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What is 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
+ Libraries 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 g9aad ?

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

> tieFighter->Draw()

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);

N\

|]|] + 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: T TR R
myBelovedBrowser = } —
T raa22

= Or we write a loop on the fly: = R I R

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 T
R R, R,
U T Vo] Vo
2™ 2 2°
..... 1 2 - .I\-l-l 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 Ssarch Tools Documents Help File Ecdit View Ssarch Tools Documents Help
= B 4 & O & .8 a9 e B 4 &
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[ mimariKarsilastinici.C 3¢ |D mimariKarsilastirici2.C 3¢ |

271 ~ 152 D _INC[IJ=(I1TI.U b _oac[1]]; -~
28 JROOT->Res2t() ; 1832 b rms_inl-=SetBinContent(i, b_rms_inl-=GetBinContentii)+b inl[i]#*b inl[i]);
= B 184 if (i>0 && i<nop) {
. . . 185 b dnl[i-1]=Iu[@]-b dac[i]+b dac[i-1];
30 dit the t f th lations ----------- — i S ' ; A ;
31 i;fn;g{bit;ilg?rame ers Tor other sinutations 186 b_rms_dnl-=5etBinContznt(i-1, b_rms_dnl-=GetBinContent(i-1{+(b_dnl[i-1]-Tu[€g
p ; o _ _ , i 187 ¥
2 4 = = . .
2 ;::bQEOI;;;;iglgg r?inifgidﬂgba}@@' /4 nob : no of bins in distro 188 b dac_inl->SetBinContent(i, b inl[i]-Tu[0]};
34 const Int t FUI.’JA"[E _ 50: o 189 if (i»0) b_dac_dnl-=SetBinContent(i-1, b dnl[i-1]);
) o 190

35 bool updaI;Fl'.TRUE:

}
36 /" 191 padl-=cd(12);

192 b dac_inl-=Draw();

193 padl-=cd(13);

194 b dac_dnl->0raw();

195 if (update) cl-=Update();
196 padl-=cd(17);

197 delta dac-=Draw();

198 padl-=cd(18);

199 b cumulatif-=Draw();

); 260 padl-=cd(11);

padl->cd(5]->5etGrid() ; 261 b_dac_ler->Draw();

int nop=pow(Z.8, noofbits);
nt boyut = pow(2, 1*noofbits);

Iu[boyut]; // 2"noofbits current source
ed=1;

42 TCanvas *cl = new TCanvas
43 TPad *padl = new TPad('padl’
44 padl-=Nraw() ;

45 padl-=Divide(5, 4, 8.861, 0.0
46 padl-=cd(5)->SetFillColor(47);

1nary vs Thermometer®,1200,850);
nit Current Source",0.0,0.0,1.0,1.0);

27 padl->cd(6)->SetFillColor(47); \ padl->cd(6]->SetGrid() ; ;g; o 1
28 padl->cd(/)->SetFilllolor(4/); \padl->cd(/]->5etGrid() ; 264 } // end Tloop
49 padl-=cd(8) ->5etFillColor(47); Wadl-=cd(8)-=5etGridi) ; . P L )
50 padl-~cd(9)->SetFillColor(17); Kadl->cd(9]-SetGrid() : 265 for (int i=6 ; i<nop ; i++) { // calculate RMS ) ) .
51 padl->cd(19)->S=tFillColar(¢7); padl->cd(10)->SetGrid(); 206 rms_dac->SetBinContent(i, sqrt(rms dac->GetBinContent(i)/noofiterationd4rns));
52 padlcd(11) >SetFillColor(21): phdl->cd(1:)->Set6rid(): 267 if (i<nop-1) rms dnl->SetBinContent(i, sqrt(rms dnl->GetBinContent(1)/nootiterat
53 padl—»cd(12]->S:tFiUC010r(21]: p 1—>cd(1'_‘]—>5etGrid(]: 208 rms_inl->SelBinConlenl(i, syrl(rms_inl->GelBinConlenl(i)/nuulileraliondrns));
54 padl—»cd(13]->S:tFiUC010r(21]: pa 1—>cd(1§]—>5etGrid(]: 269 b_rms_dac >SctBinContent(i, sqrtib_rms dac >GetBinContentii)/noofiteration4rms))
=5 padl—»cd(lﬁl]->S:tF11LC010r(21]: pa —>cd(14]—>setﬁrld(]: 218 if (i<nop-1) b_rms_dnl-=SztBinContentii, 1.55-3*(-Iu[8]/2+sqrtib_rms_dnl-=GetBin
56 padl-cd(15)->5etrillColor(21); pady->cd(15)->5etGrid(): 211 b_rms_inl->SetBinContent(i, sgrt(b_rms_inl->GetBinContent(i)/noofiteration4rms))
:; padl->cd(15)->SetFillColor(21); pad) >cd(16)->SetGrid(); gig ;ad1—>cd(3];
59 padl->cd(1); 2% e dacsrawl);
60  THIF *h1f = new THIF("h1f", "Test ran\om numbers",nob,8.9,1.1); 5 padl->cd(3);

216 rns inl-=Draw();

61 THIF *hlt_ins = new THIF("h1f_ins", "Qurrent Iu|i] Set", nob, 0.9, 1.1);
62 THIF #*hl1lf2= new TH1F("h1fz","T=sl randfm numbers COPY",nob,0.9,1.1);

63 TGraph *graph = new TGraph(nop);

64 graph-=SetMarkersize(0);

65 TF1 #*gaus = new TF1("gaus",'gaus(@)",a.
66 gaus-=SetParameters(l, centroid, sigma);
67 gaus-=Draw( ) ;

68 if (update) cl-=Update();

217 padl->ed(10);

218 rms_dnl-=Draw();

219 padl-=cd(14);

1.1): 220 b rms_dac-=Draw();
' 221 padl-=cd(15);

222 b rms_inl-=Draw();

223 padl-=cd(16);

224

70 THIF *rns_dnl = new THIF("rns dnl", "ONL i} RMS [LSB unit]",nop-2, 0, nop-2); if (update) cl->Update();

i THIF #*rms_inl = new THIF("rms_inl", "INl i RMS [ISR unit]", nop, @, nop); : . . .
72 THIF *ras_dac = new THIF("rns dac”, "D/A Ou\put in RWS [LSB unit]”,nop, 0, nop); (| B, crcmiriesstopCbinary_vs_themanetert)

L in RM5 [LSB unit]",nop-2, 8, nop-2); |-

B - B
Ln 216, Col 21 NS Ln 216, Col 21 NS

73 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
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An example script to compare two current-mode D/A architectures

+ INLs are almost identical.

* DNLs are quite different, TCA behaves
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

* Mission complete !!

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

i i i
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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 Ssarch Tools Documents Help

File Ecdit View Ssarch Tools Documents Help

Ne en Save | Print... g} Cut Copy Paste | Find Replace New Open Save | Print... ndo Cut Copy Paste | Find Replace
é mimariKarsilastirici.C 3¢ [ mimariKa?!{astiﬁciE.C b | [~ mimariKarsilastirici.C 3¢ [*] mimariKarsilastirici2.C 3¢ |
27 #include <TFile.h> 3 198 if (i>0 && i<nop) {
28 #include <TNtuple.h= 199 b dnl[i-1]=Iu[@]-b dac[i]+b dac[i-1];
29 #include <TH2.h> 200 b_rns_dnl->setBincContsnt(i-1, b_rms_dnl->GetBinContent(i-1)+(b_dnl[1i-1]-Iu[g
30 #include <TProfile.h= 201 i3
31 #include =TCanvas.h= 262 b dac_inl-=SetBinContent(i, b_inl[i]-Iu[8]];
32 #include <TFrame.h> 263 if (i»0) b_dac_dnl->SetBinContent(i-1, b dnl[i-1]);
33 #include <TROOT.h> 2604 }
34 #include <TSystem.h= 265 padl-=cd(12);
35 #1inc lude <TRandom.h> 266 b dac_inl-=Draw();
36 #include <TBenchmark.h= 267 padl-=cd(13);
37 #include <TCint.h= 208 b dac_dnl =Draw();
38 #include <TGraph.h= 269 if (updatz) cl-=Update();
39 #include <TF1.h> 210 padl->cd(17);
40 211 delta dac-=Draw();
41 int mimarikKarsilastirici2() { 2z padl-=cd(18);
% gRUOT-=>Res=2t(); 213 b_cumulatif-=Draw();
43 214 padl-=cd(11);
49 c for other simulations ----------- 215 b dac_ter-=Draw();
45 T 216
46 ionérms=106, nob=160; // nob : no of bins in distro 217 } // =nd loop
47 double sigma® 32, centroid=1.3; 218
48 const Int t KURDATE = 50; 219 for (int i=6 ; i<nop ; i++) { // calculate RMS
£y bool updatz=kIR 220 rms_dac->5stBinContent(i, sqrr(rms_dac->GetBinContent(i)/noofiterationdrms]);
50 [ AR R LT 221 if (i=nop-1) rms_dnl-=SetBinContent(i, sqrt(rms_dnl-»GetBinContent (i) /noofiterat
51 222 rms_inl-=SetBinContent(i, sqrt{rms_inl-=GetBinContent(i)/noofiterationirms));
52 int nop=pow (2.0, ndpfhits); 223 b _rms_dac-=SetRinContent (i, sqrt(h_rms_dac-=GetRinContent(i)/nonfiterationdrms))
53 int boyut = pow(2, Nnoofbits) 224 if (i=nop-1) b_rms_dnl-=SetBinContentii, 1.55-3*(-Iu[8]/2+sgrtib_rms_dnl-=GetBin
54 double Tu[boyut]; //\"noofbits current source 225 b rms_inl-=SetBinContent(i, sqrt(b rms inl->GetBinContentii)/noofiteration4rms))
55, int lastincremented=2\ 226 }
56 TCanvas *cl = new TcanW\as("cl","Binary wvs Thermometer",1200,850); 227 padl-=cd(3);
57 TPad *padl = new TPad('padl',"Unit Current Source",0.0,0.0,1.0,1.0); 220 rms_dac-=Draw();
58 padl-=Draw(); 229 padl-=cd(9);
59 padl->Divide(5, 4, 0.001,\9.001); 230 rms_inl->Draw();
60 padl-=cd(5) ->SetFillColor(d7); padl-»cd(5)-=5etGridi) ; 231 padl-=cd(18);
61 padl-=cd(6) ->SetFillColor(4N; padl->cd(6)-=5etGridi) ; 232 ros_dnl->Draw();
62 padl->cd(7)->SetFillColor(47);, padl->cd(7]->SetGrid|) ; 233 padl->cd(14);
63 padl-=cd(8)->SelFillcolor(47) padl->cd(8) -=SelGridi) ; 234 b rms_dac-=Draw();
64 padl =cd(9) »SctFillColor(47);\ padl >cd(2] =SctGrid() ; 235 padl =cd(15);
65 padl-»cd(19)->S2tFillColor(47); \padl->cd(10) ->SetGrid(); 236 b rms_inl-=DOraw();
66 padl->cd(11)->S2tFillColor(21); Nadl->cd(1.)->SetGrid(); 237 padl->cgd(161;
67  padl->cd(12)->SetFillColor(21); pAdl->cd(12)->SetGrid(); Wmaw();
68 padl-=cd(13)-=S2tFillColor(21); paMl->cd(13)-=SetGrid(); 9 if (updats) cl-=Update();
i) padl-=cd(14)-=52trillColor(21); pad\->cd(14)-=setGrid(); 248
70 padl-=cd(15)-=S2tFillColor(21); padl\scd(15)-=SetGrid(),; 241 gBenchmark-=5top("binary vs_thzrmomszter”);
71 padl-=cd(15)-=S2tFillColor(21); padl-Acd(16)-=SetGrid(); 242 return @;
2 243}
13 padl->cd(1): : ]V
[ >

Ln1,Cal 1 INS

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

12

ArchitectureComparer2.C
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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 ROOT 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),
developed for the ALICE experiment at CERN.

ALICE MOGD - Data Quality Manitor (user jozgur)

File Edit View Options [nspect Classes MMOOD

J| s |
setort

oc
m| Save

:nnn Total Cl 1l d over Stripped Projection
oo | el
| FILE
| Table
PHY all
of a
2000 5
o 0
oo s
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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)| - 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

s 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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Usage

6UI - Human interaction

Current Iu[i] Set | h1f_ins
Entries 1024
Mean 0.9999

L RMS 0.02048

45;

"
-
Wy e il
’ : %“"w 40— THIF::h1f_ins
i a5 | Add
- Divide
30—_ DrawPanel

Fit

* All created windows and
everything but everything = 2= S
on these windows |-
(canvases, pads, |-
histograms, titles, pave ==
texts, sub-windows, axises, |[if
etc.) are either ROOT class |:
instances or are instances
of derived classes. o Pre-defined fit —'}

» Right click would bring a function < =

ShowBackground
ShowPeaks
Smooth

—
T

SetMame
SetTitle

Delete
DrawClass
DrawClone
Dump

Inspect
Saveds
SelDraw Oplion
SetLineatributes
SetFillatributes

Sethdarkeratiributes

Current selection: h1f_ins:TH1F

."T RRNENN

General I Minimizatiunl

—Function

R Predefined: Operation
. Im ’7(3' BMop 0 add  © Cony

[

|gaus

| Chi-square UgA-Defined..

menu of some of the ® Many options F Linear

Robust;

available

member functions of the T B
. [ Integral [~ Use range
|nStanceS Created On the [~ Best errors [T Imprave fit results

[ Al weights = 1 ™ add to list

heap [ Empty bins, weights=1

Draw Options
[~ sAME

MName Fix Bound “alue tin Set Range hax Step Errors
- P g = [ Mo drawing

ICnnstant L I ! EI I - D )—I I 2 I 0.3 EI I . [T Do not storeddraw Arlvanced.. |

Jvean = O T =) 54 Gl ICE | 1 N P SEIT

[Sgma | 0.0z & | 006 E ] 006 | 0006 2| - \ """"""" AU L T

Fit | Reset | Close |

W Immediate preview Beset | Ay, | (0] 4 | Qancell

|LiB Mirut | MIGReD  [ir:5000 | Prm:DEF | v
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Usage

6UI -

Style |

Mame
stats TPaveStats

Ling ———
__IME =]
I —
Fill ———
[ I~ - -

Text —————
T
|6. helvetica bold =]
|12 Middle, Let =]

Stat Options

v Mame [+ Entries
v Owerflowe v hean
¥ Underlowe [V RS
V¥ Skewness W Integral

v kurosis v Errors
Fit Options
v alues [+ Errors

¥ Probability W Chi

style |

Mame
fitFunc:TF1

Ling —————
- |v IE— vI
[———H

Function

|gaus
[T Update Mpar: 3

Set Parameters... |

H-Range

Paoints: I 100 i’

| oaooo [ 11000
Marker

N EEE

uman interaction

Style |

Mame
stats: TPaveStats

Ling ———
LK =]
I —a
Fill ———
[ = -

Test ————
T
|6. helvetica bold =]
|12 Middle, Let =]

Stat Options

[+ Mame [+ Entries
[~ Oveflow [ Mean
[~ Underlow [ RS
[ Skewness [T Integral

[T Kurosis [T Errors
Fit Options
™ %alues [~ Errors

[ Prohabilty [T Chi

style |

Marme
fitFunc:TF1

Ling ———
I
e

Function

|gaus

[T Update MNpar: 3
et Parameters... |

¥-Range

Points: I 100 i’

| o@ooo [ 11000
harker

NN e

Lil= Ldib s1=w JJpbans  RSRReT L AssRe

et sendom nunbzrs ﬁ
wasf urm

- Entries 1024

hif_ins _

44

35

30

25 TF1::fitlunc

DrawDerivative
20 Drawinteg-al
Sethdaximum
Sethdinimum
Sethp=
SetRange

15

SetParameters
SetFartlanes

SetMame
SetTitle

Delete
DranClass
DrawClone
Dump

Inspect
Saveds
SetDrawOption

SetLineatributes
SetFillatributes
Sethdarkeratiributes

® After fitting ends, adding
make-up is also possible

® | want my fit curve to be
thick, dashed and red

* And / want more
statistical information on
the histogram

d5i 7

Mean 0.9999
RMS 0.02048

Cperation
’75' Mop 0 Add & Cony

[~ Best errors
[ Allweights {1

{gaus
Selectad:
gaus Set Parameters... |
—Fit Settings \\
kethod \
| Chi-zqua =l User-Defired... |
[~ Linear
Rabust | 1.00 I No Chi-square
Fit Optians
[ Integral [~ Use range

[~ Empty hins, vkeights=1

[~ Imprave fit results
[~ addto list

Draw Options

[~ SAME
[~ Mo drawing
[T Do not storeddra Advancen., |
W I IIIIIIIIIIIII \ IIIIIIIIIIIIIIIIIIIIII : II— I IIIIIIIIIII
--------------- AT T
( Fit | )Beset | close |
V4
[LIB Miruit | MIGRAP~—lit-5088~ | Prn: DEF | v
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Usage

6UI - 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:

hif_ins

- pS epS glf V b Entries 1024
y y M. Mean 0.5985 * 0.000G4

RMS  0.02048+ 0.0004526

Underflow 0

Overflow 0

» Thicker, dashed and red = = Il 7 N e | T
» More statistical information |-~ =t . =

||||||||||||||

Ll L i nl
3.9 092 094 096 058 1 1.02 1.04 1.06 103 11

=T W [,
T e | by
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Example

Creating a GUL

* 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

L L
root [0] TRootGuiBuilder
root [1] _

g | ROOT GuiBuilder QEE
File  indowe Hela
1
] =[] Y E T == | e e S = e L [ S = NP

Frojacts — Prapetties I
Stanriam a— Flame
s | Teat ul frared 73| L;(i:;iUIuBu.lun: |r“d|m:TElT
[+ |Check Butt = ITP:I,_Gél jﬂ%
@& |Radio Butt Len| 5= ngnl 5= =
[abi | Te:t =nt Eatom| 5 2] ;::\
: ' Goomctry
= _ _ tdin Idax
' [ 1 (=] Wit = e
Hzigh: [i] é 0 i 0 i’
" Cartezlan - - Boder Moce ——Falette
D 5 - bBackgrnd
. (" .P.Dla'. o o pg:en E IvForeg'nd
- Forical s © Haised
el ™ Doukle
£ Gylindiic.
I framedBd

= Graphically prepared application
Is saved as *.C script and
development of actual code is
continued over this “template”.

= Educative: design the GUI,
save it, read it!!

= Saves time: you do not have to
memorize ROOT GUI classes

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

20
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ROOT - A brief introduction €
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Survival wiin/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
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Survival wiin/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.

P

~ Why do we N
lose time
here then ?

23
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Survival with/at/despite ROOT

User's Guide

ROOT User's
Guide is more

than ~500 pages !

Moreover ...

e o —

... it just teaches a
language but not
what to say in that
language !

24
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Survival w/-fh/af/de5pi te ROOT

Effective function of $ROOTSYS/ tutorials directory

+ The line separating death and life while scripting
+ Not to be memorized; to be referred continuously while ROOTIng; 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 ROOTIng; 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

A language 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 wiin/at/despite ROOT

Usage af HTML dacumenrarlon File Edit View Search TJools Documents Help Lonriauonte taxtealion
+ The line in-between death and life — = == L H

¥+ |t is not something to learn, it is to refer in @ nNew open ~ save = print.. Urdo Aedo | Cut Copy Paste  Find Replace
cyclic manner while ROOTING [ mimarikarsilastiriciz.c x |
(documentation which is the closest to what [153 /7 for binary veighted architecture
you actually use) 155 ntsaect;
- - . . ouble noofbits];
*+ On-line/live: it is generated out of the version 157 for (int i=6 ; i<noofbits ; i++) MsB[i]=0.0
1 . 158
yOU use at the tlme; therefore- 159 for (int %=E) ; i-:noquits oiv+) { ,:‘,’ fgrm thelbinary weighted
~ Un-like user's guides, it is not static; it is ¢! %ﬂ;@:ﬂgﬁj?' "m’fbf“'kg
not full of “old” knowledge; it is valid and 12 e e
up-to-date, truly useful 164}
= Equivalent to reading the source code of [3?3 on lint it non o S\ (Ll caleitace 1) ol nis ot
the ROOT library, least error-prone — — L
technique to learn what the command
you use in your code actua”y does Search for b_cumulatif via Ctrl-F to see what \

objects instance it is: an instance of TH1F class A

Your favorite html browser : L
File Edit View History Bookmarks Tools Help File Edit View Search Tools Documents Help

= v = l@ file:/jfhome, |VI & v |[Cv sagit@ =" - ,_{i @ 29

New Open Save | Print... Undo Redo Ut Copy Paste | Find Replace

(e TH2F_32 | e= Lolcats ... e= Lolcats “... | [g] CDR 6] Cem Tur... | [g] bir> ~ —

void Set flm:t n, const Float_t* array) -~ | mimariKarsilastirici3.C X
virtual void SetAt (Double_t v, Int_t i) bg -
virtual void SetAxisColor (Color_t color = 1, Option_t* axis = "X") 69 rms_dnl = new THIF("rms dnl", "DNL in RMS [LSB unit]",nop-2, @,
virtual void SetAxisRange (Double_t xmin, Double_t xmax, Option_t* axis 76  rms_inl = new THIF("rms_inl", "INL in RMS [LSB unit]",nop, 0, no
virtual vaid s:téamffset Float t offset = 0.25) 71 rms_dac = new THIF("rms dac", "D/A Dutput_in RMS [LSB unit]",nop
virual voir TarWidih (Floal L widih =0, 72 b_rms_dnl = new THIF("b rms dnl", "b DNL in RM5 [LSB unit]",nop- E|

0&l void SetBinContent (Int_t bin, Double tmm&m}<_ 73 b_rms_inl = new THIF("b_rms_inl", "b INL in RMS [LSB urut]“ nop,
virtual void SetBinContent (Int_t binx, Int_t biny, Double_t content) /Lg A b = IF("D_rms_dac, "D _D7A OOrpor o iMs—H-SE unit
gual void SetBinContent (Int_t binx, Int_t biny, Int_t, Double_t content b cumulatlf = new THIF("b cumulatlf” "b_cumulatif",noofbits,
\r— 76 de = FH1E{ delta dac" "Diff TCA BWi—tSB—TTIT] T, nop

virtual ot SetBinError (Int_t bln Double t error

virtual \rau:l SetBINEMo 7 iy, Double_t error) 77
virtual void SetBinError (Int t tnn:-: Int t biny. Int_t binz, Double T error) 78 rms dnl->Reset();
v@rtual \m@d SetE!ns (Int_t nx, const DouhlgL t*xBlns} - 79 rms:inl-:-ﬂeset(} .
< i ¥ 80 rms_dac->Reset();
. - . - 81 b rms dnl->Reset(]; &
% Find: [ setbincon l <2 Previous c»Next - Highlightall [ Match a 8!

1 |)]
Done L) S I N Ln 75, Col 1 INS
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External library usage from within ROOT

Example: Data quality monitoring application for A

LIC

—t e

+ 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
guality 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 He
p-p 109 Hz

Trigger Level 1
Pb-Pb 4000 Hz
p-p  1200Hz
1.2us 27 us

Trigger Levdd 2

Trigger Detactors:
FEE

RolP

L
Rol Data
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* 0T
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Data

— Gl

. @i
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- Transitinn Radiatinn Datector

TFa TP
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55_100us
pp  S0Hz
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Run
Control
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Dum ¥ TTC

- l
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Rnll

- -l
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BusyT TIC 1 Busy I TTC
FMD Muon 1
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FHOS Chami
DDL DDL
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Busy © TTC

Transition
Radiation
Detector

oDL

£

Time
Pmiection FEE
h ot

ERN

-

'S

HLT FARM

( Hetwark )

LDCAICP

r
LDCFEP

node it

ILT H
hode

Y

Data-hasz ’JFL‘ ’JFL‘
node node
L;;a?{léa Y k 4 4 4 EEL Y 4 : ] : ]
acir
L Ewent Building Metwork
Eettofance 2.5.5 GBytes'sec. Pb-Ph run eet
Monitssng 500 MBytesisec. ) p-p run
Event k L J  J DSN L J
Dmﬂ'}g‘;ﬂ?" | GOC ’_‘ 500 ’_ GOC BDZ‘
‘Il * FCL
Load balanci
" TeLdCs L 4 v ¥ SIL W
1ﬁg mgﬁgg:i: ::'rr:;mn ( Data Storage Network J L \"f}
STL
6035
] o ] L ] L : 4 - 29
Simplified block diagram of =] =] [C=d Coo
ALICE DAQ architecture 0 | O | =
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External library usage from within ROOT

Slmpllfled DAQ operation

[

Fvent building

Readout Sub-event building

read s
] i ] ‘ | ‘ | ‘ ] ‘ | i ]
1 [ L .,., el L . L | 3 l,
Jatm . .
1

= .;_'.L

Storage

o imeier o Masze Storage S i o imeier o Masze Storage S i o imeier o Masze Storage S i _— Ve . Masze Storage S i
1 P 3 4

* Further simplified architecture (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.

<A

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

|~ kevboard

L -~ MNouse
- SCreaan
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External library usage from within ROOT

Accessing data via monitoring funcrlons provided by an external library

oc@olmak-x200:~%$ root
gSystem->Load ("${DATE MONITOR DIR}/{DATE SYS}/libmonitor.so");
")

root [0]
root [1]
root [2]
root [3]
root [4] printf( "%08x %08x
0000878c dale5afe

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

int *event;

DATE Event Format

0 - Total size of the event (HHHHE73 )

1 - Unique DATE event signature (c/z1l252F2)
2 - Size of the header (base & extension)

3 - Base event header structure version

4 - Type of event

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

7 - Level 2 trigger associated to the event

8 - Detector pattern associated to the event

9 - 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">

monitorSetDataSource(":

monitorGetEventDynamic (

event );
" event[0],

Summary

Root
Root
Root
Root
Root
Root

[0]
[1]
[2]
[3]
[4]
[4]

event[1l] );

1 1 1 1 1l

>>'SuperEventheader

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

This is ~literally more
information than your

ID card 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:
a0 -

0000
0020
0040
0060
0030
00a0
00co
00ed
0100
0120
0140
0160
0130
0la0
01ch
01e0
0200
0220
0240
0260
0280
02a0

[l

Gca@roo000

febaleda

44000000
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4177 (green)
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External library usage from within ROOT
Understanding the detector data

HV alactrode (100 kV)

s For our example, let us

prerane 0% choose the Time Projection

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

field cage

readout chamber DL T T Ly
k ==
i N
- v ey .
o .,r-' .fW T L] I p =
Endplates housing \ & " ? i iy = ':Ef'"’
2 x 2 x 18 MWPC AL . e ]

= B45 < r < 2466 mm
= drift length 2 x 2500 mm
« drift gas Ne, CO,, N, (90/10/5)
« gas volume 95 m®

= 557568 readout pads

e " TPC detection principle
A \\““".\ \\“\'.\

Electric Field
—_—

Time Projection of pad 17, row 14 I
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What do we expect to see ?

What errors do we expect to catch via the monitoring tool ?
/-~ : E :

s Electronic issues
-~ Stack-at errors
= Non-configurable FE, etc.
= Unexpected behavior

a Detector issues -,
= Gas mixture and dynamics I ———
= Occupancy, etc. e
= Unexpected behavior

s General
- Temperature & supply variations
-+ Peak formation _»
+ Baseline fluctuations, etc. {
= Unexpected behavior

Non-uniform
baseline

= A channel generating
the same value all the
time

= Un-familiar condition
within the detector

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

H
il n
R =
o i3
T
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External libra

Full featured application

Two different laser events
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C‘ading or design ?

Scccrllsccl 1z Al szctors | am view | 212z Dismouio- | MET Cisc av | EvertCums | Loge |

Think, design, write, implement and only then start coding
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ROOT - A brief introduction

Survival with ROOT = Survival at ROOT = Survival despite ROOT

¥ Introduction to ROOT
¥ What is it ?
¥+ 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 GUL
¥ Survival with/at/despite ROOT
¥ User's guide
¥ 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

* from Lolcats

7
S
i
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