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Abstract

Completely Independent Spanning Trees (CISTs) provide an important architectural choice in the
design of computer networks or communication networks. The construction of multiple CISTs for a
given graph has demonstrated the practicality of its solutions and optimization potential in real-
world applications. This paper proposes an efficient algorithm for constructing CISTs in the line
graphs of complete bipartite graphs, which establishes the correlation between the edge partition
of the complete bipartite graph and the vertex partition of its line graph. In addition, experiments
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were conducted to test the performance of the algorithm and to verify its correctness.
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1. 5|15

— MK AT LIS NEG(V(G),E(G)), HiV (G) FmTinitE, E(G)Fmiltk, SRS
MENZ I RERE . A2 R B T ) 1B H e A 5 A .

i FE G BT, RV (T)=V(G), E(T)cE(G), H|E(T)=N(T)|-1, WK T NG H—44
Ao FEE G, XTI u Ay, RPN P, R TR u B v IR SRR AT AN BRI P, A FE AT A
LA ER T u A v), WFR PP, AT S IR A . (RIRAE G g —ZH A b
M, T, T b s XFE G AEREPIAARF A u M v, Mou B v R H R AT SR A MR, Ui
—ZH A R ARR D9 58 A ST A O (RTFR CISTS), RIFEIXZAM AT PIARI AT 5 — X R AR AR A2 A 5
RAFAE T o

ST AR R TE VT A0 TSI 2% B A5 P 4 I SRR T — AN BB AR AR R, T I AR AR IR A
BEVE[L]-[3]o B, SR —0 43 PR I 26 HE IR R, 5 A S A PO £ 10X 8% 1 L3 4 AT 9K R 8 A e
REVRETIRE, WD T S U TR thdh, S84 A RRGEREIE F T 1P I 45 Hh iC B ORAF 6
HI[4]-[8]. P45 2 W% miltt, Moinet [9]55 A& vl LR B 2 19 CIST. Kk, 7E45 7€ 1 Kb gty
F CISTs, {ESLPRfZ AU S T 92 FH IR D7 R SR

TEZ5 2 B i S CISTs W IERH & NP M m)#i[2]. tb4h, 7E3CHR[2]%, Hasunuma f& 7 —A
2n AN IE R G HHAEAE n 4> CISTs. 4R, Pétefalvi [L0J3&H T — AN BISR [ B IX — 55 . Pai %5 \[11]
W TR Bk, BRI E S A TR AT R 2 Mk CISTs [12]. Pai &8 A[13[WEW], 7EK, +, 2
mxnx4 K, f£7E n/2 4> CISTs.

ATV (G) RIS A k NAEEFE (VL V0V, ) s R LR A%, WAy CIST-RI4r
[14]:

1) BATERY, RIS T B Em R

2) M TAEEMA AR TEY, MV, RATE LD ZHE B(V,V, ) HIAEGFEHEEREY, T
GV B XA TEE BV, Y, ) AR B AMERAM H, HE(H)| 2V (H)|, Rk
B(V,.V; ) HAFELE AR Et A B AL 1

Araki IEH] T k A~ CISTs FIAFAESEBR 556 T CIST 293 (V,, Yy, -V, ) FIFFAE[14] -

SEER 1 [14]—MEEE G A kA8 RS AE B, 2 BACAAAE NV (G) B CIST RN (VY- V)

E—NE G, 4 L(G)#FR G MLE, HMEE (4 1):

1) X FE G iRE&A (xy), EV(L(G)) Filn—ATis Xy ;

2) MR G AL (x,y) A (y,2) AHAE, WIFE L(G) b, Tilsix:y Mly:zilid —%iliEsk.

TR, 2k AR BRI F0RI S Br B A BB BAIE I e — A RAF I AR . S0 T 2R I I S0 3 2 e
HH ) A% R A I B, WA AR S (A 25 0 R B [15] . ATIE I TE[16]. AR AR [17]145 . Bk, LRI
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Figure 1. A graph G and its line graph L(G)
1. B G REZE L(G)

PRI A P e 4 S A 0, IO AR O X8 Bt AR S o 388 7 LR 9 4% 114300 L350 28 A
%%, 1910 SWCube [18]F1 BCDC [19], kIR L B THRAL T — /N UM A HINESE, NI SCRFEE &
BB S BERAE B IR 5T 2R I rp 58 A ST A BB (CISTS) IR FE Al H 25 52 21563, 9 an 58 4 B 1 2k
B [20] AN FA i X 45 (1) 26 B [21]

TEARSCH, FRATHIFSE T 56 4 50 B A 2 I vp (1 58 A AR O (CISTs), R T —FiE 58 4 3
Lk PR iEZ A CISTs 5L, AXMERT AL T B2, BINA TS HMERLE
TR CIST &I, JRER THEVEMIERYE: 5=, FATBE LGN HZE L S0, 'A%
it
2. T2 ERNZE P HSTE I E R

RAEEH 1, £ —NEEE G HiiE CISTs i, AR FHEMIE G 1Y CIST X4y, BTLEMm
A B R B IR BRI, BRI 2 P B T s X1 43 B CIST Ry, St bl s s i Rl

FAVRE T —Fh50i%, oy CIST-P, HIT#IE L(K,,, )(m=n>3) () CIST £15, JHEWIZHERIE
. AT K, A ARd RV, fY, .

H5k CIST-P
N A HEK,,
fig: L(K,,) it CIST %14 CP.
B L AV, BV, T AT B AT RISy . MRV, IV, IOTIRA {8, @y, 8, } AT {by, by, b }
SRRV, RV, TS A
1 k=|n/2]
2: for i=1 tokdo
30 EP[i]=90 r=RAEEAME LA | AR08 1L
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4: end for

5. for i=1 tokdo

EP[i]:EP[i]u{(ai,bi)}

for i=i+1 to i+k do
EP[i]:EP[i]u{(ai,bj)}

end for

10:  for je[lLi-1]ufi+k+12k] do

11: EP[i]=EP[i]w{(a.cb; )} w{(a; b))
12:  end for
13: end for
IR 2. Y n NEH AT IR
14: ifnis odd then
15: EP[k+1]=@
16: for i=1 tokdo

17: EP[i]=EP[i]-{(a.i.b.)}

18: EP[k +1]=EP[k +1]U{(a.;.b.i)}
19: EP[i]=EP[i]u{(a.i.0..)}

20: end for

21: for i=1 to2kdo

22: EP[k +1]=EP[k +1]u{(a...b )}
23: if ie[Lk] then

24: EP[k+1]=EP[k +1]u{(a,. b, )}
25: end if

26: end for

27 endif

B3 MGV, T n+ 1T m NSRSV, TR B a4 .
28: for i=n+1 tomdo
29:  for j=1 to len(EP) do

30 *len(EP) & EP T TGRS, BRI IHR

31: EP[j]=EP[j]u{(a.b;)}
32: if nis odd then
33: if j is not equal to len(EP) then
34: EP[]=EP[i]w{(a.byn)}
35: end if
36: else
37: EP[j]=EP[j]u{(a.by..)}
38: end if
39: end for
40: end for
B4 1EL(K,,) RS CIST &4
41: CP=g
42: for each set E in EP do
43: C=9
44:  foreachedge (x,y) inEdo
45; C=Cu{x:y}
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46: end for
47: CP =CPu{C}

48: end for
END

PLFESRATUEMISE % CIST-P 4t i) CP 2 L (K., , ) 9 CIST %143

EH 2 i EP RAEH L CIST-P [ 3 SR RIS, CP R2LERE CIST-P 5 4 3311
. Wa, EPRE(K,, ) M—A%%, i CP Ev( (K )) KI5 Bb4h, CPRL(K,,)—4
CIST &4y,

UE &t—{“ﬂc

= n NEEET, t:%o B, HF1<i<t, #|EP[i]=2(t+1)+2(n-t-1)+2(m-n)=2m, Kt
> LEP[i]=2mxt =mn . ##E5ES HENE L K, A mn Fd. Wik, Y [EP[i] = |E(K,,)
PR j(1<j<t), BRI<i<j<t, HEP[i|nEP[j]=2. Hk, EP RE(K,,)H—4 %5

=mn.

2 n AT, t_”T*l B, WF1<i<t-1, f|EP[i] =2t-1+2(n-t-1)+1+2(m-n)=2m-2.

Mt Fi=t, #|EP[i]]=2n-1+(m-n)=m+n-1. Kk,

> |EP[i] = XL |EP[i]+|EP[t] = (2m-2)x(t-1) + m+n-1=mn . Bk, 3| |EP[i]=[E(K,,)

FALR jL<j<t), BKI<i<j<t, HEP[i|nEP[j]=2. Kk, EP R E(K,,)H—1 k5.
AR E S A EP 2 E(K,,, ) B9—AHldr, L CP 2V (L(K,,, )l — sy
iﬁt{nT”J, V, =CP[i] -

fBOL L 2 n Ao, MRIESIE CIST-P 13-

{al ka L EE ka g b e ka

IR CPEEEN W PR A S P a|+k by

8 by L 'b2k+1’a|+k+1 :bi+k7""a2k :bi+kl

Vi =182 1D B B 8y by B forl<i<k
{ai :b2k+l""lak :b2k+1’ak+1 :bk+1’

Ao :bk+2"”'a2k :b2k’a2k+1:bl'""a2k+1:b2k+1'
CYP T W PR N fori=k+1

=mn . %f

k11" i+k

H e, FATUE BT R ARV, E’Ji?%@? REMEK . X T 1<i<k , fE EP[i] H UL, 0
{(azm,b,) (BgpzoBscin) 1 (8 0) (B Byygey )|+ IRLEILRIE (Y, F HLI51A (a,b) R MEBHT
o EP[i] R AAAERE RN (2, b)) « (a,b ) B (a0 b ) 2. BT S RDREBR, HARLE
E’JEX, TRV, (1<i<k) WilS 7 EZEmT.

Fi=k+1, fF EP[] O, A (B be ) (1<i<k) 5 (ay,,. b)) EH . EP[i] il
(a2k+2 b ) (a2k+3 b ) ( ) %jﬂ(aklbk)j—izﬁé° B/%Tw(akwbkn)’(a2k+2’bk)v(32k+3’bk)v""(am:bk)ZﬁF’
P FAAHS 53 (g, bzm) P

BRI, THARARV, B 7 B & .
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Figure 2. Connected subgraphs of B(VX,Vy)
E2 B(V,.V,)WEiETE

FATH B(VX,VY)EE%%EEVX AV, TR —FB I R R, A TENI TR K B(Vx,Vy) (Herp
1<x,y<k+1, Hx=zy)EEARIEAME. EAT0 LU ERHEAT I

R 11 1<xy<k, RR—KME, Bikx<y. £V, FEHAE TSRSV, h—AT08 745
v, :{aX 'byoa, tby,a,, tb,a b, 8, :bx+k+1} AR £V, FRA GRSV, B — DT T8
Vg {ay iy a, baachya, by a by b AR TV, R, TR A thyay, b, 55V T A
a,, -b,a b, ZIEAFE DI, EHRIH {ay ‘b,a,, tbua,, th,a b8, :bx} o FEV H, T
a :b,,a,, b, 5V, PHTSa b8, b, ZIHAEE—AI,
{aX :b,,a,:b,,.a,,:b,..a, b,a :by} o MEAN VTS A, b, 0 A b Ay b T Y, T
Timia, b, > a, b, &b, MEE, Ak, FE—FRE
{ax+k By e By g By o By B8y Dy :bx+k+1} o L, B(vay) IR, I S
RHAY, FHHBEAEMRD . Kl 28R T EXME T B(VX,VY)E@)%%Bﬁi@@o

B 1.2 1<x<k, y=k+1. 7EV, PRIFATRIEV, h— DTS 745
Vg (b 0,0 By 10 gy 1B, ) HSR. BV, WV, AT T, V, ={a, b8 0h,,
FHBY, N —ATFE V, ={a,bya b ag by by o TV R R AR BETE
V, BV, KRB AT, HAiid, VPRI TEE SV, OV, PR TIE AR

H TV, R A SV, R RT a, by, A4S, FEAV, FRIETE TR SV, T
ax+k :bx+k *HQB" E:val EPE’\]TD?(I‘_L\I: ax :bx aE[]VXZ *Eq]ﬁiﬁi ax+k :b2k+1 ’ —VXLVSX = {ax :bx'ax+k :b2k+l} ’ lH:st Evsy

HH R I TSR ) R AP TE — 2842 {1 T Dy Boken D 8 10,8, 1Dy, @ TDn By tD i o BRI,
TABE B(V,V, ) RIEEK, HEE MR LA S . WA, BT B(VY,) AL A
{801 1003, 10,08, 10y 1,8 Ty g8y D08, D By D ) KR B(V,,V, ) R RRIR S S ] 2(b) &
IR T AR LT B(V,,V, ) (R #E I8

B0 2. 24 n A, @it HE CIST-P 13
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FAEMTE AL

B2, BRI CIST-P 451 CP & L(K,,, ) i CIST &I4r. k. O
3. X

TEACYT Y, FRATE S IRIE T 5% CIST-P. AL CIST-P M F R L(Kgs ) M1 L (K5 ) o
) CIST.

RO L BAL(Kyg ) R 25, RAOTH Ko s ITRAARIE AV, ={a,8,,8,,8,,85] FIV, ={by,b,,b,,b,, by} -
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Figure 3. The edge-partition of K¢
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