2023#F 2% 21p
- H o HER
http://csyue.nccu.edu.tw
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m #-EE(Simulation) @ #-7 & #

—>Feign, pretend to have or feel; pretend to be, act like,
resemble, ...((~EZF £ 23 ) )

—> The practice of mlmlcklng some or all of the
behavior of one system with a different, dissimilar
system.

BERERF 2R

2>k JF (Wind-tunnels) : ;3 2 &2 {4

> % {7 #4% F (Flight simulator)

2% - BL papEd (T F 42 TH)

B > CPU=%= % (Simulating a chip design through

l software programs that use models to replicate how

a device will perform in terms of timing and results,)



Diffuser Section
"Honeycomb" grid

model aircraft (X-43B)

Flow Visualization Section

Plexiglass (1/4th in. thick) \

Design & 3D Art © Uriah George 2006
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28 IASOLD STORY D
e MAlLL ON D MO0

SUIIY

A\ «OUIANT EAsTY .
(llll\\]\ ln]r\\\ :\l\\u

SUwI:xLJY (AL @ v+ 8 )

(Sully: Miracle on the Hudson)
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F#4-% 2B 2% (Miller-Urey experiment)

\ || ERAR
EE.J:LT-E
[ e ) ,-"' &
| b J el
', Hg0.CHy NH,, i
N | EEER
R Eﬁ:‘:"—'\ﬂfzﬁl E ‘ —
- j | J P 12
ﬂ#ﬁ# _ _E¢
[%Em*[tﬂ‘#?ﬂ] H

N )i%ﬁi *3—%72/4 ESS
AR T - (£ )
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L Er 2 £ B 4 g %
B 1953F 7 4c & < & f # (Stanley Lloyd Miller, 1930-2007)
A % gF £ 2 (Harold Clayton Urey, 1893-1981) % &% %

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




l%s—%%i% AT H L P‘iﬁ*’%%ﬁ?f &
FR2ARFEEOY A1 E
27 % ok & & 17 (Risk analysis)
-2 & A8 g 3 % (Policy simulation)

975'3?* 3 e il & (Traffic flow) -
g p](Weather forecasting)

> #% % 7 ¥ 3% ++(CPU simulation)
27 & pl3#(Robot and Model car simulators)
> i i A (Caner treatment)




’ > i:;_ ~ |
L A= =L
oz ———— A

Traffic Flow and General

Inflow 500 veh/h
Onramp Flow 00 veh/h
Truck Perc 10%
Timewarp 6 times

Car-Following Behavior

Max Speed v0 108 km/h
Time Gap T 14s
Max Accel a .3 mis?

Lane-Changing Behavior

Politeness 0.1 m/s2
LC Threshold 0.4 m/s?
Right Bias Cars 0.05 m/s?
Right Bias Trucks 0.2 m/s2

« Change the road geometry by dragging

o Click onto the road to disturb traffic flow

» Drag obstacles or construction vehicles to create
new bottlenecks
Drag traffic lights to the road and click on them to

toggle between red and light
Use the info button repeatedly for more info

: B rcos =t G ub]MovSmiBch Nerkehrsdynamik |Book Trafhe Tow Dynamics BB e
https://www.traffic-simulation.de/



I ARER R T S R AL

R E

|54
{ B

>

A -

2

Coiipi S

| !

Y

\

WS (< S5 i

1

i B X R
TCiFE R

Vb

B RHREEAR

v

]

BHERA EREERIE

{'gak o, AR rmirermgiiTana o I L,
= J W S P TR S T )

https://www.eecourse.com/article/411






Simulation or Mapping Procedure

CT-MRI Simulation CT-MRI Fusion Contouring

Source: Stanford Radiation Oncologist Explains Radiation Therapy Treatment for Prostate Cancer



A 48-hour computer simulation
of Typhoon Mawar

IS H [LH LE id K

. o
=
b
1
B

B0 https://i.ytimg.com/vi/i2u-7LMhwvE/maxresdefault.jpg

-1~ NASA Simulates Two
.. Supermassive Black
“=* Holes Spiraling Toward
. a Collision

= r
Es ki@ dae aiiam mradea ibiidais s & dviliae s B seiamiai &0 & | oails ond &
S Bl ] P PRt OB 11 13 R D IR R g AT T TR |

https://upload.wikimedia.org/wikipedia/commons/8/8b/Typhoon_Ma http://www.nasa.gov/sites/default/files/thumbnails/
war_2005_computer_simulation_thumbnail.gif image/smbhb_rotate_banner.gif



7 ¥+ + %2 (Monte Carlo Methods)

mRREER S 2 P UG T REHZ R
B =S piay S BT b s KT S

- A ookl e g /*b‘ﬁv’ #cen A 4 (Random
Number Generation) °

i 3f gl ?

PR T RE Y
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%

su3t(Mathematical Statistics)

~2 ) — —k y 2
F BT E e B

7N

BLEL
! S 3K %J'(Experlmental Design)

¢

Pa - (Computer Simulation)

15



Expennment
with the
actual system

Experiment
with a model
of the system

Physical
model

Mathematical

Analytical
solution

Simulation




JGORLE R (Y - AT

Real system Make a model Model system

Construct
approximate
theories

Perform Perform
experiments simulations

Experimental Simulation Theoretical
results results predictions

Compare Compare
and improve and improve

model theory

https://upload.wikimedia.org/wikipedia/commons/thumb/9/9b/Molecular_simulation_process.svg/600px-Molecular_simulation_process.svg.png



SCIENTIFIC.MEITHOD

MAKE OBSERVATIONS

CONSTRUCT HYPOTHESIS o

TEST WITH EXPERIMENT

DRAW CONCLUSION

ACCEPT HYPOTHESIS REJECT HYPOTHESIS

A\

REPORT RESULTS https://ia.eferrit.com/ia/145c2ec6b9

chemistry. about.com  19342e.jpg



N =R SR

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 Is operating
as expected based on the inputs.

—Hsp " EAT




P b FT e & 2

m Probability distribution function
m Random number generator

m Sampling rule

m Scoring/Tallying

m Error estimation

m Variance Reduction techniques
m Parallelization/Vectorization

20
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T 4 dX

Z:I01+ X
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w — 00 = 1133

0.8
r 0.4

0.2

0.0 Fes mea Al bl - . |
- A oo .2 0.4 0.6 0.8 1.0

| |
| 1 https://upload.wikimedia.org/wikipedia/commons/thumb/8/84/Pi_30K.gif/330px-Pi_30K.gif

N VE ER

A

PEE OGNV 8 BCEEE 7

HIAF IE TP HTREEEY IEJTIPIEE 4
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- Wz(fm MR

K dehdtBP R X &r%f&fﬂ“ﬂrsa‘%ﬁ
(] et W ) 2 R3F 7 B ?
DE AT ek F Y B E fﬂ%ﬂ?’ﬁ
%:0.01% > B Z J&:;ql-fr?p g = Wk

-nsjzg{j; gﬁ;mm, s S FA o BT

(Variance Reduction)
« AL L WOE A A & BicE AF 4 (Numerical
Integration)s # 7 F

23



B h - s AERAAEY T EH %
TR FRedp M S 500 - 5 2

* 120 %5 4 o (Sample-resample)

90

©
=
LL

80
|

70

| |
60 75

Mid-term

24



w kAP M GHCh § B M (4 3
0.8036) » fe 4p B % fciiiE 28 X 5% 9

> # ¥.2 (Bootstrap) s71000=x #i#g:t & &
FHEE T < 50,0820 -

_--.IIII.
| | | |
0.6 0.7 0.8 0.9 25

f T
0.4 0.5

100 150 200 250
|

50

correlation



mF = s RS R AR R
bk THA R EF AR P LS o
¥ & _F AP R o (Monte Carlo p-value)

> & H 2 ehfk 4 (power)id ¥ vt g
L G ar = S AN R CHUR LS SR
AZR) v b2 RE T A E | e
% (2 F_1ERIE 7 4 Fr crp-value) o

SEFAHERS B THEY R T

(Permutation test) » H#-F skl v 5 ¥ gl

A AR BEEET SR E -

26



mF = (F) Ak BER G
-3.58 4.93 527 7.24 8.33
5.08 8.85 9.03 10.28 11.87
T R A T LR G R BT
L d Cauchy(5) % Cauchy(10)é 4! - )
>4 % 2 t-test i 0 5% 7 &g ¥ 5 Kruskall
Wallis % z_p-value = 0.06 » e & T_¥%t % H_
P~ o
SMPEFETA S > Fp5E L R FA B
o= T 3agc? o] L% e (5/252 ~ 0.02) -

;X 1 Rerks.test® & & £_F # & Cauchy %~ fie
l FEAARE_ R LR RILY 21
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%8+ B ] (F)

m How did Monte Carlo simulation get its
name?

m 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 instances on much earlier
] occasions.

l -




w3+ R g (§)

m In the second half of the nineteenth century a
number of people performed experiments, Iin
which they threw a needle in a haphazard
manner onto a board ruled with parallel
straight lines and inferred the value of Pl
=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.




Buffon's Needles and Calculating 7T

= 2L (#of tries) = 3.1415...
D \# of hits




it o & 4= &) - Buffon Needle

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
B Intersections we obtain

P=R/N,
l PI=2<¢LN/Re*D. 32




Drop 1-<| Drop 1--0J Drop 100 | Drop 1000 ~;'-.S.tan'0vefr|

Number of Needle Drops: O
Number of Hits: 0
Estimate of PI: 0.0

33



{Brop 13| Drop10| prop1oo| prop1ooo| start over|

-----------

/

Number of Needle Drops: 1
Number of Hits: 0
Estimate of Pl: Infinity

34




Drop 1 |

Drop 100 | Drop 1000 | Start Over |

Number of Needle Drops: 11
Number of Hits: 8
Estimate of PI: 2.75

35



Drop 100

Drop 1 | Drop10 | |

b

Drop 1000 | start over |

\W
Number of Needle Drops: 111

Number of Hits: 69
Estimate of PI: 3.2173913

36



Drop 1 | Drop10 | Drop 100 | {Brop 10

—

Start Over |

Number of Hits: 706
Estimate of PI: 3.1473088

37



w3+ R g (§)

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

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

m 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
analysis.

38



Niseory of Wionee Sarlo Wiethod

Student - William Sealy Gosset (1876 - 1937)

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

39



A. N. Kolmogorov (1903-1987)

In 1931 Kolmogorov showed the relationship
B petween Markov stochastic processes and certain

l integro-differential equations.

40



58+ B2 ()

m The real use of Monte Carlo methods as a research

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

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

SRS About 1948 Fermi, Metropolis, and Ulam obtained

Monte Carlo estimates for the eigenvalues of
Schrodinger equation. 41




John von Neumann (1903-1957)

- |




58+ B2 ()

= 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.

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

randomly failing edges.

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

m Broder (1986) and Jerrum and Sinclair (1988)
g establish the property for estimating the permanent of
a matrix or, equivalently, the number of perfect

l matchings in a bipartite graph. .




§* Bc(Random Number) 2 #

m 5 gt 7%%’;1 7 48 (Physical)* /2 &
4 Glde  HERAEE O RES S HL W S B
z‘é{ o

DikBE R RN mEAE

m 2 {£(1955)~» 7 Rand= & e § B #icF e
gt Bk o FETAFE o

%%2.ﬁ§& R TE N I A i

Z\ ;E\'L; '% 7‘ if% * oo

44



— John Von Neumann (Mid-Square Method)
e.0. T:E - Bw THEks > EH TS
7033 — 49463089 (B~ B w i»#Hcfg T 3)
— 21436900
— 19088161
— 00776161
X AP, VB T#Ecs Z #Ec L
e.g. 33 — 1089 — 64 not good !
o 123456 —241383 — 265752
l (but small numbers — small numbers)

45



2 Eﬁ ?L WL ?

-rwwﬁwaﬁémﬁiaﬁé%%ﬁ
F e i & B #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.

2> gt ﬁmﬁd+ﬁwﬁméi
zﬂ%A%%mHL%°



m AT r?L&J i R
Bk P ﬁ%—{{l 2,...mlgtdic > QA H A
A e s AT = BEOR
1. Uniformly distributed
2. Statistically independent

3. Reproducible

—

BRE CAePEREA S TEER AT =
B EE D

47



T AR
(Linear Congruential Method; LCG)
= Pﬁéﬁ(Congruential);z 1A S T

175z 0 3B B {r’ Lehmer(1951) >
CE i’xﬂw%v

X = aXi +¢ (mod m)

Heac,mazEHo
—>a: multiplier (3k #)
c: Increment (3 £ )
m: modulus (",f #x)

48



N
l F‘—-‘

e A% (5)

= First step: Given X, (seed)
Second step: X, =aX, +c—-mK,

éw r:a=c=3,m=5, X,=1
= X;=3,2,4,0,3,--- (¥ ¥ 5 4)

= X, =L111L- (i 5 1)

L Seed T RE VT A B Eh A 2 o

49



W \e
’
e o

= 1 X.., =101X. +1(mod 1000)

(e H et e |)
X, = (2" +3)X; (mod 2*)

SR S T

50



mFI- ~ LCGEF 2 » g !
() mFec 3 & 5

(2)Bhe R p™ FEm o Rl p T Erkacl
(3)BAed™ Fpm o RI47 7 fErR a1 o

-g%tvu] 'm=16,a=5,c=1, X,=3

3202126>15-212->13>2->11->8->
92 14>7-> 4552102320212 ...

51
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mop_t zﬁlﬁﬂ%ﬁ'f}dt’ ¥ av X
G E 0311 0 R AE
RN Y

";;E‘? Xi+1'5’77}El Fﬁg
A 24 gt Jol iy

DAz A 4 gt g X & Xy AR B TR

= ”’ff’ﬂf/‘« :

p———(—)(l——)—

ok Eha= J_% A0 Bl
2
Jm

+ 4
m’
)

v
"

G Mgk P RIT0
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r:}ﬂﬂfrﬁJ:J AR > o~ Aol
R 128 RN 2 A
CHE s B
V&GRSR 7

L;;\?F“flj‘?@l]l:
_E’(ﬂ"f‘f‘—:“L?f’_zTﬁf# -2 s F
Bz L4 fﬁ FTR ’F'—r‘r'o

A Sk e
(Chinese Remainder Theory)
- MM AT R R A E S T L
B = +b3ppi=’dp (A5 %) thic® ¥ it
(3x3+B88) E7 52 L2 % r1id
7 #&Z
%
N
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eRER BB AEE

B HERER SBR2 PROBRIFRTER 20
3

2 0 | 2 0 0 2
5 3 0 | 0 3 0 3
T 2 0 | 0 0 2 2
105k 105k+1 S5x7 3x3Ix7 2x3x5 128+ 105k
35 63 30 30463+ 35

RfBEAE  BEWN ) WE (1) =-2 R A2)=-1BRA3) =20
?ﬁf(x)lﬁux—lﬁﬁ—%Fﬁux—2§$—1’|’i§l«‘lx—3ﬁ$2

0

x—1 =2 -2 0

x—2 -1 () = 0

x—3 2 0 0 I
x=2x=3) (x—D(x—3)

(1-2)(1-3) (2-1)(2-3)

https://i.ytimg.com/vi/lrEOt2nCnBE/maxresdefault.jpg



e A2 E (7 gy )
BEAZ BEAF A B A BRI gt

é_’v‘ o kB E - BRI A 2
o H4e(Wichmann and Hill, 1982) :
X. =171x;_,(mod30269)
y. =172y. ,(mod30307)
z.=170z,_,(mod30323)

X: Y. Z.

U =————+ -+ (modl)
30269 30307 30323
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e 4% ()

md BAE(NE R FE)A4 10 1Im-1
2R ",ﬁ% mfs e 5 08 1R gt B
JJ %{iﬁ 1 U(0,1) g 8 5 He o

2>H & o feapt#ikw %"g\z} Uu@o,1)# 2 -
(#14= @ Exp(1) = —1log(U(0,1)) - )

B AR (3 4cCasio) i * de §
= E
Un+1 — (7Z-+Un)5 (mOdl)

57




k= A LCG
(Multiplicative Generator)

BRI EEOLCGY £ =045 %2
AILCG -

i1 axi (mOd m)

X.
%%%:ﬁgéﬂiﬁ#o
e%éfa‘%ﬁm‘wéfﬁ XoEMZIEF > L4 b K

AR &1 AL :%ﬂﬂ(i FH) o SAS
e # ﬁﬂﬁbﬁxé_i?ﬁ :

X.., =397,204,094X. (mod 2** —1)

58



EVax 21993 # = 8 * T | F 4 B, g IRiE
e 2% fe b M T ek F o

X. , =69,069X. (mod 232)
X B M 7 4% Marsaglia (1993),

“Monkey tests for random number generator.”

59

Mipar &gk iz LCG
l",/TT 7 SAS s MATLABA %55 @ 4 & %
Fi2 ALCG » v iE 221 :
X.., =16,807X.(mod 2°* —1)
-



s R ANES SR =

(shift-register generator)

m Tausworthe +.1965% #1% & m = e 5 F]pt
» fi s Tausworthez # & > B o413 2 2
TR AR B o L R
# oz (bit) B = g Bk o B

Xiyg = X; + X (mod 2)
m ¥ % e k> Fibonacci Sequence
Xy = X; + X (mod 1)

E2rh 2 iE o (kK A ])




Wenptiicg 2 Bk i

L DRI EAER A E A E R4
e e 7| eiA)

AR RPET A A S BT A
4 BT A Fe ke A et b B 33
3 & feend ’}ff

B EF AT RPIET S :
fFept@iciicr| SR By £ B
(reproduce) i # o JF 5« ~
fy ﬁzmﬁ} SRR L VA R mﬂiff'&‘ff’”

m L
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m 4o FE P Bl § U(0,1) e % ?
(priicg &3 vRESZH 7)
- 323 4 gz (Uniformity)

y =R * i ¢ & (Goodness-of-fit) e &
FETPrBcE 3 & RengE o ¥ 0 2
+ 2 i & K # %(Chi-square goodness-of-fit)
% Kolmogorov-Smirnov # z_ -

5 4p M6 = (Independence)
T # G i am H;E o B4 ¢ Gap test,
l Up-and-down test, run test.
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¥ R g g 4 E

ALt W RSt i gy o
- SAS

- SPSS
- S-Plus
- Minitab
- EXCEL
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SASHpt Bic A 4

= SAS 6.12 p K U(0,1)f #ick 2 %
>4 ¢ a5 397,204,094 % Hek
11 > AFEd TRAL X

X =397,204,094x . (mod2* 1) i=123,...

Ergrr 2% -1 @ 22Uy T
X.

ui — 231 _1
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S-Plus/R#gt #ic 2 2

Fandom Muambers

— Diata — Diztribution Parameters
Diata Set: Itest - | A indm: IEI
Tarzet Colomn: [Zample T acrivmm: 1

— manpling bdear: IEI
sample Si=e: IIDDD vl Diapiziicag. Il
Driztoibution: |1J_'n_1'fn:-nn - | Location: I':'
=et Beed. with: I el

erEpe 1
hEpe 2

B
|
|
e g of Freed e 10
IDes. of BEreedarm 2 I
|
|
|
|
|

e, af Sinccesses]

Brababal it

eI e SR

Tiatal Enccesme

Thatal Bailures:

OK | Concel | apply | 1< [ cvrent Help




Minitab gt #ic 2 2

Miform Distribubion

Generate |[1000 rows of data

atore in column|s]:
cl—=100 -

Lower endpoint: 0.0

Upper endpoint: 1.0

el ect |

Help | 0K I Cancel




EXCEL 3t #ic & 4

L& EE 4 a5
g R (V- 100 wE |
& g (B 1000 HTiH
BRI [EE Rt - =i B (H)
ghg

i ED [ 21 [N B

e, B (R
i) HH i TE

B R RO =2
v FL{EF={I
" EriEE O

PR R BN mm




R4 B8y 4 BL .l 3

SAS 6.12

S-PLUS 2000

MINITAB 12

EXCEL 97

SPSS 8.0

39 £ (uniform) 4~ &2

*

*

*

% H& (normal) 4 B,

*

15 3 f& (lognormal) %) &2

45 #(exponential) 4~ &t

R H(beta) 7 &L

oo gamma ) 4 &7

#1 ™ (cauchy) 4 fic

it £ Hr (logistic) 4 B

# {8 (weibull) 4 &2,

F 4-#c

T 4% &

-+ 7 (chi-square) ;- &g,

e | W [ K K| K K KWK K| K

Laplace 4t

W | K| K| K| WK K K| K| K| K| *

Pareto 4@t

16 %3+ 4| (bernoulli) 4 &z,

*

—.78(binomial )%~ &t

*

# {57 (geometric ) 4 &2

& =18 (negbinomial) %~ &

I FL#2-(poisson) 4~ &L

#3 # {7 (hypergeometric )45~ B,

H| K| K| K| K

e | W || W KK K| K| K| K| WKW KKK K| K




2 3 # T_(Testing Uniformity)
m + = ¥ 2 (Chi-Square Test) :

>+ 2 e T A B AR TR e T
S HGE: x° Z(O ;e)

Lot o, DR AR B s e B (R B

2\

EER S S G e S A S P B M
LB k- BanEESY AR L o



m Kolmogorov-Smirnov Goodness-of-fit Test

(3 * >0 24 7 A4)
1 1<
-2 FN(X):N(# of Xigx)zﬁzl(—oo,x)(xi)
i=1

~ P(Fy (%) =§)=[':j[a (O IL- F 0OV - —IE 43

> 7L
lim P[ sup | Fy(x) = F, (X)| >£]=0

N—o0 —0o0< X<00

e, Ve>0,F (X) > F,(x) Uniforml y

71



m K-S Test (&)
2 & Dy = sup |Fy(x)—F,(X)|

—00< X<00

— lim P(ND, <x)=[1-23(~1) " exp(—22x2)] = H(x)

N—o0 -1

1D % HX) % 5 &2 it £ o

2 # 5|(p.156, Ross) * & & 74 T - 3 TR
T o Expo(100)# 41 et #ic » 66, 72, 81, 94,
112, 116, 124, 140, 145, 155 -

D, =0.4831487 , p-value = 0.012.
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Sample CDF vs. CDF

—— Sample CDF
------ CDF

73



= Chi-square £7 K-S tests &1t fic :

>K-Stest ¥ ap * 3@ FA TR 2
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m Chi-square &7 K-S tests =+t fi (&) -

>121 U(0,1) ﬁx(iu —6) T h i L
¥R A pR o Bl G A % 3 e R
¥R A pRAR e o

DEITWNEFEHERAF i EREE TR
Z e H P 7 e (ie., power) o

£S5 | 00=0.01 | «=0.05 | o=0.10
1000=x %t

v 2-test 20 93 142
KS-test 22 116 202
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m Cramer-von Mises Goodness-of-fit Test
=2 H,:F (X)=F,(x) vs. H :IFAEXEF, (X) = F, (X)

é\x(l),.--,X(N) Xy X OB

o -1,
EFz - Y = 12N Z_;[F (X(I)) ]
- Py (X iy) 7178 gt 0 1 = s S

2>t T % ¥ & B Anderson & Darling (1952,
Bl Annals, p.193-212) 5 » 3 A fL e TS
l Anderson-Darling test (27 & % =) -
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R#c %8 e ¥ As & fiete 2T

JEF A e o % L BB
1 TSR E R A
EH Y B e

SRy BAFF LW A (253) &
g Tnortest ) > %57 b A e T
*b 5y @ 3% Tadtest; ~ Tlillietest | »
"sftest; > 2fAE R G FS > g L
gm 7R BAAEE P

l 2Q: fAaF A fdomig T ?
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F"*mﬁ ERIERE S LAT M FER

P(K=k)=(B-a)x(1—(B-a))* k=01,...

2>2EErF 3o
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= 4 % 7 (Independence Test)
m Gaps test:
DEFEPFAN0,1F 8 BEc0<a< f<1>
LY R a8t BEGFH 1 agd [
_



m Up-and-Down test :

DGR S BB s o] s D EL(+
E\} 1) Z:t\' ﬁ‘\ L)fuifg > E'\ %’fu(_.\?,\“ O) Z:':\' 7‘1‘ ‘.‘Sfu/)éi

e.g. % 02 04 0.1 0.3 0.6 0.7 0.5
2101110 4 57 5 #ic @ 7 eaff % o

i Fen02 LAR 5 - 'B‘ET“* L& i
(Run) » 54 rs * $@Ul 4 o

2> £ B 5 Kkeg ey i s %%ﬁlﬁi" 74

B Levene and Wolfowitz (Ann. Math stat., 1944,

l 0.58-69) » % 16 NIfd £t 7| Hcn 3 o) o

79



e.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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(k + 3)!
@B Hchl Y & = (2N - 1)/3 ~
i B Berhs B i = (16N — 29)/90

U—(2N -1)/3

/ =
[(16N — 29)/90]"

~N(0,2)

81

= Up-and-Down test ()
2> £ B 5 - = (N+1)/12
@ E B - =(1IN-14)/12 -
@E R ZN-—1=2/N!I-
2 3 2
l g g k= A DN (3 k)
.



= Up-and-down test () :

- Another so called “Run tests” in Minitab.
Use a number (usually Mean) as base
number and see If the observed number iIs
greater than this number. We would expect

the number of observed greater than “mean”
IS about half , i.e. Binomial distribution.

e.g. In Minitab, I tried 100 random number

data, the following is the output :

k=0.5419
The observed no. of runs = 61
The expected no. of runs = 50.50
55 observations above k. 45 below
The test Is significant at 0.0332. 82




m Permutation Tests :
DHFFrEcR AR KB - &
(X, Xy s X )y (Kits Xinses), e
Fed ks sy e 12,...,K)
R 0 £ KEFEF ae o
-

i %E Up-and-down test 2 Permutation test

—‘Fﬁ’lﬁ’}* Eis s 2 B 7
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m Coupon Collectors’ Test :

DBERPIT AR KAT A R E -
B Ay 3R AR AT F otk M e

2>F Bk M s kKt k2, ) e

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

=X ! Permutation 2 Coupon Collectors’ tests
e drd FF K< RS
WAl nEEt e
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Qb R T B XX B Ap B
i (BA) » £ g2 agofe 7
> 11 Rh”vARIMAﬁ*’“ BAZE ZIRAM G

Bor i L o
L X T sAn B TR B S KIF AR B o

mQ: pFF#EACF - PACFE 1 E P

9?’**<=ltb ;—j"s&g#‘}{g&\ﬁbl& ' F
W p RV oo

FE E“?lfi’_ Wb e T i o 3 E A

B2 ad| - ~ A2 FZ o
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BQ AriPEHE B e T ?

2> REATH BTy CPALE R
AP EE Y

orvRi b ML TR
v F_ B I p 7
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EHFHD AT FA R Ub 2 e o
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