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Discrepancy theory originatedin the theory of uniform distribution. A typical problem is to
quantifytheunavoidablelimitationsonhow well adiscretedistributioncansimulateacontinuous
one.This monographon thediscrepancy methoddescribeshow the toolsof discrepancy theory
have beensuccessfullyusedto gaininsight into algorithmdesignandcomplexity theory. It is an
essentialreferencework,presentingawealthof applicationstoawidevarietyof topicsin computer
science,therebysupplementingthesuperbdiscrepancy theorymonographsof J.BeckandW. W. L.
Chen[Irregularitiesof distribution,CambridgeUniv. Press,Cambridge,1987; MR 88m:11061],
M. DrmotaandR. F. Tichy [Sequences,discrepanciesandapplications,LectureNotesin Math.,
1651,Springer, Berlin,1997; MR 98j:11057], andJ.Matousek[Geometricdiscrepancy, Springer,
Berlin, 1999; MR 2001a:11135].

The first threechaptersintroducethe fundamentalsof discrepancy theory, emphasizingtech-
niquesand completeproofs over lists of results.Chapter1 concernscombinatorial(red-blue)
discrepancy, whichcomparestwo discretedistributions.Let S beafamily of subsetsof afinite set
V . A two-coloringof V is a functionχ: X → {−1, +1}, andthediscrepancy D∞(S) of S is the
numberminχ maxS∈S |χ(S)|, whereχ(S) =

∑
x∈S χ(x) representsthe differencebetweenthe

numbersof redandbluepointsin S. Severalmethodsfor boundingD∞(S) aredescribed,includ-
ing applicationof theprimal anddualshatterfunctionsto obtainupperbounds.Shatterfunctions
arerelatedto the Vapnik-Chervonenkisdimension.Threealgebraicmethodsfor deriving lower
boundsarepresented,relyingontheincidencematrix.

The subjectof Chapter2 is the constructionof low-discrepancy sets,including the Halton-
Hammersley pointset.Thereis an extensive discussionof the problemof placingpointsasuni-



formly aspossibleon theunit-radiusspherein threedimensions.To quotetheauthor,“if youever
harboredany doubtaboutthe unity of mathematics,this is requiredreading.You will witness
all branchesof mathematicscomingtogetherin spectacularfashion.” A digressioninto modular
formsfollows, touchingupontheir role in theproof of Fermat’s LastTheoremby Wiles. Lower
boundtechniquesform thefocusof Chapter3. Theseareoftenapproachedvia theL2 normof the
discrepancy function.Variousanalytictechniquesarepresented,includingHaarwavelets,Fourier
transforms,andfinite differencing.

Geometricsamplingis discussedin Chapter4. Thenotionsof ε-nets(for threshold-basedsam-
pling) andε-approximations(for count-basedsampling)areintroduced,andtheauthorincludes
a primeron hyperbolicgeometryto explain a constructionof a weakε-net for regularpolygons.
Chapter5 treatsgeometricsearching,andChapter6, on complexity lower bounds,exploits the
correspondencebetweenhighdiscrepancy andhighcomplexity.

Applicationsto convex hulls andVoronoi diagramsareconsideredin Chapter7. This chapter
includestheuseof samplingtechniquesfrom thepreviouschaptersto prove thattheconvex hull
of a setof n pointsin R

d canbecomputeddeterministicallyin O(n log n + nbd/2c) time, for any
fixedd > 1. This is asymptoticallyworst-caseoptimal.

Thenext threechaptersmakeapplicationof discrepancy theoryto linearprogramming,pseudo-
randomness,andcommunicationcomplexity. Paradoxically, with communicationcomplexity, the
themeis theoppositeof thatin Chapter6: here,low discrepancy implieshighcomplexity. Thefi-
nalchapterincludesaproof thattheminimumspanningtreeof aconnectedgraphwith n vertices
andm edgescanbecomputeddeterministicallyin O(mα(m, n)) time, whereα is theclassical
inverseof Ackermann’s function.

Thebookcontainswell over100figuresandillustrations.Threeappendicescollectbackground
materialfrom probability theory, harmonicanalysis,andconvex geometry. Theauthor’s elegant
writing is personableandengaging,without beingchatty, andconsistentlydeliversnew insights
into thedeepunderlyingprinciples.Severalpreviously unpublishedproofsarepresented.There
arebibliographicnotesat theendof eachchapter, with over300references.
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