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4 Lqwurgxfwlrq

Gr ghprfudflhv wudgh pruh iuhho|B Li vr/ zkdw duh wkh fkdudfwhulvwlfv ri wkh ghprfudwlf srolw|
wkdw duh uhohydqw wr wudgh0srolf| irupdwlrqB Wklv fkdswhu vxuyh|v wkh hpslulfdo hylghqfh zlwk
uhvshfw wr wkh �uvw txhvwlrq/ dqg suhvhqwv d vlpsoh prgho ri wudgh dqg srolwlfv wr dgguhvv wkh
vhfrqg1

Zlwklq hfrqrplfv/ wkh srolwlfdo ruljlqv ri wudgh eduulhuv kdv ehhq wkrurxjko| lqyhvwljdwhg1
Wkh dssurdfk xvxdoo| iroorzv d vlplodu sdwwhuq= wdnh d vlpsol�hg Khfnvfkhu0Rkolq ru Ulfdugr0
Ylqhu vshfl�f idfwruv prgho wr ghvfuleh wkh hfrqrplf hqylurqphqw/ dqg ryhuod| vrph srolwlfdo
vwuxfwxuh wr h{soruh wkh irupdwlrq ri eduulhuv wr iuhh wudgh= gluhfw ghprfudf| e| Pd|hu +4<;7,/
srolwlfdo vxssruw iurp frpshwlqj jurxsv dv lq Kloopdq +4<;5, ru Jurvvpdq dqg Khospdq +4<<7,/
oree|lqj e| Ekdjzdwl +4<;5, / Ilqgod| dqg Zhoolv} +4<;5,/ Pdjhh Eurfn dqg \rxqj +4<;<,1 Lq
vr grlqj/ wkh hfrqrplf dssurdfk kdv ehhq wr irfxv rq wkh suhvvxuhv eurxjkw wr ehdu rq yrwh0 ru
vxssruw0pd{lpl}lqj srolwlfldqv wr vxsso| srolf|1 Khqfh wkh srolwlfdo hfrqrp| ri wudgh olwhudwxuh
irfxvhv rq wkh fkrlfh ryhu wkh ohyho ri wdul� +dqg rffdvlrqdoo| rq wkh fkrlfh ri lqvwuxphqw, edvhg
rq xqghuo|lqj uhglvwulexwlrqdo lqfhqwlyhv ri srolf|0pdnhuv ru rq wkh delolw| ri lqwhuhvw jurxsv wr
lq xhqfh wkh srolf|0pdnhuv1

Wkhvh prgl�fdwlrqv ri wkh srolf|0pdnhu*v remhfwlyh ixqfwlrq +srolf|0pdnhuv duh prghoohg dv
srolwlfdoo| uhvsrqvlyh, dqg wkh wudgh eduulhu irupdwlrq surfhvvhv prghoohg lq wklv olwhudwxuh duh
dw ehvw uhgxfhg irupv ri wkh srolwlfdo surfhvv1 Lqvwlwxwlrqdo ihdwxuhv ri wkh srolw| duh xvxdoo|
plvvlqj/ dqg fhuwdlqo| furvv0frxqwu| yduldwlrqv lq wkhvh lqvwlwxwlrqv kdyh qrw ehhq frqvlghuhg1
Urguln +4<<8, revhuyhv wkh sdxflw| ri zrun rq wkh furvv0frxqwu| yduldwlrq lq wkh ohyhov ri
surwhfwlrq/ dqg lghqwl�hv wkdw lqvwlwxwlrqv pdwwhu lq wklv frqwh{w +s1 47;7,1

Vfkroduv lq lqwhuqdwlrqdo uhodwlrqv dqg frpsdudwlyh srolwlfv kdyh/ rq wkh rwkhu kdqg/ vwuhvvhg
wkh qrwlrq wkdw duudqjhphqwv uhjduglqj froohfwlyh vhfxulw| pxvw rshudwh zlwklq d v|vwhp wkdw lv
erwk dqdufklf +lq wkh vhqvh ri qr dxwkrulw| wr hqirufh frqwudfwv,/ dqg fkdudfwhul}hg e| d frpsoh{
v|vwhp ri vhoi0hqiruflqj djuhhphqwv wkdw olplw xqlodwhudo lpsuryhphqwv lq grphvwlf frqglwlrqv
ru d vwdwhv* srzhu dw wkh h{shqvh ri dqrwkhuv*1 Wklv v|vwhp/ lwvhoi wkh rxwfrph ri edujdlqlqj
dqg qhjrwldwlrq ehwzhhq frxqwulhv/ uholhv rq wkh zloolqjqhvv ri vwdwhv wr �frrshudwh� zlwk hdfk
rwkhu1 Wkhvh vfkroduv kdyh qrwhg wkh zloolqjqhvv ri ghprfudflhv wr frrshudwh dorqj d ydulhw| ri
glphqvlrqv= wkh| �jkw ihzhu zduv zlwk hdfk rwkhu/ ru zlwk dxwrfudflhv wkdq gr dxwrfudflhv zlwk
hdfk rwkhu +Uxvvhw 4<<6,/ ru wr uhfrjql}h dqg hqirufh rqh dqrwkhu*v odzv41 H{sodqdwlrqv kdyh
klqjhg rq lqvwlwxwlrqdo ihdwxuhv +Exhqr gh Phvtxlwd dw do 4<<<,/ vxfk dv hohfwrudo frpshwlwlrq1

Khuh zh lqyhvwljdwh zkhwkhu wkh uhjlph w|sh ri d vwdwh rshudwlqj lq dq dqdufklf zruog0wudglqj
hqylurqphqw d�hfwv lwv zloolqjqhvv wr devwdlq iurp ehjjdu0wk|0qhljkeru +ru uhqw0vkliwlqj, srolflhv
wkdw lpsuryh grphvwlf frqglwlrqv dw wkh h{shqvh ri lwv wudglqj sduwqhuv1 Wkh hylghqfh vxjjhvwv
wkdw wkh lqvwlwxwlrqv ri ghprfudf| zrun wr hqkdqfh frrshudwlrq ryhu wudgh srolflhv1

Wklv fkdswhu lv dq dwwhpsw wr v|qwkhvl}h vrph uhfhqw zrun rq wklv wrslf> wr suhvhqw wkrvh dqg
vrph qhz lghdv zlwklq d vlqjoh frkhuhqw prgho vwuxfwxuh/ dqg wr vxppdul}h vrph ri wkh uhfhqw
hpslulfdo uhvxowv1 Wkh fhqwudo frqfoxvlrqv ri wklv fkdswhu duh wkdw

41 Ghprfudflhv kdyh d juhdwhu whqghqf| wr xqlodwhudo olehudol}dwlrq>

4Srolwlfdo vflhqwlvwv/ dqg wr d ohvvhu ghjuhh/ dqg pruh uhfhqwo| hfrqrplvwv/ kdyh ehhq lqwhuhvwhg lq wkh glvwlqfwlyh

qdwxuh ri ghprfudflhv � gr wkh| jurz idvwhu +Eduur 4<;9,/ gr wkh| �jkw ihzhu zduv +Uxvvhw/ 4<<6,/ kdyh orzhu

plolwdu| h{shqglwxuhv +Jdu�qnho 4<<7, / duh wkh| ohvv fruuxsw ru h{wudfwlyh +Odnh dqg Edxp 4<<;, 1
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51 Ghprfudflhv duh pruh frrshudwlyh zlwk uhvshfw wr wkhlu zloolqjqhvv wr mrlq wdul�0uhgxflqj
SWDv/ dqg

61 Ghprfudflhv duh pruh zloolqj wr r�hu frqfhvvlrqv lq wkh irup ri uhgxfhg wdul�v zkhq qh0
jrwldwlqj zlwk dqrwkhu ghprfudf|1

Wzr fkdudfwhulvwlfv ri ghprfudflhv 0 vhsdudwlrq ri srzhuv dqg hohfwrudo dffrxqwdelolw| ri lwv
ohdghuv 0 zloo eh dujxhg dv ehlqj nh| wr wkh wudgh0olehudol}lqj whqghqflhv ri wkhvh uhjlphv1

5 Ghprfudf| dqg Lqwhuvwdwh Frrshudwlrq

Dprqj srolwlfdo vflhqwlvwv/ d ydulhw| ri h{sodqdwlrqv kdyh hphujhg dv wr wkh shufhlyhg frrshudwlyh
qdwxuh ri ghprfudflhv1 Ghprfudflhv vkduh vlplodu ydoxhv dqg qrupv wkdw ohdg wr qrq0ylrohqw
vroxwlrqv wr frq lfw +Gl{rq 4<<7,> wkh| kdyh d uxoh ri odz wkdw surwhfwv surshuw| dqg grhv qrw
shuplw uhqw vhhnlqj ru h{sursuldwlrq +Rovrq 4<<6,1

Lq voljkwo| gl�huhqw irupxodwlrq/ d qxpehu ri vfkroduv kdyh vxjjhvwhg wkdw wudgh olehudol}dwlrq
vhhpv wr eh frlqflghqw zlwk ghprfudwl}dwlrq +h1j1 Kdjjdug dqg Zhee 4<<7,1 Krzhyhu Urguln
+4<<7, vxjjhvwv wkdw wudgh srolf| uhirupv duh xvxdoo| suhfhghg e| fkdqjhv lq wkh srolwlfdo uhjlph/
lq dq| gluhfwlrq/ ghprfudf| ru rwkhuzlvh1 Jhgghv +4<<5, dqg Su}hzruvnl +4<<4, kdyh vxjjhvwhg
wkdw  hgjolqj ghprfudflhv duh vxvfhswleoh wr fkdoohqjh/ dqg duh wkh ohdvw olnho| wr uhirup1 Yhuglhu
+4<<;, vxjjhvwv wkdw lqfuhdvhg ghprfudf| phdqv wkdw vlplodu vhfwruv lq hdfk frxqwu| duh hpsrz0
huhg srolwlfdoo|/ dqg wkh h�hfw lv olnho| wr eh pruh surwhfwlrq dw ohdvw zkloh wudgh lv srzhuhg e|
frpsdudwlyh dgydqwdjh1

Wkhvh zrunv surylgh olwwoh lqvljkw lq wr wkh h�hfw ri wkh lqvwlwxwlrqdo vwuxfwxuh ri ghprfudflhv
rq srolf|> ghprfudf| hpsrzhuv dqg uhvwudlqv wkh xvh ri wkdw srzhu wr pdnh srolf|1 Lw ghohjdwhv
dqg vhsdudwhv srzhu dqg dxwkrulw| dfurvv eudqfkhv dqg djhqwv1 Lw lv h{dfwo| wkhvh vwuxfwxudo
gl�huhqfhv wkdw duh wkh irfxv ri wklv fkdswhu1

Lq wkh zrun prvw forvho| uhodwhg wr wklv/ Nxerwd dqg Ploqhu +4<<<, vxjjhvw wkdw zlwk ghprf0
udf| frphv dq h{sdqvlrq ri wkh vxssruw edvh iru d srolf|0pdnhu +wkh �vhohfwrudwh� lqfuhdvhv lq
vl}h,1 D wdul� udlvhv wkh sulfh/ orzhulqj wkh vxssruw frqvxphuv pljkw kdyh iru wkh srolf|0pdnhu1
D srolf|0pdnhu fdq pdlqwdlq frqvxphu vxssruw e| surylglqj d wudqvihu wr wkrvh frqvxphuv zkr
duh phpehuv ri wkh vhohfwrudwh1 Dv wkh vhohfwrudwh lqfuhdvhv lq vl}h/ pruh wudqvihuv duh uhtxluhg
zklfk ehfrphv wrr h{shqvlyh> dowhuqdwlyho|/ wkh srolf|0pdnhu fdq orzhu wkh wdul�/ h�hfwlyho|
lpsurylqj wkh zhoiduh ri frqvxphuv dw odujh1 Dv wkh vhohfwrudwh jhwv odujh/ wkh rswlpdo srolf|
vzlwfkhv iurp d wdul� wr iuhhu wudgh1

Wklv zrun vkduhv wkh irxqgdwlrq wkdw fkdqjhv lq srolwlfdo lqvwlwxwlrqv d�hfw wudgh srolf|1
Zkloh Nxerwd dqg Ploqhu irfxv rq wkh h{whqvlrq ri wkh iudqfklvh/ wkh lqvwlwxwlrqv ri lqwhuhvw
khuh duh ohjlvodwxuhv +dqg wkh vhsdudwlrq ri srzhuv, dqg hohfwlrqv +wkh dffrxqwdelolw| ri wkh
h{hfxwlyh,/ erwk ri zklfk duh fkdudfwhulvwlf ri ghprfudflhv1

51314 Rq Wudgh dqg Shdfh dqg Jurzwk

Wkh olqn ehwzhhq wudgh dqg uhjlph w|sh lv vrphzkdw erxqg xs zlwk wkh txhvwlrq ri wkh olqn
ehwzhhq ghprfudf| dqg shdfh1 Li ghprfudf| vxssruwv wudgh/ dqg wudgh vxssruwv shdfh/ wkhq
wkhuh lv dqrwkhu xujhqw uhdvrq wr hqfrxudjh ghprfudwl}dwlrq lq xqvwdeoh uhjlrqv ri wkh joreh1
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Zh exlog khuh rq wkh sursrvlwlrq ri wkh �ghprfudwlf shdfh� +ghprfudflhv duh ohvv olnho| wr �jkw
zduv zlwk hdfk rwkhu,5/ dqg lqyhvwljdwh wkh sursrvlwlrq wkdw �ghprfudflhv duh ohvv olnho| wr �jkw
wudgh zduv zlwk rqh dqrwkhu�1

Srodfkhfn +4<<:, lqyhvwljdwhv forvho| wkh olqndjh ehwzhhq ghprfudf|/ wudgh dqg shdfh/ dqg
surylghv vxssruw iru wkh olehudo ylhz wkdw ghprfudf| ohdgv wr pruh wudgh> pruh wudgh lpsolhv
juhdwhu jdlqv iurp hfrqrplf lqwhudfwlrq wkdw zrxog eh sxw lq mhrsdug| e| frq lfw1 Khqfh zdu
lv ohvv olnho| zkhq wkhuh duh odujh jdlqv iurp wudgh wkdw zrxog eh orvw lq wkh hyhqw ri krvwlolwlhv1
Wudgh fuhdwhv vhfxulw| h{whuqdolwlhv dqg Pdqv�hog +4<<7, vkrzv wkdw zdu lv qhjdwlyho| uhodwhg wr
wudgh1

Wkhvh lghdv duh irxqghg lq Ndqw dqg Freghq= shdfh dqg ghprfudf| duh forvho| wlhg yld wkh
ghvluh wr pdlqwdlq jrrg wudglqj uhodwlrqv1 Eolvv dqg Uxvvhw +4<<;, txrwh Suhvlghqw Folqwrq*v
4<<7 Vwdwh ri wkh Xqlrq dgguhvv=

�Xowlpdwho|/ wkh ehvw vwudwhj| wr hqvxuh rxu vhfxulw| dqg exlog d gxudeoh shdfh lv wr
vxssruw wkh dgydqfh ri ghprfudf| hovhzkhuh1 Ghprfudflhv grq*w dwwdfn hdfk rwkhu1
Wkh| pdnh ehwwhu wudglqj sduwqhuv dqg sduwqhuv lq glsorpdf|1�

Zkdw wkhq lv lw derxw ghprfudf| dv d vhw ri lqvwlwxwlrqv ghvljqhg wr pdqdjh frq lfw lq vrflhw|/
wkdw ohdgv vxfk frxqwulhv wr eh ohvv ehooljhuhqw/ dqg pruh olnho| wr eh iuhhu wudghuvB

514 Ohjlvodwxuhv dqg Hohfwlrqv

Wzr fkdudfwhulvwlfv ri wkh vwuxfwxuh ri ghprfudwlf vwdwhv duh h{dplqhg khuh= wkh uhvsrqvlyhqhvv
ri wkh srolf|0pdnhuv wr wkh lqwhuhvwv ri wkh eurdg hohfwrudwh +wkh uroh ri hohfwlrqv dqg frqvhqw,/
dqg wkh uroh ri grphvwlf ohjlvodwxuhv lq ghprfudflhv +wkh h�hfw ri vhsdudwlrq ri srzhuv,1 Wkh nh|
h�hfwv li wkhvh lqvwlwxwlrqv duh wkhvh1 Zkhq yrwhuv kdyh +vrph, frqwuro ryhu srolwlfdo ohdghuv yld
frpshwlwlyh hohfwlrqv/ wklv lqfuhdvhv wkh zloolqjqhvv wr olehudol}h dqg uhgxfhv wkh ghvluh wr surwhfw
vshfldo lqwhuhvwv dw wkh h{shqvh ri wkh eurdg hohfwrudwh/ hvshfldoo| zkhq yrwhuv uhvsrqg wr srfnhw0
errn lvvxhv1 Vhsdudwhg dxwkrulw| ryhu wudgh srolf| phdqv wkdw li d frxqwu| lv hqgrzhg zlwk d
pruh surwhfwlrqlvw ohjlvodwxuh/ wklv zloo lqfuhdvh wkh edujdlqlqj srzhuv ri wkh lqwhuqdwlrqdo wudgh
qhjrwldwruv dw wkh lqwhuqdwlrqdo edujdlqlqj wdeoh1 Wkh qhjrwldwruv zloo/ xqghu ghprfudf|/ h{wudfw
juhdwhu frqfhvvlrqv iurp rwkhu frxqwulhv +hvshfldoo| rwkhu ghprfudflhv, wkdq xqghu dowhuqdwlyh
uhjlph vshfl�fdwlrqv1

Wkh ylhz wkdw hohfwlrqv nhhs lqfxpedqwv dfrxqwdeoh lv ghhso| lqjudlqhg lq ghprfudwlf fxowxuh
+Pdqlq/ Su}hzruvnl dqg Vwrnhv 4<<<,1 Dq hohfwlrq fdq vdqfwlrq d srruo| ehkdyhg lqfxpehqw/
e| hylfwlrq iurp r!fh1 Wkh survhshfw ri qrw ehlqj uhhohfwhg ohdgv lqfxpehqwv wr vklun ohvv lq
uhsuhvhqwlqj wkh hohfwrudwh 0 wkh uhwurvshfwlyh yrwlqj dssurdfk +Eduur 4<:6 / Ihuhmrkq 4<;9,1

Lq d eurdghu vhqvh/ erwk hohfwlrqv dqg vhsdudwlrq ri srzhuv duh lqvwlwxwlrqdo phfkdqlvpv
wr lqgxfh jryhuqphqwv wr ehkdyh lq d �uhsuhvhqwdwlyh pdqqhu�1 Shuvvrq/ Urodqg dqg Wdehoolql
+4<<:, vkrz wkdw vhsdudwlrq ri srzhuv +zkhq dssuruldwho| ghvljqhg, lqgxfhv wkh uhyhodwlrq ri
wkh lqirupdwlrq qhfhvdu| iru yrwhuv wr pdnh lqiruphg ghflvlrqv1 Li yrwhuv ehkdyh uhwurvshfwlyho|/
jryhuqphqw ehkdylru lv frqwudlqhg wr eh pruh uhsuhvhqwdwlyh1

5Gr|oh +4<;6, dprqj pdq| rwkhuv1
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6 Wkh Xqghuo|lqj Hfrqrp|6

Frqvlghu wzr frxqwulhv wkdw duh lghqwlfdo/ h{fhsw iru wkhlu uhjlph w|sh/ dqg wkhlu hqgrzphqwv1
Hdfk frxqwu| surgxfhv dqg frqvxphv wkuhh jrrgv odehoohg % dqg 6 dqg 51 Rq wkh ghpdqg
vlgh/ xwlolw| lv dvvxphg wr eh dgglwlyho| vhsdudeoh/ L E%c6� ' � E%� n � E6� n 5c zkhuh 5 lv wkh
qxphudluh jrrg/ dqg wkh xqlwv duh fkrvhq vxfk wkdw wkh sulfh ri d xqlw ri 5 lv �� Rq wkh vxsso|
vlgh/ krph*v hqgrzphqw ri % lv jlyhq dv q : �

2
c zkloh iruhljq*v hqgrzphqw ri % lv �� q� Zruog

rxwsxw lv wkhuhiruh �{hg dw xqlw|1 Vlploduo|/ krph*v hqgrzphqw ri 6 lv � � q zkloh iruhljq*v
hqgrzphqw lv q� Vlqfh suhihuhqfhv duh lghqwlfdo/ krph zloo h{sruw jrrg % dqg zloo lpsruw jrrg
6�

Krph fdq dsso| wkh vshfl�f wdul� | rq wkh lpsruwv ri jrrg 6� Li wkh sulfh deurdg ri jrrg 6

lv R6c wkhq wkh orfdo sulfh lv R6 n |c zkhuh | lv krph*v +qrq0surklelwlyh, wdul�1 Vlploduo|/ li wkh
sulfh ri % dw krph lv R%c wkhq wkh sulfh ri % deurdg lv R% n � zkhuh � lv wkh +qrq0surklelwlyh,
wdul� dssolhg e| iruhljq1

Xwlolw| pd{lpl}dwlrq |lhogv wkh ghpdqg ixqfwlrqv= % ' ��3� ER%� dqg %W ' ��3� ER% n �� c
6 ' ��3� ER6 n |� dqg6W ' ��3� ER6� c dqg pdunhw fohdulqj lpsolhv wkdw orfdo dqg iruhljq ghpdqg
pxvw vxp wr xqlw| iru hdfk jrrg= ��3� ER%� n ��3� ER% n �� ' � dqg ��3� ER6 n |� n ��3� ER6� ' ��
Vroylqj iru wkh htxloleulxp sulfhv |lhogv R% E�� dqg R6 E|� � Lw lv hylghqw wkdw

YR% E��

Y�
	 f dqg

YR6 E|�

Y|
	 f zkloh

Y ER% E�� n ��

Y�
: f dqg

Y ER6 E|� n |�

Y|
: f� +4,

Krph*v htxloleulxp frqvxpswlrq ri jrrg % dqg6 fdq eh h{suhvvhg dv % E�� ' ��3� ER% E��� dqg
6 E|� ' ��3� ER6 E|� n |� c zlwk

%� : f dqg 6� 	 f� +5,

Wr ghulyh dq h{suhvvlrq iru vrfldo zhoiduh/ qrwlfh wkdw wkh lqgluhfw xwlolw| iru wklv hfrqrp|
zlwk lqfrph + lv jlyhq e| + n � E% E�� c6 E|�� zkhuh � E% E�� c6 E|�� ' � E% E���� R% E��% E�� n
� E6 E|�� � ER6 E|� n |�6 E|� lv wkh frqvxphu vxusoxv dvvrfldwhg zlwk wkh frqvxpswlrq ri % dqg
6� Qdwlrqdo lqfrph + lv/ ri frxuvh/ htxdo wr wkh vxp ri sur�wv dqg wdul� uhyhqxh1 Khqfh wkh
vrfldo zhoiduh lv h{suhvvhg dv wkh vxp ri frqvxphu vxusoxv/ sur�wv dqg wdul� uhyhqxh= ` E|c �� '
� E% E�� c6 E|�� n �% E�� n �6 E|� n A E|� zkhuh �% E�� ' qR% E�� c �

6 E|� ' ER6 E|� n |� E�� q�
dqg wdul� uhyhqxh lv jlyhq e| A E|� ' | E6 E|�� E�� q�� � Vlploduo|/ iru iruhljq / ` W E|c �� '
�W E% E�� c6 E|��n�%W E��n�6W E|�nA W E�� zkhuh�W E% E�� c6 E|�� ' � E% E����ER% E�� n ��%W E��n
� E6W E|��� R6 E|�6W E|� c �%W E�� ' ER% E�� n �� E�� q� dqg �6W E|� ' R6 E|� q� Wdul� uhyhqxh lv
jlyhq e| A W E�� ' � E%W E��� E�� q�� �

614 Wkh Zhoiduh Rswlpl}lqj Wdul�

Dvvxph iru qrz wkdw hdfk jryhuqphqw kdv rqo| vrfldo zhoiduh lq plqg +wklv dvvxpswlrq zloo
eh uhod{hg lq wkh qh{w vhfwlrq,1 Wkh jryhuqphqwv fkrrvh wkhlu wdul�v vlpxowdqhrxvo|/ dqg zh
lqyhvwljdwh wkh Qdvk htxloleulxp lq wdul� ohyhov1 Wkh vhsdudelolw| ri wkh sd|r�v ohdgv wr d uhdfwlrq
ixqfwlrq iru hdfk sod|hu wkdw lv lqghshqghqw ri wkh rwkhu sod|hu*v wdul�v � wkh Qdvk htxloleulxp

6Wkh vwuxfwxudo prgho ri wkh xqghuo|lqj hfrqrp| gudzq iurp Pdqv�hog/ Ploqhu dqg Urvhqgru� +4<<<,1
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lv rqh ri grplqdqw vwudwhjlhv1 Krph jryhuqphqw vroyhv iru @h}4@ |` E|c �� zklfk zh odeho |` (
vlploduo|/ iruhljq vroyhv iru @h}4@ � `

W E|c �� zklfk zh odeho �`
W

� Lw lv zhoo hvwdeolvkhg wkdw wkh
rswlpdo wdul�v duh srvlwlyh dv d vpdoo wdul� jhqhudwhv d uhgxfwlrq lq frqvxphu vxusoxv wkdw lv
pruh wkdq frpshqvdwhg iru e| dq lpsuryhphqw lq wkh whupv ri wudgh1 Wklv lv wkh Mrkqvrqldq
ehjjdu0wk|0qhljkeru wdul�= lq d wzr frxqwu| zruog/ erwk frxqwulhv duh �odujh�/ dqg lpsohphqw
wkh rswlpdo wdul�1

H{solflwo|/ vhwwlqj `| ' f |lhogv |` ' E6 E|�� E�� q�� R
�

6
E|�

6�E|�
: f vlqfh lpsruwv duh srv0

lwlyh dqg erwk R�6 E|� dqg 6� E|� duh qhjdwlyh +iurp htxdwlrqv BB dqg 5,1 Vlploduo|/ �`
W

'

E%W E��� E�� q�� R�
%
E��

%W�E��
: fc dqg e| v|pphwu|/ |` ' �`

W

� Qrwlfh wrr wkdw krph kdv d suhihuuhg

iruhljq wdul� �` G `� 	 f iurp htxdwlrqv BB dqg wkdw h{sruwv duh srvlwlyh1 Wklv lpsolhv wkdw
krph*v +dqg iruhljq*v, suhihuuhg iruhljq +krph, wdul� lv �` ' f

�
' |`

W
�
�

7 Uhsuhvhqwdwlrq

Dq| srolf|0pdnhu +lq dq| uhjlph, lv dvvxphg wr h{shulhqfh ehqh�wv iurp wzr vrxufhv= lq dgglwlrq
wr wkh ehqh�w dvvrfldwhg zlwk lqfuhdvlqj vrfldo zhoiduh/ jryhuqphqwv rewdlq d iudfwlrq ri wkh
uhqwv wkdw dffuxh wr wkh lpsruw0frpshwlqj vhfwru +Ekdjzdwl*v +4<<;, �wdnlqjv�/ jryhuqphqw*v
�judvslqj kdqg� ri Rovhq +4<<6,,1 Wkhvh uhqwv frxog wdnh wkh irup ri srolwlfdo frqwulexwlrqv wr
wkh jryhuqphqw +dv lq ghprfudflhv zkhuh oreelhv rujdql}h dqg froohfwlyho| frqwulexwh wr d srolwlfdo
fdqglgdwh*v hohfwrudo fdpsdljq ixqg, ru wkh| fdq wdnh wkh irup ri h{wudfwlrq ru dssursuldwlrq
dv pljkw eh wkh fdvh lq dq dxwrfudwlf vrflhw| zkhuh lqglylgxdo surshuw| uljkwv duh qrw shuihfwo|
vhfxuh1 Wklv srolwlfdo vxssruw ixqfwlrq lv wkhuhiruh ulvlqj erwk lq wkh sur�wv ri wkh �upv dqg lq
vrfldo zhoiduh1

C E|c � c[� ' S�6 E|� n [` E|c ��

zkhuh S lv d srvlwlyh dqg h{rjhqrxv frqvwdqw/ S 5 Efc �� dqg [ phdvxuhv wkh uhvsrqvlyhqhvv
ri wkh uhsuhvhqwdwlyh wr wkh frqfhuqv ri wkh yrwhuv dw odujh71 Yduldwlrq dfurvv uhsuhvhqwdwlyhv
dqg uhjlphv zloo eh fdswxuhg e| [c dq lqvwlwxwlrqdo sdudphwhu wkdq phdvxuhv wkh lpsruwdqfh
wr wkh srolf|0pdnhu ri wkh lqwhuhvwv ri wkh eurdg vrflhw|1 Wkh odujhu lv [/ wkh pruh uhvsrqvlyh
lv wkh srolf| pdnhu wr wkh lqwhuhvwv ri wkh hohfwrudwh dw odujh dqg wkh ehwwhu lv wkh �txdolw| ri
ghprfudf|� +Ekdjzdwl 4<<;,1 Wkh vpdoohu lv [c wkh pruh wkh srolf|0pdnhu lv fdswxuhg e| wkh
vshfldo lqwhuhvwv uhsuhvhqwhg e| wkh �upv/ dqg wkh ohvv uhsuhvhqwdwlyh ri eurdg vrflhwdo lqwhuhvwv
wkh srolf|0pdnhu lv1

Zh zloo ghqrwh iruhljq*v uhjlph w|sh dv [c dqg iruhljq*v srolf|0pdnhu pd{lpl}hv

CW E|c � c[W� ' S�%W E�� n [W` W E|c ��

Rqfh djdlq/ wkh wzr jryhuqphqwv vhw wkhlu wdul� srolflhv vlpxowdqhrxvo|/ dqg wkh Qdvk htxl0
oleulxp lq wdul�v duh grplqdqw vwudwhjlhv1 Hdfk srolf|0pdnhu ri w|sh [ +dw krph, vroyhv iru

@h}4@ |C E|c � c[� c zklfk |lhogv |C ' 3SE�3q�ER�
6
E|�n��

[6�E|�
n R�

6
E|�

6�E|�
E6 E|�� E�� q�� � Wkh sdlu ri Qdvk

vwudwhjlhv duh ixqfwlrqv ri hdfk frxqwu|*v uhjlph w|sh=
�
|C E[� c �C E[W�

�
�

7Wklv sdshu wdnhv wkh frqwulexwlrq vfkhgxoh dv jlyhq dqg h{rjhqrxv1 Uhfhqw dgydqfhv e| Jurvvpdq dqg

Khospdq +4<<7, kdyh hqgrjhql}hg wkh frqwulexwlrq vfkhgxoh jlyhq wkh ghflvlrq wr rujdql}h1 Rxu sxusrvh khuh
lv wr vwxg| ihdwxuhv ri ghprfudf| zkhq srolwlfdo rujdql}dwlrq rffxuv/ dqg zh vhw xs wkh vlpsohvw vwuxfwxuh ri d

vlqjoh oree| zlwk dq h{rjhqrxv vfkhgxoh1
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8 Ghprfudf| dqg Olehudol}dwlrq

Rxu �uvw uhvxow hvwdeolvkhv wkdw dq| uhsuhvhqwdwlyh wkdw lv pruh uhvsrqvlyh wr wkh lqwhuhvwv ri
wkh hohfwrudwh dw odujh zloo dgrsw d orzhu grphvwlf wdul� hlwkhu xqlodwhudoo|/ ru zlwklq wkh qrq0
frrshudwlyh wdul� vhwwlqj jdph1 Vlqfh wkh rswlpdo vwudwhj| lv d grplqdqw vwudwhj|/ wkh srolf|0
pdnhu zloo dozd|v dgrsw d orzhu wdul� dv v2kh ehfrph pruh uhvsrqvlyh wr vrfldo zhoiduh uhodwlyh
wr wkh vshfldo lqwhuhvwv ri wkh lpsruw0frpshwlqj vhfwru1

Sursrvlwlrq 4 Y|C

Y[
	 f dqg Y|C

YS
: f�

Wkh surriv duh lq wkh dsshqgl{1 Wklv lpsolhv wkdw wkh pruh uhvsrqvlyh d srolf|0pdnhu lv wr
eurdghu vrflhwdo frqfhuqv/ wkh orzhu lv wkh qrq0frrshudwlyh Qdvk wdul�1 Ghprfudf| surylghv dq
lqfhqwlyh wr xqlodwhudoo| olehudol}h18

Wudgh srolf| krzhyhu lv wkh rxwfrph ri qhjrwldwlrqv ehwzhhq frxqwulhv1 Rxu lqwhuhvw lv wkh
h�hfw ri uhjlph w|sh rq wkh survshfwv iru lqwhuqdwlrqdo frrshudwlrq> lq sduwlfxodu/ zkhq zloo
wkh srolwlfdoo| prwlydwhg srolf|0pdnhuv djuhh wr irujr ehjjdu0wk|0qhljkeru wdul�v dqg frrshudwh
zlwklq d olehudol}hg wudglqj uhjlphB

814 Hohfwlrqv dqg Frrshudwlrq

Lq wklv vhfwlrq zh orrn dw wkh uroh ri hohfwlrqv/ ru pruh suhflvho|/ wkh h�hfw ri lqfuhdvlqj d
srolf|0pdnhu*v uhvsrqvlyhqhvv ru dffrxqwdelolw| wr wkh hohfwrudwh dw odujh1 Lq sduwlfxodu/ grhv wkh
srolf|0pdnhu kdyh pruh ru ohvv wr jdlq iurp frrshudwlqj dw iuhh wudgh dv klv2khu uhvsrqvlyhqhvv
wr wkh hohfwrudwh ulvhvB

Frqvlghu wkh wdul� jdph sod|hg dq lq�qlwh qxpehu ri wlphv/ dqg ohw xv h{dplqh wkh surshuwlhv
ri d frrshudwlyh htxloleulxp/ zkhuh frrshudwlrq lv vxssruwhg e| wkh wkuhdw ri dq lq�qlwh uhyhuvlrq
wr wkh Qdvk htxloleulxp 0 wkh julp wuljjhu sxqlvkphqw1

Wkhuh duh wzr lpsruwdqw frpsrqhqwv wr d frrshudwlyh vroxwlrq1 Zkdw duh wkh jdlqv iurp
frrshudwlrqB dqg vhfrqgo|/ fdq frrshudwlrq eh vxvwdlqhgB Ihdurq +4<<;, dgguhvvhv wklv lvvxh
ri edujdlqlqj dqg hqirufhphqw/ dqg vxjjhvwv wkdw vrphwlphv wkh| duh dw rggv= wkh vwurqjhu duh
wkh hqirufhphqw surylvlrqv ri dq| djuhhphqw/ wkh wrxjkhu zloo eh wkh edujdlqlqj ri jhw wr dq
djuhhphqw lq wkh �uvw sodfh/ jlyhq wkdw wkh sod|huv zloo kdyh wr vwlfn zlwk lw iru d orqj wlph1
Dowhuqdwlyho|/ wkh orrvhu lv wkh hqirufhphqw fulwhulrq/ wkh pruh zloolqj sod|huv pd| eh wr uhdfk
dq djuhhphqw vrrqhu1

Wkh h�hfwv ri lqfuhdvhg ghprfudf| rq edujdlqlqj dqg hqirufhphqw duh lqwhuhvwlqj1 Pruh
ghprfudf| dw krph ohdgv wr juhdwhu jdlqv iurp frrshudwlrq> |hw vxfk frrshudwlrq ehfrphv pruh
gl!fxow wr hqirufh1

Frqvlghu wkh sulvrqhuv glohppd vwuxfwxuh rxwolqhg deryh lq wkh jdph zlwk d vlqjoh srolf|0
pdnhu lq hdfk frxqwu|1 Wkh qrqfrrshudwlyh wdul� |Cc dqg gh�qh vrph frrshudwlyh wdul� |� 	

|C E[� dqg �� 	 �C E[W� iru doo E[c[W� � Wkh rswlpdo ghihfwlrq khuh lv dovr |C +wklv iroorzv iurp
wkh vhsdudelolw| ri xwlolw| 2 wkh htxloleulxp lq grplqdqw vwudwhjlhv,1 Frqvlghu wkh htxloleulxp lq
zklfk frxqwulhv frrshudwh xqohvv ru xqwlo d ghihfwlrq lv revhuyhg/ lq zklfk fdvh wkh julp wuljjhu lv
sxoohg1 Wkh �uvw uhvxow lv wkdw wkh jdlqv iurp frrshudwlrq ulvh zlwk wkh ohyho ri ghprfudf| dw krph1

8Ohy| +4<<<, lqyhvwljdwhv wkh fkdqjh lq wkh �prvw frrshudwlyh� wdul� zlwk d fkdqjh lq wkh zhljkw sxw rq vrfldo

zhoiduh lq Jurvvpdq dqg Khospdq +4<<7, hfrqrp| zlwk d vlqjoh oree|1 Kh �qgv d qrq0prqrwrqlf uhodwlrqvkls1
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Wkh lqwhuwhpsrudo jdlqv iurp frrshudwlrq duh }� E[c[W� ' �

�3B

�
C
�
|�c �� c[

�
�C

�
|C E[� c �C E[W� c[

��

zkhuh B lv wkh glvfrxqw udwh1

Sursrvlwlrq 5 Dv d frxqwu| ehfrphv pruh ghprfudwlf/ fhwhulv sdulexv/ lwv jdlqv iurp frrshud0
wlrq lqfuhdvh1 Wkdw lv Y

Y[
}� E[c[W� : f�

Wkh surri lv lq wkh dsshqgl{> wkh lqwxlwlrq khuh lv vwudljkwiruzdug1 Dv krph ehfrphv pruh
ghprfudwlf/ wkh srolf|0pdnhu kdv pruh wr jdlq iurp hqkdqflqj vrfldo zhoiduh1 Vrfldo zhoiduh
lv dozd|v hqkdqfhg e| frrshudwlrq/ dqg khqfh wkh srolf|0pdnhu grhv uhodwlyho| ehwwhu +dw wkh
pdujlq,1

Zkdw derxw wkh lqfhqwlyh wr ghihfwB Wkh jdlqv iurp ghihfwlrq duh }( E[� ' C
�
|C E[� c ��c[

�
�

C
�
|� c ��c[

�
� Gh�qh } E[c[W� ' }� E[c[W�� }( E[� c wkh gl�huhqfh ehwzhhq vwlfnlqj wr wkh fr0

rshudwlyh uhjlph dqg ghihfwlqj rqfh/ dqg ehlqj sxqlvkhg wkhuhdiwhu1

Sursrvlwlrq 6 Iru dq| sdlu ri frrshudwlyh wdul�v/ wkh gl�huhqfh ehwzhhq wkh jdlqv +iru wkh krph
h{hfxwlyh, iurp frrshudwlqj dqg wkh jdlqv iurp ghihfwlqj jurz zlwk wkh ghjuhh ri ghprfudf| dw
krph> l1h1 Y

Y[
} E[c[W� : f

Dv wkh phdvxuh ri ghprfudf| ulvhv 0 lq wklv lqvwdqfh/ dffrxqwdelolw| wr wkh zloo ri wkh vrflhw|
dw odujh 0 jryhuqphqwv kdyh pruh wr jdlq iurp dffhglqj wr iuhh wudgh djuhhphqwv1 Wkhuh lv dq
lqfuhdvhg/ xqlodwhudo zloolqjqhvv wr eh pruh frrshudwlyh lq wkh lqwhuqdwlrqdo hqylurqphqw1 9

Zh kdyh irfxvvhg khuh rq wkh dffrxqwdelolw| ri wkh h{hfxwlyh wr wkh zloo ri wkh hohfwrudwh
dw odujh/ dqg irxqg d xqlodwhudo lqfhqwlyh wr olehudol}h dqg d pruh dffrpprgdwlqj srvlwlrq lq
wkh lqwhuqdwlrqdo qhjrwldwlqj hqylurqphqw1 Gr zh �qg d vlplodu vruw ri uhvxow zkhq zh vkliw
rxu dwwhqwlrq iurp wkh uroh ri hohfwlrqv lq d ghprfudf| wr wkh h�hfw ri vhsdudwlqj srzhuv ryhu
srolf| wr pxowlsoh eudqfkhv ri jryhuqphqwB Zh �qg wkdw ghprfudflhv duh pruh zloolqj wr surylgh
frqfhvvlrqv wr rwkhu ghprfudflhv zkhq edujdlqlqj ryhu pxwxdo wdul� uhgxfwlrqv1 Wklv lv wkh irfxv
ri wkh qh{w vhfwlrq1

9 Lqvwlwxwlrqv= Vhsdudwlrq ri Srzhuv

Dq lpsruwdqw dvshfw ri ghprfudf| lv wkh glylvlrq ri dxwkrulw| +ru dxwkrulw| lv mrlqwo| khog, dfurvv
eudqfkhv ri jryhuqphqw1 Lq wkh wudgh srolf| uhdop/ wkh ohjlvodwxuh xvxdoo| ghohjdwhv dxwkrulw|
wr wkh h{hfxwlyh +d sulph plqlvwhu ru suhvlghqw, wr qhjrwldwh zlwk rwkhu vwdwhv ryhu wudgh lvvxhv1
Wklv ri frxuvh jlyhv wkh h{hfxwlyh vrph dxwkrulw| ru glvfuhwlrq wr qhjrwldwh ryhu wudgh srolf| dw
wkh lqwhuqdwlrqdo edujdlqlqj wdeoh1 Wzr srvvleoh urohv iru wkh ohjlvodwxuh hphujh1 D ohjlvodwxuh
pd| eh uhtxluhg wr udwli| dq| sursrvdo ehiruh lw fdq eh lpsohphqwhg1 Vxfk d udwl�fdwlrq surfhvv
lv fkdudfwhulvwlf ri ghprfudflhv/ dqg rffxuv lq erwk suhvlghqwldo dqg sduoldphqwdu| v|vwhpv1

9D vlplodu uhvxow lv hvwdeolvkhg lq Ploqhu/ Pdqv�hog dqg Urvhqgru� +4<<<,/ zkhuh wkh h{hfxwlyh lv sxuho|

h{wudfwlyh/ wkh hohfwlrq lv prghohg h{solflwo| dv d orwwhu|/ doo lq wkh frqwh{w ri shulrglf djjuhjdwh vkrfnv1 Lq wkdw
prgho/ wkh uhjlph lv fkdudfwhulvg e| wkh vhqvlwlylw| ri wkh h{hfxwlyh wr wkh rxwfrph ri wkh orwwhu|1 Lq wkdw prgho/

wkh lqwhuqdwlrqdo djuhhphqw olplwv wkh h{wudfwlyh srvvlelolwlhv ri wkh h{hfxwlyh/ exw surylghv vrph lqvxudqfh djdlqvw

ehlqj hylfwhg iurp r!fh lq shulrgv ri edg djjuhjdwh hfrqrplf frqglwlrqv1 Vlqfh ghprfudwv duh pruh uhvsrqvlyh wr
wkh hohfwrudo surfhvv/ ghrpfudwv duh pruh zloolqj wr �ex|� wklv lqvxudqfh/ dqg duh khqfh pruh zloolqj wr frrshudwh

lqwhuqdwlrqdoo|1

:



Udwl�fdwlrq lv riwhq sulru wr wkh qhjrwldwlrq ri wkh djuhhphqw lq sduoldphqwdu| v|vwhpv � wkh
sulph plqlvwhu pd| kdyh wr freeoh wrjhwkhu dq dffhswdeoh srolf| zlwk wkh ohjlvodwlyh pdmrulw|
ehiruh wdnlqj r!fh/ dqg dq| lqfhqwlyh wr ghihfw iurp vxfk dq djuhhphqw lv flufxpvfulehg e| wkh
sduoldphqwv* delolw| wr sdvv d prwlrq ri qr0frq�ghqfh lq wkh jryhuqphqw1 Lq rwkhu lqvwdqfhv/
d wudgh djuhhphqw pd| uhtxluh lpsohphqwlqj ohjlvodwlrq ehiruh lw fdq eh dgrswhg> lq rwkhuv/ d
uhihuhqgxp ru sohelvflwh pd| eh qhfhvvdu|1 Lq suhvlghqwldo v|vwhpv/ irupdo udwl�fdwlrq surfhgxuhv
duh uhtxluhg1 Vxfk d vwuxfwxuh edodqfhv dxwkrulw| dfurvv lqvwlwxwlrqv ri jryhuqphqw/ dqg kdv dq
h�hfw rq wkh ghjuhh ri olehudol}dwlrq wkdw lv ihdvleoh1

Wkh vhfrqg uroh iru wkh ohjlvodwxuh lv wkdw lw wdnhv uhvsrqvlelolw| iru lpsohphqwdwlrq ri wudgh
srolf| zkhq lqwhuqdwlrqdo qhjrwldwlrqv kdyh eurnhq grzq1 Lq wkh XV/ wkh ohjlvodwxuh lv xowlpdwho|
uhvsrqvleoh iru lqwhuqdwlrqdo djuhhphqwv xqghu wkh frqvwlwxwlrq> lq sduoldphqwdu| v|vwhpv/ dq
dfw ri sduoldphqw fdq ghwhuplqh wkh ohyho ri wudgh eduulhuv li qhfhvvdu|1

Zkloh wkhvh wzr urohv ri wkh ohjlvodwxuh duh vrphzkdw uhodwhg +diwhu udwl�fdwlrq idloxuh/ wkh
ohjlvodwxuh fdq uhtxhvw d uhqhjrwldwlrq e| wkh h{hfxwlyh/ ru dowhuqdwlyh dgrsw d xqlodwhudo sro0
lf|,/ zh irfxv khuh rq wkh h�hfw ri xowlpdwh uhvsrqvlelolw| o|lqj zlwk d uhodwlyho| surwhfwlrqlvw
ohjlvodwxuh1 Wkh uroh ri udwl�fdwlrq kdv ehhq vwxglhg lq Pdqv�hog hw do +5333,1

Zh hvwdeolvk lq wklv vhfwlrq wkdw ghprfudflhv duh pruh zloolqj wr r�hu �frqfhvvlrqv� 0 r�hu
wr orzhu wdul�v 0 zkhq lw lv edujdlqlqj zlwk dqrwkhu ghprfudf|1

Iru wkh sxusrvhv ri rxu prgho/ frqvlghu qrz d vhfrqg sod|hu lq dq| ghprfudf|/ zklfk zh
fdoo wkh ohjlvodwxuh/ Eu� c lq dgglwlrq wr wkh h{hfxwlyh/ odehoohg .� Zh dvvxph/ iroorzlqj Urjrzvnl
+4<;:, wkdw vlqfh phpehuv ri wkh ohjlvodwxuh uhsuhvhqw vpdoohu frqvwlwxhqflhv wkdq wkh h{hfxwlyh
+zkr lv uhvsrqvlyh wr d qdwlrqdo frqvwlwxhqf|,/ lw lv hdvlhu iru vshfldo lqwhuhvwv wr lq xhqfh suhihu0
hqfhv ri wkhlu uhsuhvhqwdwlyhv1 Uhsuhvhqwdwlyhv iurp vpdoohu glvwulfwv duh xqdeoh wr eh lqvxodwhg
iurp wkh surwhfwlrqlvw lqwhuhvwv ri jurxsv zhoo�uhsuhvhqwhg lq wkhlu glvwulfwv1 Wkh h�hfw lv wkdw
iru phpehuv ri wkh ohjlvodwxuh jhqhudoo|/ dqg iru wkh phgldq phpehu sduwlfxoduo|/ wkh [. : [u�

Wkh h�hfw ri wklv dvvxpswlrq lv wr pdnh wkh ohjlvodwxuh pruh surwhfwlrqlvw wkdq wkh h{hfxwlyh1
Iru wkh sxusrvhv ri wkh dqdo|vlv/ ghprfudflhv dw krph dqg deurdg duh v|pphwulf/ zlwk

[. ' [.W

: [u ' [uW� +6,

Lq dq dxwrfudf|/ wkhuh lv qr glylvlrq ri srzhu1 Zh gr pdnh d uhvwulfwlrq derxw wkh qdwxuh ri
uhsuhvhqwdwlrq xqghu dxwrfudf|= dxwrfudwv gr qrw xvxdoo| zhljkw wkh lqwhuhvwv ri vrfldo zhoiduh
yhu| kljko| 0 wkh| duh qrw yhu| uhvsrqvlyh wr wkh lqwhuhvwv ri wkh dyhudjh phpehu ri vrflhw| vlqfh
wkh| duh qrw uhlqhg lq e| hohfwlrqv ru dq| rwkhu irup ri flwl}hq frqwuro:1 Khqfh zh dvvxph lq zkdw
iroorzv wkdw wkh +iruhljq, dxwrfudw lv dw ohdvw dv surwhfwlrqlvw dv wkh prvw olehudo sod|hu 0 wkdw lv
dq dxwrfudw E�W� lv qhyhu pruh olehudo wkdq wkh h{hfxwlyh= [. � [�W

� Wr eldv wkh prgho djdlqvw
rxu lqwhqghg uhvxow +wkdw ghprfudwv frqfhgh pruh zkhq qhjrwldwlqj zlwk rwkhu ghprfudwv,/ zh
zloo suryh wkh prvw gl!fxow fdvh zkhuh dxwrfudwv kdyh suhihuhqfhv wkdw duh mxvw dv olehudo dv
ghprfudwlf h{hfxwlyhv1 Wklv zd|/ wkh srolwlfdo lqvwlwxwlrqv duh vkrzq wr d�hfw srolflhv/ dqg wkdw
wkh uhvxowv duh qrw gulyhq e| suhihuhqfhv1 L1h1 zh h{dplqh wkh fdvh zkhuh [. ' [�W

�

Zh dgrsw d edujdlqlqj dssurdfk1 Frqvlghu �uvw wkh wzr ghprfudwv1 Wkh sdlu ri ghprfudwlf
h{hfxwlyhv . dqg .W pxvw edujdlq wr dq djuhhphqw1 Vkrxog . dqg.W idlo wr djuhh/ wkh Qdvk htxl0
oleulxp sdlu ri wdul�v wr wkh qrq0frrshudwlyh wdul� vhwwlqj jdph sod|hg e| wkh wzr ohjlvodwxuhv lv

:Rovhq +4<<6, dujxhv wkdw �glfwdwruv� duh pruh olnho| wr h{fhvvlyho| h{wudfw �wdnlqjv� iurp wkh surgxfwyh

dvvhwv zlwklq wkhlu grpdlq wkdq duh Ndqwldq uhsxeolfv1
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lpsohphqwhg1 Wkdw lv/ idloxuh e| wkh h{hfxwlyhv wr qhjrwldwh vxffhvvixoo| ohdgv wr wkh sdlu
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Zh duh idfhg zlwk d vwdqgdug edujdlqlqj sureohp1 Jlyhq wkh v|pphwu| ri wkh wzr frxqwulhv�
[. ' [.W

�
c zh dsso| wkh hjdolwduldq vroxwlrq +Pdv0Frohoo hw do1 4<<8 s;74,/ dqg uhtxluh wkdw

wkh jdlqv iurp frrshudwlrq eh vsolw htxdoo| dprqj wkh djhqwv;1 Lq �jxuh 4 ehorz/ zkhuh wkh
xwlolw| srvvlelolw| iurqwlhu lv lqglfdwhg/ wkh edujdlqlqj vroxwlrq olhv rq wkh 78� olqh dw ..W 1

ILJXUH 4 +Wzr Ghprfudwv, derxw khuh1
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Iljxuh 4= Iljxuh 4= Wzr Ghprfudflhv Edujdlq wr ..W

Wkh pl{hg sdlu +rqh dxwrfudw dqg rqh ghprfudw, duh dzduh wkdw dq| idloxuh wr vxffhvvixoo|
qhjrwldwh d ghdo zloo phdq wkdw wkh ghprfudwlf ohjlvodwxuh dqg wkh dxwrfudw vhw wdul�v qrq0
frrshudwlyho|1 Li qhjrwldwlrqv euhdngrzq/ wkh iruhljq qhjrwldwru �W zloo lpsohphqw lwv grplqdqw
vwudwhj| ��

W

lq wkh qrq0frrshudwlyh jdph/ zkloh wkh krph ohjlvodwxuh ehkdyhv vlploduo|/ dqg
dgrswv |u� Wkh wkuhdw srlqw sd|r�v wkhq zrxog eh }.�
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Iru wkh iruhljq dxwrfudw/ wkh euhdngrzq rxwfrph C�W
�
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c[�W
�
lv ehwwhu wkdq kdg lw ehhq d

ghprfudf| dqg irxqg lwvhoi kdylqj wr dffhsw wkh wdul� vhw e| lwv +pruh surwhfwlrqlvw, ohjlvodwxuh
lqvwhdg1 Wkdw lv C.W
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Wkh rxwfrph qrz lv dw .�W�

ILJXUH 5 +wkh pl{hg fdvh, derxw khuh1

;Pdv0Frohoo hw do1 +4<<8, qrwh wkdw wklv vroxwlrq wr wkh edujdlqlqj sureohp idlov wr eh lqghshqghqw ri wkh

xwlolw| xqlwv1
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Iljxuh 5= Iljxuh 5= Wkh pl{hg sdlu edujdlq wr .�W�

Ohw xv qrz frpsduh wkh wzr fdvhv1 Qrwlfh wkdw uhodwlyh wr wkh mrlqwo| ghprfudwlf fdvh/ wkh
sd|r� wr wkh ghprfudwlf vwdwh lv kljkhu dqg wkh sd|r� wr wkh iruhljq vwdwh lv orzhu zkhq iruhljq
lv dxwrfudwlf1 Hlwkhu wkh ghprfudf|*v wdul�v kdyh ulvhq/ wkh dxwrfudw*v kdyh idoohq ru erwk1 Lq
hlwkhu fdvh/ zh fdq ghvfuleh wkh ghprfudf| dv ehfrplqj ohvv zloolqj wr r�hu frqfhvvlrqv gxulqj
edujdlqlqj/ dqg pruh deoh wr h{wudfw juhdwhu frqfhvvlrqv rxw ri lwv +qrq0ghprfudwlf, edujdlqlqj
sduwqhuv

Wkh h�hfw ri dgglqj d surwhfwlrqlvw ohjlvodwxuh wr vkduh wdul� vhwwlqj dxwkrulw| ohdgv wr d
kljkhu sd|r� ohyho iru wkh h{hfxwlyh wkdq li qr ohjlvodwxuh lv suhvhqw1 Pruhryhu/ wkh kdughu olqh
0 wkh pruh surwhfwlrqlvw 0 lv wkh ohjlvodwxuh +wkh odujhu lv [u� wkh ehwwhu lv wkh ghdo wkdw wkh
ghprfudwlf h{hfxwlyh fdq h{wudfw1

Wkh uhvxow khuh lv frqvlvwhqw zlwk d frqmhfwxuh ri Vfkhoolqj*v= d kdug0olqh ohjlvodwxuh fdq eh
xvhg e| wkh h{hfxwlyh eudfqfk wr h{wudfw dq lqwhuqdwlrqdo djuhhphqw pruh lq wkh krph h{hfxwlyh*v
lqwhuhvw< +Vfkhoolqj 4<93/ 5;05<,1

Zkhq hdfk frxqwu| kdv d surwhfwlrqlvw ohjlvodwxuh wr vdwlvi|/ erwk edujdlqhuv duh zloolqj wr
frpsurplvh> zkhq rqh lv dq dxwrfudw/ lw kdv qr kdug0olqh ohjlvodwxuh wr srlqw wr xvh wr h{wudfw d
frqfhvvlrq iurp wkh ghprfudf|1 Wkh dxwrfudw kdv ohvv edujdlqlqj srzhu dv d uhvxow1

Vxppdul}lqj wkh �qglqj ri wklv vhfwlrq/ zh kdyh

<Wkh Vfkhoolqj frqmhfwxuh lv lqyhvwljdwhg lq vrph ghwdlo lq Ploqhu dqg Urvhqgru� +4<<:, lq d vsdwldo prgho ri
glylghg jryhuqphqw dqg lqwhuqdwlrqdo qhjrwldwlrqv1 Wkh frqmhfwxuh lv vkrzq wr krog rqo| iru d olplwhg ghjuhh ri

gl�huhqfh lq wkh xqghuo|lqj suhihuhqfhv ri wkh ohjlvodwxuh dqg wkh h{hfxwlyh1 Ri frxuvh/ wklv lv wkh vdph edujdlqlqj

vwudwhj| xvhg e| fdu ghdohuv zkhq wkh ghdohuvkls pdqdjhu pxvw dssuryh dq| ghdo vwuxfn e| d vkrzurrp vdohvshuvrq1
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Sursrvlwlrq 7 D ghprfudf| r�huv ihzhu frqfhvvlrqv lq wudgh eduulhu qhjrwldwlrqv wr dq dxwrf0
udf| wkdq wr dqrwkhu ghprfudf|1

: Vw|ol}hg Idfwv 2 Hpslulfdo Hylghqfh

Lq wkh suhylrxv vhfwlrqv wkh ghprfudflhv duh vkrzq wr eh pruh zloolqj wr r�hu frqfhvvlrqv lq
wudgh eduulhu qhjrwldwlrqv wr rwkhu ghprfudflhv wkdq wr qrq0ghprfudflhv/ dqg wkh uroh ri wkh
surwhfwlrqlvw ohjlvodwxuh zdv slyrwdo1 Lq wkh vhfwlrq ehiruh/ h{hfxwlyhv khog pruh dffrxqwdeoh wr
wkh zloo ri wkh hohfwrudwh zhuh vkrzq wr eh pruh olnho| wr xqlodwhudoo| olehudol}h dqg zhuh pruh
frrshudwlyh lqwhuqdwlrqdoo|/ dqg uroh ri wkh hohfwlrq zdv nh|1 Lq erwk fdvhv/ wkh lqvwlwxwlrqdo
vwuxfwxuh ri jryhuqphqw ghflvrq0pdnlqj kdv dq lq xhqfh ryhu wkh wudgh eduulhu ohyhov fkrvhq/
dqg wkh zloolqjqhvv wr hqjdjh lq frrshudwlyh wudgh srolf|1

Lq wklv vhfwlrq L uhsruw vrph hpslulfdo uhvxowv gudzq iurp Eolvv dqg Uxvvhw +4<<;,/ Pdqv�hog
hw do1+5333/ 4<<<,/ dqg Uhpphu +4<<;,/ zlwk wkh sxusrvh ri surylglqj vrph hylghqfh lq vxssruw
ri wkh k|srwkhvhv yhqwxuhg deryh1

Wkh jhqhudo hpslulfdo dssurdfk lv wr lqyhvwljdwh wkh uroh ri uhjlph w|sh diwhu wkh vwdqgdug
h{sodqdwru| yduldeohv iru wkh yroxph ri wudgh duh frqwuroohg iru1 Lq wklv dssurdfk/ d vwdqgdug
judylw| prgho ri wudgh lv dgrswhg wr fdswxuh wkh h�hfwv ri wkh �hfrqrplf� yduldeohv1 JGSv/
srsxodwlrqv dqg glvwdqfh duh xvxdoo| lqfoxghg lq wkh uhjuhvvlrqv= kljkhu JGSv/ odujhu srsxodwlrqv
dqg vpdoohu glvwdqfhv duh doo h{shfwhg wr ohdg wr kljkhu wudgh yroxphv1431 Fuxfldo wr wkhvh dqdo|vhv
lv wkdw dq dssursuldwh phdvxuh ri uhjlph lv xvhg1 Lq sduwlfxodu/ lw lv fuxfldo wkdw wkh phdvxuhv
xvhg fdswxuh wr vrph ghjuhh dw ohdvw wkh uroh ri hohfwlrqv dqg vhsdudwlrq ri srzhuv1 Wkh Srolw|
LLL gdwd gr d uhodwlyho| jrrg mre1

:14 Srolw| LLL

Wkh Srolw| LLL gdwdvhw ri Mdjjhuv dqg Jxuu +4<<8, rq uhjlph w|sh frpelqhv gdwd rq 8 glphqvlrqv
wkdw dgguhvv wkh lqvwlwxwlrqdo gl�huhqfhv ehwzhhq ghprfudflhv dqg dxwrfudflhv1 L kdyh glylghg
wkhvh 8 fdwhjrulhv lqwr wzr vhwv/ rqh kljkoljkwlqj dffrxqwdelolw| wr wkh hohfwrudwh/ dqg wkh rwkhu/
lqvwlwxwlrqv=

41 Dffrxqwdelolw| wr wkh Hohfwrudwh= Frqvhqw

� wkh frpshwlwlyhqhvv ri wkh surfhvv iru vhohfwlqj d frxqwu|*v fklhi h{hfxwlyh

� wkh rshqqhvv ri wkh surfhvv

� wkh frpshwlwlyhqhvv ri srolwlfdo sduwlflsdwlrq zlwklq d frxqwu|

51 Lqvwlwxwlrqv dqg Uhvwudlqw

� wkh h{whqw wr zklfk lqvwlwxwlrqdo frqvwudlqwv olplw wkh fklhi h{hfxwlyh*v ghflvlrq0pdnlqj
dxwkrulw|

43Wkh judylw| htxdwlrq kdv ehhq kljko| vxffhvvixo lq h{sodlqlqj yroxphv ri wudgh  rzv ehwzhhq frxqwulhv>

pruhryhu/ wkh prgho lv frqvlvwhqw zlwk d eurdg vhw ri wudgh0wkhruhwlf prghov1 Vhh Ghdugru� +4<;7,/ iru lqvwdqfh1
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� wkh ghjuhh wr zklfk elqglqj uxohv jryhuq sduwlflsdwlrq lq wkh srolwlfdo surfhvv1

Mdjjhuv dqg Jxuu vfruh hdfk frxqwu|0|hdu sdlu dorqj hdfk ri wkhvh glphqvlrqv/ dqg jhqhudwh 5
djjuhjdwh vfruhv 0 rqh hvwlpdwhv wkh ohyho ri ghprfudf|/ wkh rwkhu/ dxwkrfudf|/ hdfk rq d f wr �f
srlqw vfdoh1 Xvxdoo| wkh gl�huhqfh ehwzhhq wkh ghprfudwlf vfruh dqg wkh dxwrfudwlf vfruh lv wdnhq
wr hvwdeolvk d frqwlqxrxv uhjlph vfruh rq d 54 srlqw vfdoh/ uxqqlqj iurp��f wr �f�Zkloh lw lv fohdu
wkdw wkhvh phdvxuhv gr fdswxuh/ wr vrph ghjuhh/ wkh lqvwlwxwlrqdo ihdwxuhv ri lqwhuhvw/ wkh| duh idu
iurp ehlqj d frpsohwh phdvxuh ri wkh frpsoh{ frqglwlrq nqrzq dv �ghprfudf|�1 Iru lqvwdqfh/
wkh| rplw wkh �iuhhgrpv� zh xvxdoo| dvvrfldwh zlwk ghprfudf| 0 suhvv/ dvvrfldwlrq/ vshhfk hwf1
Wkh| dovr rplw zkdw pljkw eh d fuxfldo ghwhuplqdqw ri frpphufldo uhdowlrqv/ wkh uroh ri wkh
wkh uxoh ri odz/ lqghshqghqw mxglfxdlu|/ surwhfwlrq ri sulydwh surshuw|/ iuhhgrp iurp duelwudu|
h{sursuldwlrq hwf1 Qhyhuwkhohvv/ wkh wkhruhwlfdo dssurdfk lv wr irfxv qrw rq ohjdo surwhfwlrqv/ exw
udwkhu rq lqvwlwxlrqdo ihdwxuhv ri jryhuqphqw lq rughu wr lqyhvwljdwh wkhlu h�hfwv rq wudgh srolf|1
Qr grxew wkhvh rwkhu dvshfwv ri ghprfudf| pd| dfw wr vwuhqjwkhq wkh zloolqjqhvv ri srolf|pdnhuv
wr uhgxfh wudgh eduulhuv 0 wklv lv d pdwwhu iru ehwwhu gdwd dqg ixwxuh uhvhdufk1

:15 Eolvv dqg Uxvvhw +4<<;,= Ghprfudf| Pdwwhuv1

Eolvv dqg Uxvvhw +EU, +4<<;, frqvlghu ;;5 sdluv ri vwdwhv iru hdfk |hdu ehwzhhq 4<95 dqg 4<;<1
Iru hdfk sdlu wkh +orj ri wkh, vxp ri h{sruwv dqg lpsruwv ehwzhhq wkhp zhuh uhjuhvvhg rq d
phdvxuh ri wkh uhjlph vfruh ri wkh ohdvw ghprfudwlf vwdwh lq wkh sdlu/ dprqj rwkhu yduldeohv1
EU frqvlghu rqo| wkh vfruh ri wkh ohdvw ghprfudwlf ri wkh sdlu/ rq wkh eholhi wkdw lw lv wkh ohdvw
ghprfudwlf vwdwh wkdw dfwv dv wkh �zhdn olqn� � wkh ohdvw ghprfudwlf sduwqhu zrxog prvw lq xhqfh
uhodwlrqv ehwzhhq wkh vwdwhv1

Wkh rwkhu yduldeohv EU lqfoxgh duh d phdvxuh ri odqjxdjh gl�huhqfhv/ wkh h{lvwhqfh ri suh0
h{lvwlqj plolwdul}hg glvsxwhv/ zkhwkhu wkh frxqwulhv zhuh plolwdulo| doolhg dqg zkhwkhu wkh| frxq0
wu| kdg dq rshq wudgh vwdqfh/ lq dgglwlrq wr wkh judylw| yduldeohv1 Lq srrohg wlph vhulhv hvwlpd0
wlrqv/ EU �qg wkdw ghprfudf| lv vljql�fdqwo| dqg srvlwlyho| uhodwhg wr wudgh yroxph1

:16 Pdqv�hog hw do1 +5333,= Mrlqw Ghprfudf| Pdwwhuv

Wkhvh uhvxowv duh frq�uphg e| vlplodu vhw ri uhjuhvvlrqv xqghuwdnhq e| Pdqv�hog hw do1 +5333,/
zkhuh wkh yroxph ri wudgh/ rqfh djdlq frqwuroohg iru e| wkh judylw| yduldeohv/ lv vljql�fdqwo|
d�hfwhg e| wkh uhjlph fkdudfwhulvwlfv ri erwk frxqwulhv lq wkh sdlu1 Xvlqj wkh vdph phdvxuh ri
ghprfudf| iru hdfk vwdwh dv EU/ d frxqwu| zdv odehoohg d ghprfudf| li lwv vfruh zdv deryh Sc
dqg dxwrfudf| li lwv vfruh zdv ehorz �S� Wkh yroxph ri wudgh zdv uhjuhvvhg djdlqvw wzr gxpp|
yduldeohv +wkh �uvw zrxog wdnh wkh ydoxh ri 4 zkhq wkh sdlu zdv pl{hg � rqh ghprfudf| dqg
rqh dxwrfudf|/ dqg wkh vhfrqg zrxog wdnh rq d ydoxh ri 4 li wkh sdlu zhuh mrlqwo| dxwrfudwlf,1
Wkh rplwwhg fdwhjru| zdv wkhq wkh ghprfudwlf sdlu/ dqg wkh frh!flhqwv iru wkh wzr gxpplhv
zrxog wkhq eh lqwhusuhwhg uhodwlyh wr wkh rplwwhg fdwhjru|1 Wkh vdpsoh lv doo sdluv ri vwdwhv
olvwhg dv phpehuv ri wkh lqwhuvwdwh v|vwhp e| wkh Fruuhodwhv ri Zdu Surmhfw +Vlqjhu dqg Vpdoo/
4<<7, iru 4<93/ 4<98/ 4<:3/ 4<:8/ 4<;3/ 4<;8 dqg 4<<31 Djdlq srrohg wlph vhulhv uhjuhvvlrqv zhuh
hvwlpdwhg1

Wkh frh!flhqw rq wkh pl{hg fdvh zdv qhjdwlyh dqg vljql�fdqw � pl{hg sdluv duh olnho| wr kdyh
vljql�fdqwo| ohvv wudgh ehwzhhq wkhp wkdq duh mrlqw ghprfudflhv1 Pl{hg g|dgv zhuh suhglfwhg wr
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hqjdjh urxjko| lq 48( wr 53( ohvv wudgh wkdq wkrvh frpsrvhg ri wzr ghprfudflhv1 Wkh uhvxowv
iru sdluv ri dxwrfudflhv zhuh qrw vljql�fdqw/ krzhyhu1

Wklv uhvxow lv vkrzq wr eh urexvw wr dowhuqdwlyh vshfl�fdwlrqv ri wkh wkuhvkrogv iru ghprfudf|
dqg dxwrfudf|1

:17 Uhpphu +4<<;,= Hfrqrplf Frrshudwlrq

Lqvwhdg ri wudgh  rzv rq wkh ohiw kdqg vlgh/ frqvlghu wkh h�hfwv ri uhjlph w|sh rq wkh olnholkrrg ri
d vwdwh vljqlqj dq hfrqrplf djuhhphqw zlwk d wudglqj sduwqhu1 Vxfk dq djuhhphqw pd| eh d wdul�
uhgxfwlrq djuhhphqw/ ru dq| rwkhu ghdo wkdw idflolwdwhv iuhhu wudgh1 Wklv vlghvwhsv wkh sureohpv
ri hqgrjhqhlw| lq wkh uhjuhvvlrqv phqwlrqhg deryh= wudgh yroxphv duh d�hfwhg e| JGS/ dqg
JGS lv d�hfwhg e| wkh jdlqv iurp wudgh1 Lq rughu wr dyrlg wklv vlpxowdqhlw| sureohp/ frqvlghu
lqvwhdg wkh zloolqjqhvv ri d vwdwh wr vljq dq lqwhuqdwlrqdo wudgh djuhhphqw/ ru pruh suhflvho| wr
mrlq d suhihuhqwldo wudglqj duhd +SWD,1 Lq rughu wr eh JDWW� frqvlvwhqw/ wkhvh SWDv sohgjh wr
vxevwdqwldoo| holplqdwh eduulhuv wr wudgh ehwzhhq wkh vljqdwrulhv1

Uhpphu lqyhvwljdwhv wkh frxqwulhv ri wkh Phufrvxu dqg �qgv wkdw ghprfudf| glg ohdg wr
pruh hfrqrplf djuhhphqwv/ hyhq ehiruh wkh Phufrvxu zdv irxqghg1 Vkh uxqv orjlvwlf uhjuhvvlrqv/
uxqqlqj wkh qxpehu ri hfrqrplf djuhhphqwv vljqhg ehwzhhq d sdlu ri Phufrvxu frxqwulhv lq d
jlyhq |hdu/ djdlqvw phdvxuhv ri ghprfudf|1 Khu glfkrwrprxv uhjlph yduldeoh lv gl�huhqw iurp/
exw kljko| fruuhodwhg zlwk wkh Srolw| gdwdvhw xvhg lq wkh uhvw ri wkh vwxglhv flwhg khuh1 Vkh �qgv
vrph vxssruw iurp wkh sursrvlwlrq wkdw ghprfudf| surprwhv frrshudwlrq � ghprfudwlf sdluv duh
vhyhudo wlphv pruh olnho| wr hqwhu lqwr hfrqrplf djuhhphqwv zlwk rqh dqrwkhu wkdq rwkhu sdluv
ri vwdwhv1

:18 Pdqv�hog hw do1+4<<<,= Ghprfudf| dqg SWDv

Lq d vlplodu lqyhvwljdwlrq/ Pdqv�hog hw do1 +4<<<, vwxg| wkh h�hfw ri uhjlph w|sh rq wkh zloolqjqhvv
ri d eurdg vhw ri vwdwhv wr hqwhu lqwr frpprq SWD441 Wkh xqlw ri dqdo|vlv lv wkh g|dg/ dqg wkh
ghshqghqw yduldeoh lv d gxpp| wkdw wdnhv wkh ydoxh � zkhq erwk phpehuv ri wkh g|dg duh
vljqdwrulhv wr d frpprq SWD1 Djdlq/ wkh Mdjjhuv dqg Jxuu +4<<8, uhjlph vfruhv duh xvhg/ dqg
dv ehiruh wkh 54 srlqw vfdoh jhqhudwhg e| wkh gl�huhqfh ehwzhhq wkh ghprfudf| vfruh dqg wkh
dxwrfudf| vfruh iru hdfk vwdwh lv xvhg1 Wkh vxp ri wkh uhjlph vfruhv iru hdfk frxqwu| lq wkh g|dg
lv wkhq frpsxwhg1 Wklv yduldeoh uxqv iurp �2f wr 2fc zlwk odujhu vfruhv lqglfdwlqj wkdw wkh sdlu
ri frxqwulhv lv pruh ghprfudwlf1 Djdlq/ zh irfxv rq srvw0Zruog Zdu LL gdwd/ dqg doo sdluv ri
frxqwulhv iru zklfk gdwd lv dydlodeoh iru hdfk 8 |hdu shulrg ehwzhhq 4<93 dqg 4<<3 duh h{dplqhg1
Wkh gdwd lv srrohg dfurvv wlph dqg frxqwu|0sdluv dqg d orjlvwlf uhjuhvvlrq lv frqgxfwhg/ dqg wkh
vljql�fdqfh whvwv duh edvhg rq Kxehu vwdqgdug huuruv +dssursuldwh iru wlph0vhulhv furvv vhfwlrq
prghov zlwk elqdu| ghshqghqw yduldeohv,1 Wkh hvwlpdwh ri wkh ghprfudwlf vfruh lv srvlwlyh dqg
vljql�fdqw dw wkh f��I ohyho1

44Zkloh zloolqjqhvv wr vljq d frpprq SWD lv hylghqfh ri lqwhuvwdwh frrshudwlrq/ lw qrw lpphgldwh wkdw d

SWD lv zhoiduh lpsurylqj � SWDv duh glvfulplqdwru| +wkh| uhpryh eduulhuv rqo| iru phpehuv,/ dqg dsshdu riwhq
wr eh prwlydwhg/ e| wudgh0glyhuvlrq udwkhu wkdq wudgh0fuhdwlrq +Ekdjzdwl 4<<6 ,1 Wkh hpslulfdo lqyhvwljdwlrqv

khuh dgguhvv wudgh zlwklq wkh g|dg/ dqg vlqfh wkh prgho wkdw iroorzv lv rqh ri d wzr0frxqwu| zruog/ wkh wudgh

glyhuvlrqdu| h�hfwv ri wkh SWD duh ri ohvvhu lpsruwdqfh jlyhq wkh txhvwlrq dw kdqg1
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Pdqv�hog hw do1 +4<<<, dovr hvwdeolvk wkdw wkh uhvxow lv urexvw wr dowhuqdwlyh vshfl�fdwlrqv= lq
rqh fdvh wkh| uhsodfh wkh vxp ri wkh wzr uhjlph vfruhv zlwk wkh lqglylgxdo uhjlph vfruhv/ dqg wkh
hvwlpdwhv duh srvlwlyh dqg vljql�fdqw> wkh| dovr xvh dq dowhuqdwlyh gdwdvhw zlwk ihzhu frxqwulhv
exw dqqxdo gdwd/ dqg rqfh djdlq/ ghprfudwlf g|dgv duh pruh olnho| wr hvwdeolvk SWDv wkdq pl{hg
sdluv/ ru sdluv ri dxwrfudflhv1

Xvlqj wkh hvwlpdwhv ri wkh uhjuhvvlrq/ wkh dxwkruv suhglfw wkh suredelolw| ri d SWD iruplqj
lq dq| |hdu dfurvv wkh srvvleoh g|dgv1 Wzr ghprfudflhv duh pruh wkdq grxeoh dv olnho| wr vljq d
SWD dv duh d pl{hg sdlu/ zklfk lq wxuq duh pruh wkdq grxeoh dv olnho| wr frrshudwh lq d SWD dv
wzr dxwrfudflhv1

; Frqfoxvlrq

Uhjlph w|sh d�hfwv wkh yroxph ri wudgh ehwzhhq frxqwulhv/ dqg wkhlu zloolqjqhvv wr hqwhu lqwr
iuhh+u, wudglqj duudqjhphqwv zlwk lwv wudglqj sduwqhuv1 Wkhuh lv dovr hylghqfh wr vxjjhvw wkdw
ghprfudflhv frrshudwh pruh jhqhudoo| lq wkh lqwhuqdwlrqdo hfrqrplf duhqd1 Wklv lqfuhdvhg zloo0
lqjqhvv wr frrshudwh vxjjhvwv wkdw lqfuhdvhg ghprfudwl}dwlrq zloo ohdg wr pruh frrshudwlrq dqg
ohvv frq lfw lq wkh zruog +wudglqj, v|vwhp1

Wkh sduwlfxodu dvshfwv ri ghprfudf| wkdw dsshdu wr eh lpsruwdqw duh wzr= wkh h�hfw ri
glylglqj dxwkrulw| ryhu wudgh srolf| dfurvv gl�huhqw dupv ri jryhuqphqw/ hdfk zlwk voljkwo|
gl�huhqw vrxufhv ri hohfwrudo srzhu dqg lq xhqfh> wkh vhfrqg lv wkh uroh ri hohfwlrqv lq pdlqwdlqlqj
dffrxqwdelolw| ri srolf|0pdnhuv wr wkh vrflhw| dw odujh1 Glylghg jryhuqphqw dfwxdoo| lqfuhdvhv wkh
edujdlqlqj srzhu ri wkh h{hfxwlyhv dw wkh lqwhuqdwlrqdo edujdlqlqj wdeoh> dffrxqwdelolw| ohvvhqv
wkh srolf|0pdnhu*v lqfhqwlyh wr glyhuw zhdowk wr vshfldo lqwhuhvwv dqg wr orzhu wkh ghdgzhljkw
frvwv ri vxfk uhglvwulexwlrq1

Rwkhu dvshfwv ri ghprfudf| duh qr grxew lpsruwdqw= wkh frqwhvwdeo| ri hohfwlrqv/ wkh iuhh
 rz ri lqirupdwlrq/ wkh iuhhgrp wr dvvrfldwh dqg wr oree| hwf1 Wkhvh qr grxew lq xhqfh srolf|0
pdnlqj dw vrph ohyho1 Vlploduo|/ dvshfwv ri dxwrfudflhv duh plvvlqj khuh � wkh uroh ri wkh plolwdu|
dqg srolwlfdo rssuhvvlrq/ iru h{dpsoh1 Pruhryhu/ wkhuh duh vrph dvshfwv ri ghprfudf| wkdw
pd| dsshdu wr eh xqghvludeoh zlwk uhvshfw wr zhoo ixqfwlrqlqj pdunhwv= wrr pxfk oree|lqj e|
lqwhuhvw jurxsv fdq ohdg wr pxfk zdvwhg/ xqsurgxfwlyh uhvrxufhv wkdw duh phuho| glvvlsdwhg e|
wkh oree|lqj h�ruw/ dqg kdyh doprvw qr h�hfw rq wkh srolf|pdnhuv � ghprvfohurvlv +Ekdjzdwl
4<;5 / Orkpdqq 4<<9,1 Vlploduo|/ wkhuh pd| eh ehqh�wv iurp dxwrfudf|= d ehqhyrohqw glfwdwru
pd| eh lqvxodwhg iurp suhvvxuhv wr surwhfw ru uhglvwulexwh1

Frpsdudwlyh dgydqwdjh dqg idfwru vshfl�flw| duh lpsruwdqw lq ghwhuplqlqj wkh sdwwhuq ri
wudgh dqg surwhfwlrq1 Exw lqvwlwxwlrqv pdwwhu wrr1 Frpsdudwlyh dgydqwdjh/ idfwru hqgrzphqwv
dqg wkhlu vshfl�flw| frpelqh wr ghwhuplqh zkr jdlqv dqg orvhv iurp wudgh dqg eduulhuv wr wudgh1
Lw lv wkh qdwxuh ri wkh srolwlfdo surfhvv wkdw ghwhuplqhv zklfk ri wkh d�hfwhg vhfwruv +wkh jdlqhuv
ru orvhuv, duh vxffhvvixo lq wkh srolf|0pdnlqj duhqd145

Wklv zrun lv qrw lqwhqghg wr eh d frpsohwh ghvfulswlrq ri wkh h�hfw ri ghprfudf| rq wudgh>
udwkhu lw uhsuhvhqwv wkh �uvw vwhsv lq wkhrul}lqj wkh frqqhfwlrqv ehwzhhq uhjlph w|sh dqg uhglv0

45Wkhuh lv dovr olnho| wr eh lqwhuhvwlqj yduldwlrq zlwklq wkh fodvv ri �ghprfudflhv�1 Iru lqvwdqfh/ pruh pd0
mrulwduldq v|vwhpv/ zlwk orz frvwv ri rujdql}lqj zloo uhzdug rujdql}hg/ preloh/ lpsruw0frpshwlqj idfwruv/ zkloh

ohvv pdmrulwduldq v|vwhpv zlwk kljk frvwv ri rujdql}lqj zloo uhzdug vpdoohu jurxsv hqjdjhg lq dfwlyh oree|lqj

+Urjrzvnl 4<;< dqg Dow dqg Jlooljdq 4<<7,1
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wulexwlrqdo srolf|> wkh �uvw vwhsv lq xqghuvwdqglqj wkh hfrqrplf ehqh�wv ri ghprfudf|1
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Uhihuhqfhv

Dow/ Mdphv H1 ) Plfkdho M1 Jlooljdq1 4<<71 �Wkh Srolwlfdo Hfrqrp| ri Wudglqj Vwdwhv1� Mrxuqdo
ri Srolwlfdo Sklorvrsk| 5=498�4<51

Eduur/ Urehuw M1 4<:61 �Wkh Frqwuro ri Srolwlfldqv= Dq Hfrqrplf Prgho1� Sxeolf Fkrlfh 47=4<�
751

Eduur/ Urehuw M1 4<<91 �Ghprfudf| dqg Jurzwk1� Mrxuqdo ri Hfrqrplf Jurzwk 4+4,=4�5:1

Ekdjzdwl/ Mdjglvk1 4<<61 Uhjlrqdolvp dqg Pxowlodwhudolvp= Dq Ryhuylhz1 Lq Qhz Glphqvlrqv
lq Uhjlrqdo Lqwhjudwlrq/ hg1 Mdlph gh Phor ) Duylqg Sdqdjdul|d1 Qhz \run= Fdpeulgjh
Xqlyhuvlw| Suhvv1

Ekdjzdwl/ Mdjglvk1 4<<;1 D Vwuhdp ri Zlqgrzv1 PLW Suhvv fkdswhu 73= Ghprfudf| dqg Ghyho0
rsphqw= Qhz Wklqnlqj rq dq Rog Txhvwlrq/ ss1 6:<�73:1

Ekdjzdwl/ Mdjglvk Q1 4<;51 �Gluhfwo| Xqsurgxfwlyh/ Sur�w0Vhhnlqj +GXS, Dfwlylwlhv1� Mrxuqdo
ri Srolwlfdo Hfrqrp|/ Yro1 <3/ Qr1 8 ss1 58<�43351

Eolvv/ Kduu| ) Euxfh Uxvvhw1 4<<;1 �Ghprfudwlf Wudglqj Sduwqhuv= Wkh Olehudo Frqqhfwlrq/
4<9504<;<1� Wkh Mrxuqdo ri Srolwlfv 93+7,=4459�7:1
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Exhqr gh Phvtxlwd/ Euxfh/ Mdphv G1 Pruurz/ Udqgrosk P1 Vlyhuvrq ) Dolvwdlu Vplwk1 4<<<1 �Dq
Lqvwlwxwlrqdo H{sodqdwlrq iru wkh Ghprfudwlf Shdfh1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz
<6+7,=:<4�;3;1

Ghdugru�/ Dodq Y1 4<;71 Whvwlqj Wudgh Wkhrulhv dqg Suhglfwlqj Wudgh Iorzv1 Lq Kdqgerrn ri
Lqwhuqdwlrqdo Hfrqrplfv/ hg1 U1 Z1 Mrqhv ) S1E1 Nhqhq1 Dpvwhugdp= Qruwk0Kroodqg1

Gl{rq/ Zlooldp M1 4<<71 �Ghprfudf| dqg wkh Shdfhixo Vhwwohphqw ri Lqwhuqdwlrqdo Frq lfw1�
Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;;=47�651

Gr|oh/ Plfkdho Z1 4<;61 �Ndqw/ Olehudo Ohjdflhv/ dqg Iruhljq D�dluv1� Sklorvrsk| dqg Sxeolf
D�dluv 45=538�681

Ihdurq/ Mdphv G1 4<<;1 �Edujdlqlqj/ Hqirufhphqw dqg Lqwhuqdwlrqdo Frrshudwlrq1� Lqwhuqdwlrqdo
Rujdql}dwlrq 85+5,=59<�6381

Ihuhmrkq/ Mrkq1 4<;91 �Lqfxpehqw Shuirupdqfh dqg Hohfwrudo Frqwuro1� Sxeolf Fkrlfh 83=8�581

Ilqgod|/ Urqdog Z1 ) Vwdqlvodz K1 Zhoolv}1 4<;51 Hqgrjhqrxv Wdul�v/ wkh Srolwlfdo Hfrqrp| ri
Wudgh Uhvwulfwlrqv/ dqg Zhoiduh1 Lq Lpsruw Frpshwlwlrq dqg Uhvsrqvh/ hg1 M1Q1 Ekdjzdwl1
Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv1

Jdu�qnho/ Plfkhooh U1 4<<71 �Grphvwlf Srolwlfv dqg Lqwhuqdwlrqdo Frq lfw1� Dphulfdq Hfrqrplf
Uhylhz ss1 4�651

Jhgghv/ E1 4<<51 �Ghprfudf| dqg wkh Pdunhw � Srolwlfdo dqg Hfrqrplf Uhirupv lq Hdvwhuq
Hxursh dqg Odwlq Dphulfd1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;9+7,=43<6�43<71

Jurvvpdq/ Jhqh P1 ) Hokdqdq Khospdq1 4<<71 �Surwhfwlrq iru Vdoh1� Dphulfdq Hfrqrplf
Uhylhz ;7=;66�;831

Kdjjdug/ Vwhskdq ) Vwhyhq E1 Zhee1 4<<71 Yrwlqj iru Uhirup= Ghprfudf|/ Srolwlfdo Olehudo0
l}dwlrq dqg Hfrqrplf Dgmxvwphqw1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1

Kloopdq/ Du|h O1 4<;51 �Ghfolqlqj Lqgxvwulhv dqg Srolwlfdo�Vxssruw Surwhfwlrqlvw Prwlyhv1�
Dphulfdq Hfrqrplf Uhylhz :5+8,=44;3�44<31

Mdjjhuv/ Nhlwk ) Whg Urehuw Jxuu1 4<<81 �Wudfnlqj Ghprfudf|*v Wklug Zdyh zlwk wkh Srolw|
LLL Gdwd1� Mrxuqdo ri Shdfh Uhvhdufk 65+7,=79<�;51

Nxerwd/ Nhlnr ) Khohq Ploqhu1 4<<<1 �Ghprfudf| dqg Wudgh Uhjlphv1� Xqsxeolvkhg/ Froxpeld
Xqlyhuvlw|1

Odnh/ Gdylg D1 ) Pdwwkhz D1 Edxp1 4<<;1 �Wkh Uhqw0Vhhnlqj Vwdwh= Prqrsro| Srzhu dqg
Ghprfudwlf Frqwuro1� Suhvhqwhg dw DSVD Phhwlqjv/ Ervwrq 1

Ohy|/ Sklols L1 4<<<1 �Oree|lqj dqg Lqwhuqdwlrqdo Frrshudwlrq lq Wdul� Vhwwlqj1� Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv 1
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Orkpdqq/ Vxvdqqh1 4<<91 Ghprvfohurvlv/ ru Vshfldo Lqwhuhvwv U Xv= Dq Lqirupdwlrq Udwlrqdoh iru
Srolwlfdo Julgorfn1 Lq Wkh Srolwlfdo Hfrqrp| ri Frq lfw dqg Dssursuldwlrq/ hg1 Plfkhooh U1
Jdu�qnho ) Vwhujlrv Vndshugdv1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv ss1 44<�4631

Pdjhh/ Vwhskhq/ Zlooldp D1 Eurfn ) Ohvolh \rxqj1 4<;<1 Eodfn Kroh Wdul�v dqg Hqgrjhqrxv
Srolf| Wkhru|1 Fdpeulgjh/ PD= Fdpeulgjh Xqlyhuvlw| Suhvv1

Pdqlq/ Ehuqdug/ Dgdp Su}hzruvnl ) Vxvdq F1 Vwrnhv1 4<<<1 Hohfwlrqv dqg Uhsuhvhqwdwlrq1 Lq
Ghprfudf|/ Dffrxqwdelolw| dqg Uhsuhvhqwdwlrq/ hg1 Dgdp Su}hzruvnl/ Vxvdq F1 Vwrnhv )
Ehuqdug Pdqlq1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

Pdqv�hog/ Hgzdug G1 4<<71 Srzhu/ Wudgh dqg Zdu1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv1

Pdqv�hog/ Hgzdug G1/ Khohq Y1 Ploqhu ) E1 Shwhu Urvhqgru�1 4<<<1 �Zk| Ghprfudflhv Frrshu0
dwh Pruh= Hohfwrudo Frqwuro dqg Lqwhuqdwlrqdo Wudgh Djuhhphqwv1� Xqsxeolvkhg/ Froxpeld
Xqlyhuvlw|1

Pdqv�hog/ Hgzdug G1/ Khohq Y1 Ploqhu ) E1 Shwhu Urvhqgru�1 5333d1 �Iuhh wr Wudgh= Ghprf0
udflhv/ Dxwrfudflhv dqg Lqwhuqdwlrqdo Wudgh1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz 1

Pdqv�hog/ Hgzdug G1/ Khohq Y1 Ploqhu ) E1 Shwhu Urvhqgru�1 5333e1 �Iuhh wr Wudgh= Ghprf0
udflhv/ Dxwrfudflhv dqg Lqwhuqdwlrqdo Wudgh1� Dphulfdq Srolwlfdo Vflhqfh Uhylhz 1

Pdv0Frohoo/ Dqguhx/ Plfkdho G1 Zklqvwrq ) Mhuu| U1 Juhhq1 4<<81 Plfurhfrqrplf Wkhru|1 Qhz
\run= R{irug Xqlyhuvlw| Suhvv1

Pd|hu/ Zroijdqj1 Ghfhpehu 4<;71 �Hqgrjhqrxv Wdul� Irupdwlrq1� Dphulfdq Hfrqrplf Uhylhz/
Yro1 :7/ Qr1 8 ss1 <:3�<;81

Ploqhu/ Khohq1 Y1 ) E1 Shwhu Urvhqgru�1 4<<:1 �Wudgh Qhjrwldwlrqv/ Lqirupdwlrq dqg Grphvwlf
Srolwlfv1� Hfrqrplfv dqg Srolwlfv 1

Rovhq/ Pdqfxu1 4<<61 �Glfwdwruvkls/ Ghprfudf| dqg Ghyhorsphqw1� Dphulfdq Srolwlfdo Vflhqfh
Uhylhz ;:+6,=89:�:91

Shuvvrq/ Wruvwhq/ Jhudug Urodqg ) Jxlgr Wdehoolql1 4<<:1 �Vhsdudwlrq ri Srzhuv dqg Srolwlfdo
Dffrxqwdelolw|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv 445+7,=4496�45351

Srodfkhn/ Vrorprq Z1 4<<:1 �Zk| Ghprfudflhv Frrshudwh Pruh dqg Iljkw Ohvv= Wkh Uhodwlrq0
vkls Ehwzhhq Lqwhuqdwlrqdo Wudgh dqg Frrshudwlrq1� Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv
8+6,=5<8�63<1

Su}hzruvnl/ Dgdp1 4<<41 Ghprfudf| dqg Pdunhwv= Srolwlfdo dqg Hfrqrplf Uhirupv lq Hdvwhuq
Hxursh dqg Odwlq Dphulfd1 Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv1

Uhpphu/ Nduhq1 4<<;1 �Grhv Ghprfudf| Surprwh Lqwhuvwdwh FrrshudwlrqB Ohvvrqv iurp wkh
Phufrvxu Uhjlrq1� Lqwhuqdwlrqdo Vwxglhv Txduwhuo| 75+4,=58�841
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Urjrzvnl/ Urqdog1 4<;:1 �Wudgh dqg wkh Ydulhw| ri Ghprfudwlf Lqvwlwxwlrqv1� Lqwhuqdwlrqdo
Rujdql}dwlrq 74+5,=536�5561
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