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Random Walks | D

cosa dobbiamo tenere in memoria

se vogliamo solo | comportamenti medi,

pur istantanei (cioé step per step) {x;), (Ax7) ?
ogni step di ogni camminatore?

non serve....

69



Random Walks |D

The basic algorithm:

ix = position of the walker

x_N,x2 N = cumulative quantities
rnd(N) = sequence of N random numbers

(I run= 1 particle= | walker)

do irun = 1, nruns

ix = 0 ! initial position of each run

call random_number(rnd) ! get a sequence of random numbers
do istep =1, N

if (rnd(istep) < 0.5) then ! random move

ix = ix - 1 ! left
else

ix = ix + 1 ! right But we can monitor what happens
end if for each intermediate step by using
x_N (istep) = x_N (istep) + ix  arrays x_N() and x2_N() and
x2_N(istep) = x2_N(istep) + ix**2 including the calculation inside the

end do loop on the steps

P_N(ix) = P_N(ix) + 1 ! accumulate (only for istep = N)
end do



Random Walks | D

Var varianza vs N

175 4
150
A 125 -

=
é 100 -

\")

S
% 75 4

numero di &
camminatori fissato 207
(qui 150) 55
0 =

0 200 400 600 800 1000
numero passi N
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Random Walks | D

accuracy

< (Az)3 >
< (Az)3, >th

_1|

A non e regolare
(non diminuisce
monotonicamente)

0.10 ~

0.08 A

0.06 A

0.04 ~

0.02 -

2500

5000
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Random Walks | D

daCCuUu racy . A per 100 passi
ST

] < (Az)s > L

< (Az)?, >t | 27

0.4 -
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monotonicamente)

0.1 -
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Random Walks 2D

Generating 2-D random unit steps

Choose # a random number in the range [0, 27] and then set ¥ = cosfd,y = sind

. 3Choose a random value for Az in the range [=1,1]and By = £V1 - Ax? (choose the sign

randomly too).

Choose separate random values for AT, AY in the range [—1,1] (but not Ar =, Ay = 0).
Az, Ay

Normalize so that the step size is 1.

4.7Choose a direction (N, E, S, W) randomly as the step direction (no trigonometric functions are
then needed). Note, choosing one of four directions is equivalent to choosing a random
integer on [0,3].

5. Choose separate random values AT, AY in the range [—\/ 3/2, \/ 3/ 2]

TEST DIFFERENT ALGORITHMS!
WHAT IS THE BEST? THE ONE WHICH GIVES THE BEST BEHAVIOR?
WHAT IS THE MOST EFFICIENT?
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Random Walks 2D

Medie su 5 walkers

—— Walker angolare
13901 __ Walker quadrato
—— Walker diagonale
1000 41 = Andamento teorico
800 A
A
S 600
v
400 -
200 A
o -
0 200 400 600 800 1000
N steps
Medie su 1000 walkers
1000 4 —— Walker angolare
—— Walker quadrato
—— Walker diagonale
800 A Andamento teorico
A 600 -
g
v
400 A
200 A
0 -
0 200 400 600 800 1000
N steps
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Medie su 100 walkers

1000 A

Walker angolare
Walker quadrato
Walker diagonale

Andamento teorico

800 A
600 -
400
200 A1
0 -
0 200 400 600 800 1000
N steps
Medie su 10000 walkers
1000 4 —— Walker angolare
—— Walker quadrato
—— Walker diagonale
8004 — Andamento teorico
600 -
400 -
200 A
0 -
0 200 400 600 800 1000
N steps




Random Walks 2D

hoose # a random number in the range [0, 2%] and then set & = cosdl,y = &ind

o~

Method (1) : M = 4096 , max N = 256 steps time =4 :
egiendence on N

Simulated random walks < ARj ™y
| — computed values
| = linear fit (m = 1.008 )
102 1
A
r§
V' 10! -
109 1
109 10! 102
x N
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Random Walks 2D

@Choose separate random values for AT, &y in the range [—1,1] (but not Ar =0, Ay = O,

Normalize 8% &% 5o that the step size is 1.

Method (2) : M = 4096 , max N = 256 steps time ~ .
Simulated random walks <ARj%. g

gendence on N

—— computed values
| = linear fit (m = 0.996 )

102
A
tg
v

10! 1

109

-40 -30 -20 -10 0 10 20 30 40 10° 101 102
o N
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Random Walks 2D

4 Choose a direction (N, E, S, W) randomly as the step direction (no trigonometric functions are

-,«w A—\‘:,

U

integer on [0,3].

#'then needed). Note, choosmg one of four directions is equivalent to choosing a random

Method (3) : M = 4096 , max N = 256 steps time =10.028 ¢
Simulated random walks

< ARj sw.dependence on N

| — computed values
1 = linear fit (m = 1.008)
102 1
A
(§
V' 10! -
109 1
10° 101 102
N
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RW su reticolo esagonale

Random Walks 2D

15 4

10 1

Walker 1
Walker 2
Walker 3
Walker 4
Walker 5

log; < AR} >
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® Varianze calcolate
Fit
— m=1.04 £0.01
q=-0.27 £ 0.06

stessa legge




Random Walks 2D

RW su reticolo quadrato con drift vs dx

p_, =04

10 -

— N=38
—— N=16
-10 - — N=32
— N=64
—— N =128
15 —— N =256
—— N =512
0 20 40 60 80 100

80

Varianza vs N

941 @ Varianze calcolate

Fit
— m=1.04 £ 0.01
8 1 q=-0.34 £ 0.09

log; < AR} >
(=)}

stessa legge



Random Walks 2D - pioggia

T il tempo medio necessario a raggiungere il suolo (ovvero il numero di steps del RW per raggiungere y=0)

T(h) = —h

180 - Fit 300 - Fit
— m=2.00%0.01 — m=3.33+0.03
160 -
P =0.6;p1 =0.1 250 A P =0.5;p1 =0.2
= 140 °
c c
3 3
o 120 - 5, 200 -
= s
® ®
o 100 A o
e 2 150
& 80 - a
] ]
a @
- 60 - — 100 1
40 1
50
201
10 20 30 40 50 60 70 8 90 10 20 30 40 50 60 70 8 90
h h

stessa legge
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Random Walks 2D - pioggia

dispersione al suolo cioé (Axg > (“0” ad indicare y=0)
<A:1:‘]?V> = 4p. p_,NI?
considerare N, il numero di steps eseguiti in direzione z  (N,) = (p_ + p_ )N

p.,p_, devono essere rinormalizzate per considerare solo i passi lungo .
/ / . — 02
pe =p- =015=>p, =p', =0.5; (N;) =03N

((Azo)?) = 4p/pl, (P + o) (Na)] 12

Fit %01 Fit o
~ m=0.30 +0.01 ~ m=0.30 +0.01
50 + 80
p.=06;pr =0.1 ® p:.=05;p; =02 ®

40 1

20

10 A

20 40 60 80 100 120 140 160 180 50 100 150 200 250 300




