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Fig. 3 An edge-odd-magical total labelling graph

EE 2
AL TR

R X TREe R K, b X hh m
ALY A AR SE R K K, A mn 5

w1 GRS e R A G

WA WE 4 PRI RS, & F REG R
5.

B 1 HAEE s Do iR, i mgA5%
TR m R EAE 0 AR B m=m,
nFn;. B s A58 4 R EE R — > BT 4
TR AR G R SEAR S B G

BG—D+m D n &4 f(b.)=0.% m=3,
i=1

m=4.,n,=6,Y s=2 .4
S =1, f(bys)=2; f(c;,)=31,
1) =28, f(c1,3)=25, f(c;,)=22;
Sy ) =3, f(by2) =4, f(by3)=5;
) =21, f(cs.,) =18, f(c23)=15,
fleo)=12, f(c25)=9. f(cs6)=6;
f(boscas) =1y f(byscas) =25 f(byyc2.5)=23;
f(boscas) =4 f(byscas) =5, f(by1cs5)=06;
f(boscs) =Ty f(bysc00)=8, f(bs1c2.4)=9;
fbr500,5)=10, flbyocrs) =11, flby1c25)=12;
Sy s5c00) =13, f(by5c00) =14y f(Ds,1005)=15;
SWoacr.i)=19; f(bz61..)=20, f(b2c14)=21,
Fbrici)=22; f(byyc13)=23, f(b1yc1,3)=24,
Jbricis)=25; f(bys012)=26, f(b1yc1,,)=2T7,
Fi1c1,.)=28; f(b1,5¢1.,)=29, f(D,5¢1,)=30,
f(byci)=31
HRVE il AL SR b 1 SR

K4 —ANrEae_HH

Fig. 4 A complete bipartite graph

HET B — Ml o0 T % LU S R HEA T DS R
Fr.)=0; fb,)=0G—Dm+@—1);

e =m D mtG—1);
i=1

f<6'1.k] >:m2n;+(5*1)*m(kl*1),
i—1

fCe)=fCei,)— 1=k —1m
ﬂ*ﬁlfj Tﬁﬁiﬁﬁﬂlﬁ% _f(Ci.k’ bi.z) -



660 X # ¥ L X

VS

¥ % R %57 %

flein )= f Coi)s f Ceibinn) = f Cei) —
fCi). Hi€[1os]e€[1om] b, €[1,n,].

AT, fChyacia) s f(Drscia)s f(brscig) s,
Fhyer )R g qg—1,g— 2, g—m+1;
Siacin) s flhiscin)s fDisern) sy f(bici)
DNET q—m.q—m—1,qg—m—2,,q—2m+
Li KK R %y f by i s f Chis i )
FCbriscrn s fCbier, YESE ¢g— (i — Dm,
qg—(—Dm—1,q— iy, —Dm—2,+,qgq—nym+
Tseees f Choy iy ) = q — mims f Chyy €20 ) s
FCbyscs)s flbyscan)seers f(byncon) N q—nim
—l.g—nm—2,g—nm—3,,q— (n, + Dm.
s b2 C oo JIT X N
WAR SN g— (G +Dm—1,¢g— (G, +1)m—
2.g— Gy +Dm—3,vqg— (ny +2Dm KT %,
S oy oy Vo f Choy oy Do f Chois oy )y oo
F (b2, Yl g— (e —1Dm—1,q9—
i+ n,—Dm—2,q— (ny+n,—Dm—3,,q—
(nytn)m; f(Cbyues)=q— (ny T dm—1,+,
SO co)=nm+1, f(boca)s f(buycon)s
Fboscoi) sy f(boco) SEAE nom s nom — 1,
nm =2,y (n,— Dm—+1 XN AHEE; f(byicin) s
SCborein) s fChosein) ey f(bye.0) BIETE (n, —
Dm,(ny,—1)m—1,(n, —1)m—2, =, (n, —
Dm+1; IKIKT &, f (b, Con Vs [ (b e ) s
Foseon ) f(bowe, )V mem—1,m—2,+,
1% 7 A4 45

B2 B2 IERE m HEIR,
n REAE B m, Zmy sn, =n, 48 s D584 K
BN HERSE 2 AR T IR G R SR AR

ijl b21€2.0902.502.0 505,505, 5

S Hrh Giﬁ\lﬁ(s*l)—i—nzmi - SURDI S
i=1

[1,s],6; €[ 1.m; |, kE[1,n].
ran=3.m =4,m,=6.Y s=2 0, H
fChi,)=0, f(b,)=1, f(b3)=2,
f)=3; f(c;,)=31, flc;,)=27,
fCei3)=23; f(by,)=4, f(b,)=5,
o) =6, f(by)=T, f(bs;5)=8,
SCbas) =93 f(c1) =22, f(c2.,)=16,
fCeo3) =103 f(byscos) =1, f(bys5053)=2,
S Cbyicos) =3, f(by5¢0,3) =4y f(byscy.5)=5,
J(boicas) =065 f(boscan)=Ts f(bys500.,)=38,
JByuco2) =9, f(bysc02)=10, f(byyc0.)=11,

SBonco0) =125 f(bysc0.0)=13, f(by5c00)=14,
Sy )=15, f(by300,)=16, f(byyc0,)=17,
S Doc00)=18; [(bs.1¢15)=19; f(b,c15)=20,
frz015)=21, f(byc15)=22, f(by1c1,3)=23;
S yc12)=24, f(b3612)=25, f(by2c1,,)=26,
[Orac1)=27; f(by,c1.)=28, f(b361.)=29,
f(bi2¢c110)=30, f(bi1c1,,)=31

A HVE T R0 SR bR o 1 25 A
M s>2 i AU MRS R
S )=0, by, )=t,—1,
fCby)=n +(t,— 1),
fCbs, ) =Gy Fm) + (5, — 1),

—1
FC )= )+ (=1
k=1

fCei)=n E m;+(G—1),
i=1

flei)=n Zmi+(s*1)*m1 (k—1),
i=1

fCo)=Ff(cr,0)—1,

fleo)=fCco) —my (B—1),

[l =f(ciq.,0—1,

SCei)=fCein) —m;(k—1)

Bl G BYilbs5 1% DL T O AT

SCeinbi)=fCein) = f(bi)s

fCibivra)=fCci) — f(bixr1)
H fFhaaa)s flhscaa)s fbigcia)s s
Fr ) BIVEF qrg—11g— 20 q—m +
sby ey IFR 5 57
N g—mysqg—m —1,qg—m —2,,q— 2m, +
Lsees f(hiacrn ) s f(Drocing ) f(Drscin, )srers
f(bl.m]Cl.”l Yl g—n—Dmi,qg— (n—1)m,
—1l.g— =D m; —2,,qg—nm; +1; KK T %,
fChoncr,)=qg—nmis f Chyycon)s [ (boscon)s
Flboscon)smrs f by o) WMEN g — nmy — 1,
g—nm, — 2,q — nm — 3, ., q — nm — Mmy;
fChyncon)s f Chyy co0)s f Chyy Cop Do oo
S by, 220 3R q—nmy —my —1,q—nmy —m,

—2,q—nm; —my, — 3,

.
153 biaciosbiscis sbigcig s e

yq—nCmy +my )
fboco1)=nm, + 1, f(b,1co1)s f(boycon)s
Fbosein) e
200y (n—1)m, + 1 KR AHZE5 £ (boycon )
Sbozen) s f(hoseon) sy [ (b, c0) 700 5T
n—Dm,sn—Dm,— 1, (n—Dm,— 2, (n—

[ b ccn)H nm s nm, — 1, nm, —



% 6 1

EWHEF: T2 HEREERRKZE 661

Dm, + 1L RK T L fboacn)s f(boen)s
SCboseo) s s fCboe ) FE R moom, —1om, —
2, e, 1,

BH 3 e KR mon ¥R AED)
1, B m; #m; sn,n;. FIHIHSEE G &/ 2

KRB G )+ (s— 1) &ih. xF i €
i—1

(1.s)ot; €01 m sk, €[ 1,0, ], A

i =4,m=6,n=3.,n,=2. %4 s=2 1%
fChi,)=0, f(b,)=1, f(b,3)=2,
fCb1,,)=3; f(c1,,)=25, f(c,,,)=21,
fCa)=17; f(b)=4, f(by.,)=5,
f(bys)=6, f(by)=T, f(bys)=8,

Sy )=9; f(cs.1)=16, f(cs3,,)=10;
fChyscr) =1, f(hys500.0) =24 f(byicy.,)=3,
fChysc0.0) =4, f(hyyc0.) =05, f(bs1¢y.,) =063
S5 )=T5 [(br50.0) =8, f(byyc2,)=9,
Soac15)=13; f(h,c1:)=14, (b 3¢15)=15,
S Dpc1,5)=16, f(D1,1c15)=17; f(Di c1,)=18,
S 15c1:)=19, f(D15c12)=20, (b c12)=21;
Fc10)=22, f(b1561,)=23, f(byc1,)=24,

f‘(b]_](,'1,1 ) :25
ARV R LA 0 A T B — AR O, AT
P LU i R AT TS bR 5

f(b,)=0, _f(bl.,/l )=t;—1;
f(bz,,z ):nl +(t2_1) ’
f(bg.,3 ):7’11 +7’12 +(t3 71) ’

i—1

Fu )= m+ =1
k=1

Fle)=> Gnn)+G—1),
i=1

f(cl_kl )22 (mmn;)+G—1)—m by —1);
i=1

fleo=Ffler,)—1,
f(c‘z,k2 )= f(cy,1) —my(ky— 1),
Sl =flein )1,
f(ci»kl Y= f(c;in)—m;(k;—1)

i EIR TS AR S AT HES B G 1R .
SCeinbin )= fCein ) — f(bi )3
SCeinbivin) = fCein ) — [ i)

B LR bR 5 AT 5 — A 58 2 1 1 3 B

%:f(bl.l Ci.1 )9f(b1_2 C1,1 )7 R f(bl"”l Ci,1 )9 ttty
f‘(bl.mlcl.Z)’.”7f‘(bl.m| Clon, )ﬁi}'%uj‘? qsq— 1y,

qg—m + 1, =, q— 2m + 1, -
fboier, ) =q—nym — 1. 4% BT, IR 5E
ETIENE A e I E MRS g —
(nlml+n2m2*2,q*nlm1*2)jlj‘],f(bg,ch,,,Z)=
q— Cnym, tnymy,—3) s, f(by1cm1,) =nm,+ 1,
S o) s fChaein) s [(huscan) sy (b cin)
SR nm s nm, — Lonm, — 2, s (n— 1D m, +1;
SChoicin) s fChascin)s [(bascin) sy [y cin)
HNan—Dm,s(n—Dm,—1,(n—1)m, — 2, +,
(n*Z)mx—Fl;'ﬁEYi(Tf,f(bMci\,fl,],_] ) =nm,+
L5 s e KR bR S1EL L nam M.

ik, B AR S fURE £V (G —>[0.q],
FEWGH=[1,q], W H B2 K G Mk %
KL K G B — AR

s § T mmy

[]
Wit 1 HAPEKEE K G #AH k.d)-
TR

MR ZRUER 1 142, T8,
BH1 e HWEAFR m NEME.n B

s

Y, B m,=m; o0, Fn;. K Gﬁm(z n,»)+(s*

i1
D& FMER 1 8RS fAER G 89— F ks
g AR RTINS

gD =fb)ds glb.)=f(b;.)d;

gl ) =k+(flci)—Dd,

glerp )=kt (flern)—1d,

glein )=(fCein ) — 1)+ ks

gleinbi)=glein,) —gbi) s

gCeibiia)=gCc,.) —gbiy1.1)
Heaie[l,s].c€[1.m] k€ 1.n, .

B2 mFm,n=n. s N5 K
O — AR E e R R EGH
n(Em,-)Jr(s*l)%ijl.

i—1
g =fd, g, )= f(bi, )d;
gl ) =k+(flci.)—Dd,
gl ) =k+(f(c; ) —Dd,
gCe)=C(f(c;.)—Dd+k;
gleinbi, )=glci) —g(bi, )
gCeibina)=gCci,) —gbiyi.1)
Hrpiell,sli€llom ] k€10,
BRI  mFm 0 Fn,. MEK G EHHE

o)A FRT S G A D+ D) mun, Zei.
i=1



662 X % ¥ LT kK ¥ ¥ #H

%57 4%

g )= fbds g(by, )= f(b,)d,

(b, )= f (b, )d;

gCe,))=Cf(ci,))—Dd+k,

gl )= (fClery) —Dd+k;

gl ) =Cf(co)—Dd+k,

gCep, )= (flern,) —1Dd+k,

gCc,)=f(c;.,.)—Dd+k,

glein )= (fCern ) —1d ks

gleinbin )=gCcin ) —g (i, ) s

gCcin b)) =glci, ) —gbiv11)
Hie[l,s]..€[1om ]k €10 ]

ik Ars g MR g: VG >[0.k+ (¢g—
DA fF(EG) ={kkt+dk+2d, b+ (g—
Dd ) WEISE 2 3K N (e d) IR RS g
HIE =k dD- R HEFR

L]

AR IO 58 4 T AT B — 26 A TR
45 0F HAE HAlAR 5 1Y HE Al B 098 8 — S0 i A
T A LIRS X WAL bR AL e
B LS N S o B B B U I e o
TR HR IR 58 4 R I B PR SR AT TR AR B O
HAE 7415 5 4 — M IR ar s BE LT L A3 Ik o
f TRREE LR L AR AR SO IR FEA 1Tk
W ARG TR Z 38 7 R A Y J5 2 T ARk it
— R AL S AR T B, DL % S ALK
Je ot TR AR O AR I B LT A AT 2 —
A SR e 45 AR5

2% 3k -

[1] RINGEL G. Problem 25 in theory of graphs and its
application [C] // FLEDLER M, ed. Proceeding of
the 4th International Symposium Smolenice. Prague:
Czech Academy of Science, 1963:162-167.

[2] ROSA A. On Certain Valuation of Vertices of
Graph [M]. New York: Gordon and Breach, 1966
349-355.

(3] ZHRX.EF4%.F B. £T ZigBee W R & H R

BRZH BRI ENAFFHEAHZ
B, 2012, 51(5):834-838.
L1 Zhenhan, TANG Yuliang, LEI Ying. Self-
healing function based on wireless sensor networks
of ZigBee [ J]. Journal of Xiamen University
(Natural Science), 2012, 51 (5): 834-838. (in
Chinese)

[4] BONDY J A, MURTY U S R. Graph Theory with
Applications [ M ]. New York: The Macmillan
Press,1976.

[5] YAO Bing, YAO Ming. CHEN Xiang en. e al.
Research on edge-growing models related with scale-
free small-world networks [J]. Applied Mechanics
and Materials, 2013, 513-517.:2444-2448.

[6] GALLIAN ] A. A dynamic survey of graph
labelling ~ [J]. The
Combinatorics, 2000, 6:10-18.

[7] LI Lun, ALDERSON D, DOYLE J C, et al.

Electronic  Journal of

Towards a theory of scale-free graphs: definition,

properties, and implications [ J ].  Internet
Mathematics, 2005, 2(4):431-523.
[8] ACHARYA B D, HEDGE S M J. Graph theory [J].

Arithmetic Graphs, 1990, 2:275-299.

Exploration of gracefulness of some complete bipartite graphs

BA Lina, LIU Qian,

LIU Xinsheng,

YAO Bing"

( College of Mathematics and Statistics, Northwest Normal University. Lanzhou 730070, China )

Abstract: The bipartite graphs of graph theory and graph labellings are widely used in practical

applications, especially recently the graph labelling has been applied to design a new type of graphical

password. Firstly, some complete bipartite graphs are constructed by combinatoric and series

methods. A new labelling, called edge-odd-magical total labelling, is found and it is proved that the

combinatoric complete bipartite graphs admit the edge-odd-magical total labelling. Moreover, series

complete bipartite graphs are graceful, or (k,d)-graceful.

Key words: trees; complete bipartite graph; graceful labelling; (k,d)-graceful labelling



