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BERAMNBHIREMEK (d,2n)- 17 §Hl £ **+*

B K d* K xR
# =

n @BHER C(d1,d2,- - ,dn) EXWT: BAEN {(e1,--+ ,20)0 <2 <dy (1< i< )5
ﬁ/i\mﬁ (211"' 1171!) I—zj (131 :1:1132)"' ’mﬂ)) (mlngill"' 73:71)1'” ,($1,$2,"' >:c1li1) ﬁ
2n ATAMS. (dm)- BESRAXRANBEERSRBEERERERG— I HFLSH. A0ERHT:
g d= diam(c(dl,d21”' 1dn)) B‘I, n *EWEM C(dl)d21"' )dn) # C(3131 o 73) i (d)2n)'
BEEH 2 (23,4 >3,i€ {12 ,n}).
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PEESHE 01575 XWiRIREG A
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§1.51 B

AXHBERZERME. EXIILBEEXHRENFEETSIX (1. 4 G = (V(G),
EG) R—1MEREME, V(G)ERGHIMASE, EG)ERGWAE. B P :=v—
v e vy v, BBEKR p, APl BOR, vo T v, IRABRMIN AR, vi,v2,--, 01
BR A o [E] A

S SRVG) W NEZETPE, zcV(G-8), M S PENRNBKRA—
% (z,9)-8. BEGHERRGHHARAZEERNERXMHE.

n HBHAEMN C(dy,d2, - ,dn) EXWMTF: WREH {(z1,-- ,20)[0< 2 <d; (1 <3 <
n)}; ISR (21, ,20) 5 (m1E1, 22, -+ ), (21,221, - - ,mn),---“,(icl,:cé,--- ,Tat
1) X 2n ATHAAMHS. n HEFENE 2n- FEHOM 20 ENK. BTN ENEER
#HIrERAE, TS (2,10,13].

T %8 % HIR AR R AT S, Hsu A Lyuwul®, Flandrin %1 Lit® 43 5%k 2
Wi m- ER PIRER) HBE: EH G PEER—NA (¢,y), 48 z M y ZNH
FLEEmEFATBTIAFMTEBEAEY d HBEHBPIIBERIKRI s My m- BB
B, Ml Dn(z,y)c B~. BGH m-BEHE, FRH Dn(G)= max {Dn(z,y)c} AR

2,yeV (@)
m- BRI RS X [3-8].
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BT, Lifl Xull @XT—AHEH (d,m)- BHE, ARAEBRE RESE K
AN EEMEN L, BEHREERE RS2 E MK S,

EX 4 GR-m EER, SERVEOG WEEETH, yeG-S, H5E—IE
B d y#EEG B Sd,m) BH, MEEGPELELEm FABWAAREZN (y,5)-
B, HEHESLBKABT d MESHE dm)- BHG-SHHE—xK, MK SAHGH
(d,m)- BHIE, H Sum(G) ExR. B8

84,m(G) = min{|Sqm(G)| : Sam(G) RG KI(d,m) — EHIEE},
BHA G K (d,m)- EHIH.

39 FELIEMT m- EEEW (d,m)- LHIEM (d,m)- EHIBH —L—BPE5R.
B, W m- EBETE, 4d> Dn(G) B, s4m(G)=1 A d< Dn(G) K, X
sam(G) WHIEREELEMERNE. HXRIGEMERB G & Qn ML de Bruijn B
UB(m) B (d,m)- BHI¥FATS L [9,11,12,14].

AXWET Cldi,da,--- ,d,) # C(3,3,---,3) (d. > 3,n > 3) 1 (d,2n)- BHIH, 24
d = Dan(G) — 1 = diam(G) K.

§2. RLMEITEL R

ATHERI, e o, 73R [$],i=12 - n M 0<z <d -1, EXH
Hox,) MFz)=1Ye; <z; <di— 10 d(z)=-150<z;<e; (1=1,2,---,n)
B

WL 21 %n>2d>301<i<n) i, C(d,dy, - ,dn) & 20 EMH,

WL 220 ¥ n>2d >3(1<i<n)h,

d;
diam(C(d1,ds, - ,dn)) = Z L?J
1<i<n
WX 237 & G=C(di,dg,- ,dn), n 23, dy 2dp >+ > dn 2 3. W D2n(G) =

1+ Y |%]=diam(G)+1.
1<ign

EEEE éG:C(dl,d2,"’adn)¢c(3;37"'73)an237 d123(i:1’2a"'7n)’
WY d=diam(G) &, G (d,2n)- EHIEHK 2.

§3. = ¥ & 1 1Y i BA

G = Cldidg,dn) (n 2 3,d, > 3), & 0 Fl e HHETTA (0,0, ,0)
(e1,€2,"* ,en), S = {0,e}, x € V(G = 8), M F B XL —AFIH (x, ) BRG:

(1) 722 2n £ A TS FAEN (x,S)- B P, Py, , Pon.

(2) Pi,Py,--- Py B x F1 0 28 0B Pigr, , Pon B xMe & PP, Pon
ZEMEE, HAFLE -LBHEEPT diam(G) (1 <k <2n-1).

(3) |P,| < diam(G), i =1,2,--- ,2n.

3|13 3.1 G=C(d1,da,--- ,d,}) (n>3,d;>3), WXL x € V(G - 5), fifE—
NI (x,S)e- BEREE, W SR G~ (d,2n) BHE, d=diam(G).

Bt REEE: SHEEHxcV(G-9), BE—ITEFH (x,9) BAR%E. XETE
DN IO E: B
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513 3.2 G = C(dy,dz,d3) # C(3,3,3) (di 2 3), § = {(0,0,0), (e1, €2, €3)}, MERH
x e V(G-S), #RE—NFH (x, ) BERE.
iE B 21,72, 73 BIXHRME, REZRBUT=ZMEAR.
ME 1 x=(21,0,0), z1 # 0.
FINE la z, #e;.
WTFHENEE P, (1<i<6):
Py :x = (x1,0,0) = (z1 + 6(z1),0,0) — (z1 + 26(x;1),0,0) —> ---
— (0,0,0) |P1| < ey < diam(G);
P, : x = (21,0,0) = (x1,—1,0) = (z; + 6(z1), —1,0) = --- = (0,—1,0)
— (0,0,0) |Pz| <e1+2 < diam(G);
P;:x = (21,0,0) = (21,0, -1) = (z1 + 6(21),0,—1) = --- = (0,0, ~1)
- (0,0,0) |Ps| < e1+2 < diam(G);
Py : x = (x1,0,0) = (z1 — 6(21),0,0) > --- — (e1,0,0) = (e1,1,0) = ---
— (e1,e2,0) = (e1,€2,1) = -+ = (e1,€2,e3) |Py| < diam(G);
Ps:x = (21,0,0) = (21,1,0) > - -- = (21,€2,0) = (x1,e2,1) = -+ = (z1,€2,€3)
= (z1 — 0(z1),e2,e3) = -+ = (e1,e2,e3) |Ps| < diam(G);
Ps : x = (21,0,0) = (21,0,1) = --- = (z1,0,e3) = (z1 — §(z1),0,e3) = ---
— (e1,0,e3) = (e1,1,e3) = --- — (e1,ez,e3) |Pg| < diam(G).
BHER (P, , P} R—AEFH (x,5)s- BRA.
FiRH 1b z; =e; Bf x = (€1,0,0).
P :x—(e; —1,0,0) & --- = (0,0,0) |P1| <ey < diam(G);
Py:x— (e;+1,0,0) > - - = (dy — 1,0,0) = (0,0,0) |P| < e} < diam(G);
P;:x — (e,0,-1) > (e ~1,0,—-1) = --- = (0,0,—-1) — (0,0,0)
|Ps| < €1 +2 < diam(G);
Py:x— (e,—1,0) > (e - 1,-1,0) > --- = (0,-1,0) — (0,0,0)
|Ps| € e1 + 2 < diam(G);
Ps:x—(e1,1,0) > --- = (e1,€2,0) = (e1,€2,1) = -+ — (eg,e2,€3)
|Ps| < e2 + e3 < diam(G);
Ps:x — (e1,0,1) = --- — (e1,0,e3) — (e1,1,€3) = --- — (€1, ez,€3)
|Ps| < ez + e3 < diam(G).
BHEI (P, -, P} R— A (x,5)0 BRE.
B 2 x=(x1,22,0), 21 #0, 2 # 0.
FRE 2a x = (e, €2,0).
P :x — (e1 —1,e2,0) = --- — (0,e2,0) — (0,e2 — 1,0) - --- — (0,0,0)
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|Pi| = e + e2 < diam(G);
P,:x — (ey,e2 —1,0) - --- — (€1,0,0) = (e; — 1,0,0) = --- — (0,0,0)
|Pz| = e1 + €3 < diam(G);
Py:x— (ep+1,e2,0) > (e +1,e2 —1,0) = --- = (e1 + 1,0,0) — (e; +2,0,0)
— .-+ —(0,0,0) |P3| =e] + ez < diam(G);
Py:x - (e1,e2+1,0) = (e — 1,e2 +1,0) = --- = (0,e2 + 1,0) — (0,e2 + 2,0)
—---—(0,0,0) |P4| = e; + €y < diam(G);
Ps:x — (e1,e2,1) = -+ = (e1,e2,e3) | Ps| = e3 < diam(G);
Ps:x — (e1,e2,—1) = --- = (e1,ez,e3) |Ps| = € < diam(G).
BHRBR AP, P} R—NIFH (x,5)s- BRE.
FiRE 2b x = (21,e2,0), 1 # 0,e;.
P :x — (x1 + 6(z1),€2,0) = --- = (0,e2,0) = (0,e2 — 1,0) — ---
— (0,0,0) |Py| < e + ez < diam(G);
P, :x - (z1,e2 —1,0) = -+ = (21,0,0) = (21 + 6(21),0,0) = - -+
— (0,0,0) |Pz| < e1 + ez < diam(G);
Py :x— (21,62 +1,0) = (z3 + d(z1),e2 +1,0) > --- = (0,e2 + 1,0)
— (0,e2 +2,0) = --- = (0,0,0) |Ps| < e1 + €5 < diam(G);
Py:x = (z1 — 6(z1),€2,0) = --- > (e1,€2,0) > (e1,ez,1)
= -+ = (e1,e2,e3) |Py| < e1 + e3 < diam(G);
Ps:x - (z1,€2,1) = - -+ = (21,€2,€3) = (1 — 8(z1),€2,€3)
— ---— (e1,e3,e3) |Ps| < e1 + e3 < diam(G);
Ps:x = (x1,e2,—1) = (21 — 6(z1),€2,—1) = --- = (e1,e2,—1)

— (e1,€2,—2) = --- = (e1,e2,e3) |Ps| < €1 + €3 < diam(G).

BHRB (P, , P} R—NFH (x,5)s- BRE.
FiIRH 2¢ x = (z3,22,0), 1 # 0,e1; 2 # 0,¢ez.
HAWER&E:
P :x = (z1 + 8(z1),22,0) = + -+ = (0,22,0) = (0,22 + §(z2),0)
— -+ —(0,0,0) |P| < e+ e < diam(G);
Py x == (z1,%2 + 6(x2),0) = - -- = (21,0,0) = (z1 + 6(z1),0,0)
— .- (0,0,0) |P;| <e; + e < diam(G);
P3:x = (z1 — 8(1),22,0) > - - - = (e1,22,0)
- (e1,z2 — 6(z3),0) = --- — (e1,€2,0) — (e1,€e2,1)

— -+ = (e1,e2,€3) |Ps| < e1+ ez + e3 = diam(G);
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Py :x - (21,22 — 6(23),0) = - -+ — (z1,€2,0)
= (z1,e2,1) = -+ - = (@4, €2,€3) > (z1 — 8(z1),€2,1)
— -+« > (e1,ez,e3) |Py| < ey + ez + e3 = diam(G);
P :x — (x1,22,1) > -+ = (z1, T2, €3)
= (21 — (1), z2,€3) = - -+ = (e1,2,e3) = (e1, 22 — §(x2),€3)
— - > (e1,€e2,e3) |Ps| < er +ex + ez = diam(G).
MR P <ei+e Wik Ps T
Ps :x = (21,22, —1) = (21 + 6(z1), 22, —-1) = - -- (0,22, ~1) —
(0,22 + 6(z3),~1) = --+ = (0,0,—1) — (0,0,0) (%)
|Ps| < e1 + e2 + 1 < diam(G).
W |Ps| <ei1+ez+es, Wi Ps T
Ps:x = (21,22, 1) = (21 — 8(z1), 22, —1) = - -+ = (€1, 22, 1)
— (e1, 2 — 8(z2),—1) = - — (e1,€3,—1) = (e1,€3,—2)
— - (e1,e2,e3) |Ps| < e1+ez+ e~ 1< diam(G).
WP |P| =e1+e, |Ps| =e1+e+e3 Wz = (e],€,,0) = (dy — 1,dy — 1,0).

HWA di =dy =3. BR G # C(3,3,3), B da > 4, LR (») —HHE P, Hh
|P6| =e;+ex+ 2 < dlam(G)

BEHRB AP, -, P} B—MFH (x,5)- BRE 8 (x,5)s B.
ME 3 x = (z1,22,23),2: #0,i=1,2,3.
FIMK 3a z; #e,i=1,2,3.
Py :x— (z1 + 6(z1),22,23) = - - = (0,22, 23) = (0,22 + 6(z2), T3)
= -+ = (0,0,z3) — (0,0,z3 + 6(x3)) = --- = (0,0,0) |Py| < ey + e+ e3;
Py :x = (21,22 + 8(22), z3) = -+ — (21,0, 23) = (21,0, 73 + 6(x3))
= - = (21,0,0) = (z1 + 8(21),0,0) = --- = (0,0,0) |P;) < ey +ez+e3;
Py :x = (21,272,723 + 8(23)) > -+ = (21,72,0) > (21 + 8(z1),22,0) = - -
- (0,22,0) = (0,22 + &(22),0) > --- — (0,0,0) |P3| < e; + ey +e3;
Py:x = (z1 — 8(21),22,23) = -+ — (€1,T2,73) = (€1,x2 — 8(x3), z3)
— - — (e1,€2,23) = (e1,€2,23 — 6(z3)) = -+ — (e1,ez,e3) [Py < ey +ea+es;
Ps:x = (21,22 — 6(z2),23) > -+ = (21, 2,73) = (21, €2, T3 — 6(3))
— -0 = (71,€2,€3) = (21 — 8(21),€2,€3) = -+~ — (e1,ez,e3) |Ps| < e1 + e + €3
Ps:x = (z1,22,23 — 8(x3)) = -+ = (21, T2,€3) = (21 — 6(21), T2, €3) o -+ -
— (e1,Z2,€3) = (e1,22 — 8(z2),€e3) = -+ — (e1,e3,e3) |Ps| < eq + ez + e3.
W |Py| = diam(G), — EH x = (e}, €}, €}); WM |Py| = diam(G), —FH x = (dy—1,dp—
L,ds —1). BrLl, B G #C(3,3,3), |P1| B |Ps| /NF diam(G), MEEK x = (21, 22, z3).
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BR, {P, -, P} R—1FH (x,5)s BRE.

FiE 3b x = (z1,e2,€3), 1 # 0,€1.

IERS TR 1a 240

FiMFE 3c x = (z1,22,e3) AXF i=1,2, 2; #e;, 2; #0.

RS FHEE 2c L

I3 3.3 4 G' 1 GHHRE Cld, - ,dn1), C(d1,+-3dn), n > 4,d; 23,1 =
1,2,--- ,n.

0,=(05"'v0)1 e,=(ela"'1en—l)-
§'={0,¢}, S={oe}
MNEBRK x' e V(G -5, MWBRHFLE—IFH X, BRE, WXERxcV(G-29),
HWEE—IEFH (x, S)k B R G,
iIE NEEB‘J xl S V(G, - S,)a {Pl,a o aPl:,aPl:+1" ot 1P2,n_2} %—/l\ﬂﬂg (x”S,)k' %
A%, }B PP, PLRX MO0 ZRKE, P, P& x e ZHKE
(1<k<2n-3). & |P|=1,i=1,2,---,2n—-2. fl x' = P/(0) » P/(1) = --- = P{(};)
FR P MTARS. AER—BH, TURBRE
] < gl <o < B A (] S Mlgal <o S Mlgpal-
REBEWIEHFEE—NTN (x,S)- BRE, X xeV(G-S9).
B 21,22, - 2, BXHME, REEZETHLMEE.
wE1 x=(0,---,0,2,), z, #O0.
EHELTEIE32HE L
M 2 x=(e1,e2," " 1€n—1,%n), Tn # €n.
IEHEUTEI# 3.2 FHEE 2a ST 3b.
MH‘; 3 x= (mla"' )zn—lao)a x' = (xly"' ,xn—l) # eI,OI
P ¥ P;,1<i<2n-2.
x = (P{(0),0) = (P{(1),0) = --- = (P{(l;),0) =0 (1<i<k)
x = (P{41(0),0) = -+ = (Peyr (1), 0) = (Pry1(ligr)s 1)
e (PI::+1(l;c+1)’en) =€
O (P{([i —1),en) = (Pl(),en) = (k+2<i<2n-2).
B, Piy- , Ponoz RAMTATAIER (x, 5)- B, I A B4R KRB diam(G),
Ko P, WK BENTF diam(G). BE, RIMHBELTHERE.
(i) B |P}] < diam(G"),
Ppn_1:x = (P{(0),-1) = (P'(l),—l) == (P(11), 1)
- (Pi(13),0) =
P i X = (Plya(0),1) = -+ = (PLy1(0),en) = (Plyr(1), €n)

— e (Pl::—i-l(l;c—l—l)’en) =e.

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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B4 |P]| < diam(G"), dn > 3, BTk Pon1 Al P, IKEAET diam(G). MR
PPy, Po ARABMBRAHEN, MWEEREEZR P (k+2<i<2n-3), EH P
FEAFABIA (P -1),1), B

(P{(; —1),1) = (Pg4,(0),1) = (', 1).
ML= 1 Bl SUH Uy, =1 0 P, 5 P R—&ASE, FI& B (P, P}
R0 (x,9)- BRZ.
(ii) |PI€+1| < diam(G'),
Pan—1 1%~ (Pry1(0), ~1) = (Peyq(1),~1) = -+ = (Prya(lya), —1)
= (Pey1(lhet1),=2) = - = (Piya(lhg1)ren) = &
Pan i x = (Pr11(0),1) = -+ = (Pry1(0),€n) = (Prya(1),€n)
== (Prya () en) = e

bR, WEBIER {P, -, P} B—MFH (x,5)- BREA.

WH 4 x= (21,22, ,Tn_1,€5), X # 0 Fl €.

HEB R THETE 3.

ME S x= (21, ,Tn_1,Tpn), Tn # 0,e,, X' # 0, €.

WM& 2n -2 48 Py, , Pen_a:

x = (P{(0),0) = (P}(1),2n) = -+ = (PL(11), 20) = (0',22)
= (0,20 + 8(zp)) = --- = 0
x = (PL(0),20) = (PL(1), 22) = - = (Pl(ti ~ 1), )
= (Pl(li - 1),z +8(zn)) = - > (Pl -1),00 30 (2<i<k);
x = (Pey1(0),2n) = -+ = (Plpr (1), Zn) = (Prgr(hsr)s o — 8(20))
= (Prya(hyr),en) = &
x = (P)(0),zn) = -+ = (P{(l; = 1),a) = (P{(l; = 1), 20 — 8(zn))
== (Pl = 1),en) = (P{(li), ea)
=e (k+2<i<2n-2).
HE & B AT DL T Hy
Pyn_y :x = (P{(0), 20 + 6(zn)) = -+ — (P}(0),0)
- (P{(1),0 = --- = (P{(1}),0) = 0;
Pon 1% = (Piy1(0),20) = (Pry1(0), 2n — 8(2n)) = -+
= (Py41(0),en) = (Prya(1),60) = -
- (P£+1(l;c+1),en) =e.
KUK, BRI (P, Py, Pon} —AMFH (x, ) BRA.
BfE, M\5IE31-33 B8 THEEH.

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



524 o ¥ £ A 2HAR

g % x W

[1] Bondy, J. A. & Murty, U. S. R., Graph theory with applications [M], Macmillan Press,
London, 1976.

[2] Dally, W. J., Performance analysis of k-ary k-cube interconnection networks [J], IEEE
Trans. Comput., 39(1990), 775-785.

[3] Flandrin, E. & Li, H., Mengerian properties [J}, Hamiltonicity and claw-free graphs,
Networks, 24(1994), 660-678.

[4] Hsu, D. F., On container width and length in graphs, groups, and networks [J], IEICE
Trans. Fundam., E77A(1994), 668-680.

[5] Hsu, D. F. & Lyuu, Y. D.; A graph-tyeoratical study of transmission delay and fault-
tolerance [A], Proc. of 4th ISMM International Conference on Paralled and Distributed
Computing and Systems [C], (1991), 20-24.

[6] Hsu, D. F. & Luszak, T., Note on the k-diameter of k-regular k-connected graphs [J],
Disc. Math., 132(1994), 291-296.

[7] Ishigami, Y., The wide-diameter of the n-dimensionml torodal mesh [J], Networks,
27(1996), 257-266. '

[8] Li, Q., Sotteau, D. & Xu, J. M., 2-diameter of de Bruijn graphs [J], Networks, 28(1996),
7-14.

[9] Li, H. & Xu, J. M., (d, m)-dominating number of m-connected graphs [A], Rapport de
Recherche, LRI, URA 410 du CNRS Universite de paris-sud [R], 1130 (1997), submitted
to Networks.

[10] Linder, D. H. & Harden, J. C., An adaptive and fault tolerant wormhole routing strategy
for k-ary n-cubes [J], IEEE Trans. Comput., 40(1991), 867-872.

[11] Lu, C. H. & Zhang, K. M., A note of (d, m)-dominating numbers of hypercube Q,, for
%] +2 < d < m [R], Manuscript, 1998.

[12] Lu, C. H., Xu, J. M. & Zhang, K. M, On (d, n)-dominating number of n-dimensional
de Bruijn graph for d = n — 1 [J], Disc. Appl. Math, 105(2000), 137-145.

[13] Stout, Q. F., Mesh-connected computer with broadcasting [J}, IEEE Trans. Comput.,
C-32:9(1988), 826-830.

[14] Xu, J. M., Ly, C. H. & Zhang, K. M., A new property of binary undireted de Bruijn
graphs [J], Chin. Ann. of Math., 21B:1(2000), 1-4.




