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ABSTRACT. In this paper, we give an overview of CombinatorialGroup Testingalgo-
rithms which areapplicableto DNA Library Screening.Our survey focuseson several
classesof constructionsnot discussedin previous surveys, provides a generalview on
poolingdesignconstructionsandposesseveralopenquestionsarisingfrom thisview.

1. Intr oduction

The basicproblemof DNA library screeningis to determinewhich clone (a DNA
segment)from the library containswhich probefrom a given collectionof probesin an
ef�cient fashion. A cloneis saidto be positivefor a probeif it containsthe probe,and
negativeotherwise. In practiceclonesarepooledtogetherin somemannerto be tested
againsteachprobe,sincecheckingeachclone-probepair is expensive andusuallyonly a
few clonescontainany givenprobe.An exampleis whenSequenced-TaggedSitemarkers
(alsocalledSTSprobes)areused[OHCB89]. If the testresult for a pool (of clones)is
negative, indicatingthatno clonein thepool containstheprobe,thenno further testsare
neededfor theclonesin thepool.

Thisproblemis justaninstanceof thegeneralgrouptestingproblem,in whicha large
populationof itemscontaininga small set of defectivesare to be testedto identify the
defectivesef�ciently . We assumesometestingmechanismexists which if appliedto an
arbitrarysubsetof thepopulationgivesanegativeoutcomeif thesubsetcontainsnodefec-
tiveandpositiveoutcomeotherwise.Objectivesof grouptestingvaryfrom minimizingthe
numberof tests,limiting numberof pools,limiting pool sizesto toleratinga few errors.
It is conceivablethat theseobjectivesareoften contradicting,thus testingstrategiesare
applicationdependent.

Grouptestingalgorithmscanroughlybedividedinto two categories: Combinatorial
GroupTesting(CGT)andProbabilisticGroupTesting(PGT).In CGT, it is oftenassumed
thatthenumberof defectivesamong� itemsis equalto or atmost

�
for some�x edpositive

integer
�
. In PGT, we �x someprobability � of having a defective. If thepoolsaresimul-

taneouslytested� times,with latertestpoolscollectedbasedonprevioustestresults,then
theCGT algorithmis saidto bean � -stagealgorithm.Grouptestingstrategiescanalsobe
eitheradaptiveor non-adaptive. A grouptestingalgorithmis non-adaptiveif all testsmust
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bespeci�ed without knowing theoutcomesof othertests.Clearly, beingnon-adaptive is
equivalentto being

�
-stage.A grouptestingalgorithmis error tolerant if it candetector

correctsome� errorsin testoutcomes.
Libraryscreeningapplicationsintroduceseveralnew constraintstogrouptesting.Firstly,

� -stagegroup testingalgorithmswith small � (e.g. ��� ) are often preferable[BT96,
BBKT96]. The commonrequirementis to have an adaptive algorithm. Secondly, DNA
screeningis errorpronesincethepoolshave to bepuri�ed beforeprobing. Hence,toler-
atingseveralerrorsis desirable[BT96]. Lastly, asassemblingpoolsis costly, sometime
robotsareusedto assemblethepools.Thismakescoordinatingthepoolswith somephys-
ical arrangementof clones(suchasa grid) important.

As far aswe know, therearethreerelatedsurveys previously donein this area.The
�rst wasasurvey from Dyachkov andRykov (1983,[DR83]) donein thecontext of super-
imposedcodes.Thesecondwasa monographby Du andHwang(1993,[DH93]), which
gave a niceaccountof CGT algorithms.Thethird wasanarticleby Baldinget al. (1995,
[BBKT96]), whichcomparatively surveyedcertainclassesof non-adaptivealgorithms.

In this paper, we give an overview of CombinatorialGroupTestingalgorithmswith
applicationsto DNA Library Screening.Our survey focuseson several classesof con-
structionsnot discussedin previous surveys, providesa generalview on pooling design
constructionsandposesseveralopenquestionsarisingfrom thisview.

The rest of the paperis organizedas follows. Section2 �x es up basicde�nitions
andnotationsneededfor the restof the paper. It alsogivesa taxonomyof non-adaptive
group testingalgorithmsfrom which later sectionsare organized. Section3 discusses
deterministicalgorithms. Section4 providesa new generalperspective on constructing
a classof deterministicpooling designs,from which several openproblemspoppedup
naturally. Section5 presentsrandomalgorithms,andsection6 introduceserror-tolerance
grouptestingalgorithms.Section7 concludesthepaper.

2. Preliminaries

2.1. The Matrix Representation. We �rst emphasizethat we are concernedonly
with combinatoriallynon-adaptivegrouptestingstrategies,for DNA library screeningap-
plicationsprefer parallel testsas we have mentionedearlier. The “combinatorial” part
comesfrom theassumptionthatthereareatmost

�
defectivesin a populationof � items.

Considera ��� �	� � -matrix 
 . Let �
� and ��� denoterow � andcolumn� respectively.
Abusingnotation,we alsolet � � (resp. � � ) denotethesetof column(resp. row) indices
correspondingto the

�
-entriesof row � (resp.column� ). Theweightof a row or a column

is thenumberof
�
's it has. 
 is saidto be

�
-disjunctif theunionof any

�
columnsdoes

not containanother. A
�
-disjunct ��� � matrix 
 canbe usedto designa non-adaptive

grouptestingalgorithmon � itemsby associatingthecolumnswith theitemsandtherows
with thepoolsto betested.If 
 ����� � thenitem � is containedin pool � (andthustest � ).
If thereareno morethan

�
defectivesandthetestoutcomesareerror-free,thenit is easy

to seethat the testoutcomesuniquelyidentify the setof defectives. We simply identify
the itemscontainedin negative poolsasnegatives(gooditems)andthe restaspositives
(defecteditems). Notice that

�
-disjunctpropertyimplies that eachsetof � �

defectives
correspondsuniquelyto a testoutcomevector, thusdecodingtestoutcomesinvolvesonly
atablelookup.Thedesignof a

�
-disjunctmatrix is thusalsonaturallycallednon-adaptive

poolingdesign. Weshallusethis terminterchangeablywith thelongphrase“non-adaptive
combinatorialgrouptestingalgorithm”.
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Let
�������� ��� denotesthesetof all subsetsof � items(or columns)with sizeat most

�
,

calledthesetof samples. For �
	 �������� ��� , let � � � � denotetheunionof all columnscorre-
spondingto � . A poolingdesignis � -error-detecting(correcting)if it candetect(correct)
up to � errorsin testoutcomes.In otherwords, if a designis � -error-detectingthenthe
testoutcomevectorsform a � -dimensionalbinarycodewith minimumHammingdistance
at least ��
 � . Similarly, if a designis � -error-correctingthenthe testoutcomevectors
form a � -dimensionalbinarycodewith minimumHammingdistanceat least � ��
 � . The
following remarksaresimpleto see,howeverusefullateron.

REMARK 1. Suppose
 hasthepropertythat for any �
�

����	 �������� ��� � ���� ��� , � � � �
and � � ��� � viewed as vectors haveHammingdistance ��� . In other words, � � � � ���
� � ��� � ����� where � denotesthesymmetricdifference. Then,
 is

� ��� � � -error-detecting
and �� �!#"$&% -error-correcting.

REMARK 2. 
 being
�
-disjunct is equivalentto the fact that for any setof

� 
 �
distinctcolumns� �(' �*)*)�) ���,+ with onecolumn(say � �,' ) designated,���,' hasa

�
in some

rowwhereall � �,- ' s,
� �.� � �

contain � ' s.

An importantquestionto ask is “given � items with at most
�

defectives, at least
how many testsareneededto identify thedefectives?”Thebestasymptoticanswerto this
questionis datedbackto Dyachkov andRykov (1982,[DR82]) andDyachkov, Rykov and
Rashad(1989,[DRR89]), whichcanbesummarizedby thefollowing theorem.

THEOREM 1. Let � � ��� ��� denotetheminimumnumberof poolsneededfor the
��� ���� ���

problem,thenas �0/21 and
� /21

� $
�436587 $ �

� � 
:9 � � �;� 36587 $ � � � � �<� ��� � � $ 36587 $ � � � 
:9 � � �=� 36587 $ �

2.2. A Taxonomyof Non-Adaptive Pooling Designs.We now give a tentative tax-
onomyof non-adaptivepoolingdesigns,from which latersectionsareorganized.

(1) DeterministicDesigns. Thisrefersto thefactthateverypool is deterministically
speci�ed.Thesedesignscanbefurthercategorizedinto:
(i) Set-packingdesigns.
(ii) Transversaldesigns.
(iii) Designswhose

�
-disjunctmatricesaredirectlyconstructed.

(2) RandomDesigns. In thesedesigns,someor all of theentriesarerandomlyde-
terminedwith parameterizedprobabilities,which couldbe optimizedbasedon
certainobjectivefunction(s).Thecategoriesare:
(i) Randommatrices.
(ii) Randomweight-> designs.
(iii) Randomsize-� designs.
(iv) Randomdesignswhichcomefrom deterministicdesigns.

(3) Error ToleranceDesigns. Althoughthesedesignsareeitherdeterministicor ran-
dom,they areworthbeingpaidspecialattentionto.

3. Deterministic Pooling Designs

3.1. SetPacking Designs.Firstnotedby KautzandSingleton[KS64] backin 1964,
packingdesignswith certainparameterscanbe usedto constructdisjunctmatrices.We
�rst givesomebasicde�nitions. A ? - � � � � �A@ � packingdesignis acollectionB of � -subsets
(calledblocks) of C �8D�E �GF � � � )*)�)H� �<I suchthatany ? -subsetof C �JD is containedin at most



4 HUNG Q. NGOAND DING-ZHU DU

@
membersof B . Oneusefulsituationfor usis when

@ � � , in which casethepackingis
calleda

� � � � � ? � -packing.Noticethat
@ � � meansno two membersof B have ? elements

in common.Thus,by Remark2 if � � � � ? � � � a
�
-disjunctmatrix 
 canbeconstructed

from a
� � � � � ? � -packingby simply indexing 
 's columnsby theblocksand 
 's rowsby

membersof C �JD . Moreover, by Remark1 weseethatif � � � � ?4� � � 
�� 
 � ( � � � ) then

 is � -errordetectingand ���$J% -errorcorrecting.

Naturally, thebasicproblemof packingdesignis to �nd thepackingnumber��� � � � � � ? � ,
thesizeof amaximum? - � � � � � @ � packingdesign.Wewrite � � � � � � ? � insteadof � " � � � � � ? �
when

@ � � . Maximumsized
� � � � � ? � -packingsinduceverygoodpoolingdesigns[BBKT96].

Unfortunately, very little is known aboutoptimalpackingdesigns.Mostof whatweknow
arefor small valuesof � and ? . Mills andMullin [MM92] gave a niceaccounton pack-
ing designs.To give thereadera senseof how dif�cult this problemis, we quotea result
on � � � � � � ? � in Theorem2. Fromthe theorem,it is conceivablethat �nding optimalset
packingis justashardasthemaincodingtheoryproblem[Rom92].

THEOREM 2. Let � � � � ��� > � denotethesizeof a maximumconstant> -weightbinary� � � � � -code, then

� � � � � � ? � � � � � � �J� � ��?#
 � � � �
Let

	 � � � � � � ? � � 

�
�


� � �
� � �

)�)*) 
 � � ?�
 �
� � ?#
 �

@��
���
thenSch�onheim[Sch66] observedthat ��� � � � � � ? � � 	 � � � � � � ? � . Equalityholdswhenthe
designis any ? - � � � � � @ � design.In particular, sincewewant

@ � � , SteinerTriple Systems
( � - � � ��� � � � designs)andSteinerQuadrupleSystems(

�
-
� � ����� � � designs)couldbeusedto

constructdisjunctmatriceswith small
�
's. Finite projective planesandaf�ne planesare

also ? -designswith
@ � � but they don't give goodpoolingdesigns(too many tests).The

only othernoticeableresultwhich concernsusis from Brouwer[Bro79], who determines
all valuesof � � � ����� � � . For a comprehensive treatmenton designtheory, the readeris
referredto a nicebookby Beth,Jungnickel andLenz[BJL86].

3.2. TransversalDesigns.Thesimplestform of transversaldesignsis calledthegrid
design. To facilitate the useof robotsfor pool assembling,the clonescanbe arranged
into rows andcolumnsof a setof � ��� grids,whereeachrow andcolumncontributesa
pool. For simplicity, wecanassume����� � . Clearly, ambiguitycanoccurif therearemore
thanonepositive clone. Thesimplestexampleis whentherearetwo positives,say � and�
, lying on differentrows andcolumnsof a grid � . In this case,testing � aloneis not

enoughto identify � and
�

becausethetwo clones� and
�

collinearwith both � and
�

are
alsocandidates.To resolve ambiguity, we wish to rearrange� into anothergrid (giving
additionalpools)sothat � and

�
arenot collinearwith both � and

�
anymore.More grids

areneededif thereare
�

or morepositiveclones.In fact,if werequireastrongercondition
thatnotwo clonesarecollineartwice,calledtheuniquecollinearitycondition, thenHwang
[Hwa95] showedthattheexistenceof thegridsis equivalentto theexistenceof certainset
of mutuallyorthogonalLatin squares.

Barillot et al. [BLC91] generalizedthis ideato � -dimensionalgrids,whereeachin-
tersectionpoint couldbeviewedasa vertex of the � -cube.A new grid � � canbeobtained
from theoldgrid � by alineartransformationrepresentedby amatrix ������� . Thusavertex
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� � � � " ��)*)*) � � ��� of � is mappedto vertex � � of � � . A third grid couldeitherbeobtained
by using � twice (with transformationmatrix � $ ) or by usinga differenttransformation
matrix

�
(with transformationmatrix � �

). They alsoextendedthe � -dimensionalgrid to
higherdimension.Thesetof hyperplanescouldbetakenaspools,howeverthepoolsizeis
usuallylarge.Reducingpool sizeby takinglowerdimensionis possiblebut thatincreases
thenumberof tests.Prosandconsof thisapproachhavenotbeenstudied.

Thegeneralcaseof transversaldesignwasmentionedby Baldingetal. in [BBKT96].
Basicallya poolingdesignis transversalif thepoolscanbepartitionedinto parts,eachof
which is apartitionof theclonepopulation.Clearlythehypercubedesignis aspecialcase
of transversaldesigns.Not muchhasbeenstudiedtowardthisgeneraldirection.Relations
of thisproblemto CodingTheoryis alsospeci�edin [BBKT96].

3.3. Dir ect Constructions. Macula [Mac96, Mac99] gave the following construc-
tion of a

�
-disjunctmatrix. Let � ��� � �<� � � bea � � -matrix whoserows areindexedby the�

-subsetsof C � D andwhosecolumnsareindexedby the � -subsetsof C � D where � $ �&� �
� � � . � ��� � �<� � � � � � � if f the �	��
 �

-subsetis containedin the ����
 � -subset.It is easyto
seethat � ��� � �<� � � is

�
-disjunctwith � � ��
 rowsand � �  
 columns.

Thenumberof teststo numberof itemsratio of � ��� � �<� � � is � � ��
�� � �  
 , which is not
sogoodin termsof therandomboundgivenin Theorem1. However, Maculashowedthat
with high probability � ��� � � � � � could solve the

���H���� ��� problem,effectively converting
a deterministicconstructionto a probabilistic(random)one. This point will bediscussed
furtherin a latersection.In addition,

�
and � couldbechosencarefullyin certaincasesto

suit one's need.However, themethodof choosingtheseparametersneedsmorethorough
analysisthanjust trial anderror.

4. On Constructionsof
�
-disjunct Matrices

In setpackingdesigns,the matrix 
 was row indexed by all elementsof C �8D , and
columnindexedby selected� -subsetsof C �8D . Looking at this from a differentangle,the
rowswereindexedby all pointsat rank1 andcolumnsby sampledpointsat rank � of the
BooleanAlgebralattice

���
(seeFigure1).

On theotherhand,Macula's constructioninvolvestakingall pointsat rank
�

asrows
and rank � as columnsof our

�
-disjunctmatrix. Macula's designrate wasn't so good

becausenumberof pointsat level
�

is too large.However, if wepick pointsat lower levels
than

�
to betherows,thenthematrix is not

�
-disjunctanymore.

Stretchingthis line of reasoning,onemight hopeto somehow take sampledpointsat
differentranksof

� �
, nottakingall points.NgoandDu (1999,[ND99]) tookthisapproach

andgave thefollowing construction.Givenintegers
� � � � � � � . A matchingof size�

in � �
is calledan

�
-matching.Let 
 ��� � � � � � bea � � -matrix whoserows areindexed

by thesetof all
�
-matchingson � $ � , andwhosecolumnsareindexedby thesetof all � -

matchingson � $ � . All matchingsareto beorderedlexicographically. 
 ��� � � � � � hasa
�

in row � andcolumn� if andonly if the ����
 �
-matchingis containedin the ����
 � -matching.

Thefactthat 
 ��� � � � � � is
�
-disjunctis notdif�cult to beseen.Noticingthata � -matching

is a � subsetof � � $ �$ 
�� , becausethe setof edgesof � $ � is exactly � � $ �$ 
�� . From the
aboveobservation,this constructioncouldbeseenastakingfrom

� C ������ � D sampledpoints

at rank
�

asrows andsampledpointsat rank � ascolumns.Ngo andDu alsoshowedthat

 ��� � � � � � is

�
-error-detectingand � �$ % -error-correcting.

On anotherdimension,theBooleanAlgebrais clearlynot theonly latticewe have to
work on. Someobviousquestionsarisingwouldbe
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Figure 1: TheBooleanAlgebraLattice

(1) BesidestheBooleanAlgebra
� �

, whatareotherlatticeswecanuse? For exam-
ple,onecandidateis � ��� � , thelatticeof all � tuplesof � �

, whichis ageneraliza-
tion of

���
, since

� � � � ��� $ .
(2) Which conditionsmusthold to pick sometwo levelsof the lattice to construct�

-disjunctmatrices? To avoid being too vagueand for the easeof analysis,
we could restraintourselvesto the latticeswith someregularity constraint.An
examplewould be to work on latticeswherethe numberof pointscovering a
point � at rank � andthenumberof pointscoveredby � dependonly on � .

(3) In termsof error toleranceproperties,canwe from the lattice infer someinfor-
mationaboutthe error correctinganddetectingcapabilityof the matrix being
constructed?

With respectto question1, Ngo andDu [ND99] foundthatpicking pointsat levels
�

and � of the latticeof all subspacesof �
�
� would alsowork. This construction,in fact, is

the � -analogof Macula'sconstruction.

5. RandomPooling Designs

Randomdesignsreferto thedesignswhosematricesarerandomlydeterminedin some
manner. Thefact thata designis nondeterministicmeansthat it is possiblefor somepos-
itivesandnegativesnot to beidenti�ed. Let 
 bea random� � � matrix,our algorithm
of identifying thedefectivesis thesameasbefore,namelypointingthoseitemscontained
in negative testsasnegative. Thesearecalledresolvednegatives. Clearly, an item in a
positive pool whereall othersin thepool areresolvednegativesmustbepositive. These
positiveitemsaresaidto beresolvedpositives. Let

��
(
�� ) denotethenumberof unresolved

negatives(positives).Baldinget al. introducedseveralcriteriato comparedesignssuchas
� � �� � �� � �J� , � � �� � �J� , � � �� � , and � � �� � , where � ��� � � � is the probabilityof� � � and � ��� � is theexpectedvalueof a randomvariable

�
. We would like theprob-

abilitiesto beascloseto
�

aspossibleandtheexpectedvaluesto beassmallasthey can
get.

5.1. Random Matrices. Erd�os(asusual)andRenyi (1963,[ER63]) �rst introduced
randommethodsin searchproblems.Much later, Seb�o (1985,[Seb85]) adoptedthe idea
to grouptesting.To constructa randomdisjunctmatrix 
 , wesimplyassign

�
to anentry
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of 
 with some�x edprobability � . Given � and
�
, � and � couldbechosenproperlyso

thattheprobabilityof 
 being
�
-disjunctis higherthansomecertaintolerablethreshold.

Although this methodis not usedin practice,partially due to its bad performance
[BBKT96], theideacanbeusedto obtainvery goodboundson thenumber� � ��� ��� . The-
orem1 is anexampleof suchrandombounds.

5.2. Random Weight-> Designs. If a cloneis containedin no pool, we don't have
any informationabovetheclone.If a cloneis containedin everypoolandit happensto be
positive,all teststurn out to bepositive andthustheamountof informationwe getis also
zero.Onthesameline of reasoning,adesignwith aclonecontainedin toomany or tooless
numberof testsis not good. Moreover, if thenumberof poolscontaininga clonevaries,
thentheanalysiswould bevery tediousif not impossible.Consequently, it is reasonable
to attemptconstructingrandommatriceswith someconstantweight > , where > couldbe
chosento optimizesomeof the ef�ciency criteria. This could be doneby assigningthe
columnsrandomlyto > -subsetsof C �8D . Thesedesignsarecalledrandomweight-> designs.
Let the correspondingprobabilitiesandexpectedvaluesbe denotedby � � ��� � and � � ��� �
respectively. Let

� � � � denotetheprobabilitythata particularsetof � poolsis exactly the
setof poolsnot containingany positive clones.Thefollowing formulaswereobtainedby
Brunoetal. [BKB � 95], andHwang[Hwa99].

� � � � �
��

�� � � � � � 
 ! �	� � � �
 � ����
 � � ! 
� 
� �� 
�� �(5.1)

� � � �� � � � �
��
� ��� � � ��� � � � � � � � �

����
 � � � � ! �� 
� �� 
 ��� ! � ! � 
 � � ! �� 
� �� 
 � �(5.2)

� � � �� � � � � � � � ��
� � " � > ����
 � � ! �� 
� �� 
 � �(5.3)

An openquestionis to �nd > so that � � �4�� � is minimized. Notice that theseformulas
werecalculatedignoring the fact that in practicewe don't want identicalcolumnsin the
matrix.Thereasonis thattakinginto accountthisfactmakesthecalculationmoredif�cult.
Brunoet al. [BKB � 95] alsoindicatedthatrandomweight-> designsperformbetterthan
therandomdesigndiscussedearlier.

5.3. RandomSize-� Designs.Dually, insteadof reasoningon thecolumnsof 
 we
coulddo thesameon therows of 
 . A pool containingtoo few clonesis wastedif these
clonesarenegatives,while a pool containingtoo many clonesgiveslittle informationif
thereis a positive clonein it. Hence,we couldaswell randomlychoosethe rows of 

with someconstantsize � uniformly. Similar formulasasthosein the last sectionswere
obtainedby Hwang(1999,[Hwa99]):
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�  
�4�� � � � � � � 
 � � � � ! � 
� �  
 �

�
(5.4)

�  
�4�� � � � �

��
� ��� � � ����
 � � ! � 
� �  
 � � 
 � � � � ! � 
� �  
 �

�
! �

� � ! �� � � � � � � � � ! � � � � �� ��
 � � ! � ! � 

� � ! � 
 � �

for � � ��� � � �
(5.5)

In thesamepaper, Hwangalsogave formulasto compute��� � �� � for � 	 F �
� > � �HI .

Here ��� ��� � denotetheexpectedvalueof
�

when 
 is constructedusingthe�rst random
methodwith probability � .

5.4. Random Designsfr om Deterministic Designs.Macula[Mac99] showed that
his matrix � ��� � � � � � couldbeusedto solve the

��� ��H� ��� problemwith high probabilityof
success.Clearly, this is desirablesincethe testto item ratio of � ��� � � � � � is smallerthan
thatof � ��� � ��� � � in general.Theprobability, denotedby ��� � � � ��� � � , canbeshown to be

�	� � � � ��� � � �

�
�  � � " � � � � � � " �  ��
 � �������- �� ! " 
� ��� - � !#"� !#" 


�� �

For example,when
� ��� and ��� � � � � � � � � � wecanpick � � � �<� � � � � , whichhas946rows

(tests),1,086,008columns(items),and ��� � � ��� � � � � � ) �
� � � � .
Borrowing this idea,NgoandDu [ND99] alsoshowedthat 
 ��� � � � � � couldbeused

to solve
��� ��<� ��� with probability ��� � � � � � � � of giving theright answer, where

��� ��� � � � � � �

�
�  � � " � � � � � � " �  � 
 �! #"�%$ ''& !#")( � � " � �+* & � ! � �  �! � (� !#" 


� * & � �
 ,((! "� !#" 


�� �

Here, - ��� � � � � � $ �$ � 
 & $ � (/.$10 � . . For example, ��� �/2 �43<�4� � � � 2 ) �
5 , with the numberof
defectives

� � �
, thenumberof items � � - ��2 �43 � � � 2 �4� � 2 �4� � � andthenumberof test

� � - ��2 � � � �6� �73 � .
Onecanseefrom theseformulasthat theef�ciency benchmarksto comparepooling

designsofteninvolvecomplicated,hypergeometrictypeof formulasarisingfrom inclusion
exclusionenumerations.This makestheanalysisdif�cult andtedious.Usually, whatwe
cando is to plug in someparticularvaluesanddo manualcomparison,which is clearly
not satisfactorytheoretically. Morework needsto bedonein asymptoticanalysisof these
formulasin orderto givesatisfactoryresults.

6. Err or TolerancePooling Designs

As we have mentionedearlier, whenDNA probingcouldbeerrorprone,which leads
us to thegreaterchallengeof designingpoolsthatcould toleratesomenumberof errors.
Thisproblemis thenon-adaptiveversionof thesearchinggameinitiatedby Ulam[Ula76]
backin 1976. Ulam's problemwasto determinea chosennumber8 out of C � D usingthe
minimumnumberof questionsof the form: Is 8 	 � ,

�:9 C � D . Moreover, theresponder
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could lie onceor twice. In general,the questionsandanswerscould be � -ary, i.e. each
questionis apartitionof C � D into � partsandeachanswerpointsoutwhichpart(s)any of

�

unknownsbelongto. Up to � lies is allowed. It is easyto seethatour problemis thenon-
adaptive versionof this so-called� -ary search problemwith lies where � � � . Although
quitea lot of researcheffort hasbeenput on solvingthis problem,we only have solutions
for severalspecialcaseswhere� and � aresmall.

Adaptively, when
� � � � � � � Pelc[Pel87] solvedthecase� � � , Guzicki [Guz90]

solved the case� � � , andSpencer[Spe92] provideda nearlyoptimalsolution(up to a
constant)for general� . The � -ary case(with

� � � ) wasconsiderby Aigner [Aig96] and
Muthukrishnan[Mut94] with completesolutions.

Non-adaptively, severalauthorhavenoticedthatwhen
� � � , thedesignis equivalent

to an � -error-correctingcode.BaldingandTorney [BT96] studiedseveralinstancesof the
problemwhen

� � � . They showedthatanoptimalstrategy is possibleif andonly if certain
Steinersystemexists. Macula[Mac99] showedthathis constructionis error tolerableup
to certaincalculatableprobability. Ngo andDu construction[ND99] wasshown to be

�
-

error-detectingand � �$ % -error-correctingin theworstcase,but cantoleratemoreerrorson
average.

Weneeddeeperresultsandnew breakthroughsin orderto improveourpresentknowl-
edgeof themostgeneralcaseof theproblem,especiallyin thenon-adaptivescenario.For
example,we needgoodboundssimilar to thosein Theorem1 giventhenumberof items
� , maximumnumberof defectives

�
andmaximumnumberof errors� .

7. Conclusions

In thispaper, wehavegivenanoverview of up-to-dateresultsonCombinatorialGroup
Testingalgorithmswhichareapplicableto DNA library screening.Wehavebeenfocusing
moreon new classesof constructionsnot previously discussedandpointedout directions
to generalizeexistingresults.We alsohavediscussedsomerelatedopenquestionspopped
up in thisarea.

Finally, we would like to concludethatthis is a youngandinteresting�eld with deep
connectionsto CodingTheoryandDesignTheory. We stronglybelieve that the theory
DistanceRegular Graphs,in particularAssociationSchemes,shouldplay an important
role in improving ourpoolingdesigns.
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