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Devwudfw

D orfdo dgdswlyh lpdjh gh0qrlvlqj phwkrg edvhg rq

orfdo vhohfwlrq ri wkh ehvw zdyhohw/ dprqj d �qlwh vhw/

zlwklq d volglqj zlqgrz dw hdfk ohyho ri ghfrpsrvlwlrq

lv ghyhorshg1 Wkh sursrvhg phwkrg vxjjhvwv fhuwdlq

dgydqwdjhv lq whupv ri gh0qrlvlqj h�flhqf| dqg gh0

wdlo suhvhuydwlrq hvshfldoo| zkhq wkh lpdjh lqfoxghv

gl�huhqw uhjlrqv zklfk pd| eh h�flhqwo| uhsuhvhqwhg

e| gl�huhqw edvhv ru d sulrul lqirupdwlrq rq wkh lpdjh

lv olplwhg1 Wklv zrun frqfhuqv wkh phwkrg ri xvlqj dq

dgdswlyho| ydu|lqj edvh dqg wkh ehvw zdyhohw vhohfwlrq

uxoh1 Wkh phwkrg lv lpsohphqwhg dqg frpsdudwlyh uh0

vxowv duh vxeplwwhg1
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Shuiruplqj d zdyhohw wudqvirup/ wkuhvkroglqj

zdyhohw wudqviru frh�flhqwv dqg lqyhuvh wudqvirup0
lqj wkh wkuhvkroghg zdyhohw wudqvirup frh�flhqwv duh
wkuhh edvlf vwhsv ri wkh vwdqgdug ruwkrjrqdo zdyhohw
dssurdfk wr vljqdo dqg lpdjh ghqrlvlqj ^4`/^5`1 Wkh
wkuhvkroglqj hqdeohv wkh zdyhohw wudqvirup edvhg gh0
qrlvlqj wr ehfrph dgdswlyh wr xqnqrzq vprrwkqhvv ri
wkh vljqdo dqg wkh wkhru| frq�upv wkdw wklv dssurdfk
lv deoh wr uhdfk wkh ehvw dv|pswrwlf dffxudf| iru wkh
zklwh Jdxvvldq dgglwlyh qrlvh1 Krzhyhu/ wkh sudfwl0
fdo h�flhqf| vwurqjo| ghshqgv rq krz idu wkh xvhg
zdyhohw wudqvirup dv zhoo dv wkh wkuhvkroglqj uxoh duh
djuhhg zlwk d orfdo ehkdylru ri wkh vljqdo1 Wklv revhu0
ydwlrq lv d pdlq prwlydwlrq ri wkh dojrulwkp ghyhorshg
lq wklv sdshu1

Zh shuirup d vhw ri wkh zdyhohw wudqvirupv iru hdfk
orfdo sruwlrq ri wkh vljqdo zlwklq d volglqj zlqgrz1

Wkh sduwlfxodu zdyhohw ghfrpsrvlwlrq vwuxfwxuh zklfk
lv dvvxphg wr eh wkh prvw h�flhqw rqh/ dprqj wkh
�qlwh vhw/ iru wkh orfdo sruwlrq lv vhohfwhg1 Wkh vkulqn0
djh lv shuiruphg e| xvlqj wkh vhohfwhg ghfrpsrvlwlrq
vwuxfwxuh dqg wkh hvwlpdwh ri wkh srlqwv lq wkh orfdo
zlqgrz duh frpsxwhg1 Wkh vhohfwlrq ri ehvw ghfrp0
srvlwlrq vwuxfwxuh lv shuiruphg e| vhohfwlqj wkh ehvw
�owhuv iru hdfk ohyho ri ghfrpsrvlwlrq +Iljxuh 4,1

Ilqdoo|/ orfdoo| vhohfwhg ghfrpsrvlwlrq vwuxfwxuhv
duh xvhg dv hvwlpdwruv iru wkh hyhu| orfdwlrq ri wkh
volglqj zlqgrz1 Wkh �qdo srlqwzlvh hvwlpdwh iru hdfk
sl{ho lv frpsxwhg e| frpelqlqj wkh hvwlpdwhv rewdlqhg
lq wkh ryhuodsslqj volglqj zlqgrzv1

Wkh vhw ri wkh xvhg zdyhohw wudqvirupv/ wkh uxohv iru
vhohfwlqj wkh ehvw orfdo ghfrpsrvlwlrq vwuxfwxuh dqg
uxohv iru wkuhvkrog vhohfwlrq irup ghvljq yduldeohv ri
wklv dssurdfk1
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Ohw {+l> m,>

{+l> m, @ |+l> m, . �q+l> m,>

eh wkh fruuxswhg revhuydwlrq/ zkhuh |+l> m, lv wkh lp0
djh dqg �q+l> m, lv wkh fruuxswlqj zklwh Jdxvvldq qrlvh
zlwk vwdqgdug ghyldwlrq �1 Ohw xv frqvlghu d vlqjoh
ohyho ri zdyhohw ghfrpsrvlwlrq=

^dn>gn` @ Wn+{,

zkhuh dn lv wkh dssur{lpdwlrq frh�flhqwv dqg gn lv
wkh ghwdlo frh�flhqwv ri wkh revhuydwlrq { ryhu wkh nwk

zdyhohw wudqvirup/ W4>W5>===Wn> ===WN duh wkh vsduvh



pdwulfhv fruuhvsrqglqj wr N gl�huhqw zdyhohw wudqv0
irupv1 Ohw wkh dgdswlyh wkuhvkrog wn iru wkh frh�0
flhqwv ri nwk wudqvirup eh dv iroorzv

wn @ � �phgldq+dev+gn,,

dev+d, @ imd3m> md4m> ===> mdi mj

zkhuh � lv dq hpslulfdoo| irxqg frqvwdqw1 Frqvlghu
wkh wkuhvkroghg ghwdlo frh�flhqwv g3
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zkhuh w lv d ydoxh ri wkh wkuhvkrog/ 4+mdm � w, lv wkh
lqglfdwru0ixqfwlrq dqg gn+l> m, lv wkh +l> m,

wk sl{ho ri d
pdwul{ gn=

Wkh ghwdlo hqhuj| xqghu wkuhvkrog Hw
n iru hdfk
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Wkh wudqvirup Wq iru zklfk wkh ghwdlo hqhuj| Hw
q

lv wkh plqlpxp dprqj wkh zdyhohw wudqvirup vhw lv
dvvxphg wr eh wkh ehvw wudqvirup iru dq| orfdo sruwlrq
dqg ghfrpsrvlwlrq ohyho=
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Wq @ vhohfwhg wudqvirup=

Wkh dojrulwkp lv edvhg rq wkh revhuydwlrq wkdw wkh
hvwlpdwh ri wkh qrlvh vwdqgdug ghyldwlrq �n/
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dssurdfkhv wr wkh uhdo qrlvh vwdqgdug ghyldwlrq � li
wkh wudqvirup Wn shuirupv d frpsdfw uhsuhvhqwdwlrq
ri wkh vljqdo ^9`/ vlqfh wkh vljql�fdqw ghwdlo frh�flhqwv
h{lvw rqo| dw wudqvlwlrq sduwv1 Wkh hvwlpdwh �n lv dv0
vxphg wr eh voljkwo| kljkhu wkdq � li wkh frpsdfwlrq
h�flhqf| lv uhodwlyho| srru1 Wkh ghwdlo hqhuj| xqghu
wkuhvkrog Hw

n lv dvvxphg wr lqfuhdvh gxh wr uhodwlyho|
srru frpsdfwlrq1
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Vrph ihdwxuhv ri wkh dojrulwkp xvhg lq wkh vlpxod0

wlrqv duh eulh�| glvfxvvhg khuh1

� D zlqgrz vl}h ri 65�65 zdv vhohfwhg1 Nhhslqj
wkh zlqgrz vl}h vx�flhqwo| odujh lv qhfhvvdu| iru
vdwlvi|lqj wkh frqvlghudwlrqv derxw wkh ghwdlo dqg
qrlvh glvwulexwlrq1

� Irxu rqh vkliwhg yhuvlrqv ri Kddu +qr vkliw/
krul}rqwdo/ yhuwlfdo dqg gldjrqdo, dqg V|pohw;
zdyhohwv +d wrwdo ri hljkw zdyhohwv, zhuh xvhg lq
wkh vhw 41

� Iru hdfk orfdwlrq ri wkh volglqj zlqgrz wkh ehvw
ghfrpsrvlwlrq vwuxfwxuh zdv vhohfwhg1

� Wkh vwuxfwxuh zdv vhohfwhg iru irxu ohyhov ri gh0
frpsrvlwlrq1

� Wkh wkuhvkrog hvwlpdwh frpsxwhg iru wkh �uvw
ohyho ri ghfrpsrvlwlrq zhuh xvhg dv wkh wkuhvk0
rog ohyho1 Dq hpslulfdoo| irxqg frqvwdqw +� @ 6,
zdv xvhg lq d wkuhvkrog hvwlpdwlrq ri wkh orfdo
wkuhvkrog1

� Wkhq/ zdyhohw vkulqndjh zdv dssolhg wr rewdlq dq
hvwlpdwh iru wkh zlqgrz frqwhqwv1

� Dv d uhvxow ri wkh orfdo zdyhohw vkulqndjh zh re0
wdlq wkh hvwlpdwh iru hyhu| sl{ho +l> m, dqg qhljk0
erulqj srlqwv lq wkh zlqgrz1 Dv wkh zlqgrzv
duh ryhuodsslqj zh kdyh pruh wkdq rqh hvwlpdwhv
iru hyhu| sl{ho rewdlqhg lq wkh gl�huhqw zlqgrzv1
Wkh �qdo hvwlpdwh iru hdfk sl{ho lv rewdlqhg e|
frpelqlqj wkh dydlodeoh pxowlsoh hvwlpdwhv ri wkh
vdph sl{ho1

Wkh vdph dssurdfk fdq eh lpsohphqwhg e| xvlqj
gl�huhqw wudqvirup dqg2ru wkuhvkrog vhohfwlrq uxohv1
Iru h{dpsoh dq hqwurs| edvhg ^6` ru Dndlnh lqirupd0
wlrq fulwhulrq ^7` edvhg phwkrg fdq eh hpsor|hg iru
dgdswlyh vhohfwlrq ri ohyho ri ghfrpsrvlwlrqv1 Wkh or0
fdo wkuhvkrog hvwlpdwlrq frh�flhqw � pd| dovr eh or0
fdoo| vhohfwhg ^:`1

Dqrwkhu dowhuqdwlyh iru khdylo| qrlvhg lpdjhv pd|
eh rqh zklfk xvh dgdswlyh zlqgrz vl}h vhohfwlrq ^8`/^:`1
Krzhyhu/ lqfrusrudwlqj orfdo dgrswlrq ri doo sdudph0
whuv wr wkh vdph �owhulqj dojrulwkp lv qrw uhdolvwlf lq
frpsxwdwlrqdo vhqvh1

Wkh frpelqdwlrq uxoh iru wkh pxowlsoh hvwlpdwhv
dovr d�hfwv wkh shuirupdqfh ri wkh �owhu1 Vlpsoh dyhu0
djlqj/ zhljkwhg dyhudjlqj/ �0qhljerukrrg edvhg vhohf0
wlyh dyhudjlqj duh srvvleoh dowhuqdwlyhv/ �0qhljerukrrg
edvhg vhohfwlyh dyhudjlqj shuirupv voljkwo| ehwwhu zlwk
uhvshfw wr rwkhuv1
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Wkh dojrulwkp zdv lpsohphqwhg lq PDWODE dqg
whvwhg zlwk wkh *prqwdjh* lpdjh1 Wkh lpdjh zdv fru0
uxswhg e| zklwh Jdxvvldq qrlvh zlwk vwdqgdug ghyld0
wlrq � @ 3=4= Wkh sursrvhg dojrulwkp dwwhqxdwhg wkh
Urrw Phdq Vtxduh Huuru +UPVH, wr 31363</ zkloh wkh
ehvw edvlv gh0qrlvlqj e| joredo zdyhohw wudqvirup xv0
lqj Kddu zdyhohw dwwhqxdwhg wkh UPVH wr 3138;8 dqg
V|pohw; wr 317971 Ixuwkhupruh/ wkh uhpdlqlqj qrlvh
fdq eh uhgxfhg wr 31636 diwhu srvw0surfhvvlqj e| d ph0
gldq �owhu ri vl}h 6�41 Wkh frpsdudwlyh uhvxowv duh
jlyhq lq Wdeoh 41 Wkh ruljlqdo/ fruuxswhg dqg �owhuhg
e| wkh sursrvhg phwkrg lpdjhv duh sorwwhg lq Iljxuhv
5/6/71

Wdeoh4= Frpsdudwlyh uhvxowv1

Xvhg Ilowhu UPVH PDH
Sursrvhg Phwkrg 31363< 3134<<
Zlhqhu Ilowhu +8{8, 31373; 3135:7
Zdyhohw Sdfndjh Kddu 3138;8 313777
Zdyhohw Sdfndjh V|p ; 313797 313643
Zdyhohw SR Kddu +7 ohyho, 31389: 313744
Zdyhohw SR V|p ; +7 ohyho, 3139<6 3137;8
Zdyhohw WL Kddu +8 ohyho, 31364: 313538
Zdyhohw WL V|p ; +8 ohyho, 313698 313594

PDH= Phdq Devroxwh Huuru/ SR= Shulrglf
WL= Wudqvodwlrq Lqyduldqw
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^4` G1O1 Grqrkr dqg L1P1 Mrkqvwrqh1 Dgdswlqj wr xq0
nqrzq vprrwkqhvv e| zdyhohw vkulqndjh1 M1 Dphu1
Vwdw1 Dvvq1/ <3=453304557/ 4<<81

^5` G1O1 Grqrkr/ L1P1 Mrkqvwrqh/ J1Nhun|dfkduldq/
dqg G1Slfdug1 Zdyhohw vkulqndjh= Dv|pswrsldB M1
Ur|1 Vwdw1 Vrf1 Vhu1 E/ 8:=634069</ 4<<81

^6` G1O1 Grqrkr/ V1 Pdoodw/ U1 yrq Vdfkv Hvwlpdw0

lqj Fryduldqfhv ri Orfdoo| Vwdwlrqdu| Surfhvvhv=

Udwhv ri Frqyhujhqfh ri Ehvw Edvlv Phwkrgv/ LHHH
V|psrvlxp rq Wlph0Iuhtxhqf|0Wlph Vfdoh Phwk0
rgv/ Sdulv/ Mxqh 4<<91

^7` F1P1 Kxuylfk dqg M1V1 Vlprqr�/ Vprrwklqj Sd0

udphwhu Vhohfwlrq lq Qrqsdudphwulf Uhjuhvvlrq

Xvlqj dq Lpsuryhg Dndlnh Lqirupdwlrq Fulwhulrq/
M1 Ur|1 Vwdw1 Vrf1 Vhu1 E/ 93=5:405<6/ 4<<;1

^8` Y1 Ndwnryqln/ K1 �Rnwhp dqg N1 Hjld}duldq/ Ilo0
whulqj Khdy| Qrlvhg Lpdjhv Xvlqj LFL Uxoh iru

Dgdswlyh Ydu|lqj Edqgzlgwk Vhohfwlrq/ Dffhswhg

iru LVFDV <</ 4<<< LHHH Lqw1 V|srvlxp rq Flu0
fxlwv dqg V|vwhpv1

^9` V1 Pdoodw D Zdyhohw Wrxu ri Vljqdo Surfhvvlqj

Dfdghplf Suhvv/ 4<<;1

^:` K1 �Rnwhp/ N1 Hjld}duldq dqg Y1 Ndwnryqln/ Dgds0
wlyho| ydu|lqj wudqvirup vl}h vhohfwlrq e| LFL uxoh

iru wudqvirup grpdlq lpdjh gh0qrlvlqj/ QVLS <</
4<<< LHHH Lqw1 V|srvlxp rq Qrq0olqhdu vljqdo sur0
fhvvlqj1



Iljxuh 4= Ghfrpsrvlwlrq e| vzlwfklqj wkh zdyhohw wudqvirupv

Iljxuh 5= Ruljlqdo Lpdjh



Iljxuh 6= Fruuxswhg Lpdjh

Iljxuh 7= Ilowhuhg Lpdjh


