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Ntuple - deﬁnitiqg

~
e

Ntuple is a'simple consisting of rows and
columns
types of columns can be different but fixed in a column

Attributes (columns)

vector
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Use of ntuples - the past

Event in an experiment-specific

History: Re-clustered to obtain a more and more
representation —> ntuples (ex. HBOOK + PAW).

Different experiments <—>
Ntuple has

Event Number Mass Momentum Charge
< —— - =

EvNo: M: Px: Py: Pz: Ch:
double| double|] double| double| float
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Tags - the futu re

An event means
selected data replicas
tool is possible

Use of
Event data and tags are stored in the
to the event

Maintain
to the original data;
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Tags - the future
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Tag collection!is:
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Environment

AIDA B Anaphe/LHC++

A

8 AIDA_Ntuplams NtupleTag
HepODBM Sy Lizarc
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Anaphe/LHC++

o

AIDA_Ntuple 5 NtupleTag

v .

HepODBMS‘4_
) 4

11/16/00

AIDA- Astronomical Image
Data Archive

AIDA on-line diabetes
software simulator

AIDA - Aerosols and

Heterogeneous Chemistry in
the Atmosphere

AIDA: Agricultural Income
Disaster Assistance

AIDA - An opera from Verdi
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Anaphe/LHC++ Has been formed to
systematically design
AIDA_Ntuple Ntu:.eTag for components of data analysis
v I\ tools.

“epODBMS‘<— “Zﬁ'ﬂ User group started on HepVis’99
t conference

Only and types from
(like STL) are allowed in the

interfaces
071\ are allowed
Internals do not appear in the interface
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Anaphe/LHC++

Anaphe/LHC++

B |
* *

AIDA_Ntuple p. NtupleTag

v i

HepODBMS|¢—
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Anaphe/LHC++

B

Replacement of
Anaphe/LHC++

. solutions are used
AIDA_Ntuple . NtupleTag from industry and public domain

v 4 where appropriate
Hep(;DBMS“_ L'Zar\ Identify and provide key HEP-
specific functions

Primary focus is on

The Tag object model is a concept of ANAPHE
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HepODBMS

:

Providesialsimplified and consistent

©
AIDA_Ntuple 5 NtupleTag

DBV T on a given
ep’ “_ 'Za'ﬂ database vendor or release

Features:

Offers features important to

and strategies
simplified database and
event collections,

no significant performance or storage overhead.
current implementation is based upon

moving databases is hidden
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Lizard - General

AIDA_Ntuple . NtupleTag

-

An Interactive Analysis Tool

Can be easily integrated in a C++ based environment
Functionality is at least comparable with PAW

First release is available since October, 2000
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Lizard - Architecg\ur

between

1 components

AIDA_Ntuple 5 NtupleTag via pure

f implementation is in
4—] Lizar
structure

Relies on the set of

are developed

Keeping the structure
by the developers and by the users

Using of design
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__ Providesian environment for

®

AIDA_Ntuple 5 NtupleTag to reach

AIDA functionality
ﬁ<_ Liza.ﬂ for physicist

Usage of a (now Python)

Compiling and executing
the fly (Analyzer)

of data
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A
3 provided by Lizard

AIDA_Ntuple . NtupleTag

{ $
o

ntuple analysis
for end users

High level

no dependencies on implementation present in the
interfaces (tags, persistency, etc.)
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AIDA_Ntuple

Uses theimanager->factory-
>baseClass pattern

&

AIDA_Ntuple . NtupleTag The implementation
uses the low level ntuple

. ! functi lity of
- - unctionality o

Analysis:

project (scan) arbitrary of
attributes using selections ( )

cut is an arbitrary logical-valued mathematical expression
of attributes

expressions and cuts are
example: (sin (Energy) > 0.8) || (sin(Energy) <= 0.2)
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File Edit Apps Options Buffers Tools Ci+

PEEEEREFREFEERE
|

XEmacs: AIDA Analysis.cpp (Ct+ Pong)
Wrote /afs/cern.ch/user/m/molnarzs/private/Project/AIDA Analysis.cpp |




File Edit Apps Options Buffers Tools Ci+

PECEEREEEFEERIE
#include <math.h>

#include <AIDA Ntuple/AIDANtupleFactory.h>

#include <interfaces/INtuple.h>
|

——**—Y¥Fmacs: AIDA Analysis.cpp

eE+ Pionit)




File Edit Apps Options Buffers Tools Ce+
PEEEERREL RS
#include <math.h>

#include <AIDA Ntuple/AIDANtupleFactory.h>
#include <interfaces/INtuple.h>

/7 Create a AIDA-type nTuple factory
INtupleFactory* nFact = createlINtupleFactory( &myApp );

——**—YFEmacs: AIDA ARnalysis.cpp (Ct+ Pong)




File Edit Apps Options Buffers Tools Ci+

RN R e

#include <math.h>

#include <AIDA Ntuple/AIDANtupleFactory.h>
#include <interfaces/INtuple.h>

/7 Create a AIDA-type nTuple factory
INtupleFactory* nFact = createlINtupleFactory( &myApp );

/7 Create the NTuple via the factory and opens it for reading
INtuple* ntuple = nFact->findNtuple( "Example Tag Collection" ) ;

——**—YFEmacs: AIDA ARnalysis.cpp (Ct+ Pong)
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JJJJJJJJJEEJJ:&JJ
Open | _Dired | Save | Print Cut Coj Paste | Undo | _Spell | Replace| il Info
#include <math.h>

#include <AIDA Ntuple/AIDANtupleFactory.h>
#include <interfaces/INtuple.h>

int main{)

// Create a Al 1= =
INtupleFact gD

AIDA Analysis

VARG RII | it the attributes and their types of the nTuple
INtuple* n ;
eventNo
/7 List attribut (s
ntuple->1i: phi
| Energy




File Edit Apps Optmns Buffers Tools Cs+

#include <math.h>

#include <AIDA Ntuple/AIDANtupleFactory.h>
#include <interfaces/INtuple.h>

/7 Create a AIDA-type nTuple factory
INtupleFactory* nFact = createlINtupleFactory( &myApp );

/7 Create the NTuple via the factory and opens it for reading
INtuple* ntuple = nFact->findNtuple( "Example Tag Collection" ) ;

/7 List attributes
ntuple->listAttributes () ;

——**—Y¥Fmacs: AIDA Analysis.cpp (Ct+ Pong)




El

AT e Alalal R

#include <math.h>

#include <AIDA Ntuple/AIDANtupleFactory.h>
#include <interfaces/INtuple.h>

File Edit Apps Options Buffers Tools C++ Help

B

// Create a Al 1=
INtupleFac (1xplus005]> AID

D L VAV S 5

_Analysis

RSN | it the attributes and their types of the
INtuple* nf ‘

eventNo |
/7 List attribut (R d

ntuple—>11 JNe d
Energy d

'/ Projecting e
ntuple->cpy

Projecting values of sqr'l" Energy
sin( Energy ) > L).{% || sin{ Energy )

mean of sqrt{ Energy ): 7.97982
min of sqrt( Energy ): 0.381013
max of sqrt( Energy ): 52.9289

RENUETSEN [ 1xplus005]> W
irote /afs/c

nTuple
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tartLizard.sh B
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|
[1xplus005]> startlLizard.sh

Welcome to Lizard, the Interactive Data Analvzer

(Version 1.0.0.0)
type help() for help

loading modules  NTuple Vector Histo Fitter Plotter Analyzer
Lizard classes initialised

\
i) I
. /




FI A NN N 1 1 1 .
[1xplus005])> startlLizard.sh

T

Welcome to Lizard, the Interactive Data Analyzer
{(V 1

(Version 1.0.0.0)

type help() for help

loading modules  NTuple Vector Histo Fitter Plotter Analyzer
Lizard classes initialised
=) ntuple=ntm. findNtuple( "Example Tag Collection” )

{
s .I I
- /




F ope
(1xplus005]> startlLizard.sh

Welcome to Lizard, the Interact l‘f Data Analvzer
(Version 1.0.0.0)

t'.'\fi;.:\ hf"“;(:' f(jl” h(‘J,lj

loading modules NTuple Vector Histo Fitter Plotter

Lizard classes initialised

3]

iple=ntm. lmrl iple{ "Example Tag Collection
lf‘ HistAttr uhm;

\
)
/

Analvzer




F ope
(1xplus005]> startlLizard.sh

Welcome to Lizard, the Interact l‘f Data Analvzer

(Version 1.0.0.0)

t'.'\fi;.:\ hf"“;(:' f(jl” h(‘J,lj

Lizard classes initialised

r=) n’t 11 ] e=ntm. lmrl iple( "Example Tag Collection”
2] Ir* | 1st ltlhmfu.,;
[l

eVve
H
phi
l

]f\r‘(f\'

— I

loading modules NTuple Vector Histo Fitter Plotter

\
)
/




F ope
(1xplus005]> startlLizard.sh

Welcome to Lizard, the Interactive Data Analvzer
{%vrshﬂll.O.UAu

t'.'\fi;.:\ hf"“;(:' f(jl” h(‘J,lj

loading modules  NTuple Vector Histo Fitter Plotter Analyzer
Lizard classes initialised

iple=ntm. findNtuple( "Example Tag Collection” )
Iv istA llliui(ht)
NC l
gi d
phi d
Energy d )
:=) histogram=hm.createlD( 10, “sqrt( Energy
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[1xplus00h]> startlLizard.sh

tn~ Intera
1.0.0.0)

to Lizzld

(Version

Welcome
type help() for help

NTuple Vector Histo I
initialised

loading modules
Lizard cla

SSES

3

=) ntuple=ntm. findNtuple(
=) ntuple lel%lltlLLt="'
eventNo |

pt d

phi d
Iltr”“ d

el hf‘l»“yxnului( reatelD( 10,
iple. <“r~J“rtlbk histogran,
lnvr"“ ) <= 0.27 )

"sqrt

" —)

ctive Data

Anal vzer

~ Plott

Example Tag Collection”

nerev ) ). 0
«“érl P / 3 { f V=« 3y
. sSinf

"sqrt( Energy )

)

ter Analvzer

fl" v}

Energy

) > 0.8 || sin(

/




ER — :
[Ixplus005]> startlLizar«

Welcome to Lizard,
X rl 5 ' l (\,
p() for help
[ oading in,«w,:lli](»‘(_“ _ A'"-,"f‘llbie:\ Vector Histo Fitter
Lizard classes initialised

ndNtuple( "Example Tag Collection’
."H'll Iu"'

=hm. createl1D( 10, ”‘(1 -t ( Energy )", 100, 0., 60.)
t1ID( histogram, “sqrt( Energy )°, "sin( Energy )
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NtupleTag - OVEI;éle

Defnes%“;

1 low~levelicreation, updating
» NtupleTag and navigation interface

Implemented using our tag
model

remember: tag collections are
viewed as ntuples

Safeness, simplicity and comfort for unskilled C++
programmers
Physicists would like to do physics
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NtupleTag - Implg

£ .

Using e G = language features
inimplementation

it is time to make life easier

“bad compilers” (ex. on Solaris 4.2)

y " are not supported
-

&

- NtupleTag

Open to use future data types as attributes

Working today with event types of tomorrow
just as Bill Gates would like

After all... why to use types from computing when
analyzing physics data
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NtupleTag - Nav

_ HHHH

of the ntuple.

Focuses on
like projecting, scanning, etc.

interface
begin(), next(), skip( long int ), iSEnd()

has tabular format but it
can be seen

(but sufficient)

only the
Access to ntuple attributes is by

keep things and

Zsolt Molnar, CERN/IT, Zsolt.Molnar@cern.ch

11/16/00




,lgd binding

Binding is a
mechanism

the value of an
attribute

a loop
The entity which is bound to the ntuple is the
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Implementation
details!

Binding builds a relationship
between independent
objects

track-keeping is necessary

Track keeping is provided by using the Observer
pattern

Lifetime of objects and the relationships between them are
fully controlled

Observer can automatically delete relationships when an
Observable object is deleted

Quantities behave as C++ variables
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NtupleTag - Stor’q\ge\

=

ﬂ.

JIHIIH

l

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

Ntuple is totally the type of
Different ntuples == different types of storage

Storage access goes through
It is also an abstract class

Persistent ntuple the of ntuple.

Originally it meant an ntuple stored in persistent store, ex. in
a database in a hard disk.

Architecture supports ntuple
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NtupleTag - Storage

Tag collection isa
based on HepODBMS
this is the current implementation
By properly implementing PersistentNTuple one can

handle HBOOK ntuples or ntuples stored by other DB systems,
etc.

if their type structure
allows it

PersistentNTuple:

Event
data in

‘ Federate
User HepExpNTupI HepEprorabIe o
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NtupleTag - RITI

:

RTTI:

RTTI provides the
independently of implementation
with the help of template members an RTTI of C++

Attributes are identified by their

for an attribute

and PersistentNTuple can accept or refuse it

eX. Vector to float is invalid, float to float is valid, double to
float may be valid

0]11)\% when using RTTI
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NtupleTag - Referen;

uu

Aim at accessing the from which
ntuple is extracted

A can be set up which is called
A Reference:

has the same properties like Quantity has

acts exactly like

Using Reference requires the
standalone program can simply include and link it
an interactive analysis environment needs a

a simple plugin mechanism is provided by
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NtupleTag - Expressio

i

Expressions are computed by

(EP)
They also can be some kind of plugins

ExpressionProcessor can
attach an a given
necessary for actual analysis

attach
actual value of an expression

Expressions could be arranged into

session
optimization an reusability in a session

in a

Zsolt Molnar, CERN/IT, Zsolt.Molnar@cern.ch
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NtupleTag - EP byCo

r

H

and expressions using:a
C++ compiler

Provides the execution compiled and

even inside an GUlI-controlled environment
Handles (user)
Speed of compilation and linking is

Example:
MASS * reference<MylorentzVector>->norm() >= 100.0

detecting the word “reference” starts the plugin system
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NtupleTag - Creating

u

before reading
performing this task

NtupleTag includes the
has

Has the
via the Quantity - Reference - binding - type handling

mechanism
of bound Quantities are

ntuples are also possible

and
add new attributes and/or rows

modify existing values
Zsolt Molnar, CERN/IT, Zsolt.Molnar@cern.ch
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NtupleTag - Factgry

System is aboeut sterage typeandaccess
type by cheosing and using

storage type <—> factory type

access type <-> constructing method

Factory is also a design pattern
The Factory

handles and processes the

properly

of system and storage background
the resulting ntuple can be

B2 gy

HepExpNTupleFactory factory;
NTuple* ntuple = factory.createC( “Tags:My Ntuple"“ );
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File Edit Apps Options Buffers Tools Ce+

O e 2 e 2 ]

#include <HepExpNtuple.h>

int maini)

// HepODBMS tag collections
HepExplNTupleFactory factory;

b

——**—¥Emacs: myAnalysisd.cpp

A&; -“sl i e
Re lan: il info_|_hew ;

// Create a factory which constructs NTuples based on

(C++ Font)———23All




File Edit Apps Options Buffers Tools Ce+

— 2 I |AB | * |
D W = - ? “S | AT
Open | Dired cut undo |5 eﬂ Replace Mm] Info

#include <HepExpNtuple.h>

int maini)

// Create a factory which constructs NTuples based on
// HepODBMS tag collections
HepExpNTupleFactory| factory;

// Create the NTuple via the factory and opens it for reading
NTuple* ntuple = factory.findC( "Example Tag Collection" );

XEmacs: myAnalysisd.cpp (C++ Font)————2l1
(No changes need to be saved)




File Edit Apps Options Buffers Tools Ce+

| % | AB-; wgl i
open | _Dired Swe print | __cut e | undo | 5 eli Re Ian: el Info

#include <HepExpNtuple.h>

int maini)

// Create a factory which constructs NTuples based on
// HepODBMS tag collections
HepExplNTupleFactory factory;

// Create the NTuple via the factory and opens it for reading
NTuple?* ntuple = factory.findC( "Example Tag Collection" );

// Creates Quantities and bind them
Quantity<long> eventNo;
Quantity<double> Energy;

ntuple—->bind( "eventNo", eventNo );
ntuple->bind( "Energy", Energy );

XEmacs: myAnalysisd.cpp (C++ Font) all o o

Wrote /afs/cern.ch/user/m/molnarzs/private/Project/myanalysisd.cpp




File Edit Apps Options Buffers Tools Ce+

| % | AB-; wgl i
open | _Dired Swe print | __cut e | undo | 5 eli Re Ian: el Info

#include <HepExpNtuple.h>

int maini)

// Create a factory which constructs NTuples based on
// HepODBMS tag collections
HepExplNTupleFactory factory;

// Create the NTuple via the factory and opens it for reading
NTuple?* ntuple = factory.findC( "Example Tag Collection" );

// Creates Quantities and bind them
Quantity<long> eventNo;
Quantity<double> Energy;

ntuple—->bind( "eventNo", eventNo );
ntuple->bind( "Energy", Energy );

V/ Simple looping (write values of attributes into a stream )
for( ntuple->begin(); !ntuple->isEnd(); ntuple->next() )
{

cout << eventNo << "\t" << Energy << endl;

XEmacs: myAnalysisd.cpp (C++ Font) all o o

Wrote /afs/cern.ch/user/m/molnarzs/private/Project/myanalysisd.cpp




Summary

-

Use of standardisolutions and new:software
technologies

Two interface layers in one system
for physicist and application programmers

Tag collection is a type of ntuple implementation

Re-configuration of the whole system on the fly

Optimization for analysis tasks
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Future

-

to other systems
Full system presently works only.on RedHat Linux 6. 1
To have another round on

Improve |/0 system/DataBase
Lizard

Implement more
in the near future the
later handling

Ease usage of
Optimized

Develop a messaging system for easy
different kinds of

11/16/00

in

based tag collection
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AIDA —- Abstract Interfaces for'Datal/Analysis
http:y//wwwinfo.cern.ch/asd/Ihc++/AlDAY.

The Lizard project: an AIDA compliant Interactive
Analysis Environment

http://wwwinfo.cern.ch/asd/lhc++/Lizard/

Analysis for Physics Experiments — Anaphe
http://wwwinfo.cern.ch/asd/lhc++/lhcppguide/

HepODBMS User Guide
http://wwwinfo.cern.ch/asd/lhc++/HepODBMS/user-guide/
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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/

