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Abstract 
The purposes of this study are to propose simple linear resression model based on balance ranked 

set samplins and to check the accuracy and reliability of simple linear resression model with balance ranked 

set samplins. The investisation was done mainly via simulation study. Finite population was senerated by 

simulation plans. Then, ranked set samplins was applied so as to obtain sample data to create a model. The 

criteria use for consideration of simple linear resression model are coefficient of determination ( R2 
) and 
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mean square error (MSE). It was found that the simple linear regression model was sampling by balance 

ranked set sampling when increasing sample size for cycle of sampling at 1 cycle ( m = 1) to obtain a most 

coefficient of determination and at least MSE. 
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ABSTRACT 

The purposes of this study are to propose simple linear regression model based on 

balance ranked set sampling and to check the accuracy and reliability of simple linear 

regression model with balance ranked set sampling. The investigation was done mainly via 

simulation study. Finite population was generated by simulation plans. Then, ranked set 

sampling was applied so as to obtain sample data to create a model. The criteria use for 

consideration of simple linear regression model are coefficient of determination ( R2 ) and 

mean square error (MSE). It was found that the simple linear regression model was sampling 

by balance ranked set sampling when increasing sample size for cycle of sampling at 1 cycle 

( m = 1) to obtain a most coefficient of determination and at least MSE. 
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1.3.1 bb~'Uf11'.i":il'16'leJ\16ii'eJ:W6'1 
'U 

l\91f1U'.i:::?l-:i~ n1'.iA n~1'1Jel-:i 1R'.i-:i n1'.i1~t.Jdb ~B?1~1-:i Al bb uutil'lnB t.Jb 'll-:i b~'Llelcl1-:i~1t.J.n1t.J1~n1'.i 
' 

~:wtf11 B cll\I bb UU'ill'l G'11tilu 11i11'lfl bbfl~ M'.i1 '<\J?IBUA11:wtin~B.:i bbfl ~ri11:wu1bzjB~B11i1''1Jel\IA1 bb uutil'lti elt.J b :a-:i b~'Ll 
'I 'I 'I 'lJ 

' " 
Bcl1.:i~1tJLileltil1B81\lm'<\J1 n m'.i61:w A1B81.:i bb uu'ill'l~1 tilul'li;:i ii bbt.:-J'Ll m'.ilil1fl B-:i.Um.Jfltil-:i'Ll 

'I 'I , 'lJ 

1. U'.i:::'il1m~fln~1?1~1.:i~'Llmmt.J1~f11'.ibb'<\JrnL'<\J\IUf1&i (Normal Distribution) 11'lt.J 

n1V1'Lll'l 1,X.LJB:wG1'l.h:::'lnmiJm111~11~·wsnu !'.i''Llflt1-VB:w"f!LJ~~'IJ1mA1 bb1J~~?1~~ C x) blfl~r.11bbU'.iA1:w ( y ) ii 
'IJ 'IJ 

m1:w~:w~'LlBn'Llb'll-:ib~'Ll\91'.i.:i 

2. n1V1'Lll'lA1?1V1~:w~'LlB p (Correlations) ~1V1foA1bbthB?1'.i:::Lrn:::A1bbU'.i\911:w bbU\I 

BBmll'Ll 3 '.i~tilum1:w~:w~'UB 11Y1uri 

1) '.i~tilum1:w~:w~ut5mn f1Biiri1 p Bt.J1 u-d1\I o. 71-1.00 
'IJ 

2) '.i~tiluri11:w~:w~ut5'l.J1unm\I Aeliiri1 p Bt.J1 u-d1-:i 0.31-0. 70 
'U 

3) '.i~tilum1:w~:w~'Llt5~1 Aeliiri1 p Bt.J1u-d1\I o.oo-0.30 [Ratner, 2009] 
'IJ 

3. '1J'Ll11'1U'.i~'il1f1'.i ( N) ~Af1~1bvi1nu 1,000 

4. '1Jt!11'1'1JB'1A1elV1\I ( n) Vlflf1~1 AB n = 5, 10, 30, 40, 50 [Voorhis and Morgan, 

2007] 11'lt.J~ n = mk zj\I k AB '1J'Ll11'1M1BV1\llt!f11'.i~llbb~fl~'1ll'lM1BV1\lbbfl:::bll'Lllil1m'Ll'ill'lM1elV1'1'1Jel\I 
' ' ' 

f11'.i~llbb~fl~'.iBLJ bbfl::: m Ael l\J1mmelu L 'Llf11'.i~lJA1elV1\I 
' ' 

s. Y'i1m'.ivil'lriel-:i~1 1,000 ri~-:i 1 mL~fl~?1mum'.iru~n1V1ul'l (l\J1mum'.i'Vll'lflel-:i 1,000 

A~ \I 1 t!bb~ fl:::?\ mu f11 '.i ru b l!ul\J 1m 'Ll f11 ~'Vl l'l [1 el\l~lJl f1'\"I B 1t!f11':ilil1fl B\loLJ ellJfl A -:i 1 t! f11 '.i A f1~1f11'.ilil1 fl el-.1 
'IJ 

oLJellJfl'LJel\I Alexander Levis bbfl~ John A. Sokolowsak and Catherine M. Banks) [Levis, 2017] 
'IJ 

[Sokolowsak and Banks, 2009] 
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~1 n bbt:H~fl1';i'<i11ff€l-:JoV ullfi ~::;v\'1 fl1';i'<i11;;:i '€1-:JoV €lllf1U';i::;'tl1 m bb~1vl1 fl1';ici11 lii'1 u cJ1-:i bb 'U'U'llrl 
'U '\J 'I q 

'11"1'U 1Ari;;:i b ~uvi'1m';i?l~1'1lil1u 'U'UtwrnuCJ b :S-:i b~'L!e:icJ1-:i~1CJ b ~um1~?le:i'Um111flnMB'1 bt,;;:i::;m1mh zje:iQe:i 1A 
' " 

1.3.2 nT;jrt'.i'J7ilflB'UR11:1.mn!Xti.:i bb6l~R11:1J1.i1b~B~B Hf 
" 

n 1';i ri ';i'J~ ?! eJ'U ri1111flnM'u-:i1,1,;;:i::; ri1111111bzj'i:lQu1A'll e:i-:i (1)1 bb 'U'U ti ri fl e:i CJ b :S-.:i b~'L! B cJ1-.:i~1CJ1,~ '€l 
" 

1111ucJ1-:1111~1nn1 ';i ci11 lil1 e:i cJ1 -:i bb 'U'U'il ri '11 rl'U ri ;;:i Y1~ 1';i ru1~1nr11~111.J ';i::; ~'\flt n1';i Ill ri ~'L! 1 ~ bbfi::; r11 ri1111 
' ' ' ' .., 

flf11rlbfl~'i:l'L!rl1~-:J?!'€l-:J r1-.:i1'.l [Dou~las and Geoffrey, 2012] 

1. A1~llU';i::;~'\lltm';i\ilri?l'Wh (Coefficient of Determination) 

R1= 

2. A1bQ~CJfn1llflf11rlbfl~'i:l'L!n1~-:J?!'i:l-:J (Mean Square Error) 

MSE(f) = E(f-Y)2 

1.4 ·1.h~ 1ci"!ltl~1~!ffu7il1nnT;jAn~1 
1. 1Alil1 bb 'U'UflrlflB m :S-:ib~'L!flritiuCJBcJ1-.:i~1CJmCJ1M'm';ici11lil1BcJ1-.:i1,b 'U'U'llri'111'11J 1Ari;;:i 

' ' ' 
2. b U'L!bb 'L!l'\111'1 b ~ ufi n'tf1 fl1 ';il bfl';i1::;~ti ri ti e:i CJ b :S-:i b~'L! '€l cJ1-:i ~1CJmCJ1M' fl1';j-ci111ii'1 u cJ1-.:i bb 'U'U'ilri(;\'1"1u 1A ri;;:i 

' ' ' 



d 
'U'Vl'VI 2 

Q.I Qi/ 11 IOJ I 

\911 bb 'U'U 11VI11 el ti b "I.I .:J b61'U el tl1.:J .:!1 tl\11 fl fl1~61 ii \911 el tl1 .:J • 
bb U'U"l.f \91~1~u 1~ vi~'Gl1V1{u1.h~"l.f1n~eJ'u\91~ • • 

2.1 F1',rn.Jtl1 

f11'.i~1i1v'l1iu6'1~tl~·hvifotl'.l::;'1nmB'uM::; V1~'€Jtl'.i::;'151mq;\'1f1191 (Finite Population) zj'IG'l1JJ1'.itrvl1 

f11'.itl'UVIUlCJU'.i::;'151m 11Ku81-:iA'.i'Utll'L!Ju 11'1CJ~'L!~1'L!bbfl1'.i::; bUCJu15~11l'~u n1'.ir\'1:u::; 1 u (Census) bbMf11'.i 
"' 

r11:u::; 1 'UtJ'.i::;'151mdv-:iil1Juq;J1f1191u8V1mCJtl':i::;m':i r\'1V1fo 1umru~tJ'.i::;'151mil'llu1l'l1 viru bb'fi::;V1u1CJtl':i::;'151m v v 

m::;'11mrnfl 1 tlm:U6'1JlTVl/'v11-:iJliJA1?1M1 efo 1"1 bbn rn'n uriri~1m bb~::;-:iutl':i::;:i.nrub lJuq;\'1m'U:i.n n 1 um':i 
v ' 

\Yl1b'\Jum'.ir\'1:u::; 1 UbbM~::;ri~-:i 
"11CJ1J'uq;\'1f11911J1-:iM'u Dium~-:i1"1ilm':i~~m':i::;buCJu15n1':ibnm1m1:uiu:u~~b~CJfl11 f11':irl1'.iT'il v 

1'11m.h-:i 11'1CJv'l1 f11'.ibnm1m1:uiu:u~ b VlCJ-:iu1-:i~1u'lJu-:J'LJ':i::;'151 m Dium 11Kil f11'.i~~m15m':i611'.l1'11'11u81-:i v 

~~-:im1:ui.l1v::;blJU bb~::;1"1~~'L!1bU'L!'\!1~1j5f11'.irl1'.i1'1M1'€J81-:i (Theory of Sample Survey) b~uv'l1f11'.i 
'€J '\..! :u 1'L!1 u e) 'U ~ '1::; '€J 5'U1 CJ 6'1Jl1'\AlA11:ublJ'\..!1tJbMCJ1 n 'U tJ ',i::; '151fl',iJl1CJ1Mfl',i'€J'Ufl1 '.i A f11j11 'U b :il-:i '\Al ',i "j ru '\..! 1 

' 
(Descriptive Inference) 11'1CJf11'.iU'.i::;mruri1~n1jru::;tJ'.i::;'151m (Population Characteristics) B'u1"1bbn 

CJuli1'.il:Utl'.i::;'151m ri1bu~CJtl'.i::;'151m ?(191~1t!tl'.i::;'151m bb~::;BM'.i1~1t!tl'.i::;'151m bU'Ubdu-:iM'u"1-:i William G. 

Cochran Mn~11Hlt! Sampling Techniques [Cochran, 1977] 

1~'.i::;CJ::;b1~1Diu:u1 bduM'u-:i fl1':iuu:u1uvi~u~l'lv'l1iu6'1'.itl bMCJ1 nutJ'.i::;'151n'.iBt!M::;1 ub :il-:i1 bA':i1::;ih 
' ' 

(Analytical Inference) :.\i-:i Milm'.iU1 bb m Fl\91rl1Vl1''Uf11'.i~\91vl1iumtl61'1V1fotl'.l::;'151 muuu iimtl'.i::;CJfl(i"l11l' 
9 ' 

b~'L! f11':i6'1~1-:J~lbb'U'U'\!11'16'1~M (Statistical Modeling) bU'L!M'L! [CJ'l~'\!lli hCJ'\Al-:JA, 2552] 

2.2.1 u-a~'ll1meJ'Ul'l~ (Finite Population) 

A11:UVl:lJ1CJ'lJ'€J'IA1l1'\J'.i::;'(j1mr11vi1'u1uri11moif11 '1rl1V11''U~AA~vi'11 LJ Vl~B 1 'U6'11'lJ1l'151~'U '1 
,r'U '€J1':\IVl:IJ1CJA11:Ub VlCJ-:J'UAfl~ Vl~'€Jfl~:UA'L!bvl1,r'U bbM61'1V1fo 1 u'Vl1-:J6'1~MA1?!\>11tiu '\J',i::;'(j1f1':i~Afl1j1 hJ1"1 

' ' 
Vl:lJ1CJtl-:JbQ'\Al1::;fl~:Ufl'Ubvl1,r'U bbM'\J',i::;'(j1m1U'Vl1-:J6'1~~A1Ml1 ~'€) f1~:Ufl'L! ?i'M1 ~-:J'lJB-:J lMfl fl~1fl ~~~~(fl 

' 9 ' 

'Vl1-:Jf11'.ibf11jl'l'.i Vl~uu::; 1'.inbbfllbbM~u8mCJ1M'muuri11:u6'1uh v 

zj-:iQ'1vi1fltl'.i::;'151m~Afl1j1tiubnl'1~umCJ1M''1mum':iru V1~un~1nb:il-:i~:u"11CJ~-:in~um1:u 
' 

U1':\J::; b U'U b~ CJl nu bbfl1tiu Jl1CJ1M''Vl~1j5 fl1':iffli:1.J1U'\!11'1?!~~rl1Vlfotl'.l::;'151 m BU'Uii b '.i1 n'1::;6'11m':it185'U1 CJ 

tl':i::;'ll1m~An1j111'1CJf11':iu6u1CJfl~1m :il-:i~:u"11CJ~-:in~um1:utl1'1::; b lJ'U~v'l11 iX bn\91'\J':i ::;'151m V11mbDi1?11:u 
' 

6'1Jl 1'\Alm1:u b lJu '1~ -:i bbfbtiti v-:iil'\J'.i ::;'1J1 n '.i'U1-:i'\J':i::; bJl'Vl~il f11'.i b tl~ tJ'L! bb tl~N u 81?1~u191b1~1 '1'\..! hJ6'11m ':i fl e:i6u1 tJ v 

tl'.i::;'151 m"11CJfl~1m :il-:i~:u "11 CJ~-:i n~u A11:uiJ1'1::;blJu11'1 11"1 u81-:i b vim ::;(l:u bb~ ::;il'\J'.i::;~'Vl6m'\AI [tJ-:i tJ'Vlli 
9 9 

hCJ'\Al-:iA, 2552J 

bb m'\!11-:i bbnu 1\JVl1Vl~-:i 1 um':iu5u1t.Jtl'.i::;'ll1 m ~il~ fl1jru::; "1-:i n~11d IY11 b 'Llu m'.i 1191 CJ n1V1u\91 

mu'Ublfll (Sampling Frame) 11Xnutl'.i::;'151m1 U'lJru::;~v'l1m'.iAf11j1 zj-:ibduv'l1m'.ln1V1u\91mu'Ub1~1bbfl1 
'\J',)::;'151m~6'1'L!1 ':\)A fl1j1bVI~1-d n '1 ::;?11:1.J1'.itltl'Uq;\'1muvitl1 CJU'.i ::;'(jlfl':i 1"1u81-:i A'.i'Utll'U :.\i-:iv'l 11 iXm :IJ1'.i fl 'i:JG'U 1 CJ 
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f{ n-1.'fru:::tl'.i:::'lnm~A fll'J11(ilei 81'livi b '<il'Ll~'l~t1611V1-ru 1t1'li1'lb1 ~n~1(il n1V1t1vi~t1Jt1 1t1'Vll'l?I~~1'11?!A5b~tifl 
tl1:::'lnm 1 t1f1fll'Jru::: b 'lit1d-hu1:::'ll1 meJ'UA::: \i\''iiiw11ti1~u m AM b 'lit1d tl1:::'ll1meJ't1A::: 1 t1'Vl1'1?1~~m?!A~~-:i 
bUt1tl1:::'ll1m~?11m1ni!u"i\'1mt1V11..htitl1:::'ll1mMei81-:imut11t1 Au:lJ'U'UlM N mhti 1Mtiriruf1fll'Jru::: 

' 
'Uei-:itl1:::'ll1m~~ei-:im1Pifll'J1iit1b llt1A1A'I~ ~~Mei8nu bbM'1:::V1t.11 CJtl1:::'ll1m bb'1::: hl?11m1n b tl~ti'Llbb t!'1-:i 1(il 

'U 

[Cochran, 1977] 

2.2.2 'Vl~~~f11'Hh'.i1~1'11e.i~1-:i (Theory of Sample Survey) 

'VI til'J5 fll '.i 61111'<ilFl'1ei81 'I b U'Ll'VI til'J5 ~11 (il1 CJ fll'.i Pi fll'Jl bb t11AM1'Lln11V116if u?11u611V1-ru 

tl'.i:::'lll fldeJ'UA::: 1vi CJ f11'.i611 '.i1'<il Fl1fl81-:i~fl-:i A11d.JL11 '<il::; b U'Uzj'lvll fll '.i f11'.i bnlJoif fld.J'1 b V1 CJ'llJl'l ~1'U 'J 1 flU '.i :::'lll m 
'U 

V1~Bf11'.i~:J.JV1t.lwtl1:::'ll1m~t1m"il1mt1V1rj-:i OJ1fl"il1mt1t!1:::'ll1m N mhti bb~Tt116ifei:J.J'1~1v11:Jv11m1 
' 'U 

tl1:::m ruA1f1fll'Jru:::tl1:::'ll1m b ~uei5m CJtl'.i:::'ll1 m~'IVIJ.JM zj,:i b U'Ll~bb Llt1Bt111 A1f1 nl'Jru:::tl1:::'ll1 m~1(il'<il1fl 
tl1:::'ll1mbV1CJ-:im-:i~1t1J'U8u:J.J:!Jm1mbAflM1'l'<illnA1~l~OJ1fl611:J.J::: 1 t1 V1~eiA1'<il~'l'llu'ltl1:::'ll1m ~-:iv111 ~bnvi ., ... "" fl11d.Jt-JM'v'j'11M'U'U 

m1:J.Je'.JM'v'jmvi~bnvi~t1iit1m'<ilm'<il1n?11b111A 2 u1:::m1 Aei bnvi'<iJ1flf11'.ibnrn1rn1:J.Joifud.J'1 
' 'U 

b V1 CJ'llJl'I ~1'W'UB-:Jtl 1:::'111 fl '.i ~-:iv111'IXA1~1v1hJ?11:J.J11nei6u1titl1:::'ll1fl'.i1~ei 81-:infl ~ei-:i zj'I ri11:J.J ~ M'v'j'11M~ 
'U 

b~ CJflll fl11d.J~V1'v'j'11M'<il1fl f11'.irj:J.J1'11ei81'1 (Sampling Error) bb'1:::A11:W~M'v'j'11V1Bfl?!1 b Vl~Vlrj'l€ll'J bflM~'Ll 
Afl'U f11'.i b nrn1rn1:J.Joif ud.J'1 fl1'.iU'WVifloif €l:W'1 bb'1::: f11'.iU'.i:::m'1 t-J'1 b~ CJ f1A11:W ~ M'v'jmMd11 A11d.Je'.lV1'v'j'11M~ 

'U 'U 

hJ1(ilbnMOJlflf11'.irj:J.J1'11ei81'1 (Non-sampling Error) 

n11611110J Fl'1u81'11 mb m'Vl1-:i~fl'IA11:J.Jt.110J::: b ut1ii'Wb U'U~ tiu:J.J-ru b ~B-:JOJ1 fl?!1m1 nmtJA:J.J 
' 

Alld.J ~ M'v'j'11 M~ b n M'J 1nfl1'.i~d.J Fl1fl81'1 bb'1::; t)',j::; blJ'U '.i::; "1u A11:W ~V)'v'j'11V1'U fl'I Alt! ',j::;d.J 1 ruf1 nl'Jru ::;t) '.i:::'lll fl '.i 
' 

OJ1 fl'if B:l,j '11'11u81 'I bb'1::: 1i'll'Ll1M1'11B8 l'IUB CJ fll 1fll1rjJ.J Fl'1ei 81-:i bb uueJ' A A:::1~ CJ ~'I 1~~~'Ll1 b U'U'l'lt]L'J5 fll '.i 

611110J~1ei81'11 'W~?!M [Cochran, 1997] 
' 

2.2.3 f11'.i*J1'11e.i~1.:ibb'U'U~ltJ (Simple Random Sampling) 
15m1611110J~1ei 81-:i~fl'lri11:J.Jt.110J::; b U'Ll~flfl~ ~'Lll~'Llm bb 1 fl?! MAB m 1~:J.J~1ei81-:i bb uu~1 CJ 

'U ' ' 

1 'Ll f11'.iVl1-if €l?!1U 611V1-ruu1 :::'lll f\deJ'U A:::ii'U f11'.irjd.J Fl1fl 81'1 bb lJlJ~ 1mum1fl~l'U611ri' 11!~~ vi 611V1fo'VI tll'J5 f11 '.i 

611110J~1ei81-:i zj'I b~ei:!Jm1iJCJ1:wtl1:::'ll1m~?!'Ll 10Jbb~1 m:::lJ1'Llf11'.i~J.JITT1€lV1'1 bb lJlJ~lCJ b~d.J'<ill flf11'.i~:wvit.11CJ 
' ' tl1:::'ll1m~t1mVi'1:::V1Ll1CJ OJ'UA'.itJ"il1mt1 n V1t.11CJ OJ1fltl'.i:::'ll1m~'IVl:J.JM N V1t.11ti 

fl1'.i~:J.J~1ei81'lbbtJtJ~1CJbbl!-:i1(il 2 f1fll'Jru::: Aufl11~:J.J1'11u81-:ibbtJtJ~1CJ1~At1 (Simple 
' ' 

Random Sampling with Replacement: SRSWR) bb'1:::m1rj:J.JITT1€JV1'lbblJlJ~1CJhJ1~A'U (Simple 

Random Sampling without Replacement: SRSWOR) zj'lfll'.irj:J.J~1ei81'1 2 f1fll'Jru:::d v111~6if€l:!,j'1 
~1ei81-:i~1(il:!J A11d.Jt.l10J::: b llt1611V1-rlJ fl 1'.i1~m..h CJ ~1u81'1 bb~'1 :::V1t.11 CJ bb'1:::~'1 ni 'UA11d.Jt.1T~::; b U'U'U€l'l f11 '.i 

bflM~'U'Ufl'l'llM~1fl81-:i Ml'l n'Ll \i\''iii'Ll~'l~'lt-Jr11 'IX~1tJ1:::mruA1f1 fll'Jru:::tl1:::'ll1 m~1~:!JA11d.J bb t!'JU'.i1'UM1'ln'Ll 
' 

fll'.i~:J.J ~lei 81'1 bb uu~1CJ1~A'Ll:!J m:::m'Ll f11'.i~:J.J Fl'1ei81'l b~:J.JOJ1fl ~:J.JV1t.11 CJtl1:::'ll1m~'Um b U'Ll 
' ' ' 

~1u81'1A~'l'1::: 1 VIL11CJ bU'Ll"il1'Ll1'U~'IV!:WV1 n A~'I 'J1flU'.i:::'ll1fld~'IV!:WV1 N VIL11CJ zj'l:!Jb~€l'U1'U'Uu'lf11'.i~d.J 
' 

AB 1t1bbM'1:::A~'l'lJB'lf11'.i~J.J~1ei81'1ii'W V1t.11CJtl'rn'll1m 1M~flfl~:J.J~'Llm b ut1~1BV1'1 bb~10J:::n mllflf1LJ A'Ll 1 tJcJ'-:i , ~ , ~ 



6 

'\.J~::;'1J1mBn ii'LlAti V1'111t1'\.J~::;'1J1m 1ri~tifl?ill~'Ull1LL~1"il::;ilbtim'1tiflrimiJ'LlA1tith~1 'LlA~'ll'lti 61 1 u1A' VJ~ti 
'U 'I 'U 'I l 

V1'111 t1'\.J~::;'lJ1 mV1'111 m1'Lli1fa fl1 '1ti flrillm n n11 1 A~'lA1 t1 A11ii'l11"iJ::; L'U'U~ L v11 n'Ll 
" ' 

m~viri'1ti'l~11~1V1~'U m~~ii(fi1titJ1'l LL uu~1t11~A'U Ati m~~11V1'111 t1'\.J~::;'ll1 m~'Llm 1 V1'111 t1 
' ' ' 

"illfl'IJ~::;'1J1m~'lVlll\91 N V1'111t1 zj'l'IJ~::;nti'UA1tl n nWYl\91'1tl'l~lltJtit1 b\91tl~Lbl'1'1::;A~'l'Utl'lfl1TYl\91~tl'l~ll 
' ' 

J'UiJr.J'1A~5~ L lJ'U 1 u11'1 N 15 Lb~::; r.J'1 r:r~5~11'1 "il1n fll~~mLri~::;A~'I hJiJr.J~ m::;viu riti fl1~~11l911titJ1-:iA~ 'I 
' ' 

l'le:i 1 u ~-:ivh 11~m~Vl\91'1ti-:i~iitJti t1~-:iV1:J.J\9I n m~Vl\91'1ti-:i~11i1Aru'111'\JITT~ L iJ'LlB'1~::;ritin'U il-:ii1'Llm~'Llu.J11...11'U 
' ' ' 

'll\91A1titJ1-:i~ LlJ'U 1u11'1~-:iVllJ\91~'111711.ffVIAnm~Aru (Multiplication Principle) ii'LlAtii1'51tn'U'll\91A1tJtJ1-:i~ 
' " ' 

bU'U 1 u1~~-:iVliiri N" 'll\9IA1titJ1-:i [t1-:it1'Vl'B ht1~-:i121, 25521 
' ' 

"ill fl m::; 'U1'U fl1 ~ ~l1Fl1tl tJ1-:i 1 'U LLri'1::; A~ 'l'iJ tl'I fl1~~ll1911tltJ1-:J [:.J '1A ~5~11'lhJi1 [:.J '1 m::;viu riti fl 1~ 
' ' 

~ii A1ti tJ1-:i 1 'WA~-:i riti 1 u ii'-:iJ'U m1ii'l11"iJ::; L U'U'iJ ti-:im~ MV1'111t1A1 titJ1-:i LLl'1'1::;V1'111 tl~'l Lfl\91~'1.J ~1 t1A11ii'l11"il::; 
' 

b U'U~ b vl1 n'U m t111'1 Lb m f'lri Lb uu Am?l~A "iJ::; 11'i'A11ii'l11"il::; L U'U'iJti-:im~ 11'i'V1'l11 t11'11ti tJ1-:i 1 mLl'1'1 ::;A~-:J'Vti-:i m~ 

( ) 1 d I ti do CLJ c::. .11 CU I df 01 I P Y.1, Y:2 , •• ., Y = - 'll-:i~'IJLL 'U'IJA11ll'U1"il::;L U'U'Vlfl1n'Ufl1~bfl"1'iJ'U'iJti-:J'll\91\?11tit11-:i'U"il::;m u'1~'\.J bb'U'IJ n Nn 'V 'I \J\J 

m1ii'l11"iJ::; L U'U'Uti-:i(fl1'\.J~::;mru f1ti t1tim111l911ti tJ1-:i LL'1::;ri1 Lo~ t11'11titJ1-:i i:'11V1fo m~~iiA1titJ1-:i LL uu 1~f1'U 
' 

~'ltl'Vl'B1'llt1~-:il'1, 255~ 
' 

R y 

----. II 

LYu 
i=I Yi 
II Lyi.2 --+ Y2 

i=I 
}~.1, Y2,2' · · ., .>--:,.2 

YN' 
11 __. 
I ~,v'' 

)\ 

_. i=I 

)~,.\'", Y2,.\'" '' .• ~1,V" 

m'V'I~ 2.1 'll\9il911titJ1-:i~ L U'U 1 uM~-:ivm"1 LL~::;m~ Ln\9l~'U'iJti-:1A1LL u~~iit1ti\91~1iil911titJ1-:i LL'1::; ri1 Lo~ t1Fl1titJ1-:i 
' ' 

n 1t111'1 Lbr:.J'U m ~~ii 1911 ti tJ1-:i LL uu ~ 1 t1ffi~ A'U 
' 

i:'11V1fo m ~~ii A1e:itJ1-:i LL uu~1 t1 hJ1riA'Wi1 m::;m'l.J m~~ii (fl1 ti tJ1-:i f1ti ~iiV1'111 t1'\.J~ ::;'lJ1 m 
' ' ' ~'Um n V1'111t1 "il1fl'IJ~::;'tl1m~'lV1ll\9I N V1'l11t1 zj-:i"iJ::;vhm~~llA1titJ1-:imA~-:J'1::; 1 V1'l11t1 b\91tJiJb~ti'U1'll11 

' V1'111t1'\.J~::;'ll1m 1ri~tin~ii~mn L lJ'Ul911titJ1-:i LL~1"il::; hJtl1flAu 1 u1~A'Uc!-:iu~::;'lJ1m€)n ii'-:iJ'Um~~iil'11titJ1-:i 1 'W 
" ' ' 
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ri~,m 1m1::;n(:..J(;l~e:JnTH=1lJ1'11e:i81-:i 1irn~-:i~ri1 \J bbf;l~vti11CJ1.J1~'tl1m1ri~ 8-:i hJ1:1 fl~lJ b lJ'U"11e:i81-:iii1e:imi.'11:1fl~lJ 
'I 'U , 'U q 

b lJ'Ut111e:i81-:i~ b vl1n'U 

m1YJl'lf;l eN~lJ~ bnri~'UG'i'1vtfo m1~lJ"11e:i 81-:i bb 'U'U~1 CJ hJ1~fi'Ll fie:i m 1~lJvti11 CJD1~'1l1 m 
' ' ' 

~mrnlJ'U"11e:i81-:iri~-:if;l~ 1 vti11CJ "il'L!m'U n A~-:i 1riCJ~bbMf;l::;A~'1'Ue:J'1fl11~lJn(:..Jf;1Aelfl11~lJ"11elV1'1b'UA~'1 
' ' 

'1ri1\J LY'L!flel fl11~lJ"11elV1'1b'UA~'1bb'rnn(:..J(;l~'\ffB~bU'U11.J1\il~-:iVllJl'l N 15 ~1'Uf1~'1~i.'1el'1 n(:..Jf;l~Vi5~bU'U1\J 
' 

11il~'1VllJ\i1 N -1 15 bbf;l~"il'Um~vi'-:iri~-:i~ n n~rn~'V15~bU'U11.J1\il~-:iVllJ\i1 N -(n-1) 15 LY'L!Aelfl11Yl\i1f;lel'1 

~l.JG'11vtfo flll~lJ "11el 81 -:i bb 'U'U~1CJ1:iJ1~ A'U~-1 n A~-:i 1:iJ b U'U Di.'il~Ael tl'U tii'-:i~'U fl11U'Ulil1'Ud'U'tili1 "11el81-:i~ 
' ' ' 

bU'U 11.J11il~'1VllJ\i1"il~ 1offvt~flfl11~1i1fl~lJ~~1tii''U1:iJ:riri11lJG'11A'ru (Combination) LY'L!Ael 1il1'Ud'U'tlli1"11el81-:i~ 
' v ' 

bU'U 11.J11il~'1VllJ\i1 Ael N c n ~\?) [Cochran, 1997] 

"il 1flfl1 ::;'LJ1'U fl11~lJ\ii'1el81-:i bb 'U'U~ 1CJ1:iJ1~ At! (:..J(;l ~'V15'Uel-:i fl 1111ilvti11CJ\ii'1el81-:i bb 1 fl ii 
' 

(:..J(;l m~Yl'U Melm1~lJt111el81-:iri~-:iMel1 \J tii'-:i~'Um1lJi11"ll~ b lJ'UG'i'1vtfofl1111ilvti11CJ\ii'1el 81-:i~ 1 Ael __!_ bbf;l ~ 
' N 

m1l.Ji11"il~bU'U'Uel-:Jfl111~vti11CJ\ii'1el81-:ivti11CJ~ 2 Ae:J -
1- "il'L!m::;vi'-:ivti11CJ\ii'1el81-:i~ n 1im1lJi11"il~ 

N-1 

b lJ'U Ael 
1 

b ~el-:i"il1flvti11 CJ1.J1~'1l1m~1:1fl~lJm bb~1"\J~ 1:iJ1:1 fl~l.Jm b lJ'U\ii'1el81-:i~1B fl bbf;l~"IJ1 fl 
N-(n-1) 'IJ ' " ' 

lil 1'U1 'U 'ti Ii) "11 el 81 -:i ~ b .u 'U 11.J 1 lil ~ -:i Vl lJ Ii) f1 el N c,, 'ti Ii) bb A (;1 ~ 'ti Ii) "11 e:i 81-:i ~ -:i b n Ii)~ 'U lil 1 CJ ri 11 ),J il 1 "ll ~ bu 'U 
' ' ' 

P(Yi' Y2'' .. ' yn) = 1/ N c n Jl1CJ 1ITT'mel'Ubb'U1A\i1'Uel'1f111lJi11"1l~b U'Ubb'U'UAmi.'1?\fl 

\J1~'tl1m ~1?1"11el81'1~b lJ'U 11.J1\il~-:ivtlJli1 CJel1?111lJ"11el81'1 Rs 

(\ }~·''ye,, ... , Y,,_, 
II 

y, I Yi.I 
v i=I Y2 ' 2 

II IY,_2 
YN 1=1 y,('., 

n Ir.'(. 
}~ 'c ,Yo '1 , ... Y'. 

I, II 
i-1 

, /> -· . II II, ( 11 

m"W~ 2.2 'ti1?1M1el81'1~ bll'U 11.J11il~'1vtlJli1 bb(;l::;m1bnli1~'U'Uel'1"11 bb \J1~lJCJel1?111lJM1el81'1 bb(;l::;ri1bo~ CJ "11el81'1 
' ' 

mCJ 1ITT' bb(;.J'L!m1~lJ"11el81'1 bb 'U'U~1CJ1:iJ1~f1'Ll 
' 
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2.3 nTa'G'i11~T€lV1~bb'U'U"ll~a1ilu1~~6l (Balance Ranked Set Sampling: BRSS) • • • 
b 'WflTH'11';i1'1A1m.h-:i b ~e:i u1m1m111.Ue:i11611'Wmru~tb~'tl1m~Amn:!hru1~1°vmJ~-:iv111 ~\Ple:i-:i1 .if v v 

b1611 bb61~A1 b -H~1t.1?1'1V11''1Jfl1';iPJfl'!j1 b Ut!"il1m'L!mfl b 'L!U 1972 Mcintyre ~'l 11ii'~l'll'L!1lTifl1';irjlJA1e:icJ1-:i 

~'L!ll1b~e:JVl1lBfl1';irjllA1e:JcJ1-:i~?l1m';ifl611'1A11off~1t.1 (Cost-effective Sampling Method) bb61~ 
U';i~Vl 81'1b1611 b 'W fl1';i\711b'Llt!fl1 ';i zj,:i15 fl1'.i~llA1e:i cJ1-:iA-:i fl~ 11~e:i 15fl1';i~llA1 e:i cJ1-:i bb 'U'\J'tll'1~1A'U 11'117161 

q , 'I 'I 

[Mcintyre, 1952] 

15fl1 ';i~:w Al e:i cJ 1-:i bb '\J'\J 'tl 1'1~ 1A'\J11'11'1-a 11'1~ l'llt!1:w 1'11flbbr:.J'Wfl1';i ~:w Al e:i cJ1-:i bb 'U'U41 t.1zj-:i bbr:.Jt! fl 1';i ~11 
'I 'I 'I 'I 'I 

A1e:icJ1-:ibb'U'U41mYt!il.Ue:i"il1n171\i\1'Wme:i'UA1e:icJ1-:i Vl~e:iuru~';i1t.Jzje:iV1tht.1'll';i~'tl1m ii''W~e:ib~e:i\Ple:i-:iv11m';i~:w 
v ' 

Al e:i cJ1-:i bb '\J'\J 41 v 'l~ \Pl mil m e:i'\J Al e:i cJ1-:i V1~e:iuqJ~';i1 t.1zje:imh t.JU';i~'tl1 fl '.i~'l 'l ~ m111 ';iri\711b'Llt!fl1 ';i b n'U ';i1m1:w 

.Ue:imi 11'1 ~1'L!bbr:.J'L!fl1';i~:wA1e:icJ1-:i bb 'U'Uiliw1:W~11ii'~\illmm'11fl bbr:.J'L! m';i~11A1e:i cJ1-:ibb 'U'U41 mY'L! b umbr:.J'L! fl1';i 
'U 'I 'IJ 'I 

~11A1e:icJ1-:i~bbU'IU';i~'tl1m'U'W11'1 N e:ie:im U'Wiw1:W bbA1~-:iv11m';i~:WA1e:icJ1-:i 1 mbM61~.g'L!.fl:W zj'lbbmJn1';i~:lJ 
, 'll 'I 'U , 

V I ..:::.1t'. c::.df~v d V I di V d d I d Q..I I Q..I I I 

\ill e:i t.11'1 bb '\J'\J:!J'tl'L!.fl:!J'L! fl \il el 'l:!J fl';iel'\J \ill el CJ1'1 Vl';iel'\J 1\J'tl';i1 CJ'tl'il b 'tl'L! bl'l CJ1 fl'\J bbr:.J'L! fl 1';i?l:!J\il1el CJ1'1 bb '\J'\J'l1 CJ 
v v ' 

Melm b~e:iilA11:wlii'el-:ifl1'.iAn't!-1'll'.i~'tl1m~il'U'W11'1 b Vlajmn 'l ~-:i 11ii'~l'll'L!1 b U'L!bbr:.J'L!fl1'.irj:wA1e:icJ1-:i 

bb'U'Ufl~ll~'W 11'1CJ'l-'11 fl1';j bb u-:i'll';i~'tl1melelfl b Ut!fl~:w c!elCJm:w.fl:WA1?1l'l1 bbA1bn'UoLJ'el:w61 Al el cJ1-:i'11 nfl~:w~ bb u-:i 
'I q 'U 'U 'I 

zj,:i hJ"il1 b lJt!lii'el-:iil';i1CJzjei'Vl flVlth CJ'l.J'.i~'tl1 m bbl'i m'.i~11A1 e:i cJ1-:i bb '\J'\Jfl~11iin tJ'-:iiloLJ'el"il1 nt111'11t!m111bzjei~el11'1 . ' ' 
'Uel-:iri1'll';i~mru zj-:ieiCJ1 m~A'U~1fl11 bbr:.J'Wfl1'.i~:wA1eicJ1-:i bb'U'U41CJ v • 

bb61~ b ~el \ile:i'\J ?i'Wei-:i ri11:wlii'ei-:i fl1 ';ib t!'Uru~J'W ~-:i 11ii'V1115~?11111';iri61 t11 ri11 off ~1 CJ bb61~ b 16111 t! fl1';i 

"11 b'Ll'L!fl1'.i bnm1m1:woUelll61 b~e:i 1 m 'L!fl1'.iU'.i~mru'll~mruV1ru1'Uel'lvl'lVlru11 'W'll'.i~ b 'VlAtiti?l b\il';i b~ t.1 b~tilii''L!u 'U v , v 

1952 Mcintyre ~-:i11ii'tl1b?l'WellBfl1'.irj:wA1e:icJ1-:i~'Wm15Vl~-:i zj-:il'ielm.fl1CJVl~-:i Hall bb61~Dell 11ii'b~t.1n15m'.i 
rj11M'1elt11-:iA'lfl~1111 fl1';i~:lJMlticJ1-:ibb'U'U'i/1'1~1A'\J (Ranked Set Sampling) [Halls and Dell, 1966] 

bbr:.J'L!fl1'.irj:wM'1elt11-:i'Uel'I Mel ntyre \711 b U'L!fl1'.i~llAlelcJ1-:iA-:iii b~:!J'11fl fl1';i bb U'l~'lVlrkl1el'ilfl b U'L!~el\il 
(Lots) bbA1v11m'.i~:WA1ei cJ1-:iv1-:iV1ru1~ri mb u-:i b U'W~el l'lm k ~el\il '11 nJ'L!'l-'11 fl1';j b~ CJ-:i~1A'U bbM-a~~el\ill'l1ll 

, 'I v 'V 

'll~mruV1rkf 11'11CJfl1'.ifl11'1"fl~b'L! Vl~e:Jfl1'.iU'.i~mrulii'1CJ?l1CJ\il1 (Eye Inspection) zj'l'1~v11m';irj:WA1eicJ1-:i1 'L! 

~fl'!jt\J~A'lfl~11:!J1 k A1'-:i 

'11flJ'L!v11fl1'.ib~'ilflV!U1CJA1e:JcJ1-:i zj'IAle:icJ1-:i'11flfl1';j~:!Jfl~'l~ 1 b~tlflV!ru1b'L!~el\il~1A'\J~ 1 b~ffvh 
• v 

m';iAl'l bb'a~tl1tu.a--:iJ1wun ~1'WM'1e:icJ1-:i'11flm'.i~:wri~-:i~ 2 b~e:iflV1ru11'W~e:i\il~1A'U~ 2 bbA11'11b'Ll'Wm';i 
• v 

b'li'Wb~mn'L!n'\J~e:i\il~1A'U~ 1 bb61~1'11b'Ll'Wm'.ib'li'Wii1ub~e:iCJ 1 '1'L!m~~'lfl';i'\J k ri~-:i zj-:i'1~11ii'M'1eicJ1-:iV1rkf1 k 
~e:il'l fl1';i~llA1elcJ1-:iA-:ifl~11 b~CJfl11m';i~:w\i11e:icJ1-:i 1 ';iel'\J (Cycle) bb61~V11nlii'el-:ifl1';i"il1m'L!A1elcJ1-:iVi 

' 9.1 'I 'I 

bYl:W~'L!?l1m';iffvl1fl1';i~:WA1elcJ1-:i\il1:wm~m'L!fl1';iA'lfl~11m m '.iel'\J '11nJ'L!~-:iv11m';iU';i~mru'll~mru 
' 

VlflJ1 [Mcintyre, 1952] 
" " ' 

fl1';j~lJA1e:i 81-:i bb 'U'U'tll'l~ 1A'\J 1.l't!il-Ut! \ile:it! m ';i~ll M'1el 81-:iVii'Usil'e:it!mfl n11 m';i~ll Al el cJ1-:i bb 'U'U41 CJ 
.. 'I 'I 'I 

' " " Urw A €Jfl1d~lJ ~1BtJ1~ bb tJLJ~ 1 ~~ ~Vl1n1 d ?i1J ~1 B cJ1\J~L.JlJ1 b ~ CJ\J n viti1 tJ b "11i!tJ\11 ntJ~~6l11 fld6lJtJ1 ~ N . ' 
V1tl1CJ bbl'i?1'1V1fom';j~lJA1e:icJ1-:ibb'U'\J'tl1'1~1A'\J'1~v11m';i~llA1elcJ1-:im n V1tl1CJ bb61~ r = 1,2, ... ,k b~t.1fl11 

'I 'I 'I ,. 

'tll'lA1e:icJ1-:i zj,:i'1~v11m';i~llA1e:icJ1-:i~t!m k 'tll'lA1elcJ1-:i b~CJfl11m';i~11A1e:icJ1-:i 1 ';iel'IJ bb61~n1V1t!l'lb~ Yr[·J,' 
q 'I "I 'I , 

~el V11.l1t.1A1elcJ1-:i~1A'UVi r 'tll'lA1elcJ1-:iVi i' ?1'1V1fofl1';j~lJM1elcJ1-:i 1 ';jeJ'\J 11ii'bb?ll'l-:iA-:iii ' . 



1[1 ]! 1[1 ]2 • · · 1[1 ]n1 

1[2 ]l 1[2 ]2 · · · 1[2 ]n2 

J[k]l J[k ]2 ... J[k h 
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il1'Um "1 ITT'1 el ch~1 'LI m'lrjmlt>lri ::;~ri ITT'1el81,u vl1n'U Ael n1 = n2 = ... = nk bb~1 "iJ::; b~ c.Jnm'lrj:w 

ITT'1el81,muu~"1J1(?)u-d11 fl1'lrj:wil1el81,muu~"1;;1'1\ilu1M~ri (Balance Ranked Set Sampling) brn::;f11 

'Umriil1el81-:i~~:wm 1 tmt>lri ::;'ll"1A'1el81-:iil'Umri hJ b vl1 n'Ubb~1 "iJ::; b~ CJ fl fl1'l~JJITT'1ei 81-:i-611 fll'l~JJ Fl'1ei 81-:i 
'I 'I 'I 'I 

bb'U'U~"1;;11[i)'uhJ1M~rl (Unbalance Ranked Set Sampling) 

2.3.1 .ff'Wli'IB'Ufl1~6'i:u(;)'1ei~1{lbb'U'U6Ul'l~1i;i''Ubfll'l6'1 
' ' ' 

6'11V!~'U~'LI "1 el'LI'Uel-:J fll'l~JJ "11el81-:J bb UU'll riJ 1\'lu1M rim1'U il~'LI "1 fftm1 'l ~JJ "11el81-:i b~:U~'LI M1 CJ 
'I 'I 'I 'I 

fl1'l~:uA'1el81-:ibb'\J'U~1CJhJ1~A'LI (SRSWOR) 'U'U1"1 k V11.l1CJ "il1rnJ'l::;'ll1m'U'W1"1 N V11.l1CJ zj,:i"iJ::;b~CJfll1 
' 

~"1A1el81-:i~ 1 bb~Tt11V11.l1CJITT1el81-:i (Sampling Units) ~-:i k V11.l1CJmb~CJ-:iJ1[i)'u"il1flUelCJhJmmflM1CJ 
fl1'lfl1"1A::;b'U V!~elfl1'lt!d::;mruM1CJG'11CJ"11 (Judgment Ranking) M1CJA1 bbU'l~i:1'Uh "il1m1'l.m1.l1CJITT'1e:i81-:i 

~e:i 81 'U;;11[i)'u~ 1 '<i)::;f] m~ el fl b'lJ'UA1e:i81-:i bbr1::;v\'1m'l1'"1r11'Uel-:iA1 bb '\J'i~l:1'LI h ~1'UV11.l1 CJi11 el81-:i~ b V!~elflfl v v v 

Fl"1~'1V!~el 1lii:1'LI h 

bdel~'Ui:1"1m'l~:uA1e:i81-:i'1l"1~ 1 bb~1 Mel"il1m1'U~:uil1el81-:ibb'Uu~1CJ1:w1~f1'LI'U'LI1"1 k V11.l1CJ 
'I 'I 'I q 

"il1flU'l::;'1J1m'Umri N V11.l1CJ zj-:iti'UV!mCJri11:w11 V11.l1CJ'l.J'l::;'1J1m~flfl~JJbU'UM1el81-:i1'LI'1l"1M1el81-:i~ 1 
v ' ' 

flfl'W1fl~um1~1'LI'l.J'l::;'1l1m8flri~-:i V11.l1CJ'l.J'l::;'1J1m k V11.l1tJ~flfl~:U1'Liri-r-:iVi 2 b~CJfll1'1l"1M1el81-:i~ 2 
'\J 'U 'I 'I 

"il1m1ui11V11.l1CJM1el81-:im b~CJ-:iJ1lilu"il1fltlelCJ 1 'l.JV11mfl V11.l1CJA'1el81-:i~eltJL 'U;;11[i)'u~ 21'LI'1l"1M1el81-:i~ 2 ii v , 

"i!::;flfl b~elfl b U'Ui11e:i 81-:i bb~1v\'1m'll'rir11'Uel'IM1 bb U'l~l:1'U h bbr1::;V11.l1 CJ~b V!~elflflM"1~'1V!~el 1lii:1'U h v v 

m ::;u1'U fl T;irj:wil1el81-:i-d\711b11'LI fll'lMel 1 u b~el CJ 1 "il ~ m ::;v\'-:i rj:uil1e:i81-:i 1 u "il~ri'lu k ~"1 
Q../ I .::::I I Q...I I Q..I I Qj I t=i O I mti CJ1-:i bb?J::; 6 'l CJ fl m::;LJ1'U fl1'rn:wvi1 elCJ1'l"iltlfi'ltJ k "ul'l\?11el CJ1'l'LI11 "'lffU (Cycle)" 00-:i "il::;Vi 1 fll'l'i'l:U ' ' , 
M1el81-:i~'IV!:Ul'l m 'lffU bbr!::;fl1'l~JJV!1.l1CJM1el81-:i 1 'UbbMr!::;'1J"1M1el81-:i~v\'1m'l~:U~'Um~-:i k '1l"1M1el81-:i1 'LI 

'I 'I 'I 'I 

bbt>lri::;'le:iuJ'U m'l 1MVI111CJA1el81-:i k V11.l1 CJ 1'Llbbt>lr1::;'1l"1A1el81-:i1llil~rim::;'Vlu"1elm'l 1MV11.l1CJA1el81-:i 1 'LI'Uri 
' ' 

Li'LIAel 'll"1il1el81-:i~ 1 '<i)::; 1 iXFl'1el81-:iV11.l1 CJ~ 1 'll"1il1ei81-:i~ 2 '<i)::; 1 iXITT'1el81-:iV11.l1 CJ~ 2 "il'LI~-:i 
' ' 

'llriil1e:i81-:i~ k '<i)::; 1 °IXV11.l1 CJi11 el81-:i~ k bdm?J~"il~'Um'l~:ui11el81-:i 1 'U'lelu~ 1 '<i)::; MA1el81-:i k V11.l1 CJ bbri::; ' , 
"il1flJ'LI~-:iv11m'lrj:uil1el81-:i'le:iu~ 2 zj-:in"il::; Mii1el81-:i k VI1.l1CJ bbr1::;bde:iv11m'lrj:uil1el81-:i1 'l.Jb~elCJ 1 "il'U~-:i 
'lel'U~ m zj-:i1Mii1el81-:im k V11.l1m'ii'Llbiil:u \'l-:iJ'UoLJel:Ur!M1el81-:i~bfl"1~'U~'IV!:Uri~-:iil mk V11.l1CJ v 

b ~el'l"il1fl 1'Lim'l~:uil1e:i81-:i 1 'Ubbt>lri::;'lmmri::;bbt>lr1::;'1Jriil1el81-:i"il::;~:w"il1fl'l.J'l::;'ll1m~il'U'LI1"1 N 
' ' ' 

V!1.l1CJ 'VlflA~'l (i)-:iJ'UV!1.l1CJU'l::;'ll1fld1ri~flfl~:U:lJ1b U'UFl1elV1'1bb~1V'l?l1:lJ1'lflflfl~:U~'U:lJ1 b U'UV!1.l1 CJFl1BV1'11 'LI 
'I 'U 'I 'U 'I 

'll"1Fl1el V1'1Flel 1 u1M~1V!fo fl1'l~JJITT1el 81-:iA~'IFl el 1 u (i)-:iJ'U'1l"1Fl1el81-:i~-:i k 'll"1Fl1e:J81-:i (l 'UbbMrJ::;'j"eJ'\J) b U'U 
'I 'I 'I 'I 

Bm::;t>l ein'U bi,r1nnri~'UM1 CJA11:u1.l1"i!::; b U'Ub'vh n'LI 

bdei'll"1ITT1elv1-:i~-:i k '1lriv11ei81-:i bU'UB?J'l::;n'U bb~1m'l~:u ITT'1elt!1-:i bbt>lri::;'lel'U 8el:u b u'UB?l'l::;t>lel 
' ' ' 

n'U bbr!::; Mii1el81-:i~1V!~'U fl1'l~:uil1el81-:i bb '\J'U'1l"1J1\'lu 1M"1ri~il'U'LI1"1 b vl1nu mk V11.l1 CJ [Kowalczyk, ' , ' 
2004 J zj'l~'LI"1el'Ufl1'l~:uil1el81-:ibb UU'll"1J1(i)u 1M"1rl 1Mbb?l"1-:i\'l-:imy.i~ 2.3 

' ' ' 



~1t:Jv1~ 

'/lli1~1t:Jv1~ b~ tJ~f11ri'u~1t:Jv1~ 

Cycle 1 Cycle 1 }[111 
(Yi11,Y'211'""'011) (1[1]11' lfc]11,· · .,}fk)I 1) 1(2]1 
(J~2i' y221' .. ., }~21) ---. (>[1]21, l[2J21 ' ... , Yr1.]21) ---. 

>[k]1 
(1~kl' y2kl' .. ., ykkl) (1[1]k1, 1[2]kl,. .. ,J[k]kl) 

u'l:::'ll1m 
Cycle 2 Cycle 2 

1!112 (r;12' y212' ... , 0:12) (1[1]12' J[2J12' ... , 1(1: ]1J 
v ( >'; 22, Y2n, · · ·, Y" n) (>[1]22' >[2 ]n '· · ·' >[k]22) 

1[2]2 . 1 
Y2 

(r~k2' Y2k2' ... , Ykkl) (1[1Jk2' l[2Jk2' ... , 1[k)k2) Yrkl2 

y\ 

Cycle m Cycle m 1fo111 
(}~ 1111' Y21111• ... , Yk1,,,) (}[1]1111, Y[:i]1111, · · .,Y[k]1m) 1[2]111 
(J~ 2111, Y22111 • · · ·, 0,2111) (1[1)2111,1[2 )2111 ' ... ' Yrk ]2111) 

(r;km' Ylkm•···, Ykkm) (J[1 ]km' 1[2 ]k111 ' · ' '' Yrk ]k111 ) 
Jfk]m 

'\ijlJlm'\ij~ J[,]; AB '\ijU1t.JFl1ei81-:i~1r1"il1f1fl1'l~:lJFl1eJ81'1bb 'U'U'/lli1;;11\9lu Hi'~'1zj'1el~11.J;;11\9lu~ r 

'leJ'U~ i ; r = 1,2,3, ... ,k bb'1::: i = 1,2,3, ... , m 

fl1'V'I~ 2.3 bb'11i1'1.ff 'Lll'lel'Llfl1'l~:lJFl1el81-:ibb 'U'U'lJ1i1;;11\9lu hi'li1'1 
' ' ' 
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l'11el81'1Ael Jf1JpJf2Jw .. ,J[k]1' ... ,Jf11111 ,J[2]m"··,Jfk]m :iJ61J1.J1~ mk '\ijtl'Jt.J 6/i-:i'\ijfrm\91'1ei81-:ibb'lf1Ael J[i]l 

1r1"il1n1~(1)1ei81-:i~ 1 61Jv-:Jfl1'l~:iJ1'11ei81-:i'lelU~ 1 bb'1:::'\ijtl'JCJFl1el81-:i~~Vf1CJAel J[k]m zj-:i1r1"il1n1~(1)1mJ1-:i~ 
k 61JeJ'1n1'l~:lJM1el81-:i'lel'U~ m ['lJ.[]1-rITTu tnD'Ll, 2555) 

2.3.2 \Plru61:wiJ'~-ifB:W~rl1B~1.:J'tlB.:Jn1'Hl:Wrl1B~1.:JbbUU"!IVl6'11~Ub~VI~ , 'ti 'I , , 

n1 'l ~:lJ \911el81-:i bb U'U'li~ ;;11l'lu11'1 li1'1J'Ll .iJel:iJ'1 (1)1el81-:i1r1:iJ1 "il1 nn1'l~:lJ'\ijU1 CJU'l :::'lJ1 n'l b -Wt.J-:i 
'I 'I 'I 'U 'I 

u1-:i~1'Ll~'Llm b U'Ll\911el81-:i bb'1:::'\ij1 n\ilel-:i fl1'lVJ'l1u11.iJm.JriFl1el 81-:i~1r1J'Ll:iJAru'1:iJU~ b U'Llel81-:i 1 'l~-:i\ilelwh 
'U ' "' ' "' ~ '6.ef Q.J I Q./ I I .::I C1o .:::f c:::l O V I V I 

fl1'l1 bA'l1 ::;'\ijf;)'161J1.Jl'l el'Ll fl1 'l'1:lJl'l1 el CJ1'1 fl1'lVl~rlel'1'1:lJV1 bf11'161J'Ll bbri::: fl1'l b 'l t.J '1 '111'1'\J'\ij'LlJ CJl'ldel CJ1'1 
' ' 

.ff'LlITTel'Llfl1'l~:iJl'11B81-:ibb'U'U'lJl'1;;11\9lu 1r11'1'1U'l:::nelur11t.J 2 .ff'LlITTel'Ll Aeln1'l~:iJ1'11ei81-:i bb'1::: 
'I 'I <t 'I 

"' 
'\ilu1t.J um1:::\ilei-:iv\'1m'l~:iJ 

' 
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,, 
~'lV!:lJ\11 mk 'lJ\11FlT€J81'l 

' 
b~B'WOJ1';Jru1n-:inTn~:1JM1B81-:i';JB'U~ 1 fl€Jfll';j~:1Jvttl1CJtJ';j:;'lJ1m'U'Wl\11 k vttl1CJ '<i\'1m'W k 

' ' 
'1l\11M1B81-:i zj'lfll';J~:1JM1B81-:i b 'WbbM~:;'lJ1Y1M1B81-:i>J:;~:1Jvttl1 CJtJ';j:;'lJ1m~'Wm'<il'1m'W k vttl1 CJJm ll'W fll';J~:lJ 

'I 'I , 'I 'I 

M'1B81-:ibb uu~1CJ1:iJ1~fl'W fll';j\911 b u'W fll';j~-:in~11%-:i~riru~:1JU~b ll'Wfll';jVJ\11~€l-:i~:iJ b ~€l-:i>J1n 1'Wfll';j~:lJM1€l81-:i 
' ' ' ~'Wm k vtih CJJ'W b lJ'W fll';J~:1Jvttl1 CJU';J:;'1J1 m~'WmVi~:;vti.l1 CJOJ1ntJ';J:;'lJ1 m'U'Wl\11 N vttl1CJ 11'1 CJvttl1 CJ 

' 
tJ';j:;'lJ1m~rin~:1J~'Wm bbti10J:; 1J.Jrim111 tJ1~fl'WU';j:;'lJ1m zj-:Jfll';j\911 b U'Wfll';j~-:Jn~111iJ~1mJfl'Vl';jl'lJ~~-a'l"IB1v1 

'U ' 'U 

11vttl1CJLJ';j:;'1J1mvttl1CJ11'1 OJ:; ri n~ii~ 'Wm b ll'W M'1B 81-:i 11'1 CJ~r.rn-a'l"l5~ b ll'W 1 u1v1~-:ivt:1JIY1'UB'lfl1J'Vl\11~ B'l~:lJ n n 
'\J 'I 'I '\J 

bnu 11l 'Wu~nilM'1B81'l 
'U 

' ' ' 
~'ILJ~nilM'1B81-H~1vt-rumJ~iiM'1€l81'lvttl1CJVi 1 611vt-ru'll1Y1M1€l81'!Vi 1 flB 

'U ' ' 

S1 = {ypy2, . .. ,y N} bb~:; 1 !X E1 bllmvt~fllJrW'UB\lfll';j 1v1mzj'lvttl1CJM'1B81'l~ 1 ~-.:iJ'W E1 = {y;, }11Y1CJ~ 
i1 = 1,2, .. . , N OJ1nm:;UJ'Wfll';j~iJM1€l81-.:i~-.:in~11 vttl1CJLJ';j:;'lJ1mbbM~:;vttl1CJnn~ii~'Wmbll'WM1€l81-.:iv11CJ 

' 'U ' 

m1iitl10J:;blJ'W~bvlltl'W ~\lJ'WbbM~:;~~-a'l"IITT 'WU~JJilM1€l81'1 SI = {Y1 ,y2 ' .. ,, YN} %'1bn\11~'Wvl1CJA11i!U10J:; 
bll'W~bvl1tl'W (Equally Likely Outcomes) bb~:;ri11:1Jtl10J:;blJ'W~bn\11~'W'UB'IV!tl1CJM1€l81-.:i~ 1 flB 

I Pr(E1)=-
N 

~1'Wfll';j~:1JM'1B81-rni.l1CJ~ 2 G'11vtfo'1!1Y1M1B81-.:i~ 1 b~B-.:iOJ1ni'Jvttl1CJLJ';j:;'lJ1m 1 vttl1CJnn 
' ' 'U 

~:lJBBn 1 u b lJ'WM1B81'! bbti1 bb~:; 1J.Jnm11n-aufl'W1 ucJ'-.:iLJ';j:;'lJ1m ~'IJmJ~nilM'1B81-.:i611vtfofll';j~:1JM1u81'! 
'I \J \J 'I 

V!U1CJ~ 2 fl'i) s2 = {y1'y2, .. ,,yN-1} bb~:;1!X E2 bU'WbV!~fl1JrW'U€l\lfl1J1v1mzj'IV!U1CJFl1€l81'1~ 2 ~\lJ'W 
E2 = {Y,,} l\11CJ~ i2 = 1,2,' . . , N -1 ~'IJ'WA11iJi.l10J:;blJ'W~bn\11~'W'U€l\lV!U1CJFl1u81'1~ 2 flu 

Pr(E2 ) = N
1
_ 1 bb~n~ffv11mJ~iiM'1B81'lmOJ'Wm:;vi'-.:in'lvti.l1CJM'1B81-.:i~ k m1:1Jtl10J:;blJ'W~bn1Y1~'W'UB-.:i 

,"', .,.k"" P() 1 V!'U1!:JV11B!:J1,1VJ . AB r Ek = ( ) 
N- k-I 

bb~:; b 'Wfll';j~:1JM'1 B81-.:i bb U'U'1l\11-a1~LJ1v11Y1~Jm~B~iiM'Tu81'lm 1v1mu k vttl1mbti1J'W 
'I 'I 'I 'I 

M'1u81-.:i~-.:i k vttl1CJ OJ:;rintl1m b~ CJ-.:i-a1~'UOJ1ntfoCJ 1 UV!lmn zj-:Jfll';jb~CJ-.:i-a1~uvttl1CJM'1u81'!-db ll'Wfll';j 
'U 

I I I ii 2J' 

Vl\11~€l-.:i~:1JViM'1 b u'WmJ\ilm uB-.:im'<\11nmJ~:1Jv11u81-:i bb~:; fll';jVJ\11~€l-:i~:iJVi bn1Y1:V'WflB vttl1CJM'1u81'l~'I k 
' ' ' 

vttl1t10J:; nn b~ CJ-.:i-a1~u zj-.:i fll';j b~ CJ-:i-a1~uvttl1 CJ M'1B81'1-d1iJ~1mJff\il';ll'Um ri B'Wl1vttl1CJM1B81-.:i~-.:i k 
'U 

V!U1 CJ vti.J1 CJvl1€l81'1b\110J:;'i)CJ1 'W-a1~'U~ b vi11 VI~ ~\lJ'Ufll';j b~CJ\l-al~'U%-:Jb lJ'Ufll';j'VJ\11~€l'l~il 
'U ' ' ,, 

b~ uvttl1CJv11B81'!~'! k vti.l1 CJ nm~ CJ'! ~1\11'Ubbti1 OJ :;'V\'1 m J b~ u nvttl1CJv11B81'l~'lvti.l1 CJ 
'U 

v11B81'1~uCJ1 'W-a1~u~ 1 OJ:;nm~Bmll'Wv11u81'!G'11vt-ru'1!1Y1M1B81'!~ 1 tY'WfluOJ:;i'J~~-a'l"l5~mmdm ll'W1 u 
'U 'U ' 

1v1~'1V!:lJ\11u~ k vttl1CJ 611vt-ru~1Y1v11u81'!~ 1 bb~:;i'JLl~JJilM'1u81'! flu {ypy2, ... ,yk} bb~:;m1iitl10J:;blJ'W 
'Uu'IV!U1CJM1€l81-.:i~uCJb'W-a1~u~ 1 Mu ~~~B'W~'U (Order Statistic) bUu'l\llf1lJfll';j~\11b~CJ-:i-a1~u-Uum1 

'U 'U 

bb~:;G'11vt-r'U m J~ii v11u81'!'UB'l'1l\91v11B81'IVi 2 l1 m J M'1bU'Wfl1J~iiv11u81'1 bbn:; fll';j b~ CJ'l-a1 ~u 
' ' ' 

Mlb U'W fll';j b oti'Ub~ CJltl'W tl'U'll\11Fll€l81-.:i~ 1 b ~'i)\l\J1f1l1 b 'Ufll';j~lJFl1€l81'1bbM~:;'lJ(9)Fl1u81'! b ll'WB~';j:;Mutl'W~'l 1v1 
' ' ' n~1111 bbti11 'W~'Wl'lu'Wfll';j~:l.JM1€l81'! 
' 
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Fl-:iJu f11';jl:ilJ'l!lu1 CJ'\J';i::;'1J1m bb~fi::;'l!lu1 CJ~-:iilu~niJ\il1e:icJ1-:i b "li'Llb~CJ1 n LJ'1JV1\il1e:itJ1-:i~ 1 ~1'Ll 
' " ' 

f11';ib~e:in'Vlu1CJ\il1mh-:i1u'1JV1Fl'1e:itJ1-:i~ 2 Ju 'l!IU1CJA'1e:itJ1-:i~e:itJ1m=hFlLJ~ 2 1iJ::;f!m~e:im.Uu\il1e:itJ1-:i 
' " " \lum::;~-:i1u'1JV11'11e:itJ1-:i~ k 'l!lu1CJ\il1e:itJ1-:i~ k li)::;flm~e:im.Uul'i'TEJc!1-:i zj-:im1lJu11iJ::;bU'Ll'1Je:i-:i'Vlu1CJ 

' " 
1'11e:itJ1-:i 1 'LlbbMf1::;~1FlLJnfie:i 6'1~MB'LlFlLJ~ r ~me:i-:i bbf1::;'\!IU1CJU';i::;'1J1m~tlf1~JJ~'LllJ1b uu\il1eicJ1-:i~eiCJ1 'Ll 

" ' " ~11ii''U~ r ~-:iilriru6'1i1t'JM1,uuFl'1bbU';itjlJ~me:i-:i bbfl::;m';j11'i''Vlu1CJA'1e:itJ1-:i~ 1 ( i[iJi) hJil~flm::;viLJ~e:i'l!lu1CJ 
1'11eitJ1-:i~'Ll " b~8'llil1ffJ1bb~f1::;'1JV11'11e:itJ1-:itln~lJlJ1lillf1U';i::;'1J1m'IJ'Ll1V1 N '\!IU1CJ b'Vlile:iunu ~llfl1~(il1.l: m l 'I 'U ~ dJ 

uu, 2555l 

1 um ru'IJei-:i f11';i b~ ei n'l!lu1CJFl'1eicJ1-:i zj-:iV1u1 CJ \il1 e:i cJ1-:i~ b~ e:i nJulJ 11il1 n f11';i b~ CJ'l~1Fl'UV1u1 CJ 

v11e:i cJ 1-:i 1 u bb~ fl ::;'[f VI 1'11e:icJ1-:i zj-:i b~ei ~ei-:i n1 ';iV11 ri11lJu11il::; b uu'U e:i-:iV1u1CJ\il1eitJ1-:i bb~fl ::;V1u1 CJ~-:i ~e:i-:i 1 '1f '1~ M 
~ ., 

eJ'LlFlLJlJ185LJ1CJ 'li-:iiliJCJllJFl'l-Ll 

UE.m.J~ 1 fl1Vl'LlVl1~ X 1,X2 ,. .. ,Xn bU'LlFl18V1'ltjJJ'1J'Ll1VI n VIU1CJ 6'1~MB'LlFl'U A8 f11';itl11'11 

bbU';itjud'mb~CJ-:i~1Fl'Ulil1nueiCJ 1 '\JV11mn zj-:ib~CJ'LlbbVl'Lll'i'1CJ X(1l, x(2l,. . ., x(nl 

Fl-:iJu '1~MB'LlFlLJ fle:i\il11,b'\J';itjlJ~il~ilflru'1iit'JM X(i) ~ x(2 l ~ · · · ~ x(n) bACJ~ X(il fieiA1'1Je:i-:i\il1 

bbU';itjJJ~U8CJ~~A'1J8'l~'l~Avl1 bb U';itjlJ XPX2 ' . .. ,xn bbfi::; x(2) A8A1'1J8'1Fl1bbU';itjlJ~U8CJ~~AbU'Ll 
B'LlFlLJ6'18'1 bbfi::; x(n) A8A1~lJ1f1~~A'IJ8-:J~'l~AFl1bbU';itjlJ XPX2, ... ,Xn [Casella and Berger, 2002] 

~1Vlfof11';iV11A11lJU1\I::: b U'Ll'1J8'1Fl1 bb U';iG'ilJ~1Fl'U~ r (Yr[ ]·) Vl~8A11JJU1\I::; bU'Ll'IJeJ'll'i'1eicJ1-:i1 'Ll 
' r I 

~11ii''U~ r mCJ1~'\J';i::;'1J1meJ'lJ(il::; 1ull 1995 Patil, Sinha bbfi::; Taillie 11'1Pin~16'1~~5'LlFl'Ulil1f1U';i::;'1J1m 
eJ'U(il::; (Order Statistics from Finite Population) ~1Vl~LJf11';i~lJFl1eJt11-:ibb'ULJ'1JA~1FlLJ11'i'Afl zj-:i1~ 

' ' ' 
Q = {yp y 2 , ... , YN} flei'\J';i::;'lnmeJ'ul?l::;~iJ'IJmA N VIU1CJ bbfl::;ilA1bu~CJAeJ µ m1mb U';iU';il'Ll flei rr 2 

bbfl::: 1ti1'1lJJJ~'\J';i::;'1J1m~Pin~1il~n~ru::; y 1 s Yi s ... s YN b~eiH1 'Llf11';iV11A11lJU1\l::;bU'Ll'11V1~LJV1U1CJ 
\i)1eitJ1-:i~1FlLJ~ r ~tlf1~JJlJ11il1f1U';i:::'ll1m zj'lb~8vl1f11';iG'ilJFl18t11'l'IJ'Ll1A k VIU1CJ bbLJLJ~1CJ1lJ1~A'Lllil1f1 

" ' ' 
iJ';i:::'IJ1f1';i Q HinT\ll'UAbVl\91f11';irV~?f't.Jl\IA'iJ 

' 
{r ~s} 

\11f1'1J1'll'l'Ll {r ~ s} fle:i VIU1CJFl1eJt11-:i~1\ilLJ~ r ~11'1mlil1f1VIU1CJU';i:::'1J1m1u~1\ilLJ~ s 'li-:im1l.!U11il::: 

bU'Ll~lil::;11'i'V1u1CJ1'11eitJ1-:i~1Fl'U~ r flei 

A;' = Pr{r ~ s} 
bbfi::;m1iiu1\l:::bllu'11V1foV1u1CJv11eicJ1-:i1u~1Fl'U~ r fle:i 

(s-l)(N-s) 
r-1 k-r 

A> (:) • s = 1,2,. . . ,N 

\11 nm1l.!u11il:::b .Uu A;' b U'Llf11';iV11A11lJU11iJ::;bU'LlmCJ 1~bb mf1A'1leJ'IU';i:::'1J1meJ'ul?l::: m1l.!u11il::: 

bU'Ll'1JeJ'IVIU1CJFl18V1'11'LlbVl~f11'rn1 {r ~ s} Vl11il1f1f11';itjlJ1'11e:icJ1-:i'IJ'Ll1A k VIU1CJ lil1f1U';i:::'1J1m'1J'Ll1VI N 

VIU1CJ zj'l1'LlA18V1'1 k VIU1CJ~~lJlJ1b~8b~CJ'l~1Fl'Ubb~1\1:::6'1'LlhVIU1CJFl18V1'11'Ll~1FlLJ~ r zj-:i r-1 tlf1 
' " 

b~8f11il1f1U';i:::'ll1m s -1 bbfl::: k - r VIU1CJtlf1b~8f1lJ11il1f1 U';i:::'il1m N - s [Patil, Sinha and Taillie, 
" 

1995] 



'11n~·wwei'\.Jfll'j~:J.Jlii'1ei81-:i mi~1ri'·~\JACJ 1'11ei81-:i~iJ'LJ'U1\91 mk V11.11tJ \91-:id 

1(1]1' 1(2 )1" · ·' l[k )1' · · · 'l[1]m' 1(2]m' · · ·' l[k ]m 
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zj,:ilii'1ei 81-:itin~:J.Jll1'1lfl'lh::;'1l1m'LJ'U1A N V11.11tJ zj,:i?J1:J.J1'j'1U'LJ~1'U1'UV11.11tJ'\.J'j::;'1J1m1ri'eicJ1-:im'lJf1'1'U bm::; 
'U ' 

r\ 1ri ru~ mn;u::;'LJei-:i bbA fi::;V11.11 tJu 'j ::;'1l 1 m b lJ'Uoir CJ:t.Jfl b :U -:iu~m ruzj,:i b lJ'Ur\1ri-:i~~MAei8 n'LJV11.11 tJU'j ::;'1l1 m bbAfl::; 
' 'U 'U 

V11.11tJ zj,:ir\1 b Vl~1tY'UACJFl1 bb U'j~ilr\1ri-:i~ (Fixed Variable) bbFlb~CJVllfll'j~:t.JVli.11 tJU'j::;'1J1m~'Ulllb U'U 
' 

1'11ei81-:i1A tJ~hJ'Vl 'j 1'lJl1 V11.11 tJu'j::;'LJ1mV11.11tJ1A '1::;ti n~:w~'U:w 1bU'U1'11ei81 -:i \91-:itY'U r\1 ri ru~ f1'1~ru::;'Uei-:i 
'U ' ' 

'\.J'j::;'1J1m~ vim U'Ulii'1m.h-:i~-:i b U'U 1'11 bb '\.J'j~:J.J zj,:iLJ~ Jl:iJ:iJM'LJCJ\IFll bb U'j~:J.J5:i~1'UTtJ?Jm:zln~u'lJ 1ri'mJ1-:Jf1'j'lJfi'1'U 
' 'U ' 

\91\ltY'UFl1bbU'jrj:J.J~1t'1'lJ~ r ( l[r]i) bU'UFl1bbU'jrj:t.Jbb'lJ'lJ1JJ\9im~CJ\I 
r11f11AV11-:i r11V1folii'1 bb '\.J'jrj:w l[r J; V111ri't'1'1ii 

N 

E(l(,.]J= LYs Pr(J[,.]; = yJ 
s=I 

N N 
= LYs Pr({i ~ s})= LYsA;' 

s=1 s=1 

[Patil, Sinha and Taillie, 1995] 

2.3.3 m1:uihil~bll'U6l.leNm'<ibn\9l~'U6l.IB.:i"11\9l~1eiv1.:ia1V1fom'a1fo~·rnv1~bb'U'U"ll\9l~1~u1~191" 
, 'I 'I , 

fll'j~:J.JFlTe:J81-:i bb 'LJ'LJ'1l\91~1A'LJ 1ri'Aflb U'U fll'j~:J.JFllCJ81.:i~'U:J.J1'1l\91FllCJ81\I~::; k Vli.lltJ zj'!Vllfll'j 
'I 'I 'I 'I 'I ,, ' ,, 

~:WVl'IVl:J.J\91 k 'LJ\91FllCJ81-:i 6/l\IVillltJf;i,:ifll'j~:J.JFllCJ81-:i 1 'jCJ'lJ bb~::;'1::;VJ1fll'j~:J.JFlTEJ81'1Vl'IVl:W\91 m 'jCJ'lJ 
.. q 'I 'I ,, ' ,, 
il-:iu'U~'l5:i"tW1FllCJ81-.iVi'VhflT~~jj(it'JDEh'l'Vl-l'Vi:lJ\91 AB mk 'U\91FlTeJ81.:i 

' ' ' 
fll'<iu'LJ ~1'U1'U'1l A 1'11B81\lm tJ 1vi' fll 'j ~:w 1'11ei81-:i bb 'LJ'lJ'1lAli'11t'1'LJ1ri'A fl r11V1-r'LJu'<i::;'1l1 m5'U vi ::;tY'U 

'I 'I , 'I 

fi'1V11 nV1 '11'j ru1 n1'j~:wrfi1B81-:i bb 'LJ'LJ'1l\91~11'1'LJ 1ri' A~ 1 'U bbA~::;'1JA Pi1B81.:i zj,:i b U'U fll'j~:J.J bb 'LJ'LJ~l tJ1~1~A'U 
'I 'I 'I 'I 'I 

m::;'LJ1'\.Jfll'j~:J.JFl1B81-:id5Jriru?J:J.JUM b U'U fll'j'Vl \91flel\l~ll~U'j::; flel'LJ 1uri'1 tJ k fll'j'Vl\91~ B'l~ll \91\ltY'U fll'jU'lJ 
'I 'I 'I 'I 

~1'U1'U'1lAl'i'1ei81-:i~blJ'U1u11'1~\IVl:J.Jl'lr11V1-r'lJfll'j~:wlii'1ei81.:imf1{\I~::; k V11.11tJ Aei N ck '1llillii'1ei81\I \91\1 
' ' ' 

"" bbi:..J'UJll~'Vl 2.5 

\91.:itY'UmtJ 1vi'mB'LJbb 'UlA\il'LJCJ\lrn1:wi.11'1::; b U'Ubb 'lJ'lJf1fll?l~n (Classical Probability) ~\il 
Q.J I d .:::::.. .J' V I ~ 1 Q,/ I .:::I C::. JI ii I ~ 1 Q..J I 

VldeJtJl'l'Vl 1 bfl\il'LJ'\.J\911t.Jf111:J.J'\..!1'1::;blJ'U -N- bbf]::; '1J\ilV11CJtJ1'1'Vl 2 bfl\il'LJ'U\il1tJf111:J.J'\..!1'1::;blJ'\.J -N- \91-:Jb'1J'\.J ck , ck 
'LJ\il Fllel 81-:i~ 1 b ~B'l '11 flfll 'j~:J.J'LJ \ilFll eJ81-:i 1 'UbbA~::;'1l\il Fllel 81-:i b U'UB?J'j::;FleJfl'U Vl~CJ fll'j~:J.JFl 1ei81-:i 1 'U'LJ\il 

'I 'I 'I , 'I 'I 

lii'1B81-:i~ 1 1~ili:..Jfl AeJfll'jrj:wlii'1ei81-:i 1'U~A1'11ei 81-:i~'U 1 \91-:itY'Um1:w'll1'1::; b U'U~1V1fo'LJB'I fll'j bnlil~'U'LJB'l~lil 

lii'1ei81-:ir11V1-r'lJfll'j~:wlii'1ei81-:ibb'lJ'LJ'll\il~1\91'LJ 1ri'l'lfl Aei -N 
1 

['LJn1-rviu mu'U, 2555] ' ' ' c d-1 
k 
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2.3.4 !9i''lth~mrufi1bo~t1tl"a~"ll1mmv1tXm"acl:u!9i'1e:ici1.:ibb'U'U"ll~cl'1~u1~~6l • • • 
?\' 1V11'u n 1Juu:u1uvn'I?IC\M?\'1 V11'utJ J ~"1l1 n ';iu1!u iii 15n1J ?I { 1'1 v11 tlJ ~:u 1 rui!u:W u tJm n:u 1 tJ 

' 'IJ 

Vlr11tJ15 15n1Jbbuu1:u b:U'Ll iii b lJ u15n1 J ~'Ll :0-1u1un1 J ?I { 1 'I v11tJ J ~:u 1 ru bb 'U u \I I'! zj '115 ni J.Q' \I~ ?l { 1'1(')1 
~ ' 

t!J~mru\11n fa b:Uuiiiv11 uV1'1';iu'U"lll'ln1 b u\91 bbr1~ 1m:uuiii'lJei'ltlJ~"1l1 m1um1191n1 b u\91 \11ni!uv11tJ1~mru 
' ' 

1 u n1';i?l{1'1Fl1tlJ~lJ1ru AulKu'lmlJ11flVl11m:uuiii'lJEJ'ltl1~"1l1m1 mvi' 
15n1 ';i?1{1'1Fl'1t!J~:u1 ru bb uu "11191~ fl n tJ ei:u1u nu ei tJ 1'166'\Al~Vlri1 tJ A ei 15 n11 ~111"11~ b llu?l'l?l \91 

'I 'V \J 'I 

(Maximum Likelihood Estimation) bb~?l1V1fo1ur:i1u'lJu'l'lll~'il1meJ'u1>1~i!ucJ''!iJoLJffo;\'1nl'l1 um1tl115 
m1~il1"ll~b llw:1'1?11'11 tl?1{1'lv11tJJ~mru tJnv11eiv1'lb~t! mru'lJei'lm1r:i:uv11u81'1 bb uu~1tJ1 um1tJ1~mru 

'IJ ' ' 

A1 bu~ tJtl1~'il1 m b~ffv11m1?1{1'1.Yhniun 11~il1"ll~ b lJu?!1V1fov11eitJ1'lr:i:umtJ11K bbi;..J'l.J m1r:i:uv11 ei81'1 bb uu 
' ' ~1tJ"ll~'IAlu11Y1'1 nium1~il1"ll~ b llm~'l 1 umru~16'1Au bbri~ 1:u 1~Au 1:U~uutJnuA1Am~ru~'lJu'lt!J~"1l1m bbri~ 

'IJ 

o1J ei:uri v11u81 'I br1 tJ 1'1--li!u n1J ?I { 1'1 v11tJJ ~m ruv11tJ15m1 bb 'U'Um1 ~111 \I~ b lJ'lJ?l 'I ?I 1'1%'11:W?i1m J fl Ii\' 1 b uu m11\il 
'IJ 'IJ ' 

b ~u'l\11n~'lnium1~il1\I~ b llu hJ1vi' bn'UmJ~ (Information) b~c.n nu'\Al1';i1iJ b1>1u1~?11.J 1 "1111 zj'l 1:W?iu\91fl~u'I 
nuV1Anm1m1~il1\I~ b llu (Likelihood Principle) %'11Ku.:i1-U15n11?1{1'!1'11tJJ~mrubb uu 1m:uu1>11 um1 
?1{1'!1'11tJ1~mru Vl~ei15m1~H Empirical Likelihood Function 

?!1V11'u n 1';i?1{1 '!1'11tJJ~mru Al bu~ tJtlJ~"1l1mmtJ11K bbi;..J'LJ n 11r:i:ul'11utJ1'1 bb 'U'U"ll \91~1li1u1vl l'lri 
' ' ' 15~1 '1ll um1?1{1'lv11tJ1~mruA1 bu~ tJtlJ~'il1m Au 151m:uuiii zj'l 1vlv11tJ1~mruA1bu~ tJtlJ~'il1mmtJ 11K 

m1r:i:u\ii'1u 81'1 bb U'U"ll\91~11'1u 1vi'l'1rili1'1-d' 
' ' ' 

1 umdr:i:uv11ut!1'1 bb 'U'U'il\91~1\ilu 1vi'l'1rizj'I b~uv11md~:uv11ut!1'!m m lu'U bb~1"11~ 1vi''1'1u1u 
'I 'I 'I 'I 

'ill'll'11eit!1'l~'IVl:W\91 mk 'ill'lv11ut!1'1 zj'liJ~u1>1eiulil'1bu'Llmd~:uv11ut!1'1\il'l~1-Uu 2.3.1 \1~1vi'v11ut!1'1~utJ1u 
'I 'I 'I 'I.I 

~1\iluVi 1 ~'Im ';iff\J Aeil[111,J[112 ,J[113 ,. • .,1[1Jm bbr1~VIU1tJFl1ElV1.:Jb~11'1u~ 2 ~'Im Ju'U Au 

1[2Jp 1(2]2 , 1[2Jw . ., 1[2Jm "ll'l.Jm~«'IVIUltJM1ut!1'l~uzjb~1\ilu~ k ?!1V1fomdtj:uv11eit!1'1 m Ju'U Au 
, , ~ 1 m k 

![k]P 1[kJ2 ,l'[kJ3,. . ., ![k)m ~-:i1vi'v11tl';i~lJ1illA1bu~tJtlJ~"ll1nd Au ~c>s = -2: I: J[,.]; = y RSS 
mk i=l r=l 

[Patil, Sinha and Taillie, 1995] 

2.3 .5 l'l ru6'1:uu~6tlei.:i!9i'1tl1~m ru fli1 bi:!~ vtl<a~inmmv 1tXm<acl:u !9i''lei ci1.:i bb 'U'U"ll~cl'1~u 1~\916'1 
'I 'I • 'I 

1 u'Vll 'l'Vl (]'ISD n 1 J ?!1<a1"IIv11utJ1'1,r u n1<a l'l'i1\I ?lu'U ~ ru?i:uuM'lJu'll'11tJ d ~:u1 ru A1A n'!Sru~ 
t!J~'il1mv111~1'1v1-U'VIA n md b~ v1 nu nu 1 u'Vll'l'Vl(]'ISD mdei~mu'Vl1.:i?inM?!1V11'utJ d ~'il1 mu1! u iii vi n tJ d ~ md 
bb~~l--1 nm -WtJ 'IJtl bb uum1:uil1\I ~ b lJu'lJu'lv11i..Jd~mruzj'I b lJmtJ bb uu~ 6nl'l\11n mdr:i:uV1il1 tJtl d~'il1m~um 

'IJ 'IJ ' 

b lluv11ut!1'1 bb 'Vl'l.J~"ll~ b lJmtJ bb uu n1Jbb"ll nbb"ll'l~l:U'lJEJ'IFll eitJ1'!r:i:u~fln?l{1'1~1.Jm\11 mt! bb uum1:uil1\I~ b lJu 
'U 'I 'V " 

~ n1 nu nri 1nrfon 1 bu l'1'lJu'IV1il1 vtJd~ "1l1 m bbri~ m d 1>1J1 "11?1 uu fl ru?i:uu~'lJ ei--11'11tJ d~m ru Al An '!Sru~tJ d~"ll1 m 
' 

zj'l 11'1tJ~u:o-1u b llu n1JVl1A1fl1\91Vll'I bb{;'l~ m1mb tJd'llJ11.J'lJu'IM1tlJ~mru~fln?i{1'1~1.Jm?!1V1fo bbi;..J'l.J mdr:i:u 
~ 'IJ ' 

1'11ei81'1 bb~ ri~~Jd~ Ln'Vl 
flill?l:WUM~?!1r1ru'lJei'IMltld~ m ruAu m1:u 1:U bu'UbBtJ'I (Unbiased) zj'l"ll~ bb?ll'M 1 ~'Vll1'Ul1 

' v 

11'1 mu~ mb~1 v11 tJd ~m rui!u 61 1:U:W bb u111.J:u1 ~A ltld ~m ru?l'IVl~ei ~1n11A1 flruA n'ISru~tJ d ~'ill m v11 
I 'IJ ' 

t!J~mru Y11ss blJuv11tJd~mruA1bu~tJtJJ~"1l1m~hJbu1.JbBtJ'I ?!1V11'u Y zj'ln1JVl\11Jill1~ru?l:UU~fl11:U 1:U 



15 

btl'U bBtl,:j'lJ ei,:i A'JD':i ~JJ1ru y1188 ?l 1lJ1 ':i fl~1 b 'Ll'Ll fl1 ':i ll'I t11 -if r11 A1I'!Vli',:i6-11V1~'1J U~fl ::;V1u1tiil1€J81,:i 

1[1i1,1(2Jp···,Jfo, ... ,1[1]m'1[2]m'".,1[k]m zj,:i1\9)·vhm':i'\11~'<\l'Ubl'ltl Patil, Sinha bbfl::; Taillie vi',:i.Q 
] m k 

E(yR%') = - LL E[l[,],] 
mk i=I r=I 

]mkN IN _ 

= -IIL:A,5y, = - LY,.= y 
mk i=I r=l s=l N .\=; 

[Patil, Sinha and Taillie, 1995] 

1 'Lltl 1980 Stokes 1\9)fi mn fl1':ith::;mrur11m1mb U':iU':i'J'Ll'lJ€J,:ir;\1ei81,:i~1M'm'il1 n m':i?iJJ 
' 

r;\1ei81,:i bb 'IJ'IJ'1Jl'l~1vi'u 1Ml'lfl zj,:iri11mb'\.J':iU':i'J'U'lJeJ,:JA'JeJ 81,:i-d1M'm'il1n151mJJ'Ll~ (Moment Estimates) ll'I ti 
' ' 

Pin~1'il1n 1mlJ'UM'lJ€J,:J?l~~~1vi'u (Moments of Judgment Order Statistics) 

A'J1lJbbU':il.b'J'UFl'JeJ81,:J 1[1]1' 1[2 ]P. • ·, l[k ]1' · · · , 1(1]m,1[2 ]m, · · ·, l[k ]m 61'1V1fofl1':i~lJFl'JeJ81,:i bb 'U'IJ~\i"I 

~1vi'u1M'~fl AB si?ss = ~t(J[,Ji - .YR.,.'} /(mk-1) [Stokes, 1980] 

fl1':i bu~ tl'U b Vi tl'IJA t:U?llJU~'lJeJ,:)Fl'JU':i ::;m ru 'Utlfl'il 1nfl1':i'il1'il1':iru1~,:J At:U?llJU~A'J1lJ 1:J bel'U bBtl,:J bb~'J 
' ' 

t!,:i:W m ':i'\11 'il1':iru1~,:i A'J 1JJ bb tJ ':iU ':i'J 'U'lJ ei ,:i r;\1u ':i::;JJ 1 ruM'1 t1 zj,:i r11m1JJ bb 'll':i'll ':i'J'U'lJei,:i r;\1 U':i ::;m rub lJ'U r11~ bb?l 1'1,:J 

1 ~vi':i1u11r\'1~,:i?1ei,:i'1Jei,:ii:.Jfl ~1,:J':i::;V1-J1,:ifi1'll':i::;mrunur11~ bb VJ'il~,:i 11'1mu~t1 bb~1 b lJ'Ub vh 11'1 ~'LlfieiV11nr;\1 
'll':i::;mrur;\111'1 :Wr11m1mb U':iU':i'J'UU ei t1n11il1'll':i::;mrucii'1~'U I bb~'J il1'll':i~mrui!'U8eit1:Wf1ru?1JJU~b lJ'LlA'J 

'll':i::;m ru~:Wri1 m1JJ bb U':iU':i1'Ll ~1?11'1 
' 

fl1 ':i bu~ tl'IJ b VJ tl'UU':i::; ~VlBJlTl'i'lJ el ,:j Fl'J tJ ';j::; m ru A 1 bQ~ tl':i ::;Vil 1,:J fl1 ':i ?ilJ Fl'J €J 81,:i bb 'IJ'U'1J I'!~ 1 vl'U MI'! fl nu 
' ' ' 

m':i ?iJJ cii'1ei81,:i bb uu~1 t1 mm ':i crv111ml'I t1fl1 ':iV115 l'l':i1 ?\1m::; V111,:i m 1iJ bb 'll':iU':i'J'Ll'lJ ei ,:i cii'1u':i ::;m ru~ M ei,:i m':i 
' 

b'll~t1rn Vit1uvi',:i.Q 

(- - ) Var(.Ys11s) 
RE Y11ss,Ys11s = u (- ) var Y11ss 

'<il1fleJ\Pl':i1?\1m~Vll1,:JA'J1WbU':iU':i'J'U'lJ€J,:ir;\1tl':i~mru.LJ1,:iMu c11V11n RE(yRss,YsRs) z 1 bb~'J 

bbM1,:i11r;\1tJ':i::;mrur11bu~t.Jmt11M m':i?iiJi!1ei81,:i bb uu'1Jl'!~1vi'u 1M'l'lfl:W m1JJbb 'll':i'll':i1uuei t1n11r;\1'\.J':i::;mru 
' ' ' 

A1bQ~t.Jmt11Mnw6'iiJi!1ei81,:ibb'IJ'U~1tJ [Chen, Bai and Sinha, 2003] 
' 

m':i b u~t1u b Vi t1uth::;~vi6m~ r;\1tJ':i::;mru ri1 bu~ t1':i::;V111,:im':i?liJr;\1ei81,:i bb uu'1Jl'!~1vi'u 1M'l'lfl num':i 
' ' ' 

?iiJ r;\1ei81,:i bb uu~1t1'il::;v\'1 n1 ':i bu~ t1u b Vi t1u n':iru n1':i?iiJi!1 ei tJ1,:i bb uu~1t11?\ A'Ll 6-11V1~'U'lJ'U 11'1r;\1ei81,:i b vi1 nu 
' ' 

b ~ei,:i'iJ1n 1 u m':i?iJJi!1 ei81,:i bb~ri::;'1Jl'IA'JB 81,:iV1~mb~ri::;':ieiui!u?iiJm'il1 n'll':i::;'1J1m N VIU'J t1 zj,:i 1 u~-d'lJml'I 
' ' ' " r;\1eitJ1,:i n = mk vi',:iiJ 

(
N }) 2 mk I _-_ !___ - L (y1 - Ys11J2 mk-I 

RE(- - ) = N mk = (~) i=I z 1 
y RSS ' Y>RS 111 - - 2 N 111 - - 2 f 

L(Y, -Y11ss) L(Y, - Y11s.-J m-1 
1=1 1=1 

m(m -1) 
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"il1nnTmJ~t1'\Jb'Vlt1'\JU'a~~V16m~'Vti'll'i'1'\.J'a::;mru'1J1'l~'t.!'d ~'Ul1 RE(jRSs' YsRS)?. 1 b~ti'l"il1n 
m ) mk {_ )2/ , , 
~ (ji - Y11._1,;<; )

2 
m -1 iiri1ueit1n11 ~ \YJ - ySRS mk- l U'WAtJFl1U'a::;:).J1t\JA1bu~tlU'a::;'IJ1mmt11~ 

m 'a~:u\911ei cJ 1'1 bb uu'IJl?l~ 1ilu1vi' vrniifl11:u bb u'au'a1'Wuei t1 n11 b~m u~ t1'\J b .;;i t1u n'U\911'\.J 'a~m ruri1 bu~ t1 
' ' ' 

u'a::;'IJ1 m"il1n m'a~:u\911eicJ1'l bb 'IJ'IJ~1t11~A'W 
' 

bb'1::; b~ffv11 m'a b u~t1'1J b flt1'1J'\J'a::;~V16m~\911u'a~mru Ll?lt11 oiJ'F11i:u bb u'au'a1'Wm t11~-Um'l:u:u&l'Vti'l 
[Kowalczyk, 2004] n'IJ \911'\J'a::;m ruri1bu~ t1'\.J'a::;'ll1m"il1n n1'a~:u\911eicJ1'lbb'UU~1t11~A'Wi:11'v1fo 1 'Wmru~ 
'Vml?l1'11eicJ1'lbv11n'W 1"1il'ltf 

(N-1) s
2 

RE(- - ) = N mk > 1 
Y !ISS' Ys11s l [( l ) 2 1 m k _ 2 ] -

- 1-- s --II(E(Y[r1i)-Y) 
mk N mk i=I r=I 

"il1f1f11'abU~t1'Ub.;;lt1'\Ju'a::;~V15m~'Vti'lM1U'a::;mru'1l1'l(;]'Wtf ~'Ul1 RE(YRSs' YsRs)?. l bUtJ'l"il1n 

[Kowalczyk, 2004] m ti 1(;] f11'a~:u\911eicJ1'l bb uu~vi~1il'U 1vi'~'1iiri1m1:u bb U'aU'a1'WUtJ tlf1l1b~tl b U~tl'\Jb .;;lt1u 

nu 1'11u'a::;mruri1 bu~ t1u'a::;'IJ1 m"il1nm'a61:u\911eicJ1 'l bb u'IJ~ 1t1161A'W 
' 

2.4 n1'~1bfl-a1::·1,fo!1lt1Bm~.:ib6i''Uei~1.:i~1t1 (Simple Linear Regression Analysis) 

m 'a A m;i-Uei :u '1zj'l1"1m"il1 n ni 'a btl'\J'al'IJ 'a1:U'v1~ €l m 'ai:11 'al "il \911 mh'l bb~1tl1m1 bfl'a1::;~'v11 
" A11:U~:UoW'U5 b ~ €)~ \?lvl1oLJ€l?l'aU 'a1:U.j:,'l n 1 'a?\~1'1 \911 bb 'IJ'IJ b ~ €) nl'a'\11 tl1 fl'a rui!'U b U'WlB~'Llt1:u1 off rl'W €) cJ1 'l 

' 
bb~~'v1'11tl hi11"il~bU'W1'Wb:a'ltS'an"il bl"\'a'ljl\Jl"\1?llfl1 bn'ljlfl'anJ'a:U ~'lfl:Ul"\1?llfl1 'a1:U.j:,'lvi'1'Wf11'abb'V1Vltl fin 

' ~ " 
tl1m 1 'il'b ~EJm'a~t11mru~~b 'v11fl m'aru'v1~e:i-Uei:u'11 'WEJ'W1Alfl ' '\; 

m'albA'a1::;~flvifleim :a~bi1''WeicJ1'l~1mlJ'Wm'aAn'lj1m1:u~:u~'Wt5'ad1'll'i'1bbu'a 2 \911 zj'lu'a::;neiu 1 u 

"11t11'11bbU'aB?l'a::; (Independence Variable) 1 \911 bbfi::;l'i'1bbU'al?ll:U (Dependence Variable) 1 \911 zj'l 

m1:u~:u-W'U5'a::;'v111'l 2 \911 bb u'adb U'W 1 U1 'W-a'n'ljru::;m1:u~:u'W''Wt5b :a'l bii''Wlfl'a'l 

m1:u~:u'W''Wt5b :a'l bi1''Wlfl'a'l,!'W"ild~"il1'aru1"il1n bb m 1 u:u'Vti'lri1~'l bnl?lzj'l b~e:itl1m b :Ut1'W b lJ'W bbe-iw11~ m'a 

m::;"iJ1t1 (Scatter plot) Al~'l bf1\?l,r'U"il::;ii-a'n'ljru::;'v1~tJii bb m 1 um U'U bii''Wlfl'a'l tl1"il"il::;iim1:u~:U~'Wt5m:un'U 
'v1~tie-in~'Wn'Wil'lb'il'Wm~.;;12.4 

Scatterplot of y vs x Scatterplot of xO vs CS 
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2.4.1 \;)'1LL'U'UCl~C1eim~.:ib&l''Ut1~1.:i~1E.1 (Simple Linear Regression Model) 

1t1-d1-:i'\Jmt.JAMT~1~~ 18 Sri Francis Galton hlfin~1A11:w~:w~t1th:::vdT:1~1t!?W1JeN'Um 
" ' bbfl:::~1t!?l-:J'1Jel-:Jtlel bb:J zj-:J'l"J'Ul1~1t!?l-:J'1Jel-:J'UMl~:!Jtlel bb:J?1.:i'OJ::::!JA1b 'if 11n~A1 bQ~ t.J'l.Ji :::'1J11 ~1t!'UMl~:!J~el bb:J 

'V 'V 'I 'V 'I 

b~t.J:l'lbbt!d b-Ll':JJ~\1:::6'!\l~t!b ~m.U1m 1n~A1bQ~t.J'1Jel.:J'\J1:::'1J11Ji'1t.J Sri Francis Gal ton 1Ji'elB'U1t.Jfl11:JJ~:JJ~t!l5 
" 

IY)',rn~11J\'1 t.JAruMA16'!M1 bbfl :::~elm 1~ .Ur\'111 "f111bl\9lblelt.J (Regression)" elB'U1t.JA11:JJ~:JJ~t!B b 'il-:i?I~~ 

l:5Vll1\lvl1bb'l.Jivlt!bbfl:::vl1bb'\JIM1:JJ [Yi~ru b~tJ1Atw, 2548] 
' ' 

v11 bb urn 'il-:i b~t!CWlbleltJelcl1-:i~1tJIY1'-:i~1\iln~11m bb~1.U1-:ivl't111 v11 bb uud'\J1::: nelu 1 'l.JJ11t.Jvi'1 bb '\J1 

B?ll::: bbfl:::vl1bbDIA1:JJ elcl1-:ifl::: 1 vll b\9ltJ:!Jvi'1bb'U'Uf11lbl\9lbleltJ6'11V1~'U'\J1:::'1J1m (Population Regression 

Model) Ael 

Y, =/Jo + f31x; + &, 

Y, 

x, 

bUt!Al~\I bt)M'1Jel\lvl1bb DIM1:JJ 

bUt!YJ111faAel1bbVlt!J:::t.J:::vi'\9lbbnt! Y 

b Ut!'l"J111:iJ bAel1 bb Vlt! fl11:JJ'1i't!'1Jel'l b~t!f1\9lbl el tJ 

b Ut!A1~-:i bnM'1Jel-:ivl'1 bb '\J1B?11::: (A1A-:i~~vn1uA1) 

bUt!A1m1:wAm\9lbA~elm'iJ-:ir:i:w 
' 

bb 'U'Ubl \9\blel m :U-:i b~t! el cJ 1-:i~ 1 tJ'lJ m'\J1 :::'ll1 m IY1'-:iii 

L Y, bUt!vl'1bb'\J1~:w~:Wm1bL'1rnb'1-:JA11:w~1'1:::bUt! J(Y, Ix,) ~:WA1bQ~t.J µrix bbfl::::!J 

fl11:JJbbDIDl1t!bvl1fl'U cr;IX zj-:i:!JA1bvi1nt!6'11V1~'\J~n 1 A1'1Jel-:J xi 
' . . 

2, A1bQ~tJ'1Jel-:i Y, '1:::el~um~t!A1-:i 'li-:iblJrn~t!fl\9lf1eltJ'1Jel-:i'\J1:::'ll1m 'W't!Ael 

E(Y,) = E(/30 + /31X; +&I) 
=/Jo+ /31X; 
= Jlr1x 

3, A1A11:wAm\9lbA~elt! &; :Wm1u'1rnb'1-:i'\Jn~ :lJA1bQ~mvi1nu o bbfl:::m1mL'\J1'\J11t! 

Lvi1nu cr2 ~t!Ael &; ~ N(o, cr 2
) 

4, A11:JJAm\9lbA~elt! &; bb~fl:::A11:J:Wm1:w~:JJ~t!Bflt! ~t!Ae:J Cov(&,,&J= 0 bdel i * j 
5. A1'1Jel\I Y, bb~fl:::A1bUt!B6'!1:::~e:int! [Yi~ru b~tJ1Aru, 2548] 

' ' 

6'!:JJU~'1Jel\lb~t!bl\9lbleltJ (Properties of Fitted regression Line) 
' n 

l, e-im1:JJ'1Jel\IA1fl11:JJA'11\9lbA~elt!:lJA1bvi1nuAt!~b6'!:JJel ("'"' & = 0) 
'IJ ~I 

i=l 

I J1 I 

2. e-im1:un1~-:J6'!eJ\1'1Jel\IA1fl11:lJAfll\9lbA~tlt! (" & 2 
) 'OJ::::lJA1-Ll'elt.JVl6'!\9l 

~I ' 
i=l 

n 

(LX;&, = o) 
i=l 



i=l 

5. bii'tmAfleiCJ-:v::~1'U~A (x, :Y) b?l~ei 
[Vl'l:fru b~CJ1riru, 2548] 

' ' 

2.4.2 nT~u1::mrul"i1'1"l111fa191'€J1 /30 bbli't:: /]1 ~1'Vlfo~1bb'U't.mwiflBm~.:ib~'WB~1.:i41~ 

18 

1 'WVJ1-:iLJ i]IJ&\vi~ B?lfl 1'U n11ru-:v~-:ib11 hJ?11~1'afl v1'1n11bn'\J'a1'\J'a1~.Uei~riLJ1::;'ll1n'a1rl'ei 81-:i 

ri'a'\Jn1'U fl1t.1.if EJ"51nA hH1-:v::bll'Ll 1 'Llb~EJ-:i'Vei-:im1bnm1m1~.iJEJ~ri '\Jririmm 1 ·1..in1'afi'1b 'W'Llm'a 'a1~ 1 LJ~-:i1 'Ll 
" ' 

b~EJ-:i'Vei-:i-:i'\JLJ'a::;m ru 1 'Ll m'a bnm1m1~.rrei~ri 1'11 t.1 b Vl(lld~-:i ~ EJ-:iiJm'a611'a1\l\il1ei81-:i b ~EJtl1.LJ EJ~riM'1EJ81-:i 
" ' " 

vi~ei.iJEJ~mY1t.1-:i'\J1-:i~1'U'VEJ-:iLJ1::;'ll1mmb~EJ 1.U v1'11 vi'1J.Jmm1riVJ11'\JA1'W1'a1iJb(i1EJ1 /30 bbfl:: /31 11'1 

f\1 t.1 b Vl(ll B-Jri (i1' 'loLJ1 -1 ~u ~-1 rii' EJ'lil m1LJ'a::;m ruri1m'a1il b(i1EJ1 15m 11.J'a::;m ru ri1'W1'a1il b(il Bi~ 
' 

'Wt.1~1i611Vl'foLJ1::;mruri1'W111fa(l1EJ1 /30 bbf\:: /31 A'€l15n1~-'.l?leJ'lUElt.1~lil (Least Square Method) zj-'.l-;v::; 

1 Vf M'1LJ1::mru~ilriru~mu&\1JJ beJ'LlbB t.1-1 bbri::;ri11mb LJ11.J'a1'U~1?1A 
' ' 

vi~nm'amlil1'\J1::mru'W1'a1fo(i1EJ1 /30 bbf!::; /31 'Vei-:i15n1~-'.l?lei-:iueit.1~vi iJvi~nm1Aeiv1'11Vf 

ri1B-Jm1~n1~.:i?lei.:i'VEJ-:J~1'LlbVl~eJVl~Elfl11~flmlilbfl~El'Ll (Residual) iJri1~ueit.1~?llil n~11AEJ ~1'LlbVl~El ( e ) 
q I 

Aeiri1m1mb(l1 n~1.:i'a::;w)1.:i ri1-:v~-:i'Uei.:i 1111 bb LJ1m~ Y; n'\J ri1'Wt.11mru~1rl'-:v1n?1~m'aflArieit.1 ( Y;) ~1::(i\'u 

b~t.11nu'Vei.:iri1'Uei.:i M'1 bb '\J'aB?l'a:: X
1 
V1~ei?11m1m ~t.1'Ll 1rl'(i1'.:id 

; i=l,2,3, ... ,n 

zj-:i1'Ll~dl'l1bb'\J'\JfllilfleJt.1'VEJ.:i'\J1::;'ll1m Aei Y; = /30 + j31x; +&; bbri::lil1bb'\J'\JfllilfleJt.1'Vei.:i 

M'1ei81.:i (Sample Regression Model) AeJ Y; =Po+ p1x; rl1Vl'LlA1Vf Q bU'UA1B-Jfl'a1~rl1~'1?leJ'l'VEJ-:J 
m1~rimAbri~eiu~ueit.1~~1il 1rl'(i1'.:id 

n n 

Q = L(Y1 -y;) = L(Y; -P0 -P1x1)2
; i = 1,2,3, ... ,n (2.1) 

1=1 1=1 

l'l1'\J'a::mruvn'a1ilb(i1EJ1'Vei.:i /30 bbri:: /31 Aei Po bbfl:: /J1 mmh(i\''\J b~B1mrl'ri1 Q ~UEJt.J 
~~Ai!u1Kei.:iVl1eili-Wu68eim'i1t.1'\Jn'\Jri1 130 bbri:: /31 1rl'(i1'.:id 

:j]Q __ =-if (Yi -Po -P1x; )x; = 0 
I f3o ,/J, 1=1 

zj.:i-;v::; 1fl?lEJ'l?l~fl1'a(i\'-:i~ei 1 LJd 
n n 

n/Jo + P1LX1 =LY; (2.2) 
1=1 1=] 

n n n 

/J0 L:x; + P1L:x; = LY1X; (2.3) 
1=1 1=1 1=1 
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i.'llJf111~ (2.2) llfi:; (2.3) l ':i1\l:;l~CJfll1i.'llJflWUfl&ln1-a'-:i?1D\ltleHJ~M (Least-squares Normal Equation) 
zj.:ndmln1:;uu?1lJm1~ c2.2) llfl:; (2.3) \]:; 1~1'11i.Jd:;mru"1-:id 

A A 

/Jo = Y - fl1x (2.4) 
11 11 

11 LX1LY; LX;Y, _ r=1 i=I 

fl1 = r=I n 2 

11 (fx;) L x} - ~'=_I~-
n 

(2.5) 

1=! 

' 1 11 1 11 

dfo x = - Ix, llfi:; y = - LY, [Douglas and Geoffrey, 2012] 
n r=I n i=I 

'l.11\J:;b'\J'Ui.'1\li.'IM (Maximum Likelihood Method) 
'U ' 

Vl~ fl m dvi'111.J'U D\l m1i.Jd :;mru ri1'W111il lM ei1 ~1 t.115.rn1:;'lJ1\J:; b U'Ui.'l.:J i.'l M \1:; ~ \111 ru1 \11 fl m1 
'U ' 

?1~1.:iVl.:in'1i''Ufl11lJV!'U 1 bb '!.l'U'Uei-:iri1~.:ilfl M Y zj.:iVl-:in'1i''Ufl11lJV!m bb '!.ltJ-d'Him\11 fl lnm1m1lJoLJDlJ'1Vl~eiri1 
I 'U 

~.:JlflM6l~1oJ11 i.Ji.'1~1.:i Likelihood Function zj.:ihJvi11uri1~111ilbMD1 \11mYtJ\l:;'l'i'1mdV!11'11i.Jd:;mru~vh 
1~ Likelihood Function Vl~D L(e) ilri1~.:i~M 

zj.:J\11floLJDi.'llJlJ&l'UD\lM1 l6'\J'Ut1Mt1Dm :S-:i 6?i''Ueit11-:i~1t.1'UD\li.J1:;'1l1m~fl~1111 Y l U'UM1 ll i.J1~lJ 
I q 

~lJf11Jbl\lflbl"il.:Jfl11lJU1"iJ:;6U'Ll J(Y, Ix,) 1MCJlJA1lQ~CJ E(Y,) =/Jo+ f31X, bb'1:;ilm1ml1.JJ1.JJ'J'U 0' 2 

\):; 1~11 Y, lJf11J6l"ilflbl\l.:J6b'U'U1.Jfl&l zj.:JV!1M11.J1:;mru'W111ilbMD11~"1.:id 

\11flM1ll'U'Ut1Mt1Dm:S-:il?i''U'UD\li.JJ:;'il1mf1D y, = /30 + /31x1 +&, zj\l &; ~ N(0,0' 2 ) \1:;1~11 

"" "' ( ) 1 __ 1,(0,)' d 1'"''"' ' "" 
&, lJ~1.J6l'U'\Jf11Jll\lflbl\l.:Jf1D f &1 = J2;;;;I e 2u lJJD Transformation \l:; MM16l1.JJ~JJ Y, lJf11J 

2Jr(J' 
I 

~ .J "" "' ( ) 1 --,(Y,-(.Bo+JV,)~ 
6l\lf1bl\l\ll6'\J'UUflM "ll\lJJ~U6b'U'Uf1116l\lf1b6\l\lflD f Y, = fi;;;;I e 2u 

2Jr(J' 
6dD'Vi'1fl11i.'1~1\l Likelihood Function 

L(Y,;/30 ,/J,)= J(J;)J(J;) .. .J(~) 

=(bJ
11 exp(--2

1 
2 I(y, -/Jo -,Bix,)2

) 2Jr0' (J' r=1 
(2.6) 

"il1mYtJ"il:;'l'i'1mJV!1D~~'Ll5tleiCJb'VlCJ'Un'U'W1J1ilbMD4 /J0 66'1:; /J1 6 vleiml'l1tJ1:;mru~'Vi'11 ~ 
Likelihood Function lJA1i.'l.:J6'11'1 Ii):; 1~11 

'U ' 

( 
2 )_.!_ 1 fi 2 In L (Y, ;,80 ,/~) = n In 2Jr0' 2 --2 L.. (y, - /30 - /J1x1) 

20' i=I 
(2.7) 

a 1 n 

a,Bo (In L (Y,; /30 , .8,)) = - 20' 2 2 ~ (y, - /J0 - ,Bix, )(-1) = O 

n n 

LY,-Pi:Lx, 
..Bo = 1=1 1=1 = y - ..Bix (2.8) 

n 



20 

a 1 n 
-(In L(I;;/30 ,/3; )) = --2 • 22:(Y; - /30 - j31x, )(-x;) = 0 
8/31 2<J i=I 

fJ = n(t,v} t,x.t,y, 
I 11 

( n )2 
n~x;- ~x; 

(2.9) 

11Xv11'\.J';i~lnru'iJeN /30 bb'il~ /31 AeJ /30 bb'il~ /31 '9rn.J~1v1'U \ldli111 
~ ~ 

/30 =y-f31x (2.10) 

fi = n(t.x,y} t,x,t,y, 
' n t x,' -( t, x,)' 

(2.11) 

n 

I(x, -x)y; 
'v1~el f31 = ...:_i=-'-!---- (2.12) 

I ( x; -x)2 
i=I 

1M v v\'11'\.J1'11'\.J';i~:w1 ru'iJ ei-:i 15.n11~tl1 \! ~ b lJ'U ?1-:i ?IM bu 'U 1'11'\.J';i~:w1 ru ~:W fl ru?l:wuMvi 1-:i ?! () M 
'\) ' ' 

(S tati stica l Properties) ~ n11 r11'\.J ';i ~m ru~M-i 1 n15 ri'1~-:i?1ei-:ii'.iei CJ ~\91 zj'l r11 '\.J ';i ~m ru'iJei-:i15m1~tl1-i~ b U'U 

6'1'l6'1\9lbU'Url1D';i~ll1ru~:lJflru6'1:wuM1:ilbeJ'UbBC.J'l (Unbiased) :Wm1mb'\.J';i'\.J';i1'U~16'1\9l (Minimum Variance) 
\J 'I 'I 'I 

bb'il~lJfl'J1:Wfl'l b?i''Ufl'l11 (Consistent) ';i1:W 1 'lJ~'l6'1CTM'WmY1v-:i (Sufficient Statistics) [Douglas and 

Geoffrey, 2012] 

2.4.3 rirui;li1U~"Uei-:il'l1'\.J';i:::i11rufiTvn-a1ilblilBi"Ue:i-:in1';i1bri';i1:::~rililriBvb;zJ-:ib~'Weicl1-:i~1v 
' 

1'Llvi1-:i vi fl'jj f1m';iei'Llm'Uvi1-:i ?1 ~Mm ';i lil ';i1 -i ?I ffU fl ru m.JUM'iJ ei-:i r11'\.J ';i ~ m ru :lJ fl ru?l:wuM ~ .,I d.J , , ci 

~1At1J'Vtl'l r11'\.J';i~mrufitJ rn1:w hJ b eJ'U bBCJ'l (Unbiased) zj-:i-i ~ bb6'1\9l'l b 1XVJ';i1'\Jl1 b\9l C.JbQ~ C.Jbb~1r11'\.J';i~mrui1'U 
1 hJ:lJ bb 'U1bi'.i1111Xri1th~mru~-:i'v1~ ei~1 n11 ri1 'W1';i1:\Jblilei4 bb'il~~ru?1:wuM'iJei-:ir11LJ';i~lJ1ru8n-U'ei'v1~-:i~~1ri't1J 
AeJ A1fl111lbbD';iD';i1'U~1?!\9l (Minimum Variance) bU'UA1~bb6'1\9l'lb 1XVl';i1'\Jl1 b\9lt.JbQ~t.Jbb~1fl1~'l?!eJ'l'iJeJ'l 

' 
[:..JJ;1~1'l';i~'v1l1'lrl1D';i~lJ1run'UA1'W1';il;UblileJ{bU'Ub'Vh1M 

r11'\.J';i~mru /30 bU'Ur11'\.J';i~mru~1:Wbei'UbBCJ-:i~1'v1fo /30 zj-:inwYi-i1';iru1~ru?1:wuMfl11:w1:iJ 
beJ'UbBCJ-:i?11m';iti~1b'Li'Um';i1Yl C.J'v11A1fl1M'v11'-:i'Vei-:ir11'\.J';i~mru /30 zj-:i11'1vh f11';j'Yi~-it!11'1v1-:i-d 

E(/30 ) = E(y - /31x) 
= E(y)-E(f31x) 

= E[ ~y, ]-AE[ ~x, l 
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= /30 
bbfl~il1th~mru /J1 btl'Uii1'\J'i~mru~hJbeJ'UbBtJ\l~1vi-r'\J /31 zj\lfl1'i~\l1'iru1f)ru?1:wl'J~rn1:w 

1~ beJ'UbBtJ\l?l1JJ1'ifll711 b 'Ll'U nl'i 11'1tJVl1~1fl11'1Vll\l'lJeJ\lA1U'i~mru /J1 zj-:i hi'v11m'i~~\l'U1~1?1'-:i-d' 

1=1 
n 

= Lk,E(/30 + f31x,) 
1=1 

n n n n 

= f3oLk, + /31:Lk,x; ; L k; = 0 bbfl~ L k} = I 
1=1 i=I i=l 1=1 

) 

(j2 

bbl;l~ Var(fii =-,-, ---
L(x,-xf 
1=1 

['\~'\':lru b~tJ1riru, 2548] 
' ' 
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2.4.4 nT~th~ bi'.i'Wfl ·;m.1 ~~'Wm~ bbi;'t~f\'J111U1b ~B ~B b~"lJe:J{ji;j' 1 bb 'U'U bl~ ble:lf.J b :U.:i b6"'WBV1{1~1 ti 
m11 bri11 ~1'1b1V1b\e:JCJ b :a,:i b~'l.rn tJ1 -:1~1 CJ b U'Ll m11 bri11~1'1m1:w~11V1'l..!61d1,:i ITT1 bb LJ ID '11~ Vl~-1 ITT1 

bbri~ITT1 bLLl11?11:wvi~,:iITT1 zj'lri11:w~:wV1'l..!61~vi11,:i 2 ITT1bbl11dbu'Ll 1 LJ1 'Ll~n1jru~m1J.J~:w~'Ll6b:a-:ib~'Llm'I m1 

LJ1~ bihm11:we'.Jvi'V'lmvi bbri~ri11:wi.11bzje:i~e:i1~'Ve:i-:i ITT1 bb uub\vifle:im :a-:i b~'Lle:i tJ1,:i~1 CJ ~-:1Me:i-:iv11nww"il11ru1"il1 n 

r11ri11:w~:w~'LlB'l.Ju'I ITT1 bb L11Dm~ bbfl~ITT1bb LJ11?11:w zj-:im1:w~:wV1'LlBMu'lb U'Ll 1 LJ1 'Ll~njjru~ b :a,:i b~'Ll ii'LlAe:ir11~1 '1f 

1'Llml'Vi"il11DJ1f111:lJ~:lJ~'LlBAu r11~:wLJ1~~'VlB'1Vl~:WV1'UB'l.Je:J-:Jb~CJ~~'Ll (Pearson Correlation Coefficient 

: R) zj-:1V111~'91-:id 
11 L (x; - x)(y; - y) 

R = -r====i==1 ===----r==== 

6/l-:i -1 :::; R :::; I 
'Ll e:i n "ill n'Vi '<il 11ru1ri11:w~J.JV1'l..!61~Vil1'1rfl1 bb LJ1D'1I~ bbfl~ rf\1 bb LJ1 l'll:W bb'iK1~'W n11oJ1 n11 

1 bri11 ~..,b1vib\ e:iCJ b :a,:i b~'Ll 1 LJ1 iMei'I r\'1\1,:i(i,:i.1Jei'1:w:w~ b -dei-:iITT'Ll'l.Jei-:i m11 bri11 ~..,~1 CJ "1-:i~1~ n~11mLL'iK1.U1-:1M'U 
1 'Llvh.Ue:i~ 2.4.1 bbri~ b~e:iv11 m11Lm1~1'1b ~e:ivi1ITT1 bb uub1vib1eiCJ~1wfooJ1 h.J1 m 'Ll m1'V'lCJ1 mruV1~eiri1V1m1ru 
~'Ll rile:i-:iri11'<il'1uum1:wb1 nrilm'l.Ju'IITT1 bb uuflvib1uCJCi-:im1rnb~'Ll tl'11 'Llm1'V'l CJ1 mru zj,:imm1b1'Vi"il11ru11~"il1 n 

" r11~:wLJ1~~'Vltm1ITTV1~'Llh (Coefficient of Determination : R2
) zj,:i 0:::; R2 

:::; I 
bbri::; r11~ v1' e:i,:itl lm'Vi "il 11 ru1 ~1 :w n'Ll nu r11~:wLJ1~~'Vl6'1V1~J.J~'Ll6 Lbri::; ~:w LJ 1::; ~'Vl6n11rf1(il~'U1 "il 

Ae:JA1f1fl1V1bfl~e:J'LlbQ~CJn1~'1'1u'I (Mean Square Error: MSE) b U'UA1~ue:in 11X'Vl11u11 LV1m12~mL'iK1r11"il~'I 
~1'1"iJ1nr11~1#\"il1nm1'V'lCJ1mrumnt!e:imV1CJ,:i1vi zj,:ivi11~'91,:id 

11 ( ~ )2 L: Y,-Y, 
MSE = ~i=~1 ---

n-2 
[Douglas and Geoffrey, 2012] 

2.5 n1';i1 bfld1~~bl~ mi t1 b ~ .:i b6"'We:i81.:i ~1m~e:ii;l1el81.:i bln 6i11i;l1e:i81.:i bb uu'U~'11~u~u Hf~ i;:i 
\J 'i 'i 'i 

2.5.1 md6l11i;i'1el81 .:i~1V1~ui;i'1 bb ·1.h~ 6J'j~ b Yie:ivl1md1~ fi1•tm.:ii;l1 bb udvi111 
' 

2.1 v I do vv .::;,,V"'"' A v div 
bbDllill:lJ'lJu'l'lJu~rimuCJl-1 b'V'lu'Vl1f111'111'll'llbb'lJUb\V1b\uCJb'Mb'1'Ll Y, = /30 + /31X; '<il1f11'llbb'UU"il::;b'Vl'Ll11 m 

vi1nrli'1bbDID'11::; ( X,) mm1b\uB'lJ1CJA1'lJmrli'1bbl11m:w (Y,) 1~mh,:i~nMu'lbbJJ'Utl'1 vi~e:i'11m1b\uB'lJ1CJ 
6'1Jl1'V'lf111:l.Jb U'U 1 D'lJe:J'lrfl1 bb 'lhlill:W 1\iilnrK bACJ-1 nu Al'<il~ -1 bb~l~'Ll f11';il\71A1 ITT1 bb DI li11:W~1 CJ Al'lJe:J'lrfl1 bb DID'1'rn 

n"il::;mm1b\oJ1m 1 m 'Uf111 bbflUqjVl16'11Vl-ru m1LJ1::;mruA1ITT1bbDlli11ll~lJoLJff~1nV11JJ11'<il::; b U'U 1 'Ll~1'Ll~l1rfl1 
bb 'lhri1:w 1~'11m1b11'vir111A1V1 CJm 'l V1~e:i1'vir11rf\1 bb LJ1m:w 1~ CJ1n ".i1J.J~'l.1Je:i.J1 nvi b~u'lr11 H~1CJ b 1ri11 'Ll 

mlfllf11j1 bbri::;urimmzj,:ivl'e:i'l 1 i'luLJ1::;mru~?1-:i 11:w 1 LJCi-:i.Ue:im1~m"ilV111~CJ1n 
' " " 

l'Llll 2001 Hani bbfl~ Faisal 1~Af11j1f111lbf111::;1'1~1V1b\um:S'lb~'Ue:itl1'l~lCJLV1CJ1iITT1e:icJ1-:i"iJ1n 

m1~:wrf\1e:itl1'lbb'lJ'lJ'1lV1~1vi'u [Hani and Faisal, 2001] bbri::;1'Llll 2002 Chen 1#i'bb'U::;oJ1rf\1LJ1~mrur11bu~CJ 
' ' 

Lll~'/ll fld'lJe:J-1 rf\1 bb '\JU b\(il bl e:i CJ 6'11'v1fo f11 ';j~:l.J rflle:J tl1'l bb 'lJ'lJ'/l(il~1"1U zj-:i 1~v11 f111 b~ CJ'l~1"1uvi1.11CJ1'11 e:i cJ1-:i LV1 CJl'l1 
' ' 
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bbU':iB?l':i::; 1i11mf'Llvhfl1':ii'~ri1M1bbU':iB?1':i::; bbfi::;M1bbU':il'11:1J611V1fofl1':iu':i::;mruri1bt:i~ti'IJ':i::;'1nm [Chen, 

2002] 

~1V!-ru fl T:i1~ C.Jd '1 ::;vh m ':i~:IJ Mlei tJ1-:i'11 flu ':i ::;'IJ1 m~iJm1:1J~:1J~'Ll5n'Ll VI~ eiiJ.U eJ:IJfiu':i ::;'IJ1 fl ':i ' ~ 

~1V!-ruM1bbu':i\111:1J ( Y J bbf1::;[1)'1bbu1B?1';i::; ( x J zj,:iiJm1:1J~:IJ~'Ll5n'Llb'1l-:ib~'Ll1'1':i-:i '11mr'Ll1iJ::;v11m1~:1JM1eitJ1-:i 
' 

'11 floLJeJ:1Jfiu1:;'1J1 m~-:i[i)'1 bbU'iFll:IJ bbfi::;[i)'1 bb u1B?11:;fi'1 tifl1':i~:1J[i)'1 eitJ1-:i bb'UU'IJ~~1\ilu 1fi'~fi b ~ei?1~1-:iM1 bb uu 
'U , 'I 'I 

[)~~mm '8-:i b~'Llei tJ1-:i~1C.J \91-:i~'Lll'leJ'Llm1~:1JM1eitJ1-:i~1wru?1~1-:i[i)'1bbuuf1~f1eiti 1 w11~~ 2.s 
' 

.::I 0 V I V I 

b ';it!'lf11~'\JV!'Ll1 tJ\111eJtJ1'1 

Cycle 1 

( (xiii' ~II ),(X211' }~II), .... ( x,11' }~II)) 

Cycle 1 

( ( Xr1J11. >[q11), ( Xp111•r[2J11), · · ·• ( xl1J11, }i! 111)) 

( ( X121· };21 ).(,:(221' }~I) .... ,(J.'!Ci' ~21)) ( ( x[1J21. >[q21). ( x[2J21 · >[2J21). · · ·, ( x[k J21, >[q21)) 

Cycle 2 

( ( x[IJ12, 11112), ( X12J12·12112),. · · · ( x[kJ12, >[q12)) 

( ( x 11J22, 11J22), ( x(::J22, 12122), · · ·, ( xlkJ22, >[q2::)) f---+. 

Cycle m 

(( X11m• ~ 1111) .(X21m• };1111) ···.,(Xi 1111· }~1111)) 

Cycle m 

( ( x[t]lm. >[1J1m ),( x[2]1m. >[2)1m)' ... , ( x[k}lm' >[q1m)) 

( ( X12m• 1';2111), ( X22111• Y:2111), · ·., ( Xk2111• };2111)) ( ( x[1]2m' >[112,,} ( x[2]2m' >[2J2m) ..... ( x[k]:m, >[q,,,, ---+ 

((x Y ) ( x Y ) (x Y )) [l]km' [1)1:111 ' [2)km' [2)k111 •... , [k)km' [k]km 

( ·""1111 Yi1J1) 

( .r12!Ji211) 

a 
( X[2J)f2J2 

( \( y ) " [ljm ll]m 

(x x ) [2]m p]m 

(x Y ) [1 Jm j1jm 
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·'i:nnw;-J'Llm'l"I~ 2.5 bb61"1-:i1~b~'U~·rn1'i~:uvtil1t1u'i~'lf1m~bU'UFllbbU'iB61'i~ X,.;, ~-:i X,.iJ 

A'iJV!U1CJU'i~'lf1m~dJt1FllbbU'iB61'i~~t1n~:umbU'WM1'iJtl1'1V!U1CJ~ r ; r = 1, 2, 3, ... , k ·1w1ITT'1eJtJ1-:i~ i 
" ' ' 

; i = 1, 2, 3, ... , k bbrl~'i'iJ'U~ j ; j = 1, 2, 3, ... , m bbri~ Y,ij AeJvtil1t1tJ'i~'lf1m~bllt1ITT'1bbU'il'1111~~n~:um 
4v I Id Q..J Id d 

bU'Ul'11'iJCJ1'1 V!'U1CJ'VI r ; r = 1, 2, 3, .. ., k '1)"11'11'iJt.11'1'VI i ; i = 1, 2, 3, ... , k bbrl~'i'iJ'\J'VI j ; j = 1, 2, 3, ... , 

m 

\11 mYt1V1il1 t.1ITT'1 eJ81-:i~b1n~:um1 t1 bb~ri~'lf "1ITT'1eJtJ1-:i\l~t1n b~t.1-:i6'111i1'U~-:iITT'1 bb Ll'iB61'i~ bbri~ ITT'1 
'U 'I 'I 'U 

bbU'il'1111\l1m'.fot.11tJV11mn iit1f1eJ \1~1~ x[ 1. bll'WITT'1eJtJ1-:ivtil1t11t16'111i1'U~ r ; r = 1, 2, 3, ... , k 'V'iJ'l'lf"1 
r 1J 'I 

ITT'1eJtJ1-:i~ i ; i = 1, 2, 3, ... , k bbrl~'i'iJ'\J~ j ; j = 1, 2, 3, ... , m bbri~ i,.Ju AeJV1i.11t.JITT'1eJtJ1-:i~bllt1ITT'1bbt!'i 
1'11111'W6'\'11i1'U~ r; r = 1, 2, 3, ... , k 'V'iJ'l'iJ'11M1'iJtl1'1 ~ i; i = 1, 2, 3, ... , k bbrl~'i'iJ'U~ j; j = 1, 2, 3, ... , m 

V1i.11t.1Fl1eJtJ1-:i'iJ'iJ-:i'lf"1Fl1eJtJ1-:i~ 11meJ'U~ 1 ~eJt.J1t16'111i1'U~ 1 \l~flm~eJmllt1ITT'1eJtJ1-:i iit1 
' " " 

A'iJ xp 11 Yr111 \l1mYt1V!u1tJITT'1eJtJ1-:i1t1'1J"1Fl1'iJtJ1-:i~ 2 'V'iJ'l'i'iJ'\J~ 1 ~'iJ~1t16'111i1'U~ 2 \l~~m~'iJmllt1Fl1'iJtJ1-:i 
'U't1f1eJ X[ 211 Yr211 v11bb'\J'Ud1ub~'iJt.J 1 \lt1m~Yi'-:i~-:i'iJ"1M1eJtJ1-:i~ k 'i'iJ'\J~ m 

li1-:iif m1 n~:uITT'1eJtJ1-:i bb '\J'\J'lf "16'111i1'U 1~"1ff~1vtfom'i1bfl'i1~~t1"1t1'iJm ~-:i b~t1'iJt!1-:i~1t.1 \l~ 1M 
' ' ' 

M1'iJtl1'1'V'U1"1 mk V!U1CJ \l1nU'i~'lf1m'V'U1"1 N V!Ult.1 A'iJ 

( X[IJi >[1J1), ( X[2J1 l(2J1 ). · · ·, ( X1q1l[q1 ), · · ·• ( X[q,,,l[1Jm) • ( X[zJ,,,l[zJm ). · · .. ( X[']"'l[']"') 

lb'U'U'lf"1~1~'U~'U1~"1~ . ' 
1'Wm'i~:UA1'iJ81-:i bb '\J'\J'lf '116'111i1'U 1M "161 A1U'i~mruri1 f!rutl m~ru~tJ 'i ~'lf 1 m'V 'iJ'I v11 ei tJ1-:i~1M \ll n 

'I 'I 'I 'I 

m'i~:UM1'iJ 81-:ibb '\J'\J'lf "1~11i1'U 1M"1rl b '1i'WFl1U'i~mruri1 bu~t.1U'i~'lf1m 'l"l'\JrJ1iJLJ'i~?i'Vl~m'l"I~ n11Fl1U'i~mru 
' ' ' 

ri1flrutl n~ru~~1~\l1nm'i~:UA1'iJ 81-:i'iJ tJ1-:i~1t.1 zj-:iITT'1eJtJ1-:i~1~\l1nm'i~:UFl1 eitJ1-:i bb '\J'\J'lf "1~1\il'U M~rnm m 
'I 'I 'I 'I 'I 

'i'iJ'U 'ieJ'\Jri~ k 'lf"1Fl1eJtJ1-:i G11V11'U<LJ'eJ:uritJ'i~'lf1m~b1n~:umbllt1ri A'iJ 
'I 'U 'U 'I 'V 

( x11J1 >[1J1 ), ( X12i1>i2J1 ), .. ·, (x1,J1 l[,J1) 

( x11J2 >[1J2), ( x12J2 >[212), · · ·, ( X1,1,>[q2) 

\l1nFl1Dch-:i~Mzj-:iiJ'Vm"1 n = mk V!Ult.J b~'iJ1l11tJ61~1'1A1bb'\J'\Jfl"1fl'iJt.lb~'lb~'U'iJtl1'1~1tJ 
Y, = /30 + fJ1X, +&, zj'l1t1m'iAn~1d\l~1~v11m'i61~1-:iFl1bb'\J'\J'Vm1mruG11V1fotJ'i~'lf1m~1M\l1nm'i~:u 
ITT'1eJt11-:ibb '\J'U'lf"1~11i1'U 1M"1ri zj-:iFl1 bb 'U'\JU'i~'lf1m~fin~1f1eJ 

' ' 
; r = 1, 2, 3, ... , k i = 1, 2, 3, ... , m 



' ' ' .:!:I d 0 Q.J d .::I • 

&[r]i AB fl11:l.Jfli,111ilbfl!,lB'U'VB\l'rnnJ'Vl r ';iff\J'Vl z 

YrrJiBRSs AB ~1bb'lhm:1.J6'11'v'lfofl1';irj:l.Jbb'U'U6tJlil~1vl'U 1vlli)!,l 

x[r)iBIISS AB ~1 bb D';iB61'i::;'11'v'lfofl1'irj:l.Jbb'U'U~lil~1vl'U 1vlli)!,l 
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'<\l1n.iJB61:l.J:l.JAb dB\I M'Ub~ CJ1tl'U~1 bb urnwmBm ~\I b~'UBtl1\1~1CJ zj\11 u~d YrrJiBRss b U'U~l bb 'l.J'i 

rj:1.J~lJf11';ibb'<\lf1bb'<\l\IA11:l.JU1'<\l::;blJ'U f ( Yrr)i I x[r)i) A1bQ~CJ'v'l~BA1fl11il'v'll\l'VB\I YrrJiBRSS '<\)::;B~'U'Ub~'U(i)'j\j 
zj\I b U'Ub~'UtWH1BCJ'VB\l'\.J';i::;'1J1m zj\l'v'111vi'vl'\ld 

£( YrrJ1B1?.\:'\) = E(f3os11ss + f31s11ssX[r)1BRSS +&[r)i) 

= jJOBIISS + f31BRSSX[r)1BRSS 

bb1,1::;rl1m1:1.JAmlilbfl~B'U c:[,.Ji lJf11'ibb'<\lf1bb'<\l\l'l.JnA iJri1bu~mvhnu o bb1,1::;m1mb'\.J'i'l.J'i1'U 

bvl1tl'U a 2 ~'UAB &[,.Ji ~ N( 0, a 2
) b~'Ub~CJltl'Uf11'ilbm1::;v1m'ib\lilb\BCJb~\lb~'UBtl1\1~1CJzj\1~1Btl1\11vi'm 

'<\l 1nf11'i~:1.J1'11B81 \I bb uu~ 1 CJ 
' 

~ ~ ~ 

Yrr)1BRSS = f3oBRS'l + jJIB!lSSX[r)1BRSS 

b~B /3081188 bb!,l::; /3JBR',:' fiu ~1'\.J'i::;mruri1l"l1';i1fol'1Bi'11wrum';irjmb uu~1i1~1vi'u 1vi'li)ri 

9r,.1181188 AB ~1'\.J'i::;mru~1bbD'ili11:l.J'i11'v'l~Uf11'irj:l.Jbb'U'U~lil~1vl'U1vi'li)i;:i 

x[r)isRss AB ~1bb'l.J'iB61'j::;'i11'v'lfom'irjmbuu~1il~1vi'u 1vi'liJri 

'611'v'l~'U f11'j'l.J'j::;mruri1l"l1 'i1:W b\i1 tJ i f3oBRSS bbrl::; /31BRSS ":\)::; Hf15n 1~\161B\li1 B CJ~~ lil 
I d c::..c:::f.J'..:;::I V I .::::., !I'd 

(Least - Squares Estimates) 'l.J':l::;mruri1 61!,116'U:!Jl'li,lf1n1';i'\.J';i::;:l.J1f:l..!A1'V"l1';i1:l.Jb\?\eJ':iAB fl1'iU";;::;:l.J1ru 

A1l"l1'i1fol'1Bi1 ~ri1 t:.Jrl';il:l.J n1~\161u\l'Vu\l~l 'U b 'v'l~B'v'l~u A11:l.Jflr111il bfl~B'U (Residual) ~i1BCJ~611il zj\lvh 1vi' 

I I .::J 
rll'v'l'U\711 ~ e[r)i b U'Ufl11:l.Jfl!,ll\71bfl~B'U'Vt:J\I ~1Btl1\l~li1Vl r ';iB'\J'Vl 

bbrl::; i = 1, 2, ... , m ":\]::; 1vi'11 

e[r)i = Yrr)1B/ISS -Yrrj;BllSS 

= Yrr)iBRSS -(jjOBRSS + jjlBRSSX[r)iBRSS) 

t:.Jrl'il:l.J nl~\161 B\l'VB\I fl11:l.J rim (71 bfl ~B'Ui1€1 CJ61 (71 AB 
' 

m k m k [ ]2 
Ll.>[~J; =LL YrrJ1BRSS -(jjOBllSS + /J,,BllSSX[r)1BRSS) 
i=I r=l 1=1 r=l 

m k 

n1'v'!'U\71~L~ Q bb'Vl'U LLet.11 ~dv\11 
i=I r=I 

' 

65\1r=1,2,3, ... ,k 



aQ a [ /11 k . 2] --:--- =an II[ 1[r]1BRSS -(f3os11ss + f3JBllSSX[r]iBRSS) J 
0 /JosRSS fJOBllSS 1=1 r=l 

m k 

= -2II[ J[r]iBRSS -f30BR'\S -PiBRSSX[r]1BRSS J 
1=! r=I 

(2.1) 

oQ ~ 0 jj, :,,SS [ t t [ lf, JmR<S -(,BOB"S + jJWK" X[ 'J>BK" ) n 
(2.2) 

1~m.m1';i~ (2.1) bb~~ (2.2) bv11ntJ o ;u~M 
111 k 

-2 I I [ 1[r]1BRSS - f30BRSS - P1BRSSX[r]iBRSS] = Q (2.3) 
1=1 r=I 
m k 

-2II[1[,jisRss - f3osR<,~,, - f31s1l>SX[r]1BRss Jx[r]1BRSS = 0 (2.4) 
1=! r=I 

;u1mtum';i~ (2.3) bb~~ (2.4) ;u~h1 
m k ~ ~ m k 

IIJ[,.],BR)~'> = mkf3osR%' + f31sRssIIX[r]1BRS'S (2.5) 
i=I r=I i=I r=I 
mk ,.., mk ,.. mk 

2 I I x[r]iBllS.)'J[r]iBR\'S = f3osRSS I I x[r]iBRS:'\ + f31sRSS LL x[r]iBR'\S (2.6) 
1=1 r=I 1=1 r=I i=l r=l 

bbtl';i~lJlJ?llJf11'j~ (2.5) bb~~ (2.6) 1(ifo11th~mru~T\!j-rlJ'Yn'j1lJbi?\el~ f3osRSS bbfl~ f31BRSS vi'.:id 

mk [mk l ~ _ ~ ~ 1[rj1BRSS - ~ ~ ~ X[r]iBllSS 
/Jo BRSS - k /3i BRSS k m m 

26 

fl1 ';j i?1 ';i1;u ?I el lJ fl ru?l lJU~'IJ m 1'11 th ~mru 1'Uvi1-:ivi fl~ f1 f11 ';i el 'Um 'UVl 1-:i ?I~~ fl ru ?llJU~'IJ el -.:i 1'11 'I 01 <>~ , , 

1.J-;j ~mru~r\1 A' ru fi el fl11lJ hJ b elm B t.1-.:i bbfl ~ m 1mb 1.J-;j1.J';i1'LJ~1M1 fl ru?llJu~ fl11lJhJ bel'Ub B t.1-.:i ?11m ';irl 
v ' ' 

M1b U'Uf11-;i 1rit.1V11ri1mriV1l'l'IJel-.:i1'111.J'j~lJ1ru 1(ilvl'-.:id 

~1V1-rtJl'i'11.J-;j ;:;m ru'W1 ';i1lJblil el~ /3081188 r\'1 b 'Ll'U f11';iV11 ri1 fl1riV11.:; "1-.:il'i el 1°~d 

E ( f30BllSS) = E 
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1 (
171 

k ) fl ("' k ) = mk ~~(fios11ss + fi1s11ssX[r];s11ss) - ;;s E ~~X[r]iBRss 
= fioBJl'>S 

\11n.V1..:il"Xm::; 1~11M'1L.h::;mru /3081188 b U'L!M1L.h::;mru~iJ~ru?l:w'l'T~1jJ bC:MB C.M bb6'1::;M1L.h::;m ruvn11il b1>rn1 

.81 BRSS b U'U Ml 1.J1::;m ru~:l'l~ ru?luu~1jJ b B'L! b 8 cN b 'llwl'L! zj'1?l1:!J11tWh b U'L! f111Vl1rl1f11 f1vt1-i b 'll'L! b~ t.n n'L! 

"'"" d d ,, 2.6 .:J1'1..!1~CJ'VlbnEJ1'UB.:J 

Mcintyre 1~b?l'L!ei15m1?i:wM'1eicJ1..:izj..:i15m1?i:wM'1eicJ1.:i:l'l~..:id ~mb 1n?i:wM'1eicJ1..:i'U'L!lf1 n vti.11t.1 
i/ ii 'l 'l 'I 

:U'L!m n 'U1Y11'i'1eicJ1..:i \11n'W'uv11m1 b~t.1..:ici1~uvti.11 t.1M'1eicJ1.:i bbM6'1::;'U1Y1MleJcJ1.:i\>l1 CJ m1ri11Y1FJ::; b 'L! bb6'1::;~::; b~ein 
' ' 

vti.11t.1M'1eicJ1.:i~BCJb'L!ci1~u~ 1 \11f1 n vti.11t.1 b'L!'Uf1MleJcJ1.:i~ 1 bU'L!M1eicJ1.:i bb6'1::;b~einM'1eicJ1.:i~eicJ1'L!ci1~u 
'U ' 'U 

2 b'L!'UIY1M1eicJ1.:i~ 2 bb6'1::;?11Y1Vi'1m~einM'1eicJ1.:i~eicJ1tJci1~u~ n \llf1'UIY1M'1eicJ1.:i~ n bU'L!M'1eicJ1.:i ~.:iiJu~::; 
'I 'l 'U 'I 

MM'1eicJ1..:i~-ivt:w1Y1 n vti.11t.1 ?1'1vtfo15m1?i:wM'1eicJ1.:id M'1eicJ1.:i~1\>l"il::;°Ll1m1.J1::;mrur11~ni;ru::;LJ1::;'U1m 
' 

zj-i m11.J1::; ~ n ii'U ei.:i15 m1 b~ einM'1ei81.:i bb uuci 1~ud:l'Jl'vi~L.h::;?1.:iri b ~€l1.J1::;m ruvttY'11 'L!~.:ivttY'1 [Mcintyre, 
1952] 

Kowalczyk 11'li'lni;1m1?i:wM'1ei 81..:i bb UU'U1Y1ci1~u MIY16'1'<\J1n1.J1::;'U1mei''L!vi::;zj.:i 1rlll ~-Ueivin6'1..:i b dtJ..:iM'L! 
' ' ' 

b~t.11 nun11?i:wM'1€lcJ1..:i bb UU'U1Y1ci1~u?\'1vtfo1.J1::;'U1n1ei'uvi::;~.:id b 'L!f111~:WM1€lcJ1..:i bb UU'Uf1ci1~U.f11CJ 119) 
'I 'l 'I 'l 

LJ1::;'U1mei'tJ"1::;'Um1Y1 N vti.11t.1 bb6'1::;Mn1vtuf11~ Y1 LUm_h::;'U1mvti.11t.1~ J zj.,:i J = 1,2, ... ,N bb6'1::;1°11 

'Uei.:i Y bU'L!1°11ri..:i~zj.:i~1Y1eicJnuvtil1t.11.J1::;'U1m Y bbM6'1::;vti.11t.1 bb6'1::;1\>ll'i1 M'11.J1::;mrubu~t.11.J1::;'U1m AB .I 'U .I 

1 J11 k 1 iJ 

Y 11ss = - L LY[,.], ~..:il1~ru?l:WU~'UB'IM11.J1::;mru "1..:iiJ 
11 i=I r=1 

1) Yt1ss mt.111Km1~:wM'1BcJ1..:ibb uuoq1Y1ci1~u 11'1\il6'1"il1n1.J1::;'U1mei''L!vi::; b U'L!M11.J1::;mru~hJ 

2) Fl11:1Jbbll1Ll11'L!'UB..:J Y11ss :l'l~..:id 

Var(Y11ss)=]_{(1-2-)s 2 
_ _!_fUE(y;J]-f)2} b~tl S 2 =~ f (yj -f)2 

n N n i=I N 1 ;=l 

3) y1188 mt.111'1m1~:wM'1eicJ1.:ibbUU'qf1~1~u:l'JLJ1::;~'v16m~mnn11 (Efficient) YsRs 
mt.111Km1?i:wM'1mh.:i bb uu~1 CJ bb uu 1?iA'L! 

' 
4) YRs·s = lYY 11ss bU'L!M'11.J1::;mru~1l!bB'L!bBt.1..:J'UB'lt.1B1Y111:w1.J1::;'U1m Y 

5) m1mb1.J11.J11'L!'UB..:JM11.J1::;mru y 1188 'U€l..:Jt.1B1Y111:w1.J1::;'U1m iJ~.:id 

Var(y 1188 )= N
2 {(1-2-)s2 

_]_ f UE(yu,)]-f)2} 
n N n i=l 

6) M'11.J1::;mru y 1188 :l'JLJ1::;~V15m~mnn11 ~Tt.h::;mru Ys118 = Ny8118 mt.111'1m1~:w 

M'1-eicJ1..:JbbUU~1t.11?iA'L! [Kowalczyk, 2004] 
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Hani bbfi::; Faisal 1rl'fin~1rn~ibY'l'n::;ihw1fleJCJbli1t11'1foi'1e:i81,rnuu~1?1~1~u (On Regression 

Analysis Using Ranked Set Sampling) zj'l1rl'v11m~~:lJMleJ81-'.lrl1CJM1bbthB?!~::;bb~1vl1flW11i1A1M1bb'U~ 
1?11:lJfat1lJl?i'lbb'U'UAeJ Yc_1 )k=a+f3X(

1
)k+E:1k b~eJj=I,2, ... ,r bbfi::; k=1,2, ... ,m MltJ~::;mru 

vn~1fo!?le:i1~1rl'fie:i 

a = ~iss - fi11.ssX11.,:'\ bbfi::; 

~ ff ( X(1)k -X11ss) Yr1Jk 

/3 k=I i=I 
RSS - --111-,.------2-

I I ( x(i)k -x11ss) 
k=I 1=1 

[Hani and Faisal, 2001] 

Arzu bbfi::; Es in 1rl'fin~1m~tJ~::;mruriT1/\/1~1iib"1eJ1~1vi{uMlbb uu1w1tieJCJ'\t\/V!Y'lru b\i1CJ (Multiple 
•'IJ 

Linear Reoression Models) b~eJ H'15m~~:lJA1ti81.:i bb 'U'U'lJ\i1~11'lu b\11 tlvl1 fl1~A fl~1 b tJ~CJ'U b'Vl CJ'UlTifl1~~:1J 
::, 'I 'I 'I 

l?i'1t181.:ibb'U'U RSS bbfi::; SRS 1 t1m~tJ~::;mruA1'\t\/1~1foMt11'1JEJ'lA1 bb U'Uflli1 tieJCJ'\t\/V!Y'lru zj.:i 1r1~1flt1.:ioif e:i:1Jfl b\i1CJ 
•'IJ 'IJ 

Monte Carlo '\Al'Ul1 1?11tJ~::;mru'\t\/1~1foITTt11zj.:i1rl'OJ1nm~~:IJAlt181.:ibb'U'U RSS ljtJ~::;~'Vl5.fl1'\t\/lJ1flfll1 1?11 
' tJ~::;mru~~:lJl?i'1t181;im0J1n15 sRs b~t1lJ'1.Jt11\i11?11t181.:iue:iv 11?1t1fin~1mru~l?i'1bbtJ~:S?1~::;lj 2 ~lbbtJ~ ' 

[Arzu and Esin, 2007] 



3.1 Fl'J11l'l11 

.J 
'U'Vl'VI 3 

n111 ~CJ ri# '1di'J11-'1t1tJ1::::6'1'1r1b~e:i6'1~1'1 Ml bb uut1 iri t1e:i CJ b 'B'1bA'Lle:i81'1~1CJ.n1CJ1<Jl n11~11Mle:i81 '1 bb uu 
' ' 

'1liri~1~u 1rl'iriri bbrJ:::: b ~e:i "11T;;J6'1eJ'Um111 t1n<Jle:i'1 bbri::::m1ml1bzje:i~e:i1v'i''l.Je:i'1 Ml bb 'U'Ut1irit1e:i CJ b 'B'1bA'Lle:i81'1~1CJ b~e:i 
' ' " 

Ml'iJ 81'1mo;nn n11~lJM1eJ81'1 bb 'U'U'1lirl~1~'U l'lr1 bnruo/i~1 m 'U n11"11T;;J6'1'iJ'Uf111lJ t1n<Jle:i'1 bbr1:::: f111:l.Jb zj'iJ~'iJ 1~ 
'I 'I 'I 'U 

V1\\l11ru1\\l1n ri1X:i.Ju1::::~vi~ n11Miri~'U 1\\l bbri ::::ri1 bu~ CJri11:i.Jri~1iri bri~ e:i'Un1~'16'1e:i'1 zj'1iJ11 CJ~:::: bDCJ~bMCJ1 n'IJ 

bbi;-J'Un11i~CJ ~'LI "1 D'Lln11v\'1 b U'Un11i~CJ bbri ::::~'Lll.'1eJ'Lln11~1rie:i'1oiJe:i11ri~1-vl 'Lln11i~CJtl1 b6'1'LleJl.'11lJ~1~u 
" ~'11'ie:i1ud 

3.2 bb~'Um-a1"5'v 
\911:l.Jll.'1t1tJ1::::6'1'1Am1flmn~1~n~11mbb~11 'Ll'IJVl~ 1 bb~:::: 1~flmn Ml bb 'U'Ut1l'lt1eJCJe:i81'1~1CJmCJ1<Jl ' 

n11~:i.JM1e:i81~ bb uu'll iri~1~u 1~iriri zj~ 1~'1'11M1tJ1 ::::111ru-w111lJbITTe:i{'l"J~e:i:i.J~~l.'111\\l6'1e:iuriru6'1:i.JU~'i.Je:i~M1 
'I 'I 'I 'I 

tJ1::::mruri1-w111faITTe:i1~'11 'Lluvi~ 2 ~1 ~CJ~'11r1v11 m1n1'1'1'Lliri6'1m'Llm1rub ~e:ivh m1ITT11\\l6'1e:ium1:i.J t1n<Jle:i~ 
" " 

bbri:::: ri11:i.J't11 b zje:i fo:i 1\il'i.J e:i'1 M1 bb uut1 iri t1 e:i CJ b 'ti~ b A'Ll e:i 81~ ~ 1 CJ b~ e:i M1e:i81'1m ';;) 1nm1~11M1e:i81'1 bb uu'll l'l ~ 1 ~uiri ri 
' ' ' tiriCJnwo.hrie:i~oiJei:i.Jri ~~l'iei 1 ud 

" 
1. tJ1::::'1l1m~Amn6'1~1~~'LlmmCJ1<Jlm1bb\\lf1bb\\l~tJn~ (Normal Distribution) Ll'lCJtl1'\'1'Ll1'111X 

.Ve:i11ritJ1::::'1l1mi'Jri11:i.JX:i.J~'U6n'U Li'Llfle:ioiJe:i:i.JritJ1::::'1l1mM1bbtJ1B6'11:::: ( x) bbri::::M1bbu11.i11:i.J ( y) iJ 
" " 

m111~:l.J~'U6n'U 

2. n1'\'1'Lll'lri16'1'\'1X:i.J~'Ll6 p (Correlations) ~1'\'1-ruM1bbu1Bm::::bbri::::M1bbu1m11 bbD'1e:ie:imll'Ll 3 

1::::~uri11:i.JX:i.J~'Ll61v'i'bbn 

1) J~~urr-J1dJ~1nAJ'u-5lJ1n AtJ 0.71-1.00 

2) 1::::~uri11JJXJJ~'Ll6u1'Unm'1 fle:i o.31-0. 70 

3) 1::::~uri11JJ~JJ~'U61'11 AD 0.00-0.30 [Ratner, 2009] 

3. 'i.Jmiriu1::::'1l1m ( N) ~An'lj1bvi1nu 1,000 

4. 'i.J'Ll1~'1.JtJ'1MleJ81~ ( n) V1An'lj1 Atl n = 5, 10, 30, 40 bb~:::: SO [Voorhis and Morgan, 2007] 

t~CJ~ n = mk zj'1 k fle:i 'l.JmiriM1e:i81~1'Llm1~mbl'iri::::'1liriM1e:i81~bbri::::bll'Ll~1m'Ll'1l~M1e:i81'1'1.Je:i'1m1~mbl'i 
'I 'I 'I 'I 

ri::::1e:iu bbr1:::: m fle:i ~1mme:iu1'Lln11~lJMleJ81'1 
' 

s. v11m1vil'lrie:i~.J1 1,000 ri#~1 mbl'iri::::6'1m'Llm1ru~n1'\'1'Uiri ( ~1m'Llm1viiririe:i'1 1,000 ri#'11 mbl'i 

~::::6'1m'Llm1ru b ll'Ll~1m'Llm1viiririe:i~~mn-we:i 1 'Llm1~1rie:i'1oiJe:iJ.Jri) [Levis, 2017] 
" [Sokolowsak and Banks, 2009] 

\\l1rnbi;,i'Llm1 ~1ri e:i~.V e:iJJ~ \\l ::::v\'1 m1~1~ e:i~oiJe:iJJ~u1 ::::'1l1mbb~1v11 m1~:i.J Ml e:i 81'1 bb uu'll iri ~ 1~u1~ l'l~ 
\J 'U 'I , 'I 

b ~e:iv11m16'1~1'1 t911 bb uut1 iri t1 ti CJ b 'B'1bA'Lle:i81~~1 CJ b ~e:i ITT11-;;i6'1e:iu rn 111 t1 n <Jl eJ'1bbr1::::m111'tl 1bzje:i~e:i1\il'i.J eJ'1Ml bb uu 
" 
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" 
3.3 oLJ'U~B'Wm"alil1b<lJ'Wm"a1~!'.l 

~'WAB'Llf11'irll d1'Wf11'il~CJii~'11'iB 1 ud 

1. "il'1~'€J'1'\llUlCJU'i~'1J1m n1'\ll'Wfl'LJ'W1fl'LJB'1U'i~'1l1m Lrn~n1'\ll'Wflrl1'1'\ll~lJ~'W5 p ?1'1V1-r'Ulii'1LLU'i 

B'1'i~LL~~lii'1LLU'iA1lJ LLU'1'€J'€JnLU'W 3 'i~~'Ufl11lJ~lJ~'W5 AllJLL~'t.!nl'il~CJ 

2. ;;1&.J Fll B tl1'16L 'U'U'1Jfl~ 1 ~'U HJ fl ffvl f1U'i~'1J1 m~fl n"il'1~B'1~'WlJ11 'WoLJB 1. zj'1ii'LJ'W1fl Fl1'€Jtl1'1A1lJ 
, 'I 'I 'U 

LL~'Wf11'i"il'1~'€J'1oLJBlJ~ JllCJ 1rlf11'iLL'Vf1LL\1'1Uf1~ zj'1iimru~Yl1f11'iAf1'ef1~'1'\lllJfl 23 mru ~'11'iB 1 ud 
" 

"ll'U1fl~1BV1'1 "ll'W1flU':i~"!l1n~ 
I• ., ,',:; 

"ll'U1flVl'JeJ!'.J1'1 
'll'W1flU':i~"ll1m .. 

(n=mk) (N) (n= Ink:). (N) -,~ 

I - ,:)<' .. . 
" 

n = 5 n = 40 
N = 1,000 m= 1, k = 5 N = 1,000 m= 1, k = 40 

n = 10 m = 2, k = 20 
m= 1, k = 10 m = 4, k = 2 
m = 2, k = 5 

m = 5, k = 8 
m = 5, k = 2 

m= 8, k = 5 
n = 30 

=10, k= 5 m 
m = 1, k = 30 

m = 20, k = 2 
m = 2, k= 15 

= 50 n 
m = 3, k = 10 

1, k = 50 m= 
m = 5, k = 6 

= 2, k = 25 m 
m = 6, k= 5 

5, k = 10 m= 
m= 10, k = 3 

10, k::: 5 m ::: 

m ::: 15, k::: 2 
::: 25, k::: 2 m 

3. '1~1'1 Al LL 'U'U fl fl fl'€) CJ'€Jtl1'1~1 CJ'Vl f1Fl1 '€J tl1'1~flf1;;1lJ~1 CJf11'i;;1lJ Fll B tl1'1 LL 'U'U'llfl~l ~'U 1~ fl~ 1fl CJ tl1 
'U 'I 'I 'I 'I 

oLJ'€JlJ~~1m 'WoLJB 2. mfi1mruL ~B'1~1'1Fl1LL'U'U~'1'U'Vl~ 2 ~'1.n 
" 

~ ~ ~ -
~BRSS = /JoBRSS + /JIBRSSxiBRSS 

Fl1U'i~mru?i'1V1-r'U'\'l/l'illlLAff~ /JoBRSS LL~~ /JIBRSS ii~'1d 
111 m m 

m L xiBRSSY,BRSS - L X,BRSS L ~BRSS 



31 

f ~BRSS [ f XiBRSS l 
Pos11ss = i=I 

111 
- As11ss i=I 

111 

f (Y,-YJ 
MSE = -1=-1 ---

n - 2 
6. r11Lfrum':im:JJ'1J8 1 - s J1 'i\'1mu 1,000 A~.:i1ml~fl::;ffmum':iru 
7. b u~CJu b V1 CJUA1?1:wu':i::;~V1tm':i\?l(il~1..J h bbfl::; A1m~CJfl'Hl.Jflfll(ilbfl~81..Jn1~.:i?18.:i 
8. mu~-Jflfll':il~CJ 

' 
m':imtJ~rnm':i1~CJ b ':il~::;vh fll':iff':iU~fl fl1':il~CJ11 ~'1J1..J1(>1\?l1mh.:i1(il bbfl ::;'i\'1u11..J':i8U b v111(il 1 ~Al ' , 

?{:JJLJ':i::;~Vlt m':i \?)(>1~1..J 1 ~?11vifo\?l1 bl uuvm1 m ru1~m n~ff (il bbfl::;iJ Al bO~ CJA11:JJAm (il bfl~EJun1~.:i?lEJ.:J 1!8CJ , 
I I ii I 

V1 ?l (il VJ '1J 1..J 1 (il \?) 18 ch -1 bb fl ::; 'il 11..J 11..J J 'fl u i( 1..J il fl 11 :IJ b Vl :IJ1 ::; ff :IJ nu \?) 1 bb u u tl (il tl 'fl CJ :IJ1 n'Vi ff (il ?11 Vl -r u bb ~ fl ::; , , 
ffmum':iru~Mn1viu(>l 11l ubb~1..Jm':i1~CJ 

3.4 .rr'U\91B'Un1';r<i\'1~B\loLJ'fllrn bbmm1"a\ll'a1:Uf;IBUfl'J1:1Jflni;lei\lbb~::m1m~B~Bb~"UB.:J~1bbUU 
" " 

1u1m~;J'CJf1~.;i'\fo';Hlc.11moii1 U':ibbfn:l.J iviiNITAB 17.0 zj.:JbU1..J1U':ibbnJ:JJ?llb~~':iUVl1'1?l~~lum1?1~1.:i 
" 'U 

oiJEJ:wfl m1~:JJ 1?11EJ81.:i fl1m ruA1?i':JJLJ1::;~V1t m1 \?l(il ~'L! h bbfl:: f11m ru Al bO~CJA11:Wflfil(il bfl~EJ'L! r\'1~.:iff 8-1 'U , 

1(ilCJ~'L!l'rn'L! 1'Llm':ioJlfl8.:ioiJEJ:wfl bbfl::m1\9111~?18um1:wCTn\ifo.:Jbbfl::;m1:JJb zj'fl~'fl 1~'1JEJ.:il?l1 bl uu bbff (il.:Jvl.:JilTl"I~ 
'U 'U 

3.1 
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r1~1.:ioLJ'ei11ff\J'j:;'il1m'Umti1 1,000 V!Ult.J 
'U 

mt.J1~r1mtim'jru~1.:i 1 ~n1V!tiM11lti 
llt:-Jt! n1'j"iJ1~B.:JoUB11~ 

'U 

l'i'1t.JIJ11u~1.:J'U'U1M /1 = mk 

?1~1.:J \Jl1 II 'U'Uf\Mfl el tJ 

~/!/IS\ = flu/IJL\S + 13111/ISSxi!i//SS 

' ' 
bb~:; A 1 bU ~ tJ fl1111flm M lfl~Bt! n 1~.:J?IB.:J 

" vl1fl~'U 1,000 fl-r.:i 

' ' ' 
bb~:; A 1 bu~ t.J'UB-.1 Al IQ~t.J f\1111 flm (i) If\~ Bt! n 1~'1 



4.1 F111uu1 

d 
'U'VJ'VJ 4 

~~n1-af1m~1 

M\1~1f7i'd~'U 111 'l-J'\JVI~ 1 bb~111mJAfl~11 'UA%\ldl'lenfl1J?l~1\11'11 Lb urnwmuCJ b :U\I b~'Uu tJ1\1~1CJmCJ1191 ' 
fllJ~li "11 u tJ1\I Lb U'\J'U('l~ 1vl'u 1f7i'(9lri Lbrl~ 1'1JT'il?lu'\Jfl11ll blflMB\I bbG'l~ri11:u1 . .h b zjuf!u 1f7i''Uu\I "11 bb '\J'\Jbl('lblBCJ b :U\I , 'I 'I 'U 

b~'Uut11\1~1CJ b~u1'11 ut11\l:UT'illflfl1J~:u"11ut11\I bb U'\J'U(91~1M'\J(91G'l b~u b1Jmb 'Ul'Vl1\I b 'Ufl1J?l~1\IM1 bb uu 1 ~il 
' ' ' 

ri11:u ~ flM u\I b vim~ ?t:u bbG'l ~ fl11:u't.11bzj-uf!u1f7i' m CJ bMVl'l~D fl1J'11J1"il "11-u tJ1\I bbrl~'Vl 'l~D fl1J -u11m'U'Vl1\I ?!~ ~ 
1 'Wm d A' mn l'ldl "il?lu'\Jm1:u fl fl Mu\I bbG'l~ ri11:u't.11bzjuf!u11ii''Uu\l 'Uu\IM1 bb U'\Jfl('lflu CJ b :U\lb~'Lrn tJ1\1~1 CJ 

'IJ 

b~u1'11eitJ1 \l:u1 "il1 fl fl1d~:u1'11utJ1 \I bb uu'U (91~1 vl'u('l ri r11L'Ll'Wfl1d 1(91 t.J'V\'1 fl1J '51 Gl u\1-U u:UG'l 1Y11:U?tfl1'U fl 1dru ~ 
'I 'I , 'U 

n1V1'U(91111 'UU'Vl~ 3 zj\l~G1fl1JAfl~11f7i'bbU\luum1J'U 2 ~l'Ulii'\l~u 1 ud 

4.2 ~,J61fl1';jl'J';i1'1~B'Ufll11l.ffln~B\lbb6l~fll11l.ftl1b~B~B1~'UeN"UB\llii''Jbb'U'U'11nfl1~l.lth~~'Vl~n1';i!ii'\9l~'Ub'1 
'U 

( R2
) b'Ubbl?i6l~~rlTl.!n1-;inJ 

fl1Jl~t.J1'W~1'Udb1J'U fllJ\YldT'il?luu ri11:uflfll'lu\I bbG'l~m1:u't.11bzjuf!u11ii''Uu\ll'i'1bb U'\Jbl('lflum :U\lb~'W 
'IJ 

-utJ1\1~1v L~u.Uu:uriflfl~:Um\11 flfl1J~:ul'i'1-u tJ1\I Lb '\J'\J'U(91~1vl'ulii'u 1ti1(91G'l"iJ1 flA1~:UtJJ~~'Vltmdl'i'(9l~'U h b(91CJ 1tii' \1 \I '\ 'I , , 

A' fl~1.U-u:uritJ d ~'U1 m'Um (91 1,000 m CJ1M'tJd ~'U1 m~ilm d bb "iJ mb "il" Lb '\J'\JtJ fl~ zj'l 1tii' n1vi'U m~ vl'u 'IJ 

fl11:U~:u~w5'Uu\l.Uu:uril'i'1Lb UJB?l';i~bbG'l~t'i'1 bb U-;i\Y11:U H 3 d~vl'u f1-u.Uu:uG'lilm1:u~11~'ULln'Wmfl tJ1'UflG11\I 
'IJ 'IJ 

bbG'l~'U'uCJ M\l~fl~11 b 'W'\J'Vl~ 3 zj\l~G'lfl1Jl~CJilM\l~B 1 ud 

1'11';i1\I~ 4.1 r\1~11tJd~~V1tmd"1(9l~'Wh < R1
) cl1vi-rumru~1" 1 '51Lb'Wfl1'11ll'U'U11'11'i'1ut11"Lbr1~d~vl'u 

fl11ll~:!J~'ULl 

(n) 
5 

10 

30 

;ij1'U'J'U 

';iB'U (m) 

1 

1 

2 

5 

1 

2 

3 

5 

6 

10 

15 

(k) 

5 

10 

5 

2 

30 

15 

10 

6 

5 

3 
2 

p = 1.00 

52.813 

62.916 

46.477 

20.252 

85.994 

77.163 

64.648 

49.445 

43.138 

25.104 

12.333 

R1(%) 

p=0.50 

52.524 

66.456 

47.433 

20.210 

85.292 

74.969 

64.893 

48.696 

42.793 

25.910 

12.418 

p = 0.03 

52.589 

65.806 

46.818 

18.459 

85.464 

74.286 

64.488 

49.815 

43.739 

25.259 
13.522 



(n) 
40 

50 

;ij1'W'J'W 

'aBU (m) 

1 

2 

4 

5 

8 
10 

20 

1 

2 

5 

10 

25 

(k) 

40 

20 

10 

8 

5 

4 

2 

50 

25 

10 

5 

2 

p = 1.00 

88.900 

79.376 

64.332 

57.726 

42.900 

34.425 

12.619 

90.499 

82.707 

63.346 

41.178 

12.583 

R2(%) 

p =0.50 

88.251 

78.702 

52.889 

57.483 

41.552 

35.194 

12.671 

89.650 

81.446 

62.656 

41.100 
11.973 

p=003 

88.348 

79.122 

59.257 

58.236 

43.856 

34.120 

13.347 

89.871 

82.453 

63.070 

42.550 

11.235 

34 

"'il1fW11'j1\I~ 4.1 'l"lu11-U'u~61tJ~::;'111m~n1V1'Lll'lr111:1V1~:1J~'Ut5 ( p) i:1'1V1fo1'11bbtl~fi1:1'j::;bb61::;1'11bbtl'j 
M1:1J~bbMn~1\ln'l.J~\I 3 ~::;l'1rnltJ b~utl11'11mh'l~1\i\"'i11nnT;J~:1Jl'i'1e:itJ1\lbb 'U'U'll~H~11'1u 1\i\1'1611 tJ1:1~1\11'11bb uu 

' ' ' 
fll'lflum :a\I b~'Llutl1\1~1 CJ 'l"l'Ul1 b~u'W"'il1~ru1M1:1J'V'U1l'l~l'll'i'1utl1\I ( k) Vl~u~l'l.JTU~u'U ( m) r11 R2 ~1\i\ 

"'il1nl'i'1bb'U'Ufll'lflum:a\lb~'l.J1mbM61::;mriM1V1fo1'11e:itJ1\l'Vm~ 5 10 30 40 bb61::; 50 :Wr111nii'bACJ\lfl'U ~r11 

1:1V1~:1J~'Ll6M1\ln'Ll bm::;~ n = 5 :Wr11~:1JtJ~d=1'Vltm~l'i'~~'Llh~r111:1V1~:1J~'U6~\I 3 ~~1'1u tl~~mru 52% ~1'1.J 
~ n = 10, 30, 40 bb61::; 50 ~~1'1.Jd'l.Jnl~~:IJ 1 'je:J'lJ ( m = 1) :Wr11~J.JU'j~~'Vltm'jl'i'~~'U h~r111:1V1~:1J'W''Ll6~\I 

' 
Q..I .c:J QI I 0 CV ~ 0 ~ .d11 2.6"/ cl 

3 'j:t:fi'U ?l\l'Vl?lrr AeJ°ua::::mru 65%, 85%, 88% bb61:; 90% \91Ti.Jfrll'l'U b:IJB'U1W~n1'H'lmj1'V1 bl'! b'l.JM1~1\l'VI " ' 
4.1 :IJ11:1~1\Jfl'j1'\'1bbi:11'1\11\i\l')\1Jn'I"/~ 4.l-4.4 i:\'1w~\Jmru~ n = 10, 30, 40 bb61~ 50 M1:1J-a'11'1'U 1'1\ld 

c "' ~ 

.sE" •-

" " 
~ 

20 

sample slze (n• 10) 

1-=5 
sizeofk 

m'\l'l~ 4.1 bbi:11'1\lmTvh~Vll1\lrl1~:1JtJ'j::;~'Vltm'jl'i'~~'U h ( R 2
) nu'Vm~'1ll'll'i'1utl1\I( k) ~ 

' 
'V'U1l'l~1e:itl1\I 10 
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"il1nm'l"I~ 4.1 zj\!bb6'11Y1\!m1'VJ'i~V111-:iA1?l'~tl'i~~v1tm'iAIY1~'Llh ( R2 ) nu'lJtnlY1'111Y1A1utl1-:i( k) ~ 
' 

'1Jtn1Y1A1utl1-:i 1 o '1Ju-:ioil'u~61A1utl1 -:i~11n~~m"il1nmru~ Al Lb tl'iD'1'i~ Lb61~A1 bb tl'i~1~ilm1~?\~'W''U5nu~-:i 
" " ' 

3 'i~vl'u Au p = 1.00, p = 0.50 bb61~ p = 0.03 "il1nm1'V'J"il~'l"l'Ul1 ~'lJ'U11'1'1J\Y1Alutl1-:i( k) bvlltl'U 10, 5 

bb61~ 2 m~'11vl''U Ai?l'~tl'i~~'Vltm'iA\Y1~'U 1'J ( R2 
) iJ bb m 111~611'161\1 b~B'IJ'U11'1'l1\Y1Alutl1\!( k ) 611'161\! 

' 

sample size (n=30) 

k=30 I:"' 15 k .. tQ k .. 6 k~S !'.=3: k•2 
size ofk 

m'V'-1~ 4.2 bb6'11Y1\!m1'V'J'i~V111-:iA1?l'~tl'i~~'Vltm'iA\Y1~'Uh ( R2 ) n'U'IJ'U1\Y1'11\Y1Alutl1-:i ( k) 
' 

Vi'lJm1Y1A1utl1\! 30 

"il1nm'l"I~ 4.2 zj\!bb6'1\Y1.:im1'V'J'i~V111-:iA1?l'~tl'i~~'Vltm'il'1\Y1~'Uh ( R 2 ) n'U'IJ'Ll1\Y1'111Y11'11utl1-:i(k) ~ 
' 

'IJ'Lll \Y1 Al ti tl1 \! 30 '1J eJ \!oLJ e.J~61 l'11eJtl1\!~11n~~m"il1nmill~1'11 bb tl'iD6'1'i ~ bb61 ~Al bb tl'i m~il m 1~?\~'W''U 5 n'U~\! 
" " ' 

3 'i~vl'U Ae.J p = 1.00' p = 0.50 bb61~ p = 0.03 "il1f1n'i1'V'J"il~'1"1Ul1 ~'IJ'U1\Y1'l1\Y1Ale.Jtl1-:i( k) bvl1tl'U 30, 
' 

15, 10, 5, 3 bb61~ 2 ~1~'11vl'U A1?l'~tl'i~~Yltf11'iA\Y1~'Uh ( R2
) ilbb'Ud L U~61\Y161\l b~e.J'IJ'U1\Y1'l1\Y1Ale.Jtl1\!( k) 

' 

sample slze (n=40) 

h:40 k:20 h'10 !":=$ k-:5 
si.zeofk 

\'UllD\f 
__ .,•HlC' 
-e- ~ .. os~ 
- .... - P*t';n 

my.i~ 4.3 bb6'11Y1\!m1'V'l'i~V111\!A1?l'~tl'i~~'Vltm'iAIY1~t!h ( R 2 ) nu'IJ'U1\Y1'111Y1A1utl1\!( k) 
' 

Vi'lJ'U1\Y1A1utl1\! 40 

'<\l1f1J11'1"1~ 4.3 zj\lbb6'1\Y1\!n'i1'V'J'i~Vll1\!A1?l'~·J'i~~'Vlim'il'1\Y1~'Uh ( R2 ) nu·um\Y1'111'11'11e.JV1\!( k) ~ 
' 

'lJ'U1\Y1A1utl1\! 40 'Uti:ioil'u~611'11utl1\! ~11n~~m"il1nmru~1'11 bb tl'iD'1'i~ bb61~A1 bb tl'i~1~ilm1~?\~'W''U5n'U~-:i 
" " ' 

3 'i~vl'U Au p = 1.00, p = 0.50 bb61~ p = 0.03 '<\l1nm1'V'J"il~'l"l'Ul1 ~'U'U1\Y1~1Y11'11utl1-:i( k) bvl1n'U 40, 

20, 1 o, s, 4 bb61~ 2 ~i~'11vl''U Ai?l'~tl'i~~Yltm':ll'i'IY1~'Llh ( R2
) i'.lbb'Ud L tr~611Y161\! b~u'U'U1\Y1'111Y1A1utl1\!( k) 

' 



70 

so. 

zo: 
LO 

sample slze {n=SO) 

k .. ;o 
si.ze of k 

V;.nilb'~' 

-p=lOO 
•- t<•CSJ 

-~---·P-~:s : 

m'Y'l~ 4.4 bb?llil'lm1'V'J'j::::V1i1.:if11~lJtJ'j::::i°1'Vltfl1'jrfllili°1'LlhJ ( R2 ) n'U'l.l'Ll11il'lllilrfl1BcJ1.:i( k) 
' 

Vl'l.l'Ll11ilrfl1BcJ1'1 50 

36 

"ll1flJl1'\J\I~ 4.4 zj'lbb?llil.:im1'V'J'j::::V1i1.:if11~lJtJ'j::;i°1'Vltfl1'jrfllili°1'Llhi ( R2 ) n'U'l.l'Ll11il'lllilrfl1BcJ1.:i(k) ~ 
' 

'l.l'U11ilrfl1BcJ1.:i 50 'UB'loLJBlJflrfllB cJ1.:i~flfl~lJm"IJ1 nmru~rfll lb tbB?\'j::; bbfl::::rfll bb D'j\il1lJ:Wm1lJ~lJ~'UBfl'U~'I 
\I \I ' 

3 'j::;M'IJ AB p = 1.00, p = 0.50 bbfl:::: p = 0.03 "ll1flflHl>J"IJ::::'\J\l'Ul1 ~'l.l'Ll11il'711ilrfllBcJ1.:i( k) bvJ1fl'U 50, 

25, 10, 5 bbfl:::: 2 \il1lJ~1A'U ri1~lJtJ'j::::i°1'Vltfl1'jrfllili°1'Llh ( R2 ) :lJbb'Lllb'LllJfll?lfl'I b~B'l.l'Ll1"1'1llilrfl1BcJ1.:i( k) 
' 

ii I .d t:!:i 1!/ Q,I I d d O Q,I 4.3 ~am-a\il"a'J":\Ji;:te:iunnt'm.:i bba~rn1lJ'LI1b"Ue:JfleJ lil"l.leJ.:J'!JeJ.:J\il'Jbmu":\11mrnrumJP11111P1ai~nP1ae:i't.!ma.:i 
" 

f;'le:J.:J b 'LI bbi;ia~i;:i f\1'1.! m-aru 

(n) 
5 

10 

30 

~1'1.!'J'LI 

'ae:J'U ( m) 

1 

1 

2 

5 

1 

2 

3 
5 

6 

10 
15 

(k) 

5 

10 

5 
2 

30 
15 

10 

6 
5 

3 
2 

p = 1.00 

0.527 

0.459 

0.649 
0.718 

0.131 

0.198 

0.407 

0.523 
0.619 

0.751 
0.928 

MSE 

p=0.50 

0.897 

0.497 
0.833 
1.280 

0.191 

0.308 

0.434 

0.702 
0.732 

1.060 
1.333 

p= 0.03 

0.989 

0.519 

0.732 
1.140 

0.154 

0.307 

0.444 

0.607 
0.661 

0.885 
0.952 



(n) 
40 

50 

"il1'U'J'U 

'aeJ'U ( m) 

1 

2 

4 

5 
8 

10 

20 

1 

2 

5 

10 
25 

(k) 

40 

20 

10 

8 

5 

4 

2 

50 

25 

10 

5 
2 

p = 1.00 

0.102 

0.195 

0.314 

0.416 

0.541 

0.692 

0.948 

0.093 

0.192 

0.370 

0.565 

0.824 

MSE 

p=0.50 

0.177 

0.298 

0.251 

0.638 
0.753 

0.951 

1.224 

0.120 

0.216 

0.460 

0.834 

1.278 

p = 0.03 

0.076 

0.216 

0.215 

0.485 

0.742 

0.712 

1.002 

0.111 

0.211 

0.424 

0.630 

1.070 
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'11nFl1~1..:i~ 4.2 'l"lu11~.Uci:1J(ltJ~::;'(11m~n1V1u"1l°i1?1V161:1J~utl' (p) ~1V1fo!il1bbtJ~€l?1~::;bb(l::;#i"1 
'\J 

bb tJ~Fll:lJ~ bbFl n\il1..:i nu~..:i 3 ~::;l')u,Yu b~citl11'11 ci c.J1..:i~1~'11nm~~:1Jl'i'1 ci c.11..:ibb '\J'\J'1l"1~11'1u 1~"1(1 l Ui.'1~1..:i M'1 
' ' ' 

bb'\J'\Jt1"1t1CJm:a..:ib~'UCJc.!1..:i~1CJ '\Al'\Jl1 ~ n = 5 bb(l::; p =l.00 vl1bb'\J'U~1J\1~ri1A11:1Jflml'lbfl~CJ'Lln1~..:ii.'lci..:i 
UCJCJ~i.'1"1 "1Tu~ n = 10, 30, 40, 50 ~ m = 1 Fl1bb'\J'U~1J\1~ri1m1:1Jflml'lbfl~CJ'Lln1~..:ii.'lci..:iucit.J~?1"1 

' ' 
~1wfovinri1i.'IV161:1J~'UTI ( p ) bb(l::; '1d'lri1m1:1Jfl(11"1 bfl~ ciu n1~..:ii.'lci..:i b ~:1J~'Ub~Bi1~1mme:i'U'LJCJ..:J m~"1:lJ 

' ' 
vlluc.J1..:i ( m )b~:lJ~'U Vl~Cl'LJ'U1"1'1l"1vl1CJc.J1..:i ( k) (1"1(1..:J b~utl1(;.J(1n1~~n'\'.!1~lJ\1'UFl1~1..:J~ 4.2 :lJli.'1~1..:JmTl-J 

' . ' 
112roi 11\~:-' ri'lql\1~ 11 i::: 11 8 .J'Jq ~ 1n,C"\4q~ - 1 O '2/"\ "0 •~., 5" i,bblr1\i r1V1-~d It nt~ "--t,_1-"--t, bl Iv~ /U1 I db~YI n - l. '...JV,'+ bbblv v 

,, 

Vl'LJ'U1"1Flle:Jc.11..:i 10 

sample size (n=10) 

, .. -' 

k•S 

size ofk 

V•<'1-!:0• 
t _, ~w!(): 

"' 

'11 nm'\AI~ 4. 5 zj..:i bbi.'1"1..:Jm1'VJ~ ::;V1l1..:J Al fl11:l.Jfl(11"1 bfl~Cl'UbQ~ CJ n1~..:i i.'ICJ..:J ( MSE) fl'U'LJ'U1"1'll"1 
' 

1'11-uc.11..:i ( k) ~'LJm"1Fl'1-u81..:i 10 'LJ-u..:i.Uu:iJ(1M1-uc.J1..:i~t1n~:1Jm'11nmru~l'i'1bLtJ~€Jm::;bb(l::;Fl'1LbtJ~Fl1:1Ji1 
'\J '\J ' 
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ri11lJ~lJ~u5nu~'l 3 1:::rlu f1e:i p = 1.00, p = 0.50 bb~::: p = 0.03 OJ1nm1v.J\J:::'V1u11 ~'V'Lll\il'q\il 
\il1e:icJ1'l (k) bv11nu 10, 5 bb~::; 2 1111lJ~1rlu fi1m1lJAm\ilbA~DmQ~t1ri'1~'l?!e:J'l (MSE) iJbb'l.n1ulJb~lJ~'U 

sample slze (n=30) 

/' -i:-:-z:' 
---- c:0S..:· ' 

• p~:DO 

/'/ 

/ ~ .. --

(.:f_, 

k~ ! .J k= ~ 5 bo ; C- k" 6 I:'.., S is 3: l._c=; 2 

slze of k 

' ' ' 
m'V'IVi 4.6 bb6'1\il'lm1vh:::V111'lA1AJ1lJAm\ilbA~e:J'Ubi:J~t1ri'1~'l6'le:J'l (MSE) nU'V'U1\il'MlM1e:JV1'l ( k) 

' 
Vi'Vm\il\il1e:icJ1'l 30 

I I I I 

\11n.fl1'\!1Vl 4.6 6il'lbb6'1\il'lm1v.J1:::V1l1'lA1fl11lJAm\ilbA~e:J'UbQ~t.Jrl1~'l6'le:J'l (MSE) fl'U'V'Ul\il'll\il 
' 

M'1eicJ1'l ( k) ~'Vm\il\il1e:icJ1'l 30 'Ve:J'loife:iii~\il1eicJ1'l~rin~iimOJ1nmru~\il1mJ1B6'11:::bb~::;\il1bbi..h1>niiiJ 
" " ' 

m1ii~ii~u5nu~'l 3 1:::rlu f1e:i p = 1.00, p = 0.50 bb~::; p = 0.03 "il1nm1v.J\J:::'V1u11 ~'V'Ul\il'q\il 
\il1e:icJ1'l ( k) bvllfl'U 30, 15, 10, 6, 5, 3 bb~::; 2 1'11lJ~1~'U A1AJ1lJA~1\ilbA~e:l'Ubi:J~t.Jrl1~'l6'le:J'l (MSE) iJ 

bbm1-Um~lJ~u b~e:i'Vm\il'll\ill'l1e:icJ1'l (k) ~\il~'l 
' 

sample size (n=-40) 

'2 

0.0. 
1<~4? 1<·20 i..- ;o K .. a 1;;.5 

si.z:e of k 

,·~ "~-~-:~!19~.~ 

>/ 

m'V'I~ 4. 7 bb6'1\il'lm1vh:::V111'lA1AJ1lJA~1\ilb1"l~eJ'Ubi:J~t.Jri'1~'l?!e:J'l (MSE) nu'V'U1\il'lll'lli11e:ic11'l ( k) 
' 

Vi'Vm\il\il1e:icJ1'l 40 

OJ1nm'V1~ 4, 7 zj'l bb6'1\il'l m1v.J1:::V1l1'l fi1m1iiri~1\ilbA~e:J'Ubi:J~ vri'1~'l?!e:J'l (MSE) nu'Vm\il'll\il 
' 

\il1e:icJ1'l ( k) ~'Vm\il\il1e:icJ1'l 40 'Ve:J'loVe:JlJ~li11e:icJ1'l~rin~lJmOJ1nmru~\il1bbi..hB6'11:::bb~:::l'l1m_h1111lJiJ 
" " ' m1lJ~lJ~u5nu~'l 3 1:::rlu f1e:i p =I .oo, p = 0.50 bb6'1::: p = 0.03 OJ1nm1v.J\J:::'V1u11 ~'V'Ul\il'q\il 

1'11e:icJ1'l (k) bv11nu 40, 20, 10, s, 5, 4 bb~::; 2 l'lllJ~1rlu fi1m1lJrim\ilbA~e:imi:J~t.Jri'1~'l6'le:J'l (MSE) iJ 

bb'Ul 1 um~:J..J~'U b~e:l'V'U1\il'll\ill'l1e:icJ1'l ( k) ~\il~'l 
' 
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sample size (n=SO) 
)...: 

.. 
size of k 

.fl1'V'I~ 4.8 bb?l\Yl'lm1'V'lJ~Vll1'1A1fl11llflfl1fHfl~Bt!bQ~CJn1il'lffeJ'I (MSE) tllJ'Vt!1V1'1l\YlM1Btl1'1 ( k) 
' 

~'V'U1V1M1Btl1-1 50 

'<ill nm'V'I~ 4. 8 zj-1bb?l\Yl-1m1'\"ld ~11111-1r11m111 flfl1 V1 bfl~Bt!bu~ CJn1il'l?1eN (MSE) nu'Vt11V1'1l V1 
' 

M'1e:itJ1-1 ( k) ~'Vt11V1\911e:itJ1,:i 50 'VB'loVBllflMTeitJ1,:i~11n~11m'<il1nmru~M'1 bb'l.hB?IJ~ bbfl~M1bb'UJm11li 
" " ' 

fl11ll~ll~t1'5n'Ll~'I 3 d~\ilu ~e:i p = 1.00, p = 0.50 bbfl~ p = 0.03 '<iJ1nm1'V'l'<i!~'V'ILJl1 ~'Vt!1V1'1l\Yl 
' 

M1Btl1'1 ( k) vvhnu 50, 25, 10, 5 bbfl~ 2 \711ll~1MlJ A1fl11llflfll\Ylbfl~Bt!bQ~CJn1il'l?IB'I (MSE) libbt111.W11 

b~ll~t! bdB'Vt!1V1'1lV1Fl1Btl1'1 ( k) fl\Ylfl-1 
' 



5.1 m1:wtl1 

d 
'U'Vl'VI 5 

61-au bb6'1 ~eint1-a1 fJ ~6'1 n1-a~n~1 • 

'<il1fl~lilrn11-.Dt1lt.J'lJV1~ 4 zj'l1~bbu'leieimlJ'l.J 2 ~1'\.J fiei~1'\.J~ 1 bU'\.Jrn11'111'<il?1eirnrnM'ei'I bbf1::;m1:w 
'U 

i.hzjei~ei 1~'UeJ\l'UeJ\IA1 bb'lJ1J'<il1flA1~:w·l.hd\vit m1A1?1~'\.Jh ( R2
) 1 'l.Jbb~f1::;?1m'\.Jrn1ru bbf\::;~1'\.J~ 2 blJm-m 

n11 \9111'<il?leJ'lJ1"111:wt1 fl M' ei-:i bbf\::; 1"111:wi.11bzjei~ei1~'Uei-:i'Uei-:iA1 bb 'lJ'lJ'<il1 fl ri1bi:l~t11"111:w1"11i111?1 bl"l~ei'\.J n1~-:i?1ei-:i 
'IJ 

(MSE) 1 'Ll bb~f\::;?lm'\.J fll';j ru ~-:iJ'\.Jb ~eJVl1oUeJ?lltll1 Al bb 'lJ'lJfll?ifleJtl b :S-:i b~'l.Jei81-:i~1t1~?1~1\l~'\.J'<il1 flA1ei81-:izj-:i 
' 

t1 fl~:wi11t115rn1~:wA1ei81-:i bb 'lJ'lJ'll1?1~1ri'lJ1~ 1?1f1:iJm1:w b V1m::;?1:wmfl~?11?1n'lJ?1m'l.Jrn1ru~1~~1f1ei-:i~'l.Jm 1 'Ll 
'U 'I 'I 'I 'I 'I 

bb~f\ ::;?j 111'\.J flll ru~-:itl1 ~ f\ rn11-.D tl~\I 2 ~1'\.J:W1'l~'<il11t1J1~1:Wrl'\.J zj\I bflru•i,fo1 eJ\IM'l.J~1oifl'\.Jflll'l'l'<il11ru1 AB 

?!m'Ll m1 ru11?11 Viri1~:w 'lh ::;~vit m1A1?1 ~'\.J hm flvrn bbf1::;:iJr11m1:w1"11i111?1 bl"l ~ei'\.J n1~-:i?1 ei-:iu ei t1~~m::; 
' 

Yl'<il11ru11~11 ~m'\.J rn1ruJ'\.J b Vim::; ~:w~~1?1?11V1fo rn1~:wA1ei81-:ibb 'lJ'lJ'll 1?1~1~'lJ 1~~m b ~eitl11 tJ~~1-:iA1 bl 'lJ'lJ 
'I 'I 'I 'I 

fll?ifleJ t1b:S-:ib~'\.Jei81 -:i~1 t1 11?1tl~lilfl111-.Dt1mm1t1~1tJ1~ ~-:id 
' 

rn11-.D t1d:iJ1 (i)fl'\.J1::;~-:i r1 fi ei ~~1-:i Al bb 'lJ'lJfl 1?1 t1eit1 b :S-:i b~'\.Jei 81-:i~1w11t11M' m1~:w A1ei 81-:i bb 'lJ'lJ'll 1?1~1 ~'lJ 
' ' ' 

1~~f\zj\IFl1bb'lJ'lJfll?1fleJtlAeJ fr,.J;BRSS = /3081155 + PimissX[r]iBRSS + &[r]; 11?1t1lJA1tJ1::;mruA1''v1n11:Wb(i)€J~ A€l 

flosRss bbf1::; Pi miss bblil::; b ~B (i)ll'<il?1€l'lJl"111:w ~ flMB-:i bbf1::;1"111:wu1bzjB~B1~'U B-:i A1 bb uut11?1t1€l t1 b :S'I b~'\.Jei 81 -:i 

~1tlb~€l Al €l81'l:J.J1'<\l1flflll~:WFlleJ81.:i bb 'lJ'l.J'lJA~1~'lJ 1~1?1f\ zj.:i 1~~1f\eJ'loUeJ:J.Jf\(i)1:J.J?lfl1t1JflllrU~1\I ., 'l"l'lJl1~ 
" , " \J I 

'U'\.J11?1A1€l81-:i n = s, 10, 30, 40 bbf\::; so ~1Vl~'lJmru~AlbbtllB~1::;bbf1::;A1bbtl1m:w:iJm1:w~:w~'l.J5n'l.J~ 
p = 1.00, p = 0.50 bbf\::; p = 0.03 Albb'lJ'lJflAfl€lt1~Plmfl'<\l::;1Viri1 R2 ~\1~1.Jb~€l'UU11?1AleJ81.:i ( n) 

b~:Wmfl~'\.J bbf1::;A1bb'lJ'lJt1At1€lt1~c!-:i1Viri1 R2 ~\1~?11?1 b~€lvl1fl11~:WA1€l81.:i 1 1€l'lJ vi~ei m = 1 zj.:i~'U'\.J11?1 
'U ' ' 

A1B81-:i n = S 1~ri1 R 2 tJ1::;mru S2% 'U'\.J11?1Al€l81-:i n = 101~ri1 R 2 tJ1::;mru 62% - 6S% 'U'\.J11?1 

A1€l81-:i n = 30 1~ri1 R2 '\.J1::;mru 8S% 'U'\.J1AA1€l81.:i n = 40 1~ri1 R2 '\.J1::;mru 88% bbf\::; 'U'\.J1A 

A1€l81.:i n = SO 1~r11 R 2 tJ1::;mru 89%-90% 

Albb'lJ'lJflAfl€lt1~flfl'l'.l1'<il::;1Vfri1 R2 ~'l~?IAl€l'llil'lm b~€lvl1fl11~:WA1€l81.:i 2 1€l'lJ Vl~€l m = 2 zj.:i 
'U ' ' 

~'U'\.J1AA1€l81-:i n = 10 1~r11 R2 '\.J1::;mru 46%-47% 'U'\.J1AA1€l81-:i n = 30 Mri1 R2 tJ1::;mru 

74%-77% 'U'\.J1AA1€l81-:i n = 401~ri1 R2 tJ1::;mru 77%-78% brn::; 'U'\.J1AA1€l81-:i n =SO 1~r11 R2 

tJ1::;mru 81 %-82% bbf1::;~1vifom1~:wA1€l81-:i~mflfll1 2 1€l'lJ r11 R2 :iJbbm1u:wlilAlil'lmb~eit1 1 '1'Llfi€l 

b~€lvl1flll~:WA1€l81-:i~~1'\.J1'\.Jd€l'lJ ( m) b~:Wmfl~'\.J Vl~€l'U'\.J11?1'll1?1Al€l81.:i ( k) U€ltlf\\I '<iJ::;v111Vilii1bb'lJ'lJ ' , 
t11?1fl€lt1~1~:iJri1 R2 lill?ilil\I 

' ' ' 
b:iJ€JYl'<il11tw1A1fl11:Wl"lf11Abl"1~€l'\.J (MSE) 'l"l'l.Jl1~'1J'\.J1Al'i1€l81-:i n = S, 10, 30, 40 bbf\::; SO Fl'1 

bb'lJ'lJf1Af1€lt1~Plfl'l'.11'<\l::;1Viri1m1:wAmAbl"1~€l'\.JU€ltl~~Ab~€lvl1flll~:WFl1€l81.:i 1 1€l'lJ V1% m = 1 bbf\::;A1 
' ' 

MSE '<i]::;f\l?)f\\I b~ei'UmAA1€l81-:ib ~:w~'\.J 1At1~1'\.J 1viru'<\l::;1 Vir11 MSE u€lt1~~A 1 'l.Jmru~.U€l:wf\A1bb tJ1B~1::; 
v ' 'U 
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~:JJ Ml tJ 81-:i Lb uu~ "1 fll ~'U 1A(>)nzj'I Ml bb uu~A n~1i1'1"11 'i1iJLMtJ{AtJ PosRss Lbn::: PisRss zj'IMlth :::mru 

A1'l"l1 !1lJ bM B{~-:i ?l eJ.:id b th.1 Ml U'i:; m ru~ i1 A ru?l:J.JtJFlhJ b B'l.J bD CJ'I bbl:l::: v\' 1m!.S1l:l'iJ'loU'iJll l:l M 1:JJ bbe-J 'l.J n 1'i.J1i:i B-:i 
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Development of Simple Linear Regression Model by Using Balance Ranked 

Set Sampling 

Salinthip Daenkongkho1 and Chadarat Tapan 1 • 

L~~'i'l (Balance Ranked Set Sampling: BRSS) bb'i'l:::t'Vi'il\Pl1'1'"l~'il'UY'l'11!-l\jf1M'il\lbb'i'l:::Y'l'Yl!-lt.l1L~'il~'il L~'IJ'il\IFJ'Jbb'UU 

iw1ti'ilti L~\I Lii'hl'il~1\1~1 ti Lri'ilFi'1'il~1>Jm'"l1n n11'1'1!-l FJ'1'il~1\I Lb uu'6'11~1irlu1~ '1l'i'l ~'" 1~r11 b 'W'hlm1~1'i'l'il\l<li'il!-l'i'l 
'I 'I 'I 'U 

~loiil'h!f111'i'l'"l11'ill1~'1bb'U'Ut1'1ltl'il8A'il rh#!-ltJ1:;~V1tm1Fi'1l~'hlh (Coefficient of Determination: r 2
) bb'i'l:::A1Y'l'11!-l 

Y'l'i'l1'1lbY'l~'il'h!fl1~\l'Cf'il\I (Mean Square Error: MSE) ~'i'lf1111-'if11;J1 l'118'i'f1U'WU~1 Fl'1bb'U'Ut1'1ltl'il8~'Cf~1\l'"l1f1FJ'l'il~1\I~ 
~'ll'h!1"1FJ'1'il~1\lb~!-lmf1~'W bb'i'l:::~m1'1'1!-1~'1'il~1\I 11'il'U (m=1) L~ri1#!-ltJ1:;~V1tm1Fi'1l~'hll'"l'Cf\l~'Cf'11 u'i'l:::L~ri1 

' " ' 

Abstract 

The purposes of this study are to propose simple linear regression model based on balance ranked set 

sampling and to check the accuracy and retiab111ty of simple linear regression model. The investigation vvas done 

mainly via simulation study. Finite population was generated by simulation plans. Then, ranked set sampling was 

applied so as to obtain sample data to create a model. The criteria uses to consider the simple linear regression 

model are coefficient of determination ( r 2
) and mean square error (MSE). It was found that the simple linear 

regression model was generated from more sample size and cycle of sampling at 1 cycle (m=1) to obtain a most 

/and at least MSE. 

Keywords: sampling, linear regression model, ranked set sampling 
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0 

'l.J 'Vl'h!'1 

l 'Wm"ir./ l'lv'i1oiJ1l'tl1iJ~1vif rnJ"i:::'li1m'fl"Wl'l :::V1~1li.J"i:::'li1m~1n l'l (Finite Population) Lri 'Dil 'D'hlfl~ u 1 i.Jl "W'li'N 

LL "irn~:i-nrm:::dj 1:Ju'Jtl~l'ill "Wfl1"ir.f l'lv'i1oiJ1l'l'l"iiJ'li1l\liJ"i:::'li1m ~1lfl1'~~1:1.d 'W (Census) V'W 1'11 LLfi fl1"iLnmr:imr:i:1-JoiJ1l:1-J 'iWlfl 
' " ' 

viilr:i1:Ji.J"i:::'li1m LL~r:ii.J1'iim;J'rnr"Wml"l1"Wr:iDu'i1~n'l=lru:::iJ'J:::'li1m (Population Characteristics) L'li'W ri1LQ~tJiJ"i:::'li1m 

(Population Average) ri1t.11ll'l"i'J:l-lU"i:::'li1m (Population Total) ri1-ff l'l~'J'WU"i::'.'li'lm (Population Proportion) Vl~'D 

rl'ltll'l"i'l'i'i'J'hli.J"i:::'li1m (Population Ratio) ['lifflfl'lU mll'W, 2555] 

'1\r:itJoiJ'tl~'ln l'l'li1l--1fl'l"i~'l:l-l::'. l'W 1;.J~'l"l:::LD'W l'W~'J'W'li'i:l\IA'J'l:l-lVl'hl'tl:lY l:J'li'iN'iJ'i:l:l-l'l'l L'J'l'l'l l'Wfl'l"iM 'l Lfl'hlfl'l"i u AA'l'l'lfl"i 
" ' 

ll'ltJ l'ilLLN'Wfl'l"i~:l-ll"i'Jilti'l\l l'W~fl'l=l\J.J:::~l;Jfl\IA'J1:1-loW1"1:::LD'W (Non Probabilistic Sampling) LLl'i Lri'i:J\1'1\'JmLN'hlfl'l"i~:l-l 

l"ir:i'tlti1'l~1;.Jfl\1Ar:i1:1-Jil1"l:::LD"W:l'l'iiil~1n l'l l"W'i'ir:i'hl'liil'lAr:i1:1-J'111L~'i:l~'tl1'11 1'11lm~'11'1i:l'lm"i~ ~m LLN"Wm1'i'i:1-J1"ir:i'tlti1'l l 'W 
' 

LL'W'JY11\l~fl\IA'J1:1-l'll'l"l::'.LD'W (Probabilistic Sampling) ~'11'1i:l'lm"i~~'hl'lLD'WYltj'l=l~fl'l"i~1"i'J"ll"i'Jilti'l'l (Theory of Sample 

Survey) 

Sampling) 

Vl'lfl LLl'i LLN'Wfl1"i'i'i:l-l !Kr:i'tlti'l\I Lb 1.JU~'lmfl l'loiJ'i:l~1nl'lvT\l l'hl'i'i'J'W'li'iN A'J'l:l-l Nl'l~'C'J1(PI l'Wfl1"iU"i:::mruri1~fl'l=lt1J::'. 
' 

i.J':i:::'li1m~'tl\I Lriili.J"i:::'li1m~ ~fl'i=11:l'l'lim l'l lVlfl i "i'J:l-ly(\loiJ'tl~'lnl'l l'Wfl'l"i1.J~Vl1"ir.f l'lfl'l"i LflU'iJil:l-l't'l (Data Collection) 
" •:;i " 

Vl~il L~il\I b'J 'C'l'l LL 'C'1::; rl1 l'ilroi1 tJ l'iil :l-l'l~\l l'1J:l'J LLN'Wfl1"i'i'i:1-J \ll'JiJti'l\l~\l fl~ w.J'Wli'Wm L ~il LL tlU fl 'Vl'l~ L fll'li 'W 'D'lYi L'li'W 
' " •:;i 

" LLN'Wfl'l1~:1-liK'J'tlti'l\IUUU:l'l"6'W.fJi1 (Stratified Sampling) LL'l'l::'.LLN'Wfl'l"i~:l-l~'Jilti'l'lLLUUfl~:l-l (Cluster Sampling) LD'W~'hl 

bLN'Wfl'l"i'i'il-l l'l'Jilti 'l\l i>l\lfl ~1'J.r'W'i'l'l :l-l 1"i\1U"i::'.:l-l'l\J.Jrl'l~fl'l=l\J.J::'.U"i::'.'li'lm 1'11 Vl'lfl LLl'l :l'loiJ'tl~'ln l'l LLl'lfl 1'11\lll'W'Dilfl 1 iJ 
' 

~\11l'l"l~\IN'C'll'i1lA'J1:1-loW'l L~il~il lfl 

l'WlJ 1952 Mcintyre lflL'i'l'hl'DfJTifl'l"i~:l-l~'Jilti'l\ILLUU~l'l~'li>lu (Ranked Set Sampling: RSS) L~1lUtlUqjV11 

fl'l"i 1fim'liil\I LLlil't'l:::Vlil'JtJ~'Jilti'l'l~S'.i~il\l l'ilL'J't'l'l'W'l'W LL't'l:::S'.i ri1 l'ilroi1tJ'tl\I ~\I Mcintyre 1'1ll'ilLLN'Wfl'l"i'i'i:l-l~'J1lti'l'lill 'hi 
" ' 

fl'l"iU"i::'.:1-l'l\J.Jrl'l LQ~t.J'li'D\IU~mfl.JVI qJ1 l 'Wvl'W~Vltl\I ~\I ~il\l loifL'J't'l'l'W'l'hl l'Wfl'l"ibflU L~tJ'JN't'l N~1'1VlqJ1y(\IVl:l-lM "l'lfl,f 'W 

~'i:l'l l-iiLr:i"'11 l 'Wfl'l"i1?11mL Vi'l ~\IYl'l m"ii\IJ1V1i!m ~ iliJ"i:::mDJJ1mrnV1qj 'l LL Vi\I UqJV11 i>l'l fl ~1r:id Mcintyre 1'1\ih 

fl'l"i'i'i:1-JM'Jilti1'lu Ul.J'lil'l~'li>l'Umufillfl 'Vl'lfl'l1LflU'iJ'i:l:l-l'l'l [Mcintyre G.A, 1952] 
'I "I "1;:1 \I 

LLN'hlfl1"i'i'i:l-lM'Jilti1\IUUU'lil'l~1i>i'U 1'1il'l't'l (Balance Ranked Set Sampling) :l'l'Jtlm1"11Lfl'Wfl'l"i ll'ltJ'i'i:l-l 
.. 'I 'I , 

l"ir:iilti1\lm k 'lil'lM'Jilti1'1 'lil'l~'Jilti'l'l't'l::'. k Vlil'JtJ U~'Jvl'lfl'l"iLitJ'l~'li>i'UVloW'JtJ~'Jilti'l\l l 'WLLlil'l'l:::'liMM'Jilti1'1 "11fl,f'W~\I 
' ' ' 

M'Jilti1'1~1i>i'U~ k LriilL~ilflVl'll'Jl:JM'Jilti'l\IA"iU k 'lil'll"i'Jilti1\lbb~'J "l:::LitJflfl"j::'.1.J'J'hlfl1"id~1fl'l"i'i'i:l-l~'Jilti'l'I 1 "iilU 
' ' 

~\l"l:::Yi1m'J'i'i:1-J ~r:iiltl1\I L'li"Will i.J"l'WA1'LJ m "iilU LLr-J'hlfl'l"i'i'i:l-l ~r:i'tlti1-:irl'Y11 lVi'l'l1m"i\l't'lM'li'W1M~'J'tlti1-:i l'Wfl'l1LflU 
' ' 

i>l'lfl'l"i~fl'l=l1'liil\I Dell LL'l'l::: Clutter [Dell and Clutter, 1972] 

l 'WY11\li.J!] u~ ~1V1f Ufl'l"i'i.hoiJ il:l;;j 't'lYJl'1i"l'lflfl'l"i~1"i'J"l~'Jilti 1\1 l UV\1 rl1U"i:::m fl.J'liil\I ri 'l ~ fl'l=l\J.J::'.U"i::'.'li'lrn Lb~ r:ii!'W 

tJ\I S'.1 fl'l"i'l.J 'loiJ il :1-l 'C'l ~ b fi 'l.J"j'J'l.J"j'J :1-l l i.JY'i 1 fl'l"jfJ bA"i1 ::;~ b ~ 'DVl'l A'J 1:1-l-ff :l-l ~'WTI 'li'D\loiJ 1l :1-l 't'l "j'J :1-l l U~\lfl1 "i'i'l~1\I ~ 'J Lb 1.JU 
" " 
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'iJ'iJrniJ'>J~'lll1.J1.JfliYlfl'iJm~-.:il~'l-J'iJ~1'1~1t.J (Simple Linear Regression Model) ll~:::~'lll1.J1.JfliYlfl'iJm~-.:il~'>J'V'l'VH'"lfl.J (Multiple 
'" 

Linear Regression Model) 

~'l ll1.J1.JfliYlfl'iJm~-.:i l~'>J'iJ~1-.:i~1m ;J,,.~'l llULJ~fl bA11:::~ Ari1~~~~u'fi1:::vl'i1-.:i~ri m.J1fl'tf1::: 1 ~'l llU1 nu~ri 

llU1\il1&-J 1 Cil'l ll tJ1 lmJ Cil'l ll u1.r-.:i'l'f'iJ'IS'im1~~&-J~u'finm~-.:i l~U\il1'1 ~-.:il'.lCil'l ll 1.J1.Jfl iYlfl'iJm~-.:i l~'>J'iJ~1'1~1t.J'll'iJ'l 

tJ1:::'1i1f11 A'iJ ~=!Jo+ fJlXi +t:l ~-.:il'.l xi 6iJ'l-JCil'JllU1fJ'l'f1::: Y; biJU~'JUU1\il1&-J fJo,fJ1 biJ'>J'l"l111fo(il'iJ{Yill-l 
I ~ d 

Y1111.JA1 lb~::: t:
1 

lU'>JA'l'l&-JA~'liYllA~'iJ'>J 

'l Ufl 1<J'l'fi1-.:i c;lr;i ll 1.J1.JfliYlfl'iJ t.1 l~-.:i l ~,,.,X,,.'Vl1fli!'iJ l;J ~~'iJmh mfl bA"l1 :::~ l ~'iJ'Vl'l A r;i 1 &-J ~~~u'fi<J:::'Vl11-.:i ~" ll tJ1i!,,. 

l iJuiJ'iJ~~~'l'f 1 m "lfl'iJflU'l tJ A fl.J ~ fl'l:l ru:::tJ <J:::'lf1f111~ l iJ'>J'iJ ~1'1~'Vl~'iJ'iJfl1.J'lt.J1~l fl~ lflt.J'l fl'UU1:::'1i1 fll ll ~'),r'l-J ~') ll 'U'U " , 

~flfl'l".i~fl'l'.:l'l 

m<Jflr.lt.11'.ll~fifl'l:l'l l'l-J'i'1r;i,,.'ll'iJ'lfl1"l'i'1~~ri'iJ~1-.:i u uu'lf1Y11hri'u 1~"1~ ~'Jbl 'lJ'UfliYlfl'iJm~-.:i l~,,.'iJ~1-.:i~1t.1 ll~:::Cilr;i , ' , 

l-J1b~'iJD'iJ1~'ll'iJ-.:iCilr;i ll 'Li'Ufl iYlfl'iJt.J l~'l l~'>J'iJ~1-.:i~1t.1 l~'iJCil'l'iJ~1-.:imr.i1nm1-ci~ ~'J'iJ~1-.:i uuu'/f1Y11hri'u 1~"1~ ~-.:il'.l btl'iJ'Vl'l , , , 
'11-.:il>l'iJ 1ud 

1. fl1<ai:l-llPl'l'flfrNUUU'lf"1~1lPlUL~"1~ (Balance Ranked Set Sampling: BRSS) • • • 
nw~11r;ir.iCilr;i'iJ~1-.:i l~'iJ lflmr;imri&-Ji!'tll;J~ l'>Jmru~tJ1:::'lf1m~fin'l:l1S'i'llmiYI lV1aj~-.:iYi1 'lVilii'iJ-.:i l'iflr;i~11ri&-Jii-.:i 

'"11 l'ifr.l1t.1ii1V1.rum1fin'l:l1lU'l-J~1'>Jr;iumfl l'>JU 1952 Mcintyre ~-.:i1~~~u1fll'im<J'i'1~~'l'iJ~1-.;;;ff,,.~1b~'iJ'Vl'lfll'im1'i'1~ ' , 
c;'lr;i'iJ~'l'l~'l'f1m"lfl~"1'"11 lifr.l1t.1 (Cost-effective Sampling Method) ll~:::tJ1:::'Vl~"1l'J~'l l'>Jfl11(1)1btl'>Jm1 ~-.; l'>Jl'J~'l 

l>l'iJml~t.1nfll'im<J~&-J1il'J'iJ~1-.:ir1-.:irnhr;i11 fl11~~Cil'J'iJ~1'lll'lJ'lJ~IYlii1ri'u [Mcintyre GA, 1952] 

'i'1~Cilr;i'iJ8'Nll'lJ'lJ'lf"1ii1ri'ur.i:::Yi1m1'i'1~Cilr;i'iJ~1-.:im n V1l-Jr;it.1 lb~::: r = 1,2, .. . ,k l~t.1n11 'lf1Y1Cil'J'iJ~1-.:i ~-.:ir.i:::Yi1m1 
"I "' q r "' 

'i'1~Cil'J'iJ~1-.;;;ff,,.m k '1i"1Cil'J'iJ~1-.:i l~t.1n11m1'i'1~Cil'J'iJ~1-.:i 1 1'iJ'lJ ll~:::rl'l'Vl'>J"1 lVl Yr[r], A'iJ V1-Writ.1c;'lr;i'iJ~1-.:iii1>'lu~ r 
"I "I 'I I 

1[1]1 1[1]2 .. · Yr1h 
1[2]1 1[2]2 ... 1[2h 

l[k ]l l[k ]2 · · · l[k ]n, 

ti1'llm1Y1Cilri'iJ~1-.:iYw111~&-Jlll'l~:::~1Y1lilri'iJ~1-.:ibvl1n'>J A'iJ n 1 = n2 = ... = nk ll~rir.i:::b~t.1flm1"'!~(il'J'iJ~1-.:i 

ll'lJ'lJ'lflYlii1>'luC11 m1'i'1~c;'(r;i'iJ~'Nll'lJ'lJ'lflYlii1>'lu 1~"1~ (Balance Ranked Set Sampling) [Zehua C. Zhidong Bai. & 
q 'I 'I .. 

Bimal K. Sinha. 2003] 
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t.h:::'ll1fl'J'll'W'Wl N Vlhiriv ~'l'"l:::L~8flrJ1'1lfll'l'lflt.h-.:i~ 1 LL~'lU1Vlhirivl'lri'il81-.:i (Sampling Units) rr-.:i k Vli.bm.n 
' 

L~v-.:i~1ilu'"l1flil'ilv1 tJV11mflA'l8fl1"J"11ri ri:::vwV1~'ilfl1'JU"J:::irn>JA'l8"'11v\111 (Judgment Ranking) '"11mi'WV1llriv 

lilri'il81-.:i~'il8l'W~1ilu~ 1 '"l:::flrn~'ilflbU'WFl'l'il81-.:i LL'iN:::vi1m"Jr1ri fi1'llfl'llil'l LLU'J~'C'l'W l'-1 'i'triim-Jrivl'lri'il81-.:i~ LVl~fltlfl . . . 
lilri~'lVl~fl 1&J'C'!'W l'-1 

L~'il~'WtlAfl1'J'i't;)..jFl'J'il81-.:i'llri~ 1 LL~'l vl'il'"11flJ'W'i't;)..jFl'J'il81'lLLUU~181&Jl'i'tA'hl'll'W1fl k Vi-Jriv '"11flU'i:::'61fl'J 
'I 'I 'I 'I 

'llmri N Vlhiriv ~-.:i'1'WV1;)..j1vriri1;)..j11 V1hirivtJ1:::'61m~t!fl'i't;)..jLU'WAri'il81-.:iY'hl'llril'i'ri'il81-.:i~ 1 t!flU1fl~'lJ;)..j1Y'i'IY'hl 
'lJ 'I 'I \I 

'l.J"J:::'ll1fl1ilflri~-.:i V1i.JrivtJ"J:::'61m k Vlhiriv~t!fl'i't;)..jY'hlri~-.:i~ 2 L~8flrJ1'llril'i'ri'il~1-.:i~ 2 '"11flii'Wu1V1hlrivl'i'ri'il81-.:im . ' ' 

L~8flfl'J:::U'l'hlfl1'i'i't;)..jFl'J'il81-.:i'"l'hl"1'JU k 'llf!Fl'l'ilt.h-.:itl11 "'J'ilU (Cycle)" ~'l'"l:::vi1m1'i'i;)..jA'J'il81-.:irr-.:iV1;)..jfl m 'J'il'l.J 
' ' ' 

LL'iN:::fl1'i'i't;)..jVlhi'l 8 Fl'lfl 81-.:i y 'WLLvl'iN :;'l)f) Fl'l'il81-.:i~vi1fl1'Jci;}.ji').,!mrr-.:i k '6f! l'lri'il81-.:i y 'WLLvl'iN:::'i'ilUJ'hl fl1'J 1,!iVlll'l8 
'I 'I 'I 'I 

A'Jfl81-.:i k VI hi riv Y 'WLLvJ'iN:::'il'ri l'lrimh-.:i 1&1~ ~rnm:::Vluvi'ilfl1'i 1fiV1hlrivl'lri'il81-.:i Y 'hl'Q"fllil'l'il~1'l~'W 1 I Kowalczyk B., 

2004] .ff'W!'l'il'Wfl1'Jci;)..j\il'J'iJ81-.:iu'C'lf!'l l'hl'iU~ 1 ' . 
, ,~yde 1 , . 

l}:,!1,.1;:):,_ .. ,Y;,;i I 
(1;,,:;,l~:::l' ... , Y,,:,. ! 

Cvdem 
llh • .li~~.' .. ., ii,}. ) 
(1f,i,,,Ib.····.1k:.) 

Afl 1[1]P1[2]p·· .,1(k]1' ... ,1(1]m'1[2]m'"".,1[k]m ~'ll'hl1fl mk Vlhl'l8 

2. !Pl'dbb'U'l.Jfll?lfl'flm:zf-:ib~~'f!U1'1~1~ (Simple Linear Regression Model) 

l'lri LL'lJUfl rit!'ilm~-.:i L-fi'W'fl~1-.:i~1m U'Wfl1'iAfl'l:J1 ri11;)..j~m·~''W'51:::11-.:i l'lri LL'l.J"J 2 l'lri ~-.:itJ1:::fl'flU 1ufirivlilri LL'l.J"J 

~'C'l'J::: (Independence Variable) 1 Fl'l LL'iN:::A'lLLU'i\111;}.j (Dependence Variable) 1 l'lri ~'l"1'J1;)..j~;)..jvY'hl'fi'J:::VlrJ1'l 2 Fl'l 

LLU'icl'L U'hl 1 uY 'hi~ fl 'J:j ru:; "111 ;)..j ~;)..jvY'W ti L~'l L-fi'hll'l'i-J lA8~ lilri LL uu fl1'itl fl tlfl8 ~1V1-ruu1:::'61fl'i (Population Regression 

Model) A'il ~ = /30 + j31X 1 + &1 lfl8~ ~ LU'hl'"11-ff-.:JLfll'l'll'fl'llil'lLLU'i\111;}.j /30 LU'hl'l'-J1'J1fol'l'fl4LLVl'hl'i:::v:::lilriLLfl'hl Y 
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/31 bU'W'Y'l1'l1~ b(l"i'il4bbV1'WA'11:!-1'6'W'lJ1l\I V~'Wflt'lfl'ilt! X; 
bU'WA1A'11:!-iA'i'n"1lA~1l'Wb'll'lri:1-1 

' 

iJ ~ n(t,x,r, )-t,x,t,r, 
' nt,x,'-( t,x,)' 

bU'W\il'J'Ll'l::m ruYi1d-l b'f:l'Wb ii ti'I bb~:; A'11:!-I Lb U'lU'l'J'W~1'i"l"1 
' 

l'WU 2001 Hani M. Samuwi bl~:; Faisal M. Ababneh 1~flflmm'lf'ibA'l1::Vifl"1fl1lm'll'lb~'W1lt.l1'1~1til"1tiloii 

~r;i11t.l1'1'"11flfl1'lri:!-i~'J'ilt.l1'1bbiJ'!J"lf"1'iihrilu [Hani M. Samuwi and Faisal M. Ababneh, 2001] bb~::l'WU 2002 Chen 
' ' 

1~ bb 'W::i41 ~'1'LJ 'l:: m ru 1'11 bQ ~ti'LJ 'l::"lf1 fl'l'll'f:l'I ~'J bl iJiJfl t'lfl 11ti ~1vifum'ln:1-1 ~r;,11 t.l1'l Lb iJiJ"lft'l ~1 rilu ~'I l~Y11 m'l 
' ' 

b~ti\1~1rilumJ'Jti ~r;i11t.l1'l ( \ilr;i bb U'l(l"]1 :1-1) lt'tti \ilr;i bbU'lfJ'i"l'l:: '"11fl1f 'WY11flW1°'"11'11 ~'J bbU'lfJ'i"l'l:: bb~:;\ilr;i bb U'l(l"]1:!-1~1Vlfo 

m•'l.J•::mrul'i1 lQ~ti'LJ'1::"lf1m I Chen Z .• 2001 J 'ii1vifum'lf'i~titll'Wfl1'l~:1-1\'ilr;i11t.l1'1'"11fl'LJ'l::"lf1m~S'JA'11:1-1~:1-1·1~\,ijj' 
' 

nh!V1~'1JS'J.zi11:1-1~'LJ'1::"1f1m~1V1fu \ilr;i bL U'l (1"11:\-.J (Y) LL~::efl'd LL U'lfJ'i'Vi:: (X) l'W~ill~ flmnm'lri:1-1\ilr;i11t.l1'1'"11fl.zi11:1-1~ 
~ ' ~ 

U'1::'61m.R'lefi'J Lb U'l"11:!-I Lb~::efl'J LL U'lfJ'i"l'l::~'Jt!fl'l'1ri:1-1\'il111t.l1'1bLiJiJ"lf"1~1riliJ1~"1~ L ~11-W1m'i"l~1\lefl'Jlb iJiJfl f'lfl'f:lt! L'll'I 
' ' ' 
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Cy:LE: 1 

.. ..!; .. . . r ..... r jX,)'::::i 
;y 
I ~·4 

\

,.. r . 
\A·;,·:•·;,:_ .... .....___,, 

C/C~e 2 

:r r 

.. ,\.l:,:,.r::,:,.;,-+ (~Ii 
X:,:-.J:•:- '/ \ X:;:)°:<: 

'---~~~~~~~~~--' 

"11f1fl1~~ 2 LL'C'l"1'llVlb~'l-Jfi'lf11'l~~Vli1'l1':11J'l:;"lf1f1'1bb~'l~1:!-11b~l':l'l~1"1'U~1Vl'1'U~'lU'LJlfl'C'l'l:; ( X[k)m) U~:; 

~'lLLD'll'l1~( y;[k] ) m m 'l'tl'U 1'tlu~:; k "lf"1~'lmh-:i "l1mf1-Jl'WLLlii~:;"lf"1~'l'tlti1-:ivii11l':l~'lmh-:i~-:i k viil'll':ltif1 
111 <\ 'I 'LI 

b~l':l-:i~1v1u"11niJ'tll':l LiJvi1~1n ~1vi'1u"lfV1~1'tlti1-:i~ 1 'll'tl-:i1'tlu~ 1 vii111':1~1'tlti1-:i~'tltil'W~1"1u~ 1 "):;tirn~'tlrnil'l-J ' ~ ~ 

( x[•J•Yil)• ), (xl211Yi21•) ,. · ., ( xl•J11[11•) 
( xl•12Yr•12), ( x[2J2Yi212), · · ·, ( xl<J2J[,12) 
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Afl 1[,];BR<>S = /3om1.ss- + f31s11.ssX[r]1BRS'S + &[r]1 ; r = 1, 2, 3, ... ' k i = 1, 2, 3, ... , m Lrifl f3oBR)S LL'i1::: 

/JIBRSS Afl 'V11'~1S'JL\9lfl{ &[r)i AflY'l'11:WY'l'i11i?lLY'l~fltJ J(r]iBRSS Afl r;)'1LL'!J'i(Pl1:W~l~"il1flfl'l'i~:Wr;)'1flt.i1'1LL'U'U~i?l 

~1171'!.J l~"J'i1 LL'i1::: x[rj;BRS'S Afl r;l'1LL'!J'iii'i'l'l:::Yil~"il1flfl'l'i~:Wr;l"J'[Jt.i1'1LL'LJ'LJ~i?l~11'1'LJ l~"J'i1 

LL'i1:::r;l'1LL'Li'LJ'llfl'liil'1flrh-:i~1V1frn'lmmrur11L<R~tJ'!J'i:::"l:f1m ( Yr,.J;suss) Afl 

Yrr)iBRSS = flosnss + fl1B11ssX[r]1BRS~<> Lrifl floHJ<SS LL'i1::: /31B11.ss Afl r;)"J'!J'i::::w 1 nm1'11fo\9lfl{ J[r]iBRSS Aflr;l"J 

'l.J'i:::mruiil'1LL'!J'i\9l1:W LL'i1::: x[r]1BRSS A'fliil'1LL'!J'iii'i'l'i::: 'i11Vlf'Ufl'l'i'l.J'i::::w1rur11'V11'11fa(Pl'fl{ f3os11.ss LL'i1::: f31s11ss "il::: 

l-ii'1flfl1'5-:i'i'l'fl'li1'fltJ~'i'li?l (Least - Squares Estimates) r;l"J'!J'i:::mruYil~A'fl 
' 

E(Posuss) = E 

= f3osm,s 

LL'i1:::r;l'1'!J'i:::mru'V11'i1S'l L\9lfl{ fl1 BR.\~\' L tit.ir;l"J'!J'i:::mru~~ ~ru'i'l:wu\Ji 1~ L'fltJLiitJ'I L'lit.int.i 

l t.lfl'l'i flfl'!.:11'l'Jl~Yi1m'Jrol1'11fl'ITifl:W'i1 L ~'fl\9l'i'1"il'i'lfl'LJY'l'11:W~fltilfl'I LL'i1:::Y'l'11:1-l'il1 L~fli'ifl l~'lJ'[J'lr;)"J LL 'LJ'LJ~ i?l~fltJ 
~ ~ 

L ~'I L~t.lfl 81-:i~ 1tJ Lri 'fl l-if r;) '1fl tJ 1'1~~fl~:1-l:1-l1"il1flfl1'1~:1-l r;l"J '[J 81-:i LL 'LJ'LJ"lf i?l ~1 i?lu l~ i?l '11~'1~LLNtJfl1'irol1'11fl'ITI fl :1-l 'i1 ri'-:itl 
'tJ 'I 'I q 'I q,i 

1. 'l.J'i:::"l:f1rn~flfl~1'i'l~1'1~t.imrntJ ltilm'iLL"ilflLL"il'l'!Jfl\Ji (Normal Distribution) li?ltJfl1VltJl?l lVlTifl:l-l'i1'!J'i:::"lf1m 
~ 

~Y'l'11:W~:l-l'W°'t.i'6nt.i Jt.ii'iflTifll;j'i1'lJ'i:::"lf1mr;l'1u'!J'iii'i'l'1::: ( x) LL'i1:::r;l'1LL'!J'i\9l1:1-J ( y) ~Y'l'11:1-l~:l-J'W°'t.i-B'nt.i 

2. fl1VltJl?lA1'i'IVl~:l-l'W°'t.i-6 (Correlations) 'i11V1fur;l'1LL'!J'iii'i'l'i:::LL'i1:::iil"JLL'!J'i\9l'l:l-l LLU'lflflflLDt.i 3 'i:::ri'u 

A'11:1-l~:i.J'W°'t.i-B1~LLfi 'l:::l'luA'11:W~:i.J'W°'t.i-B'mfl Afl 0.71-1.00 'i:::rl'LJY'l'11:1-J~:1-J'W°'t.i-6'!J1t.ifl'i11'1 Afl 0.31-0.70 LL'i1:::'i:::ri'u 

Y'l'11:W~:1-J'W°'t.i-6"11 Afl 0.00-0.30 [Bruce Ratner, 2009] 

2. 'llm1?1'!J'i:::"l:f1m ( N) ~f!mrnvhnu 1.000 

3. 'llt.l'li?l'llfl'lr;l'1'fl81-:i ( n) ~Afl~1 i'i'fl n = 5. 10. 30, 40, 50 llfltJ~ n = mk ~-:i k A'fl 'llm1?1r;l'1'flt.i1-:i 

l t.ifl'l'i~mLlii 'i1:::"1:f i?l r;l'1'fl 81-:i LL'i1::: L tit.ir.l1t.i'1W61?1 iil'1fl81-:i'llfl'lfl'l'i~:1-J u\ii'i1:::'ifl'LJ LL 'i1::: m Afl r.l1t.i'1t.i'ifl'LJ l t.i fl'l'i~:l-l 
'I 'I 'I 'I 'I 

4. 'J:::l'luA'11:1-lL~fl.Tt.i~flfl~1 Afl 95% u'i1::: 99% 

5. Yl1fl'l'IYll?l'i1fl'l.J''l 1,000 Y'l?'l ltJLLlii'i1:::'i'lmt.ifl'l'iDJ~fl1VltJl?l 
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~~f11"aA°fl~1 

flT~1~tJ'rll~ ~fl'l;J1~'1 bb 'IJ'l.Jtll'ltl'tltJ l~\l l~W'tlti1\l~1Hfl'ltJ l~fl'l".i"'1:i-J~'J'tlti1\l u 'IJ'IJ'61'1'6'l1(1]u 1~mi ~\j~'J u 'I.JU 
' ' ' 

ti l'l ti 'tl tJ ~~fl 'l;J 1 A 'tl i[r]1RRSS = f3oBR'>S + /3IBR.<>:.'>X[r]iRRss + 6[r)i bb'l'l:; ~ '1 U".i ::::1-J 1 ru A1 ~1vi-ru '1'11 ".i1 ~ ll'l'tl1°~ 'tl 
Pos11ss bb'l'l::: P1811ss ii\! l~fl'ii1'1:i-J'lbb-f1'1TI1'1~W bl'l'l:::l~'tlvl1fl'l".il'l".i'J'"l'C'l"tl'IJA'J'l:i-J\)fl~'tl\lbl'C'l:::A'11:i-J'111 b~'tl~'tl l~"il'tl\l~'J 
bl uut1 l'ltl'BtJ l~'I b~W'tl tl1\l~ 1tJ l~'tl ~'1'tlti1\l mr.i1 flfl'l".i"'1:1-J ~'1'tlti1\l lb U'l.J'6v1'6'l1ilu1~ l'l'l'l r.i1 fl fl1".i~1 'iN'B\lTI'B :1-J'l'l l'l1 :i-J 

'I "I 'I \I 

5 

10 

30 

40 

50 

(m) 

2 

5 

2 

3 

5 

6 

10 

15 

2 

4 

5 

8 

10 

20 

2 

5 

10 

25 

(k) 

5 

10 

5 

2 

30 

15 

10 

6 

5 

3 

2 

40 

20 

10 

8 

5 

4 

2 

50 

25 

10 

5 

2 

p= 1.00 

52.813 

62.916 

46.477 

20.252 

85.994 

77.163 

64.648 

49.445 

43.138 

25.104 

12.333 

88.900 

79.376 

64.332 

57.726 

42.900 

34.425 

12.619 

90.499 

82.707 

63.346 

41.178 

12.583 
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r2 (%) 

p=0.50 

52.524 

66.456 

47.433 

20.210 

85.292 

74.969 

64.893 

48.696 

42.793 

25.910 

12.418 

88.251 

78.702 

52.889 

57.483 

41.552 

35.194 

12.671 

89.650 

81.446 

62.656 

41.100 

11.973 

p=0.03 

52.589 

65.806 

46.818 

18.459 

85.464 

74.286 

64.488 

49.815 

43.739 

25.259 

13.522 

88.348 

79.122 

59.257 

58.236 

43.856 

34.120 

13.347 

89.871 

82.453 

63.070 

42.550 

11.235 



"i'1fWl11'N~ 1 ~U~1~'ild;j'{'lD'J:'.'151fl'J~fl1'Vl'i.!Arl1'CIVl.ff:J-JoW'hl'fi ( p) 1'T1V1ftJ~'"JllD'Jfl'Cl'J:'.lL'{'l:;~')LL1.J'J1'11:!-J~ 
Ll(9lfllfi1'1n'h!.r'1 3 1::ri'uJ'h! lri'Ilw1~'"J'il~1'1YilA"i'1flm1'l::i:J-J~'"J'il~1'1 lLUU'll'A~1ri'u LAA'{'l L lJ'C1~1'1~'"J LltJtJti'-'lti'ilm:i\'1 L1'i'hl 

' ' ' 
'il~1'1~1tJ ~tJ~1 rl1 r 2 VllA"i'1fl~'"JlltJUtlAtl'IltJL:il\ll1'l'hll'hllllfi'{'l:;fl'Jru1'T1vifu~'"J'il~1'1'Vi.!1A 5 10 30 40 LL'{'l:'. 50 5'.iri1 
G( 'J..I d "-"' .d I .._., ..._, If' I <V 1.d d I 2 I ~ 9.J 

Lfl'{'lLAtJ'1fl'i.!b:!-J'ilA1'i'lVl'i'l:!-J~'i.!fi(911'1fl'i.! lll'l'VI p:::: 1.00 'il1"i':!-JA1 r ~'1f1'"J1 p:::: 0.50 Ll'{'l:'. p:::: 0.03 L~fl'W'iltJ 

ll'{'l:;~ n = 5 5'.irh.ff:J-JlJ1::11Y1tm1~A11'h! L"i'lJ1:;mru 50% 'l::i'"J'h!~ n =10, 30, 40 U'{'l:; 50 ~r.l1'W'"J'Wfl11'l::i:J-J 1 'J'iltJ ( • 
m =I) 5'.ir]1 r 2 'i'l'1~'i'll'l A'IllJ1:;mru 65%, 85%, 88% u~:; 90% 1'11:J-J~1ri'u Lri'ilW1N'{'lfl1'J~fl"E:l1YilAL'W(91111'1~ 

' ' 
2 m~'{'l'fl(il m1'rllL'i'll'l'1LAri''111.J~ 3 1'T1vifumru~ n = 10. 30. 40 lL'{'l:; 50 

~ 

20 

' . 

1D 

sample slze (n=lO) 

~-5 

size of k 

sample si.ze (n=40) 

k=.B 

size of k 

---- ~~:·:<: 
•··· ;: .. ~,;c , 

- .... - ".~.,~; 

V••llC.t 
I •'•LOO 

0-, 

sample slze (n• 30) 

size ofk 

sample si.ze (n=SD) 

k--2s . ·- ~k-~'lD ;"S"·-
stzeotk 

' ' ' 
(9l1"31'1Vi 2 fl1A'"J1:!-JA'{'l11')lfl~'il'WLQ~tJfl1~'1'i'l'Il'1 (MSE) 1'T1vifumrul?i1'1 1 l'l1:!-Jllll-J'i.!fl1'Jrol1~'il'1~'ild;j~ 

"ll'l.!1(;) ~1'1.!'l'l.!"3'fl'lJ "ll'l.!111l"lfl11"1'l'fl~1'1 MSE 
' 

l'l'l'fl~1'1 ( n) (m) (k) 
p=l.00 p=0.50 p=0.03 

5 5 0.527 0.897 0.989 

10 10 0.459 0.497 0.519 

2 5 0.649 0.833 0.732 

5 2 0.718 1.280 1.140 

30 30 0.131 0.191 0.154 

2 15 0.198 0.308 0.307 

3 10 0.407 0.434 0.444 
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~'@' g;Q) £)~.~ ' ;: cy;:i • :Jy !:~S~i~~3:~~8 
"ll'IJ'l!Pl ~'l'IJ'J'IJ'a'flU "lJ'IJ'l!PJ°lf(P]tpJ'J'flth~ MSE 

• 
IPl1mh~ ( n) (m) (k) 

p=l.00 p=0.50 p=0.03 

5 6 0.523 0.702 0.607 

6 5 0.619 0.732 0.661 

10 3 0.751 1.060 0.885 

15 2 0.928 1.333 0.952 

40 40 0.102 0.177 0.076 

2 20 0.195 0.298 0.216 

4 10 0.314 0.251 0.215 

5 8 0.416 0.638 0.485 

8 5 0.541 0.753 0.742 

10 4 0.692 0.951 0.712 

20 2 0.948 1.224 1.002 

50 50 0.093 0.120 0.111 

2 25 0.192 0.216 0.211 

5 10 0.370 0.460 0.424 

10 5 0.565 0.834 0.630 

25 2 0.824 1.278 1.070 

"11fll'l'l'l'""l'l~ 2 'l"l'l.J~1~ii1ld;j'i'lt.h::'lf1fl'l~n1'Vl'W"1A1''1"'V1-ff~·v~\J'5 ( p) ~1'Vlf'LJl'i''JLLtJ'lfl'6'i'l::w~:;\llr;iLLl.h\ll1~~ 
LLl'lflM1'lfl'W~'l 3 'l::~u.ii. Lri·m.J1\llr;i11tl1'1Yi1~"'1flfl1'l'i':i~l'lr;i1181'l LL'LJ'LJ'lf"1~1~u L~l'l'i'l LtJ'i'1"h.:il'lr;i uu'l.Jri"1ri11m'S..:i L'~'W 

' ' ' 
1181'1~1~ 'l"l'LJ~1 ~ n = 5 U'i'l:: p =1.00 ~'JLL'LJ'LJYi1~YVi'"11A'J1~V'l'i'l1"1LV'l~1l'Wn1'5'l'C1"1l'lU1l~~'i'!l'l 'i':i'J'W~ n = 10, 30, 

40, 50 ~ m = 1 lli''JLL'LJ'LJYi1~YVi'"11A'J1~V'l'i'l1"1LV'l~1l'Wn1'5'l'C1"1l..:IU1l~~'i'1""1~1'Vlfm1flA1"1"'Vl-ff~'W'i.ifi ( p) U'i'l::"/:;3'.l 
' ' 

'"11A11~A'i'l1"1LA~11i.n1'5'l'C1"11..:iLYl~<€md113'.lr./1i.1m11u'll'El'lfl1'l'i':i~iilr;i1181'l ( m )L'vl~ii.i V1~mi.11!'l'lf"1~11181'l ( k) 
' ' 

~"1'i'l'l Ld11-W1N~m'lfln1.:11~1~Yi.i!'l111'l~ 2 m'V1~'Ell'lm1Y1LL'i'1""1'lL~~..:i1tJ~ 4 ~Tv1fumru~ n = 10. 30. 40 
~ 

LL~:; 50 
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sample size (n=lO) 

,•' 

size ofk 

sample slze (n= 40} 

k•~C 1;:..:•:; ks::, k•B 

size of k 

'£ln1.h1ui;.i~m'lAn'l31 

,' 
,' 

-+- ~-1:•) 

:---- o-:isv 
, • . - -+ - ~-;'.)~! 

k=2 

• 0~!1)0 

- .... i>=~S:• 

+I --+ l>:~·:J 

'/.; 

sample slze (n=lO) 

l.0 

C.O .. 
kz3C 1:.Z:S k=:O k.,6 l..,S "'"" ·~.:·3 

1.4.' 

C•O 
k=SO 

slze ofk 

sample size (n=SO) 

"''' size of k 

,., 

,.. 1 •••••• ;;-~,;)'.) 

:-.... p-()S.-J 

n 1'i')~ 81'llJi Afl'l:J 1 !?11 Lb uu ri (Pl m:i 8 b~-:J b ~'i.!!l tJ1-:i~18~ 'i'l~1-:iimn"i'1n'ii !l d-1 ~ !?11!lti1-:i~ri n 'i'id-1 m l(9)8 m'i'i'id-1 
" \I q "I 

!?11!lti1..:ibb'LJ'LJ~"1~1AuLJl"J~izt..:i\ll1bb'LJ'LJ~Afl'l:J1l'.lm11l'.Jb(9]!J{A!l /JoBRSS u~:; /31BRSS 'lt..:i!?l1u1::mruri1~111l'.Jb(9]!J{ 
~..:J'i'l!l..:iflb lJ'i.!\Jl1u1::d-l1ru~ l'.l ri ru 'i'ld-1UM1:i.J b !l'i.!b ii8-:i u ~:: Lrim11m1r./1 ~!l..:ioii!ld-1 ~ (9]1d-I LbN'i.!fl11r.l1 ~!l'loiim-J ~~u11 N~ 

'l 'll \! 

fl1'i~1~!l'loii!ld-I ~ 'i'l!l (Pl fl i-i!l'lfl 'Ufl1'i Afl'l:J1'll!l'l Zehua Chen 'lt-:i 1Jifin'l:J1 b ~8'".lfl'!Jfl1'i'i'id-I \ll1!lti1'l u 'LJ'IJ'6"1~1 A'LJ ~1'Vli'tJ 
~ ' ' 

m1'\J1::mruri1~111l'.Jb(9]!l{ J'i.!A!l~A1 p LYld-lmfli'i.!v11YVl\ll1bb'!JtJYi1Jil"lri1'i'lV1.ffm~''i.!l5 (Relative Efficient: r) bYld-1 

mni'i.! [Zehua Chen. 2001] L'li'i.!L~ti1f1um1')~tifl~ri1 p !ltiL'i.!'i::A'IJ'i'l'lA1 r 2 'll!l..:i\ll1bb'IJ'IJ~LJll"1ti'Vid-ll"lA1 
~ ~ 

mnn11\ll1 bb'IJU~ i'l1Titi1'll1fl'i'id-lm"i'1n'\J1::'61m~l'.lri1 p !ltilw~::A'uw!ltin11 "i'::b Vl'i.! 1Ji11N~VilJlm"i'"i':: bfl"1"i'1fl 
~ ' ~ 

1::A'u f111d-l id-10''i.!'5'll!l..:J'ii!ld-I ~'\J1::'61m bb~::vin'llm"1\ll1!lti1'li;l1 bb 'IJ'!JVilJll VI ri1 r 2 'i'l'l~'i'lri ~'l N~VilJlm"i' bfl "1"i'1 n 
'll q 'll "I 

m1'i'id-ll'l1!lti1-:i l 'i.! bb(l]~::'lfri i'l1!lti1'l LLi-i1-W1 m b~U'l~1vi'u~-:iv11 l Vl'iim-l ~ !?11!lti1'l ~1'Vli''IJ !?11 bb '\J'i~'i'l'i:: LL~:: ~1 bb '\J1\P11d-ll'.l ' ' ~ 
V V lf'Q..' I t V I d V I li:f I ..::!ii 0 I Q..I I d I 

fl11d-l'i'ld-l~'i.!'5fl'i.!d-11flfl11fl1'i'i'ld-1(9]'J!Jtl1'l'Vl'6"1(9]'J!Jtl1'l'll'i.!1"1L~flfl11 'Vl'i!l"i'1'i.!1'i.!fl1'i'i'ld-1(9]'J!JU1'lY1d-11flfl11 1 'i!l'LJ 
' ' ' 

bb~::bri!l'W"i'1'itw1A1fl'J1d-lf1~1"1bfl~!l'i.!fl1~'l'i'l!l'l~'IJ11i'lN~fl1'iAfl'l:J1~'i'l!l"1fli-i!l'lfl'IJ Amjad D, Al-Nasser 

bL~:: Ahmed Radaideh 'lt-:ifin'l:J1n11'\J1::mruri11'11 bb'LJ'LJ\1(91\J!lU Triu l-iim1'i'id-l\ll1!lti1'l LL'LJ'LJ'6"1~1vl'IJ L ~'lN~ 
' ' 

m1fimn~1Ji~'IJ11ri1 MSE l'.lri1ililti~'i'lriLri!l'll'i.!1(9li'l'J!lti1'lLYld-lmni'i.! 'Vl~!lfl1'i'i'id-li?lr:i!lti1'l 1 'i!l'LJ LL'i'l::Lri!l 
' ' 

U'i::'61fl'il"lA1 p mfl~!l [Amjad D. Al-Nasser and Ahmed Radaideh, 2008] N~VilJlvi''lfl'i'l11!l1"i'btl!l'ld-11"i'1fl 

'll'i.!1(91 \llr:iflti1'l~ b Yld-ld-l 1fli'i.!vl1 l VI fl'J1d-I fl~1 (Pl bfl~!l'i.!iJ!lU 'i'l'l 
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'il''1'Li~'Rm'1An-~1 q 

fl1"i"l~tid~Vi' i:•mtl"i:'.'i'M "1~'f:l ~11..:i ~'l LL 'U'l.Jfl "1tl'i:ltl L~'I Lif'W'f:ltl1..:i~1t1mt1 l~m"J'i'!;.J ~'l'f:ltl1..:i LL 'LJ'LJ"llW~1A'LJ1~ "1'i'l 
'I 'I 'I 'I 

~..:J~'lLL'LJ'Utlfltl'i:ltl~'El l(r]iB!l~'S = f3osRSS + f31BRSSX[r]iBRSS + &[r]i l"1t1l'l~'ltl"i::mruril~l"ili:lLt'l'f:l{ ~'El PoBRSS 
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.... ""' b 'fl fl 'i't'l 'j'fl'l-:J'il-:J 

"/ffl1it'ltJ mu'W (2555). fl1'1U'1:: 3-110J ~1LL uu"lf·N~1Vl.ru ~1L Q~t.JU'1::°lf1fl'1fl1t.I t~m'1'i'i3-l l'l'l'il!:J1..:i LL U'l.J°lf(;l ;,J q q 
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