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Resolvable C-Foil Designs
—Tightly Balanced ('j-Foil Decomposition of Symmetric Complete
Multi-Digraphs—

Kazuhiko Ushio (Kinki University)

Abstract

We show that the necessary condition for the existence of a tightly balanced (x-t-foil decomposition
of the symmetric complete multi-digraph MK is A =0 (mod &) and n = (k — 1)t + 1.
Some sufficient conditions are also given.

Keywords: Tightly balanced C)-t-foil decomposition; Symmetric complete multi-digraph
1. Introduction

Let K, denote the symmetric complete digraph of n vertices. The symmetric complete multi-digraph
MK} is the symmetric complete digraph K7 in which every edge is taken A times. Let Cj be the di-
rected cycle on k vertices. The Cy-t-foil is a digraph of ¢ edge-disjoint C}’s with a common vertex and
the common vertex is called the center of the C-t-foil. In particular, the (Ji-2-foil and the C)-3-foil
are called the Cg-bowtie and the Cy-trefoil, respectively. When MK}, is decomposed into edge-disjoint
sum of (/-1-foils, we say that AK}, has a Ci-I-foil decomposition. Moreover, when n = (k — 1)t + 1
and every vertex of A\K} appears in the same number of Ci-t-foils, we say that AK, has a tightly
balanced Cy-t-foil decomposition and this number is called the replication number.

This decomposition is a type of resolvable Cl-foil designs.

2. Tightly balanced C)-t-foil decomposition of symrnetric complete multi-digraphs

Theorem 1. If MK} has a tightly balanced Cj-{-foil decomposition, then A = 0 (mod k) and
n=(k-1t+1.

Proof. When n = (k — 1)t + 1, we suppose that AK] has a tightly balanced Cj-i-foil decomposi-
tion. Let b be the number of C-t-foils and 7 be the replication number. Then b = An(n — 1)/kt =
Mk—1){(k=1t+1}/kand r = {(k— 1)t + 1}b/n = Ak — 1){(k — 1)t + 1}/k. Among r Cy-t-foils
having a vertex v of AK}}, let r{ and r9 be the numbers of Ci-t-foils in which v is the center and v
is not the center, respectively. Then r; + r9 = r. Counting the number of vertices adjacent to v,
tr1+72 = A(n—1). From these relations, 71 = A(k—1)/k and re = A(k—1)¢/k. Thus, X\ = 0 (mod k).

Theorem 2. If MK, has a tightly balanced Cj-t-foil decomposition, then sAK? has a tightly bal-
anced Cy-t-foil decomposition.

Proof. Obvious. Repeat a tightly balanced Cj-t-foil decomposition of MK}, s times.

Theorem F. Let p be prime and a be integer. Then P = a (mod p).

Corollaly F1. Let p be prime and (a,p) = 1. Then ¢?~! =1 (mod p).

Corollaly F2. Let p be prime and (a,p) = 1. Then sa? "' =s (mod p) for 1 < s < p— 1.
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Definition. When sa™ ! = s (mod n), let a; = sa” ' mod n (i =1,2,...,n) for 1 < s <n—1. Find
the first i (¢ = 2, 3, ..., ) such that a; = s. Put the ¢ be L.

Then the sequence a;(= s), as(= sa), az(= sa?),...,ar(= s) is called an L-orbit starting s.

When there exist (n — 1) L-orbits starting 1,2, ...,n — 1, we say that n admits L-orbits.

Note. Let p be prime. It is a widely known result that p admits p-orbits and that a is called a
primitive root w.r.t. mod p.

Theorem 3. When n = p = (k — 1)t + 1, kK has a tightly balanced (x-t-foil decomposition.

Conjecture 4. When p = (k— 1){p +1 and n = p® = (k — 1)1 + 1, kK has a tightly balanced
C)~t-foil decomposition.

Conjecture 5. Let the orbits starting 1,2, ..., n—1 be Li-orbit, Lg-orbit,..., L, 1-orbit, respectively.
When n = (k—1)t+1and Ly—1=0 (mod k—1) (1 < s <n—1), kK} has a tightly balanced
Ck-t-foil decomposition.

Theorem 6. 3K3,, | has a tightly balanced (3-t-foil decomposition.

Table 6. Tightly balanced (j3-i-foil decomposition of 3K3, ;.
k=3 t=2 3456 78 91011 121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30
n=295791113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

Main Conjecture. MK} has a tightly balanced Cj-t-foil decomposition if and only if A = 0 (mod
k)and n = (k- 1)t + L
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Split-block designs and PBIB designs

KB -T #R &KX
KERRFSIK - T FBX &£

1. ¥

ISBDDEFINELT, LUBEHEVFBYT, Toy 7 HR, THR, NHRIBERLETSH S
REETIVEEZD. &1z, SEMORERL, (1) 7oy ORERL, (2) 7oy 7 OFDIT
DIEIERAL, (3) 70w 7 DFDFOHEIERAEEZEZL S, Multistratum FHTIZH T, stratum
TEHITIN AL, Ay, Az, Ay i

1 T 1 1
A, = —N,N|,--7J,, Ay,=-N,N, - —N, N/
1 pq LR S 2 q 21N 2 g 119

1 1 1 1 1
Az = -N,N, - —N N}, As=rI, — -N,N, - ~N;N; + —N, N}
poas T N v e T g e N T o N

IZ&->THEALNS. N, Ny, N3 i, LBHEEET oy, 17, FIOEETIITHS. &,
Ag/r (f=1,23,4) DEFME% stratum efficiency factor &\, ZIUIKIGTAEENS b &
basic contrast &l 9. Hering and Mejza (2002) i Group Divisible # PBIBD D7 B X v %7 —
BZMTISBD Z#MK L, £ stratum efficiency factor 254X 7c. Z 2T, Triangular B
PBIBD %AW T ISBD %ML, €O stratum efficiency factor 252 5.

2. Triangular #4 PBIBD

Triangular ¢ PBIBD O#¥&1T5l% N &L, 27V YT —¥ a v{75l% Py, Py, Py &F
5 &,
NN = rPy+ M\ Py + APy

THYH, NN DR bR
NN’ = (P + (P¥ + (,P¥
IZ&->TEASNS. iz, OB w P Triangular B7YV VYT -V 3V 2AF—LD nxn OES
ED s1TtoicdhsrLE, TOURBEHE a, i
Oy =05 +0; + 05t

BHENHHEELEZD. ZIT, 6, (s=1,2,---,n) BEHR, 6 (s#£1t,5,0=1,2,--,n) BX
EERYGRETHH, £

n .
ngzou Jst:(st,s» Zést:Os (S,t:1,2,"‘,n)
s=1 t#s

WM LTnBET 5.
EE 2.1. NN, ‘i@%"fﬁ Co, Cl, (2 %:’%)15, %@E@Eli%ﬂ%ﬂ 1, n — 1, 11(71—3)/2 'C’}j 5.

EE 2.2. PPa=0ThV, P¥a, Pfa BENZNEHRG, (s=1,2,--,n), XEfFRAHR

85t (s#t,5,t=1,2,---,n) D contrast #&3. I T,

~—

[¢3]
(23]

Gy

TH5.
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3. ISBD DRk

2 D0 Triangular # PBIBD D4, Dp D#EETIIE Ny, Np & L,
N:=N4@Ns
EUT, ISBD D R#ET 5. TAE, FILNEOLBEIHRE, BIHERKIC,
y =05 + 0t + b1,
&L, ISBD ORBEHR -, %

Bi = @s + @ + Ui

T = 405 4 0+ 05t + ot + o0+ Vsipr 4+ (00)ss + (09)ser + (00)ts: + (0)eer

ETH. ZIT, (Be)ee (s=1,2,-,n,8' = 1,2,--,m) RATLEOEHREFMED EFHROD
SEERYETHS. NN, NgNy DRRY Ma#E

N N, = on# + lef +ngf, NgNjp = 50R# + 51R;1¢ + ézRg’t
&L,

1
T2

ET 5.

EH 21, EHE 2205, ROEENMELNS.
EE 3.1. NN, BREHEE webo, wolt, woba, wilo, wify, wila, walp, wall, wabz b H, %
DEHEER 1, m -1, m(m-3)/2,n—-1, (m=1)(n~1), m(m —3)(n — 1)/2, n(n - 3)/2,
(m=1)n(n~-3)/2, m(m—3)n(n—-3)/4 TH5.

TE 3.2. N,N, IZEHM ralo, raby, rals 215, TOEHEEII 1, m -1, m(m-3)/2 TH
3. N3N4 i EEME rpwo, rpwr, rews 265, TOEHEEWE 1,n—1,n(n-3)/2 TH 3.

EE 3.3. N,N|, N,Nj, N,Nj 2N EHRRIAETSH 5.

TH 3.4. (QF @ R¥)r =41, (Q¥ @ R¥)r = (Q¥ 9 R¥)r = (QF @ R¥)r =0 THY,
(@f @ R¥)7, (@f @ R¥)7, (Qf ©RY)7, (Qf @ Rf)7, (Qf ®R)7
RENTOTREOIHIR 0, (s = 1,2, --,n), ITREOREIERYR 6, (s £1,5,t=1,2,---,n),
FIMBOERR o, (s =1,2,---,m), FILBEOREERE o (' £1,8, 1 =1,2,---,m),
TLAEOENRELIINEOEGHROZREEAYRE 0p)ss (5= 1,2,---,n,8 =1,2,---,m) D

contrast &7

FEH 3.1, FH 3.2, FH 33, EH34DH5, stratum efficiency factor 2K B I ENTE 5.

| Contrast | No. [ T ] I ] i [ v ]
o.s n—1 w’l lww{ - -
Js n(n —3)/2 wh 1—uw) - -
Ps m—1 i - ]_—-fi -
Py m(m — 3)/2 A - 1-¢ -
[l [m-Di-1) [olf [ 0—wDf o060 [ (-wp( -6 |
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control-test X LEIC 331F 3 diallel cross RERD &G+

BIERRKZ R ERBTEMAR BEE
diallel cross XEIREMIDRLEEERICH VT, RERME (line) OBEHIZRMEEMIFET 5HIC
Auvsha. FE, pEODline #E X, linei & line j DREA cross &MY, cross (i,5) (4,j =
1,---,p, i <j) £EL. FNFNORFENEF DR (general combining ability (g.c.a.) effect) O
R ICRT B BETRERDY, Gupta and Kageyama (1994) X EIC K o> THIREINT &/, HET
3, HEABREHRODM > TS EE (control line) &H LU AIE (test line) &AL E &5 EEH,
Choi, Gupta and Kageyama (2004) IZ X > THEE M /z. 51 Das, Gupta and Kageyama (2004)
&, control-test ¥EEICH U T A- optimal 274 > D+9%MtE 5 X7z, TH 5D control-test
P 3513 B daillel cross JERTIE, control line Z—D & LTHEZX T 5. S, #HED control
line BSEET 5 diallel cross EEREE X, control-test FHITH L T weakly universally optimal 7
THA 2 OTREMEERS.
p fED control line & q A test line H»S{ESIB cross & b {HD block (block size: k) ICHIE
T5. EBROBHIEn=bk THS. block BEELIEBEDETFILIE
Y =pl,+A1g+A8+¢€
B, TCTT, YRTOY bRY M, uE—&FE, glidgea RS R, B ik block £
BAZ RV, Aj(Ag) 1370w b x line (block) DEFHEATHI, e dFE 0, TH o2l OFBEN
ZRVTHB. TOEE, gea SHROMEICHT S CAT731E,
C=AA -k INN'
ThB. 722U, N =A]A; = (n;) X line x block #EETTHTH 5.
ITT, P=(-I,®1,; 1,®1,) &8,
Pg = (gp+1 =91, " sGp+1 = Gps Gp+2 = 915" " 2 Gprq — Gp+1)’
Eb, TRTO control-test DINLLEERATES. TDLE, Pg ODEBHFEEHER (BLUE)
P OREHEDEITINE Var(Pg) = 0?PC~P' T 5.
TTT, ROKSGTREMEEZLD.
M={M=PC P |C™ix C O—EETH }, M: MONHHID
¢ M ETROZMHEE-THBE T3,
(i) ¢(M) < ¢p(aM), a>1, M € M.
(i) ¢ &M ETTFICHRREE
(i) M, % {1,---,p} FOBHBOES, I, Z{p+1,-- ,p+q} LOBROERFLLILE,
M=1 xly o7 ZWZ &, ¢(PrC 7'P')=¢(PC~P').
CDXI T pDERZ D LT 5.
EE 1L cdICHLT, C* eC (CIEFHEEMRER CATRIDHESR) Y ¢ -optimal TH D &I,
¢(PC™™ P') = min o(PC™ F')
ThHBTERED.
E&H 2 C* € CH weakly universally optimal TH3 &iE, FED ¢ € @ LT C* H'¢ -optimal
ThBTERED.

RE1 ) o (etbh] o
cdgp al; +edy

mingec tr(PC~P') Zii7=3 %518, C* i weakly universally optimal TH 5.

), a,d > 0, ¢ # 0, (&) tx(PC* P') =
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€% 3 U % control line DESE (U] = p), V % test line DEE (V| = q), B & kiks -85

£ A0 (superblock) , B % B D% superblock % ky -MAEFICDEN LTz ke BOREOHE

(subblock) & U7z& %, (U,V,B,B') H' nested balanced bipartite design (NBBD) T % PN
(i) EED uy,up € U ITH LT, ur & uo M superblock TRET % Ag(ur,uz), w1 ue ZH

CE L subblock ¥R Aj(ui,ue) £T B E,
Xo(ur,ug) = Ao, Ap(ur,u2) = Xy
THB. do, Ny ER.
(it) FEDueclUd, ve VINLT, uk vhisuperblock TRET % A1 (u,v), u,v ZHIC

&5 subblock D% N (u,v) €T B L,
A(u,v) = A1, M(u,v) =N
THB. A, N, REH.
(iti) FEED v1,v € VICH LT, vy & vo ¥ superblock TRET 282 Ay(v1,v2), v1,v2 ZHIC

&1 subblock D% Ay(vi, 1) £ T 5L,
/\2(7]1,‘1)2) = )\2, /\/2(7.)1,’1)2) = )\12
THB. hg, Ny LT
NBBD TCliXkOE —E L %%, EET control line 1 BHWVWSENBZE% ry, test line j A
WHNBHEr £T5. EBIC, BAETHIN = (ny) ICBALT, Zgﬂnfj =z, (i=1,-,p),
P na;=vy, (h=p+1,-- ,p+q) THA.

=1
T 4 ROEBHE D 17D NBBD % NBBDy &FES .
Inij = nwgt| 1, nng —nwrgel <1, (6,8 =1, ,p; YR,B =p+1,--- ,p+g; Y5 =1, ,b)
COEE, ¢,y 3 FNFNE/IME zo,yo BELS.
TE 2

. kqglp-1) k kp(g—1)
tr(PC*"P') = + +
s )= e —EN) F a0 =R T Du k) T 20 = RAD + a0 — k)

RENCT 3785 A—2 (Ao, Ajy A1, AL, A2, Ay) & & % NBBDg &, D(p,q,b, k) iICHBWT, weakly
universally optimal T#% 3.
EE3p=10DLE,

¢ . (@-1)?
r—2o/k  2bk—7 ~qyo/k — (r —=zo/k)/q

EBRNCTBrZ2rgb Lzl &, INGA—&r = 39%‘—50, A =T,0 = T;:’l\ll A = %Wq’ﬂ,)\g =
—Qﬁlﬁ’l—"“—)‘—l @ NBBDy i&, D(1,q,b,k) I2BWT, weakly universally optimal TH 5.

i COFEHEIE, Das, Gupta, Kageyama (2004) O A-optimal IC39 258 % weakly universally
optimal ICHRL D TH 5.

5, p=2 DBREICDODNTLERT B,

BE
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Mutually M-intersecting k-arcs DINEIED K B

MERF HHRFA R B
REUEER R BT =X BT

1. (FUBIC

q BREMET D, FEFHEPG2,q) LOEBEOENSRBIEST. FOIEED 3 HAHR—E
BEZIRWEDBDBDE k-arc WD, M Z2HREOEEBEOES LTS, karc DEFOT, £
BD2D0D k-arc DEHELZDOBEHEN M IZEENTN D EE, TOHEED % mutually M-intersecting
k-arcs EMERTZ &9 D, Mutually M-intersecting k-arcs ' XE RV FESIOBRIZFIRT 3
TEMTE, FAT 7 AN—EHVERENEL THGEE 2R T 220 B SN D AEZH
& (Optical Orthogonal Code) #1452 7=®IZHIEATE 3,

HEXFBETI. SFEELENTNE cyclic shift LZbDET, HOHBIUHAMBEOEKE
MH5—EHl (=N UTERDEITTE, ZOAR, HEEOEI nBLVEAw EWWHRE X
SNINTA=F (n,w,\) IZHLT. HEFEOENEATH DL I BAHKLIIFE optimal TH 5
LS, FHEERICE L TIX. constant weight code 1249 % Johnson bound & D i#nhi s,

B(n,w,3) < LT 200 | B2 ) (1

wow -1 w —

KE->THBERNGEASNTHED, TNEERTDET optimal RIEXHFETHD EMRIETE D,

Mutually {0, 1, 2}-intersecting (g+1)-arcs 2R 2 fik. BLXOZOEANSEIN P +¢%+q+1.
BHNg+1 A=2TH5L IR NELHENEOSND2ENEESICL>TRINTNS 2], Fiz.
LD —f&AYIZ mutually M-intersecting (k, d)-arcs ENXERFFEDOMBEBIFSMIIN TS (3],

2. optimal ICLYEWKEBERFSEBIHIC
® % mutually M-intersecting k-arcs C IZH L T. € C €' 72% mutually M-intersecting k-arcs C’
MEELBVWEE, C % mazimal THDEWIEIZT B,

Lemma 1 ¢ 28 HE L L. K P 2HEYH PG(2,¢%) DATPG2,q) UNADEET S, BP %
% PG(2,q) LOTRTD conic DES C id. maximal 7 mutually {0, 1, 2}-intersecting (g + 1)-arcs
ThHD, Cl=¢-¢® ThH5,

HERZFE~DIEMAICEEL . mutually M-intersecting k-arcs I1Z31F % k-arcs DEEN. FHHE
BICHIET 5, £z, FHFED cyclic shift i3 PG(3,q) 128412 Singer cycle & w5 5A,
» 5 ¥H LT Lemma 1 DAEIZL > TH SN S mutually {0, 1, 2}-intersecting (g + 1)-arcs 2/ 5
BEHRZLIZET, ESICMOYERE LT k-arcs ZIBIL T, FEEREECTEIHERW, T2
T, (1) XD bound IZXVEDITBRIITTH20IC, FEEDEAEZKELTIEEHAE,

Lemma 2 HHEOEIN A+ +q+1THD, A=2THAIIRHELTHEN G -2 B
HEEEHDOELE, FEEOEAITIEX ¢g+2 TH S,

*E-mail: sshinoha@mi.meisei-u.ac.jp
TE-mail: miyamoto@is.noda.tus.ac.jp
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3. hyperoval DX R

gMEHEOEREDEE, conic DTRTOHIBIT B HERNME—DRTRD Y (ZDKZE nuleus &
FER). conic IZF O nucleus ZMA 7z SEEIL (¢+2)-arc £/2D. TD (g+2)-arc & hyperoval (&8
§REY) &IEX, Lemma 1 D HIEIZ K> THSND mutually {0,1,2}-intersecting (¢ + 1)-arcs %
729 % conic IZFNEND nucleus Z1Z 7= hyperoval DEF I mutually {0, 1, 2, 3}-intersecting
(g +2)-arcs TH5 [3], ZOHE A =3 RDNEXFEVHIET D,

A=2THBLIRNEXRHBSEEDZOIZIE. mutually {0,1,2}-intersecting k-arcs AV &
725, hyperoval 5755 mutually {0,1,2}-intersecting (g + 2)-arcs 2152 HiE &R H72DITH,
hyperoval Bl DX EKERASNITILEN DD, THNETIZ. 2 DD conic DEXH D HIZKDH
b EIZ, FNFNIT nucleus ZMA 7= hyperoval Bl LOREKEZEE SITHS ML TERM,
REBRTH oI r—AIEALTI I THRRDEITT 5,

qEHRBELETD, 1, =PG(2,¢)) &L, m Cmp THDET D, A Pcrg\m Mm OEMRL
IZhaweE R P EESTARTO conic DERIE. mutually {1}-intersecting (g + 1)-arcs 2727
1] ¢ PMBHEDEE. ZN 5D conic TNZFNU nucleus ZMA 7 hyperoval [{ LD RBUITHEL
TORRNES NI,

Lemma 3 h Z#FH &L, ¢=2" T3, i Pem\m M m LOEREICEAEE, HP 28
% 2 DD conic TNENIT nucleus E A7z 2 DD hyperoval IdHE %2 A TRH S,

Theorem 4 h Z8MEL, ¢q=2"£T5, TDEZE ¢ +q+ 1D hyperoval 7 5722 mutually
{1, 2}-intersecting (g + 2)-arcs WHEIET 3,

4. ¢ BEHDELE

g MEARORBEOLEITE, g+ 10k OBRKETH B0, A—FELOAZMMTEHEIIEL
DRBEBEOEHZBOTEIIHRL, T T, conic ZHATNDEHEIT/ZN PG(3,q) DEZEMA
DEZEEMAI. LNLIRDS, MABENFRERAOESZ RO ETO o —FIc L 58 5EES
A EID, EQORBFIIONTHEDE I BAEESNFEELRVWERER->TLES .,

Conjecture 5 ¢ BW&HRD & E, Lemma 1 IZ&K>THS NS mutually {0, 1, 2}-intersecting (q+1)-
arcs I 1 RZEMABET, EHN ¢+ 2 OXRERFEEELEIHELN,

SEIM

[1] R.D. Baker, J.M.N. Brown, G.L. Ebert, and J. C. Fisher, “Projective bundles”, Bull. Belg.
Math. Soc., Vol. 3, pp. 320-336, 1994.

(2} Nobuko Miyamoto, Hirobumi Mizuno, and Satoshi Shinohara, “Optical orthogonal codes ob-
tained from conics on finite projective planes”, Finite Fields and thier A pplications, Vol. 10,
pp.405-411, 2004.

[3] Nobuko Miyamoto and Satoshi Shinohara, “Mutually M -intersecting (k, d)-arcs and its appli-
cation to optical orthogonal codes”, Congressus Numerantium, to appear.
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Additive structures of BIB designs 1
- SERITHIO 53 iR -

KB RERFBREBE FHER B

1 Z2THOSEERE

ETORSN 1 ThdoxbiTHJ 2REITHEFERI EIIT5,
<ME>
BIBD(v,b,7,k, A) ® s B DR % E&TTH Ny, Na,--- N, T,

N+Ny+---+Ny=J -ornn. (1_1)
EWleT L OREFET L0

sTEOAERTHORMMN JIRBI b, v/k =blr =s L) LEEHE
DB, ¥-s =20k %, BIBD OMiE&I BIBD THHZ &b
No=N*EtTBE N +No=JBREBONBOT, ZOREIZs > 3100
TEZTWLZEIZT 5,

INETOEBENLRELNNBEIEOBRERBAT 5,

FIE 1.1. resolvable BIBD
resolvable BIBD(v = sk, b,r, k, \) {Zxf LT (L.1) K& T sBORLRDE
@ﬁglj Nl, N2,"‘ ,Ns 7?){@&'3.60

ZDEBIZLDY, resolvable BIBD (2% L T, #fEORENRE 2 bz,
BT OEHE TIE, non-resolvable BIBD 23t LT H 252 TW5,

EH 1.2. RE
BIBD(6m+3, (2m+1)(3m+1),2m+1,3,1) O s BAOELITHI Ny, Ny, - -+ | N,
T(L1) REWETLONREFET D,

I DOEETH LS BIBD i3 Skolem's method(Skolem,1958) & PRI 51
FRIEIZ Lo THRREND LD TH D, EE LD, mOEICL>T 2m+1
B DEFITFIN 4L T non-resolvable THA LD HLIBREIN TS, & vDH L
ThbB,
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2 SEOFERE

B|IE, BIBD(21,30,10,7,3) (22T Ny + No+ Ny = J &7 3 2D4E
BITNEZELTWE, 2035 A—F% %D BIBD 124 T non-resolvable T
BB EBTPOTWVBLEDREOT, ZHEEHNDVIZ non-resolvable BIBD
2R 5 O RRARRICEL ) MLA TV E 2L,

ZE R

e Bose, R. C. and Manvel, B. (1984). Introduction to Combinatorial
Theory. Wiley.

o Calinski, T. and Kageyama, S. (2003). Block Design : A Randamiza-
tion. Approach, Volume I : Design. Springer-Verlag.

e Colbourn, C.J. and Dinitz,J.H. (ed). (1996). The CRC Handbook of
Combinatorial Design. CRC Press, Boca Ration, USA.

e Kiyama, H., Matsubara, K., Matsumoto, D.,Sawa, M. and Kageyama,
S.(2004). Decomosition of an all-one matrix into incidence matrices
of a BIB design. submitted.

e Matsubara, K., Sawa, M. Matsumoto, D. Kiyama, H. and Kageyama,
S.(2004). An addition structure on incidence matrices of a BIB design.

Ars Combin., to appear.

e Raghavarao, D. (1988).Constructions and Combinatorial Ploblems in
Design of Ezperiments. Dover.
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Additive structures of BIB design Il
IN= PN M P i

[Z22{THIOSREE] 12 TEEO 2 >OEBITHOMEIZLVESNB1TH G £/, BIBD o4&
FENze B ] LV O SR MAT TINEHSE] 2oV TELD., ARETIE, NMEEEOEZELER
L, WS 2mhDFRINE, TNLEBHEZHOT AT TIZONTIHAS.

1 MEEEDOFERE

Ny, Ny, -+ N, & BIBD(v = sk, b,r, k,\) OEREITH LT B L&,
(1) Ni+N; :BIBD (Vi je{l,2s}i#J)
(2) Ni4Nod- 4N, =J

BT Ny, Ny, N B3AEET 252

EE 1.1 (nEME)  H 5 BIBD A E0EM (1), (2) &2 T4EETHE boL &, 0 BIBD i
mEEEEE DLV .

WE 1.1 N, Na -, N, % BIBD(v = sk,b,r k,\) OERITFIL T2 L&, kD (a) & (b) R
ETH5.

(a) Ni+N;:BIBD (Vi je{l1,2,--s},i#])

(b) Ni, 4 Nig+---+N;, : BIBD (Vi ig, i €{1,2,---,5},2< 1 <s—2)

WELLLY, £EOi,je{1,2,- s}, (i # ) LT, N;+ N; A BIBD £72% Z L p3fER T
=hiE, 2<t<s—21Z®LT, Ny, +Niy+---+Ni, (1,42, .5 € {1,2,---,5}) ix BIBD ®
ERITHIE 2D,

F 1.1 sOEIZE-TIE, FEDZ2OTHEARL, WL 2002 204&RITHIoFA, BIBD m4RE
TFIThB LRI+ THIBELDB.

E 12 s=50EXE, N+ Ny (1 <i<5) #EERTHIZI.

EBE, N+ N, i BIBD 045 BTITHIERETSH. Ny + Ny+ Ny+ Nyg+ Ns = J 52b,
N3+ Ngy+ Ns =J—~ (N, + Ny) THA. RELY Ny + N2 1 X BIBD 05 ETIITHD b,
N3+ N4+ N5 12 BIBD AT 25,

L7z >T, % N3, Ny, Ns COLEEIZ—E. 72, (N3, Ng),(Na,Ns), (N3, N5) OEEEK L~
ETRIThIEAR B2,

(N3, Ny), (N, N5) OEEEIT—E LD, (N3, Ns) DEEHL—ETH 5.

E1.4 s=30&x, R (1) X0 Ny + Ny, = J = Ny, (61,42,35 € {1,2,3)) THY, Ny, 13
BIBD 0ARFFITH M5, J— Ny, & BIBD 0AETFITHSD (BHELROT). LEAisT,
Ni, + N;, & BIBD OARFFITHS. ThEkv, s=30LxiE LFFHONMEEE & Nk
W OFERIE) HRETH .

—561—



2 mi%E#EEZ 4L D BIBD
M¥EHEEE &> BIBD ORFIEV < 20 @NT 5.

5 2.1 p: B#Eon(>2) BRICHLT, BIBD(w =p",b=p"(p" -1),r =pp" - 1),k =
pA=p(p—1)) i, ME#EE .

F5 2.2 p:wHEHE (> EBHITHLT BIBD(v=p",b=p"(p"—1)/2,r = p(p"-1}/2,k =
pA=p(p—1)/2) &, MEHEE S .

#5 2.3 p: HEHEn(>2)  BHICHLT, BIBD(v = p",b=p"(p" - 1)/2,r = p""L(p" -
1)/2,k =p»~ L A=p"~ 1 (p"~ 1 = 1)/2) 1%, MEHEEL .

ZZITEF RN, KO array(2.1) ERAWAZ EITE T, MRTE S,

x z2 23 cee Pl 0
z? z3 zt e 0
n—1 r-1 ne n-1
D e A A |
n G n
Pt B x? cee P2 0
array(2.1)

EEDpIl 285 TLT, FTF221 27 ny 3oL,

{x’x27... ’zp},{mz’xay... ’xp+1}‘... ’{xpﬂ—l,z’... ’xpn+p"2}

hon7uy 7, Yfi7ay s &%,

ZE

[1] Bose, R. C. and Manvel, B. (1984). Introduction To Combinatorial Theory. Wiley.

[2] Calinski, T. and Kageyama, S. (2003). Block Designs : A Randomization Approach, Volume
II: Design. Springer-Verlag.

[3] Colbourn, C. J. and Dinitz, J. H. (ed.)(1996). The CRC Handbook of Combinatorial Designs.
CRC Press, Boca Raton, USA.

[4] Kiyama, H., Matsubara, K., Matsumoto, D., Sawa, M. and Kageyama, S. (2004). Decompo-
sition of an all-one matrix into incidence matrices of a BIB design. submitted.

[5] Matsubara, K., Sawa, M., Matsumoto, D., Kiyama, H. and Kageyama, S. (2004). Addition
structure on incidence matrices of a BIB design. Ars Combin., to appear.

[6] Raghavarao, D.(1988). Constructions and Combinatorial Problems in Design of Experiments.
Dover.
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Difference systems of sets and code
synchronization

Vladimir D. Tonchev
Department of Mathematical Sciences, Michigan Technological University
Houghton, Michigan 49931, U.S.A.
tonchev@mtu.edu

1 Introduction

A difference system of sets (DSS) with paramecters (n,79,...,7,-1,0) s a collection of ¢
disjoint subsets ; C {1,2,....n}, |Qi| =7, 0 <i < ¢g— 1, such that the multi-set
{a=b (modn)|ae @, beQ;, i#j} (1)

contains every number i, 1 <¢ < n—1 at least p times.

Difference systemns of sets were introduced by Levenshtein [2] in connection with code syn-
chronization. This paper discusses some constructions of difference systems of sets obtained
from cyclic difference sets and finite geometry.

Let D = {1, xy,...,2} be a cyclic (v, k, ) difference set. Then the collection of
singletons Qo = {z1},...,Qr-1 = {zx} is a DSS with parameters n = v,q = k,p = \.
The next lemma generalizes this simple construction by using more general partitions of
difference sets.

Lemma 1.1 (Tonchev [5]). Let D C {1,2,...,n}, |D| =k, be a cyclic (n,k, \) difference
set. Assume that D is partitioned into q disjoint subsets Qo, . .., Q41 that are the base blocks
of a cyclic design D with block sizes 7, = |Q;|, i = 0,...,q — 1 such that every two points
are contained in at most A blocks. Then the sets Qq,...,Qq-1 form a DSS with parameters
(n, 70,y Tye1, P = A — A1),

The following theorem gives DSS’s obtained as partitions of difference sets of quadratic-
residue (QR) type.

Theorem 1.2 (Tonchev [5]). For every prime n = 2mg+1 = 3 (mod 4) there exists a DSS
with parameters n,q,p = (n — 2m — 1)/4.

If nis a prime of the formn =1 (mod 4), the quadratic residues do not form a difference
set. Some results concerning primes n =1 (mod 4) that explore cyclotomy were obtained
recently by Mutoh and Tonchev [4].
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2 Difference systems of sets from finite geometry

Let H be a hyperplane in the 2s-dimensional projective space PG(2s,p) over GF(p). The
(p* —1)/(p — 1) points of H form a cyclic difference set with parameters

p25+1 -1 p2s -1 p23—1 -1
v = = = s A = —
p—1 p—1 p—1
in a cyclic group acting regularly on the points of PG(2s,p), known as the Singer difference
set. The points of H can be partitioned into disjoint lines Qq, @1, ..., Qg-1, Where
p* -1 _ L, 25-2

=p +...+p*+ 1

9=

On the other hand, the collection of all lines in PG(2s,p) is a cyclic 2—(1%%“—1,13 +1,1)
design D. If the partition
HZQQUQIU...UQq_l

is chosen so that Qg, ..., Q,-1 are base blocks of D, then by Lemma 1.1 the collection
Qo, Q1,-.., Qg1 is a DSS with parameters
n=p23+1__1 q:p23_1 p=p23—-1 —p
p—1" -1’ p—1

Hyperplane partitions with the above property were found by Fuji-Hara, Jimbo and Vanstone
[1] in PG(2s,2) for s < 5, and in PG(2s,3) for s < 3.

Recently, Munemasa [3] found such partitions in PG(4,p) for p = 8 and p = 9, and
showed that no solution exists in PG(4,4). A solution was also found by the author in
PG(4,5).

The existence of solutions in other dimensions or other values of p is an open problem.

References

[1] R. Fuji-Hara, M. Jimbo, and S. Vanstone, Some results on the line partitioning problem
in PG(2k,q), Utilitas Math. 30 (1986), 235-241.

[2] V. I. Levenshtein, One method of constructing quasilinear codes providing synchro-
nization in the presence of errors, Problems of Information Transmission, vol. 7, No. 3
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[3] A. Munemasa (private communication).

[4] Y. Mutoh and V.D. Tonchev, Difference systems of sets and cyclotomy, Discrete Math.,
July 21, 2004.

[5] V. D. Tonchev, Difference systems of sets and code synchronization, Rendiconti del
Seminario Matematico di Messina, Series II, vol. 9 (2003), 217-226.
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Singer difference sets and difference system of sets

BERS - WERHE aEREL

1 B

1IIREEZERIC B HIEHRRO LS, £ B FhDL &R VTh e BIBD 24745, J# 54|
HOBRIZDOWTEZ B, B2, Singer cycle TREREEN S, ZHEAD—MLTH 2 difference
system of sets D33 611223, ERRICFTEREZHVT, PG4,8) BROWLTERMBE M-I L%
WET 5,

FTHREPEMCBET 2 ERNAAEL AT 5, PG(n,q) i3, BRI GF(g) Lo n RITHE
EHERT, ZTOTMRKA LY, BERIIHEERE2E®RT LI L LT3, PGn,q) KEIT3 spread
Eid, BOLIIRDH S WEBRDOEST PG(n,q) 2B0OXENL> T3 bDTH S, Spread DIETE
T BB FR L 0 DEFRTH S L TH B, Packing (F 7213 resolution, parallelism) &
X, EREEDOEEGD, spread ~NDOHETH B, n BEHED & ¥ packing BEET 25 E 9 »ld, -
R VT RABREETH B,

—77. n DMBED L E. PG(n,q) I21d spread DFIEL VDT, YR packing b FEIE L 22\ DIEHs,
PG(n,q) DRRIT 1 OB L spread 2IFET 5 DT, HREFBDLESE ZD L 9 It spread 1257
B9 2 2 EASHEED, L) MIEIEER 2RO, ZhSHRER L E . PG(n,q) & (n—1)-partitionable
ThHB LI, PG(n,q) KB BEBROBEIE

(=D -1 (" =1 (¢"-1)

(@?-1D(g-1) — (g-1) (-1

THH, BADFE—~EFIE PG(n,q) B 5 RRKTT 1 DETFIMORE, B HFIIRXIT | OEF
HICE T 5 spread T 2EMRDOECTH 505, LOMBEICEEENLBRBIGZEShS, ZONE
ZHRAC L 72 D IS BRE-#P{R-Vanstone [2] TH D, o 1XBIZE (n,q) = (4,2),(4,3),(6,9) Fic2WT
HEMICBERL T2, MEZETEVHRAZ L, MTDL)ick3,

BIfE 1. PG(2n,q) DRRKIL 1 DEHBFE H o LT, spread Sy BHEEL T, BREBDESE
Sy bD, A Tb oS E UTHEIT 2 2 LA5HED,

COMETILENT, SETRBETH 7 (2n,q) OEBIZIE (4,4), (4,5), (4,7) Fb'5 5.

ZOL) REER EEWICBRT IFEEFRIE. TRCOBFEHZEZ 20b b i, BFR2AD
EACTABIERTANCAMEZAEL T, AF—20B8FRcBET sMECRE T2 LTh S,
ZD X RBECRAME LT, kM5 Nn7 Singer cycle 295 b DWH 3, Singer cycle ki3, HE
ZERDKKIAAG2 FIC T, SEAIKD, RRT 1 DBFMOERIZD 20 LDl 2> T
%, UT. HEEEORITIEELE 2n £ L, PG(2n,q9) O Singercycle # ¢ £T5, 4. H #&RKXT
1 OfEFEmE L,

H=LULU---UL,

% H @ spread £t T35,
H?=L{uL{u.--UuL?

¥ H? O spread 1274 %, TH5KHEITT o 2IERAIR B Z LIt 2T, TRTCDEBFEMD spread B3
Bong, 7, INFUTREELIOBIZZ LIZBR L v, ¥4 s, LEOAETESNEE
BRTRTELDLVIHRIABLZ NS TH D, ZORTFEETE0IICiE, H D spread RT3
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Li,Lay..., Ly D3FRTEE 2 (o) PiEicB L Cwiud+aTH 3, L3> T, Singer cycle 2o
TRIE 1 DE2@5 DI, ROMEEBITITL LI LTk 5,

fi8E 2. PG(2n,q) DARTE | OEBOBPH%E H L T5, H ® spread § T, S 1B T 5 EiiHs
TRTRLS (o) EKBL TV 3 L) L OMHEET 5D,

DX %% spread 1&. BUITICERT 5. difference system of sets 252 5% Z Eh3bind,

EE 3. G 2A# v OFREE, S={B1,By,....Br} 2 G O kL BDO m LHIEE LT 5, Multiset
LT
{gh™'|g€ B, he B, 1 <4,5 <k, i # j}

MBANG-{1}) =T DL E, S % (v,k,\;m) difference system of sets & M3,

EBE. PG(2n,q) & %D Singer cycle G = (o) #A—8ETNIE, H D spread H=L,U---UL, &
GDs=("~1))(@®-1)HD g+ 1 THYEEDELEZL B LWBTET,

q2n+1 -1 an -1 q2n-—1 —-q

b

;q -+ 1) difference system of sets

qg-—1 g—-1" g¢g-1

Wil LDMBBIchh 5, ZOMBPCEELZ L3, H » Singer difference set 12452 & &
{Ly,...,Ls} #3 difference family 2% % Z £ T 5, &I, {L1,...,L,} DERD PG(2n,q) DE
BEEDERI—HTZI LIZL 5,

2 BontiR
EE 4. PG(4,4) T2 2 D5 2 7T spread HFEL 2L,
EE 5. PG(4,8), PG(4,9) ICIXME 2 D &A% #i7-§ spread BEET 3,

whd, FFERIC Lo THE»D SN, T, EH4 DR HEEBRIZBRS, PG4,4)
DRRKTC 1 OEBOBFEE H LT3, 7’57 T 2RDEHICEHET S, T DIEELEALLTIEH
KEENSERSERZLED, 2O0EKR L L KHLT, LI B%b 53, £k L, L AL (o) B
BIZBELTVARWEE, L BT IEBLWOGITREAEZILIZTS, 20X IKEELE-FF 7D ItB0L
T, 17 ROTERED 7 7 7 HME 2 D&F 2T spread 1267 5, FHEMREKS A F A magma
(1] ZAWT, 777 T 2EBEICBR L, magma DEL A ¥ HasClique 2 AT 17 AL
BT 7BFELZVI E2HERLE,

FERRDIGTET PG4,q) (g > 4) DBAIC exhaustive search # T 5 IZIZRRI D T X 3720,
(o) DR DI (o) & Frobenius automorphism TER I 4172, & H KEFVLEETHRZE % line partition
RERTIEICEY, EE5 2EL,

SE

(1] Computer Algebra System Magma, http://magma.maths.usyd.edu.au/.

[2] R. Fuji-hara, M. Jimbo and S. Vanstone, Some results on the line partitioning problem in
PG(2k, q), Utilitas Math. 30 (1986), 235-241.
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Self-Orthogonal 3-(56, 12, 65) Designs

Masaaki Harada (Yamagata University)

WERE - B REH B8R

1 Introduction

Let C be a binary self-dual code of length n, that is, C' is an n/2-dimensional
vector subspace of F§ with C = C1 where C* is the dual code under the
standard inner product. A self-dual code C is doubly-even if all codewords
have weights divisible by four. Such codes exist if and only if n =0 (mod 8).
The minimum weight d of a doubly-even self-dual code of length n is upper
bounded by d < 4[n/24]+4. A doubly-even self-dual code meeting the bound
is called extremal. Recall that two codes are equivalent if one can be obtained
from the other by permuting the coordinates. An automorphism of C is a
permutation of the coordinates of C which preserves C. The set consisting
of all automorphisms of C' is called the automorphism group of C.

A t-(v,k,\) design D is a set X of v points together with a collection of
k-subsets of X (called blocks) such that every t-subset of X is contained in
exactly A blocks. A design D can be represented by its block-point incidence
matrix A = (as;;) where a;; = 1 if the jth point is contained in the 7th block
and a;; = 0 otherwise. T'wo designs are isomorphic if the incidence matrix
of one design can be obtained from the incidence matrix of the other by
permuting rows and columns. An automorphism of D is any isomorphism
of the design with itself and the set consisting of all automorphisms of D
is called the automorphism group of D. The block intersection numbers of
D are the cardinalities of the intersections of any two distinct blocks. A
t-(v, k, A) design is called self-orthogonal if the block intersection numbers
have the same parity as the block size & (cf. [2]).

2 Motivation

The supports of the codewords of each weight in an extremal doubly-even
self-dual code of length n = 0,8,16 (mod 24) form a 5,3, 1-design by the
Assmus-Mattson theorem, respectively. Such a design is self-orthogonal. For
example, the supports of the codewords of minimum weight in an extremal

—567—



doubly-even self-dual code of length 32 (resp. 56) form a self-orthogonal 3-
design with parameters (32,8,7) (resp. (56,12,65)). Tonchev [2] showed
that the code generated by the rows of a block-point incidence matrix of a
self-orthogonal 3-(32,8,7) design is an extremal doubly-even self-dual code
of length 32. Using the classification of such codes, the self-orthogonal 3-
(32,8,7) designs and quasi-symmetric 2-(31,7,7) designs are classified [2].

3 Results

We show that the code generated by the rows of a block-point incidence
matrix of a self-orthogonal 3-(56,12,65) design is a doubly-even self-dual
code of length 56. As a consequence, it is shown that an extremal doubly-
even self-dual code of length 56 is generated by the codewords of minimum
weight and the 2-rank of a self-orthogonal 3-(56,12,65) design is exactly
28. In addition, two inequivalent extremal doubly-even self-dual codes of
length 56 give two non-isomorphic self-orthogonal 3-(56,12,65) designs. By
the construction method developed in [1], we construct extremal doubly-
even self-dual [56, 28, 12] codes from the generator matrices of some extremal
double circulant doubly-even [56, 28, 12] codes. By comparing with the known
codes, it is demonstrated that at least 1151 inequivalent extremal doubly-
even self-dual [56, 28, 12] codes exist. From this result, there are at least 1151
non-isomorphic self-orthogonal 3-(56, 12,65) designs.

References

[1] M. Harada, Existence of new extremal doubly-even codes and extremal
singly-even codes, Des. Codes Cryptogr. 8 (1996), 273-283.

[2] V.D. Tonchev, Quasi-symmetric 2-(31,7,7) designs and a revision of
Hamada’s conjecture, J. Combin. Theory Ser. A 42 (1986), 104-110.
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Multi-Structured Designs

PR RFERFRE & 2 7 AER LA
fujihara@sk.tsukuba.ac. jp
B B (Ryoh Fuji-Hara)

1 FU®IC

Hodizid, Nested designs, Balanced nested designs, Splitting designs, Directed designs,
Row and column designs,.. % EDEZRTE D > ADENTYA v2ih b, ZHo6DFTHA v
B, Bid7ay 7T TR, ZOKTOYIRICELIBEEZR>TWVWS L
WIARTHSL, INbid, BE377Y5—2a vETERIN, BPICRL SO EL%
FoTwad, $CoRBEIZ LF>Twa,  FRERECEL COEEIELDI TV 5 Fik
V%2 H%H. ZOFMDHAEOEHTI A » ZEFICHIZ L THRT 2D TIR4&C, Hi—ric gy
L, &$b—BaBREc 88T 2 2 LIRS, ThonTday 75794 v 25ERETY
A Y (multi-structured designs) ERERZ LI2L, FTIEHE—MICERE T &L L.

2 EH
¥T70y s T (V,B) BRDLHICEET 3,
o V: HRZEDES, [Vi=v
e B={B,By...By)} 7uvy 7 DEH B, CV

o NIVAFZH Y VOLDEAL rlHAD TRy Zi&END. (b2) V OLEDREL 2 25
KBLT, 2o MRFcET 7oy 70803 MNMEFET 3.

SEBET VA v IEEEIC T
1. 7Y A~ (Super design). (V,B)
2. mBDFFHA > (Sub-designs), (V,Bo), (V,B1),..., (V) Bm-1)
3. A2 DFTH A vONT v AEMHt
4. FTHA VBDNT v AGMH
D55, BOETRY 7 BRERDIHIIHEIT oy 7icFEInTR3S,
(Co,C1, ..., Crn—1), C; € B, 0L |Cy] £ |B]

ZIZTIECy, Oy Cone B37 09 7 BOFENC o T W BBEDEEH ORI, (¢ THE W) Z
LT BiFHOIT 70y 70BE2EDLO%E B, LES
FNTRECHEINTOIRLDFIA ¥ Ei—EBTODE L IR L 2236 SEEGE T

A vDEBY A TEEELL).

Type I (Nested design,)
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L (V,B) k7my s FH4y

2. & (V,B) R7ay rcdA v
Type II (Nested designz)

1L (V,B) k7 0y 2 F¥A v

2. (VB W7 ay2F¥Ay. {HALB, =ByUB U---UBnm_y
Type II1 (Nested designs)

1L (V,B 7y s 5Ly

2 & (V,B)BXG (V,B,) BT0y 7794 v
DEIEX N Z v A% (relative balance condition) WL TEEL X 5.
BAHVO2R abiiML, a€C, beC LhoTwT, 70y 2 OME Ay(ab) LK.
WEDBL s, b DD FILKFEL 2V EE, TROLERBDELS a,be VIZHL A\j(a,b) =Ny %
5, B kB BIASYRLTWG LW,
Type IV (Balanced Nested design)

L (V,B) X7 Ry 2 F¥4 v

2 & (V.B)IRT0 Y I THA

3 EED LT, B & B lINFVALTWS
COFFA v IREGRES (EXXRAO—BFR) LRfEcAs. Eh, BT 20iMmy—
BEVIRMSE (ERORLD a,be VIENL YT, Nij(a,b) = p TH B & &) Splitting design %
EEHIENTWV 3,
ELMNANT Y AGHERERD ,5 T2, (1)i<i<j<m—1%(2)4,i+ 1(modm) 2¥
DRHEDEDANT v AFKELZERL, BRI 7T0 Y 713V A X1 DLD%E directed design %

EEATVS,
RIEB Ty 7034 XHEETkk LYY, 70y 7320052 >Tw35:

(Co,Ch, e, Cry—1), |Cil = k1, (Do, D1,y Diey—1), | Di) = kg
ZLT, |CinDjl=1%&kF. TDLI LTS % Matrix BEBEEET AL vw)l it
273,
FrV =2, LTHA IV I RBERBETYA V258225 L &, FEORIINEL FEICE:
D, Comma-free code, Frequency hopping sequence 2 % { D7 7V r— a3 v kUL,

3 BRE

CDEZEBETIA VOZEDYA TICH LT, HBIHAIFENEL4ESL. ROEPHK
{8 < BERI3EE X Wilson DEBICE-T S BRREETH 5. “Design Theory, Second Edition” T.Beth,
D.Jungnickel and H.Lenz, V11 §5 2. F7-HREM, F7 7 4 VEMOFTHEOBEXZ D
SEBET VA COBRICIIBEO TENTH 5, ELERIBRELIHEIHEZ 2H00nH 2137
TH3,
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Some Infinite Classes of 5-Sparse Steiner Triple
Systems

Department of Mathematics, Keio University, Yuichiro Fujiwara

A Steiner triple system S of order v, briefly STS(v), is an ordered pair (V, B),
where V is a finite set of v elements called points, and B is a set of 3-element
subsets of V called blocks, such that each unordered pair of distinct elements of
V is contained in exactly one block of B. It is well-known that an STS(v) exists
if and only if v = 1,3 (mod 6); such orders are called admissible.

G (n;m) denotes a 3-graph of n vertices and m 3-tuples called edges. In
1976, Erdds [2] conjectured that there is an integer vg(r) so that for every
v > vo(r), v = 1,3 (mod 6), there exists a Steiner triple system on v elements
containing no G®)(k + 2;k) for every 1 < k < r. Such an STS is said to be
r-sparse. Since every G®)(k + 2; k) for 1 < k < 3 has two edges containing the
same pair of points, every STS(v) is 3-sparse. Obviously, every r-sparse STS(v)
is also (r — 1)-sparse.

The problem of characterizing those v for which there exists an r-sparse
STS(v) has been studied for a long time. One direction is regarding the problem
as one of extremal problem on hypergraphs. In fact, Erd6s posed this conjecture
as a problem relating with extremal set theory on hypergraphs. The other
direction, in which we shall study in this talk, is to construct an r-sparse STS
for all possible orders. When we construct an STS, G® (k;1) appearing in an
STS is often called a “configuration”.

A (k,l)-configuration in an STS is a set of ! blocks whose union contains
precisely k points. Two particular configurations are of interest here. The
unique (6, 4)-configuration, called the Pasch configuration, is described by 6
distinct points on 4 blocks {a,b,c}, {a,d, e}, {f,b,d} and {f,c,e}. One of two
(7, 5)-configurations is called the maiire, described by 7 distinct points on 5 blocks
{a,b,e}, {a,c, [}, {a,d, g}, {b,c,d} and {e, f, g}; a is referred to as the centre or
central element of the mitre and the unique pair of blocks with no common point,
that is, {b,c,d} and {e, f,g}, are referred to as the parallel blocks. The other
(7, 5)-configuration, the mia, is obtained by joining two noncollinear points in
a Pasch configuration: {a,b,c}, {a,d,e}, {f,b,d}, {f,c,e} and {g,c,d}. Since
the only G®)(6;4)s which may occur in an STS are Pasch configurations, an
STS(v) is 4-sparse if and only if it contains no Pasch configuration. Similarly,
since containing no Pasch configuration implies no mia configuration neither, an
STS(v) is 5-sparse if and only if it contains neither Pasch nor mitre configuration.

The constructive methods for an STS containing no particular configuration,
especially no (k + 2, k)-configuration, have been studied for a lomg time. In
particular, Ling, Colbourn, Grannell and Griggs [6] extended substantially the
spectrum of known 4-sparse STS and the existence problem was settled by
Grannell, Griggs and Whitehead [4].
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Theorem 1 (Grannell, Griggs and Whitehead) [4] There ezists ¢ 4-sparse
STS(v) if and only if v=1,3 (mod 6) and v # 7,13.

Thus, Erdés’ conjecture is true for » = 4 and vg(4) = 13. Also, substantial
progress has been made on STS containing no mitre configuration, we call such
an STS anti-mitre, due to Colbourn, Mendelsohn, Rosa and Siran [1], Ling [5]
and the author [3]. However, the existence problem for 5-sparse STS, that is,
STS containing neither Pasch nor mitre configuration appears to be much more
difficult and remains far from settled. In fact, less is known about 5-sparse STS
and no example is known for r-sparse STS with » > 6. Only one infinite class is
known for 5-sparse STS due to Colbourn, Mendelsohn, Rosa and Siran {1] and
a recursive construction is developed by Ling [5].

In this talk we present new constructions for anti-mitre STS and an exten-
tion for 5-sparse ones which extend substantially the spectrum of known such
systems. As a consequence of these constructions we can cover anti-mitre sys-
tems for at least 13/14 of the admissible orders and can construct 5-sparse STS
for two residue classes modulo 54.

For 5-sparse STS, we present a construction utilizing 4-sparse STS.

Lemma 2 If there exists a 4-sparse STS(v), then there also exists a 5-sparse
STS(9v — 8).

Combining Theorem 1 with Lemma 2 gives:

Theorem 3 There exists a 5-sparse STS(v) for every v = 1,19 (mod 54)
except for v = 55,100.

As far as the author knows, this is the first result on the existence of 5-sparse
STS covering a residue class completely.
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Additive structures of BIB designs with III
BEER (RBRERZEREZEPER)
1. NiEEEE 2 BIBD O

BIBD(v = sk, b,r,k,\) PME#EZ o L. s DR 5 incidence
matrixN; (¢ =1,...,s) B&ME (1)Y0., = J, (2Q)V4, V], L TN+ N;
2 BIBD(v = sk, k', \') ®&72 5 incidence matrix (2722, &M%
WAL 2. EELIIZvx b TRTOESM 1 THD L) 2T R
T5. ALMIT, (1) iZ% N; PITFI0RG & LTEWICEER R Z L 214
ELTWB® k' = 2k kT, MEHEL Lo OBREREL LT
W& LI [3).

EBHE1: sEHORZRD N; MM (1), (2) BT RLIE,

‘ 2A=0 mod k -1. '

EE2: k> ) &TH INEREE LD BIBD(v= sk, b, r, k, \) FERD
ZOIRRBNS : .

() v=sk,b=s(sk—1)/2,r = (sk—1)/2,k, A = (k - 1)/2,

(I) v==sk,b=s(sk—1),r =5k -1k, A=k—-1,

72l (I) Tk =s=1mod 2.

RES: k= \LT5, MEEEE S BIBD( = sk, b, r, k, \) 1K
DDIROEND :

(III) v = 28,0 =28(25 — 1),r = 2(2s — 1),k =2,A = 2,

(IV) v =321 + 1),b = 3(21 + 1)(31 + 1),r = 3(31 + 1),k = 3,A = 3,
1> 1.

2. MEBERT T »H&eFIA LI ROERE

FBHE 4: s BIHREELIIFREAE251E, BIBD(s", s(s" — 1)/2,
(s™ —1)/2, s"7L, (sn71 - 1)/2) THERIEZ b ObL OVBEET 2.

BHE 5: s 32 O~_E R BIE, BIBD(2™, 207120~ 1), (2" ~1)/2, 2, 1)
THNEHREE O bONEET S,

WS IHEEER T T v H AR U EERRREIC & 5 (3], EH4
DRFNIEE 1(1) (BT D. Zhidn KT 74 Y EMILHRCE LN
% [3]. —RIZ (1) \2/B ¥ 5 BIBD 0N E b ILAE €D incidence matrix

- DYBEIZ LT (W) ICET S BIBD 0ERBLNDZ EBbnD. fEo
T, ZORFDL (1) (BT 2RIGED. —HEES ORI (1) (2R
L. YB2 LD LT ICBTIRIILES.
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3. Resolvable BIBD D448

s = 3 DFRHIRME (1) L &M (2) RRELZEETHD (2. £—KRIC
resolvable BIBD 3444 (1) 2727 (1) . s =3 OFFED (I) IZBTD
resolvable BIBD i affine resolvable & 723,

TET7[3): v=23k k=2\+12,7T D&, Resolvable BIBD i affine T
TDNT A 2L, '

(V) v=9(2p+1),b=3(9p+4),r =9p+4,k=3(2p+1),A=3p+1,

7221, p> 0.

v=3"IHLT (V) KBTARIIBEONATHS ([2]). —F 3D
E LMD v 12X U TiE (V) (28T 2 indivisual 2815 6B LR TE L
v < 224 R BETD v AT BIFEREID DN TV D, v =225 = 3252
DFE, T A F v =225 b=2336, r = 112, k = 75, X = 37 @ resolvable
BIBD DFFFEMEIZ OWTIZEI BTz,
4. 5% OB

(1) DTy B2 DRETRNHLOE LTHRELTIZEMBNTWDD
IZRD 2DFETTHD

*v=6,0=30,r=10,k=2,A=2

cv=10,6=90,r=18, k=2, A =2

(IV) (22N Tid v 23 3 DRE R LIEMOFESEE R LK ([2]). £LERA
BIZo B3 DORETRVEL LTHRELETIZAMDONTWA DX 1 2T T
H5:

cv=21,b=210,r=30,k=3,1=3

SHOBEL LT (IN), (IV) DR TE DFEMRRE LR/ s 1ZH
% BIBD % HiFTHL

WDRZ X &% -2 BIBD i3INER 7288 % 4 00>

L v=12,0=132,r=22, k=2, A=2,

FIRE2: v=15,b=105r=21, k=3, A=3.
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Additive structures of BIB design IV
—NEAE % 6 2 BIBD O IEIZ DWW T—

RS RERPEE BOE IR U

1 [FLCsHIZ

I TIRNIERSE A o BIBD 0 BUARG 7R ERRTE RN L, /hE W IT A —
2O BIBD ICB L TOMERESEOFEEICETA Y 2 R ehiT A,

2 HIRHERGE

EE 1 s NEARRELITFREho: £, INE#ESEE S 2D BIBD(v = sk, byr, k, A)
WFAET B 72 b1, ME#EEE L BIBD(v* = 82k, 0 = s(s — 1)[(s + L)r —
sA /2,7 = (s = D[(s + V)r — sA}/2,k* = sk, \* = (s — 1)r/2) BIFTET 5.

1 s BEBREIIFELMOL X, NiEHEEEZ LD BIBD(v* = s30* =
s(s+1)(s—1)3/4,7* = (s + 1)(s = 1)2/4,k* = s, \* = (s — 1)2/4) BFET B.

EE 2 s BERBELITFRE MO L &, BIBD(v = sk,b,r, k, \) I LTH
FEIREDRIPIFAEY 572 61X, IEMIEZ L D resolvable BIBD(v* = sk, b* =
s2(s = 1)r/2,7* = s(s — 1)r/2,k* = k, \* = s(s — 1)\/2) BfFET 5.

3 s — 1 MEEKELIFELNO L X, BIBD(w = sk,b,r,k, A) IR L
THEMBOMMBEFEET 27201, INEHELZ LD BIBD(v* = sk, b* = s(s —
D(s=2)r/2,7* = (s = 1)(s = 2)r/2,k* =k, X* = (s — 1)(s — 2)A\/2) D FET
5.

FEE 4 s NHEBEEZITHFRLHMO L E, resolvable BIBD(v = sk, b, 7k, \)
DBIFET B2 6L, IEMEE S D resolvable BIBD(v* = sk,b* = s(s —
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Dr/2,r* = (s = 1)r/2,k* =k, \* = (s— )A2) B’FETD. s B20MT
5 & &, resolvable BIBD(v = sk,b,r, k, \) BFET 57261, MEHEE D
“Dresolvable BIBD(v* = sk, b* = s(s—1)r,r* = (s —1)r, k* =k, \* = (s—1)])
DIFETS.

3 EEMERCE

EE 5 INEEEE L BIBD(’U =ptb= p”(p'n — 1)/2,7. — p(p'n . 1)/2,]{: -
pA=p(p— 1)/ FFEETSD. L, pidFE, niX2lLoBERTHS.

BHE 6 25— 1 NEBRKELITARKDO L&, MEHESER L2 BIBD(2s, 5(s —
D(2s—1),(s —1)(2s — 1),2,5 — 1) BMFET 5.

EE 7 IEMEEE B0 BIBD(s", 5(s" —1)/2, (s" —1)/2,s"7L, (s" 7~ 1)/2) IX
FETS. 220, siIHFRBELIFENTHY, niZ20 LOBEKTHS.
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SER TS T 7 % V= clutter ordering DOHEEREE

1. i XUBIZ

RAID (redundant arrays of independent disks) &L, ¥
A Y DFeridy - BERDEHROT 4 27 THINAT
ST Elzk Y, NEEHE -2 EEDIETHB.
T 7 AR MARETA7HIZ, RAID @ information
disk & check disk Z5827F 7D L TERITRGEHT
information disk ONEFHT%EE9 S cluttered ordering
EWVHHBEEAS, Cohen FQ00IZ L > TEAXNT.
Mueller 25200491, Z¥KITD RAID 27L& "HY S 7IC
RSB LT, FBETMLER 2ol /T
1, Mueller SOREE X LITRESE, $RA% RAD
ST A0, FERTERYT 7D cluttered ordering
ORIz DTS 5.

2. Z%® RAID O¥EEET AL

%%, information disk (ZIHRTFE LIV F—F 25EIL
THANL, check disk {ZFE irformation disk PIODF—# 7%
B8 LB A E BT 300 TET —F 28T 5
ET3. 4, nflD information disk & cfED check disk
BHBETH FRTHRD ZRTO RAD T,
information disk, check disk Z##&0 _KFTIZEFH B0
G, information disk OB n=m, Xm, IZ% L, check disk
OfEEGE c=m,+m, L7253, FFRETIIm=m (=mDH
EEES. ‘

T DTHRITORAID P check disk % TEA, information disk
BREHIeTIET, RAD 2727 T 7 TEHRTHT
EMTE B, n=m? D information disk, c==2m ¢ check
disk ZRFOTWITORAD Y, ETFIZm&30% c=2m
fBDOTES, n=nf AN HOFEETERTT T K, ik
IS5,

1T, 4480 information disk Z#£217, 27D
ZWRTTUTEFILTCND DT, HGT D check disk 13HET
P 28, BT 2fBDR 4 EE72 Y, SEETEHS ST
K, , I TE 3.

HORKFHFS R &

B1. ZWITORAD L& TS T 7

3. Cluttered Ordering
HBYT 7 GV,ENZONT 2V, By, ), ey V&

T3, n LV/AENEOES d %% X, window & L5,
0,1, - n-1}EOBBE 2 ITH L TV™% (e, erpp
e DFIDIEENDRDESLTH. AT IR
tEmodn THEL, 0SiSn-1 THD. dEROWEHE-SR
RTZ 70T T ERAIANEFOERST 7 7DIRSE
TBOEN, ERRE-BAT 7 EA=22 M3 max V"4
TEX NS, FBRT 7 AR R &4 25000E
FHAHT % (d,Hcluttered ordering & MESS.

FEERTEY T 7 Ky, D(3,4cluttered ordering % 242
ey

P w2
) a
e endX

B2, Kg30(3,4)cluttered ordering

4. 37 7 CD Cluttered Ordering
5227578115 clttered ordering DEERRIEIL
Cohen SO 2IBLOBNC Lo THEX B, Fi,
Steiner triple system T cluttered ordering ORERGEIT
Cohen ECHEIDIZ K- TEX B AETL WK
0 RAID iZ BERICHIET 2 & 51Z, Mueller HCT4)
IZL->TEZBhFZETHT T 70 cluttered ordering
ORRFEIZ OV TRARB. FD7-9HIZ, wrapped A
~labelling & (dif-movement &5 2-0DEEEEALT S,
TERST 7 HRUBIZOWT U = VUV, dBl&T3.
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BB U — Z,XZ, B
SMVICZ X0}, s W)CZ,x{1}
wi= L, Z,OBERN
{8(0)— 8w | veV, wew, yweE}
=P OMHETD L, ZOBRIDIEE H DA
-labelling & FEA.  A-labelling § 1%, TER77 7 H ODTES,
% 7, DEEECTUHF LTS,

B2, UDESEASX YIZH LT, ZXZIZ8\T
W= 80 +(k,0, (x,d=l
TRV BFET D L&, T A-labelling § % H

@ wrapped A-labelling & MRS,
Wz, (dDmovement {ZOWTIRRB. [FI oD
757 HAU, B, H (U, E") 1220\ T
U=VUW, U =V’ UW’, VEV|, WEW’),
E{ep e, nemhEe’ ey, e’y
ET%. 0,1, - a1 EOBER A BT, BRI
77G%
HezH, Hi=U,E), 1 Sisd
& & HOES YT 7 hE B, BL,
Ei =B Neag ) Ul rsnh
U ED&DZEENAEROES
T, ZOLE, HiH &Y, max jgq iUl =1 725
1L, © & Hob H ~0(d,)-movement & FES,
ZZ T, wrapped A-labelling &(d,f-movement % FV>
BHILIZLY, FETHS T 7IZRT B cluttered
ordering DIHEIZBAL C, IRDEENYRFHND.

FE L COB4) FRR s 57 H HIiZxtL,
wrapped A -labelling & (d,f-movement AATEHET B2 51,
SERTER YT 7 K BT Hcluttered ordering 137F
FTA.

5. KRRUIRES ORERRE
AETIY, BNt 25 A—F L LT, KTEX
L A8 TE YT 7 Hingt)=(U, BNV T LTS,
TEREEU = VUWIL, ®ROE 51z, Fhit+IMEDTE
BEREEO2ODENESV, WIZHTONS L5,
Vi={v, |0Zi<ht+D)),
Wi={w, |0=Zi<ht+])}
TEEOEEL, [U=2htD) 725,
LB ENL, RO X T HEOESYEAE, (0Ss<t) (2
HBEND LEDD. E5I7, BHESE L #heh,
E’ EL B D3 0DESSESISTbRA LT 5.

= v, wH s Xh=i, j<sXh-+h},
B, = v, wod s Xh=j=i<sXh-+h},
By Vi » Wi | sXh=iSj<sXh+hl,
E;=E UE’’UE’’’, 0Ss<t
E= Upgesar B
WOREE, El=tX( B +nbh/2 +hhe)2 ) =
th(2h+1) &5,
ZIZTC, TE T T HwZBIL T, B8h, t(EL
2K LT, WROFERIZLY, (dDmovement DIFE
DREES LD,

FEE2. G4 BHE L t BL (2L T,
d=h(2ht 1), f¢h &F4UL, 875 7 HgicBL T E,
A8 B ~0(d,p-movement AMEET .

LT, HhizB L T, RBIR 8 7~0
wrapped A-labelling OREERIER 5, TRI1BLW
EEH2 LD, ETAHRETERS S 7B cluttered
ordering 73 5% b 5.

PR3, CO4D B8, 128 LC, 2875 7 Hint)
DAER.D wrapped A-labelling 530, FFRE"EI T 7K,
Xd Dcluttered ordering 233 B. ZD & &, TR
—F OfEH, weth(h+]), d=h(2h+1), f4h &£72%.

Mueller &3, H(;0), HE;t), HyDIZ® LT, FhFh
2@ 875 7 ~Dwrapped  A-labelling OORERRIES
5xl-. AT, ZOBBREERRNMTALLLIZ, &
bizhEaRREaE, Hh2 BLTC, B2 8807
7~Dwrapped A-labelling DERIEO TR 5% 5.

X B
[1] M Cohen, and C. Colboum, Optimal and Pessimal
Orderings of Stemer Triple Systems in Disk Arrays,
Theoretical Computer Science, vol297, Issues 1-3,
pp.103-117, March 2003.

[2] M. Cohen, and C. Colbourn, Ladder orderings of pairs
and RAID performance, Discrete Applied Mathematics,
vol.138,110.29, pp.35-46, March 2004.

[3] M Cohen, C. Colboumn, and D. Froncek, Chittered
orderings for the complete graph, COCOON 2001: Lect.
Notes Comp. Sci. 2108, pp420-431, Springer- Verlag,
2001.

4] M Mueller, T Adachi and M Jimbo, Chuttered

orderings for the Complete Bipartite Graph, Discrete
Applied Mathematics, submitted.

—578—



2E T ZICBITHECH S T 7oz EiFliconT
TESKFEET  HIEEHK

HBEAV L, Axd0ES (V) = {z,y}C Vs #y} DEYEAK 2E25, VKB
LUK OMHBEASE L OB (V,K,E) I3V 2R3EA8. E2DERETHIT57THA, /77
G=V,K,E)Izo\WT, V27 (VK,K-E) 2 GO KIZET3@IZ 7L\, G e, G
EEWABTHHLE, GRECETHIBECHI I 7 Vbhas, AT, EVWICRE T2
KIZHT58C/77 70BEEEROLIAREEZEL D, 2, K OFIRBETHE2HIT 7
KBIAEEMZ 7 7OBEEERDEAKEE X 5,

EAEW={0,1} L. BB f:K>W 150757 2RET 5, BHEEGRI, {z,y} e K
WXL, flz,y) =10D&E, 2K g,y TRESE, f(z,y) = 00L&, o,y TBEIEL,
{{z,y} € K|f(z,y) =1} B f ORT V57 DUEETH 5,

A%V FOBBEEL TS, ac AL, o'{z,y} = {oz, oy} L LV EEENB o' 1T K EOE
BMTHY, A ={da€ A} 1T K FOBBETHD, G 2 W LOXHELTS, o/ € A,7€ 6,
Zxt L, B8 (o;7) : WK - WK % (o';7)f(2) = 7f(a2),z € KIZXVEHET DL, 64 =
{(;7)|a € A,7 € G} EI WK LOBBRETHD, f,g e WEKIZHtL, (/;7)f =9 &5
(o;7) € Sf BEET DL, fLgXRETHBEVDRS, TIT, 7N 6, DEAITRD
i, flgRAETHBE VDS, bbAA, RELLIE, RETHS, FEREEICLY, WX
ERIEN, BEIZ 64 ITXBEGE L FEIND, Bio € A OBE (j1(a)), j2 (), ..., jm(a)) &
FBL, ZZiE, m= K| THY, jr(a) o ERERRSICHBLIEBEOE S k OKERK S O
¥ThB,

ZIER
1 &
Z(A';81,82, .y 8m) = v Z g (@)
o' €A’
A OISR L PEITN D, o =8y =+ = 5 = 2 EBE, K Z(432,2,..,2) R K DHHE

BEVEGIIL 277 7OEEERT, ROEBEIMLNATWVWA (p.137, [1]).
EH 1. WK OBBRE 64 TLAIENEE N(GE) i1

N(S#') = H{Z(4'12,2,2,.) + Z(430,2,0,2,..)} (1)
TEz b5,

NG RK CHELTOMZ I 78R\ TONKI|V| D757 (BEAIT K OBHES) OfF
¥ERLTVD, 2N(64) T K ORNEAZDERRL LD/ I 7OEKTH DR, LELKRDE
MABBRESh D,

o VSURKICHLTESHZ 77201, ThIZEHLT (2E) HXbhTna,
o T TRINE, EELEEFELLATHS,
Lied-T, KICET2HCHY T 7 0@ s(K) 13
s(K) = 2N(63") — Z(4';2,2, ..., 2) (2)

LB, TN
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EH2 KIHTHECH7 7 70 s(K) ik
s(K) = 2(4';0,2,0,2,...) (3)
THEZ LIS,

K=()0t&iA=6,. h=|V]) 2EX, s(K) X Read2] KL > THEZHNLDTH
5, FREEX,Y 2LV, K=XxY 2%x5, COBEIRX,Y 2WEAL T 257 %
EBEOMBIZL TV B, p=|X|,qg=|Y| £BL, 6, % X LOXHE, 6, %Y EOXMHEL L,
S, x &, DIETEEIT

1 P9 - .r o .‘
Z(6p x &) = 4 Z 3:((,"::))1 (2)5:(8)
- (a,B)ES xSy MI=1
TEHEZOND, ZIZT, d(r,t) iEr &t OFEKANE, £r,t) i EEANMEEERT, LELTH A
DEFEEIT

Z(prgq) (P?éq@&%)
2(Z(6q x 6g) + “
TRy a ) ir(a)de(a
1 Z H J),(a)II k(8 + [k /2] ( )H :215 :).1( )ae( )) (p=gq D& ¥)

aee,, k:odd r<t

Z(A) =

TEALNS, LIhoT, BE2EZAWT, X xY CHEIIBCHI 77 (2877 712k
LETMIT7) ORENRDLND, DTIZEORESZERT 5,

P ¢|s(XxY) p q|s(XxY) p pls(XxX)
2 3 3 3 7 0 11 0
2 4 6 4 5 37 2 2 2
2 5 6 4 6 114 3 3 0
2 6 10 4 7 147 4 4 16
2 7 10 5 6 196 5 5 0
3 4 7 5 7 0 6 6 649
3 5 0 6 7 2439 77 0
3 6 14
BEHR

[1] F. Harary and E.M.Palmer, Graphical Enumeration, Academic Press, New York 1973
[2] R.C. Read, On the number of self-complementary graphs and digraphs, Journal London Math.
Soc. 38(1963), 99-104.
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A New Paradigm of Hybrid Encryption Scheme
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Abstract. In this paper, we show that a key encapsulation mechanism
(KXEM) does not have to be IND-CCA secure in the construction of hy-
brid encryption schemes, as was previously believed. That is, we present a
more efficient hybrid encryption scheme than Shoup [3] by using a KEM
which is not necessarily IND-CCA secure. Nevertheless, our scheme is
secure in the sense of IND-CCA under the DDH assumption in the stan-
dard model. This result is further generalized to universaly projective
hash families.

Keywords: hybrid encryption, KEM, standard model

1 Background

Cramer and Shoup showed the first provably secure practical public-key encryp-
tion scheme in the standard model [1,2]. It is secure against adaptive chosen
ciphertext attack (IND-CCA) under the Decisional Diffie-Hellman (DDH) as-
sumption. They further generalized their scheme to projective hash families [2].
(In the random oracle model, many practical schemes have been proven to be
IND-CCA, for example, OAEP+, SAEP, RSA-OAEP, etc. However, while the
random oracle model is a useful tool, it does not rule out all possible attacks.)

On the other hand, a hybrid encryption scheme uses public-key encryption
techniques to derive a shared key that is then used to encrypt the actual messages
using symmetric-key techniques.

For hybrid encryption schemes, Shoup formalized the notion of a key en-
_ capsulation mechanism (KEM), and an appropriate notion of security against
adaptive chosen ciphertext attack [3,2]. A KEM works just like a public key
encryption scheme, except that the encryption algorithm takes no input other
than the recipient’s public key. The encryption algorithm can only be used to
generate and encrypt a key for a symmetric-key encryption scheme. (One can
always use a public-key encryption scheme for this purpose. However, one can
construct a KEM in other ways as well.) A secure KEM, combined with an ap-
propriately secure symmetric-key encryption scheme, yields a hybrid encryption
scheme which is secure in the sense of IND-CCA [3].

Shoup presented a secure KEM under the DDH assumption [3]. As a result,
his hybrid encryption scheme is secure in the sense of IND-CCA under the DDH
assumption in the standard model {3].
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2 Our Contribution

In order to prove the security of hybrid encryption schemes, one has believed
that it is essential for KEM to be secure in the sense of IND-CCA, as stated in
[2, Remark 7.2, page 207].

In this paper, however, we disprove this belief. That is, it is shown that
KEM does not have to be CCA secure, as was previously believed. On a more
concrete level, we present a more efficient hybrid encryption scheme than Shoup
(3] by using a KEM which is not necessarily secure in the sense of IND-CCA.
Nevertheless, we prove that the proposed scheme is secure in the sense of IND-
CCA under the DDH assumption in the standard model.

In a typical implementation, the underlying Abelian group may be a subgroup
of Z;, where p is a large prime. In this case, the size of our ciphertexts is |p| bits
shorter than that of Shoup [3]. The number of exponentiations per encryption
and that of per decryption are also smaller. (Further, our scheme is more efficient
than the basic Cramer-Shoup scheme [1,2].)

This shows that one can start with a weak KEM and repair it with a hy-
brid construction. Eventually, more efficient hybrid encryption schemes could be
obtained.

Our KEM is essentially a universal, projective hash family [2]. We present a
generalization of our scheme to universals projective hash families also.

The only (conceptual) cost one pays is that one needs to assume a simple
condition on the symmetric encryption scheme. Namely, any fixed ciphertext is
rejected with overwhelming probability, where the probability is taken over keys
K. This property is already satisfied by the symmetric encryption scheme SKE
which is used in the hybrid construction of Shoup [3]. Hence the SKE can be
used in our hybrid construction too.

Our result gives new light to Cramer-Shoup encryption schemes [1,2] and
opens a door to design more efficient hybrid encryption schemes.
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TN— TR BT B ROk

i N N e S0

1 WEARLE

ENLOWETRID I ZHNTEDTERE
#EZ%, TLT, BOREORHT, REH
FEMNEFELTEIOI—Y—CE-T2 A
HEESE LI LT HANBREBEORERHE
L. BBZO3BREREET S, THIc1—
Y—ETNEILT BN BEERL. A E
FHlb0OF v LI hARERAIAN, BT
FEERAEEZERT 5, cNEEH->T,
AEALBEOAFESERT T RAVF—Uk
Ady TR~ 15T A g, RIESBRITE - #5008 )
LTEHT S, &blc, JV—T@EE b
IVERRL, HEEHE0E L TCORESO b
VHEFER RIS S B RIERRAIERB-OAE R
A A REERMERCH L TRETHBT L
ZEERT 5,

2 T RNF—Y
2.1 FE:7NdUXL

o ATE W, HRNTLTIXLT tTTVEK
HICBWT U, € En & t-1 7YY FH
FTONEEE. B, ICFBTHA =0
WER, BXURHERs ZHOVTREZT
SHESHREL. athl) ZHIT 5.

o k() EBREMT VT XLT, t IV FHE
KBV TAME EREREZOEE akl’ &
LTHAT 3,

o K()WREMTINIUXLT. t 7V FEIC
BOTEEO/NE L HEROL Y F atky)
BANTBETO b IVITREN, RDFTT
FORBIR, WER. SEEReHAIT 5,

o BIERH i3z 7 LAY XL T, ABIR
Pk & a1—Y— g BB REER Sk, KU
BEREANT AL, 70 UUAERICEH
EL TV ADREND B EHE L TZOR
RrHNT 5,

aNz )

o BN 1Ry 7L ) R LT, BR
Pk & 31—k BB RER Sk, RULD
BAEHEANT AL, 2TO UL e QICHL
T U WRESHENEHE LY A -2 H
VAR

2.2 EE XBEFYLVY

o U, € E,, WRERITozE XL, £TDEL
HEde DMWTEERMTERVEIKCT
B LWV F v Ly U RARERMELE &R,

o RIEVBHIENL LT, EEDI¢E E, D
FIVBRESRET7 L) X L BIEARR
BWC B, KAET 20— ADX
VN U, BRERT> TRV HESE
5, 8L E, KB R —F— U, B
RERITOIEHEEE B LN Fr LY
72 A IE R 5 & P 5

2.3 FIEBHERICHTE7 FRVF—T
HAREEZETN—T E, DEAREET o2
WHEEDEETEDT RNV T—IUR LTIV
FEHICERE dec D BRI NAEREANVTE
#I5,
Prg) [G(”;
Atk® 2 {Pk® SKk®)}
Bzzimm(}-,kuﬂ), Skgﬂ), S(t+1)) - Eﬁ]
FRELEtIY Y FEICET3ESR G ZRD L
SICEL,
6 =[E,, €&,
atk) — ATE(PKED ski~Y sl-D);
atk?) = k(pkgt), skf,t) )
(Pk(t+1)’Sk(t+1)’ S(t-i—l)) — K(atkg))]

ZhERWT

Ady FERRINGE - 85 BRF _
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Pr("t,G®);
Atk 2 (PkT) Sk™} .
Vde D,"t < T TIE#ZHH]

2.4 AEERHEBINTZT FNVF—Y

Ady NEERTELE - REHR (1

Pr["t, GO,

Atk £ [PkD 8kD},

Clg = B;FDE%&?&](Pk(t+1),Skl(it), s(tHD)
K, C'k # Ci]

3 REOral

D IC X AR OL L TOERTARERI %
AEEICTA o ba e LT, kDX %I —
TRERTO N ANVERRET S, Uy &,

(0) 7 « g{0,1}7, sk,(cl) =r
(1) K9 = ook

(2) (pk(||t|| BT ID) 12 Uy, DBREAMT, Uy
DABRTHBLLT UL IKE(ET 3,

(3) Uy hoRELIET—2ZBLOMERTHE
SL. Uz DB DB C LR, ph &
B o 9,

(4) A = Hash(pk(||k|| B35H ID) % TA i
THREY 5,

(5) Yk, A EEEE N5, TA W pkl) ZER
THOT, Uy OBRRMIT ph? E%(E
T3,

(t)
(6) sk = (pkp)eke
() t:=TThRINTt =t +1,(1) N

(5) & (6) L DT, TA W, £TOFEEN-
Ny BB, YE RS 2R BIE S HEEN,
BN IBAE. REMEE L ¥ET 3, R
EAEELHE LIRS, TARLEND sk
ZEB L. D& S 7% BEIFFRR pgrx w3,

o 2RICO%ZDIT B,

o T bFLEBHE N sk BITIC TAR
BETEITT %,

o FWF BTz pk) MIEL L pkt+ie SELL
BOBE, phoo & EICRHE 5,

o Pk Dk DBLNEHELIE EICXED
%

® p]cz(g) Dk DELNELTHRWMES., kIC
X ZAF UD 12 skD ¥ phye BRHE
BBo phyo DERHNELTEL, LI
P # (R 1 BIVBEE, F
IKX%ZDF %,

BRSY U RETTHEERDRL, BRI X
F1F 5Iz ADH LEER LTV B AT ARAF
Bo 112U, U, B skl ®IBH Ui o B4
Un IEXBAHF, Ug = Uy 12 sk BRI
T, BERETT S,

4 REHORE

CORBObaMCBI BT RNRVTF—Y
B Ny D 2 BIEOMBRERT AREE. LA
K s LINICETFBELBEHRDER LD &/
TNT L ZFAT B,

BE Xk
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Bayesian network % F{\ 7z positive detecting algorithm @
PERTE & EE G & DBRICDNT

LR AR (BEEERBAEAIEART - BT 22EFAERD
R i~ (REBRFERER - HHREZERD

1 [FC&HIC

DNA library screening Tld, 7z<{ &A®D DNA Ok (A, T, G, C DEHF) Df
5, HZHBIN U TR (positive) KIS E R HEEY (clone EFER) % RLHI4ER
BOMTabns. HIKTIR, TORBROFERIC false positive, false negative 7 £ D]
EROMECT BT LIFEHI SRV, ZhEDEDOEERRELT, FOTFTH
TERAD DR /NE T BRBOFTEB L UHNT7 NV IY XLOMENEETHS.

2 2B IL—TF R b

ZDRHD—DDHELLT, 2BEINV—TT A N EMENZREFEFAL
ENBTENDB (1), [2], 3], [4], 5]). nFEDF clone #B—D—DFArTB L n
HDT A NPRBIZIE M, BH, positive clone DEIAIZ, 0.0001~0.005 BED
CeMPiElmV. TOXSEER, BROERENECEDICELHTFOY IL—
7 (pool EMER) I LT, RIGHEBEITV, ZFOFRD negative DIFAITIE, Z
D pool ICEFENDB TN TDEESD negative THE T L% 1 EDT R FTHET
&%. FJz, positive DIFFEITIE, ZDFRDWT LD clone A positive THB &b
B, TOXIIK, TXRIEHEEED pool KX LTT A MEIT, FOHEEHS
positive DFERADE U clone ZHIH LT, FN 5D clone i DAARNTT A k21T
T positive clone ZF#BI T B HFEZ 2ERETIV—TF7 A R EME, FAMCHAWLH
% EE T clone DEED 5B pools D% pooling design & FEA TS,

LiehoT, 2BRET IL—T77 R Mic B % positive 3HAIDFIEIZ,

(i) pooling design DFT{H#H

(i) ZNV—TF X M K B EE

(ili) ZIV—T 7 R b DHIEFERD 5 positive DFERAE L clone ZHlH

(iv) (iii) THEHE N 2R 7 o— I UTERT X b
£7%%. (i), (iv) DEBIBEE, ERTDNZERICKIFT 2728, TT TR, (1)
DEEROFTE & (iil) OFBIT7 VT XLCEHL,

(1) 5z 517z clone DEE positive #HIT )V TV XILISHK LT, pool DEAVDIx

< positive clone ZzH9 % EESI D E < 755 pooling design DFHHE &
(2) pooling design & EEFERMNEG X 5N /BRIC, BHEICHEE R < positive clone #
AT B 7V X LOFEE
DOED SEFFEZITS.
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3 BNPD OUERE EEEEEE E DR

ARIZETIE, "ATT Ry FI—7 2KV 7 )V 3Y XL BNPD (Bayesian net-
work pool results decoder) DU & EEHEIE & DEFRZRNTWS. TIT,
ED X 5 7% pooling design ZAWVZBAICIERE TICIRIADEETLE S OhEE
2%, BlzIE, TOMBEZERILT 2 LHB%EH4D FTIH{ER

A(H_I):l—l_zq 1— P }r—l
l1—gq (1-p)ALE=1 4 p

ZRTET K3 HEE {ADY2, OIREZFARZHNEN DB T LMbhB. TTT,
p 137 clone A positive TdH 5 &5 L AR, ¢ lIKREBRTOROEESR, kid1 DD
clone BVET % pool D, 71E 1 DD pool IZJBT B clone DEERLTWVWA. TD
I LTI DOEEMNKR D ILD.

EE 1. k>3, 7231 LT, Lo {AD}2, WK LAWK 5% p & g B
1£9 %.

ARRTIE, ATHOMHAOEMBZHRIL, £/, XEHEH S BNPD DFFIER
BOPRLANVEETE p R g REABCLICE > TED XWHEICHERT B L1
TEAWEENSA L2V I alb—Y a7 LICK > TRLUT.
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A construction of OA(s*,t + 1, s,t)s by polynomials and their classification

Shintaro Yagi (Keio University)
Masakazu Jimbo(Nagoya University)

An N x k array A with entries from S is said to be an orthogonal array with s
levels, strength t, k constraints (or factors) and indez )\ if every N x t subarray of
A contains each t-tuple based on S exactly A times as a row. The orthogonal array
is denoted by OA(As', k, s,t) or OA(N, k, s,t). In this talk, we show a non-linear
construction theorem of an OA(s*, ¢+ 1,s,t), and classify the OA(4%,5,4,4)s that
are constructed by our theorem by isomorphism. Now, we give the definition of
isomorphism.

Definition 1 Let A and B be orthogonal arrays. A is said to be isomorphic to B
if A coincides with B by the following three operations:

(1) permutation of rows

(i1) permutation of columns

(i3i) permutation of symbols in each column

Next, we define the relationship between orthogonal arrays and functional repre-

sentations.
Definition 2 Let A be an OA(s*,t+1,s,t). A function f: GF(q)! — GF(q) is
called an explicit functional representation of A if, for each row (aw, -+, ) of 4,

ap = f(an, -+, o)
holds. Also, if, for each Tow (e, ---, ;) of A,
Flag,---,0¢) =0
holds, then F'(-) is called an implicit functional representation of A.

Note that, for an explicit functional representation f of A, F(zg,---,z;) =
xo — f(z1,- -, z;) is an implicit functional representation.

Definition 3 For a function f: GF(q)* — GF(q), let
H = {(o0, -, 04) € GF(q)"" |ao = flar, -+, ) }.
If there exist functions
zi = fO(zo, -, Ticy, Tipr, T2
for any i such that
HY = {(ap,- -+, 04) € GF(q)™|os = f(ao, -+, iy, it -+, )}

coincides with H, then f is said to be invertible.
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Now, we can prove the following theorem.

Theorem 1 A function [ is an explicit functional representation of an OA(s',t +
1,s,t), if and only if f is invertible.

The case of s = 2, Cheng (1995) classified any orthogonal arrays with k = ¢ +
1,t+2 and for any index A. Moreover, in the case of s = 3, Hedayat (1997) showed
that all OA(3%,t+1, 3,t)s are isomorphic whose standard forms are f(zy,---,z¢) =
T+ -+ Also, in the case of s = 4, Mimura (2004) classified OA(4%,t+1,4,¢t)
for ¢ < 3. In this talk, generalizing Mimura (2004)’s construction, we obtain the
following non-linear construction of OAs.

Theorem 2 Let g(z1,---,x;) be a polynomial over GF(p'), where | is a multiple
of p, such that g is linear for each variable z; and coefficients of g are in GF(p).
Andletr(z) =z +2°+---+ 27 . Then,

d
»’Co=f($1,"',$t) éfffl+"'+$t+g(7‘($1),“‘,7'(33t))

is a functional representation of an OA(s',t +1,s,t), where s = p'.

By virtue of Theorem 2, we can construct many OAs by choosing different g(-)s.
Now, we consider OA(4%,5,4,4)s constructed by Theorem 2 and classify them by
isomorphism. The classification is proceeded as follows:

(i) Let © be the set of OA(4%,5,4,4)s constructed by Theorem 2.

(ii) Identify OAs that are isomorphic by the permutation of variables.
(iii) Find isomorphic OAs by invertibility.

(iv) Find isomorphic OAs by permutation ¢ : z — z + «.

Then, we get the following theorem.

Theorem 3 There are at least 17 nonisomorphic OA(4%,5,4,4)s that are not lin-
ear.
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GA-optimal Partially Balanced Fractional 2™ Factorial Designs
of Resolution R({00,10,01,20}|Q) with 2<m,;,m,<4

Masahide KUWADA', Shujie LU, Yoshifumi HYODO? and Eiji TANIGUCHF

! Faculty of Integrated Arts and Sciences, Hiroshima University
" Graduate School of Engineering, Hiroshima University
” Graduate School of Informatics, Okayama University of Science

m

We consider a fractional 2™"™ factorial design. 7, say, with N assemblies. where the three-factor
and higher-order interactions are assumed to be negligible. Let (80".610".60 .6 .62 .61 ) (=&, say)
be the 1 x v(m).mz) vector of the non-negligible factorial effects, where v(m.m2)=1+(m+ms)+(m;+my)
x (m+m>—1)/2.  Then the linecar model based on T is given by
) =Er®+er,

where (1), Er and ey are an N x1 vector of observations, the N xv(m;,m>) design matrix whose ele-
ments are either 1 or —1 and an N x 1 error vector with mean 0y and variance-covariance matrix oIy,
respectively. The normal equations for estimating @ are given by Mr& =E7'y(T), where My=E7 Ery)
is the information matrix of order W(m,.m;).

Let 7 be a 2™ ™-PBFF design derived from an SPBA(m,+m-:{ Ay, B)- Then by using the alge-
braic structure of the extended triangular multidimensional partially balanced (ETMDPB) association
scheme, the information matrix Mr is isomorphic to || k5% %[|(= K, , . say), where k27" are given
by some linear combinations of the indices A;;, of an SPBA.  Furthermore K, are given by

Ksn= (DpnFps A 50 ) Dy F g, Ape,)
where Dy, and Apgg, are non-singular diagonal matrices, and the elements of Fyp corresponding to
Aax (Pr=a=mi— B, pr=x<my—f) are given by some functions of the suffixes a and x of A, .

A parametric function C@ of @ is estimable for some matrix C of order (m;,m,) if and only if

there exists a matrix X of order w(m; m-) such that XM=C. If C@ is estimable, then its unbiased

estimator is given by C &, where @ is a solution of the normal equations, and furthermore Var[C 8 |
=OZWTX’.

Definition 1. Under the assumption that the three-factor and higher-order interactions are negligible,
if &0,60,61.60 and some linear combinations of the effects of &, and of @, are estimable, then a
design is said to be of resolution R({00,10,01,20}|Q), where Q={00,10,01,20,02,11}.

In this paper, we focus on obtaining a 2™"™-PBFF design of resolution R({00,10,01,20}|Q) de-
rived from an SPBA(m+may;{ A, }) with N<y(m;,m;). Thus we consider a design such that C is iso-
morphic to I, , where I'no=diag[l: I'y). No=diag[ls; gig"'] (f m=3) (or diag[L; g’ ] (if m=2)), I'n
=diag[1: I'y] (if m223) (or diag[1; gt | (if m2=2)), To=1 (if my24) (or vanish (if m=23)). It:=go;" -
(if my24) (or vanish (if m,=23)) and =g, Here I, =l g ™*|| (nn=00.01; mab16,=02,11)
and gggm” are some constants. Further consider a matrix X of order 1Am,m;) such that X is iso-
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morphic to || X;EM’“ (=X, say). Then XM;=C is isomorphic to X, K,, =T, . The matrix
equations X, K, , =TI, with parameter matrices X, have a solution if and only if rank{ K,, "}
=rank{(K,, " I's5 )} Thus we have the following:

Theorem. Let T be an SPBA(mi+mz;{ A,;,}) with N<(my,my), where 2sm,my=4. Then T is a
2" PBFF design of resolution R({00,10,01,20}|Q) if and only if one of the following holds:

(I) When 2<my<4 and m,=2, there does not exist a design of resolution R({00,10,01,20}|Q),

(A1) when m1=2 and my=3 (U2,3)=16), o121, Aiozl, L3z, A2221, at least two of { Ao 0. 40,3, A2.0.A23}
except for {Ao0,A23} and {Ao3,Az0} are nonzero, 3(Ao1+Ax2)+t2(A ot A13)F Ao ot Aozt Azt Az 3=15 and
Aoz=A1= A= A2,1=0, or its FCA,

(1I1) when my=m,=3 (U3,3)=22), Ao 21, 3221, at least three of {A10,A13.A20,A23} are nonzero, 1=
Aoot Ao st Az ot Az s, 3(Aoi+Ar ot AL st As 0t A st As ) F Aoot A3t A0t A3 3S2) and Aupy=Aax=Asa=0 (1=aq,
x<2), or its FCA,

(IV) when mi=4 and my=3 (v(4,3)=29), Ao 121, A2zl and A=A =41 =0(1=a=3; 1=x=£2), and in
addition
(1) A2,0=A25=1, and fiirthermore

(1) exactly one of {A10,A13.43,0,433} Is nonzero, 1o ot Ao st AaotAas and 3(AoatAa2)+4(A1 0t A1
+As0t A3 3) Aot Ao st Aa ot Aa 3= 16, or its FCA,
@) (A,0,41,345,0.433)=(1,1,0,0),(1,0,1,0),(0,1,0,1),(0,0,1,1) and 3(Ao1tAs2)+ Aot Aot AsotAas = 8,
or its FCA, or _
(3) (A10,A1,3,43,0,43,3)=(1,0,0,1),(0,1,1,0), 1=A00tAostAaotAaz and 3(Ao +tAs )+ Ao ot Ao st Aot Aess
8, orits FCA, or ...,
(V) when my=m;=4 («(4,4)=37), .....

Let o*Vr(c) be the variance-covariance matrix of the linearly independent estimators in C'é.
Then put g (=g (a). say)=1 if o=0, V(1+w, D if o=l and 1/{1+(w, )}'"* if =2 for
112=00,01, where wog={2(ms—1)/m;}"*woo and wg,={(mz=2)/m }*wor.

Definition 2. If tr{V{)}<tr{Vr(c)} for any T", where T and T~ are 2™"™-PBFF designs of resolu-
tion R({00,10,01,20}|Q) derived from an SPBA(mi+ma;{ A,, }) and an SPBA(m;+my;{ l:‘,,tz }) with N
assemblies, N<i(m,,m,) and 2=my, respectively, then T is said to be GA j-optimal for ¢=0,1,2.

Using the properties of the ETMDPB association algebra, we can obtain GA j-optimal 2™ ":-PBFF
designs of resolution R({00,10,01,20}|$2).

Table. GA,-optimal 2°*>-PBFF designs

N A (V0 tr{Vd1)}  {Ve2)}
12 110110010010 1.61111  1.40400  1.44444
13 110110010011 1.40327 1.19617  1.23661
14 110110011011 1.19691 0.98980  1.03024
15 210110011011 1.15585 0.94874 0.98918

—590—



2HF & 3EFRAMBIIKT 2R FTREEHE DK

AT LREE KRR HA
MEREERENFR S RENL

1. [FLHIC

om BRHEE B X, T, : weight(l D) 2% 0,1,m — 1 OLHEMALEEDHE L T5H & %,
T=T1+Tp (“+7 X2 oDFHBEDOIWEE) 25, 2HF & SRFRAEERANLE 2HEOEKMBRELR
RTEx (HL, SEFRAEMEAPLCORMPDFETIE L LELIAEER), TR LCHTETET
HHLIR T, ZHEE L.

D& &, Srivastava OEAFEBICHYE T HRO L D 2EENEIND.

FE1 THAFEOHBE THAEOOLBERMEL, T OHEFHICRNT, —HEEY L& TR ICH
ETBAm+ 15k, 2T L 3RFREERICRHET S 451%8A (BL, 3EFLEERCHE
T A 23 ETLAERNAY) BO1T8E G T8,

rank G=m+1+4

ThHZ ETHD. BT, BENLDVWEEITITHFOREFIZR S,

2. ZOHEOREMIT
RO LI, BEEBCIIGET A0 O04FOERY Fizik, RO3EY H3H5,

1) 2EFREERICHIGT D500 452 REFE
Shirakura,T., Suetsugu,T and Tsuji,T(2002) IX, ZOFEICK LT, T BNEHE1 &MWL 5%
T, Oz 3 _R&RMF2EX, ZNEFBEZTRO L D 221T751% ST-array & AfHT7z.

E® DE2nxm®d(0,1)175IZET5L, D niT, mFlO ST-array (ST-array(n,m)) Th
201, T, DEDAFER->TH, (1),(0). (D), Q) BETEENTVALI R 2ITRHFETHLE
THd. (B #aniE, ML Tb4< 0,1 K& (complement) THRRWV21THRFEET L L& THD)

& 61T, Ty(ST-array) & LT, Linear code {5 (LC # A LML Z LT %), BIBD D¥ET
FIZ2ES (BI #47), QR.2FIATD (QR ¥ A7) &5 3EOMRAEL RLE.

2) 2HWRFREEAIZHIGT 2555 35, SHFREERIZHETHF2:5 152 BEES
IoEERX 2RFXREMEACHIET S SHOMIMEFITEELINIZREVW I EBHTL DT, G
Drank BELDHZ LTV ERTRENS.

3) 2RFREMERICHIET2F006 251, SEFREERICHIET 55100 2 5% RE5E

G @ rank BHEHBRVEDIZRE, SEFREERICRHET 51 S0 25 % R> THMITHD
ZEETFHIELNZENHTS S, E0I, g ¥EDRICHIETDIINEET DL, cijp =gi*gj*
gk —8i — & — & ¥BXT, Cijk #Cimn (BL, 5,k L LmniZiXB L ORBH-THRY) T
PRiEL vz ENEI NS,

EBIT, Cijk # Cmn WRDITIL, T KRLTEZDE, ijk D3FIT weight B 0or 1 { #A7 A
LF5) THY, Imn O 3FIT weight 25 2 0r 3 ( #4 7 B £F5) ThATREET Bh, ERiL,
ijk D 3FIT A7 B, lmn D3FIT A7 A THATRFETRIZLV.
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bz &b, ROFEERPEIND.

BE2 EEROT KL, T=T+T, »¥ 2RFREER - SEFREFEMAI L&~ 2 EORMME
REBETE (BL, SETREMEA»SORDBRIRL LBLOASERY), IR L HICHEET
BTHI-DOLERMEE, T, B ST-array THY, T, NHERIZIFIL 3T BRI, F47A
& ZA7 B OIINRFEETDIYD, TR FAT B EXAT ADITRFET DI L THD. Kz, #
ERROERICE oM S,

Wiz, EBREMETAEEET A0, EROFGEHISRV3FE 3FTOHAEEZTHTEL.

1) 3HEFREEMICHET 5T, I XFHLERLBVEBE (gijx & &mn D& &)
Cijk = Clmn ERBEATA—A, FATB—-BOITEBRLE, T hbD6FIDEDITIZD
WTh, ROL I 1,0 DHAED 2 @Y MH 5.

i 7 kIl m n
0 00 0 0 0
100 0 0 O
011 1 1 1
111 1 11

2) SRFREMEBCKHIET DHIT, L XFRERSTHBE ijk & Bimn PLE)
DT i=1 &RoBEEZTILNTLL, 208V BHD.

3) SEHFREMERIZIIGT 25T, 2XFERERSTHBE (gijx & gijm P LX)
T, A ST-array ThHIUL, rank NE LD Z LIFRN I LEPREND.

3. EHEop
T, £ LT, ST-array D LC # A 7, BI ¥ A 7T, BHOFGEMITI EN/RINDS.

1) LC A 7Dk ¥
(M) + (7)) x 2™ D LC &4 7TiE, B¥EBO m FTCERIC3FIL 3FIEM70, 14T A—
A, #47B~B THHMILRD3 2589 THEE, FEHD (7)1 (LEm FTOHO 2470 mod
2THOR) THHATA—A, #A47B~-B THARZEMNL, EREmTOERY FILESICHIBIR,
ED 45Ty, FUTRL complement Th72V> weight2 DITASUT 21THEET D &5 ST-array D
RIFICFET B L BTREND.

2) Bl # 4 7D & &

T, DEFUZOVT2HTOORBEE LD &, AEOEIZ—E (28% THHH, ThboEis
BbEDL, ZOFDAFIT, weight2 DITOEMN O THAHZ LMNREN, ED4FITH, FBLTR
< complement TH 22\ weight2 DTN T 2ITHEET H LD ST-array DEHFICFETHZ LA
REND.
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