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2.1. Random Number Generator

How did you generate random numbers before ?

Sampling speed in these cases ? 
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For fast sampling, we must rely on a recurrence relation:

Rn+1 = (aRn+b) mod m 

Note) “10 mod 3” means ________  ??
a, b, m: positive integer

 Is this a true random process ??   
A proper name for this kind of generator ?

2.1. Random Number Generator



2017-05-22

3

McMaster
University

Example)     a=3, b=0, m=23, R0=5

Generate four random numbers:
R1=____ , R2=____ , ….

 What problem you encountered in this example ?
How can we address it ?  Any practical limitation ? 

 Random number range for Monte Carlo ? 
How can we meet this in the example above ? 

Rn+1 = (aRn+b) mod m

2.1. Random Number Generator
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Random number generators must have the characteristics:

 Fast generation

A long period

 Reproducibility

 Distribution ?

2.1. Random Number Generator
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Popular (pseudo)random number generators:

 Marasaglia-Zaman random number generator: 2144 (=1043)
Annals of Applied Probability 1, 462-480 (1991) 

 RANLUX random number generator: 10171

Comput. Phys. Commun., 79 (1994), p. 111

….. 

A simple generator will be provided for your assignments !!!

2.1. Random Number Generator
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2.2. Random Sampling
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 To remind you, what do we mean by “random sampling” ?

 Now we know how to generate random numbers: r1, r2, …..  
Then how can we do:   

r1  x1

r2  x2

…..

What properties of the random number can we use ?

2.2. Random Sampling
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Example 1)   A ‘uniform’ pdf p(x) in [x1, x2]:

 How can we build the relation r1  x1,  r2  x2,  ….. ?

 Suppose we divide the total probability into 100 bins 
for p(x) (p=______% each  ??) 

What dose this mean in the pdf plot ?
 How can we match ri  xi ?

Example 2)   A Gaussian pdf p(x):

With the same method used above,
how can we match ri  xi in this case ?

2.2. Random Sampling
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To generalize, for an arbitrary probability distribution, 
how can we build the relation  r1  x1,  r2  x2,  ….. ?

What happens if we take:                             ??

 Leads to an expression: 

_______ = ri

2.2. Random Sampling
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Example 1)   (continuous x)
(collimated) -ray interaction position (1-D) sampling 

ri  xi relation ?

Example 2)  (discrete x)
Suppose a gamma-ray interaction happened 

and it could be one of the interactions: 
A: 20%,  B: 70%, C: 10% 

ri  xi relation ?

2.2. Random Sampling
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The “directly sampling” is not always easy:
There are many cases in which Pc(x) is hard to obtain 

analytically !!!

Example) Compton scattering:
Angular distribution ? 

2.2. Random Sampling
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2.2. Random Sampling
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How can you do a “directly sampling” in this case ?  
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If the “directly sampling” is not easy, 
we can try one of:

Rejection method

Composition method

…..

2.2. Random Sampling
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For a pdf p(x) given in the figure: 
Set a value M such that M > max (p(x)) 

i. Generate  a random number ri

 Set xi: xi = x1 + ri(x2 - x1)

ii. Generate  another number rj

 How can we make sampled
x values follow p(x) ?

rjM vs p(xi)  ??  
 “rejection” !!

See the two xi values    

2.2. Random Sampling: Rejection Method
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As the name implies, when a pdf p(x) can be decomposed into:

p(x) = C1p1(x) + C2p2(x) 

p1(x): pdf, p2(x): pdf     C1 + C2 = _____   ?

 Using ri, how can we choose  p1(x) or p2(x) ?
 Then x sampling in case p1(x) or p2(x) ? 

Example)

p1(x)=_____ ? p2(x)=_____ ? 

pi(x) sampling & x sampling ? 

2.2. Random Sampling: Composition Method
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Suppose:
From a distribution with mean  and variance 2, 

you take n samples: {x1, x2, ... xn}

 Sample mean:        = _________  ?

 Sample variance: s2 = _________ ?

x

2.2. Random Sampling:
Sample Mean and Variance ?


