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Devwudfw

Lq wklv sdshu zh frqvlghu vrph fkdqjhv wkdw wkh xvh ri judsklfv

fdofxodwruv lpsrvhv rq wkh whdfklqj dqg h{dplqdwlrq ri fdofxoxv dqg

olqhdu dojheud1 Zh h{dplqh wkh w|sh ri pdwhuldo wkdw frxog eh rplwwhg

iurp wkh suhvhqw v|oodexv/ dv zhoo dv vrph wrslfv wkdw zrxog qhhg

wr eh dgghg1 Lq wkh odwwhu fdwhjru| zh lqfoxgh vrph ghvfulswlrq ri

wkh dojrulwkpv fdofxodwruv xvh wr frqvwuxfw judskv/ shuirup v|perolf

gl�huhqwldwlrq dqg lqwhjudwlrq dqg vroyh v|vwhpv ri olqhdu htxdwlrqv1

Sduwlfxodu uhihuhqfh zloo eh pdgh wr wkh KS 6;J dqg KS 7;J judsklfv

fdofxodwruv1
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4 Lqwurgxfwlrq

Lq uhfhqw |hduv wkh dydlodelolw| dqg d�rugdelolw| ri judsklfv fdofxodwruv kdyh

lqfuhdvhg gudpdwlfdoo|1 Wklv fdofxodwru dydlodelolw| zloo kdyh dq hqruprxv

h�hfw qrw rqo| rq wkh zd| pdwkhpdwlfv lv wdxjkw exw dovr rq zkdw pdwk0

hpdwlfv lv wdxjkw dqg krz wklv lv dvvhvvhg1 Lq wklv sdshu zh vkdoo frqvlghu

vrph lpsolfdwlrqv iru wkh pdwkhpdwlfv fxuulfxoxp/ dqg lwv dvvhvvphqw/ dw wkh

xsshu vhfrqgdu|2orzhu whuwldu| ohyhov dqg zh vkdoo looxvwudwh rxu frpphqwv

zlwk h{dpsohv iurp wkh duhdv ri fdofxoxv dqg olqhdu dojheud1

Lw lw whpswlqj iru vwxghqwv wr uhjdug d judsklfv fdofxodwru dv d ceodfn er{*

dqg qrw wr eh frqfhuqhg zlwk krz lw zrunv1 Krzhyhu/ wklv dssurdfk fdq ohdg

wr vhulrxv huuruv vr lw lv lpsruwdqw wkdw vwxghqwv eh wdxjkw krz wr xvh wkh

judsklfv fdofxodwru lqwhooljhqwo|/ udwkhu wkdq vlpso| eh wrog zklfk exwwrqv

wr suhvv wr shuirup d sduwlfxodu wdvn1 Wklv uhtxluhv vrph nqrzohgjh ri wkh

ydulrxv dojrulwkpv xvhg dqg dq xqghuvwdqglqj ri vrph ri wkh olplwdwlrqv lq0

yroyhg1 Zh vkdoo looxvwudwh wklv ylhz lq wkh iroorzlqj vhfwlrqv/ zlwk sduwlfxodu

uhihuhqfh wr wkh KS 6;J dqg KS 7;J judsklfv fdofxodwruv1

5 Fdofxoxv

Lq fdofxoxv wkhuh duh wzr pdmru duhdv zkhuh judsklfv fdofxodwruv duh xvhixo1

Wkh �uvw ri wkhvh lv wkh judsklqj ri ixqfwlrqv/ lqfoxglqj wkh xvh ri wkh judskv

wr fdofxodwh urrwv dqg �qg h{wuhpd1 Riwhq wkh ixqfwlrqv wr eh judskhg duh

rqhv zlwk zklfk vwxghqwv duh qrw idploldu1 Wklv lv sduwlfxoduo| wkh fdvh zkhq

wkh| duh hqjdjhg lq pdwkhpdwlfdo prghoolqj1 Lw lv wkhuhiruh hvvhqwldo wkdw

vwxghqwv kdyh vrph xqghuvwdqglqj ri wkh judsklqj dssurdfk wdnhq e| wkh
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fdofxodwru dqg d uhdol}dwlrq wkdw wkh slfwxuh rewdlqhg pd| qrw eh h{dfw1

Wkh vhfrqg lv wkh hydoxdwlrq ri ghulydwlyhv dqg lqwhjudov/ erwk v|perolf

dqg qxphulfdo1 Qxphulfdo dssolfdwlrqv ri fdofxoxv/ lq sduwlfxodu/ fdq eh

shuiruphg rq d judsklfv fdofxodwru zlwk rqo| d plqlpdo xqghuvwdqglqj ri

wkh rshudwlrqv lqyroyhg1 Fhuwdlqo|/ wkhuh lv urrp iru plvwdnhv ru frqixvlrq li

dq lqwhjudo kdv lpsurshu olplwv/ ru li wkh vwxghqw lv xqdzduh wkdw d qxphulfdo

dqvzhu lv w|slfdoo| mxvw dq dssur{lpdwlrq1 Lq wkh fdvh ri wkh KS 7;J wkhvh

slwidoov duh glvfxvvhg lq ghwdlo lq wkh Xvhu*v Jxlgh1

V|perolf gl�huhqwldwlrq dqg lqwhjudwlrq duh dowrjhwkhu gl�huhqw1 Dv zh

vkdoo vhh/ wkh| uhtxluh idu juhdwhu fduh lq erwk whdfklqj dqg dssolfdwlrq1

514 Judsklqj ixqfwlrqv

Iru wkh lqh{shulhqfhg vwxghqw wkh delolw| wr jhqhudwh d judsk yld wkh judsklfv

fdofxodwru lv d ylwdo dvvhw1 Krzhyhu/ lw lv lpsruwdqw iru vwxghqwv wr uhdolvh wkdw

wkh judsklfv fdofxodwru jhqhudwhv d judsk e| sorwwlqj srlqwv dqg mrlqlqj wkhvh

e| vwudljkw olqh vhjphqwv1 Wkh KS 6;J jlyhv wkh xvhu wkh rswlrqv Idvwhu

dqg Pruh Ghwdlo1 Wkh iruphu vlpso| sorwv ihzhu srlqwv wkdq wkh odwwhu1

Wkh KS 7;J jlyhv wkh xvhu wkh fkrlfh ri lqfuhphqw vl}h1 Rqh fdq rewdlq

dq lqlwldo slfwxuh e| fkrrvlqj +yluwxdoo| dw udqgrp, d grpdlq dqg udqjh iru

wkh fdofxodwru wr zrun zlwk dqg wkhq pdnlqj xvh ri wkh ydulrxv uhvfdolqj

rswlrqv wr jhw d qlfhu slfwxuh1 Krzhyhu uhdo frq�ghqfh lq wklv surfhgxuh

uholhv rq wkh vwxghqw kdylqj vrph lghd ri wkh jhqhudo vkdsh ri wkh judsk

xqghu frqvlghudwlrq1

Lq dgglwlrq/ erwk wkh KS 6;J dqg wkh KS 7;J kdyh dqDxwrvfdoh rswlrq

zklfk/ dowkrxjk lw lv riwhq txlwh frqyhqlhqw/ sduwlfxoduo| rq wkh KS 6;J iru
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vwdwlvwlfdo sorwv/ lv qrw wkh sdqdfhd wkdw rqh pljkw h{shfw1 Wklv rswlrq

fduulhv rxw dq dxwrvfdolqj e| dq dxwrpdwlf vfdolqj ri wkh yhuwlfdo d{lv exw

rqo| rq wkh ghidxow grpdlq fxuuhqwo| lq wkh fdofxodwru phpru|1 Khqfh/ udwkhu

wkdq vwduwlqj iurp vfudwfk/ wkh slfwxuh rewdlqhg ghshqgv rq zkdw grpdlq

zdv frqvlghuhg suhylrxvo|1 Zkhq xvlqj wkh SORW rswlrq rq wkh KS 7;J

wkh ghidxow grpdlq lv jlyhq rq wkh SORW vfuhhq dqg wkh xvh ri Dxwrvfdoh

surgxfhv wkh wudqvlhqw phvvdjh Dxwrvfdoh yhuwlfdo sorw udqjh1 Qhlwkhu ri wkhvh

dgydqwdjhv lv surylghg e| wkh KS 6;J1

H{dpsoh 4 Olplwv xvlqj wkh judskv ri t�?E�*%� dqg % t�?E�*%�1

Iru t�?E�*%� zlwk lqlwldo grpdlqd��c �o rqh txlfno| qrwhv wkh rvfloodwlrqv lq
wkh qhljkerxukrrg ri % ' f1 Xvlqj uhvfdolqj ru d ]rrp rswlrq zlwk grpdlqv

d�f��c f��o dqg vxevhtxhqwo| d�f�f�c f�f�o rqh qrwlfhv wkdw wkhvh rvfloodwlrqv
lqfuhdvh lq qxpehu dqg rqh lv ohg wr wkh frqfoxvlrq wkdw *�4

%<f
t�? E�*%� grhv qrw

h{lvw dqg rqh fdq xvh wklv lqirupdwlrq wr irupxodwh d irupdo surri1 D fkdqjh

ri grpdlq wr d��fc �fo doorzv rqh wr frqfoxgh wkdw *�4
%<�"

t�? E�*%� ' f1

Iru % t�?E�*%� d jodqfh dw wkh judsk rq wkh grpdlq d��c �o lqglfdwhv wkdw
*�4
%<f

% t�? E�*%� ' f1 Wkh pruh dzduh vwxghqw zloo uhdolvh wkdw wkh judsk

ri % t�?E�*%� lv dfwxdoo| erxqghg deryh e| wkh judsk ri m%m dqg ehorz e|

wkh judsk ri � m%m1 Wklv fdq eh wkhq xvhg wr jlyh d irupdo surri/ xvlqj wkh

Vtxhh}h Odz/ ri wkh ydoxh ri wkh deryh olplw1 D fkdqjh ri grpdlq wr d��fc �fo
doorzv rqh wr frqfoxgh wkdw *�4

%<"
% t�? E�*%� ' �1

Rqh vkrxog/ krzhyhu/ qrwh wkdw/ lq hdfk ri wkh deryh fdvhv/ wkh judskv

rewdlqhg duh qrw vwulfwo| dffxudwh1 Iru t�?E�*%� wkh rvfloodwlrqv gr qrw doo

uhdfk 04 dqg 4 dqg iru % t�?E�*%� wkh| gr qrw doo uhdfk � m%m dqg m%m1 Wklv

olplwdwlrq grhv qrw d�hfw xv khuh exw vxfk ghwdlov pljkw zhoo eh ri fuxfldo
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lpsruwdqfh lq d gl�huhqw frqwh{w zlwk wkhvh ru rwkhu ixqfwlrqv1

Fodvvurrp dffhvv wr d judsklfv fdofxodwru hqdeohv vwxghqwv wr frqvlghu

pruh uhdglo| uhdo0zruog vlwxdwlrqv lqyroylqj ixqfwlrqv wkdw pd| eh rxwvlgh

wkhlu fxuuhqw h{shulhqfh1 Rqh h{dpsoh lv wkh frqvlghudwlrq ri d vlpsoh prgho

ri d udlqerz ^B` zklfk uhvxowv lq wkh ixqfwlrq + ' e@hUt�?EEt�?%�*>� � 2%c

zkhuh + lv wkh dqjoh ehwzhhq wkh gluhfwlrq ri wkh lqfrplqj ud| dqg wkh

gluhfwlrq ri wkh rxwjrlqj ud| +nqrzq dv wkh vfdwwhulqj dqjoh,/ % lv wkh dqjoh

ri lqflghqfh ri wkh ud| dqg > lv lwv lqgh{ ri uhiudfwlrq1 Iru d jlyhq ydoxh ri

> wkh rxwjrlqj ud| zloo eh revhuyhg e| wkh h|h zkhq + lv d pd{lpxp zlwk

uhvshfw wr %1 Wkh uhvxowlqj ixqfwlrq fdq uhdglo| eh judskhg rq d judsklfv

fdofxodwru dqg wkh pd{lpxp rewdlqhg1 Lq sudfwlfh/ dw wkh suhfdofxoxv ohyho/

rqh zrxog olnh % dqg + wr eh jlyhq lq ghjuhhv udwkhu wkdq udgldqv1 Rq wkh

KS 6;J dqg wkh KS 7;J wklv fdq eh hdvlo| dfklhyhg e| hqvxulqj wkdw/ zlwklq

wkh dssursuldwh sorwwlqj vhtxhqfh/ wkh dqjoh prgh lv vhw wr ghjuhhv1

515 V|perolf gl�huhqwldwlrq

V|perolf gl�huhqwldwlrq suhvhqwv ihz sureohpv rq d judsklfv fdofxodwru1 D

judsklfv fdofxodwru fdq gl�huhqwldwh v|perolfdoo| dq| ixqfwlrq d kljk0vfkrro

vwxghqw fdq/ dqg lv lq�qlwho| suhihudeoh wr shq dqg sdshu zkhq lw frphv wr

gl�huhqwldwlqj hoderudwh txrwlhqwv ru frpsrvlwlrqv ri ixqfwlrqv1

Rqh olplwdwlrq ri v|perolf gl�huhqwldwlrq urxwlqhv lv wkdw d ghulydwlyh

fdq wdnh frpsohwho| gl�huhqw irupv li wkh ruljlqdo ixqfwlrq lv hqwhuhg lq rqo|

voljkwo| gl�huhqw zd|v1 Iru h{dpsoh/ li sE%� ' %32 lv hqwhuhg dv �[a�5�/

erwk wkh KS 6;J dqg KS 7;J xvh wkh srzhu uxoh wr uhwxuq s � dv ��+5-[a�

6,�> zkhuhdv li s lv hqwhuhg dv �42[a5�/ wkh| xvh wkh txrwlhqw uxoh wr jlyh
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��+5-[2[a5a5,�1 Wklv zrxog qrw eh d sureohp li wkh fdofxodwruv frxog eh

xvhg wr ghprqvwudwh wkh htxlydohqfh ri wkh wzr h{suhvvlrqv1 Xqiruwxqdwho|

qhlwkhu fdofxodwru kdv wkh fdsdelolw| wr uhgxfh ��+5-[2[a5a5,� wr wkh pruh

qdwxudo irup ��+5-[a�6,�/ dqg vwxghqwv uhtxluh d fhuwdlq ohyho ri dojheudlf

dzduhqhvv wr uhfrjqlvh wkh htxlydohqfh14

Fduh vkrxog dovr eh h{huflvhg zkhq v|perolfdoo| gl�huhqwldwlqj h{srqhq0

wldo ixqfwlrqv1 Wkh KS 7;J uhwxuqv wkh ghulydwlyh ri }E%� ' e% dv �H[S+[,�

dv h{shfwhg1 Krzhyhu/ wkh dqvzhuv jhqhudwhg e| wkh KS 6;J uhtxluh pruh

dwwhqwlrq1 Rq wkh Krph glvsod| }� lv uhwxuqhg dv �51:4;5;4;5;79a[� +wkh

dfwxdo ydoxh ri wkh qxphulfdo suh�{ ghshqgv rq wkh irupdw xvhg,/ zkhuhdv

lq wkh Ixqfwlrq V|perolf Ylhz lw lv jlyhq dv �OQ+h,-ha[�1 Erwk fdofxodwruv

uhwxuq wkh ghulydwlyh ri 2% dv �19<647:4;389-5a[� udwkhu wkdq wkh pruh frq0

yhqwlrqdo *? 2 � 2%1 Wkh vwxghqw wkhuhiruh qhhgv wr eh idploldu zlwk vrph ri

wkh vwdqgdug pdwkhpdwlfdo frqvwdqwv1

516 V|perolf lqwhjudwlrq

V|perolf lqwhjudwlrq rq d judsklfv fdofxodwru qhhgv wr eh dssurdfkhg zlwk

pruh fdxwlrq1 Lq wkh �uvw sodfh/ wkh oleudu| ri ixqfwlrqv wkdw d judsklfv fdo0

fxodwru fdq lqwhjudwh v|perolfdoo| lv udwkhu vpdoo1 Lq wkh KS 6;J dqg KS

7;J lw frqvlvwv doprvw h{foxvlyho| ri vwdqgdug ixqfwlrqv zlwk dujxphqwv wkdw

duh qr zruvh wkdq olqhdu lq wkh lqwhjudwlrq yduldeoh/ soxv vxpv dqg gl�hu0

hqfhv ri vxfk ixqfwlrqv1 Qhlwkhu fdofxodwru fdq pdnh vlpsoh vxevwlwxwlrqv ru

lqwhjudwh e| sduwv1 Dv d frqvhtxhqfh/ wkh fdofxodwruv vkrxog rqo| eh xvhg dv

4Wkh KS 7;J grhv kdyh d �Froohfw� frppdqg +irxqg e| suhvvlqj + ^V\PEROLF`

~~FROFW��, zklfk jurxsv wrjhwkhu srzhuv ri olnh whupv dqg uhgxfhv wkhp wr d vlqjoh

h{srqhqw/ exw lw lv qrw h�hfwlyh rq h{suhvvlrqv vxfk dv ��+5-[2[a5a5,�1
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dq dgmxqfw wr d vwxghqw*v lqwhjudwlrq vnloov/ qrw dv d uhsodfhphqw iru wkhp1

Wkh| duh shukdsv prvw h�hfwlyh li wuhdwhg lq wkh vdph zd| dv dq hohphqwdu|

wdeoh ri lqwhjudov1

Lq wkh vhfrqg sodfh/ wkh odfn ri d suholplqdu| dojheudlf vlpsol�fdwlrq

urxwlqh lq hlwkhu fdofxodwru phdqv wkdw wkh| fdq vwxpeoh ryhu dq lqwhjudo

olnh
U
E%*%� _%1 Wklv fdq wkzduw pruh hoderudwh exw vwudljkwiruzdug lqwh0

judov vxfk dv
U %
�
E� n ��*� _�/ zklfk erwk wkh KS 6;J dqg KS 7;J uhwxuq

dv �OQ+[,.
U
+4/[/X2X/X,�1 Iruwxqdwho|/ wkh vhfrqg whup fdq eh hydoxdwhg

h{solflwo| rq wkh KS 7;J e| xvlqj wkh �Froohfw� frppdqg1

Dqrwkhu olplwdwlrq lv wkdw wkh delolw| ri d judsklfv fdofxodwru wr lqwhjudwh

d ixqfwlrq fdq ghshqg fulwlfdoo| rq krz wkh ixqfwlrq lv zulwwhq1 Wkh iroorzlqj

wdeoh jlyhv d olvw ri vdpsoh ixqfwlrqv wkh KS 6;J fdq lqwhjudwh v|perolfdoo|/

wrjhwkhu zlwk htxlydohqw ru vlplodu irupv zklfk lw fdqqrw lqwhjudwh1

Wkh KS 6;J fdq lqwhjudwh111 Exw lw fdqqrw lqwhjudwh111

E@%n K�3& �*E@%n K�& li & 9' � ru 2

�*d�	 E@%�2o d�	 E@%�2o3� ru �*E�	 @2%2�

�*dK2 	 E@%�2o li K2 9' �

�*
s
d�	 E@%�2o �*d�	 E@%�2o�*2 ru d�	 E@%�2o3�*2

�*
s
dE@%�2 � �o lq dq| irup

|@?% dqg |@?�% t�?%* ULt % ru t�?�%* ULt�%

�* |@?% E|@?%�3�/ UL| % ru ULt%* t�?%

�*Et�?% ULt%� Et�?% ULt%�3� ru t�?% ULt%

|@?2 % t�?2 %/ ULt2 % ru |@?�2 %

i TE�%� �* i T% ru Ei T%�3�
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Wkh olvw lv e| qr phdqv h{kdxvwlyh/ exw lw vhhpv fohdu wkdw wkhuh lv qr

vlpsoh jhqhudo uxoh jryhuqlqj wkh v|qwd{ ri d vxffhvvixo lqwhjudqg rq wklv

fdofxodwru1 Dowkrxjk wkh KS 7;J vkduhv wkh vdph v|perolf lqwhjudwlrq vriw0

zduh dv wkh KS 6;J/ wkh dgghg ihdwxuh ri wkh �Froohfw� frppdqg pdnhv wkh

KS 7;J pruh yhuvdwloh/ hqdeolqj lw wr lqwhjudwh wkh h{suhvvlrqv �*E@%n K�&/

d�	 E@%�2o3�/ E|@?%�3� dqg Et�?% ULt%�3�1

Zkhq lqwhjudwlqj h{srqhqwldov rq d judsklfv fdofxodwru wkh vdph fduh

qhhgv wr eh h{huflvhg ryhu pdwkhpdwlfdo frqvwdqwv dv zdv uhfrpphqghg hdu0

olhu lq frqqhfwlrq zlwk v|perolf gl�huhqwldwlrq1 Iru h{dpsoh/ wkh KS 7;J

uhwxuqv wkh sulplwlyh ri e% dv �H[S+[,� dv h{shfwhg/ exw wkh KS 6;J jlyhv

�ha[2OQ+h,�1 Erwk wkh KS 6;J dqg KS 7;J uhwxuq wkh sulplwlyh ri 2% dv

�5a[219<647:4;389� udwkhu wkdq 2%* *? 21

Lq vxppdu|/ wkhuh duh yhu| ihz jhqhudo uxohv wkdw fdq eh r�huhg wr d

vwxghqw zkr zdqwv wr xvh wkh KS 6;J ru KS 7;J wr shuirup v|perolf lqwh0

judwlrq1 Zkhq dwwhpswlqj wr lqwhjudwh udwlrqdo ixqfwlrqv lw lv hvvhqwldo wkdw

wkh txrwlhqw eh uhgxfleoh +e| kdqg, wr d sro|qrpldo soxv d vxp ri whupv ri

wkh irup S*E@% n K� ru S*d� 	 E@%�2o1 Dq| reylrxv vxevwlwxwlrq ri yduldeohv

zloo dovr qhhg wr eh grqh e| kdqg1 Rwkhuzlvh/ li dq dwwhpswhg v|perolf

lqwhjudwlrq lv xqvxffhvvixo wkh ehvw frxuvh ri dfwlrq lv wr wu| dv pdq| vlpsoh

htxlydohqw irupv ri wkh lqwhjudqg dv srvvleoh/ dqg +li wkh KS 7;J lv ehlqj

xvhg, wr xvh wkh �Froohfw� dqg2ru HYDO frppdqgv dw hyhu| rssruwxqlw|1

6 Olqhdu Dojheud

Zkhq zrunlqj zlwk pdwulfhv d orw ri wlph lv wdnhq xs e| urxwlqh fdofxodwlrqv

zklfk pd| zhoo eh uhohjdwhg wr d pdfklqh rqfh wkh sulqflsohv lqyroyhg kdyh
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ehhq xqghuvwrrg e| wkh vwxghqwv1 Fdofxodwruv vxfk dv wkh KS 6;J dqg wkh

KS 7;J duh zhoo vxlwhg iru wklv sxusrvh dv wkh| surylgh d odujh qxpehu ri

dojrulwkpv iru zrun zlwk pdwulfhv lq dgglwlrq wr pdwul{ dulwkphwlf1

614 Vroylqj v|vwhpv ri olqhdu htxdwlrqv

Pdq| vwdqgdug vflhqwl�f fdofxodwruv zloo vroyh v|vwhpv ri olqhdu htxdwlrqv

� ' M lq wzr ru wkuhh xqnqrzqv zkrvh frh!flhqw pdwul{ � lv qrqvlqjxodu1

Wklv lv xvxdoo| kdqgohg e| fdofxodwlqj wkh lqyhuvh �3� ri wkh pdwul{ dqg wkhq

suhpxowlso|lqj erwk vlghv ri wkh htxdwlrq � ' M e| �3�1 Zkloh wklv lv wkh

whfkqltxh wkdw prvw forvho| plplfv wkdw iru wkh vroxwlrq ri d olqhdu htxdwlrq

lq rqh yduldeoh/ lw h{foxghv iurp frqvlghudwlrq doo wkrvh v|vwhpv ri olqhdu

htxdwlrqv zkrvh frh!flhqw pdwul{ lv vlqjxodu ru qrq0vtxduh1 Iru dq lq0ghswk

glvfxvvlrq ri wkh vroxwlrq wkhru| iru v|vwhpv ri olqhdu htxdwlrqv d phwkrg

vxfk dv Jdxvv0Mrugdq holplqdwlrq lv pruh dssursuldwh1 Wkh KS 7;J dqg wkh

KS 6;J erwk surylgh d surjudp fdoohg UUHI zklfk fdofxodwhv wkh uhgxfhg

urz hfkhorq irup +uuhi, ri d pdwul{1 Lwv xvh hqdeohv rqh wr h{srvh vwxghqwv

wr d zlghu ydulhw| ri h{dpsohv wkdq suhylrxvo|/ pdnlqj wkh glvfxvvlrq ri wkh

vroxwlrq wkhru| pruh dffhvvleoh1

H{dpsoh 5 Frqvlghu wkh v|vwhpv ri olqhdu htxdwlrqv � � ' M� dqg � 2 '

M2 zkhuh
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Khuh d fdofxodwlrq ri wkh uuhi ri wkh dxjphqwhg pdwul{ d� m M� m M2o vkrzv

wkdw wkh �uvw v|vwhp ri htxdwlrqv kdv lq�qlwho| pdq| vroxwlrqv/ zkloh wkh

<



vhfrqg kdv qr vroxwlrq1

Zkloh wkh surfhvv ri ghwhuplqlqj wkh uuhi ri d pdwul{ kdv ehhq pdgh ohvv

dugxrxv/ wkh wudgh0r� lv kdylqj wr dgguhvv wkh h�hfwv ri urxqglqj1 Zkhq

wkh frh!flhqw pdwul{ kdv luudwlrqdo hqwulhv ru udwlrqdo hqwulhv zkrvh ghflpdo

h{sdqvlrq lv qrq0whuplqdwlqj/ urxqglqj huuruv pd| hdvlo| ohdg wr lqfruuhfw

dqvzhuv1

H{dpsoh 6 Vroyh wkh krprjhqhrxv v|vwhp ri olqhdu htxdwlrqv � ' f zkhuh
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Zh qrwh wkdw �2� ' �� Wkxv wkh uhgxfhg urz hfkhorq irupv ri � dqg � duh

htxdo1 Krzhyhu erwk wkh KS 6;J dqg KS 7;J uhwxuq dU� m fo dv wkh uuhi ri
d� m fo zklfk zrxog whoo xv wkdw � lv lqyhuwleoh dqg wkdw  ' f lv wkh rqo|

vroxwlrq wr wklv v|vwhp ri htxdwlrqv1 Wkh fdxvh iru wklv lqfruuhfw uhvxow lv

urxqglqj> vlqfh wkh fdofxodwru zrunv zlwk d �qlwh ghflpdo h{sdqvlrq rqo|/

wkh gl�huhqfh 2*�� 2� E�*�� lv htxdwhg wr �fffffffffff�� Pxowlso|lqj wkh

dxjphqwhg pdwul{ e| d vxlwdeoh frqvwdqw/ lq wklv fdvh 9/ uhvxowv lq �qglqj wkh

fruuhfw uuhi1 Wklv vdoydjh dssurdfk zloo qrw zrun zkhq wkh pdwul{ frqwdlqv

luudwlrqdo hqwulhv1

Wkh KS 7;J dovr surylghv dq hqylurqphqw fdoohg VROYH zklfk fdq eh

xvhg iru vroylqj v|vwhpv ri olqhdu htxdwlrqv1 Wklv dssolfdwlrq lv yhu| srz0

huixo1 Wkh lqsxwv duh wkh frh!flhqw pdwul{ � dqg wkh frqvwdqw yhfwru M1

Wkh rxwsxw lv d vroxwlrq yhfwru  / zklfk zloo uhsuhvhqw wkh xqltxh vroxwlrq

wr wkh v|vwhp ri htxdwlrqv zkhq wkh frh!flhqw pdwul{ lv lqyhuwleoh/ wkh vr0

oxwlrq yhfwru ri plqlpxp Hxfolghdq qrup zkhq wkh v|vwhp lv frqvlvwhqw
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exw kdv lq�qlwho| pdq| vroxwlrqv/ dqg wkh ohdvw vtxduhv vroxwlrq zkhq wkh

v|vwhp ri olqhdu htxdwlrqv lv lqfrqvlvwhqw1 Wklv ihdwxuh xqiruwxqdwho| uhq0

ghuv VROYH xvhohvv lq wkh fdvh ri d krprjhqhrxv v|vwhp ri htxdwlrqv dv

wkh dssolfdwlrq zloo dozd|v uhwxuq wkh }hur0yhfwru dv wkh vroxwlrq yhfwru1 Li

VROYH lv xvhg wr ghwhuplqh wkh vroxwlrq ri � � ' M� dqg � 2 ' M2 zlwk

�c M� dqg M2 iurp H{dpsoh 5/ zh rewdlq  � ' E���fHbc����Hc ���2�A dqg

 2 ' E.�ebD. � 2c e�e�H. � 2c����D�. � 2�A zlwkrxw dq| lqglfdwlrq wkdw

 � lv qrw xqltxh ru wkdw  2 lv d ohdvw0vtxduhv vroxwlrq1

615 Ilqglqj hljhqydoxhv dqg hljhqyhfwruv

Erwk wkh KS 6;J dqg wkh KS 7;J surylgh surjudpv iru fdofxodwlqj hljhq0

ydoxhv dqg hljhqyhfwruv ri vtxduh pdwulfhv1 Wkh urxwlqh xvhg wr fdofxodwh wkh

hljhqydoxhv dqg hljhqyhfwruv lv d srzhu phwkrg1 Wkxv wkh hljhqyhfwruv zloo

eh vfdohg lq vr wkdw wkh hqwu| ri juhdwhvw pdjqlwxgh zloo eh 4 ru 04/ zklfk

riwhq ohdgv wr xqzlhog| iudfwlrqv dv wkh frpsrqhqwv ri wkh hljhqyhfwruv1 Wklv

lv pruh sureohpdwlf zlwk wkh KS 7;J wkdq wkh KS 6;J zklfk kdv d iudf0

wlrqv prgh wkdw zloo uhwxuq wkh hljhqyhfwruv lq iudfwlrq irupdw wr dq dffxudf|

ghwhuplqhg e| wkh xvhu1

Wkh urxwlqhv whqg wr zrun zhoo zkhq wkh hljhqydoxhv ri wkh pdwul{ duh

glvwlqfw1 Krzhyhu zkhq ghwhuplqlqj hljhqyhfwruv iru hljhqydoxhv ri pxowl0

solflw| juhdwhu wkdq 4/ wkh hljhqyhfwruv fdofxodwhg e| wkh dojrulwkpv fdq dw

wlphv eh frxqwhu0lqwxlwlyh1 Iru h{dpsoh wkh pdwul{
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kdv hljhqydoxhv 4 dqg 5/ wkh odwwhu kdylqj dojheudlf dqg jhrphwulf pxowl0

solflw| 51 Wkh hljhqyhfwruv fruuhvsrqglqj wr 5 duh irxqg wr eh Efc �c f�A dqg

E��c��22�SfS.b..Dc ��A � Wkhvh duh fohduo| olqhduo| lqghshqghqw/ krzhyhu wkh
hqwu| lq wkh vhfrqg frpsrqhqw ri wkh vhfrqg hljhqyhfwru zrxog kdyh ehhq

vhw wr 3 lq d kdqg0fdofxodwlrq1 Li wkh jlyhq pdwul{ kdv dq hljhqydoxh zkrvh

dojheudlf dqg jhrphwulf pxowlsolflwlhv gl�hu/ wkh KS 7;J dqg wkh KS 6;J

zloo fdofxodwh d edvlv iru wkh hljhqvsdfh fruuhvsrqglqj wr wkdw hljhqydoxh dqg

wkhq olvw olqhdu frpelqdwlrqv ri wkh douhdg| fdofxodwhg hljhqyhfwruv iru wkh

hljhqydoxh wr rewdlq wkh cfruuhfw* qxpehu ri hljhqyhfwruv1

7 Dvvhvvphqw

Wr frqvlghu wkh h�hfw ri wkh judsklfv fdofxodwru rq dvvhvvphqw/ zh qhhg �uvw

wr hpskdvlvh wkdw dvvhvvphqw vkrxog eh gulyhq qrw e| wkh dydlodeoh whfkqro0

rj|/ exw udwkhu e| wkh remhfwlyhv lqfrusrudwhg lq wkh pdwkhpdwlfv v|oodexv1

Ydolg whvwlqj dqg h{dplqlqj phdvxuhv d vwxghqw*v delolw| wr gr wkh pdwkhpdw0

lfv vshfl�hg lq wkh v|oodexv udwkhu wkdq phuho| h{hfxwh fdofxodwru surfhgxuhv1

Zh frqvlghu khuh rqo| wkh ohduqlqj hqylurqphqw lq zklfk d judsklfv fdofx0

odwru lv dydlodeoh iru doo whdfklqj/ ohduqlqj/ krphzrun dqg dvvhvvphqw wdvnv

dqg frqwudvw vxfk dq hqylurqphqw zlwk wkh suhvhqw rqh1

Wkh �uvw frqvhtxhqfh iru dvvhvvphqw lq pdwkhpdwlfv/ lq whvwv dqg dvvljq0

phqwv dv zhoo dv lq h{dplqdwlrqv/ lv wr gh0hpskdvlvh urxwlqh guloo dqg sudfwlfh

h{dpsohv1 D jrrg h{dplqdwlrq/ whvwlqj ryhu d udqjh ri frjqlwlyh ohyhov/ zloo

vwloo frqwdlq guloo dqg sudfwlfh h{dpsohv1 Krzhyhu/ zlwk d judsklfv fdofxod0

wru/ wkh qdwxuh ri pdwkhpdwlfdo wdvnv lv qrz gl�huhqw1 Ilqglqj wkh ydoxh ri

d sduwlfxodu gh�qlwh lqwhjudo/ d uhdvrqdeo| dgydqfhg wdvn zlwkrxw d judsklfv
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fdofxodwru/ lv qrz urxwlqh1 Pdunv doorfdwhg iru vxffhvvixo frpsohwlrq ri vxfk

d wdvn fdq eh h{shfwhg wr eh uhgxfhg dffruglqjo|1

Wkh uhgxfwlrq ri lqvwuxfwlrqdo wlph rq wkh ghyhorsphqw ri pdqlsxodwlrq

vnloov lv dq rssruwxqlw| iru whdfkhuv wr ghyrwh pruh wlph wr dssolfdwlrqv1

Vwxghqwv fdq qrz prgho skhqrphqd vxfk dv wkh udlqerz dv ghvfulehg lq

vhfwlrq 514 wkdw zdv suhylrxvo| eh|rqg wkhlu h{shulhqfh1 Wudglwlrqdoo| erwk

wkh irupxodwlrq ri wkh pdwkhpdwlfdo sureohp dqg wkh lqwhusuhwdwlrq ri wkh

vroxwlrq zhuh vhhq e| erwk whdfkhuv dqg vwxghqwv dv ri plqru lpsruwdqfh

lq frpsdulvrq zlwk vroylqj wkh pdwkhpdwlfdo sureohp1 Zlwk d judsklfv

fdofxodwru/ wkh cvroyh wkh pdwkhpdwlfdo sureohp* vwdjh ri sureohp vroylqj

frxog ehfrph wkh ohdvw gl!fxow rqh1 Wkxv lw fdq eh dqwlflsdwhg wkdw vrph

dvvhvvphqw wdvnv zloo whvw rqo| wkh vwxghqw*v vnloo lq pdwkhpdwlfdo prghoolqj/

vrph rqo| wkh lqwhusuhwdwlrq ri d pdwkhpdwlfdo vroxwlrq/ zkloh vrph pd| whvw

doo wkuhh vwdjhv1

D judsklfv fdofxodwru uhtxluhv qhz vnloov wr eh xvhg h�hfwlyho|1 Wkhvh

vnloov pd| eh fdwhjrulvhg ^B` dv qxphulfdo/ judsklfdo/ v|perolf dqg wudqvod0

wlrq1 Dv srzhuixo dv wkh qxphulfdo dqg judsklfdo fdsdelolwlhv ri wkh judsklfv

fdofxodwru duh/ vwxghqwv qhhg wr uhfrjqlvh wkdw pdq| dqvzhuv duh dssur{lpd0

wlrqv1 Dwwhqwlrq qhhgv wr eh jlyhq wr wkh suhflvlrq olplwdwlrqv ri wkh pdfklqh/

sduwlfxoduo| wkh fxpxodwlyh h�hfwv ri urxqgr� huuru1 Dvvhvvphqw wdvnv qhhg

wr vwdwh h{solflwo| zkhwkhu dq h{dfw dqvzhu lv uhtxluhg ru wr zkdw suhflvlrq

dssur{lpdwh dqvzhuv qhhg wr eh jlyhq1 Foduli|lqj wkh frqwh{w ri wkh txhvwlrq

lv wkh rqo| zd| ri ghwhuplqlqj zklfk dqvzhuv duh zruwk ixoo pdunv1 Lq wkh

frqwh{w ri grlqj pdwkhpdwlfv udwkhu wkdq h{hfxwlqj fdofxodwru surfhgxuhv/

dqg jlylqj h{dfw dqvzhuv lq wkh vlpsohvw irup/ qhlwkhu �51:4;5;4;5;79a[�
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qru �OQ+h,-ha[� uhwxuqhg e| wkh KS 6;J lv zruwk ixoo pdunv dv dq dqvzhu

wr wkh txhvwlrq= cGl�huhqwldwh } E%� ' e%�*

Dvvhvvphqw wdvnv qhhg wr eh vhw wr whvw krz zhoo vwxghqwv fdq lqwhusuhw

judsklfdo lqirupdwlrq fruuhfwo|/ qrw mxvw krz zhoo wkh| fdq gudz judskv1

Wkxv lq dgglwlrq wr wkh vnloov dvvrfldwhg zlwk d sduwlfxodu uhsuhvhqwdwlrq/

qxphulfdo/ judsklfdo ru v|perolf/ duh wkh wudqvodwlrq vnloov qhhghg lq prylqj

iurp rqh uhsuhvhqwdwlrq wr dqrwkhu1 Dvvhvvphqw wdvnv qhhg wr eh vhw wr

whvw wkhvh vnloov1 Vxlwdeoh h{dpsoh w|shv duh fkrrvlqj wkh fruuhfw v|perolf

ixqfwlrqdo irup jlyhq d judsk/ hvwlpdwlqj d olplw iurp d wdeoh ri ydoxhv ru

hvwlpdwlqj wkh ydoxh ri d gh�qlwh lqwhjudo iurp d judsk1

Zlwk d gh0hpskdvlv rq urxwlqh guloo dqg sudfwlfh h{dpsohv/ wkh ixwxuh

pdwkhpdwlfv v|oodel fdq eh h{shfwhg wr kdyh d juhdwhu hpskdvlv rq h{dpsohv

uhtxlulqj vwxghqwv wr lqwhusuhw lqirupdwlrq ru wr jlyh hylghqfh ri uhdvrqlqj

xvhg lq rewdlqlqj dq dqvzhu1 Wkh iroorzlqj wdvn whvwv vwxghqwv* vnloov lq

lqwhusuhwlqj dqg uhdvrqlqj= cOhw s eh d ixqfwlrq zlwk srvlwlyh ydoxhv dqg ohw

} ' �*s� Li s kdv d orfdo pd{lpxp dw @ zkdw fdq |rx frqfoxgh derxw wkh

ixqfwlrq } dqg zk|B*

Ilqdoo|/ wkrxjkw qhhgv wr eh jlyhq qrw mxvw wr wkh txhvwlrqv frpsulvlqj

wkh dvvhvvphqw wdvnv exw dovr wr wkh pdunhu*v uroh lq hydoxdwlqj vwxghqw zrun1

Pdunlqj nh|v frpprqo| lghqwli| wkh lqglylgxdo vwhsv qhfhvvdu| wr vroyh wkh

sureohp dqg pd{lpxp pdunv iru hdfk vwhs duh doorfdwhg dffruglqjo|1 Zlwk

wkh judsklfv fdofxodwru*v fdsdflw| iru lqirupdwlrq vwrudjh/ wkh txhvwlrq ri krz

pxfk zrunlqj qhhgv wr eh vkrzq lv d gl!fxow rqh wr dqvzhu exw lv glvfxvvhg

lq ^B`1

Wkh qhz vnloov uhtxluhg wr gr pdwkhpdwlfv xvlqj d judsklfv fdofxodwru
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uhtxluh d fkdqjh lq wkh wdvnv vhw wr dvvhvv vwxghqw dfklhyhphqw1 Hqvxulqj wkdw

dvvhvvphqw surylghv d ydolg phdvxuh ri zkdw d vwxghqw nqrzv/ xqghuvwdqgv

dqg fdq gr zloo dozd|v eh d fkdoohqjh1

8 Vxppdu|

Judsklfv fdofxodwruv kdyh vsdunhg d uhyroxwlrq lq wkh whdfklqj dqg h{dp0

lqdwlrq ri erwk vhfrqgdu| dqg whuwldu| pdwkhpdwlfv1 Lw lv lpsruwdqw wkdw

vwxghqwv ohduq wr xvh wkh fdofxodwru lqwhooljhqwo| wr gr pdwkhpdwlfv udwkhu

wkdq wr phuho| suhvv exwwrqv1 Wkh judsklfv fdofxodwru lv d yhu| srzhuixo

wrro1 Krzhyhu/ wr xvh lw h�hfwlyho| d vwxghqw qhhgv d jrrg xqghuvwdqglqj ri

pdwkhpdwlfv wrjhwkhu zlwk jrrg dojheudlf dqg qxphulf dzduhqhvv1
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