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Varions topics in the neId of designillg experiInents were pre:-:(·.:uted iu 40. talks ea.dl of
whichwas followed by iutensive discussions of the 42 partici pallts (17 freHll Gen{la.llY~

25 fr01n ahroad). The cOlltributiollS induded e.g. optilnal (lesiglls for cOl"relatecl' t'lT()rS~

fractiollal factol'iitl designs, optüllality oE block designs, Plackett aud BuruHLll designs.
Yonden designs, f>robleuls with iuteractillg factol"s. design iLlld a.nalysis of COlllpntcr
experinl{~nts,Bayesia'ü desiglls~ (lesigns for rcsp()ns('~ sllrface 'experiluents, ~lllcl softwan~

for the 11lunerlcal tOlllpntatioil of optilual designs.
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Abstracts

MARKUS ABT
Design of COlIl]JU tel" expel"ünen ts

Iu the rccellt literature on COlupllter experiments one of the probleulS cOllsiderecl is
the choice of a.n cll>iu"opriate design. For this purpose several algorithulS have been
proposed, but uo explici t formllias are given up to now. In the present work we
illvestigate ulillear covaliallce fUllctiollS" in one dimension (lud show how exact optitllal
designs call be fonud for several design cri teria. Linear in this context luecU1S that the
obtained predictive function illtel1)olates the observations lillearly. Evell in this rather
simple situatiou it is quite tedious to get reasonable results. An intel1)retation of the e
resllits accordillg to the different distributional assumptiolls is givell.

ROSEMARY A. BAILEY
COllstructiollS for cOlnplex block struct ures

Before an ~xperiInent can be designed, the block structure on the expel;lllelltal t.111.its
Hlust be elucidatecl. 'fhis structllre consists of inher~llt factors, anel their crossillg alld
llestillg relations, \vhich CilU llsefully be represented Oll a Hasse diagraIn. If a11 the block
factors correspond tu raudOlll effects~ then, nudel' llice COIHlitions; the block structnn-.:
deternuues orthogonal hOlllogelleolls strata for the analysis of variallce.

A design is said to be orthogonal if the space of treatI11ellt cOlltrasts is the
orthogonal direct S1.1111 of subspaces eaeh of \vhich lies in oue stratuill. Oue luethod of
constructillg orthogonal designs is PattersOll's design key. Slightly lllüre general-iso the­
Abeliall group method~ in \vhieh the treatInellts are identified \vith the elelnellts of cl.l~

Abeliall group G, and~ für each block factar F, the treatIllents allocat~cl to levels of F
a.re all cosets of a sllhgl'Oüp HF of G. The induced Hasse diagralu far the snbgrollps
H F is isomol1)hic to that for the block factors.

o
The order uf G is 110t restricted. to beillg

Cl plillle \)ower, so the. luethod generalizes I3oses's dassie \vork for factorial designs.
The AheliClu grollp Inethod extellds rea,(lily to non-orthogonal designs, hy replacillg

Hcose ts of a subgroup HF" hy '~trallslates of a subset B f'''" Such designs have
orthogo·llal factolial stru.ct.ure: it is easy to calc111a.te their efficiency factol"s (llsillg
cOlnplex eigenvectors) aud to interpret their analysis.

Another usefnl SOHlTe nf COllstructiollS is illutually ärthogonal La.tin Sqnares. Au _
eXilluple is given of an experiInellt l~olllparing 12 feed tl'eatillellts for 12 sheep. The.'
sheep a.re in 3 hünses of -1 sheep, aud the experiUlent heL') :3 periods, with each slHx~p's

trcatluellt changillg after each period.

ROSEMARY A. BAILEY
Sf::Hu-Latiu sqllan~~

Cousi( ler a.n 11 X n array of cells, each of \vhi(:h l:onsists of l: plots. A selui-Latill s'luan~

is all allocatioll of nl: tn~a(lllellts to th(~ t:"lls in such Cl way t.hat each treatIuent OCClli"S

OllCC ·in eadl row (u~ll ()lln~ in cach C:OlUUlll. SOllle cOllstnu:t.ioll lllcthods will he giV(~1l

alld optiIua..lity resnlts discllssed.

I
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WOLFGANG BISCHOFF
()" D-optüunl (J,~...;i~o".'i \\"},,'u t.lH' ()h"i~rvat.i()llS an' c:nn",'l:lf,'d

In the general liuear 1l10dd consider the desi~nill~ prohlenl fot" the GaHß-~lark()\"

cstilllator \vith respect tu tlle D-criterioll. For exact designs Wt~ investig;at(~du: relatioll

of efficiellcy for the correlätcd ca.se aud tbe ll11correlatcd ~ase witb 1.~()lllU10ll \"ariaUCL'.
?vloreover. lower hOl1uds für the efficiency of an exa.ct design are givell in the c..:orrelated
CaciC.

Next, approxiInate desigus are cousidered. Problenls appearing in the corre~ated

case are discussed. vVe argue uuder \vhich conditions an appro:Oluate D-optilual
design for the llllcorreiated case may be cOllsidered a.s approxiluate D-optiInal d~sigll

in the correlated case. Thell we show analogons results fur the least squares estiIuOator.

CHING-SHUI CHENG
Sonle projectioll properties o[ ortllogonaJ arrays

The definition of an orthogonal array imposes an inlportal1t geoIlletlic property:; the
projection of an OA,('\2 t , 2k

, t), an ..\2t -run or:thogonal array with k t\vo-lev~~ factors
and strength t, onto a.uy t factors consists of ..\ copies of the cOlnplete 2t faS~.?li4·,· Iu
this talk, pro jectiolls of an OA( ;\2 t , 2k , t) onto more thall t factars \vill be discllssed.
SOlne general reslllts a.ud their statistical implications ,vill he presented. For~~xali~ple.
if lV is not a Inultiple of 2t+ 1 , then the projection of an OA( iV, 21., t) with .(::c~ t + :2
auto auy t + 1 factors lUllst contain at least Olle colilplete 2 t + lfactorial. This Inay not
he true for the conunonly used regular fractional factolial designs. LIN auel DRr} PEIl
(1993) observed that the projection of the 12-ru11 Piackett-Burluan de~igll ontq' ClllY

four factors is of resolution V. We prove that this üllportallt property holds fqr all
OA(N, 2k

, 2) \vhose size N is not a luultiple of 8.

PAUL L. DARIUS
C0l11puter aided desigll oE experiments

Although current statistical packages are convellient aud p{)\verful tools for statistical
analysis, their usefulness in the planuillg stage of the experilucllt is lillllte(l..>,~vVe 'have
beell working on a sofhvare system aiIlled 30t providing the user \vith Cl luaxinlluu of
sofhvare support durillg the process of desiglling an experitllent. The key elelnents a.re

- an object oriellted sofhvare representation of a design with which the 1lser call
illteract uuder the forni of a structure diagraul,
a \villdo\v hased graphical alld illteractive envirolllll~llt, providillg a: IUllllber of
sinlultalleous and lillkedvie\vs· Oll different aspecis of the current design,

- support for a strategioc approach. signalling probleulS and suggestillg c.hallges.
A prototype has been illlpieluellted ,vith Objectworks/Snlalltalk on a. 51111 \vorkstatioll.

ANGELA M. DEAN
D~sig·lJ.iJ)g experüneuts for drug cOIlJl>inatiou stlulies

Iu a cOlllhinatioll dnlg stndy. se:veral clrllgs "Illay he a<llluuisterecl singly, 01' in
(".olubillatioll with several othcr <.h·llgS. to a u\lll1ber of s11hjects acconliug to a Cl'OSS­

over design. A llleasurenlcllt is taken on each of thc clrugs ad~lUllistered in a. givell tüne
p(~ri{)d. ThllS, this is a nltlltiph~ respouse study with factolial lreahueüt COlllbiuatious.
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Ir a drug is not pl'eSellt in the treatment combination adllllnistered to a subject 111

CI. givell tÜlle periorl, thel1 UD Ineasurement is taken on this, particula.r drng in this
particular period. Therefore, depelldillg l1POll the treatm~lltcOlnbillatioll aUUllllistel'ed,
there lllay be a "llllssillg" observation on aue or more of the responses fOf allY given
subject in allY givell tinle period.
A survey is given of recellt wo;rk Oll desigl1illg experiments for dntg combinationstudies.
It i5 ShO'Vll that the lo\ver bound for the average variance of a set of cOlltrasts in the
usual block design setting \vith a single measured response also provides a hOUlld for
a similar set of contrasts in the multiple response setting. The infolulation matrix is
clerivecl for the theoretical optimal block design fot estimating a givel1 set of trea.tment
cOlltrasts in the single response stucly.

HOLGER DETTE
lvljllünax desiglls ill ]jlle;U" regressioll Inode1s

We investigate the geol'uetric structure of Elving's 11ll11l1Uax criteria and I(iefer's
ljJp -criteria in the linear regression model y = f( x)' (J. It is shown that the optimal
designs with respect tu these criteria .are also optünal for ..4.' (J where ..4 is any illball
vector (in an appropl'iate llOrIll) of a gelleralized Elvillg set. The results expla.ill the
particular role of thc A- allel E-optitnality criteriOll and are applied detenllil1illg
the lluuiInax spring hala.nce weighillg design and the llunilnax design fo~ polYllonlial
regression.

NORMAN R. DRAPER
Ivfjxture designs tor four 01' more components in ortllogollal blocks

The problenl of partitiollillg the blends (runs) of four 01' lllore lluxture COlllpOllellts
into t\vo orthogonal blocks whell a quadratic model is fittecl is cousidered. The
solution proposecl by .lOHN (Ulliversity of Texas Center for Statistical Science Techllical
R.cport No. 8, 1984), and described by CORNELL (Experiluellts ,vith Mixtures, Wiley,
1990) is (~scussed allel extendeel. For foul' compOllellts, study oI the charactelistics
of Latill squares oI :?ide foul' leads to reliable rules for qnickly Ohtaillillg designs of
specified kinds. Mixture COlllpollellt values that cause singuhu'ity in the ne,v designs
are identifiecl, allel valne:; that provide designs ,vith highest D-criterioll values, for the
dass oI designs discllssed, a.re obtailled. An illdustrial exaluple illustrates the nse of
thc designs.

MIKE F. FRANKLIN
SOlue alternatives to Latin llypercuhe sanl]>litlg

In SOHle prablenls a desCliptio11 of a fUllctioll I(x) is required. Each Xi is continllOllS
'lud hOlluded above a.ucl belo\v. There are 110 other COllstraillts Oll thc choice of thc
J; i. However, the cost of (h,~tenllillillg I(;J;) {or allY .x is high. Nonnally the lluluhel' of
data. points is chosen a.u(l t.llen the levels <;f each factor chosen to span the nUlge for
that {actor. To ohtaill a fair rlegree of ortho~()nality ht~tween variahlcs, 1"<uldollllsatioll

proccdures a.re built iuto the choice of levels allel clata. poiuts. Oue da.....s uf tlH~se

(lcsigllS is that of Latill hypl~rctlhes. Thc pr()pt'~rties of Clny design are depelulent Oll

the 01ltC0111C of thc rcuulollllsatiou. H<~n~ three iutcrllative COllstnlctiollS are clescribe<l .

alul thc propertics of tlu~ resllitillg designs oUtlillccl.
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NORBERT GAFFKE
SYlluuetric optiJual desjgJls for l1Jultjple cuhic J"{'grcssiou

In the joiut techllical n~p()rt with ß. HEILIGEHS "Cl)111Pllti1t~ opliulal approxiulflrt·

(l(·~sigllS for cllbic regressi"oil Oll 11l1lIti(linu~llSiollalhalls a ud l'llbes" {A ngsl HUg, 1!J!J2}.
we cOlu}>ntcd 1l1ullci'ically <I>p-optilual illval~allt designs (illveuiallt Wilh respect tu
penulI tatiolls €lud sigll chullges of coordinates), and also optiuw.l (thinl order) rotü.tabh~

designs. The talk points ont SOllie of the specific resllits Oll the 1110Ull~1lt luatIiccs uf
illVal~al1t designs, \vhich gave a basis for the algoritilluic cOlupntatiolls.

SUBIR GHOSH
Efficiellt response slu-[ace desiglls witll a SIllall nUluber o[ nJlJS

The talk will present the COllstructioll of second order respOllse surface designs ,vi th
lligher efficiencies thall designs available in the literatlln~. The stanclard optüllality
criteria are cOllsidered _in cOlnparillg efficiencies.

SYLKE GIERER (together ,vith !(. Eilgel)
Optilual designs [or 1l10dels wi tll correla:ted observations ;t!'~\

b5-L

Optitllal block designs are detennilled asSUlnillg hvo special strllctureS'~for the
covariallce lllä.tt~x of the observations, nalnely that the cQvariances het\veei(älld the
yal~allCeS of the observations' depend only on the blocks respectively the tr~atllieuts.

It call be ShO\Vll that the ,veighted least squares estiIllators equal the ordillary
lea.st squares estilllators. The optiIllality criteria t:ol1sidered here are the A - auel
1\1V -optiIuality with respect to a givell set L of cOlltrast vectors. It is pl'oved that
block-block correlatiolls respectively treatInent-treatlueut correlatiolls do Hot ha.v~ auy

illfluellce on the A- and A1V -op"timality respectively A-optitllality. Finally, the'
idea of illvariance is used to find MV -optiulal C -lllatlices in the case of trea.tl~lellt­

treatulent correlatiolls.

•
VOLKER GUIARD
Design o[ experiInelJts [ar estilnatioll o[ vanallce COlJljJolJeJJts \\'itlJ .-\l\'OV:.4:.. ilj' tllf;

~:

olle-lvay-dassificatioll under llon-llormality

Let the oue-way ra11dol11 l110del

Yij = JL + (Li + eijt i = 1, ... , a; j = 1, ... ,1l.j; nl + 11.2 + ... + It(i = lV

be givell \vith randoul eff~cts ai alld eij. The first four InOluellts of the distdhutiolls
of (Li alld eij may be finite with kllrtosis 12a alld 12e, respectively. The designillg uf
experüuellts fol' estitnatillg O'~ = V(ai) alld 0'; = V (eij) hy lueallS of AN OVA \vi th
respect to the C-, .4-, anu D-:-optiulality is delnollstrated. In thc dass of cOtll.:rctc
designs \vith given. a alld N it is proved that the ..4- alld D-optinlll111 design is qllasi­
halallced if 12e ~ O. For /2e ~ O,ce(a - l)lV ::; cu(lV - l)u alld Ca > 0 01' (;c = 1 «lud
efl = 0 the C -optiullllll design with c' = (ca, Ce) is also CLUeL-ii-lHuallcecl. These resnlts
l~a.1l not he gelleralized to all values of 12e' All exaulplc is givcll with 1'lu = '"Y".!c = -2.
In this exalllpie the optiUl\l111 design is not qluLfii-halcllu;ecl.

[)
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BERTHOLD HEILIGERS
Totally nOIlllegative lllOJUent Inatrices allel E-optimal designs for weig;llted polynoIlual
regression

The finite diulel1siollaluloment luatrices of symmetrie designs over [-b, b] for \veighted
POlYllOllUal regression are totally nonnegative. As a eonseq~ence, the UOllzero
eigellvalues of these l11atrices have multiplieity less 01' equal to two, aud the coordinates
of the eorresponding eigenvectors possess a characteristic sign pattern.

An applieation of this resll1t to a dual problem to the E -optimal design problelu
shows that the optinlal approxiInate designs are supported by the extrelua of the only
equi-oscillatillg \veighted polYllomial over [-b, b] ,vi th leadillg coefficient 1, provided
the experilnental region is 'Slllall ellough', e.g. b 5 1. In particular, by specializing
the weight fUllctioll \ve obtaill results on E-optimality found by PUI\ELSHEIM alldA
STUDDEN (1991). •

RALF-DIETER HILGERS
Optimal designs far mixture aIUoullt experiments

New results extending the \vork of SCHEFFE (1959, 1963), !(IEFER (1961), URANISI

(1964), alld ATWOOD (1969) are presented. The later authors calclllated D-optiulUlll
designs für various regres~ioll lllodels introduced by Scheffe to describe the quantitative
response in llllxture experitnents on the unit simplex. While in his setting the response
depellds only on the proportions of the components, in nnxture amount experünellts the
response also depeucL5 on the total amoullt of the mixture. In this cOlltext the sünplex
has a useful interpretation a.s an aelequate factor space. Aduussibility anel optitnality
of the extended simplex centroid design for models with regression functiolls of the
v- tic type on the q sÜl1plex are illvestigated.

PETER W. M. lOHN
FractioIlal factorial designs

A senllconcluetor el1gineer \vished to carry out a 24 factorial experiUlellt. He had at
his disposal a lot of t\venty \vafers alld so a subset of fOllr heul to be selected to be
dllplicated. The ohviollS approach is to repeat an orthogonal quarter replicate, but
there are alternatives. If the base point is dllplicatecl there are 455 choices for the
other three points. These fell illto llilleteen llOll-isolllorphic sets. Fonr of these sets
gave the saUle best valnc for the D- and A-optilnality critclia. The E-optüllaJ.ity A
criterioll \vas of 110 llse beallse it gave tbe salue vallle for every set. The fonr sets.
that gave the best ValllCS for the D- or .4-criteria are also the fonr best choices for
ollutting frol11 the 24 to provide a resolution V three <luarter replicate with t\velve
points. T\vo of the SPots nf fOHr points are orthogonal qua.rter replicates. Oue gave a.
(lesign that is iSOl1l0rphir to the Srivastava-Chopra design for twellty points. Details
of the l1uderlyillg lllatl;x strnctllre that lea.d to the cxi:;tcuce of fonr llon-isoillorphic
"l)(~st' soltltiollS with the Selllle D-, ..4-, E-valnes an~ discnsst~d.

ANDRE KOBILINSKY
SOHle usefnl tricks in IJuilclinp; efticiellt fLsYIluue.trical hlock factorial rlesiglls

In llHulypractical situations. hlock Ol" fractional factorial (lcsiglls illVolv(: CL ulixtnre or
factol's having different ,\lul possihly COPl;llU~ 11111111)(~rs of lev(~ls.
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Tu hnilcl etficicllt desi~lls \Vi th Hot ton IlliU1Y UIU ts in lhcSI~ aSYl1ulu~trinJ1~a.SI'S. i t is oftt"ll

possihle to tlse s(nll(~ little tricks ~ collapsiug lc.~'·l·ls. nsillg psendofat:lors [01" illst.illlce ­

\vhich a.llow to bring hack the cOllstruetiou to that of c.:lassical fa.ctt)J;cJ desip;lls. These

t.ricks are illustratecl Oll SOllle exauiples COllllUg frOlll Cl prol)lt:lll in food lTSI·arch.

OLAF KRAFFT
Oll exact G-optilJHJ!lJ .designs tor qUildl"atic regression

For x = (Xl, X:h ... ,;,.) E I~L 1)" let Si(X) = L~I=l x}, 0 ~ i ~ 4 aüd

·'-
lvl(x) = (;~

S2

The point x· is G-uptitual, if

sup (l,y,y:l}lV/- I (X*)(I,y,y2)' ~ sup (1,y,y2)lVf- 1(x)(l,y,y1)'
yE(-I.i] . yE(-I,I] .

. ~;~;

for ~l x for which A~/( x) is regular. In the talk \ve discuss Cl coujecture cou~~!"nillg the
solution of thi~ probl~ul.. This work has beeIi done together with Nlartill Sc~~aefftJ:.

JOACHIM KUNERT
Optimality oi block design~lvitl1 vaziable block sizes alld r;uldoIU- block ~ffects

vVe ~consi~er thesiIllple block model with ra.ndOln block effects, tlie block effeets
ha,:,illg- varia,llce ol = ·Xu1., \vith q2 the. variance of the errors. It is -a.':iSlIlUed that

the exp~riIllelltercanv~ry the sizes of the block. The HIli versal optiuHui ty of certaili .

designs' for all ,\ over all.designs \vith the salne lluluher of blocks and the S,Ulle ullluber
of observations is shown.' .

It is of illterest to note that if Balallced IllCOll1plete Block Designs COlllpete, thell
they perfOrtll equally.well for'\ = 0 alld ,\ = 00, i.e. in the Olle way clas~"ificfLtioll

lllodel and in the siluple ~)lock lliodel \vith fixed block effects. but they.· perfdl~n ,yorse
fOl~ every ,\ E (0,00).

DENNIS K. J. LiN
Du Plackett. 8.lul BUl'uiau Desiglls

One luajot probleul ~1l indllstrial experiInelltatioll is screening, i.e. identlfyiug those
f~lc't{)rS that lllat ter. in thi.s talk, I \vill present same of lllY reccllt \vork in this area (sollle

joiutly with NonuallDraper), llsiug Placket t anld BllrInClll type designs for illu.stratioll.
Tlte subjects to be addressed illChtde sIllall COlllposite design. COhUllll sel~~cti()ll, alia."i
strllctllre, proje~tioll properties, a.nel sllpersatllra.tt~d designs. TIte straightfor\vanl
extension to other. orthogonal arr~ys is possible, of course.

DIBYEN MAJUMDAR
Tn~ud-[l'ee illld ueady ~i'elJd-[reeI}lockdesigus

[u 1083, YEII au(IßRA DLEV conJec~t1red that a. hinary cOll.uec:te<1 IJlt)(~k desigu with

blol:ks of size k auel CO~lstaut replicatiou 11lulll)(-~r r for eadl treatIllell t, CClll h(~ COHvcrte(1
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to a linear trelld-free hlock design iff r( k + 1) is even. They establishecl the conjecture
for k = 2 alld k = 'U. STtJ FI~ EN, in 1988, gave a fanuly of cOl1llterexaluples for certa.ill
design cla...'ises with k od{1. vVe will show that the cOlljecture is illdeed tl'ue for CL large
lluillber of designs, including all designs with k even, and BIß designs.

vVe also cOllsider situa.tions where r(k + 1) is odd, hellce uo trelld-fi:ee design
exists. Several falnilies of nearly trelld-free designs (definitioil due to YEH, BRADLEY

alld NOTZ) will be identified. For exa1l1ple, a BIB design can be cOllverted to a nearly
trend-free BIß design whenever r(k + 1) is odd.

RICHARD J. MARTIN
Eflicient experiInentaJ designs for dependent data

. Although there is much Cllrrent interest in designing block experiUlellts to take.,
depelldence iuto accoullt, most results have been for particular clependence structures
or on balancillg lleighbollr effects. Results for dependence structures call also depend
crucially on the estimator to be used. However, for large numbers of blocks some
unificatioll over estimatol"s and dependence structures is possible. This \vill be
discussed in the usual case of a linear array of plots within a hlock, and in the
case of a spatial alTay. For a small number of blocks, results depelld on the
particular depelldence strllctllre and estimator used. Goo~ designs usually require
more than neighbollf balance, and may not be constructible by combinatorial Dlethotls.
Exhaustive evaluation luay also be impracticaJ. Recursive methods of construction
\vill be discussed, allel criteria for constructing designs that are reasollably robust to
nlisspecifica.tion of the depeudellce structure.

lOHN P. MORGAN
Pairs of Youclell designs

Let there be bvo p x q ro\V-COlll1ll11layouts, as for exanlple in an agricllltural experünent
in t\~o fields with elillunatiol1 of heterogeneity in hvo directions. If panel q are such
that a generalized Yondell design (GYD) exists, will a pair of GYD's be optilnal for
the llSllal aualysis in the büttOlll stratluu? In general the ans\ver is 110: by uutking
the row alld COhUWl COlllpouent designs inferior to that of hvo GYD's (for which they
are optilllal) it is SOluetülles possible to ohtain unifornl1y better designs. The result
is c.lepelldellt on the valnes of p and q, ho\vever, allel it is also provell that an infinite
scries of pairs of GYD 's is E -optixllal. 111 addition, a lo\ver hOl1nd far the E -efficiellCYe
of pairs of GYD's is faHnd, \vhich is an .4.-efficiency b01.1n<1 ,vithill the equireplicate
da.ss.

MAX D. MORRIS
A.JJ overview of SOllJe recel,t dev~lopnlents in tlle desiglJ iUlfl culalysis oE COlll]JU ter

experiulell ts

The talk hegills with a. definition of "Cclluputer experüncllt", exaluples of genelic
COlllpllter experirllellts, charactelistics which lunke these different frOlll physical
e:q)(~ritllellts,anel SOUle exaluplcs of how convelltiollal statistical iclea'i have heen applicd
in iul lu)c \vays to COlllpntel' l·~xpt.~ritnellts. Latill hypcn':llbe saulplillg, cliHl other
rcUlC l()llll~ed saulplillg plans, are tlH~ll reyiewc~cl. alollg \vi th their statis tical 1110tivatiou
for llse in ll11certaiut)" analysis.
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In the sccolld pa.rt or tlw talk. an approach to the approx..ilnatioll of CCHllputer llL<Hlels
biL'ied Oll the nse or stocha.."itic processes .L"i ;'llu~tcuuocl('ls" is l'X,lllulled frollt (u)t.h

classical anti llayesiall poiuts of ,·iew. A (lt··si~!l optilualilY criterioll has('d Oll (~lltr()py is

discllssecl, allel eXeuupll's of optiIllal designs are prl'seuted. Tlte approa.ch is gelleralized
to accoillocla.te iufonuation ahollt derivatives with l'('speet to inputs. Fiually, SOlUC

ll11resolved problelu'i alld areas of active research are uolect.

RAHUL MUKERJEE (read by C. F . .Teff \Vn)
Oll tlle existence of saturated asymmetrical ortl!ogonaI arrays

For saturated asymmetrical orthogonal arrays the Bose- Bush bOUll(~ luay not be sharp.
We üllprove their bOUlld hy developillg a lle\V cOlubinatorial cOllditioll, \vhich further
lillUtS the choice of integral solutions to the systeul of eqnations in the Bose-Bnsh
approach. For saturated ac;ylwlletrical orthogonal arrays of strellgth hvo, our appi'oach
cau provide a substalltial improvement over the Bose-ßllsh approach. "Ve sho,~ that
a dass of saturated OA(N, Snll (sr)rn 2 ) constnlcted by \\Tu, ZHANG allel \VANG (+D92)
attaills the maximum for m2, a reslut \vhich canllot be proved by the .Bflse-ßnsh
approach. Other applicatiolls include ,:"~:':'"

(i) 12 in the OA(36, 211 312 ) is Inaximum for the 3-syulbol factors, .~

(ii) llonexistence .of a class of arrays of strength foul'.

CHRISTINE MÜLLER
Efflciency of designs [or robust alul non-robust estünatiolJ oE non-lineal' aspects

For estimating a non-linear aspect of a linear lllodel only locally optÜllal designs call

be derived. For classical 11ou-robust estiulatioll based Oll the least squares estitllator
this is well-knowll. For robust estimatioll ba'ied on robust one-step-M-estiluators' thiS' .
also holds and moreover ooly locally optimal robust estitnators can be derived. 3ut
the locally optimal designs and estimators can be llsed for efficiellcy coulparisolls allel
for calculating maximin efficient designs.

In particular far non-robust estimation ma.ximill efficicut designs are de9ved far
the case tbat the supportof the regarded designs is givell and pravides·fÜllearly
independent regressors. "Besides a general result two special results are pl'e~ellted,

which provide ma......a.null efficielÜ designs uuder sitnple couditions. One of these res1l1ts
gives a simple condition so that the u.uiforul design is llHL.xiIuin efficient. The other
result deals with designs with a two-poillt support. The result cOllcerlling llllifol'lu
designs also holds for robust estilllation. SOllle exalnples deillollstrate the appli,cabili ty
of the results.

HANS-MATTHIAS NEUGEBAUER
Bayesian D-optimal design~ tor exponential regression lnodels

\Ve cOllsider the Bayesiall V-optimal design prühlenl for exponential gro\vth 11lOdcls
with ol~e, two or three parailleters. For the one paran~etric lllodels cOllditiollS on the
shape of the density of the prior distrihution and on the rauge of its snpport are giVCll

gnCll"allteeillg that a one point design is also ßayesian D-optilnal withill the da.ss or

all designs. 111 the case of two parauleters the best two point Jesigns are detenllillCd
a.n<.! fnr special prior distributions it is proved that these designs are globally optilllal.
Fillally, the expouential growth lllo(h~1 \vith three parUlueters is iuvestigateu. Thc best
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thl'ee point designs a.re c.haracterized by a uon-linear eql1ation anel it is investigate(l if
these designs are also Bayesia,ll D-optÜllal within the dass of all desi~lls.

FRIEDRICH PUKELSHEIM
OptiInality of BIBD's iIl tlle approximate tlJeory

A block design is tl'eated in the approximate theory re1axing the relative frequeucies
nij / n to be cOlltillUOllS weights lVij E [0,1]. Balancedness then means illvariance ullder
the action of an appropriate group, and to this end we sketch the general Irame,vork of
invariant design probleIus. We introclnce the I(iefer ordering, as a superposition of the
1151.1al Loelvller matrix ordering and matrix majorization. Together ,vith ather block
designs, less structured block designs, BIBD's are shown to be I(iefer optiInal for the _
treatment contra.~ts (J .C'. I(IEFER, 1975, and B.I(. SINHA, 1972). Moreover, BIBD's •
a.re distillguished by beiug ulliquely optimal under all matrix meallS, for a maximal
parameter systetu, aIllollg a class of support restricted designs.

DIETER RASCH
Tbe robustlJess of exact locally optimum designs in non-lineal· regression - a case stucly

For a special set of data a lllodel choice in a dass of ten isotonic non-linear regression
Illodels leads to the Bertllianffy fUllction as the best fitted and to the GOlupertz fUllction
as the secolld best fitted fUllctioll. D- alld three C -optitnum designs are detenniued
for the estiInated parallleter. Far three criteria a relatively high robustlless of these
optiulUIn designs agaillst paralneter variation was fOUlld. The remaillillg criteriOIl was

very sensitive. The optinlUUl designs for the Bertulallffy fUllction are very sillular to
the correspollding optimUll1 designs far the Gompertz function fitted to the Satlle data.
Therefore far all criteria a. robustlless against a wrong model selectioll aud except for
Olle C -optimality criterioll also agaillst parameter variation could be stated.

JAMES L. ROSENBERGER
Design problems in calibratioll st udies

This talk \vill discuss the design of experiIllents far nOlllillear lllodels with attention to
thc issues arising in calihrat.ioll studies. The goal of ca.libration is to estüllate the value
of au unkno\vll quautity~ based on the calihration Cllrve of the relatiouship hetweeu
kUOWll standards allel thc observed response fUllctioll. The linear logistic fUllctioll aud
t,he fonr parameter log-logistic curve llsed in the calibration ol ELISA experitllellts ,vill e
be illustl'ated. Both tbe kU{HVll staudards alld thc t111kllOWll (llHl.utities are assayc(l hy
nsillg serial dilutions of thc cluantities, in order to iusure that thc ohserved response
spans the optical dellsity scale. A special techllique referred to as p(u·allel fitting a.llo,vs
thc entire set of llleaSllreluents to be illclude(l in the calibl'ation proccdnre.

RAINER SCHWABE
Optüual designs [or llHHlt~ls \\.j t.ll pitrtlx ülterilctÜJg faetol"s

In llHU1Y experitll~Iltal situations thc CXpt~l"itncnter is fac(~cl ,vith the iufillence of lUOl"C

tItan oue factor. Of ci>nrse, t.he perforluallcc of a.uy expcritllcntal design depcllds on the
l1udcrlying lllodel aud in particnlar Oll thc strllctllre of interact.ious hetweeu the factors
in the situatiou at haud. In the t'vo Ulost 01ltstcuuliug cases of coulplelc prnclnct tyP(~

illteractioll aud.of 110 i11t(·~racti()lls. pro(lnct (lesiglls have SIU)\Vll np to he D-optilual
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for the \vhole lllodel allel tht~ llliU'gillals of tlH~se dl'si~llS an~ tht, D-optüual Olles for dU'
lllcidels eorrespolldillg to the siugle fac.tors. Iu thl" prc'SCIH'(' of partial illt(~rac;ti()llS t lU'
situation is luore cOluplic;üe(l. For a. valit'ty of süuple hut pracf.ically usernl eXilulpll's
pnHluct designs are presellted which are D-optilual. The luarginals of these designs
depeutl 011 the iuteraction strllctnre and hellcc diffcr fraIlI the D-optüllal Olles for the

single factar models.

KIRTI R. SHAH
Optimal block designs flnder partially ßuxecl models

In some situations~ the experimellter has the freedoIll to choose SOllie of. the blocks
at randorn !roln a population of blocks. \Ve fonnulate the problenl of choosing an
optimal design in such situations. We derive SOllle resllits for optimal selection of
randorn blocks \vhen the basic design is a baIanced design or a group divisible d~~igll.
\rVe also cOllsider the problem of optimal selectioll of both the basic design as w~ll ~L'i

the choice of randolu blocks from this basic design.

BIKAS K. SINHA _<

OptiInal estimation of total weigllt in cllelrucal balalJce alU] spl'illg baJa.JJC~ i[esig~,~

We cOllsider chenucal bci.lance and spring balance \veighing designs (without bi~as i'u the
nleasuring instruments) aüd a:ddress the problenl of optüual (Iuost efficiellt) estitnatioll
of total \veight of a nUlllber of objects, snbject to retaillillg estünability of all oJ the
individual weights.. Wealso 'discuss the problem of estiillatiOll of the total distculce
covered by a number of (natural) objects placed alollg a lille 01' along the corner.~_oE a
ploygOllal fellceo The cOllcept of designs \vith string property (circular/noll-circlll~r)is
introduced in this context .

.. The purpose of this talk is to revie\v all the available reSlllts iu this fascillatiug
area of research.

NEIL J. A. SLOANE
Nelv designs

This talk will discuss llew results on the strllcture of quadratic designs, sphericaI
designs, interaction designs, mixture designs, designs ~ith correlated,errors, orthogonal
arrays, covering designs, supersaturated (or search) designs, aud \vill give tables of all
these designs;

~9HN STUFKEN
On dIe COJlstructioIJ· o[ olotlJogonal arrays

We will emphasize various tools for the cOllstnlction of orthogonal arrays. As fractiollal
factorial designs these alTays are heavily used in, especially, illdustrial experiUlclltS.
Otir tools are suitable for the cOllstnlctioll of sYlluuetrical orthogonal arrays as \vell as
for the construction of asYIlllDetricaI orthogonal arrays. Exaulples of th~ use of these
tools \vill be provided.

11
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BEN TORSNEY
COI1Structioll oE optiInal designs tor binary response expel'inlellts lvitl1 tlvo design
variables

D-optiInal designs for tlu'ee paratneter binary response and other generalized linear
Illodels dependillg Oll t\VO design v3.liables are first cOllsidered. These are derived using
a parameter dependellt callonical linear transformation of the design variables which
chu,llges the design problelll to a weighted linear design problem in two design valiables
Zt and =2. This is the approach introduced by FORD, TORSNEY and Wu (JRSSB, 1992)
for the case of one design variable hut a llew feature here is that one of Zl, =2 Inust
be bounded. This guarantees that the problem is further equivalent to a linear design
problem \vith constant vmiallce anel llncorrelated errors for \vhieh the indueed design
space G c m. 3 of SILVEY is b01tllded. His minimal ellipsoid argument is thell applied
to G to i~entify or characterize D-optimal supports. Results are extended to more
thall two design vatiables and to the c-optimality eriterioH. This is joint work \vith
Ralldy SITTER, Ulliversity of Ottawa, Callada.

JEAN-PIERRE VILA
Intensive computillg and bootstrap-based optimal designs in regression

Optimal design criteria for iluproved estimations of parameters or fUllctions of
parameters or model responses in nonlinear regression are considered.

These criteria are based upon exact regions (Gaussian cOlltext) or at least seeolld
order exaet bootstrap cOllfideu(;e regions. In the last case, the critical quantile of the
root used to define the region is consistently estimated by MOllte-Carlo fronl parameter
estiInations and residual saluplillg distribution of a previous lllodel fitting. This la~t

approach is free of allY lllodel approximation alld of any probability distribution
hypthesis for the errol'S ,vhich are jllst sllpposed to be centered alld independent
and idelltically distrihutecl. The specifie fonn of these eriteria (expected nleasure of
c.ollficlence set) as weIl aS the inadequacy of the nsual millilluzillg scheInes suggest the
use of stoahastie approxülla.tioll procedures for their Dlluilluzatioll.

ADALBERT WILHELM
Ntuuerical cOlnputatiolJ of optilnal designs usiIJg gelleralized gradiellts ·

Several iterative lllethods for cOllstrllcting optiUlal designs in linear regression lllodels
have heen prpposed in the last t\VO (lecades. All of thelll are rcstricted to differelltiahle _
ohjective fUllctions. So therc is neither a possibility to tackle singular 1llOluent lnahices •
UOI" is there a way to treat E -optitllality withollt fllrther a~sl1111ptious. In this talk
we ontline a lle\V approa.ch for COlllpntiug optitnal approxiIuate designs ha..~ed Oll the
kllowledge of one gelleralized gradient in each iteration. Onr approa.ch call treat design
problelllS Oll either a discrete 01' cOlltiullons regression range a.ntl allows cOllsideration of
arbitrary linear panulleter systClllS. In the ilnplelnellted version (Fortran 77) oue ca,ll
choose the optiInality criteria CLlllOUP; all luatlix lllea,llS <J?7J ,]J E [-00,1]. NUluel;cal
reslllts for polynollual n~gressioll 11lodels iu(lieate th~1.t thc IuetluHI is of practical
illterest.
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c. F. JEFF WU
C(JllS~l"ucti()lJ 'llHllayout f.t:duuqlle.c.; iu filctorial desi.!;"us: :tU cn"'~lTj(~\\" nfn:C:C:llI. öul'"öUJ("c'S

Faetorial designs call lH~ da.ssifit~(l illto two hroad dass(~s: regular. allel llolln'~Hlar

designs. In regular designs the luatheluatical strllct ure is siIllplt~ aud t.lll"~ 11la.ill c[11l.'stioIlS

(u"e -
(i) assignment of factors,

(ii) choice of good blockiug schemes,
(iii) accomodation of specin.ecl illtera·ctions..
For llonregular designs cOllstructioll of ue\v arrays, especially those \vi th sln~l runs
alld mixed levels, is still an outstalldingquestioll. A llew aspect iso the accolllodatioll
or illtercatiollS l~slng a. new lloti~ll called hiddell illteractiolls. Related topics like
s.upersaturated designs and nearly orthogonal arrays will also he discllssed. .

Berichterstatter: M. Abt (~~ugsburg)
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