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Copyright Notice

Copyright (c) 2005by A.Soltan Institute for Nuclear Studies(INS). All rightsresened.

Useof this productis subjectto thetermsandlicensesstatedn the EDG licenseagreement

SLEUTH is aregisteredrademarkof Bruce Knuteson. All rightsresened.
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1 Intr oduction

The SLEUTH-Gis agrid versionof sequentiaSLEUTH algorithm,developedby B. Knutesonfrom Fermilab It

canbe usedfor evidenceof physicsbeyondthe Standardviodel in a quasi-model-independentay. It wasused
on datacollectedby Tevatron. Detaileddescriptionof the methodandresultsof searchat the DO experimentare
describedn ref. [1].

SLEUTH s analgorithmof nding regionsof excessin HEP experiments data. The excessis measuredn com-

parisonto expectedbackgroundThebackgrounds simulatedexperimentdatawhichis basedn Standardodel.

SLEUTH alsoquanti esthesigni canceof detectedxcess.Such ducial regionsarevolumesin thespacede ned

by physicalvariablessuchastrans\ersemomentaof reconstructedbjects.Theseregionscontainsomedatapoints
andexpectechumbersf backgroundvents.For eachregion of excessSLEUTH computedhe probability, thatthe

expectedbackgrounductuatesupto or beyondthelevel of realdata.lf this probabilityis small,thentheregionis

potentiallyinteresting.The probability spacds potentiallya complicatednultidimensionatistribution of physics
variablesandonly numericalapproximationof the probability is possible.SLEUTH determinest by generating
hypotheticakimilar experimentdHSESs)i.e. by generatingherandomsetsof eventsaccordingto the background
distribution andcheckinghow oftenthey areabove expectationsn the consideredpotentiallyinterestingregion.

1.1 Abbreviations and Acronyms

CrossGrid TheEU CrossGridProjectIST-2001-32243
MPI MessagéPassinginterface[ 7]

MPICH Freelyavailableimplementatiorof MPI [ 3]
MPICH-G2 Grid-enabledmplementatiorof MPICH [5]

1.2 Referencesand Source Code

Sleuth-Gsourcecodeis availableon GridPortalat:
http://saannah.fzk.de/cgi-binfewcvs.@i/crossgridcrossgid/wpl/wpl_3-hep/wpl_3_2-sleuth/

CG-DeveloperManual PUBLIC 71134
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2 Implementation Structure

2.1 ProductUseCases

SLEUTH-G canbe executedn two ways: on local clusterandin grid ervironment.In both casest requiresMPI
library. Sleuth-Gis designedo work with GRID GUI. For local runningthe shellinterfaceis provided.

. <uses>>- Lkl
Generation

Actor

<<extends>> <<extends>>

Execution on
the GRID

Local Cluster
Execution

Figure2.1: UseCasedor Sleuth-G

2.2 Product ComponentModel

The project consistof two main components:sequentialalgorithm (Sleuth) and the parallelizationpart which
enablest to berunin GRID environmentandprovidesinteroperatiorwith the GRID GUI. As the GRID GUI we
useMigrating Desktop[4].

2.3 Architecture - parallelization

Computationsof SLEUTH algorithmare performedin Master- Worker architecture. The masternodede nes
ducial regions,asksfor generatiorof HSEs,collectsthemandcomputegprobabilitiesfor regions. Worker nodes
generatéHSEs.Generatiorof eachHSEis independenof otherHSEssomary worker nodescanwork in parallel.

Theapplicationis parallelizedn suchaway thatit canadjustto thearchitectureof availableresourcesEachof the
worker nodeggetsanorderform the mastemode generatethedesirednumberof HSEsandrepeatgheseactions
until it recevesanemptyorder Thanksto thiskind of loadbalancingthereis no bottleneckeffect. Theresources
areusedef ciently evenif therearedifferencedetweemodes.

Thealgorithmwasparallelizedwvith Messae Passinginterface(MPI) [ 2]. MPI standards themainstreansolution
for parallelapplicationgn scienceandhasmary implementationsWe usedMPICH [ 3] whichis afreely available
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implementation.We testedSLEUTH with two kinds of MPICH, which are available on the CrossGridtestbed:
MPICH-P4 (usingch_p4device), working on only one clusterand grid enabledVIPICH-G2[5]. The later one

usesGlobus Toolkit 2 [7] to accesgrid resourcesand to perform securecommunicationbetweendistributed
nodes.
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Split the HSE
generation

Send a request
for a new order

Send orders for Generate the
HSE generation ordered HSEs

Gather all the
generated HSEs

Finish Sleuth
algorithm

Figure2.2: Master- Worker modelin Sleuth-Gapplication
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3 CG WP_1 3 2-SLEUTHNamespacdndex

3.1 CG_WP_1 3 2-SLEUTHNamespaced.ist

Hereis alist of all namespacesith brief descriptions:

GlobalVariables. . . . . . . . e e e 16
IQULIIITIES . . . o o e e e e 17
Math . . e 18
RCPRIrameters. . . . . . . . e e e e 28
St . . e 30
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4 CG_WP_1 3 2-SLEUTHHierar chical Index

4.1 CG_WP_1 3 2-SLEUTHClassHierarchy

Thisinheritancdist is sortedroughly, but not completelyalphabetically:

ANOMAIOUSNESS. . . . . . . o e e e e e 31
BkgSet. . . . 35
EmptyEventSet . . . . . . . L e e 46
EVeNt . . . 47

BKOEVENt . . . e e 33

DataBvent . . . . . . 41
EventSet EventType> . . . . . . . . e e e 49
EventSet BKkgEvVENt> . . . . . .. e 49

BkgSubSet . . . . . 39
EventSet DataEent> . . . . . . .. e 49

DataSet . . . . . . . 43
Math::FunctionObject . . . . . . . . . e 51
generateRequest. . . . . . . e e 52
HSe . o 53
HseSet. . . . . e e e e 54
IDNUMDbEr. . . . e e 56
Math::KeepNSmallest . . . . . . . . . e 57
Math::KeepWSmallest. . . . . . . . . . . e e 58
MALIIX . . . e e 59
MultiChannelResult . . . . . . . . . . 62
Problem . . . . . e 63
SOIULION . . . . e e e 64
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5 CG_WP_1 3 2-SLEUTHCIasslIndex

5.1 CG_WP_1 3 2-SLEUTHClassList

Herearethe classesstructs,unionsandinterfaceswith brief descriptions:

ANOMAIOUSNESS. . . . . . o e e e e e 31
BKOEVENt . . . e 33
BKgSet . . . 35
BkgSubSet . . . .. e 39
DataBvent . . . . . . 41
DataSet . . . . . . e e 43
EmptyEwventSet . . . . . . L e 46
EVeNt . . 47
EventSet EventType> . . . . . . . . e e e e e 49
Math::FunctionObject . . . . . . . . . . e 51
generateRequest. . . . . . . . e e 52
o 53
HseSet . . . . e e 54
IDNUmber . . . . e e 56
Math::KeepNSmallest . . . . . . . . . . 57
Math::KeepWSmallest. . . . . . . . . . 58
MALriX . . . e e e e 59
MultiChannelResult . . . . . . . . . . e e 62
Problem . . . . 63
SOIULION . . . o e 64
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6 CG WP 1 3 2-SLEUTHFile Index

6.1 CG_WP_1 3 2-SLEUTHFile List

Hereis alist of all les with brief descriptions:

addwiddle.Cpp . . . . . . e e 66
ANOMAlOUSNESS.CPP « « o o v e e e e e e e e 67
Anomalousness.hpp. . . . . . . 68
BKOEVENt.CPP . . . . o o o e e 69
BKOEVENt.hpp. . . . . o e e e 70
BkgSet.cpp . . . . . 71
BkgSet.hpp . . . . . . e 72
BkgSubSet.cpp. . . . . . e e 73
BkgSubSet.hpp. . . . . . . 74
CalC.CPP . . . e e e 75
CombINeSCrPtPS.CPP. . . . o o o o o e e e e 76
DataBsent.cpp . . . . . 78
DataEent.hpp . . . . . o e 79
DataSet.CPP. « . . . . e e 80
DataSet.hpp. . . . . . . e 81
EmptyEventSet.hpp . . . . o o o 82
EVENt.CPP . . . o o 83
Eventhpp . . . . 84
EventSethpp . . . . . . e e 85
GlobalVariables.cpp . . . . . . . . e e e 86
GlobalVariables.hpp . . . . . . . e e 87
Ord.CPP « - . o 88
grid.Npp . . 20
gSIeuth-0CMQ.CPP . .« . . o o o e e e e 92
gSIeUth.Cpp . . . . . e 93
HSE.CPP .« o o o o e 94
Hse hpp . . . 95
HseSet.cpp . . . . . 96
HseSet.hpp . . . . . 97
IDNUMDBELCPP . . o o o o e e e e e e e e e e 98
IDNumbethpp . . . . . o e 99
IQULIILIES.CPP - - o o o o o e e e 100
IOUtilities.hpp . . . . o o 101
JACODILCPP . . . o 102
lubkshepp . . . . . e 103
UDCMP.CPP . . o o o e 104
Math.Cpp . . . . e e e 105
Math.hpp . . . 106
MALFX.CPP . - o o e e e e e e e e e 107
MatriX.NPP . . . e e e e e e 108
MultiChannelResult.CpP . . . . . . . o o o o e e e 109
MultiChannelResult.hpp. . . . . . . . . o 110
NFULILCPP . . . o o o e e 111

CG-DeveloperManual PUBLIC 14/134



crossanrid CrossGridDeveloperManual- Task1.3.2

NrutiLhpp . . . 115
Problem.hpp . . . . . 119
RCPRIrameters.Cpp . . . . o o o ot e e e e 120
RCPRirameters.npp . . . . . . o o e e e e 121
SIMP L PP . v o o o e e e e e 122
SIMP2.CPP - - o o e e e e e e e e e e 123
SIMP3.CPP - o v e e e e e e 124
SIMPIX.CPP - o o e e 125
Sleuth.Cpp . . . . o o e 126
sleuth.hpp. . . o o e 127
SOIUtION.CPP .+« « o e e 128
Solution.hpp . . . 129
Zhrent.CpP. . . . . 130
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7 CG_WP_1_ 3 2-SLEUTHNamespaceDocumentation

7.1 GlobalVariables NamespaceReference

Variables

* int startTme=0
* int maximumR@ionSize= 50
* std::stringidString1=""

7.1.1 Variable Documentation

7.1.1.1 std::string GlobalVariables::idStringl ="

7.1.1.2 int GlobalVariables::maximumRegionSize= 50

7.1.1.3 int GlobalVariables::startTime =0
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7.2 |OUtilities NamespaceReference

Functions

« template classT> void print (std::;vectox T > vec,std::ostrean&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 the call graphfor this function:

matrix::ncols
I0Utilities::loadMatrixFromFile —>| matrix::resize
matrix::nrows

7.2.1.2 template< classT> void print (std::vector< T > veg std::ostreamé& fout = std::cout)

CG-DeveloperManual PUBLIC
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7.3 Math NamespaceReference

Classes

 classkeepNSmallest
« classkeepWSmallest
« classFunctionObject

Functions

« doublepoissonCowolutedWthPoissonintgraed (doubleb, doublewtMC, int N)

 doublepoissonCowolutedWthGaussianintgraed(doubleb, doubledeltab,int N)

« doubleprobOfThisEfect(doubleb, int N, doubledeltab=0std::stringopt="> ="

 doubleroughMagnitudeOfDiscrepagint N, doubleb, doubledeltab)

 doublebkgFromEfect (doubleeffect,int N)

« doublesigma2prol{doubles)

« doubleprob2sigmgdoublep)

» bool MPEquality(doublea, doubleb, doubletol=1.e-6)

» bool MPEquality(conststd::\vectox double> &a, conststd::vectox double> &b, doubletol=1.e-6)

 doublegasde (doublemu, doublesigma)

« std::vectok double> randMultiGausgstd::vectok double> mu, matrix &sigma)

* std::vectox double> randMultiGausgstd::vectok double> mu, std::vectok std::\vectox double> >
sigma)

 doubleexpder (doublelambda)

« int poisson(doublemu)

« int uctuate (doublemean doublesystematicError)

» doublecomputeSunfconststd::vectox double> &x)

» doublecomputeAerage(conststd::vectok double> &x)

« longdoublecomputeAreragg(std::vectox long double> x)

» doublecomputeAerage(std::vectok int > x)

» doublecomputeRMYstd::vectox double> x)

* longdoublecomputeRMSYstd::\vectox long double> x)

« doubleeffectiveNumberOfEents(conststd::vectox double> &wt)

 doublecomputeMCerrofconststd::vectox double> &wt, doubleepsilonWt=0)

» doublegamma(doublex)

« doublevolumeOfUnitSpherégint d)

« doubledistanceBetweenPoinfsonststd::\ectox double> &a, conststd::\ectox double> &b)

+ doubledistanceBetweenPoinf{sonststd::\vectox double> &a, conststd::vectox double> &b, matrix
&covarianceMatrixIw)

 doubledistanceSgdBetweenPoir{tonstdouble a,constdouble b, int n)

« doublemin (doublea, doubleb)

 doublemax(doublea, doubleb)

« std::stringftoa (doublex)

« std:vectok int > getDigits(int n, int basejnt size=0)

« std::vectok int > getDigits(int n, std::vectok int > basejnt size=0)

* std:vectok int > integerNthRoof(int a,int n)

 std:vectok std:vectok int> > permutationSefstd::vectok int > q)
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std::vectok std::vectok int > > permutationSefint n)

doubletoleranceRoungdoublex, doubletol=1)

doublesigFigRounddoublex, int nSigFigs=2)

doublenice (doublex, int addedprecision=0)

std::vectok double> linearEquationSole (matrix A, std::vectox double> B)
doublecalculateSmoothing®ametefdoublefractional\\eight,int nvars)

doubleeta?thetgdoubleeta)

doubletheta2etddoubletheta)

doublesgnpav (doublex, doublen)

void tossAvayTail (std::vectok std::vectox double> > &events,doublealpha=0)

std::vectox double> computeMediargstd::vectox std::vectox double> > events)

std::vectok std::vectok double> > computeCorrelationMatriXstd::vectok std::vectok double> >
events,doublealpha,int INorm=2)

std::vectok std::string> vectorizeStringstd::strings, std::stringseparator)

void loadMatrixFromFile(std::string lename, std::vectox std::vectoxk double> > &events)

void loadMatrixFromFileg(std::string lename, std::vectok std::\ectox double> > &events,std::vectox
double> &weights)

doubleminimize(std::vectox double> &x, FunctionObject funk, std::vectox double> dx=std::\ectox
double> (0), doubletol=1e-2)

double amotry (matrix &p, std::vectok double > &y, std::vectox double > &psum, int ndim,
FunctionObject funk, int ihi, doublefac)

void amoebgmatrix &p, std::vectox double> &y, int ndim, FunctionObject funk, doubleftol=1e-6,int
NMAX=10000)

doublebinomialError(doublep, int N)

doubledeltaR(doublephil, doubleetal,doublephi2, doubleeta2)

void makeNiceHistogramRanggtd::vectox double> a,int &nbins, double&lo, double&hi)

void makeNiceHistogramRanggonststd::vectok double> &bkgWeights,conststd::\vectox double>
&sigWeights, conststd::vectok std::vectox double> > &bkgEvents,conststd::vectok std::vectox
double > > &sigEvents, const std::\vectoxk std::\vectox double > > &dataEwents, std::\ectox
std::vectok double> > &range,std::vectok int > &nbins)

std::vectok double > putintoBins (std::vectox double > binEdges, std::vectok double > points,
std::vectox double> wt)

std::vectok int > putintoBins(std::vectox double> binEdgesstd::vectox double> points)
template classT1, classT2> void parallelBubbleSorgstd::vectox T1> &X, std::vectox T2 > &y)
templatec classT1, classT2> void parallelQuickSor{std::\vectox T1> &x, std::vectok T2 > &y)
std::vectok 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> & vy, int ndim, FunctionObject funk,

doubleftol = 1e-6,int NMAX = 10000)

Hereis the call graphfor this function:

Math::amoeba Math::amotry
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7.3.1.2 double Math::amotry (matrix & p, std::vector< double> & v, 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 the call 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 > Xx)

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

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

Hereis the call graphfor this function:

Math::computeAverage Math::computeSum

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

Hereis the call graphfor this function:

Math::computeSum
Math::computeMCerror
—

—l Math::effectiveNumberOfEvents |

7.3.1.11 std::vector< double> computeMedian(std::vector< std::vector< double> > ewentg

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

Hereis the call graphfor this function:

Math::computeRMS —>| Math::computeAverage |—>| Math::computeSum

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

Hereis the call 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 phil, double etal, double phi2, double eta?

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

7.3.1.17 double distanceBetweenBints (conststd::vector< double> & a, conststd::vector< double> &
b) [inline]
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7.3.1.18 double distanceSqdBetweenéints (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 (double eta)

7.3.1.21 double Math::expdev (double lambda)

7.3.1.22 int Math:: uctuate (double mean double systematicErroy

Hereis the call 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 (double x)

7.3.1.25 double Math::gasdev (double mu, double sigmg

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 baseint size= 0)
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7.3.1.28

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

Hereis the call graphfor this function:

7.3.1.29

7.3.1.30

7.3.1.31

7.3.1.32

7.3.1.33

7.3.1.34

Math::getFilesInDirectory

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

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

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

void Math::loadMatrixFr omFile (std::string lename, std::vector< std::vector< double> > &
ewents std::vector< double > & weightg

void Math::loadMatrixFr omFile (std::string lename, std::vector< std::vector< double> > &
ewenty

void Math::mak eNiceHistogramRangegconststd::vector< double> & bkgWeights const
std::vector< double > & sig\Weights conststd::vector< std::vector< double> > & bkgEwents
conststd::vector< std::vector< double> > & sigEwents conststd::vector< std::vector< double
> > & dataE\ents std::vector< std::vector< double> > & range std::vector< int > & nbins)

Hereis the call graphfor this function:

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

Hereis the call graphfor this function:

Math::makeNiceHistogramRange

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

7.3.1.37 double min (doublea, doubleb) [inline]

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

Hereis the call graphfor this function:

—>| Math::amoeba |—>| Math::amotry

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

Hereis the call graphfor this function:

Math::MPEquality Math::MPEquality

7.3.1.40 bool Math::MPEquality (doublea, doubleb, doubletol = 1.e-6)

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

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

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

Hereis the call 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 the call graphfor this function:

7.3.1.47 double Math::poissonCornvolutedWithGaussianintegrated(double b, double deltaly int N)

Hereis the call graphfor this function:

Math::poissonConvolutedWithGaussianintegrated —DI poissonConvolutedWithGaussian

7.3.1.48 double Math::poissonConvolutedWithPoissonintegrated(double b, double wtMC, int N)

Hereis the call graphfor this function:

Math::poissonConvolutedWithPoissonIntegrated —DI poissonConvolutedWithPoisson
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7.3.1.49 double Math::pr ob2sigma(double p)

Hereis the call 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 the call 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> > sigmg

7.3.1.54 std::vector< double> Math::randMultiGauss (std::vector< double > mu, matrix & sigma
Hereis the call graphfor this function:

Math::gasdev
Math::randMultiGauss

matrix::nrows

i

7.3.1.55 double Math::r oughMagnitudeOfDiscrepancy(int N, double b, double deltab)
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7.3.1.56 double Math::sgnpow (double x, double n)

7.3.1.57 double Math::sigFigRound (double x, int nSigFgs = 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 (double x, doubletol = 1)

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

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

7.3.1.63 double Math::v olumeOfUnitSphere (int d)

Hereis the call graphfor this function:

Math::volumeOfUnitSphere Math::gamma
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7.4 RCPParametersNamespaceReference

Variables

 intdeluglLevel=1

« std::stringhseLibraryDirectory="./"
« std::stringsaveDirectory="./"
 booluseBkgVeights= true

* booluselDs=true
 booluseSystematicErrorstrue

* booluseStatisticalErrors true

» StoppingCriteria§pestoppingCriteriaype= scriptRabs
« int allottedTime =60 60
 doublescriptRabsError=.10
 doublescriptPfractionalErros .10
 int maxNumberHse 100

7.4.1 Variable Documentation

7.4.1.1 int RCPParameters::allottedTime =60 60

7.4.1.2 int RCPParameters::detuglLevel =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 StoppingCriteriaT ype RCPParameters::stoppingCriteriaType = scriptPabs

7.4.1.9 bool RCPParameters::useBkgWeights= true

7.4.1.10 bool RCPParameters::uselDs= true

7.4.1.11 bool RCPParameters::useStatisticalErrors = true

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

8.1 Anomalousnes<lassReference

#include  <Anomalousness.hpp >

Public Member Functions

e Anomalousnes§

< Anomalousneséstd::vectox double> p N,std::vectox double> P_N,double_bigRint _Nmin,dou-
ble scriptRdouble_scriptPLo,double_scriptPHi)

* int getNmin()

 doublegetScriptR)

 doublegetp_Nmin()

« void print (std::ostrean&fout=std::cout)

8.1.1 Constructor & Destructor Documentation

8.1.1.1 Anomalousness::Anomalousnesy

8.1.1.2 Anomalousness::Anomalousnes&td::vector< double> p N, std::vector< double> P N,
double _bigP, int _Nmin, double _scriptP, double _scriptPLq double _scriptPH)

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::getScriptR)
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8.1.2.4 void Anomalousness::print(std::ostream& fout = std::cout)

Hereis the call graphfor this function:

Anomalousness::getp_Nmin |

0Utilities::print

Anomalousness::print

Thedocumentatioffor this classwasgeneratedrom thefollowing les:

« Anomalousness.hpp
« Anomalousness.cpp
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8.2 BkgEvent ClassReference

#include  <BkgEvent.hpp >
Inheritancediagramfor BkgEvent:

Event

i

BkgEvent

Collaborationdiagramfor BkgEwvent:

Event

Public Member Functions

« BkgEwvent(std::vectox double> v)
» doublegetWeight()
« void normalizeVeightTo (doublebkgSubSetWightSum)

8.2.1 Constructor & Destructor Documentation

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

Hereis the call 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 (double bkgSubSetWightSun)
Thedocumentatioffior this classwasgeneratedrom thefollowing les:

» BkgEvent.hpp
» BkgEvent.cpp
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8.3 BkgSetClassReference

#include  <BkgSet.hpp >
Collaborationdiagramfor BkgSet:

‘bkgSubSetSystematicErrorCorreIationMatrix

Public Member Functions

» BkgSet(std::string_bkgSetFileNameyool useMultipleBkgSubSetsafse)
» BkgSet(constBkgSeté&rhs)

 doublegetTotalBkgExpected) const
 doublegetErrorOnbtalBkgExpected)

« std:vectoxk BkgSubSet > getBkgSubSet§

* BkgEvent getThisEent(int i)

« int getNvars() const

« int getNevents() const

« int getNsubSet§)

« void print (std::ostrean&fout=std::cout)

» BkgSubSet getThisSubSe(int i)

* std::stringgetBkgSetFileNamé

* matrixgeneratePseudoEmts(std::vectok int > nPseudoEsnts=std::;ectok int > (0))
« bool containsContentlessSubSet§Q

« doublegetBkgUpAndDTheRightOf(std::vectox double> v)

« std::stringgetBkgCodd)

e matrix getBkgSubSetSystematicErrorCorrelationMag)ix

8.3.1 Constructor & Destructor Documentation

8.3.1.1 BkgSet::BkgSet(std::string _bkgSetHeName bool useMultipleBkgSubSets false)

Hereis the call graphfor this function:

BkgSet::getNsubSets
BkgSet::BkgSet \-I matrix::ncols |

matrix::resize

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::generatePseudoEents(std::vector< int > nPseudoEents= std::vector< int > (0))

Hereis the call graphfor this function:

-.

B matrix::nrows

matrix::ncols

matrix::deleterow f—

BkgSet::generatePseudoEvents

BkgSet::getThisSubSet

BkgSubSet::getTotalBkgExpected |

EventSet< BkgEvent >::getNvars |

BkgSet::getTotalBkgExpected |

8.3.2.3 string BkgSet::getBkgCode()

Hereis the call graphfor this function:

BkgSet::getBkgCode BkgSet::getNvars

8.3.2.4 string BkgSet::getBkgSetFileNamg)
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8.3.2.5 vector< BkgSubSet > BkgSet::getBkgSubSetg)

8.3.2.6 matrix BkgSet::getBkgSubSetSystematicEmrCorr elationMatrix ()

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

Hereis the call 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::getNsubSetg)

8.3.2.11 int BkgSet::getNvars () const

8.3.2.12 BkgEvent BkgSet::getThisEwent (int i)

8.3.2.13 BkgSubSet BkgSet::getThisSubSe{int i)

8.3.2.14 double BkgSet::getTotalBkgExpected() const
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8.3.2.15 void BkgSet::print (std::ostreamé& fout = std::cout)
Thedocumentatioffior this classwasgeneratedrom thefollowing les:

» BkgSet.hpp
« BkgSet.cpp
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8.4 BkgSubSetClassReference

#include  <BkgSubSet.hpp >
Inheritancediagramfor BkgSubSet:

| EventSet< BkgEvent > |

|

BkgSubSet

Collaboratiordiagramfor BkgSubSet:

| EventSet< BkgEvent > |

|

BkgSubSet

Public Member Functions

* BkgSubSetdouble_totalBkgExpectedjouble errorOnbtalBkgExpectedstd::string lename)
BkgSubSef{constBkgSubSe&rhs)

doublegetTotalBkgExpected) const

doublegetErrorOnbtalBkgExpected) const
doublegetBkgUpAndbTheRightOf(std::vectox double> v)

* matrixgeneratePseudoEwmts(int nPseudoEents)

8.4.1 Constructor & Destructor Documentation

8.4.1.1 BkgSubSet::BkgSubSe{double _totalBkgExpecteddouble _errorOnTotalBkgExpectedstd::string
lename)

Hereis the call graphfor this function:

J EventSet< BkgEvent >::getNevents |
v

| EventSet< BkgEvent >::getThisEvent |

BkgSubSet::BkgSubSet BkgEvent::getWeight

—l EventSet< BkgEvent >::loadEvents |

BkgEvent::normalizeWeightTo |
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8.4.1.2 BkgSubSet::BkgSubSe{constBkgSubSet& rhs)

8.4.2 Member Function Documentation

8.4.2.1 matrix BkgSubSet::generatePseudoEents(int nPseudoEent9

Hereis the call graphfor this function:

J EventSet< BkgEvent >::getNevents |

J EventSet< BkgEvent >::getNvars |

BkgSubSet::generatePseudoEvents Event::getPosition

| EventSet< BkgEvent >::getThisEvent |

BkgEvent::getWeight

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

Hereis the call graphfor this function:

J EventSet< BkgEvent >::getNevents |

BkgSubSet::getBkgUpAndToT heRightOf —DI EventSet< BkgEvent >::getNvars |

| EventSet< BkgEvent >::getThisEvent |

BkgEvent::getWeight

8.4.2.3 double BkgSubSet::getErrorOnTotalBkgExpected() const

8.4.2.4 double BkgSubSet::gettalBkgExpected() const

Thedocumentatioffior this classwasgeneratedrom thefollowing les:

* BkgSubSet.hpp
» BkgSubSet.cpp
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8.5 DataEvent ClassReference

#include  <DataEventhpp >
Inheritancediagramfor DataEent:

DataEvent

Collaborationrdiagramfor DataEent:

| Event | | IDNumber |

/Id
/

DataEvent

Public Member Functions

» DataEent(std::vectox double> v)
* IDNumbergetld()
« void print (std::ostrean&fout=std::cout)

8.5.1 Constructor & Destructor Documentation

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

Hereis the call graphfor this function:

DataEvent::DataEvent —DI vector |—>| nrerror |

8.5.2 Member Function Documentation

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

Hereis the call graphfor this function:

DataEvent::print Event::getNvars

Thedocumentatioffior this classwasgeneratedrom thefollowing les:

» DataEent.hpp
» DataEent.cpp
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8.6 DataSetClassReference

#include  <DataSet.hpp >
Inheritancediagramfor DataSet:

| EventSet< DataEvent > |

T

DataSet

Collaborationdiagramfor DataSet:

| EventSet< DataEvent > |

|

Public Member Functions

» DataSe()

DataSe{(BkgSet bkgSet)
DataSe{matrix events)
DataSe({std::string lename)
DataEent getThisEentByld(int id)

8.6.1 Constructor & Destructor Documentation

8.6.1.1 DataSet::DataSet()

8.6.1.2 DataSet::DataSet(BkgSet bkgSe}

Hereis the call graphfor this function:
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p| BkgSet::getNsubSets

BkgSet::generatePseudoEvents [

DataSet::DataSet

BkgSubSet::getErrorOnTotalBkgExpected |

EventSet< DataEvent >::loadEvents |

Math::poisson

Math::randMultiGauss

8.6.1.3 DataSet::DataSet(matrix event9

Hereis the call graphfor this function:

DataSet::DataSet —>| EventSet< DataEvent >::loadEvents

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

Hereis the call graphfor this function:

DataSet::DataSet —>| EventSet< DataEvent >::loadEvents

8.6.2 Member Function Documentation

8.6.2.1 DataEvent DataSet::getThisEwentByld (int id)
Hereis the call graphfor this function:

DataEvent::getld

DataSet::getThisEventByld —>| EventSet< DataEvent >::getNevents |

| EventSet< DataEvent >::getThisEvent |
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Thedocumentatioffior this classwasgeneratedrom thefollowing les:

» DataSet.hpp
« DataSet.cpp

CG-DeveloperManual PUBLIC 45134



CrossGridDeveloperManual- Task1.3.2

8.7 EmptyEventSetClassReference

#include  <EmptyEventSethpp >

Public Member Functions

* EmptyEwentSe()

8.7.1 Constructor & Destructor Documentation

8.7.1.1 EmptyEventSet::EmptyEventSet() [inline]
Thedocumentatiorfor this classwasgeneratedrom thefollowing le:

» EmptyEentSet.hpp
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8.8 Event ClassReference

#include  <Eventhpp >
Inheritancediagramfor Event:

|BkgEvent | | DataEvent ‘

Public Member Functions

« Event(std::vectox double> _position)

« Event& operator{Eventrhs)

doubleat (int i) const

bool operator=Event&rhs)

 conststd::vectox double> & getPosition) const
int getNvars() const

void print (std::ostrean&fout=std::cout)const

ProtectedAttrib utes

* std::vectox 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= (Eventrhs)

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

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

Hereis the call graphfor this function:

|OUtilities::print

8.8.3 Member Data Documentation

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

Thedocumentatioffior this classwasgeneratedrom thefollowing les:

» Event.hpp
» Event.cpp
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8.9 EventSek EventType> ClassTemplate Reference

#include  <EventSet.hpp >

Public Member Functions

« EventSet)

« void loadEwents(std::string lename)

« void loadEents(matrix _events)

« EventType getThisEent(inti)

« booloperator=9EventSet EventType> &rhs)
« int getNvars() const

« int getNevents() const

« void print (std::ostrean&fout=std::cout)

template< classEventType> classEventSek EventType >

8.9.1 Constructor & Destructor Documentation

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

8.9.2 Member Function Documentation

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

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

8.9.2.3 template< classEventType> EventType EventSek EventType>:.getThisEvent (int i)

8.9.2.4 template< classEventType> void EventSek EventType > ::loadEvents(matrix _ewenty

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

8.9.2.7 template< classEventType> void EventSek EventType> ::print (std::ostreamé& fout = std::cout)
Thedocumentatiorfor this classwasgeneratedrom thefollowing le:

» EventSet.hpp
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8.10 Math::FunctionObject ClassReference

#include  <Math.hpp >

Public Member Functions

* FunctionObject)
« virtual doubleoperator()conststd::vectox 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]

Thedocumentatioffior this classwasgeneratedrom thefollowing le:

* Math.hpp
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8.11 generateRequesttruct Reference

#include <grid.hpp >

Public Attrib utes

e intn
* longtag

8.11.1 Member Data Documentation

8.11.1.1 int generateRequest::n

8.11.1.2 long generateRequest::tag

Thedocumentatioffor this structwasgeneratedrom thefollowing le:

* grid.hpp
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8.12 HseClassReference

#include  <Hse.hpp >

Public Member Functions

» Hse(std::\ectox double> _effects=std::ectox double> (0))
* std::vectok double> getEfects()
 doubleisDataMoreAnomalougoubleeffect, 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(double effect int i) [inline]
Thedocumentatioffor this classwasgeneratedrom thefollowing les:

* Hse.hpp
* Hse.cpp
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8.13 HseSetClassReference

#include  <HseSet.hpp >
Collaborationrdiagramfor HseSet:

/ \ bkgSubSetSystematicErrorCorrelationMatrix
AN

/
| hseSet1Sorted | BkgSet
\

s
bkgSet
\ s 9

\ 7

Public Member Functions

* HseSe(BkgSet bkgSet)
* AnomalousnesdetermineAnomalousneséstd::\vectox double> p_N)
« void generateMor¢int n=100)

Static Public Member Functions

« std::stringdetermineHseSetNan{BkgSet bkgSet)

8.13.1 Constructor & Destructor Documentation

8.13.1.1 HseSet::HseSe({BkgSet bkgSe}

Hereis the call graphfor this function:

BkgSet::getBkgCode
BkgSet::getNvars
| HseSet::determineHseSetName

v —~—

HseSet::HseSet | BkgSet::getTotalBkgExpected |

HseSet::generateMore
gridGeneration

8.13.2 Member Function Documentation
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8.13.2.1 AnomalousnesHseSet::determineAnomalousnesgtd::vector< double> p_N)

Hereis the call graphfor this function:

HseSet::generateMore |—>| gridGeneration |
progressGraphs makelmagesFromROOT

HseSet::determineAnomalousness

8.13.2.2 string HseSet::.determineHseSetNamBkgSet bkgSe} [ static]

BkgSet::getBkgCode
BkgSet::getNvars

SN

| BkgSet::getTotalBkgExpected |

Hereis the call graphfor this function:

HseSet::determineHseSetName

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

Hereis the call graphfor this function:

HseSet::generateMore gridGeneration

Thedocumentatioffor this classwasgeneratedrom thefollowing les:

» HseSet.hpp
* HseSet.cpp
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8.14 IDNumber ClassReference

#include  <IDNumber.hpp >

Public Member Functions

e IDNumber(int _id)
 bool operator==constiIDNumber&rhs)

Friends

* std::ostrean& operator< (std::ostrean&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== (constIDNumber & rhs)

8.14.3 Friends And Related Function Documentation

8.14.3.1 std::ostream& operator<< (std::ostreamé& os constIDNumber & rhs) [friend]
Thedocumentatioffor this classwasgeneratedrom thefollowing les:

* IDNumberhpp
* IDNumbercpp
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8.15 Math::K eepNSmallesClassReference

#include  <Math.hpp >

Public Member Functions

* KeepNSmallesfint N)

void update(doublevalue,int number)
« std::vectok int > getNumberg)

* std::vectox double> getValues()

8.15.1 Constructor & Destructor Documentation

8.15.1.1 Math::K eepNSmallest::keepNSmalles{int N)

8.15.2 Member Function Documentation

8.15.2.1 std::vector<int> Math::K eepNSmallest::getNumberg)

8.15.2.2 std::vector< double> Math::K eepNSmallest::get\alues()

8.15.2.3 void Math::K eepNSmallest::updatgdouble value, int number)
Thedocumentatiorfor this classwasgeneratedrom thefollowing le:

* Math.hpp
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8.16 Math::K eepWSmallestClassReference

#include  <Math.hpp >

Public Member Functions

» KeepWSmallestdoubleW, int N=0)

void update(doublevalue,int numberdoubleweight=1)
« std::vectok int > getNumberg)

* std::vectox double> getValues()

8.16.1 Constructor & Destructor Documentation

8.16.1.1 Math::K eepWSmallest::KeepWSmalles{double W, int N = 0)

8.16.2 Member Function Documentation

8.16.2.1 std::vector<int> Math::K eepWSmallest::getNumberg)

8.16.2.2 std::vector< double> Math::K eepWSmallest::get\alues()

8.16.2.3 void Math::K eepWSmallest::update(double value, int number, double weight = 1)
Thedocumentatiorfor this classwasgeneratedrom thefollowing le:

» Math.hpp
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8.17 matrix ClassReference

#include  <matrix.hpp >

Public Member Functions

e matrix (int n=1,int m=1)

« void resize(int n, int m)

* int nrows () const

« int ncols() const

« std::vectox double> & operator| (int row)
e matrix & operators(matrix rhs)

« void deletecolumrint n)

« void deleterav (int n)

« void print ()

* matrix power (doublen)

« matrix safelrverse(double&determinant)
« doubledet()

8.17.1 Constructor & Destructor Documentation

8.17.1.1 matrix:;:matrix (intn=1,int m=1)

8.17.2 Member Function Documentation

8.17.2.1 void matrix::deletecolumn (int n)

Hereis the call graphfor this function:

matrix::ncols

—DI matrix::resize

matrix::deletecolumn

matrix::nrows
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8.17.2.2 void matrix::deleter ow (int n)

Hereis the call graphfor this function:

matrix::ncols

matrix::deleterow

—DI matrix::resize

matrix::nrows

8.17.2.3 double matrix::det ()

Hereis the call graphfor this function:

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 the call graphfor this function:

matrix::ncols

—>| matrix::resize

matrix::operator=

matrix::nrows

8.17.2.7 ]

vectok double> & matrix::operator] (int row)
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8.17.2.8 matrix matrix::po wer (doublen)
Hereis the call graphfor this function:
;I‘ matrix::nrows
\
| matrix::resize |—>| matrix::ncols |

8.17.2.9 void matrix::print ()

Hereis the call graphfor this function:

matrix::ncols

matrix::nrows

I

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

Hereis the call graphfor this function:

matrix::ncols
matrix::nrows

matrix::resize

|

8.17.2.11 matrix matrix::safeln verse(double & determinan)
Hereis the call graphfor this function:

atrix::matrix

matrix::safelnverse

matrix::ncols

il

matrix::nrows

Thedocumentatioffor this classwasgeneratedrom thefollowing les:

* matrix.hpp
* matrix.cpp
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8.18 MultiChannelResult ClassReference

#include < MultiChannelResult.hpp >

Public Member Functions

* MultiChannelResul{std::string leName)
 doublegetGothicR)

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 the call graphfor this function:

P
MultiChannelResult::getGothicP —DI Math::probOfThisEffect |—>| Math::sigma2prob

Math::sigFigRound

Thedocumentatioffior this classwasgeneratedrom thefollowing les:

* MultiChannelResult.hpp
e MultiChannelResult.cpp
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8.19 Problem ClassReference

#include  <Problem.hpp >
Collaborationdiagramfor Problem:

EventSet< DataEvent >

\bkgSubSetSystematicErrorCorreIationMatrix

~
DataSet

N
\bkgSet P “dataSet

\ s

Problem

Public Member Functions

Problem(DataSet _dataSetBkgSet _bkgSetRegionCriteria_regionCriteria)
DataSet getDataSef) const

BkgSet getBkgSe() const

» RegionCriteriagetRe@ionCriteria() const

8.19.1 Constructor & Destructor Documentation

8.19.1.1 Problem::Problem(DataSet _dataSetBkgSet _bkgSetRegionCriteria _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
Thedocumentatiorfor this classwasgeneratedrom thefollowing le:

» Problem.hpp
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8.20 Solution ClassReference

#include  <Solution.hpp >
Collaborationrdiagramfor Solution:

EventSet< DataEvent >

\bkgSubSetSystematicErrorCorreIationMatrix

| BkQ;Set | | Anomalousness | | DataSet |

> bkgSet anomalousness . dataSet
N | P
AN

[ souion |
Public Member Functions

» Solution(DataSet dataSetBkgSet bkgSet)

« void solve ()

« void determineAnomalousnegdseSet hseSet)
« void show ()

« void hseDFile (std::ofstrean&fhse)

* std::vectox double> getp_N()

8.20.1 Constructor & Destructor Documentation

8.20.1.1 Solution::Solution (DataSet dataSetBkgSet bkgSe}

8.20.2 Member Function Documentation

8.20.2.1 void Solution::determineAnomalousnesgHseSet hseSex

Hereis the call graphfor this function:

HseSet::generateMore |—>| gridGeneration |

Solution::determineAnomalousness —>| HseSet::determineAnomalousness L
\-I progressGraphs |—>| makelmagesFromROOT |

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

Hereis the call graphfor this function:

Solution::hseToFile 10Utilities::print

8.20.2.4 void Solution::show ()

Hereis the call graphfor this function:

| BkgSet::getErrorOnTotalBkgExpected |

DataEvent::getld
Anomalousness::getNmin

Anomalousness::getScriptP |

Solution::show
—

| EventSet< DataEvent >::getThisEvent |

BkgSet::getTotalBkgExpected |

DataEvent::print
Anomalousness::print

Event::getNvars

Anomalousness::getp_Nmin |

10Utilities::print

8.20.2.5 void Solution::solve ()

Hereis the call graphfor this function:

J BkgSet::getBkgUpAndToT heRightOf |—>| BkgSet::getNvars

J EventSet< DataEvent >::getNevents |

Solution::solve Event::getPosition

| EventSet< DataEvent >::getThisEvent |

DataEvent::print Event::getNvars

Thedocumentatioffor this classwasgeneratedrom 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

* namespacstd

Functions

* intmain()

Variables

« conststringscriptPsFile= "scriptPs.txt"

9.1.1 Function Documentation

9.1.1.1 int main ()

Hereis the call graphfor this function:

Math::sigma2prob

9.1.2 Variable Documentation

9.1.2.1 conststring scriptPsFile = "scriptPs.txt"
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9.2 Anomalousness.cpp-ile Reference
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9.3 Anomalousness.hpg-ile 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 doublederf_ (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 amgv[])

9.10.1 Function Documentation

9.10.1.1 int main (int argc, char argV ])
Hereis the call graphfor this function:

# Math::sigma2prob
Math::probOfThisEffect
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9.11 combineScriptPs.cppFile Reference

Functions

« void execute(stringcommand)

« void xprecision (ostream&fout, doublex)

« void combineScriptP$string parentDirectorystring childDirectory)
* int main()

Variables

» ofstreamftex

9.11.1 Function Documentation

9.11.1.1 void combineScriptPs(string parentDirectory string childDirectory)

Hereis the call graphfor this function:

combineScriptPs —DI Math::prob2sigma |—>| Math::sigma2prob

9.11.1.2 void execute(string command
9.11.1.3 void xpr ecision(ostreamé& fout, double x)

9.11.1.4 int main ()

Hereis the call graphfor this function:

combineScriptPs
/ j Math::prob2sigma |—>| Math::sigma2prob

\ execute

fixprecision
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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

 classDataEent
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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

* classEmptyEwentSet
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9.17 Event.cppFile Reference
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9.18 Event.hpp File Reference

Classes

 classEvent
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9.19 EventSet.hppFile Reference

Classes

 classEventSet
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9.20 GlobalVariables.cppFile Reference

Namespaces

* namespac6&lobalVariables
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9.21 GlobalVariables.hppFile Reference

Namespaces

* namespac6&lobalVariables
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9.22 grid.cpp File Reference

Functions

« void makelmagesFromROQOT (TCarvas cl,stringname)

« void progressGraphént n, double dynTimeVector double dynHSE\éctor double dynScriptP\éctor,
double dynScriptPHi\éctor double dynScriptPLo\éctor)

« int SleuthMpiMsualize(BkgSet bkgSetDataSet dataSet)

« void SleuthMpiEnd(int np)

« void gridGeneratior{int n, vectoxk Hse> &hseSetlyectoxk Hse> &hseSet2)

9.22.1 Function Documentation

9.22.1.1 void gridGeneration (int n, vector< Hse> & hseSetlvector< Hse> & hseSet?

9.22.1.2 void makelmagesFomROOT (TCanvas cl, string name

9.22.1.3 void progressGraphg(int n, double dynTime\ector, double dynHSE\ector, double
dynScriptP\éctor, double dynScriptPHi\éctor, double dynScriptPLo\éctor)

Hereis the call graphfor this function:

progressGraphs —PI makelmagesFromROOT

9.22.1.4 void SleuthMpiEnd (int np)

9.22.1.5 int SleuthMpiVisualize (BkgSet bkgSetDataSet dataSe}

Hereis the call graphfor this function:
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J EventSet< DataEvent >::getNevents |
Q4

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

Classes

« structgenerateRequest

Functions

« void progressGraph@nt, double , double , double , double , double )
« int SleuthMpiMsualize(BkgSet bkgSetDataSet dataSet)

« void SleuthMpiEnd(int np)

« void gridGeneratior{int, vectox Hse> &, vectok Hse> &)

9.23.1 Function Documentation

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

9.23.1.2 void progressGraphgint, double , double , double , double , double )

Hereis the call graphfor this function:

progressGraphs —>| makelmagesFromROOT

9.23.1.3 void SleuthMpiEnd (int np)

9.23.1.4 int SleuthMpiVisualize (BkgSet bkgSefDataSet dataSe}

Hereis the call graphfor this function:
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J EventSet< DataEvent >::getNevents |

| EventSet< DataEvent >::getThisEvent |

BkgSet::getThisEvent

CG-DereloperManual
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9.24 gSleuth-ocmgcpp File Reference

Functions

« int main(int argc, char amgv[])

9.24.1 Function Documentation

9.24.1.1 int main (int argc, char argV ])
Hereis the call graphfor this function:

Solution::getp_N
/ J BkgSet::getBkgUpAndToTheRightOf |—>| BkgSet::getNvars

[ e S
SleuthMpiEnd
Solution::solve

J EventSet< DataEvent >::getNevents |

Event::getPosition

| EventSet< DataEvent >::getThisEvent |

DataEvent::print

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 the call graphfor this function:

Solution::getp_N
/ J BkgSet::getBkgUpAndToTheRightOf |—>| BkgSet::getNvars

[ e S
SleuthMpiEnd
Solution::solve

J EventSet< DataEvent >::getNevents |

Event::getPosition

| EventSet< DataEvent >::getThisEvent |

DataEvent::print

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
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9.30 IDNumber.cpp File Reference

Functions

 ostream& operatok< (ostream&os, constiDNumber&rhs)

9.30.1 Function Documentation

9.30.1.1 ostreamé& operator<< (std::ostreamé& os constIDNumber & rhs)
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9.31 IDNumber.hpp File Reference

Classes

 classIDNumber
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9.32 |0Utilities.cpp File Reference
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9.33 |0Utilities.hpp File Reference

Namespaces

« namespac#OUtilities
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9.34 jacobi.cpp File Reference

Functions

« void jacobi(matrix &a, int n, vectox 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

 voidlubksb(oat a,intn,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

e voidludcmp(oat a,intn,int indx, oat d)

9.36.1 Function Documentation

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

Hereis the call graphfor this function:

free_vector
ludcmp
nrerror
vector
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9.37 Math.cpp File Reference

Functions

« doublepoissonCowolutedWthPoissor(doublex, void params)
« doublepoissonCowolutedWthGaussiarfdoublex, void params)

9.37.1 Function Documentation

9.37.1.1 double poissonCowolutedWithGaussian(double x, void paramg

9.37.1.2 double poissonCowolutedWithPoisson(double x, void paramg
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9.38 Math.hpp File Reference

Namespaces

e namespac®lath
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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::vectox double> &d, matrix &v)
« template classT> void print (std::vectox T > vec,std::ostrean&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 > veg 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 doublederf_(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_tet[])

e oat vector(longnl, longnh)

 int ivector(longnl, longnh)

« unsignecchar cvector(longnl, longnh)

 unsignedong Ivector(longnl, longnh)

 double dvector(longnl, longnh)

e« oat  matrix (longnrl, long nrh,long ncl, long nch)

e double dmatrix(longnrl, longnrh,longncl, long nch)

e int  imatrix (longnrl, long nrh, long ncl, long nch)

e« oat submatrix(oat a,longoldrl, longoldrh,longoldcl, longoldch,long newrl, long newcl)
e oat corvert_matrix(oat a,longnrl, longnrh,longncl,longnch)

e oat f3tensor(long nrl, long nrh, long ncl, long nch,long ndl, long ndh)
« void free_\ector( oat v, longnl, longnh)

« void free_wector(int v, longnl, long nh)

« void free_cwector(unsignecthar v, longnl, long nh)

« void free_Iector(unsignedong v, longnl, longnh)

« void free_dector(double v, longnl, long nh)

« void free_matrix(oat  m,longnrl, longnrh,longncl, long nch)

« void free_dmatrixdouble m,longnrl, longnrh,longncl, long nch)

« void free_imatrix(int  m, longnrl, longnrh,long ncl, long nch)

« void free_submatriX oat b, longnrl, long nrh, long ncl, long nch)

« void free_cowert_matrix(oat b, longnrl, long nrh,long ncl, long nch)

« void free_f3tensof oat t, longnrl, long nrh, long ncl, long nch,long ndl, long ndh)

9.43.1 Function Documentation

9.43.1.1 oat convert_matrix (oat a,longnrl, long nrh, long ncl, long nch)

Hereis the call graphfor this function:

convert_matrix nrerror

9.43.1.2 unsignedchar cvector (long nl, long nh)

Hereis the call graphfor this function:

cvector nrerror

CG-DeveloperManual PUBLIC 1114134



CrossGridDeveloperManual- Task1.3.2

9.43.1.3 double dmatrix (long nrl, long nrh, long ncl, long nch)

Hereis the call graphfor this function:

dmatrix nrerror

9.43.1.4 double dvector (long nl, long nh)

Hereis the call graphfor this function:

dvector nrerror

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

Hereis the call graphfor this function:

f3tensor nrerror

9.43.1.6 void free_cowrert_matrix (oat b, long nrl, long nrh, long ncl, long nch)

9.43.1.7 void free_cwector (unsignedchar v, long nl, long nh)

9.43.1.8 void free_dmatrix(double  m, long nrl, long nrh, long ncl, long nch)

9.43.1.9 void free_dwector (double v, longnl, long nh)

9.43.1.10 void free_f3tensor( oat t, long nrl, long nrh, long ncl, long nch, long ndl, long ndh)
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9.43.1.11 void free_imatrix (int  m, long nrl, long nrh, long ncl, long nch)

9.43.1.12 void free_vector(int v, longnl, long nh)

9.43.1.13 void free_hector (unsignedlong v, long nl, long nh)

9.43.1.14 void free_matrix(oat  m, long nrl, long nrh, long ncl, long nch)

9.43.1.15 void free_submatrix(oat b, long nrl, long nrh, long ncl, long nch)

9.43.1.16 void free_\ector (oat v, longnl, long nh)

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

Hereis the call graphfor this function:

9.43.1.18 int ivector (long nl, long nh)
Hereis the call graphfor this function:

9.43.1.19 unsignedlong Ivector (long nl, long nh)

Hereis the call graphfor this function:

Ivector nrerror
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9.43.1.20 oat matrix (longnrl, long nrh, long ncl, long nch)

Hereis the call graphfor this function:

matrix nrerror

9.43.1.21 void nrerror (char error_tex{])

9.43.1.22 oat submatrix (oat a,longoldrl, longoldrh, long oldcl, long oldch, long newrl, long newc)

Hereis the call graphfor this function:

9.43.1.23 oat vector (longnl, long nh)
Hereis the call graphfor this function:
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9.44 nrutil.hpp File Reference

Functions

« void nrerror(charerror_tet[])

e oat vector(longnl, longnh)

 int ivector(longnl, longnh)

« unsignecchar cvector(longnl, longnh)

 unsignedong Ivector(longnl, longnh)

 double dvector(longnl, longnh)

e« oat  matrix (longnrl, long nrh,long ncl, long nch)

e double dmatrix(longnrl, longnrh,longncl, long nch)

e int  imatrix (longnrl, long nrh, long ncl, long nch)

e« oat submatrix(oat a,longoldrl, longoldrh,longoldcl, longoldch,long newrl, long newcl)
e oat corvert_matrix(oat a,longnrl, longnrh,longncl,longnch)

e oat f3tensor(long nrl, long nrh, long ncl, long nch,long ndl, long ndh)
« void free_\ector( oat v, longnl, longnh)

« void free_wector(int v, longnl, long nh)

« void free_cwector(unsignecthar v, longnl, long nh)

« void free_Iector(unsignedong v, longnl, longnh)

« void free_dector(double v, longnl, long nh)

« void free_matrix(oat  m,longnrl, longnrh,longncl, long nch)

« void free_dmatrixdouble m,longnrl, longnrh,longncl, long nch)

« void free_imatrix(int  m, longnrl, longnrh,long ncl, long nch)

« void free_submatriX oat b, longnrl, long nrh, long ncl, long nch)

« void free_cowert_matrix(oat b, longnrl, long nrh,long ncl, long nch)

« void free_f3tensof oat t, longnrl, long nrh, long ncl, long nch,long ndl, long ndh)

9.44.1 Function Documentation

9.44.1.1 oat convert_matrix (oat a,longnrl, long nrh, long ncl, long nch)

Hereis the call graphfor this function:

convert_matrix nrerror

9.44.1.2 unsignedchar cvector (long nl, long nh)

Hereis the call graphfor this function:

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

Hereis the call graphfor this function:

dmatrix nrerror

9.44.1.4 double dvector (long nl, long nh)

Hereis the call graphfor this function:

dvector nrerror

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

Hereis the call graphfor this function:

f3tensor nrerror

9.44.1.6 void free_cowrert_matrix (oat b, long nrl, long nrh, long ncl, long nch)

9.44.1.7 void free_cwector (unsignedchar v, long nl, long nh)

9.44.1.8 void free_dmatrix (double  m, long nrl, long nrh, long ncl, long nch)

9.44.1.9 void free_dwector (double v, longnl, long nh)

9.44.1.10 void free_f3tensor( oat t, long nrl, long nrh, long ncl, long nch, long ndl, long ndh)
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9.44.1.11 void free_imatrix (int  m, long nrl, long nrh, long ncl, long nch)

9.44.1.12 void free_vector(int v, longnl, long nh)

9.44.1.13 void free_hector (unsignedlong v, long nl, long nh)

9.44.1.14 void free_matrix(oat  m, long nrl, long nrh, long ncl, long nch)

9.44.1.15 void free_submatrix(oat b, long nrl, long nrh, long ncl, long nch)

9.44.1.16 void free_\ector (oat v, longnl, long nh)

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

Hereis the call graphfor this function:

9.44.1.18 int ivector (long nl, long nh)
Hereis the call graphfor this function:

9.44.1.19 unsignedlong Ivector (long nl, long nh)

Hereis the call graphfor this function:

Ivector nrerror
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9.44.1.20 oat matrix (longnrl, long nrh, long ncl, long nch)

Hereis the call graphfor this function:

matrix nrerror

9.44.1.21 void nrerror (char error_tex{])

9.44.1.22 oat submatrix (oat a,longoldrl, longoldrh, long oldcl, long oldch, long newrl, long newc)

Hereis the call graphfor this function:

9.44.1.23 oat vector (longnl, long nh)
Hereis the call graphfor this function:
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9.45 Problem.hppFile Reference

Classes

« classProblem
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9.46 RCPParameters.cppFile Reference

Namespaces

* namespac&CPRrameters
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9.47 RCPParameters.hppFile Reference

Namespaces

* namespac&CPRrameters

Enumerations

« enumsStoppingCriteriaype{ timeConstraintscriptRabs scriptPfractionglnumberHsé

9.47.1 Enumeration Type Documentation

9.47.1.1 enum StoppingCriteriaT ype
Enumeration values:

timeConstraint

scriptPabs

scriptPfractional

numberHse
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9.48 simpl.cppFile Reference

Functions

« void simpl(double a,int mm,intll[ ], int nll, int iabf, int kp, double bmax)

9.48.1 Function Documentation

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

Functions

« void simp2(double a,intn,intl2[], intnl2,int ip, int kp, double gl)

9.49.1 Function Documentation

9.49.1.1 void simp2(double a,int n,int I2[], int nI2,int ip, int kp, double q1l)
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9.50 simp3.cppFile Reference

Functions

« void simp3(double a,intil, intkl,intip, int kp)

9.50.1 Function Documentation

9.50.1.1 void simp3(double a,intil,int ki, int ip, int kp)
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9.51 simplx.cpp File Reference

Functions

« void simplx (double a,int m,intn,int m1,int m2,int m3,int icase,ntizrov[], intiposv([])

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 ipos\{])

Hereis the call graphfor this function:

ivector

nrerror
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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 the call graphfor this function:

| Solution::determineAnomalousness |

HseSet::generateMore

J MultiChannelResult::getGothicP |

BkgSet::getNevents

SleuthMpiVisualize
Math::prob2sigma
Solution::show

sleuth

BkgSet::getNvars

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 )

CG-DeveloperManual PUBLIC 127134



CrossGridDeveloperManual- Task1.3.2

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)(dauble,..), doublex1, doublex2, doubletol)

9.56.1 Function Documentation

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

Hereis the call graphfor this function:

zbrent nrerror
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10 Product Testing

The MPI componenthave beeninitially testedusinga setof speciallydesigntests. Later, the whole application
wastestedusingMarmot[6].

The Sleuthalgorithm hasalso beentestedon a large ensembleof HEP data. Two setsof testswere performed:
scalabilityandloadbalancingstudies.Both of themwereperformedon a clusterin A.SoltanInstitutefor Nuclear
Studies(INS) in Warsav. The clusterconsistsof 5 dual AMD Athlon 2000MP+(1.7 GHz) nodesrunning Red
Hat 7.3 Linux. Additionally, in load balancingestsonePIl 300 MHz nodewasused.

Scalabilitytestsshaw thatthetime of typical run with generatiorof 10000HSEscanbe reducedrom abouthalf
anhourwith oneworker nodeto 7 minuteswith 9 workernodegseetah 10.1). Becauseheapplicationis oriented
oncomputatiorandusegelatively little communicationthespeedugrows almostlinearlywith numberof worker
nodes(g. 10.1). Testsof loadbalancingwereperformedin a very asymmetricabon guration of nodes- one

| no. of workernodes| time/HSE[s] | speedup|

1 0.197 1

2 0.133 15
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 the worker nodesis a Pll 300 MHz machinewhich was5.6 timesslower thanotherworker nodes(runningon
Athlon 1.7 GHz machines)Resultsareshavn in tah 10.2 Onecanobsenethatin con gurationwith oneworker
nodeslowdown madeby the slow nodeis equalto ratio betweenCPU power of the slower nodeandnormalone,
while in con gurationswith moreworker nodesthe slovdown decreases.

| no. of workernodes| time/HSE[s] | slowdown |

1 1.068 54
3 0.259 2.8
4 0.186 2.7
6 0.126 2.3
9 0.095 2.4

Table10.2: Resultsof loadbalancingtestswith oneslowver worker node
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Figure10.1: Speedumnalocal cluster
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11 EDG LicenseAgreement

Copyright (c) 2005CrossGrid All rightsresened.

This softwareincludesvoluntarycontributionsmadeto the CrossGridProject.For moreinformationon CrossGrid,
pleaseseehttp://www.eu-crossgrid.ay.

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

1. Redistritutionsof this software,with or without modi cation, mustreproducehe above copyright noticeand
theabovelicensestatemenaswell asthislist of conditions,in the software,the userdocumentatiomndary other
materialgprovidedwith the software.

2. Theuserdocumentationif ary, includedwith aredistritution, mustincludethe following notice:
SaEThisproductincludessoftwaredevelopedby the CrossGridProject(http://www.eu-crossgrid.ay).SaE

Alternatively, if thatis wherethird-partyacknavledgmentsiormally appearthis acknavledgmenimustberepro-
ducedin the softwareitself.

3. The namesSaECrossGrid8E and SaECG&E may not be usedto endorseor promotesoftware, or products
derivedtherefromexceptwith prior written permissiorby cgof ce@cyfronet.kralow.pl.

4. You areunderno obligationto provide anyonewith ary bug x es,patchesupgradesor othermodi cations,

enhancementsr derivativesof the featuresfunctionality or performanceof this softwarethatyou may develop.

However, if you publishor distribute your modi cations,enhancementsr derivative works without contempora-
neouslyrequiringusersto enterinto a separatevritten licenseagreementthenyou aredeemedo have granted
participantsin the CrossGridProjecta worldwide, non-exclusive, royalty-free, perpetualicenseto install, use,

reproducedisplay modify, redistritute and sub-licenseyour modi cations, enhancementsr derivative works,

whetherin binaryor sourcecodeform, underthelicenseconditionsstatedn thislist of conditions.

5. DISCLAIMER

THIS SOFTWARE IS PROVIDED BY THE CROSSGRIDPROJECTAND CONTRIBUTORS SaEAS ISSaE
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 REPRESENATION THAT THE SOFTWARE, MODIFICATIONS, ENHANCEMENTSOR DERIVATIVE
WORKS THEREOF WILL NOT INFRINGE ANY PATENT, COPYRIGHT TRADE SECRETOR OTHER
PROPRIETARY RIGHT.

6. LIMIT ATION OF LIABILITY

THE CROSSGRIDPROJECTAND CONTRIBUTORS SHALL HAVE NO LIABILITY TO LICENSEE OR
OTHER PERSONS-ORDIRECT, INDIRECT, SPECIAL,INCIDENTAL, CONSEQJENTIAL, EXEMPLARY,
OR PUNITIVE DAMAGES OF ANY CHARACTER INCLUDING, WITHOUT LIMIT ATION, PROCURE-
MENT OF SUBSTITUTEGOODSOR SER/ICES, 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
USEOF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCHDAMA GES.
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