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GA-optimal partially balanced fractional 2% factorial designs of resolution
R(100,10,01} | Q) with2 < m, me < 4

BIOER (FERE - 1) B TOBMERD KEHE

MRZE" (BHBRE - [FHRAFIER) (m&d, fika+ 1, 3-ki
DERBLH D [F R 548

BFARER (BTESEERSTFERM), MER— (WP RERERS
) EBREBRE N TLQCYIaL—va YEEDRIIONTO
Z8E —mELY ZHEEERV I V-V a VOEHFHR-

LR (BogEsu kS - BT) : CCCP % A V> 72 DNA library screening 0 7=
& O positive detecting algorithm



K77 7 TD betweenness centers {Z-OV T
RS T &FEHE (Ea KB
1. IZCHIZ

777 ED&HDHTERD betweenness & i3, oD 2 TERMOBLERRIZ, FOIERN K OREED
S>TWENERTRED1OTHY, & LTHERY NU—7DSBFTHEEIN TS, (1]
Floyd 572 L, KGN TWBEERT VT Y X555 ATE, —#a0iz, s inns/5
ZIZR LT, OmIDFHIT betweenness centers B3RO SHND. —F, 777 %RETHIE X
V) Bl betweenness centers 23RO H5. BARIZIE, AREO—RIFETHS cactus 777
(26 LT, On) T betweenness center 23R 6D Z &b TWa. [2]

AFRTIL, HRZ T 7 %08 & L= betweenness (22 VC, Bl E ThhvolzZ & 2ET 5.

2. betweenness centers

w777 UGIIR LT, & TORERRI~FRTHTEIT, FRZ 77 DGICEBRLEZ L &,
UG%E2DGDOBRITZ7ENS.

SR EORDOEEBEDRAORE ERUTHD L&, ZORIIIREDREIZEEN
DLV, ESTRVEE, BORZIZEEND LY. 2TOROMENIETHD L HR/R
%, AE/IZEV, BT HREOR VIR E, EIRZAEW) . FEYSA LOBROAL
BED/RAORIEN). G EOEED 2TER xy (LT, BEIDFNTHS x by ~DOF
MR % x—y BRI LV . x—y BEROR I ), x b y ~OFEBEL Y, dky) TERT. x
Moy ~ERYSAMHEL Ve b, dxy) = o ¢95. G EOHS 2TERuvIZHLT, G
Bu—v EINZREE0RLIE, GIERERTHD LV, G u—v HRVIRE v—u FRHY SR
LEDROIE, GIBRERTHL LV,

757 G LOFRY A TR EEENF—DER THDE L&, ZORREHEREEL 17
WS GBRPAINEEFRNEE, GRTYA 7V w7 THBHEWD, LT, FBETIE,
BRI 7585,

(el 777GIRNWT, ERVICHLT, ROLDRIERSOESEZEERTS.
B = { &y ldxy = dxv) + dyy < o, v#xy }
O RTERNEAOERESY bEL RS bbb, b= |B®|THa. O

MRETHTT7IIHRNTH DD, ky) € B@ THoTH (3 x) € Bw) &idfRLAW
ZEITHEER.

lExg2 757Gk T, bEPBATHAIEAS betweenness center & FES, [
FERFETIY, 5% biT-7F 70 betweenness center (232244 B IEA %2 Cleenters) B L

CRODBZEZBEL LTWS. BRI, ERSF7EOTF =M, branching 72¥, &7
TIBKRTHD LI RERNT T 7R LT, On)TEIRATRETH D Z LhbhoT-.
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3. b—FA}

bR b3, BYT778, BES77THEIAMT T 7THY, ROMEEZFOZ LH
MHNTNS.

BafE1]l 5 h—F 2 T MMHEBRCTHRT=ODYESEMHT, T BTHA 2V v Th
HILETHD. ZIT, HBALIL F—F AU FTBOT 2480 yv) BL Gw)
DIHETAR5IE, B2 w) bETHEETSD, EVWIHIMETHS. O

betweenness (ZBS L TiZ, WS 5 70HE, BRI 77 THDH L E, Hvd, TO L EIZ[RY,
LTOERDLMENRO &3 E35bhTn3. 2]

BRI S TOHE, b—F AL FThBHILITLTOIEADbIEN 0 & 7251 DDNELET
LHREETHRV. FRZZ 70848, bENES 2D Z LI TROBENR Y Lo &
MFEAC&E 7=,

HERE2] 757 GiZIWT, ED bEERFOTERITHET B OSB3 4RMHT, 1 <duy)
<o, EfT L D72 2THR wv G LITFFHETR 2L Tha. O

ZOFRELD, M—F AL FINTY, BT STBATHAL IR 7T, £TOEADD
B0 L 72D b DOWBFHET D Z EBBBITHE HOHNE. -, ZORBEL D IROMRESET7-.

[BRE1] b—F AL b T IZBWT, £TOTERADbE 0 &2 B2 bDLE-3EHT, T A
B THEZ L ThHha. O

BB h—TFT A MZRBWT, SRERRS% 1 BEOEAICHETIUT, #EBReRI0 h—F 2
U IBELND. MEL1 XY, F AL ORI AERERERSMOTEART b EOFHEI
ESEER IR AN - 1

4. Bz

ST, RE1EFIFHL T h—F 2> MW 5 betweenness DMENDEE S S 51T HED 3.
BAEIZIE, P—T AL MRREERNCAET D 2 LICk Y, LSRRI THELL b
EZFHETLHEE RO D0y, HBHNE, TFHER bEOHEIZETIZ, RS OEEoEE
7R EDIFEND, betweenness center 2R Y HEETE B3NE I NEETILENHB.

BB

[1] L.C.Freeman,“A Set of Measures of Centrality Based on Betweenness”, Sociometry,
40, 35—41 (1977).

[2] Farley,“Betweenness Centers on Extended Cacti”, Congressus Numerantium 167,
77-86 (2004).
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Conflict-Avoiding Codes of Length n = 4m for Three Active Users
BRK - REEBRAT T EVF— ZIE ERT

1. Introduction

A conflict-avoiding code of length n for k active users is a set C C {0, 1}" of binary vectors, called
codewords, all of Hamming weight k, such that the Hamming distance between arbitrary cyclic shifts
of distinct codewords is at least 2k — 2. The support supp(z) of a codeword z is the set of indices
of its nonzero positions. The coordinate positions are indexed by the numbers 0,1,...,n — 1. A
conflict-avoiding code for three active users is said to be centered if the supports of all codewords
are of the form {0,7,2i}, 1 <i< n/2.

Let M.(n) be the maximum size of a centered conflict-avoiding code of length n for three active
users and M (n) be the maximum size of a conflict-avoiding code of length n for three active users. A
conflict-avoiding code of size M (n) is said to be optimal. It was proved by Levenshtein and Tonchev
[1] that M (n) = M(n) if n = 2 (mod 4), and M(n) ~ M(n) if n is odd.

2. Upper bounds on M(n) and M.(n) when n = 4m

Given a number 7, we denote z(z) as a centered codeword in C with support {0,%,2i}, 1 <i < n/2.

Lemma 2.1 A conflict-avoiding code C of length n = 4m can contain at most one centered codeword
among x(2), z(2i) and x(n/2 — 1) for each odd integer i in the interval 1 <i < n/4.

Theorem 2.2 Let n = 4m for a positive integer m. Then

| n/8+ M.(m) if m is even,
Me(n) = { (n+4)/8 + Mo(m) ifm is odd.

Applying Theorem 2.2 recursively with the results due to Levenshtein and Tonchev [1], we have
the following.

Corollary 2.3 Let n = 4*m for positive integers k and m. Then

n—m

M,(n) = + My(m)+ 6

holds, where § =0 if m =2 (mod 4), and § = 1/2 if m is odd.

Consider a partition of positive integers not exceedingn/2: O = {i | i =1 (mod 2),1 <i < n/2},
E={ili=2(mod 4),1<i<n/2}and D={i|i=0 (mod 4),1 <i <n/2}.

Lemma 2.4 Any centered codeword z € C such that the set of differences not exceeding n/2 is
{i,5}, where j = 2i, if 1 <i<n/4, and j =n—2i if n/d <i < n/2, is one of the three types: (i)
i€eOandj€E, (ii)i€ E andj € D, and (iii) ¢,j € D.

Lemma 2.5 Any non-centered codeword x € C such that the set of differences not exceeding n/2 is
{3,7,k} is one of the four types: (iv) two of i,j and k are in O and one is in E, (v) two of i,j and
k are in O and one is in D, (vi) two of i,j and k are in E and one is in D, and (vii) 1,5,k € D.

Now, let
- _[ 0 ifz(n/3)¢C, [0 ifx(n/4)€C,
a—{ 1 ifz(n/3) € C, ﬁ-{ 1 if z(n/4) € C,

and C~ = C\ {z(n/3),z(n/4)}. Partition C~ into the sets C,, C. and Cy of centered codewords of
types (i), (ii) and (iii) categorized in Lemma 2.4, and the sets Noe, Noa, Ne and Ny of non-centered
codewords of types (iv), (v), (vi) and (vii) categorized in Lemma 2.5, respectively. Then,

|CI = +ﬂ+ ICoI + ICel + |Cd| + |Noc| + lNodk + INCI + INdl (21)
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An upper bound of M(n) = M(4m) can be obtained by maximizing (2.1) subject to

k1B +|Col + 2|Noe | +2|Nog| < n/4,

kaB + |Col + |Ce| + |Noe| + 2|Ne| < [n/8],

ks + kg3 + |Ce| + 2|Cy| + | Noa| + |Ne| + 3|Ny| < |n/8],
ICol < [n/8], <1, L1,

(2.2)

where
,0,1,2)  ifm=0 (mod 12),

0
,L,1,1)  ifm=6 (mod 12),
,1,0,1)  if m=2,10 (mod 12),
,0,0,2) ifm=4,8 (mod 12),
1,0,0) ifm=1,5 (mod 6),
1,1

0
0
(kl,k27k3ak4) = gg
(1
(1,1,1,0) ifm=3 (mod 6).

Theorem 2.6 Let n =4m. Then

( Tn/32 if m =0 (mod 8),
(Tn+4)/32  ifm=1 (mod 8),

(Tn —24)/32 ifm =2 (mod 8),

(Tn —20)/32 if m =3 (mod 8),

(Tn —16)/32 if m = 4,20 (mod 24),
(Tn —12)/32 4if m = 5,13 (mod 24),
(Tn—8)/32  ifm =6 (mod 24),
(Tn —36)/32 if m = 17,23 (mod 24),
(Tn+16)/32 if m = 12 (mod 24),
(Tn — 40)/32  if m = 14,22 (mod 24),
(Tn —4)/32  if m = 15 (mod 24),
(Tn+20)/32 if m = 21 (mod 24).

M(n) <

An upper bound on M.(n) can be also obtained by solving the linear programming problem:
maximize (2.1) subject to (2.2) with the further condition |Npe| = [Npa| = |Ne| = | N4| = 0.

3. Optimal conflict-avoiding codes of length n = 4m in the case of m = 2 (mod 4)
We proved the following theorem by constructing optimal conflict-avoiding codes directly.

Theorem 3.1 For m = 2 (mod 4), there ezists a conflict-avoiding code of length n = 4m which
attains the upper bound of Theorem 2.6. To be exact,

{ (Tn —24)/32, if m =2 (mod 8),
M(m)=<¢ (Tn—8)/32, ifm =6 (mod 24),
(7Tn — 40)/32, if m = 14,22 (mod 24).

Reference

[1] V.I. Levenshtein and V.D. Tonchev, Optimal conflict-avoiding codes for three active users, IEEE
International Symposium on Information Theory, Adelaide, Australia, September 2005.
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S =855 70 cluttered ordering

HAKE HER FHEPEH

BRI BEF

1. IXC&MHIC

RAID &13N—RFT 4RI RTATONBKEE L B2 BOEHNTHB.
ZOEMIE, Ry T — I BESY— L, BUVERMELHENSERIN D o
YV a2 —F CEARARBRFELR>TVS. RAID XEARMIZ, T4 X7 DFEHR
A BEFEABLEEEOT 4 27 THINITO Z LKL VABEELFHD, &
TAREXT—F M L7 information disk OfIC F 4 X 7 OB EFTORKR, -
BEDO=HD check disk EFRENANEMZFLE-T 4 A7 2HWEZ LI
LoTEEMEZBmO TS, LL, BeE2EDB7H LV o T check disk
2% THE, BMOIAMPEITLES. £22C, B2ELEBEM=RAFOA
SUREBZDZENEEIIR->TL B,

RAID 7 7 X2 X b EMT 572%, Cohen %(2001, HR[BDIZ L » T
cluttered ordering & W H IS EA &N 7. Zhik, RAID @ information
disk & check disk 58422 5 7 il & THAIZKHE &8 C information disk OIE
it 28835, LWH>bDOTH3B. £z, Mueller %(2005, tik[4Dix, =
RILD RAID #5287 7 712G I ®DZZETHBET ULEITo 7.

A TiE Mueller EOMREZ I BIIRESE, BE2EZFT 7 7D cluttered
ordering (Z DWW THET 3.

2. RAID D#EETILIE

information disk IZIIRTFLEWVWT —F 208 L TEM L, check disk /%
information disk NDOF—Z AR LB FIERTA-OOTET —F 2 E#
T5. £L T4, nf@® information disk & cfB® check disk 3% 5 LT 3.

RAID @ check disk #TEA, information disk 2 & A 723 Z & T, RAID %
2T T T TRBEBTAHIENTE D, n D information disk * ¢ fD check
disk 2> RAID #, 2= I 7kt S8 5.

information disk NOT —# BZREHE LB AT, RO K 51T check disk %
HWTHEIBT 3. nfE® information disk & c f8® check disk %> RAID iZ
L, TNHOBMFRE 0, 1 ZEAICH 2 eX(te) 175 H=[P |1l TR, ZDfT
I H %) 7 o RETH &IN5 Cuikll) . =7L, 1 IRBMTIITHY,
Pix c 1T n 310 {0, 11751 TH 5. NV T A BREITSH H OKFD n FiT
information disk Zxff L, #%¥® ¢ %l chech disk it ELTW5. "YU T
4 BRETHIH O 1 >OTIZENS information disk DANEOHEMBGREETNAE
Bah, 20fFicatisT 3 check disk ICEXAENLTWS. LT, 1207
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A A BENTHEBTELL 1L, N7+ RETH H OFT mod 2 THF
ML > TN D,

3. Cluttered Ordering

HDTT7 G=(V,ENZDWT, c=|V|,E={ep, e,y e} &L, n X V/ISWED
E%Id %%ié i’/‘t, {0, 1, tty n~1} J:@ﬁ?@n ‘C?‘f LT Vin‘d - r{en(i), Crnii+1)s """
e,t(i+d+1)} @%iﬂ‘:ﬁihélﬁwﬁéj &Té (’{ »‘/'?/ 7 X&‘i mod n TE‘I’% l/:
0<i<n-1 TH D) .

ZIT, dRADBEFOEL S 7 T7OT 7R R b FOES TS 7 OTEA
BTHE. 75L7 7R M0 LRI max|V™ TEX LB, ZDL %,
max;[Vi*=f & 72 250 ONEFAH ) % (d,D-cluttered ordering & FE5S.

527 T 7IZE81T S cluttered ordering D#ERRIEIL Cohen & (CC#k[2]E L T°
B) ek > THE X bk, Mueller & (TB[4]) 1X, F£ZEW I 77D
cluttered ordering OERKD7=HIZ, wrapped - labelling & (d,f-movement
EWVS 2 0DEEEEA LT,

3.1. TRLZEY S 7D Cluttered Ordering
SELETE TS 7O cluttered ordering DERLIZOWV T, Mueller % (SCik
[4]) Ik B2ROBERBIMOENL TS,

TE 1 ClRl4). EEOBERE t 12Xt L, RTA—FDfEMN d=3, =4 L 725 &
SBREETEH T 7 Kaa P(d,D-cluttered ordering ASFET 5.

EE 2 CriRl4). EEOBRK tiT L, 85 A—F DEN d=3str, £=2(s+1)+r
(>0, =0, 1, 2) &£ 72 B L D BRFEETH T T 7 Kiz P(d,D-cluttered ordering 737F
FET 5.

3.2. SER2=EI 5 7D Cluttered Ordering
AR TIL, BR=E7 T 7 cluttered ordering {25\ T, ROBEREET-.

EEHI EEOBAREtIIHL, NTA—FOEMN =9, =8 LRB LI RFELT
W7 Z7 7 Kaan DA, D cluttered ordering 23 E1ET 5.

Xk

[1] Y. Chee, C. Colbourn, and A. Ling, Asymptotically optimal erasure-resilient
codes for large disk arrays, Discrete Applied Mathematics, vol.102, Issues 1—
2, pp.3—36, 2000.

[2] M. Cohen, and C. Colbourn, Ladder orderings of pairs and RAID performance,
Discrete Applied Mathematics, vol.138, no.29, pp.35-46, 2004.

[8] M. Cohen, C. Colbourn, and D. Froncek, Cluttered orderings for the complete
graph, COCOON 2001: LNCS 2108, pp.420-431, Springer- Verlag, 2001.

[4] M. Mueller, T. Adachi, and M. Jimbo, Cluttered orderings for the Complete
Bipartite Graph, Discrete Applied Math, vol.152, pp. 213-228, 2005.
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279Ny bO—ILESHOMENL

treatment-control designs

s CRERAFALK » L), BALZ (REAFILK - IO

Vo viu EOMEQREEL, BE YV O bHOBAMES (7097 ) DEENETS. 570y
I ORESE—E (k) THBEL, FHA Y (V,B) % D(v+u,b, k) LT, i, v BEFZ MLE
L, ufliZzarybo—)bEd B EE, (V,B) % treatment-control design & Uy, TCD(v,u,b, k)
EEY. IIT, TAMER 1,2, v EFEL, IO E v+ Lv+2,- - v+u EET.
£7, AULERALT 0y 7 iEELTRNSBEDELS.

Ty TFHA VOBEDETIMIENT, TAMBELI Po-LOEEKERCHEET 57
HIT,

v4u 7]

> S var(s, — )

g=v+1lh=1
ERINET D TCOD 2RHBZENZEZON, FOTFFA VEREETHEEND. 2T, Tuy s 7
1A VRERETHBEL, n FLE  ONBHRT, i3, ORN_REERTHD (i=1,2, -, v+u).

ZITH, u=2DHBE%EEZX 5. Majumdar (1986), Jaggi, Gupta and Parsad (1996), Gupta,
Ramana and Parsad (2002) {3 BIBD, PBIBD %M T, E#7Z TCD, M TCD 0% EZX
72. T4 13 John (1981) ik » TEA SN/ RIEMIL cyclic design DF & Hall and Jarrett (1981)
L > TEX SN ZIFBHITL generalized cyclic design DFREANT, ML TCD OXREF5X 5.

Jaggi, Gupta and Parsad (1996) i, TCD %727 53R &L T, £7 0 v 7il¢XTOI Vb
o UARBETSHND TCD O I X%EEFEX/. UTTH, J075ARFEEXLI LT
%. Jaggi, Gupta and Parsad (1996) i, TCD(v,u,b, k) BT, Y020, 374, Var(fy — ) @
TR g(w,q)o? 25X, %57 balanced bipartite block design 2VE# 7% TCD &£ B I &% RL
fo. &7, TCD OHEELT,
g(w,q)o?
Z;::-H EZ:I Var(fy — 1)

EEHEL, ez 1 DEE, ZOTHFAVEERETHS.

e =

Cyclic design CD(v, b, k) & generalized cyclic design GCD,, (v,b,k) D& 7T v 72203~
ChE-utl, w42 Rt ETOREIEB I LICE ST, TCD(v,2,b,k+2t) D ZHKT 2.
DEEBONT TCD ITHINT,
v+2 v v—1
[kt 2%k +2) 1 ,
Z ZV&I(Tg_Th)—{ ir + r 22t+k6i 7

g=v+1l h=1
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WERDID. TIT, ¢ (1=1,2,+--,v—1) (& cyclic design CD(v, b, k), generalized cyclic design
GCDyn(v,b,k) @ canonical efficiency factor T& 5.

CD(v,b, k) DHEAITIE, canonical efficiency factor i&
1 1%l 2mhi
€ = T—— ;‘ZI;/\].H-ICOS( 'U )
& >THEAZSNA (John (1987) 2BEEX). ZIT, My (h=1,2,--,v—-1) BT X MLE

1E h+1 ORXEETHD. F72, GCDup(v,b k) DFEIIE, HLEEITIDOETMEL canonical
efficiency factor &—%9 % (Jarrett and Hall (1978) Z 2Rt X).

Cyclic design % generalized cyclic design & UT, IBHETFF A Vv 2flNBE, TOHREL
THELN5 TCD bHEHNTH S EBMRFEN, T I TiE, John (1981) L& ->TEZL SNZH
873 cyclic design @F & Hall and Jarrett (1981) IZ& > THX SN 7RIHREY7T generalized cyclic
design DEER VA I &IZT 5. #HRELTHESNS TCD(v,2,b,k) IZ2W0T, cyclic design %= A
W E, k<10, r < 10,v < 30 DHEPAT, generalized cyclic design ZAW <A, k < 10, r <5,
9 < v <50 OWEAT, ¢>0.95 THAE OHBIIL TCD MBoNI. ZIT, r HEFR MAE
ORBEBT, r, HEIY FO—LOREERTHS. 770U, (v,k) PR CHEITIE, (1) 7oy
7 DR b HNE T, (2) B e DENRELS LY. ODHADREZRITTHA v 2RMOK
(I &IKT 5. 918bb, D), Dy % TCD(v,2,by,k), TCD(v,2,by,k) &L, ZDREE ), 65 &
THEE b1 <b, T, e1>e3 THB D, EERDOBRINS.

k=10 D&

v | b [r]|r e i v | b |r]|re e t
71716 710992|2|C 1313 (81130976 {1 |C
8§ (8 (6|8 10984 |2|C 1417 (47 (0980 (1(G
9161411210972 |G 14 |814 (0982 |1 | C
9 1618|0975 (2(C 15115 (8(15(0.98 |1 |C
10! 5 ]13(10]0965|2|G 1614 (241090 (|1]|G
10({6{20(0966(2|C 16 811610990 1| C
11111 (8111(0960|1|C 17|17 (811710992 |1 | C
1213 12)310969|1|G 1819147910992 |1,G
18(8(18(0.994 1| C

P&

Gupta, V.K., Ramana, D.V.V. and Parsad, R. (2002) J. Statist. Plann. Inference 106,

159-175.

Hall, W.B. and Jarrett, R.G. (1981) Biometrika 68, 617-627.

Jaggi, S., Gupta, V.K. and Parsad, R. (1996) Commun. Statist.-Theory methods 25 (5), 967-983.
Jarrett, R.G. and Hall, W.B. (1978) Biometrika 65, 397-401.

John, J.A. (1981) J. Roy. Statist. Soc. B 43, 76-80.

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

Majumdar, D. (1986) J. Statist. Plann. Inference 14, 359-372.
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32 bA—J)L%E %D incomplete split-block designs
AR R (KRFFZK - 1), AR #HZ (KRFAZK-I)
1.F

2RFERBREER, TORFE A, B &L, ExOERTFOKE LIE) % A, A, -,
A, B1,By,-- By, &TH. bEDOTuy B35V, FOT v 7iEpiT g FUCESIENT
WaEL, E7ay iz LT, BT A O p EA0KEERIT FTREE VD) 1L, BF B Dy
BoKELEF] FULE LV S) TV B TEZ LT D, 20X ) RFY¥A % split-block
design &V 5. ZZTIE, p<l, ¢ < h T¥HS incomplete split-block design (ISBD) %* %
A, ISBD DEFNE LT, LEHHERBET, Tav s/ PR, 1THR, FIHENHREK
THOIREBETNVEEZD. i, 3EMOBEAL, (1) 7oy s OEELL, 2) 7oy
7 DRDITOEERA, (3) TRy I DOROFIOEIERLEZLS. | BEOLEDE », 1T

T = p+ ay + B + (af)u;, i=(w~-1h+j

(w=1,2,---,;j=1,2,---,h) THB. TIT, pT—BREY, «, T A, DEDE, 5;
i B; OEBIR, (aff)w; 1T Ay & Bj OXREERAZHIRTHS. Multistratum SHTTENT,
stratum 1 #HRITFI A, Ag, A3, Ay NnEZ2 bR,

Az, = )\f’iré'wi (f=1,2,3,4)

27 Aj,; % stratum efficiency factor &\ >, z!rér % Pearce, Califiski and Marshall
(1974) {Z & T basic contrast & FEjEAL,

zirie, =1, wgr‘sa:j =0 (i#7)

EWT. ZIT, 7 ABEHNREERTIINS b, o [ JOEEAE OB Y IR LEE & 5
ARSI~ T ATTFITH D. Kachlicka and Mejza (2003) X [ B DOFTALED s BT
ANLEL sy BD=2Y b a—AVAENLRY, h EOFULER 2 @07 2 NMLEE ¢, #
Day b —NVENLRDIFEEE X, square lattice design (23> b —LILE AN,
Kronecker f&% A\ TISBD %4 L, Z® stratum efficiency factor 5 %7. ZZ T
&, so=1,to=1¢,L, 7av 7 OEKELRLTEHEDIZ, semi-Kronecker FE AT
ISBD Z#&RL L, £ stratum efficiency factor 5% 5.

2. Square lattice design

(V,B) F¥A L L L, 70y DRESE—F (k) T, BABABENE TRy 7D
BEIT—FE (r) £T5. BOTRy 7% D007 5 AIH, &7 7R BV, v #
DIEMN 1 BEFOHEND X 5ICTE DL X, (V,B) X resolvable Tha LW\, 207 T A
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% resolvable class &\ 5. (V,B) & v = s% k = s O resolvable design & L, resolvable
class % Sy, 80,--, 8, EF5B. & 5:,5; (i £4) KBVT, S OEEOT Y 2L S; DI
BO7 0y 7 ZHBICENZLERLY D E120HhD L%, (V,B) % square lattice design
EWV, SLD(s?,r,s) &FRT. =L, r<s+1ThHd.

3. arvhka—nL%+ D ISBD DAk
N4, Np % SLD(s?,r,s), SLD(t2, r,¢) DEREITFIE L,
NA = (NA] : NAZ : "'iﬁAr), NB = (Nm :NB2 : "'1NBr)

L35, 22T, Nai, Np; 1Z i &H®D resolvable class I L, N4, Np O&TIZRF
A, B DT A MLBIZHELTWS.

o NA,' o NBi
NA‘L“‘( 1,3 )1 NBz"‘( 1; )

Ngy=(Ng:Nyz::--:Ny), Np=(Np;:Npz:---:Np,)

EL,
ET5. ZIZT, Ny, N OBREOITIZIERF A, B o2y ba—VAEBIZHEL T 5.
ZDLE, LEAEEE Ty s OARITIIN, B

N; = N4®Np = (N4 ® Np1 : Ng2® Npy : -+ : N4 ® N, )

E LT, ISBD D ##AL9 5 &, stratum efficiency factor iX

Contrast No. 1 11 11 v
A r(s—1) s'/fr 1-4§/r - -
m(s — 1) - 1 - -
A®) 1 - 1 - =
B r(t —1) t)r - 1—t'/r -
' m'(t—1) - - 1 -
B®) 1 - - 1 -
AW B) r(s—-1(t~-1) dt'fr Y(1=4¢)/r SQ-V)/r L=s[r—t/r+st/r
rir—D(s-1)¢t-1)| - t'/r s'fr 1-t'fr—4§/r

rm(s — 1)}(t — 1) - t'/r - L—t'/r

rm/(s — 1)(t — 1) - - s'/r 1—s'/r
mm/(s — 1)(t — 1) - - - 1

A x B?) r(s—1) - - s'[r 1—s'/r
m(s —1) - - - 1

A®) x (1) r(t—1) - t'/r - 1—t'/r
m/'(t — 1) - - - 1
A® x B® 1 - ~ - 1

ko TEXLND. KEL, m=s—r+1, m =t-r+1, s =s/(s+1), ' =t/(t+1)
Thd.
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On non-existence of affine resolvable triangular designs

RIL=F
IN-V

1. Statement I

Let IN be the v x b incidence matrix of a triangular design with parameters
v=n(n—1)/2,b,1k, Ay, A
Lemma 1.1. In a triangular design, the matrix NN’ has eigenvalues rk, r +
(n—4) A1 — (n—3)A2 and 7 — 2\; + A, with multiplicities 1, n— 1 and n(n — 3)/2,
respectively.

Furthermore, when IV is the v X b incidence matrix of a triangular design
with parameters v = n(n — 1)/2,b = Bt,r = at, k, A1, Ag, having an affine -
resolvability, we have the following.

Lemma 1.2. In an affine a-resolvable design, the matrix NN has eigenvalues
rk, k{1—(a—1)/(8—1)} and 0, with multiplicities 1, b—t and ¢ — 1, respectively.

Lemma 1.3. The matrices XY and Y X have the same non-zero eigenvalues
with the same multiplicities, where the matrices X and Y are of appropriate
sizes.

By use of Lemmas 1.1, 1.2 and 1.3, we can easily obtain the following result.
Theorem 1.1. In an affine a-resolvable triangular design,

(i) when r+(n—4)A; —(n—3)A2 > 0 and r—2A;+X\2 > 0, the affine a-resolvability
does not hold;

(ii) when r + (n — 4)A\; — (n — 3)A2 = 0 and r — 2A; + A2 > 0, an identity
b=v+t—1-—(n—1) holds;

(i) when 7+ (n — 4)A\r — (n — 3)A2 > 0 and 7 — 2A; + Ay = 0, an identity
b=v+t—1—n(n—3)/2 holds.
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Remark 1.1. By the previous argument as in Lemmas 1.1, 1.2 and 1.3, it can
be concluded that in an m-associate PBIB design, having the incidence matrix
N, with parameters v,b, 7, k, \;,0;, p;, © = 0,1, ..., m, if any two eigenvalues of 8;
(z > 1) of NN’ with multiplicities p; are positive, then the design with affine
a-resolvability does not exist, where A\g = 7,60y = 1k, po = 1. In particular, when
m = 2, i.e., the design is 2-associate, if §; > 0 and 8, > 0, we get Theorem 1.1(i).

2. Statement II

In a triangular design with parameters v = n(n — 1)/2,b,1,k, A1, A, the
following main result can be established.

Theorem 2.1. There does not exist an affine resolvable triangular design.

When o > 2, we can get some observations depending on the values of 3. For
example, the following Theorem 2.2 result can be provided. Before the proof, we
need a result.

Lemma 2.1. The existence of an affine a-resolvable block design with v,b =
Bt,r = at, k, g, and go is equivalent to the existence of an affine (3 — a)-resolvable
block design with v = v,bx = Bt,rx = (B - a)t,kx =v—k, ¢t =v—2k+¢q
and ¢; = v — 2k + qo.

By Theorem 2.1 and Lemma 2.1 we can obtain the following.

Corollary 2.1. When 3 — a = 1, an affine a-resolvable triangular design does
not exist.

Theorem 2.2. When 2 < 3 < 10, there does not exist an affine a-resolvable
triangular design for any a > 1.
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Isomorphism Halving of 2-designs
B BRERERN BRI IER R —

VERRES, B2V ORNEEOKRLET D, VORRD2HODERND
RAHEBROFHIEFRN, TEABBOERICEEND X, FREAD
# (V,B) % 2-design & FETR, V OBERE R, BOBEREZ 70 v 7 LES,
7o, VB b LRKREEES. K, [Vi=v, A=102B0
ERNT TV OELERTH D L E, Steiner 2-design & FETR, §(2,4,v)
LRETD. REAV L, VO2LTEARDKRE DM (V,E) X—RIZTZ
T LRI, EOFTEDEMES, EEORZ2AVTEIEEILEEN
L&, (V)X I 7 EMmEN, K, EEL. S(2,kV) XK, D3I
YD, KL AL RETHS.

757 G=FE) BT, 2ROMEND IS, ELFENTVZRVHLD
TRThORBEARELTH. ZDLE, VENEGORHI T 7 LM
W, GLEL. #iZ, GuGDE %, GRHACHI T 7 LIRS,

ARERTE, BRI I 70K\ CXB00%H>. i, S2,kv)
D7y /EEBIIHNT S, RAR2OOER BB, ~DRE LFEET
H5. S2,kv)=V,B)IZBVTBOXEB=BUB, BFELT, BN
By, =0,B) ~ B, #/=9 & &, (V,B)iXhalvable Téh % L E 5. Halvable
S(2,k,v) = (V,B) WIEET A0 0 vicxt ¥ 5 HALMLESRMSFI, P2
Lb 10D S2,kv) BEEL, 22 |Bl=(2)/() MEETHHZETH
%. k=3,4 %773 halvable S(2,k,v) BFET HDD vIZHTLH+5
S, k> SICHARTHICESHARLGNTEY, UTOEERMLNT
A

EHE 1 (Dasand Rosa [1))v=1,9 (mod24), b LLIZvRFEHETHY,
A2 v= 13 (mod 24) 72 5 halvable S(2,3,v) BEET 5.

3B 2 (Phelps [2]) v = 1,16 (mod 24) 737> v £ 136, 184,232,328,424, 616
72 51X halvable S(2,4,v) BTFEET 5.

Halvable S(2,3,v) BFET A0 BRARLESRMHIL, v=1,9,13,21
(mod 24) THBHD T, FH 1%, halvalble S(2,3,v) DEFEIEMBEITITIZE
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BOMESWTHR L TWA., X561, halvable $(2,4,v) BIFET 5728
DERRLEEMEE, v=1,16 (mod 24) THBOT, EHE2IZLD, H
BB HEEH R < TDv> 616 (2% LT, halvable S(2,4,v) B
ETD o053,

%7z, Steiner 2-design & X < L7 REEITH LT, BERIZ2 D
DEBRMAEE BT IHERBE LTS, FREEV &, V
DERNLRIFTERKG, BOW(V,G,B) DI LROZGFETTH
D% trasversal design & FETY, TD(k,n) & E<.

1. GV DBEROZEITHY, T _XTDge Gz L Tlgl=nThb.

2. EBRD2ODRBZABDVOERNLRAMNTEIRGNDER, b L
SIEBDEXRDOELLMZEENS.

3. FRTOIeBIZRLT|p|=kTHY, 1> |V]|=nkTh5.

TD(k,n) {22V T % Steiner 2-design DIFA L FKIZ, oy s/ £/ B%
FE72 2 DOEEIZIFIHKRSHE, halvable TH 5D & U\, halvable
TD(3,n) {Z2WTiX, FET 5 n 2 D BIBIXER2ICR IN TV S.
LLBR6, k>5DHFAIZOWTHE, halvable S(2,k,v) DEET BAL
Bz AlmonTWiehotz, Bxit, UTFOFEBRLZFEHAL .

EE3 k<5-F5. ZOLE, halvable S2,k,v) BEEIET 720D v iZ
X4 5 HARKLBERER, +aRkEvica L TH+ofkHThs.

ARERTITERA O, +HREFRV YR, EEOE>61214T 5
S(2,k,v) ICHE AR, KROMBIEZHENT 5.

E¥ 4 Halvable S(2,k,v) ¥ X N halvable S(2,k,w) NFEET 5 & 95, =
D& E, TD(kk) b LIXTD(k,v) BFFEET 27251, halvable S(2,k, vw)
BFET S,

BE X

[1] P. K. Das and A. Rosa, Halving Steiner triple systems, Discrete Math.
109 (1992) 59-67.

[2] K. T. Phelps, Halving block designs with block size four, Australas. J.
Combin. 3 (1991) 231-234.
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D-optimal design & supplementary difference set
BEREHERFEE e R

1 D-optimal design

+1 2RI ETERE n DEATIITRROTIXNZFE > DZAMUE n @ D-optimal
design & \>9, Ehlich[2] 2 n=2 (mod4) ML E  RD X % D-optimal design DK
ENHBI LR T,

EE 1 (Ehlich) n=2v=2 (mod 4), A, B B2 £1 Tdh 3 Al v DIETTSI
ET 5,

A B

AAT + BBT = (v -2)I+2] = X=(BT 4T

) : D-optimal design

(I : BfT3l, J: Ra9$ T 1 D5l

B2 A, B 79KEITS DA 12, circular type @ D-optimal design & &5, X #* circular
type D-optimal design & § %, Chadjipantelis-Kounias(1] (&, k,r 2 A, B ZNENDEAT
D -1 DEFETB L,

(n/2 —2k)? + (n/2 — 2r)? = 2n — 2.

DBALT B Z LR L T2,

ABWEE 1 OREDRE AT EE £A4,+B bHRLTDT, 1<k <r <22 LRE
LTh— R %biv, 7, n =126 XULT® Chadjipantelis-Kounias[1] DR & #i7 ¢
FTRTDIF A— 12X L T circular type D-optimal design DR I NTw 35,

2 Supplementary difference set

kroveN,A={dy,...,dc},B={f1,..., fr} C{0,...,0-1} T3, &L {0,1,...,v—
1} iTx LT,

Pal) == |{(4,7) |di —d;=£ (modv)}, Pp(f):={@EN|fi—fi=¢ (modv)}
L4,
A= Pa(1) + Pp(1) = Pa(2) + Pp(2) = --- = Pa(v—1) + Pp(v— 1)
BSRITT B & &, (A,B) % (v;k,r;)) supplementary difference set(SDS) & .,

Chadjipantelis-Kounias[1] i (v;k,7;k + r — (n — 2)/4) supplementary difference set #*5
f% n = 2v D circular type D-optimal design 23 TE 2 Z &, i, ZNETNDOETD
—1 OESAS k, r TH 3K v DITFI A, B 5 circular type D-optimal design ¥ T
V3 & E (v;k,r;k+r — (n—2)/4) supplementary difference set SR TE2 J L 2R 7,

FHERZILERFEORHERK L OXAHEONETT.
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3 METFI D4R

a=(,...,1,-1,...,=1,...,1,...,1,=1,...,=1)
N e N, o R
a'l*' ol al oy

D5 v —k, k QIEFRSH (of ,0f,...,af), (o], 05,...,07) BEONDB, BT, v-kk
O ERB~OEFRAIH (of of,...,af), (a7,05,...,0;) 5 a BRENB,
IDEIRTF-IERRETHILICED. UTO L) LEENELND,

EE 2 KE{TY A,B 0 1 THR2ZhEN
a0 = (of 07, 08,05, ..,at,a7), bo= (65, 67,85 .87 -, B, B3), of .67 €N
L. an,hh 2 ABD2TFEET R E, ROBIALT B,
(ag,a1) = v —4s, (bo,b1) =v —4s’.

% 3 LOFEED A, B 55 D-optimal design DRI NS LT3 L (ag,a1)+ (bo,b1) =2 &
h. RBEIALT 3,
s+8 =(v-1)/2

Supplementary difference set TEZX % L XD &) ZHEENE L NS,
EE 4 KE{TH A, B D 1 fTEZZNZEN

ag = (araa;)a;aaga“-)ajvas—)y bO = (ﬂjaﬂ;’ﬁg‘)ﬂ;a "aﬂzvﬁ;)) Q?:vﬂ;t eN
£33, A B »5 Supplementary difference set DR TCE B L T5H &, ROVWRILT 3,
(1) PA(l)=k—s, Pg(1)=r—4¢,
(2) Pa(2) = Ty saloy —2)+ Wil =1}, Pe(2) = Tp-52(87 —2) + {ilB =1}

RiIT, s IR FA—F AL THZ THA3B, D-optimal design 2T 3K ME1T5 A, B
=L

ao = (a0,0,@0,1,- - -,80,0-1), bo = (bo,0,00,1,---,b0,5-1)
ET3, CDEE. m, gedlvym) =112k BEH o, : {0,...,v -1} — {0,...,v = 1}
(i — mxi (modwv)) ITNL T,
(@0,0(0):@0,0(1)> - - +»B0,0(w=1))s  (D0,0(0):D0,0(1)> - - - » DO, (w—1))
% 178 £ 3 2KET5 0,,(A), 0,n(B) & D-optimal design Z#K T 3,
FRSUBBI N T B A3 122 BUT D D-optimal design THz#k 82,102, 114,122 Bl

NRIRX—=F s=|(v-1)/4] ZF>T3, I 82,102,114,122 DHI SN T >3 D-optimal
design 15 X—% s=|(v—-1)/4] 2ROk I KEWTE,

%

& XHR

[1] Th. Chadjipantelis and S. Kounias, Supplementary difference sets and D-optimal de-
signs for n = 2mod 4, Discrete Math. 57 (1985), 211-2186.

[2] H. Ehlich, Determinantenabschatzungen fiir binire Matrizen, Math. Z. 83 (1964), 123-
132.
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BmACH S 5 7oz FFiconT
FEkS BT HEBER. KEFRE, BHER

1 F

IS57 GO®EIS7 G Liz, GD2ANBEL TWBLEE, MOEDLEICRY, ThoD
2ANREBETH B LV I BEBRE L L IR T TDOILEND, GL GRRAETHE L X,
GRREGHI T 7vbiv 5, BOHZ S 70 AOBEBIZIIHIREH Y, GHRECHS 7720
. GOADEE nitn=0,1 (mod 4) W=+, AOBERExXLNEL &, EVCRBTA
WHEHY 57 OEEERDBRIT Read[3] I &V EX bR TWVWS, UL, @& T ohizEd
Y5 7 OEEE RS B EEIIRRRTH B Z &4 Harary and Palmer[1] i2 LY 7F 0 2 &R,
BEFTCHRRINWLTWARWEEBDbNR S, 4, 5 ANEHACHS 7 7OBEIIMBIZMD I EMRT
XA, LVWIDIR, FNHLOEATHAMBLHRBIZES I LNTESLND, KOBEMZ 7 7IE8 A
DEETHB, ZITit, SADERECHS S 70EKIZOVWTERT S, ZOZRIT, FMl
FS70EEERDIEBHEELTVWELEZIOND, 2% b, BES 570X B & IHEHS
S0 BFix, @E. NecBbh T o —FRRE R T, LL, T THRETETY
B—FRENOMEDT T, BREEZZLDTH 5,

2 EEISSOOMALTER

X={1,2,..,n}. Y={0,1} ¢L. B f: XP = {{z,y} C X[z £y} - YV RREGE X &
T31o0757 G(f) #F T, TIT2AOBEERI M{z,y} 8 G(f) 2 & f({z,y}) = 1l
Tho, BT, fRAEE X = X(f) L0757 %5, E(f) it f OREATHE, YO T
Lo T X kDY S572GE2RT, A% X LOBBRBELL, a e ARFL X@ EOER S 2
[o/{z,y} = {az, oy}, {z,y} € XD LV E®S, BRacALr57 feY*PinlL, B
#£5 (o {z,y}{z, v} € E()} 2 b2 T 7% af LEL, aof = feMTER T fOBCRA
MEHTHD, /-, /97 fIIRHL,. T(f) ={acAlaf = f} R fOBCRBEETHS, HHE
P2H¥5 X b7 57% G(P)THT, ¥42bb

GP)={fe YXP|f ittE P2 b}

Bfoc ANBEETIHE P2 L o8& 7 70oEE%E n(o; P) =H{f € §(P)laf = f}IZLD
EHDH, —OrE A—r YA FOFEICLY

FHE 1. . ADOEMNTEL, NEME P2 b okERS T 70BEKE T2, HEPEZLORE
w7 7 oEEE

n(;P)=|Al-N= > n(eP)
acA—-{1}

TOEE ., EEHS T 7 OB E BALTTUNA D n(o; P) BEERTHIE, Bl 7 7 OEEE
BATINDHbDTHB,
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3 MHMIOEBEHEACHT S T7OHA LT

757 fORIT7E FLRET, HOEHZ 77 fIoxdl., f 200t f~OREERE ATH
BEglvwd, BCRAER L BCHEROMICHIBERSH S, TRbL Y ZEEBRMI 77 fO
BEAMERLTEL, fOLDIECEES o, IZHL., y=opf L EIT 5, P 8DBECHEFR
(B#) RTES 40 2o00KEERADESSVIIES SOKEBBRTHD, Z0OZErb, HERA
HEM (BR) OBRHIBEREENS, AIZ X ={1,2,..,8} LOXMHHETH D, B#ac A
R . e = jr(a) BEE k ORERISOBREEL ., (o) = 19129285 3 o DEERL |
ER1ICENS n(o; P) 13 (j(a) ML . n((§(a)); P) L &L,

## 1. (James and Kerber[2],p366 ZR)

o 42D 2 SDBROIB LU 81 0 2 SO BEHROFKITA 18, 1422, 24, 1531, 112231, 1232,
120141 42 1351 315! 216l 1'7' WM TH B,

o B2 DEMETS OEMOMITR 1021, 1223, 132131, 2132, 1141, 2241, 113147, 112158,
1261, 8! OWTh»Th B,

WE 2 BACHSST FIIXML, fOHABHER e E2EXD, fILBIT DRz OKRE df(z) I
TER df(z) + df(az) =7 PR Y LD,

BEDZ EBICEHDHY 77 0ERBEND . ROFBRBBLND,

n(152; P) 28 n(1%2%P)264 n(122%P)28 n(24P)2256 n(1°3;P)=0
n(132131; Py =0 n(1'223;P)=0 n(123%P)=0 n(2'3%P)=0 n(1*4};P)=0
n(12214; Py =0 n(224,P)28 n(1'3'4;P)=0 n@4%P)216 n(135P)=0
(12151, PY=0 n(3'5P)=0 n(1%6;P)=0 n(2'6;P)=0 n(1'7;P)=0
n(84, P)=0

Read[3]12 L ¥, (i¥ 8 DHEBECHS T 712 10(= N) @205 . ZOREHKREER1ILHE
B33 E n(; P) 320056 BN, 0% 0 A3 8 OFME T 5 7 DEEIT 329056 LLT TH
5T EBRDRB,

BEM

[1] F. Harary and E.M. Palmer, Graphical enumeration, Academic NY,1973.

[2] G. James and A. Kerber, The representation theory of the symmetric group, Addison-Wesley,
1981

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

Bt EEYF (FVYZ=w s CCVYT7H)
EF ST (B E K%)
F i (BRI E KF)

BEEEKR
= (V(G),E(G)),|V(G)| =p, |[E(G)| =¢q £ T %,

GUERERLE, ThbbABEDVEODDARZEL L 2 G 2EEKLER, G
PIBp DITRTOKREEL L E, GERLSEEARLIES, Ho ik p DELS
77 R3REEEERTH 5, BEEARDOPTCLUOBEIERANAD S D2 BBTEESAK
v, F WD RVROBEESEARD I LERBEEARLWE, FL2EE
KizBEL T, ROEESH 3,

TEGERUBMp DI I 7 LT3, GhelG)> |82 | +1 %M T42513, Gik
i p DARE T RTEL,

REEEARZEXRDZ 7TV L
G DXREF % dg(v1), dg(ve), - dg(’vp)(dg(vl) >dg(ve) >+ > d(;(vp)) &
?5& mé@AﬁGQWﬁ777&ﬁ%ﬁ&p@*%ﬂdm—1 M) &% 3,
CTM I p DRDOBETH B, DL EREFITRZH-T,

dG(’U‘Z)zmax{dTm(vl)lm=17 SM} (i:112="' ap)
o, du)<p—-14&D

max{dr,, (v;)jm=1,--- ,M}< dg(v;)< p— 1.

Z :'C‘dT(i)( ) max{dT@ (vz)[m = 1,--- ,M} %?ﬁf:j—*f,@ %%2_50

KD IRBEEER G DREINTLLIT 2R 727,
|.p 2+

_|< d(;(vz)< p—1

R—2
A —,RNRBBI TSI 7LLTCHDTI37%2EL 5, ZDEEBLAOEBEIDD
DERNR—ZEES,

BHEEARKGRAY —ERNAZEY T3 7L LTHODOT, GER—RAZEE %!

TR% 5%,
M p PMEHD & ER—2 0@ B2 H, FEOL Fik B EEET S, Fik.
R—2ADKEIE 2p — 4, REFNIEHE—p —1,3,--.,3,2,2,1 THH, znLlHiz
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p—1,3,--,3,2,2,2,2(p>5) L% 3, Bk, R—AZEIL TREEARKZHERL
e,

FLEARORY

2EXY—S;

bk 25 RORBE i L L, ZORLAEET 3T TOAOREE FHLL
rARSEAS — LIEE,

REFNIK % 6727,
1B +1, (=1, ,k)
v =R+
dSi(v]) - 'i, (J =i+ 1)

RETEEAKRGE 2ERAY — 5, 3EAY— S3 2GUDT, X—AlIc@E@EM
LT, 2ERY—5,3BAY— 5 280EAKEELS L, UTOKREB 5,

p=10D ¥, d(w)>5 d(vs) > 4 d(ve) >4 GDOKREEDE/ME 18
p=11DELE, d(v)>6 d(vs) >4 d(vg) >4 G DOREZDR/IME 21
p=120 ¥, dw)>6  dvs)>5  du) >4 GOKEZDE/IME24
p=13DEE, d(vy) =7 d(vs) > 6 dvg) 24 G DOKREIDR/IME 28

dw) =7  d(vs)>5  dw)>5 GOKEIDB/IMES
p=14DLE, dv)>7 d(vs) > 6 dlvg) >4 GDRKZEZIDE/ME 30

d(vg) 27 d(vz) >5 dlvg) >5 G DRKEZDER/IME 30
P15 DEE, dvy) > B d(vs) > |B2] d(us) > 4 |

G OKESORMEp -4+ (212 Pl —a=2p+ B+ B

-1
3

-3+ | -8

P
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Balanced Cs5-Bowtie Designs

M E (EEX-EI)

1. Introduction

Let K, denote the complete graph of n vertices. The complete multi-graph AK,, is the complete
graph K, in which every edge is taken A times. Let Cs be the 5-cycle (or the cycle on 5
vertices). The Cs-bowtie is a graph of 2 edge-disjoint Cs’s with a common vertex and the
common vertex is called the center of the Cs-bowtic.

When MK, is decomposed into edge-disjoint sum of Cs-bowties, we say that AK,, has a Cs-
bowtie decomposition. Moreover, when every vertex of AK,, appears in the same number of
Cs-bowties, we say that AK, has a balanced Cs-bowtie decomposition and this number is
called the replication number. This balanced Cs-bowtie decomposition of AK, is called a
balanced Cs-bowtie design.

2. Balanced Cs-bowtie decomposition of AK,

Theorem 1. If AK,, has a balanced Cs-bowtie decomposition, then A(n — 1) = 0 (mod 20)
and n > 9.

Theorem 2. If AK,, has a balanced Cs-bowtie decomposition, then sAK, has a balanced
Cs5-bowtie decomposition for every s.

Theorem 3. When A > 1, n = 1 (mod 20), and n > 21, AK,, has a balanced Cs-bowtie
decomposition.

Theorem 4. When A = 0 (mod 2), » = 1 (mod 10), and n > 11, AK,, has a balanced
Cs5-bowtie decomposition.

Theorem 5. When A = 0 (mod 4) , » = 1 (mod 5), and n > 11, AK,, has a balanced
Cs-bowtie decomposition.

Theorem 6. When A = 0 (mod 5) , n = 1 (mod 4), and n > 9, AK,, has a balanced
Cs-bowtie decomposition.

Theorem 7. When A = 0 (mod 10) , n = 1 (mod 2), and n > 9, AK,, has a balanced
Cs-bowtie decomposition.

Conjecture 8. When A = 0 (mod 20) and n > 9, AK,, has a balanced Cs-bowtie decompo-
sition.

Main Conjecture. AK, has a balanced Cs-bowtie decomposition if and only if A(n—1) =0
(mod 20) and n > 9.

3. Examples

Example 3.1. Balanced Cj;-bowtie decomposition of Ks;.

{(t, i+ 1,9+ 6,0+ 13,5+ 3), (5, + 2,7+ 8,2+ 16,i + 4)} (¢ = 1,2,...,21).
Example 3.2. Balanced Cs-bowtie decomposition of Ky;.
{(i,i+1,s4+10,¢+ 23,7+ 5),(2,i + 2,5+ 12,1+ 26,7 4+ 6) },

{(4,1+3,1+ 14,4 +29,i+7),(5,t + 4,4+ 16,1+ 32,5 + 8)} (i = 1,2,...,41).
Example 4.1. Balanced Cs5-bowtie decomposition of 2K;;.

Kazuhiko Ushio, Department of Informatics, Faculty of Science and Technology, Kinki University, Osaka
577-8502, JAPAN. E-mail:ushio@info.kindai.ac.jp Tel:+81-6-6721-2332 (ext. 4615) Fax:+81-6-6730-1320
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{G,i+1,i+6,i+7,5+4),(,1+2,5+8,i+10,i+3)} (i =1,2,...,11).
Example 4.2. Balanced Cs-bowtie decomposition of 2Kj;.

{(i,8+ 1,0+ 10,7+ 12,5 + 8), (4,4 + 3,1 + 14,5 + 19,7 + 6)},

{(i,i+2,i+ 12,4+ 13,0+ 7), (5, + 4,5+ 16,4+ 19,7+ 5)} (¢ = 1,2,...,21).
Example 5.1. Balanced Cs-bowtie decomposition of 4K¢.
{G,i+1,i+ 10,5+ 4,7+ 11), (5,5 4+ 6,5 + 7,0 + 3,1 4+ 13)},
{(i,i+2,i+10,i 45,0+ 13), (5,0 + 4,5+ 7,i + 1,1 + 15) },

{(i,i+3,i4+ 10,7+ 6,3+ 15), (4,4 + 5,0 + 7,0 + 2,5 + 14)} (¢ = 1,2,...,16).
Example 5.2. Balanced Cs-bowtie decomposition of 4Kys.

{(,i+ 1,5+ 16,1+ 6,1+ 17), (3,4 + 10,0 + 11,4 + 5,1 + 21)},

{(i,i+ 2,5+ 16,5+ 7,5+ 19), (5,4 + 9,i + 11,1 + 4,1 + 22)},

{(i,i+ 3,1+ 16,1+ 8,4+ 21), (3,4 + 6, + 11,4 + 1,7 + 25)},

{(i,5+4,54 16,1 + 9,1 +23), (4,0 + 7,4 + 11,0 + 2,1 4 24)},

{(i,5+ 5,3+ 16,2 + 10,7+ 25), (4,5 + 8,4 + 11,5+ 3, + 23)} (i = 1,2, ..., 26).
Example 6.1. Balanced Cs-bowtie decomposition of 5Kj.

{(G,i+ 1,5+ 6,5+5,i+2),(¢,i+4,i+3,1+8,i +7)},
{(i,i+2,i+8,i+6,i+5),(¢,i+3,1+1,1+7,i+4)} ({=1,2,..,9).
Example 6.2. Balanced Cs-bowtie decomposition of 5K3.

{04+ 1,5+ 2, + 11,4+ 12),(¢,i + 4,7+ 8,5+ 5,5+ 9)},

{(3,i+ 3,1+ 6,1+ 7,4+10), (4,0 + 2,0 + 4,1+ 9,1 + 11)},
{G,i+5,i+10,i+3,i+8),(3,i+6,s+12,i+ 1,5+ 7)} (i=1,2,..,13).
Example 7.1. Balanced Cs-bowtie decomposition of 10K7;.
{G,14+1,i4+ 2,5+ 9,1+ 10), (4,4 + 3,4+ 6,7 + 5,1 + 8)},
{G,i+2,i+4,5+7,i4+9),(i,1+ 5,4+ 10,i+ 1,4+ 6)},
{(,i+4,i+8,i+3,i+7),(¢,i + 6,0+ 1,2+ 10,4+ 5)},
{G,i+7,i4+3,5+8,i+4),(4,i+ 10,04+ 9,7+ 2,1 + 1)},
{G,i+8,i+5,i+6,i+3),(4,i+9,i+7,i+4,i+2)} (i =1,2,..,11).
Example 7.2. Balanced Cs-bowtie decomposition of 10K5.

{(t,i+ 1,014+ 2,0+ 9,0 +4), (5,0 + 14,9+ 13,5 + 6,7 + 11) },

{(iyi+38,i+ 1,0+ 2,0+ 9), (5,0 + 12,4 + 14,5+ 13,1+ 6) },

{(i,1+ 5,1+ 8,1+ 12,1+ 14), (4,1 + 10, + 7,i + 3,2 + 1)},

{(, i+ 7,5+ 3,0+ 1,0 +2), (4,4 + 8,5+ 12,7 + 14,7 + 13)},
{G,i+9,i+4,i+ 10,5+ 7), (4,4 + 6,1+ 11,0 + 5,7+ 8)},

{(i,i+ 11,9+ 5,4+ 8,1+ 12),(4,¢ + 4,1 + 10,i + 7,5+ 3)},

{G,14+ 13,5 +6,4+ 11,4 +5),(i,t + 2,4+ 9,1+ 4,1+ 10)} (i = 1,2,...,15).
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k-flow D43 RMEIZ DUNT

BREEBAY - BT fH BF

1 F

FPFRINC, 797G = (V,E) 12BN T, flow D—FTH 5 k-flow DEE LHE%, Reinhard
Diestel[l] & W B 5. &iZ, GBI 5 kflow f,g,h 7%, EED € e E KRLT,

F(€) = g(€) +h(E)

LigBl%, fIX, gt hiZOMAEETHDHEVI T LIZL, ZO k-flow DLV IHEND
HBEHINAIMEE, kfow BOFEFRETH D Z L OLBEERDHIEMHIZONWTEERTS.

2 k-flow

T, 7972835 flow iK2OWTERB., Y57 G = (V,E) ¢l e=ayltBTC, BOK
BT ERDOELIICERT S.

E = {le,z,y) |e € E; z,y€V; e=uzy}
BAEL f D3RD (F1), (F2) & A7ed L%, fidflow THBHE WD,
(F1) fle,z,y) = —f(e,y,z) for all (e,x,y) € E with z # ;

(F2) Z fle,z,y) =0 for all (e,z,y) € E with z # .
YEN ()
(F2) 1%, Kirchhoff ®ERIDE D SI2Z L EBHKRL TV 3,

flow D—FE T 5 H-flow IZOWTHETS. H 27 —~VBETBHEX, flow fE — H
B, TRTO T e EWHLT, f(E)£0EBBLE, fiX Hfow THBEWVD. H=17, L
Lic Zi-flow B3, 4%B2BETH.

Wi, k-flow DEHEZIESSD. k& k> 1 258K ET5. G LD Zfow fRT_TDEc E
ZHLTO< |f(E) <k &2DLE, f% kflow LFEE. —D 7T 712 LT, k-flow D
FEEEZTRTZLIIEEICEETHS. FRIIRL, Z-flow OFEEMEZTRT I LIRLEBNES
ThHhbH. €I T, Zi-flow & k-flow DFEHORMEMZ R Lz Tutte[2] ZAMAV S, HT:,
Seymour[3] {2 &> T, TP bridgeless 77 7121t 6-flow BFEET D L BRI TV S.

3 Flow & coloring @ 3t E

k-flow & vertex coloring iZIZ X et BAfRM S 5 Z L 2 Tutte[d] IC LV RSN TW5E. 2FY, G
&G ERHBEROHDFE S 77 ThHDLTDL,

x(G) = ¢(G7)

MR MD. DI L&Y, FHEZ T 7280 T k-flow OFERERY, Y& £ map coloring @
MIBICBEEMZI LN TES.
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4 k-flow D53

757 G = (V,E) EiEBWT kflow f,9,h BEETHELT, +_RTHE € E KHLT,
f(@)=g(B) + (@) BROSIDL X, filgl hiHBARTHEEWVD I EIZT B, 7,
HWEIXZ, LORETHDLTH L, Zi-low DRELRRCERTE S, ZOLE, ROMEN
BRIZR2II BN 5. ~

Proposition 1 +XT® Zy-flow, 2-flow X538 T2\,
Proposition 2 7XTD Zz-flow, Zs-flow IX7EFRETH 5.

flow DIRMEEZFRDE VI Z LIZENTY, NIV kflow £ W b Zy-flow DEBHBAES
THbH. £ZT, kflow & Zi-flow DREMOREMEEZE R, 7F 7IZ&HEEDT, W20
EEAE - LNTEE.

Theorem 3 GN3-FRIZVT 7 THD L X, ROS5DIXFMETH 5.

(i) GIZREFTRER Zs-flow BIFET 5.
(il) G IZ5rERTREZ 3-flow BFFIET D.
(i) Gz5RATRE 2 Zy-flow BIFET 3.
(iv) GIZHfEmIRE7R 4-flow BTFIET 5.
(v) GR2EIF7TH5.

Theorem 4 GBYHE T Z7 7 THH & &, GIZOMETRER Zs-low WIFET B & &, G4
AEE7: 3-flow MIFEET HZ L RFRMETH 5.

Theorem 5 k > 40t %, GIZAORINIUEOEREELRWEROIE, GIZOBATRELR
Iyn-flow MBEETH I L & G IZHRETER k-flow PFEETHZLIXFETH S, =77 L 13,
34+6/(k—3) XN BREVWTFED S 5TR/IDETH .
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New series of mutually M-intersecting k-arcs

HAENARE BT¥E BE6BET
BB K% MEFR IR ERY

1. BU®IC

qZEBM LT3, HEFEPGR2,q) LD kBOE»SR2EAT, 209 ED3HbA—E
MECZWE) BEDR k-arc v, M 2 BREOHFAERDESL T2, karc DEEH T, £
BD20D k-arc DEEROBEHEB M IZEETNTVE L E, ZOEE D2 mutually M-intersecting
k-arcs EME T 12T %, Mutually M-intersecting k-arcs (ZEREFLEEEFIOBR I FIAT 3
EDTE, FRRT 7 AN AVERESIESTEREE 2 ERET 20 KHAI NI HEXH
% (Optical Orthogonal Code) 282 7= DI HHTE 3,

HERFET T, ERBEBELZ2NFN% cyclicshift LxbDE T, BB IUCHEABEORKE
RHE—FBE(=A)UTELZXIIKTE, TDIAD, BEBEORInBIUVEAw Lt oEX
NN T A= (nw, N ICH LT, HEBORVBKTH 2 L)L NKERFEE optimal TH 3
ATEN

Mutually {0, 1, 2}-intersecting (g+1)-arcs % R® 3 HiE, BLEIOEEDP SR IN S +¢° +q+1.
EADq+1, A=2TH 3 L) LKERFEHRONIBNEZES I >TREINTR S (1), Fi,
& b —BEIZ mutually M-intersecting (k, d)-arcs £ BERXFE L OBFLHALPICINTV: S 2],
Z 2T, Mutually M-intersecting k-arcs DF LW RFI2 R 2 FEZBNAT 2, 7. karc T
& % hyperoval ORI T 2 FBRIZOWVTHRT,

2. Mutually M-intersecting k-arcs

g 2EBOEHE N LT3, conic DITRTDHCBITERIE—DETEDLD (ZDH% nuleus
LML), conic i %D nucleus %M X 72 AL (g+2)-arc 73, 2D (g+2)-arc % hyperoval(¥8
BREY) LIRE, T EXRDERMBOoNG,

Lemma 1 N ZHEFE PG(2,q) DREL, Cy, Cy ZHE N % nucleus £ LTH 20X 9 % PG(2,q)
LtDRr B conickTBLEE, C,L L CIZEL 2HDOEHEZRD,

Theorem 2 N ZHEFHEH PG(2,9) DR ET 3, AN % nucleus & L TH D PG(2,q9) EDFTXRT
D conic DA C; 1. mutually {0,1,2}-intersecting (¢ + 1)-arcs THH., |C|=¢® - ¢* TH 3,

Corollary 3 C'={CUN : C e C1} £ 95 L E, C' &, mutually {1,2, 3}-intersecting (q+ 2)-arcs
T& D\ ‘Cll = q3 _q2 T&)%o

Theorem 2 DEAD SR EW B+ ¢* + g+ 1, BEHWg+ 1. A=2TH2 L) LNEXFEHE
5N, %7 Corollary 3DEAD» S BIN A + 2 +q+ 1, EAdg+2, BCHBE 2, HAMHEMEY
3THB LI L NEXRRENBONS,

*E-mail: miyamoto@is.noda.tus.ac.jp
TE-mail: sshinoha@is.meisei-u.ac.jp
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3. hyperoval D3R
220 hyperoval DX REICD\WT, conic DD D HRESTOIIEEZ TEROL I IfToTE X,
™ =PG(2,¢*) m(P)%Z 22D conic DR PICBI 2R MEHEL T3,

Lemma 4 M(i)={m(P): Pem\mi-1} BEU M= (M1);M2);--) B ELE, M IZXD
Bt b, 2SR o kv,

(1,1,1,1) (#;1,1,1,1) (1,1;1,1)
(1;0;1,1,1) (9;0;0;1,1,1,1)
LaLlado, (0;0;0,1,1,1,1) DX BT —ABFELLVL I LROBHEICK D RSN,
Theorem 5 EEDRIL 2 22D conicld, m ETRRE 2 2Va ol 4T m ETREAERFD,

L7eddoT, RREHENTRT1ITHB X% 220 hyperoval DX ARICH LTS, UTFD LS
OB BHL L E R,

§=|C1NN(C)| +[C2 NN(Ch)| + IN(C1) NN(Cy)|
EB(LE,

Theorem 6 ¢=2" £+ 3,
M=(1,1L1,1)DLE, RBFHLGT < 1.
M=(11,1,1,1)DEE, hBFHKLEOITI<I1.
M=(L1;1,1)DEE, hEHEESFT < 1.
M=(1011,1)DEE hBHFHLZSIT <.

SEXM

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

[2] Nobuko Miyamoto and Satoshi Shinohara, “Mutually M-intersecting (k, d)-arcs and its appli-
cation to optical orthogonal codes”, Congressus Numerantium, Vol. 160, pp.23-31, 2004.
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75707 KL AT & FDH

B EER! GEBRREERREFER) . B £A (EBRRETEME
ESES )
1 email: discrete@jim.math.cm.is.nagoya-u.ac.jp

G=(V,B) % BERE /5735, 2LV = {v,...,v}. BRENIZ
LT, BR V- {0,1,d}V % f(v;)=u; EERL fRITT7DT RV
2T EREZ LIZT B, YA Xnx NOTHIU = (f(v)T ... flvn)D)T %
7 RUVAITHI LS, 2L XT ik X OB 2 8% T 5, {0,1,d}Y O
FTu, %7 FUREEDR, u 1L oTu OFr RO ERRT D, £/, 5
h:{0,1,d} x {0,1,d} — {0,1} &, {uis, u;r} = {0,1} DEFIZ 1 THLUND
CEXOERLDEHMEERT D, ZORERAVT, {0,1,d}N @ 2 TEOEREN
H(ugui) = SN h(ug,,ui,) X D EESND,

Graham & Pollak lZR ORI #R Lz AEEOBERE S Z7 7 G = (V,B)
DEREFIZ, T RLRABOEREL 7T 70BN —BT DX 5727 FURF
FIXFTREDN[6]? Z DL 2 BT FL AR TFEETIIE, 5Ky bV =71
BT == b= R—~FHEOBRETA vy —VURERFEEND, &
7oy Ks~D7 RV AT 2Bz niEs A d ORBEER LSS5, G
DEREY g LTIIERE N =g(|[V|-1) DT FLAFITRRIRETH 5225 [6].
EOT KU AHHIEICHEET 5, > TRADT FL AR N(= N(G))
DRTE D3R D FERE,

777 GIZRLTN(G)ET FLAE LR, EE N =N(G)DT R
AFiFERETHDIEN D, DT T 7 Gz LT, N(G) <|G|-1[10].
N(G) > max{ny(D),n_(D)}[Witsenhausen, 1971] XH 6N TV 5, /2
LG OBEREHTFIZ D L L. DOE (&) OEFEOEEY n,(n.) &+ 5.
Winkler D RERICBWTEESHRI TS 7 7ORINIEBIZFETLHDT
6], ZOREXIFI—MBDITT7 7 GEIRLTHRRTHELEVNZ D, LTk
N(G) < |G| =175 77 7 bEBIFET D, B/HOBIR N(K, o) = |Kaol —2
TdH 5, Witsenhausen DFERIZEB W TE SRR T HHF, G 1T eigensharp
addressing scheme Z H 2> &9 [3],

Eigensharp addressing scheme % 277 7 D®%F| & LT, K, T\ Corr1[6]+
BEMEOER ST 7 W), BYAINVERS 77 7L LTEERVER
TUTT 7 [, 2005 N LN TS, B A s/ VERS ST 7ELTED
L3 RYRF LI T 7N N(G) HRE ST, N(G) < |G -1
BT T 7 GIZBET S &, eigensharp addressing scheme #2277 7D
RHIE LTHOLIN TV D DIE Cyl6]. Kmn[d]. Wayi[BE, 2005] 23 HL T
% : LI West[9]. Graham-Pollak[5] 12 &> T, N(Ka2) =2, N(Kz5) =5
RBZEBRENTWVD, BYA 7K LTIEN(G) = |V|/2 BT D
6 ZOHEE2ETT FLARIBSARETHS, 2ME7 FLAFITTERY
77 OREMTIET 2RI, ZOMICEDS T 7RG E LT
FURAHT OB RS TN 5 2],
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—ED T T 7T BT KL AT D eigensharpness IZDWTIHT L A E
HONTWRY, 3] THEOIIROBBELER L BE 2 OHMIERIZ 7 7T
eigensharp addressing scheme & & 2% DEMIITH? (m,n) = (2,3), (2,4),
(2,6), (3,3), (3,4), (3,5), (3,6), (4,4), (4,5) DEENDOEDEFIZRY Ky 23
eigensharp addressing scheme % 7272V Z & [4]. 7=, Elzinga % [3] (2 &
W ~_F Nt J T 713 eigensharp addressing scheme % & 72722 & AR &
T,

G O biclique decomposition IZ 4 E 72 biclique DE/MEE % b(G) & KLY
B, N(G)BRETHZ LT LT, b(G) BV IFEDFRANRES D, Hlx
Em,n > LZH LT ED DD (m,n) ZERNT, b(2Knm+2K,) = m+n—2
RBHZEBREIND,
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3L RT B DI RVE ICBE § 5 S EHREE
RERTAE - BERTRS A Fo

1 Introduction

Let V(n, q) denote the vector space of n-tuples over GF(q), the field of ¢ elements.
A linear code C of length n, dimension & and minimum (Hamming) distance d over
GF(q) is referred to as an [n, k, d], code. The weight of a vector x is the number of
non-zero entries in x. Let A; be the number of codewords of C' with weight 7. If
there exists an [n + 1,k,d + 1], code C’ which gives C' as a punctured code, C is
called extendable (to C') and C’ is an extension of C. Let C be an [n, k, d]3 code
with k& > 3, ged(3,d) = 1. We set three non-negative integers ®q, ®;, P, as follows:

1 1 1
‘1’0:‘2—21‘% @12*2— > A @e='§* > A,

3|4,i5£0 i#0,d (mod 3) d<i=d(mod 3)

where the notation x|y means that x is a divisor of y. The pair of integers ($o, ®;)
is called the diversity of C. Let Dy be the set of all possible diversities of C. For
k > 3, let D} and Dj be as follows:

Dj = {(ek_g, O), (0k~3’ 2'3k—2), ('9;:_2, 2'3k_2), (9]9_.2"}-3;6-2, 3k—2)}, 'D: = Dk\D};,
where 6; = (3’*! — 1)/2. It is known that D} is included in Dj and that C is
extendable if (®g, ®1) € D; ([1]). D is determined as follows.

Lemma 1 ([2]) (1) When k is odd (Z 5) D]:_ = {(0k~2,3k—2)} U {(9;;_.2,9);_.2 -
Ousi4s)s (Ok—2,0k—2 + Ouy14s + 1) | 0 < s S U} U{(Bk—2 — 3V, 0k + Opys +
1), (0o + 3V 0 o —Oy.s) | 1 < s <U+1}, where U = (k —5)/2.

(2) When k is even (> 6): Df = {(Or—2,3*")} U {(Or_g — 3T+ 0o + O,y +
1), (k=2 + 3712 0,5 — 07,,) | 0 < 5 < T} U {(bk-2,0k—2 — O14s), (Or—2,0k—2 +
Oris+1) |1 <s< T}, where T = (k — 4)/2.

2 Geometrical Structure
We denote by PG(r,q) the projective geometry of dimension r over GF(g). A j-
flat is a projective subspace of dimension j in PG(r,q). We denote by F; the
set of j-flats of PG(r,¢) and denote by 6, the number of points in a j-flat, i.e.
8; = [PG(j, )| = (¢?t* — 1)/(¢ — 1), where |T| denotes the number of elements in T
for a given set T

For an [n,k,d]; code C with a generator matrix G, the columns of G can be
considered as a multiset of n points in ¥ = PG(k — 1,¢q) denoted by G. An i-
point is a point of ¥ which has multiplicity ¢ in G. Let £; be the set of i-points
in ¥. For any subset S of ¥ we define the multiplicity of S with respect to C as
ma(8) = 10, i-|SNEY,
where o =max{t | an i-point exists}. Then we obtain the partition ¥ = 3y U X; U
-+ UZX,, such that n = m¢(E), n—d=max{me(r) | ® € Fr_o2}. Conversely such
a partition of ¥ as above gives an [n, k, d]; code in the natural manner. Let 3* be
the dual space of ¥ (considering Fi_» as the set of points of £*).
Now, let C be an [n, k, d]3 code with diversity ($o, @), gcd(3,d) = 1, k > 3, and let
F; be the set of j-flats of £, i.e., Fj = Fr2-;,0 < j < k — 2. We define Fy, Fi,
F., F and F as follows:

— 799



Fy = {n € F§ | me(m) =n (mod 3)}, Fi = {7 € F5 | mo(m) £ n, n—d (mod 3)},
Fo={rneF|me(n)<n—d, mg(r) =n—d (mod 3)}, F=FUF, F=
FUF,.
Then we have Oy = |Fp|, &1 = |Fy|, Pe = |Fe| since [{m € Fr—a | me(w) =i} =
A,-i/(g — 1). The extendability of C is viewed geometrically as follows.

Lemma 2 C is extendable if and only if F contains a hyperplane of £*.

A t-flat IT of * with |[IIN Fy| = ¢, |IINFy| = j is called an (¢, j); flat. Characterizing
(2,7): flats is quite usuful to consider the conditions for the extendability, see [1-4].
An s-flat S in II is called the azis of IT of type (a,b) if every hyperplane of II not
containing S has the same diversity (a, b) and if there is no hyperplane of II through
S whose diversity is (a,b). The following theorems are obtained.

Theorem 3 Let II be a t-flat in X%, ¢t > 2.

(1) For (2,7) = (6¢-1,0) or (6,1, 3"), II is an (3, 7); flat if and only if IT contains a
(6¢-1,0)¢—1 flat which is the axis of type ((2 — 1)/3,5/3).

(2) For (2,7) = (6—2,2 - 3*71) or (641 + 3*71,3"71), Il is an (4, j); flat if and only if
IT contains a (6;—2, 0);—» flat which is the axis of type ((z — 1)/3,7/3).

Theorem 4 Let II be a t-flat in 3*, ¢ > 3.
ITis a (6;_1,3"); flat if and only if I contains a (f;_3,0);—s flat which is the axis
of type (f:—a, 3'72).

Theorem 5 Let II be a t-flat in £* with odd ¢ > 5, and let (4,5) € {(6:-1,6:—1 —
O0r4s), (B1—1, 0p—1+6074 g +1), (B—y —3TH1F 0,1 +0, 1 +0r4s+1), (61 +37T1F2, 6, —
Orys)} with1 < s < T, T = (¢t — 3)/2. Then II is an (4, 5); flat if and only if II
contains a (6252, 0)2s—2 flat which is the axis of type ((i — 1)/3,5/3).

Theorem 6 Let II be a t-flat in * with even ¢t > 4, and let (¢,5) € {(6s—1, 01 —
0U+s5)s (Bt—1,00—1 + Opyss + 1) | 1 < s S U} UW{(b4—1 — 3V, 0,1 + 041 + Oprps +
1)a(9t—1 + 3U+1+8,0t_1 - 0U+3) | 1 S S S U + 1}, U= (t - 4)/2 Then II is an
(¢,7): flat if and only if II contains a (f5_2,0)2,_o flat which is the axis of type

((E—1)/3,3/3).
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five, Proc. 9th International Workshop in Algebraic and Combinatorial Coding
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Ternary Extremal Self-Dual Codes!

WA - 8 KH &R

A ternary self-dual code C' of length 2n is a [2n,n] code over the finite
field F3 = {0,1,2} of order 3 satisfying C = C* where the dual code C* of
C is defined as C*+ = {z € F3"| z -y = 0 for all y € C} under the standard
inner product z -y. All codes in this talk are ternary self-dual codes. A
self-dual [2n,n,d] code exists if and only if 2n = 0 (mod 4). The minimum
weight d of a self-dual code is bounded by d < 3[n/12]+3. If d = 3[n/12]+3,
then the code is called extremal.

In this talk, I first describe what is known about the classification of self-
dual codes and the existence of extremal self-dual codes of lengths < 72. All
self-dual codes of lengths < 20 have been classified and there are exactly two
inequivalent extremal self-dual codes of length 24 (cf. [5]). Many construction
methods of self-dual codes are known. For example, let H be a Hadamard
matrix of order n = 2 (mod 3) then ( I, , H ) generates a self-dual code
C(H) of length 2n. In this talk, the following construction is employed. Let
A and B be n X n negacirculant matrices. If AA* + BBt = —1I,, then the

following matrix
I A B
2n _ BT AT ’

generates a self-dual code of length 4n. The codes are called four-negacirculant
codes. A classification of extremal four-negacirculant self-dual codes of lengths
n < 40 and n = 48,52 is presented. As a consequence, many new extremal
self~dual codes are found. The currently known results on the existence of
extremal self-dual codes for lengths n (28 < n < 72) are summarized as given
in Table 1 where #(n) denotes the number of known inequivalent extremal
self-dual codes of length n. In the columns “References”, QR,, and F, denote
the extended quadratic residue code and the Pless symmetry code of length
n, respectively.

Finally I end my talk with the following (open) problems about the clas-
sification and the existence of extremal self-dual codes:

e Classify extremal self-dual codes of length 28.

IThis talk is based on joint work with W. Holzmann, H. Kharaghani and M. Khorvash
(University of Lethbridge, Canada).
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Table 1: Known extremal self-dual codes

n | #(n) References n | #(n) References

38| > 33 2], 5] 52| >2 [4], This talk
32 | > 203 | [1], [3], This talk [ 56 | > 200 This talk

36| >1 Psg (see [5]) 60| >2 | QRego, Pso (see [5])
40 | > 120 | [1], 3], Thistalk |64 | >1 C(H3z) (see [5])
44 | > 330 [1], This talk 68| 7 (see [5])

48| >2 | QRygs, Pig(see[5]) || 72| O (see [A])

e Construct a new extremal self-dual code for length 36, 48, 52, 60, 64.

e Let Hi; be the Paley Hadamard matrix of order 32. Then C'(Hsy) is an
extremal self-dual code of length 64 and this is the only known extremal
code. Is there a Hadamard matrix H of order 32 such that C(H) is an
extremal self-dual code of length 647

e Determine whether an extremal self-dual code of length 68 exists or
not.

References

[1] M. Harada, New extremal ternary self-dual codes, Australasian J. Com-
bin. 17 (1998), 133-145.

[2] M. Harada, An extremal ternary self-dual [28,14,9] code with a trivial
automorphism group, Discrete Math. 239 (2001), 121-125.

[3] W.C. Huffman, On extremal self-dual ternary codes of lengths 28 to 40,
IEEE Trans. Inform. Theory 38 (1992), 1395-1400.

[4] P. Gaborit and A. Otmani, Experimental constructions of self-dual
codes, Finite Fields Appl. 9 (2003), 372-394.

[5] E. Rains and N.J.A. Sloane, “Self-dual codes,” Handbook of Coding
Theory, V.S. Pless and W.C. Huffman (Editors), Elsevier, Amsterdam
1998, pp. 177-294.
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Yy RFavbEa—F425%2BU=BIBD O 1 DOIFEFREIZONT

BERER&mEN  FHRE
KERKZEEMTFR HREE
ALV AT LTV FH—E R HEE fb—% SEELD
1 RL®IC

BIBD(Balanced Incomplete Block Design)[1] DFOFE KT, H¥EHN, HREATER L TREZHAL T1<
BENE, SEIFRETHIAERR, TOLIRTFu—FIxL, Ktearva—¥2FRL LTAVST
LY, YIalb—ra BTN, BEROTHEI LVWIRATHSE, 2%, RENICERTIO T
2<, AHEBOVTY T2 b= al& TR0, B HHMEARDEOING, FFh HTHEZRLTHL
TV HEICEL, 7Y Xo EFHEEICHTRERORE L, ThadEnliks/ Yy KavEa—F v

7 ~OEIG OFREEIC OV TS,

2 EEDE

BE7T VT ) XLOBRAEITRHENT, REEC OV THEIZERS,
Notation 1 %8175 (generation matrix)

v X b DERITH N = [n;] (ni; € {1,0}) KBNT,

v b
Z ny =k=const. (j=1,2,---,b) Z ng =r=const. (i=1,2---,v)
i=1 j=1
EGI-TATIIR ERATE G = [g;] LS,
Notation 2 RA#{T5 (projection matrix)

vxbDFFFI G R ERATHE Lizb &, G- 'G RWHTH P =[p;) L5, =2C G G
DEETFIEZENRT D, 0, NEITFIOKEIL, v xbDERITFICK L, NETIIX v xv DEFTHE &
D, MHARLECE, b OESyEEST L LD, B2, BIBD 075 Chiiud, B EUADORNT, T
RTA ERB,
Notation 3 i (evaluation value)

WEETTZI P (ST, SEEBRERVIZRLS O A O & —BT D5 OB Z TG & FEE, Thbb,
P=lp;] &¥2&, #{pylpy =X i#4, 4,5 =1,2,--- v} L7253, FREILELT D L& [ERTHIN
EBBT D L5,

3 BRFILTIYXLA

KiZ, T2~ a3 CRODBFECOVTE~B,
Step.l EBATHI G=[g;] 1 <i<v, 1< <b) 2EBICIOVKRDEB,

Step.2 EXDEFITHLY, WHITH P=[p;] (1<i<v, 1<j<v) 2kb3B,

Step.3 WIATFIL D, FHEEZRD D, 2%V, HARLERBEIND IS, pyji=X (#£7) L2DHHY
OEERD B,

Step.4 PIBHTHIO jHIBEZEEEIIL, pi#X(i#], 1<i<v, 1<j<v) #bhif, FOFIORKE
LEUMEESRYD, FhEh Dij» Pij A

Step.5  (i,4), (i,7') AL, 781G D j & j KBOTHDE fﬁgll - -
RT3, LEL, YoRARDEERAT ARG TRO T 0B |10 — 0
SR {0 1 10

A, ERLLDTE, (1<i<v) DEITR->TWE,
Step.6 AWK ONITIIOFBEERD, TOMBPERT HAOME LB L, DEHE v(v — 1) IKET T
ZDEBATHRRAT 5,
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Step.7 Step.2 7*5 Step.6 Z&EVIEL, RLICIREE TV, EOB, Hx TIHEECEWEZERMAL
729, noise #HEXTHLAEZDT B LI L VIREMESE D,

4 UURAEM

LROEEFECEDMEDSNAZWSB &, HBHEFITHICE v T, S8R TIRETT O it
o, £ T, BbiX, WHETIERITFITHDEO0, WRLEVWERITFITHDDN, HEECEER LE
DYBEBEL LTWB, UL, EOFMEMIE, BIBD OBIZL > TENENRS o L BFIRICFET 2 8EL
FOoZ L BKREBITHyPoTE,

1 BIBD No.22 DH/NR & EHE K2 HLWBEEFYE
— 622 corvergence & ron convergence cazes lvaluaton vake no22 noise |0 corvergence
o — 850
// NWMJV/ 500 J)
550 L ! 550 ) 4 : /
- vz >
‘fv{’NJN 500 S / / / L // I s L /
50— 1 / ./ / i f / // /
450 7 174 ;
450 — 400 \ O " 1 L -
0 0 foo 150 ’°° 0 50 100 150 200 250 300 350
‘suakiation change times change. tines

1 TiE, FL BIBD (No.22) TR ZIT o R OEEDOELTH DM, 2 O0DRRDIERFETIT- T
WB, LA, FEESEVEREPOICERET > TV ABMEICIIE LR 272, ThiIxL,
IR L 7= BB E OB L OB FILEE A2 b 0T, EVIHEE» b—&ic, BEFEE~LE->TVW3, BIBD
%< OICEORETF Y, BVIHBEOFESE TITFINEB L, 2R TURT 2 EBTINCEL, &YV HEEOER
KR T HSERITHABFEL TWB Z ENa05, LoT, R20LH 0, FEEOEVEIREZHA~, H51E
BEREFRFE—RIZ, b OFBEEOEVEIRICRSEEFIE 2] L VPR THDZ EBH 5,

5 Uy FavEa—F1 Y 08EA 3

REFALTVWIRE, HEORY o 48E27) v FRECEML, BIEZTLo TS, FU vy K&
1%, 7725 &R, RONWEREORET TR, BAIEKEETXy FU—2 ToiFhiE, ~7r
ARy 4] ChHoTHRATIZ LB TEIFESERDH S, ZOREZHWVT, 48 E8DY IV ITENT
NRL2DEVTFHMEOCEIRZHRE L, DOKT 34ERITIISEICHEEERL 250T, ERHMEZEL (R
2) 52 Lk Y, ELOERTFIZFESET TV FHEEZEALTNS,

6 E&EIC

BIBD(No.22) o3, MIIFET 2 L00, BVIHMEEFERENR L TIERFETIIRERERTIZ &
WMTERDoM, L, DLOREORAND L LT, BEELTHRMEEE TONZAE, &OETIRARED
DL ZBIIFETIDTIRVNE NI ZERD - Tz, 5%, ZOREFHEEAL, VYV vy Far
Va—F4r7i0d), BEOEWRRI TS FHERLTVELY, ¥, ZOS)y FarEBa—F v
YOREL, IHE I TAMER T B Y=y MEBWTRESNEbOTHY, BhCHD> TO WL
EFERAFHUESHE, BEEHER, [BM, () AT+« 777 R0OEBICBRHOEL RT3,

&% Bk

(1} Charles J. COLBOURN and Jeffrey H.Dinitz (1996). The CRC Handbook of Combinatorial Designs

(2] EREFRI (1997). =a—warta—F ¢ o S ORFEHER

B] BRT A - &= 2h YRAT AKX - 2 P27 Y U /BHRARA (2004). Y vy K- arEa—F 4L
SRR

(4] The globus project (2000). Globus Quick Start Guide
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MEP.1 HEBIOREEL & i

MEREREARN B BB
METILTEEE RRXEHA
HERFREZRFR  HAMEL

1. BUBHIEK
2™ (m > 3) BHEEET, T1 : weight(l D) 28 0,1 OUNBHES L2 &HEDAFTEE T L &,
T=T4+T, (“+" Z27o0FEDWE) 2% MEP.1 5Hlli (FRVLTHERNET, 2HFREER
D oEAZ 1 EORAZRIRE T E CTHETRRLEE) Cha L) LEtE T BRI LE2EXS,
REVWRVEVIREDT T, Srivastava (1975) DEXFERIL, TOHE, ROLIHCRINSD,
F'T HMEP.1 3HEITH 3 - D DBEDEAZ, 750 G =[1n,81, 1 8m: Bpig1+Bpaaa) (1 <1 < @1 <
m,1<py<q2<m, (p1,q1) # (D2, q2) ) KL T, rank G=m+1+2---(1) THBZ L TH5.,

2. T=T,+T, ORI & MEP.1 HEDOBEEH
ERoEH (1) 2 ZOBEOBAEICEIT, ROEE2E3,

ER 1 (Shirakura(1993)) LED T} 20T, T=T1+T $ k=1 X7 2 EHA O
N = N1+ No ® MEP.1 #ifli THB3BE+DEMEFR, 1<i<j<m BREETEREDL,jIIOWVT,

Riz, 1% TH L MEP] SHEOBROB %5173,

rBILLEDEEDOL E, ERTH0,1 THD r-RITDH A= (01,02,...,0r) BERD,

n=r(r+1)/2 LTBLE nx (2" -1) T W ZRDOL ICRD S,
Fliz, (0,...,0) BV LEBORTD rrRLORTIRAVIIoNTVE LTS, Tk, Rodol
DEB1 D2 THBEIREB=(B1,5...,5) TINTFohTwdeys Znk% BEH
DT ABEBDINO W OERIZROLIICEZILNS,

ia,—ﬁi (mod 2)

i=1

Bl1) r=31RTE WIZRDEHIKREINS.
(0,0,1) (0,1,0) (0,1,1) (1,0,0) (1,0,1) (1,1,0) (1,1,1)

O OO
HORROKO
O bt o b ok O
O OO
= O O
- O O
OO0 M

EHE 2 LREHELEHE T 170V T, EBOISIKERELZTAW 2 T LT3L, T=T1+1
23 MEP.1 HElIC 73 %, ’

3. MEP.1 HEOB/IEREIKDWT

Shirakura,T.(1993) ® Table 2 (3 < m < 10) KL, ZHNEDKEFWV 11 <m < 15 KWL T,
To(No x m) D No 2B/ T 2RREZ RS,

TFD%ETi2, Shirakura,T.(1993) IKk 5\, N, DER/MEE g(m) L LTWw5, £, Ny*id2M—-2>
m(m—1)/2 %3 N, DR/MET, g*(m)=m-1TdH3,

=EL, 3EOW DN, ¥, m>12 T, EROBBICL>TWEDT, TORITIE, le(m) &L
THETS, (e(m) i, 2 1-1<m<2-10LE, (D+(3) TH3)
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NoDEAME g(m) DI

m | N2* g(m) le(m) g*(m)

3| 3 3 3 Shirakura(1993) Table 2 X D
4| 3 3 3 ”

5| 4 4 3 ”

6| 3 3 3 ”

7| 6 6 6 ”

8| 5 6 7 ”

9| 6 7 8 ”

10| 6 7 9 ”

1] 6 8 10

12 7 8 10 11

13| 7 9 10 12

14| 7 10 10 13

15| 7 10 10 14 <Bifio W &R U >

4, MEP.1 HEORFEERIC LD HE

E2(v; x 1) B 2HEFREMEALSRIBERI MV ET B, ( & & TORABET, R { % &
DHEDOKHABHET DL E, (WINTIREFAM S2(C) #AWT, XD LS MEP.1 #HE T iCx§
DIRRMER Pr 252 3,

Pr = min {Pr( 57(G) < S¢(6) for any {(# Go) € £2)}

#l) m=11 ODBHIL, N=22 TH53>D MEP.1 &til] 2L TAHS.
p WRABMOEOKE & L MEOHHERE o O (p = ’-f‘"—') o, BFESUE LTS 10000 FT
H5,
M2m) 1%, weight 2% k DAVEHEE 2 2TEDTEE Q(m, k) T2 L E, FHEIT = (Q(m, 1), Q(m, m—
Y T m=11DBATH3,
LCy 1, Ty = (Q(m,0),Q(m,1)) 1=, 3HOW Z T, L LTHMLZ:EETH 3,
™I+, 1%, T1 = (Q(m,0),Q(m, 1)) i, 4HDL I L TTEBXITUBEEE ORI RV T,
ZED, N=2212i23 X 22 4mML-3@ETdH 3,
2B, BELLT, BBROFNC, TML LT, '"MI+) @ 272603 280 IOV TOKRKRRE
E2EZTn35,

BERERDE
o | om LC  MI+ | MI
22 x11 22x11 22x11]|20x11
1.0 | 0.7140 0.1705 0.3607 | 0.2511
1.5| 0.9736 0.4048 0.7090 | 0.5002
2.0 | 0.9990 0.6835 0.8881 | 0.6951
2.5 | 0.0998 0.8616 0.9545 | 0.7986

IVE P4 :) Iz, p @%fﬁ’(‘, ﬁﬁﬁgci, sz > PM1+ > PLC & &5

BE W

Shirakua,T.(1993). Fractional factorial designs of two and three levels. Discrete Mathematics 116,
99-135,North-Holland.

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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GA-optimal partially balanced fractional 2™T™2 factorial designs
of resolution R({00,10,01}|Q) with 2 < mq,m, < 4

P N RBK - T¥ER

RO HEE MWLER - BEERE

HH EH LKEK-BER

Lo |5 MILEER - AR A s R, RS AT

SMFREFRLU EOBERZRMVERAREIL T T, ROK S BRBERZEZ 5.
y(T) = FEr® + er

I, T = (TW;T@) . B3 17 S SPBA(my + ma; {Ni, i, )), w(T) : BRIEA~Z b
V(N x 1), Er : HHEITH (N x v(mi,m3)), © = (050; 010; 0013 040; 002307, + -T2 HAE
HETOBERMERY BV (v(my,me) x 1), er : B Oy THEIEITH 021y ODREXT BV
(N x 1), v(my,my) = 14 (my + ma) + (M™I™) : 2B FREEBETOERPROK, N =
it ey (TN (TE2) Xy iy - RRAREL, 2 <y, TH D,

11=0 i0=0

%*Aﬁ\#ﬁ‘lﬁaf;;rﬁ%ﬁﬁ? ({OO,l0,0l}IQ ﬁ@&bm.fj_b,Q_{00,10,01,20,02,11}.

EBE2 T =(TW;T®):SPBA(m; +ma;{Xi,;,}) PDEE,
(i) (TO;;T@)(=T): T ® FCA (SPBA(m1 +ma; {Am; —i1,i2 1)),
(i) (7O T®)(=T): T ® LCA (SPBA(m; + ma; {Aij;ma—i 1)),
(iii) (7U;T@)(=T): T ® CCA (SPBA(m; +ma; { A, —iy.ma—is}))
EWS. L, TR TR @« & «17 & AR Z /B

HHREOHEBRER VT, WRITH Mr(= EpEr) 13, B&6 ROEMFHITH |5 52"
(= Kp,3,) (P12 = 00,10,01,20 (m; > 4),02 (my > 4),11) LRAEIZARD, TOEEER
i {(32) = () H= $pus,) THB. 1751 Kp,p, DEER k51521 13, SPBA QAR A, i,
DHBR/ERNTHEAOND. F/z Ko, 13, Kpipy = (D, Fs0A8,8.) (D12 Foy e Agiss)| &
®EAINhB, 22, Dg, s, Apis, 3% & AR NIEB D AT, Fa,p, DIER iy ip WIS
TBINOEMRMNE, BF i1, o EERTFE my, mo DBEED /X, 5, ETHEASGNS. ZOTENS
rank{Kp, g, } = r-rank{Fpg,g,} (: row rank) TH 5.

RABENRT ML O OH2BHHE CO NHRENRTHL1DDLETRREE, XMr =C
ERBITH X BEETHIETHS. 2212, Cldv(my,me) RDOFFF (K> T X H vimg,ms)
ROFTFN) THB. CO % By, 019, 001 BEK a9, Oga, 011 DB DEIAES N BIRD RN h
NWETH ZDLEE, HBEBOTT, C, X 13, Kp,p, ERRIC, TNENE L6 ROITFH [, 5,,
X5, EFTECIED . X5, EREANTIIE T BITHIHBR x5, 0, K., = [po gy DEE B DRDOT
$I Fy 5, BEX BT EICED, N < v(my,my) DEE S3REE R({00,10,01}|Q) @ 2™ +m2 PBFF
HEEHMETHIENTES,

HE &) N < vim,my) © &%, EHITF My REBITIRRG. £oT, 55 Kp g, IXERFHT
7z, L7edi=> T, ERITRW Kp, g, \WCRIET D Fp,pg, 13, full row rank TR0,
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EFEB N <v(my,me),2<my,my <4DEE, SPBA(my +ma; {N\i| 1, }) DOHTFENDFTEMNSY
fi#HE R({00,10,01}|Q) ® 2™ +m2_PBFF gt & 72 570 DBHE+S&HE, FilOfHED 1 D%
WMiEdTZETHS:
I) mi =me =2 (v(2,2) =11) DEE,
DX 2L >2L 22100121 A=A =Xe=0,5I
(1) Ao + A0+ A2+ A1 €5, dop = Agp =0, T2

(2) 1< Ago+ A2.2, 2()\0’1 + Ao+ A2+ /\2,1) + Ao, + )\2)2 <10, EEIIEFNSO FCA D%

#, F=iT
(i) Mo =102 L2 2 1LA0 2L A2221, Ao+ A2+ A0+ A2 <6, A1 = Ao =
A=A =0,

() m1 =2,my =3 (v(2,3) = 16) DL E,
Aot 2 LA0 2 LAtz 2 L 21, 1< g0+ Azs, 3( Aot +Az2) +2(A1,0+ A13) + oo +
A2,3 <15, Ag2 = /\0,3 =M1=M2=Ap = Az21 =0, FEFENSD FCA @géﬁ:,

(V) m;y =3,my =4 (v(3,4) = 29) D L&,
Mi1=A2=A2=X3=0, EHITMAT
DXr2Loe>LAa>2Ld332L =z = As=ho=A31=A32=0,T5IC
(1) {Xo,0, Mosar Az,0, A3,a} RDDIE< EB 2D ({00, As,a}, {Ao,a, Az 0} VEBRS) AIERE, 4(No 1 +
Az3) + 3(A10 + Aga) + Ao+ Aoa +Az0 FA34 <28, A3 = Aoy =0, ERIEFENSLD
FCA D&k,

(2) 1 < Xoo + A3, 4( o1 + A3,3) +3(A10 + A2a) + Aoo + Aza <28, A = A1 3 = Ag1 =
Moo = 0, 71T 5D FCA D&M,

(B) Ars =1, hoo+t Az <2, doa = Ag;1 = Ag0 = 0, REEZNSD FCALCA,CCA D&M,

(V) my =mp =4 (v(my,my) =37) DEE,
M2 =As=Aee =1 =2 =0(l<z<3),5ITMAT
DA =A3=1, X004 2>10>1,1< A0+ Mgy Aoo + Aoa + Ao+ Aaa <4, Age
Mo =Ma=0(a=0,4; 1<bz<3), EXIXZTNS D FCA DFRME,
(i) Ao 2 L0 21,34 > 1, A3 21, 1< Agp+Aaa, 4(Ro1+A1,0+A34+ A0 3)+ Ao 0+ A g <
36, Moy =M1 = Aa= Ao = s =A0=A33 =M, =0(2<y<40<2<2), &
I ENS D FCA D&,

COMHEEFRETHD (ko T, XMr = C £LRBBFF X BEET D) & &, CO DHEMII,
CO T, ZOHNBITINZ, XM X' THASND. TITIT, O RERABRR MrO = Epy(T)
DHBMTHSB. CO DR TR IMEEBOHLDIBITIE 02V T 5.

T3 T % NEOUEHEEEE DD SPBA(m;+ma; { N, 5, }) DS BSNBAEEER ({00, 10, 01}
Q) © 2m+m:PBFF tE & T 5. AUAEMASEE N 25D SPBA(my +mo; {A], ,,}) 1" 51&
5N 5 NTDLERE R({00, 10,01}|Q) @ 2m+m_ PBFF 8 T IZx L Ctr{Vr} < tr{Vp.}
THDEE, T % GA-BRBEZFHEE NS,
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BEIF] T DB NEER O &EEHE
BWEKYE T 0

1 Introduction and preliminaries

There has been much recent interest in supersaturated designs and their application in many fields,
especially, computer aided engineering (CAE) in manufacturing industry. A design is said to be
supersaturated if the number of factors in an experiment is greater or equal to the number of
experimental runs. The benefit of supersaturated design is the use of screening experiments that
determine which factors have a significant effect on a response with the assumption of effect sparsity.

In this paper, we show row sum equality for two Hadamard types of supersaturated design.
Furthermore, we consider how to add some runs to the previous or original supersaturated design
so that the experiment can be done sequentially. As numerical illustration, we evaluate a family of
candidate supersaturated designs with eighteen factors and twelve runs in addition of two runs to
ten initial runs.

Let X be an N x k matrix of 1’s and -1’s, where N < k+ 1. Each column of X corresponds to
a factor, and each row defines a factor-level combination. Assume that each column of X contains
the same number of 1’s and -1’s. It is also necessary that columns of X are distinct. Booth and
Con (1962), in the first systematic construction of supersaturated designs, proposed the criterion of
minimizing

2y _ L
B(s?) = ;jsi,j/(z) )
where s; ; is the (i, j)th entry of X TX. A supersaturated design minimizing (1) is called E(s?)-
optimal. Note that s; ; = 0 when the ith and jth columns of X are orthogonal. Thus E(s?) measures
departure from orthogonality through the overall pairwise correlation among the k factors.
Tang and Wu (1997) showed that for any supersaturated design with k factors and N runs,

k-N+1
(k—1(N -1)

They also showed that the lower bound in (2) is achieved by the following construction. Suppose
k=m(N — 1) and for i = 1,...,m, there exists an N x N Hadamard matrix H; = [1 H}] such
that Hy, H;,..., H,, have distinct columns. Then [H, H;,...,H} ] achieves the lower bound
and is an E(s?)-optimal supersaturated design. Cheng (1997) gave unified treatment of Tang and
Wu’s optimality result and the optimality of Lin's (1993) half Hadamard matrices. Let H" be half
Hadamard matrices H" such that

E(s*) > N? (2)

@)

=34 1

1 -1 =%

is an N x N Hadamard matrix and any two rows of [1 1 H"] are orthogonal. If all of its columns
are distinct, H" is an E(s?)-optimal supersaturated design.

2 Row sum equality for two Hadamard types of supersaturated design

The following two theorem is shown easily by Property 1 of Yamada and Lin (1997) and are useful
to select columns for assigning factors to an supersaturated design, as mentioned in Iwata and
Niki (2005).

Theorem 2.1 Let X = [H},H3,...,H},] be an E(s%)-optimal supersaturated design supposed that
k= m(N — 1) end an N x N Hadamard matric H; = [1 H}) such that H,H;,...,H,, have
distinct columns. For any i € {1,...,k} it follows that

> sk =mN? (4)

1K<k
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Table 1: Frequency of E(s?)
Pattern f 1 2 3 4 5 6 7 8 9 10 11 total
E(s?) 8.05 8.47 8.89 931 9.73 10.14 10.56 10.98 11.40 11.82 12.24
# of E(s?) 432 1698 5256 5886 9252 8010 9036 5250 3312 468 20 48620
Freq. (%) 0.89 3.49 10.81 12.11 19.03 16.47 18.58 10.8 6.81 096 0.04 100

Table 2: Eigen values of Pattern f
Eigen values —12 8 4{(4-+4f+5) 4(4+v4f+5)
Multiplicity 8 8 1 1

where s;; is the (i, j)th entry of XTx.

Theorem 2.2 Let H" be o half Hadamard matriz such that

Hz[iil *Hh] (5)

is an N x N Hadamard matriz and any two rows of (11 H "] are orthogonal. Then it follows that

N2

1K<k

jor anyi € {1,...,k}, where s;; is the (i,5)th entry of (H")TH". Note that H" is an T x(N-2)
matriz.

3 Eigen analysis for supersaturated design with 10 runs and 18 factors

Next, we consider how to add tow runs to original supersaturated design so as to attain the E(s?)-
optimality. We use Lin’s (1993) supersaturated design with 10 runs and 18 factors, say X, to
conduct on the numerical illustration of eigen analysis. Let X, be a new design after the addition
such as X7 = [XT z; —z1]. where z; € {~1,1}* is a k x 1 vector satisfying with 271 = 0. Our
goal is to find z; so that X, is the E(s?)-optimal supersaturated design. All enumeration for z; can
be obtained by computer search because the total number is 18) = 48620 ~ 5 x 10*. They divide

9
into 11 patterns with the same eigen values in Tables 1 and 2. These numerical results show that

the equivalent class of E(s?) has same eigenvalues. General cases for such eigen analysis are future
works.
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WS d, B d+1, 3-KEDERRIIORESIE
HHBERY - AN W F—

1. A

&L nZHBEBKEL, nxmBEFlA%2ELS. EHIORRDIS={1,...,8} &F
3. DX BEY ADEED nx dEDEIICH LT, BX dOTRTOMFEIIDS & 5 £ A
E$28h3 L&, 751 A ZEREIITH B L, OA(n,m,s,d) TET. m ZHIE s 2
KEE dERI LI (HLDIT, n=Xs%). 1, ZODHEREI| A,B ML T, A2 55D
Bt - TOEBR IO v FALOBBOBSETBBELNS L E, BEXES A L BIZEAE
ThBEVT.

EEEHEICBVWTED L H 7 OA R EBICEHEIZR 72 T3 h GERAEL 04 25 Z & THE
DRELZERNTES) LVIRTOADHEBYRIEFICEETHS. LoL, DT
A—FTENRT) L RFEHICHETH 2. FME T, 3-KED 04 DEZ BB
FHEEZRET .

2. A LToEE

wZ1IDFRIFREL, S={1l,w,w?} T 3.
EE 3 SEVUVRVEALTZ3IKEDnxmEFIED=(d;) &L, DDE %
dzé:?a TDEE, t=(l1,lz..., L) (€ {0,1,2}) KNLT, J(t) = J(l1,l2, ... lm) =

Z:(d,-l)“(dm)l2 - (dim)'™ 2751 D D t IZNT B J-characteristic £\ . ¥7x,
=1

J = (J(0,0,...,0),J(1,0,...,0),J(2,0,...,0),J(0,1,...,0),...,J(2,2,...,2))T &% D iz
N$ 3 J-vector E3I. (HLH»IC J(0,0,...,0,0)=nTh3.)

EE 4 DZESEIVELVEAODnxmBEHETE. r=(r,r....,Tm), i €S %
REmDITRIIAVEL, DOFFRZ PV ELTr RN BEEE N(») €T3, N(r) %2
indicator function & \29 . ¥ 7,

N = (N(1,1,...,1),Nw,1,...,1}, N(w?1,...,1), NQ,w,...,1),-- -, N(w?,u?, ..., )T
% D 2% 3 indicator function vector & 2.

EFE 1 HZGDOmED Kronecker EGRG®--- G LS. ZDOLE N=3""HJ
BRILF B, L, G = (1,1, 17, (1,02 w)T, (1,w,0)T) £55.

BE1L SEVVAVESLTBnxmEF DM OAn,m3,d) THBZLE, DD J-
characteristic T w(t) < d THBEED t(# (0,0,...0,0) KL T, Jt) =0THB I LI
RAETHS. 2L, wit) BtDONI VY TEARLETS.

D% O0A3%,d+1,3,d) £T3. TOLE, wit#(0,0,...,0)<d%5 Jt)3FE1 &
DO0THS J-vector 5 ZD & I REBRUBERX TRTBRELALRE 2D 11 DR7 L%
J*-vector LFFF, ¥7, Z DEBLIBICHIGT 3 H OFRERE Lk 36+ x (20d+1) 4 1) 7
FlZ K L73.
a2 SEVVRNVESL TS 3KEDnx(d+1) BF D icBWT, DA OA(N3?, d+1,3,d)
THBI L, 3" UDKT ORERORIIFFEBELE LS S BIFETS I LIAMTH 3.

RiZ, OA DT < 3l - ¥ RN DiE¥E% J-characteristic DB TEREATZ2 L 2EZ 3.
(fioE#’) D% OA(n,m,3,d) LT3, ZDLE DICNT 3 J-vector X, D DITDOE#E
TARETHS.

(FloEH) Ds %k OA(n,d+1,3,d) £ L,Dg % Dy 2551i L3l j OEBRIC I >THB LN
BOALTBEE Jally, byl lap1) = Jgla, - by by layy) DIRIZT B
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72720, Ja, Jg BENFN Dy £ Dy IZX$ % J-characteristic &£ $ 5.

(Y RV w,w? OEME) Dy % OA(n,d+1,3,d) £ L, D % Dy DI i D w,w? OEHIC
Yo TBEND OA LT BEE, Jally,- Ly last) = Ja(le, 20, -, lays) BSRIZT
3. 1L, Ja,Jp iEFNEFN Dy & Dy ot § 3 J-characteristic & 5.

(Y VBNV L w,w? OKEERR) D% OA(n,d+1,3,d) £T5. ZDOLE DDOEFIDL VKR
DEWE (p1,p2, - -, Pm)spi € {1, w, w3} & J*-vector IZN LT N(p1,p2,...pm) DEELEIC X
543 KOFe7Ye— VERHE L L TR B LIERAMBTHS. 7720, (01,02, -, Pm)
=10 L EFFIIEBRLL. p=wDEEFITOLVFLE (1 — w,w — w? w? — 1)
TEBE, p=w?OLEF TV ELE (1 -0 w— 1w »w) TEETZLDET 3.

3. OA(9)\,3,3,2) DEBMEICOWT

0A(9),3,3,2) DRBAFICOVWTEZ S, LOBEREZAVT, OA DLB+IFRMER
L &d35 J-characteristic IHFZ 2173 Z LC, AL OA 2 —BHICEKEHTBZ L TRD

ERE2RS.

EE 2.

1. a;+b +c=3\ai, bi,¢; >0, ('L € {1,2,3,4})

2. Vie{23,4} XL, (b —ai)+ (b — a1) = 3K, k' > —k

3. Vie{2,3,4} XL, (¢; —ai)+ (c1 —a1) > -3k

4 V5 e{2,3,4}(i # ) KRL, (bi —as) + (b — a;) + (c1 — a1) > —3k
5. Vi,j€{2,3,4}(i# j) AL, (ci—ai) + (¢; —a;) + (b1 —a1) = ~3k
6. Vie{2,3,4} L, a; <bja; <g

7.

az > az > ag, af + b? + ¢ < min{a? + b7 + c?}i € {2,3,4}}
4
NS DRBAFRDOS L TCROBBABRRK -3) + > a; = 3k, (k = 1,...,k) OBHME

(k as,bay cili € 1,2,3,4)) RIEFELZ OA(OM,3,3,2) & H—SEL, %7, AR IR L

0A(9),3,3,2) 2% HRET 3.

() FER 6, 7 TEEMRLT S, BRI ESEL T M ITIREIIIEL.
B, B 2 TSR 2345 2ARTIEFMN TR EL, FER 8 2L v ZARHICL,

7, EH2O—BROBIND—RILZITI L BRSBROMEFTETH 3.
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RTEREERS P Wk B
WRRE  FEERFE
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ETHREEEIE, £/ 3K DICRBWTHEFICEELE X bER, —HOCETERAINTHEHO0,

FERCIEL GEA SN QW AeEITE i3,

YHTH, ST EEETELREILToTE A, BERACESEIC OV THREN DY . LD EE
THORB~DER L EFLITIOOEE AT LR L T, 97 FICREEEYS BATHTHER
LEEE VAT LT, B L AFEHR R EEHE L EEOBE L2 THQCY I a b— g L E 2 %
L. U, BBIKHHOT) S<NIIRLEQCY I al—va v 2RBLTER,

BHEETIo, HERITHE - =1 VB - a7 5 — - BERL4O0QCY Iab—a % - EAL,
BAENETTRL, FE - 1 FRUT TOERN - BEFC T a0HE TR E BTV 5,

A, BERE FSERSMIIROT, EEERODVFEEHRIE, QCY I alb—a il XHPHED
1 QU ¥rIial—ia PR

ROFEEHR LD THRET S,

2. QC¥Ial—ig EHf

BHDQCTI al—rg 3R 1 Ok 5 2PER
TEALTWS,

PERDQCH —2T, TFEIZELHOLONRE
<, BB LoD note, Fi-, s
RINRBET2EEH COEMLVPERTFORRLY, &

HEMNDRAETRCEENUBORNRTCRELLNA
7=,

QCTSaL—C | B ARAMGRE ST R  HE |

BT

#a74— - REERRA SLShRH R
R {7"‘A(F+I
Py~ . =
AN S A
- BB ST

aqos  -RNEAR HBEARR
<SRRI B TREE)
HewaE

wEn | DeTa BeP AL R

YHIBNTIE, QCYUS al—Ya  DERER
RELT,
ORFEENOBFEHFRIFHETCAETRICE
HEENRTZH T L,
OFEEEBFETED L,

BB EBFRLFME L TOM LEETED Z L

& LT3,
2. 1 [ aIRmiEdh ) B

MR I 2 L— 3k B10L D
ANy 2E2 DX 5 RFEERVT, FIEOMEIL=2V
7 WERT 2 REKMF AT A L0 TH D,

ZOREEE, FHIREIOMPVEVEFELT, M3
WHBHEH, BFA A BB idnEE B+
C:Xafrg, HFD: HRAEEL RTFE: i
PEIFRTLCH B, PSS, TH0E&TS)
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2. 2 EBFIE
EBRFIELQC X h— U —ICHENR - T, LATORRLF

—813—~

E1 =nz

M2 BEE

BFA : S %]
©00000000Q0 0 [

ﬁ?ﬂ:iiﬂi G

Rovvm & Ammnd

BFC . 3R BFD : XSS

000000
Q00000
Q00000

7-u”

Armd

~

SRR

RS

a3 1]

prren.

A\

A}
BFE ; (LA

F8 WIAF



IETIT,
FHiE 1. BEOETR
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> PR ' N HHHRHHHE AR R
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AMEIRTF A: 2748 KFB, C, D&#3AMELT, [ o - _
RAERR LIS ICEI R E AT o 1o RERER2ITRT, |2 - - | « - . .
WRICREA > T, SN EBERRIL, K6 OBRMR | 1ty o
H&tEkd 5, e
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EHE LIcth, BIERE~DORERELT . BRORE M5 BERE
SEHHEITD. #3 TIRERUs
3’ l ¥Bﬁ‘bk‘jéﬁgﬁﬂio)mg N omw&w $‘Jv‘:’(')ﬂ7‘&ﬂa‘(0l’ik&6&l)01 gk
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FiHEE b D3 VRBROPELHBIZER LD, VI 2 b—Ya UHEROEE L. ERELELRIC
BB X, F—ZDEEMNCAETIRICEZE, 3 DR LEEZEE L, FEHYEEFENE, S VIKE
ETCHEZ PRI D D ERHRAEYLFETHE D EHHERBTE I,
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CCCP % H\ 7z DNA library screening D728 0
positive detecting algorithm

BERRKRY - #T LFEEH

DNA library screening {238\ T, K&®D DNA OB (A, T, G, C DEEF]) o
b, HOREBRICH LT (positive) UGS %R 3 HES (clone & FES) Z RHT
RBRMTOID., £E0DO—2oDFHELE LT, 2BEIN—TT R NEFEND
RDESRBREFEPACONDIZ NS B, n DK clone #—D>—DT AT
5&nBOFTRANPLEIZRDM, BH, positive clone DEIETEL, 0.0001~0.005
BREDCZLBDRIRY. ZOXS2BE, BEO cdone 2V E2ICE LD TED
ZN—7 (pool EFEER) IR LT, FUSRBREITI Z Lick-> T, RROBEEE W
LY ZLENTED, e 2, 2 pool DRBRDFERN negative DIFEIZI i, %
ZIZHENDTTD clone 7 negative THhHZ LA 1 BIORBR THETE 5.

¥, positive DFEITIE, EOHONTNHND clone A5 positive Tdh B & 60)
T, EBRNCHEREIT S Z L2 XL o T positive 72 clone A T& 5. RBRIZAWD
D EFEZER clone DESE DS 725 pool DK% pooling design & FETY, % pool
W29 D RIGRBROFER D Gl 4 @ clone 28 positive THh HHEREHERT 5 HE%:
pooling experiment &PFEA TS, £L T, ZDHEDOE clone (Zxf L THEBNIZ
RBRET 5 Z L2 X > T positive clone #HET& 3. pooling design 1 2 75 7
(ZF =77 7) HDVIIREITH (REITHI) TEL ZEMNTED.

LU, Z0 &5 2B T pool I2%T 5RBRODAE R false positive, false
negative 72 EDHIFER Y BB Z 5 Z LT b2, ZRHORBY OFEEXIRE
LT, EDTCTHERY OBEL/NELTHRROHEANLETHD. £, Zh
LORBRTH/ONFERIOHEBLZEEHETIICE, 2" - 180 OF ATV
TOMEZEHETILERDY, HEEMSEXIZRY, LERoT, BETHEDS
WEBBIT VI Y XADBRBREETHS.

BT =Y XAIZEE, Knill 5 [1] i2 &5 MCMC (Markov chain Monte Carlo)
ExRAWZ7T Y XA MCPD (Markov chain pool results decoder), 38X 0%, E
R 2] ICX DA VT Ry FU—2 2727 =Y XA BNPD (Bayesian
network pool results decoder) 233% %. BNPD iX MCPD X &&ETHY, #F—7

(2R loop FFTELRWEA, MCPD (REDOBBIEHEETHH, ¥T—
? 7 76;5311/\ loop 3 FET B5E ’iﬁﬁﬂéﬁ)‘]?ﬁ{ﬂ:( ROTLEIZENDD. £Z
T, RERTITEDORREHA 7292 CCCP (concave convex procedure) [3] & Hu>
T#pl T =2 XA CCPD (concave convex procedure pool results decoder) % B %%
L, ThoDT7 ) ZLAOBREAE I ab—ra /KD LT

YIab—a T, Kiill 5 [1] THWHHA TV S clone D% 1298, pool D
¥ % 47, % clone DEH (% clone 3 Tr pool D) % 4 L L7= pooling design
AWz, Z® pooling design IZiZF V> loop & FIL TV D, positive clone DI
Z3MEL, 300 RNDYIaL—TarwEiTolk.
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VIalb—yaroliER, £V 200 clone 2FA T positive & L, TH
I L7z285 TH pool A% positive THENENIZE>T, & pool DEISHRZ H
HOPLHEXTRBVWERBRYVERIIRD XOKEDD. ELT, ThThoT7 V=Y
ZhZE Y, % clone 28 positive THAMEEFML, HELEHVIRIZES, HiZ
positive T3 5 clone @ ) HE BIEALAMEVHOIZHER L, 300 ED 5 L& HNEA
PENLOR z LA THoEE y 2K 1 ICRR L. TOFRRLY, positive
#AEES X (MCPD) > (CCPD) > (BNPD) QAT LW Z L35, &biZ, &
BEFREIIE 1 O X Y (BNPD) > (CCPD) > (MCPD) DIETEWZ L35,

" 300 ——t r —— ¥ 1: FHEEE
250 | \
200 | BT . 7
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