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Pavay

okl

B4y IH (AREBEHEXEEFR) KRR

ARIH L5 I R R AR 18 B HRIE L 2% —# { Combinatorial Theory in Networks
) (Mathematics Monograph Series 26)($%% % R4 (FE3CHO 26, BE= R, 2013). AT0 H ik 56
JR T — 458 L E (On bondage numbers of graphs — a survey with some comments) , ‘& R Zt &
gE T AREER R e BERE . B WEURIAS AR IF AT/ PR, REAE (International
Journal of Combinatorics) (2013) H1. ARTHH 1) = ZEWFFT T AFEGEREFI AT HUE I s R 20 i i

§1 ZREMR

WG KL D CV(G). WAL D ri#BY D thIEAS SUAHEE, WK D & G s, &b
PRI I S BRR N G 3 HIEL (domination number), 104 y(G). B RIFE I i) 2 K B FE AT
TN Z . SR, e — M A 8 i) e NP SE& 8l (UL Garey Fil Johnson 104 Hrfffx
GT2). 0 RIARA I A AT, AT AR 5 T s AR g o o R, sl ot P, p #0045, R0
WHF SRR BEAE HH Hedetniemi 1 Laskar 25 ] { Bibliography on domination in graphs ) 2—3CH;
HAFR 45 PR AE F Haynes, Hedetniemi 1 Slater 25 5 [P A 254 ( Fundamentals of Domination
in Graphs) 3 il {Domination in Graphs: Advanced Topics) 4.

Pl g shl i) AT 5T, B3 T IR A B 7 SO, AE M4 40 B v A T 3L 42 kB it (R
K088 2 FAarh spm N 2% (3 1% Walikar Al Acharya®, Bauer SENS WA AN W) . 1990
1F, Fink 58 N7 E A 29 AT 2.

W B C E(G), R ~(G—B) >~(G), W Bl G LR, /N AREPRILERR N G 1)
21 %L (bondage number), it 4 b(G).

LYRHOE L IR IS E M B2 S H ez —, [ 1990 FEH-H LK, RS20 TAES 1O,
AINH SR T — %88 X F {On bondage numbers of graphs — a survey with some comments) ,
ERGHLS TARBWIRM I B TR, RN IR EE TR, RERA
(International Journal of Combinatorics) (2013) .

§1.1 AR EMH

AT S0, 7 8 T 7 B B ) B NP 58411, DA e T2 W 4R R TS 32 NP 5%
W — A ATEZS LT FE R, R XL 25 0 ELAN 3 AT AL M (& NP
SE7% ).

IM.R. Garey, D.S. Johnson, Computers and Intractability: A Guide to the Theory of NP-Completeness, Freeman,
San Francisco, 1979.

28. T. Hedetniemi and R. Laskar, Bibliography on domination in graphs. Discrete Mathematics, 86 (1990), 257-277.

3T.W. Haynes, S. T. Hedetniemi, P. J. Slater, Fundamentals of Domination in Graphs. Marcel Dekker, New York,
1998.

4T. W. Haynes, S. T. Hedetniemi, P. J. Slater (Eds.), Domination in Graphs: Advanced Topics. Marcel Dekker,
New York, 1998.

5H. B. Walikar and B. D. Acharya, Domination critical graphs. National Academy Science Letters, 2 (1979), 70-72.

6D. Bauer, F. Harary, J. Nieminen and C. L. Suffel, Domination alteration sets in graphs. Discrete Mathematics,
47 (1983), 153-161.

7J. F. Fink, M. S. Jacobson, L. F. Kinch, J. Roberts, The bondage number of a graph. Discrete Mathematics, 86

(1990), 47-57.




§1 LIAHWTFT 5

3 TTYH A [)ER RIAR Gn

3 Al B BIRE (3SAT)

Xl o€ ={C1,...,Cn} RRER U ={u1,...,u,} L84 38 F%.
BIRR: U A TR % C F A 8T AALTRIE 7

5t 3 TiH AR AE NP 74P

LR A LR

A RE o) -
Sl A& G RIFEE, b A EFEL
i LA b(G) < k?

EIE 1.1 AZAEZTE Y REZE NP-hard 1778,

UEWI A FEA SRR S Rt — AN G IFE k= 1 i1 & ST 124 HAY b(G) = 1.

XA i =1,...,n, B u; € U XNN—DN MK T = {wi, w0} XA j=1,2,...,m, A)
Ty = {205, 2) € € XA ¢ I B, — {cjoy, ciyyoci2; s IG5 8 P —
s18083 WEHE 51 Al sz BN ¢y (1< <m), W k=1. B 1 P G gl U = {ur, uz, uz, us}
&€ = {Cy, Oy, O3} MIEHIAN, Hd O = {uy,uz,uz}, Co = {0y, ug, us}, C3 = {2, us, us}. HH,
v(G) =5, Hr 5 NMEEA R v 4

1 o A3 fUTHEMELIE G, v(@) =5 HbG) =1

SRIGIS R T 2 AN R E B T FRAT TR S i

() Y(G) =n+1 HEAALE ¢ &7 iHL;

(il) ¥(G) =n+1 HHALE b(G) = 1.

IR TR ], AN 2 TR o Tovkes th 48— AR RIS R AL, Bk
NP = P. Nitt, FHL AL, 87 AN Aok i S el ok B S AR (A R



§1 ZIREWIFE 6

B BATESRH: 4 P # NP R b, B SR E AR R S NP-hard 8, (HANE NP
e, BRARE IR EUE P KR RVRHMER B C E(G), Hin&RA — 2ok
BAIE v(G — B) > ~(G).

AN RAEAE (On the complexity of the bondage and reinforcement problems, Journal of
Complexity, 28 (2) (2012), 192-201) — 3.

§1.2 IEMEZHRE

WG (=2 Mk IEME. MEk=n—1,G 2E5%2K K, Fink ZSA8FEHT: 242l K,
(n>2) MAREN [n/2]. M k=n—20, & G &5%4% t WK K.(2), b t=n/2,n>4 iH
. Fink 25 NAER]— R SCEAHUEIA T2 n Brogas ¢ 80K K2) BIMARE Iy n—-2. M k=n-3
B, BATESCUE T XHEM n By (n - 3) IEWE G, Wi n > 4, B4 G G (G) =2. AR5
UERH T

EE 1.2KGAn W (n-3) ENE, A G LRI b(G) =n—3.

XA R EAE (The bondage number of (n — 3)-regular graph of order) —3CHT, %324
¢ Ars Combinatoria) (2011) L.

§1.3 HFRIIRLARE

H P, I Cy, 23 037R n B AL T TN Gy I Gy BE R KRR, Dunbar 28 A° #ii5E
T b(Cn x P2) (n = 3), Sohn ZE N0 Hi5E T b(Cp, x C3) (n > 4), FEIFIHSEANY #iE T b(C, x Cy)
(n > 4), FAESFN2HIE T b(Csi x Csy) (WHELE ¢ HI ), Cao FEA i€ T b(Cp, x C5) (n = 5,
n # 3 (mod5)).

H My, RIS Py FI P, B RIRIRAN Py, x Py RIEHE T4 m=2,3,4 1, G
LI REL (Mo, ).

EIE 1.3 b(Mao) =3, b(Mzs) =2, FHEH n >3 A,

DM, ) — 1 4R n R,
" 2 deR o0 AAB%
1 4R n=12 2(mod4)
b(M.3) =
(Mn3) { 2 4% n=0 K 3(mod4).

b(Ms.4) =b(Mg4) =3, b(Ms4) =2, B4 n ¢ {1,2,3,56,9} B, b(M,4) = 1.

8J. F. Fink, M. S. Jacobson, L. F. Kinch, J. Roberts, The bondage number of a graph. Discrete Mathematics, 86
(1990), 47-57]

9J. E. Dunbar, T. W. Haynes, U. Teschner, L. Volkmann, Bondage, insensitivity, and reinforcement. Domination
in Graphs: Advanced Topics (T.W. Haynes, S.T. Hedetniemi, P.J. Slater eds.), Monogr. Textbooks Pure Appl. Math.,

209, Marcel Dekker, New York, 1998, pp. 471-489.
10M. Y. Sohn, X.-D. Yuan and H. S. Jeong, The bondage number of C3 x Cy. Journal of the Korean Mathematical

Society, 44(6) (2007), 1213-1231.

HL.-Y Kang, M. Y. Sohn and H. K. Kim, Bondage number of the discrete torus Cy, x C4. Discrete Mathematics,
303 (2005), 80-86.

12J. Huang and J.-M. Xu, The bondage numbers and efficient dominations of vertex-transitive graphs. Discrete
Mathematics, 308 (4) (2008), 571-582.

13J.-X. Cao, X.-D, Yuan, and M.Y. Sohn, Domination and bondage number of C5 x Cy. Ars Combinatoria, 9TA

(2010), 299-310.




§1 2 REAR 7

IXEE 8 A0 5 4 ( The bondage number of mesh networks, Frontiers of Mathematics in China, 7
(5) (2012), 813-826) — .

§1.4 R XHEUNT 4 BIEIMLARE

2000 4F, HENSEFIJE LM AR T s XHMEMPEEE G, 0(G) < min{8, A + 2}, H A 2 G 1
K. JGk, Carlson I Develin® £ Hy—/NBr 77245 X AN 25 S ) a7 Sk ). R X AN 771, 3
AEARLO WU A AT SRR 2 i R AT H A F AN 73 W T BRI SRR i L ) 25 %
LXK er(G) /NT 4 K G AR,

EIE 1.4 s TEBHE G, b(G) <AG)+2, ok G iHATIZ—:
(a) er(G) < 3,
(b) er(G) =4 B G T2 4 EN4Y,
(c)er(G) =5 B G R4 4 BE.

FEIE 1.5 X G AEBBAH AG) =6 B er(G) <3. R AG) =7 X% A(G) =6, 6(G) £3 FH
HFHED e=ay, do(z) =5, dg(y) =6 MESAERS —NZAF T, AL b(G) < min{8, A(G) + 1}

EIE 1.6 % G REBAAL AG) =5, or(G) < 4. WwREMZATHIHIE 245 BE, A4
b(G) < 6=A(G) +1.

IXLE N FAE ( The bondage number of graphs with crossing number less than four, Ars Combi-
natoria, 112 (2013), 493-502) —3CH.

§1.5 TEHEARKBREHAR
T EI RI2 REE, AT A5 44 R AR
B 1.7 Fink FAEA: b(G) < A+ 1 3HETFEAE G.

FENEFEA S L AIEER b(G) < min{8, A+2} KW b THFHIX TR, AfiE%E 3 <A <6
I . 2003 4F, Fischermann 2 NRIHIFK o(G) A2IEE P40 SHEMTHIE G,

6, if g(G) > 4

5, if g(G) > 5;
WG) < , if g(G)

4, if g(G) = 6;

3, if g(G) = 8.

JERE I N AR:

M1,.-Y. Kang, J.-J. Yuan, Bondage number of planar graphs. Discrete Mathematics, 222 (2000), 191-198.

15K. Carlson and M. Develin, On the bondage number of planar and directed graphs. Discrete Mathematics, 306
(8-9) (2006), 820-826.

16J. Huang and J.-M. Xu, The bondage number of graphs with small crossing number. Discrete Math. 307(14)
(2007), 1881-1897.

7M. Fischermann, D. Rautenbach and L. Volkmann, Remarks on the bondage number of planar graphs. Discrete
Mathematics, 260 (2003), 57-67.
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%8 1.8 Fischermann AN sHEFT-F @A G,

7;
b(G) << 5 if g(G) = 4
4 if g(G) =5

H AT SRAS AT LY R B 45 R, #RE R AT 1 SR 2800, oA H A B 58

I3 1.9 X G A&EEE, N G 494 R
(1) b(G) < min{dg(z) +dg(y) —1:V 2,y € V(G),dc(=,y) < 2};
(2) b(G) < min{dg(z) + da(y) — 1 — |Na(x) N Na(y)| : V¥ 2,y € V(G),zy € E(G)}.

H g —A FRH Fink 25 A8 Bl Teschner!® 752, &5 A % Hartnell fl RallFink 2%
AN20753] . AATRR R X PIAS SRR IR AR 1.7 FIRAR 1.8, AT H i #y 3 A B 491 1 18 13-
FIFHEAT 1) b S AUE WP THT B 20 AR B R R AT RER. O T Ul ERAT &5k, &

B(G) = min { {da(z) +da(y) —1:1 < dg(z,y) <2} }
2yev(@) | {da(z) + da(y) — [Ne(z) N No(y)| — 1 :dal(z,y) =1} |

M5 1.9, L ZIAT

d
d

b(G) < B(G).
SEFR B, BRIV FERE YL, Fischermann 5% ASEFR FUERA a0 F&5 . SHEMFHE G,

WAR, NIRRT AR ERE A 1.7 FIA5AR 1.8

B8 1.10 sHEATFEA G,

ZI0 ) iE 3 ASEE Gy, G Il Gs {1153 B(G1) =8, B(G2) =6 H g(G2) =4, B(G3) =5
H. g(Gs) = 5 REEEAIAL

5 Gy T T, WE 2 () BOR, EREKOY 5 1 3 BN, @315 19, AR
B(Gs) = A+2 =5 = g(Gy). EAMIITHEE TAELIO FEHH—HBE A L5

18], F. Fink, M. S. Jacobson, L. F. Kinch, J. Roberts, The bondage number of a graph. Discrete Mathematics, 86

(1990), 47-57.
197. Teschner, New results about the bondage number of a graph. Discrete Mathematics, 171 (1997), 249-259.
20B. L. Hartnell and D. F. Rall, Bounds on the bondage number of a graph. Discrete Mathematics, 128 (1994),

173-177.
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(a) i (b) R
&l 2 AN IE T

TANATIRIE Gy Fl Gy #IEWT R,

Gy MRiGE: 4 H 2 ik, W 2 (b) for, B 5 IEWPFRE. 4 B 2l °H
ARSI — KT R, T2, H PRANTIS o 46 B LS 5 N5 MAHSE. EHaX LYl /5 55
oK 5 B LR TR, M 3 Bis. SRSl T b Gr. 315 19 (2), A5
iE, B(G1) = 8. XA T ARL10 PRI A EA

3 B G ik
Gy RiE: 4 H & 3 Y TiK Qs, H' 2 7y H H AU T3 218, dixet

oy AR BB 4 BPFI I, 24 G, WK 4. ©151FE 1.9 (1), BRI WKAE, B(Gs) =6
H g(Gy) = 4. XA FEE THEARLLI0 RS =4 A

—

Kl 4 K G, ik

XL 3R AR IUA 69 LSRRI AT & B 29 RAR 69 MR AT T A ed.

XA AL EAE (Note on conjectures of bondage numbers of planar graphs. Applied Mathe-
matical Sciences, 6 (66) (2012), 3277-3287) —3CH. [A, XA #F k- d B AR AL, oL/ 7 2Rk 3 K,
#H TR0 B 2 REAT LR KRR A DR 69 P AL



§2 AFR IR R 2 IR T 10

§2  SHHIFIRIHEHIFG

B G RAFIUME, D CV(G). ik G R D A RAHAE, WIFR D G f4dE
W, BN EEIRA G AT HIEL (total domination number), i 4:(G).

w D 2K G g Rl E GID] AR ER LA, WHR D 4 G IS (paired) $
I, XA )& Haynes Al Slater?!. G ISR HIEL (paired domination number) 7,4 (G)
58 SCM B /N BORHHE AR T 0 R B4R,

Y(G) < 1(G) < Ypai(G).

Pfaff 2% A% Il Haynes 5% A3 0 BUENT T - A A2 BN SOt 42 B0 AR 2 NP 524 )l

§2.1 IR P45 HY S5 £ B AT 4E H £

Seifter?* i T v(Gnom), n =3, m € {3,4,5}. 1ZIH IR F&5 .

EIE 2.1 sHMEATEE. n > 3,
Ye(Gn3) = [2];

Wpai(Gn,S) = { ’—

"4

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

n if n =0 (mod4),
Y4(Gna) = Ypai(Gna) = ¢ n+1 if n=1,3(mod4),
n+2 if n=2(mod4).

a§ ol

ZIH A 72 (Grs) T Ypai(Grs) MBS IXEEEE AL 54 (Total and paired domination
numbers of toroidal meshes. Journal of Combinatorial Optimization, 27 (2) (2014), 369-378) —3CH.

§2.2 SLRPCME LR

W B C E(G). W v(G - B) > v(G), WFE B K G LR, /N2 R E4Er 1 5o
NG NELIHREL, WA b(G).

EIE 2.2 A TAEE R 64 REE NP-hard P L.

XA EHUE W L 1 AUE R A, XA B S5 K TR 3 H i AL ] L

BU = {ur,ug,...,un} F1E ={C1,Cy,...,Cpn} 52 3 WL I SEH]. FiE— AN G IFHR
k= 11§13 ¢ &AL R M HALY b(G) = 1.

MEA 0 = 1,...,n, Bl w, € U MN—DE Hy, V(H) = {uw,@,v,v} H EH) =
{viwg, withy, Gvg, vt} SHEAS § = 1,2,0.0,m, BT C) = {z),y),2;} € € MP—DTis ¢; IR

21T, W. Haynes and P. J. Slater, Paired-domination and the paired-domatic number. Congresses Numerantium, 109

(1995), 65-72.
22]. Pfaff, R.C. Laskar, S.T. Hedetniemi, NP-completeness of total and connected domination and irredundance for

bipartite graphs, Technical Report 428, Clemson University, Dept. Math. Sciences, 1983.
23T, W. Haynes and P. J. Slater, Paired-domination in graphs. Networks, 32 (1998), 199-206.
248, Klavzar and N. Seifter, Dominating cartesian products of cycles. Discrete Applied Mathematics, 59 (1995),

129-136.

10



§2 AR Fa R 3T 12 R AF R .

L%k E; = {cjz;, cjyj,cj2;}, 1 < j < my BGiIN—"E H, V(H) = {s1, s2,53,54,55} HE(H) =
{5182, 8154, 8283, $284, 8485}, IEHE 51 Fl s3 BB ¢; (1 <5 <m), W k=1. Kl 2?7 PrrifIE G 5t
K U = {u1,uz,us,us} Al € ={Ch,Cy, C3} MG HIAKA), Fh C1 = {uy, ug, uz}, Cy = {un, ug, us}
M Cy = {uz, uz, ua}. ZBF, 1(G) = 10, Hrp 10 DERGA A v £

Kl 5 th— 3 1 TAEMETIE G, (@) =10 H b(G) =1

ARG I 2 AU B T IRA 18
(1) v(G) =2n+2 H HARE ¢ & 5T i% 49,

IXUEAHF 5T AL 5 £E {On the complexity of the bondage and reinforcement problems, Journal
of Complexity, 28 (2) (2012), 192-201) — 3.

§2.3 HEMELRYPFR

ALY My RORAGRALS, ERIANEE Py I Py, (I RKIERR P,y X P, Gravier® i€ T
(Gnm), m € {1,2,3,4}. ZINHME T My FI My s FIRLREL IR M, 4 IELRE RS
FARG N -

258, Gravier, Total domination number of grid graphs. Discrete Applied Mathematics, 121 (2002), 119-128.

11



§3 p PEHIECL A AT 12

EIE 2.3 M 0 > 2
1 4R n=0(mod3),
bi(Gn2) =14 2 F%& n=2(mod3),
423% n =1 (mod 3).

4ok n =4 (modb);

%R n =2 (mod5);

=1 X n=1(modb), n#6;
2 )
3 )
4 42k n=0,3(mod5).

XLt PALEE ( The total bondage number of grid graphs. Discrete Applied Mathematics, 160
(16-17) (2012), 2408-2418) — .

§3 p EHIB S AR

B G rE, D CV,p RIEEBE. WERAE D HimAE D AT p MEEL WER D 0 G 1
p IS E‘?’S, Mop =10, p BHRIEPOSM T RSO BRI, DI, p IR 2 M= HIS K
HE)TL T i U AR
Wl 3.1 B G P HAN p BERE—ROSFALEARE A p—1 9TRE.

/N p TERIEEREON v R, v TP IO RERN G 1 p ZEHIEL X0 1 (G). B p EHIEUE H
Fink 2% A2 JEHR ).

§3.1 ST ¢ AE p =HIE

BAR, K p PR EUE NP SE& L Nk, R E R BRI p B HIEOR A E UL 2009
4F, Shaheen®” 3R 72(Cpy x Cp) LN, JFHE HELEHE U RS HAME. BRUL LS, WA R, A
T H 4 t 3B Koy g m, 1 p $EHIEL

L Vi, Vo, Vi 0 Koy gy 100 € 38RI5Y, Ny = {1,2, -t} SHMER I C Ny, &

I) = an
iel

FERIdHmE 3.1, M ¢ =1 8 f(N) <p N, %(G) = |[V(G)]. B, BTLMESE ¢ > 2 H

f(Nt) > p. é’\
={TC N 1| <t =2, f(I) < p, [ 25551 < mivi € Ny = T}
FHA
sy =min{f(I): I C N, f(I) = p},

o — min{(tp:‘f‘(f)ﬂ e g} if I, #0;
00 if 7, = 0.

26J. F. Fink, M. S. Jacobson, n-Domination in graphs, in: Y.Alavi, A.J.Schwenk (Eds.), Graph Theory with Appli-

cations to Algorithms and Computer Science, Wiley, New York, (1985) 283-300.
27R.S. Shaheen, Bounds for the 2-domination number of toroidal grid graphs. International Journal of Computer

Mathematics, 86 (4) (2009) 584-588.

12



83 p IEHIEE Y RIB AR, .

FIHIX LS, BATT 45 T DL R R
FE 3.2 K G=Kpnyoom, RRAELHE. 0F t>2 B f(N,) > p, IRAEST p>1
vp(G) = min{s1,p + s2}.

XA EE RAE ( The p-domination number of complete multipartite graphs. Discrete Mathematics,
Algorithms and Applications, 6 (4) (2014) 1450063 (9 pages)) —3CH.

§3.2 HEY p ITHIE

VFZARFTST T ME— 424 |u] {. Gunther 45 A28 i 1 FATHE—PHISROm . %00 HBFR T
PRI ME— p FEHIE M, p > 2, 45t ﬁﬂﬁ p EEHIER 3 DA SAT, AR5 20m T FATHE— p
HISERIR. O T RRIRA TR, %XJL/ME%—' BT RM, DcV(G),zeD,p=>2

PNy(z,D) ={y € Na(z) : [DN Na(y)| = p};

Xp(T) ={z € V(T) : dp(x) = p}.

D &AM WIS 2 € DN X,(T), 8# | DN Nr(z)| < p—2 85 |PNy(z,D)| > 2

EHE 33K T AM, p>2, DCV(T). T 3AMFHAFM:
(a) D & T F7—8y, %;
(b) D R34 ~, &K;
(c) D RZEAH p #2515

EIE 3.4 KT AR, p=>2, DCV(T). A DR T 69—, FHHRY D £ ~, & Hi#%HLs
75?/1\ T € DﬂXp( ); ;5(4% |DmNT(33)| p—2 ‘SQ%L 'Yp( ) > VP(T)-

ZIWH M Ky R, s SOE —258 7, I HAUEB
EIE 3.5 KT A#, p>2. AT HE—8 , EHHRE AT)<p-1RHE Te .

IXLE A S AE (Trees with unique minimum p-dominating sets. Utilitas Mathematica, 86
(2011), 193-205) .

§3.3 HIRY p LURE

VE LR EARHE) T, %00 H 32 K1 p 294 (p-bondage number). T4 B C E F A K]
G 1) p WAL, W ~,(G — B) > ,(G). I/ p AARETILEFRR A G 1 p ZREL, W by(G).
BAR, b1(G) = b(G).

Blidia 5% A2 25t T 1) p #1500 I, RIEXLE R G iE 1 < b(T) < 2. Teschner®
Hartnell A1 Rall®* 735l 0 1A~ 58 EARBTA . T p > 2 FIR T 32 AT ) p %I
HUEM 1 < b,(T) < A(T) — p+ 1 FFZ0m Ik 5 FAE AP, B idnd 3.1, T2 18 1
BNE A > p IR

28@G. Gunther, B. Hartnell, L. R. Markus, D. Rall, Graphs with unique minimum dominating sets, Congr. Numer.
101 (1994) 55-63.

29M. Blidia, M. Chellali and L. Volkmann, Some bounds on the p-domination number in trees. Discrete Math., 306
(2006), 2031-2037.

30U. Teschner, New results about the bondage number of a graph. Discrete Math., 171 (1997), 249-259.

31B. L. Hartnell and D. F. Rall, A characterization of trees in which no edge is essential to the domination number.
Ars Combin., 33 (1992), 65-76.
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§3 p PEHIECL A AT 14

EIE 3.6 WwERM T HELAT)=A>p LA 1<b,(T)<A—p+1.
ARG I p 2R 1R 20

EIE 3.7 R’ T #HZ AT) = p. A4 by(T) =1 S BARET T P4EAT ~, £ D HLE—FKD
vy 4 v €D H ye PNy(z,D) & ye D H x € PNy(y, D).

AT Z0m I p LPREOL BN A —p+ 1 IR, A Ko R, EXT 3 Msf. 4

o ={T: TEW AT)=A>p+1, b,(T)=A—p+1},
B={T: TiH K W —RINGEEFHARR ).

EiE 3.8 o = A.

SRS (The p-bondage number of trees. Graphs and Combinatorics, 27 (1) (2011),
129-141) —3CH.

§3.4  (y1,72) WRIXIE

TG, iR E BRI 1 (G) S5 TER p EHE 1,(G), B, %(G) = 1(G), B4 G #
RN (e, 7p) Kl Haynes ZEN32 AEW] T XHAEATH T 47 7 (T) < v2(T). ZITH5ELZN T (e, 72)
.

XA RALEE (A characterization of (7, 72 )-trees. Discussiones Mathematicae Graph Theory,
30 (3) (2010), 425-436) — 3.

§3.5 REES p 1=HIE

X THHC R > 1 A 2 € V(G), FLT Nu(e, G) 45 o 1ty k U, 8 Nu(@,G) = {y
V(G) : 0<da(ey) k). K TFH S CV(G). WRRHER o € V(G)\ S 8947 [Nu(v) 18] > p. T
LS CV(G) N G Ik BRI p PEBIE, FIFR (k,p) FEHISE. BN (k,p) FEHISET LSRN G 1
(k, p) B, AN 70(G). BIR, 11.1(G) = 7(G), T XML G 13

12,2(G) < 1(G) < 29(G).

Bean TE A BT i, (G) FFRIIEAR: WL 61(G) = k+p — 1, A vi,(G) < 785, HHF
n = |V(GQ)|, 6x(G) = min{|Nx(z)| : = € V(G)}. 2005 4F, Fischermann Fl Volkmann®* {iF B T iX4>
HE AR AL XA kRl p =0 (mod k). 2008 4F, Korneffel 55 A\2° TEI] T 422(G) < 2 AT
LA “02(G) = 37, HZm TAFAE 5 BOL AT G.
ARIH % &R, IFERAG I N 452
32T7.W. Haynes, S.T. Hedetniemi, M.A. Henning and P.J. Slater, H-forming sets in graphs, Discrete Math. 262 (2003)
159-169.
33T, J. Bean, M. A. Henning and H. C. Swart, On the integrity of distance domination in graphs, Australas. J.
Combin., 10 (1994), 29-43.
34M.Fischermann and L.Volkmann, A remark on a conjecture for the (k, p)-domination number. Utilitas Math., 67,
(2005), 223-227.
35T Korneffel, D.Meierling and L.Volkmann, A remark on the (2,2)-domination number, Discuss. Math. Graph
Theory 28 (2) (2008), 361-366.
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§4 Roman 4% 4| 3B 49 R I HFE, ,

EIE 3.9 % T ZIEF AR, AL

Y2,2(T) = - (v(T) + 1)

[V )

FEA S T HAFE T RS A

EHE 3.10 KT RNEKEVAH 368 IRA yoo(T) = 2v(T) HHARE T iHRATF 3 NEtF:
(1) T A—t) v % D,
(2) D ¥ HEANTEE Y H5AAS 1 EABAR,
(3) D FAEATATE = Fo y H)IEA ANEATE.

E. FEEIAER: 122(G) < %(G) < 29(G). AIHG L 12,2(T) = 29(T) I T %]
. AL y2,2(T) = v (T) WIBE T B2 mmABLF- 1 A A

IXLLZL AL S AE (On the (2,2)-domination number of trees. Discussiones Mathematicae Graph
Theory, 30 (2) (2010), 185-199) — 3.

§4 Roman 1ZH|ER A REIAR

Kl G L) Roman #8300 Cockayne %5 N3SHEHI ), JEARIRES f: V(G) — {0, 1,2} ffif5
TEAUEAN 0 s B DL —ANEN 2 S 42V, = {2 € V(G) : f(z) =i}, i =0,1,2. Wl
(Vo, Vi, Vo) 22 V(G) KRG, B30, viuVa 4 G il4E, O Roman #55HI4E, i0h Dr = (Vi, Va).
f(G)= va(:c) PN f B Roman #HIEL v (G) 248117 Roman $4H s 5 /M. Roman

R 1n(G) LA +(G) LRI

7(G) < vr(G) < 29(G).

§4.1 Roman 1ZTHI|%
H A< T Roman #EHIEMEE RIFAZ. ARITHIRAGU H 4521

FIE 4.1 ATHE G4 Roman 3#HH150, £FE| o F L4
@ st F =2RE, Roman #EH AL NP 449,
@ 4R n>3 N yg(G)=3 HHAAE A=n—2.
® 4R G A& n—3 EMNGAEDR n>4, M yr(G) =4.

§4.2 Roman ZJ5RE]

Kl G 1) Roman 2L bp(G) f&H Stewart® &K1, 2 O HFS Roman FHIEE BT 7
WP, X T K G 1 Roman 2R3, A 1210 N4 R
36E.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.
371. Stewart, Defend the Roman Empire. Scientific American, 281 (1999), 136-139.
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§5 TR T AT 16

T 4.2 HAFAEEBE G 4 Roman £ RE P A NP-hard PR, BpiE G £ 2 #(H.

EIE 4.3 s TEEHE G, RMNIFKF Roman ¥ R4 br(G) 69 L7

@ 4&M n >3 B yg(G) =~(G) + 1, M br(G) < min{b(G),na}, HF na £ G FRXEA
A B

@ EM n=4. R yr(G) =3, A4

EE 4.4 KRMALT EXEEE Roman £ RI br(G) 69A5#1E:
@ R G A E—8R ] Roman =455, N br(G) = 1.
37~E7L{£\f“|3@ t>3. &U%G:K&g 3, }JE/A bR(G)—n—l &U%G7EK3 ..... 3

..........

® ﬁ”% n =2, % bR(Pz X Pn) = 2.

@K G=Knymo.m, AL (>2)HB, EF mi=ma=...=m; <mip1 < ... <y,
n:imjﬂ_n23. AR A
j=1
[ R m; =1, n>3;
2 R m; =2, i=1;
br(G) =14 1 R m; =2, 0> 2
n—1 %R m; =3, i=t>3;
n—my AR m; >3, m >4

IXUEZE AL SRS CE (On the Roman bondage number of a graph, Discrete Mathematics,
Algorithms and Applications, 5 (1) (2013) ) fll { Roman bondage numbers of some graphs, Australasian
Journal of Combinatorics, 58 (1) (2014), 106-118) .

85 XTFINEEEAR

W Ge £RK G KL Bl V(G = V(Q), E(GY) = {zy : zy ¢ E(G)}. T4 B C E(G°)
A G nsise, Wik v(G + B) < v(G). Sm/MmasEr rusrr ) G R4 (Reinforcement
number), WA (G). MNERENESE H Kok Fl Mynhardt384& th. BAESE A3 BFFTI AT 1n) 0 0ok
. SZAEFE, ISR R ] AR RO 59 M ) RS RALA T LA e SCHERAE F
R n sk, #ian.

T4 B C E(G) A G HIAINGREE, W (G + B) < %(G). SN s i h ¢
(P4 52 (total reinforcement number), WA r(G).

T4 B C E(G) BN G 1) p NskdE, WER v,(G + B) < 7,(G). /b p INsiSeh (i 56k b
G 1) p INEEL (p-reinforcement number), WA r,(G).

38]. Kok and C. M. Mynhardt, Reinforcement in graphs, Congr. Numer. 79 (1990) 225-231.
39J. Huang, J.-W. Wang and J.-M. Xu, Reinforcement numbers of digraphs. Discrete Applied Mathematics, 157(8)

(2009), 1938-1946.
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§5 TR T AT 17

§5.1 fnsREAIE L1
Kl G NS R Bn] LR IR I R

fnsE% 8@ (Reinforcement problem):
B EELA TR G FeE K k.
I8 REH 1(G) < h?

EIE 5.1 iR P A2 NP-hard 7).

EM AL HiE— K G IF k= 1 (E A 3 A P8 € 2124 HALY
r(G)=1.

XA i =1,...,n, B u; € U XNN—DN MK T, = {wi, w0} XA j=1,2,...,m, A)
% Oj = {Ijvyjazj} S € HF\_/‘—/I\]‘D?/@; Cj ﬁ?ﬁbﬂiﬁ% Ej = {Cj.Ij,ijj,Cij}; Eﬁ}a%@bﬂ_‘/[\]‘ﬁ,ﬁ S
¥ s BN ¢, 1<j<m), W k=1

K11 2 U = {ur, u, us, ua} 1€ = {Cy, Co, Cs} it KK G, Hr Oy = {ur, ug,u3}, Co =
{ur,uz,us}, Cs = {t, us,us}. G4, v(G) =5, Hrp 5 MEGLE A v 2 #(G) = 1, B
e=u1s, M4 v(G+e)=4.

BRUEW: ~(G) =n+ 1. RGUEW: @ AT H 24 HAY »(G) = 1.

K6 h—3mTHEmERNE G

G A4 st U] AR
2524187 (Total reinforcement problem):
KBl EFLEE G AR k.

B)RR: REH r(G) < k?

EIE 5.2 &R E P A NP-hard P14

17



85 & T AR a9 AR 18

R A T B e B 5.1 —FF, Mis— N G Tk = 1 4013 —A> 3 A 74E € &R
B HALY 7o (G) = 1.

XA 0 = 1,...,n, B u; € U MN—F K H;, Hrp V(H;) = {ug, i, vi, v}, E(H;) =
{viui, uidi,divi,vivz’-}; Xﬂ-ﬁ/l\] = 1, 2, ..M, /Flj% Cj = {ZZ?j,yj, Zj} S ¢ XHLW—/I\TD’i)ﬁ Cj #iﬁébnw
R E; = {cjxj,ciyj, cizi b BITIIN—E P = s1s083 JFEHE s1 BIBEAD ¢; (1<5<m), W k=1.

SRIGUEM]: € AT 224 HAY r(G) = 1.

XSS A S 4E (On the complexity of the bondage and reinforcement problems, Journal of
Complexity, 28 (2) (2012), 192-201) — 3.

MAEEIEE G 1) p IO . 2 p =1 B, G 1Y 1 0omE i @ & 20 S I s vl @, e
B 5.1 J1, ‘B A& NP-hard [l PRIA 28 St n it o) i p im0 e A 1 ) /L, BT A p Jnsi i)
@& NP-hard [ @3,

BTy REIRPER. Xf TREAE R p, p #EHIEIDEAE P HE (UL Downey Al
Fellows ¥4 ji SCE10). SR, BT p A& [ 1, B5E p Il NP s o). XA ) AT AR i
T

ElZE p MN5a#i5]RE (fixed p-reinforcement problem):
K ETLRE G ABTHEEHL p (>2).
@ LA r,(G) <17

EIE 5.3 3T ELAEEI p (>2), p MBI A NP-hard 1AL
UE P IS AS IO B s 48 3 W]y AL )@ (3SAT) V450 p s )@l ik, % U = {us,...,us}
M E ={Cy,...,Cpn} & 3SAT FHEREEH]. MiE—ANKE G WF.

a. WA u; € U, BE N Hy, Horb Hy EMBIRRIEEN {us, @i} U (U {vs,, 03, }) HI5E
A Kopyo WHNIASE U021 {uivi,, wovy, } TAFE )

3T g (W w;) HIHER) T C; (e {1,...,n});

c. WIN— el T (2 K,) I HIERERPAI R IR ¢
IRJFUEM: € & RIAL = HAXE rp(G) = 1

XAMIFFT R AE SCE {On the p-reinforcement and the complexity, Journal of Combinatorial
Optimization, Online First 2013-02-25) — 7.

40R.G. Downey, M.R. Fellows, Fixed-parameter tractability and completeness I: Basic results. SIAM J. Comput. 24
(1995), 873-921.

R.G. Downey, M.R. Fellows, Fixed-parameter tractability and completeness II: On completeness for W[1]. Theoretical
Computer Science, 54 (3) (1997), 465-474.
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§5 TR T AT 19

§5.2 RLAFIREIRIINGREN

BAIHRE T 8% P, B C, 19 p INEEL. 24 p = 1, Kok Il Mynhardt*! #i5E T r(P,) = r(C,,) =i
W n=3k+i>4, Hrpie{1,2,3}. ZIMHEMET Y p=2 8, rp,(P,) Al r,(Cn) FIKEHHE.

EIE 5.4 5FF p>2, 4R 4,(P,) >p 4

2 if p=2andn is odd
Tp(Pn) = 1 if p=2 andn is even
p=2 if p=3;
R v, (Cp) > p R4
2 if p=2andn is odd
rp(Cn) =< 4 if p=2 andn is even
p—2 if p>3.

XT5E4 ¢ WA Ky oongy 2 X = {niy, o n b 02 {01, ne} THE E X
|Xl=r H f(X an],
Z={X: X C{m, - n}H f(X)>(G)}
WA X e 27, X
[T X)) =max{f(Y): Y CXH |Y[=[X|-1, f(Y¥) <p}.
EE 5.5 %G RALAtHPE G=Knyooon,, t 22, R 7,(G) > p, ARASAEAT p > 1,
rp(G) = min{(p — f*(X))(f(X) = 3(G) +1): X € 27}.
XTI B, AT AR N 4

TEIHE 5.6 1,(G) < A(G) +p; R §(G) < p, AL 1,(G) < 5(G) + p; %2R ,(G) > p B A(G) < p,
R4 1, (GQ) =p— A(G).

HIS 5.7 SRR T A= p > 2, 7, (T) <p+ 1.

HARE R, #Ee 5.7 0 p > 2 AL %I T p=1, Blair A2 GEM T2 r(T) < 2, K n
et T BB, 2 p > 3 I, JARAHAE HLAEAS v (T) = p+ 1 FIFTARE T ABIRA] ARy 38 7572
AT p=2 WIETE. Bk, B A 40 T A7 ro(T) = 3 — DR 2T

IX SRS s AL 55 #E SC 3 ( On the p-reinforcement and the complexity, Journal of Combinatorial

Optimization, Online First 2013-02-25) FI { Trees with maximum p-reinforcement number. Discrete
Applied Mathematics, 175 (1) (2014), 43-54.) .

413, Kok and C.M. Mynhardt, Reinforcement in graphs. Congr. Numer. 79 (1990) 225-231.

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

43Y. Lu, W. Song and H-L. Yang, Trees with 2-reinforcement number three. Bulletin of the Malysian Mathematical
Sciences Society, to appear in 2014.
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§6 O T-FEl o BT 20

§5.3 9 SHN3REL

] G B BRI £ V(G) — (0.1} 457 £ LR @ IS8 AE Nola] 4 f(Nala]) > 1.
W £ R G RIS D EFIE RS, BHIH (G) ML min{£(G) : f € F(G)}, 3 F(G) M G
sl BB, B (0,1} 20 {—1,1) AT SIRE S BB, TS 1. (G) = min{f(G) : f €
F(G)}, 38 FL(GQ) Ny G HORES Pl . 75 PR 1 Dunbar 5 A% SRR,

AT HE TR G IR IS . (G) ML filt:

EHE 5.8 % n>3.

rs(K1n-1) = 1;
ra(Py) = { 2, n=2 (mod3)
1, otherwise;
0, n=3,4
rs(Cn) =< 3, n=0o0r1l (mod3) andn > 6
2, n=2 (mod 3);
0, if n =4,
rs(Wn) =< 2, n=1(mod 3),
1, otherwise.

T To, > 2, REEAH ESE ro(T) < 2. (HIEZA SRR, BN 7o (Trie) = 2.

IXUEZE A A4 (Signed reinforcement numbers of certain graph, AKCE International Journal
of Graphs and Combinatorics, 9 (1) (2012), 59-70) — 3.

§6 KRTI=HIXI D EIR

w G 2K, QG) 2 V(G) MR, Wk QG) eSS G iEshilsE, WER QG) ol
G IR, G IR0 (domatic number) d(G) & V(G) HIFEHIRIS Q) 4R &/
HH. B G MR dG) BT G Matatl «(G). B G ikl a5 3 EfSaog,
T st L M FE77 0%, 1] “domatic” 4% H1iA] “dominating” F1id] “ chromatic” 42 j%. ¥Iff) domatic
HNWE 2 & H Cockayne I Hedetniemi®® £ Hike ). AT EHATFT T W RE= BRI £ 7753515050 21
R4 {k} %55

§6.1 TFEHIHH

15 §5.3 1, Tl 158 X T R R4, Volkmann I Zelinka®® WFFE T 7F5 FB%I % d,(Q), JFH
WEWI T : du(G) REAFRL T H IS S bR 8 4G,

K G S ILP R BUE IR £ 2 B(G) — {—1,1} 113 f(e) LERFANL e HIHIABILLE Ngle]
17 f(Nelel) > 1. B G 5 IEbIRIAH d,(C) B AHL d 1843 G 119 d MARRRES L
&ﬁﬁhnjﬁﬁﬂﬁﬁﬁwwﬁiﬁ@gLﬁT#é%GJNﬁﬂmﬂﬁﬁTﬂ%%

44J E. Dunbar, S. T. Hedetniemi, M. A. Henning and P. J. Slater, Signed domination in graphs, Graph Theory,
Combinatorics, and Applications, John Wiley & Sons, Inc. 1 (1995), 311-322.

45E. J. Cockayne and S. T. Hedetniemi, Towards a theory of domination in graphs. Networks, 7 (1977), 247-261.

461,. Volkmann, B. Zelinka, Signed domatic number of a graph. Discrete Applied Mathematics, 150 (2005), 261-267.
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66 X T4=%| X AR 21

di(GQ) = ds(L(GQ)) ZF4, £ L(G) & G HLE.
AT E R E T R IR R 1R o 5, Wik BB AL AR, SEA AR

EE 6.1 &F n >3,
3 n=0(mod 3),

dy(Cn) = ds(Cp) = { 1 n=1,2(mod 3).

A\ (K1) = ds(K,) = ”n n=1(mod 2),
|5]o n=0(mod 2).
b |n), AATARL n RKFH
d,(Py) =1,n> 2.
dlS(Pn X Pm) = l,n,m = 2.

EIE 6.2 X TFTXeH K, n>2,
n—1 if n =0 (mod 2);
di(K,) =1} n if n =3 (mod 4) and H(n + 1) exists;
n—2 if n=1(mod 4) and H(n — 1) exists,

H ¥ H(n) £ Hadamard $EM%.

EAGURU: WR n 28 d(K,) IR T Hadamard JHFE H (4k) FIFEAENE. XA
S RGN T RS IA IR %ty Hadamard FEFEZ [R] R DI AR

XLzt A5 FE (Signed edge-domatic number of a graph, Graphs and Combinatorics, 29 (6)
(2013), 1881-1890) — .

§6.2 & {k} 1=HIR 5%
X TERE IR b, B G 14 {k} BHIREUEW £ V(G) — {0,1,... k} 015 f TN
x WIFFABEEE Ne(x) 7 f(Na(x) < k. B G 4 {k} #0058 i (G) el 8k d 1543 G
d
d MAF4A {k} BHIRE {fr, ..., fa} WEXHMEM S 2 7 Z_jl fi(z) < k.

4 {k} #1153 H0E - Sheikholeslami A1 Volkmann™ E5GHFFT. A0 H i T 5 A58 4 )
4 {k} R H

EIE 6.3 35 T4 W,p1(n>3), % n=0(mod 4) &,

2 wR k=1

{k} _
u M%ﬂ_{3 S,

4 n#0(mod 4) HF,
3 40k (&) - n >k

qtx? W, _
t ( -‘rl) { 9 ;Et_/f&']%_%;

473 M. Sheikholeslami, L. Volkmann, The total k-domatic number of a graph. Journal of Combinatorial Optimization,
23 (2) (2012),252-260.
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§7 A %L 22

EHE 6.4 ¥ TMIT2HE K, (n>3),

d{k}(Kn): L%J R 1<k<n—2;
t n—2 HAbER.

JXLegE AL & (The total {k}-domatic number of wheels and complete graphs. Journal of Com-
binatorial Optimization, 24 (3) (2012), 162-175) — 3.

§7 = HEEL

G I E sdy (G) 5E XMt/ I BBUATAS X L8100 e 4 4 —— 0 3 250 4 ) 08 .
Arumugam FEHXANZEIFUE T X T n B T, (n > 3), sdy(T) < 3, IR IR
&AL 2001 4F, Haynes 55 A% 45 H B G = K, x K (t > 4) 1552 TG, Y sd, (G) = 4. —
ASPAT IR & A2 I 23 5 sd,, (G). 2003 4F, Haynes 55 A% UEW: SHEMH T 43 sd,, (T) < 3.

P 128 L&A Rt e . K GO () AL oty (G) (cty, (G)) & SN/
2 E X L e i S S k>, iR (@) = 1, W5 X et (G) = 0; 413k v(G) = 2,
W5 X et., (G) = 0.

250, X% P, R C,, 1 n >4, A

cty(Pp) = cty(Cp) =i, n=3k+i,1 <i<3;

Wk n > 5, WA
1 ifn=1,2 (mod 4);
cty, (Cn) = cty,(Pn) = ¢ 2 if n =3 (mod 4);
3 if n=0 (mod 4).

EIE 7.1 itdEAE G, o, (G) <3 H ety (G) < 3.

AR EATHE, AT ZEIF20m T Fra 1. X Legh 8 54 (Domination and total domi-
nation contraction numbers of graphs. Ars Combinatoria, 94 (2010), 431-443) — 3.

§8 I MIEHISMIIEIR

G W% HAR dn(G) B/ NEE d X G PR A o By £24E m SN RS HAKE
AN d 1 2y B TR, di(G) BiEL M ER d(G).

K G 1) R vam(G) E/NEEE kb, G A SECN k 074 D fEfSHMERALE D
HR R @, A m SN RS K AN d 16 2y 8% 54K, 71.1(G) b RL I h% +(G). N
e, 5T K G, B5E yam(G) MEUE NP SE& 1. SHEM m WK G, Wk d > d.(G), B4
Yam(G) = 1. L, WHR d < dp(G), B4 Yam(G) = 2.

K G ) OB g m (G) St /NEEEL kb, G P AFAESECN & TR D 43X D AT By
Boa Ay BN dn (G o,y) > k. 2R, a11(G) Be @I EHIE o(G). Kk, X T—%

48T W. Haynes, S.M. Hedetniemi, S.T. Hedetniemi, D.P. Jacobs, J. Knisely, van der Merwe, C. Lucas, Domination

subdivision numbers. Discuss. Math. Graph Theory, 21 (2001), 239-253.
497 W. Haynes, S.T. Hedetniemi, van der Merwe, C. Lucas, Total domination subdivision numbers. J. Combin.

Math. Combin. Comput. 44 (2003), 115-128.
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§8 7 I E L AT FWIF ST 23

B G, BE aam(G) MEHE NP SE& M. SR, XHER m 4l E G, agm(G) =1 d > dn(G).
R, 1 d < dn(G), T4 agm(G) = 2.

KON LS G = O x Cp = 4 1EN 4 BB, 4 dy = dy(Cy x C), THA e =
TUHWTFERINH LS G 1) AL v4,4(Gonn) B SONEL g a(Gom,), SRAFE I3 45

P

FH 8.1 % G = Cpy x Cp. R4,

)

F)/d,4(Gm,3):2<:>d4—6<d<d4,m>5
Vaa(Gma) =2 3R dy — (2e — |22 ]|) < d < dy, m > 4;
(Gm.n)

Yaa(Gmn) =2 %K dy —e+2<d<dy, m=n>4.

XLzt A5 ZE ( Domination number of undirected toroidal mash. Acta Mathematica Sinica,
English Series, 28 (3) (2012), 453-462) — .

R 8.2 & G = O x C. T4,
ad74(Gm)3):h+1&U%d=d4—h,;ﬂ:-q’ 1<h<e—2,m2>27;

2 o m e {21,23,24,25,27),
ad74(Gm,4) = o Lk T

3 HeHEH,

g a(Gmn) =2 4R d=dy—1, m=n > 10.

IR LeE AL S e (IR BRI (d,m) M7 3. RERE 54, 32 (3) (2012), 327-333) —
3CH.
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FTTIE4  2010-2013 FHEHEHRTHRER

K4 T ATAE 2010 4FEZ 2013 AT (8] 58 1) 5 Y REOTE R IIFST 1A, X SERIF 5T
oy LARTATFR I H N R R4k s, Hh R O, SRR, (28 Sz Em . M4 s o
) . LA A PR ) AR AR R AR BEERE IH (VLR A T 26 AT
(2013.1-2016.12) BTN ZEZ .

89 XTRIREMIAR

XA K G = (V, E), EMEFL (cycle rank) o# Betti 27 (Betti number) s&f/NUEL p(G),
EANHHERLEN G PR S8 N AT L BT, Wik G 2, B4 p(G) =
e—v+w, HH e, v Al w 530E G L%k, Tl mi BORIEEE 7 SCH.

XTI ) I T s (A 25, W T4 F C V, WkH G — F AEHE, WK F & G MRBR
. BN AR I S EORROA ABEL (the feedback number). ELZRUER: Affi e XM B e/
WA S NP 5845 1) 8°0. Beineke 1 Vandell®! FR 50N [ 1%L (decycling number) Jf H.44
ARG ) S S T8

5138 9.1 & G REAAE, MEh v, DEH e, RRAA A LT G YEMBRIRE F ¥R

ATRH AT T HELEF 4 B 10 S A K ) .

§9.1 Kautz J[EEF De Bruijn J[EE#I R RS

Kautz Jo[n) ¥l UK (d,n) j& M Kautz 4 01E K (d,n) S0 2540200 77 ) o 500 25 w75 21
M. BAR, UK (d,n) 47 d* 4 d"=t DI, dH +d™ — 3d(d+ 1) 530, KN 2d (n > 3), f/)
JEH 2d—1 (n > 2).

De Bruijn JGIA K UB(d,n) &M De Bruijn 771 & B(d,n) "M 2RE4IL 0 5 7 o F i 22380
AT AR, UB(d,n) i d* NS, d° — 3d(d — 1) — d 430, S KN 2d, e/hEH
2d — 2.

H fox(d,n) XN UK (d,n) WRGE, fer(d,n) & UB(d,n) 5L Kralovie Il Ruzickad?
EfﬁfﬁT:

fUK(2,7’L) = 2n—1, fUB(2,7’L) = ’72713_ 2-‘ .
X d > 2, KWHS Y fuk (d,n) B fup(d,n) 5L

EHE 9.2 EFT d>2 F2n >3, Kautz @1 B UK (d,n) 89 RMR%K fur(d,n) i#&

dntl — gn—1 _ d(d;‘l) 41 d2
< <dv— || = n=2

A, fur(2,n)=2""".

50M. R Garey, D. S. Johnson, Computers and Intractability, Freeman, San Francisco, CA, 1979
51L. W. Beineke, R. C. Vandell, Decycling graphs, J. Graph Theory, 25 (1997), 59-77.
52R. Kralovi¢ and P. Ruzi¢ka, Minimum feedback vertex sets in shuffle-based interconnection networks. Inf. Processing

Letters 86 (4) (2003), 191-196.
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§9 KT RBEAINTH 25

Nk AEE (Feedback Numbers of Kautz Undirected Graphs. Australasian Journal of
Combinatorics, 52 (2012), 3-9) 1.

EME 9.3 AEFT d >3 F2 n > 1, De Bruijn L@l B UB(d,n) #9454 fus(d,n) i# &

drtt —d - HD gn d ! n4d—2
< ) <d" (11— — :
5= 1 fup(d,n) <d™ |1 (1+d> —i—( d—2 )

XGRS E (Bounds on feedback numbers of de Bruijn graphs. Taiwanese Journal of
Mathematics, 15 (3) (2011), 1101-1113) — 3.

§9.2 Kautz A 6E#0 De Bruijn B [ E 8 iRE
2007 4, TAWIR T Kautz 7 1K K (d,n) FRIGEL 20074, 1757643 2000 455853

IR 9.4 sHEFTEHd > 2 Fon > 1, Kautz A& B K(d,n) 49 RA%%

d for n =1;
?K(d,n): (@@9)(71) + ((pQ:)_(T;_l) for2<n<7;

ar dn 1 )

—+ +O( d %) for n > 8,

n  n-

£ (p00)(n) =Y (i) (_) i|n BRE 0 BEEMn, 0(0) = d + (—1)id, p(1) =1 B (i) =

iln

ZH (1—%) (i>2),p1,....,pr i 9P KRR GERF.

X1 De Bruijn 3 W&l B(d,n), A0 H $RAFALZE R
EIE 9.5 EfTESd > 2 Fan > 1, De Bruijn H & E B(d,n) 4 RAx4k

_ —ZdZ ( ) for 2 < n < 4;
fB(d,n): dz|n

— +0(nd"™™*) forn =5,

n

H¥ i n B i BERn, o) =1 B (i) =i [] (1—%) (i>2), pr,...,pr i BJFFR
J
Flag& B F.

XG5 AL A (Feedback numbers of de Bruijn digraphs. Computers and Mathematics with
Applications, 59 (2010), 716-723) — L.

§9.3 (n,k) 2EBIKRIRE
A I, ={1,...,n}, P( k) 5& I, Bk BEIE 1<k <n), ), Pn,k) = {maa. . 2| o5 €
I,,z; # xj,1 z;éj kY. % p(n,k) = |P(n,k)|. W p(n, k) =n!/(n—k)\

53J.-M. Xu, Ye-Zhou Wu, Jia Huang and Chao Yang, Feedback number of Kautz digraph. Discrete Mathematics,
307(13) (2007), 1589-1599.
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§9 KT RBEAINTH 26

(n, k) B Sppe (1 <k <n) FIEE Pln, k). TS z12p .oz oo B B ST S
(1)
(2)

2) axgws - xp, a € I, — {a;| 1 < i<k}

TiTo - Xy 1T1 X1 - - Tk, 2 <1 LK.

1 7 BRI (4,2) I Sy,

7T (4,2) 2K Ssp

EIE 9.6 HEA Kk, 2<k<n, §=min{k—1,n—k+1}, (n,k) 2B S, 9RINEK fs(n, k) i#H 2

—n—2i—1
=206 - 01 ") < gsu) <ty -2 -0y (200,
=0
Hhk=2HkE=3M, EH 9.6 K FADHN nin—3) H nin—1)(n—4). RERGEN UEW]
T fs(n,2) =n(n—3) Fl fs(n,3) =n(n—1)(n—4). XHIEF 9.6 () FIE AT LLL S K.
XA RAEAE (On the bounds of feedback numbers of (n, k)-star graphs. Information Pro-
cessing Letters, 112 (12) (2012), 473-478) — 3.

§9.4 ARIEIORIRE

¥ G = (V. E) RATRE. R AREAT M, WK G MR (acyclic) K. ¥ X C B(G),
Wik G — X B, WFR X N G RBHLEE (feedback edge set). H B(G) & G /N 8
prIE S EBVIE A

XA T E G BRI, T H. 8(G) = &(G) — v(GQ) + w(G). fEXAT 7 ¥, Karp®®iEif
T E B/ S B AR ] LA NP 58 (1.

W p(G) Bk G s ARSI AT H . Chudnovsky SR ASSIEBI T : W G A% =T,
WA B(G) < p(G), IR HATAE.

B 9.7 WwRAMME G FeHAw 3B, A, B(G) < 1 p(G).

54X -R. Xu, B.-C. Wang, J. Wang, Y. Zhang, Y.-S. Yang, Feedback number of (n, k)-star graphs. Utilitas Math., to
appear.
55R. M. Karp, Reducibility among combinatorial problems, in: Complexity of Computer Computations, (R. E. Miller

and J. W. Thatcher, eds.), New York, Plenum, 1972, pp. 85-103.
56 M. Chudnovsky, P. Seymour and B. Sullivan, Cycles in dense digraphs. Combinatorica 28 (2008), 1-18.
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§9 KT RBEAINTH 27

KT, Dunkum ZE NP7 IEM T B(G) < 0.88 p(G); Chen ZEAN BHEN 6(G) <
0.8616 p(G). Sullivan® & NI EE — R (P A AR

18 9.8 wRAGE G HEK ¢(G) >m >3, A

2

B@) < (m+1)(m—2)

p(G).
Momoe {4,5} I, FA0 9.8 H EFRS RN L p(G) FI L p(G). ATTHG SN 45 R

EIE 9.9 WRAGE G HEK g(G) >4, L B(G) < 355 p(G) ~ 0.3819 p(G).

EIE 9.10 X AEE G “EK g(G) > 5, A4 B(G) < (2—3) p(G) = 0.2679 p(G).

JXLLZE AL S FE (On Sullivan’s conjecture on cycles in 4-free and 5-free digraphs. Acta Mathe-
matica Sinica, English Series, 29 (1) (2013), 53-64) —3CH.

M m e {4,5} B, Sullivan IE T B(G) < 15 p(G). AT H St T XA 8.

m—2

FE 9.11 wEAGHE G HEK ¢(G) >m >4, 4 B(G)

/N

—157(G).

XA EE R A LE (Minimal feedback arc set of m-free digraphs. Information Processing Letters,
113 (8) (2013) 260-264) — L.

§9.5 Caccetta-Higgkvist J548

AR 9.7 5 NI Caccetta - Hiaggkvist A Y)AHIC. 1978 4F, Caccetta Fll Higgkvisto0 $H
N AR AR

B 9.12 K G R n WAGE. o 57(G) > r, M4 G LEEARKT [n/r] A G E.

Mo =10 558 9.12 BAROL. Y r = 2 B, Caccetta Al Higgkvist IF ARGAE 7. 1987 4F,
Hamildoune® | Hoang Fll Reed® 43 HNEH T 24 r = 3 Fllr = 4,5 N7, fiT, Shen® WFW] T
M < \/n/2 WAEARROT. W T— M, RS AR 28 A ATH AR A A .

M =2 B, F5 9.12 W LARIRN:

%ﬂﬁ.\ 9.13 15:(;7%71 Ffl\ﬁ@@ 4o R 5+(G)2%, }]'Q/A G ')&/‘3\%—‘%} 3 %I

57M. Dunkum, P. Hamburger and A. Pér, Destroying cycles in digraphs. Combinatorica 31 (2011), 55-66

58K. Chen, S. Karson, D. Liu, J. Shen, On the Chudnovsky-Seymour-Sullivan Conjecture on Cycles in Triangle-free
Digraphs. A manuscript submitted to Discrete Math. for possible publication. ArXiv preprint arXiv:0909.2468, 2009 -
arxiv.org.

59B. Sullivan, Extremal Problems in Digraphs. Ph.D. thesis, Princeton University, May 2008.

601, Caccetta and R. Higgkvist, On minimal digraphs with given girth. Proc. 9th S-E Conf. Combinatorics, Graph
Theory and Computing (1978) 181-187.

61Y. O. Hamidoune, A note on minimal directed graphs with given girth. J. Combin. Theory, Ser. B, 43(3) (1987),
343-348.

62C. Hodng and B. Reed, A note on short cycles in digraphs. Discrete Math., 66(1-2) (1987), 103-107.

63J. Shen, On the girth of digraphs. Discrete Math., 211(1-3) (2000), 167-181.
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N T UE AR, A1 3RS BN L ¢ A n AT M G, RS RS/ E
6T (G) > en, G AR 3 JBl. Caccetta Ml Haggkvist IEIH T ¢ < 0.3819; Bondy®* iFH T ¢ < 0.3797;
TS B E 3 ¢ < 0.3542; Hamburger 25 A% (&4 0.35312. In 2009, Hladky %5 A7 #t—H1&
M H] 0.3465. XANEERRKWH: T o A K G, W E R H /M E 67(G) > 0.3465n, IB4
G WEATm 3 .

AWHZEE r =2, 192 @A mE G P/ 67(G) > 0.28866 n, B4 G BEAKEAS
KT 4 AT . ook, FRATas TN R b,

FIE 9.14 X G A n MAGE. 40k 67(G) 2028724 n, A G LA RKERKT 4 t4A @ A,

XL AL S A (AT 1) Bl dpe /N BB AN KT A — A 78 23 25T AR, 51 (2) (2013), 241-
243) Fl {5 T~ Caccetta-Haggkvist FFARMIE L. £ =4, 56 (4) (2013), 479-486) .
HELE =2, AWHAAR:

EI 9.15 X G A n MA®E. R 67(G) > 024817 n, IRA G LAHKERKT 5 9 @ BE.

XANEE AL A ZE (A note on directed 5-cycles in digraphs. Applied Mathematics, 3 (7) (2012),
805-808 ) — 3L

§10 XTMERHGEBEAR

WG = (V,E) 2iEHKE, X CV(G). M THEMNEL R (O0), ik G-X Al H 6(G-X) >
h, AR F 4 G ) b EH], 3 b 5FL G A i’_’)ﬁi_i_fﬁ k(@) SR B REEI K
s B, 50(G) = K(G), Hh w(G) K G MZMAERRE. X T h> 1, i x(G) f,
k{0 (6) < s (6),

FAE AT LLE O G 0 b BBILENREE. % F C E(G). M THEmMEH h(=0), Mk G-F A&
YU H 6(G — F) > h, WAFR F 4 G 8 h #IL%], 00 n L% G m higmss A (G) & X
Juds/ b AEIR L% B D (G) = MG), Ht AG) £ G ZIERTE. X T R > 1, W
TP (@) f74E AV (6) < AP (6).

ETAERE G RIZE R b, T k(7 (G) ALY (@) REARMIRER, PR Latifi 55 A58
FEIE S NP-hard WL 552 F, £0(@) R AP (G) FRIAEAEE I REIE 2 — AT AR i I . PRIt
T E 5 2 4 1K) b R RO A R0 R AT R SU). 4 b BN, B 24 24 1) b kL
W A E NT‘*E’LB’J h, GBS R THTE Qn, 2 k < n—2 I, Oh 45 A% Fl Wu
SN0 NI E T k() (Qn) = 250 — K); 2 h <n— LI AREIATLRE T ALY (Qn) = 2" (n— ).

64J. A. Bondy, Counting subgraphs: A new approach to the Caccetta-Higgkvist conjecture. Discrete Math. 165/166
(1997), 71-80.

65]. Shen, Directed triangles in digraphs. J. Combin. Theory, Ser. B, 74 (1998), 405-407.

66p. Hamburger, P. Haxell, and A. Kostochka, On the directed triangles in digraphs. Electronic J. Combin. 14 (2007),
Note 19.

67J. Hladky, D. Kral’ and S. Norine: Counting flags in triangle-free digraphs. Electronic Notes in Discrete Mathe-
matics. 34 (2009), 621-625.

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

69A. D. Oh, H. Choi, Generalized measures of fault tolerance in n-cube networks. IEEE Transactions on Parallel and
Distributed Systems, 4 (1993), 702-703.

70J. Wu, G. Guo, Fault tolerance measures for m-ary n-dimensional hypercubes based on forbidden faulty sets. IEEE
Transactions on Computers, 47 (1998), 888-893.

71J.-M. Xu, On conditional edge-connectivity of graphs, Acta Math. Appl. Sin. 16 (4) (2000) 414-419.
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GBI/ R R, W S A b AL B4 §(G - S) > he Bk, G — S A
WA S22 /04T b+ 1 AN AL Fabrega Ml Fiol™ 5 h IS (h-extra connectivity) M.

WG RERE, SCV(G) (# F C EG). Wik G- S (W& G — F) Ak H A%
I b4 1A, BARR S (W F) I G hoas ) (W hosmilE). B G oh iR sE
W () (R h R A (@) & SRS b R E R AR (0 b R %)

FAERE —HRARMNZERTRNSE L —, WG b A, 8 T LM Tix 55
B AR PIUE I NEAREHE) 8 — 1) b ARIUH BP0 50X e S5, I F S0 ) 2% (1 34 )1 45
R, RGN T7 i, 5 b, TfsE T L8R 2% 06 T IR L S 5.

§10.1 I AKRKRETRIMLE

B Go = (Vo, Eo) Bl Gy = (Vi, By) PAARLEHEH Vol = I, o : Vo — Vi XU,
M, = {zo(z)| © € Vy,o(x) € Vi}. Hl Go ®o G1 £ G = (Vo U Vi, Eg U By UM,). 4R, M, &
G M5EACULAL. T H., iR o & V(Go) EMESEE R, A Go ©r Go = Go x Ko.

BUE o (RSG5 0, TR BIEHIENIES o, 7Bl —XWRA n 477 ik
K2 (hypercube-like graphs) HL,,. #7151 k-

(1) HLo = {Go}, HH Gy = Ky;

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

B, MK G, € HL, 7 2™ i) n IEN] n &K,

B E X, B %A ALK (hypercube) Qn = Qn_1 ®o, Qn_1, Z&JE (varietal hypercube)
VQn = VQno1 ®op VQu_1, HILTTHE (twisted cube) TQ, = TQn_1 Doy TQn_1, JaIEBHILTjHE
(locally twisted cube) LTQ,, = LTQpn—1®o, LTQ,—1, 2 XL T7HK (crossed cube) CQ, = CQp_1 Bos
CQn—1, M6bius VL ITE MQp = MQn_1Bos MQp—1. 2T (recursive circulant) G(27, 4),
Y n e {2,3,4} B, V(G2 1,4) EFAE—NEW o i3 G2 4) = G271 4) &, G271, 4)
(see Fig. 8). — i, G(27,4) AREMMNAEIIIEH T IZ T @, MAR. A1, Kim™ Uk
V(G(2" 2 x Ka,4)) PAEAEEH o 15 G(27,4) = [G(2"2,4) x Ky] @, [G(2772,4) x Ko]. [
I, {Qn, VQu, TQn, LTQ,,, CQpy, MQ,, G(2",4)} C HL,.

RIMAME T Gp € HL, I h BIERE.

EHE 10.1 SEFT G, € HL,, BT n e he I, 1 ={1,2,...,n— 1},
A(@G,) =2"(n—h).

WL 10.2 AMEFT n Ao h € Loy, R Gy € {Qn,VQn, CQu, MQyn, TQn, LTQr, G(2™,4)}, AR A
AM (@) = 20(n — h).

XG4 AL B AE (Edge-fault tolerance of hypercube-like networks. Information Processing
Letters, 113 (19-21) (2013), 760-763) —3CH.

72]. Fabrega, M. A. Fiol, Extraconnectivity of graphs with large girth. Discrete Mathematics, 127 (1994), 163-170.
73klpl1

29



§10 J& T WIZ8 A1 FEFFT 30

[

L\

(l

Kl 8 & 1L,

§10.2 EEF (n, k) 2E

TR EMEE n (= 2), 2 L, = {1,2,...,n}, I, = {2,...,n}, P(n) = {pip2...pn : Di €
Li,pi # pj,1 <i#j<n} &l BIEHRE WENMEH LK1 <E<n-1), % Pnk) =
{pip2.. .ok s pi € In,pi # pj, 1 < i # 5§ <k} & L, ERY kEBHSE BIR, |P(n)| =n!, |P(n, k)| =
(717—1—119)' XA i € 1), % p' = pip2 - .. pic1P1Pi41 - - - P

n HEALE] (star graph) S, &K, Hd V(S,) = P(n), E(S,) ={pp': p€ P(n), i€ I.}.

¥ TR Q, —KE, RIE S, 2 (n— 1) IEMI AL JUWTIE Cayley B Cp(S), i T £ 1,
EHIRRREE, S = {t2,63, ..., "), Hod ¢ S IE A E T

) USURE (n, k) RS,k BTSSR P(nk), A p = pips .- pi - i 5 B AR SRR

(a) pip2 -+ pi—1p1Pit1 - - P, T i € I,

(b) pipaps - pr, HH pl € I, \ {pi: i€ I}

AR, o1 = Ko, Snn-z & Sn. FTLL, (n, k) SRR . (0, k) LRI cmang
N%Hﬁkﬁ’] i (n—1) M (n—1) BEEA SRR B PAESENTS WEI T it 2 < -2,
M2 kD (Sur) =n+k—3(n=3), k2 (Spp) =n+2k—5 (n>4). KIHBEMET ns’”( k).

EIE 10.3 R 2<k<n—-1H0<h<n—k 4

K (S k) =n+ h(k—2) - 1;

AN (S, ) = (n—h—1)(h+1), h<min{k—2,2-1},
T m ke )(h—1), AR,

IXPHANGE 43 1AL 5 4E ( Fault-tolerance of generalized star networks. Applied Mathematics and
Computation, to appear) — 3 H1 { Generalized measures of edge fault tolerance in (n, k)-star graphs.
Mathematical Science Letters. 1 (2) (2012), 133-138) — 3.

74S. B. Akers, B. Krishnamurthy, A group theoretic model for symmetric interconnection networks. IEEE Transactions
on Computers, 38 (4) (1989), 555-566.

75W.-K. Chiang, R.-J. Chen, The (n, k)-star graphs: A generalized star graph, Inform. Process. Lett. 56 (1995)
259-264.

76W.-H. Yang, H.-Z. Li, X.-F. Guo, A kind of conditional fault tolerance of (n, k)-star graphs, Inform. Process. Lett.
110 (2010) 1007-1011.
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IEWIRATTFTE 2N, M k=n—11F, Spn1 & S,. Cheng SENTT, Hu 25 N8, SEIBe 25 N R

Rouskov 25 A8 i T &M (S,) = AV (S,) =2n—4 (n > 3). gﬁb%ﬁﬂ%ﬁﬁéﬁiﬁ 10.3.
SRTTT, B DA A3 B5E T AP (S,) = 6(n—3) (n > 4). %sua”’fwz T 2(S,) = 6(n—23)
(n > 4). XL E A E R 10.3. 5% F, AR GFEE HGUESP N
EIE 10.4 SIETES E, R 0<k<n—2, A4
k7 (8,) = AR (S,) = (k+1)!(n -k —1).

MR L (Generalized Connectivity of Star Graphs. Networks, 63 (3) (2014), 225-230)

— 3.

§10.3  (n,k) EE

IEWBEATERI, RE S, 7 n! DTS, B 7T S, B Spqr, TASEHM n! 2] (n+1)!, H
AR KA B, A T S IRIX AN S, Day S5 N33 $2H (n, k) A5 ¥ (arrangement graph) A, 5,
' V(Ank) = P, E(Ank) = {(p.q) | p Bl ¢ IL—"RFARY. B9 Frsie (4,2) MEE Ago.

9 (4,2) EK Ago

(n, k) ATEE An & G2y BT k(n — k) IEWIE, & AR H 5(Ank) = k(n — k). 10
E— An 1= Kn; Ann 1= S Chlaﬂg i 84 U__Efﬁ Ann 2 = AG n; /\EP AGn 7~E n Q’Eﬁiiﬁﬁﬂ’_‘]
X n 4ECEEEE] AG,,, Cheng 55 A% {IER: Hsl)(AG4) =4, Iisl)(AG )=4n—11 (n > 5). 5K

77E. Cheng, M. J. Lipman, Increasing the connectivity of the star graphs. Networks, 40 (3) (2002), 165-169.

78S.-C. Hu, C.-B. Yang, Fault tolerance on star graphs. International Journal of Foundations of Computer Science, 8
(2) (1997) 127-142.

7968, EMRAC, KNLLTE, BRI, Star B FLEM LS A PE AT, CEUFW B ) |, 24 (2) (2004) 168-176.
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81W.-H. Yang, H.-Z Li, J.-X Meng, Conditional connectivity of Cayley graphs generated by transposition trees.
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(2009), 264-267.
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W4 N30 SER: £ (AGy) = 4, kP (AG,) = 6n— 18 (n > 5). ToAi ) X LeLs T3] A, ..

EE 10.5 & A,y £ (n,k) HEHE. R4
Y (Ang) = 2k—1D)(n—k)—1fork >3, n>k+
D (Ang) = Bk —2)(n—k)—2 fork >4, n>k+

XLzt A5 YE (Conditional fault tolerance of arrangement graphs. Information Processing
Letters, 111 (21-22) (2011), 1037-1043) —3CH.

WGtk R 0 RN /N RRIER B — AN, WIRR G2 k X (super n—connected)
Bl W RN /D S FIE 2 B GO AN Sy 3, Horh AN AN, WIRR G R RHE s
(tightly super x-connected) K|, %, 584> 2 #K] Kyn S n A RS n K.
B8 FERE Baner S ASTRUIKIL Cheng A DU I 5, RAHIBEE AG, 2%
M M0 >4 W, S, BEE (n—1) EHER; M0 >5 0, AG, 2B (2n —4) Jf_l_Fl'J TeAl 14
)RS BT R (n, k) ATE KL ARG WA Ay At BEER K, FrUMBEE >

EHE 10.6 AEF n >4, k>3, A,y RER k(n — k) Hil 6.

XL gE PALEAE (Fault diagnosability of arrangement graphs. Information Sciences, 246 (10)
(2013), 177-190) — 3.

§10.4 5 ERBILFIRML

IEWIRATIFT AN, n 4ENL T IE COC, R4 K0 n W C,, LM n 4ERNLTTE Qn
H’Jﬁ/\Jﬁ)ﬁﬁ‘ﬁf—E}iUH’J Malluhi 55 A8 n 4E4) )248 37 J7 K (hierarchical hypercube) HHC,,

A n HERNLTTE Qo FEA Qom MBENTETAR 2RI, NI, |V(HHC,)| = 2", Hrf
n=2"4+m Hm>2 WuGANUEHT: x(HHC,) = N(HHC,) = §(HHC,,) = n + 1. F&A13k15
b AR

EH 107 2% n=2"+m B m>2 F sV (HHC,) =2m, P (HHC,) = 3m — 2.

AN gE AL A ( Conditional fault diagnosis of hierarchical hypercubes. International Journal
of Computer Mathematics, 89 (16) (2012), 2152-2164) —3CH.

867, Zhang, W. Xiong, W.H. Yang, A kind of conditional fault tolerance alternating group graphs. Information

Processing Letters, 110(2010) 998-1002.
87D. Bauer, F. Boesch, C. Suffel, and R. Tindell, 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.
88E. Cheng, M. J. Lipman, and H. A. Park, Super connectivity of star graphs, alternating group graphs and split-stars.

Ars Combinatoria, 59 (2001), 107-116.
89Q.M. Malluhi, M.A. Bayoumi, T.R.N. Rao, On the hierarchical hypercube interconnection network, Proceedings of

the International Parallel Processing Symposium, 1993, 524-530.
90R.-Y. Wu, G.-H. Chen, Y.-L. Kuo, G.J. Chang, Node-disjoint paths in hierarchical hypercube networks, Information

Sciences 177(2007) 4200-4207.
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§10.5 ITBILHIAEAMLE

XHEL TR (dual-cube) M%% DC,, 1 22" ANTjigi, V(DC,) = {zenTon_1...70 @ o €
{0,1}, 0 < i < 2n}, WA = = z2p22n—1...20 H ¥y = yonyon—1...yo A HACSBATH L
IRSAT

(1) = Fl y 8 @ DNAABRANI];

) WHR0<i<n—1, WA 22, = y2n = 0;

B) WmHR n<i<2n—1, WA 22y, = y2n, = 1.

DGy, JEXHBAL TS (dual-cube) B4, B Li % A2 $2HK. DC, J& Cayley K, R fnTiE
(. JEAS AR N9 BfsE T

kM(DC,) =2"(n+1—h), he{0,1,2}.
TA AT 4R
EIE 10.8 sEFEL n >3, DC, YA n 41 Hiley, FH

“gl)(DCn) = 2n, H((,Q)(DC'") =3n—2.

XN 45 A0 5 fF ( Conditional fault diagnosability of dual-cubes. International Journal of Foun-
dations of Computer Science, 23 (8) (2012), 1729-1749) — 3.

§10.6  STHRHEBIL TR 4
X T4 E P EEH s Al 8, 2
V(S, t) = {u5+t U1 Ut 'U1UO| Up, Ui € {0, 1},1 S Is+t}-

THFABLTTK (exchanged hypercube) 4% EH (s,t) HITHAEEN V(s,t), PAITA u = ugys - - uo
Fl v = gy - vo FHAEY HACSBA L R4

(a) u Fl v ANFEALES r Dl BT AFE,

(b) W r e I, A ug = vy =1,

(c) W r € Iyyy — Iy, ASA up = vo = 0.

10 FizRffe EH(1,1) fl EH(1,2).

BN TTIARM 2% EH (s, t) A& Loh 55 A9 $& K1), B8 IrAR M2 — K EH(s,t)
WAL T K Qoierr TR L—LIUTRR]. KO ER], EH(s,t) = EH(t,s). B, wLMEE
s <t DERBAN HET: MR 1< s <t, Wa O (EHsD) = N (EH(s, 1) = s+ 1,
K (EH (s, 1) = D (BH (s, 1)) = 2s. FoAl TN A5 T80 — R4 .

91y Li, S. Peng, Dual-cubes: a new interconnection network for high-performance computer clusters. In: Proceedings

of the 2000 International Computer Architecture, (2000), pp. 51-57.

92X. Yang, S. Zhou, On conditional fault tolerant of dual-cubes. International Journal of Parallel, Emergent and
Distributed Systems, 28 (3) (2013), 199-213.

93p. K. K. Loh, W. J. Hsu, Y. Pan, The exchanged hypercube. IEEE Transactions on Parallel and Distributed
Systems, 16 (9) (2005), 866-874.

94M. Ma and L. Zhu, The super connectivity of exchanged hypercubes. Information Processing Letters, 111 (2011),
360-364.
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0001 0011
000 001 0000 o _ 0010
100 011 1000 alnEn 1010
0101 0111
1001 1011
010 101 0100 o 0110
110 111 1100 _ 1110
1101 1111
EH(1,1) EH(1,2)

Kl 10 Z#B itk EH(,1) A1 EH(1,2)

EIE 10.9 40 R 1< s <t, ARAKAERT h, 0< h < s,

KM (EH(s,1)) = AP (EH(s,1)) = 2"(s + 1 - h).

W =t =n i, EH(n,n) = DC, (DC, M5 X, §10.5). BRSNS #iE T: «((DC,) =

27(n 4+ 1 — h) XA b€ {0,1,2}. FAIMEG REATJXWLEE
#iE 10.10 24EAT h, 2R 0< h <n, A4
kM(DC,) = AM(DC,) = 2" (n+ 1 — h).

XLt A5 ( Generalized measures of fault tolerance in exchanged hypercubes. Information
Processing Letters, 113 (14-16) (2013), 533-537) — 3.

§10.7 &I HAEAME

n YEMA) N J7AR (augmented cube) W% AQ, FIALE V(AQ,) = {zntp 121 @ 2 €
0,1}, 1 <i <}, $& BTy AE Ry T

AQ) = K, V(E) = {0.1). R n > 2, AQ, RATHIARZH (n — 1) 41 71k AQD,
FAQL_y, i V(AQY_)) = {0zp—1... 2021 t 1 € {0,1}, 1 < i < n—1} Al V(4AQL_,) =
{1zp_1...w2mqy 1 m; € {0,1}, 1 < z<n—1} AQY EFFV‘J'EX:OIn 1...m071 5 AQL_ 1EFFI/‘J'5
Y = 1yn_1...yotn HIUAHEYHACYENE () 2 =y, 1 <i<n—1, & (i) 2 =9, 1 <i<n—1
11 FiRM2 AQ1, AQz Fll AQs.

WAL TR AQ, A& Choudum FI Sunitha®S 2 KM, EA& (2n — 1) 1IEW] (2n — 1) EIE K
(n > 4), T #(AQs) = 4. TATHIEWIT: £V (AQ,) = 4n — 8 (n > 6), A (AQ,) = 4n — 4 (n > 2).
xﬂ h=2, Tl lf 20 ~ 4R

EIE 10.11 £2(AQ,) =6n—17 (n > 9), \P(4Qn) =6n—9 (n > 4).

95X. Yang, S. Zhou, On conditional fault tolerant of dual-cubes. International Journal of Parallel, Emergent and

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

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

97M. Ma, G. Liu, J.-M. Xu, 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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D~ o A

0 01 11 001 111

AQl AQ2 AQ'3

11 797K AQ1, AQa Fl AQs

XN R4 5 AE (Fault-tolerant analysis of augmented cubes. AKCE International Journal of
Graphs and Combinatorics, 10 (1) (2013), 37-55) — 3.

§10.8 HF/RFMNERE S Menger £

W fly EEWME G PRI, 75 zy-Menger £ (o(z,y) & G PN RALHKSE
AN 0 ) zy BRI B G AT St Menger $0((G) = mln{Ce(x,y) c o,y € V(). Wi
¢ < d(G), B4 G(G) =0. B, (G) < 4(G), TH. Cye)(G) < Ciey+1(G) < -+ < (a1 (G), Hrp
d(G) B G MR,

TR R, AR a0 N 45 3L

EIE 10.12 s FAANEBE G, #7 Go, 40K 1, >2,i=1,2, R4
<51+£2 (Gl X GQ) Z Cfl (Gl) + sz (GQ)

XA EERALEAE (The Menger number of cartesian product of graphs. Applied Mathematics
Letters, 24 (5) (2011), 627-629. ) — 3.

§11 TRz BT E B LR

WA 2% fyy2 BBl R JE T MR A — IR B K VAR BLAA L4 T H (R0 47T 16148 1) R ) (2007.1-
2009.12) AT ﬁﬁﬂ%\ré— FEZIH S8 2 5, A DBEMT — L5, A — L5 .

WG n B, kAL k< nﬁﬂmﬁﬁ/l\ﬁ( )G@ﬁ‘ﬁﬁéﬁ’ﬂl W G A
k iZ P8l (pancyclic); ﬁﬂm k= g(G) (G MIFS), XK G E/Z.H’J W oy & G AERWIT A,
d=dg(z,y). WERIMEEREI ((d<l<n-1) ('ﬂ(‘%‘d <n-1H¢=d (mod 2)), G FIHHE

Kok o ) zy %, WIFR G )iz (panconnected) ('ﬂ(‘%‘ﬁ%{ZLJ\_E’] (bipanconnected)). 2009 4F,
TATTGE I T — RS A3 % W 26832 Bl 2 330 1 AR I 50 3t e (1) 20k S 25008

§11.1 FBILFHIKMLK
VL Qn REMVTIE, fo B fo SRR Qn WO AHAILKL Fu®® WEWE: R 0 >3 H. f, <

983 -M. Xu, and M.-J. Ma, A survey-on path and cycle embedding in some networks. Frontiers of Mathematics in

China, 4 (2) (2009), 217-252.
99]. S. Fu, Fault-tolerant cycle embedding in the hypercube. Parallel Computing, 29 (2003), 821-832.
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2n—4, A Qn WA KEDN 27 —2f, MITCHIFERE. Hsieh'® SR W n >3, fo+ fu <2n—4
H fo<n—2, A Q. UEKEDN 2" - 2f, KT

Fu 3Bl 3t W Wk f, =5, A Qo PAAEKEDN 6 (= 2% — 2 x 5) MILHFERE. [
I XF T n>5 H £, > 20— 3, NGUEM] Q TAEAERK RN 27 — 2f, ITCHRERE. FATTIE
W T RRER, JF HIRI T34 i) i

EHE 111 R n>5H f,=2n-3, 4 Q, YHEKEV A 2" —2f, Y RHIFIBHE.

XGRS AE (A note on cycle embedding in hypercubes with faulty vertices. Information
Processing Letters, 111(3) (2011), 557-560) —3CH.

§11.2 MBI FIKMLE

VeI RIS Q. IARTY, n YERBHT ST RMNES FQ, M Qn HAEMTFIANTLAMY)
TR TS N — 2 AN AR 2 A K. R AT RE ), BAZTT R Qn #2 Cayley 8l Czp (S), Hrp

Zy = Zy X Zo X -+ X Za, S = {(10---0),(010---0),--- ,(0---010---0),---, (0---01)}, Ty HAEILW]
L. BB FQ, AT 45 L.
EIE 11.2 &R IZH IR FQ, & Cayley B Czp(SU{(11---1)}), M EAA T L.

TATEUEMI0: FQ, & 23 B L BAXS n R4 KT FQ, Z MM, TAFRIU1 45

EE 113 Ko fy £ FQ, FEMMEHIERA d. wRMETHEHL ( (h<t<2"-1), G ¥
BlKA W oy %, P heldn+1—d}, mE (5 h HARE 6181

XA GE R4S AE (Algebraic properties and panconnectivity of folded hypercubes. Ars Combi-
natoria. 95 (2010), 179-186) — 3.

§11.3 FERHAIL A RN L

n YE RN JT AR (locally twisted cube) P46 LTQ,, (n > 2) BRI F:

(1) LTQ2 = Q.

(2) X n >3, LTQ, HW/MNALM (n— 1) 4RIk LTQS_ Al LTQL |, LTQY_,
MR 2 = 0zox3 ... 5 LTQL | TR v = V(xg + xp) w3 ... 2y, EL, Hirp 4 KRB 2 0
5. B 12 BRiE LTQs Rl LT Q.

JARBHANL TR LT Qp 2#/MAE N4 1R, JF HAEM T LTQ, B 4 2 2" Py KJEH
Wl AT 103 SSOdb X ANGE R B X LTQ,, IR, FAAE BT KR ) B A X 45l AE i RRiAE £
fF1& L K, Chang 45 A104 I Park S N1OSMOUEI T HEE £, + fo <n—2, LTQ, VRAFAERTAT
KE TR PE. FAT eI T b 45 24

1005._Y. Hsieh, Fault-tolerant cycle embedding in the hypercube with more both faulty vertices and faulty edges.

Parallel Computing, 32(1) (2006), 84-91.

1013, M. Xu and M. Ma, Cycles in folded hypercubes, Applied Mathematics Letters, 19 (2006), 140-145.

102X F. Yang, D.J. Evans, G.M. Megson, The locally twisted cubes, International Journal of Computer Mathematics
82 (4) (2005) 401-413.

103M.-J. Ma, J.-M. Xu, Weak Edge-pancyclicity of locally twisted cubes, Ars Combinatoria 89 (2008) 89-94.

104Q.-Y. Chang, M.-J. Ma, J.-M. Xu, Fault-tolerant pancyclicity of locally twisted cubes (in Chinese). J. China Univ.
Sci. Tech., 36 (6) (2006) 607-610.

105J _H. Park, H.-S. Lim, H.-C. Kim, Panconnectivity and pancyclicity of hypercube-like interconnection networks
with faulty elements, Theoretical Computer Science 377 (2007) 170-180.
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EE 114 w0R fi+fo<n—3 A n>3 L3t LTQ, FAFTIEREL e FETEE 0 (6 <l <
2" — f,), LTQ, FHAEKRA ( GAMEE LA .

(a) LTQs (b) LTQ4 = LTQY ® LTQ}
Kl 12 "t itk LTQs Fl LTQ4

XA GERALEAE (Fault-tolerant edge-pancyclic of locally twisted cubes. Information Sciences,
181(11) (2011), 2268-2277) — 3L H.

§11.4 HFE/RFEMN

In 1984 4F, Bhuyan Fll Agrawal'%® £} S JjA& (generalized hypercube) Q,,(k1,- - - , kn),
R IR Ky % x Ky, o K e by RS20 (=1, on, ks > 2). 598, Qu(2,-.2)
SEHENL TR Qny Qn(3,--,3) 42 3 Xon MJ7HE Q3. Hsieh S5 N7 UEB T: Q3 vz idlffy. oA’
)T XA R

EIE 11.5 WwZXMEE VA SAANE G A= Gy FRARIZEREE, A G x Gy W22 5889,

HEIR 11.6 ATEAT n > 2, ki > 2 (i = 1,2,---,n), Qulky, ko, ky) B32EiBa Y BXY k; >
3(=1,2,---,n).

HI 11.7 Q3 Tizkide.

XA AL A LE (Panconnectivity of cartesian product graphs. Journal of Supercomputing, 56
(2) (2011), 182-189) — L.

WA =1, ,n, H Cp, BARKN K M. HRIKFAL Cry x - x Cp, TFY n 4EHEIR
M4 (undirected toroidal mesh), WM Cy(k1,- -+ kn). Cu(k,--- k) WHFWY & X n I7AE (k-ary
n-cube), LN QF. Hsieh N8 AEW] T W n > 2 H k> 4 2% B4 QF 2Bz .
Stewart S A1 GEB T W 0> 2 H k> 3 284, A QF A RZIER K. FAHE) " TixLe
ik L.

1061, N. Bhuyan and D. P. Agrawal, Generalized hypercube and hyperbus structures for a computer network. TEEE

Trans. Computers, 33(4) (1984), 323-333.
1073, Y. Hsieh, T. J. Lin and H. L. Huang, Panconnectivity and edge-pancyclicity of 3-ary n-cubes. J. Supercomput.,
42 (2007), 225-233.
108S5._Y. Hsieh and T.-J. Lin, Panconnectivity and edge-pancyclicity of k-ary n-cubes. Networks, 54 (1) (2009), 1-11.
1091, A. Stewart and Y. Xiang, Bipanconnectivity and bipancyclicity in k-ary n-cubes. IEEE Transactions on Parallel

and Distributed Systems, 20 (1) (2009), 25-33.
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EIE 11.8 FHATF i =1,2, R G, ZHNMB:2E8 Hamilton B, REZNHKEV A 4 891%:%
HiB 2 3B, A4 Gy x Gy 1Bz B HY.

EIE 11.9 sEEH n>2F k>3 (i=1,---,n), Cpky,--- k) B2iEi8 4.
HIL 11.10 sHETES 0 > 2 Fo k> 3, QF 122kl 6.

IXHeZE 4 5 fF ( Bipanconnectivity of cartesian product graphs. Australasian Journal of Com-
binatorics, 46 (2010), 297-306) —3CH.

§12 K FMEHIEIS WA R

K G = (V,E) MRSk al LUHEE M = (V,0) KEw, Hb ¢ EinbGak. it
PEAS w Al v 2l A EESY w HEATELAR, WIAALE— S NBUL (u,v), WA (u,0)w, IFHR w hu
v LS. XFEM) w AEME—0, BTl M 2. H o((u,v),) Fas gl R

0 AR w Ao 9% e —FE;
1 W w Mo (I HEAS AR

T w SRR FERS H o ((u,v)w) = 0, B84 w Al v B2 AEEEER); 10 o((u,v)w) = 1 BHEKE 3
MREBRES w, v Bl w TR — AR TR, Witk E ke ¢ — {0,1} FROIZIZWT IR 1
(syndrome).

WAL PR w RAE T MR, WILLAR A R AN RT SR, DRI, iR B W] R AR AN ) R R 6 1
T F CV SR o ZWHEM, R o BT F T sddlE s, vV — F T st
AR AL

RY: G ZTEW), RN MM o, FAEME 4 F c V ISE Y o ZWHEM. R
g G &t W, i G Rz, RS SN ¢ G ¢ T2 (diagnosability)
t(G) & XN

o((u, v)w) = {

t(G) = max{t: G &t W[iZWi1}.

Bop={o: oy FEWTWKRMN }. V(G) PIHDAFTE P A Fy AU 4 HAX
or Nop, # ¢, TNEIF HAAT UM, BRI fAEVFS ANFRTRER R RGE e ¢ W]
ZW). Sengupta Al Dahbura'® 45— A8 70 EAAT LA OR R G Al UM

G138 121 B G PAARRMETE F fo F, TGS AL ENEVZHA T EHE
2 —.

(1) BERANRE u,w € V(G — FLUF,) fa—A~ v € FIAF, 143 (u,v), € C, £F FL AF, =
(F1\ Fo) U (F2 \ F1);

(2) BEANTRR G u,v € FI\Fy (F o\ FL) fo—A w € V(G — FLUF) 424 (u,v), € C.

2008 4F, Lin AE N $EH RATFEWIEMS. R F c V(G). R G — F AEIOLEL WIFK F 2l
G AL, R V(G) TR A &SI 7 N By, | <t |[Fo| < t, #RREATIH

110 A Sengupta, A. Dahbura, On self-diagnosable multiprocessor systems: diagnosis by the comparison approach.

IEEE Transaction on Computers, 41(1992), 1386-1396.
H1¢C, 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.
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W, WIRR G 3l ¢ W2Wi. G 44T t PTiZ T (conditional diagnosability) t.(G) & XA

to(G) = max{t : G &Mt W[2WIH}.

§12.1  (n,k) FE. 4 BB IKFNXTHBIL 5 1K W 4%

Lin 55 NS A2 W7 SEME & 1A B, AERfSE T A6 LU~ 5L 18] S, AT S Wi ¢.(S,,) =
3n—7 (n = 5). 2010 1F, JAAIHAEN26E T AR FAZHE K AG, B2
te(AGy) = 6n — 19 (n > 6). FAHE) IXLELE RBHE R (n, k) fi G K A, R4
EIE 12.2 K A & (n,k) HEE, k>4, 0

t(An,k)z{?’"_? o n=k+1;

(Bk—2)(n—k)—3 R n>k+2
XA RALEAE (Fault diagnosability of arrangement graphs. Information Sciences, 246 (10)
(2013), 177-190) — .
SH T JZ AL TR 2 HHC,, I8 80100 45 5.

EHE 123 wExn=2"+m BEm>2, L t, (HHC,) =3m — 2.

XA EE RS LE ( Conditional fault diagnosis of hierarchical hypercubes. International Journal
of Computer Mathematics, 89 (16) (2012), 2152-2164 ) — .

XF TR ITARMZS DO, (€ UL §10.5), FATI#F 2040 H 45 228
T 124 t.(DC,) =3n—2 forn > 3.

XN 45 A0 5 fF ( Conditional fault diagnosability of dual-cubes. International Journal of Foun-
dations of Computer Science, 23 (8) (2012), 1729-1749) — 3.

§12.2 FHBHIFE

n 4E'EVLHET K (bubble-sort graph) B, s&H Akers 55 NS, B MIALERL P(n), P
'5 T =7T1T2 " Tn %“ Y=9y1Yy2- - Yn *Hé‘lsiiﬁﬂﬁ Ti = Yi+1, Ti+1 = Yi XUL%/I\ i H Tj =1Yj ﬁﬁﬁﬁ
J# i W i+ 1. B 13 PR Ba, Bs Al By.

AFE RS A IR W) PMC #5742 B Preparata 25 ANVAHEH. AEXAMRTY R, IRAT A& T
BT B, MIZATIZIIE to(By).

EIE 12.5 £ PMC R T, 4 n >4 B,

5 40k n =4,
te(B,) =
(Bn) {4n—11 40F n>5.

XA A5 4E (Conditional fault diagnosis of bubble sort graphs under the PMC model.
International Journal of Foundations of Computer Science, 23 (8) (2012), 1729-1749) — 3.

1129 M. Zhou, and W.J. Xiao, Conditional diagnosability of alternating group networks. Information Processing

Letters, 110(10)(2010), 403-409.
113 ,k89
14p P. Preparata, G. Metze, R.T. Chien, On the connection assignment problem of diagnosable systems, IEEE

Transactions on Computers 16(1967) 848-854.
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4123

12 O—O0 21
Bs
1342 1324
123
132 213
3142 3124
312 231
321
Bs

13 HiEHFE Bz, Bs and Ba.

§13 HEMREM

§13.1 —XIMSAEE

Bon,m M0 REGEEMBHHBEL n>m>i>0,Q, 2% A= {z,25,...,2,} KWL %
Q" ={X €Q,: |X| =m}. Godsil Hl Royle® & X T 3K J(n,m,i). EHSEN QP P15
X FY AR HAY (XY =4 Y n>2m B, B J(n,m,m—1) & Johnson ¥; J(n,m,0) &
Kneser [&]; J(5,2,0) J& Petersen [4].

ST S n, Bl by n> k> 1, FATE XK H(n, k), EREEN Q,, MTE X AlY
AR HACY [ XAY | =k, Hh XAY & X MY KRR,

AR, H(n, k) A1 2" DR, H(n,0) £TCUE Kon, H(nyn) = 2" 1Ky, —fftHh, 0<k<n
I, BZUEY]: BAR, H(n, k) & 2™ DI (7)) R0 K.

A ={XeQ,: |X|=m}, 0 ={XecQ,: [X| 2, 0 ={X e, |X| ZEmE.
W, Q] =27, Q7] = (:1)7 Q0] =195 = 2n~toad H™(n, k) (H°(n, k), H*(n, k)) A H(n, k) H
Qm (Qo, Q¢) ST K.

ROAUEW: R n ZEE, k EAE, WA Hn k) = Hnyn — k). 008 k2005, Ba
H°(n,k) = H¢(n,k).

EIE 13.1 SEMEH n, m A i, n>m>i>0, & n>2m—2i, A4
H™(n,2m — 2i) = J(n,m,1).

Rk, H™(n, k) f7 Johnson [, Kneser K| Fl Petersen &, 11 HIKATJUERH T2 XHAEA - 35 n,
H(n,1) = Qn, H Q, 4& n 4EE A, TATHRAGE H(n, k) V2 RAFHAREE SR 25 F 15T
XITHERITCERE X € Q, & XWU px : Q — Q, WH.

px Y > XAY, VY €Q, (13.1)

15C. Godsil and G. Royle, Algebraic Graph Theory. Springer Press, New York, 2004.
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IFHA

N px A Q ERS—AEH, PTUL H, & Aut(H(n, k)) 58
EIE 13.2 B H(n, k) 2 Cayley B Cr(S), £F I 2L Q, EXTEH “A” 8§ Abelian B, S = QF.

H(n, k) & IKTiE89. Aut(H(n, k) &AMA 2mn! 89F8 H,S,. mE Aut(H(n,1)) = H,S,, ¥
S, & n UK K EGRTARRE.

EE 13.3 4R k AMBE, AL H(n, k) £ ARANRIMGEB S X HO(n, k) A2 He(n, k) K. o
Rk AFH, A4 H(n k) RikideG 23 Hamilton B, M H k(H(n, k) = (}), L&A

(227 +1 R on>2k-1;
<

IXLLSE LA AE (A new class of transitive graphs. Discrete Mathematics, 310 (4) (2010), 877-
886) — 3.

§13.2 Kronecker FiIEHIEIZ

WA Gy Fll Gy ) Kronecker e Gy ® Go FTHREE V(G1) x V(Ge), PITAL 120 Al y1ys
*E/i’\gglﬂ'fiiil (l'l,yl) S E(Gl) JEI_ (l‘g,yg) S E(Gz)

REAS 0 = 1,2, H e Al di 73 50R K Gy AR EAR. JAE T G @ G EHAR.

EIE 13.4 ZAEA i =1,2, G HiEA, 4, > 1. R G OAFE, R4

€1 if e; = €92,
d(G1 ® G2) = ¢ max{es + 1,d1} if e; > eq;
max{e; + 1,do} if e1 < ea.

H K £oRi K, PGS E—&AERmE. B, 80 » e HTidmE G,
e(G) =1 G2 K. FHEMNE DS RFEERA RN dG @ Gy) FKikit.

EIE 13.5 BAEHA i = 1,2, G & ni(>2) MEBEAE. N dGL©G) =1« G 2K} A
Go = Kf,.

EIE 13.6 K G A n(>2) MiZdE, G2 K Bm>2 1

dK}®G)= {

d, d=>=3;
dGoH)=4¢ 2, d<2ande(G)<2;
3, d<2ande(G)>2
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it 13.8 K C,, RFE, H A n Ni&dA, A2 d=dH) > 1.

(1) 2R H & 23 B, AL d(Cp, ® H) = max{m,d}. B, d(C,, ® P,) = max{m,n -1}, B
d(Cr, ® Cp) = max{m, 3} 4R n £IH#).

(2) %o R H=C, B n 369, AL

m—1 if m =n,
d(Cm ®Cp) = { max{n, 21} ifm>n
max{m, 251 if m <n.

IXUEZE A S 4E (On the diameter of the Kronecker product graph. Mathematical Sciences
Letters, 2 (2) (2013), 121-127) — 3.

§13.3 ENEMZEER

G M m AR din(G) &/ NS d TS G PRI R 2 8] 2 DA77 m 45 K
FEHANE I d N RN . TR R AR LS Ak —lEF IS KR S, M4 PR
PIEARME S, e BA T ZAET RN R 2 —.

Wi ELAR S B VFIERR IS FIZ=E S NUT T 1994 4R FE . 0 T— M1 w 1K G, Hsu {ER
THIE dw(G) & NP SE&EL X T n B w 1IEW w(= 3) @WK G, ViS4l —NE ER
dw(G) < | %]. Al Idbix A4

T 13.9 WX m HL [%] <m<w, LA 0w EN wEBE T LR

(n—2)(w—2)
(@) < {(w—m—l—l)(?)m—w—él)J L

L 1310 X G & n frw BN w £BAE. w0k w>5, AAAd(G) < %]

XANGE AL A AE ( The wide-diameter of regular graphs. HERFE AN 24, 43 (8) (2013),
603-606) — 3.

§13.4 FEEFEHRAEBEMNER

W0 266 1% R ) 2 41 5 I 48 RIS 2 —, 2 FRA TR A i ) AT = BRI L —. FRAl
SEIS R A I B R AR RN L 454 CFE ( The Forwarding Indices of Graphs — a Survey. Opuscula
Mathematica, 33 (2) (2013), 345-372) . {EIXf CE S, TA TR H LR T % fh e R AR H0n - 75 5%
AT ot ke G AARERA I RITRET R |, TETT M e NAE R SR DS 2% FRIE R J)— 2K
% B SEA7 B P AR ), LTt e g, 45 AR /D,

G K, p G Mk HES, F c V(G)UEG), |F| < &(G), Fy = FNV(Q). FELEk7 K
(surviving route graph) R(G, p)/F &4 MK, ‘EMLESEN V(G)\ Fv; Wk p(z,y) A% F PITE,
T AERAT AN © B y. X T-25 58 1) IR p, SEAEBRARIEIM AR d(R(G, p)/F) SlbE4E F 17
116Hsu D H. On container width and length in graphs, groups, and networks. IEICE Trans. Fundam, E (77A) (1994),
668-680.

117Flandrin E. and Li, H. Mengerian properties, Hamiltonicity and claw-free graphs. Networks, 24 (1994), 660-678.
18Hsu D F and Luczak T. Note on the k-diameter of k-regular k-connected graphs. Discrete Math., 132 (1994),

291-296.
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k%, MHAR «(G) = 2 H |F| < k(G), B4 d(R(G, p)/F) ZHER. X T4 Mg hik st p, 247
BRI ELAR E SCA

d(G, p) = max{d(R(G,p)/F): F CV(G)UE(G),|F| <k(G)}.

Dolev 25 N9 BI5GB TR Q, HAEW T d(Qn,p) < 3 IMHEME/NEHIESF p. Wada 55
P20 X AN Q2. BATIY W) XA R BT R Cay x Cay x ... x C,, H Cy,
d =2 M, i =1,2,...,n

XET4 e EEE b, T G AR 22 Wk Gl TS &AT

(1) X G AT AT (2, ), FA4E k& N AT (z,y) B, bz —d ik, Ha
R4 RE I Z 3 4B T

(2) T 2 € V(G) BESE k KRR ALZHA MBS, GG nERERS 3 KEMETIIT
Hp—&6T 2.

i, A7 1) P RGBT R BT 221, 58] Ky AT 92y, FRAT13RA I R &R

EIE 13.11 d(R(G1 X Ga X ... X G, p)/F) <3 3EMR D p B |F| < Y0 ki 2R Gy RNMEE
YA 2 eRiERA R, AR —RANBEEARRT P, i=1,2,...,n.

HEIL 13.12 d(R(G1 x G X ... X Gy, p)/F) < 3 SHMEFTH AN p B |F| <n R G MK E VA 2
HiRERA G, AE—R G, i =1,2,...,n.

H#it 13.13 d(R(Q(d1,da, ..., dyn), p)/F) <3 XHAEFTR A p B |F| <30, di —n.

XG5 A A 4 (Highly fault-tolerant routings in some cartesian product digraphs. Ars Com-
binatoria, 98 (2011), 461-470) — 3.

119D, Dolev, J., Halpern, B., Simons, R., Strong, A new look at fault tolerant network routing, in: Proceedings of the
16th Annual ACM Symposium on Theory of Computing, 1984, 526-535.
120K, Wada, T., Ikeo, K., Kawaguchi, W., Chen, Highly fault-tolerant routings and fault-induced diameter for gener-

alized hypercube graphs, Journal of Parallel and Distributed Computing, 43 (1997), 57-62.
1213 -M., Xu, Connectivity of cartesian product digraphs and fault-tolerant routings of generalized hypercube, Applied

Mathematics, a Journal of Chinese Universities, 13B (1998), 179-187.
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