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Whatis it ?

Well, it is:

* A library: ROOT is a very large class library consisting of specialized
smaller libraries. ROOT libraries can be included in user programs and be
used as external libraries:
+= GUI development library
+ Library providing signal-slot mechanism
+ L ibraries encapsulating functions for data analysis, elc.

+ A CIC++ interpreter: ROOT has CINT -an embedded C interpreter- which
allows easy algorithm development. You can execute C/C++ statements just
like executing commands on a Linux shell or like writing shell scripts.
= This way of working generates applications running slower, however:

-+ Development is faster and in case of necessity the scripts can easily be
compiled into *.so objects/libraries which allows faster execution

+ A framework: ROOT provides the infrastructure needed by the physicists
to work
+ Interpreter, histograming and analysis functions, GUI development
capability, 1/O functions, class libraries, parallel processing and threads,
functions specific to sockets and network communication, etc. These are
all ready to use, minimizing the effort of development.
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Why is it good ?
Because of the supposed fact that:

* There are advantages of working within a framework, such as the following:
~ No need to write many commands to achieve a specific functionality
+~ High reliability of developed code due to extensive library usage
-~ Consistent class hierarchy of the developed code
+ Flexibility of a modular architecture, thus “develop-and-reuse” is easier
+ Physicist can focus on his/her subject more

root [0] TF3 f1("HelloWorld", ,-10,10,-10,10,-10,10)
root [1] £1 Draw()
<TCanvas: :MakeDefCanvas>: created default TCanvas with name cl

root [2] HelloWorld->SetTitle(
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Why is it good ?
Because of the supposed fact that:

* There are advantages of working within an object-oriented framework:

-+ Specific to object-oriented languages, the data are embedded within the
class instances, allowing easier abstraction, and leading to more develop-
and-reuse of library components

- Generation of classes out of other classes allows further development
and/or modification of already existing classes

+~ Hierarchy of classes resembles conceptual hierarchy of real-world objects
allowing easy abstraction/development

-~ Developed code is far from being complex, the data are localized within
class instances and are not distributed over many global variables as it is the
case for procedural approach (e.g. C or FORTRAN)

= Removing and/or adding new classes into the developed code does not
change the architecture therefore an architecture can be maintained during
development 4
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Installation & tie fighter math

VVVVVVYVVYV

Intended usage ?

tar root v5.22.00.source.tar.gz
export ROOTSYS=$HOME/root
export PATH=$PATH:S$SROOTSYS/bin

export LD LIBRARY PATH=$LD LIBRARY PATH:$ROOTSYS/lib

cd root
./configure

make

sudo make install

root -1

TF3 tieFighter = new
TF3("tieFighter"," (x"2+y"2+272<0.2)+
((y"2+2°2<0.08) * (x<0.4)*(x>0) )+
(x"2+4*y"2<(1-TMath::Abs(z))*0.12)+
((TMath: :Abs (2)<0.95) * (TMath: :Abs (2)
>0.9) *(TMath: :Abs (x)

+TMath: :Abs(y)*0.3<1) )+

((TMath: :Abs(z)<1)* (TMath: :Abs (z)>0.
89))*((TMath: :Abs(x)<0.7)* (TMath: :Ab
s(y)>0.9)+(TMath: :Abs(y)<0.035)+
(x>y*0.7-0.05) * (x<y*0.7+0.05)+ (-
x>y*0.7-0.05) * (-x<y*0.7+0.05)+
((TMath: :Abs (x)

+TMath: :Abs(y)*0.3<1.05) * (TMath: :Abs
(x)+TMath: :Abs(y)*0.3>0.95)))", -
1.1,1.1,-1.1,1.1,-1.1,1.1);

> tieFighter->Draw()

|]|] + Set environment,
configure, compile
and ROOT is ready
to be used.
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Usage - ROOT Command Line

Invoking commands
* Invoking C/C++ statements just like invoking shell commands

+ Almost all C/C++ phrases and all classes of ROOT can be used without
the need for inclusion such as “#include<stdio.h>". You even do not
have to start a function properly like: “int main()’. Example: we create an
Instance of the ROOT class named TBrowser and call its instance as

“myBelovedBrowser” below: — A CTOE
;%ﬁé} E "‘ |Contrts of “hoor g ;
myBelovedBrowser &= = = = =
S o0 282

= Or we write a loop on the fly: = s &8 & & }

root [0]

end with '}', '@':abort > "Square root of %d is %d \n"
end with '}', '@':abort >

Square root of 0 is 0O

Square root of 1 is 1

Square root of 4 is 2

Square root of 9 is 3

Square root of 16 1is
Square root of 25 is
Square root of 36 1is
Square root of 49 is
Square root of 64 1is
Square root of 81 is
root [1]
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Usage - Scripting

An example script to compare two current-mode D/A architectures BWA

+ A 10-Bit current-mode D/A converter @@% @
* Two possible architectures v

*+ Have to choose one MSB1

* Need for qualitative comparison ___TCA
* Monte Carlo (MC) is a must @@@@X@@@@@@@@X@

+ Generate random numbers out of a Gaussian with a X of 1 and a o of 0.02

= L et these numbers to be the unit current sources forming the two D/As
= TCA Case: each step is represented by an addition of a single current
source defining the output voltage
+ BWA Case: let the sum of the first 2™¥ sources form MSB, sum of the
next 2N sources to form the next bit after MSB, and so on.
= Calculate INL and DNL for both of the architectures in RMS and compare.

. T T
R R, R,
N B " Vom] Vo
2N 24 2°
..... 1 2 - .I\:|-1 N
MSB-0 MSB-1 LSB-1 LSB-0 Binary-to-Thermometer Decoder D, 8

Binary weighted (BWA) Thermometer coded (TCA)



Usage - Scripting

An example script to compare two current-mode D/A architectures

File Ecdit View Sesarch Tools Documents Help File Ecdit View Sesarch Tools Documents Help
= B 4 & O & .8 a9 e B 4 &

197 delta_dac-=0raw(];
198 padl->cd(18);
199 b cunulatif-=Draw();

&2 TCanvas *cl = new TCanve Thaty vs Thermomeler”,1200,850);
43 TPad *padl = new TPad('padl"

New Open Find Replace New Open Save | Print.. | Undo Redo | Cut Copy Paste = Find Replace
[ mimariKarsilastinici.C 3¢ |D mimariKarsilastinici2.C 3¢ |
271 ~ 152 D_INL[I]=(1T1.U O_aac[1]]; -~
28 JROOT->Reset() ; 1832 b rms_inl-=SetBinContent(i, b_rms_inl-=GetBinContent[i)+b inl[i]#*b inl[i]);
29 ! 184 if (i=0 && i<nop) { )
30 // edit thesse parameters for other sinulations ----------- 185 b_dn1[1—1]=£u[@J—b_dac[l]fb_dac[l-l]; . PP, .
31 int noofbits=10: 186 b rms_dnl-=SetBinContent(i-1, b rms _dnl-=GetBinContenz(i-1}+(b _dnl[i-1]-Tu[g
32 int noofiterationérms=180, nob=1088; // nob : no of bins in distro e ¥ . . . . . ,
3 double signa=0.32, centroid=1.9; 188 b dac_inl-=SetBinContent(i, b _inl[i]-Iu[8]};
34 const Int t FUI.’JA"[E _ 59 o 189 if (i=0) b dac_dnl-=SetBinContent(i-1, b dnl[i-1]);
=2 35  bool updalz==kTRUE; s )
o)) by, 191 padl-=cd(12);
% 192 b dac_inl-=Draw();
. e o 193 padl-=cd(13);
int nop=pow(2.®, noofbits); L.
-8 int boyut = pow(2, 1*noofbits); o t_n?dac_gnlfurau.(],d .
Or 40 do Iu[boyut]; // 2"noofbits current source 195 if (updats) cl-=Update();
et 41 int Lastl ted=9; 196 padl->cd(17);
b |
o
N

nit Current Sourcc",0.0,0.0,1.9,1.0);

0 44 padl->Draw() ; ! -
! 45 padl->Divide(s, 4, 6.061, 6.081); 268 padl>cdQ1);
- 46 padl->cd(5)->SetFillColor(47);\ padl->cd(5]->SetGrid() ; s _dac_ter->Draw();
(@) &7 padl-=cd(6) ->SetFillColor(47); \ padl->cd(6)-=SetGridi) ; TE } 7 end 1
(o} 28 padl->cd(/)->Setrilllolor(4/); \padl->cd(/]->SetGridi) ; S04 // end loop

<9 padl-=cd(8)->SetFillColor(47); adl-»cd(8]-=SetGrid() ; A ) ) . ;
% 50 padl-=cd(9)->SetFillColor(17); kadl->cd(9]->SetGrid() ; 205 for (int i=6 ; i<nop ; i++] { // calculate RMS . L
- 51 pad1->cd(19) ->SetFillcalor(47); padl->cd(10)->SetGrid(); 206 _rms_t_iac->SatI31nContent|_1, s_.qrt(rms_dz_ic—>GetBlnConten_(1)/noof1_erat;on4rms)_);
(= 52 padl->cd(11)->S2tFillColor(21); pydl->cd(17)->SetGrid(); 267 if (1<nop-1) rms_dnl->SetBinContent(i, sqrt({mms dnl->GetBinConzent(1)/nootiterat
Q 53 padl—»cd(lz)->SatFilLColor(21): P 1—>cd(1i)—>5etGrid(): 2688 rms_inl-=SelBinConlenlii, sqri{rms_inl-=GelBinConlen.(i)/noulileraliondrms));
8 54 padl—»cd(13)->S=tFilLColor(21): pa 1—>cd(13)—>5etGrid(): 269 b_rms_dac »SctBinContent(i, sgrt(b_rms dac >GetBinContent{i)/noofiterationdrms))
.8 55 padl—»cd(lﬁl]->S;tF11Lcolor(21); pa —>cd(14]—>setﬁr1d(); 218 if (i<nop-1) b_rms_dnl-=SetBinContentii, 1.55-3*(-Iu[8]/2+sgrt{b _rms_dnl-=GetBin
e 56 padl->cd(15)->S=trillColor(21); pad\-»cd(15)->SetGrid(); g%; ) b_rms_inl-=SetBinContent (i, sqgrtib_rms_inl->GetBinContent[i)/noofiterationdrms))
] - 5)- i k] . _ - i .
S 2; padl-=cd(15)-=S2tFillColor(21); padl)\->cd(16)-=SetGrid(); 213 pad1->cd(8) ;
"6 59 padl-»>cd(1); 214 rms_dac-=Draw();
= 60  THIF *h1f = new THIF("h1f", "Test ranNom numbers”,nob,0.9,1.1); 215 padl->cd(9);
Q 61  THIF *h1f ins = new THIF("hif ins", "Qurrent Iu[i] Set", nob, 0.9, 1.1); 216  ras_inl >Draw();
< 62  THIF *h1fZ= new THLF("h1fz","Test randym numbers COPY",nob,@.9,1.1); 217 padl->cd(16);

63  TGraph *graph = new TGraph(nop); 218 rns_dnl->Draw() ;

64  graph->SetMarkerSize(0); 219 padl->cd(14); .

65 TF1 #*gaus = new TF1("gaus","gaus(@®)",0.41.1); 220 b_rms_dac->Draw();

221 padi->cd(15);
222 b rms_inl-=Draw();
223 padl-=cd(16);
224 b it
if (updatz) cl-=Update();

66 gaus-=SetParameters(l, centroid, sigma);
67 gaus-=Draw( ) ;
68 if (update) cl-=Update();

70 THIF *rms_dnl new THIF("rms_dnl", "DNL i} RMS [LSE unit]",nop 2, 8, nop 2);
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71 THIF #*rms_inl = new THIF("rms_inl", "INL i\ RMS [LSE unit]",nop, @, nop): s .
72 THIF *rms_dac = new THIF("rms_dac", "D/A OuYput in RMS [LSB unitl1".nop. 8, nop): ‘ gg;} gBenchmark->Stop('binary vs_thernometer®);

L in RMS [LSB uniz]",nop-2, 0, nop-2); |

B - v ] B
Ln 216, Col 21 ns Ln 216, Col 21 ns

i3 THIF *b rms dnl = new THIF('b rms dnl", "b

ArchitectureComparer.C
9

-+ Beware that the script does not have a name
= Note how the unnamed script starts (no
header inclusion) and ends (no return value).
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Usage - Scripting

An example script to compare two current-mode D/A architectures

+ INLs are almost identical.
u_ 3 /L ||: . * DNLs are quite different, TCA behaves
fediradn B e Fuvaiow much better, however it will occupy a
huge space on the chip layout
* Decided, designed the D/A accordingly,
delivered it to the experiment people and
published the paper

CIFC T ) el [ N L T )

e AL =8 » Mission complete !!

Used within the CMAD front-end ASIC designed for
RICH-I detector of the COMPASS experiment at CERN

Architecture Comparison Archilecture Comparison

INLs DNLs
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Digital Input Code Digital Input Code
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Usage - Compilation

Compiling a script into a “*.s0” library

+ ArchitectureComparer.C is interpreted by CINT “slowly”
+ When compiled, the script will be executed, instead of being interpreted, this is “fast
+ With almost no modification, one can compile the script into a “*.so” library
+ “_.almost no modification..” actually means:
- Header files of the classes used must be included (e.g. if TCanvas is used then |
need the following statement to be inside my code: “#include<TCanvas.h>")
= The function must be given a name, preferably same as the file name. (e.g. for
“name.C” as the file name, | would write "int name() {1}

+ Now the script is ready for being compiled into an “*,s0” lirary:

> root
root [0] Processing ArchitectureComparer.C++...

Info in <TUnixSystem::ACLiC>: creating shared library
/home/oc/Documents/HEP Okulu/workDir/root/./ArchitectureComparer C.so

+ | can use my library later at any time | wish so:

oc@olmak2:~/Documents/HEP Okulu/workDir/root$ root -1
root [0] .L

root [1] ArchitectureComparer()

11
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Usage - Compilation

Compiling a script into a “*.s0"” library

File Ecdit View Sesarch Tools Documents Help

[ M H
S Save = Print... 0 Fedo | Cut Copy Paste | Find Replace

émimariKarsilastirici.L‘ b4 DmimariKa?!{a;tirici:!.C b4 |

File Ecdit View Sesarch Tools Documents Help

27 #include <TFile.h>

28 #include <TNtuple.h=

29 #include <THZ.h>

30 #include <TProfile.h=

31 #include =TCanvas.h=

32 #include <TFrame.h>

33 #include <TROOT.h>

34 #include <TSystem.h=

35 #1nclude <TRandom.h=

36 #include <TBenchmark.h=

37 #include <TCint.h=

38 #include =TGraph.h=

39 #include <TF1.h=

40

£1 int mimariKarsilastirici2() {
gROOT-=Reszt();

jonérms=186, nob=1088; // nob : no of bins in distro
92, centroid=1.0;

52 int nop=pow(?.68, n
53 int boyut = pow(2,
54 double Tu[boyut]; //\e"noofbits current source
55 int lastincremented=3

58 padl-=Draw();
59 padl-=Nivide(s, 4, 6.061, \).06
60 padl->cd(5)->SetFillColor(
61 padl-=cd(6) ->SetFillColor(4)
62 padl-=cd(7)->SetFillColor(47N\
63 padl-=cd(&)->SetFillcolor(47) \
64 padl-=cd(9)-=5etFillColor(47);
65 padl-=cd(19)-=S=2tFillColor(47);
66 padl->cd(11)->52tFillColor(21);
67 padl-=cd(12)-=S2tFillColor(21);
68 padl-=cd(13)-=S2tFillColor(21);
69 padl-=cd(14)-=Sz2tFillColor(21);
70 padl-=cd(15) -=S2LFillCulor(21); padl
71 padl =cd(15) =SctFillColor(21);

padl->cd(5]->SetGridi) ;
padl->cd(6]->SetGridi) ;
padl->cd(7]->SetGridi) ;
padl->»cd(8)-=setaridi) ;
padl->cd(9]-=5etGridi) ;
adl-=cd(10) -=SetGrid();
dl->cd(11)->SetGrid();
1->cd(12)->SetGrid();
->cd(13) ->SetGrid();
->Cd( 14 ) ->SetGrid();
cd(15)-=SelGrid();
d{16) >SctGrid();

i3 nadl-=cd(1):

57 TPad *padl = new TPad('padl","Unit Current Source",0.0,0.0,1.8,1.0);

[>)

Mo, &8 M
New Open Save | Print... | Undo Fedo | Cut Copy Paste | Find Replace
[~ mimariKarsilastinici.C 3¢ [5) mimariKarsilastirici2.C %|
198 if (i=8 && i<nop) {
199 b dnl[i-1]=Iu[@]-b dac[i]+b dac[i-1];
260 b_rms_dnl->setBinContent(i-1, b_rms_dnl->GetBinContent(i-1)+(b_dnl[i-1]-Tu[g
201 i3
262 b dac_inl-=SetBinContent(i, b _inl[i]-Iu[8]};
263 if (i=0) b _dac_dnl->SetBinContent(i-1, b dnl[i-11);
2604 }
265 padl-=cd(12);
266 b dac_inl-=Draw();
267 padl-=cd(13);
208 b dac_dnl =Draw();
269 if (updatz) cl-=Update();
210 padl->cd(17);
211 delta dac-=Draw();
212 padl-=cd(18);
213 b _cumulatit-=Draw();
214 padl-=cd(11);
215 b dac_tcr =Draw();
216
217 } // end loop
218
219 for (int i=6 ; i<nop ; i++] { // calculate RMS
220 rms_dac->52tBinContent(i, sqrr(rms_dac->GetBinContent(i)/noofiterationdrms]);
221 if (i=nop-1) rms_dnl-=SetBinContent(i, sqrt(rms_dnl-»GetBinContent (i) /noofiterat
222 rms_inl-=SetBinContentii, sqrt{rms_inl-=GetBinContent(i)/noofiterationirms));
223 b _rms_dac-=SetRinContent (i, sqrt(b_rms_dac-=GetRinContent[i)/nonfiterationdrms))
224 if (i=nop-1) b_rms_dnl-=SetBinContentii, 1.55-3*(-Iu[8]/2+sgrt{b_rms_dnl-=GetBin
225 b rms_inl-=SetBinContent(i, sqrtib rms inl->GetBinContent[i)/noofiterationdrms))
226 }
227 padl-=cd(3);
228 rms_dac-=Draw(};
229 padl-=cd(3);
230 rms_inl-=0raw();
231 padl-=cd(16);
232 ros_dnl->Draw();
233 padl-=cd(14);
234 b rms_dac-=Draw();
235 padl-=cd(15);
236 b rms_inl-=Draw();
237 padl->cd (161,
Wmaw();
9 if (updats) cl-=Update();
240
241 gBenchmark-=SLop("binary vs_ Lhermomeler”);
242 return @;
243}

Ln1,Cal 1

-+ Beware that the script does have a name
= Note how the named script starts (header
inclusion) and ends (with a return value).

INS

Ln1,Cal 1

ArchitectureComparer2.C
12
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Usage - Compiling Standalone

Application development

+ ArchitectureComparer() can be loaded into ROOT environment by
“.L” and can be invoked as if it was a native ROOT command

* |t will be executed much faster

+ |t will need ROOT to have already been installed

* However, it is also possible to have a standalone application which

uses ROQOT classes as external libraries without the need for ROOT
environment for execution.

On-line monitoring and off-line analysis tool (MoniTorino) developed for Very first version of the data quality monitoring tool,
an educational double RPC experiment measuring angle distributions of namely MOOD (Monitor Of On-line Data),

cosmic particles at the university and INFN of Turin/Italy developed for the ALICE experiment at CERN.

ALICE MOOD - Data Quality Monitor (user :ozgur)

File Edit ¥iew Options [nspect Classes MMOOD

| Sample Number Which Holds The Maximum ADC Value |

Z
=
=4
L] =
]
Ed
o
t=)
T
u;

B

o = ‘5,"’" E S S| I | Total Charge Collacted over Stripped Projection | m
- o = —
= | P o
i 4l Get001
: 0o
=& = 1800
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L B 1 13| 400
m| Save
i
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Usage - Compiling Standalone

Standalone application version of the example

File Edit View Search Tools Documents Help

[ ,I.__
3.3 a9 y, €
New Open Save | Print.. | Undo Find Replace

[ firstApp.cxx 3 ‘

#include "TApplication.h"
#include "TCanvas.h"

#include "TLine.h" » (Class headers are included
#include "TF3.h"

int main(int argc, char **argv)| P Usual C/C++ start
{
// ROOT application object is created

TApplication myBelovedApplication("App", &argc, argv);

// Create a canvas and start signal-slot communication between

// myBelovedApplication and the window manager of the operating system
TCanvas *canvas = new TCanvas("canvas", "My Beloved Canvas", 500, 400);
canvas->Connect("Closed()", "TApplication", &myBelovedApplication, "Terminate()");

// Write your application (same command as in the example)
TF3 *func = new TF3("func","sin(cos(x)+sin(y)+cos(z))",-16,10,-10,10,-10,10);

// Make the object visible
func->Draw();

// Update the objects on the canvas
canvas-=>Update();

/{ Leave the application on its own (event loop)
myBelovedApplication.Run(});

// Once finished, it will return a zero to the operating system
return 0;

C++ - || Tab Width: 8 ~| Ln 6, Col 32 IN5

14
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Usage - Compiling Standalone

Standalone application version of the example

s An elegant method to write applications is via Makefile, but we will not do it here

# To compile the code in the previous page:

-~ g++ -Llusrllib/root -ICore -ICint -IRIO -INet -IHist -IGraf -IGraf3d -IGpad -ITree
-IRint -IPostscript -IMatrix -IPhysics -1z -pthread -Im -ldl -rdynamic -pthread
-m64 -llusrlincludelroot -Llustr/lib/lroot -ICore -ICint -IRIO -INet -IHist -IGraf
-IGraf3d -IGpad -ITree -IRint -IPostscript -IMatrix -IPhysics -1z -IGui -pthread -Im
-ldl -rdynamic firstApp.cxx -o firstApp

s Remembering all the above things is hard, therefore we will use:
= root-config: a command-line tool to make lives of ROOT users easy (libraries
usually have tools like this one)
= |t returns appropriate lines needed for compilation
= Usually used in-between “ " *, aka escape symbol

= g++ root-config --glibs --cflags™ firstApp.cxx -o firstApp

oc@olmak2:~/ISOTDAQ/root$
[1] 16811 ”
oc@olmak2:~/ISOTDAQ/root$

15
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ROOT - A brief introduction e

Survival with ROOT = Survival at ROOT != Survival despite ROOT
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< Example script comparing two current-mode
D/A converter architectures
+ Compilation
<+ Compiling a script into a “*.s0” shared object
library
<+ Compiling standalone
-+ Application development

-+ Example standalone application 4
GUI of ROOT | |J|
+ Human interaction

¥+ Creating a GUI
Survival with/at/despite ROOT
+ User's guide
+ Referring to:
= $ROOTSYS/tutorials
< $ROOTSYS/test
¥ HTML source code documentation
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Filz Edit wfizw Zptons Inspec: C aiges

M0 N

Usage

A N
GUI - Human interaction Current lufi] Set | =
- 45— =0 hhn
&Y i_ THIF::h1f_ins i H
B -
» All created windows and oo WD H
everything but everything [Z== I e
on these windows [ s | e
hIStogramS, tltles’ pave pn_m B:gé EETWE:;S; CGurrentlsellec-tiéni h‘I-f_ir;s::TH‘IF
texts, sub-windows, axises, |[if o
. 2 Savess ) = Predefined: Operation
etc.) are either ROOT class |7 | e L [T o e
instances or are instances s .
of derived classes. o B
. . . & Pl’e-deflned flt —Fit Settings /’
* Right click would bring a function < e S
menu of some of the ® Many options e
member functions of the available NG L[N
. [ Integral [~ Use range
|nStanceS Created On the [~ Best errors [T Imprave fit results
[~ Al weights = 1 [~ Add to list
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Draw Options
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Usage

GUI - Human interaction

style |

Mame

stats:: TPaveStats

Line ——————
| IBK =l
[(1——— =
Fill ——————
Test —————
M |- [oerut 7]
|6. helvetica bold =]
|12 Middle, Let =]
stat Options

v Mame v Entries
¥ Overlow [V kean
W Underlow [V RS
v Skewness [V Integral
v Eurosis v Errors
Fit Options

v “alues [+ Errors
¥ Probability W Chi

style |

Mame
fitFunc: TF1

Line ———————
- |v IE— vl
f—  —&

Function

|gaus
[T Update Mpar: 3

Set Parameters. . |

#-Range

Paoints: I 100 i’

| 08000 [ 11000
Marker

M- [y

style |

Mame

stats: TRavestats

Line ————
M- —
[1———— =
Fill ————
L= -

Text

M |- [oeraut ]

|6. helvetica bold =]
|12 Middle, Lett =]

Stat Options

v Mame [+ Entries
[~ Overlow [V Mean
[~ Underlow [V RbAS
[T Skewness [ Integral
[T Kurosis [~ Errors

Fit Options
I %alues [~ Errors
[ Probability [T Chi

style |

Mame
fitFunc:TF1

Line —————
m—x
[—— 5

Function

|gaus
[T Update Mpar: 3

Set Parameters ... |

X-Range

Points: I 100 i’

| 08000 [ 11000
farker

NN
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- — Entries 1024
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45

40
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DrawDerivative
20 Drawinteg-al
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® After fitting ends, adding
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Delete
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Usage

GUI - Human interaction

+ We have developed the code needed, performed the analysis, made
the results more visible by adding make-up, BUT the mission is not yet
complete !

* The work should be saved !

+ There are many available methods:
|t can be saved as a *.C source code

-~ To get the results again it must be reinterpreted by ROOT (e.qg.
“root -1 code.(C”)
[t can be saved as a *.root file
-« Content can be directly browsed by a TBrowser object (e g
“TBrowser a”) =
° |t can be saved as a picture:
+ ps, eps, gif v.b.

h1f_ins
Entries 1024
Mean 0.9939 + 0.00064
RMS 0.02048 + 0.0004526
Underflow 0
Overflow 0

Integral 1024
Bkewness 0.07252 + 0.2449
Kurtosls 0.1397 + 0.4899
x* f ndf 43.4/56
Prob 0.3907
- Constant 39.66+ 161 | | 5=
» Thicker, dashed and red | osmsnonr | 5
, Sigma 0.01989 + 0.00053 | | i .

e HH IIIIII ‘L% »

— |'p|la-|.|. T
9 092 094 09 098 1 102 104 1.06 1.08 1.1

ﬁ.. Rk L

» More statistical information
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Example

Creating a GUI

* Users can design GUIs for their applications developed with ROOT libraries
+ There are two main ways of doing so, usually iteratively used:

+ Writing source code

+ Using an instance of “TRootGuiBuilder’ class

oc@olmak2:~/ISOTDAQ/workDir/root$ root -1
root [0] TRootGuiBuilder

root [1] _

[ROOT GuiBilder [=IEi
Cile  Windows Llelp

| ClaEl 3 =HER k=S %50 %] e

= Graphically prepared application
Is saved as *.C script and

Mrojects Propertcs I

arereu kel e development of actual code is
Flerecanmn [Tz ,—,—j T contlnuc?d over thl_s “template”.
L& o st A ey = Educative: design the GUI,
é’ . save it, read it !!

B ‘ g — S 5 — = Saves time: you do not have to
S P | memorize ROOT GUI classes

l:l - Dac<gl
*  Plain . Foregn
. Raized -
.......... " Double

= Save frequently  against
frequent crashes not to lose
work !!

™ tramedbig

Ifram ed 75
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ROOT - A brief introduction e

Survival with ROOT = Survival at ROOT != Survival despite ROOT

The goaljs, we h av
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e...

¥ Introduction to ROOT

\
¥ What is it ? H{

+ Why is it good ?
Using ROOT
+ Command line
+ Scripting/Interpretation
< Example script comparing two current-mode
D/A converter architectures
+ Compilation
<+ Compiling a script into a “*.s0” shared object
library
<+ Compiling standalone
-+ Application development
-+ Example standalone application
GUI of ROOT
+ Human interaction

¥+ Creating a GUI 4
Survival with/at/despite ROOT | |JI
+ User's guide H
+ Referring to:

= $ROOTSYS/tutorials

< $ROOTSYS/test
¥ HTML source code documentation
External library usage from within ROOT
+ DQM of ALICE experiment @ CERN

< Simplified DAQ operation
+ Understanding the detector data

< Accessing and decoding data 21
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Survival witn/at/despite ROOT

User's Guide

* Meeting with a new library stands upon 4 legs:
I. User's manual
li. Source code documentation
lii.Set of examples showing library usage (tutorial, test, example, etc.)
Iv.You, reading these resources and trying them out

* We are lucky: ROOT has all these things !! Meeting with ROOT is trivial !!

+ User's guide, tells us on which ideals the library has been developed, its
architecture and “hello world’ examples with a lot of relevant explanations.

+ It does not change fast, it is rather static.

+ It must be studied/digested once at the beginning

+ For many of us, only having a skin-deep look renders enough for every new
major release (i.e. change of major version number)

*+ All the things mentioned within this lecture and more, written fluently with a
lot of useful tricks can be found in ROOT User's Guide.

22



International School of Trigger and Data Acquisition, 9 - 16 February 2011, Rome / Italy
A Brief Introduction to ROOT — Ozglir Cobanoglu

Survival with/at/despite ROOT

User's Guide

* Meeting with a new library stands upon 4 legs:
I. User's manual
li. Source code documentation
lii.Set of examples showing library usage (tutorial, test, example, etc.)
Iv.You, reading these resources and trying them out

* We are lucky: ROOT has all these things !! Meeting with ROOT is trivial !!

+ User's guide, tells us on which ideals the library has been developed, its
architecture and “hello world’ examples with a lot of relevant explanations.

+ It does not change fast, it is rather static.

+ It must be studied/digested once at the beginning

+ For many of us, only having a skin-deep look renders enough for every new
major release (i.e. change of major version number)

*+ All the things mentioned within this lecture and more, written fluently with a
lot of useful tricks can be found in ROOT User's Guide.

e, [ T
S £

P>

. Whydowe
lose time
here then ?
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Survival with/at/despite ROOT

User's Guide
ROOT USGN
Guide is more
than ~500 pages !
Moreover ...

language but not
what to say in that
language !

24
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Survival with/at/despite ROOT
Effective function of $ROOTSYS/tutorials directory

+ The line separating death and life while scripting
+ Not to be memorized; to be referred continuously while ROOTIing; the lowest
level of scripting examples, a teacher

+ Learning to use a new library, especially in languages where almost everything
IS hard without library support, is equivalent to learning a new programing
language

+ Alanguage is best learned by practicing

+ This directory is where you practice ROOT scripting language

+ To get acquainted with ROOT, open (with your favorite text editor) all but all
the scripts, have a look at each code, run with root -I xxx.C and understand
what they do; not deeply, just to have an idea

+ This is vital because:

-~ Understanding what percentage of the tutorial codes can actually run
without problems is important. Is the library you will use perfect ?

-+ The scripts within this directory are the starting points for your future
developments.

= You do not have to remember which one does what.

-~ However, you must be able to say “there was something in the tutorials
directory that does a similar thing...” when you need assistance 25
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Survival with/at/despite ROOT
Effective function of $ROOTSYS/test directory

+ The line separating death and life while compiling standalone applications
+ Not to be memorized; to be referred continuously while ROOTIing; the lowest
level of application examples, a teacher

+ Learning to use a new library, especially in languages where almost everything
IS hard without library support, is equivalent to learning a new programing
language

+ Alanguage is best learned by practicing

+ This directory is where you practice application development with ROOT

+ To get acquainted with ROOT, open (with your favorite text editor) all but all
the source codes, have a look at each code, compile with make »xx and
understand what they do; not deeply, just to have an idea

+ This is vital because:

+ Understanding what percentage of the test codes can actually run without
problems is important. Is the library you will use perfect ?

-+ The source codes within this directory are the starting points for your future
developments.

-~ You do not have to remember which one does what.

+ However, you must be able to say “there was something in the test
directory that does a similar thing...” when you need assistance 26
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Survival with/at/despite ROOT

Usage of HTML documentation

* The line in-between death and life
#+ It is not something to learn, it is to refer in a

Your favorite text editor
File Edit View Search Tools Documents Help

L =, 8 2 M R
New Open Save | Print... Undo Redo Paste | Find Replace

cyclic manner while ROOTing
(documentation which is the closest to what
you actually use)
*+ On-line/live: it is generated out of the version
you use at the time, therefore:
= Un-like user's guides, it is not static; it is
not full of “old” knowledge; it is valid and
up-to-date, truly useful
-+ Equivalent to reading the source code of
the ROOT library, least error-prone
technique to learn what the command
you use in your code actually does

Your favorite html browser
File Edit View History Bookmarks Tools Help

|=] mimariKarsilastirici3.C 3¢

153 f// for binary weighted architecture

154

155 int sayac=0;

156 double MSB[noofbits];

157 for (int i=0 ; i<noofbits ; i++) MSB[i]=0.0;

158

159 for (int i=0 ; i<noofbits ; i++) { // form the binary weighted
160 for (int j=0 ; j<pow(2.8, noofbits-i-1) ; j++) {

161 BH=TUlSayac++];

162 @atif—:ﬁeminmntent{i+1, H@

163 13

164 }

165

166 Fme (am¥ 21— PaT =T RN B S T maad =+ E-TTh I S 1 MF A et

a — ) |

Ln 162, Col 1 IN
Search for b_cumulatif via Ctrl-F to see what \
objects instance it is: an instance of TH1F class A
File Edit View Search Tools Documents Help
New Open Save | Print... Undo Redo Paste | Find Replace

<3 v & l@ file:/fhome, |VI & v |[Gv saqit@
@r D = Lolcats ... &= Lolcats ‘...  [] CDR [¢] Cem Tur... | [@) bir> v
4

void Set (Int_t n, const Float_t* array)

virtual void SetAt (Double_t v, Int_t i)

virtual void SetAxisColor (Color_t color = 1, Option_t* axis = "X")

virtual void Sit.?xlsRange (Double_t xmin, Double_t xmax, Option_t* axis
virtual void SetBaerfset Float _t offset = 0.25)

wrtual woid BarWidth (Float_t width = 0.

SetBinContent (Int_t bin, Double_t content) 4—
SetBinContent (Int_t binx. Int_t biny, Double_t content)
SetBinContent (Int_t binx. Int_t biny, Int_t, Double_t content
SetBinError (Int_t bln Double t error

dal void
virtual void
dual vau:l
virtual've

virtual \rau:l SetBINEMo iy, Double_t error)
virtual void SetBinError (Int t tnn:-: Int t biny. Int_t binz, Double T error)
virtual void SetBins (Int_t nx, const Double ™ xBlns}

< Il >

% Find: [ setbincon l <2 Previous c»Next - Highlightall [ Match

Done

|~ mimariKarsilastirici3.C 3

ba ~
69 rms_dnl = new THIF("rms dnl", "DNL in RMS [LSB unit]",nop-2, @,
70 rms_inl = new THIF("rms_inl", "INL in RMS [LSE unit]",nop, O, no
71 rms_dac = new THIF("rms dac", "D/A Output in RMS [LSB unit]",nop
72 b_rms_dnl = new THIF("b rms dnl", "b DNL in RM5 [LSB unit]",nop- 4
73 b rms_inl = new THIF("b rms inl", "b INL in RMS [LSB unlt]“ nop,
ST b = IF{D rms dac', "D D/A oUcpot rmRMe—HSE ynit
b cumulatlf = new THIF("b cumulatlf” "b_cumulatif",noofbits,
de — TUlEfda]lta ri;nr“ "nncf TOA D [LSB T T , nop
}'?
78 rms_dnl->Reset();
79 rms_inl->Reset();
80 rms_dac->Reset();
81 b rms dnl->Reset(]; 4

[.| 1

Ln 75, Col 1
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ROOT - A brief introduction 7
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External library usage from within ROOT
Example: Data quality monitoring application for ALICE experiment at CERN

*+ Large-scale experiments having a deep hierarchy of sub-systems
+ These systems need to be monitored at different levels (e.g. LDC, GDC, etc). This is because the
quality of the data depends on many parameters (human, accelerator, detector slow control, etc.)

+ Access to data is established by a C/C++ lilbrary provided by the DAQ team

Interaction rate
Pb-Ph 8 109 Hz
p-p 109 Hz

Trigger Detectors:
RolP

FMD {vD,
- Zero-Degree C dorimeters

- Munn Trigger Chambhers

- Transitinn Radiatinn Detertor

TO,

Busy

Time

Projection
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r
LDCFEP

HLT FARM

( Hetwnrk )
node i

HLT
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HLT HLT
node node
X

Y |

L LT1C LTC -
FolData LTC LIC
CTP Roll Roll
— ] :
rigger
Trigoer Level 1 Data - -
Pb-Pb 4000 He 1 Trigners
pp  1200He T
1.2us 27 us (j\ L, LTu L1y LTu LTu
R s .
Trigger Levod 2 Dusy | TTC DusyT TTC BusyT TTC Busy s TTC Busy T TTC
Pbb 20 Hz condral « 20 Min Bias 1 1
650 Hz dimuon + 200 Hz did. y ;1 1
55 100us Inner FMD Muon Transiion —
pp S0Hz Tracking FEE Time Of Flight || FEE HMPID || FEE Tracking FEE Radiaion FFF
System PHOS Chambers Detector A
CDL DDL DDL DL DDL
I I
' ! LA ¥
CE?I!I:"DI LDC/FEP = LDCJFEP e LDCFEP DSH[LDC/FEP
— RORC
cru
LFHI
Conflguraton
Dala-hase
LFDI
Memony
DAQ Services
EmTor J
Luguiny ¥ 2 k J r EBL k
Facility
( Event Building Metwork
Pei (v nisance EBL
Py 2.5-5 GBvtesisec. Ph-Pb run
Monforng 500 MBwesisec. p-prun
t | X F F i
[T i 4 A \ DS Y
DT LI | 0C GOC 60C GOC
Marage
T
T * ¥ FCL
& Load balanci
To LDC's 4 Y ] STL
1250 MDytes/sec. Ph-Pb run
100 MBytesisee, pp un k Data Storage Network I
l STL l
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L ]
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External library usage from within ROOT

Simplified DAQ operation

Readout

=
|-‘-|- J_,‘!...!,!J, |, 1

| ERF ent hu1ld1n_.

%llllllllllllll(_!llllllllllllll

Stuldge

w L]
I LG b aims = Sy st Sk 5t Sl 5.0
1 o g

* Further simplified archltecture (from
Pierre Vande Vyvre's presentation)

+ FE ASICs reading out the detectors generate
payloads (z

+ Payloads travel further down within the DAQ
network into LDCs (Local Data Collector) to get
together, forming the event fragments (0)

+ Event fragments move further down to GDCs
(Global Data Concentrator) and are put together,
forming sub-events (c)

+ Sub-events get together forming the super-event
and are sent to permanent data storage for off-
line analysis (d)

= QOur task is to develop a monitoring application
using DATE library for data access and ROOT
class library for GUI, event display, and analysis.

MoOoD
H
T M n
R F (=]
D 10 W
D /\
-l—l—|..,‘I
--DETECTOR - - - HI
DATHE ROOT

|~ kevboard

L -~ MNouse
- SCreaan

<A
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External library usage from within ROOT

Accessing data via monitoring functions provided by an external library

oc@olmak-x200:~% root
root [0] gSystem->Load("${DATE MONITOR DIR}/{DATE SYS}/libmonitor.so");
root [1] monitorSetDataSource(
root [2] int *event;

root [3] monitorGetEventDynamic( &event );

root [4] printf( "%08x °%08x
0000878c daleS5afe

Root [5] .q
oc@olmak-x200:~$%

DATE Event Format

- Total size of the event (HHHHE75 )

- Unique DATE event signature (c/z1l25z2F2)
- Size of the header (base & extension)

- Base event header structure version

- Type of event

- Number of the run associated to the event
- Unique event identification

- Level 2 trigger associated to the event

- Detector pattern associated to the event

- Attributes associated to the event

10 - ID of the LDC

11 - ID of the GDC

12 - Time stamp at the creation of the event
<Equipment Header “n”>

<Data associated to the equipment “n”>
<Equipment Header “n-1">

<Data associated to the equipment “n-1">

oo~NOoOOUTh~wWNE O

")

" event[0], event[1] ):

Summary
Root [0]
Root [1]
Root [2]
Root [3]
Root [4]
Root [4]

1 1 1 1 1l

Load the monitoring library
Set data source

Variable to cast data onto

Get the data into the variable
Show the first two “words”

End the session

>>'SuperEventheader

This is ~literally more
information than your

government has about you :)

Data generated by a specific
part of a detector (payload)

Payload
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External library usage from within ROOT

Parsing and/or casting the detector data - Decoding payload

*+ Beginning of an ALICE TPC (Time
Projection Chamber) event (total
size is roughly 60 Mbyte)

* Y2llow, green and magenta
highlighted parts represent data
headers generated by different
levels of hardware within the DAQ
chain (zvznt | equipment /
hardware headers)

* The rest is raw data generated by
the TPC

+ A TPC “word” is also analyzed

below (a decoding example):
-+ A phrase composed of 4 words of 10 bits
- A phrase composed of 5 words of 8 bits
- A single word of 40 bits
- A phrase composed of 5 words of, from
left to right 4, 8, again 4, 10, and 14
bits (we are interested in this level)

0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
ooon -

0000 | 8Bc870000 feS5aleda 44000000

0020 | 01000000 0DDDODOD 0O0OODOO0O

04000300 07000000 78130000 00000000 T84ZbT06

0000000 00000000 20000000 03000000 TFHFfffff

0040 | d36e0b43 48870000 11

6 04

0060 | 61 02 0

04 05 06 o7 038

6080 | 3ef4d643 0f3df4ed 430F3df8
B0a0 | do430f3d T4dos30T 3efd4db43
60co | 6f3ef8dd 430f3df4 do430f3d
B0e0 | T4e0430T 3efd4do43 0f3efBdo
0100 | aaaabba8 66a8aa3d f8dos3of
6120 | 3dfede43 6f3efsdo 430f3dfs
0140 | dog30f3e f4dos30T 3efded33
0160 | 0f3df4e0 430f3df4 dos3of3d
01380 | f8e0830T 7298alaa aa0la8e6h
01a0 | c20azaac boc20azb achbc2oa
01co | 2bach8c2 Bazbbocd c20azbac
01e0 | bdc20azb acbdc20a Zaachbc?
0200 | 0aZbaccd c20aZcac bBc20a72
0220 | bdcoo2eb 2chbdcoc? 0aZchbco
0240 | 026b2cac cOc20azc bocoozob
0260 | 2bacce62 6b2chocd c20azcho
0280 | c0020b2c b0co020b ZbaccBc?
02a0b | 09279c60 c209279c BODZ0a27

N2 | alTl-?200 37a070-7 02700

I | | |l ||
a = 01000001010001FFTTET6100100161101111

----'-' ------- '-' -------
4 3.
Seq. | bin |
Channel. | 1111 |
Hardware. | 16010110
Pattern A | 0100 |
10BitWord | [EaLcnlenmienie |
ZAAA Pat. | 010000G1O10001 |

do436f3d f8e0430T 3df4do43 0f3efd4dd 436f3ef4
0f3efsdo 430f3df4 do436f3d f8dod30f 3dfeedn3
T4e0830f 3ef4d0o83 o6f3dfode 830f3df4 dos36f3d
430f3df4 e0830f3d fodod436f 3df4e043 0f7298al
3ef4do43 0f3ef4do 43613df4 e083013e f4dod36f
e043013d f4e0430T 3df4e043 0f3df8ed 430T3df4
0f3efs3do 430f3efd ed430f3d f4dod3of 3dfddods
f4do430f 3df4e043 0f3efdco 430f3df4 edd430f3c
aBaaZbac boc20aza bococzoa 2bachoc? 6azbbobo
2abob082 0aZaacbd c20azbbo b0820a2zb achdczoa
bog20azb bobdc20a 2bboboc? 0aZbaccd 620bZbac
fazbachd c20azbac beo2ob2b acboc?da Zbachocz
98alaaaa 02a866a8 aaZbach® 020b2cac cbc2Bazc
c20a2chd coc20azb accooz2ob 2cbocod? 6bZbboco
2chocoo2 ob2chobo c20azbbd c0020b2c accBc20a
cBc20a2c achdc20a 2bbocen? ob2Zbaccd c20azcho
0azbb0cd c20a7298 alaaaad3 aB66aBaa 28a070c2
9c70c209 289cTOc? 09279cT0 c20928a0 BOc20928

~IN07T70- TAAISDIT O-20-700 FT0-T0AT 00790070

(char, 8 bhit)

I |
(40 Bit Word)
1 |

UEET T v==="'

2. 1. (10 Bit Word)

dec (10 Bit Words, trailer)

15 (yellow)

150 (light blue)

4 (orange) 32
346 (magenta)

4177 (green)
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External library usage from within ROOT
Understanding the detector data

HV electrode (100 kV)

s For our example, let us

e 0t choose the Time Projection

(150 mm, CO,) Chamber detector of ALICE
experiment.

field cage

readout chamber

wen®

Endplates housing !
2% 2% 18 MWPC ... AN

= 845 < r < 2466 mm
= drift length 2 x 2500 mm
« drift gas Ne, CO,. N, (90/10/5)
» gas volume 95 m*

= 557568 readout pads

4 | TPC detection principle
N L\ 1\“‘\\ I \\“\'\.

“Electric Field
—— T

Time Projection of pad 17, row 14 I

_.
@
=
[

ADC Value
=
=
| T

100 200 300 400 500 600 70D 800 90D
Sample

Interaction
Point ~a
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What do we expect to see ?

What errors do we expect to catch via the monitoring tool ?

s Electronic issues
-~ Stack-at errors
= Non-configurable FE, etc.
= Unexpected behavior
s Detector issues
= Gas mixture and dynamics
= Occupancy, etc.
= Unexpected behavior
s General
= Temperature & supply variations
= Peak formation
= Baseline fluctuations, etc.
= Unexpected behavior

= A channel generating
the same value all the
time

- Un-familiar condition
within the detector

/

High

Non-uniform
baseline

= ol [=]]

Unexpected
behavior
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Compiling Standalone

Standalone application
s An elegant method to write applications is via Makefile, but we will not do it here

s To compile a code similar to the one on the previous page:

-~ g++ -L/date_home -lbase -laz -Igui -thread -Im -Imst -ldynamic -InonStand -Ishift

-lcustomDet -Imntrno {...} secondApp.cxx -0 secondApp

s Remembering all the above things is hard, therefore we will use:

= date-config: a command-line tool to make lives of DATE users easy (libraries usually

have tools like this one, remember ?)
= |t returns appropriate lines needed for compilation
= Usually used in-between “ " *, aka escape symbol

= g++ date-config --glibs --cflags™ secondApp.cxx -0 secondApp

g++
‘root-config --glibs --cflags

“date-config --glibs --cflags

thirdApp.cxx -o thirdApp
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External library usage from within R

Full featured application being delivered to detector people

secier | | sectzr 2 E

Two different Iase events

s o | wETC pou| Eue1 D

Same laser event with 3 different algorithms

ylud
pnbHgma | wigwbHgma | 2

pod [gm secier ) | sectzre A3

A cosmic event

€600

400

300

200

100

Sector01 | : ;

50 100 150 200 250 300 350 400

‘ Sector01 |

B : ; | SOiotos2 ‘

ooa

(U]

00k

0ot

oo

oor

=

00k 02 00E 028 008 O2F ODF 02 [\]

100

50

100 150 200 250 300 350 400

T omzibesc b= opap 22U He )

HMPID

0 le = wen ¥ mebdmil 1 apiea

CieH-g T oenzige B obmvas T onax

|

0%
W= H?
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Coding or design

Think, design, write, implement and only then start coding
From

Scccrllscctrz-ﬁ" =ztors | 3mview | 222 JsmaLiio- |v TC pou|Ec1Dm | -oge |

Sector01 | Sectord2

201
101
A i 0 R R T 0
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

T ozl C ket #otap =S CHa T ochzrge Fobnvas T o

* esenit e £ 1O 0 Indie ™ R[] |n-.+-'*': |\|nnn _|ur.-1n41?

X -+ N
517 Time Projection of pad 95, row 30 l 2 T

fﬂn‘;c-rw-\"' :

r."}g,an:l-.!‘ 9o rm‘]tmm-{g&m w\q :

; .tam ;Jflj‘?Jr _93 +Qf‘ffu-ulfa'ﬂ"
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Survival with ROOT = Survival at ROOT != Survival despite ROOT

ROOT - A brief introduction Loy

¥ Introduction to ROOT + GUI of ROOT
+ Whatisit? + Human interaction
+ Why is it good ? ¥+ Creating a GUI
<+ Using ROOT @ Survival with/at/despite ROOT
+ Command line + User's guide
¥+ Scripting/Interpretation + Referring to:
< Example script comparing two current- = $ROOTSYS/tutorials
mode D/A converter architectures < $ROOTSYS/test
+ Compilation + HTML source code documentation
< Compiling a script into a “*.s0” shared + External library usage from within ROOT
object library + DQM of ALICE experiment @ CERN
-+ Compiling standalone < Simplified DAQ operation
< Application development + Understanding the detector data
-+ Example standalone application = Accessing and decoding data

38
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