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Getting started
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Chapter 1: Overview

1.1 What is HTL?

The HistogramTemplateLibrary (HTL) is a C++ classlibrary that providespowerful histogramming
functionality. As thenamesuggests,it exploits the templatefacility of C++ andis designedto becom-
pact,extensible,modularandperformant. As suchit only dealswith histograms- i.e. binneddata-
andnotunbinnedor “Ntuple” data.Furthermore,althoughsimplefile-basedI/O and“lineprinter” output
aresupported,it is decoupledfrom moreadvancedI/O andvisualisationtechniques.In the context of
LHC++, suchcapabilitiesareprovidedby othercomponentsthatfully interoperatewith HTL.

In theHigh Energy Physics(HEP)community, theHBOOK packagehasbeenthede-factostandardfor
histogrammingfor many years.This manualis written assuminga basicfamiliarity with HBOOK (see
Table1.1).

HTL itself offersthehistogrammingfeaturesof HBOOK aswell asanumberof usefulextensions,with
anobject-oriented(O-O) approach.Thesefeaturesincludethefollowing:

Q bookingandfilling of 1D, 2D andprofilehistograms;

Q computationof statisticssuchasthemeanor rmsof ahistogram;

Q supportfor operationsbetweenhistograms;

Q browsingof andaccessto characteristicsof individual histograms.

ThispackagereplacesthehistOOgramspackage- anearlierC++classlibrary for histograms.Themajor
functionalinnovation over theprevious packagearethesupportfor differentkindsof bins, thesupport
of bothpersistentandtransient(i.e. in-memory)histogramsat runtimeandthedefinitionof anabstract
histograminterface.

Asaresult,it is now possibletowork with transienthistogramsandsubsequentlysavesomeor all of them
in adatabaseaspersistenthistogramsin averysimpleandnaturalway(thussimulatingsocalledexplicit
I/O). This clearlyhassignificantperformanceadvantages,particularlyin theareaof filling operations.

It is alsopossibleto work with transienthistogramsonly. Thesemaybeprintedor storedin files - the
latter usinga simpleASCII tableformat that canbe readily usedby widely available tools, including
PAW or Excel.

Thedefinitionof anabstracthistograminterfaceallows functionality that is providedby externalpack-
ages,suchasplotting or fitting, to bedecoupledfrom theactualimplementationof thehistogram.This
featurepavesthewayfor co-existenceof differenthistogrampackagesthatconformto theabstractinter-
face.

Table1.1: HBOOK routinesandtheir HTL equivalent

HBOOKname HTL equivalent

HBOOK1
#���!�,�
�$��

HBOOK2
#���!�,�
�%��

HFILL
����.�.

method

HPRINT R 	���"�, method

3



4 Chapter1. Overview

1.2 Useof templates

AlthoughHTL usestemplatesinternally, a small setof ‘user-classes’areprovided. Thesehave a very
familiar (i.e. HBOOK-like) look-and-feelandeliminatetheneedfor usersto beexposedto templates.

Nevertheless,the packagestill requiresadequatetemplatesupportat the C++ compiler level. More
detailsaregivenin AppendixA.

1.3 Moti vation

Whenthe existing HistOOgrampackagewas implemented,compilersthat provided adequatesupport
for templateswerenot widely available.TemplatesandothermodernC++ featurescanoffer significant
advantages.In thecaseof HTL, thesecanbesummarisedas:

Q increasedperformance;

Q greaterflexibility andmaintainability;

Q thesupportof both persistentandtransienthistogramsat runtime. Both provide similar features
andaregeneratedfrom thesamesourcefiles;

Q amoreO-O approach,which in turn resultsin betterencapsulationandmoredecoupling.

Theseissues,especiallythemaintainabilityandhigh degreeof decoupling,areof particularimportance
to very long-termprojects,suchasthoseat theLHC, wherechangeandmigrationmustbeassumedand
plannedfor.



Chapter 2: HTL at a glance

This chapterprovides an overview of HTL features. Examplecodeis basedon the useof the non-
templatedclassesthatarerecommendedfor usein typicalanalysisjobs.TheHTL packageitself includes
a completesetof working examplesthatcanbeusedasa basisfor building morecomplex applications.
A descriptionof theseexamplescanbefoundin AppendixD.

2.1 Booking and filling persistenthistograms

The basicoperationsof creating(booking)andfilling histogramsareshown below. As the codefrag-
mentsillustrate,theseoperationsareperformedusingmethodsthathave thesamebasicsignatureasthe
equivalentHBOOK subroutines.Theprimarydifferenceis thattheHBOOK histogramidentifier(ID) is
replacedby “smartpointers”.Thesepointersindicateboththetypeof thehistogramto which they refer
(e.g.1D, 2D) andwhetherthey aretransientor not.

As will befamiliar to all HBOOK users,thefollowing informationis specifiedatbookingtime:

Q A characterstringor title, normallyprintedwhenthehistogramis displayed.

Q Thenumberof bins.

Q Thelowerboundof thehistogramaxis.

Q Theupperboundof thehistogramaxis.

For histogramsof morethanonedimension,thelast threeargumentsarethenrepeatedfor eachdimen-
sion.

Thefollowing exampleshows thebookingandfilling of a 1D histogramof 20 binsanda 2D histogram
of 50 binsin bothX andY axes.

SUT HUDWVCXCYCE[ZW\C]C^C_C`J\ TCa BCbJcCGCKCI aedgf Zh_C_i`CECG aCTCa BCEJHCB fUTCa BCbCcCGCKJI aUddCdCd
_C_ijCbCbCk T HCclKnmCo'p T H�qFr fsTCa BCbCcJGCKCI\CEJtCuCECvxwy`C\ TCa BJbUqFrUz fUTCa BCbUq|{HJEC}~wgYCpC�Uz�`C\ TCa BCbUqWrxwFZF��qFr fUTCa BCbJcCGCKCIUZs�gmCox�go d �y�Co d zU�_C_ijCbCbCk T HCclKn�CoC�C�Coip T H a mCr fUTCa BCbJcCGCKCI\CEJtCuCECvxwy`C\ TCa BJbCmCrUz fUTCa BCbCml{HJEC}~wgYCpC�Uz�`C\ TCa BCbCmJrxwFZF��mCr fUTCa BCbJcCGCKCIUZs�g�Cox�g� d �WqF� d �g��ox�y� d �WqF� d zU�
_C_i� T VCV T HCcYCbJXCpCVCElAx��}n{'o d �x�vCbJGxw�VCbCHCc T {Co�� TW� �CoCoCoJox� TF�C� z��An{n� TC�CaCT HxwgvCVCbJKCBxw T zJzs�fsTCa BCbC�J�Cv T VCV�wgAx�g}Uze�fsTCa BCbCmJ�C�Cv T VJVxwgAx�gA��g}szs��

Thecurrentimplementationof HTL usesanObjectDatabase(ODBMS)to providepowerful andscalable
persistencecapabilitiesthatgo beyondwhatis possiblewith simplefiles. 1

In the following, it is assumedthat the readeris familiar with thebasicconceptsof usinganODBMS.
For example,any operationson persistentobjectsmustbeperformedin thecontext of a transactionand

1Simplefile-basedpersistenceis alsoprovided- seechapter2 for a descriptionof thewrite method.
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6 Chapter2. HTL at a glance

adatabasesessionmusthave beenestablished.Thenecessarycodeto performsuchoperationshasbeen
omittedin theinterestsof clarity.
Although the basic histogramoperationsthat are performedin the above example will be clear to
HBOOK users,theuseof “smart-pointers”differs from the traditionaluseof histogramIDs andneeds
furtherexplanation.Considerthefollowing codefragment:

\CECtCuJECvxwg`C\ TCa BCbUqWrsz fUTCa BCbsq|{'HCEJ} dJdCd
ratherthan

`C\ TCa BCbUqFr �WfUTCa BCbsq|{'HCEJ} dJdCd
In thispieceof code,

#�� R ����� is asmartpointerto apersistenthistogram.As thepreviousexampleshows,
asmartpointercanbeusedasastandardC++ pointer: that is, youcandereferenceit in thenormalC++
manner:
fUTCa BJbUqF�C�Cv T VCVxw dJdJd z
In additionto the useof smartpointers,the

"���+1���
operatorshouldbe studied. It is followed by a so-

calledclusteringhint. A clusteringhint is usedto indicatewherethepersistentobjects- histogramsin
thiscase- shouldbephysicallylocatedonpersistentstorage.Thedatabaseattemptsto placenew objects
“close” to thosereferencedby the hint. In general,the efficient useof clusteringallows performance
to bemaximised,asobjectsaretransferredto andfrom disk andacrossthenetwork in databasepages.
Effective clusteringminimisesunnecessaryI/O andimprovescacheefficiency.
Finally, wenotethatthehistogramscreatedwith

"���+1���
arenotdeletedwith acorresponding

/���.���,��>���
operator. This would not only deletethehistogramin the runningapplicationbut also from persistent
storage,which is presumablynot theintention.

2.2 Booking and filling transient histograms

Thepreviousexampleis now repeatedfor thecaseof transienthistograms.Onceagain,two histograms
arecreatedandfilled. Largely speaking,thecoderequiredis identicalto thepersistentcase.Thediffer-
encesbetweenthetwo arediscussedin futherdetailbelow.SUT HUDWVCXCYCE[ZW\C]C^C_C\ TCa BCbCcJGCKCI aUd�f Z�_C_n]CGCKCH aJT ECHCB fsTCa BCbCcJGCKCI aUddCdCd
_C_ijCbCbCk T HCclKnmCo'p T H�qFr fsTCa BCbCcJGCKCI\ TJa BCbUqFr �WfUTCa BCbsq|{'HCEJ}n\ TCa BCbUqWrxwFZF��qFr fsTCa BCbCcJGCKCIUZU�ymCox�go d �y�Co d zU�_C_ijCbCbCk T HCclKn�CoC�C�Coip T H a mCr fUTCa BCbJcCGCKCI\ TJa BCbCmCr �WfUTCa BCbJml{'HCEJ}n\ TCa BCbCmJrxwFZF��mCr fsTCa BCbCcJGCKCIUZU�y�Cox�g� d �WqF� d �g�Jo��y� d �FqF� d zs�
_C_i� T VCV T HCcYCbJXCpCVCElAx��}n{'o d �x�vCbJGxw�VCbCHCc T {Co�� TW� �CoCoCoJox� TF�C� z��An{n� TC�CaCT HxwgvCVCbJKCBxw T zJzs�fsTCa BCbC�J�Cv T VCV�wgAx�g}Uze�fsTCa BCbCmJ�C�Cv T VJVxwgAx�gA��g}szs�dCdCd
YCECVCEJBCE fUTCa BJbUqU�YCECVCEJBCE fUTCa BJbCmx�
Transienthistogramsarenormal,in-memoryC++ objectssostandardC++ pointersareused.
Wenotethatthe

"���+>���
operatoris now thestandardC++ one.In thiscase,it is necessaryto alsohandle

explicit deletionof thehistogramto avoid memoryleaks.
In summary, thedifferencesbetweentransientandpersistentHTL usagerequiresonly theselectionof
thecorrespondingclassnames(

#���!�,�

versus

��#���!�,�

) andtheuseof smartpointerin thepersistentcase.



2.3. Makinga transienthistogrampersistent 7

2.3 Making a transient histogram persistent

As alreadymentioned,HTL makesit possibleto usebothpersistentandtransienthistogramsat runtime
in thesameprogram.

Sinceoperationson transienthistogramsaresignificantlyfasterthanthoseon persistentones,a typical
procedurewouldbeasfollows:

1. performall of thedesiredoperationson transienthistograms(filling in particular)

2. make persistentcopiesof thesetransienthistograms.

This offers the “bestof bothworlds” - theperformanceof the transientimplementationplus theadded
valueof persistence.

To make a transienthistogramR @ persistent:

1. declareapersistenthistogramR @ analogousto thetransientcounterpart,

2. usethe
"���+

operatorasfor thebookingandthen

3. passthehistointerfaceof R @ to theconstructorof R @ .
A persistentcopy of the transienthistogramnow exists. Thesestepsareshown in the following code
fragment.

SUT HUDWVCXCYCE[ZW\C]C^C_C\ TCa BCbCcJGCKCI aUd�f Z�_C_n]CGCKCH aJT ECHCB fsTCa BCbCcJGCKCI aUdSUT HUDWVCXCYCE[ZW\C]C^C_C`J\ TCa BCbJcCGCKCI aedgf Zh_C_i`CECG aCTCa BCEJHCB fUTCa BCbCcCGCKJI aUd
_C_irCEUDFVJKCGCElKCHCYiYCEJv T HCE��gB fx�C�\ TJa BCbUqFr � B f {'HJEC}i\ TCa BCbsqFrxw|ZF�CK aCa ZU�gmJox�go d �y�CoJoCo d zU�
_C_i`CGCbUDWE aCa �gB f�� ��tCECGCvCbJGCI bCtCEJGCKCB T bJH aU�
_C_i¡CbCtC¢~�gB fx� BCb'B f EiYCKCBCKCpJK a Ex� Tsd E d ICKCkCE~�gB fx� tCECG aCTJa BCECHCB �_C_\CECtCuJECvxw£`C\ TCa BCbUqWr¤z¥t f {'HCEC}~wgYCpC\�z�`C\ TCa BCbUqFrxw � B f zU�_C_i] fUTCa DFGJECKCBCElK'tCECG aCTJa BCECHCB fUTCa BJblB f KCB TCa K�DWVCbCHCE~wg} T B f YCKCBCKsz�bJv'BCGJKCH aCT EJHCB fUTCa BCb��gB fx�Jd

We notethat it is possibleto createa persistenthistogramout of anyhistograminterface,bethesource
histogramtransientor persistentitself.

2.4 HTL histogram classes

As describedabove, HTL is basedon templateclasseswhich allow very differenttypesof histogramto
besupportedusingthesmallestamountof code.

Nevertheless,theemphasisonusabilityhasbeenmaintainedandhenceasmallsetof simple,easy-to-use
simpleHBOOK-like classesareprovided. It is expectedthat theseclasseswill cover mostcases.The
list of availableclassesis givenbelow.

Notethatall of theseclassesareusedin thesameway. For example,to bookahistogramof agiventype
oneuses:
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_C_i¦ a En\CECtCuJECvlBCbnGCECvCECGlBJb'tCEJG aCTCa BJECHCB§DWVCK aCa E a �¨¡ �C� tCb T HCBCECG a vCbCGiBCGCKCH aCT ECHCB©bCHCE a
\CEJtCuCECvxwy`C\ TCa BJ¢C¢C¢Uz fUTCa BCbUq|{ HCEC}~wgYJpC\Uz|`C\ TJa BCbC¢C¢J¢xw dCdCd\ TJa BC¢C¢C¢ �WfUTCa BCbsq|{ HCEC} \ TJa BCbC¢C¢J¢xw dCdCd
_C_i¦ a En\ TCa BJbUqFr vCbJG�qFri\ TJa BCbCcCGJKCIx�£\ TJa BCbCmCrlvJbCGimCr'\ TCa BCbCcJGCKCIx�_C_i\ TCa BJbCmCrCªCKJG vCbCGimCr fUTCa BJbCcCGCKCI©} T B fi« KCG T KCpCVCE©p T HCH T HCclECBUD d

e.g.,to repeattheinitial example:

\ TCa BJbUqFr �FfsTCa BCbUq|{nHCEC}i\ TJa BCbUqFr�wFZF�[qFrnBCGCKJH aCT ECHJB fUTCa BJbCcCGCKCIsZU�gmCox�yo d ���Co d zs�

2.4.1 Persistentclasses
��#���!�,�
�$��

1D histogramwith
&�	��� ���,���P L ��"�P�$�� andfixedbinning;

��#���!�,�
�$���¬���	
1D histogramwith

&�	��� ���,���P L ��"�P�$�� andvariablebinning;
����	�
�����.���#���!�,�


1D histogramwith
��	�
�����.���P L ��" andfixedbinning;

����	�
�����.���#���!�,�
�¬���	
1D histogramwith

��	�
�����.���P L ��" andvariablebinning;
��#���!�,�
�%��

2D histogramwith ­ ������@�,���/�P L ��" andfixedbinning;
��#���!�,�
�%�� 9

2D histogramwith
9 .�
���,�P ­ ������@�,���/�P L ��" andfixedbinning;

��#���!�,�
�%���¬���	
2D histogramwith ­ ������@�,���/�P L ��" andvariablebinning.

All classesstorebin valuesanderrorsasdoubles, except
��#���!�,�
�%�� 9

, whichstoresthemasfloats(thereby
minimisingthestoragerequirementsfor very large2D histograms).

Weightedbinsareequivalentto HBOOK bins,Gravity binsstorethepositionof thebin center-of-mass,
so that the positionof the bin centeris moreaccuratewhenthe bin count is low or the binning is not
optimal(at leastin somecases).More detailson bin typeswill begivenlater.

Noticethatprofilehistogramsand2D histogramswith variablebinningwerenotavailablein HBOOK.

2.4.2 Transient classes
#���!�,�
�$��

1D histogramwith
&�	��� ���,���P L ��"�P�$�� andfixedbinning;

#���!�,�
�$���¬���	
1D histogramwith

&�	��� ���,���P L ��"�P�$�� andvariablebinning;
��	�
�����.���#���!�,�


1D histogramwith
��	�
�����.���P L ��" andfixedbinning;

��	�
�����.���#���!�,�
�¬���	
1D histogramwith

��	�
�����.���P L ��" andvariablebinning;
#���!�,�
�%��

2D histogramwith ­ ������@�,���/�P L ��" andfixedbinning;
#���!�,�
�%�� 9

2D histogramwith
9 .�
���,�P ­ ������@�,���/�P L ��" andfixedbinning;

#���!�,�
�%���¬���	
2D histogramwith ­ ������@�,���/�P L ��" andvariablebinning.

All notesrelatingto persistentclassesarealsovalid for transientclasses.
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2.5 Accessingbin content,bin error, bin center

A histogramstoresits binsandallows to accesstheir content,errorandcenter.

@�$�����®�����"1������0N ���.�¯��>����°
Valueof thebin indexedby “

�
”.@�$�����®�����"1������0N��	�	�
�	>����°

Errorof thebin indexedby “
�
”.@�$�����®�����"�P�����"�,���	>������°

centerof bin index by “
�
”.

Noticethatthebin objectcanretrieve its content/errorbut not its center;binsaresimplecontainers,only
thehistogramknows wherethey aremappedin thebinningspace.

2.6 Line-printer and ASCII table output

Printingahistogramin text modeis requiredin anumberof cases.For example,it canbeusefulfor long
batchjobs,wheretheuseris mainly interestedin checkingthequalityof data.

HTL providesa text print helperfor this purpose,that is largely reusedfrom thepreviousHistOOgrams
packages.

The following exampleshows how the R 	���"�, methodcanbe invoked to generatea simpleline-printer
stylerepresentationof ahistogram.

SUT HUDWVCXCYCE[ZW\C]C^C_C\ TCa BCbCcJGCKCI aUd�f Z�_C_n]CGCKCH aJT ECHCB fsTCa BCbCcJGCKCI aUd
\ TCa BJbUqFr �FfsTCa BCbCBl{nHCEC}i\ TJa BCbUqFr�wFZF]CGCKJH aCT ECH�B�\ TCa BCbC�sqFrUZU�±mCox��o d ox��mCo d o�zU�\CECtCuJECvxwg`C\ TCa BCbCmJrsz fUTCa BCbJtl{HJEC}i`C\ TCa BJbCmCrxwFZW`CECG aCTJa BCECH�B¥\ TCa BCbJ�CmCrUZU�²mCox��o d ox��mCo d ox��mCox��o d o���mJo d o�zU�dCdCd
\C`CG T HCBCECG f txw�DFbCXCB�zU�f t d tJG T HCBxw �FfUTCa BCbCt¤zU�f t d tJG T HCBxw �FfUTCa BCbCB¤zU�YCECVCEJBCE fUTCa BJbCBx�
Theabove exampledemonstratestheuseof theabstracthistograminterface:thesamehelperobjectcan
print any histogramthat conformsto the interface,regardlessof whetherit is transient,persistent,1D,
2D andsoforth.

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

SUT HUDWVCXCYCE[ZW\C]C^C_C\ TCa BCbCcJGCKCI aUd�f Z�_C_n]CGCKCH aJT ECHCB fsTCa BCbCcJGCKCI aUd
]C�C\ TJa BCbUqFr �FfUTCa BCbi{'HCEJ}n\ TCa BCbUqWrxwFZF\ TJa BCbC�Uq³rUZU�´mCox��o d ox��mCo d o�zU�dCdCd
\ TCa BJbC]CKCpCVJEUqFr f BUq(wFZ fUTCa BCb d BCAJBUZCzU�f BUq d }CG T BCE�w �FfUTCa BJbUzU�YCECVCEJBCE fUTCa BJbx�



Chapter 3: Partitions and Bins

3.1 Partitions

Theconceptof a“Partition” wasfirst introducedin theHistOOgramspackage.A partitiondescribeshow
onedimensionof theproblemspaceis divided into intervals. Considerthecaseof a 50 bin histogram
in therange µ ¶¸·º¹¸¶¼» , a partitionobjectcontainingthenumberof binsandtheinterval limits will describe
completelyhow wedividesuchinterval: asetof 50sub-intervalsof equalwidth. Thisis termeda“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-
interval andthe upperlimit of the last sub-interval will describecompletely µ ¶¸·º¹¸¶¼» interval is divided.
Suchapartitionis termeda “variable”or “Uneven” partition.
An n-dimensionalHTL histogramthuscontainsn partitions,one for eachaxis. The only concernof
a partition is to associateany ordered1D spacewith a discreetnumberedspace.Thusit associatesan
interval to a positive integer. Hence,a partitionknows aboutthewidth of the intervals andtheir lower
point/boundor upperpoint/bound.
In the HTL package,a histogramdelegatesto its partitionsthe taskof locatinga bin. In otherwords,
informationaboutthe lower andupperboundsof a bin or the width of a given bin areobtainedfrom
thecorrespondingpartition.This is shown in thefollowing codefragment,which demonstrateshow the
lowerandupperboundandwidth of agivenbin canbeobtained.

\ TCa BJbUqFr �FfsTCa BCbl{'HCEC}i\ TCa BJbUqFrxwFZW]CGCKCH aJT EJHCB¥\ TJa BCbC�UqWrUZU�²mJox��o d ox��mCo d o�zU�dCdCdfUTCa BJbC�C�CtCKJGCB T B T bJHxwFz d VJbJ}JECGC��tCb T HCB�w T z�_C_'½JpCBCK T HlB f E'VJbC}CECGlpCbJXCHCYibCvip T H TfUTCa BJbC�C�CtCKJGCB T B T bJHxwFz d p T HJ�C} T YCB f w T z _C_'KJHCY T B a } T YCB ffUTCa BJbC�C�CtCKJGCB T B T bJHxwFz d XJtJtJECGC��tCb T HCB�w T z�_C_'KJHCY'XJtCtCECGlpCbJXCHCY
3.2 Bins

Bins themselvescontaininformationaboutthecontent,theerrorandpossiblythecenterof thebin. Bin
informationis alwaysaccessedthroughinterfacemethods.HTL providesthefollowing typesof bin:

­ ������@�,���/�P L ��" classrepresentingbinswith weighteddatapoints. By default thegravity centerof
thesebinsarethemiddleor centerof thebin.&�	��� ���,���P L ��"�P�$�� classrepresentingbinswith weighteddatapointsandthatknow how to determine
the gravity centerof the bins. This new bin classallows us to have filling time
statisticsasin theexisting histogrampackage,but without having to computesep-
aratequantitiesat filling time. Theotheradvantageis that in caseof binswith low
counting,the informationof thebin centeris moreaccuratethat themiddleof the
bin.
Also,

&�	��� ���,���P L ��"�! could provide moreaccurateinformation in somecasesof
non-optimalbinning. For instance,if you samplean integer variablein the range
µ ¶¸·º¾¸¶¼» with a 20 bin histogramover the sameinterval, the bin centeris properly
computedat theintegervalues,while in a traditionalhistogramsthey would corre-
spondto theclosesthalf integer.��	�
�����.���P L ��" classrepresentingbinsthatcanaverageanotherquantity.

Note that bins only know abouttheir contents. They do not know wherethey areare locatedin the
histogramto which they belong,nor abouttheir widths or bounds- this information is storedin the
partitionto which they belong,whichalsodefinesthebin layoutwithin ahistogram.

10



Chapter 4: Histogramswith variable partitions and Profile histograms

4.1 Variable partition histograms

HTL supports1D and2D histogramswith variablepartitions.Thepartitionsarespecifiedasa vectorof
realnumbers.

4.1.1 Persistentcase

`C�C`Cb T HCB a �JªCEUDFBCbJG¿tJb T HCB a �CbCHC�C��wFqFoUzU�´_C_nªCEUDWBCbCGlbCv(qFoiGCECKCViHCXJICpCECG atCb T HJB a �CbCHJ�C�xÀgoCÁ¥{'o d ox�¨tCb T HCB a �JbCHC�C�xÀWqFÁ�{(q d o��tCb T HJB a �CbCHJ�C�xÀgmCÁ¥{'Â d �x�¨tCb T HCB a �JbCHC�C�ÃÀgÂCÁn{'� d ox�tCb T HJB a �CbCHJ�C�xÀg�CÁ¥{'� d �x�¨tCb T HCB a �JbCHC�C�xÀy�CÁ�{nÄ d o��tCb T HJB a �CbCHJ�C�xÀgÅCÁ¥{�qFo d �¨tCb T HCB a �JbCHC�C�xÀyÆCÁ�{(qF� d �tCb T HJB a �CbCHJ�C�xÀgÇCÁ¥{�qFÄ d �¨tCb T HCB a �JbCHC�C�xÀyÄCÁ�{nmCo d �
\CECtCuJECvxwg`C\ TCa BCbUqWrJªCKCGez fUTCa BCbi{HJEC}~wgYCpC�Uz�`C\ TCa BCbUqWrCªCKCGxwhZF\ TJa BCbUqFrJªCKCGUZU�ÈtCb T HCB a �CbJHC�C�§zs�
`C�C`Cb T HCB a �JªCEUDFBCbJG¿tJb T HCB a �CbCHC�CÉ�wFqFoUzU�tCb T HJB a �CbCHJ�CÉxÀgoCÁ¥{'o d ox�¨tCb T HCB a �JbCHC�CÉxÀWqFÁ�{(q d o��tCb T HJB a �CbCHJ�CÉxÀgmCÁ¥{'m d �x�¨tCb T HCB a �JbCHC�CÉxÀyÂCÁ�{n� d o��tCb T HJB a �CbCHJ�CÉxÀg�CÁ¥{'Å d ox�¨tCb T HCB a �JbCHC�CÉxÀy�CÁ�{nÄ d o��tCb T HJB a �CbCHJ�CÉxÀgÅCÁ¥{�qFm d �¨tCb T HCB a �JbCHC�CÉxÀyÆCÁ�{(qF� d �tCb T HJB a �CbCHJ�CÉxÀgÇCÁ¥{�qFÇ d �¨tCb T HCB a �JbCHC�CÉxÀyÄCÁ�{nmCo d �
\CECtCuJECvxwg`C\ TCa BCbCmJrJªCKCGez fUTCa BCbi{HJEC}~wgYCpC�Uz�`C\ TCa BCbCmJrCªCKCGxwhZF\ TJa BCbCmCrJªCKCGUZU�ÈtCb T HCB a �CbJHC�C�x�±tCb T HCB a �CbCHC�JÉ§zU�

4.1.2 Transient case

]C�C`Cb T HCB a �JªCEUDFBCbJG¿tJb T HCB a �CbCHC�C��wFqFoUzU�´_C_nªCEUDWBCbCGlbCv(qFoiGCECKCViHCXJICpCECG atCb T HJB a �CbCHJ�C�xÀgoCÁ¥{'o d ox�¨tCb T HCB a �JbCHC�C�xÀWqFÁ�{(q d o��tCb T HJB a �CbCHJ�C�xÀgmCÁ¥{'Â d �x�¨tCb T HCB a �JbCHC�C�xÀyÂCÁ�{n� d o��tCb T HJB a �CbCHJ�C�xÀg�CÁ¥{'� d �x�¨tCb T HCB a �JbCHC�C�xÀy�CÁ�{nÄ d o��tCb T HJB a �CbCHJ�C�xÀgÅCÁ¥{�qFo d �¨tCb T HCB a �JbCHC�C�xÀyÆCÁ�{(qF� d �tCb T HJB a �CbCHJ�C�xÀgÇCÁ¥{�qFÄ d �¨tCb T HCB a �JbCHC�C�xÀyÄCÁ�{nmCo d �
\ TCa BJbUqFrCªCKJG �FfUTJa BCbl{nHCEC}n\ TCa BCbsqFrCªCKCG�wÊZF\ TJa BCbUqFrJªCKCGUZU�ÈtCb T HCB a �CbJHC�C�§zs�
]C�C`Cb T HCB a �JªCEUDFBCbJG¿tJb T HCB a �CbCHC�CÉ�wFqFoUzU�tCb T HJB a �CbCHJ�CÉxÀgoCÁ¥{'o d ox�¨tCb T HCB a �JbCHC�CÉxÀWqFÁ�{(q d o��tCb T HJB a �CbCHJ�CÉxÀgmCÁ¥{'m d �x�¨tCb T HCB a �JbCHC�CÉxÀyÂCÁ�{n� d o��tCb T HJB a �CbCHJ�CÉxÀg�CÁ¥{'Å d ox�¨tCb T HCB a �JbCHC�CÉxÀy�CÁ�{nÄ d o��tCb T HJB a �CbCHJ�CÉxÀgÅCÁ¥{�qFm d �¨tCb T HCB a �JbCHC�CÉxÀyÆCÁ�{(qF� d �tCb T HJB a �CbCHJ�CÉxÀgÇCÁ¥{�qFÇ d �¨tCb T HCB a �JbCHC�CÉxÀyÄCÁ�{nmCo d �
\ TCa BJbCmCrCªCKJG �FfUTJa BCbCml{nHCEC}i\ TCa BCbCmCrCªJKCGxwÊZW\ TCa BCbJmCrCªCKCGsZU�±tJb T HCB a �CbCHC�C���²tCb T HCB a �CbJHC�CÉ§zs�

Both theclassnamesandtypeof vectoruseddependson whethertransientor persistenthistogramsare
involved.

11
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4.2 Profile Histograms

Profilehistogramsareimplementedbothwith fixedandvariablepartitions.Thebin errorsarecomputed
asin HBOOK, but only the ËÃË and Ë * Ë optionsaresupported(seethe HBOOK manualfor a defini-
tion of theseoptionsandtheassociatederrorcalculation).However, unlike in HBOOK thesearenot a
bookingtime options;you canaskeachbin to computeeithertheSpreador theSpread/sqrt(N)errorat
run-time.

\CECtCuJECvxwg`C`JGCbCv T VJEJ\ TCa BCbsz fUTJa BCbi{'HJEC}~wgYCpC�Uz�`C`JGCbCv T VJEC\ TCa BJbxwFZF`�GCbCv T VJEUZe�gmCo��yo d �Fq d zs�VCbCHCc T �YCbCXCpJVCElAx�vCbCGxw T {Cox� TF� �CoJoCoCox� TF�J� z��An{nYCGCKCHCYJ�CÇxwFzU�fsTCa BCbC�J�Cv T VCV�wgAx�gAx�³q d zs��
vCbCGxw T {Cox� TF�CfUTJa BCbC�C�Jp T HC�UDWbCXCHJB�wFzs� TF�C� z��DWbCXCB �C� ECHCYCV �C� Z d Z �J��a EJBC}xwgmUz �C��T��C� Z � Z�C��a ECBC}�wgÄUz �C�nfUTCa BJbC�C� T �Jp T Hxw T z dy« K�VCXJE�wFz �C� Z�ÌCGCGJbCG¤Z�C��a ECBC}�wg�Uz �C�nfUTCa BJbC�C� T �Jp T Hxw T z d ECG�GCbJG�wgosz �C� Z¥ÍJtCGCECKCYlÌJGCGCbCG�Z�C��a ECBC}�wg�Uz �C�nfUTCa BJbC�C� T �Jp T Hxw T z d ECG�GCbJG�wFqJzU��

As you canseethe
��	�	�
�	>���

methodon the bin interfaceallows to accessa setof errors: in this case
the
��	�
�����.���P L ��" classacceptseitherthe 0 or 1 index, which maprespectively to Spread/sqrt(N)and

Spreaderrors.

Profilehistogramscanbefilled with weights,but useof negativeweightsyield meaninglessresults.With
weightsdifferentfrom 1. theerrorsarecalculatedproperlyonly for binswith non-zerospread,andset
to 0. for binswith zerospread(HBOOK-like).



Chapter 5: Operationson histograms

5.1 What do histogram operationsapply to?

In the HBOOK package,operationson histogramsresult in the creationof a new histogram,rather
thanworking directly on thetargethistogram.This is not anapproachwhich fits naturallyin theObject
Orientedworldof C++,whereresponsibilityfor objectdeletionandcreationshouldnormallygotogether.

In HTL, onefirst createsa copy of the target histogramandthen appliesthe operationon the newly
createdcopy. Theresponsibilityfor thecreationanddeletionof thenew histogramarethusdelegatedto
thetargetapplicationandunnoticedmemoryleakspotentiallyavoided.

5.2 Cloning a histogram

HTL allowsyoutoproduceanew copy of anexistinghistogramusingthe
��.�
�"��

methodof the
��P�#���!�,�
���	���


interface.Thefirst argument,if given,specifieswherethehistogramshouldbecloned,thatis thecluster-
ing hint. By default theclusteringhint is thecontainerthatcontainsthesourcehistogramin thepersistent
caseandemptyin the transientcase.The lastargument,if any, specifieshow thehistogramshouldbe
cloned:

Q Specifyinga valueof 0 will resultin acloneof just thestructure;

Q A non-zeroargument,which is alsothedefault,will causethedatato becopiedin addition.

An exampleof cloningin thepersistentandtransientcasefollows.

� `JECG aCTCa BCECHCB�DFK a E � _
\CECtCuJECvxwg`C\ TCa BCbUqWrsz f qFri{HJEC}xwgYCpJ�UzÎ`C\ TCa BCbUqWrxwÊZF\ TCa BCbUq � tCKCGCKCpJbCV T DÏvJXCHUDFB T bCHUZU�±mCox�go d �gmCo d zs�dCdCd
_C_i] f EntCECG aJTCa BCECHJB fUTCa BCbCcCGCKJI } T VCVipCE(DFVCbJHCECY¤DFVCb a ElBCbnB f EibCG T c T HCKCV_C_ibCpCÐCEsDFB�wgYCECvJKCXCVCBlpCE f K «UT bJXCGUz\CECtCuJECvxwg`C\ TCa BCbUqWrsz¿DFVCbCHCEJ�UqFr { f qFrC�J�UDFVCbCHJExwFzU� _J_'¡CVJbCHCE �gf qFr �|a BCGCXUDWBCXCGCE KJHCYiYCKCBCK
_ � ]CGCKCH aCT ECHCB§DFK a E � _
\ TCa BJbUqFr �Ff qFri{'HCEJ}'\ TJa BCbUqFr�wÏZF\ TCa BCbUq � tJKCGCKCpCbJV T DÏvCXJHUDFB T bJHUZU�£mCo��go d �gmJo d zU�dCdCd
\ TCa BJbUqFr � DWVCbCHCEC�sqFr { f qFrC�C�sDFVCbCHCE�wFzU� _C_i¡CVCbJHCE �gf qFr �|a BCGCXUDFBJXCGCE KCHJY'YCKJBCK
5.3 Operationson histograms

Below is a list of methodsimplementingoperationson histograms.

5.3.1 Operationswith scalars
 �
���/���/�/1�¿/�
�¯���.��(:Ñ�

Add “
:
” to currenthisto.

 �
���/Ò!�¯��1�¿/�
�¯���.��(:Ñ�
Substract“

:
” from currenthisto.

 �
���/�
�¯�.1�¿/�
�¯���.��(:Ñ�
Multiply “

:
” with currenthisto.

 �
���/�/��� 1�¿/�
�¯���.��(:Ñ�
Dividecurrenthistoby “

:
”.

13



14 Chapter5. Operationsonhistograms

5.3.2 Operationswith another histogram
������P�����Ó���P���¯�	�	���"�,[��/�/>�4��
�"�!�,(������P�����Ó���P���¯�	�	���"�,¤Ô�
�,�@���	Õ�

Add“

�,�@���	

” histotocurrenthisto.

 �
���/���/�/1�4��
�"�!�,Ò��P�#���!�,�
�Ô�
�,�@���	Ò�
������P�����Ó���P���¯�	�	���"�,Ö!�¯��>�4��
�"�!�,(������P�����Ó���P���¯�	�	���"�,¤Ô�
�,�@���	Õ�

Subtract“

�,�@���	

” histofrom cur-
renthisto.

 �
���/Ò!�¯��1�4��
�"�!�,Ò��P�#���!�,�
�Ô�
�,�@���	Ò�
������P�����Ó���P���¯�	�	���"�,[
�¯�.>�4��
�"�!�,(������P�����Ó���P���¯�	�	���"�,¤Ô�
�,�@���	Õ�

Multiply “

�,�@���	

” histowith cur-
renthisto.

 �
���/�
�¯�.1�4��
�"�!�,Ò��P�#���!�,�
�Ô�
�,�@���	Ò�
������P�����Ó���P���¯�	�	���"�,[/��� >�4��
�"�!�,(������P�����Ó���P���¯�	�	���"�,¤Ô�
�,�@���	Õ�

Dividecurrenthistogramby“

�,�@���	

”
histo.

 �
���/�/��� 1�4��
�"�!�,Ò��P�#���!�,�
�Ô�
�,�@���	Ò�
������P�����Ó���P���¯�	�	���"�,[����"�
�
�����.�P�/��� 1�l��
�"�!�,�������P�����Ó���P���¯�	�	���"�,�Ô�
�,�@���	Õ�

Dividecurrenthistoby
“

�,�@���	

” histousing“binomial error”

 �
���/�����"�
�
�����.�P�/��� 1�l��
�"�!�,Ñ��P�#���!�,�
�Ô�
�,�@���	Ò�

Noticethatoperationswith anotherhistogramexistswith two signatures,thefirst oneallowing to directly
assigntheresultof anoperation.

This is anexampleof codeto addtwo histograms:

\CECtCuJECvxwg`C\ TCa BCbUqWrsz fUTCa BCbsq|{HJEC}xwgYCpJ�UzÎ`C\ TCa BCbUqWrxwÊZF\ TCa BCbUq � tCKCGCKCpJbCV T DÏvJXCHUDFB T bCHUZU�±mCox�go d �gmCo d zs�dJdCd
vJbCG~w T HCB T {'ox� T�� �CoJoCoCox� TF�C� zfUTCa BCbUqF�C�Jv T VCVxwyAx�g}szs�
_J_n×JbC}�DWGCECKCBCElK(DFVCbJHCEibCv fUTCa BCbsq\JECtCuCECv�wg\ TCa BJbUqFrUz fUTCa BCbCml{ fUTCa BCbsqF�C�UDFVJbCHCExwFzs�_J_n�JYCY fsTCa BCbUq|BJb fUTJa BCbCmlKCHJY(D f KCHCcCE fsTCa BCbCcJGCKCI HCKJICEfsTCa BCbCmJ�C�CKCYCY�w �FfsTCa BCbUqlzs�fsTCa BCbCmJ�C� a ECBJ�CHCKCICE�w�ZF\ TCa BJbCml{ \ TCa BCbJm � \ TCa BCbUqh{'m � \ TCa BCbsqCZ zU�
_J__J_(ØWB TCa KCV a bntJb aCaCT pJVCE BCb(DFVCbCHJElKCHCYntCECGCvCbJGCIlKCHibCtCECGJKCB T bCH©bCH aJT HCcCVCE_J_ a BCKCBCECIJECHCB �_J_ fUTCa BCbJml{ fUTJa BCbUqF�J�UDFVCbCHJExwFzF�C��KCYCY�w fsTCa BCbUqlzs�_J_

As discussedin thefirst paragraph,it’s importantto first makeacloneof theoriginalhistogram.Another
way to cloneahistogramis usinga copy constructor, asdescribedin Chapter8.
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Chapter 6: Histogram Factoriesand Naming Trees

This sectiondescribesa numberof techniquesfor handlingthe namingandlocationof persistenthis-
togramsin thedatabase.As such,this sectiononly appliesto persistentHTL histogramsasthey

6.1 Histogram factories

TheObjectDatabaseManagementGroup(ODMG) standardfor ObjectDatabasesspecifiesthatpersis-
tentobjectsarecreatedusinga

"���+>���
operatorwith aclusteringhint argument.Thisparameterprovides

amechanismwherebytheuseror applicationcodecanspecifywhereeachindividualobjectis physically
stored.This is demonstratedby thethefollowing codefragment,wherethe

@���!�,�
�$
objectis createdin

thedatabasereferredto by thedatabasehandle
/���P

.

\CECtCuJECvxwg`C\ TCa BCbUqWrsz fUTCa BCbsq|{HJEC}~wgYCpC�Uz�`C\ TCa BCbUqWrxwFZF��qFr fUTCa BCbJcCGCKCIUZs�gmCox�go d �y�Co d zU�
Not only is thissyntaxsomewhatunusualto noviceusers,but alsoit posesproblemswhenattemptingto
usetoolssuchastheSWIG interfacegeneratorfor scriptinglanguages.1

The
# 9 ����,�
�	��

classovercomesthisproblemby lettingtheuserspecifybynamethedatabaseorcontainer
in which histogramsshouldbe createdand provides a factory methodfor the actualcreationof the
histograms.

The following codefragmentdemonstratesthe usageof a HistogramFactory. It first initialises the
factory, specifyingthetargetdatabaseandcontainerby name.Histogramsarethencreatedandfilled and
areautomaticallystoredin theappropriatecontainer.

SUT HUDWVCXCYCE[ZW\C]C^C_C\J�C�CKUDFBJbCGC¢ dgf ZdCdCd
\J�CKUDFBCbJGC¢ IC¢C�JKUDFBCbCGJ¢x�_J_n¡JGCECKCBCE fUTJa BCbCcCGJKCI a©T H'rCKJBCKCjCK a E[ZFcCECtJbUZU�¨¡CbCHJBCK T HCEJG[Z a pCKJvCv T H T ZT vÕwyIC¢C�CKUDWBCbCGC¢ dWT H T BxwyB fUTCa �FZWcJECtJbUZe�FZ a pCKJvCv T H T ZCzJzh�_C_n¡CGCECKJBCElK fsTCa BCbCcJGCKCI X aJT HCclB f EnvCKUDWBCbCGC¢\CECtJuCECvxwg`J\ TCa BCbsqFrUz f q�{'IC¢J�CKUDFBCbJGC¢ d \ TJa BCbUq³rxwWZF\ TJa B�bC�sqCZs�yHCb�j T H a �yo d ox�gmJo d oUzU�dCdCdf qF�C�Jv T VCVxwyAx�Êq d zU�

The
# 9 ����,�
�	��

classprovidesa methodto generateall usefultypesof histograms.Thefactorymethods
arenamedaccordingto thehistogramtypeandtakeparametersaccordingto thecorrespondingconstruc-
tor.

T HCB T H T BÕwy\CECtCrCpJ�CtCtCV T DFKCB T b�H �Ca E aCa �|D f KCG � YCpJHCKCICEx�ÙD f KCG � DWbCHCBCHCKJICE {noUzU�\CECtCuJECvxwg`C\ TCa BCbUqWrszh\ TCa BCbsqFrÖwFDFbJH a B¤D f KJG � KC�CB T BJVCEx�£Í TWÚ EiHx��YJbCXCpCVCElAsqU�YCbCXCpJVCElACmx��ÌCHCYJ�C`Cb T HJBC�C¡CbCH « ECHCB T bJH¿ECtUD�{nuUØFÛC\C]J�C½C`CÌC×szU�\CECtCuJECvxwg`C\ TCa BCbUqWrJªCKCGez�\ TCa BCbsqFrCªCKCG�wFDFbCH a B4D f KCG � �g`C�J`Cb T HCB a �CªCEUDWBCbCG¥Üx�ÌCHCYC�J`Cb T HCBJ�C¡CbCH « ECHJB T bCH¥ECtUD�{4usØFÛC\C]C�J½C`CÌC×�zU�\CECtCuJECvxwg`C`JGCbCv T VJEJ\ TCa BCbsz�`CGJbCv T VCEJ\ TCa BCbsqFrÃwWDFbCH a B¤D f KCG � KC�CB T BCVCEx�²Í TFÚ EiHx�YCbCXCpJVCElAUqU��YCbCXJpCVCElACmx��ÌCHCYJ�C`Cb T HJBC�C¡CbCH « EJHCB T bCHÝECtsD�{uUØFÛC\J]C�C½C`CÌJ×§zU�\CECtCuJECvxwg`C`JGCbCv T VJEJ\ TCa BCbJªJKJGUz�`CGCbJv T VCEC\ TCa BCbUqWrCªCKCG�wFDWbCH a B'D f KCG � �`C�C`Cb T HCB a �JªCEUDFBCbJG¿Ü���ÌCHJYC�C`Cb T HCBC�C¡CbJH « ECH�B T bCH¥ECtsD¥{nuUØFÛC\J]C�C½C`CÌJ×§zU�
1TheSWIGinterfacegeneratorprovidesagenericmechanismfor integratingawidevarietyof scriptinglanguages,including

Tcl, Perl,PythonandevenJava.
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18 Chapter6. HistogramFactoriesandNamingTrees

\CECtCuJECvxwg`C\ TCa BCbCmJrszh\ TCa BCbJmCrÖwFDFbJH a B¤D f KJG � ��Í TWÚ E~��YCbJXCpCVCE ��YCbCXJpCVCE��Í TFÚ E~��YCbCXCpJVCE ��YCbCXCpCVJE���ÌCHJYC�C`Cb T HCBC�C¡CbJH « ECH�B T bJHÝEJtUDCq�{uUØFÛC\J]C�C½C`CÌJ×Þ��ÌCHCYC�C`Jb T HCBC�J¡CbCH « EJHCB T bJHßECtUDFmi{nuUØFÛC\J]C�C½C`CÌJ×[zU�\CECtCuJECvxwg`C\ TCa BCbCmJrJªCKCGez�\ TCa BCbJmCrCªCKCG�wÊDFbCH a B�D f KCG � ��`C�C`Cb T HCB a �JªCEUDFBCbJG¿Ü��`C�C`Cb T HCB a �JªCEUDFBCbJG¿Ü���ÌCHJYC�C`Cb T HCBC�C¡CbJH « ECH�B T bCHÝEJtUDCq�{uUØFÛC\J]C�C½C`CÌJ×x�²ÌCHJYC�C`Cb T HCBC�C¡CbJH « ECH�B T bCH ECtUDFmi{nuUØFÛC\J]C�C½C`CÌJ×[zU�
6.2 Naming histograms

TheHepODBMSpackageof LHC++ providesa logical namingschemeon topof thephysicalstructure
of the underlyingdatabase.Note that thesetwo structuresare independent- namingdoesnot imply
physicallocationandvice-versa. The namingpackagecreatesandmaintainsa namingtreesimilar to
file-systemtrees,with directoriesand“final objects”(equivalentto files in afile-system).

TheHepODBMSnamingpackageassumeseachuseris givena personalnamingtreewhich startsin a
“homedirectory” like structure.Eachuseris assigneda homedirectorythatmapsdirectly to their user
nameunderthecommondirectory à ¯�!�	 . Thus,thehomedirectoryin thenamingtreefor a usernamed/���"�
���


is à ¯�!�	 à /���"�
���
 .
An exampeof theuseof thenamingtreethatwill befamiliar to HBOOK userswould beto nameHTL
histogramsusinganidentifiermuchlike theHBOOK

���
andstorethemin appropriatenameddirectories

in thedatabase.Thisprovidesanamingschemesimiliar to thatusedby HBOOK,with theexceptionthat
thenamingis casesensitive.

Although userscanusethe HepODBMSclassesdirectly to nameHTL histograms,a simple
9 ����,�
�	��

classwhich extendsthe basic
# 9 ����,�
�	��

with namingcapabilitieshasalsobeenprovided. Using this
extendedfactoryclass,userscanchoosewhereto storehistograms(physicallocation)andnamethem
accordingto their favouritescheme(logical location).

The following codefragmentshows how HTL histogramscanbe named.Two histogramsarecreated
andstoredin the samedatabaseandcontainerasbefore. However, they arealsogiven namesin the
à ¯�!�	 à /���"�
���
 à #���!�,�
���	���
�! à�á � directory- oneusinganHBOOK-like identifierandtheotherusinga
shorttext string.

SUT HUDWVCXCYCE[ZW\C]C^C_C\J×CKCI T HJc dgf ZdCdCd
\J×CKCI T HJcC�CKUDFBJbCGC¢¿IC¢C�CKUDWBCbCGC¢xwy\C×CKCI T HCcJ�JKUDWBCb�GC¢ ��� ½ « EJGJG T YCEszU�_J_n¡JGCECKCBCE fUTJa BCbCcCGJKCI a©T H'rCj(ZFcCEJtCbUZU�£¡JbCHCBCK T HCECG[Z a pCKCvCv T H T ZÏKCHJYnHJKCICE_J_nB f ECI T Hn_CX a GC_JY T HCbCvJIC_C\ TCa BCbJcCG�KCI a _C�J¡�wgY T HCbCvCI TCa IC¢nX a ECGiHCKJICEUzT vÕwyIC¢C�CKUDWBCbCGC¢ dWT H T BxwyB fUTCa �FZW\ TCa BCb�cCGJKJI a _C��¡UZU�³ZFcJECtJbsZU�³Z a pCKJvJv T H T ZJzJzh�_C_n¡CGCECKJBCElBC}Cb fUTCa BCbCcCGCKJI aUd ] f EC¢ � GJElHCKCICECY¤qWo'KCHJY(ZWtCBUZ T HnB f EiHCKCICEiBCGJECE\CECtJuCECvxwg`J\ TCa BCbsqFrUz f q�{'IC¢J�CKUDFBCbJGC¢ d \ TJa BCbUq³rxwWqFo��WZF\ TCa BCbJ�sqCZe�gHCbJj T H a �go d o��ymCo d oUzs�\CECtJuCECvxwg`J\ TCa BCbsqFrUz f mn{'IC¢J�CKUDFBCbJGC¢ d \ TJa BCbUq³rxwWZFtJBsZU�³ZF\ TCa BJbC��mUZU�yHJbJj T H a �yo d ox�gm�o d oszU�dCdCdf qF�J�Cv T VCV�wgAx�Êq d zU�f mC�J�Cv T VCV�wgAx�²m d zU�

Namedhistograms,suchasthosecreatedabove,canthenberetrievedasfollows:

_CX a GJ_CY T HCbJvCIC_C\ TJa BCbCc�GCKJI a _C�C¡�_UqWo_CX a GJ_CY T HCbJvCIC_C\ TJa BCbCc�GCKJI a _C�C¡�_CtJB
It shouldberememberedthat - unlike HBOOK - thenamingschemeis casesensitive. Histogramscan
be namedwith a characterstring suchas “ R , ” or with an integer codelike 10 (similar to HBOOK’s
histogramidentifier

���
).



6.3. Retrieving namedhistograms 19

If thehistogramyou createalreadyexists,
#�����
���"�� 9 ����,�
�	��

caneitheroverridetheprevioushistogram
or refuseto createthenew one,dependingon thestrategy specifiedwhenthefactorywasdeclared.

To instructthefactoryto overrideexistinghistograms,useaconstructlike:

\C×JKCI T HCcJ�CKUDFBCbJGC¢�IJ¢C�CKUDFBJbCGC¢xwg\J×CKCI T H�cC�JKsDFBJbCG�¢ �C� ½ « ECGJG T Y�EUzs�
To avoid accidentaloverwriting of existinghistograms,usesomethinglike:

\C×JKCI T HCcJ�CKUDFBCbJGC¢�IJ¢C�CKUDFBJbCGC¢xwg\J×CKCI T H�cC�JKsDFBJbCG�¢ �C��â EJECtszs�
TheOverridedirectivecanbeusefulfor casessuchasbatchjobsor debugging:old histogramsaresimply
replacedby new ones. The ã ��� R modeallows oneto protectagainstthe accidentaldeletionof useful
data.Otherstrategies,suchascyclesor versions,arenotpresentlyimplemented.

6.3 Retrieving namedhistograms

Oncethehistogramshavebeensavedandnamedin anObjectivity datastore,amechanismfor retrieving
themis clearlyrequired.The

#���
�����,�
�	
classallows theretrieval of ahistogramby name,asfollows:

SUT HUDWVCXCYCE[ZW\C]C^C_C\J×CKCI T HJc dgf ZdCdCd
_J_n^JbUDFKCBCEi\ TJa BCbCcCGJKCI a tJB'KCHJY(qWo\J^CbUDFKCBJbCG IC¢C^JbUDFKCBCbJGx�\J`CG T HCBJECGCB f t�wFDFbCXCBszU�IJ¢C^CbUDFKJBCbCG dFT H T BxwgB fUTJa zs�\JECtCuCECv�wg`C\ TCa BCbUqFrUz f {'IJ¢C^CbUDFKJBCbCG d \ TCa BCbUq³rxwFZ³tCBsZCzs�T vÕw fÒä {noUzf t d tCG T HCB�w �Ff zU�f {nIC¢C^CbUDWKCBCbCG d \ TCa BCbsqWrxwFq³oUzs�T vÕw fÒä {noUzf t d tCG T HCB�w �Ff zU�

Notice that the
#���
�����,�
�	

classprovides methodsto retrieve different kinds of histograms(so users
shouldknow what they areretrieving). Typecheckingis thusguaranteedandif theexpectedhistogram
typedoesnotmatchtherealone,anerrormessageis printedandthereturnvalueis zero.



Chapter 7: Using interfaces

Interfacesarea powerful OO conceptwhich allows designersto decouplewhatanobjectdoesfrom its
actualimplementation.This reducesthe impacton “external” softwareusingsuchobject(s)andmakes
softwarereusemorerealistic.

In theC++ world, interfacesareusuallyimplementedby abstractclasseswith virtual methods.In this
context the only drawback of interfacesmight be a performancepenaltydue to the extra indirection
requiredby virtual functions,but we shouldnotneglecttheusefulnessof interfacesjust becauseof that.

7.1 Interfaces in HTL

HTL definesandimplementsabstractinterfacesfor mostof its functionalities.Theonly methodwhich
is not availableon purposeat the interfacelevel is the

����.�.1���
method,which mustbe implementedas

annon-virtualinline methodto provide thehighestperformance(seeAppendixC for details).

HTL interfacesareusedby otherpackagessuchasfitting (HEPFitting)andvisualisation(HEPInventor)
thatarethusindependentfrom theactualHTL implementationof histograms.Interfacesarewhatallows
externalpackagesto dealwith transientandpersistentHTL histogramsat the sametime. Using such
interfaceswe might even implementanHTL-lik e packagebasedon othertechnologies,for instancean
HTL interfaceto HBOOK, althoughthis is notenvisagedatpresent.

7.1.1 The åUæCçéèUêCëxì interface

��P�#���!�,�

is thehigh-level interfaceto histograms.Thefollowing is a list of supportedmethods.

 ���	�,�¯���.~��
�"�!�,Ñ��@���	�í'"���
��>���
Title attachedto currenthistogram.

 ���	�,�¯���.~��P L ��"�ÔÒ��P�����">�4��P L ��"�P���
�����,���
�"[Ô���P�.�
�����,���
�"Õ� In-rangebin associatedwith location��P�.�
�����,���
�"
.

 ���	�,�¯���.~��P L ��"�ÔÒ��P���:�,�	���P�����"1�i��P���:�,�	���P L ��"�P���
�����,���
�"§Ô���P�.�
�����,���
�"~� Extrabin associatedwith
extra location

��P�.�
�����,���
�"
.

 ���	�,�¯���.�*���-�������"�P���
�¯�"�,1���
Numberof in-rangebins.

 ���	�,�¯���.�*���-�����:�,�	���P�����"�P���
�¯�"�,>���
Numberof extrabins.

 ���	�,�¯���.�*���-���/���
1���
Dimensionof thehisto,i.e.,of theproblemspace.

 ���	�,�¯���.~��P�����	�,���,���
�"�ÔÕ��P R ��	�,���,���
�">�i��"�/���: R�î <Ñ� Partitioninterfaceassociatedwith thishisto.
For thefirst partitiononehas

��P�/���
�P���"�/���: î < .
 ���	�,�¯���.~��P L ��"�ÔÒ��P�����">�4��"�/���:Õ��� Any bin (in-rangeor extra) with index “

�
” (notethat this is a

linearaccess).

The
��P�#���!�,�


interface can retrieve the numberof bins that are in-rangeor out-range,for instance,
overflow or underflow, aswell asthenumberof partitions(i.e. thedimensionalityof thehistogram).It
alsoallows you to accessotherinterfacessuchas

��P�����	�,���,���
�"
and

��P L ��" .
On the otherhand,the

��P�#���!�,�

interfacedoesnot try to provide all informationin a singleinterface:

detailsaboutbinningandbin contentaredelegated,respectively, to the
��P�����	�,���,���
�"

and
��P L ��" inter-

faces,asexplainedlater.

20



7.2. ExampleusingInterfaceclasses 21

7.1.2 The åUæCïéðCñUëxèCëéèUìCò interface

The
��P R ��	�,���,���
�" interfacedealswith binningdetails,suchas,which interval of theproblemspacea

bin is mappedto, that is wheredoesit startandend,andwhatarethelimits of therangespannedby the
partition.Thefollowing is a list of supportedmethods.

��"�/�P���
���"�,�P���
�"� ���"�,���
�"§��"�/�P R 
���"�,�P���
�"� ���"�,���
�"1��� Endpointconventionfor all bins;canbeeither����&�#���P��������
or
��� 9 ��P��������

.

 ���	�,�¯���.�/�
�¯���.��Ò��P�����"�P�+���/�,�@1�i��"�/���:Ò�Ã�
Width of in-rangebin “

�
”.

 ���	�,�¯���.�/�
�¯���.��Ò��P�.�
�+���	�P R 
���"�,1��� Leftmostpointof thepartition.

 ���	�,�¯���.�/�
�¯���.��Ò��P�.�
�+���	�P R 
���"�,1�l��"�/���:Ñ��� Leftmostpoint of bin indexedby “
�
”.

 ���	�,�¯���.�/�
�¯���.��Ò��P�¯ R�R ��	�P R 
���"�,1��� Rightmostpoint of thepartition.

 ���	�,�¯���.�/�
�¯���.��Ò��P�¯ R�R ��	�P R 
���"�,1�l��"�/���:Ñ��� R‘ightmostpoint of bin indexedby “
�
”.

7.1.3 The åUæCóéèCò interface

The
��P L ��" interfaceallowsyou to setor getthecontentof abin, its countinformation,andits error. The

availablemethodsarelistedbelow.

 ���	�,�¯���.�/�
�¯���.��� ���.�¯��>�4��"�/���:Õ� î <�� Valueassociatedwith thisbin.

 ���	�,�¯���.�/�
�¯���.�����	�	�
�	>�4��"�/���:Õ� î <�� Errorassociatedwith thisbin.

 ���	�,�¯���.�*���-��Ñ��
�¯�"�,>���
Countassociatedwith thisbin. = Numberof entries.

 ���	�,�¯���.� �
���/Ñ!���,�P� ���.�¯��1��/�
�¯���.���
�,�@���	1ô'��"�/���:Ñ� î <õ� Setthevalueassociatedwith thisbin
to “

�,�@���	

”.

 ���	�,�¯���.� �
���/Ñ!���,�P���	�	�
�	1��/�
�¯���.���
�,�@���	1ô'��"�/���:Ñ� î <õ� Change/setthe error of the bin to
“

�,�@���	

”.

 ���	�,�¯���.� �
���/Ñ!���,�P���
�¯�"�,1��*���-���
�,�@���	Ò�
Change/setthecountof thebin to “


�,�@���	
”.

 ���	�,�¯���.�/�
�¯���.��Ò����"�,���	1�'��"�/���:Ñ� î <�� Absoluteor relative centerof thisbin on axis“
�
”.

 ���	�,�¯���.~��"�,�
�����!���,>�'��"�/���:Ò� î <�� Relative or absolutepositionfor thecenterof thebin.

7.2 Exampleusing Interface classes

The following exampleis derived from the HEPInventorvisualisationpackage- only a subsetof the
completecodeis used.Themethodreceivesan

��P�#���!�,�

referencewhich is thenused,for instance,to

find out whetherthis is a 1D or 2D histogram.Via thesame
��P�#���!�,�


reference,thecoderetrievesan
interfaceto theunderlyingpartition,which givesinformationaboutthebeginningandendof eachbin.
At theend,the

��P L ��" interfaceof eachbin allows us to retrieve thecontentandtheerrorassociatedto
eachbin.
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\UØFrCKJBCK �C� \sØFrCKCBCK�wWØF�C\ TCa BJb¿Ü fUTCa BCbsz|�T HCB T �gÐx�gkJ{Cox�a } T BUD f w fUTCa BCb d Y T IxwWzCzö�n_C_(Ø anT B�qFr'bJG'mCrJ÷DWK a E�q �_C_n¡CbCtC¢iB f E fsTCa BCbCcJGCKCI[DFbJHCBCECHCB T H'KnVCbUDWKCViYCKCBCK a BCGJXUDFBCXCGJEHCtCBJA { fUTCa BCb d p T HC�sDFbCXCHCB�wFzs�_C_n¦ a EiXCHCYJECGCVC¢ T HCc fUTJa BCb dFT �CtCKCGCB T B T bCH�wFz T HCBCEJGCvCKUDFE� « KJVxÀgoCÁ { fUTCa BCb dFT �CtCKJGCB T B T bCH�wyoUz dFT �CVCb�}CEJGC�JtJb T HCB�wgoszs�É « KJVxÀgoCÁ { fUTCa BCb dFT �Cp T HxwgoUz d�« KJVJXCE�wFze�_C_n\CKCYiBCbntCKCBUD f B fUTCaUdJdCd HCbnK a ¢CICIJECBCG T DöECGCGCbJG a ¢CECB dJdCdÌC� « KCVxÀgoCÁ {Òw fUTCa BJb dFT �CtJKCGCB T B T bJH�wgosz d³T �CV�bC}JECGJ�JtCb T HJBxwWqJzF��� « KJV�ÀyoCÁezF_Cm d �ÌCÉ « KCVxÀgoCÁ { fUTCa BCb dFT �Cp T HxwgoUz d ECGJGJbCG�wFze�vCbCG~w T {UqU� T¥� HCtJBCAx� TF�C� z��� « KCVxÀ T Á { fUTCa BCb dFT �CtCKJGCB T B T bCH�wyoUz dFT �CVCb�}CEJGC�JtJb T HCB�w T zs�_C_'¦ a E�ØF�Cj T H T HJBCECGCvCKsDFE BCbiGCECBJG T E «l« KJVCXCEC_CEJGCGCbCGÉ « KCVxÀ T Á { fUTCa BCb dFT �Cp T Hxw T z d�« KJVJXCE�wFze�ÌCÉ « KCV�À T Á { fUTCa BCb dFT �Cp T Hxw T z d ECGJGJbCG�wFze����

As youcanseethereis no referencewhatsoever to therealC++ typeof thehistogram,to its dimension-
ality, etc.Thesamecodeworkswith all HTL histograms!



Chapter 8: Constructors

8.1 Typesof constructors

HTL providesmoreconstructorsthanthe currentpackageandallows us to defineandcreatenew his-
togramsoutof transientor persistentonesin aniceandnaturalway.

Threekindsof constructoraredefinedfor any histogramclass.

Thefirst kind of constructoris theclassiconeusedfor thebooking. Argumentsreflectthe typeof the
histogram,for instance,1D or 2D, fixedor variablebin size,etc.An exampleis thefollowing:

\ TCa BJbUqFrxwÏDWbCH a B¤D f KCG � KC�CB T BCVCEx�£Í TFÚ EiHCj T H a �¨YCbCXCpJVCElVCbC}C����YJbCXCpCVCEfUT c f �x�¨ÌCHCYJ�C`Cb T HJBC�C¡CbCH « ECHJB T bJH¥ECtUD�{nuUØFÛC\C]J�C½C`CÌC×�z
The secondkind of constructoris a copy constructor. The first argumentmustbe a histo of the same
type.Theoptionalsecondargumentspecifieswhetherwe wantto copy thestructureonly (theargument
mustequal0) or thestructureaswell asthedataalso.(This is thedefault - argumentnon0).

\ TCa BJbUqFrxw£^ T kCEC�C¡JXCGCGCECHJB�ÜCKJ� fUTCa BJbx� T HCB(DFbCtJ¢C�CYCKCBJK {�qnz
����Ó���P���¯�	�	���"�,

is a typedefanddesignatesthereal typeof thecurrenthistogramclasswith all its tem-
platearguments.

The third kind of constructoris a variantof a copy constructor. It makes it possibleto createa new
histogramout of a histo interface.It is particularlyusefulto createpersistenthistogramsfrom transient
ones.Theoptionalsecondargumentfor datacopying is alsoavailable.

\ TCa BJbUqFrxwÏDWbCH a B¤ØF�J\ TCa BCblÜJKC� fUTCa BCbx� T HJB(DWbCtC¢C�CYJKCBCK {(q'z

23



Chapter 9: Retrieving statisticsand entries information

9.1 Shortcuts

1D histogramsimplementshortcutmethodsto retrieve meanandRMS of ahistogram,asfollows:

\ TCa BJbUqFr �Ff qFri{'HCEJ}'\ TJa BCbUqFr�wFZF\ TCa BCbUq � tCKCGJKCpCbCV T DÏvCXCHUDWB T bCHUZs�gmCox�go d �gm�o d zs�dCdCd
DFbCXCB �J� ZF�JECKCH�Z �J�'f qWrC�C�CICEJKCHxwFz �C� Z¿uC�CÍ�Z �C�nf qFrC�C�JGCI a wFz �C� ECHCYCVx�
9.2 Generalmethod

HTL implementsretrieval of statisticsandentriesinformationvia separatehelperclasses.The helper
classis called

#�*�,���,
andit allows usto decouplecomputationof statisticsandentriesinformationfrom

theimplementationof thehistogram.

SUT HUDWVCXCYCE[ZW\C]C^C_C\ TCa BCbCcJGCKCI aUd�f Z
\ TCa BJbUqFr �Ff qFri{'HCEJ}'\ TJa BCbUqFr�wFZF\ TCa BCbUq � tCKCGJKCpCbCV T DÏvCXCHUDWB T bCHUZs�gmCox�go d �gm�o d zs�
dCdCd _C_nv T VCV T HCc
_C_i×CbC}nY TCa tJVCKC¢ a bJICE a BCKCB TJa B T D as�_C_VCbCHCc T HC�CECHCBJG T E a {n\CÍCBJKCB �C�FT HC�CGCKCHJcCEC�JEJHCBJG T E a �eDFbJXCHJB�w �³fUTJa BJbszU�VCbCHCclEJACBCGCKC�JECHCBCG T E a {n\CÍCBCKJB �C� ECAJBCGCKC�CEJHCBJG T E a �eDFbJXCHJB�w �³fUTJa BJbszU�DFbCXCB �J� ZFÌJHCBCG T E a DFbCXCHCB � Z �C� w T HJ�CECHCBCG T E aÊ� ECACBJGCKC�CECHJBCG T E a z�C� Z�} T B f ØF×C�JuC�C×CÛCÌ � Z �J��T HJ�CECHCBCG T E a�C� Z�ÌC�C]CuC� � Z �C� ECACBJGCKC�CECHJBCG T E ah�C� ECHCYCV��
YCbCXCpJVCElICECKCHi{n\CÍCBCKJB �C� ICEJKCHxw �FfUTCa BJb¤zU�DFbCXCB �J� ZF�JÌC�C×~wgj d ¡ d z � Z �C� ICECKCH �C� ECHCYCV��DFbCXCB �J� ZFuJ�CÍ wgj d ¡ d z � Z �C� \CÍCBCKCB �C� GCI a w �FfUTCa BCb��ÈICECKCHsz�C� ECHCYJV �J� ECHJYCVx�
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Appendix A: Supportedcompilers

Thelist of supportedcompilersonagivenplatformfollows

Solaris CC 4.2

HP-UX aCCA.01.15

Linux egcs1.1.1with patchfor persistenttemplatesspecialization

Digital Unix cxx V6.1-027

AIX xlC 3.1.?

Windows/NT VC++ 5.0SP3
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Appendix B: Statisticsand error propagation

B.1 Histogram statistics

HTL implementshistogramstatisticsasbin contentstatisticsonly.

�CECKCHl{'ÍC¦C�xÀ�p T H(DWECHCBCECG � p T H « KCVJXCElÁ'_nÍC¦C��À�p T H « KCVCXCElÁuC�CÍi{nÍC¦C�xÀiwgp T H(DWECHCBCECGl�nICECKJHUzCøFm � p T H « KCVJXCEiÁ'_nÍC¦C�xÀ�p T H « KJVCXCElÁ
Sincethe

&�	��� ���,���P L ��" usedin 1D HTL histogramskeepstheweightedcenterof thebin, thosequanti-
tiesareequalto so-called“filling timestatistics”computedby HBOOK andHistOOgrams.

B.2 Bin errors

Bin errorsarealwayscomputedtakingweightsinto account.

ECGCGCbJGl{ aFù GCBxw�ÍC¦C�xÀ�}CE T c f B � }CE T c f B�ÁUz
B.2.1 Bin error “pr opagation” for histogram operations

Dependingon histogramoperations,bin errorsarecombinedin theerrorof theresultingbin. Formulas
shouldbeequivalentto theonesusedin HBOOK.

B.2.2 Synopsis
��	�	�
�	�P

errorof thefirst bin,

�,�@���	10M��	�	�
�	1���

is theerrorof thesecondbin;

 ���.�¯���P
valueof thefirst bin,


�,�@���	10N ���.�¯��>���
is theerrorof thesecondbin.

« b T YiKCYCYxw�DFbCH a Bi^ T kCEC�J`CKCGCECHJB©ÜCbCB f ECG¤zEJGCGCbCGC�l{ bCB f ECG d EJGCGCbCGxwWz � bJB f EJG d ECGJGJbCG�wFz � ECGCGCbJGC���
« b T Y a XCpxw�DFbCH a Bn^ T kCEC�C`JKCGCECHCB�ÜCbCB f ECG¤zEJGCGCbCGC�l{nbCB f ECG d ECGJGCbCGxwFz � bCB f ECG d ECGCGCbJGxwFz � ECGCGJbCGC���
« b T YlIJXCVxw�DFbCH a Bn^ T kCEC�C`JKCGCECHCB�ÜCbCB f ECG¤zEJGCGCbCGC�l{nECGCGJbCGC� � bCB f ECG dg« KCVCXJExwFz � bJB f ECG dg« K�VCXJExwWz �bCB f ECG d ECGJGCbCGxwFz � bCB f ECG d E�GCGJbJGxwWz �¿« KCVCXCEC� �F« KCVCXJEC�Ã�
« b T YlY TF« w�DFbCH a Bn^ T kCEC�C`JKCGCECHCB�ÜCbCB f ECG¤zEn{ntCbC}xwgbJB f ECG d ECGCGCbCG�wWzU�g�ez'�EJGCGCbCGC�l{nECGCGJbCGC� � bCB f ECG dg« KCVCXJExwFz � bJB f ECG dg« K�VCXJExwWz �bCB f ECG d ECGJGCbCGxwFz � bCB f ECG d E�GCGJbJGxwWz �¿« KCVCXCEC� �F« KCVCXJEC�Ã�T vxw�E ä {no(zECGCGJbCGC�l{Õw�ECGJGCbCGC�C_JE¤zU�
« b T Ylp T HCbCI T KCVC�CY TW« wÊDFbJH a Bl^ T kJEC�C`CKCGJECHCB©ÜJbCB f ECG¤zEn{nbCB f ECG d ECGCGCbJGxwFz � bJB f ECG d EJGJGCbJGxw³z'�EJGCGCbCGC�l{ aFù GJBxw�ECGCGCbCGJ�l_'E(zU�EJGCGCbCGC�l{nECGCGJbCGC� � wFqF�CECGJGCbCGC�Uzs�EJGCGCbCGC�l{nECGCGJbCGC� � ECGCGCbCGJ�x�EJGCGCbCGC�l{Õw�ECGCGCbCGJ�l_'E�zU�

26



Appendix C: Performance

C.1 Intr oduction

Mostof thetimetheperformanceof anhistogrammingpackageis notcritical. Forexample,in thetypical
caseof longrunningbatchjobs,thetimespentin histogramoperationsis not thatimportant.Ontheother
handthereareapplications,suchasonlinemonitoring,whereexcellentperformanceis fundamental.

The HistOOgrampackage,which HTL replaces,was not optimisedfor performance,but ratherwas
designedfor maximumflexibility. In addition,early benchmarksof this packagewereperformedon a
pre-releaseandshouldbeconsideredunrepresentative.

Experienceshows that thereis alwaysa tradeoff betweenhigherperformanceandmaximumflexibility.
Fortunately, areasonablecompromisecanusuallybefound,sinceperformanceis normallyrequiredonly
in well definedareasof thecode.

A often-heardrule of thumbstatesthat in mostcasesan applicationspends80%of its time in 20%of
thecode.Henceanefficient approachis to estimatewherethecritical sectionsof thecodelie, identify
themostappropriatealgorithms(which aremoredifficult to changethancode),andfinally measurethe
performancewith a propertool, suchasa codeprofiler. Codeportability andmaintainabilityshouldnot
be abandonedin the pursuitof performance- all areimportantissuesthat needto be addressedwhen
producingapackage.

Theproceduredescribedabove wasthatusedin thecaseof HTL. In otherwords,thecritical portionsof
codewerefirst identified,which unsurprisinglyturnedout to be thefilling methods,that canbe called
millions of times.A techniqueto speedup filling by usingtemplatedclasseswasthenidentified(seefor
instancetheBlitz++ librariesfor a discussionabouttemplatesandC++ performance).Finally, oncethe
packagewasworking, theperformancewasmeasuredandtunedusinga simplecodeprofiler.

The resultsof a simple comparisonwith HBOOK are presentedbelow. Thesearenot intendedas a
completetestbut ratherasa benchmarkreference.Thesourcecodeusedfor thebenchmarkis available
on request.

C.2 Comparison betweenHBOOK, HistOOgrams, and HTL

C.2.1 Description of the benchmark

A setof 10histogramswith fixedbinningis filled with 50000pointseach.Thebenchmarkis focusedon
filling performance.

The I/O part is moredifficult to comparedirectly andis not includedin thesecomparisons.Objectiv-
ity/DB, usedby persistentHTL, ensuresthatall datais writtento diskaspartof a transaction.In thecase
of HBOOK buffers arenot flushedandso a comparisonof the two is not meaningful. In theHBOOK
case,timing is measuredwith the CERNLIB routine

��� á ��� . The C++ benchmarkreportsreal time as
measuredby RD45’s

����
���	
class. HTL histogramsarebasedon gravity bins, so they harvest more

informationthantheirHBOOK counterpart,andthususeCPU.

C.2.2 Resultsof the benchmark

Thetargetmachineusedfor thetestwasaSparcUltra:

ÍCXCHC½JÍ a XCHCK a YUq|� d � d q|ÛCECHCECG T DF�UqFoJÂCÅC�CoC�sqFm a XCHC�CX a tCKCGUD�ÍC¦C×Júx�g¦CVCBJGCKC�CÂCo
Thecompilersusedwerethefollowing:

��2�2�¬�310�$
for HistOO,

��2�2�¬�3>0M%
for HTL, and

��5�5�310N%
for

HBOOK.
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Theresultsaresummarisedin thetablebelow.

HBOOK 860ms

TransientHTL 790ms

HistOO 3600ms

PersistentHTL 2700ms

PersistentHTL(fast-filling) 1150ms

Thetiming onthesecondline of thepersistentHTL caseis for aversionoptimisedby usinga fastfilling
method.

It shouldalsobe stressedthat the HTL packageallows you to createa persistentHistogramout of a
transientonesothatit is possibleto work in a mixedmode:first histogramscanbecreatedandfilled as
transient,andonly at theendsavedaspersistent.Thusonecombinestheadvantagesof a fastestpossible
filling with thethoseof profitingof objectpersistency.

C.3 Conclusion

HTL transienthistogramsareslightly fasterthancomparableHBOOK ones,even thoughthey provide
theuserwith moreaccurateinformationaboutbin centers.

HTL persistenthistogramsaresomewhatslower thantheir transientcounterparts.It would bepossible,
usingmoreadvancedObjectivity/DB techniquessuchasfast-filling methodsandpinningin memory, to
make themalmostasfastastransientones.However, a morepracticalapproachin mostcasesis theuse
of transienthistogramsfor repetitive operationssuchasfilling, combinedwith persistentcopiesof the
filled histogramfor storage.

Whenraw performanceis absolutelycrucial, fasterHTL histogramsarealsoavailable. However, they
donotprovide filling time statistics.

SinceHTL allowsyouto mix persistentandtransienthistograms,theoptimalstrategy whenperformance
is anissueis to bookandfill transienthistogramandsave themat theendof therunusingthepersistent
histogram

��
 R � constructors(asexplainedin chapter2).



Appendix D: Running the examples

D.1 List of available examples

A setof HTL examplescanbe found in the directory
����.��>= à ����! à ����	�">0���@ à !�+ à .�@���:�: à !�@���	�� à #���� à/��� à #���� à ��:���
 R .���! .

#���!�,�
�$��
createpersistent1D histogramwith fixedbinning;#���!�,�
�%��
createpersistent2D histogramwith fixedbinning;#���!�,�
���	�
�����.��
createpersistent1D profile histogramwith fixedbinning;#���!�,�
�������.���!
produceASCII tablesto exportHTL histogramsto, e.g.,PAW;� R ��	���,���
�"�! histogramcloningandhistogramoperations;��#���!�,�
�!
createtransient1D/2Dhistogramswith fixedbinning;#���!�,�
�$���¬���	
createpersistent1D histogramwith variablebinning;#���!�,�
�%���¬���	
createpersistent2D histogramwith variablebinning;#���!�,�
�����"�/�
�

useof CLHEPrandomgenerators;����
���#���!�,�
�!
namingpersistenthistograms;������/�#���!�,�

readingbackhistogramsfrom Objectivity/DB datastore;��*�.���������	�
�û
slice/projectionsof a2D histogram.

D.2 Settingup for using the examples

D.2.1 Defining your envir onment

Whenyouarerunningin anenvironmentcreatedby theLHC++ setupprocedure(see
@�,�, R = à�à +�+�+���"���
>0����	�"10���@ à ��!�/ à .�@���2�2 à .�@�� R�R ��¯��º/�� à *���,�ü R ü�!��ý	���"� ���	�
�"�
���"ý,10M@�,�
�. )all environmentvariablesneeded

by HTL will bealreadyin place.

If you are not running in suchan environment,you will have to set the HTL environmentvariables
up yourself,sincetheGNUmakefilesfor runningtheexamplesassumethat the following environment
variablesaredefinedcorrectly:

Q ��#���þ�þ������
Q ����ÿ�� 9
Q #�����P���� L�á *�P������
Q #���*������������

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

a bCXCGsDFEl_CKCv a _UDFECGCH d D f _ a }J_CV f DFAJAJ_ aWf K�GCEJ_J\C]J^C_�tCGCb�_C\J]C^ d D a³f

Theabove syntaxis for C-shellflavours,while onBourneshellflavoursyoushoulduse:

d _JKCv a _UDWECGCH d D f _ a }C_�V f DWAJAC_ a³f KJGJEC_J\C]�^C_JtJGCbJ_C\�]C^ d k aWf
29



30 AppendixD. Runningtheexamples

For non-CERNinstallationsyouwill have to replacethepath:

_CKCv a _UDFECGCH d D f _ a }J_CV f DFAJA
with thelocationof yourLHC++ tree.

Finally, asimilar scriptis providedonWindows/NT asabatchfile:

�x��� `JÂCm � V f DFACA �UaWf KCGCE � \J]J^ � tCG�b � \J]C^ d p�KCB
If youareusingpersistentHTL yourObjectivity/DB environmentshouldbeproperlydefinedaswell.

D.2.2 Building the examples

Makea local copy of theexamplesdirectoryandrun
��
���Ó��

, asfollows:

DFti�CGn_CKCv a _sDFECGCH d D f _ a }J_JV f D³ACAJ_J\C]J^C_�YCE « _C\J]C^�_CECA�KCIJtCVJE a'd DFYnECACKCIJtCVCE a cCIJKCkCE
Thesecommandswill build all examplesin onego. Youcanbuild examplesseparatelyby running

��
���Ó��
in eachsubdirectory.

D.2.3 Running the examples

HTL is providedassharedlibrarieson mostplatforms.This meansHTL librariesandany othershared
library usedby HTL, suchasHepODBMSandObjectivity/DB for persistentHTL, shouldbevisible in
yoursharedlibrary path.

Providedthatyourenvironmentis alreadyconfiguredfor LHC++, nofurhersetupis required.If not,asa
mininumyour sharedlibrary pathmustincludethedirectorywheretheHTL library (andalsoObjectiv-
ity/DB, for thepersistentversion)is located.Thescriptsmentionedin theprevioussectionswill update
your library pathaswell.

Theexamplesexecutablesarecreatedin a � �M��*�� subdirectoryin eachexampledirectory.

D.3 Structure of eachexample

Eachexampledirectorycontainstwo files: a GNUmakefile to build theexampleanda sourcefile con-
tainingtheC++code.Thesourcefile typically definesan“Application” classandamainprogramwhich
instantiatesthatclassandcallsoneor moremethods.

DFVCK aJa \ TCa BCbJ�C�CtCt �dCdCdT HCBiICK T Hxw T HCBnKCGCcUDs�|D f KCG �C� KJGCc « z� \ TJa BCbC�C�JtCt KCtCt��KCtJt dFT H T BxwFzU�KCtJt d GCXCH�wFzU�KCtJt d DFbCIJI T BxwFzs��

The“Application” classmayinherit from
#�� R ��� L�á *>=�=M#�� R � L ÿ R�R .�������,���
�" whenworkingwith theper-

sistentHTL examples.This allows theclassto managetransactionsandsoon. Apart from transaction
issues,mostexamplesbasedon persistentHTL canbe translatedto transientHTL by changingall oc-
currencesof

��#���!�,�

to
#���!�,�
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D.4 Onedimensionalhistograms

Thefollowing exampleshows thecreation,filling andline-printeroutputof a1D histogramandsomeof
its attributes.Thehistogramitself hasweightedbinsandanevenpartition.Thehistogramis persistent-
thatis, it is storedin thedatabaseandremainsthereafterthejob hascompleted.

D.4.1 Input program
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D.5 Onedimensionalvariable histograms

Thefollowing exampleshowstheuseof avariablepartition,but is otherwisesimilar to thepreviouscase.

D.5.1 Input program
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D.5.2 Output Generated
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D.6 Two dimensionalhistograms

Thefollowing exampleshows theuseof a2D histogramwith fixedpartitions.

D.6.1 Input program
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D.6.2 Output Generated
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D.7 Two dimensionalvariable histograms

Thefollowing exampleshows theuseof a2D histogramwith variablepartitions.

D.7.1 Input program
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D.7.2 Output Generated
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D.8 Profile histograms

Thefollowing exampleshows theuseof profilehistorams.
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D.9 Filling histogramswith random numbers

Thefollowing exampleshows cloningof andoperationson histograms.
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D.10 Saving histogram astext table

Thefollowing exampleshows how a histogramcanbesaved in a simpletext file thatcansubsequently
bereadby PAW, Excelor othercommontool. An exampleof asuitablePAW macrois alsoprovided.
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D.10.2 PAW kumac for readingtable
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D.10.3 PAW Macro to produce1D HBOOK histogram fr om HTL ASCII table
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D.10.4 Output Generated
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D.11 Histogram naming

The following exampledemonstratestheusageof histogramnaming. Histogramsarefirst createdand
filled usingahistogramfactoryandthenlocatedby nameandprinted.

D.11.1 Input program

���L%�
&.'���
0����������B� �&!�!u���
$ �&%'�)(
*�+��-,��)������	���
&./�10�2
$ �&%'�)(
*�+��-,��)�&.'

%'�"!3�10�2
$ �&%'�)(
*�+��;:���<�=�����i�
&.?�&%�6K�10B:��(�
����C������������D)!�!FEG!�*�H�(����C���
!��)H�D)!�!�(�����
����)�
%I!�*�H�(����@E������������D�!�!¥J"QµI�]a�����+M��	���
����eJ"Q?\!�*�H�(����@Ea�����+M�&%'�
�fJ"QY\]B\a�����+5������������D)!�!3E�E �&%'���@J"QI ^&%����fJ"QY\����
�	��)j�!�+�
����eJ�QY\]a�����+5������������D)!�!3E�E ��	���
����eJ"QI ���&%'���7�&%��R%���X��"%'��N�o�PB\��i�
&.?�&%�6�4�
�������	�v�.�v�4�
��
����	�vfJ���i�
&.?�"%�6�4�
��
����	�v9E�Ekg)a���	�	��)+���QY\���5d�	���
����C0'��������6�	�
&.'�M�"%O��Xu:�6��
!��':�{}d��
%���
��&%���	Z:
�"H�
)W�W��"%'��:_

%�+5%�
&.'�5�)0��&.���O�&%7�
*���	��f�����k�������
����6�	�
".?������d��W#Jl.�v�4�
�������	�vK� �&%'���@Jk�)0'���c{
:������
����6�	�

.'������dc:�{&:z6��
!��':�{�:
�&H�
�W�W��&%?��:�Q�Q7I���Rd�	���
����R��x��`0'��������6�	�
&.?�B�|<)0���vr~�	��_%�
&.'��+;�
PO

%�+¦:V!�o':`�&%T�)0��`%�
&.'�5��	�������
!�w���W@Jk>��������������'Q_0c�LNC.�v�4�
�������	�v9�¤�����
�������rJ"�
P@{
:���������������:�{�%���X��"%?�e{ Pr�kP@{ o�Pr�kP�QY\���
!�w���W@Jk>��������������'Q_0�o5NC.�v�4�
�������	�v9�¤�����
�������rJ
:V!�o':�{&:�������������o?:�{l%���X��&%'�e{VPr��P@{Vo�Pr�qP�Qc\���54���(�(C0'���������_x����)0T+���W�W���	��
%��Ox�����6)0����BEW���	fJ��&%��7�_N�P@\S��,5��P�P�P�PB\�������Q5I+��
*�H�(��RpONZJz�5�To�o�Q_�7�?\0c����2�W���(�(eJqpr{-Jkp����r����Q)�cJkp����r�q��Q&����QY\0�o���2�W���(�(eJqpr{-Jkp����r����Q)�cJkp����r�q��Q&����P�QY\]]���5d�	���
����C0'��������6�	�
&.'�M�"%�*'����	T+�
���

H�
����B{����&%���
��&%���	Z:������
����6�	�
".?��:_

%�+5%�
&.'�5�)0��&.���O�&%7�
*���	��f�����k�������
����6�	�
".?������
���




D.11. Histogramnaming 51

��W#Jl.�v�4�
�������	�vK� �&%'���@Jk�)0'���c{
:������
����6�	�

.'������
)��
�:�Q�QMI���Rd�	���
����R��x��`0'��������6�	�
&.?�B�|<)0���vr~�	��_%�
&.'��+;�
PO

%�+¦:V!�o':`�&%T�)0��`%�
&.'�5��	�������
!�w���W@Jk>��������������'Q_0c�LNC.�v�4�
�������	�v9�¤�����
�������rJ"�
P@{
:�����������������:'{l%���X��
%'�e{ PK�qPB{Vo�PK�qP�Q?\���
!�w���W@Jk>��������������'Q_0�o5NC.�v�4�
�������	�v9�¤�����
�������rJ
:V!�o':�{&:�������������o�o':�{l%��)X��&%'�B{ Pf�qP@{�o�Pr��P�QY\���54���(�(C0'���������_x����)0T+���W�W���	��
%��Ox�����6)0����BEW���	fJ��&%��7�_N�P@\S��,5��P�P�P�PB\�������Q5I+��
*�H�(��RpONZJz�5�To�o�Q_�7�?\0c����2�W���(�(eJqpr{-Jkp����r����Q)�cJkp����r�q��Q&����QY\0�o���2�W���(�(eJqpr{-Jkp����r����Q)�cJkp����r�q��Q&����P�QY\]]���_=�����
����_����������6�	�
&.¦�
*���	��f�����k�������
����6�	�
".?������
���
��
!�o��=�����
�����	R.�v�=����)
�����	r\��>�	��&%�����	�0�!KJz���&*��'QY\.�v�=�����
�����	9� �&%����fJk�)0�����QY\���&!�w��)W@Jq>��������������?QC0TN_.�v�=�����
�����	9�¤�����������z�rJ�:V!�o�:�QY\��W#J�0 §lNOP�Q0�!3�1!�	��&%��fJz�"0YQY\0-N_.�v�=�����
�����	K�¤�������������rJ&�&P�QY\��W#J�0 §lNOP�Q0�!3�1!�	��&%��fJz�"0YQY\]�&%��C.'
��&%KJ��"%��M
�	�6��e{S�&0�
�	7����
�	�6�a'QI ���5d�	���
����O

!�!�(�����
����)�
%;�
H�h����
�9E������������D�!�!O.�v���
&!�!9\.�v���

!�!3�k�&%'���fJ�QY\.�v���

!�!3�k��	���
����eJ"QY\.�v���

!�!3�k���&.�.?�
�fJ"QY\]

D.11.2 Output Generated

<���>�t E��������������<�^�<�=�t E�������������oX�^�i�d�g
j�i�< E�o�PX�^�i5s�^
��<�� E�� �r�q�����)��P)� of�q�����)��P��R���>�g)m�^�<�^�g�i X�^�i ��D�=)j�t3�l������������������������������������������������������������������������������������������������������2Pr�qP�P�P��)��P�P P of�q�������)��P��K�1������������������������������������������������������������������������������������������������������c�qP�P�P��)��P�P � of�q��o����)��P��K�1�������������������������������������������������������������������������������of�qP�P�P��)��P�P o �c�q����P��)��P��K�1��������������������������������������������������������������r�qP�P�P��)��P�P � �c�q�)��o��)��P��K�1����������������������������������������������9�qP�P�P��)��P�P � �c�q�������)��P��K�1����������������������������������r�qP�P�P��)��P�P � �c�z�"��o��)��P��K�1����������������������r�qP�P�P��)��P�P � �r�q��P����)��P)���1������������r�qP�P�P��)��P�P � �r�ko���P��)��P)���1������r�qP�P�P��)��P�P � �r�q����P��)��P)���1��r�qP�P�P��)��P�P � �r�q�������)��P)����c�qP�P�P��)��P�� �
P �r�q�������)��P)����c�z�&P�P��)��P�� ��� �r�q����P��)��P)���1��c�ko)P�P��)��P�� ��o �r�ko���P��)��P)���1������c�q��P�P��)��P�� �
� �r�q��P����)��P)���1������������c�l��P�P��)��P�� �"� �c�z�"��o��)��P��K�1����������������������c�q��P�P��)��P�� �
� �c�q�������)��P��K�1��������������������������������c�q��P�P��)��P�� �
� �c�q�)��o��)��P��K�1����������������������������������������������c�q��P�P��)��P�� �
� �c�q����P��)��P��K�1��������������������������������������������������������������c�q��P�P��)��P�� �
� of�q��o)���)��P��K�1�������������������������������������������������������������������������������



52 AppendixD. Runningtheexamples

�c�q��P�P��)��P�� �
� of�q����o��)��P��K�1���������������������������������������������������������������������������������������������������� ��j�i���t)w�4�=�g�s E��r�z�
�����)��P��Tg
��t�w�4�=�g�s E��r���
�����)��P��^�i5w�D�i���t�E ���)������t���<�w�D E ���)�����t�D�iOX9��dK��E¡�r�l�������)��P�PRw���mRX9��dr�OE��r���������)��P�P<���>�t E��������������<�^�<�=�t E��������������X�^�i�d�g
j�i�< E�o�PX�^�i5s�^
��<�� E��c�qP�P�P��)��P�P �r�q�����)��P�� of�z�
o��)��P��R���>�g)m�^�<�^�g�i X�^�i ��D�=)j�t3�l������������������������������������������������������������������������������������������������������2Pr�qP�P�P��)��P�P P of�z��o)P��)��P��K�1������������������������������������������������������������������������������������������������������c�qP�P�P��)��P�P � �c�q���&P��)��P��K�1�������������������������������������������������������������������������������of�qP�P�P��)��P�P o �c�q�)�����)��P��K�1��������������������������������������������������������������r�qP�P�P��)��P�P � �c�qP�o)���)��P��K�1����������������������������������������������9�qP�P�P��)��P�P � �r�q�������)��P)���1����������������������������������r�qP�P�P��)��P�P � �r�ko������)��P)���1����������������������r�qP�P�P��)��P�P � �r�l�������)��P)���1������������r�qP�P�P��)��P�P � of�z�
P����)��P)���1������r�qP�P�P��)��P�P � �c�z�
�����)��P)���1��r�qP�P�P��)��P�P � �r�q�������)��P��K��c�qP�P�P��)��P�� �
P �r�q�������)��P��K��c�z�&P�P��)��P�� ��� �c�z�
�����)��P)���1��c�ko)P�P��)��P�� ��o of�z�
P����)��P)���1������c�q��P�P��)��P�� �
� �r�l�������)��P)���1������������c�l��P�P��)��P�� �"� �r�ko������)��P)���1����������������������c�q��P�P��)��P�� �
� �r�q�������)��P)���1��������������������������������c�q��P�P��)��P�� �
� �c�qP�o)���)��P��K�1����������������������������������������������c�q��P�P��)��P�� �
� �c�q�)�����)��P��K�1��������������������������������������������������������������c�q��P�P��)��P�� �
� �c�q���&P��)��P��K�1��������������������������������������������������������������������������������c�q��P�P��)��P�� �
� of�z���&���)��P��K�1���������������������������������������������������������������������������������������������������� ��j�i���t)w�4�=�g�s E�of�q�������)��P��Tg
��t�w�4�=�g�s E¡of���������)��P��^�i5w�D�i���t�E ���)������t���<�w�D E ���)�����t�D�iOX9��dK��E¡�r�l�������)��P�PRw���mRX9��dr�OE��r������P��)��P�P

D.12 Basichistogram operations

Thefollowing exampleshowsanumberof basichistogramoperations,suchassubtraction,multiplication
etc.
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D.13 Readhistograms

Thefollowing exampleshows thecreationof 3 persistenthistogramsandthe locationof a particlehis-
togramusingadatabasescan.

D.13.1 Input program
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D.14 Createtransient histograms

Thefollowing exampleshows theuseof transienthistograms.

D.14.1 Input program
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D.15.2 Output Generated
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H'�&%KJVoB{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�Pf�q�-���)�OPr�q�H'�&%KJq�r{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�Pf�q�-���)�OPr�q�H'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ P@{q�'QeE�P����)�-PH'�&%KJ"�?{q�'QeE�P����)�-PH'�&%KJVoB{q�'QeE�P����)�-PH'�&%KJ �@{q�'QeE�P����)�-PH'�&%KJq�r{q�'QeE��`���)�-Pf�q��P����&P��H'�&%KJ �@{q�'QeE��`���)�-Pf�q��P����&P��H'�&%KJ �@{q�'QeE�P����)�-PH'�&%KJ �@{q�'QeE�P����)�-PH'�&%KJ �@{q�'QeE�P����)�-PH'�&%KJ �@{q�'QeE�P����)�-PH'�&%KJ P@{ ��QeE�P����)�-PH'�&%KJ"�?{ ��QeE�P����)�-PH'�&%KJVoB{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJq�r{ ��QeE}oR���)�b�H'�&%KJ �@{ ��QeE}oR���)�b�H'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ P@{ ��QeE�P����)�-PH'�&%KJ"�?{ ��QeE�P����)�-PH'�&%KJVoB{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE��`���)�-Pf�q��P����&P��H'�&%KJq�r{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE��`���)�-Pf�q��P����&P��H'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ P@{ ��QeE�P����)�-PH'�&%KJ"�?{ ��QeE�P����)�-PH'�&%KJVoB{ ��QeE}oR���)�b�H'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJq�r{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE}oR���)�b�H'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ P@{ ��QeE�P����)�-PH'�&%KJ"�?{ ��QeE��Y�q�-���)�OPr�q������P�o��H'�&%KJVoB{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJq�r{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ �@{ ��QeE��Y�q�-���)�OPr�q������P�o��H'�&%KJ �@{ ��QeE�P����)�-PH'�&%KJ P@{ ��QeE��Y�q�-���)�OPr�q������P�o��H'�&%KJ"�?{ ��QeE�P����)�-PH'�&%KJVoB{ ��QeE�P����)�-P
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