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About this talk

This talk presents how to run your analysis codes in the Fun4Ali
framework. Audiences are asked to download/run/change some codes, so
you need to have a BNL account.

Hands-on Program
1. Downloading the sample codes

Checking your environmental variables

Running the minimal code (Fun4All_minimum.C)

Making/compiling your analysis module

Modifying your environmental variables to include your analysis module
Modifying and running the sample codes (Fun4All_minimum_2.C, 3, and 4)
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what/who
why

What is Fun4All? where
when—now
how

An analysis framework originally developed for the PHENIX experiment
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An analysis framework originally developed for the PHENIX experiment

ROOT: analyzing petabytes of data, scientifically.

An open-source data analysis framework used by high energy physics and others.

i Learn more

J Install v6.28/06

What is Fun4All?

what/who
why

where
when—now
how




Why do we use Fun4All? where

when—nhow
how

» Fun4All has a successful history.
 Fun4All has useful features.
* Other sPHENIX members use it.

- Only analysis results done with Fun4All can be published from sPHENIX.



Where is Fun4Alil?
when—now

» You can find it on GitHub: how
https://github.com/sPHENIX-Collaboration/coresoftware
* You can use it in the SDCC servers.

— O sPHENIX-Col aboration / coresoftware
reques ) Actions

Steps to set up Fun4All in SDCC o o
. . i ) pinkenburg
1. Log in to the SDCC gateway machine:
$ ssh {username}@ssh.sdcc.bnl.gov o
2. Log in to the SDCC servers:
$ ssh {username}@sphnx{num}sdcc.bnl.gov Sam— .
{num}: 01 — 08 :j:cuies frog
3. Execute the setting shell script: .
$ source /opt/sphenix/core/bin/sphenix_setup.sh i o

pac<ages


https://github.com/sPHENIX-Collaboration/coresoftware

This Is the question!

How?



Why is Fun4All difficult?



Why is Fun4All difficult?

@ automake
configure
ROOT

a variety of knowledge

Compiling -
nake and experience
Static
library Finding
information




Are you a Fun4All beginner?

This tutorial is basically same as the one in the last year. It may (should) be boring
for PhD students and 2nd grade graduate students as they already took it. So for
those good at Fun4All, please help others.



INTT_Fun4All _Tutorial repository

https://github.com/nukazuka/INTT Fun4All Tutorial

It belongs to my private account but not sPHENIX.

> >
= O rukacuka ( INTT_FundAll_Tulorial Q Type 2] Lo search + v | DI g

(> Code () Issues ] Pul requests (~) Actions [ Projects L1 Wiki 1Y) Security |~¢ Irzights 3 Settings

WX |NT|‘_Fun4A]|_Tutor|a| puhlic S7 Pin | (D lmwatth 1w ¥ ek 0 v §7 Star 0 ~

¥ main ~ ¥ 18rarch 1 1ag Q Gotafie t 4+ About i

A raposilory (o provids samg:las in the

Cen«i Nukazuka 56“‘][02 was Sh\pliﬁBC. 3225023 -7 minutes ego i‘) 33 Commits EFHENIX INI | ana'ys‘s workswp
B ver2cis Minor updatas on the C++ answers ver2uz4. Mo... last waek — Reacme
- Actwity
b w2024 s in? was sinopfiond. T rinailes ago
1r Ostars
Y .qtignore mtignors updated last week &y 1watching
- ¥ D lurks
[ READMZI.md README et the top level was mace. last waek
Releases 1
[0 README= g =

'd N
> 2023_Talwan_workshop | Latest
i Jan 12

Fund4All tutorial for the INTT workshops

Packages

No packagee publisked

Samples codas for the Fun/All tutonial in the INI | workshops ase hara. 1hace are written by Genki
Yinhish your tirst package

Nukazuka (RIKENRBRC). f you find a bug, just let me know or fix it and commit it.

Versions Languages

Shell 315% = Vakefll2 38.5%
ver2023 & C4alAD% @ KL% A3 (3%

ver2023 was usec in the werkshop at "a wan and the follow up worsshop at NWU. _ibraries at that

time (arourd ana.330 (Now25/2023)) are goond 10 use. The latest version at Novf03/2024 (?) doesn't Sugoested workflows
work. ana.??? (Ryota knows)| is OK to use. Bazed or your tech stack
ver2024 a SLSA Gerrerle Configure

pENeralor

var2024 is used in the woreshop al Korea. The library varsion anz.444 (or Le laesl when the -
Saneraia SLSA2 provanance for vour

implcicmtation was donc) (should)wvorks. axisting release wortfiows

https://github.com/nukazuka/INTT Fun4All Tutorial/tree/main



https://github.com/nukazuka/INTT_Fun4All_Tutorial
https://github.com/nukazuka/INTT_Fun4All_Tutorial/tree/main

Get the sample codes

You can get the sample codes:

1. Make a working directory under /sphenix/tg/tg01/commissioning/INTT/work/[yours]

or anywhere you like.
2. Get them by

$ git clone git@github.com:nukazuka/INTT_Fun4All_Tutorial.git
INn your working directory

ki 17:55:14 fun4a cutorial]l $ git clone git@github.com:nukazuka/INTT_Fun4All_Tutorial.git

Cloning into "INTT_Fun4All_Tutorial’. ..

X11 forwarding request failed on channel @
remote: Enumerating objects: 5@, done.
remote: Counting objects: 100% (50/59), done.

57 Pin & Unwatch 1 ~

INTT_Fun4All_Tutorial Prublic

¥ main ~ ¥ 1branch © 0 tags Go to file Add file ~ <> Code ~ A

remote: Compressing objects: 100% (33/33), done. Sank] Nukazuin Funeat] Local Codespaces o
remote: Total 50 (delta 8), reused 47 (delta 8), pack-reused 0 53 Clone ® | o
Receiving objects: 100% (50/50), 443.36 KiB | 417.00 KiB/s, done. R A . N
Resolving deltas: 100% (8/8), done. kit ﬁ
sample_module_3 san https://github.com/nukazuka/INTT_FundAll_ (O &

Use Git or checkout with SVN using the web URL. Y

(Y .gitignore giti

(Y FundAll_Intt_cosmi... The

(X) Open with GitHub Desktop



https://github.com/nukazuka/INTT_Fun4All_Tutorial

INTT_Fun4All _Tutorial repository

Structure:

[nukazuka@sphnx05 08:56:08 INTT_Fun4All_Tutorial] $ tre

L ver2023 It belongs to my private account but not sPHENIX.

-—— ver2024

-—— Fun4All_samples
| -—— Fun4All _minimum. C

| -—— Fun4All_minimum_2.C
| —— sample_module_?2

| Makefile

| Makefile.am

| autogen. sh

| configure

| configure.ac

| tutorial.cc

| tutorial.h
|

|

|

|

|

|

|

|

|

|

L—— (etc')
sample_module_2
Fun4All_minimum_3.C
sample_module_3
Fun4All_minimum_4.C
sample_module_4
Fun4All_minimum_5.C
sample_module_5
Fun4All_minimum_6.C
sample_module_6

L—— cpp_basics
L —— README.md


https://github.com/nukazuka/INTT_Fun4All_Tutorial

INTT_Fun4All_Tutorial repository

sample

- Exercise for running Fun4All.

- |t contains to show the simplest case. So it does not require any analysis
module and .

- Also, we will check the configuration of your environment. If you have no idea what to do,
I’ll show an example.

sample?
- You can see .
- The analysis module (sample_module_2) just prints words on your terminal.

sample3d

- Is taken from a given and analyzed using the sample analysis module
(sample_module_3).

sample4d

- is taken from a given and analyzed using the sample analysis module

(sample_module_4).



TT_Fun4All_Tutorial repository: Read README.md

<P Pn & Umawich 1

INTT_FundAll_Tutorial =utic

P omain - F 18ranch D 1Tag Q Golotle 1

Add lile ~ (> Code ~

Genki Nukazuka sample? was samofified 325623 - 17 how's 39c :,;:' 33 Conmits

B veriDzZ3 Minor updetas on the C++ answers ver2024. More explan...
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[ README
README.md

Fund4All tutorial for the INTT workshops

—_— |

Samples codes tor the Fund Al tutorial in the INTT workehaps are here, Thase are written by Genki Nukazuka
(RIKEN/RBRC). If you find a bug, just k2t me know aor fix it and commit it.

INTT_FundAll_Tutorial in 2024 at Korea Univ.

A repository 1o provide samples In the sSPHENX IKTT analysis workshaps In Koreé. Fles under cpp_basics
were used in the workshop ot NWU in Jon/2024

Versions

ver2023

var2023 vas used in tha workshep at Tanwan and 1he follow up workshop at NWU, Libranies at that time (around

ana, 390 (Nov/25/2023)) are good Lo use. The latest version al Now/DE/2024 (7) doesn't wark. ana.??? (Ryola
kroas) 1s OK o use.

ver2024

var2024 is used in Lhe workshop al Korea. The library version ana.d44 (or the latest when the implelemtation was
agone) (should)woarks.

README is a commonly used text file to tell what’s inside.
| put README.md in each directory for the explanation for
the directory. It can be your hint. Read it!

README.md

Samples for Fun4All tutorial

Tutorial samples

Step1

The minimum sample. It's just 2 practice to run

Files

e FundAll_minimum.C

Fun4dAll.

Step2 —™ e —

It shows how to add your own &nalysis modu

Files/Directories

e FundAll_minimum_2C

e sample_mocule_2

Step3

See INTT hits from M C events.

Files/Directories

e FundAll_minimum_3.C

* sample_mocdule3

Step4d

ADCT file s road and infarmation of INTTDRA

Preview Code Clamea

Sample 2

This analysis module just prints words on your terminal like:

‘nukazuka@sphnxes €3:49:18 FundAall_samples] $ root -q -b FundAll_mininun_Z.C ; echo 57

Processing FundAll minimam 2.C...

tutorigl::tutor:alicanst stai:string &name) Calling ctor

tutor2al:: Init{PHlompositeNede =topNade) Initializing
FundallServeriisetRun{): run @ uses COB TIFESTAMP A

tutorigl:: InttRun{PHlocmpositeNade stapNoda) Initializing ror Run XXX

List of Mbdoes in FuMALLServer:
Node Tree under TopNode TOP
TOP (PHCompositehcda) /
DST [PHConpasiteNade|/
RLM (PHCompos LleNode) /
PAR |P=CompositeNode)/

tprocass_event | PHCompositeNade *LopNode) Processing Event
(Resetbvent{PHCompesitaNade sToplade) Resetting internel structures, prepare fol
:ErcdRun{const int runiumber) Ending Run far Run @

tutoriali:End|PrCompositeNode *LepNode) This is the End...
tutorial::ResetiPHCOmpositeNode 4topNade] being Reset

tutoriel: :~tutorield) Calling dtor

Olnukzzukansphnx@s @3:49: 128 Fundall_samples] $ root -g -b FundAl1l_nindmun_2Z.C ; eche $7

tutoriael:
tutoriel:
tutorael:



A minimum program is good to start with.

What can we begin with?

In the case of C++:



A minimum program is good to start with.

What can we begin with?

In the case of C++:
$ /bin/cat cpp_minimum.cc

int main(){}

$ g++ cpp_minimum.cc
$ ./a.out

It’s useless, | know.

In the case of a ROOT macro:

| $ /bin/cat root_minimum.cc
void root_minimum(){}
$ root root_minimum.cc

root [0]
Processing root_minimum.cc...
root [1] .q

It’s also useless.



In the case of Fun4All:

What can we begin with?

1 #include <fun4all/Fun4AllServer.h>

2

3 R__LOAD_LIBRARY(libfun4all.so)

4 v terminal

5 lnt Fun4All_minimum() | | NxQ4 22 $ root -q -b Fun4All_minimum.C

6 {

Processing Fun4All_minimum.C. ..
Fun4AllServer::setRun(): could not get timestamp for run 0, using t
1cs(@) timestamp: Wed Dec 31 19:00:00 1969

Fun4AllServer *se = Fun4AllServer::instance();
List of Nodes in Fun4AllServer:
Node Tree under TopNode TOP
TOP (PHCompositeNode)/

DST (PHCompositeNode)/

RUN (PHCompositeNode)/

PAR (PHCompositeNode)/

se->run( 1 );
se->End();
delete se;

gSystem->Ex1t(0); Let’s see the sample code

return 0; : :
Fun4All minimum.C line by line.

This is a ROOT macro.



sample 1

What can we start with?

1 #include <fun4all/Fun4AllServer . h> 'You need to execute a shell script provided by |

 SPHENIX to set up analysis environment:

i i heni bin/sphens “shf
include statement to include fun4all/Fun4Allserver.h | I i S ]
To find the file S

0. ROOT INCLUDE PATH is one of the environmental variables. ROOT uses
It to find files to be included. Let’s see all environmental variables:

$ env } ‘U : $ env
G4LEVELGAMMADATA=/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/o0pt/sphenix/core/geant4.

MANPATH=/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0opt/sphenix/core/gcc/12.1.0-57c96
355ed/x86_64-centos7/share/man: /cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.08/release/re
vinfs/sphenix.sdcc.bnl.gov/gecc-12.1.0/opt/sphenix/utils/man: /cvimfs/sphenix.sdcc.b
core/root-6.26.06.p01/man: /usr/local/share/man: /usr/share/man
XDG_SESSION_ID=809180
HOSTNAME=sphnx05. sdcc.bnl.gov
ROOT_INCLUDE_PATH=/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/macros/de
/Fund4All_codes/install/include: /sphenix/tg/tgd1/commissioning/INTT/work/genki/re
ommissioning/INTT/work/genki/repos/analysis/INTT_preliminary/202409_performance/
_preliminary/202409_performance/event_display/install/include/inttread:/sphenix/
henix/tg/tgd1/commissioning/INTT/work/genki/repos/INTT/general_codes/Jaein/Cosmi
eneral_codes/Jaein/Cosmics/install/include/analysisinttcosmiccommissioning: /sphe
/inttcosmicsbcofinder: /sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/cores
oresoftware/calibrations/intt/install/include/inttcalib: /sphenix/tg/tg@1/commiss
tg/tgdl1/commissioning/INTT/work/genki/repos/coresoftware2/offline/packages/insta
nstall/include/intt:/sphenix/tg/tg01/commissioning/INTT/work/genki/repos/coreso
resoftware2/calibrations/intt/install/include/inttcalib:/sphenix/tg/tg@1/commiss
gd1/commissioning/INTT/work/genki/repos/coresoftware_latest/offline/framework/in
g Lne amework/insta Include/mvix decoder:/sphenix/te/to@ ommissionine




Environmental variables: Genki’s case

" " awk '{print $1}

+ GALEVELGAMMADATA
- MANPATH

« XDG_SESSION_ID

- HOSTNAME

ROOT_INCLUDE_PATH
» OPT_UTILS

- TERM
- SHELL

- EVT_LIB

- HISTSIZE
- LHAPATH

- ORIG_LD_LIBRARY_PATH
« SSH_CLIENT

- PERL5LIB

- LHAPDF_DATA_PATH

- G4_MAIN

- QTDIR

- OLDPWD

» QTINC
« SSH_TTY

- GALEDATA

» QT_GRAPHICSSYSTEM_CHECKED
- USER

- LD_LIBRARY_PATH

« LS_COLORS

+ GANEUTRONHPDATA

- PGUSER

» SSH_AUTH_SOCK

- GAENSDFSTATEDATA
- GARADIOACTIVEDATA
- CONFIG_SITE

- GAABLADATA

- MAIL

- PATH

« OPT_SPHENIX

- PYTHIAS

- GAPIIDATA

- PWD
« GAPARTICLEXSDATA

« LANG

- NOPAYLOADCLIENT_CONF
- PGHOST

- MODULEPATH

- GSEARCHPATH

- PARASOFT

« QT_GRAPHICSSYSTEM
- LOADEDMODULES

- KDEDIRS

- OFFLINE_MAIN

- ITERM_ORIG_PS1

- PS1

- XPLOAD_CONFIG_DIR
+ GASAIDXSDATA

- CXX

- XERCESCROOT

- ROOTSYS

- HISTCONTROL

- CALIBRATIONROOT

- SHLVL

- HOME

- GAREALSURFACEDATA
- ORIG_MANPATH

- ITERM_PREV_PS1

- FC

- PYTHONPATH

- ORIG_PATH

- DCACHE_RA_BUFFER
- LOGNAME

- QTLIB

+ CVS_RSH

+ SSH_CONNECTION
- MODULESHOME

- COMPILER_PATH

- LESSOPEN

- OPT_FUN4ALL

- CC

+ XDG_RUNTIME_DIR
- DISPLAY

- ONLINE_MAIN

« QT_PLUGIN_PATH
- G4INCLDATA

- NO_AT_BRIDGE

« INTT_WORK




sample 1

What can we start with?

[ b

1 #include <fun4all/Fun4AllServer.h> 'You need to execute a shell script provided by i‘f
t SPHENIX to set up analysis environment: i

include statement to include fun4all/Fun4Allserver.h -
To find the file et e i S

1. Check the environment variable ROOT INCLUDE PATH:

$ echo $ROOT_INCLUDE_PATH

$ echo $ROOT_INCLUDE_PATH
./ :/sphenix/tg/tg@1/commissioning/INTT/repositories/tutorials/AnaTutorial/install/include: /sphenix/tg/tg@1/commissioning/INTT/repositories/tutorials/AnaTutorial/install/include
/anatutorial:/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/INTT/general_codes/hachiva/F4AInttRead/install/include:/sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/IN
TT/general_codes/hachiya/F4AInttRead/install/include/inttread: /sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/INTT/general_codes/genki/Fun4All_codes/install/include:/sphen
ix/tg/tgd1/commissioning/INTT/work/genki/repos/INTT/general_codes/genki/Fund4All_codes/install/include/inttanalysiscosmic:/sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/co
resoftware/simulation/gd4simulation/g4intt/install/include: /sphenix/tg/tgd1/commissioning/INTT/work/genkl/repos/coresoftware/simulation/gésimulation/g4intt/install/include/g4int
t:/sphenix/tg/tgd1/commissioning/INTT/repcsitories/libraries/include: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include:/cvmfs/sphenix.sdcc.bnl.gov/gcc-
12.1.0/release/release_ana/ana. 382/include: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.9/release/release_ana/ana.382/include/ffarawobjects:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.8/relea
se/release_ana/ana.382/include/ISON: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/half:/cvmfs/sphenix.sdcc.bnl._gov/gcc-12.1.0/release/release_ana/a
na.382/include/torch:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana. 382/include/gd4detectors:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/1
nclude/eventplane: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana. 382/include/kineto: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/g
4decayer: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/phfield: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/LHAPDF: /c
vmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/c19: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/oneapi:/cvmfs/sphenix. sd
cc.bnl.gov/gcc-12.1.0/release/release_ana/ana. 382/include/DDCond:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/gd4tracking: /cvmfs/sphenix.sdcc.bnl.g
cv/gcc-12.1.0/release/release_ana/ana.382/include/litecaloeval: /cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.6/release/release_ana/ana.382/include/gé4intt: /cvmfs/sphenix.sdcc.bnl.gov/gcc
-12.1.0/release/release_ana/ana.382/include/phool: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/boost:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/releas
e/release_ana/ana. 382/include/Pythia8Plugins:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.¢/release/release_zna/ana.382/include/calib_emc_pi@:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/rel
ease/release_ana/ana.382/include/ffaobjects:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana. 382/include/EvtGenBase: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release
/release_ana/ana. 382/include/flowafterburner:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.¢8/release/release_ana/ana.382/include/google: /cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.@/release/re

It’s not human-readable. Paths are separated by “.”. Let’s make it better.



sample 1

What can we start with?

1 #include <fun4all/Fun4AllServer.h>

include statement to include fun4all/Fun4Allserver.h
To find the file

1. Check the environment variable ROOT INCLUDE PATH:
$ echo $ROOT_INCLUDE_PATH

2. To separate the paths: Log in to the SDCC servers:

$ echo $ROOT_INCLUDE_PATH | tr
tr command replaces : to \n.

S sed_path $ROOT_INCLUDE_PATH

/
/sphenix/te/tgdl /commissioning/INTT/repasitories/tutorials/AnaTutorial /install/include
/sphenix/tg/tgdl/commissicning/INTT/repcsitories/tutorials/anaTutorial/install/include/anatutorial
/sphenix/ g/ Lg01 /commissiening/INTT /work/genki/repos/INTT/general _codes/hachiya/FaAlntiRead/install/include
/sphenix/tg/tg0dl/commissioning/INTT /work/genki/repos/INTT/general _codes/hachiya/F4AInttRead/install/include/inttread
/sphenix/te/tegdl /commissicning/INTT /work/genki/repos/TNTT/general _codes/egenki/Fun4All_codes/install/include
/sphenix/tg/tgdl/commissicning/INTT/work/genki/repos/INTT/general_codes/genkil/Fun2All_codess/install/includesinttanalysiscosmic
Jsphenix/ g/ tgdl/commissioning/INTT /work/genki/repos/coresof tware/simulation/gésimulation/gdinlt/install/ include

/sphenix/teg/tgdl /commissioning/INTT /work/genki/repos/coresoftware/simulation/gdsimulation/gdintt/install/include/zdintt
/sphenix/te/tedl /commissioning/INTT /repasitories/libraries/include
/cvmfs/sphenix.sdcc.bnl.gev/gec-12.1.9/release/release_ana/ana.382/1nclude

Jovmfs/sphenix.sdec.bnl. gov/gece-12.1.9/release/release_ana/ana. 382/ 1include
Jevmfs/sphenix. s nl.zov/gcc=12.1.0/release/release_ana/ana. 382/include/ffarawobjects
fevmfs/sphenix.sdeec.bnl . gov/ece-12.1.0/release/release_ana/ana. 382/include/JSON
/Jcvmfs/sphenix. .bnl.gov/gec-12.1.9/releases/release_ana/ana.382/include/half
Jovmfs/sphenix . sdec.bnl. gov/gcc=-12.1.9/release/release_ana/fana. 382/include/torch
[ . " ; ) _ i

Much better! Let’s find paths which have a certain word.



tr command




1 #include <fun4all/Fun4AllServer.h>

What can we start with?

include statement to include fun4all/Fun4Allserver.h
To find the file

1. Check the environment variable ROOT INCLUDE PATH:

2. To separate the paths: Log in to the SDCC Servers:

$ echo $ROOT_INCLUDE_PATH | tr “\n”
tr command replaces : to \n.

3. Select paths which contain fun4all
$ echo $ROOT_INCLUDE_PATH | tr : “\n” | grep fun4all

$ sed_path $ROOT_INCLUDE_PATH | grep fun4all

/sphen1x/tg/tg®1/comm1551on1ng/INTT/work/genk1/repos/coresoftware latest/offline/framework/install/include/
/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_new/new.10/include/
/cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.0/release/release_new/new.190/include/ raw
/cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.0/release/release_new/new.19/include/ utils




What can we start with?

1 #include <fun4all/Fun4AllServer.h>
include statement to include fun4all/Fun4Allserver.h

To find the file

1. Check the environment variable ROOT INCLUDE PATH:

$ echo $ROOT_INCLUDE_PATH

2. To separate the paths: Log in to the SDCC Servers:

$ echo $ROOT_INCLUDE_PATH | tr
tr command replaces : to \n.

3. Select paths which contain fun4all
$ echo $ROOT_INCLUDE_PATH | tr : “\n” | grep fun4all

replace it with your cas

. Trythem

4. Confirmation y ‘
$ 1s /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_new/new. 1@/1nclude/fun4a11/Fun4A118ervor h

M nukazuka@sphnx@5 12:36:09 L1 _samples] $ sed_path $ROOT_INCLUDE_PATH | grep fun4all
/sphen1x/tg/tg®1/comm1551on1ng/INTT/work/genk1/repos/coresoftware latest/offline/framework/install/include/

/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_new/new.10/include/
/cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.0/release/release_new/new.10/include/ raw
/cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.0/release/release_new/new.19/include/ utils




Rtypes.h
¢ R_LOAD_LIBRARY

Wh at ca n we Sta rt w i t h ? #define R_LOAD_LIBRARY ( LIBRARY )

Definition at line 467 of file Rtypes.h.

sample 1

1 #include <fun4all/Fun4AllServer.h>
2

3 R__LOAD_LIBRARY(]_ibfun4a]_l .S0) , Learn C language more if you don’t know.

R__LOAD_LIBRARY is a function-like macro defined in ROOT to load a library.
A shared library libfun4all.so is loaded. Where is it?

1. Check the environment variable LD LIBRARY PATH:

$ echo $LD_LIBRARY_PATH
/sphen1x/tg/tg®1/comm1551on1ng/INTT/repos1torles/tutor1als/AnaTutorlal/1nstall/l1b /sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/INTT/general_codes/hachiya/F4AInttRead/1

nstall/lib:/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/INTT/general_codes/genki/Fund4All_codes/install/lib:/sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/coresoft
ware/simulation/g4simulation/gd4intt/install/lib:/sphenix/tg/tg01/commissioning/INTT/repositories/libraries/1lib:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0opt/sphenix/core/gcc/12.1.

0-57c96/x86_64-centos7/1lib:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0opt/sphenix/core/gcc/12.1.0-57¢c96/x86_64-centos7/1ib64:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0opt/sphenix/core
/binutils/2.37-355ed/x86_64-centos7/1ib:.:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/1ib64:/cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.0/release/release_ana/an
a.382/11ib:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0pt/sphenix/utils/1lib64:/cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.8/0pt/sphenix/utils/lib:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0pt
/sphenix/core/lib: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0pt/sphenix/core/root-6.26.06.p01/1ib:/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/opt/sphenix/core/geantd4.10.07.p04/1ib64:/c
vmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0pt/sphenix/core/lhapdf-5.9.1/1ib:/afs/rhic.bnl.gov/app/insure-7.5.5/1ib:/usr/local/l1ib64:/usr/1ib64

It’s not human-readable again. Let’s do the same.



Rtypes.h
¢ R_LOAD_LIBRARY

Wh at ca n we Sta rt w i t h ? #define R_LOAD_LIBRARY ( LIBRARY )

Definition at line 467 of file Rtypes.h.

1 #include <fun4all/Fun4AllServer.h>

2
3 R__LOAD_LIBRARY(libfun4all.so)

R__LOAD_LIBRARY is a function-like macro defined in ROOT to load a library.
A shared library libfun4all.so is loaded. Where is it?

1. Check the environment variable LD LIBRARY PATH:

2. Replce : to \n (or something else you like)

$ echo $LD_LIBRARY_PATH | tr : “\n”

$ echo $LD_LIBRARY_PATH | tr : "\n”
/sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/INTT/general_codes/genki/Fun4All_codes/install/lib
/sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/analysis/INTT_preliminary/202409_performance/event_display
/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/INTT/general_codes/Jaein/Cosmics/install/lib
/sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/coresoftware/calibrations/intt/install/lib

/sphenix/tg/tg@1/commissioning/INTT/work/genki/repos/coresoftware2/offline/packages/install/lib
/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/coresoftware2/calibrations/intt/install/lib ; . ;
/sphenix/tg/tg0d1/commissioning/INTT/work/genki/repos/coresoftware_latest/offline/framework/install/lib It:f; k)f}ttEBr t)[jt EStI” r1()t (3|EBEir... I_th:ES
/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/analysis/INTT_preliminary/202409_performance/correlation/i .
/sphenix/tg/tg01/commissioning/INTT/work/genki/repos/analysis/INTT_preliminary/202409_performance/timing/instal ESEBE}F()r] tr]fa f1|€3_
/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/QAhtml_repo/install/lib

(A 2111 () A

Al ) v n A alar=



1 #include <fun4all/Fun4AllServer.h>

What can we start with?

2
3 R__LOAD_LIBRARY(libfun4all.so)

R__LOAD_LIBRARY is a function-like macro defined in ROOT to load a library.
A shared library libfun4all.so is loaded. Where is it?

1. Check the environment variable LD LIBRARY PATH:

2. Replce : to \n (or something else you like):
11 \n”

$ echo $LD_LIBRARY_PATH | tr :

3. Search libfun4all.so:
$ echo $LD_LIBRARY_PATH | tr : “\n” | xargs -I {3} find {} -name “libfun4all.so"”

M Nt ka@sphnx@5 12:43:58 | ~samples] $ echo $LD_LIBRARY_PATH | tr : "\n” | xargs -I {} find {} -name "libfun4all.so”
/cvmfs/sphenlx sdcc bnl gov/gcc 12 1.0/release/release_new/new.10/11b/1ibfund4all.so




1 #include <fun4all/Fun4AllServer.h>

What can we start with?

2
3 R__LOAD_LIBRARY(libfun4all.so)

R__LOAD_LIBRARY is a function-like macro defined in ROOT to load a library.
A shared library libfun4all.so is loaded. Where is it?

1. Check the environment variable LD_LIBRARY_PATH: ™~ 1 son

2. Replce : to \n (or something else you like):
$ echo $LD_LIBRARY_PATH | tr : “\n”

3. Search libfun4all.so:
$ echo $LD_LIBRARY_PATH | tr : “\n” | xargs -I {3} find {} -name “libfun4all.so"”

Another way | could come up:

$ for dir in ‘echo $LD_LIBRARY_PATH | tr : “\n” ' ; do find $dir -name "libfun4all.so” ; done



What can we start with?

#include <fun4all/Fun4AllServer.h>

R__LOAD_LIBRARY(libfun4all.so)

Including the header file and loading

int Fun4All_minimum() the shared library are for here.

{

1
2
3
4
5
6
/
8

Fun4AllServer *se = Fun4AllServer::instance();

A pointer of an instance of the Fun4AllServer class is assigned to “se”.



What can we start with?
1 #include <fun4all/Fun4AllServer.h>

2

3 R__LOAD_LIBRARY(libfun4all.so)

4

5 int Fun4All_minimum()

6 {

Fun4AllServer *se = Fun4AllServer::instance();

se->run( 1 );
se->End();
delete se;

gSystem->Ex1t(0);
return 9;

O O B W N —= O W00

This super simple macro takes no input file and outputs nothing. 1 event is processed.




What can we start with?

$ root -g -b Fun4All_minimum.C

Processing Fun4All_minimum.C. ..
Fun4AllServer: :setRun(): run 0@ uses CDB TIMESTAMP 0

List of Nodes in Fun4AllServer:
Node Tree under TopNode TOP
TOP (PHCompositeNode)/
DST (PHCompositeNode)/
RUN (PHCompositeNode)/
PAR (PHCompositeNode)/



Practical example

It depends on what you want to do. For example:
» inputting raw file(s)
» inputting DST file(s)
« Monte-Carlo as an input

* running someone’s analysis codes
* running your analysis codes

 QOutputting results to DST file(s)
 QOutputting results to histograms/T Trees



Practical example

It depends on what you want to do. For example:

* inputting DST file(s)

* running someone’s analysis codes , _
Let’s try a simple case.

» QOutputting results to histograms/T Trees



Sample2: Add an analysis module

1 #include <fun4all/Fun4AllServer.h>

2

3 R__LOAD_LIBRARY(libfund4all.so)

4

5 // It shoula be tutorial.h of sample_moudle_-
6 ffinclude <tutorial.h>

7 R__LOAD_LIBRARY( libtutorial.so )

8

9 int Fund4All_minimum_2( int nEvents = 1 )

10 {

11

12 Fun4AllServer *se = Fun4AllServer::instance();
13

14  tutorial* analysis_module = new tutorial( "name” );
15 se->registerSubsystem( analysis_module );
16

17  se->run(nEvents);

18 se->End();

19 delete se;
20
21 gSystem—>Exit(0Q);

22 return 9; Fun4All_minimum_2.C
23 }




Analysis module

You need to write your analysis codes in a certain class.
The class is called "analysis module”. Analysis modules need to
» Inherit the SubsysReco class (class inheritance)
- iImplement functions in the SubsysReco (polymorphism)
 be registered to Fun4AllServer by Fun4AllServer::registerSubsystem




Analysis module

You need to write your analysis codes in a certain class.
The class is called "analysis module”. Analysis modules need to
» Inherit the SubsysReco class (class inheritance)
- iImplement functions in the SubsysReco (polymorphism)
 be registered to Fun4AllServer by Fun4AllServer::registerSubsystem

You can learn ( , , )
and (Z 75, , )

in C++ textbooks. It’s not easy to understand them
without taking time to learn.

READ
LATER


https://en.wikipedia.org/wiki/Inheritance_(object-oriented_programming)
https://zh.wikipedia.org/wiki/%E7%BB%A7%E6%89%BF_(%E8%AE%A1%E7%AE%97%E6%9C%BA%E7%A7%91%E5%AD%A6)
https://ja.wikipedia.org/wiki/%E7%B6%99%E6%89%BF_(%E3%83%97%E3%83%AD%E3%82%B0%E3%83%A9%E3%83%9F%E3%83%B3%E3%82%B0)
https://ko.wikipedia.org/wiki/%EC%83%81%EC%86%8D_(%EA%B0%9D%EC%B2%B4_%EC%A7%80%ED%96%A5_%ED%94%84%EB%A1%9C%EA%B7%B8%EB%9E%98%EB%B0%8D)
https://en.wikipedia.org/wiki/Polymorphism_(computer_science)
https://zh.wikipedia.org/wiki/%E5%A4%9A%E6%80%81_(%E8%AE%A1%E7%AE%97%E6%9C%BA%E7%A7%91%E5%AD%A6)
https://ja.wikipedia.org/wiki/%E3%83%9D%E3%83%AA%E3%83%A2%E3%83%BC%E3%83%95%E3%82%A3%E3%82%BA%E3%83%A0
https://ko.wikipedia.org/wiki/%EB%8B%A4%ED%98%95%EC%84%B1_(%EC%BB%B4%ED%93%A8%ED%84%B0_%EA%B3%BC%ED%95%99)

Analysis module

The standard way to implement the class, add it to the ROOT macro, and run it is

1. generating a template by CreateSubsysRecoModule.pl < or using existing
$ CreateSubsysRecoModule.pl [name_of_the_module] [options] EEREWEIERalelelV]lE
IS also a good start.

2. generating the configuration files by autogen.sh

$ autogen.sh —--prefix=[install_path]
3. implementing the header file (*.h) and the source file (*.cc) by yourself.

4. compiling the analysis module by make command

5. installing the library (*.s0) and the header file (*.h)

$ make install

6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH

/. adding an include statement and R__LOAD_LIBRARY macro to your ROOT macro,
and execute It.


http://CreateSubsysRecoModule.pl
https://github.com/sPHENIX-Collaboration/INTT/tree/main/general_codes/josephb/InttExampleAna

sample 2 JSybsysReco class cii.:

O @ N OO 0 B W N

N N R S S e e e e S
P ® © 0 N O U B WN P ®

\ Code ’ Blame 73 lines (58 loc) + 2.06 KB

// Tell emacs that this is a C++ source
/1 —%= C+H —%-,

#ifndef FUN4ALL_SUBSYSRECO_H

#define FUN4ALL_SUBSYSRECO_H

#include "Fund4AllBase.h"

#include <string>

class PHCompositeNode;

/#% Base class far all reconstruction and analysis modules to be

* used under the Fund4All framework.

»

*

If you write a reconstruction/analysis module, you must derive

#* from this base class and you have to implement this c¢lass methods.

# None of these are strictly required as far as C++ is concerned, but as
* far as your job is concerned, at least process_event(), to do the

* job, and InitRun(), to initialize, should be implemented.

*

*/

The only header is in Fun4All. The actual behavior
of functions should be implemented in your
inheriting class by yourself (polymorphism). The

class itself is not too complicated.

23 v class SubsysReco : public Fund4AllBase

24
25
26
27
28
29

{
public:
/*% dtor.
Does nothing as this is a base class only.
*/
~SubsysReco() override {}

/// Called at the end of all processing.
virtual int End(PHCompositeNode * /*xtopNodex/) { return 8; }

/// Called at the end of each run.
virtual int EndRun(const int /*runnumberx/) { return @; }

/%% Called during initialization.
Typically this is where you can book histograms, and e.g.
register them to FundAllServer (so they can be output to file
using FundAllServer: :dumpHistos() method).

*/

virtual int Init{PHCompositeNode % /xtopNodex/) { return @; }

/*% Called for first event when run number is known.
Typically this is where you may want to fetch data from
database, because you know the run number.

*/

virtual int InitRun(PHCompositeNode * /xtopNodex/) { return 9; }

/#k Called for each event.
This is where you do the real work.
*/
virtual int process_event(PHCompositeNode * /xtopNodex/) { return @; }

/// Reset.
virtual int Reset(PHCompositeNode * /+topNodex/) { return @; }

/// Clean up after each event.
virtual int ResetEvent(PHCompositeNode * /*topNodex/) { return 8; }

void Print(const std::string & /#whatx/ = "ALL") const override {}

protected:

/%% ctor.

@param name is the reference used inside the FundAllServer

*/

SubsysReco(const std::string &name = "NONAME")

: Fund4AllBase(name)
{
}

¥

#endif



https://github.com/sPHENIX-Collaboration/coresoftware/blob/master/offline/framework/fun4all/SubsysReco.h

SybsysReco/Your analysis module class

The functions to be executed by Fun4AllServer take PHCompositNode* as an argument.
For example: int process_event (PHCompositeNode *)

InitRun

ResetEvent

Q.
O
e
)
-
o
>
o



https://github.com/sPHENIX-Collaboration/coresoftware/blob/master/offline/framework/fun4all/SubsysReco.h

SybsysReco/Your analysis module class

The functions to be executed by Fun4AllServer take PHCompositNode* as an argument.
For example: int process_event (PHCompositeNode *)

Preparation for the run. For example, making histograms.

InitRun

ResetEvent

« The main part of your analysis

Q.
O
e
)
-
o
>
o

== Finalization. Writing histogram objects to output files, etc.
sample 2


https://github.com/sPHENIX-Collaboration/coresoftware/blob/master/offline/framework/fun4all/SubsysReco.h

Analysis module

The standard way to implement the class, add it to the ROOT macro, and run it is

Let’s use
$ CreateSubsysRecoModule.pl [name_of_the_module] [options] EElaglel{cMaalelelV]|[sTP

2. generating the configuration files by autogen.sh

$ autogen.sh —--prefix=[install_path]
3. implementing the header file (*.h) and the source file (*.cc) by yourself.

4. compiling the analysis module by make command

5. installing the library (*.s0) and the header file (*.h)

$ make install

6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH

/. adding an include statement and R__LOAD_LIBRARY macro to your ROOT macro,
and execute It.


http://CreateSubsysRecoModule.pl
https://github.com/sPHENIX-Collaboration/INTT/tree/main/general_codes/josephb/InttExampleAna

make and Makefile

See the tutorial in the INT T workshop@NWU in Jan/2024



https://indico2.riken.jp/event/4727/

2024/01/17-18
sPHENIX INTT Analysis Workshop@NWU
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Samplel, 2, 3 Sample4 Sampleb

A EE) XA A—RKD—E% R I —RICB L.
Ny T=T7AIVICHET A4y A=—Rego®TAVIMILT S

include

OS5 LEEL include
samplel . cc sample4.cc sample4.h
P ' sample5.cc sample5.h function5.cc > function5.h
o RS
& &
~ ~

{5 {51

$ g++ samplel.cc $ g++ sampled.cc

JO0SLZEVIRTILT D
C PP L0

51

$ ./a.out

=793 21793 2793



C++ sample5: BNy =T 74ILEYV—=RAT 7L IVICHITTEL

samplel.cco sample2.cco® sample3.cceo functiond.ho sampleS.cco Makefileo

1 G~ . 1 * This also works as an include guard. */
2 A sample to use own function written 1n other header/source files. 2 #pragma once
3
How To Compile 4 // A declaration (E'S) of a function
1) Compile everything at once 5 double ReturnTwice( double value ) ;
$ g++ sample5.cc function.cc

2) Split compilation (#&/3J>/Y1J) by hand
9 $ g++ -0 sample5.0 -c sample5. cc functionb.h
10 $ g++ -0 function5.o -c¢ function5b.cc . ——-  function5.h All L1 (C/*1 Abbrev)
11 $ g++ sample5.o function5.o 1 flinclude "function5.h”
12 $ ./a.out 2

13 3 // A definition (E#) of the function

14 3) Split compilation with make 4 double ReturnTwice( double value )
15 $ make sample5 5

16 $ ./sampleb 6
17 */ 7} _
18 functionb.cc
19 #include <iostream>

20 #include "function5.h”

21

22 int main()

23 {

24 double value = 2.0;

25 std::cout << "Input value: " << value << std::endl;

26 std::cout << "Twice of " << value << " is " << ReturnTwice( value ) << std::endl;

27

28 return 0;

29 } sampleb.cc

return 2 * value;




C++ sample5: BNy =T 74ILEYV—=RAT 7L IVICHITTEL

include

sample5.cc function5.cc function5.h
c§;
x
¢
N
o)

OSLZAVIRT1ILT B

CccmPPClLn

X179 3

> )L 4 D functiond.h DF &%
 double ReturnTwice( double x ) D EE % function5.h
D

» double ReturnTwice( double x ) DEFE % function5.h

[T THB

HRE B — X772 ESREDIKRS ?

A. EFEVWoRAIICOVINAILT B

B.Y—X7T7 ’l/)l/c_é.’_(/ AVIAILULT, RRICEED D

$ g++ -c sample5.cc — HfE 7 7 1)L sampleb.o 4
$ g++ -c function5.cc < fg] 7 7 1)L functionb.o &k
$ g++ sample5.0 function5.o < sampleb.o & functionb.o 15

a.out Z=1ERK
C.functions "5 (£H) 1477 Y Z{ER L. sample5.cc JV /N1 )L

54735 ZFmAAD,

$ g++ -shared -fPIC -o libfunction5.so function5.cc

$ g++ -L. -1function5 sample5.cc



C++ sample5: &)

AVINMILAEB: V—XT77A4)LcElcaVINTMILLT,. BEICEEDH D
(DENT>)A)L)

43 $ 1s
function4.h function5.cc function5.h Makefile samplel.cc sample2.cc sample3.cc sampled4.cc sample5.cc

g++ -c function5.cc
|

functiond4.h function5.cc function5.h function5.0 Makefile samplel.cc sample2.cc sample3.cc sampled4.cc sample5.cc

g++ -c sample5.cc
43 ls
function4.h  function5.h Makefile sample2.cc sampled4.cc sample5.o
function5.cc function5.0 samplel.cc sample3.cc sample5.cc
$
$ g++ sample5.0 function5.o0
43 $ 1s
function5.cc function5.o0 samplel.cc sample3.cc sample5.cc
functiond4.h function5.h Makefile sample2.cc sampled4.cc sample5.o
$
$ ./a.out
Input value: 2
Twice of 2 is 4
$

7). &l y/\"«r)b’@“%@%\ NBREDEIFIVINMMILUVIET Z &[S
KIRER 7O 5 A TIENAE,




C++ sample5: &E§l

OV IN1I)LAE C: functionb s (EH) 21475 YU Z{ER U,
sampleb.cc AV/INAIVERICZ A T ) Zi5HIAT,

- - $ 1s — = 7 = AR £ N
function4.h  function5.h Makefile sample2.cc réample4.cc ARZA 77 UERICBRIEA T
sample5.cc

function5.cc samplel.cc sample3.cc
$ g++ -shared -fPIC -o libfunction5.so function5.cc

54 $ 1ls _ -
function4d.h  function5.h Makefile sample2.cc sample4.cc “R‘*--________-—————““' ~E «/’fw;777lj3é5631

function5.cc samplel.cc sample3.cc sample5.cc b + (F& + .so

$
$ gt++ -L. -1lfunction5 sample5.cc I 3ONILE
Seleop $ 1s
function5.cc samplel.cc | sample3.cc sample5.cc

functiond4.h function5.h Makefile sample2.cc \sampled4.cc (FHIT ZS514TSYUEBIMTEIA TS gV

S 1+ (HBESATSUELS lib & so ERo/cbD)ETS

Input value: 2

Twice of 2 is 4 -1 7\5 y) *ﬁ%i%ﬁﬁ%iébﬂﬁ'%ﬁjiz >/
HLYhTa LMY ZEMLTWS

L EWBIENS 7O SALIEZA4T7Z7VEUVLTESR I ENE L,
Fun4All TlEB4® analysis module Z1XE>1 72U & UTEBR L. ROOT ¥7 O THERMAMIAATWNS,




C++ sample5 + a:

FEEEANY Y- 71ILE
V=R77AINICRFTES

AEN DV INAIVIKERIIZA, FEEEE
make IY¥ > K TE HMBLJTJ%%

wmi

||rn||

make (C & Makefile T{E% & 5 make
IE5MNII—ILZERT ZNEND D

RBF AL A2 F

maked<?YF
BHR
maked=? Y/ FEIZ UNDGROSICHEITAT OIS 7 LRAET =
BRENICALWLNEAR/FO—D2T V=R —=FH o DEST » BB EE
Z7ANVDER(EIF)ZB8ETEH0, > DB O RRE:

X RZ bk

ABDR TR I/ ERTEW:Y —XO—FHoRITAIEELR T

AT L77ANEBBICIE.V—RXO—FE2avns/4 I L TEREL
ETEMAEFT Vb a-Fo 0l LICEBRL BT T
Cx7 baA—FPABDFAT IV T77ANGEREZE(U 7))L T—
DOERITZFANICTREEIDELLRS,

BHAL7a/Z LTI REER O FETTELY. S
A7 7 LDOIBBELIKELLBYERDEHICREIE ZHOT7PA4 V%D
SIANLEN) 7 LBRTNIEERS T  FEETITHOOIZEBITERYDEZABICKS,

maked2V FIZ—EDFIEE2FREDPHEATTFA 774 IV (Makefile) ICEER L THELE . TN
1> TCaAve Yy FETAEZEGELTENICTE>T{NSE . makeav F—RIDEFTTELT
Z7AIVDIERDTET T 5,

MELBRYELELFEZITOHE.B77MVOERENBEZEREL TRIREIOEIL FALEHS
N=77ANETEBAZNANVLEY) 7 LETEEZEATEY BICRYRLRICaOY/FE
RTTH25LYLERETHERNICBELVLFTHIENTES,

FRRIZ1976 FEICCERBICKA /NI 7 LR A TIETA-DICHREIN -, HHIREDONEHES
HY MMBOEEBICEATOSSLOENFER TATSSLUND T PANVERICIOCETAZIELTE
B, LZLDLINUXTAAPMIE 2=a 2SO UNIXROSICIEETNSEINTWAS,



https://e-words.jp/w/make%E3%82%B3%E3%83%9E%E3%83%B3%E3%83%89.html

C++ sample5: &)

OAVINAMIVAEB: V—XT77A4)LcElcaV)NM)LLT, REICEEDS
(72 U:l //\4)1/) BEICEVNTHD

sample5_2:5,sample5.0 function5.o
M LU LR LR LR R/ 1. sampleb_2 (&, sampleb.o & functionb.o [C
sample5.0: KELULTABEENTHS

20 g++ -c sample5.c

21 2. sampleb.o & functionb.0 1%

22 functionb5.o:

23 g++ -c¢ function5.cc 3. FNoZE>T sampleB_Z Z=1ES

INTT_Fun4All_Tutorial/cpp_basics/answers/Makefile
$ make sample5_2

g++ -c sample5.cc
g++ -c function5.cc
g++ -0 sample5_2 sample5.0 function5.o
$ ls

function4d.h  function5.h Makefile sample2.cc sampled4.cc sample5.cc temp.cc
function5.cc function5.0 samplel.cc sample3.cc sample5.o

$

$ ./sample5_2

Input value: 2
Twice of 2 is 4




C++ sample5: &)

AVINMILAEB: V—XT77A0)LcElcaAVINMIILLT, BEICEEDHS
(DENIOAVINTIL) o AN—RNITEWTHS

CZlFEU & DDV

sample5_2_2: sample5.0 function5.o @ EBHDDEZFICERINS

g++ -0 $@ $°

N IKFITSHT T AMILBICEBESNDS
St I DR $<: BHUOEKET 37 7 1 LAICERE NG

%.0: X.cc

g++ -0 $@ -c $< %: JA4IL K H—K (EEDXFF)

INTT_Fun4All_Tutorial/cpp_basics/answers/Makefile

$ make sample5_2_2
g++ -c sample5.cc

g++ -c function5.cc
g++ -0 sample5_2_2 sample5.0 function5.o
$ 1ls

functiond4d.h  function5.h Makefile sample2.cc sampled4.cc sampleS5.cc temp.cc
function5.cc function5.0 samplel.cc sample3.cc sample5.o

$ ./sample5_2_2

Input value: 2
Twice of 2 is 4




C++ sample5: &)

> IN1 )L AE C: functionb s (HF\) 21477V Z1ERkU.

sampleb.cc AV/INAMIVEFICTZA T ) Z5mHIAD,

samp195_3: libfuﬁctions.so
g++ -0 $@ ~-L. -lfunction5 sample5.cc

libfunction5.s0: functionb5.cc
g++ -shared -fPIC -o $@ $*

INTT_Fun4All_Tutorial/cpp_basics/answers/Makefile

$ make sample5_3
g++ -shared -fPIC -o libfunction5.so function5.cc

g++ -0 sample5_3 -L. -1lfunction5 sample5.cc
$
$ ls

function4d.h  function5.h Makefile sample2.cc sampled4.cc sample5.cc
function5.cc samplel.cc sample3.cc temp.cc
$ ./sample5_3

Input value: 2
Twice of 2 is 4




Making an analysis module

l.  You are at Fun4All_samples. Move to sample_module_2
$ cd sample_module_2

Il. Make a build directory
$ mkdir build

build directory contains files generated during compilation to avoid confusion.

lll. Make an install directory
$ mkdir install

The library files and the header files are put in a certain directory. You can set the
path to this install directory to ROOT_INCLUDE_PATH and LD_LIBRARY_PATH
variables to use them.

V. Move to the build directory
$ cd build




Making an analysis module

V. Generating the configuration files by autogen.sh

$ autogen.sh —--prefix=${PWD}/../install

prefix option specifies where the libraries and
the headers are installed. You need to give an absolute
path, but it’s trouble. You can use an environmental
variable ${PWD}, which is an absolute path of the
current directory.

Y nukazuka@sphnx@5 13:53:. | $ ../autogen.sh
libtoolize: putting auxiliary files in '."’.
libtoolize: linking file './ltmain.sh’
libtoolize: Consider adding 'AC_CONFIG_MACRO_DIR([m4])' to configure.ac and
libtoolize: rerunning libtoolize, to keep the correct libtool macros in-tree.
libtoolize: Consider adding ‘-I m4' to ACLOCAL_AMFLAGS in Makefile.am.
configure: loading site script /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/opt/sphenix/core/et
checking for a BSD-compatible install... /usr/bin/install -c
checking whether build environment is sane... yes

checking for a thread-safe mkdir -p... /usr/bin/mkdir -p
checking for gawk... gawk

checking whether make sets $(MAKE)... yes

--prefix=${PWD}/../install

checking whether make supports nested variables... yes
checking whether the C++ compiler works... yes

checking for C++ compiler default output file name... a.out
checking for suffix of executables...

checking whether we are cross compiling... no

checking for suffix of object files... o

checking whether we are using the GNU C++ compiler... yes

checking whether /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0pt/sphenix/core/gcc/12.1.0-57¢c96
checking for style of include used by make... GNU

checking dependency style of /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0pt/sphenix/core/gcc/
checking build system type... x86_64-unknown-1linux-gnu

alhasalscommm Ihamndk Aacradkans e ssn s 2O 24 _asialsvmnassion.. ] 5 A iss . AL B

$ tre -1 2 -3

—— 1tmain.sh

——— Makefile.am

——— Makefile.in

——— aclocal.m4

——— autogen.sh

——— conf1lg.guess

——— README . md~

——— config.sub

——— configure

——— configure.ac

———— depcom

——— 1nstall-sh

——— milssing

——— tutorial.cc

——— tutorial.h

——— README . md

-—— build +— You are here

—— config.log

——— testexternals.cc

——— config.status

——— testexternals.o

——— Makefile

——— .deps

——— Jlibtool

——— tutorial.lo

——— Jlibtutorial.la
——— testexternals

——— 1nstall

——— autom4te.cache




sample 2

}

config.log

Making your own analysis module

$ 1s
Makefile

VI. compiling the analysis module by make

To check whether compiling was done successfully RS

"5 nake J

| | h |3:55: $ make

echo "//*** this is a generated file. Do not commit, do not edit"” > testexternals.cc

echo "int main()"” >> testexternals.cc

echo "{" >> testexternals.cc

echo ” return 0;" >> testexternals.cc

echo "}" >> testexternals.cc

make all-am

make[1]: Entering directory ‘/gpfs/mnt/gpfs@2/sphenix/user/nukazuka/repo/INTT_Fund4All_Tutorial/ver2024/Fund4All_sampleg
/bin/sh ./libtool --tag=CXX --mode=compile /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0pt/sphenix/core/gcc/12.1.0-57cS
AGE_TARNAME=\"tutorial\"” -DPACKAGE_VERSION=\"1.00\" -DPACKAGE_STRING=\"tutorial\ 1.00\" -DPACKAGE_BUGREPORT=\"\" -DP#
STDC_HEADERS=1 -DHAVE_SYS_TYPES_H=1 -DHAVE_SYS_STAT_H=1 -DHAVE_STDLIB_H=1 -DHAVE_STRING_H=1 -DHAVE_MEMORY_H=1 -DHAVE
ISTD_H=1 -DHAVE_DLFCN_H=1 -DLT_OBJDIR=\".libs/\" -I. -I.. -I/sphenix/u/nukazuka/user/repo/INTT_Fun4All_Tutorial/ver?z
e —-I/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_new/new.10/include -isystem/cvmfs/sphenix.sdcc.bnl.gov/gcc
-std=c++17 -Wall -Werror -MT tutorial.lo -MD -MP -MF .deps/tutorial.Tpo -c¢ -o tutorial.lo ../tutorial.cc

libtool: compile: /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0opt/sphenix/core/gec/12.1.0-57¢c96/x86_64-centos7/bin/g++ -[
PACKAGE_VERSION=\"1.00\" "-DPACKAGE_STRING=\"tutorial 1.00\"" -DPACKAGE_BUGREPORT=\"\" -DPACKAGE_URL=\"\" -DPACKAGE=
TYPES_H=1 -DHAVE_SYS_STAT_H=1 -DHAVE_STDLIB_H=1 -DHAVYE_STRING_H=1 -DHAVE_MEMORY_H=1 -DHAVE_STRINGS_H=1 -DHAVE_INTTYPH

Vll.installing the library (*.so) and the header file (*.h)

$ make install



sample 2

Making your own analysis module

Vlll.installing the library (*.so) and the header file (*.h)

M nukazuka 1X € :04 b $ make install

make install-am

make[1]: Entering directory '/gpfs/mnt/gpfs02/sphenix/user/nukazuka/repo/INTT_Fun4All_Tutorial/ver2024/Fund4All_samples/sample_mod

make[2]: Entering directory ‘/gpfs/mnt/gpfs02/sphenix/user/nukazuka/repo/INTT_Fun4All_Tutorial/ver2024/Fund4All_samples/sample_moo
/usr/bin/mkdir -p '/sphenix/u/nukazuka/user/repo/INTT_Fun4All_Tutorial/ver2024/FundAll_samples/sample_module_2/build/../install/

/bin/sh ./libtool  --mode=install /usr/bin/install -c¢ libtutorial.la '/sphenix/u/nukazuka/user/repo/INTT_Fun4All_Tutorial/ve
nstall/lib’

libtool: install: /usr/bin/install -c .libs/libtutorial.s0.9.9.9 /sphenix/u/nukazuka/user/repo/INTT_Fun4All_Tutorial/ver29024/Fun4
b/libtutorial.s0.9.0.0

libtool: install: (cd /sphenix/u/nukazuka/user/repo/INTT_Fun4All_Tutorial/ver2024/Fund4All_samples/sample_module_2/build/../instal
orial.so.® || { rm -f libtutorial.s0.@ && In -s libtutorial.s0.9.0.Q libtutorial.so0.9; }; })

libtool: install: (cd /sphenix/u/nukazuka/user/repo/INTT_Fun4All_Tutorial/ver2024/Fund4All_samples/sample_module_2/build/../instal

[ ) Fay — a () Fay N A\ & — [ ) L ) ju} " 'A " 1 [ ) fay L )

$ tre -a ../install

libtutorial.so.6
libtutorial.so

You need to inform the path to this directory to
ROOT to use them.

I

L tutorial.h



Analysis module

The standard way to implement the class, add it to the ROOT macro, and run it is

$ CreateSubsysRecoModule.pl [name_of_the_module] [options]

2. generating the configuration files by autogen.sh

$ autogen.sh —--prefix=[install_path]
3. implementing the header file (*.h) and the source file (*.cc) by yourself.

4. compiling the analysis module by make command

5. installing the library (*.s0) and the header file (*.h)

$ make install



http://CreateSubsysRecoModule.pl
https://github.com/sPHENIX-Collaboration/INTT/tree/main/general_codes/josephb/InttExampleAna

sample 2

Making your own analysis module

6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH

LD_LIBRARY_PATH: an environmental variable generally used in Linux to find libraries
ROOT_INCLUDE_PATH: an environmental variable introduced by ROQOT to find header files
The basic setup of them is done by /opt/sphenix/core/bin/sphenix_setup. sh.

$ ccho $ROCT_INCLUDE_PATH | tr : "\n”
/sphenix/tg/tgdl/commissioning/INIT/work/genki/repcs/macros/detectors/sPHENIX
i
/sphenix/tg/tgdl/commissioning/INTT/work/genki/repos/INTT/general_codes/genki/Fun4All_codes/install/inc
/sphenix/tg/tgdl/commissioning/INTT/work/genki/repcs/INT T /general_codes/genki/fundAll_codes/install/inc
/sphenix/Lg/ g0l /commissioning/INTT/work/genki/repoes/analysis/INTT _preliminary/282409_per formance/eventl
/sphenix/tg/tgdl/commissioning/INTT/work/genki/repes/analysis/INTT _preliminary/2024@9_performance/event
/sphenix/tg/tgdl/commissioning/INTT/work/genki/repcs/INIT/general_codes/Jaein/Cosmics/install/include
/sphenix/Leg/ g0l /commissioning/INTT/work/genki/repos/INTT/general _codes/Jaein/Cosmics/inslall/include/ ir
/sphenix/tg/tgdl1/commissioning/INTT/work/genki/repes/INTT/general_codes/Jaein/Cosmics/install/include/a
/sphenix/tg/tgdl/commissioning/INTT/work/genki/repcs/INTT/general_codes/Jaein/Cosmics/install/include/1
/sphenix/Lg/ g0l /commissioning/INTT/work/genki/repos/coresof lware/calibrations/Zintl/inslall/include
/sphenix/tg/tgdl /commissioning/INTT/work/genki/repas/coresoftware/calibrations/intt/install/include/int
/sphenix/tg/tgdl/commissioning/INTT/work/genki/repcs/coresoftware/calibrations/intt/install/include/int
/sphenix/Lg/ g0l /commissioning/INTT/work/genki/repos/coresof lware2/offline/packages/inslall/include
/sphenix/tg/tgdl /commissioning/INTT/work/genki/repas/coresoftware?/offline/packages/install/include/int
/sphenix/tg/tgdl /commissioning/INTT/work/genki/repos/coresottware2/calibrations/intt/install/include
/sphenix/Lg/ g0l /commissioning/INTT/work/genki/repos/coresof tware2/calibrations/intt/install/include/in
/sphenix/tg/tgdl /commissioning/INTT/work/genki/repas/coresoftware_latest/offline/framewark/install/inclt
/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/coresottware_latest/offline/framewcork/i1nstall/incl
/sphenix/Lg/tgd1/commissioning/INTT/work/genki/repos/coresof tware_latest/offline/framewcrk/install/incl

/sphenix/tg/tgdl/commissioning/INTT/work/genki/repes/analysis/INTT _preliminary/262469_pertormance/corre
/sphenix/tg/tgdl1/commissioning/INTT/work/zenki/repos/analysis/INTT preliminary/292429 performance/timing

/sphenix/tg/tgdl1/commissioning/INTT/work/zenki/repos/QAhtml_repo/install/include
/sphenix/tg/tgdl/commissioning/INTT/work/genki/repas/QAhtml _repo/install/include/qahtml
01 /commissioning/INTT/work/genki/repes/INTT/QA_codes/install/include

— [

2 o

$ echo $LD_LIBRARY_PATH | tr : "\n"
/sphenix/tg/t2@1/commissioning/INTT/work/genki/repos/INTT/general _codes/genki/Fund4All_codes/install/lib
/sphenix/tg/t201/commissioning/INTT/work/genki/repos/analysis/INTT _preliminary/202409_performance/event_
/sphenix/tg/t201/commissioning/INTT/work/genki/repos/INTT/general _codes/Jaein/Cosmics/instzll/lib
/sphenix/tg/t201/commissioning/INIT/work/genki/repos/coresoftware/calibrations/intt/install/lib
/sphenix/tg/tg01/commissioning/INTT/work/genki/repos/coresoftwarez/offline/packzages/install/lib
/sphenix/tg/t2@1/commissioning/INTT/work/genki/repos/coresoftware?/calihrations/intt/install/lib
/sphenix/tg/t201/commissioning/INTT/work/genki/repos/coresoftware_latest/offline/framework/install/1lib
/sphenix/tg/t201/commissioning/INTT/work/genki/repos/analysis/INTT_preliminary/202409_performance/correl
/sphenix/tg/tg01/commissioning/INIT/work/genki/repos/analysis/INTT_preliminary/202409 _performance/timing
/sphenix/tg/tz201/commissioning/INTT/work/genki/repos/QAhtml_repc/install/lib
/sphenix/tg/t201/commissioning/INTT/work/genki/repos/INTT/QA_codes/install/lib
/sphenix/tg/t201/commissioning/INTT/work/genki/repos/InttEventDisplay/install/1lib
/sphenix/user/nukazuka/gamma_jet/analysis/MC/MC_truth/install/lib
/sphenix/user/nukazuka/gamma_jet/analysis/MC/mbd/install/l1ib

Files in the paths in the variables can be used with only
the file name.

function sed_path ()
Here, sed_path command

: : : cho $@ | sed -e "s/:/\n/g"
is defined by Genki:



sample 2 Making your own analysis module

6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH
To add paths to the variables, you can run /opt/sphenix/core/bin/setup_local.sh, for example,

$ source /opt/sphenix/core/bin/setup_local.sh [absolute path to your install directory] [another if you want]

Spni ' | $ sed_path $LD_LIBRARY_PATH
/sphen1x/tg/tg®1/comm1551on1ng/INTT/work/genkl/repos/coresoftware/51mu1at10n/g451mulat1on/g41ntt/1nstall/11b
/cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.0/opt/sphenix/core/gecc/12.1.0-57¢96/x86_64-centos7/1ib
/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/0opt/sphenix/core/gcc/12.1.0-57¢96/x86_64-centos7/1ib64
/cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.0/0pt/sphenix/core/binutils/2.37-355ed/x86_64-centos7/11b

$ sed_path $ROOT_INCLUDE_PATH

/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/r{ 4

/cvmfs/sphenix.sdcc.bnl.gov/gee=12.1.0/r{/sphenix/tg/tgd1/commissioning/INTT/work/genki/repos/coresoftware/simulation/g4simulation/g4intt/install/include

/cvmfs/sphenix.sdcc.bnl.gov/gec=12.1.0/0) ysphenix/tg/tgd1/commissioning/INTT/work/genki/repos/coresoftware/simulation/gd4simulation/gdintt/install/include/g4intt

/cvmfs/sphenix.sdcc.bnl.gov/gecec-12.1.8/0 /cvmfs/sphenix.sdcc.bnl.gov/gecec-12.1.0/release/release_ana/ana.382/include

/cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.0/0) ycymfs/sphenix. sdcc.bnl.gov/gecc-12.1.0/release/release_ana/ana.382/include

/cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.0/0 /cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.0@/release/release_ana/ana.382/include/ffarawobjects

/cvmfs/sphenix.sdcc.bnl.gov/gec=12.1.0/0| /cymfs/sphenix. sdec.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/JSON

/cvmfs/sphenix. sdec.bnl.gov/gee=12.1.0/0| /eymfs/sphenix. sdcc.bnl.gov/gec-12.1.0/release/release_ana/ana.382/include/half

/afs/rhic.bnl.gov/app/insure-7.5.5/1ib | /cymfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/torch

/usr/local/1ib64 /cvmfs/sphenix.sdcc.bnl.gov/gee-12.1.0/release/release_ana/ana.382/include/g4detectors

/usr/lib64 /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/eventplane
/cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.0/release/release_ana/ana.382/include/kineto
/cvmfs/sphenix.sdcc.bnl.gov/gcec-12.1.0/release/release_ana/ana.382/include/gddecayer
/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/phfield
/cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_ana/ana.382/include/LHAPDF
/cvmfs/sphenix.sdcc.bnl.gov/gec-12.1.0/release/release_ana/ana.382/include/c10
/cvmfs/sphenix.sdcc.bnl.gov/gecec-12.1.0/release/release_ana/ana.382/include/oneapi
/cvmfs/sphenix.sdcc.bnl.gov/gecc-12.1.0/release/release_ana/ana.382/include/DDCond
/cvmfs/sphenix.sdcc.bnl.gov/gcc 12. .@/release/release_ana/ana.382/1nc1ude/g4track1ng

i .I‘I [ ] ala *ia — 'A o = - = =2 = —iabp= ~ I - a ar= = - ar= -
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6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH

Typing the command every time is trouble. You should write it to ${HOME}/.bashrc, so the
command is executed just after login. For example,

Making your own analysis module

|test.sh x| +
1 #!'/bin_bash

2

3 source /opt/sphenix/core/bin/sphenix_setup.sh
4 source /opt/sphenix/core/bin/setup_local.sh /sphenix/tg/tg01/commissioning/INTT/wo\
rk/genki/repos/coresoftware/simulation/g4simulation/g4intt/install

You can add multiple paths as arguments with separation with a space.

To do it in a more user-friendly way, you can use my script:
/sphenix/tg/tg@1/commissioning/INTT/repositories/libraries/intt_setup_v2.sh

An explanation of this script can be found in the backup slide (planned).



Making your own analysis module

/. adding an include statement and R__LOAD_LIBRARY macro to your ROOT macro.

and execute it!
} nukazukat nxo' $ root -q -b Fund4All_minimum_2.C

Processing Fun4All_minimum_2.C...

tutorial::tutorial(const std::string &name) Calling ctor
tutorial::Init(PHCompositeNode *topNode) Initializing

Fun4AllServer: :setRun(): run @ uses CDB TIMESTAMP 0
tutorial::InitRun(PHCompositeNode *topNode) Initializing for Run XXX

List of Nodes in Fun4AllServer:
Node Tree under TopNode TOP
TOP (PHCompositeNode)/

DST (PHCompositeNode)/

RUN (PHCompositeNode)/

PAR (PHCompositeNode)/

tutorial: :process_event(PHCompositeNode *topNode) Processing Event

tutorial::ResetEvent (PHCompositeNode *topNode) Resetting internal structures, prepare for next event
tutorial::EndRun(const int runnumber) Ending Run for Run @

tutorial: :End(PHCompositeNode *topNode) This 1s the End...

tutorial: :Reset (PHCompositeNode *topNode) being Reset

tutorial::~tutorial() Calling dtor




|test.sh x|
1 #!/bin_bash

Write 2 lines to

S{HOME} bashrc — Iy e P e S Y T T

4 source /opt/sphenix/core/bin/setup_local.sh /sphenix/tg/tg01/commissioning/INTT/wo\
rk/genkl/repos/coresoftware/s1mu1at1on/g4s1mu1at10n/g41ntt/1nstall
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o. Setting your LD_LIBRARY_PATH and ROOT _INCLUDE_PATH
/. run Fun4AII minimum 2.C

$ root -q -b Fun4All_minimum_2.C

Try
Processing Fun4All_minimum_2.C... tr]EBrT]
tutorial::tutorial(const std::string &name) Calling ctor
tutorial::Init(PHCompositeNode *topNode) Initializing

Fun4AllServer: :setRun(): run @ uses CDB TIMESTAMP 0
tutorial::InitRun(PHCompositeNode *topNode) Initializing for Run XXX

List of Nodes in Fun4AllServer:
Node Tree under TopNode TOP

TOP (PHCompositeNode)/
DST (PHCompositeNode)/
RUN (PHCompositeNode)/
PAR (PHCompositeNode)/

tutorial: :process_event(PHCompositeNode *topNode) Processing Event

tutorial::ResetEvent (PHCompositeNode xtopNode) Resetting internal structures, prepare for next event
tutorial::EndRun(const int runnumber) Ending Run for Run @

tutorial: :End(PHCompositeNode *topNode) This is the End...

tutorial::Reset (PHCompositeNode *topNode) being Reset

tutorial::~tutorial() Calling dtor




Practical example

It depends on what you want to do. For example:
» inputting raw file(s)
v inputting DST file(s)
« Monte-Carlo as an input

v running someone’s analysis codes « but it does nothing...
* running your analysis codes

» QOutputting results to DST file(s)
 QOutputting results to histograms/T Trees

This super simple macro takes no input file and outputs nothing. 1 event is processed.



What do we touch in our analysis module?

In a DST file, you can touch data through so-called “node”. Data is given as an
object of a class.

Data: /sphenix/lustre@1/sphnxpro/physics/slurp/streaming/physics/inttonlyrun_00051100_00051200/DST_INTT_EVENT_run2pp_new_2024p002-00051171-00000.root

List of Nodes in Fun4AllServer:
Node Tree under TopNode TOP
TOP (PHCompositeNode)/
DST (PHCompositeNode)/
GL1 (PHCompositeNode)/
GLTRAWHIT (IO,Gl1Packetv?2)

INTT (PHCompositeNode)/
INTTRAWHIT (IO,InttRawHitContainerv2) < Data of raw hits of INTT
Sync (I0,SyncObjectvl)
EventHeader (I0,EventHeadervl)
RUN (PHCompositeNode)/
RunHeader (IO,RunHeaderv1)
Flags (I0,FlagSavev1)
PAR (PHCompositeNode)/




Data process flow and data type

Conversion

cable
15 el Optical

SN NI )
BUS-eXtender LT,

INTT 111 om

FELIX board

INTT FELIX server

Private/Special DST files

/sphenix/tg/tg@1/commissioning/INTT/data
We are no longer recommended to use private DSTs.
Special DSTs due to technical difficulties are OK.

Offical DST files

/sphenix/lustre@1/sphnxpro/physics/slurp/
Please use them if you don’t have technical issues.
There are a lot of types of DSTs. Chaotic...

Buffer box Storage
at 1008 at SDCC

evt files evt files



DST

Official DSTs

/sphenix/lustre@1/sphnxpro/

——— bbox3

———— db_bkup
——— testbed
——— beam

———— ml

——— bbox

——— mlp

——— COSmicCs
——— 1008_backup
——— physics
——— bbox5

——— bbox?2

——— slurp
——— calib
——— slurptest

——— mdc?2

——— tchou

——— HPSS_Status

——— runlauau_pi0@_calib
——— t1044

——— bbox4

——— production

——— liumigrate

——— bbox0

——— scratch
——— sdcc

-—— tpc
——— INTT
——— GL1
——— runzZpp
——— mbd
——— ZDC
——— MVTX
——— slurp
——— online_monitoring
——— runzauau
——— mbdcalib
——— TPOT
——— LL1
——— emcal
——— HCal

-—— TEST

Data taken in the early phase were
processed, and their DSTs are put here.

See

for more details

(sPHENIX Ligtweight Utilities for Realtime Production )

/sphenix/lustred1/sphnxpro/physics

/sphenix/lustred1/sphnxpro/physics/slurp/

——— calocosmics
——— jetproduction
——— COSmicCSs

——— caloy2test
——— tpccosmics
——— caloy2calib
——— streaming
-—— cosmics
-—— physics
L—— fast
——— fast_tracking
——— calobeam
——— calophysics
——— tracking

-—— run_-
——— caloy2fitting
——— tpccalib
——— tpcbeam

——— junkdrawer
——— TEST

-—— run_00050900_00051000


https://wiki.sphenix.bnl.gov/index.php?title=Deeper_production_information
https://wiki.sphenix.bnl.gov/index.php?title=Production_information

Contents of the official DSTs: InttRawHit [ oo o romer
YYYYY: segment number

- Path: /sphenix/lustre@1/sphnxpro/physics/slurp/streaming/physics/inttonlyrun_x*
- fi1le name: DST_INTT_EVENT_run2pp_new_2024p0@02-XXXXXXXX-YYYYY.root
- Contents:

Public Member Functions

TOP (PHComposi teNode) / InttRawHit ()=default
DST (PHCompositeNode)/ virtual ~InttRawHit ()=default
GL1T (PHCompositeNode)/ virtual uint64_t get_bco () const .GTM BCO
GLTRAWHIT (IO,Gl1Packetv?2) virtual void set_bco (const uint64_t) 40 bits unsigned integer

INTT (PHCompositeNode) / virtual int32_t get_packetid () const ‘Packet ID, i.e. FELIX server ID
INTTRAWHIT (IO , InttRawHi1tContailine I”VZ) virtual void set_packetid (const int32_t) 3001 —3008

Sync (I0,SyncObjectv1)
EventHeader (I0,EventHeaderv1)

virtual uint32_t
virtual void

get_word () const
set_word (uint32_t)

word

RUN (PHCompositeNode)/ virtual uint16_t get_fee () const -ID of fee (front end electronics),
RunHeader (I0,RunHeaderv1) virtual void set_fee (uint16_t) which means a half-ladder (0—13)
Flags (IO,FlagSavev1) virtual uint16_t get_channel_id () const *ID of the channel (silicon strip)

PAR (PHCompositeNode) / virtual void set_channel_id (uint16_t) 0—127

virtual uint16_t

get_chip_id () const

*ID of the chip (silicon chip)

.y , virtual void set_chip_id (uint16_t) 1—26
InttRaWHlt 1S a CIaSS fOr raw hItS Of INTT virtual uint16_t get_adc () const *ADC value
: virtual void set_adc (uint16_t) 0—7
Parameters are almost same as those in testbench. .. e getFrix acogoonst  -FPHX BCO value
virtual void set_FPHX_BCO (uint16_t) 0—127
virtual uint16_t get_full_FPHX () const -for debugging
virtual void set_full_FPHX (uint16_t)
virtual uint16_t get_full_ROC () const -for debugging
virtual void set_full_ROC (uint16_t)
virtual uint16_t get_amplitude () const *amplitude of calibration pulse
virtual void set_amplitude (uint16_t) 0—-63


https://sphenix-collaboration.github.io/doxygen/d6/d89/classInttRawHit.html

Contents of the official DSTs: InttRawHit with other tracking detectors

- Path:/sphenix/lustre@1/sphnxpro/physics/slurp/streaming/physics/run_x*
- file name: DST_STREAMING_EVENT_run2pp_new_2024p002-XXXXXXXX-YYYYY.root
- Contents:

TOP (PHCompositeNode)/
DST (PHCompositeNode)/
GL1 (PHCompositeNode)/
GLTRAWHIT (IO,Gl1Packetv2)
INTT (PHCompositeNode)/
INTTRAWHIT (IO, InttRawHitContainerv2)
MVTX (PHCompositeNode)/
MVTXRAWEVTHEADER (IO,MvtxRawkEvtHeaderv?2)
MVTXRAWHIT (IO0,MvtxRawHitContainervl)
MICROMEGAS (PHCompositeNode)/
MICROMEGASRAWHIT (IO,MicromegasRawHitContainerv1)
Sync (I0,SyncObjectvl)
EventHeader (I0,EventHeaderv1)
RUN (PHCompositeNode)/
RunHeader (I0,RunHeaderv1)
Flags (I0,FlagSavev1)
PAR (PHCompositeNode)/




Contents of the official DSTs: TrkrHit

Path:/sphenix/lustre@1/sphnxpro/physics/slurp/tracking/new_2024p007/run_x%
- file name: DST_TRKR_HIT_run2pp_new_2024p007-XXXXXXXX-YYYYY.root

- Contents:
. ublic Member Functions
TOP (PHCompositeNode)/ e .;Wgwm“

" dtor
D ST ( P H Com pO S 1 t e Noq e ) / void identify (std::.ostream &os=std::cout) const override
SynC (IO, SynCObJ eCtV1 ) void Reset () override

Clear Event

EventHeader (IO ’ EventHeade rV1 ) int isValid () cons: override

isValid returns non zero if object contains v<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>