ERFER AR SE AR, 44 (9) (2014), 732-737) .

EF 5.2 BEH VQ, 5 Hamilton [&, EFE 5.3 70 HlE%HE VQ, & Hamilton ZEMH). ik
W RS DL, I HFST T AR TR VQ,, FIIAZE Hamilton P, SRAGUT M &5

EIE 5.4 & n>3, REVQ, PAMKEHRFALTL (n-3), FERNLARARZL Hamilton %69, R
2 VQ, PRAMEHIAIL (n—2), FIRMEARARA Hamilton B,

XUk A S e (BE 2, 4R 12 B, Hamilton paths and cycles in fault-tolerant varietal
hypercubes. HER}EFAKZ 44, 46 (6) (2015), 436-442) H.

B, FA PR VQ,, Mg, KL VQ, FATWE 25 Fros i A 454

FESS §4.4 o, AR IR RGBT TR VQ, REHKE VQL_ eon VL, P VQL_ | b5
VQL_, ZIAIMMSE&ULEE M My Rl My Z8: My 2 VYL, L VQLY, Z [EI5E % ILRL, M2
VRO, 5 VQLL, Z A58 A ILHL.

FIFIXFheiby, 2 18 kA sl A b, St 7 e 28 5.4 PR ANEE R, SRAZ T 1 4

1817Zhou, J.-X., On g-extra connectivity of hypercube-like networks. Journal of Computer and System Sciences, 88
(2017), 208-219.
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L=vQi_, R=VQ,_, L=vQl_, R=VQ,_,
e N ™ e N ™
VoYY, i I Ve, VoY , i I Vo,

\_ o O ) \_ o O ) \_ o O ) \_ o O )
(" O O ) 4 o O ) 4 o O ) (" o O )
vou, ! ] vou, Ve, < Vo,

\_ J L J \ J J
(a) n # 3k (b) n = 3k

Kl 25 vQ, miIasit

T 5.5 KeRZVQ, PEE—FIFMKED, SEAMBHRIRE -2 (n>2)8,VQ, P4
JE—5AE ¥ E Hamilton B 6,4 e.

XANGE RS AR 8 3 (Jian-Guang Zhou and Jun-Ming Xu, Hamilton paths and cycles in
varietal hypercube networks with mixed faults. International Journal of Combinatorics, 2015, Art.
ID 513073, 6 pp.) .

§5.2 AIREBIL AT IRRBEAR TR

T THRENLTTAR Qr, VFZWTFUSCR R I A S AN K (1) i A P, Rl e 5 e e il
A RIARG W — R gk ez 920 anift Q,, BEAT Wb A nlg 1, IR ASHERINTI S » Al y, H
Menger EH, Q, FAEAE n AN xy B (HIXLEEIFA—EWH Q, THH A,

HEREE Qn 2 2 HrK. B a fly & Q, PARRI MBI, k 2EREIEREEL. 2004
4F, Chang “G ADSSIAEM T XHMEM & (1 <k <n), Qn THEMAAE k W AN oy B, EAT 1
T Q, PETH TN, 2007 4F, Chang Z5 NS HE—3PUF T MM & A<k <n—4), Q, T
AL k 26N IRAKE ) oy 3, B8 Qn THHTA TR, HARTP 4 K2 AR 2.

P 28 A AN TR . RE Qn 1T fo AR AL 2006 4F, Ful'SSI JEIT: 4 f, <n—-2 H
n >3 B, X Qn AEATWNEEA d AR A o Fly, 1R d 2758 E B0 |, B4 Q.
e KRRy 2n —2f, — 1 (i 2n — 2, — 2) BYARMRS 2y 2%, DO Q) A2 2 1, Rk
R R — N R, B4 Q. Kl 20 — 2f, — 1 (W 2n — 2, — 2) [k K AR RS 2y
B W Q. A ARBTE 25 E ADTTWIA AR BBE AR 5, Kueng 25 A86] T e 2045 NS 2idk f,
154 2n — 5; Fink Hl Gregor 881 (i £, MIFA 2n — 4; 4 n > 15 B, Dvordk et al. '89) 25

182Xy, J.-M. and Ma, M.-J. A survey on cycle and path embedding in some networks, Front. Math. China. 4 (2)
(2009) 217-252.

183Chang, C.-H., Lin, C.-K., Huang, H.-M. and Hsu, L.-H., The super laceability of the hypercubes, Inform. Process.
Lett. 92 (2004) 15-21.

184Chang, C.-H., Sun, C.-M., Huang, H.-M. and Hsu, L.-H., On the equitable k*-laceability of hypercubes, J. Comb.
Optim. 14 (2007) 349-364.

185y, J.-S., Longest fault-free paths in hypercubes with vertex faults, Inf. Sci. 176(7)(2006)759-771.

186 Kueng, T.-L., Liang, T., Hsu, L.-H. and Tan, J. J. M., Long paths in hypercubes with conditional node-faults, Inf.
Sci. 179 (2009), 667-681.

187Ma, M.-J., Liu, G.-Z. and Pan, X.-F., Path embedding in faulty hypercubes. Applied Mathematics and Computa-
tion, 192(1) (2007), 233-238.

188Fink, J. and Gregor, P., Long paths and cycles in hypercubes with faulty vertices, Inf. Sci. 179 (2009) 3634-3644.
189Dvordk, T. and Koubek, V., Long paths in hypercubes with a quadratic number of faults, Inf. Sci. 179 (2009)
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S f, AR n? 4+ sn+ 1

BN TR Qn BT f, WURERORI fo ZRUBRIL, k238 (1 <k <n—1 |, X Al Y ZAEARH
RN AErP AR AR HL | X = Y| = k. WL £ + fo =0, IBAH Menger 5E#, Q, TAAE k AL
) ST . HIXLERKIFA—E S Qn P HTAT IR .

2009 4F, BRI 00T SEI TR £, 4 fo <n—k — 1, A Q, TAEAE k AZZHIARRS ST %,
CAEL S D 2n — 2f, AN AL IR DL T, Gregor 45 NN FIFREH M 1921 3745 L8 @,
T2 B2 AN AR R A IR AT H A B8 RO, SRS R AL

EHE 5.6 BT Q, (n>2) &4 f, NMREE, fL,<2h—k—-1),1<k<n—-1, X oY ZETRF
X PEREEEL |X|= V] =k RENEXEE VA ANESRESE L Q, FAE
kAT AEME ST 3%, ©MNEELE Y 20 —2f, MRE.

M k=18, & 56 ) T Fink fl Gregor )45 R, [FH, il Q, ANFbiil, W4 e
5.6 HSUEE T R P 45 R

UEIERE 5.6 AKX n FEATECFIAGNE. TR ENT Q,, HEAT XI55 T HAW 2 JEL8 K, T H.
TEAE MY PG & SRASZARRR ST ¥, NP A5 B4 5l R ) 2 R L8 AAT 2% 4 47
1EtE.

SI3E 5.7 4R f, <2n—6 B Q.(n >3) PHENIEMREEE VA BMNELRALE, AL GFEX D
Qn=LOR, EF L2R=Q, 1, #F L(X#H R) FPENFXREELE L(RHE R)FEVAHABA
JEHEAT &

I 5.8 KAy Q,(n=3) PALAAME, 1<k<n-28FT 552 Q,—{z,y} 9757
Rxlod bk ATEE. W Q,—{z,y} PHE kK FARR ST %, ©MEE Q, — {z,y} THATE.

SEFE 5.6 MIUEIARIRE, Befmd B AR, SLEH0E 4 DAFMAGE, L1 AR EE H AR
N7 B TR [A], A TR R 56 i SRR 28 AT 22 I ).

PIREPSY S

SEHL 5.6 FIUEZRT n (> 2) HATHCEA)AN. 9 k=1 B, f, < 2n — 4, B Fink Fll Gregor 145
R, BB, M k=n—18, f, =0, HEREMERISER, @A, P, 22 <n <3 B, B
AL TS EE n >4 H2<k<n-2.

G ERH Qn MHIBIILHM Q, = Lo R, Hf L= R=Q,_, fliff L (i R g4
bR S AE L (0 R) &I AR A (51 5.7 SRR AN . EXFER
RI53, S RN T gl DR R RCKE R BE 23 O AN TR IX BB45 iE BE (1 UE B A K R A

TG L R PR R L AL (many-to-many) AAZH, RGBS Q, AR
ST ¥. AENE, EATLEEM T, L (0 R TPiBEHoE S g BB ZE R — A Ay, X i
BTAIAGeAE L (W R P HEAEHIANER. AW THER B RS TE. — &3 i g i
B BARMR &, VIR BN AT . G s e e v 5 R A, AR AR AR B AT ME A 201
A B A AT AE 2 () AL 38 AN IR S U T o AN WA SOV I s e 2, E A1 9

3763-3771.
190Chen, X.-B., Many-to-many disjoint paths in faulty hypercubes, Inf. Sci. 179 (2009) 3110-3115.
191Gregor, P. and Dvoidk, T., Path partitions of hypercubes, Inform. Process. Lett. 108 (2008) 402-406.
192Chen, X.-B., Paired many-to-many disjoint path covers of hypercubes with faulty edges, Inf. Process. Lett. 112

(2012) 61-66.
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WAFE k — 1 FAAL, ARG HIE —Z0 AR RS aEE S U T ilm i #bi s (518 5.8 i ERBEML
FNX 1D, NTAE] Qn 1 k ASL ST .

M fo <2n -2k —2 W, CEEGE AT RELMERER Q. 2 X 2 AT
.

Xk U F4E ( Xiang-Jun Li, Bin Liu and Meijie Ma and Jun-Ming Xu, Many-to-many disjoint
paths in conditionally faulty hypercubes. Discrete Applied Mathematics, 217 (2) (2017), 229-242) —
.

86 MFEHEZEEEEEZMAR

§6.1 Kronecker EREHEZSEMAIRIEE

W Gy I Go AT (WTLUATH) | Kronecker R K Gy x G T A4E V(G) x V(Ga),
PITIUR @ya0 Bl yrye HHEB & 2191 € E(G1) H. 2ays € E(Ga).

Y A K i 5L, Kronecker FefH 193] J& H) Weichesel 194 T+ 1962 442, JFUEWT: @it G, Al
G HOEIEM), W Gy x G AEIEWN) & Gy Fl Gy BO—NEE 7.

Kronecker FefH (CSCHRAFEFRER, W §2.10) J& BRI 4 ALt R vE 2 —, LS R AT
FFFEGR. VF2 VR TR B8 2 3 E T, b Umdsm iz (WA §2.10 49) . Leskovec 25 A1195] 3R 5%
T Kronecker AR K H AR U K 45 5.

ER 6.1 STHEAN i =1,2, K G, RARA d; BBHENTREASH —/NReGEE R . N Kronecker AR
@ Gl X G2 éﬁﬁffé d(Gl X GQ) = max{dl,dg}.

FEWTFT Kronecker AR K1 ELARN, A1 &L Kronecker AR & (1) B2 15 A 1 B A Y FR 450 AT

n AR TTBE A BRA AR (primitive), WIERAAEIEREEL kA A* (RN TCERAN IEE (0 AF >
0). i AF > 0 L5/ kFR A A AR $E 2L (primitive exponent), A r(A).

G R A AYE, 0 e AR A(G) RANET); G IASIEFEE E X E AR A(G)
A YEFE L. Rosenblatt (1961 5 AT 1] B A AS R () — AN T o0 b L4 AL

& 6.2 AOEDAARRN < DHREiRM, M DYHARRAACBKL, b, 0, HFEK
DNLYHH 1, B, ged (b by, L) =1

BE A W Gy AR, A1 x A 52 Gy x Go IIRBIAEFE. WIHEMTIEREAL kAT (A1 x Ag)h =
Al x AL A UEFE R, FRATTAE T Kronecker R I ELAR. TG, FoAI 3R — AN JCHELE IR

193 2 E 8 F K Leopold Kronecker (1823-1891) 4% , YA A& xR A R B, 45 AR E 2 2321809 K b

194Weichesel, P. M., The Kronecker product of graphs. Proceedings of the American Mathematical Society, 13 (1962),
47-52.

195 eskovec, J., Chakrabarti, D., Kleinberg, J., Faloutsos, C. and Ghahramani, Z., Kronecker graphs: An approach to
modeling networks. Journal of Machine Learning Research, 11 (2010), 985-1042.

196Rosenblatt D. On the graphs and asymptotic forms of finite boolean relation matrices. Naval. Res. Quart. 4(1957),
151-167.
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é“}

TH 6.3 FHAN i=1,2, % G RABRA di, ARIEHA r; 49358 E, G =G x Gy, R G &
SHE, A G AR dAG) HETFHIR.

(1) d(@) = max{d;,ds}.

(2) R Gy &2 H, A

d(G) > 1 746; 1 =T2;
min{ry,re} +1 & 1 # ro.
(3) d(G) < max{ri,r2}.
< min{max{r; +1,ds}, max{ro + 1,d1}}, M ELFE Gy & 2 FE, NFF L.
=

RN R TS FR AT A EL I G T r(G) = d(G), 23 6.3 FPPEFT (1) Al (3) EEFH Al 6.1.
e 6.3, FA A1 T Kronecker efH & 1 H A%

EIE 6.4 M i =1,2,% G RABRA d;, KRIGHA r; 9580, R G, &4 B, R4

71 %= Ty = T2;
d(Gl X GQ) = maX{TQ + 1,d1} &= T > T2
max{ry + 1,do} & ri <ra.

MHIEEE 6.3 FERE 6.4, TATEME T — LUK &I ) Kronecker SR I ELAR. XLEWTFTRIR
£ 1F (Fu-Tao Hu and Jun-Ming Xu, On the diameter of the Kronecker product graph. Mathematical
Sciences Letters, 2 (2) (2013), 121-127) .

§6.2 IENERMFEERE

B Gt w EWE. G FPTIS 2 Fly Z 8% EE RS dy (G, y) i/ DN IEEEL ¢ fTifF G A7
1E w W AR KA ¢ 1 2y 2% B G I EAR dw(G) = max{d,(G;z,y) : 2,y € V(G)}.
Wi FARNE S B Hsu197)) Flandrin 125 98] Al $72 UK. B v HAR E LD 40

d(G) = dy(G) < do(G) < -+ < dup_1(G) < du(G).

KRR G R A . T, R GO K(G) > w, B4R E AN
Menger EHA du(G) —SEAFAE. XIS B AL P A RIE A 15 2, F*%W%?i‘éﬁ
PERITTSEPER TS 4. AT, Hsu ELIEM: X T w G G, #i5E du(G) MR N
SER VL. BRI, R du(G) MR BT, 2 w > 3 0, W T n B w @ w UK ¢, Hsu 7F||
Luczak 199 211515 R () < 2] FeliI3ReE RS

EHE 6.5 3T n M w il w ENE G AFEEHE m, R [225] <m<w, A

(n—2)(w—2)
dn(G) < {(w —m+1)3m —w —4)J +1

HER 6.5, 45 w > 5, W dy(G) < %]
IXANGE A S AE (AR 1R W, The wide-diameter of regular graphs. HHRMHEFIAR K 2F 244,
43 (8) (2013), 603-606) — 3.

197Hsu, D. F., On container width and length in graphs, groups, and networks. IEICE Trans. Fundam, 1994, E (77A):

668-680.
198 Flandrin, E. and Li, H., Mengerian properties, Hamiltonicity and claw-free graphs. Networks, 24(1994), 660-678.
199Hsu, D. F. and Luczak, T., Note on the k-diameter of k-regular k-connected graphs [J]. Discrete Math., 132(1994),

291-296.
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§6.3 BEBIARHFEERMBEER
WGt w EBE. G A HAE (fault-tolerant diameter) D, (G) & LA
Dy(G) =max{d(G — F): F CV(Q), |F| <w}.
RO, WL w ERE G A7
d(G) = D1(G) < D2(G) < -+ < Dy-1(G) < Dy(G)
BT w (> 2) il G, 4 HAR DW(G) A HAR dy(G) 11 FiRRAR.
Dow(G) < dy(G). (6.6.11)

YT 2 <k <n, n 4EEE N I (enhanced hypercube) EQ,, i BERANIEMEELTTK Q,, HH¥s
IANA 2y, o o = 2 - oppi ka2 and y = @ -+ D1 TeTpmr - - 21 G N ITERE N, IX
PG 5 5 RN, JRE X y = an -+ kg1 Tk Tp—k—1 -+~ T1) . &l 26 PR
& EQs s Nl EQu 3, Fo SEG AN T A il /e 4 4.

0010 1010

(b) EQa,3

26 SREENI TR EQs s Al EQu s

RN TR 2% 0 1 Tzeng Fll Wei (2001 LAY, AR, Mk = n B, EQ., n N n YEPTSHE
SLJTHR (folded hypercube) FQ,, Bl EQy n = FQ,. PRI, SR 8N T7 &4 S 2 T e . 4

Sﬂ = {617625 e ,en}, S’;L = Sﬂ U {647,}7

Hr e, (1.1 BFrsE X, e, i1 (2.2.9) B X @l + 1.11 51, @5k Q, /& Cayley
Czayn (Sn); RGN UEH T &L ITE FQ, i Cayley Bl Cz,)n(Ss). KT, #EALTS
1 Q, FHTEBEL IR FQ, #2&nTIER. FIHEHRKIRI, H EQnx MIE NS5 (U Yang 26
A\ [203]) 7

EQn i = Qn—rOFQ, (I1<k< n) (6.6.12)

F 2001 4 AR R4 [202] ehfg e 2 2.3.5 CrinT il B R /R SRR TS 1 s mT i) MR R (6.6.12) 07
RIS, EQn A& mvTiE. #R1, 2015 4F, Yang 55 A2031 S0 T ik BEQ,, x & /. FAE

200Tzeng, N.-F. and Wei, S., Enhanced hypercubes. IEEE Trans. Comput. 40 (1991) 284-294.

201Ma, M. and Xu, J.-M., Algebraic properties and panconnectivity of folded hypercubes. Ars Combin. 95 (2010),
179-186.

2024242 8 Topological Structure and Analysis of Interconnection Networks. Kluwer Academic Publishers, October
2001

203Yang, J.-S., Chang, J.-M., Pai, K.-J. and Chan, H.-C., Parallel construction of independent spanning trees on
enhanced hypercubes. IEEE Trans. Parallel Distrib. Syst. 26 (2015), 3090-3098.
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2010 4F, XL 555N 20 giEW T EQ, . & Cayley K. F5z b RIERIAR (6.6.12) FIf: (202
HIERE 2.3.10, NN Qu_r Fl FQy #i/& Cayley K, FTLA EQ, . thiE Cayley K Cr(SY), Hr
I'=7% = (Zg)n_k X (Zz)k, S;I/ = ({60} X Sllc) U (Sn—k X {60}), ,\EP eop = 00---00 7}433 (Zz) EF'%’{MA
7., HfI

s’ ={0---010---0,0---001---0, ... , 0---00---01, 0---011---1}
—— N —— —— N | Y ——
n—k k n—=k k n—k k n—=k k
U{10---00---0,01---00---0, ..., 0---0L0---0}
——— N —— —— ——
n—k k n—=k k n—=k k
— S, U{e,).

mﬁﬁu EQn,k %)#kﬁﬁf ?L‘E%\.jﬁu Qn—k: *n FQk %K%jﬂﬂﬁﬁq7 ﬁﬁ‘i‘ﬁ k <n Hf,l_u d&iﬁﬁj‘—/‘,ﬁ: EQn,k Z:
JEIUFTIEI.
Tzeng FlI Wei 2001 {54 1 i i \7 J7 PR P26 Il ff 8 T e IR ELAR; FORHEROS] fff g T & (348

W 6.6 BMEFRESRA TRBRE (RN AEMAL LY 73w 422 073 4.2.3):
(a) SMEFTERE Gy, d(G10Gs) = d(Gy) + d(G2).
(b) = G; e W; JE w; 1:%1\@, ) K(Gﬂ:’Gg) = w; + wo.

K4 5(Qn) = n = d(Qn) H 6(FQu) = n+1, d(FQ,) = [4n], B&ILR (6.6.12) A 6.6
S ) )
PRI, M w <+ 1 B, 5 AR du(BEQu.) I EAR Duw(EQn.1) #BREAFLEN.

Simé Al Yebra (1997)2961 Liaw fil Chang (1999) 27) 23 5#15E T Dy (FQy) Fl duw(FQy):

d(FQn) Fl<w

<

1 ERR Doy (EQn k) MR, AR (6.6.11), BATHE T duw(EQui) F Dy(EQ. k) K
ffifE.

EE 6.7 4 3<n HL2<k<n i,

d(EQn.k)
d(EQn,k) +1

1< -5k

n— Lﬁjgw\n—l—l.

=
-
x= 2

Dy(EQn k) = du(EQuk) = {

ILSETR, West, 1121, The vulnerability of the diameter of enhanced hypercubes. Theoretical
Computers Science, 694 (2017), 60-65.

2040 Q. Liv and H.-M. Liu( X|4L % ), The Forwarding Indices of Enhanced Hypercube Networks. 2010 International

Conference on Multimedia Information Networking and Security, 2010, pp 116-118.

205D, Wang, Diagnosability of enhanced hypercubes. IEEE Trans. Comput. 43 (1994) 1054-1061.

2063imé, E. and Yebra, J. L. A., The vulnerability of the diameter of folded n-cubes. Discrete Math, 174 (1997),
317-322.

207] jaw, S. C. and Chang, G. J., Generalized diameters and Rabin numbers of networks. Journal of Combinatorial

Optimization, 2 (4) (1999), 371-384
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F 4 2013-2016 EHEHEH AR

] =

4 FHR, RRAAR T TRE K A RAF RS T RE (i HAAAF F 6435 F 06 FA
RN 9h, TG T ARG —NEERE (L RLEADLFAAARY (2010.01-2013.12; R B %5 :
11071238) . FEEANR B $RJE —MNPATH L, 443t E N @ Fo & B 49 29 R4k, BIRE W 4094
2| B Ae AT A2 4K, p 428805 29 R 3K, Roman 26| 3R L REAAE 5 A2 H R 2R, IR
FIER TR ARE . BRI T, 512 T RAVA p AiRBeFFR AR, FFR p Mmikik
BIALAG F 4, AR T AR E A0k AL (i, B e t 3E ) ; TR e ik MO AR T
p+1, MEY p>3 B, B R L AiRHh p+ 1 9FTAA. AR XARMEAMEZEL
= ( On bondage numbers of graphs — a survey with some comments) . £ 23018 B pR 3= X £ F B3R
« Combinatorial Theory in Networks » #2 { A First Course in Graph Theory) ; X RA #3485 £ 45
£ #4738 3 F ( The forwarding indices of graphs — a survey) . R¥LVASN, RAVEAFRL T A @B 69
N R BE#E Caccetta-Haggkvist 578, VAR Seymour H —ARRIFA A, RFF LBt 7 &F 4o
HER. RENBERNEE G Pebbling ¥ @ 69 #F 5 TAE.

§7 ZHHMSARBMR

W G=(V,E) ZK. T4 D CV(G) AN G ML, WAL D h A SEsY D piEp
RARAE. SRR R SR G L, 188 v(G). T4 B C BE(G) o G LR,
RAG = B) >~(G). sANARETHILEI N G LRI (Bondage number), il b(G).

ZPREE S RN S M LS4, [ 1990 I DK, &2WFIT T AE# IO, 2013
R AR B K AARRE ST H (29 AR A R 85T (2010.01-2013.12; 10 H 4 5
11071233) ) fe i DATAE. AEIX4ER, JA5ER TR % T AWREUT 2714 3 F (On bondage
numbers of graphs — a survey with some comments) Jf:/& %7 (International Journal of Combina-
torics) (2013) WP, EIXGGCE P, IRATRGHS S T A WREWI T Jr s BhRg . LR ] R
AL I EE VR, X0 R4 — N [ 2003 LAk, Al 173 HIERN 20 07 TH 1) )5 2
WFFTTAE, 32 g T D LR P 1T 1 1) 249 SR ES, R B T 19 264 1 44 1 B5ORH Jseod # il , p #3185 40
WL, Roman 51580 B 20 REORIRT 5 343 ) €6 28055 7 T AT 9T 1A

§7.1 IENEFNFEE R L REF R

WG En (=2 Wk ENEL Y Ek=n—1/,G 2&5%42K K,. Fink % ARSIIER T 564K
K, (n>2) AREN [n/2]. M k=n—-21, G &54 t WK K.(2), ot =n/2,n >4 N
4. Fink AR —RSCEPUEH T n Broes ¢ 0K K.2) AR E N n—2. M k=n-3
i, RATUEW T

EET71RHGAnW (n-3) ENE, R4 G 894 RIHK b(G) =n - 3.

2083 F. Fink, M. S. Jacobson, L. F. Kinch, J. Roberts, The bondage number of a graph. Discrete Mathematics, 86
(1990), 47-57]
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XA 4E (Fu-Tao Hu and Jun-Ming Xu, The bondage number of (n — 3)-regular graph
of order n. Ars Combinatoria, 120 (2015), 275-281) —3C .

ST G, FERN SR E YL PO JE T2 b(G) < min{8, A + 2}, H A & G M NJ%.
Jii2k, Carlson Fl Develin 2100 $ Hy—ANH 7 v 45 X AN G5 A i Bk . Fedl 1R H I AN T VR IR I
T RERN SR AL 25 R A L er(G) /DT 4 I G AR AE L.

EIE 7.2 TEER G, wREHLTIZ
(a) cr(G) <3,

(b) er(G) =4 B G F& 4 ENHY,

(c) er(G) =5 B G R4 4 BA&,

R4 b(G) < A(G) +2.

EIE 7.3 K G AEBEHL AG) =6 Her(G)<3. R AG) 27 3&H AG) =6, §(G) #3 FH
FEN e=uay, do(x) =5, da(y) =6 MEEAERSE —ANZAF T, 2L b(G) < min{8, A(G) + 1}.

EIE 7.4 % G AFEBEE AG) =5, or(G) < 4. WwRIEFMZABESRES 245 BE, A4
b(G) < 6=A(G) +1.

XL R L5 4E ( Yong-Chang Cao, Jia Huang and Jun-Ming Xu, The bondage number of
graphs with crossing number less than four. Ars Combinatoria, 112 (2013), 493-502) —3CH.

§7.2 FBINE W L% A0 S HI EAN A ATHE HI £

FHE D CV(G) BN G ¥4 (total dominating set), WK G A LS D FIEA A
FAAR. f /NS TP B G AR, 08 2 (G).
K G RHERIE D BRI (paired) 214, WA T 1K GID] & 5E&ILE. XMES
J& 1 Haynes Fll Slater 21K G ST HIEL (paired domination number) ypm'( =D& E U
XA T AL AR,
Y(G) £ 1(G) < Ypai(G).

Pfaff 4% A[212] fll Haynes 45 A[213] %3 JuJEfﬁ TR RE A A BN SO 42 B ) AR fE NP 5E 4% )il

Seifter 214 #fi5E T v(Grm), n >3, m € {3,4,5}. ZINH RS N5

209Kang, L.-Y. and Yuan, J.-J., Bondage number of planar graphs. Discrete Mathematics, 222 (2000), 191-198.
210Carlson, K. and Develin, M., On the bondage number of planar and directed graphs. Discrete Mathematics, 306
(8-9) (2006), 820-826.

211 Haynes, T. W. and Slater, P. J., Paired-domination and the paired-domatic number. Congresses Numerantium, 109

(1995), 65-72.
212pfaff J., Laskar, R.C. and Hedetniemi, S.T., NP-completeness of total and connected domination and irredundance

for bipartite graphs, Technical Report 428, Clemson University, Dept. Math. Sciences, 1983.
213Haynes, T. W. and Slater, P. J., Paired-domination in graphs. Networks, 32 (1998), 199-206.
2l4Klavzar, S. and Seifter, N., Dominating cartesian products of cycles. Discrete Applied Mathematics, 59 (1995),

129-136.
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EI 7.5 AETES 0 (> 3),
%(Gn,3) = [4?"]'

Wpai(Gn,S) = { ’V

4

1 if n=0,2,4(mod5),
1+1 if n=1,3(mod5);

n if n =0 (mod4),
Ye(Gna) = Ypai(Gna) = n+1 if n=1,3(mod4),
n+2 if n=2(mod4).

als U‘|§

ZIHILLE 7 (Gns) Al Ypai(Gnys) B RS XL A5 (Fu-Tao Hu and Jun-Ming Xu,
Total and paired domination numbers of toroidal meshes. Journal of Combinatorial Optimization, 27
(2) (2014), 369-378) — L.

§7.3 T2 ¢ AREIRY p =HIEL
WG = (V E) el K, p R IEEEL 75 D CV BN G p I, R D PR A

D HEMDAT p MU BAR M p =11, p FHIEAUL T E SN ESILE. i, p HHELS
gz ’FI%'J%FI’J?&F” T i AR

WAL 7.6 B G FEHEAN p BHE-RCEHALERS A p—1 A,

BN p BERIERRN -5, vp- P IS ERR Y G 1 p #HIEL N 4, (G). K p %O
Fink 2% \[215] 4511 5fe g [216]

BAR, BN p HIE RS NP Seac el Pt e Frik K2R p U2 UK. 2009
4, Shaheen 217 3545 45 (C, O Cy) bR FY, IFffE FELEAE TE ARG B, BRUCLAAN, WATAERTE L. A&
TH 4 t 3B Ky ng.o m, 1 p FEHIEL

L Vi, Va, o Vi} o5& Ky ngeoo g 883K, Ny = {1,2,-+ ¢} XHER I C Ny, &

(D=> ni

el

EREAHGE 7.6, W t =1 83 F(N) <p, B4 v(G) = |V(G)|. Kk, BHTLMEE ¢ >
H f(Ny) >p. &

Iy ={IC Nps|I| <t =2, f(I) < p, [Z5HE] < niyie N — 1},

JH%
sy =min{f(I): I C N, f(I) = p},

. min{[ 2451 T € 4} if 7, # 0;
00 if 7, =0.

AL, A A5 R AT LI 7R R

215pink, J. F. and Jacobson, M. S., n-Domination in graphs, in: Y.Alavi, A.J.Schwenk (Eds.), Graph Theory with

Applications to Algorithms and Computer Science, Wiley, New York, (1985) 283-300.

216 3% . X % (LB FLIEH) 19 $15.2 P& (¢, w) e B4 RE DL 0=1 B w=0p.

217Shaheen, R.S., Bounds for the 2-domination number of toroidal grid graphs. International Journal of Computer
Mathematics, 86 (4) (2009) 584-588.
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E 7.7 K G=Kpnyoom, RRAEEHB, R t>2 B f(N) >p, ARLIET p>1,
vp(G) = min{s1,p + s2}.

XA EE R ALEAE (You Lu and Jun-Ming Xu, The p-domination number of complete multipar-
tite graphs. Discrete Mathematics, Algorithms and Applications, 6 (4) (2014) 1450063 (9 pages)) —
.

§7.4 Roman ZTHIE K ARKIHAR

G L) Roman |0 %0E H Cockayne S5 N84 H 1), 245U £ V(G) — {0,1,2} i
PEEIUE A 0 MR EDL —DEEN 2 MRS 2 Vi={z e V(G): f(x) =i},i=0,1,2. W
(Vo, Vi, Vo) 2 V(G) BRI5r. B, ViuVs J& G & HI4E, #RO8 Roman #2HI4E, Wk Dr = (Vi, Va).
H(G) = va(:t) PN f L. Roman 253 vr(G) 43T Roman % & #H i/ MIAL. Roman

P fcy;(G) L2 MAEHE (G) ZIHFIRAR:
Y(G) < r(G) < 29(G).
HHro¢ T Roman $#HIE0 &5 RIFAZ . Tl 1gkAG W~ 45 3L

EIE 7.8 O stF =3B, Roman EF|Z P2 NP 7&4].
@ 4R n>3 N yg(G)=3 HHAAE A=n-2.
® wR GAn—3ENGEHN n>4, 1 y5(G) = 4.

IR A (Fu-Tao Hu and Jun-Ming Xu, Roman bondage numbers of some graphs.
Australasian Journal of Combinatorics, 58 (1) (2014), 106-118) —3CH.

Kl G 1 Roman £9AEL br(G) /& Stewart (2190 S Uk 1, 5E SCHAEA Roman 44 5HI%0 n e
T LR ST K G 1) Roman 208, FATI45 2010 F 25

EIE 7.9 HAAEEZRE G 49 Roman Y9 RIFVFAZ NP-hard P4, BP1E G 2 2 31 H.
XTI E G, FAT13R1S Roman LYW AL br(G) 1 ESE.

EHE 7.10 K G A& n MEERA.

@ R n>3 Hyr(G)=~(G)+1, M br(G) < min{b(G),na}, £F na £ G FRKEH A
LR

@K nz4 R yr(G) =3, A4

BA I T HLE & ) Roman ZIHEL br(G) MRERHE.

218F J. Cockayne, P.A. Dreyer Jr., S.M. Hedetniemi, S.T. Hedetniemi, A.A. McRae, Roman domination in graphs.

Discrete Mathematics,278 (1-3) (2004), 11-22.
2198tewart, I., Defend the Roman Empire. Scientific American 281 (1999), 136-139.
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EHE 7.11 @ X G A E—83 ] Roman =4 %%, N br(G) = 1.
@K Kz, 3274 t3E, >3 4R G=Ks;
M br(G)=n-—2.
® R n>2 K br(P x P,) =2.
@ K G=Knymg,..m "B t(=2)3E, £F mi=ma=...=m; <mip1 <...<my,

.....

[%] if mj=1and n > 3;
2 if m; =2and i=1;
br(G) =14 i if m;=2andi>2;

n—1 if mj=3andi=1¢>3;

n—my if m; > 3 and my > 4.

IXUEZE A 54 (A, Bahremandpour, Fu-Tao Hu, S. M. Sheikholeslami and Jun-Ming Xu, On
the Roman bondage number of a graph, Discrete Mathematics, Algorithms and Applications, 5 (1)
(2013), 1350001 (15 pages)) — L.

§7.5 fSiBiEHEHS Hadamard 56/

[FEL— R B P, B G R, QG) 2 VI(G) RIS, iR QG) hEATEEE G I
MZAE, WIFR Q(G) BN G M ARG, G A% (chromatic number) x(G) /& V(G) HIAAL
Gy QG) MR H. IR QG) PRA TR G REEIE, WK QG) RN G 1
FEHIRISy. G PRI (domatic number) d(G) & V(G) HIFEHIRIS Q@) FEM BN H.
1 “domatic” & H1id] “dominating” Fllii] “chromatic” 2. B domatic ZUA% &/ H Cockayne Fl
Hedetniemi (2201 $£HI K .

B Q(G) 2 EG) KRy i @(G) TR TEME G LA, WFK Q/(G) FoA G L
feklsy. G Lt (G) 2 V(G) MILER; Q) by amm N H. ikt Q(G) hiE ¥
Gt G mLalde, WIFR Q/(G) B0 G IL#EFIRr. G ISR d(G) & V(G) il
ks (@) s H .

WG =(Ve) K, RELEHE f: V- REMRE. i £(G)= 3 f(z).

zeV

G PEBIREORI £ V(G) — {0, 1) A643 f AEREA A o BIPHAS AAE Nola] 47 F(Nolal) > 1.
WU £ R G ESHISE D IAERREL BERIE A(Q) B min{f(G) : f € F(G)}, Hh F(G) b G
BB, A {0, 1) U {—1, 1) A RIRF S Rshl s, S 7. (G) = min{f(G) : f €
FA(G)}, 5 Fy(G) H G IO Bl B, 7SS0 i1 Dunbar 551221 Sk

Volkmann HI Zelinka (2221 WF5E T FF 58 440 dy(G), IFHUEM T dy(G) 2A7rE. FA151E
BRI ().

G MR ORI | B(G) — (1,1} M7 f(e) AN e MIHABLLE Nole]
1 [(Nele]) > 1. 1 G MBS URHIEE d.(G) REIS d 08 G 10 d AR RIHR S 08
B {fr. o fa) SRR ¢ 47 i file) < 1. WA G, d(G) Bl dy(G) 1 FAIXER:

220 Cockayne, E. J. and Hedetniemi, S. T., Towards a theory of domination in graphs. Networks, 7 (1977), 247-261.
221Dunbar, J. E., Hedetniemi, S. T., Henning, M. A. and Slater, P. J., Signed domination in graphs, Graph Theory,

Combinatorics, and Applications, John Wiley & Sons, Inc. 1 (1995), 311-322.
222Volkmann, L. and Zelinka, B., Signed domatic number of a graph. Discrete Applied Mathematics, 150 (2005),

261-267.
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di(G) = ds(L(GQ)) A%, £ L(G) £ G H&E.
Tl T HERp R SRR Sl s, ik BB L, AR SEA AR

EIE 7.12 xF n >3,

3 n=0(mod 3),
1

n n =1 (mod 2),

dy(K1n) = ds(Ky) = { 2] n =0 (mod 2).

HEF |n], Rr-ARE n R KA
d.(P,) =1,n>2.

d.(P, x Py)=1,n,m > 2.

XT5e el K, d.(K,) FffE&BT 4k B Hadamard FEFERIAAENE. FTiE » B Hadamard
FEFE H(n) RHInEW A {-1,1} W78 H AFHEHT = nl,, Horb HT XoRx H BB, 1, 2&
BT i, H = (} 71) A& 2 By Hadamard 5EF%E, P4

()0

Hadamard FEFEFI HEERE n = 1,2 03 n = 0 (mod 4). KT Hadamard 5§ H(4k) 15— NE4
VYN SE Ay

Y518 7.13 SHMEMTEE k> 1, Hadamard %EM% H (4k) RAFAEH).

T Hadamard FHFf H (4k) RAFAENE, TAIga 82K K, RIFF50imt% 4 (K,) FI&
ik

EHE 7.14 A FEAHE K,, n>2,

n—1 % n=0(mod 2);
d(Ky,) = n # n=3(mod 4) E H(n+1) oy
n—2 % n=1(mod4) L H(n—-1) FI.

SEFL 7.14 FREIE I HH BIRRRIX 41 B3

W P ={B1,By,...,B,} #& v NMTEE P Lk uRA%E. ¥ P PENITCERIELEE X A
AT, WER 2 HRTZH (v, k, \) MBS R A, FRRMIR (0, k,\) &It 2 1
#h 2° = {P\ By, P\ By,..., P\ B,} #X# (v,v—k,v—2k+X) Bit. Hadamard HEFE 550 FR T
A NEYILR.

5138 7.15 ATAEFTEM k > 1, Hadamard 4B/ H(4k) G2 < 3TAR (4k — 1,2k — 1,k — 1) HA.
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SERE 7.14 B 0 n AL 4(K) MIRRE O T Hadamard FEFE H (4k) AEENE. B4
UERA: 4 k < 166 I H(4k) BAELER (W Dokovi¢ 2231y | 55 —J7 1, IATEEUEM: Wik d\(K,) =n
(A n = 3 (mod 4)), Hi4 Hadamard JEFFE H(n+1) £E4E. #AJTEY, d)(K,) =n (n = 3 (mod 4)) &
Hadamard [ H(n+1) 7746, X UL n = 3 (mod 4) B, i€ d.(K,,) FIAMEME L i€ Hadamard
FEFE H(n + 1) ARSI, FeAT 14 R ar 7 A7 510 Hl a8y Hadamard M2
[ 3 DB AR

IXLELEHLUL R4 (Xiang-Jun Li and Jun-Ming Xu, Signed edge-domatic number of a graph.
Graphs and Combinatorics, 29 (6) (2013), 1881-1890) —3CH. IXFi SCE KK I 4T, B LEpiih,
TERATA R AR R ATROIA . ik, I T R P2 SCE (RS pedhi— 2k B A ) (2241,

§7.6 | MIZHIHSIMIHR

(B EAT IAE §6.2 5 LAY HARHE S, ] G AR dn(G) Rt /NEEL d TS5 G AR
Box Ry F74E m WA K EARREIE d (0 2y %, B4R, di(G) MRS IMTER dG).

X T2 g EREE ¢ F w, B G (0, w) FEHIEL 7,0 (G) R/ NSk, G PAAERECN k 1)
THE D AFRXHERIAAE D TR 2, F84E w 5N AL HACREAE ¢ 1) 2y 3. B3R, 11.1(G)
BRI IR ~(G). Bk, X T— R G, H15E ve,0(G) MIEE NP 588 M. ST w &8
K G, W 0> dy(G), A yew(G) = 1. L, TR £ < dy(G), B4 vew(G) > 2.

K G (w) BTEL g (G) Sl / NSk, G PAAAERECN k 14 D ATXT D PAEAT
Wil z By AT du(Ga,y) > k. AR, a1,1(G) ML HIE o(G). i, X T—
FHIE G, TE (@) )EE NP 584 1), BAR, RHMER w WK G, ap0(G) =1 & d > du(G).
PRI, Wi ¢ < dy(G), A apw(G) = 2.

R AR (€, w) PR (0, w) TS0 TIATET. 2012 4E122572261 flyfifh 2 7 XTI
HrE G {1,d,---,d*}) Bl d X377 M% O(d,n), FREFUT 453

EI 7.16 X G =Gd":{1,d,-- ,d"'}),d>4,n>5. & 1<w<n, dy(G)—(g9(d,n)+6,) <<
d(G) =1, £ g(d,n) =min {| 3] [5] — [5). ([3] + D41~ 1)} —2, du = {
”ye,w(G) =2.

XA ERALEAE CHIR, 4812, On the (¢, w)-domination numbers of the circulant network.
Journal of Combinatorial Mathematics and Combinatorial Computing, 91 (2014), 3-18) — 3.

E 7.17 K d,on >
1

Fw=nHnd-1)—fn,d)+1<l<n(d-1); RFEFI<w<n—1H

4.
<n(d=1)-1, &% f(d,n) =min {[§1(15] +1), (51751}, Wyew(C(d,n) = 2.

XA RALEAE CHTR, R, On the (£, w)-domination number of the cube network. Ars
Combinatoria, 123 (2015), 185-194.— 3.

223Pokovié, D. Z., Hadamard matrices of order 764 exist. Combinatorica, 28 (4) (2008), 487-489.

2245045 0, 2 T FEARIE - 45 & 497A. http://staff.ustc.edu.cn/~xujm/essay2013b. pdf

22534k, #8449, Domination number of undirected toroidal mash. Acta Mathematica Sinica, English Series, 28 (3)
(2012), 453-462

2263845k IRIREA, LERINE MGG (d,m) L. REAF 54, 32 (3) (2012), 327-333.
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§8 p hNSREIAIAR

H Ge £l G KL Bl V(Ge) = V(G), E(GC) = {zy : zy ¢ E(GQ)}. ¥ R C E(G°). Wi
(G + R) < v(G), WF R A G FINgE (reinforcement set). fg/MNINSREE L EF N G IIN6H
¥ (reinforcement number), N r(G). TH5REE S L B Kok Ml Mynhardt [227] 7 3. $i4 45 A [228]
WFFCIE AT ) BNt . L 20 kB8, st e Ji e Pl pgs o Y 59 1 ) T A 2

[FUBAEA S §7.3 FHEL G p $H080,(G) I5E S BE G = (V. B) I E, p RIEHEAL

p TSR T SO N ERIR. DI, p IR R IS fHE) . Pk, JA1518E p Nk
W RCE(G®). W ~,(G+R) < (G), WF R A G 1 p INoLE (p-reinforcement set). />
p ISR L ER N G 1) p IN58%YL (p-reinforcement number), i A 7, (G).
AT p Mo BT IR0 ST, W8 T MRS, IFfiE — L8R PR K2R p i
K TEWTHOIR k3RS

§8.1 p MMEREAIE R

HAEZEEK G 1) p INaRE . 24 p =1 B, G 1 1 ISR S i) Bl & 28 B i) o ) .

/B8] # (Reinforcement Problem):
Sl (B G A B k.
B1RE: REH r(G) < k?

B IHESCFE (2291 Y T 3XAN ) @2 NP-hard (). UEW 772 dm ik 3 ] il At 1) i fo) AT 73 s il )
T € KAEINRE A B LG G Ik =1 513 ¢ RHLEM < r(G) <1 Y k=1
PR T R ) Rt — PR s ) ) 5 10 R, P DA i 38 (0] NP-hard 1) 5.

DR A It B vl R p DS ) ), BT LA p IR ) @ 2 NP-hard 1 L

BAIFIE T —REAEN . BRI T k, R R IR AN NP 58
FPEUE B, AATTI 2% L8 B 1 I8, X Kk AARFERAE. A X ANRERR & Wl BUIEI & NP 56
I, M ATZI S NP 584 1), X Homif] & E R (04728008, 4R kot AN EDE(E, et
A NPC @ T . B4+

p ¥E#H% (p-dominating Set) [8]R%:
T EEE G, EEH p F k.
Bl T ALE p &241% D, 4% |D,| < k?

WAL HE, 24 p =1 B, RN L NP 5280, B b 2 —DRERFE, Bae
AN E NPC @ T, o] DOl kG 25 By s A & Fak S 3k M5, IR k 2 e w
B, X s AR A H R 2 I, B WK SECh n, A n >k, HAERED & FEAA

227TKok, J. and Mynhardt, C. M., Reinforcement in graphs, Congr. Numer. 79 (1990) 225-231.

228Huang, J., Wang J.-W. and Xu, J.-M., Reinforcement numbers of digraphs. Discrete Applied Mathematics, 157(8)
(2009), 1938-1946.

22947 k%, #4490, On the complexity of the bondage and reinforcement problems. Journal of Complexity, 28 (2)
(2012), 192-201.
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iz (D) + @)+ + (1), Bt n 2K O ). Bk, Ekk P @ FFEH, T
EM p (= 2) Ak, IR p #HIEE R BALARE P )8 (A3 X D7 1 FIWFFE ] 2 0L Downey Fll Fellows
F R s S (280,231

SRTM, BIAE p (> 2) [l H k=1, B2 p IIomEin] @558 /& NP-hard jn) @ XA a) @ n] DL IR
R

p HN5EEL 8] (p-reinforcement Problem):
T EEE G AEEEEL p (> 2).
BRR: LA rp(G) < 17

EIE 8.1 T FEZERL p (>2), p MI&EFIAZ NP-hard P

I R S A 4 3 T 1R (3SAT) U450k p ISR, ik, ¥ U = {ua, ..., un}
M€ ={Cy,...,Cpn} 7& 3SAT FHERESLH]. MiE—AK G K.

a. XA u; € U, BB A H, H0 Hy 2 MU ASEN {ui,w} U (U {53, }) 958
AW Kopyo BMAHE U2 {uivi;, Tivy, } TIAHEIIK

b. XA T Oy € 6, B AWK o) JFHIER ¢ 31 Hy PRI w; (20 @) 2 KLY
S wy (W w) AR O (e {1,...,n});

c. VRIIANERE T (2 K,) I HERE M TS S84 ¢,
SRIGUEW): & AT LAY ALY ry(G) = 1.

XA SR R R A (You Lu, Fu-Tao Hu and Jun-Ming Xu, On the p-reinforcement and the
complexity, Journal of Combinatorial Optimization, 29 (2) (2015), 389-405) — 3.

§8.2 RLHFIREIRY p MNGRE

BAhE T P, FIE C, 10 p IniEE. M p = 1, Kok Al Mynhardt 232 #fi& T »(P,) =
r(Cp) =i MR n=3k+i>4, Hhic{1,2,3}. Jp=2 8, RAVAET rp(Po) Flr,(C) HIAEH
1H.

T 8.2 3 F p>2, 4ok ,(P,) >p A4

2 EZEp=2HnRFHK

rp(Pn) =4 1 #Fp=2Hn Z1R%

p—2 Fp=3;

4R 9 (Cn) > p AL
2 Ep=2Hn #¥FHK
rp(Ch) =4 4 & p=2 H n Z1%%K
p—2 & p>3.

230Downey, R. G. and Fellows, M. R., Fixed-parameter tractability and completeness I: Basic results. SIAM J. Comput.
24 (1995), 873-921.
231Downey, R. G. and Fellows, M. R., Fixed-parameter tractability and completeness IT: On completeness for W1].

Theoretical Computer Science, 14 (1995), 109-131.
232Kok, J. and Mynhardt, C. M., Reinforcement in graphs. Congr. Numer. 79 (1990) 225-231.
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%
“
i
>
;2

ﬁj P—(l Knl,---,nt; é\ X = {nil, S nir} ﬁf {n17"' 7nt} %%ﬁ, /—\HESL
|X|_7' JEI- f anja

2 = {X X C {nl,--- ,nt}JEI_ f(X) Z’YP(G)}
MEN X e, EX

FrX) =max{f(Y): Y CXH [Y|=|X[-1, f(Y) <p}.
EIE 8.3 KGR LHNE G=Kn,..n,, t >2. 20 7,(G) > p, ARAKAEAT p > 1,
rp(G) = min{(p — f*(X))(f(X) =%(G)+1): X € 27}.
XTI, FA A2 a2

EHE 8.4 7,(G) < A(G) +p; 20k §(G) < p, A4 1,(G) < §(G) +p; =R +,(G) >p B AG) < p,
R4 1,(G) =p— A(G).

HIL 8.5 AMMEMM T A p>2, r)(T) <p+1.

IXLEHIE ST il R4 5 AE CF ( You Lu, Fu-Tao Hu and Jun-Ming Xu, On the p-reinforcement and
the complexity. Journal of Combinatorial Optimization, 29 (2) (2015), 389-405.) #1 {You Lu and
Jun-Ming Xu, Trees with maximum p-reinforcement number. Discrete Applied Mathematics, 175 (1)
(2014), 43-54) .

EAFER M, #ER 27 0 p > 2 L. X T p =1, Blair 8 A3 JE T2 v (T) < 2, Hrh
n M T WIFY. 24 p > 3 B, IATE IR E AT 7, (T) = p+ 1 BIFTAEW T. ABIRAT IR IETT
EARET p=2 WEE. BB G T r(T) =3 — D7 BELL):

§9 Caccetta-Haggkvist 5518 R

1978 4F, Caccetta Hl Haggkvist (2%°) 2 A4 % G & n MR, Wl 64(G) > r,
2 G HEK g(G) < [n/r]. IMEREAS ARG, RUEAN IR Caccetta-Higgkvist JARIT itk
T ARAT IS ) L AT 1) ] )02 S FEI R Seymour 5 ARSAG AR o) fL. IX T A TAF 2%
T5E .

§9.1 AMEERAREL

8 G = (V,B) RATAE. WAEREATRE, W G WTEM (acycic) fTRIE. 8 F C B(G),
W G~ F REMB, WK F Ol G IR (acyclic edge set). T G MLRIEH 5(C) %
R G RN R B g

233Blair, J. R. S., Goddard, W., Hedetniemi, S.T., Horton, S., Jones, P. and Kubicki, G., On domination and rein-
forcement numbers in trees. Discrete Math., 308 (2008), 1165-1175.

23414, Y., Song, W. and Yang, H.-L., Trees with 2-reinforcement number three. Bulletin of the Malysian Mathematical
Sciences Society, 39 (2) (2015), 1-18.

235 Caccetta, L. and Haggkvist, R., On minimal digraphs with given girth. Proc. 9th S-E Conf. Combinatorics, Graph
Theory and Computing (1978) 181-187.
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XA TR K G RN, T H B(G) = £(G) — v(G) +w(G), H (@), v(G) Al w(G)
SRR G OIIFY, ORI 53 SO AR 1) 1], Karp (19720 12360 GE 1 iff i sz sl 2650 Il Rt

P 54511,

H o(G) ot G ALK AT EH. Chudnovsky %A (2008) 237V 4EB T Wit G
AE I, WA B(G) < ofG), TR MAFAE.

B8 9.1 AeAG s oA RE G ¥HA B(G) <L Q).

XA EA M ARY. Dunkum 25N (2011) 238 JE T B(G) < 0.88 o(G); VRaEsEA
(2009) T EMCE h B(G) < 0.8616 o(G). 2008 4F, Sullivan 2401 47 [ 58— A5 AR,

%18 9.2 wRAGA G HEAK g(G)>m >3, R4

2
(m4+1)(m—2)

M m e {4,5} I, K548 9.2 T EFIN 1 o(G) 5 o(G). ARURBALG R 453

B(G) < o(G).

I 9.3 WwRABE G HEK g(G) >4, 4 B(G) < 255 o(G) ~ 0.3819 o(G).
EI 9.4 wRAMAE G HEK g(G) >5, R4 B(G) < (2—V3) o(G) = 0.2679 o(G).

IX L2k A & FF (Hao Liang and Jun-Ming Xu, On Sullivan’s conjecture on cycles in 4-free and
5-free digraphs. Acta Mathematica Sinica, English Series, 29 (1) (2013), 53-64) — 3.

M m e {4,5} I, Sullivan IEW] T 5(G) < 755 o(G). AUGEA St 71X 45

EIE 9.5 wRA@AE G HEK g(G) >m >4, 4 B(G) < =250(G).

NEERALEAE (Hao Liang and Jun-Ming Xu, Minimal feedback arc set of m-free digraphs.
Information Processing Letters, 113 (8) (2013) 260-264) —3CH.

§9.2 Caccetta-Higgkvist 5548

FEAR 9.1 5 N Caccetta - Haggkvist A5 AR5 4H .
%196 KGR ARA. R TG =1, A4 G HEX g(G) < [n/r].

Mo =1 W, AR 9.6 WARIAT. él r = 2 I, Caccetta Fl Haggkvist UFIRFARK L. 1987 4F,
Hamildoune (24!} Hodng Fll Reed [242] 20 5UEB 724 » = 3 Al r = 4,5 BAHARRAT. 2000 45, P4

236Karp, R. M., Reducibility among combinatorial problems. In: Complexity of Computer Computations, (R. E.
Miller and J. W. Thatcher, eds.), New York, Plenum, 1972, pp. 85-103.

237 Chudnovsky, M., Seymour, P. and Sullivan, B., Cycles in dense digraphs. Combinatorica 28 (2008), 1-18.

238 Dunkum, M., Hamburger, P. and Pér, A., Destroying cycles in digraphs. Combinatorica, 31 (2011), 55-66.

239 Chen, K., Karson, S., Liu, D. and Shen, J., On the Chudnovsky-Seymour-Sullivan Conjecture on Cycles in Triangle-
free Digraphs. ArXiv preprint arXiv:0909.2468, 2009 - arxiv.org.

240gyllivan, B., Extremal Problems in Digraphs. Ph.D. thesis, Princeton University, May 2008.

241 Hamidoune, Y. O., A note on minimal directed graphs with given girth. J. Combin. Theory, Ser. B, 43 (3) (1987),
343-348.

222Hoéng, C. and Reed, B., A note on short cycles in digraphs. Discrete Math., 66 (1-2) (1987), 103-107.
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APBIYEI T Y r < /n/2 BRSO, 35T A 0T K, Hamidoune (1981) 2441 IERH T IiX N5 A8
A KT E A JLBFUE/\WM&%J\ o =2 B, R5AR 9.6 WTLARIAR A

B 97T KRG AnMAARE. R 5HG) > 2, a4 G HEK g(G) <3

N T UE XA, AATTF 3RS B/ N ¢ TR n M K G, RE e/ E
6T(G) = en, G WEATIR) 3 P, Caccetta Ml Hiaggkvist 1M T ¢ < 0.3819; Bondy (1997) 2451 {iF A
T ¢ <0.3797; Yadt (1998) P41 EKUE B ¢ < 0.3542; Hamburger 5% A (2007) 2471 {52551 0.35312.
2009 4, Hladky 2% A[248] ¥ 00e 51 0.3465. XS5 R LW AT n 7 m & G, e i H.
I/NHEE 61(G) > 0.3465n, M4 G L EATR 3 Bl AIH%IE r =2, B2 WRATHE G
/N 5H(G) > 0.28866 n, 4 G K g(G) < 4. Jik, B Iddt 7iXA4 R,

EHE 9.8 XK GAnMAGA. R 57(G) >0.28724n, A4 G BB X g(G) < 4

e LS (s, R, A EIEADNEKAKN T4 D705l SRR,
51 (2) (2013), 241-243) Fl (445, 4R W, T Caccetta-Haggkvist 55 ARKIVEIL. $027 23R, 56 (4)
(2013), 479-486) .

2012 4F, JATERSC 209 2 r = Lo (IETE, 30 N4
EHE 9.9 K GAnMAGA. R 57(G) >0.24817n, A4 G BB X ¢(G) <5

§9.3 Seymour £ 4BHIEHE

WG RTRFAMFERG R E, » & G MR, df(z) Al dF(z) B5ER o FIFME R
FIEEES A 2 MRS AL 1990 4F, Seymour $&H 25 4148 (Second Neighborhood Conjecture,
12501

B8 9.10 TR ALGREAGE G, AETRE o 5 dFF(z) > dF (2).

JE48 9.10 %%% Caccetta-Haggkvist FFARFIRFRNE IE: min{é™, 67} > & n, BT HE AT AT
FUNMR. Y G TR, N SEAR 9.10 FORFRENG TE 4% B Dean (1995) 2511 HHIK Y.

243Ghen, J., On the girth of digraphs. Discrete Math., 211 (1-3) (2000), 167-181.

244Hamidoune, Y. O., Quelques proble‘mes de connexite’ dans les graphes oriente’s. J. Combin. Theory Ser. B, 30
(1) (1981), 1-10.

245Bondy, J. A., Counting subgraphs: A new approach to the Caccetta-Higgkvist conjecture. Discrete Math. 165/166
(1997), 71-80.

246Qhen, J., Directed triangles in digraphs. J. Combin. Theory, Ser. B, 74 (1998), 405-407.

247THamburger, P., Haxell, P. and Kostochka, A., On the directed triangles in digraphs. Electronic J. Combin. 14
(2007), Note 19.

248Hladky, J., Kral’ D. and Norine, S., Counting flags in triangle-free digraphs. FElectronic Notes in Discrete Mathe-
matics. 34 (2009), 621-625.

249Liang, H. and Xu, J.-M., A note on directed 5-cycles in digraphs. Applied Mathematics, 3 (7) (2012), 805-808.
250Dean, N. and Latka, B. J., Squaring the tournament-an open problem. Congressus Numberantium, 109 (1995)
73-80.

251Dean, N. and Latka, B. J., Squaring the tournament — an open problem. Proceedings of the Twenty-sixth South-

eastern International Conference on Combinatorics, Graph Theory and Computing (Boca Raton, FL, 1995). Congr
Numer 109 (1995), 73-80.
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FAE 9.10 H A @ BEFRN Seymour . Fisher (1996) (2521 Fi| [ J7 40 T Dean JfAH.
Havet Fll Thomassé (2000) 1253 R LG T77EMAUEW T Dean 5548, X7 7E3R 15 ) Seymour £
AN A, AN

Kaneko %A (2001) 254 {IE B T H /N /N T-7 B4 A1 AT Seymour £, 2007 45, Fidler Fl
Yuster 21 SEM 5/ NN |V(G)| — 2 AT G, SETEEIM 2 — N R I 2 — A e 28 AT
Seymour 5. (J: Ghazal (2015) 2561 51 Fidler Fl Yuster fJiF A7 12.) 2008 4, Hamidoune [257]
WEBH T ST [ 4T Seymour s, 2013 4, Lladé [258] §F BH i 5F (1 55 il 34T 1) ¥ 45 Seymour
M. 2016 4, Cohn &5 N[990 25 HHR5AR 9.10 MR RIRIFUEM T 7ERENL SE T8 1] L 28— R BEHLAT 1)
PP AAAE 5 1 Seymour i, X T-— B A4 1) K, 554 9.10 AT58R AT fift v

TR B S SRR 9.10 )M Rl S T K G, #5E p s KA 2 € V(G)
WL dt(2) > pdt(z). 2003 4F, B #2001 45 1= 0.657298 - -, BRZIIN 223 + 22 - 1
M — SR, SCROR RS MAT RIS SOX MBS 0.67815 - -+, 2010 4F, FRFVASF A6 JEB: dnil
AR G AEZMIE, WALHE z € V(G) 45 dT(x) > pdT(x), H A= 0.6751- .- LK
a® + 322 —x — 1 LEX[E] (0,1) HPgmE SR, JRATERAG U 4E R

EIE 9.11 sMMEELHM m >3, & G REAK g(G) > m WAGHE, WHEE z € V(G) %
d¥H(x) = pmd* (z), BF pm 2% AKX

gm(z) =22° — (m —3)2® + (2m —4)z — (m — 1), x€(0,1) (9.9.13)
89— FZAR, p AR T m 8938 R, M gy — 1 (H m — 400 B ).
I G B TC FRLAT B, B g(G) > 2. 2 m =2 I, & XAE (9.9.13) 2 I IELS

& 22° + 2% — 1. SEEE 9.11 REBCE e TR S NG RIHE . 2 m = 3 I, ug = 0.6823 - -, IXBIK
TIKBENAAE NG, 2 m =4 B, py = 0.7007 - -+ FERER 9.11, SLRIZRAS N 1 AR

HiI 9.12 HHA £ > 0, AEEHK m RFEMERXT m 9AGE G PH5E € V(G) A
dTT(v) = (1 —¢)d*(v).

IXUEZE RS R : Hao Liang and Jun-Ming Xu, On Seymour’s second neighborhood conjecture
of m-free digraphs. Discrete Mathematics, 340 (8) (2017), 1944-1949.

252Fisher, D. C. Squaring a tournament: a proof of Dean’s conjecture. J. Graph Theory 23 (1) (1996), 43-48.
253Havet, F. and Thomassé, S., Median orders of tournaments: a tool for the second neighborhood problem and
Sumner’s conjecture. J. Graph Theory, 35 (4) (2000), 244-256.

254Kaneko, Y. and Locke, S. C., The minimum degree approach for Paul Seymour’s distance 2 conjecture. Congressus
Numerantium 148 (2001), 201-206.

255Fidler, D. and Yuster, R., Remarks on the second neighborhood problem. J. Graph Theory, 55 (3) (2007), 208-220.
256 Ghazal, S., Erratum to: “Remarks on the second neighborhood problem” . http://arXiv:1506.03695v2, 2015.
25"THamidoune, Y. O., On iterated image size for point-symmetric relations. Combin. Probab. Comput., 17 (1) (2008),
61-66.

258 ladé, A., On the second neighborhood conjecture of Seymour for regular digraphs with almost optimal connectivity.
European J. Combin., 34 (8) (2013), 1406-1410.

259Cohn, Z. Godbole, A. Harkness, E. W. and Zhang, Y., The number of Seymour vertices in random tournaments
and digraphs. Graphs Combin., 32 (5) (2016), 1805-1816.

260Chen, G., Shen, J. and Yuster, R., Second neighborhood via first neighborhood in digraphs. Annals of Combina-
torics, 7 (2003), 15-20.

2617hang, T. and Zhou, J., The second neighborhood of triangle-free digraphs. Graph Theory Notes of New York, 58
(2010), 48-50.
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§10 [ElfY Pebbling #{

4] ¥) Pebbling $& f1g: 77 %4¢ 2621 SRR, J5ah WU T — DN ECesiiek. Boef 2n Bihf
T (pebbles) , EATIHBIRIBCE AL n QBT Q, MITTURIAL. WeRGEAE b AR

B 10.1 AMEVARBE THRELABARBRE T, REHFE T —HAET 6 LAREL.

W Q, M SAT B /DWEAT 1, AT NI = BT A4F (KA Q, 13 2 AN H.
HAT 2n Jif 1) - Il MR — 2D AT PRI 7 I I 4G, 275 T ELAS WIS X AN AR
FUNERS o 15280007, S5 AU T 13X & 0] DU, XM T Bb 32 H ¥ Pebbling £

WG REEME, ¢ & G TPTH (B HFR 5D . B G 1) pebbling £t f(GQ) & X i/ NEX m
{13 m M FAE G PAETIER, [REGE RN 10.1 #RREAT B ARl « 198 —# % 1.

VAR, f(G) 2 [V(G)]. &ITENEREY f(Qn) = 2" M T2l K, & P, Al C,, &2
T - f(Kn) =n, f(P,) = 2n 1, f(Car) = 21@’ [(Copy1) = 2% 2k+1J + 1.

ENESIRA D) 2K G 1 t-pebbling £ f1(G), TE XN I/ NS m 43 m DMTHE G
W AT 425, OAZIE RN 10.1 #RAEAE B A7 5458 ¢ Bie T. B, f1(G) = f(G). & T7HHAE
T f2(Qn) = 2™

G M5l t-pebbling £ £/(G) & SN E/NEE m M1F m DM G A £ EAIER,
KA BN 10.1 GEMEZTR LGSR ¢ BiA 7. f/(G) = f1(G) BN G KAl pebbling $1. G
A pebbling ZUMES A& HH Pachter %5 A2931 2242 K 1; 1 Herscovici %5 A264] i) 2 A
t-pebbling %{.

XTATRE A K G, Milans Al Clark (269 4EIH THiE f/(G) (1) #8E NP-hard [4) 5.

W e AR EVLFSE T K1) pebbling 4, M3 — L8R

§10.1 FEFNEAYERIL t-pebbling #(

KT P, I C,, SCHEREPOL26T BZHE T f/(Py) = f(Ca) = [2]; f5(Pa) = n+ L
fapir(P2) = 4p+2r (r < 2); fo,o(P2) =4p+3. 2t >3 Hln>2 JAELHER P, KRN
t-pebbling %{.

EIE 10.2 TS p > 1,

p(n+2) & t=23p;
{(Pn) =1 p(n+2)+ 2] Fr=3p+1;
pn+2)+(n+1) Ht=3p+2.

KTl C, SCHRR PO APEF DHRE T £/(Cs) A f{(Ca). BATHET f1(Cs).

262Chung, F. R. K., Pebbling in Hypercubes. STAM Journal on Discrete Mathematics, 2(4)(1989), 467-472.
263Pachter, L., Snevily, H. S. and Voxman, B., On Pebbling Graphs, Congr. Numer. 107 (1995), 65 — 80.
264Herscovici, D. S., Hester, B. D. and Hurlbert, G. H., Optimal Pebbling in Products of Graphs. The Australasian

Journal of Combinatorics, 50(2011), 3-24.
265Milans, K. and Clark, B., The complexity of graph pebbling, STAM J Discrete Math. 20(2006), 769-798.
266 Bunde, D.P., Chambers, E. W., Cranston, D., Milans, K. and West, D. B., Pebbling and optimal pebbling in graphs.

Journal of Graph Theory, 57(3)(2008), 215-238.
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EI 10.3 *HET n >3, £5(Cn) =n, f4(Ch) =n+2, AXETEIRL t > 1,

4 & t=1;
fl(C5) =< 2t % 10[t;
20+1 HE.

TX e R S e (OETLE, WEK5:, 412, Optimal t-pebbling on paths and cycles. H1EF}
K2FAR, 45(3) (2015), 186-192) — 3.

§10.2 HF/RIFEF[EH pebbling ¥

KT PIAE E R KA pebbling #(, Graham $HH —/MFAR UL SCiR02)
518 10.4 sHEATAANEER G F= H, f(GOH) < f(G)f(H).

VP22 R YGEATAR, (AR IS, AE W) T 5 AT ARR V2 4k A LA PR .
[ G HGRIRE M(G) RASTEIE G AL LR A — BN, SRS G IOAAPI%
S A TR, I ATHEARST HisE T F(M(Cy)) FFEW:
F(M(Can1)O M(Comi1)) < F(M(Cons1) F(M(Cami1)), (max{n, m} > 5);
F(M(Can)O M(Comy1)) < F(M(Con)) F(M(Coms1)), (n > 6).
5T 5 (B kTR, B I T 4 5

FIH 10.5 & min{n,m} >6, H |n—m|>2, 1

WA 2f(G) — r DMOFPABIRAE G, Horh r AT #8080 1. 45 R s -
10.1 BEAE H AR 1931 2 A7, WIFR G Wl 27T 2-pebbling M5

X TABIE Cs, H— MK G TR KA, Herscovici 268) JRAGUT N 45 0L: 45 G il /L 7F 2-pebbling
I, W £(ConDG) < f(Coy) f(G). 2T 5577 B 1 R AR IR, AT I3RAGan 4 3

EIE 10.6 & G i#HRF 2-pebbling MR, N f(Coni10G) < f(Conir) f(G).

EANEE R UE 588 f(Cak10 G) < f(Capt1) F(G) F f(Ca30G) < f(Cants) f(G).
FeAr 12 AR e 5 e R R R 1) J B R 2R TR, iAo B 45

EIE 10.7 & G #HAF 2-pebbling VIR, W f(M(Can)OG) < f(M(Cap))f(G).

IXLE N R L5 AE (Zheng-Jiang Xia, Yong-Liang Pan, Jun Ming Xu, Pebbling on Cyr s x G
and M (Cs,) x G. The Australasian Journal of Combinatorics, 65(2) (2016), 124-136 ) I { Zheng-Jiang
Xia, Yong-Liang Pan, Jun-Ming Xu and Xi-Meng Cheng, Graham’s pebbling conjecture on cartesian
product of the middle graphs of even cycles. Ars Combinatoria, 132 (2017), 285-294. ) P i SCF .

267et KA, 3|35, BEW, Beg P A Pebbling A Graham %718, iE & F ¥R, 17 (3) (2013), 35 - 44.
268 Hersovici, D., Graham’s conjecture on products of cycles. J. Graph Theory, 42 (2003), 141-154.
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