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SUHHPLQHQFH DQG VXVWDLQDELOLW\

LQ EDQNUXSWF\ SUREOHPV

Fduphq Khuuhur dqg Dqwrqlr Yloodu

DEVWUDFW

Wklv sdshu irfxvhv rq wzr qhz surshuwlhv iru edqnuxswf| uxohv= suhhpl0

qhqfh dqg vxvwdlqdelolw|1 Wkh| shuwdlq wr vlwxdwlrqv zkhq wkh fodlpv ri vrph

djhqwv duh �pxfk odujhu� wkdq wkh fodlpv ri rwkhu djhqwv1 Wkh| gl�hu lq wkh

zd| wkh| uhfrpphqg djhqwv zlwk �vpdoo� fodlpv wr eh wuhdwhg1 Suhhplqhqfh

uhtxluhv wkdw wkh djhqwv zlwk �yhu| vpdoo� fodlpv vkrxog qrw eh doorwhg dq|0

wklqj1 Vxvwdlqdelolw| wdnhv wkh rssrvlwh vlgh= fodlpv �vpdoo hqrxjk� vkrxog

eh ixoo| krqruhg1 Rxu pdlq uhvxowv duh wkdw wkh frqvwudlqhg htxdo0orvv uxoh

lv wkh rqo| uxoh wkdw vdwlv�hv htxdo wuhdwphqw ri htxdov/ frpsrvlwlrq dqg suh0

hplqhqfh/ dqg wkdw wkh frqvwudlqhg htxdo0dzdug uxoh lv wkh rqo| uxoh wkdw

vdwlv�hv htxdo wuhdwphqw ri htxdov/ sdwk lqghshqghqfh dqg vxvwdlqdelolw|1

Nh| zrugv= Edqnuxswf| sureohpv/ frqvwudlqhg htxdo orvv/ suhhplqhqfh

dqg vxvwdlqdelolw|1
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4 LQWURGXFWLRQ

Zkhq d �up jrhv edqnuxsw/ krz vkrxog lwv oltxlgdwlrq ydoxh eh glylghg
dprqj lwv fuhglwruvB Lq wklv sdshu zh ghdo zlwk vxfk edqnuxswf| sure0

ohpv/ dqg vhdufk iru zhoo0ehkdyhg phwkrgv/ ru uxohv/ ri dvvrfldwlqj zlwk hdfk
edqnuxswf| sureohp d glylvlrq ri wkh oltxlgdwlrq ydoxh ri wkh �up1

Wklv lv d pdmru sudfwlfdo lvvxh dqg/ dv vxfk/ lw kdv d orqj klvwru|1 Wkh
ehvw0nqrzq uxoh lv wkh sursruwlrqdo uxoh/ zklfk uhfrphqgv dzdugv wr eh sur0
sruwlrqdo wr wkh fodlpv1 Vrph rwkhu uxohv zhuh jhqhudwhg wu|lqj wr dfrppr0
gdwh h{dpsohv dsshdulqj lq wkh olwhudwxuh1 Wklv lv wkh fdvh ri wkh wdopxglf

uxoh wkdw jhqhudwhv wkh qxpehuv sursrvhg lq wkh Wdopxg dv vroxwlrqv wr vrph
h{dpsohv ri edqnuxswf| sureohpv ^vhh Udelqrylwfk +4<:6,/ R*Qhloo +4<;5,/
Dxpdqq dqg Pdvfkohu +4<;8,`1

Prghuq hfrqrplf dqdo|vlv kdv dgguhvvhg wklv sureohp iurp wzr gl�huhqw
shuvshfwlyhv1 Rqh lv wkh jdph wkhruhwlfdo/ lq zklfk edqnuxswf| sureohpv duh
irupxodwhg hlwkhu dv WX frdolwlrqdo jdphv/ ru dv edujdlqlqj sureohpv/ dqg
uxohv duh ghulyhg iurp vroxwlrqv wr frdolwlrqdo jdphv dqg iurp edujdlqlqj
vroxwlrqv/ uhvshfwlyho| ^vhh R*Qhloo +4<;5,/ Dxpdqq dqg Pdvfkohu +4<;8,/
Fxulho/ Pdvfkohu dqg Wlmv +4<;;,/ Gdjdq dqg Yrolm +4<<6,`1 Prvw ri wkh uhfhqw
olwhudwxuh iroorzv wkh d{lrpdwlf iudphzrun/ lq zklfk dsshdolqj surshuwlhv ri
uxohv duh irupxodwhg/ uxohv duh frpsduhg rq wkh edvlv ri wkhvh surshuwlhv/
dqg wkh h{lvwhqfh ri uxohv vdwlvi|lqj ydulrxv frpelqdwlrqv ri wkhvh surshuwlhv
wrjhwkhu lv lqyhvwljdwhg ^vhh R*Qhloo +4<;5,/ \rxqj +4<;:,/ Fkxq +4<;;d,/
Gdjdq +4<<9,/ Khuuhur/ Pdvfkohu dqg Yloodu +4<<;,`1 Wkh uhdghu lv uhihuuhg wr
Wkrpvrq +4<<8, iru d vxuyh| ri wklv olwhudwxuh1 Khuh zh iroorz wklv dssurdfk1

Wkh sursruwlrqdo uxoh vdwlv�hv d qxpehu ri dsshdolqj surshuwlhv/ dqg
zkhq frpsduhg zlwk rwkhu uxohv/ lw kdv pxfk wr uhfrpphqg lwvhoi1 Wkh lghd
ri htxdolw| xqghuolhv dqrwkhu zhoo0nqrzq uxoh= wkh frqvwudlqhg htxdo0dzdug

uxoh1 Lw pdnhv dzdugv dv htxdo dv srvvleoh wr doo fuhglwruv/ vxemhfw wr wkh
frqglwlrq wkdw qr fuhglwru uhfhlyhv pruh wkdq khu fodlp1 D gxdo irupxodwlrq
ri htxdolw|/ irfxvlqj rq wkh orvvhv fuhglwruv lqfxu/ dv rssrvhg wr zkdw wkh|
uhfhlyh/ xqghuolhv wkh frqvwudlqhg htxdo0orvv uxoh1 Lw sursrvhv orvvhv dv htxdo
dv srvvleoh iru doo fuhglwruv/ vxemhfw wr wkh frqglwlrq wkdw qr fuhglwru hqgv xs
zlwk d qhjdwlyh dzdug1 Dowkrxjk wklv lv d zhoo nqrzq uxoh/4 lw kdv qrw |hw

4Dxpdqq ) Pdvfkohu +4<;8, wudfh edfn wklv qrwlrq wr Pdlprqlghv1 Lq wkh frqwh{w ri
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ehhq fkdudfwhul}hg lq wklv frqwh{w1

Wkh sursruwlrqdo/ frqvwudlqhg htxdo0dzdug dqg frqvwudlqhg htxdo0orvv

uxohv vdwlvi| wkuhh edvlf surshuwlhv1 Wkh �uvw rqh/ htxdo wuhdwphqw ri htxdov/

uhtxluhv lghqwlfdo djhqwv wr eh wuhdwhg lghqwlfdoo|1

Wr prwlydwh wkh qh{w wzr surshuwlhv/ frqvlghu d vlwxdwlrq zkhq wkh dfwxdo

zruwk ri d edqnuxsw �up lv ehlqj hydoxdwhg/ dqg wkh duelwudwru sursrvhv d

whqwdwlyh glylvlrq edvhg rq d iruhfdvw ri wkh �up*v qhw zruwk1 Diwhu wklv lv

grqh/ wkh �up*v dvvhwv duh uhhydoxdwhg dqg irxqg wr eh zruwk pruh wkdq

ruljlqdoo| wkrxjkw1 Wkhq/ wzr rswlrqv duh rshq= hlwkhu wkh �uvw glylvlrq

lv fdqfhoohg dowrjhwkhu dqg wkh uxoh lv dssolhg wr wkh dfwxdo sureohp/ ru

wkh uxoh lv dssolhg wr wkh sureohp ri glylglqj wkh lqfuhphqwdo ydoxh ri wkh

�up diwhu dgmxvwlqj wkh fodlpv grzq e| wkh dprxqwv dvljqhg lq wkh �uvw

glylvlrq1 Frpsrvlwlrq uhtxluhv wkh uhfrpphqgdwlrq jlyhq e| wkh uxoh wr eh

lqghshqghqw ri wkh fkrvhq rswlrq1 Dvvxph qrz/ rq wkh frqwudu|/ wkdw diwhu

vroylqj d sureohp e| xvlqj vrph iruhfdvw rq wkh �up*v qhw zruwk/ lw wxuqv

rxw wkdw wkh dfwxdo zruwk ri wkh �up idoov vkruw ri zkdw zdv h{shfwhg1 Wkhq/

wzr rswlrqv duh rshq= hlwkhu wkh �uvw glylvlrq lv fdqfhoohg dqg wkh dfwxdo

sureohp lv vroyhg/ ru wkh lqlwldo fodlpv duh dgmxvwhg grzq wr wkh dzdugv

lqlwldoo| dvvljqhg/ dqg wklv uhylvhg sureohp lv vroyhg1 Sdwk lqghshqghqfh

uhtxluhv erwk rswlrqv wr jlyh wkh vdph dqvzhu1

Zh irfxv lq wklv sdshu rq wzr qhz surshuwlhv/ suhhplqhqfh dqg vxv0

wdlqdelolw|1 Wkh| shuwdlq wr vlwxdwlrqv zkhq wkh fodlpv ri vrph djhqwv duh/

lqirupdoo| vshdnlqj/ �pxfk odujhu� wkdq wkh fodlpv ri rwkhu djhqwv1 Wkh|

gl�hu lq wkh zd| wkh| uhfrpphqg djhqwv zlwk �vpdoo� fodlpv wr eh wuhdwhg1

Suhhplqhqfh uhtxluhv wkdw wkh djhqwv zlwk �vpdoo� fodlpv vkrxog qrw eh do0

orwhg dq|wklqj1 Vxvwdlqdelolw| wdnhv wkh rssrvlwh vlgh= fodlpv �vpdoo hqrxjk�

vkrxog eh ixoo| krqruhg1 Rxu pdlq uhvxowv duh wkdw wkh frqvwudlqhg htxdo0orvv

uxoh lv wkh rqo| uxoh wkdw vdwlv�hv htxdo wuhdwphqw ri htxdov/ frpsrvlwlrq dqg

suhhplqhqfh/ dqg wkdw wkh frqvwudlqhg htxdo0dzdug uxoh lv wkh rqo| uxoh wkdw

vdwlv�hv htxdo wuhdwphqw ri htxdov/ sdwk lqghshqghqfh dqg vxvwdlqdelolw|1

Vxssrvh wkdw/ zkhq vroylqj d sureohp/ zh vwduw e| whpsrudulo| dzduglqj

hyhu| djhqw klv fodlp1 Vlqfh lw lv qrw ihdvleoh/ qrz zh dsso| d sduwlfxodu uxoh

wr doorfdwh orvvhv1 E| wklv surfhgxuh zh rewdlq d qhz uxoh/ wkh gxdo uxoh ri

wkh lqlwldoo| xvhg1 Zkhq d uxoh frlqflghv zlwk lwv gxdo/ lw lv fdoohg vhoi0gxdo1

Wkh sursruwlrqdo uxoh lv vhoi0gxdo/ dqg wkh frqvwudlqhg htxdo0orvv dqg wkh

frqvwudlqhg htxdo dzdugv uxohv duh gxdo iurp hdfk rwkhu1 Wklv gxdolw| xqghu0

wd{dwlrq/ wklv uxoh fruuhvsrqgv wr wkh ohyholqj wd{1
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olhv wkh surshuwlhv wkh| ixo�o/ dqg khos wr ehwwhu xqghuvwdqg wkhlu gl�huhqw

ehkdylru1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh lqwurgxfh wkh prgho/

wkh sursruwlrqdo/ frqvwudlqhg htxdo0dzdug dqg frqvwudlqhg htxdo0orvv uxohv/

dv zhoo dv vhyhudo surshuwlhv ri uxohv1 Lq Vhfwlrq 6 zh suhvhqw wkh fkdudfwhul0

}dwlrqv ri wkh frqvwudlqhg htxdo0orvv dqg wkh frqvwudlqhg htxdo0dzdug uxohv/

lq whupv ri wkh surshuwlhv suhvhqwhg lq Vhfwlrq 51 Lq Vhfwlrq 7 zh frqfoxgh e|

lqwurgxflqj wkh gxdolw| uhodwlrqv dqg frpsdulqj suhylrxv uxohv dqg surshuwlhv

iurp wklv shuvshfwlyh1

5 WKH PRGHO

Ohw � ' i�c 2c � � � c ?j eh d vhw ri djhqwv1 D edqnuxswf| sureohp lv d sdlu

K ' E.c S�c zkhuh . 5 Un uhsuhvhqwv wkh qhw zruwk ri d �up/ dqg S 5 U
?

n

lv d yhfwru ri fodlpv= S� uhsuhvhqwv wkh fodlp ri fuhglwru � 5 � 1 Pruhryhu/S
S� : .� Zh ghqrwh e| E wkh idplo| ri doo vxfk sureohpv1

Wkh prgho ghvfulehv wkh vlwxdwlrq idfhg e| d edqnuxswf| frxuw1 Dq do0

whuqdwlyh lqwhusuhwdwlrq ri wkh prgho lv wkh glylvlrq ri dq hvwdwh . dprqj

d jurxs ri khluv zkhq wkh hvwdwh lv lqvx!flhqw wr fryhu doo wkh ehtxhdwkhg

dprxqwv/ S�/ � 5 � 1 Wkh vdph prgho fdq dovr eh lqwhusuhwhg dv d irupdo0

l}dwlrq ri d fodvv ri wd{ dvvhvvphqw sureohpv= wkhuh/ wkh frvw . ri d surmhfw

kdv wr eh glylghg dprqj d jurxs ri wd{sd|huv/ zkhuh S� vwdqgv iru djhqw �
�
r

lqfrph1

D uxoh lv d pdsslqj 8 wkdw dvvrfldwhv zlwk hyhu| K ' E.c S� 5 E d

xqltxh srlqw 8 EK� 5 U? vxfk wkdw= +l, Iru doo � 5 � / f � 8�EK� � S�c dqg
+ll,
S
8�EK� ' .� Wkh srlqw 8 EK� lv wr eh lqwhusuhwhg dv d ghvludeoh zd| ri

glylglqj .� Uhtxluhphqw +l, lv wkdw hdfk fuhglwru uhfhlyh dq dzdug wkdw lv
qrq0qhjdwlyh dqg erxqghg deryh e| klv fodlp1 Uhtxluhphqw +ll, lv wkdw wkh
hqwluh qhw zruwk ri wkh �up eh doorfdwhg1

Qh{w zh lqwurgxfh wkuhh zhoo0nqrzq uxohv1 Wkh sursruwlrqdo uxoh lv wkh

prvw zlgho| xvhg uxoh1 Lw pdnhv dzdugv sursruwlrqdo wr fodlpv15 Irupdoo|=

Sursruwlrqdo uxoh/ �= Iru doo K ' E.c U� 5 E dqg doo � 5 � / ��EK� ' bS�c

zkhuh b � f vroyhv
S

b S� ' .�

5Khqfh/ surylghg wkdw
S

l
fl 9@ 3> lw htxdol}hv wkh udwlrv ehwzhhq fodlpv dqg dzdugv1
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Wkh frqvwudlqhg htxdo0dzdug uxoh pdnhv dzdugv dv htxdo dv srvvleoh/

vxemhfw wr wkh frqglwlrq wkdw qr djhqw uhfhlyhv pruh wkdq klv fodlp1 Wklv

uxoh kdv ehhq dgyrfdwhg e| pdq| dxwkruv dqg lw zdv dffhswhg dv odz e|

udeelqlfdo dxwkrulwlhv1 Irupdoo|=

Frqvwudlqhg htxdo0dzdug uxoh/ �,�= Iru doo K ' E.cU� 5 E dqg doo

� 5 �c �.��EK� ' 4�?iS�c bjc zkhuh b vroyhv
S

4�?iS�c bj ' .�

Wkh frqvwudlqhg htxdo0orvv uxoh pdnhv dzdugv vxfk wkdw orvvhv duh dv

forvh wr htxdo dv srvvleoh/ vxemhfw wr wkh frqglwlrq wkdw qr fuhglwru hqgv xs

zlwk d qhjdwlyh dzdug16 Irupdoo|=

Frqvwudlqhg htxdo0orvv uxoh/ FHO= Iru doo K ' E.c S� 5 E dqg doo � 5 �c

�.u�EK� ' 4@ ifc S� � bjc zkhuh b vroyhv
S

4@ ifc S� � bj ' .�

Qh{w/ zh irupxodwh vhyhudo surshuwlhv iru uxohv1 Wkh �uvw rqh lv d edvlf

htxlw| uhtxluhphqw= djhqwv zlwk lghqwlfdo fodlpv vkrxog eh wuhdwhg lghqwlfdoo|1

Khqfh/ zh h{foxgh gl�huhqwldwlqj ehwzhhq djhqwv rq wkh edvlv ri wkhlu qdphv/

jhqghu/ uholjlrq/ srolwlfdo lghdv/ hwf1 Irupdoo|=

Htxdo wuhdwphqw ri htxdov= Iru doo K ' E.c S� 5 E dqg doo �c � 5 �c li

S� ' S�c wkhq 8�EK� ' 8�EK��

Lq rughu wr prwlydwh wkh qh{w surshuw|/ frqvlghu d edqnuxsw �up zlwk wzr
w|shv ri dvvhwv +exloglqjv dqg pdfklqhu|/ vd|,1 Vxssrvh wkdw wkhvh dvvhwv duh
vrog wr gl�huhqw ex|huv rq gl�huhqw gdwhv1 Wzr rswlrqv duh rshq frqfhuqlqj
wkh zd| dzdugv duh fdofxodwhg1 Hlwkhu zh zdlw xqwlo erwk dvvhwv duh vrog/
dqg wkhq glvwulexwh wkh wrwdo qhw zruwk ri wkh �up/ ru zh glvwulexwh lw lq wzr
vwhsv/ dv iroorzv= Iluvw/ zh glvwulexwh wkh dprxqw rewdlqhg diwhu vhoolqj wkh
�uvw dvvhw1 Lq d vhfrqg vwhs/ zh glvwulexwh wkh dprxqw rewdlqhg iurp wkh
vhfrqg dvvhw/ diwhu dgmxvwlqj grzq wkh fuhglwruv* fodlpv e| wkh dprxqw wkh|
mxvw rewdlqhg1 Frpsrvlwlrq vwdwhv wkdw wkh uxoh eh lqyduldqw zlwk uhvshfw
wr wkh fkrvhq rswlrq1 Wklv suhfoxghv dq| glvdjuhhphqw rq wkh surfhgxuh e|
zklfk wkh qhw zruwk ri wkh �up vkrxog eh glvwulexwhg1 Irupdoo|=

6 Wkh sulqflsoh xqghuo|lqj wklv uxoh/ wkh htxdo0orvv sulqflsoh/ kdv ehhq dssolhg wr rwkhu
glvwulexwlrq sureohpv/ vxfk dv frvw0vkdulqj/ wd{dwlrq ru d{lrpdwlf edujdlqlqj ^vhh iru lq0
vwdqfh \rxqj +4<;:,/ +4<;;,/ Fkxq +4<;;e,/ Khuuhur dqg Pdufr +4<<6,`1
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Frpsrvlwlrq +\rxqj/ 4<;;,= Iru doo K ' E.c S� 5 E dqg doo .�c .2 5 Un

vxfk wkdw .� n .2 ' .c li K� ' E.�c S� dqg K2 ' d.2c S� 8 EK��oc wkhq 8 EK� '
8 EK�� n 8 EK2��

Frqvlghu qrz wkh fdvh lq zklfk/ diwhu vroylqj d sureohp/ lw wxuqv rxw

wkdw wkh dfwxdo zruwk ri wkh �up idoov vkruw ri zkdw zdv h{shfwhg1 Frqvlghu

d jurxs ri fuhglwruv zlwk fodlpv S/ dqg d zruwk �up*v iruhfdvw .1 Li zh

vroyh wkh sureohp E.cS�c wkh yhfwru ri dzdugv lv 51 Dvvxph qrz wkdw wkh qhw

zruwk wxuqv rxw wr eh vpdoohu wkdq h{shfwhg/ h. 	 .1 Sdwk lqghshqghqfh

uhtxluhv wkdw wkh vroxwlrq ri wkh sureohp E h.c S� eh wkh vdph dv wkdw ri wkh

sureohp E.c 5�/ qdpho|/ li zh dgmxvw fodlpv grzq wr 5/ wkh �qdo dzdugv gr

qrw fkdqjh1 Irupdoo|=

Sdwk Lqghshqghqfh +Prxolq/ 4<;:,= Iru dq| sureohp K ' E.c S� 5 E/ dqg

dq| . � : .c zh kdyh 8 EK� ' 8 E.c8 E. �c S��

Uhpdun1 Lw lv hdv| wr vhh wkdw li d uxoh vdwlv�hv hlwkhu frpsrvlwlrq ru sdwk

lqghshqghqfh lw lv prqrwrqlf zlwk uhvshfw wr wkh qhw zruwk/ wkdw lv/ iru doo

K ' E.c S� dqg K� ' E. �c S� 5 Ec dqg doo � 5 �c li . � . �
wkhq 8�EK� � 8�EK

���
Ixuwkhupruh/ lw lv frqwlqxrxv zlwk uhvshfw wr wkh qhw zruwk +vhh Khuuhur dqg
Yloodu> 4<<:/ Ohppd 5,1

Lq vrph fdvhv/ zkhq wkh fodlpv ri vrph djhqwv duh/ lqirupdoo| vshdnlqj/
�pxfk odujhu� wkdq wkh fodlpv ri rwkhu djhqwv/ lw pd| eh vhqvleoh wr jlyh ixoo
sulrulw| wr djhqwv zlwk wkrvh �yhu| odujh� fodlpv/ ru/ lq rwkhu zrugv/ qrw wr
doorfdwh dq|wklqj wr djhqwv zlwk �yhu| vpdoo� fodlpv1 Dv dq h{dpsoh ri wkh
suhylrxv vlwxdwlrq/ vxssrvh wkdw/ lq wkh wd{dwlrq lqwhusuhwdwlrq ri wkh prgho/
vrph djhqw ��r lqfrph lv juhdwhu wkdq wkh vxp ri wkh frvw ri wkh surmhfw soxv

vrph rwkhu djhqw � �r lqfrph1 Wkhq/ lw pd| eh idlu wr uhtxluh wkdw djhqw �

vkrxog qrw frqwulexwh wr wkh frvw ri wkh surmhfw1

Dv dqrwkhu h{dpsoh/ frqvlghu d jurxs ri djhqwv vx�hulqj iurp wkh vdph

glvhdvh/ dqg vxssrvh wkdw d �{hg dprxqw ri prqh| shu |hdu lv qhhghg lq rughu

wr nhhs hdfk ri wkhp khdowk|1 Vxssrvh/ ixuwkhupruh/ wkdw djhqwv* fodlpv duh

pdgh lq whupv ri wkh dprxqw ri prqh| wkh| qhhg lq rughu wr eh khdowk|

iru wkhlu h{shfwhg uhpdlqlqj olihwlph1 Wkxv/ wkh |rxqj djhqwv* fodlpv duh

juhdwhu wkdq wkh rog djhqwv* fodlpv1 Frqvlghu wzr djhqwv vxfk wkdw/ hyhq

li zh ghyrwhg wkh wrwdo dprxqw dydlodeoh wr wkh |rxqjhvw rqh/ klv h{shfwhg

olihwlph zrxog vwloo eh ehorz wkh dfwxdo djh dfklhyhg e| wkh roghvw djhqw1 Lq

wklv fdvh/ lw pd| eh uhdvrqdeoh wr uhtxluh wkdw wkh |rxqjhvw djhqw vkrxog

:



eh jlyhq devroxwh sulrulw|/ qdpho|/ wkh roghvw rqh vkrxog qrw eh doorwhg dq|

prqh|1

Zh qh{w sursrvh d vshfl�f irupxodwlrq ri wkh suhylrxv lghd1

Ohw K ' E.c S� 5 E dqg ohw � 5 �� Fuhglwru l*v fodlp lv grplqdwhg

lq e li wkhuh lv vrph � 5 � vxfk wkdw S� � S� n .� Wkh qh{w surshuw|/

suhhplqhqfh/ vwdwhv wkdw djhqwv zkrvh fodlpv duh grplqdwhg vkrxog qrw eh

doorfdwhg dq|wklqj1 Irupdoo|=

Suhhplqhqfh= Iru doo K ' E.c U� 5 E dqg doo � 5 � / li � �r fodlp lv grplqdwhg

lq Kc wkhq 8�EK� ' f�

Wkhuh duh/ qrqhwkhohvv/ vlwxdwlrqv zkhuh/ kdylqj vrph djhqwv zlwk fodlpv

�pxfk odujhu� wkdq wkh fodlpv ri rwkhu djhqwv/ lw zrxog eh pruh uhdvrqdeoh

wr wdnh wkh rssrvlwh vlgh/ qdpho| wr ixoo| krqru �vpdoo� fodlpv1 Dv dq h{0

dpsoh/ lpdjlqh wkdw d vdylqjv edqn jrhv edqnuxsw/ dqg wkhuh duh wzr w|shv

ri fuhglwruv= krxvhkrogv dqg �upv1 Wkh fodlpv ri krxvhkrogv duh xvxdoo|

�pxfk vpdoohu� wkdq wkh fodlpv ri wkh �upv/ exw uhsuhvhqw d kljkhu vkduh ri

wkhlu zhdowk1 Lq wklv vlwxdwlrq/ lw pd| eh idlu wr jlyh sulrulw| wr krxvhkrogv/

ixo�oolqj wkhlu fodlpv lq ixoo1

Dv dqrwkhu h{dpsoh/ lpdjlqh wkh fdvh ri d pdq zkr glhv/ dqg klv hvwdwh

lv lqvx!flhqw wr krqru wkh ehtxhdwkhg dprxqwv lq klv zloo1 Wkhq / li rqh ri

klv khluv kdv d �yhu| vpdoo� fodlp/ kh pd| dujxh wkh iroorzlqj zd|= L fodlp

S�1 Li zh doo duh doorwhg S�/ wkhuh lv vwloo prqh| ohiw1 Vr/ p| fodlp fdq eh

frqvlghuhg dv �hqirufhdeoh�1

Qh{w/ zh sursrvh d vshfl�f irupxodwlrq ri suhylrxv lghd1

Ohw K ' E.c S� 5 E dqg � 5 �� Qrz/ frqvlghu wkh sureohp K
�
' E.c S�EK��c

zkhuh/ iru doo � 5 �c S�

�EK� ' 4�?iS�c S�j� Wkdw lv/ zh wuxqfdwh doo fodlpv e|

djhqw �
�
r fodlp� Djhqw �

�
t fodlp lv vxvwdlqdeoh lq e li

S
�
S
�
� � .�

Wkxv/ dq djhqw*v fodlp lv vxvwdlqdeoh lq d sureohp li/ e| wuxqfdwlqj fodlpv

e| S�/ wkh sureohp ehfrphv ihdvleoh1 Wkh iroorzlqj surshuw|/ vxvwdlqdelolw|/

vwdwhv wkdw vxvwdlqdeoh fodlpv vkrxog eh ixoo| krqruhg1

Vxvwdlqdelolw|= Iru doo K ' E.c U� 5 E dqg doo � 5 � / li S� lv vxvwdlqdeoh lq

Kc wkhq 8�EK� ' S��

;



6 UHVXOWV

Lq wklv vhfwlrq zh suhvhqw fkdudfwhul}dwlrqv ri wkh frqvwudlqhg htxdo0orvv dqg

frqvwudlqhg htxdo0dzdug uxohv lq whupv ri wkh surshuwlhv lqwurgxfhg lq Vhfwlrq

51

Jlyhq K ' E.c S� 5 Ec ohw B�ES� ' 4@ �M� S�c ��ES� '
�
� 5 � m S� ' B

�ES�
�
c

dqg ?�ES� ' m��ES�m� Vxssrvh wkdw iru doo � 5 �q��ES�c B
�ES� � . n S�� Wkhq

suhhplqhqfh vd|v wkdw/ iru doo � 5 �q��ES�c 8�EK� ' f�

Ohppd1 Ohw 8 eh d uxoh vdwlvi|lqj htxdo wuhdwphqw ri htxdov/ frpsrvlwlrq/

dqg suhhplqhqfh/ dqg ohw K ' E.c S� 5 E eh vxfk wkdw iru doo � 5 �q��ES�
B
�ES� � S� n

.

?�ES�
� Wkhq/ iru doo � 5 �q��ES�c 8�EK� ' f1

Surri= Vwhs41 Ohw B
2ES� ' 4@ �M�.��ES� S� 1 Reylrxvo|/ li iru doo � 5

�q��ES�c B
�ES� � S� n

.

?�ES�
c wkhq B�ES� � B

2ES� n .

?�ES�
�

Qrz/ ohw S
�
' Sc .� ' .c dqg K� ' E.�c S

��1 Dovr/ ohw .2 ' �

?�ES�
.�

dqg K2 ' E.2c S
��� Vlqfh B�ES�� � B

2ES�� n .�

?�ES��
/ e| suhhplqhqfh dqg htxdo

wuhdwphqw ri htxdov/ iru doo � 5 ��ES
��c zh kdyh 8�EK2� '

�
?�ES��

.2�

Ohw h.2 ' .2 � .�c S
2
' S� � 8 EK2�c dqg hK2 ' E h.2c S

2�� E| frpsrvlwlrq/

8 EK�� ' 8 EK2� n 8 EhK2��

Vwhs 51 Qrwh wkdw ��ES2� ' ��ES�� dqg B
�ES2� ' B

�ES�� � �

?�ES��
.� �

B
2ES�� n �

?�ES��
.� �

�

?�ES��
.2 ' B

2ES�� n �

?�ES��
h.2�

Ohw .� '
�

?�ES��
h.2 dqg K� ' E.�c S

2�� E| suhplqhqfh dqg htxdo wuhdwphqw

ri htxdov/ iru doo � 5 ��ES2�c zh kdyh 8�EK�� '
�

?�ES��
.��

Ohw h.� '
h.2 � .�c S

�
' S2 � 8 EK��c dqg hK� ' E h.�c S

��� E| frpsrvlwlrq/

8 EhK2� ' 8 EK�� n 8 EhK���

Vwhs n1 Vxssrvh wkdw hK& ' E h.&c S&� kdv ehhq gh�qhg1 Qrwh wkdw ��ES
&� '

��ES
&3�� dqg B

�ES&� ' B
�ES&3��� �

?�ES��
.& � B

2ES�� n �

?�ES��
.&3� �

�

?�ES��
.& '

B
2ES�� n �

?�ES��
h.&�

Ohw .&n� '
�

?�ES�
h.& dqg K&n� ' E.&n�c S

&�� E| suhhplqhqfh dqg htxdo

wuhdwphqw ri htxdov/ iru doo � 5 ��ES
&�c zh kdyh 8�EK&n�� '

�
?�ES��

.&n��

Ohw h.&n� '
h.& � .&n�c S

&n�
' S

&
� 8 EK&n��c dqg hK&n� ' E h.&n�c S

&n��� E|

frpsrvlwlrq/ 8 EhK&� ' 8 EK&n��n 8 EhK&n���

<



Revhuyh wkdw .&n� '

�
?�ES��3�
?�ES��

�
&3�

.2� Frqvhtxhqwo|/ *�4&<"E.2 n � � �n

.&� ' .� Wkhuhiruh/ e| frpsrvlwlrq/ dqg vlqfh/ iru doo � 5 ��ES
��c 8� lv

frqwlqxrxv zlwk uhvshfw wr .c

8�EK� ' *�4&<"d8�EK2�n � � � n 8�EK&�o '

' *�4&<"

�
� n

?�ES��3�
?�ES��

n

�
?�ES��3�
?�ES��

�
2

n � � �n

�
?�ES��3�
?�ES��

�
&3�

�
' .2

'

.

?�ES�
1 �

Wkh qxpehu B
�ES�� .

?�ES�
lv phuho| wkh dyhudjh orvv h{shulhqfhg e| fuhgl0

wruv lq ��ES�� Khqfh suhylrxv ohppd fdq eh lqwhusuhwhg dv vwdwlqj wkdw frp0

srvlwlrq dqg htxdo wuhdwphqw ri htxdov h{whqg wkh srzhu ri suhhplqhqfh wr

wkh fdvh lq zklfk wkh dyhudjh orvv h{shulhqfhg e| fuhglwruv lq ��ES� h{fhhgv
wkh fodlpv ri dq| rwkhu fuhglwru1

Zh qrz rewdlq wkh iroorzlqj uhvxow=

Wkhruhp 41 Wkh frqvwudlqhg htxdo0orvv uxoh lv wkh rqo| uxoh vdwlvi|lqj htxdo

wuhdwphqw ri htxdov/ frpsrvlwlrq/ dqg suhhplqhqfh1

Surri= Wulyldoo|/ wkh frqvwudlqhg htxdo0orvv uxoh vdwlv�hv htxdo wuhdwphqw ri

htxdov dqg suhhplqhqfh1 Dv iru frpsrvlwlrq/ vhh Khuuhur dqg Yloodu +4<<:/
Sursrvlwlrq 4 +e,,1

Ohw xv suryh wkh frqyhuvh lpsolfdwlrq1
Ohw B�ES� ' 4@ �M� S�c ��ES� '

�
� 5 � m S� ' B

�ES�
�

c dqg ?�ES� ' m��ES�m�

Vlploduo|/ ohw B2ES� ' 4@ �M�.��
S� c �2ES� '

�
� 5 � m S� ' B

2ES�
�

c dqg ?2ES� '
m�2ES�mc dqg vr iruwk1

+l, Ohw f � . � ?�ES�dB
�ES�� B

2ES�o� Wkhq/ iru doo � 5 �q��ES�c zh kdyh
B�ES� � .

?�ES�
� S�� E| Ohppd 4/ iru doo � 5 ��ES�c zh kdyh 8�E.c S� ' .

?�ES�
�

Wkhuhiruh/ 8 EK� ' �.uEK��
+ll, Ohw ?�ES�dB

�ES� � B
2ES�o 	 . � ?�ES�B

�ES� � ?2ES�B
2ES� � d?�ES� n

?2ES�oB
�ES��

Ohw .� ' ?�ES�dB
�ES� � B

2ES�oc K� ' E.�c S�c dqg K2 ' dS � 8 EK��c . � .�o�
E| frpsrvlwlrq/ 8 EK� ' 8 EK��n 8 EK2��

E| +l,/ 8 EK�� ' �.uEK��c qdpho|/ iru doo � 5 ��ES�c 8�EK�� ' .�

?�ES�
/

dqg rwkhuzlvh 8�EK�� ' f1 Frqvhtxhqwo|/ iru doo � 5 ��ES�c S� � 8�EK�� '
B
�ES�� .�

?�ES�
' B

2ES�c dqg rwkhuzlvh/ S� � 8�EK�� ' S��
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Ohw S
�
' S � 8 EK��� Wkdw lv/ iru doo � 5 ��ES�c B�ES�� ' B�ES� � 8�EK��/ iru

doo � 5 �2ES�c B
2ES�� ' B

2ES�� 8�EK��c hwf1 E| frqvwuxfwlrq/ B�ES�� ' B
2ES�� :

B
�ES�� � � � � � B

?ES���
Pruhryhu/ iru doo � 5 �qd��ES

�� ^�2ES
��o/

S� � 8�EK�� � B
�ES���

. �.�

?�ES� n ?2ES�
�

Djdlq/ e| +l,/ iru doo � 5 �qd��ES�� ^�2ES��oc zh kdyh 8�EK2� ' fc dqg iru

doo � 5 ��ES�� ^�2ES��c zh kdyh 8�EK2� '
.3.�

?�ES�n?2ES�
qdpho|/ iru doo � 5 ��ES��c

8�EK� ' .�

?�ES�
n

.3.�

?�ES�n?2ES�
( iru doo � 5 �2ES

��c 8�EK� ' .3.�

?�ES�n?2ES�
c dqg iru doo

rwkhu � 5 �c 8�EK� ' f1 Frqvhtxhqwo|/ 8 EK� ' �.uEK��
Zh uhshdw wkh suhylrxv surfhgxuh xqwlo doo srvvleoh ydoxhv ri wkh hvwdwh

vpdoohu wkdq ru htxdo wr
S

�
S� duh fryhuhg1 �

Wr vkrz wkdw wkh wkuhh surshuwlhv lq Wkhruhp 4 duh lqghshqghqw/ frqvlghu
wkh iroorzlqj h{dpsohv1 Lq hdfk fdvh zh phqwlrq wkh surshuw| wkdw lv qrw
vdwlv�hg=

+l, Htxdo wuhdwphqw ri htxdov1 Fkrrvh dq djhqw � 5 � 1 Ohw 8 eh gh�qhg

e|

8�E.c S� '

�
f li � *5 ��ES�c
�.u�E.c S� li � 5 ��ES��

dqg/ iru doo � 5 �qi�jc 8�E.c S� ' �.u�E. � 8�E.c S�c S��

+ll, Frpsrvlwlrq= Ohw 8 eh gh�qhg e|

8�E.c S� '

�
�.u�d4�?i.c

S
�M��ES�

S�jc ES�c f��M��ES�
o

�.u�d4@ i. �
S

�M��ES�
S�c fjc Efc S��� *M��ES�o

li � 5 ��ES�c
rwkhuzlvh1

+lll, Suhhplqhqfh1 Wkh sursruwlrqdo uxoh1

Dv iru wkh fkdudfwhul}dwlrq ri wkh frqvwudlqhg htxdo0dzdug uxoh/ zh kdyh

wkh iroorzlqj=

Wkhruhp 51 Wkh frqvwudlqhg htxdo0dzdug uxoh lv wkh rqo| uxoh vdwlvi|lqj

htxdo wuhdwphqw ri htxdov/ sdwk lqghshqghqfh/ dqg vxvwdlqdelolw|1

Surri= Reylrxvo|/ wkh frqvwudlqhg htxdo dzdug uxoh vdwlv�hv wkh wkuhh surs0

huwlhv1

Frqyhuvho|/ ohw 8 eh d uxoh wkdw vdwlv�hv wkh wkuhh surshuwlhv1 Zh zloo

vkrz wkdw 8 ' �.��
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+l, Ohw K ' E.c S� 5 E eh vxfk wkdw
S

S� � dB�ES� � B
2ES�o � . �

S
S�1

E| vxvwdlqdelolw|/ iru doo � 5 � vxfk wkdw � *5 ��ES�c 8�EK� ' S� � E| htxdo

wuhdwphqw ri htxdov/ 8 EK� ' �.�EK��
+ll, Ohw .� '

S
S� � dB�ES� � B

2ES�o dqg S
�
' 8 E.�c S�� Qrwh wkdw iru

doo � 5 �q��ES�c S�
�
' S�/ dqg B

�ES�� ' B
�ES� � dB�ES�3B2ES�o

?�ES�
� Ixuwkhupruh/

��ES� ' ��ES
��� Ohw �� '

S
�
S
�

�
dqg K ' E.c S� 5 E vxfk wkdw ��

� dB�ES���
B
2ES�o � . � .��

E| sdwk lqghshqghqfh/ 8 EK� ' 8 E.c S��1 E| vxvwdlqdelolw|/ iru doo � 5

�q��ES�c 8�EK� ' S� � Dovr/ e| htxdo wuhdwphqw ri htxdov/ 8 EK� ' �.�EK��
Uhshdwlqj wklv surfhgxuh/ zh pd| uhgxfh wkh pd{lpxp fodlpv/ pdlqwdlq0

lqj wkh rwkhuv dw wkhlu ruljlqdo ydoxh xs wr wkh srlqw dw zklfk B
�ES&� ' B2ES�c

dqg rewdlq wkdw 8 EK� ' �.�EK�� Zh wkhq uhshdw wkh surfhgxuh xqwlo doo

srvvleoh ydoxhv ri . kdyh ehhq fryhuhg1 �

Wr vkrz wkdw wkh wkuhh surshuwlhv lq Wkhruhp 5 duh lqghshqghqw/ frqvlghu
wkh iroorzlqj h{dpsohv1 Lq hdfk fdvh zh phqwlrq wkh surshuw| wkdw lv qrw
vdwlv�hg=

+l, Htxdo wuhdwphqw ri htxdov1 Ohw � 5 � dqg/ iru doo S 5 U?

n
c ohw S

3� '

ES�c S2c � � � c S�3�cfc S�n�c � � � c S?�� Ohw 8 eh gh�qhg e|=

8�E.c S� '

�
S� li S� lv vxvwdlqdeoh/

f rwkhuzlvh1

dqg iru doo � 5 �qi�jc 8�E.c S� ' �.u� d. � 8�E.c S�c S3�o�

+ll, Sdwk lqghshqghqfh= Ohw 8 eh gh�qhg e|=

8�E.c S� '

+
�.u�

k
4�?i.c

S
�*M��ES�

S�jc ES�c f��*M��ES�

l

d. �
S

�*M��EU�
8�E.c S�o*?�ES�

li � *5 ��ES�c
rwkhuzlvh1

+lll, Vxvwdlqdelolw|1 Wkh sursruwlrqdo uxoh1

7 ILQDO UHPDUNV

D uhtxluhphqw forvho| uhodwhg wr vxvwdlqdelolw| lv wkdw dq| fodlp h{fhhglqj
wkh qhw zruwk ri wkh �up vkrxog eh ljqruhg1 Wklv surshuw|/ lqwurgxfhg e|
Gdjdq +4<<9, xqghu wkh qdph ri lqghshqghqfh ri luuhohydqw fodlpv/ wrjhwkhu
zlwk htxdo wuhdwphqw ri htxdov dqg frpsrvlwlrq fkdudfwhul}hv wkh frqvwudlqhg
htxdo0dzdug uxoh +fi1 Gdjdq/ 4<<9,1

Wkh frqvwudlqhg htxdo0dzdug dqg wkh frqvwudlqhg htxdo0orvv uxohv pdnh
uhfrpphqgdwlrqv iurp dq rssrvlwh ylhzsrlqw1 Zkhuhdv wkh frqvwudlqhg
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htxdo0dzdug uxoh ixoo| vdwlv�hv vpdoo fodlpv/ wkh frqvwudlqhg htxdo0orvv uxoh
grhv qrw doorfdwh dq|wklqj wr wkrvh djhqwv zlwk vpdoo fodlpv1 Wkh uhodwlrq0
vkls ehwzhhq wkhvh wzr uxohv lv irupdoo| dqdo|}hg e| lqwurgxflqj wkh lghd ri
gxdolw|1

Jlyhq d uxoh 8 / zh gh�qh lwv gxdo/ 8 W

/ dv iroorzv= Iru doo K ' E.c S� 5 E/

8
WE.c S� ' S � 8 E

S
S� � .c S�� Qrwlfh wkdw 8 W lv zhoo gh�qhg/ vlqfh/ iru doo

K ' E.c S� 5 E/ wkh sureohp E
S

S� � .c S� 5 E/ wkdw lv/
S

S� � . 5 Unc dqgS
S� : E

S
S� � .�� Wkh gxdo rshudwru lv lghpsrwhqw/ qdpho|/ E8 W�W ' 8�

Uxohv 8 dqg 8
W duh uhodwhg lq d vlpsoh zd|= 8

W vsolwv . xqlwv ri jdlqv lq

wkh vdph zd| dv 8 vsolwv . xqlwv ri orvvhv1

Lw lv lpphgldwh wkdw �.u ' �.�W

/ zkhuhdv �
W

' �� Li d uxoh frlqflghv

zlwk lwv gxdo/ lw lv vhoi0gxdo +fi1 Dxpdqq dqg Pdvfkohu/ 4<;8,1
\rxqj +4<;;,/ fkdudfwhul}hv wkh sursruwlrqdo uxoh dv wkh rqo| uxoh wkdw

vdwlv�hv htxdo wuhdwphqw ri htxdov/ frpsrvlwlrq dqg vhoi0gxdolw|1

Vlploduo|/ e| dexvh ri odqjxdjh/ d surshuw| lv vhoi0gxdo li zkhqhyhu lw lv

vdwlv�hg e| d uxoh/ lw lv dovr vdwlv�hg e| lwv gxdo1 Htxdo wuhdwphqw ri htxdov

dqg vhoi0gxdolw| duh h{dpsohv ri vhoi0gxdo surshuwlhv17 Jlyhq wzr surshuwlhv/

S dqg T/ wkh| duh gxdo surshuwlhv li zkhqhyhu d uxoh vdwlv�hv S/ lwv gxdo

uxoh vdwlv�hv T� Djdlq/ wkh gxdolw| rshudwru rq surshuwlhv lv lghpsrwhqw1

Lw lv hdv| wr vhh wkdw frpsrvlwlrq dqg sdwk lqghshqghqfh duh gxdo surs0

huwlhv1 Vr duh suhhplqhqfh dqg vxvwdlqdelolw|1 Frqvhtxhqwo|/ zh pd| ylhz

Wkhruhpv 4 dqg 5 dv gxdo uhvxowv1 Dq dowhuqdwlyh fkdudfwhul}dwlrq ri wkh sur0

sruwlrqdo uxoh e| phdqv ri wkh gxdolw| uhodwlrqv fdq eh lpphgldwho| ghulyhg

iurp \rxqj*v uhvxow/ e| vxevwlwxwlqj frpsrvlwlrq e| sdwk lqghshqghqfh1

Khqfh/ wkh wkuhh uxohv sursruwlrqdo/ frqvwudlqhg htxdo0dzdug dqg frq0

vwudlqhg htxdo0orvv vkduh wkh surshuwlhv ri htxdo wuhdwphqw ri htxdov/ frpsrvl0

wlrq/ dqg sdwk lqghshqghqfh/8 dqg gl�hu zlwk uhvshfw wr vhoi0gxdolw|/ vxvwdlq0

delolw|/ dqg suhhplqhqfh1 Zkhuhdv vxvwdlqdelolw| uhtxluhv wkdw vpdoo fodlpv

vkrxog eh ixoo| krqruhg/ suhhplqhqfh uhtxluhv wkdw wkrvh djhqwv zkrvh fodlpv

h{fhhg wkh zruwk ri wkh �up vkrxog eh jlyhq sulrulw|1 Vhoi0gxdolw| fdq eh uh0

jdughg dv d qhxwudolw| uhtxluhphqw1

7Rwkhu h{dpsohv ri vhoi0gxdo surshuwlhv duh frqwlqxlw|/ qhw zruwk prqrwrqlflw| dqg

frqvlvwhqf|1 Iru irupdo gh�qlwlrqv ri doo wklv surshuwlhv/ vhh Wkrpvrq +4<<8d/e,1
8S> FHD dqg FHO vkduh pdq| dgglwlrqdo surshuwlhv1 Wkhvh wkuhh uxohv duh wkh rqo|

uxohv wkdw vdwlvi| htxdo wuhdwphqw ri htxdov/ frpsrvlwlrq/ sdwk lqghshqghqfh/ frqvlvwhqf|

dqg vfdoh lqyduldqfh ^fi1 Prxolq +4<<:,`
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Wkhvh uhvxowv vkhg vrph oljkw rq wkh w|sh ri sureohpv iru zklfk hdfk uxoh
lv ehwwhu dgdswhg1 Wkh frqvwudlqhg htxdo0orvv uxoh pd| eh sduwlfxoduo| vhqvl0
eoh iru wd{dwlrq sureohpv/ ru iru sureohpv zkhuh fodlpv uhsuhvhqw xqdolhqdeoh
uljkwv1 Rq wkh rwkhu kdqg/ wkh frqvwudlqhg htxdo dzdugv uxoh pd| eh pruh
dssursuldwh iru sureohpv zkhuh fodlpv uhsuhvhqw pd{lpdo dvsludwlrqv +dv lq
lqkhulwdqfh,1 Wkh sursruwlrqdo vroxwlrq pd| eh sduwlfxoduo| dsshdolqj iru
edqnuxswf| sureohpv lq zklfk wkh fuhglwruv duh vkduhkroghuv/ dqg wkh fodlpv
fruuhvsrqg wr wkhlu vkduhv1
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Uhihuhqfhv

^4` Dxpdqq/ U1M1 dqg Pdvfkohu/ P1 +4<;8,/ Jdph Wkhruhwlf Dqdo|vlv ri d
Edqnuxswf| Sureohp iurp wkh Wdopxg/ Mrxuqdo ri Hfrqrplf Wkhru|/ 69
= 4<8�5461

^5` Fkxq/ \1 +4<;;d,/ Wkh Sursruwlrqdo Vroxwlrq iru Uljkwv Sureohpv/Pdwk0

hpdwlfdo Vrfldo Vflhqfhv/ 48 = 56405791

^6` Fkxq/ \1 +4<;;e,/ Wkh Htxdo0Orvv Sulqflsoh iru Edujdlqlqj Sureohpv/
Hfrqrplfv Ohwwhuv/ 59 = 436�4391

^7` Fxulho/ L1M1/ Pdvfkohu/ P1 dqg Wlmv/ V1K1 +4<;;,/ Edqnuxswf| Jdphv/
]hlwvfkuliw iÿu Rshudwlrqv Uhvhdufk/ 64 = D476�D48<1

^8` Gdjdq/ Q1 +4<<9,/ Qhz Fkdudfwhul}dwlrqv ri Rog Edqnuxswf| Uxohv/ Vr0
fldo Fkrlfh dqg Zhoiduh/ 46 = 84�8<1

^9` Gdjdq/ Q1 dqg Yrolm1 R1 +4<<6,/ Wkh Edqnuxswf| Sureohp= D Frrshud0
wlyh Edujdlqlqj Dssurdfk/ Pdwkhpdwlfdo Vrfldo Vflhqfhv/ 59 = 5;:�5<:1

^:` Khuuhur/ F1 dqg Pdufr/ P1F1 +4<<6,/ Udwlrqdo Htxdo Orvv Vroxwlrqv iru
Edujdlqlqj Sureohpv/ Pdwkhpdwlfdo Vrfldo Vflhqfhv/ 59 = 5:6�5;91

^;` Khuuhur/ F1/ Pdvfkohu/ P1 dqg Yloodu/ D1 +4<<;,/ Lqglylgxdo Uljkwv dqg
Froohfwlyh Uhvsrqvlelolw|= Wkh Uljkwv Hjdolwduldq Vroxwlrq/ Pdwkhpdwl0

fdo Vrfldo Vflhqfhv/ iruwkfrplqj1

^<` Khuuhur/ F1 dqg Yloodu/ D1 +4<<:,/ Djhqgd0Lqghshqghqfh lq Doorfdwlrq
Sureohpv zlwk Vlqjoh0Shdnhg Suhihuhqfhv/ Plphr/ X1 Dolfdqwh1

^43` Prxolq/ K1 +4<;:,/ Htxdo ru Sursruwlrqdo Glylvlrq ri d Vxusoxv/ dqg
rwkhu Phwkrgv/ Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru|/ 49 +6, = 4940
4;91

^44` Prxolq/ K1 +4<<:,/ Sulrulw| Uxohv dqg rwkhu Lqhtxlwdeoh Udwlrqlqj Phwk0
rgv/ Plphr/ Gxnh Xqlyhuvlw|1
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^45` R*Qhloo/ E1 +4<;5,/ D Sureohp ri Uljkwv Duelwudwlrq iurp wkh Wdopxg/
Pdwkhpdwlfdo Vrfldo Vflhqfhv/ 5 = 678�6:41

^46` Udelqrylwfk/ Q1 +4<:6,/ Suredelolw| dqg Vwdwlvwlfdo Lqihuhqfh lq Phglhydo

Mhzlvk Olwhudwxuh/ Wrurqwr= Wrurqwr Xqlyhuvlw| Suhvv1

^47` Wkrpvrq/ Z1 +4<<8d,/ D{lrpdwlf Dqdo|vhv ri Edqnuxswf| dqg Wd{dwlrq
Sureohpv= D Vxuyh|/ Plphr/ Xqlyhuvlw| ri Urfkhvwhu1

^48` Wkrpvrq/ Z1 +4<<8e,/ Frqvlvwhqw Doorfdwlrq Uxohv/ Plphr/ Xqlyhuvlw|
ri Urfkhvwhu1

^49` \rxqj/ S1 +4<;:,/ Rq Glylglqj dq Dprxqw Dffruglqj wr Lqglylgxdo
Fodlpv ru Oldelolwlhv/ Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk/ 45 = 6<;�
7471

^4:` \rxqj/ S1 +4<;;,/ Glvwulexwlyh Mxvwlfh lq Wd{dwlrq/ Mrxuqdo ri Hfrqrplf
Wkhru|/ 76 = 654�6681
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