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2RSl�kKh`kn�u>l�G`]]SllS`^KI�P̀ k�nRK�[`G>[�^`^°hk`PSn�`kQ>^Sz>nS`^���K^`]K����2RK�`onG`]K�`P�nRSl�u`kZ�u`o[I�^`n
FK�h`llSF[K�uSnR`on�nRK�G`^nkSFonS`^l��]K^n`klRSh��>^I�lohh`kn�`P�nRK�P̀ [[`uS^Q�hK`h[K�
�
9K� u`o[I� [SZK� n`� KvhkKll� `ok� IKKhKln� >hhkKGS>nS`^� n`� nRK� nK>]� >n� �K^`]K� �� P̀ k� n>ZS^Q� nRK� `hh`kno^Snw� n`
G`[[>F`k>nK�uSnR�nRK�">lnKk�`P�-oF[SG�-`[SGw�>^I��[`F>[��PP>Skl�ª"--��«�hk`Qk>]�>n�nRK�3^StKklSnw�`P��kSnSlR�`[o]FS>
n`�`PPKk�`ok� nK>]�nRK�GR>^GK� n`�]K>^S^QPo[[w�G`^nkSFonK� n`�>� kK>[°u`k[I�h`[SGw�GR>[[K^QK��9K�u`o[I� [SZK� n`�KvnK^I
lhKGS>[� nR>^Zl� n`� �K`kQK� -`o[>ZSI>l� >^I� �^Sn>� R>knKkl� P̀ k� nRKSk� o^u>tKkS^Q� lohh`kn�� ]K^n`klRSh�� >^I
K^G`ok>QK]K^n�nRk`oQR`on�nRSl�hk ỲKGn��9K�u`o[I�>[l`�[SZK�n`�KvnK^I�>�nR>^Z°w`o�n`�nRK�P̀ [[`uS^Q��K^`]K���nK>]
]K]FKkl�P̀ k�lR>kS^Q�S^lSQRnl�>^I�Z^`u[KIQK�nR>n�G`^nkSFonKI�n`�ZKw�`onG`]Kl�`P�nRSl�kKh`kn��/oS^^�#KuG`]F���>tSI
R>kKln�� �[wlK� �`hK�� >^I� K`[>� "G w^^K�� 9K� u`o[I� >[l`� [SZK� n`� nR>^Z� �K^`]K� �ºl� �KIKk>[� �`tKk^]K^n� �`>kI
%FlKktKk� >^I� 0KQS`^>[� �SkKGn`k� �K^Kk>[� >n� �^^`t>nS`^�� 1GSK^GK� >^I� �G`^`]SG� �KtK[`h]K^n� >^>I>�� RkSlnS>^
�>^lK^��P̀ k�n>ZS^Q�nRK�nS]K�n`�lohh`kn�nRSl�hk ỲKGn�Fw�G`^^KGnS^Q�`ok�nK>]�uSnR�ZKw�PSQokKl�S^�1`onRK>ln��lS>�
�
9K�>kK�KvnkK]K[w�Qk>nKPo[�n`�lKtKk>[�]K]FKkl�>^I�S^lnkoGn`kl�o^IKk�nRK�1GR``[�`P�-oF[SG�-`[SGw�>^I��[`F>[��PP>Skl�
2̀ �`ok�P>Go[nw� [K>Il���>S�%lnu>[I�>^I��k`^>�0>l>[S�� nR>^Z�w`o� P̀ k�nRK� S^t>[o>F[K�nK>GRS^Ql��hk>GnSG>[�G`^nkSFonS`^l�
>^I� hk`PKllS`^>[� QoSI>^GK� nR>n� K^lokK� nRSl� kKh`kn� u>l� lnk`^QKk� KtKkw� lnKh� `P� nRK� u>w�� 9K� >kK� >[l`� IKKh[w
>hhkKGS>nStK� n`� `kkS^� �o[]Kk� ª K>k^S^Q� ``kIS^>n`k«� >^I� �o[S>^� �SKkZKl� ª`oklK� �^lnkoGn`k«� P̀ k� ]>ZS^Q� nRSl
`hh`kno^Snw� h`llSF[K� >^I� P̀ k� nRKSk� K^I[Kll� QoSI>^GK�� h>nSK^GK�� >^I� [K>IKklRSh�� 9K� u`o[I� >[l`� [SZK� n`� KvnK^I� `ok
Qk>nSnoIK�n`�8KK^>�1kSk>]�P̀ k�>[u>wl�n>ZS^Q�nRK�nS]K�n`�lR>kK�uSlI`]��S^lSQRnl��>^I�t>[o>F[K�kKl`okGKl�
�
 >ln[w�� uK� u>^n� n`� KvhkKll� nRK� lS^GKkKln� >GZ^`u[KIQK]K^n� >^I� >hhkKGS>nS`^� n`� nRK� S^IStSIo>[� ln>ZKR`[IKkl� >^I
kKhkKlK^n>nStKl�Pk`]�ZKw�`kQ>^Sz>nS`^l�nR>n�]Kn�uSnR�`ok�nK>]�>^I�lR>kKI�uSnR�ol�nRKSk�S^t>[o>F[K�KvhKkSK^GKl�>^I
Z^`u[KIQK��uRSGR� S^� nok^�FKG>]K�nRK� P̀ o^I>nS`^�`P� nRSl� kKh`kn��9K�u`o[I� [SZK� n`�KvhkKll�Kvh[SGSn� nR>^Zl�n`���
ªRK[lK>� �S]lu`knR� >^I� #>n>[SK� -kwln>YKGZw«�� 2R>S[>^Iºl� %^K� �K>[nR� 3^StKklSnw� #Knu`kZ�� �`^Q� �`^Qºl� K^nkK� P̀ k
�hh[SKI� %^K� �K>[nR� 0KlK>kGR� Ø� -`[SGw� �ItSGK�� 8Kn2koln� 1S^Q>h`kK�� 1S^Q>h`kKºl� #>nS`^>[� K^nkK� P̀ k� �^PKGnS`ol
�SlK>lK�� >^I� %^K� 9`k[I� %^K� �K>[nR� �>^Q[>IKlR� �^SnS>nStK�� 9K� >kK� nko[w� Qk>nKPo[� P̀ k� nRK� `hh`kno^Snw� n`� G`^^KGn
S^nKk^>nS`^>[[w�>^I�n`�G`°GkK>nK�nRK�Z^`u[KIQK�nR>n�FKG>]K�S^lnko]K^n>[�n`�nRSl�hk ỲKGn�
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��"S^Slnkw�`P��`kKlnl�� >^Il��#>nok>[�0Kl`okGK�%hKk>nS`^l
K^nkK�P̀ k��hh[SKI�%^K��K>[nR�0KlK>kGR�>^I�-`[SGw��ItSGK
�^S]>[�Ø�8KnKkS^>kw�1KktSGKl
>^>IS>^��``I��^lhKGnS`^��QK^Gw
``kIS^>nS^Q�3^Sn�P̀ k�%^K��K>[nR
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�^nKk^>nS`^>[�K^nkK�P̀ k��S>kkR`K>[��SlK>lK�0KlK>kGR
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#>nS`^>[�-oF[SG��K>[nR� >F`k>n`kw
%^K��K>[nR
%^K��K>[nR�``kIS^>nS^Q�`]]SnnKK
0`w>[�8KnKkS^>kw�`[[KQK
1`onRK>ln��lS>^�%^K��K>[nR�3^StKklSnw�#Knu`kZ
2R>S[>^I�%^K��K>[nR�3^StKklSnw�#Knu`kZ
3^SnKI�#>nS`^l�RS[IkK^ºl��o^I
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2RK�RK>[nR�`P�hK`h[K�Sl�IKKh[w�S^nKknuS^KI�uSnR�nRK�RK>[nR�`P�>^S]>[l�>^I�`ok�lR>kKI�K^tSk`^]K^nl��2RkKK°jo>knKkl
`P�K]KkQS^Q�tSkolKl�>^I�ISlK>lKl�nR>n� S]h>Gn�Ro]>^l�G`]K�Pk`]�`ok� S^nKk>GnS`^l�uSnR�>^S]>[lÁ ���oknRKk��G[S]>nK
GR>^QK� Sl� S^GkK>lS^Q�`ok� Kvh`lokK� n`� RK>[nR� kSlZl�Fw�]>ZS^Q� nRK� kK[>nS`^lRSh�FKnuKK^�Ro]>^l�� >^S]>[l�� >^I� nRK
K^tSk`^]K^n� ]`kK� G`]h[Kv� >^I� G`^ln>^n[w� Kt`[tS^Q�� 2RK� K^loS^Q� S^GkK>lK� S^� nRK� PkKjoK^Gw� `P� Q[`F>[� RK>[nR
`onFkK>Zl��loGR�>l�%8��°����lSQ^>[l�nRK�^KKI�P̀ k�>�]`kK�R`[SlnSG�>hhk`>GR�n`�>IIkKllS^Q�lR>kKI�GR>[[K^QKl�
�
�]KkQS^Q�`on�`P�nRKlK�G`^tKkl>nS`^l� Sl�nRK�G`^GKhn�`P�%^K��K>[nR��>�G`[[>F`k>nStK�>^I�]o[nSISlGSh[S^>kw�>hhk`>GR
nR>n�kKG`Q^SzKl�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[�RK>[nR�G>^^`n�FK�lKh>k>nKI��%^K��K>[nR�kKjoSkKl�FkK>ZS^Q�I`u^
lS[`l�FKnuKK^�nRK�nRkKK�RK>[nR�lKGn`kl�n`�]`kK�KPPKGnStK[w�>IIkKll�z``^`nSG�ISlK>lKl��>^nS°]SGk`FS>[�kKlSln>^GK��P̀ `I
l>PKnw�>^I�lKGokSnw��K^tSk`^]K^n>[�G`^n>]S^>nS`^��>^I�`nRKk�lR>kKI� nRkK>nl���kSnSlR�`[o]FS>�R>l�wKn� n`� P̀ k]>[[w
>I`hn�>�%^K��K>[nR�>hhk`>GR�n`�h`[SGw]>ZS^Q�>^I�P>GKl�F>kkSKkl�n`�G``hKk>nS`^��G`]]o^SG>nS`^��>^I�G`[[>F`k>nS`^
>Gk`ll�lKGn`kl��uRSGR�kKIoGKl�nRK�hk`tS^GKºl�>FS[Snw�n`�kKlh`^I�n`�lKkS`ol�>^I�uSIK°kK>GRS^Q�`onFkK>Zl��%^K��K>[nR
KPP̀ knl�S^lnK>I�`GGok�S^�Sl`[>nKI�h`GZKnl�>Gk`ll�nRK�hk`tS^GK��`PnK^�Fw�u>w�`P�kKlK>kGR�hk ỲKGnl�nR>n�I`�^`n�>[u>wl
nk>^l[>nK� S^n`�h`[SGw�>GnS`^�>n�nRK�Q`tKk^]K^n� [KtK[���kSnSlR�`[o]FS>�uS[[�^KKI�n`�`tKkG`]K�nRKlK�F>kkSKkl�n`�Po[[w
kK>[SzK�nRK�FK^KPSnl�`P�>�%^K��K>[nR�>hhk`>GR�>^I�KPPKGnStK[w�hkKtK^n�nRK�^Kvn�h>^IK]SG�

�
%ok�hk ỲKGn�S^nK^Il�n`�]`nSt>nK�>GnS`^�n`u>kIl�S]h[K]K^n>nS`^�`P�%^K��K>[nR�S^��kSnSlR�`[o]FS>�Fw�Ik>uS^Q�[Kll`^l
Pk`]��lS>��9`kZS^Q�G[`lK[w�uSnR�nRK��kSnSlR�`[o]FS>°F>lKI�QK^`]SGl�>^I�RK>[nR°kKlK>kGR�^`^°hk`PSn�`kQ>^Sz>nS`^�
�K^`]K����uK�uKkK�lhKGSPSG>[[w�S^nKkKlnKI�S^�nRK�hk`GKllKl�>^I�]KGR>^Sl]l�S^�uRSGR�kKlK>kGR�G>^�S^P̀ k]�h`[SGw
l`[onS`^l�>Gk`ll�]S^SlnkSKl�>^I�`nRKk�]o[nSISlGSh[S^>kw�lh>GKl�S^G[oIS^Q�o^StKklSnSKl�>^I�kKlK>kGR�`kQ>^Sz>nS`^l�nR>n
lKKZ�n`�>IIkKll�hoF[SG�RK>[nR�GR>[[K^QKl���`k�nRSl��uK�[``ZKI�n`�YokSlISGnS`^l�uSnR�hkS`k�KvhKkSK^GK�S^�>I`hnS^Q�nRK
%^K��K>[nR�>hhk`>GR��lhKGSPSG>[[w��>^Q[>IKlR���`^Q��`^Q��1S^Q>h`kK��>^I�2R>S[>^I�
�
%ok�hk ỲKGn�lKKZl�n`�IKnKk]S^K�

uR`�Sl�GokkK^n[w�S^t`[tKI�S^�%^K��K>[nR�^Knu`kZl�
nRK�u>wl�S^�uRSGR�kKlK>kGR�G>^�lohh`kn�IKGSlS`^°]>ZS^Q�KPP̀ knl�
nRK�Po^IS^Q�]`IK[l�P̀ k�%^K��K>[nR�]KGR>^Sl]l��>^I
nRK�h`nK^nS>[�lnkK^QnRl�>^I�uK>Z^KllKl�`P�ISPPKkK^n�>hhk`>GRKl�n`�%^K��K>[nR�

�
9K�G`^IoGnKI�>�G`]h>k>nStK�>^>[wlSl�>Gk`ll�nRKlK�P̀ ok�YokSlISGnS`^l�S^��lS>�n`�Kvh[`kK�nRK�kK[Kt>^n�h`[SGw�S^lSQRnl
nR>n�G`o[I�FK�>hh[SG>F[K�n`�nRK��kSnSlR�`[o]FS>�G`^nKvn���^�I`S^Q�l`��uK�K^Q>QKI�S^����S^nKktSKul�uSnR�KvhKknl�>^I
[K>IKkl�S^�%^K��K>[nR�>Gk`ll��lS>�>^I��kSnSlR�`[o]FS>��G`]h[S]K^nKI�Fw�>�[SnKk>nokK�kKtSKu�`^�%^K��K>[nR�kKh`knl�
lnk>nKQSG�>GnS`^�h[>^l��>^I�>G>IK]SG�>knSG[Kl�

-% �;��#� ;1�1�%��%#����� 2���#��1��

��;��#1���21
�
�KlhSnK� nRKSk� ISPPKkK^n� >hhk`>GRKl� n`� %^K� �K>[nR� h`[SGSKl�� >[[� P̀ ok� YokSlISGnS`^l� S^� �lS>� hkKlK^nKI� nRkKK� ZKw
GR>k>GnKkSlnSGl�nR>n�lR>hKI�nRKSk�%^K��K>[nR�h`[SGw�IKtK[`h]K^n�

S^nKk°]S^SlnKkS>[�G``kIS^>nS`^�Sl�GkoGS>[�P̀ k�loGGKllPo[�S]h[K]K^n>nS`^�`P�%^K��K>[nR�h`[SGSKl�
��

�
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>[[� YokSlISGnS`^l� K]h[`wKI� >� ^>nS`^>[� lnk>nKQSG� >GnS`^� h[>^� nR>n� G>[[KI� P̀ k� nRK� %^K� �K>[nR� G`^GKhn� n`� QoSIK
IKGSlS`^°]>ZS^Q��>^I
KvhKknl� S^�>[[�YokSlISGnS`^l�K]hR>lSzKI�nRK� S]h`kn>^GK�`P�P[KvSFS[Snw� S^�u`kZS^Q�kK[>nS`^lRShl� S^�`hKk>nS`^>[SzS^Q
%^K��K>[nR�`^�>�I>w°n`°I>w�F>lSl�

�

�
�I`hnS^Q�>�%^K��K>[nR�>hhk`>GR�S^��kSnSlR�`[o]FS>�Sl�>^�S]h`kn>^n�lnKh�n`u>kIl�S]hk`tS^Q�nRK�`tKk>[[�RK>[nR�>^I
uK[[°FKS^Q�`P�Ro]>^l��>^S]>[l��>^I�nRK�K^tSk`^]K^n��;Kn�nRK�loGGKll�`P�%^K��K>[nR�Sl�IKhK^IK^n�`^�nRK�hk`tS^GKºl
>FS[Snw� n`� `tKkG`]K� lS[`KI� >hhk`>GRKl� n`� >IIkKllS^Q� S^GkK>lS^Q[w� G`]h[Kv� GR>[[K^QKl�� 2RK� P̀ [[`uS^Q
kKG`]]K^I>nS`^l�uKkK�IKtK[`hKI�Pk`]�S^lSQRnl�`^�¹Q``I�hk>GnSGKlº�IK]`^lnk>nKI�S^�nRK�P̀ ok��lS>^�YokSlISGnS`^l�n`
QoSIK��kSnSlR�`[o]FS>ºl�KPP̀ knl�S^�Kln>F[SlRS^Q�%^K��K>[nR�h`[SGSKl�
�
1S^GK��K^`]K���Sl�>�[`^Qln>^IS^Q�h[>wKk�S^�>It`G>nS^Q�P̀ k�RK>[nR�S]hk`tK]K^nl�>Gk`ll���>^I�G>^�[KtKk>QK�lnk`^Q
GR>^^K[l� `P� G`]]o^SG>nS`^� uSnR� nRK� hk`tS^GS>[� Q`tKk^]K^n�� uK� IKlSQ^KI� kKG`]]K^I>nS`^l� P̀ k� �K^`]K� �� n`
S]h[K]K^n� S^nKk^>[[w�� >l� uK[[� >l� kKG`]]K^I>nS`^l� P̀ k� nRK]� n`� FkS^Q� n`� nRK� Q`tKk^]K^n�� 2RK� Q`>[� `P� nRKlK
kKG`]]K^I>nS`^l�Sl�n`�S]hk`tK�G``kIS^>nS`^��S^P̀ k]>nS`^�lR>kS^Q��>^I�Po^IS^Q�FKnuKK^�]S^SlnkSKl�>^I�ln>ZKR`[IKkl
n`�K^lokK�FKnnKk�hkKh>kKI^Kll�>^I�kKlh`^lK�n`�K]KkQS^Q�RK>[nR�GR>[[K^QKl�
�
%ok�kKG`]]K^I>nS`^l�n`��K^`]K���>kK�
���kK>nK�>�o^StKklSnw�^Knu`kZ�>Gk`ll��kSnSlR�`[o]FS>�S^lnSnonS`^l�n`�RK[h�S^nKQk>nK�kKlK>kGR�KPP̀ knl��nRol�K^lokS^Q
%^K��K>[nR�IKtK[`h]K^n�>^I�>It>^GK]K^n�

���R>^^K[SzK� Po^IS^Q� n`� hk ỲKGnl� uSnR� >hh[SKI� kKlK>kGR� P̀ Gol� ªS�K��� hk ỲKGnl� uSnR� hk>GnSG>[� `onG`]Kl«� n`� K^lokK
`hnS]o]�onS[Sz>nS`^�`P�Po^IS^Q�uRS[K�K^lokS^Q�jo>[Snw�kKlK>kGR�>^I�%^K��K>[nR�>It>^GK]K^n�S^���

�
0KG`]]K^I>nS`^l�P̀ k��K^`]K���n`�>It`G>nK�n`�nRK��`tKk^]K^n�`P��kSnSlR�`[o]FS>�>kK�
���kK>nK�>�G``kIS^>nS^Q�G`]]SnnKK�>]`^Qln�kK[Kt>^n�]S^SlnkSKl��uRSGR�u`o[I�>Gn�>l�>�lnKKkS^Q�F`Iw�P̀ k�%^K��K>[nR
IKtK[`h]K^n�>^I�S]h[K]K^n>nS`^�>Gk`ll�nRK�hk`tS^GK�

���-k`]`nK� %^K� �K>[nR� KIoG>nS`^� >^I� hk`PKllS`^>[� nk>S^S^Q� >Gk`ll� h`ln°lKG`^I>kw� S^lnSnonS`^l� n`� FoS[I� G>h>GSnw
>]`^Qln�PonokK�QK^Kk>nS`^l�

����KtK[`h�>�^>nS`^>[�lnk>nKQSG�>GnS`^�h[>^�nR>n�[>wl�`on�nRK�QoSIS^Q�hkS^GSh[Kl�>^I�t>[oKl�`P�>�%^K��K>[nR�>hhk`>GR�
S^G[oIS^Q�G``hKk>nS`^��S^G[olStSnw��>^I�KjoSnw�
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�
�K^`]K���Sl�>�^`^°hk`PSn�`kQ>^Sz>nS`^�lohh`knS^Q�QK^`]SGl
kKlK>kGR�S^��kSnSlR�`[o]FS>��>^>I>��>^I�FKw`^I���K^`]K��
IkStKl� nRK� kKlh`^lSF[K� ohn>ZK�`P�QK^`]SGl� n`�hkKllS^Q� l`GS>[
>^I�KG`^`]SG� GR>[[K^QKl�>^I� S^tKlnl� S^� kKlK>kGR� nR>n�>[SQ^l
uSnR� nRK� ^KKIl� `P� >kK>l� `P� lnk>nKQSG� S]h`kn>^GK� n`� �kSnSlR
`[o]FS>� S^G[oIS^Q� Ro]>^� RK>[nR�� >^S]>[� RK>[nR�� >^I� nRK
K^tSk`^]K^n�� �K^`]K� �� u`kZl� G`[[>F`k>nStK[w� uSnR
Q`tKk^]K^n�� >G>IK]S>�� >^I� S^Iolnkw� n`� nk>^lP̀ k]� kKlK>kGR
>^I�Z^`u[KIQK� S^n`�>GnS`^� nR>n�G>^�o[nS]>nK[w�FK^KPSn��kSnSlR
`[o]FS>^l�>^I�>^>IS>^l���K^`]K���Sl�>GnStK[w�K^Q>QKI�S^
nRK�%^K��K>[nR� lhRKkK�� �^� ������K^`]K��� S^SnS>nKI� >� hS[`n
hk ỲKGn� nR>n� loktKS[[KI� %8��°��� S^� P>k]KI� ]S^Zl� n`� RK[h
hkKh>kK�>^I�FoS[I�G>h>GSnw�P̀ k�PonokK�h>^IK]SGl���K^`]K��
>[l`� Po^Il� %^K� �K>[nR� hk ỲKGnl� Kv>]S^S^Q� 1�01�� ^`k`tSkol�
>tS>^� P[o�� >^I� %8��°��� uSnR� nRK� Q`>[� n`� hk`tSIK� h`uKkPo[
Gk`ll°ISlGSh[S^>kw� loktKS[[>^GK� n``[l� n`� RK[h� SIK^nSPw� >^I
]SnSQ>nK�kSlZl�
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�
9K�>kK�>�nK>]�`P�RSQR[w�K^Q>QKI�h`[SGw�]>ZKkl�Pk`]�nRK�3^StKklSnw�`P��kSnSlR�`[o]FS>ºl�">lnKk�`P�-oF[SG�-`[SGw�>^I
�[`F>[� �PP>Skl� hk`Qk>]�� 9K� R>S[� Pk`]� >� IStKklK� lKn� `P� >G>IK]SG� >^I� hk`PKllS`^>[� F>GZQk`o^Il� S^G[oIS^Q� Q[`F>[
IKtK[`h]K^n��S]]SQk>nS`^�>^I�kKPoQKK�h`[SGw��hoF[SG�RK>[nR��^onkSnS`^��>^I�FolS^Kll�

�K^KIKnn>��K[nk>]`

�K^KIKnn>� ª�K^^S«� �K[nk>]`� R`[Il� KvnK^lStK� >G>IK]SG� >^I� hk`PKllS`^>[� KvhKkSK^GK� S^
S]]SQk>nS`^�h`[SGw�>^I�hoF[SG�RK>[nR�h`[SGw���l�>^�S]]SQk>^n�n`�>^>I>���K^^S�R>l�FKG`]K
h>llS`^>nK�>F`on�S]]SQk>nS`^�SlloKl�>Gk`ll�nRK�Q[`FK�>^I�R>l�Q>S^KI�KvhKkSK^GK�u`kZS^Q
S^�nRK�[KQ>[�lKGn`k�P̀ k�S]]SQk>nS`^�[>u�>l�>�[KQ>[�>llSln>^n�>^I�G>lK�]>^>QKk���l�>�lKG`^I°
wK>k� lnoIK^n� S^� nRK�"--���hk`Qk>]�� lRK� Sl�IKnKk]S^KI� n`� G`^nS^oK�FoS[IS^Q�RKk� lZS[[l� n`
hk`hKk[w� >^>[wzK� GokkK^n� h`[SGSKl� >^I�IkStKkl� `P� h`[SGw� GR>^QK� S^� >kK>l� `P� hoF[SG� RK>[nR
h`[SGw��S]]SQk>nS`^�h`[SGw��>^I�loln>S^>F[K�IKtK[`h]K^n�

1`o]w>��`[[oko

1`o]w>�R>l�KvhKkSK^GK�u`kZS^Q� S^� �^IS>Àl�IKtK[`h]K^n�lKGn`k� S^�nRK�^onkSnS`^�>^I�hoF[SG
RK>[nR� I`]>S^�� 1RK�u>l� h>kn� `P� nRK� lSQ^>nokK� PK[[`ulRSh� hk`Qk>]� `P� 2>n>� 2kolnl� ª�^IS>ºl
[>kQKln� hRS[>^nRk`hSG� `kQ>^Sz>nS`^«� >^I� nRK� "S^Slnkw� `P� 9`]K^� Ø� RS[I� �KtK[`h]K^n�
�`tKk^]K^n� `P� �^IS>�� n`� S]h[K]K^n� nRK� #>nS`^>[� #onkSnS`^� "SllS`^� S^� �^IS>Àl� F>GZu>kI
ISlnkSGnl�� �Kk� Qk>llk``nl� [KtK[� KvhKkSK^GK� S^� hoF[SG� RK>[nR� >^I� ^onkSnS`^� >^I� >G>IK]SG
nk>S^S^Q� S^� h`[SGw� lnoISKl� P̀ GolKI� `^� IKtK[`h]K^n� >^I� loln>S^>FS[Snw� ZS^I[KI� S^� RKk� >^
S^nKkKln�n`�IK[tK�IKKh�S^n`�nRK�GokkK^n�hk ỲKGn�

 Sl>�1[>QKk

 Sl>�R>l�KvhKkSK^GK�u`kZS^Q�S^�nRK�[KQ>[�lKGn`k�P̀ k�G`kh`k>nK�>^I�S]]SQk>nS`^�[>u�>^I�Sl�>
�`>kI� "K]FKk� P̀ k� >� Qk>llk``nl� ^`^°hk`PSn� nR>n� P̀ lnKkl� G>h>GSnw°FoS[IS^Q� >]`^Qln
�^ISQK^`ol�uK>tS^Q�G`]]o^SnSKl�`P�nRK�-KkotS>^��^IKl��okkK^n[w�� Sl>�Sl� P̀ GolKI�`^�nRK
k`[K�hoF[SG�h`[SGw�h[>wl�S^�hk`]`nS^Q�h`lSnStK�Ro]>^�S^nKk>GnS`^l�uSnR�nRKSk�l`GS>[��Go[nok>[�
>^I� KG`^`]SG� K^tSk`^]K^nl�� lhKGSPSG>[[w� R`u� l`GS>[� K^nKkhkSlKl� G>^� FK� K]h[`wKI� n`
>GRSKtK�K^R>^GKI�loln>S^>F[K�IKtK[`h]K^n�

 S^IlKw�9>[[

 S^IlKw�Sl�>�hoF[SG�RK>[nR�hk`PKllS`^>[�uR`lK�u`kZ�R>l�n>ZK^�RKk�P>k�>^I�uSIK��S^G[oIS^Q�n`
^`knRKk^� �kSnSlR� `[o]FS>� n`� Kvh[`kK� nRK� S]h>Gn� `P� GR>^QS^Q� K^tSk`^]K^nl� `^� u`]K^ºl
hkKQ^>^Gw�>^I�GRS[IFSknR�KvhKkSK^GKl��>^I�n`��>]h>[>��3Q>^I>�n`�S]hk`tK�w`onR�>GGKll�n`
lKvo>[� >^I� kKhk`IoGnStK� RK>[nR� lKktSGKl�� "`ln� kKGK^n[w��  S^IlKw� lhK^n� P̀ ok� wK>kl� S^� nRK
^`^°hk`PSn� lKGn`k� IK[StKkS^Q� l`GS>[� hk`Qk>]]S^Q� n`� RSQR°kSlZ� GRS[IkK^� >^I� w`onR� S^� nRK
 `uKk�">S^[>^I�uSnR��`wl�>^I��Sk[l�[oFl�`P�1`onR�`>ln���� S^IlKw�GokkK^n[w�u`kZl�>l�>
�KtK[`h]K^n�%PPSGKk�>n��[`F>[��PP>Skl�>^>I>�>^I�Sl�h>llS`^>nK�>F`on�hoF[SG�RK>[nR�h`[SGw
>^I�Snl�k`[K�S^�S^nKk^>nS`^>[�IKtK[`h]K^n�

3��"--�������°�����ÁáÁ���

https://www.linkedin.com/in/benni-beltramo-0bb8ab168/
https://www.linkedin.com/in/soumya-kolluru-314990164/
https://www.linkedin.com/in/lisa-slager-594963138/
https://www.linkedin.com/in/lindsey-wall-59917016b/
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�
�n�nRK�nS]K�`P�ukSnS^Q�nRSl�kKh`kn�uK�G`^nS^oK�n`�^>tSQ>nK�>�Q[`F>[�RK>[nR�h>^IK]SG��1�01°`8°���ªÀ%8��°��º«�R>l
]>IK�Sn�KtKk�]`kK�>hh>kK^n�nR>n�nRKkK�>kK�lSQ^SPSG>^n�RK>[nR�G`^lKjoK^GKl�n`�`ok�S^nKk>GnS`^l�uSnR�>^S]>[l�>^I�`ok
K^tSk`^]K^nl���n�Sl�KlnS]>nKI�nR>n���Ô�`P�K]KkQS^Q�S^PKGnS`ol�ISlK>lKl�>kK�z``^`nSG�S^�^>nokK�ªISlK>lKl�nR>n�lhkK>I
FKnuKK^�>^S]>[l�>^I�hK`h[K«�� S^PKGnS^Q�]S[[S`^l�`P�hK`h[K�>k`o^I�nRK�u`k[I�KtKkw�wK>kÁ��2RKkK�>kK�uSIK�>^I�RK>tw
G`lnl�n`�nRKlK�`onFkK>Zl��%8��°���R>l�kKlo[nKI�S^�^K>k[w���]S[[S`^�IK>nRl�n`�I>nKÁ��lhkK>I�n`�`tKk�����G`o^nkSKl�
>^I�Sl�KvhKGnKI�n`�QK^Kk>nK�>�Q[`F>[�KG`^`]SG�n`[[�`tKk�Ä�����nkS[[S`^�Fw�����Á�
�
�^�kKlh`^lK�n`�GR>[[K^QKl�nR>n�S^nKklKGn�Ro]>^l��>^S]>[l��>^I�K^tSk`^]K^nl��nRKkK�Sl�Qk`uS^Q�S^nKk^>nS`^>[�hkKllokK
n`�>I`hn�¹%^K��K>[nRº�>hhk`>GRKl���[nR`oQR�nRKkK�Sl�^`�lS^Qo[>k�IKPS^SnS`^�`P�%^K��K>[nR�olKI�>k`o^I�nRK�u`k[I��nRK
9`k[I� �K>[nR� %kQ>^Sz>nS`^� ª9�%«� IKPS^Kl� Sn� >l� >^� ·>^� >hhk`>GR� n`� IKlSQ^S^Q� >^I� S]h[K]K^nS^Q� hk`Qk>]]Kl�
h`[SGSKl��[KQSl[>nS`^�>^I�kKlK>kGR�S^�uRSGR�]o[nSh[K�lKGn`kl�G`]]o^SG>nK�>^I�u`kZ�n`QKnRKk�n`�>GRSKtK�FKnnKk�hoF[SG
RK>[nR�`onG`]Kl¸Á���^�Snl�]`ln�F>lSG�P̀ k]��%^K��K>[nR�h[>GKl�>^�K]hR>lSl�`^�nRK�S^nKkIKhK^IK^GSKl�FKnuKK^�Ro]>^�
>^S]>[�� >^I�K^tSk`^]K^n>[� RK>[nR�� 0KG`Q^SzS^Q� nR>n� >� lS^Q[K� lKGn`k� `k� lS[`KI�>hhk`>GR� G>^^`n� l`[tK� G`]h[Kv�>^I
]o[nSP>GKnKI� SlloKl��%^K��K>[nR� Sl�G`[[>F`k>nStK� S^�^>nokK�>^I�kKjoSkKl� S^nKk°ISlGSh[S^>kw� S^honl�n`�IKnKGn��hkKh>kK�
hkKtK^n��>^I�kKlh`^I�n`�nRKlK�GR>[[K^QKl���v>]h[Kl�`P�SlloKl�GokkK^n[w�FKS^Q�>IIkKllKI�Fw�%^K��K>[nR�>kK�

=``^`nSG�ISlK>lKl�ªK�Q���%8��°����¹]>I�G`u�ISlK>lKº���tS>^�S^P[oK^z>«
�^nS°]SGk`FS>[�kKlSln>^GK�ªK�Q���l>[]`^K[[>«
�``I�l>PKnw�>^I�P̀ `I�lKGokSnw�ªK�Q���loln>S^>F[K�>QkSGo[nokK«
8KGn`k°F`k^K�ISlK>lKl�ªK�Q���9Kln�#S[K�� w]K�ISlK>lK��]>[>kS>«
�^tSk`^]K^n>[�G`^n>]S^>nS`^�ªK�Q���h`[[onS`^��u>lnK�]>^>QK]K^n«
"K^n>[�RK>[nR�ªS�K���`ok�kK[>nS`^lRShl�uSnR�>^S]>[l�>^I�nRK�^>nok>[�u`k[I«
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�
�^�`kIKk�P̀ k��kSnSlR�`[o]FS>�n`�FKnnKk�hkKh>kK�P̀ k�PonokK�Q[`F>[�RK>[nR�K]KkQK^GSKl�>^I�]>^>QK�`^Q`S^Q�h>^IK]SG
SlloKl��nRK�hk`tS^GK�^KKIl�n`�`tKkG`]K�KvSlnS^Q�GR>[[K^QKl�Fw�S]h[K]K^nS^Q�>�%^K��K>[nR�>hhk`>GR��%^K�u>w�n`�I`
nRSl� Sl� n`� PS^I� S^lhSk>nS`^� S^� ¹Q``Iº�%^K��K>[nR� hk>GnSGKl�>]`^Qln� G`o^nkSKl�uSnR� KvSlnS^Q�%^K��K>[nR�h`[SGSKl��%ok
hk ỲKGn�Kvh[`kKl�nRSl�h>nRu>w�Fw�`PPKkS^Q�>�G`]h>k>nStK�>^>[wlSl�`P�%^K��K>[nR�h`[SGSKl�S^��lS>�
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�
2k>ISnS`^>[[w��%^K��K>[nR�R>l�FKK^�olKI�n`�>IIkKll�[`G>[�>^I�kKQS`^>[�RK>[nR�GR>[[K^QKl�K]KkQS^Q�Pk`]�nRK�Ro]>^°
>^S]>[°K^tSk`^]K^n�S^nKkP>GK��loGR�>l�`onFkK>Zl�`P�">[>kS>���F`[>��>^I��tS>^�S^P[oK^z>���kSnSlR�`[o]FS>^l�]>w�^`n
lKK�RSQR�k>nKl�`P�nRKlK�nwhKl�`P�ISlK>lKl�>l�KvhKkSK^GKI�K[lKuRKkK�S^�nRK�u`k[I��Fon�uSnRS^�nRK�[>ln�IKG>IK�uK�R>tK
lnS[[�FKK^� P̀ kGKI�n`�Qk>hh[K�uSnR�9Kln�#S[K�� ¹]>I�G`u�ISlK>lKº��>^I�nRK�GokkK^n�%8��°���tSkol��2RKlK�KtK^nl�R>tK
Kvh`lKI�nRK�u>wl�S^�uRSGR�>^S]>[°n`°Ro]>^�ISlK>lKl�G>^�KSnRKk�K]KkQK�[`G>[[w�`k�nk>^lGK^I�F`kIKkl�
�
0SlZl�>kK�PoknRKk�Kv>GKkF>nKI�Fw�G[S]>nK�GR>^QK��uRSGR�G`^nS^oKl�n`�lRSPn�nRK�k>^QK�`P�`kQ>^Sl]l�uK�K^G`o^nKk�>^I
nRK�K]KkQK^GK�`P�ISlK>lKl�S^�h[>GKl�uK�]>w�^`n�R>tK�hkKtS`ol[w�>^nSGSh>nKIÁ��8SkolKl�G`^nS^oK�n`�Kt`[tK�S^�kKlh`^lK
n`�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[�S^nKk>GnS`^l���K^`]SGl�RK[hl�ol�o^IKkln>^I�nRKlK�S^nKk>GnS`^l�FKnnKk���n�Sl�^`
[`^QKk�>�joKlnS`^�`P�uRKnRKk� nRKkK�uS[[� FK�>^`nRKk�]>Y`k�Q[`F>[�h>^IK]SG��Fon� k>nRKk�uRK^� Sn�uS[[� `GGok�� >^I
uRKnRKk�uK�uS[[�FK�hkKh>kKI�P̀ k�Sn�
�
%^K� �K>[nR� KPP̀ knl� >kK� >[kK>Iw� K]KkQS^Q� S^� �kSnSlR� `[o]FS>�� 2RKkK� >kK� [K>IS^Q� kKhkKlK^n>nStKl� S^� QK^`]SGl� >^I
G[S^SG>[�RK>[nR�kKlK>kGR�uR`�>kK�u`kZS^Q�G[`lK[w�uSnR�ZKw�Q`tKk^]K^n�]S^SlnkSKl�`^�%^K��K>[nR�Pk>]Ku`kZl�>^I�nRK
KG`^`]SG� PK>lSFS[Snw�`P�loGR�>^�>hhk`>GR��2RKkK�>kK�>[l`�hk ỲKGn°F>lKI�%^K��K>[nR�>hhk`>GRKl� n`�h`[SGw�GR>^QK�
%^K�loGR�Kv>]h[K�Sl�RSQR[SQRnKI�S^�nRK�#`tK]FKk������>^^`o^GK]K^n�Fw�nRK��kSnSlR�`[o]FS>�Q`tKk^]K^n�kKQ>kIS^Q
nRKSk� IKGSlS`^� n`� hKk]>^K^n[w� hR>lK� `on� nRK� ]S^Z� P>k]S^Q� S^Iolnkw� IoK� n`� nRK� ·`^Q`S^Q� hoF[SG°RK>[nR� kSlZl
>ll`GS>nKI�uSnR�%8��°��¿Á�
�
�`uKtKk��nRKkK�>kK�lnS[[�GR>[[K^QKl�n`�`tKkG`]K�uRK^�>I`hnS^Q�%^K��K>[nR�h`[SGSKl�S^��kSnSlR�`[o]FS>��loGR�>l�

Sl`[>nKI�hk ỲKGn°lhKGSPSG�KPP̀ knl�>^I�ISPPSGo[nw�lG>[S^Q°oh�KPP̀ knl�n`�FK�P̀ k]>[[w�S^lnSnonS`^>[SzKI�S^�Q`tKk^]K^n�
ISPPSGo[nw�S^�G``kIS^>nS^Q�>Gk`ll�lKGn`kl�>^I�>QK^GSKl�IoK�n`�ISPPKkS^Q�hkS`kSnSKl��Po^IS^Q��kKl`okGKl��>^I�I>n>�>^I
S^P̀ k]>nS`^�lwlnK]l�
>�[>GZ�`P�lR>kKI�Z^`u[KIQK�>Gk`ll�ISlGSh[S^Kl�n`�>llKll�>^I�kKlh`^I�n`�kSlZl��S^G[oIS^Q�nRK�u>wl�nRKlK�kSlZl�>PPKGn
Ro]>^l��>^S]>[l��>^I�nRK�K^tSk`^]K^n�
>^�>FlK^GK�`P�>�o^SP̀ k]�IKPS^SnS`^�`P�%^K��K>[nR�olKI�>Gk`ll�ISlGSh[S^Kl�>^I�lKGn`kl��>^I
>�[>GZ�`P�kKG`Q^SnS`^�`k�o^IKkln>^IS^Q�`P�nRK�S]h`kn>^GK�`P�loGR�>^�>hhk`>GR�

�
�KlhSnK� nRKlK� GR>[[K^QKl�� >I`hnS^Q� %^K� �K>[nR� R>l� S]]K^lK� FK^KPSnl�� S^G[oIS^Q� S^GkK>lKI� S^P̀ k]>nS`^� lR>kS^Q�
S^nKkISlGSh[S^>kw�KPP̀ knl� S^�KIoG>nS`^��kKlK>kGR��>^I�h`[SGw��]`kK�kKlS[SK^n�kKlh`^lKl�n`�lR>kKI�kSlZl��>^I� S^GkK>lKI
`hh`kno^SnSKl�P̀ k�hk`]`nS^Q�RK>[nR�>Gk`ll�nRK�%^K��K>[nR�nkS>I��2RSl�hk ỲKGn�l`oQRn�n`�o^IKkln>^I�nRKlK�GR>[[K^QKl
FKnnKk�>^I�n`�[``Z�P̀ k�u>wl�n`�>IIkKll�nRK]�

�

�



1`okGK��Rnnhl�¨¨uuu�^>nokK�G`]¨>knSG[Kl¨l�����°���°�����°�

2RK� [KtK[� `P� l`hRSlnSG>nS`^� `P� %^K� �K>[nR� h`[SGSKl� >]`^Q� G`o^nkSKl� S^� �lS>� t>kSKl� KvnK^lStK[w�� `o^nkSKl� [SZK
�>^Q[>IKlR�>^I��`^Q��`^Q�R>tK�RSQR[w�l`hRSlnSG>nKI�%^K��K>[nR�h`[SGSKl�S^�h[>GK��uRKkK>l�G`o^nkSKl�[SZK�#Kh>[�>^I
1`onR��`kK>�>kK�`^[w�Yoln�FKQS^^S^Q�n`� S^lnSnonS`^>[SzK� nRKSk�%^K��K>[nR�>hhk`>GRKl���`k�G>lK�lnoIw�hokh`lKl��uK
>S]KI�n`�lK[KGn� P̀ ok�G`o^nkSKl�nR>n�IK]`^lnk>nK� nRK�RSQRKln� [KtK[�`P�l`hRSlnSG>nS`^� S^� nKk]l�`P�%^K��K>[nR�h`[SGw
S]h[K]K^n>nS`^�� �^� nRSl� kKQ>kI�� ¹l`hRSlnSG>nS`^º� u>l� IKnKk]S^KI� >l� nRK� hkKlK^GK� `P� >[[� `k� ]`ln� `P� nRK� P̀ [[`uS^Q
PK>nokKl�
�
����^nKk°]S^SlnKkS>[� G``kIS^>nS`^�� %^K� �K>[nR�� Fw� IKPS^SnS`^�� Sl� >� ]o[nS°ISlGSh[S^>kw� >hhk`>GR�� �K^GK�� S^nKk°
]S^SlnKkS>[� G``kIS^>nS`^� >]`^Qln� t>kS`ol� Q`tKk^]K^n� lKGn`kl� Sl� GkoGS>[� P̀ k� loGGKllPo[� S]h[K]K^n>nS`^� `P� %^K
�K>[nR�h`[SGw���^nKk°]S^SlnKkS>[�]KGR>^Sl]l�KvSln�S^��>^Q[>IKlR��1S^Q>h`kK���`^Q��`^Q��2R>S[>^I��>^I��Ron>^�

���#>nS`^>[� ¹lnk>nKQSG�h[>^�I`Go]K^nº���� lnk>nKQSG� h[>^� I`Go]K^n� >Gnl� >l� nRK� QoSIS^Q� Pk>]Ku`kZ� P̀ k� G`^IoGnS^Q
%^K��K>[nR�kKlK>kGR��S]h[K]K^nS^Q�h`[SGw��>^I�Kt>[o>nS^Q�kKlo[nl�F>lKI�`^�hkK°IKnKk]S^KI�n>kQKnl��-[>^l�KvSln�S^
�>^Q[>IKlR��1S^Q>h`kK���`^Q��`^Q��2R>S[>^I���Ron>^��>^I�#Kh>[�

���%^K��K>[nR� kKlK>kGR�Ø� [>F`k>n`kSKl���[[� YokSlISGnS`^l� G`^IoGn� RK>[nR� kKlK>kGR�� Fon� ^`n� >[[� R>tK� [>Fl� Kvh[SGSn[w
IKISG>nKI� n`�%^K��K>[nR���`^Q��`^Q�>^I�1S^Q>h`kK� R>tK�IKISG>nKI�%^K��K>[nR� [>Fl� >n� nRK� ^>nS`^>[°[KtK[�%^K
�K>[nR� >^I� �>^Q[>IKlR� R>l� >�%^K� �K>[nR� [>F�uSnRS^� nRKSk� Fk`>IKk� �^nKk^>nS`^>[� K^nkK� P̀ k� �S>kkR`K>[� �SlK>lK
0KlK>kGR�ª���0«�Pk>]Ku`kZ�

�
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�
9Rw��lS>¢��[`F>[[w���lS>�Sl�R`]K�n`�]`ln�K]KkQS^Q�S^PKGnS`ol�ISlK>lKl��2RK�]>h�FK[`u�kKhkKlK^nl�nRK�hk`F>FS[Snw�`P
PonokK�z``^`nSG�ISlK>lK�`onFkK>Z�S^nK^lSnw�>Gk`ll�>[[�G`o^nkSKlÁ���lS>�S^�QK^Kk>[�²�>^I�nRK�1`onRK>ln��lS>^�0KQS`^
lhKGSPSG>[[w� ²� R>tK� uSn^KllKI� ]o[nSh[K� `onFkK>Zl� `P� ^Ku� tSkolKl� S^� kKGK^n� RSln`kw� ªK�Q��� �tS>^� S^P[oK^z>�� 1uS^K
S^P[oK^z>«�� kKlo[nS^Q� S^� Po^GnS`^>[� >^I� IKG>IK°[`^Q� %^K� �K>[nR� h`[SGSKl� S^� kKlh`^lK� n`� nRKlK� RK>[nR� GR>[[K^QKlÁ �
 Kll`^l� >^I� S^lSQRnl� G>^� FK� Ik>u^� Pk`]� h`[SGSKl� >Gk`ll� �lS>^� YokSlISGnS`^l� n`� lnkK^QnRK^� �kSnSlR� `[o]FS>ºl
>hhk`>GR� n`� %^K� �K>[nR�� 2Rol�� P̀ k� nRK� lG`hK� `P� `ok� hk ỲKGn�� nRK� �lS>^� kKQS`^�u>l� lK[KGnKI� P̀ k� G>lK� G`]h>kSl`^
hokh`lKl�

�

��

https://www.nature.com/articles/s41467-017-00923-8


�>lKI�`^� nRK� >F`tK� PK>nokKl�� nRK� P̀ ok� G`o^nkSKl� nR>n�uKkK� lK[KGnKI� P̀ k� G`]h>k>nStK� >^>[wlSl�uKkK��>^Q[>IKlR�
�`^Q��`^Q��1S^Q>h`kK��>^I�2R>S[>^I�

3��"--�������°�����ÁáÁ���

ÁÁÁÁÁÁ
�
ÁÁÁÁÁÁ2k>S^S^Q�hk`Qk>]l��2k>S^S^Q�hk`Qk>]l�KjoSh�hk`PKllS`^>[l�uSnR�lZS[[lKnl�>^I�Z^`u[KIQK�lhKGSPSG�n`�%^K��K>[nR
ÁÁÁÁÁÁ>hhk`>GRKl���[[�YokSlISGnS`^l��>h>kn�Pk`]�2>Su>^�>^I�1`onR��`kK>��R>tK�KIoG>nS`^>[�>^I�t`G>nS`^>[�hk`Qk>]l�n`
ÁÁÁÁÁÁnk>S^�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[�RK>[nR�hk`PKllS`^>[l�ªK�Q���KhSIK]S`[`QSlnl��tKnKkS^>kS>^l��Q`tKk^]K^n
ÁÁÁÁÁÁh`[SGw�`PPSGKkl«�`^�nRK�hkS^GSh>[l�`P�%^K��K>[nR�
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�
%^K��K>[nR�h`[SGSKl�>kK�>^�K]KkQS^Q�G`^GKhn�>^I�R>tK�FKK^�Q>S^S^Q�nk>GnS`^�uSnR�nRK�S^GkK>lK�S^�z``^`nSG�ISlK>lKl
>^I�nRK�`^lKn�`P�nRK�%8��°���Q[`F>[�RK>[nR�h>^IK]SG��%^K��K>[nR�h`[SGSKl��loGR�>l�nR`lK�S]h[K]K^nKI�S^�G`o^nkSKl
S^� �lS>�� R>tK� FKK^� lR`u^� n`� lnkK^QnRK^� SIK^nSPSG>nS`^�� ]`^Sn`kS^Q�� >^I� hkKtK^nS`^� `P� ]o[nSP>GKnKI� RK>[nR� kSlZl
FKnuKK^� >^S]>[l�� Ro]>^l�� >^I� K^tSk`^]K^nl�� �`uKtKk�� S^� �kSnSlR� `[o]FS>�� %^K� �K>[nR� h`[SGSKl� >kK� wKn� n`� FK
KvnK^lStK[w� IKtK[`hKI� >^I� S]h[K]K^nKI�� 2RKlK� ¹Q``I� hk>GnSGKlº� G>^� S^lhSkK� >^I� >llSln� �kSnSlR� `[o]FS>� S^
>GGK[Kk>nS^Q�nRKSk�`u^�%^K��K>[nR�h`[SGw�S]h[K]K^n>nS`^�

"�2�%�% %�;
�
%ok� hk ỲKGn� onS[SzKI� F`nR� lKG`^I>kw� >^I� hkS]>kw� I>n>�� 1KG`^I>kw� I>n>� u>l
kKnkSKtKI�Pk`]�>� [SnKk>nokK� kKtSKu�>^I�lG>^l�`P�hoF[SG� P>GS^Q�%^K��K>[nR�uKFlSnKl�
lnk>nKQSG�>GnS`^�h[>^l��>^I�RK>[nR�I>n>F>lKl��2RSl�u>l�G`]h[S]K^nKI�Fw� ��� lK]S°
lnkoGnokKI� S^nKktSKul� S^� `kIKk� n`� PS[[� S^� Z^`u[KIQK� Q>hl� >^I� n`� hk`tSIK� ]`kK
loFln>^nS>[��^o>^GKI�S^lSQRnl�S^n`�nRK�joKlnS`^l�uK�h`lKI�

�
�GnS^Q�>l�>�FkSIQK�FKnuKK^�kKlK>kGR�>^I�h`[SGw���K^`]K���h[>wl�>^�S]h`kn>^n�k`[K�>l�>^�K^Q>QKI�ln>ZKR`[IKk�S^
nRK�%^K��K>[nR�lh>GK���StK^��K^`]K��ºl�o^SjoK�k`[K�uSnRS^�nRK�RK>[nR�KG`lwlnK]�`P����uK�uKkK�QoSIKI�Fw�nRK
P̀ [[`uS^Q�joKlnS`^l�

�«�3^IKkln>^IS^Q�nRK�>I`hnS`^�`P�%^K��K>[nR�S^��lS>
ÁÁÁÁÁÁÁÁÁÁÁÁ�`u�>kK�ISPPKkK^n�nwhKl�`P�%^K��K>[nR�h`[SGSKl�FKS^Q�S]h[K]K^nKI�S^
ÁÁÁÁÁÁÁÁÁÁÁÁYokSlISGnS`^l�S^��lS>¢
ÁÁÁÁÁÁÁÁÁÁÁÁ9R>n�nwhKl�`P�hk`PKllS`^>[l�h>knSGSh>nK�S^�%^K��K>[nR�kKlK>kGR�>^I�uR>n�Sl
ÁÁÁÁÁÁÁÁÁÁÁÁnRK�l`okGK�`P�Po^IS^Q�P̀ k�nRKSk�kKlK>kGR¢
ÁÁÁÁÁÁÁÁÁÁÁÁ�`u�I`Kl�kKlK>kGR�S^P̀ k]�h`[SGw�uRK^�]o[nSh[K�]S^SlnkSKl�`k�`kQ>^Sz>nS`^l
ÁÁÁÁÁÁÁÁÁÁÁÁ>kK�S^t`[tKI¢
ÁÁÁÁÁÁÁÁÁÁÁÁ9R>n�>kK�nRK�S^RSFSnS^Q�`k�K^>F[S^Q�G`^nKvno>[�P>Gn`kl�]KIS>nS^Q�nRK
ÁÁÁÁÁÁÁÁÁÁÁÁloGGKllPo[�`k�o^loGGKllPo[�S]h[K]K^n>nS`^�`P�%^K��K>[nR�h`[SGSKl�S^�t>kSKI
ÁÁÁÁÁÁÁÁÁÁÁÁlKnnS^Ql�>Gk`ll�nRKlK�YokSlISGnS`^l¢
�
�«��hh[SG>nS`^l�`P�%^K��K>[nR�S^��kSnSlR�`[o]FS>
ÁÁÁÁÁÁÁÁÁÁÁÁ ``ZS^Q�>n�%^K��K>[nR�S]h[K]K^n>nS`^�S^��lS>��uRSGR�lhKGSPSG�>Gn`kl�^KKI�n`
ÁÁÁÁÁÁÁÁÁÁÁÁG`[[>F`k>nK�S^�`kIKk�n`�S]h[K]K^n�>�%^K��K>[nR�Pk>]Ku`kZ�S^��kSnSlR
ÁÁÁÁÁÁÁÁÁÁÁÁ`[o]FS>¢
ÁÁÁÁÁÁÁÁÁÁÁÁ�`u�G>^�nRKlK�>Gn`kl�G`[[>F`k>nK�n`�loGGKllPo[[w�S]h[K]K^n�>�%^K��K>[nR
ÁÁÁÁÁÁÁÁÁÁÁÁPk>]Ku`kZ�S^��kSnSlR�`[o]FS>¢
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�
%ok�nK>]�lh`ZK�uSnR�kKlK>kGRKkl��KIoG>n`kl��lKktSGK�hk`tSIKkl��Ro]>^�>^I�>^S]>[�RK>[nR�KvhKknl��>^I�h`[SGw�]>ZKkl
S^� �kSnSlR� `[o]FS>� >^I� `ok� GR`lK^� �lS>� YokSlISGnS`^l�� 1S^Q>h`kK�� �`^Q� �`^Q�� �>^Q[>IKlR�� >^I� 2R>S[>^I�
�^nKktSKuKKl�lR>kKI�uSnR�ol�nRKSk�S^IStSIo>[�ln`kSKl��KvhKkSK^GKl��>^I�S^lSQRnl�S^n`�nRK�]KGR>^Sl]l�`P�%^K��K>[nR��>l
uK[[� >l� nRKSk� hKkGKhnS`^l� `P� nRK� KPPKGnStK^Kll� `P� %^K� �K>[nR� h`[SGSKl� uSnR� kKlhKGn� n`� nRKSk� >kK>l� `P� KvhKknSlK�
0KlhKGnS^Q� nRK� S^IStSIo>[Snw� `P� K>GR� S^nKktSKuKK�� uK� kKG`Q^SzK� nR>n� KtKkw`^K� Fk`oQRn� uSnR� nRK]� nRKSk� `u^
F>GZQk`o^I��KvhKkSK^GK��>^I�t>[oKl�n`�nRK� SlloKl�>n�R>^I��>l�uK[[�>l�t>kwS^Q� [KtK[l�`P�KvhKkSK^GK�uSnR�%^K��K>[nR
h`[SGSKl��

��
�w�^>nokK�`P�nRK�S^nKkISlGSh[S^>kw�>hhk`>GR�n`�%^K��K>[nR��nRKkK�>kK�]>^w�ISPPKkK^n�G`^nkSFon`kl�n`�nRSl�G`[[>F`k>nStK
lh>GK�� �^� joKlnS`^S^Q� R`u� kKlK>kGR� S^P[oK^GKl� h`[SGw�� `ok� I>n>� u>l� hkS]>kS[w� lR>hKI� Fw� nRK� KvhKkSK^GKl� >^I
hKklhKGnStKl�`P�nR`lK�S^t`[tKI�S^�kKlK>kGR�`k�>G>IK]S>��">^w� S^nKktSKuKKl�RK[I�]o[nSh[K�k`[Kl�>l�kKlK>kGRKkl�>^I
Pk`^n°[S^K�hk`PKllS`^>[l�`k�kKlK>kGRKkl�>^I�Q`tKk^]K^n�u`kZKkl��3[nS]>nK[w��`ok�>^>[wlSl�R>l�FKK^�lR>hKI�Fw�nR`lK
nk>ISnS`^>[[w� hKkGKStKI� n`� FK� ¹KvhKknlº� Fw� 9KlnKk^� t>[oKl� nR>n� >kK� K]FKIIKI� S^� KIoG>nS`^�� Z^`u[KIQK�� >^I
S^lnSnonS`^>[� h`uKk� lnkoGnokKl�� %onlSIK� nRK� lG`hK� `P� nRSl� hk ỲKGn� KvSlnl� nRK� hKklhKGnStKl� `P� hoF[SG� lKGn`k�u`kZKkl�
G`]]o^Snw� [K>IKkl�� >^I� hkSt>nK� S^Iolnkw� S^t`[tKI� S^� %^K� �K>[nR� lh>GKl�� �[nR`oQR� nRKlK� S^nKktSKul� >kK� ^`n
loFln>^nStK�K^`oQR�n`�`PPKk�>�k`Foln�>^I�Kvh>^lStK�[``Z�>n�>[[� [KtK[l�`P�%^K��K>[nR�h`[SGw�G``kIS^>nS`^��nRK�IStKklK
k>^QK�`P�hk`PKllS`^>[l�>^I�YokSlISGnS`^l�uK�lh`ZK�uSnR�hk`tSIKI�ol�uSnR�o^SjoK�S^lSQRnl�n`�RSQR[w�lS]S[>k�GR>[[K^QKl�

3��"--�������°�����ÁáÁ���





�>lKI� `^� `ok� IKlZ� kKtSKu� >^I� S^nKktSKu� S^nKk>GnS`^l�� P̀ ok� Fk`>I� nRK]Kl� lokk`o^IS^Q� %^K� �K>[nR� h`[SGSKl� R>tK
K]KkQKI� Pk`]� nRK� >^>[wlSl� `P� nRK� P̀ ok� G>lK� lnoISKl�� 2RKlK� P̀ ok� nRK]Kl� S^G[oIK� nRK�]S^SlnKkS>[� Q`tKk^>^GK� >^I
IKGSlS`^°]>ZS^Q�]`IK[l�P̀ k�%^K��K>[nR�h`[SGSKl��nRK�>tK^oKl�nRk`oQR�uRSGR�%^K��K>[nR�kKlK>kGR�Sl�G`^IoGnKI�>^I
S^P̀ k]l� h`[SGw]>ZS^Q�� nRK� Po^IS^Q� ]`I>[SnSKl� P̀ k� %^K� �K>[nR� kKlK>kGR� >^I� hk ỲKGnl�� >^I� nk>S^S^Q� S^SnS>nStKl� P̀ k
>G>IK]SGl�>^I�hk`PKllS`^>[l�u`kZS^Q�S^�nRK�%^K��K>[nR�lh>GK�
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�
�>GR�YokSlISGnS`^�²��>^Q[>IKlR���`^Q��`^Q��1S^Q>h`kK�� >^I�2R>S[>^I�²�R>l� >�]`IK[� nRk`oQR�uRSGR�%^K��K>[nR
h`[SGSKl�>kK�P̀ k]o[>nKI�>^I�S]h[K]K^nKI�>n�nRK�]S^SlnKkS>[�[KtK[��9RS[K�ZKw�ISPPKkK^GKl�>kSlK�S^�nRK�]S^onS>K�`P�K>GR
YokSlISGnS`^ºl�S]h[K]K^n>nS`^�Pk>]Ku`kZ��Fk`>I[w�lhK>ZS^Q��nRKkK�>kK�lS]S[>kSnSKl�>^I�lR>kKI�GR>k>GnKkSlnSGl�>]`^Q
nRK]��2RKlK�Pk>]Ku`kZl�G>^�FK�Qk`ohKI�S^n`�nRkKK�]`IK[l��``kIS^>nS^Q�`]]SnnKK�"`IK[��9`kZS^Q��k`oh�"`IK[�
>^I��[K^IKI�"`IK[�
�
1ohh`knS^Q� K>GR� YokSlISGnS`^ºl� %^K� �K>[nR� KPP̀ knl� Sl� nRK� KvSlnK^GK� `P� >� ^>nS`^>[� lnk>nKQSG� >GnS`^� h[>^� nR>n
K^G`ok>QKl�nRK�olK�`P�>�%^K��K>[nR�>hhk`>GR�n`�>IIkKllS^Q�GR>[[K^QKl�>]`^Qln�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[
lKGn`kl�� 2RKlK� I`Go]K^nl� >kK� P̀ o^I>nS`^>[�� nRKw� hk`]`nK� G``hKk>nS`^� >Gk`ll� ]S^SlnkSKl�� kKlK>kGRKkl�� >^I
hk`PKllS`^>[l�� >^I� Klh`olK� t>[oKl� `P� G``hKk>nS`^�� S^G[olStSnw�� nk>^lh>kK^Gw�� >^I� >GnStK� h>knSGSh>nS`^� FKnuKK^
>Gn`kl�� �`uKtKk�� K>GR� YokSlISGnS`^ºl� S]h[K]K^n>nS`^� `P� nRKSk� lnk>nKQSG� >GnS`^� h[>^� Sl� RSQR[w� IKhK^IK^n� `^� nRKSk
`kQ>^Sz>nS`^>[�]`IK[�
�
``kIS^>nS^Q�`]]SnnKK�"`IK[
2RK� hkS]>kw� GR>k>GnKkSlnSG� `P� nRK� ``kIS^>nS^Q� `]]SnnKK� "`IK[� Sl� R>tS^Q� >� nK>]� `P� Q`tKk^]K^n� lK^S`k°[KtK[
`PPSGS>[l��hoF[SG�u`kZKkl��>^I�kKlK>kGRKkl�GK^nk>[SzKI�uSnRS^�nRK�^>nS`^>[�Q`tKk^]K^n�lnkoGnokK��2RSl�K^nSnw�hk`tSIKl
n`h°I`u^� ISkKGnS`^� >Gk`ll� ]o[nSh[K� ]S^SlnkSKl� n`� K^lokK� nR>n� IKGSlS`^°]>ZS^Q� Sl� G`[[>F`k>nStK�� G``kIS^>nKI�
G`RKkK^n��>^I�S^�>[SQ^]K^n�uSnR�nRK�Q`tKk^]K^nºl�%^K��K>[nR�lnk>nKQSG�h[>^���^�nRSl�]`IK[��>^�>I]S^Slnk>nStK�>k]
hk`tSIKl�nKGR^SG>[�>^I�[`QSlnSG>[�lohh`kn�n`�nRK�I>w°n`°I>w�Po^GnS`^S^Q�`P�nRK�``kIS^>nS^Q�`]]SnnKK��2RSl�]`IK[
kKhkKlK^nl�R`u�h`[SGw�IKGSlS`^l�>kK�]>IK�S^��>^Q[>IKlR�>^I�2R>S[>^I�

13""�0;

2RKkK� >kK� nRkKK� ]`IK[l� S^� uRSGR� %^K� �K>[nR� h`[SGSKl� >kK� P̀ k]o[>nKI� >^I� S]h[K]K^nKI�� ``kIS^>nS^Q
`]]SnnKK�"`IK[�ªn`h°I`u^«��9`kZS^Q��k`oh�"`IK[�ªF`nn`]°oh«��>^I��[K^IKI�"`IK[�ªFS°ISkKGnS`^>[«�
2RK�KvSlnK^GK�`P�>�``kIS^>nS^Q�`]]SnnKK�u>l�hkKlK^n�S^�nRkKK�`P�nRK�P̀ ok�G>lK�lnoISKl�
0KQ>kI[Kll�`P� nRK�]`IK[��G``kIS^>nS`^� S^�>[[� P̀ ok��lS>�^>nS`^l�u>l�QoSIKI�Fw�>�#>nS`^>[�1nk>nKQSG��GnS`^
-[>^�nR>n�G>[[KI�P̀ k�>�%^K��K>[nR�>hhk`>GR�n`�h`[SGw]>ZS^Q�

��-2�0����2�����#��#�1
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�^��>^Q[>IKlR��nRK�Q`tKk^]K^nºl�%^K��K>[nR�``kIS^>nS`^�`]]SnnKK�K^G`]h>llKl�nRkKK�G`]h[K]K^n>kw�Qk`ohl�
2RK��^nKk°"S^SlnKkS>[�1nKKkS^Q�`]]SnnKK��uRSGR�S^G[oIKl�lK^S`k�IKGSlS`^�]>ZKkl�Pk`]�"S^Slnkw�`P��K>[nR�>^I
�>]S[w� 9K[P>kK�� "S^Slnkw� `P� �SlRKkSKl� >^I�  StKln`GZ�� "S^Slnkw� `P� �^tSk`^]K^n� >^I� �`kKlnl�� >^I� "S^Slnkw� `P
�QkSGo[nokK�� >^I� Sl� kKlh`^lSF[K� P̀ k� S]h[K]K^nS^Q� �>^Q[>IKlRºl� 1nk>nKQSG� �k>]Ku`kZ� >^I� �GnS`^� -[>^� P̀ k� %^K
�K>[nR�
2RK�%^K��K>[nR�1KGkKn>kS>n�lohh`knl� nRK� [`QSlnSGl� `P� S^nKk°]S^SlnKkS>[� G`[[>F`k>nS`^� >^I� G`^IoGnl�]`^Sn`kS^Q
>^I�>llKll]K^n�`P�nRK�>GnStSnSKl�`on[S^KI�S^�nRK�lnk>nKQSG�>GnS`^�h[>^�
2RK� %^K� �K>[nR� 2KGR^SG>[� �ItSl`kw� `]]SnnKK�� G`]hkSlKI� `P� [K>IS^Q� kKlK>kGRKkl� >^I� KvhKknl�� hk`tSIKl
nKGR^SG>[�QoSI>^GK�`^�%^K��K>[nR�h`[SGSKl�

�
�^�2R>S[>^I��nRK�``kIS^>nS^Q�3^Sn�P̀ k�%^K��K>[nR�ª3%�«�nRK�#>nS`^>[�`]]SnnKK�`^��]KkQS^Q��^PKGnS`ol��SlK>lK
-kKh>kKI^Kll�>^I�0Klh`^lK�Kln>F[SlRKI�nRK�3%��uRSGR�Sl�F>lKI�uSnRS^�nRK�"S^Slnkw�`P�-oF[SG��K>[nR�ª"%-�«�>^I
Sl�GR>SkKI�Fw�nRK�-Kk]>^K^n�1KGkKn>kw�P̀ k�-oF[SG��K>[nR��uRS[K�nRK��SkKGn`kl�`P�nRK��okK>o�`P��]KkQS^Q��^PKGnS`ol
�SlK>lKl��nRK��okK>o�`P��hSIK]S`[`Qw��nRK��okK>o�`P��K^Kk>[�`]]o^SG>F[K��SlK>lKl�`P�nRK��Kh>kn]K^n�`P��SlK>lK
`^nk`[��>^I�nRK�"%-���lKktK�>l�`°1KGkKn>kSKlÁ ��2RK�3%��lKktKl�>l�>� P̀ G>[�h`S^n� P̀ k�%^K��K>[nR�G`[[>F`k>nS`^
I`]KlnSG>[[w� >^I� S^nKk^>nS`^>[[w� >^I� Sl� QoSIKI� Fw� 2R>S[>^Iºl� #>nS`^>[� 1nk>nKQSG� -[>^� P̀ k� �]KkQS^Q� �^PKGnS`ol
�SlK>lKl�� 2RK� 3%�� 1nKKkS^Q� `]]SnnKK� lohh`knl� nRKlK� G``kIS^>nS`^� KPP̀ knl� Fw� hk`tSIS^Q� nKGR^SG>[� >^I
>I]S^Slnk>nStK�QoSI>^GK�n`�`hKk>nS`^lÁ�
�
9`kZS^Q��k`oh�"`IK[
3^[SZK� nRK� n`h°I`u^� >hhk`>GR� lKK^� uSnR� G``kIS^>nS^Q� G`]]SnnKKl�� nRK� 9`kZS^Q� �k`oh� "`IK[� Sl� >� F`nn`]°oh
`kQ>^Sz>nS`^�S^�uRSGR�>�lhKGS>[SzKI�>^I�S^nKkISlGSh[S^>kw�nK>]�`P�KvhKknl�>n�nRK�G[S^SG>[�`k�o^StKklSnw°[KtK[�hk`tSIK
>ItSGK�>^I�QoSI>^GK�n`�lK^S`k�IKGSlS`^�]>ZKkl�>Gk`ll�]o[nSh[K�]S^SlnkSKl�`^�RK>[nR�n`hSGl�>^I�h`[SGw�SlloKl�

��

��

��
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�^� �`^Q� �`^Q�� nRKkK� >kK� nu`� loGR� u`kZS^Q� Qk`ohl�� F`nR� `P� uRSGR� >kK� R`olKI� uSnRS^� nRK� K^nkK� P̀ k� �K>[nR
-k`nKGnS`^�S^�nRK��Kh>kn]K^n�`P��K>[nR��K>GR�P̀ GolS^Q�`^�>�lhKGSPSG�h`[SGw�>kK>�

2RK��SQR° KtK[�1nKKkS^Q�`]]SnnKK�`^��^nS]SGk`FS>[�0KlSln>^GK� ª�"0«�>ItSlKl�>^I�G``kIS^>nKl�Q`tKk^>^GK
>^I� ]o[nS°lKGn`k>[� h`[SGSKl� kKQ>kIS^Q� �"0�� 2RKw� `tKklKK� nRK� S]h[K]K^n>nS`^� `P� �`^Q� �`^Qºl� �^nS°"SGk`FS>[
0KlSln>^GK�1nk>nKQSG�-[>^�>^I�K^lokK�nR>n�S]h[K]K^n>nS`^�>[SQ^l�uSnR�%^K��K>[nR�hkS^GSh[KlÁ�
2RK�1GSK^nSPSG� `]]SnnKK� `^� =``^`nSG� >^I� �]KkQS^Q� �SlK>lKl� >ItSlKl� `^� hoF[SG� RK>[nR� >GnS`^l� >S]KI� >n
hk`nKGnS^Q�nRK�G`]]o^Snw�Pk`]�K]KkQS^Q�ISlK>lKl�>^I�hk`tSIKl�nRK�lGSK^GK�FKRS^I�nRK�S]h>Gnl�`P�nRK�GR>^QS^Q
l`GS>[� >^I� KG`^`]SG� G`^ISnS`^l� nR>n� h[>w� >^� S^nKQk>[� k`[K� S^� nRK� K]KkQK^GK� `P� z``^`nSG� ISlK>lKl�� loGR� >l
h`ho[>nS`^�Qk`unR�>^I�]`FS[Snw��P̀ `I�>^I�K>nS^Q�R>FSnl��>^I�lRSPnS^Q�K^tSk`^]K^n>[�P>Gn`klÁ�

�
�[K^IKI�"`IK[
2RK��[K^IKI�"`IK[�S^G[oIKl�PK>nokKl�`P�F`nR�nRK�``kIS^>nS^Q�`]]SnnKK�>^I�9`kZS^Q��k`oh�"`IK[l��`PPKkS^Q�>�FS°
ISkKGnS`^>[�P[`u�`P�S^P̀ k]>nS`^�n`�S^P̀ k]�h`[SGw�
�
�^�1S^Q>h`kK��nRK�]S^SlnKk°[KI�%^K��K>[nR�``kIS^>nS^Q�`]]SnnKK�hk`tSIKl�lnk>nKQSG�ISkKGnS`^��lKnl�hkS`kSnSKl�`^
%^K� �K>[nR� SlloKl�� >^I� GR>]hS`^l� S^nKk>QK^Gw� G``kIS^>nS`^� >Gk`ll� nRK�uR`[K� `P� 1S^Q>h`kKºl� Q`tKk^]K^nÁ �� 2RK
G`]]SnnKK� S^G[oIKl� >Gn`kl� Pk`]� "S^Slnkw� `P� �K>[nR�� #>nS`^>[� ->kZl� �`>kI�� #>nS`^>[� �^tSk`^]K^n>[� �QK^Gw�� >^I
1S^Q>h`kK��``I��QK^Gw��uR`�>kK� kKlh`^lSF[K� P̀ k� `tKklKKS^Q� nRK��^nS°"SGk`FS>[� 0KlSln>^GK�1nk>nKQSG� ª�"0«� -[>^�
uRSGR�G>[[l� P̀ k�nRK�>hh[SG>nS`^�`P�nRK�%^K��K>[nR�G`^GKhn� S^��"0�h`[SGSKlÁ ��3^IKk�nRK�ISkKGnS`^�`P�nRK�%^K��K>[nR
``kIS^>nS^Q�`]]SnnKK��nRK�%^K��K>[nR�9`kZS^Q��k`oh�P̀ k]o[>nKl��G``kIS^>nKl��S]h[K]K^nl��>^I�kKtSKul�RK>[nR°
kK[>nKI�hk`Qk>]l�� S^SnS>nStKl�� >^I�h`[SGSKl���l� ^KKIKI�� nRK�%^K��K>[nR�``kIS^>nS^Q�`]]SnnKK�uS[[� >[l`� Kln>F[SlR
lhKGSPSG�%^K��K>[nR�hk ỲKGn�nK>]l�n`�>ItSlK�`^�lhKGSPSG�SlloKl�>l�nRKw�>kSlK�
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��
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�
2RK� hkKlK^GK� `P� >� P̀ k]>[SzKI� G``kIS^>nS`^� ]KGR>^Sl]� >]`^Qln� ]S^SlnkSKl�� loGR� >l� nR>n� `P� >� G``kIS^>nS^Q
G`]]SnnKK�� lSQ^>[l� [KQSnS]>Gw� P̀ k� G`[[>F`k>nStK� >hhk`>GRKl� uSnRS^� Q`tKk^]K^n� >^I� GkK>nKl� >� lh>GK� uRKkK
G``hKk>nStK�t>[oKl�G>^�G`]K�n`�PkoSnS`^����G``kIS^>nS^Q�G`]]SnnKK�>[[`ul�]S^SlnKkl�n`�G`°GkK>nK�Po^GnS`^>[�h`[SGSKl
>Gk`ll� IKh>kn]K^nl�� >[[`uS^Q� nRK]� n`� `tKkG`]K� nk>ISnS`^>[� GR>[[K^QKl� `P� lS[`KI� `k� ISlY`S^nKI� >hhk`>GRKl� `k
G`^nk>ISGn`kw�h`[SGw� KPP̀ knlÁ ���� lnkK^QnR� `P� nRK� G``kIS^>nS^Q� G`]]SnnKK�]`IK[� Sl� nRK� RSQR� [KtK[� `P� G`RKkK^GK�>^I
G`RKlS`^�`^�%^K��K>[nR�>GnS`^l�nRk`oQR`on�nRK�Q`tKk^]K^n�FokK>oGk>Gw���`uKtKk��loGR�>^�>hhk`>GR�Sl�GR>[[K^QKI
Fw�`hh`lS^Q�hkS`kSnSKl�>^I�>QK^I>l�>Gk`ll�]S^SlnkSKl��>^I�uRK^�tSlS`^l�`k�Q`>[l�ISPPKk�Sn�G>^�l[`u�IKGSlS`^°]>ZS^Q
hk`GKllKl�
�
�[nKk^>nStK[w�� u`kZS^Q� Qk`ohl� >n� nRK� >G>IK]SG� >^I� kKlK>kGR� [KtK[� nK^I� n`� FK�]`kK� S^G[olStK� S^� nRKSk� G``hKk>nStK
KPP̀ knl�� �`k� Kv>]h[K�� nRK� 1`onRK>ln��lS>�%^K��K>[nR�3^StKklSnw� #Knu`kZ� ª1��%�3#«� Kvh>^Il� FKw`^I� nRK� Ro]>^°
>^S]>[°K^tSk`^]K^n>[� RK>[nR� nkS>I� n`� G`[[>F`k>nK� uSnR� KvhKknl� S^� KG`^`]SGl�� l`GS>[� lGSK^GKl�� okF>^� IKlSQ^�� KnG�Á �
�`uKtKk�� uSnR`on� G`[[>F`k>nS`^� >n� nRK� Q`tKk^]K^n� [KtK[�� IKGSlS`^°]>ZS^Q� hk`GKllKl� G>^� FK� loFYKGn� n`� S^KPPKGnStK
h`[SGSKl� >Gk`ll� ISPPKkK^n� IKh>kn]K^nl� >l� u`kZS^Q� Qk`ohl� G>^^`n� Qo>k>^nKK� G``kIS^>nS`^� >n� nRK� ]S^SlnKkS>[� [KtK[�
9`kZS^Q� Qk`ohl� ]oln� >[l`� IKnKk]S^K� ZKw� [KtKk>QK� h`S^nl� >^I� G`]]o^SG>nS`^� >tK^oKl� n`� S^P̀ k]� Q`tKk^]K^n
IKGSlS`^°]>ZKkl� `^� K]KkQS^Q� RK>[nR� G`^GKk^l�� uRSGR� ]>w� ^`n� >[u>wl� FK� >^� KPPKGnStK� `k� kK[S>F[K� u>w� n`� S^P̀ k]
[K>IKkl�S^�K]KkQK^Gw�lSno>nS`^l�
�
1S^Q>h`kKºl�F[K^IKI�>hhk`>GR�]>ZKl�olK�`P�nRK�lnkK^QnRl�`P�nRK�`nRKk�nu`�]`IK[l��uRS[K�lS]o[n>^K`ol[w�`tKkG`]S^Q
l`]K�`P�nRKSk�uK>Z^KllKl����G``kIS^>nS^Q�G`]]SnnKK�lohh`knl�G`[[>F`k>nStK�KPP̀ knl�>Gk`ll�t>kS`ol�]S^SlnkSKl��uRS[K
IStKklK� u`kZS^Q� Qk`ohl� >kK� >llSQ^KI� n`� >IIkKll� lhKGSPSG� RK>[nR� GR>[[K^QKl�� 2RKkK� Sl� >� FSISkKGnS`^>[� P[`u� `P
S^P̀ k]>nS`^��>^I�u`kZS^Q�Qk`ohl�R>tK�>�ISkKGn�>tK^oK�n`�G`]]o^SG>nK�>^I�u`kZ�uSnR�Q`tKk^]K^n�IKGSlS`^°]>ZKkl�
2R>n� l>SI�� 1S^Q>h`kKºl�]`IK[� Sl� lnS[[� GR>[[K^QKI�Fw�t>kwS^Q� S^lnSnonS`^>[� G>h>GSnSKl�� >l� nRK�G`]]SnnKK�>^I�u`kZS^Q
Qk`ohl�>kK�GokkK^n[w�[``ZS^Q�n`�>IIkKll�S^Kjo>[SnSKl�>Gk`ll�>Gn`kl�

��

��



�
��]`IK[�P̀ k�%^K��K>[nR�S^��kSnSlR�`[o]FS>�Sl�GokkK^n[w�FKS^Q�K^tSlS`^KI���PnKk�lhK>ZS^Q�uSnR�[K>IKkl�S^�nRSl�KPP̀ kn�
uK�IKnKk]S^KI�nR>n�nRK�GokkK^n�]`IK[�S^��kSnSlR�`[o]FS>�]`ln�G[`lK[w�kKlK]F[Kl�nR>n�`P�>�9`kZS^Q��k`oh�"`IK[��>l
lKK^�S^��`^Q��`^Q��1hKGSPSG>[[w��nRK�kKlK>kGR�>k]�P̀ k�nRK��kSnSlR�`[o]FS>�K^nkK�P̀ k��SlK>lK�`^nk`[�ª��«�R>l
FKK^� hk`h`lKI� >l� nRK� GK^nk>[� RoF� P̀ k� S^nKkISlGSh[S^>kw� Z^`u[KIQK� lR>kS^Q� >^I� hk`Qk>]]S^Q� >Gk`ll� >G>IK]S>�
kKlK>kGRKkl��RK>[nR�hk`PKllS`^>[l��>^I�Q`tKk^]K^n�kKhkKlK^n>nStKl��2RSl�P̀ [[`ul�>�F`nn`]°oh�>hhk`>GR�n`�IKGSlS`^°
]>ZS^Q��uSnR�>^�S^nKkISlGSh[S^>kw�nK>]�`P�kKlK>kGRKkl�hk`tSIS^Q�Q`tKk^]K^n�IKGSlS`^�]>ZKkl�uSnR�lGSK^GK°ISkKGnKI
>^I�S^P̀ k]KI�>ItSGK�
�
2RSl� nwhK� `P� ]`IK[� R>l� FKK^� hk`h`lKI� S^� �kSnSlR� `[o]FS>� FKG>olK� `P� KvSlnS^Q� S^lnSnonS`^>[� >^I� Q`tKk^>^GK
lnkoGnokKl��1hKGSPSG>[[w��Q`tKk^]K^n�Sl�^`n�K^lRkS^KI�S^�[KQSl[>nS`^��Fon�k>nRKk�S^P̀ k]>[�hk`Qk>]]S^Q�>^I�h`[SGw��2RSl
>[[`ul�P̀ k�P[KvSFS[Snw�>^I�[`uKkl�F>kkSKkl�P̀ k�kKlK>kGRKkl�n`�S^P̀ k]�h`[SGw���^�nok^��]>^w�kKlK>kGRKkl�>^I�>G>IK]SGl
uSlR� n`� G`]]o^SG>nK� nRKSk� PS^IS^Ql� n`� Q`tKk^]K^n� n`� S^P̀ k]� h`[SGw�� 2RK� Q`tKk^]K^n� `PPSGS>[� uR`� kKGKStKl� nRSl
S^P̀ k]>nS`^�IKhK^Il�`^�nRK�>hh[SG>F[K�]S^Slnkw�P̀ k�>�h>knSGo[>k�SlloK��uRSGR�FKG`]Kl�]oII[KI�uRK^�>^�SlloK�lh>^l
>Gk`ll�lKtKk>[�Q`tKk^]K^n�YokSlISGnS`^l�>^I�P>[[l�o^IKk�nRK�kKlh`^lSFS[Snw�`P�ISPPKkK^n�IKGSlS`^°]>ZKkl�
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���#2��������-1
�
�kSnSlR� `[o]FS>� [>GZl� >� #>nS`^>[
1nk>nKQSG� �GnS`^� -[>^� G>[[S^Q� P̀ k� nRK
>I`hnS`^� `P� >� %^K� �K>[nR� >hhk`>GR� n`
IKGSlS`^°]>ZS^Q�� >^I� nRKkK� Sl� >^
>FlK^GK� `P� >Á P̀ k]>[SzKI� G``kIS^>nS`^
]KGR>^Sl]� P̀ k� Q`tKk^]K^nl� >^I
ln>ZKR`[IKkl� n`� G`[[>F`k>nK� `^� %^K
�K>[nR�S^SnS>nStKl�

�
�]h`kn>^n[w�� nRKkK� Sl� >^� KvSlnS^Q� Q>h� S^� nRK� G``kIS^>nS`^
]KGR>^Sl]� >n� nRK� Q`tKk^]K^n� [KtK[� S^� �kSnSlR� `[o]FS>�� uRSGR
]>ZKl� Sn� GR>[[K^QS^Q� n`� S]h[K]K^n� h`[SGSKl� nR>n� Gk`ll
YokSlISGnS`^l�� 2RKlK� F>kkSKkl� G>^� FK� `tKkG`]K� Fw� [``ZS^Q� P̀ k
S^lhSk>nS`^� S^� nRK� ``kIS^>nS^Q� `]]SnnKK� >^I� �[K^IKI�"`IK[l
P̀ o^I�S^��lS>��uRSGR�R>tK�IK]`^lnk>nKI�nR>n�nRK�hkKlK^GK�`P�>
GK^nk>[�o^Sn�G`]hkSlKI�`P�ZKw�Q`tKk^]K^n�`PPSGS>[l�>^I�IKGSlS`^°
]>ZKkl�>Gk`ll�]o[nSh[K�]S^SlnkSKl�G>^�lSQ^>[�Q`tKk^]K^n�¹Fow°S^º
>^I� S]hk`tK� G``hKk>nS`^�� G``kIS^>nS`^�� >^I� h>knSGSh>n`kw
IKGSlS`^°]>ZS^Q� >Gk`ll� ]o[nSh[K� IKh>kn]K^nl�� ``kIS^>nS^Q
G`]]SnnKK� o^Snl� >[l`� `PPKk� >� ISkKGn� [S^K� `P� G`]]o^SG>nS`^
FKnuKK^� u`kZS^Q� Qk`ohl� >^I� Q`tKk^]K^n� IKGSlS`^� ]>ZKkl
>Gk`ll
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�[[�YokSlISGnS`^l�S^��lS>�R>tK�o^StKklSnw�>^I�G[S^SG>[�kKlK>kGR�GK^nkKl�nR>n�G`[[>F`k>nK�>^I�S^P̀ k]�h`[SGw��Fon
^`n�>[[�YokSlISGnS`^l�R>tK�Q`tKk^]K^n�[>Fl�IKISG>nKI�n`�%^K��K>[nR�
�`tKk^]K^n� [>Fl� `PPKk� joSGZ� >^I� G`^lSlnK^n� lR>kS^Q� `P� S^P̀ k]>nS`^� >Gk`ll�]S^SlnkSKl� Fon� >kK� [S]SnKI� n`
nR`lK�S^t`[tKI�`k�>GnStK[w�h>knSGSh>nS^Q�S^�%^K��K>[nR�S^SnS>nStKl�
�^IKhK^IK^n� kKlK>kGR� GK^nkKl� >kK� ]`kK� ]o[nSISlGSh[S^>kw� S^� ^>nokK�� S^tSnS^Q� kKlK>kGR� FKw`^I� nRK� %^K
�K>[nR�nkS>I�ªK�Q���KG`^`]SGl��l`GS>[�lGSK^GKl��okF>^�IKlSQ^«��Fon�>kK�]`kK�[SZK[w�n`�S^ISkKGn[w�S^P̀ k]�h`[SGw
nRk`oQR�FkSKPl�>^I�>G>IK]SG�hoF[SG>nS`^l�

%#�32�#��%#����� 2��0�1��0���#��1��

�
�
>Gk`ll� >[[� KllK^nS>[� IKh>kn]K^nl��uRS[K� >[l`� >[[`uS^Q� P̀ k� kKQo[>k� S^P̀ k]>nS`^� lR>kS^Q� >^I� G`[[>F`k>nS`^� `^� lR>kKI
GR>[[K^QKl��1`]K�P̀ k]�`P�n`h°I`u^�QoSI>^GK�lnK]]S^Q�Pk`]�Q`tKk^]K^n�G``kIS^>nS`^�>Gk`ll�lKGn`kl�KvSlnl�S^�nRkKK
`P� nRK� P̀ ok�G>lKl� S^��lS>�>^I� Sl�>�G`]]`^�]`IK[� n`�FK�>I`hnKI� P̀ k�%^K��K>[nR�KPP̀ knl���`uKtKk��>�``kIS^>nS^Q
`]]SnnKK�I`Kl�^`n�GokkK^n[w�KvSln�S^��kSnSlR�`[o]FS>�

�
0KlK>kGR� hKkn>S^S^Q� n`� %^K� �K>[nR� nK^Il� n`� n>ZK� h[>GK� S^� >G>IK]SG� `k� G[S^SG>[� [>F`k>n`kSKl�� uRSGR� G>^� KvSln� S^
Q`tKk^]K^n�kKlK>kGR�>k]l�`k�`onlSIK�`P�Q`tKk^]K^n�S^�S^IKhK^IK^n�P>GS[SnSKl��R`lhSn>[l��`k�o^StKklSnSKl�
�
�`tKk^]K^n� >F`k>n`kSKl
1S^Q>h`kK�R>l�`^K�`P�nRK�]`kK�G`]hkKRK^lStK�Q`tKk^]K^n�[>F�lwlnK]l�FKnuKK^�nRK�P̀ ok�YokSlISGnS`^l�S^��lS>Á��2RK
#>nS`^>[�-oF[SG��K>[nR� >F`k>n`kw�ª#-� «�Sl�>�%^K��K>[nR�kKlK>kGR�GK^nkK�nR>n�`hKk>nKl�>n�nRK�^>nS`^>[�[KtK[�o^IKk
nRK� ISkKGnS`^� `P� nRK�"S^Slnkw� `P� �K>[nR��uRKkK� Z^`u[KIQK� Sl� G`^nkSFonKI� n`� Fw� hRwlSGS>^l� >^I� S^PKGnS`ol� ISlK>lK
KvhKknl� ªK�Q��� S]]o^`[`QSlnl�� KhSIK]S`[`QSlnl�� ]SGk`FS`[`QSlnl«�� �oknRKk�� o^IKk� nRK� #>nS`^>[� ->kZl� �`>kI� >kK� nRK
�^S]>[�>^I�-[>^n��K>[nR�K^nKk�ª�-�«�>^I�nRK�K^nKk�P̀ k��^S]>[�>^I�8KnKkS^>kw�1KktSGKl�ª�81«��F`nR�`P�uRSGR
hk`tSIK�IS>Q^`lnSG�lKktSGKl� P̀ k�loktKS[[>^GK�>^I�]`^Sn`kS^Q�`P�Ro]>^°>^S]>[�ISlK>lKl�Fw�[K>IKkl�S^�tKnKkS^>kS>^�
uS[I[SPK��>^I�K^tSk`^]K^n>[�lGSK^GKl��2RKlK�Q`tKk^]K^n� [>Fl�u`kZ� S^�G`[[>F`k>nS`^�uSnR�>�^Knu`kZ�`P�lKtK^�hoF[SG
R`lhSn>[l�>^I�G[S^SG>[�[>Fl�>Gk`ll�nRK�G`o^nkw�n`�>It>^GK�%^K��K>[nR�kKlK>kGRÁ�
�
`]h>k>nStK[w��S^��>^Q[>IKlR��%^K��K>[nR�kKlK>kGR�n>ZKl�h[>GK�S^�nRK� >F`k>n`kw�`P��``I�1>PKnw�>^I�%^K��K>[nR�
2RSl�[>F�KvSlnl�uSnRS^�nRK�[>kQKk��^nKk^>nS`^>[�K^nKk�P̀ k��S>kkR`K>[��SlK>lK�0KlK>kGR�ª���0«�>^I�Sl�G`^lSIKkKI�>
loGGKll� S^� �>^Q[>IKlR� S^� h>kn� IoK� n`� >^� Kvh>^lStK� Q[`F>[� kKlK>kGR� ^Knu`kZ�� uRSGR� S^G[oIKl� G`^nkSFonS`^l� Pk`]
kK^`u^KI� P>GS[SnSKl� [SZK� nRK� 0`w>[� 8KnKkS^>kw� `[[KQK� ª3^SnKI� �S^QI`]«��  `^I`^� 1GR``[� `P� �wQSK^K� >^I� 2k`hSG>[
"KISGS^K�ª3^SnKI��S^QI`]«��R>nR>]��`olK�ª3^SnKI��S^QI`]«��1RKk°K°�>^Q[>��QkSGo[nok>[�3^StKklSnw�ª�>^Q[>IKlR«�
�>^Q[>IKlR��QkSGo[nokK�3^StKklSnw��>^I�">llKw�3^StKklSnw�ª#Ku�=K>[>^I«�
�
�`tKk^]K^n°lSno>nKI� [>Fl�loGR�>l� nRKlK�>[[`u�RK>[nR�KvhKknl�>^I�>G>IK]SGl� n`�G`^IoGn� nKlnl�>^I�G`]]o^SG>nK
PS^IS^Ql� nR>n� >kK� KllK^nS>[� P̀ k� nRK� ]`^Sn`kS^Q�� loktKS[[>^GK�� SIK^nSPSG>nS`^�� >^I� kKlh`^lK� n`� S^PKGnS`ol� >^I
G`]]o^SG>F[K� ISlK>lKl�� 2RK� kKlo[nl� Pk`]� kKlK>kGR� >kK� ISkKGn[w� lR>kKI� uSnR� ZKw� Q`tKk^]K^n� IKGSlS`^°]>ZKkl�
hk`tSIS^Q
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��

��
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�
%^K��K>[nR�KPP̀ knl�S^��kSnSlR�`[o]FS>�`GGok�S^�Sl`[>nKI�hk ỲKGnl�`k�hk`Qk>]l���^nKktSKuKKl�S^��kSnSlR�`[o]FS>�RK[hKI
`ok� nK>]� SIK^nSPw�l`]K�`P� nRKlK�KPP̀ knl���`tKk^]K^n�F`ISKl�� loGR�>l����>^I�-o[lK#Kn�>^>I>�� >kK� GokkK^n[w
[K>IS^Q�S^�%^K��K>[nR�S^SnS>nStKl�>Gk`ll�]o[nSh[K�]S^SlnkSKl��IKh>kn]K^nl��>^I�YokSlISGnS`^l���`k�Kv>]h[K�����R>l
ho[[KI� S^� nRK� "S^Slnkw� `P� �K>[nR� ª�"%�«� >^I� nRK� "S^Slnkw� `P� �QkSGo[nokK�� �``I�� >^I� �SlRKkSKl� ª�"���«� S^n`
G`^tKkl>nS`^l� kKQ>kIS^Q� >� %^K� �K>[nR� >hhk`>GR�� >^I� nRKkK� Sl� S^GkK>lKI� S^t`[tK]K^n� Pk`]� nRK� "S^Slnkw� `P
�^tSk`^]K^n�>^I�[S]>nK�R>^QK�1nk>nKQw�ª�"�1«��#`nKI�>FlK^GKl�S^G[oIK�nRK�"S^Slnkw�`P��`kKlnkw��nRK�"S^Slnkw
`P� �SQRKk� �IoG>nS`^�� >^I� nRK� �Skln� #>nS`^l� �K>[nR� �onR`kSnw�� �l� %^K� �K>[nR� Qk`ul� S^� �kSnSlR� `[o]FS>�� nRKkK� Sl
h`nK^nS>[�P̀ k�PoknRKk�K^Q>QK]K^n�uSnR�`nRKk�S]h`kn>^n�Q`tKk^]K^n�F`ISKl�loGR�>l�nRKlK�nRkKK�]S^SlnkSKl��2RKkK�>kK
>[l`�^`^°Q`tKk^]K^n>[Áln>ZKR`[IKkl
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�
�
hk`tSIS^Q�>^� S]]KIS>nK� [S^K�`P�G`]]o^SG>nS`^�FKnuKK^�kKlK>kGR�>^I�h`[SGw���oknRKk�� kKlK>kGR�G`^IoGnKI� S^� nRKlK
[>Fl� lohh`kn� loktKS[[>^GK� KPP̀ knl� >^I� S]hk`tK� hkKh>kKI^Kll� >^I� kKlh`^lK� nS]K� `P� RSQR[w� S^PKGnS`ol� h>nR`QK^l�
�>^Q[>IKlR�R>l�>I`hnKI�>� P̀ ok°u>w� [S^Z>QK�`P� S^P̀ k]>nS`^�FKnuKK^�>^S]>[�>^I�Ro]>^�RK>[nR�KhSIK]S`[`Qw�uSnR
>^S]>[� >^I� Ro]>^� [>F`k>n`kw� S^P̀ k]>nS`^�� uRSGR� Sl� nRK^� G`]]o^SG>nKI� n`� nRK� %^K� �K>[nR� 1KGkKn>kw� P̀ k� joSGZ
IKGSlS`^°]>ZS^Q�Fw�lK^S`k� kKlK>kGRKkl� Pk`]�nRKlK� [>Fl��2RSl�K^lokKl� nRK�h`[SGw�hk`GKll� Sl� S^P̀ k]KI�Fw� nRK� [>nKln
I>n>�>^I�kKlK>kGRÁ�
�
2R>n� l>SI�� nRKlK� [>Fl� >kK� >[l`� GR>[[K^QKI� Fw� nRKSk� S^lnSnonS`^>[� kK>GR�� 3^[Kll� [>Fl� R>tK� KvnK^lStK� ^Knu`kZl� nR>n
K^Q>QK� uSnR� nR`lK� `onlSIK� `P� Q`tKk^]K^n� lh>GKl� ²� loGR� >l� G`]]o^Snw� [K>IKkl�� Pk`^n°[S^K� hk`PKllS`^>[l�� >^I
S^Iolnkw�²�h`[SGw�kKlh`^lKl�kSlZ�FKS^Q�S^KPPKGnStK�`^°nRK°Qk`o^I�
�
3^StKklSnw¨[S^SG>[� >F`k>n`kSKl
�[nR`oQR� �`^Q� �`^Q� >^I� 2R>S[>^I� I`� ^`n� R>tK� IKISG>nKI� Q`tKk^]K^n� [>F`k>n`kSKl� P̀ k� %^K� �K>[nR�� nRKw� I`� R`ln
l`hRSlnSG>nKI�o^StKklSnw�kKlK>kGR�h[>nP̀ k]l���`^Q��`^Qºl�K^nKk�P̀ k��hh[SKI�%^K��K>[nR�0KlK>kGR�Ø�-`[SGw��ItSGK
ª�%�0-�«� Sl� nRK� ZKw� kKlK>kGR� GK^nkK� [`G>nKI� >n� nRK� Snw� 3^StKklSnw� `P� �`^Q� �`^Q�� uSnR� lhKGS>[Slnl� u`kZS^Q� S^
S^PKGnS`ol� ISlK>lKl�� hoF[SG� RK>[nR�� >jo>nSG� >^S]>[� RK>[nR�� tKnKkS^>kw� lGSK^GKl�� >hh[SKl� kKlK>kGR�� >^I� h`[SGw�� 2RK
�%�0-��P̀ GolKl�`^�]`^Sn`kS^Q�>^S]>[�>^I�Ro]>^�ISlK>lK�nk>^l]SllS`^l�>^I�P̀ `I�l>PKnw�uSnRS^�lohh[w�GR>S^l�>^I
kKQo[>k[w�G`^nkSFonKl�n`�hoF[SG>nS`^l�Fw�nRK��``I�>^I��QkSGo[nok>[�%kQ>^Sz>nS`^�ª��%«Á�
�
`]h>k>nStK[w��2R>S[>^Iºl�kKlK>kGR�Sl�P>GS[Sn>nKI�Fw�nRK�2R>S[>^I�%^K��K>[nR�3^StKklSnw�#Knu`kZ�ª2�%�3#«��uRSGR
`hKk>nKl�o^IKk� nRK�1`onRK>ln��lS>�%^K��K>[nR�3^StKklSnw�#Knu`kZ� ª1��%�3#«�� 2�%�3#� Sl� >� o^StKklSnw� ^Knu`kZ
FkS^QS^Q�n`QKnRKk�]KISG>[�lGSK^GKl��KG`^`]SGl��hR>k]>GKonSG>[l��hoF[SG�RK>[nR��tKnKkS^>kS>^�]KISGS^K��K^tSk`^]K^n>[
lGSK^GKl�� IK^nSlnkw�� okF>^� IKlSQ^�� l`GS>[� lGSK^GKl�� >QkSGo[nokK�� K^QS^KKkS^Q�� h`[SnSG>[� lGSK^GKl�� [>u�� >^I� KIoG>nS`^
Pk`]� >k`o^I� nRK� G`o^nkw�� Á 2̀ QKnRKk�� 2�%�3#� hk`tSIKl� %^K� �K>[nR� nk>S^S^Q� n`� nRK� PonokK� u`kZP̀ kGK� Fw� `PPKkS^Q
G`oklKl�>^I�u`kZlR`hl�P̀ k�K>k[w�hk`nKGnS`^��hkKtK^nS`^��>^I�kSlZ�kKIoGnS`^�`P�K]KkQS^Q�ISlK>lKl��2�%�3#�u`kZl�S^
G[`lK�G`[[>F`k>nS`^�uSnR�nRKSk�hkS]>kw�Po^IKk��nRK�3^SnKI�1n>nKl��QK^Gw�P̀ k��^nKk^>nS`^>[��KtK[`h]K^n�ª31���«�Á�2RK
FK^KPSn� `P� >^� Kvh>^lStK� o^StKklSnw� ^Knu`kZ� loGR� >l� nRSl� ]K>^l� nR>n� >� uSIKk� k>^QK� `P� >Gn`kl� G>^� FK� Fk`oQRn
n`QKnRKk��>^I�nRK�^Knu`kZ�Sl�]oGR�]`kK�>I>hnStK�>^I�P[KvSF[K�nR>^�nR`lK�lKK^�S^�Q`tKk^]K^n�[>Fl�
�
0KlK>kGR�nR>n�Sl�hkS]>kS[w�G`^IoGnKI�S^�S^IKhK^IK^n�G[S^SG>[�>^I�>G>IK]SG�[>F`k>n`kSKl��loGR�>l�nR`lK�`P�R`lhSn>[l
>^I�o^StKklSnSKl��]oln�lR>kK�nRKSk�S^P̀ k]>nS`^�uSnR�IKGSlS`^°]>ZKkl�S^�>�ISPPKkK^n�]>^^Kk���`k�Kv>]h[K���`^Q��`^Qºl
�%�0-��I`Kl�^`n�ISkKGn[w�S^P̀ k]�Q`tKk^]K^n�h`[SGw��0>nRKk��Sn�G`^nkSFonKl�RK>tS[w�n`�S^nKk^>nS`^>[�hoF[SG>nS`^l�>^I
hk`PKllS`^>[� ^Knu`kZ� Qk`ohl� nR>n� S^P̀ k]� h`[SGw� S^� >G>IK]SG� lh>GKl�� 2�%�3#� lS]S[>k[w� S^P̀ k]l� h`[SGw� nRk`oQR
>G>IK]SG�lh>GKl��Fon�>[l`�Q`Kl�>�lnKh�PoknRKk�Fw�u`kZS^Q�RK>tS[w�uSnR�nRK�]KIS>�n`�hKkP̀ k]�%^K��K>[nR�>It`G>Gw
>^I�KIoG>nK�nRK�QK^Kk>[�hoF[SG�`^�S]h`kn>^n�%^K��K>[nR�G`]]o^SG>nS`^l�
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�
>[l`�^`^°Q`tKk^]K^n>[�ln>ZKR`[IKkl�G`^nkSFonS^Q�n`�nRK�%^K��K>[nR�K^tSk`^]K^n�S^��kSnSlR�`[o]FS>��S^G[oIS^Q�nR>n�`P
>G>IK]SG�>^I�G[S^SG>[� kKlK>kGRKkl� ªhoF[SG� RK>[nR�� hoF[SG� h`[SGw�� K^tSk`^]K^n>[� lGSK^GKl�� tKnKkS^>kS>^l�� KnG�«��^`^°
hk`PSn� ª�K^`]K� �«�� >^I� hkSt>nK� ªln>kn°oh� tK^nokKl�� S^Iolnkw«�� %^K� �K>[nR� kKlK>kGR� S^SnS>nStKl� >kK� G`^IoGnKI� >n
o^StKklSnSKl�>^I�^`^°Q`tKk^]K^n>[�kKlK>kGR�`kQ>^Sz>nS`^l���^�`hh`kno^Snw�P̀ k�Kvh>^lS`^�`P�%^K��K>[nR�kKlK>kGR�S^
�� u`o[I� FK� n`� S^G`kh`k>nK� %^K� �K>[nR� hkS^GSh[Kl� S^n`� kKlK>kGR� S^SnS>nStKl� n>ZS^Q� h[>GK� S^� Q`tKk^]K^n� kKlK>kGR
P>GS[SnSKl�� ��� Sl� GokkK^n[w� u`kZS^Q� `^� S]h[K]K^nS^Q� loGR� >^� S^SnS>nStK� S^� nRK� P̀ k]� `P� >� %^K� �K>[nR� �K^`]SGl
0KlK>kGR�K^nkK�
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�`uKtKk�� KvhKknl� uK� lh`ZK� uSnR� SIK^nSPSKI� GR>[[K^QKl� S^� G`^IoGnS^Q� ]o[nSISlGSh[S^>kw� kKlK>kGR� >^I� nk>^lSnS`^S^Q
PS^IS^Ql�S^n`�h`[SGw���Skln��nRKkK�Sl�>^�S^GkK>lKI�K]hR>lSl�`^�>hh[SKI�lGSK^GKl��lRSPnS^Q�>u>w�Pk`]�kKlK>kGR�l`[K[w�P̀ k
>G>IK]SG�hokh`lKl�>^I�S^lnK>I�>It`G>nS^Q�P̀ k�>^I�hkS`kSnSzS^Q�kKlK>kGR�nR>n�R>l�hk>GnSG>[�`onG`]Kl���hh[SKI�lGSK^GK
R>l� S]h`kn>^n� S]h[SG>nS`^l� P̀ k�h`[SGw]>ZS^Q�Fw�>GnStK[w�lKKZS^Q�n`� S^P̀ k]�ZKw�ln>ZKR`[IKkl�>^I�IKGSlS`^°]>ZKkl�n`
IkStK�h`lSnStK�GR>^QK�uSnR�kKlhKGn�n`�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[�RK>[nR���hh[SKI�kKlK>kGR�kKjoSkKl�kKlo[nl�n`
R>tK�kK>[°u`k[I�S]h[SG>nS`^l�>^I�P̀ k�PS^IS^Ql�n`�FK�ISllK]S^>nKI�>^I�G`]]o^SG>nKI�S^�`kIKk�n`�S^P̀ k]�h`[SGw�GR>^QK�
�
1KG`^I[w��nRKkK�KvSlnl�>lw]]Knkw�>^I�h`uKk�S]F>[>^GKl�FKnuKK^�nRK�t>kS`ol�>Gn`kl�S^t`[tKI���]h`kn>^n[w��nRSl�]K>^l
nR>n�nRK�S^t`[tK]K^n�`P�GKkn>S^�hk`PKllS`^>[l�>Gk`ll�nRK�%^K��K>[nR�nkS>I�]>w�^`n�>[u>wl�FK�Kjo>[��2RSl�nK^IK^Gw�u>l
>[l`� hkKlK^n� >Gk`ll� �lS>�� �^� �`^Q� �`^Q�� %^K� �K>[nR� kKlK>kGR� Sl� I`]S^>nKI� Fw� hoF[SG� RK>[nR� hk`PKllS`^>[l�� uSnR
tKnKkS^>kS>^l� >^I� >^S]>[� RK>[nR� KvhKknl� hKkGKStS^Q� IKGSlS`^°]>ZKkl� >^I� Po^IKkl� >l� FKS^Q� [Kll� kKGKhnStK� n`� nRKSk
G`^nkSFonS`^l�� �oknRKk�� nRK� S]h`kn>^GK� `P� K^tSk`^]K^n>[� kKlK>kGR�� h>knSGo[>k[w� nR>n� S^t`[tS^Q� G[S]>nK� GR>^QK�� R>l
nk>ISnS`^>[[w�FKK^�o^IKkkKhkKlK^nKI�S^�nRK�%^K��K>[nR�lh>GK���n�Sl�^`n�`^[w�KllK^nS>[�P̀ k��kSnSlR�`[o]FS>�n`�S^GkK>lK
kKhkKlK^n>nS`^� >Gk`ll� nRK� %^K� �K>[nR� nkS>I�� Fon� nRKkK� >[l`� ^KKIl� n`� FK� KPP̀ knl� n`u>kIl� S^G[olStK� >^I� KjoSn>F[K
K^Q>QK]K^n�n`�K^lokK�]K>^S^QPo[�h>knSGSh>nS`^�Fw�>[[�>Gn`kl���>^Q[>IKlR�R>l�nkSKI�n`�>IIkKll�nRSl�GR>[[K^QK�nRk`oQR
k`n>nS`^>[�[K>IKklRSh�FKnuKK^�ln>ZKR`[IKkl�u`kZS^Q�o^IKk�nRKSk�%^K��K>[nR�``kIS^>nS`^�`]]SnnKK���oknRKk��^>nS`^>[



�
 >ln[w��S^nKktSKuKKl�lnkKllKI�`^�nRK�S]h`kn>^GK�`P�>�G`^GKknKI�^KKI
P̀ k� I>n>� lR>kS^Q� ]KGR>^Sl]l� S^� �kSnSlR� `[o]FS>�� loGR� >l� lR>kKI
h[>nP̀ k]l�`k�I>n>lKnl�n`�nk>GZ�S^GSIK^GK�k>nKl�`P�K]KkQS^Q�ISlK>lKl
S^� Ro]>^� >^I� >^S]>[� h`ho[>nS`^l�� 2whSG>[[w�� >� lS^Q[K� nK>]� uS[[� FK
kKlh`^lSF[K� P̀ k� >� QStK^� I>n>lKn�� 1R>kS^Q� I>n>� IKhK^Il� `^� nRK
G`^nKvn� S^� uRSGR� nRK� I>n>� u>l� G`[[KGnKI� >^I� uRKnRKk� lR>kS^Q
S^P̀ k]>nS`^� Sl� >hhk`tKI� Fw� nRK� nK>]� h`llKllS^Q� nRK� I>n>lKn�
PK>lSF[K� o^IKk� nRK� lhKGSPSG� h[>nP̀ k]� nRK� I>n>� Sl� R`lnKI� `^�� `k
lR>kK>F[K� o^IKk� [KQ>[� kKQS]Kl� ªK�Q��� �GGKll� n`� �^P̀ k]>nS`^� �Gn«�
2RKlK� >kK� PkSGnS`^� h`S^nl� S^� I>n>� lR>kS^Q� FKnuKK^� nK>]l� >^I
]S^SlnkSKl� uSnRS^� �kSnSlR� `[o]FS>ºl� Q`tKk^]K^n� >^I� kKlnkSGnl� nRK
>FS[Snw� P̀ k� ]o[nSh[K� nK>]l� n`� u`kZ� n`QKnRKk� S^� >� k>hSI�� >QS[K�� >^I
G``kIS^>nKI�P>lRS`^�kKjoSkKI�o^IKk�%^K��K>[nR��2RK�]S^onK�IKn>S[l�`P
I>n>� lR>kS^Q� uSnRS^� nRK� `FlKktKI� G>lK� lnoISKl� uKkK� FKw`^I� nRK
lG`hK�`P�nRSl�hk ỲKGn��R`uKtKk�Kvh[`kS^Q�nRSl�>lhKGn�`P�S]h[K]K^nS^Q
%^K��K>[nR�u`o[I�FK�>�t>[o>F[K�>kK>�P̀ k�PonokK�kKlK>kGR�

3��"--�������°�����ÁáÁ���

���#2��������-

2RKkK� Sl� >� [`u� [KtK[� `P� S^nKQk>nS`^
>Gk`ll�nRK�Sl`[>nKI�S^ln>^GKl�`P�%^K
�K>[nR� S^��kSnSlR�`[o]FS>��hkS]>kS[w
KPP̀ knl� K]KkQS^Q� Pk`]� >G>IK]S>�
G[S^SG>[�[>Fl��>^I�kKlK>kGR�lh>GKl�

%#����� 2���3#��#�

13""�0;

�o^IS^Q� G`]Kl� Pk`]� nRkKK� ]>S^� l`okGKl�� Q`tKk^]K^nl�� ^`^°Q`tKk^]K^n� `kQ>^Sz>nS`^l�� >^I� hkSt>nK� `k
S^Iolnkw�h>kn^KklRShl�
�o^IS^Q� P̀ k�%^K��K>[nR�hk`Qk>]l�>^I� kKlK>kGR�>Gk`ll��lS>�u>l�`Fn>S^KI� Pk`]�>�]Sv�`P� l`okGKl��Fon�>n
[K>ln�`^K�`k�nu`�hkS]>kw�Po^IS^Q�l`okGKl�ln``I�`on�S^�K>GR�YokSlISGnS`^�
�o^IS^Q�S^��kSnSlR�`[o]FS>�Sl�hkS]>kS[w�hk ỲKGn°F>lKI�FKG>olK�%^K��K>[nR�R>l�^`n�FKK^�P̀ k]>[SzKI�>n�nRK
Q`tKk^]K^n�[KtK[�

�
�
lnk>nKQSG� >GnS`^� h[>^l� >Gk`ll��lS>� [>w� `on� nRK� t>[oKl� l`oQRn� Fw� nRK�%^K��K>[nR� >hhk`>GR�� S^G[oIS^Q� >Gn`kl� n`� FK
S^t`[tKI�>^I�nRK�]KGR>^Sl]l�lKn�S^�h[>GK�n`�hk`]`nK�]K>^S^QPo[�h>knSGSh>nS`^���kSnSlR�`[o]FS>�GokkK^n[w�[>GZl�>�%^K
�K>[nR�lnk>nKQSG�>GnS`^�h[>^�

�3#��#��"���#�1"1��%0�%#����� 2���#��1��
�
�o^IS^Q� l`okGKl� lnK]� Pk`]� nRkKK�]>S^� l`okGKl��Q`tKk^]K^n� ªFS[>nKk>[�� ^>nS`^>[�� hk`tS^GS>[�� `k� [`G>[� Q`tKk^]K^nl«�
^`^°Q`tKk^]K^n� `kQ>^Sz>nS`^l� ªS^nKk^>nS`^>[�� kKQS`^>[�� [`G>[«� >^I� hkSt>nK� ªS^Iolnkw� h>kn^KklRShl«�� �>^Q[>IKlR�
1S^Q>h`kK�� �`^Q� �`^Q�� >^I� 2R>S[>^I� >[[� kKGKStK� Po^IS^Q� Pk`]� ]o[nSh[K� l`okGKl�� wKn� nRKSk� Po^IS^Q� ]`IK[l� ]>w� FK
I`]S^>nKI� Fw� `^K� `k� nu`� l`okGKl� S^� h>knSGo[>k�� F>lKI� `^� uR>n� Sl� G`^nKvno>[[w� kK[Kt>^n� P̀ k� K>GR� YokSlISGnS`^�
�>^Q[>IKlR� kKGKStKl� lSQ^SPSG>^n� Po^IS^Q� Pk`]� S^nKk^>nS`^>[� `kQ>^Sz>nS`^l� ª�%l«�� lhKGSPSG>[[w� `Fn>S^S^Q� %^K� �K>[nR
hk ỲKGn°� >^I� hk`Qk>]°lhKGSPSG� lohh`kn� Pk`]� 9�%�� ��%�� >^I� 3#���� �� `]h>k>nStK[w�� 1S^Q>h`kKºl� %^K� �K>[nR
S^SnS>nStKl�>kK�K]FKIIKI�S^�nRK�^>nS`^>[�Q`tKk^]K^n�lnkoGnokK��K^lokS^Q�nRKw�R>tK�IKISG>nKI�FoIQKn�[S^Kl�nR>n�Po^I
nRKSk� %^K� �K>[nR� hk`Qk>]l� >^I� kKlK>kGR� [>FlÁ �� �`^Q� �`^Q� >^I� 2R>S[>^I� %^K� �K>[nR� S^SnS>nStKl� `GGok� >n� nRK
kKlK>kGRIIKIK

��

��



�
�
kKlK>kGRÁ >^I� >G>IK]SG� [KtK[�� uRKkK� Po^IS^Q� R>l� FKK^� `Fn>S^KI� Pk`]� h>kn^KklRShl� uSnR� FS[>nKk>[� Q`tKk^]K^n
`kQ>^Sz>nS`^l�ªK�Q���31���31�����9�%«��ÁÁÁÁÁ2R>S[>^I�>[l`�R>l�K]KkQS^Q�Po^IS^Q�kK[>nS`^lRShl�uSnR�nRK�hkSt>nK�lKGn`k�
loGR� >l� `Fn>S^S^Q� PS^>^GS>[� lohh`kn� Pk`]� -PSzKk� n`� lnkK^QnRK^� nRKSk� �"0� kKlK>kGRÁ �� %tKk>[[�� S^nKk^>nS`^>[� >SI� R>l
h[>wKI�>�ZKw�k`[K�S^�nRK�Po^IS^Q�`P�%^K��K>[nR�>Gk`ll��lS>�
�
�StK^�nR>n�tKkw�PKu�YokSlISGnS`^l�kKGKStK�IKISG>nKI�Q`tKk^]K^n�Po^IS^Q�ª`k�SP�nRKw�I`��nRK�G`^nkSFonS`^l�>kK�]S^`k«�
S^nKktSKuKKl� nRk`oQR`on� nRSl� hk ỲKGn� G`^nS^o>[[w� lnkKllKI� nRKSk� GR>[[K^QKl� S^� lKGokS^Q� [`^Q°nKk]�� ln>F[K�� >^I
hkKISGn>F[K�Po^IS^Q�P̀ k�%^K��K>[nR��-k ỲKGn°lhKGSPSG�Qk>^nl�`k�S^nKk^>nS`^>[�>SI�R>tK�lohh`knKI�nRK�Kln>F[SlR]K^n�`P
^Ku�%^K��K>[nR�hk`Qk>]l�>^I�hk ỲKGnl��Fon�nRKlK�Qk>^nl�`PnK^�G`]K�uSnR�>^�K^I�I>nK�nR>n�k>SlKl�joKlnS`^l�>l�n`�R`u
nRKlK�%^K��K>[nR�lwlnK]l�uS[[�FK�[KPn�n`�Po^I�`hKk>nS`^l�S^�nRK�]KISo]�>^I�[`^Q°nKk]���oknRKk��nR`lK�S^��`^Q��`^Q
R>tK� SIK^nSPSKI� nkK^Il� S^� Po^IS^Q� nR>n� hkS`kSnSzKl� ]KISG>[� >^I� hoF[SG� RK>[nR� kKlK>kGR� `tKk� K^tSk`^]K^n>[� >^I
tKnKkS^>kS>^�lGSK^GKl��]>ZS^Q�Sn�ISPPSGo[n� P̀ k�kKlK>kGRKkl�n`�Kjo>[[w�G`^nkSFonK�n`�nRK�%^K��K>[nR�kKlK>kGR�lh>GK��2̀
>IIkKll�l`]K�`P�nRKlK�G`^GKk^l�uSnR�Po^IS^Q���>^Q[>IKlR�R>l�Kln>F[SlRKI�>�nkoln�Po^I�nR>n�Sl�G`]hS[KI�`P�I`^>nS`^l
Pk`]�lohh`knKkl�>^I�%^K��K>[nR�hk ỲKGnl�n`�PS^>^GK�nRKSk�I>S[w�>I]S^Slnk>nStK�G`lnl�>^I�^KKIl���l�]K^nS`^KI�>F`tK�
2R>S[>^I�Sl�[``ZS^Q�n`�Qk`u�nRKSk�hkSt>nK�lKGn`k�kK[>nS`^lRShl�>^I�S^nKk^>nS`^>[�^Knu`kZl�n`�Kvh>^I�Po^IS^Q�l`okGKl�
1S^Q>h`kK�R>l�>[l`�SIK^nSPSKI�S^nKk^>nS`^>[�^Knu`kZl�>l�h`nK^nS>[�l`okGKl�`P�Po^IS^Q�nRk`oQR��1��#�>^I�nRK��[`F>[
9>nKk�0KlK>kGR�`>[SnS`^�

3��"--�������°�����ÁáÁ���
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�
1S]S[>k[w�� Po^IS^Q�]`IK[l� S^� �kSnSlR� `[o]FS>� uS[[� FK� RSQR[w� G`^nKvno>[� F>lKI� `^� >t>S[>FS[Snw� `P� l`okGKl� >^I� ^KKI�
�o^IS^Q�%^K��K>[nR� S^��kSnSlR�`[o]FS>� Sl�lnS[[�>n�>�^>lGK^n�ln>QK��`PnK^�IKnKk]S^KI�`^�>�hk ỲKGn°n`°hk ỲKGn�F>lSl�
2RSl�Sl�h>kn[w�FKG>olK�%^K��K>[nR�R>l�wKn�n`�FK�S^lnSnonS`^>[SzKI�>n�nRK�Q`tKk^]K^n°[KtK[�S^��kSnSlR�`[o]FS>��uRKkK
KPP̀ knl�G>^� kKGKStK�IKISG>nKI�%^K��K>[nR�FoIQKnl�� �^lnK>I��K>k[w°ln>QK� PS^>^GS^Q� S^��kSnSlR�`[o]FS>ºl�%^K��K>[nR
lh>GK�Sl�RK>tS[w�GR>k>GnKkSzKI�Fw�nRK�G`^nkSFonS`^�`P�^`^°Q`tKk^]K^n�>Gn`kl���`k�Kv>]h[K���K^`]K��ºl�G`°Po^IS^Q
>hhk`>GR�n`�kKlK>kGR�S^tKln]K^n�>SIKI�nRK�[>o^GR�`P�%^K��K>[nR�hS[`n�hk ỲKGnl�>^I�kKlK>kGR��loGR�>l�nRK�hk ỲKGn�nR>n
[S^ZKI�]S^Z� P>k]S^Q�uSnR�%8��°��� nk>^l]SllS`^� kSlZÁ ���IISnS`^>[�%^K��K>[nR�hS[`n�hk ỲKGnl�>kK�h[>^^KI� P̀ k� Po^IS^Q
o^IKk� �K^`]K� �ºl� %8��°��� 0>hSI� 0Klh`^lK� �o^IS^Q� �^SnS>nStKÁ �� 2RSl� >hhk`>GR� Sl� o^SjoK� >l� Sn� Sl� ^KSnRKk
Q`tKk^]K^n°`^[w� Po^IS^Q� ^`k� >^� S^Iolnkw°`^[w� h`knP̀ [S`� ]>^>QK]K^n� >hhk`>GR�� >^I� nRol� kK[SKl� `^� G`[[>F`k>nStK
kKlK>kGR�>QkKK]K^nl�>^I�G`]]Sn]K^nl�n`�]S[Kln`^Kl�`k�`onhonl�
�
�^nKktSKuKKl�k>SlKI�G`^GKk^l�kKQ>kIS^Q�nRK�GokkK^n�Po^IS^Q�]`IK[l�S^��kSnSlR�`[o]FS>���`k�Kv>]h[K��nRK�"S^Slnkw�`P
�K>[nR�R>l�`^K�`P�nRK�[>kQKln�FoIQKnl��wKn�u`o[I�FK�G`^nkSFonS^Q�[Kll�P̀ k�h`nK^nS>[�%^K��K>[nR�KPP̀ knl�uRK^�G`]h>kKI
uSnR�nRK�"S^Slnkw�`P��QkSGo[nokK�>^I�nRK�"S^Slnkw�`P��^tSk`^]K^n���vh[`kS^Q�nRK�h`nK^nS>[�`hh`kno^SnSKl�`P�PKIKk>[�>^I
hk`tS^GS>[� FoIQKn� >[[`G>nS`^� S^� �kSnSlR� `[o]FS>� Sl� GokkK^n[w� FKS^Q� o^IKkn>ZK^� Fw� ��ºl� KG`^`]SG� G>lK� P̀ k� %^K
�K>[nR�� 2RKkKP̀ kK�� nRSl� hk ỲKGn� `^[w� kKSnKk>nKl� nRKlK� Po^IS^Q� G`^GKk^l� n`� G`]h[K]K^n� GokkK^n� Kvh[`k>n`kw� KPP̀ knl
`GGokkS^Q�K[lKuRKkK���oknRKk�� nRK�lhKGSPSGl�`P� nRK�KG`^`]SG�PK>lSFS[Snw�`P�Po^IS^Q�uKkK�>�GR>[[K^QK�nRk`oQR`on� nRSl
hk ỲKGn�>l�Po^IS^Q�]`IK[l�S^��lS>�uKkK�RSQR[w�G`^nKvno>[�>^I�ISPPSGo[n�n`�`Fn>S^�S^P̀ k]>nS`^�`^�S^�`kIKk�n`�hk`hKk[w
S^P̀ k]�IKGSlS`^°]>ZKkl�S^��kSnSlR�`[o]FS>��-`nK^nS>[�PonokK�kKlK>kGR�G`o[I�S^tKlnSQ>nK�uR>n�FoIQKn�>[[`G>nS`^l�u`o[I
[``Z�[SZK��>l�uK[[�>l�`nRKk�`hh`kno^SnSKl�P̀ k�Po^IS^Q��loGR�>l�IKISG>nKI�>^I�lR>kKI�%^K��K>[nR�Qk>^nl�G`^nkSFonKI�Fw
G`[[>F`k>nStK�>QkKK]K^nl�uSnR�>QK^GSKl��R`lhSn>[l��>^I�>G>IK]SG�S^lnSnonS`^l��>l�uK[[�>l�Kvh>^IS^Q�Po^IS^Q�FKw`^I
>G>IK]S>�S^n`�loktKS[[>^GK�>^I�kKh`knS^Q�ª>^�>kK>�nR>n�Sl�loQQKlnKI�n`�FK�^KQ[KGnKI�S^��kSnSlR�`[o]FS>«�
�
2RK�hkKlK^GK�`P�^`^°hk`PSn�>Gn`kl�S^��kSnSlR�`[o]FS>ºl�Po^IS^Q�]`IK[�]Skk`kl�uR>n�Sl�P̀ o^I�S^��lS>��uRKkK�^`^°hk`PSn
`kQ>^Sz>nS`^l�h[>w�>^�KllK^nS>[�k`[K�S^�nRK�Kln>F[SlR]K^n�>^I�`^Q`S^Q�`hKk>nS`^l�`P�%^K��K>[nR�hk ỲKGnl��hk`Qk>]l�
>^I� KPP̀ knl� >Gk`ll� �>^Q[>IKlR�� 1S^Q>h`kK�� �`^Q� �`^Q�� >^I� 2R>S[>^I�� �l� >� kK[S>F[K� >^I� [`^Qln>^IS^Q� Q`tKk^]K^n
h>kn^Kk���K^`]K���uS[[�G`^nS^oK�n`�h[>w�>^�S]h`kn>^n�k`[K�>l�>�P[KvSF[K�Po^IKk�>^I�>It`G>nK�P̀ k�%^K��K>[nR�Po^IS^Q�
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��



���#2��������-1
�
2RKkK�R>l�FKK^�>^�K]hR>lSl� P̀ k� >� lRSPn� n`u>kIl� Po^IS^Q� nR>n�R>l�hk>GnSG>[� >^I�>hh[SKI
`onG`]Kl�S^�`kIKk�n`�hk`]`nK�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[�RK>[nR���`uKtKk��Po^IS^Q
`P� hk ỲKGnl� `k� kKlK>kGR�]>w� ^`n� >[u>wl� nk>^lSnS`^� S^n`� >GnS`^>F[K� SnK]l��uSnR� S]h`kn>^n
RK>[nR�Z^`u[KIQK�FKS^Q�RK[I�S^�l`[K[w�>G>IK]SG�`k�kKlK>kGR�lh>GKl���IISnS`^>[[w��nRKkK�>kK
GokkK^n[w�^`�hk`tS^GS>[�FoIQKn�SnK]l�Kvh[SGSn[w�IKISG>nKI�n`�%^K��K>[nR�KPP̀ knl�>Gk`ll�nRK
hk`tS^GK�Á

%#����� 2��20��#�#�

13""�0;

�u>kK^Kll�`P�%^K��K>[nR�>l�>�G`^GKhn� Sl�kKS^P̀ kGKI�uSnR�G>h>GSnw�IKtK[`h]K^n��Z^`u[KIQK°lR>kS^Q��>^I
KIoG>nS`^�
�IoG>nS`^� >^I� nk>S^S^Q� S^� �lS>� G`]K� S^�]>^w� P̀ k]l�� t`G>nS`^>[� >^I� hk`PKllS`^>[� nk>S^S^Q�� PSK[I� nk>S^S^Q�
o^IKkQk>Io>nK�>^I�Qk>Io>nK�G`oklKl�`k�hk`Qk>]l��>^I�nRK]K°F>lKI�u`kZlR`hl�>^I�lK]S^>kl�
�[nR`oQR���R>l�Sl`[>nKI�S^ln>^GKl�`P�%^K��K>[nR�G`^GKhnl�n>oQRn�nRk`oQR�G`oklKl�`k�hk`PKllS`^>[�KtK^nl�
nRKkK� >kK� ^`� P̀ k]>[SzKI� `k� n>kQKnKI� %^K� �K>[nR� hk`Qk>]l� >^I� `^[w� >� lK[KGn� PKu� %^K� �K>[nR°P̀ GolKI
h[>nP̀ k]l�P̀ k�lR>kS^Q�S^P̀ k]>nS`^�>^I�Z^`u[KIQK�

3��"--�������°�����ÁáÁ���

%#����� 2��20��#�#���#��1��
�
2k>S^S^Q� >^I� hk`PKllS`^>[� IKtK[`h]K^n� hk`Qk>]l�uKkK� nRK�]`ln� P̀ ku>kI°[``ZS^Q� >lhKGnl� `P� %^K� �K>[nR� SIK^nSPSKI
IokS^Q�nRSl�hk ỲKGn��2RK�>t>S[>FS[Snw�`P�KIoG>nS`^�>^I�lZS[[l�nk>S^S^Q�P̀ k�nR`lK�u`kZS^Q�uSnR�nRK�%^K��K>[nR�KG`lwlnK]
u>l�>�ZKw�G`]h`^K^n�SIK^nSPSKI�Fw�KvhKknl�S^��lS>�uRK^�Sn�G>]K�n`�nRK�KPPKGnStK^Kll�`P�%^K��K>[nR�h`[SGw�P̀ k]o[>nS`^
>^I�S]h[K]K^n>nS`^��2RK�P̀ [[`uS^Q�K[oGSI>nKl�nRK�ISPPKkK^n�nwhKl�`P�nk>S^S^Q�hk`Qk>]l�nR>n�>hhK>kKI�S^��>^Q[>IKlR�
1S^Q>h`kK���`^Q��`^Q��>^I�2R>S[>^I�
�
8̀ G>nS`^>[�Ø�-k`PKllS`^>[�2k>S^S^Q
1S^Q>h`kK���>^Q[>IKlR�� >^I� 2R>S[>^I� `PPKk� t`G>nS`^>[� >^I� hk`PKllS`^>[� nk>S^S^Q� hk`Qk>]l� IKlSQ^>nKI� P̀ k� nR`lK
u`kZS^Q�uSnRS^�hk`PKllS`^>[�%^K��K>[nR�lh>GKl��2RSl�S^G[oIKl�Q`tKk^]K^n�`PPSGS>[l��KhSIK]S`[`QSlnl��>^I�tKnKkS^>kS>^l�
2RK�FK^KPSn� `P� nRKlK�hk`Qk>]l� Sl� nR>n� Q`tKk^]K^n� `PPSGS>[l� >^I�hoF[SG�u`kZKkl�>kK� S^nk`IoGKI�>^I� nk>S^KI�`^� ZKw
hkS^GSh[Kl�n`�%^K��K>[nR�nR>n�lohh`knl�nRK]�S^�G`[[>F`k>nStK�KPP̀ knl�>Gk`ll�ISPPKkK^n�YokSlISGnS`^l�
�
�SK[I�2k>S^S^Q
�^�1S^Q>h`kK���>^Q[>IKlR�� >^I�2R>S[>^I� nRKkK� Sl� >^� K]hR>lSl� `^� S^G`kh`k>nS^Q� %^K� �K>[nR� hkS^GSh[Kl� S^� KvSlnS^Q
nk>S^S^Q�>^I�GKknSPSG>nS`^�hk`Qk>]l� P̀ k�KhSIK]S`[`QSlnl� nRk`oQR��SK[I��hSIK]S`[`Qw�2k>S^S^Q�-k`Qk>]l�� �^�K>GR�`P
nRKlK� YokSlISGnS`^l�� PSK[I� KhSIK]S`[`QSlnl� >kK� G`^lSIKkKI� nRK� ¹Pk`^n� [S^Klº� `P� %^K� �K>[nR�� >l� nRKw� >kK� nwhSG>[[w� nRK
hKkl`^^K[� IKnKGnS^Q� >^I� kKh`knS^Q� `onFkK>Zl� `P� z``^`nSG� >^I� K]KkQS^Q� ISlK>lKlÁ �� �^nk`IoGnS`^l� n`� %^K� �K>[nR
hkKh>kK� hk`PKllS`^>[l� P̀ k� u`kZS^Q� uSnR� PSK[I� hk`PKllS`^>[l� S^� `nRKk� lKGn`kl� >^I� nK>GR� nRK]� n`� kKG`Q^SzK� ZKw
S^nKklKGnS`^l�FKnuKK^�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[�RK>[nR�

��
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�
�
3^IKkQk>Io>nK�2k>S^S^Q
�`^Q��`^Q�`PPKkl�%^K��K>[nR� GokkSGo[o]� S^� nRKSk�8KnKkS^>kw� >^I�  SPK� 1GSK^GKl�3^IKkQk>Io>nK�-k`Qk>]Á �� 1S]S[>k[w�
GKknSPSG>nK� hk`Qk>]l� >kK� `PPKkKI� >n� 1S^Q>h`kKºl� #>^w>^Q� 2KGR^`[`QSG>[� 3^StKklSnw� S^� nRKSk� 1GR``[� `P� �S`[`QSG>[
1GSK^GKl�>^I��>^Q[>IKlRºl�%^K��K>[nR��^lnSnonK�>n�nRK�RSnn>Q`^Q�8KnKkS^>kw�Ø��^S]>[�1GSK^GKl�3^StKklSnw�
�
�k>Io>nK�2k>S^S^Q
1S^Q>h`kK� Sl� nRK� `^[w� YokSlISGnS`^� uSnR� Qk>Io>nK°[KtK[� nk>S^S^Q� S^� %^K� �K>[nR�� #>]K[w�� 1S^Q>h`kKºl� �oZK� �[`F>[
�K>[nR� �^lnSnonK�`PPKkl�>�G`oklK�uSnR�>� P̀ Gol�`^�%^K��K>[nR�� Á2R>n�l>SI���>^Q[>IKlR�Sl�GokkK^n[w�G`[[>F`k>nS^Q�uSnR
">llKw�3^StKklSnw� S^�#Ku�=K>[>^I�n`�k`[[�`on�>�">lnKkºl� S^�%^K��K>[nR�hk`Qk>]���`nR�o^IKkQk>Io>nK�>^I�Qk>Io>nK
nk>S^S^Q�KIoG>nKl�PonokK�hk`PKllS`^>[l��>G>IK]SGl��>^I�kKlK>kGRKkl�`^�nRK�S]h`kn>^GK�`P�%^K��K>[nR�>^I�S^nk`IoGKl
>�]`kK�R`[SlnSG�hKklhKGnStK�`^�nRK�S^nKkIKhK^IK^GSKl�FKnuKK^�Ro]>^l��>^S]>[l��>^I�nRKSk�lR>kKI�K^tSk`^]K^n�
�
2RK]K°�>lKI�9`kZlR`hl�Ø�1K]S^>kl
�[[�P̀ ok�G`o^nkSKl�R`ln�u`kZlR`hl�>^I�nk>S^S^Q�lK]S^>kl�P̀ k�KvSlnS^Q�hk`PKllS`^>[l���`k�Kv>]h[K��S^��>^Q[>IKlR��nRK
%^K� �K>[nR� �oF� `PPKkl� lK]S^>kl�� u`kZlR`hl�� >^I� G`^PKkK^GKl� P̀ k� hk`PKllS`^>[l�� >^I� S^� 2R>S[>^I� nRKkK� >kK
`hh`kno^SnSKl� P̀ k� lnoIK^nl�>^I�w`o^Q�hk`PKllS`^>[l� n`�h>knSGSh>nK� S^�%^K��K>[nR�u`kZlR`hl�>^I� nk>S^S^Q� lK]S^>kl
nRk`oQR� nRK�2R>S[>^I�%^K��K>[nR�3^StKklSnw�#Knu`kZ� ª2�%�3#«��%^K��K>[nR�h[>nP̀ k]l�� lw]h`lSo]l��`k�G`^PKkK^GKl
>kK�l`]K�`P�nRK�k>kK�`hh`kno^SnSKl�S^�uRSGR�>�[>kQK�k>^QK�`P�ln>ZKR`[IKkl�ªPk`]�Q`tKk^]K^n�n`�S^Iolnkw�n`�>G>IK]S>
n`�nRK�hoF[SG«�G>^�K^Q>QK�S^�G`^tKkl>nS`^�uSnR�`^K�>^`nRKk�>^I�lR>kK�S^P̀ k]>nS`^�G`^GKk^S^Q�%^K��K>[nR�n`hSGl�

�"- ��2�%#1��%0��0�2�1��% 3"������-��2;��3� ��#��ØÁ%#����� 2��20��#�#�

%DQJODGHVK +RQJ
.RQJ

6LQJDSRUH 7KDLODQG

)LHOG�7UDLQLQJ

9RFDWLRQDO�7UDLQLQJ

8QGHUJUDGXDWH�7UDLQLQJ

*UDGXDWH�7UDLQLQJ

:RUNVKRSV�	�6HPLQDUV

�
2RK�KvSlnK^GK�`P�G>h>GSnw°FoS[IS^Q��Z^`u[KIQK�lR>kS^Q��>^I�lZS[[l�nk>S^S^Q�`hh`kno^SnSKl�>Gk`ll�>[[� P̀ ok�YokSlISGnS`^l
S^ISG>nKl� nRK� S]h`kn>^GK� `P� KIoG>nS^Q� PonokK� QK^Kk>nS`^l� >F`on� nRK� S^nKkIKhK^IK^GSKl� `P� Ro]>^�� >^S]>[�� >^I
K^tSk`^]K^n>[� RK>[nR�� �oS[IS^Q� Z^`u[KIQK�� G>h>GSnw�� >^I� G`^PSIK^GK� S^� nRSl� kKQ>kI� K^lokKl� h`[SGw� P̀ k]o[>nS`^� >^I
IKGSlS`^°]>ZS^Q�Sl�PoknRKk�>[SQ^KI�uSnR�nRK�G`kK�hkS^GSh[Kl�`P�%^K��K>[nR��1KtKk>[�S^nKktSKu�kKlh`^IK^nl�K]hR>lSzKI
nRK�k`[K�`P�nk>S^S^Q�>^I�KIoG>nS`^�S^�nRKSk�kKlhKGnStK�YokSlISGnS`^l��nRol�PoknRKk�lohh`knS^Q�nRSl�^`nS`^�

��

��

��
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���#2��������-

-k`Qk>]l� n>kQKnS^Q� nRK� nk>S^S^Q� `P
PonokK� QK^Kk>nS`^l� S^� %^K� �K>[nR
hkS^GSh[Kl�>kK�Sl`[>nKI�>Gk`ll��kSnSlR
`[o]FS>��2RKkK�>kK�>[l`�^`�G`oklKl
`k� hk`Qk>]l� nk>S^S^Q� hk`PKllS`^>[l
>^I�lnoIK^nl�S^�%^K��K>[nR�

�
�
�`uKtKk��nRK�KvSlnK^GK�`P�nRK�>F`tK°]K^nS`^KI�S^ln>^GKl�Sl�l`]KuR>n�Sl`[>nKI�lS^GK�]>^w�YokSlISGnS`^l�>k`o^I�nRK
Q[`FK�I`�^`n�`PPKk�%^K��K>[nR�nk>S^S^Q�`k�GKknSPSG>nS`^�hk`Qk>]l��2RSl�Sl�>[l`�nkoK�P̀ k��kSnSlR�`[o]FS>��2RK�hkKlK^GK
`P� %^K� �K>[nR� KIoG>nS`^� S^� �kSnSlR� `[o]FS>� Sl� ISPPSGo[n� n`� ]K>lokK�� 2RKkK� >kK� KvSlnS^Q� S^P̀ k]>[� KPP̀ knl� n`� lR>kK
Z^`u[KIQK�>^I�FoS[I�G>h>GSnw���`k�Kv>]h[K��S^�nRK��>[[�`P����������R`lnKI�>�%^K��K>[nR�1w]h`lSo]�uRKkK�G[S^SG>[
kKlK>kGRKkl��>G>IK]SGl��Q`tKk^]K^n�`PPSGS>[l��>^I�Ro]>^��>^S]>[��>^I�K^tSk`^]K^n>[�RK>[nR�KvhKknl�]Kn�tSkno>[[w�n`
ISlGoll�K]KkQS^Q�%^K��K>[nR�KPP̀ knl�>Gk`ll�>^>I>���`uKtKk��nRKlK�h[>nP̀ k]l�>kK�^`n�S^lnSnonS`^>[SzKI�`k�P̀ k]>[SzKI
>l� uK� R>tK� lKK^� S^� �lS>� ªK�Q��� 1S^Q>h`kKºl� %^K� �K>[nR� -[>nP̀ k]� R`lnKI� >^^o>[� 1w]h`lSo]l� hkS`k� n`� %8��°��
ISlkohnS`^l«�� �oknRKk�� l`]K� >G>IK]SG� S^lnkoGn`kl�uSnRS^� RK>[nR�� >^S]>[�� >^I� K^tSk`^]K^n>[� lh>GKl� >kK� >IIS^Q�%^K
�K>[nR�G`^GKhnl�n`�nRKSk�GokkSGo[o]���`k�Kv>]h[K��nRK�3^StKklSnw�`P�8SGn`kS>�`PPKkl�>�]KISG>[�G`oklK�ª"��1����«�`^
nRK� S^nKkkK[>nS`^lRSh� FKnuKK^� Ro]>^� >^I� >^S]>[� RK>[nR�� Á  ``ZS^Q� FKw`^I� �kSnSlR� `[o]FS>�� %^K� �K>[nR� KPP̀ knl� S^
>^>I>�>kK�>[l`�lS]o[n>^K`ol[w�o^IKkn>ZK^�S^�`nRKk�hk`tS^GKl��2RK�3^StKklSnw�`P��oK[hR�R>l�IKlSQ^KI�>��>GRK[`kºl
IKQkKK� S^� %^K� �K>[nR�Á � Á �KlhSnK� nRKkK� FKS^Q� Sl`[>nKI� S^ln>^GKl� >Gk`ll� �kSnSlR� `[o]FS>�� nRK� hk`tS^GK� I`Kl� ^`n
GokkK^n[w�`PPKk� P̀ k]>[SzKI�`k�n>kQKnKI�%^K��K>[nR�nk>S^S^Q�hk`Qk>]l�nR>n�hk`tSIK�GKknSPSG>nS`^�`k�lZS[[l�IKtK[`h]K^n
P̀ k�hk`PKllS`^>[l�u`kZS^Q�uSnRS^�nRK�Ro]>^°>^S]>[°K^tSk`^]K^n�S^nKkP>GK��loGR�>l�nR`lK�hkKlK^n�K[lKuRKkK�
�
�IISnS`^>[[w�� nRKkK� Sl�^`�o^StKklSnw�^Knu`kZ�G`^^KGnS^Q�lR>kKI�KPP̀ knl� S^�%^K��K>[nR���l�IK]`^lnk>nKI�Fw�2�%�3#�
Kln>F[SlR]K^n�`P�>�^Knu`kZ�G>^�>[[`u�kK^`u^KI�o^StKklSnw�IKh>kn]K^nl�n`�hk`tSIK�nRKSk�`u^�>kK>l�`P�KvhKknSlK��2RK
3^StKklSnw� `P��kSnSlR�`[o]FS>� G>^� [K>I� S^� RSQRKk°[KtK[� Z^`u[KIQK� S^� h`ho[>nS`^�>^I�hoF[SG� RK>[nR�� S^G[oIS^Q�Q[`F>[
RK>[nR� ª1GR``[�-`ho[>nS`^�>^I�-oF[SG��K>[nR«�� Q[`F>[� h`[SGw�>PP>Skl� ª1GR``[� `P�-oF[SG�-`[SGw�>^I��[`F>[��PP>Skl«�� >^I
QK^`]SG� >^I�]SGk`FS`[`QSG>[� [>F`k>n`kw� lKktSGKl� >^I� nk>S^S^Q� ª��«��"K>^uRS[K�� nRK� 3^StKklSnw� `P� �k>lKk� 8>[[Kw
]>w�FK�FKnnKk�loSnKI�n`�hk`tSIK�R>^Il°`^�nk>S^S^Q�n`�%^K��K>[nR�PSK[I�hk>GnSnS`^Kkl�
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��
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9RK^� G`^lSIKkS^Q� %^K� �K>[nR� S]h[K]K^n>nS`^� S^� �kSnSlR� `[o]FS>�� Sn� Sl� GkoGS>[� n`� RSQR[SQRn� nRK� `hh`kno^SnSKl� >^I
GR>[[K^QKl� nR>n�>kK�GokkK^n[w�hkKlK^n�uSnRS^� nRK� [`G>[� G`^nKvn� nR>n� G>^�F`nR�K^>F[K�>^I� S^RSFSn�%^K��K>[nR�h`[SGw
KPP̀ knl���w�RSQR[SQRnS^Q�nRK�GokkK^n�Q>hl�>^I�lnkK^QnRl��ln>ZKR`[IKkl�>kK�]>IK�]`kK�>u>kK�`P�Ik>uF>GZl��Fon�>[l`
ZKw�`hh`kno^SnSKl�n`�[KtKk>QK�P̀ k�S]h`kn>^n�h`[SGw�GR>^QK�nR>n�R>l�h`nK^nS>[�n`�hk`]`nK�>�%^K��K>[nR�>hhk`>GR�n`
IKGSlS`^°]>ZS^Q�

��-2�0����%--%023#�2��1�Ø���  �#��1

�#�� �#����2%01
�
���%^K��K>[nR�kKlK>kGR�KPP̀ knl�>kK�>[kK>Iw�K]KkQS^Q��uSnR�Kv>]h[Kl�`P���ºl�]o[nS°ISlGSh[S^>kw�u`kZS^Q�Qk`oh
>^I�`^Q`S^Q�KvhKkn�lohh`kn�S^�nRK�GkK>nS`^�`P�>�%^K��K>[nR�[>F`k>n`kw�

���2RK�hkKlK^GK�`P�kKl`okGKl�>^I�Po^IS^Q� P̀ k�%^K��K>[nR�hk ỲKGnl�>^I�S^P̀ k]>nS`^�lR>kS^Q�uSnRS^�nRK�^`^°hk`PSn
lh>GK�� loGR� >l� KPP̀ knl� o^IKkn>ZK^� Fw� �K^`]K� �� ªK�Q��� ]S^Z� hS[`n� hk ỲKGn�� %8��°��� 0>hSI� 0Klh`^lK� �o^IS^Q
�^SnS>nStK«�>^I����S^�`PPKkS^Q�KvhKknSlK�>^I�QoSI>^GK�n`�hk`tS^GS>[�IKGSlS`^°]>ZKkl�

����^P̀ k]>[� hk`Qk>]]S^Q� S^� Q`tKk^]K^n� lnkoGnokKl� >[[`ul� P̀ k� P[KvSFS[Snw� S^� h`[SGw� >^I� lGSK^GK°F>lKI� IKGSlS`^°
]>ZS^Q�S^�G`[[>F`k>nS`^�uSnR�kKlK>kGRKkl�>^I�>G>IK]SGl�

����vSlnS^Q�KPP̀ knl�n`�>llKll�nRK�KG`^`]SG�>^I�h`[SnSG>[�PK>lSFS[Snw�`P�>�%^K��K>[nR�>hhk`>GR�S^��kSnSlR�`[o]FS>�
���%^K��K>[nR� lw]h`lSo]l� P̀ k� >^>I>°uSIK�>^I� kKQS`^>[� G`^tKkl>nS`^l� `^�%^K��K>[nR�� loGR� >l� nRK�%^K��K>[nR

lw]h`lSo]�R`lnKI�Fw����
����PP̀ knl� n`� S^G`kh`k>nK� %^K� �K>[nR� hkS^GSh>[l� >Gk`ll� u`k[I°kK^`u^KI� o^StKklSnSKl� >^I� S^lnSnonS`^l� >Gk`ll

�kSnSlR� `[o]FS>�� loGR� >l� nR`lK� >n� nRK� 3^StKklSnw� `P� 8SGn`kS>� >^I� 1S]`^� �k>lKk� 3^StKklSnw� S^G`kh`k>nS^Q� %^K
�K>[nR�S^n`�nRKSk�IKh>kn]K^nl�>^I�GokkSGo[o]l�

�#����2�#����2%01
�
�����[>GZ�`P�>�P̀ k]>[�G``kIS^>nS`^�]KGR>^Sl]� P̀ k�]o[nSh[K�]S^Slnkw�>Gn`kl�>^I�`onlSIK�ln>ZKR`[IKkl�`hKk>nS^Q� S^
nRK�%^K��K>[nR�lh>GK�n`�G``kIS^>nK�>^I�lR>kK�S^P̀ k]>nS`^���oknRKk��ZKw�]S^SlnkSKl�[SZK��IoG>nS`^�>^I��`kKlnkw�>kK
^`n�>GnStK[w�S^t`[tKI�S^�%^K��K>[nR�IKtK[`h]K^n�S^�nRK�kKQS`^�

����� [>GZ�`P�>�^>nS`^>[�lnk>nKQSG�>GnS`^�h[>^�I`Go]K^n� nR>n�QoSIKl�%^K��K>[nR�KPP̀ knl�`k�G>[[l� P̀ k�>�%^K��K>[nR
>hhk`>GR�n`�IKGSlS`^°]>ZS^Q�>^I�h`[SGw��2RSl�>[l`�G`^nkSFonKl�n`�>� [>GZ�`P�o^IKkln>^IS^Q�`P�%^K��K>[nR�`k�nRK
S]h`kn>^GK�`P�loGR�>^�>hhk`>GR�>Gk`ll�t>kS`ol�[KtK[l�`P�Q`tKk^]K^n�>^I�l`GSKnw�

����Ku� Sl`[>nKI� S^ln>^GKl�`P� n>kQKnKI�%^K��K>[nR� nk>S^S^Q�hk`Qk>]l�� KSnRKk� P̀ k� PSK[I� hk`PKllS`^>[l�� Q`tKk^]K^n
u`kZKkl��`k�h`ln°lKG`^I>kw�lnoIK^nl�

����o^IS^Q�P̀ k�>G>IK]SG�hk ỲKGnl�uSnR`on�>^�>hh[SKI�kKlK>kGR�P̀ Gol�P>GKl�ISPPSGo[nw�S^�nk>^lPKkkS^Q�PS^IS^Ql�S^n`
hk>GnSG>[� `onG`]Kl�� GkK>nS^Q� S^KPPSGSK^GSKl� uSnR� Po^IS^Q�� okkK^n[w�� nRKkK� >kK� ]>^w� hk ỲKGnl� S^� nRK� >G>IK]SG
kKlK>kGR�lh>GK��Fon�G`]h>k>nStK[w�PKuKk�S^�nRK�>hh[SKI�kKlK>kGR�lh>GK�

����� [`u� [KtK[� `P� S^nKQk>nS`^� >]`^Qln� nRK� ^o]Kk`ol� S^IKhK^IK^n� kKlK>kGR� FKS^Q� G`^IoGnKI� S^� nRK� kKQS`^�
S^G[oIS^Q� >� [>GZ� `P� >� P̀ k]>[SzKI� o^StKklSnw� ^Knu`kZ� n`� G`^^KGn� Sl`[>nKI� S^ln>^GKl� `P� %^K� �K>[nR� S^� >G>IK]S>�
kKlK>kGR��>^I�G[S^SG>[�[>Fl��2RSl�[K>Il�n`�S^KPPSGSK^GSKl�S^�kKl`okGK�onS[Sz>nS`^�
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2>ZS^Q� QoSI>^GK� Pk`]� nRK� K^>F[S^Q� >^I� S^RSFSnS^Q� P>Gn`kl� nR>n� >kK� hkKlK^n� S^� �kSnSlR� `[o]FS>�� nRK� P̀ [[`uS^Q
kKG`]]K^I>nS`^l� uKkK� QK^Kk>nKI� S^� `kIKk� n`� hk`]`nK� >GnS`^l� nR>n� uS[[� >IIkKll� Q>hl� SIK^nSPSKI� nRk`oQR`on� nRSl
hk ỲKGn��1`]K�`P�nRK�kKG`]]K^I>nS`^l�>kK�P̀ k��K^`]K���n`�S]h[K]K^n�S^nKk^>[[w�ªS^�F[oK«��uRKkK>l�`nRKkl�>kK�P̀ k
�K^`]K���n`�>It`G>nK�n`�nRK�Q`tKk^]K^n�ªS^�QkKK^«�
�
�>GR�kKG`]]K^I>nS`^�R>l�FKK^�>llKllKI�F>lKI�`^�FK^KPSn�>^I�PK>lSFS[Snw��>GG`kIS^Q�n`�nRK�GkSnKkS>�IKn>S[KI�FK[`u�
�
�K^KPSnl�`P�S]h[K]K^n>nS`^�

0KlK>kGR�� nRK�hk`]`nS`^�`P�>�]o[nS°ISlGSh[S^>kw�>hhk`>GR�n`�QK^`]SGl��tKnKkS^>kS>^��RK>[nR��>^I�K^tSk`^]K^n>[
kKlK>kGR�
�o^IS^Q��K^lokS^Q�`hnS]o]�onS[Sz>nS`^�`P�KvSlnS^Q�Po^IS^Q�`k�]>ZS^Q�^Ku�l`okGKl�`P�Po^IS^Q�>t>S[>F[K�
�^lnSnonS`^>[Sz>nS`^��nRK�P̀ k]>[Sz>nS`^�`P�%^K��K>[nR�>n�t>kS`ol�[KtK[l�ªQ`tKk^]K^n��S^Iolnkw��G`]]o^Snw«�
�It>^GK]K^n��nRK�K^G`ok>QK]K^n�`k�S^GkK>lKI�olK�`P�%^K��K>[nR�>l�>�Pk>]Ku`kZ�P̀ k�IKGSlS`^°]>ZS^Q�

�
�K>lSFS[Snw�`P�S]h[K]K^n>nS`^�

�S^>^GS>[��nRK�>t>S[>FS[Snw�`P�ISPPKkK^n�l`okGKl�`P�Po^IS^Q�n`�S]h[K]K^n�nRK�kKG`]]K^I>nS`^�
�G`^`]SG��nRK�KG`^`]SG�FK^KPSnl�S^t`[tKI�S^�S]h[K]K^nS^Q�nRK�kKG`]]K^I>nS`^��G`]h>kS^Q�FK^KPSnl�GkK>nKI�uSnR
h`nK^nS>[�G`lnl�S^GokkKI�
�I]S^Slnk>nStK��nRK�>t>S[>FS[Snw�`P�Ro]>^�>^I�>I]S^Slnk>nStK�kKl`okGKl�n`�S]h[K]K^n�nRK�kKG`]]K^I>nS`^�
2KGR^SG>[��nRK�nKGR^SG>[�K>lK�`P�S]h[K]K^nS^Q�nRK�kKG`]]K^I>nS`^�

��-2�0����0�%""�#��2�%#1

0�%""�#��2�%#����kK>nK�>�o^StKklSnw�^Knu`kZ

�IK^nSPSKI��>h��2RKkK� Sl�>� [`u� [KtK[�`P� S^nKQk>nS`^�>]`^Qln� nRK�^o]Kk`ol� S^IKhK^IK^n�%^K��K>[nR�kKlK>kGR�FKS^Q
G`^IoGnKI�S^�nRK�kKQS`^��2RSl�[K>Il�n`�S^KPPSGSK^GSKl�S^�kKl`okGK�onS[Sz>nS`^�
�
-`[SGw� %hnS`^�� kK>nS`^� `P� >� o^StKklSnw� ^Knu`kZ� >Gk`ll� �kSnSlR� `[o]FS>� >^I¨`k� >^>I>�� 2RSl� `hnS`^� uS[[� FoS[I
kK[>nS`^lRShl�uSnR� [K>IKkl�>[kK>Iw�u`kZS^Q�S^�nRK�%^K��K>[nR�KG`lwlnK]���ln>F[SlRS^Q�kK[>nS`^lRShl�loGR�>l�nRSl�uS[[
hk`]`nK�Z^`u[KIQK�lR>kS^Q�>]`^Qln�>�k>^QK�`P�>Gn`kl�>^I�G>h>GSnw�FoS[IS^Q�>Gk`ll�GokkK^n[w�Sl`[>nKI�S^ln>^GKl�`P
%^K��K>[nR�
�
-`[SGw� �]h[SG>nS`^l�� kK>nS`^� `P� >� o^StKklSnw� ^Knu`kZ� Sl� PS^>^GS>[[w�� KG`^`]SG>[[w�� >^I� >I]S^Slnk>nStK[w� PK>lSF[K�� �n
k>^Zl� [`uKk�`^� nKGR^SG>[� PK>lSFS[Snw�FKG>olK� Sn� G>^�FK�ISPPSGo[n� n`�FkS^Q� n`QKnRKk�>^I�G``kIS^>nK�RSQRKk�KIoG>nS`^
S^lnSnonKl�o^IKk�`^K�^Knu`kZ�o]FkK[[>���^�nKk]l�`P�FK^KPSnl��Sn�uS[[�RK[h�S^�S^nKQk>nS^Q�kKlK>kGR�KPP̀ knl�nRol�K^lokS^Q
%^K��K>[nR�IKtK[`h]K^n�>^I�>It>^GK]K^n�S^�nRK�kKQS`^���n�uS[[�>[l`�K^lokK�`hnS]o]�onS[Sz>nS`^�`P�Po^IS^Q���n�uS[[�^`n
GkK>nK�>^w�FK^KPSn�hKkn>S^S^Q�n`�S^lnSnonS`^>[Sz>nS`^�`P�%^K��K>[nR�
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0�%""�#��2�%#����-kS`kSnSzK�Po^IS^Q�P̀ k�>hh[SKI�lGSK^GKlÁ

�IK^nSPSKI��>h�� `]h>k>nStK[w�� nRKkK� Sl� >� [`uKk� P̀ Gol� `^�hk ỲKGnl� S^� >hh[SKI� kKlK>kGR� nR>^�>G>IK]SG�hk ỲKGnl�� `k
nRKkK�>kK�GR>[[K^QKl�S^�nk>^lP̀ k]S^Q�>G>IK]SG�hk ỲKGnl�S^n`�>hh[SKI�`onG`]Kl�
�
-`[SGw�%hnS`^��R>^^K[SzS^Q�Po^IS^Q� P̀ k�hk ỲKGnl�uSnR�>^�>hh[SKI�kKlK>kGR� P̀ Gol�G>^�K^lokK�`hnS]o]�onS[Sz>nS`^�`P
>t>S[>F[K�Po^IS^Q��2RSl�S^G[oIKl�hk ỲKGnl�nR>n�R>tK�lhKGSPSG�]S[Kln`^Kl�>^I�`onhon�KvhKGn>nS`^l�nR>n�hk`]`nK�h`lSnStK
`onG`]Kl�S^�nRK�kK>[�u`k[I�
�
-`[SGw� �]h[SG>nS`^l�� -kS`kSnSzS^Q� Po^IS^Q� P̀ k� hk ỲKGnl�uSnR� >^� >hh[SKI� kKlK>kGR� P̀ Gol� Sl� PK>lSF[K� `^� >[[� P̀ ok� Pk`^nl
ªPS^>^GS>[��KG`^`]SG��nKGR^SG>[��>^I�>I]S^Slnk>nStK«���^�nKk]l�`P�FK^KPSnl��Sn�uS[[�GkK>nK�RSQR°jo>[Snw�kKlK>kGR�`onhonl
>^I�uS[[� PoknRKk� nRK�%^K��K>[nR�>It>^GK]K^n� S^� nRK�kKQS`^���`uKtKk�� Sn�uS[[�^`n�GkK>nK�>^w�FK^KPSn�uSnR�kKQ>kIl�n`
S^lnSnonS`^>[Sz>nS`^�`P�%^K��K>[nR�

0�%""�#��2�%#����kK>nK�>�G``kIS^>nS^Q�G`]]SnnKK

�IK^nSPSKI��>h��2RKkK� Sl�GokkK^n[w�^`� P̀ k]>[�G``kIS^>nS`^�]KGR>^Sl]� P̀ k� nRK�]o[nSh[K�>Gn`kl�`hKk>nS^Q� S^� nRK�%^K
�K>[nR�lh>GK��2RSl� S^G[oIKl�]S^SlnkSKl�� loGR�>l� nRK�"S^Slnkw�`P��K>[nR��"S^Slnkw�`P��QkSGo[nokK��>^I� nRK�"S^Slnkw�`P
�^tSk`^]K^n��>l�uK[[�>l�^`^°Q`tKk^]K^n�>Gn`kl�[K>IS^Q�S^�%^K��K>[nR��loGR�>l�>G>IK]SGl�>^I�kKlK>kGRKkl�>n���
`k�^`^°hk`PSnl�[SZK�nR>n�`P��K^`]K���
�
-`[SGw�%hnS`^��kK>nS`^�`P�>�G``kIS^>nS^Q�G`]]SnnKK�nR>n�uS[[�S^G[oIK�kKhkKlK^n>nStKl�Pk`]�>[[�S^t`[tKI�]S^SlnkSKl�>^I
kK[Kt>^n� KvnKk^>[� ln>ZKR`[IKkl�� 2RK� G`]]SnnKK� uS[[� >Gn� >l� >� lnKKkS^Q� F`Iw� P̀ k� %^K� �K>[nR� IKtK[`h]K^n� >^I
S]h[K]K^n>nS`^�S^�nRK�kKQS`^�
�
-`[SGw��]h[SG>nS`^l��kK>nS^Q�>�G``kIS^>nS^Q�G`]]SnnKK�Sl�PS^>^GS>[[w��KG`^`]SG>[[w�>^I�nKGR^SG>[[w�PK>lSF[K�>^I�uS[[
GkK>nK�FK^KPSnl�hKkn>S^S^Q�n`�%^K��K>[nR�kKlK>kGR��Po^IS^Q��S^lnSnonS`^>[Sz>nS`^��>^I�>It>^GK]K^n�
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0�%""�#��2�%#����kK>nK�>�%^K��K>[nRÁlnk>nKQSG�>GnS`^�h[>^

�IK^nSPSKI��>h�� 1nk>nKQSG� >GnS`^� h[>^l� >kK� S]h`kn>^n� I`Go]K^nl� nR>n� [>w� nRK� P̀ o^I>nS`^� P̀ k� %^K� �K>[nR� ]`tS^Q
P̀ ku>kI���`uKtKk���kSnSlR�`[o]FS>�I`Kl�^`n�R>tK�>�Q`tKk^]K^n°[KtK[�lnk>nKQSG�>GnS`^�h[>^�nR>n�G>[[l�P̀ k�%^K��K>[nR
hkS^GSh[Kl�>^I�t>[oKl�n`�FK�K]h[`wKI�S^�IKGSlS`^°]>ZS^Q�hk`GKllKl�
�
-`[SGw�%hnS`^��9RK^�>I`hnS^Q�>�%^K��K>[nR�>hhk`>GR��KPP̀ knl�]oln�FK�QoSIKI�Fw�t>[oKl�`P�G``hKk>nS`^�>^I�KjoSnw
Pk`]�nRK�`^lKn��2RSl�S^G[oIKl�Kln>F[SlRS^Q�t>[oKl�nR>n�hk`]`nK�G`]]o^SG>nS`^��G``hKk>nS`^��>^I�S^G[olStSnw��>l�uK[[
>l� >GG`o^n>FS[Snw�]KGR>^Sl]l� nR>n� G>^� QoSIK� t>[oKl� S^� hk>GnSGK�� 2RK� GkK>nS`^� `P� >� lnk>nKQSG� >GnS`^� h[>^�uS[[� RK[h
Kln>F[SlR��P̀ k]>[SzK��>^I�G`]]o^SG>nK�nRKlK�QoSIS^Q�t>[oKl�>^I�hkS^GSh[Kl�P̀ k�>[[�ln>ZKR`[IKkl�S^t`[tKI�
�
-`[SGw� �]h[SG>nS`^l�� kK>nS`^� `P� >� lnk>nKQSG� >GnS`^� h[>^� P̀ k� nRK� hk`tS^GK� Sl� PK>lSF[K� `^� >[[� P̀ ok� Pk`^nl� ªPS^>^GS>[�
KG`^`]SG��nKGR^SG>[��>^I�>I]S^Slnk>nStK«���n�hk`tSIKl�FK^KPSnl�S^�%^K��K>[nR�S^lnSnonS`^>[Sz>nS`^�>^I�>It>^GK]K^n�S^
nRK�kKQS`^�Fw�K^lokS^Q�G``hKk>nS`^�>]`^Qln�ISPPKkK^n�h[>wKkl�Pk`]�nRK�ln>kn�

0�%""�#��2�%#�����^G`ok>QK�%^K��K>[nRÁKIoG>nS`^�ØÁnk>S^S^Q

�IK^nSPSKI� �>h�� 2RKkK� KvSlnl� `^[w� >� lK[KGn� PKu� S^ln>^GKl� `P� nk>S^S^Q� hk`Qk>]l� `k� G`oklKl� P̀ k� nRK� %^K� �K>[nR
u`kZP̀ kGK�S^��kSnSlR�`[o]FS>��[K>tS^Q�>�[>kQK�Q>h�S^�nRK�KIoG>nS`^�`P�%^K��K>[nR�hkS^GSh[Kl�
�
-`[SGw�%hnS`^�Á�l�IK]`^lnk>nKI�S^��lS>��nRKkK�>kK�lKtKk>[�`hnS`^l�>t>S[>F[K�P̀ k�Kvh>^IS^Q�nRK�KIoG>nS`^�>^I�nk>S^S^Q
P̀ k�%^K��K>[nR�hk`PKllS`^>[l��2RSl�G>^�S^G[oIK�]`kK�S]]KIS>nK�S^ln>^GKl�`P�u`kZlR`hl��lK]S^>kl��`k�n`hSG°lhKGSPSG
KtK^nl�nR>n�FkS^Q�>nnK^nS`^�n`�nRK�%^K��K>[nR�G`^GKhn�>^I�KIoG>nS`^�`^�ZKw�hkS^GSh[Kl���^�nRK�[`^Q°nKk]��GKknSPSG>nK
hk`Qk>]l��h`ln°lKG`^I>kw�IKQkKKl��>^I�hk`PKllS`^>[�hk`Qk>]l�`^�%^K��K>[nR�G>^�FK�Kln>F[SlRKI�
�
-`[SGw��]h[SG>nS`^l���It`G>nS^Q�P̀ k�KIoG>nS`^�>^I�hk`PKllS`^>[�nk>S^S^Q�`P�>�%^K��K>[nR�u`kZP̀ kGK�Sl�PS^>^GS>[[w�>^I
KG`^`]SG>[[w� PK>lSF[K�� �`uKtKk�� nRKkK� KvSln� >I]S^Slnk>nStK� >^I� nKGR^SG>[� ISPPSGo[nSKl� S^� FkS^QS^Q� nRK� >hhk`hkS>nK
>Gn`kl� n`QKnRKk� n`� S^SnS>nK� >^I� KvKGonK� nRSl� `hnS`^�� �`uKtKk�� >It`G>nS^Q� P̀ k� QkK>nKk� KIoG>nS`^� >^I� hk`PKllS`^>[
nk>S^S^Q�IokS^Q�nRK�K>k[w�ln>QKl�`P�%^K��K>[nR�IKtK[`h]K^n�G>^�R>tK�S]]K^lK�FK^KPSnl�� �n�G>^�G`^nkSFonK�n`u>kIl
S^lnSnonS`^>[Sz>nS`^��>It>^GK]K^n��>^I�S]hk`tKI�kKlK>kGR�S^�%^K��K>[nR�
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�
�
2RK� P̀ [[`uS^Q� n>F[K� hk`tSIKl� >� lo]]>kw� `P� nRK� �� kKG`]]K^I>nS`^l� >GG`kIS^Q� n`� SIK^nSPSKI� Q>hl� P̀ o^I� S^� �kSnSlR
`[o]FS>�
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%# 31�%#�Ø��3230��%32 %%�

�l� Q[`F>[� RK>[nR� kSlZl� >^I� G[S]>nK� K]KkQK^GSKl� G`^nS^oK� n`� P̀ kGK� `ok� R>^I�� nRK� %^K� �K>[nR� >hhk`>GR� Sl� FKS^Q
S]h[K]K^nKI�Fw�Q`tKk^]K^nl�>k`o^I�nRK�u`k[I��#`u�Sl�nRK�nS]K�P̀ k��kSnSlR�`[o]FS>�n`�`tKkG`]K�hkKt>S[S^Q�Po^IS^Q�
[`QSlnSG>[��G>h>GSnw��>^I�G``hKk>nStK�GR>[[K^QKl�>^I�>I`hn�>�%^K��K>[nR�>hhk`>GR�nR>n�S]hk`tKl�RK>[nR�`onG`]Kl�P̀ k
hK`h[K��>^S]>[l��>^I�nRK�K^tSk`^]K^n��2RK�FK^KPSnl�`P�>�%^K��K>[nR�>hhk`>GR�>kK�lSQ^SPSG>^n�FKG>olK�%^K��K>[nR�Sl
]o[nS°Po^GnS`^>[��Sn�`PPKkl�]`kK�nR>^�h>^IK]SG�hkKh>kKI^Kll��>l�Sn�K^G`]h>llKl�P̀ `I�l>PKnw��P̀ `I�lKGokSnw��G[S]>nK
>I>hn>nS`^��>^I�>QkSGo[nok>[�loln>S^>FS[Snw�
�
%^K� �K>[nR� hkKlK^nl� >^� `hh`kno^Snw� P̀ k� nRK� �kSnSlR� `[o]FS>� Q`tKk^]K^n� n`� >hhk`>GR� hoF[SG� >^I� K^tSk`^]K^n>[
RK>[nR�ISPPKkK^n[w�nR>^�nRKw�R>tK�S^�nRK�h>ln��3^IKkln>^IS^Q�nRK�S]h`kn>^GK�`P�loGR�>^�>hhk`>GR��nRKkK�>kK�KvSlnS^Q
KPP̀ knl�n`�>I`hn�>�%^K��K>[nR�>hhk`>GR�n`�h`[SGw]>ZS^Q�S^��kSnSlR�`[o]FS>��uRSGR�nRSl�hk ỲKGn�>S]l�n`�G`]h[S]K^n�
2RK� kKG`]]K^I>nS`^l� `on[S^KI� S^� nRSl� kKh`kn� uS[[� lohh`kn� hk`tS^GK°uSIK� KPP̀ knl� S^� Kln>F[SlRS^Q� >� %^K� �K>[nR
Pk>]Ku`kZ�n`�S^P̀ k]�PonokK�RK>[nR�h`[SGw���`k�Kv>]h[K��uSnR`on�G``kIS^>nKI�KPP̀ knl�>Gk`ll�]o[nSh[K�ln>ZKR`[IKkl��nRK
hk`tS^GK�kSlZl�]>S^n>S^S^Q�nRK�ln>nol�jo`�`P�lS[`KI�IKGSlS`^°]>ZS^Q�nR>n�Sl�S^KPPKGnStK�>n�>IIkKllS^Q�lR>kKI�RK>[nR
GR>[[K^QKl��``hKk>nS^Q�uSnR�^`^°Q`tKk^]K^n�h>kn^Kkl��loGR�>l��K^`]K����n`�S]h[K]K^n�nRKlK�kKG`]]K^I>nS`^l
G>^�G>n>[wzK�GR>^QK�n`�`tKkG`]K�GokkK^n�h`[SGw�GR>[[K^QKl�
�
2RSl� hk ỲKGn� `^[w� kKhkKlK^nl� nRK� FKQS^^S^Q� ln>QKl� `P� %^K� �K>[nR� KPP̀ knl� nR>n� uKkK� IK]`^lnk>nKI� S^� nRK� �lS>^
YokSlISGnS`^l�`P��`^Q��`^Q���>^Q[>IKlR��1S^Q>h`kK��>^I�2R>S[>^I��>^I�hkS]>kS[w�P̀ GolKI�`^�Kln>F[SlRS^Q�lwlnK]l�>^I
^Knu`kZl� P̀ k�G``hKk>nS`^��G``kIS^>nS`^��G`]]o^SG>nS`^��>^I�G>h>GSnw°FoS[IS^Q��2RKkK�>kK�PoknRKk�>kK>l�`P� S^nKkKln
nR>n�uKkK�FKw`^I�nRK�lG`hK�`P�nRSl�hk ỲKGn�Fon�>kK�KllK^nS>[�n`�S^tKlnSQ>nK�IKKhKk�n`�n>ZK�Po[[�>It>^n>QK�`P�>�%^K
�K>[nR�lwlnK]��9RK^�lhK>ZS^Q�uSnR�KvhKknl�>^I�[K>IKkl�S^�nRK�%^K��K>[nR�lh>GK��G`^GKk^l�uKkK�k>SlKI�`^�nRK�[>GZ�`P
>t>S[>F[K� h[>nP̀ k]l� P̀ k� I>n>� lR>kS^Q� >l�uK[[� >l� nRK� [KQ>[� >^I� [`QSlnSG>[� G`^lnk>S^nl�uRK^� nk>^lPKkkS^Q� S^P̀ k]>nS`^
FKnuKK^� ]S^SlnkSKl� >^I� KvnKk^>[� ln>ZKR`[IKkl�� �oknRKk�� loktKS[[>^GK� >GnStSnSKl� R>tK� l`]K� `P� nRK� [K>ln� S^nKQk>nKI
G``kIS^>nS`^�FKnuKK^�ln>ZKR`[IKkl��>l�uK[[�>l�nRK� [`uKln�>[[`G>nS`^l� P̀ k�Po^IS^Q��IKlhSnK�loktKS[[>^GK�FKS^Q�`^K�`P
nRK�K>k[SKln� P̀ k]l�`P�IKnKGnS`^�`^�h`nK^nS>[�RK>[nR�`k�K^tSk`^]K^n>[�kSlZl���`uKtKk�� S^lhSk>nS`^�S^�>IIkKllS^Q�nRKlK
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https://www.cdc.gov/onehealth/basics/index.html
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2R>S[>^I� Sl� >� G`o^nkw� [`G>nKI� S^� nRK� GK^nk>[
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R>l�>�RSln`kw�`P�IK>[S^Q�uSnR�z``^`nSG�ISlK>lKl
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1S^Q>h`kK

1S^Q>h`kK� Sl� >� GSnw°ln>nK� [`G>nKI� S^
1`onRK>ln� �lS>� >^I� Sl� G`]hkSlKI� `P� `^K
]>S^�Sl[>^I�uSnR����l]>[[Kk�l>nK[[SnK�Sl[>^Il
>^I� `on[wS^Q� Sl[Knl�� 1S^Q>h`kKºl� h`ho[>nS`^
okF>^Sz>nS`^� ln>nSlnSGl� >kK� ���Ô�� uSnR� nRK
lKG`^I� QkK>nKln� h`ho[>nS`^� IK^lSnw� S^� nRK
u`k[I�� 2RK� ln>nK� R>l� >I`hnKI� >� o^Sn>kw
h>k[S>]K^n>kw� IK]`Gk>nSG� lwlnK]�� >[nR`oQR
nRK� Q`tKk^]K^n� ]>S^n>S^l� lSQ^SPSG>^n
G`^nk`[� `tKk� h`[SnSGl� >^I� l`GSKnw� uSnR� nRK
-K`h[Kºl� �GnS`^� ->knw� ko[S^Q� lS^GK� nRKSk
S^IKhK^IK^GK� Pk`]� ����Á �� �^� kKGK^n
IKG>IKl�� 1S^Q>h`kK� R>l� IK>[n� uSnR� hoF[SG
RK>[nR� `onFkK>Zl� >^I� GR>[[K^QKl�� loGR� >l
1�01�� ��#��� >^I� =SZ>� tSkolÁ �� �IISnS`^>[[w�
1S^Q>h`kK� R>l� >� lnk`^Q� P̀ Gol� `^� IK>[S^Q
uSnR� >^nS°]SGk`FS>[� kKlSln>^GK� ª�"0«� S^
kK[>nS`^� n`� P̀ `I°kK[>nKI� ISlK>lKl�
lhKGSPSG>[[w� FKG>olK� ]>Y`kSnw� `P� P̀ `I� Sl
S]h`knKI�S^n`�nRK�G`o^nkw�
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�`^Q� �`^Q� Sl� >� lhKGS>[� >I]S^Slnk>nStK
kKQS`^�`P�RS^>�[`G>nKI�`^�nRK�-K>k[�0StKk
�K[n>� S^� 1`onRKk^� RS^>�� �`^Q� �`^Q
>on`^`]`ol[w�Q`tKk^l� Snl� S^nKk^>[�>PP>Skl
>^I�KvnKk^>[�kK[>nS`^l��uRS[K�IKPK^GK�>^I
P̀ kKSQ^� h`[SGw� >kK� ]>^>QKI� Fw� nRK
-K`h[Kºl� 0KhoF[SG� `P� RS^>�� �`^Q� �`^Qºl
KvhKkSK^GK� S^� ]>^>QS^Q� K]KkQS^Q� >^I
z``^`nSG� ISlK>lKl� I>nKl� F>GZ� n`� �����
uRK^�Snl�PSkln�`onFkK>Z�`P��tS>^��^P[oK^z>
`GGokkKI�� �^� `tKktSKu� `P� �`^Q� �`^Qºl
h`ho[>nS`^�� ��-�� >^I� IKtK[`h]K^n
S^ISG>n`kl� >kK� hkKlK^nKI� S^� nRK� 2>F[K
FK[`u�
�
%^K� �K>[nR� h`[SGSKl� FKQ>^� n`� K]KkQK� S^
�`^Q� �`^Q� S^� nRK� K>k[w� ����l�� P̀ [[`uS^Q
nRK� IKtK[`h]K^n� `P� S^nKkISlGSh[S^>kw� >^I
]o[nSlKGn`k>[� kKlh`^lKl� n`� lSQ^SPSG>^n
z``^`nSG� `onFkK>Zl�� loGR� >l� �tS>^
�^P[oK^z>� ª����� >^I� ����«� >^I� 1�01
ª����«���n� hkKlK^n��%^K��K>[nR� R>l� FKK^
`hKk>nS`^>[SzKI�S^n`�h`[SGw�>^I�hk>GnSGK�S^
�`^Q��`^Q� S^�>�t>kSKnw�`P�ISPPKkK^n�u>wl�
S^G[oIS^Q� `onFkK>Z� ]>^>QK]K^n�
Q`tKk^]K^n� IKGSlS`^� ]>ZS^Q� lnkoGnokKl�
nk>S^S^Q��>^I�kKlK>kGR�[>Fl�

��

��



�>^Q[>IKlR

3��"--�������°�����ÁáÁ���

�>^Q[>IKlR�Sl�`^K�`P�nRK�]`ln�IK^lK[w
h`ho[>nKI� G`o^nkSKl� S^� nRK� u`k[I�
�hhk`vS]>nK[w� ����Ô� `P� nRK� G`o^nkwºl
[>F`k� P̀ kGK� Sl� S^� >QkSGo[nokK� >^I� >^
KlnS]>nKI� ��Ô� `P� �>^Q[>IKlRºl
h`ho[>nS`^� Sl� ISkKGn[w� S^t`[tKI� S^
[StKln`GZ� k>SlS^Q� hk>GnSGKl�
K^G`o^nKkS^Q�]S[[S`^l�`P�h`o[nkw��G>nn[K�
lRKKh�� Q`>nl�� hSQl�� >^I� `nRKk� >^S]>[l
I>S[w��Á�^nKk>GnS`^�FKnuKK^�Ro]>^l�>^I
>^S]>[l� kK]>S^l� tKkw� RSQR� S^� ]`ln
h>knl� `P� nRK� G`o^nkw�� �>^Q[>IKlR� R>l
uSn^KllKI� ^o]Kk`ol� z``^`nSG� ISlK>lK
`onFkK>Zl� S^� nRK� h>ln� [SZK� �^nRk>v� >^I
#Sh>R�
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dĂďůĞ�ϴ͘���Comparative KŶĞ�,ĞĂůƚŚ�WŽůŝĐǇ�Analysis ŝŶ��ƐŝĂ 
Bangladesh Hong Kong Singapore  Thailand 

Implementation of 
One Health 
policies  

Coordinating Unit Model 
Strategic Framework and Action Plan 
for One Health provides direction on 
implementation & outlines institutional 
mechanisms 

One Health Coordination Committee: 

x Inter-Ministerial Steering 
Committee (enact strategic 
plans)  

x One Health Secretariat 
(logistics of inter-ministerial 
collaboration)  

x One Health Technical 
Advisory Committee 
(technical expertise & 
guidance)  

x One Health Bangladesh (civil 
society education & 
communications platform) 

Years of experience: 15  
Level of integration: *** 

Working Group Model  
Anti-Microbial Resistance Strategic 
Plan emphasizes One Health approach 
but lacks specific strategy 

Food and Health Bureau w/ the Depts 
of Health, Agriculture, Food & Fish, 
Food & Env Hygiene, & Hospital 
Authority. Conducive to implementing 
policies in alignment with One Health.  

Centre for Health Protection (Dept. of 
Health) expert committees:  

x High-Level Steering 
Committee on AMR (provides 
governance, strategy & 
oversight)  

x Scientific Committee on 
Zoonotic & Emerging 
Diseases (advisory)   

Years of experience: 18 
Level of integration: * 

Blended Model 
Anti-Microbial Resistance Strategic 
Plan calls for the application of One 
Health in AMR management.  

One Health Coordinating Committee: 
strategic direction across Ministries of 
Health, National Parks Board, National 
Environmental Agency, Singapore Food 
Agency.  

One Health Working Group: under 
direction of the OHCC, formulates, 
coordinates, implements, and reviews 
programs. Can form working groups. 

One Health Platform to share 
information between collaborating 
sectors has since been dissolved, but 
annual One Health Congress meetings 
persist.  

Years of experience: 14 
Level of integration: **  

Coordinating Unit Model 
National Strategic Plan for 
Emerging Infectious Diseases 
utilizes OH as core guiding 
principle, calls for collaboration 
between field experts 

National Committee formed in 
2004 in response to the avian 
influenza outbreak. Comprises 6 
ministers from Health, Agriculture, 
Commerce, Foreign Affairs, 
Industry, & Labor.  

Coordinating Unit for One Health 
(Min Public Health) shares data, 
information and resources, and 
supports OH activities. 

CUOH Steering Committee 
(technical & admin guidance) 

Years of experience: 18 
Level of integration: **  

Types of 
professionals 
involved in OH 
research & their 
funding sources 

Types of professionals  
Public health experts (e.g., 
epidemiologists, geneticists); animal 
health experts (e.g., veterinarians); 
environmental experts 
Climate experts did not play a big role at 
first, but more playing bigger role now 

Funding  
International: UN, WHO, FAO, UNICEF  
National: Royal Veterinary College (UK) 
NGOs & Other: Relief International, 
Chatham House, OH Bangladesh trust 

Types of professionals 
Public health experts; animal health 
experts  
Absences in research include social 
scientists and professionals with an 
environmental lens  
 
Funding  
International: WHO, OIE, FAO 
National: Global Challenges Research 
Fund (UK); National Institutes of Health 
(US); International Development 
Research Centre (Canada)  
NGOs & Other: Faithful Servant 
Charitable Foundation (HK)  

Types of professionals 
Public health experts; animal health 
experts; environmental experts  
Government labs work with external 
professionals and academics  

Funding  
International: potential to access (e.g. 
PUB ministry is part of the Global 
Water Research Coalition for public and 
enviro-health related grants)  
National: dedicated ministry funding 
NGOs & Other: Communicable Disease 
Public Health Research Grant, Industry 
Alignment Fund 

Types of professionals  
Public health experts; animal health 
experts; environmental experts  
Local community and local health 
experts play a role in research 
through app reporting 

Funding  
International: WHO, FAO 
National: USAID (major donor), Thai 
gov agencies (MOPH, National 
Health Security Office, Thai Health 
Promotion Foundation)   
NGOs & Other: Pfizer (private 
funding in AMR) 
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From research to 
policy formation 

Research labs: 
x Laboratory of Food Safety & 

One Health  

x University collaborations 
(Royal Veterinary College, 
Chatham House, FAO, and 
IEDCR, Sher-e-Bangla 
Agricultural University, BAU, 
icddrb, US-CDC, FAO, WHO, 
Massey University) 

Sharing results:  
Four-way linkage of animal health 
epidemiology & lab info with human 
health epidemiology & lab info. The 
linking mechanism (proposed by FAO & 
WHO) continues. Research results are 
shared among professional groups. They 
directly inform the OH secretariat to aid 
decision-making.  

Research labs: 
x Center for Applied One Health 

Research & Policy Advice   

x Research projects: Pig, 
Poultry, Fish (Health & 
Production), waterborne 
bacterial exposure, food 
safety, etc.  

x Standalone research is also 
conducted by various 
professionals  

Sharing results: 
CAOHRPA does not directly inform the 
research results and policy options to 
the government. It contributes heavily 
to international publications & 
professional network groups. Being a 
university lab, research informs policy 
options in the academic space and not 
the government directly. 

Research labs: 
x National Public Health Lab 

(under Min of Health) + seven 
public hospital labs  

x Animal & Plant Health Center 
(APHC) & Center for Animal & 
Veterinary Services (CAVS): 
provide diagnostic services 
for surveillance & monitoring  

x Duke-NUS Medical School 
research lab  

Sharing results:  
The NPHL comes directly under the 
Min. of Health. Research helps in 
surveillance & preparedness of highly 
infectious pathogens. Results directly 
influence government policies. Duke-
NUS research informs policy in 
academic space.  

Research labs: 
x Thailand One Health 

University Network 
(THOHUN): sponsored by 
USAID  

 
 
 
 

Sharing results: 
THOHUN is directly involved with 
assisting the government to train 
OH workforce & professionals. The 
centre coordinates with relevant 
ministerial sectors to develop the 
OH workforce. Directly works with 
media for OH advocacy and 
educating general public on OH.  

Inhibiting & 
enabling factors 
for One Health 
Implementation 

Enabling Factors 
Strategic plan for OH vision; inter-
ministerial steering committee to 
monitor OH implementation; OH 
Secretariat efficient in coordinating 
operations within the different 
departments; rotating leadership model 
where the chair of the committee will 
rotate once every three years from a 
different department; research lab & 
university network maximizes research 
& info sharing   

Inhibiting factors 
More integrated research is required; 
surveillance is not comprehensive/lacks 
formal mechanisms 

Enabling Factors 
Centre for Applied One Health Research 
& Policy Advice focuses on OH research 
and involves experts from different 
fields and working group; all depts are 
grouped under the Food and Health 
Bureau, with a central decision-making 
body; High-Level Steering Committee on 
AMR; vets heavily involved in CityU 
creating OH as a specialized discipline 

Inhibiting factors 
Lacks official OH policies created at the 
government level (used as a concept 
rather than policy); freedom of 
information (i.e., constraints on 
research/journalism)  

Enabling Factors 
National Strategic Action Plan on 
AMR; ͞wŚŽůĞ�ŽĨ�ŐŽǀĞƌŶŵĞŶƚ͟�ĂƉƉƌŽĂĐŚ�
& cooperative work culture; One 
Health Coordinating Committee w/ 
inter-ministerial cooperation, 
transparency, & decision-making;  
OH lab at the national level; training 
programs for future work force; 
dedicated gov funding 

Inhibiting factors 
Ministry delegates may have opposing 
agendas or different styles of working 
which can slow down decision-making; 
there are different bureaucracy & 
institutional capacities ministries   

Enabling Factors 
Centralized control of OH under the 
Ministry of Public 
Health; coordinating steering 
committee with a top-down 
approach in charge of OH 
policies/programs; funding from 
MoPH; university network allows 
public/students to learn about OH 
& conduct research on pandemic 
preparedness 

Inhibiting factors 
No dedicated OH lab; collaboration 
may be lacking; the MoPH does not 
work with other ministries on OH 
but their training program does 
involve veterinarians 
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