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Preface
In oneof thefirst papersI readonfunctionalmagneticresonanceimaging(fMRI),
it was statedthat non-parametrictestsseemedboth necessaryand sufficient to
copewith significancetestingin this area.This wasslightly discouraging,given
thatI hadjuststartedaPh.D.studyin statisticalmodellingof fMRI data.Luckily
time have provedthat thestatementwaswrong: During the last four yearsthere
hasbeenanincredibleactivity in this researcharea,anddetailedmodelsarenow
recognizedasnecessaryfor understandingfMRI dataandfor usingtheseto gain
new insightin thebrain.Thedevelopmentof graduallymorerealisticandexplicit
models,aswell astherefinementof analyticalandcomputationalmethods,is still
a researchtopicof muchinterest.

As is almostalwaysthecase,thepracticalproblemshavespawnedtheoretical
statisticalresearchas well. In the opinion of Keith Worsley, one of the most
influentialstatisticiansin thefield, the impactof brain imagingdataon statistics
in thenext centurymaybeaslargeastheeffect thatagriculturalfield trialshadin
this. Themostvisible theoreticalresearchhasbeenwithin thetopic of excursion
setsof randomfields, a theorywhich is usedto assignsignificanceto observed
activationclustersin abrainimage.Withoutdoubt,otherfieldsof spatialstatistics
will be influencedby thesedataalso. Thereis an abundanceof complex spatial
andspatio-temporalproblemsin brain imaging,andthereis a rich potentialfor
applyingcurrentanddevelopingnew statisticalmethodsto addressthese.

Thispaper, togetherwith theenclosedmanuscripts,constitutemy Ph.D.thesis
submittedto theFacultyof Science,Universityof Aarhus. The enclosedpapers
are written independently, and the purposeof this first paper, is to provide an
introductionto themethodspresented,andcomparetheresultswith thoseof other
researchersin thefield.

I wish to expressmy sinceregratitudeto all, whohavehelpedandencouraged
me during the writing of this thesis,in particularto my supervisorJensLedet
Jensen,who is aninexhaustiblesourceof goodideas.HansStødkilde-Jørgensen,
JeppeBurchhardtandtheir colleaguesat AarhusUniversityHospitalintroduced
meto thesubjectandhave shareddataandinsight, for which I amvery grateful.
I wish to thank Lars Kai Hansen,TechnicalUniversity of Denmark,andAntti
Penttinen,University of Jyväskylä, and their colleaguesandPh.D.studentsfor
theirhospitalityduringmy stays.Finally I amindebtedto my wife, Helle, for her
endlesspatience,toleranceandsupport.

Århus,July31,2000. Niels VæverHartvig
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1 Intr oduction
Thepurposeof this overview paperis to 1) givea brief presentationof thestatis-
tical problemsin functionalmagneticresonanceimaging(fMRI), 2) presentthe
main resultsandmethodsof the accompanying papersand3) give a critical ex-
position of resultsobtainedby other researchersin the area. We start with an
introductionto fMRI, andamotivationfor thesucceedingchapters.

1.1 Functional magneticresonanceimaging

1.1.1 Physical background

Magneticresonanceimaging (MRI) is a scanningtechnique,which was intro-
ducedto clinical medicineabouttwenty yearsago. It is a uniqueandextremely
flexible technique,which is regardedasoneof the biggestadvancesin medical
imagingsinceRöntgen’s discovery of X-rays in 1895. Contraryto X-rays, MR
is capableof producinganatomicalimagesof soft tissuein thebody, by exploit-
ing themagneticpropertiesof hydrogennuclei.Theimageshaveextremelygood
resolution,is acquiredand displayedwithin millisecondsand the recordingof
the imageis completelyharmlessto thesubject,who is exposedonly to a strong
magneticfield.

TheMR scannercreatesanatomicalimagesfrom thehydrogendensityof the
tissue.A furtheradvantageof thescanner, however, is thepossibilityof measuring
arangeof othertissue-specificparameters;functionalMRI is oneexampleof this.
fMRI usesthedifferentmagneticpropertiesof oxy- anddeoxyhaemoglobinto vi-
sualizelocalizedchangesin bloodflow, bloodvolumeandbloodoxygenationin
thebrain. Thesearein turn indicatorsfor local changesin neuralactivity. By ex-
posinga subjectto controlledstimuli, which arecarefullydesignedto affect only
certainbrain functions,it is possibleto estimatetheanatomicallocationof neu-
ronsinvolvedin thecorrespondingfunctions.Brain functionmaythenbemapped
to brain anatomyby combiningfMRI scanswith anatomicalscansobtainedby
conventionalMRI.

Thepossibilityof usingMRI for neurofunctionalstudiesof thebrainwasdis-
coveredlessthanten yearsago—oneof the first experimentswaspublishedby
Kwonget al. (1992).Sincethentheinterestin fMRI hasbeenenormous,andfor
goodreasons:fMRI hasa betterspatialresolutionthantheolder positronemis-
siontomography(PET)technique,thetemporalresolutionis ordersof magnitude
betterandfMRI is completelynon-invasive. Formulatedin popularterms,a PET
scannerrecordsphotographsof brainfunction,while fMRI providestheneurosci-
entistswith entiremoviesof thespatio-temporalactivationprocesses.
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Leaving the journalistic jargon aside,we will describehow an fMRI experi-
mentis actuallycarriedout. Thescannerrecordsanimageof a sliceof thebrain
of thicknessabout5 mm. Theimageconsistsof

���������
or �	��
 � �	��
 pixels(or

voxels)of dimension1.5–3mm. Thetwo terms“pixel” and“voxel” areabbrevi-
ationsof respectively “picture element”and“volumeelement”,andwill beused
interchangeably. In moststudiesa collectionof equi-distantslicesis combined
to form a pseudo-3Dvolume. “Pseudo”,becausetheslicesareobtainedsequen-
tially in time, andhencethe time differencebetweenthetop andbottommaybe
aslargeasseveralseconds,andbecausetheslicesareoftennot consecutive, but
haveadistanceof severalmillimetres.

A volumeof slicesmaybeobtainedwithin oneor two seconds,andasequence
of suchvolumesarerecordedwhile thesubjectis exposedto certainstimuli. This
mayfor instancebeamotorstimulus,relatedto themuscularmovementof ahand,
or a sensorystimulationpresentedasa flashinglight or a sound.Thestimulusis
presentedrepeatedlywith epochsof restin between.Sincebrainactivity maybe
assessedonly relatively to the restcondition, the latter is designedascarefully
asthe stimulationcondition, in orderto illuminate a specificbrain function. In
a motoror sensoryexperiment,thesubjectmaysimply be asked to relaxduring
rest,while in a cognitiveexperiment,therestconditionmaybeanotherstimulus,
which is perceived differently by the mind. An exampleis the presentationof
well-known wordsduringstimulationandnonsensewordsduringrest.

More comprehensive introductionsto MR scanningand fMRI experiments
maybefound in Lange(1996)andCohenandBookheimer(1994),thepaperby
LangeandZeger (1997) containsa good introductionalso. The readerwho is
interestedin thephysicsof MR scanningmay look in Canet(1996)or Starkand
Bradley (1992).

1.1.2 Data and pre-processing

Thedataobtainedin anfMRI experimentis a time seriesof scans,togetherwith
covariatesof theexperiment.The latter includesthestimulationfunction,which
indicatestheperiodsof stimulationandbaseline,thescan-parametersandsome-
timesalsoexternalmeasurementsof pulseandrespiratoryrates.

Usually theheadof thesubjectis fixedwith a vacuumcushionor with foam
paddingsduring scanning,but small headsmovementsareunavoidable. Before
thestatisticalanalysis,amotion-correctionroutineis hencealmostalwaysapplied.
Usuallythescansarealignedindividually to a referencescanunderrotationsand
translations,andpossiblyalsocorrectedfor thedelayedmagnetizationeffectsthat
previousmovementsmayhaveon thepresentscanthroughtheso-calledspinhis-
tory (Fristonetal., 1996b).

When data from a single subjectis to be analysed,the detectedactivation
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maybemappeddirectly on ananatomicalscanfrom thesubject.However, when
resultsmustbe generalizedto a populationor whendatafrom differentsubjects
areto be combined,it is often necessaryto relatedifferentbrainsto a standard
atlas,this is known asstereotaxicnormalization.Even if brainshave almostthe
sametopography, the anatomicalvariation is quite large and the normalization
is hencea very difficult task. The standardapproachis to usethe coordinate
systemof Talairachand Tournoux(1988), which is definedby the position of
characteristicanatomicallandmarks. A brain is ‘transformed’to the reference
coordinatesby aligningthelandmarksof thebrainandtheatlasunderpiece-wise
linear scalingsof the axes. This normalizationis far from perfect—majorsulci
(groovesbetweenridgesonthecorticalsurface)mayvaryin positionby 1-2cmin
anormalpopulation(TalairachandTournoux,1988)—andthestatusasastandard
atlasis mainly dueto thelack of practicalalternatives.More satisfyingmethods,
which arealsomuchmorecomputerintensive, have beendevelopedduring the
lastyears,basedon for instancedeformableandprobabilisticatlases(Thompson
et al., 2000).

A goodalternative to stereotaxicnormalization,which is applicablein some
studies,is to delineateregionsof interestonananatomicalscan,andthencompare
relevantsummarystatisticsof theactivationin theseregionsbetweensubjects.A
problemwith this approachis that it is difficult to obtainstandarderrorsof the
estimatesto be compared,owing to the lack of a goodmodelfor the activation.
Thisproblemis addressedin aBayesianframework in paperI.

Finally a commonpre-processingstepis to smooththe dataspatially to in-
crease“signal-to-noise”ratio. We preferto view this asa spatialestimationpro-
cedure,andwill hencediscussit in thecontext of spatialmodelsin Chapter3.

1.1.3 Statistical analysis

Ideally theexperimentshouldbedesignedwith a specificneuroscientifichypoth-
esisin mind,andthepurposeof thestatisticalanalysisis to testthecorresponding
hypothesis.In general,however, it maybeextremelydifficult to testhypotheses
which arenot phrasedin termsof the locationof the activation, andhencethe
primary goal of the analysisis to estimatethe positionof the activation, that is
regionsof thebrain,wheretheintensitycorrelateswith thestimulationfunction.

Thoughthedatamaybeviewedasa high-dimensionaltime series,it is com-
monto separatethespatialandtemporalanalysesandperformthetemporalanal-
ysis voxel-by-voxel. We show in PaperI that in somecircumstancesthis corre-
spondsto a sufficient reductionof the data,andno information is lost by sep-
aratingthe two steps. In generalhowever, the separateanalysesare madefor
simplificationandfor computationalconvenience.
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Temporal analysis.Theintensitiesof a singlevoxel is regardedasa one-dimen-
sionaltime series,andanestimateof the“correlation” with thestimulationfunc-
tion is obtained. The centralstatisticalproblemat this stageis to formulatean
appropriatetimeseriesmodel.To definetheterm“correlation”onemust:� Formulatea model for the haemodynamicresponseto neuralactivation.

Owing to thelack of a commonlyacceptedbiologicalmodelto explain the
couplingof haemodynamicresponseto neuralactivation,thismustbebased
onempiricalstudies.� Formulatea modelfor thenoise.Thedistribution of thenoisemaybevery
complex andmaydiffer from onevoxel to another. Modelcontrolis hardto
perform,sincethousandsof timeseriesareanalysedin anautomaticway.� Chooseastatisticto quantifythemagnitudeof activationin thetimeseries.
In the light of the remarksabove, robustnessto deviationsfrom themodel
is a relevantissue.

Thedelicatebalancebetweensimplicity andsensitivity ononehandandflexibility
androbustnessontheothermaybeverydifficult to obtain,andhasreceivedmuch
attention.Wereview approachesto solvingtheseissuesin Chapter2.

Spatial analysis.The voxel estimatesare next viewed asa volume(or a map)
which is analysedby a spatialmodel—commonlytheaim is to classifyvoxelsas
activeor non-active. Oftentheestimatesaretest-statisticswhich have a common
distribution underthenull-hypothesisof no activationanywhere.Thetemptation
to view thespatialanalysisasa hypothesistestingproblemis obvious: Themap
is comprisedof thousandsof identicalvoxel-wisetestswhich mayberejectedor
acceptedby thresholdingthe map. One problemhereis that of multiple com-
parisons:If the voxel-wise test is madeat level � , a fraction of � voxels will
beclassifiedasactive by chance,whenthereis no activationanywhere,which is
clearlyunacceptable.Thesimplestsolutionis to correctthesignificancelevel to�������� , where ����� is thenumberof voxels. Whenall voxelsareindependentand����� is large, this so-calledBonferronicorrectionwill yield a global significance
level of � . Whenthe voxels arecorrelated,however, the Bonferronicorrection
may be muchtoo conservative. A bettersolutionis to modelthe mapasa cor-
relatedrandomfield, andset the thresholdsuchthat the maximumof the field
exceedsit with probability � , underthenull-hypothesisof no activation. This is
far from easy, sincea theoreticalexpressionfor thedistribution of themaximum
of arandomfield is rarelyavailable.Muchresearchhasbeendevotedto obtaining
approximateexpressionsfor thetailsof thisdistribution,particularlyfor Gaussian
randomfields,but alsofor � -fields, ��� -fieldsand � -fields.Wediscusstherandom
field theoryin greaterdetail in Section3.1.
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Thehypothesistestingapproachhasotherproblemsthanthatof multiplecom-
parisons.The fundamentalproblemis the lack of a modelfor theactivation, i.e.
thereis no modelfor thedistribution of thestatisticsunderthealternatehypoth-
esis,and no assumptionsare madeabout the distribution of shapeand size of
activatedregions.Without anexplicit spatialmodel,conceptssuchasuncertainty
of theestimatedpatternor the testingof high-level hypothesesaboutthe activa-
tion profile arevery difficult to study. This problemis studiedin several of the
enclosedpapers,by investigationof differentspatialmodels. In Section3.2 this
work, and relatedapproaches,are reviewed and comparedwith the hypothesis
testingsetup.

1.1.4 Why “parametric modelling”?

Weusetheterm“parametricmodelling” in thetitle to emphasizethefocusof this
thesis.Therehasbeenanimmenseactivity in fMRI dataanalysis,andresearchers
with differentscientificbackgroundshave attackedtheproblemswith thephilos-
ophyandtoolsof their own field. Our viewpoint will naturallybefrom statistics,
andwewill focusonprobabilitybasedmodelsfor thedata,throughwhichsignifi-
cancestatementscanbemade.Clearlytheterm“parametric”is not fully adequate
for this classof methods,sincenon-or semi-parametricmodelsmayfulfill these
criteriaalso,andwe will discusssomeof theseapproachesaswell. Yet paramet-
ric modelsarecharacterizedby the fact that they incorporateexplicit knowledge
of the phenomenaunderstudy. Often this allows for direct interpretationof pa-
rametersin termsof the physicalprocessesgeneratingtheobservations,andthe
possibility of formulating hypothesesof interestthroughsimple restrictionson
parameters.It is this typeof structuredmodels,wewill focusonhere.

Parametricmodelsform thecoreof thetoolsfor fMRI dataanalysis,sincere-
searchersmostoftenwish to attachuncertaintyestimatesto their findings.There
has,however, beenmuchresearchin relatedareas,suchasonnon-parametricmul-
tivariatemethods,whichextractsrelevantspatio-temporalfeaturesfrom data,and
allows oneto displaydatain enlighteningformats. Thesemay rarelybeusedto
testhypotheses,but arevery usefulfor hypothesesgenerationandfor diagnosing
unexpectedfeaturesin theresidualsof a model.We will not discussany of these
methods,but refer the readerto recentoverview papersandreferencestherein,
suchasPeterssonet al. (1999a)andLangeet al. (1999).

1.2 Summary of enclosedpapers

A brief summaryof theenclosedpapersaregivenbelow. Four of them(I-III,VI)
areconcernedwith spatialandtemporalmodelsfor fMRI data,while papersIV
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andV aretheoreticalpapers.PaperIV describesa simulationalgorithmusedin
PaperIII, andPaperV studiesasymptoticalnormalityof themaximumlikelihood
estimatorin statespacemodels.Weusestatespacemodelsfor modellingrespec-
tively noisecomponentsin PaperVI andthehaemodynamicresponsefunctionin
PaperI. We will discussthe contentsin greaterdetail andrelatedapproachesin
thefollowing chapters.

I A stochasticgeometrymodel for fMRI data. Thispaperdescribesahigh-
level spatio-temporalmodelfor theactivationpattern.This is modelledspa-
tially asacollectionof Gaussianfunctionswith unknown width, heightand
position,andtemporallyby a statespacemodel. Inferencein themodelis
basedon MCMC andthepaperdescribesanalgorithmfor simulatingfrom
theposteriordistribution. Submittedto ScandinavianJournalof Statistics.

II Spatial mixtur e modelling of fMRI data. This paperproposesseverala
priori spatialmodelsfor theactivationpatternin a smallsquareor cubeof
voxels. The distribution of a teststatisticis modelledunderboth the acti-
vationstateandthenon-activatedstate,andwhenusingthespatialmodels
proposed,theposteriordistribution of a voxel beingactivatedmaybecal-
culatedin closedform. The modelsmay alsobe usedasmarginal priors
in imagerestorationproblems.Writtenjointly with JensLedetJensen.Ac-
ceptedfor publicationin HumanBrain Mapping.

III Spatial deconvolution of the BOLD signalby a hierarchical model. This
paperdescribesaconvolutionmodelfor thespatialhaemodynamiceffectsin
fMRI data.Theneuralactivationpatternis modelledasanindependentfield
of Gammavariates,which is next smoothedwith a kernelrepresentingthe
haemodynamicblurring. By MCMC methodswe mayestimatetheneural
activationpattern;effectively this correspondsto a spatialdeconvolution of
thedata.Unpublishedmanuscript.

IV Simulation of the Gamma-Normal distrib ution. This paperstudiesa re-
jectionsamplingalgorithmfor simulatingadistributionwith density����� �"!�$#&%('*),+*-.�0/1�.�1/324� � � , �6587 . Thealgorithmis provedto beasymptotically
optimal for certainlimits of the parameters.The simulationalgorithm is
usedto makeinferencein theconvolutionmodelof thepreviouspaper. Un-
publishedmanuscript.

V Asymptotic normality of the Maximum Lik elihood Estimator in state
spacemodels In this paperwe prove asymptoticnormality of the maxi-
mumlikelihoodestimatorin acertainclassof stationarystatespacemodels,
namelymodelswherethe latentprocessbelongsto a compactspace.The
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techniqueis basedon a martingalecentrallimit theorem. Written jointly
with JensLedetJensen. Publishedin Annalsof Statistics(1999), 27(2),
514–535

VI Non-linear statespacemodelswith applications in functional magnetic
resonanceimaging. This manuscriptdescribesanapproximative Kalman
filter for non-linearstatespacemodels. The filter is basedon sequential
normalityapproximations,wheremomentsarecalculatedby numericalin-
tegration. The methodis usedto estimatephysiologicalfluctuationpat-
ternsand trendsin fMRI time seriesof large veins. The estimatednoise
componentsarenext usedasconfoundsin a generallinear model for the
data. Unpublishedmanuscript.Presentedat 4th InternationalConference
on FunctionalMappingof theHumanBrain, Montreal 1998,NeuroImage
7(4), S592.

2 Temporal modelling of fMRI data
Comparedto othertypesof brainimagingdata,fMRI datahave specialtemporal
aspects,which needexplicit considerationandmodelling. Thesemaybedivided
into thefollowing threecategories:i) Dynamicpropertiesof thehaemodynamical
effectswhich causesthe measuredsignal,ii) the form of structurednoisein the
data,arisingfrom physiologicalsourcessuchasrespiratoryor cardiaccyclesor
from drifts in thesignallevel, andiii) thepropertiesof randomnoise.

Clearlyoneof theseissuescannotbestudiedwithout definingtheothertwo.
Neverthelessit is almosta traditionin theliteratureto focusoneachof thediffer-
entaspectsseparately, andwe will try to make thesamedistinctionbelow. In the
first sectionwewill discussapproachesto modellingthehaemodynamicresponse
to stimulation,next we turn to modellingof structurednoisecomponents,andfi-
nally to modelsfor the randomnoise. In the last sectionwe discussa Bayesian
approachwherethethreepartsarefully integrated.

We will focus only on the temporalmodelling in this chapter. With a few
exceptions,all the modelsreviewedbelow treatthe dataasa collectionof inde-
pendenttime series,onefor eachvoxel, anddo not assumeany spatialstructure.
As mentionedin thepreviouschapter, thespatialmodellingis traditionally intro-
ducedeitherimplicitly in thepreprocessingof thedataor asa secondstepin the
analysis.Wewill deferthediscussionof spatialmodellingto thenext chapter.

Unlessotherwisestatedwewill usethenotation9;:$<>=@?A<CBAD�E =GF ' E�H�H�H E I for thespatio-
temporalfMRI data,where � is thesetof voxel indices,and �1JK�MLONPNON&LRQ is the
scannumber.



8 2. TEMPORAL MODELLING OF FMRI DATA

2.1 Models for the haemodynamicresponse

The functional MRI signal arisesfrom the haemodynamiceffects occurringin
thevascularsystemconcurrentlywith neuralactivation.Thebiologicalprocesses
behindthis arenot fully understood,but the generalstructureof the signalhas
beendescribedand reproducedin many studies. The haemodynamicresponse
lags the neuronalactivation with several seconds;it increasesslowly to a peak
valueat about6-8 secondsaftera neuronalimpulse,andthenreturnsto baseline
again.Theshapeof theresponselooksroughlylikeaGammadensity. Oftenalate
undershootis reportedaswell, in the sensethat the signaldropsbelow baseline
for aperiodafterthepeakvaluebeforeit returnsto thebaselinevalue.

Thereasonwhy this responsecanbemeasuredis thedifferentmagneticprop-
ertiesof oxygenatedanddeoxygenatedblood. A relative increasein theamount
of oxyhaemoglobinwill causea slower transversaldephasingof thenucleispins,
which is detectedasasignalincreasein S1T� weightedMR sequences.Evenif neu-
ral activationincreasesthelocaloxidativemetabolism,causingarelativedecrease
in theamountof oxyhaemoglobin,this will beovercompensatedby theincreased
blood flow andvolume,which occursafter a few seconds.The result is thusa
delayedincreasein the level of oxyhaemoglobin,which is the contrastusedin
blood-oxygen-level-dependent(BOLD) fMRI.

Thoughtherehasbeensomeattemptsto modelthephysiologicaleffectsun-
derlyingtheBOLD signaldirectly(Buxtonetal., 1998;Glover,1999),mostmod-
els for the haemodynamicresponsefunction (HRF) areempirical in nature,and
assumptionshavebeentesteddirectlyon theobserveddata.

2.1.1 Periodic models

The first fMRI experimentswerebasedon blockedperiodicstimulationdesigns
wherethetwo epochs,stimulationandbaseline,wererepeatedover time. A peri-
odicmodelfor thehaemodynamicresponseis thusanaturalchoice.Thesimplest
possiblemodelfor theHRFis abinarymodelwhich is 1 duringstimulationand0
duringrest.Evenif thisseemssimplistic,giventhecomplex natureof thehaemo-
dynamiceffects,it is themodelunderlyingthesimpletwo sample� -test,which is
not uncommonin practicalanalysis.Themodelis sometimesrefinedby shifting
thebinaryfunction4-8secondsin time,to accommodatethedelayof theresponse.

Bandettiniet al. (1993)andLeeet al. (1995)proposedto modeltheHRF as
a sine-wave with thesameperiodasthestimulationfunction. This resemblesthe
observed responsemore thana binary function, andmay furthermorebe inter-
pretedasaspectralanalysisof thetimeseries,wherethepowerat thestimulation
frequency is theparameterof interest.Bandettinietal. (1993)proposedto usethe
cross-correlationof thesinusoidalreferencefunctionandthetimeseriesasa test-
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statistic,whichis equivalentto a � -statisticin aregressionmodelwith independent
normalerrors. The cross-correlationis still a very popularmethod,owing to its
simplicity andgoodpower. Bullmoreetal. (1996)andArdekanietal. (1999)took
thismodelastepfurther, by modellingtheresponsefunctionasa linearcombina-
tion of cosinesandsineswith thestimulationfrequency andthefirst andsecond
harmonicsof this. This correspondsto a Fourierbasisfor the responsefunction.
Thesetwo papersalsoaddressedmoregeneralnoisemodelsthanBandettinietal.,
wewill returnto this issuelater.

2.1.2 Linear models

Parallelto thestudyof periodicmodels,therehasbeenmuchfocusonconvolution
modelsfor the haemodynamicresponse.Thesearelessempiricalsincethey at-
temptto explaintheresponsefrom abiologicalviewpoint,andthusaimatabetter
understandingof theunderlyingprocesses.This in turnallowsfor generalizations
to non-periodicexperimentsandothermoredetailedstudiesof thebrain.

In aconvolutionmodelthehaemodynamicresponseis givenasU �V�W�"JYX[Z]\^�V�W�_Ja`(bcX�����/ed	�f\ b N
Here \(= is the stimulationfunction, which is 1 during stimulationand0 during
rest, and X��V�W� is a model for the impulseresponse,also known as the transfer
function. Thelattermaybeinterpretedasthehaemodynamicresponseto a short
stimulationof onetimepoint. Theassumptionsunderlyingthismodelarethatthe
responseis time invariant(or stationary),in the sensethat the impulseresponseX����W� is the samefor all stimulationtime points,and that the impulseresponses
combineadditively overprolongedperiodsof stimulation.

Motivatedbyobservedresponses,severalchoicesfor themodel X.���W� havebeen
proposed.AmongthesearethediscretePoissondensity(Fristonet al., 1994),the
Gaussianfunction (Fristonet al., 1995), the Gammadensity(LangeandZeger,
1997)andtheshiftedGammadensity(Boyntonet al., 1996).A parametricform
for theimpulseresponseallows for separateestimationof parametersin different
voxels,by whichdifferencesin delayandshapeof theresponsemaybequantified.
A moreempiricalandlessarbitrarychoiceis to usetheactuallyobservedimpulse
responsein otherfMRI studies(Cohen,1997).A stepin theoppositedirectionis
to usecompletelynon-parametricmodelsfor the impulseresponse,asproposed
by Nielsenet al. (1997)in a likelihoodframework andby Højen-Sørensenet al.
(2000)in aBayesianframework.

For blockedparadigms,wherethestimulusis presentedduringseveralscans,
the convolved responseU �V�W� will not be very sensitive to the exact shapeof the
transferfunction X.���W� . In recentyears,however, therehasbeenan increasing
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interestin so-calledevent-relatedparadigms,wherethestimulusis only presented
for ashortperiodof time. Experimentsmaybedesignedwith greaterflexibility in
this case,sincemany stimuli cannotberepeatedover a block of scans.This may
bethecasein cognitiveexperiments,wherefor instancetheimmediateperception
of a visualor auditorystimuli is of interest.More carefulmodellingis neededto
extracttheresponsefrom this typeof data,whichhasledto refinedmodelsfor the
impulseresponsefunction. Glover (1999)andWorsley (2000a)modelthe latter
asa differencebetweentwo Gammadensities,which representrespectively the
initial increaseandthelaterundershoot,X��V�W�"Jhg �i ';j1k�l ),+*-nmo/ ��/ i '2 ' p /rqsg �i � j1k	t )u+v-nmo/ ��/ i �2 � p N
Here i <�Jw��<C2x< is maximumpoint of theGammadensity, andmaythusbeinter-
pretedasa delayparameter. Glover (1999)estimatedparametersfor anauditory
responseto � ' J �

, � � Jy�A� , 2 ' Jz2 � J{7vN}| s and q~J�7vN��M� . A similar form
wasconsideredby Fristonet al. (1998a),who alsouseda further refinementby
combining X��V�W� with its temporalderivate � X$��x� . A linear combinationof the
two may, in a Taylor-like fashion,accountfor smallvoxel-wisedifferencesin the
delayof theresponse.A non-parametricapproach,which is applicablewhenthe
stimuluseventsarepresentedperiodically, wasproposedby Josephsetal. (1997),
who modelledthe impulseresponseasa linear combinationof 32 Fourier basis
functions.

The approximatelinearity of the haemodynamicresponsehasbeendemon-
stratedempiricallyin visualstimulationstudiesby Boyntonetal. (1996)andDale
andBuckner(1997).Boyntonet al. variedbothstimuluscontrastandlength,and
illustratedthat the responsecombinesapproximatelylinearly over time, andthat
thetemporalprofileof thehaemodynamicresponsefunctiondoesnotchangewith
contrast.Themagnitudeof theresponsewas,however, anon-linearfunctionof the
stimulationcontrast.Thiswashypothesizedto resultfrom thenon-linearresponse
of theneuronalsystem,whichhasbeenobservedalsowith single-unitrecordings.
Their conclusionis thus that the haemodynamicsystemis approximatelylinear
asa functionof neuronalactivation,but that theneuronalactivationmaydepend
non-linearlyon thestimulationcontrast.

2.1.3 Non-linear and non-stationary models

Theevidenceof linearity of thehaemodynamicresponseshouldbecontrastedto
thework of Glover(1999),whofoundthattheresponsesin themotorandauditory
corticeswerenot linear;themagnitudeof theresponseto veryshortstimuli ( � 1 s)
wassmallerthanexpected,andtheresponseto long stimuli (about16 s) showed
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lessundershootthanpredictedby a linearmodel.VazquezandNoll (1998)found
non-linearresponsesin the visual cortex, also for shortstimuli ( � 4 s). Friston
et al. (1998b)detectedandquantifiedthenon-linearpropertiesof theresponsein
the auditorycortex asa function of word presentationrate. They useda second
ordermodelfor theHRF of theformU �V�W�"JY` b X ' ����/rd	��\ b4� ` b E b�� X � �V��/rdMLR��/edO���f\ b \ b � L
where X ' and Xx� arekernelsmodellingrespectively first andsecondordereffects.
The authorsassumedthat the kernelswere given by a linear combinationof a
smallnumberof known basisfunctions,X ' ���W�^J �` <�F '�� '<P� <0�V�W�uL X � �@dMLR�W�_J �`<�E �RF ';� �<��,� <0��d	� � �;�V�W�,L
the responseis thenjust a linear function of the unknown parameters9 � '< ? and9 � �<�� ? . The authorschosei J�� and let � <0�V�W� be a Gammadensitywith shape
parameter� < . This is clearlya very importantpartof themodelformulation,and
someof their resultsmay be sensitive to this choice. The modelmay eitherbe
interpretedasaso-calledVolterraseriesexpansionof ageneralnon-linearsystem,
or, perhapsmoreintuitively, asanon-linearfunction � of a linearsystemU �V�W�"J���� ` b X ' ����/rd	��\ b0� N
By Taylorexpanding� to thesecondorderwegetapproximatelythesamerepre-
sentationasabove. Theauthorshypothesizethattheneuronalactivity is linearas
afunctionof wordpresentationrate,andthatthenon-lineareffectsareintroduced
by the haemodynamiceffects. In this case� would representnon-lineareffects
of thehaemodynamicsystem,for instancea non-linearrelationshipbetweenflow
andoxygenextractionfraction.

Theassumptionof stationarityof thehaemodynamicresponseis clearlya re-
strictiveone.In many experimentsonecanimaginethattheresponsewill change
with generalalertnessor dueto learningeffects,andaconstantmodelfor theim-
pulseresponsefunction X��V�W� maynot beapplicable.A parametricmethod,which
addressesnon-stationarity, is that of sliding time-windows (Gaschler-Markefski
et al., 1997). Basicallyoverlappingtemporalblocksof the time seriesareanal-
ysedseparately, andtheresultsarecombinedto studythetemporaldevelopment
of theactivation. It is difficult to combineresultsin differentblocksin a rigorous
way, andhencetheauthorsusethemethodmainly descriptively in this sense.
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Gösslet al. (2000)studya non-stationaryresponsefunction in a statespace
model. A simpleconvolution modelis usedasa fixed regressorin the analysis,
but the magnitudeof the function is consideredas a latent, time-varying func-
tion, which is estimatedindividually in eachvoxel. Sincethey alsohave an in-
terestingnoisemodel,we will postponethedetaileddescriptionof themodelto
the next section. Their approachis very appealingas it permitsa studyof the
spatio-temporalactivationpatternin a solid statisticalframework. Oneproblem,
however, is thatthemainparameterof interest,themagnitudeof activation,is not
well-definedwhenthemodelresponsefunctionis zeroduringepochsof rest.

A statespaceapproachwasalsoconsideredin PaperI, wherethe entire re-
sponsefunctionwasmodelledasa latentprocess.Theresponsewasassumedto
be a randomwalk with drift given by a simpleconvolution model. This frame-
work is ratherflexible, andinsteadrestrictionswereimposedon the spatialpat-
tern. Firstly we madetheassumptionthat theresponsefunctionwasthesamein
all voxels,andsecondlythemagnitudeof activationwasdescribedspatiallyby a
collectionof Gaussianfunctionswith a minimal extent andheight. We will de-
scribethemodelin moredetailin thecontext of spatialmodelsin thenext chapter.
By MCMC techniquestheposteriordistributionof theresponsefunctiongiventhe
datawasobtained,andthis indeedshowedsignificantnon-stationaritiesin avisual
stimulationexperiment.

2.2 Models for the systematicnoise

Trends,drifts or fluctuationsare often observed in the dataand have beenre-
portedin many studies. It is in generalunclearwhat causesthesebut several
explanationsarepossible.Trendsmaybecausedby instability in thescanner, by
motion artifactsor possiblyby slow variationsin physiologicalparameterssuch
asbloodpressure.Fluctuationsmaybealiasedphysiologicaloscillationscaused
by thecardiacor respiratorycycle. Therepetitiontime,or inter-scantime,is often
around1 or 2 seconds,whichmeansthatbothcardiacandrespiratoryeffectsmay
bealiased.

2.2.1 Filtering of physiologicalfluctuations

A simple approachto reducingfluctuationscausedby the aliasedcardiacand
respiratoryrhythmswasproposedby Biswal et al. (1996). They monitoredthe
processesexternally, anddesignedGaussianband-rejectfilters to remove thecor-
respondingfrequenciesof the time-series.Filtering introducescorrelationin the
series,andthereis hencea trade-off betweenremoving nuisancecomponentsand
thecostof reducingdegreesof freedom.Filtering maythusbeworsethandoing
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nothing. This wasrecognizedby BuonocoreandMaddock(1997)who designed
Wiener filters to remove physiologicalfluctuations. Effectively a Wiener filter
returnsthe residualsof the time seriesafter a a linear least-squaresestimateof
thestructurednoisecomponenthasbeenremoved. Themethodthusrequiresan
estimateof structuredaswell asrandomnoisecomponents,or ratherthespectral
densityof these. A group of voxels, which were dominatedby either form of
noise,wereusedto estimatethesecomponentsdirectly from the data,henceno
externalmeasurementswererequired.Liketheband-rejectfilters,Wienerfiltering
introducescorrelationin thetimeseries,andBuonocoreandMaddockconcluded
that the filter wasonly useful if the stimulationfrequency wascontaminatedby
physiologicalnoise.If this wasnot thecase,theimprovementin thedetectionof
activationwasnot largeenoughto compensatefor thereductionin thedegreesof
freedom.

The filtering methodsrely on approximateperiodicity of the physiological
noise;at leastthe frequency bandof this noisemustberelatively smallandcon-
stantover time. Due to aliasingeffects this may not be a realisticassumption.
A morerobustandin factvery simpleapproachis proposedby Hu et al. (1995)
who monitor theheartandbreathrateexternally. The time point of eachscanis
transformedto its relativepositionwithin theunit cardiaccycle,andthescansare
re-shuffled in accordanceto this. At eachpoint in � -space1, theobservationsare
replacedby theresidualsafterfitting aperiodicfunctionto theunit cycleobserva-
tions,andthescansarethenshuffledbackin theiroriginalorder. Hencevariations
consistentwith the cardiacrhythm areremoved individually in eachpoint in � -
space.This actsasa preprocessingstepof theraw scans,ratherthana modelfor
thenoise,but seemsmoreeffective thanapplyingfilters of high-order. Only four
parametersarefitted in eachtime-seriesin � -space,assuringa minimal reduction
in thedegreesof freedom.Themaindisadvantageis therequirementto monitor
the physiologicalprocessesexternally; besidesthe practicalproblemswith this,
theequipmentmaydisturbthestaticmagneticfield of thescannerandthusintro-
duceartifactsin the MR signal. This wasaddressedby Le andHu (1996)who
obtainedinformation on the physiologicalprocessesdirectly from the � -space
data,however a fast imagingratewasrequiredfor this, which is not possiblein
all experiments.

2.2.2 Simple tr endmodels

Even if trendsmay be consideredasnoisesources,it is often moreconvenient
to modelthemin themeanvalueof the time seriesthanto formulatemodelsfor

1The � -spaceis thefrequency spacein which thescansareacquired.Theobservedimagesare
obtainedby a 2-dimensionalFouriertransformof the � -spaceimage.
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stochasticprocesses,which may exhibit the relevant features.The mostsimple
approachis to modelthetrendby a lineartermin themeanvaluespace,a choice
whichis verycommonin theliterature.Evenif thismayseemsimplistic,it serves
as a good approximationfor many time series,and it is a more parsimonious
choicethansomeof themoreelaboratednoisemodels.Obviousextensionsareof
courseto includehigherorderpolynomialtermsor exponentialfunctionsof time.

Holmesetal. (1997)first proposedto includeabasisof low frequency cosines
in themeanvaluespace,wherethemaximalfrequency is chosenwell below the
stimulationfrequency, say lessthan a half of the latter. When both sinesand
cosinesare includedin the meanvalue spacethis effectively correspondsto a
high-passfilter for the data,but formulatedin a statisticalmodel. Holmeset al.
proposedto useonly cosineterms,however, presumablyin order to tradeoff
flexibility for asmallerdimensionof themodel.

Oftenaso-calledglobalsignalis includedin themeanvaluealso.This is sim-
ply thetimeseriesobtainedby averagingall voxel timeseries.Themotivationfor
this originally comesfrom PETdata,wheretheglobalsignalmaybeinterpreted
asglobalbloodflow; in fMRI data,wherethemagnitudeof theintensitieshaveno
directphysicalinterpretation,theglobalsignalcanonly beinterpretedasaglobal
trendstructurein thedata.Thebiggestproblemwith theinclusionof aglobalsig-
nal is thatit maybeconfoundedwith activationrelatedsignals,thiswill especially
be the caseif large areasareactivated. This may leadto underestimationof the
responsein activatedareas,andartificial detectionof negative activation in non-
active voxels. On theotherhand,Zarahnet al. (1997)showedthat inclusionof a
globalsignalreducedthespatialcorrelationof voxelsandhencealsothevariance
of estimatedactivationpatterns.

2.2.3 Semi-parametric tr endmodels

Ardekani et al. (1999) took a semi-parametricapproachto estimatingglobal
trends. Supposewe let :(< denotethe time seriesin voxel � , :(< is thena vector
with lengthequalto thenumberof scans,Q . They consideredamodelof theform:(<�J��]�P< �¡ £¢ < �r¤ <@L ¤ <¦¥a§sIx��7vL©¨ �©ª IM�,L
where � is a known Q � i matrix representinga basisfor the haemodynamic
responsemodel (the authorsuseda trigonometricbasisfor a periodic response
function),and

 
is anunknown Q �¬«

matrix with trendterms.All voxelswere
assumedto be independentand have equalvariance. The column spaceof

 
,

denotedthenuisancespace,wasestimatedby maximumlikelihood,subjectto the
constraintthatthecolumnspacesof

 
and � wereorthogonal.Theorder

«
of the

nuisancespacewasselectedby a minimumAIC procedure,in their examplesthe
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authorsselected
« J�� . For thisvalueof

«
, onewouldexpectthatthetwo columns

of
 

correspondto analmostconstanttermandaglobaltrendterm. In this sense
the modelis closelyrelatedto modelswherea global signalterm is includedin
the meanvaluespaceinsteadof the estimatedtrendterm. However, unlike the
globalsignalterm, the trendtermshereareorthogonalto the responsefunction,
avoiding confoundingbetweenthetwo.

In fact theauthorsshowedthattheMLE of
 

is givenby the
«

first principal
componentsof the residualdata,after the estimatedresponse-functionhasbeen
removed in eachvoxel. (SeeMardia et al. (1979)for a descriptionof principal
componentanalysis.) This givesa moreintuitive understandingof the method;
eachestimatedtrendterm is just a weightedaverageof the residualtime series,
wherethe weightsconstitutean eigenvectorof the empirical spatialcovariance
matrix of thevoxels. This alsopointsto a weaknessof themethod,becausethe
weight assignedto a given voxel time serieswill scalewith the varianceof the
series.Contraryto the authorsassumption,variancehomogeneityacrossvoxels
is often not realistic,andvoxelswith high variancewill hencetendto dominate
in theestimateof

 
. This may, or maynot, beanadvantage,dependingon how

trendsandvariancearerelatedin thedata.

In Paper VI we describeda methodfor estimatingtrendsdirectly from thedata
also.Ratherthanrestrictingtrendsto beorthogonalto theresponsefunction,they
were estimatedonly from voxels which did not correspondto neuronaltissue.
In a concreteexample,six voxels correspondingto sinussagittalis,a large vein
in the mid-sagittalline of the head,wereselectedfor estimatingthe structured
noisecomponents,including the cardiacfluctuationeffect. The hypothesisbe-
hind this wasthat trendscorrespondingto movementartifacts,signaldrifts and
slowly varying physiologicalprocesseswould be detectablein a large vein, and
couldhencebeestimatedfrom thenoisevoxels,andusedwhenanalysingvoxels
correspondingto neuronaltissue.

Let ®="Jz�� ' =fLPNONON,LRn¯R=�� denotethe � -dimensionaltime seriesof the � noise
voxelslocatedin a largevein. Theseareassumedto consistof a fluctuationterm
with a commonfrequency, which is determinedby the cardiacrhythm, andan
individual trendtermin eachvoxel. Themodelfor ®= is thus®=�JY°¦= �¡±^²P³M´ �Vµ;=�� � � ´W¶C· �Vµ;=�� �¸¤ =fL ¤ =4¥a§s¯¹��7vLuº»�,N (2.1)

Here °¦=�¼¾½ ¯ representthetrendterms,µ	= is thephaseat time � of thefluctuation
termand

±
and� are � -dimensionalvectorsdeterminingthemagnitudeandrelative

phaseof the fluctuationin eachseries.By restricting � ' J�7 , µ	= is the phaseof ' = . Thetrendsandphaseareassumedto beunobserved,andmodelledaslatent
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processesin astatespaceframework,°¦=4J¿°¦= %(' �¸À"Á= L À"Á= ¥a§Â¯M��7vLR¨ �Á ª ¯A�uLÃ =4J Ã �eÄ � Ã = %(' / Ã � ��À^Å= L À^Å= ¥a§���7vL©¨ �Å �uL (2.2)µ	=4J¿µ;= %(' � Ã =fN
Onemayinterprettheterm

Ã = asthealiasedpulserateat time � , which is allowed
to varyarounda long-termaverage

Ã
.

Since µ	= entersnon-linearlyin theobservationequationtheordinaryKalman
filter cannotbe used. One may linearizethe observation equationby a Taylor
expansion,which would give the generalizedKalmanfilter (FahrmeirandTutz,
1994),but sincethetrigonometricfunctionsarehighly non-linear, this wasfound
notto work well. InsteadweproposedanotherapproximativeKalmanfilter, based
on sequentialGaussianapproximationsof the filtering distributions, wherethe
momentsof thelatterwerecalculatedby numericalintegration.Thismaybeused
to obtain estimatesof the latent processes,and to calculateapproximationsto
the likelihoodfunctionandthe residualvariance;the latterwasusedto estimate
parametersby numericalminimization.Wewill returnto theapproximateKalman
filter in Chapter4.

In theapplications,the modelwasfound to yield an acceptablefit to thesix
noiseseries,andthe estimatedpulseratecorrespondedwell with externalmea-
surements.The estimatedtrend terms Æ°(�f=�ÇÈJ ��LONONON&Lu� , as well as sinesand
cosinesof theestimatedpulsephaseÆµ	= wereincludedasregressorsin a multiple
regressionmodelfor the time seriesin any voxel. Denotethe latter :(<>= , where �
indexesthevoxel, themodelwasthen,:$<>=�J¿° < � ¯` �RF ' ��<���Æ°x�0= � É` �RF ' �VÊË<�� ²P³�´ ��Ç.Æµ	=�� �8Ì <�� ´W¶C· �GÇ.Æµ;=��W� �¡± < U = �r¤ <>=fL
where 9 ¤ <>=Í?A= followedanAR(1) model. Here U = is theHRF, which wasomitted
in the study, sincewe only consideredbaselinedata. We verified the fit of the
modelby studyingseveraltimeseries,whichwerecontaminatedby high levelsof
structurednoise.Theresidualsfrom theseseriesshowednosignificantdeviations
from a sequenceof independentnormalvariables.We furthermorecomparedthe
modelto modelswith alineartrendtermandacosinebasisfor thetrends,but also
with AR(1) errors. As measuredby a minimum AIC criteria, the modelabove
gavethebestfit in respectively 92%and88%of thevoxels.Thetwo othermodels
did,however, notaccountfor cardiacfluctuation,whichis atleastpartlythereason
for theimprovedfit.

Theadvantageof thismethodis thatstructuralnoisecomponentsareestimated
directly from thedata,without artificial regularity assumptionson these,suchas
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restrictingtrendsto be“sufficiently different” from thehaemodynamicresponse.
In the casewherefor instancemotion artifactsarecorrelatedwith stimulus,the
assumptionof orthogonalitybetweentrendsandtheresponsemaynot hold. The
cardiacpulsationsarenotrestrictedto beapproximatelyperiodicasin thefiltering
approaches,but is allowedto vary with thepulserate,andno externalmeasure-
mentsof thepulsearerequired.Oneof theweaknessesis thesomewhatarbitrary
choiceof the noisepixels: It is not obvious how many oneshouldchoose,and
how they shouldbechosen.Thismaybecomparedwith theproblemof choosing
theform andnumberof basisfunctionsin ageneraltrendbasis.In theapplication
we have selecteda groupof threevoxels in thefront of theheadandthreein the
back,in orderto capturethedifferenteffectsof movementin differentpartsof the
image.This seemsto work well, but it maybepossibleto useanothernumberof
voxels. Thevoxelswerefurthermoremanuallyselectedto ensurethat they were
locatedatthevein,it is notaneasytaskto designanautomaticselectionprocedure
whichdoesthis.

Gösslet al. (2000)consideranapproachbasedonstatespacemodelsaswell. The
modelis of theform:(<>=�J ± <>= �¡Î <>= � <>= �r¤ <>=�L ¤ <>=4¥c§Ï��7vL©¨ �< �,N (2.3)

The noisecomponentsare temporallyand spatially independent. Here
Î <>=¬JÎ =W��ÐM<ÍLÑ�P<�� is a model for the haemodynamicresponse,obtainedby convolving

thestimulationfunctionwith a Poissondensitywith mean �P< andlaggedÐM< time
points. The terms

± <>= and � <�= arelatentprocesseswhich representrespectively a
trendandthemagnitudeof thehaemodynamicresponse.Themodelfor theseare± <�=�Ja� ± <>= %(' / ± <>= % � �¡Ò <>=fL Ò <>=�¥a§���7*L©¨ �ÓVÔ �uL (2.4)� <�=�Ja� � <>= %(' / � <>= % � �eÕ <�=fL Õ <>=4¥a§���7*L©¨ �Ö Ô �,N (2.5)

Theauthorsfirst obtainsimpleestimatesfor theparameters��ÐM<�LÑ�P<�� by minimizing
thesquareddistancebetween:(<>= and

Î =W��ÐM<@LÑ�P<�� , �"Jw��LONONON&L©Q , andnext usetheEM
algorithmto estimatethevariances.TheKalmanfilter andsmootherareusedin
theexpectationstepof theEM-algorithm,aswell asto produceestimatesÆ� <>= and
varianceestimatesÆ¨��×�ÔÙØ of thelatterin thefittedmodel.

Thegeneralframework is very appealing.Themodelfor thetrendis flexible
and intuitive, avoiding arbitrary choiceson the form or numberof basisfunc-
tions,andthecommonassumptionof temporalstationarityof thehaemodynamic
responseis relaxed, allowing the researcherto studyspatio-temporalactivation
patternsin the data. Ironically, the flexibility is also the main drawbackof the
method:The authorsnotethemselvesthat modelcomplexity directly influences
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inferential power, and suggestthat if the temporalnon-stationarityis only ex-
pectedto be slight, then one shouldusea fixed responsefunction instead. In
facttheir exampleswith realdatasuggestthatthemodeldoesnot improvethefit,
comparedto asimplemultiple regressionmodelof theform:(<>=�J¿°¦< � ��< ' � � ��< � � � �8Î <�= � < �¸¤ <>=fL ¤ <>=�¥a§���7vL©¨ �< �uL
where

Î <>= is thesameresponsefunctionasabove. In thecasewhere�4< � J�7 this is
a parametricsub-modelof thestatespacemodelobtainedby restricting ¨��Ö Ô}Ø and¨��Ó�ÔÙØ to zero.Thusin thiscasethestatespacemodelwill alwayshavealargermax-
imizedlikelihoodvalue.In thegeneralcasewhere �4< � ¼6½ , theregressionmodel
is strictly speakingnot containedin thestatespacemodel,but thequadratictrend
is a specialcaseof the generaltrendterm in the statespacemodel. A rigorous
comparisonof thedifferencein maximumlikelihoodof non-parametricandpara-
metricmodelsis notpossible,andhenceit is difficult to determinewhetherthefit
of thestatespacemodelis significantlybetter. Theauthorschooseto quantifythe
fit by the Ú � valuegivenbyÚ � Jw�»/ÜÛ = �VÝ�<>=�/ÞÆÝ;<>=�� �Û = ��Ý;<>=�/ÈßÝ�<à� � L
where ÆÝ;<>= is theestimatedvalueof á3�VÝ�<>=V� . Whenfitting themodelsto a rangeof
time series,theauthorsfind that the Ú � valueof thestatespacemodelis signif-
icantly larger thanthatof theregressionmodel,whencomparingthevaluesby a
paired� -test.Onthisbasis,they claimthatthestatespacemodelfitsbetterthanthe
regressionmodel;this seemsto bea very weakargument.Suppose,for thesake
of argument,thatwe consideredtwo nestedparametricmodels.For a parametric
modelthe Ú]� measuremaybewrittenas Ú]�oJÈ�./3âs�fã I whereâ is thelikelihood
ratio for the hypothesisäæåèçéá���:(<>=���Jê°¦< . Thus Ú � is an increasingfunction
of the maximumlikelihoodvalue,anddueto the nestingthebiggestmodelwill
alwayshave the largest Ú]� value. The importantissueis of course,whethertheÚ]� differenceis largerthanwhatcanbeexplainedby theaddedamountof param-
eters,which in theparametriccasecouldbequantifiedby usingtheasymptotical�.� -distributionof thedifferencein log-likelihoods.

For the statespacemodelthe situationis morecomplicated,sincethe maxi-
mizedlikelihoodfunctionhasamorecomplicatedexpression,andtheasymptotic
theorydoesnotapply. Theprincipleis howeverthesame:It is notsurprisingthata
morecomplicatedmodelyieldsabetterfit in termsof the Ú]� value,andthisalone
doesnot justify themodel. Their examplesfurthermoreillustrate,that thediffer-
encein Ú]� valuesis not greaterfor real data,than for syntheticdatagenerated
with thestationaryresponseof theregressionmodel. It is hencenot evident that
thestatespacemodelreally improvesthefit comparedto muchsimplermodels,
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contraryto theclaim madeby theauthors.Whenconsideringthecomputational
burdenof estimatingparametersin thestatespacemodelsaswell, asimplermodel
mayverywell befavourable.

Gössletal. considertheprocessof studentizedvaluesÆ� <>=�4Æ¨ ×�Ô}Ø , anddiscussthe
possibilitiesof studyingthe spatio-temporaldevelopmentof activation through
these,for instancein experimentswherethe activationpatternmay changewith
attentionalshifts. This is unarguably an interestingfeature,but we think that
oneshouldbe carefulnot to misinterpretthe maps. The estimateÆ� <�= shouldbe
interpretedasthe magnitudeat time � of the modelhaemodynamicresponsein
voxel � . It will bedifficult to understandhow � <>= relatesto valuesin neighbouring
voxels,if theHRF of thevoxelsdiffer; onecannotmake any direct interpretation
of differenceswithoutconsideringtheresponsefunctionsalso.A clearexampleof
this is theproblemof interpreting� <>= when

Î <>=�J�7 . Wewouldpreferto investigate
theprocesses

Î <>= Æ� <>= which is morereadilyinterpretable.

Purdon and Weisskoff (1998) proposeda relatedapproach,by modelling the
noiseasasuperpositionof anAR(1) andawhitenoiseprocess.Onemaythink of
thisasastatespacemodel,wherethephysiologicalnoiseis modelledasanAR(1)
process,andthe randomscannernoiseis superimposedaswhite noise. The au-
thorsdid notconsiderastatespaceframework, but gaveadirectandefficientway
of performingthe linear transformationºë%(' ãÍ� ¤ , where ºyJ�ì�í�îA� ¤ � , througha
whiteningfilter. Onceestimatesof the varianceparametersareobtained,likeli-
hoodinferencein themodelmayhencebeperformeddirectly. They considered
datawith differentinter-scantimes(TR) andfoundthattheAR(1) correlationde-
creasedroughlyas ),+*-.�f/ TR 15 sec� . This was,however, basedon theassump-
tion that all time seriesin a certainregion of interesthadthe samedistribution,
andtheauthorsdid not reportany modelcontrol. Yet their modelis partly veri-
fied by an extensive empiricalstudyby Zarahnet al. (1997),who investigateda
rangeof noisedatasets.They assumedthatall timeseriesin adatasetwereidenti-
cally distributed,andcalculatedanaveragedperiodogramfor all timeseries.They
demonstratedthatapowerspectrumcorrespondingto thatof theAR(1) pluswhite
noiseprocessfittedwell to thedata.Interestingly, they alsodemonstratedthattime
seriesobtainedfrom a siliconephantomcontainedcorrelatednoise. Hencetem-
poral correlationcannotsolely be attributedto physiologicalprocesses,but also
arisesintrinsically in thescanner.

2.3 Models for the random noise

The randomnoise is basicallywhat is left when haemodynamicresponseand
structurednoisecomponentshave beenspecified. Of coursethis may both be
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“genuine” randomphysiologicalnoiseandscannernoise,but alsoresidualvari-
ancedueto animperfectmodel.Probablythemostpopularmodelis thatof white
Gaussiannoise. Even if this is not always written explicitly, it is the implicit
modelunderlyingsimple � -testmethodsor correlationmethods,whicharewidely
used.However, aswe saw in the lastsection,a white noisemodelis not always
a simplistic choice. The validity of the modeldependson how onedefinesand
modelsstructurednoisecomponents.

WorsleyandFriston (1995)studiedarefinementof thewhitenoisemodel,which
is in factbuilt on thelatter, but theinferencein themodelis designedto berobust
to deviationsfrom thewhite noiseassumption.This wasoriginally proposedby
Fristonet al. (1994)andFristonet al. (1995),but wasbroughtinto a solid statis-
tical framework by Worsley andFriston(1995). Let :$< denotethe time seriesin
voxel � of length Q . Theideais to considera linearmodel,:(< JY�[�P< �¸¤ <@L ¤ < ¥a§ïI$��7*Luºð<V�uL
where � is a Q � Ð designmatrix with a modelfor thehaemodynamicresponse,
aconstantmeanvaluetermandtrendterms.Here ºð< is anunspecifiedcovariance
matrix. Ratherthanestimatingºð< andperforminga usualmaximumlikelihood
analysis,theauthorstake theoppositeapproachandsmooththedataby convolv-
ing it with akernel ñ ,ñò:$< JYñ6�]�P< � ñ ¤ <ÍL ñ ¤ <�¥a§ïI(��7vLÑñ�ºð<àñ � �,N
An estimatorfor �P< is now givenbyÆ�P<¦Jó���ë��ñô��ñ6�]� %(' �ë��ñô��ñò:(<ÍN
This is not asefficientasthemaximumlikelihoodestimator, but it is anunbiased
estimatorwhich doesnot dependon theunknown varianceºð< . The fundamental
assumptionis now that ñ�ºð<àñ �ëõ ¨��< ñòñ � . This is only exact if a white noise
modelis assumed,i.e. ºð<.Jc¨��< ª I , but theideais thatby smoothingthedata,the
inferenceis lesssensitive to deviationsfrom the white noisemodel. Using this
assumption,thevarianceof Æ�P< maybedirectly obtained,andanunbiasedestima-
tor d �< of ¨ �< may be obtainedfrom the residuals.Using Satterthwaite’s method,
an approximative distribution d �< ¥ö¨ �< � � �@���WM� is obtained,wherethe so-called
effective degreesof freedom � dependon the smoothingkernel ñ . Assuming
furthermorethat dO�< and Æ�P< areindependent,an approximate� -statisticis derived
for thehypothesisthata specificconstrastof thecoordinatesof �P< are0. We refer
to Worsley andFriston(1995)for details.

Theadvantageof themethod,is its robustnesstowardsthenon-specifiedco-
variancestructure.Theassumptionwhichunderliesmany otherapproaches,of an
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identicalcovariancemodelin all voxels,will in generalnot hold, sincethenoise
tendto dependon thepropertiesof theunderlyingtissue.The framework above
will in generalbemorerobustto awiderangeof actualnoisedistributions,which
is clearlyabig advantagewhenanalysingthousandsof timeseriesin anautomatic
way. Theframework canof coursebeextendedby insertinganestimateof ºð< , in-
steadof assumingºð<�JY¨��< ª I (Zarahnet al., 1997).This will resultin ananalysis
that accountspartly for the specifiedcovariance,but is robust to the varianceof
theestimator.

An importantpart of the methodis the choiceof the smoothingkernel ñ .
Fristonet al. (1995)chosethis to resemblethe impulsehaemodynamicreponse
by referenceto theso-calledMatchedFilter Theorem.Thelatteris atheoremfrom
thesignalprocessingliterature,whichstatesthatasignalembeddedin whitenoise
is optimallydetectedby convolving thedatawith akernelshapedlikethesignal.It
is howevernotobvioushow oneshouldinterpretthis in statisticalterms.Worsley
(2000b)views themethodfrom a spectralpoint of view (asdid alsoFristonet al.
(1994)originally). In thespectraldomainit maybeseenasweightedleastsquares
with weightsproportionalto theFouriercoefficientsof thesmoothingkernel.By
choosingthekernelto equaltheimpulseresponse,frequenciesof thetime series
which aredampenedby convolution with the response,andhencecontainlittle
informationon this,arethusgivensmallweights.

Bullmor e et al. (1996) consideran AR �f�	� model for the noiseand a periodic
haemodynamicresponsefunctionmodelledby thefirst threeFouriercomponents
of thestimulationfrequency,

:$<>=�J¿° < � 2x<à� � É` ¯ÑF ' �VÊË<�¯ ´R¶�· �@� À �W� � Ã <�¯ ²P³M´ ��� À �W�R� �¸¤ <>=�L
wherethenoiseprocess9 ¤ <>=@?A= is AR(1). Here

À JÞ�;\.	S is thefrequency of the
stimulationwith anon/off periodof length S . Theauthorsverifiedthemodelby
diagnosticplotsof theauto-correlationandthenormalityof theresiduals,however
mainly usinga singletime seriesobtainedby averaging156voxel time series.In
orderto detectactivationthey considerthefundamentalpowerquotient,

FPQ< J ÆÊ��< ' � ÆÃ �< '�Md �< L
wheredO�< is anestimateof the(approximate)commonvarianceof ÆÊË< ' and ÆÃ < ' . This
is closelyrelatedto usingtheperiodogramat frequency

À
astest-statistic,assug-

gestedby Leeet al. (1995)andBandettinietal. (1993),but theFPQstatistichere
is basedon anexplicit parametricmodelfor thesignalandthenoise. Underthe
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null hypothesisÊË<¦J Ã <¦J�7 , thestatistichasanapproximate���	�@�M�WM� distribution,
whichmaybederivedusingtheasymptoticnormalityof estimators.Whenstudy-
ing baselinedata,however, the authorsfound that the empiricaldistribution of
thestatistichada differentlocationandvariancethanthetheoreticaldistribution,
hencethe approximationwasnot valid. This may eitherindicatethat the model
doesnot hold, contraryto the model control performedby the authors,or that
thereis notenoughobservationsto usetheasymptotictheory.

Bullmore et al. refrainedfrom studying this issuefurther, but useda ran-
domizationtest instead. They obtainedthe null-distribution of the statisticby
randomlypermutingthe orderof the observationsin eachobserved time series,
andcalculatingthe FPQstatisticfor eachrandomizedtime series.By reference
to the permutationdistribution, the significanceof an observed FPQvaluewas
calculated.Careshouldbe taken, wheninterpretingthis distribution: The null-
hypothesis,no matterwhat test statisticis used,is that all permutationsof the
data,have thesamedistribution. In thepresentmodelthis correspondsto thesi-
multaneoushypothesisthat: 2x<éJK7 , ÊË<�¯3J Ã <�¯�JK7 for ��J÷�MLu�*LÑ� and

Ä <éJz7 ,
where

Ä < is the AR(1) correlation. The alternative hypothesisis that just oneof
theseconditionsdoesnot hold. Henceany specificinferenceaboutthe activa-
tion mustbe basedon non-statisticalconsiderations;thepermutationtestcanbe
usedonly to rejectthenull-hypothesis.Bullmoreetal., however, calculatecritical
valuesfor the FPQstatisticfrom the permutations,andusetheseto make infer-
enceaboutthe activation; this doesnot seemto be a valid interpretationof the
permutationdistribution.

Locascioet al. (1997)studyamorecomprehensivenoisemodelby fitting ARMA
modelsindividually to eachvoxel time series.For a givenvoxel, the modelfor
thetimeseries:$<>= is givenby,

:$<>=�JY°¦< � ¯` �RF ' ± <��&ø_�f= � 2x< ' � � 2x< � � � �¸¤ <�=fL
wherethenoiseprocess9 ¤ <>=Í?A= followsanARMA � i <ÍL « <V� model.Thetermsø_�f= are
indicators(or contrasts)of thestatesof possibly � differentstimulationtypes,in
thesimlestcasewith only onetask ø ' = is just the stimulationfunction. Theau-
thorsestimatetheorderindividually in eachvoxel,bystartingwith anARMA(3,3)
modelandthensuccessively remove non-significantcorrelationterms. The pa-
rametersareestimatedby conditionalleastsquares,conditionalon the assumed
valuesof :$<�= prior to the initial time point, and � -statisticsand ù -valuesfor hy-
pothesesof the form

± <���Jö7 is calculated.Clearly this model is moreflexible
thananAR(1) modelfor all voxels,andabetterfit to thetimeseriesis inevitable.
Furthermoretheauthorsverify thefit of themodelin anautomaticway, by requir-
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ing that the residualspassa Box-Ljung test for white noisein eachtime series.
An automaticandroutinelyapplicablemodelcontrol like this is a rarefinding in
thefMRI literature.Theauthorshowever note,thatabout5% of thevoxelsdoes
not passthis testandis discarded,it doesnot seemobviousthenhow oneshould
model these. The authorsusea simplistic binary model for the HRF, but their
methodis of coursenot restrictedto this choice.

Whenmakingglobal inferencein theimageof ù -values,Locascioet al. pro-
poseto solve the multiple comparisonproblemby a permutationtest in the fol-
lowing sense:A randompermutationof thetime-pointsis appliedsimultaneously
to the white-noiseresidualsof all voxels. Using the samecontrastfunction ø_�f=
asabove, a � -test is calculatedfor the hypothesisthat

± <��6Jy7 in the permuted
residuals,a hypothesiswhich is true by construction. This producesan image
of ù -values,andby performingmultiple randompermutationsa distribution of
theseimagesis obtained.The fundamentalassumptionis now: Underthe null-
hypothesisof no activation in any voxel, the multivariatedistribution of the ù -
valuesis thesamefor theoriginaldataandfor all permutationsof thewhite-noise
residuals.Theauthorsmake this assumptionandusethepermutationdistribution
to make inferencein theoriginal ù -valueimage.Themultiple comparisonprob-
lem is handledby consideringthe distribution of the minimal ù -value(seethe
paperfor details). It does,however, not seemobviousthat theassumptionabove
is fulfilled. Firstly, the spatialcorrelationis different in the residualtime series
comparedto the original ones,becausedifferentmodelsareappliedin different
voxels. The authorsstressthat their method,unlike the Bonferroni correction,
considersspatialcorrelation,but it is thecorrelationof theresiduals,not theorig-
inal data,which is accountedfor. Secondlythe original ù -valuesand the per-
mutationvaluesarecalculatedunderdifferentmodelsandestimationprocedures.
Evenif the ù -valueshavethesametheoreticaluniformdistributionunderthenull-
hypothesis,onecouldfearthattheir sensitivity to deviationsfrom thetruemodel
may be differentin differentmodels.This effect maybe especiallyproblematic
whenthemultivariatedistributionof awholeimageof ù -valuesis considered.In
factweknowthatthewhite-noisemodelis wrong,sincetheresidualswill allways
be slightly correlated,hencethereis strictly speakingno theoreticalfoundation
for assumingthat the ù -valueshave identical distributions. Henceratherthan
beingassumption-free,asmostpermutationmethods,their methodrelieson as-
sumptionswhichareknown not to hold in general.Thesensitivity of theresultsto
departuresfrom theassumptionsis of courseadifferentandmoredifficult story.

Lange and Zeger (1997)consideredan evenmoregeneralmodel,by assuming
only thatthenoiseprocess9 ¤ =Í?A= is stationaryandGaussian.(For clarity we omit
thevoxel index � for a moment.)Thenit hasa spectralrepresentation(Cox and
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Miller, 1965), ¤ =�J�ú¡û% û_ü <}ý�=Mþ ��Ð
À �,L

where 9 þ � À �u? is a complex Gaussianprocesswith orthogonalincrements.The
varianceof

þ
is givenby thespectraldensity� � À � ,ì�í�îO� þ � À � ��/ þ � À ' �R�_J ú ý tý l � � À �xÐ À L À ' � À � N

Supposewe observe
¤ ' LPNONONPL ¤ I where Q is odd. By approximatingtheabove in-

tegral with a Riemann-Stieltjessumwith Q terms,we mayinvert therelationand
obtainincrementsof the

þ
processby adiscreteFouriertransform(DFT) of

¤ = ,Ú[¯1J�ÐMÿP� À ¯P�"J �Q I %('` =GFxå ü % <�ý��f= ¤ =
where

À ¯ Jc�;\.�v�Q , �¾¼¸9Ë/ � Q4����@LPNONONPL � Q�M����? and Ú1¯ J þ � À ¯ � \.;Q4��/ þ � À ¯»/\.�Q4� . Hereweadoptthenotationof LangeandZeger(1997)whereÐ�� is theDFT
of afunction � . When 9 ¤ =Í? is realthereis complex symmetrysuchthat Ú[¯ëJ ßÚ % ¯ ,
whencethereis a bijectionbetween

¤ ' LONONPNPL ¤ I and Ú1åALONONON&LÑÚ�� I ãÍ�	� . Thelatterwill
bean(approximately)independentsequenceof Gaussianvariables,with different
variancesdeterminedby thespectraldensity.

After removal of a linear trend,the authorsconsidera convolution modelof
theform :$<>=�JY2x< � Ì ��
�Ñ�P<V�xZ]\��Í�V�W� �¸¤ <�=fL
where 9 ¤ <>=Í?A= is astationaryGaussianprocess.Here

Ì �V���Ñ�P<�� is theGammadensity
with parameters�P<^¼è½ � � , and \(= is thestimulationfunction. Whenperforminga
DFT weapproximatelyhaveÐ�� Ô � À ¯O�"J�2x<VÐ�� � À ¯��©�P<V�WÐ û � À ¯P� � ÐMÿ Ô � À ¯O�,L �~J¿7vLONONON&L � Q4M����N
Theauthorsrestrictthemselvesto periodicparadigmswith, say, � on/off periods.
Then Ð û � À ¯P�]J 7 unless� is a multiple of � , andhencetheobservationsof the
form Ð�� Ô � À ¯�� � for ��¼�� aresufficient for ��2x<@LÑ�P<V� . In theexampleof thepaper,
theonandoff periodshaveequallength,whenceÐ û � À ¯O� is only non-zerowhen �
is anoddmultipleof � .

Sincethe Fourier transformsÐ�� and Ð û are known, the problemis reduced
to a non-linearregressionmodel, wherethe noisetermsare complex Gaussian
variableswith unequalvariances.In orderto estimate��2x<@LÑ�P<V� , theauthorsassume
that the noisevarianceshave a homogeneousspatialandtemporalstructure. In
their application,the varianceof ÐMÿ Ô � À ¯O� is assumedto be homogeneousover a
regionof ��� � �M� voxels,andover the � closestfrequencies,

À ¯ � , ���æ/e� � ���¿� .
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Oncetheparameters�V2x<ÍLÑ�P<V� areestimated,thespatialcorrelationis modelled
by fitting isotropicexponentialor Gaussiancorrelationfunctionsto the normal-
ized residualsat eachfrequency. This in fact correspondsto a non-separable
spatio-temporalcovariancefunction, wherenoisecomponentsof different tem-
poral frequencieshave differentspatialcorrelation. The varianceestimatesare
usedto calculatethecovarianceof 2 -estimatesin differentvoxels,which in turn
is usedto calculatea ��� -teststatisticfor specifichypothesesof theform 2��òJÈ7 ,
whereÚ is asmallregionof voxels.

Theapproachis veryelegantin thecontext of periodicstimulationparadigms:
The transformto the Fourier domainreducesthe convolution term to a simple
productand the correlatednoiseprocessto independentobservations. A non-
parametricmodelfor thenoisereallymakessense,at leastasabenchmarkmodel,
given the complex and non-homogeneousnatureof the time series. However,
asmentionedabove, theauthorsassumea specifichomogeneitystructurefor the
variance,which is ad hoc anddifficult to interpretin termsof a specificmodel
for thenoiseterms.Thusthegeneral,non-parametricframework assumedwhen
formulating the model is somewhat restrictedin the estimationprocedure,and
theassumptionof spatialhomogeneityof thevariancemay in factbeviolatedin
practice.

Anotherproblemwith the approachwasraisedby the discussantsof the pa-
per: Almost all information on the activation will be containedin the Fourier
coefficient correspondingto the fundamentalfrequency, Ð�� Ô � À � � . In essencethe
authorsfit threemean-valueparametersusingthis singlecomplex variable,and
concernsregardingidentifiability are natural. The authorsreport troubleswith
convergenceof theirestimationalgorithm,whichmayalsobecausedby thisover-
parametrization.

Themodelmaybeappliedto non-periodicstimulationparadigms,but theex-
tensionis not straightforward,sincethefrequencies

À ¯ thatdoesnot containany
signalareusedpresentlyto estimatethenoisespectra.In thecaseof generalstim-
ulation function it might benecessaryto assumea specificcovariancemodel,in
whichcasethereis no particularreasonto work in theFourierdomain.

Mar chini and Ripley (2000)considerthe sameapproachasLangeandZeger,
but restrictthemselvesto simplesinusoidalresponsefunctions.They henceavoid
theproblemswith overfitting describedabove. They proposeanalternative way
of estimatingthespectraldensity, namelyby fitting a smoothingsplineto thethe
log-periodogram.Furthermorethey only smooththeperiodogramspatiallyover
a � � � grid. They illustratethat this workswell on real dataandbaselinedata,
but do not make any formal comparisonswith therelatedapproachof Langeand
Zeger.
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2.4 A Bayesianapproach

In this last sectionwe will review a Bayesianapproachwherethe modelsfor
the threedifferentcomponentsof the time seriesareintegratedto anextent, that
doesnot allow us to categorizethemasabove. Bayesianapproachesarerarein
fMRI analysis,presumablybecauseof the typically largercomputationalburden
of thesemethods.Franket al. (1998)studieddifferentBayesianmodels,which
were, however, mainly adaptationsof well known modelsfrom the likelihood
framework to theBayesianparadigm.

Genovese(2000) took a fundamentallynew approachby consideringa model
givenby :$<>=�J¿° <f�0� �e± =W��ÊË<@LÑ�P<V�R� � ÐM<>= �¸¤ <�=fL ¤ <>=�¥a§���7*L©¨ �< �,L
where

± = is theactivationprofile, Ð¹<�= is a trendterm,and ° < is thebaselinemean.
The parameterÊË<1J���Ê < ' LONONON&LRÊË<���� is the magnitudeof the activation in eachofø differentstimulationconditionsand �P< is an 8-dimensionalparameterdescri-
bing the shapeof the haemodynamicresponse� �V���Ñ�P<V� to a single stimulation
epoch. The latter is constructedfrom cubic splines,by a decompositioninto
a delay, a smoothly increasingand decreasingpart and a post-stimulusunder-
shoot. Responsesfrom closely spacedepochsarecombinedadditively or pos-
sibly sub-additively; in the additive casethe model for the activation profile is± =W��Ê.LÑ�M�]J Û ¯ Ê� !� � �V�ð/¡�f¯��Ñ�M�uL where �f¯ is thestartingtime and q,¯ is the typeof
the � ’ th stimulationperiod.Thedrift term ÐM<>= is modelledby cubicsplines.

GenovesetakesaBayesianapproachandformulatesprior distributionsfor all
parameters.The ÊË<" ’s are a priori either 0 or positive, in the latter case ÊË<" is
exponentialdistributedwith mean2%. Thedrift term,interpretedasacontinuous
function ÐM<f���W� , hasaSobolev priori ��ÐM<V�_!�)u+*- m / �� Ì g Ä I# *ú 'å Ð¹<��V�W� � ÐM� � ú 'å ��ÐM� �< � � ���W�xÐM� j~p
where

Ä I# determinesthe relative penalizationof magnitudeandcurvature. The
authorchooses

Ä I# �J�7vN}7v� . Thenumberandpositionof knotsfor thecubicspline
basisarefixedwhenposteriormaximizationis performed,but is allowedto vary
whensamplingfrom theposteriorby MCMC. Thecoordinatesof �P< haveindepen-
dentGammapriors, which areselectedby experiencefrom earlierexperiments.
All voxelsareassumedto beindependentbothin theprior andin thelikelihood.

The inferencein the model is eitherbasedon posteriormaximizationor on
samplingby MCMC. The biggestproblemin this context seemsto be the fact
that the model is composedof submodelsof different dimension,obtainedby
letting differentsubsetsof the Ê <$ ’s be0, or by varyingthenumberof knotsused
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for the spline. This is either handledby reversiblejump (Green,1995) or by
combiningdifferentsubmodelsby weightingthemwith their respectiveposterior
probabilities(i.e. theirBayesfactors),obtainedby Laplaceapproximations.

To illustrate the advantageof a Bayesianframework, Genoveseaddresses
morecomplicatedhypothesisthanusuallyasked. An exampleis themonotonic-
ity hypothesisÊË<CE %�&ò��Ê <�E % l �÷ÊË<CE % t �öÊË<CE %(' , where S ' , S � and S É are tasksof
increasingdifficulty, and S*) is a control task. The posteriorprobability of this
eventis calculatedin eachvoxel anddisplayedasamap.Wemaynote,thatinfer-
enceof this typemayalsobeperformedin a parametricframework by mapping
a teststatisticfor thehypothesisin all voxels,aswasalsopointedoutby Worsley
(2000a).It is not clearhow to correctfor themultiple comparisonproblemin the
Bayesianframework: The larger thesearchregion, thegreateris thechancethat
an estimateof the posteriorprobability will be large somewhere,andhencethe
thresholdshouldsomehow bedependenton thesearchregion. In a Bayesianset-
ting also,this problemis addressedin PaperI andII by usingglobal information
from all voxelsto calculateposteriorprobabilities.Thereis noexplicit or implicit
spatialstructurein Genovese’s model to be usedin this context; all voxels are
independent.

Thedistribution of thesizeof activatedclustersis alsostudiedby simulation
and comparedunderdifferent conditions. This is a very complicatedissuein
mostparametricmodels,but is very easyin the Bayesianframework, although
time-consumingsimulationsare needed. One would, however, expect that the
distribution of a spatialparameterlike sizeof a cluster, is critically dependenton
the (lack of) spatialstructurein the model,andthe resultsshouldbe interpreted
with this in mind.

Theincorporationof prior informationis very relevantin fMRI dataanalysis,
andGenoveseillustrateswhy, by choosinggenuinepriorswhicharebasedonpre-
viousstudiesaswell asgeneralexperiencewith thedata.fMRI dataaredifferent
from many othertypesof datain thesensethatthey maybeacquiredin enormous
quantitiesextremelyquickly andthe importantfeaturesof the dataarecommon
to almostall experiments.Hencethereis prior informationavailableonbothtem-
poral andspatialaspectsof the data,which shouldof coursebe usedwhenever
possible.Genoveseincludesprior informationon thetemporalstructure,but spa-
tial priors,whichcanbeincludedin themodelsdiscussedin Section3.2,mayturn
out to beevenmorefruitful.

As a final point, we may note that thereare somesimilarities betweenthe
modelstudiedin PaperIII andGenovese’s model. Both usesGamma-priorsfor
the activation magnitude,Genovesehowever restrictshimself to an exponential
prior with mean2%. Thelatterhasa rathersmallstandarddeviation,andis prob-
ably chosenfor computationalconveniencesinceit is conjugatewith thenormal
distributionof theerrorterms,in thesensethattheposteriorof ÊË<" will bea trun-



28 3. SPATIAL MODELLING OF FMRI DATA

catednormal.It seemsrelevantto studygeneralGammapriors,thatexpresslarger
uncertaintyabouttheactivationlevel. Theposteriordistributionof ÊË<" would then
beof theGamma-Normalform, whichmaybesimulatedby proceduresdescribed
in PaperIV.

Notice that unlike many other models,Genovesescalesthe activation as a
fractionof thebaselinelevel. It is commonto interpretactivationlevelslike this,
both becausethereis someevidencethat variability tendto scalewith intensity
level andbecausetheabsoluteintensityvaluesof theMR scannerdoesnot have
any physicalinterpretation.An alternative is to assumeanadditivemodelbut for
thelog-transformeddata,which is theapproachin for instancePaperI.

3 Spatial modelling of fMRI data
In this chapterwe will focuson thespatialanalysiswhich ensuesafteran image
(or volume)of voxel-wiseactivationestimateshave beenobtainedby a temporal
model,asdescribedin thepreviouschapter. In thebrainmappingliterature,this
is known asastatisticalparametricmap(SPM).Unlessotherwisestated,wewill
usethenotation÷JÈ9An<�? for theSPM,to distinguishit from theoriginalspatio-
temporaldata9;:(<>=�? . Wewill, however, follow thenotationof theenclosedpapers,
which is unfortunatelynotentirelyconsistentwith this rule.

Often ®< is scaledto have a standardnormal or a � -distribution under the
null-hypothesisof no activation. As discussedin the introductionit is therefore
naturalto view theanalysisof  from ahypothesistestingpointof view. Thefirst
sectiondescribesthe randomfield theory, which is a very successfulapproach
in this context. In the secondsectionwe turn to explicit spatialmodelsfor the
distributionof thespatialactivationpattern,wherethemainfocusis onthemodels
presentedin PapersI, II andIII.

3.1 Gaussianrandom field theory

Thissectioncontainsabrief introductionto therandomfield theoryandits appli-
cationin brainimaging.Ratherthanto givea completeaccountof thetheory, the
intentionis to discussadvantagesanddisadvantages,in orderto provide a com-
parisonwith the explicit spatialmodelsto be presentedlater. Thereareseveral
overview paperswhich give a morecompleteintroductionto the theory, seefor
instanceAdler (1998)for a review, Worsley (1996)andPeterssonet al. (1999b)
for non-technicaloverviews, Worsley et al. (1996)andCaoandWorsley (1999)
for summariesof thedifferentformulasinvolvedandFristonet al. (1996a)for a



3.1. GAUSSIANRANDOM FIELD THEORY 29

discussionof theinterpretationof theinference.

3.1.1 Theoretical background

Perhapsthebestway to understandthephilosophyof the randomfield approach
from a statisticalmodellingpoint of view, is to considerthe setupof Siegmund
andWorsley (1995)wherea randomfield 9�+£��d	�,Ludï¼òø-, ½/.[? is considered,+£��d;�_J10M¨ % .4ãÍ�å ����¨ %('å ��dë/rdOå,�W� ��2 �@d	�,N (3.1)

Here
2

is a randomfield of white Gaussiannoise,and ���3
�� is a known signal
with unknown width ¨(å3¼ � ¨ ' L©¨ � � , position dOå3¼¿ø andmagnitude054 7 . For
simplicity wewill adoptthecommonassumptionthat ���3
�� is anisotropicGaussian
function, ���@d	�_J�\ % .4ã	6 )u+v-.�f/87&d97 � M���,L
which is normalizedsuchthat :����@d	� � Ð d6Jy� . Let e�@dML©¨4� be +£��d;� convolved
with thesignal � , r�@dML©¨��_J�¨ % .4ãÍ� ú ���V¨ %(' ��Xn/rd	�R�xÐ�+£��X$�,N (3.2)

Thisconvolutionwill partlybeperformedprior to theanalysis,by thepointspread
functionof thescanner, so theobserveddatamaybeconsideredas 9Ae��d¹LR¨ ' �u? b ,
for ¨ ' 5c7 . We mayobtain 9Ae��dML©¨��u? b for ¨e5�¨ ' by additionalsmoothing.We
wishto testthehypothesisthatnosignalis presentin 9Ar�@dML©¨ ' �Ñ? b , i.e. äæåëç;0ÂJ�7vN
Theauthorsshow thatthemaximumlikelihoodestimateof �@dOåOL©¨(åu� is givenby�OÆdOåOL*Æ¨(å,�"J <1î�=?>�í	+b B@�vE AAB � A l E A t �

r�@dML©¨��
and that Æ0¡Jye�OÆdOåOL*Æ¨(å,� . Furthermore/[�CB ³ =^â J r�OÆdOåOL*Æ¨(å,�f� , where â is the
likelihoodratio for thehypothesis0®Jc7 . This meansthatthemaximumvalueof over thephysicalspaceø andthescalespace

� ¨ ' L©¨ � � shouldbeusedto testfor
thepresenceof thesignal.

Mostoften ¨(å is assumedto befixedandknown,by prior knowledgeof typical
signal widths. For simplicity, we will make this assumptionin the following.
In this casethe likelihood ratio test for the presenceof the signal is given byr�OÆdOåOL©¨(å,� , where ÆdOåsJD<1î�=?>�í;+ b B@� e��dML©¨(åu� . Theoptimal testfor 03J 7 is thus
obtainedby smoothingthe imagewith the signal itself, and then obtainingthe
maximumvalue over ø . This illustrateswhat is known as the MatchedFilter
Theoremfrom thesignalprocessingliterature,whichsaysthatto optimallydetect
a signalembeddedin an imageof white noise,oneshouldconvolve the image
with thesignalitself.
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Denotee��dML©¨(åu� by e��d	� . In orderto testwhethera signal ���3
�� is presentor
not,onemustthenobtainthedistributionof >�í	+ b e�@d	� underthenull-hypothesis
that e�@d	� hasmeanzero. Exact resultson the distribution of the maximumof
a randomfield of this type is not available,but an approximationwasgiven by
Adler (1981),which haslater beenrefinedby Worsley (1995a,b)andSiegmund
andWorsley (1995),andextendedto non-Gaussianrandomfields(Worsley, 1994,
1998).Theapproximationis basedon theexactexpressionfor themeanvalueof
the Euler charactisticof an excursionset,basedon the following intuition: For
a threshold

Î
, definethe excursionsetby �*E6J 9�de¼Þø¿��e�@d	�F4 Î ?ËL and let� �V�GE,� betheEulercharacteristicof �*E . BasicallytheEulercharacteristiccounts

the numberof connectedregions in the set �*E minus the numberof holesand
plus thenumberof hollows in these.For high thresholds,theholesandhollows
tendto disappear, andtherewill be just oneconnectedregion if themaximumof
thefield is higherthan

Î
andnoneif themaximumis below

Î
. HencetheEuler

characteristicwill approximatethe indicatorfor themaximumof thefield being
above

Î
, �ð�V�GE,� õ �Ë�H>�í;+b e��d;�I4 Î �uL

which leadsto theapproximationù~�J>~í;+ b r�@d	�*4 Î � õ á3�V�ð���GE,�W� . Underregu-
larity conditionson  , ageneralexpressionfor this meanvalueis givenby

á3���ð�V�GE,�R�"J .` <�Fxå ° <f��øÂ� Ä <�� Î �uL
where °¦<���øÂ� is proportionalto the � -dimensionalMinkowski functional of ø ,
which is relatedto the geometryof ø , and

Ä <�� Î � is the so-calledEuler charac-
teristic intensity, which is givenby thedistribution of  . For a Gaussianrandom
field in threedimensions,thedominatingthird termin thesumis givenby° É ��ø � Ä É � Î �^J ��ø�� Ì É ãÍ� �@�;\�� % � � Î � / �A� ü % E t ãÍ� Lwhere

Ì
is a measureof thesmoothnessof thefield, namelythevarianceof the

partial derivatives. This expressionwasusedby Worsley et al. (1992)asan ap-
proximationto ù��H>�í	+ b e��d;�I4 Î � .
3.1.2 Estimation of the signal

Giventheapproximateexpressionfor the tail-distribution of the likelihoodratio
statistic,we may testthe hypothesis06J�7 . This is rejectedif the maximumof
the field exceedsa given threshold

Î
k , determinedby the level � of the test. In

this case,thesignalhasbeendetected, andthe inferentialproblemis changedto
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characterizingor estimatingthe shapeof the signal. It is in this step,that the
largestweaknessof therandomfield theoryis found.

If the model (3.1) was really true, the maximumlikelihoodestimateof the
signalwould be given by the estimates� Æ0xL¹ÆdOåOLËÆ¨(åu� andthe known function ���3
�� ,
andwe would be done. In practice,however, the field may have morethanone
signal and they are not necessarilyshapedlike Gaussianfunctions. One does
thusnot really believe the model(3.1), but useit merelyasa stepin a heuristic
argument.Insteadthesignalis estimatedwithoutreferenceto aspecificmodel,for
instanceby theentireexcursionset �*E!K . Therationalebehindthis estimateis that
any voxel in theexcursionsethasa significantdegreeof activation,asmeasured
by the threshold

Î
k , and is henceregardedasactivated. Basically the imageis

thresholdedto detect“significanttops”.
The problemis of course,that the estimatedsignaldoesnot even remotely

reflecttheoriginal model(3.1). Firstly thetheoreticalsignalrisesfrom zeroand
takesall valuesfrom zero to 0M¨ % .4ãÍ�å ����7M� , while the estimatedsignalwill only
havevalueslargerthan

Î
k . Thetraditionaldiscussionaboutthesignificancelevel

andthephilosophybehindtheNeyman-Pearsonapproachto statisticalinference
is extremely relevant in this situation: The experimentermay slide the signifi-
cancelevel � up anddown by pulling a bar on the computerscreen,by which
theexcursionsetsdecreasesandincreasessmoothly, andeventuallytheactivation
peaksmay be followed all the way to zero. A problematicquestionis why the
magicnumber �wJy�ML , say, is chosen,whenclearly the activation patternhas
morefacetsthanwhatis revealedby thesignificantexcursionsetat this level.

Anotherproblemis thatthesmoothingappliedto theimagë(å is optimalin the
senseof maximizingtheteststatisticfor activation,but not in termsof producing
anexcursionset,which reflectsthetruesignal. On thecontraryif thetruesignal
haswidth ¨(å , thedetectedsignalin thefield e��d¹LR¨(åu� will havewidth N ��¨(å , andit
will hencebewider thanthetruesignal.In practicethis meansthattheestimated
activationpatternswill betoosmooth,andactivationmaybepresentin unrealistic
areas.In otherwords,theoptimalsmoothingis relatedto thedetectionthesignal,
not to theestimation.

The issuesraisedabove aresomeof the “obviouspitfalls of answeringwhat
is reallyanestimationquestionby ahypothesistest” (Worsley, 1997).Procedures
which areoptimalin hypothesistestingneednot beoptimalin anestimationpro-
cedure,andinferentialchoiceswhichareacceptedwhentestingahypothesis,may
besubjectiveandadhoc in anestimationframework.



32 3. SPATIAL MODELLING OF FMRI DATA

3.1.3 Alter native test-statistics

As mentionedabove, thesignalmayhave characteristicswhich theexcursionset�GE!K doesnot convey. To reveal these,alternative test-statisticshave beenpro-
posed,andtheirapproximatedistributionobtainedfor arandomfield of type(3.2)
underthenull-hypothesisof no signal.Onestatisticis themaximalsizeof a con-
nectedregion,or cluster, in theexcursionset �GE (Fristonetal., 1994;Xiong etal.,
1995).Thethreshold

Î
is chosensmallerthanthesignificantthreshold

Î
k above,

andanentireclusteris declaredsignficantif its sizeis largerthanwhatis expected
by chance.This statisticis not derivedasa likelihoodratio statisticin a specific
modelfor the signal,but it is morepowerful thanthe maximumheight,for dis-
tributednon-focalsignals(Fristonetal., 1994;Xiong etal., 1995).An alternative
is to combinethetwo tests,by declaringapeaksignificantusingboththesizeand
the height(Polineet al., 1997). Fristonet al. (1996a)takesthe inferencea step
furtherandperformsa setlevel inference,wherea completesetof clustersis de-
claredsignificantbasedon their numberandsize. Individual clustersmayhence
beinsignificant,but theentiresetof clustersis significant.

Theestimatesobtainedin thiswaysuffer from thesamelimitationsastheones
discussedabove: Characteristicfeaturesof the estimatesaredeterminedby the
significancelevel of a hypothesistest,ratherthanfrom a modelfor theactivation
pattern.For theclustersizetest,theactivation level mustalwaysbehigherthan
thethresholdusedto definetheclusters,which is commonlychosenin anadhoc
way, andtheestimatedclusterswill alwaysbelargerthanthecritical size.

3.1.4 Assumptionsunderlying the random field theory

Thedistributionalresultsrely ontheassumptionthattheobserveddiscreterandom
field 9A®<@? is a sufficiently goodapproximationto the continuous,O � -differenti-
ablefield e�@dML©¨4� in (3.2). Thecritical assumptionsarethat i) thefield mustbe
stationaryandGaussian,ii) thediscretizationmustbesufficiently fine compared
to the width of the auto-correlation.Furthermorethe distributional resultsare
asymptotical,whicharegoodapproximationsonly for high limits of thethresholdÎ
, and the expressionsdependon the smoothnessof the field, which must be

estimated.
The Gaussiandistribution is crucial, sincethe extremetail is usedto deter-

minethethreshold.Thereis hencea considerabledifferencebetweena Gaussian
distribution anda � -distribution with 20 degreesof freedom,for instance. The
assumptionthat the field is smoothcomparedto the discretizationis alsoquite
restrictive,andis problematicin fMRI data,wherethevoxelsarenot very corre-
lated. The typical solutionto this problemis to smooththedataspatiallywith a
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Gaussiankernel1. This correspondsto transformingtheraw data e��d¹LR¨ ' � to the
smoothedfield e��dML©¨(åu� . As mentionedearlierthis transformation,andthusthe
choiceof thesmoothnessparameter̈(å , is basedon knowledgeof typical signal
widths, but often the concernthat datamustbe smoothenoughto comply with
thetheoreticalframework influencesthechoiceof smoothingalso.Regardingthe
latteraspect,it is of coursepreferableto adaptthetheoryto thedata,ratherthan
viceversa.

We focuson theGaussianrandomfield framework here,but shouldnotethat
a rangeof alternative methodshave beenproposedfor assessingthedistribution
of the test-statistics,whentheassumptionsarenot fulfilled. Thesearebasedon
permutationtests(Holmeset al., 1996; Bullmore et al., 1999) or Monte Carlo
simulations(Rolandetal., 1993;PolineandMazoyer,1993,1994;Formanet al.,
1995;Ledberg et al., 1998).

3.1.5 Smoothingasnon-parametric estimation

As mentionedabove, thespatialsmoothingof thedatais partly madein orderto
obtaintheoptimal teststatisticfor a signalandpartly to ensurethat thediscrete
datais agoodapproximationto acontinuousrandomfield. A third wayof viewing
smoothingis asanon-parametricestimationprocedure,sincethesmoothedimage
may be interpretedasa kernelestimateof the true activation surface(assuming
for themomentthatthekernelis scaledto integrateto 1). An overview of kernel
estimationfor longitudinaldatais givenby Müller (1988).

Non-parametricregressionmethodsarevaluabledata-exploratorytools, and
they are superiorto parametricmethodsif thereis a lack of knowledgeon the
functionof interestto proposea realisticparametricmodel. Evenif this is partly
the casefor fMRI data,due to the complexity of the activation signal, we do
havesomeknowledgeof thephysiologicalandneuronalprocesses,whichmaybe
includedqualitatively in a parametricmodel.Also thereis oftensubstantialprior
knowledgeon thelocationof theactivation,basedon high-resolutionanatomical
scans,whichshouldalsobeusedin amodel.

As is well-known thebandwidthof thekernelgovernsthe trade-off between
biasandvarianceof theestimate;thewider thekernel,themorebiasedandless
variablewill the activation surfacebe. The bias is proportionalto the second
derivative of the true surface,andwill hencebe high nearpeaks,which arethe
mostinterestingfeaturesof the fMRI signal. Choosingthecorrectbandwidthis
thereforeadifficult andimportantissue,whichhasreceivedmuchattentionin the
kernelestimationliterature. In fMRI, however, thedegreeof smoothingis often

1An alternative is to reducevoxel sizeby interpolationto a finer grid. Thedimensionalityof
thedatadoes,however, increasedrasticallywith this approach.
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selectedby asubjectivecriteria,andit seemsthatnoneof thetraditionalmethods,
suchascross-validation,havebeenapplied.

3.1.6 Why is the random field approachsopopular?

As discussedabove, thereareproblemswith therandomfield theorywhenused
for estimationof theactivationpattern.Yettherandomfield approachis extremely
popularin the brain imaging community, and it hasdevelopedinto the golden
standardby which to reportonesresult.Thenaturalquestion,giventheproblems
mentionedabove, is why this is so.

The field of humanbrain mappingis still youngand it is evolving rapidly.
The first fMRI experimentswere reportedlessthan 10 yearsagoand the PET
experimentspredatethesewith only a few years.Therehasbeena greatdealof
pioneerersenthusiasmin thefield, dueto thepotentialof non-invasivelyobtaining
movies of the working humanbrain, and the analysistechniqueshave evolved
very rapidly. Theenormousamountof informationin brainimagingdatamaybe
pre-processed,analysedanddisplayedin a multitudeof ways,which maymake
it impossibleto obtaina transparentview of the informationpresented.In order
to haveasolid scientificfootholdin thisevolving researchenvironment,it is very
importantto force researchersto quantify the significanceof their resultsin an
objectiveway, andtherandomfield theoryprovidesaframework for doingexactly
this.

Thereis a strongtradition in the medicalworld to reportsignificanceof ob-
tainedresultsin termsof i -values.Thesearefamiliar quantities,andresearchers
know they areon safeground,whena i -valuecanbe attachedto their findings.
This is what the randomfield theoryprovides. Even if a i -valueprovidesonly
limited information,theconceptof varianceof anestimatorof theactivationvol-
umeis muchmoresubtle,alsofor statisticians.It is a bit tricky to interpretand
visualizethevarianceof avectorof dimension

� �M��� � , say.
Therandomfield approachwasoriginally usedfor PETdataandit gainedits

popularityhere. PET dataarequite different from fMRI data,for examplebe-
causethe spatialresolutionis muchlower in PET, sincethe imagesaresmooth
at acquisition. Furthermoreit is often necessaryto combinedatafrom different
subjectsin PET studiesto obtainsufficient statisticalpower, which requiresad-
ditional smoothing,in order to transformdatato a commonbrain atlas. Hence
boththesignalandthenoisetendto bemuchsmootherin PET, thanin MR data.
This bothmeansthattheassumptionof smoothnessof thefield is oftennaturally
satisfiedfor PETdata,andthatdetailedestimationof thespatialactivationpattern
is not relevant. On theotherhandMR datahasanexcellentspatialresolutionat
acquisition,which is oftensacrificedin orderto usetherandomfield theory.

Finally animportantpracticalissueis thecomputationalburdenof ananalysis
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techniqueand the degreeto which it canbe automated.Many, thoughnot all,
of the spatialmodelsto be presentedlater, requirestime consumingalgorithms
anda lot of userinteraction,which makesthemunsuitablefor routineanalyses.
Thesimpleformulasof the randomfield theoryarehardto competewith in this
respect.

3.2 Parametric spatial models

Wewill now turn to a review of differentspatialmodels,thathavebeenproposed
for theactivationpatternin fMRI data.They will bedividedinto threemaincat-
egories,basedon thethreedifferenttypesof spatialmodelling,that theenclosed
papersaddress.

3.2.1 Local models

By theterm“local model”weheremeanamodel,which is specifiedthroughcon-
ditional or marginal distributionsfor small regionsof the scan. The inferential
aim in this approachis moremodestthanthat underlyingthe high-level models
describedin the next section: Onedoesnot attemptto model the simultaneous
distribution of the entireactivationsurface,but merelywishesto includethe as-
sumptionsof coherency andsmoothnessin theestimateof theactivationpattern.

In Paper II weproposeamarginalmixturemodelfor thespatialpatternof activa-
tion. Thedistributionof thepatternis specifiedonasmallregionof voxels,saya3�

3
�

3 blockaroundthevoxel of interest,andtheneighboursarethenusedwhen
calculatingthe posteriordistribution of the centrevoxel beingactivated. Unlike
relatedlocal smoothingor filtering techniques,this approachis basedon a para-
metricmodelfor thedata,whichprovidesabettertheoreticalunderstandingof the
method,andallowsusto quantifyresultsin probabilisticterms.

Wewill assumethattheactivationis describedby anunobservedbinaryimage9	�ë<@?A<CBOD , where �ë<éJö� if voxel � is activatedand �1<»JK7 if not. The marginal
distributionof the ®< ’s is amixtureof two components,���V� �_J i ���V�n�f��Jw�	� � �0�é/ i �W���V�n�f�¿J�7¹�uL (3.3)

where� is theindicatorvariablefor activationin theparticularvoxel andi is the
global probability that a voxel is active. In a typical analysisof an SPM, only
the null-distribution ���V�n�f� J�7¹� is explicitly given; this is the distribution of
thetest-statisticunderthenull-hypothesisof no activationin theparticularvoxel.
Herewealsorequirethatthealternativedistribution �����~�f�¿JÈ�	� canbespecified.
The latter may be a non-centralversionof the null distribution or it may have
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an entirely different form, this will dependon the test-statisticusedandon the
distributionof activatedvoxels.

Let ø <_J 9	� å L©� ' LONONON&L©� ¯ ? denotetheneighbourhoodaroundvoxel � , suchthat� å JY� is thecentre,and � ' LPNONONPLR� ¯ arethe � neighbours.For typographicalreasons
we will usethenotation  �< insteadof  <QP . Let R� Ô J ��n<@LR '< LPNONONPLW ¯< � andlet�S� Ô bedefinedsimilarly. Supposewehavespecifiedaprior distribution ù~���G� Ô J± � for any configuration

± ¼è9;7vLO��? ¯ � ' . Thecorrespondingposterioris thengiven
by ù~���S� Ô J ± ��R� Ô �"!aù~�VR� Ô �f�S� Ô J ± �Wù~���S� Ô J ± �,N
This may be marginalizedto the posteriordistribution of �ë< by summingover
the neighbourvalues. If we furthermoreassumethat the ®< ’s areconditionally
independentgiven �S� Ô , wearriveat theexpressionù~���1< J ± å ��R� Ô �!c���V®<x� ± å �ê`T l BVU@åRE '	W


@
@
 `T � B@U@åRE '	W � ¯X�WF ' ���V �< � ± � � � ù~���S� Ô J ± �,N (3.4)

It is very appealingto usethis posteriordistribution for classificationof a voxel:
It combinesthe observed valuesof the statistic,not only at voxel � , but alsoat
theneighbouringvoxels,andby theprior distributionfor �G� Ô wemayincludeour
knowledgeof theactivationpattern.

The importantpart of the model is the specificationof the prior distribution
for �S� Ô . We proposethreedifferentmodelsin thepaper, rangingfrom analmost
simplisticoneto amorerealisticone.They all reflecttheidea,thatactivatedareas
tendto constitutea clusterof voxels, ratherthana single isolatedvoxel. For a
givenconfiguration

± ¼ 9;7vLP��? ¯ � ' we will let dæJ Û ¯�WFxå ± � . Thesimplestmodel
is thengivenby ù~���G� Ô J ± �"J Y « å if d[J�7*L« ' if ds5 7*N
Sinceall configurationswith atleastoneactivatedvoxelhavethesameprobability,
this is a kind of uninformative prior, which neitherfavoursconfigurationswith
very large activation regions,nor isolatedactivatedvoxels. The modelmay be
parametrizedby theprobability i of a voxel beingactive,givenby i J « ' � ¯ . An
extensionof themodelisù��V�S� Ô J ± �_J Y « å if d]JY7vL�.Ê b %(' if dÂ5 7vN (3.5)

Here Ê is a correlationparameterand the restriction ÊcJ � correspondsto the
previous model. Finally we also considera model whereboth the numberof
activeandnon-activevoxelsenterin theprior, we referto thepaperfor details.
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At a first sight,thepracticalproblemwith this approach,namelythecalcula-
tion of thesum(3.4), seemsto bea severelimitation. If theneighbourhoodis a
3
�

3
�

3 cube,the sumhas �;�[Z õ ��\
million termswhich is far too many for

directnumericalcalculation.Luckily, for many relevantmodelsof ù~���G� Ô J ± � ,
includingtheonesabove, thesummaybegivenin closedform. Thekey point is
thesimpleidentity`T l B@U@åRE '	W


@
@
ó`T � BVU@åRE '	W ¯X�WF ' ���� �< � ± � �"J ¯X�RF '^] ���� �< �07¹� � ���� �< �u�	�`__L
which reducesthelargesumto a simpleproductof � terms.Usingvariousforms
of this, we derive closedform expressionsfor the posteriorprobability ù~���ë<éJ�»��R� Ô � , for instancefor thesimplemodelweget

ù~���ë< JÜ�»��R� Ô �"J abQc � � �µ å<edf � � g « å« ' /8� j � ¯X�RF ' �0� � µ �< � � %('	ghjiQkl %(' L (3.6)

where µ �< J ���V �< �u�	����V �< �07¹� Ç£J�7vLP�MLONONON,Lu� N (3.7)

Noticethat µ �< is thelikelihoodratiofor thevoxel � � beingactivevs.notactive. The
formula(3.6) thuseffectively combinethelikelihoodratiosfrom voxel � together
with thoseof its neighboursto calculatetheposteriorprobabilityof activation.

While the posteriordistribution is calculatedusing only local information,
globalinformationis usedfor estimation.Denotethemodelparametersby � ¢ L�mo�
where

¢
parametrizestheconditionaldistribution of R� Ô given �S� Ô , and m para-

metrizesthe marginal distribution of �S� Ô . One possibility for estimationis to
maximizethecontrastfunctionÊ�� ¢ Lnm �_J ` <CBOD B ³ =^���VR� Ô � ¢ Lnmo�uN
Thedensityof j� Ô maybecalculatedanalyticallyby thesametechniqueasused
whencalculatingtheposteriordistribution above. An alternative to the full con-
trastfunction,is to useonly themarginaldensity(3.3)of ®< to estimate� ¢ L i �uLÊ��]� ¢ L i �_J ` <�BAD B ³ =^���V®<o� ¢ L i �uN
Thesimplestmodelfor �S� Ô hasonly oneparameter, i , which maybeestimated
in this way. ThecorrelationparameterÊ of theextendedmodel(3.5) maybees-
timatedby themethodof moments,usingtheempiricalspatialcovarianceof the
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field. Both contrastfunctionsarebasedon densities,hencetheestimationequa-
tions will be unbiased,andthe estimatorswill be consistentandasymptotically
normalundermild regularity conditionson thespatialcorrelationof theprocess.

Everitt and Bullmor e (1999)consideredthesamebasicmixturemodelasabove,
but did notuseany spatialinformation.Theirmodelis in factequivalentto assum-
ing thatall voxelsarespatiallyindependent,andtheir approachis thusa special
caseof our setup,obtainedby the restriction ��J Ê¦x�0� � Ê¦� ¯ in (3.5). Not sur-
prisingly spatialinformation is very importantfor obtaininga goodestimateof
a spatialpattern,andwe found that our modelreducedclassificationerror with
morethan40% in a syntheticfMRI dataset.Whenapplyingthe modelsto true
data,therewasa striking differencebetweenthe estimatedactivation patternin
our modelandin thenon-spatialmodel,seeFigure4 of PaperII. In generalthe
activatedareaswerelarger, andsingleactivatedvoxelsweresuppressed.

Kernel smoothing estimates. The marginal mixture modelmay alsobe com-
paredwith the usualfiltering approach,wherethe dataare spatially smoothed
with a Gaussiankernelbeforecalculatingthesummaryimage.We comparedthe
estimatesobtainedwith ourmethodto thoseobtainedby smoothingthedatawith
akernelof full-width-at-half-maximum(FWHM) 2and3voxelsrespectively. The
latterarecommonlyusedkernelwidths. On syntheticfMRI data,we found that
our methodwas more powerful than FWHM 3 smoothing,at a given level of
significance,while the FWHM 2 and our methodhad similar power. The ob-
tainedestimateswere,however, qualitatively different,with our estimatesbeing
lesssmooth,this was especiallyobserved with true data. Clearly we canonly
speculatewhat the “correct” activation patternlooks like for real data,but it is
well known thatsmoothingproducesabiasedestimate,whichmaypartlyexplain
thedifference.

Salli et al. (1999)proposedaso-calledcontextualclusteringmethod,which is ef-
fectively aspatialmixturemodel,with anIsingprior. They considerthefollowing
setup, ®<x�f�1<¦JY7Â¥a§���7vLO�	�uL ®<(�f�1< JÈ�]¥a§Ï��°�LP�	�,L
where °a5 7 . The ®< ’s areindependentgiven the indicatorfield 9	�ë<@? , andthe
latterhasanIsingprior distribution,i ���ë<x�f� % <��"!�),+*-6g$2£` �`pv< �¹���o�oJY�1<�� j N
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A neighbourhoodconsistingof the26closestvoxelsin acubeof size � � � � � is
used.Theposteriorprobabilityof a voxel beingactivatedis then,ù��V�1< Jw�»�f� % <�LW¬� %(' JÜ� � )u+*- m ° g / ��2° �oq�<�/¸§®��M� � °��� /èn< j�p L
where q.<¦Jsr�9,Ç£¥a���f�o� Jw��? . For fixedvaluesof 2 and ° , theICM algorithmis
usedto estimatetheactivationfield. Thiscorrespondsto iteratively setting�1<¦JÈ�
if ®< � ��2° �oq�<$/r§®��M�o58°�M� L
and �1<¦JY7 if not,sweepingoverall voxelsuntil convergence.

A problemin this approachis thattheprior is symmetricwrt. activeandnon-
activevoxels.Thisis rarelyrealistic,in mostcasestherewill bemuchfeweractive
voxels thannon-active. To compensatefor this, the parameters2 and ° aread-
justed,guidedby simulationstudies,to control the numberof voxelswhich are
wronglyclassifiedasactive. Fromamodellingpointof view, this is somewhatar-
tificial; the 2 parametershouldreflectthesmoothnessof theunderlyingactivation
pattern,and ° shouldreflectthe magnitudeof activatedvoxels, neitherof these
have direct interpretationin termsof theprobabilityof a voxel beingactive. The
authorsareawareof this, andarguethat they usethe modelonly asa hypothe-
sis testingdevice, ratherthanasa modelfor thetruepattern.It would, however,
beeasierto interpretresultsif themodelwasconsideredin termsof thedistribu-
tion of thedata.This couldbeobtainedby addinga first-ordertermto theprior,
governingtheoverallbalancebetweenactiveandnon-activevoxels,i �V�1<(�f� % <V�_!�),+*-òg i �¹���1<¦Jw�A� � 2 ` �`pv< �Ë��� �»JY�1<�� j N
Theparametersmaybeestimateddirectly from thedata,to reflecttheproperties
of thetrueunknown activation.Unfortunatelyin a conditionallyspecifiedmodel,
theparameterscannotbedirectly interpretedin termsof, for instance,thenumber
of activevoxels,asis possiblefor themarginalmodelsin PaperII.

Descombeset al. (1998a)consideraMarkov RandomField(MRF) modelaswell,
howeverfor thespatio-temporaldata.Theauthorsmodelthedata:ÜJÈ9;:(<>=�? after
having subtractedthe outputof a temporalmoving averagefilter in eachvoxel.
Let  J 9A®<>=Í? denotethe true underlyingprocess.Becausemeanand trends
have beenremoved from the data,  is consideredto representonly the spatio-
temporalactivationprocess.In the caseof isotropicvoxels, the prior for  has
theformi �V¬�_!�)u+*- Y / I` =GF ' ` <CBAD �4` �`pv< 2ut ���(<>=�/Ï� �f=�� � ��2ut ���(<>=¦/è�(<>= � ' � �wv L
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where2Ï5 7 andtheinteractionfunctionist �Jx �"JÜ/ �� � x �  Ã � N
Thespatialneighboursaregivenby thefour closestvoxels(theauthorsonly model
2D scans).Theso-calledt -interactionfunctionfavourshomogeneousregionsin
spaceandtime, but doesnot smoothedgestoo much,sincethe function hasan
asymptoteat 0 as � x_�zy { . Theedgeswhich shouldbepreserved in this situa-
tion, arethetransitionsbetweenbaselineandactivation. A robustnoisemodelis
assumed,by letting thelikelihoodfunctionbeof thesameform astheprior,

ù~��:�� ¬�_!�)u+v- Y / I` =GF ' ` <CBAD t �V�(<�=�/�Ý;<>=�� v N
By a simulatedannealingalgorithm the authorsobtain a MAP estimateof  .
They illustrate,usingsyntheticandrealdata,that theedgesof activatedareaare
muchbetterpreservedin thisestimatethanwhensmoothingthedatawith aGauss
kernel.

In principle inferencecanbemadeby simulatingobservationsfrom thepos-
terior distribution with anMCMC algorithm. Theauthorsrefrain from this, pre-
sumablybecauseit is a very difficult task,dueto thehigh dimensionalityof  .
Insteadthey proposeto usethe modelonly for restoringthe activation pattern,
andthenproceedwith anordinaryvoxel-by-voxel analysis,treatingtheMAP es-
timateastheobserveddata.They acknowledge,however, thatthis is problematic,
becausethe distribution of the MAP estimateis very different from that of the
originaldata,andhenceassumptionsunderlyingusualanalysisproceduresdonot
hold.

As an alternative, a kind of meta-analysisis proposedin Descombeset al.
(1998b). From the restoreddataempiricalestimatesof the HRF areobtainedin
eachvoxel, anddistinctivefeaturessuchasthemaximumanddelayareextracted.
An MRF modelis next constructedwherethesesummarystatisticsaretreatedas
observations,anda binary activation map is consideredasa hiddenprocessin
a Bayesiansetting. An MRF prior is formulatedfor this classificationmap,and
interactionsbetweenthelatterandtheparametermapsareconstructed.Themodel
is, however, a somewhat ad hoc construction,which is not basedon physical
propertiesof thedata,andtheauthorsdo not give any significancestatementsin
thesetupeither.

Kornak et al. (1999)proposedanothermodelbasedon MRF’s, formulatedfor
an SPM 9A®<�? . The model for the latter is, n<]Jö�1<}|¬< ��¤ <@L where 9�|¬<�? is a
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conditionalautoregressive Gaussianrandomfield modellingthestrengthof acti-
vation,and 9	�1<@? is a binaryfield indicatingwhethera voxel is active or not. The
correlationstructurein the � field is modelledby letting �1<�J �Ë� 2 <"5a7¹� where9 2 <@? is anintrinsic Gaussianrandomfield. Theframework is only sketchedin a
conferenceproceedings,andthereseemsto benopublicly availablepapersonthe
methodyet.

Relatedapproachesin statistical imageanalysis.Themarginal mixturemodel
of PaperII may be consideredfrom a statisticalimageanalysisviewpoint also.
Pioneeredby GemanandGeman(1984)andBesag(1986),Markov randomfield
priorshave beenwidely usedin this area.Their popularityis dueto thefact that
knowledgeof thelocalspatialstructurein theimagemaybeincludedin themodel
in anintuitiveandmathematicallyelegantway, in termsof thepairwiseinteraction
functionsin a Gibbsmodel. It is well known, however, that thejoint distribution
of an MRF may possessunexpectedeffects,suchas long rangecorrelation. In
statisticalimageanalysis,theseglobal propertiesarea nuisance,andlocal esti-
mation methods,suchas ICM, aredesignedto minimize the influencethat the
global structureof the modelhason the estimate.The formulationof a model
throughmarginal distributionsis henceanalternative,wherewe ensurethatonly
thespecifiedlocalpropertiesareusedin thereconstruction.

We comparedestimatesof an imageobtainedby our method,and respec-
tively theMAP andICM estimatesusinganIsing prior. We consideredclassical
datasetsfrom the literaturewith bothGaussianandbinarynoise,andfound that
our method,usingthemodel(3.5) on a 5

�
5 grid in theplane,performedcom-

parablywell with bothothermethods.An importantdifference,however, is that
we give closedform expressionsfor the estimates,wherethe MRF approaches
requireiterativeprocedures.

MelocheandZamar(1994)consideredaframework verysimilar to ours.They
alsorestoredbinary imagesusingmarginal models,andfurthermoreconsidered
a very elegantnon-parametricapproach,wherethedistribution of theunderlying
imagewascompletelyunspecified.Using themethodof momentsthey obtained
unbiasedestimatorsfor theparameters.Their adaptive setupallowedthemto re-
storequitedifferentimageswithin a singlemodel,but insteadthey hadto restrict
themselvesto small neighbourhoodsof only four neighbours.The direct calcu-
lation of thesum(3.4) wasthusnot a problemfor them,andthey did not obtain
closedform expressionsfor it.

An earlyreferenceis Hjort andMohn (1984),who alsostudieda verysimilar
approach.Their framework is reviewed in Hjort andOmre (1994). They con-
sidereda transitionmodel,which, in our notation,hasthe form ù~���G� Ô J ± � Ji � ± å �z~ ¯�WF ' i � ± � � ± å � . This form allows analyticalcomputationof the sumasin
our setup.They alsostudiedtheextensionto correlatednoise,wherethesimple
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form of theposteriorprobabilityis maintained.

3.2.2 High-level models

It is often the case,that more high-level questionsare asked than what can be
answeredby asimplespatialactivationestimate.While alocalmodelis attractive,
becauseit is simpleandcomputationallyfast,globalmodelshold thepotentialfor
moredetailedinferenceaboutthespatio-temporalactivationpattern.

Pioneeredby theseminalpaperof GrenanderandMiller (1994),therehasbeen
anincreasinginterestin thefield of statisticalimageanalysisin formulatingprior
modelsfor spatialpatterns,which arebasedon high-level structuresratherthan
low-level smoothnessproperties.Whereimageanalysismainly meant“restora-
tion” in theeighties,thefocusof theninetieshave beento interpretthestructure
of an imagein closedform. Examplesin this line of thoughtarethe works by
Baddeley andvanLieshout(1993)andRueandHurn (1999).

In this section,we will discussmodelsfor fMRI data,which are basedon
this high-level line of thought. Theaim of theanalysiswith this typeof models
areoftenmoreambitiousthanwhatcanbeachievedby local smoothnessmodels.
Unlike a local model, a high-level model may be parametrizedby the number
of activation foci and the extent of these,and inferenceon theseparametersis
thereforepossible.Hencemorespecifichypothesismaybeaddressed,thanmerely
“where is theactivation?”. An examplecouldbe the hypothesisthat the areaof
anactivatedregion increasesunderonetaskcomparedto another. Thepricepaid
for this advantageis of coursethatstrongerassumptionsaremadein themodel.
A critical point is thusto studyhow well datasupportthese,or how robust the
conclusionsareto violation of the assumptions.In contrastto statisticalimage
analysis,this is oftena very difficult taskin fMRI, sincewe never actuallyknow
whatthetrueactivationpatternis.

In Paper I we formulatea globalmodelin a Bayesianframework for thespatio-
temporaldata 9;:(<>=Í? . Thefundamentalassumptionis thatspaceandtime aresep-
arable,in the sensethat the temporalactivationprofile is thesamein any voxel,
only themagnitudechangesfrom voxel to voxel. For simplicity, weonly consider
a two-dimensionalmodelfor a singleslice.

Let  J 9A ' LONONON,LR®I ? be a marked point process,which parametrizesthe
activation pattern. A point Â�3J ��°(�AL ± �ALÑÐ	�ALn)Ñ�ALÑ�Ñ�&� may to someextent be con-
sideredasa centreof activation,wherethe locationis givenby °(� , andthe four
marks � ± �	LÑÐ	�OLn)Ñ�	LÑ�Ñ�,� describerespectively the magnitude,area,eccentricityand
angleof the centre. The magnitudeof activation 9	�1<�?A<CBOD is assumedto have a
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specificgeometry, namelyasumof Gaussianfunctions,�1<f��¬�"J�X����`�R ' � � 
@
@
 � X����`�R®I¹�
where X��V���RÂ�&�^J ± � ),+*-nm»/ \�B ³ =^�Ð	� g � �@� ')Ñ�&x�0�»/�)©�&� � � �����0�é/�)Ñ�,�R�)Ñ� j�p
and � ��J � � � ' L � � � �¾JêÚ®�0/1�Ñ�O�P�V� /Y°(�,� and Ú®����� is a rotationwith angle � . This
representationis motivatedby thecommonassumptionsof smoothnessandspatial
extent of the activation, andthe ideais that a generalsmoothactivation surface
with few localizedpeaks,maybewell approximatedby a collectionof Gaussian
functions.

We have specificprior knowledgeon the differentparametersin the spatial
model.Themagnitudeof theactivationis typically about2%-5%,we expectthe
activatedareasto cover at leasta few voxels, and we may even have a strong
prior ideaof wherethe activation will occur, basedon previous experimentson
thesamesubjector on generalknowledgeof thebrain functionunderstudy. We
will assumethat the prior distribution of  hasdensitywith respectto the unit
ratePoissonprocessof theformi ��� �"! IX <�F ' 2ð��°¦<�� � X <��� ¢ �V�(<ÍLW� �P� � IX�RF ' 9 i � ± �&� i ��Ð	�&� i �J)©�&�Ñ?^N
Here 2 �3
�� is anintensityfunction,whichmaybeconstantif wehavenoknowledge
of wheretheactivationis likely to occur,

¢ ��
�L#
�� is apairwiseinteractionfunction,
whichdiscouragescentresto fall ontopof eachother, andi ��
>� is agenericnotation
for a prior distribution for the threemark parameters

± � , Ð	� and )©� . We have
chosentruncatedinvertedGammadistributions for

± � and Ð	� , which penalizes
smallvaluesseverely, but is fairly uninformativeotherwise.

Supposethatamodel U = for theHRF is assumed.Weremovea lineartrendin
eachtimeseriesprior to analysis,andthusassumethatnon-activatedvoxelshave
mean0. Given  , thedetrendeddata :(<>= aremodelledas,:$<�=�Jó���1<��V¬� �rÕ <�� U = �r¤ <>= (3.8)

where
¤ J÷9 ¤ <�=�?6¥{§R� D�����Iv��7vL©¨ ���w��� � , and

Õ J÷9 Õ <�?ô¥ö§R� D�����7vL�� � ª � D���� . TheÕ
-termsconstitutea spatialprocess,which compensatefor small differencesin

the true activation surfaceand the idealizeddescription�£�V¬� . Technicallythe
purposeof therandomsurfaceis to regularizethespatialestimate,but intuitively
we may think of the variance�x� asa measureof how well we expectthe actual
truesurfaceto berepresentedby thesimplestructureof themodel.
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Let �:$< denotethe estimatedregressioncoefficient wrt. U in voxel � , �:(< J: �< � %(' U  U � � %(' U , where :(<æJ ��:$< ' LONONON&LÑ:$<�I¹� � and U J � U ' LONONON&L U IM� � . The re-
gressionimage �:yJh9 �:$<�?A<CBOD thencorrespondsto the usualSPM in the present
model. In the paper, we show that �: is sufficient for  , and inferenceon the
lattermayhencebecarriedout in thespatialdomainonly. This illustratesthatthe
classicalapproachof reducingthetimeseriesof scansto asingleimage,which is
next analysedby aspatialmodel,is in factasufficientreductionof thedatain this
case.Also it providesanintuitiveunderstandingof thespatio-temporalmodel;in
thecasewhere U is known, it is in factjust aquitesimplespatialmodel.

In themoregeneralcase,where U is not known, wemayassumeaparametric
modelfor this. In the paperwe have illustratedthe flexibility of the methodby
assuminga generalstatespacemodelfor U , which allows for temporalvariation
in theHRF. Themodelis U =�J Ì = ��� =fL (3.9)

where
Ì = is afixedconvolutionmodelfor theHRF, and 9 � =Í? is a randomwalk.

The inferencein themodelis centredon theposteriordistribution of ��6L U � .
We may computeestimatesof the posteriormeanof different functionsof in-
terest,andassesstheir uncertaintyby the posteriorvariance. Also the support
that datagives to a specifichypothesisof interestmay be quantifiedby poste-
rior probabilities. In ordercalculatetheseintegralswith respectto the posterior
distribution,wehavedesignedanMCMC algorithmfor simulatingthepoint pro-
cess given ��:^L U � , basedon theGeyerandMøller (1994)algorithmfor general
pointprocesses.Theposteriordistributionof U given ��:"LR6L Õ � is asimplenormal
distribution,whichmaybesimulateddirectlyby theKalmansmootherrecursion.

Kiebel et al. (2000)proposedto decomposea spatialactivationpatternin terms
of Gaussianfunctionsaswell, however in a quitedifferentframework. Their ap-
proachwasbasedona techniquefor extractingthecorticalsurfacefrom anatomi-
calMR scans,acquiredsimultaneouslywith thefunctionalscans.Thegrey matter
surfaceis describedby a list of verticesandtriangularfaces,which is projected
onto a planeto form a flattenedmap. The projectionis designedto minimize
distortionsdue to the curvatureof the cortical surface. A set of spatialbasis
functions � � � , ÇrJê�MLONONPNPLÑ§ � is definedon the flattenedsurface,where � � � is an
isotropicGaussianfunction with standarddeviation � . The centresof the func-
tionsform a regularhexagonalgrid in theplane,with distanceÐ betweenpoints.
The authorschose � J � mm and ÐÞJ � mm, which gives in the order of
1500basisfunctionsin eachhemisphereof the brain. A spatialactivation pat-
ternof the form Ûs����WF ' 2Ë� � � � maynow be projectedbackonto the foldedcortical
surface,andthentransformedto voxel spaceby integratingtheactivationcontri-
bution in eachvoxel. Theseoperationsaffect thebasisfunctionsonly, andthere
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is hencea linearrelationshipbetweenthevolumeof scans:9�0= andthemagnitudes2��0=4Jó�V2 ' =fLONONON&L©2 ��� =�� � at time � , :9�0=4JY�12��0= �¸¤ �0=fN (3.10)

Here
¤ �0= representsscannernoise.Clearly this is a very appealingframework, in

which to work: It is muchmorenaturalandrealisticto formulatesimplespatial
modelsin thecorticalsurfacespace,thanin thearbitraryspacedeterminedby the
voxels.It is quiteclearthatin orderto extractmoreandbetterphysicalknowledge
of thebrainfrom neuroimages,oneshouldlet theanatomyof thebraindictatethe
analysis,not thescannerequipment.

Kiebel et al. continuefrom the representation(3.10) by obtaininga ridge
regressionestimateof 2��0= andnext usea combinationof singularvaluedecom-
position and canonicalvariateanalysisto estimatethe activation patternin the2 -space.Theprocedureis not backedby anexplicit statisticalmodel,andhence
the authorsdo not make any significancestatements.Thereis, however, a wide
rangeof alternative andrelevant methodsfor makingmodelbasedinferencein
the 2 -space:Thecomplicated3D dataarereducedto a regular two-dimensional
hexagonallattice, andany relevant lattice processfrom spatialstatisticsmay be
appliedfor this part of the analysis. The 2 -parameterscould be consideredas
a spatio-temporalstochasticprocessin a Bayesiansetting,andthe assumptions
underlyingthe stochasticgeometrymodel above, of a certainspatialextent of
theactivations,would naturallybe translatedinto a positive correlationbetween
neighbouringsitesin thelatticeprocess.Prior information,regardinglocationof
theactivation,is easilyincorporatedin thisframework aswell, andtheuncertainty
of the 2 -processmaybereadilyquantifiedby theposteriorvariance.A furtherad-
vantageis that therewould bea clearerdistinctionbetweenscannernoise,repre-
sentedby

¤
, andthephysiologicalnoise,which would beembeddedin themodel

for the 2 -process. In short,we are of the opinion that spatio-temporalmodels
formulatedin thespaceof thecorticalsurfacehavemany advantagescomparedto
voxel basedmodels,andthereis no doubtthat this is a promisingandimportant
researchtopic for thecomingyears.

The marked point processmodel could be formulatedon the flattenedmap
also. In practicethis would not be a goodsolution,becausethe transformation
of theactivationpatternfrom theflattenedmapto voxel spacewould have to be
recalculatedfor any updateof thepoint processin theMCMC algorithm,which
would be quite expensive in computertime. Insteadit really makessensefrom
a practicalpoint of view, to discretizethe spaceinto theamplitudesof the basis
functions,andwork in thelatticespaceinstead.

Taskinen (2000) studiesan extensionof the marked point processmodel. In
orderto make themodelmorerealistic,hemodelseachactivationsiteby acentre
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point, or a “mother” point, which hasan associatedGaussianfunction with an
unknown width andheight. Themotherpoint hasa sequenceof daughterpoints
aswell, thesearemodelledby a Poissonprocess,with anintensitythatdecreases
with the distancefrom the motherpoint. Eachdaughterpoint contributesto the
activation surfacewith a small Gaussiankernelwith a fixed width. Clearly one
can representirregular activation areasmore satisfactorily in this setup,and it
is furthermorepossibleto interpretthe motherpoints individually, unlike in the
approachin PaperI. The setupis however quite complicated:The activation is
describedby a marked point process,whereone of the marks is itself a point
process. The task of designingan MCMC algorithm which moves efficiently
in this vaststatespaceis by no meansstraightforward, andhenceonemay be
concernedaboutthesimulationof theposteriordistribution.

3.2.3 A deconvolution model

With Kiebel et al. (2000)asan exception,the modelsdescribedabove all focus
on estimatingthe smoothhaemodynamiceffectsof neuralactivation. It seems
natural,however, to studyapproachesto solve the inverseproblem,andestimate
theunderlyingneuralactivationinstead,which is themainparameterof interest.
By formulatinga model in termsof local smoothbasisfunctions,Kiebel et al.
effectively performa kind of deconvolution of the data,andestimateactivation
on a neuronallevel. In this approach,the shapeandsizeof the basisfunctions
arechosenin anadhocmanner. Descombesetal. (1998b)proposeto extenttheir
Markov randomfield modelwith aconvolutionterm,to modelthehaemodynamic
effectsdirectly, but they aswell arguethatthechoiceof theconvolution kernelis
adifficult one.

The deconvolution approachis also studiedin PaperIII, wherea model is
formulatedfor theanSPM  Jó9A�?A<CBOD . Let � Jó9 � <@?A<�BAD denotetheactivation
patternon a neuronallevel. This is modelledasa randomfield, definedon the
discretevoxel space� . Thevariates� < areapriori assumedto beindependentand
follow amixtureof apositiveandanegativeGammadistributionandadistribution
concentratedat0. Thehaemodynamicresponse� is modelledby convolving this� -field by a kernel, � < Ja`�uBOD �M<�� � �AL
where ��<�� is a kernelon � � � , which is normalizedsuchthat Û �ÑBAD ��<���J�� .
Finally theobservedfield is modelledby addingGaussiannoiseto thehaemody-
namicresponse, öJ � �r¤ L ¤ ¥a§R� D�����7vLuº»�,L
where º is a ����� � ����� covariancematrix.
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Thewidth andshapeof thekernelis estimatedby themethodof moments.For
astationarymodel,wehave that²P³ ì���®<ÍLR8���"J¿¨z� % < � ì�í�îO� � <V�(`�ÑBAD ��<��&��� �AL
hencethecovarianceof the  field will consistof apartdeterminedby therandom
noise,anda part determinedby the haemodynamicdiffusion kernel. The noise
covariancemay be estimatedvery well from the original time seriesof scans,
usedto producethe summaryimage  , and hencewe may usethe empirical
covarianceof  to estimatethe kernel � . For visual stimulationdata,we found
thatanexponentialkernel�M�(!�)u+*-£�f/87��n7&��]� L ��¼�� � L
with �¿Jw��N�� mmfittedwell to theempiricalcovarianceat smalllags.Themodel
thus predictsthat the vasculareffects spreadover a circle of diameterabout5
mm, which correspondswell to the figuresof 3-6 mm reportedin the literature
(MalonekandGrinvald,1996).

We studytheposteriordistribution of the � -field by MCMC simulations.An
algorithmis proposed,which employs anauxiliary variableto decorrelatethe � -
field in the posterior. In order to perform Gibbs updates,we furthermoreuse
a rejectionsamplingalgorithm for simulatingobservationsfrom the “Gamma-
Normal” distribution, of the form ���V� �£!�� k %(' )u+v-�9Ë/ë24�6/ Ê$�$�O? , �Y5K7 . The
algorithmusesdifferentcombinationsof envelopesin eachof four differentre-
gionsof theparameterspace.Wedescribethealgorithmin detail in PaperIV and
show thatit is asymptoticallyoptimalwith certainlimits of theparameters.

Weestimate� by theposteriormeanimage,andillustratehow amoredetailed
and“sharper”imageof the activation is obtained.The differenceis particularly
large,whencomparedto thenon-parametrickerneldensityestimates,whichtakes
thedirectoppositeapproachandsmooththedata.

3.3 Estimation or hypothesistesting?

Thephilosophyof parametricspatialmodelsin Section3.2 is verydifferentfrom
the hypothesistestingapproachdiscussedin Section3.1. The outcomeof the
analysisis an estimateof theactivationsurface,preferablywith standarderrors.
There is no multiple comparisonsproblemas such,becauseone doesnot test
multiplehypotheses.In contrastto therandomfield approach,wemaysummarize
theadvantagesof parametricmodelsasfollows:
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1. The dataare not smoothedspatially, hencethe detailedresolutionof the
MR scanis maintained.Insteadthe smoothingis performedimplicitly by
themodel.

2. Prior knowledge,suchastheanticipatedlocationof theactivation,maybe
includeddirectly in themodel.

3. The distributions of active as well as non-active voxels are modelled; in
generalthiswill maketheanalysisrobustto assumptionsof thenoisemodel.
In contrast,therandomfield approachdefinesactivationby theextremetail
of the noisedistribution, and it will hencebe very sensitive to deviations
from themodel.

4. Parametricmodelsallow the study of detailedhypotheses.Oneexample
is thequestionof whetherthesizeof anactivatedregion increasesundera
demandingtaskcomparedto a simplertask.Questionsof this typemaybe
closerrelatedto theneuroscientifichypothesesof interestthanthequestion
of wheretheactivationis.

5. By imposingstructureon thespatialactivationpattern,assumptionson the
temporalresponsemayberelaxed.As describedin Chapter2, thereis much
debateaboutthe temporalpropertiesof the HRF, and it thereforeseems
relevantto studythiswith asfew assumptionsaspossible.

We have alreadytoucheduponsomeof thedisadvantagesof parametricmodels,
which therandomfield approachdoesnothave:

1. Most parametricmethodsaremuchmorecomputerintensive thantheran-
domfieldsapproach,andtheanalysismaybeharderto automate.

2. The spatialactivation patternmay be very complex, andmostparametric
modelsaretoosimplisticto fully describethetruescene.Modeldiagnostics
andcritical evaluationof assumptionsarehencevery important.

3. Themedicalworld hasa strongtraditionof assigningi -valuesto observa-
tionsmadefrom data.Most likely many researcherspreferthis measureof
significanceto the moredifficult conceptof uncertaintyof an estimateof
theactivationpattern.

4. Thethresholdingin therandomfield setupis very intuitive. Theresultof a
parametricmodelmaybelesstransparentandmoredifficult to visualizein
asimpleway.
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Aboveweview thetwo methodsascompetitors,andcontrasttheiradvantages
anddisadvantages,but this neednotbethecasein practice.A pragmaticsolution
would beto combinethebestof thetwo worlds,andusea thresholdingapproach
to detectsignificantactivation andnext analysedataby a parametricmodel in
orderto obtainconfidenceintervalsfor thesizeof theactiveregions,for instance.
Thiswouldeliminatesomedoubtsthattheparametricestimateof theactivationis
really “significant”.

Thechoiceof methodmayalsodependontheaimof theanalysis.If themain
interestis to detectanactivationsite, it maysuffice to considerthe locationof a
peakin theSPM,asthismaybeinterpretedof themaximumlikelihoodestimateof
thecentreof thesignal. In many functionalstudieshowever, theentireactivation
estimateis interpretedandstudiedin detail.This is especiallythecasewhenfMRI
is usedfor pre-surgicalplanning.In thiscasethevarianceof theestimateis much
moreimportantthanthe protectionagainstfalsepositives—mostpatientswould
supposedlybemoreworriedaboutfalsenegatives.

Anotherexampleis the combinationof resultsfrom fMRI studieswith data
from otherbrainimagingmodalitiessuchasmagneto-or electroencephalography
(MEG/EEG)(Liu etal., 1998).Thelattertechniquesrecordbrainactivationwith a
temporalresolutionof milliseconds,but with averypoorspatialresolution.When
the detailedspatialresolutionof fMRI andthe excellent temporalresolutionof
EEG/MEGcanbesuccessfullycombined,a very powerful imagingtechniqueis
available.Also in this caseanestimateof theactivationfrom thefMRI data,with
associatedstandarderrors,is needed.

4 Statespacemodels
Statespacemodelsis a very flexible classof time seriesmodels,which arebe-
comingincreasinglypopulartheseyears. This is both dueto the wide rangeof
applicationsandto the intuitive framework, which allows oneto interpretvari-
ablesandthestructureof themodelin a directway. As discussedin theprevious
chapters,statespacemodelshave alsofoundapplicationsin fMRI dataanalysis,
asflexible trendmodelsandasmodelsfor thehaemodynamicresponse.Theaim
of this chapteris not to give an introductionto thefield assuch,but to introduce
thework onstatespacemodelspresentedin PaperV andVI. A shortintroduction
to statespacemodelsandtheKalmanfilter, with theCanadianLynx data(Elton
andNicholson,1942)asamotivatingexample,maybefoundin PaperVI. Chapter
8 of FahrmeirandTutz (1994)is a conciseexpositionof thegeneraltheory, with
specialfocuson generalizedlinearmodels,andalsoKünsch(1999)givesa good
andshortintroduction. Thebook by WestandHarrison(1989)providesa more
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detaileddiscussion,particularlyfrom a Bayesianpoint of view, with many good
examples.

4.1 Definition and examples

A statespacemodel is a model for a sequenceof dependentobservation 9;:(=Í?
wherethedependenceis modelledthroughanunobservedMarkov process9A®=�? .
The latter is often referredto as the latent processor the regime. Given  the:$= ’sareindependent,andtheconditionaldistributionof :$= dependson ®= only. A
generalstatespacemodelmaythusbeformulatedas,:(=$��n=�¥ ��� ��Ý;=(���(=��,L®=$��®= %(' ¥a� � �V�(= %(' LW�(=��,L
for �èJ ��LONONON,L©Q and når¥ \ � ���$åu� . Here � � ��
CL�
�� is the transitiondensityof
the latentMarkov process,�;� �3
M��
�� is theconditionaldensityof :$= given ®= , and�®¼��Ü¼ô½?� is aparameterof themodel.

Thevariablesmayhaveany dimensionandthestatespacesmaybecontinuous
or discrete.In thecasewherethelatentprocess takesvaluesin adiscretefinite
space,thetermhiddenMarkov modelis oftenusedinsteadof statespacemodel.

An appealingfeatureof themodelis thefact,that  mayoftenbedirectly in-
terpretedasaprocesswhich is driving thesystem,andwhichweareinterestedin
estimating.This is thecasein many applicationsin biologyandfinance.Alterna-
tively themodelmaybeamathematicalconvenientwayof formulatingaspecific
correlationstructure,for instanceall ARMA processesmaybeformulatedasstate
spacemodels.

4.1.1 The linear Gaussianmodel

Supposethat :(=ô¼ ½ ¯ and ®=¾¼ ½?� . The linear Gaussianstatespacemodel
assumesthefollowing form of thetransitiondensities,:$=�J���=�n= ��� =fLn=�J�  =à®= %(' ��À =fL � =�¥a§Â¯M��7vLÑ�(=��uLÀ =�¥a§ � ��7vL 2 =��,L (4.1)

for �éJ ��Lu�*LONONPN&L©Q and nå ¥Þ§ � �H��åALÑøoåu� . Here ��= and  ï= areknown � � Ð andÐ � Ð matricesrespectively, andtheerrorsequences9 � =�? and 9 À =Í? areseriallyand
mutually independent.Despitethe generalformulation,this model is very easy
to analyse,sinceall relevantconditionalandjoint distributionsareGaussian,and
thecorrespondingmomentsmaybecalculatedefficiently by therecursiveKalman
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filter1 andsmoother. As an example,the filter andsmoothergivesformulasfor
the momentsof the conditionaldistributions �V®=$�0: ' LONONON&LÑ:$I�� , ��®=��0: ' LPNONONPL©:$=�� ,��®=���®= � ' L©: ' LPNONONPL©:$I�� and ��:$=(�0: ' LONPNONPLÑ:(= %(' � for � J �MLONONPN&L©Q . In particularthe
likelihoodfunction i � ��: ' LONONPNPLÑ:(I�� mayeasilybeobtained.

4.1.2 Applications in fMRI analysis

We have describedapplicationsof the linear Gaussianstatespacemodelfor the
analysisfor fMRI datain theearlierchapters.We will reconsidersomeof them
here,aswell asgiveanew example.

Gösslet al. (2000)consideredthestatespacemodel(2.3)onpage17for thetrend
andthehaemodynamicresponse.For a particularvoxel � , it mayberewritten in
theaboveform by setting®=�JÞ� ± <>=fL ± <�= %(' L � <>=�L � <>= %(' � , �.=�Jw�0�ML©7vL Î <>=�L©7¹� , �x=�JY¨��< ,

 ï=�J ¡¢¢£ � /s� 7 7� 7 7 77 7 � /Â�7 7 � 7
¤�¥¥¦ 2 =�J ¡¢¢£ ¨ �ÓVÔ 7 7 77 7 7 77 7 ¨��Ö Ô 77 7 7 7

¤�¥¥¦ N
The unknown parametersare �x= and

2 = , which areestimatedby the EM-algo-
rithm. HeretheKalmanfilter andsmootherareusedto calculatetheconditional
meanandvarianceof ®= given : ' LONONON&LÑ:(I , which areneededin the expectation
stepof the algorithm, and for estimatingthe haemodynamicresponse

Î <>= � <>= by
theposteriormeaná3� Î <�= � <�= �0:(< ' LPNONONPL©:$<>I�� , with theestimatedvarianceparameters
inserted.

In Paper I the statespacemodel(3.9) is consideredfor the haemodynamicre-
sponsefunction. Let :9�0=1Jy��:(<>=��f<�BAD denotethe vectorof all voxel intensitiesat
time � , andlet thespatialactivationmagnitude���ë< �eÕ <V�f<CBOD in themodel(3.8)be
denotedby � , we will conditionon a known valueof the latter for themoment.
Supposethat thenoiseis temporallyuncorrelated,� J ª I . Themodelis thenof
theform :9�0=�J¿� U = �¸¤ �0=fL ¤ �0=4¥a§8� D^�>��7vLR¨ � � �,LU =�J U = %(' �¸À =fL À =4¥a§Ï� Ì =¦/ Ì = %(' L�� � �,N

1Theterm“filter” maybeabit confusingfor astatistician:TheKalmanfilter hasnothingto do
with a filter in theprobabilisticsenseof a sequenceof increasing§ -fields. A filter in this context
is a device for estimatingan underlyingcomponenẗI© from a sequenceof noisy observationsªM«�¬��`�¬	ª © .
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wherethenoisesequences9 ¤ �0=@?A= and 9 À =Í? aremutuallyandseriallyuncorrelated.
Besidesthedrift

Ì =¦/ Ì = %(' in thestateequation,this is thesamesetupasin (4.1).
In the paper, inferenceis madeby an MCMC algorithm,whererecursively the
spatialpattern� andthe temporalresponseU is simulated.The formulasof the
Kalmansmootherallow directsimulationof theposteriordistribution of U given��:"L©� � : We simply startfrom thebackby simulating U I , andthenwork our way
backwardsby simulatingU = from theconditionaldistribution � U =�� U = � ' � , which is
givenin closedform.

It is possibleto extend the statespaceframework to somenon-diagonal� -
covariancematrices.In thepaper, a first orderautoregressivenoisemodelis con-
sidered,thismaybeaccommodatedbyaugmentingthestateprocesswith thenoise
term

¤ = , andmodifying theobservationequationaccordingly.

Bücheland Friston (1998)presentanapplicationof astatespacemodelin fMRI
in adifferentcontext. Theauthorsstudyeffectiveconnectivity, whichis definedas
theinfluencethatoneneuralsystemexertsoveranother, andthey areinterestedin
how theeffective connectivity maybemodulatedby attention.They conducteda
visualfMRI study, wheretwo differentstimuli werepresented,in boththesubject
waswatchinga screenwith white dotsemerging radially from the centrepoint.
The subjectwas instructedto fixate on the centre. In the “attention” task the
subjectwasinstructedto “detectchanges”in speedandin the “no-attention”to
just look. The speedof the dots was constant,but psychophysicaltestsprior
to scanninginducedthe anticipationof speedchanges.The hypothesisof the
experimentwasthatattentionhasamodulatingeffectontheconnectivity between
the motion sensitive areaV5 in the visual cortex and the region known as the
posteriorparietalcortex (PP).Let :(= and �.= denotethe fMRI time seriesfrom
respectively PPandV5. Their modelwasthen,:$=�JY��=�n= �r¤ =�L ¤ =�¥a§���7vL©¨ � �uLn=4J�®= %(' �¸À =�L À =�¥a§���7vL�� � �uL
where ®= is interpretedas an index of effective connectivity. By the Kalman
filter andsmoother, estimatesof the smoothedvalues Æ®=ÂJhá3��n=$�0: ' LONONPN&LÑ:(IM�
wereobtained. It wasdemonstratedthat theseweresignificantlyhigherduring
attentionperiodsthanduringno-attention,which wasinterpretedastheinfluence
attentionhasontheconnectionbetweenV5 andPP. Theestimatedtimecourse Æ®=
wasfurther shown to correlatewell with the time seriesof a third region which
wasinterpretedasthesourceof themodulation.

Wediscussthework hereasaninterestingexampleof how theestimatedlatent
processmaybeusedto addressa specificneuroscientifichypothesis.A different
matteris that oneshouldbe very carefulwheninterpretingthe resultsfrom this
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statisticalframework, whichcanonly provideameasureof correlation.Theinter-
pretationsin termsof causaldependencies,thattheauthorsmake,mustbebased
on non-statisticalarguments.Theauthorsrefer to previously verifiedhypotheses
andgeneralknowledgeof connectivity of the brain for this. It is beyond most
statisticianstrainingto judgetheseclaims,but it is thestatisticiansjob to warnre-
searchersaboutmisinterpretationof detecteddependencies,whichis herebydone.

4.1.3 Non-linear models

Supposeinsteadof (4.1) themodelis:(=�J�X��V®=�� ��� =fL®=4J®  =�n= %(' �¸À =�L � =�¥a§Â¯M��7vLu�x=��uLÀ =�¥a§ � ��7*L 2 =V�,L (4.2)

where X���
>�rç ½?�¯y ½ ¯ is a non-linearfunction. In this situation,wherethe
conditionalmeanof :(= is nota linearfunctionof ®= , thesimpleframework of the
Kalmanfilter breaksdown. The distributionsareno longerGaussian,andthere
arenosimpleformulasfor themoments.

The typical approachto a problemof this kind, is to twist themodelinto the
standardframework by simplifying assumptions.This is alsothecasefor theear-
liest solutions,which are basedon a linearizationof X by a Taylor expansion.
The approximatemodel is then linear andall distributionsarenormal. Several
techniquesof this flavour have beenproposed,andcarrynamessuchasgeneral-
izedKalmanfiltering, extendedKalmanfiltering, non-linearfiltering andsoforth
(WestandHarrison,1989).

An alternative is to keepthe non-linearfunction X but to approximatethe
distributions of the latent processby normal distributions, wherethe moments
are calculatednumerically. This is the approachstudiedby Schnatter(1992),
Frühwirth-Schnatter(1994) and in PaperVI. Let : =' J ��: ' LPNONONPL©:$=�� , and sup-
posethat ®= %(' �0: = %('' ¥ §��H�3= %(' L©ø = %(' � . Then ®=$�0: = %('' ¥ §�� ± =fLÑÚ1=�� where± =�J° ï=}�3= %(' and Ú1=�J±  =�ø = %('   �= �e2 = . By Bayestheorem,theposteriordistri-
bution i �V®=$�0: =' � is givenbyi �V®=��0: =' �_! i ��:(=���®=�� i �V®=$�0: = %('' �,N
This will in generalnot benormal,but is approximatedby a normaldistribution.
Themomentsof n=$�0: =' areobtainedby numericalintegrationwith respectto the
unnormalizeddensity.

In thepapersby Frühwirth-Schnatterageneralizedlinearmodelframework is
assumed,where � ��á���:(=(��n=V�R�"JYä²
O®=�L äh¼ô½ � L
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for a monotonefunction � , andwhere :$= may have any exponentialfamily dis-
tribution. In PaperVI we restrictourselvesto normaldistributions,but consider
a differentnon-linearstructure.We split the latentprocessinto two components,n=]J���®=àE ' LR®=àE � � , andassumethat the model is linear if we conditionon ®=àE ' .
This allows us to usethe ordinary Kalman filter conditionally on the value ofn=àE ' and then only perform the numericalintegrationwith respectto this vari-
able. Sincenumericalintegrationis very inefficient for higher(morethanthree)
dimensions,the proposeddimensionalityreductionis a crucial stepin many ap-
plications. The model for dynamicpulserate in (2.1) and (2.2) hasthis form:
Conditionally on the phaseof the pulse µ	= the model is linear. The numerical
integrationneedsonly be performedin onedimensionin this case,even if the
dimensionof thestatespaceis 8.

Numericalintegrationapproacheswith essentiallynoassumptionsonthestate
spacemodelhavebeenstudiedby Kitagawa(1987)andWestandHarrison(1989).
They usea finite grid of pointsto approximatethe densityof the latentprocessn= %(' �0: = %('' ateachtimepoint � . Theupdatingfrom oneposteriorto thenext may
thenbe calculateddirectly. The numberof grid pointsrepresentsa compromise
betweenspeedand accuracy of the approximation. West and Harrison(1989)
arguethat thechoiceof thefinite setof pointsis crucial,anddesignsanadaptive
way of updatingthe set suchthat the grid evolves in time. For both methods,
thecomputationsmaybevery timeconsuming,especiallyif thedimensionof the
latentprocessis large.

Thesetupin PaperVI is in factaspecialcaseof theframework namedpartial
non-Gaussianstatespaceby Shephard(1994),who designeda Gibbssamplerfor
makinginference.Thespecialstructureof themodelis advantageousalsoin this
situation,sincetheordinaryKalmansmoothermaybeusedfor simulationof one
partof the latentprocessconditionallyon theother. Therehasbeenmany other
approachesto simulationbasedinferencein statespacemodels;seeDurbin and
Koopman(1997),ShephardandPitt (1997)andthereferencestherein.

4.2 Asymptotic normality of the MLE

In PaperV we prove that for a generalstatespacemodel,with a probability that
tendsto 1 as Q³y { , thereexistsa sequence9 Æ�PI*? of (local) maximumpointsof
thelikelihoodfunction,which is consistentandasymptoticallynormal,N Q_� Æ�PIï/¸�Oå,�´y §Ï��7vL	µ %('å �uL ù �!¶ -weaklyas QFy {YN
In particular the maximumlikelihood estimatoris asymptoticallynormal, if it
existsandis consistent.The informationmatrix µ�å maybeobtainedasthe limit
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of theobservedinformation,�Q � ������$� � ��Ix� Æ�PIM�¸· ¶y /´µ4åAL QFy {�L
where ��I(���M� is the log-likelihoodfunction correspondingto Q observations. The
resultsarevalid for generalstationarystatespacemodels,however to provemix-
ing results,weneedbounds̈ and | on thetransitiondensities,7æ� ¨¹��� � ����L Î �I�¯| �º{ for all ��L Î and �
(AssumptionA1), aswell asanupperboundon´�» -� ´�» -¼ E ¼ � �;� ��Ýï��� ���� ��Ýs��� � �(AssumptionA3). Typically theseareonly fulfilled if thestatespaceof thelatent
processis compact.

Theproof is basedon thefactthatthescorefunctionmaybewrittenas��$� �GI(���M�"J I` =GF ' ��$� B ³ = i � ��:(=��0: = %('' �,N
As �½y { the termsin the sumwill tendto a stationarymartingaleincrement
sequence,andthescorefunctionwill henceapproacha martingalein thelimit asQ¾y { . The asymptoticnormality is thenobtainedfrom a martingalecentral
limit theorem.

Our proof is an extensionof the work by Bickel et al. (1998),who consider
thecaseof hiddenMarkov models,wherethelatentprocesstakesvaluesin afinite
space.They in turnbuild on theproofby BaumandPetrie(1966),whereboththe
latentandobserved statespacesarefinite. Besidestheseworks, Leroux (1992)
studiedhiddenMarkov models,and proved consistency of the MLE. Recently
DoucandMatias(1999)havestudiedadifferenttechniquefor proving asymptotic
normality, wherethechaindoesnot have to bestationary, aslong asthemodelis
time-invariant.Their assumptionsare,however, very similar to theonesin Paper
V, and they do hencenot provide the final proof, for non-compactlatent state
spaces.

5 Concluding remarks
Let me concludewith a few generalcommentson fMRI dataandstatistics—as
only a young researcherwould be foolish enoughto do. In many ways fMRI
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representsanew typeof data,which is becomingincreasinglycommonin applied
statistics,andwhich mayeventuallyforceus to take a freshlook at someof the
pillarsof theoreticalstatistics.

Traditionally datais viewed asan almostsacredquantity of information in
statistics.We aretaughtthatonemustnever throw away databut only consider
sufficient reductions,andwe strive to find estimatorswhich usethe information
with full efficiency. Besidesthemathematicalinterestin deriving estimatorswith
optimal properties,this is alsodue to the fact that datais often very expensive
anddifficult to obtain,andshouldbe treatedwith this in mind. In fMRI studies
a datasetof several millions of observationsis acquiredwithin oneminute. If
somethinggoeswrong, anotherset is acquired,virtually free of runningcosts.
Clearly neuroscientificstudiesaredesignedcarefully andneedsmuchplanning
andconsideration,but a datasetis not a treasurewhich is passedfrom teacherto
studentin this world. Seenin this light onemayvery well questionthepractical
relevanceof the optimality conditionsthat areusuallyundisputedin theoretical
statistics.

Anotherfeatureof fMRI datais theproblemof determiningwhatthedataac-
tually is. Theraw observationsof theMR scanneraresamplesof currentsin acoil,
whichform animagein aFourierspace.Thescannerautomaticallyperformsspa-
tial filtering, Fourier transformationandpossiblyalsospatialinterpolation.Next
differentpre-processingroutinesareappliedto correctfor imageartifactsandfor
movementeffects.By thetimethestatisticianactuallygetsthedata,it hasalready
beenprocessedandanalysedatseveraldifferentstages.Weshouldnot regretthis,
becausethe pre-processingstepsimprove the quality of the dataandmakesthe
statisticiansjob mucheasier. But it is abit worryingto know thatit is neverpossi-
ble to replicatetheconditionsunderwhich your datawasgenerated.How should
we interpreta frequentisticor asymptoticargument,whenwe know that thereis
nosuchthing asanexactreplicationof thesameexperiment?

Most likely many typesof dataof thenext centurywill possessfeatureslike
these,andthey will maybechangethefield of statisticsasmuchasthedataof this
centuryhas.Seenin this light, this thesisis only aninfinitesimalstep!



REFERENCES 57

References
Adler, R.J.(1981)TheGeometryof RandomFields. JohnWiley & Sons.

Adler, R.J.(1998)Onexcursionsets,tubeformulae,andmaximaof randomfields.
Annalsof AppliedProbability. In press.
Seehttp://iew3.technion.ac.il:8080/˜ radler/publications.html.

Ardekani,B.A., Kershaw, J., Kashikura,K. andKanno,I. (1999)Activationde-
tectionin functionalMRI usingsubspacemodelingandmaximumlikelihood
estimation.IEEETrans.Med.Imaging, 18, 101–114.

Baddeley, A.J. andvanLieshout,M.N.M. (1993)Stochasticgeometrymodelsin
high-level vision. In K.V. MardiaandG.K. Kanji (eds.),StatisticsandImages,
vol. 1, chap.11,pp.231–256,Appl. Statist.

Bandettini,P.A., Jesmanowicz, A., Wong,E.C.andHyde,J.S.(1993)Processing
strategiesfor time-coursedatasetsin functionalMRI of thehumanbrain.Magn.
Reson.Med., 30, 161–173.

Baum,L.E. andPetrie,T. (1966)Statisticalinferencefor probabilisticfunctions
of finite stateMarkov chains.Ann.Math.Statist., 37, 1554–1563.

Besag,J. (1986)On thestatisticalanalysisof dirty pictures.J. R.Statist.Soc.Ser.
B, 48, 259–302.

Bickel, P.J., Ritov, Y. and Rydén, T. (1998) Asymptotic normality of the
maximum-likelihood estimator for general hidden Markov models. Ann.
Statist., 26, 1614–1635.

Biswal, B., DeYoe,E.A. andHyde,J.S.(1996)Reductionof physiologicalfluctu-
ationsin fMRI usingdigital filters.Magn.Reson.Med., 35, 107–113.

Boynton,G.M.,Engel,S.A.,Glover, G.H.andHeeger, D.J.(1996)Linearsystems
analysisof functionalmagneticresonanceimagingin humanV1. J. Neurosci.,
16, 4207–4221.
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tic Systems, Semstat,SéminaireEuroṕeendeStatistique,EURANDOM, Eind-
hoven.Seehttp://www-m4.mathematik.tu-muenchen.de/m4/lect-conf/semstat.html.

Kwong, K.K., Belliveau,J.W., Chesler, D.A., Goldberg, I.E. et al. (1992) Dy-
namicmagneticresonanceimagingof humanbrainactivity duringprimarysen-
sorystimulation.Proc.Natl. Acad.Sci.USA, 89, 5675–5679.

Lange,N. (1996)Tutorial in biostatistics.Statisticalapproachesto humanbrain
mappingby functionalmagneticresonanceimaging.Statisticsin Medicine, 15,
389–428.

Lange,N. andZeger, S.L. (1997)Non-linearFourier time seriesanalysisfor hu-
man brain mappingby functional magneticresonanceimaging (with discus-
sion).Appl.Statist., 46, 1–29.

Lange,N., Strother, S.C.,Anderson,J.R.,Nielsen,F.A., Holmes,A.P., Kolenda,
T., Savoy, R. andHansen,L.K. (1999)Plurality andresemblancein fMRI data
analysis.NeuroImage, 10, 282–303.

Le, T.H. andHu, X. (1996)Retrospective estimationandcorrectionof physio-
logicalartifactsin fMRI by directextractionof physiologicalactivity from MR
data.Magn.Reson.Med., 35, 290–298.
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ù,�G�{���y�{� ¥ �G�Bº B � � ³n�B�D�$���' g¦B�$¼U� B �y�/�� Y�E���$�O�Qï>�G�{�-³n���p�y�Y�G�����Y�{����B��� B ��¡\���Y¢e�I���1�<���B��²�ê�÷B÷��B¶
ïIÁa���Y�B�L���>¢Rþ����B�{�M²<ê$÷B÷&ÿB¶S�B�E¿S� B B1� �B�G�/��ótô�õ(öJ²<ê$÷B÷Bý&¶
½D¾t >�M� ¥ �O���1� B�<�����>�����>���?��³a�� >�?¢I�O�'�M�1�*�y�Y� B �Y¢Y�{¢k�y�k�c�����{�B�>¢e�<��� ¥ ï>¸i Y�{�\�� >�;� � ���B�-��³q�������y¦O�O���y�B�5���G��� � �O�����*�1����B�&¦B� B ¦B�{¢/¸i�y�� 5�"� � �U�O�� Y�y�Y�?¤������Y� B ���M��º>�'���y�/�L�Y���Uù ¥ �O��� � �������1�S�{�G��� � �O���t�O³��� Y�f�O�����(¦O�O���y�B�Q½Jµ,��� Y�1�?� ¥Y¥ ���B���' W�� Y�����C�1�f�Y�k� ¥ �{���yñI� � �U¢>� B ³n���f�� Y�C� ¥ �O���3� B ¥ �O�G���{�G����³p�������y¦O�O���y�B�Q½"�I�Y�<�� Y��� � �B����� Y�E³n���{�>�p�y�D���[���G���{�G���y�Y�c���y�B�Y�(ñI�$���>�{�i��³ ¥ �$��¤��p���Y¢g� B �>�G�������p�1�X�� Y�E� � ���B�tº&¡X�����G���y�Y�"�� Y�B�>�����Y¢>���³J¦B�$¼U� B ùm¸i�y���" &¡ ¥ ���� Y�{�G�{�f�G� � � B �'�O�Y�B�Y� B ¡B½µ,�[�� >�1� ¥ � ¥ ���S¸S�;¸i� B B ³n���{�Y�*���[�� Y�;�y���G�Y�?��³a�{�<��� � �O���1�Y�L�� Y�;�������y¦O�O���y�B� ¥ �O�����{����ï>������ Y���S�� I�O����{�G���1�Y� � � B ��� ¥ B �i &¡ ¥ ���� Y�{�G�{�{½D¾t Y� � ��¢Y� B ³n�B�D�� Y�-� ¥ �����3� B ¥ �O�����{���5�1�DºI������¢k�B�5�,¸p��³n�Y�Y¢Y� � ���&�'� B���G��� � ¥ ���1�B�Y�E�1�\�� >�M³d£�´iµ B �(�������O���Y�����-ê�¶t¾t Y���������y¦O�O����¢R���G�$���E I�$¦B�c�g� ¥ �O���1� B ��¼������&�?��³u�G��¦��{��� B
� � BB � � ���������*���Y¢WøB¶i�� Y�c�������(¦������1��� ¥ �O�����{�����1�
	G� � �U�O�� ��Y½E¿S�O�� R�O����� � ¥ ���1�B�>�;���G��ºI���G�{¢R������ Y� I�O� � �U¢>¡��I� � �y�M�B�G�1�B�y����³7�� Y�c���y�B�I� B ��K¦��{�^�y³7�Y���Y��� B �������y¦O�O���1�B�e�1� B �U�{� B ���{��¢e���\�g���1�>� B �L¦B�$¼U� B ï����¡�ïQ�� Y�C Y��� � �U¢U¡U�Y� � �y�������������?¸i� B B ���{���Y�?�1�e�� Y�X���>�������Y�Y¢Y�y�Y�[¦B���Y�{��ï9���>¢�¸i� B B �{��¦B���L� B ���G�B�{����G�$�>½�����¸i� B B �1�Y���B� ¥ �B�������"�� Y�����C�,¸S�\�O����� � ¥ ���1�B�>�;�1�W�g�G�����' I���<���y�C�B�{� � �����G¡ � �U¢Y� B ºY������¢^���
� ����¤O�{¢ ¥ �B�y��� ¥ �G�U���{���G�{��ïY�����f³n�B�S�y�Y�G�����Y���;¿*��¢>¢Y� B ��¡g���Y¢5¦O���[Áa�y�{�G Y�B�>�?²<ê�÷B÷��&¶�½q¾t Y�1�*�y�p¢>�B�Y�fº&¡
� �U¢>� B B �1�Y�E�� Y�E� ¥ �O���1� B �������y¦O�O���1�B�X�G�Y�G³w�����iº�¡g�?�{� B B �������1�B�X��³��L�O�Y���G�3���X³n�Y�Y�����1���Y�{ï&¸i Y�y�' g���"�G� � ��
¼U���{�&�L�$���^ºv�c�� Y�B�>�B &�"��³*�O�?�1�Y¢Y�(¦��1¢Y�I� B �{���&�������"�1�W�� Y�Cº>�����y�Q½�¾t Y� � �U¢>� B �y�f³n�B� � � B �O���{¢W�y���¿*�$¡��{���1�����G���G���1�>�X¸i >�{���L�� Y�"���{�&���G�{�Cô��v���x�����*�O���"¢Y�1�<���G�1ºY�>���{¢»���-� � ���G¤���¢ ¥ �B�1�&� ¥ �G�U���{�����! Y�{�G��� Y� ¥ �B�1�&���;�����L�� Y� B �U�{�O���y�B�Y�E��³K�� Y���{�{�&�����{�L���>¢R�� Y� � ���G¤��f¢Y�{�G�{���yº��M�� Y�C�G I� ¥ �C���Y¢W Y���1�B &�?�O³�� Y�?�{�����������{½D¾t Y�"�1�>³n�����{�>�{�?�1�[�� Y� � �U¢Y� B �y�*ºI���G�{¢»�B�\��� � � B �O���1�B�X�����' Y�Y�y·��>�{�{ï!º&¡[¸i Y�y�' k¸S�"�$�O����G��� � �����;�� >� ¥ �B�<���{�G�1�B� � �{���\��³q³n�>�Y�����1�B�Y�i��³q�1�&���{�����G�{ïI���Y�' ����t�� Y� � �$���»�������y¦O�O���1�B� ¥ �O�����{����½¾t Y�X��¢U¦��O�������B���;�{� � ¥ ���G�{¢R���5�� Y���{� �/� ���W���I� B ¡����1� ¥ �����{��¢Y�Y�G�c�B�>� B �1�>�{¢W��ºv��¦B�C�O��� � ���&¡B½ê�¶����?¢Y�����Ù�i Y��¦��?���C� � ������ [�� Y�?¢I�O���X� ¥ �O���3� BB ¡Bï�ºY�U�i�$���\�����'���y�[�� Y�?¢>���'�O� B ��¢k������� B �>���y�B�k��³a�� Y�£�´¹�G�$���Y��½iøB¶����L�$�O�R���G���{�G�-�� Y�M�>�Y�{���G�'�O�1�&�,¡»��³9�� Y�M���G��� � �O����¢e� ¥ �O���1� B ¥ �O�G���������y���/¿*�$¡B�����1���³n��� � ��¸S����¤!½��&¶����S�$�O�c·��I���&���(³_¡M���Y�qºv� B �1��³Y�1� � �����D� ¥ �{�{�(ñI�S &¡ ¥ ���� Y�������7��º����>�9�� Y�*�������(¦������1���Lº&¡

µ'½Ôø



���G��� � �����1�>� ¥ �B�<���{�G�1�B� ¥ �G�BºI��ºY� B �(���1���K�1�X�� Y� � ��¢Y� B ½ �&¶D�9�y�I� BB ¡�¸p�;�{��� � �U¢Y� B �� Y�- I��� � ��¢>¡��I� � �1��G�{� ¥ �B�Y�G�K³n�Y�Y�����1�B��ï��d½è�O½{�� >�u��� � ¥ �B��� B ¥ �O�G���{�G�M�O³��� Y�D�������y¦O�O���1�B�Qï{�1�"�t��� � ��ù ¥ ����� � �����G�1�a¸*�$¡�ïO¸i Y�y�' � BB ��¸i��³n�B�J�Y�B�Uùm�G�'�����1���I�����(���y�{�J���Y¢M�Y�B�Uù B �1�>�$���G�y���y�{��½��í�y�� L�� Y� B �O�G�����9� ¥>¥ ���&�O�' c��¼ ¥ B �1�{�(�J¤��>��¸ B �{¢Y�����³q�� Y�L�G��� � � B �O���1�B� ¥ �O����¢Y�y� � �y�-�>���E���{·��Y�y����¢Qï��O�Y¢»¸p���{���� >�{�Y�����{�<��� � �O���L�������y¦O�O���y�B�[¸i Y�y�' R�1��Y�O�t��� � ��ù B ���'¤���¢[���X�� Y�"�G��� � � B �O���1�B�g�� &¡���  � ½¾t Y� ¥ � ¥ ���*�1�*�����&���>���{��¢\���S³n� BB ��¸i�!�qµ,�e�U�{�����1���»øM¸S�;³n�B� � � B �O���i�� Y�"¿S��¡��{�G�3��� � �U¢Y� B ³n���S�� Y�� ¥ �O���1� B �������y¦O�O���y�B� ¥ �O�����{����ï7���Y¢ �{� � ºY�1�>�5�� Y�y�M¸i�(��  �R��� � ¥ B �/�1�Y�(���3� BK� ��¢Y� B ³n�B���� Y�5��� � ¥ �B��� B�G�{� ¥ �B�Y�G�?���c�BºU�'���y�\�c� ¥ �O���1�Oùx��� � ¥ �B��� Bv� ��¢Y� B ½9¾t Y�?��� � ¥ �B��� B ¥ �O�����{���k�y�t���G��� � �{¢k���Cºv�?¤��Y��¸i����>¢î¢Y���������1ºv�{¢ º&¡ �W�{�B�&¦B� B �>���1�B� � ��¢Y� B ½ ¾t Y�y�X�1�C��� � ��¸i I�O�/�����G���G�1�����y¦���ïpºY�>�/�y�X� B B ��¸i�C�Y�X���³n���{�Y�p�B�5�� Y�f� ¥ �O���1� B ¥ �O�����{�G�5³n�B�p���G�����G�{ïY���Y¢5¢Y�1�G�{�Y�G�* Y��¸í¸S�;�{���[�G� � � B �O���i�� >� B ���������D³n�G� � �� Y�
¥ �B�G���{�G�1�B�u¢>�1�G�����yºY�>���y�B�Q½a¾t Y�y�K�1�K¢Y�B�>�tº�¡C���g£R§t£R§î� B �B�B�G�y��  � ï�¸i Y�y�' /�y�K¢Y�{�G�{�G�1ºv�{¢/�1�/�U�������y�B�"�>½µ,���U�{�����y�B�#�/¸p�L� ¥Y¥ B ¡[�� Y� � �U¢>� B ���g�C�G� � � B �O����¢\¢I�O�'�C�G���$ïY¸i >�1�' ��y�t�Y����¢e³n�B�t���G��� � �O���y�Y� ¥ �G�1�B�¥ �O��� � �����{����ï����Y¢g���L¦��y���I� B �<��� � � B �����1���C¢I�O�'�U½uµ,�/�� Y�E�Y��¼��S�,¸p���G�{�����1���Y�D¸p�E��¼������Y¢5�� >� � �U¢>� B �1�¢Y�$�����������D¸S��¡��%�Kµ,�k�U�������y�B�
�"¸p�-¢Y���������1ºv�-�M�G���O���E� ¥ ���{� � ��¢Y� B ³n���7�� Y�E I��� � ��¢>¡��I� � �1�t����� ¥ �B�Y�G�³n�Y�>�����y�B�Qï����>¢/¢>� � �B�Y�G�����O���i�y���7�OºY� B �y�,¡"��� � �U¢Y� B �Y�B��ù,�G���O���y�B�I���G�y���1�{�J¸i Y�1�' g���G�t�1�Y¢Y���{¢ ¥ �����������p�1��� Y�i¢I�O�'�U½9µ,�5�U�{�����1���5ý;¸p�-�
¼U���{�Y¢/�� Y�E�{��¦O���G�3���Y���t�G�����Y�����Y�G�E���������{�B�>���7³n�B�u�� Y�i� ¥ �����1��ùm��� � ¥ �B��� B���B���G� B �����1���QïY¸i Y�1�' e�1� ¥ �����������;�1�\�� Y�M�Y�B�1�G��½i�9�y�I� BB ¡5¸p�� Y��¦��c�/¢Y�1�G�{�Y�G���1���R�1���U�{�����y�B�Wÿ/���Y¢R�O�� ¥>¥ ���Y¢Y�(¼5¸i Y�{�G�L�� Y�{���������1�{� B ¥ ��� ¥ ���G���y�{�t��³J�� >��£�§t£R§ð� B �B�B���(��  � ���G�?�G���>¢Y�1��¢Q½
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�U� ¥Y¥ �����i�� Y�E¢I�O���M�{���Y���y�G�p��³�L �G�$���>�{ïU���{·��Y�y���{¢/¸i�y�� 5�L�G��� � � B �O���y�B� ¥ ������¢Y�1� �NM�O�PRQ$Q�Q$PSM7T ï�¸i Y�{�G�M7UWV êX�1�Y¢>�1�$�����{�f�G��� � � B �O���y�B�W���Y¢ M7UWVYX �Y�\�G��� � � B �O���y�B�R���?��� � � Â ½�¾D¡ ¥ �y�$� BB ¡��� Y� ¥ ������¢Y�y� ��y�k���������Y�B��¢ì�1�ìº B �U�'¤��k��³�ïi����¡�ï�ê X �G�$���>�\¸i�(�� ì�<��� � � B �O���1�B�î���Y¢ ê X ¸i�(�� Y���>�$½ Á����[Z ºv�R�� Y�
�G���k��³?¦��$¼>� B �k����¦��{�G�1�Y� ºY�����1� ���y�����>��ï\Z ]_^tï*¸i >�{���5^ �G� ¥ �G�{�����&���»� ø�¢Y� � ���Y���y�B�I� B � B �1�����B��`� ¢Y� � �{�Y�G�1�B�Y� B ¦�� B � � �W��³L�� Y��ºY�����1��½ ¾t Y��¢Y�O�'���G���»�1�k >�{�Y�����B�(¦B���ëº&¡j� ��������³M�1�&���{�Y�G�y�,¡
� �$���G�Y��� � ���&����a Vcb aed UfPhgji Z P�ÂjV ê PRQRQRQ%P L+k�½¾t Y�?�Y�>�y���S��³a�� Y�;�y�&���{�>���y���1���*�����{�B�G¢Y�{¢\º&¡5�� Y�L£�´ë�G�$���>�Y�{�i���G�?���GºY�y�������<¡BïY�O�Y¢k�y�S�1�*��� �g� �B��y���� Y� B �(���{���O���>�������e�G� ¥ �B�G�"¦O�����1�O���y�B�R��³D�� >�g�G�1�B�I� B �1� ¥ �{�����{�&�M��³SºY����� B �1�>�C�1�&�����Y���(�,¡B½/µ,���B�G¢Y�{�
�����{���Y���y¢Y�{�/¦��O���3�����1���î��³f�� Y�e�1�&�����Y���(�,¡î�y�P¢Y�$�����������g¦B�$¼U� B �[�B�P�� Y����� � �»���{� B �Oï*¸S�� I�$¦B� B �B�Où�������Y�<³n�B� � �{¢k�� Y�"¢I�O�'�U½D�U� ¥Y¥ �B���?³n�B�t�y�Y�G�����Y����ïY�� Y�O�i�� Y� � �$���G�Y��� � �����E�y�\�/�B�(¦B���\¦��$¼>� B �O�i��� � �Â �1�t�B�(¦B���eº&¡#a U=Vml ²<êFnpo U ¶�ï>¸i Y�����qo U �y�i�X¢>��¦��3�O���1�B�[³n�G� � �� Y�"ºI���G� B �y�Y�?�1�&���{�Y�G�y�,¡k��³a�� Y�?¦B�$¼U� B ½�I�B�t� � � BB ¢Y��¦��3�O���1�B�Y�*¸p�?�� Y���� I�$¦��B �B��a U=V®B �B� l n B �B�!²<êWnpo U ¶jr B �B� l n`o UfP
���>¢� Y�{�>�{�R�� >� � �O�B�Y�y���Y¢Y�e��³g²w�<�����>�����>��� B ���Y¢������Y¢Y� � ¶X¦O���G�3�O���1�B�>�g��³?�� Y� B �B��¢I���'�>ït�{���ìº��
��� � ¥ ������¢ëºv���,¸p�{��� ¢Y�����{�G�{�&�»��� � �{�G�{�G�1�{��½ �I�Y�<�� Y��� � �B���Oïf�� >���Y�>�y�»��³��� Y�^¢Y��¦��3�����1���Y�k�$���ëº��
�� Y�B�Y�B &�E��³9��� ¥ �{�����{�&�-��³9ºY����� B �1�>�?�1�&�����Y���(�,¡B½����¸i� BB ¥ ��� ¥ �����{�{�G�[�� Y��¢I�O�'�Uït���Y�' ì�� Y�O�5�� Y�R� � ���B���5�O���W� B �1�B�>�{¢î��� �{�����������[³n���g�G�Yº�úG�{���
� ��¦B� � �{�&�/���>¢  I���Cºv�{�{� ���B���G�{�����{¢ ³n�B�������{�>¢Y�{½�µ,� ���Y�C� ¥Y¥ B �1�{�O���y�B�Y�L¸S�k I�$¦��»�>���{¢î�R��� � ¥ B �
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¥ �G�U���{¢Y�>����ït¸i Y�����W�{���' ì� � ���B�\�1�5� B �y�B�Y��¢î��� ������³n�{�����Y�{�W� � �O�B�\º�¡ � �1�Y� � ���{�1�>�R�� Y�R�G·��I������¢¢Y�$���������Y�{�Rºv���,¸p�{���ë�� Y���,¸p� � � �O�B�{�g��¦��{�\� BB �������>� B �����1���Y�5�O�Y¢ì�������O���y�B�Y��½¹üf�[³n�B�/�� Y�R�����{�>¢
���B���G�{�����1�B��ïf¸S�^¸i� BB �{�B�>���1¢>�{�\�� Y�^�������1¢>�I� B �»�O³_���{�»���YºU�����O�����y�Y� �� Y� � �{��� �O�Y¢ë���B���G�{�����1�>�î³n�B�
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§\ýi`�jec�Ã�j��Xc�ÚÄÛ À Ü�Ý Ô�Þªß*�Û � Ü�Ý Ôaàáß*  â9ã�ä
å Ü?æAç�èeé�êAè-ë@è\ì$ë@è ã ¡T¦S�2í ì$î�ïAè-ðHñ$Ý Ã�ògó èvô�ïAð@émê^ì í è Û À Þ õ2ö â>ã ¡T¦S� ö�õ ä Û � Ü�æñ�ë�÷Aè�ëJé£ê^ì�éJé�êAèFøAë�ñ$ù^ì$ùAÜ�î?Ü�é�Ü?è�ð.ð�ï[ô¯é£ñ�ñ�æAè�úXûJê�ï[ðMé�êAÜ?ðJ÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æZê^ì$ðhñ�æAî/üOñ�æ[èø^ì$ë£ì�ômèé£è-ë8ì$æ[÷WìZæ^ì�é�ïAë£ì�î ó ì	ü¹ñ$Ý.Ü?æ&é£è�ë�øAë@è�é£Ü�æAýZé£êAÜ�ð�ø^ì$ë�ì$ômèé£è�ë8Ü�ð�é£êAë@ñ�ïAý�ê¹é£ê[èøAë�ñ�ùAì$ùAÜ?î�Ü�éKü8þeñ$Ý�ì í ñ	ÿ*è-îEùkè-Ü�æAýHì$ç�é�Ü í ì�é£è�÷6ú�ûJêAÜ�ðMý$Ü í è�ð�þ Þ Û � ã ¡ ñ$ë

Û � Þ þ ã�� ¡ ì$æA÷ Û À Þ�õMö â9ã ö ã�� ¡ ä þ   â � ä� ñ$é£Ü�ç-è_é�ê^ì�éJÜ�æOé£êAè�ôHñ*÷[è-îSé�êAè-ë@è�Ü?ð+è���ï^ì$î�øAë@ñ�ù^ì$ùAÜ�î?Ü/éKü�ñ$ÝVñ�ùAð�è�ë í Ü?æ[ýmì�ç�ñ�æ��^ý	�ïAë£ì�é�Ü?ñ�æ ó Ü/é£ê(ì$î�îSñ$æAè-ðhì$æ[÷eñ$æAè ó Ü�é�êZñ�æAî/ü!ñ�æ[è-ðJÜ?æ(ì�ç�ñ�ë�æ[è-ëJñ$ÝEé£ê[è�ë�è-ý$Ü?ñ�æ ��
 Ýiñ�ëÜ?æAð�éTì$æAç�è$ú��Ý ó èMèÿ*øSè�ç�é�è-÷Oé£ê[è_ì$çé£Ü í ìwé£è-÷mì$ë@è	ì$ðXé£ñaùSèMî ì$ë@ý�èJç-ñ$êAè-ë@è-æ&éJë�è�ý�Ü?ñ$æAð 
 é£ê[èÝiñ�ë�ôHè-ëJøAë@ñ�ù^ì$ù[Ü?î?Ü/éKüHð�êAñ�ï[î?÷(ùSè�î?ì$ë�ý$è-ë.é�ê^ì$æZé£êAèFð@è-ç-ñ$æA÷ 
Aó êAè�ë�è	ì�ðCÜ/Ý ó èFèÿ*økè-ç�é�è-÷
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 é£êAè�ð@è-ç�ñ�æA÷Bø[ë�ñ�ù&�ì$ùAÜ?î�Ü�éKü<ð�ê[ñ�ïAî?÷oùkèZî ì�ë�ý�è�ëaé£êAì$æoé£êAè'�^ë@ð@é-úWûJêAè(ì$ùkñ í è(ôHñ*÷Aè�î.êAè�æAç-è(ë@è-øAë@è-ð�è�æ&é£ðé£êAèað�Ü�é�ï^ì�é�Ü?ñ�æ(é£ê^ìwé ó è2æAè�Ü�é£ê[è-ë_ùkè-î�Ü?è í èFé£ê^ì�é_ì$çé£Ü í ì�é�è-÷vë�è-ý$Ü?ñ�æAðMç-ñ$æAð�Ü�ð@é�ñ�Ý�ð�Ü�æAý�î?èí ñ	ÿ*è-î?ðMæAñ�ëJé�ê^ì�éJé£ê[è�ü(ì$ë@è í è-ë�ü(î ì$ë@ý�è$ú� è ó Ü�î?î�Ü�î?î?ï[ð@é£ë�ì�é£èQÜ�æ<é�êAÜ?ð8ð�Ü�ômø[î?èQð�Ü/é£ï^ìwé£Ü?ñ$æÈêAñ ó é�êAè!økñ�ð�é£è-ë@Ü?ñ�ëFøAë@ñ�ù^ì$ù[Ü?î?Ü/éKüÜ?æ â õ ä ômì	üZùkè�ç	ì$î�ç-ïAî?ì�é£è�÷6ú � èFð@ê^ì$î?îPùSèFïAð@Ü?æAýQé£ê[è8è���ï^ì$î?Ü/éKü�¼½)¾>¿AÀ Á#Á#Á
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( ¡ÉÊ ¿ � º â � Ê ® Ã Ê ä*) Þ ¡ÉÊ ¿ �,+ º â � Ê ® ß ä �;º â � Ê ® õ ä.-  � èé0/O÷Aè-æ[ñ$é£èFé£êAè8ì$ùkñ í èFøAë@ñ*÷Aï[ç�é	ú � êAè�æ Ã�Þ�ß é£êAèFèÿ*øAë@è-ð@ð�Ü?ñ$æBÜ?æ â õ ä Ü?ð
§ â21 Þ�ß�®K�kò ä »Rº â �m®�ß ä �¼½T¾i¿AÀ Á#Á#Á
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( ¡ÉÊ ¿ � º â � Ê ® Ã Ê ä ) § â31 òvÞªÃ�ò ä
Þ�º â �H®�ß ä ( Û � / � â Û À ö Û � ä ¡ÉÊ ¿ � º â � Ê ®�ß ä ) �

ì$æA÷ ó êAè-æ ÃQÞ�õ�ó èað@Ü?ôHøAî�ümý�è�é§ â31 Þ�õJ®K�kò ä »�º â �H®)õ ä Û � /  å Ü?æAç�è�é£êAè�é ó ñmøAë@ñ�ù^ì$ù[Ü?î?Ü/é£Ü�è-ð.ô2ïAð@éMð�ï[ô¯é£ñHñ�æAè 
[ó è4�^æA÷ 

§ â31 Þ�õ[® �kò ä Þ º â ��® õ ä Û � /º â ��® õ ä Û � / �Íº â ��® ß ä65 Û � / � â Û À ö Û � ä87 ¡Ê ¿ � º â � Ê ® ß ä:9

Þ ;<>= õ�� õ?A@B õG�DC Û ÀÛ � öUõ.E ( ¡ÉÊ ¿ � â õG� ? Ê ä ) � �GFHJI>KL � � � â3M�ä
ó êAè-ë@è ? Þ º âON ®)õ äº âON ®�ß ä � ? Ê Þ º âON Ê ® õ äº âON Ê ® ß ä P Þ�õ��	 	 	 �RQS  âTS�ä� ñ$é�Ü?ç-èCé£ê^ì�é ? Ü?ð�é£êAè�î�ÜVU�è-î?Ü�êAñ�ñ*÷Hë£ì�é�Ü?ñ2Ýiñ$ë.é£êAè í ñ	ÿ[è�î�ùSè�Ü?æAý�ì�ç�é£Ü í è í ð�ú^æAñ$éhì$çé£Ü í è$úûJêAè!Ýiñ�ë@ô�ïAî ì â2M�ä é�ê�ïAð2è#WPè�ç�é£Ü í è�î�ü<ç-ñ�ô2ùAÜ?æAè�é£ê[è!î?Ü�U$è�î?Ü?ê[ñ*ñ�÷�ë£ì�é�Ü?ñ�ð�Ýië@ñ�ô í ñ	ÿ*è-îYXé£ñ�ý�èé£êAè�ë ó Ü/é£ê�é£êAñ$ð�èMñ$Ý6Ü/é£ðXæAè-Ü�ý�ê�ùSñ$ïAë�ð�é£ñaç	ì$î�ç-ïAî?ì�é£è+é�êAèMøSñ�ð�é£è�ë�Ü?ñ$ë�øAë�ñ�ùAì$ùAÜ?î�Ü�éKü2ñ$Ýì$ç�é�Ü í ì�é£Ü�ñ�æ6ú�ûJêAèCÝiñ�ë@ô�ïAî?ìFð@êAñ ó ð+Ü?æmìa÷[Ü?ë�è�ç�é ó ì	ü�é£ê[è_÷AÜZWPè�ë�è-æ[ç-èhé£ñaé�êAè�ì�øAøAë�ñ�ì$çTêÜ?æ «\[ ú]��Ýhì$î�î�é£êAèHæAè-Ü�ý�ê�ùSñ$ïAë�ð2ì$ë�èHæAñ�æ&�Kì$ç�é�Ü í ì�é�è-÷Èé�êAè-æ â3M�ä ó Ü?î�î�éKü*ø[Ü?ç	ì�î?î�ü\ùSèmñ$Ýé£êAèFñ�ë@÷Aè-ë ÚJõ6^ º â2N ® ß äº â2N ® õ ä Û ÀÛ`_ba � _



���������.c���������� �!��"#�!� ���Tú%d
ó êAè-ë@è	ì$ðMÜ�Ý4ì�éhî?è-ì$ð@éhñ$æAèFæAè-Ü�ý�ê�ùSñ�ï[ëJÜ?ðhì$çé£Ü í ì�é�è-÷Zé£ê[è8ñ$ë�÷Aè�ëMÜ�ð+éKü�øAÜ?ç-ì$î?î/ü

ÚJõY^ º âONe ß äº âONe õ ä a � _�fg ñ$ë2Ü?î�î?ïAð�é£ë�ì�é£Ü�ñ�æ¹î?è�é2ïAð�ç�ñ�æAð�Ü�÷Aè-ëaé£êAèOç-ì$ð�è ó ê[è-ë�è�þ Þ ß f ß ã ì$æ[÷ QoÞ $[ú\ûJê[è-æÛ À#h Û`_ Þ õ ã�ã $ d 
 ì$æA÷WÜ�Ýji â2Ne ß ä h i âONe õ älk èÿ*ø â ö $ ä é�êAè-æ1é�êAèm�Aë�ð@éaé£è�ë�ô Ü?ð ß ú ã ßó êAè-ë@è	ì$ðhé£êAèFð@è-ç-ñ$æA÷Bè)ÿ[ø[ë�è-ð@ð�Ü�ñ�æBÜ�ð ß úndod dqp*ú
Õ�Ö�Õ6Ö�Õ rtsvu Ù&w Õx æAñ$é�êAè-ëhð@Ü?ôHøAî?è�çTê[ñ�Ü?ç�è8ñ�Ýzy â31 òBÞgÃ�ò ä Ü�ðy â31 òBÞgÃ�ò ä Þ�Ú Û À Ü�Ý Ô�Þgß�{|]}�~ � _ Ü�Ý ÔaàÍß f â��&ä� è-ë@è } Þ õ ý�Ü í è�ðeùAì$ç!Uáé£êAè¹ôHñ*÷[è-î õ Ü?æ â9ã$ä 
Có ê[è-ë�è-ì$ðvé�êAè¹ë�è�ð@é£ë@Ü?çé£Ü?ñ$æ | Þ} h â õv^ } ä*�!� _ ç�ñ�ë�ë@è-ð@øSñ�æ[÷AðGé�ñaé£ê[èCôHñ*÷[è-î ó êAè�ë�èCé�êAè í ñ	ÿ*è-î?ð.ì$ë�èhÜ�æA÷Aè-økè-æ[÷Aè-æ&éJì�æA÷é£êAèGøAë�ñ�ùAì$ùAÜ?î�Ü�éKü�ñ�ÝNì í ñ	ÿ*è-î*ùSè�Ü?æAý_ì$ç�é�Ü í ì�é�è-÷2Ü�ð } h â õ�^ } ä ú�ûJêAè.î ì�é@é£è-ëEÜ�ð�è���ï[Ü í ì$î?è�æ&éé£ñ�é£êAèFôHñ*÷Aè�î6Ü?æ�� [ úûJêAèZôHñ�÷Aè-î+ômì	üWùkèZø^ì$ë�ì$ôHè�é£ë@ÜV��è-÷où&ü1é£ê[èZøAë�ñ�ùAì$ùAÜ?î�Ü�éKü(þ}ñ$ÝCì í ñ	ÿ*è-îhùkè-Ü?æ[ýì$ç�é�Ü í è 
[ó êAÜ�çTêeÜ�ð.ý�Ü í è�ævì�ð4þ Þ | â õ^ } ä:� 
 ì$æA÷Zù&ü } ú�ûJê[è8î?ì�é�é�è-ëGÜ?ð+ì�ôHè	ì�ð�ïAë@è�ñ$Ýç-ñ�ë@ë�è-î?ì�é£Ü�ñ�æ�ñ$ÝGæAè-Ü�ý�ê�ùSñ$ïAë�Ü�æAý(ì$ç�é�Ü í ì�é�Ü?ñ�æ�ð@Ü�é£è�ð-úQûJêAè�î?ì$ð@éFø^ì�ë£ì$ôHè�é�è-ë Û À8Ü?ð�ý$Ü í è�æù�ü;é£êAè�ç�ñ�æAð�é£ë£ì�Ü?æ&éOé£êAì�éOé£ê[è\øAë�ñ$ù^ì$ùAÜ�î?Ü�é�Ü?è�ðmô�ï[ð@éZð@ïAô é�ñoñ�æAè$úÄûJêAè�økñ�ð�é£è-ë@Ü?ñ�ëøAë�ñ�ùAì$ùAÜ?î�Ü�éKümñ$Ý4ì$ç�é�Ü í ì�é£Ü�ñ�æOômì	üZùSè�÷[è-ë�Ü í è�÷BÜ?æOé�êAèFð£ì$ôHè ó ì#üeì�ðMÜ�æ(ômñ�÷Aè-î õ 
 é£ê[èèÿ*øAë�è�ð�ð@Ü?ñ�ævÜ?ðJý�Ü í è-æeÜ?æ â õ �&ä Ü?æZé�êAè8ì$øAøkè-æA÷AÜYÿSú
Õ�Ö�Õ6Ö�� rtsvu Ù&w �g Ü?æ^ì�î?î�ü 
&ó è ó Ü?î�îSç�ñ�æAð@Ü?÷Aè�ëhì�ômñ�÷Aè-îSñ$ÝEé£êAè�Ýiñ$ë�ô â��&ä 
 ùAï[éJùkè-Ü�æAýQôHñ�ë�è�ð�ü�ômôHè�é�ë�Ü?çó Ü�é£êÍë�è-ð@øSè�ç�éOé�ñoì$çé£Ü í ì�é�è-÷Uì�æA÷áæAñ�æ���ì$çé£Ü í ì�é�è-÷ í ñ	ÿ*è-î?ð�ú��Èè ó Ü?î�îJç-ñ�æAð@Ü?÷Aè�ë!é£ê[èômñ�÷Aè-î y â31 òvÞªÃ�ò ä Þ ;<>= Û À Ü�Ý Ô_Þ�ß&{| _ } ~ � __ ^ | Å } ~ � �Å Ü�Ý õ4�gÔ���Q�{Û	_ Ü�Ý Ô_Þ�Q4^ õ f â p ä
ûJêAèZômñ�÷Aè�î�ômì	ü<ùSèOøAì$ë£ì$ôHè�é�ë�Ü��-è-÷Èù&üÈé�êAèOøAë@ñ�ù^ì$ùAÜ�î?Ü/éKüOþoñ$ÝMì í ñ	ÿ[è�î+ùkè-Ü?æ[ý�ì$ç#�é£Ü í è 
 ì$æA÷ M ñ$é£ê[è-ëhø^ì$ë�ì$ômèé£è�ë�ðh÷Aè-ð@ç-ë@Ü?ùAÜ�æAýQé£êAè8ç-ñ�ë@ë�è�î ì�é�Ü?ñ�æZùkè�é ó è-è�æ í ñ	ÿ*è-î�ð-ú�ûJêAèë�è-î?ì�é£Ü�ñ�æeùSèé ó è�è-æ�ø^ì$ë�ì$ôHè�é£è�ë�ðCô!ì	ü(ùkèaÝiñ�ïAæ[÷BÜ?æeé£êAè2ì$øAøkè-æA÷[Ü/ÿ 
 ì�ð_ômì#üZé�êAè2è)ÿ��øAë�è�ð�ð�Ü�ñ�æ(Ýiñ�ë+é£êAèFøAë@ñ�ù^ì$ù[Ü?î?Ü/éKümé�ê^ì�éMì í ñ	ÿ*è-îEÜ?ðhì�ç�é£Ü í è â õ $ ä ú



���������.c���������� �!��"#�!� ���Tú õ#ß���T� �vÌ�������Î��8�*�GÐ����eÑ�Î�^Î\� �,���]�^Ìg ñ$ëeè�ð@é�Ü?ômì�é£Ü�ñ�æ øAïAë�økñ�ð@è-ð 
�ó è ó Ü�î?î�æ[ñ ó ð�é£ïA÷*üUé£êAè ó êAñ�î�è í ñ�î?ïAôHè¹ñ$Ý í ñ	ÿ[è�î?ð 
ë£ì�é�êAè-ë!é�ê^ì$æ¢¡@ï[ð@é(ìWð@Ü?æAý$î?è í ñ	ÿ*è-î9ú g ñ$ëmé£ê[Ü?ð!ë@è	ì$ð@ñ�æ 
Jó è ó Ü?î�îMî�è�émé£êAè\æ[ñ$éTì�é�Ü?ñ�æ÷Aè-økè-æA÷Bèÿ*øAî?Ü�ç-Ü/é£î�ümñ�æ(é£êAè í ñ	ÿ*è-îVÜ?æ[÷AèÿSú¤£Mì�é�êAè-ëJé£êAì$æ¥¡@ï[ð@éCïAð�Ü�æAý N ò¦
Nó è ó Ü?î?îPî?è�éN ò § ÷Aè-æ[ñ$é£èQé£ê[è í è-çé£ñ�ë8ñ$Ý�ñ�ùAð@è-ë í ìwé£Ü?ñ$æAðFÜ?æ\é£ê[èHë@è-ý�Ü�ñ�æ©¨6ª�ì$ë@ñ�ïAæA÷ í ñ	ÿ*è-î\X�ú2ûJêAèè-î?è�ômè�æ&é£ð�ñ$ÝPé�êAè í è-çé£ñ�ë.ì$ë�èh÷Aè�æAñ$é£è�÷!ù&ü N ò §EÞ âON Àª { N _ª { f«f�f { Nb�ª ä 
 é£ê�ïAð N Àª ë@è�Ýiè-ë@ðGé�ñé£êAè8ð@é£ì�é£Ü�ð@é£Ü�ç N ª4Ü�æ í ñ	ÿ*è-î]X 
 ì$æA÷ N _ª { f«f«f { Nb�ª é£ñ�é£ê[èað�éTì�é�Ü?ð@é�Ü?ç�Ü�æ(é�êAè Q æAè�Ü?ý�ê�ùkñ�ïAë@ðñ$Ý¤X@ú å Ü�ômÜ�î ì$ë@î�ü 1 ò Ü�ð8çTêAì$æAý�è�÷Èé£ñ 1 ò §JÞ â21 Àª { 1 _ª { f«f�f { 1¬�ª ä ì$æA÷¹é£ê[èHî�ÜVU�è-î?Ü�êAñ�ñ*÷ë£ì�é�Ü?ñ�ð â�S�ä ì$ë�èF÷Aè�æAñ$é�è-÷ ? Êª 
Aó êAè�ë�è? Êª Þ i â2N Ê ª e õ äi â2N Ê ª e ß ä { P Þ�ß�{	õ { f«f«f {RQ�{ X Ó© f� Ü/é£êAÜ�æ�é£êAè�ômñ�÷Aè�î ó è�ç	ì$æ8ç	ì�î?ç-ï[î ì�é�è�é£êAè�ô!ì�ë�ý�Ü�æ^ì$î$÷[è-æAð@Ü�éKüFñ$Ý N ò § ú®�Èè�÷[è-æAñ$é�èé£êAÜ�ð.ù&ü�i â2N ò §*¯R°®{²± ä 
�ó ê[è-ë�è ° ø^ì�ë£ì$ôHè�é�ë�ÜV��è-ðXé£êAèCç-ñ�æ[÷AÜ�é�Ü?ñ�æ^ì�î^÷AÜ?ð�é£ë�Ü�ùAï[é�Ü?ñ�æHñ$Ý N ò §ý�Ü í è-æ 1 ò §*
 ì$æA÷ ± ø^ì$ë�ì$ôHè�é£ë@ÜV��è-ð+é£ê[è8ômì$ë@ý�Ü?æ^ì�îS÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æZñ$Ý 1 ò § ú�ûJê�ïAði âON ò §*¯R°]{²± ä Þ ¼
½�³8´.µ9À�¶ _T· ÂG¸ ¾ i â2N ò § e 1 ò §�Þ�Ã�ò�¯!° ä y â31 ò §�ÞgÃ�ò¦¯²± ä fx øSñ$ð�ð�Ü�ùAÜ?î�Ü�éKü�Ýiñ�ë�è-ð�é£Ü?ômì�é�Ü?æAýMé£êAè+øAì$ë£ì$ôHè�é�è-ë@ð â °®{²± ä Ü?ðVé£ñ�ômìwÿ*Ü?ôHÜV�-è�é�êAèJç-ñ�æ&é�ë£ì$ð�éÝiïAæAç�é�Ü?ñ�æ } â °®{²± ä Þ ¼ ªV´«¹ î?ñ�ýYi âON ò §º¯R°]{�± ä f â $ ä

ûJêAÜ?ð�Ü�ð_ë@è-î ìwé£è-÷eé£ñOômìwÿ*Ü?ô2ïAô²î?Ü�U$è-î�Ü?êAñ�ñ�÷eè�ð@é�Ü?ômì�é£Ü�ñ�æ 
 Ü?æ\øAì$ë@é�Ü?ç-ï[î ì$ëJé£ê[è�è-ð�é£Ü?ômì	�é£ñ�ë@ð ó Ü?î?î�ùkèZì$ð@ü�ôHø[é£ñ�é£Ü?ç-ì$î?î/ü¹æAñ�ë@ô!ì$îG÷AÜ?ð�é£ë@Ü?ùAï[é�è-÷oïAæ[÷Aè-ëQç�ñ�æA÷AÜ/é£Ü?ñ$æAð ó êAè�ë�èZé£ê[èô!ìwÿ*Ü�ô�ïAô²î?Ü�U$è�î?Ü?ê[ñ*ñ�÷Zè-ð�é£Ü?ômì�é�ñ�ë�ðCì$ë�è�ú g ñ�ëMôHñ*÷Aè�î ã 
 ì$æ[÷\êAè-æ[ç-èQì$î�ð�ñHÝiñ�ëCôHñ�÷Aè-îõ ù&üZð@è�é�é�Ü?æAý } Þ�õ 
[ó èaý�èéi âON ò §*¯R°]{ } { | äÞ �ÉÊ ¿AÀ i âON Ê ª e ß�¯R° äz» |} �ÉÊ ¿AÀ â õY^ }¼? Êª â ° ä@ä ^gõhö | â õY^ } ä:�!� _} ½ f â d ä
ûJêAè8Ýiñ$ë�ô�ïAî?ì2Ýiñ�ëJôHñ*÷Aè�î � Ü?ðJý�Ü í è�ævÜ�æ â õ d ä Ü�æZé£êAè8ì$øAøkè-æ[÷AÜ/ÿSú¾ ð�ï^ì$î�î�ü 
 é£ê[ñ�ïAý�ê 
�ó è ó Ü�î?î&éTìoU�èJì�ôHñ�ë�è�ð�Ü�ômøAî�è.ì�øAøAë�ñ�ì$çTê�Ü?æAð�é£è	ì�÷�ñ$ÝNïAð@Ü?æAý â $ ä ú�WèCøAë�ñ�økñ�ð@èMé�ñaïAð@è_ñ�æ[î�üQé£ê[èCômì$ë�ý$Ü?æ^ì$î[÷AÜ?ð�é£ë�Ü�ùAï[é�Ü?ñ�æ�ñ$Ý N ªPé£ñ8è-ð�é£Ü�ô!ì�é�è ° ì$æ[÷mé£ê[èÝië£ì$çé£Ü?ñ$æ�ñ$ÝSì$ç�é�Ü í ì�é�è-÷ í ñ#ÿ*è�î?ð6þ�ú�ûJê[èJô!ì$ë@ý�Ü?æAì$î�÷Aè-æAð@Ü�éKü2ñ$Ý N ªNÜ?ð4ì�ômÜYÿ*é�ïAë�èG÷Aè-æ[ð�Ü�éKüi â2N ¯R°®{ þ ä Þ â õhö þ ä i â2NJe ß�¯R° ä ^ þ¼i â2NJe õ ¯R° ä { â õ#ß ä�Wè�é£ê�ïAðMômìwÿ*Ü?ôHÜV�-èMé£êAèFç�ñ�æ&é£ë£ì�ð@éhÝiïAæAçé£Ü?ñ$æ}�¿ â °]{ þ ä Þ ¼ ªV´«¹ î?ñ�ýYi âON ª ¯R°®{ þ ä â õ�õ ä



���������.c���������� �!��"#�!� ���Tú õ�õ
é£ñ�è�ð@é£Ü�ô!ìwé£è ° ì$æ[÷2þ�ú ¾ æA÷Aè-ëGômñ�÷Aè�î õ ì$î?î^ø^ì�ë£ì$ôHè�é�è-ë�ðGê^ì í è�ùkè-è�æOè-ð�é£Ü�ô!ì�é�è-÷!é�êAÜ?ðó ì	ü�ú� êAè�æÀy â31 ò §�Þ Ã�ò § ä Ü?ð�ý�Ü í è�æÍù&ü�ômñ�÷Aè�î ã ó èvð�é£Ü?î�îJè-ð�é£Ü?ômì�é�è�þ Þ | â õÁ^} ä*� Ýië�ñ$ô â õ�õ ä úRûJê[è�ë�è-ômì$Ü�æAÜ?æAýÈø^ì$ë�ì$ômèé£è�ë } ô!ì	ü}é£êAè�ægùkè\è�ð@é£Ü�ô!ìwé£è-÷;Ýië�ñ�ôé£êAèHè-ôHøAÜ?ë@Ü?ç-ì$î�ç�ñ í ì�ë�Ü ì�æAç-è�ñ$Ý0Â N ªGÃ�Ä å ïAøAøkñ�ð@è 
 Ýiñ�ë�èÿ[ì$ôHøAî?è 
 é£ê^ì�é âONme*1 Þ�ß ä�ÅÆ â ß&{²Ç6Å ä 
 ì$æA÷ â2NJe*1 Þ õ ä4Å Æ â õ {²Ç6Å ä ú(ûJêAè-æWé�êAè!ç�ñ í ì�ë�Ü ì�æAç-èHñ$Ý N ª+ì$æA÷ N Ê Ü?ðý�Ü í è-æeù�ü È

ñ í â2N ª { N Ê ä Þ y â31 ª Þ 1 Ê Þ�õ ä ö y â31 ª ÞÄõ ä y â31 Ê Þ�õ äÞ y â31 ª Þ 1 Ê Þ�õ ä ö þ Å f â õ ã�ä��Ý P Ü�ðQì�æAè-Ü�ý�ê�ùSñ$ïAë�é£ñ©X 
 ð£ì	üoæ[è-Ü?ý$ê�ùkñ�ïAëQæ�ïAô2ùSè�ë õo
Xó è(ô!ì	üW÷Aè-ë@Ü í èZé�êAèÉ�^ë�ð�éøAë�ñ�ùAì$ùAÜ?î�Ü�éKü!ì$ðy â31 ª Þ 1 Ê Þ�õ ä Þ ¼½TÊ!´`µ9À�¶ _T· ¶ Ê ¿ Å ¶ÌËÌËÌË ¶ � y â31 ò §�ÞªÃ�ò ä Þ |®} ¼½�ÊR´.µ9À�¶ _T· ¶ Ê ¿ Å ¶ÌËÌËÌË ¶ � } ½�Í ��ÎÌÎÌÎ � ½ ÂÞ |]} â õ�^ } ä � � _ Þ þ }õY^ } f â õ � ä� ñ$é�Ü?ç-èMé£ê^ìwé.é£ê[èCé ó ñQèÿ*øAë�è�ð�ð@Ü?ñ�æeì$ùkñ í è�÷Añ�è-ðGæAñ$é.÷Aè-økè-æA÷Zñ$æ!é£êAè_øSñ�ð@Ü�é�Ü?ñ�æHñ$Ý�é£ê[èæAè-Ü�ý�ê�ùSñ�ï[ë P ú å ïAø[øSñ�ð@èHì$æ¹è-ð@é�Ü?ômì�é£èÐÏ¨¯ñ$ÝXé£ê[èQç-ñ í ì$ë�Ü?ì$æAç-è
È
ñ í â2N ª { N Ê ä Ü�ð�ý�Ü í è-æ6úûJêAÜ?ðhômì#üOùSè�ç�ñ�ô�ùAÜ�æAè-÷ ó Ü�é�ê(é�êAèFè-ð�é£Ü?ômì�é�è ÏþBñ$Ýkþ(é£ñ�Ýiñ�ë�ô¯ì$æeè-ð@é�Ü?ômì�é£è_ñ$Ý } ù�üé£êAèFè���ï^ìwé£Ü?ñ$æAðMì$ùSñ í è 
 Ï} Þ Ñõhö Ñ ó êAè�ë�è Ñ Þ Ï¨ Ïþ � _ ^ Ïþ f â õ M�ä

å Ü?æAç�è�é�êAè�ç-ñ í ì$ë�Ü?ì$æAç-è�Ü?ð�é�êAèGð�ì$ôHèXÝiñ$ë�ì�î?î&æAè�Ü?ý�ê�ùkñ�ïAë�ð 
wó è.ômì	ü�ç-ñ$ô�ùAÜ?æ[èGè�ð@é£Ü�ô!ìwé£è-ðñ$Ý�é�êAè�ç-ñ í ì$ë@Ü ì$æAç�è�ì�éh÷AÜZWPè�ë�è�æ�éhð@ø^ì�é�Ü ì$îSî ì$ý�ð ó Ü�é�êAÜ?æOé�êAè�æAè-Ü�ý�ê�ùSñ$ïAë�êAñ�ñ�÷ 
 é�ñ�Ýiñ�ë�ôé£êAèFè-ð�é£Ü�ô!ì�é�è�Ï¨�ú\�Kæeø[ë£ì$çé£Ü?ç�è�Ü?æZñ$ïAëJèÿ[ì$ôHøAî?è�ð â ó ê[è-ë�è ó èFç-ñ�æAð@Ü?÷Aè�ëJë�è�ð�økè-ç�é�Ü í è-î�ü�,ÒY� ì$æA÷ S Ò S æAè�Ü?ý�ê�ùkñ�ïAë�ê[ñ*ñ�÷Að ä ó è�ê^ì í è�ïAð@è-÷Oé�êAè�è-Ü�ý�ê&é.æ[è	ì$ë@è-ð@é+æAè-Ü�ý�ê�ùSñ�ï[ë�ð.é�ñè-ð@é�Ü?ômì�é£è�é�êAèFç-ñ í ì$ë�Ü?ì$æAç�è 
Ï¨ Þ õM â Ï¨¬Ó _ ¶ À*Ô ^ Ï¨¬Ó _ ¶ _ Ô ^ Ï¨¬Ó À�¶ _ Ô ^ Ï¨¬Ó � _ ¶ _ Ô ä f� è-ë@èÕÏ¨¤ÖSÜ?ð+é�êAèFç-ñ�ë@ë�è-î�ñ�ý�ë�ì$ô�Ýiñ�ë+é�êAèFð�ø^ìwé£Ü ì�îPî ì�ým× â È ë@è-ð�ð@Ü?è 
Võ d d õ ä 
Ï¨¤Ö Þ õÆ Ö ¼Ê ´«¹�¶ Ê � ÖØ´.¹ âON Ê ötÙN Î ä�â2N Ê � Ö ötÙN Î ä {
ó êAè-ë@è  ÷Aè�æAñ$é�è-ðaé�êAè!ð@è�é2ñ$Ý+ùAë�ì$Ü?æ í ñ	ÿ*è-î�ð 
Æ Ö�Ü?ðFé£êAèmæ�ï[ô�ùSè�ëañ�Ý+é£è�ë�ôHðaÜ�æÈé£ê[èð�ïAô 
 ì$æA÷ ÙN Î Ü?ð+é£ê[èaì í è-ë£ì�ý�èañ�Ý�é�êAè N ªºÚ¥ð�ú



���������.c���������� �!��"#�!� ���Tú õ ã� ñ$é£Ü�ç-èmé�ê^ì�éaé£êAèOø[ë�ñ�ù^ì�ùAÜ?î�Ü�éKü�Ü�æ â õ � ä ñ�æAî/ü<÷Aè-økè-æA÷[ðQñ�æWé£ê[èOômñ�÷Aè�î�Ýiñ�ë 1 ò�
ì$æA÷¹êAè-æ[ç-è�ì$øAø[î?Ü?è�ð ó êAè�æAè í è-ëFômñ�÷Aè�î ã Ü?ðCç-ñ�æ[ð�Ü?÷[è-ë�è�÷6ú2ûJê[Ü?ð�Ü�ð�æAñ$é�é�ë�ïAèaÝiñ�ë_é£ê[èç-ñ í ì$ë�Ü?ì$æAç-è�Ü�æ â õ ã�ä 
6ó êAÜ?çTê<÷Aè�øSè�æA÷Að8ñ�æ<é�êAèQ÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æ�ñ$Ý N ý�Ü í è-æ 1 ú¥�Kæ¹é£ê[èð�è�é�ïAøoì$ùkñ í è ó èHê^ì í èmç-ñ�æAð@Ü?÷Aè�ë�è�÷oìeð�éTì�é�Ü?ð�é£Ü?ç ó êAÜ�çTêWÜ�ð8÷[Ü?ð@é�ë�Ü�ùAï[é£è�÷Wì�ð âONme*1 Þß ä¥Å Æ â ß�{²Ç6Å ä ì$æA÷ âONme*1 Þ�õ äÛÅ Æ â õ {�Ç6Å ä úÜ� ê[è-æ�ômñ$ë�è!ý$è-æAè�ë£ì$î�î�ü â2NJe*1 Þõ äÜÅ Æ â3Ý {²Ç6Å ä ó êAè�ë�è Ý à ß�
Jó è�ñ�ù[é£ì$Ü?æÍé�êAè�ð�èé£ïAøgì$ùkñ í è\ù&üÍð�ç	ì�î?Ü?æ[ý N ù�üÝ � _ ú'� êAè�æÈé£ê[è!÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æ<ñ�Ý N Ü�ðaæAñ�éaæ[ñ�ë�ômì$î 
 ñ�æ[èmæAè�è-÷Að8é£ñvç	ì$î�ç-ïAî?ì�é£èQé£ê[èç-ñ í ì$ë�Ü?ì$æAç-è8Ü?æ â õ ã�ä Ýiñ�ëJé£êAè8÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æZç-ñ�æAð@Ü?÷Aè�ë�è�÷6ú x ý�è-æ[è-ë£ì�îEÝiñ$ë�ô�ïAî?ì 
[ó êAÜ�çTêì$øAøAî�Ü?è-ð ó êAè-æAè í è�ë N ªXì�æA÷ N Ê ì$ë@è�ç-ñ�æ[÷AÜ�é�Ü?ñ�æ^ì�î?î�ü(Ü�æA÷Aè�øSè�æA÷Aè-æ&éFý�Ü í è�æ 1 ªXì$æA÷ 1 Ê 
Ü?ðJý�Ü í è-æeù&ü È
ñ í â2N ª { N Ê ä Þ È

ñ í â�ÞOâON ª e*1 ª ä { Þ!â2N Ê e*1 Ê ä�ä f¾ ð�ïAì$î?î/ü(Ü�éCÜ?ð_ð�é£ë�ì$Ü?ý�ê&é@Ýiñ�ë ó ì$ë�÷eé£ñmç	ì$î�ç-ïAî?ì�é£èFé£êAèaë�Ü�ý�ê&é_ê^ì�æA÷�ð�Ü�÷Aè�ì$ùkñ í è�ú_ûJêAÜ�ð_Ü?ðé£êAè2ì$øAøAë@ñ&ì$çTê\ïAð@è-÷�Ü�æÜ�4ÿ[ì$ômø[î?è � 
^ó êAè-ë@è N ª�ê^ì�ð�ì'ßFì$ôHô!ìQ÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æ ó ê[è-æ1 ª Þ�õ úx ðmÝiñ�ë�é£êAèvômñ�÷Aè�î � 
 é£êAÜ�ðmê^ì�ð M Ýië@è-èBøAì$ë£ì$ôHè�é�è-ë@ð ó êAè�æ1þáÜ?ðHý�Ü í è-æPútàvñ��ômè�æ�éMè�ð@é£Ü�ô!ìwé£ñ�ë@ð+ô!ì	ü!ùSè�÷Aè�ë�Ü í è-÷(Ýiñ�ë+é�êAè-ð@èaì�ðCì�ùSñ í è 
 ùAï[é ó è ó Ü?î?îSë�èÝië£ì$Ü�æOÝië�ñ�ôé£êAÜ�ðCð@Ü?æAç�è8é�êAè2è���ïAì�é£Ü�ñ�æAðMý�è�éCômñ$ë�è8ç-ñ�ôHøAî?Ü�ç	ì�é�è-÷6úY�KæAð@é�è	ì$÷ ó è ó Ü?î?î�è�ð@é�Ü?ômì�é£è�é£ê[èë�è-ômì$Ü�æAÜ?æAýQøAì$ë£ì$ôHè�é�è-ë@ð+Ýië�ñ�ô â $ ä ú�Kæ�ñ�ïAëXè)ÿAì�ômøAî�è-ð�ùkè-î�ñ ó}ó èCê^ì í èCïAð@è-÷�é£êAèhð@Ü?ôHøAî?è)ÿQôHè�é£ê[ñ*÷�é�ñaômìwÿ*Ü?ôHÜV��èGé£ê[èç-ñ�æ&é£ë�ì$ð@éJÝiï[æAç�é�Ü?ñ�æAð â�á ë�è�ð�ðãâ#ä�åoæZç 
kõ d d ã$ä ú�ûJêAè�ð�éTì$æ[÷^ì$ë�÷Zè�ë�ë@ñ�ë�ð+ñ�Ý�é£êAè�ômìwÿ*Ü?ô2ïAôç-ñ�æ&é£ë�ì$ð@é2è-ð�é£Ü?ômì�é�ñ�ë�ð8ô!ì	ü¹ùkè!ñ�ù*éTì$Ü�æAè-÷Èù�ü<ý�è�æAè-ë�ì$îGì$ð@ü�ôHø[é£ñ$é�Ü?çQé£ê[è-ñ�ë�ü 
 ð@è-è!Ýiñ�ëÜ?æAð�éTì$æAç�è � è�ü�÷Aè â õ d dqp ä ú È
ë�è-ð@ð�Ü�è â õ d d õ ä øAë�ñ í Ü?÷Aè�ðQÝiñ�ë�ô�ï[î ì$ð�Ýiñ�ë�é�êAè(ð@é£ì$æA÷^ì$ë@÷è-ë�ë@ñ�ë2ñ�ÝèÏ¨¤Öiú á ë@è-ð�è�æ&é£î�ü ó è!ê^ì í è!æAñBÝiñ�ë@ô!ì$î ó ì	üWñ�ÝJÜ?æAç�î?ïA÷[Ü?æAýZé£ê[è!ïAæAç�è-ë�éTì$Ü�æ�éKüñ$ÝCé�êAèeø^ì$ë£ì�ômèé£è-ë@ðQÜ?æoé£ê[èvì�æ^ì$î�ü�ð@Ü?ð 
 Ü/é�Ü?ð 
 êAñ ó è í è�ë 
 ñ$ïAë�èÿ*øSè�ë�Ü�è-æAç�è 
 é�ê^ì�é�é£ê[èøSñ�ð�é£è�ë�Ü?ñ$ë2øAë@ñ�ù^ì$ùAÜ�î?Ü/éKü¹ô!ì$ø[ð ó è-ë�èÉ��ïAÜ/é£èOë@ñ�ùAïAð�é�é£ñvé£êAèZñ�ù[ð�è-ë í è�÷ í ì$ë@Ü ì�é�Ü?ñ�æ[ðaÜ�æé£êAè�ø^ì$ë�ì$ôHè�é£è�ë�ð�úÛ�Kæ<Ýbì�ç�é 
 ì�ð ó è ó Ü?î�î4ð�ê[ñ ó Ü?æ\é�êAèJ��ÿ[ì$ôHøAî�è ã ì�æA÷ � 
 é£êAèü¹ì$ë@è��ï[Ü�é£èFë@ñ�ùAïAð�éMé�ñQé£êAèFçTêAñ�Ü�ç-èFñ$Ý�ômñ�÷Aè�î9úé ê�ë«ì íïî�ðlñë�òJóïôõðÛóïö ðã÷ï÷ïî«ë«øjð�ñë�òmóïô�Wè ó Ü�î?î�Ü?î�î?ïAð�é£ë�ì�é£è�é£ê[è+ômèé£êAñ�÷�ù&ü2ì$øAøAî/ü*Ü�æAý�Ü/é�é�ñ_é ó ñ�ð�ü�æ�é�êAè�é�Ü?çJ÷^ìwéTì_ð@è�é£ð 
�ó êAè-ë@èé£êAè+é�ë�ï[é�êHÜ�ðzU�æAñ ó æ 
 ì$æA÷�ì í Ü?ð�ïAì$î[ð�é£Ü?ô2ïAî ì�é�Ü?ñ�æa÷^ì�é£ì�ð�è�é-ú g ñ�ë�é�êAèhð@ü�æ&é£êAèé£Ü?çJ÷Aì�éTì 
ó èFômì#üm��ï^ì$æ&é£Ü/Ýdü!ë@è-ð@ïAî�é�ðJù�ü!ë�è�ð�økè-ç�é�Ü í è-î�ü!ç-î?ì$ð�ð@Ü��^ç-ì�é£Ü�ñ�æOè-ë@ë�ñ�ë 
 ð�éTì�é�Ü?ð@é�Ü?ç-ì$îSøkñ ó è�ëñ�ëQé£ë�ï[èvøkñ�ð�Ü/é£Ü í èZë£ìwé£è â û á £ ä ì$æ[÷Íî?è í è�îJñ$Ý�ð@Ü?ý�æAÜZ�^ç	ì�æAç-è(ñ�ëQÝbì$î�ð�è(øSñ$ð�Ü�é�Ü í èZë£ì�é�èâ g á £ ä ú g ñ�ëZì1ý$Ü í è�æUé£êAë@è-ð�ê[ñ�î?÷ 
 é£ê[è<ç�î ì$ð@ð�ÜZ�^ç	ì�é�Ü?ñ�æÍè-ë�ë@ñ�ëZÜ?ð!è-ð@é�Ü?ômì�é£è�÷ ì$ðOé£ê[èæ�ï[ô�ùSè�ë�ñ$ÝhôHÜ?ð@ç-î ì�ð�ð�ÜZ�^è-÷ í ñ	ÿ*è-î�ð â è-Ü/é£êAè�ëaéKü�økè'��ñ�ëaéKü�økè'���Fè�ë�ë�ñ$ë�ð ä 
 ÷AÜ í Ü�÷Aè-÷Wù�üé£êAè�é�ñ$éTì$îVæ�ïAô�ùkè-ë�ñ�Ý í ñ	ÿ*è-î?ð�úaûJê[è�û á £IÜ?ðCè-ð@é�Ü?ômì�é£è�÷�ì$ð_é�êAèQì$ðCé£êAè�æ�ïAô2ùSè�ë�ñ$Ýì$ç�é�Ü í è í ñ	ÿ*è-î?ðXç�î ì$ð@ð�Ü��Aè-÷Qì$ðXì�ç�é£Ü í è 
 ÷AÜ í Ü�÷Aè-÷Qù&ü8é£êAè+é�ñ$éTì$î�æ�ïAô�ùkè-ë�ñ�ÝPì�ç�é£Ü í è í ñ	ÿ[è�î?ð�úûJêAè g á £ÍÜ?ð�è�ð@é�Ü?ômì�é£è�÷�ì$ð�é£êAèJæ�ïAô2ùSè�ë�ñ$ÝPæ[ñ�æ&��ì�ç�é£Ü í è í ñ	ÿ[è�î?ð ó êAÜ�çTêmì�ë�èJç-î?ì$ð�ð@Ü��^è�÷ì$ðMì$ç�é�Ü í è 
 ÷AÜ í Ü�÷Aè-÷(ù&üZé£êAè�é�ñ$éTì$îPæ�ï[ô�ùSè�ëhñ$Ý4æ[ñ�æ&��ì�ç�é£Ü í è í ñ#ÿ*è�î?ð-ú



���������.c���������� �!��"#�!� ���Tú õ ��j�:ù ��ú_Î\� ÑÁû*�üù�ý¢þ���Î�Ï��Õ�8�EÌ������^Î��8�*�.Ð ÿ�Î��[Î�Wè ó Ü?î?îkì$ø[øAî�üQé�êAè_ôHñ*÷[è-î?ð�é�ñ�ìaç�î ì$ð@ð�Ü�ç	ì$îNøAë@ñ�ùAî?è�ô�Ü?æ!ð�éTì�é�Ü?ð�é£Ü?ç-ì$î^Ü?ômì$ý�èMì$æAì$î�ü�ð�Ü�ð 
æ^ì$ôHè-î�üCé£êAèXë@è-ð@é�ñ�ë£ìwé£Ü?ñ$æ8ñ�ÝAì$æ8ïAæ�U�æAñ ó æ8é£ë�ï[èGÜ�ô!ì$ý$è4ù^ì$ð@è-÷añ�æ2ìJ÷Aè�ý�ë£ì�÷Aè-÷ í è-ë@ð�Ü�ñ�æñ$Ý�Ü�é-ú.ûVè-çTêAæ[ÜV��ïAè-ð�Ýiñ$ëCì�çTêAÜ?è í Ü�æAýmé�êAÜ?ðMì$ë@è2ì�øAøAî?Ü�è-÷eÜ?æeô!ì�æ�üeì�ë�è	ì�ð ó êAè�ë�èaÜ?ômì$ý�è-ðì$ë�è¹ë�è�ç-ñ�ë@÷Aè-÷gñ�ëOé�ë£ì$æAð@ômÜ/é�é�è-÷ ó Ü�é�ê æAñ�Ü?ð@è 
 Ü?æAç�î?ïA÷AÜ�æAý1ë@è-ôHñ$é£è�ð@è-æAð@Ü?æAý�Ü?ômì$ý�è�ð 
ð£ì�é�è-î?î�Ü�é�èGÜ�ô!ì$ý$è-ðVì$æA÷QôHè-÷AÜ�ç	ì$î�Ü�ô!ì$ý$è-ð-ú]�Kæ2ÝiïAæ[ç�é£Ü�ñ�æ^ì$î�ùAë�ì$Ü?æaÜ?ômì$ý�Ü?æ[ýhé�êAè.ø[ë�ñ�ùAî�è-ôÜ?ð4ôHñ�ë@è.ç-ñ$ômøAî�èÿ8é£êAì$æQÜ?æ8é£êAè+ð@è�é@é£Ü?æ[ýFì$ùSñ í èoÄ]��é�Ü?ð�æAñ$é�ì�ð�è í Ü?÷[è-æ&é ó ê^ì�é4é£êAè � é£ë�ï[èð�ç-è�æAè � Ü?ðmñ�ë ó êAÜ�çTêUý�è-ñ$ômèé£ë�Ü�çBçTê^ì�ë£ì$çé£è-ë@Ü?ð�é£Ü?ç�ðOÜ�é!ê^ì$ð 
 ì$æ[÷áé£êAè\æ[ñ�Ü?ð@è\ð�ñ�ï[ë�ç-è�ðì$ë�è\Ýbì$ë!ômñ�ë@è\ç-ñ$ômøAî�èÿ;é£ê^ì�æUÜ?æUÜ?ômì$ý�èvë�è�ð@é£ñ$ë£ì�é�Ü?ñ�æáø[ë�ñ�ùAî�è-ôHð-úA��é(ð@é�Ü?î?îMð�è�ë í è-ðìBøAïAë@øSñ�ð@è 
 ê[ñ ó è í è-ë 
 é£ñ\ð�é£ïA÷[ü<êAñ ó é�êAè!ôHñ*÷[è-î?ð8økè-ë@Ýiñ$ë�ô�Ü?æ<é£êAÜ�ðaôHñ�ë@èmð@Ü?ôHøAî?èøAë�ñ�ù[î?è-ô 
 Ü?æ;ñ�ë�÷[è-ë!é�ñWïAæA÷[è-ë�ð�éTì$æ[÷ é�êAè\çTê^ì�ë£ì$çé£è-ë@Ü?ð�é£Ü?ç�ð!ñ$Ý�é�êAè\ôHñ*÷[è-î?ð 
 ùkè�Ýiñ�ë@èômñ í Ü?æAý�ñ�æZé�ñmôHñ�ë�è_ç-ñ�ôHøAî?è)ÿZ÷^ìwéTì[ú�Èè ó Ü?î?î4ç-ñ�æAð@Ü?÷Aè�ë�é ó ñeÜ?ômì$ý�è�ð-ú�ûJêAè¥�^ë�ð�é â ÷Aè-æ[ñ$é£è�÷ �Kômì$ý�è¥� ä Ü?ð�é�êAè ��M Ò ��MùAÜ?æ^ì�ë@ü<Ü?ômì$ý�è�ñ$ÝMì$æ � x Ú4ù&ü ß�ë�è�Ü?ý â#ä4åoæZç â õ d $ d ä 
 ð�è�è g Ü�ý�ïAë�è õ úvûJêAèOÜ?ômì$ý�èHÜ?ðç-ñ�ë@ë�ïAø[é�è-÷ ó Ü/é£êeùAÜ?æAì$ë@üZæ[ñ�Ü?ð@è 
Aó êAè�ë�è�ì�øAÜYÿ[è�î 1 ª ó Ü�é�êvøAë@ñ�ù^ì$ù[Ü?î?Ü/éKü Û Ü�ðMë@è-øAî?ì$ç-è�÷ù�ü õMö 1 ª�ú�ûJê[è8ø[ë�ñ�ù^ì�ùAÜ?î�Ü�éKüm÷Aè-æAð@Ü�é�Ü?è-ðJñ�Ý�é�êAè�÷Aè-ý$ë£ì$÷Aè�÷vø[Ü/ÿ*è-î � ªEý�Ü í è-æZé�êAè�é£ë�ï[èí ì�î?ïAè 1 ª4ì�ë�è�é£êAè�æ i â2NJe*1 Þ�ß ä Þ Û u â õhö Û ä _ � u { N Ó Â ß&{	õ Ã {i â2NJe*1 Þ�õ ä Þ â õhö Û ä u Û _ � u { N Ó Â ß&{	õ Ã f
ûJêAèaè�ë�ë@ñ�ëhë£ì�é�è Û ó ì$ðMð�èéCé�ñ ã S�� ú g Ü í èFÜ?æ[÷Aè-økè-æA÷[è-æ&é£î/ü(ç-ñ�ë@ë�ïAø[é�è-÷vÜ?ômì$ý�è-ð ó è-ë@èøAë�ñ�÷AïAç�è-÷ 
 Ü?æ(ñ�ë@÷Aè-ëJé�ñmì�ð�ð�è�ð�ðMé£êAè í ì$ë�Ü?ì$ùAÜ�î?Ü�éKü�ñ�Ý�é�êAèFè-ð@é�Ü?ômì�é£è�ð-úXûJêAèFë�è�ð�ïAî/é£ðMì$ë@èð�ïAôHô!ì�ë�ÜV��è-÷}Ü?æ;û4ì$ù[î?è õ ì$æ[÷Íð�ñ$ômèeñ$Ý�é�êAèvÜ�ô!ì�ý�è(è-ð@é�Ü?ômì�é£è�ðHì$ë�èe÷AÜ?ð@øAî ì	ü$è-÷áÜ�æg Ü?ý�ï[ë�è õ úûJêAèað�è�ç-ñ�æA÷BÜ?ômì$ý�è â �Kômì$ý�è4��� ä Ü?ðhé£ê[è2ùAÜ�æ^ì$ë@ü(Ü�ô!ì�ý�è�÷AÜ?ð@øAî ì	ü$è-÷\Ü�æ g Ü�ýAú M ìHñ$Ý[ è-ð�ì$ý â õ do$ �&ä úVûJêAèJÜ�ô!ì$ý$è ó ì$ð�ç�ñ�ë�ë@ïAø[é£è�÷Qù&üQì$÷A÷[Ü?æAý ó ê[Ü�é£è¤ß8ì�ïAð�ð@Ü ì$æ�æ[ñ�Ü?ð@è ó Ü�é�êð@éTì�æA÷^ì$ë@÷W÷Aè í Ü?ì�é£Ü�ñ�æ ß ú%d õ#ß S úJ�Kæ¹é£ê[Ü?ðFð�èé�é£Ü�æAýZé£êAèH÷Aè�æAð�Ü/é£Ü?è�ðFñ$Ý+ì(øAÜYÿ[è�î � ªGý$Ü í è�æ1 ª�ì$ë�è i â2NJe*1 Þ�ß ä Þ õ

� ã	��
� � ¾Í�� Í u Í { N Ó��¬{i â2NJe*1 Þ�õ ä Þ õ
� ã	��
 � � ¾Í�� Í Ó u � _ Ô�Í { N Ó��¬{

ó êAè-ë@è 
 Þ�ß f d õ#ß S ú��Èè8ø[ë�ñ�÷AïAç-è�÷ � í è8Ü?æA÷Aè�øSè�æA÷Aè�æ�éCæAñ�Ü�ð@ü!Ü?ômì$ý�è-ðGé£ñHì$ð�ð@è-ð@ðCé£ê[èí ì�ë�Ü ì�ùAÜ?î�Ü�éKüHñ$Ý�è-ð@é�Ü?ômì�é£è�ð-ú�ûJêAè8ë�è�ð�ïAî/é£ðhì$ë@èFý�Ü í è-æeÜ?æ(û4ì�ùAî?è õ úg ñ�ëhè	ì�çTê\ômñ�÷Aè�î 
 é�êAè2ø^ì�ë£ì$ôHè�é�è-ë�ð ó è-ë@è�è-ð�é£Ü?ômì�é�è-÷eùSñ$é�êBù&ü(ômìwÿ*Ü?ôHÜV�-Ü�æAý�é£ê[èç-ñ�æ&é£ë�ì$ð@é8ÝiïAæAçé£Ü�ñ�æ â $ ä ì$æA÷ 
 Ýiñ�ë�ôHñ*÷[è-î õ ì$æA÷ ã 
 ù&ü�é�êAè�ð�Ü?ôHøAî�èQè-ð@é�Ü?ômì�é£ñ$ë�ð�÷AèR�ð�ç-ë@Ü?ùkè-÷oÜ�æ å è�ç�é£Ü�ñ�æ ã ú � ú å Ü?æAç�èmé�êAèOë�è�ð�ïAî/é£ð ó è-ë@èZì$î�ômñ�ð�é8ð�Ü?ôHÜ?î?ì$ë 
�ó èZý�Ü í è!ñ�æ[î�üé£êAè �Aý�ïAë�è�ð.Ýiñ�ë�é£êAè�ômìwÿ*Ü?ô2ïAô���ç-ñ�æ[ð@é£ë�ì$ð@é�è�ð@é£Ü�ô!ìwé£è-ð�úz�KæZøAë�ì$ç�é�Ü?ç-è ó è_ë�è-ç�ñ�ôHômè�æA÷



���������.c���������� �!��"#�!� ���Tú õ M
é£ê^ì�é4é£êAè+ð@Ü?ôHøAî?è�è-ð�é£Ü�ô!ì�é�ñ�ë�ð�ð�êAñ$ïAî?÷Qùkè+ïAð@è-÷ ó êAè-æQøkñ�ð@ð�Ü?ù[î?è 
 ð�Ü?æ[ç-è.é�êAè�ü�ì$ë�è+ô2ïAçTêè	ì$ð@Ü?è-ëJé�ñHñ$ù[éTì$Ü�æ 
 ì$æ[÷eý$Ü í è8ì$î�ômñ$ð@éhì$ðhý�ñ�ñ�÷Zë�è-ð@ïAî�é�ð-ú�ÈèFç	ì$î�ç-ïAî?ì�é£è�÷Oé£êAèFøkñ�ð@é�è-ë�Ü�ñ�ëJøAë@ñ�ù^ì$ùAÜ�î?Ü/éKümñ�Ý 1 Þ�õ ý�Ü í è-æ �mò Ü?æ(è	ì$çTêeøAÜYÿ[è�î 
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 ì$æA÷¹é£êAè�ôHÜ?ð:��ç-î?ì$ð�ð@Ü��^ç-ì�é£Ü�ñ�æBÜ�ð8ë@è-÷Aï[ç-è-÷Èù&ü�ômñ$ë�è�é£êAì$æM ß � ç�ñ�ômøAì$ë�è�÷(é�ñQé£êAèFð�Ü�ômø[î?è�ôHÜ/ÿ�é£ï[ë�è�ôHñ*÷Aè�î9ú



���������.c���������� �!��"#�!� ���Tú ã ß�Èè ó Ü?î�îaç�ñ�ôHø^ì$ë�èÈé£êAèoøkè-ë�Ýiñ�ë�ômì$æAç�è1ñ$Ý�ôHñ*÷Aè�î ã ó Ü/é£êÄìáæAñ�æ��Kø^ì$ë�ì$ôHè�é£ë@Ü?çômñ�÷Aè-î 
�ó ê[è-ë�èeé£êAèvì$çé£Ü í ì�é�Ü?ñ�æ�Ü�ðHè�ð@é�Ü?ômì�é£è�÷;ù&ü}ð�ôHñ*ñ�é£êAÜ�æAý�é£êAèe÷^ì�é£ì<ð@ø^ì�é£Ü?ì$î?î/üó Ü�é£ê<ì(ì�ß8ì$ï[ð�ð�Ü?ì$æïU$è�ë�æAè�îXñ$ÝGÝiï[î?î ó Ü�÷[é£ê<ì�éFê^ì�î�Ý�ô!ì,ÿ[Ü�ô�ïAô â g � � à äFã ì$æA÷ �í ñ	ÿ*è-î?ð�ë@è-ð@øSè�ç�é£Ü í è�î�ü 
 ùkè�Ýiñ$ë�è2ç-ì$î?ç�ïAî ìwé£Ü?æ[ýHé�êAè1tG�Kð�éTì�é�Ü?ð�é£Ü?çaÜ?ômì$ý�è�ú_ûJêAÜ�ð_Ü?ðCøSè�ë�ê^ì�øAðé£êAè\ôHñ�ð�éOç-ñ$ômôHñ�æ ó ì	üáñ�Ý�Ü?æAç�î?ïA÷[Ü?æAýÈð�ø^ì�é�Ü ì$îhÜ�æ[Ýiñ�ë�ômì�é�Ü?ñ�æ�Ü?æ;é£êAèBì$æ^ì$î/ü*ð@Ü?ðmñ$ÝÝ�à £0��÷Aì�éTì 
 ì$æA÷Oï[ð�ï^ì$î�î�üQé�êAè_ð@ômñ�ñ$é£ê¯tG�KÜ�ô!ì$ý$èMÜ�ðGé�êAë�è�ð�êAñ�î�÷Aè-÷!ïAð�Ü�æAý2é£ê[è_ë£ì�æA÷Añ�ô�^è-î�÷Að_é£ê[è-ñ�ë�ü â �Wñ$ë�ð�î�è�ü â#äjåoæZç 
Võ d d �&ä ú,ÓXñ	ÿ*è-î�ð_ômì	üeé�êAè-æ�ùkè2ç�î ì$ð@ð�ÜZ�^è-÷\è�Ü�é�êAè-ëCñ�æé£êAèeù^ì$ð@Ü?ð�ñ$ÝCøSè-ìoUoêAè-Ü�ý�ê&é�ñ�ë�ñ�æ}ç-î?ï[ð@é£è�ë�ð�ÜV��è$ú � ñ ó è í è�ë 
 ñ�ï[ëmì�Ü?ô ê[è-ë�èeÜ?ð>Ç�Ô	äé£ñWç�ñ�ôHø^ì$ë�èvë�è�ð�ïAî/é£ð�Ýië�ñ�ô é£ê[ë�è-ð@êAñ�î�÷AÜ?æAý<ù^ì$ð@è-÷Uñ�æ;ë£ì$æ[÷Añ�ô �^è-î�÷Að�é£êAè�ñ�ë@ü ó Ü�é�êé£ê^ì�éHù^ì�ð�è-÷;ñ�æ}øSñ�ð�é£è�ë�Ü?ñ$ëHø[ë�ñ�ù^ì�ùAÜ?î�Ü�é£Ü�è-ð�ú �Wè(é£ê[Ü?æ�UWé�êAÜ?ðQÜ�ð�÷AÜÖÕHç-ï[î�é 
 ð�Ü�æAç-è(é£ê[èïAæA÷Aè�ë�î�ü�Ü�æAývø[ë�Ü?æ[ç-Ü?ø[î?è-ðFì�æA÷Wì�ð�ð�ï[ômø[é�Ü?ñ�æ[ðFì$ë�èQÝiïAæA÷Aì$ômè�æ&éTì$î�î�ü\÷[Ü�WSè-ë�è�æ&é	úJ£Cìwé£êAè�ëó è ó Ü�ð�êBé�ñOç-ñ�ôHø^ì$ë@èaé�êAè�â#×#ä ÄÆØ åoä*â#×�ñ$ÝXð�ø^ìwé£Ü ì�î4ì$çé£Ü í ìwé£Ü?ñ$ævø^ìwé�é£è�ë�æ\ñ$ù[éTì$Ü�æAè-÷Bù�üé£êAè8é ó ñOôHñ�÷Aè-î�ð-ú g ñ�ëJé£ê[Ü?ðMë�è	ì�ð�ñ�æ 
Nó è2ê^ì í è8é£êAë@è-ð@êAñ�î?÷[è-÷Bé�êAè2ì�ç�é£Ü í ì�é£Ü�ñ�æ(Ü?ômì$ý�è-ðÜ?æeìHç�ñ�ôHø^ì$ë£ì�ùAî?è ó ì	ü 
 æ^ì$ôHè-î/üOìwéMé�êAèFî?è í è-î ó ê[Ü?çTê(ü*Ü�è-î�÷Aðhì$ævì$ç�é�ï^ì$î g á £�ñ$Ý SÂ�ì$æA÷ õ � ë@è-ð@øSè�ç�é£Ü í è�î�ü 
 ùAì$ð�è�÷eñ$æ(é�êAè�é£ë@ïAèFì$çé£Ü í ì�é�Ü?ñ�æ!ø^ì�é�é�è-ë@æ6ú g Ü?ý$ïAë�è � ÷[Ü?ð�ø[î ì	ü�ðé£êAèFè-ð�é£Ü�ô!ì�é�è-÷eì$çé£Ü í ì�é�Ü?ñ�æZøAì�é�é�è-ë�æ[ð-ú

¾$ºA»4¼½» ÙNÚ º	ÛEÜÞÝ�ßà¾ Ù�Ú ºÁÛeÜÞÝNßá»g Ü?ý�ï[ë�è � Ä x çé£Ü í ì�é�Ü?ñ�æ;Ü?ômì$ý�è�ðmÝiñ�ë!é�êAèÜ�^ë@ð@é(ñ$ÝFÝiñ�ïAë!ð�ïAùAð@è�é�ðeñ�Ý8é�êAè�ð@ü�æ&é£ê[è�é£Ü�ç÷^ì�éTì`�Kð�èé	ú g ë�ñ�ô î�è�Ýdé�é£ñÈë�Ü�ý�ê&é«Äïàeñ*÷Aè�î ã ÷Aè��AæAè-÷Uñ�æÍì �ÜÒ � ë@è-ý�Ü�ñ�æÍì�æA÷Íé£ê[èæAñ�æ&��ø^ì$ë£ì�ômèé£ë�Ü�ç!ôHñ*÷[è-î ó Ü�é£ê g � � à ã ì$æA÷ � í ñ#ÿ*è�î?ðQë�è�ð�økè-çé£Ü í è-î/ü�ú<û�ñ�ø�ë@ñ ó Ä
h�ë@Ü?ý�Ü�æ^ì$î[ì$ç�é�Ü í ì�é£Ü�ñ�æ�Ü�ô!ì$ý$è-ð-ú [ è-î�ñ ó Ä��Kômì$ý�è-ð�é�êAë�è�ð�êAñ$î?÷Aè�÷!ì�éXè�ômø[Ü?ë�Ü�ç	ì$î g á £ SÂ�â ôHÜ?÷A÷Aî�è ä ì�æA÷ õ � â ùkñ$é@é£ñ�ô ä úg ë�ñ$ô é�êAèÁ�^ë�ð�éhë�ñ ó4
Aó èFð@è-è�é£ê^ìwéJé£êAè�÷AÜ�ð@é�Ü?æAçé£Ü?ñ$æZùSèé ó è�è-æBæ[ñ�Ü?ð@èFì$æA÷eì$ç�é�Ü í ì	�é£Ü?ñ$ævÜ�ðM÷[ë£ì$ômì�é£Ü�ç	ì$î�î�üm÷AÜ�WSè-ë@è-æ&éCñ�æeé�êAè2økñ�ð�é£è-ë@Ü?ñ�ëJø[ë�ñ�ù^ì�ùAÜ?î�Ü�éKüOð@ç	ì$î�èaç�ñ�ôHø^ì$ë�è�÷vé�ñ
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é£êAè¯tG�KÜ?ômì$ý�è2ð�ç	ì�î?è$ú'� [ ô!ì�÷Aèmð@Ü?ôHÜ?î?ì$ë_ñ�ù[ð�è-ë í ì�é£Ü�ñ�æAð ó êAè-æ1ç�ñ�ôHø^ì$ë�Ü�æAý(ø&� í ì$î�ïAè-ðì$æA÷Oøkñ�ð@é�è-ë@Ü?ñ�ë�øAë�ñ$ù^ì$ùAÜ�î?Ü�é�Ü?è�ð-úVûJêAè_é ó ñQî ì$ð�é.ë@ñ ó ð.ð�êAñ ó é£ê^ìwé.é£ê[è_æAñ�æ��Kø^ì$ë�ì$ôHè�é£ë@Ü?çômñ�÷Aè-îEü�Ü?è�î?÷AðMè-ð�é£Ü?ômì�é�è-ð ó ê[Ü?çTê�ì$ë@è2ð@ômñ�ñ$é£ê[è-ëCé�ê^ì$æBé�êAèaé�ë�ïAèaë�è�ý�Ü?ñ�æ[ð 
Só ê[Ü?î?èFé£ê[èë�è-ý$Ü?ñ�æAð�ñ�Ý.ôHñ*÷[è-î ã ì$ë@èHôHñ�ë@èQÜ?ë�ë@è-ý�ï[î ì$ë_ì$æA÷<ê^ì í èHômñ�ë@è�êAñ�î�è-ð�úQûJêAèmè�ð@é�Ü?ômì�é£è�÷û á £´Ýiñ�ë+é�êAèFæAñ�æ&��ø^ì$ë�ì$ômèé£ë@Ü?ç�ôHñ*÷[è-î�ì$ë@è�ý�Ü í è-æeÜ?æ(û�ì$ùAî?è � ú [ ü(ç-ñ�ôHø^ì$ë@Ü?æAý�é�êAÜ?ðó Ü�é£êvû4ì�ùAî?è ã 
^ó è2ð�è�èaé�ê^ì�éMômñ�÷Aè�î ã ë�è�øAë�ñ�÷AïAç�è-ðMé£êAèFé£ë@ïAè2ì�ç�é£Ü í ì�é£Ü�ñ�æ(ùSè�ð@é 
 ì$ðMÜ�éê^ì$ð.é�êAè�êAÜ�ý�êAè-ð�éJû á £gÝiñ�ëGè	ì$çTê(î�è í è�îPñ$Ý g á £Fú[ûJê[è�÷AÜ�WSè-ë@è-æAç�è�Ü?ðGñ�æAî�üHð@Ü?ý�æAÜZ�^ç	ì�æ�éÝiñ�ë g � � à � ú
û4ì$ù[î?è � Äk���������������!�2'$+�Í<NÊâ+Ö'$) ¶ ' ¶ Ò¥DB��)*�$�3�#��)a� µ � µ ���(g������I' ¶ �(����K$�!�Ì� ¶ãR �IKAG0)��Þä��/4)��!��/0' "  4�! å���.� R <�Êæ'$+ CAÏ � ¶  ����1S Ï )��!��Df� µ ���Ig$� " V$L¯: "�" %BKAG0)*�!�,��)��2� ¶ Df�#) µ � ¶ �#LÐÂ��� ¶  4��)* Ì�#)*)�'$)*�J'$+W�!�����(�������!�b��)��QKA�Ig$� ¶ � ¶ DB��)�� ¶ ��/0�!���!�#Làvñ�÷Aè-î û á £ â î?è í è�î S��Hä û á £ â î�è í è�î õ ��ä� á 
bg � � à ã $ d*ú S(â9ã ú ß ä �o� únd â>ã ún$ ä� á 
bg � � à � po$*ú �eâ � ú M�ä M � ú ß â3� ú p ä
�j�T� ��úHç\�éèÁû*� ��ýëê���ìfl.ç\û�ì������ílÁû*ç����:�bî ��ï n þ ÿ3ç��fç�Wè6�Aæ^ì$î?î/üFç-ñ�æ[ð�Ü?÷[è-ë�è�÷�ì í Ü?ð@ï^ì$î�ð@é�Ü?ô�ïAî?ì�é£Ü�ñ�æ8÷^ì�éTìMð�èéXì$ç���ïAÜ�ë�è�÷ ó Ü�é�ê w�ð� ó è�Ü?ý�ê&é�è-÷� á �Zñ�æ�ì õ ú S û ð�ç-ì$æAæAè�ë\ì�é(é£ê[è à £ £hè-ð@è	ì$ë@çTê È

è-æ&é£ë@è 
 x ì$ë@ê�ïAð ¾ æAÜ í è-ë@ð�Ü�éKü� ñ�ð@øAÜ�é£ì$î[Ü�æ�p�è-æAômì$ë�UNú�ûJêAèh÷^ì�éTì�ç�ñ�æAð@Ü?ð@éXñ�Ý d ß�õ ã $ Ò õ ã $_ð@ç	ì$æAð â�S Ò õ ún$qp S Ò õ ún$qp Sômô í ñ	ÿ*è-î?ð ä Ýiñ�ëJè	ì�çTêeð@î?Ü�ç-è 
�ó Ü�é�êvì�ûj£ªñ$Ý ã ð@è-ç�ú S ñ$ùAî?Ü���ï[è�ð�î�Ü?ç-è�ð ó è�ë�è8ì$ç���ï[Ü?ë�è�÷Ü?æOì,ÿ[Ü?ì$îZ��ç-ñ�ë@ñ�æ^ì$î[÷AÜ?ë@è-ç�é�Ü?ñ�æ�é£ê[ë�ñ�ïAý$ê!é£êAè í Ü?ð�ïAì$îNç-ñ�ë�é£èÿSúXûJêAèCð@é£Ü�ô�ïAî�ïAð ó ì$ð+ìÛp � �
iNì$ð�ê[Ü?æAýQî�Ü?ý�ê&é 
�ó êAÜ�çTê ó ì$ðJøAë@è-ð@è-æ&é£è�÷BÜ?æOì�ùAî?ñ�ç!U$è�÷eøAì$ë£ì$÷[Ü?ý�ô�ñ$Ý õ#ß ð@ç	ì$æAðJñ�W 
6õ	ßð�ç	ì�æAð2ñ�æ¹èé£ç$úEð�éTì$ë�é£Ü?æ[ývì�æÈè�æA÷AÜ?æ[ý ó Ü/é£ê<ì$æ<ñoW¼��øSè�ë�Ü�ñ*÷6úQûJê[èJ�^ë@ð@é S ð�ç	ì�æAð ó è-ë@è÷AÜ?ð@ç	ì$ë@÷Aè-÷ 
 ì$æ[÷ ó è8ð�è-î�è-çé£è-÷vñ�æAè�ñ$ÝVé£ê[è8ð@î?Ü�ç-è-ðJÝiñ�ë+é�êAÜ?ðhì�æ^ì$î�ü�ð@Ü?ð-úûJêAèJð@ç	ì$æ[ð ó è�ë�èhë�è-ì$î?Ü�ý�æAè-÷2ù�ü2ômÜ�æAÜ?ôHÜV��Ü?æAý+é�êAèJð���ï^ì�ë�è-÷�÷AÜ�ð@é£ì$æAç-èJñ�ÝNè	ì$çTê�ð�ç-ì$æé£ñCìMë@è�Ýiè-ë@è-æAç�èGð@ç	ì$æaïAæA÷Aè�ë�ë@ñ$éTìwé£Ü?ñ$æAðEì$æA÷Fé£ë�ì$æAð�î?ì�é£Ü�ñ�æAð�ú � èÿ�é ó è�î?ñ$ý���é�ë£ì$æAð�Ýiñ�ë�ôHè-÷é£êAèa÷^ì�éTìHì$æA÷vô!ì�ð�U$è�÷ M � $odHùAë�ì$Ü?æ�� í ñ	ÿ*è-î�ðCñ$ï[é	ú x î?Ü�æAè	ì$ëJôHñ�÷Aè-î ó ì$ð¬�Aé@é£è�÷BÜ?æ[÷AÜZ�í Ü�÷Aï^ì$î�î�üOé�ñOè	ì�çTê í ñ	ÿ*è-î4é�Ü?ôHè#��ð�è-ë@Ü?è�ð-úJûJêAè�ôHè	ì�æ í ì$î?ï[èað@ø^ì$ç-è ó ì$ð_ð�ø^ì$æ[æAè-÷�ù&üvìî?Ü?æ[è	ì$ëJé£ë@è-æA÷¹ì�æA÷\ì!ôHñ�÷Aè-î�Ýiñ�ëhé£êAèaê^ì$è�ômñ�÷[ü�æ^ì$ôHÜ?çFë�è�ð�økñ�æAð@è2ÝiïAæAçé£Ü?ñ$æBý�Ü í è-æBù�üì\ç-ñ�æ í ñ$î?ï[é�Ü?ñ�æ1ñ�ÝMé�êAèOø^ì�ë£ì$÷AÜ�ý�ô ó Ü�é�ê�ìïß8ì�ïAð�ð@Ü ì$æ1ÝiïAæ[ç�é£Ü�ñ�æ ó Ü/é£êoôHè	ì$æ � ð@è-ç�úì$æA÷ í ì$ë@Ü ì$æAç�èldmð�è�ç � úJûJêAèaè-ð@é�Ü?ômì�é£è�÷\ì$çé£Ü í ìwé£Ü?ñ$ævì�ômøAî�Ü�é�ïA÷Aè ó ì$ð_÷AÜ í Ü?÷Aè�÷Bù&üeÜ�é£ðð@éTì�æA÷^ì$ë@÷Oè-ë@ë�ñ�ëXé£ñFü�Ü?è-î�÷!ì�æ!Ü?ômì$ý�èhñ$ÝFtG�Kð�éTì�é�Ü?ð@é�Ü?ç�ð-ú�ûJêAèCî ì�é@é£è�ë�Ü�ðX÷AÜ?ð@øAî ì	ü�è�÷OÜ?æ�é£ê[è�^ë�ð�éCøAì$æAè-îEÜ�æ g Ü?ý�ï[ë�è M ú�Èè2÷AÜ�÷\æAñ$é�ì$ç-ç�ñ�ïAæ&é�Ýiñ�ëMç-ñ�ë@ë�è�î ì�é�Ü?ñ�ævÜ?ævé�êAè2é�Ü?ôHè#�Kð@è-ë@Ü?è-ð 
kó ê[è-æAç�è ó èQè)ÿ[økè-çéé£êAè í ì$ë@Ü ì$æ[ç-èMñ$Ý�é£êAèCð@é£ì�é£Ü�ð@é£Ü�ç-ðXé£ñ�ùkè_î?ì$ë�ý$è-ëXé£ê^ì$æmé£êAèMé£êAè�ñ�ë�èé£Ü?ç-ì$î í ì�ë�Ü ì�æAç-èMñ$Ý�é£ê[è
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tG�K÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æ6ú��WèQÜ�æ í è-ð�é£Ü�ý&ì�é£è�÷\é£êAèQè�ômø[Ü?ë�Ü�ç	ì$îE÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æ\ñ$Ý�é�êAèQð�èé¥Â N ªGÃHñ$ÝM � $ d�ð@é£ì�é£Ü�ð@é£Ü�ç-ð 
 ì$æA÷vÝiñ$ïAæA÷(é£ê^ì�é_ì�ômÜYÿ*é�ïAë�èFñ$Ý�é£êAë@è-è8ç-ñ�ôHøkñ�æAè-æ&é�ð0�Aé@é£è�÷ ó è-î?î�é�ñé£êAÜ�ð-ú4û ó ñ�ñ$Ý*é£êAè�ð�è ó è-ë@è�ßFì$ôHô!ìJ÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æAð 
 ôHñ*÷Aè�î?î�Ü?æAýJë@è-ð�økè-çé£Ü í è-î/ü8øSñ�ð@Ü�é�Ü í èì$æA÷QæAè�ý&ì�é£Ü í è [ h�oÉpáè#WPè�ç�é£ð 
 ì$æA÷Qñ�æAè ó ì$ð�ì � ñ�ë@ô!ì$î�÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æaôHñ*÷[è-î?î�Ü?æAýhé£ê[èæAñ�Ü?ð@è$úXûJêAèÁ�Aé@é£è-÷e÷Aè�æAð�Ü/éKü ó ì$ði âONSä Þ þ § iÁñ â2N ¯£ß�{²Ç �)ä ^ þ � i$ò â ö N ¯!ó � {�ô � ä ^ þ � iAò â2N ¯!ó � {�ô � ä { â õ S�äó êAè-ë@è¥iÁñ â*õ ¯ Ý {²Ç � ä ÷Aè-æ[ñ$é£è�ðCé£ê[èa÷Aè�æAð�Ü/éKü(ñ$Ý4ìHæAñ$ë�ômì$î�÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æ ó Ü/é£êeômè-ì$æ Ýì$æA÷ í ì$ë�Ü?ì$æAç�è Ç � à´ß&
 ì$æ[÷¢iAò â�õ ¯!óv{�ô ä Ü?ðMé£êAè�÷[è-æAð@Ü�éKüvñ$ÝXìÉßFì$ôHô!ì�÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æó Ü�é£êeôHè	ì$æ ó h ô ì�æA÷ í ì$ë@Ü ì$æ[ç-è ó h ô � 
i$ò â2N ¯#ó®{�ô ä Þ ôÉö

÷ â ó ä N ö � _ � �4ø u { N àÍß�{NóBàáß�{xôWàáß f� Ü�é£ê�é�êAèXë�è���ïAÜ�ë�è�ômè�æ�éEé�ê^ì�éNþ §�^ þ � ^ þ � Þ�õ 
 é£ê[è-ë�è�ì$ë@èYp+Ýië@è-èXø^ì$ë�ì$ôHè�é£è�ë�ð 
wó êAÜ�çTêó è�ë�è�è-ð�é£Ü?ômì�é�è-÷�ù&ü�ômìwÿ*Ü?ôHÜV�-Ü�æAý�é£êAèQî�ÜVU$è�î?Ü�êAñ*ñ�÷(ÝiïAæAç�é�Ü?ñ�æ¹ïAæ[÷Aè-ë�é�êAèQë�è�ð@é£ë@Ü?çé£Ü?ñ$æé£ê^ì�é ÞOâ � e � àUß ä Þúù ¹ª(� _ N ª õ â2N ª àUß ä
ù ¹ª(� _ õ âON ª àáß ä {

Ü9ú è$úCé�êAè�ôHè	ì$ævñ$Ý � ý�Ü í è�æBé£ê^ìwé�Ü�éCÜ?ðCøSñ$ð�Ü�é�Ü í è 
 ô�ïAð@é�è���ï^ì$îVé£êAèaè-ôHøAÜ?ë@Ü?ç	ì�îVôHè	ì�æñ$Ýhé£êAèOøkñ�ð@Ü�é£Ü í è N ªGÚ ð-ú©��é�Ü�ð ó è-î?îYU�æAñ ó æ 
 é£ê^ì�é2é£êAèOî�ÜVU�è-î?Ü�êAñ�ñ*÷�ÝiïAæAçé£Ü�ñ�æoô!ì	ü<ùkèïAæ�ùSñ�ï[æA÷Aè-÷ªÜ?æ ôHÜ/ÿ�é£ïAë@è\ôHñ*÷Aè�î?ð 
 ì$æA÷Ué�êAè¹î ì�é@é£è-ë!ë�è-ð�é£ë@Ü?ç�é�Ü?ñ�æ ó ì$ð(Ü?ôHøSñ$ð�è-÷Ué�ñë�è-÷[ïAç-èBé�êAèBøAì$ë£ì$ôHè�é�è-ëmð�ø^ì$ç�èvé�ñ �^æAÜ/é£èeî?ÜVU�è-î�Ü?êAñ�ñ*÷�� í ì$î?ï[è-ð-ú;ûJêAè\è�ð@é£Ü�ô!ìwé£è-ðmì$ë@èý�Ü í è-æeÜ?æ(û4ì�ùAî?è M ú
û�ì$ùAî�è M Ä<W��)*�$���#���#)U�!�����(�Y�����!�+-'$)��/0�, 4������)*�I@BG4���I' ¶ \MS C `8'$+�û!ü ªXý LÏÇBÞ�õ ú S õ � ß Ïþ � ÞIß ú ß S ß ã Ïþ � ÞIß ú ß�ß $ õÏó � Þ � ú ã � M d Ïó � Þ So� ú%d ã �Ïô � ÞIß ú%d M �o� Ïô � Þ�õ#ß ú ã S�ão��ÈèOì$ë@èmñ$æAî�ü¹Ü�æ�é�è-ë@è-ð@é�è-÷1Ü�æW÷Aèé£è�ç�é£Ü�æAý\økñ�ð�Ü/é£Ü í èHì$ç�é�Ü í ì�é�Ü?ñ�æ<Ü?æ¹é£êAÜ�ð2è)ÿAì�ômøAî�è$úûJêAè-ë@è�Ýiñ�ë@è ó è ó ë@Ü�é�èli â2NSä ì$ði â2NSä Þ â õhö þ � ä i â2NJe*1 Þ�ß ä ^ þ � i âONme*1 Þ�õ ä {ó êAè-ë@è i âONme*1 Þ�ß ä Þ þ §þ §�^ þ � iÁñ â2N ¯Tß�{�Ç � ä ^ þ �þ §z^ þ � iAò â ö N ¯!ó � {�ô � ä



���������.c���������� �!��"#�!� ���Tú ã �
Ü?ð+é£ê[è8æ�ïAî�îZ��÷AÜ?ð�é£ë�Ü�ùAï[é�Ü?ñ�æ!ì$æA÷i â2NJe*1 Þ�õ ä Þ iAò âON ¯!ó � {�ô � äÜ?ð+é£ê[è8÷[Ü?ð@é�ë�Ü�ùAï[é£Ü�ñ�æZñ$Ý N 
 ý�Ü í è-æ(é£ê^ìwéJé£êAè í ñ	ÿ*è-îVÜ?ðJøkñ�ð@Ü�é£Ü í è�î�ü!ì$ç�é�Ü í ì�é£è�÷6úûJêAèað�èé£ïAø\Ü�ðhêAè-æAç�è�ì$ðMÜ?æ å è-çé£Ü�ñ�æ ã ú õ 
 ñ�æ[î�ü(êAè�ë�èFé£êAèaæ�ï[î?îZ��÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æ!ë�è-ø��ë�è-ð@è-æ&é£ð�ùkñ$é�êvæAñ!ì$ç�é�Ü í ì�é�Ü?ñ�ævì$æA÷væAè-ý&ìwé£Ü í è [ h�oÉpIè#WPè�ç�é�ð-ú x ð_ì$æ\ì$î/é£è�ë�æ^ì�é�Ü í è8é�ñé£êAèÛß8ì$ôHômì�÷[Ü?ð@é�ë�Ü�ùAï[é£Ü�ñ�æ(Ýiñ�ëhøSñ�ð@Ü�é�Ü í èaì$çé£Ü í ì�é�Ü?ñ�æ 
 ñ�æAè2ç�ñ�ïAî�÷Bç-ñ$æAð�Ü�÷Aè-ëhé£êAèað�ïAôñ$Ý�ìJßFì$ômômìQì$æA÷vì � ñ�ë@ô!ì�î6÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æ 
 é£ñmì$ç�ç-ñ�ïAæ&éhÝiñ�ëJé£ê[èFÝbì�ç�éhé£ê^ìwéJé£êAèaì$ç#�é£Ü í ì�é�Ü?ñ�æ�î�è í è-îXÜ?ð�ñ�ù[ð�è-ë í è�÷ ó Ü�é�ê<æ[ñ�Ü?ð@è$úHûJêAè�÷Aè-æAð@Ü�éKü¹ñ$ÝGé£êAè�î?ì�é�é�è-ë�Ü?ð 
 êAñ ó è í è-ë 
æAñ$é8ì í ì$Ü?î?ì$ùAî?èaÜ?æ�ç�î?ñ�ð@è-÷�Ýiñ�ë�ô 
 ì$æ[÷<ð@Ü?æAç�è�é£êAè�÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æAð�ì�ë�è í è�ë@ü¹ð@Ü?ôHÜ?î ì�ë_ì�éé£êAèFøAë@è-ð�è�æ&é�æAñ�Ü�ð�è�î�è í è�î 
[ó è8ê^ì í è8çTêAñ�ð�è�æ\ìQð�Ü�æAý�î�èlß8ì$ôHômì[úg Ü�ý�ïAë@è M ð@êAñ ó ð�é�êAèXÜ?ômì$ý�è�ñ$Ý[ð@é£ì�é£Ü�ð@é£Ü�ç-ðzÂ N ª�ÃJì$æA÷8è-æ[î ì$ë@ý�è-÷8ð�è�ç�é£Ü�ñ�æAðEñ$Ý*é£êAë@è-ð�ê��ñ�î?÷Aè�÷aøkñ�ð�é£è-ë@Ü?ñ�ëEøAë@ñ�ù^ì$ù[Ü?î?Ü/éKü_ômì$øAðEÝiñ�ë6é�êAèGæ[ñ�æ&�Kð@ø^ì�é�Ü ì$î&ôHÜ/ÿ�é£ï[ë�è�ôHñ*÷Aè�î â � [ ä 
 ì�æA÷Ýiñ�ëJé£êAè8÷AÜ�WSè-ë@è-æ&éCômñ�÷Aè-î�ðhÜ?æ å è-çé£Ü?ñ$æ ã ú ã úGûJêAè2Ü�ô!ì$ý$è-ð ó è-ë�è8é£êAë@è-ð@êAñ�î?÷[è-÷\ìwé ß ú S úoEÜ�U$èJÜ�æ�é£êAèhøAë@è í Ü?ñ�ï[ð�ð�è-çé£Ü�ñ�æ 
 é£ê[è-ë�èJÜ�ð�ê^ì$ë@÷Aî�ü2ì$æ&üQ÷AÜZWPè�ë�è-æ[ç-èJùkè�é ó è-è-æHé£êAèJ÷[Ü�WSè-ë:�è-æ&é�ð�øAì�é£Ü?ì$î�ôHñ�÷Aè-î�ð 
 ùAï[é_é�êAè-ë@è�Ü?ð_ì!ð@é�ë�Ü�U�Ü�æAý!÷[Ü�WSè-ë�è�æAç-è2ùSèé ó è�è-æ�é£êAèÛ� [ ôHñ�÷Aè-îì$æA÷�é£êAè(ñ$é�êAè-ë@ð-ú �Kæ;ý�è�æAè-ë�ì$î+é£ê[èvì�ç�é£Ü í ì�é£è�÷;ì�ë�è	ì�ðmì�ë�è(î ì$ë@ý�è-ë ó Ü�é£ê�é£ê[èeð@ø^ì�é�Ü ì$îômñ�÷Aè-î�ð!ì�æA÷Íð@ô!ì$î�î â Ü>ú¥è�ú�ð@Ü?æAý$î?è#� í ñ	ÿ*è-î ä ì$ë@è	ì$ð!ì$ë�èeð�ï[øAøAë�è�ð�ð@è-÷6ú È

î�è	ì$ë@î�ü ó è\ç-ì$æñ�æAî�ü(ð@øSè�ç-ïAî?ì�é£è ó êAèé£êAè�ëCé£ê[è-ð�èaè-ð�é£Ü?ômì�é�è-ðMì$ë�è8ç-î�ñ�ð�è�ëMé�ñHé�êAèFé£ë�ï*é£êBñ$ëMæ[ñ$é	ú � ñ ó �è í è�ë 
 é£ê[èOð�Ü�ô�ïAî ìwé£è-÷È÷^ì�é£ì\ñ$ÝJé£êAèmøAë�è í Ü?ñ�ïAð2ð�è-çé£Ü�ñ�æoð�ïAý$ý�è-ð�é�é£ê^ìwé�Ýiñ�ë�ì�ç�é£Ü í ì�é£è�÷ì$ë�è-ì$ð2ñ$ÝJìvç-è�ë@é£ì$Ü?æÈð�ÜV��è 
 é£êAèmð�ø^ì�é�Ü ì$îXôHñ*÷[è-îXý�Ü í è-ðaìvð@Ü?ý�æAÜZ�^ç	ì�æ�é�î�ü¹Ü�ômøAë@ñ í è-÷Èè-ð*�é£Ü?ômì�é�è$úhûJêAè�Ü�÷Aè	ìmé�ê^ì�é_ì$ç�é�Ü í ì�é�Ü?ñ�æeð�êAñ$ïAî?÷\êAì í èQì!ç�è-ë@é£ì$Ü?æBð�ø^ì�é�Ü ì$îEè)ÿ*é�è-æ&é�Ü�ðCé£ê[èë£ì�é�Ü?ñ�æ^ì�î?èhùSè�êAÜ?æ[÷Zð�ø^ì�é�Ü ì$îNð@ômñ�ñ$é£ê[Ü?æAýaì$æA÷Zñ$é�êAè-ë��^î�é�è-ë@Ü?æAý8é£è-çTê[æAÜV��ïAè�ð 
 ì$æ[÷ZêAè-æAç�èì$î?ð@ñ�é�êAÜ?ðJôHè�é�êAñ�÷Añ�î?ñ$ý$ü�ú�Kæ g Ü?ý�ï[ë�è S ó èHê^ì í è!÷[Ü?ð�ø[î ì	ü�è�÷Wé£êAèHè-ð�é£Ü�ô!ì�é�è 
 ñ�æAèHý�èé£ð8ù�ü<ð@ômñ�ñ$é£ê[Ü?æAýZé£ê[èñ�ë�Ü�ý�Ü?æ^ì�î�÷^ì�éTìvùSèÝiñ�ë�èOç-ì$î?ç�ïAî ìwé£Ü?æ[ýeé�êAèOð@é£ì�é£Ü�ð@é�Ü?ç	ì�î�Ü�ô!ì�ý�è$ú��Wè!ê^ì í èOæAñ�÷[Ü?ë�è�ç�é�î�üç-ñ�ôHø^ì$ë�ì$ùAî?è ó ì	ü!ñ$ÝEé£êAë@è-ð�ê[ñ�î?÷AÜ�æAý2é�êAÜ?ðGÜ?ômì$ý�è 
 Ü?æ[ð@é£è-ì$÷ ó è�ê^ì í è�é£ê[ë�è-ð@êAñ�î�÷Aè-÷Zé£ê[èÜ?ômì$ý�è�ì�é(é�êAë�è�è<÷[Ü�WSè-ë�è�æ&évî�è í è-î?ð�ú�ûJêAèÈôHÜ/ÿ�é�ïAë�è�ôHñ*÷[è-î�è�ð@é£Ü�ô!ìwé£è-ðZêAì í èÈð@ñ�ôHèð�Ü?ôHÜ?î?ì$ë�Ü/é£Ü�è-ð ó Ü�é�ê1é£êAè�ð�èeì$ç�é�Ü í ì�é�Ü?ñ�æÈø^ì�é�é�è-ë@æAð 
 ùAï[é�ç�î?è	ì�ë�î�ü¹é�êAèZî ì�é@é£è�ëQì$ë�èZô2ïAçTêð�ôHñ*ñ$é�êAè-ë�ú x ý&ì$Ü�æ ó èmç-ì$æ<ñ�æAî�ü\ð�økè-ç-ï[î ì�é�è ó ê^ìwéaÜ�ðFç-î?ñ$ð�è-ð�éaé�ñeé�êAèQé£ë@ï[é£ê6úm��é2Ü�ð 
êAñ ó è í è-ë 
[ó è-î?îbU�æAñ ó æ â àuþïAî?î�è-ë 
[õ d $ $ ä é�ê^ì�éGì�U�è-ë�æ[è-îkð�ôHñ*ñ$é�êAÜ?æ[ý8è�ð@é�Ü?ômì�é£è ó Ü?î�îAùkèùAÜ ì$ð@è-÷ 
 Ü?æ(é£ê[è2ð�è�æAð�èaé£ê^ì�éMé£ê[èaè�ð@é£Ü�ô!ìwé£è ó Ü?î�î�ùSèað�ôHñ*ñ$é�êAè-ëJé�ê^ì$ævé�êAè2ï[æA÷Aè-ë@î�ü�Ü?æ[ýð�Ü?ý$æ^ì$î9ú4ûJêAÜ?ðhÜ?ðhìQî�ÜVU$è�î�ü!èÿ*øAî ì�æ^ì�é£Ü�ñ�æOÝiñ�ë+é�êAèF÷AÜ�WSè-ë@è-æAç�è8Ü�æ(ð�ôHñ*ñ$é�êAæAè�ð�ð-ú
ÿ � ë�ôzø¬íïô�ôzë�òJó
� �:ù � �=î��v��è¬�fl.ç\û¯ìElÁ� � ç����Wè�êAì í è�øAë@ñ�øSñ$ð�è-÷\ì!ð�ø^ìwé£Ü ì�îVôHÜ/ÿ�é�ïAë�è8ômñ�÷Aè�îEÝiñ$ë_ì!ð�éTì�é�Ü?ð�é£Ü?ç-ì$îEø^ì$ë�ì$ômèé£ë@Ü?çFô!ì�øÂ N ªGÃ�úÍûJêAèeÜ?÷[è	ì¹Ü?ðQé£ñÈômñ�÷Aè-î+é�êAèe÷AÜ?ð�é£ë�Ü�ùAï[é�Ü?ñ�æoñ$Ý N ª_ùkñ$é�ê ó êAè�æ;é£ê[è í ñ#ÿ*è�î_Ü?ð
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 S Ò Sg Ü?ý�ï[ë�è M Ä È ñ�ôHø^ì$ë�Ü�ð�ñ�æmñ$ÝVè-ð�é£Ü?ômì�é�è-÷Oì�ç�é£Ü í ì�é£Ü�ñ�æ!ø^ìwé�é£è�ë�æAðGÝiñ�ëGé�êAè�÷AÜZWPè�ë�è-æ&éJôHÜ/ÿ��é£ïAë@è�ômñ�÷Aè-î�ð.ñ$ÝEé�êAè í Ü?ð�ïAì$îPð�é£Ü?ô2ïAî ì�é�Ü?ñ�æH÷^ì�é£ì[ú�ûVñ�ø(î?è�Ýdé+ì$æA÷ZôHÜ?÷A÷[î?èoÄ�£Cì ó Ü?ômì$ý�èñ$ÝdtG�Kð�éTì�é�Ü?ð@é�Ü?ç�ð+ì$æA÷(ì�æOè-æAî?ì$ë�ý$è-÷Zð�è�ç�é�Ü?ñ�æOñ�Ý�é£êAÜ�ð-ú�ûJêAè�ë@è-ômì$Ü?æ[Ü?æAý8ø^ì$æAè�î?ðJì�ë�è�økñ�ð:�é£è-ë@Ü?ñ�ëJø[ë�ñ�ù^ì�ùAÜ?î�Ü�éKümÜ?ômì$ý�è-ð+é�êAë�è�ð�êAñ$î?÷Aè�÷Bì�é ß ú S úXûVñ�øvë@Ü?ý�ê&é�Ä�æAñ�æ&��ð�ø^ì�é�Ü ì$îPômÜYÿ*é�ïAë�èômñ�÷Aè-î>ú©àvÜ�÷A÷Aî?è!ì$æA÷oî?ì$ð@é2ë�ñ ó Ä'àeñ*÷Aè�î?ð õo
 ã ì$æA÷ � ÷Aè#�^æAè�÷}ñ$æoë�è-ð@øSè�ç�é�Ü í è�î�üWì�,ÒY� í ñ	ÿ*è-îEë@è-ý�Ü�ñ�æ â ôHÜ?÷A÷Aî�è�ë�ñ ó ä ì$æ[÷ S Ò S í ñ	ÿ*è-îEë�è�ý�Ü?ñ�æ â î ì$ð�éJë�ñ ó ú ä
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g Ü?ý�ï[ë�è S Äv�Kômì$ý�è�ðVñ�ÝetG��ð@éTìwé£Ü?ð�é£Ü�ç-ð�ù^ì$ð@è-÷añ�æ�é£êAè í Ü?ð�ïAì$î�ð@é�Ü?ô�ï[î ì�é�Ü?ñ�æ�÷Aì�éTìhð�ôHñ*ñ�é£êAè�÷ð�ø^ì�é�Ü ì$î�î�ü ó Ü/é£ê�ì'ß8ì$ï[ð�ð�Ü?ì$æÜU�è-ë�æ[è-î4ñ�Ý gz� � à ã í ñ	ÿ*è-î?ð â é£ñ�øvë�ñ ó ä ì$æ[÷ � í ñ	ÿ*è-î�ðâ ùkñ$é�é�ñ�ô·ë�ñ ó ä ú�ûJê[è�Ü?ômì$ý�è�ðGì�ë�èhé£êAë@è-ð�ê[ñ�î?÷Aè�÷(ì�é S ú ß â î�è�Ýdé ä 
 � ú ß â ôHÜ?÷A÷[î?è ä ì$æ[÷�p*ú ßâ ë�Ü�ý�ê&é ä ú
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æAñ$é.ì$ç�é�Ü í èCì$æA÷ ó êAè-æOÜ/é�Ü?ð-ú�û�ü�øAÜ�ç	ì$î�î�üQé�êAèCæ[ñ�æ&��ì�ç�é£Ü í ì�é£è�÷m÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æ�Ü?ð�U�æ[ñ ó æ 
é£êAÜ�ðHÜ�ð�é£êAè(ïAð@ï^ì$îhæ�ïAî?î �K÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æWñ$ÝMé£ê[è å á à<ú�ûJê[èvì�ç�é£Ü í ì�é£Ü�ñ�æo÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æômÜ�ý�ê&é2è�Ü�é£ê[è-ë�ùkèZìBð@Ü?ôHøAî?èHæAñ�æ&��ç-è�æ�é�ë£ì$î í è�ë�ð�Ü�ñ�æoñ$ÝJé�êAèOæ�ïAî?î �K÷AÜ�ð@é�ë�Ü?ù[ï[é£Ü�ñ�æ 
 ì$ð�Ü�æ��ÿ[ì$ôHøAî�è ã 
 ñ$ë�ìBç�ñ�ômø[î?è�é�è-î/ü¹÷AÜ�WSè-ë@è-æ&éQ÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æ 
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Aó êAÜ?çTêeë�è�i^è-çéé£êAèMøAë�ñ$øSè�ë@éKüQé£êAì�éGì$ç�é�Ü í ì�é£Ü�ñ�æ�é£è�æA÷AðXé£ñ8ñ*ç�ç-ïAë�Ü?æ�ç�î?ïAð�é£è-ë@ðGë�ì�é£ê[è-ëXé£ê^ì$æHÜ?æ[÷AÜ í Ü?÷[ï^ì$îøAÜ/ÿ*è-î�ð-ú [ ü¹Ýiñ�ë@ô�ïAî?ì�é£Ü�æAýZé£êAèHômñ�÷Aè�î?ðFî?ñ�ç	ì$î�î�üBñ�æ1ìeð�ômì$î?î�ë@è-ý�Ü�ñ�æÈñ�ÝJøAÜ/ÿ*è�î?ð 
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 ì�æA÷\ïAð@è2é£êAÜ�ðCé�ñ÷Aè�é�è-ë�ôHÜ?æ[è+é£êAèhøkñ�ð@é�è-ë�Ü�ñ�ë�øAë@ñ�ù^ì$ùAÜ�î?Ü/éKü8é�ê^ì�é�ì í ñ	ÿ*è-îNÜ�ðXì$ç�é�Ü í ì�é£è�÷6ú x ðXô!ì	ü�ùkèhð�è�è-æÝië�ñ�ô â � ä ì�æA÷ â3M�ä é�êAè�øAë�ñ$ù^ì$ùAÜ�î?Ü�éKü�é�ê^ì�é 1 Þ�õ é�è-æA÷AðJé�ñ ß ì�ð�þeé�è-æA÷[ðhé�ñ ß ú�ûJêAÜ�ðô!ì	ü<ùSè!ë�è-ý�ì$ë�÷Aè�÷oì$ðañ�ïAë ó ì	ü1ñ$Ý+ê^ì$æA÷Aî�Ü?æAývô�ïAî/é£Ü?ø[î?è�ç-ñ�ôHø^ì$ë@Ü?ð@ñ�æAð�Äã��ÝJé£êAèOð@ÜV��èñ$Ý+é£ê[è í ñ$î?ïAôHèmÜ�ðaÜ�æAç-ë@è	ì$ð@è-÷ 
 ùAï[éaé£êAèmæ�ï[ô�ùSè�ëañ�Ýhì$ç�é�Ü í è í ñ	ÿ*è-î�ð2Ü�ðl�[ÿ*è�÷ 
 þ ó Ü�î?î÷Aè-ç�ë�è	ì�ð�è 
 ì$æA÷�êAè�æAç-èhð@ñ ó Ü�î?î�é£êAèJøkñ�ð�é£è-ë@Ü?ñ�ë4øAë�ñ�ùAì$ùAÜ?î�Ü�éKü�é�ê^ì�é�ì í ñ	ÿ*è-î^Ü�ðXì$ç�é�Ü í ì�é�è-÷6úg ñ$ë+ì��[ÿ*è�÷vì�ômñ�ï[æ�é.ñ$ÝVì$çé£Ü í ì�é�Ü?ñ�æ 
 ìaî ì$ë@ý�è-ë�ð�è-ì$ë�çTê í ñ$î?ïAôHè_êAè�æAç-è�ü�Ü�è-î?÷[ð+ì2ôHñ�ë�èç-ñ�æAð@è-ë í ìwé£Ü í è2ì�æ^ì$î�ü�ð@Ü?ð+é£êAì$æeìHð@ô!ì$î�î9úx æAñ$é£ê[è-ëFì$÷ í ì$æ&é£ì$ý�èQç-ñ$ômø^ì�ë�è-÷�é�ñ(é�êAèQë£ì�æA÷Añ�ô �Aè-î?÷[ð�Ýië£ì$ôHè ó ñ�ë�UvÜ?ð�é�êAèQë�ñ��ùAïAð@é�æAè-ð@ðJé£ñ�ôHÜ?ð@ð�økè-ç-ÜZ�^ç	ìwé£Ü?ñ$æ!ñ$Ý�é�êAè�ôHñ*÷Aè�î9ú�ûVñ�Ü�î?î?ï[ð@é£ë�ì�é£èhé£ê[Ü?ð 
�ó è�ë�è-ø[î ì$ç�è-÷Oé£ê[èæAñ�ë�ômì$îG÷AÜ?ð�é£ë�Ü�ùAï[é�Ü?ñ�æ1Ü�æ �4ÿAì�ômøAî�è � ó Ü�é�ê�ì´tG�K÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æ ó Ü�é�ê ã ß ÷Aè-ý$ë�è-è�ð�ñ$ÝÝië�è-è�÷Añ�ôeú�ûJêAèhé£êAë@è-ð@êAñ�î?÷[è-÷Oì�ç�é£Ü í ì�é£Ü�ñ�æ�Ü?ômì$ý�è-ð ó è-ë@è_ì�î?ôHñ�ð@éXÜ�÷Aè-æ&é£Ü�ç	ì$î 
�ó Ü�é�êmñ�æ[î�üì(Ýiè ó í ñ	ÿ*è-î�ðaçTê^ì�æAý�Ü?æ[ývð�éTì�é�è$ú!ûJê[Ü?ðFÜ?ðFæAñ$é8ð@ïAë�øAë@Ü?ð@Ü?æAý 
 ð@Ü?æAç�è�é�êAè�é ó ñv÷AÜ?ð�é£ë�Ü�ùAï&�
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é£Ü?ñ$æAðFì$ë�è�ì�î?ôHñ�ð@é_è���ïAÜ í ì$î�è-æ&é�Ýiñ�ë�ñ�ï[ë�øAïAë�økñ�ð@è-ð-ú¯h�æ�é£ê[èHç�ñ�æ&é£ë�ì$ë@ü 
 é�êAèQë£ì�æA÷Añ�ô�^è-î�÷2é£êAè�ñ�ë@üaë�è�î?Ü�è-ð4ñ$æ2é£êAè.èÿ�é£ë@è-ôHèGéTì�Ü?î�ñ$Ý^é£ê[è+÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æ 
wó êAè�æAç-è+é�êAè-ë@è+Ü?ð�æAñ�æ&�æAè-ý�î�Ü?ý�Ü�ùAî?è�÷AÜZWPè�ë�è-æ[ç-èJùkè�é ó è-è-æmìHt â9ã ß ä ��÷AÜ?ð�é£ë�Ü�ùAï[é�Ü?ñ�æ2ì$æA÷�é£ê[èJæAñ�ë�ômì$î�÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æÜ?æZé£êAÜ�ð+Ýië£ì$ôHè ó ñ�ë�UkúûJêAèBômèé£êAñ�÷Íômì	ü;ùkèBøAì$ë@é�Ü?ç-ï[î ì$ë@î�üoë@è-î?è í ì$æ&éOÜ?æáì$øAøAî�Ü?ç	ìwé£Ü?ñ$æAð ó êAè-ë@è\ð�Ü�ý�æ^ì$îè-ð@é�Ü?ômì�é£Ü�ñ�æeÜ?ð_ôHñ�ë@èaÜ�ômøkñ�ë@é£ì$æ&éhé£ê^ì$æBð�Ü?ý$æ^ì$îV÷Aè�é�è-ç�é�Ü?ñ�æPú_ûJêAÜ�ð_Ü?ðMé£êAèaç	ì$ð@è2Ýiñ�ëMÜ?æ&�ð@éTì�æAç-è ó ê[è-æÍÝ�à £j��Ü�ðmïAð@è-÷ÍÝiñ$ëHø[ë�è#��ð�ïAë@ý�Ü?ç-ì$îhøAî ì�æAæAÜ?æ[ý 
Gó êAè�ë�èeé£êAèvøAë�ñ$é�è-çé£Ü?ñ$æì$ý&ì$Ü�æAð@é�Ýbì$î�ð�èQæAè�ý&ì�é�Ü í è�ðFÜ?ðFômñ$ë�èQÜ?ôHøkñ�ë@é£ì$æ&é_é£êAì$æ<Ýbì�î?ð�èQøkñ�ð@Ü�é£Ü í è�ð-ú x æAñ�é£êAè�ë8è)ÿ��ì$ômø[î?è!Ü�ð ó êAè�æoé£êAèOë@è-ð@ïAî�é�ð�ñ$ÝMì$æWÝ�à�£0�Fð@é�ïA÷[ü1ì$ë�èOç�ñ�ô�ùAÜ�æAè-÷ ó Ü�é£êW÷^ì�éTìeÝië�ñ�ôñ$é£êAè�ëmôHñ�÷^ì$î?Ü/é£Ü�è-ð 
 ð@ïAçTêUì$ð�é£ñ<ë�è�ý�ïAî?ì$ë�Ü��-èOé£ê[èvÜ�æ í è-ë@ð�èBø[ë�ñ�ùAî�è-ô ñ�Ý4à ��ß �o�\�Yßâ o�Ü?ï â#ä6åoæZç 
6õ d d $ ä úp�ïAë@Ü?æAý1é�êAè�ë�è í Ü?è ó øAë�ñ�ç-è�ð�ðeñ$Ý8é£êAÜ�ðZø^ì$økè-ë 
Mó è<ë�è-ì$î?Ü��-è�÷áé£ê^ì�éZé�êAè¹Ü?÷Aè-ìoñ$ÝïAð�Ü�æAýÈî�ñ*ç-ì$î+ôHñ*÷[è-î?ð�Ýiñ$ë�é�êAèZé£ë@ïAèvÜ�ô!ì�ý�èOÜ?æ}ë�è�ð@é�ñ�ë£ì�é�Ü?ñ�æ�øAë@ñ�ùAî�è-ôHðQÜ?ð�æAñ$éHæAè ó úàvè-î�ñ*çTêAèÈì$æA÷"!6ì$ômì$ë â õ dod M�ä ïAð�è�÷´ì$æ�ì$øAøAë@ñ&ì$çTê ó êAÜ?çTêªÜ?ðeì$î?ôHñ�ð�é(ð�Ü?ôHÜ?î?ì$ë!é�ññ�ïAë�ð 
 ì$æA÷oé£êAèüoì$î�ð�ñ\÷[è-ë�Ü í è�÷}ôHñ�ôHè-æ&é�è�ð@é�Ü?ômì�é£ñ�ë@ð2Ýiñ�ëaø^ì$ë£ì�ômèé£è-ë@ð�ñ$Ýhé£ê[èOé£ë�ï[èÜ?ômì$ý�è(ômñ�÷Aè�î9ú àvè-î�ñ*çTê[è\ì$æA÷#!6ì$ô!ì�ëHç�ñ�æAð@Ü?÷Aè�ë�è-÷ ìÈômñ�ë@èvý$è-æAè�ë£ì$îhÝië£ì$ôHè ó ñ�ë�U 
ó êAè-ë@è(é�êAè�üWè-ð�é£Ü?ômì�é�è-÷Wé�êAèOøAë@ñ�ù^ì$ùAÜ�î?Ü/é£Ü?è�ðly â21 ògÞ%$�ò ä æ[ñ�æ&�KøAì$ë£ì$ôHè�é�ë�Ü�ç	ì$î�î�ü�Ü�æì í è�ë@ü1è�î?è�ý&ì$æ&é ó ì	ü�ú �Èè!ë@è-ð�é£ë�Ü�ç�é2ñ�ïAë�ìwé�é£è�æ&é£Ü?ñ$æWé£ñvø^ì$ë£ì�ômèé£ë�Ü�çmôHñ�÷Aè-î�ð ó êAÜ�çTêì$ë�èOë@è	ì$î�Ü?ð�é£Ü?ç�Ýië�ñ$ô ìBù[ë£ì$Ü�æ1Ü?ômì$ý�Ü�æAývøkñ�Ü�æ�é2ñ$Ý í Ü?è ó4
 ì$æA÷1é£ê[Ü?ð2ý$Ü í è�ðQïAð2é�êAèOùAÜ�ýì$÷ í ì$æ&éTì$ý$è_ñ$Ý�ùkè-Ü�æAý�ì�ùAî?èMé£ñ2ç-ì$î?ç�ïAî ìwé£èhé£êAèCøSñ�ð�é£è�ë�Ü?ñ$ëGøAë@ñ�ù^ì$ù[Ü?î?Ü/éKü�Ü�æ!ç-î�ñ�ð�è�÷!Ýiñ�ë@ôvúx ðJôHè-æ&é£Ü�ñ�æAè-÷(è-ì$ë�î�Ü?è-ë�é£êAÜ�ð+økñ�Ü?æ&é+Ü�ð+ç-ë@ïAç-Ü?ì$îPÝiñ�ëGé£êAèFì$ø[øAî?Ü�ç	ì$ùAÜ�î?Ü/éKüQñ$ÝEé£êAè�ôHè�é�êAñ�÷Ü?æoøAë�ì$ç�é�Ü?ç-è�ú g ï[ë@é£ê[è-ë�ôHñ�ë@è�àvè-î�ñ*çTê[èZì$æA÷&!6ì$ômì$ëañ�æAî�üÈç-ñ$æAð�Ü�÷Aè-ë�ôHñ�÷Aè-î�ð2ñ$Ýhé£ê[èÝiñ�ë�ô â2NJe*1 Þ ß ä0Å Æ â ß�{²Ç � ä ì$æA÷ â2NJe*1 Þ¯õ ä0Å Æ â õ {�Ç � ä 
6ó ê[è-ë�èQñ$ïAë�ð�èé£ïAø<Ü?ðç-ñ�ôHøAî?èé£è�î�üOý$è-æAè�ë£ì$î>ú�Èè�ê^ì í è8ì$ð@ð�ïAôHè-÷Zé�êAë�ñ�ï[ý�êAñ�ï[é.é£êAè�ø^ì�øSè�ë.é£ê^ìwé+é£êAè�ñ$ùAð�è�ë í ì�é£Ü�ñ�æAðJì�ë�è�ïAæ[ç-ñ�ë*�ë�è-î?ì�é£è�÷ Ã�ÄÆÅ â�Ç}é�êAèOé£ë@ïAèZì$çé£Ü í ìwé£Ü?ñ$æWø^ì�é@é£è�ë�æ6ú å ñ�ôHè!ð@ø^ì�é�Ü ì$îGç-ñ�ë@ë�è-î?ì�é£Ü�ñ�æWç-ì$æoùkè÷Aè�é�è-ç�é�è-÷\Ü�æZé£êAèFæAñ�Ü�ð�è�Ü�æ(Ý�à�£0�G÷^ì�éTì 
 ì$æA÷(êAè-æ[ç-èFé£êAÜ�ðCì�ð�ð�ï[ômø[é�Ü?ñ�æ ó Ü�î?îPñ�Ýdé£è-æeùkèí Ü�ñ�î ìwé£è-÷Pú�ûJêAèZç-ñ�ë@ë�è�î ì�é�Ü?ñ�æÈñ$Ýhé£êAèZð@Ü?ý�æ^ì�îGÜ�ð 
 êAñ ó è í è�ë 
 ô�ïAçTêoî ì�ë�ý�è�ëaé£êAì$æ1é£ê^ìwéñ$Ý�é£êAèvæAñ�Ü�ð�è 
 ì�æA÷áêAè�æAç-è ó è\ê^ì í è\ì$ç-ç�ñ�ïAæ&é£è�÷áÝiñ�ë!ôHñ�ð@émñ$Ý�é�êAè\ç�ñ�ë�ë@è-î ìwé£Ü?ñ$æ;Ü�æé£êAèa÷^ì�éTì�ù&ü(é£êAè8ômñ�÷Aè�îEÝiñ$ëhé�êAèaì$ç�é�Ü í ì�é£Ü�ñ�æ(ø^ì�é@é£è-ë@æ6ú��KæBð@ñ�ôHèaôHñ*÷[è-î?ð 
 ñ�æAè8ô!ì	üèÿ�é£è�æA÷Hé�êAèJôHè�é£ê[ñ*÷Añ$î?ñ�ý$üFé�ñ�ç-ñ�ë@ë�è-î?ì�é£è�÷QæAñ�Ü�ð�è+ù&üQè�ð@é£Ü�ô!ìwé£Ü?æ[ýCé£ê[èJð�ø^ì�é�Ü ì$î�ç-ñ$ë�ë�è�î ì	�é£Ü?ñ$æ �^ë@ð@é 
 ì$æ[÷BÜ?æ[ç-ñ�ë@øSñ�ë�ì�é£Ü�æAýQé£êAÜ�ðCÜ�æeé�êAè2è)ÿ*øAë�è�ð�ð�Ü�ñ�æBÝiñ�ë¬i âON ò e $�ò ä ú x ð@ð�ïAôHÜ?æ[ýð@éTìwé£Ü?ñ$æ^ì$ë�Ü/éKüHñ$ÝEé£êAè�ç�ñ�ë�ë@è-î ìwé£Ü?ñ$æ 
 é�êAÜ?ð.ô!ì	ümùSè�è�ð@é£Ü�ô!ìwé£è-÷mÝië�ñ�ô�é£êAè�ë@è-ð@Ü?÷Aï^ì�îPé£Ü�ômèð�è-ë@Ü?è�ð 
 ð@è-èHÝiñ�ëFÜ?æAð�éTì$æAç�è � ì$ë@é í Ü�ý â õ d dod ä ú È

î?è	ì�ë�î�üBé£êAèHç-ñ�ôHøAï[é£ì�é£Ü�ñ�æAðFý�èé2ôHñ�ë�èç-ñ�ôHøAî?Ü�ç	ì�é�è-÷Hé£êAè�æ 
 ì$ð�é£êAè�ç�î?ñ�ð@è-÷!Ýiñ$ë�ô�èÿ*øAë@è-ð�ð@Ü?ñ�æZÝiñ�ë�é£êAè_øSñ�ð�é£è�ë�Ü?ñ$ëGøAë@ñ�ù^ì$ù[Ü?î?Ü/éKüÜ?ðJî?ñ$ð@é	úg ë�ñ$ô ìmômì�é£êAè�ô!ìwé£Ü?ç-ì$î�økñ�Ü?æ&éCñ$Ý í Ü?è ó4
 ìmæAì�é£ïAë�ì$î]��ï[è-ð@é�Ü?ñ�æBÜ?ð ó êAè�é�êAè-ë_é�êAè-ë@èèÿ*Ü?ð�éaý$î?ñ�ù^ì�î�ôHñ*÷[è-î?ðCÝiñ�ë�é£êAè ó ê[ñ�î?èQð@è�éFñ$Ý í ñ	ÿ*è-î�ð 
�ó êAÜ?çTê<ê^ì í è�ômì$ë�ý$Ü?æ^ì$îV÷AÜ�ð@é£ë@ÜZ�ùAï[é£Ü�ñ�æAðMý�Ü í è-ævù�üZé�êAè8ômñ�÷Aè-î�ðJÜ?æ(é£êAÜ�ðCøAì$øSè�ë-úGûJêAÜ?ðMÜ?ðhÜ?æ(Ýbì$çéMé�êAè8ç	ì$ð@è 
 ð�Ü?æ[ç-èaì$î?îé£êAë@è-è+ôHñ*÷[è-î?ðVê^ì í èGé£êAè+ø[ë�ñ�økè-ë�éKü 
 é�ê^ì�é4é�êAè+ð�é£ë�ï[ç�é£ï[ë�è+ñ$Ý^é�êAè.ôHñ�÷Aè-î�Ü?ð�ô!ì�Ü?æ&éTì$Ü�æAè-÷ó êAè-æeë�è�÷AïAç-Ü�æAýQé£ñ�ômì$ë�ý�Ü�æ^ì$îk÷AÜ?ð�é£ë@Ü?ùAï[é�Ü?ñ�æ[ð-ú
È
ñ�æ[ð�Ü?÷[è-ë�Ü�æAýQôHñ*÷Aè�î ã 
 Ýiñ�ëJÜ?æAð�éTì$æ[ç-è 
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é£êAÜ�ð�ômè-ì$æAð8é£ê^ì�é�Ü�Ý ó èOÝiñ�ë�ô2ïAî ì�é�èHé�êAèOôHñ*÷[è-î�ñ�æWé£ê[è ó êAñ�î�è!ð�èé�ñ$Ý í ñ	ÿ*è-î�ð 
 é£ê[èô!ì$ë@ý�Ü?æAì$î�÷AÜ�ð@é£ë@Ü?ùAï*é£Ü?ñ$æ<ñ�ÝJì � ù&ü � ë�è�ý�Ü?ñ$æ ó Ü�î?î�ùkèHé�êAèHð£ì$ôHè!ì�ð8é�ê^ì�éañ�ù[éTì�Ü?æAè�÷ù�ü<Ýiñ�ë@ô�ïAî ìwé£Ü?æ[ýeé�êAè!ôHñ*÷[è-î�ñ�æWé£ê[Ü?ð2ë@è-ý�Ü�ñ�æWñ$æAî�ü$úvûJêAÜ�ðQì$î�ð�ñBôHè	ì�æAðaé�ê^ì�é�è�÷Aý�èR�è�WSè-ç�é�ð�ô!ì	üÈùSèZê^ì�æA÷Aî?è�÷�Ü?æoì�ë�Ü�ý�ñ�ë@ñ�ïAð ó ì	ü 
 ù&ü1ð�Ü�ômø[î�ü<ë�è�÷AïAç-Ü�æAý�é£êAèZæ�ïAô2ùSè�ëñ$ÝXæAè-Ü�ý�ê�ùSñ$ïAë�ð Q�
Só ê[è-æ\ç-ì$î?ç�ïAî ì�é�Ü?æAý�é£ê[è2øAë@ñ�ù^ì$ùAÜ�î?Ü/éKüOñ$ÝXì�ç�é£Ü í ì�é£Ü�ñ�ævÜ�æBùkñ�ïAæA÷Aì$ë@üí ñ	ÿ*è-î?ð�ú
' ( òJóïø¬î«íïô�ë�òJó�WèQê^ì í è�Ýiñ$ë�ô�ïAî?ì�é£è�÷�ìZð�Ü�ômøAî�è2ôHÜ/ÿ�é£ï[ë�è2ôHñ�÷Aè-îVÝiñ�ë_Ý�à £j�C÷Aì�éTì ó êAÜ�çTê¹ç	ì$ø[é�ïAë�è�ðômñ�ð�éMñ$Ý4é�êAèað@ø^ì�é�Ü ì$î�ð�é£ë�ï[ç�é£ï[ë�è8ñ$Ý4é�êAèaï[æA÷Aè-ë@î�ü�Ü?æ[ý!ì$çé£Ü í ìwé£Ü?ñ$æeøAì�é�é�è-ë�æPú.ûJêAè8ð�ø^ì`�é£Ü ì�î�ômñ�÷Aè-îPê^ì$ðhé ó ñmø^ì$ë£ì�ômèé£è-ë@ð 
^ó êAÜ�çTê\ì$ë@è8÷[Ü?ë�è�ç�é�î�üZÜ�æ�é�è-ë@øAë�èéTì$ùAî�è8ì$æA÷Bômì	üZùkèè-ð@é�Ü?ômì�é£è�÷!Ýië�ñ$ô�é�êAè�÷^ìwéTì[ú�ûJêAè_èÿ*øAë�è�ð�ð@Ü?ñ�æZÝiñ�ë�é£êAè�økñ�ð�é£è-ë@Ü?ñ�ëGøAë�ñ$ù^ì$ùAÜ�î?Ü�éKü2é£ê^ì�é+ìí ñ	ÿ*è-î4Ü�ð_ì�ç�é£Ü í ì�é£è�÷BÜ?ðhý�Ü í è�æ\Ü?æeç-î�ñ�ð�è�÷vÝiñ�ë@ôvú�£Mì�é�êAè-ëhé£ê^ì�æBé£êAè8ïAð@ï^ì$îVê�ü�økñ$é£ê[è-ð�Ü�ðé£è-ð�é£Ü�æAý 
 é�êAè�Ýiñ�ç-ïAð+ñ�Ý�é£êAè�ôHè�é�êAñ*÷!Ü?ð.è�ð@é�Ü?ômì�é£Ü�ñ�æ!ñ$Ý�é�êAèFì$çé£Ü í ì�é�Ü?ñ�æ 
�ó ê[Ü?çTêZð�è�è-ôHðômñ�ë@è�æ^ì�é�ïAë£ì$î�Ü�æZô!ì�æ�üZì$øAøAî�Ü?ç	ìwé£Ü?ñ$æAð-ú�Kævñ�ë�÷Aè�ëMé�ñmï[ð�èaé�êAÜ?ðhôHè�é�êAñ*÷ 
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OFz y cdW®�'OFT�Q_W�OFV�p_eU`�OO.Ùs^FldOFV+Q²p�b'z y cdloVU��a�W'`�b'coc y b'`�bXzNO�Q�OF`1['bXcoeUOJpF{t��ZUOSTUO�Q/b'ldcop�WXa�Q_ZUOsb'co�]W'`_ldQ_ZUz b'`�OsT�OFp_^J`_ldn�OJTloV!Q�ZUO²p_O y b'`�b±Q�O y b y OJ`Mù1b'`�Q�[,lo� �   ·]·'· *�q.hjZUOJ`_OtbXcop_W�b'p��,z y Q�WXQ�lo^Fb'cPW y Q_lozNb'col)Q~� y `_W y OF`�Q�loOJp1WXaQ�ZUO²b'cd�]W]`�ldQ�Z�zÍldp�p�Q�e�TUloOJT�{

½�Ã	y ÛÔÂ|Â"Ç6Â�Â"Ì�Ç�È{z|Ê#ÇHËZÇ�Å.ÈUÇ�Çpz|ÇÔ�p�zsOFV+Q_loW]VUOJTBO�bX`_coldOF`<Q�Z�OOÕ
b'`�f'Wi[B^/Z.bXloVBldp�W]V�cd�Nb'p��,z y Q�WXQ�lo^Fb'coc)��p�Q�bXQ�ldW]V.b'`��Nb'VUT\b'V�loz y W]`uQ/b'V+Qr�geUOJp�Q�ldW]VShjZUOFVseUp_ldVU�@Õ9|	Õ9|xlop�Q�W�bXp_p_OJp_p�ZUWih�zNb'V+�tp�lozteUcobXQ�ldW]VUp�lop�VUOJOFTUOJT�n0OJa�W]`�O�Q�ZUO^/Z.b'ldV>Z.b'p;`_OFb'^/ZUOJT�^JW]V+[]OJ`_�]OJVU^FOX{t��ZUW]eU�'Z�Q_ZUOF`�O�O�¬|lop�Q�p;p�OJ[]OJ`�b'c<T�lmb'�]V�W]p�Q_lo^Fp?a�W]`�Q_ZUlop � Í�ldcofgp"�$�%'&)(oq�� ×�× ø *�q'Q�Z�O�W]VUcd�²añb'ldc)u y `_W,W'a.zsOJQ�Z�W|TtQ_W²T�OJQ�OJ^JQ�lda.Q_ZUOj^/Z.b'ldVsZUb'p<`_OFb'^/ZUOFTsp�Q�bXQ�ldW]V.b'`�ldQ~�'q]lopQ�ZUO#p_WXuw^�b'cdcoOFT y OF`�a�OJ^JQ<p�lozte�cmbXQ_loW]V �~} `�W yUy b'VUT@Ð�locop�W]V�qg� ×�× ø *�{�}~V y `�bX^JQ�ld^FO�Q�ZUO�p_loz y cdOFp�Q�TUlob'�XuVUW]p�Q�lo^�Q_W|W'c�lop�Q_WszsW]VUl)Q�W]`�Q�ldzNO�p�OF`�loOFpjW'a�Q�Z�O;p_loz�eUcmbXQ_loW]V�pFqUbXVUT\[|ldp_e.bXcocd�NTUO�Q�OF`�zNldVUO�hjZUO�Q�ZUOJ`Q�ZUOJp_O1Z.b�[]O�`�O�b'^/Z�OFTYb�p�Q/b±Q�loW'V.b'`��tTUlop�Q�`_ldnUe�Q_loW]VSW]`�VUW'QF{�Ô�cdp_W²W]VUO?z�b��Sp�Q�b'`�Q�Q�Z�O1^/Z.bXloV�ldVNT�ldamua�OF`�OFV+Q�ldVUldQ_lmb'c|p�Q/b±Q�OFp#b'VUTNzNW]V�ldQ�W'`´Q�ZUO?Q�ldzNO�p�OF`_ldOFp�Q�W²p_OFO?hjZUOFVNQ�ZUO?OJÕ�OF^�Q�W'a�Q_ZUO?loVUl)Q�lmbXc�p�Q�bXQ�O
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Ò�� y cdW'Q_Q_loVU�8Q_ZUO
b�['OF`�bX�]O
bXpNb>a�eUVU^�Q�ldW]V�WXaW¼ a�W'`sT�ldÕ�OF`_OJV+QNldVUldQ_lmb'c�p�Q�bXQ�OJpNW'a?Q�Z�OQÕ
bX`_f'Wi[^/Z.b'ldV�qUh#O�zNb��\TUOJQ_OF^�Q?hjZ�OFV�Q_ZUO�OJÕ�OF^�Q1WXa´Q�Z�O²ldVUldQ_lmb'c¢p�Q/bXQ_O²W'V!Q_ZUO�OFp�Q_lozNbXQ�O;ldp�VUOF�'colo�'lonUcdO'{
� ��9�C�G>HJK<CyMÃ�¾ �cÌÂUÜ�ÅrÁsÂaÈ�Ì#Æ Ü;Á�ÅDÈ�ÌPÊ�Ç¡É;ÅDÈUÅÐ�O�hjldcoc�b yUy cd��Q�ZUO�zsW,TUOFc´Q_W!b\[,ldp_e.b'c´p�Q�ldzteUcobXQ�ldW]V
T.b±Q/b\p_O�Q�{���ZUOST.bXQ�b\^FW]VUp�lop�QLWXa × · p�OJQ_pW'aFÕ�T?}�p�^�b'V�p�b'^J�geUlo`�OFT�hjl)Q�ZYOF^/Z�WXu y cob'V.b'`jldz�b'�'loVU�Uq|O�b'^/Z�p_O�Q�^JW]VUp_ldp�Q_loVU�SW'a(ÎSW]n�colo�geUO�p�colo^JOFploVYb±¬|lob'c)uw^FW]`�W]V.b'c0TUlo`�OF^�Q�loW'V�{���ZUO�loV+Q_OF`_p�^�b'V\Q_lozsO�lop   p�OF^FW'VUTUpF{x��VUO;p_^Fb'VY^FW]V�p_lop�Q�pjW'a��   Ðtn+��   Ðt[]W�¬|OFcdp1OFb'^/Z
^JWi[]OF`�loVU�Nb y Z+�,p_lo^Fb'c6`_OJ�]loW]VYW'a��]{¡Ð+2�Î O �]{¡Ð+2�Î O Î�zNz ó b'VUTYQ�ZUO�ldVgQ_OF`�p_cold^FOTUlop�Q/b'V�^FOjlop   {ÏÎ�zNz!{���ZUOjp_^�bXVUp�h�OF`�O�bX^F�geUlo`�OFTSTUeU`�loVU�²b�[,lop�e.b'c.p�Q_lozte�cmbXQ_loW]V²Q/b'p�f0q+hjZUOJ`_OjQ�ZUOp_eUnLÓ�OF^JQ1h�bXp1h#bXQ�^/ZUldVU�Nb�2Nù�Ø;�¢b'p�ZUloVU�scold�]Z+Q�{���ZUO²p�Q�ldzteUcdeUp�h�bXp y `�OFp_OJV+Q�OFT
loV�b y OF`�loW,TUlo^Fb'cW]V|uwW'Õ y b'`�b'T�lo�]z hjldQ_Z�� · p_^Fb'VUp;W'Õ�q´� · p_^�bXVUp;W]V>OJQ_^'{)qPp�Q�b'`�Q_loVU�\bXVUT>OFVUT�loVU�Bhjl)Q�Z�� · p�^�b'V�pW'a�W'Õ0u y OJ`_ldW|T�{²��ZUOSzNb'�]VUO�Q�lØFbXQ�ldW]V
cdOJ['OFc<Z.b'T�p�Q/b'nUldcol�ØFOFT�b±aýQ�OF`�Q_ZUOt�.`�p�Q�Î�p_^Fb'VUpFq�b'VUT>Q_ZUOFp�O�.`_p�Q²p_^�bXVUO�h#OJ`_OSTUlop�^�b'`�TUOFT�a�`_W'z³Q_ZUOsb'V.b'c)�|p�lopJ{@Ð�Osp�OFcdOF^JQ_OFT�W]VUO�p�colo^JOt^FWi['OF`_ldVU�YQ�ZUOt[,lop�e.b'c^FW]`�Q�O�¬Ya�W]`�Q�ZUldpjb'V.b'c)�,p_lopJ{
yMÃ,Â ��ÅrÁ�z6Ü;Á�ÅDÈ�Ì Ê#Ç¡Ê��YÅ�z*È�Ì Ë�ÅDÈ-Ì Ê#Ç¡ÌPÆóÅ<ÈUÇÐ�O y `�O y `�W|^JOFp_pNQ�ZUO!T.bXQ�b�Q�W�W]n�Q�b'loV�b�p�loVU�'coO!b'^JQ_ld[XbXQ_loW]V�ldz�b'�'OYQ_W�n0O�b'V.b'c)�|p�OFTkhjldQ�ZkQ�ZUOzNW,TUOJc¹{\Ú´lo`�p�Q1h#OS`_OFb'cold�]V�Q_ZUO�lozNb'�]OJpFq�n+�
zNldVUlozslØJloVU��Q�Z�OB· á TUldp�Q�b'VU^FO�n0OJQ~h�OFOJV�OFb'^/Z�p_^�bXVb'VUT�b�`�OJa�OF`�OFVU^JO
p�^�b'V�e�VUTUOF`s`_ld�]loT�Q_`�b'VUp�a�W]`_zNbXQ_loW]VUp�ldVkQ_ZUO y cmb'V�O'{�TjW]eU�'ZUcd��iAÎ ·]· []W�¬|OFcdp^FW]`�`_OJp y W]VUTUldVU��Q�WLnU`�bXloVNQ_lop�p_eUO;bX`_O?z�b'p�f'OJT\W]e�Q�q|b'VUT�lop#^JW]VUp�loTUOJ`_OFTBb'p�Q_ZUO�p_O�Q ë {DÔ1aýQ�OJ`#cdW]�XuQ�`_b'VUp�a�W'`_zsloVU�²Q�ZUO�TUbXQ/b�q,h#O;OJp�Q_lozNbXQ�O?Q�ZUO�cdOJ['OFc�W'a�bX^JQ�l)[XbXQ�ldW]V�ldVUTUld[,ldTUe.b'cdcd��ldVBO�b'^/ZB['W�¬�OJc¹qUn+��UQ_Q_loVU�tbtcoloV�O�b'`�VUW]`_zNb'c0zNW,TUOJc0Q_WtQ�ZUO�Q_lozsO�p_OJ`_ldOFpFq|hjZUOF`�O�Q�ZUO;zsO�b'VB[Xb'cdeUO�p y b'^JO;lop�p y b'VUVUOJTn+��b\^FW]VUp�Q/b'V+Q�Q�OJ`_z!qPb\coldVUO�b'`?Q�`�OFVUT�Q�OJ`_z bXVUT�bYzsW,TUOFc�a�W]`�Q�ZUOtQ_OFz y W'`�b'c�Z.b'OFzsW,T��,V.b'zslo^`_OJp y W]VUp_OX{���ZUOYcmb±Q_Q�OJ`�ldp�b>^FW]V+[]W'coe�Q_loW]V�W'ajQ_ZUO y b'`_b'TUlo�'z b'V�TxbiÍ�b'eUp�p_lob'V�a�eUVU^�Q�loW'V�hjldQ�ZTUOFcob�� ø p_OJ^'{UbXVUTN[Xb'`�lmb'VU^JO × p_OJ^'{ á Q_W�zsW|T�OFc.Q�ZUO?TUOJcmb��Nb'VUTBTUldp y OF`�p_loW'V�W'a�Q_ZUO�`�OFp y W]V�p_O'{<��Z�OQ�OJz y W]`�bXc´^FW'`_`_OJcmbXQ_loW]V�loV8Q_ZUO�zNW,TUOJc�h#b'p;zNW,TUOJcocoOJT8n+�>bB�.`�p�Q�W]`�TUOF`;bXe�Q�W]`�OF�]`�OFp�p_ld['OSzNW,TUOFcþ{Ð�O�p_^�bXcoO1Q_ZUO�OJp�Q�ldz�b±Q�OFT�`_OF�'`_OFp�p_ldW]V\^FW,O.Ùs^FldOFV+Q�W'avQ�ZUO�ZUb'OFzsW|T|�|VUb'zNld^1`�OFp y W]V�p_O�a�eUVU^�Q�ldW]V�Q�WZ.b�[]O²eUVUl)Q�['bX`_lmbXVU^FO�b'V�T�^JW]VUp_ldTUOF`�Q_ZUlopjb'p�Q_ZUO�coOJ['OFcPW'a´b'^�Q�ld[XbXQ_loW]V�loV\Q�ZUO;['Wi¬|OJc¹{��ZUO�b'n0Wi[]O y `_W,^FOJTUeU`�O y `�W|TUe�^FOFpYQ�Z�O�ldz�b'�'OQº � ½=º ¾ ¿ ¾îL4 W'aL[]W�¬|OFc)u¹hjlop�O�OJp�Q�ldz�b±Q�OFTb'^JQ_ld[XbXQ_loW]VscoO�[]OFcdpFqgQ�Wtn0O�bXV.b'cd�aØJOFTBn+�sQ�ZUO1zNW,TUOFcþ{DÔ1VBlozNb'�]OjW'aTº z�b��sn�O1p_OJOFV\loVSÚ´lo�'eU`_O ø {
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O�ÕvOJ^JQ_p\loV�Q_ZUO
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eUp�OFT�Q�Z�O
`_OJp_ldTUe.b'cjQ�ldzNOYp_OJ`_ldOFpFqjlþ{¡OX{�Q_ZUO
W]`�lo�]ldV.b'c#Q_lozsO�p�OF`�loOFpNzNldVgeUpNQ_ZUO��UQ�Q�OJTzNOFb'V�[Xb'cdeUOFpJq�Q�W�OFp�Q_lozNbXQ�OYQ�Z�O
p y bXQ�lob'cj^FWi[Xb'`_lob'VU^FO�W'a�Q_ZUO
VUW'lop_OXqX½Tç= æ 8 éSñ�ò á ¿ q�b'p�p_eUzsloVU�p�Q�bXQ�ldW]V.b'`�ldQ~�]{���ZUlopLh�b'p�OJp�Q_lozNbXQ�OJT�n+��Q_ZUOB^FW'`_`_OJcoW]�'`�b'z � Î'*²n.b'p�OFTxW]V�Q_ZUOB`�OFp_ldTUe.b'c�p_^Fb'VUpF{��ZUO#^JW]`_`�OFcdW]�]`�bXzÒh#b'p´^Fb'co^JeUcmbXQ_OFT²p_^Fb'V�n+��p_^Fb'V�b'V�T�b�[]OJ`�b'�'OFTtWi[]OJ`�Q_ZUO#Ð�Îjp�^�b'VUpJq+b'p6h#Ora�W]eUV�Tb'cozsW]p�Q<loTUOJV+Q�lo^Fb'cU^JW®[Xb'`�lmb'V�^FOjp�Q_`_eU^�Q�eU`�OFp�W'a�Q_ZUOjVUW]ldp_OjloVsb'cdc�p_^Fb'VUpJ{F»6ldf'O�hjlop_O�Q_ZUOj^FW]`�`_OFcdW]�]`_b'zçè �£é *1W'a<Q�Z�O�b'^JQ_ld[XbXQ_loW]V!z�b y º�h#b'p�^�bXco^Fe�cmbXQ_OFT
Q_WBOFp�Q�lozNbXQ_OLQ�Z�O�^FWi[Xb'`�lmb'VU^JOt^�bXeUp_OJT�n+�!Q�ZUOZ.b'OJzNW,T��,V.b'zslo^�OJÕ�OF^�Q�pJ{�}~VQÚ�lo�]eU`�ON�Llop1b y cdW'Q1W'a�ç= æ b'VUT çè �£é * � ç= æ a�W]`?TUldÕ�OF`�OFV+Q�TUld`_OJ^JQ�ldW]VUploV ò á ?#��Z�O>VUW]lop�O8lopBb'cozsW]p�Q�eUVU^JW]`_`�OFcmb±Q�OFT�a�W'`Bcmb'�'p�cmbX`_�]OJ`NQ�ZUb'V ø zNz � V�['Wi¬|OJcop/*�{ ��Z�O^FWi[Xb'`_lob'VU^JOs^Fb'eUp�OFT�n+�>Q�Z�OsZUb'OFzsW|T|�|VUb'zNld^�`_OJp y W]VUp_ONZ.b'p�zteU^/Z��]`_OFbXQ�OJ`�O�¬,Q�OJVgQFq´OJp y OF^Flob'coc)�b'coW'VU�1Q_ZUO#TUld`_OJ^JQ�ldW]VLhjl)Q�Z�bXVU�]coO · q'hjZ�lo^/Z�lop6Q�Z�O�ZUW]`�lØFW'VgQ�b'cgTUlo`�OF^�Q�loW'V�loVLQ�ZUO�lozNb'�]OFp�loV�Ú´lo�'eU`_Oø {´}wQ´lop�VUW'Q�O�[,loTUOJVgQ´hjZ.bXQ�^Fb'eUp�OFp�Q�Z�lop�bXVUlop�W'Q�`�W y �]q'n�e�Q�p��|zszsOJQ�`�loOJp´loVLQ�ZUO#b'^JQ_ld[XbXQ�ldW]V y bXQ_Q_OF`�VloV\Q�Z�O�Q~h�WsZUOFzslop y ZUOF`�OFp?W'a�Q�ZUO�nU`_b'loV\ldp1b�cdlof'OJcd�NO�¬ y cob'V.bXQ_loW]V�{
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Ú´lo�'eU`_Ot�'¯¶µ6O�aýQ�¯ } coWXQ�W'a�Q�ZUO;OJp�Q�ldz�b±Q�OFT\V�W]lop�O;^FWi[Xb'`_lob'VU^FO3ç= æ b'coW'VU�7i�OF�geUlob'VU�]eUcob'`�TUld`_OJ^JQ�ldW]VUploV\Q�Z�O²p�^�b'Vv{�Tjlo�'ZgQF¯ â b'zsO�b'pjcoO�aýQ�q�n�e�Qja�W]`�Q�ZUO�OJp�Q�ldz�b±Q�OFTY^JW®[Xb'`�lmb'V�^FO�TUldÕ�OF`�OFVU^JO çè �£é * � ç= æ {
Ô�VUW'Q_ZUOF`jTUldp�Q_loVU^�Q�ld['O�a�O�bXQ_eU`_O;WXa�Q_ZUO;^FWi[Xb'`_lob'VU^JO�a�eUVU^JQ_loW]VYldpjbU·�ZgeUz yt¸ b±Q?b'`_W]e�VUTYcmb'�\� ·zNz!{���Z�lop�p_eU�'�]OFp�Q�pFq�Q�Z.bXQ²Q�Z�ON^JW®[Xb'`�lmb'V�^FOS^�b'V�n�OsTUOJ^FW]z y W'p_OFT�loV+Q�WYQ~h#W y b'`�Q�pFq´b!�geUld^/fgcd�TUOF^Fb��|ldVU� y b'`�Q�V�O�b'` · q�b'VUT�b
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ü =!ý\58M#þªHF9 ÿ � E 9;5BK�C
��ZUO�b'e�Q�Z�W]`6lopP�]`_bXQ�O�a�eUc]a�W]`6z�bXVg��loVUp y lo`�loVU��TUldp_^JeUp_p�loW]V�hjldQ_Z ¨ V+Q_Q�l } OFV+Q_Q_loVUOJV�q]��O y b'`�Q_zNOJV+Q�WXaâ Q/b±Q�lop�Q�ld^FpFq'�1VUl)[]OJ`_p_l)Q~��WXa��X�ê«bXp_f+�,c�«b�q 	´ldVUcmbXVUT�{6��ZUlop�h#W]`�f²h#b'p�ldVUldQ_lmbXQ_OFT�hjZUlocdO�Q_ZUO�b'e|Q�ZUW]`�h�bXp[,lop_l)Q�ldVU����`F{ } OFV+Q_Q_loVUOJV�q|p�e yUy W]`�Q_OFTsn+�sb²�]`_b'V+Qra�`_W]zÚá1W]`7	 ¨ {+��Z�O1T.b±Q/b;eUp_OJT�ldVsQ_ZUOjO�¬�b'z y coOh�bXp´fgloVUT�cd� y `�W®[,ldTUOFTLng�@ù1b'VUp â Q��]T�f,ldcoTUO�u����]`��]OFV�p_OFV²a�`_W]zÊQ_ZUO$"�T TjOFp�O�b'`�^/Z |#OFV+Q_`_O'q ¨ b'`�Z,e�p�1VUl)[]OJ`_p_l)Q~�&ù1W'p y l)Q/b'cþ{
��9�7]9;:<9;5>=j9;C
©#OFp_b'�Uq���{�"�$1%'&)( � �5ã�ã â * ©#bi�'OFp�lmb'V�^FW]z y e�Q�bXQ�ldW]V>b'V�T�p�Q�W,^/Z.b'p�Q�lo^�p��,p�Q�OJzNpJ{ � hjl)Q�Z>^FW'zNzsOFV+Q�pb'V�T�bS`_O y cd��n+�\Q�ZUO²b'e�Q_ZUW]`�pF{3*�{
	¢$¹%'$þü ö $¹(�	�ø�üñ(oq µ� q�V�� ø�ø {|#W]ZUOJV�q$"�{ â { � �5ãYã+2]* } b'`_b'zNO�Q�`�lo^\b'VUb'cd�,p_ldp�W'aja�"XTj}�T.bXQ�b8eUp_ldVU��coldVUO�b'`�p��,p�Q_OFzspszsOJQ_ZUW,TUpF{�²"<�|÷�ù���6s%5�,"�q���q�ãYV��0� · V�{|#`_OJp_p_ldO'qgá²{ ¨ {°|�{ � �5ãYã|�®*�	¢$¹%'$ñü ö $þü¹ø ö ��ù±÷ ö � %'$þüñ%'&Uû+%'$w%'{%ä�locdOJ� â OJ`_ldOFp´ldV } `_W]nUb'nUlocdldQ~��bXVUT¶"
bXQ_ZUO�uzNbXQ�ld^�b'c â Q�bXQ�ldp�Q�ld^FpJ¯ ¨ yUy cdloOFT } `�W]n.b'nUldcol)Q~��bXVUT â Q/bXQ_lop�Q�lo^JpF{'á1OJh¬õ�W]`_f¢¯��'W]ZUV7ä�locdOJ��� â W'VUpFq}~VU^X{
�;b'coOXq ¨ {�"�{gb'V�T(©�eU^/fgVUOF`JqtT�{üµ<{ � �5ãYã+2'* â OFcdOF^�Q�ld['Ojb�[]OF`_b'�]ldVU��W'a0`�b y ldTUcd� y `�OFp_OJV+Q�OFTNloVUT�ld[,loTUeUb'cQ_`_lmbXcop�eUp�loVU��a�"XTj}/{��G�h6��j÷�%'üýú��>% �Û� üýúB�'q���q�V   ã �hV�i · {��OFp�^FW]ztn0OFpJq"!t{)qj �`�eU�]�]OJc¹q$	�{#b'V�T�[]W]V;|#`�b'zsW]V�qj�t{Nõ�{ � �LãYã]Ð]b+*ta�"XTj}�p_ld�]V.b'cj`_OJp�Q_W]`�bXQ_loW]VeUp�loVU��bNp y bXQ�ldWXuwQ_OFz y W'`�b'cê"
b'`_fXWi[
`_b'VUTUW]zÎ�UOFcoT y `_OJp_OJ`�[,loVU�NQ�`�bXVUp_l)Q�loW'VUpF{��²"<�|÷�ù���6s%5�,"�q�#�qV�i · �hV�iÛã|{

}�}_}/{   â



��OFp�^FW]ztn0OFpJq$!�{dq, ;`_e��]�]OFcþqÄ	#{gb'V�Ts['W]VÏ|#`_b'zsW]V�qg�t{Nõ�{ � �LãYã]Ð'n¢* â y bXQ�ldWXuwQ_OFz y W'`�b'cga�"XTj}�b'V.bXc)u�,p_ldpjeUp_ldVU�("
b'`_fXWi[Y`�b'VUT�W]z£�.OJcoTUpJ{%�'&(&(&äòU÷�%'ú ö ()��"_û+(*�<6s%5�+(oq µ,+ qP� ·   Ð��0� · V�ã�{��OJ[,`_Wi�'O'q�µr{ � �5ã'Ð ø *-�Lù±ú�A�.6ú.ü ��ù±÷�60/�%'ú0û,ùD6 1.%'÷�üñ%'$"321"�úv"�÷�%'$ñü¹ù±ú.{�á1O�h õ�W]`_f¢¯ â y `�loVU�]OJ`�u`rOJ`_cmbX�U{
	.`_lop�Q�W]Vvq� �{4��{)q��'O2)E)�b'`�T�q } {vb'VUT���eU`_VUOJ`Fq,T�{ � �5ãYã�ig*j��ZUOSb'V.bXcd�,p_ldp�W'ara�eUVU^�Q�ldW]V.b'c "XT?}�Q_lozsO�up�OF`_ldOFpJ{��p�B6s%'ú5�j÷�%'üýú��>% �Û� üýúB�'q µ qP� â V��0�i2|�]{
	.`_lop�Q�W]Vvq� �{4��{)q6�'W]p�O y ZUpJql��{)q TjOFOJpFqWá�{jb'VUT»��eU`�VUOF`Jq�T²{ � �5ãYã]Ð+*\á?W]VUcoldVUO�bX`BOJ['OFV+Q�uw`_OFcobXQ�OJT`�OFp y W]VUp�OFp?loV\a�"XTj}/{���%5�'ú0(*/?" ö ù±ú0(*��"_û+(oq%7�8�q�iU�9� â   {á�O��]OJ`Fqq|�{ � �5ãYãYã+*ZµPlof'OJcoldZUW|W,TÊldV�a�OF`�OFVU^JO�a�W]`8p y bXQ�lob'c y W]loV+Q y `_W,^FOFp�p_OJpF{�}~V ��{�©�b'`�VUTUW]`�Õ0uá?loOFcdp_OJV�qoä°{� ;OFVUT.bXcoc�bXVUT "�{oµPloOJp_ZUW'e�Q � OJTUpF{3*�q6	¢$ùiø/ô�% ö $ñü¹ø:21"/ùD6�"�$þ÷�ÿ'( 0�ü<;+"�& üoô.ùiùFûx%'ú0û2�ùD6 � �,$w%'$ñü¹ù±ú.qU^/Z.b y {�V�q |#Z.b y z�b'V=��ù�b'cdc?>Y| To|�{á�O��]OJ`Fq)|�{@��{ � �5ãYã�ig*,��V�Q_ZUO#^JW]V+[]OF`��]OFV�^FO�W'aå"!W]V+Q�OS|�b'`�coW?z�b®¬�ldzteUzÆcdlof'OJcoldZUW|W,T;^�bXco^Fe�cmbXQ_loW]VUpJ{A�(�/�(�	¢$¹%'$þü ö $¹(�	�ùiøF(�	�"�÷J()�jq%����q   ø �9�   2�iU{á�ldcofgpFq�ä°{óT²{)qmTjlo^/ZUb'`_TUp�W]V�q â {�b'VUT â y loOF�'OFcoZUb'cdQ_OF`Fq0�t{@��{ � OFT�pF{3* � �5ã�ã ø *B��%'÷�;+ùD�Bø/ô�%'üýúC��ù±ú.$~"2r%'÷�&oùSüýú � ÷�%,ø�$ñü¹ø/"�{�µPW]VUTUW]Vv¯]|#Z.b y zNb'V��rù�bXcoc¹{á�cdWi[]OF`Jqvá�{ ùL{ � �5ã�ãYã+*;��OF^JW]V+[]W]cde�Q�ldW]V�WXa�loz y eUcdp_OS`_OJp y W]VUp�O�loV�OJ['OFV+Q�uw`_OJcmbXQ_OFT ©o� µ6�óa�"�T?}/{�²"<�|÷�ù���6s%5�,"�q�8�q iU� ø �)i   ã�{á�`�OFOJV�q } {@��{ �   ·'·]· *"D � ÷�ü�6�"�÷�ù±ú5�>%'÷�;+ùD�Nø/ô�%'üýú���ù±ú.$" 2r%'÷�&où±{U��WNb yUy O�b'`J{ù�b'`�Q_[,lo��qUáL{Ñ`t{ � �5ã�ãYã+* ¨ p�Q�W,^/Z.b'p�Q�ld^��]OFW'zNO�Q�`��NzsW|TUOJc0a�W'`�a�"XTj}rT.bXQ/b|{ TjOFp_OFb'`_^/ZY`�O y W]`�Qoi�� · q��O y b'`�Q_zNOJV+QrW'av��Z�OFW]`�OJQ�ld^�b'c â Q/bXQ_lop�Q_lo^JpFqg�1V�ld[]OJ`_p�ldQ~��W'a ¨ bX`_ZgeUpF{E	��t��6�üý$þ$~"_û���ù±÷ � � �F& ü¹ø_%'$ñü¹ù±ú.{ù�b'`�Q_[,lo��qYáL{Ñ`t{ �   ·'·]· * â ldzteUcobXQ�ldW]VçW'a!Q�ZUO á�b'zsz�b±u~á1W]`�z�bXcsT�lop�Q_`_ldnUe�Q�ldW]V�{��1V y e�nUcoldp_ZUOJTzNb'VgeUp_^J`_l y Q�{ù�b'`�Q_[,lo��qUáL{Ñ`t{Ub'VUT=�'OFV�p_OFVvq���{óµ<{ �   ·]·]· * â y bXQ_lmb'c0zNl ¬,Q�eU`�O�zNW,TUOJcocoldVU�²W'a6a�"XT?}rT.b±Q/b�{��p�B6s%'ú�j÷�%'üýú��>% �Û� üýúB�'{ ¨ ^F^FO y Q�OJT�a�W]` y eUnUcold^�bXQ_loW]Vv{ù1ld�]TUW]V�q´�t{�"�{ � �5ãYã]Ð+* ¨ e|¬|locolob'`��
['bX`_lmbXnUcoOSzsOJQ�Z�W|TUp²a�W]`û"
b'`_fXWi[�^/Z.bXloV "!W]V+Q�O |�b'`�coW!hjldQ�Zb y�y cold^�bXQ_loW]VUpJ{%A�(*DG6�"�÷J(�	¢$¹%'$þü ö $¹(*D ö/ö ùiøF(oqE8%7�{ù1eUp�n+�]q ��{)q�µPloOXq.�;{dq�µ6b'V��F�UqU�;{)qVù1W]fgcmbXVUT�q���{¢b'V�TXTjeUO'q8ù²{ � �5ã�ãYã+* ©�b��'OFp_lob'V   ��TUOJ^FW]V+['W]coe|uQ_loW]V�¯ ¨ zsW|TUOJcPa�W]`�TUl)Õve�p_O�e�cdQ�`_b'p_W'eUVUT
p�^�bXQ�Q�OJ`_loV��U{ } `�O y `�loV+Q â Q�bXQ�ldp�Q_lo^Fp   · >|�LãYãYã�q0á1�já1�Lq��`_W]V�TUZUOFldz�qUá1W]`�h�b��]{
 ;loOFn0OFcþq â {@��{dqBá;W,OFn0OFc¹q�T²{]b'VUT¶	.`_ldp�Q�W'V�q+ �{4��{ �   ·]·'· * ¨ V.bXQ�W'zNld^�b'cdcd��loV|a�W]`_zsOFTtnUb'p_ldp´a�eUVU^�Q�loW'VUpF{�²"<�|÷�ù���6s%5�,"�q µ¢µ q ø â ø � ø�ø 2|{

}�}_}/{   ø



µ6b'VU�]OXq+áL{'b'VUTHGvOF�'OF`Fq â {üµ<{ � �5ãYã]2]*�á?W]V|u~cdloVUOFb'`.	.W]eU`_ldOF`�Q�lozsO�p_OF`�loOJprb'V.b'c)�|p�lop�a�W]`´ZgeUzNb'VtnU`_b'loVzNb yUy ldVU�Sn+��a�eUV�^JQ�ldW]V.b'cPzNb'�]V�OJQ�ld^�`_OFp�W]V.b'V�^FOtldz�b'�'loVU� � hjldQ�Z�TUlop�^FeUp�p_ldW]V¢*�{�D �Û� &)(I	¢$¹%'$ñü ö $w(oqJ ��q��9�   ã�{µPW®h�O'q°"�{@��{0b'VUT â W]`�OFVUp�W]V�q���{ ¨ { � �5ã�ã+2]* â y b±Q�lmbXcocd�s�.c)Q�OF`�loVU�ta�e�VU^JQ_loW]V.bXc�z�bX�]VUOJQ_lo^;`�OFp_W'V.b'VU^JOldz�b'�'loVU�LT.bXQ/b|{���%5�'ú0()/j" ö ù±ú0()��"_û+(oq%7 + q¢2   V��|2   ã�{
"
b'cdW]VUOFf¢q'�t{XbXVUT á;`_loV+[Xb'cdT�q ¨ { � �5ãYã ø *�}~VgQ_OF`_b'^JQ_loW]VUp�n�O�Q~h#OJOFVSOFcdOF^�Q�`_ld^�b'c,b'^�Q�l)[|l)Q~�²b'VUTL^FW]`�Q�lo^Fb'czslo^J`_W,^Flo`�^FeUcobXQ�ldW]V�`�OJ['O�b'cdOFT8n+�YlozNb'�]ldVU��p y OF^�Q�`�W]p_^JW y ��¯�}~z y cdlo^�b±Q�loW'VUp#a�W]`�a�eUVU^�Q�ldW]V.b'cPnU`_b'loVzNb yUy ldVU�U{%	�ø�ü¹"�úvø/"�qEK + KPq â�â �9� âYâ iU{
"
bXQh¹OF`_Vvq!©1{ � �5ã ø · *L	 � %'$ñüñ%'&�1.%'÷�üñ%'$ñü¹ù±ú0(M	¢$ùiø/ô�% ö $ñü¹ø 6�ùFû,"�& ö %'ú0û�$ýô."�üý÷Y% �Û� & ü¹ø_%'$ñü¹ù±úx$ù ö ùD6�"� ÷�ù��F&o"<6 ö üýú ��ù±÷�" ö $ ö �|÷��'"�ÿ ö %'ú0û²ù±$ýô."�÷ ö %�6 � & üýúB�1üýú��'" ö $ñü��+%'$þü¹ù±ú ö (A©�b'V�TWiYã�q â {~"�OJTUTUOFcob'VUTUOJVa�`�V â Q/bXQ_OFVUp â f'W'�]p�a�W]`�p_fgVUldVU�]p_ldVUp�Q_ldQ_e�Q�{ â Q�W,^/f,Z�W]coz!{
"�^5|#e�cocmbX�]Z�q } {±b'VUT�á?OFcoT�OF`FqF��{ ¨ { � �5ã]ÐYV]*N21"�úv"�÷�%'& üPO±"_û;& üýúv"_%'÷x6�ùFû,"�& ö {|"�W'VUW]�]`_b y ZUp�W]V â Q�bXQ�ldp�uQ_lo^FpjbXVUT ¨ yUy cdloOFT } `_W'n.b'nUldcoldQ~�'{tµPW]V�TUW]V|u~á1OJh õ�W]`_f¢¯�|#Z.b y z�b'V=�ãù1b'cocþ{
"�OJQ_`_W y W]cdlopFq]áL{)qhTjW]p�OFVgnUcoe|Q�Z�q ¨ {Åä°{)qhTjW]p�OFVgnUcoe|Q�Z�q "�{¡áL{)q|��OFcdcoOJ`Fq "�{¡áL{gbXVUTN��OFcdcoOJ`Fq)d�{ � �Lã â V+*d<�ge.bXQ_loW]VUpYW'a�p�Q�bXQ�O�^�b'cd^FeUcobXQ�ldW]VUp\n+��añb'p�Q
^JW]z y e�Q�ldVU�xz�b'^/Z�loVUOJpF{QA.ùD�|÷�ú0%'&�ù��32�ô."<6�ü¹ø_%'&Rrô,ÿ ö ü¹ø ö q�K µ qP� · Ð+2 �0� · ã��]{
" «eUcocdOF`Jq*ù²{°á�{ � �5ã]Ð]Ð+*Q�Lù±ú � %'÷�%�6�"�$ñ÷�ü¹øS/j"C�'÷�" ö/ö ü¹ù±úCD�ú0%'& ÿ ö ü ö ù��l06ù±úB�'üý$~��û'üýú0%'&*TL%'$w%'{@µPOF^�Q�eU`�Oá?W'Q�OJp?ldV â Q/bXQ_lop�Q�lo^JpF{ â y `_ldVU�]OF`uè`rOJ`_cmbX�U{} `_W yUy q
��{üáS{0b'V�TZä�ldcop_W'V�q0�t{�©�{ � �5ãYã ø *Sd´¬�b'^�Q�p�bXz y cdloVU�thjl)Q�Z�^FW]e y coOFT "
b'`�f'Wi[!^/Z.b'loV�p�b'V�Tb y�y cold^�bXQ_loW]VUp�Q�WSp�Q�bXQ�ldp�Q_lo^�bXc�zNOJ^/Z.b'VUld^FpJ{�/�%'ú0û,ùD6 ö $þ÷��.ø�$~�,÷�" ö %'ú0û�%'&��,ù±÷�üý$ýôB6 ö q�8�q  ]  V��   â   {T1bAd_b y b'fgp_OXqU��{ü|�{�"�$<%'&)( � �5ã�ã]Ð+*?"�W,TUOFcdloVU��ZUOJzNW,T��,V.b'zslo^�`�OFp y W]V�p_Oja�W]`�b'V.b'c)�|p�lop<W'a�a�eUVU^�Q�loW'V.b'c"XTj}�Q_lozsO�uwp_OF`�loOJpF{%�G�B6s%'ú5�j÷�%'üýú���% �Û� üýúB�'qE�Pq   ÐYV��hV ·'· {T?l y coO��]q ©�{3�t{ � �Lã]Ð+2]*I	¢$ùiø/ô�% ö $ñü¹ø ö ü�67�|&)%'$ñü¹ù±ú.{Dä�ldcoO�� â OF`�loOFp�loV } `�W]n.b'nUldcol)Q~��b'VUT¶"�bXQ�ZUOJz�b±Q�lo^Fb'câ Q�bXQ�ldp�Q_lo^FpJ¯ ¨ y�y coldOFT } `_W]n.bXnUlocdldQ~��b'VUT â Q/bXQ_lop�Q�lo^JpF{.á?OJh õ�W]`_f¢¯V�'W]ZUV ä�locdOJ�W� â W]VUpJq.}~VU^'{
â loOJ�]zteUV�T�q´�t{ü�t{Pb'VUTcä�W'`_p_cdOJ�'q´ �{@��{ � �5ãYã â *���OJp�Q�ldVU�Ya�W]`²b!p�lo�]V.bXc�hjldQ�Z�eUVUfgVUWihjV�cdW|^FbXQ�ldW]Vb'V�T!p�^�b'cdO�loV!b�p�Q/b±Q�loW'V.b'`�� á²bXeUp_p�lmb'VY`�bXVUTUW]z£�UOFcoTv{�D�ú.ú0(�	¢$¹%'$w(oq%K�7�q ø · Ð�� ø VYã�{
��loOJ`_VUO��]q)µ<{ � �5ãYã�ig*e"
b'`�f'Wi[t^/Z.bXloVUp�a�W]`�O�¬ y cdW]`_ldVU� y W]p�Q_OF`_ldW]`´T�lop�Q_`_ldnUe�Q�ldW]VUpJ{�D�ú.ú0(�	¢$w%'$ñü ö $w(oqXK%K�q�®2 · �9�0�®2 ø   {
`�b )F�geUOE)'q ¨ {óµr{0b'V�T8á1W'coc¹q¢�t{ü|�{ � �5ã�ã]Ð+*�á1W]V�coloV�O�b'`jb'p y OJ^JQ_p�W'a�Q_ZUO_©o� µ�� `_OFp y W'VUp_OLloVYa�eUVU^�uQ_loW]V.bXca"XTj}/{��L"<�,÷�ù��<6s%5�,"�q + qP� · Ð��0�]�iÐ|{ä�W'c y OF`�QFq T²{óµ<{¢b'VUT
}~^/fgp�Q/b'T�QFq� �{ � �5ã�ã]Ð+* } W]ldp_p�W]V�>X�+bXzNzNb�`�b'VUT�W]zÎ�.OFcdT
zsW|T�OFcop�a�W]`jp y bXQ�lob'cp�Q/bXQ_lop�Q_lo^JpF{��jü¹ùD6�"�$ñ÷�ü<;'%'qE#���q   â �9�   ø 2|{ }�}_}/{   2



ä�W'`_p_cdOJ�'qv �{@��{�bXVUT 	.`_ldp�Q_W]V�q0 �{4��{ � �LãYã â * ¨ VUb'cd�,p_ldpjW'a�a�"XTj}#Q�ldzNO�u~p�OF`_ldOFpj`_O�[,lop_l)Q�OJTZY b'�+b'ldV�{�²"<�|÷�ù���6s%5�,"�q�K�q��®2�V��¢�iÐ��]{

}�}_}/{   Ð
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ñNóPù�ò � ���Uóõù ó � ê /}� � ö öâó � øWø û ó<ö ê �Îñ êQû�� ù � óõø � �Hû � ê��%úÛû�ü ù�ò êQû�� ö ê�ü � ê �Zö ô � øUö �~, ò êÇìUü ó � � ü �Ló<øXù êaü (ê öâùMóõö�ù û{� �#1 ê ó<ø úÛê�ü ê øUô ê�û øHù�ò ê � ø�� êaü�� �$óõø�� /0� ��� � ÷ ê�� � úÛü û�� ù ò êBüâê ô û�ü � ê �Wö ô � øUö.� � ø��-ù û ù òUó<öê ø��=ñ ê ñNó<öâò=ù û � ü � ñ ü � ø�� û�� ö � �Hì��<ê ö úÛü û�� ù�ò ê ô û ø��UóPù�ó û ø � � �,ó<öâù ü ó � � ù�ó û ø û�ú ù�ò ê /0� ��� � ÷ ê.� ��Fó�� ê øCù�ò ê öâô � ø,ö �0, ò ê&� � ù ù êaü ù � ü øUö û � ùQù û��ê�û�ú ù�ò êÄúÛû�ü�� Ù;|�Þ ��ñNòUóõô'ò ó<öBóõøXù � óPù�ó � ê.� �Zô �<ê � üÅúÛüâû��
ù ò ê"úÛû��t�õû ñNóõø��Böâó �Hì��<ê ê9ë � �Hì��<êW�'� û ø,ö ót� ê�ü � �}û � ê.� ñNò ê�üâê��}��� Ù²Ý$ðB��Þ'� ø��&��� �}��� Ù � ð�� à Þ$�l, ò êô û ø��UóPù�ó û ø � � �,ó<öâù ü ó � � ù�ó û ø û�ú'� �Fó � ê ø�� ó<ö û�ú ù�ò êÇúÛûFü�� Ù;| Þ ñNóõù�ò î�
��Hí � á@� à � ø�� Ü é & 
�!@� à �, ò ê � � ó � óõù��Lù û öâó � � � � ù êÇê�� ô�ó ê øXù � � úÛü û�� ù�òUóõöM� ê ø,ö óõù��Zóõö"ò ê ø,ô ê ó �Hì�ûFü ù � øXù"óõøÊù�òUóõö �}û � ê.� � � öñ ê.� � � ö�óõø û ù�ò êaüb� ó<öâö ó<ø���� � ù � ìUü û#���<ê�� ö*ñNò êaü ê /0� ��� �M� ø���ø û�ü�� � � �Uó<ö�ù ü ó � � ù ó û ø,ö � ü ê ô û#�5� ó<ø ê � �� ø û ù�ò ê�ü�ê9ë � �Hì��<ê ó<ö*ö�ù û ô'ò � ö�ù�ó<ô úÛü û øù ó êaü=�Hû � ê.� ö*ó<ø ê ô û ø û��Hê ù ü ����ñNò ê�üâê ù ò ê � ø û�� ö ê�ü � ê � ê$� ôaó ê øUô��û�ú � ÷ ü�� ó<ö �Hû � ê.�t�õê � � � ��/0� ��� � �Uóõöâù ü ó � � ù�ó û ø*�Uö ê�ê)6 óPù ù êaü � ø��7�Îó � � ü Ù;|LãYã��FÞ ûFü��ÇûÎû�ì Ñ$�-�#���ÙU|5ãYã â ÞB�, ò ê �Uóõöâù ü ó � � ù�ó û ø Ù;|�Þ ñ � öÇ÷ ü öâùµóõøù ü û � � ô ê � � � , û�ü � ø�� û ö Ù;|5ã â !FÞ�� ö � � ê ø êaü � � ót� � ù�ó û ø û�ú ù�ò ê� ê � ü ö û ø ú � � ó � � û�ú�úÛüâê.� � ê ø,ô�� ú � øUô9ù�ó û øUö �l, ûFü � ø�� û ö � � óõø �Hû ù�ó�� � ù�ó û øSñ � ö�ù û ó<øXù üâû � � ô ê � ø � ö;� � (�Hê ù ü ó<ô ��ê��t� (Ëö ò � ì�ê ��� ê øUö óPù�� û øWù ò êQì%û ö óPù�ó�� êQüâê � � � ë ó<ö.���Fó � ê ø � �-ù ò ê ö � � ( ú � � ó � �ÒñNóõù ò Ý�� |��(ä ê
� � � êHüâê ô � ü üâê øXù �}û��Hê øXù úÛû�ü�� � � � ö � ø�� ìUü ûFì%û ö ê �tù û � ö ê ù ò ê ö êÒúÛûFüQì � ü � �Hê ù êaüQê ö�ù�ó � � ù ó û ø � 6Nê (ô ê øXù � � � � öâù�ó �t�õû � ø�� � � ót� Ù;|5ã�ã��FÞ ô û øUöâót� êaü ê � � � ë ó � � �¡� ó 1 ê.� óõò û$û � ê ö�ù�ó � � ù ó û ø¢���Îó ê ñNóõø��Sù ò ê �Uóõö;(ù ü ó � � ù�ó û ø � ö � � ê ø ê�ü � �%ê9ëÎì�û ø ê øXù�ó � ��ú � � ó � �ÄñNò,ó<ô'ò ê øUô û��Hì � öâö ê öMù�ò ê ù ü � øUô � ù ê �Êø û�ü�� � � � /0� �£� �� ø�� 6 � � �<ê ó �Fò¤�Uóõöâù ü ó � � ù�ó û øUö �¥, ò ê � � ù�ò ûFü ö � ö ê � ù òUó<öÒø ê öâù ó<ø��Cù û � ê � ê.�<û�ì ù ê ö�ù�ö úÛûFü � êaì � ü ù � üâêúÛüâû�� � ø�� û�ú ù ò ê ù�ò üâê�ê �Uó<ö�ù ü ó � � ù ó û øUö �¦ ü û�� �§8-� � ê ö ó � ø ì%ê�ü ö ì%ê ôaù ó � ê ù�ò ê �Uóõöâù ü ó � � ù�ó û ø óõö û�ú óõøù ê�üâê öâù.� � öHóõùHó<ö � ô û ø@¨ � � � ù ê=ìUü ó ûFüñNò ê ø ê � ê�ü ù�ò ê /0� �£� � ûFü ø û�ü�� � � �Uóõöâù ü ó � � ù�ó û ø � ü ê �Iä ê øUô ê ù�ò ê"ú � � ó � �6ó<ö �ª© ê9ë ó ���<ê ô � � ö ö û�ú�ìUü ó ûFü�Uóõöâù ü ó � � ù�ó û øUö úÛûFü � ì%û ö óPù�ó � êÅì � ü � �Hê ù ê�ü �Îö � ô'ò � öVù ò êBì%û öâóõù�ó�� ê��}ê � ø ûFü ù�ò ê ó<ø�� ê�ü ö ê � � ü ó � øUô êÅû�ú �ø û�ü�� � � � � ü ó � ���õê �ù�ò ê óõøy� ê�ü ö ê ö ô � �<êÇì � ü � �Hê ù ê�ü"û�ú ��/}� �£� � � � ü ó � ���õêBûFü ù ò ê0�}ê � ø û�ú �«� û óõö ö û ø� � ü ó � ���õê ��Îó � � � � ù�ó û ø úÛü û#� ù�òUóõö ú � � ó � �=ò � � ê£� � ó<ø � � ��êaê ø ô û ø,ö ót� ê�ü ê �3óõø ù ò ê ô � ö ê Ý�
¬| �*ñNò êaü ê ù�ò ê�Uóõöâù ü ó � � ù�ó û øÇó<ö � ù ü � øUô � ù ê �Sø ûFü�� � � �f ê � ü û � ê Ù;|5ã#®FÌXÞ � óõöâù ö�ö ê � ê�ü � �Îüâê ¨ ê ô9ù�ó û øSö � �Hì�� óõø�� � � � ûFü óPù�ò � öúÛûFü ö ó � � � � ù ó<ø�� úÛü û�� ù�ò ê ù � ó ��û�ú ù�ò ê ø ûFü�� � � �,ó<öâù ü ó � � ù�ó û ø � 4�ûFüâê � ê ø êaü � � � � �ÇûÎûFì Ñ$���#���(Ù;|LãYã â Þ� ê ö ô ü ó �%ê � ü ê ¨ ê ôaù ó û øCö � �Hì�� óõø�� � � � ûFü óõù ò ��úÛûFü ù�ò ê ô � ö ê ÝCý°¯y|FðB!$ðN±�² �EñNóõù òUó<ø ��/ ó ��� ö�ö � �Hì�� ó<ø��úÛü � �}ê ñ û�ü 1H� ä ê�üâê ñ ê �Fó � ê5üâê ¨ ê ô9ù�ó û ø ö � �}ì�� ó<ø�� � � � ûFü óõù�ò � öÄñNòUóõô'ò ê ø,ô û��Hì � öâö ê ö � �t� � � � � ê ö û�úÝ���� � � ø��Wñ ê öâù � ���Hù�ò êBê9ëÎì�ê ôaù ê �Zø � �5�%ê�üMû�ú óPù êaü � ù ó û øUö ó<øHù�ò ê � � � û�ü óõù ò � �b, ò ê³� � ùâù ê�ü ó<ö ê.� � � �
ù û ù�ò êµü ê ¨ ê ô9ù�ó û ø=ô û øUö�ù � øXù Ù ö ê�ê  ê � ü û � ê � |5ã�®�ÌXÞ ñNòUóõô'ò*�Eó<ø û � ü ô � ö ê �Eó<ö � ô û øXù�óõø � û � ö ú � øUô9ù�ó û ø û�ú
ù ò êÄì � ü � �Hê ù êaü ö�� � ø��5ó<öBò ê øUô ê&��û � ø�� ê � û øCô û��Hì � ô9ùQö ê ù�ö ��´ ê � ê�ü ó � ê ù�ò ê � ö�� �Hì ù û ù ó<ô � ó � óõù û�ú
ù ò êµü ê ¨ ê ôaù ó û øZô û øUöâù � øXùd� � ö"ù�ò ê6ì � ü � �Hê ù ê�ü öMù ê ø���ù û ù ò ê0� ó � óõù û�ú ù�ò ê6ì � ü � �Hê ù ê�ü ö ì � ô ê �g% ø �Hû öâùô � ö ê ö�ù�ò ê-ü ê ¨ ê ôaù ó û ø:ô û øUö�ù � øXùÄù ê ø��UöÄù û | �Ió � ê � ù ò ê � � � ûFü óPù�ò � ó<ö � ö�� �}ì ù û ù ó<ô � �t� � ûFì ù�ó � � � ��´ ê� � ö û �Fó�� ê ù � ���<ê ö û�ú ù ò êNü ê ¨ ê ôaù ó û øHô û øUöâù � øXùVô � � ô � � � ù ê �Lø � �Hê�ü ó<ô � �t� � úÛûFü �Uó 3�êaü ê øù�÷UøUóõù ê�ì � ü � �Hê ù ê�ü� � � � ê ö �µ û ù�ó<ô ê ÷ ü öâùMù ò ê ö ì�ê ô�ó � � ô � ö ê ñNò êaü ê Ü�
¶���·, ò ê ø ÙU|�Þ óõöVù ò ê � ê øUö óPù�� û�ú ù ò êª� Ù²ÝÎð�îIÞ �,ó<öâù ü ó � � (ù ó û ø*�FñNò,ó<ô'ò-ô � ø �%ê ö ó � � � � ù ê � ê�� ôaó ê øXù � � � �Lù�ò ê � � � ûFü óPù�ò � ö úÛû � ø��}óõø 6 ó ì��<ê � Ù;|5ã#®��FÞ ûFü  ê � ü û � êÙU|5ã�®FÌXÞB�³´ ê ô � øtöâó � � � � ù êSê � ö ó � � � � ö û ñNò ê ø î¸
¹� � � öBù ò ê �Uóõöâù ü ó � � ù�ó û ø5óõöÅù�ò ê ø��Fó � ê ø � ��º �	�ñNò êaü ê � �»� Ù²ÝUá�!$ð�Ü�Þ$�Sä ê ø,ô ê ñ ê ñNó �t� ô û øUöâót� êaü ù�ò ê ô � ö ê ñNò êaü ê Ü��¼� � î¾½
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ö � � ô ê öNù û ô û øUö ó � ê�ü ù�ò ê ùËñ û � ê øUöâóõù ó ê ö
ÁHÂ ÙÛÚ Í ÝÎð��)Þ·
 Ú�ßaé & ê9ëÎì�Ã í |!W� à Ù?Ú7 Ä|�Þ�à�ÅªÆ�ã Â'ÇDÈ ð��fÉdð ÊË���,ð Ç !�É
Á é Ç ÊfÌ È ð��fÉ·
¶ÊHÍ é &Îê9ëÎì�Ã í |!W�*Î Ç Ê-í�|TÉ Î Å³Æ#Ï é Ç"È ð��fÉ9ð Ê7���,ð Ç ±�É

úÛûFü È �Ð�7� ø�� � �Ð����¦ ûFü ó ú ñ ê��õê ù � Î 
¬!WÑbÆ�î Î � ø��¤� ê ø ê�ü � ù êÒÓ� Á é Ç;Ô Ì È ð��ÕÉ ó ú îÀÖÐ� ûFüÒ¼� ÁHÂ·ÇUÔ Ì È ð��fÉ ó ú î¤��� �,ù�ò ê ø�� 
 Ò � î � Æ Ç !@ÑlÉ ò � ö"ù�ò ê � ê ö ó ü ê �×�Uóõöâù ü ó � � ù�ó û ø �´ ê ñNó �t� �Uó��$ót� ê ù�ò ê öâó � � � � ù ó û ø û�ú ÁHÂ � ø�� Á é óõøù û ù�ò ê ô � ö ê ö �«Ö È�Ø |�� ø�� È � |�� � ê ôaù�ó û ø !� ø�� ± ��ó � ê � � � ûFü óPù�ò � ö úÛûFü ÁHÂ � ø���� ê ôaù�ó û ø�Ù � ø�� â úÛûFü Á é �·¦ óõø � � � ���Fñ ê ò � � ê � ê9úÛê�ü üâê � � �t��ìUü û$û�ú öù û � ø � ìUì�ê ø��Uó ë �
Ú Û�ÜdÝ Þ�ß.à)á'Ü.â�ã â«äæå  ç Ü�á'è éëê ìîí ï
´ ê ò � � ê � ù �<ê � öâùSùËñ û � û$û � ê ø�� ê.�<û�ì�ê ö úÛû�ü ÁHÂ óõø3ù�ò,ó<öÄô � ö ê �IñNòUó<ô'ò ô � ø ��ê � ö ê � úÛû�ü�ü ê ¨ ê ô9ù�ó û øö � �}ì�� ó<ø�� �l, ò ê ÷ ü öâùd��ð & �EóõöM� ê�ü ó � ê � � �

ÁHÂ·Ç ÊñÉ Ø ÊHÍ é &Îê9ëÎì�Ã í |!@�*Î Ç Ê Î  ¶|TÉ�Å�ÆWÏ Â·Ç"È ð��fÉ·
 òL& ð & Ç ÊñÉ9ð
ñNò êaü ê ò5&`
 � Ç Í Î É�!¢óô é & �*Í ' é¶õôtö ô Æ#Ï Â·ÇDÈ ð��fÉdð Ç Ù É� ø�� ð & Ç ÊñÉ`
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æ � -�>?� |G@ ��>?�/2 Y }FÝ?Ý\� [ 3 A ��� 6 � * � <=�.� � b!� 2 "G�!��";� - � , �>���-��/2 ��< , �.�!�."1� - � 2 D � � 7�,�, "G� -  2 ��: ��,�, 4 â�� Ac� b �/2 3 �w<G� 2H>?�  � 2 ���!$��.� � b!� 2 ";�!�."1� - " ,  �\D , "1�Ô�<1� > "1:F��< - �?" ,H� * 7�� ���]:�� 2 * ";��:�� - * 2H��,  " 2 �!�.� 2 D  2 ��: ��,�,H��, 3 A ��";:a��:�� 7 < * k��+6 � 2H��,  � :�" g :F��<1<1D6 � * � <1< � * �.� 2 � 7�> �¥�.� �B6w� � - b!��< 7�� ��$d�.� �B,��/2 " ��, �.� � -Zk D0$)� 2H6v7 <;�!�." -�> � >?��-8��2 �!<�:���b!� 2 "Ú�� - : �], � 2H7 :/� 7�2�� 4 � � 6w� � 7 �.��� 2H, � �Fb � * ��, " >?-�� *¶* " > "1�a�!< g <1� ��2�, �.� 2H� * 7 : � �.� ��,��  7 < , �!�."1� -�, 4`�" ,HA ��< � �C��< 4 Y }�Ý?Ý o [ 2H� :�� 2 * � * :�� 2 * "G��:q� - * 2��/,  " 2 �!��� 2 D 2 �\DM�.� 69,j� p � ��2H- ��<;<%D9� - *�* �/, " >�-�� *k � - * � 2�� u � :/� � � 7�,H, "G� -óg <1� ��2�, �.� 2�� * 7 : � ��� �  �\D , "1�?<;� > ";:F�!<a¼ 7 :/� 7 �!�."1� -�, 3 � - * ` 7 � - �5:�� 2H�|ØÖ�� *�* ��:,)ZY }FÝ?Ý\� [ �/, �." 6 �@� � * ��� �  7 < , �!�."1� -�2 �\DM�.� 6w, * " 2�� :/��<1D�$ 2 � 6 ��� � " 6 � >?��, � - *�* � �, " >?-8� *�{ " �/-���2vg <1� �/2�, ��� 2�� * 7 : � �.� � ¼ 7 :/� 7 �!��";� -�, 4 ] g <%� �/2 " -8> � � 2 �\��:a� 3 ��� A�� b �/2 3 � � ,��� � * " , � * b!� - �.� >?� �.� �@�':F� 2 * "G��:C� - * 2���,  " 2 �!�.� 2 D 2 �!� �/, � 2��C- ��� -8� : �/,�, � 2 "1<1DV:/� -�, �.� - � * 7�2 " -�>��� �t� p� ��2 " 6w��- � 4 È - �.� �@�j:F� ,H� �.� �  �\D , "1�?<;� > ";:F�!< - ��" ,�� :/� 6  � -8��- � , :/� - �a��" - � A " * �t2 � -8>?��!$q$ 2�� � 7���- :/" �/, 4 ` 7 � - �5:�� 2�� | Ö�� *�* �5:,)ðY }�Ý?Ý?� [ 2�� :/� >?- "�� �/, �.�8" ,wk D³��<1<;� A " -8>¤7  �.� o Õ* "1» ��2��/- �j$ 2�� � 7��/- :�" ��, " - �.� � :�� 2 * "G��:I� - * 2H��,  " 2 �@�.� 2 D�$ 2�� � 7���- :�D 2 � -�>���, 4È - �.��" ,  �  �/2�Ac�  2 �  � ,H� � -���A 6 � * � <�$)� 2 �.� �+- �?" ,��  � 2 � 0 ² ÝD2 ��$���� � ��" 6w�j,��/2 " �/, 4 { �A " , �I�.�C$)� 2�6E7 <G�!� � � 6 � * � < 3 �.� �!�Ã� [ " - :�� 2  � 2 �!� ��,¢6 � 2�� ¼ � p " k < � � 2��/- * , � 2�7 :/� 782���, 3 �.��� - u 78, �<1" -�� � 2 � ��2�6w, 3 � - * k [ 6 � * � < ,  �\D , ";�?<1� > "1:F��<E¼ 7 :/� 7 �!��";� -�,t6 � 2H� " - � 7 "%�."%b � <%D¶� - * ,  � :�" g :�<%D��� � - �.� �Cg <1� �/2 � � 2 �\��:a� 4 Ö�� , �d: 7�2�2H��- �}� � 2 �?��:a� ��, �.� 2H��6 ��b5" -�> � 2��/- * � - *B �\D , ";��<;� > "1:F��<¼ 7 :/� 7 �!�."1� -�, � 2H�dk � ,�� * � -Ig <1� ��2H,�A "1�.�]�C��" > � * �/>?2��/� �!$8$ 2��/� * � 6 4 � " - : ��g <1� ��2 " -�> " - � 2 � * 7 : ��,:/� 2�2H� <;�!�."1� - " - �.� � �." 6w�E,H��2 " ��, 3 �.� ��2�� " , � * � <;"1:F�!� �Ek ��<;� - : �vke� � Ac�/��-¤2�� * 7 :�" -�> * �/>?2��/��, ��$$ 2H��� * � 6 3 � - * 2���6 ��b5" -�>¹78-MA � - � � * $ 2�� � 7��/- :�" ��, 4uJ �8" , " , ��:,) - � A < � * >?� * k Dv` 7 � - ��:/� 2�� |Ö�� *�* �5:,) 3 A ��� - ��� ��, ��� �!�c" -¹, � 69�q, "1� 7 �!��";� -�,'g <%� ��2 " -�>],��/��6w, �.� k��qA � 2�,H� �.� � - * �?" -8>v- �g <1� �/2 " -�> 4È -�, � � � * ��$I� � <1D5" -�> b ��2 D&¼ � p " k < ��g <%� ��2H,wA���A " , �¦��� �/, �." 6 �@� � �.� � ¼ 7 :/� 7 �!��";� - � - *� 2��/- *Z �!��� ��2�-¤,  � :/" g :/<1D0$ 2 � 6 ��$ �/A  " p � < , " - �.� � " 6 � >?��, 3 � - * 7�,�� �.�8" , � , � 6 � * � <Ã$)� 2� - Di�." 69�u,��/2 " ��, 4]¸ 7�2#6 ��" - � �/-�� �#" , ��� �!�I� - Di� 2H��- * � ��2�6 , �8� 7 < * k�� b5" , " k < � " -  " p � < , " -��� � <G� 2H>?� b ��,�,H� < , � 7 � , " * � �.� �Ck�2 ��" - "%� ,�� <1$ 3 $)� 2 " -�, �a� - : � " -B, " -578,d, � > "%���a�!<;" , 3 A ��"1:a�9" , �I<;� 2�>��b � " - :�" 2 : 7�6 $ �/2��/- :�" -�> ��� ��k�2 ��" - " - �.� �96 " * � , � > "1�H�a��<  <G� -�� 4 `c����� 6 ���."1� - � 2 ��"1$���:�� , � - *� 2 �."%$���:/� , :F� 7�,�� * k D  �\D , "1�?<;� > ";:���<  2 ��: ��,H,���, � 2H� b5" , " k < � " - �.� �/,�� b ��,H,�� < , 4 â ��- : �wA��VA ";<;<78,�� ��" 6w�9,H��2 " ��, � 7 � , " * � �.� �9k�2 ��" - � , � ��6  <;�!� �/, $)� 2u6 � * � <;<;" -�> �.� ��- �?" ,H� " - �." 69�w,��/2 " ��,2H�  2H��,H��- �." -�>p-���7�2 � -��/, 4 { ��A "1<;<���:�:/� 6  <;" , �³����" ,�k D³$)� 2�6E7 <G�!��" -�> � 6v7 <1�." * " 6w��-8, ";� - ��<6 � * � <�$)� 2 � >?2 � 7  �!$  " p � < , " -�, " -M7�,C, � > "1�H�a��<1" , � - * 7�,�� �.�8" ,j6 � * � <e��� � p � 2 ��:��C� 2��/- * � - *¼ 7 :/� 7 �!�."1� - � ��2H69,d2��  2��/,��/- � � * " - �.�8" ,d>?2 � 7  ��$ ,���2 " �/, 4�� " - ��<;<%D]��� ��,H�#- �?" ,�� � �/6  <;�!� �/,�A ";<;<k�� " - :�< 7 * � * " - � 6 � * � <�$)� 2 � - D¹��" 6w�#,��/2 " �/, " - �.� � " 6 � >���, 4
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J � � * �!�a��:�� -8, " * ��2�� * " - ����" ,I, � 7 * D A���2H� � k �.��" -8� * " - ��b5" ,�7 ��< , �." 6v7 <G�@�.";� -¶� p� �/2 " 69�/- � 4] � å � " >?- � � D , � ��6 } 4 ÿ J , :F� -�-���2�A � ,c7�,�� * � - * ��� � * �!�.� A���2H� � k �a�!" -�� * k D¹� - å îÍÈ ,H� �� 78��- : � 4 È - �.�!�a��<8Ý(� ,�� � , ��$ , :F� -�,�A���2H� ��: � 7 " 2�� * " -v� �!:a� � p� �/2 " 6w��- � 3 � ��:a� , :F� - :�� -�, " , �." -�>��$�ÿ�� k <;" � 78�E, <1";: ��, �.� 2 � 7�> �¥��� �Vk�2 ��" - 3 A "1�.�¥� - " - � ��2 �h" 6 � >�� ��" 6w� Y 2H�  � �."%�."1� - �." 69� [ ��$ �,�� : 4 åd�!:a�¹" 6 � >?� " ,d2��  2��/,���- � � * � , �z} � IM- } � I 6 �!� 2 " p ��$ � k DM� � " - � �/-�, "%�hDwb!��< 7���, 3 A � �/2��2 � 7�> ��<1D0ÿ:�(�(�  " p � < , :�� 2H2���,  � - * �.�I: �/2���k82 ��<���" ,�,H7�� 4`J � �  �\D , ";:���< * " 69�/-�, "1� - ��$ � ��:a�  " p � <" - �.� � " 6 � >���, " , } 4 Ý 6w6 - } 4 Ý 696 - ÿ 6w6 4�J A � � p� ��2 " 6w��- � ,CAc�/2��  �/2 $)� 2H69� * x} 4 ]mb�" ,�7 �!< , �." 6v7 <;�!�."1� -#� p� ��2 " 6w��- � 3 A � ��2H� ��� �',�7�k u � :/� A � ,f� p� � ,�� * �.�+���¥â¥��¼=� , �8" -�><;" > �\�j" - �.� �u2 " > �\� � D � 4�J � �u, �." 6v7 <;�!�."1� -�A � ,  2���,H��- � � * " - ��<%� �/2�- �!��" -�>Vk <;�5:,) , ��$Ã� -� - * ��» 3 � ��:a� k <1��:,)���$}< ��-�> ���&}7�i" 6 � >���, 3 , �a� 2 �." -8> � - * �/- * " -�>�A "%�.�Z� - �!»4� k <;�5:,) 4J � 7�, ��� � < ��-�> �����!$�� -�� � - �º��»¥:/D5:�< � 3 � 2 �.� �], �." 6v7 <;�!�."1� -  �/2 "1� * 3 A � , Õ � ,H� :v� - *vÕ �/2 "1� * ,}A���2H�  2���,H��- � � * 4

��4 ] k � ,H� <;" -���� p8 ��2 " 6w��- � 3 A � �/2�� �.� � " 6 � >?��,�A���2H� � k �a�!" -�� * 7�- * �/2 ��� ��, � 69� :/� - * "%�.";� -�,� , " - �.� �+g 2�, � � p� ��2 " 6w��- � 3 � - <%DV" - �.��" ,d,H��,H, ";� -¹- � , �." 6v7 <G�@�.";� -vA � ,  2��/,���- � � * 4'J � �* �!�.�¹:F� - �.� 7�,Ik��V2��/> � 2 * � * � , � - �?" ,H� * �!�.� ,�� � 3 � - * " ,#78,�� * �.��b ��2 "%$ÁD 6 � * � < , $)� 2�.� �I- ��" ,��  � 2 �+��$f�.� � ��" 6w�#,��/2 " �/, 4
J �I:�� 2H2�� :/��$)� 2 � � � * 6 ��b ��6w��- � , ��� � " 6 � >?�/,ÃA���2H� �!<;" >�-�� * ,H� � 7��/- ��"G��<1<1D 4`J ��" ,`A � , * � -��k D 6 " - "���" -8> �.� �ONQP * " , �.� - : ��k�� � A�����- � ��:a��" - * "1b5" * 7 ��<j" 6 � >?� � - * � 2�� $ ��2H��- : � " 6 � >?� 37�- * �/2 �!<;< 2 ���a�@�.";� -�, � - * � 2 � -�, <G�!��";� -8, 3 � - * �.� �/-�2H��, � 6  <1" -�> �.� � � 2 � -�, $)� 2�6w� * " 6 � >?� � - �.�� >?2 " * ��$  " p � < , 4 Ü 7�� �.� * "%» �/2���- : ��, " -ó6 � >?-�� ��" ���!�."1� - ��$C��� � �." ,�,H7�� " - ��� �¹g 2H, � , :�� -�,:�� 6  � 2H� * ���w��� �u2���, � 3 �.� �Ig 2H, �q��� 2��/� " 6 � >?��, " -i� �!:a� ,��/2 " ��,�A���2H�E2H��6 ��b � * 3 � - * Ac� �.� 7�,� - <1D�:�� -8, " * ��2�� *vI �V" 6 � >?��, 4 CÈR  R Ë5Ì8Ï`Ì � Ë S#ÏUTV� ÎÐÑ	K��QWX�éÑY! Ò#ÑcÍ¨Ë � ÍHÒZ��� ���QÌ Í_Î�� Ë �"!=Í#�¢Ë{ �}A "1<;<8:/� -�, " * �/2Y[ � ��6  <G�@� �  " p � < , 3 2��  2��/,��/- � � * k D]�.� �\[ � * " 6w��-�, ";� - ��<\�." 6w�},H��2 " ��, l Ý¨^ Å 4} ^ � ^7à�à7à/^�Æ 4fJ � ��,H�  " p � < ,f, ��� 7 < * k�� <;�5:F�!� � * " - b � " -�, � 7 � , " * � �.� ��k�2 �!" - � 2 " - ��� � b ��- � 2 ";:/< �/, 3, �¶�.� �@�w��� � Dó:�� - �a�!" -p- �¤��:/��"1b!�!��";� - 3 D � �9� 2H��, �."1<;<c�!» � :/� � * k D 6 ��b �/69�/- �9� 2 �."%$���:/� , � - * �\D , ";�?<1� > "1:F��<  2 �5: �/,�,��/,q,H7 :a�0� , :�� 2 * "G��:�¼ 7 :/� 7 �!�."1� -�, 4{ �'A ";<;<�� ,�,H7�6w� ��� �!� � �!:a�  " p � <\:�� - �.��" -�, �j� 2H��- * � �/2�6 3 ��b ��2 <;�FD � * A "1�.�u�r¼ 7 :�� 7 �!��";� - ��$2 � - * � 6 $ 2H� � 7��/- :/D 3 :�� 7�,H� * � "1��� ��2ck D9�.� � :�� 2 * "G��:#� >v2��/,  " 2 �!��� 2 D 2 �\DM�.� 6 4 { �#A "1<;< 6 � * � <�.� � � 2H��- * � �/2�6w, � ,V2 � - * � 6 A ��<+) , 3 � - * ��� � $ 2�� � 7��/- :/D³� , � g 2H, �w� 2 * ��2 � 7 ��� 2��/>?2��/,�, "%b � 2 �5: �/,�, 4sJ ��" , " , ��� ��6 � * � <j" - � 2 � * 7 : � * " -Ä� p � 6  < � � " -Ä,�� :��."1� - ��4 Ê 3 A "%�.�³��� �i, <;" > �\�>?��-��/2 ��<1" , �!�."1� - � ��2H� �.���!� A�� �!<;<;� A �.� � ¼ 7 :�� 7 �!��";� -8, " - * "%» �/2���- �u�." 69�B,��/2 " ��, �.� * "1» ��2 " - � � ,H� 4
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� - * 2�� <G�!��"1b �  � � ,H��, 4'J � � � ��2�6 0 g ÝD2 :�� -�ke� " - � ��2  2�� � � * � , �.� � $ 2H� � 7���- :/D  2 ��: ��,�, � - *
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� " >?7�2H� Ý x î <;���]��$}��� � ��� � � 2H� ��";:F�!<YÎ P Æ �57 � - �.";< ��, b , 4 ��� � � k�,��/2 b � * �57 � - �.";< ��, ��$}��� � n ��� Æî " ��2 : � Æ�æ Å 78-�>�, �a�!��" , ��";:B" - �.� � ÿ?µyÿ¶µi�." 69�B,H��2 " ��, 4 æ � $Á� x Ö�� * � < A "%�.�Q" - * �  �/- * ��- � ��2�2 � 2�, 4
Ï " > �M� x Ö�� * � < A "%�.� p Ï Y � [ ��2�2 � 2�, 4
����" -8g - "%�hD¤� - * § « Æ � ��- * , �.�M¢ ��2 � 4O´ $ 6 � 2H�9>���-��/2 ��<1<1D¶�.� ��2��/, " * 7 ��< , � 2H� :���<;: 7 <G�@� � * k Dg ���." -�> � - p Ï Ö p YÑÐ ^fÒ [ 6 � * � < 3 ��� � � , D 6  �.����";: * " , � 2 " k87 �."1� - ��$ ÉÊ " , �ÓÎ P Y
§ �ÔÐ�� Ò [* " , � 2 " k�7 �."1� - 4�¡ � :F��<1: 7 <;�!� � * �.� �B, �.�!�." , ��";:v" -¶� b �/2 D  "�� � < A "%�.�¥§ 4Õ� Â 4�� " > 4 Ý * " ,  <G�FD ,�  <;�!�E��$c�.� � �.� � � 2�� �.";:���<�Î P Y � Â [ �M7 � - �."1< �/, b , 4 �.� �9��6  " 2 ";:���< �M7 � - �."1< ��, ��$ ÉÊ 4�J � �  <;�!�, ��� AC, �.� �!�t��� � � k�,H��2 b � * b��!< 7��/, �!$ ÉÊ � 2��V>?�/-���2 ��<;<%D 6v7 :a�Z<;� 2�>?�/2 �.��� -Z� �  � :/� � * 3 A ��";:a�" - * "1:F�!� ��, � 7 �.�5:�� 2H2�� <;�!�."1� - " - �.� �I�/2�2 � 2�, 4Ö¡ � �.� �/2�� $)� 2�� � ,H,�7�6w� * � - p Ï Y � [ 6 � * � <e$)� 2 ��� ��/2�2 � 2 � �/2�6w, 3 �.���!�C" , ² Ý54 ï ² Ýa`1b"^ æ Ý¨^ æ ÝMãÙý Y Ä ^fe P [ ^$)� 2�Å 4 �?^ � ^7à7à7à�^.Æ 3 A � ��2H� 0 æ Ý32 " , � A �8"1� �¥- ��" ,��  2 ��: ��,�, 4 J � �Q6 � * � < A � ,i2�� Æ g ��� � *A "%�.�¹����" , :/��b�� 2 "G� - : �#, � 2H7 :/� 7�2�� 3 �.� �t�/, �." 6 �@�.";� -�- � Aðk � ,�� * � - �.� � :/� - * "%�.";� - ��<�<;"+) � <1";���5� *� k �a��" -�� * $ 2 � 6 ��� � :�� - * "1��";� - �!< * �/-�, "%�hDI��$ ( P ^7à7à7à�^�( � > "%b ��- (�b 4fJ � �'6 ����" 6v7�6 <;"+) � <1";���5� *�/, ��" 6 �!� �/, ��$ �'^fe P � - * ïu:�� -vk�� � k �a��" -�� * k D]"1� ��2 �!�."%b � <%D ��, �." 6 �!��" -�> Y �'^fe P [ k D >?��-��/2 ��<1"+¢ � *< � � , � ,×�M7 � 2��/, 3 78, " -8> �.� � : 7�2H2��/- �qb��!< 7�� ��$�ï¹�.� * � � ��2�6 " -8� ��� � :���b!� 2 "G� - : �E, � 2�7 :/� 782�� 3 � - *�/, ��" 6 �!�." -�> ït$ 2 � 6 ��� � � k �.��" -�� * 2��/, " * 7 ��< , Y n <1��� 6wg � < *<� Ý?Ý � [ 4u´ -  2 ��:��.";: � �.� �c>?��-��/2 ��<1"+¢ � *< � � , � , �M7 � 2H��,+��, �." 6 �!� ��, :F� -�k�� :F��<1: 7 <;�!� � * k D�:/� -�, " * �/2 " -8> ��� � � 2 � -�, $)� 2�6w� * b!� 2 ";� k < �/, 3

( þÝ 4 (9Ý �óï (ÞÝa`1b�^ � - * ~ þÝ 4Ø~0Ý �óï ~0Ýa`1b�^ $)� 2}Å 4 � ^ µ ^7à7à7à�^.ÆÃ^A � ��2�� ~0Ý " , �.� �tÅ õ �.� 2 � A �!$Ã��� � * ��, " >?-�6 �!� 2 "�� ~ 4�J � �u6 � * � <�" , �.� ��-
( þ 4Ø~ þ ��^ æ ^ A � �/2�� æ ãÙý � `1b Y Ä ^fe P � � `1b [ ^

� - * ô� :F� -�ke� :���<;: 7 <G�@� � * k D�� 2 * " - � 2 Di< � � , � , �M7 � 2H��, 4tJ � � :�� 2�2�� <G�!��";� - " , �.� �/-¶��, �." 6 �!� � *k D ôï 4 �ì Ý%� P Ç Ý Ç Ýa`1b « � `1bì Ý%�Ëb Ç PÝ ^A � ��2��FÇ � 2H� �.� �V2H��, " * 7 ��< , 3 Ç 4 ( � ~ ô� 4tÙ "%b �/- � -¶��, ��" 6 �!� � ôï���$dï 3 ��� � � 2 � -�, $)� 2�6w� *b!� 2 "G� k < ��, ( þ ��< , �  2 ��b5" * � ��� ��k � , " , $)� 2 :���<;: 7 <G�!��" -�> � � 2 �½��" 6 �!� � <%D 7�- :�� 2H2�� <;�!� � * 2���, " * 7 ��< , 3- � 69� <1D Ç þ 4s( þ � ~ þ ô� 4u¡ � $)� 7�- * ��� �!�f�.� � "1� ��2 �@�."1b �  2 �5: � * 7�2�� :/� - b �/2�>?� * $�� , � % $)� 2f6 � , �,H��2 " ��, $)� 7�2 "1� ��2 �@�.";� -�,�Ac�/2��#,H7 ×w:�" �/- � 4�J � 2�� * 7 : � :�� 6  7 �.�!�."1� - ��< :/� 6  < � ��"%�hD Ac� �.� �/2�� $)� 2��
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:a��� ,�� ���  ��2 $)� 2�6 $)� 7�2 "%� ��2 �!�."1� -�, " - ��<;< ,��/2 " �/, 3 2 �@�.� �/2 �.� � - "%� ��2 �!�." -�>¹7�- ��";<�:/� - b ��2H>?��- : � 4
´ � , ��� 7 < * k��9- �!� � * ��< , �i��� �!�]" - � 2 * ��2 �.� , " 6  <;"%$ÁD���� � :/� 6  7 �a�@�.";� -�, 3 �.� ��2�� * 7 :��.";� - ��$� ��:a� 6 � * � < k D���� �B6 " - " 6v786 po´ (  2 �5: � * 7�2��vA � ,  �/2 $)� 2H69� * 7�- * �/2 �.� � � ,H,�7�6  ��";� - ��$" - * �  �/- * �/- � ��2H2 � 2H, 3 � b �/- " - � 7 �.� 2H��>?2H��,�, "1b �c6 � * � < 4�J ��" , " ,�- ���Ã��$ >?2�� �!�f:�� - : ��2H- 3 ��� A�� b �/2�xÜ 7�� ���  � , "1�."%b � :�� 2H2�� <G�!��";� - " - �.� ��,H��2 " ��, 3 �.� � b!� 2 ";� - : � �!$��.� �  � 2 � 6w� � �/2¢��, ��" 6 �!� �/, � ��- * �.�ke�I7�- * ��2��/, ��" 6 �!� � * " - ��� � ô�ôXñ7Æ 6 � * � < 3 � - * � ��- : � ��� �I2�� * 7 :/��";� - � �/, � , � 2H�I>?��-��/2 ��<1<1D 6 � 2H�:�� -�,H��2 b��@�."1b � " - �.� � ô�ôXñ7Æ :F� ,H� ��� � - " - �.� � p Ï Y � [ Æ :F� ,H� 4 â �/- : � :��?< 7�6w-�, ��$5�.� � * �/, " >�-]6 �!� 2 "��� <;" 6 " - �!� � * 7�- * �/2 �.� � ô�ôXñ 6 � * � < A � 7 < * >?�/-���2 ��<;<%Du��< , � k��c� <1" 6 " - �@� � * " - �.� � � 7 ��� 2��/>?2��/,�, "%b �6 � * � < 4

¡ �+2��/g ��� � * ��� ��6 � * � < k DV�.� � * �/, : 2 " k�� *9 2 �5: � * 7�2H� � - *w ��2 $)� 2�6w� * n ��� Æhî " ��2 : � Æ®æ Å 7�-�>� ��, � , $)� 2 " - * �  ��- * ��- : � " - �.� �ÚÇ þ ,��/2 " �/, 4�J � � :�� 2�2��/,  � - * " -�>Û�¾� Æh <1���]" ,u, ��� AC- " - � " > 4Ý 4EJ � �  <;��� , ��� AC, ��� �!� A�� � �Fb �B2�� * 7 : � * �.� � :�� 2�2�� <G�!��";� - " - �.� �V2���, " * 7 ��< ,#, " >?- " g :�� - �.<1Dk D 6 � * � <1<;" -8> �.� �u��2H2 � 2H, � , � - p Ï Y � [  2 �5: �/,�, 4dñ � � 3 ��� � � k�,��/2 b � * b!��< 7���, ��$f�.� �u, �.�!�." , �."1:� 2��t>?�/-���2 ��<;<%D , <;" > �\�.<1Dw<;� 2�>?�/2 �.��� -�� �  � :/� � * 3 " - * ";:��!�." -�> �.���!�j�.� � :/� 2�2H� <;�!�."1� -¹, � 2�7 :�� 7�2H� " ,- ����:�� 6  < � � � <1D * �/,�2 " ke� * k DB�.� � p Ï Y � [ 6 � * � < 4 â+� Ac� b ��2 3 , " - : � �.� � ��b ��2 ��<;<  "1:/� 782�� " ,d- ���* " , � 7�2Hk " -�>VA��tA ";<;<�����b5" * " - � 2 � * 7 :�" -8> $ 7�2 ��� ��2 :�� 6  < � ��"1�hD�" - ��� �I6 � * � < 4
´ - � " > 4 � Ä � 2�� * "G� >?- � , ��";:  <;��� , ��$t��� ��Ç þ 2H��, " * 7 ��< , ��$q�.� �0, "��³�." 69�i,��/2 " �/,¹, �8� AC-" - � " > 4�w84 J � �  <;������$ - � 2H6 ��< �M7 � - ��";< ��, b , 4 ��6  " 2 ";:F�!< �M7 � - �."1< ��, * � ��,i- ���i:/� - � "1:/�A "1�.�0��� �B- � 2H6 ��<1"1�hDi� ,H,�7�6  ��";� - 3 � - * �.� �  <1���#�!$���� �V, � 6  < � � 7 ����:/� 2�2H� <G�@�.";� - $ 7�- :��."1� -�,:�� -8g�2�6w, �.� � " 6  2��/,�, "1� - $ 2 � 6 �.� � n �½� Æhî " ��2 : � Æ�æ Å 7�-�> � �/, � , �.� �!���.� �q2���, " * 7 ��< , � 2��#6 ��" - <1D7�- :�� 2�2�� <G�!� � * 4
� 2 � 6 ��� � * "G� >�- � , ��";:  <;��� , 3 ��� �  2 �  � ,H� * 6 � * � < ,����/69, ��� > "1b � � 2�� � , � - � k < � * ��, : 2 " 'Æ�.";� - ��$t��� ��- ��" ,�� " - $
Ö Ï ´ ��" 6w��,H��2 " ��, 4 J �m:�� 6  � 2H� ��� �06 � * � < A "%�.�¦��<1� ��2�- �!�."%b � � 'Æ 2 �\�!:a� ��, 3 A�� :�� -�, " * �/2�� * 6 � * � < ,  2 �  � ,�� * k D n 7 <1< 6 � 2��q� ����< 4 Y � Ý?Ý o [ � - * â��?< 69�/,j� ����< 4Y � Ý?Ý?� [ 4BJ � � � 7 ����� 2�, ��$��.� � $)� 2H69�/2  �  ��2I,�7�>�>?��, �v��<;" -�� � 2 � 2��/- * 6 � * � < A � ��2�� �.� �B2H� Æ6 ��" - " -8> b!� 2 ";�!�."1� - " , * ��, : 2 " ke� * k Di� - p Ï Y � [  2 �5: ��,H, 3 ��� �!�+" ,(ÞÝ54ØÜÝ^Ô� Å ^ ² Ýh^ A � ��2�� ² Ý54 ï ² Ýa`1bV^ æ Ýº^ æ Ý2ã�ý Y Ä ^fe P [ ^ Y �¶Ä [A � ��2H� 0 æ Ýk2 " , � A ��"1� �v- �?" ,��  2 �5: ��,H, 4uJ � ��,H� � 7 ����� 2�,  2 �  � ,�� * �.� 6 � * � <¢�.� � �!:/�."%b!�!�."1� -� ��2H6{k Di�V<;" -8� � 2 :/� 6vk " - �!��";� - ��$ , " -�� � - * :�� , " -8� � ��2H69, ��$f�.� � $ 7�- * � 6w��- �a��< , �." 6v7 <G�@�.";� -$ 2��m�M7��/- :/D¹� - * ��� �#,H� :�� - * � - * ����" 2 * � � 2H6 � - ";: , 3 � 6 � * � < A ��"1:a� A�� � �Fb � � * �  � � * " - � 7�2$)� 2�6v7 <G�!��";� - Y � Ý [ 4�J � � � 7 ����� 2�, :�� 2�� $ 7 <;<%D � �8� 6 " -8� * �.� �jg �d��$e�.��" ,�6 � * � < 3 A "1���9�!:/�."%b!�!�."1� -� ��2H69, " - :/< 7 * � * 3 " - � ÿ o $
Ö Ï ´ �." 69�+,��/2 " �/, 4'J � � D 2�� ��:a� � * ��� � :�� - :�< 78, ";� - 3 ��� �!�}��� �t6 � * � <> "1b ��, � - � * �&�57 �!� � * ��, : 2 "  ��";� - ��$Ã� k�,H��2 b � *0* �!�a� 4â+�?< 6w��,q� �]��< 4 Y � Ý?Ý\� [  2 �  � ,�� * ��� 6 � * � <f�.� � � 2��/- * k D¥��<1" -�� � 2 :/� 6vk " - �!�."1� - ��$d<1� A$ 2��m�M7��/- :/Di:/� , " -�� � �/2�6w, 3

(9ÝV4sÜÝ^Þ� Å ^ ®ì �a�Ëb å � :/� , Y [ ~ Å « Æ [ ^ ² Ý¨^
A � ��2H� § " , :a��� ,H��-0,H7 :a����� �!�C�.� �  ��2 ";� * ��$`��� � :�� , " -�� � �/2�6w, � 2��tA�� <;<¢� k ��b � �.���!�C��$`��� �� �  �/2 " 69�/- �.��<  � 2 � * " >?6 4]J � �/,�� � 7 ����� 2H, ��:�:/� 7�- �I$)� 2 �.� � :/� 2�2H� <;�!�."1� - ��$d�.� �V�/2�2 � 2�,tk D¥�* "1» ��2H��- �  2 �5: � * 7�2H� ��� � - �.� � p Ï Y � [ 6 � * � <�� � <;" � * " - �.��" ,  �  ��2 3 �8� A�� b ��2 3 ��� k�� � k < ��.�B:�� 6  � 2H� �.� � " 2 � 2���- * 6 � * � < A "%�.�i� 7�2�, 3 Ac�tA "1<;<�:/� -�, " * �/2 ��� �I6 � * � <

(ÞÝ54ØÜÝ^Ô� Å ^ ®ì �a�Ëb 0 å � :/� , Y [ ~ Å « Æ [ ^ g � , " - Y [ ~ Å « Æ [ 2Í^ ² Ý¨^ Y � � [
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� " >?7�2H� � Ä x Ü#"G� >?- � , �.";:  <1��� , ��$ 2H��, " * 7 ��< , �!$#�.� ��, "��Ä��" 6w�i,H��2 " ��, * " ,  <G�FD � * " - � " > 4sw�4J �  x î <;��� , �!$ - � 2H6 �!< �57 � - �.";< ��, b , 4 ��6  " 2 ";:���< �M7 � - �."1< �/, 4�n �!���.� 6�x î <;��� , �!$ , � 6  < �� 7 �.�5:�� 2H2�� <G�!��";� - $ 78- :/��";� -�, 4
A � ��2�� 0 ² ÝD2 " ,¢6 � * � <1< � * � , � - p Ï Y � [  2 �5: �/,�, 4 â ��2H�dA�� � �Fb � " - :�< 7 * � * , " -�� � �/2�6w, � ,¢A�� <1<\�.��!:�:�� 6 � * �!� � * "%» �/2���- �  � � ,��/, ��$¢�.� � <1� A $ 2H�m�M7��/- :/D¹b!� 2 "G�!��";� -8, 4`J �8" , � 2H��- * 6 � * � <���:/� , � ,�t��" > � Æº � ,�,�g <%� �/2 3 � <1" 6 " - �@�." -8> :/� 6  � -��/- � ,'A "1�.�V$ 2H�m�M7���- :�" �/,È[ « � Æ $)� 2Y[ 4G�?^7à7à�à/^ § $ 2 � 6��� �d2���, " * 7 ��< , 4ÃJ � �  � 2 � 69� � �/2 § A � , :a��� ,H��- ��� k�� Â 3 > "%b5" -�> � 6 " - " 6 ��< ��7 :/� 7 �!�."1� -  ��2 ";� *�!$�Âyµ�" 6 � >?�/, 3 2 � 78> ��<1D�� A "1: � ��� �v, ��" 6v7 <G�!��";� -  ��2 "1� * ��$ �?Ä " 6 � >���, " - ��� � :�� 2�2��/,  � - * " -�>�!:/�."%b!�!�."1� - * �!�.� 4

¡ �]g �H� � * �.� �/,�� � A � 6 � * � < , �.�9��� �vk � ,�� <1" -�� $
Ö Ï ´ * �!�.� ,�� � 3 k D��.� �E, � 6w�  2 ��: � * 782��� , * ��, : 2 " ke� * � � 2 <;" �/2 3 " - :�< 7 * " -�> �.� �V,��m�M7��/- �."G�!< � <;" 6 " - �!��";� -  2 �5: � * 7�2H� ��$ - � - Æ , " >?- " g :�� - �:/�?< 7869- b � :/��� 2�, ��$��.� � * �/, " >�-w6 �!� 2 "�� 4q� � 2 �.� � n 7 <1< 6 � 2���6 � * � <8�.� � �Fb �/2 � >�� * " 69�/-�, "1� - ��$��� �+69� � - b!��< 7��+,  ��: ��A � ,d2�� * 7 : � * �.� � 4 o � - * $)� 2 �.� � ��" > � Æh � ,�,'g <1� ��2'6 � * � <��.� � ��b ��2 � >?�A � ,+2�� * 7 : � * ���<Â 4 ÿ 4U¡ � :/� 6  � 2�� * ��� �I6 � * � < ,}A "1���i��� �  2 �  � ,H� * 6 � * � < k D�:/� 6  � 2 " -�>��� � p\´ ( " -¹� ��:a�  "�� � < 4q´ - � " > 4 �*� � 2H�  <1��� , ��$¢�.� � ÿ¶µyÿ?µ p\´ ( b!��< 7���, �!$¢� 7�2}6 � * � <eb ��2H,�7�,� ��:a�m��$j��� � � A �¥��<1� ��2�- �!�."%b �w6 � * � < , 4Op , :�� -mke��,����/- �.� �  2 �  � ,H� * 6 � * � <�" , ��� � po´ (
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� " >?782�� �*� x�( � 6  � 2 " , � - ��$C�.� � po´ ( b!��< 78��, ��$C�.� �i6 � * � <�" - Y � Ý [ � - * � A �Q�!<1� �/2�- �@�."1b �6 � * � < , 4 æ � $Á� x J � � <;" -�� � 2 � 2���- * 6 � * � <�" - Y �?Ä [ 4 Ï " > �\� x J � � ��" > � Æh � ,�,Ig <1� ��2I6 � * � <'" -Y � � [ 4
ke�/, � 6 � * � <�" - ��� �B6 � Å � 2 "%�hD¶��$  "�� � < , 3 * ��,  "1� � ��� � $���:/�u�.� �@�u����" ,I6 � * � <�" ,I>?�/-���2 ��<;<%D¶��$��" > � ��2 * " 69�/-�, "1� - ��� � - �.� � ��<1� ��2�- �!�."%b �#6 � * � < , 4�J � � n 7 <;< 6 � 2H�q6 � * � <�� � * �v��" > � ��2 p\´ (b��!< 7�� " - Â\Ý � ���." 6w�V,��/2 " ��, � 7 �u��$��.� � ÿ?µyÿ¶µ ,H��2 " ��, 3 $)� 2 ��� � ��" > � Æh � ,H,I6 � * � <Ã�.� �w-M7�6vk���2A � , ÂM� � ÿ ,��/2 " �/, 4�¡ � :�� - :/< 7 * � $ 2 � 6 ��� ��,H�  <1��� , 3 �.���!� � b �/- ����� 7�> � A��¹>?��-8��2 �!<;<1D -8��� *6 � 2H�  � 2 � 6w� � ��2�, ��� * �/, : 2 " k�� �.� ��6w� � - b��!< 7�� ��$C�.� �¹,H��2 " ��, 3 � 7�2v6 � * � < > "1b �/, � ke� ��� ��2* ��, : 2 "  �."1� - ��$f�.� � � 2H��- * , � - * ��7 :/� 7 �!�."1� -�, " - ��� �I,���2 " �/, ��� � - �.� � ��<%� �/2�- �!��"1b ��, 4
ßCÈ)É à Í_Ë'T"á#Ë8Ë8Í_Ñ�Ò
¡ � � �Fb �9��, �a� k <1" , � � * � 6w� ����� * $)� 2t�/, ��" 6 �!�." -�> � 2H��- * , � - *Z 7 < , �!��";� - � 2 �."%$���:/� , " - $
Ö Ï ´�." 6w�E,H��2 " ��, 4vJ ��" ,#A � ,  ��2 $)� 2�6w� * k D �/6  <;��D5" -�> � - � - Æ <1" -�� � 2o$ ��< 6 � -0,�6 ���!�.� �/2 �.�¹$ ��A,�� < � :�� � *¤ "�� � < , <1��:��!� � * " - b � " -�, � 7 � , " * � ��� �Bk�2 ��" - 4âp <;" -8� � 2#6 � * � < A � , ��� ��-  2 �  � ,�� *$)� 2 � - D�$
Ö Ï ´ ��" 6w�],H��2 " ��,#A � �/2�� ��� �v��, �." 6 �!� � * � 2��/- * � - *¶ 7 < , �@�.";� - � �/2�6w,#��- � �/2 " - ��� �69� � - b��!< 7��t, � 2�7 :/� 782�� 4ãn D�� 8 <1D5" -8> ��� �I6 � * � <��.�9� k � ,�� <;" -�� * �!�.� ,H� � A "1����� 7 � -��/7�2 � - ��<��:/��"1b!�!�."1� - 3 A�� � �Fb � * ��6 � -�, � 2 �!� � * ��� �!���.� �  2 �  � ,�� * 6 � * � < * ��, : 2 " ke�/, ��� �Ck � ,�� <;" -��j- �?" ,��, �!��" , $��!:/�.� 2 ";<%D 3 � - * k DZ:�� 6  � 2 " -�> po´ ( b!��< 7��/,]A�� $)� 7�- * �.� �!�E� 7�2v6 � * � <'" ,],�7  ��2 ";� 2 �.�� A �����.� �/2 � 2��/- * 6 � * � < , :�� 6w6 � - <1D ��6  <1��D � * 4wJ ��" , " ,t- ��� ,�7�2  2 " , " -�>�, " - : � � 7�2I6 � * � < 2 ��b5" * �/,v� � ��" k < � � 2���- * � �/2�6w,dA ��"1:a��� 2H�q� » � :��."%b � <%D g ��� � * ���]�.� ��,  � :�" g : * �!�.� ,�� �}" - :/� - Æ, " * ��2 �@�.";� - 4Un D 7�, " -�>  "�� � < , � 7 � , " * � �.� �Ik�2 ��" - � ,j- �?" ,H� � �/6  <;�!� �/,cA�� :�� -���, �." 6 �!� �#- �?" ,��:�� 6  � -���- � , " - � � � ��" k < �BA �FD 3 D � �E� - : �9��, �." 6 �!� � * 3 �.� �9- �?" ,�� � 2 ��"1$���:�� , � 2�� " - :�< 7 * � * " -� 2��/, � 2 :�"%�."%b �]A �FD��.� 2 � 7�> ��$ ��AÚ69� � - b!��< 7�� b � :��.� 2H, 3 ��-�,H7�2 " -�> �.���!����� �E- �?" ,H� " ,  � 2�, " 6 � Æ-�� � 78, <1D  � 2 � 6w� � 2 "+¢ � * " -�� ��:a�¶" - * "1b5" * 7 ��<��." 6w�u,���2 " �/, 4 â ��- : �EAc� � k �a��" - � >���-��/2 ��< - �?" ,��6 � * � < A "1�.��� - <1D�� , <;" > �M� 2H� * 7 :/�."1� - ��$ * ��>?2H���/, ��$f$ 2��/� * � 6 " - " - * "1b5" * 7 ��< ,H��2 " ��, 4

´ - :�< 7 * � * " - �.� ��- �?" ,H� :�� 6  � -��/- � , � 2H�  � ,�, " k <%D > <;� k �!<��!:/�."%b!�!�."1� -Q2H� <G�@� � * " - � �/-�, "%�hD:a� � -�>?�/, 3 $)� 2 " -�, �.� - : � ��:��."%b��@�.";� -¤2H� <;�!� � * 6 ��b ��6w��- �E� 2 ��"1$���:�� , 4�n D �/, �." 6 �@�." -8> ��� ��,H� � 2 Æ�."1$��!:/� , � - * " - :/< 7 * " -�> ��� ��6 " - �.� �i- �?" ,H� � ��2H69, 3 Ac��� » � :��."%b � <%D 2�� * 7 : � ��� ��, " >?- " g :F� - : ���$ * � � � :�� � * ��:��."1b!�!��";� - " - : ��2H��k�2 ��<`�." ,�,H7�� 4IJ ��" , " , 3 ��� Ac� b �/2 3 2��/> � 2 * � * � , � - � * b!� - �a� >?� 3, " - : � �.� � ��:��."%b��@�.";� -v2�� <G�!� � * " - � �/-�, "%�hDv:a� � -�>?��, " - :�< 7 * � * " - ��� �C- �?" ,H� * � ��,'- ��� 2H��,�7 <1��$ 2 � 6-���7�2 � - ��<c��:/��"1b5"1�hD 3 � - * , ��� 7 < * � ��- : ��ke�92���> � 2 * � * � , � 2 �."%$���:/� , 4�p - DQ" - � ��-8, "1�hDZ:a� � -8>?��,:�� 2H2���,  � - * " -8> �.�ó��� ��,H� � 2 ��"1$���:�� ,9, ��� 7 < * - �!�¹$���< ,H� <%Dp" 6  2 ��b ��, " >�- " g :�� - : � ��$I� k8,���2 b � *-���7�2 � - ��<f��:��."%b��@�.";� - 3 k�7 � 2 �@�.� �/2+2H� * 7 : � ��� � :�� -8g * ��- : � ��$`� k�,��/2 b � * ��:��."%b��@�.";� - ��� 2H�&� � :/�
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��� � * "1×w: 7 <1�hD���$ ,H�  ��2 �!�." -�> � 2�78� �!:/�."%b!�!�."1� - � - * , ��" 6v7 < 7�, " - * 7 : � * � 2 ��"1$���:�� , 4J � �  2 �  � ,H� * 6 � * � < > "%b �/, � - " - � 7 "%�."%b � � - * " - � �/2  2H� �a� k < �'A �FDu��$ " - :�< 7 * " -�> :�� 6w6 � - <1D� k�,��/2 b � * � 2 �."1$��!:/� , " - ��� � � - ��<%D , " , ��$�$
Ö Ï ´ * �!�.� 4�� � 2 ��� �96 � * � <���� k��978,�� $ 7 < 3 Ac�w, ��";<;<-8��� * �.� * � b � <;�  �w� ��, � , �a�!��" , ��";:I$)� 2 ��� � �\D  ���.� �/, " ,�x Ù J � �v,H��2 " ��, :�� - �.��" -�,�- ����:��."%b��@�.";� -� ��2H69Û 4�p - � k b5";� 7�, � � 2 �\��:a�¥" , �.��:�� -�, " * ��2 ��� � <;"£) � <;";�8��� * 2 �!��";��� ��, �t$)� 2 �1äâ4 Ä A � �/2��
�1ä " , ��� � b � :/�.� 2 �!$`:/� � ×9:/" �/- � , ��$Ã��� � o ��:/��"1b!�!��";� - � ��2H69, " - Y � Ý [ 4 åq�  <;� 2 �!�."%b �#, � 7 * " ��, ��$��� �vk � ,�� <1" -�� * �!�.� ,�7�>�>?��, �t�.� �!���.� � * " , � 2 " k�7 ��";� - ��$C� � <1� > Ê 3 A � ��2H� Ê " , �.� � <;"+) � <1";���5� *2 �!�."1� , �a�!��" , �.";: 3 " ,uA�� <1<c� � 2 ����" 6 �!� � * k DZ� , :F��< � * Î P Y o [ * " , � 2 " k�7 �."1� - 4 â ��- : ��A�� � 2�� ��$��� � �  " - "1� - ��� �!�#� n � 2 �.< � ����:�� 2H2�� :/� � * � � <;� > Ê Æ , �a�@�." , �."1: A � 7 < * ke� ��� � 2 �  2 ";�!� � 4qJ ��" ," , �.� �I,H7�k Å � :��q�!$Ã$ 7�2 �.� �/2C2���,H� � 2 :a� 4

´ � A � 7 < * ��< , � ke� �!$Ã" - � ��2H��, �j�.�V:�� -�, " * ��2 ��� �t,  �@�."G�!<e:/� 2�2H� <G�@�.";� - " - ��� � " 6 � >?�/, 3 A ��";:a�:/� 7 < * k��', � 7 * " � * ��� 2 � 78> �u��� �'2��/, " * 7 ��< , $ 2 � 6 ��� �dg ��� � * 6 � * � < 4fJ �8" , * �  ��- * ��- :�DE:/� 7 < * k���!:�:�� 7�- � � * $)� 2Ã� "1��� ��2fk D]$)� 2H6v7 <;�!�." -�> � 6v7 <1�." * " 6w��-8, ";� - ��< 6 � * � <M:�� 2�2��/,  � - * " -�> ���VY � Ý [ $)� 2� >?2 � 7  ��$  "�� � < , 3 � 2ck D 6 � * � <1<;" -8> �.� �#,  �!��"G��<=:�� 2�2�� <G�!��";� - ��$���� �q6 � 2�> " - ��<�� ��, � , �.�!�." , ��";: , 3� � <;� > Ê 4'J ��" , 3 � ,}A�� <;< 3 " , ��� �I,�7�k Å � :/�q��$f$ 7�2 ��� ��2C2��/,�� � 2 :a� 4J � �  "�� � < ,v,�� < � :�� � * � ,V- �?" ,H� � �/6  <;�!� �/, � 2H� :a��� ,H��-Äk DQb�" ,�7 �!<c" -8,  � :/��";� - �!$+��� � " - Æ* "1b5" * 7 ��<d��" 6w�9,H��2 " ��, 4³p <;< - �?" ,�� � ��6  <G�!� ��, ����b ��ke�/��-p,�� < � :/� � * ke� :F� 7�,H� ��$j�.� � " 2v, � 2 � -�>:�� 2 * "G��:  7 < , �@�.";� -�, 4Q¡ � � �Fb ��- ��� * � b � <1�  � * : 2 "%� ��2 "G�q$)� 2�,H� < � :/��" -�> �.� �  "�� � < , � 7 �.� 6 �!��";:�<%D 3-8� "1��� ��2 � �Fb �EA�� " - b ��, �." > �!� � * �.� � �  �." 6 �!< -5786vke�/2 ��$ - �?" ,H� � �/6  <G�!� ��, �.�¹" - :�< 7 * � " - ��� �6 � * � < 4³´ �w" ,E- ��� 7�- <1"+) � <1D¤�.� �@�w� - � k Å � :��."%b ��,�� < � :��."1� -  2 �5: � * 7�2�� :/� 7 < * k�� * � b � <;�  � * 3$)� 2 " -�, �a� - : �Ik � ,�� * � - �.� � � 6  <1"1� 7 * � ��$f�.� � :�� 2 * ";��: � 7 :�� 7 �@�.";� - � ��2�6 " -�,�� < � :�� � *� "�� � < , 4
p <1� ��2�- �!�."%b � <%D���� �  "�� � < , :�� 7 < * ke�B,�� < � :/� � * 6 � -M7 ��<1<1D k D¥" * ��- ��"1$ÁD5" -�> <;� 2�>���2 b � " -�, � - � -� - �!�.� 6 "1:F��<=" 6 � >?� ��$��.� �t, :F� -�- " -8>  <G� -�� 3 k D  �?" - ��" -�>]A "1�.�¹��� �t6 � 7�,�� 4�J ��" ,�A � 7 < * > "1b �� 6 � 2H�q2 � k�7�, � ,H� < � :/��";� -  2 �5: � * 7�2�� 3 A � ��2H� � - <1D  "�� � < , :/� 2�2H��,  � - * " -�> ���vb �/,�,�� < ,CAc�/2��t,H� Æ< � :�� � * 3 � - *� "�� � < , :/� 2�2H��,  � - * " -�> ���V: ��2H��k�2 ��<��." ,�7�78� � 2  � 2 �.<%D9��� k ��:,) >?2 � 78- * - �?" ,H�qAc�/2���Fb��?" * � * 4¥J ��" ,E6 � -M7 �!< ,H� < � :/��";� - �����?< A � 7 < * �!< , � ke�¹78,�� $ 7 <}" - ��� � * � b � <1�  6w��- � , �a� >?� 3$)� 2 " - b ��, �." > �!�." -�> �.� �u� » � :��q�.���!��b!� 2 ";� 78,  "�� � < , � � , � - �.� �u6 � * � < 3 k Di" - :/< 7�, ";� - � ,+- �?" ,H�� ��6  <G�@� ��, 4qp , $)� 2 ��� � �  ��" 6 ��< -M7�6vk���2 ��$e� �/6  <;�!� �/, 3 A�� ����b � $)� 7�- * �.� �!� - � -�� ��$e��� �+, "���/, ��" 6 �!� � * � 2��/- * :/� 6  � -8��- � ,jA���2��],�7  ��2�� 7 � 78, � - * "%�C" , <;"£) � <1D���� �!�C�.� �u6 � * � <�:/� 7 < * k��$ 782 �.� ��2 " 6  2 ��b � * k DV" - :/< 7 * " -�>t6 � 2�� � 2��/- * � ��2H69, 4�J � ��2H� " , 3 ��� A�� b ��2 3 � k ��<G� - : �Ck�� � A�����-" 6  2 ��b5" -�> ��� � <;" -�� � 2c6 � * � <�� - * 6 ��" - �.��" - " -�>E, " 6  <;"1:�"%�hDB� - �.� �t, �a�!� �u,  ��: �u6 � * � < 4�J � ��/, ��" 6 �!�."1� -  2 ��: � * 782�� " - ��� ��, �.�!� ��,  ��: ��6 � * � < 2H�m�M7 " 2H��, � - � - Æ -��/> < � :/�." k < � � 6 � 7�- �V��$:/� 6  7 � �/2 ��" 6w� 3 � - * $)� 2 �.� � � - ��<%D , " , �.� ke� � � <;"1:F� k < � " -  2 ��:��.";: � 3 "1�c" , * ��, " 2 � k < � �.�t) ��� � ,  � 2�,H� * " 6w��-�, ";� - " - �.� �C, �.�!� �j,  ��: ��6 � * � < 4Q´ �d" , D � �'�.� k�� " - b ��, �." > �!� � * "1$=�.� � " - :�< 7�, "1� -�!$ 6 � 2H�  "�� � < , :�� 7 < * " 6  2 ��b � �.� �B6 � * � <Ã���i� -¥� �5� �/- * ��� �!� A � 7 < * Å 7�, �."%$ÁD��.� � " - : 2�� � ,��" - :�� 6  7 � ��2 �." 69� 4

¡ � � �Fb �B- ���I" - :�< 7 * � * 2H��,  " 2 �@�.� 2 D¶� 2 �."1$��!:/� , " - �.� �  2 �  � ,�� * 6 � * � < 4]J ��" , :/� 7 < * k���!:a��" � b � * k D�� , " 6 ";<;� 2  2 ��: � * 7�2H� � , ��� � " - :�< 78, ";� - ��$¢:F� 2 * ";��: � » � :/� , 3 ��� Ac� b �/2+2H��,  " 2 �!�."1� -* " * - �!� ,��/��6 ��� ke��, " >?- " g :F� - �E" - ����" , * �!�a� ,H� � 4Ó´ �B" , � 7�2v� �  ��2 " �/- : � ��� �!�  7 < , �!��";� -8,* 7�� ��� 2��/,  " 2 �!��";� - " , b5" , " k < � " - �.� � b �/- � 2 "1:�< ��, � - *¹ "�� � < , $ 2 � 6 ����" , � 2�� �E:�� 7 < * ke��7�,�� * � ,� ��6  <G�@� ��, ��$��.� �t2���,  " 2 �!�.� 2 D 2 �\DM�.� 6 4�J ��" ,c� �5� �/-�, "1� -�, ��� 7 < * k�� " - b �/, ��" > �!� � * $ 7�2 �.� �/2 � -�!<1� �/2�- �@�."1b � * �!�.� ,�� � , 4
¡ � � 2��u, � 6w�/A � �@�#:�� - : �/2�-�� * 3 ��� �!�+�.� �u2��  � �."1��";� - �." 69� Y J Ï [ 6 ��D � » � :/���.� �  �/2 $)� 2 Æ6 � - : � ��$8�.� �}6 � * � < 4un D ,H� < � :/��" -�> � J Ï ��$ � ,�� : 4 3 , �FD 3 A��cA � 7 < * 2H� :/� 2 * � - " 6 � >?�'2 � 78> ��<1D� - : � " -v� b ��2 D  7 < ,H�  �/2 ";� * 3 A ��";:a� 69� � -�, ��� �!����� � � k�,H��2 b � *9 7 < ,��j� » � :�� A � 7 < * k�� ��< 6 � , �:/� -�, �a� - � 3 2 �!�.� �/2 �.� � -�, ��� A " -�> � � 7 :�� 7 �@�.";� -  �@��� �/2�- 4�J ��" ,jA � 7 < * 6 �?) � �.� �]�/, �." 6 �@�.";� -
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