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ROBUSTNESS OF DESIGNS

Ashish DAS Subir GHOSH Sanpei KAGEYAMA
ISI, Calcutta Univ. of Calif. Hiroshima Univ.
India Riverside, USA Japan

Rahul MUKERJEE
IIM, Calcutta
India

The unavailability of data is common in scientific
experiments. The deep concern of experimenters and re-
searchers about the unavailability of data can be seen in
a voluminous literature and in many text books. In sta-
tistical planning, it is never possible to anticipaie be-
forehand which observations are going to be unavailable
during the experiment and rarely it is possible to know
beforehand the probability of a set of observations being
unavailable during the experiment. In case of unavailabi-
lity of data, the experimenter can not redo the experi-
ment with a different design because it costs money, time
and effort. However, the experimenter may be interested
in knowing whether all the inferences the experimenter
originally planned to do can even be possible in this
situation and, moreover, the efficiency of the resulting
design relative to the original design. The facts which

are very common in real life, motivate the research in

—123—



this paper. In comparative experiments, block designs are
used in eliminating (or reducing) the noise with respect
to a single controllable nosie factor. Incomplete blocks
are used to keep the noise down and to make the compari-
son among treatments more precise. Balanced incomplete
block (BIB) and group divisible (GD) designs are known to
have many optimal properties in the class of incomplete
block designs. For these designs, we are able to draw
inferences on every possible comparison of treatment eff-
ects. This paper demonstrates the following: (1) BIB and
GD designs remain quite efficient in terms of drawing
inferences on treatment effects comparisons when a single
observation is unavailable. (2) BIB and extended BIB de-
signs are fairly robust against the unavailability of any
number of observations in a block. Furthermore, the ro-
bustness of any Youden design and Latin square design

against the laoss of a column is shown.
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Block Designs With Nested Rows And Columns

For Factorial Experiments

Sudhir Gupta
Div. of Prevention Research, National Inst.
of Child Health and Human Development &
Northern Illinois University, U.S.A.

We consider designs with nested rows and columns for a s™ factorial experiment, where
s is a prime or a prime power. Let each block be of size k = s™, arranged in p = §™
rows and ¢ = s™ ™™ columns. A single replicate design D is constructed so that there
are a total of b = 8™ ™ blocks in the design. The paper provides a general method
of constructing D such that a specified set of interactions are confounded. The method
makes use of the classical method of confounding for symmetrical factorial experiments.
The method can be looked upon as an extension of the classical method to designs with
nested rows and columns. Thus, single replicate designs which confound a specified set
of factorial effects are obtained using the method. Further replications which confound a
different set of effects can be added to the design in the usual way. Several methods of
constructing variance balanced designs with nested rows and columns are now available
in the literature. Some partially balanced designs have also been given. However, these
designs for factorial experiments have not so far been investigated in the literature in a
systematic way.

The structure of confounding single degree of freedom contrasts in a design with nested
rows and columns is first considered. Let D, Dy, D9 denote the treatment-row, treatment-
column and treatment-block component designs respectively. It is shown how the contrasts
confounded in D can be derived using the confounding pattern in the component designs
D1, Dy, Dy2. Then the case of factorial experiments is investigated. The method first

constructs a single replicate design Djs withk = 8™, b = s™ ™ using the classical method
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of confounding. The total number of effects confounded in Dy, each such effect having
s — 1 degrees of freedom, is given by g = (s™™ — 1)/(s — 1). Of these g effects, m —
m,; are independent interactions and the remaining are generalized interactions. Let us
confound a specified set of independent interactions denoted by Ay, Ag, ..., An—m,, and
Am—my+1, ---, Ag denote the generalized interactions.

Next the contents of each block of Dy are arranged in p x q arrays with p = s™,
g = s™~ ™, First consider the component design D;. Let g; denote the effects confounded
between rows within blocks in D where g; = (s™ —1)/(8 —1). The number of independent
and generalized interactions confounded between rows within blocks is then given by m,
and g, — ms respectively. Let these confounded independent and generalized interactions
be denoted by Ry, Ro, ..., Rm, and Rm,41, ..., Rq, respectively.

Finally, consider the component design Dj,. Let g, denote the interactions confounded
between columns within blocks in D, where gy = (8™~™ —1)/(s—1). In this case the num-
ber of independent and generalized interactions confounded between columns within blocks

is given by m; —my and gy —m; +mg respectively. We denote by Mj, My, ..., My, _m, and

Mum,—mg+1, - » Mg, respectively these independent and generalized interactions. The fol-
lowing theorem is proved in the paper, where 1, o, ..., Q-2 denote the non-zero elements
of GF(s).

THEOREM. The single replicate design D with nested rows and columns with pa-
rameters v = s™ b = s™™ k = s™,p = s™,q = s™™™, obtained as described
above confounds the effects A;, Ry, My, AR}, AM, i =1,2,..,0,§ = 1,2, ...,9,l =
1,2, ...,02,v=101, &, ...,04_2.

In general it may not be easy to arrange the contents of each block of Dyz in p X q
arrays. Therefore, a simple method of doing so is also described when p = s. The method
is illustrated with the help of an example. Further replications which confound a different

set of effects can be added to the design in the usual way.
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There are exactly two

nonequivalent [20,5,12;3]-codes

N. Hamada (Osaka Women'’s University)

T. Helleseth (University of Bergen)

@. Ytrehus (University of Bergen)
Abstract. Let V(n;q) be an n-dimensional vector space
over a Galois field GF(g) where g is a prime power. If C

is a k-dimensional subspace in V{(n;q) such that every non-
zero vector in C has a Hamming weight of at least d, then
C is denoted an [n,k,d;ql-code where n > k 2 3 and 4 2 1.
It is well known (cf. Griesmer [1] and Solomon and Stiffler

[5]) that if there exists an [n,k,d;g]l-code, then

k-1 d

n > Z: (1)
i=0 i
q

where fx] denotes the smallest integer 2 x.

Hill and Newton [4] showed that (i) there exists a [20,
5,12;3]~code meeting the Griesmer bound (1) and (ii) the
weight distribution of a [20,5,12;3]-code is unique. How-
ever, it is unknown whether or not a code with these para-
meters is unique up to equivalence. Recently, Hamada and
Helleseth [3] showed that a [19,4,12;3]~code is unique up

to equivalence and characterized this code using a charac-
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terization of {21,6;3,3}—minihypers (cf. Hamada [2] with
respect to a minihyper). The purpose of this paper is to
prove the following theorem using the geometrical structure

of the [19,4,12;3]-code.

Theoremn. Any [20,5,12;3]~code is equivalent to either

Cl or C2 where Cl and C2 denote the [20,5,12;3]~codes gener-

ated by the following matrices

[}
It
O 0O O
cCoo~O
= OO M N
H OO N
HORHN
H O N
O N R
HONNN
== O N
o O N b
O N
=N O
HEHENOO
N R b
=N O
=N O DN
B NROO
Tl S
HNNDON
T S SN )

and

(9]
i
Co 0O~
ocoorO
OO
o OoNN
O e
O NN
—HONR O
O N
H O
O NN
O N
o N e
= NOO
PN b
HNO RN
=N ONO
=N O N
N e O
NN O N
H NN N

~

respectively.

[1] J. H. Griesmer (1960), A bound for error-correcting
codes, IBM J. Res. Dev. 4, 532-542.

{2] N. Hamada (1991), A characterization of some [n,k,d;q]-
codes meeting the Griesmer bound using a minihyper in a
finite projective geometry, to appear in Discrete Math.

[3] N. Hamada and T. Helleseth (1990), A characterization
of some {3v ,3vl;t,q}—minihypers and some -+ codes,
Bull. Osaka Womén's Univ. 27, 49-107.

[4] R. Hill and D. E. Newton (1988), Some optimal ternary
codes, ARS Combinatoria, Twenty-Five A, 61-72.

[5] G. Solomon and J. J. Stiffler (1965), Algebraically
punctured cyclic codes, Inform. Contr. 8, 170-179.
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Lotka-Volterra ;2 D& fF & & Hadamard design

MR M— (kS T)
B EW (% %R

HIMOBEIBES L TWwA L Eo/El () ot HTeave LTLIZLIE, Lotka-
Volterra X AAV S D, BABEXFH 2 HS T3 AL LofRITMHTEL L L
T2HOWMEDLEEMT BHEHF VA WARBEIH 2B ICONT, 3IKELEDMZ
VIR TE R 2B THD I, ST, nMOBEIMEL ¢ TEREI py(2), -, palt) ®
HBRCHFELTwAEE L, 3EKOWMRLERLAZRDEFVEELR D,

P (t) = pi(t) |61 ij (t)s} +52221’; (t)pk(t)tix (1)

j=1 k=1

Fefily b EESIRIE S Mo 2AEHRICL BH I MOMMET HED L, Vkﬁ%hﬁ

ﬂ@SW@%kl6%zm®WM$%ﬂwa% it\ﬂﬁwubkkﬁbrs4w =0,
gk_nﬂgk+t4¢g~0ﬁ&biorw5§mtT5 ZokE, YL p(t) =
const. THHZ ERBHILL» S, 4, Lo n flioEAKMNIIMTEEEND D, TOIRGEM
BARMAMSZ 5 7 TRENTWEET D, Tabb, n%lE%GmEr’:‘\Vw{l -,n} i
MBS, S, HiMEDMVER, (,5) % GOMET B (Tabb (4,))eE) &
T3) ., fil1r57 G = (V,E) LBWTHERDORL2 L i,jeV LT, (i,j)eF X,

(G, )EEXBMYoL &, GRRREFITEVY, ERMUMEMS 7 b—F 2 b E
P&, & T, n Mok T i, %mﬁ@%%%ﬁmquEféb\Ltﬁors,r
offik, FT02H, LE3HEDOWFERFICL > TOAREZbDET D, TLT, zwﬁ%
KBV, s ERDEHICERT Ho

{ 1 (i,7) € E (85 AMAE ALK H iR L &)

i
Sj-——

-1 (i) eE (B i MAHs j ML D FF & &)

ERANR 3%@%umufﬂ.%&m;5ri%?5o
u)@n(bm(kneE&eugkzy—wk—o

(2) (4,7), (4, k), (s, k)eEicf‘oI:ftk_a,t}“ bth=c, kR La+b+ec=0.

(3) (1), (i, k) € BT (4, k), (k,§) ¢ EDE & iy = 2d, ¢], = th; = —d.
@) (,1), (k,i) € BT (j, k), (kyj) ¢ EOEE iy = ~2d, t]; = th = d.
(5) (i )EB T (i, k), (), (G, B), (k) EE O L & thy = e, thy = —e, th =0,
(6) (i 9), (5,)s (G, k), (K 3), (ki i), (i k) ¢ B 7 WLt = ¢, = thy = 0,
pi(®)(@ = 1,2,---,n) DM f(pi(t), -, pn(®)) PR LIS L BT —ETH BT LA

LBV p;(0) DWW TR D L2 L &, f(pi(t),- -, pa(t)) RRTFERTHB LI, 7
LA, LO®RFVOLET, EBOFI 7GRN LT, YL, pi(t) ¥RERE 2B L
BASICbD» D, 24220 A% #E L - Lotka-Volterra RORTFRICM L T, Itoh (1987,
1988), Bogoyavlensky(1988) & 24§l % MFFAM AR T 7 7oV T, W O2 DR
2FTw 3,
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CCTH T, pi(t) PMRER L 2 B 20T T 7 G AT N ERMF LA RIS
ERT 2,
Y. 2HWEOALERTIHE (Tabb (1) KBTS =00%R) . XoEH

ML h Lo,

FE1 GRAFMITITEL, 6 > 0,86, =0, T3, Cok &, [, pi(t) *RFREL
B BROOGEIIEOTR € ViIKBwTnl = of ¥RYLOTETHD, 7L,
ny,nf BEAEFR, FEMKABHFLIORK. HEAD » 5 WaHMLOBERT,

RICIUWRE TERLEHECOVWTELS, T
nit ={k e V|(i,k) € E,(j,k) € E}|
nf~ =k e V| (ik) € E,(kj) € E}|
EEHT B T, ngT, ;T SHARCERT . COLE ROZEVRY LD,
T2 GE2AMII7EL, 6, >0,6,>08F3, CnE i, HEDa,b,c,detl3FL
T [Tip pi(t) 2RAFR &L % B 2z D&

(i) nf =n; = const.(=7) Viev

(i) (k) e EDL & n;."k+ =np" =nj

(i) (j,k) ¢ E 22 (k,5)  EDE & aft =ng”

MDD ETH D,
nHEEFOF—F AV FG=(V,E)KHLT, nxnithl A= (a;;) %
e (i,j) € E
C EFH)ThVEE
LERL., A% GOBEITHIENSE, ANTII—NVTHA Ly OFELITHITHIEE, ¥
STGRTII—NVIE—F AV ERESR,
% Grr—FAXIETE, ZOLE, TED a,b,c,d, e EEED 6,6, > 01 L T,

[T, pi(t) PRI E LB DDEMREHT I b=F AV I THEILETH D,

B2 O EWMET 2 —o0FGH ST 70OMEEICOWTIE, XOBPEEBRWVWTIE,
bhoTwizn,

EI3 ¢g=3(modd) ¥EBh& L., V=GF(q)*\{0} tBL. £EDi= (::), j=

det (i’ jl)
2 J2
P (1) FHRETH N (1,]) € E, (il) FFH BT H NI (j,1) € E, (i) 0 TH I (4,5), (5,1) ¢
ELE#ft2E, HMZI7 GHE2 02 HRET 5.

(ﬁ)evuﬂbr\

J2
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SEGMOFELE — — WFEREDLE LT —
WAL L TS

1. lLrHic

RERESA2VWRBESERECAVSNETFHEOE BEBEE 1 OEHE
B, bLRMIcA A= 278 y2 HElMGLIcKSWTWS, L LENSHHE
REEDICHPHPHL REBEZDPBEOAINTVWROWERYTRWEEDLR,
—7, BEIHFEOMMCY L TR BEY, FARICHEEENRETHH
FRMSIAERIWE, PO 7 7 va Yitd SRV ODIRWEDOREANH 5.

FITELHVWSONZOMNEMNENIC L-BSHLRETHED, FELT
| IRBOREFECHMENTE D, 2MWERAEMNOL T EOVIZIR+
DA TV W, KB TRBOENOE ML EIC O >WTERYT 30, &Lk
17, PIo—KicHREBIFBS 2 E2MET S, §abb,

(1) XEMEMOZHEILE ; (2) FFRSEOE EILK
LEIICHLT 2B ARHOF—~Th 5.

2. WAWABIRINA

DIF, —ftkx2dks C &R FoBcififFnd 2 2cE8 T — 5 2BET 3.
CNIRBLITIRBRRSE EHIICWBWAEIRIRITNG 5.

(1) 2xiEBaMstreFv

2HOMIREOHREZTNENE AOWREIZOWTFRA T S, F—F7 1
8 WM A MEL, TDHH 4BROIMEE DTN TN H - fclEH %I
T4, k&, 2xXx4 2HEBTHEELEEWVIF—5 (yie, 1=1,2; j=1
ceee 4y k=1, 0,6 ) M1ESAL3 (Biometorika, 1978 ) . COHITIRY;..
=8 LHRADTVWHLWYWABEREFESTV.,  WIRFHIRR i=1,2 toWwWT&
B oM IMICAREOEWIREBIZEL WiehTHEE NS, TOLHIIR
BELTRERD XS MAZAMEMIT 2 FF RS TR S h 5,

Ko wyi—uoi2tye—foo2it 13— K232 14— Koy or
Lir— a1t~ pezlliy3— M3l 1a— tas .

7 () B LULTRIEFESHEOO T I AEMcWifllREE s, Tk
HIITIRES KORTFICRBITENE P vy FREOL, MlokiEr X34 2 L6
Mok (Fz& A1 ThRBIcBIF AWillianstED L ) BEZX SN D, &5
B LAWK B3 LI EoEE&, BT 2 ZHIERESLEITE S,
TRbE, 7, FIZNENOFELREEN S, TN 5 RMIRICRIEAL .
(2) JEFSHET—2

g s tme s o RN BT, LITLIEEUEEES), #%, ©
©HR, WYMok SicaHL, FHEMlcTZ TS0l RPIEEILEK T 5 C
Eicky, MR ENMEERMT 3 C EMNIThN s, CoBE, AHOXI
Zi(=1,---,a)THRL, AUHOIEE] (=1, -+, b)TKT &

K" : pig/pti2-2piu/Pib or  pit/pi1< <Piv/Pi'b
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D &S ENAF RSS2 5 (Biometrika, 1982,83) . 2T (1)
EBILE ST, HFloHFRBIUONHAI STV OZELRBLEILS.
WG — 2 BB EIEFES FIT) EZINET CoHEHRBEEEEIL NS,
(3) EBIBWEF— 2 icEo U

IV Fo—LEHERE, MEHEREDS 2 WRRGEHHERER R E, H%EE -«
—floF - I BESMEBERIRBVWA WARFESREIhTHWE, Ih%
M X 2HER vy — v OBFEVDIEKR EE I N, IHFEE2FB>RB/EAO
ZHEEBELTCER{LT A5 &b TE % (Biometrika, to appear) .

3. BRI AZ{BRKRSCES S TDILK

2EREBEOF—7 () %2 =G Tz, o Tap.) DEIIKKT. 0D
EE, AFIRE KOBIEREE LTER A ZFHITR

x =P QP »y II?
S HEBFHVWRIII2E > EPE SN TS (Biometrika, 1978) .
7272L, P i a-1l x aERITHTEITR =, -~ D) ICHEXTS.Py
RIEFE R L2 EERL,

b-1 -1 «++ =1
P p=diag(s ~172,) | b-2 b-2 -+ -2 , & ;=bi(b-i)

Lol e == b-1 x b

TEHENSE. T ITHELRINOBELRIC Yy PORKKRSEH VWL LM
FiIoh3d, Wb, PITTRIEELTCD 2 AERBORETRNS N, 2T
SEXR LTI E > - BRIk 3.
(1) fToEHELK
ScheffeXl &MLtk kit
¥ o= max T {(o'®P L)FII?
P30 o p =l
KEISWTITON 3, VIRMEZE/EMNOIRED T THishartfT#] WP, P*y,
a-) OBARIBOSTHICES.  Fhozdud ((b-1)/2) x2,-, THhEMX GE
Llahsd, T4 RTHEREMSL CESREINp it 2K ROER
MEERZE {((b-1)/2} x2,-) ODHESRE L TRTOCFTHIS 5 B TE 3,
(2) Fo&EILEK
FIDIKEEICRIEF NS, $RTCOUWRBIEEL DL L FEESMD, #
TP OFITED ;ELT
max; |l (P"a @b P2
EEISWAFELREZIT). COFEMROHELBRABIEHIc>WTIR
Biometrika(1983) & & CFIGHHETE (1990) 2B L THL W,
ZHERMCET ASELKRE LTIE2 X 2BIRANMEE L {HmoshTn
ENINCHBE L oFHILK LD, LRROTHA, 3 VWRFIBELOSEL
ROTWEIENIO E» S bEBRNBEBERMFTOELS ZF LV EEDLN S,
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BIBD MOASEL U—-#itE~DIGH

EBEE CRBOK - 8#), AT (VEBREXR)

Xy, Xon 25 HEW F(2), Y1,...,Y, 25/ G(z) b DEEEE
Ke3b 2BRU-HEE

1
(M) s strz.;s <5t

TEXLOREDFHLTSH. LT, M= (’:‘), N = (':) T % degree(r,s)
O U-HEgt &, BA% ¢ % kernel function & » 5.

Ut BERIEFGEROBEBECH Y, HFEFTTRIZM T OHETBEADT
Upn 2 0 OBRBRRHERL 25 20K, BREEDO T CHENICESRS
WS, coXsk, UHSRRERNCEAEELHON, U-KFHRR
Thiz¥EbhTwviv. TOBEHO—DK, FHEEOKEFIRH L LEDH
5. EBE mn BRKECBEICH, ¥k rs BREVEY U, OHMOERIZ
EDLOTREL RS KL, URSOMHDLRY, »2XDLEHDOHK
HERVHEBIRED 5. LedioT, TRTCOHEOMBEL 3 BB R AL, F0—
WOMOAEELTHIHRRIIBLEETLAVEEDNS. COX5ARELHF
T, SIHBEOKREE%TEMT 3 2 ® KK Blom(1976,Biometrika) b it 1 AR DH
B, REL U-METELERE L, Lee(1982,Australian J. Stat.) BARFES U-#t
HEOHTORNIHIHEERS BIBD KBRT 2 C ¥R LAk ToThR2
BERCOR/NIHAES U-HEtE2x2 i b BIBD kBT 5 & 27T

U, = HXiry o X Yoy Y5

tea(T1, -, T Y, - -5 Ya)
= E{t(zly EEEE ) Xc+ly e ')XT; Y1y . >yd7Yd+1) . :-'Y-S)})
Ccd = Var{tcd(Xl, e ,Xc, .. Yd)}

¢t L.

AL 2BRU-HETRBRAUTOLI S KE&EINS. X,,... X, b k@
rEOHERE FECY,... Y, b kE s loE%RE. [ REOES
OE A, T0L EREINABERAMEY (X,Y;Ar), BAft ofERZ ¢(X,Y;4])
t73. AL U-HEHRI

k
mn(k)"“ Z X )l AI

I=1

?’;"l»——a
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CTEHINDG. ChEEHE {4} CXE3REL U-#HEHEL 5. 75 D=
(S), P=(py), Q={(gj1), i=1,...omyi=1,....mI=1...,k%
Pir = 1(0):7; € (¢)A1) q;1 = 1(0):2 € (¢)AJ
&EFK LETESTS L FEE. REL U-HEHRE ¢ oNRiEERCH Y, FTET
Flecd s MERHBEGAZLE A ZED0L5CRDINCDS.
AL V- HHBOSHIRBUTCEL b S,

va(ila-'-a'iijl)--')jw) = (i11" iv;jla-'-ajw) & UHE Ar O fEE
= IZHprqJ
=1t=1u=1
¢¥%5 bk

Auw = chw(ill"')iv;jla"ij):
va = Eczw(ils“'1iv;j1;"'1jw)
B FRTRERESTNT2ES. ChblEETRIZIETH Y,

am=t(3) (1) = Z () (2)

Ekb. TTT, fulk FPEOE (A, A)) DRTiRb x5 cfl, ;2
br5 8 dEORBEORLAFEHFOEORTH 3. A,, REECEFKL A -

VCL?‘(Umn(k)) = 1\7”2 Z Z qu)‘pm

»=0g=0

v
BARIND. L oT, B,y % pgic AL T—H KB/ T 25HE I S#
FRACTIDC, X0OX S AHEREEE L. ThicBL TRD C &3S
5.

X OFT (i,...,5) ¢ Y CO2nTOREE (1,...,7.) TRTLDBT ¢y
t cow B—FETHY, TDH LT ¢y B—EBTINERPIIRRES U-HE
BTHs. LAanotT, PQ R 1BAOCESORKELIHE (34 BIBD 0
HE&ETS) Ab v, »2 PQ ofloLeRF—ChbBETH 5. %(%PC
(1) (r,s) =(2,1), m =n = 3F, /—()

(2) (r,s)=(2,1), m=n=188 k= ()
(3) (r,s)=1(2,2) =§ﬁ,h=dﬂ
(4) (r,s)=(2,2), m=n=1@BE k=n(1)/2
DOHSCRBEAFE Y EEM R L .

m

%l

bl
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Optimal Fractional s™ Factorial Designs of Resolution III
in a Restricted Class

TEINAY - SR STH
= EZ

1. Fractional s™ factorial designs of resolution III

Consider an s™ factorial design with m factors each at s levels.
Let T be a fractional s™ factorial design with IV assemblies. A fraction
T is said to be of resolution III if all mail effects are to be estimated,
assuming two-factor and higher order interactions are negligible. We
will consider the orthonormal model (e.g., Raktoe, Hedayat and Federer

(1981)).

Let )\?jﬂ be frequency of the ordered pair («f) occurring in the ith
and jth columns of T, where o, € Z, and 1 < 1,7 < m. Let m(0,0)
be the elememt of the information matrix corresponding to the general
means, m(a;, §;) be the element corresponding to the ath component

of the main effect of the ith factor and the gth component of the main
effect of the jth factor.

Lemmma 1. Under the normalized orthogonal polynomial model, 1t holds
that

1

m(0,0)—l—Z—:m(aj,aj): (—s—)m_ N (1£Vj<m) (1.1)

for any fractional s™ factorial design.

Lemma 2. Under the mnormalized orthogonal polynomial model,
trace(Mr) s a constant, for any fractional s™ factorial design of reso-

lution III.

Lemma 3. Under the normalized orthogonal polynomial model, 1t

holds that

g—1 m—1 s—1
m(0,0) + Z m(ai, a;) = <%) Z AST (1LY, j<m) (1.2)
=] a=0
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for any fractional s™ factorial design.

Lemma 4. Under the normalized orthogonal polynomial model, Yoo

{m(ei, @)} is minimized when m(l;,1;) = m(2;,2;) = -+ = m(s -
li,s —1j), 1 <Vi,5 < m, for any fractional s™ factorial dcsign.

2. Optimal fractional s™ factorial designs of resolution IIT in
a restricted class

We shall consider the optimal fractional s™ factorial designs of
resolution III in a restricted class C, where all the ath components of
the mail effects are uncorrected with all the Sth components of the
main effects (Vo, f € Z\ {0},a # B), i.e. m(0,5;) =0 and m(ay, 8;) =
0 (Va # (). Let M, be the coefficient matrix of the reduced normal
equation for estimating all the ath components of the main effects in
the restricted class C.

Lemma 5. The elements of the information matriz of a balanced frac-
tional s’ factorzal design of resolution III derived from a BA(s(s\ +

k),m,s 2){[(.0,0, = A+ k, /L(azf; = A (Va # f)} are given by
1 m-—1
m(0,0) = <;—> (sA+ k),
1 m—1
m(ai, o) = (—) (sA + k),
s

1 m-—1
771(0(,', (_Yj) = (—) k, (21)
S

m(0, a;) = m(oy, B;) = m(«;, B;) =0,
where a, B € Z,\ {0} and a # 8.

The coefficient matrix M, of the reduced normal equation for es-
timating all the ath components of the main effects is given by

m—1
M, = <l> SAMm + kJm. (2.2)
s
Applying Theorem 2.1 of Cheng (1980), we have the following:

Theorem. A design T* derived from a DA(s (sA + k),m,s, ){;Lm}

with ;ngg{ = A+ k, szﬁ) = X (Vo # B)} and m < 22 + 2 is optimal with
respect to any gcncralzze(l criterton of type 1 in the restricted class C.
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A Construction of Orthogonal Arrays from Baer Subplanes

EHS—  (HBAFAS TR
BREE  (ARAEHETER)

N x k- EFI D EREF OA[N, k, g, t; \| Th B L i, BEFIOERgED Y ¥ KL
oY, EDLFICHTRTOE-WHIAITELTA = N/g AFoH]hTWwRLET
b, Nk g t, X xth¥th, BEXEFNOHA X, Hik, KR, M, 17y
SAELFER, TCTIRIME2ICERS,

YURNEIREMOE EICREREIII N0 74 lio TES ISR T & 57,
F)TUEVESRARTSHS. Y EVEIEBMTLOEXREFELwWEER, &
REFIDARIC L > THRT 52 LB v, ZOWRTIX Baer B4 FH 2> TEN
MT2wy Y #AE (¢ - q) % b OEXEFIOMBIELR L.

P 2 HRHEEFE PG(2,¢*) (g FERM) &+ 3. HIFEP, 2 P ORIEST P
LELHEBMGEAROHETEE TS 2. POEBIEATHIEATE Py 2°P 0+~
TOREALZL LD I HTRDboTWAEE, Py % Baer H4-F1H & FRE.

FRHZFEP O 120 Baer MOoFHEBEEL, 1% Py T2, B2 P, b
K% Baer RA-FHEHDOELS LTS, IT % P~-Py DHALBNEELTE. FOLE,
HEaMik (II,B)x%x 5. |B] = ¢*(g — 1)*(g + 1)/3 12 Bose, Freeman, Glynn
(1980) ic & o TiR & M iz,

FEMBR (T, B) LBV T Py DEDREBFRITHESLTYRVWESIZIT D2 K
NDMEFLEZL. TOEFOMLES L TVI BOEEOBN—ETHE I LE R
L7z, CO—BRBVEXEFIOA Y7y 2 AHGL, B OEERE Py DRMEFLER,
EXEFIOATEFNCHIET 2. CoBEE b LI L TEXES

OA[N,¢* +¢+1,¢* — ¢,2;¢%(¢ — 1) (¢ + 1)/3]

OB R L.

X6 NHEWKERTHIT Y HHIFELZVWOT, 0A[36,k,6,2;1), k > 4 3%
ELZv, AN LYRE, YU FLEE6DEREFIIFEET S, EEOMBHEY T
REOAIR12THB. 0A[16,13,2,2;4] & 0A[27,183,3,2;3] DAE» 6B LND. &k
¥13KT 2L, CO200EREIIEE, A, g DAEROBERIELTWIOT A%
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ININAELTEIERFTERTHE. #oT, BROLBELHNZ TV FIEENE
REFINHFTIEA = 1206 OFBRATHE, SCTRLAMBRET g = 3DLE,
A =24 DEXEFIH RO N

BEXBEY % d = N/gBD g x k- BHEINCF T2 &, Th¥ho g x k- BSE
HoTRTOFINgEOY YKV TRTEFATVWE L E, COEXENZTHTIRET
HHLEY. T, EXEFIFFETRTH 2201, MY 1 o8PE 5 &2
bATWwh, av¥a—9%fioTq=2¢qg=30F%2E2LThbiiFHETRTSH
BriNghors. BRELY, COEXRNOFHTREIESMHE (I, B) O5E
Mg L AMETH 3.

ABRSEFE P OEVICHER %R ¢° — ¢ + 1 8D Baer 5 FH OEE % tiling L §
y. BEAME (II,B) 58I iRZ 5, £0&54% 2 5 X L RE L7 Baer 887 Fm
Po £ &be B tiling K% 5. £oT, ¢g—1)2(g+1)/3HED Py 2 & tiling 2*
Y, BOTXRTO) Baer BAFMIRELL D tiling D AN E1DICE LTSS
EiC% B,

projectivity it P 26 T EHF~OKEMBRERFEL, THTHRENLILHUHTSH
%. Hirschfeld(1976) ix, P, L% cyclic iKfi < P @ projectivity @ orbit X ¢>—g+1
By, tiling ¥%T L ¥RLA. 51T, HiE, Py L% cyclic o { projectivity
kg (g—1)* g+ 1)d(q* +g+1)/3bYH, Thbilk->T ¢ (g—1)%(g+1)/3
O tiling PER &N BT EbRLI-.

DL EFHEMBR (T, B) BFEUARTH L L E0H5H2 AL Lo tiling D
BEr—FHLTwasZLicadwiz, £ T, B L7 Baer AW Py L % cyclic &
) { projectivity @ orbit x i\ 2 L S HTWRE L2 EREFIMMR T E 50T 2wnh
FHETE. COFREGEICg=3DPEMELTRA. oL EMEIR, Py LHX
“ Baer B4 FET T ¢%(g - 1)*(g + 1)¢(¢? + ¢ + 1)/3 D projectivity ® orbit
ELTHATLA»EIDTHE, LAL, =308, aYEa—-5THEID
TabE, REIRROPLRH o7,

BigIC, TS THREYRLUAESEIE, Po k% cyclic K@i P ® projectivity
D orbit T VTR TEA2DOTRZVEAIDNETFRT S, COTFRANELWEZ LI,
=2, ¢g=310Tul, KOEXHEMN > TH TOEREFIFHTRETHS
LERB.
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Weighing 7% W(8a-2,4a) I OWT
KHMZ (BEKX - #H)

A1, -1, 0 5&5 n KOIEHITH W A% Wit = ki ZAETE
% Wik n, A k O weighing 1735 2IRERTWS (ZFD L D417
i Win,k) &ERbENh D), AUKRKKEEAHZED2 DD weighing 17
W & We lo L. FHBDOWAEMRITI P & Q ZHWT Wi = PH2Q
rEbhEhse & W & We WIFAMETH 5 LiERT D, weighing 175D,
CORMMHRICL B DHD. kK £ 5 D& §¥XTO nicznwL, E-
NS B OEEFTNTO Kk (2 n) IAWLTERRIATHWS, 5D
SR N TWEWREMOTINE W(4,8) THbd, hEzTO weighing
IO HOSEKE. UTOAN THH, (1) IPC(JFEBELKE DD 2
SOBEHER) 2, (11) IPC ORIcxtitd 2 weighing 1751% i
BY D, (UI) FHARMATAERELS R " (FIRIE 7Y v 1750
Bits k-wiyb. weighing 17310 70754y £ LT HOREL 0L D%
W) & E-TRM»EPEHET 2,

LEDZ e 2BEXT. UTORREHR-,

750 W(Ba-2,4a) (A7 L. a it 2 UIOERE) locxd 2 IPC X

20 20,

£:2|an = 8a-3, Zixe: = 2a(4a-1), x2: 2 0 (1)
= =

ThHarh. ZORDO—-M{BMERATH LN S,

MX4a = Zaa, ..., Xaa-2ci-13 = Zdaa-2¢i-1» ZRELFE &, Zia,...,

Zas-2i-0 CEED wi(i), wo(1) 2B E wi(i) £ Xea-21 S wa(
1) &b, bz, BElz4s-2:0% wi(i) £ z4a-20 S w2(i) &9 53
& Xes-25 = Zaa-2; (0 £ j 2 1) &3 (1) OMIFLET S, ~FE
L. 0215 2a-2)
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WE. T4 (1) OMekeds, %72 A % W(Ba-2,4a) 17512k
245, ZOEE HeA LT, ¥ OFITREEINIRIT 2 MOITR
CHOF e DEIBOATE. TOTEH D, LPLERLTUHKD I
W, HE. A(2d) * R WOITELEINCRITHMOITE R
OF L DXEIHONIE T (Xe=22, ..., Xaa=Zas) & I &2 BITXIEFNE
IFIES B0 (Xe=y2; ..., X4a=Y¥as) € T EBRBITFUIIINEIFEL TV (72
FU. 2as< Yae) : 2T A OEHIEEGLET D, ZOLE. RO
RziE5,

FA(4a-3) = A(da-4) = ¢ (EEG) 1 EELwl(0) 5 433 THS
HRLEBROBERIPEDLP O TS,

™ & A(4a-5) L9 2L W ORYOTICHETIXIXHOFHEIE. (X2, .
oy Ras-2, 4a-B) e T LT EWe ZEFUL Xas-2 i 0 AR 2

W e AQ) 4252 W ORBYOITIZMILZIXTIKOAAE. (Xey ...,
Xaa-2, DT LULTEW, 72FL. 0 2 xe2 S 4

W & A) 295 W ORBRYOTIZHNITIZIKOFHIE. (X2, ...,
Xta-2, 0) el &LTEW, L. 0 2 %2 £ 2

hsOEE 175 W(4,8) OHICAIWS &, 25 @ih D IPC O
D56 15 WHDBEEF X T weighing THAHER T HITBVWENNH)
5e B2, ZHLTHIRENA weighing THOHEREBIED C -4

HELT T—27 (700774 O—H) ZMWAHEIDKOEREB2,

F17%0 W(14,8) oK% 65 HORMETRW V53 oI h 3 )
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On cyclic tournaments

Noboru Ito (Meijo University)

Let V be the set of integers 1, 2, ..., V
and S(v) the symmetric group on V. Put C =
(1,2,...,v). Let W(v) be the set of all sub-
groups of S(v) of odd orders containing C. we
identify a permutation with its matrix represen-
tation.

Let A be a tournament of order v. The set
G(A) of all permutation matrices P such that A =
PtAP forms the automorphism group of A. A is
called cyclic if G(A) contains C. Let C(v) be
the set of all cyclic tournaments of order wv.

Let v = p be a prime and u(p) the odd
portion of p - 1. Then G(p) denotes the meta-
cyclic group of order pu(p) on V. G(p) = G(A)
for some tournament A of order p.

In the present talk we show the following:

(i) If any v-cycle of G(A) is a power of C,
we can determine the size of the equivalence
class of A in C(v);

(ii) Any maximal element of W(v) is of the
form G(pl)°G(p2)°...°G(pr), where v = plpz...pr
is a prime decomposition of v and ° denotes the
Polya composition.

(iii) An element of W(v) of the largest
order is uniquely (up to the conjugacy in W(v))

determined by a certain linear order of odd
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primes;
and
(iv) Any element of W(v) is of the form G(A)

for a certain element A of C(v)
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@B G b E MR BTG

b AT Ve AT e M, AL
A w,g;&

1. Dl2p,2p, b 2)AEh D
BRBeH) (28 2p 41, b, 2) E BT ERAD(2p, 2p,p, 05 PR
{flemy:%.tT1‘:b"4’)7’7\@&-{’5‘:%’3:%3}7‘#5.
2101 (1)) p=bn-15EF=FT 3. XE¥r2px2poiss)

en-t (Cij) (dsy)
GD2p 2p p 2)THD . T T 0\fj= J; la”=i(i’rj)3 cij= ()
.,=‘(&+&3+g )/3 =0,1,2 ~—,6n-2

22 (1)) P =enn i%-’.&t 35
(i) P=6u+1 1,4 (Mod5) T D P i=3FL K& ¥ 2px2p o437
(%50 (hyy)
Densi™ ((m;) (d,,))
WD (2p,2P,p,2) THD . = 2= ay=4); by =il e =),
dij= (=" wij+2)/5 5 £3=0,1,2,-,6m,
() p=enti%1,2,4 (Mmod T)F > P =gFL K¥ ¥ 2bx2p 2457

’ (q-") (‘9"> \
Dén+l = ( : )
(cyj) (d;é}
BDC2p, 2P, p,2) THDH. = ct;;=4‘3, bij= 4lj-i) 5 = (4-2;

dij = (AT—4j+ 2 )/7 GI=0,4,2,-, 6%,
/U@s(m) r:&%—%ﬁtﬁ'b SEWOJJT’“—\Lﬁﬁl#l/A?tM
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= (§-1)/48 B=uod (modh) EFTB . KELopx2poiTy
D*—‘((Q:J) (bg))
(cy) di)
BDC2p,afp,p 2) THB. = =12 05T Ad; by=0y+ cy=ay vuf
did'_“cfb«'{)‘*ﬁa'z; 4/3:0,1’,2;“,?—1.
2124 (130) PpAEEH: U, K Emed poFFNALE TS,

Kfjalpxn/ywﬁﬂ
Dx: ((Q[J) (bl‘;))
(ciy) Udgg)

- e > I a2
(xD(sz FlP;P, 2) ~&HE3. T = "J‘iézz‘é; bg:&—&hhcﬁ 2(}4 2 9),

A&.;::Duuzouj +(o(—-l)jz; i/fj"o» 1,2, #’"'

2. A AL ERBI| 0BGy 5 ERBT) o 4h BN

DPp,&,p,2) m;}%%{l: (AP’/@\))P)')_)QT'\"f@%%iﬁﬂi?’ﬂg“
DA K R X /uﬁfogx Ak @ 4754 % Kronechk ev Fe ( Dodkh d) &i%(
4 IEDOAP B, P, )@ AP &, b, 2) o4 (wmod r)(i(mﬁ fxk, by 2)
523, 25 0 5 o h EMRMBRSHMTRE, Fhon b pAR AF4VE
OB 0 A 54 E o pp R AT T F TALI 0 E o F) = E%R "I JE
P18 FELTNT A DAL E S c0x3 . (> TEE x4y
Mtva PEIRCNIT | XEGTFM , €5 135472 < e TE, By
M (PP, hxk+l, b, 2) A Sas .

TI95 (L) DAL, A, P,2) E (AR R, P 2) WG ETh
AR, Bk, p,2) ArET B

5 kX B
(1) 38R " AARFPIR o, TR 3HA ) 5 - as,
12) B F " Aaadkyd =, 200979), 75— %0,
(3] sk, " m@MEEFR L, 20979), 92 - 97,
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—IERIT T COBHPEG % v v 2m-FF FHED
FHATI I 5

RLEERAE BEBE R &%

AEET I, BSIETH] SA(m; Mo, M-y M) EFVE 27-FF 5HE T (lRET 5. &
BERSEEE LT, PIAETE m =5 0 & &, 2 RFLILEOZKE/EA, 3 BFLLEDORSHE
A& 30 ¢ BFLUEORE RS ZEERIEL T2 VAWAIMKESEL ShaTH
A3, FIT, S ITit, (04 1) BFLLEOEEAAZBE T &4 3 —AMRR A REST
3.l 1<E<mTHD. ID&E, Kuwada (1990) 1ok 2EERABAH LT, 15
15 Mr i3, IRD Block XAETH| L4BUTH 3 C LRENS:

EQ € O(vy) s.t. Q’MTQ- = dia.g(f(o,fm ®K17 ot ’I¢min(l,[m/7]) ® f{min(l,[mﬁ]))
7L v = Ting(™) dp = (F) — (5=0)- )

AEEOEIIL, EEED (min(m - §,£) — B+ 1) YSHIEMTH K (1 Mr OBERIZERR)
& Hyodo and Yamamoto (1988) and Hyodo (1989, 1990) D&#fic & 3 Mr DERE
B Ky OVMBRFEEEIC L, Ky ORBIMEEZEH4 22 ETH 5. aoiT, Ihb
DHEIERE DY 5 X O EOHHIIINDHEYT 3. TR, 20—PIER~3%.
FE1 Kp lcoWTIRMER D IT-: ‘

Kp= Z:;ﬂ XjBg;Bg; for 0< f < min(t,[m/2))

AL Eg; @ (i +1)th B &)

Roy = 22\ Y~z ) for0 <i < min(m = §,0) - §
FH2 K & Ky 3ROBERTRIENS:
Ky =DyKsDy for 0 < f < min(¢, [m/2])
I iz Dy = diag(do, - -, denin(m—p,1)—p )i

i { 1 for0<i<min(4[m/2)) - B
" (1) for min(4,[m/2]) - B < i < min(m - B,£) - 8

FE 3 Y{Jo, ) Imin(mop,-p} T{B -+, m =B} I LT, (min(m - B,£) - B+1)
miﬁu"\“y }\ v &ﬁjoﬁ T &ﬂjmin(m—ﬂ.l)"ﬂ ‘iﬁccm?}ziﬁiﬁ_@%é.
ﬁﬂ 4 det[Kﬁ] = Zﬁ310<j1<"'<J'min(m-g,4)_55lm—ﬁ C(jo,jh . jmin(m-—ﬂ,l)_ﬂ)

')‘J'o)‘jl e }‘J'min(m-ﬂ,z.)-p for 0 < B < mjn(f, [m/Q])
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I eliondis- - minimmpy—p) = 2PRRB.O=H1) (minm=p.0+8)

min(m~f,0)—f (tn-:’/’) 2
mi‘zﬂﬂ — H (Jh“Jg)
i—0 ( gl 0<g<h<min(m-p,)-p
FE]  cUoviir - Jmin(mep,)—p) = (M = Jmin(m—p2y—ps "+, ™M = j1, M — Jo) > 0

TE 5 )
I(ﬂ >0 <= a{jo"",jmin(m-ﬂ,l)~ﬂ} C {ﬂr"'ym—ﬁ}

8.8 Ajoy e, ’\jmin(m-a.t)—ﬂ >0
EHE 6

rank[K3] = min(w(Ag, -, Am—p), min(m — B,£) — B + 1)
for 0 < § < min(L,[m/2])

Tl w(a) it £ OIBEROMEHERT

S OFEEED 5 IR L.
EET T ROBE2+1 0 2™-BFFHETH%. < T BROKMH=HICT
BHERCD)) SA(m; Ao, A1y -+, Am) TH B

w(Ag, ++,Am—pg) 2 min(m - G,£) = f+1 for0 £ B < min({,[m/2])
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THREE-SYMBOL ORTHOGONAL ARRAYS OF STRENGTIH t
AND t+2 CONSTRAINTS

fie Lo B s oA 5 B
ARG 8%, mEFE AR, A1 AR, SB R o5k

T3 v EL0120K&&x Nxm oEFE L, TOERD ¢ 7»
LA EDWH/EIMNicBWT H,3HHAD ¢t IRouiT~7 P A& L X BERN
BEE Thinat, K&Ex N, B m, I8E X 03 v R LVERKES &
W5, B OA(N, m,3,t) : ARV SN B M, ST, N =2X3 T3
Em S 3-0A(E,m,A) ZFHWV S,

(1ag -+ ) 23 ¥ Y ENOmRTITNZ b &L, v(ogoy - an) %
B TIBR BT~ b (g on,) OHEERTODET B,
COBHERVINESORIES o, =k LNRZFNETOREL,k=0,1,2%
AwTyly, 1, ] ERTEDEH B,

(010n - ap) 23 EREST, 20X E S OIFIAE~-ET %2 20, B
W Tovs 0 3 s Mot~k ~s b vzy(Zim) &4 3. v(Z(M)
ATDES 25—+« X7 FILVES,

T 3-0A(t,m=1t+2,)) THB1LDOBE+IEMEE LT, ROER
e 5.

£ OB 1.1. T¥W3O0A(,m=1t+2)) TH3DDLEFHEMK
REYa2S5— ~7 bV u(Z) DL <2 T3 2™+ m2™ HE D %5
vlo, ), ] et LTI B0 25 Lc& & BooxX (1.1) THESN
3L >2 03— 2" —m2m O v, Iy, ] BEEOBMTS 3
l&THB.

(1.1) v[lo, Iy, ) = A = v[lo U {p, ¢}, I, [3] = v[Io U {r}, 1 U {q}, 3]
—v[loU{p}, [, LU{g}] - v[lo U{q}, [y U{p}, I3] = v[lo, 1 U{p, q}, ]
—v[lo, 1 U{p}, ,U{g}] = v[lo U{a}, 11, 13U {p}] — v[Lo, 1 U {q}, 13 U {p}]
i<p<qi€l; =L~ {pq}

COERE T I RNTOES25— - _J PVERDLLIFIEEHE
BETERTZALHIC0%a, 1%b, 2% c CBERALI'EHOEZ N
DY R FDxy b LERGCWTY(ZM) OER BT b bISHEHI O ~
g rNET B,
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EIT7 w5 aTR (L] <2cEdsXFcofM»2@En D
WEEPAL—T 5 =2 EL 05 ETOFRHOBKES X (L] > 2
bt s ce 2@l LA s (L) XEAVTHELZOBEDOIER
PEEMGEFNE LW, 2R LT oS Ty — T EEETE 5 LN
HoOHEBLBILEDAREMRNTSHS LBV ZWL,

ZCTCEITHMEEFO D OTHRE L T,(1.1) BEFTETfE L 78 b REET
BEEFL HELREREHRRT 2 CEBELLNS. 2o &g L™
DIEDIFICN—T T A= ELTEY b, HBVRETER(11) &
JRHBERUMEZITI LI EBEENS.
JOA(t=2,m=42=2) DBEBELOPVWT, COTKEBMA LA LI 5,
38 (10 i 23 K1) OFF B BB s 485,785,629 Bl iC #iisk L. olbirE
160 k53D 1 TH 5.

HEOMBELFE 2 HWIOTkNE B,

F2oILRIKIOA(E+1L,m+1,)) othic 3 HD 3-OA(t,m, \) il
BRAENTWS C EZMW3-0A(E, MmN OFXTOROBEDOEH S 2
HEWMOLWLTHEIOBHOHEELI0AE+1,m+1,)) Z2HKRT 3
EIRED NV —TORIOHRBZRZE L TH 5.

I3 DILERIE 3Z0A(, M) DT RTOMRE ¥ T ADBERIZ LY
BIL, 2oL RicBF 2~HD 3-0A(t,m ) 2HoRETICEERX
350 THD. TORKRE T RTONHEBETLAKGEATMOBEN Y v
WOBRICXABOMELTEASNS.

o ERMoBHREMALLMOENE EERICT 5.

F2DOILkRIRIOAt=3,m=5Xr=2)%2KkbH3&EafEicl k.
EORFEIDOTEREMAS ISR LY, 20T RETTIIH 10 HE 2
B LRI FEIFHE (VAX-8350) 24 7 I5[HIc M 2 C &8 T & 72,

£/ 30AE=4,m=6,)=2) ORFEIRITT & 7.

\ 3-0A(1,3,2) | 3-0A(2,4,2) | 3-OA(3,5,2)
AR 354 1,152 31,356 | 82,944
Hlo#( s oEH) 16 68 32
Ho¥ (s&Cco@ik) 8 12 4

#4012 IINS TECHNICAL REPORT No.2 Jan.1991 &8
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