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Abstract

A fundamental problem in coding theory is to constuct optimal codes. This
problem turns out to be extremely difficult, even for a single code with affir-
matory parameters. In this dissertation, we will concentrate on this topic and
bring some new combinatorial construction methods to obtain several new class-
es of optimal codes. Our results will include constant-weight codes (CWCs),
constant-composition codes (CCCs), constant-weight covering codes (CWCCs),
and authentication codes (ACs).

The first part consists of Chapters [3] and [ In which, we will construct
optimal ternary or quaternary constant-weight codes with weight 4 and minimum
Hamming distance 5 via generalized Steiner systems. It was the famous Israeli
mathematician Etizon who first raised the idea of constructing optimal g¢-ary
CWCs with generalized Steiner systems. Later, Yin generalized this idea to
packing designs. Most of works in literature focused on the case of weight 3. For

weight 4, only a few results are known due to limitation of methods.

In Chapter [3] we will study the case of ternary CWCs with weight 4 and
minimum Hamming distance 5. For length n = 1 (mod 3), the existence of
generalized Steiner system was determined by the Euler Medal owner Prof. Zhu
and his students. We will establish a connection between some auxiliary designs
and group divisible codes (GDCs), and construct the optimal codes with other
lengths. The concept of group divisible codes was brought up by Chee et al. It is
the analog of group divisible designs in combinatorial design theory and shows a
great power in the recursive constructions of CWCs and CCCs. With the help of
GDCs, we will construct the optimal ternary CWCs with weight 4 and distance
5 for all but 8 lengths.

In Chapter [4] we will construct the optimal quaternary CWCs with weight
4 and distance 5 for all length n except for 55 values. We will improve an SIP
method in literature and obtain the desired generalized Steiner systems from

group divisible designs and super simple orthogonal arrays. Before our work,
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only some infinite classes of length n = 0,1 (mod 4) are known.

The second part consists of Chapters [5] and [6, in which, we will investigate
the constructions of optimal ternary or quaternary CWCs with weight 4 and
distance 6 using completely reducible super simple (CRSS) designs. This idea
is based on the work of Chee et al. in 2007, in which they obtained optimal
g-ary CWCs from disjoint designs and large set of designs. In Chapter [f, we will
use CRSS designs together with CRSS group divisible designs to get the optimal
ternary CWCs with weight 4 and distance 6 for all length n, except for n = 17.

In view of the important applications of these two kind of designs with CRSS
property, we will investigate the existence problems related to both designs in
Chapter[6] As a byproduct, a new class of optimal quaternary CWCs with weight

4 and distance 6 is obtained as well.

The third part consists of Chapters [7] and [§. We will exploit two special
classes of optimal g-ary CWCs and CCCs.

The researches on optimal CWCs with large alphabet usually focused on
fixed weight w and distance d and let length n and alphabet size ¢ vary. To
the best of author’s knowledge, the only complete solutions to this problem are
when (d,w) = (3,2) or (4,3). In Chapter[7] we will construct optimal CWCs
with (d, w) = (5, 3) for all the length n and alphabet size ¢ > 2. They are the so
called linear size CWCs. Our main tool is the Hanani triple packings (HTPs),
which can be regarded as the generalization of Hanani triple systems raised by
the Euler Medal owner Prof. Colbourn in 1993. The existence of HTPs with all

orders will be determined as well in this chapter.

In Chapter |8 optimal ternary CCCs with weight 4, distance 6, and type
2,2] will be constructed. When n # 5 (mod 6), optimal codes for all but 11
lengths will be obtained. For n =5 (mod 6), near-optimal lower bounds on the
code size will be derived from GDCs and skew Room frames.

The last part consists of Chapters [0 and We will study the CWCCs and
ACs with splitting property in these two chapters respectively.

Not only do CWCCs find itself having important applications in universal

data compression algorithms, but also share similar structural properties with
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several subjects in combinatorial design theory, such as Turan designs, lottery
schemes, and covering designs. These topics are well investigated by numbers
of mathematicians during the past sixty years. In Chapter[J, we will show a
connection between optimal CWCCs with specific parameters and group divisible
covering designs. Using the H-frame as auxiliary designs, we will obtain optimal
g-ary CWCCs with weight 4 for all n > 4, ¢ € {3,4} or ¢ = 2™ + 1 (m > 2),
excepting (¢,n) = (3,5), such that every word with weight 3 is at distance 1 from

at least one codewords.

In Chapter we will consider the problem of constructing optimal ACs
with splitting property. By the equivalence of splitting ACs and splitting designs
established by Huber, we will generalize the methods in design theory to construct
two new infinite classes of splitting ACs. The (3, 2)-splitting ACs we obtained
are the first known infinite family of (¢, ¢)-splitting ACs with ¢ > 2 and ¢ > 1. We
also prove that a (2, ¢)-splitting AC with k source states and v messages exists

for all sufficiently large v (with & and ¢ fixed).

Keywords:
g-Ary constant-weight codes, constant-composition codes, constant-weight cover-
ing codes, generalized Steiner Systems, completely reducible super simple designs,

group divisible codes, authentication codes
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Chapter 1

i

O L PR 2 T R T AE A R E T AR e A A R 2 R ) T
Flo 19484F, Claude Shannon&K % T FGIPER 18 3 “A mathematical theory of
communication”, VA AFREmGEE IR IERIEE, fEREEMN60ZEF, it
WEMKRE, WS 7T — RN EZERIR, FESLFRAETEE 72N,
N ELIR A R % A DA R I8V 22 Bl A7 A AR S BOR [ 1 2D B0 T I8 S () e
fitlho

WAT A4 35 O RS — B2 G A BEAR o ) — N R A A8, ARG A HE R 1
REERE A NV T & P &R TV R A E AN [F] RS, B 20 &R L
LB T HFR S AFEa . AL ol Aades. TS N TR
B Aeis R A AR, NITTHE R T2 A, BIE— 244 TS
ZHATREA B IUE. BTSSR A, AR BLA KAL) i
KBRS 2 A B e G b ) — S B ) A 3 HE R A B X L A
i,

HEWITRAEEHEN— D03 ERENE T E B IE BV 2 2R
B, FEAl ALY B, THENUR KRR ST A E T2 R .
HE VT IR PR A ) )R BT AR TR R . IR, A S e
FUI AR R AR R T 2 LA S BT AT o S B N T SRS BT AR AE
PR Lo A SO BHER S MDA FEALRF S A A WS, A F
H Y (constant-weight code)s H HEE A1 (constant composition codes)s
HE Y (constant weight covering code). TAUESY (authentication code) .

BED

HE R AL R E AR [107), &R AR R A
Fe . A EAE T 7T AR 2 AR AR R IR R LAY, A IR AT A
HEE A, SEORHEM. SFRWEMSE. b, BT Ea e DRI
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— AR SL, H—EHAEEEMIERE N FEk, W EEEILSL A F
WA T RKEMNH, $HTCDMARS. HATHPEIN. HIlAE REET
Z . A, B AIE RS A A T Y 2 35 44 REURUE AR AH B R
PRI A 2 BRI S0 AN S BR NF H R0 R S, W B g1 T AT A A

XPonH EM, R KE n, EE Nw, DY A
H, WA, dw)FH T CAA3 TIRZ 4R 19904 Brouwer /£ IEEE
Transactions on Information Theoryt & F K] L E“A New Table of Constant
Weight Codes” [19) R F 1 K JEn T8 T-28 () T A e M — o =505 ) A =
B AEREEL T . X CE BRI i — DM EESR, AL
JEEESCEREFCH T, IR A R H AT WX S (] AN R B
117 HBPASET BAME R 5 20 R HE R

wir, MR IC R 2 N, a0 R SEAEIE [46]. DNATHE Pz T
B2 Py 2\ BT [I0T, D10 h B E N A, AF oo EA I 51k 7 AATH) EAL,
A7 SRR 2 1) S B0 FL A R Ry 3 5 75 THI ) I JEUR T 1T A, AR T AR 22 B
R, an[Ts, 22, 23, 26, 59, 60, 102, 115, 131133, 135, 159)%F.

KT ZouH ENY, HAZO S E R €S8 T &I 2 n s ZS RS
N, BIA (n,d,w), HHA(n,d,w)ERKEAn, w/MXHEE N, HE
Nwhgrehy, Bl(n,d, w) M H 8 KA BRI F . % TIXEME, —HBMNPH
NI REITITT: —FE A (n, d,w) EFHIRE, —2id k) B AR m
% JUH A,

KT ZoowHEMG BRI E, &0 5 HSvanstrom[I33] FFu[60] 25 H
1 JohnsonZKE AL )ik V7 5. BAMR Z 16 00 T W LIE X AN Fg B, (HEAE
FHLAEN T ES QM T FEE — B, 1 AR B ) bl R A —
SeRF R NEAS R, HeanTh G RS TV O W E 2 B A AT B
I3 bt

XS L2 oo B RRE, WA RIH G IR, AMIA BN KEZAE
HNIRGIEA R P, £S5 F,  Ostergard MSvanstrom{¥ fEn < 108, KT
BEHd, wih T Ay(n, d, w) AEBREEC . HAT, XW&ILZuH Zi ) H a1
i A LT 5k

1) 19974F 1 DL th 51 25 42 $0 % K Etzion e 24 1 7 — KA £ o w =AY
5HEEMPFENME, FFRZMEEPR N LSteiner & (generalized Steiner
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system) [56], HRMIGEKE Jyn, EENE, HS/NNHEER2E-31 & g+17T
WEM, S ENINIHE R G TR Z &R I, 153 TR
Z &R (N[0, 32,33, 56, 6264, 73, 116, 117, 151, 156]%5 ).  YinZeit) ™ X Steiner
ZAETRIHETEIE DL, RIS AN LT L Steiner R A7 (E )00 L&A, M3 —
SR Z o BB [07, 156]. R0 H 8 B 7T TAE 2 24 Hh 7E 5 & 31
B, HEEONAR, BT ARG, RERAZ.

X E R ON4, /DT ER B SR s = 0 H A, Bl(n, 5, 4)509, i,
WufliZhu (KK $7 23K 45 5D £ 3C[97] *H, X Frfn > 10, n = 1 (mod 3),
n ¢ {13,52,58}, WFF T ) X Steiner R M4 1&, MM #E T Az(n, 5,4) 1) #E
Hof. (EEpE ., BRATHIR T HE KK F(n,5,4):05, BT —
T Bl i T frame-GS 5 Rl 20 65 (K &R, IR H Al 23 265 10 90 34 4 3 75 7k
AL En > 4, B Tn € {12,13,21,27,33,39,45,52} LLANEIFT A K & o &
T As(n, 5, ) HETRE. A FENECKETIREIEEE Transactions on Infor-

mation Theory.

{HIR X P72 g R, BT 75 A 3G BT AR K, o B i 2 0
IR 2. XrEE N4, SN NS RO T H B, Rl(n,5,4)s08, 34
KBEn = 0,1 (mod 4) B, RETLECT4, [75, 150, 165] & 45t 7 —Leiyis 75
VERIE D I TE T K, ER R B IX AN ] () 58 A R v A AR dze. (R SRldlEE R, FR
ATt R ok S F o STPAY I v, T AT 0 i T MR R B AS SR FL AR A& T
M Steiner &, (FIF{EMIEE /NS NG . BRAXA L, Baa—
LRV — S A Bh BT, frame-GS, IATMHERR > 4, B 155 AHIE K
PASL, HH5E T Aa(n, b, 4)ERIE. KBNS CKETIREIEEE Transactions

on Information Theorys.

2) 20074 Chee%8 75 C26]H 42 H T H & & AITH AL it KES—
e L2 o AR, TR T E g, nBiE T Ay(n, 3,2) 1A, (n,4,3) K
{623, 26], fELIERE I, 765 b, AT L T X ALK/ 4 58 4 T )
B 1H (completely reducible super simple design) 5 f(n, 6, 4),85 K1 5.
sia— MR, e AnE s At XA R DUE 1R I 3
W By o 204, 45 &R or A R VAR IE VR, RATMHE R K En, 5841
€ 1 Brn = 17TRAAMP TR As(n, 6, 4) FIERIE. HRH H AT am g /A
£ Ostergard MSvanstrom7E 3C[IT15] H e FIK FELOLL N (Il AFAECK
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KT HREIEEE Transactions on Information Theorys.

H T 78 45 T BT BB (I 22 0 B, T 58 4 ] 20 B R] A st
X0 N AE ) 36 A N A RN IR 2R, TR S H A S E RV R, AR
el b, BAERY T KA KN R, FRBO3I A T AR B B, XL
N4, FREON2M— B 56 4 ] 2058 5R] 75 20 Bt A BEH S AR AE IR 1), T
HE2 T —KHPImh(n, 6,4), i, ATHNANEC KK TIREDesigns, codes and
Cryptography.

3) W2 o H BT TAR, 2R R E E o/ N,
1M ik BEn S Juq e s, B2 oo EAS AL v /. H AT 2 AR A 58 8
i1, RAASH(d,w)BUE (3, 2) (4, 3) B . 15 3C24)F, CheeZsE X AT
Bq > 2, /937 HEN(n, 2w — 1, w) M RHIT S5 R, A ATTFRIZ AT 2 4 Ky
ff1, BIAA (n, 2w — 1,w) = O(n). 1EEEE S, BATSHIEKEn, ¢>2, i
E 1 Ag(n, 5, 3)IHERRAE. EARRY, JRATE 7MY 5 Hanani = o 3H 78 1 Bk
%, TMHanani = oA R EH G IFFHanani = U R/RIHE)T, EEEELRAES
ZKStinson, Colbourn (BRKHuHIRIGH ) FELE1993FHE H FFME L 1 [140]. fEA R
Fr, WAIAMEES T H5(n,5,3) AR &, IR HHE PR HN, e
fif k7 Hanani = JGIH 7 A E M.

REESH

HHEE AN (constant-composition code) J&—JFSRFIRIH B, & E K
NS R TG 2 2 T R AR R ). B R S I B R A —
AW, BT HEZHEE. DNAM, BZa@m. BT 51557 2 07 1
B, EHEITEARCR, M EEEEEA T RSN 17, 133, AAf]
N T EE R AR KA R NI T SR SRR, it EL
WEITE[IG], T3S, 49, 50, 93, 144, 153, 154, 157, 3e3Edit[Is8], £
1 AR AE 26 M iR 338, 47, 48, 51, 52, PBDMIAL 5 [25], 28] Fl— L8 HoAt (1) 5
5 [105, 106, 134, [149] %%

FESC[25], Cheef542 1 % HA4 i 2 B 24 HI K AT 23 2HAS O R & DL A S5 20
R R R L . FEERREE R, AR L T KAl LD S RO,
/N BE B N6 iR = e EE A, Bl(n,6, [2,2)):f8 KB R. BATES
H T — M H A Room frameldi& M AT 73 AL 1) 0772, 456 — LK R/,
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AR — S ] S I B IE, AT EEn #£ 5 (mod 6), B 1 11/ME S
T 1 RS RSN, Xfn =5 (mod 6), FRATHEH T IFH) T 5t

FEEESN

W HE7E 7Y (constant weight covering code) M]3 2 N & B ¥ [k 46 5
15139, B0 AWEF TN S, HASFAE T FANE S 02— MEARNHE T
B EAEOTER T, A ENEEN KA ST, Tudn it B
TR B, Al LN 2 AR N BT TR

S K, (n,w,t, FEE K An, BRNw, GAERNT 5 E by
{5 /1N U B B 2 R g e i B 7 5 A A B/ N T BE RS A B fE SRR R, R
VS — R EF G rHE G KR, 46 bt H-frame,
BATHER B S0 > 4, g {3,4}8Eq¢=2"+1 (m>2), B&T(q,n) = (3,5)
PLAL, SERE T K,y (n, 4,3, 1) EE. ARENECDKEK T HRE Designs, codes and
Cryptographys

A IERY

FEINIERY Cauthentication code) FFRAERE AL i [122-124) 127), — At
ar il BAE— DA LR EFTERIEE B — MRS, T — DB X MEE I
B ds. £ — D Hr 8O r g Bl 108, MANFEIR 2 e {FE W EE
B R S 4 R B AEAR R RS R0 e DMARIE S, FFImA—A 5 2 k%
Fri S EAFRFRIE R, I BRI AR ER. ARXMHIERET, &
X DA ER B 3 RS0 RT B 43 5 4 iy W2 B HONOMIL B M i), 248 1
RZHTF AR, SRk > 208, X573 2GRS B FE AR 2D

FESCIO2, Huber s THMMG > 20, A2 IIF S AR B HHER,
SRLORE H L FRATTIE I 3 43 B BT R M3 B B R 1 B A E . Bk
Hy, JATE T — e 5H GRS TP R H BB, Wor%e-GDD, 3
ME AR, JHET TA SO RGE AR, B T R E . AE
WA B R EK T 42 E Advances in Mathematics of Communications.

A8 3O i LT 7 R0 S B BRAR TR R 22 RS [ B TH AT A 3 T
e SR, AW HRMEM K VEIRR 2, S T ENGE LA —
Bo LI TIEH, VR AR SHR R i B ie A& Wit 7%
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AW 1A B A A S R AR 1 S0, AR AT T 5 DL mT
ZWXH IR, BRTAEFEACTFAIR, PR fa A EBiRzAL, BOEEMA S
LA I,
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EEKENMFTFS

FEARTEN, AT B ISA A BT i — B A T FSEA
g5 R

X m < n, Xm,nlBnES{m,m +a,m+2a,...,n}. Ha = 1#7,
WAVE Fhra g, WAVEEREEER, Z2/nZiENZ,, EFBEBEILNZ e X
FEEMAMEGXANY, X x VIEHENKERRB, ll: X xY ={(z,y) :z €
X,y eV}l X—MHRESGXNEHN e [1,|X]], id

(f):{AgX:|A|:n}o

2.1 4

SXMRZEAMRE, RYERR—DKENX|KRERES, LA m
Hu € RYMERTHUE, FFHXTI RIS, B u= (u)eex, AXfERD €
X, u, € R

M RKE AN gLBH R NEREC C LY, HPX] =n. CPRIITHERMR
N T, — A e ZXTXAZTEEXN|ul| = {z € X - up # 0} WS
Fu,v e Zy IR AEH, LNy, Hotdu(u,v) = lu—v]. XMEEREL e Z),
& N ult) L& Nsupp(u) = {z € X : u, # 0}

FATR—"MECEA (RARXA) BHI, MEALEWMHHREF,v el
du(u,v) > do BINFEARSTHHIRATAN T2 B &R 2 e NI BE RS, 1 RIHERE W, 4
AT —MER S, iR R E R/ DUIE . IR EEE T € C,
Jul| = w, BAFARCEA (F) £2w. WAHE—NKE n, BHE N, E
HAwguHBEW, LA, dw) . —(n,d,w) 54 B EAEREFR 9
IR A, HEERKT BB N EICNA, (0, d, w)s RKADIERNA,(n, d, w) IS
BERR N2 AR Y

Svanstrom 7E3C[I33]H 45 T A, (n, d, w) i 3
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5138 2.1 (Svanstrom [133]).

n

Ay(n,d,w) < { Ay(n - 1,d, w)J .

n—uw

5138 2.2 (Svanstrom [133]).

Ay(n,d, w) < {”(‘-’w_ YA n—1,d,w— 1)J :

— MG Fu e CNELZ —THED = [w, - ,w, ], FHEER €
Zy \ {0HE HFwiike RCHHIRAMG T H A E Ew, BLRegut9CE A #
26w, —NKEAn, B RN, BEEEAGw0qniSic Nin, dw) . —
A (n, d,w) 45 RS = AN B PR RS ) Ky, IR B B OK AT RE A A 2K
WAHA,(n, d,w)e KNEZIA,(n, d, 0)FIRSPEFR AR KK, —K, AKX
Ew = [wy, - ,wq_l]EP, Wy 2> -0 2 W10

Svanstrom &5 £ E [135]H 45t T A, (n, d,w) K —> 5

5138 2.3 (Svanstrom%&[135]).

wq

n
Ay(n,d, [wy, ..., weq]) < {—Aq(n —1,d,[wy —1,... ,wa])J o

2.2 Wit

—NELSFZ R (set system) & — N wH(X,B), HFXE—/1EE,
BRXW—NTEE, MARE, —NMESRANNSORZX T A xt
— M EREBHEK, MBEMMEEB e B, #f|B| € K, BAM(X,B)NK-—%
49,

XA AERBHERGK, — DRt (v, K,1)-PBD) B2 —1Hr
WM K-—8MEE RGU(X, B), 145X AT B AR R 08 U IE B —
AMXAH. —ANILRE € KZMEMN”, LNk, B2 uiXANPBDIGIFH —4
KN NEHIX .

5|38 2.4 (LingZ5[104]). *H& & %40 > 10, v ¢ [10,20] U [22,24] U [27,29] U
32,34], #8#&4£—A(v,{5,6,7,8,9},1)-PBD
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5138 2.5 (LingZ¥[104], Colbourn®s[44]). 4= %v > 10, v ¢ [10,30] U [32,41] U
[45,47] U [93,95] U [98,101] U [138,139] U [142,150] U [152, 155] U [160, 161] U
166, 167] U {185}, AR A A& —4~(v,{6,7,8,9},1)-PBD;

5138 2.6 (Colbourn, Ling [45]). 4= %v > 11, v & [11,56] U [58,63] U [66, 71] U
[75,79] U [101,109] U [111, 113] U [115, 119] U [126, 127] U [133,135] U [155, 160] U
(166, 167] U [173,231] U {239} U [247,287] U [290, 295] U [299, 343] U [346, 351] U
[355,399] U [403, 407] U [411,423] U [426, 431] U [435, 439] U [443, 448] U [452, 455] U
[472,497] U [499,503] U [507,511] U [580,582], Ak 4 & £ — 4 (v,{8,9,10},1)-
PBD:.

518 2.7 (Rees, Stinson [118]). —4N(v,{4,w*},1)-PBD, v > wh /£ % HAX
Ho>3w+1, H:

(1) v =124 (mod 12), w=1%&4 (mod 12); R#&
(ii) v =7%10 (mod 12), w = 7310 (mod 12),

S(X,B)ye—NEBRG, G = {G,...,GYREAEXH—1NR4,
RNl War—N=Jud(X,G,B) B NZE—T 5 483X 1 (group divisible
design, GDD), IR X FATE R —AH B S0 E G B BEM X A A, B XF
ffBB € B, GeG, |BNG| < 1. WRWNEEB € B, |B| € K, B4
FR(X, G, B)N(K,\)-GDD. WIHRK = {k}, f&ic Nk, \)-GDD. WIHFEN =1, fi
LA K-GDDBk-GDD.

AGDDHIE R AL EEG] - G G RATEE SR Bk
RGDDRIA: BRgigy? .. gt RaAMER = 1,2,...,t, Au MK Ag A,
—/NEURTHI (K, A)-GDD (k< v) FRAN— D -FH R 72 4 K@ikt (balanced
incomplete block design, BIBD), i2H(v, k, A\)-BIBD

3138 2.8 ([66]). —ANE K ¢“89(4,\)-GDDAAE S ARE (D) u>4; (i) Mu—
1)g =0 (mod 3), () Au(u—1)g* =0 (mod 12), IR T B Z 1E (g, u, \) €
{(2,4,1),(6,4,1)}sbe AZXBEAHILT, THALZHFGDD,

— AR (k, A)-GDDHEFRA — A48 %+ (transversal design, TD),
I ANTDy(k,n)e 3\ = 18, HiIZATD(k, n)s
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5138 2.9 ([3]). AmA—NEEK, A
i) &Fm & {2,6}, HLE—ATD4,m);
i) Fm ¢ {2,3,6,10}, HE—ATD(5,m);
i) Fm & {2,3,4,6,10,14,18,22}, HE—ATD(6,m);

iv) Em ¢ {2,3,4,5,6,10,14, 15, 18,20, 22, 26, 30, 34, 38, 46,60}, &£ —/
TD(7,m);

v) #m & {2,3,4,5,6,10,12, 14, 15, 18, 20, 21, 22, 26, 28, 30, 33, 34, 35, 38, 39, 42,
44,46, 51,52, 54, 58, 60, 62, 66, 68, 74}, A& —/TD(8,m):

vi) EmA—ANFRE, ALE—ANTD(m+1,m).

— MNGDDFR R — 289 an 2R B 4L i K /NER AR A X 4H R /N 3 Eka ) — 2
FIGDDIIAFLERE D& e wiifE (AL[66] ).

X R gum i 3E — 3GDD, XA K/ NSH, BEMAAENECE T
i ColbournZE iR [42]. XK/ NARE, GeZ5EXt e MIAFEE M TR Z A5
TAE, 4n[69, [70, 761 78] 5%,

W 7R GDDF) 3 2 T 1 Wilson s3EA M iE L (WFC) (IL[ET]D.

FIXE 2.10. 4 (X, G, B)Z2—AGDD, w: X — Z+ U {0} 2 X L&) — A3,
R EERAB € B, A/ E— N A{wx): v € BY¥IK-GDD. R4 A1
—ABALY cqw(x): G € GYHIK-GDD,

— AT ik (DGDD) & —AMUTTA (X, H, G, B), X2
£, HAGHESZEX R GrAFNRAIA), BeXF i —ATHER 1

(i) MMEEXAB € B, FUEZINH €, |BNH|<1;

(i) X PR AR —4eft, FLASTE IR o 0 6 28 A0 A th B — A X
Alef, HAR AU HILAEAE X L,
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BAMXHARDNRETH TR, BHuN KD NgRIH, BHEADZ oA T RA
HHIDGDDIE N —A N (g1, RY)™ (g2, hY)2 ... (gs, )" I K-DGDD. —/Nk
Tomikit, — M N(g, 19 K-DCDD, i NE g K K-MGDD.

Lv > ke = (v, kNSRRI ECON{k}-— RS RS(X, B), I
X AR S RO i 2 R ILEBIIA X A b, 3R A KD, (v, k, 2)8 2 —
(v, ky \)-3E 78 A R T R Y X ZH 4

SIF8 2.11 ([129]). (% —JohnsonS*) Dy(v,k,2) < Ux(v,k,2), H+

Un(v, k,2) = E H:—_ll)H .

— N BRI E-— BUE B RSG5 -F 47 £ (partial parallel class,
PPC) mie —H A AT XAMES, B AR KO WRECT [ v/k]
MXA GEAMPPC), B IWFR AR & K 6. a1 R E A8 1 % sl SR 1) — 4> &)
9y WAFRZ N—A-F4 £ (parallel class, PC)o —PNGDDHLFR A& T 4 g
89 (resolvable), IR RIATA XA LRI BCFAT RIS S — A1 7
fK-GDD, fijid ¥K-RGDD.

5138 2.12 ([41]). — AR AL 69{3}-RGDDA £ % B By > 3, h(u— 1)21%
%Ei’ hu =0 (mOd 3>*H‘(h> u) ¢ {<27 3)7 (27 6)7 (67 3)}°






Chapter 3

HAr-XSteinerAMERM=TTEEDN

3.1 SIEMEELER

WOE S gD S P A B AR [I07]. oo H BN A 2 W A1),
128). feift, HTIEZJChSE 2 N A, WA 30 %5 18 [46). DNATHHE %
HRFHI 0B [I0T, [T10)%5, 2 o BEAG MG RS 51 & 7 AT EM. H
i, KEB TAEREFTEA,(n, d, w)IFE L. RATRES2— FOH K%
W 9¢ LA

(i) 3Z[26l, 56, GO IE T (n, d, w), M5 10— Mt id.

(ii) 315l B9, 115, 13T, I33]X%— M dMw, BT T As(n, d, w)FI{E.
(iil) 3C[10, 132, B3, 56, 6264, 73] 116], 117, 151, 156])#F 7t 1 A,(n, 3,3).
(iv) 3[67, 74, [75, 07, 150, 152, 162, T65)F 7L T Ay(n, 5, 4)s

(v) X[22 BO)WHFT 1 As(n, 3,4).

(vi) 3C[23, R6IRFTE T A, (n, 3,2)F1A,(n, 4,3)
(vii) XRAWFTE T Ay(n, 2w — 1, w)s

(viil) SC[I59)85E 1 As(n, 6,4).

7E Ostergard fSvanstrom () 3C & [TI5] 4, AlATI4 H T — 2405 As(n, d, w)
EHRARRE T, ERE T KB < 100 AN R E R RAITE
H018HFIH T KR 100F,  As(n, 5, 4) FIHERA{E.

I~ X Steiner RGS(2, k, n, g)+& M EtzionfE X [56] 2 (1), F kit K
Hn, HENE, RNk —38g+17em M EiD. YindHE) L Steiner RHE
FPHFE O, K — K Bt iE & I 2 7o B ([97,156]. AT GS(2, k,n, g)C
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* 3.1 Hn < 108, As(n,5,4)E
n 4 15|16 |71 8 9 | 10
As(n,5,4) | 124|713 |19]30

Z A TR 2 W5 AR, Bl n: [10, B2, B6, 62-64, 67, [73, [75, 97, 116, 117,
151, 156)%F. 1074, Ji, WuflZhuif B 74 %n > 10, n = 1 (mod 3),
n & {13,52,58}, WALFE—1GS(2,4,n,2). HILFNIFFH:

5138 3.1. F4E&En > 10, n = 1 (mod 3), n & {13,52,58}, AL —A KD
P ) 4 % 4K (n, 5, 4) 38,

Ao S, BT A G R 5 H %k, 2 HChee, GeFLingfE
SC[25) 7 HE . IR AD AT DL AR RS AN S A R A . A
o, AR FH AT o A R 3 A K BEn i) B (n, 5, 4)5053. FRATX BT A K
JEn > 4, BRT8MAHEREN € {12,13,21,27,33,39,45, 52} 4k, HiE T i
K B (n, 5, 4) 85 HIAS T AN

TR, Xtd > 2w, Ay(n,d,w) =1, FIki3I2R2], BA1%55:

238 3.2. Ay(n,5,4) < Lg {@H = U(n,3)e

AT, RAHRIR (1, 5, )50 FFHU (0, 3).

B LRI R AESBI Y, Bl LA G e AN R A
W FESB T, FRATE ISR (n, 5, )58 TERBAR, KA
FO = B4 AT 4

3.2 EFFIRAMELRMERE

WEtzion[B6] MY in S [I56] £ X H Fr ik, — N2y EHI(n, d, k), B AT LLIE
A IE — AN RNG I {k}-GDD, (I, x I, {{i} x I, :i € I}, B)#3%], HHr, =
{1,2,...,m}, dREIIFERIER. SMEREXH{(i1,a1), (is,a2), ..., (ix,a)} €
B, BAITUGENSERL < j <k, EHi N e, HEMBRESD—A
KB An 8 = i — N2 g 1 {k}-GDDR] LAJE B — AN BE & 2k — 31
i, IAEFE N —AT XSteiner® (generalized Steiner system, GS), ic
HNGS(2,k,n, g)o
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N I frame)” X Steiner & 1 5E g HJi, WutlZhutESC[O7] 45 Hi .

n = hyuy + -+ + hyuy, PRLI—DR70, HbGuN KA N, @ =
12t AL x I, {P x I, : P € P}, Bye—MH(hig) ... (hug)“{k}-
GDD. XAEE — AKX H{ (i1, a1), (iz,a2), ..., (ix,ax)} € By 2i;W 6L B Ha;,
1 < j <k, HRHEAO, ﬁfl‘]%ﬁ?—/\&/ﬁ%nmm?o LB NG
M k}-GDDE RIS BIFE B2k — 3, TATRRZ A—DNEEARY .. b [ frame)”
X Steiner® (8L WIF N frame), id Aframe-GS(2, k:, (R{ . R, g)e FRATTHR
XAM{k}-GDDIIH Aframeff 48, i NG, {{i} x I, : i € [,} Nframeff)iA, i
NH. 5GDDEML, frame-GSHIHMEZ HET = {|P|: P € P}, H“fa#"id
AR LR BAR, —ANGS(2, K, n, g) R — Mrame-GS(2, k, (1), g)o

Chee, GeMLingfESC25]HHtH T Al 7 A O MES:,  IX AP AL 76 B B AL R
HE SRR G A AR

LEueZy, Y CX, SufEY ERIR&, idhu |y, £—NHEy e Z),
fEfHv = (Ug)zeyo

X, Sv e Z), YV C X, vEXE&®I K, v, 21"

Bue ZYX, fif3:
Vy, BT EY;
"o, #meex\v.
BERECCZY, AC1X ={v* :vec)

— R B A °T 44828 (Group divisible code, GDC) Hi2& —1~=7JC
H(X,G,C), Hhg = {Gy,...,.GIREEX (|X] =n) W—DHI7, C C
Ly — MK Anfqro iy, AR E R A Bu, 0 € C dy(u,v) >
d, HFEHMEERu € C, 1 <i <t |ulgl < 1. GHIITEMRNL.
RCAAH HEw, AT — N NdHIGDC(X, G, C)id Nw-GDC(d). W
E&u € CHIER W, EANEZXANGCDCIENT-GDC(d). GDC(X, G, )% 2
— N2 HE{G| : G € G}. HGDDIIFRRELL, TATH 48K RGDCH]
B, GDC(X,G,C)HIR/PpRIC. HEEEI—DKRADAsKI(n,dw) BENE—D
o1, RN NsHIw-GDC(d).

Hiframe-GSHIE X, FATHU TSR
5138 3.3. W R A A/ BB R A frame-GS(2, k, (Y ... h"),q), k24 H&
B—AR AR KRR (g + 1) Tk-GDC(2k — 3)s
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HEIL 3.4. oA H AR R3S, K AH60; A A306, K AH120; A A2v, Kb
7‘7%, we {7,13}; BAHGY, K IAL2u(u—1), ue {4,5}894-GDC(5),

TN ECE GDOR EFM G & 5 T — R =077, IE— AR G
WAL, WIVER R RSB EE GDC T A, Hit, FATEFE NI H—
AN SRS, ARG AR EE How B R RS 2 BT A i .

RNT AN, M—PNGCDCHIIEFu = (up)rex, FRMNTRFIHE Esupp(u),
HH FAr kR R IEEr € supp(u), u MMEH. 7 FXH, WREAHRHIEL,
FATHM B FM @ SR E R S E L, MRFE FAsA3).

5] 3.5. &X = Zyy, BEANG = {{i,i+10}:0<i <9} MA(X,G,C)#tA—
ANRLA20 0 KR 12089 = 4-GDO(5), 4 RCAE T @A FIEHRAS1213 5

11000200020000000000  10020100000000002000 10010000000000020200
10000012100000000000  10200000010000001000  22000000000020020000

KA, Fhb, BMLTAHLCAE T @58 F ALy F+1 (mod 20) & FF M
HH TR IF3):

(01,11,52,92) (01,51,162,32) (01,31,152,172) (01,61,81,72) (01,91,161,22) (02,12,122,152)

EAR, BR2YM) = Ju4-GDC(5) 2 s AL(20, 5, 4)365,  FAE 185 F AN 5L
BT 5 HB.2H i RS

5 3.6. X =Zy, G={{i,i+4,i+8,i+12}:0<i<3}o AA(X,GC)%k
R — AR H4t, K H64E = A-GDO(5), dew RCR & 4o T A F Ly E+2
(mod 16) & T3 %] :

(117817141572) (017517717142) (01711721732) (117617112702)
(12,32,42,142)  (11,41,152,62) (11,71,22,42) (01,132,62,72)

3.7 A 5%EX ={0,1,...,29}, 4G = {{i} : 0 <i <23}U{{24,25,...,29}},
AR 2(X,G,C)iA—NARA1H6!, KD HR27669 =T4-GDO(5), 4= RCAE4=TF
FEE O RIMEG = (024 - 22)(135 --- 23) (24 25 26)(27 28 29)) & F 47
éljo

(12,22,52,72)  (01,51,251,202) (11,52,152,285)  (01,41,162,102) (11,51,221,231)
(01,261,92,12)  (01,61,211,132) (11,81,102,115)  (11,21,132,202) (11,141, 161, 245)
(11,281,02,22)  (11,111,92,252) (11,82,125,195)  (01,232,42,242) (02,135, 162, 265)
(11,61,271,32) (11,121,241, 72)  (11,91,22,272)  (01,172,82,272) (11,291, 62,215)
(01,141,291,52)  (11,251,42,185) (01,161, 142, 28)
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BT R S T GD ORI TE 3 [25) R 44 e

¥J3E 3.8 (CheeZE[25]). (FEAMIEE) Ad<2w-1), (X,G,B)Z—4GDD,
Wi X = Log— At g, HEETES C X, 485 = Upcs({z} X Zuw))o
BxxEEB e B, BE—ANAEH{w(a):a € B}, K DAcgty GRAN) gw-
GDC() (B,{{a} : a € BY,Cp)o " 4(X,{G : G € G},Upes(Cp|¥))it £ —A
BALY cqw(x): G ey, XKibAY ppep®gtw-GDO(d). #—F, 4R
NGDCH % 26w, 432 @A % 45w,

B 3.9. A 312 g —ATD(4,5) (X,G,B), F Bk KM EKTHEA E 44
(Bp: sEFr € X, w(z) =4). MEED € B, w#s.dF £ — MR A4, K
R 6489 = T4-GDC(5) (HANARZAMAGDC)e A A HATHAF R T —AA
#20%, KA HF16008) =T4-GDC(5)s

#)i&E 3.10 (Cheef§[25]). GEH) 4d < 2(w — 1) BRE(X,G,C)& —A
X D AHabygtw-GDO(d). # — T RX, *NHEEG € G, AAHLE— KD
Heat(|G), d,w)y#BCqe AFAC = CU(Ugeg(Cal )R —=AK DA a+ Y oeg ca
B(1X],d,w), . A8, 4 RCACe, G € GHE LLW, M AMZB QMAEA
# 2 AW

B 3.11. A5 g —ANAELH20t, K H160049 = T4-GDC(5). 3.5, &AM
B —ANTRA(20,5,4)378, EA H20494-GDC(5) 8948 LA NX AR, #1F
5| T — AN AR (80,5, 4)3 7,

VEE: MISBI0ME BRI, SEAECDCHIEL EIA/MICDC, K
BEIKIIGDC. Flhn, AR BRATEB. L 5 2011 = 7t4-GDC(5) 4 F
N2, KN A120/0 = J84-GDC(5), FATHASE] T — 1820, KN
N2080/1 = 714-GDC(5).

Mg 3.12. (UBHKIER) 4d < 2w — 1) BIX(X,G,C)R——A K Hchgtw-
GDO(d)e X =X X Zp, G ={GXZp:G € Glo #H— Bk, iE&ED
Fuel, HBE—ANTDw,m), (supp(u)XZpy,,{{x}xZ,, : x € supp(u)}, By)o *F
£ &DB € B,, #Wi&E—" v € Zf, (VB)(@i) = Uz, (2,4) € B, EClZEANE,
A4 (X, G, Usee Upep, VB)Hh A —AE A {m|G| : G € G}, Xk Aem2#giuw-
GDC(d)e #—%, WmRBRIEQGDCH F B 4w, M AFRGECDCEA F A

AW



18 JUSRA 5 G % i) FEURE 7E

5 3.13. é!%li&-‘/\TD(zl 4)o AAERS R —ANAH6E, Ko A 1448
ZT4-GDO(5)e w319, &KAVFE T —AA H24Y, K #230489 = Td-
GDO(5)s é&ﬂ'l])&ﬁﬁ/\ziﬁi/ﬂf"m/764151'34-G’DC( ) A AR K

& 3.14 (Chee®¥[25]). EIMy MR Ay € Zspo BIX(X,G,C)Z KAy
(£) gtw-GDO(d)e AYR—ANK DAyt E L, FELEXTHAR, 4X =
XUY. #t—FBiRA AT o) #:

Z) Xﬂ"‘/]\gﬂGo S Q, /{%‘E"/]\k’J‘yyCGO%OGol +y,d, w)ql%CGO;

i) MEFEBG € G\ {Go}, HE—NRAHUCYL Kb Heghgtw-GDO(d)
(GUY,{{z}:2 € G} U{Y},Cq)»

A2, (CPIU(Cao ¥ )U(Uaea(ao} (Cal X)) FER=A KD A ctcay+ D geg o €6
B(X| + g, d,w) e B—F, do R 2okl AR W LA, 415 8
LA H B AW,

5 3.15. X Z HKAIHE —ARA(30,5,4)388, A RFE ALy, AL FHAT
;EEHJEZ:MJ:—FQ (mod 30)%%4‘}‘@'
(01,14, 31,241) (11,61,82,132)
(11,51,151,282)  (01,21,201,232)
(01,231,42,82)  (11,71,272,92)
(11,91,121,262) (01,252,272, 282)

01,51,115,195)
01,131,261, 222)
11,112,252, 42)
01,211, 129,132)

02,102,135,185) (01,221,102, 16)
01,161,62,172) (11,292, 62,202)
11,02,22,195)  (11,21,131,172)
01,292, 52, 92)

~ o~ =
~ o~~~

MBS 13— AR A 244, K A230489 = T4-GDC(5)e MO F &,
AT A b R X6 K T R AP 6 R AH1261, K H276894-
GDC(5), ERE—/NEEER AT SH A LT RMKB0,5 4),48, KA1H%
133 T — AR AK(102, 5, 4) 35,

T XA F IEEE 4, FEEONSH = o B, ik, fEARZEF IR
B4 = 764-GDC(5) i HGDCs

3.3 FEEATIE
a. —¥/\HGDCHSHLE

AT, RATEE L/ NOICDCHRATAD, X IRATEEAE T T A4
it A 2



CHAPTER 3 HIJ7 X STEINERZ i &L = 0% B 19

5|3 3.16. & FiAu € {16,19,22,28}, AAEE A2, KA eEDC,

IER. XMERu € {16,19,22,28}, & RENX, = Zo, HENG, = {{i,i+u}:
0 <i<u— 1} BA(XyGu,Co)e — A R2Y, KA HGDC, i
RC, 2 H162, X IIH B F1EZy, T +1 (mod 2u) EIF1F 2. O

SI3E 3.17. BAE—/NR AL, KN HR22489 GDC,s

BB, S REX = Zys, HENG = {{i,i+T0+ 14,0421} : 0 < 4 <
6} MA(X,G,C)HE—MNENAT, K/NN24HGDC, WIRCHE B~ i =
TEZysH+1 (mod 28) & 152,

(01,171,42,192)  (01,122,132,172) (01,61,81,91)  (01,101,231,112)
(01,41,102,262) (01,182,249,272) (01,32,52,232) (01,161, 82,252)

O
5138 3.18. M FrAwu e (6,100 U {19}, AA&ER A, K IH12u(u—1)8GDC,

B, TR € {6,8,9}, Y MEX, = Ze,, BHENG, = {{i,ituy,...,i+bu}:
0<i<u-—1} MBA(Xy Gy, Co)it B AH6Y, K/ HN12u(u — 1)FIGDC,
e, U I FAE Zg, E41 (mod 6u)fEFHFFE,

u = 6:

(01,22,92,102)  (01,101,191,211) (01,281,311,292) (01,141,172,212) (01,142,192, 285)
(01, 52,82,252)  (01,132,152,262) (01,321,162,312) (01,131,291,42) (01,141,232, 332)

u=8:

(01,21,441,12)  (01,102,272,385)  (01,281,311,411) (01, 72,112,262) (01,251,361, 425)
(01,261,271,92) (01,122,185,192) (01,291,341, 145) (01,222, 252,352) (01,391, 342, 362)
(01,301,22,232)  (01,212,395,445)  (01,331,372,462) (01,32, 152,295)

u:

(01, 52,72, 82) (01,101,511,342) (01,262,312,422) (01,201,421,532) (01,261,212,415)
(01,11,71,202)  (01,102,322,472) (01,301,351,162) (01,172,382,462) (01,501,392, 512)
(01,21,171,331) (01,111,251,232) (01,461,222,482) (01,62,252,292) (01,42,142,282)
(01, 32, 442, 502)
Sfu € {7,10,19}, 4 H % AL y2uIGDC (51 #3.5, #1341 51 #H3.16D
F I K15 21 BT i FIGDC O

S|3E 3.19. H&E—ANA A3, K IH16289GDC,
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B, AMENX =1{0,1,...,23}, HENG ={{i,i+6,i+12}:0<i<5}U
{{18,...,23}}. MA(X,G,C)Re—MARIN306, K/ANAL620GDC, aRCHR H
R H E G = (024 --- 16)(135 --- 17)(18 19 20)) JETF/F £,

(01,12,42,192) (11,31,61,162) (11,1241, 52,202) (11,114,221,92) (11,141,151,199)
(01,221,72,82) (11,81,62,222) (12,92,142,194) (02,32,102,182) (11,112,152,215)
(01,31,201,22) (01,141,211,92) (01,161,152,225) (11,181,22,32) (11,2141,42,82)
(01,32,52,142)  (01,81,171,191) (11,102,122, 235)

5138 3.20. M &u € {4,5}, HAE—AEA63, K DAH120*4GDC,

IEH. SR B € {45}, X, = {0,1,...,6u+ 2}, HENG, = {{i,i +
Uy .yi+5u} i 0<i <u—1}U{{6u,6u+1,6u+2}}e A (X, Gu, Co)Bl R
BR6U3Y, K/NR1202GDC, WIERC, 2B W Ml ARG = (0123
<o 6u— 1)(6u 6u+ 1 6u + 2))EIF1FH.

u=4:
(01,21,151,211)  (01,171,102,232) (01,22, 52,112) (01,141,261, 152)
(01,32,132,262)  (01,251,212,225)  (01,72,92,145) (01,11, 192,25)

u =5

(01,41,32,272) (01,11,142,302) (01,91,121,281) (01,81,311,262) (01,112,282,312)
(01,42,62,222) (01,301,22,212) (01,129,162,192) (01, 71,241, 12) (01,82,92,172)

5138 3.21. £ Fu > 4, BE—ANRA12Y, K H48u(u — 1) GDCs

EH. Hu = 05kl (mod 4), w > 4K, HEIHRT FFE—A(Bu + 1,{4},1)-
PBD. 7£iX"PBD mi4E £ — > s 19 2 8 N34i1{4}-GDD. Hu = 2803
(mod 4), w > 7, B3I HR.YFE—A(3u + 1, {4,7°},1)-PBD.  MIXAPBDIH
MR ER—NATE RN AT B A3 283 1) {4, 7*}-GDD. Ak, XHF
Hu >4, u#6, WALBE-NEA3HI{4,7}-GDD.

XFIXAN B3 /{4, 7}-GDD, H A K IE I 4/3 2 B 8124 GDC. 1X
H, BARRAAATHGDC (BI3.6/F1 5] Hi3.17D.

Sfu = 6, B—ARUN4{5}-GDD (WLSC[TT]), FFEA K i vk A 315 2|
FIRHIGDC, X H, HAKZRASHCDC ERB.4D. O

SIFE 3.22. A Eu € [4,9], AE—ANEA12918Y, K H48u(u+ 2)# GDCo
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LR, SMEZw € 4,9, SEENX, ={0,1,...,12u+17}, HENG, = {{i,i+
i 1lu} 0 <i<u-—1}U{{12u,...,12u+ 17}}. FA(Xy, Gu, Co)Hl

oN12418!,
H R #G T I3 3.
Mu =4, G={(024---46)(135 ---
64)(50 53 56 --- 65))o
Yu e {5,7,8,9F, G=(012 ---
5)(12u+6 12u+ 7 12u+ 8 -+ 12u+ 17)).
Yu =60, G={(012 ---

(84 85 86)(87 88 89))-

5|3 3.23. j’?‘/é’-"/]\ﬁ_]yylmzﬂ’

. B RENX ={0,1,...,15}, HAG = {{i}: 0 <i <11}U{{12,...
WA(X,G,C)te

ﬂy\jllzlll,

A7)(48 51 54 - -

120 —1)(12u 12u+1 12u+2 -

KANAT28 GDC,

KN NASu(u+2)ICDC, Wi, & H 162, F IV KL R

63)(49 52 55 - - -

12u+

71)(72 73 74)(75 76 77)(78 79 80)(81 82 83)

]

,15}}o

KANRT2MGDC,  WERCE H W A%t B [F 44

G = ((048)(159)(2610)(3 7 11)(12 13 14)(15))EFF15 2,
(01,21,71,12)  (11,21,41,122) (31,71,02,142) (31,121,12,22) (31,72,102,122) (91,141,22,62)
(11,02,22,52)  (11,42,72,132) (01,61,22,122) (21,51,32,152) (21,151,92,113) (21,144, 09,45)
(21,62,72,8)  (11,61,92,142)  (01,51,111,72) (21,31,61,131) (12,72,112,141) (51, 11,31, 141)
(01,11,151,82)  (12,42,52,145)  (01,31,62,152) (01,41,121,92) (01,131,42,115) (41,72, 22, 145)
H

Yn=1

SI3E 3.24. A3(58,5,4) =

U(52, 3) - ]_20
JEB. Xfn = 58,
AR

11,32, 52,62)

01,41,472,52)
01,62,92,492)
11,21, 51,341)
01,191,532, 32
01, 11,502,312
01,211, 542, 42
01,21, 141,24,

o~~~ o~~~ o~ —~

—_ — — —

L RN Lsgo

11,241,485, 42)
11,372,82,172)
11,451,481, 22)
11,61,221,29;)
11,71, 552,322)
01,102, 112, 352)
01,131,372, 23,)
01,171, 142, 162)

o~~~ o~ o~ o~ o~ —~

U(58,3),

A3(13,5,4) > U(13,3)

(mod 3)BF, FRATKS Az(n, 5, 4)H Wi~ ik,

— 4, Ay(52,5,4) >

JT e A 7 A0 R B S AE Zss 1 +2 (mod 58) &

01,445,195, 26,
01,572, 362,42,
11,102, 202, 462
11,111, 184,572
11,121,271, 39,
11,141,194, 27>
11,211,231, 415
11,232,295, 515

e N T e e T ey
— — — — — — — —

(11,131,302, 72)
(01,311,391, 522)
(01,302,345, 175)
(01,81,281,562)
(01,271,415, 225)
(01,181, 152, 252)
(01,22,295,332)

(01,331,491, 18)
(12,105,272, 485)
(11,351,501, 125)
(01,82, 215, 325)

(11,332,382, 452)
(11,242,405, 525)
(01,671,465, 515)
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Kfn =13, A HEN{0,1,2,..., 12}, FIF 48 MG 7 BB 0 T«
(01,72,41,61) (101,12,81,61) (81,01,112,52) (42,51,91,82) (72,52,82,101) (01,101,114, 62
(12,01,32,82) (112,51,72,12)  (81,41,102,31) (32,92, 11,41)  (71,21,101,41) (101, 11,120, 45
(12,02,91,71)  (112,61,11,25)  (81,62,121,42) (31,52,21,111) (61,21,102,91) (102,111, 11,82
(21,11,81,02)  (121,91,22,52) (91,41,62,115) (02,72,111,22) (02,41,122,55)  (102,121,01, 71
(21,51,01,92)  (121,92,61,02) (92,111,71,42) (52,71,11,62)  (62,12,21,125) (111,12, 41,12,
(22,12,42,31)  (11,31,72,121)  (32,91,81,111) (82,92,22,62)  (122,32,115,71) (42,02,100, 11,
(31,51,00,62) (12,102,52,95) (72,81,9,125) (81,22,71,51)  (122,51,61,111) (82,21,121, 115
(31,61,71,8) (31,01,91,125) (72,62,102,35) (61,32,42,52)  (121,51,101,32) (92,101, 112,3

—_— — — — — — — —

Stn =52, M5 EB2ANFAER N124MIGDC, BINANTETS i, FEAERT3ANA
i RTEST S N 5 B2 R 124 [IGDC, e AN EE RIS A
HNEA(16, 5, 4): M 5AF 2 1 BT 75 A

 HKEn=0

(mod 6)BF

]

AT, WATEHE 24n =0 (mod 6)i, As(n,5,4)MI{H. 4n = 121,
BATVE MW F.

3138 3.25. A3(12,5,4) > U(12,3) — 1.

Y. L REN{0,1,2,. .,

(02,11,41,71)
(11, 52,81, 01)
(12,21,41,81)
(12,22,01,62)
(31,81,92,71)
(32,61,42,72)
(41,62, 31, 52)

(91,02,52,61)
(91,22,31,11)
(92,02, 12, 32)
(01,102,91, 21
(01,112,31,82
(01,61, 41,11,
(

)
)
)
101, 51,41,82)

B8 3.26. *H4L B0 =

U(n,3)e

JEBA. Nt = 30, BT AGLEG3. 15 i,

11}, A4 iR

(52,92,101, 22)
(62,102,42,81)
(62,11,72,101)
(11, 32, 82,102)
(112,62,51,71)
(31,61,21,101)
(32,112,41,29)

0 (mod 6), 18 < n < 66

(51,02, 31,102)
(112,11, 61,95)
(112,02,72,21)
(111, 31,12, 42)
(72,92,102,41)
(91,114, 62, 32)
(111,52,72,82)

78,

n =

FHI62, & V]H I FAIEZ, F+2 (mod n) EFF1FE.

S|3E 3.27. AR H166181,

KA A221189GDCs

59,100, 112, 1
45,91, 112,10,
71,100, 20,111
104, 81,114,002
114, 24,51, 11)

)
)
)
)

71,01,101,32)

]

143(7175,‘4) =

MNELEHIn, @R8N, Pt

O
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iE. X ={0,1,...,83}, HENG ={{i}:0<i<65}U{{66,67,...,83}}
HA(X,G,C)RERNI0I8Y, KN AH2211GDC, T CHE H[162, F VI)H i
WrHBERMWEG = (024 --- 64)(1 35 --- 65)(66 67 68)(69 70 71)
(72 73 74)(75 76 77)(78 79 80)(81 82 83)) B I1F I, O

5138 3.28. it Fu >4, HAE—ANAEAL8Y, K IHAH108u(u —1)8GDC.

IE. Wfu > 4, u # 6, WEW 55 FER21WAE AL, X B A MCDCAH R
REAFI6THIGDC (HEWE.AR 5 #BE.A]D. *fu = 6, B 5| B3 A8 A K6 GDC,
FH 31k 15 21 BT 75 I GDCs ]

D 3.29. s Fu > 4, As(18u,5,4) = U(18u, 3)s

AER. ) BB 2SR BT 18 IGDC, TEAL FHNRR (18, 5, 4)57 (313326,
BURHE B > 4433 T 08 (180, 5, 4)3H5. 0

3138 3.30. *HEFu € {3,4}, As(18u+30,5,4) = U(18u + 30,3).

JER. Mu = 3, M 5| B 27 16618 HIGDC. 1E K BE IS4 4 N 5
%(18,5,4)36%5-JmaélJTﬁﬁﬁﬁE@E%o Stu =4, BT ATGLERS. 154 H. O

5138 3.31. MfE&u > 31, m e {24,30}, HAE—ANRA18m', K AH108u(u—
1) + 12um® GDC.

W NS ER I —ANTD(6,3t), FIEAMIG 20 AT AN I TR i, S5
3z i, I JE — Ny A Snae, K =083 <2 <t, ye {1,2}. H
2 N0, X BRI N6, 6SRI6SHIGDC GEB.AR 51 #3518, 1Al
AR T AR (184 (182) (6y) ' FIGDC. 34NN TESS A, TERIS AN LERTL S
FAE AR 18 B 18" K IGDCELAS 2 T &L N18%+ (6y + 18)'GDC. Zu =
4t +z, m = 6y + 18, WATHAA R T A N18“m' KIGDC, Hm € {24,30},
u = 4t + o] PNEUA/N T 31 AR AT E. O

HEID 3.32. sHEFu > 31, m € {24,30}, As(18u+m,5,4) = U(18u +m,3)e

EH. BUS| H33IF AU 18 m IGDC, Hu > 31, m € {24,30}. fE4lE
BONE LK E A (5133.26) #3517 i I, O
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2|38 3.33. M4EHu = 0 (mod 3), 12 < u < 27, m € {24,30,42, 48, 60,66},
BE—ANA18m, K A108u(u — 1) + 12umby GDC,s

IE. SR I —ANTD(10,9), FREAKMIEZXT AN FTE 5, e —
ANy A, RN ERB3e A A, 1< i <5, 6, HA AP, AT
23] 7 RN544(182,) - - - (1825) 1 (6y)'s x; € {0,3}, y € {1,2,4,5,7,8 FIGDC.
XE, WNONEING, s € [4,10) (HERB.4 5 H3.18) MIGDC. #inisA
oI5, BT KN N6ySN I BT A 4 B R S 95 AE N RON18YGDC, K
143 2 RN 1812+2 = (6y + 18)'FIGDC, Hbx; € {0,3}, y € {1,2,4,5,7,8}.
Lu=12+4 > xz;, m =6y + 18, WATHER] 17 A2 AH18*m!'IGDC, Hru=0
(mod 3), 12 <u <27, m € {24,30,42,48,60,66}. O

IS 3.34. AEFI2 < u <29, m € {24,30}, As(18u +m,5,4) = U(18u +
m, 3)o

IERA. M5 3.3 A 18 m IGDC, HFu = 0 (mod 3), 12 < u < 27,
m € {24,30,42,48,60,66}. fE4L FIENIE G KEE KRR (513E3.260D i3
T B i, O

513 3.35. 4= F GDCH A 4E -
i) BARH24Y KD A12u(u—1), ue {4,5,7,8};
i) B AR30%, KAA300u(u—1), ue {5 7,19};
iii) A AH24v361, K A192u(u +2), u € {4,5,7,8,22}:
i) A R24v18, KA AI6u(2u+1), u e {4,5,7};
v) B A248301, K A14592;
vi) B A305241, K H8400

W BUR24Y, e {4,5,7,8}IGDCH BALUA6HIGDC (HEWR. 41 5] 3#3.18)
FI4RZAK 15 21

B30, w € {5,7,19}IGDCR A N6 IIGDC (4 103 410 51 2H3.18)
FI5 2R 15 21
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24436, u € {4,5,7,8, 22} FIGDC X FN69 11{4}-CDD (AL[T7, &
H1.6)) HEAMIEE N4 3],

KA R24418Y, w € {4,5, 7THIGDC, M5IHRIE—ATD(5,u), HfH—A4
MR BN g4 (u — 1)H{5, u}-GDD. 2 AR IE 1% KN A H T 55
KA A — TRIHBI3A A6, HoaR iAo, #iig 3| 7 8824418 IGDC,

XFHA24830 (IGDC, BL—ANTD(5,8), FEf—A g8 487 {5, 8)-
GDD. FH A 18250 K/ AR LI BT s, AERZN AT 5AS s,
HA SN0, i3 7 A 924830 IGDC.

X 8 30924 (IGDC, BL—ANTD(6,5), FH 3 A F i v 0 misAS 4L 1 i
B B E NN BIIALG,  HR A OB AF B T B N30°24 IGDC. O

H#EIL 3.36. EFEu € [5,11]U {30}, m € {24,30} & (u,m) = (4,24), As(18u+
m,5,4) = U(18u + m, 3)o

FER. BB ER 35 IGDC., TR FIEGE YK EMRERL (53EE.26), i
B T FHEAIG. 0

gE5 5| F3.25), [3.26/13.30, FHE23.29H3.36[r1 45 R, FRAT145 3

EE 3.37. &0 =0 (mod 6), n > 18, Az(n,5,4) =U(n,3); A3(12,5,4) >
U(12,3) — 1o

c. HKEn=2 (mod 6B

FEATH, BATEHE 4n = 2 (mod 6)if, As(n,5,4)MI{E. SR, WE
FEAE— A RN2e, KRRy = 1 (mod 3)IIGDC, M4 BAFE— N
PL(2u, 5, 4)365.

5138 3.38. M4 Fu =1 (mod 3), 7 < wu < 34%u € {40,43,52}, HLE—AA
Hov, KA ay GDC

HEH. Mfu € {7,10,13,16,19,22, 28,40}, FiFGDCIERB.5, H[3. L4 ief3.4)
5] 316 4345 .

Xfu € {25,31,43}, M| BH3.21HCH 128, s € {4,5, 7}IGDC. #hn24
T3 i, FREA FERTETS MR N2TGDCHIF 2] T AT GDC.
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Wu € {34,52}, M IR N12°18Y, s € {4, THHIGDC. #hn2A T
73R IHEH FIEFTG ST AR 2752 (I GDCHF £ 1 BT GDC. O
5138 3.39. £ &Fu =1 (mod 3), u € {37,46,49}Ru > 55, A E—ANR A,
XA 2D gy GDC.

WEH. HL 5] FH3. 2801 5] FH3. 311335 A Mgtm! IGDC, Hg € {18,24,30},
m € {18, 24, 30,42,48,60,66}. M2 55 /i, FHAERDN Agsim A FiEF T

95 MU J923 B2 5 HIIGDC (51H338D, A E T A A2 GDC.
R Rru = 257 41, B I GDOR B RR IR 72 23 2. O
#* 3.2: 5| 31339 B 7 GDCHY AN KI5

u GDCI Y H
9s+1, s> 4 185118, s> 4 5| 73.28
9s +489s + 7, s> 32 187 tm!, s>32, m ¢ {24,30} 71 3H3.31

9s +489s + 7, s€[13,30] | 18 'm', s=0 (mod 3), 13<s<28, | 5/Hi3.33
m € {24, 30,42, 48, 60, 66}

49,61, 85,97 24°24', s € {3,4,6,7} 51 73.35
76,106, 286 30°30', s € {4,6,18} 7 #H3.35
67,79,103,115,283 24°36', s € {4,5,7,8,22} 51 73.35
58, 70,94 24°18', s € {4,5,7} 7 #H3.35

112 24830* 71 #H3.35

88 30524! 5] 2335

4455 | FEB.3SMIB.3Y, B TEEI T 45
I 3.40. MEZHEHn =2 (mod 6), n > 14, Az(n,5,4) =U(n,3).

. HKEn=5 (mod 6)KF
AN, BATEHER =5 (mod 6)IF, As(n, 5, 4)I1H.
5138 3.41. A3(11,5,4) = U(11,3).
IEH. A EEN{0,1,2,...,10}, FFERI33MYFIR

(91,52,81,101)  (01,81,22,71) (32,81,92,72) (02,21,101,11) (31,52,01,72) (21,62,91,72)
(01,102,82,32) (02,51,81,12) (51,62,82,71) (101,41,62,01) (31,61,82,21) (91,42,82,02)
(81,21,102,41) (11,32,51,91) (61,01,91,12) (101,51,31,22) (92,12,41,52) (81,31,42,11)
(72,12,101,82) (11,72,61,41) (61,22,42,92) (11,71,92,102) (92,01,51,21) (31,41,91,71)
(61,71,101,32) (11,82,52,22) (62,31,02,92) (51,72,102,42) (22,02,32,41) (52,102,02,61)
(62,12,22,102) (21,42,71,12) (62,32,52,42)
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O
S8 3.42. £ En =5 (mod 6), 17 < n < 71%&n € {83,89}, A3(n,5,4) =

U(n,3)e

B, A EENZ,, TR H[I62, & VIIF ML FEZ, F+1 (mod n) &I
1531, O

5|3 3.43. W= Fu € {9,12,15}, AAE—AE A5, KA e GDC,

B XWEEBu € {9,12,15}, 2 X, = {0,1,...,2u + 4}, HENG, =
{{iyi+u}:0<i<u—-1}U{{2u,2u+1,...,2u+4}}o HA(Xy, Gu,Cu)Hk
R K205, KK GDC, IR (162, & VI H S5t [ R
BHG=(036---2u—3)(147 - 2u—2)(258 --+ 2u—1)(2u)(2u+1)(2u +
2)(2u + 3)(2u + 4)) I 1T E, O

S8 3.44. £ Fu = 123w > 15, Az(6u +5,5,4) = U(6u + 5,3).

EH. Ktu = 17, MBI HERIW —ATD(5,4), F R AWM &L 74400 By
m BRI SIS, HR IR0, 53] T —/NEUN2446 I GDC,
WOMSANTE ST £, IFE RN 24 I R TE 55 N 2125 IGDC, 1R K
/NI FERITC TS s RA (11, 5, 4) 8515 21 BT 75 A

ffu € {12,15,16} 8w > 18, UEHI L5 51 #3390 MBI Sl HY 5] 3328
5] #3311 B35 #4351 8 R gtm IIGDC, Hrfig € {18,24,30}, m € {18,24,
30,42,48,60,66}. 05655 KL FRAE KN NgHI A EE R T8 55 =B
J285LGDC (B HBA3D, 78k /N Am AL FE FIG S5 AN BE A + 51
BARAS (5133.42D, BT KE At +m + 5HHRAMIL. O

gha 5| H3.41], [3.420F03.44, FRATEF) U0 N 45 R

EIE 3.45. SEFEEHn =5 (mod 6), n> 11, As(n,5,4) =U(n,3)s

e. HKEn =3 (mod 6)F}
FEARTH, FATEHIE Yn =3 (mod 6)Bf, Asz(n,5,4)IMEH.

3|32 3.46. A3(15,5,4) = U(15,3).
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TR, B IEE N s, AV FEMCT MY TP Hik. B—Hoasm
I5(04, 32,61,121)5 (02,62,91,129)s 2B B W R65/ MY 41 F 1345
FHE—AELEL, s € [0,41ER FAERS ST, Hrp:

fslai) = biyins
be[0,14], b=a+6s (mod 15),

j€10,29], j=a+15i+6s (mod 30).

(01,114,441, 72) (31,82,112,01) (31,132,41,142)  (21,32,71,112)  (01,91,111,131)
(31,42,21, 12) (41,61,111,82) (41,122,21,141)  (11,21,51,102)  (21,114,124,135)
(01,101,62,21) (01,102,125, 71) (51,131,142,62)

S|3E 3.47. B AE—ANA AH1215', KD AI8TEH GDC,

IER. A EEX ={0,1,...,56}, 4G = {{i}:0<i<41}uU{{42,43,...,56}}
M4 (X,G,0) &R N11215Y, K/ANASTINGDC, WRCR H[162, & IX]H
MR ARG = (024 --- 40)(135 --- 41)(42 43 44)(45 46 47)(48 49 50)
(51 52 53)(54 55 56)) JE 132, O

5|32 3.48. M AN € {15,21,27,33,39,45}, AEEA17331, K 0o20nd)

#GDC, HAz(n,5,4) > U(n,3)— Lo

IER. XMEEnR € {15,21,27,33,39,45}, & RHENRNX, ={0,1,...,n— 1}, HE
NG, ={{i}:0<i<n—-4}U{{n—-3,n—-2,n—1}} IA(X,,Gn,Cn)Ht &
J1-33t, KNI gape, e, 2 HI62, % X iR [
A B GIRITAF3.

Mn =150, G =((048)(159)(2610)(3711)(12 13 14)). *n € {21,27,
33,39,45}0F, G=(024 --- n—=5)(135 - n—4)(n—3n—-2n-1)). O

5138 3.49. 34 &n =3 (mod 12), n > 51, Az(n,5,4) = U(n,3).

FER. ST Bn, M B BB — A R12UGDC, s 55 A, R

Hiu — INEFE 55 SIHEANBON123YIGDC, fE& e — NIER T 55 SIE
N (15,5, 4) M8 f4 2] 1 B 75 1, O

5138 3.50. 3£ &n =9 (mod 12), n > 57, Az(n,5,4) = U(n,3).
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R Ktn =57, MEBIHEBATE—AAEUR1215HACDC, TEKEE A4 FIEA
A (15, 5, 4) i 515 2 BT 75 A

XHEEn € {69,81,93,105,117,129}, M 5] B3 22— AR 12418, 4 <
u < 9MIGDC. EIN3NTEH s, fE— DN RANN1209H EIE R TE 55 SN 5
(15,5,4):08, FEFHBERH FERIET FEAR 1123 81183 1 GDCHL 15 2
TR B,

Sfn = 141, B—ANH 2951 (1{4}-GDD (W 3C[69]), FH 3 A #4y i v xif
A BBt 3 28] 7 —ANAUN12230 IGDC. I In3AN 55 A, £ — A K/
RNI20 A EE H T 55 AIENERAL (15, 5, 4)589, FHAEHEH EERT S MR
1123 51303 (I GDCHL S 2 1 Fr i/ H Y.

Sfn = 177, B— /28518 K1{4}-GDD (WL 3C[66]), F FE A ¥y ik vk Xf
BT A a6 TF B T — AN B 412830148 IGDC. 38 3N B 55 i, AR KD
NASH 2 IE R JE 55 M I N B ML (51,5, 4)508, fEH el LER LTS mIE AR
N123LE 1303 I GDCAS 21 it 75 (1A

Stn = 189, M5 HR.E —ANTD(7,8). F %k A4 i v % BT 5AN 4L 1% BT 7
sREE6AN L (6 s AL, X e Ja — AN BT A SUINAL6, 4 25 Aok
19 3 — A2 924518148 IGDC, X B, i A2 AL 356 MI366 IGDC (A
WA 51 #3190, W AN3ATE T AL AE KN RASIN AL I R T8 55 AE N
(51, 5,4)305, FEHARMA FIENT 1231801183 1 GDCHt 5 2 B 75 (155,

Sitn € {153,165} 8n > 201, M5 ER.9E—ATD(6,t). FI S A )i 75
AN PA i, 5N AR i, e E — DN ARI2A JUnae, s g —4
P —A A3, Hammalo, ATHASH] 7 — A 8(6t)* (62)' 15 KIGDC,
Horbr = 0883 < o < to FERANHEHEANKE N6, 60 CEHB.3T 315 (5
H[3.46) MRS T KEN6(4t +2) + ISHIEARAS, X B4t + o 7] DLELE23,
25 B AT AN T LK B4 O

gran bl B, AT

EI 3.51. 4EFEn = 153%n =3 (mod 6), n > 51, As(n,5,4) =U(n,3); 3t
fE&n € {21,27,33,39,45}, As(n,5,4) > U(n,3) — 1o
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3.4 45ip

fEARE R, FATLT7EME | EE N4, f/ R R 5 H A =0 =i
HI N FAHE EE S R AT

TEIE 3.52. MEFEEEHn > 4,

(

1, L = 40F
2, Ln = 50
4, Ln =60
Az(n,5,4) = 17, Ln =78
13, Ln = 8AF
19, Ln = 9Bt
\ Lg L@H . %n>10, n¢{12,13,21,27,33,39,45, 52} i

e 5222 5[

st En € {12,21,27,33,39,45}; A5(13,5,4) € [48,52]: As(52,5,4) € [872,884].



Chapter 4

FAI-XSteiner A ERMATTEER

4.1 S|SMEELR

EtzionfE X [56] 1 & Jei& H 71 X Steiner RGS(2, k, n, g) ML, FH KA
EKE N, HENE, BNk — 3K g + 1T El.

KTGS(2, k,n, g) IRIBS TAEERGE R EL = 3HIEHL (W10, 132, 33, (6,
62164, 73], 116, 117, 151, 156]), XHEEMERNA L, Eaf—sd, FRATEH
THk =4, g=28, GS(2,4,n,2)ILELMFETn e {7,13, 52} M= 70
(B W67, 97, 152, 162]). Xk =4, g =3I, GS(2,4,n,3)tHH —ifFrss R
(WL C[74, [75, 150, 165]). REFLE R DAEGE] T —HGS(2,4, n, 3) i 71k
MIGCTF I, AHJEER B A 0] R ) 58 4 R ARz, ST [78) 45t GS(2, 4, n, 3) 7
TERLEFA2n > 8, n=0,1 (mod 4).

538 4.1 (Ge, Wu [75]). i & #n =1 (mod 4), n > 13, HEGS(2,4,n,3).

5132 4.2 (Ge, Wu [74]). = &Xm = 0,1 (mod 4), m > 8, n =1 (mod 4) & &
#, n>13, MABLE—ANGS2,4,mn,3)Fa—/NGS(2,4,m(n — 1) +1,3).

5138 4.3 (Zhu, Ge [165]). = Fm > 14, 2n+1=1 (mod 4) & HK, 2n+ 1>
13, MAHBLE—ANGS(2,4,2mn + 1,3)Fa—AGS(2,4,m(2n + 1), 3)s

fEARZES, ATEX A KERIn, RN, 5,4) 080G RATR
TSN, B 1A KRR (n, 5, 4) 58S 74 K5
1, *n=0,1 (mod 4)if, FATRAATDAHEHE, BBUEUER 77T MAHE
HIMELLASL, GS(2,4, n, 3)FEAE R ZLE A2 T8 70 F.

5 HR.2, AR

HEIL 4.4. Ay(n,5,4) < {WJ = U(n, 4).
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B R R 7EREO T, BT R AN S R AR
e FESLI N, AT W — MSDPRIE T R, RATE A
PRI R (n, 5, 4), e 7ESTEBI b, oo A 25 1 B ST R 4

4.2 ERFWAMELALERE

LN =1, x I, TS, RO LS hame XIS S,
T TESCOT AR T R T v

& 4.5 (JIFE[07]). CGHA BIR(N, G, H, B)Z—Aframe-GS(2,k, T, g). #—
TR MAEREP € P, #HE—NGS2,k,|P|,g) (PxI,,{{i}xI,:i€ P},Bp)o
A4, (N, {{Z} X Ig NS In}, BU (UPGPBP));;"/I\GS(Q, k, n,g)o

FIi& 4.6 (JiZE[07). (s D RR(N, G, H, B) 2 —frame-GS(2,k, T, g)o
ASR—AKNAsHE, T A, #—FRIX:

i) LR, € P, HAE—AGS2 K P +5,9) (P US) x I, {{i} x I, :
’iEP0US},BPO);

i) SEEP € P\ {P)}, #HLE—ANframe-GS(2,k, (117151, g9), (PUS) x
I, {{i} x I, :i € PYU{S x I,},{{i} x I, : i € PUS},Bp)o

R4, (I,US)xI,,{{i}x1, i € [,US}, BU(UpepBp)) £ —AGS(2, k,n+s, g)o

& 4.7 (Ji%F[97]). OGEAWIEE) 4(X,G,B)Z—2NGDD, w: X — Zso&
— A E R, FHEES C X, 45 = Upes(({z} X Zow) X 1) BiE
E&EB € B, #4&4&—Nrame-GS2,k, {w(z) : © € B},g) (B, {{/x\} LT €
B}, {{(w,9)}x Iy : (2,9) € BxZuiw}, Bp)e MA(XAG: G € G} {{(w,y)}x,:
(z,y) € X X L)}, UpeBr) 2 —"frame-GS(2,k, {>° . cow(z) : G € G}, g)o

FIE 4.8 (Ji%E[97]). (ERKE BIER(N, G, H,B) & —Nframe-GS(2,k, T, g)o
AN = (I, xZp) x I, G = {(PxZy,) x1I, : PP}, H={{GI)}x
I, : (i,1) € I, X Ly Yo #H—FBRFZLETDk,m), ({(i,l,a): (i,a) € B,l €
Zo 3, {{(i,1,0) : 1 € Zy) : (i,0) € B}, Bg), B € Bo MA(N,G, H,UpcBp)%
— /N frame-GS(2, k, (mT), g)o
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FATH— N K-GDDEA B, it NK-*GDD, AT = /A X 4 &
ZXTHANAILMAH, K-XCDDE X e E 33 $E i, # FH ki
X Steiner &o

5132 4.9 (Ge, Wu [14]). #4EZv=0,1 (mod 4), v >8, AE—ANE H3vE{4}-
*GDDO

254y 5| BRI 5| B O i 45 R, FRAT1452)

it 4.10. £ Fo > 11, v ¢ [11,30] U [32,41] U [45,47] U {101, 155, 160,
166,167,185}, H AL —"(v,{6,7,8,9,10},1)-PBDs

4.3 —ASDPH#IEE

FESC[T4h, GeMWugs ) | —2ESIPHIE, FFAE) U Steiner £ [ #43& &
7 EEEH. AR, ATHES B — AN 5[74, #iESTP-3] KA i 7 .
B, WATHEE R ISR MR,

X ={1,2,...,v}, L—"XLEMv? x kAR RAORLE —PEZE,
W HNOA(k,v), WHEXLIMEREV? x 275, X x XHPMEEE T RS
HFHI—R. KL = (e)&—1MOA(k,v), 1 <i<v? 1<j<k R =
(ei1y. .., ew) RALK— N E, KLy, Lo, ..., L 2MFEE EERr MOA(K, v).
RKrNOA(k, )RR AR F 69, WIRLy, Lo, ..., L, PHRAEEMA M EHREZH
PN B AR
513 4.11 (Ge [67]). #E&w >4, w # 2 (mod 4), HAEWNREHOA4, w)s

W& 4.12. 4g, w, v, h, ufrsHIAEREHK, 1 <r < w. BXATiXtH4F
yeap

(1) — /A K (gh)“89{4}-GDD, H# ELFTH 6 K AT A mri%E &Sy, S,
oy Sel1, BAETAD RIS KA Hgh)Fa, EFHEE) < a <
r—1, WS, /3869 T4 L6y 5% B B A RS,

(2) AN EEOA4,w)o

AR A BAE—Aframe-GS(2,4, ((hw)*), g)o LA L—Aframe-GS(2,4, (1"s1), g)
Fo—ANGS(2,4, hw + s,9), IRABE—NGS(2,4, uhw + s, g)s
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L. 2 (Xo, Go, Bo) & — AN 2 Wl 4 HI R A (gh ) /I {4}-GDD, Hrf

Xo = (Zy X Zp) X Zy»

r—1
Go = {({i} x Zy) x Zy :i € Z}» By=|J Sae
a=0

Gol) THRHy = {{(i,))} X Zy : (i,) € Zu x Zn}e MERXHB =
{li1, j1, 1], [ia, jo, 2], [i3, 73, 3], [ia, Ju, ]} € By AWM < iy < i3 < igo

XLy Lis -..r Ly 152Z, EXIr NMEHBEIOA4, w). BLTE, BRIV T
RMEF KA. 4B = UV, Hok

Vo = {{ltn, J1, b, oal, [ig, 2, lo, @, - iy Jias Ly ol }
{[i1,j1,041], SR [i4>j47054]} € Sa? (l17 R l4) € La}"

A
X =(Zy x (Zn X Ly)) X Ly G=A{{i} X (Zp X L)) X Ly : i € Ly }o

Mo, AMEEH(X,G,B)Z&— M A (hwg) 1{4}-GDD.
T, BATEUH(X, G, H, B)HE—MNMAEN

H={{(6,4, 1)} X Zy : (i,5,1) € Ly X (Zp, X Zy)}

Hframe-GS(2, 4, (hw)%), g)o

B, REAEMNXAEA A € BIEE/NTF5. Ri%A = {[i1,j1, L, ],
gl aalbs AT = {0 Al (i 1 ol e S AL B B /N
T5, Mz L N MEIL L —:

(1) AMAHAEG—Nas, BHEOZFINAIKFH. A {[in, 5,4, .,
[ia, Jay L)} U {[dh, 1, 6, [ 0 D) > 36 BRATTHT BAB A FILATHY R =L
AR 73 39 (i, 1, L, (o, Jo, Lo, [is, s, Is), [y s La] s {[in, g1, ], i, o, Lo,
i3, 73, 3], [i4, 74, 4]} Hoy = o BAVENTE[i1, 51, 1], [i2, J2, @], [i3, J3, 3],
[ia; 1, a R [i1, j1, ], [da, Jo, @), [is, s, @), [ih, 4, o)} R 8 B 22 N4,
fI1—& R AR POAE K. Wik, BAVEL =1, i =1,2,3, X5
B AT JE -
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(2) AFIAEH AL, ARZTANAMFH {[ir, 51, 4], ..., [ig, Ja, L]} =
{[d), 30,00, i, g0, ] Ye BN < iy < iy < iy 4 < i < ify < i), FRAT]
AXMERL <i <4, l; =1 R, {[ir, j1,0al, ..., (i, Jas ca) PRI{ (i1, 1, o],
oy iay da, oG FVER B O, BT — 8 2 2 A AN R IOARZ ik, 3k 2
Yi(ly, .. WA, 1) — BRI AFRIOAR &, XH1 < i <4,
li = lg%%o

48 = {001,009, ...,00s o W(X;,Gi, Hi, Bi)» 1 €{0,1..., u—2}&frame-
GS(2,4, (17vsh),g), HH: X; = (({i} X (Zn X Zy)) X Zy) U (S X Zy)s Gi =
HGDY X Ty GiD) € Za X T} ULS x Ty Hi = {1, 0} X Zy - (i) €
L X Ly} U{{m} x Zy : m € S}

FHBBE (X1, Gumr, B )R AGS(2,4, hw + 5, 9), Hbs X = (({u -
1} X (Zn X L)) X Zg) U (S X Zg)s Guor = {{(u—1,5,1)} X Zg : (j,1) € Zy X
ZyyU{{m} xZy:m e S} WA (X', G B)2—"1GCS(2,4,uhw +s,g), FHH:

X' = ((Zy X (Zp, X L)) X Zg) U (S X Zy)>

g/ = {{(27]7 l)} X Zg : (iﬂja l) € Zu X (Zh X Zw)} U {{m} X Zg m e S},

B =BuU (] B)-

1€y

]

X CUGDD R — R H RS, F B SR IM E, R RRE S S, AT
DLFR AT TR 36 (0 00F 24 1

W& 4.13. &g, w, r, skeg, w, hi, i =1,2,...  t23F 7 R, EFF4E
Fi=1,2,....t, 1<r<w, g = higo BiXATiLTAHL:

(1) =AAEHggh . . gty {4}-GDDEAH TR, PrA K4 AR5 A
EALSy, Si, ..., Se_1, FEAKIDHGEET XI5 RA KD g 9F
W, EFFEE)<a<r—1, S/FE 0B ETFHE LR IEHAAS;

(2) PAABE 8 OA(4, w)e
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AR A B —Aframe-GS(2, 4, ((hyw)* (how)¥2 ... (hyw)™), g)s #—7, o RIF4E
Bl <i<t-1, AHELE—ANframe-GS(2,4, (1"vs1) g), AL —INGS(2,4, haw+
5,9), AAMAELE—ANGS(2,4,3"_ uihiw + s, 9)o

FEREAI2H R = 1, FRAVE R 45 R
EIE 4.14. %g, w, r, shusF AR ERK, 1 <r < w. BIXRTIXTAA
T

(1) — A H g 89 {4}-GDDI A 4o FHE R FF A 8 K 40 7T X % 5 A &
(3\50, Sl, Ceey STfl, ﬂ'if«?ﬁﬂ'fc,’é@()gagr—l, Saf%j—iljéﬁfgjé/]}%’g/]‘ftﬁ
& AR AD;

(2) rARE G 0A(4,w)o

AR A B e —"frame-GS(2,4, (w"), g)e #H—F, FHAframe-GS(2,4, (1¥s1), g)
F2GS(2,4,w + s,9), IRAKBLEGS2,4,uw + 8,9)0

4.4 FEFRITE
a. —¥/Nfframe-GSHIR S

5138 4.15. M Fu € [6,10], AL&—"frame-GS(2,4, (4"),3).

IER. SHEEu € {6,7,10}, SERN{0,1,2,...,12u— 1}, HEHN{{0,u,2uy, ...,
Hu}+i:0<i<u—1}, WEN{{0,4u,8u}+i:0<i<du—1}. ArFRX4H
N X AL IE F ARG = (012 - du—1D(4udu+14u+2 --- 8u—
D(8u8u+18u+2 --- 12u — 1)) EBIFEF,

u = 6:

{0,4,5,69}  {0,7,9,53} {0,13,28,50} {0,55,56,59} {0,25,32,51}  {24,63,65,56}
{0,63,71,52}  {0,3,46,47}  {0,8,41,57}  {0,27,31,58} {24,32,34,69} {0,37,34,62}
{0,29,38,67}  {24,35,68,58} {0, 10,26,45}

u=":

{0,1,6,52}  {0,11,15,59}  {0,53,62,64} {0,2,29,67}  {0,16,33,38}  {28,68,76,79}
{0,54,30,48} {0,3,82,60}  {0,36,61,80} {28,31,48,74} {0,8,74,58}  {0,44,71,75}
{0,39,68,69} {28,40,41,73} {0,9,41,43}  {0,40,31,81}  {28,62,75,80} {0,10,47,83}
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uw = 10:
{0,1,7,94}  {0,2,55,111} {40,44,56,93} {40,43,116,91} {0,69,74,56}  {40,108,112,86}
{0,5,77,46} {0,78,64,99} {40,61,63,69} {0,66,105,107} {0,45,52,119} {0,83,95,106}
{0,9,23,58} {0,44,82,89} {0,43,112,85} {0,16,108,102} {0,4,65,117}  {0,13,101,104}
{0,3,57,42} {0,22,73,97} {0,15,63,118} {40,106,97,98} {0,62,116,81} {40,41,84,103}
{0,8,29,76} {0,12,71,96} {0,67,98,114}

Stu € {8,9}, HA M3u{4}-*GDD (51 #4.9D, A=/ HHOA4,4)
511D, JFR AR 14, BT AR Mframe-GS (2, 4, (4%),3). O

5138 4.16. E&Em € {6,8}, HE—Aframe-GS(2,4, (4°m?), 3)s

B, A SEN{0,1,2,...,59+3m}, HEN{{(20 +m)k, (20 + m)k + 5, (20 +
m)k +10,(20 + m)k +15 : 0 < k < 2} 4+7: 0 < i < 4} U {{20 + (20 +
m)k,20 + (20 + m)k +1,...,20 + (20 + m)k +m — 1 : 0 < k < 2}}, T4
N{{0,20 +m,40+2m} +i:0 <i <20+m — 1} P X4l i X HE
W B FEARG RIS 2

m=06: G={(036912151827 303336394245 54576063 6669)(14710131619 283134374043

525558 61 64 67 70)(2 58 11 14 17 26 29 32 35 38 41 44 53 56 59 62 65 68 71)(20 21 22 23 24)(25)(46 47
48 49 50)(51)(72 73 74 75 76)(77)).

{0,1,7,14}  {0,11,18,46}
{1,26,46,61} {0,22, 4,28}

{0,17,34,63} {1,47,52,54}
{2,4,15,51}  {0,30,33,72}

{1,10,43,75} {0,2,6,49}  {0,13,23,27} {2,46,10,14}
{0,16,44,56} {1,33,41,74} {1,4,23,59}  {0,37,38,77}
{2,3,25,58}  {0,29,58,76} {2,20,11,41} {2,5,29,72}

{2,21,27,39}

m=28: G=((036912151829 323538414447 58 61 64 67 70 73)(1 47 10 13 16 19 30 33 36 39 42 45
5659 62 65 68 71 74)(25 8 11 14 17 28 31 34 37 40 43 46 57 60 63 66 69 72 75)(20 21 22 23 24)(25 26)(27)
(48 49 50 51 52)(53 54)(55)(76 77 78 79 80)(81 82)(83)).

{0,7,59,77}  {0,19,26,74}
{1,47,48,59} {1,4,71,77}

{0,34,36,82} {2,11,26,47}
{0,11,12,21}  {0,45,55,60}

{1,38,46,83} {1,2,24,61}

{0,29,51,73}  {2,10,49,59}
{2,9,51,66}  {0,42,72,81}
{2,34,64,77}  {0,13,54,63}

{0, 23, 62,70}
{1,5,21,65}
{2,16,52,75}
{1,12,14,27}

{2,43,57,76}
{1,22,40,66}
{0, 18, 67,80}
{2,41,42,54}

5138 4.17. 3£ Em € {6,8,10}, A& —Aframe-GS(2,4, (4°m'),3).

IER. A RERN{0,1,2..., 71 +3m}, HEAN{{(24 +m)k, (24 + m)k + 6, (24 +
mk + 12,24 +m)k + 18 : 0 < k < 2} +i:0 < i < 5}U{{24+ (24 +
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m)k,24 + (24 +m)k +1,...,24+ 24+ m)k +m —1:0 < k < 2}}, A%
N{{0,24 +m, 48 +2m} +i:0 <i < 24+m — 1} Frits X4 N X 4
' A R GRITAF 3.

m=6: G={((012---23)(2425)(26 27)(28 29)(30 31 32 --- 53)(54 55)(56 57)(58 59)(60 61 62 - - - 83)
(84 85)(86 87)(88 89)).

{0,1,62,86}  {0,33,47,49}  {0,74,65,89}  {0,3,37,58}  {0,35,39,79}  {30,58,75,62}
{30,25,82,63} {0,4,32,63}  {0,38,31,54}  {30,27,33,68} {0,5,24,46}  {0,11,57,75}
{0,40,45,88}  {30,28,64,67} {0,7,29,50}  {0,51,76,80}  {30,31,56,77} {0,70,77,85}
{0,8,10,81}  {0,53,44,84}  {30,41,80,87} {0,9,27,67}  {0,55,68,69}  {30,71,73,81}

m =8 G = (012 - 23)(24 25 26 27 28 29)(30 31)(32 33 34 ---
(62 63)(64 65 66 --- 87)(88 89 90 91 92 93)(94 95)).

55)(56 57 58 59 60 61)

{0,8,9,77} {0,30,66,71}  {0,75,84,92}  {0,2,45,57}  {0,31,35,48}  {0,52,47,89}
{0,87,74,94}  {0,3,10,29}  {0,33,86,90}  {32,24,33,80} {0,4,53,91}  {0,28,39,67}
{0,34,36,56}  {32,26,36,87} {0,5,58,83}  {0,37,40,95}  {32,40,49,65} {64,58,66,80}
{0,13,54,62}  {0,42,79,88}  {32,46,57,68} {0,24,55,72}  {0,46,85,65}  {32,66,67,91}
{32,63,74,77} {0,27,73,80}  {0,51,60,81}

m=10: G=((012 --- 23)(24 25 26 27 28 29)(30 31 32 33)(34 35 36 - -- 57)(58 59 60 61 62 63)(64 65
66 67)(68 69 70 --- 91)(92 93 94 95 96 97)(98 99 100 101)).

{0,2,3,66} {0,28,37,48} {0,63,78,71}  {34,36,61,83} {0,31,45,75} {0,53,73,93}
{34,24,69,89} {0,9,29,79}  {0,33,87,88}  {34,30,37,79} {0,10,32,41} {68,67,73,83}
{0,35,59,72}  {0,7,51,62}  {0,11,76,98}  {0,36,69,96}  {0,27,56,82} {34,42,90,95}
{0,16,39,95}  {0,43,65,84} {34,43,44,67} {0,20,81,94}  {0,5,38,101} {0,60,90,77}
{34,70,73,98}  {0,24,49,42} {0,50,54,58}  {34,85,87,97} {0,25,83,91} {34,39,77,100}
L]

538 4.18. A& —A frame-GS(2,4, (4710'), 3).

IER. A REERN{0,1,2...,113}, HEN{{38k, 38k + 7,38k + 14,38k +21: 0 <
k<2y+i:0<i<6}U{{28+38K,29+ 38k,...,37+38k:0<k<2}}, I
HER{{0,38,76} + i : 0 < i <37} PImRXAH FHEXAELH MG =
(012 ---27)(2829 30 31 32 33 34)(35 36)(37)(38 3940 - -- 65)(66 67 68 69 70 71
72)(73 74)(75)(76 77 78 --- 103)(104 105 106 107 108 109 110)(111 112)(113))J&
ARG ER

{0,1,87,92}  {0,5,39,109}  {0,3,63,111} {38,67,89,92}  {0,50,51,79}  {38,77,88,111}
{0,6,28,54}  {38,29,53,80} {0,56,64,96} {38,32,85,86}  {0,68,9582}  {42,76,78,109}
{0,8,71,88}  {38,36,43,84} {0,11,15,66} {0,31,101,81}  {38,48,64,71}  {0,73,84,103}

{0,2,12,32}  {0,37,65,100} {0,19,36,89} {0,94,78,105}  {0,41,85,106}  {0,55,58,110}

{0,33,40,44} {38,72,81,91} {0,47,75,77} {0,53,102,113} {38,30,99,103} {0,93,99, 108}

{0,43,49,67} {0,57,46,107} {0,42,61,74}

]
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b. En=0,1 (mod 4)8}

WL R ] LUR A 5 2 s L(5,5,4),05 L F3N %, 6 -
{30122,12011, 21230}

5138 4.19. 4E&n € {17,29,37,41,53,61,73,89,101,109, 149, 157}, A £ —
ANGS(2,4,m,3)s

R TR Wi e ] LS B 0
5|38 4.20. *HHEEn € [16,60), U {72,92}, AE—AGS(2,4,n,3).

EA. A RERN{0,1,2,...,3n -1}, HEAN{{O,n,2n} +i:0<i<n-—1}. B
T XA 16T, & )RR X AdEd H FAMEEG = (012 - n—2)(n—1)(n n+
In+2 - 2n—=2)2n—1)2n2n+12n+2 --- 3n—2)(3n—1))EHHH. O

3138 4.21. sHE&n € {21,25,33,45,49,57,69}, HE—NGS(2,4,n,3).

iR, A EERN{0,1,2,...,3n — 1}, HERN{{O,n,2n}+i:0<i<n—1}. FF
5 X A HH 161, 22 10 ) B X A dd | A G = (012 - n—1)(nn+1n+
2 - 2n—12n2n+12n+2 --- 3n— 1)) EFHEH. O

AR, Ms e {0,118, —AMrame-GS(2,4, (1vs!), 3)#ZGS(2, 4, w + s,3)o
[ 7 P4 LARD 5] BHA.11),  FRATIS 2040 45

S|3E 4.22. M4EZEn € {64, 68,76, 80,84, 100, 116, 148, 156} U {65, 77,81,85,93},
BE—ANGS(2,4,n,3).

IERA. R — AN 3R {4}-GDDAIN X H, — AT N3°{4}-GDDAH 154 X
H, FATA LA X HE R Ay — A XA Bl = 3, MFRLIPS
B (u,w,s), ATLAFRIFNIGS(2,4,n,3)s O

5|38 4.23. T 7| frame-GS¥) B AE:
i) frame-GS(2,4,(16%),3), u € [6,10];

i) frame-GS(2,4,(20"),3), u € {7,9};
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4.1 5134.22 EF'E/J;‘%@ (u,w, s)

n | (u,w,s) (u, w, s) (u,w, s) n | (u,w,s)
64 | (4,16,0) || 65 | (4,16,1) || 68 | (4,17,0) | 76 | (5,15,1)
77 | (4,19,1) || 80 | (5,16,0) || 81 | (4,20,1) | 84 | (4,21,0)
85 | (5,17,0) || 93 | (4,23,1) || 100 | (5,20,0) || 116 | (5,23,1)
148 | (4,37,0) || 156 | (5,31,1)

i) frame-GS(2,4, (165241),3);
i) frame-GS(2,4, (167401), 3);
v) frame-GS(2,4, (40'°),3),

iEH. i), MR 5 frame-GS(2, 4, (44),3), u € [6,10]fH4ZlK, 7557 %
Hframe-GS. ii), Hlframe-GS(2,4,(4%),3), u € {7,9}, HSWIKAE AT &1t
iii), M5IHEL 16 rame-GS(2,4, (4°6Y), 3) I FH4MEZK. iv), M54 18 frame-
GS(2,4, (47101, 3) I 4 K. v)Elframe-GS(2, 4, (4'), 3) 3 H 10l /K O

HER 4.24. sHEEn € {96,104, 112,128,140, 144, 152, 160, 180,400}, 4 %I 4 &
—ANGS(2,4,n, 3)Fr—ANGS(2,4,1 + 1,3)s

IER. BUS| B 23 (i frame-GS. W AEZL FIHANGS(2,4,m,3), m € {16,20,
24,40} (5| HE.20D, WAFEIFHEMGCS(2,4,n,3). WHRBIM—DTES 5, FF
fEAL &R 55 AU NGS(2,4,m + 1,3) (5] B 19421, A1/ )7 =
1GS(2,4,n+ 1,3). O

5138 4.25. 4L Fn € {124,132,136,176,184}, # & —AGS(2,4,n,3)4= —
ANGS(2,4,n 4 1,3)s

iEH. MEIERIHE—ATD(6,t), t € {5,7}, FAREAMIETZXFSAHBFTH
2 IR E AN SN, %Jﬁ~4\éﬂﬁﬁy4\5buﬂ& Hrgt+y =t. XH
BN it Aframe-GS(2, 4, (4%), 3) Flframe-GS(2, 4, (4°81),3) (5] #4. 15[f4.16).
BAEE] T frame-GS(2, 4, ((4t)°(4z + 8y)'), 3).

U R A 31X Heframe-GSI 41 1 38 NGS(2, 4, 4t, 3)FIGS(2,4, 4 + 8y,3) (5l
Hl1.20D, FATA N TGS(2,4,n,3), Hrin = 20t + 4z + 8y. Hi(t,v,y) =
(5,4,1), TATHGCS(2,4,124,3); FH(t,z,y) = (5,2,3), FATHGCS(2,4,132,3);
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Fi(tx,y) = (5,1,4), ATHCS(2,4,136,3); #(t,z,y) = (7,5,2), LA
FIGS(2,4,176,3); #(t,z,y) = (7,3,4), FATHGS(2,4,184,3)s

WERIEIN—ANET5 f, A FIERIJE S RIEANGS(2,4, 4t+1, 3) FIGS(2, 4,
Az + 8y +1,3) (S IGRE21D, B EHEAFK =041, 2, y), BATHTLAEE
R FIGS(2,4,n 4 1,3). O
513 4.26. *F4£ &n € {616,636,660,664,736}, # &£ —ANGS(2,4,n,3)F=—
AGS(2,4,m +1,3)0

. 5RO —ANTD(8,24), HI A M3 033 A6 T s, SB7A
a0, a— Ny A A4, HA S0, X B it Aframe-
GS(2,4,(4%),3), ue{6,7,8}. FAIGH] I frame-GS(2,4, (96°(4x)" (4y)"), 3)s
WER AL X Leframe-GSHI A 70 A A GS(2,4,96,3), GS(2,4, 4z, 3)EL
#GS(2,4,4y,3) (51320, 51#4.22), #HEitl24D, FAIHE B TGS(2,4,576 +
4o +4y,3)s #(x,y) = (10,0), FAIEGS(2,4,616,3); #(x,y) = (15,0), KA
HGS(2,4,636,3): #(z,y) = (15,6), FATHGS(2,4,660,3); #(x,y) = (15,7),
BATHGCS(2,4,664,3); #i(x,y) = (24,16), FATHGCS(2,4,736,3).
WUERKGIN—AT0 55 5, JFAEA BRI L 55 R AGS(2,4,97,3), GS(2,4,
4o+ 1,3)8EHGS(2,4,4y + 1,3) (51 H4.19, [4.20/14.22), B b A F M =0
H(t,z,y), FATTLIF RN FIGS(2,4,n + 1,3). O

4P = [10,29] U [31,40] U [44, 46] U {100, 154, 159, 165, 166, 184}.

5138 4.27. }AE &L > 10, t € P, BAE—ANGY(2,4,4¢,3)F—/NGS(2,4, 4t +
1,3)e

ER. XL > 10, ¢ ¢ P, 5 HEPI0, FE—A( + 1,{6,7,8,9,10},1)-
PBD. MIXAPBDHJ ri4E £ — A, 15938 95677819 146, 7,8, 9, 10}-
GDD, HH5i + 65 + 7k + 81 + 9m = t. F LA W& i 0 BL418 Flframe-
GS(2,4, (20724728%32!36™),3). X H, A ¥ it Jframe-GS(2,4, (4*),3), u €
[6,10] (5]FH4.15).

IR AE X Eeframe-GSIH 41 E 38 NGS(2,4,m,3), m € {20,24,28,32,36}
(51 EHL.20D, WAVBRIFTFRGCS(2,4,4¢,3) WIRIEIN— AT TT IR IX Leframe-
GSHIZH FIERTE 75 ;S NGS(2,4,m + 1,3) (51 #4.19) Fjd.21), FA143 5
FCS(2,4,4t +1,3). O
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A5 FHI0A22, M oA 5] B0 LT RO A B, A F:

EIE 4.28. WHEENn =0,1 (mod 4), n>8, nd{8,912,13,88,108,117}, #%
HE—AGS(2,4,n,3)0

c. En =23 (mod 4)&f

L gMin N IEEEH. — N aF33E L (holey packing), i NM Ng"HK-HP,
M= (X,G,B), HhXE—NRADgnfiEE CGEER). GR—IMXH
RIor, MONR (B2, BXRDBin N5, Biagi s BX—4F
ik (R, SMEEB e B, |B| € K, HHBAEZEMHANANFEAN A3 LS
E—NXAF, [F—AHE SO AT X ZH A

LPN(2,k,n,g) WA &, B B g #{k}-HP I & K] Ge ) X 4 A2
I56) T 4aH TPN(2,k,n, g) < BN(2,k,n,g), HH:

L% L("I%l)gu —1, #(n—1)g=0 (modk—1),
BN(2,k,n,g) = n(n—1)g>#0 (mod k(k —1));
n | e | .

AR, #n =23 (mod4), A4(n,5,4) < PN(2,4,n,3) < BN(2,4,n,3) =
U(n,4)—1. B, RE—Aframe-GS(2,4, (17221, 3), #A &M (n,5,4),05,
XAF R, BATE A frame-GS(2, 4, (1"722Y),3), n=2,3 (mod 4).

5138 4.29. A,(6,5,4) =9, A4(7,5,4) € [15,21]

Y. BRI A46,5,4) < 9. BILFEHIER, AR (6,5,4),85:
{333300, 310033,031011, 003132, 100321, 201203, 122002, 012220, 220110}o
B, A(7,5,4) < 21 @ FENEER, RGN0 F
E‘J(?, 9, 4)4655: {2102003, 3001201, 0120301, 0211002, 1300102, 1010031, 2013300,
2320010, 0033013, 0200233, 0101110, 0002322, 0332200, 3030120, 1203020}0 O

SIFE 4.30. 4 &n € [19,83),U{91,99}, A& —Aframe-GS(2,4, (1"7221), 3),

EA. A REER{0,1,2,...,3n — 1}, HERN{{0,n,2n} +i:0<i<n-3}U
{{n—-2,n—1,2n—2,2n—1,3n —2,3n — 1}}, AER{{0,n,2n} +i:0<i <
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n—1}. IR RITX AR LLHI6T, X IVIAII6T, & V] rE X @i 5 F
HG=(012 - n-3)(n—-2)(n—Dnn+1n+2 - 2n—3)(2n—2)(2n —
D@2n2n+12n+2 --- 3n—3)(3n — 2)(3n — 1)) BIF1HZ. O

Sfu € {4,5}, FATIEE N3uf){4}-*GDDHI X HER 7 REN > HE
— XM Xu € {8,9}, 5 EUNE A — A AUA3UHI{4}-*GDD.  [H y
HgBI{4}-*GDD X 2HA AT Ui 2 Rl 53 g N80 53, A1 5 23159 21 A RS 1Y
BN B S, (R4, 49 =3, s=2, 5518422 KREWZEEL AT
A DAMS 24 4551

518 4.31. ¥4 &n € {87,107,127,147,155,167} U {70, 86,102, 118,134,138,
150, 166, 170, 182, 198, 202, 206, 214, 230, 234, 246, 254, 262, 294, 298, 302, 402}, %
B —Aframe-GS(2, 4, (17221, 3).

IR, Xfn € {87,107,127,147,167}, 7 alllu = 5, w € {17,21,25,29, 33},
Xfn = 155, Blu = 9, w = 17. XIn € {70,86,102, 118,134,150, 166, 182, 198,
214,230,246,262,294}, 2 ilHu = 4, w € {17,21,25,29,33,37,41, 45,49, 53,
57,61,65,73}. Xin € {138,170,202,234,298}, Zrillllu =8, w € {17,21,25,
29,37}, Xin € {206,254,302}, Al =12, w € {17,21,25}. Xfn = 402,
Hlu =16, w = 25, O

SIFE 4.32. 4= &Fn € {123,131,135,139,171,175,179,183}, & &£ — A frame-
GS(2,4, (1"7221),3),

IR, MBI HERIEC—ANTD(6,1), t € {57}, FF: Ak i i 5t arsA~ 41 1 fe
A A, W E AN E R, y, A SR N4, 6,8, Htr +y+ 2 =t
X BN RNframe-GS(2, 4, (49),3) (51 #4.15) Fframe-GS(2,4, (4°m'),3),
m € {6,8} (5HL.16D. ﬁaﬂ]ﬁ@”?frame—GS(Q,él,(( t)5(4x + 6y +82)1),3). I
=655 /i, frame-GSHIAH FIERITE S5 RIEAGS(2,4, 4t + 1, 3) Mframe-
GS(2, 4, (14x+6y+8z—121>, 3), ?)ﬁfg}ﬂframe—GS(Q, 4, (120t+4z+6y+82—121)7 3)e -
20t + 4z + 6y + 8z + 1. MWiENTH IS EL(t, 2, y, 2) FIAERA. 2. O

4Q = {10, 14, 15,18, 20, 22, 26, 30, 34, 38, 46, 60} U {29}.

513 4.33. *fE&n =3 (mod 4), n > 187, AAE—Aframe-GS(2,4, (1"722'),3).
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i% 4.2: Eiﬁ!ilél_ﬁjﬂﬁﬁ%ﬁ
n (t,z,y, 2) (t,z,y, 2) (t,z,y, 2) n (t,z,y, z)
123 | (5,4,1,0) || 131 | (5,2,1,2) || 135 | (5,1,1,3) || 139 | (5,0,1,4)
171 | (7,6,1,0) 175 | (7,5,1,1) 179 | (7,3,3,1) || 183 | (7,3,1,3)

B G ER. O B —ANTD(7,¢), R AR 04 3 10 AT 64 4 1) B A A i A4
XF 5 Ji5 — N W, y, oA B INAL4, 6,8, FAR sUINAN0. IX BN R
Aframe-GS(2,4, (4%),3), u € {6,7} (FIHU.15D, frame-GS(2,4, (4°m'),3), m €
{6,8} (HIFHAITD. FAVFH]—Mrame-GS(2,4, ((4t)%(4z + 6y + 82)1), 3).

a. WEEE > 7, k¢ Q, H5IHERMFAE—ANTD(T, k). R 558 E AT LAHCE]
BE=TCH (2, y, 2), E1F4e + 6y + 82 € [18,38]4

b. XEEE € Q\ {15,30}, HBIHERIYFE—ANTD(T, k — 1), RZZKAEAT
DA B IE 1 = e (n, y, 2), fFf34x + 6y + 82 € [42,62]40

c. MAERE € {15,30}, HFIHERIFEE—ATD(7, k —2). 1RA 5 HIUEAS LUK
FEER =TCH (2, y, 2), 154z + 6y + 82 € [66, 86]4

BN —A 55 R ﬁkFﬂHLLIﬂ%%ﬁiﬁAGS( 4,4t+1,3) CGEFH4.28)
Fiframe-GS(2, 4, (142 +0v+8:=191) '3) (5| #4. 30/ 5] #4.31D, FA1# 13 Flframe-
GS(2, 4, (124t 4zt6y+82=191) '3) é\n = 24t + 4z + 6y + 8z + 1. AT 15 2
T frame-GS(2, 4, (177221),3), Hrhnml LELE| 1R X [H :

a’. SERE>T7, k€ Q, n € [24k + 19,24k + 39]40

b WEEE € Q\ {15,30}, n € [24(k —1) +42+1,24(k — 1) + 62 + 1], =
24k + 19, 24k + 39]40

¢ WAEEE € {15,30}, n € [24(k —2) + 66 4+ 1,24(k — 2) + 86 + 1], =
24k + 19, 24k + 39]40

gt babgs R, AT PR Bl —AMrame-GS(2,4, (177221), 3), Henm] LA
HUEIA/NT24 x 74 19 = 187 AR/, O

A5 430, 4.31) [ 32433 AR, FRATGH):
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EI 4.34. 4EEn > 7, n = 3 (mod4), n & {7,11,15,95,103,111, 115,
119,143,151,159,163}, A& —Aframe-GS(2,4, (1"7221),3).

EIE 4.35. BT &4 A4

(1) =AEHAH3H6 89 {4}-GDD, HEAw TR FTA & KA A5 mr A
W, FEKNDH6MT AR MK DA T A, RIFENHFE 0
AR T T e R e B A S

(2) rAARE G OA(4,w);
(3) —ANGS(2,4,w+1,3);
(4) —/frame-GS(2,4, (12*7121),3).
AR 2 B FE—frame-GS(2, 4, (1Um+Dw+2w=lgl) 3y,

IE. HZAE(D)A(2), BATHIEL 1305 3] —AMrame-GS(2, 4, (w*™ 1 (2w)1), 3)
Wm—A T s, AR RN AwH BRI RIS ERIGS(2,4,w + 1,3),
18R/ A 2w B L& I T 55 NG 5 (fiframe-GS (2, 4, (12071)2", 3). FAT# A3
F|—Aframe-GS(2, 4, (1¢m+Dw+2w=191) 3y, O

HEIL 4.36. 34 Fn € {106,162,190,210,218,226}, & & — A frame-GS(2,4,
(1n=221), 3),

LR, RS EBIRN306Y, 396!, 31361, HIX AR L A LIRS 154N 84>
[11{4}-GDD. FrLlix BN 1E WS T BRI,

SHERw € {15,19,23,27,31}, H5IHEIFEEIMNBHRNOA4, w), HIF
EGS(2,4,w +1,3) G328, frame-GS(2,4, (12v~121),3) (5]H4.30D.

N bk e B, AR PAAS B 7 B fframe-GS(2, 4, (17722Y), 3),  H ki,
Mn € {106,162,190, 218}, 2 HlHm = 1, w € {15,23,27,31}; Hn = 210
B, Bm =2, w=19; Hn =226, Hm =3, w=15 O

5138 4.37. 34 &n € {250} U [266,290], U [306,398], U [406,946],, & /& —
A frame-GS(2, 4, (1"7121),3),
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X 4.3 EHU 3T I SH
t a

n (z,y,2) | 4z + 6y + 8z

250 9 0 (0,1,8) 70

290 1] o (4,1,6) 70
(266,286, | 9 | [4,9] | (0,1,8) 70
(306,334], | 11 | [4,11] | (0,9,2) 70
(338,358]s | 12 | [7,12] | (1,11,0) 70
(362,398]s | 13 | [4,13] | (0,9,4) 86
[406,454]; | 16 | [4,16] | (13,3,0) 70
[458,51014 | 17 | [4,17) | (1,15,1) 102
[514,574]s | 19 | [4,19] | (0,17,2) 118
578,642, | 21 | [5,21] | (0,15,6) 138
(646,714]s | 24 | [4,21] | (0,21,3) 150
[718,782]s | 28 | [5,21] | (15,13,0) 138
[786,854], | 31 | [4,21] | (18,13,0) 150
858,926]4 | 33 | [4,21] | (11,19,3) 182
[930,946]s | 36 | [15,19] | (33,3,0) 150

IR, RO —ANTD(7, 1), FSEAH & AT RIS AL BT AT 2, 64l
Hla™ Bminil4e &g — N2, v, 2D B0 54, 6,8, Hbe +y+ 2 =t
H A SN0, X BN B Aframe-GS(2,4, (4),3), u € {6,7} (5] H4.15)
Fframe-GS(2,4, (4*m*),3), u € {5,6}, m € {6,8} (5| HL 1641, FA
33 7 frame-GS(2, 4, ((4t)°(4a)  (4z + 6y + 82)'),3). TEAL FIHANGS(2,4,4¢,3),
GS(2,4,4a,3) CE 428D Flframe-GS(2, 4, (11+0v+8-221) 3y (5] #l.31D. Fk
1143 Fllframe-GS(2, 4, (120¢H4atdetby+82=291) '3) L = 20t + 4a + 4x + 6y + Sz.
FATAT ABCRIL IR 25, ol (2, y, 2) KAF ) FHE ZE M n. O

AR = {10,12,14, 15, 18,20, 21,22, 26, 28, 30, 33, 34, 35, 38, 39, 42, 44, 46, 51,
52,54, 58,60, 62, 66,68, 74} U {22,271,

5138 4.38. 4L &En € {238,258} %n = 2 (mod 4), n > 950, H4&—frame-
GS(2,4, (1"7221),3),

B RO —ANTD(8, 1), AR AR L 6N BT G 2, SETANA
Bz BUINAA4, X Ja— A7 FUIAL0, HoaR SUINA0. X B A it
Aframe-GS(2,4, (4%),3), u € {6,7} (51H4.15), Flframe-GS(2,4, (4“10'),3),
ue {6,7} C5IFAIT RILISD. FRATFFH T frame-GS(2, 4, ((4t)5(42)170%), 3),
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a. Xk =17, HIIHERIYFE—ATD(S, 7). B € {0,5}

b. XHEEE > 36, k¢ R, H5IHR.MFE—ANTD(S, k). Bl € [4,9)

c. XHTEE € R\ {39,52}, HBIHRIFE—NTD®,k—1), W € [10,15]
d. XHMERE € {39,52}, HBIHRIYFE—NTD(S, k- 2). Bl € [16,21]

£ 15 2 [fiframe-GSH 41 I 38 NGS(2,4,4t,3), GS(2,4,4,3) CE H4.28)
Fframe-GS (2,4, (19%21),3) (5 H4.31D w13 Flframe-GS(2, 4, (121+40+6821) 3),
An = 24t + 4o + 70, FHEEn € {238,258 Hin AN T24 x 36 + 16 4+ 70 = 950,
WAER) T FE M frame-GS(2, 4, (177221), 3). O

srdr | MIL3Y, HEIf.36, oI P4 37T 5 B IS g B, FRA115 2

EIE 4.39. A4HEFEn > 6, n=2 (mod 4), n ¢ [6,66],U{74,78,82,90,94,98, 110,
114,122,126, 130,142,146, 154, 158, 174, 178,186,194, 222, 242}, & & —" frame-
GS(2,4, (177121, 3),

4.5 Z5ig

ek, WAL K, BF T B (n,5,4), 0 S, RATHE
B >4, B TSAMEZAN, WE TG Au(n, 5, 4) B8, H550H, RATEN T
5 T TR A, GS(2, 4,0, )FAES B S0 > 4, n=0,1 (mod 4).

EIE 4.40. MEZEHE SN >4, Ay(n,5,4) =U(n,4), " Tne {4,567}, F=
S F ST Ak A9 1) 91

1) n=0,1 (mod 4), n € {8,9,12,13,88,108, 117} ;

2) n=2 (mod 4), n € [10,66],U{74,78,82,90,94,98,110, 114, 122, 126, 130,
142, 146, 154, 158, 174, 178, 186, 194, 222, 242} ;

3) n=3 (mod 4), n € {11,15,95,103, 111, 115, 119, 143, 151, 159, 163}«






Chapter 5

A2 ABARHHERNEZ TEER

5.1 SISMEELER

7ECheeMLing 1 SCF [26] 4, AT N T —Fh ¥ 07 2k MG sk 2 0w
HAY, B H A R B &AM A B, BAEE R
Ao VTE AR S I R R i i 2 oo B ARG R IX AN TR, ARATT L
Kn,d,w) 4, WE T Ay(n,d, w)FHEF{E. Chee 5 AL 23] ) T IXATT
% FESEAEME T Ay(n, 4, 3)ITERA{E.

EFXAEE, BATES T 22 L8Rt 5&M(n,6,4),5 2 [
PR EAZ G, WAV BT A E e LB, 5 N—MiHhk
T 58 AT L0 AT o AT SR G R (n, 6, 4)385.  FRATX BT K En, B
Tn=1724b BET Az(n, 6, 4)ME. EZ AT, XA RS R ER T < 100
fHOLIIE], WaEp.1}

# 5.1: Hn < 108F, As(n,6,4)H1{E
n 45|16 |7[8]|9]10
A3(n,6,4) | 1|1[3]|3[5|9]15

A, FRATETH R IE DT VR R B T A A W E R P K T GDD i
FIWilson's#t A #4183 (WFC), 158 b o¢ T4 S0 A% B 5 4 ik
a3 415 (GDC) FIFEIRA I gk, RN BLI BT AT CDCHR & 5 & 4, B
BN6H=75GDC, B EAT S, TATHIIE=714-GDC(6)f#id NGDC.

AT, Asz(n, 2w, w) = |njwl. F&51HR2, FTLIEEIA(n,6,4)H)—
A5

IR 5.1, A3(n,6,4) < [2 [%H]] = Un,3)s

XA ERBAT R, RATKA A LA, R
LT R S B (n, 6, 4) B IBER: FERETT A, AT i R
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ft(n, 6, 4)5f: 7ESB AT, Kol 21 3 B AT S 45

5.2 AEFHIRA

MO R EE XA, AR $4 (simple)e —DMRTHIR N
AR E 4y (super-simple, SS), WRAEMANMXHAKEZZT M E. 4k =3
B, —ASEBRR TR, 2\ = 18, Wit —E S5,

—MEREX L, XALENB, 1BEONNEITD, W B XHEB L
GB =L, By HEMERENL <i <\, BEBSDSHHFEZEHONH
Bt WDFR AT LT 4% (completely reducible super-simple, CRSS) #
ite X H, CRSSHE X W LLH T &Fhikit, JFHREHAF 5. JATHE—
N RERN o, XA KN AL, BB 784 7] 208 BBIBDE (v, k, \)-
CRSS¥it, fE—AXH KN Ak, FREINK 584 7] L8 F.GDD 12 A (k, A)-
CRSSGDD.

513 5.2 (AdamsZ¥[5]). Hv = 134 (mod 12), v > 138, A& —/(v,4,2)-
CRSSEt. HAA A3 (4,2)-CRSSGDDs

mA—NIERE, XE—1rfE. 8" = {H,Hy ..., H,} XTI —
M. HE)— A A E NSRBI EEZ T PN RABXH & —
MNH(m, g, k, )W AT Bt E — A = d(X,H, B), HH|X| = mg, HIEXK 2
B A KNI T4, BREH MEHERRNES (AR A,
AT BT AR 1A B B AR — N X A

—NH(m, g, 4, 3) T AR N A& s-fanff), QR E R X HEBT LK 75 A
TWFEEB, By, -+, BANA, [HHEMEREL <i<s, B#2&—"1H(m,g,4,2)
X4, 1mHA=B\U;_, B

5138 5.3 (Ge [65]). Zg>4Hg#2 (mod 4)8F, HE—"Ag-fan H(4,g,4,3)o
Rltt, FAFE] T —12E(4, g)-CRSSGDD.
513 5.4. 3g>4Hg#2 (mod 4)8, FLE—AR A4 (4,9)-CRSSGDD;

5138 5.5. & R H L& — N E AR W8 (n,4,q)-CRSSE F, A2 KA
X HbH(n,6,4) 1 4 BB —ANE A gl, BAgA K B8 (4, q)-
CRSSGDD, ML HBHE—ANR KRG - g, KD Hghi(qg+1)TGDC,
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IEA. XA TG M D ar BRS8N @] DLRAHIE .
HR&, BATAE —ANXHAENB = UL, BifI(n, 4,q)-CRSS#E i, |B| = b
MAEE R < 4,5 < ¢ BN B; = 0, W HBJE(n,4,1)-BIBDH X 2 £4£.
Mg (n,4,1)-BIBDI X H 4, FATTA] LLAG Blg DN A AZ I (n, 6,4)285C,, 1 <
i < qo HICROFHIITIEREL, NCHE— MR LB R AR R — N (g +
1)7ctdCl. WC = UL, Cial & — KA b, BRI, RS N6HI(¢ + 1)7T
i O

g4 5 #E 25 H, FRATE B T 45 R

E 5.6. Bv = 1R#&4 (mod 12), v > 138, HE—ANAU(v,3) M F R
G (v, 4,2)558,

gh 455 B AR5, FRAIE RN RS R
EIE5.7. Bg>4, g#2 (mod 48, BE—ANEH¢gTGDCs

EHE 5.8. v = 0&3 (mod 12), v > 120F, HAE—ANAU(v, 348 F 69 %
(v, 4,2)355,

EH. AMEEY, (X, A)REER.GHI—A (v + 1,4,2)-CRSS#it. Ki—4
Mar € XREI—A(v,4,2)- 7 (Y,B), HFYy =X\{z}, B=A\{AcA:zc
AYe 551 HESIEAL, BAVEE T — ARk (v, 6,4)365. O

—ASteiner& S(t, k,v)se — MNH(L, v, k,t)e S(2,3,0) IR N — > Steiner=
L& (A NSTS(v))s S(3,4,v)HFR N Steinerm T & (i NSQS(v))e —
ASteiner £ S(t, k, v) BN Zi-7T 969, WIERE W X AL LK LS (4, k, v),
0<i <t X2-nl7rfESQSHIBTFLL: RARD

5132 5.9 (Baker [§], Teirlinck [137]). A &2-7T 5 f#SQS(v), = Rv = 4"HKov =
2-p"+2, pe{7,31,127}, nAH—EEH,

AR, —A2-AI A ESQS (v) Mg — AN (0,4, 2 — 1)-CRSS#i: WIRAFELE—
A2-F] 7 ESQS(v), MBAMATRE g € [1, % — HAFAE (v, 4, ¢)-CRSSIit.
5195, RAVSHII T4
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513 5.10. R A A —A2- T HSQS(v), MAMIERMge (1,5 —1], #HAL
,./\75{ (a=lp |t 1”/\;%%%;@%@@(@ 6,4) g1

545 16 OB 10, BATE RN T 455

EIE5.11. Bv=4"%v =2-p" +2, p € {7,31,127}, nAH—AEEH, it
Fqel,L—10, AAE— /\%—L(q Do et 1”/\@,%@@;@%(@ 6,4) 4155

5.3 FEFAE1E
a. —¥E/NHGDCHMELE

TEARTIH, FRATK BB — 2 (4, 2)-CRSSGDD,  [Alf 1 5] #5.5,  FA'1
W53 T —LGDC,

— M, AT B IE R H M, FRECNIIBAN{4}-GDD, f#1§
EEMANXHREZZ TR A AEHEXHAN{4)-GDDAGRKHA D] 73,
75 2L (4,2)-CRSSGDD, X HL 4 18 &R 3 T RAT A B 2 538, B JlH —
MNGDDHI X H 2 H —MHIREE (ZRZ|MBZ,) BIF. FrUlRATEE Ry
—UEIEXCAH, AT B IX 2L AT DO A in vk i el A 0 B (R AL B R R 15 2
TEAETE TS T, 20 € {2} x Z, W PR TEACHBEZ, FIME—n i T 3F
It

5138 5.12. A& —ANAEA4TE(4,2)-CRSSGDD.

LB, A N, HEN{{0,7,14,21} +i : 0 < i < 6} FIIFHRXYA
HZoss F4+4 (mod 28) B IT w43 2 T IATHT ZE M wit. % — AHGDDIFEX H
M(0,11,24,27), (1,3,7,9), (0,1,12,25), (3,18,22,23), (2,5,10,21), (0,2,18,
20), (0,9,19,22), (1,2,19,24), 2 - AGDDIEX A2 HFE — A GDDRE X
e A 1-519 2. O

SI3E 5.13. *H4EFu € {7,10,13,16,19,22, 28,34, 52,58}, #H&A H2u4y(4,2)-
CRSSGDD:

IR, & Ny, HERN{Ou) +i:0<i<u-—1}. Xu € {7,13,19},
F162, B3] 2 X 4H+1 (mod 2u) BT HAS 2 T HATHE Z Wit Xu =
10, FH[I62Z, B 5] 1 3 X 4H+4 (mod 20)J& T 515 81 7 A1 T 21 it
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Xfu € {16,22,28,34,52,58}, H162, MIx|FHIHEXH+2 (mod 2u) & H i3
B T RATTER &, O

5138 5.14. & € [5,13], AL—NR A6 (4,2)-CRSSGDD.

BB, A N, HEN{{0,u,2u,.. . 5u} +i:0 < i< u—1} Xfu €
{5,6,8,12}, HI[162, PR+ X 442 (mod 6u) I #1452 T ,ATHEER
wite Xfu e {9,11}, HII62, Bt A EE X 441 (mod 6u)fEIT 15 2] 1 3K
&% ZR it Xu e {7,10,13}, Pras seit 7 o) B8 o927, 21080213 (4, 2)-
CRSSGDDHI3EZ k15 £ 0

SIFE 5.15. A& € {4,5,6}, AAE—ANEH6"3'49(4,2)-CRSSGDD.

JEBA. 6431 A A NZy U ({a} x Zs), HN{{0,4,8,...,20} +i:0 < i <
3Ju{{a} x Zs}s FIRWIFHII FEXH+2 (mod 24)BITFAEE]. ZH—1GDDH
FEXHN(1,6,11,a0), (2,3,4,a0) (0,7,9,18), (0,3,10,21). 5 _ACDDHE
X 2H & HH 3 — N GDD I % [X 2H 3fe DA e 1545 2.
6°3': & S NZs U ({a,b,c} x Zy), #H9{{0,5,10,...,25} +i : 0 < i <
4} U{{a,b,c} x Zy}o PRt AN EXH+6 (mod 30)EIF4FH].
55— A GDDRIFEE X 4.
(2,1,15,a0)  (5,12,28,a0) (5,22,26,b9) (0,13,21,b0) (1,3,14,co)

(1,23,29,12) (1,24,27,0)  (5,21,27,23) (4,27,28,15) (1,28,10,7)
(2,29,25,13) (5,16,14,2)  (2,26,3,24)  (5,6,4,c0) (0,4,12,26)

HANGDDEE X 41

(3,25,22,a0) (2,24,23,a0) (0,2,4,bo) (5,7,9,bo) (0,22,26, co)

(5,8,17,24)  (2,21,15,14) (0,1,18,7) (5,2,13,1) (0,16, 17, 28)

(2,25,16,8)  (3,15,12,6)  (5,22,21,29) (1,15,17,c0) (1,4,10,27)
653': 4 B EE NZss U ({a) x Z3), HN{{0,6,12,...,30} +i:0 < i < 5} U
{{a} x Zs}o FIFHHIHW FIEXH+1 (mod 36)BFHEF]. F—AGDDIHE
XZHM(0,4,5,a0), (0,11,14,27), (0,2,10,17). % ~/NCDDRIFEX AL —
NGDD X 4 e LU 1145 Fo O

51¥E 5.16. A Fu € {4,6}, HLE—AEAH6"9'49(4,2)-CRSSGDD.
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PEA. 619 AR NZy U ({a,b} x Zy) U ({c} x Z1), H8{{0,4,8,...,20} +i :
0 <i<3U{({a,b} xZy)U({c} xZy)}o BT FEX A +3 (mod 24)&
RGP

H—AGDDHIHEX 4.

(2,15,20,a0) (9,10,23,a0) (5,6,12,a0) (7,13,16,a0) (4,15,18,bo)
(0,7,9,b0)  (1,2,23,b0)  (8,17,22,b0) (0,2,19,¢o)

% /NCDDRIFEE X A
(4,15,21,a0) (1,10,11,b0) (5,12,15,b0) (0,5,22,a0) (0,10,23,co)
(1,6,7,a0) (2,8,11,a0)  (2,4,7,bo) (6,8,21,bo)
659': & HEE NZss U ({a,b, ¢} x Zs), 4 R8{{0,6,12,...,30} +i : 0 < i <
5}U{{a,b,c} x Zz}o P it B M EXH+2 (mod 36) REIT1F 5.
%Q/I\GDDH/‘]%IZéH

(0,1,2,a0)  (3,10,35,a0) (0,7,33,b0)  (2,10,23,bo)
(4,20,31,¢0) (0,22,26,31) (0,15,23,c0) (0,3,17,19)

% /GDDHJE X A

(073747(10) (17177 207CL0) (0717287b0) (37117207b0)
(1,12,23,33) (3,5,34,c0)  (0,13,26,c0) (0,2,16,31)

5138 5.17. it Tu e {5,6,7}, HAE—ANEAH6412'49(4,2)-CRSSGDD,

IEA. 65121 &R NZs0U({a, b} x Zs)U({c} x Zy), H8{{0,5,10,...,25}+i :
0 <i<4}u{({a,b} xZs)U({c} xZsy)}o FITmHITHUI FIEXH+3 (mod 30)f&
TR 3.

F— A GDD X 4.

(6,24,25,a0)  (5,11,12,a0) (8,19,22,a0) (1,3,29,a0) (0,13,17,a0) (1,22,23,co)
(13,19,26,b0) (3,7,25,b0)  (6,12,14,b0) (2,5,23,b0) (1,15,24,b0) (2,18,21,co)

55 AN GDDREE X 4.

(12,19,23,a0) (2,13,24,a0) (3,5,21,a0)  (1,7,10,a0)  (11,14,15,a0) (1,8,17,co0)
(0,17,24,b0)  (3,4,6,b0) (14,20,22,b0) (1,13,27,bo) (8,25,26,b0)  (4,12,21,co)
6012': 4 RUEENZ36U ({a, b} x Zs) U ({c} x Zs), #H79{{0,6,12,...,30}+i:0 <
i <53U{({a,b} x Zs) U ({c} x Z¢)}o PTGt EIXH+2 (mod 36) &I

(EEB
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;_%Q/]\GDDH@%IZQH

(1,12,29,a0)  (2,9,16,a0)  (5,7,8,b0)  (0,4,27,b0) (2,4,12,co)
(10,13,29,c0)  (6,15,19,c0) (8,9,23,c0) (0,5,20,31)

% ANGDDIH] R X 4.

(0,19,21,a0) (2,5,10,a0)  (2,13,34,b0) (5,15,18,b0) (0,20,22,c0)
(4,17,21,c0) (11,18,25,c0) (3,14,19,¢0) (0,1,9,10)

6712': A HENZLU({a} xZ)U({b, ¢} x Zo)U({dy x Zy), 4 R{{0,7,...,35}+
i:0<i<6}U{({a} xZ:;)U({b,c}xZy)U({d} x Zy)}o FreEditmin F3X

H+3 (mod 42) EHAF 2,
HF—PGDDHE X A

(10,40,1,a0) (13,39,7,a0) (11,0,23,a0) (15,6,35,a0) (5,29, 16,a0)
(17,9,33,a0) (3,20,4,a0)  (0,40,15,bo) (1,20,35,bo) (4,31,26,co)
(0,3,41,¢0)  (1,21,26,do) (0,37,6,19)  (2,34,38,35) (0,2,4,12)

HANGDDEE X 41

(4,1,37,a0) (6,12,24,a0) (7,9,19,a0) (14,39,34,a0) (2,8,20,a0)
(0,31,5,a0) (11,15,38,a0) (5,6,15,b0)  (4,14,31,bo)  (0,19,27,co)
(2757 10, CO) (078747d0) (07 11, 20, 22) (17207 19, 18) (0729737 16)

b. HKEn =2 (mod 6)AF

FEARTT R, TA T E A5 (6t + 2,6, 4) HMH. H15135.5, WA — A
A2 (4,2)-CRSSGDD, AT A5 2] — AN BUM2YHHGDC, W& — 4w
(6t + 2,6, 4)55.

5138 5.18. MWHE&EL > 4, HAaE—ANEA1216(4,2)-CRSSGDD,

iE. %t =08kl (mod 4), t > 4R, H5IHER.FE—A(3t + 1,{4},1)-PBD.
MIXANPBDHY 4 25 51 — A fUAT BLAS 3 — AN B R 3H R {4}-GDD. 4t = 2843
(mod 4), t > 7, HHEIHER.FE (3 +1,{4,7°},1)-PBD. MIX/PBD
MR —ANAERNRTRIX AR A, 0] AR 3 —/N 83K {4, 7*}-GDD.
Rltk, XHMTEEL >4, t 46, TATHE —ANELN3HI{4, 7}-GDD.

045 3N BT HWECHIALA, AL = > 4, t # 6, 53—
12! (4, 2)-CRSSGDD. iX B AT F fI4 N B it 2 28 o4t (5|3 p.4D F14™ (5]
#5.12D f¥(4,2)-CRSSGDD.
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Xttt = 6, B—AH 45 {5}-CDD ([7I)D, FWFCH #3715 5] — A4
B H125/¥(4,2)-CRSSGDD. 1% B A ¥ 1t 72 B! N3°1(4,2)-CRSSGDD (5]
H5.2D. O

5138 5.19. &t > 1, HAa—AR A28 (4,2)-CRSSGDD.

. Kt € {1,2,3}, FIRBICALES Hp MG AR SHERt > 4, M
51 #5. 18— U124 (4, 2)-CRSSGDD,  8n2 AN 55 5, FFEA EEF L
53 MIENTN2711) (4, 2)-CRSSGDD, 13 EI12 26+ 1) (4, 2)-CRSSGDD. O

5138 5.20. MEZME > 1, AAE—ANE AR (4,2)-CRSSGDD.

W Wt € {1,2,3,4,5,8,9}, T B O AL 5 B I3 MG 13 B, Xt €
{6,10}, AHIEEIAsY, s € {20,32}1(4,2)-CRSSGDD (5| #[5.4D, 4 HILE
H_FIEANAA2108216) (4, 2)-CRSSGDD. Xt € {7,13}, XHALN6°56°1(4, 2)-
CRSSGDDHI3IZAK, #ifd#| T A N18°818°1¥1(4, 2)-CRSSGDD. & in2A~Jt 55
M, JFE A BOE R JE 55 AU ON B 2191 (4, 2)-CRSSGDD. - Xft € {11,16},
43 ) B RS SR27 50210/ (4, 2)-CRSSGDD,  FH 10/ ik 15 21 24 4207552010/ (4, 2)-
CRSSGDD, 5 7£ 41 | 4 5l 35 X &L N2'0f) (4, 2)-CRSSCGDDE #3 2] 1 fT 75 14
ite Xt = 15, E—AHBA3STH{5}-CDD Gl it #h 4= A N3% K1 {4}-RGDD1E
2, WIT1D. AWFCIKG, G2 Jess s, o alfEd FERG T UEAA
F21080222 (] (4, 2)-CRSSGDD.

Stt e {12,148t > 17, M 51 #RAH — (v, {5,6,7,8,9},1)-PBD. M
X ANPBDH AR LB — A s, 15 318 456078 15, 6,7,8,9}-GDD,  H
H14i+ 55 + 6k + 71+ 8m = v — 1. HHWFCHIXMNGDDINK 6 AT A6, e
{5,6,7,8,9}1(4,2)-CRSSGDD (5| #5.14D, 7555 424130736 42'48™ ] (4, 2)-
CRSSGDD. #2575 s, HAEA LERTET S AENE N2, s € {13,
16,19, 22,25} 1 (4, 2)-CRSSGDD, FATHX AL Z %0 € {26,30} v > 36752
T AA230- D) (4, 2)-CRSSGDD. O

L4 5| 5 IRE 20k (45 5, JRAAFH:
EE 5.21. dEEL > 2, AAE—ANAEAH2TE(4,2)-CRSSGDD. A sk, it
E&L > 2, BE—ANARABHUEGDC, BP: 3HAEEL > 2, Ay(6t +2,6,4) =
U(6t +2,3)e
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c. HKEn=06,7 (mod 12)Ff

FEART A, FRATKHHE As(1264-6,6,4)F1A3(12t+7,6,4)KIME. Xin € {6,7},
K 1 C&Hfi5e T As(6,6,4)F1A;5(7, 6, 4)H1H.

3138 5.22. 1E&En € {18,19,31,43,55}, As(n,6,4) = U(n,3)s

TER. PR Ag I A aE B O (2, 2| B E A AR Rl A RENZ,. Xin = 18,
Frwfd b in PS5 42 (mod 18)#3 %, Xin € {19,31,43,55}, FTishdhin g
F+1 (mod n)fF 2,

n=18: (0,1,2,3) (0,6,4,13) (0,9,5,17) (0,11,8,14) (1,7,5,12)

n=19: (0,3,18,4) (0,17,10,7) (0,5,11,13)

n=31: (0,3,1,13) (0,6,2,26) (0,7,15,18) (0,12,4,21) (0,14, 5, 30)

n=43: (0,2,26,36) (0,10,25,38) (0,3,8,9) (0,1,18,22) (0,4,11,31) (0,13,29,32) (0,20,12,14)

n = 55: (0,5,13,22) (0,7,19,33) (0,4,10,28) (0,11,31,32) (0,14,49,53) (0,15,38,45) (0,1,3,43)
(0,9,25,36) (0,18,47,52) ]

5138 5.23. AHEFu e [4,8], FE—NEA12"18'49(4,2)-CRSSGDD:

. A RENZ0,U({a} xZe)U({b} X Z15), HEHN{{0,u,2u,...,11u}+i: 0 <
i <u—1}U{({a} xZe)U({b} x Z12)}o FrmvitH FHEXH+L (mod 12u)fE
TSR3, Hzg € {o} x Z, 0 AR B Zq o, HHE— FInBY TR IT.
12418%:

F—/GDDHIFEX 2H: (0,25,27,a0) (2,11,16,a0) (9,20,35,b0) (3,4,34,bo) (2,5,43,bo)
(0, 13,42, bo)

5 ANGDDIP)2E X 4 i 22 X 4H 3fe DA 17454 2o
12°18%:

F—NCGDDFE X 4

(3,6,52,a0) (5,37,38,a0) (0,16,37,bo) (2,56,58,bo)
(0,7,19,36) (9,18,31,bo) (3,11,29,bo)

%/ GDDHIE X H i b2 X 4 e LLafe 1715 21,
12618!:
H—NGDDH] R X 4.

(2,40,69,a0) (0,1,65,a0)  (2,23,55,b0) (8,30,33,bo)
(0,4,14,49)  (5,46,61,by) (4,24,63,bo) (0,9,11,55)
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- ANGDDRR X H i Fr X 43 Ll 7515 3.
12718%:
H—ANGDD R X 4
(0,33,67,a0) (2,10,29,a0) (0,4,9,bo) (10,62,63,b0) (8,11,66,b0)
(0,39,41,54) (0,25,61,72) (0,18,38,62) (5,73,79,bo)
5 ANGDDREX H iy b R X 4H T LA 1515 21,
128181,
H—ANGDD R X 4

(0,3,55,a0)  (4,77,86,a0) (10,21,40,bo) (1,19,39,b0) (8,54,59, bo)
(0,42,59,71) (0,47,60,62) (0,1,69,90)  (0,4,26,65) (2,12,65,bo)

% “ANGDDRYEE X H iy b i 2k [X 2 3fe PASRe 7515 2, O

5138 5.24. = Fu € [4,8]U{16}U[20, 22 ku > 24, HE—ANA A12418149(4,2)
-CRSSGDD:

W, Xu € {4,5,6,7,8}, Fid it S&rE 5 #h. 23 M. u e {21,33}),
A3 AR 12415 8012715 1 {4}-GDD  (WL[69, & FE3.16]), FIWFCHA4, 1
I8ANTE 55 i, FFAEA B3 N A 124181812518 /) (4, 2)-CRSSGDD, it 5
BT R Xu e {16,28,32), A AECE RSt s € {4,7,8) (51#H[B.4D
[11{4}-GDD, HWFCHIA12, G855 s, FEAEH LR LI mEA
T N12°181 (4, 2)-CRSSGDD.  Xfu € {22,26}, 4 HIELA N649 86791 I {4)-
GDD (ML[77, 7 ¥E1.6)), HWFCHIALS, M8 TETs mi, FAEH LR
55 HIANT 12418 5126181 (4, 2)-CRSSCGDD.  Sfu = 31, BRI A497 H1{4)-
GDD (J[69, 51#3.17]), HWFCI®12, s~ Jo55 mItEd Bk R G5
AT 12418 50127181 /1 (4, 2)-CRSSGDD,  Xtu = 27, HUAUN15211f1{4})-
GDD (J[69, € #4.1)), FHWFCHIA4, B8y s, A FiER LTS
AN A 125181 8012718 (4, 2)-CRSSGDD.

Xfu € {20,24,25,29,30} 8w > 34, MG FHR2 A —4(u+1,{5,6,7,8,9},1)-
PBD. MIXAPBDH) s E i —A 545 2] — A8 475760 7'8™ 1){5,6,7,8,9}-
GDD, HH14i4-55+6k+71+8m = ue FIWFCHIA12, FIANBHEAIA12, t e
{5,6,7,8,9}1(4,2)-CRSSGDD (5| #5.18), 75 5| }48'60/72884'96™ ] (4, 2)-
CRSSGDD. #4184~ Jo 55 s, FFAE4 F 3% R JE 55 mi 4 S HE A B R12018Y,



CHAPTER 5 W54 n] 48 it i st 2 o Y 59

s € {4,5,6,7,8}11(4,2)-CRSSGDD (5| #5.23)), FHATw# 2| 7 4 M12v18t,
u € {20,24, 25,29, 30} 8w > 3411(4, 2)-CRSSGDD. O

5138 5.25. Hr € {6,7}0, *MiEEL € [2,9U {17} U[21, 23]t > 25, Asz(12t +
r,6,4) = U(12t + 1, 3)s

I WL € {2,3,4}, W— AU GDC (5l #p.14D. BT i 1K B
N12t + 6fF A5 AT DLl iE AE GDCI T A 4L R BN A (6, 6, 4)s iS5 5. T itk
JE£ 12t + THORSAE 5] BE5 .22 #1575 51

5l #5.24, WAEEu € [4,8) U {16} U [20,22)8ku > 24, FA1H#A A
H12*18'HIGDC.  WERAERXANGDCHIFAH FIAAE 91280181 A hS, %
fEEt € [5,9) U {17} U [21,23]8t > 25, FRATEAAE] 7 B (12t + 6,6, 4)305. U
BRI —ADTETT S, FHFAEXANGDCHIZE_EE RIXANTE 55 sIENKE 13819/
ARRS, FRATERIS 2] T AR B (126 + 7,6, 4) 315, O

BIE 5.26. % e {6,7}8F, AHEEL € [10,16]U[18,20]U{24}, As(12t4r,6,4) =
U(12t +7,3)e

. H Y, BATEERR36Umt, Hd(u,m) € {(5,42), (6,18), (6,30), (6,78)}
[¥1(4,2)-CRSSGDD.  IX—ANTD(6,7), 23— ANX A HISA BHEE T — A5
N6°THEI{5,6}-GDD, HWFCHIKG, #AE 1 A 36542 (4, 2)-CRSSGDD.

W—ATD(7,7), E#H—XARK6A SFEIE 8657 #{6, 7}-GDD. HHWFCHE
KN N6 H I BT A RIS, & Ja — DN H e, y, 2 5 20 500, 6,12, X
HA NV R RUN6%, 651671 (4,2)-CRSSGDD,  F1ZI 6512 166121 /1 (4, 2)-
CRSSGDD. % (z,y,z) = (0,1,6), FATHI1F 2|5 Jy36°781)(4, 2)-CRSSGDD:;

A (x,y,2) = (2,5,0), HFEIFN36530" [1(4, 2)-CRSSCGDD; 4 (2,9, 2) = (4,3,0),
AT EI RN HI36°18 (4, 2)-CRSSGDD,

SRIG, ATHE R A24vmt, Hd(u,m) € {(4,30),(5,18),(5,30), (6,18),
(6,30), (7,18), (7,30) }#I(4,2)-CRSSGDD. H{—/M4N64a (4, 2)-CRSSGDD,
ZHH KN NaP B L, HHAWECHI AL, X B, A Bt 2 8 4t 1 {4}-
MGDD, F1 % A43( 7] 43 f#{3}-MGDD. ATk 15 8 7 P4 B A CRSSH: i
1284 (24, 61)11{3,4}-DGDD, H Bt A K/N AKX A IE Bida 17K, 1
3a™ T 55 s AN AT S, IR AT A6 w (4, 2)-CRSSGDD,  #ifg 3| 1
24 (3a + w) (4, 2)-CRSSGDD.
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H T ATE B N6 RI6431 (4, 2)-CRSSGDD, % (a,w) = (9,3), W15
B A1 9243017 (4, 2)-CRSSGDD.  H1 T #ATH B ON6u6", w € {5,6,7}, FIHL
N6U12Y, u € {5,6,7}HI(4,2)-CRSSGDD. 4 (a,w) = (6,0), HifEEI% H24+18",
u € {5,6,7}1(4,2)-CRSSGDD; % (a,w) = (6,12), #Ht15FIH ~N24"30", u €
{5,6,7}f1(4,2)-CRSSGDD.

H1 51355, AR R N364m!, (u,m) € {(5,42), (6,18), (6,30), (6, 78) } Al
24%mt, (u,m) € {(4,30),(5,18),(5,30), (6,18), (6,30), (7,18), (7,30) HIGDC.
FEXLEGDCHIA EIHAFRI S ihS, RATHAFE) 1 &AL (12t + 6,6, 4)35, I
Hit € [10,16) U [18,21] U {24}, [EIFE, a3 —"I655 5, FFENTHA GDCH
HEERITETT mIEA SRR, RATRER TR (126 +7,6,4)3/8. O

i LiRai R, JASE:

EIE 5.27. £ &L > 0, A3(12t +6,6,4) = U(12t + 6,3); HAEZFt > 1,
A3(12t +7,6,4) = U(12t +7,3)o

d. HKEn=9,10 (mod 12)Bt

TEART F, BATEH E As(12t + 9,6,4)F1A3(12t + 10,6, 4) I {EH. Xfn €
{9,10}, A3(9,6,4)F1A5(10, 6, 4) I O 40 H5 R 5E -

5138 5.28. sHE&n € {21,22,33,34}, A3(n,6,4) = U(n,3).

IEBA. Xn = 21, Jr &G A ad 44 08 i (21, 6, (2, 2)) i 15 2. 2 AR NZs

it % A RS 72(0, 1,3, 11), (0,8,6,15), (0,9,4,5) +1 (mod 21)EFF143.
Xtn € {22,34}, A RENZ,, PSS B TS5 +2 (mod n)EIT

1321,

(22,6,4)385:  (95,52,185,151) (1, 161,212,151) (212,02,21,62) (215,42,71,111) (181,121,51,71)

(01,101, 11,185) (15,02,201,125)

(34,6,4)35: (12,42,35,72) (02,62,301,101) (282,32, 115, 212) (271,01,221,161) (301,315,211,22;)

(265, 152,32, 245) (202,285, 15,62) (271,81,101,51) (22,215,202, 72) (31,311, 161,291) (91,251,51,21)
Xtn = 33, B AL IE 7R 619 IGDCHI 4 EIE AN K 6801 Sl

[EECEEIS O

5138 5.29. Wit Tu e [4,8], AE—ANEAH1249'49(4,2)-CRSSGDD.
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PR, A N0, U ({a,b,c} x Zs), HEN{{0,u,2u,..., 1lu}+i:0<i<
u—1}yU{{a,b,c} x Zs}o Frifvcit b FHEFEXA+2 (mod 12u) I3 3.
12491:

F—GDDIZEX 4 :

0,7,14,a0)  (3,17,22,a0) (0,37,39,b0) (2,11,28,b0) (3,13,26,co)
(5,30,40,c0) (0,1,2,19)  (0,3,30,45)  (0,6,11,33)

B ANGDDRE X H A& i 3 X H e DL+ 1915 2.
12591,
HE—/ANGDDHX A :

(1,3,52,a0) (5,18,32,a0) (0,56,57,bo) (5,13,46,b0) (1,2,23,c0)  (0,13,32,49)
(0,51,58,¢0) (0,3,7,24)  (1,7,30,38) (1,17,29,43) (0,12,38,54)

% AN GDD L X AL th i b EE X A e LR 1745 2.
12691:
H—MGDDHJEEIX A

(0,14,43,a0) (3,5,10,a0)  (5,16,32,b0) (1,21,54,b) (0,4,9, co)
(5,26,37,c0)  (0,33,41,55) (0,2,34,71)  (0,1,17,26)  (0,27,50,53)
(1,38,48,69) (0,13,23,57) (0,7, 20,64)

B ANGDDAZE X 20 42 i a3 (X 2H 7 DA 15145 21,
1279;
B GDDREX 4.

(4,36,83,a0) (1,14,75,a0) (3,18,43,b0) (4,5,38,b0)  (4,37,57,co)
(5,72,80,c0) (1,20,33,63) (0,46,48,58) (1,26,30,48) (1,61,77,79)
(1,4,10,49)  (1,44,73,74) (1,28,47,51) (1,18,58,82) (0,5,16,31)

FAGDDEE X 42 than R X 4 e LA+ 1115 21,
12891,
F—NGDDHJ X A

(2,4,47,a0)  (3,42,79,a0) (5,24,63,b0) (2,40,61,b0) (0,3,95,c0)  (0,4,69,91)
(2,49,64,c0)  (0,55,67,73) (1,48,62,63) (0,6,66,76)  (1,11,18,71) (0,41,44,71)
(1,72,84,95) (1,12,29,43) (1,22,68,90) (0,19,54,63) (0,5,18,51)

2B ANGDDRIE X 21 52 b an 3 X 2 e DL e 11915 21l O

5138 5.30. £ Fu € [4,8)U{16}U[20, 22| hu > 24, HLE—NE H1249'44(4,2)-
CRSSGDD:
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Y. EMS 5 R 24 UE R AL, X, RATHERINOAN LTI AL SRS
TH1249Y, w e {4,5,6,7,8})(4,2)-CRSSGDD (5|3#5.29D. O

5138 5.31. Hr e {9,10}0, L& € [4,8]U{16}U[20,22] &t > 24, As(12t+
r,6,4) =U(12t + r,3).

iR, 5130, BATEAN129Y, t € [4,8]U{16}U[20, 22]5u > 24IGDC.
FEH BN 12800 e RS, S5 3 7 Al (12¢ + 9,6, 4) 5. Wi iR HEm
—ATLH B, EH FERTET AEN K E Y3800 RS, w3 B T
(12t + 10,6, 4)5i. O

5138 5.32. %r € {9,10}8F, x4 &t € (9,15 U [17,19] U {3,23}, Az(12t +
r,6,4) =U(12t + r,3).

LR, e, AT B ON36Um!, (u,m) € {(5,33),(6,21),(6,69)} (4, 2)-
CRSSGDD. H—ATD(6,7), Z# — XA A K54 543218 9657 {5, 6}-
GDD. HWFCX K/INA6HI I T A sUmELe, KN NTHHE 44 mUnAe,
3N A, X H, B ON6S, 65, 643UF16°31HI(4,2)-CRSSGDD,
Rk, FATAE 2 T 883693311 (4, 2)-CRSSGDD. I —ANTD(7, 7)H &, %
P — N X A 64 518 38 60T RI{6, 7T1-GDD. FHWFCXT K 7N N6 21
BT A AT INALG, X B JE — AN L, y, 2 05 0 BN, 6,12, & (x,y,2) =
(7,0,0), Hif5EI% K36°21' [ (4,2)-CRSSGDD; 4 (x,y,2) = (1,1,5), #EH
136569111 (4, 2)-CRSSGDD.

WRIG, BAMIERA24mY, (u,m) € {(5,9), (5,21), (6,21), (6,33) } 1) (4, 2)-
CRSSGDD. it 5| #p. 26 #4i& B A24um?t, (u,m) € {(4,30), (5,18), (5, 30),
(6,18), (6,30), (7,18), (7,30) }/f1(4, 2)-CRSSCDD [ #id 2tk Tl 145 1 631,
6°6, 696'F16%9' (1) (4,2)-CRSSGDD. %u = 5, (a,w) = (3,0), s34
24591 ) (4, 2)-CRSSGDD; 4u =5, (a,w) = (6,3), A A 245211 1(4, 2)-
CRSSGDD; %u = 6, (a,w) = (6,3), #1FEIA 424521 ] (4,2)-CRSSGDD;
Lu=6, (a,w)=(9,6), B1FEIEH24533'(4,2)-CRSSGDD.

W, BATMER N, u e {5,13,17,21,25}(4,2)-CRSSGDD.  *f—4
B35 1 (4,2)-CRSSGDD B IK, 15 281 495K (4, 2)-CRSSGDD. 43 Jl B &Y
N34 41 H{4}-GDD, B —ATD(5,4), FAWFCHIAL9, MM &, HA
R ON9°1 (4, 2)-CRSSGDD#L 7 7l 45 2 7 74 7998, 97592 ] (4, 2)-CRSSGDD.
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B —ANTD(5,5), HWFCIL9, A M HN9°H(4,2)-CRSSGDDHL 45 3| 1 A
N9 (4, 2)-CRSSGDD.

B 5 #p.5, FAE R T B N36vmt, (u,m) € {(5,33),(6,21),(6,69)}, %
N24vmt, (u,m) € {(5,9), (5,21), (6,21), (6,33)}, AN, ue {5,13,17,21,
25}GDC. WIRAEXLEGDCHIA FIE NG K FE i, AT T
(12t +9,6,4)565%, Hrbt € [9,15] U [17,19] U {3,23}. T R In—A K 55
s JFERTA A FE RIS NG S KRS, FRATHS 2 1A R B
(12t + 10,6, 4)55. O

iy ERER, JAE R

EIE 5.33. &L > 0, A3(12t +9,6,4) = U(12t + 9,3); 4=t > 0,
As(12t +10,6,4) = U(12t + 10,3).

e. HKEn =5 (mod 6)F}

TEARTTF, BATREHE Az (6 4 5,6, 4)I{H. TEIXAZE, BATRBIKE &
NS SE23, (HAENIn € {11,17}, BATEW T 7.

2|3 5.34. A5(11,6,4) > U(11,3) — 15 As(17,6,4) > U(17,3) — 2

IEB. Xin =11, FRATEEME 15 MSTHI(11,6, (2, 2])505:

(1,4,6,9) (6,9,0,10) (1,8,2,5) (2,4,8,10) (6,7,1,8) (8,9,4,7) (0,10,1,4) (0,3,8,9)
(4,7,0,3) (8,10,3,6) (2,9,1,3) (7,10,5,9) (3,6,4,5) (0,2,6,7) (1,3,7,10)

Xtn =17, B s AD@E RGBS BRI R 2], B/ MR LAg
B—N(17,6,4)o05. 55135 IFHEAZREL, BATHT LG4 (17, 6,4)55.

H—MERM XA

(7,4,10,1) (13,12,2,5) (10,14,6,13) (8,4,11,14) (10,9,8,2) (7,2,14,15) (2,6,0,4)

(8,16,1,6) (9,14,1,12) (0,10,12,11) (15,11,9,6) (13,3,9,4) (5,3,15,10) (0,5,7,9)
(7,6,3,12) (0,14,3,16) (4,16,15,12) (0,13,8,15) (1,11,2,3) (7,11,13,16)

AT A

(9,7,13,1) (1,3,6,15) (15,12,10,2) (3,8,16,2) (11,3,10,9) (14,16,6,12) (1,5,2,0)
(4,6,5,10) (2,11,6,7) (10,16,13,0) (0,12,3,4) (5,15,16,9) (11,0,15,14) (6,9,0,8)
(14,3,7,5) (2,9,4,14) (11,13,8,12) (4,7,8,15) (10,14,1,8) (4,1,11,16)
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5138 5.35. A& — A H25189(4,2)-CRSSGDD.

B, A ENZis U ({a} x Z3) U ({b,c} x Zy), HEN{{0,9}+i:0<i <
8} U{({a} x Zs) U ({b,c} x Zy)}o Frifvcit g XA +6 (mod 18) T
(CEIP
F—/NGDDRIE X 4
(1,4,12,a0) (3,5,7,b0) (0,13,14,17) (0,3,6,a0) (5,9,17,a0) (0,5,8,16) (10,11,16,ao)
(2,7,13,a0) (0,2,4,b0) (8,14,15,a0) (3,4,8,¢c0) (0,1,11,¢c0) (4,7,9,15)
HAGDDRIEEX 4.

(1,2,8,a0) (0,12,14,a0) (4,7,10,a0) (3,5,15,a0)  (6,9,16,a0) (2,3,4,17) (11,13,17,a0)
(0,4,8,11) (0,5,13,b0)  (3,8,16,b0) (0,16,17,c0) (1,3,14,¢c0) (0,1,7,15)
[

5138 5.36. *FfEFu € {12,15,18,21,24,36}, A AR A2u5189(4,2)-CRSSGDD.

IEA. & REENZy, U ({a,b,c,d e} x Z1), HERN{{0,u} +i:0 < i < u-—
YU {{a,b,c,d,e} x Zi}o Ftu € {12,18,24,36}, Fri#it&din F3EX 443
(mod 2u) EIT1RE]. Xfu € {15,21}, Frafdit il FEXA+6 (mod 2u) EIT
(CEEIP
21251,
H—1MGDDIHEEX A
(2,18,22,a0) (0,1,2,b0)  (2,9,16,¢0) (2,7,21,do)
(0,16,23,e0) (0,13,19,22) (2,8,10,23) (0,3, 14,18)
5 AGDDRIFE X A :
(1,9,11,a0)  (2,3,10,b0) (1,5,15,¢0) (0,1,8,do)
(1,2,21,e0) (1,7,20,22) (2,5,9,20) (0,3,9,22)
21851,
FH—TGDDRJFREX A
(2,7,33,a0)  (0,7,29,b0)  (2,24,25,c0) (1,2,12,do)  (0,22,32,e0) (0,6,8,23)
(1,4,8,20)  (0,11,12,27) (0,4,13,34)  (1,13,18,21) (2,8,10,35)
B NGDDIEEX A

(2,12,34,a0) (1,12,32,b0) (2,3,13,c0) (0,11,31,do) (2,19,21,e0) (2,26,28,29)
(1,4,21,33)  (0,1,13,28) (0,3,5,9)  (1,8,23,31) (2,9,24,32)
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22451.
FH—"GDDJEEX A
(0,1,8,a0)  (0,4,29,bo) (0,11,40,c0) (2,13,30,do) (2,6,16,e0)  (2,20,23,36)
(0,16,38,47) (0,6,18,39) (0,3,5,37)  (0,7,19,46)  (0,17,22,23) (1,16,21,46)
(2,17,24,37) (2,4,10,14)
FH - AGDDREX A
(0,13,32,a0) (1,30,32,b0) (1,17,18,c0) (0,25,26,do) (0,1,38,e0) (2,5,17,44)
(1,28,35,43) (0,3,18,23) (2,15,22,25) (2,4,36,40) (1,3,14,44) (2,6,28,46)
(0,28,37,42) (0,9,17,36)
23651.
%Q/I\GDDH@%IZéH
(1,32,57,a0) (0,17,46,b0) (2,12,52,¢c0) (0,11,13,do) (0,23,37,e0) (0,14,22,51)
(0,12,15,20) (2,3,9,36) (2,17,22,45) (2,15,41,71) (1,20,31,42) (0,32,63,67)
(0,34,55,68) (0,1,2,25)  (2,8,53,62)  (0,10,30,54) (0,19,58,64) (2,26,58,70)
(1,8,55,70) (1,3,10,56)
- /ANGDD X A
(0,1,50, ao) (2,36,46,b9) (0,46,65,c0) (1,6,59,do) (0,2,28, ) (2,8,11,59)
(1,53,58,71) (1,13,24,64) (0,17,21,64) (2,12,15,60) (1,15,21,46) (1,23,39,62)
(2,14,54,70) (2,31,32,64) (0,4,7,57) (0,11,42,54) (2,3,29,66) (1,32,49,67)
(0,5,33,70) (1,35,43,60)
21551.
F—AGDDHIFE X 4.
(21,17,8,a0) (28,6,25,a0) (0,14,5,b0) (21,19,16,b0) (5,1,8,co) (5,12,15,18)
(0,21,28,¢c0) (21,12,22,do) (7,20,23,do) (0,26,25,e0) (21,5,10,e0) (14,3,8,15)
(0,12,20,16) (0,1,29,11) (14,22,2,16) (0,7,13,2) (7,3,25,16)  (5,22,4,11)
(21,1, 15,23)
2 /NGDDRJHRE X A .
(16,12,25,b0) (27,29,26,b0) (0,8,5,¢0) (27,13,22,e0) (5,7,26,co) (5,24,15,6)
(0,27,16, co) (19,20,11,a0) (27,24,4,a0) (0,2,25,do) (27,5,10,do) (8,21,26,15)
(0,7,23,17) (8,4,14,22) (0,19,1,14)  (0,24,20,22) (19,21,25,22) (5,4,28,17)
(27,7,15,11)
22151,
F—CDDHIZE X A
(0,13,17,a0) (2,3,22,a0) (0,38,40,b0) (5,15,25,b0) (0,2,16,co) (4,21, 34,37)
(3,5,7,co0) (0,25,27,do) (2,28,41,do) (2,21,24,e0) (4,11,19,e0) (2,12,17,26)
(1,6,25,36)  (0,26,34,35) (1,7,21,38) (1,17,31,34) (0,1,8,11) (1,2,9,14)
(0,3,9,29) (0,15,23,24) (4,8,14,31) (5,9,20,33) (3,4,10,15)  (4,23,35,41)
(0,4,22,36)
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% /GDDHIEEX A

(0,17,19,b0)  (22,33,32,b0) (0,40,20,c0)  (13,39,23,¢c0) (0,22,8,a0)  (2,21,38,29)
(33,13,35,a0) (0,23,3,do)  (22,14,31,do) (22,21,12,e0) (2,37,41,e0) (22,6,19,34)
(11,24,23,18) (0,34,38,7)  (11,35,21,40) (11,19,5,38)  (0,11,4,37)  (11,22,15,28)
(0,33,15,25)  (0,39,1,12)  (2,4,28,5) (13,15,10,27) (33,2,26,39) (2,1,7,31)
(0,2,32,18)

]

5138 5.37. & € {30,33,39,42,51}, AAE—ANEH25M49(4,2)-CRSSGDDs

ST, B S OR T EL 4 A Za U {001, 00, .., 005 )
GAEA{{0,u} +i:0<i<u—1}U{ooy,000,...,005} 22u=3z. Wil
AL PR AL 45— B F R IR A143 (mod 2u) FETFA 5L,
F—GDDIEE — 5 I X A

Kz =1 (mod 3)F}

0 r x+1 oo
20 +1 2x+2 2x 009
T+ 2 4 x+4 oo3

3 1 2x+3 oo4
2c0+4 x+3 2 005

X2 =2 (mod 3)KF

0 2 2x+1 ooy

r+1 x+2 T 009
20 + 2 4 2x+4 o003

3 1 x+3 ooy
r+4 2x+3 2 005

F T ANGDDREE— 4 JE X 4
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Hr =1 (mod 3)KF

T+ 2 T 2r 00y
3 2x+2 x+4+4 009
20+ 4 4 2x+3 o003
0 1 2 o004

2r+1 x+3 x+1 o005

Hr =2 (mod 3)KF

2+ 2 2x T 001
3 x+2 2x+4 o009
T+ 4 4 x+3 o003
0 1 2 004

zr+1 2x4+3 2x+1 oos

Xfu € 30,42}, Pt ieE — 5o X HL BN N EXH+1 (mod 2u) @
HAF2,

23051,

F—ANGDDMEE —FF oy IX 4H: (0,29,35,52) (0,15,39,49) (0,5,18,32) (0, 4,48, 57)

B NGDDHIEE —EBrFEIX A (0,8,11,36) (0,5,17,26) (0,4,18,33) (0,6, 16,53)
24251,

B —PGDDIIE —# B X 4 (0,12,22,81) (0,31,38,70) (0,60,65,78) (0,9,49,57)
(0,30,41,64) (0,4,21,37)

B NGDDHI S Z# B R X4 (0,5,23,54) (0,14,47,59) (0,41,50,63) (0,17,57,81)
(0,65,73,80) (0,36, 68, 74)

Xfu € {33,39,51}, 2 Hr R B FEIXH+2 (mod 2u) EITAFH].
23351

F—NGDDREE o HE X 4

(0,24,49,63) (1,7,41,54) (1,8,13,38) (0,31,35,40) (1,20,37,52)
(1,40,43,51) (0,8,14,18) (0,7,45,55) (0,9,38,54)
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5 ZAGDDHIEE —fB o B IX 4.
(0,26,50,62) (1,11,15,36) (0,5,8,55)  (0,9,37,49) (0,3, 18,56)
(0,6,17,35)  (0,7,14,39)  (0,15,21,57) (0,19,27,32)
23951,
B GDDRIEE ZfB o X .

(1,47,60,70) (1,5,19,43)  (1,12,57,73) (1,13,16,21) (0,8,29,38) (0,13,20,34)
(0,6,23,33)  (0,32,43,73) (1,28,32,44) (1,30,48,72) (0,3,22,37)

B /NGDDEE o3 X A
(1,5,50,59)  (0,5,13,49)  (0,40,58,74) (0,3,67,70)  (1,33,38,52) (0,17,35,48)
(1,17,58,73) (0,31,61,71) (0,51,63,72) (0,24,36,43) (0,10,32,55)
25151,
F—NGDDEE i FE X 4
(1,5,49,77)  (0,43,66,93) (0,17,64,78) (0,3,19,58)  (1,13,18,95) (1,43,65,89)

(0,45,86,90) (0,21,31,84) (0,52,59,92) (0,33,60,73) (0,46,76,99) (0,5,71,82)
(0,54,65,83) (1,66,88,94) (1,8,16,97)

% ANGDDRIS —Hf B X AL

(1,4,67,88)  (0,27,38,90) (1,6,39,59) (0,23,76,80) (1,7,25,84) (0,13,30,58)
(0,47,55,95) (1,72,77,81) (1,31,44,47) (0,7,17,36)  (1,32,42,53) (0,37,65,79)
(0,14,54,96) (0,46,75,87) (0,69,78,94)

5132 5.38. A& —ANAAH2Y5189(4,2)-CRSSGDD.

BB, A HEN{Zs x Zis} U ({a,b,c,d, e} x Zy), HEN{{(,2)), (0,25 +1)} :
0<i<20<j<8U{{abecde}xZ}ye MFHTLTSMEEXH(—, +1
(mod 18))EJF, HAWMIEXLL(+1 (mod 3),+2 (mod 18)) &I, MR
BT

%A GDDRIFEX 41

((0,0),(1,0),(2,1),a0) ((0,1),(1,2),(2,0),b0) ((0,2),(1,4),(2,4),co)
((0,3), (1,1),(2,3),do) ((0,4), (1,3),(2,2), o) ((0,1),(0,3),(0,13), (1,8))
((0,0),(0,9), (0,10), (1,15))  ((0,1),(0,16), (1,10),(2,6)) ((0,1),(1,4),(2,11),(2,15))
((0,1),(1,11),(1,16), (2,7))  ((0,0),(0,5),(0,12),(0,16)) ((0,0), (0,15), (1,8),(2,12))
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%/ GDDHJEEX A

((0,0),(1,1),(2,2), do) ((0,2),(1,0),(2,0), a0) ((0,4), (1,4),(2,3), o)

((0,1), (1,3),(2,1), €0) ((0,3), (1,2),(2,4), bo) ((0,1),(0,16), (1,8),(1,12))
((0,1),(0,5),(0,14),(2,9))  ((0,0),(0,11),(0,13),(2,5))  ((0,0),(0,6), (0,16), (1,13))
((0,0),(1,4),(2,9),(2,12))  ((0,0),(1,12),(2,3),(2,15))  ((0,0),(0,7),(0,17), (1,11))

5138 5.39. MiE &L >3, FAA K254 (4,2)-CRSSGDD.

ER. Xt o€ [3,14) U {17}, BT % it 7E 51 3 5351538 M i A8 B Xt €
{15,18,21,27,33}, EUH N6Y, u € {5,6,7,9,11}(4,2)-CRSSGDDIH H 3}
Mo ¥EIN5AN G 75 AL, EH FIERNJG 5 AU AR Y295 (4, 2)-CRSSGDDAS
FIFT 7 BEit. Xft = 16, HUAL NS*HI(4,2)-CRSSGDDH: H3IZ MK, #4547
55 5, AE 4L B [F JC 55 5 4 ON B 21251 (4, 2)-CRSSGDDAE 2 BT 7 ¥ it
it e {28,32), HXUAINGY, u € {7,8}1{4}-GDD, HWFCHI#4, 154
T 55, Y LERTE TS sSIENAUA2125) (4, 2)-CRSSCGDD. Xt € {22,26},
BAAH69Y, u e {4,5} {4}-GDD (MWL[77, € ¥1.6)), HWFCHIA4, 354
T 95 r, AR FE RIS 55 ST 21251 521851 ) (4, 2)-CRSSGDDE | T /5
Wit

Xt =31, EAA3ETHR{5}-GDD, FWFCHIAG, 354~ Te55 s, fE4
FERITESS IEAT 295 822 51 [ (4, 2)-CRSSGDDA B fl f ¥eit. Xt = 23,
B —/NTD(5,5), HWFCKTETIYAN BT 5, Al s — N — A SO,
H A S A3 20 AL N304 181 (4, 2)-CRSSGDD.  # s AN 75 /i, E4L &R
To 55 A 255 552951 ) (4, 2)-CRSSGDDAS B /5 it Xt = 19, Hl—
MTD(5,4), FHWFCX AN H T &, o Jm — N H A sonae,  H
AR, 13EI 8 N24*18' ) (4,2)-CRSSGDD.  H1IN5JE55 s, E4L EIE[F]
T3 HIEANRA21251 872951 ) (4, 2)-CRSSCGDD S 2 Bt /5 16 it

St € {20,24,25,29,30} 8kt > 34, MIIER A4t + 1,{5,6,7,8,9},1)-
PBD. Z#i—A 13384565 7I8™ 115, 6,7,8,9}-GDD, HHi4i+ 55 + 6k +
T14+8m =t. FAWFCHIAG, HMABINGY, ue {5,6,7,8,9} (5H[B.14D [¥1(4,2)-
CRSSGDD F| 7 424730736+ 42!48™ ] (4, 2)-CRSSCDD. ¥ N5~ %5 &, 1E
M FIERTTS mIEARIN235Y, s € {4,5,6,7,8}(4,2)-CRSSGDD. A 1#t15
B 7RS35, t € {20,24,25,29,30} 8t > 34[(4,2)-CRSSGDD, O
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% 5.2: '3|T£E|54 EPﬁﬁ FE I

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

29 | (0,28,12)(1,2,16,3,8,7,21,27,13,4,11,14,15,24,6)(5,23,20,10,17,26,9) (18) (19) (22,25)

(
(
35 | (0,33,18,24,11,14,30,8,1,31,2,20,13,21,4,27,5,29,3,32,12,17,9,23,15,6,25,22,10,19,28 26,34,7)(16)
41 | (0,32,14,39,26,16,30,23,29,34,11,40,5,13,2,25,18,3,28,27,37)(1,33,4,36,19,22,6,8,31,12,17,35,7,
38,10,24,9,21,15)(20)

47 | (0,25,20,26,38,43,8,11,4,3,28,46,5,44,40,27,30,45,23,1,32,6,18,2,35,21,24,14,31,22,39,37,16,36,9,
7)(10,29,33,13,15,42)(12)(17,19)(34,41)

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

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

65 | (0,46,13,55,32,19,59,23,54,53,33,60,50,25,51,47,20,5,42,11,57,1)(2,35,8,18,56,22,10,64,27,62) (3,
48,58,17,34,49,41,7,31,12,43,40,24,9)(4,61,16,15,26,14,30,45,38,29,6,44,36,39,52) (21)(28,63) (37)

77 | (0,46,60,72,55,52,36,63,33,62,9,75,64,47,39,53,67,11,31,35,34,45,24,48,2,30,25,19,56,50,61,68,28,
16,65,1,22,17,4,27,51,69,32,5,10,71,42,58 41,12,7,44,37,57,21)(3,8,70,26,23,54,20,73,18,15) (6,13,
14,59,43,74,66,76)(29,38,49) (40)

89 | (0,46,44,49,58,10,70,68,43,16,54,39,62,67,41,34,38,84,88,6,81,26,69,40,86,66,74,47,12,82,55,2,27,
78,11,13,71,80,76,7,48,51,24)(1,22,56,83,42,77,53,60,29,19,65,50,37,35,25,17,30,23,73,9,72,33,79,
5,85,64,52,21,4,63,20,15,32,59,36,45,28,61,87,18,3,8,75) (14,31,57)

5138 5.40. *4E£&n =6t +5, t € [3,10] U {12,14}, A3(n,6,4) =U(n,3).

W WATREn = 6t + 5, M 5I3H5.35 [5.38L — AN A 2551 (4, 2)-CRSSGDD.
NT R, BAFERANASHHAF R L A6t 66+ 1, 6t+2, 6t+3, 6+ 4

4t = 30, AT HEags bos cor ars aJH6t, 6t +1, 6t+2, 6t+ 3,
6t + 4% #; ¢ € [4,9] U {12}, A1 0Haos bos cor dos eoHH6E, 6+ 1,
6t +2, 6t+3, 6t+4FH; 2t € {10, 1430, B4 548 001, 009, 003, 004
oosH6t, 6t+1, 6t+2, 6t+3, 6t+4FH. XH, Xft=9, FMNICTHEFEH
% (a,b) — 18 - a + bIEFTEZE —NGDD S5 B FER/N NI FIEN—AN8
[KIX H{6t, 6t + 1,6t + 2,6t + 3}, MIMAFR—MERE{0,1,2,...,6t+ 4} B
FRECN BRI TS P R.20 1 B /e T e E')EH@JT £ AR
78, FF HIX A A E 7S 6 2 CRSSHE . £ 51 BB S0E R, AT/ 2] T 41
LR (6t + 5, 6, 4) 5 ]

5138 5.41. M1EFu € {24,30,42}, HAE—NE H2423M49(4,2)-CRSSGDD,
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PEA. A REE NZs, U {001,000, ..,005} UM, HERN{{0,u} +i:0 < i
u—1} U {{oo1,000,...,005} UM}o %2u =3z, FrkBeit i)z X 42 Hmis
e S h 5] BB 3T I 28— Ay BE X 4 +3 (mod 2u) BT/ EI. 2B
ZERSr e I N R X H+180+2 (mod 2u) R AT 2,
22423 42 (mod 48); M=({a} x Z;2) U ({b} X Zg)
M GDDRIEE By F X 41
(0,41,3,a0)  (7,18,13,a0) (9,4,29,a0) (14,6,36,a0) (15,2,8,a0)  (11,23,44, ao)
(22,43,34,a0)  (5,35,27,b0) (4,14,1,b0) (8,12,31,b) (1,16,45,a0) (6,34,45, bo)
A GDDRIS i oy X AL

(15,40,22,a0) (20,17,8,a0) (6,44,2,bo)  (11,41,22,b0) (21,14,34,a0) (18,43,47, ao)
(0,11,26,a0)  (12,4,7,a0)  (1,29,37,a0) (7,45,40,b0)  (3,9,30,a0)  (0,13,39,bo)

B P IA

230231; +1 (mod 60); M=({a} x Z5) U ({b} x Z3)
FE—NGDDEE ZH o R X 4.

(7,35,23,a0) (3,45,58,a0) (1,5,12,b) (1,4,40, ao)
(9,26,59,a0) (2,27,36,a0) (0,6,14,29)

2 ANGDDHZE 3B 4y FE X 4H

(1,11,45,b0)  (5,19,48,a0) (8,55,47,a0) (0,11,7, ao)
(9,42,14,a0) (1,13,36,a0) (0,3,9,45)

24223 41 (mod 84); M=({a,b,c} x Zg)
% NGDDE —H o H X A -

(1,45,48,a0) (2,10,23,a0) (0,5,14,b0)  (1,46,81,by) (0,10,33,co)
(1,17,44,¢0) (0,6,73,25)  (0,24,31,46) (0,12,30,64)

5/ GDDE o H X A -

(0,3,7,a0)  (2,11,16,a0) (0,8,19,bo)  (3,41,16,b0) (0,15,31,co)
(5,40,50,c0) (0,6,54,33)  (0,12,34,52) (0,17, 37, 60)

O
S13E 5.42. MAEEL > 3, ¢ & {16,20,22,29,32,40}, A3(6t+5,6,4) = U(6t+5)

IER. Xft € [3,10)U{12,14}, FifHI(6t+5,6,4)057F 5] 25 40/ M 3& 45 2. Xt
HAR, RATIER N2%23Y, s> 8, s ¢ {9,11,13,17,19,26,29, 37} K1 (4, 2)-
CRSSGDD.
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Sts € {8,10,14}, Frag Wit fE 5| #b.41hiiER 5. s € {12,15,18,21,
24,27,30, 33,36}, BALN6Y, 5 <wu < 13[1(4,2)-CRSSGDD, FH3EMK. 7l
EIHAAA2951 (4, 2)-CRSSGDD# 3 3| 1 A4 2= D231 ) (4, 2)-CRSSGDD.
Xfs =16, W—NTD(5,4), HWFCX B4 M HB P =, &5 —NHR3A E
LG, Fo RnAL3. #2455 ROFEH FIEFITE TS R 92131 (4, 2)-
CRSSGDD#t#3 2 fir 75 ¥ it Xs = 28, A N6'3'H1{4}-GDD, HWFCHH
7, BN T F5 HIFE A 222 () (4, 2)-CRSSGDD#L A 2 BT i/ #eite Xfs =
32, W—ATD(4,4), FIWFC InA12, 823N Jess s, HER T3 mE AR
N224231 1] (4, 2)-CRSSGDD L3 2 BT 75 ¥ it

Xfs € {20,22,23,25}, HL—ANTD(6,5), HAWFCK Aj4/ M55, ZB5 4
Bz i, SN2 SUINALG, SE6ANZE I H AR U3 AR iAo, X
s N BET N6, 69, 6'3'RI6°31 (4, 2)-CRSSGDD. M2/ k55 /i, I
HNAUA2T, 21985216 (4, 2)-CRSSGDDL 5 B FT i it 2z =5, ,-ﬁw%uﬂ‘”
2723 (4,2)-CRSSGDD; 4z = 3, #if3 8 4269231(4, 2)-CRSSGDD;
Lr =2, MIFHIAIN20231 ) (4,2)-CRSSGDD; 4 =0, #ifFEIH ~200231H)
(4,2)-CRSSGDD:.

Xfs € {31,34}, HWL—/TD(6,7), FHWFCX] Fi YA B A 5, S50
H A FUMALG, d5JE — NP SRS, HoR a0, X B A\ it
JE U N643L 653 (4, 2)-CRSSGDD. 32N T8 55 i, 1R LR JE 55 ri A
AN K222 523211 (4, 2)-CRSSGDD, #ifF 2| & it. 2z = 6, HASEIH
2102231 (4, 2)-CRSSGDD; 4 x = 3, BifS 2|8 298231 (4, 2)-CRSSGDD,

H—ATD(12,11), FAWFCX RIS NI s, fefa — N3 S,
REEANHN AR, 1< <6, M6 HR A0, e, = 083 < z; <
11, G54 TG 95 /L, A BB JC 55 MR35, w e [3,11]/1(4, 2)-
CRSSGDD, 15 3% Jy25:33+3 2931 = 235231((](4,2)-CRSSGDD, Hrhs =
511+ Y ;€ {55} U [58,121]. K flHh, 1R HITD(9,8), ATKEAFs €
{40} U [43,64]; WRELTD(8,7), TATHEH]s € {35} U[38,49].

Xts > 83, MBIHR.II—ANTD(7,n), FAWFCH RIS MRIFIA i, 564
WA s B JE— N B3 RN, HR R A0, FATTAS B TR
H(6n)°(62)118!, = = 083 < = < nlf(4,2)-CRSSGDD. 54~ 75 &1,
TE /64N 4132 [7] 6 95 55 3E N\ B N 23n 51 523751 1) (4, 2)-CRSSGDD, it 75 2] A
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y236nto231 (1 (4,2)-CRSSGDD, H His = 5n + oAl LLELEI A /N F-830 AT ]
TEREAL,

B 5 ., BATMAR T AUA223Y, s > 8, s ¢ {9,11,13,17,19, 26, 29,
3THHGDC. TEK/NA23MH FIEANEAR (23,6, 4) 8515 2 1 Fr i 1A, O

3138 5.43. £ &t € {16,20,22,29,32,40}, As(6t+5,6,4) = U(6t +5,3)0

IERE. B, ARG 235201, s € {12,16,18, 25,28, 36}/ (4,2)-CRSSGDD.
Xfs € {12,18}, 4 7l B &Y 649 8i6591 ¥ (4, 2)-CRSSGDD, H3[E ik, 15 £
R A18427 8185271 /) (4, 2)-CRSSGDD. #2655 A, 18 K/N N1sHI 4 I
E[F T 55 rUH N ON2101 (4, 2)-CRSSGDDAE 2| i /5 e it. Xfs = 16, H(—
ANTD(5,4), FWFCHAL675 3] 7 A245() (4, 2)-CRSSGDD. 14 insA> 76 55 4,
TERTAAN KN 24 41 _E3E R T8 55 s B 821251 1) (4, 2)-CRSSGDD A4 21 fir
FIt

Xfs = 25, BL—ATD(6,5), HWFCKH RIS 1 2, B Ja — AN g4
RONBLG. 4 AIAL0. 15 F B SA305241 (4, 2)-CRSSGDD. 3 54N 6 75
R TE R /N300 4% [F) 6 55 55 3E N B 218511 (4, 2)-CRSSGDDA3 2 BT 75
Wit. Xfs = 28, HUH N6 [I{4}-GDD, FHIWFCHI A4 B 7 24811 (4, 2)-
CRSSGDD. #0546 55 /i, FERT7TA 4H3E [F) T8 75 s8N B 9212511 (4, 2)-
CRSSGDD7& 2l fr & W it. Xfs = 36, BL—ANTD(7,7), Z¥— A S5 3
TN6STHI{6, 7} -GDD.  FAWFCKT f6/N 20 (1) i, e S5 — N 21 (1944~ 20 AL,
H A A0, 1537 43652411 (4, 2)-CRSSGDD. 3 InsAN 55 £, 78 K/

N36HIA FE R T 55 AN 2185 [ (4, 2)-CRSSGDDA 2 AT i ¥ it
5 3.5, AR EIB 23201, s € {12,16,18,25,28,36}IGDC, 7EIX
LEGDCHI RN A9 A FIHANFRAR (29, 6, 4);F A5 2] 1 B HIAD, O

gig Lakgi R, JA1E ).
EIE 5.44. 3 HEEL > 3, A3(6t+5,6,4) = U(6t+5,3); A3(11,6,4) > U(11,3)—
1; A3(17,6,4) > U(17,3) — 2.

5.4 Z5ip

EARES, FAVLFREWE T &I(n,6,4)s65 M7 M. FANHEER
ISEEYIN
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TEIE 5.45. MAEFZEEHn > 4,

1, Ln < 58F
Ag(n, 6,4) =
121252 ], Bn>6, ng{7.811,17}%

As(11,6,4) € [15,16], As(17,6,4) € [40,42].

E: LR EHAE NN R M E T A3(11,6,4) = 15,



Chapter 6

HAR /N AR A 2B Rt KB RIS

6.1 SIEMIEFELER

SEATTZIE . (CRSS) #ilHeuH ES (CWC) ZVIHK. —(v,4, q)-
CRSS¥ T2 — Ml (v, 6,4),. 1 5. CRSSH 434511 (CRSSGDD) #] LA
KMol 4iS (GDCD, i Al 43 4L 7E g T CWC 4 3 A ke T 8 B4 H
e, ATH LR CRSSEAT MCWCHIE R J LT 58 & /iE T ik (v,6,4);
MR = 4. R, BERWMCWCREHREZ AL, HArxFCRSSHBETH
ZERHAZ, .

TEATE R, RATE S X AR/ AR CRSS BT IAFIE M. B %, &
MI5E A T (v,4,3)-CRSSW T FIAFTE M. Rk, FRATHAR R T — 25 1 &
(v, 6,4) 88, HK, FMGEHE T —MHAFIRoom framefdid (4, 4)-CRSSGDDHY
Hik, UM T — AT Ngu(4, 2)-CRSSGDDAE 7E () b B4 1F, BT LA
H(g,u) € {(2,4),(3,4), (6,4)}7h, WRFTEH.

BT 2 FH Gronaus 1199244 th (1) [83]. 8 B Bt AME HAFAE A 5
e H AW RS — /N BRI, T ELAE SERR R A S R
1] X s oF TT DA SR 4 1 56 56 0 A oR B [I30) A 7 55 W 18], — SR ik
THI2], FE kS [100] %,

HAr, X THEBEITNKEZH TIEAREERX AR, BE
{2,3,4,5,6,9} (UL 3[5, 21, 29-31, 8T, 83, ©9]), =& X4 KN K5, FBH
{2,4,5} (W3C[L 2, 34, 35, B2]) [ HBIBDAALE . SR, X I 7
MAELENE, HLFERAAEATE R A, NS5 AT LUE X F i - 4
H5CWCHEEYIE R, BT, fEARES, AT TR 8 S 78 (A 7R,
HHAEWAEEe > 4, BRTHIERMEY € {4,5,6,9}40, ACHH(v,4,2)-3H 7
HIEAELEN

KBS 62T, BRATEA ARG R, 1
6.3, AT (v, 4,3)-CRSSHE i, FE15 5 — K &K (v, 6,4)355; 7E
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oA, ATEL B — D H A Room framel it (4, 4)-CRSSCDDII 1%, I
FE5E6.5 1, AE AR g ) (4, 2)-CRSSCDDIIAEFEYE s 76 456,617 o, BRATTH
R IR B (v, 4, 2)- TS M FEAE M

6.2 HEFHIRFMEXBESE
530 B E AL, FATH 41N CRSSGDDAELE b B 54 1
I3 6.1. — AN A g 49 (4, \)-CRSSGDDH fe b B 5 R
(1) u >4,
(ii) (u—1)g =0 (mod 3),
(iii) u(u—1)g> =0 (mod 12),
(iv) ug > 2\ +2g, #g # lo

FAF N T ARIEFT A W RE I = e B T B B X A i =
fnéﬁé&ﬁz ##%Uﬂﬁ Y9 = 16, BATRASE] T (v, 4, \)-CRSSW i 777 i B4k
v = 1844 (mod 12), v > 2\ + 28w = 1,

XTGDDHMPBD HIJG A s, 38 5 F 0 A2 A #4318 FWilson s A 14 1 %
CUL[IAT), w2385 A —A>“F" GDDAI — L8 /N g N iR 45 2 ¥ IGDD.
FATHF CRSSGDD Y #4344 R FH X FE I 7. AT —PCRSSGDDH &,
HTDIE AN, 83035 M—AGDDH &, —CRSSGDDAE N A it
AR, BATKHZ W FHRAE, Bl IKIEAMGDD I Wilson’s3E A ik
% (WFC) (L3[4

W& 6.2. (WKL BRAE—AEH{h, ho, ..., h,}#(K,\)-CRSSGDD,
B3t &k e K, H#E—ATD(k,m)o A HLE—ANEH{mhi, mhy, ..., mh,}
4 (K,\)-CRSSGDD:

& 6.3. (WFC) 4(X,G,B)Z£—AGDD, 4w:X — ZTU{0} A X L& Aai
By, BIRMEEB € B, #AH/A—ANERA{w(x): x € B}(K,\)-CRSSGDD.
ARABHE—ANRALY cw(z): Ge G (K,\)-CRSSGDD.

EGDDAIPBDH#EH, “)MA” B vk EEAER.
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Ha3E 6.4. (FMF)

(i) BIxGE DA H{s; - 1 <i < n}8(K,\)-CRSSGDDs %4a > 0K —
MNEH, R, HEBL<i<n-1, HEE-ANRA{s; 1< <
ki} U{a}8(K,\)-CRSSGDD, ¥ ¥s; = Y oy Sijo A A FE—AH
Afsij:1<j<k,1<i<n-—1}U{a+ s,}%(K,\)-CRSSGDD:

(ii) BB LE—ANEA{s; -1 <i<n}#(K,\)-CRSSGDD. #—FRikE L
—AEA{t; 1 < j <t}8(K,N)-CRSSGDD, R ¥s, =3y tje A4
BlE—AEH s 1<i<n—-1}U{t;: 1<j<t}8(K,\)-CRSSGDD,

—AMMFEAHP (H| = w) (v, kN-3ETE, 88w, w; k-7, £
=TH(X,H,B), HhX2 DR EE, HRNER DRl F
&, WA, XHAEBRX T LT FERES, 8RR EKE SR A
X2 HIEEA XA, HA DXL 5T A ) T

— AN KA Rwl (v, kB, A)- KR 2 43 A% (maximum incomplete
packing design, MIPD), 1ic A(v,w;k,\)-MIPD, 2 — =4 (X,Y, A),
HpXg—MomEsR (FRRE), ¥V CXE—DwnEs AR, AZXH
M—2knTRERES (FROVK ), Higew ™ #&1F:

L X HHEEME R Oy, WRa My 200 —DARBEY F, 4K
A RO R 2 HIAE AR X 4L

2. Y ) RO AS H ILAEAT AT X 2

3 Mv—1)=XNw-1)=d (mod k — 1), HPdE#HeE0 <d< k- 20—
B

4. (X x X\ x V)P AH AL AR ARAT X ZH A 1) OB A d (v — w) /27

MIPD I H% & 2& B YinFl Assaf7E SC[IB5]HF 38 1, AR 1I8 25 T — SE 1 30
M3 T 1%

¥93& 6.5 (Yin, Assaf [155]). B AL —ANRA{t1,ty, ... t,}8(k,\)-GDD, B
MAEZL<i<n—1, HBEN(titw,wik \)-MIPDe M AHE—N(t+w,t,+
w; k,\)-MIPD, ¥t = Z1§z‘§n tio
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¥1&E 6.6 (Yin, Assaf [155]). B A& —/N(v,w; k,\)-MIPD. 4= Rw <k —1,
REBLE—ANRKE (0, k,N)3EE, IRABELE—N(v, kN3 R

BATHE— A (v, k, \)-E AR E RN D, (v, k,2), BIRD, (v, k,2) <
Dy(v,k,2), FHHDy(v,k,2) = (v, k, \)-HFEIE R EL
= (v, 4,2)-H7, AU TNER:

5138 6.7 (Assaf [7], BillingtonZ£[11]). 34 &v £ 9, Dy(v,4,2) = Us(v,4,2);
Da(9,4) = Uy(9,4,2) —1,

6.3 (v,4,3)-CRSSI&HHFEN

FEART, BRI 5 AHE (v, 4, 3)-CRSS T IO AE e, R 3R 0]t 75 5
T2 (0,6, 4) 1T,

B, FRATIA I 5 S [I50] R IR B 77k B M i — S N o 2k
ANSEHOMNICRSS B HHIR, 34T 4 M s 50 20 201 49 (LS MM L1 4
P, MR A KR LT THA S, REEE S 1A IR M
MAICRSS it e, A2 T T I ULE A3 X 4451 5 —
ANERE A X AL

5138 6.8. S A A AR A4 HF212049(4,3)-CRSSGDD.

IEBA. X ALONATIR (4, 3)-CRSSGDD, 4 mi8E NZqs, HAEN{{0,7,14,21} + i :
0 <i <6} Arigtitrdan T X HAEZsH+4 (mod 28) 8 I 15 El. 25—
MGDDRY X 4H: {2,5,10,21}, {0,2,18,20}, {0,11,24,27}, {3,18,22,23},
{1,3,7,9}, {0,9,19,22}, {0,1,12,25}, {1,2,19,24}. - ACDDIFEX 4
F—NGDD R X A e L1545 5. 2 —=/NGDDRIHE X 4 H 2 —NGDDHJ
FEX HafeLhafe 11743 2,

XA ON125(1) (4, 3)-CRSSGDD, 4 4R NZq, HEN{{0,6,...,66} + i :
0 <i <5} FIRWITHWTFEXHAEZLF+1 (mod 72) & FH . 2 —
ANGDDIZEX A {0,39,55,64}, {0,15,29,52}, {0,28,62,69}, {0,22,26,27},
{0,2,13,53}. % ~ AN GDDHZE X 4 H1 5 — DM GDDH % X 41 3 LA e 11145 £,
F=/GDDE: X 4H 2 —ANGDD 2 X 2H e LA 11315 2. O

5138 6.9. L&t > 4, AE—ANAEA12M49(4,3)-CRSSGDD.
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B 29t = 0l (mod 4), ¢ > 4B, H51#R.7 FE—AGt + 1,{4},1)-
PBD. MIiXANPBD s 4 45— AN A, ﬁiu#/\imtmu} GDD. 4t =
283 (mod 4), ¢ > 7, WMBIER.T, fFE—A(3t + 1, {4,7},1)-PBD. MixX
ANPBD U Z 4 — NAE RN ATHI X ) L 15 31883019 {4, 7+ }-GDD.
KLt XHMEEE > 4, ¢ #6, FATHA R A3HI{4, 7}-GDD.

XX ANCDDHWFCHIA 413 IR 124 (4, 3)-CRSSCGDD, it > 4, t +#
6o X ELIH N BT 2 B4 RIATI (4, 3)-CRSSGDD (5] 35 4f16.8). *ft = 6,
i it LT H 5| 2GS i 4 0

513® 6.10. 31EFv € {25,28,37,40}, ALE—A(v,4,3)-CRSS& o

JER. Ko = 25, 4 HENGF(25). /‘\zlenzlﬁitﬂjf( )=a+x+2 H—
ABIBD# X 2H 2 7E £ X 2010, 1, 2%, 216}, {0, 22, 210, 2 MEGF(25) 4 1 ik
RERITE 5], % /" BIBDRIE X HH 5 —/\BIBDE’J%E%%LH@¥$@¥H%
#, H=ABIBDRIZEX 44— BIBDIFE X A LI 124 B 15 E,

o = 28, 2 RENZys. Fri it HU 5 X HAEZysH+4 (mod 28)f
3. F—-ABIBDIIEXH: {2,3,11,14}, {3,13,25,27}, {1,11,24,26},
{0,3,9,10}, {2,7,8,9}, {0,6,14,16}, {1,9,14,18}, {3,8,12,19}, {1,5,8,16}.
5 /NBIBDI 3 [X 41 i 55 — P BIBDR 2 X 41 9 LA F5RE FF 15 5, 55 =
ANBIBD X 4 1 45— BIBD AL X 4T LT 117 )& TH 1551,

Yo =37, & RENLy. IR HI T EXHAEZH+1 (mod 37) /&
33l E—ABIBDRIZEXD: {0,1,3,24}, {0,4,9,15}, {0,7,17,25}, 2B
ANBIBD ¥ 2 X 20 1 25 — N BIBD I £ X 4 e LA e F-6 e FF 45 3. 5 =-BIBDIY)
B [X 2H H 55—/ BIBD 5 X 2 e LA 3fe 731 & FF- 13 5,

o =40, 2 HENZU{oo}. Frf it fitn FEX 443 (mod 39)#3 5],
Horr, oot E [FRIER N ORFEA S,

H— A BIBDRIE X 41

{1,5,24,34} {1,14,18,31} {1,4,20,25} {1,9,28,33} {0,1,3,12}
{0,4,29,00} {0,11,33,38} {2,9,23,34} {0,2,18,26} {2,4,5,35}
T ANBIBDI X 4
{0,7,8,11}  {0,34,2,00} {1,21,7,20} {2,27,32,12} {1,37,10,35}
{0,22,4,33} {2,10,9,26} {1,27,25,9} {1,11,23,29} {0,27,23,36}

= BIBDIFE X 4H i1 25— BIBD R X 4H T LA I 15 115 21, O
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EIE 6.11. £ Fv = 1,4 (mod 12), v > 13, HLE—/"(v,4,3)-CRSS% .

W, Ko € {13,16}, FrHRIHEL B H4A . Ko € {25,28,37,40}, FTd i
VHE 5| 6. 101 #1521

TRy > 49, 5] H6. 9 — A1 12! () (4, 3)-CRSSGDD. 1 1 Jin—
AN, R FERTE ST SN (13,4, 3)-CRSSH i, ATH T EL > 413 3
T (12t + 1,4,3)-CRSS# i WIERIGIMAN LT AL, FHAE— N FIEFRTCSS milE
A (16,4,3)-CRSS¥ i, HBH B#EFR LI AIEANT 112411 (4, 3)-CRSSGDD
(WSCED, FATHEXAE R > 4452 T (12t + 4, 4, 3)-CRSSik 1t O

355, AR T AR (v, 6, 4),75, D

L 6.12. SHEF0 = 1,4 (mod 12), v > 13, Ay(v,6,4) = “

6.4 H#FRoom framefdiE(4,4)-CRSSGDD
AN, BATE % H — 4 H R Room frameft) it (4, 4)-CRSSGDDF J7
%o
LS, SR EASH R4y, — NS, ..., Sy }-Room framesft & — ™
FSHRITCERRCHIS| x [S|FEFIF, 2

1. FhEA s E NS, B UE ST — LT 5T

2. SMEEL <i <n, TS x STH, GRLEFREFIFNR),
3. fERa ¢ SHIFREEEAT B, se SHIF—IK,

4. Fff gt {s, t}, Ho(s,t) € (S x S)\U[, (S x Si)e

—MS4,...,S,}-Room frame FIIA & — N HEEL|S],...,[S.|}e WR
M1 < j <k, BuNSHIRKAN AL, RATHUFEIE 9t ... % — PRoom
frame/E # 1) W1 R B0, 5)AED, A HIT(, ) —E - M. B N1 Room
framet FR AN Room7r o

FlRoom frameXt #)if X 41 K /N A4FIBIBDAIGDD, f#R593-% (ABIBDHI
FAAETE I AR 3 1 B EAE ] (S [TI9PA [120]).
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M=yt ()R Room frame F, FATTAT LAAS 2] — A4 (6t) (1{4}-GDD
(WSCII9D. Horr, XAN{4}-GDDHI R N{S; X Zs : 1 <i <n}, XHALBH
A M4 {(a,5), (D, 7), (e, 1+ 5),(r4+ )}, Hdj e Zg, {a,b}RAEFIH
HHErATHITER.

513 6.13 (Chen, Zhu[36], Zhang, Ge[l63]). —ANE A t“6) 4+ Room frame 1&
QLR B u >4, t(u—1)RABE, T AZE(L,u) € {(1,5),(2,4) =
S T R B AN, AT

(i) u=4, t=2 (mod 4),
(ii) =5, te€{17,19,23,29,31}

W& 6.14. % KA — B e & Room frame, W G £ —ANEH (6t) 49 (4, 4)-
CRSSGDD:

JEHA. A FRYE R Nt I A Room frame.  FATTHY i PU AN B A (61)“ 11 (4, 1)-
GDD, HAFEEN{(i+k,j):0<i<t—1,j€Zs}:k=0,t,... . t(u—1)}, N
MR B X H{ (2, 5), (v, 7), (¢, 147), (r,4+5) > {(x,9), (v, 5), (¢, 4+
7): (r, 140t {(=,5), (v, 9), (e.2+47), (r,5+5)} {(2,5), (v, ), (¢,5+7), (r.2+4)}
Hj € Zs, {x,y} € F, {z,y}RFPIHEINEATHRIICR. BRE 5 RAIFIXFEH
23] 7 WA (61)411{4}-GDD, It HATEMNA X AR ZZ T HA s O

g4 5| M6 3 kyite. 14, FRATE W T4

EIE6.15. Fu >4, t(u—1)ZMEE, BT (t,u) € {(1,5),(2,4) ot T 8 (¢, u) 9k,
B e —AF A (6t)“#9(4,4)-CRSSGDD:

(i) u=4, t=2 (mod 4),
(ii) u=5, te{17,19,23,29, 31}
Lt =1, FAVRAE] T U FEER:

#iL 6.16. FuAh K, Hu>7, WNEAE MR HGC4(4,4)-CRSSGDD,
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6.5 ‘AHGH(4,2)-CRSSGDDHIEEM
FEART, FATRAEIIZ N g [1(4, 2)-CRSSGDDAFE M L B4, & T i
SERIME (g, u) € {(2,4), (3,4), (6,4)} AAMEZ T 1.
PRATIFE 6. 1rh 73 28 51t 51 206, 1 AL Sy g 19 (4, 2)-CRSSGDDAFFE 1 44 2 2
1

% 6.1: BNg (4, 2)-CRSSGDDAELE [0 B 41

g u
g =0 (mod 12) u>4, uelN
g=1,5,7,11 (mod 12) u>4, u=1,4 (mod 12), (g,u) # (1,4)
g=2,10 (mod 12) u>4, u=1 (mod 3)
g=3,9 (mod 12) u>4, u=0,1 (mod 4)
g=4,8 (mod 12) u>4, u=1 (mod 3)
g =6 (mod 12) u>4, uelN

H R A i F 51 B2, Bl Be. o i Cangs B, BRATA FEHLE Ky <
{2,3,4, 6 I TN gu ) (4, 2)-CRSSGDD FIAFAE M,

a. BAH6UMI(4,2)-CRSSGDD
SIFE 6.17. s &u € {14,18}, HA—AEA6“4(4,2)-CRSSGDD.

B, A BHENL,, HEN{{0,u,2u, ... 5u} +i:0<i<u-—1}. FImwit
U N X HAAEZg, F+2 (mod 6u) 12,
u = 14:

% MNGDDH)FE X 4 :

{1,10,11,18} {1,21,32,69} {0,9,12,27} {0,18,38,59} {0,22,45,47} {0,2,7,51}
{0,26,55,61} {0,48,79,80} {0,6,50,74} {1,14,53,77} {0,13,17,43} {0,3,54,65}

{0,19,57,69}
HZ/ANGDD R X H H 2 — AN GDD [ 5% [X 2H Ife LA 12515 2.
u = 18:

FH—NGDDIR X A
{1,2,64,75} {1,22,48,51} {1,5,33,100} {1,18,32,38} {0,15,22,38} {0,23,75,105}
{1,3,23,52} {0,24,51,63} {0,28,60,93} {0,34,69,83} {0,37,53,64} {0,42,98,100}
{0,7,55,96} {1,41,47,85} {0,21,31,40} {0,1,43,104} {0,17,25,30}

5 ANGDDRRE X A i 55— GDD R X 4 e LA T 1515 . O
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EIE 6.18. MiERu > 5, AAE—ANEACH(4,2)-CRSSGDD.

LB, Xtu € [5,13], BT Wit AE C[159, 51 BE3.3]FF CL 4 . Xtu € {14,18},
i 5 ¥it el 51 #6176 . Stu e {15,17,19,23,27,29,33}, BT 5 ¥ it b 4
1#16.16/% 21,

Xfu € {16,22,28,34}, Frigg it XA o02Y, u e {16,22,28, 34} (4, 2)-
CRSSGDDHI3IE Ik 13 £l *fu € {20,24,32}, 4 Bl BCA H30t (& #6.30),
365481 (51354 f1(4,2)-CRSSGDD, JFHAEL EArABEAAI M6, 65568 (1)
(4,2)-CRSSGDD, #t#FE| T Frifs wit. XHMERu € {21,25,26,30,31}5u > 35,
M52 — A (u, {5,6,7,8,9},1)-PBD. FHWFCHI L6 HE A B h6®, s €
{5,6,7,8,9} I(4,2)-CRSSGDD# 3 T B ¥t it O

b. #J4Hy(4,2)-CRSSGDD
5138 6.19. A& —ANE A41989(4,2)-CRSSGDD.

B, ANy, HEN{{0,10,20,30} +i:0 <i <9} FHE—ACDDsEHHE
X 41{0,1,4,13}, {0,2,7,24}, {0,6,14,25}{FZ4F+1 (mod 40)B 2], 2B
ZANGDDFIZE X 4 55— A GDDIF 5 X 41 3 LA 3fe 1743 2. O

EIE 6.20. XA Au=1 (mod 3), u>4, HAEA AL (4,2)-CRSSGDD:

. Wu € {4,7,10}, P& it B 58854, [6.8/f6. 195 F. XHAERu > 13,
155 269 BX B A12t, ¢ > 41¥1(4,2)-CRSSGDD, Hn—/JH 55 £, JFHEL

FERITE S AT N4 (4, 2)-CRSSGDD RS 2 7 BLA4%HY, t > 411(4, 2)-
CRSSGDD. O

c. BA3Hy(4,2)-CRSSGDD
S1FE 6.21. Mt Fu e {9,13}, AAE—ANEA3489(4,2)-CRSSGDDs

. Xu =9, ZRENZy, HEN{{0,9,18} +i:0<i <8} Fria&ilH
WF B X HAEZor 49 (mod 27) @ HFAF 2,

$—/NCDDRIFEX A

{25,14,13,2} {6,10,25,20} {2,6,22,26} {3,10,7,18} {2,12,4,10} {24,23,21,2}

{15,3,23,25} {20,23,9,19} {0,21,5,22} {6,4,18,19} {16,2,8,9}  {22,14,19,17}
{25,5,26,19} {12,26,11,9} {8,3,19,24} {0,4,24,25} {0,6,8,23}  {26,16,3,13}
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% " ANGDDRIFE X 2 28— A GDD R X 41 3 LA e 11045 21,

fu =13, 2 Ny, HEN{{0,13,26} +i:0<i <12} ArFE&ilH
W ZE X HAEZ3g T +1 (mod 39) I H]. 5 —PGDDHIZEIX 4{0,1,6,31},
{0,2,12,23}, {0,3,7,22}. 5 - ANGDDRIZE X HHE —NGDD X 2H 3 L)
e 1147533, ]

5138 6.22. M Au=1 (mod4), u>5, ALEAH3"H(4,2)-CRSSGDD,

IR Xtu = 5, PR BRI 4G e Wu e {913}, P& it £ 5
#l6 20 M i 15 Bl ST Fu > 17, MBI H6.IH BUEN12E, ¢ > 4F(4,2)-

CRSSGDD, 43/~ ri, JFAEH FiERITE I maE AR 351 (4, 2)-CRSSGDD,
FASE] 7 ADY3TH, ¢ > 4/(4,2)-CRSSGDD. O

5138 6.23. 1 Fu e {8,12,16,24, 28}, AAE—ANR A3 (4,2)-CRSSGDDs

. AMERSE R u, 2 RENZ-—1nU({a} xZs), HEN{{0,u—1,2u—2}+
i:0<i<u—2}U{{a} xZs}. Fr&¥itH[160, % 2|H HFE X HEZs (1) T +1
(mod 3(u — 1)) IR E. Hr, TRz € {x} X Z, I PR AL (1) FIME—
HInb T H#E eIt O

5138 6.24. A A£A A3449(4,2)-CRSSGDD,

. R A TEIXFE %t 24 8{{0,4,8},{1,5,9},{2,6,10},{3,7,11}},
By A% — NGDDIIIN X M B 56 &, Bo 3 — ASGDDRJOAN X 2H 44 B 1)
K5 W NGDDHEEMI XA M =T0HEE, = {{a,b,c}[{a,b,c,2} €
B}, HAGDDHAG X AL = uHES, = {{a,b,c}{a,b,c,x} € Bs}o
N — e, BAVREER = {{1,2,3},{5,6,7},{9,10,11}}. R AAEREPIA
XA L2 TFHA S, So—E~R{{1,6,11},{2,7,9},{3,5,10} }E# {{1, 7,10},
{2,5,11},{3,6,9}}o AR —AEIL T, IS 5 E HIRA INEZIIES, B A X
H. O

513 6.25. P Hu=0 (mod 4), u>8, FHEEAI“4(4,2)-CRSSGDD.

. fu € {8,12,16,24,28}, FTi veitfE 5] #6.23 45 e Xfu € {20,32,36},
XAt s € {5,8,9) (51EBAD [(4,2)-CRSSGDDAISIZMK, FEAE4] EHA
R14351 (4, 2)-CRSSGDDE 21| fr 75 ¥ it
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SHEEu = 0 (mod 8), uw > 40, M5 HRIA N6, ¢ > 51{4}-GDD.
111X NGDD FHWFCHI 415 3 B 241 (4, 2)-CRSSGDD, i 7£ 4 FI3H A Y
N38H(4,2)-CRSSGDD LS 2 7 RLM3%, ¢ > 51)(4,2)-CRSSGDD. T &u =
4 (mod 8), u > 44, BUA N6'9', t > 4f1{4}-GDD C(W.[77, & FL1.6]). &
XANGDDHWEFCHR4, #3378 5241361 111 (4, 2)-CRSSGDD, F1EK/NA24M1)
H b3\ OR33(4,2)-CRSSGDD,  1E K /N 3610 4 - 3H N 8 3121 (4, 2)-
CRSSGDD, #ifF3]T B A38+12, ¢ > 4ff)(4, 2)-CRSSGDD. O

d. BAHg¢*, g=2 (mod 4)89(4,2)-CRSSGDD
—MNHRAN AN, XEARNRE, $8EN, KA A, .. b TR e
Bk, ALNITDA(K, n; ha, ... hy) (BTDy(k,n) — 301 i, TDA(K, hi))s
MUTCH(X, G, M1, B), H
1. XZkn M Iuam S,
2. GIEXKIkNE (), AR An;
3. H ={Hy,... H}ZXH—SAMEZH T8, AR, HWEEL <i <

4. BREXPH —En TENES (R4, EEALER—ANHME AN R
HIAEE RO AR 4 BN X 4L 5

5. BEAE R — A BE [F N B S RO A S AR X H .

N = 10, FRATAT LK T FRAA B
T #d A2 Wilson K TMOLS A IE A 2 A TE 0 CIL[E0D. 1R 2 Z) S ik
RN B CRSSHE R, A4 B4 362615 2 (0 ¥ it H A CRSS T .

& 6.26. BIXHLE—ANTD,(k+1,t) (X,G,B), BXE&B € B, #AL£—
/]\TDA(/{Z,TI’L + Zlgigl U)IB> — Zlgigl TD)\(I{;,w,LB)o ﬂ]{ A /@‘E"/]\TD)\“(/{Z,mt +
Zlgigl Z1§j§t wij) — Z1§z‘§l TDa(k, Zlgjgt Wi )o

B, WATEEME — /N, TR R AR B R 7 sk A iEMOLS
(LT, 285 FAMOLSHITD Z [ f B R R AETD (BITD). MIATHE T3
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—ANTD  (BITD), 5 /N DL i B RS — A ER 2. Xt
—ANEREM, A M (i, 7) 3RS M ERAT 5 55 HIME.

5138 6.27. &g € {10,18,22,26}, AL—/ A A g 49(4,2)-CRSSGDD,

JER. Xtg =10, HX[I09, 3% 35.19]F AP AMOLS(10) 4 F

B O © 0 N = W N O
W O N O N 0O T
0 W o O A R © N Ut~
g R Ul R O N WO O
= © O W o B Ul o N
O N B 0 U W N O ©
N W O~ Ol O A ©
S Ul N R O © N = W o
Do~ N O RO O W
© = 00N WO O B~ W
N U R 0 O © N = W O
o R Ul W N O © I — ®©
WO O N = U
DN © O~ 0w s O
00 H N W OO ©
= O W N Ut N A 0 O ©
O W o O R R o~ © Ul N
B O 1 © 0 O — W N W
N0 D = © W O Ol =T
© N = RO N Ul 0 W

BATH LA LK 2 3 %R ER B AMOLS(10), 43 H B #p, = (01 2 6)
(39845 Nflp, = (017856243 EHESELERTHAWN
IMOLS(10), LsF1Lse FRATH X P MOLS(10)2K #4 it 15 A~ H A7 8 5 1 Jot
ITD(4,10), FHrh: SERN{{0,4),(1,4),...,(9,9)} : 0 <i < 3}, XAEH
AH(E0), (5. 1), (L1 (3, ), 2), (L2(4,5),3)} : 0 < 4, 5 < OPF{{(2,0), (5, 1), (Ls(3, ),
2), (L4(i,7),3)} : 0 < 4,5 < 9}

Xfg =18, HU[3, EFE 3.48]FF IR R

o0jo0j1wo 1 8 5 7 4 6 13
71112 3 11 9 12 - — — -
1 (7112 0 2 8§ 9 10 5
81411 - - — — 13 7 4 1

X EE—F(a,b,c,d), B& 7B LA, 3 A B(a,b, e, )T (D, a,d, c)"
B3 2 W H0, FEH N %10(0,0,0,0)7 45 2] — AN H BAE FEM. IEM T RAT B AT
5 4= 7305 H “00g, 001, 002, 003" B #fte FHEMHEIFI(+1 (mod 14), —) EIT BT 2
T—ITD(4,18;4), HAHEN{{(0,1),(1,4),...,(13,1), (c00,1),. .., (c03,i)} :
0 < i < 3}, T N{{(cco,1), (001,1), (009,1), (00s,4)} : 0 < i < 3}, XA
ALL{(M(0,7),0), (M(1,5),1), (M(2,5),2),(M(3,7),3)} : 0 < j < 21} fEFFF
(I ZHEE RN T A 28 —ANTD(4, 18;4), FEXHN{{(M(0,5) + 1,0), (M(1,5) +
1,1),(M(2,7) +2,2),(M(3,5) +2,3)} : 0 < j <21}, HAFEM(G, ) € Ziy»
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M(i,§)+a = M(i,j)+a (mod 14) (i € {2,3}); BMHEM (i, ) = oo, k € Zy,
M(i,j) +a = copsa (i € {2,310 HJa, X753 F] KB ATTDS: 5 N F A
B AT R I9TD(4,4) (L 31 354D /3 3] 7 — AN AN 26.(4, 2)-
CRSSGDD.

Xtg =22, B4, H#EWR 3.9] P AOREFE T -

- 0 0 0O - 0 0 0 0 O
o - 2 3 - 5 6 7 8
2 2 - 6 9 7 — 12 14 13
5 6 9 — 10 16 2 13 3 5
13 12 13 11 - 13 9 15 3 — 10

e —8(a,b,c,d, e)" 55 B(a, b, ¢, d, e)"HI(—a, =b, —c, —d, —e) " {EL7 %

BRI, ZEARR—DFRIREREM. SEMIE TS <=7 705 H “ooq, 0oy,
022,003”’%%}5%0 S MBS MM A IE, BE T DA 278 AR
BN,

o
3
o
o R = O

1 1 0 o004

B ETDYAT, $EM S —5](4+1 (mod 17), —) 3 ] —AITD(4, 22; 5),
A Bl N{{(0,4), (1,4),...,(16,1), (c00,1), (001,1), (002,1), . . ., (004,4)} : 0 <
i < 3}, WA{{(c0g, 1), (001,1), (009,17), (003,1), (004,4)} : 0 < i < 3}, FXHU
A0, 5),0), (M'(1,4),1), (M'(2,5),2), (M'(3,5),3)} : 0 < j <26} fE[FIFF
() 2H B2 A A3 28 —ANITD(4,22;5), 3& XA A{{(M'(0,4),0), (M'(1,5),1),
(M'(2,7) + 1,2),(M'(3,7) +3,3)} : 0 < j < 26}, HFHEM(G,)) € Zr
M'(i,j)+a = M'(i,j)+a (mod 17) Gi € {2,3}); HMF M (i,5) = oop, k € Zs,
M'(i,j) + a = copq (i € {2,3P). WGEMRBIKHMITDH 3 HIEAHNEA
FEEPEFRTD(4,5) (Wp.4p mhf3 2] T 882241 (4, 2)-CRSSGDD.

Xtg =26, HU[3, H 3.53]H KRR

0O o0 0 0
6 7 8 14
20 18 10
10 14 1 5
19 5 12 2

N N =
p—
[
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05— 51 F AT S 51 55 18 0 45 20 1) S 510 8 e, IR 0 %1(0,0,0,0,0,0)74%
B —ADHFHIFE M. SEMBEAT RS =720 31 “o0, 001, 002, 003, 004" B
. HUATUYAT, EMEIEESI(+1 (mod 21), —) & 1§ B —NTD(4,26;5), F
FAAEAN{{(0,4), (1,9), - .., (20,4), (000, 1), (001, 7), (002, 7), (003, 1), (004,4)} : 0 <
i < 3}, WA{{(c00,1), (001,1), (002,1), (003,1), (004,4)} : 0 < i < 3}, FEXH
A0, 5),0), (M(L,5),1), (M(2,7),2), (M(3,5),3)} : 0 < j < 30} fEFIFE
[y 2H 48 AR 1 #4355 —ANITD(4, 26;5), & X 41 R {{(M(0,7),0), (M(1,4),1),
(M(2,5)+1,2), (M(3,5)+8,3)} : 0 < j <30}, HAFEM®G, 7)€ Zys M(i,j)+
a=M(i,j)+a (mod 21) (i € {2,3}); HWHEM(i,j) = oop» k € Zs, M(i,j)+
a = 0opya (i € {2,3}). HJGAEATEIHI M NITDH 73 il BN B A EE S Joi 1
NTD(4,5) (554D wheF 2] 7 R26 (4, 2)-CRSSGDD. 0

5138 6.28. % %] % £ —ACRSSITD,(4, 6; 2)f2—ANCRSSITD, (4, 14; 4),
LB, XTCRSSITD, (4, 6;2), 28 R{0,1,...,23}, HERN{{0,4,...,20} +i:

0<4<3}, MMN{16,17,...,23}. FIFmMIXAUF:
B/ MTDHI X 4.

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

HANTTDIIX 4

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

XFCRSSITD, (4, 14;4), 2 ri4EHN{0,1,...,55}, HERN{{0,4,...,52} +i:
0 < i <3}, iH{40,41,...,55}. Pk XA dan TRXHBEL H FRBEFG =
(04 ...36)(15...37)(26 ... 38)(37 ... 39)(40)(41)(42)(43)(44)(45)(46)(47)
(48)(49)(50)(51)(52)(53)(54)(55)) JE FF 43 2.
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;_%Q/]\ITDEQ%]ZéH:

{1,34,47,12} {2,41,4,31} {2,19,13,48} {1,50,15,24} {1,35,28,46} {1,2,3,0}
{1,32,22,55} {2,5,24,23} {0,45,14,11} {2,29,40,15} {2,35,49,16} {1,39,42,4}
{1,16,51,10} {1,36,43,6} {2,17,27,52} {2,11,36,53} {1,18,23,44} {1,8,54,31}

HANTDI X A

{0,15,29,54} {47,8,29,18} {28,50,37,7} {37,55,36,30} {31,1,6,40} {52,7,5,2}
{38,7,45,20}  {0,11,13,22} {36,19,49,2} {31,13,28,46} {27,48,6,5} {39,41,8, 38}
{29,43,32,6} {29,2,44,35} {29,3,42,36} {29,14,51,12} {0,5,26,39} {27,30,53,32}

O
5138 6.29. A& —/A A4°1049(4,2)-CRSSGDDs

IER. A BN, U ({a} x Zg) U ({b} x Zy), HHER{{0,6,12,18} +i:0<1i <

5}U{({a} x Zs) U ({b} X Zs)}o TG U T EIXHAEZ T +3 (mod 24) &

AR, HrotEr € {z} x Z, 1 FARTEZoy I ME—nB 75 T
H—AGDDRIEEX 4.

{1,6,3,a0}  {2,9,23,a0} {10,20,11,a0} {4,8,21,a0} {7,14,18, a0}
{0,23,15,bo} {0,5,16,a0} {22,12,13,a0} {1,4,20,b0} {15,17,19,a0}

H—ANGDD X 41
{3,2,13,a0}  {4,21,13,b0}  {8,23,16,a0} {4,5,15,a0} {11,9,0,a0}
{12,17,7,a0} {21,19,18,a0} {1,20,22,a0} {6,10,14,a0} {0,17,20,bo}
O

EIE6.30. HHEZg=2 (mod 4), g > 10, HAE—NEAg'49(4,2)-CRSSGDD.

B g € {10,18,22,26}, Fiik @it B 27 MG HE. tfg = 14, HUF
316 28 ICRSSITD, (4, 14; 4), 7EIRFHEN— AN R44[) (4, 2)-CRSSGDD (5
4D EIE R X =34, X410 (4,2)-CRSSGDD A4 MK, H
B4 HI{4}-MGDDCA A B, wif3 2] 17— 08 (16, 4%)6(40, 10%) M9 (4, 2)-
CRSSDGDD. 7Ei #4333 N CRSSTDy (4, 4) MICRSSTD, (4, 10) 8453 1 fT
#its

Xtg = 308kg > 38, MAMEE26 4u=1=1, k=m=4, \ =2,
wy; € {0,283 %] T —ACRSSITD, (4, 50; 14), FEXHTEL > 5, t & {6,10}4F
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#] T CRSSITD, (4,4t + 10;10). X B, i N B 11 ACRSSTD,(4,4) (5] #[5.4D
MICRSSITD,(4,6;2) (5136.28D. FIHACRSSTD,(4, 14)FICRSSTD,(4, 10)1F
B it O

“it 51328, (5.4 NEFH6.30, FAHEII T 45 5.

EIE 6.31. —AMA A g89(4,2)-CRSSGDDA AL HAX L g >4, g # 6o

e. B A(4,2)-CRSSGDDHEELR

EIE 6.32. B A gU49(4,2)-CRSSGDDA 6y &L 2544, 1R T #6918 (g,u) €
{(2,4),(3,4), (6,4)}vAsh, &R A4,

B Sfu =4, RIS B 6.3 1A Y, RIIX ELBRATT % e > B
15t
(i) Hg =0 (mod 6)K}

Stg € {6,12}, w > 5, Pk it 5] 26 18#16.9F 5. g =36, u > 5,
XFRUN12Y, w > 51(4,2)-CRSSGDD I3 ik 159 2 fr 75 ¥ its SHEREg > 12,
g # 36, XTAIR6UHI(4,2)-CRSSGDDH g /6Kt 52 T 2 A g", u > 5/(4,2)-
CRSSGDD.

(i) Hg=1,5,7,11 (mod 12)Kf

Stg =1, u=1,4 (mod 12), w > 13, i &itt51HEE. 485, Xg >
5 w = 1,4 (mod 12), u > 13, Xf(u,4,2)-CRSS¥ it FH gl ik 15 2] fr 75 1 5
Mg (4, 2)-CRSSGDD.

(ii) %g = 2,10 (mod 12)H}

Xg=2, u=1 (mod3), u>T7, ﬁﬁ%&ﬂ“ﬂﬂ%lf%ﬁo *fg >
10, w = 1 (mod 3), u > 7, X B A2u[¥)(4,2)-CRSSGDD g/ 2/ ik 15 21| &4
Mg (4, 2)-CRSSGDD.

(iv) %g=3,9 (mod 12)if

Stg = 3, u = 0,1 (mod4), u > 5, B kit sl 62262515 5.
Xfg > 9, u=0,1 (mod4), u>5, XAHN3[H(4,2)-CRSSGDDHg/3MK1F
FR N g (4, 2)-CRSSGDD.

(v) Hg=4,8 (mod 12)i
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Stg =4, w=1 (mod3), u>7 FrFikilhil#e20E2. Xtg =38,
u =1 (mod 3), u > 7, X8 KN2u[)(4,2)-CRSSGDD 4% K 13 £ Bt 75 1% i1
Xfg > 16, u=1 (mod 3), u>7, XIHY4“[](4,2)-CRSSGDDHg/4FZMKA T F
R g (4, 2)-CRSSGDD. O

6.6 MEE(v,4,2)-EHFRWEEN

FEARFT Y, RATHE B 7C 8 B (0, 4, 2)- SH AR HIAFAE . o5k, MG T
— A (v, 6,4) B9 R ALE 5 (v, 4, 2)-3H AR IR Re SRJE, ATUEW] T X
Bo>4, BRTTHENEY € {4,5,6,9}15h, BB (v, 4, 2)-HAHZAFER.

a. Hv=1,2 (mod 3)&f

TESC[IR9)H, fE&#iT 7 Bth(v,6,4) ;I MAAEM, . mFv >4, v ¢
{4,5,7,8, 11,17}, As(v,6,4) = |5 ||| WTRAUE# H0 = 1,2 (mod 3)I, A
5 |5 [T R (v, 6, 4)s fmt 2 — DR AUE (v, 4, 2)- 78, 2RTT, R
ZHANRAL

513 6.33. %v = 1,2 (mod 3)8, WmRAE—AEAF|L S |ABF R
(v, 6,4)s8, A2 AE—DNRRAZL(v,4,2)- Fo

. XN DRI AR, DA (v, 6, 4): 15 1) BT 155 1 ST HE 50
RIS A ADIR > XA RN AR BT

B, BAERRX T RER SN ED T B2 HIEM A XA, G —1
A IAE A X H T, ALK A X AL E BRI TR N(L, 1),
(2,2)8%(1,2), (2,1). KBk, DRE—(v,4,2)-3E7w. HX, BRITGEDEEHE
BV, WERAMAXHLZ T Z THA R, ARSI 5 B iR %
&b, RSB AM T E. TUDRBEHRK. &E, RESER S = 1,2
(mod 3)If, — AR (v, 6, 4) A3 I, B 2 [ ], RS T R
(v, 4,2)-HAR X AN B, JRATHAEY] T 45 2] F8 5 (v, 4, 2)- 58
2B AR O

5138 6.34. sHE&v € {7,8,11,17}, HAE—ANARKEARL(v,4,2)-34 %o
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. Xfo =7, PRl (7, 4,2)-BIBD (WL3CR3)D. Ko € {8,11},
BT Bt 7E {0, 1, ... v — 1} EMiE, X4F:

v=28: {2,1,6,5} {1,2,4,7} {3,6,0,7} {5,7,4,0} {7,5,1,3} {0,6,4,1} {0,3,5,2} {4,6,2,3}

v=11:

{0,1,2,3} {0,4,5,6} {0,7,8,9} {1,4,0,10} {1,5,8,7} {2,1,6,9} {2,5,10,0} {3,2,4,7}
{3,5,9,1} {3,6,8,0} {4,9,2,8} {6,7,3,10} {7,6,4,1} {8,5,4,3} {8,10,6,2} {9,10,7,5}

Sfo = 17, AT T Wit 7E A EEZy s U {00g, 00, } EMJiE. BT X4l R 3L [X
HAEZ1sH+5 (mod 15)BFFEH], ooflloo, 7E H FIAVER T ERFFA D).

{0,2,4,6} {0,1,2,3} {0,9,12,001} {0,3,6,11} {12,5,000,3} {5,3,4,001} {13,7,001,6}
{0,1,4,5} {3,7,9,14} {5,12,2,13}  {3,9,1,13} {13,14,000,5} {1,4,7,11}  {ooo,11,9,2}

]

SHEEY =1,2 (mod 3), v>7, v¢&{7,8,11,17}, FATH5I#6.33F5 T
AL (v, 4, 2)-3H78. v € {4,5}, SARPTHRBIHE LI, A X4,
R, BATRE T

5138 6.35. A Fv = 1,2 (mod 3), v > 7, Dy(v,4,2) = Usy(v,4,2); 3t4&
#ov € {4,5}, Diy(v,4,2) = Us(v,4,2) — 1o

b. Hv =0 (mod 3)K}

5138 6.36. 3£ &v € {6,9}, Dj(v,4,2) = Us(v,4,2) — 1o

. o =6, BIR: E—NERMHEE(6,4,2)-HAY, (R ERZEH
A HA . Frelbsit i 2 28 = 3 X4, AESRE{0,1,2,3,4,5} 1
Pt AT s B3N X 41{0, 1,2, 3}, {2,3,4,5), {0,1,4,5}

Sto =9, HEIH6.7 Do(9,4,2) = Us(9,4,2)—1. Kk, XF—HEHL(9,4,2)-
7, D49,4,2) < Uy(9,4,2) — 1. IRATEA4{0,1,2,3,4,5,6,7, 8} EMIEFT
P10 X R

{07 1,273} {0747 57 6} {170? 77 8} {271757 4} {2767 77 O}
{3,5,7,1} {5,8,3,0} {6,8,4,1} {8,6,5,2} {3,4,2,8}

5138 6.37. i Fv € {12,24,36}, AE—ANRKALE(v,4,2)-3H Ko



CHAPTER 6

LR/ U ) 58 4 ] 24088 B BT MR S BRI TE

93

GEW. BT A FEZ, R, 3 T R X HLFEZ, A4 (mod ) JE TF A5 3.

v=12: {0,1,2,3} {0,4,10,9} {0,7,11,8} {3,9,6,2} {3,5,1,11} {6,10,3,8} {2,5,9,8}

v =24:

{07 17 27 3}

v = 36:

{19,7,17,15}
{0,7,11,14} {12,16,11,8}
{6,18,2,15} {3,19,21,14}

{10,23,30,35}  {0,19, 16,20}
{16,10,29,19}  {3,16,24,33}

{15,30,25,4}
{7,13,18,16}

{34,14,0,31}
{6,14,13,17}

{0,6,10,13} {1,5,10,16} {12,10,5,21} {21,17,20,11}
{1,7,13,20} {6,11,16,4} {19,18,10,9} {20,17,1,14}

{2,19,20,4}

{35,34,28,26}
{32,21,31,19}
{20,25, 10,22}
{13,15,20, 35}

{20,5,6,32}  {23,31,18,9}
{8,9,22,18}  {5,34,16,22}
{20,2,16,8}  {5,28,19,35}
{27,9,17,29}  {1,32,29,25}

{14,29, 35,18}
{19,22, 23,15}
{33,15,13,32}

SIEE 6.38. *E&v € {15,27,39}, BAE—NRMEARE(v,4,2)- A R

]

. TR WTTEZ, 3 U ({a} x Z) bRiE, Hp{{a} x Zs} A—NR. BT
TTHWFREXHAEZ, s +4 (mod v — 3)EIFHF R, Hx, € {2} x Z, JHEM
N ARIEAE Ly HIME— i1 HE e T

v =15:

{9,3,7,0}  {0,4,9,a0} {2,7,a1,5} {a1,4,3,11}
{0’ 1737 2} {57 27 47 10} {27 67 a073} {3’ a2, 107 4}

v=2T:

{2,23,4,10}

{0,16,23,2}

{0,8,20,17}

{3,19,2,13}
v =239:

{2,5,25,7}
{1,0,30,29}
{a2,9,17,6}
(3,6,17,30}
{29, 4,20, 8}

{9,2,16,5} {23,13,8,a:} {11,9,7,19}
{21,5,8,9} {14,21,13,2} {14,3,18,9}
{10,2,8,3} {as,5,19,14} {19,8,12,23}

{10,11,19,1}
{28,3,12,25}
{17, a2, 0,26}
{16,7,11, a0}
{3,24, 32,33}

{6, 31, 28,27}
{19,29,17,7}
{6,35,10, a2}
{0,19,21,25}
{3,15, 34, 28}

{30,8,0,10}
{0,34,6,18}
{1,33,2,a}
{ao, 26,5,0}

{a2767175} {07(11710,8}

{37 97 5’ al}

{20,14,10, a0}
{5,23, a0, 20}
{17, a1, 18,23}

{22,24,29,5}
{1,11,18,31}
{13,29, 35,0}
{21,19,6, 24}

{10,19, a1, 20}
{12, a0, 15,17}
{ao,13,12,10}

{8,30,22, 20}
{16,12, a1, 19}
{2,19,35,34}
{a1,12,35,27}

]

T 5 2 5] 6. 38 A4 1 A R (0, 4, 2)- 3158, v € {15,27,39 B2 1
Hi(v,3; 4, 2)-MIPD,

5138 6.39. 3£ &v =0,3 (mod 12), v > 12, BAERMKAR L (v,4,2)-H K.
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IE. W12 < v <39, Fras it 5| B 376 38 A 5 B, TR > 48,
M5 BH6 O B — AN 12!, ¢ > 4FK1(4,2)-CRSSGDD. #4156 5f6.6, 4
WATIE 4 BN E H(12,4,2)-31 78, AT AT Et > 455 7 R
HL(12t,4,2)- 378, QRGNS £, HAEH BIEFITG T AUE A (15, 3; 4, 2)-
MIPD, ATHAAMERE: > 4453 1 HUEH (12t + 3,4, 2)-IH 7. O

3138 6.40. *1EFv € {18,21,30}, HAE—NRHKABE (v,4,2)-3H R
IR, Xfo =18, PR witfe{0,1,...,17} L E M, X4 TF:

{1,6,5,9}
{5,2,7,3}
{3,8,4,1}
{0,2,8,9}
{4,3,6,16}
{4,5,0,12}
{1,7,13,8}
{1,3,0,17}
{8,13,2,6}

{6,8,7,15}
{7,0,5,10}
{0,14,6,3}
{2,17,1,4}
{0,4,15,7}
{9,5,4,11}
{11,3,9,2}
{10,9,6,0}

{9,8,14,12}
{14,17,7,9}
{14,1,2, 10}
{13,3,11,7}
{12,0,1,16}
{10,3,15,5}
{6,14,11,4}
{6,10,12,2}

{15,2,13,0}
{12,7,6,17}
{17,8,0,11}
{11,12,8,5}
{15,4,10,8}
{5,17,6,13}
{17,16,2,5}
{7,2,16,14}

{8,16,10,17}
{17,3,12,10}
{13,1,15,12}
{10,13,4,14}
{2,12,15,11}
{12,3,14,13}
{13,9,10,16}
{11,16,0,13}

{10,7,1,11}
{15,16,9,3}
{16,7,12, 4}
{16,11,6,1}
{5,15,1, 14}
{14,5,16,8}
{4,9,13,17}
{11,17,14,15}

Yo =21, BRI EZyU{oo} b, 7 X H U T 2 X HAEZy H +5
(mod 20) I3, Hrhooft H A HI/ER T IREFEAS).

{0,2,5,7}  {4,3,14,5} {1,17,9,13} {11,16,0,19} {10,0,11,4} {3,18,7,17}
{6,3,00,9} {6,18,16,7} {4,7,10,19} {5,18,12,00} {0,12,13,6} {18,10,15,13}
{3,13,6,4} {17,4,19,2} {13,11,5,9} {11,16,7,15} {1,7,14,00}

Ko = 30, FTis Wit 1EZsy Wi, B s X2 i an 3 X 21 5 Zs0HF +15
(mod 30) & F15E,

{19,8,0,11}
{20,1,24,5}
{17,8,11,6}
{18,8,2,13}
{23,9,3,13}
{22,4,24,8}
{20,8,3,25}
{18,12,7,1}
{17,10,6,2}
{18,14,3,9}
{16,8,23,6}
{2,9,10,19}

{19,20,0,21}
{16,24,1,27}
{22,10,8,12}
{21,5,27,14}
{18,27,6,26}
{17,1,23,20}
{22,11,28,3}
{25,14,16,7}
{18,19,22,1}
{24,7,10, 26}
{21,1,11,17}
{15,8,9,28}

{15,12,0,11}
{21,22,27,6}
{16,13,0,17}
{21,15,9, 24}
{18,5, 25,28}
{23,11,5,29}
{17,10,27,5}
{20,27,2,29}
{17,7,19,15}
{22,13,5,24}
{20,17,7, 24}
{18,14,2,19}

{23,6,19,24}
{20,11,4,13}
{21,3,26,10}
{18,17,29,0}
{24,28,12,2}
{10,21,18,4}
{19,29, 27, 8}
{24,19,3,12}
{21,0, 14, 28}
{23,0,25,10}
{26,19,1,13}
{19, 4,20, 27}

{17,26,12,9}
{21,5,29,13}
{22,21,29,7}
{16,12,0,18}
{22,26,17, 28}
{19,17, 22,14}
{22,15,13, 25}
{14,16,13,10}
{20,15,11,10}
{10, 14,29, 24}
{16,15,29,19}
{19,10,16,11}

{16,29, 23, 28}
{18,20, 15,21}
{14,24,26,11}
{16,15,17,18}
{20, 18,23, 22}
{20,22,26,16}
{25,12,13,27}
{21,13,28,19}
{22,12,23,15}
{21,24,25,16}
{14,27,11,23}
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513 6.41. *HEFv € {54,567}, BE—ANRMEALE(v,4,2)- 34 Ro

IER . FRATH ST (I J5 VR A T 7 (v, 4,2)- 3 78, B %6, BATE B EZs -
Fid — AN B2 1 {4}-GDD, H AP AHEN{{0,28} +i: 0 < <27}, XA
ED U FEXH+2 (mod 56) 1532,

{0,3,33,52} {0,35,43,55} {0,8,19,22} {0,9,15,20} {1,15,19,44}
{0,2,12,18} {0,26,47,49} {0,1,17,32} {0,5,29, 39}

Sfv = 54, FAMIEZsy ERIIE—(52,4,1)-BIBD, HAFXHALER I FIXH+4
(mod 52) &1, LHXHLEAND,.

{7,29,50,30} {0,12,16,6}  {0,50,41,24} {7,13,10,38} {7,11,1,24} {14,49,25,39}
{0,15,43,44} {21,8,26,40} {21,28,6,13} {7,28,39,47} {7,4,18,26} {21,12,33,17}
{0,49,47,10} {7,14,32,33} {14,15,50,2} {7,21,43,41} {0,7,25,2}

BATRE B BIED R H — A X 4{15,30,54,55}, © & H{0,1,17, 32} & HF 15
. D 70 9 H 152, 53,15, 308 4X15, 30, 52, 535 15 £ 1 — S8 i X A
D!, Hd{52,53,54, 55} — A X H. EHIXAXL, HAER KK XHD,F
5248555, A3 B4R E] 7 —MIXHLED). HEH(0 48 31 6 21 7 28
27 12 5 44 45 13 23 11 34 32 15)(1 8)(2)(3 43 20 4 30)(9)(10)(14)(16)(17)
(18)(19)(22)(24)(25)(26)(29)(33)(35)(36)(37)(38)(39)(40)(41)(42)(46 50)(47)(49)
(51)(52)(53)VE HED A il EBiAS 3 T Dy )5, EDYMD, & IS 1
BRI

Mo = 57, BAVERE(0,1,..., 57} EME— AR5 7T HI{4}-GDD, H
SR} 10 <4 <50}U{51,52,...,57}). FIEFMEEG = (03 - 48)

(14 - 49)(25 -+ 50)(51)(52)(53)(54)(55)(56)(57)) %t~ % [X £H & F1- 15 31| X
HEDs.

{1,4,34,46} {2,3,23,26}  {1,20,26,35} {0,6,10,18} {0,26,36,38} {0,21,34,48}
{0,8,19,57} {2,22,35,37} {2,16,21,54} {2,7,42,51} {1,30,44,56} {0,25,47,55}
{0,9,40,44} {2,36,43,53} {2,46,48,52} {0,1,28,29}

XDy A e, e < 28, BAHBSr — 22, B0, HBU: —
2(z — 28) + VBR8] T DY, 1EDsH, H56M0E 57, FH8 X 4{51,52,53,56},
{51, 54,55,56}, {52,53,54,55}{F 8Dy, FE (0 10 29)(1 11)(2 31 48 12)(3)
(426 22 27 50 35 14 37 51 44 47 33 6)(5 21)(7 8)(13)(23)(28)(9 43)(15 49 20 19 18
17 16)(24 25)(30 36)(32)(34)(38)(39)(40)(41)(42)(45)(46)(52)(53)(54)(55) (56)1E
MDA J ERR 2 TDY. &5, {EDYNMDY &8 7 s kit

O
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5138 6.42. AL E (v, w) € {(33,7), (42,10), (45,13)}, A G4 X 84 % 4166,
268, 3008948 % (v, w;4,2)-3H Ao

. fERAE{0,1,. ..,
W A{26,27, ...

32} B #iE B 1664 X A 5.(33, 7; 4, 2)- 3 78, FHA

32}, iR it Ban FEX AHEE A FREFG = (0 13)(1 14)

(2 15)--- (12 25)(26 27)(28 29)(30 31)(32)) @ FF13%,
{1,25,9,5}  {18,20,8,1} {32,5,24,2}  {18,27,14,9} {28,19,3,21}  {22,15,24,23}
{2,28,8,7  {19,17,2,7} {5,17,27,4}  {2,15,26,23} {28,25,4,11}  {22,17,32, 16}
{3,8,30,5}  {2,11,3,20} {5,26,7,18}  {2,20,25,21} {29,10,14,1}  {23,30,13,20}
{7,1,17,6}  {2,31,24,4} {6,5,32,21}  {21,10,17,0} {3,32,12,23}  {24,13,18,25}
{0,13,26,6} {20,8,0,31} {8,2,31,22} {22,29,13,2} {5,10,19,23}  {25,10,14,12}
{0,22,7,32} {21,4,1,32} {9,11,7,27}  {23,14,31,6} {5,14,22,13}  {27,14,19,24}
{0,6,25,27} {22,6,8,19} {1,19,22,11} {23,17,2,18} {10,20,31,16} {28,13,10,21}
{11,31,3,5} {24,21,1,8} {10,30,6,17} {24,20,28,9} {10,22,27,20} {29,13,18,10}
{11,4,0,24} {27,2,13,1} {12,18,28,3} {25,19,3,24} {12,26,10,24} {29,15,19,25}
{12,27,8,4} {28,6,7,20} {13,12,31,9} {25,3,20,26} {12,32,15,19} {30,11,18,19}
{13,3,15,6} {3,10,22,9} {14,30,16,2} {25,31,14,7} {15,17,28,14} {32,14,20,11}
{13,7,4,25} {3,2,14,26} {16,14,3,13} {26,16,4,21} {16,13,28,11} {25,18,15,31}
{14,4,30,0} {3,6,18,29} {17,9,19,31} {26,8,11,10} {16,17,20,23} {17,25,28,22}
{18,0,21,2} {30,25,9,8} {18,22,28,4} {27,21,22,3} {21,29,11,23}
Eﬁ’;ﬁg{o,1,...,41}L$@iﬁﬁﬁ268/|\lzéﬂﬁﬁﬁ$(42,10;4,2)¢E?E, Horr
WA{32,33,...,41}, FHHXHALHW FEX AL HFEEFG = (08 - 24)
(19 ---25)---(715 --- 31)(32 33 34 35)(36 37 38 39)(40 41)%3??%@0
{5,8,30,1} {9,39,1,14} {30,38,26,4} {15,35,22,12} {32,26,21,8} {21,15, 30,41}
{12,3,4,32} {28,14,40,2} {4,15,27,16} {15,26,25,33} {22,24,2,35}  {36,21,15,18}
{32,8,28,9} {17,16,2,10} {3,15,31,39} {13,30,29,34} {31,20,40,8}  {37,11,25,28}
{18,13,2,3} {27,24,1,30} {14,13,0,38} {24,15,23,33} {25,36,9,11}  {40,25,16,14}
{3,11,5,15} {31,25,2,6}  {2,17,21,40} {17,11,40,22} {12,29,7,31}  {11,31,18,34}
{11,1,34,9} {4,6,18,14}  {19,24,3,32} {13,21,25,36} {18,38,17,29} {28,39,16,24}
{19,16,5,0} {0,28,5,32}  {19,29,9,12} {31,39,24,14} {24,21,18,38} {15,14,35,25}
{28,4,5,36} {2,30,7,12}  {15,34,9,28} {33,26,17,28} {15,1,41,13}  {38,31,22,10}
{33,24,9,7} {11,22,32,6} {8,36,27,14} {30,39,16,11} {35,16,26,18} {22,29,33,14}
{0,41,8,4}  {4,32,5,29}  {23,41,5,19} {28,38,17,12} {10,39,23,8}  {10,32,19,11}
{5,16,23,9} {18,3,5,37}  {38,28,3,10} {41,12,27,18} {12,10,15,17} {23,27,22,39}
{3,4,29,6}
7E {01, ..., 44} B R IE B A 3001 X 4H ()8 5 (45, 13; 4, 2)-3H 78, Hor
Ti5{32,33,34, ..., 44}, FrRIXAHEHIFEXHE HRMEEG = ((0 8 16 24)
(1917 25)---(7 15 23 31)(32 33 34 35)(36 37 38 39)(40 41 42 43)(44)) & 15
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F,
{7,11,4,9}  {5,4,44,19}  {2,21,38,31} {35,19,11,6} {17,31,18,34} {32,26,10,31}
{0,32,9,27} {8,19,18,7}  {20,2,43,31} {36,8,23,20}  {18,30,39,24} {33,15,24,16}
{0,4,20,34} {9,38,24,5}  {20,7,24,41} {39,21,6,26}  {19,42,30,15} {35,28,18,10}
{12,9,2,40} {1,17,37,21} {22,15,34,2} {42,6,24,11}  {21,28,32,23} {36,12,10,16}
{13,3,4,39} {1,31,23,42} {23,40,1,30} {44,14,9,18}  {22,23,11,38} {37,31,24,25}
{16,5,2,39} {10,29,2,27} {24,40,21,4} {44,15,8,11}  {23,38,21,14} {38,18,20,12}
{2,9,42,24} {11,37,17,2} {25,44,14,4} {44,29,0,23}  {24,13,29,32} {40,21,10,13}
{21,42,8,1} {11,5,40,29} {26,8,24,34} {5,26,35,30}  {24,17,36,29} {40, 30,22, 26}
{3,1,15,35} {13,12,4,23} {27,2,38,19} {7,23,19,39}  {25,17,28,32} {43,12,18,19}
{34,28,1,6} {13,7,31,42} {3,13,19,34} {8,43,17,11}  {27,17,29,35} {43,30,24,12}
{36,14,0,1} {16,14,6,34} {3,35,25,12} {11,30,43,28} {28,22,36,19} {30,13,17,14}
{37,7,12,6} {17,41,26,9} {32,12,14,5} {12,11,25,39} {29,30,42,12} {14,11,24,16}
{40,0,2,11} {18,23,6,17} {32,30,7,21}

FEC[159, 513 5.3, 513 5.5]4, {EFEA T (4,2)-CRSSGDDH 45 R,

5132 6.43 (Zhang, Ge[I59]). *HE&u € [4,8]U{16}U[20,22]Ku > 24, HAE—
AR 12918189 (4, 2)-CRSSGDD. 3% (u,m) € {(4,30), (5,18), (5, 30), (6, 18),
(6,30),(7,18),(7,30)}, H&E—ANEH24m 4y (4,2)-CRSSGDD,s 3HE% (u,m) €
{(5,42), (6,18),(6,30), (6,78)}, A& —AE A36“m'49(4,2)-CRSSGDDs.

513 6.44. £ Ev = 6,9 (mod 12), v > 18, HE—NRKEAR L (v,4,2)-34
o

ER. Xfv € {18,21,30,54,57}, BT Ril1E 5| ME ARG AT iS5, X e
{83,42,45}, A\ 3| BGAYGH ¥ (v, w; 4,2)-HUF8, Hii(v,w) € {(33,7), (42,10),
(45,13)}, SRS TE AL b4y HISEN RARME 5 (w, 4,2)- 37, w € {7,10,13} (5]
FHG.35]) 43 BT LT

M) 06 56,6, 4 S 7E 51 BG4 P (ICRSSGDD AL FIE S 4 i S Af
Hi(v,4,2)- 378, v e {12,18,24,30,36,42,78} (5] 36.39), A1 xEZL >
ARF T HEI AR (126418, 4, 2)- 3 70 W1 AT IX EeCRSSGDDE N3/ A4,
FEAE A 1O [ T8 55 SE S G 18 (0, 3,4, 2)-MIPD, v e {15,27,39} (3]
6. 38) AR (v, 4,2)- 78, v € {21,33,45,81}, BAVHAERL > 41535
TERACH (12t + 21,4, 2)-AFE. -
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g5 5] 16.35), 16.36 16.39/16.44], FRATER] 7 W M5,

EI 6.45. FHEFv > 4, v & {4,5,6,9}, Dj(v,4,2) = U(v,4,2); v €
{4,5,6,9}, Di(v,4,2) =U(v,4,2) — 1o



Chapter 7

FAHanani= TR AEL MK MM Z TEER
71 SIERFEZER

HAG, XA, (n,d, w)fHER TAE 2 &4 2 dfw, BFFRIEANE g, 8%
feq < 4o TR IERHMg > 2, Ay (n,d, w)#BHERE LR E 4(d,w) =
(3,2) H(4, 3)KF[23, 26].

L, Chee5 /8 L[4 AHER g > 2, A T EE w, HENd = 2w —
1, Feflgrn s B ERS T ANBEHL LS R XS EC R AN 2 & K
I, NA,(n, 2w — 1,w) = O(n) [24]. L b, MAHEH T R =f2Z%E0
e, FEERW TSR

EI 7.1 (Chee%[24]). Fwl(q — Dn, 4 &En > 2w(w(g — 1) — 1)2 + 1,
A (n,2w — 1,w) = (¢ — Dn/w. Fwn, HHEEn > w((w—1)(¢ —2) + 1),
Ay(n, 2w — 1,w) = (¢ — 1)n/w.

XTERME RN I goo i RS, IS I A R

(1) 4w = 20F, WHEEEESFG > 2, A,(n,3,2) = min{ |2 (3))
26].

(2) Hq = 38, MEBEw, A3(n,2w — 1,w) = max{M|n > [Mw/2] +
max{| Mw/2] — (}),0}} [L15].

SRT, Mw > 3Hq > 4, XA (n, 2w — 1, w)BR T & BT 1 310 45 41
BHFT AR T,

EARZF, FAVGIHMERIERE Mg > 265 A, (n, 5, 3) FITEMRE. BATH
Tk T Hanani = G MG, A THAE F—T A e X e 5k
RCTN) S

H 51 #E2.2 ¥ Johnson i, FRATTAT LUR 25 5 45 31 40 F e M /N 8 EEAD 11
Gt
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it 7.2, A(n,2w—1,w) < V(q—nJo

BRI, 24(d,w) = (5,3)iF, FRATEEIA,(n,5,3) < L%J

XN T2 eh, FATHL TS B AHanani = J0 70
Bt SRR I R s ARSI R, AT 8 R Hanani = e 7815 B LT B
KB, AN R, AT T 4 M A R, RSO R, 3R
TRk Hanani = o3 78 IAEAEYE, IRAESET.6F , MaghAEas 1.

7.2 Wit5EHEKER
a. RIMEFRESRMBIER
CheeZ8 7E L RAHESL T —N(n, 2w — 1, w) ACHIATT 7R B 5% A
(C1) AMEFEAFEMu,v € C, |supp(u) Nsupp(v)| < 1.
(C2) MMEBAFMu, v e, WHa e supp(u) Nsupp(v), AU, # Voo
PRI, FATTAT MR 2 5515 2 T I 45 R

513 7.3. 4C C ZY &= (n,2w — 1,w)#, B = {supp(u) : u € C}o AF
24(X,B)ZA—A(n,w, 1)-3 o

H5IE7.8, Ay(n, 2w — 1, w) AN HD(n, w,2). F5E ERATH LUE
B Mg 78 0 KIS, Ay(n, 2w — 1,w) = D(n,w,2).

- MNESRY(X,B), 4P C B. M —ANEBH, 2C(Pi) = {u’ :
B e P}ie—/M g, HAigsuPan T e X

5 i» fir€ B,
u, =

0, #Hxd B
SIE 7.4. MEFg > |21 +1, Ay(n,2w—1,w) = D(n,w,2)s

SR, (X, B AR, w, )BT, T AR SR B | 221 | A X 41
b HAETBC(B, 1), P AT 2 A | 2L A RATIEC(B, 1)tk b1 5y
ML, 2, 3, - Bk, RN RIFAERCRAAR. BAJNHAR T —
M D(n,w, 2) MEFH (n, 2w — 1, w) %J+16—Ujo MR > 2= +1, E4A
RN (n, 2w — 1, w) M5 HTIBH7.3FTH, FRATHIIE RS 2 S A O
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RN Hw € {3,4 0, Befl(n, w, 1)-BEFRFETRI L EEWhE, Al
SIP7 4, FRATBEAF IR L AL,

IR 7.5. MEZg> |51 +1, Ay(n,5,3) = D(n,3,2).

b. Hanani=JTEFEHENX

—A~Hanani=7 3 % (Hanani triple packing, HTP) #t&— 1 &tl(n, 3, 1)-
W, X HET Rk — SPPCHI&E A, EBTTE?% NS, H
RES KM, FFIE NHTP(n). Hanani—= JGIH 78 /& mﬁ‘%ﬁlﬂﬁaﬂléﬁ:
¥, WiHanani= jt &[140], Kirkman= 7t ?[41]5’]?’ﬁfb 45 0E —MM(n, k,1)-3H
7&(X, B)f1—APPC P C B, aibﬁﬂjﬂﬂPﬂ@%mPlﬁkEl‘J)ﬁ, . P=X\{z:
r € B,B € P},

MAEER, &h =%, b= |n/3], t = [n/6], ¢ =n (mod3), HO <
c<2 Man=3b+c, H:

A,(n,5,3) < L(q_ 1)§3b+C)J —(g—1)b+ L@J

BAVERT P —AHTP (n) BT KA BATH FEZHHTP (n) KM
Hg < h+ 1IN R (n, 5, 3) 5. FHSE b, RATFEZE—DERIE Lo

F 7.1: —AHTP(n)FTHHIX A%
n D(n,3,2) =b-h+*
6t 6t — 2t =2t(3t — 1) + 0
6t+1 | 6t>+t=2t-3t+¢
6t +2 | 61> +2t =2t -3t + 2t
6t+3 | 6t +5t+1=(2t+1)(3t+1)+0
6t+4 | 662 +6t+1=(2t+1)(3t+ 1)+t
6t +5 | 662+ 9t +2 = (2t +1)(3t +2) + 2t

EX 7.6. ¥n £ 0 (mod 3)8F, K& —/NHTP(n)H MPPC P;, i € [h], —
ANPPC Pyire HBEP ={aij:j=1,...,c}, i €[hle Hc=28, PPag &R
AR,

BXAFILT, —AHTP(n)MARA AR 4 R PT A 69 PPCith A F 544,
HEEs € [t]:
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(2) Xd"f:fc,%\_;j = 1, .., Cy {a35,27]‘, A35—1,5, agsd}iaﬁﬂ‘%é"/l\PPCﬁ@ Eéﬂ,

(i) FEc=2, A3s—IANMPPCF X 8 {az, 91,035 22,035 11} R—A(n, 3,1)-
iﬁ-?ﬁ», EF H {a38_271, A35—2,2, a35_171} ‘:P éj]'f_il-"f‘-’]‘ ,‘i i'j—jl': & i)@/ﬁ:UfiIl PZ é’M’?’M"T
X8+,

Ln =0 (mod 3)i, —ANHTP(n)&AZ5%4,

5 7.7. =A% HTP(8):
A X = ZsU{ooy,001}e F@EFIH T MPPCP;, ¥aRHFELP;, ic (3,
7lc“:"‘/]\PPC 7340
P ={{1,5,000},{2,4,001}}, P1 ={0,3};
P2 = {{2,3,000},1{0,5,001}}, P2 ={1,4};
Ps = {{0,4,000},{1,3,001}}, Ps={2,5};
Py ={{0,1,2},{3,4,5}}.

5 7.8. —ANERHTP(10):
A X = Zg U {009, 001,009,003} F@F|IH T MPPCP;, Pi, icl[4], fo—
NPPC Pso
P1 = {{o02,0,1}, {o0s,2,3}, {000,4,5}},  Pr = {oo1}:
Py = {{001,2,4}, {003,0,5}, {000, 1,3}}, Pz = {o02};
Ps = {{co1,1,5}, {c02,3,4}, {000,0,2}}, Ps = {oc0s};
Py = {{001,0,3}, {002,2,5}, {003,1,4}}, Ps = {ooo};

Ps = {{OO17 02, 003}}0

B 7.9. —ANERHTP(17):

/%r_\XzzlgLJ{OO(),OOl,OOQ,OOg,O(M}c ’F@?‘]&TMPPC’PZ, #E]I\_‘Zﬁﬁﬁ}?
B8P, i€[8le RE—ANPPCPy={{0,4,8}+i:i=0,1,2,3},

P1 = {{2,8,000}{6, 5,001 }{4,3,002}{9, 11,003 }{10,7,004}}, P1 = {0,1};

P2 = {{9,3,000}{1,7,001}{0, 10, 002 }{6, 8, 003 }{11,2,004}}, P2 = {4,5};

P3 = {{7,6,000}{3,10, 001 }{11,5,002}{0, 2,003 }{1,4,004}}, P3 = {8,9};

Pa = {{11,10, 000 }{8, 9, 001 }{1,6, 002 }{7,4,003}{0,5,004}}, Ps = {2,3};

Ps = {{5,4,000}{0, 11, 001 }{2,9, 002 }{1, 10,003 }{3,8,004}}, Ps = {6,7};

Ps = {{1,0,000}{2, 4,001 }{8,7,002}{3,5,003}{6,9, 004} }, Ps = {10,11};
Pr = {{0,9,7}{11,4,6}{2,3,1}{8,5,10}{c00, 001, 002} }, Pr = {003,004}
Ps = {{0,6,3}{4,10,9}{1,8,11}{2,5, 7}{o00, 003,004 }}, Ps = {oo1, 002}

c. Hanani= i B SHMBHIER
R GG H— MM ERq > 2, MWi&EHM(n, 5, 3),MH 771,
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513 7.10. e R A £ —ANRHTP(n), R AEZG > 2, Ay(n,5,3) =min {|(¢—
1)”/3J ) D(”a 37 2)}°

. HAE, BANEMq < [%7] + 1T
%n = 0 (mod 3)Hf, ~/\§EHTP(n)'ré\lz?7ﬁh/1\MPPc Pi,Po ..., Ppo Xt
F&qe2,h+1], 2C, =L C(Pii)o RESBAEC,HFE R (n, 5, 3),5.
Yn =1 (mod 3), —NRHTP(n)ErIMMPPC P, i € [h], M—"NHA
X HMPPC Phyre 2{x:} = Pir i € [h]e KAEREs € [h], HsHi3ER, =
L EEN w0, v, P TS, KPR R € [s — 2,8], Ul = o
%Cy=C(P1,1)o XMEREq € [3,h+1], EX

C. — Cq—l U C(Pq—la q— 1)’ 24%:q §é 1 (IIlOd 3)’
Cq—l U C(Pq—la q— 1) U {uqil}’ 'Z:?)H\IJ“
H 9 Hanani = JCIH AR — MR, BACH 2 — MR (n, 5, 3) 5.
Mn =2 (mod 3), —ANEHTP(n)Hh+14MMPPC Py, i€ [h+1], Hidn
Rn =2 (mod 6), PhZm KM, WHn =5 (mod 6), Phyiedbm K. &
W{ai1, aip} &P, i € [R)FIHIEF A MEEs € [h], X —MEFu, H
B RIS N
{as1,as2,a5:11}> #s=1 (mod 3),
supp(u®) = {as—l,laas,lvas+1,1}’ el
{as-29,a5 12,052}, Fis=0 (mod 3).
M Hu;, =i, i €[s—2,s+1] 2Cy = C(Py,1)s XMAEEq € [3,h + 1], B&
Tn=5 (mod 6), g=h+1, EX
Cq,1 UC( q—1,4 1) U {uq72}’ %q
Co=1Cr1UC(Py1,q— 1) U{u2 u 11\ {u3}, #Hg=1 (mod 3),
qul UC( q— 1,4 1>’ 25(]
Xfn =5 (mod 6), ¢=h+1
li(n, 5,3) 5o

HE X, —ASRHTP (n) g — P il(n, 3, 1)-3H78, JFHra XAERE
ESH R FrCLlEI 73, MMERe > (257 + 1, HAREEZMET. O

’ /—TEXC(] = Cq_l U C(Pq_l,q - 1)0 %K/A\Cqﬁdt/_\%ﬂ%
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TEART AR Z A0, FATER BT 7HT .85 H 51 #7101 511
Bl 7.11. Hn =8, K:

e C, =C(Py,1) ={01000110,00101001};

o C3=CUC(Py,2)U{u}, HPulR—Aul=1, ul=1, ul=2, L
#re X, ul =085, BpCs = Cy U {00220020, 20000202, 12010000} ;

o Cy = (Cs\{u' M UC(Ps, 3)U{u?, ud}, HEFC(Ps,3) = {30003030, 03030003},
u2 = 12300000, u® = 000123005

RB B Ik, diEEq e [2,4], CARPTERMK(,5,3), Do
FE MM, AT A IEC (P, o) IS

5 7.12. 3n =10, BCy = C(P1,1); C3 =CoUC(P2,2); Cy =C3UC(P3,3)U
{u®}, FFu® =0000000123; C5 = CiUC(Py,4)e REHIiE, MiEEq € [2,5],
C,#EAPTE (10,5, 3),

5 7.13. M¥n = 17, BCy = C(P1,1); C3 = CoUC(Py,2) U {u'}, HFul =
11002000000000000; C4 = (C3\{u*})UC(Ps, 3)U{u?, ud}, P u? = 10002000300
000000, u® = 01000200030000000; Cs = C4UC(Py,4); Cs = CsUC(Ps, 5)U{u’},
H 4 ut = 00440050000000000; C7 = (Cg \ {u*}) UC(Ps,6) U {u®,ub}, HFu =
00400050006000000, u® = 00040005000600000; Cs = C; U C(P7,7); Cy = Cs U
C(Ps,8)e MRZHIIE, g e [2,9], CMAPERM(17,5,3),450

7.3 sEHanani=JuEFXWFELEN

FEARTH, FATK 7 Hanani = JCE R A B4R, Hn < 50,
SR HTP (n) BFIAFLETE & LI

—k-framesh & — M{k}-GDD (X,G,B), #4387 L7 B —PPCHI &
&, HEAPPCHIAMEGDDRIFAH.

5138 7.14 ([41]). F @3-framedf A1 .
(1) BAR, w>4, h=0 (mod 2), h(u—1)=0 (mod 3),

(2) BAH12"m!, u >4, m e {6,18}
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a. Hn=0 (mod 3)Ff

SR, Hn =6t +3, t > 0Ff, —AKTS(6t + 3)5k & — ANHTP(6t + 3);
Yn = 6t, t > 30, —ANFA2K{3}-RGDDL & — NHTP(6t), F H#F 250
(. BI5IHR.12, FAE R NS

#EIL 7.15. 4n =0 (mod 3)e AAHFLE—AHTP(n)% LR %n ¢ {6,12}.

b. EHn =1 (mod 6)A

Lv = 6t + 1, — AN Hvi I Hanani = Jo3H 78 1 & — AN BN 16 1 {3)-
GDD, HIXAHnr L4 st MMPPC, Fl—AAFtH X HEPPC. X%
AN — 1 Hanani=1T. % .

5132 7.16 (VanstoneZ5[140]). — MM And Hanani= L E AE S X %n =1
(mod 6), n & {7,13},
FRHER U — N Hanani = 6 & 52 — N3 Hanani = JCIE 7T,
HEIR 7.17. 4n =1 (mod 6)e —ASRHTP(n)A &35 LA Hn & {7,13}
IEH. A (X, B) 2 — MM EUN6t + 11 Hanani = 76 &, BAT LARI4r i3t NMPPC
Pir i € [3t], M—NENXHAKPPC Pypro WHREPy R, Wlz—
SEWIRIF— APy, i€ [3t)F Bk, BX R RS s i B3 X A s
Kk, AT LLEHESIP, i@ € [3t], FEMEREs € [t], PseoUPs i U
7)_33%7)315“ EP H‘J#/I\B:éﬂ.o 0
c. ¥En =2 (mod 6)A

B, AR 3 frame it — MHTP(61+2). N T 1 2]52HTP(6¢+
2), WATHENHELR,

5138 7.18. A 4£5% HTP(20).

BB, X = Zig U {o0g, 001}, WATEX EHIE—A5EHTP(20). HATET
5] TMPPC Py, Py, Prs FURHRLI) S8R R MAE R € {2,3,5,6,8,9},
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MPPC P;, AI LB P, FEZ s T IN6R 2], Pt HIRFER G 5. fa
—‘/[\PPC%,PH) = {{O, 67 12} +i:1= 0, 1, ceey 5}0

P1 = {{14,7, 000}, {10, 15,001 }, {5, 16,8}, {1,3,11}, {2,12,4}, {13,6,17}},  Pr = {0,9}:
Py = {{167 9, OO()}, {177 1, 001}, {147 13, 10}a {Oa 4, 5}3 {77 3, 6}7 {8a 12, 15}}’ E = {27 11}:
P = {{6,5,000}, {12,14, 1}, 1{8,9,11},{4,17,3},{0,16,13},{7,2,15} }, Pr = {1,10}.

5138 7.19. A& £ 2, BAE—AIRHTP(6t + 2).

IEB. Xt e {1,3}, EE@J.?FH'?I, 718, TEAESEHTP (6t + 2).

AL =t > 4, M‘—E'llf A HR6U I 3-frame (X, G,B), HHX =
Zs % [t], G={Z¢x{i}:i []} BTUJZMJ\EEPPC P;r i€ [3t]e B Psi_s
Psi1s Pyt oM Ze x {i}, i € [t]IPPC. MNP TET5 mi{oop, 001} XTHE
Bi € [t], 1E(Zex{i})U{oop, cor} LMIE—N5EHTP(8), HHMPPCAP:, Pi,
Pi, Pi, 5P = {ooo,ool} ?P+3(z = Pjisi-1y UP} i € [t], j€[3]e
B, &P =U_ P 4 (Xu{ooo,ool} u3t+173')5dumﬁﬁﬁﬁ&ﬁ O

d. En =4 (mod 6)A

5138 7.20. HE &t € [2,7], BAE—AGRHTP(6t + 4).

TR, MMEREL € [2,7], FATIEZg, U {o0g, 001, 009, 003} L 1E—N5EHTP (6t +
4), Hr, XHEEL BATE FH I HMPPC Py, Py, Pyo SR € [3], s €
t — 1], MPPC Pjias7& HPAEZe, T IN6sTF Bl Papr = {{0,2, 4t} +i : i =
0,1,...,2t —1} U {{o0y, 009,003} }s FANAMPPCHE A A, HPsi_oUPs_ U
Psis 1 € [t]ﬁflﬁﬂ%}ﬁﬂ/l\PPC Pasiyo It X 4.
t=2:
P1 ={9,2,000}{3,10, 001 }{7,8,002}{4, 5, 003 }{6,11,1};

P2 = {107 7, OOO}{L 0, 001}{11, 4, 002}{87 6, 003}{27 3, 5};
P3 = {0, 11, OO()}{57 87 001}{9, 6, 002}{3, ]., 003}{2, 4, 7}0

P1 = {5,13, 000 {2, 7, 001 }{3, 16, 002 }{14, 4, 003 }{8, 6,1}{9, 10, 17} {15, 11, 12};
PQ = {14, 15, 000}{67 3, 001}{57 8, 002}{127 17, 003}{2, 1, 9}{4, O, 7}{13, 16, 11}:
Ps = {10, 12, 000 }{17, 16, 001 }{6, 7, 002 }{13, 9, 003 }{1, 3, 5}{15,2,4}{11, 8,0},
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Py = {16,7, 000 }{18, 21, 001 }{6, 8, 002 }{4, 3, 003 }{9, 13, 23}{2, 20, 22}{12, 17, 19}{15, 1, 14}
{10,5,11};

Pa = {9, 18, 000 }{5, 16, 001 }{4, 11, 002 }{1, 12, 003 }{7, 2, 6 }{13, 20, 17}{0, 19, 10} {15, 22, 8}
{23,14,3};

Ps = {14, 5, 000 }{19, 20, 001 }{17,0,6}{1, 3, 002 }{8, 11, 003 }{9, 15, 4}{10, 7, 13}{21, 12, 2}
{22,18,16}.

P1 = {20, 28,000 H{17,3, 001 }{25, 8, 002 }{19, 24, c03 } {11, 12,29}{10, 16, 15} {22, 6,18}{0, 1, 13}
{26,9,27H{7,5,14}{21, 23, 4};

Py = {23,1, 000 }{20, 22, 001 }{6, 17, 002 }{4, 15, 003 }{25, 26, 18}{21, 0, 27}{7, 11, 10}{9, 2, 13}
{14,8,12}{16,19,28}{3,29, 24};

P3 = {21,18, 000 }{13, 24, 001 }{22, 15, 002 }{29, 2, 003 }{1, 9, 7}{0, 28,6} {26, 5, 12} {4, 20, 8}
{19,14,3}{16,11,25}{17, 10, 23}

P = {27,7, 000 }{35, 18, 001 }{26, 10, 002 } {14, 17, 003 }{13, 23, 15} {20, 9, 29}{34, 4, 11}{16,6, 5}
{32,31,2}{8, 12,21 }{1, 24, 30}{33, 22, 3} {28, 25, 19};

Pa = {17,26, 000 }{14, 1, 001 }{27, 28, 003 }{3, 25, 002 }{0, 8, 19}{35, 20, 34}{12, 10, 2}{5, 11, 7}
{33,18,23}{16, 30, 31}{32,29, 15}{24, 13,21}{22,6,9};

Py = {4,12, 000 }{22, 15, 001 }{6, 17, 002 } {31, 0, 003 }{21, 23, 30} {19, 34, 2}{29, 10, 13}{20, 5, 18}
{7,3,35}{28,26,33}{24,8,9}{1, 32,27}{16,25,11}.

Py = {29, 40, 000 }{36, 38, 001 }{25, 22, 002 }{19, 12, 005 }{27, 24, 30} {34, 1, 10} {39, 7, 17}{16, 32, 13}
{11,4,6}{2,31,14}{33,9, 26}{20, 28, 21}{5, 35, 8}{15, 23, 41}{0, 37, 18};
Py = {33, 14, 000 }{39, 41, 001 }{27, 32, 002 }{3, 16, 003 } {37, 38, 12}{26, 15, 31}{5, 36, 10} {25, 21, 19}
{28,13,11}{40,8,30}{1,9,0}{24, 17, 4}{20, 22, 2}{7, 23,29} {35, 18,6 };
Ps = {7,18, 000 }{10, 25, 001 }{36, 17, 002 }{8, 11, 003 }{23, 31, 19}{34, 15, 40}{13, 2,37} {14, 5, 6}
{27,39,12}{38,0,32}{4,9,3}{22, 41, 26}{20, 33,29} {1, 21, 30} {28, 16, 24}.

]

138 7.21. MAE T EELKE, HBAE—NEHTPGt + 4)o

W Wt <7, T SRHTP(6t + 4) i G7.8f1 51 #7208 /5 8. %t > 8, &

110 PR 1935 -

Ht = 2s, s > AN, NG BH7. 14— A B ON129 () 3-frame (X, G, B), H

WX =7y x[s], G ={Zyyx{i} :ie[s]}, BuLLKIDMPPC P;, i € [6s]
BBESHER € [s], Pj» j € [6i — 5,60 & EAZ, x {i} FI64PPC. &Y =
{o0g, 001,009,003} XALED € [s], 1E(Zip x {i}) UY L& — N 3HTP(16),
HABTAMPPCHPE, j € [7], —APPCAPL, 1ffF{cor, 00z, cos HEPIHI X

A,

HPI = {000} é\P]/q-ﬁ(i_l) = Piysi-1y UP, i € [s], j € [6] fJa,

BPlhoir = Ui Phy Ployo = Ui Pio A, (X UY,USPT*P A2 T 7 51T
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Mt =2s+1, s> 4N, WG ET 14— A EIN12561 ) 3-frame (X, G, B), H
FIX = (Zyy % [s])U(Zgx {s+1})s G = {Zyox{i} i€ [s]}U{Zsx{s+1}}, BH
CAXI 5 i 4s — 2N XA IIPPC Py, i € [65], AIH4sMXAKIPPC Py, i € [6s5+
1,6s + 3] BIEXMER € [s], P;, j € [6i — 5, 6i 2T FHZ, x {i}IPPC P;,
J € [6s+ 1,65+ 3T HRHZs x {s+ 1}IPPC. Y = {00, 001, 002,003}s K
BRI € [s]y 1E(Zyp x {i}) VY EME—9EHTP(16), K7 PMPPCAP, j €
(7], —APPCAP], 113 {co1, 000, 003 EPIHFHI—ANXA, HPE = {o0p} H
JG, TE(Zex {s+1})UY E#iE—/MRHTP(10), Hi4MMPPCAPY, j e [4],
—APPCHP;H = {o01,009,003}0 RP) 41y = Pirs-)UPi» i € [s], j € [6];
Pést; = Postj U P;H’ J € [Bls Posya = (U1 (P7 \ {{o01,002,003}})) U Pt
Phors = (U P UPE e A (X UY, USSP B AT B it O

e. Hn =5 (mod 6)KF

5138 7.22. A& —A5%HTP(23).

TEBH. /7\X = Zyg U {000,001,002,003,004}0 &’TIJE—FE@JEHTMPPC Pis i€
{1, 4, TYRAH RSP X € {2,3,5,6,8,9}, MPPC Pl LA P, #EZq5
mef3El, P;rl LA FEK T8 58], 2P = {{14,10,13} + 64, {17,9,6} + 6i :
i=0,1,2} U{{o0g, 001,002}}» P11 = {{8,10,0} +6i,{1,3,5} +6i:i=0,1,2}U
{{o00, 003,004} }o WJSER P12 = {{0,6,12} +i:i=0,1,...,5}

Pr={{0,1,000},{16,8,001},{4,5,002}, {11,13, 003}, {7,12,004},{14,17,3},{15,2,6}},

P1 = {9,10};

Py = {{14,11, 000}, {7,3,001},{9,12, 002}, {6, 8, 003}, {10, 15, 004}, {4, 17,0}, {5,13, 16} },
Py ={1,2}:

Pr = {{3,4, 000}, {0,5,001}, {8, 13,002}, {16, 9, 003}, {11,2, 004}, {12, 10, 1}, {7, 14,15} },
Pr=1{6,17}

5138 7.23. sHEZEESt, ¢t {1,4,5,6,7,9}, HE—NERHTP(6t+5)o

IER. Xt € {2,3), B BB o 51 BT 22 b K is R B, Xbt > 8, ¢ #£ 9,
AT PRI AL 3 -

Kt =2s, s >4, AGIFHTIE— ML 122 13- frame (X, G, B), HPX =
Ziax sy G = {Ziax{i}:i € [s]}, BATUKIGDEHPPCP;, i€ [6s]. [RKP;, j€
60 — 5, 6i) & TR Z15 x {i}, 1 € [s]HI6IPPC. &Y = {o0g, 001, 002, 003, 004 }o
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TR € [s], FE(Zyp x {i}) UY _EME—DEHTP(17), HH8PMPPCHPL,
j e [8, ®JG —MPPCAPL, #13{ocy, 001,005} € Pi, Pi = {o03,004}
{000, 003,004} € Py Pi = {001,002} RLP} s = Pive-n)UP, i€ [s], j€
[6]’ ,Pf/is-&-l = Uf:l,P%’ P(/Ss+2 = Uf:lpé’ P(/is+3 = i:1P9° %B/ (XUY, U?iJ{?’PZ(),?Jt
SRR &

St = 2(s+1)+1, s> 4, MG 14— A A 12918 f3-frame (X, G, B),
HAPX = (Zio x [s)) U (Zys x {s +1})s G = {Zys x {5} : i € [s]} U {Zs X
{s +1}}, Bar LK lifids + 2 XA HIPPC P;, i € [6s], FA4sMX A
[IPPC P;» i € [6s+ 1,65+ 9], RIER € [s], Pj, j € [6i — 5, 6i]2 Tk
719 x {i} FIPPC P;, j € [6s+1,6s+ 9T Zs x {s+1}IPPC. &Y =
{o0q, 001, 009, 003,004 }o AL € [s], 1E(Ziox {i})UY EMIE—DHTP(17),
HAPMMPPCHP], j € (8], )i —PPCAHP; {1 {oog, 001,005} € P,
Pi = {003,004} {00, 005,005} € Pl Pi = {001,000} A FE(Zys x {5 +
1}) UY E#iE — A 8HTP(23), HHP11AMPPCAPY, j e [11], ®a —
ANPPCHPS Uf 3 {00g, 001,002} € Piit, Pidl = {003, 004}, {000,003, 004} €
Piits Pift = {001,002} LPjisi-1) = Piroa-nUP;» i € [s], j € [6]s Pgyy; =
Pes+j UPH’ J €9 Pegyy = (Ui PZ 3) UPSH’ j € {10,11};s Pgyyyn =

OPQUPSHO A (X u}f,u?j”ﬂ)ﬁs)nmﬁﬁﬁﬁufro O

KAV H A R R R AHTP(11). 4 &g, 318, 5l
P7.19, BIFA720M0 5] 723, FRAEE] T #Hanani = JCIE T IFETESE R

EIR 7.24. MEEEESn, BT HEGMEn € {6,7,11,12,13}, Fe R FH LY
{fin € {14,29,35,41,47,59} 98, #REE—AFKHTP(n)o

7.4 Ay(n,5,3)RIERE

i 7 24 g5 SR 51 37 10), FRATEAF R T XHERR ¢ {6,7,11,12,13,
14,29,35,41,47,59}, ¢ > 2, A,(n,5,3) = L%J TR, FRATRE R R
Sl HIEETE, AT RTES2 < g < |22 1, A(n,5,3) (01,

513 7.25. *n € {6,12}, 2 <q< |5, Ay(n,5,3) =0,



110 JUREH A it o) U 7

PEA. Xn =6, EIRA(6,5,3) =2, XIn =12, P—12Z,» EWI(12,3,1)-3A7,
Hrppr A X AR LRI B R UANPC Py, i€ [4J0F

P ={{0,8,7} +6i,{9,10,11} 4+ 65 : 5 = 0,1};
Py ={{0,1,9} +6i,{4,8,11} +6i : i = 0,1};
Ps = {{5,7,9} +6i,{6,8,10} +6i:i=0,1};
Py = {{1,5,8} +6i,{0,3,10} +6i:i=0,1}.
SHERq € [2,5], Cp = UZ[C(Pi, i) — AN weh(12,5,3), 8. HIEL{EREq €
2,5, A,(12,5,3) = 4(q — 1)s O

SIFB 7.26. *n € {713}, 2<q <[], A,(n,5,3) = 52,

B Xt =7, BIRA(T,5,3) = 2. AT AR — AN E (7,5, 3)308, Cy =
{1110000, 2000110, 0020021, 0200202}, FTLLAs(7,5,3) = 4.

Xfn = 13, EZs B iE —AN(13,3,1)-48 78, Hbhpra X4 Lkl o
5 MMPPC P;, i € [5]fl—APPC Py = {{0,1,2}}. HEEEP, i € [3] &
BRI 2 N0, 1, 2

P ={{5,8,9},{1,3,6},{2,4,7},{12,11,10} };
P2 = {{0,3,7},{4,12,8},{11,6,5},{2,9,10} };
Ps ={{3,9,12},{1,5,7},{8,10,6},{11,4,0}};
Py ={{12,6,7},{2,8,3},{10,0,5},{9,1,11}};
Ps = {{9,0,6},{11,7,8},{5,2,12},{1,4,10}}.

XH, WEREq € {2,3), 4C, = UZ/C(P;i). XAE&Eq € {4,5,6}, 2&C, =

U C(Py, i) U{u}, FHrhu = 1230000000000, 1R%HAEXTREq € [2,6], C uk
A (13,5, 3) 55 O

3138 7.27. MEE2 < ¢ <5, A(11,53) = (¢ — 1)11/3],

IEH. (EZy EAIE—AN(11, 3, 1)-305e, H ey XL n] BRI sl 4 MPPCe

P = {{1,8,0}, {376a9}7 {57 7, 10}};

P2 ={{1,6,7},{3,8,10},{4,9,0}};

Ps = {{1a4a5}a {276a8}7{3777 0}}’

Ps={{1,2,3},{4,7,8},{5,6,0}}.
4ut = 00101200000, u? = 00201000003, u® = 00100200030, & XCy =
C(Pl, 1)’ C3 = U?ZlC(Pi,i) U {Ul}: XﬂLq S {4,5}, Cq = Ug;%C('PZ,Z) U {Uz, Ug}o
WLMHMERq € [2,5], CatRmit(11,5,3),i. O
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SIFE 7.28. AEE2 < ¢ <6, A (14,5,3) = (¢ —1)14/3]s

SO, 2y BRI A(14,3, 1B, S0 AL LR AL 5 MPPO
—‘/]\PPC PG — {{07 47 8}7 {67 ]‘O’ 2}}0

P ={{4,11,12},{10,5,13},{2,9,7},{3,8,1} };
P2 = {{0,9,12},{1,2,13},{5,3,6},{11,7,8} };
Ps = {{1,6,12},{0,7,13},{4,5,9},{3,11,10} };
Ps = {{10,8,12}, {3,4,13},{6,11,9},{0, 5,2} };
Ps = {{2,3,12},{8,9,13},{0,1,10}, {4,6,7}}.

IRZE 2 S A 1 (14, 3, 1)-3H 78, % &2 i Hanani = JotE 78 AN T Pt DAY
fExiq € [2,6], FAMFHN T ffh (14, 5, 3),9. O

5138 7.29. 34 &n = 5 (mod 6), n > 17, A,(n,5,3) = |(¢ — 1)n/3], &
Fg=1[(n—-1)/2]

PER. An = 6t+5, HAt > 2, MSCEIHEC—AR 325 ) {3)}-GDD (X, G, B),
Hh X = ZyU{ocp, ..., 004}, {o0p,...,00upeim)m— 4. IABU{{co, o001,
00 Vil — N IXHANFON6E + Tt + 1 = [(¢ — 1)n/3| K (n,3,1)-3H 7. A
PeRS AT LA 5 51 B A AR R 7 VR M3, RS e 2 BILFESE + 14N X 41
. O

513 7.30. M4E&En € {29,35,47}, 2 < ¢ < [(n—1)/2], Ay(n,5,3) = [(¢—
)n/3].

EB. Bn =6t +5, t € {4,5, 7} WMNEX = Zg U {000, ..., 004} L1 —
Mn, 3, 1)-4878, K pig XA LRI B3t MMPPC P, i € [3t], F1—A4PPC
Psr1 = {{0,2t,4t} +i:i=0,1,...,2t — 1},

SHEREn, FAE FHEHHIHE—PMPPC P SHEREi € [t — 1], Py "I LA

HIPFE Ze P IN2i43 3], Piyy AT LLHIP; FEZg, 2645 3. Pt el [ 4 1 7 1245
2,

29: {2,4,7}{3,5,6}{8,17, 000 }{9, 15, 19}{10, 16,20} {11, 22, 00 }{12, 23, 002 }{13, 18, 003}
{14,21, 004}

35: {2,4,7}8,12,19}{9, 20, 000 }{10,23,27}{11, 26, 001 }{3, 5,6} {13, 18, 002 }{14, 22, 28}
{15, 21,29}{16, 25, 003 }{17, 24, 004 }

470 {2,4,7}8,12,18}{9,13,19}{10, 17, 32}{24, 39, 000 }{11, 27, 36 } { 14, 33, 002 } {15, 26, 34}
{16, 28,37}{20, 31, 38}{3, 5, 6}{21, 29, 41}{22, 35, 003 }{23, 40, 004 }{25, 30, 001 }
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IRZE B WAL AIE K (n, 3,1)-3H78, n € {29,35, 41} /& 3 Hanani = ¢ 3 78 i
AR, BRI, AR UL 51 HH7 10 1 5 ok ST R g € 2,3t + 1], iR
e(n,5,3)1Ce0 g = 3t + 2, HARHSHI 57200 F. O

SIHR 7.31. MAEE2 < ¢ <20, A,(41,5,3) = [(¢ — 1)41/3]s

IEH. X = Zss U {o0p, ..., 004 0 FAEX EHIE—A(41,3,1)-3H7, Hrp
X 4] BL&I 73 18 MMPPC Py, i € [18], %n~/\PPC P = {{0,12,24} +
i o= 0,1,...,11} FATLE T @5 HMPPC Py, Pis e A 4 B %
B0, 1}A1{2, 3},

Pr=  {{o00,2,4},{c01,3,5}, {02, 6,9}, {c0s, 7,8}, {o04, 10,15}, {11, 14, 18}, {12, 16,19},
{13,17,20}, {21, 26,35}, {22,29, 30}, {23, 28, 33}, {24, 32, 34}, {25,27, 31} };
Pro = {{o00,1,11},{0c01,0,14}, {c02,12,35}, {03, 17,34}, {04, 4,21}, {5, 18,28},
{6,19,27},{7,16,25}, {8,23,29}, {9, 20,31}, {10, 24, 30}, {13, 22, 33}, {15, 26, 32} }
AR € {1,2}, 7 € {1,10}, Py rt HPHEZse T IN4i1G 2. KR = €
{0,1,...,5}, j € {2,3}, Paip ;M Psiy 1 FEZss T IN121G 2. X AER € [18]\
{1, 10}, Py P BP0 I R 5E
IR 25 5y Bk 3X AN (41, 3, 1)-38 78 2 58 Hanani = JG 38 78 B NP5, R Utk
ﬁiﬂﬂuﬁﬁ 51 7 30[F AU Ty L ST B € [2,19], MR gtiT. 4g =
20/}, g el 5] BT 2005 3. u

SIH 7.32. MAEE2 < ¢ <29, A,(59,5,3) = [(q—1)59/3]

EB. BT 1A AN 1246 3-frame (X, G, B), HHX = (Zyy x [4]) U
(Zg x {5})s G = {Zyo x {3} : i € [4]} U{Z¢ x {5}}, Ba] LLEI% ml A 144
XHWPPC Py i € [24], MEFIANXHAKIPPC Py, i € (25,27 BIXXE
Bi €[4, Pj, j € [6i —5,6i R TEHHAZ, x {i}IPPC, P;, j € [25,27)%
Sl Ze x {5}IPPC. 2Y = {00g, 001, 009, 003,004 o XALEET € [4], TE(Zyp X
{i}) UY EME —NRHTP(17), HH8AMPPCAP:, j € [8], —MPPCAP,
H{o0p, 001,005} € P, Pi = {003,004}, {00g,003,004} € Pi, Pi= {001,005}

[ o Pé5 - U,?leéo %BQ\(XU

?P+6(z = Pj+6 UP , 1 € [4]’ j < 6]
PEF(59, 3, 1)-3H 8. Kk, XHE

Y, U2 P! )?JEE* | /ﬁ;@?ﬁHanam_miﬁfﬁ
Bq € [2,25], AT LAS 2] & qrthEC,.
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MAERAVIE (Ze x {5}) UY b KB NI s koots, e ND,, k €
2, 4] Xt Dy AN AERITCIN248F T Dyyosr FHARFITHUE (25, 27]. Xiq €
[26,28], C, = Caos U (ULysC(Pi,4)) U D ik i — e (41, 5, 3), 5. Xfq =29, &
i e 51 #H7.29] 13 5 O

7.5 Hanani=xEFZNFENY

RZEZIEY] Hn = 0,1 (mod 3)Ff, —AHTP(n)H & —A52HTP(n).
b, N T ERMSEEENE, BATRUEHTP (n) MAFE .

5138 7.33. A& —AHTP(29)-

A LRI B 2AMPPC Py, i € [12]MI3NPPC Py, i € [13,15) FRATLE T 1 41
P, i€ [AMPse Py i €[5, 12]7] AP, _41EZoy FIN8TFE]. P13 = {B+8:
B e 7)15} U {{OOO, 01, 002}}’ Pis = {B +16: B € 7)15} U {{000,003, 004}}0

Py = {000, 2, 3}{o01,4, 5}{002,6, T}H{o03, 8,9} {ooa, 10, 12}{11, 13, 14}{15, 16, 19}{17, 20, 22} {18, 21, 23}
Pa = {000,0,4}{c01, 1, 7}H{002, 5,8} {03, 6,10} {oos, 9, 11}{12, 15,20} {13, 17, 21}{14, 19, 23}{16, 18, 22}
Ps = {000, 1, 13}{o01, 10, 22}{o0z, 11, 18}{o0s, 12, 23}{o04, 15, 21 }{0, 7, 19}{2, 9, 16}{3, 14,20} {6, 8, 17} ;
Py = {000, 15,22} {001, 3, 16}{o0s, 1, 20}{00s, 5, 19} {04, 0, 14}{2, 11, 12}{4, 10, 21}{8, 13,23}{9, 17, 18};
Pis = {{0,8,20}{1,11,19}{2, 15, 18}{3, 12, 21}{4, 14, 17}{5, 10, 16}{6, 13, 22}{7, 9, 23}.

]

5138 7.34. A& —AHTP(41).

BB, B X = Zss U {o0p, . ..,004} e FATEX EMIE—AHTP(41), HH XA
PLEI 2 20NMPPC Py, i € [20[f1—APPC Pye BAVE FHFIE TP, i €
2]e Pis i € [3,18] AT AP, o fEZss T IN4453 3. 4D = {{0,15,28},{1,14, 29},
{6,20,34},{7,21,35}} Pyy ={B+12i : Be D,i =0,1,2}, Pyy={B+4:
B e 7)21} U {{OO(), 01, 002}}’ PQO = {B +8: B e P21} U {{OOO, s, 004}}0

Py = {{00,2,3}, {001,4,5}, {02, 6,8}, {cos, 7,9}, {oo4, 10,13}, {11, 12, 14}, {15, 19, 24},
{16,20, 23}, {17,27, 33}, {18,29, 31}, {21, 25, 32}, {22, 28, 34}, {26, 30, 35} };

Py = {{o00, 1,16}, {c01,7,18}, {0, 5,24}, {6, 23,35}, {002, 13,31}, {c0s, 4, 22}, {o04, 15, 32},
{8,19,34}, {9, 14,33}, {10, 17,26}, {11, 21, 27}{12, 25, 28}, {20, 29, 30} }.

5138 7.35. s4E&En € {35,47,59}, HBAE—AHTP(n).
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IEB. An =6t +5, t € {5,7}, X = Zg U {000, ...,004 e FATEX
EHTP(n), ,\EPEQHTWZIJ/\EM + 24MPPC P;, i € [3t + 2] FI—/APPC
Parrze AALER, TATE THIIHP. ML € [2,3t], Pl LLHPTEZy H
26 — D E. 4D = {{0,1,2},{3,5,10}}s Psys = {B+6i : B € D,i =
0,1,...,t =1}, Pyy1 = {B+2: B € Pz}t U{{o0g, 001,002} }s Pari2 =
{B +4:Be P3t+3} U {{OO(), 3, 004}}0

35: {o000,2,5}{oo1,3,6}{o0s, 4, 13} {oos, 7, 20} {04, 16, 21}{8, 18, 24}{9, 15, 25}{10, 17,29}
{11,19,28}{12, 23, 27}{14, 22, 26}

47+ {000,2,5}{o01,3,6}{o0s, 4,9} {o0s, 7, 16} {0, 8, 17}{10, 21, 34} {11, 27, 38}{12, 24, 37}
{13,28,32}{14, 31, 35}{15, 23, 33}{18, 26,40} {19, 25, 39} {20, 30, 36} {22, 29, 41}

59:  {000,9,32}{oc1,8,37}{o0s, 35, 16} {0, 36, 19}{42, 2, 6} {coa, 31,40}{44, 53,50} {38, 30, 51}
{29,21,33}{17, 3,46 }1{52, 25, 20}{12, 28, 45} {24, 14, 48}{43, 49, 27}{0, 15, 26} {41, 18, 5}
{22,10,7}{4,39,11}{23, 13,47}

gh A imHanani = JGE R EE R, BATE R F 85 R
EIR 7.36. SHEFBEEHn, RTHLMEN € {6,7,11,12,13}3F, # A E—
ANHTP(n).

7.6 i

fEAZ R, FATES B 7 Hanani = JCIH T M S, TR IEEHnAg >
205 1 fthi(n, 5, 3) MY BTS2 ML Z AT, Ay(n,5,3) AH Mg € {2,3},
B gtEw|(q — 1)nHnFe 50 K A e

EHE 7.37. A (n,5,3) = @n| D(n,3,2)}, #&

Hanani = JGIE 78 /& Hanani = JC R — M. FATE 5226 7E T Hanani =
TCIHA TR AP AE



Chapter 8

A aEmbhEsiiEEEAB
8.1 SISMEELR

W B HE A5 (constant-composition code, CCC) &% B I — Fh 5ok
O, EEMMER R RIEEEEH. FEESEP M ERIDE L ICIZEE
o 2R 22 1R S8 IR R BE D B B [138], 2 E UG IR E (S [54],  BRIEAD A H[55]
DNARS[27, 10T, 110), HA£E 537 @3], BEHR3]], AR HES 4 51 [04) A BR
At Ui A 18 2 1) [46) 25 7 THI #1252 8

FEHASTERR, WNEEEAEWEHE T RSN T4, 17, 133]. IAE,
NN T HE W EE A RS RERIAS 7 NS\ T SR SRR i, it
NS RITIRI6], A W38, 49, B0, 93], 144) 153, 154, 157], =3 it[158)],
2 TR AN LR 1 6 4038, 47, 48, 1) 52], PBD A, 75 15 [25], 28] F1— e Ho Al () 5
£ 105, [106], [134) 149]%%.

HEON3HH R S S AN B Chee,  GeMllLing#E S [25] 7 58 4= 1 5E
GaoMGefE X [61]H 52 405 T EE N4, FEE NS =708 BEE AL
FAEL ZhuflGefE SC[164])F Hf5E 7 E 8 4, BB ASE6HI s o ER
GRS A, 24, R HISH E T — LR RS N B AL R A (A
ML

5|32 8.1 (CheeZ[25]).

n q:l w; -
(Z?:_ll wi) (w%;.z.:iuq_l) ’ fd S 2’
SPPTS f  HSE
=1 7
b %dZQZg:_llwi‘Flo

PRI 51 22,3, FAI15 2

IR 8.2, A3(n,6,[2,2]) < [245(n—1,6,[2,1)| = |2 22 ]| :=U(n,6,[2,2])s
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fEARES, AT WIEERE N4, BEENG, BN2, 2/ &Ml = uHEEE
“h5, Bi(n,6,[2,2]) s A%, AT EEKEn £ 5 (mod 6), n &
{13,14, 16,22, 76, 88,94, 124,142,166, 184}, #fixE Az(n, 6, [2,2])s/M{H. Xfn =5
(mod 6), FAMBRENLF M I T RIJ7 252 SRBIE th 45 H 1 GD O A 4
k. BONTEARTE S, BAIHEMAEZ2,2-GDC(6). FrLATE F3CH, KA
¥[2, 2)-GDC(6) # a1t AGDCs

X—BmMaE T RN, BATEAH — A Room framelt
WGDCHITT ks fESR.ITH, AT o 15 A A (n, 6, 2, 2])285; 7558417
W, R A B ) 3 A AT S A

8.2 — 1"#HlRoom frame¥)&ix

5132 8.3. W R A & —AA Kt 694 Room frame, A A B E—ANR A (61, K
DA 62 u(u — 1)89 GDCe

B, A FR—ANEE IR FI A Room frame. FATHEHLE{{( +k,5) : 0 <
i<t—1,j €Zs}: k=0t tu—1)y EHE DR RNG6H)HCDC, BEET
BT WIS (2, 5), (y,9), (¢, 1+ 4), (r 4 +35))s ((e;4+7), (r, 1+ 7), (2, 5), (¥, 7))
Hrj e Zs, {x, y}RAEFRIFEHNFEATHIINER. O

g5 5| HHle 13 5] R 3], FRAI 1455

EE 8.4. bu>4, tfu—1)=0 (mod 2), BT (t,u) € {(1,5),(2,4)}, Fod=TF
STREE (¢t u)oh, HAER A6, KRDA6Pu(u—1)8GDC:

(i) u=4, t=2 (mod 4),

(i) u="5, te{17,19,23,29,31}

8.3 FEFAAIIE
a. —ENHGDC

5|38 8.5. AAE—AA A2 K IH60689GDCs
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B, X = Zoy G = {{i,i +10} : 0 < i < 9}, WA(X,G,C)-&— M
F2PHIGDC, W RCA B (0,5,3,7), (0,4,1,13), (0,8,14, 19)1EZyyH +1
(mod 20)fEFF 3. -

SIFE 8.6. MEEZ5 <t <11, AAE—AERAC, RIH6L(t—1)8GDC,

. Xt € {5,8}, XXy =Zors G = {{i,i+t,i+2t,i+3t,i+4t,i+5t}:0 <
i <t—1}e MA(Xy, G, Co)ie— N N6E, KANHGL(E — 1)IGDC, anie, i
TR+ (mod 6t) TR, HCsoM(0,24,1,13), (0,3,17,26), (0,9,8,11),
(0,12,4,28); Cs2N(0,18,13,3), (0,6,5,7), (0,46,27,9), (0,4,19,39), (0,10,22,
36), (0,14,31,37), (0,28,21,25),

Xﬂ‘t = 6’ /Q\'\XES Z12><Z3’ g6 {{(270)7(Z+670)7(271>7(2+671)7(Z72)7<Z+
6,2)} : 0 < i < 5} HA(Xe, s, Co)e —MANG6S, K/NAL8OMGDC, 4N
RCs U PR FAEZyy x ZsH (+1 (mod 12), —)EFF1FH.

((0,0)(2,0)(7,2)(4,2))  {(0,1)(9,1)(10,0)(5,0))  ((0,1)(3,0)(4,2)(2.2))
(0,1)(11,0)(8,2)(7,2))  {(0,2)(2.2)(4,1)(7,0))  ((0,1)(7,0)(10,2)(5,2))
(0,2)(9,1)(5,1)(8,2)  ((0,2)(9,2)(10)(11,0))  ((0,1)(9,2)(1,2)(4, 1))
((0,1)(9,0)(1L, 1)(1, 1)) {(0,0)(5,0)(8,0)(9,0))  ((0,0)(11,0)(7,1)(10,1)
((0,2)(5,2)(8,0(1, 1)) {(0,2)(11,2)(10,1)(9,0)) (0, 1)(2,1)(4,0)(7, 1))
Xt € {7,9,11}, FrFHGDCH & #R.4fF 5. %It = 10, FrFHGDCH X A
2 GDCHIBIEZAK A 2. O

4P =1[9,19] U [21, 23] U [26, 28] U [31, 33]

513 8.7. ME&EME > 9, t € P, BN A2430036"42!48m 8 GDC,
Wi, §, k, |, mAIE R EEHLi+ 55 + 6k + 71+ 8m = to

EH. SHEREE > 9, t ¢ P, MSIERAI—(+ 1,{5,6,7,8,9},1)-PBD. M
XANPBDIY s 4R 45— fU15 B — AN 84576k 78 1){5, 6,7, 8,9}-GDD,  H:
H1di+ 55 + 6k + 71+ 8m = to FHXPNGDDHAFEAMEEMNIG, Ham AR K6,
u € {5,6,7,8,9}IGDC (5]H8.6D, 15FI%! 4243073654248 [IGDCs u

513 8.8. W TF GDCH A i :
i) BARHI8Y, KD Addu(u—1), ue {4,56,7,9,11};

i) A A24Y, K A6u(u—1), u e {4,7,8):
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iii) A #2436, KA HI6u(u+2), ue {4,5};
iv) B 188421, K H2520;
v) B H30418, kI H1260;

vi) A H24418", KA 864.

WAL 1) — AN AUNI8GDCH 5 I8 32 #: M 1 45 Bl WAL Et € {5,6,7,9,
11}, M 5| H8.6HL — 4 BON6'IGDC, I FI3IE K 73 2 B4 M18HHIGDC. i) T
TGDCH & #8415 #. i) IR N6U9Y, w € {4,5}/1{4}-GDD (WL[77, & #E
1.6 FHREAMIE IS B FEHCDC. X B A2 R N4 HGDC (5]
BIR.32D. iv)HL— AN 3T I {5}-CDD (IL[TT]D. P EA M it 95 AL 65 31 71
N18R 42 IGDC. X E, HAKZREN6HIGDC (51HB.6D. v)E—ATD(5,5),
FH 35 A A 3 vE T BT DU AN BT A, B JE — AL S ae,  JL &
SUIALS, 13 E 2 ON30M8HGDC, X B N [ 42 Y Shec fled3 GDC (5]
HS.6[f18.33D.  vi)EL—ANTD(5,4), F A My i vk 5t ai PO A AT A &, &
i — AN H B2 BUINALG,  HAR U34S 2 Y 2418 IGDC.  iX H iy A A
HESFI643LIGDC (5] 3R GHIR.33D. u

b. HKEn=0,1 (mod 6)&}

3|38 8.9. A,(7,6,[2,2)) =3, A;(13,6,[2,2]) > 21,

IR Xfn =7, HSCI59)(7,6,4)s 45 R T HIA5(7,6,(2,2]) < 3. IREZH
#{0,1,2,3,4,5,6} LHI3ANMEF(0,1,2,3), (0,4,5,6), (2,5,1,4)

Xfn =13, A EEN{0,1,2,...,12}. FIFHR2IME 7R

(4,11,2,9) (11,7,1,6) (2,5,0,7) (9,12,11,7y  (1,4,7,10) (10,5,8,4) (9,3,5,6)

(0,1,2,3)  (0,12,10,5) (1,6,9,12) (0,6,4,11) (8,6,3,7)  (10,7,12,2) (2,3,10,11)
(8,4,0,12) (2,12,6,8) (0,7,8,9)  (5,11,3,12) (3,12,1,4) (1,8,11,5)  (9,10,0,1)

]

3138 8.10. 3£ &1 € [3,11)U{13,14,17}, As(6t+1,6,[2,2]) = U(6t+1,6,[2,2])
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& 8.1: FIHR. 10 B (6t + 1,6, (2, 2]) s AT 20D

t i

3 | (0,1,4,16) (0,7,9,17) (0,8,13,14)

4 ((0,3),(2,0),(3,0),(4,3)) ((0,2),(2,3),(2,1),(0,4)) ((0,2),(1,0),(1,4),(0,3))
{(0,0), (1,1),(2,0), (4,1))

5 | (0,3,11,23) (0,7,2,5) (0,6,15,22) (0,14,4,10) (0,12,13,30)

6 | (0,23,27,35) (0,8,11,17) (0,5,25,1) (0,6,22,36) (0,18,2,7) (0,13,10,28)

- (0,35,26,23) (0,16,33,37) (0,29,22,38) (0,3,10,18) (0,30,11,12) (0,1,6,20)
(0,4,2,32)

g (0,36,40,45) (0,28,14,47) (0,42,10,32) (0,33,25,18) (0,44,15,26) (0,11,48,12)
(0,22,3,46)  (0,43,23,2)

0 (0,8,1,21)  (0,43,19,42) (0,32,34,39) (0,20,30,45) (0,28,9,26) (0,17,41,14)
(0,5,16,49) (0,22,4,51) (0,15,6,18)

10 (0,27,36,41) (0,11,21,39) (0,3,22,26) (0,1,47,53) (0,5,35,37) (0,17,24,25)
(0,4,33,16)  (0,6,51,54) (0,18,38,49) (0,2,15,42)

" (0,20, 33,44) (0,1,32,41) (0,10,49,53) (0,30,48,51) (0,3,28,65) (0,7,26,36)
(0,8,23,35) (0,9,54,61) (0,4,42,50) (0,12,14,34) (0,11,16,17)
(0,11,54,56) (0,5,49,60) (0,18,35,64) (0,63,66,76) (0,29,65,71) (0,10,24,33)

13 | (0,7,15,19) (0,1,22,40) (0,9,57,62) (0,4,34,41) (0,2,27,28) (0,6,38,58)
(0,20, 51,67)
(0,9,41,53)  (0,1,50,83) (0,45,47,63) (0,46,61,70) (0,4,25,59) (0,17,27,28)

14 | (0,8,56,75) (0,16,74,80) (0,19,22,62) (0,6,29,36) (0,7,38,42) (0,12,26,72)
(0,34,54,71) (0,52, 57, 65)
(0,20,62,63) (0,10,58,88) (0,3,59,95) (0,17,24,50) (0,1,76,97) (0,12,46,66)

17 | (0,36,64,81) (0,74,85,99) (0,5,40,49) (0,19,87,90) (0,9,47,70) (0,21,53,72)
(0,14,69,79) (0,2,6,18)  (0,23,31,60) (0,26,39,41) (0,30,52,57)

B Xy = Zs X Zso HA(Xy,Co) e KL (25, 6, [2,2])365, WIERC 2 H
FR A IS F1EZs x Zs E(+1 (mod 5), +1 (mod 5)) BFF13H,

Xt £ 4, BXy = Lepsro A (X, Co) 2T K& L6t + 1,6, [2,2])309, 40
e, B IS F1E Zg 1 1+1 (mod 6t + 1) EFFEEH, O

5138 8.11. &t > 12, t ¢ {13,14,17}, Az(6t + 1,6,[2,2]) = U(6t +
1,6,(2,2]).

IR XHEREE > 9, t ¢ P, A5 HERSE — AN A24730736542148™ [FIGDC, 1
M—ATe55 /i, AR BRI G55 ROIH AN ) & A0 45 2] 75 2 .
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T35t € {12,15,16,18,19,21,22,23, 26,27, 28,31,32,33}, H 5| H8.gH HIGDC.
Bm—ANJe55 s, FREA FIERTE TS SRR R U A5 2 75 EL O

EIB8.12. sEEL > 3, As(6t+1,6,(2,2]) = U(6t+1,6,(2,2]); As(7,6,[2,2]) =
3; As(13,6,[2,2]) > 21,
c. HKEn =0 (mod 6)Kf
EIE 8.13. M4EEL > 1, Az(6t,6,[2,2]) = U(6t,6,[2,2])s
. Xt e {1,2}, 2X, = Zgo MAFTHEMC 2B N FELEZ F+2
(mod 6t)BIFARH, HCioh(0,1,2,3), CM(0,2,8,5), (0,9,7,11), (1,5,0,10).
ST > 3, MR L2 AR (6t + 1,6, (2, 2))555% e fmi— A ALARFIAEIX AN A4
B B AN 92 ) T 05 45 21 75 2 1R O
d. HKEn=2 (mod 6)R}
3138 8.14. A5(8,6,[2,2]) =5, As(14,6,[2,2]) > 27,
IR, Wn =8, HIIC[IE9H(8,6,4):i 45 R1GH A3(8,6,[2,2]) < 5. FATESE
£10,1,2,3,4,5,6, 7} LMERT T M0 R (0,1,2,3), (0,4,5,6), (1,5,4,7),

(2,3,6,7), (6,7,0,1)
Xfn =14, 2% N{0,1,2,...,13}, FiFEMIEEm T :

(0,2,5,9) (8,13,0,2) (6,10,3,4) (0,7,11,12)  (5,9,6,10) (5,7,1,13)  (3,5,2,11)
(7,9,2,4) (4,11,5,7) (3,7,8,10)  (10,13,5,12) (9,11,0,3) (9,12,8,13)  (2,11,6,8)
(1,8,3,5) (1,10,0,7) (6,13,7,9)  (1,13,4,11)  (3,4,9,12) (2,12,3,7)  (5,12,0,4)
(0,4,1,8) (0,3,6,13) (2,4,10,13) (8,10,9,11)  (1,6,2,12) (11,12,1,10)

]

IR 5 o] LU A BAFAE— N AR 23T, KN N2t (3t + 1)IGDC, FRALE
TE— A (6t + 2,6, [2,2])385. BT LLFRA LK 8 i A4 2 S 2301 [ GD C A i B A
i,

5138 8.15. MEE3 <t <11, te {14,17}, HE—AR BB KR 2 (3t +
18 GDC,
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* 8.2: 5| R 15 A 23 I GDCI 2

t EES

4 | (0,4,3,11) (0,5,6,15) (0,9,2,23) (0,8,20,24)

5 (0,28,9,29) (1,7,2,12) (0,15,24,7) (0,10,30,12) (0,18,23,21) (1,14,22,9)
(1,15,11,5) (1,3,0,26) (0,26,25,11) (1,21,4,8)

6 | (0,7,20,5) (0,21,11,27) (0,23,14,35) (0,30,24,25) (0,22,18,26) (0,1,3,10)

- (0,5,21,33)  (0,32,34,42) (0,14,23,29) (0,6,7,25) (0,36,40,35) (0,20,17,3)
(0,18,11,31)

g (0,40,29,34) (0,30,2,11) (0,37,3,33) (0,45,12,27) (0,35,21,8) (0,49,18,42)
(0,24,28,38) (0,9,7,6)

0 (0,39,33,45) (0,12,48,53) (0,22,35,9) (0,5,3,37) (0,29,31,47) (0,4,25,42)
(0,16,23,24) (0,26,19,46) (0,1,11,15)

0 (0,9,38,57)  (0,22,30,33) (0,15,39,5) (0,20,12,21) (0,58,23,45) (0,3,2,17)
(0,19,51,55) (0,6,13,50) (0,28,46,26) (0,25,35,41)

1y | (0,55,33,19) (0,37,65,49) (0,52,8,63) (0,67,60,2) (0,10,4,35) (0,59,66,48)
(0,50,22,21) (0,23,38,64) (0,26,5,56) (0,14,20,43) (0,17,44,53)
(0,1,20,31) (0,7,47,68) (0,11,15,78) (0,14,71,80) (0,23,82,83) (0,5,29,41)

14 | (0,2,46,56) (0,9,35,42) (0,12,18,70) (0,17,25,39) (0,34,37,50) (0,13,62,64)
(0,10,38,55) (0,21,48,53)
(0,1,81,86) (0,4,37,58) (0,8,65,74) (0,12,59,76) (0,22,71,72) (0,51,78,90)

17 | (0,2,40,62) (0,5,11,46) (0,9,32,88) (0,17,30,61) (0,31,45,98) (0,69,89,93)
(0,7,75,77) (0,48,84,91) (0,21,55,63) (0,3,19,29) (0,10, 25,28)

. Xt =3, FTH IS BR. B M. XHTE4 <t < 118kt € {14,17},
Xy = Zeyor G = {{i,i +3t+1} 2 0 < i < 3t} A, (X;,G,C)it
FERLAR2MH, KN ALt + 1)IIGDC, 40 Cs i B FR. 2 [ 5 7 7E Zao 1 +-2
(mod 32)J@IF#HEI, ¢t # 50, CHIRB AP FEIEZg o +1 (mod 6t + 2)J&
TS5, O

5138 8.16. MHERL > 12, t & {14,17}, HE—AB A X A2(3t +
1) GDCs

E. SHEEE > 9, t ¢ P, MG HER.SI— A5 H24730736%42!48™ [FIGDC,  #4
=675 s, R BEFRIETT MR Y2, e {13,16,19, 22,25} GDCA
F T RGDC. AL ®Et € {12,15,16,18,19,21,22,23,26,27,28,31,32,33}, H
51 #R.8H HIGDC, M — AT 55 8, A LERL T HIBEATR AL, u e
{10,13, 19} IGDCAE B T FGDC. Xt = 13, B—ATD(4,5), FFEAK i 2
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I 2R N20 IGDC, FHEA EEARN2MGDC, #if3 2l 1 frfGDC.
[l

EIE8.17. Rt > 3, A3(6t+2,6,[2,2]) = U(6t+2,6,[2,2]); A45(8,6,[2,2]) =
5; As(14,6,[2,2]) > 27,

e. HKEn=>5 (mod 6)R}

2|28 8.18. A5(5,6,[2,2]) =1, A(11,6,[2,2]) = 15, A;(17,6,[2,2]) > 40

JER. B — AN RR B AR S [I50) i (11,6, 4) 500 1 &5 R, A1
FA3(11,6,[2,2]) < A3(11,6,4) = 15, —NEAR(11,6,[2,2])s7E SCIHI) H 4 i
(CEIN

Xfn =40, 2 RENZ U {oo}t. BT 40 MS5 Hi35(0,3,9,5), (0,11,
12,10), (1,6,00,12), (1,5,8,14), (1,2,15,9), (0,00,13,15), (3,13,7,12), (3,
10,15,6), (2,4,5,6), (0,6,7,4)7EZsF+4 (mod 16)EFF1FH. O

S13E 8.19. ME&E3 <t <8, AAE—ANRAHBS, K IAH2(3t +4)8 GDC,

BB, Xy = Zeryss G = {{i,i+3t}:0<4<3t—1}U{{6t,6t+1,6t+2,6t+
3,6t +4}}e A (Xe, G, C)RE—MNEUN2Y5IGDC, WIHC 2 R8I A T
HE ARG = (036 --- 15)(147 --- 16)(258 --- 17)(18 19 20) (21 22))}&
HAH; M4t > 3, CRAFITWEFHEREEFG = (036 - 6t —
3) (147 --- 6t—2)(258 -+ 6t —1)(6t)(6t+ 1)(6t + 2)(6t + 3)(6t + 4)) B 15
2, O

SI3E 8.20. MAE&EL > 12, t £ {13,14,17}, HLE—RH25, KA H2u(3t +
4)49 GDC,

EH. KT > 9, ¢t ¢ P, G ER.TREC— AN 24730736 42!48™ () GDC,s
H4i + 55 + 6k + 71+ 8m = to M—NIET A, EH EERTTI mEAM
R23851, s € {4,5,6,7,8}IGDC, fHE|FTEMGCDC. XLEL € {12,15,16, 18,
19,21,22,23,26,27,28,31,32,33}, HU5IHR. FHGDC, #n—NEF &, &
M IERIETS mIEARN235Y, s € {3,4,5,6, THIGDCHEHI T GDC. O
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% 8.3: 5| HR.19H #9235 ) GD C Y I A%

t (s

3 (1,5,3,22) (0,21,7,11) (0,22,1,17) (1,20,2,15) (0,12,15,19) (2,8,5,19) (0,20,4,14)
(2,18,1,6) (1,11,0,12) (2,4,12,22) (0,5,10,16) (1,13,16,19) (0,13,2,8)
(2,25,18,22) (1,23,20,2) (0,22,25,5) (0,19,23,26) (2,0,10,28) (2,27,16,21)

4| (2,26,15,7) (1,9,17,27) (2,8,19,17) (1,19,10,12) (0,4,1,7)  (0,18,11,9)
(1,28,0,14) (2,6,9,3)  (0,14,13,24) (1,24,11,15)

(2,18,21,9) (0,19,2,33) (2,26,0,4) (1,6,31,11) (1,15,34,8) (2,32,19,24)

5 (2,33,25,27) (0,13,11,32) (1,27,24,4) (0,10,26,30) (0,1,9,22) (1,19,23,28)
(0,12,20,6)  (2,20,29,23) (1,3,2,20) (2,30,28,12) (1,26,7,25) (2,31,15,16)
(2,34,22,3)

(2,23,4,28) (0,28,23,37) (2,26,22,0) (2,37,24,13) (1,0,4,30)  (0,22,36,20)

6 (2,38,15,31) (0,31,27,2) (0,11,15,12) (1,21,39,26) (1,10,2,23) (2,36,33,25)
(2,40,16,21) (2,8,35,11) (2,39,9,10) (0,8,24,7)  (1,25,31,22) (0,3,17,9)
(1,24,20,38) (0,19,34,21) (1,12,11,5) (0, 10,26,40)

(2,15,38,0)  (0,24,28,22) (2,29,35,19) (2,36,9,41) (2,33,11,26) (1,16,13,4)
(2,18,31,43) (1,29,5,30) (2,30,42,22) (1,7,20,8)  (2,12,45,1) (0,30,7,25)

7| (1,45,0,26) ﬂ426%)(L%JL$ (2,27,46,37) (0,44,16,2) (1,17,39,44)
(2,4,21,39)  (0,38,1,41) (2,32,13,40) (0,36,33,3) (1,10,21,32) (1,46,38,24)
(1,25,9,15)
(0,45,18,30)  (2,50,42,25) (2,52,40,27) (1,3,45,7)  (0,1,15,16) (1,4,34,22)
(0,19,47,41)  (2,32,34,12) (0,43,32,27) (2,29,36,28) (0,22,48,17) (0,7,34,20)

8| (0,5,9,6) (1,9,51,32)  (2,48,0,43) (0,36,44,14) (2,41,22,15) (1,21,10,12)
(16, 39,26,50) (16,4,23,20) (16,2,10,7) (2,49,18,37) (0,13,38,49) (3,13,5,14)
(2,8,19,39)  (2,5,38,17) (2,51,21,46) (0,31,29,52)

SIE 8.21. ML &L >3, t € {9,10,11,14}, As(6t+5,6,[2,2]) > U(6t+5,3)—1;
st =14, A3(6t+5,6,[2,2]) > U6t +5,3) — 2.

IR KT EE ¢ {9,10,11,13,14, 17}, M 51 38 1918 200 AL #y23i5L, ¢ > 3,
t ¢ {9,10,11,13,14, 17}IGDC. £ K/N ARSI EIEAN RAH — N+ 1) 5
(5,5, [2,2])s75 21 7 Z 105, XHEEL € {13,14,17}, M 5] BR35p 5H B A
18%6Y, 1812182416 IGDC. NS TLTS A, 15K/ N18E 24 2H iE[F]
o5 RAIEANBOR295 82125 IGDC, A E s e — N FER L5 SUE A G
HIS I8 K B N1 B THIRS A5 2 1 BT 75 A O
I 8.22. *4E &t > 3, t & {9,10,11,14}, As(6t + 5,6,[2,2]) > U(6t +

5.6,[2,2)) — 15 A3(5,6,[2,2]) = 1: A5(11,6,[2,2]) = 15; *tt € {2,14}, A5(6t+
5,6,[2,2]) > U(6t +5,6,[2,2]) — 2
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# 8.4 5| BHR.23 MR (61 + 4, 6, [2, 2]) i ) FE AT

t i

1] (0,3,9,7) (0,4,2,5) (1,3,2,6)

A (0,15,21,24) (0,6,9,11)  (1,22,26,21) (1,3,11,15) (0,1,18,19) (1,6,23,16)
(1,4,17,2)  (0,12,14,20) (1,5,24,12)

s (0,11,17,21) (1,19,10,18) (1,9,12,23) (1,33,30,20) (0,7,14,20) (0,24,23,15)
(0,8,1,3) (0,19,31,13) (1,31,2,21) (0,28,12,16) (0,4,2,9)

6 (0,19,10,12) (1,2,13,31) (1,26,0,3) (0,25,5,8) (0,4,32,13) (0,6,22,7) (0,3,27,31)
(1,19,11,17) (1,5,18,12) (1,20,6,10) (0,2,20,35) (1,4,27,28) (1,7,15,36)
(1,35,40,24) (1,31,0,29) (1,9,10,12) (0,16,43,21) (0,22,17,7) (0,32,9,25)

7| (1,43,26,38) (1,18,7,21) (1,23,3,41) (0,34,26,8) (0,18,37,33) (0,40, 4, 36)
(1,33,14,20) (0,2,13,1) (1,11,8,32)

(0,50,3,11)  (0,49,38,21) (1,33,37,43) (1,18,40,38) (1,9,30,2) (1,12,13,27)

8 | (0,17,12,39) (1,39,3,14) (1,20,51,19) (1,34,41,44) (1,7,35,16) (0,45,42,23)
(1,24,32,49) (0,4,18,47) (0,6,36,40) (0,24,16,9) (0,27,26,32)

(1,31,49,55) (0,1,17,39) (1,14,41,46) (1,18,36,11) (0,31,52,15) (1,6,35,4)

9 (0,5,37,9)  (0,10,13,22) (1,26,51,52) (1,2,40,45) (1,10,24,16) (1,23,21,34)
(1,48,20,30) (0,8,54,55) (1,47,15,32) (1,7,56,9)  (0,34,20,36) (0,21,4,28)
(0, 16,23, 35)

f. HKEn =4 (mod 6)Rt

5138 8.23. &t = 18%4 <t <9, A3(6t+4,6,[2,2]) = U(6t +4,6,[2,2]).

. X, = Zepae IA(X,, C)REFTTE B (6t + 4,6,]2,2])s, WIHC 2 H
HR A IS FHE Zy 14 +2 (mod 6t + 4) I E. O

SI3E 8.24. A&t > 142, Az(6t +4,6,([2,2]) = U(6t +4,6,[2,2])o

WP A5 RO — ANTD(8, k). i B A 3 v 0 BiT6 AN 4L 1 BT A A, SR TA
MWz GG, A A3 SINA3, Hg siomo. X8, A it
NAAG6®, s € {6, THAIGDC (5| #R.6D, FA K63, s € {6,7}IGDC (7]
HR8.33D. BAIER] T AN (6k)S(62)'9'IGDC, Hfr =083 < x < k. 0
— AT R, ER/NR6EEGe A FIERITE 55 mUE K B N6E + 18062 + 11
A CEER.ID, fEK/ANAHIMLLE FITTT AUEEAIRAR (10,6, (2, 2))55. AT
AR T KIE AN = 36k 4+ 62 + 10 = 6(6k + 2 + 1) + 4f 5%, Bk > 23,
158 7K An = 6t + 4 &g, HAt = 6k + o + 107 DUPUEATE > 14219
TR ]
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5138 8.25. AL &t = 43, &46 < t < 141, t # 51, Az(6t +4,6,[2,2]) =
U(6t +4,6,[2,2]).

SEH. MBI ER.IHE—ANTD(m, k), k€ {7,8,9,13}, 8 <m <12, m <k+1.
FH 35 A K 36 v R RGN AL B BT AT A, e Ja — N A B3 RUINARS, X
m — Tz S, 1< < m— TG, & A0, Hiz, = 08
H3 < a; < ko XEEAILATNG, 6 <s <11IGDC (5] HHR.6) A Jy6s3!,
6 < s < 11IGDC (513R.33p. FATHARE] T2 (6k)5aia) ... 2], ;9" IGDC.
IN— 5L AERTm — N EEF TGS RIS 6K + 18062, + 1 A0
CEHER.1, £ f{éﬁﬂ*mﬂ@éﬂﬁlﬂ%*ﬁiﬁ)\%ﬁt(m 6,[2,2])s08, iR T K
JEAm = 36k + 637 x; + 10 = 6(6k + S @i + 1) 4+ 4B EA i,
At =6k + 7 2+ 1. BE =7 m =28, &AMt € {43} U[46,50];
Wk =8 m=09, ATAt € [52,65]; Wk =9, m =10, FATHL € [66,82];
Wk =13, m=12, ATHL € [83,141]. O
4

2|3 8.26. AL &t € {24} U [32,34] U [36,44], As(6t + 4,6,[2,2]) = U(6t
4,6,2,2))s

EB. G HR.IE—ANTD(5, k)» k€ {5,7,8,9}. FIEA SRS B4 K
155, Ba— N BINAG, XEE— LIy AN SRS, Hdr+y = ke
XK, BWARZANCHGDC (51ER.6) AN HIGDC (51HR.33). K
145 3] 7 BN (6k)4 (62 + 3y) HIGDC. AN —AN T 55 &, 763U A 4H E % [
T 55 B NK E N6E + 1 RS GEFER.12D, 7F K/ N6x + 3yl | i
AT 95 AUEAN AR (62 + 3y + 1,6, (2, 2)):85 (5] HR.23), #f3#] 7 KE An =
24k + 67 4 3y + 1 = 6(4k + = + L) + ARG, 2t = 4k + 2 + L. X
Bt, Bk, v, y) MFTFEHNIIEK s = 62 + 3y + 1/EERR.H . O

*® 8 5: %Iﬂﬁtﬁﬁﬁ%‘% *

t | (kz,y) (k,z,y) t | (kz,y) | s
24 | (5,4,1) | 28 || 32| (7,2,5) | 28 || 33 | (7,4,3) | 34
34 | (7,6,1) | 40 || 36 | (8,1,7) | 28 || 37 | (8,3,5) | 34
38 | (8,5,3) | 40 || 39 | (8,7,1) | 46 || 40 | (9,0,9) | 28
41 | (9,2,7) | 34 || 42 | (9,4,5) | 40 || 43 | (9,6,3) | 46
44 | (9,8,1) | 52
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5138 8.27. s &t € {10,11,13,16,17,18,19,21,22, 25, 26,28, 31,45,51}, A3(6t
+4,6,[2,2]) = U(6t + 4,6,[2,2]).

IEBA. Xt =11, M5IFER.32HAL N10THIGDC, fEH FIHN&EAR(10,6, [2, 2])5h5
RBFTH M. Xt = 17, A5 HER35H AR A2419 1IGDC, #n—ANTE T3
s AR EERITESS AT (25,6, (2, 2))s B 810, 6, [2, 2]) s H 15 1 B
g, XHEREL € {10,13,16,18,19,21,22,25,26, 28, 31,45,51}, ATHEAE BtAT
TS HINERR.OF. BRATHE—ANE g m FIGDCHwEMK, e, R
JEPEH FIEFRT T FIBAKE N s € SHIRSTF 2P 75 5. O

i% 8.6: %Ifﬂé%_zltlﬂﬁﬁﬁ'% 4
t g“m' x w SRR a
10 | 64 3" x 3 517832 | 1
13| 82 | 6%3' x3 | 5|H8.33 | 1
16 | 100 | 3% x3 517832 | 1
18 | 112 4t % 7 5|#8.32| | 0
19 | 118 | 3¥x3 517832 | 1 10
21 | 130 | 2¥ x5 | 5IHE8.15[| 0 10
22 | 136 | 673" x3 | 5IH.33 | 1 | 19,10
1
0
1
1
1
0

S
10
19,10
10
28

25 | 154 | 679" x 3 | 5|BH8.34 19,28
26 | 160 | 4* x 10 | 5]#A8.32 40
28 | 172 | 6%9' x 3 | §|®8.34 19,28
31 | 190 3" x 9 51 #8.32 28
45 | 274 | 3" x 13 | 5|38.32 40
51 | 310 | 1% x 10 | 5I¥H8.10 10

5138 8.28. ¢ € {29,35}, As(6t+4,6,[2,2]) = U(6t + 4,6,[2,2]).

JERA. Xt = 29, HL—ANRCR6TIIGDC (5] #HR.6D, I AN, X B HE A
Wt 2 B 4t {4}-MGDD. ATHL#3 2 7 —AGDC, H LI s %
2078 Jy(24,64) IDGDD. MO G55 £, AT Y679 IGDCHF 3] 1 &Y
24TV IGDC, W hn— NS5 A, fEA EERT 5 A IE K E 25810/
PAD19 2 75 B 1965, Xt = 35, WANETHIGDC, JFXk#HEE —NAHMTE
SR A XA S ST, FRHBIE K. X B2 B N5 {4} -MGDD A A
N5 ] 23 {3} -MGDD. 15 FIGDCH L #EEM K —1{3,4}-DGDD, JfH.
FTA B = JCH I 240 AT 2. 8244 i, A FAT 2. F8 oM 55
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FEIE AT R650 IGDCHEEE B 17 B 30033 GDC. B Im— NS 5, A

M EEFTCTT RN 31 B34 A A3 2 1 B s A st O
gie BRI, AIEH.

EIE 8.29. L&t > 1, t ¢ {2,3,12,14,15,20,23,27,30}, A3(6t+4,6,(2,2]) =
U(6t +4,6,[2,2]).

g. HKEn =3 (mod 6)kt

EIE 8.30. M4EEL > 1, A3(6t+3,6,[2,2]) = U(6t+3,3)o

IER. AT > 1, t ¢ {2,3,12,14,15,20,23,27,30}, A EBHR 29 (1A (61 +
4,6, 2, 2])5F5 Z 48— KR RIFE KA A8 bR N T HO D 3 BRI FORD. St = 3,
AR5 #HR. 32 AL N 3THIGD R T T 1. %t € {12,15,27,30}, 43l
18t (3] 3R32D, 18°, 18° (EHRAD #1810 (f—A%EA10HGDC, 3
MR 23, ISR MGDC, HIM3ANTET A, 4 LER T 55 AL
HNITIGDC, o ARR] T R N3, 331, 3%E3S GDC. RE 5 WAL EATEL
FEFTHR RS, Xt =23, WSIHER.JI—ATD(5,5). FIFEA & 250 14441
i m e — A monae, s — N RI3A SUMALS, wiis R 1A
F30121GDC, fEA _EIHAKEE 218301 S A AR 2 1 B 75 A5

Xt € {2,14,20}, X, = Zerzo MA(Xy, C) 2w (6t + 3,6,[2,2])3H5,
WIERCHE T S FAE Zer 3 +1 (mod 6t + 3) R 1R H.

t=2: (0,3,4,14) (0,5,7,13)

t=14:
(0,1,68,8)  (0,24,47,61) (0,41,16,36) (0,73,57,40) (0,14,49,5)
(0,29,40,38) (0,58,68,27) (0,20,54,84) (0,60,62,9)  (0,57,51,63)
(0,22,25,53) (0,43,33,32) (0,60,6,45) (0,28, 71,60)

t = 20:
(0,16,46,63) (0,92,85,7)  (0,34,122,9) (0,10,43,74) (0,5,109,82)
(0,6,21,79)  (0,24,22,94) (0,23,37,55) (0,13,42,62) (0,17,2,8)
(0,56,81,68) (0,20,95,39) (0,45,93,97) (0,4,57,80) (0,18, 54,59)
(0,11,102,3) (0,72,35,69) (0,58,1,84)  (0,27,71,87) (0,83,50,61)
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8.4 45t

FEATE Y, AT 7 &AM (n, 6, 2, 2]) IS . FRATIESA RS A5
I

TEIE 8.31. *MAEEEKHn > 4,

(

1, L < 50F

3, Ln =78

5, Ln = 8AF
A3(n767 [272]) =

15, Ln = 118¢

12 |%52]], %n>6, n#5 (mod6), n¢{7,816,22,
76,88,94,124, 142,166, 184} &

A3(13,6,4) € [21,26], Asz(14,6,4) € [27,28]s
Ln =5 (mod 6)8, &L >3, t¢{9,10,11,14},

As(6t+5,6,(2,2]) € [2(3t+ 1)(t+ 1) — 1,2(3t + 1)(t + 1)],
st e {2,14},

As(6t +5,6,(2,2)) € [2(3t + 1)(t + 1) — 2,2(3 + 1)(t + 1)]a

8.5 MiF
5|IE 8.32. 67\5'11%»&@15’937, 3“, 313, 44, 1074218449 GDC,

. SHERAGUMGDC, 2X =Zy G = {{i,itu,i+2u,...,i+(g—1)u}:

0<i<u—1} Ba, (X,6,0)HEFMTFHIGDC, RCHRE B NS FIEZy, T

IESIRCECIP

37: +1 (mod 21) (7,3,18,13) (4,3,12,16) (0,5,2,3)

3 41 (mod 33) (13,27,15,25) (25,15,0,7) (2,15,18,32) (10,5,1,14) (0,7,1,6)

3'3: +1 (mod 39) (20,2,25,10) (21,6,23,17) (6,12,5,26) (30,3,28,19) (21,24,31,4) (0,9,1,4)

4*: 48 (mod 16)
(1,7,2,4) (3,13,0,6) (6,12,5,7) (2,4,5,11) (2,8,3,9) (3,5,2,12) (0, 14,3,5)
(4,6,1,3) (8,14,1,7) (15,5,4,6) (4,10,7,9) (9,7,8,6) (3,9,4,14) (9,11,0,2)
(8,10,5,15) (13,15,2,8)
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107: +1 (mod 70)
(0,17,27,58)  (0,61,24,46) (0,25,6,68)  (0,3,2,40)  (0,32,16,52)
(0,34,47,64) (0,11,26,29) (0,62,57,66) (0,48,1,60) (0,31,50,5)
18*: +2 (mod 72)
(1,3,8,22)  (0,34,1,15) (0,26,11,13) (1,35,32,58) (1,7,16,54) (1, 15,50,56)
(0,2,21,71)  (0,7,18,25) (0,30,23,61) (1,11,62,40) (1,31,34,44) (0,14,43,17)
(0,9,54,63) (0,10,5,47) (0,22,49,55) (1,27,26,28) (0,6,51,41)  (1,23,60,18)
]

5138 8.33. &4 <t <11, t#£5, BE—ANEAC3, K NAMHGEDC,

. Xy = Zersr G = {{i,i +t,i+2t,...,0+5t} :0<i<t—1}U
{{6t,6t + 1,6t +2}}o WA, (X, Gy, C)R—PMENC3GDC, WRCZHT
TS FAE Zor PP B FIAREG = (024 --- 22)(1 35 --- 23)(24 25 26)) BT 15
2, M6 <t<11KF, CH NI Ze s THERMWHEG=(012 - 6t—
1)(6t 6t + 1 6t + 2)) I,
t=4: (1,25,8,6) (1,3,18,0) (0,10, 24,23) (1, 7,10, 20) (0,22,7,1) (0,6,21,11) (1,11, 12, 26) (8,24,3,1)
t=6: (0,34,27,5) (0,28,3,13) (0,10,19,35) (0,20,17,15) (0,37,32,4) (0,14, 1,38)
t=17: (0,8,12,38) (0,26,25,44) (0,43,20,22) (0,6,23,33) (0,40,1,9) (0,10,15,39) (0,18,31,37)
t=28:

(0,10,12,46) (0,4,21,31) (0,26,41,45) (0,28,5,23)

(0,48,11,37)  (0,42,1,29) (0,14,13,49) (0,18,3,9)
t=9:

(0,52,5,21)  (0,54,49,53) (0,38,3,51)  (0,34,12,22) (0,4, 28, 30)

(0,6,17,37)  (0,14,1,47)  (0,44,15,29) (0, 8,43, 55)
t =10:

(0,12,36,37) (0,54,45,57) (0,8,29,35) (0,4,9,17) (0,34,23,61)

(0,22,53,55)  (0,28,7,11)  (0,58,16,42) (0,62,19,41) (0,1,15,47)
t=11:

(0,10,1,13)  (0,67,7,17)  (0,12,30,38) (0,64,25,46) (0,4,23,39)  (0,34,5,65)

(0,16, 36,40) (0,21,49,63) (0,6,15,47) (0,8,59,61) (0,14,43,68)

SIXE 8.34. &t € {6,7,8}, HBE—NEACI, K DAG6Ht+2)8GDC

. X, = Zerrgr Ge = {{i,i+t,i+2t,...,0+5t}:0<i<t—1}U{{6t,6t+
1,6t+2,...,6t+8}}. A, (Xi, G, C)eN6'9 IGDC, R C,ZH T imeg
FAE Ly o HTE FIRIEEG = (012 --- 6t—1)(6t 6t+1 6t+2 6t+3 6t+4 6t+5)
(6t + 6 6t + 7 6t + 8)) EIF1F 2,
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t=6:
(0,22,13,29) (0,34,21,38) (0,16,19,37) (0,36,5,15)
(0,43,17,31)  (0,41,33,25) (0,8, 4,44) (0,10,9,11)
t="7:
(0,36,34,10) (0,45,8,39)  (0,23,25,49) (0,44,3,22) (0,29, 33,42)
(0,48,38,1)  (0,24,41,12) (0,11,20,26) (0,5,46,32)
t=28:
(0,10,3,15)  (0,14,54,37) (0,49,27,29) (0,36,31,1) (0,46,42,4)
(0,22,51,33)  (0,56,47,19) (0,18,9,35)  (0,48,7,21) (0,20, 52,45)

5|IE 8.35. A A AR #18%6L, 184121, 24*6' 4224949 GDC,

. SHMEREE NG m IGDC, 42X = Zyuims G = {{0,u,2u,...,(g— Du} +
i:0<i<u—1}yU{{gu,gu+1,gu+2,...

18%': G = (012 --- 71)(72 73 74 75 76 77)).

(0,30,1,7)
(0,2,13,71)

(0,50, 53, 76)
(0, 66,17, 35)

(0,54,21,59)
(0,58, 31,33)

(0,72,29,51)
(0,77,37,63)

(0,26,9,19)
(0,34,61,73)

18*12%: G =((012 --- 71)(72 73 74 75 76 77) (78 79 80 81 82 83)).

(0,46, 7,72)
(0,14,1,31)
(0,70,51,73)

24%6: G =((012 --- 95)(96 97 98 99 100 101)).
(0,42, 23, 29)
(0,18,27,49)

(0,86, 25, 75)
(0, 38,11, 89)

(0,101, 63, 65)

(0,77,57,71)
(0,18,23,61)

(0,62,5,19)
(0,26, 3,98)

(0,100, 57, 67)

(0,34,63,79)
(0,42, 39, 45)

(0,22, 49, 78)
(0,82, 21, 67)

(0,82,81,97)
(0,74,37,71)

(0,6,19,41)
(0,83,9,11)

(0,46, 41, 79)
(0,30, 21,47)

24%9'; G = ((012 --- 95)(96 97 98)(99 100 101) (103 104 102)).

(0,82,15,73)
(0,18, 45, 31)
(0,96, 43, 77)

(0,38,3,49)
(0,6,39,69)
(0,10,81,7)

(0,46,47,98)
(0,30,51,9)
(0, 26,19, 25)

(0,102, 35, 37)
(0,22,17,104)

(0,99,53,79)
(0,2,57,67)

(0,10, 25, 67)

(0,76, 15, 25)
(0,10, 47, 65)

(0, 54,41, 59)
(0,34,23,101)
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HA S AEESHERNETEEEED

9.1 SIEMIFELZR

LSXRNHRE. |X| =n. BZIPRTRN—NFe Ze LK (0w, t,d)F
TR EARL P —AEERNTE, BRENEEMNTue 2 52D —
AMEFREEE A, WX BN AT RS F MO K, (n, w, t, d), B FXA
T AN KRR A A S AR 89

WU f AL I — A R AR T e B R 4 FE TR R A, 39, 8O-
FR—AALEE, B T REEE RN, BN EEHAE. FE—
AN [ B Bl i 0 28 P 4 J— AN % (4, ), Fehi RoR iR g o ) B B B A,
JRANEFE AT S L M. BT IXEN N, K (n,w,t, d) R E A&
FR A AR T — AN AR, BT ETEIRZ TR
MAAEIHER T, HRZEZUWASEWE, PlnTudnBit, BT R
BEEITE. Zw—t > 0, —PZ, EM(n,w,t,w — )% EEHBENT—
Ry B R . Mg =2 I, FAIRZCEMAK,(n,w,t, )i EFRFT G,
w0, 57, SR, SEAME RN REJUSERRNE, Flin: Ky(n,2,t,¢t—2) [139)],
Ky(n,3,2,1) B8], Ky(n,4,3,1) [88], Ky(n,w,2,w — 2) [90] . Hq > 3K,
SR — e aE AL

FEARTT, BAEN =3, 48g=2"+1, m>2, BT (¢, n)= (3,55
SEAHE K, (n, 4,3, 1) (E. 1o B P i T 24 T B Rt — AN i 2
SR, BN R, M—FAL RS B BT Hoframe, BRI AT 402H3- B
VHE A 5 & B E R 3P v I SR AL R F

X BEAER : EFI02 R, BRATEA G — LI AME & RS A i Ty
Wy EHRIN A, BATMMERE = eR EE R, ARt RATEH
WU TR B R, DA, BABIMEEg=2"+1 (m >2), ¥
W g oo B D, ESR0.OT rh, AR AR B A A AT R
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9.2 HEFHIAMESE

Loflt A IEEER, K —DIEEHE, — Db, XARNAKET
H4atE & (group divisible covering, GDC), & AGDC(t, K,v), &—/>=Jt
ZH(X,Q,B); EEP:

L X2 Mo eEREEE (N R);
2. G ={G1,Gs,... }RXHI—XII (FRNE):;

3. BRGH—ABH (FARa) MES, HEESXHARNIKFTRITR,
Hip— A XN PN THRASEIMMEZ LT TR

4. GPMEEA TR P E DS E XY,

—/M-GDCH# & ZGIMtT B BT il 2 =4, HAhEEBN{B € B :
T C B} — 1. GDC(t, K,v)1 & E X HN{|G||G € G}, MR —PGDCHn K
NRgGHH, 1 <i<r, BAATHIEEFF Tg7 652 - - g RERAK . —
M-GDOREIR 2 — B I R T A A RN R, B K = {k}F, RATHEKTE
1Nk

—AM-GDCHE FRN 7T 4 28t-i% #+ (+-GDD), id AGDD(t, k,v), WIRGH
AT e TR 1B & 7 — AN X 4. Mills?E SC[I13] % FH(n, g, 4, 3) %
T REF R NG IGDD(3,4, ng)e —MENI"IGDD(t, K, n)HFRA—ABr
HMn, HKANRKRIEF 8%, NSt K,on). 35t = 3, K = {4}, HHK
9 Steiner™d T &, WNSQS(n). HananifE XX [B4HFEH: —NSQS(n)fFA1EM H
M0 = 2,4 (mod 6).

I 9.1 (Mills [113], Ji [96]). *4E&n > 3, n#£5, —ANE A g 4 GDD(3,4, gn)
BAEL AR EngRIBK Bg(n — 1)(n — 2) TTAH3 ¥k, tn =5, Lg%,
g #2Hg#£10,26 (mod 48)8, HA—AR A GDD(3,4,59)

AC(n, g, k, ) RRNEET NG HIGDC(t, k, ng) B /N Al fEAT X HA K. —
M NG HIGDC(t, k,ng) (X, G, B)e® k49 (OGDC) R |B| = C(n, g, k,t).
BAR, WA — NN IGDC(t, k,ng), IAE BRI,

A L(n, g, k,t) = [2[%e=D .. (8=t ], Schonheim e SC[I21] 145 H
MEEn >k>t>1, C(n,g,k,t) > L(n,g,k,t)s




CHAPTER 9 HIr] /278 St & el 2 oo 578 Y 133

Xt =3, k=4, g=1, MillstTE C[ILI]H #§ £ XL En # 7 (mod 12),
C(n,1,4,3) = L(n,1,4,3). Kalbfleisch%[98], Swift[I36]%5HC(7,1,4,3) = L(7,
1,4,3)+1 =12, Mills [TI2]3EM T C(499,1,4,3) = L(499,1,4,3). HartmanZs{E
RS FE X AE RN > 52423, C(n,1,4,3) = L(n, 1,4,3). i [05) ok 1 1t
TS RGBT En, B Tn =7, MARERATHEEL =12k+7, k€ {1,
2,3,4,5,7,8,9,10,11,12,16, 21, 23,25, 29}4F, C(n,1,4,3) = L(n,1,4,3)s

3138 9.2. —AA K¢ OGDC(t, k,ng) ) B EEFN T —A2,1 EBIRAE (0, K,
tk—t)FEREES, B: C(n, g, kt) = Kya(n, kt,k—t)

B BREEATE — N NG IOGDC (¢, kyng)s (I, x 1y, {{i} x 1, :i € I,},B),
Hepr, = {1,2,..., s} SEEXH{(ar,b1), (ag,b), ..., (ag, br)} € B, @it Xt
Rl < j <k, BN ERa;, HROGERO, FAIER]—DKE Ank L
o REGERIA NI ERE N2y EERM (0, kot k — ¢) % EE 50,
2, BEBRIE N2y EHIRAR (0, kot k — t) BB HLC, XA
7 e C, MBuAEEL E Nay, as, . .., ay, FNALE K TCE by, bo, . .., Do
HATATT UAR B — DN XA (a1, b1), (az,b2), ..., (ar, be)}o IRE Z UL H 1
XABR—, x I, 1, HEN{{i} x 1, :i € I} LOGDC(t, k,ng). O

BAE, A M H-framefIE L, ERAS)FHI—ME. —AH(t, K, v)
framefe— N BAWTHRINARFNTH(X, G, B, F):

1. XMoo NEamES;
2. G ={G1,Gy,.. YEXKI 5 HA;

3. FROM—ETH{E}, %AR. BAF € F, F ={Gi,Gu....Gi by
AN EAE IR, AR, 0 F . AL B B & D

4. BRGW —SBEMES RARKD), BAMXARNETEEGK, i
BOMER TR, WERARIENRAE, € FRuooks, i de—4
XA, EA XA ST T R TR,

1SRG T A 4 B K N8 J9g, T A (X, G, B, F)ik & — A H(v/g, 9, K, 1)
frame, FHENHE(v/g, g, K.t), X5 CRS)HE UL W5 —AHF(q, ¢, K, 3)
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AN KA M + s, 0 =1,2,..r, HEZT D28 KN NsHIiR,
A FATIE A B AK-HF  (my'my? - - -m?" : s). Hg = 1N, —PK-

HE (m'mby? - -mP o s)WFR A — Mk & Bk, i NK-CS(m my? - -mr
s) (X,S,1,B), HhSER—1AILMA, BANF, T ={F\S:FeF}&—"14u
MEES. 4K = {4}, R ERAOTE (CQS). WR—/1HF(q,9,K,3)R
H— MR AR, BARATKEN— N Z LT 5@ikt, L ANIGDD((q :
s), g, K,3)e

WR—1H(@3, K,v) frame, (X,G,B, F)RAMER: GHITERAEE TG H
KANAg — 148, KB Rg, T HFAEnA KN Am; + s, i =1,2,...,7,
EMZ T =N KD AsPIl, Gg TEA A LR, 2 RATFRIX
MH(3, K, v) Nmodified H(3, K,v) frame, W AK-MHF,(m{*m5?---m : s).

5132 9.3 (Mills [I11]). s4E£&n >0, AE—NCQS(6™ : 0).

513 9.4. sHfEFEn >3, AE—{4,6}-CS(2" : 2).

. MEEn = 0,1 (mod 3), n >3, ATLANSQS(2n + 2)1F 2] —4CQS(2" :
2)o XHEEn =2 (mod 3), n > 5, ATLLACQS(6M+Y/3 + 0)HUA R ZH 1 P AN 14
PR 1R B —M{4,6}-CS(2" : 2). O

513 9.5. BRIZ(X,S, T, )£ —NK-CS(m" : 5), oo € Se &K, = {|A| :
o € A€ A}, Kb = {|A] : 0o &€ A € A} WX E&Ek € K|, BE&
—AN-HE, (t0 71 2 a) (B4A-MHF,(t"~ : a)), 4E &k, € Koy, A E—AR
A (gt)= 8 GDD(3,4, gtks), R 4 5 A H & —N-HF,((tm)" : t(s — 1) + a)F=
(RA-MHF,((tm)" : t(s — 1) + a)do

IR, R4 E IK-CS(m™ = s)IJHENT = {G1,...,G,}. FATE LS H4a-
HE ((tm)" : t(s—1)+a)FIIE. E NG, ; = o x{j} XLy X' = ((X\{oo})x
ZixLg)U({00} X Lo X ZLy), G ={G,; v € X\{oco},j € ZiJU{GL ;] € Zu}»
F={F:0<i<n}, HHF, ={G,,:xeS\{oo},j € ZIU{GL,:j€E L}
KRt (s —1) +aff)a2LinH, HE = {G, v €Gi,j€Zi}UFy 1<i<ne
SAEREB € A, oo € B, Mi&E—/MN-HF,(#1P-1 : a), Ho A% R(B\
{00}) X Zi x Zy) U ({00} X Zy X Zy)» 2ﬂ%7’\j{G;7j cx € B\{o0},j € Zt}U{Ggoyj :
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j € Lo}y WNF, ={G,,:j€ZL}UFyx, z€B\{oo}, XT—AMKRNNaAIt
M Fo = {Gl; : j € Zo}o WCIXHENAR.

WAEEB € A, oo & B, HiE— N N(gt)=GDD(3, 4, gtky), A fide
NB X Zy x Zyy HHEN{x x L x Ly : v € B}o ICXAHENCs.

/Q'\.AI = (UBeA,ooeB-AB) U (UBeA,oogéBcB)° %?'EEQ‘LEA/%X/J:ZE%EQ/’ b
NFHIA-HF, ((tm)" : t(s — 1) + a) [ X 4.

Fi&E4-MHF ,((tm)™ : t(s — 1) + o) FE S B EEL i2Z; = Z, \ {0}.
DX = (X\{oo}) X Zy x Zy) U ({00} x ((Za x Zy) \{(0,0)})), §"={G};:x €
X\{oo},j € Z}U{GL,; : j € Z:}U{G o \{(00,0,0)}}, F' ={F/:0<i<n},
H R ={G,,; 2 € S\{oc},j € ZIU{GL ;1 j € Z;} U{GL o\ {(00,0,0)} } &
=R AE(s — 1) + I ALK, THE = {G,,, : v € Gi.j € L} U F,
1 <i<no REZIEMIELHE,((tm)" : t(s — 1) + o) BN TTEMIE X" EAH
$NG", TENF HI4-MHAF,((tm)" : t(s — 1) + a)s O

9.3 mM=TEEEEN

FEARAH, BATEH E Ks(n,4,3,1), BIC(n,2,4,3)(ME. BEH9.1, W
Rn = 1,2 (mod 3), n # 5, FAEMN2"IGDD(3,4,2n), &M S IX
#in, C(n,2,4,3) = L(n,2,4,3). FATKLEHC(5,2,4,3)80F 5 EF

2|32 9.6. L(5,2,4,3) +2 < C(5,2,4,3) < 24,

IERA. A DMRZE 5818 R BA 2440 XA BN 25IGDC(3, 4,10). 2 X = Zsg,
G ={{i,i+4} :i=0,1,23}}. BAdFERENX, HENGEHH
924 IGDD(3,4,8)F1GDD(2,3,8), e HXHE A NBMT, EATHHENIX
Ho X' = X U{ooy,000}, G = GU{{o01,005}}s LR = 1,2, 2C; =
{TU{oo)}: T €T} BER, BUCUGCR—IMHEEX', HEG LIH2A4NXA
AL~ HIGDC(3,4,10). Kk, C(5,2,4,3) < 24

XPRGE, ATH BRI B A 214 XA 1 8 28 GDC(3, 4, 10) AN 7 7E.
%X, G, A — DTN IIGDC(3,4,10), Al = 21, F & NE. I
L|E| = 4, EBEFRANTGER, HPEL=ABAFAT. BREAENSEL
R MAEBEEEDINHIGER, FNFERP RSN S, FRP a5
N R = e H A3 B BB I A3 AW AL W Na, b e B4
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EATEEH H IR G823, 3,60 {H 2 IXFEA ] 8T 1i{a, b, c} DY G
H, i E—2 B ENUNMAFERK A, ®HNa, b, ¢ d BE-NESEEN=
AN=gediH. FTUAENZ2H{a,b,c}, {a,b,d}, {a,c,d}, {b,c,d} M. T
H{a,b,c,d} ¢ A FREN, FATREMNIX HEF L4 {a, b, ¢, d}F 2| —PMRAH2°
[IGDD(3,4,10). X 5EMAFEMET E. B, {a,b,c}s {ab,d}, {a,cd},
{b,e,d} —EBEHEA K)\AXHAP. FH{{a,b,c} {a,b,d}, {a c d},{bcd}}h
WU EH AN = AL FHRAA KA, Bla, b c}s {a,b,d} {a,c,d}, {b,c,d}
TR PG A =J0 A, AR\ XA S — A 5 R A [
1. Rk, BATEA 7 X HRED2D S, RS |X| = 107 E. O

“n = 0 (mod 3)B, L(n,2,4,3) = n(n? — 3n + 3)/3. LATFK— A2
92" IGDD(3, {4, 6}, 2n) & %F e W B 1R A n /3 KN N6 X 4.

5138 9.7. FH AR H2MFEGDD(3,{4,6},2n), WC(n,2,4,3) = L(n,2,4,3)

IR, BRI R IGDD(3, {4, 6}, 2n)H KN R4 IX HECAN(n? — 3n — 3) /3.
FEAEE KN A6 X BN 15IOGDC(3, 4, 6) & #.  [NC(6,1,4,3) = 6, 3
TERAS 2] T e 45 5 O

FEREF A2 F X AN = 0 (mod 3)#iE T AU N2 IGDD(3, {4,6}, 2n),
AN AT #2471 o

5132 9.8 (Wang, Ji[142]). s4E&n € {6,9,15}, HAE—AA K2 694745 GDD(3,
{47 6}7 27”&)0

5138 9.9. AHEEN =0 (mod 6), HE—AE A2"49%F 49 GDD(3,{4,6},2n)

. XHEREn = 6k, k> 1, WFIED.IE—CQS(6% : 0) MFEEA AIIAL2,
FHAEFAN XA EHE— AR ON24IGDD(3,4,8), BiE %] T —/4N4-HF5(6* : 0)s
TE4-HFo (6% : 0)[ i F3H N B NS 1) 4F FIGDD(3, {4, 6}, 12)15% 2] | B 7% i &Y
2Ok I FIGDD(3, {4, 6}, 12k). O

5138 9.10. AEA B KD HR64I KX 69 IGDD((9 : 3),2,{4,6},3).

. A HENL, BERNi+9) i = 0,1,...,8}, W A{{Ei+ 9} :
i=6,7,8}. BIMNK/INN6HIIXAE{0,1,2,3,4,5} F1{9,10,11,12,13,14}. FlR
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(1152 x 34N KN NAR X H B an 524 E X AH H H A4 (0 1 2)(3 4 5)(6 7 8)(9 10
11)(12 13 14)(15 16 17)) EHF1FE,

{3,5.6,7} {56,117}  {0,6,12,17}  {0,5,10,17} {1,3,9,13}  {3,10,13,15}
{0,3,13,16}  {1,4,9,15} {6,7,9,11} {0,4,10,12} {3,6,13,14}  {3,4,6,11}

{0,11,14,15} {2,6,14,17}  {0,1,6,7} {1,2,13,14} {0,10,14,16} {0,6,11,13}
{5,8,11,16}  {2,12,13,16}  {3,5,9,11} {3,7,11,13} {0,1,8,14}  {0,4,8,11}
{1,2,15,16}  {0,4,15,16}  {0,2,10,15}  {2,7,9,12}  {6,8,12,14}  {0,4,6,14}
{2,4,8,15}  {6,8,9,13} {0,5,13,15}  {5,9,13,16} {3,4,14,15}  {2,4,6,7}
{4,9,11,17}  {5,7,11,15}  {1,4,7,11} {1,4,8,12}  {6,11,12,16} {0,3,8,15}
{6,10,13,16} {0,4,7,17} {1,8,9,11} {4,6,9,12}  {9,11,15,16} {6,9,14,16}
{3,4,16,17}  {11,13,16,17} {12,13,15,17} {2,7,14,15} O

5138 9.11. A& —A4-HF>(3% : 0)o

LB, A Ny, HERN{G = {i,i +15} :i =0,1,...,4}, HMNANF, =
{Gi, Gi+5, GiJrlO}’ 1= 0, 1, Ce ,49 Fﬁ%&i‘l_‘ﬁﬁn—F%géHEZgoi—l—l (HlOd 30)@
VARCEEIR

{0,6,13,27}  {0,8,11,29} {0,3,12,17}  {0,4,10,23}  {0,1,4,7} {0, 21, 28,29}
{0,19,24,28} {0,2,7,16}  {0,1,20,26}  {0,7,14,26}  {0,18,23,26} {0,2,12,24}
{0,4,26,29}  {0,6,7,12}  {0,13,17,29} {0,11,12,19} {0,16,18,22} {0,2,10,18}
{0,3,20,23}  {0,1,3,28} {0,5,7,13}  {0,5,17,26}  {0,2,4,13}  {0,2,9,22}

{0,13,19,22} {0,9,10,19} {0,5,6,22}  {0,10,14,24} {0,5,16,19}  {0,1,11,13}

TS5 R E T HartmanfE [86], 25475 XTCQS((6n) : 2s) FIH4E, FEH4H
Bhiseth & — KA A-pairing (IENA(n, 2s)) BT
EI 9.12. L &E3n > s >0, AAE—ANL-HF((3n)3 : s)o
. XMEE3n > s >0, (n,s) # (1,1), HartmanfE[86, ZH47i|H#yi& 7 —
FCQS((6n)3 : 25), HHHEX = {a;: a € Zgn,i € Z3} U {001,009, ...,000}»

HEE{{a; : a € Zen} 1 € L3}y T HN{001,009,...,000,}. FXHELENB, HtH

¢ = {{aiabiaci+17di+l} : {avb} € F;(k)a {Ca d} S F;(—f-cia
1<k<6n-—1-2r—2h,i€Zs},

i, FOIE®| O R An, 25) 58 SUHIE Zg, x {i} B T4
HH[86], 255717 A(n, 2s) P BRI, FRATEIEGR — 1 — 2r — 2k > 1o
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P& M14-HF5((3n)? « s)RAEREEX EHiE, HAAHSEG = {{a;, b} : {a,b} €

FVi€ Zg} U{{o0i,00ia} : 1 < i < s}y ZAMAF 0 = {{ai,bi) : {a,b} €
FOYUFyr i€ Zy, BT —AAIEHIAF, = {{o0i, 0015} 1 1 < i < s}
4

o1 = {{ai by, cigr, dign}  {a,0) € BV {c,d} € F}),i € Zs}.

HE B C ¢, T He 8 XA FGH HAA R 1 4. 1R 5%
UEB \ ¢t 2 BT 75 4-HF»((3n)3 « s) B X 44,

St (n,s) = (1,1), —A4-HFo(3% : 1)L 51 #H9.5], JH SC[84]+ 11 CQS(3°
DFI—ANER24IGDD(3, 4, 8) 13 2, O

5138 9.13. X FTAn =3 (mod 6), n>9, HAEA AT GDD(3,{4,6},2n).

. Xfn € {9,15}, T vt 5 0.8 F. MERn = 6m+3, m >3, H
51307 4E— M {4,6}-CS(2m : 2), MAHSIH0.5, Blg=2, t=3, a=08E
B T4-HF5(6™ : 3). X B H N1 A4-HF, (351 : 0) A1 N6*IGDD(3, 4, 6k),
ke {4,6} CeHO.1, 0.12f15 H#O.11D. W4-HF,(6™ : 3)IRTIm — 14N, H
AIGDD((9 : 3),2,{4,6},3) (5| H#0.10D. 7£ )5 — AN — A B A2 1) 4F
JGDD(3,{4,6},18). FATHAFE] | — DAL 17 HIGDD(3, {4,6},2n). O

Litrs|30.6, 0.7, [0.9F0.13, FAIEE:

I 9.14. *HEEn >4, n#£5, C(n,2,4,3) = L(n,2,4,3).

9.4 RMATEEEEN

FEAT, BATEHE Ki(n, 4,3,1), BIC(n,3,4,3)10MH. HEHD.1, T
Bn =0 (mod 2), FAERINIIGDD(3,4,3n), BIC(n,3,4,3) = L(n,3,4,3)s
*n=1(mod 2)i, L(n,3,4,3) = 3n(n—1)(3n—>5)/8 T N3"HIGDC(3,4,3n)
R R dr ey, MR EMFRTEHE— N3 HIGDD(2,3,3n). 255k —4
RS HIEFIGDC(3, 4, 3n) I X AN EHE U N L(n, 3,4, 3). FAS 3

5138 9.15. H A LA A3FE GDO(3,4,3n), MC(n,3,4,3) = L(n,3,4,3)
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5138 9.16. xtHiE&n € {5,7,9,11}, ALE—ANRHIEIF49GDC(3,4,3n).

IER. WATEn € {5,7,9,11},

— ARSI IGDC(3, 4, 3n) & 1F 55 5 Zs,, »

HE{{i,i+ni+2n}:i=01,...,n— 1} EME, FIr&EXHABDTEXA
1EZs, P JEITAFH
n=>5: {0,1,2,4} {0,1,4,13} {0,1,7,9} {0,1,8,12} {0,2,8,11}
n="7:
{0,11,15,17} {0,12,18,20} {0,8,9,11} {0,1,6,11} {0,16,17,20} {0,1,12,16}
{0,2,8,18} {0,3,5,8} {0,9,12,15} {0,8,19,20} {0,4,8,16} {0,2,4,13}
n=29:
{0,5,21,25} {0,6,13,17} {0,10,11,22} {0,4,7,17} {0,21,23,26} {0,2,4,19}
{0,2,12,13} {0,3,15,19} {0,12,22,25} {0,13,24,26} {0,12,19,20} {0,1,7,13}
{0,5,19,24} {0,1,3,11} {0,4,12,23} {0,5,7,20} {0, 3,25,26} {0,6,13,16}
{0,5,22,26} {0,5,11,12} {0,6,8,14} {0,3,6,10}
n=11:
{0,1,10,14} {0,17,18,21} {0,21,23,29} {0,25,29,32} {0,9,19,25} {0,4,10,19}
{0,9, 14,26} {0,1,13,17} {0,8, 16,23} {0,2,6,19} {0,17,20,30} {0,1,6,20}
{0,1,15,16} {0,21,28,31} {0,2,5,14} {0,4,6,9} {0,3,8,24} {0, 20,26,27}
{0,8,10,29} {0,13,21,26} {0,7,9,24} {0,5,6,8} {0,4,12,13} {0,7,14, 30}
{0,14,17,23} {0,2,10,28} {0,1,5,31} {0,13,15,28} {0,2,16,31} {0,23,28,32}
{0,9,15,21} {0,8,18,28} {0,6,13,25} {0,15,27,30} {0,1,8,32}
L]
N T HEH e, AR EE X —MA TN rdE S 2 X e
— MR AIH R, GRXI —A 7 Bin AN RN NSHTH BRI 47 RIEH C

GR— MR MBI, WEmANHNES. B —EMAENTH (Ba) f§
A XAGETR I =0dH, BIAERFHIEE = cH B EE s — X
AR, FFHF AR — A N3 (3m) IGDD(2, 3,3n). IA(X, G, H, B)ik
FRR—ABER (3 2 3 AR R A IFIGDC(3, 4, 3n).

5138 9.17. BIX A AE—AN-MHF;(m" : 8)o R G LE—NE R (3MFS: 3R L
AWEFE9 GDC(3,4,3(m+s)), IR2A5 7 ﬁ}ﬁ.iiy(z&mnﬂ D 3%)Fm(Zmnts ;. 3mts)ah
R AW GDO3,4,3(mn + s)). #—, de R HAE—ANE HIT 84T
8 GDO(3,4,3(m + 5)), A4 f?/fi‘-"/l\’ﬂﬁSm”“é‘J%éﬁ GDC(3,4,3(mn + s))o

B, (X, G, B, F)RAER4-MHFs(m” : 5), HHG, = {a, B} —MNAFF
IR 2BI R AR H. 4G = GiU{x}, oo ¢ Xo X' = X U{x}, ¢ =
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GU{GI\{G1}, F' = {FU{G I\{G}: FEF}e 2T, ={B\{a}:a€Be
BY. AT IEI A (3m)" IGDD(2,3,3mn), HHHENX\ (Uger,G), HE
M{Uger)G: F € F.F # Fy}o @B ={TU{x}:T€eT,}, B =BUDBxs
MAER KN m + sHHRE € F', Wi —DRyE™s : 39%), WNF = Fyu
{G I\ AGIHIARTEAERIGDC(3,4,3(m + s5))e ILXHAENAR, TR KA
NUger GHIRL3™(35)' HFIGDD(2,3,3(m + 5))e 2C = B'U (Uprer prrmAp e
R G AEC IR RTE K AL AU e G A3 (35) IGDD(2, 3, 3(mn + 5))-
B, CRX' FHEARG, AF, BE™s 35 iFHIGDC(3, 4, 3(mn +
s))e MRIATORE S5 — MR, BN —AAN3™ = GDC(3,4,3(m + s)),
AT AR T — AR (3mnts  3m+s) R &I IIGDC(3, 4, 3(mn + )5k
— AN g3 R EF I GDC(3, 4, 3(mn + 5))e O
5138 9.18. HAE—ANAE A (37 3R RZ A I GDC(3,4,21).

. BN Ly, HEN{{ii+7,i+14} 10 =0,1,...,6}, WA{{,i+7,i+

14} 14 =4,5,6}. Frifvert il NEXH b HIFEMEE((0714)(123891015 16
17)(4 56 11 12 13 18 19 20)) EIF15351.

{1,7,13,18}  {11,1,7,12} {18,8,9,12}  {0,8,10,13}  {0,4,6,16}  {0,2,3,15}
{0,10,11,16} {16,4,8,14} {6,14,17,19}  {2,5,15,18}  {9,0,6,8} {1,6,9,19}
{2,3,5,20}  {0,3,8,11}  {1,10,12,16} {6,7,8,19}  {1,5,13,17}  {1,2,12,17}
{6,8,11,14}  {6,7,12,16} {10,13,16,18} {3,13,15,19} {8,10,19,20} {0,2,6,19}
{7,11,13,16} {2,6,7,17}  {6,2,10,11}

5132 9.19. AAE—ANARH (30 33) a9 R T A M94Fe GDC(3, 4, 27).

B, BNy, HERN{{i,i+9,i+18} :i=0,1,...,8}, WHN{{i,i+9,i+
18} : i =6,7,8}. g it B FEX A R0 129 10 11 18 19 20)
(3451213142122 23)(6 7 8)(15 16 17)(24 25 26)) & FF13FI.

{5,7,18,19}  {10,4,11,26} {5,9,12,24}  {6,11,19,25}  {4,11,23,25}  {0,15,19,20}
{2,5,8,15} {0,11,25,26} {10,11,12,23} {8,11,22,24}  {0,8,13,16}  {0,3,15,17}
{1,8,15,18}  {7,13,21,23} {8,14,18,25}  {4,7,8,19} {0,5,13,15}  {0,2,16,23}
{22,9,20,21}  {7,19,21,24} {10,18,20,22} {22,14,16,18} {5,15,18,20}  {13,16,19,21}
{3,9,13,26}  {5,7,13,26}  {4,7,20,21}  {2,3,16,22}  {7,11,14,18}  {4,1,14,26}
{9,16,17,19}  {0,5,7,24}  {8,0,2,7} {11,12,17,24} {10,18,23,26} {22,2,5,12}
{3,9,20,24}  {1,2,13,16}  {10,11,14,25} {2,13,18,19} {2,7,14,19}  {8,11,16,21}
{14,1,22,24}  {3,4,6,10}  {13,14,15,17} {2,3,6,23} {1,17,23,24}  {0,4,8,20}
{5,16,18,24}  {4,17,18,24} {3,6,17,20}  {0,3,4,11} {11,21,22,23} {5,8,11,19}
{11,14,19,22} {1,12,17,22} {25,0,17,20}  {0,2,22,24}  {8,3,6,13} {0,3,7,10}
{10,22,25,26} {3,7,17,23}  {4,5,24,25}  {2,4,14,16}  {5,15,21,26}
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0
3132 9.20. A& —AN4-MHF5(23 : 1),

BB, A B NLyy, HENG = {i,i+6,i+12} : i =0,1,...,5}, =4
{Gi,Gis} U S, i = 0,1, 28 T —MAIKIRS = {{18,19}}. Frifs Beit i
TREXHAHEFMEE(0612)(1713)(2814)(39 15)(4 10 16)(5 11 17)(18)(19)) &
ARG ECIP

{3,5,6,8} {0,10,11,18} {2,10,13,17} {0,2,9,10}  {4,8,12,13}  {2,3,4,18}
{0,8,16,18}  {0,3,4,7} {2,3,10,19}  {0,14,16,19} {9,10,11,19} {1,3,8,18}
{6,9,11,16}  {0,7,9,11}  {1,9,17,18}  {4,9,17,19}  {6,11,13,19} {0,13,14,18}
{0,7,15,16}  {0,1,4,15}  {5,8,10,13}  {0,5,13,16}  {1,5,9,19}  {0,2,7,18}
{0,2,4,5} {2,9,16,18}  {7,10,14,15} {1,11,15,18} {4,5,6,9} {0,2,13,19}
{5,10,12,14} {0,4,11,13}  {6,7,17,19}  {0,4,17,18}  {1,2,4,12}  {12,13,17,18}

{1,2,5,10}  {4,7,9,12} {1,8,10,15}  {2,3,5,7}  {2,5,9,12} {2,3,6,11}
{3,8,12,16}  {12,13,14,15} {5,9,14,16}  {1,8,11,12} {2,5,15,16}  {3,10,12,13}
{0,10,17,19} {3,7,8,19} {0,9,13,17}  {0,1,8,17}  {2,7,9,19} {10,15,17,18}
{5,8,12,15}  {0,4,8,19} {10,11,13,14} {1,2,9,11}  {11,13,15,16} {1,4,5,14}
{2,3,12,17}  {0,3,8,13} {4,5,13,15}

0
SIEE 9.21. A& —AN-MHF5(2° : 1),

B, & RNy, HEN{G = {i,i+10,i +20} : i =0,1,...,9}, HEN
T{G:, G5 US, i=0,1,2,3 4T —MAILKMES = {{30,31}}. PrfxitH
WREEXHEEFEMTFE(0123456 ---21 22 23 24 25 26 27 28 29)(30 31)) &
ARG EEIP

{12,17,26,28} {15,24,27,31} {10,18,22,24} {2,6,17,19}  {6,12,19,31}  {2,9,15,21}

{7,19,22,25}  {1,9,23,27}  {2,7,19,24}  {6,7,23,24}  {3,6,7,22} {0,6,14,21}
{0,4,18,31}  {2,3,5,10} {18,25,26,29} {2,11,18,20} {6,14,23,31}  {0,1,7,12}
{1,18,22,27}  {2,3,4,31} {3,18,24,25}  {6,11,14,27} {7,8,26,29}  {13,15,19,22}

{19,22,24,26} {4,23,25,28}  {12,15,26,30} {2,6,13,30}  {18,19,23,24} {12,14,15,29}
{7,12,19,26}  {2,13,19,21}  {11,13,19,31}

513 9.22. AT AN =3 (mod 4), n>7, HEBHIEIFEGDC(3,4,3n)s -
B, Xfn e {7,11}, Fﬁ%iﬁi+?£%l$*@i%?%i”o Xtn =4m+3, m >3,
MBI EHD. 4 — {4, 6}-CS(2™ : 2). MBI EHD.5], X B H4-MHF, (251« 1) 1%
HEEIGDD(3,4,6k), k € {4, 6 HEAMNEIF, BATHAFE T 4-MHF;(4™ : 3).
P8R PR 51 D IT A m — IS 5E A R (37 ¢ 3°) 045 IGDC(3, 4, 21) Fl— A4
3T IIGDC(3, 4, 20) M SN BETH AT B T BT 4 e X RSN BT oK
T 51 2#9.18), [9.20/FH9.21% u
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UR (I4-MHF5((2n)? : s) 52 3 T Hartman?E 3 [86, 55454 CQS((6n)?
25 HIHIE. HO, WAINA—LEME. Xe € Z,, &z N, #H0 <z <n/2,
Hn —x, #Fin/2 <z < no WNEZ WAERUEE, RATHLERFRREFRIIAT
KEMES, W: LE={lz—y|: {x,y} € B} XIn>2, LC{1,2,...,[n/2]},
2G(n, L)7& m4&EZ, b, HENEWIENE, #13{z, vy} € EXHA M|z —y| €
L.

EIE 9.23. MEFEEEHnfeF s, 6n>3s—1, AE—ANA-MHF;((2n)3 : s)o

IE. X (n,s) = (1,1), BT 8t B 51 0. 2005 £, XT3 IF 8 Hn f 45 $s,
6n > 3s—1, (n,s) # (1,1), FAVEZg, FH1E 5 C[86)H K A-pairing AL ) §
BT (D, H, Ry, Ry, Ro)(ns)e X H, KEEA2nMAA H DL

1. Y%n=2, s=10, 4D ={4,10}, H={{1,-1}{2,7}}, Ry ={{3,61},
Ry = {{578}}’ Ry = {{079}}"

2. %n >3, s=10F, D= {2n4n—1}, H = {{1,-1},{2,-2}}, Ry =
{{0,2n—1}}U{{k,2n—k+1} : k =3,4,...,n}, Ry ={{2n+k,4n—k—1}:
k=1,2,....n—1}, Ro={{dn+k,6n—3—k}:k=0,1,...,n— 2}

3. Ms >3, 6n>3s— 18, (D,H, Ry, Ry, Ro)(uwH(D', H', Ry, Ry, RY) (s
MR E]. Sr AR TE. WAD = D'U(U=2), H = H',
Ri=R\{r}, i=0,1,2

N E AR R R (n, s), IRBEZIIEEG(6n, LHULR,U{2n}) AMEFALE
—HTHRED | EP) . EATY = 0,12, BAEFTTERIA-MHF5((2n)3 : s) U0
TG X ={a; : a € Zen,i € Zz} U {001,009, ...,0035_1}» Gi; = {ji, (j +
2n);, (j+4n);}, 1=0,1,2, j=0,...,2n—1, G = {00j,00j15,00j425}» J =
1,2,...,8 =1, Gogs = {005,009} XBA=MNAE ={G;;:j=0,...,2n—
1} US, i =0,1,28F— MAHMFAS = {Goy 17 = 1,2,...,5} SXALE
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NB, EEEINT LA XAHLE:

6 = {{o0j, (a+d)o, (b —d)1,(c+d)2}: a+b+c=0 (mod 6n),
DRAMFE AN ILER, 1< j<3s5—1},
p={{{a+q)i(a+1t)bit,ciro} :a+b+c=0 (mod 6n),
{q,t} € R;,i € Z3},
¢ = {{ai b, civr, diga} : {a,0} € Y {e,d} € F{f),
1<k<4n+s—06,i € Z3},
X1 = {{ai1, (a + 36)ir2, (v — 2a = 3€);, (y — 2a — 3¢);}
a € Ln,i € L3, € € Lon, {x,y} € H},
X2 = {{ai, (a+ |z —yl)i, (@ +3€)ir1, (0 + 3e+ |z — yl)isa} :
a € Ln,i € L3, € € Lon, {x,y} € H}o

Tl T (IR B 5 50 [86) T B TIE A SR ABL,  FRAT TR B 25, O
5138 9.24. 3£ &n =5 (mod 8), AA&—ANEAIEIFE GDC(3,4,3n).

WY, o = 5, BT BUHH S ED.I6E Bl A ERn = 5,13 (mod 24), n >
13, MSQS((n+3)/4)BFICQSAD/4 1), HIFIH9.5, F4-MHF4(43 : 1)fi1—
ATR124GDD(3, 4, A)/E NN BETE, FATERAS 2] T — AN 4-MHF3 (4~ 0/4
1). 5 H5IH0.17, FREE N3 ML IGDC(3, 4, 15)E AN BT, X B4
AV TT4-MHF;(4° : 1)K A 52 #19.23)

Xfn = 21, }Amf~/\4 MHF3(6° : 3). R 5IHH0.17, JHEAR 764
(7R (30 : 33 IEFIIGDC(3,4,27) (B H0.19) AIE N3[4T IGDC(3, 4, 27)
(51 3#0.16D 1E NN BT, #A 2 T A NS LFIIGDC(3, 4, 63) A (3%
3NPIATEREMIFFIGDC(3, 4 63)

Xtn = 45, M€ HO.23H — AN4-MHF;(123 : 9). FH 51 #0.17, FE 7%
N3 I UFHIGDC(3, 4,63), %niﬁ(z&?l L 3N TE MU IIGDC(3,4,63)1E N
N, AR R T RUON3B L IGDC(3, 4, 135) M1 (34 - 32 R 52 41
IFHIGDC(3, 4,135).

Kfn = 69, ME .23 —AN4-MHF,(8% : 1). FASIHH0.17, H4m% A3
I IGDCO(3, 4, 27) AT AL (30« 33 A 58 4 B UF GDC(3, 4, 27)1E N ¥ N
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Tt 2 T B ON(3% 0 33 A E A LT IGDO(3, 4, 75) Rl — A~ B 3% [ i
fIGDC(3,4,75). A5 MERHD. 230 —/M4-MHF3(22° : 3), JFNH 51 HH9.17, 4t
TR (3% 3R IGDC(3, 4, 75), FIRN3BHLTF FIGDC(3, 4, 75) 1
NEAN TSR] T B3O T GDC(3, 4, 207).

MAEEN = 24k + 21, k > 3, FAVEBPAFAECQS(6* - 6). %ii, fE
(X, G, B)&—ANEUN6FHTIGDD(3, 4, 6(k4+1)), HAFG={G;:i=1,2,... k+
o XMEREi =1,2,... k, SENG I EAEE— BT F |F(2)| FP,
SRR AR, ) € {1,2,...,k} 2Ay = {{a,be,d} : {a,b} € FV {c,d} €
F =125} ﬁBzBU(U{H}cm ..... oA R X E, zﬂ%ﬁg\{aw}
TG ICQS(6F « 6)f) X 4, X BE—/CQS(6" : 6), KA 5| #9.5]
I 3E4-MHF, (43 - 1)*ﬂ~/|\zf£ﬂ9124ﬂﬁGDD(3,4748)1??9%)\&%?%%%”T4-
MHF3(24% : 21). 4R J5 B A 51 3#0.17, 28 A3 H) 4 (IGDC(3, 4, 135) 1 A
R(3% 3P IEFRIGDC(3, 4, 135)E AR N W15 2 T B i vt O

EIR 9.25. sEF EEHnfF ks, 6n>3s—1, HLE—AN4-MHF;((2n)* : 5)o

P, ST R IE B Hn A s, 6n > 3s — 1, GranvilleflHartmanft 3 [79]
Mg T —3RCQS((6n)* : 3s — 1), HAHEX = {a; : a € Zgy,i € Zy} U
{001,009, ...,003s_1}s HN{{a;:a € Z¢,}: i€ Ly}, TH{001,009,...,0035 1}
415 LT Hanani%y fi#, w2 locdl(D, E,G, H), #18D c {1,3,5,...,6n —
1}, Ec{0,2,4,...,6n—2}, |D|=|E|=(35—1)/2, G ={Gy,G1,...,Gs, 1}7&
£%ZGRJ:TD%@E/J_LB/\—A.¥’ HA |Gl =3n—(3s—1)/2 E i I Zg, \ (DU
E)+2i), i€{0,1,...,3n—1}, HE—N—KTHES, BRGUNHREREZ, -
T RE—R . IAERME ST 1E KR B — 4 4-MHF;3((2n)* : ).
E XD — N E &G AL, #3079, & #6.1] % Hananiz) fif 1 B 4% 1
i, TRIGHHEACEKEN2nlil. £TA2n 1, {i,i + 2n,i + 4n},
i=0,1,...,2n — IKEEZHE. AMERUETEY T HFNE — A — BT 70 fiF,
WHH . £CQS((6n)* : 3s — 1)AUREH, N BN Fib, L% EEZe, 1
IR XA

{{hi, hisaj,a;} : {i, 5} € {{0,1},{2,3}},{h, h}, {a,a} € J,0 < k < 6n — 2}

) — R8T, | 4| - . - | Teon—o FHT B o
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LG =10 (G+2n), (G +4n)}, i=0,1,2,3, j=0,....2n—1, G, =
{00j,00j45 00405} = 1,2,...,8 =1, Goos = {005, 002 }o A4 U F 4385 1]
XAHEME—DREX, HEN{G,;:i=0,1,2,3,7=0,...,2n — 1} U{Gu,; :
j=1,2,...,s} WMNHAE ={G,;:j=0,....2n—1}US, i=0,1,2,3, &F
—AAFHIAS = {Goj i j = 1,2,..., s}HIA-MHF5((2n)* : 5)s u

5132 9.26. ¥ FrAn=1 (mod 8), n>9, HFAE K3 GDC(3,4,3n).

ER. XfEEn =8k +1, k> 1, iFBHEHMAE. Xk =1, —MNEAPK
U IIGDC(3, 4, 27) 1 5 B0 163 3. Mk > 18, BRI < k, {F7EH
BB U (IGDC(3,4, 3(8i + 1))t 5] #9.22fM0.24, A3 B W AT = %
B < 8k + 1, HAFLEAN3 M EF IIGDC(3,4,35). N 51 #8917, 4 —
AN4-MHF;5((2k)* : 1)BUN32H I IF IGDC(3, 4, 3(2k + D)E N AW, whifg
2 7R3 AFIGDC (3, 4, 3(8k 4 1)) O

gh5 51 79.22), 19.24/F19.26|, FA145 2

EH 9.27. EEn >4, C(n,3,4,3) = L(n,3,4,3).

9.5 Zom 1 FHmMEEESN

AT, AT H— D Zom o BB (0, 4,3, 1) EE SR — KGR,
. &R A2m, m o> 200 Rl A . Mo B TRy = 2,4
(mod 6), g # 10,26 ( mod 48), n=1,2 ( mod 3), fF{EM KN "FIGDD(3,4,gn),
Wk ERIXFEMgMn, C(n,g,4,3) = L(n, g,4,3). MAEFNFEEg = 2,4
(mod 6), n=0 (mod 3)HfEN. BHIHHL(n, g,4,3) = ¢*n(n—1)(n—2)/24+
gn /6o FTLAMIRAFLERG I AT "2 R/AN N6 X LI B g IIGDD (3, {4, 6}, gn), 3K
ITHZEN1SFIOGDC(3, 4, 6) B 4 K/NA6HIIX 2, BASEIE L(n, 9,4, 3) X A1
g IGDC(3, 4, gn).

3 B E AL, AR — N g KIGDD(3, {4, 6}, gn) & 47 49, 1N
RetiF a2 KA e H X 4.

5|38 9.28. 4n R A & — AR N g e94F 689 GDD(3,{4,6},gn), AR L HE—AR
A (29) 693589 GDD(3, {4,6},2gn).
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. (X, G, B) R4 TN NG FIIFIGDD(3, {4, 6}, gn), HAEEH gn/64
KANHNHIX A, X = X X Zy, G = {G x7Zy : G € Gy MAEZE KN
NAMXHB € B, #£EB x Z EiERI N2 IGDD(3,4,8), HHH N{x} x Zs,
r € Bo WHXHENAz. WAERKNNOKIXHB € B, B X Zy EHiER
N2IIGDD(3,4,12), HAFHEN{z} X Zyy o € B ICHXHENC. BHK:
(X", G, (Upes, p1=1AB) U (Upes, p1=sCr) ) FL R B N (29)"HIGDD(3, {4, 6}, 2gn),
Horbgn /34X ALK/ A6, O

SHE R Hm > 2, BHR2™ = 2,4 (mod 6), 2™ # 10,26 (mod 48), Z5&
sEH0.1, 51F9.28, A5|H0.9, .13, FAVEEIUW LR

I 9.29. MEEmM > 2, n>4, C(n,2™4,3) = L(n,2™,4,3).

9.6 45t

EARETR, FAISAn >4, ¢=348F¢=2"+1, m>2, 1 ME—
AHE A (¢, n) = (3,5)5b, HiE T Z, LWL (n, 4,3, 1)% B 5516874



Chapter 10

s A o R RAAERS

il

10.1 5§l

FEAERS AR AR A p (1220124, 127], — DN AR M BHELE MR L E(EHE
FEIEME BA— NS, T — DAV X AME 18 R IR B as. BT LA
FEIX/METE AN — L E R, 303 MR S AUE BB Uk B S fE .
AR R —FEOL T, BN B E bR AR A2 R U 2 S35 058 2 AR AS B 1045 B2 v 1
CRPSRIE T R F D). B—ANBEHEETIMANBER, AT M, HE oA
Wi TNk B R H B EE, NS HH k.

— M, ASEKIRFTH BRRESWES, MAFERENES, ELTAR
AL RS, KRR R, — MRS R KM S E A S BRI E
Bo = AN HNE — S BI2ME — ANt RSB AR SR e 408 — A
Mg FNe € £ N THB—NERESs € S, FIEBMHEM =e(s) (X
BMC M), FREFE—MEEm € MRIEGHEE. BIEAAWRRIRE SR
AW e B AEE— DN MAESWEINEE. TR Ik IR,
B G R AR ) 75 06 A2 % A

e(s)Ne(s) =, XNAFKSs, s €S,

=TRH(S, M, E)VEFR N —NNIEAD, B IRy A-.

—NATE(S, M, E) AT LRIR— AN E| x [SIHRE,  FHorr AT 4 i b 100 b
it LR MPIRESR L, H1RTE e € £1T, s € SHIMITLE Re(s)-

ST UERD A ATF 78 3 B B o 7 A G R R0 0 #5 2 IAS 31 (1) 1y B 1 175
B, HACHFEANEBE. XFER— AN A-codeli BN e-9 R A2, — 1%y
HMAMBWIRN LS E A, He > 2, —PDe-irFA-codelS IR N—NH 5 H A-
Ay, — NG 4y AT SimmonsTE SC[125, 126] 1 H& H BIERD (14 s A 4k
WA .
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FE— AW £ A 089 B3k 308 [108] Y, SAAEAR 24 {518 hOLEE 2 th A &%
K B FEAR [ G RS R e N A RIS B MAIMA—DMHER (58X
BB BAFED, A BRFRBER ARG R, ERXMAER T, X A5
(1) B O RS HORD B 13 B 40 2 s ORIV ECNO R IR B B i B, 4R TIRZ WA
TAE, SR ARG > 28F, JUHGE Me > 28, e/ RA-TD AT AR EAR .

FRESEAS EIMEN AT (5), @ > 0MERA. 4hE T XLl
BEZE A, RO AR £ TE LM 70 M0, FRON %D Rk, ST
Hs e SMe e &, R4k Fe(s) ERIMFE DA, v Z A% REHRAD
20 HNTE P i 5 FEENE o I i AN RS 28 30 ok e 49 i 0 1 2R SRS SR A A RN
Wi ML /e FRATTIEEON FH — B B0y 0 30 G Bl 17 5 PRI O 10
NPg. TR RT Py BT 5t

il 10.1 (Huber [02]). & —MNe- HA-#(S, M, EF, HiE&i >0, Py >
18|=i
c TM—i°

— A BEARGHE IR AL (t — 1) 42 %A B Ik e I RIHT i, 0<i<t,
Py, =c(|S] =)/ (IM| —i)o N T TEH, FRATFRX AL AL, ¢)-2 3 A-.
Huber?E SC[92] 8 H T A0SR —ANARSE (1 — 1)-F5 2 P R T, gmhg R
(% H — e 2R 88 K
[M]

ﬁﬁumaﬁmqmy&fﬁmq%%mawwm&¢,mz§~%%
HIBBIHCR, PATR A0 R GRS B K H RN BATRR —
A (t, 0)- o3 RA-RD R R ARG, AR E REIS B A 102/ (1) R 5
AEAFREELE RS > 2, t € {2,3}, W& T HAA=ABRE R
(L, o)- 0 ZEA-RD. HFRIET, BATER TAFAEQT N ASET I TE 55 2K

(1) AEREv =1 mod 150, v # 301, fFAERA =NIAREMoME BHI(2,5)-

YA,
(i) WPEERw = 2 mod 8, FFFEEA SARA Fio M 1 (3, 2)- 4 ZLA-TD,

AR BN (3,2)-5r RABD R 24t > 2Fc > 1B, (t, 0)- 7 ARSI — A
CHRITETT K. BATEUEY T HAENBEHIRES Mo MG B (2, o)- 70 RA-I X AE
B AT REv CAkFIcE E ) B RAELER,
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X BRI R 60T, FRATRE A B I A M N R
By L0, RS —AWHETEAES R, AL L, RATE
feithe = o/, AMZARSMLE R TEL0.5RT b, AL e = 36, — AN
ZIARDITEST S, (RSO0 h, B ont A 2 10 2 B 4% B AT Sk

10.2 AE&FHNR
AT IRATE A B T L Mg 2 A 8 R gE R

Huber?E SC[92] 74 58 X T 2 3t-% i+, #HE) T Ogata® 7E[L14)F 52 X 4
ot

ENX 10.3. 4t, v, k, ch R EEHK, Ht <k, ck <ve —A%t-%it, X
H 58 t-(v, k x ¢, \)Wit, A=A B (X, AT

(i) XR—AuATE G EL, A

(ii) AR—/k x cBEFIRES, HAKA, HPOTEETFX, HEXTHF
MNEEFANARBPR S HIA—K;

(ii) EF{r 1 <i<t}e ()), BEAMEA, %2, 1<i<t, B3F
s LA A A X 2B GG EASTS B B9 4T

HEREB D t-(v,k x 1, )BT 5t-(v, k, \) BT 4 #5E L —5F. HuberfE
SC[92) HEW T 7 2 e- Bt 5 B o BRA-RS R S

EI 10.4 (Huber [92]). A& =A% Rt-(v,k x ¢, 1)+ E AR S AE AR
HIANRRE, vAME A (V) /ct () AN 69 KA (2, ¢)-2 R A,

AN B BAFAE L RN

il 10.5 (Huber [92]). A& =/ Hi-(v,k x ¢, \) R 8 L B 542, Wik
®s, 0<s<t,

/\(U B S) = 0 mod ct_s(k_ 8)0
t—s t—s
B, — ARG (X, A ST DLBUIEBETH TR, F5X =T

WMERXHEARH—NMEEB C AL, W: A=Upp{B+g:9geTl}, M
LB (X, A) A X 48,
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51 10.6. X = Z510 & T @EIEZ)

0o 1 2 3 4
A= o 13 59 105 118
28 67 73 112 134

EAERBREFAERRBEA HFET —A5H2-(151,3 x 5, 1)+ (X, A)o
NHEHSLE 7N = 10, 73R e-BOHFAER — S C 4

EIE 10.7 (Du [53], Ge%%[72], Wang [141], WangZ5[143]). £ T@HERXT, —
ADR2-(v,k x e, )R H AL B 54 (G105 R, :

(i) (k,c) = (2,2n), A& EEHn;

(ii) (k,c)=(2,3), BT #E {0 = 109F;
(iii) (k,c) = (3,2), &7 #=Eeiho = 9%h;

(iv) (k,c)=(3,3), & T R#E&{Ev = 559F;

(v) (k,c) = (4,2), & T e a{io € {49,385} 5,
% 9h, *EEv =1mod 96, F£2-(v,3 x 4,1)i%7t,

520 5L, FTRLE 2 KA GDD. 4t = 2/, Wang#h th
TIXFER)E AT X E, FRATEHE B, — MR T o a-it, il
NAHGDD(t k x c,v), &—MEEu &A=t (X, G, A):

(1) X2 Mo MEES, BRNE;
(i) G ={Gy,...,G =XMWY, o,

(iil) A —"k x FEFIRES, AR E, TTRMAXTIE, R84 SES
NP EZ HI—IK,

(iv) SEBEEEIMHEL AN {z 1 <i<t}e (), BIFAE X4
152, 1 <i <tHIAEDAFERITH.
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57 HGDDH B 5GDDH & LKL, — A5 RGDDI & Mg ... g R
An N KN NGIIAE, 1<i<s. 7PZCDDES R IEIA i e 7 5%
YEM. FIEFA14 HGDDWilson s 3 A A4 18 922 145, [146) it —ANET .

EIE 10.8 (FEAMILEE). 4(X, G, A)Z2—2GDD(t, k,v). BIXRMEERXHEA €
A, HE—NE A5 ECDD(LE x ¢, ke) (X4,G4,Ba), EFPX4 = Ax
{1,....¢}, Ga={{z} x{1,...;c} :x € A} MABE—NARA{IG|: G €
GHY A GDD(t, k' x c,ve) (X', G A), AFX =X x{1,...,¢c}, ¢ ={Gx
{1,...;¢}:GeG}, A =UgcaBao

RENSHERL, k¢ BUNERISSZGDD( k x ¢, ke) (RAES—MXYD) &
SEAFIEN. AT

#iL 10.9. HHAER A ... g 8GDD(t, k,v), WHEER R (cg))™ ... (cgs)™ 8
S HGDD(t, k x ¢,vc)e

MG AEL[72]H ik, AT T LAE D RGDDI AL LI IFR2-BE iR
13 2T 7y - B it

Rl 10.10 (3HA). 4(X, G, A)ZA =AM HEGDD(2,kxc,v)e #RHEEG € G,
HE—ADR2(G| + 1Lk x ¢, 1)k, MAZE—APH2(v+ 1k x ¢, )&
it

10.3 IEFHEMFAINESER

DNE N IEEE. o MRS R2Z EE, CANK,, & DR A E
BRI ANEILE. 2GR —MEAICL AR R — Do, R
NNHG - ZIENK, LR RS GRM T B 11Re(G)FRRGHILKIA
B d(G)RRCGTH TR LR H R A T, A4 f] 5 oH5RRT A4S H -

(i) Av(v —1) = 0 mod 2¢(G),
(ii) Mv—1) =0 mod d(G),

AN EO Y, FRECNI GBI AR 1L 226 . WilsonfE S [TASUER] 11X
S B A R HTI 78 23



152 JUREH A it o) U 7

EIE 10.11 (Wilson [148]). 4GR—ANEAIRZ EGH LR, RAHFELE DR
RIMGANGY T By, RFEZ > v, HE—AIEA0EREAH NG,
#H A (v —1) =0mod 2¢(G), Av—1)=0mod d(G).

B Koo s — Nk E, BN EH BT A, — A0 R2-(v, k x
e, N ITH(X, A)EN T — DI EC N, 18NN K-V, 18 8 57 a0 Bk
A
(1) XA SO RN, H TR
(i) —MXHA € AR —ADTERETE, S5 ML E AN TS B AR
FiATH N TeER, 1 <i < ko
RHEHI0.10, 4G = Ky 2] T 0N 93 32- B 715 BT 45 3L

HEiL 10.12. B2 —MNARB Tk, cA ST v, EEFTEE > v, GL
A R2- (v, k x e, NIk, #HE: (v —1) =0mod ?k(k—1), Mv—1)=
0 mod ¢(k — 1)o

HATH AR ES RS R AT, HuangfE SCO1]H 8 H &I 4 K, 10 04
ek EIMAN DR [ (v—1)/(k —1)].
el 10.13. A&k, ¢ > 2, NAEAE—NDR2-((k— 1) + 1,k x ¢,1)& it
IER. RBAFE — D 32-((k — 1) + 1,k x ¢, )BT XA R2- B IX
HBOZ ((k—1)P41) ke RXFEMRAETA AT ACK 1, 1)c21 ITLER RIS (B —1) 2+

/A 5a kM, i Huangf4s SRR ATRER, B (k — 1)/ (k — 1)] =
> (k=12 +1)/ko O

52 FEL0. 7P ff 2 1 491 A/ 2 i R0, L3P 45481,

10.4 SF2-git

TEARAT S, FATE R 4B (0,3 x 5, R — TR, R
BHT0.7(v) P IS i O o = 385
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R 10.14. X4EFv = 1 mod 150, %R T R 2 694t = 301044, BaE—A %
#2-(v,3 x 5,1)i%

IEH. HBIL0.6f7 fE—2-(151, 3 x 5, 1) B it, FTbhi&ov > 451, 4o = 150m+1,
XL BB Hm > 3, fEE— DR300 HIGDD(2, {3}, 30m) (ML[66] ). i F
W10.9pR A5 B — AN RN 150m ()3 24GDD(2, 3 x 5, 150m). XA ZGDDKIA
EIANGFL2-(151,3 x 5, 1)1 it (BL10.6D #AFHE T —45rF2-(150k + 1,3 x
5,1)i& 1t O
Al 10.15. A& —A9 3 2-(385,4 x 2,1)i% 7t

IEF. AELE— AR N48GDD(2, {4},192) (WL[66]). 32 A #fE 1810915 1) — 4>
RNO6A K 4r F4CDD(2, 4 x 2,384). EIXANCDDRIAL EHN— 70 542-(97,4 x
2, 1)%it CEHI0.7) MAFE—A 40 542-(385,4 x 2, 1) it .

10.5 4r#3-ikit
FEARFT, WAV & Ye > 1, — AR BINE - MM LS
Ho XE, WAV RGBT E
— M ECII D B (L k x o)k Gkt R T A (X, S, G, A), AT
‘ri[ﬁfi:
(i) XM Mo RMES, AR
(i) SC X, #NTF;
(ili) G ={G1,...,Gu} X\ SH—"MI5 (GRITTRERINA);
(iv) AR— Dk x BEFINES, RARE, TRMXPEUE, #FEXREA
MIERAN X A P 2 HIL— K
(v) WEE{z 1 <i<t}e (F), HPMER, [TN(SUG)| <t 1BIFAF
fE— X4, 8, 1<i<t HIERNXAREADAFTIAT

— N EMERINX, S, GAMNBE RN ZEE{G : G € G} —H
g gty TR RS 24t k)G Wi, id N(t k)-CS(g! - - g
$)o
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W R B ST 8T H o — M 1k & W B Hartman ' sJ& AR 1E VA HET 2 4y
(3, k x o) &5 &I HI1E O

EIE 10.16. 4= X 5 A H £ — (3, k)-CS(gf -+ g™ = s5), — N FE (3K x
c)-CS(m*=t : a)fe —ANAE AmF ey 9 2 GDD(3, K x ¢, mk), R A HLE—A%
3,k x c)-CS((grm)™ -+ (gom)™ :m(s — 1) + a)o

. A(X, S, G, A) A3, k)-CS(g™M - g™ : 5), Hooe So XY C X, &

PY) = (Y \{00}) X Zm) U ({o0} X Za)s

S"=((S\{oe}) X Zn) U ({00} X Zy)»
G ={G XL :GeG

MER M E RooA e A, £
(P(A), {00} X Zg, {{z} X Zy, : x € A\ {o0}}, Ba)
RN E(3, K x e)-CS(mF1 :a), HXIMEBRABEE HoolIAc A, &
(A X Z, {{2} X Zy : 7 € A}, Ca)

e MUmP I3 2 GDD(3, k' x ¢, mk)o
WAEGWIE(P(X),S, ¢, A), Hh

A’:( U BA>U< U CA>,
AcA:c0€A AcA:c0 A

TR EI 23, K x ¢)-CS((grm)™ - - (gom)™ :m(s — 1) + a)s O
AT AT PLAE 4 R0 & BTt A 20 B N4 RE3- 0T 153 31 B ORI 4y R43-1%

it

B 10.17. R HE N2 EB,k x o)-CS(g---g : s), £Ps <2,

BaEEL <i <71, BE—ADHE3(gi+ s,k xc 1)k, WLAEE—D
R3-(s+ > ging, k X ¢, 1)k,
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ER. (X, S, G, A= N0 HEk x ¢)-CS(gf -+ g™+ s), HAs <2, X
fFEG € G, 2(GUS, Ba)&—"MNn33-(|G| + s,k x ¢, )#it. BA(X, AU
(UgegBa)) it A& BT s 43 243 (s + lel ging, k x ¢, 1)t [

T R E B0 16 A L0 7,  FRATT B e Rl S it
5138 10.18. HE— A5 F (3,3 x2)-CS(82: 0)Fe— A5 2 (3,3 x 2)-CS(82 : 2)s

. AX =Ty G={{2i4+j:0<i<T7}:j€{0,1}}. %

0 4 0 14 0 5 0 2
B - 6 9 9 ]. 4 I 8 10 Y 4 Y
7 11 11 13 13 15 7 15

0 13 0 13 0 6
1 150,11 9.9 7%
2 12 4 6 14 15

M2(X,G,2,A), HHA=Upep{B+2imod16:0 < i< 8}, Hie—"u
%4(3,3 x 2)-CS(82 : 0).

BAELS = {z,y}, HH/SNX =02, FHL

z Y
C= 2% 2+2 |:i,5€{0,2,4,6) 3.
2j4+1 2j+3
WA (X U{z,y}, 5,6, AUC)HZ—171%(3,3 x 2)-CS(8% : 2). O

PAMVEAL T A3 AE AR — AN B e 55 25
EHE 10.19. AA A E3-(0,3 x 2,1)i% 7+ % ALy =2 mod 8.

JEBR . WEE Ao = 2 mod 8H A L1055 F).
HuberfE SC[92]H 48 H 76 — AN 43 243-(10,3 x 2, 1) i, FrLAIRATE *
fév > 100G Dl idv = 8m + 2, XFHENEEm > 2. X2 —Pm+1 P REE
, A Hoo. RAEZTIE(X, {oo}, {{z} : 2 € X\ {oo}}, (§ )) —/N(3,3)-
csum ;1) N EH10.16, HAN— 23,3 x 2)-CS(8? : 2) (5] HH10.18)
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FT— AN 783K 43 Z4GDD(3,3 x 2,24) (i1 L 43 °F FLGDD(3, 3, 12) Fl #E
WI0.OHF 2D RAFE—A354(3,3 x 2)-CS(8™ = 2). BLLEXIXA324(3,3 x 2)-
CS(8™ : 2B H A7 1017, 454 — A48 #3-(10,3 x 2, 1) it st A 2] 7 — A4
#3-(8m + 2,3 x 2, 1) it O

10.6 4Z5it

Ak, MK, HEAENERE, (6 —1)-E2 iR ie-72
WNUERS A7 AL P AL — A PRI A e, 7 BT ) L A3 VA Mg s g okt i A
. fEARE S, JANESHIESRKE, 527 PSR ZAE.
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