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Chapter 1: Overview
1.1 What isHTL?

The HistogramTemplateLibrary (HTL) is a C++ classlibrary that provides powerful histogramming
functionality As thenamesuggestsit exploits the templatefacility of C++ andis designedo be com-

pact, extensible,modularand performant. As suchit only dealswith histograms- i.e. binneddata-

andnotunbinnedor “Ntuple” data.Furthermorealthoughsimplefile-based/O and“lineprinter” output
aresupportedjt is decoupledrom moreadvancedl/O andvisualisationtechniques.Iin the context of

LHC++, suchcapabilitiesareprovided by othercomponentshatfully interoperatevith HTL.

In the High Enegy Physics(HEP) community the HBOOK packagéhasbeenthe de-factostandardor
histogrammindgor mary years. This manualis written assuminga basicfamiliarity with HBOOK (see
Tablel.1).

HTL itself offersthe histogrammindeaturesof HBOOK aswell asa numberof usefulextensionswith
anobject-orientedO-0) approachThesefeaturedncludethefollowing:

e bookingandfilling of 1D, 2D andprofile histograms;
e computatiorof statisticssuchasthe meanor rmsof a histogram;
e supportfor operationdbetweerhistograms;

¢ browsingof andaccesgo characteristicef individual histograms.

This packageeplaceghehistOOgrampackage anearlierC++ clasdlibrary for histogramsThemajor

functionalinnovation over the previous packagearethe supportfor differentkinds of bins, the support
of both persistentaindtransient(i.e. in-memory)histogramsat runtime andthe definition of anabstract
histograminterface.

As aresult,it is now possibleto work with transientiistogramsndsubsequentigaze someor all of them
in adatabasaspersistenhistogramsn avery simpleandnaturalway (thussimulatingsocalledexplicit
I/0). This clearly hassignificantperformancedwantagesparticularlyin the areaof filling operations.

It is alsopossibleto work with transienthistogramsonly. Thesemay be printedor storedin files - the
latter usinga simple ASCII table format that can be readily usedby widely availabletools, including
PAW or Excel.

The definition of anabstracthistograminterfaceallows functionality thatis provided by externalpack-
agessuchasplotting or fitting, to be decoupledrom the actualimplementatiorof the histogram.This
featurepavestheway for co-existenceof differenthistogrampackageshatconformto theabstracinter
face.

Tablel.1: HBOOK routinesandtheir HTL equialent

HBOOKname HTL equivalent

HBOOK1 HistolD
HBOOK?2 Histo2D
HFILL £i11 method
HPRINT print method
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1.2 Useof templates

Although HTL usestemplatesnternally a smallsetof ‘userclasses’areprovided. Thesehave a very
familiar (i.e. HBOOK:-like) look-and-feelandeliminatethe needfor usersto be exposedo templates.

Neverthelessthe packagestill requiresadequatéemplatesupportat the C++ compilerlevel. More
detailsaregivenin AppendixA.

1.3 Motivation

Whenthe existing HistOOgrampackagewas implemented compilersthat provided adequatesupport
for templatesverenot widely available. TemplatesandothermodernC++ featurescanoffer significant
adwantagesin thecaseof HTL, thesecanbesummariseds:

e increasegerformance;
¢ greaterflexibility andmaintainability;

¢ the supportof both persistentandtransienthistogramsat runtime. Both provide similar features
andaregeneratedrom the samesourcefiles;

e amoreO-0 approachwhichin turnresultsin betterencapsulatiomndmoredecoupling.

Thesessuesgspeciallythe maintainabilityandhigh degreeof decoupling areof particularimportance
to very long-termprojects,suchasthoseat the LHC, wherechangeandmigrationmustbe assumeénd
plannedfor.



Chapter 2: HTL at aglance

This chapterprovides an overvien of HTL features. Examplecodeis basedon the useof the non-
templatectlasseshatarerecommendetbr usein typicalanalysigobs. TheHTL packagetselfincludes
acompletesetof working examplesthatcanbe usedasa basisfor building morecomplex applications.
A descriptionof theseexamplescanbefoundin AppendixD.

2.1 Booking and filling persistenthistograms

The basicoperationsof creating(booking)andfilling histogramsareshavn belown. As the codefrag-
mentsillustrate,theseoperationsareperformedusingmethodgshathave the samebasicsignatureasthe
equivalentHBOOK subroutinesThe primary differenceis thatthe HBOOK histogramidentifier (ID) is
replacedby “smartpointers”. Thesepointersindicateboththe type of the histogramto which they refer
(e.g.1D, 2D) andwhetherthey aretransientor not.

As will befamiliarto all HBOOK usersthefollowing informationis specifiedatbookingtime:

¢ A charactestringor title, normally printedwhenthe histogramis displayed.
e Thenumberof bins.
e Thelower boundof the histogramaxis.

e Theupperboundof the histogramaxis.

For histogramsf morethanonedimensionthe lastthreeagumentsarethenrepeatedor eachdimen-
sion.

Thefollowing exampleshawvs the bookingandfilling of a 1D histogramof 20 binsanda 2D histogram
of 50 binsin both X andY axes.

#include "HTL/PHistograms.h" // Persistent histograms.

// Booking a 20 bin 1D histogram
HepRef (PHistolD) histol =
new (db_) PHistolD("A 1D histogram",20,0.,40.);
// Booking a 50X50 bins 2D histogram
HepRef (PHisto2D) histo2 =
new (db_) PHisto2D("A 2D histogram",50,5.,15.,50,5.,15.);

// Filling

double x, w = 0.5;

for( long i=0; i<50000; i++ ) {
x = -ixsin(float(i));
histo->fill(x,w);
histo2->fill(x,x,w);

}

Thecurrentimplementatiorof HTL usesanObjectDatabaséODBMS)to provide powerful andscalable
persistenceapabilitiesthatgo beyondwhatis possiblewith simplefiles. *

In the following, it is assumedhatthe readeris familiar with the basicconceptsof usingan ODBMS.
For example,ary operationon persistentbjectsmustbe performedn the contet of atransactionand

!simplefile-basedbersistencés alsoprovided- seechapter? for a descriptionof the write method.

5



6 Chapter2. HTL ata glance

adatabassessiormusthave beenestablishedThe necessargodeto performsuchoperationghasbeen
omittedin theinterestsof clarity.

Although the basic histogramoperationsthat are performedin the abose example will be clear to
HBOOK usersthe useof “smart-pointers’differs from the traditionaluseof histogramlDs andneeds
furtherexplanation.Considerthe following codefragment:

HepRef (PHistolD) histol = new ...

ratherthan

PHistolD *histol = new ...

In thispieceof code HepRef isasmartpointerto a persistenhistogram As thepreviousexampleshaws,
asmartpointercanbe usedasa standardC++ pointer: thatis, you candereferencd in thenormalC++
manner:

histol->fill(...)

In additionto the useof smartpointers,thenew() operatorshouldbe studied. It is followed by a so-
calledclusteringhint. A clusteringhint is usedto indicatewherethe persistenbbjects- histogramsn
this case- shouldbe physicallylocatedon persistenstorage.The databasattemptgo placenew objects
“close” to thosereferenceddy the hint. In general,the efficient useof clusteringallows performance
to be maximised,asobjectsaretransferredo andfrom disk andacrossthe network in databasgages.
Effective clusteringminimisesunnecessarl/O andimprovescacheefficiency.

Finally, we notethatthe histogramsreatedwith new () arenotdeletedwith acorrespondingelete ()
operator This would not only deletethe histogramin the runningapplicationbut also from persistent
storagewhichis presumablynottheintention.

2.2 Booking and filling transient histograms

The previous exampleis now repeatedor the caseof transienthistograms Onceagain,two histograms
arecreatedandfilled. Largely speakingthe coderequiredis identicalto the persistentase.Thediffer-
encedetweerthetwo arediscussedn futherdetailbelow.

#include "HTL/Histograms.h" // Transient histograms.

// Booking a 20 bin 1D histogram

HistolD *histol = new HistolD("A 1D histogram",20,0.,40.);

// Booking a 50X50 bins 2D histogram

Histo2D *histo2 = new Histo2D("A 2D histogram",50,5.,15.,50,5.,15.);

// Filling

double x, w = 0.5;

for( long i=0; i<50000; i++ ) {
x = —ixsin(float(i));
histo->fill(x,w);
histo2->fill(x,x,w);

delete histol;

delete histo2;

Transienhistogramsarenormal,in-memoryC++ objectssostandardC++ pointersareused.

We notethatthenew () operatoiis now the standardC++ one.In this case|t is necessaryo alsohandle
explicit deletionof the histogramto avoid memoryleaks.

In summary the differencesbetweentransientand persistenHTL usagerequiresonly the selectionof
thecorrespondinglassnamegHisto versusPHisto) andtheuseof smartpointerin the persistentase.
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2.3 Making atransient histogram persistent

As alreadymentionedHTL malkesit possibleto useboth persistenaindtransientistogramsat runtime
in the sameprogram.

Sinceoperationson transienthistogramsare significantlyfasterthanthoseon persistenbnes,a typical
procedurevould be asfollows:

1. performall of thedesiredoperation®on transienthistogramgfilling in particular)

2. make persistentopiesof thesetransienthistograms.

This offers the “best of both worlds” - the performanceof the transientimplementatiorplus the added
valueof persistence.

To make atransienthistogramph persistent:

1. declarea persistenhistogramph analogoudo thetransientcounterpart,
2. usethenew operatorasfor thebookingandthen

3. passhehistointerfaceof ph to the constructorof ph.

A persistentopy of the transienthistogramnow exists. Thesestepsare shavn in the following code
fragment.

#include "HTL/Histograms.h" // Transient histograms.
#include "HTL/PHistograms.h" // Persistent histograms.

// Declare and define ‘th’:
HistolD *th = new HistolD( "Mass",20,0.,4000.);

// Process ‘th’, perform operations:

// Copy ‘th’ to the database, i.e. make ‘th’ persistent:

//
HepRef ( PHistolD ) ph = new (dbH ) PHistolD( *th );
// This create a persistent histo that is a clone (with data) of transient histo ‘th’.

We notethatit is possibleto createa persistentistogramout of any histograminterface,be the source
histograntransientor persistenttself.

2.4 HTL histogram classes

As describedabore, HTL is basedon templateclassesvhich allow very differenttypesof histogramto
be supportedusingthe smallestamountof code.

Neverthelesstheemphasi®nusabilityhasbeenmaintainecandhencea smallsetof simple,easy-to-use
simpleHBOOK-like classesareprovided. It is expectedthattheseclasseswill cover mostcases.The
list of availableclassess givenbelow.

Notethatall of theseclassesreusedin the sameway. For example,to booka histogramof agiventype
oneuses:
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// Use HepRef to refer to persistent classes, C++ pointers for transient ones

HepRef (PHistyyy) histol = new (dbH) PHistoyyy( ...
Histyyy *histol = new Histoyyy( ...

// Use HistolD for 1D Histogram, Histo2D for 2D Histogram,
// Histo2DVar for 2D histogram with variable binning etc.

e.g.,to repeatheinitial example:

HistolD xhistol = new HistolD("A 1D transient histogram",20,0.,40.);

2.4.1 Persistentclasses

PHistolD 1D histogramwith Gravity_Bin_1D andfixedbinning;
PHistolDVar 1D histogramwith Gravity_Bin_1D andvariablebinning;
PProfileHisto 1D histogramwith Profile_Bin andfixedbinning;

PProfileHistoVar 1D histogramwith Profile_Bin andvariablebinning;

PHisto2D 2D histogramwith Weighted_Bin andfixedbinning;
PHisto2DF 2D histogramwith Float_Weighted_Bin andfixedbinning;
PHisto2DVar 2D histogramwith Weighted_Bin andvariablebinning.

All classestorebinvaluesanderrorsasdoublesexceptPHisto2DF, which storegshemasfloats(thereby
minimisingthe storagerequirementgor very large 2D histograms).

Weightedbinsareequialentto HBOOK bins, Gravity binsstorethe positionof the bin centerof-mass,
sothatthe positionof the bin centeris more accuratewhenthe bin countis low or the binning is not
optimal(atleastin somecases)More detailson bin typeswill begivenlater

Noticethatprofile histogramsand2D histogramswith variablebinningwerenot availablein HBOOK.

2.4.2 Transient classes

HistolD 1D histogramwith Gravity_Bin_1D andfixedbinning;
HistolDVar 1D histogramwith Gravity_Bin_1D andvariablebinning;
ProfileHisto 1D histogramwith Profile_Bin andfixedbinning;

ProfileHistoVar 1D histogramwith Profile_Bin andvariablebinning;

Histo2D 2D histogramwith Weighted_Bin andfixedbinning;
Histo2DF 2D histogramwith Float_Weighted_Bin andfixedbinning;
Histo2DVar 2D histogramwith Weighted_Bin andvariablebinning.

All notesrelatingto persistentlassesrealsovalid for transientclasses.
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2.5 Accessingobin content,bin error, bin center
A histogramstoresits binsandallows to accessheir content.errorandcenter

h1D->bin(i) .value(); Valueofthebinindexedby “i”.

waen

hiD->bin(i).error(); Errorofthebinindexedby “i”.

Wen

hiD->bin_center(i); centerof bin index by “1i”.

Noticethatthebin objectcanretrieve its content/errobut notits center;binsaresimplecontainerspnly
thehistogramknows wherethey aremappedn the binningspace.

2.6 Line-printer and ASCII table output

Printinga histogramin text modeis requiredin anumberof casesFor example,it canbeusefulfor long
batchjobs,wherethe useris mainly interestedn checkingthe quality of data.

HTL providesatext print helperfor this purposethatis largely reusedrom the previous HistOOgrams
packages.

Thefollowing exampleshavs how the print methodcanbe invoked to generatea simpleline-printer
stylerepresentationf a histogram.

#include "HTL/Histograms.h" // Transient histograms.

HistolD *histot = new HistolD("Transient Histo_1D", 20, 0.0, 20.0 );
HepRef (PHisto2D) histop =
new PHisto2D("Persistent Histo_2D", 20, 0.0, 20.0, 20, 0.0, 20.0 );

HPrinter hp( cout );
hp.print( *histop );
hp.print( *histot );
delete histot;

Theabove exampledemonstratethe useof the abstrachistograminterface:the samehelperobjectcan
print ary histogramthat conformsto the interface,regardlessof whetherit is transient,persistent.1D,
2D andsoforth.

Particularly whenworking with transientHTL, it canbe cornvenientto dumpa histogramin a simple
ASCII tablethatcanthenbereadby standardools (PAW, Excel,IRIS Explorer..) to plot or fit it.

#include "HTL/Histograms.h" // Transient histograms.
T_HistolD *histo = new HistolD("Histo_1D", 20, 0.0, 20.0 );
HistoTablelD ht1l ("histo.txt");

htl.write(xhisto);
delete histo;



Chapter 3: Partitions and Bins
3.1 Partitions

Theconcepbf a“Partition” wasfirstintroducedn theHistOOgramgackageA partitiondescribefiow

onedimensionof the problemspaces divided into intervals. Considerthe caseof a 50 bin histogram
in therange[0, 50], a partition objectcontainingthe numberof binsandtheinterval limits will describe
completelyhow wedivide suchintenal: asetof 50sub-interalsof equalwidth. Thisistermeda“Fixed”

or “Even” partition.

It may be requiredto book an histogramover the samerangeasthe exampleabove, but with bins of

variablewidths. In this case,a partition containingthe numberof bins, the lower limit of eachsub-
intenval andthe upperlimit of the lastsub-interal will describecompletely|0, 50] intenal is divided.

Sucha partitionis termeda “variable”or “Uneven” partition.

An n-dimensionaHTL histogramthus containsn partitions,one for eachaxis. The only concernof

a partitionis to associatary orderedlD spacewith a discreetnumberedspace.Thusit associatesin
intenval to a positive integer. Hence,a partition knows aboutthe width of the intenals andtheir lower

point/boundor upperpoint/bound.

In the HTL packagea histogramdelggatesto its partitionsthe task of locatinga bin. In otherwords,
informationaboutthe lower and upperboundsof a bin or the width of a given bin are obtainedfrom

the correspondingpartition. Thisis shavn in thefollowing codefragment,which demonstratekow the
lower andupperboundandwidth of a givenbin canbe obtained.

HistolD *histo = new HistolD("Transient Histo_1D", 20, 0.0, 20.0 );

histo->partition().lower_point(i) // Obtain the lower bound of bin i
histo->partition().bin_width(i) // and its width
histo->partition() .upper_point(i) // and upper bound

3.2 Bins

Bins themselescontaininformationaboutthe content the errorandpossiblythe centerof the bin. Bin
informationis alwaysaccessethroughinterfacemethods HTL providesthefollowing typesof bin:

Weighted_Bin classrepresentingins with weighteddatapoints. By default the gravity centerof
thesebinsarethe middle or centerof thebin.

Gravity_Bin_1D classrepresentinginswith weighteddatapointsandthatknow how to determine

the gravity centerof the bins. This new bin classallows us to have filling time
statisticsasin the existing histogrampackageput without having to computesep-
aratequantitiesat filling time. The otheradwantageis thatin caseof binswith low
counting,theinformationof the bin centeris moreaccuratehatthe middle of the
bin.
Also, Gravity_Bins could provide more accuratenformationin somecasesof
non-optimalbinning. For instance jf you samplean integer variablein therange
[0,20] with a 20 bin histogramover the sameintenal, the bin centeris properly
computedat theinteger values,while in atraditionalhistogramshey would corre-
spondto the closesthalf integer.

Profile_Bin classrepresentindpinsthatcanaverageanotherguantity

Note that bins only know abouttheir contents. They do not know wherethey are arelocatedin the
histogramto which they belong, nor abouttheir widths or bounds- this informationis storedin the
partitionto which they belong,which alsodefinesthebin layoutwithin a histogram.

10



Chapter 4: Histograms with variable partitions and Profile histograms
4.1 Variable partition histograms

HTL supportslD and2D histogramswith variablepartitions. The partitionsarespecifiedasa vectorof
realnumbers.

4.1.1 Persistentcase

P_Points_Vector points_on_X(10); // Vector of 10 real numbers
points_on_X[0] = 0.0; points_on_X[1] = 1.0;
points_on_X[2] 3.5; points_on_X [3] = 4.0;
points_on_X[4] 5.5; points_on_X[5] 9.0;
points_on_X[6] 10.; points_on_X[7] = 15.;
points_on_X[8] = 19.; points_on_X[9] = 20.;

HepRef (PHistolDVar) histo =
new (db_) PHistolDVar( "HistolDVar", points_on_X );

P_Points_Vector points_on_Y(10);

points_on_Y[0] = 0.0; points_on_Y[1] 1
points_on_Y[2] = 2.5; points_on_Y[3] = 4.
points_on_Y[4] = 6.0; points_on_Y[5] = 9
points_on_Y[6] = 12.; points_on_Y[7]
points_on_Y[8] = 18.; points_on_Y[9]

o

—

. .
+ O O O

1]
N
o

HepRef (PHisto2DVar) histo =
new (db_) PHisto2DVar( "Histo2DVar", points_on_X, points_on_Y );

4.1.2 Transientcase

T_Points_Vector points_on_X(10); // Vector of 10 real numbers
points_on_X[0] = 0.0; points_on_X[1] = 1.0;

points_on_X[2] = 3.5; points_on_X[3] = 4.0;
points_on_X[4] = 5.5; points_on_X[5] = 9.0;
points_on_X[6] = 10.; points_on_X[7] = 15.;
points_on_X[8] = 19.; points_on_X[9] = 20.;

HistolDVar xhisto = new HistolDVar( "HistolDVar", points_on_X );

T_Points_Vector points_on_Y(10);

points_on_Y[0] = 0.0; points_on_Y[1] = 1.0;
points_on_Y[2] = 2.5; points_on_Y[3] = 4.0;
points_on_Y[4] = 6.0; points_on_Y[5] = 9.0;
points_on_Y[6] = 12.; points_on_Y[7] = 14.;
points_on_Y[8] = 18.; points_on_Y[9] = 20.;

Histo2DVar *histo2 = new Histo2DVar( "Histo2DVar", points_on_X, points_on_Y );

Both the classnamesandtype of vectoruseddependsn whethertransientor persistenhistogramsare
involved.

11



12 Chapter4. Histogramswith variable partitionsand Profile histagrams

4.2 Profile Histograms

Profile histogramsareimplementedothwith fixedandvariablepartitions. Thebin errorsarecomputed
asin HBOOK, but only the > > and ’S’ optionsare supportedseethe HBOOK manualfor a defini-
tion of theseoptionsandthe associate@rror calculation). However, unlike in HBOOK thesearenot a
bookingtime options;you canaskeachbin to computeeitherthe Spreador the Spread/sqgrt(Ngrror at
run-time.

HepRef (PProfileHisto) histo = new (db_) PProfileHisto("Profile",20,0.,1.);
long i;
double x;
for( i=0; i<50000; i++ ) {
x = drand48();
histo—>fill(x,x,1.);
}

for( i=0; i<histo->bin_count(); i++ ) {
cout << endl << ". " << setw(2) << i << ": "
<< setw(9) << histo->i_bin(i).value() << " Error "
<< setw(4) << histo->i_bin(i).error(0) << " Spread Error "
<< setw(4) << histo->i_bin(i).error(1);

}

As you canseethe error () methodon the bin interfaceallows to access setof errors: in this case
theProfile_Bin classacceptsitherthe 0 or 1 index, which maprespectiely to Spread/sqrt(Nand
Spreacerrors.

Profile histogramsanbefilled with weights but useof negative weightsyield meaninglessesults.With

weightsdifferentfrom 1. the errorsare calculatedproperlyonly for binswith non-zerospread andset
to 0. for binswith zerospread HBOOK:-like).



Chapter 5: Operations on histograms
5.1 What do histogram operationsapply to?

In the HBOOK package,operationson histogramsresultin the creationof a newv histogram,rather
thanworking directly on the tamgethistogram.This is not anapproactwhich fits naturallyin the Object
Orientedworld of C++,whereresponsibilityfor objectdeletionandcreationshouldnormallygotogether

In HTL, onefirst createsa copy of the taiget histogramand then appliesthe operationon the newly
createccopy. Theresponsibilityfor the creationanddeletionof the new histogramarethusdelegatedto
thetargetapplicationandunnoticedmemoryleakspotentiallyavoided.

5.2 Cloning a histogram

HTL allowsyouto produceanew copy of anexisting histogranusingtheclone methodof theI _Histogram
interface. Thefirst agument,f given,specifiesvherethe histogramshouldbe cloned thatis thecluster

ing hint. By defaulttheclusteringhint is the containetthatcontainghe sourcehistogramn the persistent
caseandemptyin the transientcase. Thelastargument,if ary, specifieshow the histogramshouldbe
cloned:

e Specifyingavalueof O will resultin acloneof justthestructure;

¢ A non-zeroargumentwhichis alsothedefault, will causehe datato be copiedin addition.

An exampleof cloningin the persistenandtransientcasefollows.
* Persistent case */

HepRef(PHistolD) hiD =
new(db_) PHistolD( "Histol: parabolic function", 20,0.,20.);

// The persistent histogram will be cloned close to the original

// object (default behaviour)

HepRef (PHistolD) clone_1D = hiD->clone(); // Clone ’hl1D’ structure and data
/* Transient case */

HistolD *h1D = new HistolD( "Histol: parabolic function", 20,0.,20.);

HistolD *clone_1D = hiD->clone(); // Clone ’hl1D’ structure and data
5.3 Operationson histograms
Below is alist of methoddmplementingoperationson histograms.

5.3.1 Operationswith scalars
void add( double x ) Add“x” to currenthisto.
void sub( double x ) Substractx” from currenthisto.

w_n

void mul( double x ) Multiply “x” with currenthisto.

w_ "

void div( double x ) Dividecurrenthistoby “x”.

13



14 Chapter5. Opemtionson histagrams

5.3.2 Operationswith another histogram
Ref_Like_Current add( const Ref_Like_Current &other ) Add“other” histoto currenthisto.
void add( const I_Histo &other )

Ref_Like_Current sub( const Ref_Like_Current &other ) Subtract other” histofrom cur
renthisto.

void sub( const I_Histo &other )

Ref_Like_Current mul( const Ref_Like_Current &other ) Multiply “other” histowith cur
renthisto.

void mul( const I_Histo &other )

Ref_Like_Current div( const Ref_Like_Current &other ) Dividecurrenthistogranmby“other”
histo.

void div( const I_Histo &other )

Ref_Like_Current binomial_div( const Ref_Like_Current &other ) Dividecurrenthistoby
“other” histousing“binomial error”

void binomial_div( const I_Histo &other )

Noticethatoperationsvith anothehistogramexistswith two signaturesthefirst oneallowing to directly
assigntheresultof anoperation.

Thisis anexampleof codeto addtwo histograms:

HepRef (PHistolD) histol =
new(db_) PHistolD( "Histol: parabolic function", 20,0.,20.);

for (int i = 0; i < 50000; i++)
histol->fill(x,w);

// Now create a clone of histol

HepRef (HistolD) histo2 = histol->clone();

// Add histol to histo2 and change histogram name
histo2->add( *histol );

histo2->set_name( "Histo2 = Histo2+Histol = 2*Histol" );

//

// It is also possible to clone and perform an operation on single
// statement:

// histo2 = histol->clone()->add( histol );

//

As discussedh thefirst paragraphit’ simportantto first make a cloneof theoriginal histogram.Another
way to cloneahistogramis usinga copy constructarasdescribedn Chapter8.
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Chapter 6: Histogram Factoriesand Naming Trees

This sectiondescribesa numberof techniquedor handlingthe namingandlocation of persistentis-
togramsn the databaseAs such,this sectiononly appliesto persistenHTL histogramsasthey

6.1 Histogram factories

The ObjectDatabasévlanagemenGroup (ODMG) standardor ObjectDatabasespecifieghat persis-
tentobjectsarecreatedisinganew () operatowith aclusteringhint agument.This parameteprovides
amechanismvherebytheuseror applicationcodecanspecifywhereeachindividual objectis physically
stored.This is demonstratethy the the following codefragmentwherethehisto1 objectis createdn

thedatabaseeferredto by thedatabaséandledb_.

HepRef (PHisto1D) histol =
new (db_) PHistolD("A 1D histogram",20,0.,40.);

Not only is this syntaxsomeavhatunusuako novice users put alsoit posegproblemswhenattemptingo
usetools suchasthe SWIG interfacegeneratofor scriptinglanguages?

TheHFactory classovercomeshisproblemby lettingtheuserspecifyby namethedatabaser container
in which histogramsshould be createdand provides a factory methodfor the actual creationof the
histograms.

The following code fragmentdemonstrateshe usageof a HistogramFactory It first initialises the
factory specifyingthetargetdatabasandcontainetby name.Histogramsarethencreatedandfilled and
areautomaticallystoredin the appropriatecontainer

#include "HTL/H_Factory.h"

HFactory myFactory;
// Create histograms in DataBase "gepo", Container "sbaffini"
if (myFactory.init(this,"gepo","sbaffini")) {
// Create a histogram using the factory
HepRef (PHistolD) hl = myFactory.HistolD("Histo-1",noBins,0.0,20.0);

h1->fill(x, 1.);

TheHFactory classprovidesa methodto generatall usefultypesof histograms.Thefactorymethods
arenamedaccordingo the histogranmtypeandtake parameteraccordingo the correspondingonstruc-
tor.

int init (HepDbApplication *sess, char *dbname, char *contname = 0);

HepRef (PHistolD) HistolD (const char *a_title, Size n, double x1,
double x2, End_Point_Convention epc = RIGHT_OPEN);

HepRef (PHistolDVar) HistolDVar(const char *,P_Points_Vector &,
End_Point_Convention epc = RIGHT_OPEN );

HepRef (PProfileHisto) ProfileHistolD (const char *a_title, Size n,
double x1, double x2, End_Point_Convention epc =
RIGHT_OPEN );

HepRef (PProfileHistoVar) ProfileHistolDVar(const char x*,
P_Points_Vector &, End_Point_Convention epc = RIGHT_OPEN ) ;

1TheSWIG interfacegeneratoprovidesageneriamechanisnfior integratingawide varietyof scriptinglanguagesincluding
Tcl, Perl,PythonandevenJava.

17



18 Chapter6. Histogram FactoriesandNamingTrees

HepRef (PHisto2D) Histo2D (const char *, Size , double , double ,
Size , double , double , End_Point_Convention epcl =
RIGHT_OPEN , End_Point_Convention epc2 = RIGHT_OPEN );

HepRef (PHisto2DVar) Histo2DVar( const char *, P_Points_Vector &,
P_Points_Vector &, End_Point_Convention epcl =
RIGHT_OPEN, End_Point_Convention epc2 = RIGHT_OPEN );

6.2 Naming histograms

TheHepODBMSpackageof LHC++ providesalogical namingschemeon top of the physicalstructure
of the underlyingdatabase.Note that thesetwo structuresare independent namingdoesnot imply
physicallocationandvice-versa. The namingpackagecreatesand maintainsa namingtree similar to
file-systentreeswith directoriesand“final objects”(equialentto filesin afile-system).

The HepODBMSnamingpackageassumegachuseris given a personahamingtreewhich startsin a
“homedirectory” like structure.Eachuseris assigned homedirectorythatmapsdirectly to their user
nameunderthe commondirectory /usr. Thus,the homedirectoryin the namingtreefor a usernamed
dinofm is /usr/dinofm.

An exampeof the useof the namingtreethatwill befamiliarto HBOOK userswould beto nameHTL
histogramsusinganidentifiermuchlike theHBOOK ID andstorethemin appropriatsmameddirectories
in thedatabaseThis providesanamingschemesimiliar to thatusedby HBOOK, with theexceptionthat
thenamingis casesensitve.

Although userscanusethe HepODBMSclassedglirectly to nameHTL histogramsa simpleFactory
classwhich extendsthe basicHFactory with namingcapabilitieshasalsobeenprovided. Using this
extendedfactoryclass,userscanchoosewhereto storehistogramgphysicallocation)andnamethem
accordingio their favourite schemelogical location).

The following codefragmentshavs how HTL histogramscanbe named. Two histogramsare created
andstoredin the samedatabasend containeras before. However, they are alsogiven namesin the
/usr/dinofm/Histograms/MC directory- oneusingan HBOOK-like identifier andthe otherusinga
shorttext string.

#include "HTL/HNaming.h"

HNamingFactory myFactory(HNamingFactory: :0verride) ;

// Create histograms in DB "gepo", Container "sbaffini" and name

// them in /usr/dinofm/Histograms/MC (dinofm is my user name)

if (myFactory.init(this,"Histograms/MC","gepo","sbaffini")) {
// Create two histograms. They’re named 10 and "pt" in the name tree
HepRef (PHistolD) hl = myFactory.HistolD(10,"Histo-1",noBins,0.0,20.0);
HepRef (PHistolD) h2 = myFactory.HistolD("pt","Histo-2",noBins,0.0,20.0);
hi->fill(x, 1.);
h2->fill(x, 2.);

Namedhistogramssuchasthosecreatedabore, canthenberetrieved asfollows:

/usr/dinofm/Histograms/MC/10
/usr/dinofm/Histograms/MC/pt

It shouldbe rememberedhat- unlike HBOOK - the namingschemes casesensitve. Histogramscan
be namedwith a characterstring suchas“pt” or with aninteger codelike 10 (similar to HBOOK’s
histogramidentifier ID).
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If the histogramyou createalreadyexists,HNamingFactory caneitheroverridethe previous histogram
or refuseto createthe new one,dependingn the stratgy specifiedvhenthefactorywasdeclared.

To instructthefactoryto overrideexisting histogramsusea constructike:
HNamingFactory myFactory(HNamingFactory: :Override) ;

To avoid accidentabverwriting of existing histogramsusesomethindike:
HNamingFactory myFactory(HNamingFactory: :Keep) ;

TheOverridedirective canbeusefulfor casesuchasbatchjobsor delhugging: old histogramsaresimply
replacedby new ones. The Keep modeallows oneto protectagainstthe accidentaldeletionof useful
data.Otherstrat@ies,suchascyclesor versionsarenot presentlyimplemented.

6.3 Retrieving namedhistograms

Oncethehistogramdave beensavedandnamedn anObjectvity datastore,amechanisnfor retrieving
themis clearlyrequired.TheHLocator classallows theretrieval of a histogramby name asfollows:

#include "HTL/HNaming.h"

// Locate Histograms pt and 10
HLocator myLocator;
HPrintert hp(cout);
myLocator.init(this);
HepRef (PHistolD) h = myLocator.HistolD("pt");
if (h '= 0)
hp.print(*h);
h = myLocator.HistolD(10);
if (h !'= 0)
hp.print(*h);

Notice that the HLocator classprovides methodsto retrieve differentkinds of histograms(so users
shouldknow whatthey areretrieving). Type checkingis thusguarantee@ndif the expectedhistogram
typedoesnot matchtherealone,anerrormessagés printedandthereturnvalueis zero.



Chapter 7: Using interfaces

Interfacesarea powerful OO conceptwhich allows designerdo decouplewhatan objectdoesfrom its
actualimplementation.This reduceghe impacton “external” software usingsuchobject(s)and makes
softwarereusemorerealistic.

In the C++ world, interfacesare usuallyimplementediy abstracttlasseswith virtual methods.In this
context the only dravback of interfacesmight be a performancepenaltydue to the extra indirection
requiredby virtual functions,but we shouldnot ngglectthe usefulnessf interfacegust becausef that.

7.1 Interfacesin HTL

HTL definesandimplementsabstracinterfacesfor mostof its functionalities. The only methodwhich
is not availableon purposeat theinterfacelevel is the£111 () method,which mustbeimplementedas
annon-virtualinline methodto provide the highestperformancdseeAppendixC for details).

HTL interfacesareusedby otherpackagesuchasfitting (HEPFitting)andvisualisation(HEPInventor)
thatarethusindependentrom theactualHTL implementatiorof histogramsinterfacesarewhatallows
externalpackagedo dealwith transientand persistenHTL histogramsat the sametime. Using such
interfaceswe might evenimplementan HTL-lik e packagebasedon othertechnologiesfor instancean
HTL interfaceto HBOOK, althoughthis is not ervisagedat present.

7.1.1 The I_Histo interface

I_Histo is thehigh-level interfaceto histogramsThefollowing is alist of supportednethods.

virtual const char* name() Title attachedo currenthistogram.

virtual I_Bin& i_bin( I_Bin_Location &a_location ) In-rangebin associatedvith location
a_location.

virtual I_Bin& i_extra_bin( I_Extra_Bin_Location &a_location ) Extrabinassociatedith
extralocationa_location.

virtual Size bin_count () Numberof in-rangebins.
virtual Size extra_bin_count() Numberof extrabins.
virtual Size dim() Dimensionof thehisto,i.e., of the problemspace.

virtual I_Partition& i_partition( Index p = 0 ) Partitioninterfaceassociatedith thishisto.
For thefirst partitiononehasa_dim_index = 0.

virtual I_Bin& i_bin( Index i ) Any bin (in-rangeor extra) with index “i” (notethatthisis a
linearaccess).

The I_Histo interface canretrieve the numberof bins that are in-rangeor out-range,for instance,
overflow or underflav, aswell asthe numberof partitions(i.e. the dimensionalityof the histogram).It
alsoallows you to acces®otherinterfacessuchasI_Partition andI_Bin.

On the otherhand,the I_Histo interfacedoesnot try to provide all informationin a singleinterface:
detailsaboutbinningandbin contentaredelegated respeciiely, tothe I_Partition andI_Bin inter
facesasexplainedlater
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7.1.2 The I_Partition interface

TheI_partition interfacedealswith binning details,suchas,which interval of the problemspacea
bin is mappedo, thatis wheredoesit startandend,andwhatarethelimits of therangespannedy the
partition. Thefollowing is alist of supportednethods.

End_Point_Convention end_point_convention() Endpointcorventionfor all bins;canbeeither
RIGHT_OPEN or LEFT_OPEN.

virtual double i_bin_width( Index i ) Width of in-rangebin“i”.
virtual double i_lower_point() Leftmostpointof thepartition.

virtual double i_lower_point( Index i ) Leftmostpointof binindexedby “i”.
virtual double i_upper_point() Rightmostpointof thepartition.

waen

virtual double i_upper_point( Index i ) R‘ightmostpointof binindexedby “i”.

7.1.3 The I_Bin interface

TheI_Bin interfaceallowsyouto setor getthecontentof abin, its countinformation,andits error The
availablemethodsarelistedbelow.

0) Valueassociatedvith this bin.

virtual double value( Index i

virtual double error( Index i 0) Errorassociatedvith this bin.

virtual Size count() Countassociatedvith thisbin. = Numberof entries.

virtual void set_value( double other, Index i = 0 ) Setthevalueassociatedith thishin

to “other”.

virtual void set_error( double other, Index i = 0 ) Change/sethe error of the bin to

“other”.
virtual void set_count( Size other ) Change/sethecountof thebinto“other”.
virtual double center( Index i = 0) Absoluteor relative centerof thisbin onaxis“i”.

virtual int offset( Index i = 0) Relatve or absolutepositionfor the centerof thebin.

7.2 Exampleusing Interface classes

The following exampleis derived from the HEPInventor visualisationpackage- only a subsetof the
completecodeis used.The methodrecevesan I_Histo referencewhich is thenused,for instanceto
find out whetherthisis a 1D or 2D histogram.Via the sameI_Histo referencethe coderetrievesan
interfaceto the underlyingpartition, which givesinformationaboutthe beginning andend of eachbin.
At the end,the I_Bin interfaceof eachbin allows usto retrieve the contentandthe error associatedo
eachbin.
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HIData: :HIData(I_Histo &histo) {

int i,j,k=0;

switch (histo.dim()) { // Is it 1D or 2D7

case 1:
// Copy the histogram content in a local data structure
nptx = histo.bin_count();
// Use underlying histo.i_partition() interface
Xvall[0] = histo.i_partition(0).i_lower_point(0);
Yvall[0] = histo.i_bin(0) .value();
// Had to patch this... no asymmetric errors yet...
EXval[0] = (histo.i_partition(0).i_lower_point(1)-Xval[0])/2.;
EYval[O] = histo.i_bin(0).error();

for ( i=1; i < nptx; i++) {
Xval[i] = histo.i_partition(0).i_lower_point(i);
// Use I_Bin interface to retriev value/error
Yval[i] = histo.i_bin(i).value();
EYval[i]l = histo.i_bin(i).error();

As you canseethereis no referencavhatsoger to thereal C++ type of the histogramto its dimension-
ality, etc. Thesamecodeworkswith all HTL histograms!



Chapter 8: Constructors
8.1 Typesof constructors

HTL provides more constructorghanthe currentpackageandallows usto defineand createnew his-
togramsout of transientor persistenbnesin aniceandnaturalway.

Threekindsof constructoraredefinedfor ary histogramclass.

Thefirst kind of constructoris the classicone usedfor the booking. Argumentsreflectthe type of the
histogramfor instance,LD or 2D, fixedor variablebin size,etc. An exampleis thefollowing:

HistolD( const char *a_title, Size nBins, double lowX, double
highX, End_Point_Convention epc = RIGHT_OPEN )

The secondkind of constructoris a copy constructar The first agumentmustbe a histo of the same
type. The optionalsecondargumentspecifiesvhetherwe wantto copy the structureonly (theargument
mustequal0) or the structureaswell asthe dataalso.(Thisis thedefault - agumentnon0).

HistolD( Like_Current &a_histo, int copy_data = 1 )

Like_Current is atypedefanddesignatesherealtype of the currenthistogramclasswith all its tem-
platearguments.

The third kind of constructoris a variantof a copy constructar It makesit possibleto createa new
histogramout of a histointerface. It is particularlyusefulto createpersistentistogramdrom transient
ones.Theoptionalsecondargumentfor datacopying is alsoavailable.

HistolD( const I_Histo &a_histo, int copy_data = 1 )
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Chapter 9: Retrieving statisticsand entriesinformation
9.1 Shortcuts
1D histogramsmplementshortcutmethodgo retrieve meanandRMS of a histogram asfollows:

HistolD *h1lD = new HistolD("Histol: parabolic function",20,0.,20.);

cout << "Mean " << hl1D->mean() << " RMS " << hi1D->rms() << endl;

9.2 Generalmethod

HTL implementsretrieval of statisticsand entriesinformationvia separatéelperclasses.The helper
classis calledHStat andit allows usto decouplecomputatiorof statisticsandentriesinformationfrom
theimplementatiorof the histogram.

#include "HTL/Histograms.h"

HistolD *h1D = new HistolD("Histol: parabolic function",20,0.,20.);
... // filling

// Now display some statistics:

//

long in_entries = HStat::in_range_entries_count (*histo);
long extra_entries = HStat::extra_entries_count(*histo);

cout << "Entries count: " << (in_entries + extra_entries)
<< " with IN_RANGE: " << in_entries
<< " EXTRA: " << extra_entries << endl;

double mean = HStat::mean( *histo );

cout << "MEAN (B.C.): " << mean << endl;

cout << "RMS (B.C.): " << HStat::rms(*histo, mean)
<< endl << endl;
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Appendix A: Supported compilers
Thelist of supporteccompilerson a given platformfollows

Solaris CC4.2
HP-UX aCCA.01.15

Linux egcsl.1.1with patchfor persistentemplatespecialization
Digital Unix cxx V6.1-027
AIX xIC3.1.?

Windows/NT VC++5.0SP3
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Appendix B: Statisticsand error propagation
B.1 Histogram statistics
HTL implementshistogramstatisticsasbin contentstatisticsonly.

Mean = SUM[ bin center * bin value ] / SUM[ bin value ]
RMS = SUM[ (bin center - mean)~2 * bin value ] / SUM[ bin value ]

SincetheGravity_Bin usedin 1D HTL histogramskeepsthe weightedcenterof the bin, thosequanti-
tiesareequalto so-called‘filling time statistics"computedoy HBOOK andHistOOgrams.

B.2 Bin errors
Bin errorsarealwayscomputedakingweightsinto account.

error = sqrt( SUM[ weight*weight ])

B.2.1 Bin error “pr opagation” for histogram operations

Dependingon histogramoperationspin errorsarecombinedin the error of the resultingbin. Formulas
shouldbe equialentto theonesusedin HBOOK.

B.2.2 Synopsis
error_ errorof thefirstbin, other.error () istheerrorof thesecondin;

value_ valueof thefirst bin, other.value() is theerrorof the secondin.

void add( const Like_Parent &other )
error_ = other.error()*other.error() + error_ ;

void sub( const Like_Parent &other )
error_ = other.error() * other.error() + error_ ;

void mul( const Like_Parent &other )
error_ = error_ * other.value()*other.value() +
other.error()*other.error() * value_xvalue_ ;

void div( const Like_Parent &other )
e = pow(other.error(),4) ;

error_ = error_ * other.value()*other.value() +
other.error()*other.error() * value_*value_ ;
if(Ce !'=0)
error_ = ( error_/e );

void binomial_div( const Like_Parent &other )
e = other.error()*other.error() ;

error_ = sqrt( error_ / e );
error_ = error_ * (l-error_);
error_ = error_ * error_;
error_ = ( error_ / e );
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Appendix C: Performance
C.1 Intr oduction

Mostof thetime theperformancef anhistogrammingpackages notcritical. For example,in thetypical
caseof long runningbatchjobs,thetime spentn histogramoperationgs notthatimportant.Ontheother
handthereareapplicationssuchasonlinemonitoring,whereexcellentperformances fundamental.

The HistOOgrampackage which HTL replaceswas not optimisedfor performancejut ratherwas
designedor maximumflexibility. In addition,early benchmark®f this packagewereperformedon a
pre-releas@ndshouldbe consideredinrepresentate.

Experienceshavs thatthereis alwaysa tradeof betweerhigherperformanceandmaximumflexibility .
Fortunatelyareasonableompromisecanusuallybefound,sinceperformancés normallyrequiredonly
in well definedareasf thecode.

A often-heardule of thumbstatesthatin mostcasesan applicationspends80% of its time in 20% of
the code. Hencean efficient approactis to estimatewherethe critical sectionsof the codelie, identify
the mostappropriatealgorithms(which aremoredifficult to changethancode),andfinally measurehe
performancevith a propertool, suchasa codeprofiler. Codeportability andmaintainabilityshouldnot
be abandonedn the pursuitof performance all areimportantissuesthat needto be addressedavhen
producinga package.

Theproceduredescribedabose wasthatusedin the caseof HTL. In otherwords,thecritical portionsof
codewerefirst identified, which unsurprisinglyturnedout to be the filling methodsthat canbe called
millions of times.A techniqueo speedupfilling by usingtemplatecclassesvasthenidentified(seefor
instancethe Blitz++ librariesfor a discussiorabouttemplatesand C++ performance)Finally, oncethe
packagevasworking, the performancevasmeasure@ndtunedusinga simplecodeprofiler.

The resultsof a simple comparisorwith HBOOK are presenteelon. Theseare not intendedas a
completetestbut ratherasa benchmarkeference.The sourcecodeusedfor the benchmarks available
onrequest.

C.2 Comparison betweenHBOOK, HistOOgrams, and HTL

C.2.1 Description of the benchmark

A setof 10 histogramawith fixedbinningis filled with 50000pointseach.Thebenchmarks focusedon
filling performance.

The I/O partis moredifficult to comparedirectly andis notincludedin thesecomparisons.Objecti-

ity/DB, usedby persistenHTL, ensureshatall datais writtento disk aspartof atransactionin thecase
of HBOOK huffers are not flushedandso a comparisorof the two is not meaningful. In the HBOOK

case timing is measuredvith the CERNLIB routine TIMED. The C++ benchmarkreportsrealtime as
measuredy RD45's Timer class. HTL histogramsare basedon gravity bins, so they hanestmore
informationthantheir HBOOK counterpartandthususeCPU.

C.2.2 Resultsof the benchmark

Thetamgetmachineusedfor thetestwasa SparcUltra:

Sun0S sunasdl 5.5.1 Generic_103640-12 sun4u sparc SUNW,Ultra-30

Thecompilersusedwerethefollowing: C++ Vv 4.1 for HistOO,C++ V4.2 for HTL, and£77 4.2 for
HBOOK.
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Theresultsaresummarisedn thetablebelow.

HBOOK 860ms
TransientHTL 790ms
HistOO 3600ms
PersistenHTL 2700ms

PersistenHTL(fast-filling) 1150ms

Thetiming onthesecondine of thepersistenHTL caseis for aversionoptimisedby usingafastfilling
method.

It shouldalso be stressedhat the HTL packageallows you to createa persistentHistogramout of a
transientonesothatit is possibleto work in a mixed mode:first histogramsanbe createdandfilled as
transientandonly attheendsavedaspersistentThusonecombineghe advantage®f afastespossible
filling with thethoseof profiting of objectpersisteng

C.3 Conclusion

HTL transienthistogramsare slightly fasterthancomparabldHBOOK ones,even thoughthey provide
theuserwith moreaccuraténformationaboutbin centers.

HTL persistenhistogramsaresomevhatslover thantheir transientcounterpartsit would be possible,
usingmoreadwancedObjectvity/DB techniquesuchasfast-filling methodsandpinningin memory to

malke themalmostasfastastransieniones.However, amorepracticalapproachin mostcasess theuse
of transienthistogramdor repetitve operationssuchasfilling, combinedwith persistentopiesof the
filled histogramfor storage.

Whenraw performances absolutelycrucial, fasterHTL histogramsarealsoavailable. However, they

donot providefilling time statistics.

SinceHTL allowsyouto mix persistenandtransientistogramsthe optimalstratgly whenperformance
is anissueis to bookandfill transientistogramandsave themattheendof therun usingthe persistent
histogramcopy constructorgasexplainedin chapter2).



Appendix D: Running the examples
D.1 List of available examples

A setof HTL examplescanbe foundin the directoryfile:/afs/cern.ch/sw/lhcxx/share/HTL/
dev/HTL/examples.

HistolD createpersistentD histogramwith fixedbinning;
Histo2D createpersisten®D histogramwith fixedbinning;
HistoProfile createpersistentlD profile histogramwith fixedbinning;
HistoTables produceASCIl tablesto exportHTL histogramgo, e.g.,PAW;
Operations histogramcloningandhistogramoperations;

THistos createtransientlD/2D histogramswith fixedbinning;
HistolDVar createpersistentD histogramwith variablebinning;
Histo2DVar createpersisten2D histogramwith variablebinning;
HistoRandom useof CLHEPrandomgenerators;

NameHistos namingpersistentistograms;

ReadHisto readingbackhistogramgrom Objectvity/DB datastore;
TS1liceProj slice/projection®f a 2D histogram.

D.2 Settingup for usingthe examples

D.2.1 Defining your environment

Whenyouarerunningin anervironmentcreatedy theLHC++ setupprocedurgseehttp: //wwwinfo.
cern.ch/asd/lhc++/1hcppguide/SetUpUserEnvironment .html)all ervironmentvariablesneeded
by HTL will bealreadyin place.

If you are not runningin suchan ervironment,you will have to setthe HTL ervironmentvariables
up yourself,sincethe GNUmalefilesfor runningthe examplesassumehat the following ervironment
variablesaredefinedcorrectly:

e LHCXXTOP
e PLATF
e HEP_ODBMS_DIR

e HISTOODIR

If they arenot definedrun thefollowing scriptwhichis likely to work at CERN (replacepro by new or
dev to getthenew or developmentversionsasrequired):

source /afs/cern.ch/sw/lhcxx/share/HTL/pro/HTL.csh
Theabove syntaxis for C-shellflavours,while on Bourneshellflavoursyou shoulduse:

. /afs/cern.ch/sw/lhcxx/share/HTL/pro/HTL.ksh
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For non-CERNinstallationsyouwill have to replacethe path:

/afs/cern.ch/sw/lhcxx

with thelocationof your LHC++ tree.
Finally, a similar scriptis provided on Windows/NT asa batchfile:

Z:\P32\1hcxx\share\HTL\pro\HTL. bat
If you areusingpersistenHTL your Objectvity/DB ervironmentshouldbe properlydefinedaswell.

D.2.2 Building the examples

Make alocal copy of theexamplesdirectoryandrun gmake, asfollows:

cp -r /afs/cern.ch/sw/lhcxx/HTL/dev/HTL/examples .cd examplesgmake

Thesecommandsvill build all examplesn onego. You canbuild examplesseparatelyy runninggmake
in eachsubdirectory

D.2.3 Running the examples

HTL is provided assharedibrarieson mostplatforms. This meansHTL librariesandary othershared
library usedby HTL, suchasHepODBMSandObjectiity/DB for persistenHTL, shouldbevisible in
your sharedibrary path.

Providedthatyour ervironmentis alreadyconfiguredfor LHC++, nofurhersetupis required.If not,asa
mininumyour sharedibrary pathmustincludethe directorywherethe HTL library (andalsoObjecti-

ity/DB, for the persistenversion)is located.The scriptsmentionedn the previous sectionswill update
your library pathaswell.

Theexamplesexecutablesrecreatedn a $ (0S) subdirectoryin eachexampledirectory
D.3 Structure of eachexample

Eachexampledirectorycontainstwo files: a GNUmalefile to build the exampleanda sourcefile con-
tainingthe C++ code.Thesourcdfile typically definesan“Application” classanda mainprogramwhich
instantiateshatclassandcallsoneor moremethods.

class Histo_App :

int main( int argc, char x*argv )
{

Histo_App app;

app.init();

app.run();

app.commit () ;

}

The“Application” classmayinheritfrom HepODBMS : : HepDBApplication whenworkingwith the per
sistentHTL examples.This allows the classto manageransactionandso on. Apart from transaction
issuesmostexamplesbasedon persistenHTL canbetranslatedo transientHTL by changingall oc-
currence®f PHisto to Histo
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D.4 Onedimensionalhistograms

Thefollowing exampleshavs thecreationfilling andline-printeroutputof a 1D histogramandsomeof
its attributes. The histogramitself hasweightedbinsandaneven partition. The histogramis persistent
thatis, it is storedin the databasendremainsthereafterthejob hascompleted.

D.4.1 Input program

/* create_HistolD.cpp */

#include <iostream.h>

#include <iomanip.h> // Formatting output string.
#include "HTL/PHistograms.h"

class Histo_App : public HepDbApplication

{
public:
Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name == 0 ) 7 "Default_DB" : a_db_name; }
// If no database name is provided then the default one is
// "Default_DB".
public:
void run();
// Create a 1D histo named "Histo 1D" and fill it.
// Print simple properties and global statistics.
public:

void init();

private:
ooHandle(0oDBObj) db_; // Handle on the database.
const char *db_name_; // Name of the database.

};

//

// Implementation:

//

void Histo_App::init()

{
Init();
startUpdate();
db_ = db(db_name_);

}

void Histo_App::run()

{

const Size bin_count = 20;
const double x_min = 0.0;
const double x_max = 20.0;
// Create a histo 1D using Weighted_Bin and Even_Partition:
// (The type of the points is double.)
//
HepRef (PHisto1D) histo = new (db_) PHistolD( "Histo_1D", bin_count, x_min, x_max );
// Let’s £ill the histo with 50000 points:
//
long i;
double x, w;
for( i=0; i<50000; i++ ) {
x=({ %22 -1;

w = (x-9.5)*(x-9.5)+3;

histo->fill(x,w);
}
// Let’s print some properties of the new histo:
//

cout << "Histo name: " << histo->name() << endl
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<< "Bin count : " << histo->bin_count()
<< " from " << histo->partition().lower_point()
<< " to " << histo->partition().upper_point() << endl << endl;
// Now display some statistics:
//
long in_entries = HStat::in_range_entries_count (*histo);
long extra_entries = HStat::extra_entries_count(*histo);

cout << "Entries count: " << (in_entries + extra_entries)
<< " with IN_RANGE: " << in_entries
<< " EXTRA: " << extra_entries << endl;

//double mean = HStat::mean( *histo );
//cout << "MEAN (B.C.): " << mean << endl;
//cout << "RMS (B.C.): " << HStat::rms(*histo, mean)

// << endl << endl;

cout << "MEAN (B.C.): " << histo->mean() << endl;
cout << "RMS (B.C.): " << histo->rms() << endl;
// Print histo contents:

//

cout << ". UNDERFLOW: " << histo->extra_bin(H_UNDERFLOW) .value();
for( i=0; i<histo->bin_count(); i++ ) {
cout << endl << ". " << setw(2) << i << " "
<< setw(9) << histo->i_bin(i).value() << " +/- "
<< setw(4) << histo->i_bin(i).error();
}
cout << endl << ". OVERFLOW: " << histo->extra_bin(H_0VERFLOW).value();
cout << endl << "TOTAL IN_RANGE: "
<< HInfo::in_range_value( *histo ) << endl << endl;
// Print histo with existing HPrinter class from the library:
//
HPrinter hp( cout );
hp.print( *histo );

int main( int argc, char **argv )

{

Histo_App app;
app.init();
app.run();
app.commit () ;

D.4.2 Output Generated

Histo name: Histo_1D

Bin count : 20 from O to 20

Entries count: 50000 with IN_RANGE: 45455 EXTRA: 4545
MEAN (B.C.): 9.49851

RMS

(B.C.): 7.58048

. UNDERFLOW: 257417

0:

1
2
3
4:
5:
6
7
8
9

10:

211957 +/- 4445.79
171043 +/- 3587.62
134675 +/- 2824.8
102853 +/- 2157.34
75577.2 +/- 1585.23
52847.2 +/- 1108.47
34663.2 +/- 727.059
21025.2 +/- 441.003
11933.2 +/- 250.299
7387.25 +/- 154.947
7387.25 +/- 154.947
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11: 11933.2 +/- 250.299
12: 21025.2 +/- 441.003
13: 34663.2 +/- 727.059
14: 52847.2 +/- 1108.47

15: 75544 +/- 1584.88
16: 102808 +/- 2156.86
17: 134616 +/- 2824.18
18: 170968 +/- 3586.83
19: 211864 +/- 4444 .81

. OVERFLOW: 257304

TOTAL IN_RANGE: 1.64762e+06
TYPE : HistolD

TITLE : Histo_1D

BIN COUNT : 20

BIN WIDTH : 1

7.39e+03 2.12e+05 Y
X POSITION  BIN VALUE|-- - - -—=>
0.000e+00 0 2.120e+05 | XXX XXX XX XX XX XXX XXX XX XXX XX XXX XXX XX XX XXX XXXXXXXXXXXXX
1.000e+00 1 1.710e+05 | XX XX XXX XXX XXX XXX XX XXX XXX XXXXXXXXXXXXXXXX
2.000e+00 2 1.347e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.029e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 7.558e+04 | XXXXXXXXXXXXXXXXX
5.000e+00 5 5.285e+04 | XXXXXXXXXXX
6.000e+00 6 3.466e+04 | XXXXXX
7.000e+00 7 2.103e+04 | XXX
8.000e+00 8 1.193e+04|X
9.000e+00 9 7.387e+03|
1.000e+01 10 7.387e+03|
1.100e+01 11 1.193e+04|X
1.200e+01 12 2.103e+04 | XXX
1.300e+01 13 3.466e+04 | XXXXXX
1.400e+01 14 5.285e+04 | XXXXXXXXXXX
1.500e+01 15 7.554e+04 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.028e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.346e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 1.710e+05 | XXX XXX XXX XXX XX XX XX XXX XXX XXXXXXXXXXXXXXXX
1.900e+01 19 2.119e+05 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XXX XX XXX XX XXXXXXXXXXXX
X |
)
UNDERFLOW : 2.574e+05 OVERFLOW : 2.573e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 7.580e+00

D.5 Onedimensionalvariable histograms
Thefollowing exampleshavs the useof avariablepartition,but is otherwisesimilarto thepreviouscase.

D.5.1 Input program

/* create_HistolDVar.cpp */
#include <iostream.h>

#include <iomanip.h> // Formatting output string.
#include "HTL/PHistograms.h" // Computing statistics.
class Histo_App : public HepDbApplication

{

public:

Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name == 0 ) ? "Default_DB" : a_db_name; }
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// If no database name is provided then the default one is
// "Default_DB".

public:
void run();
// Create a 1D histo named "Histo 1D" and fill it.
// Print simple properties and global statistics.
public:

void init();

private:
ooHandle(ooDBObj) db_; // Handle on the database.
const char *db_name_; // Name of the database.

};
//
// Implementation:
//
void Histo_App::init()
{
Init();
startUpdate();
db_ = db(db_name_);
¥
void Histo_App::run()
{
const Size bin_count = 20;
const double x_min = 0.0;

const double x_max = 20.0;
// Create a HistolDVar using Weighted_Bin and Uneven_Partition:
// (The type of the points is double.)

//

//

// 1/ Declare and define the vector of points that compose the
// (uneven/variable) partition:

//

P_Points_Vector my_points(10);

my_points[0] = 0.0; my_points[1] = 1.0;
my_points[2] = 3.5; my_points[3] = 4.0;
my_points[4] = 5.5; my_points[5] = 9.0;
my_points[6] = 10.; my_points[7] = 15.;
my_points[8] = 19.; my_points[9] = 20.;
// 2/ Now declare and define the HistoilDVar:

//

HepRef (PHistolDVar) histo = new (db_) PHistolDVar( "HistolDVar", my_points );
// Let’s fill the histo with 50000 points:

//

long i;

double x, w;

for( i=0; i<50000; i++ ) {

x=(@{%22) -1;
w = (x-9.5)*(x-9.5)+3;
histo->fill(x,w);
}
// Now print some properties of the new histo:
//
cout << "Histo name: " << histo->name() << endl

<< "Bin count : " << histo->bin_count()
<< " from " << histo->partition().lower_point()
<< " to " << histo->partition().upper_point() << endl << endl;
// Now display some statistics:
//
long in_entries = HStat::in_range_entries_count(*histo);
long extra_entries = HStat::extra_entries_count (*histo);
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cout << "Entries count: " << (in_entries + extra_entries)

<< " with IN_RANGE: " << in_entries

<< " EXTRA: " << extra_entries << endl;

//double mean = HStat::mean( *histo );
//cout << "MEAN (B.C.): " << mean << endl;

//cout << "RMS (B.C.): " << HStat::rms(*histo, mean)
// << endl << endl;

cout << "MEAN (B.C.): " << histo->mean() << endl;
cout << "BMS (B.C.): " << histo->rms() << endl;

// Print histo contents:

//

cout << ". UNDERFLOW: " << histo->extra_bin(H_UNDERFLOW) .value();

for( i=0; i<histo->bin_count(); i++ ) {

cout << endl << ". " << setw(2) <K i << ":
<< setw(9) << histo->i_bin(i).value() << " +/- "

<< setw(4) << histo->i_bin(i).error();

}

cout << endl << ", OVERFLOW: " << histo->extra_bin(H_OVERFLOW) .value();

cout << endl << "TOTAL IN_RANGE: "

<< HInfo::in_range_value( *histo ) << endl << endl;
// Print histo with existing HPrinter class from the library:

//
HPrinter hp( cout );
hp.print( *histo );

¥
int main( int argc, char **argv )
{
Histo_App app;
app.init();
app.run();
app.commit () ;
}

D.5.2 Output Generated

Histo name: HistolDVar
Bin count : 9 from O to 20
Entries count: 50000 with IN_RANGE: 45455 EXTRA: 4545
MEAN (B.C.): 9.49851
RMS (B.C.): 7.53709
. UNDERFLOW: 257417
0: 211957 +/- 4445.79
408572 +/- 5050.21
0 +/- 0
128424 +/- 1934.33
67621.8 +/- 886.424
7387.25 +/- 154.947
127856 +/- 1427.74
483936 +/- 5292
. 8: 211864 +/- 4444 .81
. OVERFLOW: 257304
TOTAL IN_RANGE: 1.64762e+06
TYPE : HistolD
TITLE : HistolDVar
BIN COUNT : 9
BIN WIDTH : 1

~N o o WwN -

0.00e+00

4.84e+05 Y

X POSITION BIN VALUE | ————————————————
0.000e+00 0 2.120e+05 | XXXXXXXXXXXXXXXXXXXXXX

-—
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1.000e+00 1 4.086e+05 | XXX XXX XX XX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.500e+00 2 0.000e+00 |
4.000e+00 3 1.284e+05 | XXXXXXXXXXXXX
5.500e+00 4 6.762e+04 | XXXXXXX
9.000e+00 5 7.387e+03|
1.000e+01 6 1.279e+05 | XXXXXXXXXXXXX
1.500e+01 7 4.839e+05 | XXX XXX XX XX XX XXX XX XXX XXX XX XXX XXXXXXXXXXXXXXXXXXXXXXX
1.900e+01 8 2.119e+05 | XXXXXXXXXXXXXXXXXXXXXX
X |
v
UNDERFLOW : 2.574e+05 OVERFLOW : 2.573e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 7.537e+00

D.6 Two dimensionalhistograms
Thefollowing exampleshaws the useof a 2D histogramwith fixed partitions.

D.6.1 Input program

/* create_Histo2D.cpp */
#include <iostream.h>

#include "HTL/PHistograms.h" // Persistent histograms.
class Histo_App : public HepDbApplication

{

public:

Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name == 0 ) ? "Default_DB" : a_db_name; }
// If no database name is provided then the default one is
// "Default_DB".
public:
void run();
// Create a 1D histo named "Histo 1D" and fill it.
// Print simple properties and global statistics.
public:
void init();
private:
ooHandle(ooDBObj) db_; // Handle on the database.
const char *db_name_; // Name of the database.
};
//
// Implementation:
//
void Histo_App::init()
{
Init();
startUpdate();
db_ = db(db_name_);
}
void Histo_App::run()
{
const int n_bin = 10;
// Create a 2D histo using Weighted_Bin and Even_Partition:
// (The type of the points is double.)
//
HepRef (PHisto2D) histo = new (db_) PHisto2D( "Histo_2D", n_bin, 5., 15., n_bin, 5., 15. );
// Let’s £ill the histo with 50000 points:
//



D.6. Twodimensionahistagrams 37

#define

}

double x, w = 0.5;

for( long i=0; i<50000; i++ ) {
x = -i*sin(float(i));
histo->fill(x,x,w);
histo->fill1(20.-x,x,w);

}
// Let’s print some properties of the new histo:
//
cout << "Histo name: " << histo->name() << endl
<< "X: Bin count : " << histo->partition_X().bin_count ()
<< " from " << histo->partition_X().lower_point()
<< " to " << histo->partition_X().upper_point() << endl;
cout << "Y: Bin count : " << histo->partition_Y().bin_count()
<< " from " << histo->partition_Y().lower_point()
<< " to " << histo->partition_Y().upper_point() << endl;
// Now some statistics:
//

long in_entries = HStat::in_range_entries_count( *histo );
long extra_entries = HStat::extra_entries_count( *histo );

cout << "Entries count: " << (in_entries + extra_entries)
<< " with IN_RANGE: " << in_entries
<< " EXTRA: " << extra_entries << endl;

cout << "In Range values: " << H_Bin_Helper::in_range_value( *histo )
<< endl;

// Print histo contents:

//

EH(h,1i,j) h->extra_bin(i,j).value()

cout << endl;
cout << "(U,0): " << EH( histo, H_UNDERFLOW, H_OVERFLOW )
<< " (I,0): " << EH( histo, H_IN_RANGE, H_OVERFLOW )
<< " (0,0): " << EH( histo, H_OVERFLOW, H_OVERFLOW ) << endl;
cout << "(U,I): " << EH( histo, H_UNDERFLOW, H_IN_RANGE )
<< " (I,I): " << "XXXXXX"
<< " (0,I): " << EH( histo, H_OVERFLOW, H_IN_RANGE ) <<endl;
cout << "(U,U): " << EH( histo, H_UNDERFLOW, H_UNDERFLOW )
<< " (I,U): " << EH( histo, H_IN_RANGE, H_UNDERFLOW )
<< " (0,U): " << EH( histo, H_OVERFLOW, H_UNDERFLOW ) << endl;
cout << endl;
for( long y=0; y<histo->partition_Y().bin_count(); y++ )
for( long x=0; x<histo->partition_X().bin_count(); x++ ) {
if( histo->bin(x,y).value() != 0.0 ) {
cout << "bin(" << x K< "M KKy << M "
<< histo->bin(x,y).value() << " -/+ "
<< histo->bin(x,y).error() << endl;

}

cout << endl;

// Print using HPrinter:
//

HPrinter hp( cout );
hp.print( *histo );

int main( int argc, char **argv )

{

Histo_App app;
app.init();
app.run();
app.commit () ;
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D.6.2 Output Generated

Histo name: Histo_2D
X: Bin count : 10 from 5 to 15
Y: Bin count : 10 from 5 to 15
Entries count: 100000 with IN_RANGE: 58 EXTRA: 99942
In Range values: 29
(U,0): 12475 (I,0): 0 (0,0): 12475
(U,I): 0 (I,I): XXXXXX (0,I): O
(U,U): 12510.5 (I,U): O (O,U): 12510.5
bin(0,0): 1 -/+ 0.707107
bin(9,0): 1 -/+ 0.707107
bin(1,1): 2 -/+
bin(8,1): 2 -/+
bin(2,2): 2 -/+
bin(7,2): 2 -/+
bin(3,3): 0.5 -/+ 0.5
bin(6,3): 0.5 -/+ 0.5
bin(4,4): 1 -/+ 0.707107
bin(5,4): 1 -/+ 0.707107
bin(4,5): 2 -/+ 1
bin(5,5): 2 -/+ 1
bin(3,6): 1 -/+ 0.707107
0
1
1

e e e)

bin(6,6): 1 -/+ 0.707107
bin(2,7): 2 -/+

bin(7,7): 2 -/+

bin(1,8): 1.5 -/+ 0.866025

bin(8,8): 1.5 -/+ 0.866025
bin(0,9): 1.5 -/+ 0.866025
bin(9,9): 1.5 -/+ 0.866025
TYPE . Histo2D
TITLE : Histo_2D
X: BINS : 10 WIDTH : 1.000e+00 MIN : 5.000e+00 MAX
Y: BINS : 10 WIDTH : 1.000e+00 MIN : 5.000e+00 MAX
0
0123456789
3k ok ok 3k 5k >k 3k 5k >k ok k 5k
* *
0 *x T........ T *
1 =% F...... F *
2 * F....F.. %
3 * 3..3 *
4 * 7. . *
5 * .FF.. *
6 * T..7T... *
7 * F....F.. x
8 * B...... B *
9 *x B........ B *
* *
3k 3k 3k 3k 5k >k 3k 5k %k 5k k %k
ENTRIES 100000 Z MIN : 0
TOTAL C. : 29 Z STEP : 0.133
Z SCALE : .+23456789ABCDE
1.25e+04 | 0 | 1.25e+04
______ | —_— _ | —————— e
0 | 29 | 0

1.25e+04 | 0 | 1.25e+04
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1.500e+01
1.500e+01
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D.7 Two dimensionalvariable histograms

Thefollowing exampleshavs the useof a 2D histogramwith variablepartitions.

D.7.1 Input program

/* create_Histo2DVar.cpp */

#include <iostream.h>

#include "HTL/PHistograms.h" // Persistent histograms.
class Histo_App : public HepDbApplication

{
public:
Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name == 0 ) ? "Default_DB" : a_db_name; }
// If no database name is provided then the default one is
// "Default_DB".
public:
void run();
// Create a 2D histogram with variable binning and fill it.
// Print simple properties and global statistics.
public:
void init();
private:
ooHandle(ooDBObj) db_; // Handle on the database.
const char *db_name_; // Name of the database.
};
//
// Implementation:
//
void Histo_App::init()
{
Init();
startUpdate();
db_ = db(db_name_);
}
void Histo_App::run()
{

//
// Create a 2D histo using Weighted_Bin and Uneven_Partition:
// (The type of the points is double.)

//

//

// 1/ Declare and define the vectors of points that compose each
// of the (uneven/variable) partitions:

//

P_Points_Vector my_points_on_X(10);
my_points_on_X[0] = 0.0; my_points_on_X[1] = 1
my_points_on_X[2] = 3.5; my_points_on_X[3] = 4.
my_points_on_X[4] = 5.5; my_points_on_X[5] = 9
my_points_on_X[6] = 10.; my_points_on_X[7] = 15.;
my_points_on_X[8] = 19.; my_points_on_X[9] = 20.;
P_Points_Vector my_points_on_Y(10);
my_points_on_Y[0] = 0.0; my_points_on_Y[1] = 1
my_points_on_Y[2] = 2.5; my_points_on_Y[3] = 4.
my_points_on_Y[4] = 6.0; my_points_on_Y[5] = 9
my_points_on_Y[6] = 12.; my_points_on_Y[7] = 14.;
my_points_on_Y[8] = 18.; my_points_on_Y[9] = 20.;
// 2/ Now declare and define the Histo2DVar:
//
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HepRef (PHisto2DVar) histo = new (db_) PHisto2DVar("Histo2DVar", my_points_on_X, my_points_on_Y );
// Let’s fill the histo with 50000 points:
//
double x, w = 0.5;
for( long i=0; i<50000; i++ ) {
x = -i*sin(float(i));
histo->fill(x,x,w);
histo->fill(20.-x,x,w);

}
// Let’s print some properties of the new histo:
//
cout << "Histo name: " << histo->name() << endl
<< "X: Bin count : " << histo->partition_X() .bin_count ()
<< " from " << histo->partition_X().lower_point()
<< " to " << histo->partition_X().upper_point() << endl;
cout << "Y: Bin count : " << histo->partition_Y().bin_count()
<< " from " << histo->partition_Y().lower_point()
<< " to " << histo->partition_Y().upper_point() << endl;
// Now some statistics:
//

long in_entries = HStat::in_range_entries_count( *histo );
long extra_entries = HStat::extra_entries_count( *histo );

cout << "Entries count: " << (in_entries + extra_entries)
<< " with IN_RANGE: " << in_entries
<< " EXTRA: " << extra_entries << endl;

cout << "In Range values: " << H_Bin_Helper::in_range_value( *histo )
<< endl;

// Print histo contents:

//

#define EH(h,i,j) h->extra_bin(i,j).value()

cout << endl;
cout << "(U,0): " << EH( histo, H_UNDERFLOW, H_OVERFLOW )
<< " (I,0): " << EH( histo, H_IN_RANGE, H_OVERFLOW )
<< " (0,0): " << EH( histo, H_OVERFLOW, H_OVERFLOW ) << endl;
cout << "(U,I): " << EH( histo, H_UNDERFLOW, H_IN_RANGE )
<< " (I,I): " << "XXXXXX"
<< " (0,I): " << EH( histo, H_OVERFLOW, H_IN_RANGE ) <<endl;
cout << "(U,U): " << EH( histo, H_UNDERFLOW, H_UNDERFLOW )
<< " (I,U): " << EH( histo, H_IN_RANGE, H_UNDERFLOW )
<< " (0,U): " << EH( histo, H_OVERFLOW, H_UNDERFLOW ) << endl;
cout << endl;
for( long y=0; y<histo->partition_Y().bin_count(); y++ )
for( long x=0; x<histo->partition_X().bin_count(); x++ ) {
if( histo->bin(x,y).value() != 0.0 ) {
cout << "bin(" << x << " " KKy << M "
<< histo->bin(x,y).value() << " -/+ "
<< histo->bin(x,y).error() << endl;

}

cout << endl;

// Print using HPrinter:
//

HPrinter hp( cout );
hp.print( *histo );

}
int main( int argc, char **argv )
{
Histo_App app;
app.init();
app.run();

app.commit () ;
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D.7.2 Output Generated

Histo name: Histo2DVar

X: Bin count : 9 from O to 20

Y: Bin count : 9 from O to 20

Entries count: 100000 with IN_RANGE: 123 EXTRA: 99877
In Range values: 61.5

(U,0): 12469 (I,0): 0 (0,0): 12469

(U,I): 0 (I,I): XXXXXX (0,I): 0.5

(U,U): 12500 (I,U): 0 (0,U): 12500

bin(0,0): 3.5 -/+ 1.32288

bin(8,0): 3 —/+ 1.22474
bin(1,1): 2.5 -/+ 1.11803
bin(7,1): 2.5 -/+ 1.11803
bin(1,2): 2 -/+ 1
bin(2,2): 0.5 -/+ 0.5
bin(7,2): 2.5 -/+ 1.11803
bin(3,3): 2.5 -/+ 1.11803
bin(4,3): 0.5 -/+ 0.5
bin(6,3): 1 -/+ 0.707107
bin(7,3): 2 —/+ 1
bin(4,4): 4.5 -/+ 1.5
bin(6,4): 4.5 -/+ 1.5
bin(4,5): 1 -/+ 0.707107
bin(5,5): 3 -/+ 1.22474
bin(6,5): 4 -/+ 1.41421
bin(4,6): 3.5 -/+ 1.32288
bin(6,6): 3.5 -/+ 1.32288
bin(1,7): 0.5 -/+ 0.5
bin(2,7): 1 -/+ 0.707107
bin(3,7): 3 -/+ 1.22474
bin(6,7): 1.5 -/+ 0.866025
bin(7,7): 3 -/+ 1.22474
bin(0,8): 2.5 -/+ 1.11803
bin(1,8): 0.5 -/+ 0.5
bin(7,8): 0.5 -/+ 0.5
bin(8,8): 2.5 -/+ 1.11803
TYPE . Histo2D
TITLE : Histo2DVar
X: BINS : 9 WIDTH : 1.000e+00 MIN : 0.000e+00
Y: BINS : 9 WIDTH : 1.000e+00 MIN : 0.000e+00
012345678
3k ok 3k 3k 5k %k 3k 5k %k 5k k
* *
0 * B....... 9 *
1 % .8..... 8. *
2 % .6+....8. *
3 * 8+.36. *
4 x F.F.. *
5 x .39D.. *
6 * ..B.B. *
7 % .+39..49. *
8 * B+..... +8  *
* *
3k ok 3k 3k 5k %k %k 5k %k 5k k
ENTRIES : 100000 Z MIN : 0

TOTAL C. : 61.5 Z STEP : 0.3

MAX
MAX

: 2.000e+01
: 2.000e+01
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Z SCALE : .+23456789ABCDE
1.25e+04 | 0 | 1.25e+04
J— —_ | ______ | ___________
0 | 61.5 | 0.5
J— —_ | ______ | ___________
1.25e+04 | 0 | 1.25e+04

D.8 Profile histograms
Thefollowing exampleshaws the useof profile historams.

D.8.1 Input program

/* create_profile.cpp */

#include <stdlib.h>

#include <iostream.h>

#include <iomanip.h> // Formatting output string.
#include "CLHEP/Random/Randomize.h"

#include "HTL/PHistograms.h" // Persistent histograms.

class Histo_App : public HepDbApplication

{
public:
Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name == 0 ) 7 "Default_DB" : a_db_name; }
// If no database name is provided then the default one is
// "Default_DB".
public:
void run();
// Create a profile histo and fill it.
// Print simple properties and global statistics.
public:

void init();

private:
ooHandle(0oDBObj) db_; // Handle on the database.
const char *db_name_; // Name of the database.

};

//

// Implementation:

//

void Histo_App::init()

{
Init();
startUpdate();
db_ = db(db_name_);

}

void Histo_App::run()

{

// Create a profile histogram
HepRef (PProfileHisto) histo = new (db_) PProfileHisto ("Profile", 20, 0., 1.);
// Let’s fill the histo with 50000 points:

//

long i;

double x;

for( i=0; i<50000; i++ ) {
double x = RandFlat::shoot(1.); // fnum J0,1.[
histo->fill(x,x,1.);

}

// Let’s print some properties of the new histo:
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//
cout << "Histo name: " << histo->name() << endl
<< "Bin count : " << histo->bin_count()
<< " from " << histo->partition().lower_point()
<< " to " << histo->partition().upper_point() << endl << endl;
// Now display some statistics:
//
long in_entries = HStat::in_range_entries_count(*histo);
long extra_entries = HStat::extra_entries_count(*histo);

cout << "Entries count: " << (in_entries + extra_entries)
<< " with IN_RANGE: " << in_entries
<< " EXTRA: " << extra_entries << endl;

//double mean = HStat::mean( *histo );
//cout << "MEAN (B.C.): " << mean << endl;

//cout << "RMS (B.C.): " << HStat::rms(*histo, mean)
// << endl << endl;
cout << "MEAN (B.C.): " << histo->mean() << endl;
cout << "RMS (B.C.): " << histo->rms() << endl;
// Print histo contents:
//

cout << ". UNDERFLOW: " << histo->extra_bin(H_UNDERFLOW) .value();
for( i=0; i<histo->bin_count(); i++ ) {
cout << endl << ". " << setw(2) << i < ": "
<< setw(9) << histo->i_bin(i).value() << " Error "
<< setw(4) << histo->i_bin(i).error() << " Spread Error "
<< setw(4) << histo—>i_bin(i).error(1);
}
cout << endl << ". OVERFLOW: " << histo->extra_bin(H_OVERFLOW) .value();
cout << endl << "TOTAL IN_RANGE: "
<< HInfo::in_range_value( *histo ) << endl << endl;
}
int main( int argc, char **argv )
{
Histo_App app;
app.init();
app.run();
app.commit () ;

D.8.2 Output Generated

Histo name: Profile

Bin count : 20 from O to 1

Entries count: 50000 with IN_RANGE: 50000 EXTRA: O
MEAN (B.C.): 0.666225

RMS (B.C.): 0.235584

. UNDERFLOW: O

0: 0.0246313 Error 0.000303054 Spread Error 0.0145213
1: 0.0752091 Error 0.000286633 Spread Error 0.0142972
2 0.12533 Error 0.000282329 Spread Error 0.01436

3 0.17502 Error 0.000290731 Spread Error 0.014452
4: 0.225639 Error 0.000283451 Spread Error 0.0142967
5: 0.27498 Error 0.000289269 Spread Error 0.0143677
6: 0.324899 Error 0.000285322 Spread Error 0.0143287
7: 0.374806 Error 0.000288683 Spread Error 0.0146092
8: 0.425111 Error 0.000286534 Spread Error 0.0143953
9: 0.474468 Error 0.000288799 Spread Error 0.0143995
10: 0.525262 Error 0.000283128 Spread Error 0.0142945
11: 0.574666 Error 0.000292235 Spread Error 0.0145297
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12: 0.625178 Error 0.000283092 Spread Error 0.0144016
13: 0.675176 Error 0.000286276 Spread Error 0.0145325
14: 0.724437 Error 0.000294247 Spread Error 0.0144061
15: 0.774756 Error 0.000290449 Spread Error 0.0144584
16: 0.824792 Error 0.000286015 Spread Error 0.0143863
17: 0.874996 Error 0.00028511 Spread Error 0.0142641

18: 0.924813 Error 0.000288151 Spread Error 0.014318

19: 0.975295 Error 0.000288324 Spread Error 0.0143902

. OVERFLOW: O
TOTAL IN_RANGE: 9.99947

D.9 Filling histogramswith random numbers
Thefollowing exampleshaws cloning of andoperationson histograms.

D.9.1 Input program

/* histo_random.cpp */
#include <iostream.h>
#include "CLHEP/Random/Randomize.h"
#include "HTL/PHistograms.h" // Persistent histograms.
typedef PHistolD PHisto;
class Histo_App : public HepDbApplication {
public:
Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name == Q0 ) ? "Default_DB" : a_db_name; }
// 1If no database name is provided then the default one is
// "Default_DB".
public:
void run();
void init();
private:
ooHandle(ooDBObj) db_; // Handle on the database.
const char *db_name_; // Name of the database.
};
//
// Implementation:
//
void Histo_App::init()
{
Init();
startUpdate();
db_ = db(db_name_);
}
void Histo_App::run()
{
const int Nbin = 10;
InitQ); // initialise the db session
startUpdate(); // start an update transaction
HepRef (PHisto) histo = new (db_) PHisto( "Histo_1D", 20., 0.0, 20.0 );

HepRef (PHisto) xhist = new (db_) PHisto(" Random Numbers ",40,0.0,20.0);

// Clone histogram
HepRef (PHisto) x2hist = xhist->clone();
x2hist->set_name ("Two Gaussians");

. Runningtheexamples

/* ————= Start of histogram manipulation---------------- —-——= %/

// Fill histograms with random number
for(int i = 1;i <= 100000;i++)
{
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double x = RandFlat::shoot(20.); // fnum 10,20[

double nl1 = RandGauss::shoot(5.,1.6); // (mean=5, stDev=1.6)
double n2 = RandGauss::shoot(15.2,0.7); // (mean=15.2, stDev=.7)
xhist->fill(x,1.);

x2hist->fill(n1,1.);

x2hist->fil11(n2,0.5);

}

cout << "Graphical Histogram Printout" << endl;
HPrinter p(cout);

p.print(*#xhist); cout << endl;
p-print (¥x2hist) ;
// Add x2hist to xhist, then divide by 2

x2hist->add (*xhist);

x2hist->div(2.);

cout << endl
<< "Graphical Histogram Printout of xhist2 after operations"
<< endl;

x2hist->set_name("Two Gaussians + Random divided by 2");

p.print (#x2hist) ;

¥
int main( int argc, char **argv )
{
Histo_App app;
app.init();
app.run();
app.commit () ;
}

D.9.2 Output Generated

Graphical Histogram Printout
TYPE : HistolD

TITLE : Random Numbers
BIN COUNT : 40

BIN WIDTH : 0.5

2.37e+03 2.61e+03 Y

X POSITION  BIN VALUE|---—---————-———~ - -—=>
0.000e+00 0 2.442e+03 | XXXXXXXXXXXXXXX

5.000e-01 1 2.452e+03 | XXXXXXXXXXXXXXXXX

1.000e+00 2 2.443e+03 | XXXXXXXXXXXXXXX

1.500e+00 3 2.531e+03 | XXX XXX XX XX XXXXXXXXXXXXXXXXXXXXXXXX

2.000e+00 4 2.600e+03 | XXX XXX XX XX XXX XX XXX XX XX XXX XX XXX XXX XXXXXXXXXXXXXXXX
2.500e+00 5 2.535e+03 | XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXX

3.000e+00 6 2.503e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXX

3.500e+00 7 2.453e+03 | XXXXXXXXXXXXXXXXX

4.000e+00 8 2.605e+03 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XXX XX XX XXX XXXXXXXXXXXX
4.500e+00 9 2.608e+03 | XXX XXX XX XX XXX XXX XX XXX XXX X XXX XXX XX XXX XXXXXXXXXXXXXXX
5.000e+00 10 2.535e+03 | XXX XXX XX XX XXX XX XXX XX XXX XXXXXXXXXXXX

5.500e+00 11 2.529e+03 | XXX XXX XX XX XXX XXXXXXXXXXXXXXXXXXXX

6.000e+00 12 2.435e+03 | XXXXXXXXXXXXX

6.500e+00 13 2.513e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

7.000e+00 14 2.440e+03 | XXXXXXXXXXXXXX

7.500e+00 15 2.432e+03 | XXXXXXXXXXXX

8.000e+00 16 2.561e+03 | XXX XXX XX XX XXX XX XXX XX XXX XXXXXXXXXXXXXXXXX



N
o

.500e+00
.000e+00
.500e+00
.000e+01
.050e+01
.100e+01
.150e+01
.200e+01
.250e+01
.300e+01
.350e+01
.400e+01
.450e+01
.500e+01
.550e+01
.600e+01
.650e+01
.700e+01
.750e+01
.800e+01
.850e+01
.900e+01
.950e+01

e el e e o T e = N SN S Vo B (o W o)

UNDERFLOW :
IN RANGE :
MEAN B.C.:

TYPE
TITLE
BIN COUNT
BIN WIDTH

X POSITION
.000e+00
.000e-01
.000e+00
.500e+00
.000e+00
.500e+00
.000e+00
.500e+00
.000e+00
.500e+00
.000e+00
.500e+00
.000e+00
.500e+00
.000e+00
.500e+00
.000e+00
.500e+00
.000e+00
.500e+00
.000e+01
.050e+01
.100e+01
.150e+01
.200e+01
.250e+01
.300e+01

P PR R R RPRPROO00NNO0OOOS W WNNRR~ OO

: 40
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17 2.497e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXX
18 2.602e+03 | XXX XXX XX XX XXX XXX XX XX XXX XX XXX XXX XXXXXXXXXXXXXXXXXX
19 2.533e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
20 2.451e+03 | XXXXXXXXXXXXXXXXX
21 2.582e+03 | XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXX
22 2.533e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
23 2.427e+03 | XXXXXXXXXXX
24 2.480e+03 | XXXXXXXXXXXXXXXXXXXXXXX
25 2.495e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXX
26 2.480e+03 | XXXXXXXXXXXXXXXXXXXXXXX
27 2.413e+03 | XXXXXXXX
28 2.460e+03 | XXXXXXXXXXXXXXXXXXX
29 2.475e+03 | XXXXXXXXXXXXXXXXXXXXXX
30 2.490e+03 | XXXXXXXXXXXXXXXXXXXXXXXXX
31 2.480e+03 | XXXXXXXXXXXXXXXXXXXXXXX
32 2.481e+03 | XXXXXXXXXXXXXXXXXXXXXXX
33 2.510e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXX
34 2.372e+03|
35 2.555e+03 | XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
36 2.484e+03 | XXXXXXXXXXXXXXXXXXXXXXXX
37 2.515e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
38 2.502e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXX
39 2.566e+03 | XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
X |
\')
0.000e+00 OVERFLOW : 0.000e+00
100000 EXTRA : 0
9.985e+00 RMS B.C. : 5.772e+00
: HistolD
: Two Gaussians
: 5.000e-01
0.00e+00 1.39e+04 Y
BIN VALUE|-- -——= - -—=>
0 1.750e+02]|
1 3.800e+02|X
2 8.020e+02| XX
3 1.586e+03 | XXXXX
4 2.834e+03 | XXXXXXXXXX
5 4.641e+03 | XXXXXXXXXXXXXXXXX
6 6.915e+03 | XXXXXXXXXXXXXXXXXXXXXXXXX
7 9.047e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
8 1.104e+04 | XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXX
9 1.227e+04 | XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXX
10 1.237e+04 | XXX XXX XX XX XX XX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXX
11 1.127e+04 | XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXX
12 9.228e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
13 6.804e+03 | XXXXXXXXXXXXXXXXXXXXXXXX
14 4.687e+03 | XXXXXXXXXXXXXXXXX
15 2.864e+03 | XXXXXXXXXX
16 1.584e+03 | XXXXX
17 8.010e+02| XX
18 3.860e+02|X
19 1.460e+02]|
20 6.500e+01 |
21 1.700e+01 |
22 7.000e+00 |
23 0.000e+00]|
24 5.000e-01|
25 4.400e+01 |
26 3.340e+02|X
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1.350e+01 27 1.770e+03 | XXXXXX
1.400e+01 28 5.772e+03 | XXXXXXXXXXXXXXXXXXXXX
1.450e+01 29 1.153e+04 | XXX XX XXX XX XX XX XXX XXX XXX XXXXXXXXXXXXXXXXXXX
1.500e+01 30 1.391e+04 | XXX XX XXX XX XX XX XXX XXX XXX XX XXX XXX XXX XXXXXXXXXXXXXXXXX
1.550e+01 31 1.033e+04 | XXX XX XXX XX XX XXXXXXXXXXXXXXXXXXXXXXXXX
1.600e+01 32 4.760e+03 | XXXXXXXXXXXXXXXXX
1.650e+01 33 1.296e+03 | XXXX
1.700e+01 34 2.370e+02|
1.750e+01 35 2.350e+01 |
1.800e+01 36 1.500e+00]|
1.850e+01 37 0.000e+00 |
1.900e+01 38 0.000e+00 |
1.950e+01 39 0.000e+00|
X |
A\
UNDERFLOW : 8.600e+01 OVERFLOW : 0.000e+00
IN RANGE : 199914 EXTRA : 86
MEAN B.C.: 8.407e+00 RMS B.C. : 4.991e+00
Graphical Histogram Printout of xhist2 after operations
TYPE : HistolD
TITLE : Two Gaussians + Random divided by 2
BIN COUNT : 40
BIN WIDTH : 5.000e-01
1.21e+03 8.20e+03 Y
X POSITION BIN VALUE | ————————=——————= - —-—=>
0.000e+00 O 1.308e+03]|
5.000e-01 1 1.416e+03|X
1.000e+00 2 1.622e+03|XX
1.500e+00 3 2.058e+03 | XXXXXX
2.000e+00 4 2.717e+03 | XXXXXXXXXX
2.500e+00 5 3.588e+03 | XXXXXXXXXXXXXXXXX
3.000e+00 6 4.709e+03 | XXXXXXXXXXXXXXXXXXXXXXXXX
3.500e+00 7 5.750e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 8 6.821e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
4.500e+00 9 7.438e+03 | XXX XXX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
5.000e+00 10 7.452e+03 | XXX XXX XX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXX
5.500e+00 11 6.900e+03 | XXX XXX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
6.000e+00 12 5.832e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
6.500e+00 13 4.658e+03 | XXXXXXXXXXXXXXXXXXXXXXXXX
7.000e+00 14 3.564e+03 | XXXXXXXXXXXXXXXXX
7.500e+00 15 2.648e+03 | XXXXXXXXXX
8.000e+00 16 2.072e+03 | XXXXXX
8.500e+00 17 1.649e+03 | XXX
9.000e+00 18 1.494e+03|XX
9.500e+00 19 1.340e+03]|
1.000e+01 20 1.258e+03]
1.050e+01 21 1.300e+03]|
1.100e+01 22 1.270e+03]
1.150e+01 23 1.214e+03]|
1.200e+01 24 1.240e+03]
1.250e+01 25 1.270e+03]|
1.300e+01 26 1.407e+03|X
1.350e+01 27 2.092e+03 | XXXXXX
1.400e+01 28 4.116e+03 | XXXXXXXXXXXXXXXXXXXXX
1.450e+01 29 7.000e+03 | XXX XXX XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.500e+01 30 8.200e+03 | XXX XXX XX XXX XX XX XXX XX XX XX XXXXXXXXXXXXXXXXXXXXXXXXXXX
1.550e+01 31 6.404e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.600e+01 32 3.620e+03 | XXXXXXXXXXXXXXXXX
1.650e+01 33 1.903e+03 | XXXXX
1.700e+01 34 1.304e+03]
1.750e+01 35 1.289e+03]
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1.800e+01 36 1.243e+03]
1.850e+01 37 1.258e+03|
1.900e+01 38 1.251e+03]|
1.950e+01 39 1.283e+03]|

X |

v
UNDERFLOW : 4.300e+01 OVERFLOW : 0.000e+00
IN RANGE : 299914 EXTRA : 86
MEAN B.C.: 9.039e+00 RMS B.C. : 5.373e+00

D.10 Saving histogram astext table

Thefollowing exampleshavs how a histogramcanbe savedin a simpletext file thatcansubsequently
bereadby PAW, Excelor othercommontool. An exampleof a suitablePAW macrois alsoprovided.

D.10.1 Input program

/* histo_tables.cpp */
#include <iostream.h>
#include <iomanip.h> // Formatting output string.
#include "HTL/Histograms.h" // Transient histograms.
class Histo_App
{
public:
Histo_App() {}
public:
void run();
// Create one 1D transient histograms and save it a text table
private:
void createlD ();
};
//
// Implementation:
//
void Histo_App::run() {
createlD();
¥
void Histo_App::createlD() {
// Create a histo 1D
HistolD *histo = new HistolD("Histo_1D", 20, 0.0, 20.0 );
// Let’s fill the histo with 50000 points:
//
long i;
double x, w;
for( i=0; i<50000; i++ ) {
x= (%22 -1;
w = (x-9.5)*(x-9.5)/100;
histo->fill(x,w);
}
// Save the histogram in a ASCII table
HistoTablelD htl ("histo.txt");
htl.write(*histo);
delete histo;
¥
int main( int argc, char **argv )
{
Histo_App app;
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app.run();
}

D.10.2 PAW kumac for readingtable

mess "Notice that this is an HTL histogram with gravity bins"
mess "The center of each bin is the bin center-of-mass"
mess "rather than the mid point"

* Read x,y,ey; ex are all zeros

ve/read x,y,ey histo.txt

ve/cre ex(20)

zone 2 2

* Draw as histogram

ve/draw y

* Fit with 2nd degree polynomial

ve/fit x y ey p2

* Display as markers+error bars

graphics/hplot/errors x y ex ey 20 25 .07 W

* Finally as a bar chart

graph 20 x y AWB

D.10.3 PAW Macroto producelD HBOOK histogram from HTL ASCII table

Macro to read an HTL ASCII table an produce a 1D HBOOK histogram
Assumes binning is fixed and histogram is 1D.

Since the bin center of HBOOK is always the middle of the bin, you
may lose some information going from HTL to HBOOK.

* ¥ ¥ ¥

Macro htl2hbook 1=’Test’ 2=1
file = [1]

id [2]

*

ve/read x,y,ey [file]

title = [file]

nbins = $vdim(x,1)

width = x(2)-x(1)

width2 = [width]/2

xmin = x(1)-[width2]

xmax = x([nbins])+[width2]
1dhisto [id] [title] [mbins] [xmin] [xmax]
put/cont [id] y

*

v/del x,y,ey

Return

D.10.4 Output Generated

2051.38 43.0276
1642.24 34.4459
1278.56 26.8177
960.343 20.1431
687.583 14.422
460.282 9.65439
278.443 5.84031
142.062 2.97975

~NOoO o WN e O
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8 51.1425 1.07271
9 5.6825 0.11919
10 5.6825 0.11919
11 51.1425 1.07271
12 142.062 2.97975
13 278.443 5.84031
14 460.282 9.65439
15 687.28 14.4188
16 959.92 20.1387
17 1278 26.8118

18 1641.52 34.4383
19 2050.48 43.0181

D.11 Histogram naming

The following exampledemonstratethe usageof histogramnaming. Histogramsarefirst createdand
filled usinga histogramfactoryandthenlocatedby nameandprinted.

D.11.1 Input program

/* name_histos.cpp */
#include <iostream.h>
#include <iomanip.h>
#include "HTL/HNaming.h"
class Histo_App : public HepDbApplication
{
public:
Histo_App O {X
void create();
public:
void init();
};
void Histo_App::init()
{
Init();
startUpdate();
}
void Histo_App::create()
{
const int noBins=20;
HNamingFactory myFactory(HNamingFactory::0verride);
// Create histograms in DB "gepo", Container "sbaffini" and name them
// in /usr/.../Histograms/MC
if (myFactory.init(this,"Histograms/MC","gepo","sbaffini")) {
// Create two histograms. They’re named 10 and "p2" in the name tree
HepRef (PHistolD) hl = myFactory.Histo1D(10,"Histo-1",noBins,0.0,20.0);
HepRef (PHistolD) h2 = myFactory.HistolD("p2","Histo-2",noBins,0.0,20.0);
// Fill histos with different weights:
for( int i = 0; i < 50000; i++) {
double x = (i % 22) - 1;
h1->£fill(x, (x-9.5)*(x-9.5)+3);
h2->fill(x, (x-9.5)%(x-9.5)+30);
}
}
// Create histograms in user database, container "Histograms" and name them
// in /usr/.../Histograms/Data
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if (myFactory.init(this,"Histograms/Data")) {

// Create two histograms. They’re named 10 and "p2" in the name tree
HepRef (PHistolD) hl = myFactory.Histo1D(10,"Histo-11",noBins,0.0,20.0);
HepRef (PHisto1D) h2 = myFactory.Histo1lD("p2","Histo-22",noBins,0.0,20.0);
// Fill histos with different weights:
for( int i = 0; i < 50000; i++) {

double x = (i % 22) - 1;

h1->£fill(x, (x-9.5)*(x-9.5)+3);

h2->fill(x, (x-9.5)*(x-9.5)+30);

¥
}
// Locate Histogram /usr/.../Histograms/Data/p2
HLocator myLocator;
HPrinter hp(cout);
myLocator.init (this);
HepRef (PHisto1D) h = myLocator.HistolD("p2");
if (b !'= 0)
hp.print (*h) ;
h = myLocator.Histo1D(10);
if (b !'= 0)
hp.print (*h) ;
}
int main( int argc, char #**argv)
{
// Create application object:
Histo_App my_app;
my_app.init();
my_app.create();
my_app.commit () ;

D.11.2 Output Generated

TYPE : HistolD
TITLE : Histo-2
BIN COUNT : 20

BIN WIDTH : 1

6.88e+04 2.73e+05 Y
X POSITION BIN VALUE|-- -— - —>
0.000e+00 O 2.733e+05 | XXX XXX XX XXX XX XX XXX XX XX XX XXXXXXXXXXXXXXXXXXXXXXXXXXX
1.000e+00 1 2.324e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX

4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX

5.000e+00 5 1.142e+05 | XXXXXXXXXXX

6.000e+00 6 9.603e+04 | XXXXXX

7.000e+00 7 8.240e+04 | XXX

8.000e+00 8 7.330e+04|X

9.000e+00 9 6.876e+04 |

1.000e+01 10 6.876e+04 |

1.100e+01 11 7.330e+04 | X

1.200e+01 12 8.240e+04 | XXX

1.300e+01 13 9.603e+04 | XXXXXX

1.400e+01 14 1.142e+05 | XXXXXXXXXXX

1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX

1.600e+01 16 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX

1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 2.323e+05 | XXX XXX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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1.900e+01 19 2.732e+05 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XX XXX XXX XX XX XXX XXXXXXX

X |
v
UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 6.865e+00
TYPE : HistolD
TITLE : Histo-1
BIN COUNT : 20
BIN WIDTH : 1.000e+00
7.39e+03 2.12e+05 Y
X POSITION BIN VALUE|-- -— - -—>
0.000e+00 0 2.120e+05 | XX XX XX XX XXX XX XX XXX XX XX XX XX XX XXXXXXXXXXXXXXXXXXXXXXX
1.000e+00 1 1.710e+05 | XXX XX XXX XX XX XXXXXXXXXXXXXXXXXXXXXXXXXXXX
2.000e+00 2 1.347e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.029e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 7.558e+04 | XXXXXXXXXXXXXXXXX
5.000e+00 5 5.285e+04 | XXXXXXXXXXX
6.000e+00 6 3.466e+04 | XXXXXX
7.000e+00 7 2.103e+04 | XXX
8.000e+00 8 1.193e+04|X
9.000e+00 9 7.387e+03]
1.000e+01 10 7.387e+03|
1.100e+01 11 1.193e+04|X
1.200e+01 12 2.103e+04 | XXX
1.300e+01 13 3.466e+04 | XXXXXX
1.400e+01 14 5.285e+04 | XXXXXXXXXXX
1.500e+01 15 7 .554e+04 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.028e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.346e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 1.710e+05 | XXX XX XXX XX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.119e+05 | XXX XXX XX XXX XX XX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXX
X |
v
UNDERFLOW : 2.574e+05 OVERFLOW : 2.573e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 7.580e+00

D.12 Basichistogram operations

Thefollowing exampleshavs anumberof basichistogranoperationssuchassubtractionmultiplication
etc.

D.12.1 Input program

/* basic_operations.cpp */
/KoK ok ok ok ok ok ok ok o o ok KoK ok ok o o o oK ok ok ok o ok 3k 3 oK ok ok ok o o K oK ok ok ok o o o ok oK ok ok ok ok ok K K K oK ok o o o o K KoK ok ok o o o ok K ok ok ok
Demonstrate:
. how to create, fill and print a basic HistolD
. how to create/clone a new histo out of an existing one.
(constructor and cloning techniques demonstrated)
. how to perform basic operations.
kKKK ok o o ok KoK oK ok o o ok oK oK oK ok o o K KoK ok o o o KoK oK oK ok o o o K oK oK oK ok o o koK oK ok ok s o ok ok ok ok sk o ok koK oK ok ok ok o o ok ok ok ok ok sk ok /
#include <iostream.h>
#include <iomanip.h> // Formatting output string.
#include "HTL/PHistograms.h" // Persistent histograms.
class Histo_App : public HepDbApplication
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{
public:
Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name == 0 ) 7 "Default_DB" : a_db_name; }
// If no database name is provided then the default omne is
// "Default_DB".
public:
void run();
void init()
{
Init();
startUpdate();
db_ = db(db_name_);
}
private:
ooHandle(ooDBObj) db_; // Handle on the database.
const char *db_name_; // Name of the database.

}

// Implementation:

//

void Histo_App::run()
{

const Size bin_count = 20;
const double x_min = 0.0;
const double x_max = 20.0;
// Create a histo 1D using Gravity_Bin and Even_Partition:
// (The type of the points is double.)
//
HepRef (PHistolD) histol = new (db_) PHistolD( "Histol: parabolic function", bin_count, x_min, x_max );
// Let’s fill the histo with 50000 points:
//
long 1i;
double x, w;
for( i=0; i<50000; i++ ) {
x=(1%22) -1;
w = (x-9.5)*(x-9.5)+3;
histol->fill(x,w);
}
// Print:
//
HPrinter hp( cout );
cout << endl << endl; hp.print( *histol );
// Now create a clone of histol and print it out:
//
HepRef (PHistolD) histo2 = histol->clone();
// Change name.
histo2->set_name( "Histo2: a clone of Histol" );
cout << endl << endl; hp.print( *histo2 );
// Add histol to histo2 and print the result:
//
histo2->add( *histol );
histo2->set_name( "Histo2 = Histo2+Histol = 2*Histol" );
cout << endl << endl; hp.print( *histo2 );
//
// It is also possible to clone and perform an operation on single
// statement:

// histo2 = histol->clone()->add( histol );
//

// Now create a new histo out of histo2:

// ... (So simple, huh?)

//
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HepRef (PHisto1D) histo3 = new(db_) PHistolD( *histo2 );
// Sub histol to histo3 ==> histo3 should hold values of histol
// Mul by -1.0 ==> histo3 should now hold the opposite of histol
// And print the result:
//
histo3->sub( *histol );
histo3->mul( -1.0 );
histo3->set_name( "Histo3: —(Histo2 - Histol) = -Histol" );
cout << endl << endl; hp.print( *histo3 );
}
int main( int argc, char **argv )
{
Histo_App app;
app.init();
app.run();
app.commit () ;

D.12.2 Output Generated

TYPE : HistolD

TITLE : Histol: parabolic function
BIN COUNT : 20

BIN WIDTH : 1

7.39e+03 2.12e+05 Y
X POSITION BIN VALUE|-- -——= - -—>
0.000e+00 0 2.120e+05 | XXX XXX XX XX XXX XXX XX XX XXX XX XXX XXX XXX XXX XXX XXXXXXXXXXX
1.000e+00 1 1.710e+05 | XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXX
2.000e+00 2 1.347e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.029e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 7 .558e+04 | XXXXXXXXXXXXXXXXX
5.000e+00 5 5.285e+04 | XXXXXXXXXXX
6.000e+00 6 3.466e+04 | XXXXXX
7.000e+00 7 2.103e+04 | XXX
8.000e+00 8 1.193e+04|X
9.000e+00 9 7.387e+03|
1.000e+01 10 7.387e+03|
1.100e+01 11 1.193e+04|X
1.200e+01 12 2.103e+04 | XXX
1.300e+01 13 3.466e+04 | XXXXXX
1.400e+01 14 5.285e+04 | XXXXXXXXXXX
1.500e+01 15 7 .554e+04 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.028e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.346e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 1.710e+05 | XXX XXX XXX XXX XXX XXX XX XXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.119e+05 | XXX XXX X XXX XXX XXX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXX
X |
\')
UNDERFLOW : 2.574e+05 OVERFLOW : 2.573e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 7.580e+00
TYPE : HistolD
TITLE : Histo2: a clone of Histol
BIN COUNT : 20
BIN WIDTH : 1.000e+00
7.39e+03 2.12e+05 Y
X POSITION BIN VALUE|-- -—— -—— - -—=>
0.000e+00 0 2.120e+05 | XXX XXX XX XX XXX XXX XX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXX

1.000e+00 1 1.710e+05 | XXX XXX XXX XXX XX XX XX XXX XXX XXXXXXXXXXXXXXXX
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.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+01
.100e+01
.200e+01
.300e+01
.400e+01
.500e+01
.600e+01
.700e+01
.800e+01
.900e+01

PR R R R R R R R RO0NO O WwWN

UNDERFLOW :
IN RANGE :
MEAN B.C.:

TYPE
TITLE
BIN COUNT
BIN WIDTH

X POSITION
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+01
.100e+01
.200e+01
.300e+01
.400e+01
.500e+01
.600e+01
.700e+01
.800e+01
.900e+01

PR R R RRPRRPRRPRRRPRO0O0NOOCPD WNDRO

UNDERFLOW :
IN RANGE :
MEAN B.C.:

TYPE
TITLE
BIN COUNT
BIN WIDTH

X POSITION
0.000e+00

: 20

: 20

2 1.347e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3 1.029e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4 7 .558e+04 | XXXXXXXXXXXXXXXXX
5 5.285e+04 | XXXXXXXXXXX
6 3.466e+04 | XXXXXX
7 2.103e+04 | XXX
8 1.193e+04|X
9 7.387e+03|
10 7.387e+03|
11 1.193e+04|X
12 2.103e+04 | XXX
13 3.466e+04 | XXXXXX
14 5.285e+04 | XXXXXXXXXXX
15 7 .554e+04 | XXXXXXXXXXXXXXXX
16 1.028e+05 | XXXXXXXXXXXXXXXXXXXXXXX
17 1.346e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
18 1.710e+05 | XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXX
19 2.119e+05 | XX XXX XX XXX XXX XXX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXX
X |
A
2.574e+05 OVERFLOW : 2.573e+05
45455 EXTRA : 4545
9.499e+00 RMS B.C. : 7.580e+00
: HistolD
: Histo2 = Histo2+Histol = 2*Histol
1.000e+00
1.48e+04 4.24e+05 Y
BIN VALUE|-- -——= - -—=>
0 4.239e+05 | XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXX
1 3.421e+05 | XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXX
2 2.694e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3 2.057e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4 1.512e+05 | XXXXXXXXXXXXXXXXX
5 1.057e+05 | XXXXXXXXXXX
6 6.933e+04 | XXXXXX
7 4.205e+04 | XXX
8 2.387e+04|X
9 1.477e+04]|
10 1.477e+04]
11 2.387e+04|X
12 4.205e+04 | XXX
13 6.933e+04 | XXXXXX
14 1.057e+05 | XXXXXXXXXXX
15 1.511e+05 | XXXXXXXXXXXXXXXX
16 2.056e+05 | XXXXXXXXXXXXXXXXXXXXXXX
17 2.692e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
18 3.419e+05 | XXX XXX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX
19 4.237e+05 | XXX XXX XXX XXX XXX XXX XX XXX XXX XX XXX XXX XXX XXXXXXXXXXXXX
X |
\')
5.148e+05 OVERFLOW : 5.146e+05
90910 EXTRA : 9090
9.499e+00 RMS B.C. : 7.580e+00
: HistolD
: Histo3: —-(Histo2 - Histol) = -Histol
1.000e+00
-2.12e+05 -7.39e+03 Y
BIN VALUE|-—- - - - -——=>
0 -2.120e+05]

55



a
D

AppendixD. Runningtheexamples

1.000e+00 1 -1.710e+05 | XXXXXXXXXX
2.000e+00 2 -1.347e+05 | XXXXXXXXXXXXXXXXXXX
3.000e+00 3 -1.029e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 -7 .558e+04 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
5.000e+00 5 -5.285e+04 | XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
6.000e+00 6 -3.466e+04 | XXX XX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
7.000e+00 7 -2.103e+04 | XXX XX XX XXX XX XX XX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXX
8.000e+00 8 -1.193e+04 | XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXXXXXXXXXXX
9.000e+00 9 -7.387e+03 | XXX XX XX XXX XXX XXX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXX
1.000e+01 10  -7.387e+03 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.100e+01 11  -1.193e+04 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.200e+01 12  -2.103e+04 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.300e+01 13  -3.466e+04 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.400e+01 14 -5.285e+04 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.500e+01 15  -7.554e+04 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.600e+01 16  -1.028e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17  -1.346e+05 | XXXXXXXXXXXXXXXXXXX
1.800e+01 18 -1.710e+05|XXXXXXXXXX
1.900e+01 19 -2.119e+05]|
X |
v
UNDERFLOW : -2.574e+05 OVERFLOW : -2.573e+05
IN RANGE : 136365 EXTRA : 13635
MEAN B.C.: 9.499e+00 RMS B.C. : 7.580e+00

D.13 Readhistograms

Thefollowing exampleshaws the creationof 3 persistentistogramsandthe locationof a particle his-
togramusinga databasscan.

D.13.1 Input program

/* read_histo.cpp */

#include <iostream.h>

#include <iomanip.h>

#include “HTL/PHistograms.h“
class Histo_App : public HepDbApplication

{
public:

Histo_App( const char *a_db_name = 0 )
{ db_name_ = ( a_db_name != 0 ) 7 a_db_name : "Default_DB"; }

void create();

// Create 3 histograms.

void readHisto();

// Read back the 2nd histogram from the database.

public:
void init();
private
ooHandle (0oDBObj)

histoDb;

const char *db_name_;

};

void Histo_App::init()

{
InitQ);
startUpdate() ;

histoDb = db(db_name_);

}



D.13. Readhistaggrams

void Histo_App::create()

{

}

const int no0fBins=20;
// Create three histograms with different names:

HepRef (PHisto1D) hl = new (histoDb) PHistolD( "Histo-1", noOfBins, 0.0, 20.0);
new (histoDb) PHistolD( "Histo-2", noOfBins, 0.0, 20.0);
HepRef (PHistolD) h3 = new (histoDb) PHistolD( "Histo-3", noOfBins, 0.0, 20.0);

HepRef (PHistolD) h2

// Fill histos with different weights:

double x;

for( int i = 0; i < 50000; i++) {
x=(1%22 -1;
h1->fill(x, (x-9.5)*(x-9.5)+3);
h2->fill(x, (x-9.5)*(x-9.5)+30);
h3->fill(x, (x-9.5)*(x-9.5)+300);

}

void Histo_App::readHisto()

{

}

ooIltr(PHistolD) histolD_itr;
// Iterator on 1D histo interface.
// Note:
// if the actual type of the histogram would not be known,
// an iterator for the interface type is needed:
// ooItr(P_I_Histo_1D) histolD_itr;
// Scan the database for the previous histo interface:
// (We could restrict our search to a container only)
histolD_itr.scan( histoDb );
cout << endl << "Start scanning. Looking for Histo-2" << endl;
// Look for Histo 2:
//
for( int i = 1; histolD_itr.next(); i++ ) {
cout << "Found: " << histolD_itr->name() << endl;
if( strcmp(histolD_itr->name(), "Histo-2") == 0) {
// Let’s print it:
cout << endl << endl;
HPrinter hp(cout);
hp.print( *histolD_itr);
cout << endl;
¥
}

int main( int argc, char **argv)

{

// Read database name from command line if any:
const char *a_db_name = 0;

if( argc > 1 ) a_db_name = argv[1];
// Create application object:
Histo_App my_app( a_db_name );
my_app.init();

my_app.create();

my_app.commit () ;
my_app.startRead();
my_app.readHisto();
my_app.commit () ;

D.13.2 Output Generated

Start scanning. Looking for Histo-2
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Found:
Found:
Found:
Found:
Found:
Found:
Found:
Found:
Found:
Found:
Found:
Found:
Found:

TYPE
TITLE

AppendixD. Runningtheexamples

Histo2 = Histo2+Histol = 2xHistol
Histo2 = Histo2+Histol = 2xHistol
Histo2 = Histo2+Histol = 2*Histol
Histo2 = Histo2+Histol = 2xHistol
Histo2 = Histo2+Histol = 2xHistol
Histo2 = Histo2+Histol = 2*Histol
Histo2 = Histo2+Histol = 2xHistol
Histo_1D
Histo_1D
Histol: parabolic function
Histo3: -(Histo2 - Histol) = -Histol
Histo-1
Histo-2

: HistolD

: Histo-2

BIN COUNT : 20
BIN WIDTH : 1

6.88e+04 2.73e+t05 Y
X POSITION BIN VALUE|-- -——= - -—=>
0.000e+00 0 2.733e+05 | XXX XXX XX XX XXX XXX XX XX XXX XX XXX XXX XXX XXX XXX XXXXXXXXXXX
1.000e+00 1 2.324e+05 | XXX XXX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX
5.000e+00 5 1.142e+05 | XXXXXXXXXXX
6.000e+00 6 9.603e+04 | XXXXXX
7.000e+00 7 8.240e+04 | XXX
8.000e+00 8 7.330e+04 X
9.000e+00 9 6.876e+04 |
1.000e+01 10 6.876e+04 |
1.100e+01 11 7.330e+04 X
1.200e+01 12 8.240e+04 | XXX
1.300e+01 13 9.603e+04 | XXXXXX
1.400e+01 14 1.142e+05 | XXXXXXXXXXX
1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.642e+05| XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 2.323e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.732e+05 | XXX XXX XX XX XXX XXX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXX
X |
\')
UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 6.865e+00
Found: Histo-3
Found: Histo_1D
Found: Histol: parabolic function
Found: Histo3: -(Histo2 - Histol) = -Histol
Found: Histo-1
Found: Histo-2
TYPE : HistolD
TITLE : Histo-2

BIN COUNT : 20
BIN WIDTH : 1.000e+00

6.88e+04 2.73e+05 Y
X POSITION  BIN VALUE|-- -——= -——= - -—=>
0.000e+00 0 2.733e+05 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XXX XX XXX XX XXX XXXXXXXXXX
1.000e+00 1 2.324e+05 | XXX XXX XX XXX XX XX XXX XX XXX XX XXX XXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX
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5.000e+00 5 1.142e+05 | XXXXXXXXXXX
6.000e+00 6 9.603e+04 | XXXXXX
7.000e+00 7 8.240e+04 | XXX
8.000e+00 8 7.330e+04 | X
9.000e+00 9 6.876e+04 |
1.000e+01 10 6.876e+04 |
1.100e+01 11 7.330e+04 | X
1.200e+01 12 8.240e+04 | XXX
1.300e+01 13 9.603e+04 | XXXXXX
1.400e+01 14 1.142e+05 | XXXXXXXXXXX
1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 2.323e+05 | XXX XXX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.732e+05 | XXX XXX XX XX XXX XXX XX XX XXX XXX XX XXX XX XXXXXXXXXXXXXXXXX
X |
\')
UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 6.865e+00
Found: Histo-3
Found: Histo_1D
Found: Histol: parabolic function
Found: Histo3: -(Histo2 - Histol) = -Histol
Found: Histo-1
Found: Histo-2
TYPE : HistolD
TITLE : Histo-2

BIN COUNT : 20
BIN WIDTH : 1.000e+00

6.88e+04 2.73e+05 Y
X POSITION  BIN VALUE|-- - - -—>
0.000e+00 0O 2.733e+05 | XXX XXX X XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXX
1.000e+00 1 2.324e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX
5.000e+00 5 1.142e+05 | XXXXXXXXXXX
6.000e+00 6 9.603e+04 | XXXXXX
7.000e+00 7 8.240e+04 | XXX
8.000e+00 8 7.330e+04|X
9.000e+00 9 6.876e+04|
1.000e+01 10 6.876e+04|
1.100e+01 11 7.330e+04|X
1.200e+01 12 8.240e+04 | XXX
1.300e+01 13 9.603e+04 | XXXXXX
1.400e+01 14 1.142e+05 | XXXXXXXXXXX
1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 2.323e+05 | XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.732e+05 | XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
X |
\
UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 6.865e+00
Found: Histo-3
Found: Histo_1D
Found: Histol: parabolic function

Found:

Histo3: -(Histo2 - Histol) = -Histol
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Found: Histo-1
Found: Histo-2

AppendixD. Runningtheexamples

TYPE : HistolD
TITLE : Histo-2
BIN COUNT : 20
BIN WIDTH 1.000e+00
6.88e+04 2.73e+05 Y
X POSITION BIN VALUE|-- -——= - -—=>
0.000e+00 0 2.733e+05 | XXX XXX X XXX XXX XXX XX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXX
1.000e+00 1 2.324e+05 | XXX XXX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05| XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX
5.000e+00 5 1.142e+05 | XXXXXXXXXXX
6.000e+00 6 9.603e+04 | XXXXXX
7.000e+00 7 8.240e+04 | XXX
8.000e+00 8 7.330e+04 X
9.000e+00 9 6.876e+04 |
1.000e+01 10 6.876e+04 |
1.100e+01 11 7.330e+04 X
1.200e+01 12 8.240e+04 | XXX
1.300e+01 13 9.603e+04 | XXXXXX
1.400e+01 14 1.142e+05 | XXXXXXXXXXX
1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 2.323e+05 | XXX XXX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.732e+05 | XXX XXX XX XX XXX XXX XX XX XXX XX XXX XXX XXX XXX XXX XXXXXXXXXX
X |
\')
UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA 4545
MEAN B.C.: 9.499e+00 RMS B.C. 6.865e+00
Found: Histo-3
Found: Histo_1D
Found: Histol: parabolic function
Found: Histo3: -(Histo2 - Histol) = -Histol
Found: Histo-1
Found: Histo-2
TYPE : HistolD
TITLE : Histo-2
BIN COUNT : 20
BIN WIDTH 1.000e+00
6.88e+04 2.73e+05 Y
X POSITION BIN VALUE|—- - - - -——=>
0.000e+00 0 2.733e+05 | XXX XXX XX XX XXX XXX XX XX XXX XX XXX XXX XXX XXX XXX XXXXXXXXXXX
1.000e+00 1 2.324e+05 | XXX XXX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX
5.000e+00 5 1.142e+05 | XXXXXXXXXXX
6.000e+00 6 9.603e+04 | XXXXXX
7.000e+00 7 8.240e+04 | XXX
8.000e+00 8 7.330e+04|X
9.000e+00 9 6.876e+04 |
1.000e+01 10 6.876e+04 |
1.100e+01 11 7.330e+04 | X
1.200e+01 12 8.240e+04 | XXX
1.300e+01 13 9.603e+04 | XXXXXX
1.400e+01 14 1.142e+05 | XXXXXXXXXXX
1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX



D.13.

Readhistagrams

1.600e+01 16 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX

1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

1.800e+01 18 2.323e+05 | XXX XXX XX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX

1.900e+01 19 2.732e+05 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XXX XX XX XXX XXXXXXXXXXXX

X |
\')

UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 6.865e+00

Found: Histo-3

Found: Histo_1D

Found: Histo_1D

Found: Histo_1D

Found: Histol: parabolic function

Found: Histo3: —-(Histo2 - Histol) = -Histol

Found: Histo-1

Found: Histo-2

TYPE : HistolD

TITLE : Histo-2

BIN COUNT : 20
BIN WIDTH : 1.000e+00

6.88e+04 2.73e+05 Y
X POSITION BIN VALUE|-- -——= - —-—=>
0.000e+00 0 2.733e+05 | XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXX
1.000e+00 1 2.324e+05 | XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX
5.000e+00 5 1.142e+05 | XXXXXXXXXXX
6.000e+00 6 9.603e+04 | XXXXXX
7.000e+00 7 8.240e+04 | XXX
8.000e+00 8 7.330e+04 | X
9.000e+00 9 6.876e+04 |
1.000e+01 10 6.876e+04|
1.100e+01 11 7.330e+04 | X
1.200e+01 12 8.240e+04 | XXX
1.300e+01 13 9.603e+04 | XXXXXX
1.400e+01 14 1.142e+05 | XXXXXXXXXXX
1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 2.323e+05 | XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXX
1.900e+01 19 2.732e+05 | XXX XXX XX XX XXX XXX XX XX XXX XX XXX XXX XXX XXX XXX XXXXXXXXXX
X |
\')
UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 6.865e+00
Found: Histo-3
Found: Histo_1D
Found: Histol: parabolic function

Found:
Found:
Found:

TYPE
TITLE

Histo3: -(Histo2 - Histol) = -Histol

Histo-1

Histo-2
: HistolD
: Histo-2

BIN COUNT : 20
BIN WIDTH : 1.000e+00

6.88e+04 2.73e+05 Y

X POSITION  BIN VALUE|-—- - - - -—>
0.000e+00 0 2.733e+05 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XX XXX XX XXX XX XXX XXX XXXXX
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1.000e+00 1 2.324e+05 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XXXXXXXXXXXX
2.000e+00 2 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 1.369e+05 | XXXXXXXXXXXXXXXXX
5.000e+00 5 1.142e+05 | XXXXXXXXXXX
6.000e+00 6 9.603e+04 | XXXXXX
7.000e+00 7 8.240e+04 | XXX
8.000e+00 8 7.330e+04 | X
9.000e+00 9 6.876e+04|
1.000e+01 10 6.876e+04|
1.100e+01 11 7.330e+04|X
1.200e+01 12 8.240e+04 | XXX
1.300e+01 13 9.603e+04 | XXXXXX
1.400e+01 14 1.142e+05 | XXXXXXXXXXX
1.500e+01 15 1.369e+05 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.642e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.960e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 2.323e+05 | XXX XXX XX XX XXX XX XXX XX XXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.732e+05 | XXX XXX XX XX XXX XX XXX XX XXX XX XXX XXX XX XXX XX XXXXXXXXXXXX
X |
v
UNDERFLOW : 3.188e+05 OVERFLOW : 3.186e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 6.865e+00

Found: Histo-3

D.14 Createtransient histograms
Thefollowing exampleshaws the useof transienthistograms.

D.14.1 Input program

/* create_transient.cpp */
#include <iostream.h>
#include <iomanip.h> // Formatting output string.
#include "HTL/Histograms.h" // Transient histograms.
class Histo_App
{
public:
Histo_App() {3}
public:
void run();
// Create 1D & 2D transient histograms and fill them
// Print simple properties and global statistics.
private:
void createlD ();
void create2D ();
}
//
// Implementation:
//
void Histo_App::run() {
createlD();
create2D();
}
void Histo_App::createiD() {
// Create a histo 1D
HistolD *histo = new HistolD("Histo_1D", 20, 0.0, 20.0 );

AppendixD. Runningtheexamples
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}

// Let’s £fill the histo with 50000 points:
//
long 1i;
double x, w;
for( i=0; i<50000; i++ ) {
x=(1%22 -1;
w = (x-9.5)%(x-9.5)+3;
histo->fill(x,w);

}
// Let’s print some properties of the new histo:
//
cout << "Histo name: " << histo->name() << endl

<< "Bin count : " << histo->bin_count()
<< " from " << histo->partition().lower_point()
<< " to " << histo->partition().upper_point() << endl << endl;
// Now display some statistics:
//
long in_entries = HStat::in_range_entries_count (*histo);
long extra_entries = HStat::extra_entries_count(*histo);

cout << "Entries count: " << (in_entries + extra_entries)
<< " with IN_RANGE: " << in_entries
<< " EXTRA: " << extra_entries << endl;

//double mean = HStat::mean( *histo );
//cout << "MEAN (B.C.): " << mean << endl;
//cout << "RMS (B.C.): " << HStat::rms(*histo, mean)

// << endl << endl;

cout << "MEAN (B.C.): " << histo->mean() << endl;
cout << "RMS (B.C.): " << histo->rms() << endl;
// Print histo contents:

//

cout << ". UNDERFLOW: " << histo->extra_bin(H_UNDERFLOW).value();
for( i=0; i<histo->bin_count(); i++ ) {
cout << endl << ", " << setw(2) << i < " "

<< setw(9) << histo->i_bin(i).value() << " +/- "

<< setw(4) << histo—>i_bin(i).error();
}
cout << endl << ". OVERFLOW: " << histo->extra_bin(H_OVERFLOW) .value();
cout << endl << "TOTAL IN_RANGE: "

<< HInfo::in_range value( *histo ) << endl << endl;

// Print histo with existing HPrinter class from the library:
//
HPrinter hp( cout );
hp.print( *histo );
delete histo;

void Histo_App::create2D()

{

const int n_bin = 10;
// Create a 2D histo
//

Histo2D *histo = new Histo2D( "Histo_2D", n_bin, 5., 15., n_bin, 5., 15.

// Let’s fill the histo with 50000 points:
//
double x, w = 0.5;
for( long i=0; i<50000; i++ ) {
x = —i*sin(float(i));
histo->fill(x,x,w);
histo->fill(20.-x,x,w);
}
// Let’s print some properties of the new histo:

//
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cout << "Histo name: " << histo->name() << endl
<< "X: Bin count : " << histo->partition_X().bin_count ()
<< " from " << histo->partition_X().lower_point()
<< " to " << histo->partition_X() .upper_point() << endl;
cout << "Y: Bin count : " << histo->partition_Y().bin_count()
<< " from " << histo->partition_Y().lower_point()
<< " to " << histo->partition_Y() .upper_point() << endl;
// Now some statistics:
//

long in_entries = HStat::in_range_entries_count( *histo );
long extra_entries = HStat::extra_entries_count( *histo );

cout << "Entries count: " << (in_entries + extra_entries)
<< " with IN_RANGE: " << in_entries
<< " EXTRA: " << extra_entries << endl;

cout << "In Range values: " << HInfo::in_range_value( *histo )
<< endl;

// Print histo contents:

//

#define EH(h,i,j) h->extra_bin(i,j).value()

cout << endl;
cout << "(U,0): " << EH( histo, H_UNDERFLOW, H_OVERFLOW )
<< " (I,0): " << EH( histo, H_IN_RANGE, H_OVERFLOW )

<< " (0,0): " << EH( histo, H_OVERFLOW, H_OVERFLOW ) << endl;

cout << "(U,I): " << EH( histo, H_UNDERFLOW, H_IN_RANGE )
<< " (I,I): " << "XXXXXX"

<< " (0,I): " << EH( histo, H_OVERFLOW, H_IN_RANGE ) <<endl;

cout << "(U,U): " << EH( histo, H_UNDERFLOW, H_UNDERFLOW )
<< " (I,U): " << EH( histo, H_IN_RANGE, H_UNDERFLOW )

<< " (0,U0): " << EH( histo, H_OVERFLOW, H_UNDERFLOW ) << endl;

cout << endl;
for( long y=0; y<histo->partition_Y().bin_count(); y++ )
for( long x=0; x<histo->partition_X().bin_count(); x++ ) {
if( histo->bin(x,y).value() !'= 0.0 ) {
cout << "bin(" << x << "," KLy KL ") "
<< histo->bin(x,y).value() << " -/+ "
<< histo->bin(x,y).error() << endl;
}
}
cout << endl;
// Print using HPrinter:
//
HPrinter hp( cout );
hp.print( *histo );
delete histo;
}
int main( int argc, char **argv )
{
Histo_App app;
app.run();
}

D.14.2 Output Generated

Histo name: Histo_1D

Bin count : 20 from 0 to 20

Entries count: 50000 with IN_RANGE: 45455 EXTRA: 4545
MEAN (B.C.): 9.49851

RMS (B.C.): 7.58048

. UNDERFLOW: 257417

. Runningtheexamples
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211957 +/- 4445.79
171043 +/- 3587.62
134675 +/- 2824.8
102853 +/- 2157.34
75577.2 +/- 1585.23
52847.2 +/- 1108.47
34663.2 +/- 727.059
21025.2 +/- 441.003
11933.2 +/- 250.299
7387.25 +/- 154.947
7387.25 +/- 154.947
11933.2 +/- 250.299
12: 21025.2 +/- 441.003
13: 34663.2 +/- 727.059
14: 52847.2 +/- 1108.47

© 00N U WN -~ O

=
= O

15: 75544 +/- 1584.88
16: 102808 +/- 2156.86
17: 134616 +/- 2824.18
18: 170968 +/- 3586.83
19: 211864 +/- 4444.81

. OVERFLOW: 257304

TOTAL IN_RANGE: 1.64762e+06
TYPE : HistolD

TITLE : Histo_1D

BIN COUNT : 20

BIN WIDTH : 1

7.39e+03 2.12e+05 Y
X POSITION BIN VALUE|-- -— - -—>
0.000e+00 O 2.120e+05 | XXX XXX XX XXX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

1.000e+00 1 1.710e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

2.000e+00 2 1.347e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
3.000e+00 3 1.029e+05 | XXXXXXXXXXXXXXXXXXXXXXX
4.000e+00 4 7.558e+04 | XXXXXXXXXXXXXXXXX
5.000e+00 5 5.285e+04 | XXXXXXXXXXX
6.000e+00 6 3.466e+04 | XXXXXX
7.000e+00 7 2.103e+04 | XXX
8.000e+00 8 1.193e+04|X
9.000e+00 9 7.387e+03|
1.000e+01 10 7.387e+03|
1.100e+01 11 1.193e+04|X
1.200e+01 12 2.103e+04 | XXX
1.300e+01 13 3.466e+04 | XXXXXX
1.400e+01 14 5.285e+04 | XXXXXXXXXXX
1.500e+01 15 7.554e+04 | XXXXXXXXXXXXXXXX
1.600e+01 16 1.028e+05 | XXXXXXXXXXXXXXXXXXXXXXX
1.700e+01 17 1.346e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.800e+01 18 1.710e+05 | XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
1.900e+01 19 2.119e+05 | XXX XXX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
X |
v
UNDERFLOW : 2.574e+05 OVERFLOW : 2.573e+05
IN RANGE : 45455 EXTRA : 4545
MEAN B.C.: 9.499e+00 RMS B.C. : 7.580e+00

Histo name: Histo_2D

X: Bin count : 10 from 5.000e+00 to 1.500e+01

Y: Bin count : 10 from 5.000e+00 to 1.500e+01
Entries count: 100000 with IN_RANGE: 58 EXTRA: 99942
In Range values: 2.900e+01

(U,0): 1.248e+04 (I,0): 0.000e+00 (0,0): 1.248e+04
(U,I): 0.000e+00 (I,I): XXXXXX (0,I): 0.000e+00
(U,U): 1.251e+04 (I,U): 0.000e+00 (0,U): 1.251e+04
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bin(0,0): 1.000e+00 -/+ 7.071e-01
bin(9,0): 1.000e+00 -/+ 7.071e-01
bin(1,1): 2.000e+00 -/+ 1.000e+00
bin(8,1): 2.000e+00 -/+ 1.000e+00
bin(2,2): 2.000e+00 -/+ 1.000e+00
bin(7,2): 2.000e+00 -/+ 1.000e+00
bin(3,3): 5.000e-01 -/+ 5.000e-01
bin(6,3): 5.000e-01 -/+ 5.000e-01
bin(4,4): 1.000e+00 -/+ 7.071e-01
bin(5,4): 1.000e+00 -/+ 7.071e-01
bin(4,5): 2.000e+00 -/+ 1.000e+00
bin(5,5): 2.000e+00 -/+ 1.000e+00
bin(3,6): 1.000e+00 -/+ 7.071e-01
bin(6,6): 1.000e+00 -/+ 7.071e-01
bin(2,7): 2.000e+00 -/+ 1.000e+00
bin(7,7): 2.000e+00 -/+ 1.000e+00
bin(1,8): 1.500e+00 -/+ 8.660e-01
bin(8,8): 1.500e+00 -/+ 8.660e-01
bin(0,9): 1.500e+00 -/+ 8.660e-01
bin(9,9): 1.500e+00 -/+ 8.660e-01
TYPE : Histo2D
TITLE : Histo_2D
X: BINS : 10 WIDTH : 1.000e+00 MIN : 5.000e+00 MAX : 1.500e+01
Y: BINS : 10 WIDTH : 1.000e+00 MIN : 5.000e+00 MAX : 1.500e+01
0
0123456789
Sk dok ok ok ok
* *
0 * T........ 7 *
1 * F...... F *
2 * F....F.. «
3 * 3..3. *
4 x JTT. . *
5 * .FF. *
6 * 7..7... *
7 * F....F.. =x
8 * B...... B *
9 % B........ B *
* *
Fokkok ok Rk ok ok ok
ENTRIES : 100000 Z MIN : 0
TOTAL C. : 29 Z STEP : 0.133
Z SCALE : .+23456789ABCDE
1.25e+04 | 0 | 1.25e+04
______ | _——— - | P,
0| 29 | 0
______ J— e
1.25e+04 | 0 | 1.25e+04

D.15 Createslicedprojections

D.15.1 Input program

/* slice_proj.cpp */

#include <iostream.h>

#include <iomanip.h> // Formatting output string.
#include "HTL/Histograms.h" // Transient histograms.

class Histo_App
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{
public:
Histo_App() {}
public:
void run();
private:
void slice ();
void project Q);
Histo2D *histo;
};
//
// Implementation:
//
void Histo_App::run() {
// Create a 2D histo using Weighted_Bin and Even_Partition:
histo = new Histo2D( "Histo_2D",10, 5., 15., 10, 5., 15. );
// Let’s £ill the histo with 50000 points:
double x, w = 0.5;
for( long i=0; i<50000; i++ ) {
x = —-i*sin(float(i));
histo->fill(x,x,w);
histo->fil11(20.-x,x,w);
}
cout << "2D histogram content" << endl;
for( long y=0; y<histo->partition_Y().bin_count(); y++ )
for( long x=0; x<histo->partition_X().bin_count(); x++ ) {
cout << "bin(" << x << "M KLy K M) "
<< histo->bin(x,y).value() << " -/+ "
<< histo->bin(x,y).error() << endl;
}
// Make two slices
slice();
// and two projections
project();
delete histo;
¥
void Histo_App::slice() {
long x;
HSlicer mySlicer;
// First slice in X . The 2nd parameter is the bin no. along y (0->first bin)
HistolDVar #*slicel = mySlicer.xBand (*histo,0);
// First slice in Y . The 2nd parameter is the x coordinate
HistolDVar *slice2 = mySlicer.yBand (*histo,5.);
cout << endl << "First slice";
for( x=0; x<slicel->bin_count(); x++ ) {
cout << endl << ". " << setw(2) << x << ": "
<< setw(9) << slicel->i_bin(x).value() << " +/- "
<< setw(4) << slicel->i_bin(x).error();
}
cout << endl << endl << "Second slice";
for( x=0; x<slice2->bin_count(); x++ ) {
cout << endl << ". " << setw(2) << x << ": "
<< setw(9) << slice2->i_bin(x).value() << " +/- "
<< setw(4) << slice2->i_bin(x).error();
}
delete slicel;
delete slice2;
}
void Histo_App::project() {
long x;
HSlicer myProjector;
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HistolDVar #*projl = myProjector.xProject (*histo);

HistolDVar *proj2 = myProjector.yProject (*histo);

cout << endl << endl << "First projection";

for( x=0;
cout <<

}

<<
<<

x<proji->bin_count (); x++ ) {

endl << ". " << setw(2) << x << "o 0"

setw(9) << projl->i_bin(x).value() << " +/- "
setw(4) << projl->i_bin(x).error();

cout << endl << endl << "Second projection";
for( x=0;
cout <<

}

<<
<<

x<proj2->bin_count(); x++ ) {

endl << ". " << setw(2) <K x < " "

setw(9) << proj2->i_bin(x).value() << " +/- "
setw(4) << proj2->i_bin(x).error();

cout << endl;
delete proji;
delete proj2;

}

int main( int argc, char **argv )

{

Histo_App app;

app.run();

}

D.15.2 Output Generated

2D histogram content

bin(0,0):
bin(1,0):
bin(2,0):
bin(3,0):
bin(4,0):
bin(5,0):
bin(6,0):
bin(7,0):
bin(8,0):
bin(9,0):
bin(0,1):
bin(1,1):
bin(2,1):
bin(3,1):
bin(4,1):
bin(5,1):
bin(6,1):
bin(7,1):
bin(8,1):
bin(9,1):
bin(0,2):
bin(1,2):
bin(2,2):
bin(3,2):
bin(4,2):
bin(5,2):
bin(6,2):
bin(7,2):
bin(8,2):
bin(9,2):
bin(0,3):
bin(1,3):

O O OO NOOOONOODONOODODOOONOHOOOOOOO O~

-/+ 0.707107
-/+ 0

—/+
-/+
-/+
-/+
-/+
-/+
-/+
—/+
—/+
-/+
—/+
-/+
-/+
-/+
-/+
—/+
-/+
-/+
-/+
-/+
-/+
-/+
—/+
—/+
-/+
—/+
-/+
-/+
-/+
-/+

.707107

O OO O OO0OO0OO0OFR,R OO0, OODODOOOFr OO O0OO0OOOOoOOoOOo

. Runningtheexamples



D.15. Createslicedprojections

bin(2,3):
bin(3,3):
bin(4,3):
bin(5,3):
bin(6,3):
bin(7,3):
bin(8,3):
bin(9,3):
bin(0,4):
bin(1,4):
bin(2,4):
bin(3,4):
bin(4,4):
bin(5,4):
bin(6,4):
bin(7,4):
bin(8,4):
bin(9,4):
bin(0,5):
bin(1,5):
bin(2,5):
bin(3,5):
bin(4,5):
bin(5,5):
bin(6,5) :
bin(7,5):
bin(8,5):
bin(9,5):
bin(0,6):
bin(1,6):
bin(2,6):
bin(3,6):
bin(4,6):
bin(5,6):
bin(6,6):
bin(7,6):
bin(8,6):
bin(9,6):
bin(0,7):
bin(1,7):
bin(2,7):
bin(3,7):
bin(4,7):
bin(5,7):
bin(6,7):
bin(7,7):
bin(8,7):
bin(9,7):
bin(0,8):
bin(1,8):
bin(2,8):
bin(3,8):
bin(4,8):
bin(5,8):
bin(6,8):
bin(7,8):
bin(8,8):
bin(9,8):
bin(0,9):
bin(1,9):
bin(2,9):

0-/+0
0.5 -/+
0-/+0
0-/+0
0.5 -/+
0 -/+
—-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
—-/+
-/+
-/+
-/+
-/+
-/+
-/+
-/+
—-/+
-/+
-/+
-/+
-/+
-/+
-/+
—-/+
—-/+
—-/+
-/+
-/+
-/+
-/+
-/+
-/+
—-/+
-/+
-/+
-/+
-/+
.5 -/+
-/+
—-/+
—-/+
-/+
-/+
-/+
1.5 -/+
0-/+0
1.5 -/+
0-/+0
0-/+0

O OO, OO0OO0OO0O PR OODO0ODO0ODOO0ODO0ODODO0ODO0ODODODO0ODOO0OOFR,R P, OOODODODOOOOOO OO OO oo

OO OO OO OOONOODOONOOODOOKFR OO OOODODODODONNOOOODOOOOR K OOOOOO

O O O O OO

0.5

0.5

.707107
.707107

. 707107

. 707107

0.866025

0.866025

0.866025
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bin(3,9): 0 -/+ 0O
bin(4,9): 0 -/+ 0O
bin(5,9): 0 -/+ 0
bin(6,9): 0 -/+ 0O
bin(7,9): 0 -/+ 0O
bin(8,9): 0 -/+ 0
bin(9,9): 1.5 -/+ 0.866025
First slice
0: 1 +/- 0.707107
1: 0 +/- 0
2: 0 +/- 0
3: 0 +/- 0
4: 0 +/- 0
5: 0 +/- 0
6: 0 +/- 0
T: 0 +/- 0
8: 0 +/- 0
.9 1 +/- 0.707107
Second slice
0: 1 +/- 0.707107
1: 0 +/- 0
2: 0 +/- 0
3: 0 +/- 0
4: 0 +/- 0
5: 0 +/- 0
6: 0 +/- 0
7: 0 +/- 0
8: 0 +/- 0
9: 1.5 +/- 0.866025
First projection
0: 2 +/- 1
1: 4 +/- 1.41421
2: 4 +/- 1.41421
3: 1 +/- 0.707107
4: 2 +/- 1
5: 4 +/- 1.41421
6: 2 +/- 1
T: 4 +/- 1.41421
8: 3 +/- 1.22474
.9 3 +/- 1.22474
Second projection
0: 2.5 +/- 1.11803
1: 3.5 +/- 1.32288
2: 4 +/- 1.41421
3: 1.5 +/= 0.866025
4: 3 +/- 1.22474
5: 3 +/- 1.22474
6: 1.5 +/- 0.866025
7: 4 +/- 1.41421
8: 3.5 +/- 1.32288
9: 2.5 +/- 1.11803

AppendixD. Runningtheexamples



