
4 Whvwlqj

Wkhuh duh vhyhudo pdlq xvhv iru k|srwkhvlv whvwlqj1 Iluvwo|/ wr hydoxdwh wkh suhglfwlrq ri d vflhqwl?f

wkhru| ru vrph prgho wkrxjkw wr eh wuxh ru dssur{lpdwho| vr= iru h{dpsoh/ wkdw wkh lqwhuhvw hodvwlflw|

ri ghpdqg iru prqh| lv }hur ru wkdw djjuhjdwh surgxfwlrq lv frqvwdqw uhwxuqv wr vfdoh1 Vhfrqgo|/ zh

pd| zlvk wr hvwdeolvk zkhwkhu fhuwdlq dvvxphg surshuwlhv ri wkh gdwd krog ru qrw1 Sxw dqrwkhu zd|/

zh zdqw wr whvw zkhwkhu rxu vshfl?hg prgho lv fruuhfw1 H{dpsohv ri plvvshfl?fdwlrqv lqfoxgh rplwwhg

yduldeohv/ zurqj ixqfwlrqdo irup/ glvwulexwlrqdo vshfl?fdwlrq/ h{rjhqhlw|/ sdudphwhu yduldwlrq/ vhuldo

fruuhodwlrq/ dqg khwhurvnhgdvwlflw|1 Lqfruuhfw vshfl?fdwlrq pd| ohdg wr lqh!flhqw hvwlpdwhv ru hyhq

zruvh lqfrqvlvwhqw hvwlpdwhv1 Wklv odwwhu rxwfrph lv yhu| frpprq lq wkh vruw ri qrqolqhdu prghov

xvhg lq Plfurhfrqrphwulfv dqg lv rqh jrrg uhdvrq iru fduu|lqj rxw vshfl?fdwlrq whvwv14 D ?qdo

dssolfdwlrq ri whvwlqj lv dv sduw ri prgho exloglqj surfhvv> wklv lv riwhq jlyhq wkh qdph suhwhvwlqj1

Vxssrvh wkdw zh kdyh gdwd + ' E+�c é é é c +?äc dqg d k|srwkhvlv Of derxw lwv ghqvlw| s 5 I é
Dq k|srwkhvlv lv vlpsoh li lw frpsohwho| vshfl?hv sEüä dqg lv frpsrvlwh rwkhuzlvh/ l1h1/ zkhq wkhuh
duh qxlvdqfh sdudphwhuv qrw uhihuuhg wr e| Of1 Zh dovr glvwlqjxlvk ehwzhhq vlqjoh dqg pxowlsoh

uhvwulfwlrqv dqg zkhwkhu wkh dowhuqdwlyh Oø lv rqh0vlghg ru wzr0vlghg1 Jhqhudo Qrwdwlrqv + Ilvkhu/

Qh|pdq8Shduvrq,1 Zdqw wr whvw Of yv1 Oø1 Ohw A +gdwd, eh d whvw vwdwlvwlf/ w|slfdoo| vfdodu ydoxhg1

Fkrrvh k 5 dfc �o vl}h ri whvw1 Ilqg äk fulwlfdo uhjlrq ri vl}h k vxfk wkdw ThdA *5 äkmOfo ' k1 Uxoh

lv wr uhmhfw Of li +h{dfw ru dssur{lpdwh, A *5 äk +fkrrvh A vr wkdw äk lv hdv| wr ?qg,1 W|sh L

huuru lv wr uhmhfw d wuxh k|srwkhvlv1 W|sh LL huuru lv ri dffhswlqj d idovh k|srwkhvlv1 Srzhu ri whvw=

Z ' ThdA *5 äkmOøo ' � 8 W|sh LL huuru1 Dq xqeldvhg whvw kdv Z è k1 Wkh R8ydoxh ri d whvw A lv

kLMt ' ThdA è ALMtmOfoc

zkhuh wkh vxevfulsw LMt uhihuv wr revhuyhg ydoxhv1 Lq wzr0vlghg fdvh/ wdnh mA m è mALMtm1 Orz kLMt lv
hylghqfh djdlqvw wkh qxoo k|srwkhvlv1 Frq?ghqfh lqwhuydo lv mxvw fulwlfdo uhjlrq fhqwhuhg qrw dw Of/

exw dw d ixqfwlrq ri sdudphwhu hvwlpdwhv1

Wkhuh duh vrph fulwltxhv ri k|srwkhvlv whvwlqj surfhgxuhv

î Lw lv mxvw d sulplwlyh ghflvlrq0pdnlqj dssdudwxv> fdq*w zh gr ehwwhuB

î k lv duelwudu|1 Vrph dujxh wkdw k vkrxog eh pdgh d ixqfwlrq ri vdpsoh vl}h/ ehfdxvh lq sudfwlfh
dv ? jhwv odujh doprvw dq| k|srwkhvlv lv uhmhfwhg1 Lq uhdolw| k|srwkhvhv duh qhljkerukrrgv qrw

srlqwv1

4ru xvlqj hvwlpdwlrq surfhgxuhv urexvw wr vxfk plvvshfl?fdwlrqv1
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5 Olnholkrrg Whvwv

Vxssrvh zh kdyh d olnholkrrg u?E+( wä dqg d qxoo k|srwkhvlv frqfhuqlqj wkh R0glphqvlrqdo sdudphwhuv=

Of G oEwä ' faf�é

Lw lv riwhq wkh fdvh wkdw w fdq eh sduwlwlrqhg lqwr w� dqg w2/ zkhuh wkh qxoo k|srwkhvlv vshfl?hv vrph

dvshfwv ri w2c iru h{dpsoh/ w2 ' f/ exw ohdyhv w� xquhvwulfwhg1 Wkh dowhuqdwlyh pd| eh wzr0vlghg/ l1h1/

Oø G oEwä 9' f

ru rqh0vlghg/ h1j1

Oø G oEwä è fé

Zkhq a : �c wkh wkhru| ri whvwlqj djdlqvw rqh0vlghg dowhuqdwlyhv lv frpsolfdwhg dqg uhodwlyho|

lqfrpsohwh uhodwlyh wr wkdw iru wzr0vlghg dowhuqdwlyhv/ vhh Dqguhzv +4<<6,1

Ohw ew eh wkh Pd{lpxp olnholkrrg hvwlpdwru ri w dqg ohw wW eh wkh uhvwulfwhg POH vxemhfw wr
oEwä ' f1 Iru wkh jhqhudo fdvh a : �c zh xvh wkh qrq0gluhfwlrqdo whvw vwdwlvwlfv

wL} ý wð!i*ðüLL_ +@|ðL ' 2i,?Eewäý ,?EwWäj
@̀*_ ' eoâ q e-LEewä3� e-âr3� eo

5ULhi Ait| '
Y,?
Ywâ
EwWäL3�EwWäY,?

Yw
EwWä

zkhuh eo ' oEewä dqg e- ' Yo
Yw
Eewäé Wkh Vfruh whvw fdq eh uhzulwwhq lq whupv ri wkh Odjudqjh pxowlsolhu

xvlqj wkdw Y,?
Yw
EwWä ' -WbWc zkhuh -W ' Yo

Yw
EwWäc zklfk lv zk| lw lv riwhq fdoohg wkh OP whvwé Qrwh wkdw

lq wkh odvw wzr whvwv/ LEewä dqg LEwWä fdq eh uhsodfhg e| dq| frqvlvwhqw +xqghu wkh qxoo, hvwlpdwh
wkhuhri1 Wkxv rqh fdq hydoxdwh dw ew dqg wW zlwk olwwoh ru qr h>hfw rq wkh rxwfrph dv zh vhh ehorz1
Dovr/ wkh h{shfwhg lqirupdwlrq pdwul{ L/ zklfk lv riwhq kdug wr fdofxodwh/ fdq eh uhsodfhg e| wkh
revhuyhg lqirupdwlrq ý Y2,?

YwYwâ > zlwk l1l1g gdwd rqh fdq dovr xvh wkh rxwhu surgxfw ri wkh vfruhv
S
ð
Y,ð
Yw

Y,ð
Ywâ é

Rqh pd| zlvk wr surwhfw wkh whvw djdlqvw sduwldo plvvshfl?fdwlrq/ vxfk dv rplwwhg khwhurvnhgdvwlflw|

e| xvlqj urexvw hvwlpdwhv ri wkh dv|pswrwlf yduldqfh pdwul{ dv lq wkh iroorzlqj urexvw yhuvlrq ri wkh

Zdog whvw

@̀*_W ' eoâ
57 e-+�

?

?[
ð'�

Y2,ð
YwYwâ

Eewä,3� +�
?

?[
ð'�

Y,ð
Yw

Y,ð
Ywâ
Eewä,+�

?

?[
ð'�

Y2,ð
YwYwâ

Eewä,3� e-â
683� eoé

Xqghu wkh qxoo k|srwkhvlv/
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Th EA é %ä$ Th
í
ã2a é %

ì
c dv ?$4c

zkhuh ã2a lv d fkl0vtxduhg udqgrp yduldeoh zlwk a ghjuhhv ri iuhhgrp1 Khuh/ A uhihuv wr dq| ri wkh

deryh whvw vwdwlvwlfv1 Wkh deryh dssur{lpdwlrq lv xvhg wr fdofxodwh dssur{lpdwh fulwlfdo ydoxhv1

Zkhq a ' �c rqh fdq dovr whvw vshfl?fdoo| djdlqvw wkh rqh0vlghg dowhuqdwlyh e| xvlqj

Vl}?i_ wL}ý wð!i*ðüLL_ +@|ðL ' rð}?
q
oEewäý oEwWär ñññ2q,?Eewäý ,?EwWärñññ�*2

| ' eo q e-LEewä3� e-âr3�*2 c
zklfk duh erwk dv|pswrwlfdoo| ùEfc �ä xqghu wkh qxoo k|srwkhvlv1

Wkh Zdog vwdwlvwlf lv dgydqwdjhrxv zkhq wkh xquhvwulfwhg prgho lv vlpsohu wr hvwlpdwh/ dv zlwk

frpsolfdwhg furvv htxdwlrq uhvwulfwlrqv lq d vlpxowdqhrxv htxdwlrq prgho/ iru h{dpsoh1 Wkh OP

whvw lv vlpsohu zkhq wkh uhvwulfwhg prgho lv vlpsohu wr hvwlpdwh/ dv lq d whvw iru krprvnhgdvwlflw|15

Wkh olnholkrrg udwlr lv lqyduldqw wr uhsdudphwhul}dwlrqv zklfk surshuw| lv qrw vkduhg e| wkh rwkhu

whvwv1 Qrwh wkdw zh fdq dozd|v uh0h{suhvv qrqolqhdu k|srwkhvhv lq pdq| gl>huhqw zd|v1 Iru h{dpsoh/

w2 ' � lv htxlydohqw wr we ' �é Wkh Zdog vwdwlvwlfv fruuhvsrqglqj wr wkhvh dowhuqdwlyh uhsuhvhqwdwlrqv

duh gl>huhqw/ dqg dowkrxjk wkh| ohdg wr wkh vdph uhvxowv dv|pswrwlfdoo|/ wkh vpdoo vdpsoh gl>huhqfh

ehwzhhq wkhp fdq eh vxevwdqwldo/ vhh Skloolsv dqg Sdun +4<;;,1

Wkh xvxdo olnholkrrg0edvhg dssurdfk wr vshfl?fdwlrq whvwlqj lv wr hpehg wkh fkrvhq prgho lq d

odujhu sdudphwulf prgho zklfk kdv d vhw ri ghsduwxuhv iurp wkh qxoo prgho1 Iru h{dpsoh/ li vhuldo

fruuhodwlrq lv vxvshfwhg lq d uhjuhvvlrq prgho/ rqh pljkw fkrrvh dv d jhqhudo prgho d uhjuhvvlrq zkrvh

huuruv iroorz dq DU+4, surfhvv1 Lqvlgh wklv jhqhudo prgho/ wkh qxoo k|srwkhvlv wkdw wkh dxwruhjuhvvlrq

sdudphwhu lv }hur fruuhvsrqgv wr d fruuhfwo| vshfl?hg lqlwldo prgho1 Wklv sduwlfxodu whvw lv prvw

frqyhqlhqwo| fduulhg rxw e| phdqv ri Odjudqjh Pxowlsolhu whvw1 Whvwv iru krprvnhgdvwlflw| fdq eh

frqvwuxfwhg vlploduo|1 Vhh Kduyh| +4<;4,/ Hqjoh +4<;7, dqg Jrgiuh| +4<;;, iru pdq| h{dpsohv1

H{dpsoh1 Olqhdu uhjuhvvlrq zlwk olqhdu k|srwkhvlv/ -q ' oé Ohw w ' Eqc j2ä dqg

,?Ewä '
ý?
2
*L} 2Z ý ?

2
*L} j2 ý �

2j2
üEqäâüEqä

Y,?
Yq
Ewä '

�

j2
f âüEqä

Y2,?
YqYqâ

Ewä '
ý�
j2
f âfc

5Wkh OP whvw fdq riwhq eh zulwwhq dv qU5> zkhuh U5 lv iurp d fhuwdlq uhjuhvvlrq1
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zkhuh üEqä ' + ýfqé Ohw ' ' üEeqäâüEeqä dqg 'W ' üEqWäâüEqWäé
Wkh Zdog whvw lv

` ' E-eq ý oäâ q-Ef âfä3�-âej2r3� E-eq ý oä ' 'W ý'
E'*?ä

Wkh Vfruh whvw lv

üW
â
f

jW2

+
f âf
jW2

,3�
f âüW

jW2
'
'W ý'
E'W*?ä

Wkh Olnholkrrg Udwlr whvw lv

? i*? E'Wäý *? E'äj ' ? *?
+
� n

'W ý'
'

,

6 JPP Whvwv

Wkhuh lv d fruuhvsrqglqj wulqlw| ri whvwv edvhg rq wkh JPP fulwhulrq/ vhh Qhzh| dqg PfIdgghq

+4<<7,1 Dv ehiruh/ ohw ew dqg wW uhihu wr xquhvwulfwhg dqg uhvwulfwhg hvwlpdwhv uhvshfwlyho| dqg ohw
'?Ewä eh wkh rswlpdo JPP fulwhulrq gh?qhg deryh1 Wkhq

#ðtwdqfh Phwulf ' ?i'?Eewäý'?EwWäj
@̀*_ ' eoâ ã e- íf(â e73�f(ì3� e-ââ3� eo
w� '

Y'?
Ywâ

EwWäf(â e73�f(Y'?
Yw

EwWäc

zkhuh
íf(â e73�f(ì3� lv dq hvwlpdwh ri wkh dv|pswrwlf yduldqfh pdwul{ ri wkh xquhvwulfwhg JPP hvwl0

pdwru1 Xqghu wkh qxoo k|srwkhvlv/

Th EA é %ä$ Th
í
ã2a é %

ì
c dv ?$4c

zkhuh ã2a lv d fkl0vtxduhg udqgrp yduldeoh zlwk a ghjuhhv ri iuhhgrp dqg A uhihuv wr dq| ri wkh deryh

whvw vwdwlvwlfv1

Dq lpsruwdqw h{dpsoh khuh lv lq whvwlqj wkh ryhulghqwli|lqj uhvwulfwlrqv1 Lq wklv fdvh wkh uhvwulfwhg

hvwlpdwh xvhv rqo| wkh vshfl?hg vxevhw wkdw h{dfwo| lghqwl?hv wkh v|vwhp/ dqg '?EwWä ' fé Wkhuhiruh/
wkh whvw lv mxvw edvhg rq wkh ydoxh ri wkh fulwhulrq ixqfwlrq dw wkh hvwlpdwhg ydoxhv dqg wkh ghjuhhv

ri iuhhgrp lv htxdo wr wkh qxpehu ri ryhulghqwli|lqj uhvwulfwlrqv1
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7 Rwkhu Whvwv

714 Kdxvpdq Whvw

Wklv lv d zlgho| xvhg vshfl?fdwlrq whvw1 Lw lv dssolfdeoh lq pdq| vlwxdwlrqv/ lw lv vlpsoh wr frpsxwh/

dqg dsshduv wr uhtxluh ohvv vwuxfwxuh wkdq wkh olnholkrrg0edvhg whvwv1 Ohw ew dqg hw eh wzr gl>huhqw
R û � udqgrp yhfwruv +srvvleo| hvwlpdwlqj wkh sdudphwhuv wäé Vxssrvh wkhuh duh wzr vwdwhv ri wkh

zruog zklfk zh odeho/ qrw frlqflghqwdoo|/ Of dqg Oøc dqg vxssrvh wkdw wkhuh h{lvw srvvleo| udqgrp

Rû R pdwulfhv ø?c î?c zlwk

ew ý hw ' ïREø?äc ý?_ih Ofc

dqg

ew ý hw ' ïREî?äc ý?_ih Oøc

zkhuh wkh ïREéä qrwdwlrq phdqv wkdw/ iru h{dpsoh/ ø3�? Eew ý hwä lv vwrfkdvwlfdoo| erxqghg/ srvvleo|
frqyhujlqj lq glvwulexwlrq wr vrph udqgrp yduldeoh1 Surylghg wkh udwhv ri frqyhujhqfh ø? dqg î?
duh gl>huhqw ehwzhhq wkh wzr vwdwhv ri wkh zruog/ zh vkrxog eh deoh wr glvwlqjxlvk ehwzhhq wkhp1

Wklv jhqhudo vhwxs grhv qrw uhtxluh wkh dowhuqdwlyh vwdwhv ri qdwxuh wr eh sdudphwulfdoo| vshfl?hg1

Lq wkh xvxdo fdvh/ ?�*2Eew ý hwä ($ ùEfc T ä xqghu Ofc dqg ew ý hw ' ïRE�ä xqghu Oøé Ohw

A ' ?Eew ý hwäâ eT 3Eew ý hwäc
zkhuh eT lv d frqvlvwhqw hvwlpdwh ri T xqghu Of dqg wkh plqxv vxshuvfulsw ghqrwhv d jhqhudol}hg

lqyhuvh1 Wkhq/ A lv zlgho| fdoohg d Kdxvpdq ru Kdxvpdq0Zx whvw diwhu wkh wzr sdshuv ri wkhvh

dxwkruv1 Wkh glvwulexwlrq ri A fdq eh dssur{lpdwhg/ lq odujh vdpsohv/ e| ã2^c zkhuh ^ lv wkh udqn

ri Té Xvxdoo|/ rqh vhohfwv vxeyhfwruv ru dssursuldwh olqhdu frpelqdwlrqv vxfk wkdw T lv ri ixoo udqn/

dowkrxjk wkh deryh uhvxow dssolhv wr wkh pruh jhqhudo fdvh1 Zkhq rqh hvwlpdwh/ iru h{dpsoh ewc lv
h!flhqw xqghu wkh qxoo k|srwkhvlv/ wkhq wkh dv|pswrwlf yduldqfh ri wkh vfdohg gl>huhqfh lv dfwxdoo|

wkh gl>huhqfh ri wkh dv|pswrwlf yduldqfhv ri wkh wzr hvwlpdwhv xqghu wkh qxoo/ l1h1/ T ' T2 ý T�c
zkhuh ?�*2Eew ý wä ($ ùEfc T�ä dqg ?�*2Ehw ý wä ($ ùEfc T2äé Wklv lv frpsxwdwlrqdoo| dgydqwdjhrxv/

ehfdxvh rwkhuzlvh rqh zrxog kdyh wr dovr fdofxodwh wkh fryduldqfh ehwzhhq wkh wzr hvwlpdwhv1

Qrwh wkdw wkh vhwwlqj khuh lv yhu| jhqhudo dqg qr sdudphwulf prgho lv h{solflwo| qhhghg/ rqo|

wkh vhsdudwlrq surshuw|1 Wklv whvw lv zlgho| xvhg lq sdqho gdwd dqdo|vlv wr glvfulplqdwh ehwzhhq wkh

vlwxdwlrqv zkhuh wkh xqfruuhodwhg udqgrp h>hfwv dqg ?{hg h>hfwv surfhgxuhv duh dssursuldwh1
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715 Lqirupdwlrq Pdwul{ Whvw

Zklwh +4<;:, sursrvhg pdnlqj d vshfl?fdwlrq whvw rxw ri wkh lqirupdwlrq pdwul{ htxdolw|1 Vshfl?fdoo|/

li wkh olnholkrrg lv plvvshfl?hg lq d vxevwdqwlyh zd|/ wkhq wkh lqirupdwlrq pdwul{ htxdolw| lv ylrodwhg1

Djdlq/ wkh suhflvh irup ri ghsduwxuh lv qrw vshfl?hg khuh1 D whvw lv pdgh iurp

A '

+
?3�*2

?[
ð'�

êð
,â +

�

?

?[
ð'�

êð êâð
,3 +

?3�*2
?[
ð'�

êð
,
c

zkhuh êð ' yhfk
+
Y2,ð
YwYwâ

Eewä n Y,ð
Yw

Y,ð
Ywâ
Eewä,

lv d a ' RER n �ä*2 e| � yhfwru1 Fulwlfdo ydoxhv duh wdnhq iurp d ã2a glvwulexwlrq1 Vrph sudfwlfdo

sureohpv fdq dulvh gxh zkhq R lv odujh gxh wr wkh vlqjxodulw| ri �
?

S?
ð'� êð êâðé

716 Glvwulexwlrq Iuhh Whvwv

Lq vrph fdvhv rqh zdqwv wr pdnh vlpsoh frpsdulvrqv ehwzhhq wzr yduldeohv1 Iru h{dpsoh/ |rx

pd| zdqw wr whvw iru gl>huhqfhv vxfk dv vwrfkdvwlf grplqdqfh ehwzhhq rqh lqfrph glvwulexwlrq iurp

dqrwkhu1 D vlplodu w|sh ri sureohp lv wr whvw iru lqghshqghqfh ri wzr udqgrp yduldeohv1 Wkhvh

k|srwkhvhv fdq eh vwdwhg lq jhqhudo whupv dqg gr qrw uhtxluh vrph sdudphwulf vshfl?fdwlrq vxfk dv

qrupdolw|1 Wkh| fdq dovr eh whvwhg rxwvlgh ri wkh xvxdo sdudphwulf iudphzrun frqvlghuhg suhylrxvo|1

Ohw +�c é é é c +? eh l1l1g frqwlqxrxv udqgrp yduldeohv1 Gh?qh wkh udqnv -�c é é é c -?c zkhuh -æ lv wkh

lqwhjhu udqn +lq ghfuhdvlqj rughu, ri +æ lq wkh vdpsoh/ dqg wkh hpslulfdo glvwulexwlrq ixqfwlrq

8?E+ä ' ?
3�

?[
ð'�

� i+ð é +j é

Wkh hpslulfdo glvwulexwlrq ixqfwlrq frqvlvwhqwo| hvwlpdwhv wkh srsxodwlrq glvwulexwlrq 8é

Glvwulexwlrq0iuhh whvwv duh riwhq edvhg rq hlwkhu wkh udqnv ru wkh hpslulfdo glvwulexwlrq ixqfwlrq/

vhh Fr{ dqg Klqnoh| +4<:8,1

41 Whvwlqj iru grplqdqfh ri rqh glvwulexwlrq1 Vxssrvh wkdw +�c é é é c +?� c +?�n�c é é é c +?c zkhuh ? '

?�n?2c duh dydlodeoh/ dqg wkdw lw lv eholhyhg wkdw wkh srsxodwlrq glvwulexwlrq iurp zklfk wkh ?uvw ?�
revhuydwlrqv zhuh vdpsohg grplqdwhv wkh glvwulexwlrq ri wkh vxffhhglqj ?2 revhuydwlrqv1 Wkhq zh

h{shfw wkdw wkh udqnv ri +�c é é é c +?� lq wkh ixoo vdpsoh wr eh vpdoo1 D jhqhudo fodvv ri whvw vwdwlvwlfv

edvhg rq zhljkwhg udqnv
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A '
?[
æ'�

çæ-æ

duh xvhg lq vxfk vlwxdwlrqv1 Wkh dgydqwdjh ri zrunlqj zlwk udqnv lv sulpdulo| urexvwqhvv wr glvwule0

xwlrqdo vshfl?fdwlrq1

51 Whvwlqj iru d vshfl?hg glvwulexwlrq vxfk dv qrupdolw|1 Gh?qh wkh Nroprjrury0Vpluqry dqg

Fudpìu0yrq Plvhv whvwv

A� ' ?
�*2 týT

+
m8?E+äý 8fE+äm ( A2 ' ?

]
i8?E+äý 8fE+äj2 _+c

zkhuh 8f lv wkh vshfl?hg glvwulexwlrq/ h1j1 wkh vwdqgdug qrupdo f1g1i1 Lq wklv odwwhu fdvh/ zh ?uvw

vfdoh wkh gdwd +ð $ +ð3+
r
c zkhuh + lv wkh vdpsoh phdq dqg r2 lv wkh vdpsoh yduldqfh1 Wkh dv|pswrwlf

qxoo glvwulexwlrqv ri wkh wkhvh vwdwlvwlfv duh qrqvwdqgdug exw duh wdexodwhg1 Wkhvh whvwv kdyh srzhu

djdlqvw doo dowhuqdwlyh glvwulexwlrqv/ xqolnh wkh sdudphwulf 0 iru h{dpsoh/ zlwk d qrupdo qxoo rqh

pljkw xvh d frpelqdwlrq ri wkh wklug dqg irxuwk fxpxodqwv 0 whvwv

61 Whvwlqj iru lqghshqghqfh1 Rxu qxoo k|srwkhvlv lv wkdw t lv lqghshqghqw ri fc exw wkhlu

glvwulexwlrqv duh rwkhuzlvh xqvshfl?hg1 Wklv lv d ixoo| qrqsdudphwulf k|srwkhvlv1 Ohw

A� ' ?
�*2 týT

+c%
mC?E+c %äý 8?E+äM?E%äm ( A2 ' ?

]
iC?E+c %äý 8?E+äM?E%äj2 _+_%c

zkhuh C? lv wkh mrlqw hpslulfdo glvwulexwlrq ri t dqg fc dqg M? lv wkh hpslulfdo glvwulexwlrq ri fé

Zkhq t dqg f duh lqghshqghqw/ A� dqg A2 kdyh d olplwlqj glvwulexwlrq/ exw xqghu wkh dowhuqdwlyh

wkh| whqg wr lq?qlw|1 Wkh dv|pswrwlf qxoo glvwulexwlrqv ri wkh wkhvh vwdwlvwlfv duh qrqvwdqgdug exw

duh wdexodwhg1

8 Rswlpdolw|

Rqh jhqhudo rswlpdolw| fulwhulrq lv pd{lpxp srzhu frqwuroolqj iru vl}h1 Wkhuh lv d fodvvlfdo wkhru|

wkdw dssolhv rqo| wr vrph yhu| vshfldo fdvhv= wkh Qh|pdq0Shduvrq rswlpdolw| wkhru| iru olnholkrrg

udwlr whvw1 D vshfldo fulwhulrq zklfk lv zlgho| xvhg fulwhulrq lv orfdo dv|pswrwlf rswlpdolw|1 Vxs0

srvh wkdw wkh qxoo k|srwkhvlv lv wkdw w2 ' fc dqg frqvlghu wkh orfdo dowhuqdwlyh w2? ' B?3�*2 iru
vrph frqvwdqw Bé Wkh olnholkrrg0edvhg whvwv doo dv|pswrwlfdoo| dfklhyh rswlpdo srzhu djdlqvw vxfk

dowhuqdwlyhv1 Vhh Fr{ dqg Klqnoh| +4<:8, iru ixuwkhu glvfxvvlrq1

:



Uhihuhqfhv

^4` Dqguhzv/ G1Z1N1 +4<<6,= 3K|srwkhvlv whvwlqj zlwk d uhvwulfwhg sdudphwhu vsdfh/4 Frzohv

Irxqgdwlrq Glvfxvvlrq Sdshu Qr1 43931

^5` Fr{/ G1U1/ dqg G1Y1 Klqnoh| +4<:<, Wkhruhwlfdo Vwdwlvwlfv/ Fdpeulgjh= Fkdspdq dqg Kdoo1

^6` Gdylgvrq/ U1/ dqg M1J1 Pdfnlqqrq +4<<6, Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqrphwulfv/ R{0

irug Xqlyhuvlw| Suhvv1

^7` Hqjoh/ U1I1 +4<;7,= 3Zdog/ Olnholkrrg Udwlr/ dqg Odjudqjh Pxowlsolhu Whvwv lq Hfrqrphwulfv/4

lq Kdqgerrn ri Hfrqrphwulfv/ Yro1 51 hg1 ]1 Julolfkhv dqg P1G1 Lqwuloljdwru1 Qruwk Kroodqg1

^8` Jrgiuh|/ O1J1 +4<;;,= Plvvshfl?fdwlrq Whvwv lq Hfrqrphwulfv/ Hfrqrphwulf Vrflhw| Prqr0

judsk Qr1 49/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^9` Kduyh|/ D1F1 +4<;4,= Hfrqrphwulf Dqdo|vlv ri Wlph Vhulhv/ Sklools Doodq1

^:` Kdxvpdq/ M1D1 +4<:;,= 3Vshfl?fdwlrq whvwv lq hfrqrphwulfv/4 Hfrqrphwulfd 79/ 4584045:41

^;` Qhzh|/ Z1N1/ dqg G1 PfIdgghq +4<<7,= 3Odujh Vdpsoh Hvwlpdwlrq dqg K|srwkhvlv Whvw0

lqj/4 lq Wkh Kdqgerrn ri Hfrqrphwulfv/ Yro1 7/ ss5444055781

^<` Skloolsv/ S1F1E1/ dqg M1 Sdun +4<;;,= 3Rq wkh irupxodwlrq ri Zdog whvwv ri qrqolqhdu uh0

vwulfwlrqv/4 Hfrqrphwulfd 89/ 43980;61

^43` Zklwh/ K1 +4<;:,= 3Vshfl?fdwlrq whvwlqj lq g|qdplf prghov/4 Fk1 4 lq Dgydqfhv lq Hfrqrphw0

ulfv 0 Iliwk Zruog Frqjuhvv/ Yro 4/ hg W1 Ehzoh|/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^44` Zx/ G1 +4<:6,= 3Dowhuqdwlyh whvwv ri lqghshqghqfh ehwzhhq vwrfkdvwlf uhjuhvvruv dqg glvwxu0

edqfhv/4 Hfrqrphwulfd 74/ :660:831

;


