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Devwudfw Iudphv duh d nqrzohgjh uhsuhvhqwdwlrq

vfkhph doorzlqj wkh ghvfulswlrq ri frpsoh{ remhfwv1

Krzhyhu/ d jds h{lvwv ehwzhhq wkh nqrzohgjh uhs0

uhvhqwhg e| iudph v|vwhpv dqg nqrzohgjh lq wkh

uhdo zruog1 Ihz iudph v|vwhpv duh frqfhuqhg zlwk

eulgjlqj wklv nqrzohgjh jds> wkh| gr qrw kdqgoh

dghtxdwho| lvvxhv vxfk dv h{fhswlrqv dqg wkh lq0

frqvlvwhqf| skhqrphqrq1 Rqh ri wkh vkruwfrplqjv

irxqg lq vxfk v|vwhpv lv wkh odfn ri d irupdo vh0

pdqwlfv wr wuhdw h{fhswlrqv dqg lqfrqvlvwhqflhv1 Lq

wklv sdshu d sdudfrqvlvwhqw lqkhulwdqfh uhdvrqhu lq

Sdudorj h lv lpsohphqwhg/ uhsuhvhqwlqj nqrzohgjh

e| phdqv ri sdudfrqvlvwhqw iudphv dqg pdnlqj lq0

ihuhqfhv rq wdqjohg klhudufklhv/ edvhg rq wkh gh0

juhh ri lqfrqvlvwhqf|2xqghu0ghwhuplqhgqhvv1 Ixu0

wkhupruh/ lwv pdlq fkdudfwhulvwlf lv qrw holplqdwlqj

frqwudglfwlrqv de lqlwlr1 Wkh lqkhulwdqfh uhdvrqhu

lpsohphqwhg doorzv pruh dghtxdwh wuhdwphqw ri h{0

fhswlrqv dqg lqfrqvlvwhqw lqirupdwlrq lq pxowlsoh

lqkhulwdqfh iudph v|vwhpv1

Nh|zrugv= iudph v|vwhpv/ pxowlsoh lqkhulwdqfh/

h{fhswlrqv/ lqfrqvlvwhqf|/ sdudfrqvlvwhqw lqkhul0

wdqfh uhdvrqhu1
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D iudph lv d uhsuhvhqwdwlrq ri d frpsoh{ re0

mhfw ^;`1 Lw lv lghqwl�hg e| d qdph dqg frqvlvw

lq d vhw ri vorwv1 Hdfk iudph srvvhvvhv dw ohdvw

rqh klhudufklfdoo| vxshulru iudph/ wkxv surylg0

lqj wkh edvlv iru wkh lqkhulwdqfh� phfkdqlvp1

�W?�ih�|@?Ui �t @ tTiU�@*�3i_ �?uihi?Ui |iU�?�^�i �t�
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D vshfldo iudph lv wkh urrw ri wklv lqkhulwdqfh

klhudufk|1 Wkh wzr pdlq w|shv ri h{lvwlqj lq0

khulwdqfh v|vwhpv duh= wkrvh qrw dgplwwlqj h{0

fhswlrqv wr lqkhulwhg surshuwlhv dqg wkrvh dg0

plwwlqj h{fhswlrqv wr lqkhulwhg surshuwlhv1

Lw lv hdv| wr ghvfuleh wkh vhpdqwlfv ri wkh

�uvw lqkhulwdqfh v|vwhp lq �uvw rughu Fodvvl0

fdo Orjlf/ lq zklfk iudphv pd| eh lqwhusuhwhg

dv xqlwdu| suhglfdwhv dqg vorwv pd| eh lqwhu0

suhwhg dv elqdu| suhglfdwhv1 Wkh ghvfulswlrq ri

wkh vhpdqwlfv ri wkh vhfrqg lqkhulwdqfh v|vwhp

lq �uvw rughu Fodvvlfdo Orjlf lv pxfk pruh gli0

�fxow/ ehfdxvh h{fhswlrqv lqwurgxfh qrqprqr0

wrqlflw|1

Vhyhudo qrqprqrwrqlf irupdolvpv kdyh ehhq

sursrvhg vlqfh wkh odwh :3*v1 Dprqj wkh prvw

zlghvsuhdg duh= Fodun*v suhglfdwh frpsohwlrq/

Uhlwhu*v ghidxow orjlf/ PfGhuprww dqg Gr|oh*v

qrqprqrwrqlf orjlf L/ PfFduwk|*v flufxp0

vfulswlrq whfkqltxh/ PfGhuprww*v qrqprqr0

wrqlf orjlf LL/ dqg Prruh*v dxwrhslvwhplf orjlf1

Qrqh ri wkhvh irupdolvpv/ krzhyhu/ dghtxdwho|

kdqgohv lvvxhv vxfk dv wkh lqfrqvlvwhqf| skh0

qrphqrq1

Wr lpsohphqw iudph v|vwhpv ghdolqj zlwk

wkh lqfrqvlvwhqf| skhqrphqrq rqh pxvw wdnh

lqwr dffrxqw wkh gl�fxow| fdxvhg e| wkh odfn

ri d irupdo vhpdqwlfv erwk iru sdudfrqvlvwhqw

Iudph V|vwhpv dqg iru lqkhulwdqfh uhdvrqhuv

ghdolqj zlwk h{fhswlrqv dqg lqfrqvlvwhqflhv lq

pxowlsoh lqkhulwdqfh iudph v|vwhpv1

Wkh �uvw dwwhpswv wr wuhdw h{fhswlrqv v|v0

whpdwlfdoo| odwhu suryhg wr eh lqfruuhfw lq

wkh suhvhqfh ri uhgxqgdqw olqnv dqg lqfrq0



vlvwhqflhv1 Wkh �uvw frpsuhkhqvlyh gh�qlwlrq

wr vroyh vxfk sureohpv zdv Wrxuhw}n|*v ^44`1

Vlqfh wkhq/ pdq| rwkhu htxdoo| fruuhfw v|v0

whpv kdyh ehhq sursrvhg1 Qhyhuwkhohvv/ gh0

vslwh d ghfdgh ri vwxglhv/ zlwk wkh lqfuhdv0

lqj vxewoh h{dpsohv dqg frxqwhu0h{dpsohv eh0

lqj frqvlghuhg/ d frqvhqvxv frqfhuqlqj pxowl0

soh lqkhulwdqfh wuhdwphqw zlwk h{fhswlrqv lq

vxfk klhudufklhv lv vwloo wr hphujh ^<`
2
1 Lw pxvw

dovr eh vwuhvvhg wkdw qrqh ri wkhvh vfkhphv

kdqgoh dghtxdwho| lvvxhv vxfk dv wkh lqfrqvlv0

whqf| skhqrphqrq/ ghvslwh vxfk skhqrphqd

ehlqj lqfuhdvlqjo| frpprq lq frpsxwlqj hq0

ylurqphqwv1
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Lqfrqvlvwhqf| lv d qdwxudo skhqrphqrq dulv0

lqj iurp wkh ghvfulswlrq ri uhdo zruog dv0

shfwv1 Ghvslwh vxfk skhqrphqd ehlqj lqfuhdv0

lqjo| frpprq lq surjudpplqj hqylurqphqwv

� sduwlfxoduo| lq wkrvh kdylqj d fhuwdlq gh0

juhh ri glvwulexwlrq � wkh| fdqqrw eh wuhdwhg/

dw ohdvw gluhfwo|/ e| phdqv ri Fodvvlfdo Orjlf/

rq zklfk prvw fxuuhqw surjudpplqj odqjxdjhv

duh edvhg1 Wkhuhiruh/ rqh kdv wr uhvruw wr do0

whuqdwlyhv wr fodvvlfdo orjlf wr vwxg| vxfk lq0

frqvlvwhqflhv gluhfwo|/ lw ehlqj wkxv qhfhvvdu|

wr orrn iru surjudpplqj odqjxdjhv edvhg rq

vxfk dowhuqdwlyh orjlf1 Wkh zrun e| ylod hw do1

^6` sursrvhv dq h{whqvlrq ri wkh SdudOrj orjlf

surjudpplqj odqjxdjh/ fdoohg SdudOrj h/ do0

orzlqj lqfrqvlvwhqf| wr eh kdqgohg gluhfwo|1

Wkh ghyhorsphqw ri wkh SdudOrj h odqjxdjh

lv edvhg rq dq dqqrwdwhg sdudfrqvlvwhqw orjlf

^4`/ lq�qlwho| ydoxhg/ zkhuh wkh wuxwk0ydoxhv

duh phpehuv ri i{ 5 ? m 3 � { � 4j � i{ 5
? m 3 � { � 4j1 Dffruglqj wr Vxeudkpd0

qldq ^43`/ d wzr0hylghqfh dqqrwdwlrq pd| eh

wkrxjkw ri dv= dq idyrudeoh hylghqfh wr s dqg

dq frqwudu| hylghqfh wr s1 Qr uhvwulfwlrq lv

sodfhg rq wkhvh hylghqfhv/ h{fhsw wkdw wkh| eh

2�t |�ihi �t ?L uLh4@* ti4@?|�Ut uLh �?�ih�|@?Ui hi@�
tL?�?} ��|� i UiT|�L?t tL u@hc |�i �?|i}h�|) Lu @ tU�i4i
�t U�hhi?|*) _i|ih4�?i_ M) U�iU!�?} �|t Mi�@��Lh M)
4i@?t Lu @ ti| Lu �?�ih�|@?Ui ?i|�Lh! i @4T*it�

zlwklq wkh i{ 5 ? m 3 � { � 4j lqwhuydo1 Wkh

xvh ri erwk wkhvh hylghqfhv lqfuhdvhv wkh h{0

suhvvlrq srzhu ri wkh lqirupdwlrq uhsuhvhqwhg1

Wkxv lw pd| eh vhhq wkdw e| xvlqj wkh Sdud0

orj h odqjxdjh/ wkh uhsuhvhqwdwlrq ri lqirupd0

wlrq lq iudph v|vwhpv pd| eh shuiruphg pruh

qdwxudoo|1 Odqjxdjhv vxfk dv SdudOrj h/ fd0

sdeoh ri phujlqj Fodvvlfdo Orjlf Surjudpplqj

frqfhswv zlwk wkrvh ri lqfrqvlvwhqf|/ zlghq wkh

vfrsh ri Orjlf Surjudpplqj dssolfdwlrqv lq hq0

ylurqphqwv suhvhqwlqj frq�lfwlqj eholhiv dqg

frqwudglfwru| lqirupdwlrq1

Wkh lpsohphqwdwlrq ri d sdudfrqvlvwhqw lq0

khulwdqfh uhdvrqhu lq SdudOrj h lv ghvfulehg

ehorz/ doorzlqj kdqgolqj h{fhswlrqv dqg lq0

frqvlvwhqflhv lq pxowlsoh lqkhulwdqfh iudph v|v0

whpv1
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Wkh ghyhorsphqw ri dq lqkhulwdqfh uhdvrqhu

iru iudphv uhtxluhv wkuhh pdmru ghflvlrqv wr eh

gudzq/ frqfhuqlqj wkh zd| ri uhsuhvhqwlqj= wkh

lqkhulwdqfh qhwzrun/ wkh iudph nqrzohgjh/ dqg

wkh uhdvrqhu lqihuhqfh0pdnlqj1

51414 Lqkhulwdqfh Qhwzrun Uhsuhvhqwd0

wlrq

Lq wkh �uvw ghflvlrq/ rqh fdq revhuyh wkdw do0

prvw doo wkh lqkhulwdqfh v|vwhpv irxqg lq olw0

hudwxuh uhsuhvhqw nqrzohgjh wkurxjk vhpdqwlf

qhwv ^44` ^:`1 Wklv sdshu uhsuhvhqwv nqrzohgjh

e| phdqv ri sdudfrqvlvwhqw iudphv1 Iudphv

duh d pruh frpsoh{ nqrzohgjh uhsuhvhqwdwlrq

vfkhph wkdq vhpdqwlf qhwv1

Wkh sdudfrqvlvwhqw iudph lqkhulwdqfh qhw0

zrun � iudph qhwzrun � ri wkh sdudfrqvlvwhqw

uhdvrqhu lv d wdqjohg klhudufk|
�
1 Wkdw lv/ lw do0

orzv iudph gdwd wr srvvhvv pxowlsoh dvfhqglqj

iudphv/ dqg wkhuhe| pxowlsoh lqkhulwdqfh1 Lq

wklv sdshu/ dvfhqglqj olqnv ehwzhhq wzr iudphv

pd| eh=

� vwulfw> dqg

�A�i M@t�U |ih4�?L*L}) @_LT|i_ �? |��t T@Tih �t |�i
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� ghihdvleoh1

Vwulfw olqnv duh uhsuhvhqwhg e| uhodwlrqvklsv

dnr zlwk shuihfwo| gh�qhg hylghqfhv ^4=3> 3=3`

dqg ^3=3> 4=3`1 Wkdw lv/ hylghqfh ^4=3> 3=3` uhs0

uhvhqwv wkdw d iudph D dnr iudph E1 Rq wkh

rwkhu kdqg/ hylghqfh ^3=3> 4=3` uhsuhvhqwv wkdw

d iudph D qrw0dnr iudph E1 Vwulfw olqnv dnr

dqg qrw0dnr duh dovr nqrzq dv srvlwlyh olqnv

dqg qhjdwlyh olqnv/ uhvshfwlyho|/ lq elsrodu lq0

khulwdqfh v|vwhpv1

Ghihdvleoh olqnv duh uhsuhvhqwhg e| dnr uh0

odwlrqvklsv zlwk hylghqfhv ehorqjlqj wr wkh

W @ i{ 5 ? m 3 � { � 4j � i{ 5 ? m

3 � { � 4j odwwlfh/ h{fhswlqj ^4=3> 3=3` dqg

^3=3> 4=3`1 Wkdw lv/ iru lqvwdqfh/ d ^3=<> 3=6` hyl0

ghqfh uhsuhvhqwv wkdw d iudph D/ jhqhudoo|/ dnr

iudph E/ exw zlwk d 53( lqfrqvlvwhqf|2xqghu0

ghwhuplqhgqhvv ghjuhhe1

Wklv iudph qhwzrun dovr dgplwv wkh h{lv0

whqfh ri uhgxqgdqw dvfhqglqj olqnv ehwzhhq

wzr iudphv/ ehfdxvh wkh qhwzrun dqg wkh uhd0

vrqhu duh edvhg rq SdudOrj h/ dqg diwhu wkh

forvxuh wudqvirupdwlrq/ wkh uhvxowlqj olqn lv wkh

vxsuhph ri uhgxqgdqw olqn1

51415 Nqrzohgjh Uhsuhvhqwdwlrq lq

Iudphv

Lq wkh vhfrqg ghflvlrq/ nqrzohgjh/ dv vdlg eh0

iruh/ lv uhsuhvhqwhg e| Sdudfrqvlvwhqw Iudphv1

Wkh zd| ri uhsuhvhqwlqj vxfk iudphv lv vlplodu

wr wkh vwdqgdug iudph uhsuhvhqwdwlrq1 Krz0

hyhu/ wkh lqirupdwlrq uhsuhvhqwhg lq sdudfrq0

vlvwhqw iudphv kdv juhdwhu h{suhvvlrq srzhu/

vlqfh lw lv dvvrfldwhg zlwk hylghqfhv1 Lq Sdu0

dOrj h d iudph pd| eh uhsuhvhqwhg dv d idfw/

wkdw lv/ rqh idfw iru hdfk vorw idfhw/ dv vkrzq

qh{w1

	 so@6e : E	 r,J| :c	 s@Se| :c	 �@,�e :� G d	 ei :c	 ef :o�

Iru lqvwdqfh/

f+froru/ydoxh/eoxh, = ^3=<> 3=6`=

eA�i �?UL?t�t|i?U)%�?_ih�_i|ih4�?i_?itt _i}hii �t

LM|@�?i_ @UULh_�?} |L d�fo

vshfl�hv wkdw d iudph f srvvhvvhv d froru

vorw zlwk eoxh ydoxh � <3( idyrudeoh hyl0

ghqfh dqg 63( frqwudu| hylghqfh � zlwk dq

lqfrqvlvwhqf|2xqghu0ghwhuplqhgqhvv ghjuhh ri

53(1

Wklv sdshu dgplwv wzr w|shv ri idfhwv=

41 ydoxh> dqg

51 h{fhswlrq1

Wkh �uvw idfhw vshfl�hv wkh ydoxh dvvxphg e|

wkh vorw1 Wkh ydoxh idfhwv pd| eh=

� vwulfw> dqg

� ghihdvleoh1

Vwulfw ydoxh idfhwv kdyh shuihfwo| gh�qhg hyl0

ghqfhv ^4=3> 3=3` dqg ^3=3> 4=3`1 Iru lqvwdqfh/

d+froru> ydoxh> eoxh, = ^3=3> 4=3`=

vshfl�hv wkdw d iudph d kdv d froru vorw ri qrq0

eoxh ydoxh1

Ghihdvleoh ydoxh idfhwv srvvhvv hylghqfhv

shuwdlqlqj wr odwwlfh W @ i{ 5 ? m 3 � { �

4j � i{ 5 ? m 3 � { � 4j/ h{fhswlqj ^4=3> 3=3`

dqg ^3=3> 4=3`1 Iru lqvwdqfh/

d+froru> ydoxh> eoxh, = ^3=6> 3=9`=

vshfl�hv wkdw d iudph d kdv d froru vorw

ri eoxh ydoxh/ exw zlwk d 43( ghjuhh ri

lqfrqvlvwhqf|2xqghu0ghwhuplqhgqhvv1

Ydoxh idfhwv dovr dgplw wkh h{lvwhqfh ri uh0

gxqgdqw ydoxh idfhwv1 Diwhu wkh forvxuh wudqv0

irupdwlrq/ wkh uhvxowlqj ydoxh idfhw lv wkh

vxsuhph ri uhgxqgdqw ydoxh idfhw1

Wkh odvw idfhw vshfl�hv wkh h{fhswlrqv dv0

vxphg e| wkh vorw1 Wkhuh pljkw eh rqh ru pruh

h{fhswlrq idfhwv iru hdfk vorw1 H{fhswlrq idfhwv

pd| eh=

� vwulfw> dqg

� ghihdvleoh1

Vwulfw h{fhswlrq idfhwv kdyh shuihfwo| gh�qhg

hylghqfhv ^4=3> 3=3` dqg ^3=3> 4=3`1 Iru lqvwdqfh/

f+froru/h{fhswlrq/uhg, = ^4=3> 3=3`=

f+froru/h{fhswlrq/eodfn, = ^4=3> 3=3`=



vshfli| wkdw d iudph f srvvhvvhv d froru vorw

zlwk uhg dqg eodfn h{fhswlrqv1

Ghihdvleoh h{fhswlrq idfhwv srvvhvv hylghqfhv

shuwdlqlqj wr odwwlfh W @ i{ 5 ? m 3 � { �

4j � i{ 5 ? m 3 � { � 4j/ h{fhswlqj ^4=3> 3=3`

dqg ^3=3> 4=3`1 Iru lqvwdqfh/

f+froru/h{fhswlrq/uhg, = ^3=5> 3=8`=

f+froru/h{fhswlrq/eodfn, = ^3=4> 3=6`=

vshfli| wkdw d iudph f srvvhvvhv d froru vorw

zlwk uhg dqg eodfn h{fhswlrqv/ exw zlwk d

63( dqg 93( ghjuhh ri lqfrqvlvwhqf|2xqghu0

ghwhuplqhgqhvv/ uhvshfwlyho|1

H{fhswlrq idfhwv dovr dgplw wkh h{lvwhqfh ri

uhgxqgdqw h{fhswlrq idfhwv1 Diwhu wkh forvxuh

wudqvirupdwlrq/ wkh uhvxowlqj h{fhswlrq idfhw lv

wkh vxsuhph ri uhgxqgdqw h{fhswlrq idfhw1

51416 Uhdvrqhu Lqihuhqfh0Pdnlqj

Ilqdoo|/ wkh odvw ghflvlrq frqfhuqv krz wkh lq0

khulwdqfh uhdvrqhu gudz lqihuhqfhv rq iudphv1

Wklv ghflvlrq lv uhodwhg wr wkh iruhjrlqj rqhv/

wkdw lv/ lw ghshqgv erwk rq wkh lqkhulwdqfh qhw0

zrun uhsuhvhqwdwlrq irup dqg rq wkh nqrzo0

hgjh uhsuhvhqwdwlrq irup lq iudphv1

Wklv sdshu/ dffruglqj wr Wrxuhw}n|*v ^45`

whuplqrorj|/ pd| eh fodvvl�hg dv frpsoh{/

vlqfh lw lv d v|vwhp srvvhvvlqj wkh iroorzlqj

fkdudfwhulvwlfv= pxowlsoh lqkhulwdqfh/ elsrodu0

lw|/ khwhurjhqhlw| dqg qrqprqrwrqlflw|/ wkdw

lv/ lw doorzv pxowlsoh dvfhqglqj olqnv/ srvlwlyh

dqg qhjdwlyh olqnv/ vwulfw dqg ghihdvleoh olqnv/

dqg h{fhswlrqv wr surshuw| lqkhulwdqfh1

Wkh lpsohphqwhg lqkhulwdqfh uhdvrqhu iru

iudphv/ lq dgglwlrq wr phhwlqj doo wkhvh fkdu0

dfwhulvwlfv doorzv/ ehlqj dq hqfrpsdvvlqj uhd0

vrqhu/ doo rwkhu ohvv frpsoh{ lqkhulwdqfh irupv/

vxfk dv xqlsrodu prqrwrqlf krprjhqhrxv lq0

khulwdqfh/ hwf1/ wr eh fduulhg rxw1

Lw lv dovr zruwk kljkoljkwlqj wkdw lwv pdlq

ihdwxuh lv qrw holplqdwlqj frqwudglfwlrqv/ de

lqlwlr/ vlqfh lq vhyhudo fdvhv ri uhdo zruog gh0

vfulswlrq wkh h{lvwhqfh ri frqwudglfwlrqv lv lp0

sruwdqw lq lwvhoi1 Wkhuhiruh/ vlqfh wkh lqkhul0

wdqfh uhdvrqhu lv lpsohphqwhg lq d sdudfrqvlv0

whqw orjlf surjudpplqj odqjxdjh/ SdudOrj h/

lw kdqgohv lqfrqvlvwhqw lqirupdwlrq dghtxdwho|1
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Iljxuh 4= Sdudfrqvlvwhqw Lqkhul0

wdqfh Uhdvrqhu Dojrulwkp wr Kdqgoh

H{fhswlrqv lq Pxowlsoh Lqkhulwdqfh

Iudph V|vwhpv

��� ���

����

Wkh sdudfrqvlvwhqw lqkhulwdqfh uhdvrqhu lv lp0

sohphqwhg lq SdudOrj h rq wkh edvlv ri wkh

dojrulwkp ghwdlohg lq Iljxuh 41 Lq wklv dojr0

ulwkp/ uhjxodul}dwlrq surfhgxuhv duh shuiruphg

�uvw1 Wkh| duh iroorzhg e| wkh lqlwldol}dwlrq ri

yduldeohv dqg wkh shuirupdqfh ri wkh h{ htxdo

surfhgxuh1 Dw odvw/ rq wkh edvlv ri wkh rxwsxw

ydoxhv ri vxfk surfhgxuh/ wkh frqwlqxh sur0

fhgxuh lv shuiruphg/ ru dq hpsw| ydoxh lv dw0

wulexwhg wr frqfoxvlrq F1

Wkh h{ htxdo surfhgxuh wulhv wr �qg vrox0

wlrqv wr iudphv srvvhvvlqj htxdo lqfrqvlvwhqf|

2 xqghu0ghwhuplqhgqhvv ghjuhhv1 Zkhq vxfk

vroxwlrqv duh irxqg/ d surfhgxuh frpelqlqj wkh

hylghqfhv ri wkh vroxwlrqv lv shuiruphg1 Rwk0

huzlvh/ d surfhgxuh lv shuiruphg wu|lqj wr �qg

sduhqw iudphv iru sdwkv wkdw glg qrw surgxfh

vroxwlrqv1 Wklv lv qhfhvvdu| iru wkh lqkhulwdqfh

uhdvrqhu wr vhdufk dvfhqgdqwv lq � 1

Wkh frqwlqxh surfhgxuh doorzv wkh vhdufk

iru dvfhqgdqwv lq � / wkdw lw/ vlqfh qr vroxwlrqv

zhuh irxqg lq wkh iudphv vhdufkhg/ wkh vhdufk

pxvw frqwlqxh xszdug wr wkh sduhqw iudphv



ehorqjlqj wr � 1 Iru wklv vhdufk wr eh shu0

iruphg/ wkh sduhqw iudphv irxqg lq wkh sdwkv

wkdw glg qrw surgxfh vroxwlrqv pxvw �uvw eh

rughuhg1 Vxfk rughulqj pxvw eh shuiruphg

rq wkh edvlv ri wkh lqfrqvlvwhqf|2xqghu0

ghwhuplqhgqhvv ghjuhh dffuxhg iurp hdfk sdwk1

Diwhuzdugv/ wkh rughuhg hohphqwv duh vhsd0

udwhg lqwr wzr jurxsv= hohphqwv zlwk htxdo

lqfrqvlvwhqf|2xqghu0ghwhuplqhgqhvv ghjuhhv

dqg hohphqwv zlwk kljkhu lqfrqvlvwhqf|2xqghu0

ghwhuplqhgqhvv ghjuhhv1 Wkhq/ wkh h{ htxdo

surfhgxuh lv djdlq shuiruphg edvhg rq wkhvh

wzr jurxsv ri hohphqwv1 Wklv surfhgxuh pxvw

eh uhshdwhg xqwlo qr pruh sduhqw iudphv h{lvw

ru d vroxwlrq lv irxqg1

 !
������
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Wkh pdlq remhfwlyh ri wklv zrun zdv wr vkrz

wkdw e| xvlqj Sdudfrqvlvwhqw Orjlf ^7`/ wkh

iudph v|vwhpv pd| uhdvrq dghtxdwho| lq wkh

suhvhqfh ri h{fhswlrqv dqg lqfrqvlvwhqw lqiru0

pdwlrq1 Wr dfklhyh vxfk remhfwlyh/ d sdudfrq0

vlvwhqw lqkhulwdqfh uhdvrqhu zdv lpsohphqwhg

lq SdudOrj h1 Wkh idfw wkdw d irupdo vhpdqwlfv

grhv qrw h{lvw erwk iru sdudfrqvlvwhqw iudph

v|vwhpv dqg iru lqkhulwdqfh uhdvrqhuv kdqgolqj

h{fhswlrqv dqg lqfrqvlvwhqflhv lq pxowlsoh lq0

khulwdqfh iudph v|vwhpv suhvhqwhg d sureohp/

exw dovr d prwlydwlrq iru wkh lpsohphqwdwlrq

ri wklv w|sh ri uhdvrqhu1

Wkh sdudfrqvlvwhqw lqkhulwdqfh uhdvrqhu gh0

yhorshg lq wklv sdshu/ dffruglqj wr Wrxuhw}n|*v

^45` whuplqrorj|/ pd| eh fodvvl�hg dv frpsoh{/

vlqfh lw lv d v|vwhp srvvhvvlqj wkh iroorzlqj

fkdudfwhulvwlfv= pxowlsoh lqkhulwdqfh/ elsrodu0

lw|/ khwhurjhqhlw| dqg qrqprqrwrqlflw|/ wkdw

lv/ lw doorzv pxowlsoh dvfhqglqj olqnv/ srvlwlyh

dqg qhjdwlyh olqnv/ vwulfw dqg ghihdvleoh olqnv/

dqg h{fhswlrqv wr surshuw| lqkhulwdqfh1 Gh0

vslwh doo ri wkdw/ lw ohdgv wr dssursuldwh frqfox0

vlrqv1 Wklv uhdvrqhu/ lq dgglwlrq wr phhwlqj doo

wkhvh fkdudfwhulvwlfv doorzv/ ehlqj dq hqfrp0

sdvvlqj uhdvrqhu/ doo rwkhu ohvv frpsoh{ lqkhu0

lwdqfh irupv/ vxfk dv xqlsrodu prqrwrqlf kr0

prjhqhrxv lqkhulwdqfh/ hwf1/ wr eh fduulhg rxw1

Wkh lpsohphqwhg lqkhulwdqfh uhdvrqhu uhs0

uhvhqwv nqrzohgjh wkurxjk sdudfrqvlvwhqw

iudphv dqg shuirupv lqihuhqfhv rq wdqjohg kl0

hudufklhv/ edvhg rq wkh lqfrqvlvwhqf|2xqghu0

ghwhuplqhgqhvv ghjuhh1 Ixuwkhupruh/ lwv pdlq

ihdwxuh lv qrw holplqdwlqj frqwudglfwlrqv/ de

lqlwlr1 Wkxv/ lw pd| eh frqfoxghg wkdw wkh lp0

sohphqwhg sdudfrqvlvwhqw lqkhulwdqfh uhdvrqhu

doorzv ehwwhu kdqgolqj ri wkh h{fhswlrqv dqg lq0

frqvlvwhqw lqirupdwlrq lq pxowlsoh lqkhulwdqfh

iudph v|vwhpv1

Sdudfrqvlvwhqw Orjlf/ ghvslwh kdylqj ehhq

lqlwldoo| ghyhorshg iurp wkh sxuho| wkhruhwl0

fdo vwdqgsrlqw/ irxqg lq uhfhqw |hduv h{wuhpho|

iuxlwixo dssolfdwlrqv lq Frpsxwlqj Vflhqfh ^5`

^8` ^9`/ wkxv vroylqj wkh sureohp ri mxvwli|lqj

vxfk orjlf iurp wkh sudfwlfdo vwdqgsrlqw1

�	�	
	��	�

^4` Deh/ M1P1/ Ixqgdphqwrv gd O�rjlfd Dqr0

wdgd/ +Irxqgdwlrqv ri Dqqrwdwhg Orjlfv,/

Sk1G1 Wkhvlv/ Idfxogdgh gh Ilorvr�d/ Oh0

wudv h Flahqfldv Kxpdqdv/ Xqlyhuvlgdgh gh

V�dr Sdxor/ V�dr Sdxor/ Eud}lo/ 4<<51 +lq

Sruwxjxhvh,

^5` Deh/ M1P1> �Dylod/ E1F1> Sudgr/ M1S1D1/

Pxowl0Djhqwv dqg Lqfrqvlvwhqfh/ LFFLPD/

s1464075/ Wududojrq/ Dxvwudold/ 4<<;1

^6` �Dylod/ E1F1> Deh/ M1P1> Sudgr/ M1S1D1/

Sdudorj h= D Sdudfrqvlvwhqw Orjlf Sur0

judpplqj Odqjxdjh/ LFFLPD/ s1476047;/

Wududojrq/ Dxvwudold/ 4<<;1

^7` gd Frvwd/ Q1F1D1/ Fdofxov Sursrvlwlrq0

qhov srxu ohv V|vw�hphv Iruphov Lqfrqvlv0

wdqwv/ Frpswh Uhqgx Dfdg1 ghv Vflhqfhv

+Sdulv,/ 58:/ ss1 6:<306:<5/ 4<961

^8` Hqhpeuhfn/ I1> �Dylod/ E1F1> Vderxulq/

U1/ Ghflvlrq Wuhh0Edvhg Sdudfrqvlvwhqw

Ohduqlqj/ [L[ Lqwhuqdwlrqdo Frqihuhqfh

ri wkh Fklohdq Frpsxwhu Vflhqfh Vrflhw|/

LHHH Frpsxwhu Vrflhw| Suhvv/ ss1 65077/

Wdofd/ Fkloh/ 4<<<1

^9` Hqhpeuhfn/ I1> �Dylod/ E1F1> Vderxulq/ U1/

Xvlqj Sdudfrqvlvwhqw Orjlf lq Dxwrpdwlf



Vljqdwxuh Yhul�fdwlrq/ Dujhqwlqh V|psr0

vlxp rq Duwl�fldo Lqwhooljhqfh/ ss1 ;:0<</

Wdqglo/ Dujhqwlqd/ 53331

^:` Nulvkqdsudvdg/ W1> Nlihu/ P1/ Dq

Hylghqfh0Edvhg Iudphzrun iru d Wkhru|

ri Lqkhulwdqfh/ Surf1 44|� LMFDL0;</ ss1

43<6043<;/ Ghwurlw/ 4<;<1

^;` Plqvn|/ P1/ D Iudphzrun iru Uhsuhvhqw0

lqj Nqrzohgjh/ PLW DL Phpr 639/ Fdp0

eulgjh/ PD/ Mxqh/ 4<:71

^<` Vhopdq/ E1>

Ohyhvtxh/ K1M1/ Wkh Wudfwdelolw| ri Sdwk

Edvhg Lqkhulwdqfh/ Surf1 44|� LMFDL0;</

ss1 447304478/ Ghwurlw/ 4<;<1

^43` Vxeudkpdqldq/ Y1V1/ Wrzdugv d Wkhru| ri

Hylghqwldo Uhdvrqlqj lq Orjlf Surjudp0

plqj/ Orjlf Froortxlxp c;:/ Wkh Hxur0

shdq Vxpphu Phhwlqj ri wkh Dvvrfldwlrq

iru V|perolf Orjlf/ Judqdgd/ Vsdlq/ Mxo|/

4<;:1

^44` Wrxuhw}n|/ G1V1/ Wkh Pdwkhpdwlfv ri Lq0

khulwdqfh V|vwhpv/ Uhvhdufk Qrwhv lq

Duwl�fldo Lqwhooljhqfh/ Slwpdq/ Orqgrq/

4<;91

^45` Wrxuhw}n|/ G1V1> Kruw|/ M1I1> Wkrpdvrq/

U1K1/ D Fodvk ri Lqwxlwlrqv= Wkh Fxuuhqw

Vwdwh ri Qrqprqrwrqlf Pxowlsoh Lqkhul0

wdqfh V|vwhpv/ 43|� LMFDL0;:/ Plodq/ ss1

7:907;5/ 4<;:1


