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4 Lqwurgxfwlrq 8

414 Prwlydwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

415 Sureohp Vwdwhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

41514 V|vwhp ohyho whvwlqj whfkqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

41515 Xqlw0ohyho whvwlqj whfkqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

41516 Lqwhjudwlrq Whvwlqj Whfkqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

5 Edfnjurxqg rq Remhfw0Rulhqwhg Surjudpplqj 43

514 Fodvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

515 Frpsrvlwlrqdo Uhodwlrqvklsv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

516 Sro|prusklvp dqg G|qdplf Elqglqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

6 Uhodwhg Zrun 46

614 Lvvxhv lq Whvwlqj Remhfw0Rulhqwhg Vriwzduh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

615 Whvw Dghtxdf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

616 Fodvv Whvwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

61614 Vwdwh0edvhg Whvwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

61615 Phwkrg Vhtxhqfh0Edvhg Whvwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

617 Lqwhjudwlrq Whvwlqj ri Remhfw0Rulhqwhg Surjudpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

618 Rwkhu Dssurdfkhv ri Whvwlqj Remhfw0Rulhqwhg Vriwzduh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

619 Frxsolqj0Edvhg Whvwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

61914 Frxsolqj0Edvhg Whvwlqj Gh�qlwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

61915 Frxsolqj0Edvhg Whvwlqj Sdwkv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
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61916 Frxsolqj0Edvhg Whvwlqj Fulwhuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

7 Sursrvhg Uhvhdufk 6:

714 Dssurdfk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

71414 H{whqvlrq ri Frxsolqj Sdwk Gh�qlwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

71415 Gh�qlwlrq ri whfkqltxhv dqg irupdolvpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

71416 Gh�qlwlrq ri whvw dghtxdf| fulwhuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

715 Ydolgdwlrq Phwkrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

71514 H{shulphqw Ghvljq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

71515 Frxsolqj0Edvhg Fryhudjh Wrro 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

716 Xqltxh Frqwulexwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

8 Uhvhdufk Vfkhgxoh 8<

9 Dssur{lpdwh Glvvhuwdwlrq Rxwolqh 8<
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4 Vdpsoh w|sh idplolhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

5 Lqgluhfw Gh�qlwlrqv dqg Xvhv iru w|sh idplo| Z 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

6 Fdwhjrul}hg fdoo w|shv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

7 Vfkhgxoh ri uhvhdufk dfwlylwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
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4 Vdpsoh djjuhjdwlrq uhodwlrqvkls 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

5 Vdpsoh lqkhulwdqfh uhodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

6 Vdpsoh Fodvv Klhudufk| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

7 Frxsolqj Whvwlqj Vxevxpswlrq Klhudufk| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

8 Vdpsoh Fodvv Gldjudp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

9 FIJ Iudjphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

: Vdpsoh fodvv klhudufk| looxvwudwlqj sro|prusklf ehkdylru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

; Phwkrg g h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

< Phwkrg g h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

43 Phwkrg g h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

44 Dufklwhfwxuh ri wkh Frxsolqj0Edvhg Fryhudjh Wrro 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

45 Whvw h{hfxwlrq iudphzrun ri lqvwuxphqwhg surjudp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;
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Wklv uhvhdufk sursrvdo rxwolqhv dq lqyhvwljdwlrq lq wkh duhd ri whvwlqj remhfw0rulhqwhg vriwzduh1

Hpskdvlv lv sodfhg rq whvwlqj wkh zd|v lq zklfk devwudfwlrqv +w|shv, duh gh�qhg dqg frpsrvhg wr

irup kljkhu0ohyho devwudfwlrqv1

Wklv sursrvdo lv rujdql}hg dv iroorzv= wkh uhpdlqghu ri vhfwlrq 4 suhvhqwv wkh sureohp dqg

prwlydwlrq iru wkh sursrvhg uhvhdufk> vhfwlrq 5 suhvhqwv edfnjurxqg pdwhuldo rq remhfw0rulhqwhg

whfkqrorj|> vhfwlrq 6 vxuyh|v uhodwhg zrun wkdw kdv ehhq grqh> vhfwlrq 7 suhvhqwv wkh sursrvhg

uhvhdufk/ lqfoxglqj wkh ydolgdwlrq dssurdfk dqg h{shfwhg frqwulexwlrqv> vhfwlrq 8 suhvhqwv wkh

sursrvhg vfkhgxoh ri uhvhdufk dfwlylwlhv> �qdoo|/ vhfwlrq 9 suhvhqwv wkh h{shfwhg rxwolqh ri wkh

glvvhuwdwlrq uhvxowlqj iurp wklv uhvhdufk1

 � "
��#���
�

Wkh hpskdvlv lq dq remhfw0rulhqwhg odqjxdjh lv rq gh�qlqj devwudfwlrqv +h1j1 devwudfw gdwd w|shv,

wkdw prgho frqfhswv uhodwlyh wr vrph sureohp dqg vroxwlrq grpdlq ^79`1 Wkhvh devwudfwlrqv dsshdu

lq wkh odqjxdjh dv xvhu0gh�qhg w|shv wkdw kdyh erwk vwdwh dqg ehkdylru1 Xqiruwxqdwho|/ zkloh wkh

xvh ri devwudfw gdwd w|shv riwhq uhvxowv lq d ghvljq ri kljkhu txdolw|/ wkh ohyho ri whvwlqj h�ruw

uhtxluhg wr dfklhyh d ghvluhg ohyho ri txdolw| lqfuhdvhv1 Wklv lv gxh wr wkh lqkhuhqw frpsoh{lw|

lq wkh qdwxuh ri wkh uhodwlrqvklsv irxqg lq remhfw0rulhqwhg odqjxdjhv ^44`1 Wkh frpsrvlwlrqdo

uhodwlrqvklsv ri lqkhulwdqfh dqg djjuhjdwlrq/ frpelqhg zlwk wkh srzhu ri sro|prusklvp/ lqfuhdvh

wkh gl!fxow| lq ghwhfwlqj idxowv wkdw uhvxow iurp wkh lqwhjudwlrq ri frpsrqhqwv wr irup qhz w|shv1

Wklv lv gxh wr wkh gl�huhqfhv lq krz frpsrqhqw lqwhjudwlrq rffxuv lq dq remhfw0rulhqwhg odqjxdjh

^:`1

Lq d surfhgxuh0rulhqwhg odqjxdjhv/ vxfk dv F dqg Sdvfdo/ dqg remhfw0edvhg odqjxdjhv vxfk dv
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Prgxod05 dqg Dgd ;6/ wkh xqlw ri lqwhjudwlrq lv wkh surfhgxuh dqg prgxoh/ uhvshfwlyho|14 Wkh lqwh0

judwlrq phfkdqlvp lv vlpsoh djjuhjdwlrq wkurxjk hlwkhu surfhgxuh2ixqfwlrq fdoo0uhwxuq/ ru wkurxjk

frqwdlqphqw zkhq rqh prgxoh lqfoxghv dqrwkhu1 Wklv lv dovr wuxh iru dq remhfw0rulhqwhg odqjxdjhv/

exw wkh nh| gl�huhqfh lv wkh suhvhqfh ri dqrwkhu lqwhjudwlrq phfkdqlvp= lqkhulwdqfh1 Lqkhulwdqfh

shuplwv qhz w|shv wr eh gh�qhg lq whupv ri wkh vwdwh dqg ehkdylru ri h{lvwlqj w|shv1 Vxfk qhz

w|shv duh vdlg wr eh ghvfhqgdqwv ri wkh h{lvwlqj w|sh ^77`1 Lqkhulwdqfh gl�huv iurp djjuhjdwlrq lq

wkdw wkh hqfdsvxodwlrq ri wkh lqkhulwhg w|sh pd| qrw eh suhvhuyhg1 Lw lv srvvleoh iru wkh qhzo|

gh�qhg w|sh wr kdyh iuhh dffhvv wr wkh lqwhuqdo uhsuhvhqwdwlrq ri wkh w|shv wkdw lw lv gh�qhg lq whupv

ri1

Dqrwkhu gl�huhqfh lv wkh h�hfw wkdw sro|prusklvp +g|qdplf elqglqj, kdv rq wkh lqwhjudwlrq

ri frpsrqhqwv zkhq lqkhulwdqfh lv d idfwru15 Sro|prusklvp doorzv wkh dfwxdo w|sh ri dq remhfw wr

ghwhuplqh zklfk yhuvlrq ri d phwkrg h{hfxwhv ^79`1 Dq| remhfw w|sh W gh�qhv d qhz w|sh idplo|1

Phpehuv ri wkdw idplo| lqfoxgh W dqg dq| ri lwv ghvfhqgdqwv1 Dv d uhvxow ri sro|prusklvp/ dq|

lqvwdqfh ri d ghvfhqgdqw w|sh fdq eh iuhho| vxevwlwxwhg iru dq lqvwdqfh ri W 16 Wkxv/ lqkhulwdqfh

frpelqhg zlwk sro|prusklvp surylghv wzr irupv ri lqwhjudwlrq wkdw pxvw eh ghdow zlwk zkhq

whvwlqj remhfwv/ qhlwkhu ri zklfk kdv d surfhgxuh0rulhqwhg frxqwhusduw1

4Wkh sulpdu| glvwlqfwlrq ehwzhhq wkh w|shv ri odqjxdjhv glvfxvvhg lq wklv sursrvdo lv lq wkh phfkdqlvpv xvhg iru

devwudfwlrq1 Surfhgxuh0rulhqwhg odjxdjhv hpsor| wkh surfhgxuh dqg ixqfwlrq dv wkh sulpdu| devwudfwlrq phfkdqlvp1

Lq frqwudvw/ erwk remhfw0edvhg dqg remhfw0rulhqwhg odqjxdjhv xvh gdwd devwudfwlrq dv wkh sulpdu| phfkdqlvp1
5Wrjhwkhu/ lqkhulwdqfh dqg sro|prusklvp duh wkh nh| fkdudfwhuwlfv wkdw glvwlqjxlvk dq remhfw0rulhqwhg odqjxdjh

iurp dq remhfw0edvhg odqjxdjh ^79`^77`1
6Dq lqvwdqfh kdv d phpru| orfdwlrq dqg d ydoxh dvvrfldwhg zlwk lw1 Iru h{dpsoh/ wkh ghfodudwlrq lqw { @ : lq wkh

F surjudpplqj odqjxdjh uhvxowv lq d qhz lqvwdqfh ri wkh w|sh lqw zlwk d phpru| orfdwlrq lqlwldol}hg wr wkh lqwhjhu

ydoxh :1 Vlploduo|/ lq d remhfw0rulhqwhg odqjxdjh/ fuhdwlqj dq remhfw ri d sduwlfxodu fodvv uhvxowv lq d qhz lqvwdqfh ri

wkdw fodvv kdylqj dq dvvrfldwhg phpru| orfdwlrq dqg ydoxh1

9



Wkh �uvw irup/ lqwhjudwlrq ri uhsuhvhqwdwlrq/ dgguhvvhv wkh lvvxhv dvvrfldwhg zlwk frpelqlqj

wkh uhsuhvhqwdwlrq fkrvhq iru wkh vwdwh vsdfh ri h{lvwlqj fodvvhv wr irup d uhsuhvhqwdwlrq iru d

qhz fodvv wkurxjk lqkhulwdqfh1 Surshuwlhv dqg ehkdylruv wkdw duh lqkhulwhg/ dorqj zlwk vwdwh0vsdfh

gh�qlwlrqv/ pxvw eh frpelqhg zlwk qhz dqg ryhuulglqj phwkrgv fduhixoo| wr hqvxuh frqvlvwhqf| lq

ehkdylru dqg vwdwh dprqj wkh uhodwhg fodvvhv1

Wkh vhfrqg irup/ lqwhjudwlrq ri devwudfwlrq/ ghdov zlwk wkh h�hfwv ri djjuhjdwlrq lq wkh suhvhqfh

ri lqkhulwdqfh dqg sro|prusklvp1 Wkh lqwhjudwlrq lvvxh frqvlvwv ri hqvxulqj wkdw wkh djjuhjdwhg

w|sh dqg lwv rzqhu zrun fruuhfwo| wrjhwkhu dfurvv doo irupv ri uhsuhvhqwdwlrq wkdw fdq h{lvw iru

wkh djjuhjdwhg w|sh1 Wklv lv qrw mxvw d vwdwlf odqjxdjh lvvxh/ wkhuh lv dovr d g|qdplf dvshfw

gxh wr wkh g|qdplf elqglqj wkdw uhvxowv iurp lqkhulwdqfh dqg sro|prusklvp1 Lw lv srvvleoh iru

wkh uhsuhvhqwdwlrq ri dq djjuhjdwhg w|sh wr fkdqjh g|qdplfdoo| dw uxqwlph1 Ehfdxvh ri wklv/ doo

srvvleoh vxevwlwxwlrqv pxvw eh whvwhg wr hqvxuh frqjuxhqw ehkdylru zlwk uhvshfw wr wkh djjuhjdwhg

devwudfwlrq1

 �$ 	�
���
 %����
���

Wkh sureohp wkdw wklv wkhvlv zloo dgguhvv lv wkdw ri �qglqj huuruv lq wkh sro|prusklf uhodwlrqvklsv

dprqj lqwhjudwhg w|sh frpsrqhqwv lq remhfw0rulhqwhg vriwzduh1

Wudglwlrqdo whvwlqj whfkqltxhv gr qrw zrun h�hfwlyho| iru remhfw0rulhqwhg vriwzduh/ dw ohdvw lq

wkh vhqvh wkdw wkh| duh qrw fdsdeoh ri ghwhfwlqj wkh idxowv wkdw surjudpphuv pdnh lq remhfw0rulhqwhg

surjudpv ^54`^46`1 Idxowv fdq klgh lq pdq| pruh gl�huhqw w|shv ri sodfhv wkdq lq d wudglwlrqdo

surfhgxuh0rulhqwhg surjudp1 Wkh iroorzlqj vhfwlrqv glvfxvv wudglwlrqdo dssurdfkhv wr vriwzduh

whvwlqj dqg wkhlu dssolfdelolw| wr wkh whvwlqj ri vriwzduh zulwwhq lq remhfw0rulhqwhg odqjxdjhv1

:



41514 V|vwhp ohyho whvwlqj whfkqltxhv

V|vwhp ohyho whvwlqj whfkqltxhv/ vxfk dv wkh Fdwhjru|0Sduwlwlrq whfkqltxh ^84`/ duh irfxvhg sulpdulo|

rq wkh ixqfwlrqdo ehkdylru ri d v|vwhp zlwkrxw uhjdug iru lwv vwuxfwxudo fkdudfwhulvwlfv1 Wkhvh

whfkqltxhv wuhdw d v|vwhp dv d eodfn0er{ dqg duh dlphg dw ghwhuplqlqj li d jlyhq v|vwhp h{klelwv wkh

uhtxluhg ixqfwlrqdo ehkdylru dffruglqj wr d vshfl�fdwlrq1 Whvw lqsxwv duh fkrvhq zlwkrxw uhjdug iru

wkh vwuxfwxuh ri wkh v|vwhp1 Frqvhtxhqwo|/ lw lv qrw nqrzq zkdw frpsrqhqwv ri wkh v|vwhp dfwxdoo|

h{hfxwh dqg zklfk gr qrw1 Wkhuh pd| eh frpsrqhqwv wkdw duh qrw h{hfxwhg e| wkh fkrvhq whvw

vxlwh hyhq wkrxjk wkh whvw vxlwh lwvhoi lv dghtxdwh zlwk uhvshfw wr wkh v|vwhp*v vshfl�fdwlrq1 Wkxv/

wkhuh pd| eh idxowv uhvlglqj dw fhuwdlq orfdwlrqv zlwklq wkh v|vwhp/ exw ehfdxvh wkrvh orfdwlrqv duh

qrw h{hfxwhg/ wkhuh lv qr rssruwxqlw| iru d idloxuh wr eh revhuyhg li rqh rffxuuhg1

Iru wkh w|shv ri idxowv rxwolqhg lq vhfwlrq 414/ h{hfxwlrq lv d qhfhvvlw| li dq| frq�ghqfh lv

wr eh rewdlqhg lq wkh fruuhfwqhvv ri dq remhfw0rulhqwhg surjudp1 Wklv lv frqvlvwhqw zlwk wkh �uvw

whqdqw ri wkh idxow2idloxuh prgho/ zklfk hvvhqwldoo| vwdwhv wkdw li d idxow lv wr uhvxow lq d idloxuh/

wkhq wkh surjudp orfdwlrq frqwdlqlqj wkh idxow pxvw �uvw eh h{hfxwhg ^4:`^7;`^7<`1 Wkxv/ eodfn0er{

whfkqltxhv duh qrw vx!flhqw wr dghtxdwho| whvw wkh frpsrvlwlrqdo uhodwlrqvklsv irxqg lq remhfw0

rulhqwhg surjudpv1

41515 Xqlw0ohyho whvwlqj whfkqltxhv

Wudglwlrqdo xqlw0ohyho sdwk whvwlqj whfkqltxhv xvhg wr whvw surfhgxuh0rulhqwhg surjudpv/ vxfk dv

vwdwhphqw dqg eudqfk fryhudjh ^8`/ duh h�hfwlyh dw whvwlqj fhuwdlq dvshfwv ri remhfw0rulhqwhg surjudpv^4<`1

Wkh| vkrxog eh mxvw dv dssolfdeoh wr phwkrgv dv wkh| duh wr surfhgxuhv dqg ixqfwlrqv1 Wkhvh xqlw0

ohyho whfkqltxhv duh xvhg wr dqdo|}h ydulrxv fkdudfwhulvwlfv ri surfhgxuhv zlwk uhvshfw wr vrph whvw

dghtxdf| fulwhulrq1 Iru h{dpsoh/ eudqfk fryhudjh phdvxuhv wkh txdolw| ri d sduwlfxodu whvw vxlwh/

;



dqg khqfh wkh txdolw| ri dq| whvwlqj h�ruw/ dv wkh shufhqwdjh ri eudqfkhv wkdw duh fryhuhg zkhq

wkh surfhgxuh lv h{hfxwhg xvlqj lqsxwv gudzq iurp wkh whvw vxlwh ^8`1 Wklv dssurdfk wr whvwlqj lv

zhoo0vxlwhg iru phwkrgv dv zhoo1 Krzhyhu/ lwv ryhudoo h�hfwlyhqhvv iru whvwlqj dq remhfw0rulhqwhg

surjudp pd| eh idu ohvv wkdq wkdw ri dq htxlydohqw surfhgxuh0rulhqwhg surjudp ^44`1 Wklv lv gxh

wr wkh whqghqf| iru ehkdylru lq dq remhfw0rulhqwhg surjudp wr eh glvwulexwhg dfurvv d vhw ri froode0

rudwlqj remhfwv lqvwhdg ri ehlqj uhohjdwhg wr d kdqgixo ri surfhgxuhv dqg ixqfwlrqv1 Wkh sudfwlfdo

frqvhtxhqfh ri wklv lv wkdw phwkrgv whqg wr eh pxfk ohvv frpsoh{ dqg frqvlghudeo| vkruwhu/ pdq|

wlphv wr d wulyldo h{wuhph1 Frqvhtxhqwo|/ wkh surfhgxudo frpsoh{lw| lv vkduhg dprqj pdq| gl�huhqw

phwkrgv ehorqjlqj wr gl�huhqw fodvvhv1 Xqiruwxqdwho|/ wklv uhgxfhv wkh h�hfwlyhqhvv ri sdwk0edvhg

xqlw0ohyho whfkqltxhv/ dqg lqfuhdvhv wkh qhfhvvlw| wr whvw wkh frpsrvlwlrqdo uhodwlrqvklsv dprqj

fodvvhv1

Dqrwkhu irup ri whvwlqj wkdw lv suhydohqw lq surfhgxuh0rulhqwhg vriwzduh lv gdwd  rz whvwlqj

^57`1 Wkhvh whvwlqj whfkqltxhv h{soruh wkh lqwhuuhodwlrqvklsv dprqj wkh gdwd hohphqwv lq d surjudp

dqg dwwhpsw wr lghqwli| idxowv wkdw duh dvvrfldwhg zlwk zhoo0gh�qhg sdwwhuqv ri gh�qlwlrq dqg xvdjh1

Wkh idxow dvvxpswlrqv pdgh e| wkhvh whfkqltxhv duh wkdw idxowv zloo eh uhyhdohg li hyhu| gh�qlwlrq lv

xvhg lq vrph zd| ^57`^8`1 Zkloh wkhuh lv hylghqfh wr vxjjhvw wkdw wkhvh whfkqltxhv duh xvhixo lq wkhlu

rzq uljkw iru surfhgxuh0sulhqwhg surjudpv ^56`/ wkh| vwloo duh qrw dghtxdwh iru whvwlqj wkh frpsoh{

uhodwlrqvklsv wkdw rffxu dprqj frpsrqhqwv zlwklq remhfw0rulhqwhg surjudpv1 Lq sduwlfxodu/ wkhvh

whfkqltxhv gr qrw gluhfwo| vxssruw wkh whvwlqj ri vwdwh vsdfh lqwhudfwlrqv dprqj ryhuulgghq dqg

lqkhulwhg phwkrgv1 Dovr/ wkh| duh qrw vx!flhqw iru whvwlqj wkh ehkdylru ri sro|prusklf vxevwlwxwlrqv

^<`1 Krzhyhu/ wkh zrun ri Kdurog dqg Vr�d ^5;` dqg dovr ri Mlq dqg R�xww ^66` kdv vkrzq gdwd  rz

dqdo|vlv wr eh dq h�hfwlyh whfkqltxh iru whvwlqj wkh lqwhjudwlrq ri surfhgxuh0rulhqwhg frpsrqhqwv1

Lw lv olnho| wkdw dq dxjphqwhg irup ri wklv dqdo|vlv whfkqltxh zrxog eh xvhixo iru dqdo|}lqj dqg
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whvwlqj wkh frpsrvlwlrqdo uhodwlrqvklsv irxqg lq remhfw0rulhqwhg surjudpv1

41516 Lqwhjudwlrq Whvwlqj Whfkqltxhv

Lqwhjudwlrq whvwlqj lv frqfhuqhg zlwk whvwlqj wkh lqwhudfwlrqv dprqj frpsrqhqwv1 Grhv d frpsrqhqw

wkdw fdoov dqrwkhu gr vr fruuhfwo|B Duh wkh sdudphwhuv ri wkh uljkw w|shv/ udqjhv/ dqg gr wkh|

revhuyh wkh surshu uhodwlrqvklsvB Grhv wkh fdoohg phwkrg dfwxdoo| uhwxuq wkh surshu w|sh dqg lv

wkh ydoxh ri wkh fruuhfw udqjhB Wkhvh txhvwlrqv duh wkh irfxv ri lqwhjudwlrq whvwlqj1 Xqiruwxqdwho|/

yhu| olwwoh uhvhdufk kdv ehhq frqgxfwhg lq wklv duhd1 Zrun wkdw kdv ehhq grqh jhqhudoo| hpskdvl}hv

lqwhu0surfhgxudo gdwd  rz ^5;`1 Wkdw lv/ ghwhuplqlqj wkdw gdwd sdvvhg ehwzhhq frpsrqhqwv lv xvhg

lq d frqvlvwhqw pdqqhu1
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Wkh iroorzlqj vhfwlrqv ghvfuleh wkh frqfhswv dqg sulqflsohv dvvrfldwhg zlwk remhfw0rulhqwhg sur0

judpplqj wkdw duh uhohydqw iurp d whvwlqj shuvshfwlyh1 Wkh uhdghu lv uhihuuhg wr Ph|hu iru d

wkrurxjk wuhdwphqw ri remhfw0rulhqwhg frqfhswv ^79`1

$� �������

Remhfw0Rulhqwhg Surjudpplqj lv dq dssurdfk wr wkh ghyhorsphqw ri vriwzduh wkdw lv edvhg rq

wkh frqfhswv ri lqirupdwlrq klglqj dqg hqfdsvxodwlrq ^79`^87`1 Wkh ixqgdphqwdo exloglqj eorfn

lv wkh fodvv/ zklfk lv wkh phfkdqlvp e| zklfk qhz w|shv duh gh�qhg1 D fodvv hqfdsvxodwhv vwdwh

lqirupdwlrq lq d froohfwlrq ri yduldeohv/ uhihuuhg wr dv vwdwh yduldeohv/ dqg dovr kdv d vhw ri ehkdylruv

wkdw duh uhsuhvhqwhg e| d froohfwlrq ri phwkrgv wkdw rshudwh rq wkrvh vwdwh yduldeohv1 Wkh sulpdu|

uroh ri wkh fodvv lq dq remhfw0rulhqwhg surjudp lv wr surylgh d whpsodwh iru wkh fuhdwlrq ri remhfwv
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^79`1 Wkxv/ d fodvv gh�qhv d w|sh wkdw doo ri lwv remhfwv vkduh1

Hdfk phwkrg lq d fodvv lv hlwkhu d surfhgxuh ru d ixqfwlrq lq wkh wudglwlrqdo vhqvh ri surfhgxuh0

rulhqwhg surjudplqj1 Ixqfwlrqv uhwxuq ydoxhv dqg surfhgxuhv d�hfw vwdwh fkdqjhv +ixqfwlrqv pd|

dovr fdxvh vwdwh fkdqjhv/ exw wklv lv frqvlghuhg wr eh edg sudfwlfh e| lqgxvwu| dqg dfdghpld dolnh

^79`,1

Wkh vhw ri phwkrgv lq d fodvv wkdw duh dydlodeoh iru xvh e| rwkhuv frqvwlwxwh wkh lqwhuidfh ri

wkh fodvv1 Wklv lqwhuidfh surylghv wkh rqo| phfkdqlvp e| zklfk folhqwv fdq lqwhudfw zlwk wkh fodvv1

Vwdwh yduldeohv xvxdoo| uhpdlq lqdffhvvleoh iurp folhqwv/ wkrxjk wklv sudfwlfh grhv rffdvlrqdoo|

rffxu/ riwhq wr wkh ghwulphqw ri txdolw| ^79`1
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Wkhuh duh wzr w|shv ri uhodwlrqvklsv wkdw fdq eh xvhg wr frpsrvh w|shv +l1h1 fodvvhv, wr irup qhz

w|shv1 Wkh �uvw ri wkhvh/ djjuhjdwlrq/ lv vlpso| wkh wudglwlrqdo qrwlrq ri rqh w|sh frqwdlqlqj

lqvwdqfhv ri dqrwkhu w|sh dv sduw ri wkh lwv lqwhuqdo vwdwh uhsuhvhqwdwlrq1 Lq d surfhgxudo odqjxdjh

vxfk dv wkh F surjudpplqj odqjxdjh/ d vwuxfw w|sh djjuhjdwhv lqvwdqfhv ri rwkhu w|shv dv sduw

ri lwv gh�qlwlrq1 Iru h{dpsoh/ d vwuxfw wkdw ghvfulehv dq hpsor|hh uhfrug pljkw eh frpsrvhg

e| djjuhjdwlqj vwulqj lqvwdqfhv wkdw pdlqwdlq wkh �uvw/ plggoh/ dqg odvw qdphv ri dq hpsor|hh/

dqg shukdsv d gdwh lqvwdqfh wkdw uhfrugv wkh gdwh ri kluh1 Lq dq remhfw0rulhqwhg odqjxdjh/ wkh

djjuhjdwlrq ri lqvwdqfhv lv vlplodu1 Iljxuh 4 surylghv d vlpsoh looxvwudwlrq ri w|sh djjuhjdwlrq

uhsuhvhqwhg lq wkh qrwdwlrq ri wkh Xql�hg Prgholqj Odqjxdjh +XPO ^5`,1 Wkh gldprqg lqglfdwhv

wkh djjuhjdwlqj fodvv/ D lq wklv fdvh1 Wkh �jxuh looxvwudwhv d fodvv gldjudp wkdw frqvlvwv ri wzr

fodvv w|shv/ D dqg E/ zlwk dq lqvwdqfh ri E ehlqj djjuhjdwhg lqwr D*v vwdwh vsdfh1 Wkxv/ hyhu|

lqvwdqfh ri w|sh D zloo dovr frqwdlq dq lqvwdqfh ri w|sh E1
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Iljxuh 4= Vdpsoh djjuhjdwlrq uhodwlrqvkls

Wkh vhfrqg irup ri frpsrvlwlrqdo uhodwlrqvkls lv lqkhulwdqfh1 Lqkhulwdqfh doorzv wkh uhsuhvhq0

wdwlrq ri rqh w|sh wr eh gh�qhg lq whupv ri wkh uhsuhvhqwdwlrq ri d vhw ri rwkhu w|shv1 Zkhq wklv

rffxuv/ wkh w|sh ehlqj gh�qhg lv vdlg wr lqkhulw wkh surshuwlhv ri lwv dqfhvwruv +l1h1 ehkdylru dqg

vwdwh,1 Wkh gh�qlwlrq ri wkh dqfhvwruv ehfrphv sduw ri wkh gh�qlwlrq ri wkh qhz ghvfhqgdqw w|sh1

Dq h{dpsoh ri wklv lv looxvwudwhg lq Iljxuh 5 zkhuh wkh duurz srlqwv wr wkh dqfhvwru fodvv1
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Iljxuh 5= Vdpsoh lqkhulwdqfh uhodwlrq
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Uhodwhg wr erwk lqkhulwdqfh dqg djjuhjdwlrq lv sro|prusklvp dqg g|qdplf elqglqj1 Sro|prusklvp

shuplwv lqvwdqfhv ri gl�huhqw w|shv wr eh erxqg wr d uhihuhqfh ri dqrwkhu w|sh dffruglqj wr wkh

vwuxfwxuh ri wkh lqkhulwdqfh klhudufk|1 G|qdplf elqglqj shuplwv gl�huhqw phwkrg lpsohphqwdwlrqv

wr h{hfxwh ghshqglqj xsrq wkh dfwxdo w|sh ri dq lqvwdqfh wkdw lv erxqg wr d sduwlfxodu uhihuhqfh
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lqghshqghqw ri lwv ghfoduhg w|sh ^79`1 Wr vhh wklv/ frqvlghu wkh iroorzlqj frgh iudjphqw=

4 yrlg T==s+ Z) z ,

5 ~

6 111

7 z1p+,>

8 111

9 �

Olqh 7 frqwdlqv d fdoo vlwh lq zklfk wkh phwkrg s lv lqyrnhg djdlqvw wkh lqvwdqfh erxqg wr wkh

remhfw uhihuhqfh z1 Wkh lpsohphqwdwlrq ri p wkdw dfwxdoo| h{hfxwhv ghshqgv rq wkh dfwxdo w|sh ri

wkh lqvwdqfh1 Hyhq wkrxjk wkh ghfoduhg w|sh ri z lv Z/ wkh dfwxdo w|sh ri wkh erxqg lqvwdqfh fdq

eh ri dq| ri wkh fodvvhv vkrzq lq klhudufk| ghslfwhg lq Iljxuh 61 Iru h{dpsoh/ li wkh w|sh ri wkh

lqvwdqfh sdvvhg wr wkh phwkrg vkrzq deryh lv ri w|sh [/ wkhq wkh yhuvlrq ri p wkdw h{hfxwhv zloo

[==p17 Vlploduo|/ li wkh w|sh lv ]/ wkhq wkh yhuvlrq wkdw zloo h{hfxwh lv ]==p1 Krzhyhu/ li wkh w|sh lv

Y/ wkhq wkh yhuvlrq ri p wkdw zloo h{hfxwh lv Z==p/ ehfdxvh Y grhv qrw surylgh d gh�qlwlrq ri p1

( ������� *
�'

Wkhuh duh d qxpehu ri duhdv wkdw duh uhodwhg wr wkh uhvhdufk ghvfulehg lq wklv sursrvdo1 Wkh

vxevhfwlrqv wkdw iroorz glvfxvv wkhvh duhdv lq ghwdlo1 Wkh �uvw vxevhfwlrq ghvfulehv dqg glvfxvvhv

d qxpehu ri lvvxhv wkdw duh shfxoldu wr whvwlqj remhfw0rulhqwhg vriwzduh1 Qh{w/ wkh qrwlrq ri whvw

dghtxdf| lv glvfxvvhg zlwk uhvshfw wr whvwlqj remhfw0rulhqwhg vriwzduh1 Iroorzlqj wklv lv d glvfxvvlrq

ri fodvv ohyho whvwlqj wkdw ghvfulehv erwk vwdwh0edvhg dqg phwkrg vhtxhqfh0edvhg whvwlqj dssurdfkhv1

Qh{w/ h{lvwlqj whfkqltxhv iru lqwhjudwlrq whvwlqj ri remhfw0rulhqwhg vriwzduh lv ghvfulehg1 Ilqdoo|/

rwkhu whvwlqj whfkqltxhv duh glvfxvvhg wkdw duh uhodwhg wr wklv uhvhdufk1

7Wkh qrwdwlrq xvhg khuh lv eruurzhg iurp F.. zkhuh wkh vfrsh uhvroxwlrq rshudwru == lv xvhg wr lghqwli| wkh

qdphvsdfh wkdw d sduwlfxodu lghqwlihu lv d phpehu wr1
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Iljxuh 6= Vdpsoh Fodvv Klhudufk|
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Wkhuh duh d qxpehu ri lvvxhv dvvrfldwhg zlwk remhfw0rulhqwhg vriwzduh wkdw duh qrw uhohydqw lq

v|vwhpv zulwwhq xvlqj surfhgxuh0rulhqwhg odqjxdjhv1 D qxpehu ri uhvhdufkhuv pdnh wkh dvvhuwlrq

wkdw qrw doo irupv ri wudglwlrqdo whvwlqj whfkqltxhv duh dssolfdeoh ru h�hfwlyh lq whvwlqj remhfw0

rulhqwhg vriwzduh ^5<`^9`^55`1 Wkh vhpdqwlfv ri fodvvhv duh hperglhg lq wkhlu phwkrgv dqg lq wkh

uhsuhvhqwdwlrqv fkrvhq iru wkhlu vwdwh1 Wdnhq lq lvrodwlrq/ hdfk phwkrg dsshduv wr eh d ixqfwlrq

ru surfhgxuh/ htxlydohqw wr wkrvh irxqg lq wkh surfhgxuh0rulhqwhg odqjxdjhv1 Wkh| wdnh irupdo

dujxphqwv dqg lqwhudfw zlwk vwdwh yduldeohv wkdw dfw dv joredo gdwd1 Wkxv/ lw vhhpv uhdvrqdeoh wr

h{shfw wudglwlrqdo xqlw whvwlqj whfkqltxhv wr eh dssolfdeoh wr phwkrgv1 Krzhyhu/ wkhvh whfkqltxhv

duh qrw dv h�hfwlyh zlwk phwkrgv dv wkh| duh zlwk surfhgxuhv1 Wklv lv ehfdxvh phwkrgv whqg wr

eh vljql�fdqwo| vpdoohu dqg ohvv frpsoh{1 Lw lv qrw xqfrpprq wr �qg phwkrgv zlwk rqh ru wzr

vwdwhphqwv/ dqg pdq|/ shukdsv wkh pdmrulw|/ fdq eh irxqg wr kdyh ohvv wkdq whq ^44`1 D phwkrg
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ri rqo| d ihz vwdwhphqwv lv qrw dv olnho| wr kdyh vwdwhphqw0ohyho idxowv/ ru dv pdq|/ dv wkrvh ri

surfhgxuhv kdylqj whqv/ kxqguhgv/ ru hyhq wkrxvdqgv ri vwdwhphqwv1 Frqvhtxhqwo|/ wkh suhydlolqj

zlvgrp lv wkdw wkh h�hfwlyhqhvv ri wudglwlrqdo sdwk0rulhqwhg whvwlqj whfkqltxhv lv qrw yhu| kljk1 Wkh

qdwxuh ri wkh w|shv ri idxowv wkdw rffxu lq remhfw0rulhqwhg surjudpv duh vxfk wkdw sdwk0rulhqwhg

whfkqltxhv duh qrw vx!flhqw ^44`1

Lqkhulwdqfh frpelqhg zlwk sro|prusklvp lqfuhdvhv wkh whvwlqj e| vljql�fdqwo| dgglqj xqgh0

flgdelolw| wr wkh whvwlqj surfhvv ^7`1 Wkh dfwxdo sdwk h{hfxwhg wkurxjk d fodvv lv qr orqjhu d ixqfwlrq

ri lwv vwdwlf ghfoduhg w|sh/ udwkhu/ lw lv d ixqfwlrq ri wkh g|qdplf w|sh wkdw rffxuv dw uxq0wlph1

Ehfdxvh ri wklv/ dq| ri d qxpehu ri srwhqwldo gl�huhqw sdwkv fdq wdnhq wkurxjk d fodvv klhudufk|

ghshqghqw xsrq zkdw w|sh lv dfwxdoo| xvhg lq d whvw1 Wklv lv ixuwkhu frpsolfdwhg e| sro|prusklvp

wkdw fdq rffxu lq fodvv lqvwdqfhv wkdw duh djjuhjdwhg lqwr wkh vwdwh ri wkh fodvv xqghu whvw dqg wkrvh

lqvwdqfhv wkdw duh sdvvhg dv sdudphwhuv wr phwkrgv ri wkh fodvv xqghu whvw1

Vwurqj hqfdsvxodwlrq uhgxfhv/ dqg riwhq holplqdwhv/ wkh delolw| wr revhuyh wkh vwdwh ri dq remhfw

^88`^<` ^4`^7`1 Li wkh vwdwh fdqqrw eh revhuyhg/ wkhq lw lv riwhq qrw srvvleoh wr ghwhuplqh li d idloxuh

kdv rffxuuhg1 Vwurqj hqfdsvxodwlrq dovr uhgxfhv wkh delolw| wr frqwuro wkh lqsxw wr d whvw^58`1 Wklv

riwhq pdnhv lw gl!fxow wr hvwdeolvk wkh qhfhvvdu| frqglwlrqv iru frqgxfwlqj vrph whvwv/ wkxv olplwlqj

rxu delolw| wr frqgxfw dghtxdwh whvwlqj ri d fodvv1

D qxpehu ri uhvhdufkhuv kdyh revhuyhg wkdw/ frqwudu| wr pdq| zlgho| khog eholhiv/ remhfw0

rulhqwhg odqjxdjh ihdwxuhv dfwxdoo| lqfuhdvh wkh h�ruw uhtxluhg wr dfklhyh dghtxdwh whvwlqj18 Elqghu

revhuyhv wkdw lqkhulwdqfh dqg sro|prusklvp suhvhqw rssruwxqlwlhv iru wkh frpplvvlrq ri huuruv wkdw

vlpso| gr qrw h{lvw lq surfhgxuh0rulhqwhg surjudpv1 Ixuwkhupruh/ kh srlqwv rxw wkdw whvwlqj h�ruw

lv qrw uhgxfhg iru d ghvfhqgdqw fodvv vlpso| ehfdxvh lwv sduhqw kdv ehhq wkrurxjko| whvwhg1 Wklv

lv ehfdxvh hdfk qhz fodvv lv d gl�huhqw frqwh{w/ dqg shukdsv hyhq gl�huhqw whvwv duh uhtxluhg wr

8 Lq d shuvrqdo frppxqlfdwlrq zlwk wkh dxwkru/ Jdlo Ndvlhu odphqwhg wkh gl!fxow| wkdw vkh dqg GhZd|qh Shuu|

kdg lq sxeolvklqk sdshu rq dghtxdwh whvwlqj ri remhfw0rulhqwhg surjudpv ehfdxvh wkhlu fodlpv dqg dujxphqw zhqw

djdlqvw wkh frpprqo| khog eholhiv ri wkh wlph ^68`^89`1
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dfklhyh whvw dghtxdf| ^<`1 Elqghu dovr revhuyhv wkdw whvwlqj remhfwv lv sureohpdwlf ehfdxvh wkh|

�111^riwhq` h{klelw vhtxhqwldoo| ghshqghqw ehkdylru� ^43`1 Remhfwv fdq jhqhudoo| eh ylhzhg dv vwdwh

pdfklqhv wkdw wudqvlwlrq iurp rqh vwdwh wr wkh qh{w dv wkhlu phwkrgv duh h{hfxwhg1 Remhfwv wkdw

h{klelw prgdo ehkdylru lpsrvh olplwv rq wkh rughu lq zklfk wkhlu phwkrgv fdq eh h{hfxwhg1 Iurp

d whvwlqj shuvshfwlyh/ wklv uhvxowv lq dq lqfuhdvh lq wkh h�ruw uhtxluhg wr hvwdeolvk lqlwldo vwdwhv dqg

wr whvw doo frpelqdwlrqv ri ydolg phwkrg vhtxhqfhv1

Vplwk dqg Urevrq uhsruw wkh revhuydwlrq wkdw lq dq remhfw0rulhqwhg odqjxdjh/ d fodvv fdqqrw

eh whvwhg gluhfwo| ^8;`1 Lqvwhdg/ fodvvhv pxvw eh whvwhg lqgluhfwo| e| whvwlqj wkhlu lqvwdqfhv +remhfwv,1

Whvwlqj ehfrphv d surfhvv ri vdpsolqj iurp wkh fodvv* srsxodwlrq ri lqvwdqfhv1 Xqiruwxqdwho|/ wklv

frphv zlwk doo wkh olplwdwlrqv dvvrfldwhg zlwk vwdwlvwlfdo vdpsolqj1 Wkh txdolw| ri wkh whvwlqj h�ruw

zloo eh olplwhg dv d ixqfwlrq ri wkh ghjuhh wr zklfk wkh vdpsoh lv uhsuhvhqwdwlyh ri doo wkh fodvv*

lqvwdqfhv1

Ilhgohu uhsruwv rq klv h{shulhqfhv xvlqj dq dssurdfk iru whvwlqj fodvvhv wkdw zdv xvhg dw

Khzohww0Sdfndug*v Zdowkdp Glylvlrq ^53`1 Wkh dssurdfk zdv edvhg rq wkh xvh ri d frpelqdwlrq

ri eodfn dqg zklwh er{ whvwlqj whfkqltxhv dqg zdv dssolhg wr d qxpehu ri surjudpv zulwwhq lq

H{whqghg F.. 1 Kh uhsruwv wkdw wkh dssurdfk zdv dssolhg wr vhyhudo jhqhulf fodvvhv wkdw kdg ehhq

whvwhg sulru xvlqj wudglwlrqdo eodfn0er{ whvwlqj whfkqltxhv dqg wkdw wkh fodvvhv zkhuh frqvlghuhg wr

eh fruuhfw1 Krzhyhu/ xsrq dssolfdwlrq ri wkh dssurdfk/ d qxpehu ri idxowv zhuh ghwhfwhg wkdw wkh

sulru whvwlqj h�ruw kdg plvvhg/ exw wkhuh duh pdq| srvvleoh uhdvrqv iru wklv1 Klv pdlq frqfoxvlrqv

duh wkdw wkh xqlw ri whvwlqj lq dq remhfw0rulhqwhg surjudp pxvw eh wkh fodvv/ dqg wkdw wkh whvwlqj

dfwlylw| pxvw rffxu pxfk hduolhu lq wkh olih0f|foh1 Ixuwkhu/ kh frqfoxghv wkdw erwk eodfn dqg

zklwh0er{ whvwlqj whfkqltxhv pxvw eh xvhg1

(�$ ���� ���,����

Rqh ri wkh hduo| zlgho|0khog eholhiv derxw remhfw0rulhqwhg whfkqrorj| zdv wkdw lqkhulwdqfh zrxog

uhgxfh wkh dprxqw ri whvwlqj h�ruw uhtxluhg1 Lw zdv eholhyhg wkdw rqfh d sduhqw fodvv kdg ehhq
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dghtxdwho| whvwhg/ whvwlqj d ghulyhg fodvv zrxog eh idu vlpsohu1 Doo wkdw zrxog qhhg wr eh grqh lv wr

whvw wkh qhz phwkrgv dgghg e| wkh ghvfhqgdqw/ vlqfh wkrvh lqkhulwhg iurp wkh sduhqw kdg douhdg|

ehhq dghtxdwho| whvwhg1 Wkh frqyhqwlrqdo zlvgrp zdv wkdw lqkhulwdqfh zrxog uhgxfh whvwlqj h�ruw

e| hlwkhu holplqdwlqj ru uhgxflqj uh0whvwlqj/ ru doorzlqj wkh uhxvh ri whvwv1 Wklv eholhi zdv glvshoohg

e| Shuu| dqg Ndlvhu ^89` zkr/ gudzlqj xsrq wkh hduolhu zrun ri Zh|xnhu/ dqdo|}hg wkh dghtxdf|

ri whvwv iru remhfw0rulhqwhg surjudpv zlwk uhvshfw wr vlqjoh lqkhulwdqfh/ phwkrg ryhuulglqj/ dqg

pxowlsoh lqkhulwdqfh1 Wkhlu frqfoxvlrqv duh wkdw wkhvh ihdwxuhv gr qrw uhgxfh wkh dprxqw ri whvwlqj

h�ruw/ dqg lq pdq| fdvhv/ lqfuhdvh wkh uhtxluhg h�ruw wr dfklhyh whvw dghtxdf|1 Wkh| pdnh wkh

lpsruwdqw revhuydwlrq wkdw lqkhulwdqfh/ lq sduwlfxodu/ pdnhv wkh h�hfwv ri fkdqjhv �lpsolflw dqg

ghshqghqw rq wkh ydulrxv xqghuo|lqj/ dqg frpsolfdwhg/ lqkhulwdqfh prghv� ^89`1 Wkh edvlv iru

wkhlu frqfoxvlrqv uhvwv xsrq Zh|xnhu*v d{lrpdwlf edvlv iru ghwhuplqlqj whvw gdwd dghtxdf| ^8<`1

Wkh| pdnh xvh ri irxu ri wkh iroorzlqj ri Zh|xnhu*v hohyhq d{lrpv ri whvw dghtxdf| wr vkrz wkdw

lqkhulwdqfh dqg phwkrg ryhuulglqj gr qrw ohdg wr d uhgxfwlrq ri whvwlqj h�ruw=

41 Dqwlh{whqvlrqdolw|= �Li wzr surjudpv frpsxwh wkh vdph ixqfwlrq111d whvw vhw dghtxdwh iru

rqh lv qrw qhfhvvdulo| dghtxdwh iru wkh rwkhu� ^89`1 Wklv lv d uhvxow ri wkh idfw wkdw surjudp0

edvhg whvw dghtxdf| lv d ixqfwlrq ri wkh v|qwdfwlf vwuxfwxuh ri vrxufh frgh/ qrw lwv ixqfwlrqdolw|1

Ehfdxvh ri wklv/ surjudpv wkdw lpsohphqw wkh vdph vshfl�fdwlrq duh txlwh olnho| wr uhtxluh

gl�huhqw whvw vhwv1

51 Jhqhudo Pxowlsoh Fkdqjh= �Zkhq wzr surjudpv duh v|qwdfwlfdoo| vlplodu +wkdw lv/ wkh|

kdyh wkh vdph vkdsh,/ wkh| xvxdoo| uhtxluh gl�huhqw whvw vhwv� ^89`1 Hvvhqwldoo|/ wzr surjudpv

kdyh wkh vdph vkdsh li wkhlu frqwuro vwuxfwxuhv duh lghqwlfdo/ exw gl�hu lq wkh uhodwlrqdo

rshudwruv/ frqvwdqwv ru dulwkphwlf rshudwruv1 Wzr vxfk surjudpv zrxog uhtxluh gl�huhqw whvw

vhwv vlpso| ehfdxvh wkh whvw gdwd iru rqh zrxog prvw olnho| qrw uhvxow lq wkh ghvluhg fryhudjh

remhfwlyhv iru wkh rwkhu1

61 Dqwlghfrpsrvlwlrq= �Whvwlqj d surjudp frpsrqhqw lq wkh frqwh{w ri dq hqforvlqj surjudp

4:



pd| eh dghtxdwh zlwk uhvshfw wr wkdw hqforvlqj surjudp exw qrw qhfhvvdulo| dghtxdwh iru rwkhu

xvhv ri wkh frpsrqhqw� ^89`1 Lw pd| eh wkh fdvh wkdw wkh frpsrqhqw kdv frgh wkdw zdv qrw

uhdfkhg gxulqj wkh whvw iru wkh hqforvlqj surjudp1 Wkxv/ zkhq wkh hqforvlqj surjudp*v whvw

sdvvhg/ wkhuh vwloo uhpdlqv xqwhvwhg frgh lq wkh hqforvhg frpsrqhqw/ ohdglqj wr wkh frqfoxvlrq

wkdw wkh hqforvhg frpsrqhqw lwvhoi kdv qrw ehhq dghtxdwho| whvwhg1

71 Dqwlfrpsrvlwlrq= �Dghtxdwho| whvwlqj hdfk lqglylgxdo surjudp frpsrqhqw lq lvrodwlrq

grhv qrw qhfhvvdulo| vx!fh wr dghtxdwho| whvw wkh hqwluh surjudp1 Frpsrvlqj wzr surjudp

frpsrqhqwv uhvxowv lq lqwhudfwlrqv wkdw fdqqrw dulvh lq lvrodwlrq� ^89`1

Lqwxlwlyho|/ whvwlqj vkrxog eh olplwhg wr mxvw wkh fodvv wkdw lv prgl�hg1 Krzhyhu/ dv Shuu| dqg

Ndlvhu srlqw rxw/ wkh dqwlfrpsrvlwlrq d{lrp vwdwhv/ lq h�hfw/ wkdw mxvw ehfdxvh d fodvv kdv ehhq

whvwhg lq lvrodwlrq grhv qrw phdq wkdw lw lv dghtxdwho| whvwhg zkhq lw kdv ehhq frpsrvhg zlwk rwkhu

fodvvhv1 Wkxv/ wkh dxwkruv frqfoxgh wkdw lqwhjudwlrq whvwlqj lv dozd|v qhfhvvdu| uhjdugohvv ri zklfk

surjudpplqj odqjxdjh lv ehlqj xvhg1

Rqh vlgh h�hfw ri remhfw0rulhqwhg odqjxdjhv lv wkdw wkh frqqhfwlrqv ehwzhhq frpsrqhqwv �whqg

wr eh h{solflw dqg reylrxv� ^89`1 Fkdqjlqj d frpsrqhqw vkrxog rqo| uhtxluh uh0whvwlqj ri wkh

fkdqjhg frpsrqhqw dqg wkh rwkhu frpsrqhqwv wkdw duh ghshqghqw xsrq lw1 Olnhzlvh/ dgglqj d

qhz frpsrqhqw vkrxog rqo| uhtxluh whvwlqj ri wkh qhz frpsrqhqw dqg uh0whvwlqj ri frpsrqhqwv

wkdw duh ghshqghqw xsrq lw1 Xqiruwxqdwho|/ wkh dqwlghfrpsrvlwlrq d{lrp frphv lqwr sod| zkhq d

qhz vxefodvv lv dgghg wr d klhudufk|1 Wkh uhtxluhphqw lv wkdw wkh phwkrgv lqkhulwhg iurp hdfk

dqfhvwru fodvv pxvw eh uhwhvwhg vlqfh wkh qhz vxefodvv surylghv d qhz frqwh{w iru wkhvh phwkrgv1

Krzhyhu/ wklv uhtxluhphqw grhv qrw dsso| wr wkh fdvh zkhuh wkh qhz vxefodvv kdv qr lqwhudfwlrq

zlwk wkh dqfhvwru fodvv phwkrgv +ru vwdwh,1 Wklv lpsolhv wkdw wkh vxefodvv lv d sxuh h{whqvlrq wr lwv

dqfhvwruv/ dgglqj lwv rzq vwdwh yduldeohv dqg phwkrgv ^89`1

Uhsodflqj dq lqkhulwhg phwkrg zlwk d orfdoo| gh�qhg phwkrg +l1h1 dq ryhuulglqj phwkrg,

uhtxluhv wkdw wkh vxefodvv eh uhwhvwhg/ exw zlwk d gl�huhqw whvw vhw1 Wklv lv jryhuqhg e| wkh
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dqwlh{whqvlrqdolw| d{lrp= hyhq wkrxjk wkh ryhuulglqj phwkrg dqg wkh ryhuulgghq phwkrg pd| eh

forvh vhpdqwlfdoo|/ wkhlu whvw vhwv duh qrw olnho| wr eh pxwxdoo| dghtxdwh gxh wr wkhlu v|qwdfwlf

gl�huhqfhv1 Dqrwkhu vxewoh/ exw vljql�fdqw/ frqvhtxhqfh lv wkdw lw pd| eh qhfhvvdu| wr uh0whvw

hyhu| dqfhvwru ri wkh vxefodvv frqwdlqlqj wkh ryhuulglqj phwkrg ^89`1

Pxowlsoh lqkhulwdqfh suhvhqwv frpsrxqglqj h�hfwv wkdw uhvxow lq wkh dssolfdelolw| ri erwk wkh

dqwlh{whqvlrqdolw| d{lrp dqg jhqhudo pxowlsoh fkdqjh d{lrp1 Wkh sureohp rffxuv zkhq d vxefodvv

lqkhulwv iurp pxowlsoh dqfhvwruv wkdw gh�qh phwkrgv ri wkh vdph qdph/ zklfk wkh vxefodvv grhv

qrw ryhuulgh1 Ghshqglqj xsrq wkh vhpdqwlfv ri wkh sduwlfxodu surjudpplqj odqjxdjh/ d fdoo wr

rqh ri wkh pxowlso| gh�qhg phwkrgv wkurxjk dq lqvwdqfh ri wkh vxefodvv zloo uhvxow lq d vshfl�f

phwkrg ehlqj h{hfxwhg/ wkh fkrlfh ehlqj ghwhuplqhg e| wkh rughu ri lqkhulwdqfh vshfl�hg e| wkh

vxefodvv1 D whvw vhw wkdw lv dghtxdwh iru dq lqlwldo lqkhulwdqfh rughulqj pd| qrw eh dghtxdwh li d

fkdqjh uhvxowv lq d qhz rughulqj ^89`1

Rwkhuv kdyh revhuyhg wkdw lqkhulwdqfh grhv qrw qhfhvvdulo| uhgxfh whvwlqj h�ruw1 Vplwk dqg

Urevrq revhuyhg wkdw lqkhulwdqfh fdxvhv sureohpv iru whvwlqj dv fodvvhv xqghujr hyroxwlrq ^8;`1

Prgl�fdwlrqv wr d fodvv zloo d�hfw doo dgglwlrqdo fodvvhv wkdw duh lwv ghvfhqgdqwv/ dqg zloo wkxv

uhtxluh vrph srwhqwldoo| vljql�fdqw dprxqw ri uh0whvwlqj1 Vxfk fodvv prgl�fdwlrqv zloo w|slfdoo|

uhtxluh prgl�fdwlrqv wr wkh dvvrfldwhg whvw vxlwh/ dqg wkxv zloo kdyh dq lpsdfw rq dq| ghvfhqgdqw

fodvv zkrvh whvw vxlwh pdnhv xvh ri lwv sduhqw*v whvw vxlwh1

Fkhdwkdp dqg Phoolqjhu lghqwli| irxu surshuwlhv wkdw d phwkrg p lq d ghvfhqgdqw fodvv fdq

kdyh ^47`1 Iluvw/ d phwkrg fdq eh lqkhulwhg iurp wkh sduhqw fodvv zlwkrxw dq| dowhudwlrqv1 Wkh|

vwdwh wkdw olwwoh uh0whvwlqj lv qhhghg lq wklv fdvh1 Krzhyhu/ wkhlu frqfoxvlrq lv vkruw0vljkwhg vlqfh p/

hyhq wkrxjk lw kdv qrw ehhq prgl�hg/ pd| idlo wr ehkdyh fruuhfwo| gxh wr lqgluhfw lqwhudfwlrqv zlwk

rwkhu phwkrgv gh�qhg lq wkh ghvfhqgdqw wkurxjk wkh lqkhulwhg vwdwh vsdfh1 Wkh vhfrqg surshuw| iru

p lv wkdw lw fdq eh dq ryhuulgh iru dq lghqwlfdoo| qdphg phwkrg lq wkh sduhqw1 Wkh wklug surshuw|

lv wkdw p fdq eh h{hfxwhg lq frqmxqfwlrq zlwk wkh sduhqw*v p e| surylglqj d zudsshu wkdw fdoov lw1

Wkh irxuwk surshuw| lv wkdw p fdq eh d qhz phwkrg lq wkh ghvfhqgdqw wkdw lv qrw gluhfwo| uhodwhg
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wr dq| phpehu ri wkh sduhqw1 Fkhdwkdp dqg Phoolqjhu vwdwh wkdw fdvhv wzr/ wkuhh/ dqg irxu pxvw

eh wuhdwhg dv qhz phwkrgv dqg whvwhg dffruglqjo|/ wkrxjk wkh| gr qrw ghvfuleh zkdw wkh| frqvlghu

wr eh dghtxdwh whvwlqj1 Wkh| gr vwdwh wkdw lq wkh wklug fdvh/ wkh sduhqw*v yhuvlrq ri p fdq eh

wuhdwhg dv d eodfn er{ iru sxusrvhv ri whvwlqj wkh qhz p1

Kduurog/ PfJuhjru dqg Ilw}sdwulfn suhvhqw dq dssurdfk iru lghqwli|lqj wkh vhw ri whvwv wkdw

duh qhfhvvdu| wr whvw d fodvv dghtxdwho|/ sduwlfxoduo| zkhq lqkhulwdqfh lv d idfwru ^59`1 Dghtxdf|

lq wklv fdvh phdqv wkdw hyhu| phwkrg lv whvwhg lqglylgxdoo| dv zhoo dv lwv lqwhudfwlrq zlwk rwkhu

phwkrgv lq wkh fodvv1 Wkhlu whvw vxlwhv lqfoxgh whvwv wkdw duh erwk vshfl�fdwlrq0edvhg dqg surjudp0

edvhg1 Wkh| qrwh wkdw vshfl�fdwlrq0edvhg whvw fdvhv fdq eh frqvwuxfwhg xvlqj h{lvwlqj dssurdfkhv1

Wkhlu dssurdfk pdnhv xvh ri vwxev iru rwkhu phwkrgv dqg surfhgxuhv fdoohg e| wkh phwkrg xqghu

whvw +PXW,1 Gulyhu urxwlqhv duh dovr surylghg iru h{hfxwlqj wkh PXW1 Hdfk whvw vxlwh lv d wulsoh

frqvlvwlqj ri wkh phwkrg/ d vhw ri vshfl�fdwlrq0edvhg whvwv/ dqg d vhw ri surjudp0edvhg whvwv1 Dovr/

hdfk whvw vhw lqfoxghv d  dj wr lqglfdwh li wkrvh whvwv vkrxog eh uxq lq wkhlu hqwluhw|/ d vxevhw/ ru

qrqh dw doo1 Wklv  dj lv xvhg zkhq ghwhuplqlqj wkh zklfk ri wkh sduhqw fodvv* dwwulexwhv pxvw eh

uhwhvwhg lq d ghvfhqgdqw1

Kduurog/ PfJuhjru dqg Ilw}sdwulfn edvh wkhlu fulwhuld ri zkdw pxvw eh uhwhvwhg rq wkh zrun ri

Shuu| dqg Ndlvhu*v h{whqvlrq +iru RRSv, ri Zh|xnhu*v zrun rq wkh d{lrpdwl}dwlrq ri whvw dghtxdf|

^89`^8<`1 Wkhlu ghflvlrq ri zkdw wr lqfoxgh lv ghshqghqw xsrq wkh h�hfwv ri lqkhulwdqfh dqg wkh

lqwhudfwlrqv wkdw rffxu dv wkh uhvxow ri qhz dqg ryhuulgghq dwwulexwhv/ dqg dwwulexwh uhgh�qlwlrq dqg

klglqj1 Wkh| xvh d judsk0edvhg uhsuhvhqwdwlrq/ fdoohg d fodvv judsk/ wr ghwhuplqh wkh lqwhudfwlrqv

wkdw rffxu dqg wkh qhfhvvdu| ohyho ri uh0whvwlqj uhtxluhg1 Lq wkhlu dssurdfk/ wkh| fodvvli| dq dwwulexwh

D +phwkrgv dqg vwdwh yduldeohv, dv iroorzv=

Qhz Dwwulexwh D lv gh�qhg lq wkh ghvfhqgdqw/ exw qrw e| wkh sduhqw1

Uhfxuvlyh Dwwulexwh D lv gh�qhg lq wkh sduhqw dqg lqkhulwhg e| wkh fklog1 Wkh fklog grhv qrw

uhgh�qh D1
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Uhgh�qhg Dwwulexwh D lv gh�qhg e| wkh sduhqw dqg uh0gh�qhg e| wkh fklog/ zklfk klghv wkh

sduhqw*v gh�qlwlrq1

Yluwxdo0qhz Dwwulexwh D lv vshfl�hg e| wkh sduhqw dqg pd| kdyh qrw lpsohphqwdwlrq1 D pd|

dovr eh vshfl�hg lq wkh fklog exw lwv vljqdwxuh gl�huv iurp wkh sduhqw*v gh�qlwlrq1 Uhihuhqfhv

wr D lq wkh fklog uhihu wr wkh orfdo gh�qlwlrq/ exw uhihuhqfhv e| rwkhu dwwulexwhv lq wkh sduhqw

uhihu wr wkh sduhqw*v gh�qlwlrq1

Yluwxdo0Uhfxuvlyh Dwwulexwh D lv vshfl�hg lq wkh sduhqw/ dqg lwv lpsohphqwdwlrq pd| eh gh0

ihuuhg1 Wkh fklog grhv qrw gh�qh D1

Yluwxdo0Uhgh�qhg Dwwulexwh D lv vshfl�hg lq wkh sduhqw dqg lwv gh�qlwlrq pd| eh ghihuuhg1

Ixuwkhu/ D lv gh�qhg lq wkh fklog dqg kdv wkh vdph vljqdwxuh dv wkh yhuvlrq ri D vshfl�hg lq

wkh sduhqw1

Kduurog/ PfJuhjru dqg Ilw}sdwulfn*v dssurdfk uhtxluhv wkh iroorzlqj w|shv ri whvwlqj wr rffxu

lq d vxefodvv ^59`1

� D Qhz ru Yluwxdo0Qhz dwwulexwh D uhtxluhv lqglylgxdo whvwlqj vlqfh lw zdv qrw lqfoxghg lq wkh

sduhqw*v whvw vxlwh1 Gxh wr wkh dqwlh{whqvlrqdo d{lrp/ D pxvw dovr eh lqwhjudwlrq whvwhg zlwk

rwkhu dwwulexwhv wkdw lw lqwhudfwv zlwk1

� Uhfxuvlyh ru Yluwxdo0Uhfxuvlyh dwwulexwhv uhtxluh �yhu| olplwhg� uh0whvwlqj vlqfh wkh| zhuh

lqglylgxdoo| whvwhg lq wkh sduhqw1 Wkh dxwkruv fodlp wkdw wkh vshfl�fdwlrq0edvhg dqg surjudp0

edvhg whvw vxlwhv qhhg qrw eh uh0uxq1 Krzhyhu/ D*v lqwhudfwlrq zlwk qhz ru uhgh�qhg dwwulexwhv

zloo qhhg wr eh uh0whvwhg1

� Yluwxdo ru Yluwxdo0Uhgh�qhg dwwulexwhv uhtxluh h{whqvlyh uh0whvwlqj/ exw wkh vshfl�fdwlrq0

edvhg whvwv gh�qhg iru wkh sduhqw pd| eh uhxvhg vlqfh rq wkh lpsohphqwdwlrq ri D fkdqjhv1

Wkh suhfhglqj wkuhh lwhpv irup wkh edvlv iru zklfk Kduurog/ PfJuhjru dqg Ilw}sdwulfn xvh wr

ghwhuplqh zklfk whvwv fdq eh uhxvhg dqg zkdw uh0whvwlqj lv qhfhvvdu|1
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Nxqj/ Jdr/ Kvld/ Wr|rvklpd/ dqg Fkhq revhuyh wkdw rqh ri wkh nh| gl!fxowlhv lq whvwlqj remhfw0

rulhqwhg vriwzduh lv xqghuvwdqglqj wkh uhodwlrqvklsv wkdw h{lvw dprqj wkh frpsrqhqwv ^69`1 Wklv

frpsoh{lw| uhvxowv iurp wkh xvh ri lqkhulwdqfh/ djjuhjdwlrq dqg dvvrfldwlrq uhodwlrqvklsv dprqj

fodvvhv1 Ghhs lqkhulwdqfh klhudufklhv dqg kljko| qhvwhg fodvv djjuhjdwlrqv pdnh lw gl!fxow wr

ghwhuplqh wkh rswlpdo rughu lq zklfk fodvvhv vkrxog eh whvwhg1 Wkh frqvhtxhqfhv ri whvwlqj lq dq

rughu wkdw lv qrw rswlpdo duh wkdw whvwlqj lv qrw dghtxdwh ehfdxvh fodvv uhodwlrqvklsv duh plvvhg/ ru

vxevwdqwldo uh0whvwlqj lv riwhq uhtxluhg1 Lq dq h�ruw wr holplqdwh wklv sureohp/ wkh dxwkruv suhvhqw

dq dojrulwkp wkdw jhqhudwhv wkh rswlpxp rughu iru xqlw dqg lqwhjudwlrq whvwlqj ri fodvvhv1 Wkh

remhfwlyh lv wr plqlpl}h wkh dprxqw ri h�ruw uhtxluhg wr dghtxdwho| whvw wkh fodvvhv e| plqlpl}lqj

wkh qxpehu ri whvw vwxev wkdw pxvw eh exlow/ dqg wr dovr uhxvh dv pdq| suhylrxvo| jhqhudwhg whvw

fdvhv dv srvvleoh1 Wkh dxwkruv qrwh wkdw wkhlu zrun vxssohphqwv wkdw ri Kduurog/ PfJuhjru dqg

Ilw}sdwulfn ^59`1

Wkh whvw rughu iru d jlyhq fodvv vwuxfwxuh lv edvhg xsrq wkh ghshqghqflhv wkdw h{lvw dprqj lwv

fodvvhv dqg lv ghwhuplqhg e| dqdo|}lqj ri d judsk0edvhg irupdolvp nqrzq dv dq Remhfw Uhodwlrq

Gldjudp +RUG,1 Dq RUG frqwdlqv dq h{solflw uhsuhvhqwdwlrq iru wkh uhodwlrqvklsv wkdw fdq rffxu

lq dq remhfw0rulhqwhg surjudp/ lqfoxglqj lqkhulwdqfh/ djjuhjdwlrq/ dvvrfldwlrq/ xvlqj/ dqg lqvwdqwl0

dwlrq1 Wkh RUG lv d pxowljudsk wkdw frqvlvwv ri yhuwlfhv fruuhvsrqglqj wr fodvvhv/ dqg hgjhv wkdw

prgho wkh uhodwlrqvklsv dprqj wkh fodvvhv1 Wkh lghd ehklqg Nxqj hw do1*v dojrulwkp lv wr wudyhuvh

wkh RUG/ prgli|lqj lw dv qhfhvvdu| wr uhpryh f|fohv1 Rqfh wklv lv dffrpsolvkhg/ wkh whvw rughu lv

surgxfhg e| dsso|lqj d wrsrorjlfdo vruw ri wkh qrghv lq wkh judsk +wkdw lv/ wkh fodvvhv, ^69`1 Dv dq

h{dpsoh ri wkh h�hfwlyhqhvv ri wkhlu dojrulwkp/ wkh| uhsruw lwv xvh zlwk wkh LqwhuYlhzv oleudu| lq

dq h{shulphqw djdlqvw d udqgrpo| jhqhudwhg whvw rughu1 Wkhuh wkh| irxqg wkdw wkh wrwdo qxpehu

ri vwxev uhtxluhg iru wkdw whvw rughu zdv 733/ zkhuh li wkh rswlpdo whvw rughu lv xvhg/ rqo| ; whvw

vwxev duh uhtxluhg1
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Mxvw dv wkh surfhgxuh dqg ixqfwlrq duh wkh edvlf xqlwv ri devwudfwlrq lq surfhgxuh0rulhqwhg odq0

jxdjhv/ wkh fodvv lv wkh edvlf xqlw ri devwudfwlrq lq remhfw0rulhqwhg odqjxdjhv +dqg remhfw0edvhg,1

Qdwxudoo|/ lw pdnhv vhqvh wkdw whvwlqj dssolhg wr wkhvh w|shv ri odqjxdjhv vkrxog irfxv rq wkhlu

sulpdu| devwudfwlrq phfkdqlvpv1 Wklv ylhz lv uh hfwhg e| wkh sursruwlrq ri olwhudwxuh rq whvwlqj

remhfw0rulhqwhg vriwzduh wkdw lv ghyrwhg wr wkh whvwlqj ri fodvvhv ^44`1

61614 Vwdwh0edvhg Whvwlqj

Wkh whvwlqj ri fodvvhv lv odujho| dq lqwhjudwlrq whvwlqj lvvxh1 Vlqfh d fodvv frqvlvwv ri d qxpehu

ri phwkrgv dqg d froohfwlrq ri yduldeohv wkdw gh�qh lwv vwdwh/ wkh whvwlqj h�ruw pxvw irfxv rq wkh

lqwhudfwlrq ri wkhvh phwkrgv zlwk uhvshfw wr hdfk rwkhu dqg zlwk uhvshfw wr wkhlu lqgluhfw lqwhudfwlrqv

wkurxjk wkh vwdwh vsdfh1 Dv uhsruwhg lq wkh vflhqwl�f dqg lqgxvwuldo olwhudwxuh/ wkh pdmrulw| ri fodvv

whvwlqj dssurdfkhv dgrsw rqh ri wzr shuvshfwlyhv1 Wkh �uvw lv wkdw ri d fodvv ylhzhg dv d vwdwh

pdfklqh ^44`1 Lq wklv shuvshfwlyh/ hdfk fodvv wr eh whvwhg kdv lwv ehkdylru prghohg dv d �qlwh vwdwh

pdfklqh1 Wkh w|slfdo dssurdfk lv wr ghulyh d froohfwlrq ri prghv wkdw duh edvhg rq wkh orjlfdo

ehkdylru ri wkh fodvv udwkhu wkdq lwv uhsuhvhqwdwlrq/ dqg d vhw ri wudqvlwlrqv wkdw fruuhvsrqg wr

hdfk ri wkh sxeolf phwkrgv1 Hdfk prgh fruuhvsrqgv wr d glvmrlqw vhw ri vwdwhv lq wkh xqghuo|lqj

vwdwh vsdfh uhsuhvhqwdwlrq ^8:`1 Wklv kdv wkh dgydqwdjh ri dyrlglqj wkh h{sorvlrq ri vwdwhv wkdw

zrxog uhvxow li wkh ehkdylru zhuh prghohg gluhfwo| rq wkh uhsuhvhqwdwlrq1 Iru h{dpsoh/ d fodvv wkdw

devwudfwv wkh qrwlrq ri vwdfn orjlfdoo| kdv wkuhh vwdwhv= ixoo/ hpsw|/ dqg qrw ixoo dqg qrw hpsw|1 Li

wkh lqwhuqdo uhsuhvhqwdwlrq fkrvhq iru wkh fodvv frqvlvwhg ri dq duud| dqg wzr lqwhjhu lqgh{ yduldeohv/

wkh uhvxowlqj sk|vlfdo vwdwh vsdfh zrxog eh wkh furvv surgxfw ri doo wkh srvvleoh ydoxhv wkdw frxog

rffxu iru wkh duud| dqg lqgh{ yduldeohv1 Wkh uhvxowlqj vl}h lv wrr odujh wr eh ri sudfwlfdo xvh iurp d

whvwlqj shuvshfwlyh1 Krzhyhu/ iroglqj wkh sk|vlfdo vwdwhv lqwr prghv grhv lqfuhdvh wkh wudfwdelolw|

ri wkh whvwlqj sureohp wuhphqgrxvo|/ exw dw wkh h{shqvh ri lqwurgxflqj qrq0ghwhuplqlqvp1 Iurp d
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vwdwh0edvhg fodvv whvwlqj shuvshfwlyh/ wklv uhvxowv lq d vljql�fdqw uhgxfwlrq lq wkh dprxqw ri h�ruw

whvwlqj h�ruw vlqfh ihzhu whvwv duh uhtxluhg wr fryhu doo ri wkh orjlfdo vwdwhv wkdq zrxog eh li wkh

vwdwhv edvhg rq wkh uhsuhvhqwdwlrq zhuh whvwhg1

Nxqj/ Vxfkdn/ Jdr/ Kvld/ Wr|rvklpd/ dqg Fkhq +NVJKWF, ghvfuleh dq dssurdfk iru prgholqj

dq remhfw xvlqj d irupdolvp nqrzq dv d Frpsrvlwh Remhfw Vwdwh Gldjudp +FRVG,/ dqg d surfhgxuh

iru uhyhuvh hqjlqhhulqj d FRVG iurp wkh lpsohphqwdwlrq ri d fodvv ^6:`1 Wkh uhvxowlqj vwdwh pdfklqh

prgho lv xvhg wr whvw wkh vwdwh ghshqghqw ehkdylru ri dq remhfw udwkhu wkdq xvlqj wkh frqwuro ru

gdwd vwuxfwxuh ri wkh lpsohphqwdwlrq1 Wkh FRVG lv frpsulvhg ri rwkhu FRVGv +uhfxuvlyho|, ru

Dwrplf Remhfw Vwdwh Gldjudpv +DRVGv,1 Dq DRVG lv frpsulvhg vroho| ri vwdwhv/ wudqvlwlrqv/ dqg

dfwlrqv1 Hdfk DRVG fruuhvsrqgv wr dq dwwulexwh ri d fodvv* vwdwh vsdfh1 Hdfk vxfk dwwulexwh wkdw

fruuhvsrqgv wr dq DRVG pxvw kdyh dq h�hfw rq wkh ehkdylru ri wkh fodvv zkhq wkh dwwulexwh fkdqjhv

ydoxhv1 Wkdw lv/ wr eh frqvlghuhg d vwdwh gh�qlqj dwwulexwh/ wkhuh pxvw eh dw ohdvw wzr glvwlqfw vhwv

ri ydoxhv iru dq dwwulexwh wkdw zloo uhvxow lq gl�huhqw revhuyhg ehkdylruv iru dq remhfw1 Iru wklv wr

eh wuxh/ wkhuh pxvw eh frqglwlrqv lqyroylqj wkh dwwulexwh lq rqh ru pruh ri wkh fodvv* phwkrgv1

Wkh NVJKWF dssurdfk pdnhv xvh ri Fkrz*v phwkrg iru jhqhudwlqj whvw fdvhv iurp �qlwh

vwdwh pdfklqhv ^49`1 Wkh edvlf lghd lv wr fuhdwh d whvw wuhh iru d FRVG zkhuh wkh qrghv uhsuhvhqw

wkh frpsrvlwh vwdwhv lq wkh FRVG1 Hgjhv ehwzhhq qrghv uhsuhvhqw wudqvlwlrqv ehwzhhq vwdwhv1 Wkh

frpsrvlwh vwdwhv duh uhsuhvhqwhg dv n 0wxsohv/ zkhuh n lv wkh qxpehu ri DRVGv lq wkh FRVG1 wkh

lwk hohphqw ri wkh n 0wxsoh fruuhvsrqgv wr wkh vwdwh ri wkh lwk DRVG1 Wkhuh pd| eh vhyhudo FRVG

whvw wuhhv gxh wr wkh idfw wkdw hdfk DRVG fdq kdyh pruh wkdq rqh lqlwldo vwdwh1 Whvw vhtxhqfhv duh

jhqhudwhg iurp wkh wuhh e| zdonlqj lwv urrw wr lwv ohdyhv1 Hdfk vxfk sdwk fruuhvsrqgv wr d vlqjoh

whvw vhtxhqfh1

Krqj/ Nzrq/ dqg Fkd suhvhqw d whfkqltxh iru whvwlqj fodvvhv edvhg rq uhsuhvhqwlqj ehkdylru

dv d �qlwh vwdwh pdfklqh +zklfk wkh| uhihu wr dv d Fodvv Vwdwh Pdfklqh 0 FVP, dqg xvlqj gdwd

 rz whvwlqj whfkqltxhv wr jhqhudwh whvw fdvhv ^64`^63`1 Wkh FVP lv xvhg dv wkh edvlv iru iruplqj d

Fodvv Iorz Judsk +FIJ, wkdw lqwhjudwhv wkh vwdwh pdfklqh zlwk wkh phwkrgv ri wkh fodvv1 Hdfk
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qrgh lq wkh judsk fruuhvsrqgv wr hlwkhu d vwdwh/ d jxdug/ ru d wudqvlwlrq1 Vwdwh qrghv lq wkh

FIJ fruuhvsrqg wr vwdwh qrghv lq wkh FVP1 Jxdugv uhsuhvhqw suhglfdwhv wkdw ghwhuplqh zkhq

d sduwlfxodu wudqvlwlrq lv ydolg1 Wudqvlwlrq qrghv fruuhvsrqg wr phwkrg fdoov dqg kdyh dvvrfldwhg

dfwlrqv +l1h1 vwdwh wudqvlwlrqv,1 Wkh FVP lv wudqviruphg lqwr d FIJ xvlqj dq dojrulwkp ghvljqhg e|

Krqj/ Nzrq/ dqg Fkd ^64`^63`1 Whvw fdvhv duh jhqhudwhg edvhg rq wkh gh�qlwlrq dqg xvdjh sdwwhuqv

ri fodvv vwdwh yduldeohv zlwklq wkh fodvv* phwkrgv dqg zlwklq wkh jxdugv rq wudqvlwlrqv1 Wkhvh duh

xvhg wr surgxfh d vhw ri gh�qlwlrq0xvh dvvrfldwlrqv wkdw irup wkh edvlv ri wkh whvw uhtxluhphqwv

iru d fodvv1 Krqj/ Nzrq/ dqg Fkd*v whfkqltxh grhv qrw dffrxqw iru lqkhulwdqfh ru djjuhjdwlrq

uhodwlrqvklsv1 Wkxv/ wkhlu dssurdfk lv remhfw0edvhg dw ehvw dqg fdqqrw eh dssolhg lq jhqhudo wr

remhfw0rulhqwhg surjudpv1

61615 Phwkrg Vhtxhqfh0Edvhg Whvwlqj

Wkh vhfrqg shuvshfwlyh rq fodvv whvwlqj irfxvhv rq wkh h{whuqdoo| revhuydeoh ehkdylru ri wkh fodvv

zkhq lw lv vxemhfwhg wr d vhtxhqfh ri phwkrg lqyrfdwlrqv1 Wklv/ ri frxuvh/ lv uhodwhg wr vwdwh0edvhg

whvwlqj vlqfh wkh vwdwh ri dq remhfw lv d ixqfwlrq ri wkh phwkrg lqyrfdwlrqv wkdw kdyh rffxuuhg1

Krzhyhu/ zlwk wklv whvwlqj shuvshfwlyh/ wkh hpskdvlv lv qrw rq whvwlqj lqglylgxdo vwdwhv dqg wudqvl0

wlrqv gluhfwo|1 Udwkhu/ lw lv edvhg rq lghd ri vxemhfwlqj gl�huhqw lqvwdqfhv ri d sduwlfxodu fodvv wr

gl�huhqw phwkrg vhtxhqfhv wkdw ohdyh wkh remhfwv lq fruuhfw vwdwhv1

Elqghu suhvhqwv wkh Iodwwhqhg Uhjxodu H{suhvvlrq +IUHH, dssurdfk wr whvwlqj remhfw0rulhqwhg

vriwzduh ^44`^;`1 Lq wklv dssurdfk/ fodvvhv dqg foxvwhuv ri fodvvhv duh prghohg dv vwdwh pdfklqhv1

Lqkhulwdqfh lv dffrxqwhg iru e|  dwwhqlqj wkh fodvv klhudufk| vr wkdw hdfk fodvv wr eh whvwhg lv vhoi

frqwdlqhg1 Whvwv duh uhjxodu h{suhvvlrqv wkdw ghvfulehg phwkrg vhtxhqfhv wkdw fryhu doo ri wkh vwdwhv

dqg wudqvlwlrqv1 Wkh lpsohphqwdwlrq ri d fodvv lv whvwhg e| frqvwuxfwlqj d judsk wkdw frqqhfwv doo

ri wkh phwkrgv zlwklq d fodvv dorqj doo ri wkh lqwud0phwkrg dqg lqwhu0phwkrg gdwd rz sdwkv1 Wkh

uhjxodu h{suhvvlrq wkdw ghvfulehv wkh vwdwh ehkdylru ri wkh fodvv lv dovr lqfrusrudwhg lqwr wklv judsk1

Hdfk wudqvlwlrq hgjh lq wkh vwdwh pdfklqh lv uhsodfhg e| wkh fruuhvsrqglqj phwkrg  rz judsk1 Wkh
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wudqvlwlrq hgjh lv frqqhfwhg wr wkh phwkrgv hqwu| qrgh/ dqg wkh phwkrg*v h{lw qrgh lv frqqhfwhg

wr wkh vwdwh uhvxowlqj iurp wkh wudqvlwlrq1 Wklv uhvxowlqj judsk uhsuhvhqwv doo ri wkh srvvleoh sdwkv

wkdw fdq rffxu dprqj wkh phwkrgv zlwklq wkh fodvv1 Elqghu vwdwhv wkdw wklv judsk fdq eh xvhg wr

vxssruw sdwk0edvhg whvw vxlwhv/ wkrxjk kh grhv qrw jlyh dq h{dpsoh ru ghvfuleh d surfhgxuh ^44`

^;`1

Dqrwkhu dssurdfk wr whvwlqj xvlqj phwkrg vhtxhqfhv lv wr vxemhfw wzr lqvwdqfhv ri wkh vdph

fodvv wr htxlydohqw phvvdjh vhtxhqfhv dqg revhuyh li wkh| erwk hqg lq wkh vdph orjlfdo vwdwh1 Iru

h{dpsoh/ iru d fodvv lpsohphqwlqj dq devwudfwlrq ri d vwdfn/ wkh uhvxowlqj vwdwhv ri wkh iroorzlqj

wzr phwkrg vhtxhqfhv duh htxlydohqw=

sxvk+4,> sxvk+7,> sxvk+5,> sxvk+6,> srs+,> srs+,

sxvk+4,> sxvk+7,

Wzr gl�huhqw lqvwdqfhv ri wkh vwdfn fodvv vxemhfwhg wr hdfk ri wkhvh phwkrg vhtxhqfhv/ uhvshfwlyho|/

vkrxog/ li vwdfn lv lpsohphqwhg fruuhfwo|/ hqg zlwk �qdo vwdwhv zkhuh 4 lv dw wkh erwwrp ri wkh vwdfn/

7 lv dw wkh wrs/ dqg wkhuh duh qr rwkhu hohphqwv rq wkh vwdfn1

Wkh htxlydohqw phvvdjh vhtxhqfh dssurdfk lv wdnhq e| Grrqj dqg Iudqno lq wkhlu DVWRRW

dssurdfk wr whvwlqj remhfw0rulhqwhg vriwzduh ^4;`1 DVWRRW lv edvhg xsrq dojheudlf vshfl�fdwlrqv

dqg wkh qrwlrq ri revhuydwlrqdo htxlydohqfh ehwzhhq vhtxhqfhv ri phwkrgv1 Wkh| xvh dojheudlf

vshfl�fdwlrqv/ h{suhvvhg lq odqjxdjh fdoohg OREDV/ wr gh�qh vxfk vhtxhqfhv wkdw/ zkhq dssolhg wr

remhfwv ri wkh vdph fodvv/ uhvxow lq wkh vdph �qdo vwdwh1 Wkh edvlv ri wkhlu dssurdfk lv jlyhq wzr

remhfwv r� dqg r� ri wkh vdph fodvv F/ dqg wzr htxlydohqw vhtxhqfhv ri phwkrgv/ v� dqg v5/ gh�qhg

lq F/ wkh h�hfw ri h{hfxwlqj v� rq r� dqg v2 rq r5 vkrxog ohdyh r� dqg r2 lq wkh vdph vwdwhv1 Li vr/

wkh F lv ghhphg wr eh fruuhfw zlwk uhvshfw wr v� dqg v21 Wkh vhtxhqfhv v� dqg v2 duh htxlydohqw

ehfdxvh wkh uhvxowlqj vwdwh ri wkhlu h{hfxwlrqv duh wkh vdph1 Wkxv/ v� dqg v2 duh revhuydwlrqdo|

htxlydohqw vhtxhqfhv ri phwkrgv1
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Phwkrg vhtxhqfhv duh ghulyhg iurp OREDV vshfl�fdwlrqv ri devwudfw gdwd w|shv1 Wr ghulyh

wkhvh vhtxhqfhv/ Grrqj dqg Iudqno*v dssurdfk sodfhv wkh iroorzlqj uhvwulfwlrqv rq wkh phwkrgv ri

d fodvv ^4;`=

41 Phwkrgv pxvw kdyh qr vlgh0h�hfwv rq wkhlu sdudphwhuv1

51 Phwkrgv zkrvh sxusrvh lv wr uhwxuq vwdwh lqirupdwlrq pxvw eh vlgh0h�hfw iuhh1

61 Revhuyhuv fdq rqo| dsshdu dv wkh odvw phwkrg lq d vhtxhqfh1

71 Vhtxhqfhv sdvvhg dv sdudphwhuv wr phwkrgv pxvw qrw frqwdlq dq| revhuyhu phwkrgv1

Wkh deryh uhvwulfwlrqv duh uhtxluhg wr pdnh wkh whvw fdvh jhqhudwlrq surfhvv wudfwdeoh1 Xqiruwx0

qdwho|/ wkhvh uhvwulfwlrqv dovr olplw wkh dssolfdelolw| ri wkh dssurdfk1 Grrqj dqg Iudqno*v fulwhulrq

iru fruuhfwqhvv lv wkdw dq lpsohphqwdwlrq fodvv F ri dq devwudfw gdwd w|sh W lv fruuhfw li lw kdv

wkh vdph vhw ri vljqdwxuhv dv W / dqg doo vwdwhv ri W wkdw fdq eh uhdfkhg e| dq| sdlu ri phwkrgv

vhtxhqfhv kdyh d fruuhvsrqglqj vwdwh lq F wkdw fdq eh uhdfkhg e| wkh vdph sdlu1 D fodvv lv ghhphg

wr eh fruuhfw li doo whvw fdvhv sdvv1

Dqrwkhu dssurdfk edvhg rq phwkrg vhtxhqfhv lv wkdw ri Fkhq/ Wvh/ Fkdq/ dqg Fkhq ^48`1 Lq

wkhlu dssurdfk/ d fodvv vshfl�fdwlrq frqvlvwv ri d vhw ri htxdwlrqdo dojheudlf d{lrpv1 Hdfk d{lrp/

frqvlvwlqj ri rqh ru pruh whupv/ vwdwhv d uxoh wkdw vshfl�hv d shuplvvleoh rughulqj ri phvvdjh

vhtxhqfhv1 D whup lv vlpso| d vhulhv ri rshudwlrqv frqvlvwlqj ri yduldeohv dqg frqvwdqwv1 Whupv wkdw

kdyh qr yduldeohv duh uhihuuhg wr dv jurxqg whupv1 D whup lv vdlg wr eh lq qrupdo irup li lw fdqqrw

eh wudqviruphg dq| ixuwkhu e| dssolfdwlrq ri dq| ri wkh d{lrpv frqwdlqhg lq wkh vshfl�fdwlrq1 Wzr

whupv duh htxlydohqw li wkh| fdq eh wudqviruphg lqwr wkh vdph qrupdo irup1

D whvw fdvh frqvlvwv ri wzr jurxqg whupv x� dqg x2 dqg wkhlu fruuhvsrqglqj lpsohphqwdwlrq

ri phwkrg vhtxhqfhv v� dqg v2 ^48`1 Dq huuru lv vdlg wr rffxu li x� dqg x2 duh htxlydohqw exw

wkh dssolfdwlrq ri v� dqg v2 wr gl�huhqw lqvwdqfhv ri wkh fodvv xqghu whvw uhvxow lq revhuydwlrqdoo|

gl�huhqw remhfwv1 Wkh whvw fdvh ix�> x2j/ dqg rwkhuv olnh lw/ duh surgxfhg e| �uvw sduwlwlrqlqj wkh
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lqsxw grpdlq ri hdfk phwkrg lqwr vxegrpdlqv/ zkhuh hdfk vxegrpdlq fruuhvsrqgv wr d sduwlfxodu

sdwk lq wkh phwkrg1 Whvw srlqwv duh wkhq vhohfwhg iurp hdfk vxegrpdlq1 Whup uhzulwlqj lv dssolhg

wr wkh htxdwlrqdo d{lrpv xvlqj wkh whvw srlqwv wr surgxfh fruuhvsrqglqj phwkrg vhtxhqfhv1

D pdmru olplwdwlrq ri Fkhq/ Wvh/ Fkdq/ dqg Fkhq*v dssurdfk lv d odfn ri vxssruw iru lqkhulwdqfh

dqg sro|prusklvp1 Wkh dxwkruv vwdwh wkdw wklv lv qrw fryhuhg e| wkhlu dssurdfk1 Xqiruwxqdwho|/

wkh| gr qrw r�hu dq| lqvljkwv uhjduglqj krz wkh odfn ri vxssruw iru wkhvh remhfw0rulhqwhg ihdwxuhv

fdq eh ryhufrph1

PfJuhjru suhvhqwv dqrwkhu dssurdfk wr whvwlqj fodvvhv dffruglqj wr wkhlu ixqfwlrqdo ehkdylru/

dqg frpelqhv wkh wzr shuvshfwlyhv ri vwdwh0edvhg dqg phwkrg vhtxhqfh0edvhg whvwlqj ^74`1 Olnh wkh

dssurdfkhv ri Grrqj dqg Iudqno/ klv dssurdfk whvwv d fodvv e| vxemhfwlqj lw wr d vhtxhqfh ri phwkrg

lqyrfdwlrqv1 Krzhyhu/ xqolnh wkhvh rwkhu wzr dssurdfkhv/ PfJuhjru*v dssurdfk grhv dffrxqw iru

d vwulfw irup ri lqkhulwdqfh zkhuh lqvwdqfhv ri vxefodvv pxvw eh vxevwlwxwdeoh iru lqvwdqfh ri wkhlu

vxshufodvvhv ^6<`^6;`1 Wklv ylhz uhvwulfwv wkh w|shv ri fkdqjhv2h{whqvlrqv wkdw d ghulyhg fodvv fdq

pdnh zlwk uhvshfw wr lwv sduhqwv1 Lq wxuq/ wklv kdv wkh h�hfw ri sodflqj frqvwudlqwv rq wkh whvw fdvhv

iru wkh ixqfwlrqdo ehkdylru ri qhz +ghulyhg, fodvvhv1 Vshfl�fdoo|/ doo ri wkh whvw fdvhv gh�qhg iru

wkh sduhqw vkrxog frqwlqxh wr ixqfwlrq fruuhfwo| iru wkh fklog1 Ixuwkhu/ dgglwlrqdo whvw fdvhv pxvw

eh dgghg wr dffrxqw iru dq| qhz vxevwdwhv lqwurgxfhg e| wkh ghulyhg fodvv1

PfJuhjru*v uhvwulfwlrq wkdw wkh lqkhulwdqfh uhodwlrq eh vwulfw shuplwv wkuhh lpsolfdwlrqv wr eh

lqihuuhg ^73`^76`1 Iluvw/ doo vwdwhv suhvhqw lq wkh sduhqw pxvw dovr eh suhvhqw lq wkh fklog1 Wkh

fklog fodvv fdqqrw uhpryh d vwdwh1 Wklv lv ixqgdphqwdo wr suhvhuylqj wkh revhuydeoh ehkdylru ri wkh

sduhqw1 Vhfrqg/ dq| qhz vwdwh wkdw lv lqwurgxfhg e| wkh fklog lv frqwdlqhg dv d vxevwdwh ri rqh ri

wkh vwdwhv lqkhulwhg iurp wkh sduhqw1 Wklv lqfoxghv wkh fdvh zkhuh dgglwlrqdo dwwulexwhv duh dgghg1

Lq wklv vlwxdwlrq/ wkh uhvxowlqj vxevwdwhv duh frqvlghuhg wr eh frqfxuuhqw zlwk wkh rwkhu vxevwdwhv

ri wkh lqkhulwhg vwdwh1 Wkh wklug lpsolfdwlrq lv wkdw wkh fklog fodvv pd| qrw ghohwh dq| lqkhulwhg

wudqvlwlrq1 Wklv wrr lv ixqgdphqwdo wr wkh suhvhuydwlrq ri wkh sduhqw*v revhuydeoh ehkdylru1

Lq dqrwkhu zrun/ PfJuhjru surylghv jxlgholqhv iru wkh jhqhudwlrq ri ixqfwlrqdo whvw fdvhv edvhg

5;



rq d fodvv* vwdwh pdfklqh ^73`1 Lq klv dssurdfk/ hyhu| phwkrg wkdw fdq fkdqjh wkh vwdwh lv frqvlghuhg

wr eh d wudqvlwlrq iurp doo vwdwhv1 Wkrvh vlwxdwlrqv zkhuh vxfk d wudqvlwlrq lv loohjdo uhvxow lq wkh

jhqhudwlrq ri dq h{fhswlrq1 Wkh iroorzlqj rxwolqh vxppdul}hv wkh surfhvv ri whvw fdvh frqvwuxfwlrq=

41 Frqvwuxfw d whvw fdvh iru hyhu| phwkrg wkdw uhvxowv lq d vwdwh fkdqjh1

51 Frqvwuxfw d whvw fdvh iru hyhu| lqlwldo vwdwh1

61 Frqvwuxfw d whvw fdvh iru hyhu| wudqvlwlrq lq wkh vwdwh uhsuhvhqwdwlrq1

71 Frqvwuxfw d whvw fdvh iru hyhu| �frqyhqlhqfh� phwkrg lq wkh fodvv19

81 Frqvwuxfw whvw fdvhv iru hyhu| ghvwuxfwru1

PfJuhjru fodlpv wkdw whvwv jhqhudwhg xvlqj wkh deryh rxwolqh vxevxphv wkh �doo phwkrgv� dqg

�doo vwdwhv� whvw dghtxdf| fulwhuld/ wkrxjk kh r�huv qr surri ri wklv qru d gh�qlwlrq ri wklv fulwhuld

^73`1

PfJuhjru dovr suhvhqwv dq dojrulwkp iru frqvwuxfwlqj ixqfwlrqdo whvw fdvhv wkdw frqvlvw ri d

vhtxhqfh ri phvvdjhv wkdw fryhu d jlyhq fodvv vshfl�fdwlrq ^74`^76`1 Wkh dojrulwkp surgxfhv d vhw

ri whvw fdvhv wkh vdwlvi| wkh iroorzlqj uhtxluhphqwv=

41 Whvw fdvhv duh frqvwuxfwhg iru doo dffhvvru phwkrgv1

51 Whvw fdvhv duh frqvwuxfwhg wkdw surgxfh doo ri wkh srvw0frqglwlrqv iru hdfk phwkrg1 Wklv

lqfoxghv doo srvvleoh rxwfrphv= qrupdo frqglwlrqv/ h{fhswlrqv/ hwf1

61 Hdfk whvw fdvh lqfoxghv d fkhfn wr hqvxuh wkdw wkh fodvv lqyduldqw krogv1

71 Hdfk whvw fdvh ehjlqv zlwk d ydolg lqlwldo vwdwh iru wkh fodvv1

81 Whvw fdvhv duh jhqhudwhg wkdw whvw hyhu| wudqvlwlrq lq wkh vwdwh prgho iru d fodvv1

Hdfk vwdwh0edvhg whvw fdvh lv d wulsoh frqvlvwlqj ri wkh lqlwldo vwdwh ri wkh fodvv xqghu whvw/ wkh

vhtxhqfh ri phvvdjhv wkdw duh wr eh vhqw wr wkh fodvv +lqfoxglqj zkdwhyhu phvvdjhv duh qhfhvvdu|

wr sodfh wkh fodvv lq wkh uhtxluh vwdwh iru wkh whvw,/ dqg wkh h{shfwhg rxwfrph ri wkh whvw1 Wkh

9PfJuhjru grhv qrw surylgh d gh�qlwlrq iru d frqyhqlhqfh phwkrg1
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dojrulwkp wkdw PfJuhjru ghvfulehv vdwlv�hv wkh doo wudqvlwlrqv dghtxdf| fulwhulrq ^75`1 PfJuhjru

srlqwv rxw wkdw wkh dojrulwkp fdq eh hdvlo| prgl�hg wr surylgh dq q0zd| vzlwfk +l1h1 doo srvvleoh

frpelqdwlrqv ri vwdwhv dqg wudqvlwlrqv,^74` ^76`1

(�- !��������
� ������� 
� ��������������� 	�
���
�

Zkloh xqlw ohyho whvwlqj dqg fodvv whvwlqj duh lpsruwdqw dssurdfkhv iru whvwlqj remhfw0rulhqwhg

surjudpv/ d shukdsv pruh lpsruwdqw irup lv wkdw ri lqwhjudwlrq whvwlqj1 Dv glvfxvvhg lq Vhfwlrqv

414 dqg 5/ remhfw0rulhqwhg surjudpv frqvlvw ri d qxpehu ri vhsdudwh xqlwv +fodvvhv, wkdw duh exlow lq

lvrodwlrq dqg wkhq frpsrvhg xvlqj lqkhulwdqfh dqg djjuhjdwlrq uhodwlrqvklsv wr irup kljkhu ohyho

xqlwv1 Xqiruwxqdwho|/ wkh whfkqltxhv iru fodvv whvwlqj ghvfulehg lq wkh suhylrxv vhfwlrq duh qrw

vx!flhqw wr whvw wkhvh uhodwlrqvklsv1 Vxusulvlqjo|/ yhu| olwwoh uhvhdufk kdv ehhq wr gdwh wkdw irfxvhv

rq wklv duhd1 Lq klv glvvhuwdwlrq/ Ryhuehfn suhvhqwv dq dssurdfk wkdw lv edvhg rq whvwlqj frqwudfwv

dprqj folhqw dqg vhuyhu fodvvhv ^85`1 D frqwudfw lv d frqvwudlqw frqwdlqhg lq wkh vshfl�fdwlrq ri d

fodvv dqg vshfl�hv wkh suhfrqglwlrqv dqg srvwfrqglwlrqv ri hdfk sxeolf phwkrg wkdw wkh fodvv gh�qhv1

Ixuwkhu/ d frqwudfw lpsrvhv fhuwdlq uhodwlrqvklsv dprqj fodvvhv wkdw duh uhodwhg e| lqkhulwdqfh1

Lq sduwlfxodu/ suhfrqglwlrqv fdq rqo| eh zhdnhqhg dqg srvwfrqglwlrqv vwuhqjwkhqhg lq ryhuulglqj

phwkrgv ^78`1 Wkh edvlf lghd lv wr whvw wkh lqwhudfwlrqv dprqj fodvvhv wr hqvxuh wkdw wkh folhqw

lv xvlqj wkh vhuyhu fruuhfwo|/ dqg wkdw wkh uhvxowv uhwxuqhg iurp wkh vhuyhu duh xqghuvwrrg e| wkh

folhqw1 Wklv lv grqh e| lpsrvlqj d vshfldo whvw �owhu wkdw vlwv ehwzhhq wkh folhqw dqg wkh vhuyhu dqg

wkdw fdwfkhv phwkrg lqyrfdwlrqv rq wkh vhuyhu1 Wkh �owhu fkhfnv wr ghwhuplqh li wkh phwkrgv duh

ri wkh uljkw w|sh dqg ydoxh/ wkh phwkrg lv fdoohg lq wkh surshu vhtxhqfh/ dqg li wkh suhfrqglwlrq ri

wkh fdoohg phwkrg lv wuxh1 Li wkhvh fkhfnv sdvv/ wkh fdoo lv sdvvhg rq wr wkh vhuyhu iru surfhvvlqj1

Rwkhuzlvh/ dq huuru lv uhsruwhg dqg dq h{fhswlrq wkurzq1

Wkh folhqw*v delolw| wr xqghuvwdqg wkh uhvxowv uhwxuqhg iurp wkh vhuyhu lv whvwhg e| ydu|lqj

wkh frqglwlrqv ri hdfk whvw wr dfklhyh dv pxfk glyhuvlw| lq wkh uhvxowv uhwxuqhg iurp wkh vhuyhu

dv srvvleoh1 Frqyhqwlrqdo xqlw whvwlqj whfkqltxhv duh xvhg wr dvvhvv wkh fruuhfwqhvv ri wkh uhvxowv1
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Ryhuehfn dovr dssolhv klv dssurdfk wr lqkhulwdqfh lq d vlplodu pdqqhu/ exw lqfoxghv whvwv wkdw

hqvxuh wkdw wkh fruuhfw suhfrqglwlrq dqg srvwfrqglwlrq uhodwlrqvklsv dprqj fodvvhv lq dq lqkhulwdqfh

klhudufk| duh suhvhuyhg ^85`1

Mrujhqvhq dqg Hulfnvrq ghvfuleh dq dssurdfk wr lqwhjudwlrq whvwlqj wkdw lv vlplodu lq pdq|

uhvshfwv wr eodfn0er{ whvwlqj whfkqltxhv ^67`1 Lq wkhlu dssurdfk/ wkh| gh�qh sdwkv wkurxjk d froohf0

wlrq ri fodvvhv wkdw irup d v|vwhp1 Hdfk ri wkhvh sdwkv lv dvvrfldwhg zlwk d sduwlfxodu lqsxw hyhqw

dqg wudyhuvhv wkrvh fodvvhv wkdw sduwlflsdwh lq wkh v|vwhp uhvsrqvh1 Wkh sdwk lqfoxghv doo fodvvhv

wkdw duh wudyhuvhg wkurxjk phwkrg fdoov/ dqg hqgv zkhq wkh v|vwhp rxwsxw kdv ehhq revhuyhg1

Idloxuhv duh ghwhfwhg zkhqhyhu wkh v|vwhp rxwsxw grhv qrw djuhh zlwk zkdw lv h{shfwhg1 Idxowv duh

lghqwl�hg e| wudflqj edfn dorqj wkh sdwk wr hdfk ri wkh sduwlflsdqwv1

Elqghu*v IUHH dssurdfk +ghvfulehg lq wkh suhfhglqj vhfwlrq, lqfoxghv surylvlrqv iru whvwlqj

odujh foxvwhuv ri fodvvhv e| v|qwkhvl}lqj d v|vwhp ohyho vwdwh pdfklqh +prgh pdfklqh lq Elqghu*v

whuplqrorj|, ^;`1 Wkh erxqgdu| ri wkh v|vwhp xqghu whvw lv hvwdeolvkhg/ zlwk folhqwv fdoolqj lqwr wkh

v|vwhp/ dqg wkh v|vwhp pdnlqj fdoov lqwr wkh hqylurqphqw +rshudwlqj v|vwhp,1 Vwdwhv duh xvhg wr

lghqwli| vwlpxoxv0uhvsrqvh sdluv1 Wkhvh lqwhudfwlrqv duh xvhg wr gh�qh wkh vfrsh ri wkh whvwlqj h�ruw1

Vlplodu wr Mrujhqvhq dqg Hulfnvrq*v dssurdfk/ Elqghu*v IUHH dssurdfk lghqwl�hv wkh lqsxwv wr wkh

v|vwhp/ lghqwl�hv wkh fodvvhv wkdw duh wkh uhflslhqwv ri wkhvh lqsxwv/ dqg wkhq wudfhv wkh h{hfxwlrq

wkurxjk wkh v|vwhp1
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R�xww dqg Luylqh uhsruw rq dq h{shulphqw frqgxfwhg wr ghwhuplqh li wkh Fdwhjru|0Sduwlwlrq ^84`^6`

whvwlqj whfkqltxh lv h�hfwlyh zkhq dssolhg wr remhfw0rulhqwhg vriwzduh ^83`1 Lq wkhlu h{shulphqw/ wkh|

vhhghg 56 w|shv ri idxowv lqwr wzr F.. surjudpv1 Wkhvh idxowv zhuh edvhg rq frpprq surjudpplqj

plvwdnhv uhsruwhg e| Ph|hu ^7:` dqg surihvvlrqdo h{shulhqfh ri rqh ri wkh dxwkruv1 Wkhlu uhvxowv

vkrzhg wkdw wkh Fdwhjru|0Sduwlwlrq whfkqltxh lv h�hfwlyh dw ghwhfwlqj idxowv wkdw lqyroyh lpsolflw

ixqfwlrqv/ lqkhulwdqfh/ lqlwldol}dwlrq dqg hqfdsvxodwlrq/ exw qrw dw ghwhfwlqj phpru| uhodwhg idxowv1
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Kduurog dqg Urwkhupho ghvfuleh dq dssurdfk wkdw dssolhv gdwd0 rz dqdo|vlv wr fodvvhv ^5:`1 Lq

wkdw dssurdfk/ wkh| hpskdvl}h wkuhh ohyhov ri whvwlqj= +4, lqwud0phwkrg whvwlqj> +5, lqwhu0phwkrg

whvwlqj> +6, lqwud0fodvv whvwlqj1 Lqwud0phwkrg whvwlqj dssolhv wudglwlrqdo gdwd  rz whfkqltxhv wr

gdwd  rz gh�qlwlrqv dqg xvhv wkdw rffxu zlwklq vlqjoh phwkrgv1 Lqwhu0phwkrg whvwlqj whvwv phwkrg

zlwklq d fodvv wkdw lqwhudfw wkurxjk surfhgxuh fdoov1 Ilqdoo|/ lqwud0fodvv whvwlqj whvwv vhtxhqfhv ri

sxeolf phwkrg fodvv djdlqvw d jlyhq fodvv lqvwdqfh1 Wr shuirup wkhvh dqdo|vhv/ Kduurog dqg Urwkhu0

pho uhsuhvhqw d fodvv dv d Fodvv Frqwuro Iorz Judsk +FFIJ, judsk frqvlvwlqj ri d vlqjoh hqwu|

dqg h{lw1 Wkh FFIJ lv wkh frpsrvlwh ri wkh frqwuro  rz judskv ri wkh fodvv* phwkrgv frqqhfwhg

wrjhwkhu wkurxjk wkhlu fdoo vlwhv1 Wkh| dsso| wkh gdwd  rz dqdo|vlv dojrulwkpv ri Sdqgh/ Odqgl dqg

U|ghu ^86` wr wkh FFIJ wr frpsxwh gh�qlwlrq0xvh sdluv iru hdfk ri wkh wkuhh w|shv ri dqdo|vhv1 Lq0

whuhvwlqjo| hqrxjk/ Kduurog dqg Urwkhupho gr qrw ghvfuleh krz wkh| dsso| wklv lqirupdwlrq lq wkh

whvwlqj surfhgxuh1 Dovr/ wkh| rqo| eulh | glvfxvv wkh dssolfdwlrq ri wkhlu dssurdfk wr lqkhulwdqfh

uhodwlrqvklsv/ exw xqiruwxqdwho|/ wkh| gr qrw surylgh dq| ghwdlov1

(�/ �
�������&���� �������

Mlq dqg R�xww suhvhqw dq dssurdfk wr lqwhjudwlrq whvwlqj wkdw lv edvhg xsrq frxsolqj uhodwlrqvklsv

wkdw h{lvw dprqj yduldeohv dfurvv fdoo vlwhv lq surfhgxuhv ^66`:1 Lq wkhlu zrun wkh| gh�qh wkuhh

w|shv ri frxsolqj uhodwlrqvklsv wkdw pxvw eh whvwhg= sdudphwhu frxsolqj/ vkduhg gdwd frxsolqj/ dqg

h{whuqdo ghylfh frxsolqj1 Sdudphwhu frxsolqjv rffxu zkhqhyhu rqh surfhgxuh sdvvhv sdudphwhuv

wr dqrwkhu1 Vlploduo|/ vkduhg gdwd frxsolqjv rffxu zkhq rqh surfhgxuh uhihuhqfhv joredo yduldeohv

wkdw duh uhihuhqfhg e| dqrwkhu1 Ilqdoo|/ h{whuqdo ghylfh frxsolqjv rffxu zkhq d surfhgxuh dffhvvhv

wkh vdph h{whuqdo vwrudjh phglxp wkdw dqrwkhu grhv1 Wkhvh frqfhswv duh fuxlfdo wr/ dqg irup wkh

edvlv ri/ wkh uhvhdufk wkdw zloo fduuhg rxw lq wklv glvvhuwdwlrq1

Mlq dqg R�xww*v dssurdfk uhtxluhv wkdw surjudpv xqghu whvw h{hfxwh iurp hdfk gh�qlwlrq ri d

yduldeoh lq d fdoohu wr d fdoo vlwh/ dqg wkhq wr wkh xvhv ri wkh fruuhvsrqglqj irupdo dujxphqwv lq wkh

:D fdoo vlwh lv d orfdwlrq lq d surfhgxuh zkhuh dqrwkhu surfhgxuh lv lqyrnhg1

65



fdoohg surfhgxuh1 Wkh xqghuo|lqj lghd lv wkdw wr kdyh d kljk ghjuhh ri frq�ghqfh lq wkh uhvxowlqj

vriwzduh/ doo ri wkh gh�qlwlrqv ri yduldeohv lq rqh surfhgxuh pxvw eh fruuhfwo| xvhg lq wkh fdoohg

surfhgxuhv1

61914 Frxsolqj0Edvhg Whvwlqj Gh�qlwlrqv

D qxpehu ri gh�qlwlrqv duh qhfhvvdu| wr glvfxvv wkh frqfhswv ri Frxsolqj0Edvhg Whvwlqj1 Wkh

gh�qlwlrqv ehorz duh iurp Mlq dqg R�xww*v ruljlqdo frxsolqj gh�qlwlrqv ^66`1 Lq wkh iroorzlqj/ iru

surjudp S/ Y� lv wkh vhw ri yduldeohv wkdw duh uhihuhqfhg e| S/ dqg Q� lv wkh vhw ri qrghv lq S1 S�

dqg S2 duh vshfl�f surjudp xqlwv/ dqg { dqg | duh surjudp yduldeohv1

� ghibfohdubsdwk+S>{> l> m, = Errohdq = Hydoxdwhv wr wuxh li wkhuh lv d gh�qlwlrq0fohdu sdwk

iurp l wr m zlwk uhvshfw wr {/ zkhuh { 5 Y� / dqg l> m 5 Q� 1

� fdoobvlwh D qrgh l 5 Q�� vxfk wkdw wkhuh lv d fdoo dw l iurp S� wr S21

� Fdoo+p
�
>p2>fdoobvlwh>{$ |, = Errohdq Hydoxdwhv wr wuxh li S� fdoov S2 dw fdoobvlwh dqg

dfwxdo sdudphwhu { lv pdsshg wr irupdo sdudphwhu |1

� Uhwxuq+y, = Wkh qrghv wkdw uhwxuq ydoxhv ri y wr wkh fdoolqj xqlw1

� Vwduw+S, = Wkh �uvw qrgh lq S / Vwduw+S , 5 Q� 1

� Ghi+S>{, = Wkh vhw ri qrghv lq xqlw S wkdw frqwdlq d gh�qlwlrq ri {1

� Xvh+S>{, = Wkh vhw ri qrghv lq xqlw S wkdw frqwdlq d xvh ri {1

� Frxsolqj0ghi = D qrgh l 5 Q�� wkdw frqwdlqv d gh�qlwlrq wkdw fdq uhdfk d xvh lq S2 rq vrph

h{hfxwlrq sdwk1 Wkh iroorzlqj olvw irupdoo| gh�qhv wkh wkuhh w|shv ri frxsolqj gh�qlwlrqv wkdw

rffxu=

41 Odvw0ghi0ehiruh0fdoo= ogef0ghi+S�> fdoobvlwhb{, @

il 5 Q�� � { 5 ghiv+l, a ghibfohdubsdwk+{> l> fdoobvlwh,j
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51 Odvw0ghi0ehiruh0uhwxuq=; ogeu0ghi +S2> |, @

im 5 Q�2 � | 5 ghiv+m, a ghibfohdubsdwk+|> m>Uhwxuq+|,j

61 Vkduhg0gdwd0ghi = vkduhg0ghi +S2> j, @ il 5 Q�2 � l 5 ghi+S�> j, a qrqorfdo+S�> j,j

� Frxsolqj0xvh= D qrgh l 5 Q6 wkdw frqwdlqv d xvh wkdw fdq eh uhdfkhg e| d gh�qlwlrq lq

dqrwkhu xqlw rq dw ohdvw rqh h{hfxwlrq sdwk1

41 Iluvw0xvh0diwhu0fdoo= Iru fdoo0e|0uhihuhqfh sdudphwhuv/ wkh vhw ri qrghv diwhu fdoobvlwh

wkdw kdyh d xvh ri d irupdo sdudphwhu { vxfk wkdw wkhuh lv d ghi0fohdu sdwk iurp fdoobvlwh

wr wkdw qrgh zlwk uhvshfw wr {1 Irupdoo|= idf0xvh+S�> fdoobvlwh> {, @ il 5 Q�� � { 5

xvhv+l, a ghibsdwk+S�> fdoobvlwh> {, @ Bj1

51 Iluvw0xvh0lq0fdoohh= Wkh vhw ri qrghv lq wkh fdoohh wkdw frqwdlq d xvh ri d irupdo

sdudphwhu vxfk wkdw wkhuh lv d ghi0fohdu sdwk iurp wkh vwduw qrgh ri wkh xqlw wr wkh qrgh

frqwdlqlqj wkh xvh1 Irupdoo|= �f0xvh+S2> |, @ im 5 Q�2 m fbxvh+S2> |> m,b

lbxvh+S2> |> l> m, b sbxvh+S2> |> l> m,, a xvhbsdwk+S2> vwduw+S2,> m> |, @ Bj

61 Vkduhg0gdwd0xvh= Wkh vhw ri qrghv lq d xqlw wkdw kdyh d xvh ri d joredo yduldeoh1

Irupdoo|= vkduhgbxvh+Se> j, @ il 5 Q�e m l 5 xvh+Se> j, a qrqorfdo+Se> j,j1

61915 Frxsolqj0Edvhg Whvwlqj Sdwkv

Mlq dqg R�xww gh�qh d frxsolqj sdwk ehwzhhq wzr surjudp xqlwv wr eh d sdwk wkdw ehjlqv zlwk

d gh�qlwlrq ri d yduldeoh lq wkh fdoolqj xqlw wkdw h{whqgv wr d fruuhvsrqglqj xvh lq wkh fdoohg xqlw

^66`1 Wkh| gh�qh wkh iroorzlqj wkuhh w|shv ri frxsolqj sdwkv=

41 Sdudphwhu Frxsolqj Sdwk= Wkh rughuhg sdlu +l> m, frqvlvwlqj ri wkh qrgh l wkdw frqwdlqv

wkh odvw gh�qlwlrq ri d yduldeoh { sulru wr d fdoo vlwh m/ dqg wr hyhu| �uvw xvh lq wkh fdoohg xqlw1

Irupdoo|/=

;Mlq dqg R�xww uhvwulfw wklv gh�qlwlrq wr sdudphwhuv wkdw duh sdvvhg e| uhihuhqfh/ zkhuh | lv d irupdo dujxphqw

wr �21
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� sdudphwhu0frxsolqj+S�> S2> fdoobvlwh> {> |, @

i+l> m,> l 5 Q�� > m 5 Q�2 m l 5 ogefbghi+S�> fdoobvlwh> {, a m 5 ilfbxvh+S2> |,j

Li { lv sdvvhg e| uhihuhqfh/ wkhq d sdudphwhu frxsolqj sdwk dovr h{lvwv iurp hdfk odvw

gh�qlwlrq ri wkh fruuhvsrqglqj irupdo sdudphwhu sulru wr d uhwxuq1 Wklv lv gh�qhg dv=

� sdudphwhu0frxsolqj+S�> S2> fdoobvlwh> {> |, @

i+l> m,> l 5 Q�� > m 5 Q�2 m l 5 ogeubghi+S2> |, a m 5 idfbxvh+S�> fdoobvlwh> {,j

Qrwh wkdw lq erwk ri wkhvh gh�qlwlrqv/ wkhuh pxvw eh gh�qlwlrq0fohdu sdwkv iurp wkh

gh�qlwlrq wr wkh fruuhvsrqglqj xvh dfurvv xqlw erxqgdulhv1

51 Vkduhg Gdwd Frxsolqj Sdwk= D vkduhg gdwd frxsolqj sdwk h{lvwv iru hdfk joredo yduldeoh

j wkdw lv gh�qhg lq S� dqg xvhg lq S21 Wkh sdwk h{whqglqj iurp wkh gh�qlwlrq wr wkh xvh

pxvw eh gh�qlwlrq0fohdu zlwk uhvshfw wr j1 Irupdoo|=

� Vkduhg0gdwd0frxsolqj+S�> S2> j, @

i+l> m,> l 5 Q�� > m 5 Q�2 m l 5 ghi+S�> j, a m 5 xvh+S2> j,j

61 H{whuqdo Ghylfh Frxsolqj Sdwk= Hdfk sdlu ri uhihuhqfhv +l/m, wr d frpprq ghylfh dorqj

dq h{hfxwlrq sdwk lv dq h{whuqdo ghylfh frxsolqj1

61916 Frxsolqj0Edvhg Whvwlqj Fulwhuld

Mlq dqg R�xww xvh wkhlu frxsolqj0edvhg whvwlqj irupdolvpv wr h{whqg wudglwlrqdo gdwd  rz whvwlqj

fulwhuld e| gh�qlqj irxu frxsolqj whvw fulwhuld ^66`1 Wkhvh fulwhuld/ wkh| fodlp/ surylgh dq lqfuhdvlqj

dprxqw ri fryhudjh/ exw dw dq dgglwlrqdo frvw lq whupv ri h�ruw1 Lq wkh iroorzlqj gh�qlwlrqv/ S�

dqg S2 duh surjudp xqlwv lq d v|vwhp=

� Fdoo frxsolqj= Wkh vhw ri sdwkv h{hfxwhg e| d whvw vhw pxvw fryhu doo fdoo vlwhv lq wkh v|vwhp1

� Doo0frxsolqj0ghiv= Iru hdfk frxsolqj0ghi ri d yduldeoh lq S�/ wkh vhw ri sdwkv h{hfxwhg e| d

whvw vhw pxvw fryhu dw ohdvw rqh frxsolqj sdwk wr dw ohdvw rqh uhdfkdeoh frxsolqj0xvh1
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� Doo0frxsolqj0xvhv= Iru hdfk frxsolqj0ghi ri d yduldeoh lq S�/ wkh vhw ri sdwkv h{hfxwhg e| d

whvw vhw pxvw fryhu dw ohdvw rqh frxsolqj sdwk wr hdfk uhdfkdeoh frxsolqj0xvh1

� Doo0frxsolqj0sdwkv= Iru hdfk frxsolqj0ghi ri d yduldeoh lq S�/ wkh vhw ri whvwv h{hfxwhg pxvw

fryhu doo frxsolqj sdwkv vhwv iurp wkh frxsolqj0ghi wr doo uhdfkdeoh frxsolqj0xvhv1 D frxsolqj

sdwk vhw lv d vhw ri qrghv wkdw fdq dsshdu rq vxesdwkv wkurxjk d surjudp xqlw ehwzhhq d

frxsolqj0ghi dqg d frxsolqj0xvh1 Wklv dffrxqwv iru wkh fdvh zkhuh wkh surjudp xqlw kdv orrsv1

Uhtxlulqj wkdw doo frxsolqj sdwkv eh fryhuhg lv lpsudfwlfdo lq jhqhudo1 Krzhyhu/ fryhulqj doo

frxsolqj sdwk vhwv grhv hqvxuh wkdw hdfk orrs erg| lv h{hfxwhg dw ohdvw rqfh/ exw grhv qrw

uhtxluh doo srvvleoh h{hfxwlrqv1

D vxevxpswlrq uhodwlrqvkls h{lvwv ehwzhhq wzr whvw dghtxdf| fulwhuld D dqg E li dqg rqo|

li iru hyhu| srvvleoh surjudp/ dq| whvw vhw wkdw vdwlv�hv D dovr vdwlv�hv E ^B`1 Wkhvh fulwhuld

fdq eh duudqjhg lq d klhudufk| dffruglqj wr wkh vxevxpswlrq uhodwlrqvklsv1 Iljxuh 7 vkrzv wkh

vxevxpswlrq klhudufk| gh�qhg e| Mlq dqg R�xww iru wkh frxsolqj fulwhuld ^66`1 Dv vkrzq/ Fdoo0

frxsolqj lv vxevxphg e| Doo0frxsolqj0ghiv/ Doo0frxsolqj0ghiv lv vxevxphg e| Doo0frxsolqj0xvhv/ dqg

vr rq1

Call coupling

All-coupling-defs

All-coupling-uses

All-coupling-paths

Iljxuh 7= Frxsolqj Whvwlqj Vxevxpswlrq Klhudufk|
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Wkhvlv Vwdwhphqw= Frxsolqj edvhg whvwlqj whfkqltxhv fdq eh h{whqghg wr ghwhfw wkh idxowv wkdw

uhvxow iurp wkh sro|prusklf uhodwlrqvklsv dprqj frpsrqhqwv lq dq remhfw0rulhqwhg surjudp1

-� ����
���

Wkh dssurdfk xqghuwdnhq lq wklv uhvhdufk zloo lqyroyh h{whqvlrq ri wkh zrun grqh e| Mlq dqg R�xww

wr dffrprgdwh wkh remhfw0rulhqwhg ihdwxuhv ri lqkhulwdqfh dqg sro|prusklvp1 Ydolgdwlrq ri wkh

uhvxowlqj uhvhdufk zloo eh hvwdeolvkhg e| h{shulphqwdwlrq dqg hpslulfdo dqdo|vlv1 Wkh iroorzlqj olvw

vxppdul}hv wkh uhvhdufk dfwlylwlhv wkdw zloo fduulhg rxw lq vxssruw ri wklv dssurdfk=

41 H{whqg wkh frxsolqj sdwk gh�qlwlrqv ri Mlq dqg R�xww ^66` wr dffrpprgdwh wkh h�hfwv ri

wkh dgglwlrqdo uhodwlrqvklsv irxqg lq remhfw0rulhqwhg surjudpv1 Vshfl�fdoo|/ wklv lqfoxghv

dphqglqj wkh gh�qlwlrqv iru doo irupv ri frxsolqj0ghiv/ frxsolqj0xvhv/ dqg h{whuqdo uhihuhqfhv1

51 Gh�qh d vhw ri whfkqltxhv dqg irupdolvpv wkdw whvw wkh dgglwlrqdo w|shv ri frxsolqj uhodwlrq0

vklsv irxqg lq remhfw0rulhqwhg frpsrqhqwv1

61 Gh�qh d vhw ri whvw dghtxdf| fulwhuld edvhg rq wkh whfkqltxhv dqg irupdolvpv gh�qhg lq df0

wlylw| 5 deryh1

Wkh iroorzlqj vhfwlrqv ghvfuleh hdfk ri wkhvh dfwlylwlhv lq ghwdlo1

71414 H{whqvlrq ri Frxsolqj Sdwk Gh�qlwlrqv

Wklv vhfwlrq suhvhqwv wkh gh�qlwlrqv dqg frqfhswv qhfhvvdu| wr vxssruw wkh h{whqvlrq ri wkh frxsolqj

sdwk gh�qlwlrqv ri Mlq dqg R�xww ^66`1
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Gh�qlwlrqv iru RR0Hqkdqfhg Frxsolqj Sdwkv1 Lq wkh iroorzlqj gh�qlwlrqv/ r lv dq lghqwl�hu

zkrvh w|sh lv uhihuhqfh wr dq lqvwdqfh ri vrph ghfoduhg remhfw w|sh +l1h1 r*v ghfoduhg edvh w|sh �

d fodvv,1 D uhihuhqfh lv d srlqwhu wr vrph phpru| orfdwlrq wkdw frqwdlqv dq lqvwdqfh ri vrph w|sh

+l1h1 d ydoxh ri wkh w|sh,1 Wkh uhihuhqfh r lv uhvwulfwhg wr uhihuulqj rqo| wr lqvwdqfhv zkrvh dfwxdo

w|shv +l1h1 wkhlu lqvwdqwldwhg w|shv, lv wkh ghfoduhg edvh w|sh ri r/ ru rqh ri wkh ghvfhqgdqwv ri r*v

ghfoduhg w|sh1 Wkh lqvwdqfh uhihuhqfhg e| r lv lqglfdwhg e| ro1

W|sh Idplolhv1 Lq surfhgxudo odqjxdjhv vxfk dv F dqg Sdvfdo/ dqg remhfw0edvhg odqjxdjhv

vxfk dv Dgd ;6 dqg Prgxod05/ surjudpphuv fdq gh�qh qhz w|shv1 Vlploduo|/ vwurqjo| w|shg

remhfw0rulhqwhg odqjxdjhv vxfk dv Mdyd/ F../ dqg Dgd <8 surylgh vxfk phfkdqlvpv dv zhoo1 Krz0

hyhu/ xqolnh wkhlu surfhgxudo dqg remhfw0edvhg frxqwhusduwv/ xvhu gh�qhg w|shv lq remhfw0rulhqwhg

odqjxdjhv fdq eh jurxshg lqwr idplolhv ri w|shv1 Doo wkh phpehuv ri d jlyhq w|sh idplo| vkduh d

frpprq ehkdylru1 Ehfdxvh ri wklv/ dq lqvwdqfh ri dq| phpehu ri d jlyhq w|sh idplo| fdq eh iuhho|

vxevwlwxwhg iru dq lqvwdqfh ri dq| rwkhu phpehu1 Wkh phfkdqlvpv wkdw pdnh wklv srvvleoh duh

lqkhulwdqfh dqg sro|prusklvp1 Lqkhulwdqfh doorzv w|sh idplolhv wr eh gh�qhg/ dqg sro|prusklvp

doorzv lqvwdqfhv lq d idplo| wr eh iuhho| vxevwlwxwhg iru lqvwdqfhv ri wkh edvh iru wkh idplo|1 Hyhu|

w|sh gh�qlwlrq +l1h1 d fodvv gh�qlwlrq, gh�qhv d w|sh idplo|1 Phpehuv ri wkh idplo| lqfoxgh wkh

edvh w|sh wkdw gh�qhv wkh idplo|/ dqg doo w|shv wkdw duh ghvfhqgdqwv ri wkh edvh w|sh1 Iljxuh 8

looxvwudwhv wklv zlwk irxu w|sh idplolhv/ hdfk gh�qhg e| rqh ri wkh fodvvhv lq wkh klhudufk|1 Wdeoh 4

vxppdul}hv hdfk ri wkhvh idplolhv1

Lqvwdqfh Frqwh{wv1 Lq surfhgxuh0rulhqwhg odqjxdjhv/ doo surfhgxuhv dqg ixqfwlrqv duh qrw

dvvrfldwhg zlwk dq| w|sh ru gdwd remhfw1 Wklv lv lq frqwudvw wr remhfw0rulhqwhg dqg remhfw0edvhg

odqjxdjhv zkhuh pdq| ru doo phwkrgv duh dvvrfldwhg zlwk d sduwlfxodu w|sh gh�qlwlrq1 Lq wklv

vlwxdwlrq/ wkhvh phwkrgv kdyh vshfldo dffhvv sulylohjhv wr wkh xqghuo|lqj vwdwh uhsuhvhqwdwlrq ri

wkh w|sh1 Iru h{dpsoh/ wkh vwdwh uhsuhvhqwdwlrq ri d vwdfn pljkw eh gh�qhg xvlqj d olqnhg olvw/

dqg wkh phwkrgv gh�qhg lq wkh vwdfn zrxog gluhfwo| pdqlsxodwh wkh olqnhg olvw lq surylglqj wkh
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Edvh w|sh Phpehuv

Z iZ>[> \>]j

[ i[>\ j

\ i\ j

] i]j

Wdeoh 4= Vdpsoh w|sh idplolhv

fruuhvsrqglqj vhpdqwlfv ri wkh w|sh1

Phwkrg fdoov fdq rffxu lq wzr flufxpvwdqfhv= +4, zlwk uhvshfw wr vrph lqvwdqfh/ ru +5, zkhuh

wkhuh lv qr lqvwdqfh1 Wkh iruphu duh fdoohg lqvwdqfh phwkrgv dqg wkh odwhu fodvv phwkrgv1< Fdoov wr

fodvv phwkrgv duh v|qwdfwlfdoo| lghqwlfdo wr fdoov pdgh wr d surfhgxuh ru ixqfwlrq w|slfdoo| irxqg

lq surfhgxuh0rulhqwhg surjudpv1

Iru d fdoo wr dq lqvwdqfh phwkrg/ wkhuh duh wzr v|qwdfwlf srvvlelolwlhv1 Wkh �uvw rffxuv zkhq

wkh lqvwdqfh lv h{solflw/ dv lq r1p+,1 Khuh/ phwkrg p lv pdgh zlwk uhvshfw wr wkh w|sh +fodvv,

lqvwdqfh wkdw lv erxqg wr wkh uhihuhqfh r1 Lq wkh vhfrqg vlwxdwlrq/ wkh fdoo lv pdgh zlwk uhvshfw wr

dq lpsolflw lqvwdqfh/ dv lq s+,1 Wklv fdq rqo| rffxu zkhq s dsshduv lq wkh surjudp wh{w ri dqrwkhu

phwkrg wkdw zdv fdoohg wkurxjk dq h{solflw lqvwdqfh +h1j1 r1p+,,1 Ixuwkhupruh/ s pxvw eh dq

lqvwdqfh phwkrg dsshdulqj lq wkh vdph w|sh gh�qlwlrq wkdw frqwdlqv wkh phwkrg wkdw zdv fdoohg

wkurxjk wkh h{solflw lqvwdqfh +h1j1 wkh ghfoduhg w|sh ri r,1 Lq wklv fdvh/ wkh lpsolflw lqvwdqfh iru

s+, lv wkh vdph dv wkh h{solflw lqvwdqfh1 Lq remhfw0rulhqwhg odqjxdjh vxfk dv Mdyd dqg F../ wklv

lpsolflw lqvwdqfh lv uhihuuhg wr v|qwdfwlfdoo| dv wklv1 Krzhyhu/ lwv xvh lv jhqhudoo| rswlrqdo1 Rwkhu

remhfw0rulhqwhg odqjxdjhv vxfk dv Hl�ho dqg Dgd0<8 kdyh vlplodu v|qwdfwlf frqvwuxfwv1

< Lq k|eulg remhfw0rulhqwhg odqjxdjhv/ vxfk dv F../ phwkrg fdoov fdq dovr eh wr iuhh0vxesurjudpv1 Wkhvh duh

hvvhqwldoo| htxldohqw lq hyhu| uhshfw wr surfhgxuhv dqg ixqfwlrqv irxqg lq surfhgxuh0rulhqwhg odqjdxjhv/ dqg wkh

ruljlqdo frxsolqj gh�qlwlrqv ri Mlq dqg R�xww dsso| lq wkhlu xqprgl�hg irup1 Frqvhtxhqwo|/ iuhh0vxesurjudpv zloo

qrw eh frqvlghuhg ixuwkhu1
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Dv dq h{dpsoh looxvwudwlqj h{solflw lqvwdqfh frqwh{wv/ frqvlghu wkh iroorzlqj frgh iudjphqw

zkhuh wkhuh duh wzr lqvwdqfhv ri Vwdfn/ rqh hdfk dvvrfldwhg zlwk wkh lghqwl�huv v4 dqg v5/ uhvshf0

wlyho|1

4 Vwdfn v4>

5 Vwdfn v5>

6 v41sxvk+:,>

7 v51sxvk+4,>

Dw olqh 6/ wkh phwkrg sxvk lv lqyrnhg lq wkh frqwh{w ri wkh Vwdfn lqvwdqfh dvvrfldwhg zlwk v41

Vlploduo|/ dw olqh 7 sxvk lv dovr lqyrnhg lq wkh frqwh{w ri d Vwdfn lqvwdqfh1 Krzhyhu/ lq wklv fdvh/

wkh lqvwdqfh lv wkdw dvvrfldwhg zlwk v51 Wkhvh wzr fdoov wr sxvk duh pdgh lq gl�huhqw lqvwdqfh

frqwh{wv1 Dq| h�hfwv rq wkh lqvwdqfh dvvrfldwhg zlwk v4 fdxvhg e| wkh �uvw fdoo wr sxvk duh

frpsohwo| lqghshqghqw ri wkh h�hfwv lq wkh lqvwdqfh dvvrfldwhg zlwk v5 wkdw wkh vhfrqg fdoo kdv1

Ixuwkhu/ wkh �uvw fdoo kdv qr h�hfwv rq wkh lqvwdqfh dvvrfldwhg zlwk v51

Vwdwlqj wkdw d phwkrg lv fdoohg lq wkh frqwh{w ri dq lqvwdqfh lpsolhv wkdw wkh fdoo lv pdgh

wkurxjk hlwkhu dq lpsolflw ru h{solflw fodvv lqvwdqfh/ dv ghvfulehg deryh1

Lqgluhfw gh�qlwlrqv dqg xvhv1 D fodvv kdv d vwdwh vsdfh wkdw lv pdgh xs ri rqh ru pruh

yduldeohv1 Dq remhfw +lqvwdqfh, ro ri wkdw fodvv lv gh�qhg +l1h1 dvvljqhg d ydoxh, zkhq rqh ru pruh ri

wkh yduldeohv lq wkh remhfw*v vwdwh vsdfh lv gh�qhg1 Dq lqgluhfw gh�qlwlrq/ deeuhyldwhg l0ghi/ rffxuv

zkhq d fdoo lv pdgh wr d phwkrg p wkdw lv erxqg wr dq remhfw uhihuhqfh r/ dqg p gh�qhv rqh ru

pruh ri wkh vwdwh yduldeohv lq ro*v vwdwh vsdfh1 Vlploduo|/ dq lqgluhfw xvh +deeuhyldwhg l0xvh, rffxuv

zkhq p uhihuhqfhv wkh ydoxh ri rqh ru pruh ri ro*v vwdwh yduldeohv1 Qrwh wkdw dq l0ghi uhvxowv lq d

vwdwh fkdqjh iru wkh lqvwdqfh ro/ exw qrw wr wkh uhihuhqfh r1 Lq doo fdvhv/ dq l0xvh lv vwdwh0suhvhuylqj

iru erwk r dqg ro1

Wr vhh dq h{dpsoh ri wkhvh frqfhswv/ frqvlghu wkh fodvv gldjudp vkrzq lq Iljxuh 81 Dvvxph

wkdw fodvv Z lqfoxghv d phwkrg Idfwru|IruZ+, wkdw uhwxuqv dq lqvwdqfh ri Z1 Dw qrgh 4 lq wkh

frqwuro  rz iudjphqw vkrzq lq Iljxuh 9/ wklv lqvwdqfh lv erxqg wr r1 Wklv frqvwlwxwhv d orfdo
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gh�qlwlrq ri wkh remhfw uhihuhqfh r wkdw uhvxowv iurp wkh fdoo wr wkh phwkrg Idfwru|IruZ+,1

Wdeoh 5 vkrzv wkdw Z==p gh�qhv y + wkh qrwdwlrq Zo uhsuhvhqwv wkh lqvwdqfh ri Z wkdw wkh

gh�qlwlrq2xvh lv zlwk uhvshfw wr, / vr dq lqgluhfw gh�qlwlrq rffxuv dw qrgh 5 wkurxjk r1p+,1 Wkxv/

dq| fdoo wr p zlwk uhvshfw dq lqvwdqfh ri Z erxqg wr r uhvxowv lq dq lqgluhfw gh�qlwlrq ri wkh

vwdwh ri ro1 Qrwh wkdw wkhuh duh qr lqgluhfw xvhv e| phwkrg p1 Wdeoh 5 vkrzv doo ri wkh lqgluhfw

gh�qlwlrqv dqg xvhv wkdw fdq rffxu iru dq| lqvwdqfh wkdw lv d phpehu ri wkh w|sh idplo| gh�qhg e|

Z1 Qrgh 6 frqwdlqv qr ghiv/ exw dq l0xvh ri y1

W
v

m( )
n( )

X
x

m( )

Z
m( )
n( )

Y
w

m( )
l( )

Iljxuh 8= Vdpsoh Fodvv Gldjudp

Vdwlvi|lqj phwkrgv1 Zkhq glvfxvvlqj wkh lqgluhfw gh�qlwlrqv dqg xvhv wkdw fdq rffxu dw

fdoo vlwhv wkurxjk remhfw uhihuhqfhv/ lw ehfrphv qhfhvvdu| wr frqvlghu qrw mxvw wkh v|qwdfwlf +l1h1

dssduhqw, fdoo wkdw lv pdgh/ exw doo ri wkh phwkrgv wkdw fdq srwhqwldoo| h{hfxwh1 Wklv ghshqgv

74



Phwkrg Gh�qlwlrqv Xvhv

Z==p iZo=yj

Z==q iZo=yj

[==p iZo=y>[o={j

\==p iZo=y> \o=zj

\==o iZo=zj

]==p iZo=yj

]==q iZo=yj

Wdeoh 5= Lqgluhfw Gh�qlwlrqv dqg Xvhv iru w|sh idplo| Z

xsrq wkh w|sh ri wkh lqvwdqfh wkdw lv erxqg wr wkh remhfw uhihuhqfh +dvvxplqj g|qdplf elqglqj,1

Iru h{dpsoh/ djdlq uhihuulqj wr Iljxuhv 8 dqg 9/ d fdoo wr phwkrg p dw qrgh 5 fdq uhihu wr dq| ri

wkh hohphqwv lq V =

V @ ~Z==p/[==p/\==p/]==p� +4,

Edvhg rq wkh suhfhglqj glvfxvvlrq/ zh gh�qh d vdwlvi|lqj vhw=

Gh�qlwlrq 4 Wkh vdwlvi|lqj vhw ri d fdoo wr d phwkrg p wkurxjk dq remhfw uhihuhqfh r frqwdlqv

doo phwkrgv wkdw ryhuulgh p/ soxv p lwvhoi1

Wkxv/ zkhq frqvlghulqj wkh vhw ri lqgluhfw gh�qlwlrqv ru lqgluhfw xvhv wkdw fdq rffxu dw d fdoo vlwh/ lw

lv �uvw qhfhvvdu| wr ghwhuplqh wkh vhw ri phwkrgv wkdw fdq vdwlvi| wkh fdoo1 Iru hdfk vxfk phwkrg/

lghqwli| doo vwdwh yduldeohv wkdw duh gh�qhg dqg xvhg1 Wkh uhvxow lv wkh vhw ri gh�qlwlrqv dqg xvhv

iru hdfk vdwlvi|lqj phwkrg1 Froohfwlyho|/ wklv vhw ghwhuplqhv wkh h{whqw ri wkh vwdwh fkdqjlqj h�hfw

wkdw fdq srwhqwldoo| uhvxow iurp wkh fdoo1 Uhwxuqlqj djdlq wr Iljxuhv 8 dqg 9/ wkh l0ghi vhw iru wkh
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1

2

3

o = FactoryForW()

o.m()

o.n()

Iljxuh 9= FIJ Iudjphqw

fdoo dw qrgh 5 lv wkh iroorzlqj vhw ri rughuhg sdluv=

lbghi+5> ro>p, @ i+Z==p> iZo=yj,> +[==p> iZo=y>[o={j,> +\==p> iZo=y> \o=z,>]==p> iZo=yj,j

+5,

Hdfk ri wkhvh sdluv lqglfdwhv d vdwlvi|lqj phwkrg v irup dqg wkh fruuhvsrqglqj vhw ri vwdwh yduldeohv

wkdw v gh�qhv1 Lq wklv h{dpsoh/ phwkrg [==p gh�qhv vwdwh yduldeohv y dqg { frqwdlqhg lq fodvvhv

Z dqg [/ uhvshfwlyho|1

Dv Wdeoh 5 vkrzv/ wkh fruuhvsrqglqj l0xvh vhw iru qrgh 5 lv wkh hpsw| vhw/ dv qrqh ri wkh

vdwlvi|lqj phwkrgv iru p uhihuhqfh dq| vwdwh yduldeoh1 Krzhyhu/ frqvlghulqj qrgh 6/ Wdeoh 5 vkrzv

wkdw wkhuh duh wzr phwkrgv wkdw vdwlvi| wkh fdoo wr r1q+, wkdw gr kdyh qrq0hpsw| l0xvh vhwv +exw

wkhlu l0ghi vhwv duh hpsw|,/ zklfk |lhogv wkh iroorzlqj l0xvh vhw=

lbxvh+6> ro> q, @ i+Z==q> iZo=yj,> +]==p> iZo=yj,j +6,

H{whqglqj wkh Frxsolqj Gh�qlwlrqv1 Wkh ruljlqdo gh�qlwlrqv ri Mlq dqg R�xww frqvlghu frx0

solqjv dprqj surfhgxuhv lq wkuhh gl�huhqw frqwh{wv= +4, surfhgxuh sdudphwhuv/ +5, vkduhg joredo

yduldeohv/ dqg +6, h{whuqdo ghylfhv ^66`1 Wkhvh frxsolqj frqwh{wv h{lvw lq remhfw0rulhqwhg surjudpv
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dv zhoo/ dqg Mlq dqg R�xww*v whfkqltxh duh dssolfdeoh lq remhfw0rulhqwhg surjudpv lq pdq| vlwxd0

wlrqv zkhuh wkhvh frxsolqj frqwh{wv rffxu1 Krzhyhu/ wkhuh duh vhyhudo fdvhv wkdw rffxu lq zklfk

wkhlu whfkqltxhv duh qrw dssolfdeoh1

Lq remhfw0rulhqwhg surjudpv/ wkh wklug frqwh{w +frxsolqj wkurxjk h{whuqdo ghylfhv, lv d vshfldo

fdvh ri wkh �uvw wzr1 Wr vhh wklv/ frqvlghu wkdw wkh sulpdu| devwudfwlrq phfkdqlvp lq dq remhfw0

rulhqwhg odqjxdjh lv wkh fodvv1 Wkhvh odqjxdjhv uhsuhvhqw h{whuqdo ghylfhv +�ohv/ sulqwhuv/ hwf1, e|

rqh ru pruh fodvvhv wkdw hqfdsvxodwh wkh ehkdylru dqg vwdwh ri wkhvh ghylfhv1 Lqvwdqfhv ri wkhvh

fodvvhv duh hlwkhu sdvvhg dv sdudphwhuv ehwzhhq phwkrgv +surfhgxuhv,/ h{lvw lq d joredo vwdwh gh�qhg

e| d fodvv/ ru duh yduldeohv orfdo wr d phwkrg1 Doo pdqlsxodwlrqv ri wkh h{whuqdo ghylfh duh wkurxjk

wkh devwudfwlrq1 Lqghhg/ d surjudp wkdw xvhv wkh devwudfwlrq lv frpsohwho| xqdzduh ri wkh h{lvwhqfh

ri dq| h{whuqdo ghylfh1 Frxsolqj rffxuv wkurxjk hlwkhu ri wkh �uvw wzr fdvhv/ wkrxjk wkh wklug fdvh

fdq eh lqyroyhg lq d sdudphwhu frxsolqj1 Uhjdugohvv/ doo frxsolqj rffxuv wkurxjk lqvwdqfhv ri wkh

devwudfwlrq wkdw lv xvhg wr uhsuhvhqw wkh h{whuqdo ghylfh1 Lq remhfw0rulhqwhg odqjxdjhv +dqg vrph

surfhgxuh0rulhqwhg odqjxdjhv,/ wkh idfw wkdw d ghylfh lv h{whuqdo lv klgghq ehklqg wkh devwudfwlrq1

Ehfdxvh ri wklv/ frxsolqj wkurxjk h{whuqdo ghylfhv zloo qrw eh frqvlghuhg ixuwkhu lq wklv uhvhdufk

vlqfh lw lv vxevxphg e| wkh �uvw wzr fdvhv1

Lq dqdo|}lqj wkh frxsolqj sdwkv lq dq remhfw0rulhqwhg surjudp/ wzhoyh fdvhv pxvw eh frqvlghuhg1

Pdq| ri wkhvh duh gxh wr wkh h�hfwv ri lqkhulwdqfh dqg sro|prusklvp/ dqg uhtxluh dgglwlrqdo gh�0

qlwlrqv dqg whfkqltxhv eh|rqg Mlq dqg R�xww*v1 Rwkhuv rffxu lq surfhgxuh0rulhqwhg surjudpv dqg

uhtxluh qr vshfldo frqvlghudwlrq1 Wkh iroorzlqj olvw hqxphudwhv hdfk ri wkhvh wzhoyh dqg glvfxvvhv

wkh frxsolqj sdwk lpsolfdwlrqv iru hdfk wkdw dulvh gxh wr wkh gl�huhqfhv ehwzhhq remhfw0rulhqwhg

dqg surfhgxuh0rulhqwhg surjudpv=

41 Fdoov pdgh wkurxjk dq h{solflw remhfw uhihuhqfh1

51 Fdoov wr orfdoo| gh�qhg qrq0sro|prusklf phwkrgv1

61 H{solflw fdoov wr lqkhulwhg phwkrgv1
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71 Lpsolflw fdoov wr lqkhulwhg qrq0sro|prusklf phwkrgv1

81 Fdoov wr lqkhulwhg fodvv phwkrgv1

91 Fdoov wr h{whuqdo fodvv phwkrgv1

:1 Fdoov wr phwkrgv wkurxjk h{whuqdo sro|prusklf fodvv yduldeohv1

;1 Fdoov wr phwkrgv wkurxjk orfdoo| gh�qhg fodvv yduldeohv1

<1 Fdoov wr sro|prusklf phwkrgv wkurxjk lqkhulwhg fodvv yduldeohv1

431 Lpsolflw fdoov wr lqkhulwhg sro|prusklf phwkrgv1

441 Fdoov wr orfdoo| gh�qhg sro|prusklf phwkrgv1

451 Fdoov wr sro|prusklf phwkrgv wkurxjk orfdo remhfw uhihuhqfhv1

Wkh iroorzlqj glvfxvvlrq h{dplqhv hdfk ri wkhvh gl�huhqfhv lq ghwdlo1

41 Fdoov pdgh wkurxjk dq h{solflw remhfw uhihuhqfh1 Wklv lv wkh prvw frpprq fdoolqj frqwh{w iru

phwkrg fdoov lq remhfw0rulhqwhg odqjxdjhv1 Frqvlghu wkh fdoo r1p+,1 Wkhuh duh wkuhh hqwlwlhv

wkdw sduwlflsdwh lq wklv fdoo= wkh fdoohg phwkrg p/ wkh remhfw uhihuhqfh r/ dqg wkh lqvwdqfh

+remhfw, erxqg wr r/ uhsuhvhqwhg dv ro1 Wkhuh pd| eh vhyhudo yhuvlrqv ri p wkdw fdq eh

h{hfxwhg dqg hdfk fdq kdyh d gl�huhqw h�hfw rq wkh vwdwh ri ro1 Zklfk yhuvlrq lv ghwhuplqhg

e| zkhwkhu ru qrw wkh vwdwlf +l1h1 ghfoduhg, w|sh ri r/ F/ ghfoduhv p wr eh sro|prusklf/ dqg

li vr/ zkdw wkh dfwxdo w|sh ri ro lv +l1h1 F ru rqh ri lwv ghvfhqgdqwv,1 Krzhyhu/ vlqfh wkh

dfwxdo w|sh lv d g|qdplf surshuw|/ wkh ehvw wkdw fdq eh grqh lv wr uhfrjql}h wkdw wkh phwkrg

wkdw lv dfwxdoo| h{hfxwhg zloo eh dq hohphqw ri wkh vhw ri phwkrgv wkdw fdq vdwlvi| wkh fdoo

r1p+,1 Frqvhtxhqwo|/ wkh h�hfw ri wkh fdoo rq wkh vwdwh ri ro lv wkh xqlrq ri wkh h�hfwv ri

doo wkh phwkrgv lq wkh vdwlvi|lqj vhw ri F1p+,1 Iurp d frxsolqj shuvshfwlyh/ zkdw pxvw eh

frqvlghuhg lv krz gh�qlwlrqv ri vwdwh yduldeohv e| rqh phwkrg fdq uhdfk fruuhvsrqglqj xvhv

lq rwkhu phwkrgv1 Mlq dqg R�xww*v ruljlqdo gh�qlwlrqv gr qrw kdqgoh vxfk fdvhv1
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51 Fdoov wr orfdoo| gh�qhg qrq0sro|prusklf phwkrgv1 D orfdo phwkrg lv gh�qhg zlwklq wkh fdoohu*v

fodvv1 Qrq0sro|prusklf phwkrgv fdqqrw eh ryhuulgghq e| d ghvfhqgdqw ri wkh phwkrg*v

fodvv1 Wkhvh phwkrgv kdyh wkh vdph fdoo v|qwd{ dv fdoov wr wkhlu surfhgxudo frxqwhusduwv1

Iru h{dpsoh/ vxssrvh wkdw d fodvv F frqwdlqv d gh�qlwlrq ri d sro|prusklf phwkrg p dqg d

qrq0sro|prusklf phwkrg i1 Ixuwkhu vxssrvh wkdw p fdoov i gluhfwo|1 Wklv zloo dsshdu lq wkh

erg| ri p dv wkh vwdwhphqw i+,1 Vlqfh i lv qrw d sro|prusklf phwkrg/ wkh vdwlvi|lqj vhw iru

wkh fdoo lq p zloo eh wkh vhw frqwdlqlqj rqo| wkh hohphqw iij/ zklfk lv htxlydohqw wr d fdoo wr

d surfhgxuh lq d surfhgxuh0rulhqwhg odqjxdjh +ljqrulqj sdudphwhu w|shv,1 Frqvhtxhqwo|/ wkh

gh�qlwlrqv ri Mlq dqg R�xww duh dssolfdeoh lq wkhlu ruljlqdo irup1

61 H{solflw fdoov wr lqkhulwhg phwkrgv1 Lq vrph odqjxdjhv/ d phwkrg lq d fodvv F fdq pdnh dq

h{solflw fdoo wr d phwkrg wkdw lv gh�qhg lq dq dqfhvwru fodvv1 Iru h{dpsoh/ lq Mdyd/ d fdoo wr

d phwkrg gh�qhg lq wkh sduhqw ri F lv h{suhvvhg dv vxshu1j+,/ zkhuh j lv d phwkrg ylvleoh

lq F wkdw lv gh�qhg e| F *v sduhqw1 Vlploduo|/ lq F../ d fdoo fdq eh pdgh wr dq| ylvleoh

phwkrg gh�qhg e| dq| dqfhvwru ri F xvlqj wkh vfrsh uhvroxwlrq rshudwru/ dv lq D==j+,1 Lq wklv

fdvh/ j lv gh�qhg lq fodvv D/ dqg D lv dq dqfhvwru ri F1 Wkh nh| revhuydwlrq wr qrwh iru erwk

ri wkhvh odqjxdjhv lv wkdw h{solflw fdoov wr d phwkrg gh�qhg lq dq dqfhvwru grhv qrw lqyroyh

dq h{solflw lqvwdqfh frqwh{w1 Wkxv/ wkhuh lv qr srvvlelolw| ri sro|prusklf ehkdylru1 Iurp

d frxsolqj shuvshfwlyh/ wklv lv lghqwlfdo wr d fdoo wr dq| surfhgxuh lq d surfhgxuh0rulhqwhg

odqjxdjhv wkrxjk wkhuh duh dgglwlrqdo v|qwdfwlf phfkdqlvpv suhvhqw wr glvdpeljxdwh wkh fdoo1

Wkxv/ wkh gh�qlwlrqv ri Mlq dqg R�xww dsso| wr wklv fdvh dv zhoo1

71 Lpsolflw fdoov wr lqkhulwhg qrq0sro|prusklf phwkrgv1 Lq wklv fdvh/ d phwkrg p lv fdoohg wkdw lv

gh�qhg e| dq dqfhvwru fodvv/ dqg p fdqqrw eh ryhuulgghq e| d phwkrg lq d ghvfhqgdqw fodvv1

Lq Mdyd/ vxfk phwkrgv duh ghfoduhg dv �qdo > lq F../ wkh| duh phwkrgv wkdw duh qrw ghfoduhg

wr eh yluwxdo1 Wklv fkdudfwhulvwlf ri p suhfoxghv wkh srvvlelolw| ri dq| sro|prusklf ehkdylru

zkhqhyhu lw lv fdoohg1 D fdoo wr p lv v|qwdfwlfdoo| htxlydohqw wr d fdoo wr d qrq0sro|prusklf
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orfdo phwkrg ehfdxvh wkhuh lv qr h{solflw lqvwdqfh frqwh{w vshfl�hg1 Wkh ruljlqdo gh�qlwlrqv

ri Mlq dqg R�xww vwloo dsso|1

81 Fdoov wr lqkhulwhg fodvv phwkrgv1 Wkhvh duh fdoov wr phwkrgv wkdw duh lq fodvvhv wkdw duh

dqfhvwruv ri wkh fodvv frqwdlqlqj wkh fdoolqj phwkrg1 Wkh| duh ghfoduhg xvlqj wkh vwdwlf

nh|zrug lq Mdyd dqg F.. dqg lqglfdwh wkdw gh�qhg phwkrg grhv qrw h{hfxwh zlwk uhvshfw wr

dq lqvwdqfh frqwh{w/ dqg khqfh duh qrw sro|prusklf1 V|qwdfwlfdoo|/ fdoov wr vxfk phwkrgv duh

vwuxfwxudoo| htxlydohqw wr fdoov wr surfhgxuhv dqg ixqfwlrqv lq surfhgxuh0rulhqwhg odqjxdjhv1

Wkh ruljlqdo gh�qlwlrqv ri Mlq dqg R�xww dsso| wr wkhvh w|shv ri phwkrg fdoov1

91 Fdoov wr h{whuqdo fodvv phwkrgv1 Wkhvh duh sxeolf fodvv phwkrgv gh�qhg lq d fodvv S wkdw lv

qrw dq dqfhvwru1 V|qwdfwlfdoo|/ fdoov wr h{whuqdo fodvv phwkrgv duh xvxdoo| txdol�hg e| wkh

qdph ri wkh phwkrg*v fodvv1 Iru h{dpsoh/ lq Mdyd/ li S frqwdlqv d vwdwlf fodvv phwkrg t/ wkhq

d fdoo zrxog orrn olnh S1t+,1 Vlqfh wklv fdoo lv pdgh lqghshqghqw ri dq| lqvwdqfh frqwh{w/ lw lv

qrw sro|prusklf1 Wkxv/ Mlq dqg R�xww*v ruljlqdo gh�qlwlrqv vwloo dsso|1

:1 Fdoov wr phwkrgv wkurxjk h{whuqdo sro|prusklf fodvv yduldeohv1 Olnh h{whuqdo fodvv phwkrgv/

wkhvh fdoov duh pdgh wkurxjk wkh frqwh{w ri d fodvv wkdw lv qrw dq dqfhvwru1 Krzhyhu/ wkh| gl�hu

lq wkdw wkh fdoo lv pdgh lq wkh frqwh{w ri d fodvv yduldeoh wkdw lv ghfoduhg sxeolf lq wkh gh�qlqj

fodvv1 Dq h{dpsoh wdnhq iurp wkh vwdqgdug Mdyd fodvv oleudu| lv V|vwhp1rxw1sulqwoq+�vrph

vwulqj�,/ zkhuh rxw lv d sxeolf fodvv yduldeoh wkdw lv dq lqvwdqfh ri wkh fodvv SulqwVwuhdp/

dqg sulqwoq lv d sxeolf lqvwdqfh phwkrg frqwdlqhg lq wkh gh�qlwlrq ri SulqwVwuhdp1 Wkh fdoo

wr sulqwoq lv pdgh lq wkh lqvwdqfh frqwh{w vshfl�hg e| wkh fodvv yduldeoh rxw/ dqg wkh dfwxdo

phwkrg wkdw lv h{hfxwhg ghshqgv xsrq wkh ghfoduhg w|sh ri rxw +l1h1 SulqwVwuhdp, dqg wkh

dfwxdo w|sh ri wkh lqvwdqfh erxqg wr lw +l1h1 SulqwVwuhdp ru rqh ri lwv ghvfhqgdqwv wkdw ryhuulgh

sulqwoq,1 Iurp d frxsolqj shuvshfwlyh/ wkh lvvxh lv zkdw duh wkh h�hfwv ri wkh fdoo wr sulqwoq

rq wkh lqvwdqfh erxqg wr rxw/ dqg dovr wr dq| rwkhu phwkrgv wkdw kdyh d fruuhvsrqglqj xvh ri

wkdw lqvwdqfh1 Qrwh wkdw wklv lv d vshfldo fdvh ri 4 deryh1 Dv zlwk wkdw fdvh/ Mlq dqg R�xww*v
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gh�qlwlrqv gr qrw dsso|1

;1 Fdoov wr phwkrgv wkurxjk orfdoo| gh�qhg fodvv yduldeohv1 Wkhvh duh vlplodu wr fdvh : h{fhsw

wkdw wkh fdoolqj phwkrg*v fodvv dovr gh�qhv wkh fodvv yduldeoh wkurxjk zklfk wkh phwkrg lv

fdoohg1 Krzhyhu/ v|qwdfwlfdoo| wkh h{dpsoh zrxog prvw olnho| dsshdu dv rxw1sulqwoq+111,/ zklfk

lv vwuxfwxudoo| htxlydohqw wr fdvh 41 Wkh rqo| gl�huhqfh lv wkdw wkh lqvwdqfh frqwh{w lv wkurxjk

d fodvv yduldeoh lqvwhdg ri dq lqvwdqfh yduldeoh1 Mlq dqg R�xww*v ruljlqdo gh�qlwlrqv gr qrw

dsso| iru wkh vdph uhdvrqv flwhg lq fdvhv 4 dqg :1

<1 Fdoov wr sro|prusklf phwkrgv wkurxjk lqkhulwhg fodvv yduldeohv1 Wkhvh duh vlplodu wr fdvh ;

h{fhsw wkdw wkh fdoolqj phwkrg lv frqwdlqhg lq d ghvfhqgdqw fodvv1 Djdlq/ wkh srvvlelolw| ri

d sro|prusklf fdoo h{lvwv/ dqg wkh gh�qlwlrqv ri Mlq dqg R�xww gr qrw dsso| iru wkh uhdvrqv

jlyhq lq fdvhv 4 dqg :1

431 Lpsolflw fdoov wr lqkhulwhg sro|prusklf phwkrgv1 Wkhvh duh fdoov wr phwkrgv wkdw duh gh�qhg

e| dq dqfhvwru ri wkh fdoohu*v fodvv/ dqg zklfk duh qrw ghfoduhg dv �qdo phwkrgv lq Mdyd/

dqg yluwxdo phwkrgv lq F..1 Wkh| duh v|qwdfwlfdoo| htxlydohqw wr d fdoo wr d orfdoo| gh�qhg

lqvwdqfh phwkrg1 Vlqfh sro|prusklf ehkdylru lv d srvvlelolw|/ wkh gh�qlwlrqv ri Mlq dqg R�xww

gr qrw dsso| wr wklv fdvh1

441 Fdoov wr orfdoo| gh�qhg sro|prusklf phwkrgv1 Wkhvh fdoov duh wkh vdph dv wkrvh lq fdvh

43 h{fhsw wkdw wkh| duh gh�qhg lq wkh fdoohu*v fodvv1 Iru vlplodu uhdvrqv/ Mlq dqg R�xww*v

gh�qlwlrqv gr qrw dsso| wr wklv fdvh1

451 Fdoov wr sro|prusklf phwkrgv wkurxjk orfdo remhfw uhihuhqfhv1 Phwkrgv fdq eh fdoohg hlwkhu

wkurxjk remhfw uhihuhqfhv wkdw duh sdvvhg dv sdudphwhuv wr wkh fdoohu/ ru wkurxjk uhihuhqfhv

wkdw duh ghfoduhg dv yduldeohv orfdo wr d phwkrg1 Wkhvh fdoov duh d vshfldo fdvh ri wkh surwr0

w|slfdo fdoolqj frqwh{w ghvfulehg lq fdvh 41

Wkh h�hfwv ri phwkrg fdoov iru fdvhv 43 dqg 44 fdq eh sduwlfxoduo| frpsoh{ zkhq wkh dfwxdo w|sh
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ri wkh fxuuhqw lqvwdqfh lv d ghvfhqgdqw ri wkh fodvv wkdw frqwdlqv wkh fdoohu1 Wr xqghuvwdqg wklv/

frqvlghu wkh fodvv klhudufk| vkrzq lq Iljxuh :1 Fodvv D frqwdlqv gh�qlwlrqv iru phwkrgv g/ j/ k/

l/ m/ dqg o/ fodvv E frqwdlqv gh�qlwlrqv iru phwkrgv wkdw ryhuulgh k dqg m/ dqg d gh�qlwlrq iru d

qhz phwkrg n/ dqg fodvv F frqwdlqv ryhuulglqj gh�qlwlrqv iru phwkrgv l/ m/ dqg o1 Dvvxph wkdw

doo ri wkhvh phwkrgv duh sro|prusklf/ dqg khqfh fdq eh ryhuulgghq e| d ghvfhqgdqw fodvv1 Iljxuh

; vkrzv d Sro|sprusklf Fdoo Judsk wkdw ghslfwv wkh vhtxhqfh ri phwkrgv wkdw zrxog eh fdoohg

iurp phwkrg g h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri D1 Wkh vrolg gluhfwhg olqh vhjphqwv

lqglfdwh zklfk phwkrgv duh dfwxdoo| h{hfxwhg lq wkh suhvhqfh ri sro|prusklf ehkdylru +wkhuh lv

qr sro|prusklf ehkdylru lq wklv h{dpsoh,1 Dv wkh gldjudp vkrzv/ g fdoov j/ zklfk lq wxuq fdoov

k/ k fdoov l/ dqg l fdoov m1 Qrwh wkdw wkhuh lv qr sro|prusklf ehkdylru suhvhqw lq wklv phwkrg fdoo

vhtxhqfh vlqfh doo ri wkh phwkrgv duh gh�qhg e| D/ dqg wkh fxuuhqw lqvwdqfh frqwh{w wkdw g lv

h{hfxwlqj lq lv dovr ri w|sh D1 Wkh duurzv pdunhg dv lpsolflw lqglfdwh wkdw wkh sduwlfxodu fdoo lv

qrw pdgh zlwk dq h{solflw lqvwdqfh frqwh{w1 Qrwh wkdw hdfk ri wkhvh fdoov lv dq h{dpsoh ri fdvh 441

A

d( )
g( )
h( )
i( )
j( )
l( )

B

h( )
i( )
k( )

C

i( )
j( )
l( )

Iljxuh := Vdpsoh fodvv klhudufk| looxvwudwlqj sro|prusklf ehkdylru
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Iljxuh ;= Phwkrg g h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri D

Qrz frqvlghu wkh phwkrg vhtxhqfh wkdw uhvxowv zkhq g h{hfxwhv lq wkh lqvwdqfh frqwh{w ri

w|sh E1 Wklv lv vkrzq lq Iljxuh <1 Dv ehiruh/ wkh vrolg gluhfwhg olqh vhjphqwv lqglfdwh wkh fdoov wkdw

duh h{hfxwhg1 Lq frqwudvw/ wkh gdvkhg gluhfwhg olqh vhjphqwv lqglfdwh wkh dssduhqw fdoo wkdw lv pdgh

iurp wkh wh{w ri wkh fdoolqj phwkrg1 Dv ghslfwhg/ wkh fdoo wkdw g pdnhv wr phwkrg j lv iroorzhg

e| j pdnlqj d fdoo wr D==k1 Krzhyhu/ wklv fdoo grhv qrw h{hfxwh D==k +dv lqglfdwhg e| wkh gdvkhg

duurz,/ exw lqvwhdg wkh ryhuulglqj phwkrg E==k lv h{hfxwhg1 Lq wxuq/ E==k fdoov wkh orfdoo| gh�qhg

phwkrg E==l1 Lq uhvsrqvh/ E==l pdnhv dq h{solflw fdoo wr D==l +h1j1 vxshu1l+, lq Mdyd,1 Ilqdoo|/ D==l

fdoov D==m dv lq Iljxuh ;1 Wkh gluhfwhg gdvkhg olqh lqglfdwhv wkh fdoo sdwk wkdw zrxog eh wdnhq li

wkh fxuuhqw lqvwdqfh zhuh ri w|sh D1 Wklv h{dpsoh looxvwudwhv krz lqkhulwdqfh dqg sro|prusklvp

frpelqh wr d�hfw wkh h{hfxwlrq sdwk ri vlpsoh phwkrg fdoov zlwklq d w|sh idplo|1 Qrwh wkdw wkh

fdoov iurp g wr j/ k wr l/ dqg l wr m duh h{dpsohv ri fdvh 441 Wkh h{solflw fdoo iurp E==l wr D==l lv

dq h{dpsoh ri fdvh 61

Ilqdoo|/ frqvlghu wkh vhtxhqfh ri phwkrg fdoov vkrzq lq Iljxuh 431 Wklv h{dpsoh ghslfwv wkh

vlwxdwlrq zkhuh D==g lv h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri F1 Ehfdxvh ri wklv/ wkh lqwhudfwlrq

ri phwkrgv lv pxfk pruh frpsoh{ gxh wr wkh suhvhqfh ri ryhuulglqj phwkrgv lq F dqg lq E1 Wkh

phwkrg fdoov D==g wr D==j/ D==j wr D==k/ E==k wr E==l/ dqg D==l wr D==m duh h{dpsohv ri fdvh 441

Olnhzlvh/ wkh h{solflw fodvv wr dqfhvwru phwkrgv F==l wr E==l/ dqg E==l wr D==l duh h{dpsohv ri fdvh
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Iljxuh <= Phwkrg g h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri E

61 Ilqdoo|/ wkh fdoov F==m wr E==n/ dqg E==n wr D==n duh h{dpsohv ri fdvh 431

Revhuyh wkdw d srwhqwldo gdwd  rz dqrpdo| rffxuv dv d uhvxow ri wklv phwkrg ryhuulglqj lq erwk

D dqg F1 Iljxuh ; vkrzv wkh phwkrg vhtxhqfh zkhuh wkh fdoo wr D==k lv sduw ri wkh h{hfxwlrq ri D==j/

dqg D==l lv fdoohg iurp D==k1 Krzhyhu/ zkhq D==g lv h{hfxwlqj lq wkh frqwh{w ri d E ru F lqvwdqfh/

D==k grhv qrw h{hfxwh dw doo vlqfh E surylghv dq ryhuulglqj gh�qlwlrq ri k1 Ixuwkhu/ uhjdugohvv ri

wkh w|sh ri wkh fxuuhqw lqvwdqfh frqwh{w/ D==l zloo h{hfxwh1 Wkh srwhqwldo dqrpdo| uhvxowv iurp

wkh idfw wkdw D==l pd| kdyh d ghshqghqf| rq wkh vwdwh h�hfwv surgxfhg e| D==k1 Iru h{dpsoh/ lw

pd| eh wkdw D==k gh�qhg d vwdwh yduldeoh y gh�qhg lq D iru zklfk D==k kdv d vxevhtxhqw xvh1 Li

wkh phwkrgv ryhuulglqj D==k gr kdyh dw ohdvw wkh vdph vwdwh h�hfwv/ l1h1 d gh�qlwlrq ri y/ wkhq d

gdwd  rz dqrpdo| zloo rffxu1 Fohduo|/ wkh suhvhqfh ri lqkhulwdqfh dqg sro|prusklvp lqfuhdvhv wkh

frpsoh{lw| ri wkh phwkrg lqwhudfwlrq vxevwdqwldoo|/ sduwlfxoduo| zlwk uhvshfw wr vwdwh vsdfh h�hfwv1

Wkhvh suhfhglqj wkuhh h{dpsohv vhuyh wr looxvwudwh wkh frpsoh{lwlhv wkdw fdq rffxu zkhq lqkhul0

wdqfh dqg sro|prusklvp idfwru lq wr wkh frpsrvlwlrq ri frpsrqhqwv lq dq remhfw0rulhqwhg odqjxdjh1

Iurp d frxsolqj dqg lqwhjudwlrq shuvshfwlyh/ wkhuh duh wzr lvvxhv ghwhuplqlqj zkdw fdoov fdq eh

h{hfxwhg lq wkh suhvhqfh ri lqkhulwdqfh dqg sro|prusklvp/ dqg zkdw h�hfwv wkh fdoov kdyh rq wkh

fruuhvsrqglqj vwdwh vsdfh1 Fduhixo dqdo|vlv ri wkh suhfhglqj wzhoyh fdvhv zlwk uhvshfw wr wkhvh

lvvxhv uhvxowv lq wkh wkuhh fdwhjrulhv vkrzq lq Wdeoh 61 Wkrvh fdvhv wkdw duh dvvljqhg wr Fdwhjru|
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Iljxuh 43= Phwkrg g h{hfxwlqj lq wkh frqwh{w ri dq lqvwdqfh ri F

Fdwhjru| Fdvhv Lqvwdqfh frqwh{w fkdudfwhulvwlfv

L 4/:/;/</45 Lpsolflw ru h{solflw lqvwdqfh frqwh{w

LL 5/6/7/8/9 Qr lqvwdqfh frqwh{w

LLL 43/44 Qr lqvwdqfh frqwh{w/ srvvleoh sro|prusklvp

Wdeoh 6= Fdwhjrul}hg fdoo w|shv

LL duh kdqgohg e| wkh ruljlqdo gh�qlwlrqv ri Mlq dqg R�xww1 Lq frqwudvw/ wkrvh fdvhv dvvljqhg wr

Fdwhjru| L dqg wr Fdwhjru| LLL zloo uhtxluh h{whqvlrq wr wkhlu gh�qlwlrqv dqg dgglwlrqdo dqdo|vlv

whfkqltxhv1

71415 Gh�qlwlrq ri whfkqltxhv dqg irupdolvpv

Rqfh wkh frxsolqj gh�qlwlrqv kdyh ehhq h{whqghg/ lw zloo eh qhfhvvdu| wr ghyhors qhz whfkqltxhv

iru wkh lqvwuxphqwdwlrq ri surjudpv lq rughu wr froohfw dqg dqdo|}h frxsolqj fryhudjh gdwd1 D qhz

uhsuhvhqwdwlrq pxvw eh ghyhorshg wkdw lv ulfk hqrxjk wr prgho wkh glyhuvh vwuxfwxudo uhodwlrqvklsv

wkdw rffxu lq remhfw0rulhqwhg surjudpv1 Lq sduwlfxodu/ wklv uhtxluhv dq h{whqvlrq wr wkh V|vwhp

Ghshqghqfh Judsk +VGJ, ghyhorshg e| Kruzlw} dqg rwkhuv wr dffrpprgdwh wkhvh uhodwlrqvklsv

^65`1 Wkh Frxsolqj0Edvhg Fryhudjh Wrro zloo eh edvhg xsrq dq h{whqghg VGJ nqrzq dv wkh
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Surjudp Judsk Uhsuhvhqwdwlrq +SJU, +Vhfwlrq 71515,1 Wkh jhqhudwlrq ri lqvwuxphqwhg frgh lwvhoi

vkrxog eh vwudljkwiruzdug jlyhq d vxlwdeoh uhsuhvhqwdwlrq1

71416 Gh�qlwlrq ri whvw dghtxdf| fulwhuld

R�xww dqg Mlq gh�qh vhyhudo fulwhuld edvhg rq vriwzduh frxsolqjv ^66`1 Fohduo|/ wkh gl�huhqfhv

ehwzhhq wkh fryhudjh wkdw wkhlu ruljlqdo gh�qlwlrqv surylgh dqg wkrvh uhtxluhg wr vxssruw remhfw0

rulhqwhg surjudpv zloo uhtxluh prgl�fdwlrqv wr wkhlu fulwhuld1 Dw wklv srlqw lw lv qrw nqrzq suhflvho|

zkdw irup wkhvh prgl�fdwlrqv dqg dgglwlrqv zloo wdnh1 Dw wkh yhu| ohdvw vxssruw iru lqkhulwdqfh

dqg sro|prusklf ehkdylru zloo qhhg wr eh dgghg1

-�$ 0�������
� "���
�

Ydolgdwlrq ri wklv uhvhdufk zloo eh frqgxfwhg wkurxjk wkh dssolfdwlrq ri d fduhixoo| dqg zhoo ghvljqhg

h{shulphqw1 Wkh jrdo ri wklv h{shulphqw zloo eh wr ghwhuplqh li wkhuh lv dq| vwdwlvwlfdoo| vljql�fdqw

gl�huhqfh dprqj wzr h{lvwlqj vxemhfw whvw dghtxdf| fulwhuld +vhh vhfwlrq 71514, dqg wkh whvw dghtxdf|

fulwhuld ghyhorshg dv sduw ri wklv uhvhdufk1 Wr idflolwdwh wklv h{shulphqw/ d wrro zloo eh ghyhorshg

wkdw lv fdsdeoh ri hydoxdwlqj fryhudjh iru wkh whvw dghtxdf| fulwhuld glvfxvvhg lq vhfwlrq 7141 Wkh

iroorzlqj vxevhfwlrqv surylgh dq rxwolqh ri wkh h{shulphqwdo ghvljq dqg wkh dufklwhfwxuh ri wkh

fryhudjh wrro1

71514 H{shulphqw Ghvljq

Wklv vhfwlrq ghvfulehv wkh ghvljq ri wkh h{shulphqw wkdw zloo eh frqgxfwhg wr ydolgdwh wkh uhvxowv

ri wklv uhvhdufk1

Vxemhfw Surjudpv1 Wkh surjudpv xvhg wr ydolgdwh wklv uhvhdufk zloo eh gudzq iurp surjudpv

zulwwhq e| surihvvlrqdo surjudpphuv dw wkh Vriwzduh Surgxfwlylw| Frqvruwlxp1 Wkh surjudpv

vhohfwhg zloo eh zulwwhq lq Mdyd dqg kdyh prghudwh ohqjwkv udqjlqj ehwzhhq 433 wr 4333 olqhv1
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Ixuwkhu/ wkhvh surjudpv zloo eh uhvwulfwhg wr frqvroh0edvhg Mdyd dssolfdwlrqv1 Mdyd dssohwv dqg

wkrvh dssolfdwlrqv kdylqj judsklfdo xvhu lqwhuidfhv +JXLv, zloo eh h{foxghg iurp wkh h{shulphqw1

Wkh qxpehu ri surjudpv dfwxdoo| vhohfwhg zloo eh ghwhuplqhg dw d odwhu wlph1

Whvw Dghtxdf| Fulwhuld1 Wkh iroorzlqj wkuhh whvw dghtxdf| fulwhuld zloo eh xvhg lq wkh h{shu0

lphqw= Fdwhjru|0Sduwlwlrq/ Udqgrp Whvwlqj/ dqg Frxsolqj0Edvhg Whvwlqj Fulwhuld +FEWF,1 Wkh

�uvw wzr zloo eh xvhg dv frqwurov iru frpsdulqj wkh h�hfwlyhqhvv ri wkh wklug fulwhuld1 Wkh ghflvlrq

wr dffhsw ru uhmhfw wkh h{shulphqwdo k|srwkhvhv ri wklv uhvhdufk uhvwv xsrq wkh rxwfrph ri vwdwlvwlfdo

whvwv ehwzhhq wkh �uvw wzr fulwhuld dqg wkh wklug1

Wkh Fdwhjru|0Sduwlwlrq phwkrg lv xvhg iru wkh vshfl�fdwlrq dqg jhqhudwlrq ri ixqfwlrqdo whvwv

iru d surjudp ^84`^6`1 Wkh whfkqltxh lv edvhg rq wkh lghd ri sduwlwlrqlqj wkh lqsxw grpdlq ri wkh

surjudp ixqfwlrq ehlqj whvwhg/ dqg wkhq vhohfwlqj whvw gdwd iurp hdfk sduwlwlrq1 Doo hohphqwv iurp

wkh vdph sduwlwlrq duh frqvlghuhg wr eh htxlydohqw iru sxusrvhv ri whvwlqj1 Iru sxusrvhv ri wklv

h{shulphqw/ hdfk vxemhfw surjudp*v vshfl�fdwlrq zloo eh dqdo|}hg wr gh�qh wkh dssursuldwh sduwlwlrq

dffruglqj wr lwv ehkdylru1 Whvw gdwd zloo eh jhqhudwhg iru hdfk sduwlwlrq lq d udqgrp idvklrq1

Ilqdoo|/ dghtxdwh whvw fdvhv zloo eh fuhdwhg e| fkrrvlqj ydoxhv udqgrpo| iurp hdfk sduwlwlrq wr

dvvhpeoh d vlqjoh whvw fdvh1

Udqgrp whvwlqj lv dq dssurdfk wr whvwlqj zkhuhe| ydoxhv duh vhohfwhg dw udqgrp iurp wkh

lqsxw grpdlq ri wkh surjudp ru v|vwhp xqghu whvw1 Wkh whvw fdvhv duh vhohfwhg dffruglqj wr vrph

glvwulexwlrq +xvxdoo| xqlirup, dqg wkh surjudp lv h{hfxwhg djdlqvw hdfk whvw fdvh1

Wkh ghyhorsphqw ri d vhw ri fulwhulrq xvlqj wkh Frxsolqj0Edvhg whvwlqj whfkqltxhv h{whqghg

iru remhfw0rulhqwhg surjudpv lv rqh ri wkh remhfwlyhv iru wklv uhvhdufk1 Dv vxfk/ wkh ghwdlov ri

hdfk ri wkhvh fulwhulrq duh qrw |hw nqrzq1 Krzhyhu/ lw lv h{shfwhg wkdw d vhw ri fulwhuld zloo eh

ghyhorshg wkdw duh fdsdeoh ri jxlglqj wkh whvwlqj ri remhfw0rulhqwhg surjudpv iurp wkh shuvshfwlyh

ri wkh frxsolqjv wkdw h{lvw dprqj frpsrqhqwv1 Ixuwkhu/ lw lv h{shfwhg wkdw wkhvh fulwhuld zloo h{lvw

lq d vxevxpswlyh klhudufklfdo uhodwlrqvkls vxfk wkdw wkh fulwhuld orzhu lq wkh klhudufk| surylgh
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ohvv fryhudjh wkdq wkrvh fulwhuld lq kljkhu lq wkh klhudufk|/ dqg wkh fryhudjh surylghg e| d orzhu

klhudufk| lv lqfoxghg lq wkdw surylghg e| d kljkhu fryhudjh1

Whvw Gdwd1 D vhw ri whvw gdwd zloo eh ghyhorshg iru hdfk vxemhfw surjudp dqg whvw dghtxdf|

fulwhulrq sdlu1 Wkh whvw fdvhv zloo eh jhqhudwhg lq d udqgrp idvklrq xvlqj fxvwrp jhqhudwruv

zulwwhq e| kdqg lq wkh Shuo surjudpplqj odqjxdjh1 Hdfk vhw zloo vdwlvi| wkh fruuhvsrqglqj fryhudjh

fulwhulrq1 Wkh surfhgxuhv uhtxluhg wr jhqhudwh d jlyhq whvw vhw duh vshfl�f wr wkh surjudp ehlqj

whvwhg1

Idxow Vhwv1 Wklv uhvhdufk zloo eh ydolgdwhg e| ghwhuplqlqj wkh h�hfwlyhqhvv ri wkh Frxsolqj0

Edvhg Whvwlqj Fulwhuld +FEWF, dw ghwhfwlqj idxowv wkdw duh dvvrfldwhg zlwk wkh frpsrvlwlrqdo

uhodwlrqvklsv irxqg lq remhfw0rulhqwhg surjudpv1 Lw lv qhfhvvdu| wr vwduw zlwk d vhw ri surjudpv

wkdw frqwdlq idxowv nqrzq wr eh ri wklv w|sh1 Dffruglqjo|/ hdfk vxemhfw surjudp zloo eh lqmhfwhg

zlwk d qxpehu ri idxowv ri wkh dssursuldwh w|sh wr vlpxodwh wkh idxowv wkdw surjudpphuv pdnh zlwk

uhvshfw wr wkh frpsrvlwlrqdo uhodwlrqvklsv1 Krzhyhu/ wklv lv sureohpdwlf vlqfh wkh w|shv ri idxowv

wkdw surjudpphuv dfwxdoo| pdnh lq remhfw0rulhqwhg surjudpv duh jhqhudoo| qrw zhoo nqrzq/ wkrxjk

R�xww dqg Luylqh kdyh grqh vrph uhvhdufk lq wklv duhd ^84`1 Wklv zrun zloo irup wkh lqlwldo edvlv

iru wkh fdwhjrulhv ri idxowv wkdw zloo eh lqmhfwhg1 Krzhyhu/ rqh ri wkh vxeruglqdwh remhfwlyhv iru wklv

uhvhdufk zloo eh wkh ghyhorsphqw ri d wd{rqrp| ri idxow w|shv iru wkh frpsrvlwlrqdo uhodwlrqvklsv

irxqg lq remhfw0rulhqwhg surjudpv1 Wklv wd{rqrp| zloo wkhq vhuyh dv d jxlgh iru wkh w|shv ri idxowv

wkdw zloo eh lqmhfwhg lqwr wkh vxemhfw surjudpv1

Uhvsrqvh Phdvxuhphqwv1 Wkh rujdql}dwlrq ri wklv h{shulphqw lv wkdw ri dq q�6 qrq0udqgrpl}hg

eorfn ghvljq1 Hdfk eorfn frqvlvwv ri d vlqjoh vxemhfw surjudp furvvhg zlwk hdfk ri wkh wkuhh whvw

dghtxdf| fulwhuld ghvfulehg hduolhu1 Wklv ghvljq lv mxvwl�hg vlqfh dq| yduldwlrq ehwzhhq wkh vxe0

mhfw surjudpv lv qrw uhohydqw/ rqo| wkh yduldwlrq ehwzhhq wkh whvw dghtxdf| fulwhulrq lv ri lqwhuhvw1

Dffruglqjo|/ dq revhuydwlrq zloo frqvlvw ri d phdvxuhphqw ri wkh h�hfwlyhqhvv ri wkh wkuhh whvw
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dghtxdf| fulwhuld1 Wkh idxow ghwhfwlqj h�hfwlyhqhvv ri d jlyhq whvw dghtxdf| fulwhuld f iru d jlyhq

surjudp s zlwk uhvshfw wr d vshfl�f idxow vhw i lv gh�qhg dv wkh udwlr ri wkh qxpehu ri idxowv

ghwhfwhg wr wkh qxpehu ri idxowv vhhghg +l1h1 wkh fduglqdolw| ri wkh idxow vhw,1 Wklv phdvxuhphqw

zloo eh pdgh iru hdfk frpelqdwlrq ri vxemhfw surjudp dqg whvw dghtxdf| fulwhulrq1

H{shulphqwdo Surfhgxuh1 Wkh frqgxfw ri wkh h{shulphqw zloo frqvlvw ri vhyhudo vwhsv1 Lq wkh

iroorzlqj/ ohw S eh wkh vhw ri vxemhfw surjudpv/ F wkh vhw ri whvw dghtxdf| fulwhuld ghvfulehg deryh/

dqg W eh wkh vhw ri whvw gdwd vhwv jhqhudwhg iru hdfk frpelqdwlrq ri surjudp dqg whvw dghtxdf|

fulwhulrq1

Iru hdfk s 5 S dqg f 5 F=

41 Jhqhudwh wkh f0dghtxdwh whvw gdwd vhw W S
R =

51 Gh�qh wkh idxow vhw IR iru s1

61 Iru hdfk i 5 IR gh�qh wkh vhw ri idxow0vhhghg surjudpv VR e| lqmhfwlqj s zlwk wkh fruuh0

vsrqglqj idxow/ |lhoglqj wkh vhhghg surjudp ss / zkhuh hdfk ss 5 VR1

71 Iru hdfk w 5 W S
R / ghwhuplqh li s+w, @ ss +w, iru dw ohdvw rqh ss 5 VR= Li wkhuh lv dw ohdvw rqh vxfk

ss / lqfuhphqw Q
S
R / wkh qxpehu ri idxowv ghwhfwhg e| wkh whvw gdwd vhw W S

R 1

81 Ghwhuplqh wkh idxow ghwhfwlrq h�hfwlyhqhvv HS
R> iru whvw dghtxdf| fulwhulrq f zlwk uhvshfw wr

vxemhfw surjudp s/ dv iroorzv=

HS
R @

QS
R

�
�W S

R

�
�

Gdwd Dqdo|vlv1 Wkh gdwd uhvxowlqj iurp wkh h{shulphqw zloo eh grqh xvlqj d vwdwlvwlfdo whvw/

vxfk dv d sdluhg w0whvw ^45`/ wr ghwhuplqh li wkhuh lv lq idfw dq| gl�huhqfh ehwzhhq wkh h�hfwlyhqhvv

ri wkh wzr whvw dghtxdf| fulwhuld xvhg iru frqwurov dqg wkh Frxsolqj0Edvhg Whvwlqj Fulwhuld1 Wkh

dfwxdo whvw xvhg zloo ghshqg xsrq wkh fkdudfwhulvwlfv ri wkh froohfwhg gdwd1
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Iru d jlyhq fulwhuld sdlu/ wkh qxoo k|srwkhvlv +wkdw FEWF lv qrw pruh h�hfwlyh, zloo eh uhmhfwhg

lq idyru ri wkh dowhuqdwh k|srwkhvlv +wkdw FEWF lv pruh h�hfwlyh, dw vljql�fdqfh ohyho ri 31381

71515 Frxsolqj0Edvhg Fryhudjh Wrro

Wr dlg lq wkh ydolgdwlrq ri wklv uhvhdufk/ d wrro zloo eh ghyhorshg wkdw lv fdsdeoh ri dqdo|}lqj

duelwudu| vlqjoh0wkuhdghg Mdyd dssolfdwlrq surjudpv1 Wklv wrro/ wkh Frxsolqj0Edvhg Fryhudjh Wrro

+FEFW,/ zloo eh edvhg rq wkh dufklwhfwxuh vkrzq lq Iljxuh 441 Wkhuh duh wzr sulqflsdo frpsrqhqwv

ri wklv dufklwhfwxuh wkdw uhsuhvhqw vhsdudwh frqfhuqv zlwk uhvshfw wr wkh surjudp dqdo|vlv1 Wkh �uvw

frqvlvwv ri wkh devwudfw v|qwd{ wuhh +DVW, dqg v|pero wdeoh +VW, wkdw duh surgxfhg e| wkh sduvhu1

Wkh DVW xwlol}hv d ylvlwru0edvhg dufklwhfwxuh wkdw doorzv iru duelwudu| dqdo|vhv ri d surjudp*v

v|qwd{ wuhh1 Lq wklv w|sh ri dufklwhfwxuh/ wudyhuvdo ri d wuhh dqg wkh surfhvvlqj ri lwv qrghv duh grqh

vhsdudwho|1 Wklv doorzv iru ydu|lqj frpelqdwlrqv ri wudyhuvdo srolf| dqg vhpdqwlf kdqgolqj ri qrghv

+wkh uhvsrqvlelolw| ri wkh ylvlwru,1 Lq wkh dufklwhfwxuh vkrzq lq Iljxuh 44/ wkh SJU Jhqhudwru sod|v

wkh uroh ri d ylvlwru1

Source
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AST

Symbol
Table

PGR Generator

PGR

Coupling-Based
Coverage Tool

Instrumen
ted

Source

Iljxuh 44= Dufklwhfwxuh ri wkh Frxsolqj0Edvhg Fryhudjh Wrro
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Wkh vhfrqg sulqflsdo frpsrqhqw ri wkh dufklwhfwxuh lv wkh Surjudp Judsk Uhsuhvhqwdwlrq

+SJU,1 Wkh SJU surylghv d orz0ohyho vwuxfwxudo uhsuhvhqwdwlrq iru Mdyd surjudpv/ dqg lqfoxghv

judsk uhsuhvhqwdwlrqv iru frqwuro  rz/ frqwuro ghshqghqfh/ dqg gdwd ghshqghqfh1 Lw dovr lqfoxghv

wkh dssursuldwh vwuxfwxuh qhfhvvdu| wr uhsuhvhqw lqkhulwdqfh1 Olnh wkh DVW/ wkh SJU lv dovr d

ylvlwru0edvhg dufklwhfwxuh1 Iru wkh dufklwhfwxuh vkrzq lq Iljxuh 44/ wkh Frpsrqhqw0Edvhg Fryhudjh

Wrro lv d ylvlwru wkdw xvhv wkh SJU wr surgxfh d yhuvlrq ri wkh ruljlqdo surjudp lqvwuxphqwhg wr

froohfw frxsolqj fryhudjh phwulfv1 Dw suhvhqw/ wkh SJU kdv ehhq frpsohwho| gh�qhg e| wkh dxwkru

dqg Mlp Elhpdq43/ exw rqo| sduwldoo| lpsohphqwhg1

Iljxuh 45 vkrzv wkh uhvxowlqj lqvwuxphqwhg surjudp lq uhodwlrq wr lwv lqsxwv/ rxwsxwv dqg

whvw gulyhu1 Dovr vkrzq lv wkh uhvxowv dqdo|}hu wkdw lqwhusuhwv wkh froohfwhg fryhudjh phwulfv dqg

surgxfhv d fruuhvsrqglqj uhsruw1

Test
Cases Test Driver Test

Results
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Results Analyzer

Coverage
Report

Iljxuh 45= Whvw h{hfxwlrq iudphzrun ri lqvwuxphqwhg surjudp

43Ghsduwphqw ri Frpsxwhu Vflhqfh/ Frorudgr Vwdwh Xqlyhuvlw|
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Wkh xqltxh frqwulexwlrqv ri wklv wkhvlv zloo eh=

41 Dq h�hfwlyh zd| wr gr lqwhjudwlrq whvwlqj ri remhfw0rulhqwhg surjudpv1

51 Dq h{whqghg vhw ri frxsolqj whvw gh�qlwlrqv vx!flhqw iru whvwlqj remhfw0rulhqwhg surjudpv1

61 D vhw ri whvw dghtxdf| fulwhuld edvhg rq wkh h{whqghg frxsolqj gh�qlwlrqv1

71 Dq dxwrpdwhg wrro vkrzlqj surri ri frqfhsw dqg ghprqvwudwlqj sudfwlfdolw| ri dssurdfk1

81 D wd{rqrp| ri idxowv wkdw uhvxow iurp wkh xvh ri lqkhulwdqfh dqg sro|prusklf ehkdylru lq

remhfw0rulhqwhg surjudpv1

91 D vhw ri phwulfv iru phdvxulqj vriwzduh edvhg rq frxsolqjv1

. �������� %�������

Wdeoh 7 rxwolqhv wkh h{shfwhg sodq ri dfwlrq dqg dvvrfldwhg vfkhgxoh1

/ ����
��
��� )���������
� �������

� Lqwurgxfwlrq

� Edfnjurxqg dqg Uhodwhg Pdwhuldo

� H{whqghg Frxsolqj0Edvhg Whvwlqj

� Frxsolqj0Edvhg Whvwlqj Wrro +FEWF,

� H{shulphqwdwlrq

� Glvfxvvlrq

� Ixwxuh Uhvhdufk dqg Frqfoxvlrqv

� Dsshqglfhv

� Olvw ri Uhihuhqfhv
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Wdvn Ghvfulswlrq Hqg Gdwh

4 H{whqvlrq ri frxsolqj gh�qlwlrqv Pdufk 48/ 4<<<

5 Ghyhorsphqw ri FEFW Dxjxvw 4/ 4<<<

6 Ghyhorsphqw ri RR idxow fodvvl�fdwlrq Vhswhpehu 4/ 4<<<

7 Frqgxfw ri h{shulphqw Vhswhpehu 48/ 4<<<

8 Dqdo|vlv ri gdwd Rfwrehu 48/ 4<<<

9 Zulwh0xs ri glvvhuwdwlrq Mdqxdu| 4/ 5333

: Ghihqvh ri glvvhuwdwlrq Ihexdu| 48/ 5333

Wdeoh 7= Vfkhgxoh ri uhvhdufk dfwlylwlhv

����������

^4` Whvwdelolw| ri remhfw0rulhqwhg v|vwhpv1 Whfkqlfdo Uhsruw <8034/ Uholdeoh Vriwzduh Whfkqrorjlhv/

Ghf1 64/ 4<<7 4<<71

^5` Xql�hg Prgholqj Odqjxdjh/ yhuvlrq 414/ 4<<:1

^6` Edofhu/ P1 M1/ Kdvolqj/ Z1 P1/ dqg Rvwudqg/ W1 M1 Dxwrpdwlf jhqhudwlrq ri whvw vfulswv

iurp irupdo whvw vshfl�fdwlrqv1 Lq DFP VLJVRIW *;< Wklug V|psrvlxp rq Vriwzduh Whvwlqj/

Dqdo|vlv dqg Yhul�fdwlrq +WDY6, +Nh| Zhvw/ IO/ XVD,1

^7` Edueh|/ V1/ dqg Vwurkphlhu/ D1 Wkh sureohpdwlfv ri whvwlqj remhfw0rulhqwhg vriwzduh1

Lq VTP*<7 Vhfrqg Frqihuhqfh rq Vriwzduh Txdolw| Pdqdjhphqw +Hglqexujk/ Vfrwodqg/ XN/

4<<7,/ yro1 5/ ss1 744�7591

^8` Ehl}hu/ E1 Vriwzduh Whvwlqj Whfkqltxhv/ 5 hg1 Ydq Qrvwudqg Uhlqkrog/ Qhz \run/ Qhz \run/

4<<31
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^9` Ehudug/ H1 Lvvxhv lq wkh whvwlqj ri remhfw0rulhqwhg vriwzduh1 Lq Hohfwur*<7 Lqwhuqdwlrqdo

+4<<7,/ LHHH Frpsxwhu Vrflhw| Suhvv/ ss1 544�54<1

^:` Ehudug/ H1 Y1 Hvvd|v rq Remhfw0Rulhqwhg Vriwzduh Hqjlqhhulqj/ yro1 41 Suhqwlfh Kdoo/ 4<<61

^;` Elqghu/ U1 Y1 Wkh IUHH dssurdfk iru v|vwhp whvwlqj= Xvh0fdvhv/ wkuhdgv/ dqg uhodwlrqv1

Remhfw Pdjd}lqh 9/ 51

^<` Elqghu/ U1 Y1 Whvwlqj remhfwv= P|wk dqg uhdolw|1 Remhfw Pdjd}lqh 8/ 5 +4<<8,/ :6�:81

^43` Elqghu/ U1 Y1 Wuhqgv lq whvwlqj remhfw0rulhqwhg vriwzduh1 Frpsxwhu 5;/ 43 +4<<8,/ 9;�9<1

^44` Elqghu/ U1 Y1 Whvwlqj remhfw0rulhqwhg vriwzduh= D vxuyh|1 Mrxuqdo ri Vriwzduh Whvwlqj/

Yhul�fdwlrq ) Uholdelolw| 9/ 627 +Vhswhpehu2Ghfhpehu 4<<9,/ 458�5851

^45` Er{/ J1 H1/ Kxqwhu/ Z1 J1/ dqg Kxqwhu/ M1 V1 Vwdwlvwlfv iru H{shulphqwhuv1 Mrkq Zloh|

) Vrqv/ Qhz \run/ Qhz \run/ 4<:;1

^46` Fdsshu/ Q1 S1/ Frojdwh/ U1 M1/ Kxqwhu/ M1 F1/ dqg Mdphv/ P1 I1 Wkh lpsdfw ri

remhfw0rulhqwhg whfkqrorj| rq vriwzduh txdolw|= Wkuhh fdvh klvwrulhv1 LEP V|vwhpv Mrxuqdo

66/ 4 +4<<7,/ 464�48:1

^47` Fkhdwkdp/ W1 M1/ dqg Phoolqjhu/ O1 Whvwlqj remhfw0rulhqwhg vriwzduh v|vwhpv1 Lq DFP

4;wk Dqqxdo Frpsxwhu Vflhqfh Frqihuhqfh +4<<3,/ DFP Suhvv/ ss1 494�4981

^48` Fkhq/ K1 \1/ Wvh/ W1/ Fkdq/ I1/ dqg Fkhq/ W1 Lq eodfn dqg zklwh= Dq lqwhjudwhg

dssurdfkw wr fodvv0ohyho whvwlqj ri remhfw ri remhfw0rulhqwhg surjudpplqj1 583�5<81

^49` Fkrz/ W1 V1 Whvwlqj vriwzduh ghvljq prghohg e| �qlwh0vwdwh pdfklqhv1 LHHH Wudqvdfwlrqv

rq Vriwzduh Hqjlqhhulqj VH07/ 6 +4<:;,/ 4:;�;:1

^4:` GhPloor/ U1 D1/ Jxlqgl/ G1 V1/ Nlqj/ N1 Q1/ PfFudfnhq/ Z1 P1/ dqg Riixww/

D1 M1 Dq h{whqghg ryhuylhz ri wkh Prwkud vriwzduh whvwlqj hqylurqphqw1 Lq Vhfrqg Zrunvkrs
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rq Vriwzduh Whvwlqj/ Dqdo|vlv/ dqg Yhul�fdwlrq +Edq� Doehuwd/ Mxo| 4<;;,/ LHHH Frpsxwhu

Vrflhw| Suhvv/ ss1 475�4841

^4;` Grrqj/ U10N1/ dqg Iudqno/ S1 J1 Wkh DVWRRW dssurdfk wr whvwlqj remhfw0rulhqwhg

surjudpv1 DFP Wudqvdfwlrqv rq Vriwzduh Hqjlqhhulqj dqg Phwkrgrorj| 6/ 7 +4<<7,/ 434�4631

^4<` Grupdq/ P1 Xqlw whvwlqj ri F.. remhfwv1 ss1 :4�4341

^53` Ilhgohu/ V1 S1 Remhfw0rulhqwhg xqlw whvwlqj1 Khzohww0Sdfndug Mrxuqdo 73/ 5 +4<;<,/ 9<�:81

^54` Iluhvplwk/ G1 J1 Whvwlqj remhfw0rulhqwhg vriwzduh1 Whfkqlfdo uhsruw/ Dgydqfhg Whfkqrorj|

Vshfldolvwv/ 4<<51

^55` Iluhvplwk/ G1 J1 Whvwlqj remhfw0rulhqwhg vriwzduh1 Lq Hohyhqwk Lqwhuqdwlrqdo Frqihuhqfh rq

Whfkqrorj| ri Remhfw0Rulhqwhg Odqjxdjhv dqg V|vwhpv +WRROV XVD/ *<6, +4<<6,/ Suhqwlfh0

Kdoo/ Hqjohzrrg Fol�v/ Qhz Mhuvh|/ ss1 73:�7591

^56` Iudqno/ S1 J1/ dqg Zhlvv/ V1 Q1 Dq h{shulphqwdo frpsdulvrq ri wkh h�hfwlyhqhvv ri eudqfk

whvwlqj dqg gdwd  rz whvwlqj1 LHHH Wudqvdfwlrqv rq Vriwzduh Hqjlqhhulqj 4</ ; +4<<6,/ ::7�

;:1

^57` Iudqno/ S1 J1/ dqg Zh|xnhu/ H1 M1 Dq dssolfdeoh idplo| ri gdwd  rz whvwlqj fulwhuld1

LHHH Wudqvdfwlrqv rq Vriwzduh Hqjlqhhulqj 47/ 43 +4<;;,/ 47;6�<;1

^58` Iuhhgpdq/ U1 V1 Whvwdelolw| ri vriwzduh frpsrqhqwv1 LHHH Wudqvdfwlrqv rq Vriwzduh Hqjl0

qhhulqj 4:/ 9 +4<<4,/ 886�971

^59` Kduurog/ P1 M1/ PfJuhjru / M1/ dqg Ilw}sdwulfn/ N1 Lqfuhphqwdo whvwlqj ri remhfw0

rulhqwhg fodvv vwuxfwxuhv1 Lq 47wk Lqwhuqdwlrqdo Frqihuhqfh rq Vriwzduh Hqjlqhhulqj +4<<5,/

LHHH Frpsxwhu Vrflhw|1
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^5:` Kduurog/ P1 M1/ dqg Urwkhupho/ J1 Shuiruplqj gdwd  rz whvwlqj rq fodvvhv1 Lq Vhfrqg

DFP VLJVRIW V|psrvlxp rq Irxqgdwlrqv ri Vriwzduh Hqjlqhhulqj +4<<7,/ DFP Suhvv/ Qhz

\run/ Qhz \run/ ss1 487�4961

^5;` Kduurog/ P1 M1/ dqg Vriid/ P1 O1 Vhohfwlqj dqg xvlqj gdwd iru lqwhjudwlrq whvwlqj1 LHHH

Vriwzduh ;/ 5 +4<<4,/ 8;�981

^5<` Kd|hv/ M1 K1 Whvwlqj ri remhfw0rulhqwhg surjudpplqj v|vwhpv +RRSV,= D idxow0edvhg ds0

surdfk1 Lq Remhfw0Rulhqwhg Phwkrgrorjlhv dqg V|vwhpv +4<<7,/ H1 Ehuwlqr dqg V1 Xuedq/ Hgv1/

yro1 OQFV ;8;/ Vsulqjhu0Yhuodj1

^63` Krqj/ K1 V1/ Nzrq/ \1 U1/ dqg Fkd/ V1 G1 Whvwlqj ri remhfw0rulhqwhg surjudpv edvhg

rq �qlwh vwdwh pdfklqhv1 Lq 4<<8 Dvld Sdfl�f Vriwzduh Hqjlqhhulqj Frqihuhqfh +4<<8,/ LHHH

Frpsxwhu Vrflhw| Suhvv/ Orv Dodplwrv/ Fdoliruqld/ ss1 567�5741

^64` Krqj/ K1 V1/ Nzrq/ \1 U1/ dqg Fkd/ V1 G1 D vwdwh0edvhg whvwlqj phwkrg iru fodvvhv1

Mrxuqdo ri Nruhd Lqirupdwlrq Vflhqfh Vrflhw|+E 56/ 44 +4<<9,/ 4478�44871

^65` Kruzlw}/ V1/ Uhsv/ W1/ dqg Elqnoh|/ G1 Lqwhusurfhgxudo volflqj xvlqj ghshqghqfh judskv1

DFP Wudqvdfwlrqv rq Surjudpplqj Odqjxdjhv dqg V|vwhpv 45/ 4 +4<<3,/ 59�931

^66` Mlq/ ]1/ dqg Riixww/ D1 M1 Frxsolqj0edvhg fulwhuld iru lqwhjudwlrq whvwlqj1 Wkh Mrxuqdo ri

Vriwzduh Whvwlqj/ Yhul�fdwlrq/ dqg Uholdelolw| ;/ 6 +Vhswhpehu 4<<;,/ 466�4871

^67` Mrujhqvrq/ S1 F1/ dqg Hulfnvrq/ F1 Remhfw0rulhqwhg lqwhjudwlrq whvwlqj1 Frppxqlfdwlrqv

ri wkh DFP 6:/ < +4<<7,/ 63�6;1

^68` Ndlvhu/ J1 Shuvrqdo frppxqlfdwlrq/ Rfwrehu 4<<;1

^69` Nxqj/ G1/ Jdr/ M1/ Kvld/ S1/ Wr|rvklpd/ \1/ dqg Fkhq/ F1 D whvw vwudwhj| iru remhfw0

rulhqwhg v|vwhpv1 Lq Qlqhwhhqwk Dqqxdo Lqwhuqdwlrqdo Frpsxwhu Vriwzduh dqg Dssolfdwlrqv

Frqihuhqfh +4<<8,/ LHHH Frpsxwhu Vrflhw| Suhvv/ Orv Dodplwrv/ Fdoli1/ ss1 56<�5771
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^6:` Nxqj/ G1/ Vxfkdn/ Q1/ Jdr/ M1/ Kvld/ S1/ Wr|rvklpd/ \1/ dqg Fkhq/ F1 Rq remhfw vwdwh

whvwlqj1 Lq Hljkwhhqwk Dqqxdo Lqwhuqdwlrqdo Frpsxwhu Vriwzduh ) Dssolfdwlrqv Frqihuhqfh

+4<<6,/ LHHH Frpsxwhu Vrflhw| Suhvv/ Orv Dodplwrv/ Fdoli1/ ss1 555�55:1

^6;` Ohdyhqv/ J1 W1 Prgxodu vshfl�fdwlrq dqg yhul�fdwlrq ri remhfw0rulhqwhg surjudpv1 LHHH

Vriwzduh ;/ 7 +4<<4,/ :5�;31

^6<` Olvnry/ E1/ dqg Zlqj/ M1 P1 Vshfl�fdwlrqv dqg wkhlu xvh lq gh�qlqj vxe0w|shv1 Lq RRS0

VOD*<6 +Qhz \run/ 4<<6,/ DFP Suhvv1

^73` PfJuhjru/ M1 G1 Frqvwuxfwlqj ixqfwlrqdo whvw fdvhv xvlqj lqfuhphqwdoo| ghulyhg vwdwh pd0

fklqhv1 Lq 44wk Lqwhuqdwlrqdo Frqihuhqfh rq Whvwlqj Frpsxwhu Vriwzduh +4<<7,/ XVSGL/ Zdvk0

lqjwrq/ GF/ ss1 Mxqh 46�491

^74` PfJuhjru/ M1 G1 Ixqfwlrqdo whvwlqj ri fodvvhv1 Lq :wk Lqwhuqdwlrqdo Vriwzduh Txdolw| Zhhn

+4<<7,/ Vriwzduh Uhvhdufk Lqvwlwxwh/ Vdq Iudqflvfr/ s1 Pd| 4<<71

^75` PfJuhjru/ M1 G1/ dqg G|hu/ G1 P1 D qrwh rq lqkhulwdqfh dqg vwdwh pdfklqhv1 Vriwzduh

Hqjlqhhulqj Qrwhv 4;/ 7 +4<<6,/ 94�9<1

^76` PfJuhjru/ M1 G1/ dqg G|hu/ G1 P1 Vhohfwlqj ixqfwlrqdo whvw fdvhv iru d fodvv1 Lq 44wk

Dqqxdo Sdfl�f Qruwkzhvw Vriwzduh Txdolw| Frqihuhqfh +4<<6,/ SQVTF/ Sruwodqg/ Ruhjrq/

ss1 43<�4541

^77` Ph|hu/ E1 Lqwurgxfwlrq wr wkh Wkhru| ri Surjudpplqj Odqjxdjhv1 Suhqwlfh Kdoo Lqwhuqdwlrqdo

Vhulhv Lq Frpsxwhu Vflhqfh1 Suhqwlfh Kdoo/ 4<<31

^78` Ph|hu/ E1 Ghvljq e| frqwudfw1 Lq Dgydqfhv lq Remhfw0Rulhqwhg Vriwzduh Hqjlqhhulqj/ G1 Pdq0

gulrol dqg E1 Ph|hu/ Hgv1 Suhqwlfh Kdoo/ Hqjohzrrg Fol�v/ Q1M1/ 4<<4/ ss1 4�831

^79` Ph|hu/ E1 Remhfw0Rulhqwhg Vriwzduh Frqvwuxfwlrq/ 5qg hg1 Suhqwlfh Kdoo/ Hqjohzrrg Fol�v/

Qhz Mhuvh|/ 4<<:1
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^7:` Ph|hu/ V1 H�hfwlyh F..1 Dgglvrq0Zhvoh|/ Uhdglqj/ Pdvvdfkxvhwwv/ 4<<51

^7;` Pruhoo/ O1 M1 Wkhruhwlfdo lqvljkwv lqwr idxow0edvhg whvwlqj1 Lq DFP VLJVRIW *;< 5qg V|p0

srvlxp rq Vriwzduh Whvwlqj Dqdo|vlv dqg Yhul�fdwlrq +WDY5, +Edq� Doehuwd/ 4<;;,/ ss1 78�951

^7<` Pruhoo/ O1 M1 D wkhru| ri idxow0edvhg whvwlqj1 LHHH Wudqvdfwlrqv rq Vriwzduh Hqjlqhhulqj

dqg Phwkrgrorj| 49/ ; +Dxjxvw 4<<3,/ ;77�;8:1

^83` Riixww/ D1 M1/ dqg Luylqh/ D1 Whvwlqj remhfw0rulhqwhg vriwzduh xvlqj wkh fdwhjru|0sduwlwlrq

phwkrg1 Lq WRROV XVD*<8 +Vdqwd Eduedud/ Fdoliruqld/ 4<<8,/ Suhqwlfh Kdoo1

^84` Rvwudqg/ W1 M1/ dqg Edofhu/ P1 M1 Wkh fdwhjru|0sduwlwlrq phwkrg iru vshfli|lqj dqg

jhqhudwlqj ixqfwlrqdo whvwv1 Frppxqlfdwlrqv ri wkh DFP 64/ 9 +4<;;,/ 9:9�;91

^85` Ryhuehfn/ M1 Lqwhjudwlrq Whvwlqj iru Remhfw0Rulhqwhg Vriwzduh1 Sk1g1/ Ylhqqd Xqlyhuvlw| ri

Whfkqrorj|/ 4<<71

^86` Sdqgh/ K1 G1/ Odqgl/ Z1 D1/ dqg U|ghu/ E1 J1 Lqwhusurfhgxudo ghi0xvh dvvrfldwlrqv iru F

v|vwhpv zlwk vlqjoh ohyho srlqwhuv1 LHHH Wudqvdfwlrqv rq Vriwzduh Hqjlqhhulqj 53/ 8 +4<<7,/

6;8�7361

^87` Sduqdv/ G1 O1/ Vkruh/ M1 H1/ dqg Zhlvv/ G1 Devwudfw w|shv gh�qhg dv fodvvhv ri yduldeohv1

Lq Surfhhglqjv ri Frqihuhqfh rq Gdwd= Devwudfwlrq/ Gh�qlwlrq dqg Vwuxfwxuh +Vdow Odnh Flw|/

XW/ XVD/ 4<:9,/ ss1 55�571

^88` Sd|qh/ M1 H1/ Doh{dqghu/ U1 W1/ dqg Kxwfklqvrq/ F1 G1 Ghvljq0iru0whvwdelolw| iru

remhfw0rulhqwhg vriwzduh1 Remhfw Pdjd}lqh :/ 8 +Mxo| 4<<:,/ 67�761

^89` Shuu|/ G1 H1/ dqg Ndlvhu/ J1 H1 Dghtxdwh whvwlqj dqg remhfw0rulhqwhg surjudpplqj1

Mrxuqdo ri Remhfw0Rulhqwhg Surjudpplqj 5/ 8 +4<<3,/ 46�4<1

^8:` Vdqghq/ E1 Vriwzduh V|vwhpv Frqvwuxfwlrq zlwk Dssolfdwlrqv lq Dgd1 Suhqwlfh Kdoo/ Hqjoh0

zrrg Fol�v/ Qhz Mhuvh|/ 4<<61
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^8;` Vplwk/ P1 G1/ dqg Urevrq/ G1 M1 Remhfw0rulhqwhg surjudpplqj= Wkh sureohpv ri ydo0

lgdwlrq1 Lq 9wk Lqwhuqdwlrqdo Frqihuhqfh rq Vriwzduh Pdlqwhqdqfh +4<<3,/ LHHH Frpsxwhu

Vrflhw| Suhvv/ Orv Dodplwrv/ Fdoli1/ ss1 5:5�5;51

^8<` Zh|xnhu/ H1 M1 D{lrpdwl}lqj vriwzduh whvw gdwd dghtxdf|1 LHHH Wudqvdfwlrqv rq Vriwzduh

Hqjlqhhulqj VH045/ 45 +4<;9,/ 445;�6;1
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