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ABSTRACT

The objective of this research is to study and compare the efficiency of
Kolmogorov-Smirnov test (KS), Liltiefors test (LF), and Shapiro-Wilk test (SW) for normal
distribution. The controlling probability of type I error and the highest of power of the
test are the criterian for choosing the performance of these tests. In this study, we
simulate data from normal distribution, gamma distribution and T-distribution by R
program version 3.1.1. The significant levels are considered on three levels at 0.01, 0.05,
and 0.1. The sample sizes are set as 10, 20, 30, 50, and 100 and repeat 5000 times for

each situation.

For normal distribution, the results show that KS, LF, and SW can control the

type | error in all cases.

In the case of gamma distribution, KS is the highest power of the test for all
sample sizes and significant levels. For significant levels 0.05 and 0.1 (n = 100), power of

the test of LF and SW are equivalent to KS at gamma distribution with a=1and B = 3.



In the case of T-distribution, SW shows the highest power of the test except

degree of freedom 100, significant level 0.05, and n = 10, 20, and 30.

Keywords : Normal distribution, Gamma distribution, T - distribution, The Kolmogorov-

Smirnov Test, The Lilliefors Test, Shapiro-Wilk Test, Type | error, Power of the test
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X, S(x,) F*(x,) |S(x) = F*(x)) |SCx )= F*(x)|
58 0278 0359 .0081 0359
59 .0556 0418 0138 0140
67 0833 1151 0318 0595
68 1667 1292 0375 0459
70 2778 1587 1191 .0080
74 3056 2327 0729 0451
75 3333 2514 0819 0542
76 3611 2743 0868 .0590
78 3889 3192 0697 0149

80 4444 3707 0737 0182



X, S(x;) F*(x,) |SCx)=F*(x,) [SCe) = F*(x,)

82 .5000 4207 0793 0237
83 5278 4483 0795 0517
84 6111 4721 1390 0557
86 6339 5279 1110 .0832
88 6667 5793 0874 .0596
90 7778 6293 1485 0300
92 .8056 .6808 .1248 .0970
93 8333 7019 1314 1037
94 8611 1257 1354 1076
97 .8889 .7881 .1008 0730
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112 1.0000 9641 .0.359 .0081
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X, z, F(z) S(z,) |Fo(z)-S(z) |F(z)~S(z.)
11 2,014 022 033 0.011 022
13 -1.934 026 067 0.044 007
14 -1.894 029 100 0.071 038
22 1575 058 133 0.075 042
29 -1.295 167 098 0.069 035
30 -1.255 105 200 0.095 062
a1 0.816 207 267 0.060 007
52 -0.377 353 300 0.053 086
55 -0.257 399 333 0.066 099
56 0.217 414 367 0.047 081
59 -0.097 461 400 0.061 094
65 0.142 556 467 0.089 156
66 0.183 572 500 0.072 105
74 0.502 692 567 0.125 192
75 0.542 706 600 0.106 139
77 0.622 733 633 0.100 133
81 0.781 782 667 0.115 149
82 0.821 794 800 0.006 127
83 © 0.861 805 833 0.028 005
85 0.942 827 900 0.073 006
87 1.021 846 967 0.121 054
88 1.061 856 1.00 0.144 111
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2.1.3 dfavagauyRlsiad (Shapiro-Wilk Test) (3¢.931Ws SUnAs, 2551)
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n —\2
Z (x(,) 3] )
i=]
o
e
n WNUUUINAIDEN
o d o & o < -] | @
k WU IUUANENNFANNINAINTBNINY n/2
I e a Q’ v ) AJ o
a, W AENUSEAVSALAaINNTUAR1S1e7 3 Coefficients for the W test for
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351
Ho : Ussrnnsiinisuanuasuuuuni

H, : Usswnshifimsuanuasuuuung

Seaddutayalu
i Xi) (x(i)-x )2
1 -5 57.76
2 -3 31.36
3 0 6.76
4 2.56
5 2 0.36
6 58 0.81
7 4 1.96
8 6.5 15.21
9 7 19.36
10 10 54.76
190.90
3 X

_ —5-340+1+2+3.5+4+6.5+7+10 _
n 10

2.6

10 -
a=3 (x(,.)-x)2 =190.90
i=1

9nm5197 5 1dle n = 10
A = 0.5739 dg = 0.3291 dg = 0.2141 ary = 0.1224 uay dg = 00399,

5
b= Z Qi (X1 — x(i))
I=1

= 0.5739(10-(-5))+0.3291(7«-3))+0.2141(6.5-0)+0.1224(4-1)+0.0399(3.5-2)

= 13.7182
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2.2.1 n1suanwasund (Normal Distribution)
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1777-1855 tinadinAransy1ieostiv) flaauansiennsanesidssnunainadenlunis
Sausmandisafunatsgads nmsuanuesiizedidesnedraniedn “nsuanuasuuinid”
(Gaussian distribution) fuUsguifinsusnussiuuun@ Benda fudsduund (Normal
Random Variable) &aduvesiuusquund X fie 4 uazduifsavunasguie o
Tnefiflaidunisuanuasmuine-1lu

_(x-n)
N\ \/-2:—:7—0—73 s ;=00 < X <0,-00 <y <0,07 >0
0 ; Adue

Tnef 70 = 3.14159... uay e = 2.71828...

= o

auauUAvaslAsUNATinell

Aady sTsegu wargudey ogf x =p (dumiandulasngigangn)
TAunAfiauunsiuunusanain[iy p

v aa P~ v
Thwnftigandsui x=p + o
YanelAsUnddlndunu X die x dawiheain p eenluynil usselaidudaunu X
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mnmekideasilfdnugluuuresmawenuasundfdimsiiives (u,0°)u

(5,9) (5,25) uag (5,100) Faguil 2.1

Normal probabllity distribution function

Densiy
000 002 004 006 008 010 0.2

JUit 2.1 wanamsuanuasund iwisiied (u,0”)u (5,9) (5,25) uae (5,100)

2.2.2 n13uNLIINLN(Gamma Distribution)

o v o = P ¢ e al ¢ o
Mulsdusioilios X Alinsuenuasunian Iwsiwesidu o waz B laeliflaidy

-

1 [
LANLIIAINNUILIUY e

f(xa.B) = -I:(—Ojl)—ETx““‘e7 ;x>0,0>0,8>0

-

0 ;ABUY

KNLING)

0

Lunsanileidy T(a) - [x*'edx o a >0
0

2.T(a)= (a-1)I'(a-1)
3.r(1]=J;

2
o. T(n) =(n-1)! o n Wusoudinuan

fuusduunuin X dAnade of wasauulsus ap’
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o av & v o a < 4
NnMYIIdeaTaiilafnusuiuuresskInuItNUN RN Ewes (o,B) Fip

(4,3) (1,3) waz (4,2) é’agﬂ*?i 2.2

Gamma probability distribution function

« —— gamma(4,3)
= —— gamma(1,3) or Exponential(3)
- gamma(4d,2) or Chi-square(8)
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2.2.3 N15UANWINW (T- Distribution)
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T probability distribution function

Density
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2.3 MUIYNNYIVD4

v v

2.3.1 SA.QUMS JunsAs (2551 .: undnge) MeIduaseliinquisasd Revinns
Wisuifisuuszansamlunisnageunisusnuasundsnadfinaasuns 3 uuuie
Kolmogorov , Lilliefors uwag Shapiro-Wilk ﬁ‘ﬁa&gj‘luSPSS v.13 agananfvedau 3 wuu
Kolmogorov , Anderson-Darling uag Ryan-Joiner ﬁﬁasﬂu MINITAB 14 ﬁaﬂdaﬁﬂ’lmﬁﬂm
Hudeyasnmsdasswuuanusznnsaifimsusnuasuuuund wasfidsauuludntiosan
nMsuanuasuni aeldiuy Calc-Rabdom Data 91nlusunsudisagunneadian MINITAB luus
dunsdifinmsyien 500 ads YN sTaswuuteya fvundiegrawiniu 10, 20, 30, 50 uag
100 yhmsSsuifisusunammeasy uasauausalunismusuALAaIaAdeuYn
oy

NAN19398 nuraiAnaaey Ryan-Joiner(aany Shapiro-Wilk) Tu MINITAB fig1una
mMsnaaaugeiigalunnnsdl wazynauiameens Aszduisdadey 0.10 Taglamziilovun
A9y 1lngindu100 seigruanisaaauidilng 1 wariinauaiunsalunisaiuauAy
vazfuvesemunanndousiini | IGifounionun suinasives Cochran uasSanuinada
Kolmogorov T MINITAB w¥ifi93efeads Lilliefors

232 wyn yln (2557 ¢ undnda)  medeiiequizasdiewIeuiio
Usedndnnsenindiativaasud miunadounisuaniatuuuunininsgiu 6 67 laun &
adanadeu KS, A, W, D, K uaz G NSNS TaUsEavE nMmeasiadanadauuiionsanen
amamsalunsamuauautiazfurssauraiaedauUsEianil 1 wazdimnanis
vaaey lunsfnviuldsassdoyannusernsiinsuanuasiuudnd wwuundvasulu
wuudi wuulaawaas wuulus wuuinuan wuulya waswuuaiuna Amuessaudadidny
dmfunisvndeude 0.01, 0.05 way 0.10 ldvurndiagne 10, 20, 50 uay 100 luusay
anunsainsevheh 1000 seu
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1. frafiAvageu KS, A, W uaz G ansamuauniniasiduresnimnanindou
Ussiani 1 lvnnsdl saddneaeu K liamnsamuquanminsfuresmuaanindey
Ussinnil 1 Ieiseduiloddty 0.01 duaiinaasu D liaunsamuauaiasifures
mumamadouUsuanii 1 18 snudlevuiaiethavintu 10 seduladdy 0.10

2. fradidmaseu K wag G Hunamsvaasugslunsditeyafinsuanuaauuuni
Uaoulu Uagn1suaniasuuaNsnasuaslags

3. shadiivaaeu KS uaz A Tgmnansveapugdlunsdieyaiidagiauunan

4. purndethafisnnntu sSiuamsvageuremniaaaAaae Uity
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ﬁé’wwmswmaauqaﬁqm so9aAD Fadavaaou A, KK, G uaz KS audidu
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oYU 3.1.1 lumsiinisive LwaLU%'auLﬁaummﬁwsL'fJu'LumsmUQumwﬁmLfJu-uaaﬂm
AAALAABUUSEIAYT 1 hasiSeufisus unanN1sNnaauTesdnfnIna?

3.1 AN5INUANUNITINY

[V
o « o LY

Tunsiteasatiivusaniunisallunmsinwiuseuisunadl
3.1.1 MMUAIUINAIDENS (n) AAWinY 10 20 30 50 uay 100

3.1.2 MuuaszaulledAgy 0.01 0.05 wag 0.1

s ar

3.1.3 grimsneasideiinsiassdeyannnussrniiidnuaeeineg 3 nguesil

3.1.3.1 nsuanuasunddnisiwes (u,o?) 1éun (5,9) (5,25) waz (5,100)
3.1.3.2 mMsuaniasinuindwisfiwes (a, B) taun (4,3) (1,3) uas (4,2)

3.1.3.3 MsuanLsTifdosmumianududase v wiafu 3 10 wag 100

3.1.4 AuaAUssnnesnuaaIandeuUseavil 1 :nnsHaNLItuUUn#Aluyn
anun1Ted

32.1.5 AU IUIAVDINITVAADY IINNITUINLIIUUUNNN LLazmsmmmmunnamumicﬁ
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3.2 35N15A1IUN15I8
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mMIveasiazautusumutunaulasuiieeniliu 2 nsdl fadl
3.2.1 TusnaulunIsAIURAUSsIIMTeIANNAATRIARBUUS SN 1

3.2.1.1 Sraesleyaluusasvunnanussnhsidmsuaniasuuuniiinnilines

AUNRDINTS MelUsunsy R 11esdu 3.1.1

3.2.1.2 MuluAananaaaune 3 dloun lnalulnasy dadwes wasvrfilsdan nuly

|
[

AdIniusunsy R

YY)

3.2.1.3 agunamsveniuniomsufjiasanungrumvdn luwsagseiuluddglaonsidiey

v @ o (Y] 1

seautledAgyAuan p-value

3.2.1.4 ¥ede 3.2.1.1 - 3.2.1.3 JUASU 5,000 A3 udvhmsussnainaieniy
YoIrnuAaIAAGauUsTANT 1 lnemstiudnwuaiivesnsufjasanuagiuvdn (H,)

[

&
JU

. & a A a
Snuaiwesmsufias Hy e Hy 1Husds

ANUSEUINVDIANNAAARBUYSTELNNT 1 = -
5,

fAssnausruAaImAdauUsTand 1 veansvadeudviuusazaniuntsaliie
oglutfildimunlilunusivesnsiisuiisuiBnmsnadeuldiun inausfves Cochranuawingsi
SoN BradteywﬁadwaﬁEw’hwﬂaauﬁ”'uﬁmmmmm’lnmimuQummﬂwmﬂuwmmmﬁmwmm
Useuwdl 118 TneiifistaziBoaveanast Cochranuasinauaives Bradleysiail
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¢

wneuNuad Cochran

fhanuhandurernueainrioulsuani 1 :nnsveasseglugas [0.007,0.015] dmiu
nIsnagaunseauledAy 0.01

anuasfuresrnuaaiardoulseani 1 nmmeastegiutg [0.04,0.06] dwmiunis
aasusyautadIfty 0.05

danuinvsfurewmuamandeulssand 1 :1nmsvaaetegluti [0.08,0.12] dmiuns
naaausesiutudidty 0.1

sraplihadfdumuaueninhasduresaruraainioutssinnd 1 1

mm‘r‘lﬂm Bradley

fanuissifuresnuaaininfioudssiani 1 nnsmaaesegiutiig [0.005,0.015] dmiy
nMsnagaunszautedfy 0.01

danuhazduresrmuraiaeoulsziand 1 :inmmaaategluyie [0.025,0.075] dmsu
nsvnagauAssiutudAgy 0.05

fanuissduvesmurainedeulTsani 1 :mmswmaaaag'lwzi'm [0.05,0.15] dwmiuns
nndoufszautleddty 0.1

szagUlinadmumuaummnisdurespnuamaaieudseinni 1 10
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rvauArmuraatrdeulssiand 1 lilunnnsd Wevuindiedns 10 adfinadey sw 3
Awansalunsavauaisiduresnuraiandoulssianil 1lddian dauflvunn
fregne 20 wuiadinedey LF fawannsalumseuguaniniesifuvesnunaiaieiey

Ussand 1ladvian

WsMNVUIREIRENINg (30 50 waz 100) wualiivadeau KS LF uaz SW amise
muAuAALAaInlAdauUsTIAnd 1 Idluvnnsd iWevuiadiegn 30 addneaeu LF
anudnsolunsavauauhssidureseraandoulssiand tldiign  dwuflvuin
g9 50 wuadiineaeu SW fanuansalunismunueininasduremiunainiadon
Ussunil 119ian  uazfivuindaogna 100 wuiiaddviadeu kS fawanunsalunisaauny

avuianiuresauamawdoudssiani 1laafian ~
WIsUIMNERANAERU

< Qaa d' I A L. L. '
Rsananadinagey KS AAnadewiniu 5 uaganuuususuiniy 25 wudaunse
muuANEARIRAGeuUTEAnT 1 laluynnsd Wevwadiedrudnanuanansalunsaiuny
1 ¢NI L4 1 A a 1 ¢§I lg L]
AMUAAIAARDUYTEIANT 1 2elipY wildlovwadie e iLNINTY FTANNITOAIVANAIINUIRY
& a - vaa &
Juvesnnuamairdoulseianil 1 1daSey

Rsannaiiveaeu LF wuiasnsamuauauaainndoulssinni 1 laluynnsdl
disvuasedrndnanuaiisalunismunuanuaaiandoudssani 1 98i uilievun

MsthaiunniuanuansanuauaRinIsiuvesruraInndeuUsTanil 1 9zana

Rasunnadiinaaeu SW wuhaausaaluauAnuaamiadeuUssiavi 1 laluyn
« ﬂ. v 1 ﬂ. A =l 1 d
nsdl WevmadhegadnanuamusaiumsauarauaaImaieuUsHanil 1 95f uddevun

MeghaiunnIuanuamisamuaNAihsduveruraandeuUstanil 1 avanas
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1 1] 0 d d
4.1.3 Assunuvesaaeiluvesnuaatarioulseani 1
Yaeadifiadeay KS LF uaz SW anndeyaniinisuanuasuuuund fitwsdiwes (u,0?) Ao

(5,100) uandlunis1ed 4.3

d J 1 dl d’ hd o a ﬂ‘.’l
f1919% 4.3 mﬂ‘szmm‘uaammm%L‘fJu‘zJaamwﬂmmﬂaauﬂsxmw 1 993d@0aNAdD U

9 w

3 fadlodrasstoyaninussrnsiifinisuanuas N(5,100) Aissfutiodndy 0.01 0.05
way 0.1 dwdurunaiiedne 10 20 30 50 uay 100

mwﬁmstﬂwmmwﬂmmﬂ?iauﬂmnwﬁ1
NITUINUAY | VUINAIBEN | sEAUTEEATY vodtAVAEaY
KS LF SW

0.01 0.0098*** 0.0114%** 0.0104***

10 0.05 0.05%** 0.043%** 0.0478***

0.1 0.0984*** 0.0922%** 0.0922%**

0.01 0.0108*** 0.0088*** 0.0082%**

20 0.05 0.0474%** 0.0416*** 0.0434%**

0.1 0.101%** 0.0984** 0.1054%**

0.01 0.0098%** 0.0094*** 0.013***

N(5,100) 30 0.05 0.0492%** 0.0506*** 0.0482%**
0.1 0.1014%*+ 0.1008*** 0.1068***

0.01 0.0074%** 0.0102% 0.0116%**

50 0.05 0.0526%** 0.0522%** 0.0524%*+

0.1 0.0908*** 0.1012%** 0.0986***

0.01 0.0098%** 0.01%** 0.009***

100 0.05 0.045%** 0.0508%** 0.0472%**

0.1 0.0888*** 0.1046*** 0.1032%**

* et dunmeives Cochran
** e HUNueives Bradley

e i efie dueEunUgives Cochran uasinaaiues Bradley




a4

s1wasiduaveaUsranurasnnuisiluresnnuaaiandsulssiand 1 maldnisuan
wnsnuuUn@ndwislwes (u,0?) Ao (5,100) Aszautdfy 0.01 0.05 way 0.1 NANTNN

3 gsmhiauslafagun 4.7-4.9 s

alpha=0.01

- o KS
" LF
* SW

Type | Error

0000 0005 0010 0015 0020 0.025 0.030

— -
| [ ] | i
20 40 60 80 100
n
L D2y ary-ee ) ineusive Cochran
( ) INEU9 V04 Bradley

LY

= 1 1 [ - o aa Y
E‘UVI 4.7 WamAUTTUIUTDIAINUILLUUTDIAUARIATIUUTELNNN 1 VDIRNIANANAADUYIY

[V

3 1 nelansuanuawuuun@Andwisdives (u,0?) Ao (5,100) Aszauipdrdsy 0.01
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mn‘gﬂﬁ 4.7 pradannasu KS LF  waz SW mmsnmuaummﬁwsLi’Ju‘uaamm
a o v & O < ¢ o @
AataLAdauUsELANT 1 1Aviavue MadIun9ives Cochran  uasinausives Bradley Aiszéiy

WodAty 0.01
WITUINUVUINADEN

A5NVUIAFIBEINEN (10 uay 20) wutadinadeu KS LF was SW a@wnse
! o a = o s 1 aa -
muAuAIMINAaIARAaUUTzIANT 1 laluynnsdl Wevuindiede 10 addneasy kS
ANEIaluNIIAUANANNITduresauaatandoulstian?l 1 liRTign daufivun
fgN 20 wuadiveaaey SW danwaunsalunisaiuguauiissiuresninuaaiaeiou

S| vy o
Useunil 1 liddian

AIUINVUIRGIRENIY (30 50 Waz 100) wuitadi@inadou KS LF uay SW am1sn
PuAuAIANLAaTIaLAdsuYssand 1 Idlunansd Wevuradiete 30 afifveaey LF
anuansolunsmvauahesiduvesemnaandoulssani 1lddfian  dwdlvunn
fhethe 50 wuiadivaasu KS fanuannsalumsauquanuinnziduresnunainadon
Uszinndl 11dffan wasfivuindetng 100 wuiadivagey SW dauanunsalumsaunu

auaviuresnuaaiaindoulssiand Ldaiiae
NITUIUFRANAFDU ~

ANsUINNERANadaU KS ARRaswiny 5 uaranuwususiuyinnu 100 wuii
anunsamIvANAMNAAIAAREUUTEANT 1 Inlunnnsdl uazgwudndevuinsiegiaviniu 50 9

fifnAnanianluresnnuaanandeusniian

Rsannadifnedeu LF wudannsamuauauraninioudseianit 1 laluynnsdl
Wevuiadegnflvuadnanuauisalunismuguanuiianaiadssiand 1 affign usiile

YA NTVUIAINYTUNUANNEINTALUNTATUANANNAANAIAUTELANT 1 Tvanas

#A1sunaiifineaeu SW wudhiaansaaiuguanNAaairdeulssiavi 1 laluyn
N3 lngaruanNisatunisrIvAuANURanaInlseanid 1 Anigansegiauuin 20 wazay

1 J v ' QI dv
ABY 1ANANLNBVUINNIDUNLWUYU
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alpha=0.05
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SR <\ 0V My ) tneusiwes Cochran
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E'UVI 4.8 LLﬂﬂdﬂ’l‘diSN’IQJ‘UENFYJ"INUV\]BLﬁu‘Uaﬂﬂ’J'\Nﬂa’lﬂLﬂaDU‘UiELﬂ‘V]‘W 1 92INIANANATADUYIY

v W o W

3 ¢ aeldnsuanuaswuuun@fidinisiiees (u,o?) Ao (5,100) Nsesiudedrdny 0.05
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NNFUN 4.8 Malidneaeu KS LF uag SW anunsamuauaninhssifuvesniny

[y

AaNALARBuYsEAVIN 1 Tevianun viaiuinueiues Cochran wasinueives Bradley fissau

(Y] LY

WydAty 0.05
ANIITUINUVUING2DES

AsnNnNUuIRAIBgEn (10 way 20) wudralifveaou KS LF uaz SW @wnsn

' o o] < aa <
muAuAANAAIARRaulsEAnT 1 laluynnsdl lnsadifivadeu LF Sanuaunsalunis
muAAMIhzdureInuraawioulssanil 1lddngn

ANTUINNVUINAIBENIE (30 50 wag 100) wunadivaaau KS LF wag SW aunse
mupumANuemardsuUssand 1 ldlunnnsd Wevuned 30 adfinaaeu sw i
Arwausalunsmuaahziuvemwranaedeulssani TldRfian dufivun
fethe 50 wuiredivedeu LF Sruannsalumsmusunmniasiduresmnuaanaion
Uszianit 116ian uazfivunadedne 100 wuiradineaeu KS fanuamnsolunseun

mthsduvesenurainndeudsuand 1lddfian

NASUINUFDAVAEDU

P

Rsannnaiiinageu KS Adnadewiiy 5 uarAnuudsusiuviiy 100 wois -
anunsomuANANIAaIRRdBuUsEAnd 1 Ilunnnsd Wevuadegafininniuinuun
freg1awiriu 50 1y 100 vanunsanusuautvsiluvesruratmadouussiani 1 167

L4

<t
YU

[aid

Rsannnadinageu LF nuhanunsomuauanuaanngaulssani 1 lalunnnsd
dennamognivunadnanuannsalunisaivauauianatalsenand 1 asivian usidle

e niivnalvgunuanuanansalunsaiuauauRanaInUssanil 1 awana

Rsannnadinagey SW wuhaunsamuauanuaainngeulszavi 1 laluyn
n3dl Wevnadsgnivninadnanuaunsalunmsavauanuianainssand 1 ash uiile

unfmedniivinalvgunuanuasnsalunsaiuauauRanainlssianil 1 avanad
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alpha=0.1
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d ' ] [ - af (Y] aa 5
UM 4.9 uansmUsanuuen N inIsiluresmuaaInndaulseiaviv 1 vasmaifivadouyia

3 i angldmsuanuasiuuuninfivsdines (u,0?) e (5,100) fissiuudadty 0.1
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NNUR 4.9 fadifiveaeu KS LF uag SW amwnsamuauaduinazsduvesniny
AaAGauUsHIANT 1 laviavun vieuinesives Cochran  wavinmueived Bradley Aisediy

@

HedAey 0.1
NISUININVUINABEY

RsNNUUIAFeE10EN (10 waw 20) wutadivadeu KS LF was SW a1mnsn
AvAuAImNAIRAReUUTsIANT 1 ldluynnsd lnvaddiveaeu LF fianuaiuisolunis

Ve al

muguaihasdureeunanndoudssanit 1lddign

Rsunuueieg g (30 50 waz 100) wuiradAinaasu KS LF wag SW a1unse
AILANAIANAAIALARDUUTEANT 1 Wlunnnsd ovuinsiedns 30 adfnaaou LF 3
mmansalunsmuauauinsniuvesmuemandousaani 116ddqn  dawilvuia
Mgt 50 uay 100 wudaddvedeu KS danvaunsalumsmvauenninazsfuvesninu

el o

AaRLAREUUTEINVA 11dATign
WIsURETAVAdeaY

= aa A J dl 1 s 1 ¥ !
WATUININADANAADU KS  AIANaRenAY 5 uaranuuUsusiuiaiu 100 wuin
ausemuAuANNAAIAARoUUsEIANT 1 Tdlunnnsdl Wievuiadiedradnauansalunis

o o v | 9 1 - &
muﬂuﬂ'amﬂa'\mﬂaaumzmw 1 2UDY UALLBDUYUINMDYNLWNUINYY WAWTAAIUANAIY

¥
-1

1 o P < Vaia
WU NNARIALAADUUTEYY 1 19]518\3'2]

Nsannaliinedeu LF wudaunsanuauaunaisndeudssani 1 ldluyansdl

Wevinadedwilvualvgu prmansalunmsmuauanuiawaaussani 1 axanad

Asananaddivagey SW wuhaansanuguauaaiaedeuUssand 1 loluyn

nsdl Wevinadeealivinalvgdu aruaansalunismumuaufianaiaUssani 1 azanas
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Y

NaN1TRITANAMNARNTALUNTAIUANAMIAMIAAABUYSELANT 1 YNUUIAFIBEN

o a

wasynszAuteddganinsaiinssinansideusasiatfvaaoulsned

L

1. hadidinaasu KS wuhawisanuauanuiiasdurennusrainndouusvani 1
lomnnsd wasdlovwadednivnalvg@u anuauisalumsaivauauihazduvesnny
AanALAREUUSHIAMT 19889fnngau wasmuauauiasduresrunrmandeulsELANT 1

lddgniiounnnsdifleieuiusabivaaouiibug

2. maddneasy LF wuhamnsanivauanuissduresrnuaaandeulssinand 1
Idvnnsd wasillovumdededvuadnanuawisalunasavquanuiiasiiuyesnn

ol L9

parAAREUUSENNT 1 asfindudlaifieufuaruaiuisolunisaiuauanuiiasifuyesnin

Y

AANAAAIUUSEIANY 1 WoMetuAdvualviedu

3. fhalidviagau SW wuhaunsoruauannhsiiuvesnnusanedoudssand 1
Iomnnsd uazsilevuadsgndvuiadnauainisalunsmivauaauiiesidiuresniig

- - a 1 od - Y .
parLAApUYsTIANY 1 asfinduliafisuiualuaiiisalunisavauaudiaziduresnin

- P 4 v 4 da I
AAALARBUUTELNNY 1 L&JGGI’JBEJNVIN‘UUWQ‘LMQJ“‘UU
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4.2 M5WUTIUHIBUAIEIUIINTSNATDUVDIFDANATDUAINY

Tunmsisuifisusnnamsvaaeurswusasiafiimaseuilelimsiasuulasdnuoe
vaedoya Fdlumsideiiavlaluadivaaeu ks LF was sw iunsidoudieulasifonsan
langfadinaasuiiaunsamuauanuhesiuresanueaandoutsaand 1 ¥y Tne
flumsdsuiiisustnamavegeulnnAdeiaunsoaunsanldanussnnsiiiniuanuag

2 ANy fall
1. MIHANLAUNLLTSwSIEmeT (a,B) A (4,3) (1,3) uag (4,2)

2. NSHANLAIANTDIMUAIAIILDATE v WU 3 10 way 100
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4.2.1 NS uigudTuIINITNAEBUYRNERANAdRU KS LF way SW

- v oo o a ¢ - PN
NTVDYANUNTUINUIINNINNNNITNLRDT (a,B) AD (4,3) wamslumised 4.4

d J o ) aan ﬂ‘; A 4' [ v
A5 4.4 ANUTEUUTDIDIUIAINTINAADY VDIMADRVIAFBUYI 3 ALNDINGDIYBIAIN

o s LI

Usennsiiinisuanuas Gamma(d,3) ﬁszﬂuuamﬂry 0.01 0.05 way 0.1 dusuvUIn
f79819 10 20 30 50 uag 100

AISHINUAY | WIaAI987e | sTAutudAty fsuIMEMAReyasaiiAnadaY
- KS LF SW
0.01 1* 0.0322 0.0518
10 0.05 1* 0.1148 0.146
0.1 1* 0.1734 0.2118
0.01 1* 0.0654 0.133
20 0.05 1* 0.1754 0.2886
0.1 1* 0.266 0.4032
0.01 1= 0.098 0.2318
Gamma(4,3) 30 0.05 13 \ 0.2602 0.433
0.1 1% 0.355 0.5568
0.01 1* 0.1936 0.474
50 0.05 ot ‘6.4018 0.692
0.1 1 0.524 0.7862
0.01 1* 0.4482 0.8738
100 0.05 1* 0.7068 0.956
0.1 1* 0.818 0.9768

* yef Ardunsnisedevgedailanisuifisuiuatinaaeuduglunsdiniisg
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$18a8D8ATBIAITIUNAVAADUNETANTLANUANLLTIINSEWeS (a,B) fie (4,3) 7

d

W

alpha=0.01

° s

T
* sW

TR Y I, |
20 40 60 80

n

Power ofthe test

10

0.8

05

0.4

0.2

0.0

alpha=0.05

o s

Q
L]
[

[Tay

* e

T 1 T T 1
20 40 60 80

n

v
o

Pover ofthe test

10

03

0.6

04

02

0.0

Aty 0.01 0.05 waz 0.1 INMT 4 mmmﬁmaualéfﬁagﬂﬁ 4.10

alpha=0.1

"
; ¢
H {
. ¢
H i
$ /
—
™
oK
Yoy
I: 4
::*
.:rff \ = .
L]
T T T T T
20 40 60 80
n

o Vo @ aa a v e - (3
gﬂ‘/l 4.10 LAMIANOIUNAVAFBUVDIFIERANAGOUYIS 3 FN18lANISUANLIANNTENIT N InDS

(a,p) Ao (4,3) fis

o a

yAuluddy 0.01 0.05 way 0.1

o
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o

NNFUN 4.10 amnsauvanamuunndiegn uasulananuadfnadeulenail
WATUIMUTUINATDEN

ANsannuuIaiiegabn (10 way 20) wuiradfveaeu KS fistunanmsmadeugani

v W 0 W

atifvaaaudu’) NanseRutadAy 0.01 0.05 waz 0.1

AIUNINVUINRENINGY (30 50 way 100) wunadinageu KS Ismnanisvadou

o w

ganhaliinaaeudue Mefiseiutedifyy 0.01 0.05 wag 0.1
WA udalivadey

WTUNADANAADU KS NAMRASYINAY af =4x3 = 12 karANNuUsUTIUvIiY

ap? =4x3? =36 wuirvuesmegubiividnviolnyils fanidlaieur
Y gfisnanmegevgeiigadleiauiu

o @

anavaaaudug Manseiutdaddty 0.01 0.05 wazy 0.1

Ansannadinaaou LF wuidlsvuiasiegralivunalngdu s1u1anisvadauasil

o W

N INsEivteddey 0.01 0.05 way 0.1

v
) a

ATUNNNADANAFDY SW Wudiaruamegndvuialngiu s1unanisaasusl

[ YRR}
v o L L

1N Manseiutisddey 0.01 0.05 way 0.1
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4.2.2 MSWSHURBUTIUIINTTNATOUTDIERANAGDU KS LF uay SW

oy o o o a a ¢ P -
nyiifeyaifimsuanusswnunnfifiwisifivnes (o,8) Ao (1,3) wansluasneil 5

]
< o ¥

A 4 o ar aa 5 @/
A9 4.5 ATUTTUUTDIDIUIANTNAADU VOINFADANAADUN 3 ALUDV1ADIVBUAN

&

H W oW oo

UsEnsfiin1suanuas Gamma(t,3) wde Exponential(3) Aisediutivdngy 0.01 0.05

o

wae 0.1 #msuru1afa9819 10 20 30 50 way 100

NISUANUAY | VUIAAI9ENN | seaudedrdny AIeINTImAdeuYaeliinaday
KS LF SW
0.01 1* 0.1304 0.233
10 0.05 P 0.2856 - 0.4412
0.1 4 0.4256 0.5756
0.01 1* 0.328 0.6216
20 0.05 17 0.5684 0.8318
0.1 (S 0.7046 0.9034
0.01 1A 0.5358 0.8768
Gamma(1,3) 30 0.05 1% 0.7788 0.968
0.1 iy 0.8698 0.9876
0.01 1 0.8446 0.9926
50 005 | 1* 0.9552 0.999
0.1 1* 0.9818 1*
0.01 ol 0.9984 1*
100 0.05 1* 1* 1*
0.1 1* 1* 1*

* Mg AdnanadeugegalleiUssuiisuivatiaegoudug lunsdiviig
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Taziduavssdgnnaageuneslinmsuanuasnuunfinvisfives (o,p) Ao (4,3) 7

sysiutludify 0.01 0.05 wag 0.1 MNANTNH 5 awnsadnauslafagui 4.11
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d 1 o L Qe 5 a £ 24 dl o
JUT 4.11 uansrrdunavaaeusewaiisvageunia 3 fmangldnmsuanuasunuuiifinnsfives
(a,p) A8 (1,3) Nszautludidty 0.01 0.05 uaz 0.1
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[

NNFUN 4.11 sunsaudananiuvuaiegn wasularanuatiavaasulamad
AAIUIANTUINATDEN

a o ' a ' aa al o 1
WITUINNVUINNIBENLEAN (10 LAy 20) wuNanevadau KS JJEJTLJT\JﬂWSVlﬂﬁEJUQGﬂ'J'I

(Y

afAvadoudue NefiseAutldAty 0.01 0.05 uag 0.1

fnsannnuadiegeivg (30 50 uay 100) wuhiiruiashegns 30 shadfnadeu
KS ﬁé"m'mmswmaauqqndﬂaaﬁwmaauﬁuq ﬁu’aﬁizﬁuﬂaﬁ'\ﬁm 0.01 0.05 wag 0.1 figua
08 50 shadfaneaau KS ﬁéwuwmswmaauqqndﬁaﬁawﬂaauﬁuq Wafiseautiodndty 0.01
0.05 waw 0.1 uenaniiafiadnadey sw fisunanismadeugadivuih Ks Assfulioddty

]
ol

0.1 uazNvuAfIBgNe 100 fadfnaaau KS ﬁé")uwm'ﬁmaauam’haﬁﬁwmaauﬁu‘] S
suiudfty 0.01 0.05 uay 0.1 uenanidedadfinnasy sw wumuwmswmaaummﬂmm
KS fisesutiudidty 0.01 uasisedutad @y 0.05 was 0.1 addvadouna 3 Maildnans

VAFBUFEAYINAY
WINSUNUTRANAFIU

Asunadanagou KS Aanadomindu af = 1x3 =3 uasAanuudsunuwiny

ap? = 1x3? =9 wuiwuadesnldivdnvislngl ﬂuwmswﬂaaumwamuamaun'uamm

Y N

vndeudug Mefiseduiadadty 0.01 0.05 uag 0.1

Rsananadfinaaey LF wuinfiesuiamegndivuialngiu siunanismaaeused

- Y

1INTYU NINTEiutdIAty 0.01 0.05 uaz 0.1

€e

v
o

fnsannadanadeu SW wuidlevuiametnivualngdu srunanisnageussdl

]
al LY. )

NP vianisesiutiadndny 0.01 0.05 way 0.1

Qe
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4.2.3 nN15WSEUIBUTIUINTI VAT UVDIEDANAEDU KS LF uay SW
nsfiveyatinsuanuasnu v dnes (o,p) Ao (4,2) wandlumsad 4.6

P [ v

A J o o/ - 5 o
A5 4.6 ANUSEUUVDIDTUIINTNAADY VBIMBENANAFBUNY 3 ALY HBVIYLY[IN

YRR

UsgrnsATiNsuInias Gamma(4,2) w3e Chi-square(8) Aszduifudriey 0.01 0.05
wae 0.1 dWUuINGIBE1a 10 20 30 50 waz 100

NITWANUAY | VUINAIBEN | seAUNEdARy eI AdeUYIERANATEY
KS LF SW
0.01 1* 0.0332 0.0522
10 0.05 1* 0.1044 0.135
0.1 A 0.176 0.2116
0.01 1* 0.058 0.1294
20 0.05 1* 0.1776 0.288
OTRRA & 0.2918 0.4194
0.01 ¥ 0.0994 0.2266
Gamma(4,2) 30 0.05 1* 0.2564 0.4534
0.1 1* 0.3646 0.565
0.01 1 0.1852 04602
50 0.05 A 0.4006 0.6828
0.1 1* 0.537 0.7944
0.01 1* 0.445 0.8646
100 0.05 1* 0.704 0.9584
0.1 1* 0.813 0.9806

* el ArnInveaeugaalleSeuiisuivaianaaeuduqlunsdiniag
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NNFUA 4.12 aunsaudanamuruniniiegn uasulananuadanaaoulinail
WITUINMIUINA2DE

a o 1 3 3 aa o J
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Ra1sannvuaiiedelng (30 50 uaz 100) wuiradinaaau KS fs1unanisnaaey

v @ o w

gannatifvadeudus viansedudedfny 0.01 0.05 wag 0.1
NIITUIRUEDANAFDU

NNTUINNADANAAOU KS NANAREWINAY af =4x2 = 8 uazanuulsusIuviniy
af? =4x2* =16 wuhwunfeduliiasdnvislugisuanmmadeugefigadioifiouy

v e [
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o al L L
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4.2.4 nMswWSeuiieusunan1svndauyasdnanagau KS LF way SW

nydideyaniinsuanuasiinlesmuisaududase v fe 3 uandlunisni 4.7

o ’ J o aa 5 o 4' o 3/
A9 4.7 AUTTUIUVDIDTUIINTNAADU VOIPNATANAABUN 3 AINDII[NYBYAIIN

v W [ Y

Usemnsifinisuanuas T(3) isvsudedhdy 0.01 0.05 was 0.1 dwdurunaietn
10 20 30 50 uag 100

NITUANURN | VUIAAIREN | sududedifgy AEINTIMATRU R IARNAdEY
KS LF Sw

0.01 0.0036 0.0666 0.0962*

10 0.05 0.0374 0.1592 0.1844*

0.1 0.0946 0.2394 0.2536*

0.01 0.008 0.135 0.2156*

20 0.05 0.068 0.2656 0.345*

0.1 0.1634 0.3486 0.4158*

0.01 0.018 0.2052 0.3226*

T(3) 30 0.05 0.1236 0.337 0.4536*
0.1 0.232 0.4324 0.5358*

0.01 0.0466 0.3038 0.5068*

50 0.05 0.2198 0.4804 0.6384*

0.1 0.3872 0.5766 0.705*

0.01 0.1686 0.5516 0.8002*

100 0.05 0.4994 0.7384 0.8742*

0.1 0.687 0.8122 0.9084*

* yngie AdnansaaeugeaailaiUieuifisuivaifinaaeuduslunsdinig
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L

NNgURl 4.13 awnsaudananiuvuindiegn uarwlananuadavageuldead
WATUIRTNTUINATBENN

ANTUNINVUINGIDEUEN (10 way 20) Wuradanaaay SW ﬁﬁmwmsmmaauga

L L .Y

ninaffveaeuduq visiszautiediAty 0.01 0.05 uay 0.1

a o t

ANsaMnIUIRfielng (30 50 uay 100) nunadivageu SW 8unanisveasu

v W o

ganadaviaaeudus Yfiseautudadty 0.01 0.05 uaz 0.1
ANITUINNEDANATDU

wsannaianadey KS Araduvindu 0 wasAanuuususauviniu
v/(v=2)=3/(3-2) =3 nwuinloruniiesniiaualvgdu srunanisnadeuasiiunniu
waswuhadaveaaeu KS d8wnammadeugauiududuil 3 vesaddineaeuna 3 visfiseu

s [

WodAny 0.01 0.05 waz 0.1

WTUNINERENAEaU LF wulilisvuiadmegeilvuinlngu s1uansneaeuasi
NTU wasnuhatiainaasy KS demnamanegeuguiudusui 2 vesaidinedaua 3 Vil
seautledAgy 0.01 0.05 way 0.1 -

<

WsanNNadavagey SW wuindlevunasiiognwivuialngdu srunanisvaaeuasl
U wagnuhatiinedeu KS fd1nammeaouaadududuil 1 vesadiinadeuns 3 visdl
seautdnfity 0.01 0.05 wag 0.1
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4.2.5 n15WSEUHBUTIUNANTTNAFDUYDIEDANAADU KS LF wag SW

nsdideyaniinisuanuasiindesmuieududase v fio 10 wanslumsned 4.8

@

o) t [ aa 5 v al ° e
M19199 4.8 ATUTEUIUYBIDNNINTNAGDU VBIMARANAADUYN 3 ANUBINADNVDYRIN

v

UsgnsAifinisuanuas T(10) fiseduiedrdey 0.01 0.05 was 0.1 dwSuvnadiatng
10 20 30 50 uay 100

NUINUIY | VAR89 | seaudpdrdny ARG LUL LA LLLL
KS LF SW

0.01 0.0092 0.0178 0.0226*

10 0.05 0.044 0.0636 0.0718*

0.1 0.0962 0.1208 0.133*

0.01 0.0088 0.0168 0.0358*

20 0.05 0.0484 0.0718 0.0908*

0.1 0.0994 0.1212 0.1534*

0.01 0.0058 0.0204 0.0516*

T(10) 30 0.05 0.0548 0.075 0.1214*
0.1 0.099 0.1408 0.181*

0.01 0.0082 0.0218 0.0708*

50 0.05 0.0478 0.0884 0.1612*

0.1 0.0986 0.1578 0.2264*

0.01 0.008 0.0306 0.122*

100 0.05 0.0488 0.1098 0.222*

0.1 0.097 0.1962 0.3076*

* vineia AdnInvageugegaiilalSeuiisuivativaaeuduqlunsdviieg
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NNFUN 4.14 ansoutanamuuunimegn uasilasanuatianadoulasall
AYTUINIUVUINA2DEN

Asannnvnadegadn (10 uag 20) wuladdvedeu SW digunantsmeasug

ninafidveaeudug vanseautisdidty 0.01 0.05 uaz 0.1
AsanMnuUIRiiegning (30 50 uay 100) wuhaddvaaey SW isunanisnaaeu

ganhadivaaeudus visfiseautedidiy 0.01 0.05 waz 0.1
W sImEiAvAdeU

AT MNANANAADY KS Ainadawviniu 0 uasanuuusuTuiniu
v/(v=2)=10/(10-2) =1.25 wuindisvuasiegrduunalngiu srunanisnadeussiiunn

v
[ 3

Tu wagnuiaiiivadeu KS fennanisvaaeugniududui 3 vesadfivaaouia 3 visliseiy
Hadfny 0.01 0.05 way 0.1

ATUINERANAABY LF wulilieuuiafiegndvuialnglu stunansvadauasd

14

Wty wasnuaiidnadeu KS fdwnanmsmaseuguiududuil 2 vesadfviadouvia 3 viaf

[ YL LY

seautladAgy 0.01 0.05 wag 0.1

ANIUINARENAAOU SW Wulnllpruiaiiagslivuniaingiu srunanisaaeuasd
UINTU WALWUINEDANAFBY KS ﬁémwm'iwﬂaauquﬂué’uﬁuﬁ 1 Y9a0ANAEaUNY 3 Vi9f

seauledingy 0.01 0.05 waz 0.1



4.2.6 n1stIeuigud uIANTITVIRGaUYRdDANAEDU KS LF uwag SW

nsdidoyandnmauanuasiinfiosmuisnnuludasy v fie 100 uandlun1snei 4.9

‘J ' o g aa I’: o 4" o v
A9 4.9 ATUTTUIUVBIBIUNIAINITNAADU VBIPEDNANAADUYN 3 MINDINRDIYBYANIN

ULYInsNINISUINKIL T(100) Nseeutie

f19819 10 20 30 50 wuay 100

degy

o/

0.01 0.05 way 0.1 dvsurun

AMSIUNAINITNAHDIUVDIEDANAFDU

NITUINUIY | VUINATDEN autydAny
KS LF SW

0.01 0.0098 0.0094 0.0118*

10 0.05 0.0498 0.052* 0.0518

0.1 0.1032 0.1012 0.1044*

0.01 0.009 0.0102 0.0116*

20 0.05 0.0554* 0.0532 0.0524

0.1 10.0998 0.1042 0.121*

0.01 0.0096 0.0076 0.0106*

T(100) 30 0.05 0.0548* 0.0472 0.0514
0.1 0.1032 0.0974 0.1056*

0.01 0.0072 0.0104 0.0124*

50 0.05 0.0522 0.0512 0.0542*%

0.1 0.0962 0.1092 0.1116*

0.01 0.0088 0.0108 0.0122*

100 0.05 0.0428 0.0532 0.0568*

0.1 0.0898 0.1022 0.1086*

* mefa ArdnunanvmedeugeaailenSeuiisuiuativaaeuduglunsdniieg
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NNFUT 4.15 gansaudanamuuunaiiogn wasidanamuaianaaevlaaail
NAIUINUVUINATDEN

ATUNINVUINAIDEUEN (10 Uag 20) WuvuIRiieege 10 adivnagau SW i

YL .S

gunansvedeugegafiseautivdidty 0.01 uaz 0.1 dauiiseiuluddity 0.05 afifnaaoy LF &

o lﬂl < o’ 1 aa <~ o d L
MUNININAABUINER UATNTVUINAIDYN 20 ananagay SW UUNINIVNAABUGIEANTENY

WodAty 0.01 uaz 0.1 dufiszautuddty 0.05 atifvaaay KS f61unan1svaaeugeign

NSUINNVUIAAI881IMEY (30 50 Uag 100) WuNMTNVLIAFIDEN 30 adEnadey SW
fgunammageugegaseauudfty 0.01 uag 0.1 dauiseaududity 0.05 abdnadau KS
fisunanvadeugaign uariivuinmedn 50 waz 100 abidviagey SW fignunanmsmadaugs

w o o w

nnatavagauduY Maniseiutiuddny 0.01 0.05 uag 0.1
NI TUIMNADANATDIU

RTeNNERANAEDU KS Aieduinnu 0 wazauwlsusiuyiniy
v/(v=2)=100/(100—-2) =1.02041 addvadou LF Uag SW wuInAI81U19N1TABUNN

aa | ko L () 1 o o -a C‘; e ﬂ'j A o
ANNADUTNUDY LLﬁ%hJﬂ'é)EJLﬁﬂﬂ’ﬂuLLG\ﬂWNﬂU‘U’eNWJﬂﬂWYIﬂﬁE]UVN 3 A7 INVSEAUUEATATY
0.01 0.05 way 0.1
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5.1 #5Unan1539e

[y

mAdiiigeuszasdiieAnuilisuiieulssdvsnmvesshaianaaeu 3 i Adluns
nageunskuuUnAuInuauuUni lagiasanainanuansalunismuauauinasunes
AmuALAMAATEUYTEAYT 1 wazsnanTSadeuYeaRAvAFEURY 3 f Ustnaudae
laalulnsev-drasuan(ks) Aadnas(LF) uazfilsian(sw)  Uszainsidnwiusznoudie
Usgrnsifinsuanuasuuuuni dmiummaseuauEmnsalunsaIvauAMUiasduves
AmANARAIAROUUSELANT 1 wasUsyansilildiinsuanuaanuuund lufidusenaudae
NTLINUIINLLILAZNITUINUIMUUT EMFUNIINIBIIMITNAFBUNNEDH TaeuiazniIsuan
wasfimsimuadmisifieesinegiu dil nsuanusauuuniainnisinadeafidlgdne

sULUUTBIMsSUINUISUNATiTIMN T fiAe (107 ) WU (59) (525 uaz (5,100) NMIUINUDS

v oo
o

wnnu91nnsvideaeillddnuzuuuureinisuanuasnuanifiwisniives (a,p) e (4,3)
(1,3) ua¥ (4,2) luninisuanuasunuanfiinisfiwes (o,B) @e (1,3) Juguuwuunisuanuasuuy
Exponential(3) waginsuanuasunuunfidwisiiwes (a,p) fe (4,2) L‘TJugULmumiLwanLmu

Chi-square(8) MIUINUWAMUUTNNNTIITBATITIAANYIFULUUTOINTULINULRTITIT D IR UY

ANBass v Wiy 3 10 uag 100 Muunvuiamiegeildlunsfinwiiivisnun 5 ngu fadl vuna

v
v @ o @ oty

79819 10 20 30 50 waz 100 AmunszAutsdddmsunisidenseiife 0.01 0.05 uax 0.1
nsdiaesdayamelusunsy R 1eddu 3.1.1 2anUssunsiifisuuuunisuanuassiangtn
117U 5,000 A3 wazvinisiatsananuinsiduresrnurainiedoudssianit 1 wagdiuns

mMvadouneadn lnsagunailidusail
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5.2 nM3nuAuANNLNzsidureInuAaIALARBUYsEIANT 1
diefinsananuasalunismuguanninsduresrunainedoudssiand 1 ves
matfneaauiildlunismagsumsuanuasuuuund 3 f arwisaasunadefadafiamnsa

muuaInasduresmeaandoulssani 1 l6ian fmsed 5.1

'

P v aad ' o - v ad o
9199 5.1 G}'J?mC"Wlﬁ'\ll'ﬁﬂﬂ')Uf‘]Nﬂ'ﬂllU']‘ﬂstﬂu%ﬂﬂﬂqqﬂﬂaqﬂlﬂaauu55LﬂVW\ 1‘191 (SAODONIEON

@ o o

% o ad = €1 - 9
'UE]!;IJaQJ’]'iﬂﬂUiS‘U'lﬂiVllJﬂ'l’iLL'i]ﬂLLNLLUUUﬂGWIﬂWW']i']lJLVI’E)'iG]’N’] nigaudeangy 0.01 0.05 way

o

0.1 duSuTUIniI9879 10 20 30 50 way 100

TWINABEN | szAudAYy ~—
N(5,9) N(5,25) N(5,100)
0.01 KS,LF,SW | KS,LF,SW KS,LF,SW
10 0.05 KS,LF,SW | KSLF,SW | KSLF,SW
0.1 KS,LF,SW | KS,LF,SW KS,LF,SW
0.01 KSLF,SW | KSLFSW | KSLESW |
20 0.05 KS,LF,SW | KS,LF,SW KS,LF,SW
0.1 KSLF,SW | KSLFSW | KSLFSW N
0.01 KS,LF,SW | KSLF,SW | KSLF,SW
30 0.05 KS,LF,SW | KS,LF,SW KS,LF,SW
0.1 KS,LF,SW | KS,LF,SW KS,LF,SW
0.01 KSLFSW | KSLFSW | KS.LFSW
50 0.05 KS,LF,SW | KS,LF,SW KS,LF,SW
0.1 KS,LF,SW | KS,LF,SW KS,LF,SW
0.01 KS,LF,SW | KS,LF,SW KS,LF,SW
100 0.05 KS,LF,SW | KS,LF,SW KS,LF,SW
0.1 KS,LF,SW | KS,LF,SW KS,LF,SW

KS vt afifveaaeulaalulnsev-awesusy (The Kolmogorov-Smirnov Test)

LF v atannaeudadnes (The Lilliefors Test)
SW vingfis affvndaurilsian (Shapiro-Wilk Test)
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wazynsgiulsdAgaunsadinsesinansideladdatianegey KS LF way SW wudiaunse
muanamunhsdureruraandeulssand t lshnnsd

5.3 WIguiigua1uIanIsSagay

donsanwIsuisusunanisnageuresatiivagey 3 i Aedalifinaaoy KS i
atfveaey LF  wasdadiivnadeu SW  wonmungunIsuaniadunuiiiasnIsuaniaawuud

anunsoasunalagall

NSERNITUINLIWNLNN LHDRINSUIBIWIINTNAdDUTEIaT ANAdauTTlunsvadeuy
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Sl o

NISHINWIUUUNR 3 AR mmsnaqﬂwammamwu MWNININAABUNWEANATINGR AINTTNN
5.2
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LY LY

WUULNRUNAAIWIS e TR Aiszautiodidny 0.01 0.05 wag 0.1 dwiuvuiadeds 10 20
30 50 way 100

VUINEBE1N | SEAUNBEIAY T
G(4,3) G(1,3) G(4,2)
0.01 KS KS KS
10 0.05 KS KS KS
0.1 KS KS KS
0.01 KS KS KS
20 0.05 KS KS KS
0.1 KS KS KS
0.01 KS KS KS
30 0.05 KS KS KS
0.1 KS KS KS
0.01 KS KS KS
50 0.05 KS KS KS
0.1 KS KS,SW KS
0.01 KS KS,SW KS
100 0.05 KS KS,LF,SW KS
0.1 KS KS,LF,SW KS

KS e afidivedeulpalulnse-awesusn (The Kolmogorov-Smirnov Test)

LF vanefia addvedeudadnes (The Lilliefors Test)
SW wanei afifnadourilsian (Shapiro-Wilk Test)
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v 1

NAADUMBDUY

2. shaldvedeu LF wuhddwnanisvaaeugaiisuirivatavaasy KS  Tunsdln
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SW nunefi afifviegaurilsian (Shapiro-Wilk Test)
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TP
x <-seq(-20,30,length.out=100)

plot{x,dnorm(x,5,3),col="red" type="",ylab="Density",main="Normal probability
distribution function”)

lines(x,dnorm(x,5,5),col="green" type="1")

lines(x,dnorm(x,5,10),col="blue" type="1")
labels <- c("N(5,3)", "N(5,5)", "N(5,10)")

colors <-c("red","green","blue")

legend("topright”, inset=.05,labels, lwd=2, lty=1, col=colors)
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x <-seq(0,20,length.out=100)
plot(x,dgammal(x,4,3),col="red" type="l",ylab="Density",main="Gamma probability
distribution function")
lines(x,dgammal(x,1,3),col="blue" type="1")
lines(x,dgammal(x,4,2),col="green",type="1")
labels <- c("gamma(4,3)", "samma(1,3) or Exponential(3)", "gamma(4,2) or Chi-
square(8)")
colors <-c("red","blue","green")

legend("topright", inset=.05,labels, lwd=2, lty=1, col=colors)
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x <-seq(-4,4,length.out=100)
plot(x,dt(x,df=3),col="red" type="l",ylab="Density",main="T probability distribution
function”)
lines(x,dt(x,df=10),col="green" type="1")
lines(x,dt(x,df=100),col="blue" type="")
labels <- c("t(3)", "t(10)", "t(100)")
colors <-c("red","green”,"blue”)
legend("topright", inset=.05,labels, lwd=2, lty=1, col=colors)



86

IR HIIH KRR HRAHR R IR HHHHHHHHHNR W R KA R RN R RN RN H R W IR RN RN HIINI NN H IR H RN RN R

o @ aw ) o o
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asnafanduduunnou laaluads fix fadl

fix(Project)

ke

Weulusunsuy R lasatl

function (m)

{

mu=>5

sigma = c(3,5,10)

n = ¢(10,20,30,50,100)

sig = ¢(0.01,0.05,0.1)

for(i in 1:length(sigma))

{

for (j in 1:length(n))

{

for (k in 1:length(sig))

{

numks = 0

numlf = 0

numsw = 0

for (Lin 1:m)

{

x = rnorm{n[jl,mean = mu,sd = sigmalil)
kstest = ks.test(x,"pnorm”,mu,sigmalil)
(ftest = lillie.test(x)

swtest = shapiro.test(x)

pvalueks = kstest$p.value

pvaluelf = lftestSp.value

pvaluesw = swtest$p.value
if(povalueks<sig[k]{numks = numks+1}
if(pvaluelf<siglkI{numlf = numlf+1}
iflpvaluesw<siglkI{numsw = numsw+1}
}

cat("ks",\t',sig[k],\t',n[j],\t', Type 1 error =

" numks/m,\n")



cat("lf",\t',siglk],\t',n[j1,\t'," Type 1 error = ",numtf/m,\n’)
cat("sw",\t',siglk],\t',n[j],\t'," Type 1 error = ",numsw/m,\n"
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fix(Project)

[

Weulusunsy R tasetd

function (m)

{

alpha = c(4,1,4)

beta = c(3,3,2)

n = ¢(10,20,30,50,100)
sig = ¢(0.01,0.05,0.1)

for(i in 1:length(alpha))
{
for (j in 1:length(n))
{
for (k in 1:length(sig))
{

numks = 0
numlf = 0
numsw = 0
for (Lin 1:m)
{
x = reamma(n(j],alphalil,betalil)
kstest =

ks.test(x,"pnorm" (alphalil*betalil),sqrt(alphalil*(betalil*betali]))
(ftest = lillie.test(x)
swtest = shapiro.test(x)
pvalueks = kstest$Sp.value
pvaluelf = ftest$p.value
pvaluesw = swtest$Sp.value
if(pvalueks<siglk]{numks = numks+1}
if(pvaluelf<siglkD{numlf = numtf+1}

if(pvaluesw<siglkI{numsw = numsw+1}



}

cat("ks",\t',siglk],\t',n[j],\t',"Power of test = ",numks/m,\n")
cat("tf",\t',siglk],\t',n[j],\t',"Power of test = ",numlf/m,\n’)
cat("sw",\t',siglk],\t',n[j],\t',"Power of test = ",numsw/m,\n")
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asafanduriuunnou nelamids fix fatl
fix(Project)

[

Weuluswnsy R Tasail

function (m)

{

df = ¢(3,10,100)

n = ¢(10,20,30,50,100)
sig = ¢(0.01,0.05,0.1)

for(i in 1:length(df))

{
for (j in 1:length(n))
{
for (k in 1:length(sig))
{
numks = 0
numlf = 0 *
numsw = 0
for (Lin 1:m)
{

x = rt(n{j],dfli)

kstest = ks.test(x,"pnorm",0,sqrt(dflil/(dfTi]-2)))
iftest = lillie.test(x)

swtest = shapiro.test(x)

pvalueks = kstest$p.value

pvaluelf = lftest$Sp.value

pvaluesw = swtest$p.value
if(pvalueks<siglkl){numks = numks+1}
if(pvaluelf<siglkD{numlf = numlif+1}
if(pvaluesw<siglk{numsw = numsw+1}

}

cat("ks",\t',sig[k],\t',n[j],\t',"Power of test = ",numks/m,\n’)



cat("Uf",\t',siglk],\t',n[jl,\t',"Power of test = ",numlf/m,\n")

cat("sw",\t',sig[k],\t',n[j1,\t',"Power of test = ",numsw/m,\n’)
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function ()
{
n <-¢(10,20,30,50,100)
ks <-c(0.0098,0.0114,0.01,0.0108,0.0094)
\f <-c(0.0124,0.011,0.0118,0.0126,0.0074)
sw <-c(0.0116,0.0116,0.0108,0.0102,0.0102)
plot(n,ks,ylab=Type 1 Error,main="alpha=0.01",type='0'ylim=c(0,0.03),pch=1)
lines(n,\f,type="0",pch=15,lty=2)
lines(n,sw,type="'0"pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.007,100,0.007,col="red" lty=2)
segments(0,0.015,100,0.015,col="red" \ty=2)
segments(0,0.005,100,0.005,col="blue")
segments(0,0.015,100,0.015,col="blue")
}

function ()

{ N
n <-¢(10,20,30,50,100)

ks <-c(0.0488,0.0508,0.0456,0.0474,0.0438)

\f <-c(0.0452,0.0472,0.0478,0.0524,0.0462)

sw <-c(0.0466,0.0518,0.0496,0.056,0.0538)

plot(n,ks,ylab="Type 1 Error,main="alpha=0.05",type="0',ylim=c(0,0.08),pch=1)
lines(n,\f,type="0",pch=15,lty=2)

lines(n,sw,type='0',pch=16,lty=3)

legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.04,100,0.04,col="red" lty=2)
segments(0,0.06,100,0.06,col="red" lty=2)
segments(0,0.025,100,0.025,col="blue")
segments(0,0.075,100,0.075,col="blue")

}

function ()

{

n <-c(10,20,30,50,100)

ks <-c(0.098,0.0916,0.0938,0.1042,0.0964)
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If <-c(0.0958,0.0848,0.0944,0.0992,0.1016)

sw <-c(0.0938,0.0912,0.1008,0.1014,0.0964)
plot(n,ks,ylab="Type 1 Error,main="alpha=0.1",type="0',ylim=c(0.03,0.16),pch=1)
lines(n,\f type='0',pch=15,lty=2)
lines(n,sw,type="'0',pch=16,lty=3)
legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.08,100,0.08,col="red" lty=2)
segments(0,0.12,100,0.12,col="red" lty=2)
segments(0,0.05,100,0.05,col="blue")
segments(0,0.15,100,0.15,col="blue")

}

function ()

{

n <-c(10,20,30,50,100)

ks <-c(0.0096,0.0078,0.0094,0.0082,0.0122)

{f <-c(0.0116,0.01,0.0102,0.0084,0.0106)

sw <-¢(0.0122,0.01,0.0086,0.0108,0.01)

plot(n,ks,ylab="Type 1 Error',main="alpha=0.01"type="0',ylim=c(0,0.03),pch=1)
lines(n,Uf,type='0',pch=15,lty=2) ”
lines(n,sw,type='0',pch=16,lty=3)

legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16)) N e
segments(0,0.007,100,0.007,col="red", lty=2)
segments(0,0.015,100,0.015,col="red" lty=2)
segments(0,0.005,100,0.005,col="blue")

segments(0,0.015,100,0.015,col="blue")

}

function )

{

n <-c(10,20,30,50,100)

ks <-c(0.056,0.0534,0.049,0.048,0.0438)

\f <-c(0.0498,0.052,0.0498,0.0494,0.0458)

sw <-¢(0.0472,0.0504,0.0512,0.0502,0.0452)

plot(n,ks,ylab="Type 1 Error,main="alpha=0.05"type="0'ylim=c(0,0.08),pch=1)
lines(n,\f,type='0',pch=15,lty=2)

lines(n,sw,type='0',pch=16,lty=3)

legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.04,100,0.04,col="red" lty=2)



segments(0,0.06,100,0.06,col="red" lty=2)
segments(0,0.025,100,0.025,col="blue")
segments(0,0.075,100,0.075,col="blue")

}

function ()

{

n <-¢(10,20,30,50,100)

ks <-c(0.0996,0.0972,0.1022,0.0982,0.0936)

(f <-c(0.1,0.087,0.0948,0.0986,0.112)

sw <-¢(0.099,0.095,0.098,0.0972,0.1068)
plot(n,ks,ylab="Type 1 Error,main="alpha=0.1"type='0"ylim=c(0.03,0.16),pch=1)
lines(n,\f,type='0',pch=15,lty=2)
lines(n,sw,type='0",pch=16,lty=3)
legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.08,100,0.08,col="red" lty=2)
segments(0,0.12,100,0.12,col="red" lty=2)
segments(0,0.05,100,0.05,col="blue")
segments(0,0.15,100,0.15,col="blue")

}

function ()

{

n <-c(10,20,30,50,100)

ks <-c(0.0098,0.0108,0.0098,0.0074,0.0098)

(f <-c(0.0114,0.0088,0.0094,0.0102,0.01)

sw <-¢(0.0104,0.0082,0.013,0.0116,0.009)
plot(n,ks,ylab="Type 1 Error',main="alpha=0.01',type="0',ylim=c(0,0.03),pch=1)
lines(n,\f,type='0',pch=15,lty=2)
lines(n,sw,type='0',pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.007,100,0.007,col="red" lty=2)
segments(0,0.015,100,0.015,col="red" lty=2)
segments(0,0.005,100,0.005,col="blue")
segments(0,0.015,100,0.015,col="blue")

}
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function ()

{

n <-¢(10,20,30,50,100)

ks <-c(0.05,0.0474,0.0492,0.0526,0.045)

(f <-c(0.043,0.0416,0.0506,0.0522,0.0508)

sw <-c(0.0478,0.0434,0.0482,0.0524,0.0472)
plot(n,ks,ylab="Type 1 Error’,main="alpha=0.05'"type="0',ytim=c(0,0.08),pch=1)
lines(n,\f type='0',pch=15,lty=2)
lines(n,sw,type="0",pch=16,|ty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.04,100,0.04,col="red" lty=2)
segments(0,0.06,100,0.06,col="red" \ty=2)
segments(0,0.025,100,0.025,col="blue")
segments(0,0.075,100,0.075,col="blue")

}

function ()

{

n <-c(10,20,30,50,100)

ks <-c(0.0984,0.101,0.1014,0.0908,0.0888)

\f <-c(0.0922,0.0984,0.1008,0.1012,0.1046) h
sw <-c(0.0922,0.1054,0.1068,0.0986,0.1032)

plot(n,ks,ylab=Type 1 Error',;main="alpha=0.1',type="0'ylim=c(0.03,0.16),pch=1)

AN

lines(n,\f,type='0"pch=15,lty=2)
lines(n,sw,type='0',pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
segments(0,0.08,100,0.08,col="red" lty=2)
segments(0,0.12,100,0.12,col="red" ty=2)
segments(0,0.05,100,0.05,col="blue")
segments(0,0.15,100,0.15,col="blue")

}
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function ()
( <
par(mfrow = c(1,3))
n <-c(10,20,30,50,100)
ks <-c(1,1,1,1,1)
(f <-c(0.0322,0.0654,0.098,0.1936,0.4482)
sw <-c(0.0518,0.133,0.2318,0.474,0.8738)
plot(n,ks,ylab="Power of test',main="alpha=0.01"type="0"ylim=c(0,1),pch=1)
lines(n,\f type='0",pch=15,lty=2)
lines(n,sw,type='0',pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
n <-c(10,20,30,50,100)
ks <-c(1,1,1,1,1)
\f <-c(0.1148,0.1754,0.2602,0.4018,0.7068)
sw <-c(0.146,0.2886,0.433,0.692,0.956)
plot(n,ks,ylab="Power of test',main="alpha=0.05"type="0"ylim=c(0,1),pch=1)
lines(n,\f,type="0",pch=15,lty=2)
lines(n,sw,type='0',pch=16,ty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
n <-¢(10,20,30,50,100)
ks <-c(1,1,1,1,1)
\f <-c(0.1734,0.266,0.355,0.524,0.818)
sw <-c(0.2118,0.4032,0.5568,0.7862,0.9768)
plot(n,ks,ylab="Power of test',main="alpha=0.1'type='0'ylim=c(0,1),pch=1)
lines(n,\f type='0",pch=15,lty=2)
lines(n,sw,type="0',pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
}
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function ()

{

par(mfrow = ¢(1,3))

n <-c(10,20,30,50,100)

ks <-c(1,1,1,1,1)

\f <-c(0.1304,0.328,0.5358,0.8446,0.9984)

sw <-c(0.233,0.6216,0.8768,0.9926,1)

plot(n,ks,ylab="Power of test’,main="alpha=0.01"type="0',ylim=c(0,1),pch=1)
lines(n,\f,type="0"pch=15,lty=2)

lines(n,sw,type="0"pch=16,|ty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-c(10,20,30,50,100)

ks <-c(1,1,1,1,1)

{f <-c(0.2856,0.5684,0.7788,0.9552,1)

sw <-c(0.4412,0.8318,0.968,0.999,1)

plot(n,ks,ytab="Power of test',main="alpha=0.05'type='0',ylim=c(0,1),pch=1)
lines(n,\f type='0',pch=15,lty=2)

lines(n,sw,type="0',pch=16,lty=3)
legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-c(10,20,30,50,100)

ks <-c(1,1,1,1,1)

\f <-c(0.4256,0.7046,0.8698,0.9818,1)

sw <-c(0.5756,0.9034,0.9876,1,1)

plot(n,ks,ylab="Power of test’,main="alpha=0.1"type="0',ylim=c(0,1),pch=1)
lines(n,\f,type="0',pch=15,lty=2)

lines(n,sw,type='0,pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

}
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function ()

{

par(mfrow = c(1,3))

n <-c(10,20,30,50,100)

ks <-c(1,1,1,1,1)

(f <-c(0.0332,0.058,0.0994,0.1852,0.445)

sw <-c(0.0522,0.1294,0.2266,0.4602,0.8646)

plot(n,ks,ylab="Power of test’,main="alpha=0.01"type="0',ylim=c(0,1),pch=1)
lines(n,\f,type="0',pch=15,lty=2)

lines(n,sw,type="0',pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-c(10,20,30,50,100)

ks <-c(1,1,1,1,1)

(f <-c(0.1044,0.1776,0.2564,0.4006,0.704)

sw <-c(0.135,0.288,0.4534,0.6828,0.9584)

plot(n,ks,ylab="Power of test',main="alpha=0.05'type="0',ylim=c(0,1),pch=1)
lines(n,\f,type='0',pch=15,lty=2)

lines(n,sw,type="0',pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-c(10,20,30,50,100)

ks <-c(1,1,1,1,1)

(f <-c(0.176,0.2918,0.3646,0.537,0.813)

sw <-c(0.2116,0.4194,0.565,0.7944,0.9806)

plot(n,ks,ylab="Power of test',main="alpha=0.1",type='0"ylim=c(0,1),pch=1)
lines(n,\f,type='0',pch=15,lty=2)

lines(n,sw,type='0',pch=16,\ty=3)
legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

}
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function ()
{
par(mfrow = ¢(1,3))
n <-c(10,20,30,50,100)
ks <-c(0.0036,0.008,0.018,0.0466,0.1686)
If <-c(0.0666,0.135,0.2052,0.3038,0.5516)
sw <-¢(0.0962,0.2156,0.3226,0.5068,0.8002)
plot(n,ks,ylab="Power of test’,main="alpha=0.01"type="0",ylim=c(0,1),pch=1)
lines(n,lf,type="0',pch=15,lty=2)
lines(n,sw,type="0",pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
n <-c(10,20,30,50,100)
ks <-c(0.0374,0.068,0.1236,0.2198,0.4994)
\f <-c(0.1592,0.2656,0.337,0.4804,0.7384)
sw <-c(0.1844,0.345,0.4536,0.6384,0.8742)
plot(n,ks,ylab="Power of test',main="alpha=0.05'"type='0'ylim=c(0,1),pch=1)
lines(n,\f,type="0',pch=15,lty=2)
lines(n,sw,type='o’,pch=16,Lty=3). -
legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
n <-c(10,20,30,50,100)
ks <-c(0.0946,0.1634,0.232,0.3872,0.687)
(f <-c(0.2394,0.3486,0.4324,0.5766,0.8122)
sw <-c(0.2536,0.4158,0.5358,0.705,0.9084)
plot(n,ks,ylab="Power of test',main="alpha=0.1"type="'0"ylim=c(0,1),pch=1)
lines(n,f,type="0',pch=15,lty=2)
lines(n,sw,type='0",pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))
}



function ()

{

par(mfrow = ¢(1,3))

n <-c(10,20,30,50,100)

ks <-c(0.0092,0.0088,0.0058,0.0082,0.008)

If <-c(0.0178,0.0168,0.0204,0.0218,0.0306)

sw <-c(0.0226,0.0358,0.0516,0.0708,0.122)

plot(n,ks,ylab="Power of test',main="alpha=0.01"type="0',ylim=c(0,1),pch=1)
lines(n,\f type="0",pch=15,lty=2)

lines(n,sw,type='0',pch=16,lty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-c(10,20,30,50,100)

ks <-c(0.044,0.0484,0.0548,0.0478,0.0488)

\f <-c(0.0636,0.0718,0.075,0.0884,0.1098)

sw <-c(0.0718,0.0908,0.1214,0.1612,0.222)

plot(n,ks,ylab="Power of test',main="alpha=0.05'type="0',ylim=c(0,1),pch=1)
lines(n,\f type="0',pch=15,lty=2)

lines(n,sw,type='0',pch=16,ty=3)
legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-c(10,20,30,50,100)

ks <-c(0.0962,0.0994,0.099,0.0986,0.097)

\f <-c(0.1208,0.1212,0.1408,0.1578,0.1962)

sw <-c(0.133,0.1534,0.181,0.2264,0.3076)

plot(n,ks,ylab="Power of test',main="alpha=0.1"type="'0"ylim=c(0,1),pch=1)
lines(n,\f,type='0",pch=15,lty=2)

lines(n,sw,type="'0',pch=16,lty=3)
legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

}

100
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function ()

{

par(mfrow = ¢(1,3))

n <-c(10,20,30,50,100)

ks <-c(0.0098,0.009,0.0096,0.0072,0.0088)

\f <-¢(0.0094,0.0102,0.0076,0.0104,0.0108)

sw <-c(0.0118,0.0116,0.0106,0.0124,0.0122)

plot(n,ks,ylab="Power of test',main="alpha=0.01"type='0"ylim=c(0,1),pch=1)
lines(n,\f type='0",pch=15,lty=2)

lines(n,sw,type="0",pch=16,lty=3)

legend("topright”,c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-c(10,20,30,50,100)

ks <-c(0.0498,0.0554,0.0548,0.0522,0.0428)

(f <-c(0.052,0.0532,0.0472,0.0512,0.0532)

sw <-¢(0.0518,0.0524,0.0514,0.0542,0.0568)

plot(n,ks,ylab="Power of test',main="alpha=0.05'type="'0'ylim=c(0,1),pch=1)
lines(n,\f,type='0',pch=15,lty=2)

lines(n,sw,type='0"pch=16,\ty=3)

legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

n <-¢(10,20,30,50,100)

ks <-c(0.1032,0.0998,0.1032,0.0962,0.0898)

(f <-c(0.1012,0.1042,0.0974,0.1092,0.1022) -
SwW <-C(O.1044,0.121,0.1056,0.1116,0.1086)

plot(n,ks,ylab="Power of test',main="alpha=0.1"type="0',ylim=c(0,1),pch=1)
lines(n,\f,type='0',pch=15,lty=2)

lines(n,sw,type='0"pch=16,lty=3)

legend("topright",c("KS","LF","SW"),cex=0.8, pch=c(1,15,16))

}
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5197 1 Critical Values of D in the Kolmogorov-Smirnov one sample test
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Critical values of D in the Kolmogorov-Smirnov one-sample

test™*
Sample | Level of significance for D = maximum |Fo(X) — Sx(X)]
Bize
(N) 20 .15 .10 .05 .01
1 .900 .925 .950 .975 .995
2 .684 .726 .776 .842 .929
3 .565 .597 .642 .708 .828
4 .494 525 . 564 .624 .733
& .446 474 .510 .565 .669
6 .410 . 436 .470 .521 .618
7 .381 .405 .438 .486 AT
8 .358 .381 411 457 .543
9 .339 .360 .388 .432 514
10 .322 .342 .368 .410 .490
11 .307 .326 .352 .391 ~468
12 295 . .313 .338 .375 .450
13 .284 .302 325 .361 .433
14 .274 .292 .314 .349 .418
16 .266 .283 .304 .338 .404
16 .258 .274 .295 .328 .392
17 .250 . 266 .286 .318 .381
18 .244 .259 278 .309 .371
19 237 .252 272 .301 .363
20 .231 . 246 .264 .294 .356
25 .21 .22 .24 .27 .32
30 .19 .20 .22 .24 .29
35 .18 .19 .21 .23 .27
Over 35 1.07 1.14 1.22 1.36 1.63
VN | VN | VN | VF | W

* Adapted {rom Masscy, F. 1., Jr. (1951). The Kolmogorov-Smirnov test for goodness of
it. Journal of the American Statistical Assoctation, 46, 70, with the kind permission of the
author and publisher.
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mﬂa‘ﬁ 2 Critical Values for Lilliefors test
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Critical values lor Liiliofors test, normal case 1 (g unknown, ¢* known)

o
n 0.20 0.15 0.10 0.05 0.01
3 392 .308 A28 483 498
4 351 366 384 A10 AS5
5 ,318 333 350 76 423
6 204 307 324 348 398
7 21 .288 .308 328 374
8 260 272 .288 311 .353
9 248 258 272 294 334
10 234 245 259 .280 323
11 225 235 249 269 309
12 218 228 .238 259 300
13 209 218 .230 249 285
14 202 211 224 242 280
15 195 205 217 .235 270
18 .188 197 209 227 2681
17 184 192 203 220 268
18 178 187 .198 215 248
19 174 .182 R 210 242
20 470 A78 189 205 .235
7] .168 174 184 199 230
22 183 71 180 195 227
23 .160 187 a7 193 221
24 .158 184 173 .188 217
25 .154 .180 170 .185 214
26 151 158 167 181 .209
27 A 47 .184 .183 A7 205
28 , 146 153 181 174 202
2 .143 .149 .158 72 .198
30 41 147 .185 189 193
Critical values for Lilllefors test, normal caze 2 (s known, &* unknown)
o

0 0.20 8.15 0.10 0.05 o.M

2 739 JT70 a97 820 .837

a 551 599 857 T2 798

4 499 529 585 621 734

5 440 470 507 .587 680

8 400 429 484 514 607

7 375 395 429 A77 .568

8 451 374 .405 450 534

8 332 353 392 425 .505

10 318 .338 361 401 ATT

11 .300 320 348 387 468

12 289 307 332 371 444

12 277 298 A20 ,358 A28

14 .268 .284 307 341 410

15 259 215 297 431 397

18 251 257 288 322 a7

17 244 280 282 318 377

18 238 251 kral .302 389

19 231 248 .266 297 3857

20 228 261 .260 290 348

2 219 233 ,252 282 a7

-



[ 3

-

n 0.20

0.16 0.10 0.05 0.01
2 214 228 247 278 334
2 210 223 242 270 319
24 205 218 238 263 317
25 202 214 231 258 308
2 197 210 227 265 305
27 194 208 224 260 302
28 01 203 218 244 292
2% 188 200 217 242 290
20 .185 108 212 238 284
58 1.02//n 1.080//n 197000 1.310/\/n 1.595/\/n
100 1.041n 1.100/n 118070 1.3200/n 1.810n/n
=101 1.08//n 1.1201/n *1.180/\/n 1.333//n 1.6251n
Critical values for Lillistors test, normal case 2 (x, o* both unknown)
a
n 0.20 0.18 0.10 0.05 0.01
‘4 303 320 344 374 414
5 290 302 319 344 398
) 288 280 295 a21 74
7 252 264 280 8304 353
s 239 251 266 280 333
9 227 239 253 278 319
10 217 228 241 262 303
1 208 219 232 252 201
12 201 210 2 243 281
13 183 203 215 233 270
14 187 188 200 227 284
15 181 .180 202 219 258
18 176 .184 195 212 248
17 170 79 180 207 241
18 166 174 185 201 234
19 182 AT 181 197 230
20 169 187 AT7 192 223
2 165 163 AT3 .188 219
22 182 160 470 185 214
2 149 168 188 181 210
Py 145 163 182 477 205
28 144 61 159 473 202
28 A4 147 1568 170 398
2z 138 14§ 153 168 .193
2 .138 142 151 185 191
29 184 140 149 182 .188
30 .132 .128 148 159 183
o 0.741 0.778 0.819 0.895 1.035
d, d, d, d, d,

d, = (/n — 0.01 + 0.83//n)
Source: Androw L. Mazon and C. B, Bett,

Statist.—~Simut., Vat. 18, No. 2 (1988), pp.

permizsion,

“New Llliefors and Stinivaaan Tablsa with Apptications,” Communie.

457 -452. Copyright (c) 1988 ty Marcel Dekker, Inc.; reprinted by
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#5797 3 Coefficients for the W test for normality
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W-Test for Normality
Coefficients {a } for the W test {or normality,

Ta=isl

: . for » = 2(1)50

V 2 3 4 s 6 7 8 9 10

i . . .

1 0.7071 0.7071 0.6872 0.6646 0.6433 0.623% 0.6052 0.5888 0.5739

2 L0000 L1677 .2413  .2806 .3031  .3164 /.3244 .3291

3 L0000  ,0875  .1401  .1743 1976 .2141

4 .0000 ,0S61 0947 .1224

s .0000  .0359
N 12 137 4 15 16 17 13 19 20
3

1 0.5601 0,5475 ©0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734
2 .3315  .3325  .3325 .3318  .3306 .3290 .3273  .3283 .3232 .3211
3. ,2260  .2347 .2412 .2460 ,2495  ,2521  .2540  .2583 2561  .2565
4 L1429 158 L1707 L1802 1878 .193% ,1988 ,2027 ,2059  .208S
3 L0695  .092Z L1099 .1240 1353 1447 ,1524 1587 1641 .)626
6  0.0000 0.0303 ©.0539 0.0727 0.0880 0.1005 0.1109 ©.1197 0,137 0.1334
7 .0000 .0240 .0433% .0593 .0725 .0837 .0932 .1013
8 r L0000 .D196  .0359 - .0496 .0612 ,0711
9 "0000 .0163 .0308 0422 -
10 ‘ L0000 .0140
N\ 21 22 23 24 28 .26 27 28 29 30

3

1 0.4643 0.4590 0.4542 0.4493 0.44S0 0.4407 0.4366 0.4328 0.4291 0.4254
2 3185 .3186 .3126 .3098 .3069 .3043 3018 ,2992 .2968  ,2544
3 .2578  .2571  .2563  .2554 2543  .2533 .2522 .2510 2499  .2487
4 .2119  .2131  ,2139  ,2145  ,2148 .2151 .21s2 .2151 .2150 .2148
3 L7386 L1764 L1787 L1807 L1822  .1836 1848 1857 .1Bed 1370
6  0.1399 0.1443 0.1480 0.1512 0.1539 '0.4563 0.1584 0.1601 0.1616 0.1630
? .1092  .1150  .1201  .1245 1283 1316 (1346 L1372 .1395  .)dIS
T8 L0804 0878 * .0941 ,0997 L1046 .108% .1128 1162 .1392 .1219
9 ©  .0S30 0618 .0696 .0764 .0823 0876 .092S .0965 3002  .1036
19 .0263 .uS6B .0459 .0539 .0610 .0672 .0728 .077% .0822 . 0862
11 _ 0.0000 0©.0122 0.072% 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697
12 .0000 .0107 .0200 .0284 .0358 ,0424 0483  .0537
13 © .0000 .0094 .0178 ,0253 .0320 .0381
14 CLe . <0000 .0084 0159 .0227

18 ' ' 0000 .0026



W-Test for- Normality (Continued)
Coefficients {lu_i ’l) for the W test for normsslity,

-for n » 2(1)S0 (cont.) ~

107

;\3 31 32 33 M h13 35 37 38 39 40
1 . 0.4220 0.4188 0.4156 O0.4127 0.4096 0.2068 &.4040 0.401S 0.3989 0,3964
2 .2921 2898 .2876 ,2854  .2834. 2813 2794 .277¢ . 2755  .2737
3 L2475 (2463  .245) L2439  ,2427 .2415 ,2403 .239L 2380 .2353
4 ~2148 (2141 - (2137 2332 .2127 L2121} 2116 .2110 .2104 . .209%
[3 .187¢ (1878 1880 .1882 .1883% .18835  ,1883 .1881 .1880 .1878
6 0.1642 0.1651 0.1660 0.1667 0.1673 0.1678 0.1683 0.1686 0.1639 0.1691
7 L1433 _1449 (1463 (1475  .1487 .. 1496 .1508 ,1S13  .1520 .182%
| L1243 .1265  .1284 1301 1317 1331 .1344 1356 .1366 .1376
9 L1066 L1093 L1118 L1140 L1160 (1179 (1196  .1211 (1225 .31237
10 . -0899 093! .0¥61  .0988 10135 L1036 - 1056 .107S  .1092 ,1108
1 0.0739 0.0777 0.0312 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.098¢
12 L0588 .0629 .065% .0706 .0723% ,0770 .07S§& .0828 0848 ° .0870
13 L0435 0485 0530 .0572 .0610 .0645 0677 .8706 0735 ,0759
14 .0289 0344 .0395 ,0441 ,0484 0523 ,0S59 .0592 .0622 0651
18 0144 0206 .0262 .0314 0361 .0404 .0444 0481 .0515 ,054%
16 0.0000 0.0068 0.013% ©.0187 0.0239 0.0287 0.0331 0:7372 0.0409 0.0¢44
17 . L0000 .0062 .0119. D172 .0220 .0264 .0305 .0343
18 L0000 L0057 .011D . 0158 .0208 .0244
19 L0000 .00S3  .DID1 . ,0146
20 .. .0000 .DO49
\\Q 41 42 43 43 45 46 47 48 8 50
5 ’ -
1 0.3940 0.3917 0.3894 0.3872 .0.3850 0.3830 0.3808 ©0.3789 0.377¢ 0.375)
2 L2719 ,2701 .2684 2667  ,2651  .2635° .2620 .2604 .2589  .2574
3 L2357 .2345 ,2334 2323 .2313 - .2302 ;2291 .2281 ,2271 2260
4 .209% 2085 (2078 .2072 2065 .2058 ,2052 ,2045 .2038 .2032
3 .1876  ,1874 .1871 ,1868  .1865 ,1862 ,1859 .1855 . .1851  .1B47
6 8.1693 0,1694 0.1695 0.1695 0,1695 0.1695 0.i695 0.1693 0.1692 0.169)
7 L1531 .1535 L1539 ..1542  ,1545  .1548 1550 .1851 .1553 .1554
3 L1384 1392  .1398 .1405 .1410 .1415 .1420 1425 .i427 (1430
9 .1249 1289 1269 .1278 .1286 .1293 .1300 .1306 .1312 .1317
10 L1123 1136  .114% L1160 .1170 .1180  .1189 .1197 ,1205 .}212
11 0.1004 0,3020 0.1035 0.1049 0.1062 0.1073 ©0.1085 0.1095 0.1105 0.1113
12 .0891 ,0909° .092y ,0943 0959 .0972 .0986 0998 .1010 .1020
13, .0782 -.0%04 .0824 0842 0860 .0876 ,0892 .0906 °,0919  .0932
- 18 L0677 .0701 .0728 0745 .0765 —.0783 0801 .0817 .0832 .0B46
15 .0575 ,0602 .0628 0851 .0673 .0694 .07I3 .D731 .0748 .0764
16 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0,0628 0.0648 0.0667 0,0685
17 L0579 0411 .0442 _047L .0457 .0522 .0546 0568 .0588  .0608
18 .0283 0518 .0352 .0383 ,0412 .D439 .0465 0489 ,0511 .0537
19 .0188  .0227 .0263 ,0296 . ,0328 ,0357 ,0385 041} ,0436  .04SO
20 .0094 0136 .017S .0211 .0245 .0277 .0307 .0335 .0361 .0386
21 0.0000 0.0045 0.0087 0.0126 0.0163 "0.0197 0.6229 0.0259 0.0288 0.0314
T 22 .0000 .0042 .008) .0118 .01S3 ° .0)}85 .0215 ,0244
23 .0000 .003% .0076 .0l11 .0143 .0174
28 ,0000 .0037 .0071  .0104
25 L0000 .0035
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5197 4 Percentage points for the W test for normality

RN I W I HHIH I NI I IIEIHIEIEIEINIH I IEHIEIEIIE I IEIEIE NI NI IEH I I H I W NI NHH I IIEH W HHIEHH NN

Percentage points of the W test for r » 3(1)50

Level

n 0.01 0.02 0.05 0.10 0.50 0.50 0.95 Q.98 0.99
3 0,753 0.756 0.767 0.758 0.959 0.938  “0.999 1.000 1.000
4 .687 .707 . 748 .792 .935 987 992 996 997
s . 686 .718 762 806 927 979 936 JH91 | .993
6 0.713 0.743 0.788 0.826 0.927 . 0.974 @.981 0.986 0.989
? .730 .760 .803° .838 .928 972 979 .98s .988
8 749 IS <818 6517 .932 972 978 584 987
9 .764 751 .829 859 .935 .972 978 +984 .986
10 .781 .206 .842 .869 .938 .932 .978 .983 .986
u 0.792 0.817 0.250 . 0.876 0.540 0.973 0.979 U.984 0.986
12 .805 328 8539 L8B3 543 .973 .978 .984 .986
13 .B14 337 466 ° .889 .94S D74 .979 984 - .986
4 .825 846 .874 898 .547 975 .980 984 .986
15 .835 855 .881 .901 950 .975 .980 .984 -587
16 - 0.844 0.863 0.887  0.906 0.952 0.97¢ 0.981 0.$33 0.987
1? .851 869 .892 -+ ,910 .954 977 981 8-7.1 .587
18 .858 874 +897 914 956 .978 .982 .986 .88
19 . 863 .E79 .90l .917 957 .978 982 .086 . .988
20 .B65 .884 .90S .920° .959 979 983 " .986 .838
21 0.873 0.338 0.908 0.923  '0.960 0.980 0,983 0.987 D.989
22 .878 892 L9131 926 .963 .980 .984 .587 .989
23 .883 895 514 .928 .962 .981 .984 .987 .983
24 .884 .898 L916 .930 2963 .981 .984 .987 .989
2s .888 .901 918 .931 964 .981 .985 .988 .989
26 ‘0.891 0.504 0.920 0.933 0.965 0.982 0.985 0.988 0.989
27 894 «906 .923 .935 .965 982 .85 .988 .990
28 896 .90 924 .936 .966 .982- .985% .988 990
29 .898 .910 .926 ° .937 966 .982 .985 .88 .990
30 .900 912 .527 .939 967 .983 .585 .888 .900
n 0.502 0.914 ©.929 0.940 0.967 0.983 0.586 0.988 0.990
32 904 2918 .930 .041 . 968 L983 886 988 .930
a3 906 ~917 931 942 968 .953 986 .589 «990
34 .908 919 .933 943 . 969 983 .986  .989 .990-
as +910 920 c LTS .94 D690 o8 586 988 2980
36 0.912 0.922 0.935 0,945 0.970 0.984 0.986 0.989 0,690
3?7 <914 924 .936 946 970 .984 587 988 .950
33 -916 <975 .938 +947 .971 T .984 .987 -:989 .990
39 917 927 . 939 548 L«97 984 587 989 .891
4G .919 .928 . 540 M9 (972 985 ,987 .589 .991
43 0.920 0.929  0:941 0.950 0.972 0.985 0,987 0.989 0.99)
. 43 .922 .930 942 .9s1 .872 .98% 987 . <989 991
43 .925% 932 943 R-131 .973 .985 .9387 990 .991
44 .924 «933 928 " 952 .973 985 .987 .990 .991
13 .926 934 545 .953 973 .88% .988 .99D 991
46 0.927 0.935 0.945 0.953 0.974 0.985 0.58¢ 0.990 0.991
47 .928 .938 946 .954 .974 .985% .928 350 991
48 .29 937 .547 .954 974 .985 L988 .99D 991
49 .929 937 947 . .9SS 974 985 988 .99 -1 34
50 .930 .938 .847 .955 974 .985 .938 990 .99





