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     C/C++ Random generator   
     CERN Root҈ Random generator  
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C/C++ ᵩ

#include <cstdlib> 



C/C++ ᵩ

#include <iostream> 
#include <cmath> 
#include <cstdlib> 
#include <ctime> 
using namespace std; 
int main() 
{ 
 double mean=0.0;  
 double variance=0.0; 
 double chi2=0.0; 
 double f[10]; 
 for(int i=0; i<10; i++) { 
  f[i]=0.; 
 } 
 srand(unsigned(time(0)));   
 for(int i=0; i<NN; i++) { 
double fx=rand()/(double)RAND_MAX; 

 if(fx<0.1) { 
     f[0]+=1.0;  
   } 
   else if(fx<0.2) { 
     f[1]+=1.0;  
   } 
   ΧΧ 
   else{ 
     f[9]+=1.0;  
   } 
   mean+=fx; 
   variance+=fx* fx; 
 } 
   mean=mean/double(NN); 
   variance=sqrt(variance/double(NN)-mean*mean); 
 for(int i=0; i<10; i++) { 
      chi2+=(f[i]-double(NN)/10.0)*(f[i]-   
          double(NN)/10.0)/(double(NN)/10.0); 
 } 
  chi2=chi2/10.0; 
 cout<<"mean= "<<mean<<endl;   
 cout<<"variance= "<<variance<<endl;   
 cout<<"chi2= "<<chi2<<endl;   
} 
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CERN Root ֟

1. From the original implementation in FORTRAN by Fred James as part of  
CLHEP. The initialisation is carried out using a Multiplicative  Congruential 
generator using formula constants of L'Ecuyer as described in "F.James, Comp. 
Phys. Comm. 60 
 (1990) 329-344".  
https:// root.cern.ch/doc/master/TRandom1_8cxx_source.html 

 
2. Random number generator class based on the maximally quidistributed 
 combined Tausworthe generator by L'Ecuyer.  The period of the generator  
is 2**88 (about 10**26) and it uses only 3 words for the state. 
https:// root.cern.ch/doc/master/classTRandom2.html 

 
 
3. TRandom3, is based on the "Mersenne Twister generator", and is the 
recommended one, since it has good random proprieties (period of about 
10**6000 ) and it is fast 
http:// root.cern.ch/root/html/TRandom3.html 

gRandom = new TRandom1/2/3(0); 

https://root.cern.ch/doc/master/TRandom1_8cxx_source.html
https://root.cern.ch/doc/master/TRandom1_8cxx_source.html
https://root.cern.ch/doc/master/classTRandom2.html
https://root.cern.ch/doc/master/classTRandom2.html
http://root.cern.ch/root/html/TRandom3.html
http://root.cern.ch/root/html/TRandom3.html
http://root.cern.ch/root/html/TRandom3.html


ҽᶛran0

double ran0(long &idum) 
{ 
  const int a = 16807, m = 2147483647, 
q = 127773; 
  const int r = 2836, MASK = 123459876; 
  const double am = 1./m; 
  long k; 
  double ans; 
  idum ̂ = MASK; 
  k = idum/q; 
  idum = a*(idum - k*q) - r*k;  
  // add m if negative difference 
  if(idum < 0) idum += m; 
  ans=am*(idum); 
  idum ̂ = MASK; 
  return ans; 
} // End: function ran0() 
 
 

** The function ran0() 
** is an "Minimal" random number generator 
of Park and Miller 
** Set or reset the input value 
** idum to any integer value (except the 
unlikely value MASK) 
** to initialize the sequence; idum must not be 
altered between 
** calls for successive deviates in a sequence. 
** The function returns a uniform deviate 
between 0.0 and 1.0. 



ҽᶛ ran2

double ran2(long &idum) 
{ 
  const int IM1=2147483563; 
  const int IM2=2147483399; 
  const double AM = 1./IM1; 
  const double IMM1 = IM1-1; 
  const int IA1=40014; 
  const int IA2=40692; 
  const int IQ1=53668; 
  const int IQ2=52774; 
  const int IR1=12211; 
  const int IR2=3791; 
  const int NTAB=32; 
  const int NDIV=1+IMM1/NTAB; 
  const double EPS=1.2e-7; 
  const double RNMX=1.0-EPS; 
    int            j; 
   long           k; 
   static long    idum2 = 123456789; 
   static long    iy=0; 
   static long    iv[NTAB]; 
   double         temp; 
    

if(idum <= 0) { 
      if(-(idum) < 1) idum = 1; 
      else             idum = -(idum); 
      idum2 = (idum); 
      for(j = NTAB + 7; j >= 0; j--) { 
         k     = (idum)/IQ1; 
  idum = IA1*(idum - k*IQ1) - k*IR1; 
  if(idum < 0) idum +=  IM1; 
  if(j < NTAB)  iv[j]  = idum;     } 
      iy=iv[0]; 
   } 
   k     = (idum)/IQ1; 
   idum = IA1*(idum - k*IQ1) - k*IR1; 
   if(idum < 0) idum += IM1; 
   k     = idum2/IQ2; 
   idum2 = IA2*(idum2 - k*IQ2) - k*IR2; 
   if(idum2 < 0) idum2 += IM2; 
   j     = iy/NDIV; 
   iy    = iv[j] - idum2; 
   iv[j] = idum; 
   if(iy < 1) iy += IMM1; 
   if((temp = AM*iy) > RNMX) return RNMX; 
   else return temp; 
} // End: function ran2() 

The function  ran2() is a long period (> 2 x 10^18) random number 
generator of L'Ecuyer and Bays-Durham shuffle and added safeguards. 
Call with idum a negative integer to initialize; thereafter, do not alter 
idum between successive deviates in a sequence. RNMX should 
approximate the largest floating point value that is less than 1. The 
function returns a uniform deviate between 0.0 and 1.0 











the probability of observing a test statistic at least as 
extreme in a chi-squared distribution 
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https://indico.ihep.ac.cn/event/4902/contribution/15/material/slides/0.pdf 
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Bayes Theorem





Å If x is single-dimensional, we realize that a 
set of probability values as the one 
defined above can be effectively drawn as 
a histogram, if we define the width of the 
bins to be dx. 

Å By letting dx go to zero, we obtain the 
continuous function f(x). This is called 
"probability density function" of x (PDF). 

ÅOften a measurement of some observable quantity results in a 
continuous random variable. We can consider intervals in the possible 
values as subsets of the total sample space, and derive the probability 
that the measurement is included in them 

ïP(xmeas in [x, x+dx[) = f(x) dx 

ïOf course this has no meaning unless P(x in S)=1 
 

Probability density functions



Å For any single-dimensional PDF f(x) it is 
straightforward to define the cumulative 
distribution F(x) as 

Ὂὼ ὪὼὨὼᴂ 

Å The meaning of F(x) is that of the 
probability to observe x' with a value 
smaller or equal to x 

Å This leads to the concept of quantile x,h 
defined as value of x such that F(x)h=h . 
ï The special quantile with a name is the 

median, x0.5. 
ï Other important quantiles: x0.05, x0.95, 

x0.16, x0.84. 

Å The median, like the mean (see later) 
but unlike the mode [the most probable 
value of the distribution f(x)], can be a 
value not belonging to S 

We will use it 
When we define 
"tail probabilities" 

The cumulative distribution



E[.]: the Mean 

Å The probability density function (pdf) f(x) of a random variable x is a normalized 
function which describes the probability to find x in a given range: as already 
written before,   

    P(x,x+dx) = f(x)dx 

ïThis is defined for continuous variables. For discrete ones, e.g. P(n|m)=e-

mmn/n!  , P is a probability tout-court. 

Å The expectation value of the random variable x is then defined as 

 

 

 

Å E[x], also called population mean , or simply mean, of x, thus depends on the 
distribution f(x).  Note that E[x] is not a function of x, but it is rather a fixed 
quantity dependent on the form of the PDF f(x). 

Å The formulation of the expectation value is useful to define other properties of 
the PDF, as shown in the following. 

m==ñ
+¤

¤-

dxxxfxE )(][
a function of the 
parameters of  
the model 

ṿ



The variance 

ÅOf crucial importance to determine the property of a 
distribution is ǘƘŜ άǎŜŎƻƴŘ ŎŜƴǘǊŀƭ ƳƻƳŜƴǘέ ƻŦ Ȅ, 
 

 
 
 also called variance. The variance describes the "spread" of 

the PDF around its expectation value. It enjoys the property 
that  

   
  E[(x-E[x])2] = E[x2]-m2,   
  
 as it is trivial to show. 

 
ÅAlso well-known is the standard deviation s = sqrt(V[x]).  
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PDF: Binomial



PDF: Binomial



PDF: Poisson



PDF:  Uniform



PDF:  Exponential



PDF:  Gaussian

The Gaussian pdf is so useful because almost any random variable 
that is a sum of a large number of small contributions follows it. 
This follows from the Central Limit Theorem 



PDF:  Chi2



PDF:  BW



PDF:  Landau



PDF:  Landau



PDF: Beta



PDF:  Gamma



void random2() 
{ 
     gRandom = new TRandom3(); 
     // create a histogram  
        TH1D * hist = new TH1D("data", ";x;N", 20, 0.0, 
100.0); 
     // fill in the histogram 
        for (int i = 0; i < 2000000; ++i) 
                hist->Fill(gRandom->Exp(10)); 
        TCanvas * c1= new TCanvas("c1", 
"random",5,5,800,600); 
        hist->Fit("expo"); 
        TF1 *fit = hist->GetFunction("expo"); 
        Double_t chi2 = fit->GetChisquare(); 
        cout<<chi2<<endl; 
        hist->Draw(); 
        c1->SaveAs("random2.pdf");} 

CERN Root ֟
PDF̆  



Name Expression Mean Variance Notable facts 

Gaussian 
f(x;˃Σˋ)= 

e-[(x- )˃2/2 2̀]/  
(2ˉ 2̀)1/2  ˃ 2̀ Limit of sum of random 

vars is Gaussian distr.  

Negative 
Exponential 
f(x;̱ )= 

e-x/ /̱  ̱  ̱ 2̱ 

Useful for particle 
decays; it is also a 
common prior in 
Bayesian calc's 

Uniform 
f(x;h Σʲ)= 

( -̡ )h/2 for h ғ=x<=̡  
0 otherwise 

( +h )̡/2 ( -̡ )h2/12 

Any continuous r.v. can 
be easily transformed 
into uniform  
(Ą MC method !) 

Poisson f(x;˃)= e-˃˃ N/N!  ˃ ɾ 
Turns into Gaussian for 
large ˃  

PDF



Name Expression: 
 

Mean Varian
ce 

Fun facts 

Binomial 
f(r;N,p)=  

N! pr(1-p)N-r/[r!(N-r)!]  Np Npq 

 
Special case 
of 
Multinomial 
distribution 

Chisquare 
f(x;N)= 

e-x/2 (x/2)N/2-1/[2ɱ(N/2)] n 2n 

 
 
Turns into 
Gaussian for 
large n  
(>30 or so) 

 Cauchy 
f(x)= 

 

“‎ρ
 2]-1 Undefined! Infinite 

AKA Breit-
Wigner. Can 
be 
manageable if 
truncated 

PDF



CERN Root  
p-value->significance 



one-sided two-sided 



Poisson Significance

Chi2№
ᶷ  



Approximate Poisson Significance



Likelihood-ratio test and ²ƛƭƪΩǎ Theorem 



Better Approximate Poisson Significance



Approximate Poisson Significance

( )
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Upper Limit



Upper Limit

5( ) ( 4.5) / 5! exp( 4.5)

Ĕ 0.5   (which maximize ( ))

( )
2 ln 3.84 sup 6.24
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Likelihood ratio,  
chi2-distribution 
95% confidence level   3.84 
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Upper Limit



Confidence interval for Poisson Distribution  

https://en.wikipedia.org/wiki/Poisson_distribution#Confidence_interval 




