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Abstract

Let K be a complete equipartite graph. If its edge set can be fully decomposed into cycles of

length k&, and the collection of these cycles can be partitioned into several parallel classes (a set of
vertex-disjoint cycles oflength & whose vertex union is exactly a partition of the entire vertex set),
and can also be partitioned into several holey parallel classes (a set of vertex-disjoint cycles of
length k& whose vertex union is exactly a partition of all vertices except for one specified part,
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called the hole), then such a decomposition is called a perfect cycle semiframe (PCSF) of length &,
denoted by (k,l) — PCSF (n'" ) . In this paper, we use the cyclic group difference method to seek nu-

merical solutions, the existence of perfect cycle semiframes is obtained.
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WK, ... AN mn ADTRR R 78455 m AR, H TSR0y m AR, BAEA n DA (7
—ANEB TS R T, AN [R5 18] AT 2 P T0 AR — SR AR IE

filn K, i,

WK, LSRR A KR k RN,
i el s U A, SO AT RAE K, B9 X = ARl

(BREATATRER % AN ke K, TFR IR 7] 23 0 BBl o] 43 2H 158 T (resolvable cycle group divisible design),
A k—RCGDD(n") «
%ﬁ%ﬁ%wmﬁ%%bﬁﬁwmﬁaE¢ﬁ¢%m$ﬁ%%waxmw%ﬁﬁﬁxmmzﬁ~

4ﬁm@%%%ﬁw1w&wﬂwg4%m$ﬁ%$ﬁﬁgﬂﬁ
FRE R —ANEINEZE (cycle frame), BN k- CF(nm) o

RSB TT 4 T4, BBE B= PO, FLPAO=®, S0l pATRIA A X LRI p AT
K, QTR dm ABARTATA, IR d AT, W R B 2 (erele semi-
frame), CfE k —CSF(p,d,n'”) o

WE K, IR R AT kBRI AD, MBS, LIS A5 4>

WA U B, By,eer, B, o Hoh 1-PUE ARG AR B IR 2.

4k&ﬁ»%¢%ﬁ§¢%m$ﬁ%,m

(1) B, ATRII N m=1APAT, FASTPATR B TR kAR, X L Pl R T SR 4
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KON K, ., BT — /55
Q) BERTRIS S m ATATS, AR AHARTAT S T WA RIS kKPR, R T
ORI K, |, FISATE SRR TIR , S TR TR A S ) 2 R Y TR
Sl — M5y MUARY C, - — Ak K I5EEMYE AL, 1249 (K1)~ PCSF(n")
PRS- RO LRI, 148 L CRLE T 25 1 4 e 8 40 2 L FE B 5 — B, R
ORREG 4-FF o LI PRI N k USSR S, TSR K 0 k FLE S R SRR RO
LDPC T}, R (0T P (8 T B SCTLRME 5110 500 F 2 R

2. (k,1)- PCSF (n" ) FERDEEM

SEH 1.1 FAELE (k,1)- PCSF (n"), WA n=0(modk), n=0(mod2), k NEHEIm>3, kN7%
rm>4.

UEW: o iRsE SU, BB B=B OB, U---UB, , fN B #R 1P, B B (T X LR AR
B2y m— VAT, SRR m MR T

iy 4 L/ RITAN = 4 -1 2 5 s N s
B — A K Al — A O e, me o et
n=0(modk) .
\ w C2n* n s C2n® Imn n PN . C*n? n(m—l) n
,E"lzéﬂiﬂljﬂmT, E/I\Blgiﬂgﬂuh”ﬁj‘jﬁ TZE(M—I)/I\EF"TT%’ @Z"’T 7]{ :Em

AT, BN EE, BT n=0(mod2)

TIAN, TSR EKC IR 2D T EE IS, e B 2D T E AN, ETR R EEAT R, i
kBB m>3, kNEGHEE m>4.
3. (k,1)- PCSF (n’ | OB 849

¥ 58 25 m EE AT TR E b S, BAAARE. B0t FRSMKHin, 456REE.
TR PRSI AT B, MG TS SCIR[1] [2], ARCIX 4LBETH (KA BT 1 2% S0k
[3]-[8]-

I8 2.1 f74£ (8,1)—- PCSF(8’) -

UEWT: SE45 3 M Kooy » 30, BN 8 AT, WAL X =2, , W 24 NS Hrbs 5t
TREE3I RO, 1, 2008H2E 1, 2, 3.

0 3 6 9 12 15 18 21
1 4 7 10 13 16 19 22
2 5 8 11 14 17 20 23

fif 8 KRBEI(IX ) al U@ & 1 ) 8 KB (FEE) +6(mod 24) 135, & 1 AR 12 A, X
FEEA O, N P,i=0,1,2; j =1,2 F5E B RZ AL ] +12 (mod 24) IEEFF R — il T4738 0,,i=0,1,2 1 2 A
XH. QKR X =2, Zmti3 & i KRAECR), FAEBUGIFEEE LI, XX = Z,, LN
R SE—N 5 PLi=1,2 AT 3 AN PE IR B0 42 80 24 AN TS S — N5y B= B, UB, UB, UB,,
AN B, HRERE 73 & 3 ANHRIEPPAT IR AN 2 AT
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Table 1. Base cycles of a (8,1)—PCSF(83)
1. (8.1)-PCSF(8°) £

Q() Ql QZ
R {1,2,4,5,7,11,22,8} {0,14,3,17,18,23,21,20} {6,10,12,19,9,13,15,16}
P, {1,11,4,20,7,2,22,17} {5,9,14,6,8,15,23,12} {0,13,18,19,3,10,21,16}

il

B, ={R.(R +12)mod 24}
{{1,2,4,5,7,11,22,8},{0,14,3,17,18,23,21,20},{6,10,12,19,9,13,15,16},
{13,14,16,17,19,23,10,20},{12,2,15,5,6,11,9,8}.{18,22,0,7,21,1,3,4}|

B, f& 1 BT 3 ANSEREIAIX 3 AN +12(mod 24 ) ALy, 1R 2 A~ 8 KR IE4F 2 & s — AN (4 il
B340, 1, 2 =AEDIAHATATIE, 302 3 M TAT I 4TI 3 A 8 KIER M 1ATH, —
2 AATI W B, FIHI N 3 ATHRTATROI AR R — N FATS), 2 AT
B, ={(B +6)mod24,( R, +18)mod 24}
={{7.8,10,11,13,17,4,14} {6,20,9,23,0,5,3,2},{12,16,18,1,15,19,21,22},
{19,20,22,23,1,5,16,2},{18,8,21,11,12,17,15,14},{0,4,6,13,3,7,9,10} |

B, j& 1 B AT 3 ANJERE +6 (mod 24 ) FiX 3 ANEEFE +18(mod 24) LR, EF 2 4N 8 KPEIELF 2 Lfmidt—
ORI 3 R0, 1, 2 AR EHRATEE, I 3 MFETATSS EATH 3 A 8 KR A
798, —JL2 AT B, AT A 3 ANHARPAT I AR BRI — D rRFAT ), 2 S PATE.
B, ={P,,(P,+12)mod 24}
={{1,11,4,20,7,2,22,17},{5,9,14,6,8,15,23,12},{0,13,18,19,3,10,21,16},
{13,23,16,8,19,14,10,5},{17,21,2,18,20,3,11,0},{12,1,6,7,15,22,9,4}}

B, /& AT 3 AN SEEAIIX 3 AL +12(mod 24) 41N, ER 2 A 8 KEIELFZ LBt — A5
ARBE3 A0, 1, 2 =AEDAARTATIE, —IH02 3 ANHRTATI: FE—171 3 4 8 KER —ATAT 3,
—H2APATIR . W By AT A 3 AT PAT R AR R AT AT ), 2 A PAT
B, ={(P, +6)mod24,(P, +18)mod 24}
={{7.17,10,2,13,8,4,23} {11,15,20,12,14,21,5,18},{6,19,0,1,9,16,3,22},
{19,5,22,14,1,20,16,11},{23,3,8,0,2,9,17,6},{18,7,12,13,21,4,15,10}}

B, 1 P, IBATH) 3 NI +6(mod 24 ) Flix 3 NIEHE] +18(mod 24) AL, K 2 A~ 8 K IELF 2 it

B HIRRL3 R0, 1, 2 =ANEDRHRTATIE, IR 3 AMIIRATIS AT 3 A 8 KR A

AT, I 2 AT HB, AT 3 ANEHETAT RO AR AN AR AT, 2 ST,
SARLTT T AA 3 LA IS 58 5% B E SO
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518 2.2 {74£(12,1)- PCSF(12°) -
WEW: SE45E 3 MBI K, ), 3R, BAEA 12 AT0E, WRE X =2, W 36 MIEECT RS
WRRAE3 R0, 1, 20 HEE 1, 2, 34

0 3 6 9 12 15 18 21 24 27 30 33
1 4 7 10 13 16 19 22 25 28 31 34
2 5 8 11 14 17 20 23 26 29 32 35

FTAr 12 KR (X Ay nT Lg% 1 iy 12 KR (LR +9(mod 36) 1381 7 2 AN KB 18 A,
XFEQ NPLi=0,1,2; = 1,2 /N5 B AZ R B +18(mod 36) IELF#4 s — AN FAT 2 0,,i=0,1,2 19 2 A
X4, O X EWEL3 Ri MAEBON), BB EBE B —, RX X =Z, FHHRN
RE—NRIGr . Pi=1,2 4T 3 NEERE IE 47 %) 4230 36 N £ — M Kl4r. B=B UB,UB,UB,,
i B, ={R.(R+18)mod36}, B,={(B+9)mod36,(R+27)mod36}, B;={R,(P, +18)mod36},

B, ={(P, +9)mod36,(P, +27)mod36} . FSMAFIFE 2.1 AT LABGIEREA B, #AEME 5 A 3 AMHIAFAT IR 2 A
FATH.

Table 2. Base cycles ofa (12,1) —PCSF(123)
2. (12,1)- PCSF(12°) £

9 o 0,
B {1,2,457,810,1431,11,34,17}  {0,20,3,23,6,26,9,32,30,29,33,35}  {12,13,15,16,18,22,27,19,24,28,21,25

P {1,8,4,11,7,2,10,35,13,516,32}  {0,14,3,17,6,29,15,20,27,23,30,26}  {9,22,33,19,21,31,24,34,12,28,18,25)

312 2.3 174£(20,1)- PCSF(20°) -
UEM: 58455 3 3R Ky p000 0 3 MEE, BN 20 NI, WAEEX =Z,, W 60 NTAETEIRS
WRREEI RO, 1, 209 DHEHE 1, 2, 34,

0 3 6 9 12 15 18 21 57
1 4 7 10 13 16 19 22 58
2 5 8 11 14 17 20 23 59

T 20 K REI(X A AT UGB 1 A 20 KR (JEIE) +15(mod 60) 133, 4 3 PRl 30 A, X
FEEEA O, N P,i=0,1,2; j =1,2 )5 B F1iZ K B +30(mod 60 ) IE L #4 s — AN F AT 0,,i = 0,1,2 19 2 A
XH. O Fm X L3 Ri KIIRAKGR), BMEUIST MBI IR, XX = Z, E AR
REE—NRIGr . PLi=1,2 I 3 /NEERE IE 470 423 60 N s £ — MKl %> B=B B, UB,UB,,
i B, ={B,(R+30)mod60} , B,={(R+15)mod60,(R,+45)mod60}, B,={P,(P,+30)mod60} ,

B, ={(P, +15)mod 60, (P, +45)mod 60} . FSMLA5IFE 2.1 1] LABGERE A B, #BHERE 2 A 3 A HHIRPAT 2880 2 A
AT
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Table 3. Base cycles of a (20,1)— PCSF(20°)
% 3. (20,1)- PCSF(20°) & X4

A b
0 {1,2,4,5,7,8,10,11,13,14,16,20,25,17,22,26, (1,8,13,2,16,5,19,11,22,14,4,17,7,20,28,56,
’ 19,23,58,29) 10,29,25,53}
0 {0,32,3,35,6,38,9,41,12,44,15,50,24,47,21, {0,23,3,26,6,44,9,47,12,32,15,35,18,59,51,
' 56,18,53,57,59) 38,24,41,27,50}
0 (27,28,30,31,33,34,36,37,39,40,42,46,51, (21,31,39,43,30,40,45,34,54,37,48,58,33,
’ 43,54,49,45,52,48,55} 46,57,49,36,52,42,55}

4. (k,1)— PCSF (n’ ) MU R EEER

9T A G, ST A NS, MR IR VAN 25 D2 SCHR[4]-(7] [8] (9] (A
W1, BAF R4 R i

we MK, Hhc Z2rKE, K, el K, A, %uluzeE(Ck)EZul=uzﬁv1vzeE(En),
W (v, ) (1., ) € E(CK,, ) » WIFR CuaK, 2 C, A1 K, BRI AT BN AT 8 AR RIS
e A i A AR B P A R 1

it Cuk, & C R K, B, W ERIAR ¢, BADERY, K, RICLAPEA S, Cuk, R4 ERATE
M B /R TR, SR, W,

BN E(CaR, ) TR NTATH 0 A BEATAERFEEIN m KW knfm A, MR Cuk, &
C, P 73 fiE i o

SEE 30 [7] (1012 k=23, n>10F, CuK, & C - 5, (kn)e{(12):0>3 H 1 A#%) H
(k.n)%(3,6) -

SEHE 321014 k21, n>1H, CuK &C,, -3, Hdn=ml, 1 NEEH.

Wi 1 17155 (k1) PCSF (g") LGk, & C,-FI RN, MAZEE (1,1) - PCSF ((gn)'

K3 1 H SRR F B AO N Bt BEAT AU IS, JERAN & B I — SR aRAE—iE, RN
e, FHCHA XN IR K, 1520 HH I B R4k T T B IE PR st AT A5 2RI Bt

EHL 4.1 (1) 775 (8,1)- PCSF((8n)' ). (12.1)- PCSF((121)') . (20,1)- PCSF((20n)' ), n>1.

(2) #7125 (8n,1)= PCSF((8n)' ). (121,1)~ PCSF((121)') (20m,1)~ PCSF((20n)' ), n>1.

EWT: (1) 3132 2.1~23 &, F24E (k,1)-PSF(K'), ke{8,12,20} . fE 8 3.1 13 CuK, .k €{8,12,20}
& C TSR, SRS 1| ATHELE (8,1) - PCSF((8n)')  (12,1) - PCSF((120)' ) (20,1)= PCSF((20n)')

nx1.
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(2) HSEHE 3.2 13 CuK, k€ (8,12,20} & C,, AT MR, SEFIHIME 1| W37 (8n,1) - PCSF((8n)')
(12n,1)- PCSF((121)') . (20m,1)= PCSF((20n)') . n>1.

KX EEMIE T (k,1)-PCSF(n’) M =Fb15 T, 2% SCHRI71F10] H4) BIK I T (2,1)- PCSF(2")
m25FI(3,1) = PCSF (6" ), m=>4 H.m=7 {7£EYE, {2 (2,1) - PCSF(2") . me (3,4} 1 (4,1)- PCSF (4" ,
me {34 BURRAAEN), SR |G (46,1) - PCSF((4)" ). me {34}, k=2 KULMRT
(8k,1)—PSF((8k)3) XK= KA, BEXT (8k+4,1)—PSF((8k+4)3) A5 8 Rt TR g3 2R
(12,1)- PSF((124)') » (20k,1)-PSF((20k)') . k>1. BT HRTIGHEIL, A X = Zppp, FIORE
+(6k +3)mod (24k +12) B H A “HERE X = Z,x Z,0, (5 +(2k +1)mod (8k +4)) 7T fit 22 i Pl
Ao L (4k,1)~ PCSF ((4K)" ), > 2 ST A AR Y.

E&WE

ZAHE T e RAEI T BRI SITE (R B - HESC SR 58 S SR AN
2024AHO050885, 2024AH050891), ZIPMV AR K FER g & TREHE SIE, 2024xjjxyjz01.
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