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2.1 ROOTascalculator

root [0] 1+1

(const int)?2

root [1] 2*%(4+42)/12.

(const double)1.00000000000000000e+00
root [2] sqrt(3)

(const double)1.73205080756887719e+00
root [32] 1 > 2

(const int)0

root [4] TMath::Pi()

(Double t)3.14159265358979312e+00
root [5] TMath::Erf(.2)

(Double t)2.22702589210478447e-01
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ROOT asalculator [Continue]

root [6] double x=.5

root [7] int N=30

root [8] double geom_series=0

root [9] for (int i=0;i<N;++i)geom_series+=TMath: :Power(x,1i)

root [10] TMath::Abs(geom_series - (1-TMath::Power(z,N-1))/(1-x))
(Double_t)1.86264514923095703e-09
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. 2.2 R0O0Tas FunctiorPlotter

root [11] TF1 #*f1 = new TF1("f1","sin(=)/x",0.,10.):
root [12] fi1->Draw():

sin(x)/x
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ROOT as Functidalotter [Continue]

root [13] TF1 *f1 = new TF1("f2","[0]*sin([1]*x)/x",0.,10.);
root [14] fi1->SetParameter(0,1);

root [15] fi1->SetParameter(i,1);

root [16] f1->Draw();

[ —

[T0T*sin([1]*x)/x |

root [] f1->SetParametefl,5);
root [] f1->Draw()

5l
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slits.C

// Example drawing the interference pattern of light
// falling on a grid with n slits and ratio r of slit
// width over distance between slits.

// function code in C
double single(double *x, double *par) |{

double const pi=d4*atan(l.);

return pow({sin(pi*par[0]*x[0])/ (pi*par[0]*x[0]),2);
i

double nslit0 (double *x,double *par) {

double const pi=4*atan(l.);

return pow(sin(pi*par[1]*x[0])/sin{pi*x[0]),2);
i

double nslit (double *x, double *par) {
return single(x,par) * nslit0(x,par);
i

// This is the main program
void slits() {
float r,ns;
// request user input
cout << ;
scanf( , &r) ;
cout <<« :
scanf( , &Nns) ;
cout <<« << ns
<< <<r<<endl;

// define function and set options
TF1l *Fnslit = new TF1l({ ,nslit,-5.001,5.,2);
Fnslit—>SetNpx(500) ;
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slits.C [continue]

// set parameters, as read in above
Fnslit—>SetParameter (0,r) ;
Fnslit->SetParameter(l,ns) ;

// draw the interference pattern for a grid with n slits
Fnelit—>Draw() ;

3% G clC p' G eps P
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# TCanvas 0

TCanvis t ..
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Lslits.C
slits) bn tab

© slits.@ D
#include {ostrean®
#include <TF1.h>

using namespacstd;

Lslits.G+
slits()
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tutorials/graphics$ roomarkerwarning.C
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tutorials/graphics$ roomarkerwarning.C

// This script illustrates the danger of using asymmetric symbols.

[/ Non-symmetric symbols should be used carefully in plotting.

// These two graphs show how misleading a careless use of symbols can be.

[/ The two plots represent the same data sets but because of a bad symbol

// choice, the two plots on the top appear further apart than for the bottom
[/ example.

//fAuthor: Dlivier Couet

vold markerwarning()
{
const int Nph = 14;
double np ph[Nph]l = {353.4,300.2,254.3,215.2,181.0,151.3,125.2,102.7,
83.3, 66.7, 52.5, 40.2, 30.2, 22.0};
double nc phiNph]l = {3.898,3.734,3.592,3.453,3.342,3.247,3.151,3.047,
2.965,2.858,2.701,2.599,2.486,2.328};
double npe phlNph] = {10.068,9.0084,8.086,7.304,6.620,6.026,5.504,5.0854,
4.666,4.334,4.050,3.804,3.604,3.440};
double nce phlNph] = {9.235,8.217,0.210,0.206,0.213,0.223,0.239,0.260,
0.283,0.318,0.356,0.405,0.465,0.545};

const int Nbr = 6;
double np br[Nbr]
double nc briNbr]
double npe br[Nbr]
double nce br[Nbrl

{357.9,306.0,230.0,168.0,114.0, 73.0};
{3.501,3.275,3.155,3.060,3.053,3.014};
{8.P0P,11.000,10.000,9.000,9.000,8.000};
{0.318,0.311,0.306,0.319,0.370,0.429};
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tutorials/graphics$ roomarkerwarning.C

TGraphErrors *phUP
TGraphErrors *phDN
TGraphErrors *brUpP
TGraphErrors *brDN

new TGraphErrors{Nph,np ph,nc ph,npe ph,nce ph);
new TGraphErrors(Nph,np ph,nc ph,npe ph,nce ph);
new TGraphErrors{Nbr,np br,nc br,npe br,nce brj;
new TGraphErrors(Nbr,np br,nc br,npe br,nce brj;

float Top margin = B.;
float Left margin = 0.825;
float Right margin = 0.005;
float maxPlotPart = 395:
float Marker Size = 1.3;
int Marker Style = 8;
float Et 200 Min =0B.71;
float Et 200 Max = 3.80;
float Et 130 Min = 1.21;
float Et 130 Max = 3.29;
float Nc 200 Min = 1.31:
float Nc 200 Max = 4.30;
float Nc 130 Min = 1.51:
float Nc 130 Max = 3.89;
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tutorials/graphics$ roomarkerwarning.C

4 Primitives in Nc200 pad

TPad *padMNcUP = new TPad("padNcUP","200 GeV" ,0.07,0.60,1.,1.00) ;
padNcUP-=Drawi() ;

padNcUP-=cd () ;
padNcUP-=SetFillColor(1@) ;
padNcUP-=SetFrameFillColor(16) ;
padNcUP-=>SetBorderSize(0) ;
padNcUP-=>SetLeftMarginiLeft margin) ;
padNcUP-=SetRightMargin{Right margin) ;
padNcUP-=SetTopMargin{(Top margin+0.005) ;
padNcUP-=>SetBottomMargin(0.00) ;

TH1F* frameMNcUP = new TH1F{"ftTrameNcUP"”,"",100,0 maxPlotPart);
frameNcUP -=GetYaxis() -=SetLabelOoffset(0.0605) :

frameNcUP -=GetYaxis() -=SetLabelSize(0.10) ;
frameNcUP-=SetMinimum({Nc 200 Min) ;
frameNcUP-=SetMaximum({Nc 200 Max) ;
frameNcUP-=SetNdivisions (585, "% ") :
frameMNcUP-=SetNdivisions (505, "X" ) :

frameNcUP-=Drawi() ;

brUuP-=SetMarkersStyle(22) ;
brUuP-=SetMarkersize (2.0) ;
brUuP-=Draw("P") :
phDN-=SetMarkerstyle(23) ;
phDMN-=SetMarkersize (2);
phDN-=Draw("P" ]} ;
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tutorials/graphics$ roomarkerwarning.C

canvasMNc-=cd () :

Y Primitiwves i1n Ncl3I0 pad

TPad *padMNcDM = new TFPad("padMNcDN" , "130 GeVWw"” 0.7 0.02,1. 0.60) ;
padNcDM-=Drawi() ;

padMcDMN-=cd () ;
padNcDM-=SetFillColor(10) ;
padNcDM-=SetFrameFillColor({(l1a) ;
padMcDMN-=SetBorderSize(0) ;
padMcDM-=SetLeftMargini{Left marginl ;
padMNcDM-=SetRightMargin{(Right margin) ;
padMNcDM-=SetTopMargin{(Top margin+0.005) ;
padNcDM-=SetBottomMargin{(o.30) ;

TH1F* FTrameMNcDMN = new THLF{"frameNcDMN" , """, 100 .,0 max<xPlotPart) ;
fFframeNcDM-=GetYaxis( ) -=SetLabelOffset(.005) ;
fFframeNcDM-=GetYaxis( ) -=SetLabelSize(0.07) ;
FframeNcDN-=GetXaxis() -=SetLabelOoffset(B.005)
fFframeNcDN-=GetXaxis() -=SetLabelsSiz=e{(0.07) ;
FframeMNcDN-=SetMinimum{MNc 200 Min)
FrameMcDM-=SetMax<ximum{MNc 200 Max)
FframeNcDN-=SetNdivisions (505, "%")
fFframeNcDMNM-=SetMNdivisions (S5, "xX"])
FframeNcDM-=Drawi( ) :

brDN-=SetMarkerStyle(23)
brDM-=SetMarkersize (2.0
brOMN-=Draw({"P" ) ;

L= T
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tutorials/graphics$ roomarkerwarning.C

phUP-=SetMarkerStyle(22);
phUP-=>SetMarkerSize (2);
phUP-=Draw("P"]);

TLatex t1;

t1.SetTextFont(12): tl.SetText5ize(0.8525);

tl.DrawLatex(-5,0.6, "Non-symmetric symbols should be used carefully in plotting. %
These two graphs show how misleading”);

tl.DrawLatex(-5,0.4,"a careless use of symbols can be. The two plots represent %
the same data sets but because of a bad");

tl.DrawLatex(-5,0.2,"symbol choice, the two plots on the top appear further apart \
than for the bottom example.");

canvasNc-=>cd():
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I b MarkerStyle

root [0] TMarker d
root [1] d.DisplayMarkerTypes()

OB AV O[IA O XXV ¢+

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

+xOxX - - @

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SetMarkerStyléB)
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I b MarkerColor

d.SetMarkerColdqp)

root [0] TCanvas
root [1] d.DrawColorTablg
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TH1F* frameNcUP = new TH1F("frameWNcUP",6"",100,8,maxPlotPart):
frameNcUP->GetYaxis()->SetLabel0ffset(0.0085);
frameNcUP-=GetYaxis()-=SetLabelSize(0.10);
frameNcUP-=SetMinimum(Nc 280 Min);
frameNcUP-=>SetMaximum(Nc 200 Max);
frameNcUP-=SetNdivisions (505, "Y"):
frameNcUP-=>SetNdivisions (505, "X"):

frameNcUP-=Drawl ) :

brUP-=SetMarkerStyle(22);

brUP-=5SetMarkerSize (2.8);

brUP-=Draw("AP") ; //add P--->AP
brUP->GetYaxis()->5etRangeUser(Nc 200 Min,Nc 200 Max); //new
brUP-=5etTitle("");

phDN-=SetMarkerstyle(23);
phDN-=>SetMarkerSize (2);
phDN-=Draw("SameP"); //add P--=5ameP

2016/8/20
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2.5 Histograms iiROOT

root [0] TF1 efunc("efunc","exp([0]+[1]*x)",0.,5.);

root [1] efunc.SetParameter(0,1);

root [2] efunc.SetParameter(i,-1);

root [3] TH1F* h=new TH1F("h","example histogram",100,0.,5.);
root [4] for (int i=0;i<1000;i++) {h->Fill (efunc.GetRandom()) ;}
root [5] h->Draw();

example histogram
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;g CallSetNpxfNpx) beforeGetRandor() of TF1!

Return a random number following this function shapeximin,xmax

The distribution contained in the functidname(TF1) is integrated
over the channel contents.
It is normalized to 1.
For each bin the integral is approximated by a parabola.
The parabola coefficients are stored as non persistent data members
Getting one random number implies:

- Generating a random number between 0 and 1 (say rl)

- Look in which bin in the normalized integral rl corresponds to

- Evaluate the parabolic curve in the selected bin to find

the corresponding X value.

The parabolic approximation is very good as soon as the number
of bins is greater than 50.

IMPORTANT NOTE

The integral of the function is computed ftpxpoints. If the function
has sharp peaks, you should increase the number of pdi®sNpy
such that the peak is correctly tabulated at several points.
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Rndm() of TRandonShould NOT be Used!

Machine independent random number generator. Based on the BSD
Unix (Rand) Lineaongrentialgenerator

Produces uniformbgistributed floating points between 0 and 1.
ldentical sequence on all machines of >= 32 bits.

Periodicity = 2**31

generates a number in ]0,1]

Note that this is a generator which is known to have defects

(the lower random bits are correlated) and therefore should NOT be
used in any statistical study.

Use: TRandom3
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TRandom3

1.0p000

public: TRandom3 (UInt_t seed = 4357) TRandom3 "
andom3 (Ulnt_t seed = _
TRandom3 (const TRandom3&) r-Setsee(D)1
vitual ~TRandom2J () — .
static TClass* Class () DOUbIe—tvaI r.Rndrr(),

vitual TClass™ IsA () const
TRandom3& operator= (const TRandom3&)
virtual Double t Rndm (Int_t i = 0}
virtual void RndmArray (Int_t n, Float_t* array) Rndny():

virtual void RndmArray (Int_t n, Double t* array) T
virtual void SetSeed (Ulnt_t seed = 0) Machine independent random number

virtual void ShowMembers (TMemberlnspector& insp, char* parent) gene_rator. _Proc_luces uniformiistributed
virtual void Streamer ITE:LIﬁ-EFS: |:}] ﬂOatIng pOIntS N ]0,1] Method\/lel‘senne
void StreamerNVirtual (TBuffer& b) Twistor
SetSee®)--- ~ or SetSee(Num),
Nunm>0
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TRandom3

2016/8/20

Distributions

Description

Double t Uniform(Double t x1,Double t x2)

Uniform random numbers between x1, x2

Double t Gaus (Double t mu, Double t sigma)

Gaussian random numbers.
Default values: mu=0, sigma=1

Double_t Exp(Dcouble_t tau)

Exponential random numbers with mean tau.

Double t Landau(Douhle t mean,Double t sigma)

Landau distributed random numbers.
Default values: mean=0, sigma=1

Double t BreitWigner (Double t mean,

Double t gamma)

Breit-Wigner distributed random numbers.
Default values mean=0, gamma=1

Int t Polisson(Double t mean)
Double t PoissonD(Double t mean)

Poisson random numbers

Int £t Binomial (Int t ntot,Double t prob)

Binomial Random numbers

Circle (Double t &x,Double t &y,Double t r)

Generate a random 2D point (x, v] in
a circle of radius r

Sphere (Double t &x,Double t &y,
Double t &z,Double t r)

Generate a random 3D point (x, v, z) in
a sphere of radius r

Rannor (Double_t &a,Double_t &b)

Generate a pair of Gaussian random
numbers with mu=0 and sigma=1

siguang@pku.edu.cn
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p HTHILF

root [1] TH1F* h=new THIF("h","example histogram",100,0.,5.);
root [2] ifstream inp; double x;

root [2] inp.open("expo.dat");

root [4] while (inp >> x) { h->Fill(x); }

root [5] h->Draw();

root [6] inp.close();

expo.data

Y W @ b
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rootlogon.C

[] cat SROOTSYS/tutoriaisbtiogon.C

{
printf("\nWelcometo the ROOT tutoriale\n");
printf("\nType\".x demos.C" to get a toolbar from which to execute the dema));
printf("\nType\".x demoshelp.C' to see the help windoWwn\n");
printf("==> Many tutorials use the filessimple.rootproduced byhsimple.Cn");
printf("==> It is recommended to executsimple.(efore any other scriph\n");

}
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»ﬁ rootlogon.C

// This is the file rootlogon.C
{

TStyle *myStyle = new TZtyle( , ),

// from ROOT plain style
mysStyle—>SetCanvasBorderMode (0) ;
mysStyle->SetPadBorderMode(0) ;
myStyle—>SetPadColor (0) ;
mysStyle->SetCanvasColor (0);
myStyle—->SetTitleColor(l);
myStyle—>SetstatColor(0);

mysStyle—>SetLabelsize(0.03, Y; // size of axis values

// default canvas positioning
myStyle—>SetCanvasDefX (900) ;
mysStyle->SetCanvasDefY (20) ;
myStyle—>SetCanvasDefH (550) ;
mysStyle->SetCanvasDefW(540) ;

myStyle—>SetPadBottomMargin(0.1);
mysStyle—->SetPadTopMargin{0.1);
myStyle—>SetPadLeftMargin(0.1);
mysStyle->SetPadRightMargin(0.1);
myStyle—>SetPadTickX (1) ;
myStyle—>SetPadTick¥ (1) ;
mysStyle->SetFrameBorderMode (0) ;

// Din letter
myStyle->SetPaperfize (21, 28);
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rootlogon.C [continue]

mysStyle—>SetOptstat (111111);// Show overflow and underflow as well
myStyle->8etOptFit (1011);
myStyle—>SetPalette(l);

// apply the new style
gROOT->SetsStyle( ); //uncomment to set this style
gROOT->ForceStyle(); // use this style, not the one saved in root files

printf( );

2016/8/20 siguang@pku.edu.cn
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.rootrc
W rodirc //local directory
w Pl hr@eoock @ //user directory
w P wh ret®/$ystdmrrootrc //global ROOT directory
P
# Rint(interactive ROOT executable) specific alias, logon and logoff macros.
Rint.Load rootalias.C
Rint.Logon rootlogon.C
Rint.Logoff rootlogoff.C
2016/8/20 siguang@pku.edu.cn 30



A Tracking Memory Leaks

E ‘ rootrc 7 B P
Root.MemStat 1
Root.ObjectStat 1

ROOTSY&L system.rootrg k

Tv
gObjectTable>Print()? create.C b T°

vold createl(){
TMemStat mm("gnubuiltin”);

TH1F *h;
for(Int t i=0;i<18; i++){
h = new THIF{"h","",180,08,18);

gO0bjectTable-=>Print();

}
}
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Tracking Memory Leaks

—a —a merre—

—a

No ¥
TDhatalMemt Te Ta 216 16848 16848 TDhatalMemk Te Te 216 16848 16548 TRUE
TH1F g 3 S9TE 27 ad aT7ad TH1F 10 10 aTA STED STED FALSE
TNamed a5 a5 Ad GOE0 GOE0 THamed 95 95 Ad BOED BOED TEUE

—a
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2.7.3 ROOT commartustory

2016/8/20

cat ~/.root hist
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* t

// Bet the general style options — ~

void SetSgStyle()( 1) W @ b TP useful.h 2
/f Mo Canwvas Border
gStyle->SetCanvasBorderHode (0} ; 2) emaCSteStSty|e.C&
gStyle->SetCanvasBorderSize(0);
// White BG #
ﬁ‘:tyle—}ﬂe?ﬂanvasﬂolﬂr( 10}; void testStyle() {

Format for axes * — - .
gStyle—>SetLabelFont (22, y TH1F *hl = m-aw TH1F ( ,'",100,-10,10);
gStyle->SetLabel8ize(0.06, ¥ SEthStYlE ();
gStyle->SetLabel0ffset(0.01, y: TH1F *h2 = new TH1F( , ', 100,-10,10);
gStyle->SetHdivisions(510, ); hl->FillRandom( ,1000) ;
gStyle->SetTitleront (22, ¥ h2->FillRandom ( ,1000) ;
gStyle->SetTitleColor(l, ¥ * — .
gStyle->8etTitleSize(0.06, Y; TCEIHV'-{IE_ cl = n?w TCanvas ( f )i
gStyle—>SetTitleOffset(0.01); cl->Divide(2,1);
gStyle->SetTitleYOffset(1.1); cl->ed(1);

// NHo pad borders hl->Draw() ;
gStyle->SetPadBorderHode(0); cl->cd(2);
gStyle->SetPadBorderS8ize(0); _ .-
77 White BG h2—->Draw() ;
gStyle->SetPadColor(10}; 1

/f Hargins for labels etco.
gStyle->SetPadLeftHargin{0.15%});
gStyle->SetPadBottomHargin{0.15);
gStyle->SetPadRightHargin{0.05);
gStyle->SetPadTopHargin{0.06);

/7 Ho error bhars in x direction L
gStyle->SetErrorX(0);

// Format legend | CommonCutsPureROQT.h
gStyle->SetLegendBorderSize(0);

ff gStyle—>SetLegendFont{22); not In rooth.28
gStyle->8etFillStyle(0);
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txtN

useful.n[ ¥ ~

void txtH(Double_t 0, Double_t y0,TH1 *h,Char t sHame[]=
h->Set3tats (KFALSE) ;
TLatex *1tx = new TLatex();
1tx->8etNDC (KTRUE) ;
ltx—>SBetTextColor (h—>GetLineColor()) ;
1tx —-> SetTextFont(22);
ltx—->SetTextSize (sizeTxt) ;
ltx—>DrawLatex(x0, y0, Form(sName,h h—>GetEntries()));
gPad—->Modified() ;
gPad->Update () ;

2016/8/20

testStyle.@ v ~
txtN(0.2,0.95,h2)

a0

80

70

0

50

40

30

]

h1

20F

10f

:IIIIIII|III|i| IIIII|III|IhIl|III|III|III

Entries. 1000

Mean  0.01125

RMS 1.008

10 8 6 4 2 0 2 4 6 8 10

siguang@pku.edu.cn

80

70 L

60

S0f

40

0

;Double t sizeTxt=0.06) {

N=1000

30
20¢

100

_III|III|IIh|I |III|III|II|III|III|III

-10-8 -6 -4 -2 0 2 4 6 8 10




s newTH1F

TH1F * newTH1F (Char t name[]= ;Double_t binw=0.01, Double_t LowBin=0.0, Double t HighBin=3.0,Boo
_t MevTitle = KTRUE, Int_t iMode=-=1) {

Int_t nbin = TMath: :Nint( (HighBin - LowBin)/binw );

HighBin = binw*nbin + LowBin;

TH1F *h = new TH1F (name, ,hbin, LowBin, HighBin) ;
if (MevTitle) h->GetYaxis()—->SetTitle(Form( yh=—>GetBinWidth (1) *1000)) ;
h->SetMinimum(0.0) ;
h->GetYaxis()—>SetTitleOffset(1.1);
if (iMode>=0 && iMode<l4){
Int_t iMarker[] = {20,21,24,25,28,29,30,27,3, 5,2, 26,22,23};
Int_ t iColor[] = { 2, 4, 6, 9, 1,50,40,31,41,35,44,38,47,12},;
h —>SetMarkerstyle(iMarker [iMode]) ;
h —>8etHMarkerColor{iColor[iMode]) ;

h —>8etLineColor(iColor[iMode]) ;
} void testStyle2(){

TH1F *hl = newTHlF( ,0.5,-10,10,kTRUE, 1) ;
return h; SetsSgstyle();

} TH1F *h2 = newTHlF( ,0.5,-10,10,kTRUE, 2) ;

hl->FillRandom( , 1000} ;

h2->FillRandom| ,1000) ;

TCanvas *¢l = new TCanvas|( LY

cl->Divide(2,1);

cl->cd(l);

hl->Draw|( 1;

cl->cd(2);

h2->Draw( 1;

txtN(0.2,0.95, h2);
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LineX1

vold LineXl (Double t atX,Int_t icColor=kRed,Int_t iStyle=l,Double_t iWidth=1) {

gPad—>Modified();
gPad->Update () ;

TLine *11 = new TLine (atX, gPad—->GetUymin() ,b at¥, gPad->GetUymax());

ll->SetLineColor(iColor) ;
ll1->SetLinestyle({istyle);
ll->SetLineWidth{iWidth) ;
1l->Draw() ;

void testStyle2(){
TH1F *hl = newTH1lF(
setsgsStyle();
TH1F *h2 = newTHLF (
hl->FillRandom( ,1000) ;
h2->FillRandom( , 1000} ;
TCanvas *cl = new TCanvas(
c¢l->Divide(2,1);

cl->=cd(l);
hl->Draw( );
cl->xcd(2);
h2->Draw( );

txtn(0.2,0.95,h2);
LineX1(0.0);

,0.5,-10,10,kTRUE, 1) ;

,0.5,-10,10,KTRUE, 2) ;

S I
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# USEFUL_H
# USEFUL_H
#

// Set the general style options

void BetSgsStyle() {
// Ho Canvas Border

gstyle->8etCanvasBorderMode (0) ;
gsStyle—>SetCanvasBorder3ize(0) ;

// White BG
gsStyle—>SetCanvasColor (10);
// Format for axes
gsStyle—>SetLabelFont (22,
getyle—>SetLabelsize (0. 06,

),
);

siguang@pku.edu.cn
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£ TMath.np & A

/root/534/include$ emacsTMath.h&

* htmldodTMath.html N \ P

volid drawFun(){
TF1 *f = new TF1("f","TMath::5in(x)",0,6);
T-=Draw();

h

http://project -mathlibs.web.cern.ch/project
mathlibs/sw/html/group _ SpecFunc.html

root [] TF1 a@","ROOTMath:landau_ pdfx,1,0)")
root [] a.Draw()
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A more completeexample® marcol.C)

Measurement XYZ

2016/8/20

:'E 60 Lab. Lesson 1
3 —=— Exp. Points t
< 50 " Th. Law % L o
40— e %
30— )
20— % % %
10— % % Maximum
N ‘lT Deviation
il S T R T
L 2 4 6 8 10
lenght [cm]
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Marcol.C

f/f Builds a graph with errors, displays it and saves it as
f// image. First, include some header files {(within CIHT,
f/f these will be ignored).

S o o o S

vold macrol({){

ff The walues and the errors on the ¥ axis

const int n_points=10;

double =x_wals[n_points]=
{1,2,3,4,5,6,7,8,9,10};

double y wals[n_points]=
{6,12,14,20,22,24,35,45,44,53};

double y _errs[n_points]=
{9,5,4.7,4.5,4.2,5.1,2.9,4.1,4.8,5.43};

/f Instance of the graph
TGraphErrors graphi{n_points,x_wals,y_wvals,HNULL,y¥ errs);
graph. SetTitle( Y;

// Hake the plot estetically better
graph. SetHarkerStyle(kOpenCircle);
graph. SetHarkerColor(kBlue);

graph. SetLineColor(kBlue);

/{ The canvas on which we’ll draw the graph
TCanvas* mycanvas = new TCanwvas();

// Draw the graph !
graph.DrawClone( ¥;

2016/8/20 siguang@pku.edu.cn
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Marcol.C [continue]

F/ Define a linear function

TF1 f¢ , ,-3,10.5);
Ff Let’s make the funcion line nicer
f.SetLineColor(kRed); f.SetLineStyle(2);
/f Fit it to the graph and draw it
graph.Fit{&f);

I.DrawClone( ¥:

// Build and Draw a legend

TLegend leqg(.1,.7,.3,.9, ¥;
leqg.SetFillColor(0);

graph. SetFillcColor(0);

leq. AddEntry{ &graph, Y;

leqg. AddEntry({af, ¥:
leqg.DrawClone( ¥;

// Draw an arrow on the canvas
TArrow arrow{d,8,.6.2,23,0.02, ¥
arrow, SetLineHidth(?);
arrow.DrawClone();

// Bdd some text to the plot
TLatex text(§.2,7.5, ),
text.DrawClone();

mycanvas—>Print( ¥;

# ___CINT_
int main{){
macroli);

}
#

2016/8/20 siguang@pku.edu.cn
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Interpretation and Compilation

2016/8/20

3.4.1 Compile a Macro with  ACLiC(The Automatic Compiler of
Libraries for CINT -- C/C++ interprete)

root [0] .L macrol.C++
root [1] macrol()

3.4.2 Compile a Macro with the Compiler

U g++-0 macrol.exe macrol.C roaonfig--cflags--libs
U ./macrol.exe

U acroread graph_with_law.pdf &

siguang@pku.edu.cn
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ExampleMarco.C

* Hote that this file can be either used as a compiled program
or as a ROOT wmacro.

* If it is used as a compiled program, additional include statements
and the definition of the main program hawve to he made. This is
not needed if the code is executed at the ROOT prompt.

*f
Fffifndef _ CINT // These include-statements are needed if the program is
¥include "TFile.h" Jf/ run as a "stand-alone application", i.e. if it is not

¥include “"THI1F.hRL" /7 called from an interactiwve ROOT session.
¥include "TCanvas.h"

¥include "THath.h"

// eventually, load some C libraries

¥include <math.h>

void ExampleHacro();
£/

int main()

{
ExampleMacro(};
return 0;

}
fffendif
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r'ﬂy'ﬁ g
N
f =

ff
7

* From here on, the code can also be used as a macro

* Hote though, that CIHT may report errors where there are none
in C++. E.g. this happens here where CINT says that fl1 is
out of scope

==»> put your code here
{ remember to update the name of you HMacro in the
lines above if you intend to comile the code}

*/

void ExampleMacro() {

// Create a histogram, fill it with random gaussian nmumbers
THI1F *h = new THIF {("h", "example histogram®™, 100, -5.,5.3%;
h->FillRandom{ "gau=", 1000} ;

// draw the histogram
h->DrawClone{);

/* — Create a new ROOT file for output

}

— Note that this file may contain any kind of ROOT obhjects, histograms,
pictures, graphics ohjects etc.
— the new file is now hecoming the current directory */
TFile *fl1 = new TFile{"ExampleHacro.root", "RECREATE", "ExampleHacro™);

// write Histogram to current directory (i.e. the file just opened)
h->Hrite{);

/7 Close the file.
’/ {You may inspect your histogram in the file using the TBrowser class)
f1->Close();

2016/8/20 siguang@pku.edu.cn
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Compile&Run ExampleMarco.Ccontinue]

>g++0 ExampleMacro.exexampleMacro.Goot-config--cflags--libs
> ./[ExampleMacro.exe
Info in I CanvasMakeDefCanvas created defaullf Canvasvith name cl
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ExampleMacro GUI.C

/*
This piece of code demonstrates how a root macro is used as a standalone
application with full acces the grapical user interface (GUI) of ROOT

// include ALL header files needed
f#ifndef _ CINT

#include "TROOT.h"

finclude "TApplication.h”

#include "TBrowser.h"

#include "TFile.h"

#include "TH1F.h"

#include "TCanvas.h"

#include "TMath.h"

fendif

// eventually, include some additoinal C or C++ libraries
#include <math.h>

'y ==>> put the code of your macro here

void ExampleMacro GUI{) {
// Create a histogram, fill it with random gaussian numbers
TH1F *h = new THI1F ("h", "emzample histogram", 100, =5.,5.};
h->FillRandom({ " gau=",b1000}) ;

// draw the histogram
h—->DrawClone() ;

2016/8/20 siguang@pku.edu.cn
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4\ ExampleMacro_GUI.{¢ontinue]

/* — Create a new ROOT file for output
— Hote that this file may contain any kind of ROOT objects, histograms,
pictures, graphics objects etc.
— the new file is now becoming the current directory */
TFile *fl = new TFile("ExampleMacro. root", "RECREATE", "ExampleMacro"} ;

// write Histogram to current directory (i.e. the file just opened)
h—>Write();

// Close the file.

Iy (You may inspect your histogram in the file using the TBrowser class)
fl->Close() ;
i

// the "dressing" code for a stand-alone ROOT application starts here
#ifndef _ CINT
void StandalonedApplication{int argc, char** argv) {

// ==>> here the ROOT macro is called

ExampleMacro GUI();

i

// This is the standard main of C++ starting a ROOT application
int main(int argc, char** argv) {
Tapplication app('Root Application”, sargc, argv);
StandaloneaApplication{app.argc({), app.Argv()),;
app.Run() ;
return 0;

i
#endif
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Compile&Run ExampleMarco_GUI.Qcontinue]

>g++0 ExampleMacro_GUIl.ekxampleMacro GUI.@ot-config--cflags--libs
> ./[ExampleMacro_GUIl.exe
Info in <TCanvasMakeDefCanvas created defaull Canvasvith name cl

£l =R
example histogram h
Entries 1000
50— Mean 0.01124
L RMS 1.005
a0
30
20
10
u _I | | L | nn | I | | | 1 ﬂ 11 hl 1
5 -4 3 1 0 4 5

2016/8/20 siguang@pku.edu.cn 49



ReadGraph Points from File

TGraphErrors(const char *filename,
const char *format="Jlg %lg %lg %lg", Option_t #*option=""};

The format string can be:

e "\ilg \¥lg" read only 2 first columns into XY
o "\Ulg \Vlg \%lg" read only 3 first columns into XY and EY
e "\Ulg \Mlg \¥lg \¥lg" read only 4 first columns into XY EX EY
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TGraphErrors

Graph

1.6

H__+__q
+ htr:l

1.4

1.2

0.8
0.6
0.4

0.2

1
- 1

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
1.5 2 2.5 3

root [0] TGraphbErrors $gr=new Thraphbrrors("Exanplelata, txt"
root [1] gr->Drawi"AP"

—
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ExampleData.txt

2016/8/20

[] cat ExampleData.txt
# fake data to demonstrate the use draphErrors

# XYy exy

1.0.40.10.05
1.30.30.050.1
1.70.50.150.1
1.90.70.050.1
2.31.30.070.1
2.9150.20.1

TGraphError&onstchar* filename,constchar format ="%lg %dg %dg %dg", Option_t*
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TGraphErrors

_—— B - —— - - —— o — - RN R e T

TGraphErmrs (Int tn EDﬂSt Fluat t”}e: EDﬂSt Float t”\_,.r EDﬂSt Fluat tTex= EI cn:unst Fluat tfey=10)
TGraphErrors (Int_t n, const Double t* x, const Double t* vy, const Double t* ex =0, const Double t* ey = 0)

L

cl = new TCanvas("cl”, "4 Simple Graph with error bars”, 200, 10, TO0, 5007
c1->EetFillColor (42);

cl->SetGrid();

cl-»GetFrame () —>SetFillColor (21);

cl->GetFrame () —>SetBorderSize (12)

Int_t n=10;
Double_t x[n]
Double_t y[n]

Doukle t exln]

{-0.22, 0,05, 0,25 0,35 0.5 0,861,070, 850,890 95};
1,2.9,5.6,7.4,9,9.6,87,6.3,4.5,1};

{05,.1,.07,.07,.04,.05,.06,.07,.08.05};
.8.7,.6,.5,.4,.4,.5,.6,.7,.8}; 10

gr = new [Graphfrrors(n, x, v, ex, ev) ;

| TGraphErrors Example |

Doukle t eylrnl

gr—>3etTitle ("TGraphfrrors Examnle™)

gr—>SetMarkerColor(4) 6
gr—>SetMarkerStyle(21) E
gr—>Draw(“ALP7) o
return cl; 2_
] L _%_
0=——a5
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macro2.C

macro2_input.txt macro2_input_expected.txt
# Measurement of Friday 26 March # Measurement of Friday 26 March
# Experiment 2 Physics Lab # Experiment 2 Physics Lab
# Expected points from theory predictions
1 6 5
2 12 5 1 6 05
3 14 4.7 2 12 1.
4 20 4.5 3 18 1.5
5 22 4.2 4 24 2.0
6 24 5.1 5 30 3.7
7 35 29 6 36 4.9
8 45 4.1 7 42 5.4
9 44 4.8 8 48 6.8
10 53 5.43 9 54 75
10 60 9.7
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pa marco2.C

// Reads the points from a file and produces a simple graph. _
int macro2 ()| graph.Prin() H
TCanvas* c=new TCanvas() ;

. (LSRR
c—>SetGrid() ; FProcessing macroZ.C.
x[0]=1, y[@]=6, ex[@]z@, ey[0]=5
TGraphErrors graph_expected ( . x[11=2, y[1]1=12, ex[1l]=0, ey[l]=5
) ; x[2]1=3, y[2]=14, ex[2]=0, ey[2]=4.7
graph_expected. SetTitle( x[3]1=4, y[3]1=20, ex[3]=0, ey[3]=4.5
= x[4]1=5, y[4]1=22, ex[4]=0, ey[4]=4.2
x[5]1=6, y[5]=24, ex[5]=0, ey[5]=5.1
y x[6]=7, y[6]=35, ex[6]=0, ey[6]=2.0
; 71=8, y[71=45, ex[7]=0, 71=4.1
graph_expected. SetFillColor (kK¥ellow) ; i%ﬁza ﬁgiﬁqreigiﬂrzigﬁﬁLg
graph_expected.DrawClone ( y; // E3 draws the band xﬁ]ﬂﬁ,ﬁfm:EB ex[9]=0, ey[9]=5.43
root [1]
TGraphErrors graph ( , ) ;
graph . SetMarkerstyle (kCircle) ;
graph.SetFillColor (0) ; _
graph . DraWEanE( ] : \ mMeasurement XYZ and Expectation |
E 70 Lab. Lesson 2 -
// Draw the Legend g
TLegend leg(.l1l,.7,.3,.9, ) ; E
leg.SetFillColor (0) ; S0 %
leqg.AddEntry (&graph_expected, ); 40 i !
leg.AddEntry (&graph, ) 30
leqg.DrawClone ( ) ; 2£ % %
graph.Print () ; "0E ‘
} u_l I2“‘4’III'5‘IIBIIIEI‘I‘QI:‘IIE][(:m]
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ra Polar Graphs

/f Builds a polar graph in a square Canwvas.

void macro3(){
TCanvas* ¢ = new TCanvas( . LB00,600);
double rmin=0;
double rmax=THath: :Pi{)*6;
const int npoints=1000;
Double t r[npoints];
Double_t theta[npoints];
for (Int_t ipt = 0; ipt < npoints; ipt++) { 8 myConvas =
rlipt] = ipt*{rmax-rmin)/npoints+rmin;
theta[ipt] = THath::Sin{r[ipt]);

LME]

}
TGraphPolar grP1l {npoints,r, theta};
grP1l.SetTitle( ¥;

grPl. SetLineWidth{3);
grPl. SetLineColor{2);
grP1l.DrawClone( I x
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2D Graphs
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