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- Members: a “has a” 
relationship to the 
class.

- Inheritance: an “is a” 
relationship to the 
class.
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-Histogramming and Fitting

-Graphics (2D, 3D)

-I/O to file or socket: specialized for histograms, 
Ntuples (Trees)

-Collection Classes and Run Time Type 
Identification

-User Interface
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*.h
...

cint
makecint
new
proofd
proofserv
rmkdepend
root
root.exe
rootcint
root-config
rootd

bin

$ROOTSYS

libCint.so
libCore.so
libEG.so
*libEGPythia.so
*libEGPythia6.so
libEGVenus.so
libGpad.so
libGraf.so
libGraf3d.so
libGui.so
libGX11.so
*libGX11TTF.so
libHist.so
libHistPainter.so
libHtml.so
libMatrix.so
libMinuit.so
libNew.so
libPhysics.so
libPostscript.so
libProof.so
*libRFIO.so
*libRGL.so
libRint.so
*libThread.so
libTree.so
libTreePlayer.so
libTreeViewer.so
*libttf.so
libX3d.so
libXpm.a

Aclock.cxx
Aclock.h
Event.cxx
Event.h
EventLinkDef.h
Hello.cxx
Hello.h
MainEvent.cxx
Makefile
Makefile.in
Makefile.win32
README
TestVectors.cxx
Tetris.cxx
Tetris.h
eventa.cxx
eventb.cxx
eventload.cxx
guitest.cxx
hsimple.cxx
hworld.cxx
minexam.cxx
stress.cxx
tcollbm.cxx
tcollex.cxx
test2html.cxx
tstring.cxx
vlazy.cxx
vmatrix.cxx
vvector.cxx

lib testtutorials include

* Optional
Installation

EditorBar.C
Ifit.C
analyze.C
archi.C
arrow.C
basic.C
basic.dat
basic3d.C
benchmarks.C
canvas.C
classcat.C
cleanup.C
compile.C
copytree.C
copytree2.C
demos.C
demoshelp.C
dialogs.C
dirs.C
ellipse.C
eval.C
event.C
exec1.C
exec2.C
feynman.C
fildir.C
file.C
fillrandom.C
first.C
fit1.C
fit1_C.C

fitslicesy.C
formula1.C
framework.C
games.C
gaxis.C
geometry.C
gerrors.C
gerrors2.C
graph.C
h1draw.C
hadd.C
hclient.C
hcons.C
hprod.C
hserv.C
hserv2.C
hsimple.C
hsum.C
hsumTimer.C
htmlex.C
io.C
latex.C
latex2.C
latex3.C
manyaxis.C
multifit.C
myfit.C
na49.C
na49geomfile.C
na49view.C
na49visible.C

ntuple1.C
oldbenchmarks.C
pdg.dat
psexam.C
pstable.C
rootalias.C
rootenv.C
rootlogoff.C
rootlogon.C
rootmarks.C
runcatalog.sql
runzdemo.C
second.C
shapes.C
shared.C
splines.C
sqlcreatedb.C
sqlfilldb.C
sqlselect.C
staff.C
staff.dat
surfaces.C
tcl.C
testrandom.C
tornado.C
tree.C
two.C
xyslider.C
xysliderAction.C
zdemo.C
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¤ Regular grammar (C++) on command line

¤ Single language (compiled and interpreted)

¤ Object Oriented (use your class in the 
interpreter)

¤ Advanced Interactive User Interface

¤ Well Documented code. HTML class 
descriptions for every class.

¤ Object I/O including Schema Evolution

¤ 3-d interfaces with OpenGL and X3D.
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 Get the example PAW file from
http://www-root.fnal.gov/root/class/examples/toyz.rz

® At the system prompt type

 

¯ °± ²³ ³ ´ ´ ³ µ¶¸· ² ¶ ´ ³ µ¶¸· ²³ ³ ´

¹ Once you've done the conversion, you can then start 

a ROOT session and open toyz.root

º Also see: http://root.cern.ch/root/HowtoConvert.html

open terminal
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¿ PAW

À Concepts: Object Oriented Design, 
Frameworks

Á Services and Utilities

Â Libraries 

Ã Physical Organization
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È Browsing and opening files

É Drawing histograms

Ê Right click, left click, middle click

Ë Draw Panel

Ì Fit Panel

Í Adding Color and Zooming

Î Adding text and other objects

Ï Dividing the canvas

Ð Setting the log scale
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 Display the browserÕ Ö×ÙØ ÚÛ ÜÝ Ø Þàß

Start rootáãâ ä ä å

Quit root (just in case) æç ç è éê ëíì î

run root
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 Display a histogram 

The Canvas

Open the root file
Browse the file
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_ Coloring the histogram

` Zooming/unzooming
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® Open a file for reading

¯° ° ± ²³ ´µ¶ ·¹¸ º»¼ ½¿¾ ÀÁ Â · ¸ÄÃ ¯ ° ° ±¼ Å

Æ Look at the contents of the file

ÇÈ È É ÊË ÌÍ Î¹Ï ÐÑ

ÒÓÔ Õ�Ö × × ØÚÙ ÛÜ Ý Õ ÖßÞ àá á â ã ä ä Ò åÔ ÕÖ

Ò ÓÔ Õ Ö × ØÙ Û Ü Ý Õ�Ö Þ àá á â ã ä ä Ò åÔ ÕÖ

æ ØçÚè Ò Ò àÖ Ö Ü é Ò àÖ Öê ë ØÙ ÛÜ Ý ÕÖ ã ä ä Ò â àÖ Ö

æ ØçÚè Òì ë Ó âá â Û Õ ì Ô í âáî à ÛÜ ê ë Ò�á â Û Õï Ô í â àÔ ðòñ âÔ áó

æ ØçÚè Òì ë Ó Ü ÛÔ ó ì Ô í âáî à ÛÜ ê ëô ÛÔ ó õ áó â àÔ ðòñ âá à

æ ØçÚè Òì ë Ó í ë ì Ô í âá î à Û Ü ê ë ÓÔ à í â öÔ î ó Û Õ

æ ØçÚè Òì ë Ó í ÷ ì Ô í âá î à Û Ü ê ë ö Öø áó ù öÔ î ó Û Õ
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�Plot a variable 

� �� � � �� �� 	 �
 
 � �  � �� �� � � �� �

�
�Where did myTree come from? 

� � � �� �� �� �  � ! "# $&% ' ( $ � $  

) * + +, - . / 021 3 + 45 67 8 9: ;< , = 6 6: >

?And now.. @A B B C DE FHG IKJ LM

NOQP RSUT V VXW Y Y Z[ VXW Y Y \U] ^ Z_ ` Y aP P V b W Y YT c d \eUTV VXW Y Y Z[ VXW Y Yf g \] ^ Z_ ` Y aP P V b W Y Y
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¬ Adding Error bars

 Adding Color
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#Environment setting file: $ % & ' '( )* ) +-, .0/ +21 31 . , 465 78 8 . 7/

9 :-; ; <-= >?A@ = B ?AC DE @ @ FC B G ?@ F D B; @ H >; @ I@ ; ; B@ D

JK LM NO PQ O R S TU VWYX Z N N [ ZM

\ ] ^_A` a _Ab cd e ef gh giAj ]k iAl ml ]j npo ` q q ]` k

rFind the current settingsst u u v wx y zA{ |~} � �t � { v ��
open terminal
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¨The .rootrc file:©The Macro Pathª «¬ ®°¯²± ³± ´µ µ ¶± ·¸ ¹º µ » ¸ ¶ ¼°½± ½ ¾¿ À Á ·Â ÃÄ ÅÆ ´µ µ ¶ ·¸ ¹º µ ÇÈOptions in .rootrcÉ ÊË Ë ÌpÍ Î Ï Ë Ð ÑÒ Ì Ï°Ó ÔÒ Õ×Ö Ø

ÙHistory FileÚ ÛÜ ÝÞ ß àâá ãä ä åçæ èé ê å

ëAutomatically Executing Macrosìí î î ï ð îñ îòôó õ

ö÷ ø ø ù ú øû ø ü üþý ÿ
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 > root -/?& ')(* +,- ./ / 0 132 45 132 65 1 2 7 5 132 8 5 1 9: 4, ;=< > < < < 9: 4, ? < > 5

@ ACB D E)FG HI

JLK MON PQ R S R MUT VW XUY Z [U\ ] S V X Z Q V^ PT_ X S W`

acb de fUg dg hi ji kl hi mg ng do d f mg n g p pOq o kr gs o s s ti k u p ui f u d!v r g g hr k

wcx yz {| }~ � �~ {� ��� � {� � })�� �� � � �� �� } � { � � ��� � }� { �

��� �O� �U� �� �� �� � � � �U� � � � ��� � �
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 > root -/?� �)�  ¡¢
£ ¤C¥ ¦ §)¨

©Lª «O¬ 
®c¯ °± ²

³c´ µ¶ ·

¸�¹ ºO» ¼
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ÈCINT commands start with “.”ÉÊ Ë Ë Ì ÍÎ ÏÑÐ Ò

Ó Ô ÕÖØ× ÙÚ Û ÛÜÝ Þàß Öá á á ÖØ× Ô Üá á Ô ÕØâ ãäå æ ÙÚ Û ÛÜÝ Þ×

çè é é ê ëì íÑî ï ë ðñ òUó ôõ öó í

÷ øØùú ûü ýþ øØÿ� ú �ÿ � ú � û ÿ �ÿ �� � ÿ ý� � � � þ ù� ü ýþ øØÿ� ú �ÿ �

� �	 	 
 � � �� � � �� ��� �� �� 

� ��� � � �  ! ��" # �$ " %

&SHELL commands start with “.!” for 
example:
    '( ( ) *+ , - . /10
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3. C++ syntax (almost)

EF F G HI J KL E F M NO E P Q R SO M KL E F M NO E TU

F EEF F G HI J KL E F M NO E P Q R SO M KL E F M NO E TU V
The optional Semicolon:
Leave off the semicolon to see the return value of the 
command.WX X Y Z[ \ ]^ _ ` a a b cX d We Ygf Wh i j kf elm n o pq r

st t u vw x yz { |~} � � �t s� ug� s � � � �� ��� � � �� �
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� Use the Tab feature to get help …

�� � � � � �   ¡ ¢£ ¤ ¥¦ § ¥¨ ¦ ©
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® Find List of Methods

¯ Find Parameter list
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C++ type Size (bytes) ROOT types Size
(bytes)

FORTRAN analog

(unsigned)char 1 (U)Char_t 1 CHARACTER*1

(unsigned)short
(int)

2 (U)Short_t 2 INTEGER*2

(unsigned)int 2 or 4 (U)Int_t 4 INTEGER*4

(unsigned)long
(int)

4 or 8 (U)Long_t 8 INTEGER*8

float 4 Float_t 4 REAL*4

double 8  (=4) Double_t 8 REAL*8

long double
16 (=

double)
REAL*16
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 1. Declaration can be omitted 

 

å æ çè é êë ìí è îï ð�ñ òó ôí è õ ö÷ ÷ øï ù

 2. "." notation rather than "->"
   

úû ü1ý þÿ

 3. Search  for an object by its name
  

�� �� ��� � � 	 	 � 
� �� � �� � �� ��

��

small

��� � �� � �� � ��� �� � � � �� � � �

small ! " #%$ &' () *

Warning: These will not work in compiled code!

+,-./0
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@ [expression] evaluates the expression
 

AB B C DE F E GH

 

IJ K L MN O

P .files  show loaded source files

Q .class [name] show class definition

R .g prints all objects in the root session

S .ls ls on current directory

T .pwd list the current directory, canvas, 
and style.

U .![shell-command]     execute shell command
Introduction to ROOT, Akiya Miyamoto 26-May-2003V
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Y .class [name] show class definition

Z .g prints all objects in the root session

[ .ls ls on current directory

\ .pwd list the current directory, canvas, 
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] .![shell-command]     execute shell command
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+gSystem
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M global ROOT session object

N gROOT->GetListOf< list type >();

O gROOT->LoadMacro();

P gROOT->Time(); 

Q gROOT->ProcessLine()
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S global ROOT session object

T gROOT->GetListOf< list type >();

U gROOT->LoadMacro();

V gROOT->Time(); 

W gROOT->ProcessLine()
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� "small" is the Object Name
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¼ "smallHisto" is the Variable Name
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ñ FindObject needs the Object Name.
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FindObject returns a pointer to TObject. 
This generates an error:

 � � �� � � � ��� � � �� �� � �� � ! " "� # � � $ � � % ��� &(' � � �� � �) #

This is OK:

* + , ,- . / 0 1�2 3 , 45 67 8 9: ;< = > >: ? . / @ > = ; ; A =< 6 9 ?

BC D 0E F 1 ; 8HG I 9 BC D 0E ? * + , , B . / 0 1�2 3 , 45 67 8 9: ;< = > >: ?

F 1 ; 8HG . / J 6 8 K 1�2 @G 2 8 62 8 9L ?
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FindObject returns a pointer to TObject. 
This generates an error:

N O P PQ R

This is OK:

S T U UV W

V X YZ [

\] ^ _H` W
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Due to CINT magic this is also OK:pq rs tvu w x y y q zu {H| } ~� � pq rs

�� �� � � � � � � �� � �� � � � �� � � � � � � ���
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•
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•

ÀÂÁ Ã Ä Ã Å Ä ÄÇÆ Ä ÈÊÉ Ë Æ Ì ÌÉ Ë Ä Ë Í Á Ã Ã
•

ÎÂÏ ÐÑ Ò ÐÓ Ñ ÔÑ Ï Õ Ñ Ö× ÐØ Ñ × × Ð ÙÚ Ó Û Ñ × ×Ú Ü Ý Ò Þ ÐØ ÜÏ Ï ÐØ Ò

Ø × Ñ Ó Ó

Warning: This will not work in compiled code!
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ö Environment Settings

÷ Command types

ø CINT Commands

ù Global Variables

ú TObject
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 Named and Un-named Scripts

� Debugging

� ACLiC
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 Un-named Script
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 Named Script
 

ced d fOg hi j k8l hm
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« Un-named Script: hello.C¬
® ¯ ° ± ± ²³ ´ µ µ® ² ± ± ´¶ · µ¹¸º
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Ñ
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× Executing the Named ScriptØÙ Ù Ú ÛÜ Ý Þ ß àá â Þ ã
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� gROOT->Reset()

 ��� � ��� ��� � �� � � �� � � � � � � � � �� � � �� � � � � �� � � � � �� � �� �  

! " #$&% ' () *+ ,% -. -/ % + * ( 0% 1% (% 02 #43 ( . * 5 + (% / 6 -/ 5 - # 1%

5 ) 0 5 ) - ) ) * ' 5 - (% 0
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G Counting Objects and Memory use

HIKJ L MON P QR R L QS R QT UT LN V P QR R L QS WX YNZ

[K\ \ ]_^ `Ka b c ]ed ]gf h

[K\ \ ]_^ i jk a l ] c ]d ] f h

m Print the Object count and Memory use

n o pq rs t uwv px r4y z {K| }O~ t �� �
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� Example output:
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 before and after 
code segment in your script to find memory 
leaks.
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�Function Objects (TF1)
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root/demo/ex0/hist1.C

FloatingFrame
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FloatingFrame

root/demo/ex0/hist2.C
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FloatingFrame
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FloatingFrame

root/demo/ex0/plot2.C
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1. A C++ like expression using x with a fixed set of 
operators and functions defined in TFormula
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 2. Same as the previous TF1  with Parameters 
 

óÂô õ õ÷ö ø�ù úû üý öþ ÿ úö ûþ � �ö ø�� ô þ ô �ù ö ù þ � ü � � úù ý�� � 	 
 � �
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 3. Use a defined functionl mon pqor n s put r v w qox r
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P Fitting sub-range
  h->Fit(“func”,”R”);
  h->Fit(“func2”,”R+”);

Q Fit using Minuit

R Get fitted results
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Ä Create tree and branch: ÅÆ Æ Ç ÈÉËÊ Ì Æ È Ç ÅÊ Ê È ÌÍ ÎÊ Ï Ç ÅÊ ÊÑÐ Ò

Ó Read Tree: 

Ô By Draw method: ÕÖ Ö × ØÙËÚ Û Ö Ø × ÕÚ Ú Ø ÕÚÜ ÙÞÝ × ÕÚ ÚÑß à
    t->Draw(variable, critera, option, nentries, 1st_entry)á Draw variables: 1D, 2D, OverWriteâ Put cutsã Limit number of eventsä Extract histogram

å Event loop by yourself
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 Use THtml classï Anything between begin_html and end_html is 
   raw html commandð Link to class name is created automatically.ñ 

THtml  html;
html.MakeClass( class_name );
html.Convert( script_file, title, out_dir );
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û TMath::xxxx 

ü TRandom/TRandom2/TRandom3

ý TMatrix

þ TLorentzVector/TLorentzRotation

ÿ TLatex� TMinuit� TGxxxxx : graphic� TPythia6
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TObjArray,TClonesArray,TIter

 TObjArray � ��� � �� � �� �� � � � � �� � �� � � � � �� � � � � � � �! � � �#" � �$ � � � � �

% & ' '& ' '( ) *+ ,

- .0/ 1 234 56 78 90: ; < / ; =/ 2 3 4 56 78 >? 4 / @

A TClonesArrayB C�D E FG H EI JK L G M M ND J M G OI K L G M MQP N H R I SUT M H V I D WX I K F

Y Z [ [
\] ^ _a` bac \ ] de fg h i jk ] ` l

root/array/tobjarray.C, tclonesarray.C
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� Add your class to ROOT� ��� � � �z� �}� � � �� �� � � �
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¸ Add your class to ROOT
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Step 1:

define your class as a descendent of 
TObject and write the implementation.

SClass.h¾ ¿ ÀÁ Â�Ã Ä Å Æ ¿ ÇÈ ÉÊ ÅË ÌÎÍ ÏÑÐ¾ ¿ ÀÁ Â�Ã Ä Å ÒÓ Ô ÕÖ ÅÁ É Í Ï Ò

Á ÂË È È ×Ø ÂË È È Ù ÚÃ Õ Â ¿Á Ó Ô ÕÖ ÅÁ É Û

Ü
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Step 2:

ClassDef(ClassName,ClassVersionID) 

At the end of the class definition
ClassImp(ClassName) 

At the beginning of the implementation file
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ClassDef and ClassImp needed for Object I/O :
These macros can automatically create:
• Streamer method needed for writing to ROOT files 

and Trees.

• ShowMembers()

• >> operator overload
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Step 3:
create a LinkDef.h fileó ô õö ÷ õ ø ø ùú ûü ø øó0ý þ ÿ� � ÿ � ô�� � � õ õ ÿ � � � � � � ÿ �	� 
ó0ý þ ÿ� � ÿ � ô�� � � õ õ ÿ � � � � ÿ� � ÷� 
ó0ý þ ÿ� � ÿ � ô�� � � õ õ ÿ � � õ� � � � ô �� � 
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3"-" do not generate a streamer.4 5�6 78 9: 8 ;< = > ?�@ @ A ;�8 B B C ? ;�8 B BED F

G HJI K LNM O M PQ KR S I T U S V R WI S M X UZY K [ I S O K \ X K O I

]"!" do not generate the operator >>^ _�` ab cd b ef g h i�j j k e�b l l m i e�b l lEn oEp

q rJs t uNv w x y	z s s t s {v | } { ~ t w } | } { � u w v �� � �� t x |���"+" use the byte count check� ��� �� �� � �� � � ��� � � ��� � � � � ��� � � � �
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¯"-" do not generate a streamer.° ±
²³

´"!" do not generate the operator >>µ ¶
·¸¹

º"+" use the byte count check» ¼
½¾¿
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Step 4:
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�LinkDef.h must be the last argument on 
the rootcint command line. �The LinkDef file name MUST contain the 
string:�  !�" #$�% &' (�)* + ! " #,% & ' (- ! '% ' . / 01  ! " # $% & ' ( !�2&!�" % 354 2 6 + ! #% - 78 + !�" # ,% & ' ( '9
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Compile the class using the Makefile>? @ ACB D EF @ ACB EGH BJI K > G ACL L

Load the shared libraryMN N O PQ RTS U VW X5YZ Z S Z NMN N O P[ R VW X5YZ Z \Z ]_^ `ab VW X5YZ Z cdMN N O Pe Rf g h X a \ i^ `ab f g h X a cjk i h X aS MN N OjTljm nok f pj drqMN N O Ps R Z ]ut v w M h O a cdrq
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More information on ROOT

� ROOT home page  http://root.cern.ch/�
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