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simulati.us/MouteCorlomethods-
What is the probability of winning solitaire ?

p= ftp.mvtotiousgzhjrerlqerwin# ?
0

It is virtually impossible to solve this with
"

pure
mathematics

.

"

But we can use computer - assisted simulations to

estimate p .

✗i={
1 if ith simulation results in a win

0 otherwise

EH:/ =p ←
went to
estimate

By LLN
,
we know that

, for very large MEIN
,

In = k+×n_ =p .

Essentidrtnpnti Randomness generator .
"

pseudo-random
" number generator ← routine in your computer

to produce a sequence of
numbers that is almost

indistinguishable from✗
☐

= seed .

a truly
random sequence .

✗
n+ , -_(aXn + c) Mod M a. c.MEI .

✗ o
,
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,

X2iX3
,
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This can be used to produce a simulation of

Un Uniform ([a☐)

✗a
-m

' ¥ , ¥ ,
- -

-

c-Gin

Given a p - d. f. fix) , how to simulate a
random

variable ✗ with such pidf . fusing U ) ?

Papi let Flx) - /
✗

fit)dt be the Mn&"
-

a

corresponding prescribed c-d. f. , set

✗ = F-YU)
,

where UN Uniform /[Oi]) . Then the

pdf of ✗ is ft) .

F is increasing

PI: F×H=P(✗ ex)=P(F-110)<_x)ÉP(Ffp-11011=8-1×1)
=P( VE FIH)= FIN .

9
Unvuiform

Therefore , differentiating in ×
,
we have 1×1×1 _- ft) . ☐

Exempt .- Simulate an exponential random variable with

7=1
. input:

if ✗ so
←

prescribed U~Uuf(G.B)ft)= { F-
✗

otherwise
r -d- f.



Fat /
✗

fltdt-ffe-tdt-f-e.tl/
✗

0=-5×+1
- a

=L - e-
✗

← prescribed c. d- f.

F-
1- (g) =x where y=FH)= 1-e-

✗

. Solving for × :

y-1 _-
- e-

✗

⇒ e- g-
- e-

✗
→ toga - g) = - ✗

⇒ ✗ = - log /1- g) = log ,÷
✗ = F-110) - log ¥g hasF-Yy)=b8¥
are desired p . d-f- &" '

What if I can't solve for F- Yy) ?

A- : Use Rejection Method :

Wait: Simulate ✗ with p -d- f fix)

HAI : Simulation of Y with p< d- fgcx), and
C GR such that

fly )
- E C for ally .

gly)

Then
, proceed as follows :



Ifsimulate

→Y

cgly)
¥X=y

"UniformKong -

Us

Simulate

1 No
(Need V14 independent) Break .

trop. The random variable ✗ generated as above

has V. d-f 81×1 . µ ,

PI Plxsx)=p(yn
¥ :&"

.se?EifeI!g.or--P1Yc-xluc-YgYy-,)pfYc-x,UEflY)/cgCy
) )

=-

plus f"ÑgM)=k

=1µPfYEx, VET"%g(Yl) .

By independency the above is computed as an Untegrd



of the joint v.d. f. for Y and 0 :

fly , a) = gly) V-o<u< 1 .

PIYEx.VE HY%g(y ,)= If 81g ) dudg
ysx

a- u⇐Yg÷

=%%

.am/&idy--fIY.gY-.gXdy--IfjfHdy.ThYp(xsx)=1nf?aflD
dy .

let ✗ → so :

fly )dy =
1e- plxc-i-D-F.fi?g-cx



Thus CK -1
,
so P(✗ Ex) -↳ fltdt .

Differentiating in ×
,
we see that fix) is the pdf. ofx .

☐

Example : Building on
what we simulated before :

U~Uw-fomlco.is)
Yn Exponential (1)

let us
simulate 2- ~ Normal (0/1) .

Since 2- is symmetric around the origin ,
it

suffices to simulate its absolute robe ✗ =/ 24
,

which has p - d- f.
- ¥

8×1×1--2 .fzH|
Cato

" ⇐ e
.

✗ p - d.f. we
want to

Using Rejection Method : simulate
.

gly ) - e-
Y
← p - d- f. of Y~Exp(1)

§¥T=fEe-¥+¥=f¥é + I

=Eé"¥É=f¥e-×¥c- FE



a- F÷ so {g¥, = e-
'¥

Simulate→
It

cgfl)
U~vmformko.is)I

° £ ¥ ✗=y

Simulate

d No
Break.

tf

simulate

✗~ Exp (1) → I F- Y

" thefts
-

Use

-¥2

Simulate

Ino
Break .


