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Del Trirx ry rz 200
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1 Runing ROOT

Ìàëî äàííûå ïîëó÷èòü � íàäî åù¼ ïîíÿòü, à åñòü ëè îò íèõ ïîëüçà .

1.1 Ââåäåíèå

Äàæå åñëè äàííûõ ìíîãî � èõ íàäî êàê-òî ïðîàíàëèçèðîâàòü. Ýò î ìîæåò ñäå-
ëàòü òîëüêî ÷åëîâåê. Êîìïüþòåð â ýòîì äåëå òîëüêî ïîìîùíèê. Âûáîð èíñòðóìåíòà
î÷åíü âàæåí. ROOT � õîðîøèé èíñòðóìåíò. Ó íåãî áûë äîñòîéíûé ïðåäîê è îí ìîã
áû áûòü ãîðàçäî ëó÷øå. Íî çäåñü è ñåé÷àñ íàäî àíàëèçèðîâàòü ä àííûå, ôèêñèðóÿ
íåäîñòàòêè, äàáû èñïðàâèòü èõ â áóäóùåì. Ýòî âîçìîæíî, ïîòî ìó ÷òî ROOT � ýòî
ñâîáîäíûé ïðîäóêò.

Ïðèìåðíî ÷åðåç äåñÿòü ëåò ïîñëå âîçíèêíîâåíèÿ PAW (Physics Analysis Workstation)
ñòàëî ñêó÷íî è ëèäåð êîìàíäû PAW Ðåíå Áðàí (Ren�e Brun) ñ ñîòî âàðèùàìè íà÷àë
íîâûé ïðîåêò ROOT � An Object Oriented Data Analysis Framewo rk1.

Êîìïüþòåðû ñòàëè ìíîãî ìîùíåå, íî è ïîòîê äàííûõ óâåëè÷èëñÿ . ROOT ñòàë
ðàçðàáàòûâàòüñÿ â ðàìêàõ ýêñïåðèìåíòà NA49, ãäå ïîòîê äàíí ûõ çà îäèí çàõîä 2

ìîã ïðåâûøàåò 10 Òá (ãðóáî 1 Òá= 103 Ãá=106 Ìá).
Ñ íà÷àëà 2006 ãîäà ROOT (http://root.cern.ch/ ) ñòàë âûïóñêàòüñÿ ïîä ëèöåí-

çèåé GNU, è, âîçìîæíî, ñêîðî ïîïàä¼ò âî âñå îñíîâíûå äèñòðèá óòèâû GNU/Linux.

1.2 Ñðàâíåíèå ñ PAW

PAW ÿâëÿåòñÿ ïðåäêîì ROOT, åñëè óæ íå â ñìûñëå êîäà, òî óæ â ñìû ñëå ðåàëè-
çàöèè èäåé çàâåäîìî. Ïîýòîìó ïîëåçíî ïîíÿòü ÷åì ýòè ïàêåòû î òëè÷àþòñÿ è â ÷¼ì
ñîâïàäàþò. Ñðàâíèòåëüíàÿ òàáëèöà íå ïðåòåíäóåò íà ôóíäàìå íòàëüíîñòü, à ïðîñòî
îòðàæàåò ëè÷íûå ïðèñòðàñòèÿ àâòîðà.

Àáñîëþòíî âñÿ ôóíêöèîíàëüíîñòü, êîòîðàÿ åñòü â PAW, ïðèñóò ñòâóåò è â ROOT.
Äëÿ òîãî ÷òîáû ôàéëû äàííûìè, ñäåëàííûìè äëÿ PAW, ìîæíî áûëî ïðîàíàëèçè-
ðîâàòü â ROOT, âìåñòå ñ ïàêåòîì ïîñòàâëÿåòñÿ ïðîãðàììà h2root :

> h2root <PAW rz � ôàéë> <ROOT ôàéë>

1Ïî÷åìó ROOT òàê íàçûâàåòñÿ? Ó ìåíÿ åñòü òîëüêî äîãàäêè: OO � â èäèìî, Object Oriented, à
ñàì ROOT îò àíãëèéñêîãî êîðåíü èëè èñòî÷íèê (root). Ïðåäïîë àãàåòñÿ, ÷òî ROOT � ýòî áàçà
äëÿ ðàçðàáîòîê, à íå ïðîñòî ñèñòåìà àíàëèçà, òî åñòü êîðåíü â ñåõ ldots :) .

2Òàêèõ çàõîäîâ áûëî ÷óòü ìåíüøå 5 òûñÿ÷.
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1 Runing ROOT

Ðèñ. 1.1. root â äåéñòâèè � ïðîñòî äåìîíñòðàöèÿ
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1 Runing ROOT

Ïðèçíàê PAW ROOT
Àâòîðû Ðåíå Áðàí è äð. Ðåíå Áðàí è äð.
Âîçðàñò 20 ëåò ÷óòü áîëüøå 10 ëåò
GNU íà÷èíàÿ ñ 2000 ãîäà ñ íà÷àëà 2006 ãîäà
Èíòåðïðåòàòîð FORTRAN (COMIS) C++ (CINT)
Êîìàíäíûé ïðî-
öåññîð

KUIP C++ (CINT)

Óñêîðåíèå íàáî-
ðà êîìàíä

ñîêðàùåíèå êîìàíä TAB-complition

Êèðèëëèöà? íèêàê àíàëîãè÷íî
Ñîñòîÿíèå ìàò¼ðàÿ, íî íåìíîãî óñòàðåâ-

øàÿ ñèñòåìà
íàäî ïîâçðîñëåòü, õîòÿ ïîðà
áû óæå

Ñèñòåìà ïîìî-
ùè

Ïîäðîáíàÿ îôèöèàëüíàÿ äîêó-
ìåíòàöèÿ â ïî÷òè 500 ñòðàíèö,
help â êîìàíäíîé ñòðîêå

Ïóõëîå ðóêîâîäñòâî ïîëüçîâà-
òåëÿ, àâòîäîêóìåíòàöèÿ ïî èñ-
õîäíèêàì, íî íåò help � Ààààà.

×òî áû ñêàçàë
Áðóêñ?

ñòàðàÿ øêîëà âñå ïðèçíàêè ¾âòîðîé ñèñòå-
ìû¿

×òî åñòü? òî, ÷òî íóæíî äëÿ àíàëèçà
äàííûõ

ýòî, ïëþñ ìíîãî ÷åãî åù¼ ëèø-
íåãî è íå î÷åíü

Òàáëèöà 1.1. Ñðàâíåíèå PAW è ROOT (IMHO)

Ïî÷åìó PAW? Åñëè â âàøåì ïðîåêòå PAW óæå èñïîëüçóåòñÿ îñîáûõ ïðè÷èí äëÿ
ñìåíû èíñòðóìåíòà íåò. Äëÿ ñòàíäàðòíûõ îïåðàöèé àíàëèçà PA W èñïîëüçîâàòü
çíà÷èòåëüíî ïðîùå ÷åì ROOT. Ýòî ïëàòà çà ïîïûòêó îáúÿòü íåîá úÿòíîå.

Ïî÷åìó ROOT? 3 Ñ++ ïîïóëÿðíåå FORTRAN è KUIP. Ñ++ ïðèâû÷íåå è ñ ïîìî-
ùüþ íåãî ïðîùå äåëàòü çàäà÷è, êîòîðûå ÿâëÿþòñÿ âñïîìîãàòåë üíûìè ê àíàëèçó �
äëÿ âñåãî èñïîëüçóåòñÿ îäèí èíñòðóìåíò. ROOT àêòèâíî ïîääå ðæèâàåòñÿ è ðàçâè-
âàåòñÿ. Ó ROOT åñòü äîâîëüíî ìîùíîå ñîîáùåñòâî. Íà ñàéòå http://root.cern.ch
ìîæíî íàéòè îòâåò ïî÷òè íà âñå âîïðîñû, êàñàþùèåñÿ ïàêåòà, â RootTalk (òàì æå)
ìîæíî çàäàòü âîïðîñ ëþáîé ñëîæíîñòè, íà êîòîðûé îòâåòÿò ñ î÷ åíü áîëüøîé âåðî-
ÿòíîñòüþ.

1.3 Çàïóñêàåì ROOT

Òàê êàê ROOT ïîëó÷èë ëèöåíçèþ LGPL ñîâñåì íåäàâíî, òî, ñêîðå å âñåãî, â âàøåì
íàñòîëüíîì äèñòðèáóòèâå åãî íåò. Ïîýòîìó çàïóñê ïðèä¼òñÿ î òëîæèòü ¾íà ïîòîì¿
ïîñëå ñáîðêè è óñòàíîâêè.

Áðàòü èñõîäíèêè ëó÷øå âñåãî ñ îñíîâíîãî ñàéòà: http://root.cern.ch . Ïîñëå
ðàñïàêîâêè äåðåâà ïàêåòîâ ñëåäóåò âíèìàòåëüíî èçó÷èòü èíñòðóêöèþ README/INSTALL.

3ß ñëûøàë òàêîé âàðèàíò îòâåòà: ¾ïîòîìó ÷òî â îòëè÷èè îò PAW â ã ðàôè÷åñêîì îêíå ROOT
ìîæíî ìûøêîé ïîäïðàâèòü ýêñïåðèìåíòàëüíûå äàííûå¿ � î÷åíü íàäåþñü, ÷òî ýòî áûëà øóòêà.
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1 Runing ROOT

Ñáîðêà ñòàíäàðòíàÿ:

> . / co n f i g u r e �� p r e f i x =/usr / loca l ; make ; make i n s t a l l

make install íåîáõîäèìî äåëàòü ïîä ïîëüçîâàòåëåì root.
Ìîæíî ïîïðîáîâàòü ñîáðàòü rpmèëè deb ïàêåò. Ñîáðàòü deb-ïàêåò ïîä Debian 3.1

(Sarge) áåç äîïîëíèòåëüíûõ òåëîäâèæåíèé íå óäà¼òñÿ, òàê êàê îòñóòñòâóåò ïàêåò, íà
êîòîðûé óêàçûâàþò çàâèñèìîñòè. Ïî âèäèìîìó, ðàçðàáîòêà âå ä¼òñÿ äëÿ òåñòîâîé
èëè íåñòàáèëüíîé âåòêè äèñòðèáóòèâà.

Ïîñëå óñòàíîâêè ïåðåä çàïóñêîì íåîáõîäèìî óñòàíîâèòü ïåðå ìåííûå îêðóæåíèÿ.
Äëÿ bash, ýòî áóäåò âûãëÿäåòü ïðèìåðíî òàê:

> export ROOTSYS=/usr / loca l /
> export PATH=$PATH:$ROOTSYS/ bin
> export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:$ROOTSYS/ l i b / roo t

Óñòàíîâêà LD_LIBRARY_PATHíåîáõîäèìà èç-çà òîãî, ÷òî ïî÷òè âåñü ôóíêöèîíàë
ROOT âûíåñåí â ðàçäåëÿåìûå áèáëèîòåêè, êîòîðûå ïîäãðóæàþò ñÿ âî âðåìÿ ðàáî-
òû ïðîãðàììû. Àíàëîãè÷íî ìîæíî îôîðìèòü è ñâîþ áèáëèîòåêó, ðàñøèðèâ, òàêèì
îáðàçîì, âîçìîæíîñòè ROOT.

Âñ¼. Òåïåðü îòêðûâàåì òåðìèíàë è çàïóñêàåì ROOT:

> roo t
*******************************************
* *
* W E L C O M E to R O O T *
* *
* Vers ion 5.11/02 19 Apr i l 2006 *
* *
* You are welcome to v i s i t our Web s i t e *
* ht tp : / / roo t . cern . ch *
* *
*******************************************

FreeType Engine v2 . 1 . 9 used to render TrueType f o n t s .
Compiled on 19 May 2006 for l i nux with thread support .

CINT/ROOT C/C++ I n t e r p r e t e r ve r s i o n 5 . 1 6 . 1 1 , Apr i l 14 , 200 6
Type ? for help . Commands must be C++ statements .
Enclose mu l t i p le sta tements between { } .
roo t [ 0 ]

Ïîëó÷èâ ïðèãëàøåíèå ìîæíî ïðèñòóïàòü ê ðàáîòå. Ñêàçàòü ¾He llo World¿ èç
ROOT ìîæíî ñëåäóþùèì îáðàçîì:

roo t [ 0 ] cout << "Hello World" << endl ;
He l lo World
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1 Runing ROOT

Ïðè çàïóñêà ROOT ñ÷èòûâàåòñÿ ôàéë íàñòðîåê .rootrc ñíà÷àëà â òåêóùåé äè-
ðåêòîðèè, åñëè íåò, òî â äîìàøíåé, à çàòåì áåð¼òñÿ ñèñòåìíûé ôàéë /etc/root/system.rootrc .
Îò âåðñèè ê âåðñèè ýòà ïîñëåäîâàòåëüíîñòü ìîæåò ìåíÿòüñÿ 4.

Ïî óìîë÷àíèþ åñòü åù¼ òðè ôàéëà, êîòîðûå ìîãóò óïðàâëÿòü ïîâ åäåíèåì ïðî-
ãðàììû:

ˆ rootlogon.C � âûïîëíÿåòñÿ ïðè çàïóñêå,

ˆ rootalias.C � çàãðóæàåòñÿ ïðè çàïóñêå, íî íå âûïîëíÿåòñÿ,

ˆ rootlogoff.C � âûïîëíÿåòñÿ ïðè çàâåðøåíèè ñåàíñà.

root ìîæíî çàïóñêàòü è íå â èíòåðàêòèâíîì ðåæèìå. Äëÿ ýòîãî ïðè çà ïóñêå
ñëåäóåò óêàçàòü îïöèþ-b . Ïîëíûé ñïèñîê ïîääåðæèâàåìûõ îïöèé ìîæíî ïîëó÷èòü
ïðè óêàçàíèè êëþ÷à -h .

Âûéòè èç ROOT ìîæíî ñ ïîìîùüþ êîìàíäû ¾.q¿. Åñëè â ïðîöåññå àíàëèçà óäà-
ëîñü çàöèêëèòü ïðîãðàììó, òî æåëàíèå âûéòè ìîæíî óñèëèòü ñ ï îìîùüþ êîìàíä
¾.qqq¿, ¾.qqqqq¿ èëè ¾.qqqqqqq¿5. �C òàê æå ìîæåò ïîìî÷ü â íåïðåäâèäåííûõ
ñèòóàöèÿõ.

1.4 ¾Êîìàíäíàÿ ëîãèêà¿

Â êà÷åñòâå êîìàíäíîãî ïðîöåññîðà èñïîëüçóåòñÿ èíòåðïðåòà òîð Ñ++ CINT. Ýòî
îçíà÷àåò, ÷òî èíòåðàêòèâíàÿ ðàáîòà î÷åíü ïîõîæà íà íàïèñàí èå îáû÷íîé ïðîãðàì-
ìû. Çíàíèå ÿçûêà C/C++ ïðè ¾îáùåíèè¿ ñ ROOT ÿâëÿåòñÿ îáÿçàòå ëüíûì. Êàê è
äëÿ PAW íàïèøåì ïðîãðàììó ïî âû÷èñëåíèþ ÷èñåë Ôèáîíà÷÷è:

roo t [ 0 ] {
end with ' } ' , '@' : abor t > int a=0,b=1;
end with ' } ' , '@' : abor t > cout << a << " " << b << " " ;
end with ' } ' , '@' : abor t > for ( int i =2; i <=10; i++) {
end with ' } ' , '@' : abor t > int x=a ; a=b ; b=x+b ;
end with ' } ' , '@' : abor t > cout << b << " " ;
end with ' } ' , '@' : abor t > }
end with ' } ' , '@' : abor t > cout << endl ;
end with ' } ' , '@' : abor t > }
0 1 1 2 3 5 8 13 21 34 55

Êîìàíäû ãðóïïèðóþòñÿ ñ ïîìîùüþ ôèãóðíûõ ñêîáîê. Ýòîò æå êîä ìîæíî ñîõðà-
íèòü â ôàéë fibonacci.cxx è âûïîëíèòü åãî êàê ñêðèïò:

roo t [ 1 ] . x f i b o n a c c i . cxx
0 1 1 2 3 5 8 13 21 34 55

4Â ðóêîâîäñòâå ïîëüçîâàòåëÿ â ýòîì ìåñòå ïðèñóòñòâóþò îøèáê è.
5×åì áîëüøå q, òåì ¾ñèëüíåå¿ æåëàíèå.
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1 Runing ROOT

Â ñëó÷àå C++ îêîí÷àíèå êîìàíäû îòìå÷àåòñÿ ¾ ; ¿. Åñëè ¾; ¿ îïóñòèòü, òî èç ROOT
ïîëó÷èòñÿ íåïëîõîé êàëüêóëÿòîð:

roo t [ 2 ] 2* sq r t (5 ) * s i n (2*3 .14*75 /180) /3 .14**2
( const double )2.27312089125660893e� 01
roo t [ 3 ] 2**10
( const int )1024
roo t [ 4 ] 2 .**1023
( const double )8.98846567431157954e+307

Âñå âñïîìîãàòåëüíûå êîìàíäû ROOT íà÷èíàþòñÿ ñ òî÷êè (¾.¿). Äëÿ âûïîëíåíèÿ
êîìàíä îáîëî÷êè èñïîëüçóåòñÿ êîìàíäà ¾ .! ¿ çà êîòîðîé ñëåäóþò shell-èíñòðóêöèè:

roo t [ 5 ] . ! l s * . cxx
f i b o n a c c i . cxx

Ïîëíûé ñïèñîê âñïîìîãàòåëüíûõ êîìàíä ìîæíî ïîëó÷èòü ñ ïîìî ùüþ èíñòðóêöèè
¾.? ¿.

Âñå íåîáõîäèìûå äëÿ àíàëèçà îáúåêòû ïðåäñòàâëåíû â âèäå êëà ññîâ. ÊëàññTFile
ñîîòâåòñòâóåò ôàéëó â êîòîðûé ìîæíî ñîõðàíÿòü ROOT-ñòðóêò óðû. Îáúåêò TTree
ïðåäñòàâëÿåò èç ñåáÿ áîëåå èçîùð¼ííóþ ðåàëèçàöèþ èäåèntuple :

roo t [ 6 ] TFi le * f= new TFi le ( "ee� ang . root" )
roo t [ 7 ] TTree * t r ee ;
roo t [ 8 ] t r ee= ( TTree *) f � >Get ( "h1" ) ;
roo t [ 9 ] t ree� >Draw(¾TAB¿
void Draw( Option_t * opt )
Long64_t Draw( const char * varexp , const TCut& s e l e c t i o n , Option_t *
opt ion = "" , Long64_t n e n t r i e s = 1000000000 , Long64_t f i r s t e n t r y = 0)
Long64_t Draw( const char * varexp , const char * s e l e c t i o n , Option_t *
opt ion = "" , Long64_t n e n t r i e s = 1000000000 , Long64_t f i r s t e n t r y = 0)
roo t [ 1 0 ] t ree� >Draw( "E1" , "E1<2.&&f1== � 11&&f2==11" )

Â ñòðîêå [9] ïîñëå ñêîáêè áûëà íàæàòà êëàâèøà ¾TAB¿, ÷òî ïðèâåëî ê âûâîäó
ïîäñêàçêè ïî âîçìîæíûì êîìàíäàì. Íåäîñòàòîê êîìàíäû help âîñïîëíÿåòñÿ àâòî-
ìàòè÷åñêè ñîçäàâàåìîé ïîäñêàçêîé.

1.5 Ãðàôè÷åñêèé èíòåðôåéñ

Ãðàôè÷åñêîå îêíî â ROOT íàçûâàåòñÿ ¾êàíâîé¿ (îáúåêò TCanvas). Ìîæíî îò-
êðûòü ñêîëüêî óãîäíî òàêèõ îêîí

//Ñîçäà¼ì íîâóþ êàíâó E1 .
roo t [ 1 1 ] TCanvas *E1=new TCanvas ("E1" )
//Ñîçäà¼ì íîâóþ êàíâó cfunc .
roo t [ 1 2 ] TCanvas * cfunc=new TCanvas ("func" )
// Ïåðåõîäèì â êàíâó E1 .
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Ðèñ. 1.2. Ïðèìåðû ãðàôè÷åñêîãî ïðåäñòàâëåíèÿ ãèñòîãðàììû (êàíâà E1) è ôóíêöèè
(êàíâà cfunc)

roo t [ 1 3 ] E1� >cd ( ) ;
//Ðèñóåì ãèñòîãðàììó ïî ïàðàìåòðó E1 ñ óñëîâèåì .
roo t [ 1 4 ] t ree� >Draw( "E1" , "E1<2.&&f1== � 11&&f2==11" )
// Ïåðåõîäèì â êàíâó cfunc .
roo t [ 1 5 ] cfunc� >cd ( )
//Äåëèì êàíâó cfunc íà äâå ÷àñòè ïî Y.
roo t [ 1 6 ] cfunc� >Divide (1 ,2 )
//Ñîçäà¼ì ôóíêöèþ .
roo t [ 1 7 ] TF1 f1 (" d i f r " , "0.1+(sin (x)/x)**2" , � 10 ,10)
// Ïåðåõîäèì â âåðõíþþ ïîëîâèíó êàíâû cfunc .
roo t [ 1 8 ] cfunc� >cd (1 )
//Îòîáðàæàåì ôóíêöèþ .
roo t [ 1 9 ] f1� >Draw ( )
// Ïåðåõîäèì â íèæíþþ ïîëîâèíó êàíâû cfunc .
roo t [ 2 0 ] cfunc� >cd (2 )
roo t [ 2 1 ] f1� >Draw ( )
//Óñòàíàâëèâàåì äëÿ íèæíåé ïîëîâèíû êàíâû cfunc
//ëîãàðèôìè÷åñêèé ìàñøòàá äëÿ îñè Y.
roo t [ 2 2 ] cfunc� >cd(2) � >SetLogy ( )
//Èç êàíâû cfunc ñîçäà¼ì âåêòîðíûé eps � ôàéë .
roo t [ 2 3 ] cfunc� >Pr in t ( "root � cfunc . eps" )
//Èç êàíâû E1 ñîçäà¼ì ðàñòðîâûé png � ôàéë .
roo t [ 2 4 ] E1� >Pr in t ( "root � E1.png" )

Â îòëè÷èè îò ñâîåãî ïðåäêà PAW ROOT ïîçâîëÿåò èíòåðàêòèâíî ì åíÿòü ïàðà-
ìåòðû êàðòèíêè ñ ïîìîùüþ ïî ïðàâîìó êëèêó âûïàäàþùèõ ìåíþ. Â çàâèñèìîñòè
îò òîãî íà êàêîé îáúåêò íàïðàâëåí óêàçàòåëü ìûøè òèï ìåíþ ìåí ÿåòñÿ. Òàê æå ñ
ïîìîùüþ ëåâîé êíîïêè ìîæíî èçìåíÿòü èíòåðàêòèâíî ìàñøòàá ã ðàôèêà. Äëÿ âîç-
âðàòà â èñõîäíîå ñîñòîÿíèè â ìåíþ îòíîñÿùååñÿ ê âûáðàííîé îñ è ñëåäóåò âûáðàòü
êîìàíäó UnZoom.
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1 Runing ROOT

Íå ñòîèò ýòèì óâëåêàòüñÿ, òàê êàê êàæóùàÿñÿ ïðîñòîòà èíòåãðàëüíî óâåëè÷è-
âàåò âðåìÿ, ïîòðà÷åííîå íà ñîçäàíèå êàðòèíîê. Â îòëè÷èè îò í àáðàííûõ êîìàíä,
äâèæåíèå è êëèêè ìûøè ñîõðàíèòü äëÿ ïîâòîðíîãî èñïîëüçîâàí èÿ íå âîçìîæíî,
òî÷íåå íå îñìûñëåííî.

1.6 Áàçîâûå îáúåêòû

ROOT óíàñëåäîâàë âñå áàçîâûå îáúåêòû àíàëèçà, êîòîðûå áûëè â PAW. Íî â
îòëè÷èè îò PAW ROOT íå îãðàíè÷èâàåòñÿ èñêëþ÷èòåëüíî àíàëèç îì. Ïðèìåðîì
òàêîãî ïîäõîäà, íàïðèìåð, ñëóæèò âêëþ÷åíèå â ïàêåò îïåðàöè é äëÿ ðàáîòû ñ ìàò-
ðèöàìè (ëèíåéíàÿ àëãåáðà) è áàçîâûõ ñðåäñòâ äëÿ ìàíèïóëÿöè è îáúåêòîâ OpenGL
(îòîáðàæåíèå ôèçè÷åñêèõ îáú¼ìîâ). ROOT ïðåòåíäóåò íà íå÷ò î áîëüøåå, ÷åì áûòü
ïðîñòî ïàêåòîì àíàëèçà, íî âñ¼-æå â ýòîì ðàçäåëå áóäóò ïåðå÷ èñëåíû òîëüêî òå
îáúåêòû, êîòîðûå ìîãóò ïðèãîäèòüñÿ äëÿ ïðåäñòàâëåíèÿ äàíí ûõ.

1.6.1 Ãèñòîãðàììû

Ãèñòîãðàììà ÿâëÿåòñÿ îäíèì èç îñíîâíûõ îáúåêòîâ àíàëèçà. Ï î ñðàâíåíèþ ñ
PAW â ROOT áûëî äîáàâëåíî áîëüøå òèïîâ ãèñòîãðàìì. Êîíñòðóê òîð ãèñòîãðàìì
èìååò âèä TH1F. Äëÿ äâóìåðíîé ãèñòîãðàììû âìåñòî 1 íàäî ïîäñòàâèòü 2, à äëÿ
òð¼õìåðíîé (äà, òàêèå òîæå åñòü, ïðàâäà íå ïîíÿòíî êàê èõ ñìî òðåòü) � 3. F îçíà-
÷àåò ÷òî íà îäèí áèí èñïîëüçóåòñÿ Float_t , àíàëîãè÷íî âîçìîæíû è äðóãèå òèïû
ïåðåìåííûõ äëÿ õðàíåíèÿ çíà÷åíèÿ â áèíå.

//Ñîçäà¼ì íîâóþ êàíâó .
roo t [ 2 5 ] TCanvas *ch=new TCanvas ("Hist Test" , "Hist" )
//Ñîçäà¼ì ãèñòîãðàììó â 100 áèíîâ îò � 3. äî 3 .
roo t [ 2 6 ] TH1F *h = new TH1F( "h" ,"Hist Test" ,100 ,� 3 . ,3 . )
//Îáû÷íî ãèñòîãðàììû çàïîëíÿþòñÿ ñ ïîìîùüþ ìåòîäà F i l l .
roo t [ 2 7 ] h� >F i l l (¾TAB¿
Int_t F i l l ( Double_t x )
Int_t F i l l ( Double_t x , Double_t w)
Int_t F i l l ( const char * name , Double_t w)
//Íî ìû ñåé÷àñ èä¼ì äðóãèì ïóò¼ì :
// à ) ñîçäà¼ì ôóíêöèþ G,
roo t [ 2 8 ] TF1 * func = new TF1( "G" , "exp( � x**2)" , � 3 ,3)
// á ) çàïîëíÿåì ãèñòîãðàììó ñëó÷àéíûì îáðàçîì
// ïî ôîðìå ôóíêöèè G.
roo t [ 2 9 ] h� >FillRandom ( "G" ,1000)
//Ìåíÿåì öâåò ãèñòîãðàììû .
roo t [ 3 0 ] h� >S e t F i l l C o l o r (45)
// Ïîäãîíÿåì ãèñòîãðàììó ðàñïðåäåëåíèåì Ãàóññà
roo t [ 3 1 ] h� >F i t ( "gaus" )

. . .
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Hist Test

Ðèñ. 1.3. Ïðèìåð ïîäîãíàííîé ãèñòîãðàììû.

//Ñîõðàíÿåì ïîëó÷åííóþ êàðòèíêó .
roo t [ 3 2 ] ch� >Pr in t ( "root � histexample . eps" )

Ïîäãîíêîé ¾çàâåäóåò¿ âñ¼ òîò-æå Minuit, ÷òî áûë è â PAW, ïðàâ äà ïåðåïèñàííûé
íà C++. Àëãîðèòìû íå ïîìåíÿëèñü.

1.6.2 Äåðåâüÿ

Äåðåâüÿ (tree) â ROOT � ýòî ëîãè÷íîå ðàçâèòèå èäåè ntuple. nt uple, ïî ñóòè äå-
ëà, áûë òàáëèöåé ñî ñòîëáöàìè ïåðåìåííûõ òèïà float . Â ñëó÷àå äåðåâüåâ ýòîãî
îãðàíè÷åíèÿ íå ñóùåñòâóåò, è â äåðåâå ìîæíî ñîõðàíÿòü ëþáûå îáúåêòû.

time
1100 1105 1110 1115 1120 1125 1130 1135

610´

av
g

0.74

0.76

0.78

0.8

0.82

0.84

avg:time {H>0.1}

Ðèñ. 1.4. Ãðàôè÷åñêîå ïðåäñòàâëåíèå äåðåâà lkravg. Âèäíî,÷òî êðàñíûå òî÷êè â
ñðåäíåì íèæå ÷¼ðíûõ, ÷òî è òðåáîâàëîñü äîêàçàòü.

//Ñîçäà¼ì ôàéë íà äèñêå .
roo t [ 3 3 ] TFi le * f = new TFi le ( "lkravg . root" , "RECREATE" )
//Çàâîäèì í îâîå äåðåâî
roo t [ 3 4 ] TTree * lk ravg = new TTree ( "lkravg" , "LKr degrad" )
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1 Runing ROOT

//Ñ÷èòàåì ôàéë l k r a v g . dat � òîò ñàìûé , ÷òî "ìó÷èëè" â
//ñòàòüå ïðî PAW
root [ 3 5 ] Long64_t n l i n e s = lkravg� >ReadFi le ( "lkravg . dat" ,

// ñïèñîê ïåðåìåííûõ
"time : run : avg :avg_er :P:H" )

roo t [ 3 6 ] cout << "Number of  l ines :  " << n l i n e s << endl
//Ðèñóåì êàðòèíêó : ÷¼ðíûå ìàðêåðû � åñòü ìàãíèòíîå ïîëå ,
//êðàñíûå ìàðêåðû � íåò ìàãíèòíîãî ïîëÿ .
roo t [ 3 7 ] lkravg� >SetMarkerSty le (5 )
roo t [ 3 8 ] lkravg� >Draw( "avg : time" , "H>0.1" )
roo t [ 3 9 ] lkravg� >SetMarkerColor ( kRed)
roo t [ 4 0 ] lkravg� >Draw( "avg : time" , "H<=0.1" , "same" )
//Ïèøåì äåðåâî â ôàéë è çàêðûâàåì ôàéë .
roo t [ 4 1 ] lkravg� >Write ( ) ;
roo t [ 4 2 ] f� >Close ( ) ;
//Òåïåðü ýòîò ôàéë ìîæíî îòêðûòü
roo t [ 4 3 ] TFi le * f2 = new TFi le ( "lkravg2 . root" )
//è ïîñìîòðåòü ÷òî â í¼ì åñòü � äåðåâî ñîõðàíèëîñü .
roo t [ 4 4 ] . l s
TFi le ** lk ravg2 . roo t

TFi le * lk ravg2 . roo t
KEY: TTree lk ravg ; 1 LKr degrad

Â ROOT åñòü ìíîæåñòâî ñïîñîáîâ êàê ñîçäàòü è çàïîëíèòü äåðåâ î. Ïîäðîáíîñòè
ëó÷øå ïîñìîòðåòü â ïîëüçîâàòåëüñêîé äîêóìåíòàöèè.

1.6.3 Ôóíêöèè

Êàê è â PAW â ROOT åñòü ìîùíàÿ ïîääåðæêà ôóíêöèé êàê îáúåêòîâ. Ñ ïîìî-
ùüþ ìåòîäà Fit ìîæíî ïîäîãíàòü ãèñòîãðàììó èëè ãðàôèê. Íî äî ýòîãî ñëåäóåò
îïðåäåëèòü ôóíêöèþ, íàïðèìåð, òàê:

//Ôàéë mandel . cxx Ìíîæåñòâî Ìàíäåëüáðîòà
Double_t mandel ( Double_t *XP, Double_t *par ) {

const Int_t nmax=30;
Double_t xx =0. , yy=0. , t t , x , y ;
x=XP[ 0 ] ; y=XP[ 1 ] ;
for ( Int_t n=1;n<nmax ; n++) {

t t=xx*xx � yy*yy+x ;
yy=2.*xx*yy+y ;
xx=t t ;
i f ( xx*xx+yy*yy >4.) break ;

}
return Double_t (n)/ Double_t (nmax ) ;

}
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Ðèñ. 1.5. Ïðèìåðû ãðàôè÷åñêîãî ïðåäñòàâëåíèÿ äâóìåðíîé ôó íêöèè èëè ãèñòîãðàì-
ìû. Ìíîæåñòâî Ìàíäåëüáðîòà

Òåêñò ôóíêöèè ñëåäóåò ñîõðàíèòü â ôàéëåmandel.cxx. Ïîñëå ñ íèì ìîæíî ðàáîòàòü
èç ROOT:

//Çàãðóæàåì îïèñàíèå ôóíêöèè mandel . cxx .
//Òåïåðü ìîæíî îáðàùàòüñÿ ê ôóíêöèè .
roo t [ 4 5 ] . L mandel . cxx
roo t [ 4 6 ] TCanvas *cm=new TCanvas ("mandelbrot" , "Mandelbrot" )
//Ñîçäà¼ì îáúåêò ¾äâóìåðíàÿ ôóíêöèÿ ¿ TF2
roo t [ 4 7 ] TF2 *Mandelbrot=new

TF2( "Mandelbrot" , mandel ,� 2 .4 , .8 ,� 1 .2 ,1 .2 ,0 )
roo t [ 4 8 ] cm� >Divide (2 ,2 )
roo t [ 4 9 ] cm� >cd (1 )
roo t [ 5 0 ] Mandelbrot� >SetNpx (¾TAB¿
void SetNpx ( Int_t npx = 100) // *MENU*
//Óâåëè÷èâàåì ÷èñëî øàãîâ îòîáðàæåíèÿ .
//Êàê è â PAW ôóíêöèè îòîáðàæàþòñÿ ÷åðåç ãèñòîãðàììû .
roo t [ 5 1 ] Mandelbrot� >SetNpx (200)
roo t [ 5 2 ] Mandelbrot� >SetNpy (200)
//Êîíòóðíîå ãðàôè÷åñêîå ïðåäñòàâëåíèå .
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root [ 5 3 ] Mandelbrot� >Draw( "cont" )
roo t [ 5 4 ] cm� >cd (2 )
//Ãðàôè÷åñêîå ïðåäñòàâëåíèå â âèäå ïîâåðõíîñòü .
roo t [ 5 5 ] Mandelbrot� >Draw( "surf2" )
roo t [ 5 6 ] cm� >cd (3 )
//Ìíîæåñòâî Ìàíäåëüáðîòà â öèëèíäðè÷åñêèõ êîîðäèíàòàõ .
roo t [ 5 7 ] Mandelbrot� >Draw( "surf4cyl" )
roo t [ 5 8 ] cm� >cd (4 )
//Ãðàôè÷åñêîå ïðåäñòàâëåíèå â ñòèëå LEGO.
roo t [ 5 9 ] Mandelbrot� >Draw( "lego" )
roo t [ 6 0 ] cm� >Pr in t ( "root � mandel . eps" )

1.6.4 Ãðàôèêè
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Ðèñ. 1.6. Ïðèìåð TGraph

Ñëåäóåò îáðàòèòü âíèìàíèå íà åù¼ îäèí ïîëåçíûé êëàññ îáúåêò îâ � TGraph. TGraph�
ýòî ãðàôè÷åñêèé îáúåêò, ñîçäàâàåìûé èç äâóõ ìàññèâîâ îäèíà êîâîé äëèíû äëÿ îñè
àáñöèññ è îñè îðäèíàò, ñîîòâåòñòâåííî.

roo t [ 6 1 ] Int_t n = 20 ;
roo t [ 6 2 ] Double_t x [ n ] , y [ n ] ;
roo t [ 6 3 ] for ( Int_t i =0; i<n ; i++) {
end with ' } ' , '@' : abor t > x [ i ]=( i � 10)*0.1 ;
end with ' } ' , '@' : abor t > y [ i ]=x [ i ] * * 2 ;
end with ' } ' , '@' : abor t > }
//Ñîçäà¼ì ãðàôèê .
roo t [ 6 4 ] TGraph * gr = new TGraph(n , x , y ) ;
roo t [ 6 5 ] gr� >Draw( "ACP*" )

Åñëè äîáàâèòü åù¼ äâà ìàññèâà îøèáîê, òî ýòî óæå áóäåòTGraphError. Ãðàôèêè
ìîæíî ïîäãîíÿòü òî÷íî òàê æå, êàê è ãèñòîãðàììû ñ ïîìîùüþ ìåò îäà Fit .
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Ðèñ. 1.7. Ïðèìåðû TGraphError è ïîäãîíî÷íîé ôóíêöèè. � 2 áîëüøîé, ïîýòîìó äàí-
íûå íàäî ¾ïî÷èñòèòü¿.

1.7 Èíòåðïðåòàòîð C++ (CINT)

Èíòåðïðåòàòîð Ñ++ èëè CINT, êîòîðûé èñïîëüçóåòñÿ â ROOT áûë íåçàâèñè-
ìûì ïðîåêòîì. Ñåé÷àñ îí ÿâëÿåòñÿ ñîñòàâíîé ÷àñòüþ ROOT, íî å ãî ìîæíî èñïîëü-
çîâàòü è îòäåëüíî. Äîìàøíÿÿ ñòðàíè÷êà cint ðàñïîëîæåíà òàì æå, ãäå è ROOT:
http://root.cern.ch/root/Cint.html .

CINT îõâàòûâàåò ïðèìåðíî 95% êîíñòðóêöèé ANSI C è 85% îò C++. Ñëåäóåò
ïîíèìàòü, ÷òî ïîëíîå ñîîòâåòñòâèå ñòàíäàðòàì íèêîãäà íå áû ëî îñíîâíîé öåëüþ
CINT. Íå ñëåäóåò ïèñàòü áîëüøèõ ïðîãðàìì îïèðàÿñü íà èíòåðï ðåòàòîð, òàê êàê
ñêîðîñòü âûïîëíåíèÿ êîìàíä óñòóïàåò êîìïèëèðóåìîé âåðñèè ïðîãðàììû ïðèìåðíî
â äåñÿòü ðàç. À ãäå îäèí ïîðÿäîê, òàì è äâà. Íî äëÿ íåáîëüøèõ ñê ðèïòîâ äëÿ öåëåé
àâòîìàòèçàöèè àíàëèçà CINT âïîëíå ïîäõîäèò, íî äëÿ ñåðü¼çí ûõ öåëåé íàäî ïèñàòü
îáû÷íûå ïðîãðàììû. Áëàãî, àáñîëþòíî âñ¼, ÷òî äîñòóïíî â ROO T èíòåðàêòèâíî,
äîñòóïíî è ÷åðåç áèáëèîòå÷íûå âûçîâû. Òàê óæ ROOT ñäåëàí.

Äëÿ âíåøíèõ CINT-ñêðèïòîâ åñòü äâå ïîëåçíûå êîìàíäû:

//Âûïîëíÿåì ñêðèïò s c r i p t . cxx
roo t [ 6 6 ] . x s c r i p t . cxx
//Çàãðóæàåì ôóíêöèè , îïèñàííûå â l i b . cxx
roo t [ 6 7 ] . L l i b . cxx

Îäíîé èç îòëè÷èòåëüíûõ îñîáåííîñòåé ROOT ÿâëÿåòñÿ âîçìîæí îñòü äåëàòü ôóíê-
öèè èç âíåøíèõ áèáëèîòåê äîñòóïíûå äëÿ âûïîëíåíèÿ â ñêðèïòà õ CINT èëè èí-
òåðàêòèâíî. Íèæå áóäåò ïðèâåä¼í ïðèìåð êàê ïîäêëþ÷èòü ïîëü çîâàòåëüñêóþ C-
áèáëèîòåêó.

Äîïóñòèì ñóùåñòâóåò C-áèáëèîòåêà â êîòîðîé åñòü ôóíêöèè myfunc2(char*) è
myfunc1() , è êîòîðûå íåîáõîäèìî ýêñïîðòèðîâàòü â ñðåäó ROOT. Äëÿ ýòîã î íóæíî
ñîçäàòü çàãîëîâî÷íûé ôàéë myfile.h ïðèìåðíî ñëåäóþùåãî âèäà:

/*Ôàéë m y f i l e . h*/
#i fde f __cplusplus
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extern "C" {
#endif
extern void myfunc1 ( ) ;
extern int myfunc2 (char * ) ;
#i fde f __cplusplus
}
#endif

Ïîêà âñ¼ êàê îáû÷íî. Äëÿ òîãî ÷òîáû ýêñïîðòèðîâàòü ôóíêöèè â ROOT, íåîáõîäè-
ìî ñîçäàòü åù¼ îäèí çàãîëîâî÷íûé ôàéë myfileLinkDef.h (ê myfile äîáàâëÿåòñÿ
LinkDef ):

/*Ôàéë myf i leL inkDef . h */
#i fde f __CINT__
#pragma l i n k C++ func t ion myfunc1 ( ) ;
#pragma l i n k C++ func t ion myfunc2 ( char * ) ;
#endif

Òàê æå ìîæíî ýêñïîðòèðîâàòü è ñòðóêòóðû, ïîäñòàâèâ âìåñòî ñ ëîâà function ñëî-
âî struct . Ïîñëå ñîçäàíèÿ îïèñàííûõ çàãîëîâî÷íûõ ôàéëîâ íåîáõîäèìî ñãåíåðèòü
¾ñëîâàðèê¿:

> r o o t c i n t � f my f i l eD ic t . cxx � c myf i l e . h myf i leL inkDef . h

Â ðåçóëüòàòà áóäóò ñîçäàíû ôàéëû myfileDict.h è myfileDict.cxx .
Äàëåå íóæíî ñîáðàòü ñàìó áèáëèîòå÷êó. Ïóñòü äëÿ ïðîñòîòû âñ ÿ áèáëèîòåêà

ïðåäñòàâëÿåò èç ñåáÿ îäèí C-ôàéë myfile.c :

# Êîìïèëèðóåì m y f i l e . c .
> gcc � c � fPIC myf i l e . c
# Êîìïèëèðóåì ñëîâàðèê .
> g++ � c � fPIC ` root � co n f i g �� c f l a g s ` myf i l eD ic t . cxx
# Ñîçäà¼ì ðàçäåëÿåìóþ áèáëèîòåêó .
> g++ � shared � o myf i l e . so myf i l e . o myf i l eD ic t . o

Òåïåðü ýòó âíîâü ñîçäàííóþ áèáëèîòåêó ìîæíî çàãðóçèòü â ROO T äëÿ èíòåðàêòèâ-
íîé ðàáîòû:

roo t [ 6 8 ] gSystem� >Load ( "myfile" )
roo t [ 6 9 ] myfunc1 ( )
roo t [ 7 0 ] Int_t i count=myfunc2 ( "st r ing" )

Ýòî äàëåêî íå åäèíñòâåííûé ñïîñîá ïîäêëþ÷èòü ïîëüçîâàòåëü ñêóþ áèáëèîòåêó ê
ROOT. Äëÿ êîìïèëÿöèè ñêðèïòîâ ìîæíî èñïîëüçîâàòü ïîäñèñòå ìó ACLiC.

P.S. Êðîìå CINT â ñðåäå ROOT ìîæíî èñïîëüçîâàòü ñêðèïòû, íàï èñàííûå íà
Python èëè Ruby. È íàîáîðîò: èç ýòèõ ÿçûêîâ ìîæíî îáùàòüñÿ ñ á èáëèîòåêàìè
ROOT. Ê ñîæàëåíèþ îïèñàíèå ýòèõ ìåõàíèçìîâ âûõîäèò çà ðàìêè ýòîé ñòàòüè.
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1.8 Çàêëþ÷åíèå

Â ýòîé ñòàòüå ROOT íå îïèñàí � çäåñü òîëüêî ñîáðàíû êàêèå-òî ø òðèõè ê ïîðòðå-
òó. Äëÿ áîëåå ïîäðîáíîãî çíàêîìñòâà ñ ýòèì ïðîãðàììíûì ïðîä óêòîì íàñòîÿòåëüíî
ðåêîìåíäóåòñÿ ïîñåòèòü http://root.cern.ch .

ROOT ýòî íå ïðîñòî èíñòðóìåíò àíàëèçà � ýòî ñðåäà äëÿ ãåíåðàö èè òàêèõ èíñòðó-
ìåíòîâ. Îí, âîçìîæíî, íåóêëþæ è èçáûòî÷åí, íî ãèáîê è î÷åíü ë åãêî ðàñøèðÿåì.
Ýòî íå èäåàë, íî èäåàë, ñêîðåå âñåãî, áóäåò íà íåãî ïîõîæ.
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