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A =

® #-%E(Simulation) © -7 &

-> Feign, pretend to have or feel; pretend to be,
act like, resemble, ...( {(* EFF A 22F ) )

—> The practice of mimicking the behavior of
one system with a different, dissimilar system.

R E P R A E M

>k ¥ (Wind-tunnels) : 3 2 &2 {4

= & 7 it & (Flight simulator)

>% - B2 hapgd (L)

> CPU#= 2 2










(A& s L+ 8)
(Sully: Miracle on the Hudson)




ﬁ" ¥ -% B 4 5% (Miller-Urey experiment)
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https://zh.wikipedia.org/zh-tw/%E7%B1%B3%E5%8B%92-
%E5%B0%A4%E9%87%8C%ES5%AE%IE%EI%AA%8C#/media/
%m L — File:Miller-Urey_experiment-zh.svg
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i B O = e B - -
B [953#% 7 4 & < & f ¥ (Stanley Lloyd Miller, 1930-2007)
A X EF £ 2 (Harold Clayton Urey, 1893-1981):F 2% % o

Bl & &R : http://www.daviddarling.info/encyclopedia/M/Miller.html




https://s.yimg.com/ny/api/res/1.2/fHPhwyEIVE
S8IKMVAYUivYw--
/YXBwaWQ9aGlnaGxhbmRIcjt3PTYOMDtoP
TM10Q--
/https://media.zenfs.com/ko/ftvn.com.tw/bb06 1
820a100f9af968b685d1e5350f

https://i.ytimg.com/vi/Af_gJsyP8QM/hq720.jp
g7sqp=-
oaymwEhCK4FEIIDSFryq4qpAxMIARUAA
AAAGAEIAADIQj0AgKID&rs=AOn4CLBq
WNfBIDNmC-y5-eBB6XdxDSfoRQ

https://stu-sport.com/wp-content/uploads/S8025A_main_cht_white.jpg



SRR LA H AR
S ERN L %\m’ﬁ‘f 1%
9 @ % e h & 4 47 (Risk analysis)
-2 5 A8 g L Bt (Policy simulation)
9:]15133 el R VAR D g_(Trafﬁc flow) » ﬂa %
7p /Pl(Weather forecasting)
-2 % % 7 B 3% 37 (CPU simulation)
2> &iP3#(Robot and Model car simulators)
A i (Caner treatment)




https://www.traffic-simulation.de/
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https://www.eecourse.com/article/411




Scientists drilled nearly two miles down through the summit of the Greenland ice sheet
(white dot, left), to reach bedrock. Isotopes found in the rock indicate that this site and
most of Greenland were nearly ice free (right) during the recent geologic past.

(Cl’ edit: Schaef er et al. , Natur e, 201 6) hitps://www.sciencedaily.com/releases/2016/12/161207133453.htm



Source: Stanford Radiation Oncologist Explains Radiation Therapy Treatment for Prostate Cancer
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A 48-hour computer simulation
of Typhoon Mawar
.

https://i.ytimg.com/vi/i2u-7LMhwvE/maxresdefault.jpg

NASA Simulates Two
Supermassive Black
Holes Spiraling Toward
a Collision

https://upload.wikimedia.org/wikipedia/commons/8/8b/Typhoon Ma

http://www.nasa.gov/sites/default/files/thumbnails/
war 2005 computer simulation thumbnail.gif
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%{‘ k- + % ;% (Monte Carlo Methods)

ER L= SEREVE S SY - ER

WHER AT 2 E i o

2> T aicE 2 Wt #ien A 24 (Random
Number Generation) o




AR T RROR T
9&%@%

A s F I «flj =
72 %3+ (Mathematical Statistics)
K 37 (Experimental Design)

"4 H-#% (Computer Simulation)

:}“ :ﬁ@ \\Q
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Experiment
with the
actual system

Experiment
with a model
of the system

Physical
model

Mathematical
| model

Analytical
solution

Simulation




SR HR(Y - A fR)

Real system Model system

Construct
approximate
theories

Perform Perform
experiments simulations

Experimental Simulation Theoretical
results results predictions

Compare Compare
and improwve and improve

model theory

https://upload.wikimedia.org/wikipedia/commons/thumb/9/9b/Molecular_simulation process.svg/600px-Molecular simulation_process.svg.png



https://ia.eferrit.com/ia/145c2ec6b9
19342¢.jpg




TR A

m Three steps should be used to produce
accurate simulation models: calibration,

verification, and validation.

- A base model should be created and
calibrated so that it matches the area being
studied. The calibrated model should then be
verified to ensure that the model 1s operating

as expected based on the inputs.

—apeen TEAT A




® Probability distribution function
®m Random number generator

® Sampling rule

m Scoring/Tallying

m Error estimation

® Variance Reduction techniques

m Parallelization/Vectorization




2 T ’fs_.j%'é 5 l}lj

- ? b= ~ Ao B ? (A A)

z:jé x2 = (1=x"+x* —x° +--)dx
+ X




https://upload.wikimedia.org/wikipedia/commons/thumb/8/84/Pi_30K.gif/330px-Pi_30K.gif
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mARm o RSy T’Qﬂimfﬁ';‘l‘@_’ﬂ%

ﬂ& BAB(BE s R o) FE R
Ea 4t R Y > ok BB NE Ha
() NGB HE) ZB3F 7T
DA 3 0 ek FH B E R R
30.01% 0 Pl E & 1+7F 8 X ke -

mEXF PHREDHEB S5 T R 37

H1Eg T e 5] e o
(Variance Reduction)
*F RE D WA 4 & #cE /7 4 (Numerical
Integration) s # 7% f& 7
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TR

90

80

70

5

TEINES T3t

44 21
WL P

B Tk

4R = R R 0 MR 500 2 5 2
P4 2028 4 o (Sample-resample)

| |
60 65 70

75

Mid-term

80 85
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AR AP R Tl D B Ry (N &
0.8036) » iz 4p B 1% HceiR B £ v2 9

> F ¥ 2 (Bootstrap)e11000=% kit & +
BRI £ 4 % £.0.0820 -

I T T | ‘
0.5 0.6 0.7 0.8 0.9 26
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200 250

150
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LI SRR A= - S (i AR R S
hok TR REF AL AP RETS R
H % mH _F Mk o (Monte Carlo p-value)

2> & 2 B JE e 4 (power)il { v i)

LT %;:ﬁmxﬁ@v‘ RUeg” =He~ % H

ARR) v b A RE T A S E R i

% (2 4 R ELE 1 F’q‘%ﬁmp value) o

BROR R VR e T

(Permutatlon test) » BT AL E F oA e

EFd s g B EELT S BHE -
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S(F) ks E TR
-3.58 493 527 724 833
5.08 8.85 9.03 10.28 11.87
TR BEHRAET 3L R 0GR R 2T
#d Cauchy(5) % Cauchy(10)3# 1 o)
24 % 1 t-test vt ik 0 B 5% 7 & F ;) Kruskall
Wallis # % p-value % 0.06 > & # T_e%t % &_
v ff"' ﬁ;: o
>R EA G 0 R SfAEERES Bip
T 19 H | SRR E(5/252 2 0.02) -
;X ! Rerks.test® & & #_F # & Cauchy 4~ fie
VR T_ R  ERIT? 28
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SE kBt g g ()

®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
undeveloped 1nstances on much earlier
occasions.

30



5+ B ke ()

® In the second half of the nineteenth century a
number of people performed experiments, 1n
which they threw a needle in a haphazard
manner onto a board ruled with parallel
straight lines and inferred the value of PI
=3.14... from observations of the number of
intersections between needle and lines.

In 1899 Lord Rayleigh showed that a one-
dimensional random walk without absorbing
barriers could provide an approximate
solution to a parabolic differential equation.




https://www.google.com/url?sa=i&url=https%3 A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DhHS WNsnJGeE&psig=AOvVaw32hsD5M7U9sPHCxCpCwxgz&ust=1613570738349000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMDywczJ 7Tu4CFQAAAAAJAAAAABAI




o fg e 4 gya »| ¢ Buffon Needle

I Buffon’s original form was to 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 intersects the grid) =2 « L/ PI « D.
If we drop the needle N times and count R intersections
¥ we obtain

P=R/N,
Pl=2e<LeN/R<*D.
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https://www.youtube.com/watch?v=latsDBKS26Y




Distance 10 nearest
line (Lny g 112 aind B

Distance hetwreen
lines =1 Length of
needle =1

https://mste.illinois.edu/activity/buffon/

https://www.jendow.com.tw/wiki/%E8%92%B2%E8%B1%90%E6%8A%95%E9%87%9ID%ES5%95%8F%E9%A1%8C



5+ B ke ()

® In early part of the twentieth century, British
statistical schools indulged 1n a fair amount of
unsophisticated Monte Carlo work.

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

® In the same year Student also used sampling
to bolster his faith in his so-called t-
distribution, which he had derived by a
somewhat shaky and incomplete theoretical

. 41
analysis.




Nistorn of Wionee Carlo Wierhod

Student - William Sealy Gosset (1876 - 1937)

This birth-and-death process 1s suffering from labor
pains; 1t will be the death of me yet. (Student Sayings)

42




A. N. Kolmogorov (1903-1987)

In 1931 Kolmogorov showed the relationship
between Markov stochastic processes and certain
integro-differential equations.

43



5+ B ke ()

The real use of Monte Carlo methods as a research
tool stems from work on the atomic bomb during the
second world war.

This work 1involved a direct simulation of the
probabilistic problems concerned with random
neutron diffusion in fissile material; but even at an
carly 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 1n 1948.

About 1948 Fermi, Metropolis, and Ulam obtained
Monte Carlo estimates for the eigenvalues of
Schrodinger equation. 44




John von Neumann (1903-1957)

45



5+ B ke ()

In about 1970, the newly developing theory of
computational complexity began to provide a more
precise and persuasive rationale for employing the
Mont Carlo method.

Karp (1985) shows this property for estimating
reliability in a planar multi-terminal network with
randomly failing edges.

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

Broder (1986) and Jerrum and Sinclair (1988)
establish the property for estimating the permanent of
a matrix or, equivalently, the number of perfect
matchings in a bipartite graph.

46
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¢ #ic(Random Number) 572 2

IR R 1 %’ﬁ d ‘g 4 (Physical) > /= 2
4 o Blde D @RdEE B~ 0 i
iz o

>38L BN mEAFE -

m2 {5(1955)% 3 Rand= @ chp § B#cF &
Rt ek o PrETAEH o

2 BE RN B CER S 0 ik

R SIS S
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— John Von Neumann (Mid-Square Method)
e.g. FiE - Bw PHo#EF o EH TS
7033 — 49463089 (B~*¢ Fw i»#cf T )
— 21436900
— 19088161
— 00776161
XL AL FEBRR Moy - ke L.
e.g. 33 — 1089 — 64 not good !
123456 —241383 — 265752
(but small numbers — small numbers)

48




e I A

m bt E A4 ik A F ,«,,.J}?Lﬁ;;

i i & gt #ic(Pseudo-random or Quasi-
random numbers) o

m Pseudo-random: A sequence of deterministic
numbers which have the same relevant
statistical properties of random number.

> Tjtd, 24 ﬂdﬁﬁﬁ Ry EROIE I e
(7 7 ) H ke




3 T hE R

Bk AR L2, mpep B o P
4 EECE A i«u’"‘; »E R

1. Uniformly distributed
2. Statistically independent

3. Reproducible

l]% l';h E

+7

L

= RS 41 PR TE A 2 i s KUY

—
—
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T A
(Linear Congruential Method; LCG)

m PE*'%?(Congruentlal)/z FI SR & ®
EIIPESREE = A /é n—\\f} Lehmer(1951) -
AFENAANRIE

X, :aXl.+c(m0dm)

HYeacmisEHo

—>a: multiplier (3k &)
c: increment (3 £ )
m: modulus (",T #x)

o1



e &% ()
® First step: Given X, (seed)
Second step: X, =aX, +c—mK,
2>04r ta=c=3, m=5X~1
= X, =3,2,4,0,3,- (¥ 5 4)

:>Xi:1’1’1’1’1’”. (—%}EP ?'/3‘ 1)

i1 SeedhiE T A B PP HerPA A -

52



1 X, =101X, +1(mod 1000)
(e facE &)
* X, =27 +3)X, (mod 2>)

Pee g A EETY

53



M
|
B
M

mEI?- -~ LCGE 5 23k ¥
(D)ym frc = B ;

(2)BACE B p¥ F'em o P p ¥ BrRa-1
(3) A4+ ﬁf"Tm P47 7 B -]

(o)

I%Y}IJ m=16,a=5,c=1,X,=3

3202126215212213222112>8->
92 14272 425210232021 —2>...
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’”-ﬁm&u ) T Ar X ¥ X, dp B

RREI0311 0 FARE A 2 gt BRI

*“"1 i3 pih
él’ﬁéﬁiéé_iﬁﬂﬁbﬁx)(i 8 X enfp BT
B TR
1 6¢C C a

p=——(CI)=-—)x—,
a am m  m

B4 Bha=~mpE o kg aly s
2 , o o 1
_Z L F m gt PEAEITO .

Jm

% Bic
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P R4 T I

(Chinese Remainder Theory)

- AP AS RN A S LAY
Ba Al (A58 %) gl FiF
<<;",,;4 —rf.}->>éTA/,’L—’§E":P'pL
T H A ol BPEE o R 4o
FrArEE o 2 K2 0 1T KL
f/_- = SR o AR 7
23 L B8 7

94»@ lJ!?"l]l .

4/”?/’°47¥’fﬁfﬁ -2 5=

B ]z 2 ’ﬁfﬁ?_z /éf«?‘

"

Iy
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https://1h3.googleusercontent.com/proxy/jq1 SLOQWY-UwMuSrPWLDNMvR41aqym1G_uBenjGI2kOoXlugnbMj3bEHLRjpaGIU-
0nGb8PyQdzLIBAEthhjnwgxTMxXE1ndM5UW4FrBoBdtzY YnOqjxBCZ1HJvWdmTIOwW0GIr-w
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https://i.ytimg.com/vi/IrEOt2nCnBE/maxresdefault.jpg
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EANH* 5 s @b e
K s - BATTR A 4
r(Wichmann and Hill, 1982) :

x, =171x,_,(mod30269)

y, =172y, (mod30307)

z, =170z,_,(mod30323)

X Vi <

=— 4 +——— (mod1)
30269 30307 30323

RU(F Fenfir R a2 V)
=
)

R I
&~
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e &% ()

Bl BAAE(RHE R )AL A3 02 m-]
ﬁﬂﬁ“ﬁx ) ",/TT om fs e G 08 1R gt dic
¢ J R RU0.) S B
>3 s A et e dgd U0, )R 2 -

(#4e = Exp(l) = = log(U(0,1)) )

mE AR BGE4eCasio) i oy §
L SE

=(r+U,) (mod1)
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% 2 A LCG
(Multiplicative Generator)

BLRCHEEOLCGY £ =045 %2
FILCG -

X.,, =aX, (mod m)

S48l mEE I 2 o
2>FEF A E X, b’m_‘i%‘r A4+ H
WiEE > T E P B L HE (L EH) o SAS
¥ ﬁ?ﬁ“ﬁ{é_é‘_ L
X.,, =397,204,094.X.(mod 2*' —1)

61



A &gk 2 A)1LCG

.K/f 7 SASYF s MATLAB# %557 & 13 %
%2 ALCG » ¥ ¥ i 221 ¢

X, =16807X.(mod 2’ —1)

BVax 1993 & s ¢ * T 5| & 4 B g ARF
R AR RYE S e

X.,, =69,069.X.(mod 2>)

X b e T ¥ %+ Marsaglia (1993),
“Monkey tests for random number generator.”
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B AT A S

T = e
(shift-register generator)

m Tausworthe & 1965 & #1% E @ = 1> F]pL
. ﬁ]a'_; Tausworthe & # % 7? B Wy A 24
/Tﬁf*i‘éﬁ/ 5 13 iR ”*ﬁ"’ ’ %’K{Ea‘%
7 (bit) & ’7/1%\;? B o 17| 'li\? .

X=X, + X, (mod 2)

y / VX

¢ e |2 Fibonacci Sequence
Xy =X+ X, (modl)
2 e o 7}/ K‘J—— N2 ) — .p,/ ‘/E\- '
% 7 i3 (I%iki‘gﬂm Ixx.)%

m{-’{




gt oA 2 Bk i

EGH YL EFLERR Y 4
G 3S = SR P

3 & Rl R o

B RF AT IRRET P 5T A THE AP
foept Bl s S R £ RS
(reproduce ) e # o 7 & ik R P
prucing 2 A b gt pF R rge
olﬁgg 0

BAFHREE R pEE 2t BTA
4 gt BB Ay 59 ok A ket b 33;7,; * =
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AT ARt s A 4 FlficenT
e Py go s X _FafiEid o 23
2> #3 g
>k FEXR
g > NN e
72 Chaos (VR /4)E_¥ — F&¥ w >
R F A2 T ARR By

https://vocal.media/longevity/the-three-body-problem-science-s-most-beautiful-headache



e T 8E 3 U0 D)L ?
(FHF 5 F 7 3 2)
- 23 % fe(Uniformity)

s =R ¥ i & & (Goodness-of-fit) s &
FEEF Bl 3 & RendF H o F % 0 E
+ % 1% £ B # T_(Chi-square goodness-of-fit)
% Kolmogorov-Smirnov f& <_-

I AP (Independence)
% g Lo|ER HE o Bde L Gap test,
Up-and-down test, run test.
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IRt Ec A 2R

oAt kW R oendiit g dy
- SAS

- SPSS
- S-Plus
- Minitab
- EXCEL




. SASerpt A 2

m SAS6.12 p KU,  #ic A 24 % -
>3 ¢ FHR 5 397,204,004  F He
pARE Adgd TRAAL X

x, =397,204,094x._ (mod 2’ -1) i=123,...

Ergrr 2% -1 @ 22U, Dip g ¥
X .

l

YT

68



B s
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. S-Plus/R mﬁ“ .

70



. Minitab mgb .
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. EXCEL 3" #c 4

72



(5t 5 B 6 5 B0 BE

SAS 6.12

S-PLUS 2000

MINITAB 12

EXCEL 97

SPSS 8.0

1 4 (uniform) 4~ &2,

*

*

*

# fE (normal )4 &2,

*

45 # 4 (lognormal) 5y~ &2

15 #t(exponential) %~ &t,

A f&(beta) 7~ &2

oo (gamma) 4y~ &2

#} @ (cauchy) 4 &g

7 % r(logistic) 4y &2

14 (weibull)%- iz

F 7-&2

T 4 &

-+ 7 (chi-square) ;- &2

W | K[| H | K| K| K| K| ¥|¥|*

Laplace 42

K | K| K| K K| KKK K| |X|*|*

Pareto %0

16 % #|(bernoulli) %~ &,

*

— 18 (binomial )% &2

*

£ 157 (geometric ) 4y &2,

*

# — 78 (negbinomial) 4~ &2

b F.#2:(poisson) 43~ B¢

#3 # 177 (hypergeometric )% &2

¥ | K| ¥ ¥|H*

tAEJE IR IR IR AL AR IR AR S K K B R SE NE JE K




32 3 & Z(Testing Uniformity)

m + 2 ¥ % (Chi-Square Test) :

2+ 2 e AR RJLR N TR e o
0,—e)

KHE ¥ —Z( .
HH o, BHZZHEL 5 e, - B EH1EEY

e

o %ﬁkﬁ’ﬁf’ﬂ‘f\e>5 ¥ e o
B k- RaEES AR L o
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B Kolmogorov-Smirnov Goodness-of-fit Test

CERE SRS

] RN
9 FN(x):ﬁ(# of X; SX):N;](—oo,x)(xi)

N
P(Fy(x) = %) = ( kj [Fy (O [1= Fy (0] — I3
2> I .
]lvim Pl sup | Fy(x)—F,(x)| >¢]=0

—o0<X <00

e, Ve>0,F, (x)—> F,(x) Uniformly
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m K-S Test (§)
2%& Dy = sup |[Fy(x)—Fy(x)

—00< X <00

N—>ow

lim P(\/7D =[1- 25:(—1)]'_1 exp(—2j°x”)]= H(x)

D 24 H(X) s ;—;. ﬂi"a‘ﬁ{fu;’l'%‘ o

égjam(p 156, Ross) = # & 4T + & TR A
T d Expo(100)# 2 gt B > 66, 72, 81, 94,
112, 116, 124, 140, 145, 155 -

D, =0.4831487, p-value=0.012.
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&) 57—\ ;{r‘nf? T® #\CDF
*?7 K-S T &

Sample CDF vs. CDF

—— Sample CDF
~~~~~ CDF

10 15 20
y 77



B Chi-square £ K-S tests et i

>K-Stest it * 3tid. § 3 F 1‘*
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m Chi-square &2 K-S tests =7+t $iz (&) «

>121% U(0,1)§" ﬁz(iU—@ TR NI )
¥ AL A pe o 4 g 2 %3 Eme R
¥ e fedp e oo

RITWEFEDRI > FERK TR

R E P 7 e (ie., power) o

9

N

G2 | a=0.01 | a=0.05 | a=0.10
1000=% H-4%

¥ 2-test 20 93 142
KS-test 22 116 202
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B Cramer-von Mises Goodness-of-fit Test

2> H,:F,(x)=F(x) vs. H :{FEXHEF, (x) % F,(x)

é\X(l),"',X(N) %Xl,'“XN E@JIIE\?%;E%f%

| al 21 —1
F.(X,.)—
12N ll[ O( (z)) 2N

]2

:
:
|l
J

Py (X ) I 7 8t ] = Py S

2> T % ¥ & B Anderson & Darling (1952,
Annals, p.193-212) ; ¥ 3 A it i T 5
Anderson-Darling test (23 % 7 | ) -
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Rﬁﬂ:‘%’ =Rk AL
PRETIREN LRz il B

L‘i'\z‘i%fﬁi len Digski2 Pl ﬁﬁﬁ?mﬁs}‘
%ﬁ *Kq.\,‘ P ?@m 0

SRy BBHEF Lond i p (25 &

sk Tnortest A i

b5 5 @ 35 Dadtest ; ~ 'lillie.test | -
sfitest ; » EfE A G HES o R T L

¥R BRG] o

DQ: %k A e i 29
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. W = 4+ Z(Independence Test)

m Gaps test:

DEPRAN0,IF a8 BEc0<a< pf<l1>
AL R al PR Hc I3 a2 B
e TR R S st Moo BB

¥
PK=k)=(B-a)x(1-(B-a)),k=0,,...

SEE ot
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m Up-and-Down test :

e Al S I LI AF s R NP %{(Jr

2 1) % 7 B > (-2 0) % T LR

e.g. BLZ 1 0.2 0.4 0.1 0.3 0.6 0.7 0.5
2101110 %78 FHEflFcnff 2o

miaFen02% 1AL - IE;ET* R
(Run) » B[4erd b g bl 5 41 o

£ B = km@mﬁﬂ;f,@"_\ %ﬂﬁ{ 9}‘;1’;
44,

Levene and Wolfowitz (Ann. Math stat., 19
p.58-69) v % i N/Fa: 7| #cde F 1) o
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¢.g. Consider the case of N=2,3.4

(1) N=2

(2) N=3

(3) N=4

12 — 1

21 —> 0

123 — 11
132 — 10
213 —- 01
231 — 10
312 — 01
321 — 00
1234 — 111
1243 — 110
1324 — 101
1342 — 110
1423 — 101
1432 — 100

—

Totally, 2 runs. (ave.=1)

Totally, 10 runs. (ave.=5/3)

Totally, 56 runs. (ave.=7/3)
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m Up-and-Down test (&) :

>3k R F- =(Nt1)/I12 ~
MER L =(1IN-14)/12 -
BE R G N-1=2/N/->

U(k” + 3k + )N — (k> +3k* — k — 4)]

g R k=

BRE -k (k + 3)!
@B F E=02N-1)/3 >
@B B B #ic= (16N —29)/90 -

U—-2N -1)/3
[(16N —29)/90]”

/ =

~ N(0,1)
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m Up-and-down test () :

-> Another so called “Run tests” in Minitab.
Use a number (usually Mean) as base
number and see 1f the observed number 1s
greater than this number. We would expect
the number of observed greater than “mean”
is about half, 1.e. Binomial distribution.

¢.g. In Minitab, I tried 100 random number
data, the following 1is the output :
k=10.5419

The observed no. of runs = 61
The expected no. of runs = 50.50
35 observations above k. 45 below
The test is significant at 0.0332. 86




® Permutation Tests
SupHELETAEE kG- o
X, Xy s X)) (X s X s, o
Fef ks lEEBNgn (L,2,...,k)
e, 3N o i‘—”ﬁ k! &7 e 2 o

9"%’1‘}_‘;—3—— ié_? )3‘; Efjf]}jgta dl I'/*l"%v}:ﬁ'fi
whe -y awd 2 FELITHE

i %»E Up-and-down test 2 Permutation test
> *Jﬁ iF Eﬁbﬁ wA R ?
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m Coupon Collectors’ Test -
f;c‘;{; BV A BE G kfa¥ it > 2L B E
BV de PRI AT Ok A o

>T Rl Al th k] kv, L)

-2 % Greenwood, 1955, Math comp. p.1-15

L : Permutation 2 Coupon Collectors’ tests
HE P 4Fd Ay kiR~ &S5
EE S T - e i e
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Qb M T B Exfox,, B dp B %
e (B7)) > £ 9 ik F 2 s ehie LY
> M RPARIMAG - #ic & 2 B » #F R Ap B %

Hoor i ] o
toxfox, AR R GBS kPR AR M o
mQ: R #5ACF ~ PACF% 1 E Hip ?
1EWME R AL /\ﬁio:@x?){  F
ﬁ%#a” (7 e
U Rl el I S LN N
Pl - o~ Al A
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