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Efficient treatment-control designs

RERAFFILK « T FEEERA
RIRFFALKR - T EARET

1. %

V & v D treatment OEEFEL, BZ V © b EOEIES (block &
D) DEIEDETD. & block DREZIE—E (k) THDEL, design (V,B) &
D(v,b, k) £EET. I, v=p+1 T, p A% test treatment &3, 1,2,---.p T
&L, 1{H% control treatment &\, 0 TERT & E, (V,B) % treatment-control
design &y, TCD(p, b, k) &F9. T I T, EU treatment 3@ U block IZE
BLTHNSHEDEZS.

FIREERDDIEEDLDIT treatment ZEET UL, test treatment & control
treatment DNERDEND EUBTELIDONENWD T ETHD. T 0w VEHH
IZBITABEEDOETIIIZBNT,

Z V(7 = o)

=1
ZH/NET D treatment-control design ZRD B Z ENE X 51, T D design #
optimal THBHEWD. ZIT, (V.B) ILEHETHDEL, 7; 13 treatment j D
treatment IR T, 7 1 7, ORNZFHEERTH S (j=0,1,2,---,p).

Optimal 73 design Z3K® %7912, Bechhofer and Tamhane (1981) IZ& -
THEA XN/ balanced treatment incomplete block (BTIB) design 23& A Td
¥, Majumdar and Notz (1983) & BTIB design D%5!7227 T A MY optimal 7%
treatment-control design 25X %5 Z &£ ZRL7z. Hil, Das, Dey, Kageyama and
Sinha (2000) 1 $F_, V(f; — 7o) WA EWEWDEBKT, efficient 7% treatment-
control design @ table 25 2 7z. TCD(p, b, k) IZHBNT, 2<k <p D&EE, Ma-
jumdar and Notz (1983) (& SF_, V(7 — 7)) D TR g(t,s)o? 25 %,

g(t,s)o?

)

Z V(7; — 7o)
=1
7% treatment-control design @ efficiency & L TEBINTNS. e=1 DEE,
Z® design I optimal TH D, e > 095 D& &, highly efficient TH B EWNb
NTNW3B. ZZTOHMIE, cyclic design & generalized cyclic design IZIFEB U,
efficient 7% treatment-control design 25X 5 Z & Th D.

es.
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2. Efficient treatment-control designs

Cyclic (generalized cyclic) design D(p, b, k) @ % block IZ control treatment %
fEIREEHES ZEI2& > T, treatment-control design ZHWRTD. ZDEZE,
8517~ treatment-control design TCD(p, b,k + f) IZHBWNT,

P . 2 opk+f) [ pk+ )
;V(Ti—.TO):{Zbk(f+kei)+ bk f }cr

i=1

MDD, TIT, e, e, -, ep1 I& cyclic (generalized cyclic) design d canon-
ical efficiency factor Td 5.

Das, Dey, Kageyama and Sinha (2000) {&, BIBD, PBIBD ZHWT, /NI XA —
¥ 2<k<10,r<10,k<p<b<5BH0IHMLT, e> 095 THD efficient
73 treatment-control design TCD(p, b, k) @ table 25X 7z. T I T, r id# test
treatment OREEE TH 5. 7L, (p k) BECHEITIE, &M : (1) block D
EEDVNE <72l (2) e DIEMNKE IRV, DA 22T designid table 225
Bf%?b\ﬂ}:) j_fibg, Dl, D2 % TCD(p, bl,ki), TCD(p, bg,k') &b, z®D efﬁciency
7& €1, € &@_é&%, b1 _<_ b2 'C\‘, €1 2 €9 T&)é D2 {(i table 75“5[‘/%75‘“%)

Cyclic design, generalized cyclic design & L T, efficient /& design Z A%
L, FOHREELTHS$S treatment-control design ® efficient TH 2 Z &M
X, ZZTid, John (1987) IZL > THA 5N/ efficient /& cyclic design
@ table & Hall and Jarrett (1981) 12k > TH A 5Nz efficient 7% generalized
cyclic design @ table ZFHWWA 2 &IZ L7z, #ERE L TR S5 treatment-control
design TCD(p, b, k) ICDWT, NTA—F 3< k< 10,7 <10,k < p < 50, b < 50
855, e>0.95 THDBEL D efficient 72 treatment-control design H3&F 5 N7z
2%, Das, Dey, Kageyama and Sinha (2000) @ table IZ%f LT, JEDMA DE&H%
729 design I3BR< Z&ICLA. £7, Das, Dey, Kageyama and Sinha (2000)
WKLo TEHEA SN table D design %, T ZTH H37Z efficient 72 treatment-
control design I3 LT, SDMA D&M &Mz THEITIE, €D design IZ “x”
ERIFBT LI L.

&30

Bechhofer, R. E. and Tamhane, A. C. (1981) Technometrics 23,45-57.

Das A., Dey A., Kageyama S. and Sinha K. (2000) submitted for publication.
Hall, W. B. and Jarrett, R. G. (1981) Biometrika 68, 617-627.

Jarrett, R. G. and Hall, W. B. (1978) Biometrika 65, 397-401.

John, J. A. (1987) Cyclic designs. Chapman and Hall, New York.

Majumdar D. and Notz W. 1. (1983) Ann. Statist. 11, 258-266.
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Split-block designs and affine a-resolvable designs

RRIFSIK - T FEHEIEM
RRIFILKR - T FEARE

1. FF

2HTFEBEEZL, TOEFE A B &L, TNTNOLRILE AL A, A,
B1,By,-,By, £, b OTOyIMH0, TOT Oy 7IX p T g FNTES
ENTNDEL, ET0vZIMLT, BF A D p(< ) HOLILEIT (1T
BEWS) Iz, BF B 0 o< h) BO LV EF (FILE S0 >S) 108 D 6T 5
ZEIZT D, ZDEKDIRT YA > % split-block design EWWH. T TR, p<|,
g < h T& 5 incomplete split-block design (ISBD) & %, fTUL#E, FNEDOH
B ALB; (w=1,2-,Lj=12-,h) #5070y OEKII—F (r) &
ERA

EFNELT, UEDHENFET, 70y 73R, 73R, FISRIHEREEK
TS mixed model & X, 3BRBEOEMERL, (1) TOv s OEERL, (2)
T0y 7 OHDFT (51) OEERL, (3) TOvrOFDF (1) DEESL, %
EZD.  BEROUEHMR «, 37 = p+aw+ 6 + (@B, i = (w— 1k +j
(w=1,2,..,5;7=1,2,...h) TH3. TIT, pld—MRFEH, a, T A, DEE,
B; i B; DEZR, (af)w; V& Ay & B; ORXREERAZIRTH 5. Multistratum
I %OS'C X, 4D strata, cht?b‘l_'v (I) inter-block stratum, (II) inter-row
(within the blocks) stratum, (III) inter-column (within the blocks) stratum, (IV)
inter-plot stratum 2% % (cf. Houtman and Speed (1983)). Z®dD & &, stratum
BEHRTH AL, Ay, Az, AT

2 1 1
A1=——N N, — —J,, Ay=—N,N,— —N,N,,
pq n q pq
A ———1—NN’——1—-NN’ A, =11 —-l—NN’-—l—NN’Jr——l——NN’
3 D 3+V3 g 1+V1, 4 v q 2+V2 P 3tV¥s g 14V

W&o TEALNS. ZTIZT, N, Ny, N3 i3, MET7ov 7, 17, FloEs
TATHD. T, Ap/r (f=1,2,3,4) DEFEZ stratum efficiency factor (cf.
Houtman and Speed (1983), Mejza (1992)) &\, ZHICHIET ZEHE T b
)V % basic contrast (cf. Pearce, Caliniski and Marshall (1974)) &5,

Hering and Mejza (1997, 2001), Mejza (1998), Ozawa, Jimbo, Kageyama and
Mejza (2001) &, ISBD O®RiEE LT, 2 DDTFT YA > D Kronecker &2 E %
7z. ZZTOHEMIX, Mejza, Kuriki and Mejza (2001) OfERZ—M{LL, &0
INETR ISBD ZHT 5 I L EEX, TOREELTESNS ISBD OEHHHE
HEZERRDIETHS.
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2. Affine a-resolvable incomplete block design IZ& % ISBD D##akik

Affine a-resolvable incomplete block design (affine a-RIBD &< ) ZHWT,
ISBD ¥ 95%. 70y 7 0fEKENSSTEHHEELT, 751 C, DN

C=[C,:Cy:--:Cy], D=[D;:Dy:---:Dy]

TEREINDLE,
C®D=[61®D11CQ®D22‘“ZCd®Dd]

T# 5 semi-Kronecker & (cf. Mejza, Kuriki and Mejza (2001)) ZH W5 Z &
129 %. RUBEED a-resolvable class 2% D 2 D® affine o-RIBD A%, semi-
Kronecker %A \T, ISBD D 2k T5. Z0&E, N, Ny, Ny 2£7 Z
EMTE, NN|, N,N,, N,N;, OEFEZRDEIENTES.

EI 2.1, NNy BEHE §0"gst, (K —q) (k"= a)), Bap(k'—g)), 8" (K —a,)a5,
0%bb, FOBREEIXL (8- 1B -1t ("=t (B -1t o' — (8 —
)3 —1)t— (B —1)t— (8" —1)t—1 TH 5.

TE 2.2. N,N, IIEBE o/ B'g5t, o (k' —¢qf), 0 b5, BEHEETV, (8"-1)'t,
(W — (B -1t -1 THD. £z, N,N; ZEFME o"Bgjt, "K' —q;), 0 &
bH, EHEEIZ Y, (8- 10" - @ -1t—1p" TH5.

Stratum efficiency factor 2R 5720121, SN THA > D 1% generally
balanced (cf. Houtman and Speed (1983)) T& % Z & ZFANRITFT LR 5 720
B, FORDDOBESEME NN, N,N), N,N, NENZNRAEIES
ZETHB (cf. Mejza (1992)).

FIE 2.3. D Id generally balanced TH 5.

FH 2.1, €8 2.2, FHE 2.3 M5, stratum efficiency factor ZKH 2 T EINT
E, TNSDOERNEZEND. BB, #EOHEELELT, TXTD strata DEE
2ER L THE T 547 Houtman and Speed (1983), Nelder (1968) % T5- %
ENTND. £z, & stratum ZEIXHBAITEITD ZENTES.

B 3k

Hering, F. and Mejza, S. (1997) Biom. J. 39, 227-238.

Hering, F. and Mejza, S. (2001) (to be published in J. Statist. Plann. Infer.).
Houtman, A. M. and Speed, T. P. (1983) Ann. Statist. 11, 1069-1085.

Mejza, I. (1998) Biom. J. 40, 627-639.

Mejza, 1., Kuriki, S. and Mejza, S. (2001) Colloquium Biometryczne 31, 97-103.
Mejza, S. (1992) Statistica. anno LII. 2, 263-278.

Nelder, J. A. (1968) J. Royal Statist. Soc. Ser. B 30, 303-311.

Ozawa, K., Jimbo, M., Kageyama, S. and Mejza; S. (2001) (to be published in J.
Statist. Plann. Infer.).

Pearce, S. C., Califiski, T. and Marshall, T. F. de C. (1974) Biometrika 54, 449-
460.
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Optimal (v,4,1) Optical Orthogonal Codes with v =0 mod 12

Yanxun Chang
Department of Mathematics
Northern Jiaotong University

Ryoh Fuji-Hara and Ying Miao
Institute of Policy and Planning Sciences
University of Tsukuba

An optical orthogonal code (OOC) is a family of (0, 1) sequences with good auto-
and cross-correlation properties. Its study has been motivated by an application in a
code division multiple access (CDMA) communication using a fiber optical channel.
The lack of a network synchronization requirement and an electronic-optical domain
conversion requirement enhances the simplicity and the flexibility of such an optical
multiple access system. The high weight of codewords facilitates the detection of the
desired signal, and the low auto- and cross-correlations reduce the interference from
unwanted signals in the network. OOC’s also have applications in mobile radio, neu-
romorphic networks, and radar and sonar signal design. Recent work has been done
on using OOC’s for multimedia transmission in fiber-optic LAN’s and in multirate

fiber-optic CDMA systems, too.

Here is the formal definition of an optical orthogonal code. Let v, k, A, and A, be
positive integers. A (0, 1) sequence of length v and weight k is a sequence with exactly
kl'sand v—k 0's. A (v, k, Aa, Ac) optical orthogonal code, or briefly (v, k, \)-O0C, C,
is a family of (0, 1) sequences (called codewords) of length v and weight k satisfying
the following two properties:

(1) (The Auto-Correlation Property)
So<t<v_1FtTeri < Aq for any x = (zo,21,...,%,—1) € C and any integer 7 #

0 (mod v);

(2) (The Cross-Correlation Property)
ZOStSv—lwiyt+i _<_ /\c for a'ny‘ X = (xO) Z1y .- - 1xv—l) S C) Y= (y07y11 seey yv-—-l) S
C with x # y, and any integer <.

Aperiodic correlation properties might be more appropriate for the present appli-
cation. However, in this paper, we will restrict our attention to periodic correlations,
i.e., the subscripts in the above definition are reduced modulo v whenever necessary.
We will only consider the case A\, = A, = A, for which the notation is abbriviated to

(v, k, A)-O0C.
A (v, k, A) optical orthogonal code with

Flaalrsl bz

lv—1 v-—2 U— A
=111
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codewords is said to be optimal. The use of an optimal optical orthogonal code enables
the largest possible number of asynchronous users to transmit information efficiently

and reliably in such a CDMA communication system.

Determining the parameters v, k and A for which an optimal (v, k&, A)-OOC exists
is apparently a difficult task. It was shown [2] that an optimal (v, 3,1)-O0C exists
if and only if v # 6t + 2 with ¢t = 2 or 3 (mod 4). For k > 4, although there are
some partial results, the existence problem for an optimal (v, k,1)-OO0C is far from
settled. The only complete congruence classes of v for which the existence of an
optimal (v,4,1)-O0C was solved are, to our best knowlege, v = 6 (mod 12) and
v = 24 (mod 48) due to Ge and Yin [4], and v = 0 (mod 648) due to Chang and Miao

[1].

It is known ([3]) that an optimal (v, k&, A)-OOC is in fact equivalent to a maximum
cyclic (A + 1)-(v, k, 1)-difference packing. Therefore, instead of constructing optimal
optical orthogonal codes directly, we need only to construct the corresponding maxi-
mum cyclic ¢-difference packings.

In this paper, several new direct constructions are presented for maximum cyclic
2-(v, 4, 1)-difference packing with v = 0 (mod 12). Some of the constructions are
based on the knowledge of skew starters and Weil’s theorem on character sums, and
some are obtained by listing the explicit codewords of the optimal optical orthogonal
codes. As a consequence, together with some new incomplete difference matrices
over Z,, it is shown that an optimal (v, 4,1)-O0C exists for every positive integer
v =0 (mod 24). Combining the known results, the existence problem for an optimal
(v,4,1)-00C is settled at this moment for every positive integer v = 0, 6, 18 (mod 24).
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Optical Orthogonal Codes from Curves
BRERSE WSS B B

1

Optical Orthogonal Code {3¥£7 71 IN—& A WEEICBNW TR BN EZ TR A ER T 5555
THN. TOERZETHEETHA A I NS EEEREGER > TV,

Optical Orthogonal Code (LAI'F O0C &BEd) C LIZLIFD 2 DOWEZFDE S, ESnT
EAMw D (0,1)-sequences DEE DT, (n,w,Aq, A)-00C &FE<L,

e (auto-correlation property) {EE®D (co,¢1,...,0n1) EC EFED 1 <t <n 172288tz
;(T.fl/\ E?;Ol CiCitt S )\a

o (cross-correlation property) fEEDHILS (coy.. . cn1),(Chy--,Ch_1) EC EEED Ot <
n-—1 fi%%ﬁ t L—ﬁb Zr—o CiC, 1,+t S A

772U e, d ODFEFIn TEEREED, Fo A, = A=A DEFER, (n,w,A)-00C &£&E<,

C DETLEFBREFY, XVEOFFTENHLIFNLEELNEINTNDS, BEXo6Z/NT
A—% (n,w,\) IZG LT, FHEOEDERTHDLS72 00C % optimal TH B & 11D, constant
weight code IZxf9 % Johnson bound & D #E/»N 5, 00C OFEFERIZDWNT O LER

1 n—-1 n—A
20,3 < (L2 E - B2 )

ﬂ‘?’?&b\ = O LA ERT S E T Optimal 73 00C TH 3 aﬁéeiusf-a%o

=1 Th>DL D72 optimal 72 O0C OHERREIIRKEZ <EFET DD, A\ =1 TRFEERZEHED
i%%”é‘f;“%@ﬁ( RNHD, A BRELTDHEHABEFBEDECOELM. A =208E. =5ITA>3
DEEORREIZSHED L L/, A= 2D optimal OOC 13 cyclic Stemer 3-designs 2 5 DHEER (1]
&, EREEIFRSNEERAEHo-HE 2] LOAMISNTWEN, FBETIE. A > 2D 00C
AR BN OMRE AW TR T 2 HEEREL. £ conics ™5 X =2 ® 00C KT
DHEERA. TOWREERETT 5,

2 A=2D00C

PUF q 2R &7 3,

Theorem 1 C #ED 2 DHE L2 L TLNKDLSRNE D735 PG(2,9) £ED conic DES
L5, COEE (B +¢®+q+1,q+1,2)-00C BFEL ., FOIFEEEIT #C + Liz:ij L5,

512, ZDE D73 conic DESEEDDDIZLITDOHEERLTWD,

Lemma 2 P Z§EEH PG(2,¢%) DR THo TPG(2,q9) DETIIABWbDEL, C 25N -
® conic THH T, MO P 2B X573 ¢ DBEREKE LD TNTD conic DESET S, ZD&
& C DMEED 2 DD conics 13 PG(2,¢) KBWNWTEX2 ST, #C=¢*~¢* TH 5,
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q n | w | size (1) | bound (2) | (1)/(2)

3 40 4 21 61 0.344262
4 85 5 82 113 0.460177
51156 | 6 105 196 0.535714
7 | 400 | 8 301 470 0.640426
8 | 385 | 9 456 673 0.677563
9 | 820 |10 657 928 0.707974
11 | 1464 | 12 | 1221 1618 0.754635
13 | 2380 | 14 2041 2588 0.78864
16 | 4369 | 17 | 3856 4673 0.825166

% 1: Theorem 1 XL Lemma 2 K DENMN S (n,w, 2)-00C

% 1 TlZ. Theorem 1 & Lemma 2 M 5EMMNDE O0C OEF/INT A—F BLUFEERE. /haix
g1zt L CRL,. & 512 Johnson bound KD ESNS EREHEBL TS, ZOMFBR, FHETR
L7=AETELNE 00C 1L, ¢ KE L ARBIT DI THEIAMIZ Johnson bound X DESNB RS

FBROLBERZERL THRB LEDNS,

3 A>2000C
Theorem 1 Z2—fOREOICHEGEIBESFIZLD., LUTFOLS aEENE & HE5,

Theorem 3 C ZHETHE LD m KEROES LTS, C OEEORYE & 5 & w AOFYFH
PG(2,q) DEZERL. IHIZCDED 2 HRD PG(2,q) IZBNTHE LN HOLEE T2 514
(@ + @ +qg+1,w,m N-00C BHERTES, 2/ZL. A <m? &9 5,

X SR TR KD ERITOEERENE LT I2HEHRRETH D LEbN A, chid
SEOBETH D, £, B42 L TXDDE DR LD conic & Lemma 2 TWRLUEL DL X
AEDDFHEDR, BRI DO conic ZEDLNDDNEHELNITIHESH S, ilZid. 3 XKl
MTA=3000C2EE&MITERK TELINESERI L TS FETH D,

2K
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Survey”, Bulletin of the ICA, Vol. 11, pp. 21-44, 1994.

[2] H. Chung and P.V. Kumar, “Optical orthogonal codes: new bounds and an optimal construc-
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1-Rotationally Resolvable Even-Cycle Systems of 2K,

Iz B2 R - T U5 EFnT
BISZAGE K - B (AR

1. Introduction

For a graph G, let V(G) be the vertex-set of G and C be a collection of cycles of length m (m-
cycles) whose edges partition the edges of G. Then the pair (V(G),C) is called an m-cycle system

of G.

Let a pair (V,C) be an m-cycle system of AK, and Il be an automorphism group of the m-cycle
system (V,C). If m is an automorphism of order v — 1 with a single fixed point, then the system
(V,C) is said to be 1-rotational. For a 1-rotational m-cycle system of AK,, the vertex-set V' can be
identified with {o0} UZ,_1. In this case, the automorphism can be represented by

mioor» 00, i i+1{(mod (v—1)) or w=(c0)0,1,...,v—2)

acting on the vertex-set V = {c0} UZ,_1.

For an m-cycle system of AK,, (V,C), if the collection C of cycles can be partitioned into s(=
A(v = 1)/2) 2-factors (in terms of block designs, resolution classes), Ry, ..., R, then the system
(V,C) is said to be resolvable and R = {Ry, ... , R} is called a resolution of the system. Obviously,
for the existence of a resolvable m-cycle system of AK,, v =0 (mod m) and A(v — 1) = 0 (mod 2)

are necessary.
A l-rotational m-cycle system is said to be 1-rotationally resolvable when it admits 7 = (c0)(0, 1,

...,v —2) as an automorphism leaving a resolution invariant.

Rodger [4] surveyed the existence results of m-cycle systems of MK, and those with several prop-
erties including resolvability. Recently the authors [3] proved through ‘extended Skolem sequences’
that a 1-rotationally resolvable 4-cycle system of 2K, exists if and only if v =0 (mod 4).

Our purpose is, generalizing the idea of [3], to establish a necessary and sufficient condition for
the existence of a 1-rotationally resolvable even-cycle system of 2K,.

2. Equivalent problems

It is known that for any (2m,2)-admissible v, i.e., v = 0,m (mod 2m), there exists a 2m-cycle
system of 2K,,. For a 2m-cycle system of 2K, to be resolvable, it is necessary that 2m divides v. On
the other hand, by noting that any l-rotational 2m-cycle system of 2K, consists of v/(2m) full cycle
orbits, v = 0 (mod 2m) is a necessary condition also for the existence of a 1-rotational 2m-cycle

system of 2K,,. Accordingly we have the following. -

Lemma 2.1 A necessary condition for the ezistence of a 1-rotationally resolvable 2m-cycle system
of 2K, is that v = 0 (mod 2m).

A k-eztended Skolem sequence of order t is a sequence (sy,... ,82:41) of 2¢ + 1 integers in which
s, = 0 and for each j € {1,...,t}, there exists a unique 7 € {1,...,2t + 1} \ {k} such that
8; = 8i+; = j. A k-extended Skolem sequence of order t is also represented as a collection of ordered
pairs {(a;,b;) : 1 < j <t, bj —a; = j} with Ui {a;,b;} = {1,2,..., 2t + 1} \ {k}. f k=t + 1,
the sequence is often referred to as a Rosa sequence or a split Skolem sequence (see [2]). Baker [1]
settled the spectrum of k-extended Skolem sequences of order ¢.

Theorem 2.2 ([1]) There ezists a k-ext St, 1 < k <2t + 1, if and only if either
(1) k is odd and t =0 or 1 (mod 4); or
(2) k is even and t = 2 or 3 (mod 4).

Here we will utilize the same extended Skolem sequences as in [3] to settle the existence problem
of 1-rotationally resolvable 2m-cycle systems of 2K, for general m > 2.
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Without loss of generality, let v = 2m(t + 1) and thus V = {00} U Zym(t41)-1 for t > 0. Since
any l-rotationally resolvable 2m-cycle system of 2K, consists of v/(2m) full cycle orbits, it suffices
to find the v/(2m) base cycles which partition the vertex-set of K.

Construction I (for the case t = 0,3 (mod 4)). Let {(a;,b;) : 1 <j <t} bea (t+1)-ext S,
(as a collection of ordered pairs). Take the following ¢ 2m-cycles.

{(ma; — 1,m(b; + 1) — 2,ma;, m(b; +1) = 3,..., (2.1)
m(a; + 1) — 3, mbj,m(a; +1) - 2,mb; —1): 1 < 5 < t} )
Besides (2.1), we can take one more cycle consisting of the 2m vertices {0,... ,m — 2} U {m(t +
1) —1,... ,m(t +2) —2} U{oo} so that the rest of the differences, £{1,2,... ,m -1, mt +1,mt +
2,...,m({t+1) —1,00,00}, may occur.

Construction II (for the case t = 1,2 (mod 4)). Assume that {(a;,b;) : 1< j <t} is a t-ext
S, satisfying (as,b;) = (t + 1,2t +1). First we make ¢ — 1 cycles just as (2.1) but for 1 < j <¢—1.

{(ma; — 1,m(b; +1) — 2,ma;,m(b; +1) - 3,...,
m(a; + 1) — 3, mbj,m(a; +1)—2,mb; - 1) : 1< j <t -1}

Two more cycles can be formed to use up the rest of the vertices, {0,1,... ,m — 2} U {m# —
1,...,mE+2) -2} u{m(2t+1)—1,... ,m(2t + 2) — 2} U {0}, and to cover the 4m differences
+{1,2,... , m—1,mE-1)+1,mit-1)+2,... ,mt—1,mt,mt, mt+1,mt+1,... ,m{t+1)—1, m(t+
1) — 1,00, 00}.

3. Existence results

Since the existence of a (t+1)-ext S; with ¢ = 0,3 (mod 4) implies that of a 1-rotationally resolv-
able 2m-cycle system of 2K, with v = 2m,0 (mod 8m), respectively, Theorem 2.2 and Construction

I ensure the following.

Theorem 3.1 There ezists a 1-rotationally resolvable 2m-cycle system of 2K, whenever v = 0,2m
(mod 8m).
Recent result due to the authors [3] almost completes the sufficiency of Lemma 2.1.

Theorem 3.2 ([3]) Whenever t = 1,2 (mod 4) and t > 6, there ezists a t-ext S, (as a collection
of ordered pairs) including the pair (t+ 1,2t + 1).
From Theorem 3.2 and Construction II, we can state the following immediately.

Corollary 3.3 There exists a 1-rotationally resolvable 2m-cycle system of 2K, whenever v = 4m, 6m
(mod 8m) end v > 14m.

Unfortunately there does not exist a t-ext S; satisfying the required condition when ¢ = 1, 2 and
5, which implies that Construction II cannot be applied for the cases v = 4m, 6m and 12m. This
means that we need to make up for those cases with direct constructions. So far, we proved for the
cases v = 4m and 6m, and can state the following from Theorem 3.1 and Corollary 3.3.

Theorem 3.4 There exists a 1-rotationally resolvable 2m-cycle system of 2K, if and only if v =
0 (mod 2m) with a possible exception v = 12m.
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BIB 71 > & packing/covering T4 > D
RROI-DDWH Y X7 L

BIEX - BT i &

B - BT KR #%

1 EUBDIC

W, EEBRETHEOALRLTHERESOSE CHAY T 1 Y HW
LN, BHBESTTOFEIIOVTORRL BT > TWnE. HaedT
YA D1 DTHhABIBFHA ¥ OBRERTELE - FEFEICHETAME
BELS POV L2 ENTEY, BRT 714 847 - ARG 80 % H
WARERE, BIRAEE VAR, BERERE R EDE  ORERED
HMoENTWD, ThbDEERET HWTELNABIB 741 Y OFIEK
HEFML LT EDOONTVS, L, %  BHEH0BHEBES
BTEINLDEDINTA—SDELXBIT-KELTYFA V2 HVL T
EDEV, o T, BRAONINRTA—F 2 FHEOFTYL U efER L TH
NTDVATLADOREEPLEL SIS,

WESE, 7 - EFAECHETABAOEE Al &Ik ) 2 —H—
Lo TEZONIANINT A — 7 1233iET 5 BIB 794 ~ DFLE - JE
FHELBHET AR A5 L “DesNavi” ZHEE L7225, KBTI S
12, BIB 7Y A YHFHFETHHEIIERICEFOTNA V2K T 5 BE6E
hnz 7z. £7:, packing 71 », covering 7 A IZBIT HEE DM
HRAATWDS,

2 DesNavi(Design Navigation system)

DesNavi id, 7T 7HFIZL o TH—NE
2747 ¥ PEERT S0 Java Bk
}Eﬁ\/}, /ﬁ‘ﬁE,ﬂ:t @ﬁﬁ%@%«i—ﬁ’ %ﬁg’ﬁ”%c: Java Client Java Server

Mathematica

Mathematicad.1 Z >, CEFEIC L o TH — G Mathlink
DBAHFRBENTWE, CEHICL-T, = — %
&) B E AT REE %2 0, MathLink 12 g@ — of Tramrems
£ ) C-Mathematica B DEEPEFH INT E = L,
W5, 7547 MUliZid Java7 7Ly b prer i
R L7278, Javastinm Web 77 o4
DHETIDY AT LEMHT BT L AR

Thab. (1) 1: DesNavi system
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TIA T MIEoTELNINRS
A—=F R LT, BT HFE-FEFLEE
Bt —N\PERTIT, LT~
DT L, EROTHFAL 2R L
HEEEHEEDIZITAT Y FNRT.
TZTOIAT Y MGREINLERIT,
BRBETRMIST A= FIZEK L
EHTHADH. A (1989), Beth, Jung-
nichel, and Lenz (1986), Mathon and
Rosa(1996) 512 & % BIB 7H A D3k
I DYAT MTHAAE NI EHEE D
HEH N5, DesNavi ICHARFNT
Wb EDOEBIZHEHET, »pOoT—%
o o g N AEEERTORIAT X = 51

B2 7747 0OE xt L Cid “unknown”% 7 5147 >~ MIZ
BY. BIB 7 A Y ORBIIOWTIEL, BIRTHERT 7 1 V840 - HR
SR X A%k, BRIKIZ X B A, cyclic difference family, cyclic
difference set 12 & 2 HEE AT MMIBARATWS, F 72, packing ,
covering 7HA VWAL T, 7947 Y MO ZELNINRNTA—=F g,
k, A\ZREOTHWA VXS BIFET A, ¥ — /N packing (covering) 7 A
YORK (BN Ty 7 BICETAEERRERL, 79 v 7 #H Johnson
bound (Schénheim bound) THz 615 LR (FR) & —H$ 5791 ~
PHETNE, 2070y 7BEeEHELDIZITA4T Y PNERT.
FELawEXid, ‘K@M 70y 28ne ) 2EQFHETIET.

£
i

3 BHER

37547 MRy =
1464, 7uv 7H4 4 Xk =12, &
AN =1 %A LAL EDBIB
THA VO - FEFEDOHE L
BOERTHD., D BIBFHA >~
B[12,1;1464] ¥ PG,(3,11) THERL &
haZedbrl), MEI7ay 78R
RENS. DesNavi IZBWTIT—HRIZ,
T ORIV 7O v 7 2 FR
T5.

[121:1464] is made from PG_1B,11)
PG_1@G11) is B[12.1:1464).
The base blocks :
01 4 530 548 675 698 874 984 1105 1330 1412)
011 44 105 172 358 443 576 830 892 1438 1454)
02 252 282 394 494 623 702 711 971 1078 1371)
2 146 174 402 433 441 501 997 1042 1308 1406)
108 189 478 635 713 815 850 954 1017 1350)
5 181 210 246 523 566 615 866 939 1129 1188)
48 207 513 633 673 724 774 961 1244 1276)
83 323 508 528 644 813 850 1107 1194 1251)
84 158 170 281 413 519 712 931 1324 1395)
109 234 275 498 652 1003 1067 1281 1300 1315)
97 143 785 915 1086 1110 1124 1199 1289 1316)
362444 366 488 610 732 854 976 1098 1220 1342)

4
g-QODODC!OOO
—t Ny

3: B[12, 1;1464] D ¥ 545 R

—700—



Partially balanced fractional 2"+ "2 factorial designs of resolution IV

Subir Ghosh (Univ. California) ¥H OEF (LKBK - -HBEEE
P &% (EILEK - 2, EERE R 5% 9. (ERRB%RYD

B EES] SPBA(my +mq; {\ii,}) (le. PBA(N, mi+ma, 2, my+mz; {Ai,:, 1) 2ORL
npHmtm-PRFFHEIT 2E2 5. /2L, SEFULOEKRZEEAITERATEL L, m,my >2
ET B, DEE, TIZESIHEEEL, cy(T)] = ErO, Var[y(T)] =olly THEADLNS. 2/ZL,

y(T): N x 1 BRHE~Z ML, Br . N xv(my,m) SHETTF, O = (0h,;0],;0),;04;0,,;0,) :
2 - KA LERECO vy, my) x | EREE~Z o, I/(ml,m)) =14m +me+ (MI™) THD.
ETMDPB 7 Y vx—3 5 o Q = [DF M) ot B2 AT, 1§8ITH My (= EpBr) W,

PEITE by @ (ar a8z by +B1ba+62)
Mr = Z,j,/:l Za;a; Z"lbz BBz Dﬁl”;

THEXLND. L, ERHTH Kop, = (x5 52 0] OSBRI, 8 A, OHDRBRL LTSE
ZBND. £ Mp i, KOT oy s AL ALRTHD
®10 do1 @20 da2 $11

diag(Koo; Ko, -+ Ky Ko, - Kors Koo, -+, Koo Koo, -+, Koz K, - A1)

2L, Kop:6x6; Kip:3x3(my >3),2x2(my=2); Kop:3x3(ma>3),2x2( m,_z
RNog:Lx Limy >4); Npa: L x L{my>4); Kyt 1x 1, 5, = { '/’j’l‘ /j’l"xl }{ _ /J:ml }
K& Tk, ETMDPB 7V T — 3 a YREOUE R LOITHHFEZAVT, RO (A)~(E) D5
BIZDOWT, ENOLOERENRS NABEEFRE S 72 20 ERE IV o 2™mi+tm2- PBFF StEZ 5 % /- -
(A) (9 (0{)0 ’0/11)’ ()l ‘(){70 06))1
(B) ©° = (070;070; 00 ; i»o:@u) (or (©50;©10: 0,5 Oy o))
(C) OC = (04 ; Ol ; Ofy ; Ohg) (o1 (Ofg ; @l ; Oy ; @ps))
(D) ©F = (09 ; @}y ; O ; 0},)’
(E) ef = (©%o ?(')/wi@in)l

(A) DIRE
B2 1 et = (660;93();9101;G’QO;@E)?.), P REFRE = Ku(= heguo) #0 (m > 4),
Koa(= &09") # 0 (mg > 4) BEOKRDEME (1) F7=6X (1) ALY LD
(1) det(Ngo) #0 DL &
(i) det(K10) # 0 2
(a) det(Kp) #0 = Ku(=+x1") =0 or
(b) det(Kp1) =0 = my =2n) (n; > 1), det(KH(11)) #0, kg2 =0 or
(i) det(K10) =0 = ma = 2ny (ny > 1), det(KfH(11)) # 0, ;’g M =0, det(Koy) # 0
(II) det(Nop) =0 D& &
my = 20y (g > 1), my = 20y (g > 1), det(K(11)) £ 0, wop'! =0, det(K10) # 0, det(Ko;) #£ 0
2L, Kgh(LL) @ Koo DEAID 5x5 #5475 ; K{y(11) : Ko DEAID 2x2 (my > 3), 1x1 (my = 2);
R (1) 2 Koy OERFID 2x 2(mg > 3), 1 x 1 (my=2)
[EEE] &5 mna (= 00,10,01,11) 2K LT, det(Kqyq,) #0 = AFGIVO,, bfEaTaEL 2 5.
772 L, AFlaantba) o p#laeabibe) gy g 60) x n(byby) E4YTF (nlaras) = (mx) ma))

A 182 ay ay
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W] 1 T;&SPBA(Z—}-Q;{/\QQ:/\QI:)\gg:/\ll:/\2():/\22:1,)\10:/\12:/\21 :0}) &TE)
ok,

10 -2v2 0 2 -2 0 (8 0
2v3 120 —2v3 28 0 Bo=1 o}
fus = 0 0 8 0 0 0 det 1\’1:0 )= 0
2 =220 100 6 0 ' 12 -4V2
-2 2v2 0 6 10 0 o= | -4vZ 8 }
|0 0o 0 0 0 16 | det( o) = 64
det{Rgp) = 524288 Ku(= h?? oo) - 16

= det(Koo) £ 0, det(K10) = 0, K{(11) (= &10®) # 0, 03 = 0, det(Ko1) # 0 THBEHE
OA IIHETRETHD. 51T det(Ko) # 0, det(Koy) # 0, ]\.11(- K °°) #0409 A7 Ng
AR AR e G ERREL 2D,

01

(B) DIBE

EE 2 0° =(0),;0),;0,,;0,:0) HETE < det(KB) £0,
KB (= k30 #£0 (m; >4), KB (= £2%) £ 03 L OKROEME (1) E72i (A1) 23560 20 -
(1) det(KB)#0 m&x

(i) det(KB)#0 = ma >4, K& (= nSS =0 or

(ii) det(KB) = 0 = ma = 2ny (n2 > 2), det(KB(11)) £ 0, k3 =0
(I) det(RKP)=0 DL &

ma = k3 (ks >2), det(KE(11)) #0, k5™ =0, det(KB) #0

feiE L, RE(11) : K§ OBR#ID 5 x 5 #3475 ; KB (11) : KP ORYID 2 x 2 (my > 3)

Bl 2 TZSPBAR+4;{ds=Au=dz=da=du=1, A= 1 =Aez=Asa = Ao =As =
)\14:/\2():/\32:/\'_)4 :O})k"?‘é :U)&é‘.

2 4vI 4 -4 —4v2 0] . [32 0

42 14 —4v2 4v2 8 0 T | 0 32

o 4 —4v2 28 4 42 0 det(KE) = 1024
R RN B 28 —4v2 0 [ 28 4v2 42
—4v2 8 4V2 -4v2 om0 Kf=|4v2 24 -3
|0 0 0 0 0 0| L 4v2 -8 56

det,(]{(?l) = 32768
det KB) =0, det KBD 11)) = 4194304
00 0

I‘ur(: ge 00) =0, ]\11(~ "11)? OU) =32
= det(Ngh) =0, det(K§H(11)) # 0, kg™ =0, det(KF) £ 0, det(KB) # 0, KB (= x22) 20 ©
BH5 OF IEETETSHS. ShITdet(KE)£0%Y AR 2Pe, bitETEL 25,

(CY~(E) DB ST HERL LSOOV TIHERT 5.
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GA-optimal balanced fractional 2™ factorial designs
of resolution R({0,1}|3)

EBX - BEaPE JEH IEF
fILER - 2 ERERIT KR B8R
EIBR B 25T 52" A

KDL D RHREEEZD
ely(T)) = Er8, Var[y(T)] = oIy

2L, T: SA(m;{\}), y(T): BRHERZ b (N x 1), Ep: RHEATFI (N x v3), 0 = (04;6;05;0%)":
FRFRECAETOERBRASY P (13 x 1); N =30 (M), vs = oo (7) THB.
TMDPB 7 Y == 3 VR¥Q = [DF Y] OfR %A\ T, WE8ITFH Mr(= EpEr) i,

Mrp =35 o X078 53078 k3 pR+A TR
THEXLND. LR, BUBHITI Ky = ||| OBERIL, 15 \; OHIWPRL LTEILRS.
D Mp ¥, ROT 0y s MABITHILBETH B!

b1 @2 b3

A A A

diag(Ko; K1, -, K1; Ka, -+ -, Ko; K3, - -, K3)

7IEL, Kp: (4 — B) JATHY; ¢p = (’g) - [,”_‘1) ThHd.

TMDPB 7 Vv x— g YREBIITAIFBRAZANWT, k2H5:

EE BMESISA(m, {\)) EHEWVWR2™-BFF HET 222 5. 2L, 4 BFU LOBKRREER
ERTELE L, N <1y &5, 20L& L L b—REH L EHRBHETTMEL 2D 3EIX, &
D (1)~(8) DEEIZET I RHGERMITHOIZROND:

SHREE R({0, 1}|3) OFE

(a) m =2n+1(n > 3); Ao, M, Ant1, Am > 0, TOHDIEE: 0,

(b) m = 2n+ 1(n > 3); Ao, M,y Am—1, A > 0, EDHOFEE: 0,

(a) Ao+ Am > 0,01, Ag, A=y >0, FOMOEE: 0,

(b) Ao + Am > 001, A2, A1 > 0, TDRDIRE: 0,

(3) Ao+ Am > 0,A1, A1, Ay > 0(i(# %) € {3,---,m—3}),
DO 0,

(1)

2)

SHEREE R({0, 1,2}3)(i.e., HREE VI) OFE

( ) m = zn(n 2 3)7 /\O + /\TI'L > 07 /\11 )\ﬂ-a /\m~1 > 01 %@{m‘o)%*’% 0)
(5) m =6; A1, A3, A5 > 0, TDMOEE: 0,
(6) m = 6; N, A2, Ag, Ae > 0, EDOMOFAE: 0,
(

7) (a) Ao+ A >0, My Ag, A2 > 0, F DD FERE: g,
(b) Ao+ Am >0, A2, Az, A1 > 0, EORLOIEEE: 0,

(8) Ao, Am =0, A1, A2, A2, Aoy > 0, £ DORLDFRE: 0.
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EH HMESI T % C(o)© RHEEFEER 2™-BFF #HEET5. Z0L & Exbhiz (N,m) iZx L
T, Sr(a) BB/ E R DHEE GA-BEIHEE VD . L

: c-ﬂ?ﬁﬁf’ﬁﬁﬁif@%@%%’{7 2
Cla) = ZZD# pp)Jch: Z 37,3 {D#(QQ)+ Z wg,’rl)g{'”}},
B=0p=p B==0g=g(f) r=b(8)+1

Sr(a) = —-tr(Var[C’(a)@})
— Z ¢ﬂtr K(b(ﬁ) ﬁ+1)) 1Xﬂ),

. dlag(fgm) pi7p (@) 357(e)) (0<p<a),
=\ dingle?0); -2 (@) (a+1<B <o)

24(c) | EEES, wl" EAMEK, b(6) = rank[Kg] + (8 - 1), 9(B) = max|f, a + 1], KK O
BAID 7 x r WSTFIE T D, T 2T, det(Kp) #0 D& &, wp” =0 LHEKTD.

FHETH, ab(0) LLT,
-1
250) =1, ah(1)= {1+ e W}

= {1 + E;=1('Ll.w;;"’)2}_f

FRAVWERED GA, BEHEEZE T (RIIERK).
THED (1)-(a) DIFA:

Cla) = Z?:o D#(i‘i) + {D#(l’n + z3(a) (D#(Z'z) - \/ﬁtﬂlDfﬁ(z’B))}

2,2 2,3 3,3)
a3(e){ DFC? + ——w%wa( b4 ppe,

_'_
-1
o 1 0] &P0 &1 1 0
tr(Ky °) + ¢atr ([0 (a) ]{ 10 L 0 22(a)

R LIS

%7, 3 (a), 73(a) FROBEY ThH 5:

Il

St(c)

1 a=0), 1 (a = 0),
2n—3
(o) = 1+\}77,——T (@=1), a3(a)= e (@=1),
L (a=2) a3 (=)
vn ! 2(n—1)

FHED (2)~(8) IOV THEKT 5.
B E XK

[1] Ghosh, S., Kuwada, M., 2001. Some estimable parametric functions for balanced fractional
3™ factorial designs. Statistical Reserch Group, TR #01-6, Hiroshima University, Higashi-

Hiroshima, Japan
[2] Ghosh, S., Kuwada, M., 2001. Estimable parametric functions for balanced fractional 2™ fac-
torial designs. Statistical Reserch Group, TR #01-7, Hiroshima University, Higashi-Hiroshima,

Japan
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MEP.3 SHEIOHEKIZDIVT

MEMMTERE  RKEH
FERFRERER AL

1. LI
2™ (m > 6) EREEET, T : weight(1 ®$) 230,1,m — 1 OLFEHEE T2 LIPEDHEE T3 &

X T=T1+T (“+ X2 O0FEOIE) » MEP.3 #tH (EHENRETHETET, 2BFXAE
ERP O @~ SEORMPEPRETE D) THELIRFET, 2R THIL2EXS.

Z ORRNX, Shirakura, Suetsugu and Tsuji(To appear) 3 MEP.2 BHE Z 5L L7z D & DS
%% % C, MEP.3 plan D% BT b0 TH 5.

BREDBIZNVEWVWSRENDT T, Srivastava (1975) DEAFEHRIT, ZOHE, KOLIIKKRINS.
[T 2AMEP3HETHLILODUEFZEMIL, s£5 25 1< p, < g <m, (p5,95) # (ps',¢s) T
HBHESIR, EATR (pa,0,), 1 < s <6 DBEHFIIHLTY, 751G = [In, 81,1 8m» Bprars Epages

Epagsr Bpager Bpsasy Bpege) 75 Tank G=m+1+6 --- (1) THBHZ L ThH5H.]

EBIZ, TOFIRT bt 1OV, by =ty xty, ETDEX, THI U = [In, t1, ..y tm, tpq,,
tP:Qz’ tPaQs) tP4947 tPslIs’ tPst] %%ié “:' tj’ t.‘i" B gj» Bju @1&ﬂf§%éh5@f, rank G =
rank U £ 5, (1) D&%, T »OE#H#E-ZU 2E-T, BT LR TE5.

2. COEOREIT
21T hbFASH L

ERROFME (1) I225WT, Ty b, ENFETOIEREZXD0EHD. ¥ #ET 5175 U, T,
(tprgis * s tpegs) P rank 256 THIIELIWERDND. EHIT, e, X jEFB L v EBN 0 T fUT 1
THoER7 biZe+o L,

E®1 U; T, (ep1q1 €pagz ©psgs  ©pigs  Spsgs  €peqs ) Drank T4 LA ETH B,

T BIT, Aiepg, + A2€pyq, + A3€pyq, + A€pyg, + As€pyg, + Ae€peg, = 0 BE XD L, —KIERBDTFIRE
HDOHDHD, pi, ¢ BERDE D RIXFOREEDHEIET THS.
* lrank(1h) = 4 DHE
a) AXET, EXTOMEELK (333,3) b) 5XFT, EXFOHBEE (3,3222)

- lrank(V4) = 5 DHE
c) 5XFT, FXFOHBREEH (4,2,2,2,2) d) 6 XFT, EXFOHREH (2,2,2,2,2,2)
e) 5XFT, EXFOHBEK (4,3,2,2,1) f) 6 XF T, EXFOHEREK (4,2,2,2,1,1)
g) 6 XFT, EXFOHBEEK (3,3,2,2,1,1) h) 7XFT, EXFOHREK (3,2,2,2,1,1,1)
1) 7XFT, EXFOHBREK (2,2,2,2,2,1,1)  j) 8XFT, #XFOHEEEK (2,2,2,2,1,1,1,1)

2.2 &5I1Z, Ty, H ST-array 23LTETEAD L

Shirakura,T. and Suetsugu,T and Tsuji,T(To appear) T, LFED Ty IZ% LT, MEP.2 #HEIZ/ 5
Ty iE. TED4FIEB->TH, (3),(), (9, Q) BETEEATNE LI %2 218 FET D) LV 5 &4
ZiE7- 9175 (ST-array) THHZ LERLE.

EHIZ, WODRERND, RD ST-array D3 2DEAT#EZD.

* Linear code Z£ 5 (LC # A FLIEEZ LIZT5)

- BIBD DERETHIZ# S (Bl ¥4 7)

- QR.ZHHATS (QRF17)
Wiz, EEO T2\, Ty 28 ST-array 8T &1, BRYVIIDZ L 28ES.
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EE 2 Ty » ST'array %'g{ﬁ’(‘: & U U)%ﬂﬁﬁﬁ] V= (tPllh tpzqz tP3<13 tP494 tPst tPsQ&) ® rank X
5UETHS.

EHiz, WD EHRED LD,
1) T (a) D&, rank(V)=6]
2) T(e),(f),(g),(h),(),(j) PHEEIXFA LHEET, rank(V) =61
3) ITy 2% ST-array 25ATH, (c) DFEIE rank(V) = 5 DHEERFET D)
m =6 OHEILRBIRH 5.
4) [Ty BQRLBIRLC 1 7 Ti, (b), (c) PHED rank(V) =5 DHEAIF2L, rank(V) =5 D
FREMENH DO, (d) D6 XFOHEIRS.) GEAER)
5) (d) D6 XFDHFAEI rank(V) = 6 122D (—KEBITRORV) LBIZIE, beD T, T, KDE
DEEPZB I TITBRHIT L.
a a b ¢ d e
b e d e f f ERETS.
A1 -1 -1 11 -1
cweight 2 D& & : T, TLIZRBHD, {ab}, ~, {ef} DRXTDENNLTHD L X
‘weight 3 D& & T, TLIZRBHN, {ab}, ~, {ef} PRXTOLNMIEL, b IXFNRED2XF
DALRNWSTIZHDLE
~weight 4 D& & : Ty, TLIZRZ2 A5, {ab}, ~,{ef} DXTD5H, AOFEORL2HMTH S L&

3. MEP.3 plan O
1) Iy & LT, 0S4 T2 HETHHWHIZTH L, MEP3 plan (2725
) m=7 DL E, QRIAT (T+1)IZ, LCHAT (6x8) LV 152Dy bLEBDEHBLTT, &

T5&, MEPS3 plan 12725,

OO IO MOOCO
P et O OO O OO =
HRFOFEOFROOROOO
Ol it e et D= OO O bk bt D
O bl OO OO O = = O
HFHORMFEOFOOMR OO
HFHE OO O HOMROO

2) Tm: R, m>200L %, T, BQR. ¥4 7Thnid, MEP.3 plan (2725
* m=7 (x O¥:28), m=11(O:MEP.3 plan), m=13(x ®#%:39), m=17(Q), m=19(x D¥k:57)
* m=23(0), m=29(0), m=31(0), m=37(0), m=41(Q), m=43(Q)
4. 8hYIC
£, 3HEITHIF/c MEP.3 plan OBI2%, MEP.3 plan TH 5 &1 ) HPHIFERM TE T2V,
%7, MEP3plan ZR2D7HD, T, OFHFHER, EFZ -T2V, Ehb, Thbnaki
T, ERTDZ EBRSBROBEIIRS.

£E W
Shirakura,T. and Suetsugu,T and Tsuji,T(To appear). Construction of main effect plus two plans for

2™ factorials
Srivastava,J.N.(1975). Designs for searching non-negligible effects, in: A Survey of Statistical
Design and Linear Model (ed. J.N.Srivastava),507-519, North- Holland, Amsterdam.
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Z /K VE BB AI IR DFHHIC DN T
— 2 DIELEDORE —

BRERB Y BIFM EEIFM REEA

1. WA ERDFMIC DN T

BEMERTIE, 2 TOERIZHT 5 5HETT J#7/ﬁ%515t L N P
DFMEATER N, T T, oo MERaL EHMTHIEIRD, £ DY
&, 2FNTxT DaHmE AN TSN, é”tﬁbSﬂUL@ﬂﬁ%ﬁ%f%éo

WO EEIZIT, BEOERGFBETHNWSNEA—., D—., E—. G— MR EMN
EZ25N5. RELOEBETIE., 2TOHAEICHLTASHOEKRTING DEHE &
B, —MICIFERTEEZR NS Z LML WA, BAICK - T THRRMNEEE &5
ZEBHD. ZITIE 2HCHTE2DREEREITHLET IR (NEDEL) ZHH L.
ZOBRD2FHOMEELEKICHT 22BN EE TEEREIIT LI EET 5,

2. 2KERFOFM— AKEHEHEBENELWES

Z2TOFN2KET, 2 DDOKEDQDHBELENELWEGIL, FOKkEEZEZ 1 &—-112&
5T ETEIIN—BEHFNEERLTS, £ T, DEEREICHYTIEREL T, 240
NHEOEHERWDZIENTES, ZZT, EOQFOEAEDS ZOHOEFEMTHD Z &
WHEET S, BOFM3I0EOREEEHWS,

WIEDOEHEAIZDNWTIE. B TFIRTRICHEEED FRAGZ 5N TWS, 22T,
EBEEn. ¥ (A7) LZ2p. GEITHAZXET 2, BREMNERNMS, p2=2nThD,
NI DG EH D FEE

{tr(X°XX°X)—-pn=}/p(p—1)
={(XX'XX)—pn=<}/p(p—1)
Z{p2n?/(n—1)-pn<}/ pp—1)
=n?(p—-—n+ 1) (n—1)p—1)

ZOTFEZERT DEHEZRBEANEEIERNT EICT D, 75— )V D453 4 fi 51 i
., ACHA XTR—DFINFEELRBNWT ¥ — )75 MRz EIIRETH D,

3. 2KMER F DM — KEHBR BN R D58

BFIM2KETH DM, 2DDKEHBRKNELRZHEEIT, K21 &- 11295 &
—MREHFEBERZ LW, TIT, IR0 EAMNn &AL IKEBERET S, #
LKEOHBENK(Sn/2)yD0 L&, KE@FII/ {(n—kYk}E -V {kAn—k)NTH
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B, ZOFNZ. —REFFILELZLNDEIDELVWOT, IHMEICRNEOESZHNWS
EMTESD, ZOfER. KEEZT—FERLEEOHBERKOES L HNETH B,
ZOEFE. BEFMED FRICDWTIE, KEHRENELWHESGEEUHRNESN
BT ENHENTNDS (MEOHEERXTER) . RKOHRIT. BEgfE R TEFIAH
=0. FAM=n EHEEMLEINTVEHEFITOHILT 5.
B 1 BDMSEMZFEPZTIS OREEFHEA, TRZZRT S LWL ERTRIER
HTHDIERHALNTH S,

4. ZAKERFOFMTDONT

IAREL EDFNIHTHHMMEEAL D, RIDERERERED /D, TDOX X TIEBIA
EHITFIXELTANDZERFTERWN, £2, FIEMERRT 2 Ok#EK—1) Fl0R
CHIE. BXRRIZEBEEL TH—ETIIRN, EWSHEND 5,

ZZTH. ERZRE, N0 TEHAMNn TEWIERT HKEH - 1EHOXY -
IWTRBLZEZD, 2EROERY MIVEIORNBEOEAMERAWSZ LT 5D, ZO#
ik, DEREAEICHEL., HALKBONEROAEORYEOFHEIEL XS O & MR
T&3%,

ZKED 2FIOEREL, ZAROEREORERFBTRZ ZENTES,. 1,
TRRTOERINOHEBEEZN ;. BIFEREZm, ;=n,. Xn.;/ n&ll&E,

;2 (ny;—my ) Z/mij
TERINDETHD., AIEREEGALEOFEXEZFHDIRETH B,
INGS 2DDREIZDVWTIE, KROBEENRIIT 5,
EHE 1
KD 2 DDFBEEIIRENICEAZETHD
1) PIZEREREDEL NWEXRICHEL = HEDNED LI
2) BXMEDREMEIE

5. ZAKERMAMER OB E M

NEDELSzANIHEITE. p=(KkEXKOEGH—(HTFK) BT 2KkEOHE
EEUFRNEZSND, 2720, Z0BAIE. 27 0OFMOEE TIERL ., kK
—1) BOBEBROIEGRIIHTEI2FEETHEIEIHBETINEND S, JOHEE
TR, BCEERAOFIEEE (REIZ0) 25ATWAD T, B/AFEEIZ/R-> TW
%,

6. FE®

ZKEOBBMERICHTZHMAEEZRLE, COREN, —TEZTOEIHEZHS
M B ECAEHNIIRISETHA I EERLE, TOREOBEETOTENEZ ST, FOfHE
X2 7KEDEEDOTFRERLUTHEH ZEE2RLE,
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NE PR $U%9 T D B EHER D 7o 8 D ExiE REREHE
EXRFE I LE T8

1. iR

JEFFHEIFKITICH 2RI T 2 HE, BREICDWTIIBEICEZ < DRI NH B0, —7H,
BEERGEEH - LHIEM DN, TOEBEL T, EFFOMETHRESN
DR ERBNCERGKNE N &, FLTEHARNOOES, /1‘7Z£< BT S
RO MMICHRERBROEST O VRS AHLERENARFEIIR->TLES D LR
bhn, EEFEZFILENC | tBEEORE CHARROBREMEEZH DN - LM, £I T
EIBR/2 BB AT E O least favorable case WX BB NIIHRLIZTFE, HiIRLIBEOELZE
HMENZEC T 5 maxmin BE (G/MEH B KEBE) 28 W= (Hirotsu & Herzberg, 1987;
Hirotsu, 2001 BMR). FEEKZBROSH T, E0dbd I LHKDIHE L THER
R ERT ZENRDOND LERFIC, BMRKEEAROHANRDONS. ZOLS5
BEWT, MEORIBDZEZRRLLZEE, CONMOKEIZARERED ORI EEDIRS &
mv%xﬁﬁﬁékéh% Aiwd Z DEZ ZMMERGOBREICHERET 5.

2. Rk
| TREDET I

yu:ui+8”,i:l,...,a,jzlj...,nl
ZBWT, MRS
H: }'l’H.z- 2}l,+|+ul'_<_0, = L...)a__z

T B8 maxmin MEEE XD, Thbb, BRERK n25156Nk-b0ELTh,
)]
EEEsEZE25. KH Hiam#zal, 20420 a—F—~x7 kL
m,k=1,-,a-2, OEkERIC, EHELERELT
Ck{za—k“1+J)’k+(k_j+1)xk}jsk,
C.{2a-k-1+jy, } j2k+1
THEALGNS. =ZIEL,

x, = —ala-DHkE+1)} y, = ~Ba-2k-1)/(a+1)

THs. Thbb, M IdkE2EETH5A0-TEETINERRTSENDFEND
%(Hirotsu & Marumo, 2001). Z Z°C, Hirotsu & Herzberg(1987) IZ{EVy, #REHE %
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Q, )“kmk)NQ,y
E&EL, I—F—RZ7 bivm,, k=1,---,a-2, ITHT5 B maxmin BEEEZX . 2772

L. N=diag{fn, ) 0" itz (a-2)xa ERITH, §RBRETEHR7 Bb, ZLT

Ald Lagrange RERKTH 2. TOMTaDEICEKFEL, KRETa<le DHH DHERIC
DWTIENS.

3. a<16 DIFADER

£9, maxmin OHENSn, =n,  OWZ, EHROI—F—RT P, DD k=1
BLW a2 B least favorable case, M DOBBHEMNA =L, , , TOMORIT 0 TFASH
BIENHMB. TOEE, MIFHm, KNTDRELEEZYy, £TDHE

1,=Cala=1) 42 /116 — (o, —n/4¥ }

Y :C&nlxk{~k—f-IZ(kn1 +(k—1)12+---1nk )}, k=2, ,n—=2
L7325, B5MIT least favorable case Mm=n/4 TREMLIND MDD, FOMHMO
KEIZXT D n ERER Y, 2y, el THBE TREREOR/IMRHNZ FH D Z &72<
BHICEND, ZORTHHOFKZTRTO0 EL, FRIZ n2 ZEFT DDA overall D
Bk TOREARBE(CETEIZRS.

4. ER
BERBNRETERINIBREANOR/NMEZETIE D 2 &<, EREZMERZ<
BORS EVWSUPOERITERTINZAD, KRORIBVWTHERARMOFEEERA LD &
WHEEBTZ2HENHS.
(1) MFTBRTEMN least favorable case T HRBAIRE TR WD, T I THILMBILD
< ETHE maxmin RETH 5.
(2) least favorable case W@ DEIZL > TEDS.,

Sk

Hirotsu, C.(2001). On an optimal design for an isotonic inference. To appear in
J. Statist. Planning and Inference.

Hirotsu, C. and Herzberg, A. M.(1987). Optimal allocation of observations for inference on k
ordered normal population means. Australian J. Statit., 29, 151-165.

Hirotsu, C. and Marumo, K.(2001). Changepoint analysis as a method for isotonic inference. To

appear in Scandinavian J. Statist.
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Balanced (Cs, Cy)-2t-Foil System

Kinki University Kazuhiko Ushio

1. Introduction

Let K, denote the complete graph of n vertices. Let C} be the k-cycle. The ((y, C4)-2t-foil
is a graph of ¢ edge-disjoint 3-cycles and ¢ edge-disjoint 4-cycles with a common vertex and
the common vertex is called the center of the (Cs, Cy)-2t-foil.

When K, is decomposed into edge-disjoint sum of (C4y, ('y)-2¢-foils, we say that K,, has a
(Cs, Cy)-2t-fotl decomposition. Moreover, when every vertex of Ky, appears in the same num-
ber of (('3, ('y)-2{-foils, we say that K, has a balanced (Cs, (V4)-2t-foil decomposition and this
number is called the replication number. This decomposition is to be known as a balanced
(3, Cy)-2t-foil system.

It is a well-known result that K, has a (3 decomposition if and only if n = 1 or 3 (mod
6). This decomposition is known as a Steiner triple system. See Colbourn and Rosa[l] and
Wallis[3]. Hordk and Rosa[2] proved that Kj has a (s-bowtie decomposition if and only if
n =1 or 9 (mod 12). This decomposition is known as a bowtie system.

2. Balanced ((3, (’y)-2¢(-foil decomposition of K,

Notation. We denote a ('3, (y)-2¢-foil passing through ) — vg — 13 — 11 — 14 — 15 — v — 11,
U] — 07 —Ug— U] —V9g—Vp— V11—, V1 — V12— V13— V1 — U4 — V15— V16 — U], vy U] —U5—3 — Ut—2—
0 = Vg1 — U5 — Usp 1 — 01 by {(v1, 09, v3), (v1,v4, vs,v6) } U {(v1, v7, 18), (01, 09, 110, v11)} U
{(v1,v12,013), (01, 014, v1m, 016) F U o U {01, vs—3, tsi—2), (01, Usi—1, Ust, U501 1)

Theorem. K, has a balanced (3, (1)-2t-foil decomposition if and only if n = 1 (mod 14t).

Proof. (Necessity) Suppose that Ky, has a balanced (Cf, (V4)-2¢-foil decomposition. Let b
be the number of (C3, ('y)-2¢-foils and r be the replication number. Then b = n(n — 1)/14¢
and r = (5t+1)(n—1)/14¢t. Amongr (Cj3, ('1)-2t-foils having a vertex « of K, let r; and rg be
the numbers of (('y, (1)-2¢-foils in which v is the center and v is not the center, respectively.
Then r{ + 79 = . Counting the number of vertices adjacent to v, 4tr; + 2rg = n — 1. From
these relations, 71 = (n—1)/14t and ro = 5(n—1)/14. Therefore, n = 1 (mod 14t) is necessary.

(Sufficiency) Put n = 14st + 1. When s = 1, we consider 9 cases.

Case 1. n = 15. Construct 15 (C, C4)-2-foils as follows:
By={(i+1,5+7),0G,i+2,i+13,i+3)} (i =1,2, ..., 15).

Case 2. n = 29. Construct 29 (Cs, Cy)-4-foils as follows:

B; = {(i,i + 1,4+ 12), (3,4 + 3,4 + 24,4 + 5)} U {(3,5 + 2,5 + 15), (4,1 + 4,7 + 26,1 + 6)}
(i=1,2,..., 29).

Case 3. n = 43. Construct 43 (C3, C4)-6-foils as follows:

By = {(6,i+ 1,0 +17),(i,i + 4,0 + 35,5 + T)} U {(6,4 + 2,3 + 20), (4,3 + 5,4 + 37,i + 8)} U
{(i,i+ 3,0+ 22),(4,t + 6,7+ 39,:+9)} (i =1,2,...,43).

Case 4. n = 57. Construct 57 (C3, C4)-8-foils as follows:

B = {(,i+1,i+27),(4,i + 5,9 +46,i +9)} U{(4, ¢+ 2,4+ 23), (4,7 + 6,7 + 48,7+ 10)} U
{(4,i4+3,i+25), (i,i+7,i+50, i+11)} U {(i,i+4,i+28), (i,i+8,i+52,i+12)} (i = 1,2, ..., 57).
Case 5. n = 71. Construct 71 ('3, (/4)-10-foils as follows:
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Bi = {(i,i + 1,5+ 34), (4,4 + 6,5+ 57,i + 11)} U {(i,i + 2,0 + 28), (i,i + 7,1 + 59,4 + 12)}
U {(i,i + 3,7 + 32), (3,7 + 8,7 + 61,5 + 13)} U {(i,i + 4,4 + 31), (4,4 + 9,3 + 63,0 + 14)} U
{(6,i+5,%+35), (4,4 + 10,5 + 65,i + 15)} 6 = 1,2, ..., T1).

Case 6. t =2 (mod 4), t > 6 and n = 14t + 1.

Construct n Cs-t-foils B; (i = 1,2,...,n) as follows:

Bi={(,i+1,i+ (250 +2)/4), (5,0 + /2, + Tt +1), (i,i + 1,1 + 131/2)}
U{(,i+25,i+11t/2+5) |1 < j< (t~2)/2}
U{(,i+254+1,i+ (18t +2)/2+4) |1<j < (t-6)/4}
U{(6,i+1/2+25,0+ (27t —2)/4+7) | 1< 5 < (1—2)/4}.

Construct n  Cy-t-foils Bj (¢ = 1,2,...,n) as follows:
Bi={(,i+t+ji+ 11t +25,i+2t+j) |1 < j<t}h

Construct n (C3, Cy)-2t-foils B; U B, (i =1,2,...,n).

Case 7. t =3 (mod 4), t > 7 and n = 14t + 1.

Construct n Cs-t-foils B; (i = 1,2,...,n) as follows:

By ={(i,i+ 1,0+ (25t +5)/4), 6,0+ (t— 1)/2,i + Tt + 1), (i + 1,7 + (13t + 1)/2)}
U{(G,i+27,1+ (AL +1)/2+7) | 1< i< (- 1)/2}

UL +27+ 1,14+ 13+ 3)/2+ )1 1< < (t—-T7)/4}

U{(, e+t —1)/2+25,4+ 2Tt —1)/4+) | 1 < j < (t—3)/4}.

Construct n Cy-t-foils B (i = 1,2,...,n) as follows:
Bi={(t,i+t+ i+ 11t +2ji+2+ )| 1< j<th

Construct n (Cs, Cy)-2t-foils B; U B} (i = 1,2,...,n).

Case 8. t =0 (mod 4), t > 8 and n = 14{ + 1.

Counstruct n Cs-t-foils B; (i = 1,2,...,n) as follows:

Bi = {(iyi+ 1,5+ (25t +4)/4), (i + (t — 2)/2,8 + 78), (i, 8 + t, i + 13t/2)}
Ui +2ji+ 1142 +5) | 1< 5 < (£ - 2)/2}
U{(,+25+ 1,5+ (13t +2)/2+4) | 1< j < (t—8)/4}

U{(, 5+ (t—2)/2+24,i+ (27t —4)/4+ ) | 1 < j < t/4).

Construct n Cy-t-foils B} (i = 1,2,...,n) as follows:
Bi={(,i+t+ji+11t+2ji+20+5) | 1< j <t}

Construct n (C3, Cy)-2t-foils BiU B; (i =1,2,...,n).

Case 9. t =1 (mod 4), t > 9 and n = 14¢ + 1.

Construct n Cy-t-foils B; (1 =1,2,...,n) as follows:

Bi = {(6,6+ 1, + (25t + 7)/4), (5, + (£ — 3)/2,4 + Tt), (6,6 + £,4 + (13t + 1)/2)}
U{(@E,i+25,c+ (11t +1)/2+4) | 1< < (t=-1)/2}
U{(i,i+2j+1,i+ (13t +3)/24 7) | 1< j < (£ — 9)/4}
U{(Gi+(t—3)/24+25,i+ 271 —3)/4+j) | 1< j< (¢t~ 1)/4}

Construct n Cy-t-foils B} (i = 1,2,...,n) as follows:
Bi={(,i+t+j i+ 11U +24,i+2t+7) | 1< j <t}

Construct n (C3, C4)-2t-foils B;U B} (i=1,2,...,n).

By Cases 1-9, Ki4t11 has a balanced (Cj3, Cy)-2¢-foil decomposition. Therefore, in general.
when n = 14st + 1, K, has a balanced (C3, Cy)-2st-foil decomposition. Decompose each
(C3, Cy)-2st-foil into s (C, Cy)-2t-foils. Then they comprise a balanced (Cj, Cy)-2¢-foil de-
composition of Ky,. This completes the proof.
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HOf 7 0w 7 OA BT

FHEHTRR (IL#eA# - 1)
EREZL (FERX - e

1 FF

ABETHOME Y 57 OBA LTHEEER S BTy 7 OBEICHBEL TOEETH S, A
EEXITH L, BEX® = {{i,j} C X|i £} 2EDB. X & XD OEsHES E 0%t (X, E)
BTSTERR, |X| 2IDTSTDMEEND, 570 =(X,E)IZRLE=X® -FE %K
DHERRENZT 57 (X,E) 3G ORTS7EEEN, G EENMNS, V57 G EFDHETS T
GH RS GIEETHI S 7L hbing, SOEKENT A—5 ETHECHT S 7O
BT Read[2) ICE D HA SNz, TR ZE DWW > 2077737 oy 7 Enbib, &
ITIRREFI RN T A—F ETECHM T Oy y (TOvwVBIECHT S 7)) oA EWTF2F5,

X={1,2,.,n}, Y={0,1} &L. B f: XO 3V I n D1 D2DF 57 Q(f) £2ET.
TIT2 AOBERRIE T} WG) OB s f{i,j}) =1) TH3. BafHEERTST7EE
o AZX LONTHEEL., ae AL XO) LB o % o'{i,5} = {4, a5} {i,7} € X))
kD EDD, AB = {o/|a € A} INBEEIHIND, BEY FOMHBEET S, ac 4,8€ BT
L YX? LoB (o) 8) % (o 0)){5,5)) = Bf{ai,ai}) (FeYX?, {ij}ex®) iz
XouEws, BA” = {(o/;B)|a € A,8 € B} 1 YX? LOEREEIND, V57 FITHL, f
MECHS S T THDIDDRBEIEMNT (;01)f = f 2= JE# a e ANFETHZET
BB, 72U LLIRY DITO0 L 1 ZRMTHBERTHD. O flid(o;6) OEETEHING,

A DEBEW o 13BN FESERVIKEIBEROBIZAHEL . jr(a) ZES bk OKEBEOEK
93 (k=1,2,...,n),

#WEE 1. nZn=01(mod 4) ZWMZTHRKETS., Zn&x. BA®) Ot (o;8) NEETE
H O DHREADEMEIEE=2,3,...,niTxXFL

>1 k=0(mod 4) D&E

i <1l ™D j
Ji{a) < J’c(a){ =0 FSTHRNEE

MDD ETHS,

I THEIBEROEREHET D, J7805 z ZIEEMRE LT 2z WOBRFIDXFN 2 OF TR
INTIE B X DT 2 20T %, KEER z OEEEREOMNBICH BLFOEEE e(2). TEEH
DITBIZH B XFEDEESE o(z) EEL,

BRRECE DOLERB R = Z[11, 00, ..., 2] IO, B w:YXY 5 R %

wf)= ] (@)D, fey*®
{i,j}eX@
ENEDD, Z0EE, w(f) KBTS z; OIHIIT T 7 f O~ OREKEH DT, HE1O
BRER 2/~ A DEH o 1TL Z¢, Z, ETNTNa OES £,m OEWISHEOXFE bR
WKEIBH L5, ZOLEEIDDORNEEERTS .
D E>1. m=10EE, Zn=() EBOTR@Z) ={ [] o+ [[ =i)ef

i€o(Zy) i€e(Zy)

-~713—



({f>1, m>1D&E

FZ,Zn) = {(]] = Z 5+Hz Hmz ™ 4
i€o(Ze) i€e (%) j€Zm
m 2¢ 2¢ (£, m
[[=77C I =57+ I =)
€2, j€o(Zm) j€e(Zm)

ZIZTdl,m) 3L &Em ODERNKETH S,
(e >1oex, B(Z) =24 [[ e} I <2+ I «B5{ [ =+ II =)
€2, i€o(Zy) i€e(Z,) i€o(Zy) i€e(Z)

757 OREFNIEHEIERIECFHRREND, 5X 6217’“’4(%(5711’& HOMEn CHORY 5 7
OIEEE ET HREBEE Clr1, 29, ., Zn) &F 5, ZIT 271 :Bz ~zf‘;‘ (dy >de>--->dp)
DFEBILIKRES dy, ds, ..., d, ZBDBECTHT S T7DEKTH S,

MIHEMRG: R— RERDEDITERT %. 013, R @%ﬁ@“‘ti’é{&@iﬁk Iz~ & LT
FERERRDIBEICE XM BEREZET S, EXL0(zizlin,) = oizdaia) 25,

Parthasarathy and Sridharan([1] iZH E’Fﬁﬁ*i T OA BT E LTI

C(z1,Z2, -y Tn) = Z Z f(w(f))

€A f=(a'if1)f
BERIZ, 22T Y. w(f)=
(a3B3)f=f
[I1RGE)- I B2, 2. HF3(Z1 a MR 1 OUEERE HD L,
— Zy Z4,Zm
) II 1.!4“2(2,,2,,1)-1"[173 Zy), a VRS 1 OKEBE#E b/ & &,
Z4,Zm Z

2 HoO#7Ovoo#x LT

B(z1,T2, .y T,) ZA#n OECMHTOv Y O LFE 52 5RHEET S, ZTREz 232 . g%
DREGIREF di,da,dp (d1 2 de >+ > dy) EODECHT T 7 DERES A S, RO
BEEH5A5,

HWE 2 G2UE >4 DECHI S 7ETB, ZOEEENT Oy TS, Gkl
DREEDLEL<EDH 1DIEDH D,

ZOBEIROZEERLTNS I L OFZEDEL ED 1 DIFHDEEHMS T 714, Clay, ... zn)
IZBNT 2, DN 1 THEEICHET 2. COZEIPROFEEREEL,
EIE 1.

a:,.:O) ’

Z’_-:T }i z, WL TD C(m, ..., z,) DRWH TH S,
?%Iﬂ

(1] K.R. Parthasarathy and M.R. Sridharan, Enumeration of self-complementary graphs and
digraphs, Journal Math. Phys. Sci., Madras 3(1969), 410-414.

[2] R.C. Read, On the number of self-complementary graphs and digraphs, Journal London Math.
Soc. 38(1963), 99-104.

B(zy,22,...,20) = C(T1, ey Tn) — Ty (

9z,
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% 5 D Graph design DIFEM
BEIDK - T RESEHE
1 FU®IC

NRTCORL D 2 HEDIENAFAT (edge, i) DESELETH, TDELEK, =
(V,E) * THRB v DRET T 7 LR, RiCw it EPH Z~DODEHE L,
wle) TBNEALIFER. ZDLEG = (K,w) 2EAMFETI7G¢L
R, wie) B—E (=) DL & (K,,w) DXL DIZAK, LEL 2 LT
L. Fl, BAFTETTT G =(Ky,w) &G = (Ky,w')DHGUG %
(K, UKy ,w+w) EEHET S, 7271, K,=(V,E), Ky =(V',E')
FLTC, K,UKy = (VUV,EUE') LEFKTH. 72, ee E'\EDL
FwEe)=0LEHRTH. JIZOWTHREEETH 5.

Th. @it K75 K,~OERETE. COLEFERB={p, 0}
PAFAEL, U 0i(Q) = MK, PR D LD L & MK, & G THEIMiEE v
V, (V,G,B) 2 8BHANE D G-FHFA Y ThHHEVS,

2 BREEZHWEG-TYA OERE

q @B, GF(q) e BRE M qOFRIE (7))L, V=GF(g) &
T5. T2, ax GF(@DFEIRILETSH. LI, mlg—1D& X2 H =
{a|t=1i (modm)} &B&, H™ ={H" H" - H' }T5.

G=(Kpw) *EARETTTEL, E% K DIUDESET D, KT
% K, b GF(q) ~\DEZRDOEELL, o e @I L B=9Q) T
5. ecBEEL7LEBETe TS GF(Q) Lo%kz, y&T5.
Dk &

2 z-ye M 2 y—ceH"

xile) =¢1 z—yeH* i y—zc H® DL L IL—F WKL
0 Fhlist

EEFRTDH. DL EROERNY L.

EE 1 ITXNTD0Si<m—-1EBNTY pwlelx(e) "—E(=A) &
B BAIFETHES, B={hB+ulhe HP z € GF(g)} LBIFIX
(V.G,BYIZEAHN b DG-TH A k.
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¥/ -1cHr DL & B ={hB+z|he Hr/{l,~1},z€ GF(9)} &
THIE(V,G,B) B &EHS 2db2G-THA v Lk b,

3 G-TFH¥A L OFEHEMN

P. k1, ,r b b5 T@ﬁ/\{(z])|1<z<3<r}&@‘6
C’%Prf)‘%Hm’\@—?-fgﬁc‘:TZ). ZDk & (a,a9, - ,a.) € GF(q)" WF
ClZDOWT consistent THH L, TXTD1 < i< j < r X LT
a; —a; € C(i,j) PHALTHZ L THA.

R.M. Wilson {2 & D KOFEFHONT WS,

F5H 1 (Wilson (1972)) ¢ =mf + LEEHNT, ¢>m D &5 5.
TDEEEENES CIZB T consistent %% (ay, a9, - ,a,) C GF(q) #*°
FIET 5.

COWEIEZAVAIEICLVROERZHS.

TE 2 G=(Ky,w) 3BEAFESI77L L, E% K DIBOEE, W=
Zw(e)>0’i’f§g%\®fﬁﬁﬂ<‘:’d‘5. 72 {w,we, o, wat B GORGDHE

eel

BOEEEL, {n,ng, - ng} E»Dw; (1< < d) £%D GOLOHK
Y5, M%At%&@rk ML, aEEnL Em =T, HH
DrEm=2rT5 CEEPLH~OERLL, i % Cle) = H
L BAEAw OLOKET S, SHICTOVWT NP OEE T
LT 5.

(i) g PEHFRHINT L FEHOL &
d
ijﬂgi)=)\o (1<i<m), ZM; =n; (1<j<d)
=1

T REEER LD 1<i<m 1<j <d) DPHET S,
(i) g FHEHNC L FFHOLE, g 20MRDL &

d

5 A
ijug):?o (1 <i<m), Z =n (1<j<d)
j=1

E7 T REEHR LS (1<i<m, 1<j<d) BHEET .

:@k%qﬁq>(%)k”%ﬁ%T$ﬁm S, B, Mg—-1)=0
(mod 2W) % iz & ERAHAND G-FH 4 VI FLET 5.
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DNA library screening M7= 0 combinatorial design
Wi BCRE, BXAEE SEHE, 0RO RE— (BEISOK - BET)

e-mail: jimbo@math.keio.ac.jp

DNA library screening Thd, 72< SADHEIF| (A, T, C, G DF) OH» 6
3 BRIk U TR (positive) SOG Z2 R #3651 & SLHI9 A X <177 b
na. TOTA OIS, v OB E—2>—DFT XA M DL vEDT R
RS BITR D0, FREOBIINEDLEDITELDTED IV —FITHR LT,
BOSRREAT 2D &, EDTN—T03BEME (negative) Th o 72 BAI21E, Al
WSO ORMEE 1IBDOT A R THETED. ZOHEEINV—TT A
N &FEA TUV A, DNA library screening CiE, X1 @ &L 5 72 microtiter plate
ETREIL D 2 IRTCECFIDE AR v (well & FES) [CHIESE AN T PCR%EE
TR X 2 J51E THIILF D clone 72 < S AMEYD, 1ELHLTZ clone #£1T, %41
T ITN—T e LTI N—TT A NEITH. ZDOTFT A MT positive & X
72 clone (3T positive TH DA &, TILE Hid negative THH A, FHL
7' —71Z positive D clone Z3RIE L TV =72 91Z positive L H[EENDEE
BHb. FDHITN—TF A FTpositive & HE X7~ clone IZ2W\T, 2B
MEH T 4127 &2 R &1TVY, positive 72 clone 2 LT HESIR G Z L 23
£\, ZDJiE% Basic Matrix method(BMM #RER) & FES.

X 1: 8 x 12well Z & -2 microtiterplate

BMM iRBRIZIEWT, T A FOEHEHEHRDRY DR §2Z L LE
THY, TOEDIZE1IBEBETOIN—TT X MZOWT, unique collinearity
condition & FHENDMEED L DT L BNBR I 5.

(C1) Unique collinearity condition: & ® 22D 725 clone bEF|D
[} CAT A CHDWFRA TR 2 LETORET 5.

umque collinearity condition @ 2 EiE1E Balliot et al.[1], Berger[2] IZ & ¥, &
R2b—varhHbd RIS ATWS
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W%, DNA library screening Th¥, Gl (= v ) OHEEFINT R b sh
BT ENDR R, FDY, %< @ microtiter plate BRHWSNBD. £D
Bz, KHIER, BEAE (= t) O plate DITEFITT A h &, ZHHDT =
RO 2t &2 D bhbhOvIial—vaitdy, FTROMERL
FETHHZ LRRHB I T

(C2) Equal replication condition: & clone b [\ Ul (= ¢ 14]) §°o
plate IZEE s 2.

F72, Berger[2 12 &Y, FaEREIIDY A X1 x ¢ I L UE# 7R replication
DEF t1X, clone DD positive 72 clone DILE pIZ Lo TRE S Z L AR X
TN AB.,

Hwang[5] 1, v =rc D¥-AIZ, square lattice design ZAVD T & A HEREL
7. square lattice design i35 (C1) ZWiR L TED, v = rc THDHZ & &
D, (C2) bHARICHMELTWD Z &230h 5. Fu, Hwang, Jimbo, Mutoh and
Shiue[4] 1%, v > re AT, K, x K, decompositon of K, &> 2 MG
W% BMM BRBUICHAWD Z L 2BEL, W OO RIER L2 7. K, x K,
decopositon of K, 1 (C1) D&M~ 3. Lo, (C2) D&MHFITAESEH
WEBRIZIEmiTe S D28, — ORI E AW ZBRITE, T L bl S 220,

ZZ T, (Cl), (C2) D&% i 7 a resolvable K, x K, packing (into
Ky bWoltE&E=Z®m L, ZOMEEREL DNA library screening {25
TEEREEL, TOMKEELXD.

S 30k

[1] E. Balliot, B. Lacroix and D. Cohen (1991), Theoretical analysis og li-
brary screening using an N-dimensional pooling strategy, Oxford Univer-
sity Press.

[2] T. Berger, J.W. Mandell and P. Subrahmanya (2000), Maximally efficient
two-stage screening, Biometrics, 56, 833-840.

[3] D-Z. Du and F.K. Hwang (2000), Combinatorial group testing and its
application, World Scientific Pub. Co.

[4] H-L. Fu, F.K. Hwang, M. Jimbo, Y. Mutoh and C.L. Shiue (2001), De-
composing complete graphs into K, x K_’s, submitted.

[5] F.K. Hwang (1995), An isomorphic factorization of the complete graph,
J. Graph Theory, 19, 333-337.

—~718—



T7ANERDZD DT ) —THEREE S X T A

BREERAY BIPWER KRAHAT
e-mail  emiko@jimmy.math keio.ac.jp

TV UIA N BER

1. V=T8S AT LOHE

BHOI-—Y—TII—T2ED. BEHETEHILE2EZ S, 82, ThThONV—T
THERT D, TOHE, 1—F 13, BAVNEBELTWBY ) —THo@g%xEs L rdhidss
B, Ll ZZTR, 2—Y—-RBEB20WEROAEREL, ThEfo>T,. I —7§
REHETAIELEERD,

A—F = V-7 THEREZERTIHE. BOONMELERL. 1—HF—1T. 2 EE
ICRERZEZMIDZEIZXD. HERERDENBLDICT S,

IIN—71 TIN—-T2
P1 : ®’¥ BXAs P2 : &
1 : EET wWER b a?: @t

268 Kb

Czh

wegd rc
KRR Kic

AEhA
WER ra
2R Kla

TN

Czh

BEMR rc
KRR Kic

DEA

HER d
2@ Kid

FEA
weg of
wE® KIf

1 : N—TRBES T A

2. I —T7#%ERT 0N I)V(Burmester & Dexmedt D 7 %)

T2y —E REPP>r) EFOBEBTA BERT 5,
STEPI
Ba1-—H—=U(i=1-,n) 3. BERr(=1--,n"5z =a"modP Z5HEL. z, 270
—FFv 2 T3,

STEP2
BE1—H—U(i=1-,n)id. X, 25HEL. JO—RFFr 2 T3,
X, =(z,,4 /Zi—l)r' mod P
STEP3
Ba1—H—U (=10 Z—78K #5873,
K=(z_ )" X" X?--X_,modP

i+]
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3. N7 gRERTO NN DOHKEIR

B y—i. BEP(P>r) ETORBITA BERT D, (0, P-1)=1THBIE, )
STEPL
Bo—F—U,(i=1-,n) 3. WERrG=L-,n) "5z =a"modP 2EHEL. z, 270
—RFvr AT B,

STEP2

o U (i=1-,n) i X, 2FEL. 70— K¥yZ M T3,
X, =(z,/z._) " modP

STER3

ga—g-U(i=1-,nid. BOORHE#EK Z5HET 2.

K, =(z.)" (X[ X5 X ;)" mod P

ZZT. r-r =lmodP-1&9%.

4. 774 INDOFEFIZIDNT

HBHI—F— A PMEOLI—F—IZT7 7 ANV EXETZHES., 1—F— A 3. 7 —78K
TI7 A NVERBETZ, TLT. TOT7 7 MVHMOI—F—ONHE K bHNTD, 32—
Y3, AHBCESPORERr (=1 n)ENTBIEICED. FL—T8K 25
NTE, 771V EEBLL. RO ENTES,

BEEX .

EBP

A TAORRR
B TADLKR
D TADAHE
G ZADARR

B2: 77404 A
-

5. BEER

Mike Burmester, Yvo Desmedt: A Secure and Efficient Conference Key Distribution System. In:A. De
Santis(Ed.): Advances in Cryptology — EUROCRYPT’94. Lecture Notes in Computer Science 950.
Berlin; Springer 1995, pp.275-286
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BRRMAICK Y EREND quorum system D failure polynomial
EEX-BT RBif¥, LFREH

1. IL®IC

quorum system & 13, FED 2 DOEENETRNWLBERH S EHTHEDODENDE
BRTHO, HHHESRESBS AT LDOREFIZLBAINTVS ([5]ft). =D
quorum systems NEDREFRALZ L ONZHMTHHEHAEL LT, failure polynomial
% condorcet 233 5 ([4]). Maekawa([3], 1985) I& quorum system 125 PR & &2 -1 %
s Az B LR, Peleg and Wool([4], 1995) IZ & U condorcet DEHE % i/
TN ENDMo7z. Colbourn, Dinitz, Stinson([2], 2001) 1&, KD —&EIZ A =1
D (v, k, \)-BIB TH1 25 quorum system ZHRT D HEERE L. ZOFiE
T, NIA=F v,k DENREBD EEFEVFMEERRD, SBEREZANVWTE=3
MDD v <15 D BIB THA IZDWT failure polynomial Z5HE L7, ZDFEI
FEIHEMERDBOTHD—RDBIBTHA VICDWTHHTH S SN AR,

ARG TIE, FEBMZHNTBIB 7Y > S5k L7 quorum system D failure
polynomial IZ DWW TERT 3.

2. quorum system

XenflOoRORE, AZ X ORIESDE (m = |A|) £95. ADTEDOR
7% 2 DOMAERENETRVWHKBRHZZLTREDR S, (X,A) & (n, m)-quorum
system &IES.

—%, YEIEORDORE, BZY OHZEEDOE (m' = |B) £T5. Y OfF
BO2HZEUDBOT Oy 7 OEMN 1L ERSE, (Y.B) % (0, m')-covering system
ERR. F, v=1Y], BRY OLEOEEDE, Y OEED2HAEZEVDBDT
0w 7 OEMNTH DS, (Y,B) % (v, k, \)-BIB FHA > IR,

ZDEZE, (n,m)-quorum system @ dual system I (m, n)-covering system & 7%
LT ERFLSNTNS ([2). (v,k,A)-BIBTH 1 i3 covering system TH Y, D
dual system i quorum system &72%.

3. failure polynomial
Q = (X, A) & (n,m)-quorum system &9 5. X OEFTEGWITHL T,

. 1 WNA#0 foralAc A
fail(W) *{ 0 LR
LERTS. BRIIMILITHERp TRETDHENDREDTT, QD failure proba-
bility 1%

Fo(p)= 3 fail(W)p!"!(1 — p)(XI=WD
wWCXx

EEFEIND. ZOXREn Dp DEIER Fy(p) % failure polynomial EMER. 7z,
Z D& E QD dual system (Y, B) i (m, n)-covering system &£78%. Y OEFHEE
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Z, 0<i<m,0<j<nitHLT,

span(Z) ={B€B:BNZ#0}

a;; =H{Z CY :|Z] =1 |span(Z)| = j}|

EEEITDE, o

Fo(p)=)_) (-1)ai;(1 —py

i=0 j=0

7323 ([2]). Fo(p) # condorcet THDER, p< t DEE, Fo(p) > 0(n—o0) %
W ETHB. PG(2,q) MHEMENS quorum system I, ¢ = o0 DEEFIZ
condorcet DMBEZ W I 2N EBRHENT NS (4]). €I T, PG(t,q) iZBNT,
t—> oo DHEEEZD.

4. FREBMICEYERET NS quorum system O failure polynomial

Assmus and Mattson([1]) 12K D, perfect code D 0 TIRWER/NEADH SFHEEE
DT, BEER, MEEE7Ov I ERDE, TP 2 ERDIENHMENT NS,
W, t=20881213, Hamming code N2 DHITH D, BR/INEHDOFFEID
BIBTHA1 > Z2KL, EX 2" -~ 1 DNV ITFBOEH 3 OFEEL, PG(m—1,2)
DEFITHIST 5.

Z Z T, #4132, binary Hamming code M S54RI 17z (2™ — 1,3, 1)-BIB 751
T X D #ERE L7z quorum system IZ2DWT, m = 3,4,5 DFE D failure polynomial
B3Rz, Fx OFETIE, (15,3,1)-BIB 751 > 58 S 3172 quorum system
@ failure polynomial I3, FHEHERANTICKD S ENTER. 512, (31,3,1)-
BIB 7Y >0 5 E 172 quorum system IZDWTH, BHIZEBRKRL, 0
failure polynomial Z3k®7z. ZNH X0, PG(m—1,2)IZBNT, pNt3/hEnk
&, Fo(p) > 0(m—o00) MTEEIN5.

&3

[1] E. F. Assmus, Jr., H. F. Mattson, Jr., On tactical configutations and error-
correcting codes, J. of Combinatorial Theory, 2(1967) 243-257.

[2] C. J. Colbourn, J. H. Dinitz, D. R. Stinson, Quorum systems constructed from
combinatorial designs, Information and Computation, 169(2001) 160-173.

[3] M. Maekawa, A /N algorithm for mutual exclusion in decentralized systems,
ACM Transactions on Computing Systems, 3(1985) 145-159.

[4] D. Peleg, and A. Wool, The availability of quorum systems, Information and
Computation, 123(1995) 210-223.

[5] M. Raynal, Algorithms for Mutual Exclusion, MIT Press, 1986.
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H o & bIASNTNSHRWHIEIZZEITHI (Difference Matrix) EMEIEN 5 & 2R EHMHE %
o 1P 2@ HETHD. ZITIRETINCEZHEELID —RILLUZHEEHERIRETS.

2 HFEADTFT—ILTF

Y. S. Zhang 5IZL> THASNTNWBFIET, TH¥IT—IITH, HDHWIETHEZID —RIELLT,
ZTOMEEME > TERREMNEHERAL LD ELTWS. &7,

C= {1,—1} P X = {.’L’l,.’rg,...,.’tm}
XERETLDEREEZLSL. FLTCOCXx X FTROEDIIZHITE e« ZEHT 5.

e ifrx; =a;
c,x) e (¢, x;) = L J
caetie)={ o K0T
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HTH =mI
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D@ (z1,%2, ., Zm)

W&o THBEIZ n x nm OFEADT I —IITFINEKRTE 5.

FEAD T F =)V 752> LEREFOBFRKUBRIZRDOL DIZTS. £9, TOERRES
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EESD. $hbb, ADz, FlE HORET z; OFSITEDAL. ZEULEN -1 ORI 2R
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3 ZEOEXREFIDILK

ZOFEADT FI—VITF0OER LT ZEOEREFNOHERICODBEETESL D —MRIEL TAHALD.
SEDBETHIATS. WE C={£, 6,6} D3D0/REEEAD. chsid

0 0 0 1 0 2
50: 11 3 51: 1 2 ) §2= 10
2 2 2 0 2 1

Ihoz, ERDSANNDBREEZS. ERTEEFRGERT, HORGERDIEDHTES.
ZDHE {0,1,2} OTRTOMEFXN—EDIDHEN TN S.

WE {0,1,2} DEFENSRD, 2FNOEFINENDHBHETS. TLUTEDSZDDINEE S
CHITHBLETD. TITCOERALTOBIRE - EROEDICEHT S
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ZOETBII—RABICHZDN, BEEEHLIRN. ERETRTHS. BREESC ETIOE
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MAT, FEADT =T ZRKICEET 5.

EXEROIKICHED & 213, 2MEOBEREN -1 DL (0,1} DEERES LN, ZAE
BB {6 =1,6,6) BEEITIEIZEST, 2HEOBE LRRICHRBNAMRICERS.

4 BHEFRIINDA

CxX ETRLEZRZTDHEEIZ, 146, +6 =00FEE2MTMAIZN, ZORDDIZ, &+6=0
EL, FEADT7 YR —ITHADERZRDLDIICEETS.

HTH = pJ + (n — p)I

INEE, plRCEOR, JIETAT1OF.
ZDEIREHEHETCx X LOFTFA H #HRTHIECE ST, HHERTKIMNS, YA
XEERUBNEEERFNZERTEZENTES. MBI 0575 H 278 LTTE
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5 BEXH

[1 ] Y.S.Zhang,S. Q. Pangand Y. P. Wang, Orthogonal arrays obtained by generalized Hadamard
product. Designs, codes and finite geometries, Discrete Math. 238 (2001), 151-170.

[2 ] Y.S. Zhang, Y. Q. Lu and S. Q. Pang, Orthogonal arrays obtained by orthogonal decompo-
sition of projection matrices, Statist. Sinica 9 (1999), 594-604.
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