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p uliamisiwaiarudinusiua o
(Box and Tiao. 1973 : 157)
N5 UANUAN LIBEANT LEND WHAEDN m-mizmﬂf'nﬂ'nuﬁ'n:tﬂuﬁaqﬁuuﬂséuﬁqnﬁ‘:
[] . -
mad asnmIminRs o fannsoafurslifedifui st dusde  «

v%d

frufa

fix) = L ; a<x«gKb
a

2 a uar b uuawnaiela 9
v ‘d’\ -]
ﬂﬁiuﬂﬂuQQUUUﬂULUﬁlﬂﬂﬂTNIHULEHR (Double exponential distribution)
-t [ [} LYl 1 d.l L] Tl (7}
WHAHI msm:a’namm*nnrmtﬂuﬂaqw1uﬂs'cjuv|mm1uu1aztﬂumﬂ‘1ﬂ1m wilham

. o -
Wanduiauda fev

1 X -6
fix) = em[ﬂﬁw———wl y = 00K x <ol
/26 s

- “« s - . <

WD 6 UWAY 6 MNIIDN ATLDABUALE LU LUUNIAT SIUTBIYT EAINS

(Box and Tiao. 1973 : 157)

- -y 1 [ “r ‘a o =w

NTIUINUII LUV VN0 ﬂ11ni=Q1ﬂﬂ1ﬂ1ﬂNu1Q=LﬂuﬁaQﬂﬁuﬂiHTﬂQNﬁnHm:

-y a4 -:l [ 1 -y u:i =g w = [ ) s - £
duN1NT AR AUEYS W uasfIgsmuLA ﬂgﬂiﬂlﬂﬂiﬂuuﬂ1l"1ﬂuﬂuﬂ ua:tﬂuﬂuﬂna1q

1

ﬁﬂiiﬂ uﬂ:ﬂa1ﬂuﬂ5ﬂi1uﬁaqn1iuanuqqtﬁ1ﬁu n/n-2 (tﬁﬂ n tﬂuﬂ1 Degree of

[ T Y] o
freedom) lasAMuAatAamITAINAMENNUS
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2 ﬂgﬂ t = fi.:;éﬁ
e si//ni

v - ' ‘. v wE . v
un s WU ABuRUE NS UANURI AT IBRR s L sae AT udae TRk e Tt

t =

% v %
LAUDR Y
1 . 1
S p— - ., —d<t <
Blyiptn-1n=11%  /l1st? (n))® :
-
LA

B Wi iR (Beta function)
(Sasaki. 1969 : 119)
Haffuunnn  (camma function) 1%dadnwdl r  wuaweda Hartuin e
Wi ree) = ,fwxp'1 Ce X ax i o> 0 Fudzsadariuunianainasma
0

] ] a
AN 9 183N

fe) =((p -1y [(-1)

{Spiegel. 1963 : 285)

L

: 1 o -x u{'d. u:
Mntuwia dudned p wnete Wandumn munaa

o) = [ xPT - 0% ax uk uay i misfiaay
B{p,q p q

] 0 v . L7

W p>o war g >0 wssadtuwdliaiudiusividduunsnnauig

fip) [ (q)
Mre + q

Bi{p.,g}) =

(Spiegel. 1963 : 289-290)
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LARFITURE WALV LAY I

v A . v % < o %
Land sz Wi aualuas s suauen s siuda o fol
L "3 - -y .y (.
1. and Banqul maasdf s S
[T Y -y -y (. .
1.1 msaRdlusdduuiud dme  (Bayesian inference)
-
1.2 mqugﬂaatuﬁ (Bayes' theorem)
1.3 11381 WNIINTLIWADUNIINARES  (Assesment of prior
distribution)
1.4 NIINTEIIEVAINIINARDY  (Posterior distribution)
1.5 MIVAREUENNASI  (Hypothesis testing)
L] . L]
- o w o -
2. MISENN NIV ALZAIT LT 1w H60A e Jeu

- i -
3. IDNIIUBUAATS LA  (Monte carlo method)

w - =| - - r 3
ﬂ'J"lJJ‘.‘i’L?NYIE]E{]ﬂﬂQﬂﬂﬁLUHlaHu .

» - -y (.
ﬂ1131dﬂ¢1uﬂnﬂuUUlUﬂLiHu (Bayesian inference)

. B ndondid dhum unsinaaigaiuamsfiies (parameter)
1Y ey AmIun BN WA AN (Classical inference) astiumiu
n115145Qﬁa1ﬁﬂﬁagaﬁ1ﬁa1nnéuﬁaaé1qéqtﬂudaunéaﬂaquizﬂ1nsﬁqnuﬂ Tagiinasvay
futannad tiashu  (Assumption) tﬁﬂaﬁun15éunéuﬁvaﬁ1¢ua=n1sns:a1ﬁnaqnéu
A1MEN  (Sampling distribution) ua:uﬁﬁagaﬁiﬁa1nnéuﬁoaé1q1ﬂﬂs:u1mﬁ1

» - ‘:oo « ¥
(Estimation) UAMANBUANMA I (Hypothesis testing) LNYINVATYTEHWA Y -
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. - - . ]
MM sEnaluddhiudi 9 (Bayesian inference) Ritumiunts
- ‘ “ [ - '4 L) [ - - 'v ] [ -
BBt imiuamisalinad Waadrwmrsdinad T limswauss shaSana
Jv of ¢ [ | - g‘l 1 -
NEIATINWIUEY  (Uncertain) BUIUNSENBUVUL IR NUARA NN IF 1B Iw
- ‘. ‘ 1 1 ] -y
vin diasamiuuunsdaiuanainazafistayesinngaioasa ialilun s¥ede
uiaiiv 1 fauanna s mastiiaay ey 2193z i3t wipd wiskans i
s mnfinduduliamm anagiiiasalunsinduls wbayaau 2 AAeriuamas
- A.d [ < 1 4. *
NLADIINNAENBUNTIMARAY 178N HAUSL3MUSN  (Prior information) I1AEMANNS
an31ﬂ11uﬁ1q:tﬂuuaqﬁayal%uusnuﬁaa¥1q1ﬂun15ns:a1ﬂdwﬂanuﬁ1a:tﬂuﬁa¢w1swﬁtﬂa§
(78N AITNTERILABUNIINAGAY  (Prior distribution) uwasldmuiuntsmaediana
NMEBILUY  (Bayes' theorem) tﬁaiouiauﬁagaawnn1inszQ1Hdﬂun1swﬂaaqtﬁﬁﬁu
ﬁagaﬁﬁn&11ﬁa1nn§uﬁ1aéwq uﬁuﬁ%wquuunw5ns:aqﬂﬁaqﬁa§a1nﬁ L5819 N1INTERE
WIINIINAREY  (Posterior distribution) MLHuUNISNsEa18RI MR TuL Ry
' - (‘ [T ] . 1 - £ '
AMITN A TR WEIR N S TEA M 3L AB FRINR 3R 5 2 BRI L

N13NTLIIMAININAGAY ILHUTWIAALBIN sEDluE R LU Ben L Ta oy Te Lot ety

sALYY L famSardAnatadnasuda nad sl Hded

difna e inas ddmtudidm
1. 1unq551q5aLﬁﬂuﬁudnﬂ151ﬁtﬂa§ 1. lumsEradaiimivamasiune f
1asving arfsliayasnngu DY 358 N T uananazafiefiaue
#1aH19 Lty ua:uﬁtﬂﬁﬁayagu 9 nngudlagudy Halifayaann

) A < o o - .
UNRa8Y 9 Wlﬂﬂ?ﬁﬂQﬂUﬂ1ﬂ151NLﬂﬂi
] =t - qu-d.d 1
L V] MIRARM T RmmaNanay

R BEN



gnanaldInan

2. hinssvaun mmesunininas iy

J 1w ] ‘40
Tugunrndnngaiaagrainainiu
w d'd '
munumnzawl sedng wiid gyl
JLHLH1T  (In the long run)

g a o
UILHINSIL AN ML (HuL A ungH
CRETAN
Tun1sfireda i misiiieaadas
= DL -~ 4 d -;
0271 M aadduninen uazay
4 1 d'y roas IB
08279791 nem LH nngakaa
MNAMWIR3ama e sensuas T ag
UMM L M 928dN8  (Central
limit theorem) SLAIAMNIHINN

sanl Fannganiaate iiudma sa

- [ y - ud. ~ 4'
Nlﬂﬂiﬂ')ﬂﬂ‘]’mlaﬂnﬂiﬂﬂ JLAUN

4. Tum MARBUAITUANA I RER L OR

sEMINTEEINg 2 nou  Taeld

MIMAREUN  (T-test) AsHad
a1 pliannaa i aadiulu Faedmas
NT5UANUAIY 52 38R Ly nf
WRSAD N TU TUBBIY T LB INTRAR

M1

2.
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doALue 9en

unszuntmsaniun unineg
Tugreasssivainnda  (pegree

of belief) “luuarimamiad Tay

UUBINITUINUIIAIUALA L MAN 308

t
ul 4 nldlammse

Tun15819891 Afiua ma st an sy
- i ’ ahy £ L 1
na11ﬂ1w151uaﬂasLﬂunuuUsqu
{(Random variable) WALIININIG
N2 THA 1ML LTUTDIR MG
- o=t
A MEULlY  (Distribution of
v . -
parameter) ATMUUILVINTTAINE
A5 INLADIIIANITNTEIILATI I
: .

s tfuzan ma AN e i
Tun MARBLAI T NLANA 1N BDIR L R Y
Uszians 2 ngn IndldadAiug

y tas [ Y 4' o
Vil sfaa i etannaalut Sa e mes

NTINTENUAANTETING UALAIN

WU UbaNlsyd Ny

tﬁaqa1nn1551Q541uﬂﬁﬁtuﬁL%ﬂu1ﬁuﬁta1ﬁagaa1nuwéaﬁu 2 uinnsuiuliays

1A ] L B LI § LI «I:
2AINGUAIBENN WA 3B B MGNER  (Precise) HINTNIU  (Iversen.

1984 : 31)  wanamimsHreduuigi mastinuninagtiluguaudanacynns
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-I.dll - s 4 ] -: v X -l [
(Degree of belief) WuAAMAINLABTMIANI NIz TuiynaasT 198y « Tend
ar - -
TULIAYN  (Subjective probability of personal probability) 8IUN1TE19DS
- - ' : o - t
HUULANRE NN B LT ZUAI 1M (Relative frequencey) Batilund1iin
‘ [ v t e 1 B " » ‘u 1
azifuilfiandayneaangaiiasing T dstiayaiuaninialyaandiaysnFannga
[
W 1 0 - .
#2679 arnaiaz it 3897 2an1anin  (Objective probability of empi-

rical probability)

| -~ G
ﬂ31uu1qzlﬂNUUUﬂﬂﬂlaﬂﬁﬂuﬂzﬂulQﬂWW

(Objective versus subjective Probability)

qd‘u w ] - - v - (‘ d‘
A EaLBInu LN T4 S8 BILUIL LAY UaLNTSE N BLVL LU B lue Saq
1 4. ung -, =} LY [] w d' " L. I |
Az 1wl NN 5E1 9B ada Y E BanTun 110 L Ty L uE I AR Fud A nE 12
[ ﬂl ] [ w [ = dug
wd e uhluda s musiicna s S pada
] - 1
A2930i192 1JUBEN LAAIM  (Objective or empirical probability) iiufin
1 -Jq {4:‘-3 (] o s q .
ﬂa1uu1a:lﬁuntnﬂa1ntn@n13mmtnanuau1aﬂs:aﬂnﬁﬂ {Empirical) %35aLNAR10N135
MAGRY  (Experimental) N1IUUAAIBMNEIAIA MBI ITuRna129za g usUmRq
o 4
90 (Long run relative frequency) w%3aluJUPavdAdI (Proportion) I
B L] [] : “r ) []
Tw19099921 580719210038 1IN (Frequentist probability) #7887414u
[ 13 = o 36 [T | ] -:: - W oo .
lumssum 1 auwa1y 9 a3 nasliininiumise uimes iaimda o
4 W + | w ko 1 d‘ -..,4‘
v 2 wialiwangniddr 1 amae 9 /39 narlRAwImiesufuias inudmila
L L - L o L x
Wity 1 Tu 6 uuuﬂuwuﬂﬂﬂaqaawuuwa:tﬂunqnawagnﬁ¥14ﬂuTﬂﬂ LU (Venn)
[ 1 o
Wl n.f. 1886 (Iversen. 1984 : 8-9) moan (Mufdu (Neyman Pearson) 1}
Ha5ran1s8198 wndifuun xR nnuafiaganr i unnn Jenrs51edan1eddd

w ¥ 1 - - -]
AINAIWTENBUAIY MAUTTHWAT BTN TUANBLFNNAS Y Tunquﬂﬁauﬁuuﬂgwunq:tﬂu

n - -‘t 1 - -~ ol ©
ﬂ1iﬂﬂﬂﬂU71ﬁNNﬂ§1uﬂlﬂﬂﬂﬂ?@ (Null hypothesis : Ho) 31tﬂUQiQH7ﬂLHQ1u5:ﬂU
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A d 04 x - LI " | L)
ugngomunou Tamndiasesnoguiingensg$ealur 1emeany s ssananadulunis
- o ] [T | - [ “ 'u
ARIMNIEAIIAUIT DL IEimIa iR MR Y 9 NAMRIM S8 NI LAY L Nad¥a
] 1 - LY | » 1 4 ]
ﬁQQﬁaan11Us:u1mﬂ1u§1a:uﬁﬂdaunaqﬂaoﬂqnawaq1u1utn11nﬁﬁ1u1snu1sgﬂ1w1s1
Mnad 1y Santmuaseiulisfuniy 0.05 (& = 0.05) TCREERR PR PRI D
1 [7] W OX - i & o i w [ -
YSSHMAIRNBIYABAINGUAMIBENIUINUSD Raemu i mAnIsgungamontraniduauo
] cd.u " W 1 - ]
MaIE 9 NANATAUINL RS F 19 1amBan sU s Lanwe AM5NL e SazAnaglug 29
w U t .B 8 =« 8::-
PINRINTENW 95 AT IINNTINTENMINUA - 100 ATY URSITIITENMW 5 A5MAA
- ) 1, IB
w1393 aa S Linnaglud219889n S LIMAMY  (Tversen. 1984 : 11, Hays. 1970 :
489-490)
1 pTd ) Ll 1 -1'
prins fuulanin  (subjective probability) (fuf1nr itz
tinaan15 a0 lainiuay  (Uncertainty)  wayARGMARELMAN Sl ALIARY T
U XY . 4 o o e - Ea a '
nunuagiviays wismangnuratyraailay 1uu1dﬂ?dQQﬂﬂ?1Lﬁﬂﬂ?1ﬂﬂ1ﬂtlﬂﬂﬁﬂﬂyﬂﬂﬂ
WM 9 (Personal probability) d1ﬂa1uﬁ1a:lﬂuﬂﬁﬂﬁa1u1sn1ﬁ1ﬁﬁutn@nﬁﬁdﬁ1ﬁ
. [ 7] AI‘A’ LY LYl uv J '
PuifuariaaL feudh « fu uard sl ifvivanisdla a9 Wlandl¥  udndsniaae
5 =f |q.| w4 (4l
thnwuiaeazfinanImienl¥  (vot unique) dmIvuAIT BN (LB NUARR
1 = '-'ﬂ ' ’ L.
uanzAua1aasindadataluedas inamainaiul¥  (Iversen. 1984 : 9, Hays.
1970 : 445, Winkler. 1972 : 378, Phillips. 1973 : 13, Novick and Jackson.
1974 : 144) WRAWNMIAIBMINETRZE N 0002 BN gL H tnilauiua e s iy
Tasidly fia AndumanslugyTantdsasntsiinomn il aan st

n1snﬁnuﬂdwﬂ11uﬁ1a:tﬂuuuuﬁawqa:nﬁnun1ﬁ1ugu 171 J2UBIAAR  (Degree

ajad 4 o~

of belief) WIMBINANIHNAIRIzUdNEANNIugITRINTULtunauln (o)  Leu

a1qa:nﬁwuni1ﬂ11uﬁ1a:tﬂuﬁaaLnan1sd' A usr B U 3 M2 2 ATWEAEAIININ

AR iaz iagmsd A = P(a) = 3/(3 + 2) = 0.60

P(B) 2/(3 + 2) 0.40

| dl - 3
ﬂ?1Nﬂ1ﬂ:lﬂUﬂQ:lﬂﬂlH?ﬂ15ﬂ B

(Hays. 1970 : 456)
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usmIRRzMUANI At iu U ra s suntudaufug s dnddfateasnimun
10M 9 sz1iun1ez e nan R nTan8e9nIE 3 (suceess) 1oy
M R el fuiinn A aanidien s lavaniiofmn
A Iuedaeni Smgenininimn B UB a7 I T IRIM SERAABAM IS IR

1MIMN21  (Novick and Jackson. 1974 : 145)

Ve Ea LM S v lainaila g

(Bayes' theorem for discrete random variable)

wquﬁﬁaqLuﬁtﬂquuﬁﬁﬁw?quﬁqﬂawuﬁ1a:Lﬂuﬂaqtn@nwsdﬁnﬁﬂuﬂtjau1ﬁua:
50y sz L m AImaAIn uainaz tfusa am e emasdouy s v Saul sl 5

lanmmali Ay Ays e B ugamas et siii udd szuriing
(Mutually exclusive event) ﬁuﬁa

Ana =9 FMIMN 9 AAY i uAY § uas

A1 u A2 U ... U Aj = 5(8 = Sample space)

S J
waznmuald B A UA, U ..U A, WAa P(B) ¢ = P(a,)
i=1
sy
u

174747
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o o ¢ 4
i luramgegeaaiud fia

P(B/A.) P(A.)
] ]

P(A./B) =
J/ )

.z P(B/Ai) P(Ai)
i=1

L) * 1 : bt . )
Gamunld 2, 2,5 ..., & dluiidlyUoeesssfuwsds 2 e
. o ¥ v
B \fugnwasd ity L avamma i) sdu
Aoty nappaaiu st Sauiniitdia

P{Y

B/X = A.) P(X = A.)
/ J J

P(X = A/¥ = B) = 3
. = P(Y = B/X = A.) P(X = A.)
i=1 1 *

IFENNISTAINGTT PAZRIAIBUNRE Y (X = Aj/Y = B) SRVET

' ' o . - . o
=1, 2, ..., 4 a:uwuﬂ1ﬂ11uu1a:lﬂuwnwuuﬂtqau1ﬂﬁ04ﬂ1uusﬁu X LNaMs
fmasisdy vy iRy s

[ 7] A [ . y-\d'uu -5
arsEulafusdy x uasfiaamIssmimsindafmiviasdn x wia
- u 'vu v d‘y VI v o
swnmsandulatimiviwsdn x  emivlunsiigayei Andas i x
w ] -
ﬂ1u1iﬂﬁ?ﬂ1ﬂﬂ1ﬂﬂﬂﬂﬂiﬂ11ﬂﬂ1ﬂzlﬂuﬁﬂdﬂﬂ A, WIB PG, < 1,2, .l T
» t q' =
WATILLSEN P(8,) udfunraniasiducSuesn  xerior probabi lity) URLL3HN
4793 P(a) NSNS MARBIERIA YT X(Prior distribution
8.. ] 1w ' R U 4.
of X)  IMAUMINITENNGIA B HURTHOBEI NG IBENE NN Tuda T iam B Teuldu
[ wr [ [] od - v
awaeiulsgn vy wimmranaediy poy = B/x - A ) naha1 T lHnn g
’ ¥ k w -;4: LY q. = f W
na:a1ﬂﬂ11uu1q:tﬁuﬁ34ﬂuuUiﬁu y winuvtiy B luusd x amauvaf A,

L

i=1,2, ..., 3 (endarasnrnniesuufanarinudy Teiagataiy  wilels-

LYl

b "

. 4 . ' - v
hood function) ua:tua?ﬂwqugﬂaqtuétﬁasouﬁagalsuusntﬁnnuwayaawnnguﬂ1aﬂ1q

[v] w o » ' ] N
tinfia ﬂﬂ:ﬂ11ﬁ15ﬂ1ﬂ)?ﬁﬂ1ﬂ:lﬁu1ugﬂ P(X = A/Y = B) %agﬂﬂ34ﬂ11uu1a5tﬂu

AINAIIALLTENTY AYINGLATIMNBIN NARBABAF U5 X(Posterior distribution

of X)
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Swmndsdn x  Kasmmrsdined o unzum A o, atUIzHNA
o [V
npgrasiudlfig

P(Y = B/& = 8.) P(6 = 8_)
( / eJ) { 3

P(B = Bj/Y B} =

j
f P(Y = B/© = ei) P(B = ei)

i=1

P(B/®.) P(O.
(B/: 5 B J)

P(B/@.) P(8.)
] i i

M o«

i

(Hays. 1970 : 466-448)

= ¢ e v W o A
NEATDI LU HH M IUAIUY SUAB LU

(Bayes' Theorem for continuous probability model)

1ﬁ X lﬁuﬁiuU$§uﬁﬁﬁﬂHmtﬁﬂlﬁBd (Continuous random variable)
< ' o u" ] v 1 of e
x  fdinraimmeiu@ il i lud 199003 (Finite number) (i@ x A M
NNATT MIMINININIRT LTRSS X T Im I MBuuann I
4'~1 uqé.u [V |
(Probability density function : PDF) ﬁduﬂmﬂuUﬂHﬂTﬂ@ 2 9afa
1. £00) >0 d@miumnAimay  x
. o 08 x-:; weew &4 [T
2. j' f(x)dx = 1 WA el@TRala ity 1)
-‘w 1 [] o -4 o xé Py
3. maan e afuzasiiws  x nrem a1 glaTalud 19084
- . b - . .
X WUl 19U Pla < X < b) = { fooax Mgy wermminnivaiagaivlu
a

R LA Hfa £(x)
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' [ 4=; = (Y (d‘
3.1 ﬂqﬂ?WNU7Q3lﬂUW?ﬂ X = a Q:uﬂWLWWHUﬂuH LUIN
=]
P(X = a) = [ f(x)dx = 0
a
3.2 Pla <« x € b) = Pla € x < b}
a < lu('
3.3 P(x < a) = j f(x}dx = F(x) URYALLIHNAT Fx) Wiy
, -
lﬁﬂﬂﬂ??ﬂuWQtlﬁuﬁtﬁu (Cummulative density function : CDF)
v
L. MIIMINNLORYE  (Average value) UWRIANIAMWITUIIU  (vVariance)
o uug
2RSS x  wlaAn
] H [ w <
b ﬂ1lﬂ§HQ:HWQ1nﬂ1ﬂ11Nﬂ1ﬂHUQ (Expectation value) DBUIWU

v - [ 20
A28 E(x)  gmlaRIn E(X) = Jr xf(x)dx
N -:0 Y] 4‘ v
4.2 Qmaug s gsumunlg vix)  tawalasan

V(X) = E(X%) - [E(X)12

(Winkler. 1972 : 132-140)

i w G;d [ 4‘

01 X uav vy tﬂunauﬂsﬁuwuﬂa1uﬂatuaq (Continuous random

w v ("=; < [l [ w L]

variable) uaﬁﬂiﬂﬁUMﬂ:Lﬂﬂﬂuﬂﬂﬂ1ﬂ11uu1ﬂzlﬁﬂﬂaﬁﬂiuﬂi X OWayY Yy (osiumu
v “ ' PR
A8 fix,y) TLIBAI WHHINTUTAY X WAT Y  (Joint density function)

¥ o - -y N
W fix,y) wlupuAy  (surface) W 3 I (Three dimension) UALfin

3 L ¥} - ux g
arunnasiduzeiiws x war v azwliiimSuasnaglinui Sh

fix,y)

e

. ' [ dc‘ o L) ' v
TagnIn s idun HANBYISHTINN 2 UAS b ERRIGERN

a0
f fix,y)dydx
a -oa

HU’

Pla € x € b} =



w c,'v w ¥ o . [
ua:q1nqauﬁﬂqﬁﬂuﬁQQﬁuuUiqu X lUas v nﬂwuwanxw1ﬂ1ﬂ31uu1aztﬁu
v = v < ' Fan] rI < 1%
Bl sLanIla (56027 NW?QUB&NQH&H (Marginal density function) €WM71lA

LRI

ainRsiduraeiys X atnaAs SeEe foo B

«
F(x) = f fix,y)dy
-ad

' 1 ! = g Y 4.
ﬂ?1NU1Q31ﬁUﬂﬂQﬂ?uﬂi Y BSHNIAILIHRIMUNIY  fly) T3

a
fly) = f fix,y)dx
-

{(Mood. 1963 : 90-91, Winkler. 1972 : 141)
] L4 d. o o [ Y] ) 1w
ﬂ??NU1Q$lﬂuﬂﬂiﬂ?uU3 X o ldanmuaniwds 1”5ﬂ1lﬂ1ﬂv y (Condi-

d. o ug
tional density function of X given that Y = y) 94N IMuUAfaU

- - f(x,y)
£(X/Y y) £y

ﬂuuﬂluﬂ1w151utﬂasmauﬁqwq,w1n1sa1qaq Hsaﬂﬂﬁu1auu NﬂﬂﬂmulﬂUﬂiuﬁiﬁ
i [N - s ' el v v 4:;
ﬂ?ﬁMﬂBLUEQ 1Hﬂ1W151Nlﬂﬂ?ﬂQﬂﬂ11Lﬂﬂuuﬂuﬂ7ﬂ =] uﬂ:qﬂﬂiuﬂi Y lﬁUWﬁuU?W1
1 - o i e 1 [T ] Ay = :; :; [ L d ]
Q1ﬂﬂ1ﬁﬂﬂﬂﬂQﬂ§Mﬂ?BH1Q 01Ty NﬂﬂﬂﬂlﬂﬁQWBWﬁ1N1iﬂuﬂﬂQlﬂﬂ?ﬂUﬂTWiN
1 L] ] -~ y
wuau e wsr vy Q:liﬂﬂ??tﬂﬂﬁﬂﬂﬂﬂﬂlgﬂuﬂﬂQ 6 (Sufficient statistics
of 8)
(Mood. 1963 : 168, Winkler. 1972 : 143)

= « v
M) ULV IR 1A

£(0,Y)
uALLAadINn
f(e,y) = f(y/8).£(8)
o
uas fly) = J f(e,y)as

-

-]
- f f(e)f(y/0)de
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v E
AUl f(a/y)

f(e,Y)/f(y)

f(8)f(y/e)

o0
[ teretyre)d0

-

4 v

Luagn2ay £(e/y) uar £(g) UMUNITNTLAILNAINIINARDY  (Posterior
distribution) WA¥NISNTLAWNAUNTSUARDY (Prior distribution) ¥8IAN
miniiaef e uar f(y/e) umlaidgawefid (Likelihood function)

(Winkler. 1972 : 144)

] r'd :
ﬂU?Uﬂ1iﬁﬂﬂlUHl%Hu

d.-n = rl LY. ] - - (“i 3#4' v
LUBNATTANMAQETAIL YUY AEWUIT1TEN TN WY Id0AL UYL TEUUUN LW E 1Y
NMINTERIMAINIINARBY  (Posterior distribution) WREWINASYSLMIWAINITINL AB S
+ [ = 1
Tusuwasnrnninaziiainnasnszaumaan1suaan Tangujuadiudasswsndbyeaia «
d’ ‘(-J (Y - (dld' . ' [ d. (Y
nuduus s TemliAsatua st safanauntmaaas nwuatiuaininninas i Auafuea
- . [] A’d 1 ]
wistnadegaraendnninazihilisend nansratenaunisvaRae  (Prior distri-
. t 1 qqc: . - = ' -
bution) uatuinIIi1asLuzaIAEdMuEnLLATENS Tima sramAnga s L SenTa 1aﬁagﬂ

Wafltl  (Likelihood function)
Priox, X
e, s .
e ketinebe, pLX 10

Beayes Theorem
glvel posterix,
pEX

Q1n§UQ:1ﬁi1 Posterior o Prior ¥ Likelihood (Wonnacott. 1984

- s U v 4
520)  walussaziAvamuiusa



27

4‘- » 1 - I's : (3 "" LY

vian i 6 (unmisadiead  aufuiwsdumumaednses 1a s sgans
: d.d’ e ' “Jv w1t -ll-tl
faaraasiamuiuty e 615 6y, 95, ... UBY X tﬂuﬂﬁﬁﬁww1ﬂa1nnquwuaﬂ1q LNy

M3guiIaE 1N mMatY a0 ngu Aazldmedacy X1s Xy Xg, een.

for any ©,
it r (1} g, Xy) = pl@) gt X180}

T 2 ptty = I p0. Xy

Sl?le Sl:’le

Ay, For any &,
1ok (3 pithix,) = EOK0
t=—(3) p(B: X)) = prige

[ = ¢ 4I w ¥
AMgUarlan n1slimqulmaaiud (hananasnszrgwaantsaa il dwasam

1ﬁh1n§ns
P(e).P(X,/0) . e v et 4
P(e)/xj) = — J dmsuarsvlung L ua
= P(e,) P(X./0,)
1=1 i i" i
4
nin
f(e)i(Xx. /e) Y
f(G/Xj) = J FMIUAIULSNAE L 1D
. a .
{ £(e)£(x, (0)do
-0 J

(Wonnacott. 1984 : 519)
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nﬂsﬂ?qu1sni:ﬂ1aﬁaunﬁswﬂaaq (Assessment of Prior Distribution)

'-1' [ 'J w1 - L
LUBIMBAYSLINUSN  (Prior information) LAKINUATHIS 1L A2z Lifud
NAMUAAIAI IR LTI LA TR IBUEN 130T 9 18RI IR lﬁunaunﬂiWﬂﬂﬂﬁlﬂH?ﬂUﬂ1w1i1
maaf (Prior distribution) NN IMUARIA2 LR LT M FULARE A28 915 1
- s dd‘u LY ] 4‘ - v ' e d. s
ULaa s lunsamAu suaNsE AR LUBY  (Cont inuous) enmualasinnigawinly
] q. 4. 1 ‘: . . o
ABLUBY  (Discrete) wariuaaMAINMILLTUL IS (Prior probability) u
X
anvuz Lfunltaiay tﬁuwuﬂﬂ"Uﬂﬂﬁn1HUﬂﬁuM$Hlﬁuﬂhlﬂﬂnw Fay 1unsmﬁ1udiﬁum1u
ﬂaLuaqqqﬂ1uﬂinayn1wuﬂﬂ?1uuﬂa"tﬁunqna1uq1ﬂ 9 1usﬂﬂ11ul§a (Degree of
belife) ﬂBQHWQUUﬂﬂﬂTﬂHNanﬂmﬁqun15ﬂWﬂuﬂqﬂﬁaﬂﬂﬂﬂQnUﬂmﬁNUﬂﬂﬂﬂﬂ1ﬂ11Nu1ﬂu
Lﬁum11u uuﬂan1MUﬂ1nﬂ11uu1autﬁutiuusnﬁwusuuﬂa saaas s Senadauiu
ﬂauU$guTnuﬂ1ﬂ11uﬁﬂa:Lﬂuﬁhu
- 4 [] - o 1 -y 1 ‘Al [ (
1. n1%ua1wa11uuna:tﬁuﬁnn5un1w15ﬁutma%mnﬂﬁ1nuﬂﬁu1nn11ﬂuﬂ
(Non-negative)
A 1 1 a v [ -
2. HRTINVANHATAIATIAININRE LTUL SNUSNREFAIAT L RTINS
(Hays. 1970 : 456-457)
o Y] 44‘ ' - [V] 1 d'd 1 4‘ .
ﬂwusuTunsmwn1wﬁiﬂuLﬂﬂ%tﬁuwauﬂsQMmuﬂaﬂuﬂaluaq (Continous random
. . . - 4 .
variables) ﬁawaa:nwwuﬂﬂ1ﬂu1uuwa:Lﬁutsuusntwaﬂ%ﬁquuun1ini:aﬂsnaunwsWﬂaao
[ ol o #
(Prior distribution) 1AMEIHIGAM
1 ! d‘ 1 L]
1. ﬂ¥nqn1ini:a1ﬂnaun1sWﬂaaqa1nﬂhﬁﬂhwaﬁu1inWﬁuaﬂaﬂwﬂaﬂuuﬂa:tﬂu
(Probability demsity function) TammIswe I INEY 19 RINSS s I 19870 T8
] w d.d [ '
VAL DINTANISARAUTRUBNAULEY  (Subjective judgement) NARBAINIUARE LT
“ . ] < y v
28915 L AR S RUNaASuv19afimAndRd  (Mathematical function) U7 aanyaiduly
a ' e o + w LT | d. 1o o,
A mustfuntsnszarenaunisuasas unIsn s AN NI T Sn 9 lamin (Hays.

1970 : 477, Winkler. 1972 : 183)
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2. 441901501 LUNAUNTIINARBIRNATITHE NI NN (Histogram) UMUAA
(] 1 4. ﬂ' ® v v
A11uas tiunelugdialadiamla  (Interval) anwuald Tasnaswiedsatusanidu

o [V . . 1 . w H < ¥ s
'f]'NI.ﬂﬂ q lLﬂ']Q\'Iﬂ']HUﬂﬂ'lﬂ'l']NU'WZlﬂuﬁﬂd%1']llﬂ51ﬂﬂ’l¢lﬂﬂ 9 Ul ﬂ\‘l:ijﬂ

/\
y AN |

—F SS

x

. v v ! ‘ ar v - 4' v
ABAINUUNL TEIHAARI NI 1EDINT MumauAas U THuAIAIN AN Lwp TAgUNS 1M
] 1 ] [ o [T Y = v = ﬂ"\
tmquﬂa:gﬂﬂﬁu1snumuﬂﬁﬂﬂﬂuuﬂﬂzLﬂuﬂ34ﬂ1uﬂiqu1ﬂa:Laﬂﬂ wazlndLagandmiiuasg
'x B o 1 W v = o af ) 1 = |
NINHITU ﬂ1nuuﬁazwﬂ1u1nusugﬂniﬂﬂunqintﬂuTﬂqtiﬂu TAB780199INEIALL TBN

! e w v w
ﬂﬂiiduﬂqnuﬂtnﬁiw1iﬂd1ﬂlSHU (Grouping and smoothing technique) ﬂdzﬂ

™

D

L i 1 o
: i M

] qdé’ . r| é’l ]
N198519N1905 LR WNAURSMARE A 1AL I BUNa18a L ANa DR ena Tuns awlude 1aun
w ! - ] . » - w v dl
N153an1aumie (Location)  #a4n19nswam1saNiaad 1dun alloay  (Mean)
LI . 1 LY . v 4:: d.-d
AuisEg I (Medain) wamgmmuEy  (Mode) Tasarfibnisatulnandayat Iuusam
1 . 1 ] vy ! |dl
- agnau ﬁqa:tﬂuﬂ1uﬁ1ﬂ1u§11ﬁuéna1q (Center) uBIN1TNTEIANWAITILDIMLA
' Yo ' .nl) v . 1 ! v, v
uanaﬁnunawaa:ﬁa1smﬂaﬁnn15ﬁ¥1Qﬁ10ﬂaeﬂ1ﬂuLQauuﬁQQﬂaga %qazuﬁauﬁuﬂ1ﬁgﬁsﬂq

- (Y] B o X-J . . ]
L TUNAAAN I FAYANITITNTERBaL Tuus L 0w e vhirmunniaeinala tdu aannns

4519 50, 75, 95 Wasi fudvaenrnninazilul Suuinfiarnr e Liudnsus naa1He21]e

< 1 . " f .r" °°| X Jdz
uﬂﬁ?uTﬂquauﬂdﬁutﬁﬂuanumziﬂqﬂwﬁq 9 WUARIRLABa LA $ L TuAa U RSNy
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| - ' = - 4
(58171 udnlnd (Fractiles) 224115052378 lun1sus s suarduaasudalannagidou

H J [l u q. . 4
?3ulun1ssdranisnszangnauntivaaa T aINAR W NE 71

fin)

|
|
|
|
|
{
[ | 1 | -

|4
|
71.-"_‘.133 Yy Xsa X "le x

Ty Tanls o Xwan Ssen

[
(
|
R
{
?

(Hays. 1970 : 477-478, Winkler. 1972 : 183-186)
3. #FN1NILAILNAUNINAREY AMATSNIMUAPBUILAA  (Conjugate
. < :;l:i
prior distribution) aﬂﬂu1ﬂﬂdﬁﬂﬂadn1iﬂi:Q1ﬂ {Set of distribution) WA
o 7] ' 44.; U w 1 o ] '
ansas bnzduiu@auntsdane 9 watwsnuntsdnansuzscaty Ly anvasnsganga
v ' [ zv d.du © w (' d'
Maene dnsaveaslizging  uanainidugazanisnssaramasnsas dudtuNadium
] 1 ’ 4‘
usnnInnitazifuzanguiiagne  (Likelihood function) LWaliAau3LAAEINNS
L) .;l
° ' = L) . ! LY - oy
1 muan1snsrangnaunisvasa sn wdmusuacsansour s iy led fgedandily
- w ] ¥ w 1 ] " [
N3N MUANITNTEAIBVAIN1TMASEI IAFLAINUBLIWTY FIBH1ALTY HAYADBINGUAIDLT
d. o= 1 ]
uwa1nnnswaaaaw1ﬁuLUﬂ%gﬂﬂﬂ (Bernoulli process) aswulararwuiayiiugas
] - =
daduaadni 3 (Success) awmmaaaziniInszwifunluTuiiies  (Binomial
qll‘s w1 = y ] -
distribution) iuaalfirlafdgafeaifuiazadmenznisnszarauiuluTuiisa uasi
w P 1 ] -d' o '
ﬁq1im1§qanvm:ﬂaqnquﬂaaﬂwqua:Ui:ﬁﬂns ATHUYAUBINTIN T EAILMIRNITANNLNG
o 1 4' ¥ o a . [ .
faieau a sumaonnsauiylafdgatadduiazufunisnssaremmiudy  (Beta dis-
v U 4 L) . ‘l'
tribution or Beta family) MW 3sfaI1nauqLNad MIUHaYaRIINNTITMAREILLY
4 a v
wwafuafiafa nsnszaImLYi
J ﬁdXo 4: -~ I Q'
n158319n 1903 LA ENaun 1 IMRAR I TAe AN Tl Lilehansondayat Suusn

(Prior information) uﬂ:ﬁhgaQWnnéuﬁaaﬁ1q {Sample information)



31

4 ! v oW | aa J
dunIomIfEuTLINATUN SIS NI L aEnaun1Ivaea 1ALET susa lifinanismaan
a ! y o y o -
WIS AR SAIY 0 1uﬂhﬁﬂhﬂ30ﬂaugtnﬂ twa1ﬁﬁ4ﬁﬂhﬁugi&ua:ﬁaﬂﬂﬁhqnuLw@nwsﬁw
ﬂuiﬂﬂé (Iversen. 1984 : 64-65, Winkler. 1972 : 187, Rays. 1970 : 480)

N . . - u‘ld‘.u
nguLNA  (Conjugate prior distribution) sHfuEIMEIAY 3 Usenag

3.1 lﬂuﬂmﬂuﬁaﬂ1dﬂ&%ﬂﬁﬂﬂ§ (Mathematical tractability)
] 4 4 w [T ) -4
81792 1unwswa:wam1ﬂau?tnﬂﬂaiqziuuanum: 3 Usznigag -
3.1.1 rdaw W lEnauatnalun1iminisnsearmdantsmaaa o1&
. X
SRUTE
w <y " d'du
3.1.2 DUABNNIINILAIUNBUNISHARR IR INABUY L NAVNATHAL L AN
3 ) [ . v L] Y i -; L I | v & -
araiy ey Ldunns ey Ui LRy UARTAM LUANNS NAAIINUN LW 15
w L] |4 w L] o
N5 LIBMAINTINARB AT NUAN AL T
- - v
3.1.3 Lua1ﬁhauqanTunwsﬂﬁﬁqn1ﬁn5:awuuaan15Mﬂaae1ﬁuaa
a [ -:; w a o
dnsoaza a9 nasldlunisanaay  (Inference) uwaznisaasuila
{Decision) 1ﬁ1ﬁﬂ1nﬁh
-; [} 1 L | ]
3.2 30d  (Richness) tiuguamind i unnzyanaaziidayauandg
v -3 - = w o [ [ '
fuga nﬂqﬂ1unsuLaanTﬂﬂathnﬂtﬂﬂunu1un1sﬂi1qn1snizQﬂﬂnaunwsMﬂﬂaq wAYI N
[ [ “w W 4. . .
TAANTTNTLAWNDUNINARBIDIREUANAIIUT 19 TUL TDIAIUMUY  (Location) NS
[ 1
N3¥918  (Dispersion) MY
= )
3.3 A My lAdeaIn  (Ease of interpretation) tﬂugmﬂnﬁ%ﬂaq
d‘ﬁ‘ w ] w L] [
ABULNANLUBHT 1INATNTLIWADUNITNARBINRT F10I50RA MmN Lay TR IR 150 AE

MNQUAIBEN  (Winkler. 1972 : 148-149, Hays. 1970 : 459-460)
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#12819989ABUALDN

- ]

1. lunsanrsuasaaiiuluafyadd  (Bernoulli process) Maiduniswaaas
.J L 1 4 . © v !
weazaanisvaaastiu I iee 2 ad19fa Yszduamd@ita  (Success) fuly

L] * L] B o
Uszauatua Sa (Failure) uwsZ0WINITHAREITUMEIY 9 ATY HAaKSTRININAREY
' L o w

uﬂﬂ:ﬂidlﬂUBﬁizﬂﬂﬂﬂu

L 1 - ) o s + -o

W p waminazifuaanisyssaundiugi§amman p asifiagszwing o
b [ -
0 1, 0<p g1 n:1ﬂ11ﬁﬂﬁ34ﬂauqtnﬂ (Conjugate family) QLNNISNTERW

uuwyiudt  (Beta distribution) deasuisldmiavafdy

(n-1)! r-1 n-r-1
E(p) = z-D)iln-r-D1 P (1-p)

i n Hiuamauniameens, ¢ e RedEI s EUA AR Sa

TN SHARE S AN 1HATH TIN50 TR AU 15 ARE ALBEN TN T LA EMA
nsnasa ez iiuntsnssatawuisieg Fandurnlémaerlatdusal

n1snsratenaunsnaaaasueldfie  £1(p)

w - 4‘
ﬂ']‘iﬂ33"0'13“3\11\_’1i‘r’lﬂﬂﬂ\]ﬂﬁﬂ'lﬂ‘lﬁf‘f‘m f(P) @

! (n'-l)! r'-—l n!_rl_l
£1(p) (r'-D)1(nf-r' =11} P (1-P)

n {(n"-1)! rt-1 nterti-1
£ {p) (er-1)1(nv-rr'-1)1 P (1-P)

Lﬂa n" =n'+n , r'" = r'4r

(Winkler. 1972 : 149-158)

2. lunsimanisvasadtfuuuuing  (Normal process) ayl#in 1A% 498U
inaaztun1snsEa g (Normal distribution) LHU ENNAIMANAIFuNgM

2

w 3 qd‘ [ [] i . ] d'
IBHNNIMITEIMTUWMIRAMIN I WAIRI Wl SUs I (6°)  ualamsuaiiaay ()
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[ w ! ) o
ﬂqz1ﬂ11nq3ﬂi:Qqﬂnﬂunqﬁﬂﬂﬂaﬁ UBTNITRITITIHNRINTIVNATD Q:lﬁunﬁinizﬂﬂﬂuuuﬂﬂa

= ' - ; ug
wa1eI IR Lfun musaniaddy  fal

[ - v
1SNTEIWNAUNTINARDY asuelafl £ (U)

[ - v -4
NSNTTIILMAININABEY asuwlafiy £ u) LB

2,02
£1 () ?%?G,e“‘”'“ )" 126
2

1 e—(}l-m")2/26"2
Jz—ﬁgn

fn (ﬂ)

6‘2 62
(1/5'2)m' + (nféz)m

(1/6'%) + (/6%

(Winkler. 1972 : 174-179

w d‘ E; o w 1
ﬂmﬂMUWUWQUixﬂﬂiﬂlﬂﬂ?ﬂﬂQﬂUﬂﬂiﬂ35ﬂ1HﬂﬂUﬂ15Wﬂﬂaq

1. A lUn19MRE8Y  (Sensitivity analysis)

4' L] -; - o o < : 3 c;

1199310 A B L Sunsniiankar 55 suen AL Tuin aeindamnnd 1w nanai

I w o rd - L. o - ] . - “ 'l

uana Uz LAl aeaty wasnmuea1aa ez wiue i simiara e sy
' w vt ¥ 4 ' [y v w |

uanaefuaanlulinaiiiiia sanusasypnaitfayauszy seauntsdusnareiuaantuld vanain

Aad - s 0 o - o ade ] e v o
UIBMITNILNIMUANITNTENENBUNITUAREY g Tamanadsnasunani v L naa1u
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v ] v‘ ] o v A '; -
UANAIITBINITNTEINAUNISNAREL LA TaRasdanana I Ann It URsuwas n3aa372
! w ~ TR - ¢ v Y
uANAT TUN 15N LRIBNAIN T INARD IUA LD IR MR TR It A5 1 Tun 193198 QU L FaRy
4 "
Tanani aaautudie
Y 4' ] ] 1 i . o -
DIAINLURYURUAINT AN INUANA I TURTISNTLRBNDUNISNRAEY  LANKEWI LN
o - ' ] v« w o
A7 URIUUURINT 2 A NUANA1IAER 158198 ke N 15aaau 1 lun19n 21 uMa 90 1 5MRAE 9
- < L | L] [ d.
viEdLanleeL 3138t sEn N suada TN mly  (Insensitivity) AN LUALLWIA
= v - o 4‘ = '
wuaatie L antasTunasns satgnaunt susaama Wt sanaula tuasu e tlrnas L Suna
)
nﬁiwﬂﬁauuﬂ11u11§q (Highly sensitivity) (Winkler. 1972 : 191 , Hays.

1970 : 481-482)

2. AwImdayaLnusn

! - oa - L] s w ! - d. ]
WINUNEIAADINTIILNMMUANINTLANYADUAN INARD IE ATUATAS L ﬂﬂ?ﬂ'hlﬂi‘\ﬂ

' ' -‘du . 4; w ! -
AMUAY  (Unknown parameter) ‘ludnwnisdmudayat Juusningaiuaimisaii naay
L7 ug‘hﬁ ] t < w L.
Upy (Informationless) nuuanswadMIng Tun1snﬂﬁaunazu1a1nﬂagaﬂaqnquﬂa
' - o -: v - P
BHUTNLINNELSENTAYBLINUSN  (Prior information) NANBULAWRIE (Diffuse)
4 < 7] Vow ’ ' e W ql o
L33 L MBUNUEAYAYDINGUAIDNN  (Sample information) alngifayat Suusniidnuay
w - & - ] [ I, 1e
ansazAIAiNazinIsNs LWL (Flat) ualuatuasdia e ufyuudin aus
] [] o Fd [] ] Iy ! 4‘4 -]

(Uniform) taual ﬂﬁﬂaﬁuuﬂa:Lﬁuﬂaqw151utmaiuﬂa:ﬂ1qzlﬂ11naﬂ1ﬂawuiayﬂan

! 4. ' 1 ' ' - d'q L 1 < & [T
28NN AR Btas L Tuge s Tt ea f Tud R sanasiinn Linimsa L sy Lnadu

fufn P(e = 01) = 1/k (Winkler. 1972 : 198-200 , Hays. 1970 : 482-483)

ﬂqgu




35

'y O 4“' ted gy - 5 . [ w
ﬁnusuiunimmTuuﬂagatsuusn (Noninformation) ArMManIIRNITNIZIILNA
- - -4 [ 1w '
N1SNAREINRAN 571 AT IR MAAUTURTSTLATIERRINNGNAIAEIY  (Likelihood function)

[]
3 -

- v o o ¥ ., e 0 - . - 4
WuAan13819d duazn 1 sAndu s Ia gy faye A nngaiIag 19 L MNEE1 3L ABY et Tunsanl
4 E LS d' v = (. L w voo- - 4 ¥ 'wo oW
e funTamL ABVTU N 158798 Uy L uf Bruas Lwiautun 138193 UL L Ax flaTuByNUBAYA
. [ . L] o ] -t | ) - [ r | v o
AMNPUAIBEILTULAYINY UATHATINUANAIAU TUNTAATINMHIINRIIND NI5E IRV US

qj 4 v - Ps ar ' .
LTYUITDINNINITILADT  (8) tﬁumiuuiqu (Random variable) UR¥ITNININIMN
t 4; w ! - (Y] v oo - 4 0« - 1
wasiuiigatuamisiines  (8)  uadmsLnIsa AL AN Atiadf s madiian
d.d [ v 1 ' " « ¥ ] g 1 -d'l
amasliaduarda mrararnniay e i sinu. unazyadsrinrnminas Liunamag
LY o Vw0 qqd.u v W v
Anas TUNATRIAUAIRAM AR INNISGUAIBENY  (Sampling distribution) (Hays.
1970 : 488-489)
- w -‘4- ' (. Y} . - ]
Tuprnanifusiaudr nsamnardnnluidays Suusneae (a1 dnasnszanenauns
Iy & o
nAAR L TULUUEN L §aa HiﬂQUﬂﬂgu (Rectangular distribution or uniform distri-
:; :/ v o - (. v =
bution) WNULAY (Iversen. 1984 : 62) TapwalUudnindtaiud Joufdonnly
{ . av B : Y A u 4 oy r-; o ! = d' 1
t3911?un1$w1n1i1QHuuaﬂﬂquaﬂﬂqa:ﬂaquﬂuwuzniaﬂagatnuanun1w151utﬂafwﬁu1aag
v R ) X o 4 'al . . " o ow
Ui TﬂHﬂ1QQ:M1ﬁB¥alUﬂQWU“Saﬁﬂgﬂliuuiﬂ (Prior information) 137097173y
< - ' - ad o v v ! - o o add s
NLAE MY 3aa e neafaiuaiws i aafuu warddunsamiinisniih
< [ 'dlu o ou v
(Replicating) 18133¢ 11905 emansuaaawmliann1sIdensanauniiunig
f - A Iy v
n5£316naUN15MAaalun 159385 IR 1Y (Iversen. 1984 : 63 , Hays. 1970

451-452)

N1INTLAIUNAINTISNAREY  (Posterior distribution)

! [T F H w [V, o oo ' 4 o
m'mu.ﬂnmq‘zsaamimqamuummfﬂsu NMUATFE1RNWIU L ANAN A 1INUINABNS

v - e . < ' 1 - o 14.41_ ]
A9 snud Buaztadiamsioea f dlusw sdmiainanasnszatearuninas i

“ L - - 1 1
(Probability distribution) LUBMNENATAN MUANITNS LITLNAUNITNAGD ATIRLUEN
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2 2
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. < w
dnmunli a; = -1, a, -1 melfn
a_|(31+e1262 = 62-61
Uiy E(a191+a2€'2) = E(Qz-—ei) = XZ‘-X1'
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2 z2 1 .2
f1 = [;;:E} cos @ + [J1-21 sin @
2
Y2 4 ’ﬁ 4
f2 = [ 5 ] cos @ + [ 5 1 sin @
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coszﬂ = 2 sinzﬂ = 1-00529

S1n1 +52n2

{Box and Tiaso. 1973 : 104-109)
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(Inference concerning population from non-normal population)
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o = AMIUABTLANMAMUN  (Location parameter)
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(T3 +p) 117
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CB = 0) = [TD§(1+0)]]1/(1+0) _ f _ 21 _ %
[3(1+0)] [z
[ 713(1+0)117
Wg = 0) =

(1+o>[r[‘5(1+0)113/2
3. %
[r<5>1
1..3/2
[[(-2-)]
1 A 1 L.k
L1 _[5.11 ] e
((—11%2 (121372 o)t

- '\ug
P(x/e, €, py azinisnszarsduunnnd ol

’ 1 1 e 2
P(X/8,6, p=0) = —1— exp [-ﬂ’-‘j——l ], -#<x <o

Jzﬂéz

] W w 2 d
2. i B =1 ﬂ1iﬂi:ﬂﬂﬂﬂ:uﬂﬂﬂﬂ:ﬂﬁiﬂi:Q1HlﬁuuUUﬂUtuaLanﬁTwluutﬁﬂa
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C(B = 1)

W(p = 1)

M- N
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CEITINENINILBUUUEIAL NS (Uniform or rectangular distribution)
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{(Posterior distribution of @ for symmetric parent population)
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Pragiam Data_simulation:
typhe Daladrray - array[1..10001) of real;
GeedRec - record
X0 real ;
Rep integer
Chi : real:
end;
DataArray:
real;
real;
real;

var random

seed
consmul
modulus -
XI : real;
number : integer;

count,seadord : integer;

digit : integer:

DecPoint : real:

seedlFile : array[l..200) of SeedRec;
MinChi : real; .

Best :real;

procedure setnumber;
var stng : string(20];
begin

ClrScr;

g9otoxy(20,6); write (’NUMBER OF DATA D H
readln{number);

str{number,stng):

digit := length{stng) + 2;

count := 1;
DecPoint := number =* 1IE+02;
end;

procedure setModulus;-

var Primetest : boolean:
type PrimeRec = record Prime : Real; End;
var Primefile File of PrimeRec:

RecPrime : PrimeRec;
procedure TestPrime(UnderTest:real;var

var HighTest : reatl;
High : Boolean;
BCGIN
IT (UnderTest > 1) and (UnderTest < 1.2045280¢c2
Begin
Reset(Primefile);
Read(PrimeFile,RecPrime);
PrimeType :: True:
tighTest := Sgrt(UnderTest
tHigh := ralse:;’
If underTest <3 2 then
8egin
Repeat
With fecPrime do
If (UnderTest / Prime) = Int(Underiast /
Frimelvype :: False;

ﬂead(P%imarile,necPrime;:
With NecPrime do

If Prime HighTezt then
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PrimeType:boolean):
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Until (Mot Primelype) Or (High)
Cnd;
Tid else PrimeTypa :z false:
Cnd;
Segin
Assign(Primelile, "PRIMC.DAT');
Modulus :: DecPoint:
repeat
TestPrime(Modulus,primetest):
if not Primetest then Modulus :: Mcdulus 1
until Primetest:
close(Primefile):
end;
procedure setConsMul ; ]
var Primetest : toolean;
type PrimeRec = record Prime - Real; Cnd;
var Primefile : File of PrimeRec:

RecPrime : PrimeRec;
procedure TestPrime(UndarTest:real:var PrimeType:boolean);
var HighTest : real:

High ' : Boolean;

BEGIN
If (UnderTest > 1) and (UnderTest < 1.2045282002€+10) then
Begin
Reset(PrimeFile);
Read(PrimeEile.RecPrime);

PrimeType := True;
HighTest := Sqrt(UnderTest):
High ::- False;
If UnderTest <> 2 then
Begin
Repeat

With RecPrime do
If (UnderTest / Prime) - Int(UnderTast / Prime) then
PrimeType := False; )
Read(PrimeFile.Recprime):
With RecPrime do
If Prime > ltighTest then tHigh :z True;
Until (Not PrimeType) Or (High)
Cnd;
Cnd else PrimeType ::= falsze:
Cng:
Segin
Asgign(PrimeFile.'PRIMC.DAT');
Consmul := Int(1C4+11 / Decfoint):
repeat
Testprime(Consmul.PrimeTest);
if not Primetest then consmul = consmul 1;
until Primetest:
Close(Primerile):

end;
mrocedure randomGen;
var c . real:

d : real;

€ : real;

¢



begin

ConsMul * XI:;
e / Modulus:
int(c):

d * Modulus:

e - d;

XI / Modulus;

L]
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random[count]
end;
{sa-)
procedure quicksort(s,l :
var a,b : intsger:
mid : integer:
num : real:
compnum :
begin

real;

repsat
while (random(a]
begin
a T a + l;
end;
while (compnum <
bagin
b :=b - 1;
end;
if a <= b then
begin
nu... . .
random{a)
rancomib]
a = a +
b := b -~

I T
LA I T 1]

end
until a > b;

= 1;
+ b) div 2
random[mid];

int(c * DacPoint);
:= d / DecPoint:

integer):

< compnum) and (a < 1) do

random{bl) and (b > s) do

R

raﬁdom[b];
num;

if 3 < b then guicksort(s,b):
if a < 1 then Guicksort(a,l};

end;
{3Aa+}
procedure tastrandom;
Var a,b integer;
chisguare : real;
ofrg
afryg

range integer:

integer: { observed frequency
integar: L expectad fraquency

LR )

interval
compnum -

real ;
real:

fra : arvay(li..20]) of integer:

divicer integer:
procedure‘sumchi;
begin )
chizagdarne chisguaie =ar(ofrg efrg)/afrqg:
tralal :: ofrg:
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a 1z a1 1:

ofrqg ::= 0;
Compnum :x compnum + intarval:
and; . .
begin
Clrscr;
Count ::z
b := 0;
repaat
if random(count)] = random(count ¢ 1] than
begin
b iz b+ 1,
end;
count ::= couynt 1;

gotoxy(35,20); write(count);
until count - numbar ;
clrscr: writeln(lst, 'same random = ' b, °* pair®);

-

ofrq := 0; ¢( obsarved frequency )
count := ],

chisquare := 0;

range := 29;

efrg :z aumber div range: {expected frequency}
interval := | / rangs;
compnum :=z interval;

1hy

a 1= 1:
repeat )
while (randcm[count] <= compnum) and (count <= number) do
begin .
ofrq := ofrq + 1;
count := count + 1;
and;
sumchi ;
until count 3 number;
clrscr;
writeln(seed);
a 1= 1;
divider :: rcund(number/lzso):
if dividar < 1 then dividar := 1;
repeat .
for count :: 1 o (frqla) div divider) do write (lst,"+"),

writeln(lst,"® °)
a 1z a + |
until a > 20:
writeln(lst.'chisquara H '.chisquare}:
end; -
procedure UniformGen;
var mean - real ;
variance : real ;
min,max : real;
tegin -
Clrscr;
variance :-: 1:
mean ::z QO
min := mean sgrt{l} T sart(variance}:
max 1 mean ! sgre{ry » sari(variance):

TANINL Dz L



X1 ::Vseed;
repeat
RandomGen;

random{count) :: min « (max min) * random[count];

gotoxy(38,22); writeln(count):
count ::- count 1 }:
until count > number:
gotoxy(S50,1): write(lst, "UNIFORM"):
and;
procedure HormalGen:
var vl : real;
° v2 : real;
S : real;
mean : real:
variance:real:
STO : real;

begin
clrscr:
mean := O3
variance ::z1;
STD := sqrt{variance):
XI := seed;
count := )
repeat
repeat

gotoxy(30,22); write(count);
RandomGen; ’
count := count + 1-:

RandomGen:
count := count - 1;
vl = 2 =% random{count] - 1;
vZ 1= 2 % random{count + 1] 1;
S IF vl ¥ v] ¢t y2 % ve;
until s < 1:
random(count] :z vl = sart{ -2 * ln(s) /(s)):
random{count] :: mean + rancom[count] * STD;
count :: count + 1; ' .
random{count] :z v = sart( 2 x In(s) F(s)):
random(count] := mean + random(count] = STD;
count =z count ¢+ 1;

until count > numbear
gotoxy(S0,1): write(lst, 'NORMAL’);
and;
procedure DoublelxpGen:
var mean : real:
variance : real:
STO : real;

begin
clrscr:
variance ::= :
SID := sgrt(varianmce):
mean :: Q;
XI := seed:
count = ]
receat

gotoxy(20,22); wirita(count):

1hh



1hy

RandomGen:

random{count]) mean 1({STD + In(random{count})) / sqrt() ).

count :: count 1 1;

gotoxy{lg,22): write(count);

RandomGen;

random{count] :: mesn ((STD » in(randor(count))) ; sqQre(2));
count ::z count + }:

until count > number:
gotoxy(50,1); writaflst, "OOUDLL EXPONENTIAL ") :

aend;
procedure DataCheck(f1rst last:real):

var Pair : 1ntage:
sum : real;
S$S : real;
mean : real;
sd : raal;
momentl : real;
moment4 : real;
a : integer;

range : integer;
interval : real:
compnum : raeal:

frq : array(l..21] of integer;
ofrg : 1nteger‘
dividar : integer:

pProcedure sumnum:

begin
Pair :z Pair + 1;
wrxteln(random[count])
end;

procsdure sumfrq;

bagin
fralal := ofrq;
writeln(a,’ " .compnum - interval,' to ' .compnum):
a := a+ 1;
ofrq := 0O
compnum 1= compnum + interval;
end;

begin

Pair :=z 0;
count :z |1
repeat
if random(count) = random{count+1] then sumnum;
gotoxy(Z8,22); ur:teln(count)
count ::= count + |1;
until count = number;
gotoxy(1,9): writeln{lst, 'Number of the Same dats = ' . Pair.' pair.'):
sum :z QO
uriteln(lst.‘range from '.random[l],' to '.random[number]);
count :x 1.

sum = Q;
SE ¥ 0
repeat
sum iz sum | random{count):
B2 : S5 ¢ random{count] random[count]:

FOotoxy(I0,22): write {count):
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countl :: count 4 1;
until count number ;

maan :: sum/nrumber ; )
s5d ::= (number153‘sum*sum)/(number-1); 54 :® sdfnumbdr;: sd = sqrt(sd);
gotoxy(1,3%); writaln(lst, "mean - ' . mean):
- writeln(lst, 'standard deviation - '.sd);
count :: 1
momentl ::- Q;
momentd -z Q;
repeat
sum ;= (random[count] - meaan);:

moment? - momentX + (sum = sum =* sum);
momantd :: momentqd + (sum * sum * gym » sumj);
Qotoxy(38,22): write (count,” *).
count :z count + 1;
until count > number ;
momentl :: momentl / number ;
mament4 :- momentd / number;
gotoxy(l,6): writeln(lst, 'Skewnass = '.momentl/sd/sd/sd):
writeln(lst, "Kurtosis = '.momentd/sd/sd/sd/sd—l);
ofrq := 0; ( observed freguency }
count := :
range ::=
interval
compnum
a 1= 1;
repeat
fralcount] :: o;
count = count + 1;
until count > 20;
-count = 1;
repeat
while (random[count} <= compnum) and (count <= number) do
begin
ofrq :
count

ofrg + 1:
count + 1:
S.12}); writeln(count," ‘.randam[count]):

[+

[*]

o

4]

X

<

~a N
[l 1}

sumfrg;
until {count > number) and (a >z range):
repeat until keypressed; read(a):
clrser;
a 1z 1:;
divider := round(sC-1 + numbar/200):
if divider < j then divider -= 1;
repeat
for count := | tq (fraqfa] div diviZer) oo write (1lst,"r");
writeln(ist, k' ");
a :z a + 1:
until a2 » 20;
repeat unti} keypressed;
end; i

OCGIN
SetNumber:
Sethodulus;
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write(modulus);
setconsmul ;
writeln(consmul);
write('Seed : ');readln(seed):
X1 := seed;
count := 1;
repeat
RandomGen:
gotoxy(38,22); write{count):
count :=z count + i;
until count > number ;
quicksort(l.number);
testrandom:
UniformGen;
quicksort(l,numbar):
DataCheck(-1 = sart(3),sqrt(3)):
NormalGen:
quicksort(l.number);
DataCheck(-4.2,4.2);
DoubleExpGen;
quicksort(1,number):
DataCheck(-~8,8);
END.
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program.Data_simulation;
type DataArray = array([1..100] of real;
var random : DataArray:
seed : real:
consmul : real:
modulus : real;
XI : real;
number : integer:
count,seedord : integer;
digit : integer:
DecPoint : real:
tscoreRac : array[l..1000] of real:
meanl , mean2 : real;
variancel , variance? : real;
nl,n2 : integer:’
avl,qvs : rsal:
curve : array[l..80) of integer:
beta : array(l..&] of integer:
zeta : real;
suml ,sum2 : real:
ssl , ss2 : real:
ql ., g5 : integsr;
tscore : real:
tm : integer;
ml.mz,vrl,er:real;
P. : char;
procedure setnumber;
var stng : string(20];
begin
ClrScr;
gotoxy(10,6); write ('MEAN] = ";
readln(meanl):
gotoxy(30,6): write ('VARIANCEL
readln{variancel);
gotoxy(50,6); write ( "NUMBER1 = 'y
readln{nl):
gotoxy(10,8): write ("MEAN2 = ")
readln(mean2);
gotoxy(30,8); write (’VARIANCE?Z
readln(variance2);
gotoxy(50,8); write (°NUMBELR2 - "):
readln{n2);

1
-
S

-r

]

.
N’
-

90toxy(20,10); write ('df - .nl+n2-2);

gotoxy(20,12): write ('Critical value .05 -

readln(qvs):

gotoxy(20,14); write ('Critical valué&

reacln(qgvl);
number :z 10000
str(number.stng);
digit := length(stng) + 23
count := 1:
CecPoint :z number * 1LE+02;
end;
crocedure setModulus;
var Primatest - boolean;

type " PrimeRec = record Prime - Real;

.01 =

Cnd;

1hy



tho

var PrimaFile : File of PrimaRec:
RecPrime - Primefac:
procedura TestPrime(UnderTest:real;var PrimaType:boolean);
var HighTest - real:
High : Boolean:

BEGIN ’
If (UnderTest > 1) and (UnderTest < 1.2045282002E+10) then
Begin
Reset(PrimeFile);
Read(PrimeFile,RacPrime);
PrimeType :: True;
HighTest := Sqrt(UnderTest):
High := False;
If UnderTest <> 2 then
Begin
Repeat
With RecPrime do
If (UnderTest / Prime) = Int(UnderTest / Prime) then
PrimeType := False;
Read(PrimaFile,RecPriMe);
With RecPrime do .
If Prime > HighTest then High := True:
Until (Mot PrimeType) Or (High)
. End; B s
End else PrimeType ::= false;
End:
begin
Assign(PrimeFile,'PRIME.DAT’);
Modulys := DecPoint; .
repeat
TestPrime(Modulus.primetest);
if not Primetest then Modulus :- Modulus - 1;
until Primetest; .
close(PrimeFile):
end;
procedure setConsMul ;
var Primetest - boolean:
type PrimeRec = record Prime - Real; Cnd:
var PrimeFile : File of PrimeRec;

RecPrime : PrimeRec;
procedure TestPrime(UnderTest:real;var PrimeType:boolean):
var HighTest - real; .

High : Boolean:

BEGIN
If (UnderTest » 1} and (UnderTest < 1.2045282002C+10) then
Begin

Reset(Primerile); -
Read(PrimeFile,RecPrime);
PrimeType ::= True;
HighTest ::z Sqrt(UndarTest): T
High := False:

If UnderTest <> 2 then

Begin

Repeat



With RecPrime do

If (UnderTest / Prime) = Int{UnderTest / Prime) then

PrimeType := false;
Read(PrimeFile.RecPrime);
With RecPrime do
If Prime > HighTest then High :: True;
Until (Mot PrimeTypa) Or (High)
End;
End alse PrimeTyps ;= false:
End;
begin : *
nssign(PrimeFile.'PRIME.OAT');
Consmul := Int(lE+11 / DecPoint).
repeat
TestPrime(Consmul.PriméTest):
if not Primetest then consmul := consmul - 1:;
until Primatest;
close(PrimeFila);

end;
procedure randomGen;
var c : real; .
d : real:
e : real;
begin
€ = ConsMul = X1
€ := e / Modulus:
d :z int(c);
d = d % Modulus:
XI := & -~ d;
€ = XI / Modulus:
d := int(c DecPoint);
random{count] := 4 / DecPoint;
end;
{3A-}

procedure quicksort(s,1 : integer);
var a,b : integar;
mid : integer;
num : real;
compnum : real;

begin
a 12 s; b 1= 1;
mid := (a + b) div 2
compnum := tscoreRec[mid]:
repeat
while (tscoreRec(a] « compnum) and (a < 1) do
begin )
a 1= a + 1:
end;
while (compnum < tscorerec[bl) and (b > s) do
begin
b := b - 1;
aend;
if a <= b then
begin
num := tscorefec(a];

, tscoreRecla] :-= tscorefec(b):

-



tscoreftec{b] ::= num:
a 1= a + 1;
b := b - 1:

end;

until a > b;
if s < b then Quicksort(s,b);
if a < 1 then quicksort(a,l);:

and;
{3A+)}
procedure NormalGen(a,b - real);
var vl : real;
v2 : real;
S : real;
STDL , STD2 real;
begin
STO1 := sgrt(variancel);
STD2 := sqrt(variance2):
count := }J;
repeat
repeat
RandomGen;
count := count + 1;
RandomGen;
count := count - 1:
vl = 2 » random[count} - 1;
vZ 2 2 * random(count + 1] - 1
S 17 vl ¥ vl + yv2 x v2;
until s < 1;
random(count] := w1 =* sart( -2 * 1n(s) / s):
random(count] :z a + random(count] * STDI1;
count := count + 1;
random{count] := v2 x sqrt( -2 * In(s) / s);
random(count] := a + random(count] = STD1;
count := count + 1; .
repeat
RandomGen;
count := count + 1;
RandomGen;
count := count - 1;
vl :=2 2 % random[count) - 1;
v2 = 2 * random{count + 1] - 1:
S 1= Vvl ¥ vl + y2 x v

until s <1:

random{count] := w1 * sqrt( -2 In(s) / s);

random{count] := b + random{count] * 5TD2:
count := count H : -
random[count) V2 * sgrt( -2 * In(s) / s);

random{count] b 4+ random[count] * STD2
count := count 1;
until count > number;

b LI TR Y BT

end;
procedure drawcurwve:
var a : integer;

kmod :string[4];
graphline : array(1..424] of byte:
begin * '
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writeln(lst,chr(27), 3" chr(44))

Kmod := concat{chr(27), 'K .Chr(168),chr(01));
for count := 1 to 70 do Curve[c0unt] R X
count := |];
tm =z };
tscore :z - . Z7SE100;
repeat
if tscoreRec(tm} > tscore then
begin
repeat
count :z= count + 1'
tscore := tsecore + .5E-01;
until tscoreRectm] <~ tscore-
and;

Curvelcount] := Curve[count] + 1:
tm = tm + 1;
until tm > 10Q0;

tm := 160;
for number := to 20 do
baegin
for count := 1 to 424 do graphline{count] :z ¢;
for digit := 1 to 8 do
bagin
tm 1= tm -~ 1;
for count -z 0 to 68 do
if Curvelco ount+l] > tm than
. for a := 17 to 22 do
casa digit of
1 : graphline(count*s+al := graphl1ne[count*6+a]+1"8-
.2 : graphllne[count*6+a] iz graphlxne[count*6+a]+64-
I - graphl1ne[count*6+a} = graphllne[count*6+a]+’"'
4 : graphllne{count*6+a] := graphllne[count*6+a]+16-
S : graphline(count*6+a] :: graphllne{count*éia]+8'
& graphline(count*g+a) :- graphlzne[count*6+a]+4-
7 : graphline{count*c+al] :: graphllne[count*6+a]+"-
8 : graphline[count*g+al := graphllne[count*6+a]+1'
end:
end;
graphline[15] -= 255;

case number of

1,6,11,16 : for count = 11 to 14 do graphline[count) :z= 12

2,7,12,17 : for count := 1i to 14 do graphline[count] ::= 32

3.8,12,18 : for count := 11 to 14 do graphline(count] ::= g:

4,79,14,19 : for count := 11 to 14 do graphline(count] ::= 2:
end:; :

* case number of

7,20 : begin
graphline(1]
graphline(2]
graphline[Z]
graphline(4}
graphline(5s]
graphline(es]
graphline[7]

end;
8 : begin
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graphline(1] :: 135;
graphlinel2) := 72;
graphline(3]) := 72
graphline(4) := 72:
graphlina(s] ::= 72,
graphlinale¢) := 72
graphline(7] := 135;

graphline(9) ::= a;
graphline[10] :=z g:

and;

9 : begin
graphline[l] ::= 1l¢;

graphline(2) := 1s2:
graphline(3) := 14a:
graphline(4] := 144;
graphlina(5] := 144;
graphline(s) :: 144;
graphline(7) := s¢:
end;
end;
case number of
2 : begin
graphline{9] := z2;
graphline[10] :: 32;
end;
14 : begin
graphline(?] ::= 2;
graphline{10) := 2;
end; .
end;
write(lst,Kkmod);
for count := 1 to 4274 do write(lst.chr(graphline[count]));
writeln(lst)
end;
for count := 10 to 424 do graphlinelcount] ::= )2@;
for count := 0 to 17 do graphline[count*24+37) :z 24a-:
graphline(1} :=z 128;
graphline{2] :: ¢4;
graphlinelZ] := ¢4;
graphlinef4) := £4;
graphline(5} := &4
graphline(&) := ¢4:

graphline(7] := 128:
write{lst,Kmod):
for count := 1 to 424 do write(lst.chr(graphline[count]));
writeln{lst):
write(lst,” - 7 A 5 4 kA

< 1 o] 1 2 z 4°);
writeln(lst,"® s (A 7 8 7+

end;
procedure PowarTest(a : real : b - integer); B
begin

XI := seed:

tm = 1;

Zeta ::= sgrt((variancel / nl) v (variance? / n2));
tetalbl ::= 0

beta(bil] ::= o;



clrscr;

writeln('Mean = ' a,' '.zeta):
repeat
count = 1:
number := (nl % ). .
1f {((n2 * 2) > number) then number := (n2 *
NormalGen(zeta * a,0):
count :z }:
suml := O;
sumz2 = Q;
ssl =z 0;
Ss2 := 0O;
repeat
if ((count - 1) / 2) < nl then
begin
suml = suml + random(count]:
ssl := ssl + random{count] = random[count] :
end;
count := count + 1;
if (count / 2) < nl then
begin
suml := suml + random[count];
551 := ssl + randomfcount] = random{count];

end;

count := count + 1:

if ((count-3) / 2) < a2 then
begin )
sum2 1z sum? + randomlcount]:

ss2 := ss2 + random(count] = random{count];

end; .

count := count + 1;

if ((count - 2) / 2) < n2 then
begin
sum2 := sum? + random(count];

5s2 := ss2 + random(count] * rando
end;

count := count + 1.

until count > number:
ml := suml / nl;

m2 :z SUM2 / n2:
vrl:z(nl*(ssl) - (sumitsuml)) / (n1 » (n1-1))
vr2:2(n2%(ss2) - (sum2xsymz)) (n2

tscore := (mlL - m2);

m{count];

* (n2-1))

tscore := tscore / sqrt((vrl/n1)+(vr2/n2));

if tscore >= qvl then beta[b] :: beta(b] + 1;

if tscore >:= avs then beta[b+1] :=
tscoreRec(tm} := tscore;

tm otz tm o+ 1,

gotoxy(30,22);write (tm);

until tm > 1000:

quicksort(l,lOOOJ;

clrScr;

drawcurve:
end;

BEGIN

beta[bt1]

t

1;

1
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SetNumber;
SetModulus;
setconsmul ;

gotoxy(20,18); write( 'Sead - ');readln(seed);
XI ::z seed; ' )
gl := O0; g5 := O;
tm :=z1:
repeat
count :z 1:
numbar := (n1 % 2).

if ((n2 x 2) > number) then number --= (n2 = 2)
NormalGen(meanl,meanz);
count := 1;
suml
sumz
ssi
ss2
repeat
if ((count - 1) / 2) < nl then

begin

suml :=x suml + random{count];

ssl := ss1 + random{count] = random(count] ;

[o N s]
e OO

end;

count -z count + 1;

if (count / 2) < nl1 then
begin

suml := suml + random(count];
551 := g€s1 + random[count] =* random([count] ;
end;
count := count + 1:;
“if ({count-3) / 2} < n2 then
begin
sum2 := sum? + randomfcount]:
Ss2 ::z 552 + random{count] =* random[count];
end;
count :=- count + 1;
if ((count - 2) / 2) < n2 then
begin
sum2 1= sum? + random{count];
582 T =582 + random[count) = random(count] ;
end;
count ::- count + 1;
until count > number;
ml == suml / nl;
mZ = SUM2 / na; ’
vrl:=(nl*(ss1) - (sumil*sum1)) / (nl = (nl-1))
vrZ:=(n2%(ss2) - (sum2*¥sum2)) / (n2 * (n2-1))
tscore ::z (m1 - m2);: :
tscore ::= tscore / sqrt((vrl/nl)i(vrz/nz));
if tscore < avs> then g5 ::= Qs 1 1

+
v

if tscore < avl then ql :z gl + 1;
tscoreRec(tm] :-= tscore;
tm = tm + 1;

gotoxy(30,22) :write (tm);
until tm > 1000,
Clrscr; write('SORTING’);

-
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quicksort(1,1000);
clrScr;
writeln(lst.chr(:?),'@'):
writeln (lst,'T .05 = ',tscorenec[qsol,' T .0t = '.Lscoreﬂec(OQOJ);

drawcurve:
PowerTesL(?.SC—Ol,l):
PowerTest(1C100.3):
PowerTest(l.SE*OO.S);

Clrser;
writeln(lst.chr(??),'@'):

writeln(lst,"® TABLE T-SCORE Test (Normal & Normal)');

writeln(lst,’ Meanl = ‘' meani,": variancel = ‘.variancel,': n1 = tLr
writeln(lst, ' Mean2 = ' mean2,’: variance? - ‘.variancez,": n2 = ' r
writeln(lst_ ':::::::::::::::::::::::::::::::::::::::::::::::::::::::_—::::::::
writeln(lst,' ! Probability of H Power of test');
writeln(lst.'sig: typa I error R T D S S
writeln(list,"* ' H u = _75d ' U = 1.00d H
rprodn(lst, oo D DD RS M PLo0d

urite(lst,'.os:'.(1000-q5)/1000,’:'.beta[Z]/lOOO):

writeln(lst,':',betafd]llooo,':’.beta[G]/lOOO);

write(lst.‘.Ol:',(1000-q1)/1000.':'.beta[llllooo):

writeln(lst.':‘.betafajflooo,':'.beta[S]/looo);

et e
END.
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pProgram Data_simulation;

type DataArray = array(1..100] of real:

var random : DataArray:
seed : real;
consmul : real;
modulus : real;
XI : real:
number : integer:
count,seedord : integer;
digit : intager;
DecPoint : real;

tscoreRec : array{l..1000] of real;

meanl , mean? : real;

variancel , variance2 : real;

nl,.n2 : integer;
gvl,qvS : real;

Cilt v dfiny{_l..BO] of intager;

beta
zata real;
suml ,sum2 ; real;
ssl , 582 : real;
Ql , g5 : integer:
tscore : real;
tm : integer;
ml,m2, vrl,vr2:real
P : char; .
procedure setnumber:
var stng : string(20]
begin
ClrScr;

-

array(l..6] of integer;

gotoxy(10,6); write (°MEAN1 = *Y;

readln{meanl);

gotoxy(20,6); write (’VARIANCEL = "3

readln(variancel);

gotoxy(50,6); write (’NUMBER] = s

readln(nl);

gotoxy(10,8); write (’MEAND = ")

readin(mean2):

gotoxy(20,8); write (’VARIANCE? = "

readln(variance?)};

gotoxy(50,8); write ('NUMBERZ? = ")

readln(n2):
gotoxy(20,10); write (’df

= L nltn2-2);

gotoxy(20,12); write {('Critical value

readln{gvs):

-05

gotoxy(20,14); write ('Critical value .0] =

readln(gvl);
number := 10000:
str{number,stng):

digit :: length(stng) g
count := |;
DecPoint ::= pumber =* 1CtQ2;
end:
procedura setModulus:
var Pripetast : boolean:

tyne PrimeRec =z record

Prime : Neal;

Cnd;

149
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var PrimeFile : rile of PrimeRec: -
RecPrime - Primefac; .
pProcedura TestPrime(UnderTast:real;var PrimeType:boolean);
var HighTest - real:
tigh : Boolean;
CEGIN

If (UnderTest » 1) ang (UnderTest ¢ 1.2045282002[410) then
Begin .
Reset(PrimeFile);
Read(PrimeFile,RecPrime):
PrimeYype :-= True:
HighTest :=_Sqrt(UnderTest):
tigh := False: ’
If UnderTest <> 2 then
Gegin
Repeat
With RecPrime do
If (UnderTest / Prime) = Int(Undertest / Prime) then
PrimaTypa := false;
Read(PrimeFile,RecPrime);
With RecPrime do
If Prime > HighTest then High ::= Trua;
Until (Not PrimaType) Or (High)
End; . .
End else PrimeTypeA:= false;
End:
begin
Assign(PrimeFile.’PRIME.DAT');
Mocdulus -z DecPoint;
repeat
TestPrime(Modulus.primetast);
if not Primetest then Modulus : = Moculus 1
until Primetest;
close(PrimeFile);

end:
rocedure setConsMul ;
var Primetest - boolean;
type PrimeRec = record Pripe - feal; Cnd:
var Primarfile - File of PrimeRec:
necPrime - FrimeRec:
procecura TestPrime(UnderTest:raal;var PrimeType:boolean);
var HighTest . real;
High : Boolean;
GCaIn

If {UnderTest > 1) ang (UnderTest - 1.2045202002C110) then
Oegin
Raset(Primerile):
ﬂaad(Primerile.RecPrimeJ:
PrimeType :-= True;
HighTest = Sqrt(UnderTest);
High = Talse;
If UnderTest <> 2 then
Uegin
Nepaat
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With RecPrime do
If {(UndarTast / Prime) =
PrimeType :: False:
Read(PrimeFile.RecPrime);
With RacPrime do

Int(UnderTest / Prime) then

I[f Prime > HighTest then High ::z True:
Until (NHot PrimeType) Or {liigh)
Cnd;
Cnd else PrimeType ::= false;
End; -
begin

Assign(Primerile.'PRIHC.DAT‘);
Consmul := Int(1E+41}) / DecPoint):
repeat
TestPrime(Consmul.Primerest): -

if not Primetest then consmul :: consmul 1;
until Primetest:

closa(PrimeFila);

end; .
procedure randomGen:
var ¢ : real;
d : real;
e : real:
begin
' e 1= ConsMul * XI:
€ = a / Motulus:
d :z int(c);
d = d * Modulus;
XI := e - d:
€ = XI / "Mocdulus:
< = int(c x DecfPoint);
rancom(count} := g / DecPoint;
end;
{3a-3
Frocedure guicksort(s,l - integer);

var a,t : integer:
mid : integer:
num : real;

compnum : real:
begin
a =z 5:; b 1= 1;
mid =z (a + b)) div 2
compnum 1= tscoreRec(mid]:
repeat
whilea (tscorefacla) ¢ Ccomprua) and (a ¢ 1) aQ
Segin
a4 T a t 1:
and;
while (compnum - Lzcorallecit )y amd >3 \io
tegin
b 1= & L
and;

if A TT G thiragn
nagin
L I A N LTIt B
Lreorattac[ag L
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tscorefec(b) - num;
- T
I - B

end;

until a > b
if s < b then quicksort(s_b);
if a ¢ 1 then quicksort(a,l);

end:;
{TAt+}
Procedure UniformGen(c.d:real);
var minl.min?,maxl,maxz : real;
begin

mint := ¢ - sqrt(z) = sart(d).
Maxl := ¢ + sqre() » sart(d):
RandomGen :
random{count] ::z mini 4 (maxl - min1) = rancom(count];
count := count + 1;
RandomGen; .
randomf{count] ::= min) , (maxl - min1y » random{count];
count := count + 1;
end;
procedure Coubletxpcen(a.b:realj;
begin
count := |;
repceat
RandomGen:
random(count] :z 5 -
count :: count -+ 1;
RandomGen:
random{count] := 3 4 ((sart(variancel))
count :z gcount + 1;
uniformgen(b,variance?);
until ccunt > nuatber:

((Sqrt(variancel)) * ln(random[count}) / sqre(2)

“+

ln(random[count]) / sqre(2)

end;
Procedure drawcurve:
vVar a : integer;
Kmod :string{z];
arapghline : array(i..a24) of byte;

begin
writeln(lst,chr(??).'3',cnr(z4));
Kmod := concat{chr(27 .'K',chr(loo).chr(OL));
for count ::= 1 to 70 Jo Curve{count} :: 0
count ::x t.
im = ]
tscore ;: 7.375€100;
regeat .
if tscoreRec(tm] - txcore then
tagin
TEOBAL
count :: coun: HS )
LRCOre 1t LICoro .50 01
until LsCoraRagtu! © lsoore:
end;
Curvelcount] 1=z CUF\UIﬁnun;: "o
tn 2z tm ¢t .

Nk e v LOOD



tm = 16

for number

0;

:= 1 to 20 do

su

begin
for count :7 1 to 424 do graphline{count] :z 0:
for digit := 1 to 0 do
begin
tm 1= tm - 1;
for count := 0 to &8 do
if Curvelcount+l] > tm then "
for a := 17 to 22 do
case digit of
{ : graphline(count¥s+a] ::= graphline{count¥&+al+128;
2 : graphlinafcount*&+a] := graphline{count¥&tal+64:
Z : graphline(count*&4al] := graphline(count*&+a]432;
4 : graphlinae{count*&+a) := graphlinef[countxs+al +16;
5 : graphline(counttétal := graphline(countts+al+s;
A graphlina(count*6+ta] ::z graphline[count*c+a)+a4:
7 : graphlina(count*stal] := graphline(count*&+al+2;
B : graphline(count*&ta) := graphline{count*c+al+l:
end;
end;
graphlina(l15] := 255:
case number of
1,6,11,16 : for count := 1l to 14 do graphline(count]
2,7,12,17 : for count := 11 to 14 do graphline[count)
3.,8,12,18 : for count := 11 to 14 do graphline{count]
4,%,14,172 : for count := 11 to 14 do graphline[count)
end;
case number of
7.20 : begin
graghlinefl] := 3;
giraphlinef[2] := 4:
graphlinael[Z] := 4;
graphline(4] := 4;
graphline{5] := 4;
graphline{sa} = 4;
graghline(?] := Z;:
and;
g : begin
graphlinefl1] := 115
graphline(2) := 72;
graphline(2} := 72:
graphline(4] := 72:
graphline(S] := 72;
graphlinels] = 72
graghlinal(?] = 125
graphline{?]) = g:
graphline(10]1 := 0;
end;
2 begin
graphlinel(l] E P
graghline[2] = 152,
graghlinall] = 149Q;
graghlinala) = 144
araphline[s]) N
graphlinala) :: 144;

1673
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aran) dael rl o el
RIS N
g
TASE number of
2 begin
graphline[2] - - 2
graghline(i0} :: 2n
end;
14 : begin
graphline{92} - A
graphline(10) .z o.
and;
end;
write(lst.ﬂmod);
for count :: | o 424 do wriLe(lSL_chr(graphline[c0unL]));
writeln(list)
end;
for count :
for count :
graphline[1}
graphline(2)
graghline(2)
graphline(4)
graphline(s)
graphline(s) &4 ;
graphline([7]) 128
Wwrite(lst,Kmod);
for count := 1 to 424 do uri:e(lst,chr(graphline[count]));
Writeln{lss):
write(lst,"’ - 7 & 5 4 3 2 1 [} 1 2 3 4°)
).

0 to 42¢ do graphline[c0unt] It 128;
to 17 do graphline[count??di&?] 1z 248
120;

G4

2F

64

[

LRI -
[IENTINT)

e
H 1 nn

writeln(lst, "' s 4 ? o 7?1t
end;
Procedure PowerTest(a - real : b : integer):
begin .

X1 :z seed:
tm -z )
leta := sart((variance1 / nl} + {variances / n2});

beta(b] := o;
beta(bi11) := [+

clrscr;

writelon( 'mMean = t.a,’ X*,ICTa);
repeat

count =z ]

nurber :z (n1 =+ Q);
if ((n2 » 2) > number) then number :: (no ¥ 2):
DoublecxpGen(zeta T a,0);
count ::= 1;
suml ::= 0;
suma 1=z Q;
Ssl 1z O
332 1z 0:
receat
if ((count L}/ 2) < nl then
tegin
uml o 3yuml random(count] ;
Sl 1z sz o random(ccount] - random|count);
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aend;

count = count t ];

if (count / 2) < nl then
bagin
suml ::z suml {4 random{count);

ssl := s51 t randomfcount] =* random{count]
aend;

count = count + 1;

if ((count-3) / 2) < n2 then
begin
sum2 ::z su
552 := s82
end;

count := count + 1;

if {({(count -~ 2) / 2} < n2 then
begin
sumZ := sum2 1 random[count];
52 ::z 8582 + random[count] * random[count];
end;

count := count + 1;

until count > number;

m2 + random[count];
+ random(count] * random(count]);

ml ;= suml / nl;

m2 = SUM2-/ n2;

vrl 3= {nl * (ss1) - (suml * suml)) / (nl * (Nl - 1));
vr2 := (n2 * (ss2) - (sum2 *sum2)) / (n2 * (n2 - 1));

tscore = (ml - m2);

tscore := tscore / sqrt{{vrl/al)+(vr2/n2));

if tscore >z qvl then beta[b] := betaf{b] + 1;
if ‘tscore >= qv5 than beta{b+l] := betalb+1]} + 1;
tscoreRec[tm] := tscore;

tm = tm %+ 1;

gotoxy(uO.L‘);write (tm);

until tm > 1000;

quicksort(1,100C);

clrScr;

drawcurve;
and’;

BEGIN
SetNumber;
SetModulus;
setconsmul ;
gotoxy(20,18); writa{’'Seed = '):readln(seed):
XI := seed;

ql := 0; Q5 := 0Oy

tm = 1;

Zeta:=sqgrt({variancel/nl)i(variance2/n2});
repsat .

count = 1;

number :z= (nl * 2);

if {((n2 * 2) > number) then number := {n2 r 2):
CoublelxpGen{meanl ,mean?);

count := 1;

suml := O
sum?2 := O
ssl := O3



166

A0 i O
rogeat,
if ((count 1Y /7 2) < n) then
begin
suml 1z suml random{count)
551 ::z s81 14 random(caunt) 1 random[count ) :
eng;

count :: count  ):

it (count / 2) < nt then
tagin
suml :: suml 4 random(count]:
S8l 1z 58] random[count] =~ random[count];
eng;

count := count 4 1:

if ((count-3) / 2) ¢ n2 then
begin
Suml T sum? ¢ random(count]:
582 T 8582 1 randam[count] = random{count]:
end;

count := count + 1;

if ((count - 2) / 2} < n2 then
begin
sum? 1z sum? + random(count] :
582 := 5§82 + random(count] = random{count]);
and;

count :z count + 1;

until count > numbar:

ml :z suml / al:

mI 1z SUMZ2 / n2-

vrl :z (nl * (ss1) - (sym] = suml)) / (n1 = {n1 - 1))
vr2 = {n2 % (ss2) - (sum2 =sum2)) / (n2 = (n2 - 1));
tscore := (ml - m2);

tscore := tscore / sqrt((vrl/n1)+(vr2/n2));

if ‘tscore < qus then Q5 := g5 1 1;
if tscore < gvl then ql = gl + 1;
tscoreRec(tm] := tscore;
tm 2 tm + 1;
gotoxy(20,22) ;write (tm):
until tm > 1000:
clrscr; urite('soarxnc');
quicksort(l.looo):
clrSer; )
writeln (1st,'T .05 - '.tscoreRec(?SO].' T .01 = '.tscoreRec[??O]):
drawcurve;
PouerTest(?.SE-Ol.l);
PowerTest(1E400,3 :
PauerTest(1.5E+00_S);

clrscr;
writeln(lst.chr(??),”@'):

Writeln(lst,* TAGBLL T-SCORE Test (DoubleCponaential & Uniform)')
writeln{lst," Meanl = * meant,"': variance| = “.varjancel,': nl =
writeln{ist, " Mean2 = ° mean2,’': variance? : ‘.variance?,": n? =
writeln( lgt,_':::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

writeln{lst," + Probvability of H
writeln({lst, 'Sig! type I error '
writeln(lst,*® ! :

Fower of test'):

U : _75d ' v = 1.00d
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writeln(lst, "~~~ . .. . A
write(lst, ” 05! ,(1000--q5)/1000.':',bata[?]/looo);
writeln(lst,':',beta[-ﬂ]/looo,':',beta[cl'/loooJ;
write(lst,'.ou'.(1000--q1)/1000,’:',beta[l]/lOOO);
writeln(lst.’:',beta[z,]/moo,‘:',beta[sj/looo);
writeln(lst, --=--wowu .. .ol 0 "7 IT T m e

END.
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{$N+}
{$E+}
program Dnﬁaﬂsimulation;
uses

cri,printer;

type DataArray = array{1..1000]) of double;

var random,E : DataArray;

memarray . array(1..40,1..2] of double;

seed : double;

consmul : double;
modulus : double;

XI.: double;

number : integer;
count,seedord : integer;
digit : integer;
Dec¢Point : double;

meatil , mean2 : double;

variancel , variance2 : double;

nl,n2 : integer;
width,hwidth : double;

beta : arrayl[l..6] of double;

zeta : double;
grpl ,grp2 : integer;

deth,J,area: double;

qvl , qv5 , gl , 95 : double;

McanDi ff : double;
tm , pwr: integer;
ml,m2,sigma,sigmasqr:double;
1P : char;
f : boolcan;
procedure scetnumber),
var stng : stringl(20];
begin
ClrSer;

170
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Sotoxy(lb.sl; write ('MEANI = ');
readln(meanl);

gotoxy(30,6}; write ('VARIANCEL = ');
readln(variancel);

gotoxy(50,6); write ('NUMBER1 = 'y
readln(nl}; :
gotoky(lO.S); write ('MEAN2 = ')
readln{mean2) ;

gEoloxy(30,8); write ('VARIANCE?2 = ")
readin(variance2);

gotoxy(50,8); write (*NUMBERZ = Y;
readln(n2};

gotoxy(ZO,lOl; write ('df = ',nl+n2-2);

Botoxy(20,12}; write {'Critical value .05 = '},
readln(qv5); ]
gotoxy(20,14); write ('Critical value .01 = ')

readln(qvl);
number := 10000;
str(number,stng);
digit := length{stng) + 2;
count :=z= };
DecPoint :z pumber x* 1E+02;
ond;
" proucedure setModulus;

var Primetest : boolean;

Lype  PrimecRec = record  Prime Real; knd;
var PrimcFile : File of PrimeRec;
ReePrime PrimeRe;

procedure TOStPFimO(UndOFTPHt:dOUb]C;Var PrimeType:boolean);
Yat High?ogn todoublce

High P Boolean:



BEGIN

172

1f (UndCI‘TCS‘~ > 1) and [UnderTest LS ]2045282002E+10) then

Hegin
Reset(PrimeFilc);
Read(PrimcFile.RecPrime);

PrimeType := True;

HighTest := Sqrt(UnderTest);

High := False;
1T UnderTest ¢> 2 then
Begin
Repeat
With RecPrime do
If (UnderTest / Prime)
érimeType := False;
Read(PrimeFile,RecPrime);
With RecPrime do

If Prime > HighTest iheh High := True;'

Int(UnderTest

Until {(Not PrimeType) Or (High)

End;
End else PrimeType := false;
End;

begin
Assign(PrimeFile, 'PRIME.DAT')
Modulus := DecPoint;
repeat

TestPrime{Modulus,primctest);

if not Primetest then Modulus

until Primetest;
closc{(PrimeFile);
LT I

proceduare setConsMul;

= Modulas - 1

var Primctest @ booloean:
typee PrimeRec = pecord  Priwe Beonl s bl
var Primellile : File of PrimoHle

RevPrime : PrimcHeo:

/ Prime)

then
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proccduré TestPrime{UnderTest:double;var Prichypc:boolean};
var HighTest : doublc;
High : Boolcean;

BEGIN
If (UnderTest » 1) and (UnderTest < 1.2045282002E410) then
Begin
Resel(PrimeFile);
Read(PrimeFile,RecPrime);
PrimeType := Truec;
HighTest := Sqrt(UnderTest);
High := False;
If UnderTest <> 2 then
Begin .
Repeat
With RecPrime do
If (UnderTest / Prime) = Int{(UnderTest [ Prime) then
PrimeTybe := False;
Read(PrimeFile,RecPrime}:
With RecPrime do
If Prime > HighTest then High = True;
Until (Not PrimeType) Or (High)
End;
End clse PrimeType := falsce;
End;
begin

Assjgn(PrimoFilc.'PH]H&.DAT'!

Consmul = [nU(lE+1i / becbPoint);
e oat
TORLPr:m-lCunmmul.PrimrvaL);
LT notn rimetegt theo consmal - = consmat - b

g Primetest;
clouse(PrimafFi ley

I"1|rl;
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procedure randomGen;
var ¢ : double;
d : double;

e : doubhle;

begin
e 1= ConsMul * XI;
= e / Modulus;
= int(c);
d := d * Modulus;
Xl := e - 4;
¢ = X1 / Modulus;
d := int(c * DecPoint);

random[count] := d / DecPoint;
end;
procedure UniformGen (c,d:double);

var minl,min2,maxl,max2 : double;

begin
minl := ¢ - sqrt(3) * sqrt{d);
maxl := ¢ + sqrt{3) * sqrt(d);

RandomGen;

random[ count ] minl + {max)] -minl) % random{count];
count = count + 1;

RandomGen;

randomfcount. ] minl + {(maxl -mint) = random| count | ;

count = count + 1;
end;
proccdure donbleGen{a,h : douhle);
var stdl,std? ; double;
begin
Stal = owgrrdivarianeel )
“1dd xSt (varianoe?)

ottt =z f

Iespravint



RandomGen;
random[count] := a - (stdl * In(randomlcount])) / sqrt (2}
count := count + 1; ' o

RandomGen; _
random[count] := a + (std] =* In{randomlcount))} / sqrt(2);
count := count + 1;
uniférmgeni(b,variance?2);
until count > number;
end;
brocedure quicksort{s,l : integer);
var a,b : integer;
mid : integer;
num : double;
compnum : aouble;
begin
a :=3; b 1= 1;
{

mid, := {(a + b) div 2; -
compnum := Eimid];
repeat,

while (E(a)] < compnum) and (a < 1) d
begin '
a = a + 1;
end;
while (compnum < E[b]) and (b ° s} do
begin
b = b - 1;
end;
i iz b thon
Legin
TR S T
Elal = Elnh),

Fiby o o+ g



a = a + 1;
b := b - 1;
end;
until]l a > b;
if s < b then quicksort(s,b);
if a < 1 then quicksort(a,l);

end;

function quickpower(a:integer;c:double):double;

var r,d : double:
P : integer;
begin
d := 1;
repeat
P = 1;
r.:i= cC;

if.a 1 then ’
begin
d :=d * c;
a :=a - 1;
end
else
begin
while (p ¥ 2) <= a do

begin

unti) o=
quickpower := d;

ond;

176
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procedure FindE(a.b:douch;d:inchcr):
var w,c : double;
i @ integer;
begin
w ! 4 - b;
W = w / d; hwidth := w / 2;
1

0
o]
[=
3
ct
1l

J o= 0
repeat
delta := b + (w * count - hwidth):
c := 0;
for i := 1 to nl*n2 do
begin
meandiff := abs(random{i] -~ delta);
€ = ¢ + meandiff;
end;
¢ := (nl*n2)*10 / c;
meandiff := quickpower(nl * n2,¢);

J = j + (meandiff * w);

meandiff;
delta;

memArray[count,1]

memArray[count, 2]
c¢ount := count + ];
until count > d;
J =1/ j§;
count := ];
repeat

Eltm] := E[tm] + (j * memArraylcount,1] * momArruyIcohnt,Zl ¥ w);

Counts 1= count + J;
untii count - o
end

procedure drawcurve;
Vil Mol oarntege
hatod tateanet 1) ,
Sraphline o oareayi b 147 of hivie:
tturve Doarean b, L7011 af integer;

Lecore o doubteg



begin

wriLeln(lsV,chr(ﬁ?},'J‘

Kmod
for count := |
count := 1:
tm = 1;
tscore
repeat
if Eltm] >
begin

repeat

:= concat{chr(27), 'K’

«<chrr(24));
,chr[lGB]]chr(Ol)

to 70 de Curvelcount) := 0;

= =7.375E400;

tscore then

count := count + 1;

Lscore := tscore + 2.5E-01;

until (Eltm] <=

end;

tscore) or ( count > 70 )

if count <= 70 then

Curve[count] :=
tm = tm + 1;

until {tm > 1000)

Curve[count) % 1;

or ( count > 7¢ )

178

Vi

tm := 160;
for number :z= 1 (o 20 do
begin
for count := 1 1o 124 do 8raphlinc{count| := 0;
for digit := 1 to 8 do
begin
tm 1=z tm - 1
For caunt 1z g Lo G g
if Curvel{counran! tm then
For w 12 17 22 du
Canae o o
i ',{J"!g"rlIlll':1--lrlll"'-*sj mraphilvne s s e, L
oo ﬁl-ll!‘n!lll"‘i“llhl‘“1.-: Srapdelivet G ey

do '._;I‘.‘lj-h’lnl'lt't.llllll":fl".'.lj i

L urﬂphllnulruuh!*ﬁ+ﬂ] Tz

sraphlioeg.

PR B

Sraphlbon.|oo.:

LS ISR
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end;

end;

graphline(15)]

case number of

1,6,11,16
2,7,12,17
3,8,13,18
4,9,14,19

end;

for

for

for

for

case number of-

7,20 : begin

295,

count
count
count

count

graphline[1]
graphline({2}
graphline{ 3]
graphline[4]
graphline| 5]
graphline[6]
graphlinel| 7)

end;

begin

graphline(1]
graphline([ 2}
graphlinei |
artaphline| 1]
araphlione] )
Sraphline]| 6}
I
I IR TP

deaphline] 10

hiet

Eraphline|count*G+a)
graphlinelcount*G+a]
graphline{count*G+gn)

graphline[count*6+a)

11
11
11
11

I

it

n

to

Lo
to
to

graphlinelcount*t+n]+§;

graph]ine[count*6+a]+4;

graphline{count*6+a]+2;

graphlinelcount*G+al+1;

14
14
14
14

do graphlincIPOHnLI
do graphline{count]
do graphline[count|

do graphline[count]

179

1]

1"

128;



180

9 : begin
graphlinell] := i6;
graphline[2] := 152;
graphline([3] := 148;
graphline{4] := 144;
graphline[5]) := 144}
graphline[6]) := 144;
graphline[7] := 56;

end;
end;
case nunber of
2 : begin
graphline{9] := 32;
graphline[10] := 32;
end;
14 : begin
graphline{9] := 2;
graphline(10] := 2;
end;
end;
wTite(lst,kmod}:
for count := 1 1o 424 do writc(lst.chr{graphlinc[count]));

writein{lst)

end;

for count 1z 10 to 424 do uraphlinel count] = i28;

fur count :z 0 Lo 16 do graphlinelcount*zie37] :: 2i8;
graphlinecii| = 124:

graphline| 2] = 64:

graphlinep 3 = by

Braphline-p i = 6y,

Sraphl ine] 50 I

sraphlyne| 6} ;= I
araphlinel 7] ;- 128,

w:iLcilbL.Kmodl;
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for count = 1 Lo 424 do write{lst,chr{graphlinelcount |
writeln(lst);
write(lst,' - 1 6 5 q 3 . 2 1 0 1 2 3 1
writeln(lst,' 5 6 7 8 9 +');
end;
procedure PowerTest{a : double ; b : integer);
begin -
XT := sced;
Zeta := sqrt({variancel / nl) + (variance2 / n2));
clrscr;
writeln('Mean = *,a,' x ',zeta);
tm = 1;
beta(b] := 0; beta(b+l] := 0;
repeat
gotoxy(38,20); write(tm);
doubleGen(zeta * g,0);
count .:= 1;
grpl := .
grp2 :=

0;
0;
repeat
if {(count - 1) / 2} < nl then
begin
grpl := grpl + 1;
memArray(grpl,1] := random{count}:
end;
count := count + 1;
PO toount / 2) 2 i then
begin

srpl = grpl + 1;

memArrayigrpl, 1l 0= random|count |
v
iy ! P 1 P + L
O T I N A TEETRNTEC R I T
b-gan
HUPE DE o gqrp¥ o+ g
.
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memArray[grp2,2] := random[count};
end;
countl :2 count + 1;
if ({count - 2) / 2} < n2 then
bagin

Erp2 := grp2 + 1;
memArray(grp2,2] := random[count];
end;
count := count + 1;
until count > number;
for grpl := 1 to nl do
for grp2 := 1 to n2 do
begin
meandiff := memArray[grpl,i} - nemArray|[grp2,2]);
random[count] := meandiff;

count := count + 1;

end; ’
findE(4,-4,25); ‘
if E[tm] >= qv5 then betalb+l] := betal[b+1] + 1; T

if E[(tm] >= qvl then betal[b] := beta{b] + 1;
tm = tm + I;

until tm > 1000;
quicksort(1,1000);
writeln(lst,chr(27),'@');
drawcurve;

end;

BEGIN
SetNumbei;
SetModulus;
setconsmul ;
Futoxy 20, 18); write('Sacd = ') sreadint ooy
Nz oseed;

mimber 1=z {nl % 2);



if {(n2 * 2) > number) then number
tm = 1; '
ql 0; g5 := 0;

repeat

gotoxy(38,20); write(tm);
doubleGen(meanl,mean2);

count := 1;

183

= (n2 % 2);.

grpl := 0;
grp2 := 0;
repeat
if ((count -~ 1) / 2} < nl then
begin
grpl := grpl + 1; .
memArray[(grpl,1] := random{count];
gnd;

count := count + 1;
if {count / 2) < nl then
begin
grprl := grpl + 1;

nemArraylgrpl,1} := random|count];

end;
count := count + 1;

if ((count-3) / 2) < n2 then

begin

grpd = grp? + 1

memArray|[grped, 2] = random|count };
ond;

countl = coaut o+ 1

10 tleount - 23 4 oy 1n2 1hen
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begin
grpd := grp2 + 1;
memArraylgrp2,2] := randomléount];
end;

count := count + |;
until count > number;
count := 1;
for grpl := 1 to nl do
for grp2 := 1 to n2 do
begin
' meandiff := memArray{grpl,l] - memArray[QrpZ,Z];

random{ count) 1= meandiff;
count := count + 1;

end;
findE(4,-4,25);

if E[(tm]} >= qv5 then g5 := q5 + 1;
if Eftm) >= gvl then gl := gl + 1;
tm = tm + 1;
until tm > 1000;
quicksort(1,1000);
writeln{lst,chr(27),'@"});
writeln{lst,’E .05 = ' ¢|950]," E .01 = 7 c¢f840));

drawcurye;;
Powes Yout(7.5E-01,1 };
PowerToest (1E+00,3)
PowerToent (L HE+00,5);
e e

wriLedntdst chet27), et



writeln(lat, ' TAHLE BA\"ESlAN[Douherxponenlull Unifora 1),
writeln{let," Meant ¢ ' meanl,': variancel ¢ ' variancel,': nl = ‘.nl};
Hril.e'ln(l.ut.' Hean? « * mown2,*: varianca? « ‘.variance?,': n2 « t.aly;

vrlleln(l.l,':-.:.---z:=a.--e::-::-:-nr:----.--|-¢.|-.-..-n.-|--cv--lct-----lnl---llnnunq..g'):

vriteln{lay," i Probability of H Pover of test');
vriteln(let,"Sig! (ype | error HE e e R T L L PP, e LT T '}
vritelallay,* H : w s 754 : u < 1.004d H vo= )50
Mritelntlet, feememe Ll bl T T SETEES ey,

write{lnt,' 0% '.qﬁIIUOO.':'.hrhnlzl/loﬂol;

wrlteln(let,"! .bctlill/lDDO.':',bcln(ﬁ]floﬂﬂ§;

Hrilc(lul.'.Ol:'.ql/lDOO.':'.helnlII/IUOOI:
'.hrtnlJIIIOOU.':'.brtnISIIIOOOI;

writeln(int, '
urllqln(i;q.' .......................................... S e mme ..

EXD.

P
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sameé random = Q pair
1VVItf!**th!!!ttlT!117?‘*111*‘1‘131‘1'1'!!t'1t3111v1vtt‘?t?'

LR EEASELEEESEEEEE S S EE T EE T TR A EESRASERESEES EELER EEEEEEEIEE RIS
TfYtm!!lm&?*!tTﬁ!!ttl!!tti!t!tt*lttt*'Y?YTYIY!T!#R*V!!“Y'!'1?
l!ﬁt!mttmt!tx&!tt!1#*!111?!*11!1!!!3Yt*ttxtmt!*’!ttrr!#t!!t!!1t$1
1&t'!RMtt!*x*tltt!l!!*tt*!!??t**!tl&!ttt!tt!!tY!imi'!vttﬁ!!fﬁ?!
Frrex .txxmmtmmtttxmm*ttmxt!mmtmxmmmxmymrmt&mtmrJyn111fnt1
tmtttxtttmxvaYYYtYYTTYYYY ryy: LA RS S AE LA RS AR AL LSRR ST RS S S
!VYY*Y‘Y*YYYTY?Y!YY#?YXYYYTY*YTT? LA EALS SR LA A LS LY
1*YYYYT*ffYY?Y*Y?YYYYYTY*YYYYYT*#YTYYTY*!TTYYYY TEEY T Y
¥ TYYYY!Y!!!!*M*!!$**¥¥¥*YYTYY*TYY**Y*TYYY#T?!YY##*!Y?f!YYYYV?
v*xvvvthrvvrvvtvvvvv71vrtvvrvrvrvvvrvvvv*vvvvvvvvv
TEXEEXERE LR LYY tzmwtmxxt*xttxxmtxxmmtrrsx&ttrmxmt:
ttt¥¥$$¥tx1¥$$¥¥¥mwm¥tt$ 223+ 2L LR XTI LT AN SN Y
mmmxtxzxtxm**zmmt*xmmmtxmm*mmxzmtmm. XXX Y AARAS AL S S S
¥¥$t!¥***t¥!**x¥!m*¥¥m$¥m*t¥**$!$¥¥tt!¥!t¥¥!1!t&*t!*t*t!*tt
*?tt****t*tt!t**x**M**tttt!**tm*xm*tt*tt!!mt*tt!xt*t!t!ft*!t*t*
AR IR E LY XY TN XX R Y N
t1m*zttmtxttm**xxtmm*x*mmmwtmmtmmtzm XTI TR LT AR N LY
ttt:xmmt*zttmmthttz*tmmm*mmxxxtxmtxmxttztmxtxmtmw
xzmmtt*x*tt*txz*xzmzttm*mmmxztr*zmr*x:zxzmxmrsxmsmxmrxtxttxmzxt
chisquare = 5.4240000000L+00

UNIFORMNumber of the same data = O pair.

range from -1.7320057742E4+00 to 1.7310Z92B9%E+400
mean = -46.148701I9&3E-03 ) .

standard deviation = ?.97125979464E-01

Skewness = 9.7236306008BE-03

Kurtosis = -1,186598048ZE+00

FEEEXEEEY

EEEEERE T E
XX
ERRELEER L
EREEREER RN
EEXEERE L
ETEEEE L E
EXLEEEREN
EPET LT A
EEEE AL
EEELELERN
TEXETEERY
TEETEE L,
rrERey

XrERrrreey
TELXEEEXEL Y
TEXEXTLEY
TYYXEET LYY

TrEEErY YNy
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NONMAINumber of the same data = O pair.

range from -4.13Z27733522(100 to 4.0402X72,01710 100
mean = - 5.5604050740C- 02X

standard deviation = 1.005012138520100

Skewness = 2.77942454174C - 02

Kurtasis = 2.763660074670-02

¥

rerey

EXXFEXXERETY

EXELELEEENER LR

EEEEEEL R LR TR Ry
TR R e
L2224 332232322383 FFES £ T 1Y
FAEEXEE LT AN LR,
FEEXREEEEX RN

EEEEXEEXEXEEES

rXEXE

e

X

DOUBLL EXPONENTIALNumber of the same data = O pair.
range from -6.24995702I37E+00 to 7.9553481170E+00
mean = -5,161B6554682E-03

standard deviation = 1.014741110%E+00

Skewness = 2.37838186826-02 :

Kurtosis = 3.5937108074€+00

£ 3.4

L2+ 4438

XEXLXTNELEELE LT
txtmmmmtt*t:*tx:xttm*xm:xttmtxm*x*xmztuztx*mxmtz*xvvtiﬁxt*x*mmzmmt
xxxmmtttx*mmxmtxxtxxm:mmm!mxtmmm*m*tzzm*txztxzm:xm*xmxtxttxx!mmt*m
AL RN LR
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T .05 = 1.026470%6900+00 T .01 = 2.6242Z507070 100

100
1

-
-

o Y T T T Y
? & S 4 X '
1

T
7 [A 5 4 z

TADLE T SCORC Test (Normal & Normall
Heanl : 0.0000000000L +0Q0: variancel - B
Meand : 0.0000000000E 100 variancel - a
Frobability of ' Fower ot
T, Ly 1 s&rror !
; : u LS : TR N o1 v [V o

.0L] 5. 50000000000 O 1.7000000000C 01 T.4100000000( 01 LLATeoLue
-0t 1.1000000000C 02! 5. 20000000GCOC 02 7.400CC03%000t 0 te luleplel}




PP 1 .G450DL5740C + 00 LIS + § TLI5ITI220510400

J
4
-
]
q4
+
- 3 T ¥
7 < S5
T T ¥

Hit

Latodia | et d Ly

il

T T T
7 & 5
|
1
¥
A
i .
4
=
hl
1
4
B T T T
7 [A 5

TABLE 7T-SCORC Test (Normal & Normal)
Hean} = 0.0000000000C+00: wariancal
Hean2 = 0000C00CO0E+00: varfance?

1.000QQ00000C+00: nl ]
5.0000000000C400: n2 3]

. Probability of

'
'

“i3. twpe I error e e e

«T50 5. 7000000000C -02 ¢ 1.0400000000C-01} 2.4700000000€-01! 4.0000000000€-0)

31, 1.2000000000C 02

+ 5.3000000000C- 07" 0.I000000000C-02! |.0200000000C-0]
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T .0% = 1.0025001000C100 i .01 = 2.72472200750100

L

I T T T |

-
-4

il

T T T T
? & S 4

TADLE T-SCORC Tast (Norma)l & Normal)
Heanl 0.00000000C0C100: variancel = 2.0000000000C100: n]l = 0O
Hoan2 0Q.00000000C0C100: variance? = 1.0000000000C+00: n : 14

PFrobability of | Powar of tast
type 1 ,error R
i

u : .75d H u z 1.00d : v : 1.50d
5.4000000000C QT 1.0000000000C-01! 2.4000000000C 01 4.2100000000C Ol
1.4000000000C 02! 4.%000000000C-03! 9,6000000000C 02! 1 .7600000000C D)

4ol m R m m e e e e mm .

nou
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I .os 1.7370004140 100 1 .01 : T.Ll4LINL1L0 00

w P
-
d

A
= Y T T T T T T T
7 & < 4 [A 7 a 7
é—
4
bt & T T T T T T T T T n
7 A s 3 M < S [A 7 a a2

TAGLLC T -SCORC Test (Hormal & Haormal )
Meant = 0. 00000000000 100: variancel]
Meanz = 0.000000000QC+00: variance?

"o
[+]
[~
o
o
<
O
o
o
=]
=]
m
[e]
[+]

Probability of H Powar of test
tyoc I arror : Ce e e e 4 e a a e e i m e a e . - - - . .
Fl H u = ,¥5d H v = 1.00d H u T 1.%03

SA9%0 L.200P000000C O2! 1,0Z00000000C 0l 2.5200000000C 01! 4,3100000000C 01
.01 1. %000000000C 0] 7.0000000000C Q2! 1.0L00000000C-01) 2.0000000000C O1



T oau - 1. S5 T1425C100 LI < J s

4
-
? 4 5 4 : 1 0
TAOLE T SCORC Test (Mormal
Maan] = G, 0O00000000E 100 :
Heanl €. 0000000000C100:
. Probability of
vigl tycesl error :

CL  5.L000000000C 0!
1! 1.L000000000€ 02!

T.0100702¢400 00

1
1
1 2 I 4 b & 7 a it 1
4 Hormal}
5.0000000000C100: nl : N

variancel :

variance? 1.0000000000C 100

Power of tezt

i v }.00d . w1508
2, 57000000008 01! 4. L.000000G0C 01
1. 02000000000 1! 2.010LO000C00C O
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i .09 = b, 7075300770100 1 .01 = S.TAAL LTI 000

;1
o 1 1 L T T T T T F
M 7 & S 4 & 7 o 9
b=l
=2
= T T T T T T T T
? A s 4 (4 7 i) 7 4

T
7 [/ < q 2

aoLlC 1 oconr test o

Heanl = 0.000000Q000L100: variancel L.0000000000C100: nl = @
HMean = 0.0000000000C100: varijanca? 1.0000000000C100: n2 : TO
Frocability af . Powar of tast
Lyw I arrgs H
H y : .7%a H u = 1,004 . u : }.50d
e e e i o e aceeaa A m e e e e e e e e e e T
L0501 ©.3300000000C 02! i _0700000000C Q1! 2.&100000000C Q1. 4.3X00000000L Ol
-ULD 1.5000000000C O] 7.T7000000000C 07! |,0700000000L 01! o.1700000000!( !
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1.0y Lot 1% 100 LI+ A 1. AL0U3aU T 5 100

YT Ty T e L
- & 7 a bt I |

r__|,|1|’._1||

3

Ii

aIx}
S U VYIS N WO ST S UUP T N S ]

1

T e —r——r
4 s & 7 a 9

auc T ZC0NC Test "Louble & Dovbled
: 3.00000000Y0OC 100 variancel : 1.000000C000L1I00: n] =
D cleldTelelolsTo] variance? 3.0000000000C00; n? - B

frocatility of

) .
Il X1 2 LVD; 1 earror :
: . o 74949 u 1.undy : u T 1.%0a
.05, 2.0000000uUDUL O3 1.016520000CL 0L 1 .7000000000{ Q1! 4. 2000000000 G
LO3 I 0. 00U000CTLVL 100 ; & . Q042000000 03 S 10000000001 A

290000Q000C 01
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? L < 4 z 2 S & 7 x1 T

TagsLt, T SCOnC 1ese Doutle & Louble)
Maan] ©.0000000000C 100 i variance} - 1.0000C00000C100: a1 o
0. 0000000000 1 00: variancer : 2.,0000000000C [+1s P |

. ' L X ] N uo: 1,00 H v = 1.50d
T ULLO00UoOOL Vi I H100000o0OL 0] . T.1lI00000000C 01 P 4.a2000000U000 01
2. 00CO000VLYL 00, .. 000000Q00Q0L o3 1 2.2000000000¢ o, 1.40000000001 0}
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00
T TS SO S S T B A T S S B |
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[a]
L

o
(2]
(3]

L S Stk S It ety ol

b & s 4 h 2 1

TauLL T 50U test (Double & Double
Heanl . Q. 0000000000C100: variance
Maan? = 0. 0000000000C100: variance

v Probavility of ¢ Powa
v1g; Lype ¢ error M -
H w z _7%d
L 3.0000600000[ 0L 1.2400000000C Q1 1.
0D 0.00000000001 +Q0] ). 0000000000T oz, X

re b s

)
1= %.000000000QLI100: )l = O
1.0000000000C100: ni* = 14

r af test

u T 1.00a H v T 1.50g

FI00000000L 01  a,50000000000 01
LO00000000L O 1. 50000000000 ©I
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Tabg T SCORL Pest (Doukble & Double)
Muean] - 0. 0000UEODO0L 106 : varijancel : 2. 0U0U0C00000L 100 ;
variance™ :

i’robab\ln, or :
BN Lytoe A nrra;

LeLL 2. OOOOOUOUOO'; oL - 3200000Q00C 01, o -40G0000000! 01 -7100000000L 0}
SOl 000000000001 100, ODOOOOOOOOC oo - 10000000001 ".' UGOOOOOOOOC L]
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TauLl 1 Suoin Jest (Doubla 3 Louble}
Mean] : 0.0000000000C YO0
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o

roLe#nility ot
Si3) type I error

SO S 0000000000 L3 [
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TADLC T SCORC Test (Couble & Dauble)
: 0.0000000000C100: varjancel 5.0000000000C100: nl : O
0.0000000000C100: variance? 1.2000000000[100: n2 = 20

i Protatility of . Powar of tasl
Cig! tves | crear : . - .
. ’ ' u & ,.75d H u * 1.004d | u T |.50d

-0L, . 0000000000 O 141000000000 Q1) 2.5700CG00000C Of:  5.0200000000[0 0!
SCHD O 00000000001 t90 ) 1.2000000000C - 02  5.0000000000C O .0-00000000[ O
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T .05 : 1.027%50L7750 400 r .oy = 2.9501I770770400

T ¥ T L
& 7 0 hel [l
T T T T

TABLC 1 Tconf fest (Uniform & Unitorm)
Feanl = 0.0000000000C100: variance] : [.0QQ0000000C100: nl = O

< Z.000000000QC+00: nY

variance? a
. Probability H Powar of tast
Cig! tymwe | ercor H -
H [ : Uz .75 H u I 1.00g . v T 1,504

L0%)  5.40000000000 02!
00 1.2000000000L O

1.6700000000C-0L; 2, 2300000000C 01! =.00000000C0L O}
5.1000000000C 02 B,0000000000C o] 1.5200G00CC00L0 01
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1 .05 - 1.074904a00101at 00 T .01 = 2.79046000L14 21 100

o]
F U P |

T T Tty
7 [5 < 4 < 2 1 o 1 2

[ 2]
a
-
&
-
=}
v

TADLC T =CONC Test (Uniform & Uniform)
0.0000000000L100: variancel = §.Q0Q0C000000 00 n: - i

. Probakility ot
Sig! type 1 error

L0501 L. 30000000000 02! 1. CL00000000C 01  2.2500000000L Q) 1.72200000000C 0}
LQ17 1.0000000000C OO S.0000000Q0000 -02!  0.4000000000f O 1 .5200000000C 01
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TADLE T -SCONC Yest (Uniform & Uniform)
Meanl - Q.0000000000C100: variancel
Hean? 0.00000000000100; variancel
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-Classical inferential statistics required some assumptions
such as narmalityand homogeneity of ﬁariance. When the two sets of
observationsréame from non-normal populations where the variance were
unequal especially the smaller samples were drawn from a population with
higher variance and the larger sample from the lower variance, the
clagsical infefential statistics were unsatisfactory. From previocus’
studies it was evident thét a suitable procedﬁre still could not be
found. The Bayesian statistics had been'suggested due to the more precise
estimation. Hence it was to be further investigated in this situation.

The purpose of this study_was to compare propability of type
I error and power.of  the test in testing hypothesis concerning two means
from two diverse populations between the Classical approach and the
Bayesian approach. -

The Monte Carlo simulation.was employed with 1,000 replications
to derive at the actual sampling distribution of the Classical inferential
statistics and the Bayesian inferential statistics. From the sampling
distribution; the frequency of difference between two means were counted
at the significant level of 0.01 and 0.05. Such frequencies would be
used to compute probability of the type I error in the central case
and power of the test in the non-central cases then the two probability
values were compared. |

The result of this study showed that in case of the two sets
of observations from non-normal populations where the variances were
unequal the Bayesian approach should be used instead of the Classical
apprqach, especially if the populations were distributed as double
exponential except when the smaller samples were drawn from the populations

with higher variance.
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