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About this talk
This talk presents how to run your analysis codes in the Fun4All 
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

2. Checking your environmental variables

3. Running the minimal code (Fun4All_minimum.C)

4. Making/compiling your analysis module

5. Modifying your environmental variables to include your analysis module

6. Modifying and running the sample codes (Fun4All_minimum_2.C, 3, and 4)



What is Fun4All?
An analysis framework originally developed for the PHENIX experiment

what/who 
why 
where 
when→now 
how
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Why do we use Fun4All?
• 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.

what/who 
why 
where 
when→now 
how



Where is Fun4All?
• You can find it on GitHub: 

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

• You can use it in the SDCC servers.


Steps to set up Fun4All in SDCC 
1. Log in to the SDCC gateway machine: 

 $ ssh {username}@ssh.sdcc.bnl.gov 

2. Log in to the SDCC servers: 

 $ ssh {username}@sphnx{num}sdcc.bnl.gov 

{num}: 01 — 08


3. Execute the setting shell script: 
 $ source /opt/sphenix/core/bin/sphenix_setup.sh 


what/who 
why 
where 
when→now 
how

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


How?
This is the question!

what/who 
why 
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how



Why is Fun4All difficult?



Why is Fun4All difficult?

You need 
a variety of knowledge 

and experience

C++

Static 
library

automake

configure

sPHENIX 
scripts

ROOT 
macro

Compiling

make Fun4All

Linux

Git

GitHub

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.

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


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  

in your working directory


HANDS ON!
#1

https://github.com/nukazuka/INTT_Fun4All_Tutorial


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

.

├── ver2023 

├── 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

│   │   │   └── (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

│   └── cpp_basics

└── README.md

INTT_Fun4All_Tutorial repository
https://github.com/nukazuka/INTT_Fun4All_Tutorial

It belongs to my private account but not sPHENIX.← We don’t use it.

← We don’t use it, but it’s useful for beginners.

Structure:

Fun4All macro

directory for analysis module of this sample

Makefile

configuration file for autogen.sh

shell script to setup for compilation

configure

configure.ac (configuration file for autogen.sh)

some more files for the compilation

source file of analysis module

header file of analysis module

https://github.com/nukazuka/INTT_Fun4All_Tutorial


INTT_Fun4All_Tutorial repository

• sample1

- Exercise for running Fun4All.

- It contains minimum codes to show the simplest case. So it does not require any analysis 

module and does nothing.

- Also, we will check the configuration of your environment. If you have no idea what to do, 

I’ll show an example.

• sample2


- You can see how to add your analysis module.

- The analysis module (sample_module_2) just prints words on your terminal.


• sample3

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

(sample_module_3).

• sample4


- TrkrCluster is taken from a given DST and analyzed using the sample analysis module 
(sample_module_4).

Different 
from last year

Different 
from last year



INTT_Fun4All_Tutorial repository: Read README.md

README is a commonly used text file to tell what’s inside.

I put README.md in each directory for the explanation for 
the directory. It can be your hint. Read it!



What can we begin with?
A minimum program is good to start with.


In the case of C++:


sample 1



What can we begin with?
A minimum program is good to start with.


In the case of C++:


In the case of a ROOT macro:
It’s useless, I know.

It’s also useless.

sample 1



What can we begin with?
In the case of Fun4All:

terminal

Fun4All_minimum.C

This is a ROOT macro.

sample 1

Let’s see the sample code 
line by line.



What can we start with?

include statement to include fun4all/Fun4Allserver.h

To find the file


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 


You need to execute a shell script provided by 
sPHENIX to set up analysis environment:

 $ source /opt/sphenix/core/bin/sphenix_setup.sh 

sample 1



Environmental variables: Genki’s case
sample 1

• G4LEVELGAMMADATA

• 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

• G4LEDATA


• QT_GRAPHICSSYSTEM_CHECKED

• USER

• LD_LIBRARY_PATH

• LS_COLORS

• G4NEUTRONHPDATA

• PGUSER

• SSH_AUTH_SOCK

• G4ENSDFSTATEDATA

• G4RADIOACTIVEDATA

• CONFIG_SITE

• G4ABLADATA

• MAIL

• PATH

• OPT_SPHENIX

• PYTHIA8

• G4PIIDATA

• PWD

• G4PARTICLEXSDATA

• LANG

• NOPAYLOADCLIENT_CONF

• PGHOST


• MODULEPATH

• GSEARCHPATH

• PARASOFT

• QT_GRAPHICSSYSTEM

• LOADEDMODULES

• KDEDIRS

• OFFLINE_MAIN

• ITERM_ORIG_PS1

• PS1

• XPLOAD_CONFIG_DIR

• G4SAIDXSDATA

• CXX

• XERCESCROOT

• ROOTSYS

• HISTCONTROL

• CALIBRATIONROOT

• SHLVL

• HOME

• G4REALSURFACEDATA

• 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

 $ env | tr = " " | awk '{print $1}’ 



What can we start with?

include statement to include fun4all/Fun4Allserver.h

To find the file


1. Check the environment variable ROOT_INCLUDE_PATH: 
 $ echo $ROOT_INCLUDE_PATH 


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

You need to execute a shell script provided by 
sPHENIX to set up analysis environment:

 $ source /opt/sphenix/core/bin/sphenix_setup.sh 

sample 1



What can we start with?

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 : “\n” 


tr command replaces : to \n.

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

sample 1

UPDATED



tr command
sample 1 READ 

LATER



What can we start with?

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 : “\n” 


tr command replaces : to \n.


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

sample 1

← this one!



What can we start with?
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 : “\n” 


tr command replaces : to \n.


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


4. Confirmation 
 $ ls /cvmfs/sphenix.sdcc.bnl.gov/gcc-12.1.0/release/release_new/new.10/include/fun4all/Fun4AllServer.h 

sample 1

← this one!

HANDS ON!
#2

Try them

   replace it with your case

↙



What can we start with?

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 


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

Rtypes.h

Learn C language more if you don’t know.

sample 1



What can we start with?

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 


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


It’s better but still not clear… Let’s 
search the file.

Rtypes.hsample 1



What can we start with?

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 


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 {} find {} -name “libfun4all.so" 

sample 1



What can we start with?

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 


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 {} find {} -name “libfun4all.so" 

Another way I could come up:
$ for dir in `echo $LD_LIBRARY_PATH | tr : “\n”` ; do find $dir -name "libfun4all.so" ; done

HANDS ON!

#3

Try them

sample 1



What can we start with?

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

Including the header file and loading 
the shared library are for here.

sample 1



What can we start with?

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

Including the header file and loading 
the shared library are for here.

← Running analysis processes for the given number of events.
← Some processes are launched at the end of event-by-event processes.
← Just delete it.

← Just do it.
← Just do it.

sample 1



What can we start with?

HANDS ON!

#4

Execute Fun4All_minimum.C.

sample 1



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


• Outputting results to DST file(s)

• Outputting results to histograms/TTrees



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


• Outputting results to DST file(s)

• Outputting results to histograms/TTrees

Let’s try a simple case.



Sample2: Add an analysis module

Fun4All_minimum_2.C

sample 2

Updated since 
last year

added

added



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)

• implement functions in the SubsysReco (polymorphism)

• be registered to Fun4AllServer by Fun4AllServer::registerSubsystem

Analysis modulesample 2



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)

• implement functions in the SubsysReco (polymorphism)

• be registered to Fun4AllServer by Fun4AllServer::registerSubsystem

Analysis module

You can learn class inheritance (继承, 継承, 상속) 
and polymorphism (多态, ポリモーフィズム, 다형성)  
in C++ textbooks. It’s not easy to understand them 

without taking time to learn.

READ 
LATER

sample 2

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)


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

1. generating a template by CreateSubsysRecoModule.pl


 $ CreateSubsysRecoModule.pl [name_of_the_module] [options] 

Joseph’s minimum example 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


 $ make 

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


$ make install

6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH


(here is a little bit complicated. The explanation is given later.)

7. adding an include statement and R__LOAD_LIBRARY macro to your ROOT macro, 

and execute it.

(It’s also given later.)

Analysis module

↔ or using existing 
analysis module

sample 2

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


SybsysReco class Github

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.

sample 2

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 *)

Github

Init

InitRun

process_event

Reset

End

Run

ROOT

macro

ResetEvent

EndRun

ev
en

t l
oo

p

sample 2

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 *)

Github

Init

InitRun

process_event

Reset

End

Run

ROOT

macro

ResetEvent

EndRun

The main part of your analysis

Preparation for the run. For example, making histograms.

Finalization. Writing histogram objects to output files, etc.

ev
en

t l
oo

p

sample 2

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


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

1. generating a template by CreateSubsysRecoModule.pl


 $ CreateSubsysRecoModule.pl [name_of_the_module] [options] 

Joseph’s minimum example 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


 $ make 

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


$ make install

6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH


(here is a little bit complicated. The explanation is given later.)

7. adding an include statement and R__LOAD_LIBRARY macro to your ROOT macro, 

and execute it.

(It’s also given later.)

Analysis module

Let’s use 
sample_module_2

sample 2

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


make and Makefilesample 2

See the tutorial in the INTT workshop@NWU in Jan/2024

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


比較的大規模な 
プログラム構築のやり方


糠塚 元気 (理研/RBRC)

2024 / 01 / 17—18 

sPHENIX INTT Analysis Workshop@NWU



このチュートリアルでやること

プログラムを書く

sample1.cc

プログラムをコンパイルする

実行する

例

$ g++ sample1.cc

例

$ ./a.out

Sample1, 2, 3

sample4.cc

プログラムをコンパイルする

実行する

例

$ g++ sample4.cc

例

$ ./a.out

Sample4

sample4.h

メインコードの一部を
ヘッダーファイルに移す

準備運動

sample5.cc

プログラムをコンパイルする

ここがややこしい

実行する

例

$ ./a.out

Sample5

sample5.h

関数を別コードに移し、 
メインコードと合わせてコンパイルする

function5.cc function5.h

include

in
cl
ud
e

in
cl
ud
e

include



C++ sample5: 関数をヘッダーファイルとソースファイルに分けて書く

sample5.cc

function5.cc

function5.h



C++ sample5: 関数をヘッダーファイルとソースファイルに分けて書く

sample5.cc

プログラムをコンパイルする

ここがややこしい

実行する

function5.cc function5.h

in
cl
ud
e

include

サンプル 4 の function4.h の中身を


• double ReturnTwice( double x ) の宣言を function5.h


• double ReturnTwice( double x ) の定義を function5.h

に分けてみる


問題：複数のソースファイルをどう取り扱う？

A.全部いっぺんにコンパイルする


 $ g++ sample5.cc function5.cc 

B.ソースファイルごとにコンパイルして、最後にまとめる


 $ g++ -c sample5.cc             

 $ g++ -c function5.cc           

 $ g++ sample5.o function5.o     


C. function5 から（共有）ライブラリを作成し、sample5.cc コンパイル時
にライブラリを読み込む。

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

 $ g++ -L. -lfunction5 sample5.cc                    

← 中間ファイル sample5.o 生成 
← 中間ファイル function5.o 生成 
← sample5.o と function5.o から 
　a.out を作成

実習
～20 分



C++ sample5: 資料
コンパイル方法 B: ソースファイルごとにコンパイルして、最後にまとめる 
（分割コンパイル）

ファイルごとにコンパイルするので、必要なものだけコンパイルし直すことも可能。 
大規模なプログラムでは必須。



C++ sample5: 資料
コンパイル方法 C: function5 から（共有）ライブラリを作成し、 
sample5.cc コンパイル時にライブラリを読み込む。

広く使い回されるプログラムはライブラリとして作ることが多い。 
Fun4All では自分の analysis module を共有ライブラリとして作成し、ROOT マクロで読み込んでいる。

共有ライブラリ作成に必要なオプション

共有ライブラリ名は 
lib + 任意 + .so 
とするのが普通

ライブラリ検索場所を追加するオプション 
カレントディレクトリ . を追加している

使用するライブラリを追加するオプション 
-l + (共有ライブラリ名から lib と .so を取ったもの)とする



C++ sample5 + α:  
関数をヘッダーファイルと 
ソースファイルに分けて書く
分割コンパイルは便利だが、手動は面倒 
make コマンドで自動化してみる 

make には Makefile で何をどう make 
するかルールを記述する必要がある

引用

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


C++ sample5: 資料
コンパイル方法 B: ソースファイルごとにコンパイルして、最後にまとめる 
（分割コンパイル）、愚直に書いてみる

1. sample5_2 は、sample5.o と function5.o に
依存してると書いてある 

2. sample5.o と function5.o を作る 
3. それらを使って sample5_2 を作る

INTT_Fun4All_Tutorial/cpp_basics/answers/Makefile



C++ sample5: 資料
コンパイル方法 B: ソースファイルごとにコンパイルして、最後にまとめる 
（分割コンパイル）、スマートに書いてみる

$@ : 作るものの名前に置換される 
$^ : 依存するファイル名に置換される 
$< : 最初の依存するファイル名に置換される 
%: ワイルドカード（任意の文字列）

ここはしょうがない

INTT_Fun4All_Tutorial/cpp_basics/answers/Makefile



C++ sample5: 資料
コンパイル方法 C: function5 から（共有）ライブラリを作成し、 
sample5.cc コンパイル時にライブラリを読み込む。

INTT_Fun4All_Tutorial/cpp_basics/answers/Makefile



I. You are at Fun4All_samples. Move to sample_module_2

 $ cd sample_module_2 


II. Make a build directory

 $ mkdir build  
build directory contains files generated during compilation to avoid confusion.


III. 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.


IV. Move to the build directory

$ cd build 

Making an analysis modulesample 2



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.

Making an analysis module
$ tre -l 2 -a

.

├── ltmain.sh

├── Makefile.am

├── Makefile.in

├── aclocal.m4

├── autogen.sh

├── config.guess

├── README.md~

├── config.sub

├── configure

├── configure.ac

├── depcomp

├── install-sh

├── missing

├── tutorial.cc

├── tutorial.h

├── README.md

├── build

│   ├── config.log

│   ├── testexternals.cc

│   ├── config.status

│   ├── testexternals.o

│   ├── Makefile

│   ├── .deps

│   ├── libtool

│   ├── tutorial.lo

│   ├── libtutorial.la

│   └── testexternals

├── install

└── autom4te.cache


← You are here

sample 2



VI. compiling the analysis module by make

 $ make  
 
 
 
 
 
 
 
 
 
To check whether compiling was done successfully: $ echo $? 


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

$ make install 

Making your own analysis modulesample 2



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

 $ make install 

Making your own analysis module

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

sample 2



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

1. generating a template by CreateSubsysRecoModule.pl


 $ CreateSubsysRecoModule.pl [name_of_the_module] [options] 

Joseph’s minimum example 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


 $ make 

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


$ make install


Analysis module

Let’s use 
sample_module_2

HANDS ON!

#5

Try them

sample 2

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


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 ROOT to find header files

The basic setup of them is done by /opt/sphenix/core/bin/sphenix_setup.sh.

Making your own analysis module

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

Here, sed_path command 
is defined by Genki:

sample 2



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] 
… 

Making your own analysis modulesample 2



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, 


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/tg01/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 modulesample 2



7. adding an include statement and R__LOAD_LIBRARY macro to your ROOT macro. 
and execute it!

Making your own analysis modulesample 2



6. setting your LD_LIBRARY_PATH and ROOT_INCLUDE_PATH

7. run Fun4All_minimum_2.C

Analysis module

HANDS ON!

#6

Try

them

Write 2 lines to 
${HOME}/.bashrc →

Change the path to your install directory’s path.

sample 2



Practical example

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

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 ← but it does nothing…

• running your analysis codes


• Outputting results to DST file(s)

• Outputting results to histograms/TTrees



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/lustre01/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)/

         GL1RAWHIT (IO,Gl1Packetv2)

      INTT (PHCompositeNode)/

         INTTRAWHIT (IO,InttRawHitContainerv2) ← Data of raw hits of INTT

      Sync (IO,SyncObjectv1)

      EventHeader (IO,EventHeaderv1)

   RUN (PHCompositeNode)/

      RunHeader (IO,RunHeaderv1)

      Flags (IO,FlagSavev1)

   PAR (PHCompositeNode)/

DST



Data process flow and data type

ROC
Bus-extender
111 cm

Conversion

cable

15 cm Optical


fibers

INTT FELIX server

FELIX board
INTT

Buffer box

at 1008

Storage 
at SDCC

evt files evt files

Private/Special DST files 
/sphenix/tg/tg01/commissioning/INTT/data

We are no longer recommended to use private DSTs. 
Special DSTs due to technical difficulties are OK.


Offical DST files 
/sphenix/lustre01/sphnxpro/physics/slurp/

Please use them if you don’t have technical issues.

There are a lot of types of DSTs. Chaotic…

Data
 


prod
uc

tio
n

DST



Official DSTs
/sphenix/lustre01/sphnxpro/

├── bbox3

├── db_bkup

├── testbed

├── beam

├── ml

├── bbox1

├── mlp

├── cosmics

├── 1008_backup

├── physics

├── bbox5

├── bbox2

├── slurp

├── calib

├── slurptest

├── mdc2

├── tchou

├── HPSS_Status

├── run1auau_pi0_calib

├── t1044

├── bbox4

├── production

├── liumigrate

├── bbox0

├── commissioning

├── scratch

└── sdcc

/sphenix/lustre01/sphnxpro/physics

├── tpc

├── INTT

├── GL1

├── run2pp

├── mbd

├── ZDC

├── MVTX

├── slurp

├── online_monitoring

├── run2auau

├── mbdcalib

├── TPOT

├── LL1

├── emcal

├── HCal

└── TEST

/sphenix/lustre01/sphnxpro/physics/slurp/

├── calocosmics

├── jetproduction

├── cosmics

├── caloy2test

├── tpccosmics

├── caloy2calib

├── streaming

│   ├── cosmics

│   ├── physics

│   └── fast

├── fast_tracking

├── calobeam

├── calophysics

├── tracking

│   ├── run_00050900_00051000

│   ├── run_…

├── caloy2fitting

├── tpccalib

├── tpcbeam

├── junkdrawer

└── TEST

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

SLURP (sPHENIX Ligtweight Utilities for Realtime Production )

See here for more details
DST

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

• Path: /sphenix/lustre01/sphnxpro/physics/slurp/streaming/physics/inttonlyrun_*

- file name: DST_INTT_EVENT_run2pp_new_2024p002-XXXXXXXX-YYYYY.root

- Contents:

TOP (PHCompositeNode)/

   DST (PHCompositeNode)/

      GL1 (PHCompositeNode)/

         GL1RAWHIT (IO,Gl1Packetv2)

      INTT (PHCompositeNode)/

         INTTRAWHIT (IO,InttRawHitContainerv2)

      Sync (IO,SyncObjectv1)

      EventHeader (IO,EventHeaderv1)

   RUN (PHCompositeNode)/

      RunHeader (IO,RunHeaderv1)

      Flags (IO,FlagSavev1)

   PAR (PHCompositeNode)/

XXXXXXXX: run number

YYYYY: segment number

sPHENIX Doxygen > InttRawHit

InttRawHit is a class for raw hits of INTT. 
Parameters are almost same as those in testbench.  

•GTM BCO

40 bits unsigned integer


•Packet ID, i.e. FELIX server ID

3001—3008


•word


•ID of fee (front end electronics), 
which means a half-ladder (0—13)

•ID of the channel (silicon strip)

0—127

•ID of the chip (silicon chip)

1—26

•ADC value

0—7

•FPHX BCO value

0—127

•for debugging


•for debugging


•amplitude of calibration pulse 

0—63

DST

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


Contents of the official DSTs: InttRawHit with other tracking detectors

• Path:/sphenix/lustre01/sphnxpro/physics/slurp/streaming/physics/run_*

- file name: DST_STREAMING_EVENT_run2pp_new_2024p002-XXXXXXXX-YYYYY.root

- Contents:

TOP (PHCompositeNode)/

   DST (PHCompositeNode)/

      GL1 (PHCompositeNode)/

         GL1RAWHIT (IO,Gl1Packetv2)

      INTT (PHCompositeNode)/

         INTTRAWHIT (IO,InttRawHitContainerv2)

      MVTX (PHCompositeNode)/

         MVTXRAWEVTHEADER (IO,MvtxRawEvtHeaderv2)

         MVTXRAWHIT (IO,MvtxRawHitContainerv1)

      MICROMEGAS (PHCompositeNode)/

         MICROMEGASRAWHIT (IO,MicromegasRawHitContainerv1)

      Sync (IO,SyncObjectv1)

      EventHeader (IO,EventHeaderv1)

   RUN (PHCompositeNode)/

      RunHeader (IO,RunHeaderv1)

      Flags (IO,FlagSavev1)

   PAR (PHCompositeNode)/

DST



Contents of the official DSTs: TrkrHit

InttRawHit

Hits from other tracking detectors TrkrHit TrkrCluster

clusteringhot channel rejection

BCO filter

clone hits removal (not on purpose)

TrkrHit

• Path:/sphenix/lustre01/sphnxpro/physics/slurp/tracking/new_2024p007/run_*

- file name: DST_TRKR_HIT_run2pp_new_2024p007-XXXXXXXX-YYYYY.root

- Contents:

Our starting point

If you want to analyze hits but not 
clusters without hot channels and clone hits, 
it can be a choice.

For most of the studies at 
a higher level, you can use it.

DST

TOP (PHCompositeNode)/

   DST (PHCompositeNode)/

      Sync (IO,SyncObjectv1)

      EventHeader (IO,EventHeaderv1)

      TRKR (PHCompositeNode)/

         TRKR_HITSET (IO,TrkrHitSetContainerv1)

   RUN (PHCompositeNode)/

      RunHeader (IO,RunHeaderv1)

      Flags (IO,FlagSavev1)

      CYLINDERGEOM_MVTX (IO,PHObject)

      CYLINDERGEOM_INTT (IO,PHObject)

      CYLINDERCELLGEOM_SVTX (IO,PHObject)

      CYLINDERGEOM_MICROMEGAS_FULL (IO,PHObject)

      GEOMETRY_IO (IO,PHObject)

      CdbUrl (IO,CdbUrlSavev1)

   PAR (PHCompositeNode)/

https://sphenix-collaboration.github.io/doxygen/da/d9b/classTrkrHit.html


Contents of the official DSTs: TrkrCluster

• Path:/sphenix/lustre01/sphnxpro/physics/slurp/tracking/new_2024p007/run_*

- file name: DST_TRKR_CLUSTER_run2pp_new_2024p007-XXXXXXXX-YYYYY.root

- Contents:

InttRawHit

Hits from other tracking detectors TrkrHit TrkrCluster

clusteringhot channel rejection

BCO filter

clone hits removal (not on purpose)

TrkrCluster
TOP (PHCompositeNode)/

   DST (PHCompositeNode)/

      Sync (IO,SyncObjectv1)

      EventHeader (IO,EventHeaderv1)

      TRKR (PHCompositeNode)/

         TRKR_CLUSTER (IO,TrkrClusterContainerv4)

         TRKR_CLUSTERCROSSINGASSOC (IO,TrkrClusterCrossingAssocv1)

   RUN (PHCompositeNode)/

      RunHeader (IO,RunHeaderv1)

      Flags (IO,FlagSavev1)

      CYLINDERGEOM_MVTX (IO,PHObject)

      CYLINDERGEOM_INTT (IO,PHObject)

      CYLINDERCELLGEOM_SVTX (IO,PHObject)

      CYLINDERGEOM_MICROMEGAS_FULL (IO,PHObject)

      GEOMETRY_IO (IO,PHObject)

      CdbUrl (IO,CdbUrlSavev1)

   PAR (PHCompositeNode)/

DST

https://sphenix-collaboration.github.io/doxygen/d6/dfa/classTrkrCluster.html


Contents of the official DSTs: SiliconTrackSeedContainer

• Path:/sphenix/lustre01/sphnxpro/physics/slurp/tracking/run_*

- File name: DST_TRKR_SEED_run2pp_new_2024p007-XXXXXXXX-YYYYY.root

- Contents

TOP (PHCompositeNode)/

   DST (PHCompositeNode)/

      Sync (IO,SyncObjectv1)

      EventHeader (IO,EventHeaderv1)

      SVTX (PHCompositeNode)/

         SiliconTrackSeedContainer (IO,PHObject)

         TpcTrackSeedContainer (IO,PHObject)

         SvtxTrackSeedContainer (IO,PHObject)

   RUN (PHCompositeNode)/

      RunHeader (IO,RunHeaderv1)

      Flags (IO,FlagSavev1)

      CYLINDERGEOM_MVTX (IO,PHObject)

      CYLINDERGEOM_INTT (IO,PHObject)

      CYLINDERCELLGEOM_SVTX (IO,PHObject)

      CYLINDERGEOM_MICROMEGAS_FULL (IO,PHObject)

      GEOMETRY_IO (IO,PHObject)

      CdbUrl (IO,CdbUrlSavev1)

   PAR (PHCompositeNode)/

SiliconTrackSeed implemented by the tracking group is the tracking results using MVTX + INTT.

SvtxTrackSeed uses all tracking detectors to reconstruct tracks.

But I haven’t touched them yet…

DST



Sample3: Analyzing InttRawHitsample 3

Fun4All_minimum_3.C

sample_module_3/tutorial.h

sample_module_3/tutorial.cc

Let’s grab an official DST to analyze INTT raw hits.

• Use Fun4All_minimum_3.C and sample_module_3

DST is read in a Fun4All macro. See next page.

Use analysis module #3

Tip: You can set the level of information to be 
printed on your terminal using 
SubsysReco::Verbosity function 

← Path to the DST file to be used. Only file name is actually OK.



Reading a DST filesample 3

Single file:

Single file (old method but event skipping works):

Multiple files:

You need to read DST(s) in your Fun4All 
macro using Fun4AllInputManager.

You need to include some header files.

Discussion in Mattermost

Including header files:

https://chat.sdcc.bnl.gov/sphenix/pl/8xrupp1qg3dzzbk3jajzx5y1zr


Analysis module #3: sample_module_3/tutorial.h

for output

← The actual analysis codes are written in this function.

sample 3



sample 3

Init

InitRun

process_event

Reset

End

Run

macro

ResetEvent

EndRun

ev
en

t l
oo

p
Analysis module #3: sample_module_3/tutorial.cc

← ROOT file preparation for output

Contractor and destructor 

Init function

End function

← Histogram preparation

← Writing the histogram to the output ROOT file
← Closing the output ROOT file

http://tutorial.cc


sample 3

← If InttRawHitContainer node is not found, it’s better to skip this event for safety.

Init

InitRun

process_event

Reset

End

Run

macro

ResetEvent

EndRun

ev
en

t l
oo

p
Analysis module #3: sample_module_3/tutorial.cc

To access InttRawHit, you need to get an InttRawHitContainer.

Through the InttRawHitContainer, you can get InttRawHit

(see next page)

http://tutorial.cc


sample 3
getting the number of raw hits in this event 
and filling the histogram with it

← If you set the verbosity level higher than 1, parameters 
are printed on you terminal

Init

InitRun

process_event

Reset

End

Run

macro

ResetEvent

EndRun

ev
en

t l
oo

p
Analysis module #3: sample_module_3/tutorial.cc

for loop over all InttRawHit

these are all methods to 
access raw hit’s parameter

http://tutorial.cc


Analysis module #3: sample_module_3/tutorial.cc
Example1 (Verbosity Lv. 0)

Example2 (Verbosity Lv. 1)

Example3 (Verbosity Lv. 2)

sample 3

http://tutorial.cc


Analysis module #3: Hands onsample 3

Let’s try

1. Compile and install sample_module_3


1.1. $ mv sample_module_3                    

1.2. $ mkdir build                           

1.3. $ mkdir install                         

1.4. $ cd build                              

1.5. $ ../autogen.sh —prefix=$PWD/../install 

1.6. $ make install                          


2. Modify your environmental variable

2.1. ROOT_INCLUDE_PATH

2.2. LD_LIBRARY_PATH


3. Run Fun4All_minimum_3.C with verbosity level 0, 1, and 2

3.1.Verbosity level 0: analysis_module->Verbosity( 0 );  

$ root -q -b ‘Fun4All_minimum_3.C(1000)’          

3.2.Verbosity level 1: analysis_module->Verbosit ( 1 );  

$ root -q -b ‘Fun4All_minimum_3.C(1000)’          

3.3.Verbosity level 2: analysis_module->Verbosity( 2 );  

$ root -q -b ‘Fun4All_minimum_3.C(1000)’          

HANDS ON!

#7



Sample4: Analyzing TrkrClustersample 4

Fun4All_minimum_4.C
Let’s grab an official DST to analyze TrkrCluster.

• Use Fun4All_minimum_4.C and sample_module_4


The main difference between this Fun4All macro to 
the previous is the use of Acts geometry. It’s needed 
to get cluster position in the lab frame.

Only the first part for including headers are shown.
Link

https://github.com/sPHENIX-Collaboration/macros/tree/master/detectors/sPHENIX


Sample4: Analyzing TrkrClustersample 4

Fun4All_minimum_4.C
Another point here is that you need to include 
some .C files which are not in coresoftware 
repository. They are in macros repository.

Only the first part for including headers are shown.
Link

Link

https://github.com/sPHENIX-Collaboration/coresoftware
https://github.com/sPHENIX-Collaboration/macros/tree/master
https://github.com/sPHENIX-Collaboration/macros/tree/master/detectors/sPHENIX
https://github.com/sPHENIX-Collaboration/macros/tree/master/common


Sample4: Analyzing TrkrClustersample 4

Fun4All_minimum_4.C
Another point here is that you need to include 
some .C files which are not in coresoftware 
repository. They are in macros repository.

There are 2 solutions:


1. Copy all files from the repository to the directory 
where this Fun4All macro is. I guess everyone in 
sPHENIX takes this way.


2. Setting the path to the directories in the repository to 
ROOT_INCLUDE_PATH. setup_local.sh cannot do it. 
You need to do it by yourself.

Only the first part for including headers are shown.

https://github.com/sPHENIX-Collaboration/coresoftware
https://github.com/sPHENIX-Collaboration/macros/tree/master


Sample4: Analyzing TrkrClustersample 4 Fun4All_minimum_4.C

This part is needed to get the cluster position in the lab frame.

These are preparation for Acts geometry, which is mainly used 
for track reconstruction.



Sample4: Analyzing TrkrClustersample 4 Fun4All_minimum_4.C

Your analysis module is generated and assigned here



Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.hsample 4

The first part of tutorial.h. Lots of header files are 
included than before.

← for Acts geometry (libtrack.so is needed)

← for TrkrCluster

← for TrkrCluster



Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.hsample 4

Public members in tutorial class.

Functions are same as sample #3.



Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.hsample 4
Private members in tutorial class.

Many variables and 2 TTrees are added for output.

← TTree for event information. It’s written to the output ROOT file.

← TTree for cluster information. It’s written to the output ROOT file.

← Initialize/Reset variables of cluster-base TTree.

variables

for event-base TTree

variables

for cluster-base TTree



Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.cc

Functions which do nothing

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p
sample 4

Constructor and destructor

http://tutorial.cc


Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.ccsample 4

← Preparation of the output ROOT file

Preparation of 

for event-base TTree

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p

Preparation of 

for cluster-base TTree

Trees are written into the ROOT file, 
and the ROOT file is closed.

http://tutorial.cc


Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.ccsample 4

← Initialize/Reset variables of cluster-base TTree.

variables

for event-base TTree

node for TrkrCluster

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p

node for ActsGeometry

node for EventHeader

http://tutorial.cc


Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.ccsample 4

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p

Event information is taken from EventHeader 
and assigned to the variables

The part of cluster analysis is written in another 
function because it’s long.At the end of event process, the event-base 

TTree is filled.

http://tutorial.cc


Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.ccsample 4

← For loop over 4 INTT layers

Counting #cluster

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p

process_event

↑

For loop over clusters on this INTT layer

TrkrClusterContainer

→ pair or cluster key & TrkrCluster

cluster key

TrkrCluster

http://tutorial.cc


Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.ccsample 4

↑

Getting cluster position in the lab frame by using Acts geometry.

It’s necessary because cluster key & TrkrCluster have only position 
in the INTT ladder. 

↑

The cluster variables are used to fill the cluster-base TTree and reused. If a 
value cannot be obtained for a cluster, the parameter value for the 
previous cluster is used. It’s good to assign a default value before reusing.

Getting cluster information 
and assigning them to the variables.

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p

← Don’t forget to fill cluster-base TTree

http://tutorial.cc


Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.ccsample 4

Rest part of tutorial::cluster_analysis

All get functions of TrkrCluster are written here

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p

http://tutorial.cc


Sample4: Analyzing TrkrCluster: sample_module_4/tutorial.ccsample 4

Init

InitRun

process_event

Reset

End

Run

ResetEvent

EndRun

ev
en

t l
oo

p

ResetClusterLoop function to be executed at the end of cluster loop

ResetEvent function to be executed at the end of event

http://tutorial.cc


Analysis module #4: Hands on

Let’s try

1. Compile and install sample_module_4


1.1. $ mv sample_module_4                    

1.2. $ mkdir build                           

1.3. $ mkdir install                         

1.4. $ cd build                              

1.5. $ ../autogen.sh —prefix=$PWD/../install 

1.6. $ make install                          


2. Modify your environmental variable

2.1. ROOT_INCLUDE_PATH

2.2. LD_LIBRARY_PATH


3. Run Fun4All_minimum_4.C

3.1.$ root -q -b ‘Fun4All_minimum_4.C( 1000 )’ 

Note: The official DST contains only 100 events. To analyze 
more events in a single process, you need to make a list of 
DSTs to be analyzed and use 
 Fun4AllInputManager::AddListFile 

HANDS ON!

#8

After step 2.2, execute 
 $ export ROOT_INCLUDE_PATH=/sphenix/tg/tg01/commissioning/INTT/repositories/
macros/common:${ROOT_INCLUDE_PATH}

Note: setup_local.sh always overwrite configurations.

sample 4



Analysis module #4: Hands on

Let’s try

4. Check the output ROOT file

sample 4

HANDS ON!

#8
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HANDS ON!

#8

Let’s try

5. Draw some histograms

Event-base

#cluster

Event-base, #cluster on

outer barrel vs inner barrel

cluster-base, x vs y cluster-base, ADC

cluster-base,

cluster phi size



Analysis module #4: Hands on

Let’s try

5. Draw some histograms (hint)        


5.1. NoMachine user: just run root command

5.2. VS code user: look ROOT file in VS code

5.3.terminal user: send ROOT file with scp command 

Example: $ scp sphnx03:/sphenix/u/nukazuka/work_now/tutorial_sample4.root .

HANDS ON!

#8

sample 4



Analysis module #4: Homeworksample 4

• Learn class inheritance in C++.

• Learn polymorphism.

• Learn the environment variable LD_LIBRARY_PATH

• Complete cluster φ, θ, η calculation. If some more information is needed for the calculation, just assume the 

simplest case.


