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- Feign, pretend to have or fedl; pretend to be,
act like, resemble, ...
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o b %5 (Monte Carlo Methods)
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Number Generation) o
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-2 # 3 %3t (Mathematical Statistics)
2> B B3t (Experimental Design)
- & B4t (Computer Simulation)
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m Probability distribution function
m Random number generator

m Sampling rule

m Scoring/Tallying

m Error estimation

m V ariance Reduction techniques
m Parallelization/V ectorization
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m How did Monte Carlo simulation get its
name?

® The name and the systematic development
of Monte Carlo methods dates from about
1940’s.

m There are however a number of 1solated and
undevel oped instances on much earlier
occasions.
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m |n the second half of the nineteenth century a
number of people performed experiments, in
which they threw a needle in a haphazard
manner onto a board ruled with parallel
straight lines and inferred the value of Pl

i =3.14... from observations of the number of
|ntersections between needle and lines.

m [n 1899 Lord Rayleigh showed that a one-
dimensional random walk without absorbing
barriers could provide an approximate
solution to a parabolic differential eguation.




HutTnn ‘e Veedle -?F'xfmfrinn_'n_f

" Buffon's original form wasto drop a needle of length
L at random on grid of parallel lines of spacing D.

|/

For L less than or equal D we obtain
P(needle intersectsthegrid) =2« L /Pl « D.
If we drop the needle N times and count R
Intersections we obtain

P=R/N,

Pl=2¢LeN/ReD.
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m |n early part of the twentieth century, British
statistical schools indulged in afair amount of
unsophisticated Monte Carlo work.

m [n 1908 Student (W.S. Gosset) used
experimental sampling to help him towards
his discovery of the distribution of the
correlation coefficient.

m |n the same year Student also used sampling
to bolster hisfaith in his so-called t-
distribution, which he had derived by a
somewhat shaky and incompl ete theoretical
g anayss.




- Nistorn of Wonee Sarlo Wierhod
-

1 Student- William Sealy Gosset (1876 - 1937)

This birth-and-death process is suffering from labor
= pans; it will be the death of me yet. (Student Sayings)



A. N. Kolmogorov (1903-1987)

In 1931 Kolmogorov showed the relationship
between Markov stochastic processes and certain
~ 7 integro-differential equations.
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m Therea use of Monte Carlo methods as a research

tool stems from work on the atomic bomb during the
second world war.

m Thiswork involved adirect simulation of the
probabilistic problems concerned with random
neutron diffusion in fissile material; but even at an

I early stage of these investigations, von Neumann and
Ulam refined this particular "Russian roulette" and
"splitting" methods. However, the systematic
development of these ideas had to await the work of
Harris and Herman Kahn in 1948.

m About 1948 Fermi, Metropolis, and Ulam obtained
Monte Carlo estimates for the eigenval ues of
— Schrodinger eguation.




John von Neumann (1903-1957)
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m |n about 1970, the newly developing theory of
computational complexity began to provide a more
precise and persuasive rationale for employing the
Mont Carlo method.

m Karp (1985) shows this property for estimating
reliability in a planar multiterminal network with

B randomly failing edges.

m Dyer (1989) establish it for estimating the volume of
a convex body in M-dimensiona Euclidean space.

m Broder (1986) and Jerrum and Sinclair (1988)
establish the property for estimating the permanent of
a matrix or, equivaently, the number of perfect
matchings in a bipartite graph.
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m FHRGY AL S 2 b T (Physica) ik £
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o 2B ARand N B B3 T4
m o ELECE 0 Von Neumanniz 3% sy Mid-

B square 7% o
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X.,; =aX, +c(mod m)
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w — John Von Neumann (M id-Square Method)
e 1EE — AT S EHPFFTH
er»mggwc&¢@mﬁ%ﬁ%ﬁ)
—> 87647044
— 41860900

_
E DRI T EGSALEL ~ ZALFL >
e.g. 33— 1089 — 64 not good !
123456 — 241383 — 265752
(but small numbers — small numbers)
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m 4o ta=c=3, m=5 X;~=1
= X; =3,2,4,0,3,--- (@ £ % 4)

mAARER:
>HERATRAE BRFHREFHRAE

B RS ALBCEFE S
> F 4w 0 X, =101X, +1(mod 1000)

> i - X,, =2 +3) X, (mod 2*®)
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X =171x._,(mod30269)
y. =172y._,(mod30307)
z =170z _,(mod 30323

u=—23 4 Iy A (modl)
30269 30307 30323
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B EeRE(REMTE)EA N 0 EZm-1
B ELEL > FR LA M 4% B iR & 0L 1R 6y AL 3L -
bk B AU(0,1) o4 R 4 4 8L o

> H A EeyALE T # HUOL)E A -
(5] 40 : Exp(1) = —log(U(0,1)) - )

m ¥ b E (3% 4o Casio) (B A b4 & A
BRIE
=(rr+U,)> (mod2l)



o mefTAE T AL B g U(0,1) a0 45 M 7
(ALBF B AL E ?)

-2 34 4 4B (Uniformity)

% ¥ #5048 A 38 A (Goodness-of -fit) a4 4% &
ETABMEAERNEE  TRNTEA
+~ 7 i@ A #x & (Chi-square goodness-of -fit)
& Kolmogorov-Smirnov #x & o

- 7 #8745 3 (Independence)

&Ry % BB ik 5o Gap tedt,
Up-and-down test, run test.
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= |nverse Transformation Method

Generates a random number from a probability
density function by solving the probability density
function's variable in terms of randomly generated
numbers. Thisis achieved as follows:

m \We solve the inverse of the integral of our
probability density function at an arbitrary point a
F(a), in terms of arandom number r.

m \We generate a unigue random variable a, as
follows:

a=Fr)



= Regection Method

Generates random numbersfor a
distribution function f(x). Thisisachieved
as follows:

I = Define acomparison function h(x) such
that It encloses the desired function f(X).

m Choose uniformly distributed random
points under h(x).

m |f apoint lies outside the area under f(X)
rgject it and choose another point.



|
= 1llustration of the Rejection Method

brargic of Resection s | Thefollowing
“— | isanillustration
of the rgection
method using
asguare
function for the
comparison
function.
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- SAS

- SPSS
-2 SPlus
- Minitab
- EXCEL
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Eandom Muambers

— Drata — Diztribution Farameters
Diata Set: [test - | A indvnar: {0
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|_— Sampling Ideen [
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Tform Distrbution

Generate [1000 rows of data

atore in column[s]:
cl-c100 -

Lower endpoint: 0.0

Upper endpoint: 1.0

Select |

Help I oK I Cancel
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m Monte Carlo Sampling:
SHr b b ek AR B -

B ERARS
925@%*?%’“1)%&?}6 " & ER

s DA PIRRE | 'F%x“l’éﬁ%i‘)a‘x f@&
B % 7.05% [=($468.873-$438)/$438] -
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Table 3.1
The stocks picked by the analyst

]
Price at Price at Dividend
12/31/85 12/31/86 for 1986
PPG INDUSTRIES INC 51.000 72.875 1.880
HILTON HOTELS CORP 64.875 67.250 1.800
GENERAL ELECTRICCO 72.750 86.000  2.370
MCDERMOTT INTL INC 18.250 21.750 1.800
LOUISIANA LAND & EXPLORATION 30.250 27.250 1.000
DRESSER INDUSTRIES INC 18.125 19.375 0.700
MCDONALD’S CORP 80.875 60.875 0.645
WEST POINT-PEPPERELL 43.375 52.125 2.385
. SERVICE CORP INTERNATIONAL 31.250 24750 0.293
AMERADA HESS CORP 27.250 23.750 .0.000
Total 438.00 456.00 12 873

R M R0 % A% 2 5 421000k ey A 4% F >
# 26%(260=R ) &4 # & B F A7 7.05% <
> PEAER SRR ] |



m Permutation test:

DU A F R ESh ey A MR
RN RASEAGLER > LR EHAR
& H B > RAABEKRD

J& A s

_ > X R B R T E EN e 2R
o AT AEZBRARN B RN e B
EBRiE R o
¢ Fho t 33.0,31.0,34.5,34.0
¢ Rifm 1 29.5, 32.0,32.9, 31.5
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(t-#x & &y p-value % #0.169)

28BS BIETHEME - FAAETAREA -

B [8j:8><7><6x5:105@
4) 4x3x2x]1
# & th Permutation test » 4038 A 848 ¥ &
FAFRMZHERER IR EZEBF£EZR
46.6) - H b > p-value=8/105=0.076 -




= Monte Carlo p-value
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#1241 % 154845 K » f£a=0.0569 88 R AE(—
L B i =250vs 3 iE =251) o

1500

1000

500

200



= Bootstrap(iz $t7% 5 Hh E 4e)

m Bootstrapix = Efron#> 198277 £ 3L & 7 7%
& % E A ik (Resampling) 7 ik - &4
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Monte Carlo Bootstrap
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b #% & — ,% X2 ¥ > Monte Carlo/{: =R S e S
‘ta‘eb 4 1548 15 A AT tB B9 48 B 143 0 #1158
SN LABootstrapyk & 948 B4R 3L -

2> mFIEFHER | (2% £0.0540 vs. 0.0654)




Bootstrap:x &4 & 17
B R EEELTRE

0.4 0.2 O L6 = O 4 0.6 O 4 L6 =4 O 0.2 O 4 .6

max=0_4956 max=0_5597

Location 1 tLocation 2 River 1 River 2




m Bootstrapik st B e B (IR E£) > &2
W KA ARIEHDeta ik oy BoE b

Bootstrap Delta

b g Aok 0.015 0.01426

XEZEH 0008 0.0083




Bootstrap;x &4 & 1] (48)

WA T BEBRGER A B R AL o

2> 5 ¢ BT E A F AR Gompertz 4B
B A B BT R G

u,=BC* B>0,C>1

log(px1)/log(py) = C

HZCHRERERMAABEES  RIRIERL
Gompertz{iz 2% -
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Fig 1-2. Bootstrap C.I. for Sweden Male

log(px) ratio

Fig 1-1. Bootstrap C.I. for Japanese Male
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Estimate of C"5
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Bootstrapping C.I. for Gompertz (1998 Male)
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Time series plot of simulated stock price
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] Time series plot when the interarrival time is bigger (3.27 v.s. 3.26)
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Time series plot when the inter-arrival rate is smaller(3.25 v.s. 3.26)
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