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1 Intr oduction

TheSLEUTH-Gis a grid versionof sequentialSLEUTH algorithm,developedby B. Knutesonfrom Fermilab. It
canbe usedfor evidenceof physicsbeyondtheStandardModel in a quasi-model-independentway. It wasused
on datacollectedby Tevatron. Detaileddescriptionof themethodandresultsof searchat theD0 experimentare
describedin ref. [1].

SLEUTH is analgorithmof �nding regionsof excessin HEPexperiment'sdata.Theexcessis measuredin com-
parisonto expectedbackground.Thebackgroundis simulatedexperimentdatawhich is basedonStandardModel.
SLEUTHalsoquanti�esthesigni�canceof detectedexcess.Such�ducial regionsarevolumesin thespacede�ned
by physicalvariablessuchastransversemomentaof reconstructedobjects.Theseregionscontainsomedatapoints
andexpectednumbersof backgroundevents.For eachregionof excessSLEUTHcomputestheprobability, thatthe
expectedbackground�uctuatesup to or beyondthelevel of realdata.If thisprobabilityis small,thentheregion is
potentiallyinteresting.Theprobabilityspaceis potentiallyacomplicatedmultidimensionaldistributionof physics
variablesandonly numericalapproximationof theprobability is possible.SLEUTH determinesit by generating
hypotheticalsimilarexperiments(HSEs)i.e. by generatingtherandomsetsof eventsaccordingto thebackground
distributionandcheckinghow oftenthey areaboveexpectationsin theconsidered,potentiallyinterestingregion.

1.1 Abbreviations and Acronyms

CrossGrid TheEU CrossGridProjectIST-2001-32243

MPI MessagePassingInterface[2]

MPICH Freelyavailableimplementationof MPI [3]

MPICH-G2 Grid-enabledimplementationof MPICH [5]

1.2 Referencesand SourceCode

Sleuth-Gsourcecodeis availableonGridPortalat:
http://savannah.fzk.de/cgi-bin/viewcvs.cgi/crossgrid/crossgrid/wp1/wp1_3-hep/wp1_3_2-sleuth/
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2 Implementation Structur e

2.1 Product UseCases

SLEUTH-Gcanbeexecutedin two ways:on local clusterandin grid environment.In bothcasesit requiresMPI
library. Sleuth-Gis designedto work with GRID GUI. For local runningtheshell interfaceis provided.

Figure2.1: UseCasesfor Sleuth-G

2.2 Product ComponentModel

The project consistof two main components:sequentialalgorithm (Sleuth)and the parallelizationpart which
enablesit to berun in GRID environmentandprovidesinteroperationwith theGRID GUI. As theGRID GUI we
useMigratingDesktop[4].

2.3 Ar chitecture - parallelization

Computationsof SLEUTH algorithmareperformedin Master- Worker architecture.The masternodede�nes
�ducial regions,asksfor generationof HSEs,collectsthemandcomputesprobabilitiesfor regions.Workernodes
generateHSEs.Generationof eachHSEis independentof otherHSEssomany workernodescanwork in parallel.

Theapplicationis parallelizedin suchawaythatit canadjustto thearchitectureof availableresources.Eachof the
workernodesgetsanorderform themasternode,generatesthedesirednumberof HSEsandrepeatstheseactions
until it receivesanemptyorder. Thanksto this kind of loadbalancingthereis nobottleneckeffect. Theresources
areusedef�ciently evenif therearedifferencesbetweennodes.

Thealgorithmwasparallelizedwith MessagePassingInterface(MPI) [2]. MPI standardis themainstreamsolution
for parallelapplicationsin scienceandhasmany implementations.WeusedMPICH [3] which is a freelyavailable
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implementation.We testedSLEUTH with two kinds of MPICH, which areavailableon the CrossGridtestbed:
MPICH-P4(usingch_p4device), working on only oneclusterandgrid enabledMPICH-G2 [5]. The later one
usesGlobus Toolkit 2 [7] to accessgrid resourcesand to perform securecommunicationbetweendistributed
nodes.
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Figure2.2: Master- Workermodelin Sleuth-Gapplication
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3 CG_WP_1_3_2-SLEUTHNamespaceIndex

3.1 CG_WP_1_3_2-SLEUTHNamespaceList

Hereis a list of all namespaceswith brief descriptions:

GlobalVariables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
IOUtilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Math . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
RCPParameters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
std . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
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4 CG_WP_1_3_2-SLEUTHHierar chical Index

4.1 CG_WP_1_3_2-SLEUTHClassHierar chy

This inheritancelist is sortedroughly, but not completely, alphabetically:

Anomalousness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
BkgSet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
EmptyEventSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Event . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

BkgEvent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
DataEvent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

EventSet< EventType> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
EventSet< BkgEvent> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

BkgSubSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
EventSet< DataEvent> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

DataSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Math::FunctionObject. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
generateRequest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Hse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
HseSet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
IDNumber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Math::KeepNSmallest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Math::KeepWSmallest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
MultiChannelResult. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
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5 CG_WP_1_3_2-SLEUTHClassIndex

5.1 CG_WP_1_3_2-SLEUTHClassList

Herearetheclasses,structs,unionsandinterfaceswith brief descriptions:

Anomalousness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
BkgEvent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
BkgSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
BkgSubSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
DataEvent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
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6 CG_WP_1_3_2-SLEUTHFile Index

6.1 CG_WP_1_3_2-SLEUTHFile List

Hereis a list of all �les with brief descriptions:

addTwiddle.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
Anomalousness.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Anomalousness.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
BkgEvent.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
BkgEvent.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
BkgSet.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
BkgSet.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
BkgSubSet.cpp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
BkgSubSet.hpp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
calc.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
combineScriptPs.cpp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
DataEvent.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
DataEvent.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
DataSet.cpp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
DataSet.hpp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
EmptyEventSet.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Event.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Event.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
EventSet.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
GlobalVariables.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
GlobalVariables.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
grid.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
grid.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
gSleuth-ocmg.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
gSleuth.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Hse.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
Hse.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
HseSet.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
HseSet.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
IDNumber.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
IDNumber.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
IOUtilities.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
IOUtilities.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
jacobi.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
lubksb.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
ludcmp.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Math.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Math.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
matrix.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
matrix.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
MultiChannelResult.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
MultiChannelResult.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
nrutil.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
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nrutil.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Problem.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
RCPParameters.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
RCPParameters.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
simp1.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
simp2.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
simp3.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
simplx.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
sleuth.cpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
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Solution.hpp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
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7 CG_WP_1_3_2-SLEUTHNamespaceDocumentation

7.1 GlobalVariables NamespaceReference

Variables

• int startTime= 0
• int maximumRegionSize= 50
• std::stringidString1= ""

7.1.1 Variable Documentation

7.1.1.1 std::string GlobalVariables::idString1 = ""

7.1.1.2 int GlobalVariables::maximumRegionSize= 50

7.1.1.3 int GlobalVariables::startT ime = 0
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7.2 IOUtilities NamespaceReference

Functions

• template< classT> void print (std::vector< T > vec,std::ostream&fout=std::cout)
• void loadMatrixFromFile(std::string�lename,matrix &mat)

7.2.1 Function Documentation

7.2.1.1 void IOUtilities::loadMatrixFr omFile (std::string �lename, matrix & mat)

Hereis thecall graphfor this function:

IOUtilities::loadMatrixFromFile matrix::resize

matrix::ncols

matrix::nrows

7.2.1.2 template< classT> void print (std::vector< T > vec, std::ostream& fout = std::cout)
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7.3 Math NamespaceReference

Classes

• classKeepNSmallest
• classKeepWSmallest
• classFunctionObject

Functions

• doublepoissonConvolutedWithPoissonIntegrated(doubleb, doublewtMC, int N)
• doublepoissonConvolutedWithGaussianIntegrated(doubleb, doubledeltab,int N)
• doubleprobOfThisEffect(doubleb, int N, doubledeltab=0,std::stringopt="> =")
• doubleroughMagnitudeOfDiscrepancy (int N, doubleb, doubledeltab)
• doublebkgFromEffect(doubleeffect, int N)
• doublesigma2prob(doubles)
• doubleprob2sigma(doublep)
• boolMPEquality(doublea,doubleb, doubletol=1.e-6)
• boolMPEquality(conststd::vector< double> &a, conststd::vector< double> &b, doubletol=1.e-6)
• doublegasdev (doublemu,doublesigma)
• std::vector< double> randMultiGauss(std::vector< double> mu,matrix&sigma)
• std::vector< double> randMultiGauss(std::vector< double> mu, std::vector< std::vector< double> >

sigma)
• doubleexpdev (doublelambda)
• int poisson(doublemu)
• int �uctuate (doublemean,doublesystematicError)
• doublecomputeSum(conststd::vector< double> &x)
• doublecomputeAverage(conststd::vector< double> &x)
• longdoublecomputeAverage(std::vector< long double> x)
• doublecomputeAverage(std::vector< int > x)
• doublecomputeRMS(std::vector< double> x)
• longdoublecomputeRMS(std::vector< longdouble> x)
• doubleeffectiveNumberOfEvents(conststd::vector< double> &wt)
• doublecomputeMCerror(conststd::vector< double> &wt, doubleepsilonWt=0)
• doublegamma(doublex)
• doublevolumeOfUnitSphere(int d)
• doubledistanceBetweenPoints(conststd::vector< double> &a, conststd::vector< double> &b)
• doubledistanceBetweenPoints(conststd::vector< double> &a, conststd::vector< double> &b, matrix

&covarianceMatrixInv)
• doubledistanceSqdBetweenPoints(constdouble� a,constdouble� b, int n)
• doublemin (doublea,doubleb)
• doublemax(doublea,doubleb)
• std::stringftoa (doublex)
• std::vector< int > getDigits(int n, int base,int size=0)
• std::vector< int > getDigits(int n, std::vector< int > base,int size=0)
• std::vector< int > integerNthRoot(int a, int n)
• std::vector< std::vector< int > > permutationSet(std::vector< int > q)
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• std::vector< std::vector< int > > permutationSet(int n)
• doubletoleranceRound(doublex, doubletol=1)
• doublesigFigRound(doublex, int nSigFigs=2)
• doublenice(doublex, int addedprecision=0)
• std::vector< double> linearEquationSolve(matrixA, std::vector< double> B)
• doublecalculateSmoothingParameter(doublefractionalWeight,int nvars)
• doubleeta2theta(doubleeta)
• doubletheta2eta(doubletheta)
• doublesgnpow (doublex, doublen)
• void tossAwayTail (std::vector< std::vector< double> > &events,doublealpha=0)
• std::vector< double> computeMedian(std::vector< std::vector< double> > events)
• std::vector< std::vector< double> > computeCorrelationMatrix(std::vector< std::vector< double> >

events,doublealpha,int lNorm=2)
• std::vector< std::string> vectorizeString(std::strings,std::stringseparator)
• void loadMatrixFromFile(std::string�lename,std::vector< std::vector< double> > &events)
• void loadMatrixFromFile(std::string�lename,std::vector< std::vector< double> > &events,std::vector<

double> &weights)
• doubleminimize(std::vector< double> &x, FunctionObject� funk,std::vector< double> dx=std::vector<

double> (0), doubletol=1e-2)
• double amotry (matrix &p, std::vector< double > &y, std::vector< double > &psum, int ndim,

FunctionObject� funk, int ihi, doublefac)
• void amoeba(matrix &p, std::vector< double> &y, int ndim, FunctionObject� funk, doubleftol=1e-6,int

NMAX=10000)
• doublebinomialError(doublep, int N)
• doubledeltaR(doublephi1,doubleeta1,doublephi2,doubleeta2)
• void makeNiceHistogramRange(std::vector< double> a, int &nbins,double&lo, double&hi)
• void makeNiceHistogramRange(conststd::vector< double> &bkgWeights,conststd::vector< double>

&sigWeights,conststd::vector< std::vector< double> > &bkgEvents,conststd::vector< std::vector<
double > > &sigEvents, const std::vector< std::vector< double > > &dataEvents, std::vector<
std::vector< double> > &range,std::vector< int > &nbins)

• std::vector< double > putIntoBins (std::vector< double > binEdges,std::vector< double > points,
std::vector< double> wt)

• std::vector< int > putIntoBins(std::vector< double> binEdges,std::vector< double> points)
• template< classT1, classT2> void parallelBubbleSort(std::vector< T1 > &x, std::vector< T2 > &y)
• template< classT1, classT2> void parallelQuickSort(std::vector< T1 > &x, std::vector< T2 > &y)
• std::vector< std::string> getFilesInDirectory(std::stringdir, std::stringpattern="� ")
• int intpow (int i, int j)

7.3.1 Function Documentation

7.3.1.1 void Math::amoeba (matrix & p, std::vector< double > & y, int ndim, FunctionObject � funk,
double ftol = 1e-6,int NMAX = 10000)

Hereis thecall graphfor this function:

Math::amoeba Math::amotry
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7.3.1.2 double Math::amotry (matrix & p, std::vector< double> & y, std::vector< double> & psum, int
ndim, FunctionObject � funk, int ihi , double fac)

7.3.1.3 double Math::binomialErr or (double p, int N)

7.3.1.4 double Math::bkgFr omEffect (double effect, int N)

Hereis thecall graphfor this function:

Math::bkgFromEffect Math::probOfThisEffect Math::sigma2prob

7.3.1.5 double Math::calculateSmoothingParameter (double fractionalWeight, int nvars)

7.3.1.6 double Math::computeAverage(std::vector< int > x)

7.3.1.7 long double Math::computeAverage(std::vector< long double > x)

7.3.1.8 double Math::computeAverage(conststd::vector< double > & x)

Hereis thecall graphfor this function:

Math::computeAverage Math::computeSum

7.3.1.9 std::vector< std::vector< double> > computeCorrelationMatrix (std::vector< std::vector<
double > > events, double alpha, int lNorm = 2)
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7.3.1.10 double Math::computeMCerr or (conststd::vector< double > & wt, double epsilonWt= 0)

Hereis thecall graphfor this function:

Math::computeMCerror

Math::computeSum

Math::effectiveNumberOfEvents

7.3.1.11 std::vector< double> computeMedian(std::vector< std::vector< double> > events)

7.3.1.12 long double Math::computeRMS (std::vector< long double > x)

Hereis thecall graphfor this function:

Math::computeRMS Math::computeAverage Math::computeSum

7.3.1.13 double Math::computeRMS (std::vector< double > x)

Hereis thecall graphfor this function:

Math::computeRMS Math::computeAverage Math::computeSum

7.3.1.14 double Math::computeSum (conststd::vector< double > & x)

7.3.1.15 double Math::deltaR (double phi1, doubleeta1, doublephi2, double eta2)

7.3.1.16 double distanceBetweenPoints (conststd::vector< double > & a, conststd::vector< double > &
b, matrix & covarianceMatrixInv) [inline]

7.3.1.17 double distanceBetweenPoints (conststd::vector< double > & a, conststd::vector< double > &
b) [inline]
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7.3.1.18 double distanceSqdBetweenPoints (constdouble � a, constdouble � b, int n) [inline]

7.3.1.19 double Math::effecti veNumberOfEvents(conststd::vector< double > & wt)

7.3.1.20 double Math::eta2theta (doubleeta)

7.3.1.21 double Math::expdev (double lambda)

7.3.1.22 int Math::�uctuate (double mean, double systematicError)

Hereis thecall graphfor this function:

Math::fluctuate Math::gasdev

Math::poisson

7.3.1.23 string Math::ftoa (double x)

7.3.1.24 double Math::gamma (doublex)

7.3.1.25 double Math::gasdev (doublemu, double sigma)

7.3.1.26 vector< int > Math::getDigits (int n, std::vector< int > base, int size= 0)

7.3.1.27 vector< int > Math::getDigits (int n, int base, int size= 0)

CG-DeveloperManual PUBLIC 22/134



CrossGridDeveloperManual- Task1.3.2

7.3.1.28 std::vector< std::string > Math::getFilesInDir ectory (std::string dir, std::string pattern= " � ")

Hereis thecall graphfor this function:

Math::getFilesInDirectory Math::ftoa

7.3.1.29 vector< int > Math::integerNthRoot (int a, int n)

7.3.1.30 int Math::intpo w (int i, int j)

7.3.1.31 std::vector< double> linearEquationSolve (matrix A, std::vector< double > B)

7.3.1.32 void Math::loadMatrixFr omFile (std::string �lename, std::vector< std::vector< double > > &
events, std::vector< double > & weights)

7.3.1.33 void Math::loadMatrixFr omFile (std::string �lename, std::vector< std::vector< double > > &
events)

7.3.1.34 void Math::mak eNiceHistogramRange(conststd::vector< double > & bkgWeights, const
std::vector< double > & sigWeights, conststd::vector< std::vector< double > > & bkgEvents,
conststd::vector< std::vector< double > > & sigEvents, conststd::vector< std::vector< double
> > & dataEvents, std::vector< std::vector< double > > & range, std::vector< int > & nbins)

Hereis thecall graphfor this function:

Math::makeNiceHistogramRange Math::computeSum
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7.3.1.35 void Math::mak eNiceHistogramRange(std::vector< double > a, int & nbins, double & lo,
double & hi)

Hereis thecall graphfor this function:

Math::makeNiceHistogramRange

Math::max

Math::min

7.3.1.36 double max (double a, double b) [ inline]

7.3.1.37 double min (doublea, double b) [inline]

7.3.1.38 double Math::minimize (std::vector< double> & x, FunctionObject � funk, std::vector< double
> dx = std::vector< double > (0), double tol = 1e-2)

Hereis thecall graphfor this function:

Math::minimize Math::amoeba Math::amotry

7.3.1.39 bool Math::MPEquality (conststd::vector< double > & a, conststd::vector< double > & b,
double tol = 1.e-6)

Hereis thecall graphfor this function:

Math::MPEquality Math::MPEquality

7.3.1.40 bool Math::MPEquality (double a, doubleb, double tol = 1.e-6)

7.3.1.41 double Math::nice (double x, int addedprecision= 0)
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7.3.1.42 template< classT1, classT2> void parallelBubbleSort (std::vector< T1 > & x, std::vector< T2
> & y)

7.3.1.43 template< classT1, classT2> void parallelQuickSort (std::vector< T1 > & x, std::vector< T2 >
& y)

7.3.1.44 vector< vector< int > > Math::permutationSet (int n)

Hereis thecall graphfor this function:

Math::permutationSet Math::permutationSet

7.3.1.45 vector< vector< int > > Math::permutationSet (std::vector< int > q)

7.3.1.46 int Math::poisson (double mu)

Hereis thecall graphfor this function:

Math::poisson Math::gasdev

7.3.1.47 double Math::poissonConvolutedWithGaussianIntegrated(double b, doubledeltab, int N)

Hereis thecall graphfor this function:

Math::poissonConvolutedWithGaussianIntegrated poissonConvolutedWithGaussian

7.3.1.48 double Math::poissonConvolutedWithPoissonIntegrated(doubleb, double wtMC, int N)

Hereis thecall graphfor this function:

Math::poissonConvolutedWithPoissonIntegrated poissonConvolutedWithPoisson
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7.3.1.49 double Math::pr ob2sigma(doublep)

Hereis thecall graphfor this function:

Math::prob2sigma Math::sigma2prob

7.3.1.50 double Math::pr obOfThisEffect (doubleb, int N, double deltab= 0, std::string opt= " > =")

Hereis thecall graphfor this function:

Math::probOfThisEffect Math::sigma2prob

7.3.1.51 vector< int > Math::putIntoBins (std::vector< double > binEdges, std::vector< double >
points)

7.3.1.52 std::vector< double > Math::putIntoBins (std::vector< double > binEdges, std::vector< double
> points, std::vector< double > wt)

7.3.1.53 std::vector< double> randMultiGauss (std::vector< double > mu, std::vector< std::vector<
double > > sigma)

7.3.1.54 std::vector< double > Math::randMultiGauss (std::vector< double > mu, matrix & sigma)

Hereis thecall graphfor this function:

Math::randMultiGauss

Math::gasdev

matrix::ncols

matrix::nrows

7.3.1.55 double Math::r oughMagnitudeOfDiscrepancy(int N, double b, doubledeltab)
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7.3.1.56 double Math::sgnpow (doublex, double n)

7.3.1.57 double Math::sigFigRound (double x, int nSigFigs = 2)

7.3.1.58 double Math::sigma2prob (doubles)

7.3.1.59 double Math::theta2eta (double theta)

7.3.1.60 double Math::toleranceRound (doublex, double tol = 1)

7.3.1.61 void Math::tossAwayTail (std::vector< std::vector< double > > & events, double alpha= 0)

7.3.1.62 vector< string > Math::v ectorizeString(std::string s, std::string separator)

7.3.1.63 double Math::v olumeOfUnitSphere(int d)

Hereis thecall graphfor this function:

Math::volumeOfUnitSphere Math::gamma
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7.4 RCPParametersNamespaceReference

Variables

• int debugLevel = 1
• std::stringhseLibraryDirectory= "./"
• std::stringsaveDirectory= "./"
• booluseBkgWeights= true
• booluseIDs= true
• booluseSystematicErrors= true
• booluseStatisticalErrors= true
• StoppingCriteriaTypestoppingCriteriaType= scriptPabs
• int allottedTime= 60� 60
• doublescriptPabsError= .10
• doublescriptPfractionalError= .10
• int maxNumberHse= 100

7.4.1 Variable Documentation

7.4.1.1 int RCPParameters::allottedTime = 60� 60

7.4.1.2 int RCPParameters::debugLevel = 1

7.4.1.3 std::string RCPParameters::hseLibraryDir ectory = "./"

7.4.1.4 int RCPParameters::maxNumberHse= 100

7.4.1.5 std::string RCPParameters::saveDirectory = "./"

7.4.1.6 double RCPParameters::scriptPabsError = .10
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7.4.1.7 double RCPParameters::scriptPfractionalErr or = .10

7.4.1.8 StoppingCriteriaTypeRCPParameters::stoppingCriteriaType= scriptPabs

7.4.1.9 bool RCPParameters::useBkgWeights= true

7.4.1.10 bool RCPParameters::useIDs= true

7.4.1.11 bool RCPParameters::useStatisticalErrors = true

7.4.1.12 bool RCPParameters::useSystematicErrors = true
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7.5 std NamespaceReference
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8 ClassDocumentation

8.1 AnomalousnessClassReference

#include < Anomalousness.hpp >

Public Member Functions

• Anomalousness()
• Anomalousness(std::vector< double> _p_N,std::vector< double> _P_N,double_bigP, int _Nmin,dou-

ble_scriptP, double_scriptPLo,double_scriptPHi)
• int getNmin()
• doublegetScriptP()
• doublegetp_Nmin()
• void print (std::ostream&fout=std::cout)

8.1.1 Constructor & Destructor Documentation

8.1.1.1 Anomalousness::Anomalousness()

8.1.1.2 Anomalousness::Anomalousness(std::vector< double > _p_N, std::vector< double > _P_N,
double _bigP, int _Nmin, double _scriptP, double _scriptPLo, double_scriptPHi)

8.1.2 Member Function Documentation

8.1.2.1 int Anomalousness::getNmin()

8.1.2.2 double Anomalousness::getp_Nmin()

8.1.2.3 double Anomalousness::getScriptP()
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8.1.2.4 void Anomalousness::print(std::ostream& fout = std::cout)

Hereis thecall graphfor this function:

Anomalousness::print

Anomalousness::getp_Nmin

IOUtilities::print

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• Anomalousness.hpp
• Anomalousness.cpp
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8.2 BkgEvent ClassReference

#include < BkgEvent.hpp >

Inheritancediagramfor BkgEvent:

BkgEvent

Event

Collaborationdiagramfor BkgEvent:

BkgEvent

Event

Public Member Functions

• BkgEvent(std::vector< double> v)
• doublegetWeight()
• void normalizeWeightTo (doublebkgSubSetWeightSum)

8.2.1 Constructor & Destructor Documentation

8.2.1.1 BkgEvent::BkgEvent (std::vector< double> v)

Hereis thecall graphfor this function:

BkgEvent::BkgEvent vector nrerror

8.2.2 Member Function Documentation

8.2.2.1 double BkgEvent::getWeight ()
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8.2.2.2 void BkgEvent::normalizeWeightTo (doublebkgSubSetWeightSum)

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• BkgEvent.hpp
• BkgEvent.cpp
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8.3 BkgSetClassReference

#include < BkgSet.hpp >

Collaborationdiagramfor BkgSet:

BkgSet

matrix

bkgSubSetSystematicErrorCorrelationMatrix

Public Member Functions

• BkgSet(std::string_bkgSetFileName,bool useMultipleBkgSubSets=false)
• BkgSet(constBkgSet&rhs)
• doublegetTotalBkgExpected() const
• doublegetErrorOnTotalBkgExpected()
• std::vector< BkgSubSet� > getBkgSubSets()
• BkgEvent� getThisEvent(int i)
• int getNvars() const
• int getNevents() const
• int getNsubSets()
• void print (std::ostream&fout=std::cout)
• BkgSubSet� getThisSubSet(int i)
• std::stringgetBkgSetFileName()
• matrixgeneratePseudoEvents(std::vector< int > nPseudoEvents=std::vector< int > (0))
• bool containsContentlessSubSetsQ()
• doublegetBkgUpAndToTheRightOf(std::vector< double> v)
• std::stringgetBkgCode()
• matrix � getBkgSubSetSystematicErrorCorrelationMatrix()

8.3.1 Constructor & Destructor Documentation

8.3.1.1 BkgSet::BkgSet(std::string _bkgSetFileName, bool useMultipleBkgSubSets= false)

Hereis thecall graphfor this function:

BkgSet::BkgSet

BkgSet::getNsubSets

matrix::resize

matrix::ncols

matrix::nrows
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8.3.1.2 BkgSet::BkgSet(constBkgSet& rhs)

8.3.2 Member Function Documentation

8.3.2.1 bool BkgSet::containsContentlessSubSetsQ()

8.3.2.2 matrix BkgSet::generatePseudoEvents(std::vector< int > nPseudoEvents= std::vector< int > (0))

Hereis thecall graphfor this function:

BkgSet::generatePseudoEvents

matrix::deleterow
matrix::nrows

matrix::resize

Math::distanceBetweenPoints

Math::fluctuate

BkgSubSet::generatePseudoEvents

BkgSet::getErrorOnTotalBkgExpected

BkgSet::getNsubSets

BkgSet::getNvars

BkgSet::getThisSubSet

BkgSubSet::getTotalBkgExpected

BkgSet::getTotalBkgExpected

matrix::ncols

Math::gasdev

Math::poisson

EventSet< BkgEvent >::getNevents

EventSet< BkgEvent >::getNvars

Event::getPosition

EventSet< BkgEvent >::getThisEvent

BkgEvent::getWeight

8.3.2.3 string BkgSet::getBkgCode()

Hereis thecall graphfor this function:

BkgSet::getBkgCode BkgSet::getNvars

8.3.2.4 string BkgSet::getBkgSetFileName()
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8.3.2.5 vector< BkgSubSet� > BkgSet::getBkgSubSets()

8.3.2.6 matrix � BkgSet::getBkgSubSetSystematicErrorCorr elationMatrix ()

8.3.2.7 double BkgSet::getBkgUpAndToTheRightOf (std::vector< double > v)

Hereis thecall graphfor this function:

BkgSet::getBkgUpAndToTheRightOf BkgSet::getNvars

8.3.2.8 double BkgSet::getErrorOnTotalBkgExpected()

8.3.2.9 int BkgSet::getNevents() const

8.3.2.10 int BkgSet::getNsubSets()

8.3.2.11 int BkgSet::getNvars () const

8.3.2.12 BkgEvent � BkgSet::getThisEvent (int i)

8.3.2.13 BkgSubSet� BkgSet::getThisSubSet(int i)

8.3.2.14 double BkgSet::getTotalBkgExpected() const
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8.3.2.15 void BkgSet::print (std::ostream& fout = std::cout)

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• BkgSet.hpp
• BkgSet.cpp
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8.4 BkgSubSetClassReference

#include < BkgSubSet.hpp >

Inheritancediagramfor BkgSubSet:

BkgSubSet

EventSet< BkgEvent >

Collaborationdiagramfor BkgSubSet:

BkgSubSet

EventSet< BkgEvent >

Public Member Functions

• BkgSubSet(double_totalBkgExpected,double_errorOnTotalBkgExpected,std::string�lename)
• BkgSubSet(constBkgSubSet&rhs)
• doublegetTotalBkgExpected() const
• doublegetErrorOnTotalBkgExpected() const
• doublegetBkgUpAndToTheRightOf(std::vector< double> v)
• matrixgeneratePseudoEvents(int nPseudoEvents)

8.4.1 Constructor & Destructor Documentation

8.4.1.1 BkgSubSet::BkgSubSet(double_totalBkgExpected, double _errorOnTotalBkgExpected, std::string
�lename)

Hereis thecall graphfor this function:

BkgSubSet::BkgSubSet

EventSet< BkgEvent >::getNevents

EventSet< BkgEvent >::getThisEvent

BkgEvent::getWeight

EventSet< BkgEvent >::loadEvents

BkgEvent::normalizeWeightTo
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8.4.1.2 BkgSubSet::BkgSubSet(constBkgSubSet& rhs)

8.4.2 Member Function Documentation

8.4.2.1 matrix BkgSubSet::generatePseudoEvents(int nPseudoEvents)

Hereis thecall graphfor this function:

BkgSubSet::generatePseudoEvents

EventSet< BkgEvent >::getNevents

EventSet< BkgEvent >::getNvars

Event::getPosition

EventSet< BkgEvent >::getThisEvent

BkgEvent::getWeight

8.4.2.2 double BkgSubSet::getBkgUpAndToTheRightOf (std::vector< double> v)

Hereis thecall graphfor this function:

BkgSubSet::getBkgUpAndToTheRightOf

Event::at

EventSet< BkgEvent >::getNevents

EventSet< BkgEvent >::getNvars

EventSet< BkgEvent >::getThisEvent

BkgEvent::getWeight

8.4.2.3 double BkgSubSet::getErrorOnTotalBkgExpected() const

8.4.2.4 double BkgSubSet::getTotalBkgExpected() const

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• BkgSubSet.hpp
• BkgSubSet.cpp
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8.5 DataEvent ClassReference

#include < DataEvent.hpp >

Inheritancediagramfor DataEvent:

DataEvent

Event

Collaborationdiagramfor DataEvent:

DataEvent

Event IDNumber

id

Public Member Functions

• DataEvent(std::vector< double> v)
• IDNumbergetId()
• void print (std::ostream&fout=std::cout)

8.5.1 Constructor & Destructor Documentation

8.5.1.1 DataEvent::DataEvent (std::vector< double > v)

Hereis thecall graphfor this function:

DataEvent::DataEvent vector nrerror

8.5.2 Member Function Documentation

8.5.2.1 IDNumber DataEvent::getId ()
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8.5.2.2 void DataEvent::print (std::ostream& fout = std::cout)

Hereis thecall graphfor this function:

DataEvent::print Event::getNvars

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• DataEvent.hpp
• DataEvent.cpp
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8.6 DataSetClassReference

#include < DataSet.hpp >

Inheritancediagramfor DataSet:

DataSet

EventSet< DataEvent >

Collaborationdiagramfor DataSet:

DataSet

EventSet< DataEvent >

Public Member Functions

• DataSet()
• DataSet(BkgSet� bkgSet)
• DataSet(matrixevents)
• DataSet(std::string�lename)
• DataEvent� getThisEventById(int id)

8.6.1 Constructor & Destructor Documentation

8.6.1.1 DataSet::DataSet()

8.6.1.2 DataSet::DataSet(BkgSet� bkgSet)

Hereis thecall graphfor this function:
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DataSet::DataSet

BkgSet::generatePseudoEvents

BkgSet::getNsubSets

BkgSet::getNvars

BkgSet::getThisSubSet

BkgSubSet::getTotalBkgExpected

BkgSet::getBkgSubSetSystematicErrorCorrelationMatrix

BkgSubSet::getErrorOnTotalBkgExpected

EventSet< DataEvent >::loadEvents

Math::poisson

matrix::power

Math::randMultiGauss

8.6.1.3 DataSet::DataSet(matrix events)

Hereis thecall graphfor this function:

DataSet::DataSet EventSet< DataEvent >::loadEvents

8.6.1.4 DataSet::DataSet(std::string �lename)

Hereis thecall graphfor this function:

DataSet::DataSet EventSet< DataEvent >::loadEvents

8.6.2 Member Function Documentation

8.6.2.1 DataEvent � DataSet::getThisEventById (int id)

Hereis thecall graphfor this function:

DataSet::getThisEventById

DataEvent::getId

EventSet< DataEvent >::getNevents

EventSet< DataEvent >::getThisEvent
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Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• DataSet.hpp
• DataSet.cpp
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8.7 EmptyEventSetClassReference

#include < EmptyEventSet.hpp >

Public Member Functions

• EmptyEventSet()

8.7.1 Constructor & Destructor Documentation

8.7.1.1 EmptyEventSet::EmptyEventSet() [inline]

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �le:

• EmptyEventSet.hpp
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8.8 Event ClassReference

#include < Event.hpp >

Inheritancediagramfor Event:

Event

BkgEvent DataEvent

Public Member Functions

• Event(std::vector< double> _position)
• Event& operator=(Eventrhs)
• doubleat (int i) const
• booloperator==(Event&rhs)
• conststd::vector< double> & getPosition() const
• int getNvars() const
• void print (std::ostream&fout=std::cout)const

ProtectedAttrib utes

• std::vector< double> position

8.8.1 Constructor & Destructor Documentation

8.8.1.1 Event::Event (std::vector< double> _position)

8.8.2 Member Function Documentation

8.8.2.1 double Event::at (int i) const

8.8.2.2 int Event::getNvars () const

8.8.2.3 constvector< double > & Event::getPosition () const
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8.8.2.4 Event & Event::operator= (Event rhs)

8.8.2.5 bool Event::operator== (Event & rhs)

8.8.2.6 void Event::print (std::ostream& fout = std::cout) const

Hereis thecall graphfor this function:

Event::print IOUtilities::print

8.8.3 Member Data Documentation

8.8.3.1 std::vector< double> Event::position [protected]

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• Event.hpp
• Event.cpp
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8.9 EventSet< EventType> ClassTemplateReference

#include < EventSet.hpp >

Public Member Functions

• EventSet()
• void loadEvents(std::string�lename)
• void loadEvents(matrix_events)
• EventType� getThisEvent(int i)
• booloperator==(EventSet< EventType> &rhs)
• int getNvars() const
• int getNevents() const
• void print (std::ostream&fout=std::cout)

template< classEventType> classEventSet< EventType>

8.9.1 Constructor & Destructor Documentation

8.9.1.1 template< classEventType> EventSet< EventType> ::EventSet()

8.9.2 Member Function Documentation

8.9.2.1 template< classEventType> int EventSet< EventType> ::getNevents() const

8.9.2.2 template< classEventType> int EventSet< EventType> ::getNvars () const

8.9.2.3 template< classEventType> EventType� EventSet< EventType> ::getThisEvent (int i)

8.9.2.4 template< classEventType> void EventSet< EventType > ::loadEvents(matrix _events)

8.9.2.5 template< classEventType> void EventSet< EventType > ::loadEvents(std::string �lename)
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8.9.2.6 template< classEventType> bool EventSet< EventType > ::operator== (EventSet< EventType >
& rhs)

8.9.2.7 template< classEventType> void EventSet< EventType> ::print (std::ostream& fout = std::cout)

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �le:

• EventSet.hpp
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8.10 Math::FunctionObject ClassReference

#include < Math.hpp >

Public Member Functions

• FunctionObject()
• virtual doubleoperator()(conststd::vector< double> &x)

8.10.1 Constructor & Destructor Documentation

8.10.1.1 Math::FunctionObject::FunctionObject () [inline]

8.10.2 Member Function Documentation

8.10.2.1 virtual double Math::FunctionObject::operator() (conststd::vector< double > & x)
[inline, virtual]

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �le:

• Math.hpp
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8.11 generateRequestStruct Reference

#include < grid.hpp >

Public Attrib utes

• int n
• long tag

8.11.1 Member Data Documentation

8.11.1.1 int generateRequest::n

8.11.1.2 long generateRequest::tag

Thedocumentationfor thisstructwasgeneratedfrom thefollowing �le:

• grid.hpp
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8.12 HseClassReference

#include < Hse.hpp >

Public Member Functions

• Hse(std::vector< double> _effects=std::vector< double> (0))
• std::vector< double> � getEffects()
• doubleisDataMoreAnomalous(doubleeffect, int i)

8.12.1 Constructor & Destructor Documentation

8.12.1.1 Hse::Hse(std::vector< double > _effects= std::vector< double> (0))

8.12.2 Member Function Documentation

8.12.2.1 vector< double> � Hse::getEffects()

8.12.2.2 double Hse::isDataMoreAnomalous(doubleeffect, int i) [inline]

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• Hse.hpp
• Hse.cpp
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8.13 HseSetClassReference

#include < HseSet.hpp >

Collaborationdiagramfor HseSet:

HseSet

matrix

hseSet1Sorted BkgSet

bkgSubSetSystematicErrorCorrelationMatrix

bkgSet

Public Member Functions

• HseSet(BkgSet� bkgSet)
• AnomalousnessdetermineAnomalousness(std::vector< double> p_N)
• void generateMore(int n=100)

Static Public Member Functions

• std::stringdetermineHseSetName(BkgSet� bkgSet)

8.13.1 Constructor & Destructor Documentation

8.13.1.1 HseSet::HseSet(BkgSet� bkgSet)

Hereis thecall graphfor this function:

HseSet::HseSet

HseSet::determineHseSetName

HseSet::generateMore

BkgSet::getBkgCode

BkgSet::getNvars

BkgSet::getTotalBkgExpected

gridGeneration

8.13.2 Member Function Documentation
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8.13.2.1 AnomalousnessHseSet::determineAnomalousness(std::vector< double > p_N)

Hereis thecall graphfor this function:

HseSet::determineAnomalousness

HseSet::generateMore

progressGraphs

gridGeneration

makeImagesFromROOT

8.13.2.2 string HseSet::determineHseSetName(BkgSet� bkgSet) [ static]

Hereis thecall graphfor this function:

HseSet::determineHseSetName

BkgSet::getBkgCode

BkgSet::getNvars

BkgSet::getTotalBkgExpected

8.13.2.3 void HseSet::generateMore(int n = 100)

Hereis thecall graphfor this function:

HseSet::generateMore gridGeneration

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• HseSet.hpp
• HseSet.cpp
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8.14 IDNumber ClassReference

#include < IDNumber.hpp >

Public Member Functions

• IDNumber(int _id)
• booloperator==(constIDNumber&rhs)

Friends

• std::ostream& operator<< (std::ostream&os, constIDNumber&rhs)

8.14.1 Constructor & Destructor Documentation

8.14.1.1 IDNumber::IDNumber (int _id)

8.14.2 Member Function Documentation

8.14.2.1 bool IDNumber::operator== (const IDNumber & rhs)

8.14.3 Friends And RelatedFunction Documentation

8.14.3.1 std::ostream& operator<< (std::ostream& os, const IDNumber & rhs) [friend]

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• IDNumber.hpp
• IDNumber.cpp
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8.15 Math::K eepNSmallestClassReference

#include < Math.hpp >

Public Member Functions

• KeepNSmallest(int N)
• void update(doublevalue,int number)
• std::vector< int > getNumbers()
• std::vector< double> getValues()

8.15.1 Constructor & Destructor Documentation

8.15.1.1 Math::K eepNSmallest::KeepNSmallest(int N)

8.15.2 Member Function Documentation

8.15.2.1 std::vector< int> Math::K eepNSmallest::getNumbers()

8.15.2.2 std::vector< double> Math::K eepNSmallest::getValues()

8.15.2.3 void Math::K eepNSmallest::update(doublevalue, int number)

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �le:

• Math.hpp
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8.16 Math::K eepWSmallestClassReference

#include < Math.hpp >

Public Member Functions

• KeepWSmallest(doubleW, int N=0)
• void update(doublevalue,int number, doubleweight=1)
• std::vector< int > getNumbers()
• std::vector< double> getValues()

8.16.1 Constructor & Destructor Documentation

8.16.1.1 Math::K eepWSmallest::KeepWSmallest(double W, int N = 0)

8.16.2 Member Function Documentation

8.16.2.1 std::vector< int> Math::K eepWSmallest::getNumbers()

8.16.2.2 std::vector< double> Math::K eepWSmallest::getValues()

8.16.2.3 void Math::K eepWSmallest::update(doublevalue, int number, doubleweight = 1)

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �le:

• Math.hpp
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8.17 matrix ClassReference

#include < matrix.hpp >

Public Member Functions

• matrix (int n=1, int m=1)
• void resize(int n, int m)
• int nrows() const
• int ncols() const
• std::vector< double> & operator[] (int row)
• matrix& operator=(matrix rhs)
• void deletecolumn(int n)
• void deleterow (int n)
• void print ()
• matrixpower (doublen)
• matrixsafeInverse(double&determinant)
• doubledet()

8.17.1 Constructor & Destructor Documentation

8.17.1.1 matrix::matrix (int n = 1, int m = 1)

8.17.2 Member Function Documentation

8.17.2.1 void matrix::deletecolumn (int n)

Hereis thecall graphfor this function:

matrix::deletecolumn

matrix::ncols

matrix::nrows

matrix::resize

CG-DeveloperManual PUBLIC 59/134



CrossGridDeveloperManual- Task1.3.2

8.17.2.2 void matrix::deleter ow (int n)

Hereis thecall graphfor this function:

matrix::deleterow

matrix::ncols

matrix::nrows

matrix::resize

8.17.2.3 double matrix::det ()

Hereis thecall graphfor this function:

matrix::det

jacobi

matrix::nrows

8.17.2.4 int matrix::ncols () const

8.17.2.5 int matrix::nr ows() const

8.17.2.6 matrix & matrix::operator= (matrix rhs)

Hereis thecall graphfor this function:

matrix::operator=

matrix::ncols

matrix::nrows

matrix::resize

8.17.2.7 ]

vector< double> & matrix::operator[] (int row)
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8.17.2.8 matrix matrix::po wer (doublen)

Hereis thecall graphfor this function:

matrix::power

jacobi

matrix::nrows

matrix::resize matrix::ncols

8.17.2.9 void matrix::print ()

Hereis thecall graphfor this function:

matrix::print

matrix::ncols

matrix::nrows

8.17.2.10 void matrix::r esize(int n, int m)

Hereis thecall graphfor this function:

matrix::resize

matrix::ncols

matrix::nrows

8.17.2.11 matrix matrix::safeIn verse(double& determinant)

Hereis thecall graphfor this function:

matrix::safeInverse

jacobi

matrix::matrix

matrix::ncols

matrix::nrows

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• matrix.hpp
• matrix.cpp
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8.18 MultiChannelResult ClassReference

#include < MultiChannelResult.hpp >

Public Member Functions

• MultiChannelResult(std::string�leName)
• doublegetGothicP()

8.18.1 Constructor & Destructor Documentation

8.18.1.1 MultiChannelResult::MultiChannelResult (std::string �leName)

8.18.2 Member Function Documentation

8.18.2.1 double MultiChannelResult::getGothicP ()

Hereis thecall graphfor this function:

MultiChannelResult::getGothicP

Math::min

Math::probOfThisEffect

Math::sigFigRound

Math::sigma2prob

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• MultiChannelResult.hpp
• MultiChannelResult.cpp
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8.19 ProblemClassReference

#include < Problem.hpp >

Collaborationdiagramfor Problem:

Problem

BkgSet

bkgSet

matrix

bkgSubSetSystematicErrorCorrelationMatrix

DataSet

dataSet

EventSet< DataEvent >

Public Member Functions

• Problem(DataSet� _dataSet,BkgSet� _bkgSet,RegionCriteria_regionCriteria)
• DataSet� getDataSet() const
• BkgSet� getBkgSet() const
• RegionCriteriagetRegionCriteria() const

8.19.1 Constructor & Destructor Documentation

8.19.1.1 Problem::Problem(DataSet� _dataSet, BkgSet� _bkgSet, RegionCriteria _regionCriteria)

8.19.2 Member Function Documentation

8.19.2.1 BkgSet� Problem::getBkgSet() const

8.19.2.2 DataSet� Problem::getDataSet() const

8.19.2.3 RegionCriteria Problem::getRegionCriteria () const

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �le:

• Problem.hpp
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8.20 Solution ClassReference

#include < Solution.hpp >

Collaborationdiagramfor Solution:

Solution

BkgSet

bkgSet

matrix

bkgSubSetSystematicErrorCorrelationMatrix

Anomalousness

anomalousness

DataSet

dataSet

EventSet< DataEvent >

Public Member Functions

• Solution(DataSet� dataSet,BkgSet� bkgSet)
• void solve ()
• void determineAnomalousness(HseSet� hseSet)
• void show ()
• void hseToFile (std::ofstream&fhse)
• std::vector< double> getp_N()

8.20.1 Constructor & Destructor Documentation

8.20.1.1 Solution::Solution (DataSet� dataSet, BkgSet� bkgSet)

8.20.2 Member Function Documentation

8.20.2.1 void Solution::determineAnomalousness(HseSet� hseSet)

Hereis thecall graphfor this function:

Solution::determineAnomalousness HseSet::determineAnomalousness

HseSet::generateMore

progressGraphs

gridGeneration

makeImagesFromROOT

8.20.2.2 vector< double> Solution::getp_N()
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8.20.2.3 void Solution::hseToFile (std::ofstream& fhse)

Hereis thecall graphfor this function:

Solution::hseToFile IOUtilities::print

8.20.2.4 void Solution::show ()

Hereis thecall graphfor this function:

Solution::show

BkgSet::getErrorOnTotalBkgExpected

DataEvent::getId

Anomalousness::getNmin

Anomalousness::getScriptP

EventSet< DataEvent >::getThisEvent

BkgSet::getTotalBkgExpected

DataEvent::print

Anomalousness::print

Event::getNvars

Anomalousness::getp_Nmin

IOUtilities::print

8.20.2.5 void Solution::solve()

Hereis thecall graphfor this function:

Solution::solve

BkgSet::getBkgUpAndToTheRightOf

EventSet< DataEvent >::getNevents

Event::getPosition

EventSet< DataEvent >::getThisEvent

DataEvent::print

BkgSet::getNvars

Event::getNvars

Thedocumentationfor thisclasswasgeneratedfrom thefollowing �les:

• Solution.hpp
• Solution.cpp
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9 CG_WP_1_3_2-SLEUTHFile Documentation

9.1 addTwiddle.cpp File Reference

Namespaces

• namespacestd

Functions

• int main()

Variables

• conststringscriptPsFile= "scriptPs.txt"

9.1.1 Function Documentation

9.1.1.1 int main ()

Hereis thecall graphfor this function:

main Math::sigma2prob

9.1.2 Variable Documentation

9.1.2.1 conststring scriptPsFile= "scriptPs.txt"
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9.2 Anomalousness.cppFile Reference
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9.3 Anomalousness.hppFile Reference

Classes

• classAnomalousness
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9.4 BkgEvent.cppFile Reference
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9.5 BkgEvent.hpp File Reference

Classes

• classBkgEvent
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9.6 BkgSet.cppFile Reference
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9.7 BkgSet.hppFile Reference

Classes

• classBkgSet
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9.8 BkgSubSet.cppFile Reference

Functions

• doublederf_(double&)

9.8.1 Function Documentation

9.8.1.1 double derf_ (double&)
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9.9 BkgSubSet.hppFile Reference

Classes

• classBkgSubSet
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9.10 calc.cppFile Reference

Functions

• int main(int argc,char� argv[ ])

9.10.1 Function Documentation

9.10.1.1 int main (int argc, char � argv[ ])

Hereis thecall graphfor this function:

main

Math::prob2sigma

Math::sigma2prob

Math::probOfThisEffect
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9.11 combineScriptPs.cppFile Reference

Functions

• void execute(stringcommand)
• void �xprecision (ostream&fout, doublex)
• void combineScriptPs(stringparentDirectory, stringchildDirectory)
• int main()

Variables

• ofstreamftex

9.11.1 Function Documentation

9.11.1.1 void combineScriptPs(string parentDirectory, string childDirectory)

Hereis thecall graphfor this function:

combineScriptPs Math::prob2sigma Math::sigma2prob

9.11.1.2 void execute(string command)

9.11.1.3 void �xpr ecision(ostream& fout, doublex)

9.11.1.4 int main ()

Hereis thecall graphfor this function:

main

combineScriptPs

Math::prob2sigma

execute

fixprecision

Math::sigma2prob
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9.11.2 Variable Documentation

9.11.2.1 ofstreamftex
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9.12 DataEvent.cppFile Reference
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9.13 DataEvent.hpp File Reference

Classes

• classDataEvent
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9.14 DataSet.cppFile Reference
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9.15 DataSet.hppFile Reference

Classes

• classDataSet
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9.16 EmptyEventSet.hppFile Reference

Classes

• classEmptyEventSet
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9.17 Event.cppFile Reference
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9.18 Event.hpp File Reference

Classes

• classEvent

CG-DeveloperManual PUBLIC 84/134



CrossGridDeveloperManual- Task1.3.2

9.19 EventSet.hppFile Reference

Classes

• classEventSet

CG-DeveloperManual PUBLIC 85/134



CrossGridDeveloperManual- Task1.3.2

9.20 GlobalVariables.cppFile Reference

Namespaces

• namespaceGlobalVariables
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9.21 GlobalVariables.hppFile Reference

Namespaces

• namespaceGlobalVariables
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9.22 grid.cpp File Reference

Functions

• void makeImagesFromROOT (TCanvas� c1,stringname)
• void progressGraphs(int n, double� dynTimeVector, double� dynHSEVector, double� dynScriptPVector,

double� dynScriptPHiVector, double� dynScriptPLoVector)
• int SleuthMpiVisualize(BkgSet� bkgSet,DataSet� dataSet)
• void SleuthMpiEnd(int np)
• void gridGeneration(int n, vector< Hse> &hseSet1,vector< Hse> &hseSet2)

9.22.1 Function Documentation

9.22.1.1 void gridGeneration (int n, vector< Hse> & hseSet1, vector< Hse> & hseSet2)

9.22.1.2 void makeImagesFromROOT (TCanvas� c1, string name)

9.22.1.3 void progressGraphs(int n, double � dynTimeVector, double � dynHSEVector, double �
dynScriptPVector, double � dynScriptPHiVector, double � dynScriptPLoVector)

Hereis thecall graphfor this function:

progressGraphs makeImagesFromROOT

9.22.1.4 void SleuthMpiEnd (int np)

9.22.1.5 int SleuthMpiVisualize(BkgSet� bkgSet, DataSet� dataSet)

Hereis thecall graphfor this function:
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SleuthMpiVisualize

BkgSet::getNevents

EventSet< DataEvent >::getNevents

BkgSet::getNsubSets

BkgSet::getNvars

Event::getPosition

BkgSet::getThisEvent

EventSet< DataEvent >::getThisEvent
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9.23 grid.hpp File Reference

Classes

• structgenerateRequest

Functions

• void progressGraphs(int, double� , double� , double� , double� , double� )
• int SleuthMpiVisualize(BkgSet� bkgSet,DataSet� dataSet)
• void SleuthMpiEnd(int np)
• void gridGeneration(int, vector< Hse> &, vector< Hse> &)

9.23.1 Function Documentation

9.23.1.1 void gridGeneration (int, vector< Hse> &, vector< Hse> &)

9.23.1.2 void progressGraphs(int, double � , double � , double � , double � , double � )

Hereis thecall graphfor this function:

progressGraphs makeImagesFromROOT

9.23.1.3 void SleuthMpiEnd (int np)

9.23.1.4 int SleuthMpiVisualize(BkgSet� bkgSet, DataSet� dataSet)

Hereis thecall graphfor this function:
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SleuthMpiVisualize

EventSet< DataEvent >::getNevents

BkgSet::getNevents

BkgSet::getNsubSets

BkgSet::getNvars

Event::getPosition

EventSet< DataEvent >::getThisEvent

BkgSet::getThisEvent
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9.24 gSleuth-ocmg.cpp File Reference

Functions

• int main(int argc,char� argv[ ])

9.24.1 Function Documentation

9.24.1.1 int main (int argc, char � argv[ ])

Hereis thecall graphfor this function:

main

Solution::getp_N

sleuth

SleuthMpiEnd

Solution::solve

BkgSet::getBkgUpAndToTheRightOf

EventSet< DataEvent >::getNevents

Event::getPosition

EventSet< DataEvent >::getThisEvent

DataEvent::print

BkgSet::getNvars

Event::getNvars
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9.25 gSleuth.cppFile Reference

Functions

• int main(int argc,char� argv[ ])

9.25.1 Function Documentation

9.25.1.1 int main (int argc, char � argv[ ])

Hereis thecall graphfor this function:

main

Solution::getp_N

sleuth

SleuthMpiEnd

Solution::solve

BkgSet::getBkgUpAndToTheRightOf

EventSet< DataEvent >::getNevents

Event::getPosition

EventSet< DataEvent >::getThisEvent

DataEvent::print

BkgSet::getNvars

Event::getNvars
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9.26 Hse.cppFile Reference
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9.27 Hse.hppFile Reference

Classes

• classHse
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9.28 HseSet.cppFile Reference
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9.29 HseSet.hppFile Reference

Classes

• classHseSet

CG-DeveloperManual PUBLIC 97/134



CrossGridDeveloperManual- Task1.3.2

9.30 IDNumber.cpp File Reference

Functions

• ostream& operator<< (ostream&os, constIDNumber&rhs)

9.30.1 Function Documentation

9.30.1.1 ostream& operator<< (std::ostream& os, const IDNumber & rhs)
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9.31 IDNumber.hpp File Reference

Classes

• classIDNumber
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9.32 IOUtilities.cpp File Reference
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9.33 IOUtilities.hpp File Reference

Namespaces

• namespaceIOUtilities
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9.34 jacobi.cpp File Reference

Functions

• void jacobi(matrix&a, int n, vector< double> &d, matrix&v)

9.34.1 Function Documentation

9.34.1.1 void jacobi (matrix & a, int n, vector< double> & d, matrix & v)
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9.35 lubksb.cpp File Reference

Functions

• void lubksb(�oat �� a, int n, int � indx, �oat b[ ])

9.35.1 Function Documentation

9.35.1.1 void lubksb (�oat �� a, int n, int � indx, �oat b[ ])
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9.36 ludcmp.cpp File Reference

Functions

• void ludcmp(�oat �� a, int n, int � indx, �oat � d)

9.36.1 Function Documentation

9.36.1.1 void ludcmp (�oat �� a, int n, int � indx, �oat � d)

Hereis thecall graphfor this function:

ludcmp

free_vector

nrerror

vector
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9.37 Math.cpp File Reference

Functions

• doublepoissonConvolutedWithPoisson(doublex, void � params)
• doublepoissonConvolutedWithGaussian(doublex, void � params)

9.37.1 Function Documentation

9.37.1.1 double poissonConvolutedWithGaussian(doublex, void � params)

9.37.1.2 double poissonConvolutedWithPoisson(doublex, void � params)
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9.38 Math.hpp File Reference

Namespaces

• namespaceMath
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9.39 matrix.cpp File Reference
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9.40 matrix.hpp File Reference

Classes

• classmatrix

Functions

• void jacobi(matrix&a, int n, std::vector< double> &d, matrix&v)
• template< classT> void print (std::vector< T > vec,std::ostream&fout=std::cout)

9.40.1 Function Documentation

9.40.1.1 void jacobi (matrix & a, int n, std::vector< double > & d, matrix & v)

9.40.1.2 template< classT> void print (std::vector< T > vec, std::ostream& fout = std::cout)
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9.41 MultiChannelResult.cpp File Reference

Functions

• doublederf_(double&)

9.41.1 Function Documentation

9.41.1.1 double derf_ (double &)
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9.42 MultiChannelResult.hpp File Reference

Classes

• classMultiChannelResult
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9.43 nrutil.cpp File Reference

Functions

• void nrerror(charerror_text[ ])
• �oat � vector(longnl, long nh)
• int � ivector(longnl, long nh)
• unsignedchar� cvector(longnl, longnh)
• unsignedlong � lvector(longnl, longnh)
• double� dvector(longnl, long nh)
• �oat �� matrix (longnrl, longnrh, longncl, longnch)
• double�� dmatrix(longnrl, longnrh, long ncl, longnch)
• int �� imatrix (longnrl, longnrh, longncl, longnch)
• �oat �� submatrix(�oat �� a, longoldrl, longoldrh, longoldcl, longoldch,longnewrl, longnewcl)
• �oat �� convert_matrix(�oat � a, longnrl, long nrh, longncl, longnch)
• �oat ��� f3tensor(longnrl, longnrh, long ncl, longnch,long ndl, long ndh)
• void free_vector(�oat � v, longnl, long nh)
• void free_ivector(int � v, longnl, long nh)
• void free_cvector(unsignedchar� v, longnl, longnh)
• void free_lvector(unsignedlong � v, longnl, longnh)
• void free_dvector(double� v, longnl, long nh)
• void free_matrix(�oat �� m, long nrl, longnrh, longncl, long nch)
• void free_dmatrix(double�� m, long nrl, long nrh, longncl, long nch)
• void free_imatrix(int �� m, longnrl, longnrh, long ncl, longnch)
• void free_submatrix(�oat �� b, longnrl, longnrh, long ncl, longnch)
• void free_convert_matrix(�oat �� b, long nrl, long nrh, longncl, long nch)
• void free_f3tensor(�oat ��� t, longnrl, longnrh, long ncl, longnch,long ndl, long ndh)

9.43.1 Function Documentation

9.43.1.1 �oat �� convert_matrix (�oat � a, long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

convert_matrix nrerror

9.43.1.2 unsignedchar� cvector (long nl, long nh)

Hereis thecall graphfor this function:

cvector nrerror
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9.43.1.3 double�� dmatrix (long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

dmatrix nrerror

9.43.1.4 double� dvector (long nl, long nh)

Hereis thecall graphfor this function:

dvector nrerror

9.43.1.5 �oat ��� f3tensor (long nrl , long nrh, long ncl, long nch, long ndl, long ndh)

Hereis thecall graphfor this function:

f3tensor nrerror

9.43.1.6 void fr ee_convert_matrix (�oat �� b, long nrl , long nrh, long ncl, long nch)

9.43.1.7 void fr ee_cvector (unsignedchar � v, long nl, long nh)

9.43.1.8 void fr ee_dmatrix (double �� m, long nrl , long nrh, long ncl, long nch)

9.43.1.9 void fr ee_dvector (double � v, long nl, long nh)

9.43.1.10 void fr ee_f3tensor(�oat ��� t, long nrl , long nrh, long ncl, long nch, long ndl, long ndh)

CG-DeveloperManual PUBLIC 112/134



CrossGridDeveloperManual- Task1.3.2

9.43.1.11 void fr ee_imatrix (int �� m, long nrl , long nrh, long ncl, long nch)

9.43.1.12 void fr ee_ivector (int � v, long nl, long nh)

9.43.1.13 void fr ee_lvector (unsignedlong � v, long nl, long nh)

9.43.1.14 void fr ee_matrix(�oat �� m, long nrl , long nrh, long ncl, long nch)

9.43.1.15 void fr ee_submatrix(�oat �� b, long nrl , long nrh, long ncl, long nch)

9.43.1.16 void fr ee_vector (�oat � v, long nl, long nh)

9.43.1.17 int �� imatrix (long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

imatrix nrerror

9.43.1.18 int � ivector (long nl, long nh)

Hereis thecall graphfor this function:

ivector nrerror

9.43.1.19 unsignedlong� lvector (long nl, long nh)

Hereis thecall graphfor this function:

lvector nrerror
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9.43.1.20 �oat �� matrix (long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

matrix nrerror

9.43.1.21 void nrerror (char error_text[ ])

9.43.1.22 �oat �� submatrix (�oat �� a, long oldrl, long oldrh, long oldcl, long oldch, long newrl, long newcl)

Hereis thecall graphfor this function:

submatrix nrerror

9.43.1.23 �oat � vector (long nl, long nh)

Hereis thecall graphfor this function:

vector nrerror
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9.44 nrutil.hpp File Reference

Functions

• void nrerror(charerror_text[ ])
• �oat � vector(longnl, long nh)
• int � ivector(longnl, long nh)
• unsignedchar� cvector(longnl, longnh)
• unsignedlong � lvector(longnl, longnh)
• double� dvector(longnl, long nh)
• �oat �� matrix (longnrl, longnrh, longncl, longnch)
• double�� dmatrix(longnrl, longnrh, long ncl, longnch)
• int �� imatrix (longnrl, longnrh, longncl, longnch)
• �oat �� submatrix(�oat �� a, longoldrl, longoldrh, longoldcl, longoldch,longnewrl, longnewcl)
• �oat �� convert_matrix(�oat � a, longnrl, long nrh, longncl, longnch)
• �oat ��� f3tensor(longnrl, longnrh, long ncl, longnch,long ndl, long ndh)
• void free_vector(�oat � v, longnl, long nh)
• void free_ivector(int � v, longnl, long nh)
• void free_cvector(unsignedchar� v, longnl, longnh)
• void free_lvector(unsignedlong � v, longnl, longnh)
• void free_dvector(double� v, longnl, long nh)
• void free_matrix(�oat �� m, long nrl, longnrh, longncl, long nch)
• void free_dmatrix(double�� m, long nrl, long nrh, longncl, long nch)
• void free_imatrix(int �� m, longnrl, longnrh, long ncl, longnch)
• void free_submatrix(�oat �� b, longnrl, longnrh, long ncl, longnch)
• void free_convert_matrix(�oat �� b, long nrl, long nrh, longncl, long nch)
• void free_f3tensor(�oat ��� t, longnrl, longnrh, long ncl, longnch,long ndl, long ndh)

9.44.1 Function Documentation

9.44.1.1 �oat �� convert_matrix (�oat � a, long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

convert_matrix nrerror

9.44.1.2 unsignedchar� cvector (long nl, long nh)

Hereis thecall graphfor this function:

cvector nrerror
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9.44.1.3 double�� dmatrix (long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

dmatrix nrerror

9.44.1.4 double� dvector (long nl, long nh)

Hereis thecall graphfor this function:

dvector nrerror

9.44.1.5 �oat ��� f3tensor (long nrl , long nrh, long ncl, long nch, long ndl, long ndh)

Hereis thecall graphfor this function:

f3tensor nrerror

9.44.1.6 void fr ee_convert_matrix (�oat �� b, long nrl , long nrh, long ncl, long nch)

9.44.1.7 void fr ee_cvector (unsignedchar � v, long nl, long nh)

9.44.1.8 void fr ee_dmatrix (double �� m, long nrl , long nrh, long ncl, long nch)

9.44.1.9 void fr ee_dvector (double � v, long nl, long nh)

9.44.1.10 void fr ee_f3tensor(�oat ��� t, long nrl , long nrh, long ncl, long nch, long ndl, long ndh)
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9.44.1.11 void fr ee_imatrix (int �� m, long nrl , long nrh, long ncl, long nch)

9.44.1.12 void fr ee_ivector (int � v, long nl, long nh)

9.44.1.13 void fr ee_lvector (unsignedlong � v, long nl, long nh)

9.44.1.14 void fr ee_matrix(�oat �� m, long nrl , long nrh, long ncl, long nch)

9.44.1.15 void fr ee_submatrix(�oat �� b, long nrl , long nrh, long ncl, long nch)

9.44.1.16 void fr ee_vector (�oat � v, long nl, long nh)

9.44.1.17 int �� imatrix (long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

imatrix nrerror

9.44.1.18 int � ivector (long nl, long nh)

Hereis thecall graphfor this function:

ivector nrerror

9.44.1.19 unsignedlong� lvector (long nl, long nh)

Hereis thecall graphfor this function:

lvector nrerror
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9.44.1.20 �oat �� matrix (long nrl , long nrh, long ncl, long nch)

Hereis thecall graphfor this function:

matrix nrerror

9.44.1.21 void nrerror (char error_text[ ])

9.44.1.22 �oat �� submatrix (�oat �� a, long oldrl, long oldrh, long oldcl, long oldch, long newrl, long newcl)

Hereis thecall graphfor this function:

submatrix nrerror

9.44.1.23 �oat � vector (long nl, long nh)

Hereis thecall graphfor this function:

vector nrerror
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9.45 Problem.hppFile Reference

Classes

• classProblem
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9.46 RCPParameters.cppFile Reference

Namespaces

• namespaceRCPParameters
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9.47 RCPParameters.hppFile Reference

Namespaces

• namespaceRCPParameters

Enumerations

• enumStoppingCriteriaType{ timeConstraint, scriptPabs, scriptPfractional, numberHse}

9.47.1 Enumeration Type Documentation

9.47.1.1 enum StoppingCriteriaType

Enumeration values:
timeConstraint

scriptPabs

scriptPfractional

numberHse
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9.48 simp1.cppFile Reference

Functions

• void simp1(double�� a, int mm, int ll[ ], int nll, int iabf, int � kp, double� bmax)

9.48.1 Function Documentation

9.48.1.1 void simp1 (double �� a, int mm, int ll [ ], int nll , int iabf, int � kp, double � bmax)
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9.49 simp2.cppFile Reference

Functions

• void simp2(double�� a, int n, int l2[ ], int nl2, int � ip, int kp, double� q1)

9.49.1 Function Documentation

9.49.1.1 void simp2 (double �� a, int n, int l2[ ], int nl2, int � ip, int kp, double � q1)
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9.50 simp3.cppFile Reference

Functions

• void simp3(double�� a, int i1, int k1, int ip, int kp)

9.50.1 Function Documentation

9.50.1.1 void simp3 (double �� a, int i1, int k1, int ip, int kp)
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9.51 simplx.cpp File Reference

Functions

• void simplx (double�� a, int m, int n, int m1, int m2, int m3, int � icase,int izrov[ ], int iposv[])

9.51.1 Function Documentation

9.51.1.1 void simplx (double �� a, int m, int n, int m1, int m2, int m3, int � icase, int izrov[ ], int iposv[ ])

Hereis thecall graphfor this function:

simplx

ivector

nrerror

simp1

simp2

simp3
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9.52 sleuth.cppFile Reference

Functions

• int sleuth(int argc,char� argv[ ])

9.52.1 Function Documentation

9.52.1.1 int sleuth (int argc, char � argv[ ])

Hereis thecall graphfor this function:

sleuth

Solution::determineAnomalousness

HseSet::generateMore

MultiChannelResult::getGothicP

BkgSet::getNevents

BkgSet::getNvars

Math::prob2sigma

Solution::show

SleuthMpiVisualize

Solution::solve
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9.53 sleuth.hppFile Reference

Functions

• int sleuth(int, char�� )

9.53.1 Function Documentation

9.53.1.1 int sleuth (int, char �� )
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9.54 Solution.cppFile Reference
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9.55 Solution.hpp File Reference

Classes

• classSolution
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9.56 zbrent.cppFile Reference

Functions

• doublezbrent(double(� func)(double,...),doublex1, doublex2, doubletol)

9.56.1 Function Documentation

9.56.1.1 double zbrent (double(� func)(double,...),double x1, double x2, double tol)

Hereis thecall graphfor this function:

zbrent nrerror
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10 Product Testing

TheMPI componenthave beeninitially testedusinga setof speciallydesigntests.Later, thewholeapplication
wastestedusingMarmot[6].

The Sleuthalgorithmhasalsobeentestedon a large ensembleof HEP data. Two setsof testswereperformed:
scalabilityandloadbalancingstudies.Bothof themwereperformedona clusterin A.SoltanInstitutefor Nuclear
Studies(INS) in Warsaw. The clusterconsistsof 5 dual AMD Athlon 2000MP+(1.7 GHz) nodesrunningRed
Hat 7.3Linux. Additionally, in loadbalancingtestsonePII 300MHz nodewasused.

Scalabilitytestsshow thatthetime of typical run with generationof 10000HSEscanbereducedfrom abouthalf
anhourwith oneworkernodeto 7 minuteswith 9 workernodes(seetab. 10.1). Becausetheapplicationis oriented
oncomputationandusesrelatively little communication,thespeedupgrowsalmostlinearlywith numberof worker
nodes(�g. 10.1). Testsof loadbalancingwereperformedin a very asymmetricalcon�guration of nodes- one

no. of workernodes time/HSE[s] speedup

1 0.197 1
2 0.133 1.5
3 0.091 2.2
4 0.070 2.8
5 0.058 3.4
6 0.054 3.6
7 0.048 4.1
8 0.044 4.5
9 0.040 5.0

Table10.1:Resultsof scalabilitytests

of theworker nodesis a PII 300MHz machinewhich was5.6 timesslower thanotherworker nodes(runningon
Athlon 1.7GHzmachines).Resultsareshown in tab. 10.2. Onecanobservethatin con�gurationwith oneworker
nodeslowdown madeby theslow nodeis equalto ratio betweenCPUpower of theslower nodeandnormalone,
while in con�gurationswith moreworkernodestheslowdown decreases.

no. of workernodes time/HSE[s] slowdown

1 1.068 5.4
3 0.259 2.8
4 0.186 2.7
6 0.126 2.3
9 0.095 2.4

Table10.2:Resultsof loadbalancingtestswith oneslowerworkernode
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Figure10.1:Speedupona local cluster
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11 EDG LicenseAgreement

Copyright (c) 2005CrossGrid.All rightsreserved.

Thissoftwareincludesvoluntarycontributionsmadeto theCrossGridProject.For moreinformationonCrossGrid,
pleaseseehttp://www.eu-crossgrid.org.

Installation,use,reproduction,display, modi�cation and redistribution of this software,with or without modi-
�cation, in sourceand binary forms, are permitted. Any exerciseof rights underthis licenseby you or your
sub-licenseesis subjectto thefollowing conditions:

1. Redistributionsof this software,with or without modi�cation, mustreproducetheabove copyright noticeand
theabovelicensestatementaswell asthis list of conditions,in thesoftware,theuserdocumentationandany other
materialsprovidedwith thesoftware.

2. Theuserdocumentation,if any, includedwith a redistribution,mustincludethefollowing notice:

Š�aÈThisproductincludessoftwaredevelopedby theCrossGridProject(http://www.eu-crossgrid.org).Š�aÉ

Alternatively, if thatis wherethird-partyacknowledgmentsnormallyappear, this acknowledgmentmustberepro-
ducedin thesoftwareitself.

3. The namesŠ�aÈCrossGridŠ�aÉandŠ�aÈCGŠ�aÉ may not be usedto endorseor promotesoftware,or products
derivedtherefrom,exceptwith prior writtenpermissionby cgof�ce@cyfronet.krakow.pl.

4. You areunderno obligationto provide anyonewith any bug �x es,patches,upgradesor othermodi�cations,
enhancementsor derivativesof the features,functionalityor performanceof this softwarethatyou maydevelop.
However, if you publishor distributeyour modi�cations,enhancementsor derivativeworkswithout contempora-
neouslyrequiringusersto enterinto a separatewritten licenseagreement,thenyou aredeemedto have granted
participantsin the CrossGridProjecta worldwide, non-exclusive, royalty-free,perpetuallicenseto install, use,
reproduce,display, modify, redistribute andsub-licenseyour modi�cations, enhancementsor derivative works,
whetherin binaryor sourcecodeform, underthelicenseconditionsstatedin this list of conditions.

5. DISCLAIMER

THIS SOFTWARE IS PROVIDED BY THE CROSSGRIDPROJECTAND CONTRIBUTORSŠ�aÈASISŠ�aÉ
AND ANY EXPRESSOR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY , OF SATISFACTORY QUALITY, AND FITNESSFORA PARTIC-
ULAR PURPOSEORUSEARE DISCLAIMED. THE CROSSGRIDPROJECTAND CONTRIBUTORSMAKE
NO REPRESENTATION THAT THE SOFTWARE, MODIFICATIONS,ENHANCEMENTSOR DERIVATIVE
WORKS THEREOF, WILL NOT INFRINGE ANY PATENT, COPYRIGHT, TRADE SECRETOR OTHER
PROPRIETARY RIGHT.

6. LIMIT ATION OFLIABILITY

THE CROSSGRIDPROJECTAND CONTRIBUTORS SHALL HAVE NO LIABILITY TO LICENSEE OR
OTHERPERSONSFORDIRECT, INDIRECT, SPECIAL,INCIDENTAL, CONSEQUENTIAL, EXEMPLARY,
OR PUNITIVE DAMAGES OF ANY CHARACTER INCLUDING, WITHOUT LIMIT ATION, PROCURE-
MENT OF SUBSTITUTEGOODSOR SERVICES, LOSSOF USE,DATA OR PROFITS,OR BUSINESSIN-
TERRUPTION, HOWEVER CAUSED AND ON ANY THEORY OF CONTRACT, WARRANTY, TORT (IN-
CLUDING NEGLIGENCE),PRODUCTLIABILITY OROTHERWISE,ARISINGIN ANY WAY OUT OFTHE
USEOFTHIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITYOF SUCHDAMAGES.
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