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Abstract

The n-dimensional bubble-sort star graph BS, is known to be a ( 2n—3)-regular bipartite graph
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with n! vertices. The property where there exist two disjoint cycles C, and C, that together

cover all the vertices of the graph is called the two disjoint cycle cover of the graph. Let F be an
edge set in the bubble-sort star graph with FcE (G) ) F| <k, there exist two disjoint cycles C,

and C, in G-F,andtheir combined vertex count equals the total number of vertices in the graph,

this is referred to as the k -edge-fault-tolerant two disjoint cycle cover. This paper proves that for
n >4, the bubble-sort star graph is a (2n -5 )-edge-fault-tolerant two disjoint cycle cover.
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1. 518

TEHATHHEM AR M, B4, feald B mges, mEEe cEE2NMe. Jd
(1) B B AR AN BRI S0 (R SR R NE S, B LR SRR B A F T IR R B s R I8 A AR T A 4
IR 26 v F1 ] 55 ) 36 A A S T R B SR R 2R, DU LR AR BT IR IE A B R i B R 1) 2 A VAT
Rk, EMBEK, Fraleilo BAREhE R E, BOoN TirENIR . s DU BB 7
RGP TN GBS FTREMN SR U EE, ERe A SO AR IR i B DL A
EEEAR RIS 0 . BEE R FURIRN, VT2 5238 U6 DGV ] 72 R 8 ISR R A g AR A X SE Pl 25 4, 1
WIEHR N B 2-R S8 RCA T BB A R JOHRAE 8B a2 R [ DL R ARk b &5
MBI, PR EATRI T2 2 NIRRT, XA ERE TR IR R, A SEPR N4
R Bt T JI3CRE. G =G (V, UV, E) /& — D H ], PN SR T AR V, AV, R/
G MG B RWT A R[], WX AR AL T AR R T s v, eV, v, eV, fF1E— R %R
g2 . BTN A AE 22 11l (Two disjoint cycles), 18 B AAEPR AN E, e TR TS AR, BIIX
P B A e AT A T Bl . AN PE A B & — NS I B, (EX AN B 2 [ R SE A A 1. T
5 2% AN HE A2 1) BEL 7 26 M (Two disjoint cycle cover), & & I AEAE AN ASHEAZ O B, 5 FLIX 6 B Rl 0% 78 2
BRI RT A T . BARSKUL, FAAEPR AT AEAS IRRE CL FI C, , BATT A T0L s B0 >R 1 47 45 T B R T sk
o G k-IABPISR AR B s, AR TAERIAE F c E(G) H|F|<k , f£ G-F fFEMWA
T AR AC B8 CL R0 C, B AT T AR A R T B 55T B A T e

2 E AR E[2] [3]#0 2 2 m R H S5 1 Cayley B, IFH A HAh A H I 3H M5
i, BRHAFEEBS,, —M4E TiHDTEIAEERHMERREGE, 51 7T KEFANE. B 1 R
T BS,. BS, MBS, 4it. BHT R BRI SCHAE R — 14 H.

XFEWH 2K Guo F[41W5E 1 8 i B B RN, i B YT R B SN AC e
55 BB M AE [B] PR HEAT T 4R 1T . B A e AR R H Cayley BRI 2548 B PELE[6]H #E4T T 1. b4t,
WHEVFZ W R AT, WS EEYE. KFrTisWitE. B KR ERESE I CE 2407, 6
Z WL[7]-[18])-

SEE 1 Yn>4, BS,JE(2n-5)-IAHTIA MR HA
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Figure 1. The bubble-sort star graphs BS,, BS, and BS,
1. E/BHFEZEBS,, BS,#IBS,
2. MEFHAIR
AT SR R TR A SNV (BS, ). 4V (BS,) = P(n) » Ll P(n) & 1 ] n (94451, L,

By 2 A AT T R A E U E(BS,), &
E(BS,)={(uv):v=uo(Li)forie{2,3,n}, orv=ue(i-Li)forie {34, ,n},uveV(BS,)} . XH/H

o (i, j) AR LL TR u (O5R | D TTERACIRENE j N ICa R BB IHES . I, BiH e 2R 1iL2 b
P TR PR Ac 7 A 8], S — R sUR S 1 ARG | MRS, B MRS I-1M xR
IR, RA5HEBS, =& (2n-3) IEMH. 26017, Wik BS, M — AT 52 53412, #%
e85 — e ey AT LA B — ANBTIO TR 43512, 4 S — Fh 3z 497 20y LAAS 33 o — A0 (0 T A
54312, AT 1<i<n, FATLE X BS, MHATA x M AT FA x[i] . 2007, R BS, (L —

R 536412, B4 x[1]=5, x[2]=3, x[3]=6, x[4]=4, x[5]=1, x[6]=2.
N T IR, FATTE ST B H R 2 B PR SRR B3, WR x[n—-1] = y[n—-1] H x[n]=y[n] .
W32 e, = xy BRRAFE—EXL. Wk x[n-1]=u[n], x[n]=u[n-1], y[n-1]=v[n]H y[n]=v[n-1], W

e =uv BEAR N e HEE — ARG AL, T xu A yv BEFRN 3 — IR AL I x(i] =
Hi>2, Wik e, = xy BN e BIH 00 008k, ik x[1] =u[n], x[n]=u[1] . y[1] =
M ) =uv BEFR A —RAREXT, TMiA xu I yv BERRAEE AR AL
B, 7€ BS, H, WA x = 4253101 y = 45231, ‘EAITERLIL e=xy BER S — 2, W@
TN R R A NI jjel—ulvl,ﬁfiju1 42531, v, =45213 , T HEE KR EXTL R e, =u,y, ,
Hrfu,=12534, v,=15234 . & —JHhAi0 N (42531, 42513)F1(45231, 45213), 55 KHE A1 M (42531,
12534)F11(45231, 15234). *fil. %%/\XTJMH%%A@ LEJERR—NC, (KEH 4 1), th4bh, 78BS, #,
—HIE TR, B REE A X AR S R ME e ). AR, B RRNER R A A

y[i+1] H x[i+1] = y[i]
v[n] H y[n]=v[1],
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EXAHALT T B BS, (1) W o A, FrA A aril s 41 B R RS, FONANEL . ds—RxTia el
R XTI T xS 7] — 7181 BS, (i) P9 17 H 265 — S0 2 SRl £ 6 S T R P T X AN — S it
FHE—TEA-.

BEAh, MR#EE . BS, & MEXFREE LK Cayley B, HAMITHEN
{(1.2),(2,3),+-,(n=1,n),(1,3),(1.4),--,(L,n)} . Tchuente [19]WEH] " AL L XS FREE L 1) Cayley KITE
N> 4 RIS REAERN . L, BS, 7E n > 4 B M3 R E R 1 o

SIE 2. X BS, FMAERP & —Hxtil e Me,, 7EBS, PAEE—AIE e Fle, MG HE /RE ] % .

EM: Kikuchi [20[UEH] 7 HHEF I8 B, A7 — A& 14 e Al e, IS % /RUAA B . (1T B, /2 BS, A—1>
FERCT L R BARATES — KT A AR T E(B, ), bS5 R, O

W3 ®Sc{L2,n}, Hn>4, JFH&e=uv & BS, (i) TIH—%KHE—ExL, HiesS. B4,
fFE—EC, Eadide F HOUERAD jeS MBS, (J) THATATS.

UEW: BE[S|=k, JF HAFE —MERIRS pyp,--p, » B p=i. RGBS, (p,) m=12k T,
HAVEEFI KB — KL e, Ff,, fifFe =eHe, & f, WA FMERSL. W51 2, EFA
BS,(Pp), M=12,- k FAEAE—AEIEEC , EEELe, M f, o BEHE - FE L BT FNiL
e, m=23 -k LHFE-IHMENL f  ,m=12,-- k-1, BB —IEC, BOTHeFHETHA
jeS HIBS, () FHIFTA TR, Wk 2 . O

BSn(i) BS, (pz) BSy, (p/cfl) Bsn(pk)

Figure 2. The Hamiltonian cycle of Corollary 3

[E 2. #5123 HURS R [E] B

Sl 4 ®Sc{l2-nf Hnx4. ufvELTARZGEFRHATR, 2 H6T BS, ()
BS, (J,) ™, M, i, €S H j, # j,  BEAE BS, FAFE—NAEF W2 |F|<2n-7 , FFHXWTEA jes,
BS,(J)—F RME /RE R WA, fAE—FAuBlvEgie, ZBEaE0E BS, () TN,
XA jes o

WEW: %S| =k H p,p,---p /&S EE—AHES, 6643 p, = j, H p, = j, - 7EBS, (i) MBS, (j) 2L
Hoh2(n-2), JFHI je{l,2,,n},i#= j, Ho—LRb T BS, (i) 80— M BS, () #1755 — A
GEEZIH. BTXNT =4, B (n-2)1>2n-7>|F|, EATATLERBITS u,u,, - u M v, v,y B
U=U, V, =V, U, u TR BHE, v, v ST A5, uj,vj%BSn(pj)qu@Dﬁ)ﬁ, It
HXT =12, k=1, vy 5u MBOLE 3). T BS,(p;)-F PAEAE—FKMu; B v, Mg a Rk

P, Kty LB R 42 B, B AL VU X T j =12, k — L RAGIE T3 O BE A2, LI 3. O
Q O
° \y %
BS, (i)  BSn(p2) BSy(pr—1) BSn(pr)
Figure 3. A path starts from u and ends at v
B3 Muthk, £=8vHIEE
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3. ERLRIEA

IAE, BATEL AN EIEHEH 1. 2n=4, RIVEASBHE . T n25, RAIURE
BS, W45k, & F R—AFHILLE, H|F|<2n-5. A5, RATEIEY BS AL F bl kRa
A 2% AR A2 (1 e it 1 -

Casel. [FE(BS,(i))<2n-7 MTAEMMIi=1-,n .2 =120, RAEADELE, 54 BS, (j)-F
HERA PN E S AEI—A . BBS, (J,)-F THImAE C MC,, st A
Wig, DL, MRAEHER 3, C, b n] AR EI—5K5E — Rl o (318 C; 2t e IR HEEHA
keS,Sc{L2,,n}\ {} i BS, (k) BT A TR . Bk, Cf flc, Mp T BS,(n) PN AHIZZ R H
W5 T BT R BRI TS, w4 .

BSn(kn72) BSn(knfl)

Figure 4. The two cycles of Case 1
[ 4. Case 1 BIFNE

Case2. 2n-7<|F nE(BS,(j))|<2n-5, ¥ T je{L2,-n}. bk, BEERHF, HPRcFH
|F|=2n-7 AR4EAgN B, BS, (j)- R L@ AWM AHLME C A C, B F-F BHEIRMFKiLe =uv
e, =xy . WERMKDHALXPAE L, oLt Case 1 —FF, KILRAIMAN R C v C, e
Fle, 1) 2 DNFIEHL

Case 2.1. Xje Mle, 2 HIEMMNAFNIE L, REe EC, b, TMe, /EC, b, RZIFR. fEe =uvif
PRI U R SR B S e BS, | IAR A Uy Ry, s IS AR AD AR s 23 7 A T AR

Case 2.1.1. 25— HLANSR u, Ml v, RAEF —AT B BS, (j) b, IRUIEAEHE HUbi (¥ u, M v, H AR
u Fllv ()5S — SRR E . RO BT B8 BS, MR R, 7E BS, (j) L RERBIE S u, M, 1
Wl C,, I, Muf#REE e, = xy BIP/ NG ALx F1y B4R x, My, (IR C,» X, Yy, €BS,(J,) - 7 AI7EC,
FC, s A EI B p I rh— % —nfille, e, , S {12}, HEIS cS—j—j -, R
w3, FIE—AEC,, Eaide HHAETANkes, MBS, (k) TFTA T, BRI IFAE -
Cor B&ide, HHAETHANKkeS\{S, i Jp} MBS, (k) FRIFTA WA MBS, — F 1574 T )
F 79 B 7 i A, 0 & €, —e, +C —uy, +C, —e, FIC, —e, +C, —xy, +C, —e, » U1 5. Bhit i sh—/NFEl
H1 BS, (a,)NBS,(a,)N---NBS, (a, )N BS, (i), meS, LLK& C, 4LAk, i Rl i
BS, (b,)NBS, (b,)N---NBS, (b )NBS, (J,). 1 € SN\ {Sy. J. v, o} LA C, AL, W4 1T LA BS, () Wl
LFH s BS, I n AT I, AR BT B, FU A B TAESASES, RIE T ENTRAMAS
17, FHIRE R, AR

Case 2.1.2. 5% M HLANS u, M v, 23 AIAEPIAS T8 BS, (q,) M1 BS, (0,) b, FIERHEEHRE] x Ay, 53
MFER AT BS, (0,) #1BS, (q,) £, & Sc{L,2,-n}, KFIS cS—j-q,—q,, W54, FFE—%
Mou, B v, IERAE P, ZERARELE A BS, (K) HITIUR, X T kes,, FEME KM x 3y, KK
7R, HEEAEHTA BS, (K), MFHAMKeSN\{S,],0,0,} - W1 BS, —F [FIFTH T AT H# 4
BE, Dl C —e+PMC,—e,+P,, WK 6,
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Case 2.2. Ye e, #TEFE—AW I, e e fle, #BIEC, b, RZIRIK, BEBTHBFE DL
Case 2.2.1. F—HMige fle, AR —NAE M, WHliEe =us,e, =sy. HEuFls TR u, As,
uleBSn(jl) s,€BS, (j,), WIS 4, BEBEHE] %M u, B's BF BS, (],),BS, (J,) A TR
o RIS — AL R, , SEBSIE s, €BS, (y), s # Jp 0 FIRTERH y B EEAR A
yi, yleBS (1) o WRIXLCH AR R T A — AT, W B 2.1 Rl X EBAHES . R4S
4, B — %M s, By, BE A BS, (k) HAITIS, X T ke SN\ {1y, I} WERAE P, - LR (¥ BS, - F
(BT O A R E S B 5 %, 70 & €, —e, —e, +uu, + P +ss, +ss, + P+ yy, FIC,, W1 7,

Figure 5. The two cycles of Case 2.1.1
[ 5. Case 2.1.1 RIAENE

Figure 6. The two cycles of Case 2.1.2
[& 6. Case 2.1.2 RIFENE

Figure 7. The first cycle of Case 2.2.1
7. Case 2.2.1 HIEE—E

Case 2.2.2. 5 _F5IL 2 e Mle, NELHE, He =uve,=xy o T3 u MV AHMHALR R u, My, ,

u eBS, (i), v, eBS,(j,), M 4, BeBEHKII—5%Mu, B v, B85 BS, (1,),BS, () A T A

1R o TR X AR EAE A X, % € BS, (js) By BISMHBAE ATy, y, € BS, () - FHARGESIEE 4, #FI—5%

Mox, By, A& FA BS, (K) IO, 3 FATA ke SN, by, b} B P, o ILI 1 BS, — F IOFTA TH A
AIE PN G, 30 C —e —e, +uu, + P +w, +xx + P, +yy, fIC,, ﬁDUS

Case3. ¥ T nx5, ®FcE(BS,), &L f eF Z4ML, B f 25— R &L M

o FAVEITEREA BS, (1), 1€ {12, n} WG E/REATEREN, BS, & (2n-3)-1EMH, I H BS, (i)
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BS,(j) ZIHIAEC A 2(n-2)Li, je{1,2,-,n},i# j. HTX T n=5, H|F|=2n-5<2(n-2)!, FELALA
A GHAERA BS, (1) TGS B /RIBERE, JRRX LR S — SRR AN AL Sk, AT BIns 2
RGN BE C o MIXAS C HERFRBIPIAN T u ATy, B AT L A5 — AR A X uyv, SRR RS 5 IA AN
F . UL BS, — F BB A TRl AN i, 35— MR M u At v ()55 120t C AT s E1iA
uy FEZEIL uy, FIE U AR v AZSE U 525 C IR Bk v, BT w, [IE] v O

Figure 8. The first cycle of Case 2.2.2
[ 8. Case 2.2.2 FEE—NE

4, g5ig

ASCVEAGRTT T n 4E BT 2 18 BS, AR KIS T RFBRIE ST, IEM T2 in>4, BS & (2n-5)-I4%
B PISAHAZ B 5 1, BT BS, A2 2n—3 IR, Jr AR i35 2 T- 2n -5 25140, 2658 BoA el 454,
PRI — 2RO BEAR B R, M H . B2 i NAE RN 8 R R, Rl AE I
AT RIS, DA AT T AL A B B — N TTBT ST 1) B TR 75 H A R L A R 4 9 Fh Sh
WAL LB AR P 7 ek, A E R R M SE B R

Bt 2RI 2% SRR AR N, JEHRAE A A FEAORBOI AT TSR, i
0 Pl 2 R R AL X 28 (R E R PEAN R, BT SO TE K St . B Y HE e 2 B R D — i ELA e X
PRUEADIE VA5 K (R IR I, FEBRBIT ORI SE R B vh s 7 BRI 1. AEARSRIGBT ST b, ARt —
RS T 2 LI D 25 A TR A SIZEIL P 2 AR 5 P 7 ot A P 1k 5 T K AT AT, G R AR i R AR 2 T 20
T8
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