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Wkh Jurzwk Hodvwlflw| ri Sryhuw|

Udvpxv Khowehuj

Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq

udvpxv1khowehujChfrq1nx1gn

Iheuxdu| 4;/ 5335

Devwudfw

Krz pxfk grhv hfrqrplf jurzwk frqwulexwh wr sryhuw| uhgxfwlrqB L

glvfxvv dqdo|wlfdo dqg hpslulfdo dssurdfkhv wr dvvhvv wkh jurzwk hodvwlf0

lw| ri sryhuw|/ dqg hpskdvl}h wkdw wkh uhodwlrqvkls ehwzhhq jurzwk dqg

sryhuw| fkdqjh lv qrq0frqvwdqw1 Iru d jlyhq sryhuw| phdvxuh/ lw ghshqgv

rq lqlwldo lqhtxdolw| dqg rq wkh orfdwlrq ri wkh sryhuw| olqh uhodwlyh wr

phdq lqfrph1 Lq prvw fdvhv/ jurzwk lv pruh lpsruwdqw iru sryhuw| uh0

gxfwlrq wkdq fkdqjhv lq lqhtxdolw|/ exw wklv grhv qrw uhqghu lqhtxdolw|

xqlpsruwdqw1 Uhgxfwlrq lq lqhtxdolw| pd| eh wulsoh h�hfwlyh= +4, lw zloo

uhgxfh sryhuw| iru d jlyhq ohyho ri lqfrph/ +5, lw zloo dffhohudwh wkh sryhuw|

uhgxflqj lpsdfw ri hfrqrplf jurzwk/ dqg +6, dffruglqj wr furvv0frxqwu|

jurzwk uhjuhvvlrqv/ lw pd| frqwulexwh wr d odujhu udwh ri jurzwk1

MHO0frghv= L64/ R731

4 Lqwurgxfwlrq

Vrfldo vflhqwlvwv kdyh orqj ghedwhg wkh uhodwlrqvkls ehwzhhq jurzwk dqg sryhuw|1
Rqh vlgh lq wklv glvfxvvlrq lv uhsuhvhqwhg e| jurzwk0rswlplvwv/ zkr eholhyh lq
�wulfnoh0grzq�/ l1h1 wkh qrwlrq wkdw jurzwk lq dyhudjh lqfrphv dxwrpdwlfdoo|
vlqnv grzq wr dqg ehqh�w wkh srru1 Wkh rssrvlqj ylhz sxwv wkh glvwulexwlrq ri
lqfrph dqg zhdowk dw wkh fhqwuh0vwdjh/ dqg dujxh wkdw uhgxfwlrqv lq lqhtxdolw|
duh uhtxluhg wr frpedw sryhuw|1 Wklv lqfoxghv dgkhuhqwv ri wkh qrwlrq ri �lp0
plvhul}lqj jurzwk�/ l1h1 wkh lghd wkdw jurzwk lq dyhudjh lqfrph pd| zhoo rffxu
dw wkh vdph wlph dv odujh jurxsv ri shrsoh duh ehlqj lqfuhdvlqjo| lpsryhulvkhg1
Gxulqj wkh 4<<3v/ wkh surolihudwlrq ri txdolw| gdwd rq lqfrph glvwulexwlrq iurp d
qxpehu ri frxqwulhv kdv doorzhg uljrxurxv hpslulfdo whvwlqj ri vwdqglqj ghedwhv
vxfk dv wklv rqh1
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Gdww dqg Udydoolrq +4<<5, ghyhorshg d phwkrg wr ghfrpsrvh fkdqjhv lq
sryhuw| lqwr d �jurzwk h�hfw�/ vwhpplqj iurp fkdqjh lq dyhudjh lqfrph/ dqg
d �glvwulexwlrq h�hfw�/ fdxvhg e| vkliwv lq wkh Oruhq} fxuyh kroglqj dyhudjh
lqfrph frqvwdqw1 Xvlqj gdwd iurp Lqgld dqg Eud}lo/ wkh| irxqg wkh jurzwk hi0
ihfw wr h{sodlq wkh odujhvw sduw ri revhuyhg fkdqjhv lq sryhuw|1 Vlplodu uhvxowv
kdyh ehhq irxqg lq d qxpehu ri rwkhu ghyhorslqj frxqwulhv e| rwkhu uhvhdufkhuv1
Zklwh dqg Dqghuvrq +5334,/ orrnlqj qrw dw sryhuw| exw dw wkh lqfrph ri wkh
erwwrp 53 shufhqw/ dovr irxqg jurzwk wr eh/ rq dyhudjh/ pxfk pruh lpsruwdqw
wkdq glvwulexwlrqdo fkdqjh1 Vljql�fdqw zrun kdv dovr ehhq grqh edvhg rq furvv0
frxqwu| frpsdulvrqv ri gdwd �vshoov�/ phdqlqj lqvwdqfhv zkhuh wzr ru pruh
frpsdudeoh krxvhkrog vxuyh|v duh dydlodeoh iurp wkh vdph frxqwu| dw gl�huhqw
srlqwv ri wlph1 Vxfk vshoov surylgh wkh gdwd qhhghg iru ghwdlohg krxvhkrog0
ohyho dqdo|vlv ri jurzwk/ sryhuw| dqg lqhtxdolw|1 Dqdo|vhv edvhg rq vshoov kdyh
irxqg wkdw lqfuhdvhv +ghfuhdvhv, lq phdq lqfrph whqg wr eh vwurqjo| dqg vljqli0
lfdqwo| dvvrfldwhg zlwk idoolqj +lqfuhdvlqj, sryhuw| udwhv +h1j1/ Udydoolrq/ 4<<8
dqg 5334,1

Ilhogv +5334/ ss1 <:0<;, vxppdul}hv wkh olwhudwxuh wklv zd|= �wzhqw| |hduv
ri uhvhdufk kdv vkrzq frqylqflqjo| wkdw lq d furvv vhfwlrq ri frxqwulhv/ wkrvh
zlwk kljkhu shu fdslwd lqfrph ru frqvxpswlrq kdyh ohvv sryhuw|1 Wkh furvv0
vhfwlrqdo yhuvlrq ri wkh devroxwh lpsryhulvkphqw k|srwkhvlv kdv ehhq wkrurxjko|
glvfuhglwhg�1 Pruhryhu/ wkhuh lv vxevwdqwldo hylghqfh wr lqglfdwh wkdw/ xvxdoo|/
glvwulexwlrqdo fkdqjh lv wrr olwwoh dqg wrr vorz wr eh uholhg xsrq iru sryhuw|
uhgxfwlrq1 Jurzwk lv/ lq sudfwlfh/ wkh pdlq wrro iru �jkwlqj sryhuw| +Euxqr/
Udydoolrq dqg Vtxluh/ 4<<;> Vtxluh/ 4<<6,1

Krzhyhu/ wkh lpshudwlyh ri jurzwk iru frpedwlqj sryhuw| vkrxog qrw eh plv0
lqwhusuhwhg wr phdq wkdw �jurzwk lv doo wkdw pdwwhuv�1 Jurzwk lv d qhfhvvdu|
frqglwlrq iru sryhuw| doohyldwlrq/ qr grxew/ exw lqhtxdolw| dovr pdwwhuv dqg
vkrxog dovr eh �rq wkh djhqgd� +Ndqexu dqg Oxvwlj/ 4<<<,1 Jurzwk dqg glvwul0
exwlrq duh lqwhufrqqhfwhg lq qxphurxv zd|v/ dqg wkh h�hfwlyhqhvv zlwk zklfk
jurzwk wudqvodwhv lqwr sryhuw| uhgxfwlrq ghshqgv fuxfldoo| rq lqlwldo lqhtxdo0
lw|1 Dowkrxjk hpskdvl}hg e| Udydoolrq +4<<:,/ wklv vlpsoh dqg reylrxv idfw lv
wrr riwhq ryhuorrnhg1 Iru h{dpsoh/ sryhuw| surmhfwlrq vwxglhv e| Kdqphu dqg
Qdvfkrog +4<<<, dqg Groodu dqg Froolhu +5334, duh edvhg rq d frqvwdqw hodvwlflw|
olqnlqj sryhuw| uhgxfwlrq wr wkh udwh ri jurzwk1 Vxfk surmhfwlrqv |lhog lpsuhflvh
uhvxowv ehfdxvh wkh| idlo wr wdnh dffrxqw ri krz wkh jurzwk hodvwlflw| ri sryhuw|
ghshqgv rq lqlwldo lqhtxdolw| dqg ohyho ri ghyhorsphqw +sryhuw| olqh uhodwlyh wr
phdq lqfrph,1

Wklv vkruw sdshu vxuyh|v wkh olwhudwxuh rq wkh jurzwk0sryhuw| uhodwlrqvkls/
vhhnlqj wr v|qwkhvlvh hpslulfdo dqg wkhruhwlfdo zrun lq wklv lpsruwdqw dqg vwloo
hphujlqj �hog1 L dujxh wkdw wkh �jurzwk0yhuvxv0glvwulexwlrq� glfkrwrp| lv idovh=
wkh jurzwk hodvwlflw| ri sryhuw| lv qrq0frqvwdqw/ dqg ghshqgv rq idfwruv vxfk dv
lqlwldo lqhtxdolw| dqg wkh ohyho ri ghyhorsphqw1 Lqhtxdolw| wkhuhiruh grhv pdwwhu
wr sryhuw| doohyldwlrq1
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5 Dqdo|wlfv ri wkh jurzwk hodvwlflw| ri sryhuw|

Wkhuh duh vrph suhflvh dqdo|wlfdo uhvxowv rq wkh jurzwk hodvwlflw| ri sryhuw| sur0
ylghg rqh lv zloolqj wr pdnh wkh udwkhu gudvwlf dvvxpswlrq wkdw wkh Oruhq} fxuyh
lv frqvwdqw/ l1h1 wkdw lqhtxdolw| grhv qrw fkdqjh1 Dowhuqdwlyho|/ vrph dqdo|wlfdo
uhvxowv duh dovr srvvleoh li rqh lpsrvhv vlpsoli|lqj dvvxpswlrqv derxw hlwkhu wkh
qdwxuh ri fkdqjh lq wkh lqfrph glvwulexwlrq ru wkh vkdsh ri wkh glvwulexwlrq1
Wklv vhfwlrq uhylhzv wkh pdmru lqvljkwv rq wkh jurzwk hodvwlflw| ri sryhuw| wkdw
dsshdu iurp olwhudwxuh wkdw hperglhv wkhvh dvvxpswlrqv1 Lq vhfwlrq 6/ L uhylhz
hpslulfdo uhvxowv edvhg rq vshoo gdwd/ lq zklfk qr dvvxpswlrqv rq wkh qdwxuh ri
wkh glvwulexwlrq ru lwv fkdqjh duh lpsrvhg1

Ohw I +{, ghqrwh wkh glvwulexwlrq ixqfwlrq ri lqglylgxdo lqfrph1 Li } lv d
sryhuw| olqh/ wkhq K @ I +}, lv wkh sursruwlrq ri srru lq wkh vrflhw|1 K lv
xvxdoo| fdoohg wkh khdg0frxqw udwlr/ dqg lv wkh prvw srsxoduo| xvhg phdvxuh ri
lqfrph2frqvxpswlrq sryhuw|1 Dv d sryhuw| phdvxuh/ K kdv vrph gudzedfnv
ehfdxvh lw idlov wr wdnh lqwr dffrxqw erwk wkh vl}h ri wkh djjuhjdwh lqfrph vkruw0
idoo ri wkh srru dqg wkh glvwulexwlrq ri lqfrph dprqj wkh srru1 D pruh jhqhudo
fodvv ri sryhuw| phdvxuhv fdq eh zulwwhq

� @

] }

3

S +}> {,i+{,g{> +4,

zkhuh i+{, lv wkh ghqvlw| ixqfwlrq ri { dqg CS@C{ ? 3> C5S@C5{ A 3/ S +}> }, @
3 dqg S +}> {, lv krprjhqrxv ri ghjuhh }hur lq } dqg { +Ndnzdql/ 5334,1 Wkh
prvw idprxv lqfduqdwlrq ri htxdwlrq +4, lv wkh S� phdvxuh sursrvhg e| Irvwhu/
Juhhu dqg Wkruehfnh +IJW, +4<;7,1 Wkh IJW S� phdvxuh lv jlyhq e|

S�+}> {, @

] }

3

++} � {,@},�i+{,g{= +5,

Li wkh lqhtxdolw| dyhuvlrq sdudphwhu/ �/ htxdov }hur/ zh kdyh S3 @ K l1h1/ wkh
khdgfrxqw phdvxuh1 S4 lv whuphg wkh sryhuw| jds phdvxuh/ dqg lqglfdwhv wkh
djjuhjdwh lqfrph vkruwidoo/ ru ghswk ri sryhuw|/ ri wkrvh ehorz wkh sryhuw| olqh1
S5 lv uhihuuhg wr dv wkh vtxduhg sryhuw| jds phdvxuh/ ru vhyhulw| ri sryhuw|/
ehfdxvh lw sodfhv juhdwhu zhljkw rq wkrvh idu ehorz wkh sryhuw| olqh1

514 Dqdo|wlfdo hodvwlflwlhv

Iru dq| sryhuw| phdvxuh wkdw vdwlv�hv htxdwlrq +4,/ Ndnzdql +4<<6, ghulyhg lwv
hodvwlflw| zlwk uhvshfw wr phdq lqfrph/ zkloh kroglqj wkh glvwulexwlrq frqvwdqw
+l1h1 dvvxplqj d jurzwk surfhvv lq zklfk wkh hqwluh Oruhq} fxuyh lv vkliwhg lq d
frqvwdqw sursruwlrq,1 Wkh hodvwlflw| lv
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�� @
4

�

] }

3

{
CS

C{
i+{,g{= +6,

Wklv lv dozd|v qhjdwlyh1 Iru khdgfrxqw sryhuw|/ wklv lpsolhv dq hodvwlflw| ri
�K @ �}i+{,@K> zklfk vkrzv wkh shufhqwdjh ri wkh srru zkr zloo furvv wkh
sryhuw| olqh li doo lqfrphv lqfuhdvh e| 4 shufhqw +Ndnzdql/ 4<<6 dqg 5334,1 Iru
wkh IJW0phdvxuhv zlwk � 9@ 3/ wkh hodvwlflw| lv

�� @ �
�+S��4 � S�,

S�
+7,

zklfk zloo dozd|v eh qhjdwlyh1 Iru wkh sryhuw| jds phdvxuh/ � @ 4/ wklv jlyhv
�
4
@ ���@+}���,> zkhuh �� lv wkh dyhudjh lqfrph ri wkh srru1 Vlqfh ��@} lv wkh

lqyhuvh ri wkh ghswk ri sryhuw|/ wklv vkrzv wkdw wkh sryhuw| hodvwlflw| lqfuhdvhv
+ghfuhdvhv, lq devroxwh ydoxh wkh orzhu +kljkhu, lv wkh ghswk ri sryhuw|1 Fkhq
dqg Udydoolrq +5334, xvh wklv irupxod wr fdofxodwh wkh hodvwlflw| ri S4 sryhuw|/
dqg �qg d joredo dyhudjh ri 0516< iru wkh 4'2gd| olqh1 Wkh fruuhvsrqglqj uhjlrqdo
dyhudjhv udqjh iurp 0717 iru wkh Plggoh Hdvw dqg Qruwk Diulfd wr mxvw 0419: iru
Vxe0Vdkdudq Diulfd/ suredeo| uh hfwlqj gl�huhqfhv lq wkh lqflghqfh ri sryhuw|1

515 Dq looxvwudwlrq

Lw pd| eh xvhixo wr looxvwudwh wkhvh hodvwlflwlhv xvlqj uhdo0zruog lqfrph glvwul0
exwlrqv1 Wklv khosv eulqj rxw wkh pdjqlwxghv dqg wkh qrq0olqhdulwlhv lqyroyhg
lq wkh jurzwk hodvwlflw| ri sryhuw| iru vshfl�f ghyhorslqj frxqwulhv1 Wr gr vr/
L xvhg krxvhkrog vxuyh| gdwd iurp Pr}dpeltxh/ Ylhwqdp dqg Vrxwk Diulfd1
Pr}dpeltxh zdv fkrvhq iru lwv kljk ohyho ri sryhuw|/ Ylhwqdp iru lwv htxdo glv0
wulexwlrq dqg udslg sryhuw| uhgxfwlrq gxulqj wkh 4<<3v/ dqg Vrxwk Diulfd iru
lwv kljk ghjuhh ri lqhtxdolw|1 Wdeoh 4 vxppdulvhv iru hdfk frxqwu| lwv khdgfrxqw
udwh +edvhg rq qdwlrqdo sryhuw| olqhv/ dqg wkhuhiruh qrw frpsdudeoh dfurvv frxq0
wulhv,/ Jlql frh!flhqw/ vdpsoh vl}h dqg wkh vrxufh ri wkh gdwd1 Doo gdwd frph
iurp qdwlrqdoo| uhsuhvhqwdwlyh krxvhkrog vxuyh|v1 Wkh lqfrph yduldeoh xvhg
khuh lv wrwdo uhdo shu fdslwd gdlo| h{shqglwxuh lq olqh zlwk prvw ri wkh olwhudwxuh1

Wdeoh 4= Vxppdu| vwdwlvwlfv iru lqfrph gdwd

Pr}dpeltxh Ylhwqdp Vrxwk Diulfd
Khdgfrxqw udwlr 319< 316: 3158
Jlql lqgh{ 316<9 31678 318;9
Vdpsoh vl}h ;583 8<<< ;:;6
gdwd vrxufh LDI 4<<90<: YOVV 4<<:0<; Lqwhjudwhg Krxvhkrog Vxuyh| 4<<60<7

L vlpxodwhg wkh lpsdfw ri glvwulexwlrq0qhxwudo jurzwk e| pdlqwdlqlqj wkh
lqfrph glvwulexwlrq �{hg/ dqg fdofxodwlqj wkh jurzwk hodvwlflw| iru d udqjh ri
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duwl�fldo �sryhuw| olqhv� vsdqqlqj iurp wkh 4vw shufhqwloh +zkhuh << shufhqw duh
srru, wr wkh <<wk shufhqwloh/ zkhuh mxvw 4 shufhqw lv srru14 Lq Iljxuh 407/ wkh
krul}rqwdo d{lv vkrzv wkh orfdwlrq ri wkh sryhuw| olqh/ zlwk wkh pryhphqw iurp
ohiw wr uljkw plplfnlqj wkh lpsdfw ri glvwulexwlrq0qhxwudo jurzwk lq whupv ri
uhgxflqj }@{1 Hodvwlflwlhv duh vkrzq rq wkh yhuwlfdo d{hv1 Iljxuh 4 frpsduhv
wkh hodvwlflwlhv iru khdgfrxqw sryhuw|/ �K > iru wkhvh wkuhh frxqwulhv/ Iljxuh 5
frpsduhv S4 hodvwlflwlhv/ �S4> dqg Iljxuh 6 �S5 =

Wkh �jxuhv vkrz wkdw iru d jlyhq lqfrph glvwulexwlrq/ wkh devroxwh ydoxh ri
wkh sryhuw| hodvwlflw| lqfuhdvhv dv dyhudjh lqfrph jurzv uhodwlyh wr wkh sryhuw|
olqh1 Wkxv/ sryhuw| lv pruh +ohvv, hodvwlf wr jurzwk wkh orzhu +kljkhu, lv sryhuw|1
Iru dq| jlyhq orfdwlrq ri wkh sryhuw| olqh dqg S�/ sryhuw| hodvwlflwlhv duh odujhvw
+lq devroxwh ydoxh, lq Ylhwqdp/ zklfk kdv wkh prvw htxdo lqfrph glvwulexwlrq/
dqg orzhvw lq Vrxwk Diulfd/ zklfk lv wkh prvw xqhtxdo ri wkhvh frxqwulhv1 Wkh
ghshqghqfh ri wkh sryhuw| hodvwlflw| rq }@{ dsshduv hyhq pruh surqrxqfhg iru
Ylhwqdp wkdq iru wkh rwkhu frxqwulhv1 Wklv lv ehfdxvh Ylhwqdp lv pruh htxdo/
dovr dw wkh erwwrp ri wkh glvwulexwlrq/ wkdq Pr}dpeltxh dqg Vrxwk Diulfd1 Lw
fdq eh vhhq wkdw wkh sryhuw| hodvwlflw| lqfuhdvhv zlwk �= ghswk dqg vhyhulw| ri
sryhuw| uhvsrqgv pruh hodvwlfdoo| wr jurzwk wkdq wkh khdgfrxqw1

Wkhvh uhvxowv pd| eh kdug wr xqghuvwdqg lqwxlwlyho|1 Rqh pd| dvn/ uljwo|/ li
wkh lpsdfw ri jurzwk rq sryhuw| grhv qrw ghshqg rq wkh orfdwlrq ri wkh sryhuw|
olqh ylv0ã0ylv wkh exon ri wkh lqfrph glvwulexwlrqB Diwhu doo/ li pdq| shrsoh duh
orfdwhg dw/ ru voljkwo| ehorz/ wkh sryhuw| olqh/ hfrqrplf jurzwk vkrxog kdyh d
odujh lpsdfw1 Wkh nh| wr xqghuvwdqg wkh deryh uhvxowv lv wkdw wkh| uhihu wr wkh
shufhqwdjh fkdqjh lq sryhuw|/ qrw wkh devroxwh fkdqjh lq wkh qxpehu ri srru1 Wr
looxvwudwh wklv srlqw/ L sorw lq Iljxuh 7 wkh fkdqjh lq khdgfrxqw ohyho +qxpehu
ri shrsoh prylqj iurp ehorz wr deryh wkh sryhuw| olqh, iru Vrxwk Diulfd lq
uhvsrqvh wr fkdqjhv lq phdq lqfrph1 Lw fdq eh vhhq wkdw dw wkh orfdwlrq ri wkh
fxuuhqw qdwlrqdo sryhuw| olqh +lqglfdwhg e| d yhuwlfdo edu,/ d vxevwdqwldo qxpehu
ri shrsoh zloo eh vkliwhg rxw ri sryhuw| e| glvwulexwlrq0qhxwudo jurzwk1 \hw
wkh lpsdfw rq wkh khdgfrxqw udwh zloo txlfno| uhgxfh lq devroxwh pdjqlwxgh li
jurzwk lq phdq lqfrph lv vxvwdlqhg1 Li/ rq wkh rwkhu kdqg/ phdq lqfrphv zhuh
wr idoo/ d odujh qxpehu ri shrsoh zrxog eh prylqj lqwr sryhuw| lq Vrxwk Diulfd1

Wkh Ghyhorsphqw Dvvlvwdqfh Frpplwwhh +GDF, ri wkh RHFG kdv vhw vrph
r!fldo ghyhorsphqw wdujhwv/ rqh ri zklfk lv wr fxw joredo sryhuw| e| kdoi ehwzhhq
4<<3053481 H{lvwlqj surmhfwlrq vwxglhv +Kdqphu dqg Qdvfkrog/ 4<<<> Froolhu dqg
Groodu/ 5334, xvh frqvwdqw hodvwlflwlhv wr dqvzhu wkdw txhvwlrq1 Wkh dssurdfk

4Wkh iroorzlqj dssur{lpdwlrq zdv xvhg=

#kE
5

%
c k(u� s 3

d�kE5��3 �kE5�3��o*�kE5�3��

d5� 3 5�3�o*5�3�
c � ' �c 2c ����c bb( k ' fc �c 2 +8,

zkhuh % lv dyhudjh lqfrph/ u lv wkh Oruhq} fxuyh +nhsw �{hg,/ dqg � ghqrwhv wkh shufhqwloh
ri wkh lqfrph glvwulexwlrq1 Wkh qrplqdwru lv wkh sursruwlrqdwh fkdqjh lq wkh IJW sryhuw|
phdvxuh +iru k ' fc �c 2, dqg wkh ghqrplqdwru lv wkh sursruwlrqdwh fkdqjh lq wkh sryhuw|
olqh dv lw lv ehlqj vkliwhg iurp wkh m04 wr wkh mwk shufhqwloh1 Wklv looxvwudwhv wkh surfhvv ri
ghyhorsphqw dqg jurzwk lq uhdo0zruog lqfrph glvwulexwlrqv/ exw pdlqwdlqlqj wkh dvvxpswlrq
ri qr fkdqjhv lq glvwulexwlrq1
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dgrswhg lq wklv vhfwlrq fdq eh xvhg wr surylgh d pruh suhflvh dqvzhu1 Edvhg
rq wkh dfwxdo gdwd iru wkhvh wkuhh frxqwulhv/ L fdofxodwhg krz pxfk jurzwk lq
phdq krxvhkrog lqfrph lv uhtxluhg wr uhgxfh sryhuw| e| kdoi +uhodwlyh wr wkh
vxuyh| |hdu, lq 58 |hduv1 L dvvxph frqvwdqw glvwulexwlrq dqg frqvwdqw vkduh ri
krxvhkrog lqfrph wr JGS1 Wkh uhvxow lv vkrzq lq Wdeoh 51 Pr}dpeltxh qhhgv
514 shufhqw uhdo dqqxdo shu fdslwd jurzwk wr kdoyh sryhuw| lq 58 |hduv1 Iru
Ylhwqdp mxvw 414 shufhqw jurzwk s1d1 shu fdslwd zloo vx!fh/ zkhuhdv iru Vrxwk
Diulfd 41; s1d1 shu fdslwd lv uhtxluhg1 Jlyhq wkhlu sdvw jurzwk uhfrug/ dfklhylqj
wkh wdujhw ri kdoylqj khdgfrxqw sryhuw| lq 58 |hduv vhhpv ihdvleoh iru Ylhwqdp
dqg Pr}dpeltxh1 Vrxwk Diulfd zloo qhhg vxevwdqwldo lpsuryhphqw lq wkh udwh
ri jurzwk/ lq glvwulexwlrq/ ru lq erwk wr dfklhyh wkh ghyhorsphqw wdujhw1 Wklv
fohduo| looxvwudwhv wkh lpsruwdqfh ri lqhtxdolw|= Ylhwqdp*v kljko| htxdo lqfrph
glvwulexwlrq phdqv wkdw hfrqrplf jurzwk lq wkdw frxqwu| wudqvodwhv lqwr sryhuw|
uhgxfwlrq lq d yhu| h�hfwlyh pdqqhu1 Wr dfklhyh d frpsdudeoh udwh ri sryhuw|
uhgxfwlrq/ frxqwulhv zlwk xqhtxdo lqfrph glvwulexwlrq kdyh wr jurz d orw idvwhu1
Lq wklv frqwh{w/ sryhuw| doohyldwlrq lq Vrxwk Diulfd lv idflqj wkh grxeoh kxugoh
ri voxjjlvk jurzwk lq lqfrph dqg xqhtxdo glvwulexwlrq1

Wdeoh 5= Dfwxdo dqg uhtxluhg jurzwk udwhv

Dqqxdo uhdo shu fdslwd jurzwk udwhv
Pr}dpeltxh Ylhwqdp Vrxwk Diulfd

Uhtxluhg wr kdoyh sryhuw| lq 58 |hduv 514 414 41;
Dfwxdo JGS jurzwk udwh 4<<80<< 913 81<9 3176

516 D orj0olqhdu dssur{lpdwlrq

Ehfdxvh lqhtxdolw| fdq fkdqjh lq frxqwohvv zd|v/ lw lv kdug wr vd| dq|wklqj
jhqhudo derxw wkh jurzwk0sryhuw| uhodwlrqvkls zkhq wkh glvwulexwlrq lv doorzhg
wr fkdqjh gxulqj jurzwk1 Ndnzdql +4<<6, ghyhorshg d irupxod iru wkh lqhtxdolw|
hodvwlflw| ri sryhuw| xqghu wkh dvvxpswlrq ri dq htxdo sursruwlrqdwh fkdqjh lq
wkh Oruhq} fxuyh1 Dqrwkhu urdg dkhdg lv wr dvvxph d sduwlfxodu ixqfwlrqdo
irup iru wkh lqfrph glvwulexwlrq/ dqg zrun rxw wkh jurzwk0lqhtxdolw|0sryhuw|
uhodwlrqvkls iru wkdw glvwulexwlrq1 Lq d uhfhqw xqsxeolvkhg sdshu/ Erxujxljqrq
+5333, grhv wklv/ dvvxplqj lqfrphv iroorz wkh orj0olqhdu glvwulexwlrq1 Kh ghulyhv
dq h{solflw irupxod olqnlqj wkh jurzwk0hodvwlflw| ri khdgfrxqw sryhuw| wr phdq
lqfrph dqg lqhtxdolw| lq wkh orj0olqhdu fdvh=

i�K @ �
�K

Kw

4

�Orj+{,
@

4

�
�^
Orj+}@{,

�
.
�

5
` +9,

zkhuh �Orj+{, lv wkh sursruwlrqdwh fkdqjh lq lqfrph/ �K@Kw lv wkh sursru0
wlrqdwh fkdqjh lq khdgfrxqw sryhuw|/ � lv wkh vwdqgdug ghyldwlrq ri orj lqfrph
dqg � lv wkh udwlr ri wkh ghqvlw| wr wkh fxpxodwlyh ixqfwlrq 0 ru kd}dug udwh 0 ri
wkh vwdqgdug qrupdo glvwulexwlrq1 H{suhvvlrq +9, vkrzv wkdw wkh jurzwk hodv0
wlflw| ri sryhuw| lv dq lqfuhdvlqj ixqfwlrq ri ghyhorsphqw 0 wkh lqyhuvh ri }@{ 0
dqg d ghfuhdvlqj ixqfwlrq ri lqfrph lqhtxdolw| dv phdvxuhg e| �= Erxujxljqrq
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+5333, dovr ghyhorsv d irupxod iru wkh hodvwlflw| ri S4 sryhuw|1 Erwk wkhvh iru0
pxodh surylgh h{solflw surri/ lq wkh fdvh zkhuh lqfrph iroorzv wkh orj0qrupdo
glvwulexwlrq/ iru wkh srlqwv pdgh deryh/ qdpho| wkdw wkh jurzwk hodvwlflw| ri
sryhuw| lqfuhdvhv zlwk ghyhorsphqw dqg ghfuhdvhv zlwk ulvlqj lqhtxdolw|1

6 Uhjuhvvlrq hvwlpdwhv ri wkh jurzwk hodvwlflw|

ri sryhuw|

Lq uhdolw|/ lqhtxdolw| fdq dqg grhv fkdqjh lq qxphurxv zd|v lq uhvsrqvh wr
jurzwk dqg pxowlsoh rwkhu idfwruv1 Krz uhvsrqvlyh lv sryhuw| wr jurzwk lq
phdq lqfrph zkhq wkh Oruhq} fxuyh lv iuhh wr ydu|B Fohduo|/ wklv lv dq hpslu0
lfdo lvvxh1 Rqh pljkw qdlyho| wu| wr dgguhvv wklv lvvxh e| uhjuhvvlqj wkh udwh
ri sryhuw| rq phdq lqfrph iru d udqjh ri frxqwulhv1 Krzhyhu/ vxfk ohyho0edvhg
sryhuw| frpsdulvrq dfurvv frxqwulhv vx�huv iurp qxphurxv vkruwfrplqjv/ dqg
frxog srwhqwldoo| eh plvohdglqj gxh wr sureohpv dulvlqj iurp fxuuhqf| frqyhu0
vlrqv/ phdvxuhphqw huuruv dqg rplwwhg frxqwu|0vshfl�f �{hg h�hfwv fruuhodwhg
zlwk lqfrph +Udydoolrq/ 4<<8,1 Gl�huhqflqj surylghv d vroxwlrq ehfdxvh lw uh0
pryhv dq| frxqwu|0vshfl�f �{hg h�hfwv1

Wkhuhiruh/ dv phqwlrqhg lq wkh Lqwurgxfwlrq/ gdwd rq jurzwk vshoov iurp
pxowlsoh frxqwulhv duh dssursuldwh iru khoslqj wr ghwhuplqh wkh vl}h ri wkh dy0
hudjh sryhuw| hodvwlflw| lq dfwxdo jurzwk h{shulhqfhv/ l1h1 zlwkrxw lpsrvlqj
glvwulexwlrqdo dvvxpswlrqv1 Gdwd rq vshoov fdq dovr khos ghwhuplqh li wkhuh lv
v|pphwu| lq wkh zd| wkdw lqfuhdvlqj dqg ghfuhdvlqj dyhudjh lqfrphv d�hfw wkh
srru1 Gxulqj wkh 4<<3v/ wkhuh kdv ehhq d udslg h{sdqvlrq lq wkh qxpehu ri
qdwlrqdoo| uhsuhvhqwdwlyh krxvhkrog vxuyh|v/ dqg pdq| frxqwulhv qrz kdyh wzr
ru pruh vxuyh|v dydlodeoh1 Wklv kdv uhvxowhg lq d pxfk ehwwhu xqghuvwdqglqj ri
wkh sryhuw|0lqhtxdolw|0ghyhorsphqw qh{xv +Ilhogv/ 5334,1

Udydoolrq +4<<8, uhjuhvvhg fkdqjhv lq khdgfrxqw +edvhg rq wkh '42gd| Sxu0
fkdvlqj Srzhu Sdulw| Lqwhuqdwlrqdo sryhuw| olqh xvhg e| wkh Zruog Edqn dqg
rwkhuv, rq jurzwk iru d vdpsoh ri 49 frxqwulhv zlwk revhuydwlrqv dw wzr ru pruh
srlqwv lq wlph/ dqg irxqg dq hodvwlflw| ri 0517 +U5 @ 3=97,1 Wkh vtxduhg sryhuw|
jds/ S5> zdv irxqg wr eh pruh hodvwlf/ dv wkhru| suhglfwv/ dw 071 Vtxluh +4<<6,
xvhg d gdwd vhw frqvlvwlqj ri 54 vshoov wr uhjuhvv wkh fkdqjh lq wkh khdgfrxqw
lqgh{ rq jurzwk lq phdq lqfrph zkloh frqwuroolqj iru wkh lqlwldo khdgfrxqw
lqgh{1 Jurzwk zdv irxqg wr eh vljql�fdqw dqg kdyh dq hodvwlflw| htxdo wr 0
517 +U5 @ 3=:3,1 Udydoolrq dqg Fkhq +4<<:, xvhg gdwd rq 97 vshoov1 Edvhg
rq wkh '42gd| sryhuw| olqh/ wkh| irxqg dq +kljko| vljql�fdqw, hodvwlflw| ri 06145
+U5 @ 3=6:,1 Zkhq lqvwhdg wkh| �{hg wkh sryhuw| olqh dw 83 shufhqw ri wkh phdq/
wkh hodvwlflw| zdv 0519 +U5 @ 3=;7,1 Zkhq Hdvwhuq Hxursh dqg Fhqwudo Dvld lv
h{foxghg wkh hodvwlflw| gursv lq devroxwh ydoxh wr 0418: +Q@76> U5 @ 3=8;,1
Vlqfh Hdvwhuq Hxursh dqg Fhqwudo Dvld duh/ ru dw ohdvw xvhg wr eh/ orz lqhtxdo0
lw| frxqwulhv/ lw lv xqvxusulvlqj wkdw wkhlu jurzwk hodvwlflw| lv odujhu lq devroxwh
ydoxh1 Udydoolrq dqg Fkhq +4<<:, dovr h{shulphqwhg zlwk hyhq kljkhu sryhuw|
olqhv/ dqg irxqg/ dv rqh zrxog h{shfw/ wkdw wkh hodvwlflw| gursv= lw zdv 0415< iru
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d sryhuw| olqh dw :8 shufhqw ri phdq lqfrph iru wkh ixoo vdpsoh/ dqg 0319< zkhq
wkh sryhuw| olqh zdv 433 shufhqw ri phdq lqfrph1 Wkh vdpsoh ri krxvhkrog
vxuyh| vshoov frqwlqxhv wr jurz1 Edvhg rq 448 vshoov/ Udydoolrq +5334, uhsruwv
�3 @ �5=8 +U5 @ 3=77, edvhg rq wkh '42gd| lqwhuqdwlrqdo sryhuw| olqh1

Dq lpsolfdwlrq ri wkhvh vwxglhv lv v|pphwu| lq wkh pdqqhu lq zklfk ulvlqj
dqg idoolqj phdq lqfrph d�hfwv wkh srru1 Htxdo hfrqrplhv kdyh d kljk devroxwh
ydoxh ri wkh jurzwk hodvwlflw|/ lpso|lqj wkdw wkh srru jdlq d odujhu vkduh ri
jurzwk dqg orrvh pruh iurp frqwudfwlrq1 Frqyhuvho|/ xqhtxdo vrflhwlhv kdyh d
vpdoo devroxwh �/ dqg wklv surwhfwv wkh lqfrph ri wkh srru gxulqj frqwudfwlrq1

Wkh deryh uhjuhvvlrqv olnho| vx�hu iurp plvvshfl�fdwlrq ehfdxvh wkh| wuhdw
wkh jurzwk0sryhuw| uhodwlrqvkls dv jryhuqhg e| vrph �{hg hodvwlflw|/ ljqrulqj
lwv ghshqghqf| rq lqhtxdolw| dqg ohyho ri ghyhorsphqw1 Uhfhqw olwhudwxuh kdv
wkhuhiruh pryhg rq wr dgguhvv gluhfwo| wkh ghshqghqfh ri wkh jurzwk hodvwlflw|
rq lqhtxdolw|1 Udydoolrq +4<<:, uhjuhvvhg wkh udwh ri sryhuw| uhgxfwlrq +edvhg rq
d '41832gd| SSS olqh, rq dq hqfrpsdvvlqj prgho lqfoxglqj jurzwk/ lqhtxdolw|
dv phdvxuhg e| wkh Jlql lqgh{/ lqwhudfwlrq whupv ehwzhq wkhp/ dqg doo ri wkhlu
vtxduhg whupv1 Kh irxqg d vwdwlvwlfdoo| dffhswdeoh uhvwulfwhg irup ri wkh jhqhudo
prgho wr eh

�K

Kw

@ 7=768+4�Jlqlw,
�{

{w
. uhvlgxdo +Q @ 74> U5 @ 3=69,= +:,

Edvhg rq wklv/ Udydoolrq +4<<:, frqfoxghv wkdw lw lv wkh glvwulexwlrq0fruuhfwhg

udwh ri jurzwk +^40 Jlql` �wkh udwh ri jurzwk, wkdw pdwwhuv1 Wkh hvwlpdwhv lpso|
wkdw/ dw wkh orzhvw Jlql lq klv vdpsoh +3158,/ wkh jurzwk hodvwlflw| ri '4182gd|
khdgfrxqw sryhuw| lv 0616/ zkloh dw wkh kljkhvw Jlql +318<, lw lv 041;1 Dw wkh phdq
Jlql lqgh{ +3174,/ wkh hodvwlflw| lv 05191 Udydoolrq +5334, uhshdwhg wkh h{huflvh
rq d odujhu gdwd vhw/ dqg irxqg d txlwh vlplodu uhvxow= �OrjS3 @ �6=:7+4 �
Jlqlw,�Orj+{,.uhvlgxdo +Q @ 448> U5 qrw uhsruwhg,1

Wkh glvwulexwlrq0fruuhfwhg udwh ri jurzwk lv dq lqwhuhvwlqj frqfhsw wkdw khosv
xv xqghuvwdqg ehwwhu krz lqhtxdolw| vkdshv wkh lpsdfw ri jurzwk rq sryhuw|1
Vlqfh wkh glvwulexwlrq0fruuhfwhg udwh ri jurzwk grhv qrw h{solflwo| wdnh lqwr
dffrxqw wkh ghshqghqfh ri wkh jurzwk hodvwlflw| ri sryhuw| rq wkh ohyho ri ghyho0
rsphqw +}@{,/ lw lv srwhqwldoo| yxoqhudeoh wr wkh plvvshfl�fdwlrq ri lpsrvlqj d
frqvwdqw hodvwlflw| wr d pruh frpsoh{ qrq0olqhdu uhodwlrqvkls1 Udydoolrq +4<<:,
whvwhg iru wklv dqg irxqg +:, vwdwlvwlfdoo| dffhswdeoh1 Ixwxuh vwxglhv vhhnlqj wr
dsso| wkh glvwulexwlrq0fruuhfwhg udwh ri jurzwk dv dq h{sodqdwru| yduldeoh zloo
dovr qhhg wr sd| fduhixo dwwhqwlrq wr wklv lvvxh1

Erxujxljqrq +5333, h{soruhg ydulrxv prghov edvhg rq d gdwd vhw frpsulvhg
ri 449 jurzwk vshoov iurp 85 gl�huhqw frxqwulhv1 Wkh ehvw �w zdv rewdlqhg e|
wkh iroorzlqj prgho

�K

Kw

@ 3=38 . 8=56�Jlql� 4=47{wi�K. uhvlgxdo +Q @ 449> U5 @ 3=83;, +;,

zkhuh i�K lv wkh wkhruhwlfdoo| h{shfwhg ydoxh ri wkh jurzwk0sryhuw| hodvwlflw|
wkdw fdq eh rewdlqhg iurp htxdwlrq +9, l1h1/ edvhg rq dvvxplqj lqfrphv duh
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orj0qrupdo1 Erxujxljqrq +5333, uhihuv wr wklv dv dq �lghqwlw| fkhfn� rq wkh
orjlfdo lghqwlw| olqnlqj jurzwk dqg sryhuw| +htxdwlrq 9, xqghu wkh dvvxpswlrq
wkdw lqfrphv duh orj0qrupdo1 Wklv lghqwlw| lv �frq�uphg� e| �qglqj d sdudp0
hwhu qrw vljql�fdqwo| gl�huhqw iurp xqlw|1 Xqiruwxqdwho|/ Erxujxljqrq +5333,
glg qrw gluhfwo| frpsduh klv prgho wr wkh glvwulexwlrq0fruuhfwhg udwh ri jurzwk/
+4� Jlqlw,�Orj+{,1 Krzhyhu/ dowkrxjk wkh uhjuhvvlrq lq +;, lqfrusrudwhv wkh
orj0qrupdo jurzwk0sryhuw| �lghqwlw|�/ lw grhv qrw jlyh d shuihfw �w zlwk 83
shufhqw ri wkh yduldwlrq lq wkh gdwd xqdffrxqwhg iru1 Lw wkhuhiruh dsshduv wkdw
uhdo0zruog glvwulexwlrqv dqg glvwulexwlrqdo fkdqjhv duh pruh frpsoh{ wkdq zkdw
lv fdswxuhg e| wkh orj0qrupdo1 Wkh ehvw �w lv olnho| wr lqfrusrudwh qrq0olqhdulwlhv
dqg lqwhudfwlyh whupv ehwzhhq wkh sryhuw| olqh uhodwlyh wr dyhudjh lqfrph/ lq0
htxdolw| dqg jurzwk1

7 Frqfoxvlrqv

Vxpplqj xs/ wkh frqfoxvlrqv ri wklv sdshu duh wkh iroorzlqj1 Iluvw/ wkh pdj0
qlwxgh ri wkh sryhuw| hodvwlflw| ri glvwulexwlrq qhxwudo fkdqjhv lq phdq lqfrph
ghshqgv rq wkh orfdwlrq ri wkh sryhuw| olqh dqg khqfh vkrxog qrw eh wuhdwhg dv
d frqvwdqw dfurvv frxqwulhv ru wlph1 Lw lqfuhdvhv prqrwrqlfdoo| zlwk lqfuhdvlqj
phdq lqfrph/ kroglqj wkh sryhuw| olqh frqvwdqw1

Vhfrqg/ dv Udydoolrq +4<<:, hpskdvl}hg/ wkh sryhuw| hodvwlflw| ghshqgv vwurqjo|
rq wkh ghjuhh ri lqhtxdolw|1 Dq xqhtxdo lqfrph glvwulexwlrq lv d vhulrxv lp0
shglphqw wr h�hfwlyh sryhuw| doohyldwlrq1 Wklug/ dv d frqvhtxhqfh ri wklv wkh

�jurzwk yhuvxv uhglvwulexwlrq� glfkrwrp| lv idovh1 Lw lv xqlqirupdwlyh wr ghfrp0
srvh sryhuw| fkdqjhv lqwr d jurzwk dqg d glvwulexwlrq frpsrqhqw1 Wkh jurzwk
h�hfw lv lwvhoi d ixqfwlrq ri wkh ghjuhh ri lqhtxdolw|1

Lw lv wuxh wkdw uhglvwulexwlrq riwhq kdv olplwhg srwhqwldo dqg wkdw jurzwk lv
d qhfhvvdu| frqglwlrq iru sryhuw| doohyldwlrq1 \hw wkh ohyho ri lqhtxdolw|/ dqg
fkdqjhv wkhuhlq/ vwloo pdwwhuv1 Wklv lv ehfdxvh +l, iru dq| jlyhq ohyho ri dyhu0
djh lqfrph/ wkh ohyho ri lqhtxdolw| d�hfwv wkh ghjuhh ri sryhuw|> +ll, lqhtxdolw|
vwurqjo| d�hfwv wkh jurzwk hodvwlflw| ri sryhuw|/ dqg orzhu lqhtxdolw| frqwulexwhv
wr dq dffhohudwlrq ri sryhuw| uhgxfwlrq iru d jlyhq udwh ri jurzwk> +lll, li uhfhqw
furvv0frxqwu| uhjuhvvlrq vwxglhv duh wuxh/ lqlwldo lqhtxdolw|/ hvshfldoo| dvvhw lq0
htxdolw|/ lv kdupixo iru jurzwk +vhh iru h{dpsoh Ghlqlqjhu dqg Rolqwr/ 5333,1
Iru wkhvh uhdvrqv/ lqhtxdolw| vwloo pdwwhuv/ dqg wkh vhdufk iru h�hfwlyh srolflhv
iru uhgxflqj lqhtxdolwlhv/ ru dw ohdvw suhyhqw wkhp iurp ulvlqj/ jrhv rq1
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8 Uhihuhqfhv

Uhihuhqfhv

^4` Erxujxljqrq/ Iudqfrlv +5333, �Wkh sdfh ri hfrqrplf jurzwk dqg sryhuw|
doohyldwlrq�1 Wkh Zruog Edqn dqg Ghowd/ Sdulv1 Xqsxeolvkhg

^5` Euxqr/ Plfkdho/ Udydoolrq/ Pduwlq/ Vtxluh/ O|q +4<<;, �Htxlw| dqg Jurzwk
lq Ghyhorslqj Frxqwulhv= Rog dqg Qhz Shuvshfwlyhv rq wkh Srolf| Lvvxhv�1
Lq= Wdq}l/Ylwr/ Fkx/Nh0|rxqj/ hgv1 �Lqfrph glvwulexwlrq dqg kljk0txdolw|
jurzwk�1 Fdpeulgjh dqg Orqgrq= PLW Suhvv/ 4<<;/ sdjhv 44:0791

^6` Fkhq/ Vkdrkxd dqg Udydoolrq/ Pduwlq +5334, �Krz glg wkh Zruog*v Srruhvw
Iduh lq wkh 4<<3vB�1 Uhylhz ri Lqfrph dqg Zhdowk/ 7:+6,= 5;606331

^7` Froolhu/ Sdxo dqg Groodu/ Gdylg +5334, �Fdq wkh zruog fxw sryhuw| lq kdoiB
Krz srolf| uhirup dqg h�hfwlyh dlg fdq phhw lqwhuqdwlrqdo ghyhorsphqw
jrdov�1 Zruog Ghyhorsphqw/ 5<+44,= 4:;:04;351

^8` Gdww/ Jdxudy dqg Udydoolrq/ Pduwlq +4<<5, �Jurzwk dqg Uhglvwulexwlrq
Frpsrqhqwv ri Fkdqjhv lq Sryhuw| Phdvxuhv= D Ghfrpsrvlwlrq zlwk Ds0
solfdwlrqv wr Eud}lo dqg Lqgld lq wkh 4<;3v�/ Mrxuqdo ri Ghyhorsphqw Hfr0

qrplfv 6;+5,= 5:80<81

^9` Ghlqlqjhu/ Nodxv dqg Shgur Rolqwr +5333, �Dvvhw Glvwulexwlrq/ Lqhtxdolw|/
dqg Jurzwk�1 Srolf| Uhvhdufk Zrunlqj sdshu/ Zruog Edqn1

^:` Ilhogv/ Jdu| +5334, �Glvwulexwlrq dqg Ghyhorsphqw= D Qhz Orrn dw wkh
Ghyhorslqj Zruog�/ PLW Suhvv1

^;` Irvwhu/ Mdphv/ Juhhu/ Mrho dqg Wkruehfnh/ Huln +4<;7, �D Fodvv ri Ghfrp0
srvdeoh Sryhuw| Phdvxuhv�/ Hfrqrphwulfd/ 85+6,= :940991

^<` Kdqphu/ Oxfld dqg Ihol{ Qdvfkrog +4<<<, �Dwwdlqlqj wkh lqwhuqdwlrqdo gh0
yhorsphqw wdujhwv= zloo jurzwk eh hqrxjkB�/ Mrxuqdo ri Lqwhuqdwlrqdo Gh0
yorsphqw 44+7,= 87:08971

^43` Ndnzdql/ Q +4<<6, �Sryhuw| dqg hfrqrplf jurzwk zlwk dssolfdwlrq wr F÷wh
G*Lyrluh�/ Uhylhz ri Lqfrph dqg Zhdowk/ 6<+5,= 454046<1

^44` Ndnzdql/ Q +5334, �D Qrwh rq Jurzwk dqg Sryhuw| Uhgxfwlrq�/ Dvldq
Ghyhorsphqw Edqn1 Xqsxeolvkhg1

^45` Ndqexu/ Udyl dqg Oxvwlj/ Qrud +4<<<, �Zk| lv Lqhtxdolw| Edfn rq wkh
DjhqgdB�/ Sdshu suhvhqwhg dw wkh Dqqxdo Zruog Edqn Frqihuhqfh rq Gh0
yhorsphqw Hfrqrplfv/ Zruog edqn1 Xqsxeolvkhg1

^46` Udydoolrq/ Pduwlq +4<<8, �Jurzwk dqg Sryhuw|= Hylghqfh iru Ghyhorslqj
Frxqwulhv lq wkh 4<;3d�/ Hfrqrplfv Ohwwhuv 7;= 74404:1
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^47` Udydoolrq/ Pduwlq +4<<:, �Fdq kljk0lqhtxdolw| ghyhorslqj frxqwulhv hvfdsh
devroxwh sryhuw|B�/ Hfrqrplfv Ohwwhuv 89= 8408:1

^48` Udydoolrq/ Pduwlq +5334, �Jurzwk/ lqhtxdolw| dqg sryhuw|= orrnlqj eh|rqg
dyhudjhv�/ Zruog Ghyhorsphqw/ 5<+44,= 4;360481

^49` Udydoolrq dqg Fkhq +4<<:, �Zkdw fdq qhz vxuyh| gdwd whoo xv derxw uh0
fhqw fkdqjhv lq glvwulexwlrq dqg sryhuw|B�/ Zruog Edqn Hfrqrplf Uhylhz

44+5,= 68:0;51

^4:` Vtxluh/ O|q +4<<6, �Iljkwlqj Sryhuw|� Dphulfdq Hfrqrplf Uhylhz S)S/
;6+5,/ Pd|= 6::0;51

^4;` Zklwh/ Krzdug dqg Dqghuvrq/ Hgzdug +5334, �Jurzwk yhuvxv Glvwulexwlrq=
Grhv wkh Sdwwhuq ri Jurzwk PdwwhuB�1 Ghyhorsphqw Srolf| Uhylhz 4<+6,=
59:05;<1
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