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1. Short overview over Gammalib and ctools



The advent of VHE astronomy

All these telescope produce the same kind of data, but for
every telescope a different analysis software is used
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The span of gamma-ray astronomy
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Gamma-ray astronomy commons

All instruments produce events

Events are characterised by an instrument direction, an
energy estimate, and a trigger time

FITS is becoming the standard for delivering event data

Space-based telescopes deliver event data in FITS format. Efforts are underway
to transform current IACT data into FITS. CTA will deliver event data in FITS.
Dedicated workshop on 6-8 April 2016 in Meudon (Paris, France).

Maximum likelihood fitting is widely used for data analysis
Fermi-LAT, INTEGRAL, COMPTEL, EGRET, OSSE, ... and there is no reason not to
use it also for VHE astronomy

Many analysis packages implement a modular ftools-style
software
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Let'sdo it...

All these considerations led to the idea to develop a
common software framework for the analysis of gamma-ray

event data

Development started (slowly) in 2006 when | need a sparse
matrix implementation to fit more than 10 000 parameters in
a maximum likelihood fit for INTEGRAL/SPI data ...

Got with Fermi-LAT the first instrument support in 2008 ...
And took off in 2010 with the implementation of CTA support

October 26 2006 - February 26 2016

Commi ding merge commits. Limited by 6,000 commits
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Let'sdo it...

And once all the bricks for managing CTA data were there it
was time to create ...

t I Development started in 2010 as ctatools
C OO S First release in 2011 comprises ctobssim, ctselect, ctbin
cherenkov telescope array and ctlike (pure C++ package)

Named ctools in 2011 (with Python support)
Today comprises ~30 tools

May 11 2010 - February 27 2016

Commits to devel, excluding merge commits. Limited by 6,000 commits
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Code evolution

Languages Y Lan
i) guages

I C++ 92% l 11 Other 8% I py[hOﬂ A7% j C++ 38%

Autoconf 5% | 6Other 10%

Lines of Code Lines of Code

Ok
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[ Code M Comments Blanks [ Code [ Comments Blanks

ctools first language is now Python
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Developing sustainable software

Software Life-Cycle Costs

2% g9

W Requirements
W Specifications
M Design

M Coding

B Unit testing

M Integration

I Maintenance

Coding is only 5% of the deal ...

Source : Digital Aggregates
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Developing sustainable software

Some choices | made:

Define and enforce coding rules (code quality)
Avoid external dependencies (full control over the software)
Do not tie the software to a reference platform

Use continuous integration (building, testing, analysing) and
modern code development tools (forge, version control)

*7e €
$ s ¥ .
REDMINE Jenkins Q} glt sonar
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Continuous Integration

https://cta-jenkins.irap.omp.eu

®no Tableau de bord [Jenkins] 8
[ <] » | mghttps://cta-jenkins.irap.omp.eu/ = C] (Q' Gravatar @

&3 [1] £ IRAP Intranet CTA@IRAP Redmine Gitlab Jenkins Sonar CTA-RM Jama ShPt ShPt-FR CNRS SF2A PNHE CDS Free arXiv Google ADS Le Monde

pr ™Y =y
# Jenkins ®  sudentier ||
Jenkins Rafraichissement automatique
&; Utilisateurs Analysis Bugfix Compilers ntegration Python Swig Tous
~ Historique des constructions S M Nom du projet | Dernier succés Dernier échec Derniére durée
] ctools: bugfix 1mo. 2)-#8 s. 0. 35 mn
File d’attente des constructions = @ @ ciools: code analysis s. 0. 2mo. 10 - #2 19s
File d’attente des constructions vide @ ctools: compilers 4j18h-#38 §. 0. 23 mn
] ctools: integration 22 h - #85 s. 0. 3mn57s
[ . py - -
Etat du lanceur de compilations = v clools. python 2h38mn - #7 3h33mn- 48 19mn
J @ ctools: python (old 2j10 h- #43 23 h - #48 12mn
5 maitre 5 ctools: science verification 7j19h-#5 17 h-#6 1j16h
1 Au repos - ctools: swig 1mo. 1j-#7 1mo.1j-#8 39 mn
2 Au repos @ §2 gammalib-sonar 2mo. 18- #11 2mo. 18- #9 1mni3s L
[T . . . '
— . - = ro . - —
& CentOS 6 0 Gammalib: bugfix 1mo.2j-#9 1mo. 24 j-# 21 mn
9 Gammalib: code analysis 23j-#15 1mo.7j-#9 1h41mn
1 Au repos
¢ & Gammalib: compilers 420 h-#41 7j20h- #38 1 h 46 mn
& Cent0OS 7 Q GammaLib: integration 22 h - #131 10] - #113 19 mn
1 Au repos [+ ] Gammalib: python 13h-#2 14h-#1 1h37 mn
® Custom (i386) J §B Gammalib: python (old) 1j22h-#47 1j2h-#50 2h6mn
1 Au repos [+ ] Gammalib: science verification 11h-#4 s. 0. 15 mn
2 Au repos @ @ Gammalib: swig 18- #12 18j-#11 3h42mn
3 Au repos @ @ Nightly: Gammalib & ctools 4j22h-#42 22 h - #48 3h48 mn
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Continuous Integration
Multi-platform (Mac OS X, Linux, FreeBDS, OpenSolaris)

‘®0 0 gammalib-integrate-os [Jenkins] 8
[4 | [ 3 J I =+ ﬁhttps://cta—jenkins.irap.omp.eu/viewllntegration/job/gammalib-integrate—os/ = C] (Q' Gravatar @

&3 [1] ## IRAP Intranet CTA@IRAP Redmine Gitlab Jenkins Sonar CTA-RM Jama ShPt ShPt-FR CNRS SF2A PNHE CDS Free arXiv Google ADS Le Monde

® Jenkins

Jenkins Integration GammalLib: integration Rafralchissement automatique

4 Retour au tableau de bord

O Eint projet Gammal.ib: integration
O,
“~ Modifications Prqject name: ga(nmalilrintegratg—os . )
. Build, check and install GammalLib on various operating systems
h’ Répertoire de travail [&modifier la description
@ Build with Parameters _ s it
® Supprimer Multi-configuration project Configurations
p Configurer . . . . . . . .
(Pcentost 84  (Jcentos7 64 (Jdebiand 64 (Jfedoral7 64 (Jfreebsdd 64  (Jmacosx10 () macosx11
(=] Email Template Testing P macosx7  {(Jmacosx8 {(Jmacosx9 {(Jmandriva2011 84 (Jopensolarisi1 32 {(Jopensusel2 64 ()
L:J Log du dernier acces a Git sl6 64 (g ubuntu12 64
Historique des builds tendance — m Derniers résultats de test (aucune erreur)
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Continuous Integration

Compiler versions

gammalib-compilers [Jenkins]

<‘> ‘+Aﬁhttps://cta—jenkins.irap.omp.eu/job/gammalib-compilers/ [ ¢ | (Q- Gravatar ()
&9 [I] HH# IRAP Intranet CTA@IRAP Redmine GitLab Jenkins Sonar CTA-RM Jama ShPt ShPt-FR CNRS SF2A PNHE CDS Free arXiv Google ADS Le Monde

€ Jenkins @  Jirgen Knadiseder | se déconnecter

Jenkins Gammalib: compilers Rafraichissement automatique

4 Retour au tableau de bord

projet Gammalib: compilers

O, Etat
> Modifications Project name: gammalib-compilers
= Build GammalLib using different compilers
& Répertoire de travail (Zmodifier la description

@ Build with Parameters Désactiver le projet

® Supprimer Multi-configuration project Matrice de Configuration i3,86 x8§_64
i ¢ @
P Configurer gccads o 0
‘;‘ Email Template Testing gce346 Q o
s’ Q@ @
Historique des builds tendance = gccdi2 0 o
- gccd24 9 0
, gkl Q@ @
Q#1123 fs.evr. 2016 03:38 goota? o o

O #4022 fe.svr. 2016 03:38 goodsa 0 0 \}

@ #3921 févr. 2016 03:59 goodsa 0 0
O #38  20févr. 2016 03:38 goca7a 9 0
O #37 19 févr, 2016 03:39 gocdsd 9 0
@ #36  1gfévr. 2016 03:58 gocd92 o o
QO #35 15 févr. 2016 03:40 gce510 0 0
O #34 14 févr. 2016 03:38 clang31 0 9

O #33 13 févr. 2016 04:00
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Continuous Integration

Python versions

‘®0 0O

gammalib-python [Jenkins]

[ « | [ 3 ] o9 ﬁhttps://cta-jenkins.irap.omp.eu/job/gammalib—python/

'RSS' C] (Q' Gravatar @

&0 [ i

$® Jenkins

Jenkins Gammalib: python

4 Retour au tableau de bord

O, Etat

= Modifications

[l Répertoire de travail

{£) Build with Parameters

@ Supprimer Multi-configuration project
Configurer

¥4
‘ = | Email Template Testing

Historique des builds tendance =

IRAP Intranet CTA@IRAP Redmine GitLab Jenkins Sonar CTA-RM Jama ShPt ShPt-FR CNRS SF2A PNHE CDS Free arXiv Google ADS Le Monde

Rafraichissement automatique

projet GammalLib: python

Project name: gammalib-python

Build GammalLib using different Python versions
[‘%modifier la description

Désactiver le projet

Configurations

) CONF_PYTHON=python237 () CONF PYTHON=python246 () CONF PYTHON=python256 ()
CONF PYTHON=python269 () CONF PYTHON=python273 () CONF PYTHON=python301
CONF_PYTHON=python315 () CONF PYTHON=python323 () CONF PYTHON=python336 ()
CONF_PYTHON=python344 () CONF_PYTHON=python351

Note that the code works with Python 2.3 - Python 3.5
(remember: we don’t know the environment of the user)

29 February - 4 March 2016
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Continuous Integration

Swig versions

®no gammalib-swig [Jenkins] a8
[ | | > ] I =+ ﬁhttps://cta—jenkins.irap.omp.eu/job/gammalib-swig/ =B C] @.' Gravatar Q)

&3 [1] ## IRAP Intranet CTA@IRAP Redmine Gitlab Jenkins Sonar CTA-RM Jama ShPt ShPt-FR CNRS SF2A PNHE CDS Free arXiv Google ADS Le Monde

© BISN T

Jenkins Gammalib: swig Rafraichissement automatique
Q Retour au tableau de bord
o, Etat projet GammalLib: swig
“> Modifications Project name: gammalib-swig
— Build, check and install GammalLib using different SWIG versions
h Répertoire de travail [&modifier la description
@ Build with Parameters
) ) . . . Matrice de Configuration python273 python323
® Supprimer Multi-configuration project - =
swig1340 g .
2. Configurer swig203 9 .
‘;[ Email Template Testing swig204 9 0
swig205 g 0
@» Historique des builds tendance = swig206 O 0
swig207 g 0
swig208 g u
#12 5 : = -
@ #12  gévr. 2016 10:58 swig209 Q o
#11 : : . .
@ #11  gfévr. 2016 10:56 swig2010 ) @
@ #10 9 févr. 2016 10:42 EE = =
swi
Q# 8 févr. 2016 21:47 @] g 0 0
o swig2012
O #8 5 févr. 2016 01:20 s) 0
swig300
9 #7 27 janv. 2016 16:29 ~ 0 Q
swig301
O #6 26 janv. 2016 20:38 0 0 "
swig302
9 #5 18 déc. 2015 11:21 @ —
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Continuous Integration
static and dynamic code analysis

lines of code possible errors code complexity

lines total

lines delta

su0NIUN4 P1BIOIA SSON

| SLOCCount Trend
120 000 1 c H Cppcheck Results cpp NCSS Trend
100 000 )
60000 J ’Seventy Count Delta‘ oo 1
Sl cnn T ~ 12,5
50000 Error 1 I 40000 % 12500 & 2 .
40000 : n S v =
Waming B LS I w0 5| 5 = los
0 Style 103 ® ) 5 T
B 100 20000 S 1gppp By Zso
. Performance 0 = al?™ a2 =1
W cpp M csh @ makefile 0 python M sh » T3 10000 9|5 cpy =+ Zlas
----------------------------------------------------------------------------------------- Portability 0 B0 5 s
..... . 0 0 3l Bl 0,0
_____ Information 0 % 2 B : g; s
------------- No category 0 - Files - NCSS + CCN  Functions -= CCNVF + NCSSVF
""""" Total 104
i 7 H 7 2 7 b 2
W cpp M csh @ makefile [ python lsh|
Project Coverage summary g y
" Name Packages Files Classes Lines Conditionals .
ot Valgrind Results
Coverage = 100% 33 100% [ 286/286 100% [ 286/286 58% | 28464/40334 | 40% | 10626/26624 |
»Report
Coverage Breakdown by Package
Name Files Classes Lines Conditionals
<default> | 100% 194/194 100% 194/194 63% | 22208/35532 | 45% | 8632/16362 |
sre 100% 83/83 100% 83/83 44% [ 5000/13316 | 27% [ 1071/7184 |
testinst 100% 9/9 100% 9/9 53% [ 257/486 | 29% [ 12878
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Code quality monitoring

%

sonar

SonarQube - Gammalib

¢ | (Q~ Google

8 Gammalib
Main Dashboard Components Issues

Main Dashboard

&) GammaLib gammalib

“ab Data Analysis f -
Profiles: Sonar way (c++)

Quality Gate: SonarQube way (Default)

Lines Of Code Files

93 252 550

o+ Directories
38
Lines
244789

Documentation

283%

Public APl Pub. Undoc. AP|

8677 6941

Duplications

3,0%

Lines Blocks Files

7350 372 127

Complexity
16 064

/Function /Class /File

23 3356 292

Unit Tests Coverage

52,8%
Line Coverage  Condition Coverage
59,3% 40,4%

More «

Functions
6924

Classes Statements

479 54860

Comments
42,6%

Comment Lines

63 185

4000
2000

1 2 4 6 810122030
® Functions o Files

Unit Test Success
Failures Emors  Tests
0 0 6188

Execution Time

8:45 min
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| @ The project has passed the quality gate.

SQALE Rating Technical Debt Ratio
0,0%
Debt Issues O Blocker 0
0 0 O Critical 0
@ Major 0
© Minor 0
© Info 0
Complexity
GMatrixSparse.cpp 359
test_GFits.cpp 356
GWcs.cpp 306
GCTAResponselrfcpp 240
GSkyMap.cpp 230
uncovered lines
GCTAResponse_helpers.cpp 523
GVOHub.cpp 502
GCTAResponselrf.cpp 497
GWces.cpp 370
GApplicationPars.cpp 329
Complexity/method
test_GFits.cpp 155
GSparseSymbolic.cpp 138
test_GVector.cpp 94
GSparseNumeric.cpp 85
test_GSky.cpp 81
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28 février 2016 22:30 Version 1.0

Time changes...

Size: Lines of code Color: Coverage

inst/cta/src

Events ) v
28fév.2016 Version 10
28 février 2016 ® Lines of code: 93 252 ® Issues: 0
@ Line coverage: 69,3%
10
r T / T l
2016 February
11déc. 2015 28fév. 2016
1.0
Lines 242699 244789
Blockerissues 0 0
Critical issues 0 0
Major issues 0 0
Complexity /function 23 23
Quality Gate Status V] ]
Technical Debt Ratio 0.0% 0.0%
Line coverage 59.3%
Unit tests 6188
Duplicated lines (%) 31% 30%



Gammalib overview

Abstract

Native —

\

[ N
High-level analysis support ) (Instrument modules )
Observation Model Sky map Application [ |
handling handling handling support E CTA
2
]
. . Fermi/LAT
Core services '
P | Numerics Linear Function Other E
algebra optimization support : SelulEIEL
\ J |
: Multi-
Interfaces ) E wavelength
]
fits xspec 'J xml VO E .
\§ J '\ \ J
L 3 : A\
]
]
:

‘ cfitsio |
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optional, but needed for fits i/\

Compliant

optional, input enhancement
(backspace, tab completion, ...)

readline

ncurses

5th ctools and gammalib coding sprint
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ctools overview

Simulation
csobsdef
ctobssim

IRF database

Photon
database

Event Data
Instrument Response Functions

Data Selection
ctselect
Binning
ctbin
ctcubemask
ctexpcube
ctpsfcube
ctbkgcube
Likelihood Imaging analysis || Spectral analysis || Timing analysis Utilities
a“”Yss ctskymap csspec cslightcrv cscaldb
ctlike cssens
ctbutterfly cspull
ctulimit cstsdist
cterror
cttsmap
ctmodel
csresmap
S ——————
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From http://www.swig.org/:
SWIG is a software development tool that connects programs

written in C and C++ with a variety of high-level
programming languages. SWIG is used with different types of
target languages including common scripting languages
such as Javascript, Perl, PHP, Python, Tcl and Ruby ...



The overall picture

Python C
cspull ctobssim
cssens ctbin
cstsdist ctselect
cscaldb ctlike
ctmodel
ctskymap
ctools |
ctools.py SWig cherenkov telescope array libctools.so
gammalib/

_app.so app.py
_base.so base.py

- libgamma.so
_com.so com.py SWIg

5th ctools and gammalib coding sprint
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Getting informed

Sign-in in Redmine, watch anything you're interested in,
participate in discussions

Send an e-mail to ctools-subscribe@irap.omp.eu to join the
mailing list (news, release info, discussions)

Read the documentation (http://cta.irap.omp.eu/gammalib/
and http://cta.irap.omp.eu/ctools/)

Follow us on Twitter
@gammalib
@ctools_software
tictools5

5th ctools and gammalib coding sprint
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Documentation
Code documentation generated using Doxygen
User documentation written using Sphinx
Trunk (devel) documentation

http://cta.irap.omp.eu/gammalib-devel/
http://cta.irap.omp.eu/ctools-devel/

Release documentation
http:/ /cta.irap.omp.eu/gammalib/
http:/ /cta.irap.omp.eu/ctools/

5th ctools and gammalib coding sprint
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Publications
Acknowledgment statement
This research made use of ctools, a community-developed
analysis package for Imaging Air Cherenkov Telescope data.
ctools is based on Gammalib, a community-developed

toolbox for the high-level analysis of astronomical gamma-
ray data.

You can cite Gammalib & ctools, it’s in the Astrophysics Source Code Library
(ASCL) that is indexed by ADS (and soon also Web of Science)

Gammalib: ascl:1110.007
ctools: ascl:1601.005

Release 1.0 paper in advanced stage (all committers are co-authors)
Gammalib and ctools

A software framework for the analysis of astronomical gamma-ray data

J. Knodlseder!, M. Mayer?, C. Deil?, J.-B. Cayrou!, E. Owen?, N. Kelley-Hoskins?, C.-C. Lu3, R. Buehler*, F. Forest!,
T. Louge', H. Siejkowski® K. Kosack®, L. Gerard®, A. Schulz*, P. Martin!, D. Sanchez’, S. Ohm*, T. Hassan®, and
S.Brau-Nogué!

5th ctools and gammalib coding sprint
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24



2. New features since last coding sprint

New Gammalib classes
New cscripts
--help option
User defined HDU names
Virtual Observatory support



New Gammalib classes

GFilename
Replaces now all string arguments for filenames
Handles transparently FITS extensions
Includes methods to check whether a file exists or whether it is a FITS file

CCTAModelAeffBackground

Uses CTA effective area as background template

5th ctools and gammalib coding sprint

29 February - 4 March 2016 (Jirgen Knédlseder)
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New cscripts

csfindobs
csiactcopy
csiactdata
csiactobs

csobs2caldb  _

csobsinfo

~ existing IACT analysis

csmodelinfo ~  support scripts

csmodelm

29 February - 4 March 2016

erge

5th ctools and gammalib coding sprint
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Current IACTs analysis support

csiactcopy
Download IACT data from a remote machine

csiactdata
Explore local IACT database

csfindobs
Creates a run list based on user criteria (pointing direction, zenith angle,
etc.)

csiactobs
Creates an observation definition XML file and a model definition XML file
containing background models based on a run list

csobs2caldb

Creates a CALDB entry for an observation container (useful for
simulations for current IACTS)

5th ctools and gammalib coding sprint

29 February - 4 March 2016 (Jirgen Knédlseder)
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Support scripts

csobsinfo
Dumps content of an observation definition XML file

csmodelinfo
Dumps content of a model definition XML file

csmodelmerge
Merge several model definition XML file

Read more on
http:/ /cta.irap.omp.eu/ctools-devel/reference manual/

5th ctools and gammalib coding sprint

29 February - 4 March 2016 (Jirgen Knédlseder)

29



--help option

All tools and scripts now accept the —help option to
display the reference manual text

$ ctobssim --help

ctobssim

Simulate event list(s).

Synopsis

This tool simulates event list(s) using the instrument characteristics
specified by the instrument response function(s) and an input model. The
simulation includes photon events from astrophysical sources and background
events from an instrumental background model.

By default, ctobssim creates a single event list. ctobssim queries a
pointing direction, the radius of the simulation region, a time interval,
an energy interval, an instrumental response function, and an input model.
ctobssim uses a numerical random number generator for the simulations with
a seed value provided by the hidden seed parameter. Changing this parameter

5th ctools and gammalib coding sprint

(Jurgen Knodlseder) 30
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User defined HDU names

Previously the FITS extension names were hard coded (e.g.
“GTI” for Good Time Intervals, “EVENTS” for CTA events list,

etc.). Now the user can specify the FITS extension name in
the filename

gti.save("gti.fits[Good Time Interval]", true)
obs.save('"cta events.fits[EVENTS3;GTI3]", true)

T

Syntax to specify events and
GTI HDU name

5th ctools and gammalib coding sprint 31
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Virtual Observatory Support

From http://www.ivoa.net/

The Virtual Observatory (VO) is the vision that
astronomical datasets and other resources should work as
a seamless whole

The VO is not a concrete thing, like a data warehouse.
Rather, it is more like an ecosystem of mutually
compatible datasets, resources, services, and software
tools which use a common set of technologies and a
common set of standards. The idea is to make all these
things inter-operable - i.e. to make them work nicely
together.

From myself
The VO is great if you are not aware that you are using it

5th ctools and gammalib coding sprint

(Jurgen Knodlseder) 32
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Virtual Observatory Support

VO support in a nutshell

GSkyMap::
publish()

publish
images
) publish
publish spectra
GVOClient |= »| GVOHub - —> VOSpec
receive \ .
VOSED
publish \
tables CASSIS

TOPCAT

SN’

All ctools generating images have now a hidden publish

Pa ramete I, e.8.
S ctskymap publish=yes

5th ctools and gammalib coding sprint

29 February - 4 March 2016 (Jurgen Knodlseder)

33



Virtual Observatory Support

macp@826:tmp jurgen$ ctskymap publish=yes

Input event list or observation definition XML file [events.fits]

First coordinate of image center in degrees (RA or galactic 1) (@-368) [83.63]
Second coordinate of image center in degrees (DEC or galactic b) (-9€-9@) [22.01]
Projection method (AIT|AZP[CAR|MER|MOL|STG|TAN) [CAR]

Coordinate system (CEL — celestial, GAL — galactic) (CEL|GAL) [CEL]

Image scale (in degrees/pixel) [0.82]

Size of the X axis in pixels [200]

Size of the Y axis in pixels [208]

Lower energy limit (TeV) [0.1]

Upper energy limit (TeV) [1€0.0]

Output skymap file [skymap.fits]
macp@826:tmp jurgen$

ctskymap sends a sky
map via the Hub to

Aladin (open Aladin before
sending the sky map)

29 February - 4 March 2016

Aladin v7.5

== & @® ® Prosition
“Allsky opt *Allsky IR *DSS *Simbad *NED *PPMX - 2MASS

ctskymap

1

4.793'x5.26"
P Rz

o :
grille nord  multivues

TIP: Découvrez |a nature des objets astronomigues [Outil>Pointeur Simbad]

5th ctools and gammalib coding sprint
(Jurgen Knodlseder)
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Virtual Observatory Support

Terminal — bash — 82x23 ,Bgﬂﬁ. ~Aladin v7.5
macp@026:tmp jurgen$ ctskymap publish=yes L ~ = Y 3 @
Input event list or observation definition XML file [events.fits] - = ﬂ o © Position X Référentiel s

First coordinate of image center in degrees (RA or galactic 1) (0-368) [83.63] . o . . Si & ) &
Second coordinate of image center in degrees (DEC or galactic b) (-9@-9@) [22.01] £k papt Ayl R Sl S NED RN Aoy

Projection method (AIT|AZP|CAR|MER|MOL|STG|TAN) [CAR] ctskymap %
Coordinate system (CEL - celestial, GAL - galactic) (CEL|GAL) [CEL] elect

Image scale (in degrees/pixel) [0.082] dﬂ
Size of the X axis in pixels [2080]
Size of the Y axis in pixels [208@]
Lower energy limit (TeV) [0.1] 200m AniS/21R723
Upper energy limit (TeV) [100.8] o —_— J/Ap)S/218/23
Output skymap file [skymap.fits] Pulsar ﬁ L5&3 Simbad (<]
macp@026:tmp jurgen$ &5 PPMX (o]
v pgro)t [1.%57 cttsmap
[[1 .87 csresmap
oAl [[] 857 ctcubemask
erL [[1 .87 ctbkgcube
— [ @ ctexpcube
filtre [[1 .57 ctmodel
[[] .97 ctbin
Pulsar =
* gt (( VI 5B tsk
| DSS colored
: ® oo \
% n zoom — ——lll———— +

Aladin can be used to o, ;
search for catalogues, 2

sky maps obtained at ] =
¢ 4478"x5.26" 3 J s?pgr 4" x 4"
other wavelengths, etc. &= . e

grille cligne nord ~ muftivues o

TIP: Créez vos propres “plugins” [plugins] java pour étendre Aladin [Outil>Plugins] 13 sel / 17270 src  40fps | 70Mo E 4
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Virtual Observatory Support

OO Term a 000 Aladin v7.5
macp@026:tmp jurgen$ ctskymap publish=yes L ~ S See = s
Input event list or observation definition XML file [events.fits] @ ® @ rosition % Référentiel [L/
First coordinate of image center in degrees (RA or galactic 1) (0-368) [83.63] 2 - Lci 2 R *
Second coordinate of image center in degrees (DEC or galactic b) (-98-98) [22.01] *Allsky opt *Allsky IR +DSS *Simbad *NED *PPMX *2MASS
Projection method (AIT|AZP|CAR|MER|MOL|STG|TAN) [CAR] etskymap [ﬁ
Coordinate system (CEL - celestial, GAL - galactic) (CEL|GAL) [CEL] elect
Image scale (in degrees/pixel) [08.02]
Size of the X axis in pixels [200] 8
Size of the Y axis in pixels [200] z
Lower energy limit (TeV) [08.1] zoom - ) S IHIR 3
Upper energy limit (TeV) [100.8] o &= )/Ap}5/218/23
Output skymap file [skymap.fits] Pulsar ‘ﬁ L& Simbad ]
macp@@26:tmp jurgen$ &3 PPMX @
- p@t 1857 cttsmap
dez [[] .87 csresmap
% i [[1.55] ctcubemask
nfﬂ]o [1.%57 ctbkgcube
= O 5 ctexpcube
filtre [[] %7 ctmodel
1.5 ctbin
# Pulsar A ({ E]-’ o —
- : g O DSS colored
T | < | e | T I | i : al il
ZSe: IENGOEN &NWE [d~ @6 % ,
rTable List————————— rCurrent Table Properties ags;.E HNL u i
g | o
Label: g o coupe
Location: ' @
cont
Name:
Rows: pixe! -
i Columns: =
Sort Order: <L = ¢ NS
Row Subset: = 0 By s2er £ (——T S?p$' 4% 4°
| (— L | h
rSAMP o @
38 /124 M Messages: O Clients: o ﬁ
//urélendre Aladin [Outil>Plugins) 13 sel / 17270 src  33fps / 95Mo E‘»)é

TOPCAT shows who's connected to the Hub (GVOHub)
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Virtual Observatory Support

Next steps

publishing of spectra

publishing of table (e.g. events lists)

feedback of VO tools to ctools (e.g. source selection)

Note: VO support is still exploratory, but you can now
try it out and provide your feedback
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3. New Development Workflow



GitLab

https://cta-gitlab.irap.omp.eu

GitLab

29 February - 4 March 2016

You need to sign in before continuing.

GitLab Community Edition Sign in

LDAP Standard
Open source software to collaborate on code

Manage git repositories with fine grained access controls that [
keep your code secure. Perform code reviews and enhance
collaboration with merge requests. Each project can also have

an issue tracker and a wiki.
LDAP Sign in

Password

Explore Documentation About GitLab

A web based Git front-end (a la GitHub)

5th ctools and gammalib coding sprint
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Redmine

https://cta-redmine.irap.omp.eu

®00 CTA IRAP Project Gateway a
[ « [ » | [+ [:https://cta-redmine.irap.omp.euy = ¢ | (Q- swig O)
&3 [ & IRAP Intranet CTA@IRAP Redmine Gitlab Jenkins Sonar CTA-RM Jama ShPt ShPt-FR CNRS SF2A PNHE CDS Free arXiv Google ADS Le Monde

Accueil Projets Aide Connexion S'enregistrer

CTA IRAP Project Gateway recherche: |

Accueil

2 Derniéres annonces ‘o Derniers projets

ctools: ctools bug fix 1.0.1 release o Clusters of Galaxies (01/08/2012 16:00)
A bug fix for ctools version 1.0 has been released. e Primeval_Universe (01/08/2012 15:59)

Ajouté par Knodlseder Jirgen il y a 29 jours e ctools (20/02/2012 12:08)
Development of ctools, a ftools-based suite of executables for the

scientific analysis of CTA data.

GammaLib: GammalLib bug fix 1.0.1 release
A bug fix for GammalLib version 1.0 has been released.

Ajouté par Knodlseder Jurgen il y a 29 jours o User forum
o Developer forum
ctools: ctools version 1.0.0 release o Gammalib (15/02/2012 22:14)

The first stable version of ctools has been released.

GammalLib: GammalLib version 1.0.0 release
The first stable version of G: Lib has been r
Ajouté par Knédlseder Jurgen il y a: is

/. "

ctools: ctools version 0.10.0 release

ctools version 0.10.0 has been released. This version is feature
complete with respect to the planned 1.0 release.

Ajouté par Knodlseder Jirgen il y a 4 mois

Development of Gammalib toolbox for high-level analysis of
astronomical gamma-ray data.

o User forum

Voir toutes les annonces o Developer forum...

P
Handles account creation (also for GitLab) AR8Jalx

Lightweigit Directory
Access Protocol

5th ctools and gammalib coding sprint
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Creating a fork on GitLab

gammalib / gammalib

<
I @ Project Profile was successfully updated

7] Files
Toolbox for high-level analysis of astronomical gamma-ray data - Edit % Unstar 1 PFork 0 I
0] Commits ;
- : Fork project
’ ¥ SSH HTTPS it@cta-gitlab.irap.omp.eu:gammalib/gammalib.git @ public
4 Network Lib W ! gite 9 p.omp g /9 g p ﬁ—
) Graph
- i Activity Readme Changelog 5,414 commits 20 branches 27tags 110.89 MB
Snippets
D
& Pushevents [ Mergeevents ® Comments & Team = Compare code
o Settings
@ gammalib imported project gammalib / gammalib 39 minutes ago & Download zip -

Created on Oct 02, 2015

Owned by gammalib

Connect to GitLab with your Redmine user name and password
and select the Gammalib or ctools project and click on “Fork”

29 February - 4 March 2016 5th ctools a“nd gamnjallb coding sprint 1
(Jurgen Knodlseder)



Creating a fork on GitLab

) gammalib / gammalib

@  Project Fork project
1 Files Click to fork the project to a user or group
2 Commits
4 Network
e Graphs
) Snippets
o Settings Jirgen
Knédiseder
jknodiseder

Fork Is a copy of a project repository.
Forking a repository allows you to do changes without affecting the original project.

Now click on your user to fork (copy) the project into your user
space (will result in <user>/gammalib)
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Creating a fork on GitLab

Jirgen Knédiseder / gammalib

<
| ®*R Project Project was successfully forked.

] Files

Toolbox for high-level analysis of astronomical gamma-ray data - Edit % Star | 0
9 Commits -
p Netwodc SSH HTTPS https://cta-gitlab.irap.omp.eu/jknodlseder/gammalib.git @ public a
3 etwol ——r
[-2%
e Activity = Readme  Changelog 5414 commits 20 branches 27tags 0.0 MB
B Snippets
& Pushevents [ Mergeevents ® Comments & Team
Forked from:
@ Settings gammalib / gammalib

= Compare code

& Download zip -

Created on Oct 02, 2015
Owned by Jirgen Knédiseder

Now you have a copy of the project under your user on GitLab
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Working with GitLab

Make sure you can access https

S export GIT_SSL_NO_VERIFY=true

or

S git config --global http.sslverify "false"

Get a clone of the code on your machine
S git clone https://cta-gitlab.irap.omp.eu/jknodlseder/gammalib.git
S git init

Add main gammalib (or ctools) repository as remote repository to fetch any
changes before starting to work on a new feature

S git remote add upstream https://cta-gitlab.irap.omp.eu/gammalib/
gammalib.git
S git pull upstream devel

5th ctools and gammalib coding sprint
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Contributing code

Create a new branch. Always pull upstream changes first. Always put the Redmine
issue number at the beginning of your branch.

S git pull upstream devel
S git checkout -b 9101-correct-nasty-bug

Code, stage and commit

S git add inst/cta/src/GCTAModellrfBackground.cpp
S git commit -m "Fixed the nasty bug (#9101)”

Push commit(s) into your GitLab repository

S git push origin 9101-correct-nasty-bug

5th ctools and gammalib coding sprint
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Contributing code

Jiirgen Knddlseder / gammalib
<
Toolbox for high-level analysis of astronomical gamma-ray data - Edit % Star 0
| @* Project R

" : Lib SSH HTTPS git@cta-gitlab.irap.omp.eu:jknodlseder/gammalib.git @ public =
(/3] Files
9 Commits . i

Activity Readme Changelog 5,414 commits 21 branches 27tags 110.95 MB
14 Network

£ Pushevents & Merge events ®, Comments & Team
- Goaphs Forked from:

B Shitoet gammalib / gammalib
nippets
Q Jargen Knédlseder pushed new branch 9101-correct-nasty-bug at Jargen Kn... 2 minutes ago

< ; e0208913 Fixed the nasty bug (#9101)
o5 Settings = Compare code

& Download zip -

Created on Oct 02, 2015

Owned by Jirgen Knddiseder

You should see your commit now on GitLab ...

Now go to the Redmine issue to tell me that there is
something to merge into the trunk ...

5th ctools and gammalib coding sprint
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Contributing code

New
In Progress Update \;3 Log time Watch | g Duplicate Copy ® Move fif Delete
Update Resolved
Feedback
Change properties (More) sl s
Closed
Status v Rejected Parent task
Priority * ' Low I's Start date 2012-12-06 [&
Assigned To v Due date =]
Target version Ay € ) .
g v O Estimated time Hours
% Done 100 % H

Please always explain in the Redmine issue what you did and
what the name of the branch is that you want to get merged

5th ctools and gammalib coding sprint
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Code review on GitLab

g & B

(3

(® 00 Michael Mayer / ctools | GitLab 8
[ « I » ] I -+ https://cta-gitlab.irap.omp.eu/mmayer/ctools /commit/0c61eac86780587876341a82f6411689214a63c8 C] (Q' Google )
&3 [1] £ IRAP Intranet CTA@IRAP Redmine GitLab Jenkins Sonar CTA-RM Jama ShPt ShPt-FR CNRS SF2A PNHE CDS Free arXiv Google ADS Le Monde

@ Michael Mayer / ctools

doc/source/reference_manual/csiactdload.rst 0 - 100644 -, View file @2c61leac

+.. _csiactdload:
+

+csiactdload
Jiirgen Knodlseder @jknodlseder - 16 days ago
Would "csiactcopy"” not be more appropriate if the script is copying data?

®»2 “I55 Michael Mayer @mmayer - 16 days ago
VO

i+ Agreed. We could also have "csiactsync” or "csiactcpy”. | guess your suggestion is most meaningful.

® Reply

Once you issued a pull request, | will inspect your code on
GitLab and eventually make some comments (you should get
an e-mail notification of that). You can of course reply and
engage a discussion ©

29 February - 4 March 2016
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Git workflow

<user>/gammalib

gammalib/gammalib

feature integration devel release m

O git branch
O git merge

O git commit /

P
bt

/

29 February - 4 March 2016
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4. Goals of this sprint
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Goals of this sprint

Collection of issues to be addressed during the sprint

| hope by the time of the coding sprint we have a good draft of our release paper ready. We may work on
analysis examples for the release paper. But we can also address new features needed and discuss the next

steps.

Just list below what you would like to do during the sprint:

29 February - 4 March 2016

Have fun

Implement analysis workflows (#1508, see also i https://cta-
redmine.irap.omp.eu/boards/14/topics/237)

Python Function to Convert CObservations to GCTABackground3D (#1530)

Implement a PSF table format

Finalize the classical analysis (I know, we have this pending since a long time, but we should terminate
the work which is almost done)

Implement smoothing, oversampling and denoising of images (and skymaps), mentioned in (#¥1530)
tool to compute systematic errors (#1712)

Finish a GModelSpatialRadial for dark matter halos (#1520)

5th ctools and gammalib coding sprint
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Workflow implementation

To make a proof of principle for an XML-driven analysis workflow | pushed a branch 1508-implement-workflow
into the ctools repository. It contains a script csworkflow.py to execute a workflow described by the

test/data/workflow.xml file.

The format of the XML file is:

<?xml version="1.0" encoding="UTF-8" standalone="no"?>

<workflow>
<actor name="input">
<output>
<parameter name="inmodel"
<parameter name="caldb"
<parameter name="irf"
<parameter name="edisp"
<parameter name="deadc"
<parameter name="ra"
<parameter name="dec"
<parameter name="target"
<parameter name="emin"
<parameter name="emax"
<parameter name="tmin"
<parameter name="tmax"
<parameter name="chatter"
<parameter name="clobber"
<parameter name="debug"
<parameter name="mode"
</output>
</actor>

value="$CTOOLS/share/models/crab.xml" />
value="prod2" />
value="South_50h" />
value="no" />
value="0.95" />
value="83.63" />
value="22.01" />
value="Crab" />
value="0.1" />
value="100.0" />
value="0.0" />
value="1800.0" />
value="2" />
value="yes" />
value="no" />
value="ql" />

<actor name="ctobssim" tool="ctobssim">

<input>

<parameter name="inobs"
<parameter name="inmodel"
<parameter name="caldb"
<parameter name="irf"
<parameter name="edisp"
<parameter name="prefix"
<parameter name="seed"

value="NONE" />

value="inmodel" actor="input" />
value="caldb" actor="input" />
value="irf" actor="input" />
value="edisp" actor="input" />
value="sim events_" />

value="1" />

The file contains a single <workflow> element that is composed by a number of <actor> elements. Each <actor>
has optional <input> and <output> elements. The syntax of using an output element of an actor as input of

another actor is:

<parameter name="inmodel" value="inmodel" actor="input" />

where value is the name of the parameter of the actor, and actor is the name of the actor.
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Agenda

Tentative agenda

« Monday, 29 February:
o 14:00 - 16:00: Introduction, meeting goal, status of CTA developments & analysis (Jurgen)
o 16:00 - 16:30: HESS analysis progress report (Michael)
o 16:30 - 17:00: VERITAS analysis progress report (Nathan)
o]

17:00 - 18:00: Slots for more progress reports, analysis results, etc. (just enter your proposal)

Tuesday, 1 March:
o 9:00-18:00: Coding, Testing, Documenting

Wednesday, 2 March:
o 9:00-18:00: Coding, Testing, Documenting

Thursday, 3 March:
¢ 9:00-18:00: Coding, Testing, Documenting

Friday, 4 March:
e 9:00 - 12:00: Sprint wrap up

What day is best to organise a social dinner (add your wishes or thoughts)?
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