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Abstract 
There is no clear-cut boundary between Free and Open Source Software and Open Scholarship, and 
the histories, practices, and fundamental principles between the two remain complex. In this study, 
we critically appraise the intersections and differences between the two movements. Based on our 
thematic comparison here, we conclude several key things. First, there is substantial scope for new 
communities of practice to form within scholarly communities that place sharing and 
collaboration/open participation at their focus. Second, Both the principles and practices of FOSS can 
be more deeply ingrained within scholarship, asserting a balance between pragmatism and social 
ideology. Third, at the present, Open Scholarship risks being subverted and compromised by 
commercial players. Fourth, the shift and acceleration towards a system of Open Scholarship will be 
greatly enhanced by a concurrent shift in recognising a broader range of practices and outputs beyond 
traditional peer review and research articles. In order to achieve this, we propose the formulation of 
a new type of institutional mandate. We believe that there is substantial need for research funders to 
invest in sustainable open scholarly infrastructure, and the communities that support them, to avoid 
the capture and enclosure of key research services that would prevent optimal researcher behaviours. 
Such a shift could ultimately lead to a healthier scientific culture, and a system where competition is 
replaced by collaboration, resources (including time and people) are shared and acknowledged more 
efficiently, and the research becomes inherently more rigorous, verified, and reproducible. 
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DIPQ[G D]jP� hkEP <h �OQNj�OQpQ[O�� <[G jPQgG� fkIhjQ][h <D]kj jPI g]YIh ]N E]ZZIgEQ<Y dY<sIgh� � � � � � � � � � � � � �

Q[�I<EP�hd<EI���

Ɣ �[ jPI jPQgG hIEjQ][� qI GQhEkhh qP<j qI E<[ YI<g[ <D]kj hshjIZh ]N gIq<gG� p<YkI� <[G� � � � � � � � � � � � � � � �

gIdkj<jQ][ Ds E]Zd<gQ[O jPI jq] �]dI[h�� !<[s dg]DYIZh qQjPQ[ Z]GIg[ hEP]Y<ghPQd E<[ DI� � � � � � � � � � � � �
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jg<EIG j]q<gGh < GINIEjQpI hshjIZ ]N gIdkj<jQ][ <EEgk<Y <[G gIq<gG� 7P<j E<[ $dI[� � � � � � � � � � � � �

/EP]Y<ghPQd�YI<g[�Ng]Z��$//�Q[�jPQh�gIO<gG���

Ɣ �[ jPI N]kgjP hIEjQ][ qI <hX P]q �]dI[[Ihh� Q[jIghIEjh qQjP QhhkIh <g]k[G gIdg]GkEQDQYQjs <[G� � � � � � � � � � � � � �

G<j< hP<gQ[O� !<[s NQIYGh ]N Z]GIg[ gIhI<gEP <gI k[GIgO]Q[O qP<j Qh ]NjI[ jIgZIG <� � � � � � � � � � � � � �

�gIdg]GkEQDQYQjs EgQhQh�� 0PQh hIEjQ][ qQYY Y]]X Q[j] P]q �$// <[G ]dI[ G<j< Q[jIghIEj qQjP� � � � � � � � � � � � � �

$dI[�/EP]Y<ghPQd�j]�<GGgIhh�jPQh�EgQjQE<Y�QhhkI���

1[GIghj<[GQ[O []jQ][h ]N �]dI[[Ihh� Q[ h]Njq<gI <[G� � � � � � �

hEP]Y<ghPQd�

� Y<gOI Q[jIghIEjQ][ IrQhjh DIjqII[ jPI dgQ[EQdYIh <[G dPQY]h]dPQIh jP<j k[GIgYs �$// <[G $dI[� � � � � � � � � � � � � �

/EP]Y<ghPQd� �kI j] jPIQg PQhj]gQE<Y ]pIgY<d� qI E<[ Q[pIhjQO<jI jPI E]�dg]GkEjQ][ jP<j OI[Ig<jIG� � � � � � � � � � � � �

D]jP Q[ jPIQg EkggI[j ZkYjQjkGI hP<dIh� 7I gIE]O[QhI Z]pIZI[jh ]N E][pIgOI[EI <h qIYY <h� � � � � � � � � � � � � �

GQpIgOI[EI Q[ jPIQg hP<gIG PQhj]gs� �]g Ir<ZdYI� h]Njq<gI <[G G<j< <EEIhhQDQYQjs ¥I�O�� <p<QY<DQYQjs�� � � � � � � � � � � � �

Q[hdIEjQ][� <[G gI�khI¦ <gI []q E][hQGIgIG dgIgIfkQhQjI N]g Z<XQ[O NkYY gIhI<gEP I[pQg][ZI[jh� � � � � � � � � � � �

jg<[hd<gI[j <[G gQO]g]kh I[]kOP j] gIdg]GkEI gIhkYjh ¥�P]hP Ij <Y� ÃÁÂÃ� /<[GpI Ij <Y� ÃÁÂÄ�� � � � � � � � � � � � � � �

!QYYZ<[ <[G +IgIv ÃÁÂÅ� �]EfkIj <[G 7QIDIg ÃÁÂÉ¦� !<[s Z]GIg[ G<j< E]YYIEjQ][ <[G <[<YshQh� � � � � � � � � � � � � �

q]gXNY]qh� Q[EYkGQ[O dgId<g<jQ][ <[G GQhhIZQ[<jQ][ ]N dkDYQE<jQ][h� gIYs ][ < g<[OI ]N IhhI[jQ<Y� � � � � � � � � � � � �

h]Njq<gI ]g 7ID�D<hIG j]]Yh N]g qPQEP d]qIgNkY �$// h]YkjQ][h <YgI<Gs IrQhj ¥I�O�� �.�� �+sjP][ �� ��kYQ<��� � � � � � � � � � � � � � �

�"1 +/++�¦� 0PI E]ZDQ[IG <DQYQjs j] Q[GIdI[GI[jYs gIdg]GkEI <[G gINkjI gIhI<gEP Qh ][I ]N jPI� � � � � � � � � � � � � � �

EgQjQE<Y IYIZI[jh N]g Z]hj ]N jPI hEQI[jQNQE I[jIgdgQhI ¥+]ddIg ÂÊÆÊ¦� $dI[[Ihh Q[ gIhI<gEP h]Njq<gI� � � � � � � � � � � � � �

<[G G<j< dg]ZQhIh j] PIYd EY]hI jPI GQOQj<Y GQpQGI <[G I[P<[EI jPI GIZ]Eg<jQE OY]D<YQh<jQ][ ]N� � � � � � � � � � � � � � �

gIhI<gEP d<gjQEQd<jQ][ ¥!<s ÃÁÁÇ� �kEPh <[G �]g<X ÃÁÁÉ� +<EXIg ÃÁÁÊ¦� <[G <gI EgQjQE<Y j] PI<YjPQIg� � � � � � � � � � � � � � �

h]EQ]�EkYjkg<Y <[G d]YQjQE<Y GQhE]kghI ¥!Igj][ ÂÊÅÃ¦� �h jPI N]k[G<jQ][h DIPQ[G �$// jI[G j] DI� � � � � � � � � � � � � �

Z]gI jP]g]kOPYs hjkGQIG <[G k[GIghj]]G� k[GIghj<[GQ[O Qjh PQhj]gs E<[ PIYd j] IYkEQG<jI Z]GIg[� � � � � � � � � � � � �

E][EIdjh�]N�hEP]Y<ghPQd�<[G�jPIQg�NkjkgI�E]�Ip]YkjQ][�¥�gIjjP<kIg�ÃÁÁÂ��7IDIg�ÃÁÁÅ¦�¥�QOkgI�Â¦���
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���1.� Â � 0QZIYQ[I� +<g<YYIY �p]YkjQ][ ]N $dI[ /]kgEI <[G $dI[ /EP]Y<ghPQd ¥hII� � � � � � � � � � � � �

Pjjdh���DY]O�NY<p]kgh]N]dI[�hEQI[EI�jQZIYQ[I� ��N]g�Q[jIg<EjQpI�pIghQ][¦��

�

��DgQIN�PQhj]gs�]N�jPI��gII�/]Njq<gI�<[G�$dI[�/]kgEI�Z]pIZI[jh�

0PI ]gQOQ[h ]N ��NgII� h]Njq<gI <gI EY]hIYs jQIG j] jPI GIpIY]dZI[j ]N jPI NQghj Z<hh�dg]GkEIG� � � � � � � � � � � � � � �

E]ZdkjIgh Q[ jPI ÂÊÆÁh� Dk[GYIG j]OIjPIg <h d<EX<OIh Ds ��!� 0PI <G]djQ][ ]N jQZI�hP<gQ[O� � � � � � � � � � � � � �

Z<Q[Ng<ZIh� <[G jPI GIpIY]dZI[j ]N hj<[G<gGQvIG ]dIg<jQ[O hshjIZh <[G dg]Og<ZZQ[O Y<[Ok<OIh� � � � � � � � � � �

N]g hkEP Q[Ng<hjgkEjkgIh ¥YI<GQ[O Ng]Z !kYjQEh j] 1[Qr <[G jPI  Y<[Ok<OI� Q[ jPI Y<jI ÂÊÇÁh <[G I<gYs� � � � � � � � � � � � � � � � � �

ÂÊÈÁh¦� EgI<jIG <[ I[pQg][ZI[j Q[ qPQEP h]kgEI E]GI N]g <E<GIZQE E]ZdkjQ[O E]kYG DI hP<gIG�� � � � � � � � � � � � � �

gIdIjQjQpI q]gX q<h YINj j] Z<EPQ[I <[G X[]q�P]q E]kYG DI fkQEXYs d<hhIG ]pIg� �]qIpIg� jPI �gII� � � � � � � � � � � � � � � �

/]Njq<gI Z]pIZI[j QjhIYN q<h Y<k[EPIG Q[ �ÂÊÉÄ ¥hII jPI ]gQOQ[<Y <[[]k[EIZI[j Ds .QEP<gG /j<YYZ<[� � � � � � � � � � � � � �

PIgI�¦� N]YY]qIG Ds jPI Y<k[EP ]N jPI ��"1 dg]WIEj D<hIG <g]k[G jPI NgII ]dIg<jQ[O hshjIZ �"1� � � � � � � � � � � � � � � �

¥ÂÊÉÅ¦� Z]hj QZd]gj<[jYs jPQh gIdgIhI[jIG jPI NQghj �$// ]gO<[QvIG Z<[QNIhj]� 0PI dkgd]hI PIgI q<h� � � � � � � � � � � � � �

j] dg]GkEI < []pIY h]Njq<gI hshjIZ Ds hP<gQ[O jPI OI[Ig<Y E]GI X[]qYIGOI� qPQEP q<h k[jQY jPI[� � � � � � � � � � � � � � � �

dgQZ<gQYs E]pIgIG Ds Q[jIYYIEjk<Y dg]dIgjs� 0PI QGI< ]N Q[jIYYIEjk<Y dg]dIgjs gQOPjh q<h Q[E]Zd<jQDYI� � � � � � � � � � � � �
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qQjP qP<j jPI N]k[GIgh E<YYIG �Nk[G<ZI[j<Y NgIIG]Zh � qPQEP EgI<jIG < [Iq hIj ]N p<YkIh <g]k[G� � � � � � � � � � � � � � �
Â

I[E]kg<OQ[O jPI <DQYQjs j] gk[� hjkGs� EP<[OI� <G<dj� <[G gIGQhjgQDkjI h]Njq<gI qQjP]kj gIhjgQEjQ][�� � � � � � � � � � � � �

/Q[EI ÂÊÉÆ� jPI Z]pIZI[j P<h DII[ ]pIghII[ Ds jPI [][�dg]NQj ��gII /]Njq<gI �]k[G<jQ][ �� 0PI �"1� � � � � � � � � � � � � � �

dg]WIEj <[G < GINQ[QjQ][ ]N �gII /]Njq<gI qIgI EgI<jIG <h < gIhkYj ]N jPQh� DIE]ZQ[O jPI �GI N<Ej]� � � � � � � � � � � � � � � � � �

Z<[QNIhj] N]g jPI Z]pIZI[j� 0PI ��"1 �I[Ig<Y +kDYQE  QEI[hI ¥�+ ¦ q<h NQghj khIG Q[ ÂÊÉÊ Ds jPI� � � � � � � � � � � � � � � � �

�"1 GIpIY]dIg jI<Z j] Dg]<GYs GQhjgQDkjI h]Njq<gI gIYI<hIG <h d<gj ]N jPI �"1 dg]WIEj� �"1 Qh� � � � � � � � � � � � � � � �

dg]D<DYs ][I ]N jPI Z]hj E]ZZ][ <[G X[]q[ E<hIh ]N �E]dsYINj�� 0PI EkggI[j pIghQ][ ¥�+ pÄ¦�� � � � � � � � � � � � � � �

gIYI<hIG�Q[�ÃÁÁÈ��Qh�hjQYY�qQGIYs�khIG�j]G<s��Q[�ÃÁÂÊ��

�[ ÂÊÊÉ� jPI �$dI[ /]kgEI �[QjQ<jQpI ¥$/�¦ q<h Y<k[EPIG <h <[ ]NNhP]]j ]N jPI �gII /]Njq<gI� � � � � � � � � � � � � � � �

Z]pIZI[j� �h d<gj ]N jPI $/�� �gQE /� .<sZ][G �]kjYQ[IG PQh QhhkIh qQjP jPI jIgZ � ��gII /]Njq<gI���� � � � � � � � � � � � � � � � �

d<gjQEkY<gYs Q[ Qjh <ZDQOkQjs gIO<gGQ[O IQjPIg dgQEQ[O ]g YQEI[hQ[O� �I <Gp]E<jIG N]g Qjh gIdY<EIZI[j� � � � � � � � � � � � � �

� �$dI[ /]kgEI�� <h < Y<DIY j] GIhEgQDI gIkh<DYI h]Njq<gI <[G jPI EkYjkgI hkgg]k[GQ[O jPQh� !kEP ]N jPI� � � � � � � � � � � � � � � � �

Z]jQp<jQ][ N]g $dI[ /]kgEI q<h D<hIG ][ hjg<jIOQE gIDg<[GQ[O ]N jIEP[QE<Y �IrEIYYI[EI� <[G� � � � � � � � � � � � �

dg<OZ<jQhZ Q[ h]Njq<gI dg]GkEjQ][ j] Z<XI Qj Z]gI E]Zd<jQDYI qQjP E]ZZIgEQ<Y Q[jIgIhjh <g]k[G� � � � � � � � � � � � �

E]ZZ]GQNQE<jQ][ ]N h]kgEI E]GI� Q[EYkGQ[O jPg]kOP E][hkYj<jQ][ hIgpQEIh ¥ Ig[Ig <[G 0gQ]YI ÃÁÁÁ¦�� � � � � � � � � � � �

"]q� �$// P<h DIE]ZI <[ <YZ]hj kDQfkQj]kh d<gj ]N Z]GIg[ h]EQIjs� <YjP]kOP GIGQE<jIG dg]WIEjh� � � � � � � � � � � � � �

hIIZ j] DI Y<gOIYs N]EkhIG Q[ "]gjP �ZIgQE<� PQ[<� <[G qIhjIg[ �kg]dI� qQjP gIY<jQpIYs YQjjYI� � � � � � � � � � � � � � �

G]EkZI[jIG <EjQpQjs <Eg]hh I[jg<Y �ZIgQE<� /� �hQ<� <[G �NgQE< ¥!]ZD<EP Ij <Y� ÃÁÂÉ¦� �pI[ []q�� � � � � � � � � � � � � � �

<NjIg Z]gI jP<[ ÃÁ sI<gh hQ[EI jPI Q[EIdjQ][ ]N jPI $/�� jPI GINQ[QjQ][ ]N $dI[ /]kgEI gIZ<Q[h� � � � � � � � � � � � � � � � �

E][jIhjIG� 0IEP[]Y]Os Qh k[GIgO]Q[O <[ IrjgIZI g<jI ]N Og]qjP� <[G GINQ[QjQ][h gIfkQgI E][hj<[j� � � � � � � � � � � � �

<G<dj<jQ][ j] [Iq <gI<h jP<j jIEP[]Y]Os Qh GIpIY]dQ[O� jPQh Z<XIh Qj GQNNQEkYj j] Ihj<DYQhP < OY]D<Y� � � � � � � � � � � � � � � �

GINQ[QjQ][�jP<j�E<[�E]pIg�Z<[s�GQNNIgI[j�NQIYGh�<[G�Q[jIgIhjh��

� XIs E]Zd][I[j k[QjQ[O D]jP $dI[ /]kgEI <[G �gII /]Njq<gI Qh jP<j dI]dYI� Q[ dgQ[EQdYI� P<pI <� � � � � � � � � � � � � � � � �

[<jkg<Y gQOPj j] hP<gI� gI�khI <[G Z]GQNs h]kgEI E]GI� <[G hP]kYG jPIgIN]gI DI EYI<gYs Og<[jIG jPQh� � � � � � � � � � � � � � � �

gQOPj� 0PQh Qh GQNNIgI[j Ng]Z jPI gQOPj j] E][jgQDkjI� <[G Qh YIO<YYs I[N]gEIG jPg]kOP IrdYQEQj E][GQjQ][h� � � � � � � � � � � � � � � �

<g]k[G YQEI[hQ[O <[G E]dsgQOPj� IZDIGGIG qQjPQ[ jPI �$dI[ /]kgEI �INQ[QjQ][ �� $dI[ /]kgEI N]EkhhIG� � � � � � � � � � � � �

Z]gI ][ jPI GIpIY]dZI[j�dg]GkEjQ][ hQGI qQjP < Z]gI INNIEjQpI �D<v<<g� Z]GIY ¥.<sZ][G ÃÁÁÂ¦� � � � � � � � � � � � �

N]g E]YY<D]g<jQ[O� qPQEP G]Ih []j IrdYQEQjYs Ok<g<[jII �gII /]Njq<gI°h Nk[G<ZI[j<Y NgIIG]Zh� 0PI� � � � � � � � � � � �

D<v<<g Qh E][hQGIgIG <[ <YZ]hj kj]dQ<[� GIEI[jg<YQhIG N]gZ ]N GIZ]Eg<jQE ]gO<[Qh<jQ][ Q[ E][jg<hj j]� � � � � � � � � � � � � �

jPI jsdQE<Y �E<jPIGg<Y� ]N EI[jg<YQhIG dg]GkEjQ][� /j<YYZ<[ �hkZZ<gQhIG jPQh GQpIgOI[EI <h �$dI[� � � � � � � � � � � �

/]kgEI Qh < GIpIY]dZI[j ZIjP]G]Y]Os� �gII /]Njq<gI Qh < h]EQ<Y Z]pIZI[j�� 0PQh Qh <Yh] ]NjI[� � � � � � � � � � � � � � �

Â �0PI NgIIG]Z j] gk[ jPI dg]Og<Z <h s]k qQhP� N]g <[s dkgd]hI� 0PI NgIIG]Z j] hjkGs P]q jPI dg]Og<Z� � � � � � � � � � � � � � � � � � � �
q]gXh� <[G EP<[OI Qj h] Qj G]Ih s]kg E]ZdkjQ[O <h s]k qQhP� �EEIhh j] jPI h]kgEI E]GI Qh < dgIE][GQjQ][ N]g� � � � � � � � � � � � � � � � � � � � �
jPQh� 0PI NgIIG]Z j] gIGQhjgQDkjI E]dQIh h] s]k E<[ PIYd s]kg [IQOPD]g� 0PI NgIIG]Z j] GQhjgQDkjI E]dQIh ]N� � � � � � � � � � � � � � � � � �
s]kg Z]GQNQIG pIghQ][h j] ]jPIgh� �s G]Q[O jPQh s]k E<[ OQpI jPI qP]YI E]ZZk[Qjs < EP<[EI j] DI[INQj Ng]Z� � � � � � � � � � � � � � � � � � �
s]kg�EP<[OIh���EEIhh�j]�jPI�h]kgEI�E]GI�Qh�<�dgIE][GQjQ][�N]g�jPQh���
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<YYkGIG j] Q[ jPI qQGIYs X[]q[ hY]O<[ Ng]Z /j<YYZ<[� ��NgII� <h Q[ �NgII hdIIEP�� []j <h Q[ �NgII DIIg���� � � � � � � � � � � � � � � � � � �

0PQh Qh IfkQp<YI[j j] NgII <h Q[ �YQDgI� g<jPIg jP<[ NgII <h Q[ �Og<jQh�� Q[ Z<[s Y<[Ok<OIh� ]g �j] DI NgII�� � � � � � � � � � � � � � � � � � � � �

pIghkh �j] DI N]g NgII�� 0PI <Eg][sZh �$// ]g � $// ¥NgII�YQDgI ]dI[ h]kgEI h]Njq<gI¦ <gI <DYI j]� � � � � � � � � � � � � � � � �

I[E]Zd<hh <YY <hdIEjh ]N jPI $dI[ /]kgEI <[G �gII /]Njq<gI Z]pIZI[jh� "]q� $dI[ /]kgEI�� � � � � � � � � � � � � �

qQjP]kj jPI Z]g<Y Y]<G <hh]EQ<jIG qQjP jPI q]gG �NgII�� Qh jPI hj<[G<gG jIgZ khIG j] gINIg j] jPQh� � � � � � � � � � � � � � � � � �

EY<hh ]N h]Njq<gI� <[G Qh []q kDQfkQj]kh Q[ jPI OY]D<Y E]ZdkjQ[O Y<[GhE<dI ¡ Q[EYkGQ[O qQjPQ[� � � � � � � � � � � � � � �

hEP]Y<gYs�gIhI<gEP��

0PI�Q[jIgq]pI[�PQhj]gQIh�]N�$dI[��EEIhh�<[G�$dI[�/EP]Y<ghPQd�

/EP]Y<ghPQd� hEP]Y<gYs QGI[jQjQIh� <[G jPI d]YQjQEh <[G dg]EIhh ]N hEP]Y<gYs E]ZZk[QE<jQ][ P<pI < gQEP�� � � � � � � � � � � � � �

[][�YQ[I<g� Q[E][hQhjI[j� gIOQ][� <[G GQhEQdYQ[I�hdIEQNQE PQhj]gs ¥hQhv<g ÃÁÂÇ� ÃÁÂÉ¦� 0PI jsdQE<YYs� � � � � � � � � � �

Q[hjQjkjQ][<YQhIG N]gZh jP<j G]ZQ[<jI Z]GIg[ hEP]Y<ghPQd� E<ZI <D]kj <h d<gj ]N < hPQNj j]q<gGh� � � � � � � � � � � � � �

Q[EgI<hQ[O �EQjQvI[ hEQI[EI� jPg]kOP jPI ÂÊjP EI[jkgs ¥/P<dQ[ ÃÁÂÂ¦� 0PQh q<h N]YY]qIG Ds jPI� � � � � � � � � � � � � �

IrdY]hQ][ ]N OY]D<Y hEP]Y<ghPQd Q[ jPI d]hj�/IE][G 7]gYG 7<g sI<gh� YI<GQ[O j] Q[EgI<hIG Og]qjP ]N� � � � � � � � � � � � � � �

jPI PQOPIg IGkE<jQ][ hIEj]g� GQpIghQNQE<jQ][ ]N <E<GIZQE g]YIh <[G E<gIIg d<jPh� Q[EgI<hQ[O� � � � � � � � � � � �

Q[jIg[<jQ][<Y d<gjQEQd<jQ][ Q[ gIhI<gEP� <[G Q[EgI<hQ[O GQhhIZQ[<jQ][ ]N <E<GIZQE ]kjdkjh jPg]kOP� � � � � � � � � � �

hEP]Y<gYs W]kg[<Yh <[G D]]Xh ¥�sNI Ij <Y� ÃÁÂÈ¦� 0]OIjPIg� jPIhI N<Ej]gh YIG j] <[ Q[jgQE<jIYs Ip]YpQ[O� � � � � � � � � � � � � � � �

h]EQ]d]YQjQE<Y gIY<jQ][hPQd DIjqII[ jPI �dkDYQE� <[G hEP]Y<ghPQd ¥!Igj][ ÂÊÈÄ� �IQOIg ÃÁÂÈ� "IsY][� � � � � � � � � � � �

ÃÁÂÉ¦� /EP]Y<gYs dg<EjQEIh ]N hP<gQ[O dgIEIGI jPI ]gQOQ[h ]N hEP]Y<gYs W]kg[<Yh� D<hIG <g]k[G I<gYs� � � � � � � � � � � � � �

N]gZh ]N hEP]Y<gYs E]ZZk[QE<jQ][� hkEP <h qQj[IhhQ[O IrdIgQZI[jh� <[G Y<jIg� jPI IrEP<[OI ]N YIjjIgh� � � � � � � � � � � � � �

DIjqII[ hEQI[jQhjh� <h jPI NQghj N]gZ ]N h]�E<YYIG �pQgjk<Y qQj[IhhQ[O� ¥/P<dQ[ ÂÊÉÅ¦� 0PIhI I<gYs N]gZh� � � � � � � � � � � � � � �

]N hP<gQ[O qIgI PQOPYs IrEYkhQpI <[G E<jIgIG ][Ys j] < hZ<YY <[G Y]E<Y IYQjI� $pIg jPI E]kghI ]N jPI� � � � � � � � � � � � � � � � � � �

EI[jkgQIh N]YY]qQ[O jPI hEQI[jQNQE gIp]YkjQ][� jPI �dkDYQE� EP<g<EjIg ]N hEQI[EI EP<[OIG� 0PQh q<h� � � � � � � � � � � � �

dgQZ<gQYs GkI j] < hPQNj Q[ qP] Qh E][hQGIgIG j] DI Q[EYkGIG Q[ jP<j �dkDYQE�� Q[N]gZIG Ds <[ Ip]YkjQ][� � � � � � � � � � � � � � � � � � �

]N jPI �h]EQ<Y E][jg<Ej ]N hEQI[EI� jP<j Q[EgI<hQ[OYs dY<EIG hEQI[EI Q[hQGI h]EQIjs� <h ]dd]hIG j]� � � � � � � � � � � � � � �

Ih]jIgQE<YYs P]pIgQ[O <D]pI Qj ¥�QDD][h ÂÊÊÊ¦� � E][hIfkI[EI ]N jPQh q<h jP<j Z<[s Z]gI dI]dYI� � � � � � � � � � � � � � �

DIE<ZI YIOQjQZ<jI ZIZDIgh ]N jPI dkDYQE ]N hEQI[EI� qP]hI p]QEIh qIgI E][hQGIgIG q]gjPs ]N� � � � � � � � � � � � � �

d<gjQEQd<jQ][�<[G�Q[EYkhQ][�¥�QDD][h�Ij�<Y��ÂÊÊÅ¦���

+IgP<dh jPI DQOOIhj Q[[]p<jQ][ Q[ jPI PQhj]gs ]N hEP]Y<gYs gIhI<gEP q<h jP<j ]N jPI dgQ[jIG W]kg[<Y Q[� � � � � � � � � � � � � � � � �

jPI ÂÈ�jP I[jkgs� qPQEP DIE<ZI jPI dgQZ<gs pIPQEYI N]g E]ZZk[QE<jQ[O gIhI<gEP <[G GINQ[Q[O� � � � � � � � � � � � �

Q[EgI<hQ[OYs hdIEQ<YQhIG hEP]Y<gYs E]ZZk[QjQIh ¥+]jjh Ij <Y� ÃÁÂÈ� �<gjYIs Ij <Y� ÃÁÂÊ¦� 0PQh IrjI[GIG� � � � � � � � � � � � � �

jPI dPshQE<Y E]YYIOI Q[j] < pQgjk<Y E]YYIOI ¥/vj]ZdX< ÃÁÁÈ� hQhv<g ÃÁÂÉ¦� E]Q[EQGQ[O qQjP IZIgOQ[O� � � � � � � � � � � � � �

hEQI[jQNQE dg<EjQEIh <g]k[G q]gXQ[O E]YY<D]g<jQpIYs j] <Gp<[EI X[]qYIGOI <h < E]ZZ][ O]]G N]g� � � � � � � � � � � � �

h]EQIjs� g<jPIg jP<[ N]g dIgh][<Y ]g Q[hjQjkjQ][<Y O<Q[ ¥�<pQG ÃÁÁÅ�  <PjQ Ij <Y� ÃÁÂÈ¦� �]kg[<Y <gjQEYIh� � � � � � � � � � � � � � � �
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�

P<pI ][Ys hYQOPjYs Ip]YpIG hQ[EI jPIQg ]gQOQ[h� QGI<YYs []q E][j<Q[Q[O hkNNQEQI[j G]EkZI[j<jQ][ ]N� � � � � � � � � � � � �

gIhI<gEP dg]EIhhIh hkEP jP<j ]jPIgh E<[ DkQYG kd][ ]g gIdI<j jP<j gIhI<gEP� �IhdQjI jPI <GpI[j <[G� � � � � � � � � � � � � � � �

I[]gZ]kh Og]qjP ]N 7ID�D<hIG jIEP[]Y]OQIh jP<j dIgZQj Z]gI INNIEjQpI <[G Y]q�E]hj ZIjP]Gh ]N� � � � � � � � � � � � �

hP<gQ[O <[G GQhhIZQ[<jQ][� OgI<jIg IdQhjIZQE GQpIghQjs Q[ hEP]Y<ghPQd� <[G Q[EgI<hIG GIZ]Eg<jQh<jQ][� � � � � � � � � � �

]N <E<GIZQE X[]qYIGOI ¥$qI[� !<E[<OPjI[� <[G /jQYO]I ÃÁÂÃ� ]qYIs ÃÁÂÆ� �<gjOIgQ[X <[G p<[� � � � � � � � � � � � �

;IYhj ÃÁÂÉ� �<gjOIgQ[X ÃÁÂÊ� 0I[[<[j ÃÁÂÉD� !<gjQ[ ÃÁÂÊ¦� hEP]Y<gYs W]kg[<Yh <[G W]kg[<Y <gjQEYIh� � � � � � � � � � � � �

gIZ<Q[ Y<gOIYs <h Qh]Y<jIG <[G Y]q�jIEP GQOQj<Y pIghQ][h ]N jPIQg dgQ[jIG <[<Y]OkIh� �ddI<g<[EI ]N� � � � � � � � � � � � � �

jPIhI [Iq jIEP[]Y]OQIh E<j<YshIG jPI Z]GIg[ $dI[ �EEIhh ¥$�¦ Z]pIZI[j� qPQEP� hQZQY<g j] �$//�� � � � � � � � � � � � � �

dgQZ<gQYs N]EkhIh ][ dg]pQGQ[O k[gIhjgQEjIG <EEIhh j] gIhI<gEP <gjQEYIh ¥�kKG][ ÃÁÁÉ� /kDIg ÃÁÂÃ�� � � � � � � � � � � � �

0I[[<[j Ij <Y� ÃÁÂÇ¦ <[G PIYdQ[O j] Q[EgI<hI jPI OY]D<Y�dkDYQE EQgEkY<jQ][ ]N gIhI<gEP Q[N]gZ<jQ][� � � � � � � � � � � � � �

DIs][G dg]NIhhQ][<Y hEQI[jQhjh ¥�GE]EX <[G �]jjgIYY ÃÁÁÉ�  <<Xh] Ij <Y� ÃÁÂÂ� �<EIpQE <[G !kIYYIgYIQYI� � � � � � � � � � � � � �

ÃÁÂÉ¦� $� k[G]kDjIGYs P<h Qjh ]gQOQ[h <h < Og<hhg]]jh� E]ZZk[Qjs�YIG Q[QjQ<jQpI <h <[ <YjIg[<jQpI ]g� � � � � � � � � � � � � � �

E]ZdYIZI[j j] jsdQE<YYs hkDhEgQdjQ][�D<hIG dg]dgQIj<gs dkDYQhPQ[O pI[jkgIh ¥7QYYQ[hXs ÃÁÁÆ¦� "]q� Qj� � � � � � � � � � �

P<h DIE]ZI qQGIYs <G]djIG <j p<gQ]kh d]YQEs YIpIYh Ds k[QpIghQjQIh� O]pIg[ZI[jh� <[G Nk[GQ[O� � � � � � � � � � � � �

D]GQIh� ]NjI[ <YQO[IG qQjP jPI QZd<Ej ]g �IrEIYYI[EI� <OI[G<h ]N jPIhI Q[hjQjkjIh ¥�Q[EP Ij <Y� ÃÁÂÄ�� � � � � � � � � � � � � � � �

6IhhkgQ���kKG][��<[G�Ijj]�ÃÁÂÅ��!]]gI�Ij�<Y��ÃÁÂÈ���<jv���YYI[��Ij�<Y��ÃÁÂÉ¦���

0PI I<gYs PQhj]gs ]N jPI �[jIg[Ij Q[p]YpIG < [kZDIg ]N <E<GIZQEh D<hIG <j IQjPIg dgQp<jI ]g dkDYQE� � � � � � � � � � � � � � � � �

gIhI<gEP Q[hjQjkjIh ¥I�O�� 0QZ �Ig[Igh� II� �g<EI �]ddIg� �YQv<DIjP �<XI �IQ[YIg� /<YYs �Y]sG�  <qgI[EI� � � � � � � � � � � � �

 IhhQO� <[G  Q[kh 0]gp<YGh¦� hkOOIhjQ[O jP<j jPI QGI<Yh jP<j k[GIgdQ[ ZkEP ]N �$// P<pI jPIQg ]gQOQ[h� � � � � � � � � � � � � � � �

Ng]Z qQjPQ[ hEP]Y<ghPQd QjhIYN� $jPIgh hkOOIhj jP<j �$dI[ /EQI[EI� <[G jPI QGI< ]N hEQI[jQNQE� � � � � � � � � � � � � �

X[]qYIGOI <h < E]ZZ][ O]]G P<h Qjh ]gQOQ[h <h N<g D<EX <h jPI Y<jI hQrjII[jP <[G I<gYs hIpI[jII[jP� � � � � � � � � � � � � � � � � �

EI[jkgQIh ¥�<pQG ÃÁÁÅ� ÃÁÁÉ� /P<dQ[ ÃÁÂÂ� !<gjQ[ ÃÁÂÊ¦� 7PQYI Qj Qh GQNNQEkYj j] QGI[jQNs qPIjPIg $dI[� � � � � � � � � � � � � � � �

/]kgEI ]g $dI[ /EP]Y<ghPQd E<ZI �NQghj� GkI j] jPIQg Gs[<ZQE PQhj]gQIh� D]jP Gg<q Ng]Z jPI []jQ][h ]N� � � � � � � � � � � � � � � � �

E]ZZ][ O]]Gh ¥<[G hdIEQNQE<YYs GQOQj<Y E]ZZ][ O]]Gh jP<j <gI [][�gQp<Yg]kh¦ ¥$hjg]Z Ij <Y� ÃÁÁÃ�� � � � � � � � � � � � � �

�gQhEPZ<[[� !<GQh][� <[G /jg<[GDkgO ÃÁÂÅ¦� <[G k[gIhjgQEjIG d<gjQEQd<jQ][ <[G hP<gQ[O D<hIG ][ jPI� � � � � � � � � � � � �

k[GIgYsQ[O p<YkIh ]N IfkQjs <[G hkhj<Q[<DQYQjs� <Z][O ]jPIgh� ]Zd<gIG j] �$//� $dI[ /EP]Y<ghPQd Qh� � � � � � � � � � � � � �

dg<EjQE<YYs Z]gI E]ZdYIr ¥!Qg]qhXQ ÃÁÂÉ¦� jPI N]gZIg ][Ys gIY<jIh j] h]Njq<gI GIpIY]dZI[j� � � � � � � � � � � �

¥Q[EYkGQ[O Q[Ng<hjgkEjkgI� O]pIg[<[EI� YIO<Y <[G Nk[GQ[O QhhkIh¦� qPIgI<h jPI Y<jjIg gIO<gGh jPI I[jQgI� � � � � � � � � � � � �

dg]EIhh ]N hEP]Y<ghPQd� Q[EYkGQ[O gIhI<gEP <gjQEYIh� Og<[j dg]d]h<Yh� G<j<� h]Njq<gI� IGkE<jQ][<Y� � � � � � � � � � �

Z<jIgQ<Yh <[G ZIjP]Gh� <[G gIhI<gEP Ip<Yk<jQ][ ¥�<jv� !E�[[Ih� Ij <Y� ÃÁÂÉ� 0I[[<[j� �I<ZIg� Ij <Y�� � � � � � � � � � � � � � �

ÃÁÂÊ¦� ]N qPQEP hP<gQ[O jPI ]kjdkjh Ng]Z Qh []q qQGIYs QZdYIZI[jIG <[G IpI[ Z<[G<jIG qQjPQ[� � � � � � � � � � � � � � �

Z<[s�<gI<h�]N�hEP]Y<ghPQd�¥6Q[EI[j� <Z<ggI�Ij�<Y��ÃÁÂÇ¦���

!<[s ]N jPI Z]gI�gIEI[j 7ID�]gQI[jIG GIpIY]dZI[jh gIZ<Q[ Q[ GQgIEj jI[hQ][ qQjP jg<GQjQ][<Y� � � � � � � � � � � �

ZIjP]Gh ]N hEP]Y<gYs dkDYQhPQ[O� �IgI� E]ZZ]GQNQE<jQ][ <[G dgQp<jQh<jQ][ ]N gIhI<gEP P<h DIE]ZI� � � � � � � � � � � �
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�

jPI �GI N<Ej] �[]gZ N]g ZkEP ]N jPI Q[Gkhjgs� qPQEP gIYQIG ][ IrEYkhQ][<gs DkhQ[Ihh Z]GIYh j] hkdd]gj� � � � � � � � � � � � � � � � �

QjhIYN� �IE<khI ]N jPQh� h]ZI <Ej]gh Q[ jPI dgQp<jI hIEj]g� <h qIYY <h < [kZDIg ]N dg]NIhhQ][<Y� � � � � � � � � � � � � � � � �

<E<GIZQE h]EQIjQIh� P<pI IpI[ j<XI[ <EjQpI hj<[EIh j] hkDpIgj� E]�]dj� ]g IpI[ hj]d dg]OgIhh j]q<gGh� � � � � � � � � � � � � � �

Z]gI Q[EYkhQpI <[G ]dI[ hshjIZh ¥+]h<G< <[G PI[ ÃÁÂÉ� 0I[[<[j ÃÁÂÉ<¦� 0PI PsdIg�E]ZdIjQjQpI� � � � � � � � � � � � �

gIq<gG hshjIZ ][Ys hIIZh j] P<pI Ir<EIgD<jIG jPQh� Q[hjI<G dg]Z]jQ[O hIEgIEs <[G Q[GQpQGk<YQhZ� � � � � � � � � � � � �

g<jPIg jP<[ <[s N]gZ ]N E]YYIEjQpI E]YY<D]g<jQ][ N]g X[]qYIGOI OI[Ig<jQ][ ¥!Igj][ ÂÊÇÉ¦� 0PQh� � � � � � � � � � � � �

jI[hQ][ <ddI<gh j] DI dgIp<YI[j Q[ "]gjP �ZIgQE< <[G qIhjIg[ �kg]dI� qQjP h]ZI gIOQ][h hkEP <h� � � � � � � � � � � � � � � �

 <jQ[ �ZIgQE< hIIZQ[O j] P<pI Z<GI ZkEP hjg][OIg dg]OgIhh j]q<gGh P<pQ[O hEP]Y<gYs gIhI<gEP� � � � � � � � � � � � �

dg]GkEIG jPIgI Z<GI <EEIhhQDYI N]g jPI DIjjIgZI[j ]N qQGIg h]EQIjs ¥+<EXIg ÃÁÁÊ� �YdIgQ[ <[G� � � � � � � � � � � � � �

�QhEPZ<[ ÃÁÂÆ� $EP]< <[G 1gQDI�0Qg<G] ÃÁÂÉ� �ID<j <[G �<DQ[Q ÃÁÂÊ¦� kggI[j jgI[Gh Q[ $� <[G� � � � � � � � � � � � � � �

$dI[ /EP]Y<ghPQd E<[[]j jPIgIN]gI DI E][hQGIgIG <h Qh]Y<jIG �Z]pIZI[jh�� Dkj Q[hjI<G <h� � � � � � � � � � � �

Q[jIghIEjQ[O qQjP < E]ZdYIr <gg<s ]N fkIhjQ][h� hkEP <h qPIjPIg hEP]Y<gYs dg]EIhhIh <[G ]kjdkjh� � � � � � � � � � � � � �

hP]kYG DI <DYI j] DI hkDWIEj j] dgQp<jQh<jQ][ ]g E]ZZ]GQNQE<jQ][ ¥I�O�� jPg]kOP E]dsgQOPj <[G� � � � � � � � � � � � � �

d<jI[jh¦� /kEP QhhkIh P<pI <Yh] DII[ dg]ZQ[I[j Q[ GID<jIh qQjPQ[ �$// E]ZZk[QjQIh� <[G E<[ PIYd j]� � � � � � � � � � � � � � � �

Ng<ZI ][I ]N jPI E]gI QhhkIh ]N jPI dgIhI[j hEP]Y<gYs E]ZZk[QE<jQ][ hshjIZ� 0PQh E]ZdYIr dYkg<YQjs� � � � � � � � � � � � � � �

IrQhjh IhdIEQ<YYs qQjP gIhdIEj j] hs[jPIjQE Z]GIg[ k[GIghj<[GQ[Oh ]N ]dI[[Ihh� <[G dgIhI[jh jPI� � � � � � � � � � � � �

hE]dI N]g qPQEP <[ Q[jIOg<jIG k[GIghj<[GQ[O ]N �$// EkYjkgI E<[ DI d]jI[jQ<YYs YIpIg<OIG Q[� � � � � � � � � � � � � �

hEP]Y<ghPQd���

��gIhkgOI[EI�Q[��]dI[�gIhI<gEP�dg<EjQEIh��
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!<gjQ[ ÃÁÂÊ¦� /]ZI gIhI<gEPIgh []q IpI[ hIYN�QGI[jQNs <h �]dI[ hEP]Y<gh� ]g �]dI[ hEQI[jQhjh� <h <� � � � � � � � � � � � � � �

gIhkYj ]N jPQh� �j Qh []jIq]gjPs jP<j jPIhI GQpIgOQ[O IrjI[hQ][h ]N jPI qID ]N ZI<[Q[Oh <[G� � � � � � � � � � � � � � � �

E]ggIhd][GQ[O <ddYQE<jQ][h [IQjPIg P<ddI[ Q[ E][Ogk]kh� hQZkYj<[I]kh <[G�]g k[QN]gZ Z<[[Ig� []g� � � � � � � � � � �
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�

G] jPIs I[E]Zd<hh jPI h<ZI ]DWIEj ]N QGI[jQNQE<jQ][� �j <Yh] Qh k[EYI<g qP<j hdIEQNQE<YYs Z<XIh ][I <[� � � � � � � � � � � � � � � � �

�]dI[ hEQI[jQhj� ]g �]dI[ hEP]Y<g� ¥]g []j¦� qP<j jPI GQNNIgI[EIh ]g hQZQY<gQjQIh DIjqII[ jPI jq] <gI�� � � � � � � � � � � � � � � �

<[G�qP]�P<h�jPI�Z]g<Y�<kjP]gQjs�j]�GINQ[I�qP<j�k[GIgdQ[h�jPQh�¥<[G�$dI[�/EP]Y<ghPQd�Q[�OI[Ig<Y¦���

/P]gjYs <NjIg jPI jkg[ ]N jPI !QYYI[[QkZ� ĠI[jogX ¥ÃÁÁÂ¦ GIhEgQDIG �]dI[ hEQI[EI� <h < h]YkjQ][ j]� � � � � � � � � � � � � � � �

�EY]hIG� <[G hjgkEjkg<YYs IrEYkhQpI Z]GIh ]N hEQI[EI� E]ZdgQhQ[O jPgII E]gI EP<g<EjIgh� ZkYjQdYIr� � � � � � � � � � � �

][j]Y]Os� ZkYjQdYIr IdQhjIZ]Y]Os� <[G ZIjP]G]Y]OQE<Y dYkg<YQhZ� �h N<g <h qI <gI <q<gI� jPQh� � � � � � � � � � � � �

gIZ<Q[h jPI I<gYQIhj Q[jg]GkEjQ][ ]N �]dI[ hEQI[EI� Q[j] jPI hEP]Y<gYs YQjIg<jkgI� <[G sIj gIZ<Q[h� � � � � � � � � � � � � �

EkgQ]khYs k[EQjIG Ds pQgjk<YYs <YY ]N jPI hkDhIfkI[j YQjIg<jkgI ][ �]dI[ hEQI[EI�� �IgI� jPIgI q<h <� � � � � � � � � � � � � � � �

hjg][O ]gQOQ[<Y PkZ<[Qhj N]Ekh ][ jPI g]YI ]N hEQI[EI Q[ OY]D<Y d]YQjQEh� EkYjkgIh� h]EQ<Y GIZ]Eg<jQE� � � � � � � � � � � � � � �

gIY<jQ][h� <[G IpI[ qQjP <[ QZd<Ej ][ PkZ<[ gQOPjh� �kgQ[O jPI ÃÁÁÁh <[G I<gYs ÃÁÂÁh� $dI[� � � � � � � � � � � � � � � �

/EQI[EI� <h 0Qjkh �g]q[ hj<jIh� E]kYG DI k[GIghj]]G <h ����jPI dPQY]h]dPQE<Y dIghdIEjQpI jP<j hP<gQ[O� � � � � � � � � � � � � �

Qh O]]G <[G jP<j D<ggQIgh j] hP<gQ[O hP]kYG DI Y]qIgIG <h ZkEP <h d]hhQDYI� 0PI dg<EjQEI ]N $dI[� � � � � � � � � � � � � � � � � �

/EQI[EI Qh E][EIg[IG qQjP jPI GIj<QYh ]N P]q j] Y]qIg ]g Ig<hI jPI jIEP[QE<Y� h]EQ<Y� <[G EkYjkg<Y� � � � � � � � � � � � � � � � �

D<ggQIgh j] hP<gQ[O� ¥�g]q[ ÃÁÂÇ¦� 0PQh h]EQ]�EkYjkg<Y dPQY]h]dPs IEP]IG jPI q]gX ]N ¥ĠI[jogX ÃÁÁÂ¦�� � � � � � � � � � � � � �

<[G q<h gINYIEjIG Q[ Y<jIg q]gXh Q[EYkGQ[O !QEP<IY �� +IjIgh� gIpQIq ]N IrQhjQ[O $dI[ /EQI[EI� � � � � � � � � � � � � � �

<ddg]<EPIh ¥+IjIgh ÃÁÂÁ¦� <[G jPI []q ]NjI[�EQjIG ��QpI /EP]]Yh ]N 0P]kOPj� ]N $dI[ /EQI[EI Ds� � � � � � � � � � � � � � �

¥�IEPIg <[G �gQIhQXI ÃÁÂÅ¦ � ][EIdjh ]N �NgIIG]Z�� <XQ[ j] ��gII /]Njq<gI�� P<pI DII[ g<gIYs� � � � � � � � � � � � � �
Ã

GQhEkhhIG�Q[�jPI�E][jIrj�]N�hEP]Y<gYs�E]ZZk[QE<jQ][�¥�YdIgQ[�Ij�<Y��ÃÁÂÈ¦��

�kgQ[O jPI Y<hj NIq sI<gh� $dI[ /EQI[EI P<h ]NjI[ E]ZI j] DI k[GIghj]]G Q[ < gIY<jQpIYs [<gg]q� � � � � � � � � � � � � � � � �

hI[hI� hII  <PjQ Ij <Y� ¥ÃÁÂÈ¦ N]g <[ IrEIdjQ][� �<gYQIg []jQ][h ]N $dI[ /EQI[EI IZIgOIG <h <[� � � � � � � � � � � � � � � � �

�kZDgIYY< jIgZ jP<j I[E]Zd<hhIh <YZ]hj <[s GQhdkjI <D]kj jPI NkjkgI ]N X[]qYIGOI EgI<jQ][ <[G� � � � � � � � � � � � � �

GQhhIZQ[<jQ][� ¥�IEPIg <[G �gQIhQXI ÃÁÂÅ¦� 7PQYI jPI khI ]N �$dI[ /EQI[EI� p<gQIh hkDhj<[jQ<YYs� � � � � � � � � � � � �

<Eg]hh GQhEQdYQ[Ih� Z]hj gIEI[j YQjIg<jkgI khk<YYs gIZ<Q[h YQZQjIG j] jPI G]Z<Q[ ]N /0�!�D<hIG� � � � � � � � � � � � �

gIhI<gEP� ]NjI[ ]pIgY]]XQ[O QZd]gj<[j Q[QjQ<jQpIh Q[ jPI <gjh� PkZ<[QjQIh <[G h]EQ<Y hEQI[EIh� 0PI� � � � � � � � � � � � �

dgQZ<gs N]Ekh E][[IEjQ[O <YY GQhEQdYQ[Ih Qh jPI qQGIhdgI<G kdj<XI ]N [Iq jIEP[]Y]OQIh <[G j]]Yh� <[G� � � � � � � � � � � � � � �

jPI k[GIgYsQ[O IE]Y]Os ]N jPI dg]GkEjQ][� GQhhIZQ[<jQ][ <[G gIEIdjQ][ ]N X[]qYIGOI Ng]Z <� � � � � � � � � � � � �

gIhI<gEP�D<hIG d]Q[j�]N�pQIq� 0PI jIgZ �]dI[ hEQI[EI� QZdYQEQjYs hIIZh ][Ys j] gIO<gG �hEQI[jQNQE�� � � � � � � � � � � �

GQhEQdYQ[Ih� qPIgI<h �]dI[ hEP]Y<ghPQd� E<[ DI E][hQGIgIG j] Q[EYkGI gIhI<gEP Ng]Z jPI <gjh <[G� � � � � � � � � � � � � �

PkZ<[QjQIh ¥�pI ÃÁÂÅ� �[bEPIYZ<[[ ÃÁÂÊ¦� <h qIYY <h jPI GQNNIgI[j g]YIh <[G dg<EjQEIh jP<j� � � � � � � � � � � � � �

gIhI<gEPIgh dIgN]gZ <h IGkE<j]gh <[G E]ZZk[QE<j]gh� <[G <[ k[GIgYsQ[O ]dI[ dPQY]h]dPs ]N hP<gQ[O� � � � � � � � � � � � �

X[]qYIGOI�DIs][G�gIhI<gEP�E]ZZk[QjQIh���

�����hQrjP�hEP]]Y�q<h�gIEI[jYs�dg]d]hIG�<h�<[�<GGQjQ][�PIgI��E]ZZk[Qjs�<[G�Q[EYkhQ][��[]jQ[O�jP<j�jPI�dgQ[EQdYIh�
]N�GQpIghQjs�<[G�Q[EYkhQpQjs�<gI�XIs�<[G�hP]kYG�DI�IZDIGGIG�Q[�[]jQ][h�]N�$dI[�/EP]Y<ghPQd�¥0I[[<[j���I<ZIg��
Ij�<Y��ÃÁÂÊ¦��
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0PQh Ng<OZI[jIG k[GIghj<[GQ[O Qh dIgP<dh DIhj QYYkhjg<jIG Q[ ][I ]N jPI Z]hj E]ZZ][Ys�khIG� � � � � � � � � � � � �

Og<dPQE<Y gIdgIhI[j<jQ][h ]N $dI[ /EQI[EI Ng]Z jPI �1�Nk[GIG ��$/0�. dg]WIEj ¥�QOkgI Ã¦� �IgI�� � � � � � � � � � � � �

$dI[ /]kgEI Qh hQO[QNQE<[jYs E][hQGIgIG <h < �jPQgG YIpIY� IYIZI[j qQjPQ[ $dI[ /EQI[EI� g<jPIg jP<[ ]N� � � � � � � � � � � � � � � �

IfkQp<YI[j QZd]gj<[EI j] $� ]g $dI[ �<j<� �[s dkDYQE�N<EQ[O IYIZI[j Qh <Yh] <YZ]hj I[jQgIYs <DhI[j�� � � � � � � � � � � � � � �

N]g Ir<ZdYI pQ< QjQvI[ /EQI[EI� qPIgI<h ]jPIg ]gO<[Qh<jQ][h hkEP <h jPI $�� Q[EYkGI jPQh qQjPQ[� � � � � � � � � � � � � � �

jPIQg EY<hhQNQE<jQ][h ]N $dI[ /EQI[EI ¥$�� ÃÁÂÆ¦� �kgjPIgZ]gI� jPI YQ[XQ[O ]N jPI p<gQ]kh �]dI[� � � � � � � � � � � � � �

E][EIdjh� j]OIjPIg Q[ < PQIg<gEPs Ird]hIh ¥[]j Wkhj dQEj]Og<dPQE<YYs¦ jP<j jPIgI Qh pIgs YQjjYI P]gQv][j<Y� � � � � � � � � � � � � � �

E][[IEjQ][ DIjqII[ jPIZ� �[hjI<G� jPQh gIdgIhI[jh < N<QgYs Ng<OZI[jIG Y<[GhE<dI qQjPQ[ jPI� � � � � � � � � � � �

�kZDgIYY<� ]N $dI[ /EQI[EI� �Yh]� �]dI[ hEQI[EI� hIIZh j] DI < YQ[OkQhjQE d<gjQEkY<gQjs qPQEP Qh Z<Q[Ys� � � � � � � � � � � � � � � �

E][NQ[IG j] �[OYQhP <[G �gI[EP hdI<XQ[O <E<GIZI� hQ[EI Q[ Z<[s ]jPIg Y<[Ok<OIh� jIgZQ[]Y]Os� � � � � � � � � � � � �

IZdY]sIG j] GI[]jI �hEQI[EI� ¥I�O�� �7QhhI[hEP<Nj� Q[ �IgZ<[ ]g �7IjI[hEP<d� Q[ �kjEP¦ Qh Z]gI� � � � � � � � � � � � � �

OI[Ig<Y jP<[ Q[ �[OYQhP ¥0I[[<[j� �I<ZIg� Ij <Y�� ÃÁÂÊ� hIE� Å�Ã�Ã¦� /QZQY<g j] jPI ]pIgj<XQ[O ]N ��gII� � � � � � � � � � � � � � � � �

/]Njq<gI� Ds �$dI[ /]kgEI�� �$dI[ /EQI[EI� hIIZh j] DI jPI Z]hj d]dkY<g <[G qQGIYs khIG E]Zd<gIG� � � � � � � � � � � � � � � �

j] Qjh gIhI<gEP ]g hEP]Y<ghPQd <YjIg[<jQpIh� <YDIQj� jPI jPgII <gI ]NjI[ khIG Q[jIgEP<[OI<DYs <[G Q[� � � � � � � � � � � � � � �

]pIgY<ddQ[O�hI[hIh�Q[�GQhE]kghIh��

�

�QOkgI�Ã���[�$dI[�/EQI[EI�0<r][]Zs��Ng]Z��$/0�.�¥+][jQX<�Ij�<Y��ÃÁÂÆ¦��

�ZdP<hQvQ[O jPQh Ip]YpQ[O []jQ][ ]N $dI[ /EQI[EI� ¥6QEI[jI�/<Iv <[G !<gjQ[Iv��kI[jIh ÃÁÂÉ¦ <h d<gj� � � � � � � � � � � � �

]N < hshjIZ<jQE gIpQIq qPIgI hIpI[js�NQpI hjkGQIh qIgI <[<YsvIG� GINQ[IG Qj <h �̿jg<[hd<gI[j <[G� � � � � � � � � � � � � �

<EEIhhQDYI X[]qYIGOI jP<j Qh hP<gIG <[G GIpIY]dIG jPg]kOP E]YY<D]g<jQpI [Ijq]gXh�� ¥7<jh][ ÃÁÂÆ¦� � � � � � � � � � � �

Z<GI jPI E]ZdIYYQ[O <gOkZI[j jP<j �]dI[� gIhI<gEP dg<EjQEIh <gI [] GQNNIgI[j Ng]Z �O]]G hEQI[jQNQE� � � � � � � � � � � � � �
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dg<EjQEI� <XQ[ j] pQIqh jP<j �$// YI<Gh j] jPI GIpIY]dZI[j ]N �DIjjIg h]Njq<gI� 7<jh][ PIgI <Yh]� � � � � � � � � � � � � � � �

hj<jIG jP<j �h]Njq<gI hP]kYG DI ¥<[G Q[ N<Ej Qh¦ GgQpQ[O jPI ]dI[�hEQI[EI Z]pIZI[j�� 0PQh q]kYG� � � � � � � � � � � � � � �

hkOOIhj jP<j ]dI[ hEQI[EI Qh dIgP<dh [IhjIG qQjPQ[ jPI �$// Z]pIZI[j� <h ]dd]hIG j] DIQ[O� � � � � � � � � � � � � � �

hkDhQGQ<gs j] Qj <h QZdYQIG Ds �$/0�.� �ggIhdIEjQpI ]N jPIhI ][j]Y]OQE<Y GQNNIgI[EIh� jPI OI[Ig<Y� � � � � � � � � � � � � �

E][hI[hkh <ddI<gh j] DI jP<j $dI[ /EQI[EI Qh < E]ZZQjZI[j j]q<gGh hdIEQNQE dg<EjQEIh jP<j YI<G j]� � � � � � � � � � � � � � � �

jPI dkDYQE hP<gQ[O ]N gIhI<gEP ]kjdkjh� <[G jP<j jPQh Qh < �O]]G jPQ[O YI<GQ[O j] �DIjjIg hEQI[EI� $dI[� � � � � � � � � � � � � � � � � �

/EQI[EI jPI[ Qh <D]kj jPI dg]EIhh ]N X[]qYIGOI dg]GkEjQ][ <[G jPI[ P]q jP<j X[]qYIGOI Qh hP<gIG�� � � � � � � � � � � � � � � �

h]ZIjPQ[O ]pIgY<ddQ[O qQjP� <[G Nk[G<ZI[j<Y j]� �$//� �YjP]kOP []j IrdYQEQjYs hj<jIG� jPI E]gI� � � � � � � � � � � � �

E][EIdj <g]k[G hkEP dg<EjQEIh EgI<jQ[O Z]gI ]dI[Ys Q[EYkhQpI gIhI<gEP I[pQg][ZI[jh <YQO[h QjhIYN� � � � � � � � � � � �

qQjP jPI dPQY]h]dPQIh ]N I<gYQIg <Gp]E<jIh ]N $dI[ /EQI[EI ¥ĠI[jogX ÃÁÁÂ� +IjIgh <[G .]DIgjh ÃÁÂÆ¦�� � � � � � � � � � � � � � �

�]qIpIg� IpI[ h]EQ]�EkYjkg<Y jIgZh hkEP <h �YQDIgjs� <gI hjQYY khIG Q[ jPIQg dg<EjQE<Y� g<jPIg jP<[� � � � � � � � � � � � � � �

dPQY]h]dPQE<Y� hI[hI ¥�g<[XI[PkQh <[G "IjjYI ÃÁÂÉ¦� <[G jPI qQGIg PkZ<[Qhj <[G d]YQjQE<Y hI[jQZI[jh� � � � � � � � � � � � �

jP<j k[GIgdQ[[IG I<gYs E][EIdjh ]N $dI[ /EQI[EI ¥I�O�� D<hIG <g]k[G Nk[G<ZI[j<Y NgIIG]Zh¦� <[G� � � � � � � � � � � � �

Q[GIIG��gII�/]Njq<gI��<ddI<g�j]�DI�<YZ]hj�<DhI[j��

0<XQ[O jPIhI GIhEgQDIG jI[GI[EQIh <h < YQ[I ]N NkgjPIg Ip]YkjQ][� Z]gI <[G Z]gI hEP]Y<gh� � � � � � � � � � � � � �

<EX[]qYIGOI jPI hQZQY<gQjQIh <[G ]pIgY<dh Q[ jPI [Ijq]gX ]N hEP]Y<gYs dg<EjQEIh I[E]Zd<hhQ[O� � � � � � � � � � � �

gIhI<gEP� IGkE<jQ][� E]ZZk[QE<jQ][� <[G I[O<OIZI[j� 0PIhI dg<EjQEIh P<pI <[ k[GIgYsQ[O �]dI[� � � � � � � � � � �

ZQ[GhIj� <O<Q[hj jPI D<EXGg]d ]N GQOQjQv<jQ][ <[G Qjh QZd<Ej ][ <E<GIZQ<� jPkh gI�jg<[hN]gZQ[O jPI� � � � � � � � � � � � � �

k[GIghj<[GQ[O ]N $dI[ /EQI[EI j]q<gGh qP<j ]NjI[ Qh jIgZIG �GQOQj<Y� <[G�]g �$dI[ /EP]Y<ghPQd�� � � � � � � � � � � � �

¥+IjIgh ÃÁÂÁ� 6IYIjhQ<[]h <[G �QZZ][h ÃÁÂÃ� +IjIg <[G �IQZ<[[ ÃÁÂÄ� �pI ÃÁÂÅ� 7IYYIg ÃÁÂÅ�� � � � � � � � � � � � � �

+IjIgh�<[G�.]DIgjh�ÃÁÂÆ��+]ZIg<[jv�<[G�+IIX�ÃÁÂÇ��g][Q[�ÃÁÂÈ¦���

0] E]Zd]k[G jPQh j<r][]ZQE E]ZdYIrQjs IpI[ NkgjPIg� �]dI[[Ihh� Q[ hEP]Y<ghPQd Qh ]NjI[ khIG <j <� � � � � � � � � � � � � � �

[kZDIg ]N GQNNIgI[j hE<YIh� N]g Ir<ZdYI� Y<D Og]kdh ]g jI<Zh� Q[GQpQGk<Yh� <[G Q[hjQjkjQ][h ¥0I[[<[j�� � � � � � � � � � � � � �

�I<ZIg� Ij <Y� ÃÁÂÊ¦� 0Pkh� �$dI[ /EP]Y<ghPQd� Qh ]NjI[ <ddYQIG Q[GQhEgQZQ[<jIYs j] ZI<[ pIgs� � � � � � � � � � � � � �
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jPQh Q[PIgI[j GQpIghQjs� 0PI d]hQjQ][ ]N �$// qQjPQ[ <[s hkEP hEPIZ< GIdI[Gh ][ qPIjPIg ][I� � � � � � � � � � � � � � �

gIO<gGh Qj dkgIYs Q[ < dg<EjQE<Y hI[hI� ]g Q[ < Z]gI Nk[G<ZI[j<Y <[G dPQY]h]dPQE<Y Z<[[Ig� /kEP� � � � � � � � � � � � � � � �

ZQOPj DI dgINIgI[jQ<Y j] <p]QG E]Zd]k[GQ[O jPIhI ][j]Y]OQE<Y QhhkIh NkgjPIg qQjP YIO<Y <[G jIEP[QE<Y� � � � � � � � � � � � � �

<hdIEjh <hh]EQ<jIG qQjP h]Njq<gI� G<j<� <[G ]jPIg hEP]Y<gYs ]kjdkjh� �h ĠI[jogX ¥ÃÁÁÂ¦ ]gQOQ[<YYs� � � � � � � � � � � � �

dgIhEgQDIG� jPI dYkg<YQhZ Q[ E][EIdjh ]N �]dI[[Ihh� Q[ hEP]Y<ghPQd ¥<[G�]g hEQI[EI¦ ZQOPj DI qPIgI Qjh� � � � � � � � � � � � � � �

d]qIg YQIh� Q[ jP<j GQNNIgI[j E]ZZk[QjQIh E<[ k[GIghj<[G <[G <G]dj Qj Q[ GQNNIgI[j q<sh GIdI[GQ[O� � � � � � � � � � � � � � �

][�jPIQg�Q[PIgI[j�h]EQ<Y�[]gZh�<[G�gIhI<gEP�dg]EIhhIh��

7P<j <hdIEjh E<[ DI jg<[hNIggIG DIjqII[ �$// <[G� � � � � � � �

$dI[�/EP]Y<ghPQd�

�$// <[G $dI[ /EP]Y<ghPQd <h E]ZZk[QjQIh ]N dg<EjQEI <g]k[G� � � � � � � � �

E]YY<D]g<jQ][�<[G�hP<gQ[O�

]ZZk[QjQIh N]gZ <[ IhhI[jQ<Y d<gj ]N �$// ¥�<jv� !E�[[Ih� Ij <Y� ÃÁÂÉ¦� �IgI� h]Njq<gI� � � � � � � � � � � � � �

GIpIY]dZI[j <[G gI�khI Qh Q[PIgI[jYs E]ZZk[<Y <[G QGI]Y]OQE<YYs GIZ]Eg<jQE D<hIG ][ Qjh E]gI� � � � � � � � � � � � �

ZIjP]G]Y]OQIh� <[G hIYN�]gO<[QhIG IQjPIg PQIg<gEPQE<YYs ]g Z]GkY<gYs� 6IghQ][ E][jg]Y hshjIZh <YY]q� � � � � � � � � � �

GIpIY]dIgh j] Q[GIdI[GI[jYs Z<XI EP<[OIh j] < E]ds ]N jPI E]GI <[G hP<gI jPI EP<[OIh qQjP� � � � � � � � � � � � � � � �

E]YY<D]g<j]gh� .IZ<gX<DYI Z]ZI[jkZ j]q<gGh Z]gI ]dI[ E]YY<D]g<jQ][ Z]GIYh P<h DII[ d]qIgIG� � � � � � � � � � �

Ds ��Qj ¥<[G �Qj�kD¦� 0PQh Z]GIg[� GQhjgQDkjIG pIghQ][ E][jg]Y hshjIZ <YY]qh GIEI[jg<YQvIG� � � � � � � � � � � �

GIpIY]dZI[j ]N Y<gOI�hE<YI �$// dg]WIEjh� �j q<h Q[QjQ<YYs GIpIY]dIG Ds  Q[kh 0]gp<YGh j] N<EQYQj<jI� � � � � � � � � � � � � �

 Q[kr XIg[IY GIpIY]dZI[j <[G P<h hkDhIfkI[jYs DII[ qQGIYs <G]djIG Ds jPI �$// E]ZZk[Qjs� 7PQYI� � � � � � � � � � � � � �

P<gGIg j] YI<g[ <[G khI jP<[ I<gYQIg d]dkY<g hshjIZh� hkEP <h /6" <[G 6/� �Qj hQZQY<gYs I[<DYIh� � � � � � � � � � � � � � � � �

INNQEQI[j E]YY<D]g<jQpI q]gXNY]qh� <[G <Yh] <GGh <GGQjQ][<Y hkdd]gj N]g GIEI[jg<YQvIG GIpIY]dZI[j�� � � � � � � � � � �

0PQh dg]EIhh <YY]qh GIpIY]dIgh j] E]ds jPI Q[QjQ<Y E]GI gId]hQj]gs� q]gX Q[GIdI[GI[jYs ][ < �N]gX� ]N� � � � � � � � � � � � � � � �

Qj� <[G jPI[ hP<gI jPI EP<[OIh ]g jPI NkYY EP<[OIG pIghQ][ ][ dY<jN]gZh hkEP <h �Qj�kD� �Qj <D�� � � � � � � � � � � � � � � � �

�QjDkEXIj� ]g /]kgEIN]gOI� �j P<h dg]pIG j] DI < PQOPYs INNIEjQpI d<gjQEQd<jQ][ hshjIZ N]g h]Njq<gI�� � � � � � � � � � � � � � �

YI<GQ[O�j]�jPI�g<dQG�d]dkY<gQh<jQ][�]N�hkEP�dg<EjQEIh�<[G�GIpIY]dZI[j�]N��$//�dg]WIEjh��

+<gj ]N jPI hkEEIhh ]N �$// q<h jP<j jPI ZIjP]Gh <[G dg]GkEjh qIgI dg]pI[ pQ<DYI <YjIg[<jQpIh�� � � � � � � � � � � � � � � �

dg<EjQE<YYs <[G E]ZZIgEQ<YYs� j] dg]dgQIj<gs h]Njq<gI� �[]jPIg Z<W]g d<gj Qh jP<j� Q[ jPI]gs� <[s][I� � � � � � � � � � � � � �

qP] hP]qh <[ Q[jIgIhj Q[ < dg]WIEj Qh <DYI j] E]YY<D]g<jI <[G E][jgQDkjI E]GI� qgQjI G]EkZI[j<jQ][�� � � � � � � � � � � � � � � �
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<GG Ir<ZdYIh ]g jkj]gQ<Yh� GQhEkhh� <[G dg]pQGI NIIGD<EX� 0PQh ZI<[h jP<j� IpI[ Q[ IrdIgj�GgQpI[ <[G� � � � � � � � � � � � � � �

h]Njq<gI�Q[jI[hQpI dg]WIEjh� jPIgI Qh < gIY<jQpIYs Y]q D<ggQIg j] I[jgs ¥d<gjQEkY<gYs qPI[ khQ[O 7ID� � � � � � � � � � � � � �

Q[jIgN<EIh j] jPI pIghQ][ E][jg]Y hshjIZ¦ IpI[ N]g jP]hI qQjP [][�E]GQ[O hXQYYh� <h jPIgI Qh hkDhj<[jQ<Y� � � � � � � � � � � � � � � �

p<YkI Q[� <[G <ddgIEQ<jQ][ N]g� OI[Ig<YQhj hXQYYh Q[ G]EkZI[j<jQ][ <[G E]ZZk[QE<jQ][h� �[EgI<hIG� � � � � � � � � � � �

d<gjQEQd<jQ][ <Yh] PIYdh j] GQpQGI kd jPI Y<D]kg gIfkQgIG N]g Y<gOIg dg]WIEjh� ]dI[Q[O kd [Iq q]gXQ[O� � � � � � � � � � � � � � � �

I[pQg][ZI[jh <[G Og]kd N]gZ<jQ][ <[G O]pIg[<[EI hjgkEjkgIh D<hIG <g]k[G < hP<gIG hI[hI ]N� � � � � � � � � � � � �

E]YYIEjQpI d<gjQEQd<jQ][ <[G <kjP]gQjs ¥$�!<P][s <[G �Igg<g] ÃÁÁÈ� +<Y<vvQ Ij <Y� ÃÁÂÊ¦� �$// E<[ <Yh]� � � � � � � � � � � � � � �

DI jP]kOPj ]N <h < d]qIgNkY ZIjP]G N]g h]EQ<Y� E]ZZk[Qjs�GgQpI[ ]g dIIg�j]�dIIg Gs[<ZQE YI<g[Q[O�� � � � � � � � � � � � � �

qPIgI jPI GQhjQ[EjQ][ DIjqII[ khIgh� jIhjIgh ¥]g gIpQIqIgh¦� <[G GIpIY]dIgh Qh Z]gI DYkggIG jP<[ Q[ <� � � � � � � � � � � � � � � �

dg]dgQIj<gs�I[pQg][ZI[j��

]YY<D]g<jQ][ Q[ �$// dg]WIEjh Qh IhhI[jQ<YYs E][jQ[k]kh <[G QjIg<jQpI <h < dg]OgIhhQpI N]gZ ]N� � � � � � � � � � � � � �

pIgQNQE<jQ][� 0PI k[GIgYsQ[O <hhkZdjQ][h N]g jPQh jsdI ]N dg]EIhh <gI pIgs ZkEP QGI<YQhIG� dkDYQE� � � � � � � � � � � � � �

GQhEY]hkgI ]N DkOh <[G QhhkIh jP<j OIj gIh]YpIG hIfkI[jQ<YYs� khk<YYs Ds < E]gI jI<Z dYkh IrjIg[<Y� � � � � � � � � � � � � � � �

p]Yk[jIIgh� k[jQY < dQIEI ]N h]Njq<gI Qh gIYI<hIG� qQjP jPI �dgQ[EQdYI ]N Z<[s IsIh� PIYdQ[O j] Q[EgI<hI� � � � � � � � � � � � � � � � �

jPI p<YQGQjs <[G pIgQNQ<DQYQjs ]N q]gX� � E][hIfkI[EI ]N jPQh Qh < NkgjPIg <hhkZdjQ][ jP<j jPQh dg]EIhh� � � � � � � � � � � � � � � � �

<Yh] gIhkYjh Q[ �DIjjIg h]Njq<gI ¥�IYjs ÃÁÁÂ¦� ]g <[ <YjIg[<jQpI pQIqd]Q[j jP<j dIgP<dh ][Ys �DIjjIg�� � � � � � � � � � � � � � �

h]Njq<gI Qh q]gjP DIQ[O hP<gIG k[GIg < �$// YQEI[hI ¥+<kYQkX Ij <Y� ÃÁÂÆ¦� .IhI<gEP dg]WIEjh <gI� � � � � � � � � � � � � � � �

jsdQE<YYs GQhjQ[Ej Ng]Z jPQh� qQjP �gIYI<hIh� E]ZQ[O dgQZ<gQYs Q[ jPI N]gZ ]N gIhI<gEP <gjQEYIh <j GQhEgIjI� � � � � � � � � � � � � � � �

Z]ZI[jh Q[ jQZI� 0PIhI <gjQEYIh <[G jPIQg E][jI[j <gI Y<gOIYs QZZkj<DYI� h<pI N]g d]hj�dkDYQE<jQ][� � � � � � � � � � � � � �

dg]EIhhIh hkEP <h gIjg<EjQ][ ]g <ddYsQ[O < E]ggQOI[GkZ� �0IhjQ[O� <h < N]gZ ]N fk<YQjs E][jg]Y Qh� � � � � � � � � � � � � � � �

khk<YYs E][GkEjIG jPg]kOP dIIg gIpQIq� qPQEP gIZ<Q[h < PQOPYs�gIO<gGIG sIj EkgQ]khYs k[GIghj]]G� � � � � � � � � � � �

dg]EIhh <j jPI PI<gj ]N hEP]Y<ghPQd ¥0I[[<[j <[G .]hh��IYY<kIg ÃÁÂÊ¦� 0PIhI dg<EjQEIh <gI hY]qYs <[G� � � � � � � � � � � � � � �

jI[j<jQpIYs DIOQ[[Q[O j] EP<[OI� N]g Ir<ZdYI� qQjP dgIdgQ[j gIpQIqh Q[ h]ZI GQhEQdYQ[Ih YQXI� � � � � � � � � � � � �

!Ij<�+hsEP]Y]Os��

!kEP ]N jPQh hP<gQ[O <[G E]YY<D]g<jQpI �$// EkYjkgI q<h GgQpI[ Ds gIEQdg]E<Y Z]jQp<jQ][h <g]k[G� � � � � � � � � � � � � �

hP<gQ[O <[G gIdkgd]hQ[O� <Yh] h]ZIjQZIh E<YYIG �P<EXQ[O� ¥$gg ÃÁÁÇ� ]YIZ<[ <[G �]YkD ÃÁÁÉ¦�� � � � � � � � � � � � �

7PI[ <ddYQIG hdIEQNQE<YYs j] h]Njq<gI� �P<EXIg EkYjkgI YI<Gh [<jkg<YYs j] �$// <h < E]ZZk[Qjs ]N� � � � � � � � � � � � � � �

dg<EjQEI� <h jPI NgIIG]Z j] gI�khI <[G Z]GQNs ¥Q�I�� �P<EX�¦ Qh DkQYj Q[j] jPI h]Njq<gI jPg]kOP YQEI[hQ[O� � � � � � � � � � � � � � � � �

gIfkQgIZI[jh� .<sZ][G ¥ÃÁÁÂ� d� ÄÂ¦ dkjh P<EXIgh <j jPI PI<gj ]N < OQNj�OQpQ[O EkYjkgI� ±9]k DIE]ZI� � � � � � � � � � � � � � � �

< P<EXIg qPI[ ]jPIg P<EXIgh E<YY s]k < P<EXIg� � �P<EXIg� Q[ jPQh YQOPj Qh h]ZID]Gs qP] P<h hP]q[� � � � � � � � � � � � � � � � � � �

¥Ds E][jgQDkjQ[O OQNjh¦ jP<j PI ]g hPI P<h jIEP[QE<Y <DQYQjs <[G k[GIghj<[Gh P]q jPI gIdkj<jQ][ O<ZI� � � � � � � � � � � � � � � �

q]gXh� 0PQh WkGOZI[j Qh Z]hjYs ][I ]N <q<gI[Ihh <[G <EEkYjkg<jQ][� <[G E<[ ][Ys DI GIYQpIgIG Ds� � � � � � � � � � � � � � � �

jP]hI <YgI<Gs qIYY Q[hQGI jPI EkYjkgI�± 0PQh �OQNj�OQpQ[O� EkYjkgI hjg][OYs IZdP<hQvIh jPI QGI]Y]Os jP<j� � � � � � � � � � � � � �

k[GIgdQ[h jPI �$// E]ZZk[Qjs� jP<j hP<gQ[O Qh Q[jgQ[hQE<YYs p<YkIG <h d<gj ]N qQGIg P<EXIg EkYjkgI� � � � � � � � � � � � � � �
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<[G Q[ qPQEP gIEQdg]EQjs Qh XIs � �j Qh IhhI[jQ<Y jP<j hEP]Y<gh k[GIghj<[G P]q j] <ddYs jPIhI hkEEIhhNkY� � � � � � � � � � � � � � � � �
Å

E]YY<D]g<jQpI dg<EjQEIh Ng]Z �$// GIpIY]dZI[j� IhdIEQ<YYs []q jP<j ZkEP hEP]Y<gYs gIhI<gEP Qh� � � � � � � � � � � �

DIE]ZQ[O Q[EgI<hQ[OYs gIYQ<[j ][ E]Zdkj<jQ][� 0PQh P<h jPI d]jI[jQ<Y j] QZdg]pI jPI INNQEQI[Es�� � � � � � � � � � � � �

GQpIghQjs� dg]GkEjQpQjs� <[G gIYQ<DQYQjs ]N gIhI<gEP dg]EIhhIh� GIE]kdYIG Ng]Z <[s N]gZ<YQhIG� � � � � � � � � � �

W]kg[<Y�D]k[G dIIg gIpQIq hshjIZ ¥�IYYIg� 0PI� <[G �<gjYQ[O ÃÁÂÅ� �g<hhY Ij <Y� ÃÁÂÉ� 0I[[<[j�� � � � � � � � � � � � � �

�QIYEvsX��Ij�<Y��ÃÁÂÊ¦�

�IgI� P]qIpIg� Qj Qh QZd]gj<[j j] EY<gQNs h]ZI QZd]gj<[j GQNNIgI[EIh DIjqII[ d<gjQEQd<jQ[O Q[ �$//� � � � � � � � � � � � � �

<[G $dI[ /EP]Y<ghPQd <EjQpQjQIh� 0PIhI GQNNIgI[EIh YQI Q[ jPI dg]EIhh Z]gI jP<[ jPI dg]GkEj� �]g� � � � � � � � � � � � � � �

dg]GkEjh� Og<[jIG jPI <G]djQ][ ]N hQZQY<g YQEI[hIh ¥I�O�� jP]hI jP<j <gI $dI[ �INQ[QjQ][ E]ZdYQ<[j¦�� � � � � � � � � � � � � �

jPIgI Qh [] hkDhj<[jQ<Y GQNNIgI[EI Q[ jPI �]dI[[Ihh� N]g $�� $dI[ �<j<� <[G �$//� <YjP]kOP Q[ h]ZI� � � � � � � � � � � � � � � � �

WkgQhGQEjQ][� YQXI jPI 1/� G<j< E<[[]j DI hkDWIEj j] E]dsgQOPj� 1hIgh <gI jsdQE<YYs <DYI j] <EEIhh jPI� � � � � � � � � � � � � � � � �

dg]GkEjh qQjP]kj gIhjgQEjQ][� <[G� <EE]gGQ[O j] jPI YQEI[hI� <DYI j] GIgQpI q]gXh Ng]Z <[G� � � � � � � � � � � � � �

gIGQhjgQDkjI jPIhI dg]GkEjh� 0PIgI <gI� P]qIpIg� gIhQGk<Y QhhkIh Q[ jP<j Wkhj DIE<khI h]ZIjPQ[O Qh� � � � � � � � � � � � � �

�]dI[� G]Ih []j Z<XI Qj <EEIhhQDYI <[G QZZk[I Ng]Z ]jPIg Q[IfkQjQIh <[G IjPQE<Y E][EIg[h jP<j� � � � � � � � � � � � � � �

ZQOPj Q[NYkI[EI Qjh <EEIhh <[G kh<DQYQjs ¥"QE]Y Ij <Y� ÃÁÂÊ¦� $[ jPI dg]EIhh hQGI� Qj Qh jPI q<s jP<j� � � � � � � � � � � � � � � � � � �

dg]GkEjh <gI <EEIhhQDYI N]g E]YY<D]g<jQ][ GkgQ[O GIpIY]dZI[j jP<j GQNNIgh� 7QjP �$//� Qj Qh jsdQE<Y jP<j� � � � � � � � � � � � � � �

< hZ<YY� E]gI Og]kd ]N dI]dYI hj<gjh ]dI[Ys GIpIY]dQ[O < h]Njq<gI dg]GkEj� P]qIpIg� jPQh GIdI[Gh ][� � � � � � � � � � � � � � � �

jPI hE<YI ]N jPI dg]WIEj� <[G Qj E<[ g<[OI Ng]Z Q[GQpQGk<Y� [Ijq]gXIG� j] Y<gOI E]gd]g<jI ]g� � � � � � � � � � � � � � � �

O]pIg[ZI[j<Y pI[jkgIh� $jPIg dI]dYI E<[ d<gjQEQd<jI Q[ ¥<[G YI<pI¦ jPI INN]gj ]pIg jQZI� E][jgQDkjQ[O� � � � � � � � � � � � � �

<h jPIs qQhP� �IpIY]dZI[j QjIg<jIh ]pIg ZkYjQdYI EsEYIh <[G gIYI<hIh� <[G jPI dg]GkEj Qh <p<QY<DYI� � � � � � � � � � � � � � �

Ng]Z jPI pIgs DIOQ[[Q[O ]N jPI dg]EIhh� 0PQh ZIjP]G Qh pIgs ZkEP QGI<YQhIG� <[G DIhj dg<EjQEIh E<[� � � � � � � � � � � � � � � � �

Q[EYkGI <hdIEjh hkEP <h khQ[O ]dI[ gId]hQj]gQIh� pIghQ][ E][jg]Y� <[G QhhkI jg<EXIgh� Dkj hkEP� � � � � � � � � � � � � �

E]YY<D]g<jQpI dg<EjQEIh <gI [IQjPIg hjgQEjYs Q[PIgI[j j] �$//� []g <gI jPIs YQZQjIG j] Qj� 0PI dg]GkEjQ][� � � � � � � � � � � � � � � �

]N X[]qYIGOI O]]Gh jP<j Qh D<hIG ][ hP<gQ[O D]jP gIh]kgEIh <[G ]kjdkjh� dIgN]gZIG Ds Y]]hIYs� � � � � � � � � � � � � � �

Å � hjkGs Q[ ÃÁÁÃ ¥"ÞÉÂ¦ hP]qIG jP<j d<gjQEQd<jQ][ Q[ �$// E<[ DI Dg]<GYs GQpQGIG Q[j] Q[jIg[<Y N<Ej]gh jP<j <gI� � � � � � � � � � � � � � � � � � � �
[]j I<hQYs Q[NYkI[EIG� hkEP <h Q[jgQ[hQE Z]jQp<jQ][ <[G <YjgkQhZ� <[G IrjIg[<Y gIq<gGh� hkEP IrdIEjIG NkjkgI� � � � � � � � � � � � � � �
gIjkg[h� hXQYY Ird<[hQ][� <[G dIgh][<Y [IIGh ¥�<gh <[G $k ÃÁÁÃ¦� �GGQjQ][<Y N<Ej]gh Q[EYkGIG dIIg gIE]O[QjQ][� � � � � � � � � � � � � � �
<[G hIYN�Z<gXIjQ[O ¥D]jP IrjgQ[hQE¦� <[G E]ZZk[Qjs QGI[jQNQE<jQ][ ¥Q[jgQ[hQE¦� ][jg<gs j] jPI dg]d]hIG hj<[EI ]N� � � � � � � � � � � � � �
]dI[[Ihh N]g jPI OgI<jIg O]]G� �[jIgIhjQ[OYs� ][Ys ÂÇÚ ]N jPI d<gjQEQd<[jh g<jIG PQOP ][ <YjgkQhZ� �[]jPIg� � � � � � � � � � � � � � � �
hkgpIs D<hIG ][ EY]hIG <[G ]dI[�I[GIG QjIZh ]N ¥"ÞÂÂÁ¦ �$// E][jgQDkj]gh ¥�<sjQsIP <[G +N<NNZ<[ ÃÁÂÁ¦� � � � � � � � � � � � � � �
gIpI<YIG jP<j Q[jgQ[hQE Z]jQp<jQ][ N<Ej]gh� Q[EYkGQ[O jPI DIYQIN j] DI q]gXQ[O N]g jPI OgI<jIg O]]G� dg]pQGQ[O� � � � � � � � � � � � � � � �
h]ZIjPQ[O p<Yk<DYI j] ]jPIgh� <[G jPI DIYQIN ]N PIYdQ[O ]jPIgh <gI jPI hjg][OIhj N<Ej]gh Z]jQp<jQ[O Q[GQpQGk<Yh�� � � � � � � � � � � � � � � �
0PIhI Z]jQp<j]gh <gI N]YY]qIG Ds IrjgQ[hQE ¥IrjIg[<Y¦ PkZ<[ E<dQj<Y N<Ej]gh hkEP <h YI<g[Q[O [Iq hXQYYh� j]]Yh�� � � � � � � � � � � � � � � �
hjg<jIOQIh� <[G ZIjP]Gh� <[G N<Ej]gh gIY<jIG j] Q[EgI<hQ[O ]q[ <E<GIZQE <[G dIgh][<Y hkEEIhh� � NkgjPIg hjkGs� � � � � � � � � � � � � � � �
¥�<O]vvQ <[G �P]Y<XQ< ÃÁÁÇ¦ ]N ¥"ÞÅÁÃ¦ <EjQpI  Q[kr 1hIg �g]kdh d<gjQEQd<[jh� qP] E]ZdYIjIG < hkgpIs D<hIG� � � � � � � � � � � � � � � �
][ jPI 0PI]gs ]N +Y<[[IG �IP<pQ]g <[G jPI <jjQjkGI�jPI]gIjQE Z]GIY� N]k[G jP<j jPI hjg][OIhj N<Ej]gh j]� � � � � � � � � � � � � � � �
E][jgQDkjI qQjP <EjQpI d<gjQEQd<jQ][ j] �$// <gI h]EQ<Y QGI[jQjs ¥QGI[jQNQE<jQ][ qQjP jPI Z]pIZI[j� E]O[QjQpI <[G� � � � � � � � � � � � � � �
<NNIEjQpI h]EQ<Y QGI[jQjs¦� <jjQjkGIh� <[G dIgEIQpIG DIP<pQ]g<Y E][jg]Y ¥Q�I�� jPI dIgEIQpIG GQNNQEkYjs Q[ <EjQpIYs� � � � � � � � � � � � � �
d<gjQEQd<jQ[O�OQpI[�[]gZh�<[G�gkYIh¦��
�
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E][[IEjIG Q[GQpQGk<Yh qP] E]YY<D]g<jI Q[ < GIEI[jg<YQvIG� Z]GkY<g <[G ]NjI[ [][�PQIg<gEPQE<Y q<s� � � � � � � � � � � �

P<h DII[ QGI[jQNQIG <h < [Iq q<s ]N ]gO<[QvQ[O dg]GkEjQ][� 9]EP<Q �I[XYIg E]Q[IG jPI jIgZ� � � � � � � � � � � � � � �

�E]ZZ][h�D<hIG dIIg dg]GkEjQ][� N]g jPQh Z]GI ]N GIpIY]dZI[j <[G QGI[jQNQIh dg]WIEjh hkEP <h� � � � � � � � � � � � �

7QXQdIGQ< <[G $dI[/jgIIj!<d <h Ir<ZdYIh ��%HQNOHU ������� 0Pg]kOP jPQh YI[h� Qj DIE]ZIh EYI<g jP<j� � � � � � � � � � � � � �

jPI khI ]N ]dI[ YQEI[hIh ZQOPj DI < [IEIhh<gs E][GQjQ][ N]g jPI hkEEIhh ]N dIIg dg]GkEjQ][� � � � � � � � � � � � � � � �

I[GI<p]kgh hkEP <h �$//� 7QXQdIGQ< <[G $dI[/jgIIj!<d� Dkj Qj Qh []j hkNNQEQI[j� .<jPIg� <� � � � � � � � � � � � � �

hkhj<Q[<DYI�E]ZZk[Qjs�]N�E][jgQDkj]gh�Qh�gIfkQgIG�N]g�hkEP�INN]gjh���

$[ jPI E][jg<gs� jPI dg]EIhh N]g $dI[ /EP]Y<ghPQd <EjQpQjQIh Qh Z]hjYs EY]hIG � <h qQjP Z]gI� � � � � � � � � � � � � � � �

jg<GQjQ][<Y q<sh ]N E][GkEjQ[O gIhI<gEP� �rEIdjQ][h G] IrQhj qPIgI jPI <Ejk<Y ]kjdkjh Ng]Z <� � � � � � � � � � � � � �

gIhI<gEP dg]WIEj <gI h]Njq<gI ]g Z]GIYh ¥I�O�� ��hjg]ds�� �"�1.$"�¦� /EP]Y<gh E<[ W]Q[ < E]YYIEjQpI� � � � � � � � � � � � � �

INN]gj� dg]GkEI hIpIg<Y gIhI<gEP <gjIN<Ejh� <[G ]dI[ jPIZ kd <j jPI jQZI ]N dkDYQhPQ[O ¥Q�I�� jPI� � � � � � � � � � � � � � � �

dg]EIhh Qh EY]hIG� Dkj jPI dg]GkEjh <gI ]dI[¦ ¥!<hkvv] <[G !<gjI[h ÃÁÂÈ¦� �YjP]kOP [Iq� � � � � � � � � � � � � �

<ddg]<EPIh P<pI DII[ dg]d]hIG Y<jIYs� hkEP <h d]hj� <[G ]dI[�dkDYQE<jQ][ dIIg gIpQIq qPIgI� � � � � � � � � � � � �

<kjP]gh dkDYQhP < ±j] DI gIpQIqIG± pIghQ][ ]N jPIQg Z<[khEgQdj <[G Qjh gIpQhQ][h ¥.]hh��IYY<kIg�� � � � � � � � � � � � � �

�IddI� <[G /EPZQGj ÃÁÂÈ� 0I[[<[j Ij <Y� ÃÁÂÈ¦� qI Z]hjYs ][Ys hII h[<dhP]jh ]N gIhI<gEP <gjQN<Ejh Q[� � � � � � � � � � � � � � � � �

jPI ]dI[� <[G []j jPIQg NkYY <[G jg<EXIG GIpIY]dZI[j dg]EIhh � $[I Ir<ZdYI Qh qPIgI jPI dg]EIhh� � � � � � � � � � � � � � � �
Æ

QjhIYN Qh Z]gI Ird]hIG� N]g Ir<ZdYI Ds khQ[O IYIEjg][QE Y<D]g<j]gs []jID]]Xh ¥!sIgh Ij <Y� ÂÊÊÇ¦� ]g� � � � � � � � � � � � � � � �

gIOQhjIgIG gId]gjh ¥"]hIX <[G  <XI[h ÃÁÂÅ¦� 0PIhI <gI hjQYY []j <h <EEIhhQDYI j] d<gjQEQd<jQ][ ]g� � � � � � � � � � � � � � �

E]YY<D]g<jQ][ <h < jsdQE<Y �$// q]gXNY]q� Dkj dg]pQGI Z]gI ]N < qQ[G]q Q[j] jPI dg]EIhh ]N jPI� � � � � � � � � � � � � � � � �

gIhI<gEP QjhIYN ¥$DIYh Ij <Y� ÃÁÂÊ¦� .IEI[jYs� jPI E][EIdj ]N < �!<hhQpIYs $dI[ $[YQ[I +<dIg�� ]g� � � � � � � � � � � � � � � �

!$$+� q<h dg]d]hIG j] <jjIZdj j] gINYIEj < Z]gI �$//�hjsYI q]gXNY]q qQjPQ[ hEP]Y<gYs Z<[khEgQdj� � � � � � � � � � � � � �

qgQjQ[O ¥0I[[<[j� �QIYEvsX� Ij <Y� ÃÁÂÊ¦� dgIhI[jQ[O [Iq E]YY<D]g<jQpI ]dd]gjk[QjQIh N]g dIIg�j]�dIIg� � � � � � � � � � � �

YI<g[Q[O <[G Q[jIg<EjQpI X[]qYIGOI OI[Ig<jQ][ Q[ <[ <kjP]gQ[O I[pQg][ZI[j ¥�IYYIg� 0PI� <[G� � � � � � � � � � � �

�<gjYQ[O ÃÁÂÅ¦� /kEP IrEIdjQ][h <hQGI� $dI[ /EP]Y<ghPQd Q[ Qjh EkggI[j N]gZ Qh Z]gI hQZQY<g j]� � � � � � � � � � � � � � �

dg]dgQIj<gs h]Njq<gI E]Zd<[QIh qP] GIEQGI j] gI[GIg jPIQg dg]GkEjh $dI[ /]kgEI qPQYI XIIdQ[O jPI� � � � � � � � � � � � � �

d<gjQEQd<jQ][�dg]EIhh�IrEYkhQpI��

�]g $dI[ /EP]Y<ghPQd Qj hIIZh jP<j Q[jgQ[hQE Z]jQp<jQ][h ZQOPj dY<s < hjg][OIg g]YI jP<[ IrjgQ[hQE� � � � � � � � � � � � � � �

][Ih qPI[ Qj E]ZIh j] d<gjQEQd<jQ][ qQjPQ[ h]ZI E]ZZk[QjQIh� � hkgpIs ]N ÄÁÁ d<gjQEQd<[jh ¥$gIO� � � � � � � � � � � � � � �

<[G "]p ÃÁÁÉ¦ <Z][O �$// GIpIY]dIgh <[G 7QXQdIGQ< <kjP]gh ¥jP<j Qh� D]jP E]GI <[G X[]qYIGOI� � � � � � � � � � � � � � �

E][jgQDkj]gh¦ gIpI<YIG jP<j h]Njq<gI GIpIY]dIgh jI[G j] dY<EI OgI<jIg IZdP<hQh ][ gIdkj<jQ][ <[G� � � � � � � � � � � � �

hIYN�GIpIY]dZI[j Z]jQp<jQ][h� qPIgI<h X[]qYIGOI E][jgQDkj]gh dY<EI OgI<jIg IZdP<hQh ][ <YjgkQhjQE� � � � � � � � � �

Æ $[I IrEIdjQ][ j] jPQh Qh Z<[s d<dIgh qPIgI jPI NQghj <kjP]g Qh Q[p]YpIG� qPIgI E<YYh N]g gIhI<gEP P<ddI[� � � � � � � � � � � � � � � � � � �
]dI[Ys Q[ h]EQ<Y ZIGQ< qIDhQjIh <[G jPI gIhkYjQ[O d<dIgh <gI <p<QY<DYI Ng]Z jPI DIOQ[[Q[O Q[ dkDYQEYs hP<gIG� � � � � � � � � � � � � � � � �
G]EkZI[jh ¥I�O�� <h q<h jPI dg]EIhh N]g jPI dgIhI[j <gjQEYI¦� /kEP < dg]EIhh ]N E]YY<D]g<jQpI <kjP]gQ[O <[G� � � � � � � � � � � � � � � � �
IGQjQ[O Qh []q hQZdYI <[G d]dkY<g khQ[O �]]OYI �]Eh ¥]g ]jPIg hQZQY<g <ddYQE<jQ][h¦� qPQEP q<h I[P<[EIG qPI[� � � � � � � � � � � � � � � � �
jPI�$dI[�/]kgEI�gINIgI[EI�Z<[<OIg�;]jIg]�q<h�Q[jIOg<jIG�qQjP�Qj���
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Z]jQpIh� 9Ij� IrjgQ[hQE N<Ej]gh hP]kYG []j DI k[GIgg<jIG� Q[ d<gjQEkY<g jP]hI gIY<jIG j] PkZ<[ E<dQj<Y�� � � � � � � � � � � � � � �

jPQh Qh IhdIEQ<YYs jPI E<hI <h� k[YQXI ZkEP ]N �$// GIpIY]dZI[j� Q[ Z<[s NQIYGh < Y<gOI fk<[jQjs ]N� � � � � � � � � � � � � � � � � �

gIhI<gEP Qh Nk[GIG Ds jPI dkDYQE� 0PQh dgIhI[jh < hjg][O IjPQE<Y E<hI N]g Z<XQ[O jPI ]kjdkjh� <j YI<hj�� � � � � � � � � � � � � � � � � �

]N gIhI<gEP dkDYQEYs <EEIhhQDYI� $[EI Qj Qh IZdQgQE<YYs GIZ][hjg<jIG jP<j $dI[ /EP]Y<ghPQd <EjQpQjQIh� � � � � � � � � � � � �

DkQYG hjg][OIg dIIg [Ijq]gXh <[G PIYd DkQYG ][I°h gIdkj<jQ][ <[G gIhkZI� IrjgQ[hQE N<Ej]gh ¥I�O��� � � � � � � � � � � � � �

dg]Z]jQ][ dg]EIhhIh¦ ZQOPj I[E]kg<OI ]jPIgqQhI YIhh Z]jQp<jIG hEP]Y<gh� 0PI $dI[ �EEIhh EQj<jQ][� � � � � � � � � � � �

<Gp<[j<OI Qh < d]qIgNkY Ir<ZdYI ]N hkEP ¥"]ggQh� $ddI[PIQZ� <[G .]qY<[G ÃÁÁÉ� /q<[ ÃÁÂÁ�� � � � � � � � � � � � � �

7<O[Ig�ÃÁÂÇ��!E�QIg[<[�Ij�<Y��ÃÁÂÇ¦���

0PI IrjI[j j] qPQEP Q[jgQ[hQE N<Ej]gh <gI Z]gI d]qIgNkY jP<[ IrjgQ[hQE N<Ej]gh gIZ<Q[h sIj j] DI NkYYs� � � � � � � � � � � � � � � � �

QYYkZQ[<jIG N]g jPI qQGIg E<hI ]N hEP]Y<gYs X[]qYIGOI GQNNkhQ][� /EP]Y<gYs E]ZZk[QjQIh hP]kYG DI� � � � � � � � � � � � �

<q<gI ]N jPI h]EQ<Y E][jIrjh hkgg]k[GQ[O X[]qYIGOI jg<[hNIg ¥�QDD][h ÂÊÊÊ� !]gO<[ Ij <Y� ÃÁÂÉ¦�� � � � � � � � � � � � � �

<[G khI jPQh j] EgI<jI jPI DIhj EkYjkg<Y I[pQg][ZI[j <[G hP<gIG p<YkIh d]hhQDYI j] <jjg<Ej jPIhI� � � � � � � � � � � � � � � �

Z]jQp<jQ][h ]N hEP]Y<gh� �QpI[ h]ZI G]EkZI[jIG INNIEjh ]N ]dI[[Ihh hkEP <h qQGIg gI<GIghPQd <[G� � � � � � � � � � � � � �

<EEIhh ¥ IpQ[ ÃÁÂÆ¦� D]]hjQ[O E]YY<D]g<jQ][ <[G jg<[hd<gI[Es ¥+IjIgh <[G .]DIgjh ÃÁÂÆ¦�� � � � � � � � � � �

GIZ]Eg<jQh<jQ][ ]N hEQI[EI ¥�g]q[ ÃÁÂÇ� 0I[[<[j ÃÁÂÉ<¦ <[G dg]Z]jQ[O <EE]k[j<DQYQjs <[G� � � � � � � � � � �

gIhd][hQDYI gIhI<gEP ¥.Ih[QX ÃÁÁÇ¦� QGI<YYs <YY hj<XIP]YGIgh Q[p]YpIG Q[ jPI dg]EIhh ]N hEP]Y<gYs� � � � � � � � � � � � �

E]ZZk[QE<jQ][ E<[ <[G hP]kYG DI hkdd]gjQpI ]N jPQh jgI[G� D]jP Q[ dgQ[EQdYI <[G Q[ <EjQ][h� �]qIpIg�� � � � � � � � � � � � � � � �

jP<j Qh []j <Yq<sh jPI E<hI� �h ]kjYQ[IG Q[ jPI �]k[G<jQ][h N]g $dI[ /EP]Y<ghPQd /jg<jIOs� � � � � � � � � � � � � � �

�IpIY]dZI[j G]EkZI[j ¥0I[[<[j� �I<ZIg� Ij <Y� ÃÁÂÊ¦� < [kZDIg ]N EP<YYI[OIh <[G jPgI<jh j] jPQh� � � � � � � � � � � � � � �

QGI<Y hjQYY gIZ<Q[� 0PQh Q[EYkGIh <EX[]qYIGOQ[O jPI YQZQj<jQ][h ]N �]dI[[Ihh�� jPI <ddI<g<[EI <[G� � � � � � � � � � � � �

Q[EYkhQpQjs ]N jPI E]ZZk[Qjs� <[G d]hhQDYI GQhQ[EI[jQpIh j] hP<gQ[O <[G ]dI[ E]YY<D]g<jQ][� 0PIgI <gI� � � � � � � � � � � � � �

<Yh] GQgIEj jPgI<jh jP<j ]dI[[Ihh DgQ[Oh j] DI ZQ[GNkY ]N� N]g Ir<ZdYI� d]jI[jQ<Y ZQh�khI ]N dkDYQEYs� � � � � � � � � � � � � � � �

hP<gIG OI[]ZQE G<j< j] GQhEgQZQ[<jI <O<Q[hj Z<gOQ[<YQvIG E]ZZk[QjQIh� �]qIpIg� ZkEP ]N jPI� � � � � � � � � � � �

IrQhjQ[O gIhI<gEP Q[GQE<jIh jP<j $dI[ /EP]Y<ghPQd Qh Z]gI <YQO[IG qQjP Nk[G<ZI[j<Y Q[EI[jQpIh N]g� � � � � � � � � � � � �
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jPI NkjkgI ]N ]dI[ <[G E]ZZk[Qjs�E][jg]YYIG hEP]Y<gYs Q[Ng<hjgkEjkgIh ¥�QYGIg�  Q[� <[G "IsY][ ÃÁÂÆ�� � � � � � � � � � � � �

�]hIdP�ÃÁÂÉ¦���

�[ <GGQjQ][� Z<[s IYIZI[jh Ng]Z �$// q]gXNY]qh P<pI OgI<j d]jI[jQ<Y j] DI Z]gI qQGIYs <G]djIG Ds� � � � � � � � � � � � � � � �

gIhI<gEP E]ZZk[QjQIh j] PIYd Q[EgI<hI jPI INNQEQI[Es <[G dg]GkEjQpQjs ]N gIhI<gEP� D<hIG <g]k[G� � � � � � � � � � � � �

hIpIg<Y�XIs�IYIZI[jh�¥�P]hP�Ij�<Y��ÃÁÂÃ��!QYYZ<[�<[G�+IgIv�ÃÁÂÅ¦��

Â� 6IghQ][ E][jg]YYIG q]gXNY]qh� N]g jg<EXQ[O G<j< E]YYIEjQ][� <[<YshQh gk[h� Z<[khEgQdj qgQjQ[O�� � � � � � � � � � �

dIIg�gIpQIq��<[G�kd�hE<YQ[O�E]YY<D]g<jQ][��

Ã� �kj]Z<jIG IrIEkjQ][ <[G E][jQ[k]kh Q[jIOg<jQ][� qPIgI jPI E]GI� G<j<� <[G NkYY� � � � � � � � � � �

E]Zdkj<jQ][<Y I[pQg][ZI[jh <gI Q[PIgI[jYs gIdg]GkEQDYI� <[G dg]d]hIG qPIgI d]hhQDYI� � � � � � � � �

Q[�Dg]qhIg�]g�pQ<�dIIg�j]�dIIg�[Ijq]gXh��

Ä� ][jQ[k]kh�jIhjQ[O�j]�GIjIEj�<[G�gIZ]pI�Igg]gh�<[G�DkOh�dgQ]g�j]�dIIg�gIpQIq��

Å� .I<G<DQYQjs qQjP jPI h] E<YYIG �EYI<[�E]GI� dPQY]h]dPs� qPIgI qIYY qgQjjI[ <[G G]EkZI[jIG� � � � � � � � � � � �

E]GIh <gI I<hs j] <EEIhh <j GQNNIgI[j E]GQ[O YIpIYh D<hIG ][ IrQhjQ[O hj<[G<gGh N]g� � � � � � � � � � � � � �

hIYN�G]EkZI[j<jQ][��<[G�

Æ� �IpIY]dQ[O�Q[Ng<hjgkEjkgI�E<d<EQjs�N]g�j]]Yh�<[G�dg]EIGkgIh�IhhI[jQ<Y�j]�gIhI<gEP�q]gXNY]qh��

0PIhI DI[INQjh E]kYG PIYd j] GINQ[I < hkEEIhhNkY [Iq E]ZZk[Qjs GIpIY]dZI[j Z]GIY D<hIG <g]k[G� � � � � � � � � � � � � �

hP<gQ[O� E]YY<D]g<jQ][� <[G Q[[]p<jQ][� ][I qPQEP Qh <YgI<Gs Q[EgI<hQ[OYs DIQ[O <G]djIG Ds jPI� � � � � � � � � � � � �

h]Njq<gI Q[Gkhjgs qP]� <Z][O jPI Z<[s <Gp<[j<OIh� hII Qj <h <[ IE][]ZQE QZdg]pIZI[j� $jPIg� � � � � � � � � � � � � �

E]ZZk[QjQIh P<pI <YgI<Gs j<XI[ kd d<gjh ]N jPIhI dg<EjQEIh <h < q<s j] QZdg]pI gIhI<gEP <[G PIYd j]� � � � � � � � � � � � � � � � � �

Z<XI Qj Z]gI Nk[G<ZI[j<YYs gIdg]GkEQDYI� d<gjQEkY<gYs Q[ E]Zdkj<jQ][<Y E][jIrjh ¥/<[GpI Ij <Y�� � � � � � � � � � � �

ÃÁÂÄ¦� 0PIhI QGI<h <gI fkQEXYs hdgI<GQ[O DIjqII[ <E<GIZQ< <[G E]GQ[O E]ZZk[QjQIh� N]g Ir<ZdYI�� � � � � � � � � � � � �

Z<[s h]Njq<gI E]Zd<[QIh j]G<s <gI hIYYQ[O jPIQg IrdIgjQhI Z]gI jP<[ jPI E]GI ]g jPI E]GI� � � � � � � � � � � � � � �

hkDhEgQdjQ][� 1hIgh E<[ NgIIYs <EEIhh jPI E]GI <[G pIgQNs jPI g]Dkhj[Ihh ]N jPI Y<jjIg� QZdg]pI Qj N]g� � � � � � � � � � � � � � � � �

hdIEQNQE E<hIh qPI[ [IEIhh<gs <[G Z<XI hkgI <YY IYIZI[jh <gI Q[ dY<EI N]g DIjjIg E]Zd<[s� � � � � � � � � � � � � � �

dIgN]gZ<[EIh� $[I ]N jPI XIs <hdIEjh PIgI jP<j k[GIgYQ[Ih jPI E]ZZk[Qjs Qh jP<j gIhI<gEP Qh <� � � � � � � � � � � � � � � �

dg]EIhh jP<j E][jQ[k]khYs Ip]YpIh� <[G Qh jPIgIN]gI []j E<djkgIG <[G GINQ[IG <ddg]dgQ<jIYs qQjP Wkhj� � � � � � � � � � � � � �

GQhEgIjI ]kjdkjh ¥Q�I�� dIIg gIpQIqIG W]kg[<Y <gjQEYIh¦� .IhI<gEP dg]WIEjh E]kYG E][j<Q[ [kZIg]kh� � � � � � � � � � � �

E]Zd][I[jh <[G �gIYI<hIh�� <XQ[ j] pIghQ][ E][jg]Y <[G �$//� qQjP <[ IZdP<hQh ][ jPI p<YkI ]N jPI� � � � � � � � � � � � � � � � �
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�

dg]EIhh <[G G]EkZI[j<jQ][� 0PQh E]kYG EgI<jI < jI[GI[Es N]g dg]WIEjh j] DIE]ZI Z]gI GQhjgQDkjIG�� � � � � � � � � � � � � �

<[G Q[jIg<EjQpI E]YY<D]g<jQ][ j] DI gIE]O[QhIG <h < Nk[G<ZI[j<Y <[G Z]gI qQGIYs�p<YkIG jg<Qj ¥�IYYIg�� � � � � � � � � � � � � �

0PI��<[G��<gjYQ[O�ÃÁÂÅ¦��

.IO<gGYIhh ]N hIYN�QGI[jQNQIG ZIZDIghPQd ]N jPI �$dI[ /EP]Y<ghPQd ]ZZk[Qjs�� ][I E]kYG <gOkI� � � � � � � � � � � �

jP<j dIgN]gZQ[O <[s ¥]g < E]ZDQ[<jQ][ ]N¦ jPI ZkYjQjkGI ]N dg<EjQEIh <hh]EQ<jIG qQjPQ[ $dI[� � � � � � � � � � � � � �

/EP]Y<ghPQd� E][jgQDkjIh j] Qjh d]YQjQE<Y <[G dg<EjQE<Y O]<Yh� $dI[ /EP]Y<ghPQd� <h < dg<EjQEI� qQYY jPkh� � � � � � � � � � � � � � �

OgI<jYs IrEIIG $dI[ /EP]Y<ghPQd <h < E]ZZk[Qjs� � p<hj dg]d]gjQ][ ]N gIhI<gEPIgh <YgI<Gs� � � � � � � � � � � � �

E][jgQDkjI j] �$//� khI pIghQ][ E][jg]Y hshjIZh� hP<gI G<j<� khI ]dI[ []jID]]Xh� hP<gI dgIdgQ[jh�� � � � � � � � � � � � � �

sIj IYIEj []j j] QGI[jQNs <h ]dI[ hEP]Y<gh ]g ]dI[ hEQI[jQhjh� �[GIIG� jPIgI Qh [] gI<h][ qPs jPIs� � � � � � � � � � � � � � � � � �

hP]kYG� <h jPIs <gI Z]hj YQXIYs []j G]Q[O jPIhI jPQ[Oh DIE<khI Qj OQpIh jPIZ < hI[hI ]N QGI[jQjs� Dkj� � � � � � � � � � � � � � � � � � �

<gI G]Q[O Qj DIE<khI Qj I[<DYIh jPIZ j] dIgN]gZ <[G hP<gI jPIQg hEP]Y<ghPQd Q[ Z]gI INNQEQI[j <[G� � � � � � � � � � � � � � � � �

INNIEjQpI�q<sh��

0PQh GQpIgOI[EI E]kYG dgIhI[j dg]DYIZh� IhdIEQ<YYs Q[ jPI E][jIrj ]N O]pIg[<[EI QhhkIh� $dI[� � � � � � � � � � � � �

/EP]Y<ghPQd qQYY DIE]ZI G]ZQ[<jIG <h < E]ZZk[Qjs D<hIG ][ hIYN�QGI[jQNQE<jQ][� g<jPIg jP<[� � � � � � � � � � � �

<kj]Z<jQE<YYs D<hIG ][ gIhI<gEP dg<EjQEIh� 0P]hI qP] Z]gI gI<GQYs QGI[jQNs <h ]dI[ hEP]Y<gh Z<s� � � � � � � � � � � � � �

<jjIZdj j] O]pIg[ dI]dYI qP] G] []j� QggIhdIEjQpI ]N qPIjPIg jPIs <gI E]ZZQjjIG j] ]dI[ dg<EjQEIh�� � � � � � � � � � � � � � � �

0P]hI qP] G] []j hIYN�QGI[jQNs <h ]dI[ hEP]Y<gh� sIj E]ZZQj j] ]dI[ dg<EjQEIh� qQYY Z]hj YQXIYs DI� � � � � � � � � � � � � � � � �

k[Q[jIgIhjIG Q[ jgsQ[O j] O]pIg[ jP]hI qP] G] QGI[jQNs� EgI<jQ[O < d]jI[jQ<Y hXIq Q[ jPI O]pIg[<[EI� � � � � � � � � � � � � � � �

]N jPI �E]ZZk[Qjs�� ][hIfkI[jYs� jPQh Qh <Yh] qPIgI $dI[ /EP]Y<ghPQd N<YYh hP]gj ]N DIQ[O GINQ[IG <h� � � � � � � � � � � � � � � �

< hQ[OYI� ]gO<[QE �Z]pIZI[j�� <h Qj <ddI<gh j] Y<EX E]ZZ][ ]g hP<gIG p<YkIh� hjg<jIOQE E]]gGQ[<jQ][�� � � � � � � � � � � � � � �

qIYY�GINQ[IG O]<Yh� <[G <[s N]gZ ]N O]pIg[<[EI ]g E]ZZk[Qjs hjgkEjkgI ¥0I[[<[j ÃÁÂÉ¦� 0PQh QhhkI Qh� � � � � � � � � � � � � � �

hQZQY<g j] �$//� Q[ jP<j GIZ]Eg<jQE p<YkIh <[G Q[EYkhQpQjs <ddI<g j] DI E]gI� k[GIgdQ[[Q[O IYIZI[jh� � � � � � � � � � � � � � �

j] $dI[ /EP]Y<ghPQd� Dkj Qj gIZ<Q[h k[EYI<g QN jPIhI <gI kdPIYG Q[ dg<EjQEI� <[G qPIjPIg jPIhI� � � � � � � � � � � � � � � �

dg<EjQEIh�<gI�Q[PIgI[jYs��DIjjIg��N]g�hEP]Y<ghPQd��

�[jIOg<jQ[O��$//�dgQ[EQdYIh�<[G�p<YkIh�Q[j]�hEP]Y<gYs�E]ZZk[QjQIh�

/]� j] qP<j IrjI[j E<[ jPI dgQ[EQdYIh ]N �$// �P<EXIg EkYjkgI� <[G $dI[ /EP]Y<ghPQd DI NkgjPIg� � � � � � � � � � � � � � � �

<YQO[IG <h E]ZZk[QjQIh ]N dg<EjQEI� $[I Nk[G<ZI[j<Y IYIZI[j jP<j �$//� $�� <[G $dI[ /EP]Y<ghPQd� � � � � � � � � � � � � �

<YY P<pI Q[ E]ZZ][ Qh jP<j jPIs DIYQIpI jP<j jPI ]kjdkjh ]N jPI qQGIg dg]EIhh ]N ]gO<[QhIG� � � � � � � � � � � � � � � � �

X[]qYIGOI EgI<jQ][� Q[EYkGQ[O Q[jIYYIEjk<Y dg]dIgjQIh jP<j jPIs gIdgIhI[j� GIhIgpI j] DI < dkDYQE�� � � � � � � � � � � � �

g<jPIg jP<[ dg]dgQIj<gs� dg]dIgjs ¥7QYYQ[hXs ÃÁÁÇ� �<gjYQ[O <[G �gQIhQXI ÃÁÂÅ¦� 0PIs <gI <Yh] D<hIG� � � � � � � � � � � � � �

<g]k[G jPI hQZdYI N<Ej jP<j IrQhjQ[O q]gX Qh jPIgI j] DI khIG ¥N]g qP<j GQpIghI dkgd]hIh¦ <[G DkQYj� � � � � � � � � � � � � � � � � �

kd][� D]jP <h GIpIY]dIgh <[G�]g gIhI<gEPIgh �hj<[GQ[O ][ jPI hP]kYGIgh ]N OQ<[jh�� �]g $dI[� � � � � � � � � � � � � �
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/EP]Y<ghPQd� jPIgI P<h DII[ gIY<jQpIYs YQjjYI IrdYQEQj q]gX Q[j] jPI k[GIgYsQ[O dgQ[EQdYIh ¥qQjP jPI� � � � � � � � � � � � � �

IrEIdjQ][ ]N jPI G]vI[h ]N GIEY<g<jQ][h <[G EP<gjIgh <QZIG <j $�¦� <[G IhdIEQ<YYs gIO<gGQ[O jP]hI� � � � � � � � � � � � � � �

jP<j <gI k[QpIgh<YYs <EEIdjIG� � gIEI[j gIpQIq ]N $dI[ /EQI[EI GIZ][hjg<jIG jP<j Qj E<[ PIYd j]� � � � � � � � � � � � � � � �

<Gp<[EI GQpIghQjs� WkhjQEI <[G hkhj<Q[<DQYQjs Q[ jPI dhsEP]Y]OQE<Y hEQI[EIh ¥�g<PI Ij <Y� ÃÁÂÊ¦� �Is][G� � � � � � � � � � � � � �

jPQh� $/�"Ij Qh <YZ]hj k[QfkI Q[ jPQh hd<EI� Q[ jP<j Qj dg]d]hIh hIpI[ dgQ[EQdYIh N]g $dI[ <[G� � � � � � � � � � � � � � � � �

]YY<D]g<jQpI /EQI[EI <h d<gj ]N Qjh �$dI[ /EQI[EI !<[QNIhj] �� �IgI� Qj ]kjYQ[Ih jPI QZd]gj<[EI ]N� � � � � � � � � � � � � � �

gIdgIhI[j<jQ][ <[G Q[EYkhQpQjs qQjPQ[ $dI[ /EQI[EI� <[G jPI QZd]gj<[EI ]N jPIhI Q[ EP<YYI[OQ[O jPI� � � � � � � � � � � � � �

E]gI p<YkIh ]N Z]gI jg<GQjQ][<Y N]gZh ]N hEQI[EI� +gQ[EQdYI Ç <Yh] hj<jIh� ��j Q[EI[jQpQvIh Q[EYkhQpI� � � � � � � � � � � � � � �

Q[Ng<hjgkEjkgIh jP<j IZd]qIg dI]dYI ]N <YY <DQYQjQIh j] Z<XI� <[G khI <EEIhhQDYI ]dI[�h]kgEI� � � � � � � � � � � � �

jIEP[]Y]OQIh�� jPIgIDs IZDIGGQ[O �$// qQjPQ[ jPI dgQ[EQdYIh ]N ]dI[ <[G E]YY<D]g<jQpI hEQI[EI�� � � � � � � � � � � �

/QZQY<gYs� jPI 6QI[[< +gQ[EQdYIh N]g hEP]Y<gYs E]ZZk[QE<jQ][ P<pI < hjg][O N]Ekh ][ $dI[ /EQI[EI�� � � � � � � � � � � � � �

D<hIG <g]k[G ÂÃ dgQ[EQdYIh Q[EYkGQ[O <EEIhhQDQYQjs� GQhE]pIg<DQYQjs� <[G gIkh<DQYQjs ¥�g<XIg Ij <Y� ÃÁÂÇ¦�� � � � � � � � � � � � �

�Q[<YYs� jPI /EP]Y<gYs ]ZZ][h q<h GIhQO[IG j] IZDIG hjg][O dgQ[EQdYIh Q[ jPI qQGIg Y<[GhE<dI ]N� � � � � � � � � � � � � � �

gIhI<gEP�E]ZZk[QE<jQ][��qQjP]kj�<[�IrdYQEQj�N]Ekh�][�$dI[�/EP]Y<ghPQd�¥�]hZ<[�Ij�<Y��ÃÁÂÈ¦��

�]qIpIg� qQjPQ[ jPI �gII /]Njq<gI Z]pIZI[j� jPI dgQ[EQdYIh ]N NgIIG]Z qIgI ZkEP Z]gI GIIdYs� � � � � � � � � � � � � �

I[E]GIG Ng]Z jPI ]kjhIj jP<[ jPIs <ddI<g j] DI N]g $dI[ /EP]Y<ghPQd ]g $dI[ /EQI[EI� qPQEP D]jP� � � � � � � � � � � � � � � � �

<ddI<g j] DI Z]gI hQZQY<g j] $dI[ /]kgEI Q[ jPIQg EkggI[j N]Ekh ][ dg<OZ<jQhZ� qQjP jPI IrEIdjQ][� � � � � � � � � � � � � � � � �

]N jPI $/�"Ij <[G 6QI[[< +gQ[EQdYIh� 0PI gIhkYj ]N jPQh N]g h]Njq<gI E]ZZk[QjQIh Qh jP<j� Ds DIQ[O� � � � � � � � � � � � � � � � �

D<hIG ][ IhhI[jQ<Y NgIIG]Zh� jPQh PIYdIG j] dg]Z]jI h]EQ<Y <hdIEjh hkEP <h NgQEjQ][YIhh hP<gQ[O <[G� � � � � � � � � � � � � � �

E]�]dIg<jQ][ � N<Ej]gh jP<j <gI Q[EgI<hQ[OYs QZd]gj<[j Q[ < GQOQj<Y q]gYG� $NjI[ < Z]g<Y D<hQh Qh <gOkIG� � � � � � � � � � � � � � � � �

N]g $� <g]k[G Nk[G<ZI[j<Y gQOPjh ]N <EEIhh <[G gI�khI� <XQ[ j] <gOkZI[jh Z<GI N]g GIZ]Eg<Es�� � � � � � � � � � � � � � �

/QZQY<gYs� < d<g<YYIY <gOkZI[j Qh jP<j $dI[ /EP]Y<ghPQd Qh < Z]gI INNQEQI[j ]g INNIEjQpI q<s ]N� � � � � � � � � � � � � � � �

dIgN]gZQ[O <[G E]ZZk[QE<jQ[O gIhI<gEP jP<[ jg<GQjQ][<Y N]gZh� 7PIjPIg <[ Q[EgI<hQ[O <G]djQ][ ]N� � � � � � � � � � � �

]dI[ dg<EjQEIh Qh Z]gI GkI j] jPI QGI]Y]OQE<Y ]g dg<OZ<jQE <gOkZI[jh DIjqII[ h]Njq<gI <[G� � � � � � � � � � � � � �

hEP]Y<gYs E<Zdh gIZ<Q[h IYkhQpI� �[ D]jP� N<ZQYQ<gQjs qQjP ]dI[ dg<EjQEIh ZQOPj DI DIE<khI jPIs <gI� � � � � � � � � � � � � � �

D]jP Q[PIgI[jYs �DIjjIg dg<EjQEIh <[G YI<G j] �DIjjIg �]kjdkjh� g<jPIg jP<[ DIQ[O DIE<khI jPIs <YQO[ qQjP� � � � � � � � � � � � � � � �

jPI�dgQ[EQdYIh�<[G�p<YkIh�<hh]EQ<jIG�qQjP�<�d<gjQEkY<g�Z]pIZI[j�¥Q�I����gII�/]Njq<gI¦���

�YjP]kOP �$// <[G $dI[ /EP]Y<ghPQd ZQOPj P<pI hQZQY<g N]k[G<jQ][h ¥Q�I�� <g]k[G QGI<h ]N NgII� � � � � � � � � � � � � �

hP<gQ[O <[G E]ZZ][ O]]Gh¦� jPI GQNNIgI[EIh Q[ jPI d<EI ]N jIEP[]Y]OQE<Y <[G EkYjkg<Y EP<[OIh� � � � � � � � � � � � � �

DIjqII[ jPI jq] ZI<[ jP<j �]dI[[Ihh� hIIZh j] P<pI Z<GI Z]gI QZd<Ej Q[ jPI h]Njq<gI q]gYG jP<[� � � � � � � � � � � � � � � � �

Q[ gIhI<gEP� 0PIgI <gI < [kZDIg ]N XIs GQNNIgI[EIh PIgI DIjqII[ h]Njq<gI <[G gIhI<gEP jP<j ZQOPj� � � � � � � � � � � � � � � �

IrdY<Q[ jPQh GQhjQ[EjQ][ Q[ kdj<XI g<jIh DIjqII[ ]dI[ dg<EjQEIh� <[G jPI jg<[hY<jQ][ ]N p<YkIh <[G� � � � � � � � � � � � � � �

dgQ[EQdYIh�Q[j]�dg<EjQEIh���
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Â� 0PI E]gI QhhkI ]N Q[EI[jQpIh <g]k[G ]dI[ gIhI<gEP dg<EjQEIh� 0PI hjg][O E]gI dgQ[EQdYIh <[G� � � � � � � � � � � � � �

p<YkIh ]N $dI[ /EP]Y<ghPQd dg<EjQhI jP<j YI<G j] �DIjjIg� gIhI<gEP� <[G Z]gI <Gp<[j<OIh N]g� � � � � � � � � � � � � �

Q[GQpQGk<Y gIE]O[QjQ][� Qh hjQYY hIj <O<Q[hj qP<j Qh ]NjI[ jIgZIG < �dkDYQhP ]g dIgQhP� EkYjkgI Q[� � � � � � � � � � � � � � � �

Z]GIg[ <E<GIZQ<� 0PQh jI[hQ][ dQjEPIh jPI p<YkIh ]N PQOP fk<YQjs hEP]Y<ghPQd <O<Q[hj ]jPIg� � � � � � � � � � � � �

hshjIZh ]N p<YkI hkEP <h EQj<jQ][�D<hIG ZIjgQEh ]g W]kg[<Y Dg<[Gh ¥�YdIgQ[ Ij <Y� ÃÁÂÉ�� � � � � � � � � � � � � �

!E�QIg[<[ Ij <Y� ÃÁÂÊ¦� qPQEP <gI ]NjI[ Q[ E][jg]Y ]N dg]dgQIj<gs pI[G]gh <[G GQgIEjYs jQIG j]� � � � � � � � � � � � � � � �

E<gIIg�<Gp<[EIZI[j�]g�NQ[<[EQ<Y�gIE]O[QjQ][���

Ã� 0PI E][hIfkI[EIh ]N �$// E<[ DI hII[ <YZ]hj QZZIGQ<jIYs Q[ QZdg]pIG h]Njq<gI� qPQYI� � � � � � � � � � � � �

]DhIgpIG EP<[OIh Q[ gIhI<gEP GkI j] $dI[ /EP]Y<ghPQd dg<EjQEIh Z<[QNIhj jPIZhIYpIh Q[ YIhh� � � � � � � � � � � � �

j<[OQDYI�q<sh�]g�<NjIg�<�Y][OIg�dIgQ]G�]N�jQZI�¥!E�QIg[<[�Ij�<Y��ÃÁÂÇ¦���

Ä� �QNNIgI[EIh Q[ hkdd]gj <[G jg<Q[Q[O N]g �]dI[� hXQYYh DIjqII[ jPI h]Njq<gI <[G hEP]Y<gYs� � � � � � � � � � � � �

gIhI<gEP I[pQg][ZI[jh� !kEP ]N jPI Q[Ng<hjgkEjkgI <[G jIEP[]Y]Os N]g hEP]Y<gYs� � � � � � � � � �

E]ZZk[QE<jQ][ P<h DII[ ]kjh]kgEIG j] IQjPIg dkDYQhPIgh ]g ]jPIg jPQgG�d<gjs pI[G]gh�� � � � � � � � � � �

g<jPIg jP<[ qQjPQ[ gIhI<gEP Q[hjQjkjIh ]g <E<GIZQIh jPIZhIYpIh� 0PQh ZI<[h jP<j P<gG hXQYYh� � � � � � � � � � � � �

gIfkQgIG j] YI<g[ P]q j] G] ]dI[ hEP]Y<gYs E]ZZk[QE<jQ][ <gI GQNNQEkYj j] <EfkQgI Ng]Z� � � � � � � � � � � � � �

qQjPQ[ <E<GIZQIh� qPQEP Z<XIh jg<[hY<jQ][ ]N jPI dg<EjQEIh Ng]Z jPI k[GIgYsQ[O dgQ[EQdYIh� � � � � � � � � � � �

dg]DYIZ<jQE���

Å� 0IZd]g<Y Gkg<jQ][� �$// P<h DIE]ZI []gZ<jQpI <Eg]hh OY]D<Y h]Njq<gI E]ZZk[QjQIh�� � � � � � � � � �

qPIgI<h GQNNkhQ][ ]N $dI[ /EP]Y<ghPQd dg<EjQEIh <ddI<gh j] DI Z]gI gIEI[j Q[ Z<[s <hdIEjh� � � � � � � � � � � � � �

<[G�GIpIY]d�<j�<�hY]qIg�d<EI���

Æ� 0PI E]ZZk[QE<jQ][ qQjPQ[ jPI $dI[ /EP]Y<ghPQd E]ZZk[Qjs� <[G P]q jPQh jg<[hY<jIh j] jPI� � � � � � � � � � � � �

qQGIg hEP]Y<gYs E]ZZk[Qjs� �N $dI[ /EP]Y<ghPQd Qh jgI<jIG <h h]ZIjPQ[O GQhjQ[Ej jP<[ Wkhj� � � � � � � � � � � � �

�O]]G� hEP]Y<ghPQd ¥7<jh][ ÃÁÂÆ¦� jPI[ jPQh EgI<jIh < GQpQGI <[G jI[hQ][ DIjqII[ GQNNIgI[j� � � � � � � � � � � � �

E<Zdh��

� gIYIp<[j fkIhjQ][ j] DIjjIg k[GIghj<[G jPIhI E<khIh Qh qPIjPIg ]g []j ]dI[ gIhI<gEP Qh IfkQp<YI[j� � � � � � � � � � � � � � � �

j] �DIjjIg� gIhI<gEP� D<hIG ][ IQjPIg jPI p<YkIh� dg<EjQEIh� ]g dgQ[EQdYIh� �]Ih hP<gQ[O E]GI <[G jPI� � � � � � � � � � � � � � � �

E]GQ[O I[pQg][ZI[j� DIQ[O Z]gI Q[EYkhQpI� Z<XQ[O jPI q]gX $�� <YY Z<XI gIhI<gEP DIjjIg� 7P<j QN Qj� � � � � � � � � � � � � � � �

E<[ DI gIdg]GkEIG� DIE<khI Qj h]YpIh < d<gjQEkY<g dg]DYIZ� YI<Gh j] <[ Q[[]p<jQ][� ]g Z<XIh < DQO� � � � � � � � � � � � � � � � �

WkZd N]gq<gG Q[ < NQIYG ¥/<[GpI Ij <Y� ÃÁÂÄ� �<[IYYQ ÃÁÂÉ¦� 0PQh GIdI[Gh ][ hIpIg<Y N<Ej]gh� �QghjYs�� � � � � � � � � � � � � � � � �

Z<[s ]N jPIhI E]ZZ][ []jQ][h ]N ]dI[[Ihh G] []j jg<[hY<jI qIYY DIs][G IZdQgQE<Y gIhI<gEP� � � � � � � � � � � � � �

GQhEQdYQ[Ih� <[G E<[ DI DIjjIg E][hQGIgIG <h < �D]k[G<gs ]DWIEj� ¥!]]gI ÃÁÂÈ¦� gQjQE<YYs� jPQh� � � � � � � � � � � � � �

GIdI[Gh ][ hkDWIEjQpI dIgEIdjQ][h ]N qP<j Qh hII[ <h �DIjjIg� ]g �PQOPIg fk<YQjs� gIhI<gEP� �N hP<gQ[O� � � � � � � � � � � � � � � �

G<j< <[G h]Njq<gI I[pQg][ZI[jh� GIj<QYIG <[G gQO]g]kh <[<YsjQE<Y�ZIjP]G]Y]OQE<Y dg]j]E]Yh� <[G� � � � � � � � � �

]jPIg IYIZI[jh E<[ DI E][hQGIgIG j] Q[EgI<hI jPI gQO]kg� gIdg]GkEQDQYQjs� <[G <EE]k[j<DQYQjs N]g� � � � � � � � � � � � �

gIhI<gEP jPI[ Qj Qh GQNNQEkYj j] <gOkI <O<Q[hj ]dI[[Ihh Q[EgI<hQ[O Q[jgQ[hQE gIhI<gEP fk<YQjs�� � � � � � � � � � � � �
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�kgjPIgZ]gI� <G]djQ[O hkEP dg<EjQEIh <YY]qh Q[GQpQGk<Yh <[G E]ZZk[QjQIh j] <kj]Z<jQE<YYs <GPIgI j]� � � � � � � � � � � �

jPI E]kdYIG dgQ[EQdYIh <[G p<YkIh ]N ]dI[[Ihh� <[G jPkh DIE]ZI Q[EYkGIG <h d<gj ]N jPI $dI[� � � � � � � � � � � � � � � �

/EP]Y<ghPQd E]ZZk[Qjs Ds GIN<kYj� QggIhdIEjQpI ]N qPIjPIg ]g []j ][I ]dI[Ys QGI[jQNQIh <h hkEP� �N� � � � � � � � � � � � � � �

][I E][hQGIgh hEQI[EI <[G gIhI<gEP j] DI hIYN�E]ggIEjQ[O� qPQEP ]NjI[ Qh <hhkZIG� jPI[ ]dI[[Ihh Qh� � � � � � � � � � � � � � �

[IEIhh<gs N]g ]jPIgh j] gIdI<j <[G pIgQNs� <[G jPkh� I[<DYI E]ggIEjQ[O j] Nk[EjQ][ <j < hshjIZ�qQGI� � � � � � � � � � � � � � � �

hE<YI ¥�]<[[QGQh ÃÁÂÃ¦� $dI[ /EP]Y<ghPQd <h < dg]EIhh E<[ d]jI[jQ<YYs DIE]ZI gIY<jQpIYs� � � � � � � � � � � �

GIEI[jg<YQhIG� GQhjgQDkjIG� <[G < dIIg�j]�dIIg dg]EIhh ]N dg]GkEjQ][� D<hIG ][ hjg][O hEQI[jQNQE� � � � � � � � � � � �

dgQ[EQdYIh <[G gQO]g]kh jIEP[]Y]OQE<Y Q[Ng<hjgkEjkgI� g<jPIg jP<[ < E]ZdIjQjQ][ N]g hdkgQ]kh ZI<hkgIh� � � � � � � � � � � �

]N�hkEEIhh���

0Pkh� Qj <ddI<gh jPIgI Qh < hkDhj<[jQ<Y dY<EI N]g gINQ[Q[O jPI E]gI p<YkIh ]N $dI[ /EP]Y<ghPQd�/EQI[EI�� � � � � � � � � � � � � � � �

Q[ d<gjQEkY<g <g]k[G E]YY<D]g<jQ][ <[G d<gjQEQd<jQ][� ]g dIgP<dh IpI[ gINQ[Q[O jq] hId<g<jI �E<Zdh�� � � � � � � � � � � � �

<O<Q[ D<hIG <g]k[G GQNNIgI[j E][EIdjh� �]g Ir<ZdYI� $dI[ /EQI[EI <YgI<Gs <ddI<gh j] DI qIYY� � � � � � � � � � � � � �

k[GIghj]]G j] DI Z]gI IfkQp<YI[j j] $dI[ /]kgEI Q[ Qjh dg<OZ<jQE� dg]EIhh <[G ]kjdkj N]Ekh ¥ IpQ[� � � � � � � � � � � � � � � �

<[G  I][IYYQ ÃÁÂÈ� !<hkvv] <[G !<gjI[h ÃÁÂÈ¦� /QZQY<gYs� ][ jPI Q[jIghIEjQ][h ]N IGkE<jQ][ <[G� � � � � � � � � � � � � �

jIEP[]Y]Os� Z<[s IYI<g[Q[O <[G IG�jIEP dg]d][I[jh <Yh] <Gp]E<jI N]g $dI[ /]kgEI�D<hIG h]YkjQ][h� � � � � � � � � � � �

N]g hkdd]gjQ[O jI<EPQ[O <[G YI<g[Q[O <j PQOPIg IGkE<jQ][ Q[hjQjkjQ][h� 0PI $/�"Ij <[G 6QI[[<� � � � � � � � � � � � �Ç

+gQ[EQdYIh hIIZ j] dg]pQGI < hjg][O D<hQh Ng]Z qPQEP j] q]gX ][ jPQh� <[G j] DIOQ[ OI[Ig<jQ[O < Z]gI� � � � � � � � � � � � � � � � � � �

E]PIgI[j GQhE]kghI <g]k[G ]dI[ hEP]Y<gYs dg<EjQEIh� EP<YYI[OQ[O jPI QhhkIh qQjP jPI dgIhI[j Q[EI[jQpI� � � � � � � � � � � � �

hshjIZ� <[G EgI<jQ[O < N<QgIg <E<GIZQE <Gp<[EIZI[j hshjIZ� �]jP jPI �$// <[G hEP]Y<gYs� � � � � � � � � � � � �

E]ZZk[QjQIh <gI p<hj <[G PIjIg]OI[I]kh� <[G jPIgI Qh [] hQ[OkY<g <GPIgI[EI j] <[s d<gjQEkY<g hIj ]N� � � � � � � � � � � � � � � �

p<YkIh ]g ]gO<[Qh<jQ][� <[G sIj� jPI �$// E]ZZk[Qjs P<h <EPQIpIG OgI<j jPQ[Oh� 1YjQZ<jIYs� jPQh� � � � � � � � � � � � � �

N]k[G<jQ][ E]kYG DI gINQ[IG j] DI < Z]gI INNIEjQpI [<gg<jQpI D<hIG ][ jPI Q[PIgI[j Z]jQp<j]gh N]g� � � � � � � � � � � � � � � �

GQNNIgI[j hj<XIP]YGIg Og]kdh� N]g Ir<ZdYI� P]q ]dI[[Ihh E<[ E<j<YshI jIEP[]Y]OQE<Y Q[[]p<jQ][ <[G� � � � � � � � � � � �

IE][]ZQE Og]qjP ¥N]g Q[Gkhjgs <[G d]YQEsZ<XIgh¦� ]g P]q ]dI[[Ihh E<[ EP<YYI[OI k[IjPQE<Y E][GkEj� � � � � � � � � � � � �

qPQYI Q[EgI<hQ[O jPI gIYQ<DQYQjs ]N gIhI<gEP jPg]kOP < Z]gI INNIEjQpI <[G E]YY<D]g<jQpI EgI<jQ][� � � � � � � � � � � � �

ZIjP]G� �[ jQZI� qI q]kYG YQXIYs hII hkEP Z]gI INNIEjQpI E]ZZk[QE<jQ][� D<hIG <g]k[G <� � � � � � � � � � � � � �

E]ZDQ[<jQ][ ]N dgQ[EQdYIh <[G dg<EjQEIh� EY]hI jPI �<d<jPs O<d� <[G gIhQhj<[EI j]q<gGh ]dI[[Ihh� � � � � � � � � � � � �

jPg]kOP�<ddI<YQ[O�j]�<�hI[hI�]N�E]ZZ][�Q[jIgIhjh�<Z][O�hj<XIP]YGIg�Og]kdh��

Ç�/II�I�O��jPI� ��[GQI7ID�N]g��GkE<jQ][�Q[QjQ<jQpI��<[G�<hh]EQ<jIG�<EjQpQjQIh��<[G�jPI� �!]vQYY<��]k[G<jQ][�h�
Q[p]YpIZI[j��<h�jq]�Ir<ZdYIh�]N�]pIgY<ddQ[O�NQIYGh�]N�<EjQpQjs�DIjqII[�gIhI<gEP�Y<Dh��hEP]Y<gh��qgQjQ[O�GIhXh��
jPI�hIZQ[<g�g]]Z�<[G�]g�YIEjkgI�P<YY��<[G����h��0�GId<gjZI[jh�Q[�qPQEP��$//�E<[�dY<s�<[�Q[jIOg<Y�g]YI�j]�N]hjIg�
$dI[�/EP]Y<ghPQd��
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�h qI P<pI GQhEkhhIG <D]pI� E]ZZIgEQ<Y dY<sIgh dY<s <[ QZd]gj<[j g]YI Q[ D]jP �$// <[G $dI[� � � � � � � � � � � � � � � �

/EP]Y<ghPQd� �[ jPI Y<jjIg� qI P<pI hII[ P]q jPIs E][jgQDkjI j] D]jP ]kg k[GIghj<[GQ[O <[G dg<EjQEIh� � � � � � � � � � � � � � � �

]N ]dI[[Ihh� <[G Z<Q[j<Q[Q[O jPI dgIhI[j hshjIZ ]N Ip<Yk<jQ][ <[G gIdkj<jQ][� �]qIpIg� Z<[s ]N� � � � � � � � � � � � � �

jPI E]ZZIgEQ<Y <hdIEjh ]N jPI qQGIg hEP]Y<gYs E]ZZk[QE<jQ][ IE]hshjIZ gIZ<Q[ Q[ GQgIEj E][NYQEj� � � � � � � � � � � � �

qQjP <[s []jQ][h ]N ]dI[[Ihh� �h < XIs Ir<ZdYI� jg<GQjQ][<YYs Z<[s hEP]Y<gYs dkDYQhPIgh ]dIg<jIG� � � � � � � � � � � � � �

<g]k[G < hkDhEgQdjQ][�D<hIG DkhQ[Ihh Z]GIY jP<j P<h EgI<jIG <[ ]YQO]d]YQhjQE �Z<gXIj� hjgkEjkgI� � � � � � � � � � � �

¥�IgOhjg]Z Ij <Y� ÃÁÂÅ� �gZhjg][O ÃÁÂÆ�  <gQpQJgI� �<khjIQ[� <[G !][OI][ ÃÁÂÆ� /Pk Ij <Y� ÃÁÂÉ�� � � � � � � � � � � � � � �

0I[[<[j <[G �gIZDh ÃÁÂÉ¦� d<gjQEkY<gYs D<hIG ][ IrdYQEQjYs <[jQ�E]ZdIjQjQpI dg<EjQEIh hkEP <h� � � � � � � � � � � �

[][�hkDhjQjkj<DQYQjs� ZQEg]�Z][]d]YQIh� <[G [][�GQhEY]hkgI EY<khIh� 0PQh Qh EYI<gYs Q[ pQ]Y<jQ][ ]N� � � � � � � � � � �

Nk[G<ZI[j<Y NgIIG]Zh <hh]EQ<jIG qQjP ]dI[[Ihh� <h Z<[s ]N jPIhI pI[G]gh <EjQpIYs dg]PQDQj hP<gQ[O� � � � � � � � � � � � �
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g]YI ]N jP<j dQIEI ]N gIhI<gEP N]g h]EQIjs� 0PQh Q[jIghIEjQ][ DIjqII[ W]kg[<Yh <h D]jP pIPQEYIh ]N� � � � � � � � � � � � � � � �

E]ZZk[QE<jQ][�<[G�]N�dgIhjQOI�YQIh�<j�jPI�PI<gj�]N�Z<[s�dg]DYIZh�Q[�Z]GIg[�hEP]Y<gYs�gIhI<gEP��

�

�j dgIhI[j� Z<[s IYIZI[jh ]N jPI dIIg gIpQIq hshjIZ <gI g]kjQ[IYs IrdY]QjIG <[G ¥EkgQ]khYs¦ d]]gYs� � � � � � � � � � � � � � �

k[GIghj]]G ¥0I[[<[j <[G .]hh��IYY<kIg ÃÁÂÊ¦� +IIg gIpQIq Qh ]NjI[ <[][sZ]kh� k[gIq<gGIG� <[G� � � � � � � � � � � �
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�



�

sIj Q[ PQOP GIZ<[G� <[G ]NjI[ Q[ jPI E][jg]Y ]N E]ZZIgEQ<Y� jPQgG�d<gjs I[jQjQIh ¥�sNI Ij <Y� ÃÁÂÈ¦�� � � � � � � � � � � � � � � � �

0PQh Qh NkgjPIg Ir<EIgD<jIG Ds jPI N<Ej jP<j dIIg gIpQIq� Q[ Qjh EkggI[j W]kg[<Y�E]kdYIG� � � � � � � � � � � � � �

QZdYIZI[j<jQ][� Qh E][hQGIgIG j] DI < [IEIhhQjs N]g pQgjk<YYs <YY N]gZh ]N hEP]Y<ghPQd� QggIhdIEjQpI ]N� � � � � � � � � � � � � � �

jPI GQpIghQjs ]N dg]EIhhIh jP<j YI<G kd j] Qj� <[G Qj P<h DII[ E]ZZ][Ys EgQjQEQhIG ¥0I[[<[j Ij <Y� ÃÁÂÈ�� � � � � � � � � � � � � � � � � � �

.]hh��IYY<kIg ÃÁÂÈ¦� PQIN <Z][O <YY ]N jPIhI EgQjQEQhZh� <gI jPI Nk[G<ZI[j<Y QhhkIh jP<j Qj gIZ<Q[h� � � � � � � � � � � � � � �

pQgjk<YYs k[X[]q[ P]q dIIg gIpQIq ]dIg<jIh <h < fk<YQjs E][jg]Y ZIEP<[QhZ� qPIjPIg Qj <Ejk<YYs� � � � � � � � � � � � � �

dIgN]gZh j] jPI IrdIEj<jQ][h qQjP qPQEP Qj Qh gIO<gGIG� ]g qP<j <Ejk<YYs IpI[ P<ddI[h <h d<gj ]N jPI� � � � � � � � � � � � � � � � � �

dg]EIhh� /]ZI gIhI<gEP P<h IpI[ hP]q[ jP<j dIIg gIpQIq D<gIYs EP<[OIh jPI fk<YQjs <[G E][jI[j ]N� � � � � � � � � � � � � � � �

gIhI<gEP DIjqII[ jPI dgIdgQ[j <[G NQ[<Y dkDYQhPIG pIghQ][h ]N <gjQEYIh ¥�YIQ[ Ij <Y� ÃÁÂÉ� <g[IQg] Ij� � � � � � � � � � � � � � � �

<Y� ÃÁÂÊ¦� <[G sIj� Qj gIZ<Q[h <YZ]hj k[QpIgh<YYs PQOPYs gIO<gGIG <h jPI dg]EIhh qPQEP <hhQO[h Z]hj� � � � � � � � � � � � � � � �

p<YkI�j]�<�dQIEI�]N�hEP]Y<gYs�gIhI<gEP��

$jPIg X[]qYIGOI OI[Ig<jQ][ hshjIZh� Q[EYkGQ[O � $// <[G 7QXQdIGQ<� P<pI Z]gI E][jQ[k]kh �gIpQIq�� � � � � � � � � � � �

hshjIZh jP<j <YY]q N]g OgI<jIg GQNNIgI[jQ<jQ][ ]N p<YkI� <[G ][ < Z]gI Og<[kY<g D<hQh� jP<[ < DQ[<gs� � � � � � � � � � � � � � � � �

hj<jI ]N �dIIg gIpQIqIG� <[G �[][�dIIg gIpQIqIG� jP<j E][jQ[kIh j] GINQ[I gIhI<gEP ¥0I[[<[j Ij <Y�� � � � � � � � � � � � � � �

ÃÁÂÈ¦� "][�dIIg gIpQIqIG q]gX Qh ]NjI[ gINIggIG j] <h �OgIs YQjIg<jkgI�� <[G h]ZI gIhI<gEPIgh <[G� � � � � � � � � � � � � � �

E]ZZk[QjQIh IrdYQEQjYs hj<jI jP<j jPIs qQYY []j IpI[ gI<G ]g khI hkEP q]gXh� <[G Z<[s W]kg[<Yh N]gDQG� � � � � � � � � � � � � � � � �

Qjh EQj<jQ][ Q[ dIIg gIpQIqIG <gjQEYIh� 0PQh gIdgIhI[jh <[ k[khk<Y QZdYQE<jQ][� <h Wkhj DIE<khI� � � � � � � � � � � � � �

h]ZIjPQ[O P<h DII[ �dIIg gIpQIqIG� ]g []j� G]Ih []j ZI<[ jP<j Qj hP]kYG DI jgI<jIG <[s Z]gI ]g YIhh� � � � � � � � � � � � � � � � � � �

EgQjQE<YYs <h < gIhd][hQDYI ZIjP]G ]N hEP]Y<ghPQd� IhdIEQ<YYs qPI[ jP<j gIpQIq dg]EIhh gIZ<Q[h� � � � � � � � � � � � �

E][EI<YIG� $[Ys gIEI[jYs P<h <[s dg]OgIhh DII[ Z<GI Q[ ZI<hkgQ[O jPI fk<YQjs ]N dIIg gIpQIq <[G� � � � � � � � � � � � � � � �

gIpQIqIgh jPIZhIYpIh ¥�Q<[EPQ� �gQZ<YG]� <[G /fk<vv][Q ÃÁÂÊ¦� <QGIG Ds h]ZI dkDYQhPIgh ]dI[Q[O kd� � � � � � � � � � � � �

jPIQg G<j< ][ dIIg gIpQIq ¥�g<p] Ij <Y� ÃÁÂÊ¦� �]qIpIg� OQpI[ jP<j EgQjQE<Y Q[N]gZ<jQ][ <D]kj dIIg� � � � � � � � � � � � � � � �

gIpQIq Qh jsdQE<YYs XIdj dgQp<jI Ds dkDYQhPIgh� Qj Qh P<gG j] O<kOI gIpQIqIg <[G gIpQIq fk<YQjs� <[G sIj� � � � � � � � � � � � � � � � � �

EkgQ]khYs�Qjh�khI�gIZ<Q[h�<YZ]hj�kDQfkQj]kh�<[G�PIYG�Q[�PQOP�gIO<gG�¥<YY<P<Z�<[G�0IgEQIg�ÃÁÁÈ¦���

�[s gI[IqIG k[GIghj<[GQ[O ]N �QZd<Ej� N]g $dI[ /EP]Y<ghPQd hP]kYG I[E]kg<OI gIE]O[QjQ][ ]N <[� � � � � � � � � � � � �

Q[EgI<hIG GQpIghQjs ]N gIhI<gEP dg<EjQEIh <[G ]kjdkjh g<jPIg jP<[ jP]hI E][NQ[IG j] dIIg gIpQIqIG� � � � � � � � � � � � � �

gIhI<gEP d<dIgh ¥�IEPIg <[G �gQIhQXI ÃÁÂÅ¦� �]qIpIg� gIYIp<[j <[G [IEIhh<gs EP<[OIh Q[ gIq<gG ]g� � � � � � � � � � � � � �

�Q[EI[jQpI� hjgkEjkgIh <gI jsdQE<YYs Y<OOQ[O DIPQ[G jPQh k[GIghj<[GQ[O <j pQgjk<YYs <YY YIpIYh� Q[EYkGQ[O� � � � � � � � � � � � �

d]YQEs� Q[hjQjkjQ][<Y� <[G dg<EjQE<Y YIpIYh ¥ IpQ[ Ij <Y� ÃÁÂÇ¦� 0PI E][jQ[kIG khI ]N Q[<ddg]dgQ<jI� � � � � � � � � � � � � �

ZIjgQEh <[G dg]rQIh N]g p<YkI P<h E][jgQDkjIG j] < PsdIgE]ZdIjQjQpI EkYjkgI qQGIYs X[]q[ <h �dkDYQhP� � � � � � � � � � � � � � �

]g dIgQhP�� <[G gIdgIhI[jh < p<hjYs k[hEQI[jQNQE <ddg]<EP j]q<gGh gIhI<gEP Ip<Yk<jQ][� /]EQ<Y� � � � � � � � � � � �

Z]pIZI[jh hkEP <h jPI �/<[ �g<[EQhE] �IEY<g<jQ][ ][ .IhI<gEP �hhIhhZI[j ¥�$.�¦� Y<k[EPIG Q[� � � � � � � � � � � � �

ÃÁÂÄ� P<pI <jjIZdjIG j] QZdYIZI[j < [Iq Dg]<GIg N]gZ ]N gIhI<gEP Ip<Yk<jQ][� hP]qQ[O jP<j� � � � � � � � � � � � � �

GIZ<[G N]g Ip<Yk<jQ][ gIN]gZ Qh Q[EgI<hQ[O ¥�QEXh Ij <Y� ÃÁÂÆ� �]<[[QGQh Ij <Y� ÃÁÂÊ¦� "][IjPIYIhh� jPI� � � � � � � � � � � � � � � �
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�

E][jQ[kIG dgQZ<gs N]Ekh ][ W]kg[<Y <gjQEYIh <h jPI d]Q[j ]N Z]hj p<YkI Q[ hEP]Y<ghPQd P<h gIYIO<jIG� � � � � � � � � � � � � � � �

]jPIg IhhI[jQ<Y E]Zd][I[jh ]N gIhI<gEP EsEYIh� Q[EYkGQ[O h]Njq<gI� Z<jIgQ<Yh� jI<EPQ[O�� � � � � � � � � �

Q[Ng<hjgkEjkgI� dkDYQE I[O<OIZI[j� <[G G<j<� j] DI E][hQGIgIG <h �hIE][G EY<hh� p<YkI ]DWIEjh <[G� � � � � � � � � � � � � �

dg]EIhhIh� 0PQh p<YkI GQhjgQDkjQ][ Qh []q <Yh] DIE]ZQ[O E]GQNQIG Q[j] d]YQEQIh <h < [Iq []gZ qQjPQ[� � � � � � � � � � � � � � � �

$dI[ /EP]Y<ghPQd� qPIgI $� j] gIhI<gEP <gjQEYIh P<h k[G]kDjIGYs P<G jPI DQOOIhj N]Ekh Q[ jPI Y<hj Ä� � � � � � � � � � � � � � � � �

GIE<GIh ¥+Qq]q<g Ij <Y� ÃÁÂÉ¦� Dkj GIhdQjI OgI<j dg]OgIhh P<h []j DII[ <EE]Zd<[QIG Ds E][EkggI[j� � � � � � � � � � � � � � �

EP<[OIh Q[ jPI Ip<Yk<jQ][ hshjIZ� 0PQh Qh dIEkYQ<g <h gIhI<gEP <gjQEYIh E]kYG []j IrQhj qQjP]kj Z<[s ]N� � � � � � � � � � � � � � � � �

jPIhI ]jPIg E]Zd][I[jh� <[G sIj jPIs <gI E][hQhjI[jYs k[GIgp<YkIG Q[ jIgZh ]N h]EQ]�EkYjkg<Y� � � � � � � � � � � � �

<ddgIEQ<jQ][��Ip<Yk<jQ][��<[G�gIE]O[QjQ][�N]g�Nk[GQ[O�¥�YdIgQ[�Ij�<Y��ÃÁÂÉ¦��

$OWHUQDWLYH�PHWULFV��WKH�DOWHUQDWLYH�WR�ZKDW"�

+gIhI[j Ip<Yk<jQ][ hshjIZh <gI G]ZQ[<jIG Ds ZIjgQEh D<hIG ][ EQj<jQ][ E]k[jh ¥7<O[Ig ÃÁÂÇ�� � � � � � � � � � � � �

!E�QIg[<[ Ij <Y� ÃÁÂÊ¦� Qj<jQ][� Q[ Qjh g<qIhj N]gZ� Qh khk<YYs <[ <EX[]qYIGOIZI[j ]N <[ Q[jIYYIEjk<Y� � � � � � � � � � � � � � � �

GIDj ¥�<gNQIYG ÂÊÈÊ¦� <[G < PQIg<gEPQE<Y OI[I<Y]Os <[G [Ijq]gX ]N QGI<h� GIdI[GI[j ][ < [kZDIg ]N� � � � � � � � � � � � � � � �

N<Ej]gh� Qj<jQ][ Qh <[ Q[EgIGQDYs p<gQIG dg<EjQEI� <[G E<[ gIdgIhI[j <[ Q[EgIGQDYI <gg<s ]N GQNNIgI[j� � � � � � � � � � � � � � �

d]hQjQpI <[G [IO<jQpI gIY<jQ][hPQdh� sIj� Z]hjYs DIE<khI jPIs <gI h]ZIjPQ[O jP<j E<[ DI E]k[jIG <[G� � � � � � � � � � � � � � �

<gI gI<GQYs <p<QY<DYI Ng]Z < [kZDIg ]N h]kgEIh� EkZkY<jQpI EQj<jQ][ E]k[jh <[G < [kZDIg ]N Ifk<YYs� � � � � � � � � � � � � � � �

E][jIrj�GIp]QG ZIjgQEh G]ZQ[<jI p<Yk<jQ][ GQhE]kghIh <[G dg<EjQEIh� �<j< gIO<gGQ[O jPIhI ZIjgQEh� � � � � � � � � � �

<[G Q[GQE<j]gh <gI jsdQE<YYs Z<Q[j<Q[IG Ds E]ZZIgEQ<Y DQDYQ]ZIjgQE G<j<D<hIh� hkEP <h jPI 7ID ]N� � � � � � � � � � � � � �

/EQI[EI�<[G�/E]dkh��jP<j��Q[�jkg[��<Yh]�E][jgQDkjI�j]�hIjjQ[O�jPI�D<hIYQ[I�N]g�Q[EI[jQpQh<jQ][��

/EP]Y<gYs gIhI<gEP Qh dIEkYQ<g Q[ jP<j EQj<jQ][h ][Ys DIjqII[ <gjQEYIh hIIZ j] P<pI <[s N]gZ ]N� � � � � � � � � � � � � � � �

EkggI[Es� <[G []j DIjqII[ GQNNIgI[j [Ijq]gXh ]N ]DWIEjh� GIhdQjI jPI dgQ[EQdYI <[G dg<EjQEI DIQ[O� � � � � � � � � � � � � �

IhhI[jQ<YYs jPI h<ZI� �]g Ir<ZdYI� dgQ[EQdYIh N]g h]Njq<gI EQj<jQ][ []q <Yh] IrQhj <h < gINYIEjQ][ ]N� � � � � � � � � � � � � � � �

jPQh ¥/ZQjP� �<jv� <[G "QIZIsIg ÃÁÂÇ¦� Qj<jQ][ jsdQE<YYs YQ[Xh gIE]O[QjQ][ ¥<h ZI<hkgIG Ds EQj<jQ][h¦� � � � � � � � � � � � � �

qQjP gIdkj<jQ][� jPQh DIE]ZIh dg]DYIZ<jQE Q[ jPI ]NjI[ G]OZ<jQE <hh]EQ<jQ][ ]N jPQh gIdkj<jQ][ Q[� � � � � � � � � � � � � �

][I q<s ]g <[]jPIg j] E<gIIg <[G Nk[GQ[O hjgkEjkgI ¥Q�I�� hkEEIhh¦� qPQEP YI<Gh j] EsEYIh ]N� � � � � � � � � � � � � � � �

hIYN�gIQ[N]gEIZI[j ¥Z]gI Og<[jh� DIjjIg dkDYQE<jQ][h� jPkh Z]gI Og<[jh� Q�I�� jPI !<jjPIq �NNIEj¦ ¥.�� � � � � � � � � � � � �

�� !Igj][ ÂÊÇÉ� ÂÊÉÉ¦� "]j ][Ys Qh jPQh < ZQhkhI ]N jPI dkgd]hI ]N EQj<jQ][h <[G < N<QYkgI j]� � � � � � � � � � � � � � � � � � �

k[GIghj<[G qP<j jPIs <gI E][EIdjk<YYs� Qj <Yh] ZQh<ddg]dgQ<jIh jPIZ Q[ <hhkZQ[O jP<j IpIgs EQj<jQ][� � � � � � � � � � � � � �

Qh�]N�Ifk<Y�p<YkI��<h�Q[�<�N]gZ�]N�IE][]ZQE�EkggI[Es�¥7]kjIgh�ÃÁÂÅ��+I[GIgh�ÃÁÂÉ¦���

0PI dg]DYIZ qQjP khQ[O hkEP < hQZdYQhjQE ZIjgQE j] ZI<hkgI QZd<Ej <[G gIdkj<jQ][ Qh jP<j Qj� � � � � � � � � � � � � � � �

gIQ[N]gEIh jI[GI[EQIh ]N gQhX <pIghQ][� Y<EX ]N G<j< jg<[hd<gI[Es <[G Z<[s ]jPIgh� jPkh [IO<jQpIYs� � � � � � � � � � � � � �

<NNIEjQ[O jPI $dI[ /EP]Y<ghPQd I[pQg][ZI[j ¥�<khjIQ[� �]qZ<[� <[G ]hj<h ÃÁÂÆ� �I[IGQEjkh�� � � � � � � � � � �
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!QIGIZ<� <[G �IgOkh][ ÃÁÂÇ� 7QYhG][ ÃÁÂÈ� 7QYhG][ Ij <Y� ÃÁÂÈ¦� 0PQh P<h YIG j] jPI hI<gEP N]g� � � � � � � � � � � � � � � � �

��YjIg[<jQpI !IjgQEh� ¥d]dkY<gYs X[]q[ <h �<YjZIjgQEh�¦ jP<j E<[ Z]gI <EEkg<jIYs E<djkgI jPI� � � � � � � � � � � �

GQpIghQjs Q[PIgI[j qQjPQ[ jPI qQGIg dkDYQhPQ[O IE]hshjIZ DIs][G EQj<jQ][h <[G dIIg gIpQIqIG <gjQEYIh� � � � � � � � � � � � �

¥+gQIZ Ij <Y� ÃÁÂÁ¦� �r<ZdYIh ]N hkEP ZIjgQEh Q[EYkGI ZI[jQ][h ]g hP<gIh ][ DY]Oh� ZIGQ< gId]gjh�� � � � � � � � � � � � � � � �

qPQjI d<dIgh <[G ]jPIg Q[GQE<j]gh ]N < qQGIg GQhEkhhQ][ ]g khI ]N < OQpI[ dQIEI ]N gIhI<gEP DIs][G� � � � � � � � � � � � � � � � � �

jg<GQjQ][<Y�W]kg[<Y�]kjYIjh���

&UHDWLQJ�D�QHZ�SUHVWLJH�HFRQRP\�EDVHG�RQ�RSHQ�SULQFLSOHV�

�N [Iq ZIjgQEh <gI IZdY]sIG <[G DIE]ZI dg]ZQ[I[j Q[ <hhIhhQ[O fk<YQjs ]N gIhI<gEP� Qj E]kYG� � � � � � � � � � � � � � �

d]jI[jQ<YYs XQEX hj<gj < [Iq hIj ]N DQ<hIh qQjPQ[ hEP]Y<gYs dkDYQhPQ[O� $[I q<s j] EQgEkZpI[j jPQh j] <[� � � � � � � � � � � � � � � � � �

IrjI[j Qh j] gIhd][hQDYs IZdY]s < E]ZDQ[<jQ][ ]N fk<[jQj<jQpI ZIjgQEh <[G fk<YQj<jQpI <hhIhhZI[j� � � � � � � � � � � � �

¥�QEXh Ij <Y� ÃÁÂÆ� 7QYhG][ Ij <Y� ÃÁÂÈ¦� h] jPI hshjIZ DIE]ZIh YIhh GIdI[GI[j kd][ ZIjgQEh� N]g� � � � � � � � � � � � � � � � �

Ir<ZdYI� hQZQY<g j] jPI .IhI<gEP �rEIYYI[EI �g<ZIq]gX Q[ jPI 1�� 0PI Z]hj QZd]gj<[j N<Ej]g qPQYI� � � � � � � � � � � � � � �

EP]]hQ[O jPIhI ZIjgQEh <gI jPI p<YkIh qPQEP qI q<[j jPIZ j] gINYIEj ¥I�O�� gIhd][hQDQYQjs� jgkhj�� � � � � � � � � � � � � � �

E][hQhjI[Es¦� <[G P]q jPQh Qh gINYIEjIG Q[ hEP]Y<gYs dg<EjQEI� 0] E]ZdYQE<jI Z<jjIgh NkgjPIg� $dI[� � � � � � � � � � � � � �

/EP]Y<ghPQd Q[EYkGIh ZkYjQdYI E][jgQDkjQ][ g]YIh� hkEP <h <kjP]gh� dkDYQhPIgh� G<j< <[<YshIgh�� � � � � � � � � � �

h]Njq<gI GIpIY]dIgh� gIpQIqIgh� <[G IGQj]gh� qQjP < g<[OI ]N E]ZdYIr [Ijq]gX Q[jIg<EjQ][h� 0]� � � � � � � � � � � � �

OI[Ig<jI < g]Dkhj Ng<ZIq]gX N]g ZI<hkgQ[O QZd<Ej <[G jPIgIN]gI gIdkj<jQ][� GQNNIgI[j ZIjgQEh <[G� � � � � � � � � � � � �

Q[GQEIh q]kYG DI gIfkQgIG j] gINYIEj jPQh d<gjQEQd<[j GQpIghQjs ¥"QEP]Yh <[G 0qQG<YI ÃÁÂÈ¦� 0Pkh� <[s� � � � � � � � � � � � � � �

NkjkgI <ddg]dgQ<jI p<Yk<jQ][ hshjIZ P<h j] E<djkgI jPI Q[PIgI[j GQpIghQjs Q[ GQZI[hQ][h DIjqII[ jPI� � � � � � � � � � � � � �

dg<EjQjQ][Ig��jPI�dg<EjQEI��<[G�jPI�]kjdkj��

�h g][Q[ []jIh N]g jPI gI<YZ ]N $dI[ �GkE<jQ][� �E]ZdYIrQjs gIhQGIh Q[ GIjIgZQ[Q[O <[G [IO]jQ<jQ[O� � � � � � � � � � � � � � �

jPI p<YkI ]N ]dI[ dg<EjQEI <j <[ Q[GQpQGk<Y YIpIY� <[G hjgkEjkg<Y <[G EkYjkg<Y D<ggQIgh j] ]dI[[Ihh� � � � � � � � � � � � � � � �

dIghQhj qQjPQ[ PQOPIg IGkE<jQ][� ¥g][Q[ ÃÁÂÉ¦� Dkj jPQh hkgIYs <Yh] P]YGh jgkI N]g ]jPIg GQZI[hQ][h ]N� � � � � � � � � � � � � � � �

$dI[ /EP]Y<ghPQd� 0Pkh� jPI fkIhjQ][ g<QhIG Qh P]q j] ZI<hkgI gIdkj<jQ][ <[G QZd<Ej qQjPQ[ $dI[� � � � � � � � � � � � � � �

/EP]Y<ghPQd� 0PQh EgQjQE<Y N<Ej]g P<h <Yh] gIEIQpIG gIY<jQpIYs YQjjYI <jjI[jQ][ Q[ jPI �$// hd<EI ¥�k�� � � � � � � � � � � � � � �

;P<]� <[G PI[O ÃÁÂÃ¦� IhdIEQ<YYs qPI[ E]Zd<gIG j] d<gjQEQd<jQ][ Z]jQp<jQ][h� �[ �$//� gIdkj<jQ][� � � � � � � � � � � � �

Qh OI[Ig<YYs O<jPIgIG D<hIG ][ ][I�h <DQYQjs j] DI < O]]G E]GIg� <[G jPI dg<EjQEIh jP<j E]ZI qQjP jP<j� � � � � � � � � � � � � � � � � � �

Q[ <[ ]dI[Ys d<gjQEQd<j]gs I[pQg][ZI[j ¥�IYjs ÃÁÁÂ¦� �[ jPQh q<s� Qj Qh hQZQY<g j] <E<GIZQ< Q[ jP<j� � � � � � � � � � � � � � � � �

dgIhjQOI Nk[EjQ][h <h Qjh ]q[ h]gj ]N E<dQj<Y� <[G GgQpIh <[ �IE][]Zs� D<hIG ][ gIdkj<jQ][� �]qIpIg�� � � � � � � � � � � � � � � �

< hjkGs Q[ ÃÁÂÇ GIZ][hjg<jIG jP<j <GGQjQ][<Y N<Ej]gh hkEP <h d<hj gIdkj<jQ][ D<hIG ][ d]hQjQpI� � � � � � � � � � � � � � �

Ip<Yk<jQ][h� h]EQ<Y [Ijq]gX INNIEjh� <[G ]jPIg GIZ]Og<dPQE jg<Qjh qIgI QZd]gj<[j Q[ GINQ[Q[O� � � � � � � � � � � �

gIdkj<jQ][ qQjPQ[ <[ $dI[ /]kgEI E]ZZk[Qjs ¥<Q <[G ;Pk ÃÁÂÇ¦� �kgjPIgZ]gI� hkEP d]hQjQpI� � � � � � � � � � � � �

gIdkj<jQ][h jI[GIG j] YI<G j] OgI<jIg hkEEIhh <[G dIgN]gZ<[EI <h < Og]kd� jPkh gI�IZdP<hQhQ[O jPI� � � � � � � � � � � � � � �
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E]YY<D]g<jQpI D<hQh N]g gIdkj<jQ][ DkQYGQ[O� �ddYsQ[O jPQh j] $dI[ /EP]Y<ghPQd� Qj hIIZh jP<j jPIgI Qh� � � � � � � � � � � � � � �

jPIgIN]gI < hkDhj<[jQ<Y <Z]k[j ]N hE]dI Q[ gI<YQhQ[O Qj <h < E]ZZk[Qjs�D<hIG Z]pIZI[j N]EkhIG ][� � � � � � � � � � � � � � �

OQNj�OQpQ[O ¥�Is[Z<[ ÂÊÈÅ¦� IhdIEQ<YYs <g]k[G jPI j]]Yh jP<j <YY]q ]jPIgh j] EgI<jI� <XQ[ j] �$//�� � � � � � � � � � � � � � �

g<jPIg jP<[ < E]ZZIgEQ<YYs�O]pIg[IG hshjIZ N]EkhIG dgQZ<gQYs ][ ]kjdkjh� 0PQh q]kYG PIYd j] gI<YQO[� � � � � � � � � � � � � �

jPI N]Ekh ]N qPIgI jPI p<YkI YQIh Z]hj Q[ gIhI<gEP� Ird]hIG <g]k[G jPI OI[Ig<Y dg]EIhh ]N� � � � � � � � � � � � � � � �

E]YY<D]g<jQpI�EgI<jQ][��<[G�[]j�Wkhj�dkgIYs�N]EkhIG�][�]kjdkjh���

0PQh gI[IqIG pQIq ]N gIdkj<jQ][ <EEgk<Y jPg]kOP E]YY<D]g<jQ][ <[G hP<gQ[O E<[ <Yh] P<pI < hIE][G<gs� � � � � � � � � � � � � � �

DI[INQj� Q[ jP<j QhhkIh j] G] qQjP <ddg]dgQ<jI <kjP]ghPQd <[G <EEgIGQj<jQ][ E<[ DI gIh]YpIG Ds P<pQ[O� � � � � � � � � � � � � � � �
È

IrdYQEQj <[G j<[OQDYI OkQGIYQ[Ih N]g E][jgQDkjQ[O j] gIhI<gEP dg]WIEjh� 0PQh Qh DIE<khI jPI E][EIdj ]N� � � � � � � � � � � � � � �

<kjP]ghPQd hPQNjh g<GQE<YYs Ng]Z DIQ[O h]ZIjPQ[O D]k[G j] <[ <gjQEYI� j] h]ZIjPQ[O Q[ qPQEP� � � � � � � � � � � � � �

<jjgQDkjQ][ Qh Nk[G<ZI[j<YYs jg<[hd<gI[j <[G I<hs j] gIh]YpI� <h qIYY <h Gs[<ZQE D<hIG ][ ][Ih�� � � � � � � � � � � � � � �

E][jgQDkjQ][h� QggIhdIEjQpI ]N qP<j jPIs ZQOPj DI� 0Pkh� $dI[ /EP]Y<ghPQd q]gXNY]q E]kYG hIIX j]� � � � � � � � � � � � � �

NQ[G [Iq q<sh ]N fk<[jQNsQ[O ]g ZI<hkgQ[O E][jgQDkjQ][h <h GQNNIgI[j N]gZh ]N �QZd<Ej� ][ gIhI<gEP�� � � � � � � � � � � � � � �

Q[EYkGQ[O P]q jPI qQGIg E]ZZk[Qjs Q[jIg<Ejh qQjP dg]EIhhIh <[G ]kjdkjh� �]g Ir<ZdYI� jPIhI E<[ DI� � � � � � � � � � � � � � �

hQZdYI jPQ[Oh D]gg]qIG Ng]Z �$//� hkEP <h dg]WIEj hj<gh� N]gXh� E]ZZQjh� <[G q<jEPIgh ¥I�O�� pQ<� � � � � � � � � � � � � � �

�Qj�kD¦� �<EP ]N jPIhI PIYd j] Ird]hI p<YkI Q[ < GQNNIgI[j q<s� D<hIG ][ P]q E][jI[j Qh dIgEIQpIG� � � � � � � � � � � � � � � � � �

<[G�GQOIhjIG�Ds�jPI�qQGIg�E]ZZk[Qjs��

0PQh q]kYG P<pI hIpIg<Y INNIEjh� �Qghj� EgIGQj E]kYG DI ]Dj<Q[IG <[G Og<[jIG N]g Z]gI jP<[ Wkhj� � � � � � � � � � � � � � � �

<kjP]ghPQd ]N gIhI<gEP d<dIgh� /IE][G� jPg]kOP p<Yk<jQ][ ]N < OgI<jIg GQpIghQjs ]N dg]EIhhIh <[G� � � � � � � � � � � � � �

]kjdkjh� jPIhI jPQ[Oh DIE]ZI Z]gI qQGIYs Q[EI[jQpQhIG� 0PQgG� jPI <YQO[ZI[j ]N qQGIg gIE]O[QjQ][� � � � � � � � � � � � �

q]kYG DgQ[O jPI gIq<gG hshjIZ Q[ YQ[I qQjP jP<j ]N $dI[ /EP]Y<ghPQd� <[G jPkh �DIjjIg� gIhI<gEP ]g� � � � � � � � � � � � � � � � �

DIhj gIhI<gEP dg<EjQEIh� �j kYjQZ<jIYs q]kYG ZI<[ jP<j gIhI<gEP jP<j G]Ih []j N]YY]q E][pI[jQ][ E<[� � � � � � � � � � � � � � �

DI gIq<gGIG� jPkh N]hjIgQ[O GQpIghQjs� NgIIG]Z ]N IrdY]g<jQ][� <[G EgI<jQpQjs ¥�g<[XI[PkQh <[G "IjjYI� � � � � � � � � � � � �

ÃÁÂÉD¦� +gIhjQOI <[G gIdkj<jQ][ jPkh q]kYG gIjkg[ j] dgQ[EQdYIh ]N �O]]G� hEP]Y<ghPQd� <[G []j DI� � � � � � � � � � � � � � �

]kjh]kgEIG j] Q[<ddg]dgQ<jI <[G dg]dgQIj<gs ZI<hkgIh� �YIZI[jh ]N hkEP < hshjIZ E<[ <YgI<Gs DI� � � � � � � � � � � � � �

hII[ Q[ < g<[OI ]N GQOQj<Y dY<jN]gZh jP<j YIpIg<OI jPI d]qIg ]N [Ijq]gXIG E]ZZk[QjQIh j] O<Q[ <� � � � � � � � � � � � � � � � �

GIIdIg k[GIghj<[GQ[O ]N dI]dYI <[G dg]EIhhIh ¥0I[[<[j ÃÁÂÉD¦� 0PI D]jj]Z YQ[I Qh jP<j jPI gQOPj� � � � � � � � � � � � � � �

ZI<hkgIh ]N gIdkj<jQ][ <Eg]hh <YY YIpIYh ]N $dI[ /EP]Y<ghPQd E]kYG Q[EI[jQpQvI jPI gQOPj Z]jQp<jQ][�� � � � � � � � � � � � � �

�]g jPQh j] P<ddI[� < Dg]<G IrdY]g<jQ][ ]N <YjZIjgQEh Zkhj I[hkI j] I[hkgI < hkDhj<[jQ<Y hPQNj Q[ P]q� � � � � � � � � � � � � � � � � �

QZd<Ej�<[G�gIdkj<jQ][h�<gI�ZI<hkgIG��

�]qIpIg� jPQh N]Ekh ][ Q[EI[jQpIh� <[G Q[ d<gjQEkY<g ZIjgQEh� <h < ZIEP<[QhZ N]g EkYjkg<Y EP<[OI� � � � � � � � � � � � � � �

j]q<gGh ]dI[[Ihh E]kYG <Yh] P<pI G<[OIg]kh <[G k[Q[jI[GIG E][hIfkI[EIh� 7PQYI jPIgI Qh YQjjYI� � � � � � � � � � � � �
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G]kDj jP<j gIq<gGh hP]kYG DI dg]pQGIG N]g Z]gI GQpIghI N]gZh ]N dg]EIhh <[G hP<gQ[O DIs][G� � � � � � � � � � � � � � �

dkDYQhPIG <gjQEYIh� jPIgI Qh < gQhX jP<j hkEP Ip<Yk<jQ][ dg]EIGkgIh� <[G <[ Q[EgI<hQ[O N]Ekh ][� � � � � � � � � � � � � � �

�<YjIg[<jQpI ZIjgQEh�� E]kYG YI<G j] OgI<jIg Z][Qj]gQ[O ]N gIhI<gEPIgh ¥<[G jPkh YIhh NgIIG]Z�� � � � � � � � � � � � �

Q[[]p<jQ][� <[G EgI<jQpQjs¦� qPQYI hjQYY hkNNIgQ[O Ng]Z jPI h<ZI DkgI<kEg<jQE ZQhkhI <h jPI QZd<Ej� � � � � � � � � � � � � �

N<Ej]g G]Ih ¥�<[h< ÃÁÂÅ¦� $[I jPQ[O jP<j $�� <[G $dI[ /EP]Y<ghPQd� P<h N<QYIG j] G] Qh j] NkYYs� � � � � � � � � � � � � � � � � �

k[GIghj<[G jPI hQO[QNQE<[EI <[G QZd<Ej ]N hkEP <[ I[jgI[EPIG d<g<GQOZ jP<j E]kdYIh gIdkj<jQ][�� � � � � � � � � � � � �

Ip<Yk<jQ][� <[G Nk[GQ[O hshjIZh j]OIjPIg� <[G P]q j] <YYIpQ<jI ]g gIN]gZ jPQh� �]]GP<gj°h  <q Qh� � � � � � � � � � � � � � �

E]ZZ][Ys d<g<dPg<hIG <h ±7PI[ < ZI<hkgI DIE]ZIh < j<gOIj� Qj EI<hIh j] DI < O]]G ZI<hkgI�±� � � � � � � � � � � � � � � �

0Pg]kOP jPQh� jPIgI Qh < NkgjPIg G<[OIg jP<j h]ZI ZI<hkgIh ]N ]dI[[Ihh E<[ DIE]ZI khIG dgQZ<gQYs� � � � � � � � � � � � � � � �

<h�hQO[<YYQ[O�ZIEP<[QhZh��

�N jPI N]Ekh gIZ<Q[h ][ Q[GQpQGk<Y gIhI<gEPIgh <G]djQ[O jPI dgQ[EQdYIh <[G dg<EjQEIh ]N $dI[� � � � � � � � � � � � � �

/EP]Y<ghPQd� jPI dgIhI[j Ip<Yk<jQ][ hshjIZ IrIgjh < E][hIgp<jQpI dgIhhkgI� Q[p]XQ[O gIhQhj<[EI j]� � � � � � � � � � � �

EP<[OI� 0PQh Qh GQhjQ[Ej Ng]Z Z<[s d<gjh ]N �$//� qPIgI Q[GQpQGk<Yh E]kYG Z]gI I<hQYs N]gZ� � � � � � � � � � � � � � �

E]ZZk[QjQIh j] PIYd j] NQr IYIZI[jh ]N jPI hshjIZ <[G h]YpI dg]DYIZh� qQjP]kj IrdYQEQj [IIGh N]g� � � � � � � � � � � � � � � �

hkDhj<[jQ<Y Q[Ng<hjgkEjkg<Y ]g Q[hjQjkjQ][<Y hkdd]gj� Q[GIIG� jPIgI <gI Z<[s ]gO<[Qh<jQ][h jP<j <YgI<Gs� � � � � � � � � � � �

dg]pQGI NQ[<[EQ<Y hkdd]gj N]g Q[GQpQGk<Yh j] EgI<jI� E][jgQDkjI� <[G Z<Q[j<Q[ �$//� 0PQh EgI<jIh <� � � � � � � � � � � � � �

Gk<YQjs Q[ qPQEP �$// E]ZZk[QjQIh Q[p]YpI D]jP Q[GQpQGk<Yh <h d<gj ]N jPIQg W]Dh� <Y][OhQGI Og]kdh ]N� � � � � � � � � � � � � � � �

IrjgQ[hQE E][jgQDkj]gh� �[O<OIZI[j qQjP �$// dg]WIEjh E<[ DI Z][Qj]gIG <[G Ip<Yk<jIG ¥I�O��� � � � � � � � � � � �

jPg]kOP �Qj�kD <EjQpQjs¦� qPQEP dg]pQGIh d]gjN]YQ] Z<jIgQ<Y N]g <EX[]qYIGOIZI[j <[G EgIGQj <h� � � � � � � � � � � �

Q[EI[jQpIh N]g E<gIIg dg]OgIhhQ][� �[ jPQh q<s� I[O<OIZI[j qQjP �$// Qh DkQYj Q[j] jPI E]ZZk[Qjs� � � � � � � � � � � � � � �

jPg]kOP IrQhjQ[O gIq<gG hshjIZh� /]Njq<gI GIpIY]dZI[j Qh Z]gI Gs[<ZQE <[G Q[GIdI[GI[j ]N jPI� � � � � � � � � � � � �

Q[hjQjkjQ][<Y�Y<sIg�jP<j�jPI�gIhI<gEP�E]ZZk[Qjs�Qh�g]]jIG�Q[� ��
É

�s E]Zd<gQh][� $dI[ /EP]Y<ghPQd hjQYY gIZ<Q[h Y<gOIYs E][hjg<Q[IG Ds Q[hjQjkjQ][<Y N]gEIh jP<j E][jg]Y� � � � � � � � � � � � �

<E<GIZQ< ¥I�O�� jPI gIdkj<jQ][ IE][]Zs¦� 6Qgjk<YYs IpIgs gIYIp<[j d<dIg ]g gId]gj Q[ jPI Y<hj jq] ]g� � � � � � � � � � � � � � � �

jPgII GIE<GIh ][ jPI NkjkgI ]N hEP]Y<gYs E]ZZk[QE<jQ][ P<h EgQjQEQhIG jPI EkggI[j <E<GIZQE gIq<gG� � � � � � � � � � � � � �

hshjIZ� .IEI[j gIhI<gEP Q[ "]gjP �ZIgQE< Qh DIOQ[[Q[O j] hPIG h]ZI EgkEQ<Y YQOPj Q[j] jPI IrjI[j ]N� � � � � � � � � � � � � � � � �

jPQh ¥!E�QIg[<[ Ij <Y� ÃÁÂÊ¦� <[G dg]pQGIh jPI D<hQh N]g hjg<jIOQE Z]pIh j] Ip<Yk<jQ][ gIN]gZ � <� � � � � � � � � � � � � � � � �

gIfkQgIZI[j N]g < gINYIrQpI <[G jg<[hN]gZ<jQpI Z]pI j]q<gGh $dI[ /EP]Y<ghPQd� 0g<[hNIggQ[O EgIGQj�� � � � � � � � � � � �

EgIGQDQYQjs� <[G YIOQjQZ<Es qQjPQ[ E][hIgp<jQpI [Ijq]gXh Ng]Z ][I Q[Ng<hjgkEjkgI j] <[]jPIg Qh� � � � � � � � � � � �

Q[EgIGQDYs GQNNQEkYj� <[G E]Zd]k[GIG Q[ jPQh E<hI Ds jPI E]kdYQ[O ]N jPI Ip<Yk<jQ][ hshjIZ qQjP jPI� � � � � � � � � � � � � � � �

gIq<gG hshjIZ� �[QjQ<jQpIh hkEP <h jPI �0g<[hd<gI[Es <[G $dI[[Ihh +g]Z]jQ][ ¥0$+¦ �kQGIYQ[Ih <gI� � � � � � � � � � � � �

dg]ZQhQ[O Q[ jPQh hd<EI� Ds g<[XQ[O�hE]gQ[O W]kg[<Yh <EE]gGQ[O j] GQNNIgI[j �]dI[[Ihh� EgQjIgQ<� <[G� � � � � � � � � � � � �

É�7PI[��$//�Qh�IZDIGGIG�Q[�Q[hjQjkjQ][<Y�hjgkEjkgIh��jPIhI�hjgkEjkgIh�G]�[]j�IrPQDQj�jPI�h<ZI�E][hIgp<jQpI�
dgIhhkgI�<h�<E<GIZQE�IfkQp<YI[jh��Q�I��h]Njq<gI�GIpIY]dIgh�E<[�DI�gIfkIhjIG�j]�hdIEQNQE<YYs�dg]GkEI�]dI[�
h]kgEI�h]Njq<gI�<[G�E<[�DkQYG�gIdkj<jQ][�dgIEQhIYs�N]g�jP<j�]dI[[Ihh���

���
�



�

jPkh Q[EI[jQpQhQ[O W]kg[<Yh j] <G]dj Q[EgI<hQ[OYs ]dI[ EgQjIgQ<� �]g Ir<ZdYI� W]kg[<Yh <[G dkDYQhPIgh� � � � � � � � � � � � �

<gI hE]gIG d]hQjQpIYs N]g I[<DYQ[O G<j< EQj<jQ][ <[G jg<[hd<gI[Es� P<pQ[O jg<[hd<gI[j E]GI <[G� � � � � � � � � � � � �

Z<jIgQ<Yh��<G]djQ[O�]dI[�hEQI[EI�D<GOIh�<[G�gIOQhjIgIG�gId]gjh��<[G�I[E]kg<OQ[O�gIdYQE<jQ][h��

.Idg]GkEQDQYQjs�<[G�G<j<�hP<gQ[O�

0PQh NQ[<Y hIEjQ][ qQYY Y]]X <j jPI Q[jIghIEjQ][h DIjqII[ G<j< hP<gQ[O� �$//� <[G QhhkIh <g]k[G� � � � � � � � � � � � � � �

gIhI<gEP gIdg]GkEQDQYQjs� 7P<j Ir<EjYs E][hjQjkjIh gIdYQE<jQ][� gIdg]GkEjQ][� gIdYQE<DQYQjs� ]g� � � � � � � � �

gIdg]GkEQDQYQjs� Qh ]NjI[ []j pIgs EYI<g� 0PQh jIgZQ[]Y]Os Qh IrjgIZIYs E]ZdYIr� hQ[EI Z<[s E]ZdIjQ[O� � � � � � � � � � � � � �

GINQ[QjQ][h <gI ]NjI[ khIG hQZkYj<[I]khYs� �IgI� qI E][hQGIg gIdg]GkEQDQYQjs j] GIhEgQDI <[s ZI<hkgI� � � � � � � � � � � � �

jP<j Qh j<XI[ j] Q[EgI<hI jPI pIgQNQE<jQ][ ]N gIhI<gEP gIhkYjh� qPQEP khk<YYs Q[p]YpIh G<j< hP<gQ[O <[G� � � � � � � � � � � � � � � �

jPkh N<YYh k[GIg jPI D<[[Ig ]N �$dI[ /EQI[EI� ¥�<XIg ÃÁÂÇ� !k[<N^ Ij <Y� ÃÁÂÈ� 7<YY<EP Ij <Y� ÃÁÂÉ¦�� � � � � � � � � � � � � � � � � �

.Idg]GkEQDQYQjs Qh dIgP<dh ][I ]N jPI hjg][OIhj dg<OZ<jQE <hdIEjh jP<j k[QjIh �$// qQjP $dI[� � � � � � � � � � � � � �

/EP]Y<ghPQd� DIQ[O Q[PIgI[j j] jPI INNQEQI[Es <[G gIYQ<DQYQjs ]N gIhI<gEP ¥/<[GpI Ij <Y� ÃÁÂÄ� !k[<N^� � � � � � � � � � � � � � �

Ij�<Y��ÃÁÂÈ��jIg�.QIj��/j]g]hkZ��<[G�;qQ[GIgZ<[�ÃÁÂÊ¦���

.IhI<gEP jP<j Y<EXh ]dI[[Ihh j] N<EQYQj<jI gIdg]GkEQDQYQjs E<[ DI E]Zd<gIG j] ][Ys Z<XQ[O E]ZdQYIG� � � � � � � � � � � � � �

h]kgEI E]GI <p<QY<DYI� qPIgI gIpIghI I[OQ[IIgQ[O Qh ][I ]N jPI q<sh [IIGIG j] gIdg]GkEI h]Njq<gI� � � � � � � � � � � � � � �

¥<j jPI ZIgEs ]N jPI ZIjP]Gh hIEjQ][¦� $dI[ /EP]Y<ghPQd Qh Z]gI IfkQp<YI[j j] hP<gQ[O jPI h]kgEI� � � � � � � � � � � � � � � �

E]GI QjhIYN� <YY]qQ[O N]g QZZIGQ<jI gIdg]GkEjQ][� 0PQh g<QhIh < XIs fkIhjQ][ ]pIg qPIjPIg ]g []j� � � � � � � � � � � � � � �

gIhI<gEP E<[ gI<YYs DI E<YYIG �hEQI[jQNQE� QN Qj E<[[]j DI gIdg]GkEIG� E]Zdkj<jQ][<YYs ]g ]jPIgqQhI�� � � � � � � � � � � � � �

0PQh Qh []j IfkQp<YI[j j] h<sQ[O jP<j gIhI<gEP Qh �qg][O�� Wkhj jP<j Qj Qh k[pIgQNQIG� �[ hEP]Y<gYs� � � � � � � � � � � � � � � � �

gIhI<gEP� dIIg gIpQIq Qh khk<YYs j<XI[ j] hQO[<Y pIgQNQ<DQYQjs� Dkj Q[ Z]hj E<hIh G]Ih []j <Ejk<YYs� � � � � � � � � � � � � � � �

Q[GQE<jI jPQh <h jPI dg]EIhh Qh E][EI<YIG� <[G ]NjI[ N]EkhIG ][ gIpQIqQ[O jIrj g<jPIg jP<[ G<j< <[G� � � � � � � � � � � � � � � � �

E]GI� �[ h]Njq<gI I[pQg][ZI[jh� E]Zdkj<jQ][<Y gIdg]GkEQDQYQjs Qh []q DIE]ZQ[O Z]gI NgIfkI[jYs� � � � � � � � � � �

E][hQGIgIG jPg]kOP]kj <YY hj<OIh ]N jPI gIhI<gEP GIpIY]dZI[j dQdIYQ[I� qPI[ IrIEkjIG INNQEQI[jYs�� � � � � � � � � � � �

N]g Ir<ZdYI� qQjP hjg][O E]ZZk[Qjs Z<[<OIZI[j� O]]G G]EkZI[j<jQ][� <[G khQ[O E][j<Q[Ig� � � � � � � � � � �

jIEP[]Y]OQIh ¥�]IjjQOIg Ij <Y� ÃÁÂÆ¦� �$// E<[ PIYd j] N<EQYQj<jI jg<[hd<gI[Es <[G gIdg]GkEQDQYQjs ]N� � � � � � � � � � � � � �

IrdIgQZI[jh�qQjPQ[�<�hdIEQNQE�I[pQg][ZI[j��<h�jPI�I[jQgI�dg]EIhh�Qh�Ird]hIG�<[G��N]gX<DYI����

�[ jPI Y<hj GIE<GI Q[ �kg]dI ZkEP <jjI[jQ][ P<h DII[ OQpI[ j] E][hjgkEjQ][ ]N gIhI<gEP� � � � � � � � � � � � � � �

Q[Ng<hjgkEjkgIh ¥.�h¦ <[G I�Q[Ng<hjgkEjkgIh� Q[QjQ<jQpIh qPIgI gIhI<gEP E]ZZk[QjQIh E<[ QGI[jQNs <� � � � � � � � � � �

O]pIg[<[EI D]Gs j] dY<[ d]YQEQIh� DIhj dg<EjQEIh� <[G GQOQj<Y hIgpQEIh j] DI <G]djIG Ds hEQI[jQhjh j]� � � � � � � � � � � � � � � �

QZdg]pI hEQI[jQNQE q]gXNY]qh� !<[s gIhI<gEPIgh []q dIgN]gZ jPIQg q]gX Q[ jPIhI �GQOQj<Y� � � � � � � � � � � �

Y<D]g<j]gQIh� ¥I�O�� j]]Yh� hIgpQEIh� hj<[G<gGh� Z]GIYh¦� jP<j <gI GIdI[GI[j ][ hP<gIG GQOQj<Y hIgpQEIh� � � � � � � � � � � � �

N]g IrdIgQZI[j<jQ][ ¥I�O�� pQgjk<Y gIhI<gEP I[pQg][ZI[jh� .�h� jPIZ<jQE hIgpQEIh� q]gXNY]q I[OQ[Ih¦�� � � � � � � � � � �
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0PIs khI jPIhI j] dIgN]gZ IrdIgQZI[jh jP<j YI<G j] jPI EgI<jQ][ ]N [Iq GQOQj<Y ]DWIEjh hkEP <h� � � � � � � � � � � � � � � � �

gIhI<gEP G<j< ¥I�O�� jQZI hIgQIh� hI[h]g G<j<� Z<dh¦ <[G gIhI<gEP h]Njq<gI ¥I�O� . hEgQdjh� IrIEkj<DYI� � � � � � � � � � � � � � �

q]gXNY]qh� hEgQdjh¦� .�h E<[ hkdd]gj gIdg]GkEQDQYQjs <[G ]dI[[Ihh ]N gIhI<gEP gIhkYjh� ]ZdkjIg� � � � � � � � � � � �

hEQI[jQhjh Z<XI khI ]N GQOQj<Y gIh]kgEIh j] dIgN]gZ jPIQg IrdIgQZI[jh� g<[OQ[O Ng]Z jPIQg Y<dj]dh� j]� � � � � � � � � � � � � � �

jPI �[jIg[Ij QjhIYN� EY]kG gIh]kgEIh� <[G hP<gIG ][�YQ[I hIgpQEIh ]g h]Njq<gI <h < hIgpQEI h]YkjQ][h�� � � � � � � � � � � � � � �

0PIhI dg<EjQEIh OI[Ig<jI Q[EgI<hQ[OYs Z]gI G<j<� < EgQjQE<Y N<Ej]g ]N hEP]Y<gYs gIhI<gEP� sIj []j h]� � � � � � � � � � � � � � �

ZkEP Q[ dkgI h]Njq<gI� .�h ¥<[G <Gp<[EIG pQgjk<Y gIhI<gEP I[pQg][ZI[jh¦ <gI GIpQhIG Ir<EjYs j]� � � � � � � � � � � � � �

I[<DYI < E]ZZ][ ¥d]hhQDYs ][YQ[I¦ I[pQg][ZI[j qPIgI h]Njq<gI E<[ DI IrIEkjIG Q[ < hP<gIG� <OgIIG� � � � � � � � � � � � � � �

][� jgkhjIG ¥EIgjQNQIG�¦� dY<jN]gZ ¥qQjP <O<Q[ GQNNIgI[j GIOgIIh ]N E]ZdYIrQjs� dYkOOIG�Q[� IZDIGGIG�� � � � � � � � � � � �

qID hIgpQEIh� Gs[<ZQE GIdY]sZI[j� IjE�¦� .�h j<XI ][ D]<gG jPI E]hj ]N XIIdQ[O < ±E]ZZ][ Og]k[G±� � � � � � � � � � � � � � � �

]N IrIEkjQ][ N]g hEQI[jQhjh ]N < E]ZZk[Qjs qQjP ]jPIg DI[INQjh� IE][]Zs ]N hE<YI� DQO G<j< EY]hI j]� � � � � � � � � � � � � � � � �

dg]EIhhQ[O N<EQYQjQIh� I[E]kg<OQ[O E]ZZ][ dg<EjQEIh Q[ h]Njq<gI GIpIY]dZI[j� ZQjQO<jQ[O jPI� � � � � � � � � �

]Dh]YIhEI�INNIEj�]N�h]Njq<gI���

�IgI� h]Njq<gI Qh jPI hEQI[jQNQE dg]GkEj <[G gk[h Q[ hP<gIG GQOQj<Y Y<D]g<j]gQIh jP<j <gI E]ZZ][ j]� � � � � � � � � � � � � � � �

gIhI<gEPIgh� �]qIpIg� qPQYI �$// ZQOPj YI<G j] DIjjIg h]Njq<gI <[G Z]gI INNQEQI[j gIhI<gEP� Qj <Y][I� � � � � � � � � � � � � � �

G]Ih []j [IEIhh<gQYs YI<G GQgIEjYs j] gIdg]GkEQDYI gIhI<gEP� �[ ]jPIg q]gGh� h]Njq<gI <Y][I Qh� � � � � � � � � � � � � �

Q[hkNNQEQI[j N]g gIdg]GkEQDQYQjs� Dkj hP<gQ[O h]Njq<gI qQjP]kj jPI <hh]EQ<jIG E]Zdkj<jQ][<Y� � � � � � � � � �

I[pQg][ZI[j Qh < ZQ[QZ<Y gIfkQgIZI[j N]g gIdg]GkEQDYI gIhI<gEP� .Idg]GkEQDQYQjs Qh <Yh] <NNIEjIG Ds� � � � � � � � � � � � �

N<Ej]gh hkEP <h ]dIg<jQ[O hshjIZh� Q[dkjh� d<g<ZIjIg g<[OIh <[G G<j< <p<QY<DQYQjs� <[G IrdIgQZI[j<Y� � � � � � � � � � � � �

jIhjQ[O I[pQg][ZI[jh ¥/<[GpI Ij <Y� ÃÁÂÄ� !QYYZ<[ <[G +IgIv ÃÁÂÅ¦� �]g Ir<ZdYI� h]ZI qQGIYs�khIG� � � � � � � � � � � � � �

. d<EX<OIh q]gX GQNNIgI[jYs Q[ GQNNIgI[j pIghQ][h ]N .� 7PQYI �$//� hkEP <h . ]g ��/+� Qh []j hkNNQEQI[j� � � � � � � � � � � � � � � � � � �

N]g ]dI[ gIhI<gEP <[G gIdg]GkEQDQYQjs� Qj EIgj<Q[Ys G]Ih dg]Z]jI jPIhI NI<jkgIh� ��/+� N]g Ir<ZdYI�� � � � � � � � � � � � � �

dg]pQGIh khIgh qQjP jPI ]djQ][ j] QZd]gj�Ird]gj <[G hs[E G<j< qQjP <[ $dI[ /EQI[EI �g<ZIq]gX� � � � � � � � � � � � � � �

¥$/�¦ <EE]k[j� <[ ]djQ][ jP<j� <j < ZQ[QZkZ� N<EQYQj<jIh <[G QZdYQEQjYs I[E]kg<OIh hkEP pQgjkIh <[G� � � � � � � � � � � � � � �

dg<EjQEIh� ]ZZIgEQ<Y <YjIg[<jQpIh YQXI /+// <gI Z]gI <D]kj jPI I[EY]hkgI ]N hIgpQEIh <[G� � � � � � � � � � � � �

E]ZZk[QjQIh� 7QjPQ[ jPI hEP]Y<gYs IE]hshjIZ� gIdg]GkEQDQYQjs Qh N]EkhIG ][ P]q jPI h]Njq<gI Qh DIQ[O� � � � � � � � � � � � � �

khIG g<jPIg jP<[ DIQ[O <[ Q[jgQ[hQE dg]dIgjs ]N jPI h]Njq<gI QjhIYN� 0Pkh� gIdg]GkEQDQYQjs Z<[QNIhjh Q[� � � � � � � � � � � � � � �

hIpIg<Y�GQNNIgI[j�N]gZh�qQjPQ[�jPI�h]Njq<gI�hEP]Y<ghPQd�IE]hshjIZ��

�Y][OhQGI �$//� $dI[ �<j< Qh []q DIE]ZQ[O <[ Q[EgI<hQ[OYs QZd]gj<[j <[G E]gI <hdIEj ]N $dI[� � � � � � � � � � � � � � �

/EP]Y<ghPQd� 0PQh gINIgh j] jPI hP<gQ[O ]N G<j<� dIgZQjjQ[O ]jPIgh j] <[<YshI <[G gI<EP jPI h<ZI� � � � � � � � � � � � � � � �

E][EYkhQ][h N]g < dQIEI ]N gIhI<gEP � jPkh <YY]qQ[O gIhI<gEP gIdg]GkEQDQYQjs � ]g j] I[<DYI EkZkY<jQpI� � � � � � � � � � � � � � � �

hEQI[EI Ds Z<XQ[O G<j< <p<QY<DYI� N]g Ir<ZdYI� N]g ZIj<�<[<YshIh� <[G dg]pQGQ[O ]dd]gjk[QjQIh N]g� � � � � � � � � � � � �

[Iq <[G ]gQOQ[<YYs k[Q[jI[GIG gIhI<gEP� 7QjP jPQh Q[ ZQ[G� jPI Nk[G<ZI[j<Y IYIZI[jh k[GIgdQ[[Q[O� � � � � � � � � � � � �

gIhI<gEP gIdg]GkEQDQYQjs <gI E]ZdYIjI qQjPQ[ <[ $dI[ /EP]Y<ghPQd hshjIZ � <gjQEYIh� G<j<� h]Njq<gI�� � � � � � � � � � � � �
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<[G <YY gIYIp<[j gIhI<gEP I[pQg][ZI[j G<j< <gI Ird]hIG <[G IrIEkj<DYI j] PIYd Q[EgI<hI� � � � � � � � � � � � �

Nk[G<ZI[j<Y�gIdg]GkEQDQYQjs���

0PI Z<W]g jI[hQ][ PIgI Qh jP<j qP<j Qh ]NjI[ E][hQGIgIG j] DI DIhj N]g gIhI<gEP Qh ZQh�<YQO[IG qQjP� � � � � � � � � � � � � � � � � �

qP<j Qh E][hQGIgIG j] DI DIhj N]g Q[GQpQGk<Yh ]g E]ZZk[QjQIh� <h ZI<hkgIG jPg]kOP Ip<Yk<jQ][� � � � � � � � � � � � � �

EgQjIgQ<� �<j< hP<gQ[O d]YQEQIh N]g W]kg[<Yh <[G Nk[GIgh E<[ DI E]ZdYIr <[G GQNNQEkYj j] I[N]gEI� � � � � � � � � � � � � � �

¥/P]YYIg Ij <Y� ÃÁÂÊ¦� �[ jPI NQIYG ]N �[GkhjgQ<Y �E]Y]Os� N]g Ir<ZdYI� ][I gIEI[j d<dIg hj<jIG �§IGQj]gh� � � � � � � � � � � � � � � � �

]N W]kg[<Yh¨���hP]kYG E][hQGIg <hXQ[O <kjP]gh N]g < Z<W]g gIpQhQ][ ]N Z<[khEgQdjh qP]hI EY<QZh <gI� � � � � � � � � � � � � �

[]j gIdg]GkEQDYI DIE<khI ]N Y<EX ]N G]EkZI[j<jQ][� G<j<� ]g h]Njq<gI� 0PQh q]kYG I[E]kg<OI <kjP]gh� � � � � � � � � � � � � �

j] G]EkZI[j jPIQg hEQI[jQNQE EY<QZh qQjP PQOPIg jg<[hd<gI[Es <[G gIdg]GkEQDQYQjs�� ¥+<kYQkX Ij <Y�� � � � � � � � � � � � �

ÃÁÂÆ¦� �]qIpIg� jPQh N]EkhIh ][Ys ][ ][I IYIZI[j ]N gIdg]GkEQDQYQjs ¥Q�I�� gIhkYjh¦� <[G jPIgI <gI� � � � � � � � � � � � � � �

]jPIg E][EIg[h hkEP <h <[<YsjQE<Y� E]Zdkj<jQ][<Y� <[G ZIjP]G]Y]OQE<Y gIdg]GkEQDQYQjs jP<j hP]kYG DI� � � � � � � � � � � �

E][hQGIgIG� �YY ]N jPIhI <gI E]ZdYIr E][EIdjh Q[ jPIZhIYpIh� D]jP dPQY]h]dPQE<YYs <[G Q[ jIgZh ]N� � � � � � � � � � � � � � �

dg<EjQE<Y QZdYIZI[j<jQ][� <[G jPIs <GG <GGQjQ][<Y GQZI[hQ][h ]g D<ggQIgh j] jPI <G]djQ][ ]N �]dI[� � � � � � � � � � � � � �

gIhI<gEP dg<EjQEIh�� �]g gIhI<gEPIgh jPI[� Qj Z<XIh hI[hI j] E][hQGIg jPIhI <hdIEjh dgQ]g j] Q[QjQ<jQ[O� � � � � � � � � � � � � � �

< gIhI<gEP dg]WIEj QjhIYN� g<jPIg jP<[ d]hj P]E� 0PQh Qh� ]N E]kghI� DI<gQ[O Q[ ZQ[G jPI YQZQj<jQ][h� � � � � � � � � � � � � � � � �

<hh]EQ<jIG qQjP dIgh][<Y G<j< ]g E]ZZIgEQ<YYs hI[hQjQpI G<j<� hkEP <h jP]hI OI[Ig<jIG qPI[� � � � � � � � � � � � �

E]YY<D]g<jQ][ DIjqII[ <E<GIZQ< <[G Q[Gkhjgs Qh Q[p]YpIG� 0PIhI E<jIO]gQIh ]N G<j< E<[[]j DI Z<GI� � � � � � � � � � � � � �

]dI[ ]g dkDYQE Ds GIN<kYj ¥k[YIhh <[][sZQhIG ]g IZD<gO] dIgQ]Gh P<pI d<hhIG¦� �<j< hP<gQ[O E<[ Q[� � � � � � � � � � � � � � � �

h]ZI E<hIh DI hII[ <h < DkgGI[ N]g gIhI<gEPIgh� qP] Z<s DI k[dgId<gIG N]g jPI EP<YYI[OI ]N� � � � � � � � � � � � � � � � �

EgI<jQ[O� jgI<jQ[O <[G hP<gQ[O G<j< N]g IrjIg[<Y E][hkZdjQ][ g<jPIg jP<[ dgQp<jI khI� !<[s Nk[GIgh� � � � � � � � � � � � � �

<[G Q[hjQjkjIh []q gIfkQgI gIhI<gEP dg]WIEjh j] P<pI < G<j< Z<[<OIZI[j dY<[� <[G jPIhI E]kYG DI� � � � � � � � � � � � � � � �

I<hQYs IrjI[GIG j] < Z]gI P]YQhjQE �gIdg]GkEQDQYQjs dY<[�� jP<j ]kjYQ[Ih P]q jPI G<j<� h]Njq<gI�� � � � � � � � � � � � � �

<gjQEYIh� <[G <YY ]jPIg gIYIp<[j ZIjP]Gh <[G ]kjdkjh qQYY DI G]EkZI[jIG <[G hP<gIG j] Q[EgI<hI� � � � � � � � � � � � � � �

gIdg]GkEQDQYQjs�<[G�d]jI[jQ<Y�N]g�gI�khI���

�h d<gj ]N jPI $dI[ �<j< Z]pIZI[j� jPI Q[EgI<hI Q[ jPI QZdYIZI[j<jQ][ <[G dg]Z]jQ][ ]N jPI ���.� � � � � � � � � � � � � � � � �

dgQ[EQdYIh ¥�Q[G<DYI� �EEIhhQDYI� �[jIg]dIg<DYI <[G .Ikh<DYI¦ ¥7QYXQ[h][ Ij <Y� ÃÁÂÇ¦ P<h hjQZkY<jIG� � � � � � � � � � � �

jPI hP<gQ[O ]N G<j< jP<j Qh Z]gI hkQj<DYI N]g gIkhI� ���. G<j< Qh GQNNIgI[j j] $dI[ �<j<� <h <EE]gGQ[O� � � � � � � � � � � � � � � � � � �

j] jPI ���. dgQ[EQdYIh Qj Qh []j hQZdYs I[]kOP j] hP<gI ][Ys jPI G<j< QjhIYN� Dkj jP<j ZIj<G<j< hP]kYG� � � � � � � � � � � � � � � � � � �

DI Q[EYkGIG j]]� <D]kj� N]g Ir<ZdYI� P]q Q[jIgpQIqh qIgI E][GkEjIG� Y<D]g<j]gs hIj�kdh <[G� � � � � � � � � � � � �

IrdIgQZI[j<Y E][GQjQ][h� <h qIYY <h qPQEP E][NQOkg<jQ][h <[G h]Njq<gI pIghQ][h qIgI khIG� $[Ys� � � � � � � � � � � � �

qPI[ jPQh ZIj<G<j< Qh Q[EYkGIG qQYY jPI G<j< DI <Ejk<YYs Nk[EjQ][<YYs gIkh<DYI� �j hP]kYG DI []jIG jP<j� � � � � � � � � � � � � � � � �

jPI ���. dgQ[EQdYIh hP]kYG []j DI Ifk<jIG qQjP $dI[ �<j<� <h ��EEIhhQDYI� ZI<[h jP<j jPIgI hP]kYG� � � � � � � � � � � � � � � �

DI�ZIj<G<j<�<p<QY<DYI�<D]kj�<�G<j<hIj��qPQYI�jPI�G<j<�QjhIYN�E]kYG�gIZ<Q[�DIPQ[G�<�D<ggQIg���
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0PIhI ���. dgQ[EQdYIh hjQZkY<jI hP<gQ[O G<j<�h]Njq<gI khQ[O GQOQj<Y gId]hQj]gQIh� � g<[OI ]N OI[Ig<YQhj� � � � � � � � � � � � �

]g GQhEQdYQ[I�hdIEQNQE G<j< ¥]g �]DWIEj�¦ hP<gQ[O dY<jN]gZh ]g gId]hQj]gQIh []q IrQhjh� Q[EYkGQ[O� � � � � � � � � � � �

�QOhP<gI� �Qj�kD� ;I[]G]� jPI $dI[ /EQI[EI �g<ZIq]gX ¥$/�¦� Å01�.IhI<gEP�<j<� <[G �gs<G�� � � � � � � � � � �

<YjP]kOP ]N jPIhI Ir<ZdYIh� ][Ys jPI Y<jjIg N]kg <gI DkQYj ][ �$//� $NjI[� jPI p<YkI ]N jPIhI hIgpQEIh� � � � � � � � � � � � � � � � � �

Qh�N]EkhIG�<g]k[G�Ä�E<jIO]gQIh��

Â� $dI[Q[O G<j< Q[EgI<hIh jgkhj� pIgQNQ<DQYQjs� gI�khI p<YkI� Ng<kG GIjIEjQ][� <[G gIdg]GkEQDQYQjs� � � � � � � � � � �

]N�gIhI<gEP�¥!k[<N^�Ij�<Y��ÃÁÂÈ¦��

Ã� $dI[Q[O G<j< jI[Gh j] YI<G j] Z]gI EQj<jQ][h ¥+Qq]q<g� �<s� <[G �gQGhZ< ÃÁÁÈ� +Qq]q<g <[G� � � � � � � � � � � � � � �

6QhQ][�ÃÁÂÄ¦��

Ä� $dI[Q[O G<j< E<[ YI<G j] Q[EgI<hIG Q[[]p<jQ][ <[G IE][]ZQE Og]qjP ¥;kQGIgqQWX Ij <Y� ÃÁÂÅ�� � � � � � � � � � � � � �

!]IG<h�ÃÁÂÆ¦��

0PI <D]pI PQOPYQOPjh jP<j ]dI[ G<j<� hQZQY<g j] �$//� I[<DYIh gIdkgd]hQ[O� gINQ[IZI[j� <[G gI�khI Ds� � � � � � � � � � � � � � �

]jPIgh� d]jI[jQ<YYs N<g DIs][G jPI ]gQOQ[<YYs Q[jI[GIG dkgd]hIh� �rjI[GQ[O DIs][G gIdg]GkEQDQYQjs�� � � � � � � � � � �

jPQh�]dI[[Ihh�I[<DYIh�jPI�EgI<jQ][�]N�p<YkI�D]jP�Q[�<E<GIZQ<�<[G�]kjhQGI��N]g�Ir<ZdYI��Q[�Q[Gkhjgs��

/QZQY<g j] qP<j P<h P<ddI[IG N]g $�� jPIgI Qh []q < Og]qQ[O E][EIg[ jP<j $dI[ �<j< j]] Qh DIQ[O� � � � � � � � � � � � � � � � � � �

�PQW<EXIG� Ds E]ZZIgEQ<Y ]gO<[Qh<jQ][h� qP] Q[EgI<hQ[OYs ]NNIg < g<[OI ]N gIhI<gEP G<j< hIgpQEIh� � � � � � � � � � � � �

Q[EYkGQ[O gId]hQj]gQIh <[G Z<[<OIZI[j dY<[h N]g gIhI<gEPIgh ]g gIhI<gEP Q[hjQjkjIh <h d<gj ]N hIgpQEI� � � � � � � � � � � � � �

d<EX<OIh ¥+]h<G< <[G PI[ ÃÁÂÉ¦� 0PQh Qh d<gj ]N < Og]qQ[O jgI[G qQjPQ[ jPI dkDYQhPQ[O hIEj]g�� � � � � � � � � � � � � � � �

j]q<gGh gIE]O[QjQ][ ]N jPI E]ZZIgEQ<Y p<YkI DIPQ[G hkEP G<j<� �h hkEP� jPQh dgIhI[jh < [Iq� � � � � � � � � � � � � � �

EP<YYI[OI N]g jPI dkDYQE hIEj]g Q[ jP<j h]YkjQ][h <[G Q[Ng<hjgkEjkgI <g]k[G G<j< hP<gQ[O <[G hj]g<OI� � � � � � � � � � � � � � �

ZQOPj [IIG j] DIE]ZI Z]gI qQGIYs hkdd]gjIG Ds [][�E]ZZIgEQ<Y I[jQjQIh� Q[EYkGQ[O� � � � � � � � � � �

O]pIg[ZI[j�D<EXIG Q[hjQjkjIh� 0PIgIN]gI� jPIhI QhhkIh <g]k[G G<j< hP<gQ[O <Yh] N<Ej]g Q[j] E]gI� � � � � � � � � � � �

dgQ[EQdYIh <g]k[G gIdg]GkEQDYI gIhI<gEP� gIhI<gEP Nk[GQ[O� <h qIYY <h jPI Q[EI[jQpI�gIq<gG hshjIZ� � � � � � � � � � � �

jP<j�O]pIg[h�P]q�gIhI<gEP�Qh�dg]GkEIG�<[G�E]ZZk[QE<jIG��

]Zdkj<jQ][<Y gIdg]GkEQDQYQjs Qh []j [IEIhh<gQYs h]ZIjPQ[O hQZdYI j] YI<g[� $[I jPQ[O qPQEP Qh� � � � � � � � � � � � �

OI[Ig<YYs <OgIIG kd][ Qh jP<j E]ZdkjIgh <[G h]Njq<gI <gI N]k[G<jQ][<Y j] Z<[s <hdIEjh ]N Z]GIg[� � � � � � � � � � � � � � �

gIhI<gEP� 9Ij� GIhdQjI jPQh� E]Zdkj<jQ][<Y gIdg]GkEQDQYQjs G]Ih []j <ddI<g j] gIEIQpI GkI <jjI[jQ][ ]g� � � � � � � � � � � � � �

EgIGQj Q[ jPI jg<Q[Q[O ]N gIhI<gEPIgh� ]g Q[ jPI dg]EIhh ]N G<QYs gIhI<gEP� �]g k[GIgOg<Gk<jI gIhI<gEP� � � � � � � � � � � � � � � �

jI<EPQ[Oh� qPIgI E]Zdkj<jQ][<Y gIdg]GkEQDQYQjs Qh E]Zdg]ZQhIG Q[ E]Zd<gQh][ j] ]jPIg h]Njq<gI� N]g� � � � � � � � � � � �

Ir<ZdYI� /+// Qh hIIZQ[OYs ]NjI[ dgINIggIG j] .� qPIgI E]GI <[G I[pQg][ZI[jh E<[ DI Z]gI I<hQYs� � � � � � � � � � � � � � � �

gIdg]GkEIG� 0PIgIN]gI� jPI kdj<XI ]N E]GI hP<gQ[O hIIZh j] DI hY]qIg Q[ gI<EPQ[O h]ZI gIhI<gEP� � � � � � � � � � � � � � �

NQIYGh� �I[Ig<YYs� E]Zdkj<jQ][<Y gIdg]GkEQDQYQjs <[G gIYQ<DQYQjs <gI []j E][hQGIgIG dIgP<dh <h ZkEP <h� � � � � � � � � � � � �
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�



�

jPIs hP]kYG DI� OQpI[ jPI QZd<Ej jP<j jPIs E<[ P<pI ][ E]ZdgIPI[hQDQYQjs <[G gIYQ<DQYQjs ]N gIhI<gEP� � � � � � � � � � � � � � � �

gIhkYjh� 0PI h<ZI E<[ dIgP<dh <Yh] DI h<QG ]NjI[ N]g G<j< dg]EIhhQ[O <[G Z<[<OIZI[j� qQjP D]jP� � � � � � � � � � � � � � � �

G<j< <[G h]Njq<gI ]NjI[ DIQ[O gIYIO<jIG j] �hIE][G EY<hh EQjQvI[h� qQjP YQjjYI G]EkZI[j<jQ][�� � � � � � � � � � � � �

]gO<[Qh<jQ][� jIhjQ[O� pIghQ][ E][jg]Y� �]qIpIg� jPIgI <gI []q Z<[s O]]G Ir<ZdYIh ]N <E<GIZQE� � � � � � � � � � � � �

dg]WIEjh jP<j jgs j] QZdg]pI jPQh Ds dg]Z]jQ[O E]ZZk[Qjs hj<[G<gGh� E]GI gIpQIq� <[G h]Njq<gI hkEP� � � � � � � � � � � � � � �

<h��Q]E][GkEj]g�<[G�g$dI[/EQ�¥�]IjjQOIg�Ij�<Y��ÃÁÂÆ���]gIg]�ÃÁÂÊ¦��

� fkIhjQ][ jP<j <gQhIh Ng]Z jPQh Qh qPIjPIg �$// <[G $dI[ �<j< <gI dgIgIfkQhQjIh N]g gIdg]GkEQDQYQjs� � � � � � � � � � � � � � � �

<[G $dI[ /EP]Y<ghPQd� 0PQh ]dI[h kd <GGQjQ][<Y QhhkIh Ds Ird]hQ[O gIhI<gEP dg]EIhhIh� N]g Ir<ZdYI� � � � � � � � � � � � � �

<YY]qQ[O <kGQjQ[O ]N jPI ZIjP]G]Y]OQIh� <YY]qQ[O <jjIZdjh <j gIdg]GkEQDQYQjs <h d<gj ]N jPI dIIg� � � � � � � � � � � � � �

gIpQIq dg]EIhh� <[G ]dI[Q[O kd d<gjQEQd<jQ][ Q[ gIhI<gEP dg]EIhhIh j] jP]hI DIs][G jP]hI qQjP� � � � � � � � � � � � � �

<EEIhh j] dg]dgQIj<gs G<j<�h]Njq<gI ¥jPkh jI[GQ[O j]q<gGh �EQjQvI[ hEQI[EI�¦� �j <Yh] Z]jQp<jIh ]g� � � � � � � � � � � � �

I[E]kg<OIh GQNNIgI[j N]gZh ]N �j<YI[j� qQjPQ[ hEP]Y<ghPQd� h]ZIjPQ[O qPQEP E<[ ][Ys DI Ird]hIG� � � � � � � � � � � � �

jPg]kOP jg<[hd<gI[Es <[G Q[hdIEjQ][ ]N jPI I[jQgI gIhI<gEP dg]EIhh� /kEP jg<[hd<gI[Es� Q[ jPI]gs�� � � � � � � � � � � � �

<Yh] N<EQYQj<jIh Z]gI dg]GkEjQpI EgQjQEQhZ� Ip<Yk<jQ][� <[G GQpIghQjs Q[ N]gZh ]N dIIg gIpQIq� �h hkEP�� � � � � � � � � � � � � � �

jPQh IYIZI[j ]N $dI[ /EP]Y<ghPQd P<h Z<[s d<g<YYIYh j] jPI Y<jjIg GIpIY]dZI[j ]N jPI �$//� � � � � � � � � � � � � � �

Z]pIZI[j�¥�<pQG�ÃÁÁÉ��6IgZIQg�<[G�!<gO_Ehs�ÃÁÂÃ�� <PjQ�Ij�<Y��ÃÁÂÈ¦��

 QZQj<jQ][h�<[G�NkjkgI�gIhI<gEP�

�[ jPQh <gjQEYI� qI P<pI PQOPYQOPjIG jPI hkDhj<[jQpI Eg]hh�]pIg DIjqII[ �gII <[G $dI[ /]kgEI� � � � � � � � � � � � � �

/]Njq<gI <[G $dI[ /EP]Y<ghPQd� Q[ jPI E][jIrjh ]N E]ZZ][ k[GIghj<[GQ[O� E]ZZk[QjQIh ]N dg<EjQEI�� � � � � � � � � � � � �

k[GIgYsQ[O dgQ[EQdYIh� QhhkIh <g]k[G gIdkj<jQ][ <[G Q[EI[jQpIh� gIdg]GkEQDYI gIhI<gEP� <[G jPI g]YI ]N� � � � � � � � � � � � �

E]ZZIgEQ<Y dY<sIgh� �QpI[ jPI I[]gZ]kh E]ZdYIrQjs hkgg]k[GQ[O D]jP h]Njq<gI <[G gIhI<gEP� jPQh Qh� � � � � � � � � � � � �

< [][�IrP<khjQpI <[<YshQh�  QXIqQhI� qI <Yh] GQG []j E][hQGIg <GGQjQ][<Y ]pIgY<dh qQjP qQGIg �]dI[� � � � � � � � � � � � � �

EkYjkgI�� hkEP <h jPI Gs[<ZQE PQhj]gQIh DIPQ[G $dI[ �GkE<jQ][ <[G $dI[ �GkE<jQ][<Y .Ih]kgEIh�� � � � � � � � � � � � �

$dI[ �]pIg[ZI[jh� $dI[ +]YQEs� $dI[ +P<gZ<EIkjQE<Yh� <Z][O ]jPIgh� 0PQh IrdYQEQj YQZQj<jQ][ Q[� � � � � � � � � � � �

hE]dI <YY]qIG kh j] N]Ekh ][ EgQjQE<Y QhhkIh jP<j gIZ<Q[ dIgp<hQpI qQjPQ[ Z]GIg[ h]Njq<gI <[G� � � � � � � � � � � � � � �

gIhI<gEP�EkYjkgIh��

�s E]Zd<gQ[O �$// <[G Z]GIg[ hEP]Y<ghPQd� qI P<pI Ird]hIG jPI I[]gZ]kh d]jI[jQ<Y N]g OgI<jIg� � � � � � � � � � � � � �

Q[jIOg<jQ][ ]N jPI hP<gIG k[GIgYsQ[O dgQ[EQdYIh <[G dg<EjQEIh� D<hIG Nk[G<ZI[j<YYs <g]k[G� � � � � � � � � � �

E]YY<D]g<jQ][� j] DIE]ZI Z]gI []gZ<jQpI qQjPQ[ hEP]Y<gYs EkYjkgIh� �]qIpIg� qI gIE]O[QhI jP<j D]jP� � � � � � � � � � � � �

Q[ �$// <[G $dI[ /EP]Y<ghPQd� E]GI� G<j< <[G ]jPIg ]kjdkjh <gI []j p<YkI�NgII� ��YO]gQjPZh�� � � � � � � � � � � � � �

dg]Og<ZZIh <[G Z]gI� <YY]q Q[jIgpI[jQ][h Q[ dkDYQE YQNI� 0PI p<YkIh Q[PIgI[j Q[ ]dI[[Ihh [IIG j] DI� � � � � � � � � � � � � � � �

E<gINkYYs D<Y<[EIG qQjP ]jPIg p<YkIh ¥I�O�� PkZ<[ gQOPjh� E][hIgp<jQ][� d]dkY<jQ][ PI<YjP¦� $[I ]N jPI� � � � � � � � � � � � � �
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�

EI[jg<Y YIhh][h $dI[ /EP]Y<ghPQd E<[ YI<g[ Ng]Z �$// Q[ jPQh gIO<gG Qh jP<j jPIgI Qh < [IIG N]g <� � � � � � � � � � � � � � � � � � �

EgQjQE<Y�hjkGs�]N�jPI�IjPQEh�]N�]dI[[Ihh��

0] DgQ[O jPI DI[INQjh ]N �$// <[G $dI[ /EP]Y<ghPQd hs[IgOQIh j] YQNI <[G Z<XI jPIZ q]gX N]g jPI� � � � � � � � � � � � � � � � � �

OY]D<Y hEQI[jQNQE E]ZZk[Qjs� Qj Qh [IEIhh<gs j] <EjQpIYs h]kgEI Q[dkj Ng]Z <YY q]gYG gIOQ][h� �[ <� � � � � � � � � � � � � � � �

qIhjIg[�EI[jgQE�G]ZQ[<[j <E<GIZQE IE]hshjIZ� h] N<g jPI Z]hj k[GIg�gIdgIhI[jIG hj<XIP]YGIgh� � � � � � � � �

<Z][Ohj jPI gIhI<gEP E]ZZk[Qjs hIIZ j] E]ZI Ng]Z  <jQ[ �ZIgQE<� �NgQE< <[G d<gjh ]N �hQ<� !kEP� � � � � � � � � � � � � � � �

dg]OgIhh Qh DIQ[O Z<GI jPIhI G<sh ][ IZDg<EQ[O �0 ][ <YY h]EQIj<Y YIpIYh jIhjQ[O Q[[]p<jQpI� � � � � � � � � � � � � � �

<ddg]<EPIh <[G jPIgIN]gI ZkEP E<[ DI YI<g[IG Ng]Z jP]hI IrdIgQI[EIh Q[ ]gGIg j] GIhQO[ <[� � � � � � � � � � � � � � �

�$//�D<hIG ]dI[ hEP]Y<gYs Q[Ng<hjgkEjkgI� �[ dgQ[EQdYI� jPQh Q[p]YpIh IZDIGGQ[O pQIqd]Q[j <[G� � � � � � � � � � �

GIZ]Og<dPQE�PIjIg]OI[IQjs�qQjPQ[�jPI�E]gI�]N�jPI�NkjkgI�]N�$dI[�/EP]Y<ghPQd��

�<hIG <g]k[G jPQh� NkjkgI gIhI<gEP E]kYG Y]]X Q[j] jPI dIgh][<YQjs jg<Qjh� <jjQjkGIh� <[G Q[jgQ[hQE <[G� � � � � � � � � � � � � � �

IrjgQ[hQE Z]jQp<j]gh jP<j hIIZ j] GgQpI jPI $dI[ /EP]Y<ghPQd E]ZZk[Qjs� <[G Y]]X <j jPI N<Ej]gh jP<j� � � � � � � � � � � � � � � �

E<j<YshI d<gjQEQd<jQ][ Q[ jPI dg<EjQEIh� � d]jI[jQ<Y <gI[< ]N E][hQGIg<jQ][ PIgI q]kYG DI E]Zd<gQh][� � � � � � � � � � � � � �

]N hEP]Y<gYs E]ZZk[QjQIh qQjP jP<j ]N 7QXQdIGQ<� 0PI Y<jjIg Qh k[G]kDjIGYs < PQOPYs hkEEIhhNkY dg]WIEj� � � � � � � � � � � � � � �

<[G ][I ]N jPI Z]hj pQhQjIG G]Z<Q[h Q[ jPI q]gYG� <[G sIj $dI[ /EP]Y<ghPQd Qh Q[ gIY<jQpI Q[N<[Es� �� � � � � � � � � � � � � � � � � � �

NkgjPIg jIEP[]Y]Os jP<j E]kYG d]hhQDYs E<djkgI Z]hj ]N jPI [IEIhh<gs p<YkIh Q[ gIhI<gEP EsEYIh <[G� � � � � � � � � � � � � � �

$dI[ hEP]Y<ghPQd I[pQg][ZI[jh Qh �Y]EXEP<Q[� �QpI[ Qjh GIEI[jg<YQvIG <[G jg<[hd<gI[j [<jkgI <[G� � � � � � � � � � � �

<ddI[GQ[O ]N <jjgQDkjIh hkEP <h QZZkj<DQYQjs <[G dg]p<DQYQjs j] GQOQj<Y O]]Gh jP<j EQgEkY<jI qQjPQ[ Qj�� � � � � � � � � � � � � � �

Qj Qh < d]jI[jQ<Y E<[GQG<jI N]g NkjkgI <E<GIZQE hshjIZh� �Y]EXEP<Q[ jIEP[]Y]Os E<[ <Yh] q]gX qQjP� � � � � � � � � � � � � � �

E][hI[hkh ZIEP<[QhZh j] GIZ]Eg<jQvI P]q dQIEIh ]N gIhI<gEP <gI p<YQG<jIG� P]q hEQI[jQNQE� � � � � � � � � � � �

gIdkj<jQ][ Qh ZI<hkgIG <[G jPg]kOP gIhI<gEP j]XI[h� <[G d]jI[jQ<YYs Q[EI[jQpQvI Z]gI EgIGQDYI� � � � � � � � � � � �

X[]qYIGOI EgI<jQ][ �¥ IQDYI Ij <Y� ÃÁÂÊ¦ �� �/IpIg<Y hjkGQIh ]pIg jPI sI<gh P<pI <jjIZdjIG j] k[GIghj<[G� � � � � � � � � � � � � � �

qP<j Z]jQp<jIh Q[GQpQGk<Yh j] E][jgQDkjI j] �$//� 0] ]kg X[]qYIGOI� jPI D]Gs ]N X[]qYIGOI ][ jPI� � � � � � � � � � � � � � � �

Z]jQp<jQ][ N]g dIgN]gZQ[O $dI[ /EP]Y<ghPQd <EjQpQjQIh Qh Y<EXQ[O� �N qI <hhkZI < hQZQY<gQjs DIjqII[� � � � � � � � � � � � � �

jPI jq] dPI[]ZI[<� qI E<[ Gg<q h]ZI d<g<YYIYh Ng]Z jPI N]gZIg j] k[GIghj<[G jPI Y<jjIg� ��s� � � � � � � � � � � � � � � �

E]Zd<gQ[O $dI[ /EP]Y<ghPQd E]ZZk[QjQIh j] �$//� 7QXQdIGQ<� �Y]EXEP<Q[� <[G ]jPIg Y<gOI <[G� � � � � � � � � � � �

GIEI[jg<YQhIG E]ZZk[QjQIh� h]ZI ]N jPI GQhh][<[EI DIjqII[ d<gjQEQd<jQ][ <[G Q[EI[jQpI hshjIZh Q[� � � � � � � � � � � �

gIhI<gEP�ZQOPj�DI�Ird]hIG��

� NkgjPIg EgQjQE<Y fkIhjQ][ j] Ir<ZQ[I <j qP<j d]Q[j GkgQ[O jPI hEP]Y<gYs dg]EIhh hP]kYG Qj DIE]ZI� � � � � � � � � � � � � � � �

�]dI[�� j] qP<j IrjI[j� <[G j] DI[INQj qP]Z� �j jPI dgIhI[j� ZkEP ]N hEP]Y<ghPQd kYjQZ<jIYs I[Gh kd� � � � � � � � � � � � � � � � �

DIQ[O dkDYQE <j h]ZI hj<OI� Dkj ][Ys Q[ jPI hI[hI ]N []j DIQ[O hIEgIjQpI ¥�IYjs ÃÁÁÂ¦� P]qIpIg� Ng]Z� � � � � � � � � � � � � � � � � �

jPQh Qj ]NjI[ I[Gh kd DIQ[O dgQp<jQhIG ]g ]DNkhE<jIG Q[ q<sh jP<j <gI []j DI[INQEQ<Y j] qQGIg h]EQIjs�� � � � � � � � � � � � � � � � � �

0PIgI Qh <Yh] YQXIYs <[ I[]gZ]kh �NQYI Gg<qIg� dg]DYIZ qQjP Z<[s <hdIEjh ]N PQhj]gQE<Y hEP]Y<ghPQd�� � � � � � � � � � � � � � �

<[G YQjjYI Q[ jPI q<s ]N k[GIghj<[GQ[O jPI hE]dI ]N jPQh <j jPI dgIhI[j� ]g P]q j] d]jI[jQ<YYs gIh]YpI� � � � � � � � � � � � � � � � � � �
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Qj� 0PQh Qh gIY<jIG j] jPI qQGIg QhhkI ]N qP] hEP]Y<ghPQd Qh hkdd]hIG j] hIgpI� �N Qj Qh N]g jPI qQGIg� � � � � � � � � � � � � � � � � � � � �

DI[INQj ]N h]EQIjs� h] jP<j jPI Z<rQZkZ [kZDIg ]N dI]dYI E<[ IrdY]Qj <[G khI Qj� jPI[ Qj P<h j] DI <h� � � � � � � � � � � � � � � � � � � � �

gQO]g]kh <[G gIYQ<DYI <h d]hhQDYI ¥!Igj][ ÂÊÅÃ¦� �j EYI<gYs G]Ih <Yh] []j ZIIj jPQh [IIG QN hEP]Y<gYs� � � � � � � � � � � � � � � � �

q]gXh <gI ]q[IG Ds dgQp<jI I[jQjQIh jP<j <EjQpIYs dg]PQDQj Qjh hP<gQ[O <[G gI�khI� 0Pkh� jPIgI Qh <� � � � � � � � � � � � � � � � �

GQgIEj jI[hQ][ PIgI DIjqII[ $dI[ /EP]Y<ghPQd <[G ]gO<[Qh<jQ][h jP<j Z<YQEQ]khYs pQ]Y<jI� � � � � � � � � � �

Nk[G<ZI[j<Y NgIIG]Zh k[GIgdQ[[Q[O jPQh� �]qIpIg� qQjP]kj < h]YQG dgQ[EQdYIh�D<hIG N]k[G<jQ][ j]� � � � � � � � � � �

$dI[ /EP]Y<ghPQd� <[G ][I jP<j Qh qQGIYs <EEIdjIG <[G I[N]gEIG� jPI[ hkEP pQ]Y<jQ][h qQYY E][jQ[kI� � � � � � � � � � � � � � �

k[EPIEXIG���

][EYkhQ][h�

$dI[ /EP]Y<ghPQd ZQOPj hIIZ YQXI < gIY<jQpIYs [Iq gIhI<gEP jIgZ <[G d<g<GQOZ� Dkj Qj P<h GIId� � � � � � � � � � � � � � � �

PQhj]gQE<Y g]]jh Q[ jPI pIgs N]k[G<jQ][h ]N hEP]Y<ghPQd� $dI[[Ihh Q[ ][I N]gZ ]g <[]jPIg P<h DII[� � � � � � � � � � � � � � � �

d<gj ]N jPI hEQI[jQNQE QGI<Y N]g EI[jkgQIh []q� �]qIpIg� Q[ jPI dgIhI[j q<s Qj Qh DIQ[O GQhEkhhIG <[G� � � � � � � � � � � � � � � � � �

]NjI[ QZdYIZI[jIG� Qj E]kYG d<g<G]rQE<YYs YI<G j] < Z]gI I[EY]hIG� Z][]d]YQhjQE hEP]Y<gYs hshjIZ� � � � � � � � � � � � �

G]ZQ[<jIG Ds �hQY]Ih�� �j hIIZh jP<j $dI[ /EP]Y<ghPQd� QN D<hIG Z]gI ][ Z]g<YQjs <g]k[G NgIIG]Z�� � � � � � � � � � � � � � �

q]kYG <YQO[ QjhIYN Z]gI EY]hIYs qQjP !Igj][Q<[ []gZh ¥�]qZ<[ <[G �II[I ÃÁÂÉ¦� �[ jPQh q<s� $dI[� � � � � � � � � � � � � � � �

/EP]Y<ghPQd d<g<YYIYh �$// Q[ jP<j Qj EP<YYI[OIh dg]dgQIj<gs hshjIZh <h qIYY <h IrEYkhQpI ZIjP]Gh ]N� � � � � � � � � � � � � � �

hEP]Y<gYs X[]qYIGOI dg]GkEjQ][� �]qIpIg� jq] XIs GQhjQ[EjQ][h IrQhj DIjqII[ �$// <[G $dI[� � � � � � � � � � � �

/EP]Y<ghPQd� 0PI NQghj Qh jPI Q[PIgI[j GQpIghQjs <[G Ng<OZI[jIG [<jkgI ]N jPI qQGIg hEP]Y<gYs� � � � � � � � � � � � � �

E]ZZk[Qjs� qPQEP Z<XIh <[s h]gj ]N Z][QhjQE k[GIghj<[GQ[O ]N �]dI[[Ihh� GQNNQEkYj� 0PI hIE][G Qh� � � � � � � � � � � � � �

jP<j jPI dgQ[EQdYIh� p<YkIh <[G gIhdIEjQpI �NgIIG]Zh� N]g $dI[ /EP]Y<ghPQd G] []j hIIZ j] P<pI DII[� � � � � � � � � � � � � � � �

<h gQO]g]khYs QGI[jQNQIG <[G QZdYIZI[jIG <h Q[ h]Njq<gI E]ZZk[QjQIh� �j Qh YQXIYs jP<j jPI Q[jIghIEjQ][� � � � � � � � � � � � � � �

DIjqII[ jPIhI jq] N<Ej]gh� E]ZDQ[IG qQjP <[ ]pIgY<QG P]Z]OI[QhIG hshjIZ ]N gIhI<gEP Ip<Yk<jQ][�� � � � � � � � � � � � �

Qh YQXIYs gIhd][hQDYI N]g jPI gIY<jQpI hY]q Og]qjP ]N jPI $dI[ /EP]Y<ghPQd Z]pIZI[j� qPQEP Q[ jkg[� � � � � � � � � � � � � � � �

P<h�<YY]qIG�jPI�k[Q[jI[GIG�E<djkgI�]N�Z<[s�IYIZI[jh�]N�jPI�hd<EI�Ds�dg]dgQIj<gs�I[jQjQIh��

�N qI E][hQGIg $dI[ /]kgEI j] DI Z]gI Z]gI <D]kj dg]EIhhIh <[G ZIjP]G]Y]OQIh� <[G �gII /]Njq<gI� � � � � � � � � � � � � � � �

Z]gI ]N < E]ZZk[Qjs�GgQpI[ QGI]Y]OQE<Y Z]pIZI[j ¥qQjP h]ZI ]pIgY<d¦� qPQEP ]N jPIhI DIhj� � � � � � � � � � � � �

GIhEgQDIh $dI[ /EP]Y<ghPQd� �j hIIZh jP<j <j Qjh g]]jh� $dI[ /EP]Y<ghPQd Qh < E]ZDQ[<jQ][ ]N D]jP�� � � � � � � � � � � � � � � �

$NjI[ Qj Qh GIhEgQDIG <h < Z]gI INNQEQI[j� INNIEjQpI q<s ]N G]Q[O gIhI<gEP� Q[WIEjQ[O Z]gI jg<[hd<gI[Es� � � � � � � � � � � � � � � �

<[G gQO]kg�gIdg]GkEQDQYQjs Q[j] jPI dg]EIhh� $jPIg jQZIh� Qj Qh GIhEgQDIG <h <[ QhhkI ]N IfkQjs <[G� � � � � � � � � � � � � � � �

h]EQ<Y WkhjQEI� �]qIpIg� <j YI<hj d<gj ]N jPQh GQpIgOI[EI ]g <ZDQOkQjs Qh GkI j] jPI N<Ej jP<j $dI[� � � � � � � � � � � � � � � � � �

/EP]Y<ghPQd hIIZh j] I[E]Zd<hh < GQpIghI ZsgQ<G ]N dg<EjQEIh� ]kjdkjh� <[G dgQ[EQdYIh� qPQEP P<pI� � � � � � � � � � � � � �

[]j DII[ E][[IEjIG j]OIjPIg Q[j] < hQ[OYI� k[QNQIG <[G k[<ZDQOk]kh k[GIghj<[GQ[O� 0Pkh� Qj <ddI<gh� � � � � � � � � � � � � �
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jP<j jPIgI Qh <Yh] [] EYI<g Ekj D]k[G<gs � IQjPIg Q[ jIgZh ]N dgQ[EQdYIh�p<YkIh� dg<EjQEIh� ]g ]kjdkjh �� � � � � � � � � � � � � � � � � �

DIjqII[��]dI[��hEP]Y<ghPQd�<[G��EY]hIG��hEP]Y<ghPQd��

7I E<[ NQ[<YQhI jPQh <gjQEYI Ds khQ[O jq] h<YQI[j Ir<ZdYIh ]N P]q ]dI[[Ihh P<h N<QYIG j] DIE]ZI� � � � � � � � � � � � � � � � �

[]gZ<jQpI Q[ hEP]Y<gYs gIhI<gEP� 0PI NQghj ]N jPIhI Qh jPI IrQhjI[EI ]N jPI �dQg<jI� dY<jN]gZ /EQ��kD�� � � � � � � � � � � � � � � �

qPQEP dg]pQGIh QYYQEQj <EEIhh j] h]ZI ÈÁ ZQYYQ][ d<sq<YYIG gIhI<gEP <gjQEYIh� 7PIjPIg ]g []j <[s][I� � � � � � � � � � � � � � �

<OgIIh j] jPI IrQhjI[EI ]N jPQh dY<jN]gZ Z]g<YYs ]g YIO<YYs Qh Z]]j� OQpI[ jP<j Qj G]Ih IrQhj� <[G IrQhjh� � � � � � � � � � � � � � � � � � �

dkgIYs N]g jPI gI<h][ jP<j jPIgI Qh < Nk[G<ZI[j<Y <EEIhh dg]DYIZ Q[ hEP]Y<gYs gIhI<gEP� 0PI hIE][G� � � � � � � � � � � � � � � �

Ir<ZdYI Qh jPI 7kP<[ ]g][<pQgkh� qPQEP DIE<ZI < OY]D<Y PI<YjP IZIgOI[Es Q[ jPI NQghj Z][jPh ]N� � � � � � � � � � � � � � � �

ÃÁÃÁ� 0PI ]kjDgI<X ]N jPQh pQgkh E<j<YshIG jPI g<dQG G<j< hP<gQ[O <[G dkDYQE<jQ][ ]N gIhkYjh Ds� � � � � � � � � � � � � � � �

gIhI<gEPIgh <g]k[G jPI q]gYG� IhhI[jQ<YYs GIdY]sQ[O qP<j <gI E][hQGIgIG �]dI[ gIhI<gEP dg<EjQEIh� Q[� � � � � � � � � � � � �

]gGIg j] E]ZD<j jPI jPgI<j ]N jPI pQgkh� 0PQh IpI[j hP]qh jP<j jPI j]]Yh <[G Q[Ng<hjgkEjkgIh N]g $dI[� � � � � � � � � � � � � � � � � �

/EP]Y<ghPQd []q gI<GQYs IrQhj� <h G] jPI Z]g<Y <[G dg<EjQE<Y gI<h][h N]g khQ[O hkEP hIgpQEIh� <[G Qj Qh� � � � � � � � � � � � � � � � � �

hQZdYs�jPI�QZdIg<jQpI�]N�gIhI<gEPIgh�j]�<Ejk<YYs�E]ZZQj�j]�jPIZ� �¥�kdNIghEPZQGj�ÃÁÃÁ¦ ���

7KH�VROXWLRQ��$�IXOO\�RSHQ�PDQGDWH�

�]g jPI NQghj NIq sI<gh ]N Qjh IrQhjI[EI� jPI �[jIg[Ij P<G jPI d]jI[jQ<Y j] N]gZ jPI jIEP[QE<Y <[G� � � � � � � � � � � � � � � � � �

Q[hjQjkjQ][<Y D<hQh N]g < [Iq hshjIZ ]N �]dI[[Ihh� Q[ hEQI[EI� 7I DIYQIpI jP<j Qj P<h N<QYIG j] <EPQIpI� � � � � � � � � � � � � � � � � �

jPQh�N]g�hIpIg<Y�gI<h][h��

Â� �p<Yk<jQ][ ZIjgQEh P<pI []j hkNNQEQI[jYs EP<[OIG Ng]Z jPI dgI��[jIg[Ij q]gYG� <[G gIdkj<jQ][� � � � � � � � � � � �

<[G�hkEEIhh�<gI�E][NY<jIG��

Ã� �DkhI�]N�E]dsgQOPj�¥Q�I���khIG�E]k[jIg�j]�Qjh�Q[QjQ<Y�Q[jI[jQ][h¦��

Ä� �Y]hIG��hEQI[jQNQE�dg<EjQEIh��Ng]Z�jPI�dgI��[jIg[Ij�q]gYG��P<pI�DII[�Q[hjQjkjQ][<YQhIG���

!kEP ]N jPQh E<[ DI <hEgQDIG j] jPI Q[EgI<hQ[O E]ZZIgEQ<YQh<jQ][ ]N hEQI[EI� qPQEP ]NjI[ hIIZh j]� � � � � � � � � � � � � � � �

hj<[G Q[ E][jg<hj j] jPI <OI[G< ]N hEQI[EI QjhIYN� !]hj ZIjgQEh khIG <gI N]g hP]gj�jIgZ Ip<Yk<jQ][h�� � � � � � � � � � � � � � � �

qPIgI<h�]dI[[Ihh�Q[�hEQI[EI�][Ys�]NNIgh�<�DIjjIg�GQNNkhQ][�<[G�fk<YQjs�]N�hEQI[EI�Q[�jPI�Y][O�jIgZ��

7I DIYQIpI jP<j jPI dg<OZ<jQE q<s j] gIpIghI jPQh dg]DYIZ Qh jPI N]gZkY<jQ][ ]N [Iq [<jQ][<Y <[G� � � � � � � � � � � � � � � � �

hkdg<�[<jQ][<Y Z<[G<jIh� qPQEP E]kYG DI D<hIG <g]k[G jPI �]k[G<jQ][h N]g $dI[ /EP]Y<ghPQd� � � � � � � � � � � �

/jg<jIOs �IpIY]dZI[j ¥0I[[<[j� �I<ZIg� Ij <Y� ÃÁÂÊ¦� �]pIg[ZI[jh <[G Nk[GQ[O D]GQIh hP]kYG� � � � � � � � � � � �

dg]pQGI Z]GIg[� hkhj<Q[<DYI <[G jIEP[QE<YYs Q[jIg]dIg<DYI Q[Ng<hjgkEjkgIh D<hIG <g]k[G IrQhjQ[O� � � � � � � � � �

Ihj<DYQhPIG gId]hQj]gQIh� <[G <YY jPIQg <hh]EQ<jIG Nk[EjQ][<YQjQIh ¥I�O�� dIghQhjI[j QGI[jQNQIgh�� � � � � � � � � �

hj<[G<gGQhIG ZIj<G<j<� gIhI<gEP G<j< gId]hQj]gQIh� kh<OI ZIjgQEh¦� qQjP QZZIGQ<jI� k[gIhjgQEjIG�� � � � � � � � � �
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<[G NkYY <EEIhh j] <YY gIhI<gEP ]kjdkjh� �N QZdYIZI[jIG� jPQh q]kYG hQZkYj<[I]khYs h]YpI jPI Z<W]g� � � � � � � � � � � � � � �Ê

]kjhj<[GQ[O QhhkIh qQjP gIYQ<DQYQjs� <NN]gG<DQYQjs� <[G Nk[EjQ][<YQjs jP<j OY]D<Y hEP]Y<ghPQd hshjIZh� � � � � � � � � � �

N<EI <[G <gI Q[ kgOI[j [IIG ]N NQrQ[O� 7I X[]q jP<j jPIgI Qh �I[]kOP Z][Is Q[ jPI hshjIZ�� EkggI[jYs� � � � � � � � � � � � � � � � � � �

DIQ[O Y<gOIYs q<hjIG ][ gIGk[G<[j hIgpQEIh N]g E]ZZIgEQ<Y dkDYQhPIgh� jP<j q]kYG Z]gI jP<[� � � � � � � � � � � � �

<GIfk<jIYs NQ[<[EI jPQh hPQNj� 0PI DI[INQjh ]N G]Q[O h] q]kYG DI QZZI[hI� Q[EgI<hQ[O jPI� � � � � � � � � � � � � �

OY]D<YQh<jQ][ E<d<EQjs ]N gIhI<gEP� [Iq hIgpQEIh <[G Q[Ng<hjgkEjkgIh j] DI DkQYj ][ j]d ]N < PkOI� � � � � � � � � � � � � � � �

X[]qYIGOI G<j<D<hI Q[ ]gGIg j]� N]g Ir<ZdYI� PIYd hIgpI jPI 1" /khj<Q[<DYI �IpIY]dZI[j �]<Yh� 7I� � � � � � � � � � � � � � �

<Yh] X[]q jP<j hkEP hIgpQEIh gI<GQYs IrQhj� <h IrIZdYQNQIG Ds E<hI hjkGQIh YQXI jPI ]g][<pQgkh� 0PQh� � � � � � � � � � � � � � � �

Z<[G<jI q]kYG PIYd dkDYQEYs�Nk[GIG gIhI<gEP j] hdIIG kd qQjP gIhdIEj j] jPI gIY<jQpIYs N<hjIg� � � � � � � � � � � � � �

Q[Gkhjgs EsEYIh� D]]hj Q[[]p<jQ][ <[G GIpIY]dZI[j Q[ gIhI<gEP� <[G I[P<[EI k[QpIghQjs�Q[Gkhjgs� � � � � � � � � � �

d<gj[IghPQdh� $q[IghPQd <[G jPI p<YkI ]N gIhI<gEP q]kYG DI gIj<Q[IG Ds jPI Q[hjQjkjIh jP<j Nk[GIG� � � � � � � � � � � � � � �

<[G EgI<jIG Qj� <[G GQhhIZQ[<jQ][ <[G Ip<Yk<jQ][ q]kYG [] Y][OIg P<pI j] DI ]kj�h]kgEIG j]� � � � � � � � � � � � � � �

E]ZZIgEQ<Y jPQgG�d<gjQIh� 0PI dg]DYIZh ]N �dgIG<j]gs W]kg[<Yh� q]kYG DI GQZQ[QhPIG ]pIg[QOPj <h <� � � � � � � � � � � � �

hQGI�INNIEj� <h jPIgI q]kYG DI [] Q[EI[jQpIh j] dkDYQhP qQjP E]ZZIgEQ<Y jPQgG�d<gjQIh <[sZ]gI�� � � � � � � � � � � � �

]ZZIgEQ<Y pI[G]gh q]kYG jPI[ <Ejk<YYs P<pI j] E]ZdIjI N<QgYs Ds dg]pQGQ[O gI<Y p<YkI�<GGIG� � � � � � � � � � � � �

hIgpQEIh�DIs][G�jPI�gIG�PIggQ[O�]N��dgIhjQOI���

0] <EPQIpI jPQh hshjIZ� O]pIg[ZI[jh q]kYG [IIG j] hQZkYj<[I]khYs GINk[G ]g GId]qIg jPI IrQhjQ[O� � � � � � � � � � � � � �

hshjIZh� Q[EYkGQ[O jPI PQOPYs dg]NQj<DYI IYIZI[jh jP<j IrQhj qQjPQ[ Qj� qPQYI E][hjgkEjQ[O jPI [Iq� � � � � � � � � � � � � �

hkhj<Q[<DYI ]dI[ hEP]Y<gYs Q[Ng<hjgkEjkgIh� �kj Ds P<pQ[O [<jQ][<Y Nk[GIgh q]gXQ[O Z]gI EY]hIYs qQjP� � � � � � � � � � � � �

Q[hjQjkjIh ¥<[G gIhI<gEP YQDg<gQIh¦� jPQh q]kYG ]pIgE]ZI jPI Y<D]kg�Q[jI[hQpI ZIjP]Gh ]N Z<[G<jQ[O� � � � � � � � � � � �

gIhI<gEPIgh j] DI Z]gI ]dI[� Ds Z]gI INNQEQI[jYs dg]pQGQ[O jPIZ qQjP jPI j]]Yh <[G hIgpQEIh j]� � � � � � � � � � � � � � � �

<kj]Z<jQE<YYs G] h]� gQjQE<Y Q[Ng<hjgkEjkgI E]Zd][I[jh Q[EYkGQ[O �ZIYQ�� $+�.�/� /EQ� $� $�.� � � � � � � � � � �

<[G ]jPIgh <gI <YgI<Gs gk[[Q[O ][ YQZQjIG NQ[<[EIh <[G <gI PQOPYs INNIEjQpI� �h <[]jPIg hQGI INNIEj ]N� � � � � � � � � � � � � � � � �

jPQh Z<[G<jI� Qj q]kYG dgIpI[j ]dI[[Ihh Q[ hEP]Y<ghPQd Ng]Z ][Ys DIQ[O hkdIgNQEQ<YYs <GGgIhhIG� ]g� � � � � � � � � � � � � �

IpI[�E]ggkdjIG�Ds�dg]dgQIj<gs�hshjIZh���

0PI E<djkgI ]N XIs IYIZI[jh ]N jPI ]dI[ hEP]Y<ghPQd hshjIZ Ds E]ZZIgEQ<Y dY<sIgh Qh []j DIE<khI� � � � � � � � � � � � � � � �

jPIs <GG <[s Q[PIgI[j p<YkI j] jPI hEP]Y<ghPQd dg]EIhh� Qj Qh hQZdYs DIE<khI jPIs P<pI jPI NQ[<[EQ<Y� � � � � � � � � � � � � � � � �

E<d<EQjs j] <EfkQgI hkEP hIgpQEIh� 0PQh <ZdYQNQIh jPI �dgIhjQOI� ]g �p<YQG<jQ][� jP<j jPIhI E]Zd<[QIh� � � � � � � � � � � � � �

]NjI[ GQhjgQDkjI jPg]kOP jPIQg dg]GkEjh Q[ jPI IsIh ]N dkDYQE <[G <E<GIZQE Q[hjQjkjIh� qPQYI� � � � � � � � � � � � � �

hQZkYj<[I]khYs <YYIpQ<jQ[O jPI gIhd][hQDQYQjs ]N dkDYQE Q[hjQjkjIh <[G Nk[GIgh j] NkYNQY jPI Z<[G<jIh� � � � � � � � � � � � �

OQpI[ j] jPIZ� /kEP ][O]Q[O dgQp<jQh<jQ][ ]N jPI gIhI<gEP dg]EIhh Qh EYI<gYs []j Q[ jPI hdQgQj ]N hEQI[EI� � � � � � � � � � � � � � � � � �

<[G hEP]Y<ghPQd <h Nk[G<ZI[j<Y j] EgI<jQ][ ]N YI<g[Q[O <[G GIpIY]dZI[j ]N < E]ZZ][h <g]k[G� � � � � � � � � � � � � �

��)RU�D�VXSUDQDWLRQDO�RSHQ�IUDPHZRUN��VHH�H�J��WKH�(XURSHDQ�2SHQ�6FLHQFH�&ORXG��
KWWS���GRL�RUJ���������]HQRGR���������
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X[]qYIGOI� �Q[<YYs� Ds <G]djQ[O < Z]gI E]ZZ][h <ddg]<EP j] X[]qYIGOI OI[Ig<jQ][ hQZQY<g j] �$//�� � � � � � � � � � � � � �

qI IrdIEj jP<j hEP]Y<ghPQd DIE]ZIh <[ Q[PIgI[jYs Z]gI Q[EYkhQpI dg]EIhh� qQjP IfkQj<DYI <EEIhh <[G� � � � � � � � � � � � � �

d<gjQEQd<jQ][ IZDIGGIG Q[ Qj <h < E]gI <[G Nk[G<ZI[j<Y p<YkI� 7QYY jPI �OY<hh P]khI �]N $dI[� � � � � � � � � � � � � � � �

/EP]Y<ghPQd�DI�j]� �Qp]gs�j]qIgh ��qP<j�jPI�D<v<<g�q<h�j]�jPI�E<jPIGg<Y�Q[�$dI[�/]kgEI��

�

�kjP]g�E][jgQDkjQ][h�

�+0 E][EIQpIG ]N jPI QGI< N]g jPI dg]WIEj� qPQEP q<h E]YY<D]g<jQpIYs qgQjjI[ <h < !$$+� �YY� � � � � � � � � � � � � � � �

E]�<kjP]gh dg]pQGIG jIrj� IGQjh� QGI<h� <[G GQhEkhhQ][ N]g jPQh d<dIg� qPQEP q<h qgQjjI[ Q[ jPI ]dI[� � � � � � � � � � � � � � � �

<[G E]YY<D]g<jQpIYs khQ[O �]]OYI �]Eh� �j gIEIQpIG Pk[GgIGh ]N E][jgQDkjQ][h <h d<gj ]N <[ QjIg<jQpI� � � � � � � � � � � � � � �

<[G�]gO<[QE�dg]EIGkgI��

�EX[]qYIGOIZI[jh�

7I jP<[X P<gYIh �QEXI[h N]g <gjQEkY<jQ[O Gk<YQjs Q[ q]gGh N<g DIs][G ]kgh� 0P<[Xh <Yh] j] �YI[[� � � � � � � � � � � � � � � �

�<Zdh][� �gQ<[ �<YYhk[�/j<[j][� 0<Y 9<gX][Q� �Q<[E< �g<ZIg� "<GQ[I  IpQ[� �hjPIg +Y]Zd� /jIdPI[� � � � � � � � � � � �

�OYI[�  <kgI[j �<jj]� <[G �gN][ /ZQjP N]g E][jgQDkjQ[O jPIQg Q[p<Yk<DYI jQZI <[G QGI<h j] jPQh d<dIg�� � � � � � � � � � � � � � � �

�Q[<YYs� qI E]YYIEjQpIYs qQhP j] jP<[X <YY ZIZDIgh ]N jPI �]dI[ E]ZZk[Qjs� qP] IpIgs G<s dg]pQGI <� � � � � � � � � � � � � � � � �

E][hj<[j h]kgEI ]N Q[hdQg<jQ][� 7I <Yh] <EX[]qYIGOI jP<j� DIE<khI ]N jPI ]dI[ qgQjQ[O dg]EIhh� jPIgI� � � � � � � � � � � � � � �

<gI h]ZI dI]dYI qP] ZQOPj P<pI E][jgQDkjIG jP]kOPjh� GQhEkhhQ][� ]g E]ZZI[jh� qP] P<pI []j� � � � � � � � � � � � � �

DII[ EgIGQjIG Q[ jPI NQ[<Y <kjP]g YQhj� 0PkGh� qI q]kYG YQXI j] IrjI[G ]kg jP<[Xh j] IpIgs][I qP]� � � � � � � � � � � � � � � � � �

E][jgQDkjIG�j]�jPQh�Q[�][I�q<s�]g�<[]jPIg��

�QhEY<QZIg�

!]hj ]N jPI <kjP]gh ]N jPQh Z<[khEgQdj OgIq kd Q[ < qIhjIg[ E][jIrj <[G <gI jPIgIN]gI d]jI[jQ<YYs� � � � � � � � � � � � � � � � �

DQ<hIG j]q<gGh d<gjQEkY<g k[GIghj<[GQ[Oh ]N hshjIZh� �[s <GGQjQ][<Y Q[N]gZ<jQ][ jP<j PIYdh kh j] NQYY� � � � � � � � � � � � � �

<[s�O<dh�Q[�jPQh�Z<[khEgQdj�<gI�PQOPYs�qIYE]ZIG��

�
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�QDYQ]Og<dPs�

$GFRFN��-RDQQD��DQG�(GZDUG�)RWWUHOO��������³7KH�1RUWK�6RXWK�,QIRUPDWLRQ�+LJKZD\��&DVH�
6WXGLHV�RI�3XEOLFDWLRQ�$FFHVV�DPRQJ�+HDOWK�5HVHDUFKHUV�LQ�5HVRXUFH�3RRU�
&RXQWULHV�´��*OREDO�+HDOWK�$FWLRQ���������������KWWSV���GRL�RUJ���������JKD�Y�L��������

$OSHULQ��-XDQ�3DEOR��6WHSKHQ�(JOHQ��'RPHQLFR�)LRUPRQWH��/DXUHQW�*DWWR��$OH[�*LO��5LFDUGR�
+DUWOH\��6WXDUW�/DZVRQ��HW�DO��������³6FKRODUO\�3XEOLVKLQJ��)UHHGRP�RI�,QIRUPDWLRQ�
DQG�$FDGHPLF�6HOI�'HWHUPLQDWLRQ��7KH�81$0�(OVHYLHU�&DVH�´�1RYHPEHU��
KWWSV���KFRPPRQV�RUJ�GHSRVLWV�LWHP�KF���������

$OSHULQ��-XDQ�3DEOR��DQG�*XVWDYR�)LVFKPDQ���������+HFKR�(Q�/DWLQRDPpULFD��$FFHVR�
$ELHUWR��5HYLVWDV�$FDGpPLFDV�H�,QQRYDFLRQHV�5HJLRQDOHV���
KWWS���ZZZ�FODFVR�RUJ�DU�OLEUHULD�ODWLQRDPHULFDQD�EXVFDUBOLEURBGHWDOOH�SKS"LGBOLEUR �
��	FDPSR 	WH[WR ��

$OSHULQ��-XDQ�3DEOR��&DURO�0XxR]�1LHYHV��/HVOH\�6FKLPDQVNL��*XVWDYR�(��)LVFKPDQ��
0HUHGLWK�7��1LOHV��DQG�(ULQ�&��0F.LHUQDQ��������³+RZ�6LJQLILFDQW�$UH�WKH�3XEOLF�
'LPHQVLRQV�RI�)DFXOW\�:RUN�LQ�5HYLHZ��3URPRWLRQ��DQG�7HQXUH�'RFXPHQWV"�´�
2FWREHU��KWWSV���KFRPPRQV�RUJ�GHSRVLWV�LWHP�KF���������

$QGHUVRQ��7DOHD��DQG�'DYLG�6TXLUHV��������³2SHQ�$FFHVV�DQG�WKH�7KHRORJLFDO�,PDJLQDWLRQ�´�
'LJLWDO�+XPDQLWLHV�4XDUWHUO\����������KWWSV���KFRPPRQV�RUJ�GHSRVLWV�LWHP�KF���������

$UPVWURQJ��0DUN��������³2SHQLQJ�$FFHVV�WR�5HVHDUFK�´��7KH�(FRQRPLF�-RXUQDO �������������
)�±����KWWSV���GRL�RUJ����JEI�I���

$U]D��9DOHULD��0DULDQR�)UHVVROL��DQG�(PDQXHO�/RSH]��������³&LHQFLD�DELHUWD�HQ�$UJHQWLQD��XQ�
PDSD�GH�H[SHULHQFLDV�DFWXDOHV�´��&LHQFLD��'RFHQFLD�\�7HFQRORJtD �����������
KWWS���ZZZ�SFLHQW�XQHU�HGX�DU�FG\W�DUWLFOH�YLHZ������

%DFHYLF��-DQD��DQG�&KULV�0XHOOHUOHLOH��������³7KH�0RUDO�(FRQRP\�RI�2SHQ�$FFHVV�´�
(XURSHDQ�-RXUQDO�RI�6RFLDO�7KHRU\�������������±����
KWWSV���GRL�RUJ���������������������������

%DNHU��0RQ\D��������³������6FLHQWLVWV�/LIW�WKH�/LG�RQ�5HSURGXFLELOLW\�´��1DWXUH�1HZV������
�������������KWWSV���GRL�RUJ���������������D��

%DULü��+UYRMH��.VHQLMD�%DåGDULü��$QWRQ�*ODVQRYLü��DQG�6UHüNR�*DMRYLü��������³:K\�6FKRODUO\�
3XEOLVKLQJ�0LJKW�%H�D�%XEEOH�´��&URDWLDQ�0HGLFDO�-RXUQDO �����������±���
KWWSV���GRL�RUJ���������FPM������������

%DUQHV��1LFN��������³3XEOLVK�<RXU�&RPSXWHU�&RGH��,W�,V�*RRG�(QRXJK�´��1DWXUH ��������������
���±�����KWWSV���GRL�RUJ����FM�W�Q��

%DUWOLQJ��6|QNH��DQG�6DVFKD�)ULHVLNH��HGV���������2SHQLQJ�6FLHQFH��7KH�(YROYLQJ�*XLGH�RQ�
+RZ�WKH�,QWHUQHW�,V�&KDQJLQJ�5HVHDUFK��&ROODERUDWLRQ�DQG�6FKRODUO\�3XEOLVKLQJ ���
&KDP��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ��KWWSV���GRL�RUJ����������������������������

%HQHGLFWXV��5LQ]H��)UDQN�0LHGHPD��DQG�0DUN�:��-��)HUJXVRQ��������³)HZHU�1XPEHUV��
%HWWHU�6FLHQFH�´��1DWXUH�����������������±����KWWSV���GRL�RUJ����JIE��P��

%HQNOHU��<RFKDL���������7KH�:HDOWK�RI�1HWZRUNV��+RZ�6RFLDO�3URGXFWLRQ�7UDQVIRUPV�0DUNHWV�
DQG�)UHHGRP���<DOH�8QLYHUVLW\�3UHVV��

%HUJVWURP��7KHRGRUH�&���3DXO�1��&RXUDQW��5��3UHVWRQ�0F$IHH��DQG�0LFKDHO�$��:LOOLDPV��
������³(YDOXDWLQJ�%LJ�'HDO�-RXUQDO�%XQGOHV�´��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�
RI�6FLHQFHV����������������±����KWWSV���GRL�RUJ���������SQDV�������������

%LDQFKL��)HGHULFR��)UDQFLVFR�*ULPDOGR��DQG�)ODPLQLR�6TXD]]RQL��������³7KH�)��,QGH[��
9DOXLQJ�5HYLHZHUV�IRU�6FKRODUO\�-RXUQDOV�´��-RXUQDO�RI�,QIRUPHWULFV������������±����
KWWSV���GRL�RUJ���������M�MRL��������������

%LOGHU��*HRIIUH\��-HQQLIHU�/LQ��DQG�&DPHURQ�1H\ORQ��������³3ULQFLSOHV�IRU�2SHQ�6FKRODUO\�
,QIUDVWUXFWXUHV�9��´�KWWSV���GRL�RUJ���������P��ILJVKDUH���������Y���
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%M|UN��$QQD��-XKR�0DWWL�3DDYROD��7HHPX�5RSSRQHQ��0LNDHO�/DDNVR��DQG�/HR�/DKWL��������
³2SHQLQJ�$FDGHPLF�3XEOLVKLQJ��'HYHORSPHQW�DQG�$SSOLFDWLRQ�RI�6\VWHPDWLF�
(YDOXDWLRQ�&ULWHULD�´�

%M|UN��%R�&KULVWHU��������³7KH�2SHQ�$FFHVV�0RYHPHQW�DW�D�&URVVURDG��$UH�WKH�%LJ�
3XEOLVKHUV�DQG�$FDGHPLF�6RFLDO�0HGLD�7DNLQJ�2YHU"´��/HDUQHG�3XEOLVKLQJ����������
���±����KWWSV���GRL�RUJ���������OHDS�������

%M|UN��%R�&KULVWHU��DQG�'DYLG�6RORPRQ��������³'HYHORSLQJ�DQ�(IIHFWLYH�0DUNHW�IRU�2SHQ�
$FFHVV�$UWLFOH�3URFHVVLQJ�&KDUJHV�´��85/��+WWS���:ZZ��:HOOFRPH��$F��
8N�6WHOOHQW�*URXSV�&RUSRUDWHVLWH�#�3ROLF\�B�
&RPPXQLFDWLRQV�'RFXPHQWV�:HEBGRFXPHQW�:WS��������3GI��DV�RI����������������

%RHWWLJHU��&DUO��6FRWW�&KDPEHUODLQ��(GPXQG�+DUW��DQG�.DUWKLN�5DP��������³%XLOGLQJ�
6RIWZDUH��%XLOGLQJ�&RPPXQLW\��/HVVRQV�IURP�WKH�52SHQ6FL�3URMHFW�´��-RXUQDO�RI�2SHQ�
5HVHDUFK�6RIWZDUH ���������H���KWWSV���GRL�RUJ���������MRUV�EX��

%RUQPDQQ��/XW]��DQG�+DQV�'LHWHU�'DQLHO��������³:KDW�'R�:H�.QRZ�DERXW�WKH�K�,QGH["´�
-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH�DQG�7HFKQRORJ\����������
����±����KWWSV���GRL�RUJ���������DVL��������

%RVPDQ��-HURHQ��,DQ�%UXQR��&KULV�&KDSPDQ��%DVWLDQ�*UHVKDNH�7]RYDUDV��1DWH�-DFREV��
%LDQFD�.UDPHU��0DU\DQQ�0DUWRQH��HW�DO��������³7KH�6FKRODUO\�&RPPRQV���3ULQFLSOHV�
DQG�3UDFWLFHV�WR�*XLGH�5HVHDUFK�&RPPXQLFDWLRQ�´�3UHSULQW��2SHQ�6FLHQFH�
)UDPHZRUN��KWWSV���GRL�RUJ����������RVI�LR��F�[W��

%RVWURP��1LFN��������³6WUDWHJLF�,PSOLFDWLRQV�RI�2SHQQHVV�LQ�$,�'HYHORSPHQW�´��*OREDO�3ROLF\�
����������±����KWWSV���GRL�RUJ��������������������������

%RZPDQ��1LFKRODV�'DYLG��DQG�-XVWLQ�5REHUW�.HHQH��������³$�/D\HUHG�)UDPHZRUN�IRU�
&RQVLGHULQJ�2SHQ�6FLHQFH�3UDFWLFHV�´��&RPPXQLFDWLRQ�5HVHDUFK�5HSRUWV����������
���±����KWWSV���GRL�RUJ��������������������������������

%UDYR��*LDQJLDFRPR��)UDQFLVFR�*ULPDOGR��(PLOLD�/ySH]�,xHVWD��%DKDU�0HKPDQL��DQG�
)ODPLQLR�6TXD]]RQL��������³7KH�(IIHFW�RI�3XEOLVKLQJ�3HHU�5HYLHZ�5HSRUWV�RQ�
5HIHUHH�%HKDYLRU�LQ�)LYH�6FKRODUO\�-RXUQDOV�´��1DWXUH�&RPPXQLFDWLRQV���������������
KWWSV���GRL�RUJ���������V�������������������

%UHPEV��%M|UQ��������³3UHVWLJLRXV�6FLHQFH�-RXUQDOV�6WUXJJOH�WR�5HDFK�(YHQ�$YHUDJH�
5HOLDELOLW\�´��)URQWLHUV�LQ�+XPDQ�1HXURVFLHQFH����������

%UHPEV��%M|UQ��.DWKHULQH�%XWWRQ��DQG�0DUFXV�0XQDIz��������³'HHS�,PSDFW��8QLQWHQGHG�
&RQVHTXHQFHV�RI�-RXUQDO�5DQN�´��)URQWLHUV�LQ�+XPDQ�1HXURVFLHQFH ����������

%UHWWKDXHU��'DYLG��������³2SHQ�6RXUFH�6RIWZDUH��$�+LVWRU\�´��3XEOLVKHG�:RUNV���'HFHPEHU��
KWWSV���RSHQFRPPRQV�XFRQQ�HGX�OLEUBSXEV����

%URZQ��&��7LWXV��������³:KDW�,V�2SHQ�6FLHQFH"´�%ORJ���/LYLQJ�LQ�DQ�,YRU\�%DVHPHQW��
6WRFKDVWLF�7KRXJKWV�RQ�6FLHQFH��7HVWLQJ��DQG�3URJUDPPLQJ����EORJ���2FWREHU�����
������KWWS���LYRU\�LG\OO�RUJ�EORJ������ZKDW�LV�RSHQ�VFLHQFH�KWPO��

&DOODKDP��0LFKDHO�/���DQG�-RKQ�7HUFLHU��������³7KH�5HODWLRQVKLS�RI�3UHYLRXV�7UDLQLQJ�DQG�
([SHULHQFH�RI�-RXUQDO�3HHU�5HYLHZHUV�WR�6XEVHTXHQW�5HYLHZ�4XDOLW\�´��3/R6�
0HGLFLQH���������H����KWWSV���GRL�RUJ���������MRXUQDO�SPHG����������

&DPSIHQV��<YRQQH��������³0DUNHW�5HVHDUFK�5HSRUW��:KDW�+DV�%HFRPH�RI�1HZ�(QWUDQWV�LQ�
5HVHDUFK�:RUNIORZV�DQG�6FKRODUO\�&RPPXQLFDWLRQ"´�3UHSULQW��2SHQ�6FLHQFH�
)UDPHZRUN��KWWSV���GRL�RUJ����������RVI�LR�D��]M��

&DUQHLUR��&ODULVVD�)��'���9LFWRU�*��6��4XHLUR]��7KLDJR�&��0RXOLQ��&DUORV�$��0��&DUYDOKR��
&ODULVVD�%��+DDV��'DQLHOOH�5D\rH��'DYLG�(��+HQVKDOO��HW�DO��������³&RPSDULQJ�4XDOLW\�
RI�5HSRUWLQJ�EHWZHHQ�3UHSULQWV�DQG�3HHU�5HYLHZHG�$UWLFOHV�LQ�WKH�%LRPHGLFDO�
/LWHUDWXUH�´��%LR5[LY���0DUFK����������KWWSV���GRL�RUJ�����������������

&KDQ��/HVOLH��'DULXV�&XSOLQVNDV��0LFKDHO�(LVHQ��)UHG�)ULHQG��<DQD�*HQRYD��-HDQ�&ODXGH�
*XpGRQ��0HOLVVD�+DJHPDQQ��HW�DO���������%XGDSHVW�2SHQ�$FFHVV�,QLWLDWLYH ���
KWWS���ZZZ�EXGDSHVWRSHQDFFHVVLQLWLDWLYH�RUJ�UHDG��
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&KDQ��/HVOLH��$QJHOD�2NXQH��5HEHFFD�+LOO\HU��$OHMDQGUR�3RVDGD��DQG�'HQLVVH�$OERUQR]��
�������&RQWH[WXDOL]LQJ�2SHQQHVV��6LWXDWLQJ�2SHQ�6FLHQFH ���8QLYHUVLW\�RI�2WWDZD�
3UHVV��

&KDQJ��9���+��0LOOV��DQG�6��1HZKRXVH��������³)URP�2SHQ�6RXUFH�WR�/RQJ�7HUP�
6XVWDLQDELOLW\��5HYLHZ�RI�%XVLQHVV�0RGHOV�DQG�&DVH�6WXGLHV�´�,Q��3URFHHGLQJV�RI�WKH�
8.�(�6FLHQFH�$OO�+DQGV�0HHWLQJ����� ���HGLWHG�E\�9��&KDQJ��8QLYHUVLW\�RI�(GLQEXUJK���
8QLYHUVLW\�RI�*ODVJRZ��DFWLQJ�WKURXJK�WKH�1H6&���
KWWS���ZZZ�DOOKDQGV�RUJ�XN������SURFHHGLQJV�SURJUDPPH�KWP��

&KDZOD��'DOPHHW�6LQJK��������³3XEOLVKHUV�7DNH�5HVHDUFK*DWH�WR�&RXUW��$OOHJLQJ�0DVVLYH�
&RS\ULJKW�,QIULQJHPHQW�´��6FLHQFH ���KWWSV���GRL�RUJ���������VFLHQFH�DDT������

&KHQJDOXU�6PLWK��,QGX6KREKD��$QQD�6LGRURYD��DQG�6KHUDH�'DQLHO��������³6XVWDLQDELOLW\�RI�
)UHH�/LEUH�2SHQ�6RXUFH�3URMHFWV��$�/RQJLWXGLQDO�6WXG\�´��-RXUQDO�RI�WKH�$VVRFLDWLRQ�
IRU�,QIRUPDWLRQ�6\VWHPV����������������

&ROHPDQ��(��*DEULHOOD��DQG�$OH[�*ROXE��������³+DFNHU�3UDFWLFH��0RUDO�*HQUHV�DQG�WKH�
&XOWXUDO�$UWLFXODWLRQ�RI�/LEHUDOLVP�´��$QWKURSRORJLFDO�7KHRU\������������±����
KWWSV���GRL�RUJ���������������������������

&ROOLQV��+DUU\���������&KDQJLQJ�2UGHU��5HSOLFDWLRQ�DQG�,QGXFWLRQ�LQ�6FLHQWLILF�3UDFWLFH���
8QLYHUVLW\�RI�&KLFDJR�3UHVV��

&RUUDOO��6KHLOD��DQG�6WHSKHQ�3LQILHOG��������³&RKHUHQFH�RI�2SHQ�,QLWLDWLYHV�LQ�+LJKHU�
(GXFDWLRQ�DQG�5HVHDUFK��)UDPLQJ�D�3ROLF\�$JHQGD�´�,Q��,&RQIHUHQFH�%HUOLQ��������
HGLWHG�E\�0D[L�.LQGOLQJ�DQG�(ONH�*UHLIHQHGHU��8UEDQD�&KDPSDLJQ��,OO���,'($/6��
,OOLQRLV�'LJLWDO�(QYLURQPHQW�IRU�$FFHVV�WR�/HDUQLQJ�DQG�6FKRODUVKLS�2SHQ�$FFHVV�
5HSRVLWRU\�DW�WKH�8QLY��RI�,OOLQRLV��KWWSV���GRL�RUJ����������������

&RZOH\��6WHSKHQ�-��������³+RZ�3HHU�5HYLHZ�&RQVWUDLQV�&RJQLWLRQ��2Q�WKH�)URQWOLQH�LQ�WKH�
.QRZOHGJH�6HFWRU�´��)URQWLHUV�LQ�3V\FKRORJ\�����
KWWSV���GRL�RUJ���������ISV\J�������������

&ULFN��7RP��%HQMDPLQ�+DOO��DQG�6DPLQ�,VKWLDT��������³5HSURGXFLELOLW\�LQ�5HVHDUFK��6\VWHPV��
,QIUDVWUXFWXUH��&XOWXUH�´��-RXUQDO�RI�2SHQ�5HVHDUFK�6RIWZDUH �������������
KWWSV���GRL�RUJ���������MRUV�����

&URQLQ��&DWKHULQH��������³2SHQQHVV�DQG�3UD[LV��([SORULQJ�WKH�8VH�RI�2SHQ�(GXFDWLRQDO�
3UDFWLFHV�LQ�+LJKHU�(GXFDWLRQ�´��7KH�,QWHUQDWLRQDO�5HYLHZ�RI�5HVHDUFK�LQ�2SHQ�DQG�
'LVWULEXWHG�/HDUQLQJ����������KWWSV���GRL�RUJ����JFVKTE��

&VLV]DU��$OH[��������³3HHU�5HYLHZ��7URXEOHG�IURP�WKH�6WDUW�´��1DWXUH�1HZV�������������������
KWWSV���GRL�RUJ���������������D��

²²²���������7KH�6FLHQWLILF�-RXUQDO��$XWKRUVKLS�DQG�WKH�3ROLWLFV�RI�.QRZOHGJH�LQ�WKH�
1LQHWHHQWK�&HQWXU\���8QLYHUVLW\�RI�&KLFDJR�3UHVV��

'DYLG��3DXO�$��������³8QGHUVWDQGLQJ�WKH�(PHUJHQFH�RI�µ2SHQ�6FLHQFH¶�,QVWLWXWLRQV��
)XQFWLRQDOLVW�(FRQRPLFV�LQ�+LVWRULFDO�&RQWH[W�´��,QGXVWULDO�DQG�&RUSRUDWH�&KDQJH�����
��������±����KWWSV���GRL�RUJ���������LFF�GWK�����

²²²��������³7KH�+LVWRULFDO�2ULJLQV�RI�µ2SHQ�6FLHQFH¶��$Q�(VVD\�RQ�3DWURQDJH��5HSXWDWLRQ�
DQG�&RPPRQ�$JHQF\�&RQWUDFWLQJ�LQ�WKH�6FLHQWLILF�5HYROXWLRQ�´��&DSLWDOLVP�DQG�
6RFLHW\��������������

'HEDW��+XPEHUWR��DQG�'RPLQLTXH�%DELQL��������³3ODQ�6�LQ�/DWLQ�$PHULFD��$�3UHFDXWLRQDU\�
1RWH�´�H�����Y���3HHU-�,QF��KWWSV���GRL�RUJ���������SHHUM�SUHSULQWV������Y���

'HUNVHQ��0DDUWHQ��DQG�(ULF�)��5LHW]VFKHO��������³6XUYHLOODQFH�,V�1RW�WKH�$QVZHU��DQG�
5HSOLFDWLRQ�,V�1RW�D�7HVW��&RPPHQW�RQ�.HSHV�DQG�0F'DQLHO�µ+RZ�7UXVWZRUWK\�,V�WKH�
6FLHQWLILF�/LWHUDWXUH�LQ�,±2�3V\FKRORJ\"¶´��,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\����
��������±�����

'L�&RVPR��5REHUWR��������³6FLHQWLILF�3XEOLFDWLRQV��7KH�5ROH�RI�3XEOLF�$GPLQLVWUDWLRQV�LQ�WKH�
,&7�(UD�´��83*5$'(��7KH�(XURSHDQ�-RXUQDO�IRU�WKH�,QIRUPDWLFV�3URIHVVLRQDO��9,,�������

'�ZHOO��0DUFXV��������³(GLWRULDO��2SHQ�6FLHQFH�DQG�(WKLFV�´��(WKLFDO�7KHRU\�DQG�0RUDO�

���
�



�

3UDFWLFH���'HFHPEHU��KWWSV���GRL�RUJ���������V�������������������
(GJDU��%ULDQ�'���DQG�-RKQ�:LOOLQVN\��������³$�6XUYH\�RI�6FKRODUO\�-RXUQDOV�8VLQJ�2SHQ�

-RXUQDO�6\VWHPV�´��6FKRODUO\�DQG�5HVHDUFK�&RPPXQLFDWLRQ ���������
KWWSV���GRL�RUJ����JI�]]I��

(JKEDO��1DGLD���������5RDGV�DQG�%ULGJHV��7KH�8QVHHQ�/DERU�EHKLQG�2XU�'LJLWDO�
,QIUDVWUXFWXUH ���)RUG�)RXQGDWLRQ��

(YH��0DUWLQ�3DXO���������2SHQ�$FFHVV�DQG�WKH�+XPDQLWLHV��&RQWH[WV��&RQWURYHUVLHV�DQG�WKH�
)XWXUH���&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��
KWWSV���GRL�RUJ���������&%2���������������

)DQHOOL��'DQLHOH��������³2SLQLRQ��,V�6FLHQFH�5HDOO\�)DFLQJ�D�5HSURGXFLELOLW\�&ULVLV��DQG�'R�
:H�1HHG�,W�7R"´��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV���0DUFK��
�����������KWWSV���GRL�RUJ���������SQDV�������������

)HFKHU��%HQHGLNW��DQG�6DVFKD�)ULHVLNH��������³2SHQ�6FLHQFH��2QH�7HUP��)LYH�6FKRROV�RI�
7KRXJKW�´�,Q��2SHQLQJ�6FLHQFH��7KH�(YROYLQJ�*XLGH�RQ�+RZ�WKH�,QWHUQHW�,V�&KDQJLQJ�
5HVHDUFK��&ROODERUDWLRQ�DQG�6FKRODUO\�3XEOLVKLQJ���HGLWHG�E\�6|QNH�%DUWOLQJ�DQG�
6DVFKD�)ULHVLNH����±����&KDP��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ��
KWWSV���GRL�RUJ��������������������������B���

)LQFK��-DQHW��6LPRQ�%HOO��/DXUD�%HOOLQJDQ��5REHUW�&DPSEHOO��3HWHU�'RQQHOO\��5LWD�*DUGQHU��
0DUWLQ�+DOO��6WHYHQ�+DOO��5REHUW�.LOH\��DQG�:LP�YDQ�GHU�6WHOW��������³$FFHVVLELOLW\��
6XVWDLQDELOLW\��([FHOOHQFH��+RZ�WR�([SDQG�$FFHVV�WR�5HVHDUFK�3XEOLFDWLRQV��
([HFXWLYH�6XPPDU\�´��,QWHUQDWLRQDO�0LFURELRORJ\�������������±�����

)RUHUR��'LHJR�$��������³$YDLODEOH�6RIWZDUH�IRU�0HWD�$QDO\VHV�RI�*HQRPH�:LGH�([SUHVVLRQ�
6WXGLHV�´�H�����Y���3HHU-�,QF��KWWSV���GRL�RUJ���������SHHUM�SUHSULQWV������Y���

)UDQNHQKXLV��:LOOHP�(���DQG�'DQLHO�1HWWOH��������³2SHQ�6FLHQFH�,V�/LEHUDWLQJ�DQG�&DQ�
)RVWHU�&UHDWLYLW\�´��3HUVSHFWLYHV�RQ�3V\FKRORJLFDO�6FLHQFH �������������±����
KWWSV���GRL�RUJ���������������������������

)UDVHU��+DQQDK��7LPRWK\�+��3DUNHU��6KLQLFKL�1DNDJDZD��$VKOH\�%DUQHWW��DQG�)LRQD�)LGOHU��
������³4XHVWLRQDEOH�5HVHDUFK�3UDFWLFHV�LQ�(FRORJ\�DQG�(YROXWLRQ�´��2SHQ�6FLHQFH�
)UDPHZRUN���0DUFK��KWWSV���GRL�RUJ����������26)�,2�$-<4*��

)UDVVO��0DULHNH�$���'DYLG�3��+DPLOWRQ��%ODL]H�$��'HQIHOG��(OYLUD�GH�(\WR��6WHSKDQLH�(��
+DPSWRQ��3KLOLSS�6��.HOOHU��6DSQD�6KDUPD��HW�DO��������³7HQ�6LPSOH�5XOHV�IRU�
&ROODERUDWLYHO\�:ULWLQJ�D�0XOWL�$XWKRUHG�3DSHU�´��3/26�&RPSXWDWLRQDO�%LRORJ\�����
������H���������KWWSV���GRL�RUJ���������MRXUQDO�SFEL����������

)ULVFKPDQQ��%UHWW�0���0LFKDHO�-��0DGLVRQ��DQG�.DWKHULQH�-R�6WUDQGEXUJ���������*RYHUQLQJ�
.QRZOHGJH�&RPPRQV���2[IRUG�8QLYHUVLW\�3UHVV��

)XFKV��&KULVWLDQ��DQG�(YD�+RUDN��������³$IULFD�DQG�WKH�'LJLWDO�'LYLGH�´��7HOHPDWLFV�DQG�
,QIRUPDWLFV������������±�����KWWSV���GRL�RUJ����FTW�PJ��

)\IH��$LOHHQ��.HOO\�&RDWH��6WHSKHQ�&XUU\��6WXDUW�/DZVRQ��1RDK�0R[KDP��DQG�&DPLOOD�0¡UN�
5¡VWYLN��������³8QWDQJOLQJ�$FDGHPLF�3XEOLVKLQJ��$�+LVWRU\�RI�WKH�5HODWLRQVKLS�
EHWZHHQ�&RPPHUFLDO�,QWHUHVWV��$FDGHPLF�3UHVWLJH�DQG�WKH�&LUFXODWLRQ�RI�5HVHDUFK��´�
����

*DGG��(OL]DEHWK��&KDUOHV�2SSHQKHLP��DQG�6WHYH�3UREHWV��������³5R0(2�6WXGLHV����7KH�
,PSDFW�RI�&RS\ULJKW�2ZQHUVKLS�RQ�$FDGHPLF�$XWKRU�6HOI̢DUFKLYLQJ�´��-RXUQDO�RI�
'RFXPHQWDWLRQ �������������±����KWWSV���GRL�RUJ����������������������������

*DGG��(OL]DEHWK��DQG�'HQLVH�7UROO�&RYH\��������³:KDW�'RHV�µ*UHHQ¶�2SHQ�$FFHVV�0HDQ"�
7UDFNLQJ�7ZHOYH�<HDUV�RI�&KDQJHV�WR�-RXUQDO�3XEOLVKHU�6HOI�$UFKLYLQJ�3ROLFLHV�´�
-RXUQDO�RI�/LEUDULDQVKLS�DQG�,QIRUPDWLRQ�6FLHQFH �������������±����
KWWSV���GRL�RUJ���������������������������

*DUILHOG��(XJHQH���������&LWDWLRQ�,QGH[LQJ��,WV�7KHRU\�DQG�$SSOLFDWLRQ�LQ�6FLHQFH��
7HFKQRORJ\��DQG�+XPDQLWLHV���9RO�����:LOH\�1HZ�<RUN��

*HLJHU��5RJHU�/���������5HVHDUFK�DQG�5HOHYDQW�.QRZOHGJH��$PHULFDQ�5HVHDUFK�8QLYHUVLWLHV�
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VLQFH�:RUOG�:DU�,,���5RXWOHGJH��
*KRVK��6DWUDMLW�6���$UQR�.OHLQ��%ULDQ�$YDQWV��DQG�.��-DUURG�0LOOPDQ��������³/HDUQLQJ�IURP�

2SHQ�6RXUFH�6RIWZDUH�3URMHFWV�WR�,PSURYH�6FLHQWLILF�5HYLHZ�´��)URQWLHUV�LQ�
&RPSXWDWLRQDO�1HXURVFLHQFH ���������KWWSV���GRL�RUJ���������IQFRP�������������

*LEERQV��0LFKDHO��������³6FLHQFH¶V�1HZ�6RFLDO�&RQWUDFW�ZLWK�6RFLHW\�´��1DWXUH������
�����VXSS���&����

*LEERQV��0LFKDHO��&DPLOOH�/LPRJHV��+HOJD�1RZRWQ\��6LPRQ�6FKZDUW]PDQ��3HWHU�6FRWW��DQG�
0DUWLQ�7URZ���������7KH�1HZ�3URGXFWLRQ�RI�.QRZOHGJH��7KH�'\QDPLFV�RI�6FLHQFH�DQG�
5HVHDUFK�LQ�&RQWHPSRUDU\�6RFLHWLHV���6DJH��

*UDKH��-RQ�(��.HOO\�&XFFROR��'DQD�&�/HLJKWRQ��DQG�/HVOLH�'�&UDPEOHW�$OYDUH]��������³2SHQ�
6FLHQFH�3URPRWHV�'LYHUVH��-XVW��DQG�6XVWDLQDEOH�5HVHDUFK�DQG�(GXFDWLRQDO�
2XWFRPHV�´��3V\FKRORJ\�/HDUQLQJ�	�7HDFKLQJ���$XJXVW��������������������
KWWSV���GRL�RUJ���������������������������

*UD]LRWLQ��'DQLHO��������³*UHHQ�2SHQ�$FFHVV�LQ�&RPSXWHU�6FLHQFH���DQ�([SORUDWRU\�6WXG\�
RQ�$XWKRU�%DVHG�6HOI�$UFKLYLQJ�$ZDUHQHVV��3UDFWLFH��DQG�,QKLELWRUV�´��6FLHQFH2SHQ�
5HVHDUFK ���'HFHPEHU��KWWSV���GRL�RUJ����JI]F�Y��

*UHHQ��7RE\��������³:H¶YH�)DLOHG��3LUDWH�%ODFN�2SHQ�$FFHVV�,V�7UXPSLQJ�*UHHQ�DQG�*ROG�
DQG�:H�0XVW�&KDQJH�2XU�$SSURDFK�´��/HDUQHG�3XEOLVKLQJ �������������±����
KWWSV���GRL�RUJ���������OHDS�������

²²²��������³,V�2SHQ�$FFHVV�$IIRUGDEOH"�:K\�&XUUHQW�0RGHOV�'R�1RW�:RUN�DQG�:K\�:H�
1HHG�,QWHUQHW�(UD�7UDQVIRUPDWLRQ�RI�6FKRODUO\�&RPPXQLFDWLRQV�´��/HDUQHG�3XEOLVKLQJ�
����������±����KWWSV���GRL�RUJ���������OHDS�������

*UXEE��$OLFLD�0���DQG�6WHYH�0��(DVWHUEURRN��������³2Q�WKH�/DFN�RI�&RQVHQVXV�RYHU�WKH�
0HDQLQJ�RI�2SHQQHVV��$Q�(PSLULFDO�6WXG\�´��3/26�21(���������H�������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

*XpGRQ��-HDQ�&ODXGH��������³2SHQ�$FFHVV�DQG�WKH�'LYLGH�EHWZHHQ�µ0DLQVWUHDP¶�DQG�
³SHULSKHUDO�´��&RPR�*HULU�H�4XDOLILFDU�5HYLVWDV�&LHQWtILFDV����±����

*XQQDUVVRQ��'DQLHO��������³$�)UDPHZRUN�IRU�6WULFW�6WUXFWXUHG�/LWHUDWXUH�5HYLHZV�ZLWKLQ�
0DQDJHPHQW�5HVHDUFK�DQG�0DQDJHPHQW�(GXFDWLRQ��(VWDEOLVKLQJ�D�0RGHO�IRU�
(YLGHQFH�%DVHG�0DQDJHPHQW�DQG�,QFUHDVHG�6FKRODUO\�,QWHUDFWLRQ�´�3UHSULQW��������
KWWS���HSULQWV�UFOLV�RUJ���������

+DPSVRQ��*OHQQ��������³26,�%ULHI��:KDW�'R�:H�0HDQ�E\�µ2SHQ¶"´�
KWWS���RVLJOREDO�RUJ������������RVL�EULHI�ZKDW�GR�ZH�PHDQ�E\�RSHQ���

+DUWJHULQN��&KULV��������³9HULILHG��6KDUHG��0RGXODU��DQG�3URYHQDQFH�%DVHG�5HVHDUFK�
&RPPXQLFDWLRQ�ZLWK�WKH�'DW�3URWRFRO�´��3XEOLFDWLRQV�������������

+DUWJHULQN��&KULV�+��-���DQG�0DULQR�YDQ�=HOVW��������³µ$V�<RX�*R¶�,QVWHDG�RI�µ$IWHU�WKH�)DFW¶��
$�1HWZRUN�$SSURDFK�WR�6FKRODUO\�&RPPXQLFDWLRQ�DQG�(YDOXDWLRQ�´��3XEOLFDWLRQV���������
����KWWSV���GRL�RUJ���������SXEOLFDWLRQV���������

+DUWOH\��-RKQ��-DVRQ�3RWWV��/XF\�0RQWJRPHU\��(OOLH�5HQQLH��DQG�&DPHURQ�1H\ORQ��������³'R�
:H�1HHG�WR�0RYH�IURP�&RPPXQLFDWLRQ�7HFKQRORJ\�WR�8VHU�&RPPXQLW\"�$�1HZ�
(FRQRPLF�0RGHO�RI�WKH�-RXUQDO�DV�D�&OXE�´��/HDUQHG�3XEOLVKLQJ ������������±����
KWWSV���GRL�RUJ���������OHDS�������

+DXVWHLQ��6WHIDQLH��7LPRWK\�'��%RZPDQ��DQG�5RGULJR�&RVWDV��������³,QWHUSUHWLQJ�
µ$OWPHWULFV¶��9LHZLQJ�$FWV�RQ�6RFLDO�0HGLD�WKURXJK�WKH�/HQV�RI�&LWDWLRQ�DQG�6RFLDO�
7KHRULHV�´��$U;LY������������>&V@���)HEUXDU\��KWWS���DU[LY�RUJ�DEV�������������

+HOOHU��/DPEHUW��5RQDOG�7KH��DQG�6|QNH�%DUWOLQJ��������³'\QDPLF�3XEOLFDWLRQ�)RUPDWV�DQG�
&ROODERUDWLYH�$XWKRULQJ�´�,Q��2SHQLQJ�6FLHQFH ������±�����6SULQJHU��&KDP��
KWWSV���GRL�RUJ��������������������������B����

+HWWULFN��6LPRQ��������³$�1RW�VR�%ULHI�+LVWRU\�RI�5HVHDUFK�6RIWZDUH�(QJLQHHUV�´�6RIWZDUH�
6XVWDLQDELOLW\�,QVWLWXWH��������
KWWSV���ZZZ�VRIWZDUH�DF�XN�EORJ������������QRW�VR�EULHI�KLVWRU\�UHVHDUFK�VRIWZDUH�H
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QJLQHHUV����
+LFNV��'LDQD��3DXO�:RXWHUV��/XGR�:DOWPDQ��6DUDK�GH�5LMFNH��DQG�,VPDHO�5DIROV��������

³%LEOLRPHWULFV��7KH�/HLGHQ�0DQLIHVWR�IRU�5HVHDUFK�0HWULFV�´��1DWXUH�1HZV��������������
�����KWWSV���GRL�RUJ���������������D��

+LOJDUWQHU��6WHSKHQ��������³6HOHFWLYH�)ORZV�RI�.QRZOHGJH�LQ�7HFKQRVFLHQWLILF�,QWHUDFWLRQ��
,QIRUPDWLRQ�&RQWURO�LQ�*HQRPH�5HVHDUFK�´��7KH�%ULWLVK�-RXUQDO�IRU�WKH�+LVWRU\�RI�
6FLHQFH �������������±����KWWSV���GRL�RUJ���������6������������������

+RFTXHW��$���DQG�)��:LHEHU��������³µ2QO\�WKH�,QLWLDWHV�:LOO�+DYH�WKH�6HFUHWV�5HYHDOHG¶��
&RPSXWDWLRQDO�&KHPLVWV�DQG�WKH�2SHQQHVV�RI�6FLHQWLILF�6RIWZDUH�´��,(((�$QQDOV�RI�
WKH�+LVWRU\�RI�&RPSXWLQJ���'HFHPEHU�������

+\ODQG��.HQ���������$FDGHPLF�3XEOLVKLQJ��,VVXHV�DQG�&KDOOHQJHV�LQ�WKH�&RQVWUXFWLRQ�RI�
.QRZOHGJH���2[IRUG�$SSOLHG�/LQJXLVWLFV��2[IRUG��1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV��

,RDQQLGLV��-RKQ�3��$��������³:K\�6FLHQFH�,V�1RW�1HFHVVDULO\�6HOI�&RUUHFWLQJ�´��3HUVSHFWLYHV�
RQ�3V\FKRORJLFDO�6FLHQFH������������±����KWWSV���GRL�RUJ���������������������������

,RDQQLGLV��-RKQ�3��$���0LFKDHO�%HUNZLWV��$QQHWWH�)ODQDJLQ��)LRQD�*RGOHH��DQG�7KHRGRUD�
%ORRP��������³1LQWK�,QWHUQDWLRQDO�&RQJUHVV�RQ�3HHU�5HYLHZ�DQG�6FLHQWLILF�
3XEOLFDWLRQ��&DOO�IRU�5HVHDUFK�´��%0-�������6HSWHPEHU���
KWWSV���GRL�RUJ���������EPM�O������

-DPDOL��+DPLG�5��������³&RS\ULJKW�&RPSOLDQFH�DQG�,QIULQJHPHQW�LQ�5HVHDUFK*DWH�)XOO�7H[W�
-RXUQDO�$UWLFOHV�´��6FLHQWRPHWULFV��������������±����
KWWSV���GRL�RUJ���������V������������������

-RKQVRQ��5RE��������³)URP�&RDOLWLRQ�WR�&RPPRQV��3ODQ�6�DQG�WKH�)XWXUH�RI�6FKRODUO\�
&RPPXQLFDWLRQ�´��,QVLJKWV�������������KWWSV���GRL�RUJ���������XNVJ������

-RVHSK��+HDWKHU��������³6HFXULQJ�&RPPXQLW\�&RQWUROOHG�,QIUDVWUXFWXUH��63$5&¶V�3ODQ�RI�
$FWLRQ�´��$VVRFLDWLRQ�RI�&ROOHJH�DQG�5HVHDUFK�/LEUDULHV���������
KWWSV���GRL�RUJ����JI�]]J��

.DW]��'DQLHO�6���*DEULHOOH�$OOHQ��/RUHQD�$��%DUED��'HYLQ�5��%HUJ��+ROO\�%LN��&DUO�%RHWWLJHU��
&KULVWLQH�/��%RUJPDQ��HW�DO��������³7KH�3ULQFLSOHV�RI�7RPRUURZ¶V�8QLYHUVLW\�´�
)����5HVHDUFK�����'HFHPEHU���������
KWWSV���GRL�RUJ����������I����UHVHDUFK����������

.DW]��'DQLHO�6���/RLV�&XUIPDQ�0F,QQHV��'DYLG�(��%HUQKROGW��$ELJDLO�&DEXQRF�0D\HV��1HLO�3��
&KXH�+RQJ��-RQDK�'XFNOHV��6DQGUD�*HVLQJ��HW�DO��������³&RPPXQLW\�2UJDQL]DWLRQV��
&KDQJLQJ�WKH�&XOWXUH�LQ�:KLFK�5HVHDUFK�6RIWZDUH�,V�'HYHORSHG�DQG�6XVWDLQHG�´�
$U;LY������������>&V@���1RYHPEHU��KWWS���DU[LY�RUJ�DEV�������������

.HOW\��&KULVWRSKHU�0��������³)UHH�6RIWZDUH�)UHH�6FLHQFH�´��)LUVW�0RQGD\����������
KWWSV���GRL�RUJ���������IP�Y�L��������

.KRR��6KDXQ��������³$UWLFOH�3URFHVVLQJ�&KDUJH�+\SHULQIODWLRQ�DQG�3ULFH�,QVHQVLWLYLW\��$Q�
2SHQ�$FFHVV�6HTXHO�WR�WKH�6HULDOV�&ULVLV�´��/,%(5�4XDUWHUO\�����������±����
KWWSV���GRL�RUJ����������OT��������

.OHLQ��0DUWLQ��3HWHU�%URDGZHOO��6KDURQ�(��)DUE��DQG�7RGG�*UDSSRQH��������³&RPSDULQJ�
3XEOLVKHG�6FLHQWLILF�-RXUQDO�$UWLFOHV�WR�7KHLU�3UH�3ULQW�9HUVLRQV�´��,QWHUQDWLRQDO�-RXUQDO�
RQ�'LJLWDO�/LEUDULHV���)HEUXDU\��KWWSV���GRL�RUJ���������V������������������

.Q|FKHOPDQQ��0DUFHO��������³2SHQ�6FLHQFH�LQ�WKH�+XPDQLWLHV��RU��2SHQ�+XPDQLWLHV"´�
3XEOLFDWLRQV�������������

.UDNHU��3HWHU��'DQLHO�'|UOHU��$QGUHDV�)HUXV��5REHUW�*XWRXQLJ��)ORULDQ�+HLJO��&KULVWLDQ�.DLHU��
.DWKDULQD�5LHFN��(OHQD�âLPXNRYLþ��DQG�0LFKHOD�9LJQROL��������³7KH�9LHQQD�
3ULQFLSOHV��$�9LVLRQ�IRU�6FKRODUO\�&RPPXQLFDWLRQ�LQ�WKH���VW�&HQWXU\�´��0LWWHLOXQJHQ�
'HU�9HUHLQLJXQJ�gVWHUUHLFKLVFKHU�%LEOLRWKHNDULQQHQ�8QG�%LEOLRWKHNDUH�������±����
���±����KWWSV���GRL�RUJ����������YRHEP�Y��L��������

.XSIHUVFKPLGW)HE������.DL��������DQG������3P��������³µ$�&RPSOHWHO\�1HZ�&XOWXUH�RI�'RLQJ�
5HVHDUFK�¶�&RURQDYLUXV�2XWEUHDN�&KDQJHV�+RZ�6FLHQWLVWV�&RPPXQLFDWH�´�6FLHQFH�_�
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$$$6��)HEUXDU\�����������
KWWSV���ZZZ�VFLHQFHPDJ�RUJ�QHZV���������FRPSOHWHO\�QHZ�FXOWXUH�GRLQJ�UHVHDUFK�F
RURQDYLUXV�RXWEUHDN�FKDQJHV�KRZ�VFLHQWLVWV��

/DDNVR��0LNDHO��3DWULN�:HOOLQJ��+HOHQD�%XNYRYD��/LQXV�1\PDQ��%R�&KULVWHU�%M|UN��DQG�7XULG�
+HGOXQG��������³7KH�'HYHORSPHQW�RI�2SHQ�$FFHVV�-RXUQDO�3XEOLVKLQJ�IURP������WR�
�����´��3/26�21(���������H�������KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

/DKWL��/HR��)LOLSH�GD�6LOYD��0DUNXV�/DLQH��9LLYL�/lKWHHQRMD��DQG�0LNNR�7RORQHQ��������
³$OFKHP\�	�$OJRULWKPV��3HUVSHFWLYHV�RQ�WKH�3KLORVRSK\�DQG�+LVWRU\�RI�2SHQ�
6FLHQFH�´��5HVHDUFK�,GHDV�DQG�2XWFRPHV�����0D\���H�������KWWSV���GRL�RUJ����JI]F����

/DULYLqUH��9LQFHQW��6WHIDQLH�+DXVWHLQ��DQG�3KLOLSSH�0RQJHRQ��������³7KH�2OLJRSRO\�RI�
$FDGHPLF�3XEOLVKHUV�LQ�WKH�'LJLWDO�(UD�´��3/26�21(����������H���������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

/DULYLHUH��9LQFHQW��DQG�&DVVLG\�5��6XJLPRWR��������³7KH�-RXUQDO�,PSDFW�)DFWRU��$�%ULHI�
+LVWRU\��&ULWLTXH��DQG�'LVFXVVLRQ�RI�$GYHUVH�(IIHFWV�´��$U;LY������������>3K\VLFV@���
-DQXDU\��KWWS���DU[LY�RUJ�DEV�������������

/HLEOH��6WHSKDQ��6WHIIHQ�6FKODJHU��0RULW]�6FKXERW]��DQG�%HOD�*LSS��������³$�5HYLHZ�RQ�
%ORFNFKDLQ�7HFKQRORJ\�DQG�%ORFNFKDLQ�3URMHFWV�)RVWHULQJ�2SHQ�6FLHQFH�´��)URQWLHUV�
LQ�%ORFNFKDLQ�����KWWSV���GRL�RUJ���������IEORF�������������

/HUQHU��-RVK��DQG�-HDQ�7ULROH��������³7KH�6LPSOH�(FRQRPLFV�RI�2SHQ�6RXUFH�´�:RUNLQJ�
3DSHU��1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��KWWSV���GRL�RUJ���������Z������

/HYLQ��1DGLQH��������³2SHQ�$FFHVV��2SHQ�'DWD��2SHQ�6FLHQFH«ZKDW�'RHV�µ2SHQQHVV¶�
0HDQ�LQ�WKH�)LUVW�3ODFH"´��6RPDWRVSKHUH ���EORJ���)HEUXDU\�����������
KWWS���VRPDWRVSKHUH�QHW������RSHQ�VFLHQFH�KWPO���

/HYLQ��1DGLQH��DQG�6DELQD�/HRQHOOL��������³+RZ�'RHV�2QH�µ2SHQ¶�6FLHQFH"�4XHVWLRQV�RI�
9DOXH�LQ�%LRORJLFDO�5HVHDUFK�´��6FLHQFH��7HFKQRORJ\��	�+XPDQ�9DOXHV����������
���±�����KWWSV���GRL�RUJ���������������������������

/HYLQ��1DGLQH��6DELQD�/HRQHOOL��'DJPDUD�:HFNRZVND��'DYLG�&DVWOH��DQG�-RKQ�'XSUp��������
³+RZ�'R�6FLHQWLVWV�'HILQH�2SHQQHVV"�([SORULQJ�WKH�5HODWLRQVKLS�%HWZHHQ�2SHQ�
6FLHQFH�3ROLFLHV�DQG�5HVHDUFK�3UDFWLFH�´��%XOOHWLQ�RI�6FLHQFH��7HFKQRORJ\�	�6RFLHW\�
�����������±����KWWSV���GRL�RUJ���������������������������

/ySH]��(GXDUGR�$JXDGR��5RVDULR�5RJHO�6DOD]DU��*XVWDYR�*DUGXxR�2URSH]D��DQG�0DUtD�
)HUQDQGD�=~xLJD��������³5HGDO\F��8QD�$OWHUQDWLYD�D�/DV�$VLPHWUtDV�(Q�/D�
'LVWULEXFLyQ�'HO�&RQRFLPLHQWR�&LHQWtILFR�´��&LHQFLD��'RFHQFLD�\�7HFQRORJtD �����������
��±����

0DQOH\��6WHZDUW��������³2Q�WKH�/LPLWDWLRQV�RI�5HFHQW�/DZVXLWV�DJDLQVW�6FL�+XE��20,&6��
5HVHDUFK*DWH��DQG�*HRUJLD�6WDWH�8QLYHUVLW\�´��/HDUQHG�3XEOLVKLQJ ���������
KWWSV���GRL�RUJ����JI�]]P��

0DUWLQ��6KDZQ��������³+LVWRULFL]LQJ�WKH�.QRZOHGJH�&RPPRQV��2SHQ�$FFHVV��7HFKQLFDO�
.QRZOHGJH��DQG�WKH�,QGXVWULDO�$SSOLFDWLRQ�RI�6FLHQFH�´��.8/$��.QRZOHGJH�&UHDWLRQ��
'LVVHPLQDWLRQ��DQG�3UHVHUYDWLRQ�6WXGLHV�������������KWWSV���GRL�RUJ���������NXOD�����

0DVX]]R��3DROD��DQG�/HQQDUW�0DUWHQV��������³'R�<RX�6SHDN�2SHQ�6FLHQFH"�5HVRXUFHV�DQG�
7LSV�WR�/HDUQ�WKH�/DQJXDJH�´�H����Y���3HHU-�,QF��
KWWSV���GRL�RUJ���������SHHUM�SUHSULQWV�����Y���

0D\��&KULVWRSKHU��������³(VFDSLQJ�WKH�75,3V¶�7UDS��7KH�3ROLWLFDO�(FRQRP\�RI�)UHH�DQG�
2SHQ�6RXUFH�6RIWZDUH�LQ�$IULFD�´��3ROLWLFDO�6WXGLHV�������������±����
KWWSV���GRL�RUJ����E�J�I]��

0F*RQDJOH̢2¶&RQQHOO��$OLVRQ��DQG�.ULVWHQ�5DWDQ��������³&DQ�:H�7UDQVIRUP�6FKRODUO\�
&RPPXQLFDWLRQ�ZLWK�2SHQ�6RXUFH�DQG�&RPPXQLW\�2ZQHG�,QIUDVWUXFWXUH"´��/HDUQHG�
3XEOLVKLQJ ������������±����KWWSV���GRL�RUJ����JI�]]K��

0F.LHUQDQ��(ULQ�&��������³,PDJLQLQJ�WKH�µ2SHQ¶�8QLYHUVLW\��6KDULQJ�6FKRODUVKLS�WR�,PSURYH�
5HVHDUFK�DQG�(GXFDWLRQ�´�3HHU-�,QF��KWWSV���GRL�RUJ���������SHHUM�SUHSULQWV�����Y���

���
�



�

0F.LHUQDQ��(ULQ�&���3KLOLS�(��%RXUQH��&��7LWXV�%URZQ��6WXDUW�%XFN��$P\H�.HQDOO��-HQQLIHU�/LQ��
'DPRQ�0F'RXJDOO��HW�DO��������³3RLQW�RI�9LHZ��+RZ�2SHQ�6FLHQFH�+HOSV�
5HVHDUFKHUV�6XFFHHG�´��(/LIH�����-XO\���H�������KWWSV���GRL�RUJ���������H/LIH��������

0F.LHUQDQ��(ULQ�&���/HVOH\�$��6FKLPDQVNL��&DURO�0XxR]�1LHYHV��/LVD�0DWWKLDV��0HUHGLWK�7��
1LOHV��DQG�-XDQ�3DEOR�$OSHULQ��������³8VH�RI�WKH�-RXUQDO�,PSDFW�)DFWRU�LQ�$FDGHPLF�
5HYLHZ��3URPRWLRQ��DQG�7HQXUH�(YDOXDWLRQV�´�H�����Y���3HHU-�,QF��
KWWSV���GRL�RUJ���������SHHUM�SUHSULQWV������Y���

0HUWRQ��5REHUW���������7KH�6RFLRORJ\�RI�6FLHQFH��7KHRUHWLFDO�DQG�(PSLULFDO�,QYHVWLJDWLRQV���
&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV��

0HUWRQ��5REHUW�.��������³7KH�0DWWKHZ�(IIHFW�LQ�6FLHQFH��7KH�5HZDUG�DQG�&RPPXQLFDWLRQ�
6\VWHPV�RI�6FLHQFH�$UH�&RQVLGHUHG�´��6FLHQFH ����������������±����

²²²���������7KH�6RFLRORJ\�RI�6FLHQFH��7KHRUHWLFDO�DQG�(PSLULFDO�,QYHVWLJDWLRQV���8QLYHUVLW\�
RI�&KLFDJR�SUHVV��

²²²��������³7KH�0DWWKHZ�(IIHFW�LQ�6FLHQFH��,,��&XPXODWLYH�$GYDQWDJH�DQG�WKH�6\PEROLVP�
RI�,QWHOOHFWXDO�3URSHUW\�´��,VLV�������������±�����

0LOOPDQ��.�-DUURG��DQG�)HUQDQGR�3HUH]��������³'HYHORSLQJ�2SHQ�6RXUFH�6FLHQWL¿F�3UDFWLFH�´�
,Q��,PSOHPHQWLQJ�5HSURGXFLEOH�5HVHDUFK������±����&KDSPDQ�DQG�+DOO�&5&�3UHVV��

0LURZVNL��3KLOLS��������³7KH�)XWXUH�V��RI�2SHQ�6FLHQFH�´��6RFLDO�6WXGLHV�RI�6FLHQFH����������
���±�����KWWSV���GRL�RUJ���������������������������

0RHGDV��&DUORV��������³2SHQ�,QQRYDWLRQ��2SHQ�6FLHQFH��2SHQ�WR�WKH�:RUOG���D�9LVLRQ�IRU�
(XURSH�´�,Q��(XURSHDQ�&RPPLVVLRQ¶V�'LUHFWRUDWH�*HQHUDO�IRU�5HVHDUFK�	�,QQRYDWLRQ�
�57'����KWWSV���GRL�RUJ����������������

0RPEDFK��7KDLV��0DUFR�7XOLR�9DOHQWH��&XLWLQJ�&KHQ��0DJLHO�%UXQWLQN��DQG�*XVWDYR�3LQWR��
������³2SHQ�6RXUFH�'HYHORSPHQW�$URXQG�WKH�:RUOG��$�&RPSDUDWLYH�6WXG\�´�
$U;LY������������>&V@���0D\��KWWS���DU[LY�RUJ�DEV�������������

0RQV��%DUHQG��������³'DWD�6WHZDUGVKLS�IRU�2SHQ�6FLHQFH��,PSOHPHQWLQJ�)$,5�3ULQFLSOHV�´�
0RRUH��6DPXHO�$��������³$�*HQHDORJ\�RI�2SHQ�$FFHVV��1HJRWLDWLRQV�EHWZHHQ�2SHQQHVV�

DQG�$FFHVV�WR�5HVHDUFK�´��5HYXH�)UDQoDLVH�'HV�6FLHQFHV�GH�O¶LQIRUPDWLRQ�HW�GH�/D�
&RPPXQLFDWLRQ ���QR������$XJXVW���KWWSV���GRL�RUJ���������UIVLF�������

0RRUH��6DPXHO��&DPHURQ�1H\ORQ��0DUWLQ�3DXO�(YH��'DQLHO�3DXO�2¶'RQQHOO��DQG�'DPLDQ�
3DWWLQVRQ��������³µ([FHOOHQFH�5�8V¶��8QLYHUVLW\�5HVHDUFK�DQG�WKH�)HWLVKLVDWLRQ�RI�
([FHOOHQFH�´��3DOJUDYH�&RPPXQLFDWLRQV�����-DQXDU\����������
KWWSV���GRL�RUJ���������SDOFRPPV�����������

0RUH\��5LFKDUG�'���&KULVWRSKHU�'��&KDPEHUV��3HWHU�-��(WFKHOOV��&KULVWLQH�5��+DUULV��5LQN�
+RHNVWUD��'DQLsO�/DNHQV��6WHSKDQ�/HZDQGRZVN\��HW�DO��������³7KH�3HHU�5HYLHZHUV¶�
2SHQQHVV�,QLWLDWLYH��,QFHQWLYL]LQJ�2SHQ�5HVHDUFK�3UDFWLFHV�WKURXJK�3HHU�5HYLHZ�´�
5R\DO�6RFLHW\�2SHQ�6FLHQFH �����������������KWWSV���GRL�RUJ���������UVRV���������

0RUJDQ��$OOLVRQ�&���'LPLWULRV�-��(FRQRPRX��6DPXHO�)��:D\��DQG�$DURQ�&ODXVHW��������
³3UHVWLJH�'ULYHV�(SLVWHPLF�,QHTXDOLW\�LQ�WKH�'LIIXVLRQ�RI�6FLHQWLILF�,GHDV�´��(3-�'DWD�
6FLHQFH ����������±����KWWSV���GRL�RUJ���������HSMGV�V������������������

0RUULV��6DOO\��������³,V�WKH�-RXUQDO�$UWLFOH�)LW�IRU�3XUSRVH��RU�6WXFN�LQ�WKH�3DVW"´��/HDUQHG�
3XEOLVKLQJ �����������±���KWWSV���GRL�RUJ����F�MVMN��

0RVKRQW]��+DQQDK��/RUQH�&DPSEHOO��&KDUOHV�5��(EHUVROH��+DQV�,-]HUPDQ��+HDWKHU�/��8UU\��
3DWULFN�6��)RUVFKHU��-RQ�(��*UDKH��HW�DO��������³7KH�3V\FKRORJLFDO�6FLHQFH�
$FFHOHUDWRU��$GYDQFLQJ�3V\FKRORJ\�WKURXJK�D�'LVWULEXWHG�&ROODERUDWLYH�1HWZRUN�´�
3UHSULQW��3V\$U;LY��KWWSV���GRL�RUJ����������RVI�LR����TX��

0XQDIz��0DUFXV�5���%ULDQ�$��1RVHN��'RURWK\�9��0��%LVKRS��.DWKHULQH�6��%XWWRQ��&KULVWRSKHU�
'��&KDPEHUV��1DWKDOLH�3HUFLH�GX�6HUW��8UL�6LPRQVRKQ��(ULF�-DQ�:DJHQPDNHUV��
-HQQLIHU�-��:DUH��DQG�-RKQ�3��$��,RDQQLGLV��������³$�0DQLIHVWR�IRU�5HSURGXFLEOH�
6FLHQFH�´��1DWXUH�+XPDQ�%HKDYLRXU���������������
KWWSV���GRL�RUJ���������V����������������
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0\HUV��-��'���&��)R[�'REEV��-��/DLUG��DQG�'��5HLFK��DQG�7��&XUW]��������³(OHFWURQLF�
/DERUDWRU\�1RWHERRNV�IRU�&ROODERUDWLYH�5HVHDUFK�´�,Q��3URFHHGLQJV�RI�:(7�,&(�¶����
,(((��WK�:RUNVKRS�RQ�(QDEOLQJ�7HFKQRORJLHV��,QIUDVWXFWXUH�IRU�&ROODERUDWLYH�
(QWHUSULVHV�����±����KWWSV���GRL�RUJ���������(1$%/��������������

1H\ORQ��&DPHURQ��������³$UHQDV�RI�3URGXFWLYH�&RQIOLFW��8QLYHUVLWLHV��3HHU�5HYLHZ��&RQIOLFW�
DQG�.QRZOHGJH�´�2FWREHU��KWWSV���KFRPPRQV�RUJ�GHSRVLWV�LWHP�KF���������

1LFKROV��'DYLG�0���DQG�0LFKDHO�%��7ZLGDOH��������³0HWULFV�IRU�2SHQQHVV�´��-RXUQDO�RI�WKH�
$VVRFLDWLRQ�IRU�,QIRUPDWLRQ�6FLHQFH�DQG�7HFKQRORJ\��������������±����
KWWSV���GRL�RUJ����I�WY]E��

1LFRO��'LDQQH��/LVD�(FNVWHLQ��+HLGL�%HDWH�%HQW]HQ��3DVFDO�%RUU\��0LNH�%XUJHVV��:\OLH�%XUNH��
'RQ�&KDOPHUV��HW�DO��������³&RQVHQW�,QVXIILFLHQW�IRU�'DWD�5HOHDVH�´��6FLHQFH������
�����������±����KWWSV���GRL�RUJ����JI�NQI��

1RUULV��0LFKDHO��&KDUOHV�2SSHQKHLP��DQG�)\WWRQ�5RZODQG��������³7KH�&LWDWLRQ�$GYDQWDJH�RI�
2SHQ�$FFHVV�$UWLFOHV�´��-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH�DQG�
7HFKQRORJ\���������������±������KWWSV���GRL�RUJ����IETYKV��

1RVHN��%��$���*��$OWHU��*��&��%DQNV��'��%RUVERRP��6��'��%RZPDQ��6��-��%UHFNOHU��6��%XFN��HW�
DO��������³3URPRWLQJ�DQ�2SHQ�5HVHDUFK�&XOWXUH�´��6FLHQFH ������������������±����
KWWSV���GRL�RUJ���������VFLHQFH�DDE������

1RVHN��%ULDQ�$���&KDUOHV�5��(EHUVROH��$OH[DQGHU�&��'H+DYHQ��DQG�'DYLG�7��0HOORU��������
³7KH�3UHUHJLVWUDWLRQ�5HYROXWLRQ�´��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�
��������������±������

1RVHN��%ULDQ�$���DQG�'DQLsO�/DNHQV��������³5HJLVWHUHG�5HSRUWV�´��6RFLDO�3V\FKRORJ\����������
���±����KWWSV���GRL�RUJ�������������������D��������

2EHOV��3HSLMQ��'DQLHO�/DNHQV��1LFKRODV�$OYDUR�&ROHV��-DURVODY�*RWWIULHG��DQG�6HWK�$ULHO�
*UHHQ��������³$QDO\VLV�RI�2SHQ�'DWD�DQG�&RPSXWDWLRQDO�5HSURGXFLELOLW\�LQ�
5HJLVWHUHG�5HSRUWV�LQ�3V\FKRORJ\�´�3UHSULQW��3V\$U;LY��
KWWSV���GRL�RUJ����������RVI�LR�IN�YK��

2FKRD��-DLGHU��DQG�$OHMDQGUR�8ULEH�7LUDGR��������³&LHQFLD�DELHUWD�\�ELEOLRWHFDV�DFDGpPLFDV��
XQD�UHYLVLyQ�VLVWHPiWLFD�GH�OD�OLWHUDWXUD�´�-RXUQDO�DUWLFOH��3DJLQDWHG���,ULV�±�
,QIRUPDomR��0HPyULD�H�7HFQRORJLD��-XO\�������KWWS���HSULQWV�UFOLV�RUJ���������

2GO\]NR��$QGUHZ��������³2SHQ�$FFHVV��/LEUDU\�DQG�3XEOLVKHU�&RPSHWLWLRQ��DQG�WKH�(YROXWLRQ�
RI�*HQHUDO�&RPPHUFH�´�6651�6FKRODUO\�3DSHU��5RFKHVWHU��1<��6RFLDO�6FLHQFH�
5HVHDUFK�1HWZRUN��KWWSV���SDSHUV�VVUQ�FRP�DEVWUDFW ���������

2(&'��������³0DNLQJ�2SHQ�6FLHQFH�D�5HDOLW\�´��2(&'�6FLHQFH��7HFKQRORJ\�DQG�,QGXVWU\�
3ROLF\�3DSHUV��1R���� ���

2NXQH��$QJHOD��5HEHFFD�+LOO\HU��'HQLVVH�$OERUQR]��$OHMDQGUR�3RVDGD��DQG�/HVOLH�&KDQ��
������³:KRVH�,QIUDVWUXFWXUH"�7RZDUGV�,QFOXVLYH�DQG�&ROODERUDWLYH�.QRZOHGJH�
,QIUDVWUXFWXUHV�LQ�2SHQ�6FLHQFH�´�,Q��(/38%��������HGLWHG�E\�/HVOLH�&KDQ�DQG�3LHUUH�
0RXQLHU��7RURQWR��&DQDGD��KWWSV���GRL�RUJ���������SURFHHGLQJV�HOSXE����������

2¶0DKRQ\��6LREKiQ��DQG�)DEUL]LR�)HUUDUR��������³7KH�(PHUJHQFH�RI�*RYHUQDQFH�LQ�DQ�
2SHQ�6RXUFH�&RPPXQLW\�´��$FDGHP\�RI�0DQDJHPHQW�-RXUQDO ��������������±������
KWWSV���GRL�RUJ���������DPM����������������

2UHJ��6KDXO��DQG�2GHG�1RY��������³([SORULQJ�0RWLYDWLRQV�IRU�&RQWULEXWLQJ�WR�2SHQ�6RXUFH�
,QLWLDWLYHV��7KH�5ROHV�RI�&RQWULEXWLRQ�&RQWH[W�DQG�3HUVRQDO�9DOXHV�´��&RPSXWHUV�LQ�
+XPDQ�%HKDYLRU��������������±����KWWSV���GRL�RUJ����IGGMS���

2UU��-XOLDQ�(��������³7HQ�<HDUV�RI�7DONLQJ�$ERXW�0DFKLQHV�´��2UJDQL]DWLRQ�6WXGLHV�����������
����±����KWWSV���GRL�RUJ���������������������������

2VWURP��(OLQRU�(G��7KRPDV�(G�'LHW]��1LYHV�(G�'ROãDN��3DXO�&��6WHUQ��6XVDQ�(G�6WRQLFK��
DQG�(ONH�8��:HEHU���������7KH�'UDPD�RI�WKH�&RPPRQV���1DWLRQDO�$FDGHP\�3UHVV��

2ZHQ��5LFKDUG��3KLO�0DFQDJKWHQ��DQG�-DFN�6WLOJRH��������³5HVSRQVLEOH�5HVHDUFK�DQG�
,QQRYDWLRQ��)URP�6FLHQFH�LQ�6RFLHW\�WR�6FLHQFH�IRU�6RFLHW\��ZLWK�6RFLHW\�´��6FLHQFH�
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DQG�3XEOLF�3ROLF\�������������±����KWWSV���GRL�RUJ���������VFLSRO�VFV�����
3DFNHU��$EHO�/��������³7KH�6FL(/2�2SHQ�$FFHVV��$�*ROG�:D\�IURP�WKH�6RXWK�´��7KH�

&DQDGLDQ�-RXUQDO�RI�+LJKHU�(GXFDWLRQ�/D�5HYXH�&DQDGLHQQH�G¶HQVHLJQHPHQW�
6XSpULHXU�������������±����

3DOD]]L��0DUtD�-���-RUGL�&DERW��-DYLHU�/XLV�&iQRYDV�,]TXLHUGR��$OEHUW�6ROp�5LEDOWD��DQG�-DYLHU�
%RUJH�+ROWKRHIHU��������³2QOLQH�'LYLVLRQ�RI�/DERXU��(PHUJHQW�6WUXFWXUHV�LQ�2SHQ�
6RXUFH�6RIWZDUH�´��$U;LY������������>3K\VLFV@���0DUFK��
KWWS���DU[LY�RUJ�DEV�������������

3DUWLFLSDQWV�RI�$IULFDQ�2SHQ�6FLHQFH�3ODWIRUP�6WUDWHJ\�:RUNVKRS��0DUFK�������$IULFDQ�
2SHQ�6FLHQFH�3ODWIRUP�3URMHFW�$GYLVRU\�&RXQFLO��$IULFDQ�2SHQ�6FLHQFH�3ODWIRUP�
7HFKQLFDO�$GYLVRU\�%RDUG��*HRIIUH\�%RXOWRQ��6LPRQ�+RGVRQ��,VPDLO�6HUDJHOGLQ��
0RODSR�4KREHOD��HW�DO��������³7KH�$IULFDQ�2SHQ�6FLHQFH�3ODWIRUP��7KH�)XWXUH�RI�
6FLHQFH�DQG�WKH�6FLHQFH�RI�WKH�)XWXUH�´�=HQRGR��
KWWSV���GRL�RUJ���������]HQRGR����������

3DXOLXN��6WHIDQ��*XLOODXPH�0DMHDX̢%HWWH]��&KULVWRSKHU�/��0XWHO��%HUQKDUG�6WHXELQJ��DQG�
.RQVWDQWLQ�6WDGOHU��������³/LIWLQJ�,QGXVWULDO�(FRORJ\�0RGHOLQJ�WR�D�1HZ�/HYHO�RI�
4XDOLW\�DQG�7UDQVSDUHQF\��$�&DOO�IRU�0RUH�7UDQVSDUHQW�3XEOLFDWLRQV�DQG�D�
&ROODERUDWLYH�2SHQ�6RXUFH�6RIWZDUH�)UDPHZRUN�´��-RXUQDO�RI�,QGXVWULDO�(FRORJ\�����
��������±����KWWSV���GRL�RUJ���������MLHF��������

3HQGHUV��%DUW��������³7HQ�6LPSOH�5XOHV�IRU�5HVSRQVLEOH�5HIHUHQFLQJ�´��3/R6�&RPSXWDWLRQDO�
%LRORJ\����������KWWSV���GRL�RUJ���������MRXUQDO�SFEL����������

3HQGHUV��%DUW��-��%ULWW�+ROEURRN��DQG�6DUDK�GH�5LMFNH��������³5LQVH�DQG�5HSHDW��7KH�
6LWXDWHG�9DOXH�RI�5HSOLFDWLRQ�DFURVV�(SLVWHPLF�&XOWXUHV�´�3UHSULQW��6RF$U;LY��
KWWSV���GRL�RUJ����������RVI�LR�QIME���

3HWHU��6DQGUD��DQG�0DUNXV�'HLPDQQ��������³2Q�WKH�5ROH�RI�2SHQQHVV�LQ�(GXFDWLRQ��$�
+LVWRULFDO�5HFRQVWUXFWLRQ�´��2SHQ�3UD[LV���������KWWSV���GRL�RUJ����JFY�����

3HWHUV��0LFKDHO�$��������³2SHQQHVV��:HE�����7HFKQRORJ\��DQG�2SHQ�6FLHQFH�´��3ROLF\�
)XWXUHV�LQ�(GXFDWLRQ ������������±����KWWSV���GRL�RUJ����FWFUZG��

3HWHUV��0LFKDHO�$���DQG�3HWHU�5REHUWV���������9LUWXHV�RI�2SHQQHVV��(GXFDWLRQ��6FLHQFH��DQG�
6FKRODUVKLS�LQ�WKH�'LJLWDO�$JH���5RXWOHGJH��

3LZRZDU��+HDWKHU�$���5RJHU�6��'D\��DQG�'RXJODV�%��)ULGVPD��������³6KDULQJ�'HWDLOHG�
5HVHDUFK�'DWD�,V�$VVRFLDWHG�ZLWK�,QFUHDVHG�&LWDWLRQ�5DWH�´��3/26�21(���������H�����
KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

3LZRZDU��+HDWKHU�$���DQG�7RGG�-��9LVLRQ��������³'DWD�5HXVH�DQG�WKH�2SHQ�'DWD�&LWDWLRQ�
$GYDQWDJH�´��3HHU-�����2FWREHU���H�����KWWSV���GRL�RUJ���������SHHUM������

3LZRZDU��+HDWKHU��-DVRQ�3ULHP��9LQFHQW�/DULYLqUH��-XDQ�3DEOR�$OSHULQ��/LVD�0DWWKLDV��%UHH�
1RUODQGHU��$VKOH\�)DUOH\��-HYLQ�:HVW��DQG�6WHIDQLH�+DXVWHLQ��������³7KH�6WDWH�RI�
2$��$�/DUJH�6FDOH�$QDO\VLV�RI�WKH�3UHYDOHQFH�DQG�,PSDFW�RI�2SHQ�$FFHVV�$UWLFOHV�´�
3HHU-�����)HEUXDU\���H������KWWSV���GRL�RUJ���������SHHUM�������

3RPHUDQW]��-HIIUH\��DQG�5RELQ�3HHN��������³)LIW\�6KDGHV�RI�2SHQ�´��)LUVW�0RQGD\����������
3RQWLND��1DQF\��3HWU�.QRWK��0DWWHR�&DQFHOOLHUL��DQG�6DPXHO�3HDUFH��������³)RVWHULQJ�2SHQ�

6FLHQFH�WR�5HVHDUFK�8VLQJ�D�7D[RQRP\�DQG�DQ�(/HDUQLQJ�3RUWDO�´�,Q��3URFHHGLQJV�RI�
WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH�7HFKQRORJLHV�DQG�'DWD�'ULYHQ�
%XVLQHVV���L�.12:�¶�� ����±���*UD]��$XVWULD��$&0�3UHVV��KWWSV���GRL�RUJ����JIY�U���

3RSSHU��.DUO���������7KH�/RJLF�RI�6FLHQWLILF�'LVFRYHU\���5RXWOHGJH��
3RVDGD��$OHMDQGUR��DQG�*HRUJH�&KHQ��������³,QHTXDOLW\�LQ�.QRZOHGJH�3URGXFWLRQ��7KH�

,QWHJUDWLRQ�RI�$FDGHPLF�,QIUDVWUXFWXUH�E\�%LJ�3XEOLVKHUV�´�,Q��(/38%����� ���HGLWHG�E\�
/HVOLH�&KD�DQG�3LHUUH�0RXQLH��7RURQWR��&DQDGD��
KWWSV���GRL�RUJ���������SURFHHGLQJV�HOSXE����������

3RWWV��-DVRQ��-RKQ�+DUWOH\��/XF\�0RQWJRPHU\��&DPHURQ�1H\ORQ��DQG�(OOLH�5HQQLH��������³$�
-RXUQDO�,V�D�&OXE��$�1HZ�(FRQRPLF�0RGHO�IRU�6FKRODUO\�3XEOLVKLQJ�´��3URPHWKHXV�����
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�������±����KWWSV���GRL�RUJ��������������������������������
3ULHP��-DVRQ��'��7DUDERUHOOL��3��*URWK��DQG�&��1H\ORQ��������³$OWPHWULFV��$�0DQLIHVWR�´�

KWWS���DOWPHWULFV�RUJ�PDQLIHVWR��
5D\PRQG��(ULF�6���������7KH�&DWKHGUDO�	�WKH�%D]DDU��0XVLQJV�RQ�/LQX[�DQG�2SHQ�6RXUFH�E\�

DQ�$FFLGHQWDO�5HYROXWLRQDU\���2¶5HLOO\�0HGLD��,QF��
5HVQLN��'DYLG�%��������³2SHQQHVV�YHUVXV�6HFUHF\�LQ�6FLHQWLILF�5HVHDUFK�$EVWUDFW�´�

(SLVWHPH��(GLQEXUJK�������������±����
5LHW��*HUEHQ�WHU��%UDP�:�&��6WRURVXP��DQG�$HLONR�+��=ZLQGHUPDQ��������³:KDW�,V�

5HSURGXFLELOLW\"´��)����5HVHDUFK �����-DQXDU\�������
KWWSV���GRL�RUJ����������I����UHVHDUFK����������

5RVV�+HOODXHU��7RQ\��������³:KDW�,V�2SHQ�3HHU�5HYLHZ"�$�6\VWHPDWLF�5HYLHZ�´�
)����5HVHDUFK�����$XJXVW��������KWWSV���GRL�RUJ����������I����UHVHDUFK����������

5RVV�+HOODXHU��7RQ\��$UYLG�'HSSH��DQG�%LUJLW�6FKPLGW��������³6XUYH\�RQ�2SHQ�3HHU�5HYLHZ��
$WWLWXGHV�DQG�([SHULHQFH�DPRQJVW�(GLWRUV��$XWKRUV�DQG�5HYLHZHUV�´��3/26�21(�����
������H���������KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

5\DQ��5LFKDUG�0��DQG�(GZDUG�/�'HFL��������³6HOI�'HWHUPLQDWLRQ�7KHRU\�DQG�WKH�)DFLOLWDWLRQ�
RI�,QWULQVLF�0RWLYDWLRQ��6RFLDO�'HYHORSPHQW��DQG�:HOO�%HLQJ�´��$PHULFDQ�3V\FKRORJLVW���
����

6DQGYH��*HLU�.MHWLO��$QWRQ�1HNUXWHQNR��-DPHV�7D\ORU��DQG�(LYLQG�+RYLJ��������³7HQ�6LPSOH�
5XOHV�IRU�5HSURGXFLEOH�&RPSXWDWLRQDO�5HVHDUFK�´��3/26�&RPSXWDWLRQDO�%LRORJ\����
������H���������KWWSV���GRL�RUJ���������MRXUQDO�SFEL����������

6FKLPDQVNL��/HVOH\�$���DQG�-XDQ�3DEOR�$OSHULQ��������³7KH�(YDOXDWLRQ�RI�6FKRODUVKLS�LQ�
$FDGHPLF�3URPRWLRQ�DQG�7HQXUH�3URFHVVHV��3DVW��3UHVHQW��DQG�)XWXUH�´�
)����5HVHDUFK�����2FWREHU���������KWWSV���GRL�RUJ����������I����UHVHDUFK����������

6FKLPPHU��5DOI��.DL�.DULQ�*HVFKXKQ��DQG�$QGUHDV�9RJOHU��������³'LVUXSWLQJ�WKH�
6XEVFULSWLRQ�-RXUQDOV¶�%XVLQHVV�0RGHO�IRU�WKH�1HFHVVDU\�/DUJH�6FDOH�
7UDQVIRUPDWLRQ�WR�2SHQ�$FFHVV�´�$SULO��KWWSV���GRL�RUJ���������������

ùHQW�UN��5��������³7RZDUG�DQ�2SHQ�6FLHQFH�DQG�6RFLHW\��0XOWLSOH[�5HODWLRQV�LQ�/DQJXDJH�´�
5HOLJLRQ�DQG�6RFLHW\��,V�/DP�$UDúWÕUPDODUÕ�'HUJLVL �����
KWWS���LVDPYHUL�RUJ�SGIGUJ�'����������B������B�B6(1785.5�SGI��

6KDSLQ��6WHYHQ��������³3XPS�DQG�&LUFXPVWDQFH��5REHUW�%R\OH¶V�/LWHUDU\�7HFKQRORJ\�´��6RFLDO�
6WXGLHV�RI�6FLHQFH �������������±�����KWWSV���GRL�RUJ�����������������������������

²²²���������$�6RFLDO�+LVWRU\�RI�7UXWK��&LYLOLW\�DQG�6FLHQFH�LQ�6HYHQWHHQWK�&HQWXU\�
(QJODQG���8QLYHUVLW\�RI�&KLFDJR�3UHVV��

6KROOHU��'DQ��.DUWKLN�5DP��&DUO�%RHWWLJHU��DQG�'DQLHO�6��.DW]��������³(QIRUFLQJ�3XEOLF�'DWD�
$UFKLYLQJ�3ROLFLHV�LQ�$FDGHPLF�3XEOLVKLQJ��$�6WXG\�RI�(FRORJ\�-RXUQDOV�´��%LJ�'DWD�	�
6RFLHW\���0DUFK��KWWSV���GRL�RUJ���������������������������

6KX��)HL��3KLOLSSH�0RQJHRQ��6WHIDQLH�+DXVWHLQ��.\OH�6LOHU��-XDQ�3DEOR�$OSHULQ��DQG�9LQFHQW�
/DULYLqUH��������³,V�,W�6XFK�D�%LJ�'HDO"�2Q�WKH�&RVW�RI�-RXUQDO�8VH�LQ�WKH�'LJLWDO�(UD�´�
KWWSV���GRL�RUJ���������FUO��������S��

6PLWK��$UIRQ�0���'DQLHO�6��.DW]��DQG�.\OH�(��1LHPH\HU��������³6RIWZDUH�&LWDWLRQ�3ULQFLSOHV�´�
3HHU-�&RPSXWHU�6FLHQFH �����6HSWHPEHU���H����KWWSV���GRL�RUJ���������SHHUM�FV�����

6PLWK��(OLVH��6WHIDQLH�+DXVWHLQ��3KLOLSSH�0RQJHRQ��)HL�6KX��9DOpU\�5LGGH��DQG�9LQFHQW�
/DULYLqUH��������³.QRZOHGJH�6KDULQJ�LQ�*OREDO�+HDOWK�5HVHDUFK�±�WKH�,PSDFW��8SWDNH�
DQG�&RVW�RI�2SHQ�$FFHVV�WR�6FKRODUO\�/LWHUDWXUH�´��+HDOWK�5HVHDUFK�3ROLF\�DQG�
6\VWHPV��������������KWWSV���GRL�RUJ���������V������������������

6WRMDQRYVNL��-DGUDQND��������³2SHQ�$FFHVV�,QIUDVWUXFWXUH�IRU�5HVHDUFK�LQ�&URDWLD�´��'LJLWDO�
3UHVHQWDWLRQ�DQG�3UHVHUYDWLRQ�RI�&XOWXUDO�DQG�6FLHQWLILF�+HULWDJH ���QR��9����±����

6XEHU��3HWHU������D��³&UHDWLQJ�DQ�,QWHOOHFWXDO�&RPPRQV�WKURXJK�2SHQ�$FFHVV�´�,Q�
8QGHUVWDQGLQJ�.QRZOHGJH�DV�D�&RPPRQV��)URP�7KHRU\�WR�3UDFWLFH ���HGLWHG�E\�
&KDUORWWH�+HVV�DQG�(OLQRU�2VWURP��&DPEULGJH��0DVV���0,7�3UHVV��
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²²²������E���2SHQ�$FFHVV���&DPEULGJH��0,7�3UHVV��
KWWS���PLWSUHVV�PLW�HGX�ERRNV�RSHQ�DFFHVV��

²²²���������2SHQ�$FFHVV���&DPEULGJH��0DVV���0,7�3UHVV��
6ZDQ��$OPD��������³7KH�2SHQ�$FFHVV�&LWDWLRQ�$GYDQWDJH��6WXGLHV�DQG�5HVXOWV�WR�'DWH�´�

KWWS���HSULQWV�VRWRQ�DF�XN�LG�HSULQW���������
6]WRPSND��3LRWU��������³7UXVW�LQ�6FLHQFH��5REHUW�.��0HUWRQ¶V�,QVSLUDWLRQV�´��-RXUQDO�RI�

&ODVVLFDO�6RFLRORJ\������������±�����
7HQQDQW��-RQ��������³'R�:H�1HHG�DQ�2SHQ�6FLHQFH�&RDOLWLRQ"�´�6HSWHPEHU��

KWWSV���GRL�RUJ���������]HQRGR����������
7HQQDQW��-RQDWKDQ��-HQQLIHU�(OL]DEHWK�%HDPHU��-HURHQ�%RVPDQ��%M|UQ�%UHPEV��1HR�

&KULVWRSKHU�&KXQJ��*DLO�&OHPHQW��7RP�&ULFN��HW�DO��������³)RXQGDWLRQV�IRU�2SHQ�
6FKRODUVKLS�6WUDWHJ\�'HYHORSPHQW�´�-DQXDU\��KWWSV���GRL�RUJ����JIW�K[��

7HQQDQW��-RQDWKDQ��%UXFH�%HFNHU��7DQMD�GH�%LH��-XOLHQ�&RORPE��9DOHQWLQD�*RJOLR��,YR�
*ULJRURY��&KULV�+DUWJHULQN��HW�DO��������³:KDW�&ROODERUDWLRQ�0HDQV�WR�8V��:H�$UH�
0RUH�3RZHUIXO�:KHQ�:H�:RUN�7RJHWKHU�DV�D�&RPPXQLW\�WR�6ROYH�3UREOHPV�´�
&ROODERUDWLYH�/LEUDULDQVKLS����������
KWWSV���GLJLWDOFRPPRQV�GX�HGX�FROODERUDWLYHOLEUDULDQVKLS�YRO���LVV�����

7HQQDQW��-RQDWKDQ��1DWDOLD�=�%LHOF]\N��9HURQLND�&KHSO\JLQD��%DVWLDQ�*UHVKDNH�7]RYDUDV��
&KULV�+XEHUWXV�-RVHSK�+DUWJHULQN��-RKDQQD�+DYHPDQQ��3DROD�0DVX]]R��DQG�7RELDV�
6WHLQHU��������³7HQ�6LPSOH�5XOHV�IRU�5HVHDUFKHUV�&ROODERUDWLQJ�RQ�0DVVLYHO\�2SHQ�
2QOLQH�3DSHUV��0223V��´�3UHSULQW��0HWD$U;LY��KWWSV���GRL�RUJ����������RVI�LR�HW�DN��

7HQQDQW��-RQDWKDQ��DQG�%M|UQ�%UHPEV��������³5(/;�5HIHUUDO�WR�(8�&RPSHWLWLRQ�$XWKRULW\�´�
=HQRGR��KWWSV���GRL�RUJ���������]HQRGR����������

7HQQDQW��-RQDWKDQ�3������D��³'HPRFUDWLVLQJ�.QRZOHGJH��$�5HSRUW�RQ�WKH�6FKRODUO\�
3XEOLVKHU�(OVHYLHU�´�(GXFDWLRQ�,QWHUQDWLRQDO��KWWSV���ELW�O\��33MZ5.��

²²²������E��³7KH�6WDWH�RI�WKH�$UW�LQ�3HHU�5HYLHZ�´��)(06�0LFURELRORJ\�/HWWHUV������������
KWWSV���GRL�RUJ���������IHPVOH�IQ\�����

7HQQDQW��-RQDWKDQ�3���-RQDWKDQ�0��'XJDQ��'DQLHO�*UD]LRWLQ��'DPLHQ�&��-DFTXHV��)UDQoRLV�
:DOGQHU��'DQLHO�0LHWFKHQ��<HKLD�(ONKDWLE��HW�DO��������³$�0XOWL�'LVFLSOLQDU\�
3HUVSHFWLYH�RQ�(PHUJHQW�DQG�)XWXUH�,QQRYDWLRQV�LQ�3HHU�5HYLHZ�´��)����5HVHDUFK ����
�1RYHPEHU���������KWWSV���GRL�RUJ����������I����UHVHDUFK����������

7HQQDQW��-RQDWKDQ�3���DQG�7RQ\�5RVV�+HOODXHU��������³7KH�/LPLWDWLRQV�WR�2XU�
8QGHUVWDQGLQJ�RI�3HHU�5HYLHZ�´��6RF$U;LY����±����
KWWSV���GRL�RUJ����������RVI�LR�MT�����

7HQQDQW��-RQDWKDQ�3���)UDQoRLV�:DOGQHU��'DPLHQ�&��-DFTXHV��3DROD�0DVX]]R��/DXUHQ�%��
&ROOLVWHU��DQG�&KULV��+��-��+DUWJHULQN��������³7KH�$FDGHPLF��(FRQRPLF�DQG�6RFLHWDO�
,PSDFWV�RI�2SHQ�$FFHVV��$Q�(YLGHQFH�%DVHG�5HYLHZ�´��)����5HVHDUFK ����
�6HSWHPEHU��������KWWSV���GRL�RUJ����������I����UHVHDUFK���������

7NDF]��1DWKDQLHO��������³)URP�2SHQ�6RXUFH�WR�2SHQ�*RYHUQPHQW��$�&ULWLTXH�RI�2SHQ�
3ROLWLFV�´��(SKHPHUD �������������±�����

8QLRQ��3XEOLFDWLRQV�2IILFH�RI�WKH�(XURSHDQ��������³(XURSH¶V�)XWXUHಞ��2SHQ�,QQRYDWLRQ��2SHQ�
6FLHQFH��2SHQ�WR�WKH�:RUOGಞ��5HIOHFWLRQV�RI�WKH�5HVHDUFK��,QQRYDWLRQ�DQG�6FLHQFH�
3ROLF\�([SHUWV��5,6(��+LJK�/HYHO�*URXS�´�:HEVLWH��0D\�����������
KWWSV���SXEOLFDWLRQV�HXURSD�HX�HQ�SXEOLFDWLRQ�GHWDLO���SXEOLFDWLRQ����HD�FH���IF���H��
D��H���DD��HG��D���

²²²��������³)XWXUH�RI�6FKRODUO\�3XEOLVKLQJ�DQG�6FKRODUO\�&RPPXQLFDWLRQಞ��5HSRUW�RI�WKH�
([SHUW�*URXS�WR�WKH�(XURSHDQ�&RPPLVVLRQ�´�:HEVLWH��-DQXDU\�����������
KWWSV���SXEOLFDWLRQV�HXURSD�HX�HQ�SXEOLFDWLRQ�GHWDLO���SXEOLFDWLRQ�������E���������H�
��G�����DD��HG��D���

9HOHWVLDQRV��*HRUJH��DQG�5R\FH�.LPPRQV��������³$VVXPSWLRQV�DQG�&KDOOHQJHV�RI�2SHQ�
6FKRODUVKLS�´��7KH�,QWHUQDWLRQDO�5HYLHZ�RI�5HVHDUFK�LQ�2SHQ�DQG�'LVWULEXWHG�/HDUQLQJ�
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�������������KWWSV���GRL�RUJ����������LUURGO�Y��L��������
9HUPHLU��.RHQ��DQG�'iQLHO�0DUJyFV\��������³6WDWHV�RI�6HFUHF\��$Q�,QWURGXFWLRQ�´��7KH�%ULWLVK�

-RXUQDO�IRU�WKH�+LVWRU\�RI�6FLHQFH�������������±����
KWWSV���GRL�RUJ���������6������������������

9HVVXUL��+HEH��-HDQ�&ODXGH�*XpGRQ��DQG�$QD�0DUtD�&HWWR��������³([FHOOHQFH�RU�4XDOLW\"�
,PSDFW�RI�WKH�&XUUHQW�&RPSHWLWLRQ�5HJLPH�RQ�6FLHQFH�DQG�6FLHQWLILF�3XEOLVKLQJ�LQ�
/DWLQ�$PHULFD�DQG�,WV�,PSOLFDWLRQV�IRU�'HYHORSPHQW�´��&XUUHQW�6RFLRORJ\����������
���±����KWWSV���GRL�RUJ���������������������������

9LFHQWH�6DH]��5XEHQ��DQG�&ODUD�0DUWLQH]�)XHQWHV��������³2SHQ�6FLHQFH�1RZ��$�6\VWHPDWLF�
/LWHUDWXUH�5HYLHZ�IRU�DQ�,QWHJUDWHG�'HILQLWLRQ�´��-RXUQDO�RI�%XVLQHVV�5HVHDUFK�����
�-XO\������±����KWWSV���GRL�RUJ���������M�MEXVUHV��������������

9LQFHQW̢/DPDUUH��3KLOLSSH��-DGH�%RLYLQ��<DVVLQH�*DUJRXUL��9LQFHQW�/DULYLqUH��DQG�6WHYDQ�
+DUQDG��������³(VWLPDWLQJ�2SHQ�$FFHVV�0DQGDWH�(IIHFWLYHQHVV��7KH�0(/,%($�
6FRUH�´��-RXUQDO�RI�WKH�$VVRFLDWLRQ�IRU�,QIRUPDWLRQ�6FLHQFH�DQG�7HFKQRORJ\�����������
����±����KWWSV���GRL�RUJ���������DVL��������

:DJQHU��$��%HQ��������³2SHQ�$FFHVV�&LWDWLRQ�$GYDQWDJH��$Q�$QQRWDWHG�%LEOLRJUDSK\�
9HUVLRQ���´�:RUNLQJ�3DSHU��KWWS���XELU�EXIIDOR�HGX�[POXL�KDQGOH��������������

:DOODFK��-RVKXD�'���$OH[DQGHU�&��(JLOPDQ��$QDQG�'��*RSDO��1LVKZDQW�6ZDPL��+DUODQ�0��
.UXPKRO]��DQG�-RVHSK�6��5RVV��������³%LRPHGLFDO�-RXUQDO�6SHHG�DQG�(IILFLHQF\��$�
&URVV�6HFWLRQDO�3LORW�6XUYH\�RI�$XWKRU�([SHULHQFHV�´��5HVHDUFK�,QWHJULW\�DQG�3HHU�
5HYLHZ�����-DQXDU\������KWWSV���GRL�RUJ���������V������������������

:DWVRQ��0LFN��������³:KHQ�:LOO�µ2SHQ�6FLHQFH¶�%HFRPH�6LPSO\�µ6FLHQFH¶"´��*HQRPH�
%LRORJ\������0D\��������KWWSV���GRL�RUJ���������V������������������

:DWWHUV��$XGUH\��������³)URP�µ2SHQ¶�WR�-XVWLFH��2SHQ&RQ�����´��+DFNHGXFDWLRQ�&RP�
�EORJ���1RYHPEHU�����������
KWWS���KDFNHGXFDWLRQ�FRP������������IURP�RSHQ�WR�MXVWLFH��

:HEHU��6WHYH���������7KH�6XFFHVV�RI�2SHQ�6RXUFH ���+DUYDUG�8QLYHUVLW\�3UHVV��
:HOOHU��0DUWLQ���������7KH�%DWWOH�)RU�2SHQ��+RZ�2SHQQHVV�:RQ�DQG�:K\�,W�'RHVQ¶W�)HHO�OLNH�

9LFWRU\���8ELTXLW\�3UHVV��KWWSV���GRL�RUJ���������EDP��
:LOH\��'DYLG���������2Q�WKH�6XVWDLQDELOLW\�RI�2SHQ�(GXFDWLRQDO�5HVRXUFH�,QLWLDWLYHV�LQ�+LJKHU�

(GXFDWLRQ ���&LWHVHHU��
:LONLQVRQ��0DUN�'���0LFKHO�'XPRQWLHU��,-VEUDQG�-DQ�$DOEHUVEHUJ��*DEULHOOH�$SSOHWRQ��0\OHV�

$[WRQ��$ULH�%DDN��1LNODV�%ORPEHUJ��-DQ�:LOOHP�%RLWHQ��/XL]�%RQLQR�GD�6LOYD�6DQWRV��
DQG�3KLOLS�(��%RXUQH��������³7KH�)$,5�*XLGLQJ�3ULQFLSOHV�IRU�6FLHQWLILF�'DWD�
0DQDJHPHQW�DQG�6WHZDUGVKLS�´��6FLHQWLILF�'DWD�����

:LOOLQVN\��-RKQ��������³7KH�8QDFNQRZOHGJHG�&RQYHUJHQFH�RI�2SHQ�6RXUFH��2SHQ�$FFHVV��
DQG�2SHQ�6FLHQFH�´��)LUVW�0RQGD\����������KWWSV���GRL�RUJ���������IP�Y��L��������

²²²���������7KH�$FFHVV�3ULQFLSOH��7KH�&DVH�IRU�2SHQ�$FFHVV�WR�5HVHDUFK�DQG�
6FKRODUVKLS���'LJLWDO�/LEUDULHV�DQG�(OHFWURQLF�3XEOLVKLQJ��&DPEULGJH��0DVV��0,7�
3UHVV��

:LOVGRQ��-DPHV��������³5HVSRQVLEOH�0HWULFV�´��+LJKHU�(GXFDWLRQ�6WUDWHJ\�DQG�3ODQQLQJ��$�
3URIHVVLRQDO�*XLGH ��������

:LOVGRQ��-DPHV��-XGLW�%DU�,ODQ��5REHUW�)URGHPDQ��(OLVDEHWK�/H[��,VDEHOOD�3HWHUV��DQG�3��)��
:RXWHUV��������³1H[W�*HQHUDWLRQ�0HWULFV��5HSRQVLEOH�0HWULFV�DQG�(YDOXDWLRQ�IRU�
2SHQ�6FLHQFH��5HSRUW�RI�WKH�(XURSHDQ�&RPPLVVLRQ�([SHUW�*URXS�RQ�$OWPHWULFV�´�

:RXWHUV��3DXO��������³7KH�&LWDWLRQ��)URP�&XOWXUH�WR�,QIUDVWUXFWXUH�´�,Q��%H\RQG�%LEOLRPHWULFV��
+DUQHVVLQJ�0XOWLGLPHQVLRQDO�,QGLFDWRUV�RI�6FKRODUO\�,PSDFW�����±����

=KX��<LPHL��������³2SHQ�$FFHVV�3ROLF\�DQG�'DWD�6KDULQJ�3UDFWLFH�LQ�8.�$FDGHPLD�´��-RXUQDO�
RI�,QIRUPDWLRQ�6FLHQFH ���-DQXDU\��������������������
KWWSV���GRL�RUJ���������������������������

=XLGHUZLMN��$QQHNH��1DWDOLH�+HOELJ��-��5DPyQ�*LO�*DUFtD��DQG�0DULMQ�-DQVVHQ��������³6SHFLDO�
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,VVXH�RQ�,QQRYDWLRQ�WKURXJK�2SHQ�'DWD���$�5HYLHZ�RI�WKH�6WDWH�RI�WKH�$UW�DQG�DQ�
(PHUJLQJ�5HVHDUFK�$JHQGD��*XHVW�(GLWRUV¶�,QWURGXFWLRQ�´��-RXUQDO�RI�7KHRUHWLFDO�DQG�
$SSOLHG�(OHFWURQLF�&RPPHUFH�5HVHDUFK ���������L±[LLL��
KWWSV���GRL�RUJ���������6������������������������
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