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Random numbers  
and Monte Carlo(*) 

Techniques
(*) any  procedure making use of random numbers



ALL the numbers in [0,m-1]  are generated, irrespectively on the 
choice of the seed I0

 In+1 = (a In + c) mod m

Exercise I:
Linear Congruential Method: periodicity

c=1, ok
a-1=3, 3 is a prime dividing 9: ok

this does not apply, ok

I0 m



ONLY SOME numbers in [0,m-1]  are generated, depending on the 
choice of the seed I0

 In+1 = (a In + c) mod m

Exercise I:
Linear Congruential Method: periodicity

c=4, m=32 !   NO!

m

I0 I0

I0



 In+1 = (a In + c) mod m

Exercise I:
Linear Congruential Method: periodicity

mI0

Added!



 In+1 = (a In + c) mod m

Exercise I:
Linear Congruential Method: periodicity

mI0

c=1, ok

a-1=56=2^3*7; m=56=2^8 => 
m multiple of 2, prime dividing m: ok

a-1=56=4*14; m=4*64 => ok

ALL the numbers in [0,m-1]  are generated, irrespectively on the 
choice of the seed I0



Exercise 2:
test of uniformity of the pseudorandom sequence

r(n), n=1, data  is our random number sequence between 0 and 1

<=  counts the number of points falling
 between i*delta_r and (i+1)*delta_r
and assign them to the “i+1” channel



Exercise 2:
intrinsic random number generator - test correlations

(b) We can test the presence of correlation. Consider the sequence of

random numbers and plot the points (without connecting them wi-

th lines) corresponding to the pairs of consecutive numbers in the

sequence:

(xi, yi) = (r2i�1, r2i) i = 1, 2, 3....

How many points (di↵erent pairs) would you expect? What do you

see from the plot?

program rantest_intrinsic
!
! test program, call to intrinsic f90 random number generator
! generate random numbers in [0,1[ ; then,
! generate random integers between n_min and n_max.
!

implicit none
real :: rnd
real, dimension (:), allocatable :: x
integer :: L,i,n_min,n_max,ran_int

! generates ONE random number in [0,1[
call random_number(rnd)
print *,’ A real random number in [0,1[ is:’,rnd

! generates L random numbers in [0,1[
print*,’ How many random numbers do you want to generate in [0,1[ ?’
print*,’ Insert the length of the sequence >’
read(*,*)L ! length of sequence

do i = 1,L
call random_number(rnd)
print *,rnd

end do

! generates integer random numbers between n_min and n_max
print*,’ Generate ’,L,’ integer random numbers in [n_min,n_max[ ;’
print*,’ insert n_min, n_max >’
read(*,*),n_min,n_max

do i = 1,L
call random_number(rnd)
ran_int = (n_max - n_min + 1)*rnd + n_min
print *,ran_int

end do

! use array x to generate and store L random numbers with a unique call
print*,’ Generate other ’,L,’ real random numbers in [0,1[:’
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1

1

write every 2



Exercise 3:
intrinsic random number generator - test uniformity

k=1
k=3
k=7

the higher is the order of the momentum, the 
more meaningful is the test
(two functions may have the same average 
(<x>) although they are very different!):

check the behavior for higher-order momenta!

Test on one sequence, several momenta
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If f(x) ∼ 1/ N ⟹ log( f(x)) ∼ −
1
2

log(N )



Exercise 3:
intrinsic random number generator - test correlation

C(k)calc =
1

N − k

N−k

∑
i=1

xixi+kC(k)calc =
1
N

N

∑
i=1

xixi+k

this is correct!

if N is the length of the sequence:



fit raw data or their log?



fit raw data :

gnuplot> f(x)=a*x**(-b)+c
gnuplot> b=0.5
gnuplot> c=0
gnuplot> fit f(x) ‘[file]’ u … via a,b

A power low fit!



gnuplot> f(x) = a * x + b 

gnuplot> fit f(x) 'data.dat' u (log($1)):(log($2)) via a,b 

gnuplot> plot f(x), 'data.dat' 

do you want to fit with gnuplot?
Suppose you have the data in two columns, x and y, and you 
suspect a power low y = xa + const

Consider that:     log(y) = a *  log(x) + b

 9

a linear fit is better!



from: 10.1145/167293.167354

and c = 0

suggestions of “good” LCM generators

and c = 0
and c = 0

More exercises:

http://dx.doi.org/10.1145/167293.167354

