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Ntuple - definitionNtuple - definition

Attributes (columns)

Rows

int  vector

1 (3,4,5)

bug

2 (0,6,9)

Ntuple is a simple Ntuple is a simple tabletable consisting of rows and consisting of rows and
columnscolumns
–– types of columns can be different but fixed in a columntypes of columns can be different but fixed in a column
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Use of ntuples - the pastUse of ntuples - the past

EventEvent  data is storeddata is stored in an experiment-specific  in an experiment-specific hierarchicalhierarchical
formatformat..
History: History: Re-clustered to obtain a more Re-clustered to obtain a more compactcompact and more and more
efficientefficient representation -> ntuples (ex. HBOOK + PAW). representation -> ntuples (ex. HBOOK + PAW).
Different experiments <-> Different experiments <-> different data modelsdifferent data models
Ntuple has Ntuple has no direct connection with the original datano direct connection with the original data

Event Number

M:
double

Px:
double

Py:
double

Pz:
double

EvNo:
int

Ch:
float

1 0.56 1.876 -4.67 -0.34 1.0

Momentum ChargeMass
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Tags - the futureTags - the future

An event means An event means huge amount of datahuge amount of data
RegroupRegroup selected data replicas  selected data replicas to an ntupleto an ntuple
–– replicas are stored as tagsreplicas are stored as tags

Use of Use of general ntuple analyzergeneral ntuple analyzer tool is possible tool is possible
Event data and tags are stored in the Event data and tags are stored in the same federatedsame federated
DataBaseDataBase..
Maintain Maintain direct connectiondirect connection to the event to the event
–– LinksLinks to the original data;  to the original data; works on the flyworks on the fly
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Tags - the futureTags - the future

Event

Event
number Momentum Charge

(Px, Py, Pz) Pt

P_sp:
vector

EvNo:
int

1 (1., 4., 5.)

REF

*

Tag collection is:Tag collection is:
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AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS
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AIDAAIDA

AIDAAIDA - Astronomical Image - Astronomical Image
Data ArchiveData Archive

AIDAAIDA on-line diabetes on-line diabetes
software simulatorsoftware simulator

AIDAAIDA - Aerosols and - Aerosols and
Heterogeneous Chemistry inHeterogeneous Chemistry in
the Atmospherethe Atmosphere

AIDAAIDA: Agricultural Income: Agricultural Income
Disaster AssistanceDisaster Assistance

AIDAAIDA --  -- AAbstract bstract IInterfaces fornterfaces for
DData ata AAnalysisnalysis

AIDA - An opera from Verdi
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AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++ Has been formed toHas been formed to
systematically design systematically design interfacesinterfaces
for components of data analysisfor components of data analysis
tools.tools.
User group started on HepVis’99User group started on HepVis’99
conferenceconference

AIDAAIDA

Only Only interfacesinterfaces, , basic typesbasic types and types from and types from
foundationfoundation  librarieslibraries (like STL) are allowed in the (like STL) are allowed in the
interfacesinterfaces
Only Only pure virtual methodspure virtual methods are allowed are allowed
Internals do not appear in the interfaceInternals do not appear in the interface
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ANAANAlysis for lysis for PHPHysicsysics
EExperimentsxperiments

Anaphe/LHC++Anaphe/LHC++

On the Cretan Sea, the Argo
was caught again in a
terrible storm. Jason prayed
to Apollo, who sent a flesh of
light which showed them that
they were very close to the
small island of Anaphe. The
Argonauts landed on the
island and raised a shrine to
Apollo, but instead of wine,
they offered water.
(Argonauts)

AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++
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Replacement of Replacement of CERNLIBCERNLIB
StandardStandard solutions are used solutions are used
–– from industry and public domainfrom industry and public domain

–– where appropriatewhere appropriate

Identify and provide key HEP-Identify and provide key HEP-
specific functionsspecific functions

Anaphe/LHC++Anaphe/LHC++

AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++

Primary focus is on Primary focus is on C++-based solutionsC++-based solutions
The Tag object model is a concept of ANAPHEThe Tag object model is a concept of ANAPHE



11/16/00 Zsolt Molnár, CERN/IT, Zsolt.Molnar@cern.ch

Provides a simplified and consistentProvides a simplified and consistent
interface to object database systemsinterface to object database systems

Offers features important to Offers features important to HEPHEP

Minimize dependenciesMinimize dependencies on a given on a given
database vendor or releasedatabase vendor or release

Features:Features:
–– clusteringclustering and  and lockinglocking strategies strategies
–– simplified database simplified database sessionsession and  and transaction controltransaction control
–– event collections, event collections, tag database accesstag database access
–– no significant performance or storage overhead.no significant performance or storage overhead.
–– current implementation is based upon current implementation is based upon Objectivity/Objectivity/DBDB
–– location independencelocation independence

moving databases is hiddenmoving databases is hidden

HepODBMSHepODBMS

AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++
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AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++ Lizard (noun):Lizard (noun):Lizard (noun):

1. Relatively long-bodied reptile with1. Relatively long-bodied reptile with1. Relatively long-bodied reptile with
usually two pairs of legs and a tapering tailusually two pairs of legs and a tapering tailusually two pairs of legs and a tapering tail

2. A man who idles about in the lounges of2. A man who idles about in the lounges of2. A man who idles about in the lounges of
hotels and bars in search of women whohotels and bars in search of women whohotels and bars in search of women who
would support himwould support himwould support him

Lizard - GeneralLizard - General

An An Interactive Analysis ToolInteractive Analysis Tool
Can be easily integrated in a Can be easily integrated in a C++ based environmentC++ based environment
Functionality is at least comparable with Functionality is at least comparable with PAWPAW
First release is available since October, 2000First release is available since October, 2000
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AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++

Lizard - ArchitectureLizard - Architecture

ComponentsComponents are developed  are developed independentlyindependently
Keeping the structure Keeping the structure open for future extensionsopen for future extensions
–– by the developers and by the usersby the developers and by the users

Using of design Using of design patternspatterns

Weak couplingWeak coupling between between
componentscomponents
–– via pure via pure abstract interfacesabstract interfaces
–– implementation is in implementation is in separateseparate

dynamically loaded librariesdynamically loaded libraries
–– pluginplugin structure structure

Relies on the set of Relies on the set of AnapheAnaphe
librarieslibraries
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AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++

Lizard - FeaturesLizard - Features

Provides an environment forProvides an environment for
'end user analysis’'end user analysis’
–– Command-line interfaceCommand-line interface to reach to reach

AIDA functionalityAIDA functionality
–– for physicistfor physicist

Usage of a Usage of a scripting languagescripting language (now Python) (now Python)
Compiling and executing Compiling and executing user-generated codeuser-generated code on on
the fly (the fly (AnalyzerAnalyzer))
visualizationvisualization of  data of  data
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AIDA_NtupleAIDA_Ntuple

High levelHigh level ntuple analysis ntuple analysis
–– for end usersfor end users

High levelHigh level  ntuple analysisntuple analysis
–– no dependencies on implementation present in theno dependencies on implementation present in the

interfaces (tags, persistency, etc.)interfaces (tags, persistency, etc.)

AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++ A A command line interfacecommand line interface is is
provided by Lizardprovided by Lizard
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AIDA_NtupleAIDA_Ntuple

Uses the manager->factory-Uses the manager->factory-
>>baseClassbaseClass pattern pattern
The implementationThe implementation
–– uses the low level ntupleuses the low level ntuple

functionality of functionality of NtupleTagNtupleTag

Analysis:Analysis:
–– project (scan) arbitrary project (scan) arbitrary mathematical expressionsmathematical expressions of of

attributes using selections (attributes using selections (cutscuts))
–– cut is an arbitrary logical-valued cut is an arbitrary logical-valued mathematical expressionmathematical expression

of attributesof attributes
–– expressions and cuts are expressions and cuts are expressed in C++ syntaxexpressed in C++ syntax
–– example: example: (sin(Energy) > 0.8)||(sin(Energy) <= 0.2)(sin(Energy) > 0.8)||(sin(Energy) <= 0.2)

AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

Anaphe/LHC++
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NtupleTag NtupleTag - Overview- Overview

Defines the ntuple as a Defines the ntuple as a data typedata type
low-levellow-level creation, updating creation, updating
and navigation and navigation interfaceinterface
Implemented usingImplemented using  ourour  tagtag
modelmodel
–– remember: tag collections areremember: tag collections are

viewed as ntuplesviewed as ntuples

SafenessSafeness, , simplicitysimplicity and  and comfortcomfort for unskilled C++ for unskilled C++
programmersprogrammers
–– Physicists would like to do physicsPhysicists would like to do physics

AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

ANAPHE/LHC++
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NtupleTag NtupleTag - Implementation- Implementation

Using Using new C++new C++ language  language featuresfeatures
in implementationin implementation
–– it is time to make life easierit is time to make life easier
–– “bad compilers” (ex. on Solaris 4.2)“bad compilers” (ex. on Solaris 4.2)

are not supportedare not supported

Open to use Open to use future data typesfuture data types as attributes as attributes
–– Working today with event types of tomorrowWorking today with event types of tomorrow

just as Bill Gates would likejust as Bill Gates would like
–– After all… why to use types from computing whenAfter all… why to use types from computing when

analyzing physics dataanalyzing physics data

AIDA

Lizard

AIDA_Ntuple NtupleTag

HepODBMS

ANAPHE/LHC++
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NtupleTag NtupleTag - Navigation- Navigation

Focuses on Focuses on looping over the rowslooping over the rows of the ntuple. of the ntuple.
–– like projecting, scanning, etc.like projecting, scanning, etc.

NavigationNavigation interface  interface is simpleis simple (but sufficient) (but sufficient)
–– begin(), next(), skip( longbegin(), next(), skip( long int int ), ), isEnd isEnd()()

NtupleNtuple has tabular format but it  has tabular format but it is not a matrix!is not a matrix!
–– only the only the actual rowactual row can be seen can be seen

Access to ntuple attributes is by Access to ntuple attributes is by QuantitiesQuantities and and
bindingbinding
–– keep things keep things simplesimple, , convenientconvenient and  and safesafe
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NtupleTag NtupleTag - Quantity and binding- Quantity and binding

Binding is a Binding is a suitablesuitable
mechanism mechanism for loopingfor looping
ReflectsReflects the value of an the value of an
attribute attribute automaticallyautomatically

Observab
le

NtupleQuantit
y

Observer

bind

Much work outside, little work insideMuch work outside, little work inside a loop a loop
The entity which is bound to the ntuple is theThe entity which is bound to the ntuple is the
QuantityQuantity
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NtupleTag NtupleTag - Quantity and binding- Quantity and binding

WARNING!WARNING! Implementation Implementation
details!details!
Binding builds a Binding builds a relationshiprelationship
between independentbetween independent
objectsobjects
–– track-keeping is necessarytrack-keeping is necessary

Observab
le

NtupleQuantit
y

Observer

bind

Track keeping is provided by using the Track keeping is provided by using the ObserverObserver
patternpattern
–– Lifetime of objects and the relationships between them areLifetime of objects and the relationships between them are

fully controlledfully controlled
–– Observer can Observer can automatically delete relationshipsautomatically delete relationships when an when an

Observable object is deletedObservable object is deleted
–– Quantities behave as Quantities behave as C++ variablesC++ variables
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NtupleTag NtupleTag - Storage- Storage

Ntuple is stored in some kind of Ntuple is stored in some kind of storagestorage
–– ex. text file; federated database; etc.ex. text file; federated database; etc.

Ntuple is totally Ntuple is totally free fromfree from the type of  the type of storagestorage
Different ntuples == different types of storageDifferent ntuples == different types of storage
Storage access goes throughStorage access goes through  PersistentNTuplePersistentNTuple
–– It is also an abstract classIt is also an abstract class

Persistent ntuple Persistent ntuple containscontains the  the full datafull data of ntuple. of ntuple.
–– Originally it meant an ntuple stored in persistent store, ex. inOriginally it meant an ntuple stored in persistent store, ex. in

a database in a hard disk.a database in a hard disk.

Architecture supports Architecture supports selective lookingselective looking  ofof ntuple ntuple
attributesattributes
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NtupleTag NtupleTag - Storage- Storage

Tag collection is a Tag collection is a type of storagetype of storage
–– based onbased on HepODBMS HepODBMS
–– this is the current implementationthis is the current implementation

By properly implementingBy properly implementing PersistentNTuple PersistentNTuple one can one can
–– handle HBOOK ntuples or ntuples stored by otherhandle HBOOK ntuples or ntuples stored by other DB DB systems, systems,

etc.etc.
–– run the analysis on all kind of ntuplesrun the analysis on all kind of ntuples if their type structure if their type structure

allows itallows it

NTuple PersistentNTuple:
storage

HepExpNTupl
e

Event
data in

Federate
d

DB

User HepExplorable
:

 tag collection
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NtupleTag NtupleTag - RTTI- RTTI

RTTI: RTTI: Run-Time Type InfoRun-Time Type Info
RTTI provides the RTTI provides the description of ntupledescription of ntuple
independently of implementationindependently of implementation
–– with the help of template members an RTTI of C++with the help of template members an RTTI of C++

Attributes are identified by their Attributes are identified by their namesnames
User can choose a typeUser can choose a type for an attribute for an attribute
–– andand PersistentNTuple PersistentNTuple can accept or refuse it can accept or refuse it
–– ex. Vector to float is invalid, float to float is valid, double toex. Vector to float is invalid, float to float is valid, double to

float may be validfloat may be valid

Only Only small overheadsmall overhead  when using RTTIwhen using RTTI



11/16/00 Zsolt Molnár, CERN/IT, Zsolt.Molnar@cern.ch

NtupleTag NtupleTag - References- References

Aim at accessing the Aim at accessing the whole data/eventwhole data/event from which from which
ntuple is extractedntuple is extracted
A A linklink can be set up which is called  can be set up which is called ReferenceReference
A Reference:A Reference:
–– has the same has the same ObservableObservable properties like Quantity has properties like Quantity has
–– acts exactly like acts exactly like ”The Event””The Event”

Using Reference requires the Using Reference requires the full definition of datafull definition of data
–– standalone program can simply include and link itstandalone program can simply include and link it
–– an interactive analysis environment needs aan interactive analysis environment needs a  pluginplugin-like-like

constructconstruct
a simplea simple plugin plugin mechanism is provided by mechanism is provided by  ExpressionProcessorExpressionProcessor
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NtupleTag NtupleTag - Expressions- Expressions

Expressions are computed byExpressions are computed by  ExpressionProcessorsExpressionProcessors
(EP)(EP)
–– They also can be some kind ofThey also can be some kind of plugins plugins

ExpressionProcessorExpressionProcessor can can
–– attach an attach an expression toexpression to a given  a given ntuplentuple
–– attach attach external (user) objectsexternal (user) objects necessary for actual analysis necessary for actual analysis
–– computecompute actual value of an expression actual value of an expression

Expressions could be arranged into Expressions could be arranged into “libraries”“libraries” in a in a
sessionsession
–– optimization an reusability in a sessionoptimization an reusability in a session
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NtupleTag NtupleTag - EP by Compilation- EP by Compilation

CompilesCompiles and  and loadsloads expressions  expressions on the flyon the fly using a using a
C++ compilerC++ compiler
Provides the execution Provides the execution speed ofspeed of  compiled andcompiled and
optimizedoptimized  C++ codeC++ code
–– even inside an GUI-controlled environmenteven inside an GUI-controlled environment

Handles Handles pluginsplugins/external/external  (user)(user)  objectsobjects
Speed of compilation and linking is Speed of compilation and linking is very fastvery fast
Example:Example:
MASS * reference<MASS * reference<MyLorentzVectorMyLorentzVector>->norm() >= 100.0>->norm() >= 100.0

–– detecting the word “reference” starts thedetecting the word “reference” starts the plugin plugin system system
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NtupleTag NtupleTag - Creating/Writing- Creating/Writing

Ntuples must be generatedNtuples must be generated before reading before reading
–– NtupleTagNtupleTag includes the  includes the interfaceinterface performing this task performing this task

Has the Has the same paradigm as readingsame paradigm as reading has has
–– via the Quantity – Reference – binding – type handlingvia the Quantity – Reference – binding – type handling

mechanismmechanism
–– actual valuesactual values of bound Quantities are  of bound Quantities are mirrored into themirrored into the

ntuplentuple

One navigation system for multiple contextsOne navigation system for multiple contexts
UpdatingUpdating and  and extendingextending ntuples are also possible ntuples are also possible
–– add new attributes and/or rowsadd new attributes and/or rows
–– modify existing valuesmodify existing values
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NtupleTag NtupleTag - Factory- Factory

System is System is informedinformed about storage type and access about storage type and access
type type byby choosing and using  choosing and using FactoriesFactories
–– storage type <-> factory typestorage type <-> factory type
–– access type <-> constructing methodaccess type <-> constructing method
–– Factory is also a design patternFactory is also a design pattern

The FactoryThe Factory
–– handles and processes the handles and processes the system-dependent informationsystem-dependent information
–– properly properly creates an ntuplecreates an ntuple
–– hides the detailshides the details of system and storage background of system and storage background
–– the resulting ntuple can be the resulting ntuple can be analyzed in general wayanalyzed in general way

HepExpNTupleFactory factory;
NTuple* ntuple = factory.createC( “Tags:My Ntuple“ );

storage access
system info
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SummarySummary

Use of standard solutions and new softwareUse of standard solutions and new software
technologiestechnologies
General, AIDA-compliant ntuple solutionGeneral, AIDA-compliant ntuple solution
Two interface layers in one systemTwo interface layers in one system
–– for physicist and application programmersfor physicist and application programmers

Hide system and implementation detailsHide system and implementation details
Tag collection is a type of ntuple implementationTag collection is a type of ntuple implementation
Aims: scalability, good performance, simple usageAims: scalability, good performance, simple usage
Re-configuration of the whole system on the flyRe-configuration of the whole system on the fly
Utilities to help application programmingUtilities to help application programming
Optimization for analysis tasksOptimization for analysis tasks
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FutureFuture

PortingPorting to other systems to other systems
–– Full system presently works only onFull system presently works only on RedHat Linux RedHat Linux 6.1 6.1

To have another round on To have another round on ReferencesReferences
Improve I/O system/Improve I/O system/DataBaseDataBase  independenceindependence in in
LizardLizard
Implement more Implement more storage typesstorage types
–– in the near future the in the near future the EspressoEspresso based tag collection based tag collection
–– later later HBOOKHBOOK handling handling

Ease usage ofEase usage of  pluginplugin system system
Optimized Optimized expression handlingexpression handling
Develop a messaging system for easy Develop a messaging system for easy integration tointegration to
different kinds of different kinds of interactive user interfaceinteractive user interface
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InfoInfo

AIDA -- Abstract Interfaces for Data AnalysisAIDA -- Abstract Interfaces for Data Analysis
http://http://wwwinfowwwinfo..cerncern..chch//asdasd//lhclhc++/AIDA/++/AIDA/

The Lizard project: an AIDA compliant InteractiveThe Lizard project: an AIDA compliant Interactive
Analysis EnvironmentAnalysis Environment

http://http://wwwinfowwwinfo..cerncern..chch//asdasd//lhclhc++/Lizard/++/Lizard/

Analysis for Physics Experiments - AnapheAnalysis for Physics Experiments - Anaphe
http://http://wwwinfowwwinfo..cerncern..chch//asdasd//lhclhc++/++/lhcppguidelhcppguide//

HepODBMSHepODBMS User Guide User Guide
http://http://wwwinfowwwinfo..cerncern..chch//asdasd//lhclhc++/++/HepODBMSHepODBMS/user-guide//user-guide/

http://wwwinfo.cern.ch/asd/lhc++/AIDA/
http://wwwinfo.cern.ch/asd/lhc++/Lizard/
http://wwwinfo.cern.ch/asd/lhc++/lhcppguide/
http://wwwinfo.cern.ch/asd/lhc++/HepODBMS/user-guide/

