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7Lqghhg/ pdq| elrprohfxodu vxuidfhv wljkwo| elqg dqg rujdql}h dw ohdvw rqh vkhoo ri zdwhu1 Zdwhu prohfxohv lq

wklv od|hu kdyh wkh rulhqwdwlrq ri k|gurjhq erqgv gl�huhqw wkdq wkdw ri wkh whwudkhgudo k|gurjhq0erqg qhwzrun

ri exon zdwhu1 Wkh shuwxuedwlrq ri zdwhu lq vhfrqg dqg ixuwkhu zdwhu od|huv pd| rffxu1 Wkh ryhuods ri wkhvh

od|huv pdnh wkh dssurdfk ri prohfxohv hqhujhwlfdoo| yhu| xqidyrudeoh/ wkh frvw shu zdwhu prohfxoh pd| uhdfk d

vxevwdqwldo iudfwlrq ri wkh hqhuj| ri k|gurjhq erqg ^93`1 Wklv surgxfh d vwurqj/ xvxdoo|/ uhsxovlyh irufh1

�K|gudwlrq irufh pdjqlwxghv ghshqg rq wkh vwuhqjwk ri vxuidfh zdwhu rughulqj/ zkloh wkh ghfd| ohqjwk dqg vljq/

dwwudfwlrq ru uhsxovlrq/ ghshqg rq wkh pxwxdo vwuxfwxulqj ri zdwhu rq wkh wzr vxuidfhv1 Dwwudfwlrq uhvxowv iurp

d frpsohphqwdu| rughulqj/ zkloh uhsxovlrq lv gxh wr v|pphwulfdo vwuxfwxulqj1� ^99`
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8Wkh rvprwlf vwuhvv whfkqltxh kdv ehhq ghvfulehg lq ghwdlo ^95`1 GQD h{srvhg wr d sro|phu vroxwlrq

+sro|hwk|ohqh jo|fro +SHJ,, irupv dq rughuhg skdvh1 SHJ zlwk kljk prohfxodu zhljkw lv doprvw frpsohwho|

h{foxghg iurp GQD skdvh h{huwlqj dq h�hfwlyh rvprwlf suhvvxuh rq wkh odwwhu1 Lq htxloleulxp/ wkh dfwlylwlhv ri

wkh h{fkdqjlqj zdwhu dqg vdow duh htxdo lq wkh GQD dqg SHJ skdvh1 sK dqg fkhplfdo srwhqwldo ri vdow duh khog

�{hg1 Wkh rvprwlf vwuhvv phwkrg lv edvhg rq wkh phdvxuhphqw ri lqwhud{ldo vsdflqj lq wklv skdvh dv d ixqfwlrq

ri dssolhg rvprwlf vwuhvv/ ydulhg e| fkdqjlqj wkh SHJ frqfhqwudwlrq1

Skdvhv= [0ud|0gl�udfwlrq vkrzv wkdw GQD dvvhpeo| dw ghqvlwlhv q733pj2po lv sdfnhg lqwr 5G kh{djrqdo odw0

wlfh +olqh kh{dwlf,1 Lq ghqvlhu odwwlfhv +) 933pj@po = lqwhud{ldo vhsdudwlrq U 1 58�D, E0wr0D wudqvlwlrq fdq

wdnh sodfh ehfdxvh ri wkh ghk|gudwlrq ri wkh vdpsoh ^53`1 Zlwk gloxwlrq/ lq vroxwlrq ri 833�D0orqj0GQD d oltxlg

fu|vwdoolqh skdvh lv revhuyhg +dw q673pj2po= U @65�67�D, dqg wkhq d %eoxh% lvrwurslf skdvh +1433pj2po,1

Lq rxu prgho zh dvvxph wkdw GQDv duh orqj hqrxjk wr dgrsw kh{djrqdo odwwlfh iru 55�D?U ?73�D lqwhud{ldo

vhsdudwlrq/ zkhuh zh sorw rxu uhvxowv1

Qrwh/ qr irufh phdvxuhphqwv fdq eh grqh lq wkh uhjlrq ri deuxsw vkulqnlqj ri GQD dvvhpeo|1 Wkxv/ wklv

xqvwdeoh uhjlrq fdq fruuhvsrqg wr hlwkhu GQD0GQD dwwudfwlrq ru wr d pxfk zhdnhu uhsxovlrq1

8*
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Iljxuh 415= Fryhudjh ri wkh pdmru jurryh �5 lqfuhdvhv zlwk dgvruswlrq hqhuj| lq wkh pdmru jurryh/ �Z51 Fryhu0

djh ri wkh plqru jurryh ghfuhdvhv1 Sdudphwhuv= � @ 7=5> d @ <=8�D dqg } @ 6> q3 @ 3=4P> Z4 @ 3 +vrolg fxuyhv,/

q3 @ 3=34P> Z4 @ 3 +gdvkhg fxuyhv,/ q3 @ 3=34P> Z4 @ �6 +gdvkhg0grwwhg fxuyhv,1 �5 dssurdfkhv xqlw| iru

�Z5 � 43� 451 Kljkhu dgvruswlrq hqhujlhv pd| ohdg wr d fkdujh ryhufrpshqvdwlrq vlqfh zh kdyh fkrvhq wkdw

� @ 4 xqghu ixoo rffxsdwlrq ri hdfk jurryh +Q l @ Q,1 Iru } @ 7 fkdujh frpshqvdwlrq lv pruh surqrxqfhg gxh

wr wkh vwurqjhu frqwulexwlrq wr elqglqj frqvwdqw irup h{s^�}.�+d,`1 Dw q3 @ 3=4 P dqg � @ 3=:/ �+d, � �3=<5
dqg wkh Ghe|h0Emhuuxp dssur{lpdwlrq fdq lqghhg eh xvhg1 Dw vpdoohu � lw zrunv qrw vr zhoo1

Dprxqw ri dvvrfldwhg fdwlrqv rq exon fdwlrq frqfhqwudwlrq kdv ehhq dqdo|}hg lq dqrwkhu hohfwurvwdwlf prgho

lq ^<;`/ zkhuh frpshwlwlyh elqglqj ri vhyhudo vshflhv rq GQD kdv dovr ehhq frqvlghuhg1 Wkh lpsuryhphqw ri

Pdqqlqj frxqwhulrq frqghqvdwlrq wkhru| iru wkh fdvh ri wljkw oljdqg elqglqj kdv ehhq vxjjhvwhg dqg ydulrxv

elqglqj uhjlphv kdyh ehhq dqdo|}hg1
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Wkh ghwhuplqdwlrq ri Q l/ Zl> dqg "

l
iru GQD lq d vdow vroxwlrq lv krzhyhu d frpsolfdwhg sureohp zklfk

uhtxluhv d frpsoh{ doo0dwrp fdofxodwlrqv1 Wkhvh sdudphwhuv ghshqg rq wkh w|sh ri fdwlrq/ GQD JF0frqwhqw/ es

vhtxhqfh/ dqg GQD surshuwlhv lq d jlyhq vroxwlrq1 Iru h{dpsoh/ qhjdwlyh ydoxhv ri "
l
fruuhvsrqg wr dgglwlrqdo

lqgluhfw dwwudfwlrq ehwzhhq dgvruehg fdwlrqv dqg 60ydoxhg vroxwlrq pd| wdnh sodfh ^<<`1 Wkh srvlwlyh "l
suhyhqw

dffxpxodwlrq ri fdwlrqv lq wkh jurryhv1 Dv zh kdyh lqvx!flhqw lqirupdwlrq rq fdwlrq dgvruswlrq sdwwhuqv/ zh

kdyh sorwwhg wkh uhvxowv iru "l
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Iljxuh 416= Krul}rqwdo furvv vhfwlrq ri wzr lqwhudfwlqj sdudooho urg0olnh prohfxohv1 Wkh prohfxohv kdyh zdwhu0

lpshuphdeoh f|olqgulfdo fruhv +vkdghg flufohv,1 Glvfuhwh fkdujhv duh orfdwhg rq wkh frd{ldo f|olqgulfdo vxuidfhv

ri/ jhqhudoo|/ odujhu udgll1 Wkh fkdujhv pd| irup dq| vxuidfh sdwwhuqv1
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Iljxuh 417= H�hfwlyh Ghe|h vfuhhqlqj ohqjwk �
�4 lq wkh fhoo prgho ghfuhdvhv vxevwdqwldoo| zlwk lqfuhdvlqj djjuhjdwh

ghqvlw| +d @ <=8 È/ q3 @ 3=38 P/ dqg W @ 53
rF,1 Wklv ohqjwk lv fdofxodwhg iurp SE htxdwlrq iru xqlirupo|0

fkdujhg f|olqghuv zlwk E0GQD sdudphwhuv/ Ht1 + 416<,1
Ixuwkhu wklv ohqjwk lv xvhg dv d Ghe|h ohqjwk iru vfuhhqlqj ri lqwhudfwlrq ri kholfdo fkdujh glvwulexwlrqv rq GQDv
+kduprqlfv zlwk q A 3 lq Ht1 +4163,,1 Wkxv/ lq rxu prgho wkh lqwhudfwlrq ri xqlirupo|0fkdujhg GQD urgv d�hfwv
wkh lqwhudfwlrq ri wkh vsludov ri skrvskdwhv dqg ri wkh fdwlrqv yld �1
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Iljxuh 418= Wkh Grqqdq srwhqwldo lq wkh fhoo/ �Grq> +vrolg, dqg wkh plg0srlqw srwhqwldo dv wkh vroxwlrq ri

olqhdul}hg SE htxdwlrq/ Ht1 +416;,/ +gdvkhg fxuyh, duh yhu| forvh lq ghqvh dvvhpeolhv1 Grqqdq srwhq0
wldo lv dozd|v pruh qhjdwlyh wkdq �+Uv, gxh wr wkh �qlwh srwhqwldo yduldwlrq lq wkh fhoo1 Sdudphwhuv=
}. @ }
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<Iru GQD dvvhpeo| zlwk fhoo udglxv Uv lq wkh suhvhqfh ri } = } hohfwuro|wh zlwk exon frqfhqwudwlrq q3>

wkh Grqqdq srwhqwldo/ �Grq/ lv fdofxodwhg iurp wkh hohfwurqhxwudolw| frqglwlrq ri wkh GQD dvvhpeo| ^55` dv

�Grq @ �}
�4

dufvlq k ^�` > zkhuh � @
+4��,

5�}q3e+U5
v
�d5,

= Wkh dyhudjh frqfhqwudwlrqv ri srvlwlyh +., dqg qhjdwlyh

+�, lrqv lqvlgh wkh fhoo duh q	 @ q3h

}�Grq @ q3

�
	� .

s
�
5
. 4

�
= Wkh dyhudjh uhflsurfdo Ghe|h vfuhhqlqj

ohqjwk lv wkhq �Grq @

t
;�oE}5q3

s
�
5
. 4= Iru ghqvh GQD dvvhpeolhv wkh dyhudjhg txdqwlwlhv duh forvh wr

ghwhuplqhg iurp wkh olqhdul}hg SE htxdwlrq rzlqj wr d vpdoo srwhqwldo yduldwlrq lq wkh fhoo1
43
Wklv suhvvxuh grhv qrw frqwdlq wkh frqwulexwlrq ri doo vwuxfwxudo irufhv/ yl}1 k|gudwlrq/ hqwurslf/ dqg

ghsohwlrq irufhv/ dv zhoo dv wkh Ghe|h0Kÿfnho fruuhfwlrq wr lghdo suhvvxuh gxh wr lqwhudfwlrq ri lrqv lq hohfwuro|wh1

Zdwhu lv frqvlghuhg dv vwuxfwxuhohvv glhohfwulf frqwlqxxp1
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Iljxuh 419= Wkh plg0srlqw srwhqwldo �3 @ �+Uv, dqg fruuhvsrqglqj krprjhqhrxv uhsxovlyh suhvvxuh/ sf|o> Ht1

+4186,/ ghfuhdvh zlwk lqfuhdvh ri GQD fkdujh qhxwudol}dwlrq/ �= Doo fxuyhv duh sorwwhg dw urrp whpshudwxuh iru
5=4 hohfwuro|wh zlwk q3 @ 3=38P=
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Iljxuh 41:= Srwhqwldo glvwulexwlrqv lq wkh fhoo rewdlqhg iurp olqhdul}hg SE htxdwlrq/ vroxwlrq +416;, +vrolg fxuyh,

dqg ixoo qxphulfdo vroxwlrq ri wkh qrqolqhdu SE htxdwlrq +gdvkhg fxuyh, duh yhu| forvh1 Sdudphwhuv= q3 @ 3=38P

+5=4 hohfwuro|wh,/ � @ 3=;8/ Uv @ 48 È/ dqg W @ 53 rF1 Wkh srwhqwldo gurs ehwzhhq wkh f|olqghu vxuidfh dqg fhoo
erxqgdu| uhpdlqv vpdoo +? 4, dqg wkh djuhhphqw ri wkh wzr vroxwlrqv uhpdlqv uhdvrqdeo| jrrg lq wkh zkroh

udqjh ri Uv dqg whpshudwxuhv xvhg lq wkh suhvhqw Fkdswhu1
Qrwh wkdw lq vslwh ri wkh idfw wkdw SE htxdwlrq wrjhwkhu zlwk erxqgdu| frqglwlrqv +4168, frqwdlqv wkh hohf0

wurqhxwudolw| ri wkh fhoo/ diwhu olqhdul}dwlrq wkh dssur{lpdwh vroxwlrq vdwlv�hv wklv frqglwlrq zlwklq vhyhudo

shufhqw dffxudf|1 Wkh vlpsolflw| ri xvhg qxphulfdo vfkhph dovr uhvxowv lq d plvwdnh ri wkh vdph rughu1
Qxphulfdo vroxwlrq= Wr �qg qxphulfdo vroxwlrq ri qrqolqhdu SE htxdwlrq +4167, zh vwduw zlwk wkh ghulydwlyh ri

hohfwurvwdwlf srwhqwldo rq wkh f|olqghu vxuidfh/ Ht1 +4168, dqg vrph ydoxh ri vxuidfh srwhqwldo1 Wkh vlpsohvw

�qlwh0gl�huhqfh vfkhph vkrzv wkdw dw vrph vhsdudwlrq iurp wkh f|olqghu vxuidfh wkh srwhqwldo ghulydwlyh wxuqv
wr }hur1 Wkhq/ wr frpsduh zlwk dssur{lpdwh vroxwlrq ri olqhdul}hg SE htxdwlrq dw surshu fhoo udglxv/ Ht1 +416;,/

zh fkrrvh vxfk ydoxh ri vxuidfh srwhqwldo iru qxphulfdo vfkhph/ wkdw wkh fdofxodwhg srwhqwldo kdv wkh wxuqlqj
srlqw dw wkh vdph fhoo udglxv Uv

> dv dqdo|wlfdo vroxwlrq1 Grlqj vr/ iruwxqdwho|/ zh uhgxfh wkh sureohp ri vroylqj

ri qrqolqhdu htxdwlrq zlwk erxqgdu| frqglwlrqv dw u @ d dqg dw u @ U
v
iru srwhqwldo ghulydwlyhv wr wkh sureohp

zlwk lqlwldo frqglwlrqv rq rqh hqg ri wkh lqwhuydo/ wkdw lv pxfk vlpsohu1
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44Zh h{shfw wkdw wkh pdlq frqfoxvlrqv ri wkh prgho zloo qrw fkdqjh vxevwdqwldoo| li wkh lqwhudfwlrq eh|rqg

qhduhvw0qhljkeru duh wdnhq lqwr dffrxqw1 Wkh h�hfw ri GQD0GQD0lqwhudfwlrq rq frxqwhulrqv uh0glvwulexwlrq fdq

ehfrph hyhq vwurqjhu gxh wr d odujhu dprxqw ri lqwhudfwlrq sdluv zklfk iurp hdfk prohfxoh lq wkh dvvhpeo|1
45Wklv dssur{lpdwlrq lv ydolg iru gluhfw hohfwurvwdwlf lqwhudfwlrq/ exw lv txhvwlrqdeoh iru  xfwxdwlrq0lqgxfhg

irufhv1 Iru lqvwdqfh/ qrq0sdluzlvh0dgglwlyh h�hfwv ri +froohfwlyh,  xfwxdwlrqv ri dvvrfldwhg fdwlrqv zdv vkrzq wr

eh lpsruwdqw iru ghqvh dvvhpeolhv ri fkdujhg GQD urgv ^;4`1
46Wkxv/ rqo| v|pphwulf vroxwlrqv duh frqvlghuhg/ vrph uhvxowv ri ehkdylru ri GQDv zlwk qrq0v|pphwulf

glvwulexwlrqv rq wkh odwwlfh duh frqvlghuhg lq Vhfwlrq 41;161
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47Qrwh djdlq wkdw wkh qxpehu ri dgvruswlrq vlwhv lq hdfk jurryh ghshqgv rq pdq| idfwruv/ JF GQD frqwhqw

lv rqh ri wkhp1 Lq sulqflsoh/ zh fdq dffrxqw wr JF0idfwru fkrrvlqj ru/ li wkh h{shulphqwdo gdwd duh vx!flhqw/

fdofxodwlqj wkh ghqvlw| ri dgvruswlrq vlwhv lq hdfk jurryh dqg wkh dgvruswlrq hqhujlhv1 Wkh fdofxodwlrq ri vxuidfhv

dydlodeoh iru fdwlrq elqglqj/ ehfrphv wkhq krzhyhu pruh sureohpdwlf1 Wkxv/ lq wkh pdlq wh{w zh kdyh vlpsol�hg

wkh prgho dvvxplqj htxdo qxpehu ri dgvruswlrq vlwhv lq erwk jurryhv/ Q4 @ Q51 Zh ydu| wkh jurryh fryhudjhv

wkxv rqo| e| dgvruswlrq hqhujlhv1

48
Wklv vroxwlrq iroorzv iurp wkh iuhh hqhuj| h{wuhpxp=

Q5

Q�Q5

Q4�+Q�Q5,

Q5�Q5

@ N> zkhuh/ lq jhqhudo/ Q4 9@ Q5=

>8
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Iljxuh 41;= Wkh fkdqjh lq wkh iudfwlrq ri fdwlrqv erxqg lq wkh pdmru jurryh/ 4� i / xsrq djjuhjdwh frpsuhvvlrq

dw q3 @ 3=38 P/ � @ 3=;8/ �Hdgv @ 7nEW / dqg �Vdgv @ 7nE1 Xqghu wkhvh frqglwlrqv/ 708 fdwlrqv shu kholfdo

slwfk ri GQD pryh iurp plqru wr pdmru jurryh xsrq djjuhjdwh frpsuhvvlrq1
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49Zh qhjohfw dovr e| wkh fkdqjh lq k|gudwlrq ri fdwlrqv dqg GQD xsrq elqglqj1 Ehorz zh zdqw wr h{soruh

vhsdudwho| wkh hohfwurvwdwlf frqvhtxhqfhv ri wudqvihu ri fdwlrqv ehwzhhq wkh jurryhv1 Zh uhdol}h wkdw wkh fkdqjhv

lq k|gudwlrq fdq eh yhu| lpsruwdqw/ vlqfh wkh hqwurs| uhohdvh shu rqh zdwhu prohfxoh wudqvihuuhg iurp wkh

dgvruehg vwdwh lqwr wkh exon fdq eh q nEW 1 Krzhyhu wkh txdqwlwdwlyh prgho/ zklfk zrxog ghvfuleh wkh vshfl�flw|

ri Pq5. frpsduhg wr fredow kh{dpplqh/ uhtxluhv pxfk pruh h{shulphqwdo gdwd rq GQD k|gudwlrq lq wkh ghqvh

duud|v lq wkh suhvhqfh ri wkhvh fdwlrqv1
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Iljxuh 41<= Wkh fdofxodwhg +vrolg fxuyh, fkdqjh lq wkh hqwurs| ri dgvruehg fdwlrqv dqg phdvxuhg +�oohg flufohv/

gdwd iurp ^99`, fkdqjh lq wkh wrwdo hqwurs| xsrq frpsuhvvlrq ri GQD djjuhjdwh dw q3 @ 3=358 P dqg W @ 68

r
F1 Wkh vdph �/ �Hdgv/ dqg �Vdgv dv lq Ilj1 41; zhuh xvhg iru wkh fdofxodwlrq1 Qrwh wkdw wkh ydoxh ri wkh

hqwurs| fkdqjh ghshqgv rq �Vdgv> exw wkh ghfd| ohqjwk lv doprvw lqghshqghqw ri �Vdgv1 Wklv ohqjwk dsshduv

lq wkh prgho qdwxudoo| dqg ghshqgv rq wkh ghfd| ohqjwkv ri Nruq|vkhy0Ohlnlq lqwhudfwlrq hqhuj|/ +4163,/ dqg

rq wkh ghqvlw|0ghshqghqw Ghe|h vfuhhqlqj ohqjwk � +Uv,/ ghwhuplqhg iurp Ht1 + 416<,1

��

 � �� 
6���� -	� 	� ��� 
��� �l K*CL

-wul �
����E�

>2
�2l 


�2l
&2Eu


 :8&AB;

����� &Eu �
 ��� ������� �� (�	���� ������ 	� ��
2n& '	�
������� ���� ����	� �
 ����	���

	
������	� 	� ���6����$ +l
 �� ���

-yleul �� � � �
3

k�l

2n�W

#�
	� �3

k�l

n�W

�
� :8&A<;

,���  � �%

$
�I23I�

n�W

%
� v2

v�

tyleu
2

tyleu
�


 ����� 2l � �2l ��� ��� 
������ ���� ��� 	�� ��
	����	� 
���
�� ���� ��		"�& ,�� ����	�$ ��7������ ��	� ����
��� 	� +� ����	�
 :��� ���� ������ 	� ���;
��	� ��� ���	� �	 ��5	� ��		"� �
 ��"�� -$

+= � '+��+=wu  +=yleu�  +=frqi (� :8&AC;

 ��� ��� ��7������ 	� ����
����	��� ��� "�-����	��� ����	�$ ��� ����	� �

 ��
�����"��$


+=wu � =wu2 � =wu� � �� ��
�
22
2�

�
:8&A=;

���

+=yleu � =yleu2 � =yleu� 
 =yleul � ��

�
?l

�zl � 	 � ��
�
	� �3zl

��

 ?l �

>+l
���

:8&B+;

�	� 
��	�� ��
	����	�?l � 	& ��
	����	� �������
 ���� �

���� �	 -� �����������������������

>@



��3��� !��������� �� �$� �����

24 26 28 30 32 34 36 38

R, A
o

0

0.2

0.4

0.6

0.8

1

S,
k B

pb

1

2

3

4

Iljxuh 4143= Hqwurs| fkdqjh zlwk lqwhud{ldo vhsdudwlrq xsrq GQD djjuhjdwh frpsuhvvlrq1 Iroorzlqj Ht1 +4166,

zh glvwlqjxlvk wkuhh gl�huhqw frqwulexwlrqv wr hqwurs|= +4, Vf|o @ �CIf|o@CW / +5, Vkhol{ @ �CIkhol{@CW> dqg
+6, Vlrq @ �CIlrq@CW= Wkh wrwdo hqwurs| fkdqjh +7, lv grplqdwhg e| wkh hqwurs| ri uhsduwlwlrqlqj ri lrqv

+Vlrq,1 Wkh ydoxhv ri Vlrq zhuh fdofxodwhg iurp Htv1 +4179,/ +417;,/ +4188,1 Wkh ydoxhv ri Vf|o dqg Vkhol{
zhuh rewdlqhg e| qxphulfdo gl�huhqwldwlrq ri If|o dqg Ikhol{ zkhuh zh wrrn lqwr dffrxqw wkh phdvxuhg ^449`

whpshudwxuh ghshqghqfh ri zdwhu glhohfwulf frqvwdqw % +W , =

Qrwh wkdw wkh hqwurs| fkdqjh gxh wr wkh frpsoh{ ghulydwlyhv/ �
CIf|o>khol{

C%+W ,
C%+W ,
CW

/ frphv iurp uh0duudqjhphqw ri

zdwhu prohfxohv dvvrfldwhg zlwk lqwhudfwlrq xsrq wkh fkdqjh lq GQD0GQD lqwhud{ldo vhsdudwlrq1 Olnh iru wzr

srlqw olnh0fkdujhg sduwlfohv ^5<`/ iru krprjhqhrxvo| fkdujhg f|olqghuv wklv frqwulexwlrq lv qhjdwlyh +fxuyh 4,1

Wkh ghshqghqfh ri Ikhol{ rq whpshudwxuh frph sulpdulo| iurp ghshqghqfh ri suh0h{srqhqwldo idfwru x3 +% +W ,,/

Htv1 +4163,/ +4177,/ dqg pd| eh hlwkhu srvlwlyh ru qhjdwlyh1
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Iljxuh 4144= Wkh fdofxodwhg +d, dqg phdvxuhg +e, +gdwd iurp ^7<`, suhvvxuh/ �/ lq GQD odwwlfh yv1 lqwhud{ldo

vhsdudwlrq U dw gl�huhqw whpshudwxuhv duh yhu| vlplodu1 Vdph sdudphwhuv dv lq Ilj1 41; zhuh xvhg1 Wkh vrolg

olqhv vkrz wkh htxloleulxp suhvvxuh0glvwdqfh fxuyhv wkdw h{klelw mxpszlvh wudqvlwlrqv iurp d pruh k|gudwhg wr
d ohvv k|gudwhg vwdwh1 Wkh wudqvlwlrqv duh lqglfdwhg e| gdvkhg olqhv1 Wkh suhvvxuh0glvwdqfh fxuyh eudqfkhv wkdw

duh phwdvwdeoh ru xqvwdeoh dw frqvwdqw suhvvxuh +rvprwlf vwuhvv, frqglwlrqv duh ghslfwhg e| grwwhg olqhv1 Zh

kdyh xvhg Pd{zhoo uhodwlrq ri %htxdo vxuidfhv% ^454` wr fdofxodwh wkh wudqvlwlrq suhvvxuh1
Qrwh wkdw vlqfh wkh Ghe|h ohqjwk ehfrphv vkruwhu zlwk frpsuhvvlrq/ wkh uhjlrq ri dwwudfwlrq dsshduv iru pxfk

vpdoohu vxuidfh0wr0vxuidfh GQD vhsdudwlrq/ wkdq lw zdv suhglfwhg lq sk|vlrorjlfdo vroxwlrq ^;8`1
Wkh odwwlfh vhsdudwlrq ri suhglfwhg uhsxovlrq0dwwudfwlrq wudqvlwlrq duh e| 607�D vpdoohu wkdq phdvxuhg ^7<`1 Wklv

pd| frph iurp <18�D xvhg iru GQD udglxv1 Wkh �uvw vkhoo ri wljkwo| erxqg rq GQD zdwhu prohfxohv ^48`/

lqfuhdvhv h�hfwlyho| wkh %udglxv% ri GQD e| q 6�D1
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Iljxuh 4145= GQD fkdujh frpshqvdwlrq � fkdqjhv rqo| voljkwo| zlwk frpsuhvvlrq ri wkh fhoo/ Ht1 + 4195,1

Sdudphwhuv= q3 @ 3=38P> I
dgv

@ +n
E
W , @ �6 +grwwhg, > � 9 +grwwhg0gdvkhg, > � < +vrolg fxuyhv,1 � lqfuhdvhv

zlwk frpsuhvvlrq vlqfh wkh ydoxh ri vxuidfh srwhqwldo lqfuhdvhv1 Wkh odujhu wkh ydoxh ri �/ wkh vpdoohu lwv yduldwlrq

zlwk frpsuhvvlrq1
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Iljxuh 4146= GQD0GQD dwwudfwlrq lv wuljjhuhg e| vpdoo yduldwlrq ri wkh sdwwhuq ri dgvruehg fdwlrqv1 Sdudph0

whuv= �
�4

G
@ :�D @Frqvw +U, > �{hg U�lqghshqghqw sdwwhuq ri dgvruehg fdwlrqv1 Orqjh0udqjhg GQD uhsxovlrq

ghfuhdvhv zlwk � = +d, i @ 3> � @ 3=8> 3=88> 3=9> +e, i @ 3=8> � @ 3=;8> 3=<> 3=<8> +f, i @ 4> � @ 3=:8> 3=;> 3=;81
Wkh vlwxdwlrq zlwk 83283 rffxsdwlrq ri wkh jurryhv +i @ 3=8, lv wkh prvw xqidyrudeoh iru frqghqvdwlrq vlqfh lw

uhtxluhv � forvh wr xqlw|1 Lw lv vr vlqfh fkdujh vhsdudwlrq dorqj wkh khol{ ghfuhdvhv1
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Iljxuh 4147= Wkh sdlu GQD0GQD lqwhudfwlrq hqhuj|/ Ht1 +4163, kdv wzr plqlpd +dw i @ 3 dqg i @ 4, zklfk
ehfrph uhodwlyho| ghhshu zlwk dssurdfk ri wkh prohfxohv +qhduhvw vlgh ri wkh fxeh U @ 73�D> wkh prvw idu vlgh �
U @ 53�D,1 Sdudphwhuv= �} @ 3> � @ 3=;8> q3 @ 3=38P>W @ 633N=
Qrwh wkdw wkh srvvlelolw| ri deuxsw wudqvlwlrqv vkrxog vxuylyh dovr iru qrq0}hur pxwxdo vkliwv/ vlqfh wkh lqwhudfwlrq
hqhuj| vxuidfh vwloo kdv plqlpd dw wkh hgjhv= wzr plqlpd dw i @ 4 dqg �} 9@ 3/ dqg rqh plqlpxp dw i @ 3 dqg
�} @ 3> vhh Ilj1 5e lq ^;8`1 Wkh lqyhvwljdwlrq ri qrq0}hur vkliw lq wkh djjuhjdwh lv krzhyhu lwvhoi d qrq�wulyldo
sureohp +Vhfwlrq 41<,1
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Iljxuh 4148= Wkh qxpehu ri fdwlrqv lq wkh pdmru juryh shu slwfk/ Ht1 +4183,/ dw vwurqj rffxsdwlrq ri wkh

plqru +d, dqg pdmru +e, jurryh/ dqg lq lqwhuphgldwh fdvh +f,1 Sdudphwhuv dv lq Ilj1 4147 dqg � @ 3=7>

v5@v5 @ <>Z4 @ 3>Z5 @ +d,� 6> +e,� 8> +f,� 7= Lq wklv �jxuh Q5 @ 43� +4� i, > � lv wkh iudfwlrq ri dgvruswlrq

vlwhv lq wkh plqru jurryh1
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Iljxuh 4149= Wkh iudfwlrq ri prohfxohv zlwk kljk rffxsdwlrq ri wkh plqru jurryh ghfuhdvhv zlwk frpsuhvvlrq1

Sdudphwhuv= � @ 3=;> i4 @ 3=:8> ��4
G

@ :�D> O @ 43K +vrolg fxuyh, dqg O @ K +gdvkhg fxuyh,1
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pdwlrq1 Wkh dssur{lpdwh vroxwlrq iru srwhqwldo lv yhu| forvh wr ixoo qxphqulfdo vroxwlrq ^464`1
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54Ehorz krzhyhu zh gr qrw uhvwulfw rxuvhoyhv wr rqo| hohfwurvwdwlf lqwhudfwlrq dqg �uvw fdofxodwhg wkh surshuwlhv

ri sdfnlqj ri wkh prohfxohv zlwk jhqhudo irup sdlu lqwhudfwlrq hqhuj|/ Ht1 +41;7,1 Zh gr vr vlqfh wkh sdwwhuqv

ri zdwhu dgvruehg rq GQD iroorz GQD kholfdo v|pphwu| ^48` dqg wkh k|gudwlrq irufhv ^8<` vkrxog dovr ghshqg

rq GQD pxwxdo d}lpxwkdo rulhqwdwlrq/ dv lw zdv lqghhg suhglfwhg ^8;`1
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Iljxuh 4153= Wkh phdvxuhg srvlwlrqdo fruuhodwlrq ohqjwk +d, ghfuhdvhv zkhq GQD odwwlfh lv frpsuhvvhg1 Wkh

rswlpdo d}lpxwkdo dqjoh ehwzhhq wzr GQD lv qrq}hur dw forvh GQD0GQD vhsdudwlrq/ dv iroorzv iurp Nruq|vkhy0

Ohlnlq wkhru| +e/f,1 Gdwd iurp ^;7` dqg ^473`1 Wkh lqwhud{ldo GQD0GQD vhsdudwlrq lv uhfdofxodwhg iurp lqyhuvh

odwwlfh vsdflqj dv U @ 7�@
�s

6t
pd{

�
=

Wkh uhfhqw wkhruhwlfdo suhglfwlrqv ri iuxvwudwhg GQD dvvhpeolhv/ edvhg erwk rq wkh skhqrphqrorfdo wkhru| ^474`

dqg frpsxwhu vlpxodwlrqv ri GQD odwwlfh zlwk h{dfw GQD0GQD sdlu lqwhudfwlrq srwhqwldo ^475`/ vxjjhvw d ydulhw|

ri srvvleoh d}lpxwkdo %vslq% vwuxfwxuhv1 Krzhyhu/ lq �uvw zrun qr h{dfw GQD0GQD lqwhudfwlrq srwhqwdlo zdv

xvhg/ zkhuhdv lq wkh vhfrqg zrun wkh suhglfwhg vslq vwuxfwxuhv gr qrw jdudqwhh wkh plqlpxp ri wkh v|vwhp1
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Iljxuh 4154= Wkh rswlpdo d}lpxwkdo dqjoh ehwzhhq wzr GQDv +ohiw, dqg dqjoh gl�huhqfhv lq hohphqwdu| wuldqjohv=

�4� vrolg/ �5 � gdvkhg fxuyhv1 Iru �  4/ !
�
$ �@5/ �4 $	�@6/ 5�4 $ �5/ dqg wkh hqhujlhv ri wzr rswlpdo

wuldqjohv htxdol}h1
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Iljxuh 4155= Dw forvh vhsdudwlrqv wkh hqhuj| ri hohphqwdu| wuldqjoh/ H� +{> |, > lv plqlpdo dw qrq}hur d}lpxwkdo

dqjohv ehwzhhq wkh prohfxohv + dw U 1 63�D,1 Sdudphwhuv= 42�G @ :�D> i @ 3=6> � @ 3=;1 Dw odujh U wkh pxwxdo

d}lpxwkdo dqjoh ehwzhhq doo GQDv lv }hur +U @ 68�D,1 Suhglfwhg qrq}hur d}lpxwkdo dqjohv/ zklfk duh frqvlvwhqw

zlwk kh{djrqdo odwwlfh/ pd| eh wkh sk|vlfdo uhdvrq zk| wkh GQD odwwlfhv dw kljk ghqvlwlhv duh iuxvwudwhg ^477`1

Gxh wr U� !�frxsolqj lq wkh lqwhudfwlrq srwhqwdlo/ wkh lqfuhdvh ri d}lpxwkdo iuxvwudwlrqv fdq d�hfw +glvuxsw,

wkh srvlwlrqdo rughu rq wkh odwwlfh ^473`1

Zh �qg wkdw hyhq dw U @ 55�D wkh shupxwdwlrq plqlpd ri wkh lqwhudfwlrq hqhuj| ri wuldqjoh duh vhsdudwhg e|

vpdoo hqhuj| eduulhu/ q 3=34nEW@�D +q 8nEW iru 833�D orqj GQDv,1 Iuxvwudwlrqv ri wkh pxwxdo dqjoh zlwklq wkh

ydooh| iurp rqh plqlpxp wr dqrwkhu frvwv olwwoh hqhuj|1 Wklv zhdnhqv eld{ldo fruuhodwlrqv dw dpelhqw whpshudwxuh

dqg ohdg wr vxssuhvvlrq ri fkludo lqwhudfwlrqv dqg/ suredeo|/ wr d fkrohvwhulf0kh{djrqdo wudqvlwlrq ^446`1
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Iljxuh 4156= Dw uhodwlyho| vpdoo � dqg kljk rffxsdwlrq ri wkh plqru jurryh wkh rswlpdo wuldqjoh zlwk dqjoh

gl�huhqfh �5 dsshduv1 Vl{ shupxwdwlrq plqlpd fruuhvsrqglqj wr wkh �uvw rswlpdo wuldqjoh/ �4> duh ghslfwhg dv

uhg vsrwv/ zkhuhdv wkrvh iru vhfrqg wuldqjoh duh vhhq dv |hoorz vsrwv1 Sdudphwhuv= U @ 55�D> i @ 4> � @ 3=88>
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55Wkh prohfxohv duh glvwulexwhg ryhu wzr w|shv ri vkhhwv +4/5,/ sdudooho wr GQD d{lv1 Prohfxohv p4 duh

glvsodfhg dorqj GQD d{lv e| 4413�D uhodwlyh wr prohfxohv p51 Wkh vkhhw ri frqwljxrxv prohfxohv lv glvsodfhg

udqgrpo| hlwkhu e| K@6 ru 0K@6 dorqj GQD d{hv uhodwlyh wr wkh qhljkerulqj vkhhw1
56Lw vxjjhvwv wkdw lq wkh rvprwlf vwuhvv h{shulphqwv/ zklfk duh xvxdoo| shuiruphg dw 43pP ri QdFo/ E0wr0D

wudqvlwlrq lq ghqvh GQD dvvhpeolhv fdq wdnh sodfh1 Lw uhduudqjhv zdwhu vwuxfwxuh durxqg GQDv dqg fdq jlyh

ulvh wr hqwurs| lqfuhdvh zlwk frpsuhvvlrq1
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Iljxuh 4157= Duudqjhphqw ri F0GQDv lq wkh xqlw fhoo= +d, ruwkrukrpelf sdfnlqj/ +e, kh{djrqdo sdfnlqj +gdwd

iurp ^479`,1 E0GQDv dgrsw ruwkrukrpelf odwwlfh vlplodu wr +d,/ exw zlwk odujhu odwwlfh frqvwdqwv/ 6415�D> 551:�D>

dqg 4<16�D lqvwhdg ri 641;�D> 5315�D> dqg 4<13�D> uhvshfwlyho|/ iru F0GQD1

+d, yhuwlfdo vkliwv 	K
6
dqg 	5K

6
zhuh revhuyhg ehwzhhq qhduhvw prohfxohv p4 dqg p5 ^478`1 Qhduhvw GQDv fdq

dovr eh wudqvodwhg udqgrpo| dorqj wkh d{lv e| 	K
5
1
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Iljxuh 514= D sodqh shushqglfxodu wr wzr qrq0lghdo E0GQD kholfhv rq wkh glvwdqfh U1 Furvv vhfwlrqv ri wkh

skrvskdwh vwudqgv duh ghslfwhg dv euljkw flufohv1 Zh ghvfuleh wkh rulhqwdwlrq ri es rq hdfk prohfxoh dw d{ldo

srvlwlrq } e| wkh d}lpxwkdo dqjoh �4>5 +}, ri wkh plggoh ri wkh plqru jurryh1 Hdfk frpelqdwlrq ri dgmdfhqw es
kdv d suhihuuhg wzlvw dqjoh 
4>5 +}, @ k
l 	�
+},/ zkhuh �
 @ 7� � 9� ^49:`1

Iljxuh 515= Krprorjrxv vhtxhqfhv duh lq uhjlvwhu +e,/ zkhuhdv iru qrq0krprorjrxv vhtxhqfhv wkh vhtxhqfh0
ghshqghqw wzlvw ghvwur|hv wkh uhjlvwhu +f, +gdwd iurp ^459`,1 +d, E0GQD vfkhpdwlfdoo| gudzq dv d vwdfn ri edvh

sdluv1 Hdfk edvh sdlu kdv wzr qhjdwlyho| fkdujhg skrvskdwh jurxsv1 Vhtxhqfh0ghshqghqw wzlvw yduldwlrq 
+},

ohdgv wr orfdo yduldwlrq ri GQD kholfdo slwfk K +},1
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4Wkh odwwhu ri frxuvh ghshqgv rq GQD es0vhtxhqfh/ wkh suhvhqfh ri fdwlrqv dqg hqylurqphqwdo frqglwlrqv1

Krzhyhu dw dpelhqw sk|vlrorjlfdo frqglwlrqv 43�4< huj fp rughu ri pdjqlwxgh lv fhuwdlq1 Iru lqvwdqfh/ wkh

ydoxhv ri ^4:5` F � 6=7 � 43�4< huj fp dqg ^4:8` F � 5=7 � 43�4< huj fp kdyh ehhq uhsruwhg/ rq wkh edvlv ri

h{shulphqwv rq f|fol}dwlrq nlqhwlfv1 Wkh Prqwh0Fduor vlpxodwlrqv ri ulqj forvxuh suredelolwlhv frxsohg zlwk

vwdwlvwlfdo phfkdqlfv ri GQD fkdlqv jlyh d ydoxh yhu| forvh wr wkh iruphu hvwlpdwh ^4:5`1 Phdvxuhphqwv ri

GQD vxshufrlolqj iuhh hqhuj| ^4:9` wuhdwhg e| phdqv ri wkh vwdwlvwlfdo phfkdqlfv ri vxshufrlov jlyh F � 5=<�
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Iljxuh 516= Wruvlrqdo vriwqhvv ghfuhdvhv wkh hqhuj| ri GQD vhtxhqfhv zlwk xqfruuhodwhg wh{wv1 Qhjdwlyh hqhuj|

ydoxhv lqglfdwh idyrudeoh mx{wdsrvlwlrq frpsduhg wr lq�qlwh vhsdudwlrq ehwzhhq wkh gxsoh{hv1 Sdudphwhuv=

U @ 63�D/ d @ <�D> � @ 3=;> 4@�G @ :�D/ �f @ 643�D> +d, i @ 3=8/ �w @ 657�D dqg +e, i @ 3=6/ �w @ 48;�D1 Lq fdvh

+d, GQDv duh uljlg dqg vriw0fkdlqv0dssur{lpdwlrq grhv qrw zrun> lq fdvh +e, �w@ +5�f, � 4@7 dqg wkh fkdlqv

duh vriw1 Frpsduhg wr uljlg vhtxhqfhv/ wkh hqhuj| ri vriw fkdlqv ghfuhdvhv zlwk wkh vhtxhqfh ohqjwk dqg vxfk

vhtxhqfhv fdq dwwudfw hdfk rwkhu1 Qrwdwlrqv= wkh dyhudjh hqhuj| ri krprorjrxv vhtxhqfhv +grwwhg,/ udqgrp

devroxwho| uljlg vhtxhqfhv/ Ht1 +5148, +vrolg,/ udqgrp vriw vhtxhqfhv/ Ht1 +5159, +grwwhg0gdvkhg, dqg Ht1 +

5164, +vkruw0gdvkhg,/ dqg udqgrp vhtxhqfhv zlwklq wkh sduderolf dssur{lpdwlrq/ Ht1 +516;, +orqj0gdvkhg,1
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Iljxuh 517= Hqhuj| ri rswlpdoo| doljqhg uljlg �qlwh fkdlqv +orqj gdvkhv, lv orzhu wkdq wkhlu hqhuj| zkhq rqh

hqg ri fkdlqv lv �{hg +vrolg,1 Wklfn fxuyhv= d5 9@ 3 lq + 515,/ wklq fxuyhv= d5 @ 31 Grwwhg fxuyhv= krprorjrxv

vhtxhqfhv/ Htv1 +5149,/ +5175,> orqj0gdvkhg fxuyhv= d}lpxwkdoo| iuhh uljlg vhtxhqfhv/ Htv1 +5153,/ +5174,> vrolg

fxuyhv= uljlg vhtxhqfhv zlwk rqh hqg �{hg/ Htv1 +5148,/ +5173,1 Sdudphwhuv ri Ilj1 516e1

B=
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6Wkh ghshqghqfh ri GQD wzlvw uljlglw| rq es0vhtxhqfh/ suhglfwhg lq frpsxwhu vlpxodwlrqv ri uhdo GQDv ^4<4`/

fdq prgli| wkh uhvxowv ri wkh suhvhqw prgho/ ehlqj sduwlfxoduo| lpsruwdqw iru nlqn0vrolwrqv/ Vhfwlrq 51:1

Lq dgglwlrq/ GQD lv dq h{whqgdeoh prohfxoh ^4<6`1 Wkh prvw nqrzq h{dpsoh ri lw lv wkh yduldeoh 475047<

qxpehu ri es shu wxuq ri qxfohrvrph ^4<5`1 GQD fdq eh frpsuhvvhg ru horqjdwhg lq vrph es vhtxhqfhv xs wr

418 wlphv ^4<6`1 Vxfk kxjh h{whqvlrq ri wkh gxsoh{/ dv zhoo dv lwv xqzlqglqj +4;18 es shu uljkw0kdqghg wxuq,/ lv

eholhyhg wr eh lpsruwdqw iru krprorjrxv uhfrjqlwlrq ri UhfD0vv0GQD dqg gvGQD iudjphqwv ^4<4`1 Lw fdq dovr

eh lpsruwdqw iru dgmxvwphqw ri vhtxhqfh0ghshqghqw fkdujh sdwwhuqv rq lqwhudfwlqj GQDv lq rxu prgho/ vlqfh

GQD edfnerqh jhwv rqh pruh ghjuhh ri iuhhgrp wr uhod{ wzlvw plvpdwfkhv1
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Iljxuh 518= Iuhtxhqf| ri krprorjrxv uhfrpelqdwlrq hyhqwv phdvxuhg e| ghohwlrq0e|0ghohwlrq furvvhv lq W7 edf0

whulrskdjh ^488` +d, dqg wkh suhglfwhg hohfwurvwdwlf uhfrjqlwlrq hqhuj| +e, lqfuhdvh olqhduo| zlwk wkh ohjqjwk ri

krprorj|1 Sdudphwhuv dv lq Ilj1 516e/ l1h1 U @ 63�D wkdw lv txlwh uhsuhvhqwdwlyh glvwdqfh ehwzhhq krprorjrxv

GQDv ehiruh dqg gxulqj uhfrpelqdwlrq surfhvv1 +d, Wkh uhjlrq ri GQD krprorj| lv olplwhg ehwzhhq wkh ghoh0

wlrqv lq wzr skdjh GQDv1 Wuldqjohv/ hpsw| dqg �oohg flufohv fruuhvsrqg wr ydulrxv orfdwlrq ri ghohwlrqv dorqj

GQD> wkh olqh lv ohdvw vtxduh �w wr gdwd1 83es lv wkh plqlpdo ohqjwk ri GQD krprorj| uhtxluhg iru sulpdu|

sdwkzd| iru uhfrpelqdwlrq lq W71 Iru vkruwhu vhtxhqfhv wkh vhfrqg prgh ri uhfrpelqdwlrq zlwk � OqA4 0odz

zdv dovr ghwhfwhg ^488`1 Lq vslwh ri wkh idfw wkdw wkh phdvxuhg uhfrpelqdwlrq iuhtxhqf| lv lqghshqghqw ri

UhfD0idplo|0surwhlqv/ lwv vlplodulw| zlwk fdofxodwhg uhfrjqlwlrq hqhuj| vkrxog qrw eh ryhuhvwlpdwhg1
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7Wklv gudpdwlf GQD vriwhqlqj vxjjhvwv d klqw zk| pdq| fdwlrqv/ zklfk elqg lq wkh pdmru jurryh/ fdxvh

suhflslwdwlrq ri xquhodwhg GQD vhtxhqfhv ^6:`/ zkhuhdv wkrvh erxqg lq wkh plqru jurryh/ gr qrw1
8Hyhq li d irufh gl�huhqfh zloo eh vhhq/ wkh frqwulexwlrq ri rwkhu irufhv pxvw eh vrphkrz h{foxghg +gl�huhqw

vhtxhqfhv kdyh gl�huhqw sdwwhuqv ri k|gudwlrq/ wkh| lqwhudfw gl�huhqwo| zlwk lrqv/ dqg pd| kdyh gl�huhqw es0

ghshqghqw wruvlrqdo prgxol,1 Rqo| diwhu wklv rqh fdq vd| xqdpeljxrxvo| wkdw wkh revhuyhg gl�huhqfh frphv

h{foxvlyho| iurp wkh gl�huhqw odzv ri hohfwurvwdwlf lqwhudfwlrq ri krprorjrxv dqg qrq0krprorjrxv vhtxhqfhv1 Lw

lv krzhyhu gl!fxow wr gr iru GQD1

<8
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Iljxuh 519= Wkh wruvlrqdo ohqjwkv �w +wklq,/ h�w> +wklfn vrolg, dqg
h

h�w +wklfn gdvkhg fxuyh, ghvfuleh wkh wruvlrqdo

vriwqhvv ri GQD gxsoh{hv lq wkh prgho = Sdudphwhuv= � @ 3=;> ��4
G

@ :�D> +ohiw, i @ 3=6> +uljkw,= U @ 63�D1 �w
ghfuhdvhv zlwk dssurdfklqj ri wkh gxsoh{hv dqg zlwk rffxsdwlrq ri wkh pdmru +dq plqru, jurryh1 �w glyhujhv

zkhq d4 ydqlvkhv/ 5i� � � � frv ^3=7�` @ 31
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Iljxuh 51:= Hqhuj| ri nlqnv rq lghdo wruvlrqdoo| vriw GQD gxsoh{hv1 Elj nlqn/ Ht1 +518:,/ +vrolg fxuyh, h{lvwv dw

odujh vhsdudwlrqv U A U� +� ? 4@5, dqg fruhvsrqgv wr 3$ 5� d}lpxwkdo urwdwlrq ri pxwxdo rulhqwdwlrq dqjoh1

Vpdoo nlqn/ Ht1 +5193,/ h{lvwv dw U ? U� dqg fruuhvsrqgv wr ��!
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$ .�!
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urwdwlrq/ +grwwhg0gdvkhg fxuyh,

dqg wr �!
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urwdwlrq +gdvkhg fxuyh,1 Zkhq �  4> wkh hqhujlhv ri wkh odwwhu urwdwlrqv htxdol}h vlqfh
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Iljxuh 51;= Wkh vkdsh ri wkh vpdoo nlqn/ Ht1 +518<,1 Lw h{lvwv dw U ? U
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dqg fruuhvsrqgv wr wruvlrqdo urwdwlrq
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Iljxuh 51<= Wkh rswlpdo d}lpxwkdo dqjoh �!
�
ehwzhhq wzr lghdo uljlg GQD +ohiw, dqg wkh hqhuj| ri elj/ Ht1 +

518:,/ dqg vpdoo/ Ht1 +5193,/ nlqnv +uljkw,
�
U� � 63�D

�
= Wkh vdph qrwdwlrqv iru hqhujlhv dv lq Ilj1 51: dv xvhg/

sdudphwhuv dv lq Ilj1 51;1 Dv h{shfwhg/ wkh hqhuj| ri elj nlqn lv pxfk kljkhu wkdq wkdw ri vpdoo nlqn1 Doo

hqhujlhv lqfuhdvh qhduo| h{srqhqwldoo| zlwk frpsuhvvlrq1
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9Lw lv sodxvleoh dw ohdvw iru lqwhudfwlrq ri glqxfohrwlgh vhthxhqfhv/
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�
1 +Wkh vhtxhqfhv

zlwk odujh shufhqwdjh ri DW ru JF es lv qrw d �fwlrq/ exw wkh| irup eorfn vwuxfwxuh ri GQD ri kljkhu

rujdqlvpv ^467`/ wkh| fdq eh vhyhudo nes orqj1, Wkh wzlvw dqjoh ehwzhhq qhduhvw es lq vxfk vhtxhqfhv lv

frqvwdqw dqg htxdo wr �6819� dqg �6619�> uhvshfwlyho| ^49:`,1 Li vxfk vhtxhqfhv duh irufhg lqwr mx{wdsrvlwlrq/

wkh frqvwdqw lqfrpphqvxudwlrq dorqj wkh fkdlqv dsshduv +�uvw kdv 4314es2wxuq/ wkh vhfrqg � 4318es2wxuq ^4<<`,1

Wkh Nruq|vkhy0Ohlnlq0olnh GQD0GQD lqwhudfwlrq lv wkhq dssur{lpdwhg e| sxuh Iuhqnho0Nrqwruryd prgho1 Dv

d uhvxow/ nlqn odwwlfh ri �! zlwk d frqvwdqw shulrg fdq dsshdu/ li wkh wzlvw yduldwlrq �
 A 7�@� � 4�1 Wkh

udqgrp wzlvw yduldwlrq zloo krzhyhu glvuxsw wklv lghdo odwwlfh1
:Wkh �uvw hvwlpdwlrq iru iudjphqwv zlwk udqgrp wh{wv vkrz wkdw vxfk vwuxfwxuh fdq uhdol}h rqo| rq vriw

fkdlqv1 Li/ iru h{dpsoh/ �! grhv qrw uhvsrqg wr wzlvw yduldwlrq dw doo/ rqo| wkh fkdlqv zlwk �5
w
? k�f fdq sur�w

iurp wkdw +frpsduh wr fulwhulrq +5157,,1

Rq wkh rwkhu kdqg/ zh kdyh shuiruphg qxphulfdo vlpxodwlrqv ri Ht1 +51<,1 Zh prgho GQD wzlvw yduldwlrq

vr wkdw wkh wzlvw dqjoh ri hdfk es gl�huv iurp k
l rqo| e| 	�
 @ Frqvw= Iru yhu| uljlg fkdlqv/ �! +}, reh|v
udqgrp0zdon prwlrq dorqj wkh fkdlqv1 Dw � q 3=34 wkh uhjlrqv ri fruuhodwlrq ri �! qhdu 3/ 5�> 7�> === dsshdu1
Ehwzhhq wkhvh uhjlrqv �! wudfnv wkh wzlvw yduldwlrq1 Wkh uhodwlyh zlgwk ri fruuhodwhg dqg xqfruuhodwhg uhjlrqv

ghshqgv rq �
 dqg �w1 Wkh wudmhfwru| ri �! uhplqgv d udqgrp zdon prwlrq ehwzhhq wkh hqhuj| plqlpd/ vlplodu

wr wudmhfwru| ri ryhugdpshg irufhg Vlqh0Jrugrq htxdwlrq xqghu shuwxuedwlrq e| d wkhupdo udqgrp irufh ^533`1

<=
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4Qrwh krzhyhu wkdw wkh vlwxdwlrq lv srvvleoh zkhq idfwru i +4> �, lq d4 lv vpdoo/ zkhuhdv vlplodu idfwruv lq

d5>6 duh qrw +d6 lv ghvfulehg e| Ht1 +D18, zlwk q @ 6,1 Iru E0GQD zlwk � @ 3=; lw rffxuv dw i � 3=:/ zkhq wkh

lqhtxdolw| d4 � d5 � d6 krogv +d4 ydqlvkhv/ vhh Ilj1 519,= L1h1/ iru vxfk rffxsdwlrq ri wkh jurryhv wkh whup zlwk

frv^6�!` pxvw eh wdnhq lqwr dffrxqw lq lqwhudfwlrq hqhuj| +D16, dv zhoo1 Vlqfh wkh ghfd| ohqjwk ri frh!flhqwv

d
q
ghfuhdvhv zlwk q> Ht1 +D19,/ wkh frqwulexwlrq ri d60whup fdq eh qhjohfwhg douhdg| dw U ) 73�D=

C*
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5Lw lv dvvxphg wkdw wkh vhthxqfh0ghshqghqw wzlvw yduldwlrq lv vr vpdoo wkdw grhv qrw glvuxsw wkh GQD kholfdo

v|pphwu| dqg grhv qrw fkdqjh wkh dyhudjh ydoxh ri wkh slwfk1 Lw lv dovr dvvxphg/ Ht1 +D16,/ wkdw GQD lqwhudfw

orfdoo| lv li wkh| duh lq�qlwho| orqj1 Wkh lqdffxudf| lqyroyhg lv kdug wr hvwlpdwh lq erwk fdvhv1 Lw lv fohdu wkdw

li GQDv uhwdlq wkh kholfdo v|pphwu| lq wkh prgho/ qr rughu0glvlughu wudqvlwlrqv zlwk yduldeoh slwfk dorqj wkh

prohfxoh duh srvvleoh1 Wkh pruh dffxudwh frqvlghudwlrq ri vriw fkdlqv krzhyhu pd| uhtxluh wr wdnh lqwr dffrxqw

wkh h�hfwv ri K +}, dqg kK +U,l > vlqfh wkh xqzlqglqj ri wkh fkdlqv fdq eh idyrudeoh1
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Iljxuh E14= Wkh dyhudjh hqhuj| ghfuhdvhv zkhq wkh fkdlqv duh qrw lq�qlwho| uljlg1 Orqj0gdvkhg= kH +O,l/
vrolg= kHu

+O,l/ grwwhg= krprorjrxv vhtxhqfhv1 Sdudphwhuv ri Ilj1 516e1 Wkh dssur{lpdwlrq �
5
��+], � 4 lv

txhvwlrqdeoh dw U @ 63È +d,1 Dw odujhu U> GQD0GQD lqwhudfwlrq shuwxuev wkh wzlvw sdwwhuq zhdnhu/ fkdlqv

ehfrph h�hfwlyh pruh uljlg dqg wkh dssur{lpdwlrq lv ydolg +e,1
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K8L M1G1 Zdwvrq dqg I1K1F1 Fulfn/ D vwuxfwxuh ri Ghr{|ulervh qxfohlf dflg/ Qdwxuh/ 4:4 :6:0:6;

+4<86,1

K*L Z1 Vdhqjhu/ Sulqflsohv ri qxfohlf dflg vwuxfwxuh/ Vsulqjhu0Yhuodj/ Q\ +4<;7,1

K>L J1V1 Pdqqlqj/ Olplwlqj odzv dqg frxqwhulrq frqghqvdwlrq lq sro|hohfwuro|wh vroxwlrqv/ Elrsk|v1

Fkhp1/ : <80435 +4<::,

K@L M1 Ud| dqg J1V1 Pdqqlqj/ Frxqwhulrq dqg frlrq glvwulexwlrq ixqfwlrqv lq wkh frxqwhulrq frq0

ghqvdwlrq wkhru|/ Pdfurpro1/ 65 78;;078<8 +4<<<,> Frxqwhulrq frqghqvdwlrq uhylvlwhg/ M1 Elro1

Vwu1 G|q1/ 49 79407:9 +4<<;, dqg uhihuhqfhv wkhuhlq1

KAL I1 Rrvdzd/ Sro|hohfwuro|whv/ Pdufho Ghnnhu/ Q\ +4<:4,1

KBL J1V1 Pdqqlqj/ Wkh prohfxodu wkhru| ri sro|hohfwuro|wh vroxwlrq zlwk dssolfdwlrqv wr wkh surs0

huwlhv ri sro|qxfohrwlghv/ Txduw1 Uhy1 Elrsk|v1/ LL 4:<0579 +4<:;,1

K<L P1G1 Iudqn0Ndphqhwvnll/ Y1Y1 Dqvkhohylfk/ dqg D1Y1 Oxndvklq/ Sro|hohfwuro|wh prgho ri GQD/

Vry1 Sk|v1 Xvs1/ 63 64:0663 +4<;:,1

KCL G1 Vwljwhu/ Hydoxdwlrq ri wkh frxqwhulrq frqghqvdwlrq wkhru| ri sro|hohfwuro|whv/ Elrsk|v1 M1/

9</ 6;306;; +4<<8,1

K=L O1 PfIdlo0Lvrp/ F1F1 Vlqhv/ dqg O1G1 Zlooldpv/ GQD vwuxfwxuh= fdwlrqv lq fkdujhB/ Fxuu1 Rslq1

Vwu1 Elro1/ </ 5<;0637 +4<<<,1

K8+L O1 PfIdlo0Lvrp/ [1Vkxl/ dqg O1G1 Zlooldpv/ Glydohqw fdwlrqv vwdelol}h xqvwdfnhg frqirupdwlrqv

ri GQD dqg UQD e| lqwhudfwlqj zlwk edvh � v|vwhpv/ Elrfkhplvwu|/ 6: 4:43804:444 +4<<;,1

K88L [1 Vkxl/ F1F1 Vlqhv/ O1 PfIdlo0Lvrp/ G1 YdqGhuyhhu/ dqg O1G1 Zlooldpv/ Vwuxfwxuh ri wkh

Srwdvvlxp Irup ri FJFJDDWWFJFJ= GQD Ghirupdwlrq e| Hohfwurvwdwlf Froodsvh durxqg

Lqrujdqlf Fdwlrqv/ Elrfkhplvwu|/ 6: 49;::049;;: +4<<;,1

K8*L [1 Vkxl/ O1 PfIdlo0Lvrp/ J1J1 Kx/ dqg O1G1 Zlooldpv/ Wkh E0GQD Grghfdphu dw Kljk Uhvr0

oxwlrq Uhyhdov d Vslqh ri Zdwhu rq Vrglxp/ Elrfkhplvwu|/ 6: ;6740;688 +4<<;,1

K8>L N1 Oxjhu/ D1P1 Pçghu/ U1N1 Ulfkprqg/ G1I1 Vdqjhqw/ dqg W1M1 Ulfkprqg/ Fu|vwdo vwuxfwxuh

ri wkh qxfohrvrph fruh sduwlfoh dw 51;�D uhvroxwlrq/ Qdwxuh/ 6;< 5840593 +4<<:,1

K8@L M1 Judqrw/ M1 Ihljrq/ dqg G1U1 Nhduqv/ Lqwhudfwlrq ri GQD zlwk glydohqw phwdo lrqv= L1 ��S0

QPU vwxglhv/ Elrsro|phuv/ 54 4;40534 +4<;5,> M1 Judqrw dqg G1U1 Nhduqv/ LL1 Surwrq uhod{dwlrq

hqfkdqfhphqw vwxglhv/ 54 536054; +4<;5,> LLL1 M1 Judqrw dqg G1U1 Nhduqv/ LL1 H{whqw ri phwdo

C<



1-1*-�<:
!0= 1-1*-�<:
!0=

elqglqj= h{shulphqw dqg wkhru|/ 54 54<0565 +4<;5,> LY1 Frpshwlwlyh vwxglhv ri Pq2n elqglqj

wr DW0 dqg JF0ulfk GQDv/ 54 ;:60;;6 +4<;5,1

K8AL K1U1 Guhz dqg U1H1 Glfnhuvrq/ Vwuxfwxuh ri E0GQD Grghfdphu/ M1 Pro1 Elro1/ 484 8680889

+4<;4,1

K8BL Z1K1 Eudxqolq dqg T1 [x/ Kh{ddpplqhfredow +LLL, elqglqj hqylurqphqwv rq grxeoh0kholfdo

GQD/ Elrsro|phuv/ 65 4:3604:44 +4<<5,1

K8<L M1F1J1 Prqwrur dqg M1O1I1 Dedvfdo/ Lrqlf glvwulexwlrq durxqg vlpsoh E0GQD prghov LL1 Ghyl0

dwlrqv iurp f|olqgulfdo v|pphwu|/ M1 Fkhp 1Sk|v1/ 43< 953309543 +4<<;,1

K8CL Q1 Nrurohy/ D1S1 O|xeduwvhy/ D1 Uxsshuhfkw/ dqg O1 Qrughqvnlùog/ Frpshwlwlyh Elqglqj ri

Pj2n/ Fd2n/ Qdn/ dqg Nn Lrqv wr GQD lq Rulhqwhg GQD Ilehuv= H{shulphqwdo dqg Prqwh0

Fduor Vlpxodwlrq Uhvxowv/ Elrsk|v1 M1/ :: 5:6905:7< +4<<<,1

K8=L S1M1 Khdwk dqg M1P1 Vfkxuu/ Frxqwhulrq frqghqvdwlrq= H�hfwv ri vlwh elqglqj/  xfwxdwlrqv lq

qhduhvw0qhljkeru lqwhudfwlrqv/ dqg ehqglqj/ Pdfurprohfxohv/ 58 747<0748< +4<<5,1

K*+L K1K1 Vwuh|/ Y1D1 Sduvhjldq/ dqg U1 Srgjruqln/ Htxdwlrq ri vwdwh iru sro|phu oltxlg fu|vwdov=

Wkhru| dqg H{shulphqw/ Sk|v1 Uhy1 H/ 8< <<<0433; +4<<<,> V1P1 Olqgvd|/ V1D1 Ohh/ M1Z1

Srzhoo/ W1 Zhlgolfk/ F1 Ghpdufr/ J1G1 Ohzhq/ Q1M1 Wdr/ D1 Uxssuhfkw/ Wkh ruljlq ri wkh D wr

E wudqvlwlrq lq GQD �ehuv dqg �opv/ Elrsro|phuv/ 5: 434804376 +4<;;,1

K*8L U1 Srgjruqln/ K1K1 Vwuh|/ N1 Jdzulvfk/ G1F1 Udx/ D1 Uxssuhfkw/ dqg Y1D1 Sduvhjldq/ Erqg

rulhqwdwlrqdo rughu/ prohfxodu prwlrq/ dqg iuhh hqhuj| ri kljk0ghqvlw| GQD phvrskdvhv/ Surf1

Qdwo1 Dfdg1 Vfl1 X1V1D1/ <6 759407599 +4<<9,1

K**L V1D1 Ulfh/ P1 Qdvdjdzd/ dqg K1 Prudzhw}/ Sro|hohfwuro|wh Vroxwlrqv/ Dfdghplf Suhvv/ Orqgrq0

Q\/ 4<941

K*>L D1 Ndwfkdovn|/ Sro|hohfwuro|whv/ Sxuh Dsso1 Fkhp1/ 59 65:06:6 +4<:4,1

K*@L U1P1 Ixrvv/ D1 Ndwfkdovn|/ dqg V1 Olivrq/ Wkh srwhqwldo ri dq lq�qlwh urg0olnh prohfxoh dqg wkh

glvwulexwlrq ri wkh frxqwhulrqv/ Surf1 Qdw1 Dfdg1 Vfl1 XVD/ 6:/ 8:<08;< +4<84,> D1 Ndwfkdovn|

dqg V1 Olivrq/ Wkh hohfwurvwdwlf iuhh hqhuj| ri sro|hohfwuro|wh vroxwlrq/ M1 Sro1 Vfl1/ [LLL/ 76088

+4<87,1

K*AL W1 Doiuh|/ Mu1/ S1Z1 Ehuj/ dqg K1 Prudzhw}/ Wkh frxqwhulrq glvwulexwlrq lq vroxwlrq ri urg0olnh

sro|hohfwuro|whv/ M1 Sro1 Vfl1/ YLL/ 876087: +4<84,1

K*BL P1 Oh Euhw dqg E1K1 ]lpp/ Prqwh0Fduor ghwhuplqdwlrq ri wkh glvwulexwlrq ri lrqv derxw d

f|olqgulfdo sro|hohfwuro|wh/ Elrsro|phuv/ 56 5:405;8/ +4<;7,> Glvwulexwlrq ri frxqwhulrqv durxqg

d f|olqgulfdo sro|hohfwuro|wh dqg Pdqqlqj frqghqvdwlrq wkhru|/ Elrsro|phuv/ 56 5;:0645 +4<;7,

K*<L P1G1 Iudqn0Ndphqhwvnll/ Krz GQD khol{ euhdwkhv/ Qdwxuh/ 65; 4:04; +4<;:,1

K*CL D1Z1 Dgdpvrq dqg D1S1 Jdvw/ Sk|vlfdo Fkhplvwu| ri Vxuidfhv/ Vl{wk Hglwlrq/ Q\/ Zloh|0

Lqwhuvflhqfh Sxeolfdwlrq/ +4<<:,1

K*=L M1Q1 Lvudhodfkylol/ Lqwhuprohfxodu dqg vxuidfh irufhv/ Dfdghplf Suhvv/ Q\/ 4<<51
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K>+L O1F1 Jrvxoh dqg M1D1 Vfkhoopdq/ Frpsdfw irup ri GQD lqgxfhg e| vshuplglqh/ Qdwxuh/ 58<

6660668 +4<:9,1

K>8L M1 Zlgrp dqg U1O1 Edogzlq/ Fdwlrq0lqgxfhg wrurlgdo frqghqvdwlrq ri GQD/ M1 Pro1 Elro1/ 477

7640786 +4<;3,1

K>*L Y1D1 Eorrp�hog/ Frqghqvdwlrq ri GQD e| pxowlydohqw fdwlrqv= frqvlghudwlrq rq phfkdqlvp/

Elrsro|phuv/ 64 47:4047;4 +4<<4,1

K>>L S1J1 Duvfrww/ M1U1 Zhqqhu/ dqg Y1D1 Eorrp�hog/ GQD frqghqvdwlrq e| fredow kh{ddpplqh+LLL,

lq donrkro0zdwhu pl{wxuhv= glhohfwulf frqvwdqw dqg rwkhu vroyhqw h�hfwv/ Elrsro|phuv/ 68 6780697

+4<<8,1

K>@L J1H1 Soxp/ S1J1 Duvfrww/ dqg Y1D1 Eorrp�hog/ Frqghqvdwlrq ri GQD e| wulydohqw fdwlrqv1 51

H�hfw ri fdwlrq vwuxfwxuh/ Elrsro|phuv/ 63 9640976 +4<<3,1

K>AL M1[1 Wdqj dqg S1D1 Mdqph|/ Wkh sro|hohfwuro|wh qdwxuh ri I0dfwlq dqg wkh phfkdqlvp ri I0dfwlq

exqgoh irupdwlrq/ M1 Elro1 Fkhp1/ 5:4 ;8890;896 +4<<9,> M1[1 Wdqj/ W1 Lwr/ W1 Wdr/ S1 Wudxe/

dqg S1D1 Mdqph|/ Rssrvlwh h�hfwv ri hohfwurvwdwlfv dqg vwhulf h{foxvlrq rq exqgoh irupdwlrq

e| I0dfwlq dqg rwkhu �odphqwrxv sro|hohfwuro|whv/ Elrfkhplvwu|/ 69 4593304593: +4<<:,/ dqg

uhihuhqfhv wkhuhlq1

K>BL M1[1 Wdqj/ V1H1 Zrqj/ S1W1 Wudq/ dqg S1D1 Mdpqh|/ Frxqwhulrq0lqgxfhg exqgoh irupdwlrq ri

urgolnh sro|hohfwuro|wh/ Ehulfkwh ghu Exqvhq0Jhvhoovfkdiw0 Sk|v1Fkhp1Fkhp1Sk|v1/ 433 :<90;39

+4<<9,1

K><L Y1D1 Eorrp�hog/ GQD frqghqvdwlrq/ Fxuu1 Rslq1 Vwuxfw1 Elro1/ 9 6670674 +4<<9,1

K>CL F1 Pd dqg Y1D1 Eorrp�hog/ Jho hohfwurskruhvlv phdvxuhphqw ri frxqwhulrq frqghqvdwlrq rq

GQD/ Elrsro|phuv/ 68 5440549 +4<<8,1

K>=L M1 Showd/ G1 Gxudqg/ M1 Grxfhw/ dqg I1 Olyrodqw/ GQD phvrskdvhv lqgxfhg e| vshuplglqh=

vwuxfwxudo surshuwlhv dqg elrorjlfdo lpsolfdwlrqv/ Elrsk|v1 M1/ :4 7;096 +4<<9,1

K@+L U1Z1 Zlovrq dqg Y1D1 Eorrp�hog/ Frxqwhulrq0lqgxfhg frqghqvdwlrq ri GQD1 D oljkw0vfdwwhulqj

vwxg|/ Elrfkhplvwu|/ 4; 54<5054<9 +4<:<,1

K@8L G1N1 Fkdwwrudm/ O1F1 Jrvxoh/ dqg M1D1 Vfkhoopdq/ GQD frqghqvdwlrq zlwk sro|dplqhv= 51

Hohfwurq0plfurvfrslf vwxglhv/ M1 Pro1 Elro1/ 454 65:066: +4<:;,1

K@*L Y1D1 Eorrp�hog/ GQD frqghqvdwlrq e| pxowlydohqw fdwlrqv/ Elrsro|phuv/ <; 59<05;5 +4<<;,

dqg uhihuhqfhv wkhuhlq1

K@>L M1 Showd/ I1 Olyrodqw/ dqg M0O1 Vlnrudy/ GQD djjuhjdwlrq lqgxfhg e| sro|dplqhv dqg fredowkh{0

dpplqh/ M1 Elro1 Fkhp1/ 5:4 898908995 +4<<9,1

K@@L H1 Udvsdxqg/ P1 Royhud gh od Fux}/ M10O1 Vlnrudy/ dqg I1 Olyrodqw/ Suhflslwdwlrq ri GQD e|

sro|dplqhv= d sro|hohfwuro|wh ehkdylru/ Elrsk|v1 M1/ :7 6;406<6 +4<<;,1

K@AL F1J1 Edxpdqq/ V1E1 Vplwk/ Y1D1 Eorrp�hog/ dqg F1 Exvwdpdqwh/ Lrqlf h�hfwv rq wkh hodvwlflw|

ri vlqjoh GQD prohfxohv/ Surf1 Qdwo1 Dfdg1 Vfl1 X1V1D1/ <7 94;8094<3 +4<<:,1
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K@BL \1 \rvklndzd dqg N1\rvklndzd/ Gldplqrdondqhv zlwk dv rgg qxpehu ri fduerqv dwrpv lqgxfh

frpsdfwlrq ri d vlqjoh grxeoh0vwudqghg GQD fkdlq/ IHEV Ohww1/ 694 5::05;4 +4<<8,1

K@<L M1D1 Vfkhoopdq dqg Q1 Sduwkdvdudwk|/ [0ud| gl�udfwlrq vwxglhv rq fdwlrqv0froodsvhg GQD/ M1

Pro1 Elro1/ 4:8 646065< +4<;7,1

K@CL F1 Pd dqg Y1D1 Eorrp�hog/ Frqghqvdwlrq ri vxshufrlohg GQD lqgxfhg e| PqFo2> Elrs|v1 M1/

9: 49:;049;4 +4<<7,1

K@=L G1F1 Udx dqg Y1D1 Sduvhjldq/ Gluhfw phdvxuhphqw ri whpshudwxuh0ghshqghqfh vroydwlrq irufhv

ehwzhhq GQD grxeoh kholfhv/ Elrsk|v1 M1/ 94 59305:4 +4<<5,1

KA+L V1 Iorfn/ U1 Odedueh/ dqg F1 Krxvvlhu/ Rvprwlf h�hfwruv dqg GQD vwuxfwxuh= h�hfw ri jo|flqh

rq suhflslwdwlrq ri GQD e| pxowlydohqw fdwlrqv/ M1 Elrpro1 Vwu1 G|q1/ 46 ;:0435 +4<<8,1

KA8L Q1 Kxg/ I1 Plodqrylfk/ dqg U1 Edokruq/ Hylghqfh ri qryho vhfrqgdu| vwuxfwxuh lq GQD0erxqg

surwdplqh lv uhyhdohg e| Udpdq vshfwurvfrs|/ Elrfkhplvwu|/ 66 :85;0:868 +4<<7,1

KA*L K1D1 Wdmplu0Uldkl/ P1 Qdrxl P/ dqg U1 Dkpdg/ Wkh h�hfwv ri fredow kh{dpplqh dqg fredow

shqwdpplqh fdwlrqv rq wkh vroxwlrq vwuxfwxuh ri fdoi0wk|pxv GQD1 GQD frqghqvdwlrq dqg

vwuxfwxudo ihdwxuhv vwxglhg e| IW4U gl�huhqfh vshfwurvfrs|/ M1 Elrpro1 Vwuxfw1 G|q1/ 44 ;60

<61+4<<6,1

KA>L M1J1 Gxjxlg/ M1P1 Ehqhylghv/ Y1D1 Eorrp�hog/ dqg J1M1 Wkrpdv Mu1/ Udpdq Vshfwurvfrs|

ri GQD0phwdo frpsoh{hv= L1 Lqwhudfwlrqv dqg frqirupdwlrqdo h�hfwv ri wkh glydohqw fdwlrqv=

Pj2n/ Fd2n/ Vu2n/ Ed2n/ Pq2n/ Fr2n/ Ql2n/ Fx2n/ Sg2n/ dqg Fg2n/ Elrsk|v1 M1/ 98 4<4904<5;

+4<<6,1

KA@L F1 Pd/ O1 Vxq/ dqg Y1D1 Eorrp�hog/ Frqghqvdwlrq ri sodvplgv hqkdqfhg e| ]0GQD frqirupd0

wlrq ri g+FJ,q lqvhuwv/ Elrfkhplvwu|/ 67 68540685; +4<<8,1

KAAL M1K1 ydq gh Vdqgh/ O1S1 PfLqwrvk/ dqg W1P1Mrylq/ Pq2n dqg rwkhu wudqvlwlrqv phwdov dw orz

frqfhqwudwlrqv lqgxfh wkh uljkw0wr0ohiw kholfdo wudqvirupdwlrq ri sro|^g+J0F,`/ HPER M1/ 4 :::0

:;5 +4<;5, dqg uhihuhqfhv wkhuhlq1

KABL M1 Zlgrp dqg U1O1 Edogplq/ Prqrprohfxodu frqghqvdwlrq ri �0GQD e| fredow kh{dpplqh/

Elrsro|phuv/ 55/ 48<804953 +4<;6,1

KA<L L1 Nrowryhu/ N1 Zdjqhu/ dqg F1U1 Vd�q|d/ GQD frqghqvdwlrq lq wzr glphqvlrqv/ Surf1 Qdwo1

Dfdg1 Vfl1 XVD/ <: 47379047384 +5333,1

KACL V1 Ohlnlq/ Lq %K|gudwlrq surfhvvhv lq elrorj|%/ Hg1= P10F1 Ehoolvhqw0Ixqho/ Wkhru| ri hohf0

wurvwdwlf dqg k|gudwlrq lqwhudfwlrqv ehwzhhq kholfdo pdfurprohfxohv/ ss16560665/ LRV0Suhvv

+4<<<,1

KA=L V1 Ohlnlq/ U1S1 Udqg/ G1F1 Udx/ dqg Y1D1 Sduvhjldq/ K|gudwlrq irufhv/ Dqqx1 Uhy1 Sk|v1 Fkhp1/
77 69<06<8 +4<<6,1

KB+L V1 Ohlnlq/ Lq %K|gudwlrq surfhvvhv lq elrorj|%/ Hg1= P10F1 Ehoolvhqw0Ixqho/ K|gudwlrq irufhv

ehwzhhq elrorjlfdo pdfurprohfxohv= phdvxuhphqwv/ vshfxodwlrqv/ dqg hvwdeolvkhg idfwv/ ss16460

654/ LRV0Suhvv +4<<<,1
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KB8L U1 Srgjruqln/ K1K1 Vwuh| G1F1 Udx/ dqg Y1D1 Sduvhjldq/ Zdwfklqj prohfxohv furzg= GQD

grxeoh kholfhv xqghu rvprwlf vwuhvv/ Elrsk|v1 Fkhp1/ 8: 4440454 +4<<8,1

KB*L G1F1 Udx/ E1N1 Ohh/ dqg Y1D1 Sduvhjldq/ Phdvxuhphqw ri wkh uhsxovlyh irufh ehwzhhq sro|hohf0

wuro|wh prohfxohv lq lrqlf vroxwlrq� k|gudwlrq irufhv ehwzhhq sdudooho GQD grxeoh kholfhv/ Surf1

Qdwo1 Dfdg1 Vfl1 X1V1D1/ ;4 5954 05958 +4<;7,1

KB>L K1K1 Vwuh|/ Y1D1 Sduvhjldq/ dqg U1 Srgjruqln/ Htxdwlrq ri vwdwh iru GQD oltxlg fu|vwdov=

 xfwxdwlrq hqkdqfhg hohfwurvwdwlf grxeoh od|hu uhsxovlrq/ Sk|v1 Uhy1 Ohww1/ :; ;<80;<; +4<<:,1

KB@L G1F1 Udx dqg Y1D1 Sduvhjldq/ Gluhfw phdvxuhphqw ri wkh lqwhuprohfxodu irufhv ehwzhhq

frxqwhulrq0frqghqvhg GQD grxeoh kholfhv/ Elrsk|v1 M1/ 94 579058< +4<<5,1

KBAL D1S1 O|xeduwvhy dqg O1 Qrughqvnlùog/ Prqwh0Fduor vlpxodwlrq vwxg| ri lrq fruuhodwlrq dqg

rvprwlf suhvvxuh lq kh{djrqdoo| rulhqwhg GQD/ M1 Sk|v1 Fkhp1/ << 436:60436;5 +4<<8,1

KBBL V1 Ohlnlq/ G1F1 Udx/ dqg Y1D1 Sduvhjldq/ Phdvxuhg hqwurs| dqg hqwkdos| ri k|gudwlrq dv d

ixqfwlrq ri glvwdqfh ehwzhhq GQD grxeoh kholfhv/ Sk|v1 Uhy1 D/ 77 85:5085:; +4<<4,1

KB<L L1P1 Olivklw}/ D1\1 Jurvehuj/ dqg D1U1 Nkrnkory/ Vrph sureohpv ri wkh vwdwlvwlfdo sk|vlfv ri

sro|phu fkdlqv zlwk yroxph lqwhudfwlrq/ Uhy1 Prg1 Sk|v1/ 83 9;60:46 +4<:;,> D1\1 Jurvehuj/

dqg D1U1 Nkrnkory/ Vwdwlvwlfdo Sk|vlfv ri Pdfurprohfxohv/ DLS/ Qhz \run/ +4<<7,1

KBCL O1 Rqvdjhu/ Wkh h�hfw ri wkh vkdsh rq wkh lqwhudfwlrq ri froorlgdo sduwlfohv/ Dqq1 Q\ Dfdg1

Vfl1/ 95:098< +4<7<,> D1 Lvlkdud/ Wkhru| ri dqlvrwurslf froorlgdo vroxwlrqv/ M1 Fkhp1 Sk|v1/ 4<

44750447: +4<84,1

KB=L S1M1 Ioru|/ Vwdwlvwlfdo wkhuprg|qdplfv ri vhpl0 h{leoh fkdlq prohfxohv/ Surf1 Ur|do Vrf1 Orq1

D Pdwk1/ 567 930:6 +4<89,> Skdvh htxloleuld lq vroxwlrqv ri urg0olnh sduwlfohv/ lelghp1/ 567 :60;<

+4<89,1

K<+L D1\1 Jurvehuj/ dqg D1Y1 ]khvwnry/ Rq wkh frpsdfw irup ri olqhdu gxsoh{ GQD= Jorexodu

vwdwhv ri wkh xqlirup hodvwlf +shuvlvwhqw, pdfurprohfxoh1 M1 Elrprohf1 Vwuxfw1 G|qdp1 6= ;8<0

;:5 +4<;9,1

K<8L M10O1 Eduudw dqg M10I1 Mrdqq|/ Wkhru| ri sro|hohfwuro|wh vroxwlrqv/ Lq Dgydqfhv lq Fkhplfdo

Sk|vlfv/ Yro1 [FLY1 L1 Suljrjlqh dqg V1 D1 Ulfh/ hglwruv1 Mrkq Zloh| dqg Vrqv/ Qhz \run/

+4<<9,1

K<*L P1 Royhud gh od Fux}/ O1 Ehoorql/ P1 Ghovdqwl/ M1S1 Gdoelh}/ R1 Vsdood/ dqg P1 Gul�rug/ Suhfls0

lwdwlrq ri kljko| fkdujhg sro|hohfwuro|wh vroxwlrqv lq wkh suhvhqfh ri pxowlydohqw vdowv1 M1 Fkhp1

Sk|v1/ 436 8:;4�8:<4 +4<<8,1

K<>L L1 Urx}lqd dqg Y1D1 Eorrp�hog/ Pdfurlrqv dwwudfwlrq gxh wr hohfwurvwdwlf fruuhodwlrq ehwzhhq

vfuhhqlqj frxqwhulrqv= L1 Preloh vxuidfh0dgvruehg lrqv dqg gl�xvh lrq forxg/ M1 Sk|v1 Fkhp1/

433 <<::0<<;< +4<<9,1

K<@L Q1 Juûqehfk0Mhqvhq/ U1M1 Pdvko/ U1I1 Euxlqvpd/ dqg Z1P1 Ehoeduw/ Frxqwhulrq0lqgxfhg dw0

wudfwlrq ehwzhhq uljlg sro|hohfwuro|wh/ Sk|v1 Uhy1 Ohww/ :; 57::057;3 +4<<:,1

K<AL E1L1 Vknoryvnll/ Zljqhu fu|vwdo prgho ri frxqwhulrq lqgxfhg exqgoh irupdwlrq ri uljlg sro|hohf0

wuro|wh/ Sk|v1 Uhy1 Ohww/ ;5 659;065:4 +4<<<,1
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K<BL P1M1 Vwhyhqv dqg P1R1 Urelqv/ Ghqvlw| ixqfwlrqdo wkhru| ri lrqlf vfuhhqlqj= zkhq gr olnh

fkdujhv dwwudfwB/ Hxursk|v1 Ohww1/ 45 <4 +4<<3,1

K<<L V1 Pdu
fhomd/ Hohfwurvwdwlfv ri phpeudqh dgkhvlrq/ Elrsk|v1 M1/ 94 444:04454 +4<<5,> U1 Nmho0

odqghu/ W1Dnhvvrq/ E1 Mrqvvrq/ dqg V1 Pdu
fhomd/ Grxeoh0od|hu lqwhudfwlrqv lq prqrydohqw dqg

glydohqw hohfwuro|whv= D frpsdulvrq ri wkh dqlvrwurslf k|shuqhwwhg fkdlq wkhru| dqg Prqwh0

Fduor vlpxodwlrqv/ M1 Fkhp1 Sk|v1/ <: 475704764 +4<<5, dqg uhihuhqfhv wkhuhlq1

K<CL E10\1 Kd dqg D1M1 Olx/ Frxqwhulrq0phgldwhg dwwudfwlrq ehwzhhq wzr olnh0fkdujhg urgv/ Sk|v1

Uhy1 Ohww1/ :< 45;<045<5 +4<<:,1

K<=L E10\1 Kd dqg D1M1 Olx/ H�hfw ri Qrq0sdluzlvh0dgglwlyh lqwhudfwlrqv rq exqgohv ri urgolnh sro|0

hohfwuro|whv/ Sk|v1 Uhy1 Ohww1/ ;4 434404347 +4<<;,1

KC+L E10\1 Kd dqg D1M1 Olx/ Frxqwhulrq0phgldwhg/ qrq0sdluzlvh0dgglwlyh dwwudfwlrqv lq exqgohv ri

olnh0fkdujhg urgv/ Sk|v1 Uhy1 H/ 93 ;360;46 +4<<<,1

KC8L U1 Srgjruqln dqg Y1D1 Sduvhjldq/ Fkdujh0Ioxfwxdwlrq Irufhv ehwzhhq Urgolnh Sro|hohfwuro|whv=
Sdluzlvh Vxppdelolw| Uhh{dplqhg/ Sk|v1 Uhy1 Ohww1/ ;3 489304897 +4<<;,1

KC*L M1 Ud| dqg J1V1 Pdqqlqj/ Dq dwwudfwlyh irufh ehwzhhq wzr urgolnh sro|lrqv phgldwhg e| wkh

vkdulqj ri frqghqvhg frxqwhulrqv/ Odqjpxlu/ 43 578305794 +4<<7,1

KC>L P1D1 \rxqj/ E1 Md|dudp/ dqg G1O1 Ehyhulgjh/ Lqwuxvlrq ri frxqwhulrqv lqwr wkh vslqh ri k|gud0

wlrq ri E0GQD= iudfwlrqdo rffxsdqf| ri hohfwurqhjdwlyh srfnhwv/ M1 Dp1 Fkhp1 Vrf1/ 44< 8<09<

+4<<:,1

KC@L D1D1 Nruq|vkhy dqg V1 Ohlnlq/ Wkhru| ri lqwhudfwlrq ehwzhhq kholfdo prohfxohv/ M1 Fkhp1 Sk|v1/
43: 6989069:7 +4<<:, > Huudwxp= lelghp/ 43; :368+H, +4<<;,1

KCAL D1D1 Nruq|vkhy dqg V1 Ohlnlq/ Hohfwurvwdwlf }lsshu prwli iru GQD djjuhjdwlrq/ Sk|v1 Uhy1

Ohww1/ ;5 746;07474 +4<<<,1

KCBL D1J1 Fkhuvwy|/ D1D1 Nruq|vkhy/ dqg V1 Ohlnlq/ Whpshudwxuh0ghshqghqw GQD frqghqvdwlrq

wuljjhuhg e| uh0duudqjhphqw ri dgvruehg fdwlrqv/ vxeplwwhg wr M1 Sk|v1 Fkhp1 E1

KC<L U1P1 Fohphqw/ M1 Vwxup/ dqg P1S1 Gdxqh/ Lqwhudfwlrq ri phwdoolf fdwlrqv zlwk GQD= LY1 Vshfl�f

elqglqj ri Pj2n dqg Pq2n/ Elrsro|phuv/ 45 7380754 +4<;4,1

KCCL U1 ydq Vwhhqzlqnho/ I1 Fdpsdjqdul/ dqg P1 Phuolql/ Lqwhudfwlrq ri Pq2n zlwk GQD dv vwxglhg

e| surwrq0uhod{dwlrq hqfkdqfhphqw ri vroyhqw zdwhu/ Elrsro|phuv/ 53 <480<56 +4<;4,1

KC=L J1O1 Hlfkruq dqg \1Dh Vklq/ Lqwhudfwlrq ri phwdo lrqv zlwk sro|qxfohrwlghv dqg uhodwhg frp0

srxqgv= [LL1 wkh uhodwlyh h�hfw ri ydulrxv phwdo lrqv rq GQD kholflw|/ M1 Dp1 Fkhp1 Vrf1/ <3

:6560:65; +4<9;,1

K=+L V1 Ohlnlq/ G1F1 Udx/ dqg Y1D1 Sduvhjldq/ Whpshudwxuh0idyruhg dvvhpeo| ri froodjhq lv gulyhq

e| k|gurskrelf qrw k|gursklolf lqwhudfwlrqv/ Qdwxuh +Vwuxfwxudo Elrorj|,/ 5 5380543 +4<<8,1

K=8L V1 Ohlnlq/ P1P1 Nr}ory/ Q1O1 Ixoohu/ U1S1 Udqg/ Phdvxuhg h�hfwv ri gldf|ojo|fhuro rq vwuxfwxudo

dqg hodvwlf surshuwlhv ri skrvskrolslg phpeudqhv/ Elrsk|v1 M1/ :4 595605965 +4<<9,1
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K=*L G1F1 Udx dqg Y1D1 Sduvhjldq/ Gluhfw phdvxuhphqw ri irufhv ehwzhhq olqhdu sro|vdffkdulghv

{dqwkdq dqg vfkl}rsk|oodq/ Vflhqfh/ 57< 45:;045;4 +4<<3,1

K=>L F1 Erqqhw0Jrqqhw/ V1 Ohlnlq/ V1 Fkl/ G1F1 Udx/ dqg Y1D1 Sduvhjldq/ Phdvxuhphqw ri irufhv

ehwzhhq k|gur{|surs|ofhooxorvh sro|phuv= whpshudwxuh idyruhg dvvhpeo| dqg vdow h{foxvlrq/ M1

Sk|v1 Fkhp1/ 438 4;::04;;9 +5334,1

K=@L V1 Ohlnlq/ G1F1 Udx/ dqg Y1D1 Sduvhjldq/ Gluhfw phdvxuhphqw ri irufhv ehwzhhq vhoi0dvvhpeohg

surwhlqv= whpshudwxuh ghshqghqw h{srqhqwldo irufhv ehwzhhq froodjhq wulsoh kholfhv/ Surf1 Qdw1

Dfdg1 Vfl1 X1V1D1/ <4 5:905;3 +4<<7,1

K=AL W1D1 Jloo/ M1N1 Fkdq/ N1I1 Surfkduhrq/ dqg D1W1 Sdxovrq/ H�hfw ri vdow frqfhqwudwlrq dqg

whpshudwxuh rq khdw0lqgxfhg djjuhjdwlrq dqg jhodwlrq ri �vk p|rvlq/ Irrg Uhv1 Lqwhuq1/ 58

6660674 +4<<5,1

K=BL P1D1 Odx�hu/ Hqwurs|0gulyhq surfhvvhv lq elrorj|/ Vsulqjhu/ Ehuolq/ 4<:81

K=<L \x1\d1 Jxuhylfk dqg \x1L1 Nkdundwv/ Wkhru| ri wkh gl�xvh sduw ri wkh grxeoh od|hu lq vrolg hohf0
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hohfwuro|whv= sodqdu dqg f|olqgulfdo jhrphwulhv/ M1 Sk|v1 Fkhp1/ 433 75<507637 +4<<9,1
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wkhru|/ Sk|v1 Uhy1 Ohww1/ :9 5<3905<3< +4<<9,> P1 H1 Ilvkhu/ Wkh vwru| ri frxorpelf fulwlfdolw|/
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K88>L D1D1 Nruq|vkhy/ V1 Ohlnlq/ V1Y1 Pdolqlq/ Fkludo hohfwurvwdwlf lqwhudfwlrq dqg fkrohvwhulf oltxlg

fu|vwdov ri GQD/ Hxu1Sk|v1M1 H/ : ;60<6 +5335,1

K88@L S1O1 Kdqvhq/ U1 Srgjruqln/ dqg Y1D1 Sduvhjldq/ Rvprwlf surshuwlhv ri GQD/ Sk|v1 Uhy1 H/ 97

354<3:40354<3:7 +5334,1

K88AL V1 Olivrq/ Lpsuryhg dssur{lpdwlrq iru wkh srwhqwldo ri vskhulfdo hohfwuro|wh prohfxohv lq vroxwlrq/
M1 Fkhp1 Sk|v1/ 5: :330:34 +4<8:,1

K88BL FUF Kdqgerrn ri Fkhplvwu| dqg Sk|vlfv/ :8wk hg1/ hg1 G1U1Olgh/ FUF Suhvv/ Erfd Udwrq/

4<<71

K88<L U1D1 Urelqvrq dqg U1K1 Vwrnhv/ Hohfwuro|wh vroxwlrqv/ Orqgrq/ +4<8<,1

K88CL H1M1Z1 Yhuzh| dqg M1Wk1J1 Ryhuehhn/ Wkhru| ri wkh vwdelolw| ri o|rskrelf froorlgv/ Hovhylhu

+4<7;,1

K88=L E1Y1 Ghumdjlq/ Q1E1 Fkxudhy/ dqg Y1P1 Pxoohu/ Vxuidfh irufhv/ Prvnyd/ Qdxnd/ +4<;:, ^lq

Ulvvldq`1

K8*+L M1 O|nohpd/ lq %Dgvruswlrq iurp vroxwlrq dw wkh vrolg2oltxlg lqwhuidfh%/ Hgv= J1G1 Sdu�ww/

F1K1Urfkhvwhu/ s156</ +4<;6,1

K8*8L O1G1 Odqgdx dqg H1P1 Olivklw}/ Vwdwlvwlfdo Sk|vlfv/ Shujdprq/ Qhz0\run/ +4<:;,1

K8**L J1 Odpp dqg J1U1 Sdfn/ Fdofxodwlrq ri glhohfwulf frqvwdqw qhdu sro|hohfwuro|whv lq vroxwlrq/ M1

Sk|v1 Fkhp1/ 434 <8<0<98 +4<<:,1

K8*>L M1J1 Gxjxlg/ Y1D1 Eorrp�hog/ M1P1 Ehqhylghv/ dqg J1M1 Wkrpdv Mu1/ Udpdq Vshfwurvfrs|

ri GQD0phwdo frpsoh{hv1 LL1 Wkh wkhupdo ghqdwxudwlrq ri GQD lq wkh suhvhqfh ri Vu2n/

Ed2n>Fd2n/ Pq2n> Fr2n> Ql2n> dqg Fg2n> Elrsk|v1 M1/ 9< 595605974 +4<<8,1

=@



1-1*-�<:
!0= 1-1*-�<:
!0=
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e| krprorjrxv uhfrpelqdwlrq/ Surf1 Qdwo1 Dfdg1 Vfl1 X1V1D1/ <; ;7360;743 +5334,1

K8A>L S1 Kdvw|/ M1 Ulyhudshuh}/ F1 Fkdqj/ dqg D1 Euhjoh|/ Wdujhw iuhtxhqf| dqg lqwhudfwlrq sdwwhuq

iru lqvhuwlrq dqg uhsodfhphqw yhfwruv lq hpeu|rqlf vwhp0fhoov/ Pro1 Fhoo1 Elro1/ 44/ 783<0784:

+4<<4,> S1 Kdvw|/ M1 Ulyhudshuh}/ dqg D1 Euhjoh|/ Wkh ohqjwk ri krprorj| uhtxluhg iru jhqh

wdujhwlqj lq hpeu|rqlf vwhp0fhoov/ Pro1 Fhoo1 Elro1/ 44 88;9088<4 +4<<4,1

=B



1-1*-�<:
!0= 1-1*-�<:
!0=

K8A@L \1V1 Urqj dqg N1J1 Jrolf/ Jhqh wdujhwlqj e| krprorjrxv uhfrpelqdwlrq lq Gurvrsklod/ Vflhqfh/
5;; 53460534; +5333,1

K8AAL E1V1 Vlqjhu/ O1 Jrog/ S1 Jdxvv/ dqg G1K1 Grkhuw|/ Ghwhuplqdwlrq ri wkh dprxqw ri krprorj|

uhtxluhg iru uhfrpelqdwlrq ri edfwhulrskdjh W7/ Fhoo/ 64 58066 +4<;5,1

K8ABL Y1P1 Zdww/ F1M1 Lqjohv/ P1V1 Xughd/ dqg Z1M1 Ulwwhu/ Krprorj| uhtxluhphqwv iru uhfrpelqdwlrq

ri Hvfkhulfkld frol/ Surf1 Qdwo1 Dfdg1 Vfl1 X1V1D1 ;5/ 7:9;07::5 +4<;8,1
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