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í jnTkS¦î�C�S«Z\J9JUSUMtY.ï í�ð¸ñ _aGD]DYdJ«gvG\MDTVEfYOYeWKGKJXbDTkSUGQR�G\MfC�GQ_a_/bHRHSUò
CeZ�TkSUGQR�Z\jkY,G\MÛTVYeR/C�GQRfgnTVjkbfC�TkYe]�gVbfCFE[TVEfZ\TvEHGQRHYegnTvgVSUPQRfZ\JXJXSURHP
S«g0SXRaTVEfY�SXRQTkYdjkYegnTkg,GKMLó^GKTVEcgVSUPQRfZ\JXJUYejkg;Z\Rf]�jkYeC�YeSUWQYdjFg ôõZ\RIl
CdGK_a_/bfRHSXCeZ�TkSUGQRÜgVlDgATkYd_mg�TVEfZ\TcYdWKGQJUWQY�CeZ\R2TVEHYejVYdMtGKjkY�ó�Y
]HYegkC�jkSUó�Ye]�ZKg�C�GIGK`�YdjFZ�TkSUWQY �{ö GKj¸Y�oHZ\_a`HJXY �K÷ YejVRHYej¸ø�ù�lQYdj
ï ~e�Q�Qú ñ `�GQgnTVbHJ«Z�TkYe]�óHJXSUR^] � _aGQóHSUJXYØ_mZ\JXYeg0ZKRf]agnSXPKE9TkYe] � SU_�ò
_aGQóHSUJXY�MtYd_mZKJUYhgdû*TkEHY*YdWQGKJXbDTVSXGKRÜG\M�ZÀgVSUPQRfZ\JXJUSXRHPÀgVlIgnTVYe_
ü ZKg
SUR*TkEHY�SXR9TVYdjkYegnTkg�G\M,ó�G\TVEÒ`fZ\jVTVSXYeg
ZQgØSUT.Z\JXJXG ü Yh]�_mZ\TnòSXRHPãTkGÐTkZKýKYÀ`HJ«ZKCdYÑZ�TÒó�Y�TVTVYdjVò�TVEfZKRDòÂCFE^Z\RfCdY¾MtjkYeþ9bHYeRfC�SXYeg �
ÿ R��ßZKC ð YeRHRfZ\R�ø | bHjVPQEfZ\jF]IT�� g.ï ~h�K��� ñ _aGD]DYdJ � gnSXPKR^Z\JXJUYejkg
ZKRf]�jkYeCdYdSXWKYejkg ü YdjkY;jkY ü Z\jF]DYh][S¦M Z\Rf]�GQRHJXl�S¦MHTkEHYdl�YeRHPQZKPKYh]
SXR*gnb^CdC�YhgVgnMtbHJyCdGK_a_/bHRfSXCeZ�TVSXWKY[SXR9TVYdjFZKC�TVSXGKRfg �
��TVEfYdj í�ð _aGD]DYdJ«g�ï í CFýIJXYdl/ø ð SUTnTV_mZKR ~h�K����� �´JXSX`HEfZ\R9T

~h�K�
	 ñ E^Z�WKY.JUGIGKýQYe]�Z�T�TVEHY�gV`^YhC�S«Z\JyCeZKgVY ü EHYejVY[C�GQ_a_/bHRHSUò
CeZ�TkSUGQR ü GKbHJ«]Ñó�YdRHYdîHTmjVYhC�YeSUWQYdjFg � óHbHT�TkEHY�`^GKTVYdR9TkSXZKJ
gnSXP\ò

RfZ\JXJUYejkg�ZKjVYaSXRf]DS���YejVYeR9T � �´JXSU`fEfZ\R9T/Z\jkPKbfYeg.TVE^Z�T�TVEfSXg�S«g�Z
PKGIGD] ü Z�lÑTkGÀ_�GD]DYeJ
TkEHY*YdWQGKJXbDTVSXGKRãG\M�ZKJXZKjV_!CeZ\JXJXg � MtGKj
Y�oHZ\_a`HJXYKû�S¦M
GQRHYcóHSXjk](SXRÑZ�fGDCFý�gn`�G\TFg/Z\RÑZK`H`HjkGQZQCFEHSURfP
EfZ ü ý � SUTvS«g{CdJUYhZ\jyTkEfZ�TvS¦TFgvCdGKRfgV`^YhC�SUî^Cdg ü GQbHJ«][ó^YeRHY�îHTvMtjVGQ_
Z\RßZ\J«Z\jk_ CdZ\JXJ ��� G ü YdWQYdj � ü EIl*gnEHGQbHJ«]�TVEHY�óHSXjk]*SXRÒþ9bHYhgAò
TVSXGKR � CdGKRfgVSX]HYdjkYe]ßZQg´Z�`HjkGI]HbfC�T[G\M;SUTkg�gVYdJUî^gVEÒPQYdRHYhg � PKSXWKY
TVEHYmCdZKJUJ�����EHYa_aGD]DYdJ«g�gVbHPKPQYegnT´TkEfZ�T/gVSXPKRfZKJUJXSURfP ü SXJUJ;RHG\T
YdWKGQJUWQYmSURÑTVEHYhgnY�CdZKgVYeg/bHRHJXYegkg/ZÒ_�YhCFEfZ\RfSXgV_ gVbfCFE¿ZQg�jkY�ò
C�SX`HjVGDCeZ\JfZKJ¦TkjVbHS«gV_ÚGQj�ïÞgV`fZ�TkSXZKJUJXl�SURf]HbfC�Yh] ñ ýISXRcgnYeJUYhC�TVSXGKRmS«g
SURc`fJXZQC�Y �,} G\TVY´TVE^Z�T6gVbfCFEc_aYhCFEfZ\RHS«gV_agOEfZ�WQY�RHG�_/lDgATkSXCeZ\J
Y�� YeC�ThûLTVEfYdl/gVSU_a`HJXl�gnEfS¦MÛT�TVEfYOYdoI`�YeC�TVYh]�îHTkRHYegkg¸`fZ�lKG�� g{MtGKj
`fZ\jVTVS«C�bHJ«Z\j�gnTVjFZ�TkYdPQSUYhg�gnbfCFE(TkEfZ�T�C�GK_a_�bHRHS«CdZ�TkSUGQR(SXg�_�bDò
TVbfZKJUJXlcó�YdRHYdî^C�S«Z\J �

ö SXRfZ\JXJUl � gVGK_aY í�ð ü GQjVýÐCdGKRfgVSX]HYdjFgcTkEHY(YdWKGQJUbHTVSXGKRõGKM
C�GK_a_�bHRHS«CdZ�TkSUGQR�SXRÆgnSUTVbfZ\TVSXGKRfg ü EHYdjkYÜTVEHYãT ü G `fZ\jVTVSXYeg
Z\`H`�YeZKj%TkGÜE^Z�WKY(C�GKR�fSXC�TVSXRHPÜSUR9TVYejVYhgATFg � ÷ EHYdYeJUYejßø ]DY
| GQbHjFC�SXYdj ï ~e�Q�
� ñ _aGD]DYdJXJUYh] ZKPKPQjVYhgVgVSUWQYÐTVYejVjkSUTVGKjkS«Z\J�gnSXP\ò
RfZ\JXJUSXRHP �¸| bHJXJUGDCFý�ï ~e�Q��� ñ C�GKR^gATkjVbfC�TVYh]�Z�PKYdRfYdjFZ\JH_aGD]DYdJ^SUR
ü EHSXCFEßgVSXPKRfZKJUJXYdjFg�G\M,W�Z\jklISURHP�]DYdPQjVYeYeg�G\M;þ9bfZKJUSUTAl�gVGKJXS«C�SUTVYe]
jVYhC�YdSXWKYejkg�MtGKj�Z%MÞZ�WQGKbHjFZ\ófJUY�jVYhgn`�GKR^gnY � jkYeCdYdSXWKYdjFg ü YejVYajkY�ò
ü ZKjk]DYh]*MtGQj�jVYhgn`�GKRf]HSURHP�`�GQgVS¦TkSUWQYdJXlßGKRHJXl*TkG�EfSUPQEDòÂþ9bfZKJUSUTAl
gnSXPKRfZKJUJXYdjFg � í C�GQRfC�JXbfgVSUGQR�]DjFZ ü R.SXR�ó�G\TkE/gATkbf]DSXYeg ü ZQgLTkEfZ�T
S¦MOgVSXPKRfZKJXg ü YejVY�gnb��mCdSUYeR9TVJXlßC�GQgnTVJXlÀïtY � P �U� JXGKRHP � YdJ«Z\ó�GKjFZ�TVY
TkZ\SXJ«g�GQj�YdRHYejVPQY�TVS«C¾jVSUTVbfZKJ�]DSXgV`HJ«Z�lDg ñ TVEHYeR jVYeJUS«Z\óHJXY(C�GK_�ò
_/bHRHS«CdZ\TVSXGKR¿CdGKbHJ«]ÑYeWKGQJUWQY�Z\R^]À`^YejkgVS«gATaG�WKYej/TkSU_aY �Ñ| bHJUò
JUGDCFý(_mZK]DY�TVEHY�_aGKjkY�gV`�YeC�SUî^C�`HjkYe]DS«C�TkSUGQRÑTVE^Z�TaSUR2GKjF]DYdj
MtGKjcC�GQ_a_/bHRHS«CdZ\TVSXGKRÜTVGÀó�YÒgnTkZKóHJUY � TVEHYßRfY�T�CdGQgnTcG\M�gnSXP\ò
RfZ\JXJUSXRHP�_/bfgnT�ó^Y[JXG ü Yej;MtGQj6EfSUPQEHYdjVòÂþ9bfZKJUSUTAlmgnSXPKR^Z\JXJUYejkg.ïÞgVYdY
Z\J«gnG��.jkZ\MtYdR ��~e�Q��� ñ ��� G ü YdWQYdj � SUT�C�GKbfJX]Òó^YmZ\jkPKbfYe]�TkEfZ�T
gnbfCFEÀ]DS�� YdjkYdR9TVS«Z\J;gVSXPKRfZKJ;C�G9gATFg�Y�� YeC�TVSXWKYdJXlÒjkYdR^]DYdj�EfGKRHYhgAT
gnSXPKRfZKJUJXSXRHP�_/bDTkbfZ\JXJUl¾ó^YeRHY�î�C�S«Z\J �%÷ Y ü SUJXJ;jkY�TkbHjkR¾TkG�TVEHS«g
RHG\TkSUGQR�ó�YdJXG ü �

�´RHYØPQGQZKJDG\M�TVEHY�CdbHjkjVYeRQT0`^Z\`�Ydj0S«g�TVG/`^G9gnSUTVSXGKRa`HjkYdWISXGKbfg
í�ð ü GKjký�SURmZ\RaG�WQYdjFZ\jFCFEHSURfPØTVEHYeGKjkY�TkSXCeZ\JHC�GQR9TVY�oIT � �vG[TVEHS«g
YdRf]�gnGQ_�Y¾PKYeRHYdjFZ\J._aGI]HYdJ«g�GKM�TVEHY(YeWKGKJXbDTkSUGQRõG\M�gVSX_�`fJUY
gnSXPKRfZKJUJXSXRHP¾gVlDgATkYd_mg ü SUJXJ�ó^Y�`HjkYegVYdR9TVYh] � TVEHY�_aGD]DYdJ«g ü SUJXJ
C�G�WKYejvgVS¦TkbfZ�TkSUGQRfg ü S¦TkE�ZKRf] ü SUTVEfGKbDT,Z´CdGKR�^SXC�T¸GKM^SXRQTkYdjkYegnTkg
ó^YdT ü YeYdR�TVEHY[T ü GaSUR9TVYejkZQC�TkSURHPmZKPKYdR9TFg �
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� jkYdó^g6øÚù´Z ü ýISXRfg[ï ~h��$�� ñ ]HSXgkC�bfgkg6TVEfY.ó�YdE^Z�W9SXGKbfjkZKJ^YhC�GKJUòGQPKl¾G\MØZ\RHSX_mZ\JOgVSXPKRfZKJXgAôÜTkEHYdlÒW9SXY ü gVSUPQRfZ\JXJXSURHPßZQg�Z�TAlI`Dò
S«CdZKJUJXl�CdGK_a`�Y�TVSUTVSXWKY2Z%�LZ\SXjßSURIWQGKJXW9SXRHPã_aSUR^]Iò�jkYeZQ]DSXRHPõZ\Rf]
_mZKRHSU`fbHJXZ\TVSXGKR � �*SXRf]IòÂjVYhZK]DSXRHP[C�GQRfgnS«gnTkg�G\M GKRfY�ZKRHSX_aZKJDY�oIò
`fJUGQS¦TkSURHP�TVYdJXJUòÄTFZ\JXY
`HjkYe]DS«C�TkGKjFg,Z\ó�GKbDT0TkEHYØMtbDTkbHjkY�ó�YdEfZ�WISXGKbHj
GKM6ZKRHG\TkEHYdj � Y � P �X� Z�]DGQP�RfG\TVS«C�SXRHP�TVEfYmófZ\jkYe]ÒTVYeY�TVE�G\MØZ\R
GQ`H`�GKRHYeRQT � C�GQRfC�JXbf]DSXRHP*TkEfZ�T�S¦T�SXg�Z\ó�GKbDT�TVG�Z�TnTFZKCFý � Z\Rf]
^YdYdSXRHPcSXRßGQjk]DYejØTVG�Z�WKGQSX]�SXR%&AbHjkl � �ßZKRHSX`HbHJ«Z�TVSXGKR*S«g ü EfZ�T
E^Z\`H`�YdRfg ü EHYeRmTVEHG9gnY´ó^YeSURfP/_aSUR^]Iò�jkYeZQ]aîfPQEQT6ófZKCFý � SUR�^bDò
YeRfC�SXRHP�TVEHY[ó�YdEfZ�WISXGKbHj�GKMyTVEHY[_aSXRf]IòÂjVYhZK]DYejkg;TVG�TVEfYdSXj6G ü R
ZQ]DW�Z\R9TkZKPKY �vö GQj0Y�oHZK_�`fJUY � Z�]DGQP�C�GKbfJX]aófZKjVYØSUTkg0TVYeY�TVEc]HY�ò
gV`HSUTVY�RfG\T´E^Z�W9SXRHPaTkEHY/gnTVjkYdRHPKTVE*GKj�SURfCdJUSXRfZ\TVSXGKR�TVG�Z�TnTFZKCFý �
ZKRf]aTkE9b^g6gkCdZKjVY�G��*S¦TFg;_aSXRf]IòÂjVYhZK]DSXRHP�GK`H`�GKRHYeR9T � ��EHY´ZKbDò
TkEHGKjFgv`HjVYh]DS«C�TvYeWKGQJUbDTkSUGQRfZ\jkl´ZKjV_mg{jkZQC�Yeg{ó^YdT ü YeYdR�_aZKRHSX`HbDò
J«Z�TkSUWQY�gnSXPKRfZKJUJXYdjFg6Z\Rf]�gVCdYd`DTkSXCeZ\JLjkYeCdYdSXWKYdjFgeû('VgVYdJXYeC�TVSXGKR ü SUJXJZQC�TmgnSX_/bfJ¦TFZ\RHYeGKbfgVJUl(TkG¾SXRfCdjVYhZKgVY%TkEHY�`^G ü Ydj�G\M._aZKRHSX`HbDò
J«Z�TkGKjFg*)%+-,ßTVG*SXRfCdjVYhZKgVY�jkYegVSXgnTkZKRfC�Y�TVG�SUT/.(ït` �10K�
� ñ � ��EHY
jkYegVbHJUT ü SUJXJyó�Y�SURfCdjVYhZKgVSURfPKJXlcC�GQgnTVJXl%gVSUPQRfZ\J«g �
� jkYdófg�ø=ù´Z ü ýISXRfg�ZQ]D_aS¦T � EHG ü YdWKYej � TVE^Z�TaRHG\TaZ\JXJOSXRDò

TkYdjFZKC�TVSXGKRfg�Z\jkYÀC�GQ_�`�Y�TkS¦TkSUWQY(SUR RfZ\TVbHjkY � ��EHYdl gnbfPKPKYhgAT
TkEfZ�T ü EHYdRÑTVEHYcjkYdJXS«Z\óHJXYmTVjFZ\R^gn_aS«gVgVSUGQR(G\M
SXRDMtGKjk_mZ�TVSXGKRÀS«g
TkG�TkEHY�ó�YdRHYdîHT�G\Myó�G\TVE%`fZ\jVTVSXYeg´ïtY � P �X� ó^YeY.]HZKRfC�Yhg0SXRf]DS«CdZ\Tnò
SXRHPÒTVEHY�JUGDCeZ�TVSXGKR¿G\M
RHYhC�TkZKj ñ � ZÒ]HS2� YdjkYdR9T�ýISXRf]ÑGKM�gnSXPKR^Z\J
CdG\òÂYdWQGKJXbDTVSXGKR ü SUJXJ,jVYhgnbfJ¦T � BI`^YhC�SUî^CdZKJUJXl � TVEHYejVY ü SXJUJ,ó�YcgVY�òJXYeC�TVSXGKR¾MtGKj�gVSUPQRfZ\J«g´TVEfZ\T�Z\jkY�ZQg�CFEHYeZK`¾ZKg[`�GQgkgVSUóHJXY ü EHSUJXY
gnTVSXJXJyó^YeSURfPc]DY�TkYeC�TFZ\óHJXYKû3'kC�GQRfgn`fSUjFZ�TkGKjkSXZKJ ü EHS«gn`�YdjFg/. �
� jkYdófg�ø$ù´Z ü ýISXRfg4� g%ZKjVPQbH_aYdR9T%EfZQg%ó�YdYeRõSXR�fbHYeRQTkSXZKJ

ófbDT�RHGaMtGQjV_mZ\J5&Ab^gATkS¦î^CeZ�TkSUGQRÑïtS � Y �U� _�GD]DYeJ ñ G\M�S¦T�YdoDSXgnTkg � í
gVYeCdGKRf]�PQGQZ\JfG\M TVEHY´C�bHjkjVYeR9T0`fZ\`�YdjOSXg�TkG�TVYhgAT;TVEHYeSUjO`HjVYh]DS«C�ò
TkSUGQR�TkEfZ�T�YdWQGKJXWKYe]�gVSXPKRfZKJXg ü SUJXJIRHYeCdYegkgVZKjVSXJUl.ó�YO_aGKjkYOCdGQgnTVJXl
ü EfYdRaTVEfYdjkYØSXgOZ�C�GKR�fSXC�T;G\MLSXR9TVYdjkYegnTkg,TVEfZKR ü EHYdRaTkEHY
`fZKjnò
TkSXCdSU`^Z\R9Tkg�EfZ�WKY�CdGK_a_aGKR�SUR9TkYdjkYegnTkg �6ÿ R*GQjk]HYdjØTkG%]DGcgVG � SUT
ü SXJXJDó^Y�RHYhC�YegkgkZ\jkl´TkG.]HY�TVYejV_aSXRHY ü EHY�TkEHYdj,CdGK_a_/bHRfSXCeZ�TVSXGKRgVEHGQbHJX]�ó�YØY�oD`�YeC�TkYe]6)�78)�9�9 ü EfYdRmgnSXPKR^Z\JXJUYejkg,ZKRf]�jVYhC�YdSXWKYejkg
E^Z�WKY[ZaPKYdRIbHSXRHY�C�GQR�fS«C�TØG\M�SXRQTkYdjkYegnTkg �

: 8;:<; åVç�ä 7(8 è�å : ä @ â @v7 ä
��EfY�îfjFgAT�jkYeþ9bHSXjkYd_aYdR9T
SXRßC�GKR^gATkjVbfC�TVSXRHPcZmPQYdRHYejkZKJL_�GD]DYeJ
GKMOC�GQ_a_/bHRHS«CdZ\TVSXGKR¾SXg[Z�C�J«ZKgkgnSUî^CdZ\TVSXGKRÒgkCFEHYe_�Y/MtGKj�]DYdTVYdjVò
_aSXRHSXRHP ü EHYeR�ZmCdGKR�^SXC�T�G\M�SUR9TkYdjkYegnTkgØYdoIS«gnTkgØó�Y�T ü YdYeRßgnSXP\ò
R^Z\JXJUYejkg�ZKRf]�jVYhC�YdSXWKYejkgAô ö SXPKbfjVY ~ gVEHG ü g�gVbfCFEÀZ�gVCFEHYe_aY �
ZQ]HZ\`HTVYe].MtjkGK_ � ZK_aSUJUTVGQR%ï ~h��	�� ñ � í gVgVbH_aY0TkEfZ�T�Z
gVbfCdCdYegkgAò
MtbfJySUR^gATFZ\RfCdY�G\M,C�GK_a_�bHRHS«CdZ�TkSUGQR%SXR*Za`fZ\jVTVS«C�bHJ«Z\jØgkC�YeRfZ\jkSUG
E^ZKg6îHTkRHYegkgØSX_�`fJUS«CdZ\TVSXGKRfg6MtGQjØó^GKTVE�`fZ\jVTVS«C�SX`fZKRQTFg � ��EHY.îHTVò
RfYegkg[Y�� YeC�T�GQRÀgnSXPKRfZKJUJXYdjFg �>=@?{� ZKRf]ÒTVEHYaîHTkRHYegkg�Y4��YhC�T�GKR
jkYeCdYdSXWKYejkg �A=CB�� TkGKPKYdTVEHYej�]DY�îfRfYaZ�`�GKSXRQT�GQRÒTkEHYa`HJXZKRHY�SUR
ö SXPKbHjkY ~Q�¾ö GKj�Y�oHZ\_a`HJXY � C�GQRfgVSX]DYej�ZßE9lI`�G\TkEHY�TkSXCeZ\JOMtG9GD]
CeZ\JXJ � óIl ü EHSXCFE�GQRHY;ZKRHSU_mZKJQZ\JXYdjVTkg{Z\RHGKTVEHYejLTVG�TVEHY0`fjVYhgnYeRfC�Y
GKM0ZajVS«CFE*óHbDT�JXSX_�SUTVYh]�MtGIGD]*gnGQbHjkCdY ��| l�CdZKJUJXSXRHP%Z\R^]�TVEIbfg
gVEfZKjVSXRHP�TVEHY.MtGIGD] � TVEHY�gVSXPKRfZKJUJXYdj6SUR^C�bHjFgØZ�îfTVRHYhgVgØCdGQgnT � óIl
jkYegV`�GKRf]DSXRHP�TkGØTVEHY6CdZKJUJ � TkEHY;jkYeCdYdSXWKYejLó^YeRHY�îHTFgyTkEHjkGKbHPQE.GQóDò
TFZ\SXRHSXRHP�MtGIGD]�S¦T ü GKbHJ«]�GKTVEHYej ü S«gnY6EfZ�WQY;_aSXgkgVYe] � ��EIbfg � TkEHY

Spite Selfishness,

Altruism

Effect on

Cooperation,
mutualism

competition

+

+

-

- Effect on
S

Rreceiver (P

signaller (P

)

)

ö SXPKbfjVY ~ ûED�G9gVgVSUófJUYaC�GQ_�_�bHRHS«CdZ\TVSXGKR¾gkC�YeRfZ\jkSXGQg[C�J«ZKgkgnSUîfYh]
ó9lcTVEHYeSUjØY4��YhC�Tkg
GKR�TVEHY.îHTkRHYegkgØGKM¸YhZKCFE%`^Z\jVTVS«C�SX`fZ\R9T �

CdZ\JXJ ü GKbfJX]mó�Y.JUGDCdZ\TVYh]mSUR%TVEHYF'VZKJ¦TkjVbHS«gV_G./þQb^ZK]DjFZ\R9T � ��EHY
gnSUTVbfZ\TVSXGKRfg._aGD]DYdJXJXYe]�óIl í CFýIJXYdlÒø ð SUTnTV_mZKRÜï ~e�K��� ñ Z\Rf]
�´JUSX`HEfZKRQT�ï ~h�K�
	 ñ � ü EHYejVY.jVYhC�YeSUWQYdjFg0ó�YdRHYdîHT
óHbDT
gVSUPQRfZ\JXJUYejkg
Z\jkY6ZK_/óHSXW�Z\JXYdR9T � CeZ\R�ó^Y6TVEfGKbHPQEQT,GKM�ZKg¸`�GKSXR9Tkg�GKR�TVEfYØ`^G9gAò
S¦TkSUWQY.WQYdjVTVS«CdZKJ Z\oDSXg � S � Y �X� ü EHYejVY =8?FHI� ZKRf] = BKJ �f�
NOGQR�fS«C�Tkg�GKM�SUR9TkYdjkYegnTaCeZ\RÜó^Y*]DYdîfRHYe]2ZKg�SXRQTkYdjFZKC�TVSXGKRfg

SUR ü EfSXCFEÑR^Z�TVbfjkZKJ6gVYdJXYeC�TVSXGKRÀMÞZ�WQGKbHjFg�]DS���YejVYeR9T�GQbDTkCdGK_aYeg
MtGKj;YhZKCFEc`^Z\jVTVS«C�SX`fZ\R9T´ïL�{jkSUWQYdjFg ~h���M� ñ � GKjOSUR ü EHSXCFE%`fZ\jVTVS«C�òSU`fZKR9Tkg´`HJXZQC�Y/TVEHY�`^G9gVgVSXóHJUY�GKbDTFC�GQ_�Yhg�SXRÒZ�]DS2� YdjkYdR9T[jkZKRHý
GKjF]DYdj;ïL�ßZ�lIRfZ\jF]�BI_aSUTVE/ø � Z\jk`^Yej ~e�Q�
� ñ � NOGQR�fS«C�Tkg{G\MHSXRDò
TVYdjkYegnT�TVEHYejVYdMtGKjkY�Y�oDS«gAT ü EHYeR = ? Z\Rf] =@B ZKjVY[G\M�GK`f`^G9gnSUTVY
gnSXPKR � S � Y �U� SXRßTkEHYabH`H`�YdjVò�JXY�MÛT�Z\Rf]ßJUG ü YdjVò�jkSXPKE9T�þ9bfZK]DjFZ\R9TFg �
BIYdJXYeC�TVSXGKR ü SUJXJ � óIl¾]HY�îfRHSUTVSXGKR � MÞZ�WQGKbHj�ZQC�TVSXGKR^g[TVEfZ\T�EfZ�WKY
`^G9gnSUTVSXWKY�îHTkRHYegkg�Y�� YeC�TFg � ÿ RõTVEHY¾bH`H`�YdjVò�JXY�MÛT�Z\Rf]ãJXG ü Yejnò
jVSXPKE9T.þ9bfZQ]DjFZ\R9Tkg � GKRHY�Z\PKYeR9TON�óHbDT�RHG\T.TVEfY�GKTVEHYej ü SXJXJ,ó^Y
gnYeJUYhC�TVYh]�TVGß`^Z\jVTVS«C�SX`fZ�TkYmSURÀTkEHY�CdGK_a_/bfRHSXCeZ�TkSUGQR(gVlDgATkYd_�û
TVEHYeSUj�SXRQTkYdjkYegnTkgØCdGKR�fS«C�T � ��EHY�'VgV`HSUTVYP.�þ9bfZK]HjkZKRQTØ]DGIYegQ+SR%7
jVYe`HjVYhgnYeR9TØZ%C�GKR�fSXC�T�G\M,SXR9TVYdjkYegnTkg
ó^YhCdZ\b^gnY/ZKPKYeRQTFg ü SUJXJ¸ó^Y
_/bDTkbfZ\JXJUl�gnYeJUYhC�TVYh]�RHG\T�TVGcCdGK_a_/bfRHSXCeZ�TkY �
ÿ M.TVEHYßgV`�YeC�SUîfYh]ÜîHTVRHYhgVgcY�� YeC�TFgmG\M[`fZKjnTkSXCdSU`fZ\TVSXRHP(SURÐZ

C�GK_a_�bHRHS«CdZ�TkSUWQY*SUR9TkYdjFZKC�TkSUGQRõZ\jkY*TVjkbHJXlT+-U47cW�Z\JXbHYeg � Z\Rf]
Z\JXjVYhZK]Dl(SXRfC�JXbf]DY�gnb^CFE¿MÞZQC�TVGQjkg�ZKg�TkEHY*C�GQgnTaG\M´gVSUPQRfZ\JXJXSURHP
Z\Rf](TkEHY*C�G9gATaG\M�_mZKý9SXRHP�ZÒjkYegV`^GQRfgVY¾ïÞZQg ü YeJUJØZKg�SXRfC�JXbDò
gnSXWKY%îHTVRHYhgVgmCdGKRfgVS«]DYdjFZ�TkSUGQRfg�ZKRf]ÜC�GQgnTkga]DbfY%TkG�YdoD`HJUGQS¦TFZ�ò
TVSXGKR�G\M6TVEHYcgVSUPQRfZ\J�óIlÒ`fjVYh]HZ�TkGKjFg � YdTkC � ñ � TVEHYeR(`HjVYh]DS«C�TVSXRHP
TVEHYmYeWKGKJXbDTkSUGQR�GKMOTkEHY%CdGK_a_/bHRfSXCeZ�TVSXGKR(gVlIgnTVYe_ S«g�TkjVSXWISXZKJ �
V YdJXSXZKóHJXY�CdGK_a_/bfRHSXCeZ�TkSUGQR2jkYeþ9bHSXjVYhg � GKRãZ�WKYejkZKPKY � EfGKRHYhgAT
gnSXPKRfZKJUJXYdjFg�Z\Rf]�TkjVb^gATkSURHP�jkYeCdYdSXWKYejkg � Z\R^]/TkEIbfg ü SXJUJ^GKRHJXl�]HY�ò
WKYdJXGK` ü EHYeR = ? J � Z\Rf] =@B J �H� S � Y �X� ü EHYdRmó�G\TkE%Z\PQYdR9Tkg
Z\jkYÜgVYdJXYeC�TVYe]�TVG `fZKjnTkSXCdSU`^Z�TVY � � G ü YeWKYej � jVYhZ\JcZKRHSU_mZKJXg
gnGQ_�YdTVSX_aYeg�CdGK_a_/bHRfSXCeZ�TVY�]DYegV`HSUTVY%ZK`H`fZ\jkYdR9T/CdGKR�fS«C�TFg�GKM
SUR9TVYejVYhgAT*ï � SUR^]DY ~e�
$H~ ñ �KV YeC�YeR9Ta_aGD]DYeJXgßïW�.jkZ\MtYdR ~e�Q�����
| bfJUJXGDCFý ~e�Q��� ñ EfZ�WQY�YhgATFZ\óHJXSXgVEHYh]ßTkEfZ�T � SXRÀC�YdjVTkZKSUR(gVS¦TkbfZ�ò
TVSXGKRfg ü EHYdjkY´CdGK_a_/bfRHSXCeZ�TkSUGQR ü GQbHJX]cG\TVEfYdj ü SXgVY�ó�Y´bfRfgATFZ�ò
óHJUY � SXRfCdjVYhZKgVSURHP�TkEHYc`HjkGD]DbfC�TkSUGQRÀC�GQgnTkg�G\M6TVEHY%gVSXPKRfZKJ0CdZ\R
X »�°9ª��Aªk�A¬êÕÂ¥e¼eªF³��AÖØ¡¨¯{²Q¯ ª�®´�A6�AªV©«ªk�y�AØ¥d³[ªF³��A¡£��¶
�A°I¥��y¬�¥�¶

ÃDª6·9§¦¥F¶Q¡¨³Q¼�¥.¯ ¡¨¼h³9¥e§¨§¨¡¦³Q¼�e�O¥´�AªF¤Fªk¡¦±\¡¨³9¼´�Ah§¨ªhº



No sig.II II
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Low

High

I

II II

Pos.

Pos. Pos.

Pos.

Neg. Neg.

Neg. Neg.

Sig.No sig.

Sig.

ö SXPKbHjkY ú ûCY0o9TkYdRf]HYe][MtGQjV_ GKMHTVEHY�gVSU_a`HJXY6gVSXPKRfZKJUJXSURfP�PQZK_aY �
NOE^Z\jVT�S«C�GQRfg�SXRf]DY�o�`fZ�lKG�� g6SXRZ�vZKóHJUY ~Q�

JXYeZQ]cTkGmZ�`fjVYh]DSXC�TVSXGKR�G\M¸YdWQGKJXbDTVSXGKRfZKjVSXJXlcgATFZ\óHJXY�gnSXPKRfZKJUJXSXRHP �
��EfYdjkY�MtGKjkY � SXRÀTVEfY�CdbHjVjkYdR9T/_aGD]DYeJ �[=8? Z\Rf] = B jVYdMtYdj�TVG
PQjVG9gVg0îHTVRfYegkgOY4��YhC�TFgOó�Y�MtGQjVY´TVEfY.gV`^YhC�SUî^C.C�GQgnTkgOG\Mv`HjVGD]Db^C�ò
SXRHP/TVEHY.gnSXPKRfZKJ ��\]?y� ZKRf]a_mZ\ýISURfP�TVEfY�jkYegV`^GQRfgnY ��\ B � EfZ�WKY
ó�YdYeR�TkZ\ýQYdR�SUR9TkGaZQCdCdGKbHR9T �

á 7 å é � ?A@�7 å�" :
5,?n? å : "^" 5,éê@
ÿ M´TVEHY�gVSUPQRfZ\JXJUSXRHP�SUR9TkYdjFZKC�TkSUGQRÑS«g/TkG¾SXRIWKGQJUWQY%SXRDMtGKjk_mZ�TVSXGKR
TkjkZKRfgV_�S«gkgnSXGKR � Z\Rf](Z\JXJXG ü MtGKj[TkEHYm`�GQgkgnSXóHSXJUSUTVSXYeg�GKM�]HYeC�Ye`Dò
TkSUGQR�ZKRf]m_mZ\RHSX`HbHJ«Z�TkSUGQR � S¦T�_/b^gAT�ó^Y._aGD]DYdJXJUYh]%ZQgOZ/PQZ\_aY
GKMvSX_a`^YejnMtYhC�T
SXRDMtGKjk_mZ�TVSXGKR � SXR ü EHS«CFE%TkEHY�gnSXPKRfZKJUJXYdj�ýIRHG ü g
gVGK_aYdTVEHSXRHPcTkEfZ�T´TVEHY�jkYeC�YeSUWQYdj�]HG9Yhg�RfG\T �[ö SUPQbHjkY ú gVEHG ü g
TkEHY*Y�oITkYdRf]DYh]2MtGKjk_!G\M�Z(gnSX_a`HJXYßZKC�TkSUGQRDòÂjVYhgn`�GKRfgVY�PQZ\_aY
TkEfZ�T´MtbHJUîfJXg´TkEHSXg.jkYeþ9bHSXjVYe_aYdR9T � ��EHY/P9Z\_aY�ó�YdPKSXRfg ü S¦TkE¾ZCFE^Z\RfCdY�_aG�WKYcïÛTkEHY�CdYdR9TVjFZ\J¸gVþ9bfZKjVY ñ SUR ü EHSXCFEßgVGK_aY/gnTkZ\TVY
S«g.jkZKRf]DGQ_�JXl�]DY�TkYdjk_�SXRHYh]*TVG�ó^Y�YdSUTVEfYdj�'nEHSXPKE�.mGKj�'nJXG ü . �
��EfY[gVSXPKRfZKJUJXYdj6EfZKg�ZQCdC�YhgVg;TVG�TkEHSXg�gnTkZ\TVY � ZKRf] ü Y�CdZKR�gVbH`Dò
`�GQgVY[TVE^Z�T
SUT
jVYe`HjVYhgnYeR9Tkg6YdSUTVEHYej�Z�MtYeZ\TVbHjkY�G\M¸TVEHY�YeRIW9SXjkGKRDò
_aYeRQTvTVEfZ\TvGQRHJUl.TkEHYOgVSUPQRfZ\JXJXYdjyEfZQg{]DYdTVYhC�TVYh]%ïÞY � P �X� RfG\TVS«C�SXRHP
ZKRmZ\`H`HjkGQZQCFEHSXRHP�`HjkYe]fZ�TVGQj ñ � GKj0Z[EfSX]H]HYdRaSUR9TkYdjkRfZ\JfgnTkZ\TVYØGKM
TkEHY�gnSXPKR^Z\JXJUYej´ïtY � P �U� G�WIbHJ«Z�TkSUGQR ñ ��| ZKgVYe]%GKRmTkEHSXgØgnTkZ\TVY � TkEHY
gVSXPKRfZKJUJXYdj�ïÞ`HJ«Z�lKYdj ÿ ñ _/b^gAT�]DYeCdSX]DY ü EHY�TkEHYdjOGKjORHG\T0TkG�gVYdRf]
ZKRcZ\jkóHSUTVjFZ\jkl/gnSXPKR^Z\JfGKMyC�GQgnT \]?v� ��EHY
jkYeC�YeSUWQYdj�ïÞ`HJ«Z�lKYdj ÿnÿ ñ
S«g�SXPKRHGQjkZKRQT¸G\M^TVEHYØEHS«]H]DYeR�gnTkZ\TVYØZ\R^]/GQRHJUl/ý9RfG ü g ü EfY�TVEfYdj
GQj[RHG\T�Z�gVSXPKRfZKJ ü ZKg[gVYdR9TAôãTVEfY�]HZQgnEfYe]ßjkYeC�TkZKRHPKJXYeg.gnEfG ü
TkEHY*jkYeC�YeSUWQYdj�� g�SXRDMtGKjk_mZ�TVSXGKRãgVY�Tkg � ��EHY�jVYhC�YeSUWQYdjaCdZ\RÜjkY�ò
gV`�GKRf]�YeS¦TkEHYdj
`�GQgVSUTVSXWKYdJXl � S � Y �X� `�YdjVMtGKjk_ gVGK_aY�ZQC�TVSXGKR_'kZ\`Dò
`fjVGQ`HjVS«Z�TkYP.(TkGÑTkEHY¾EfSUPQE�gnTkZ�TkY � GKj�RHYdP9Z�TVSXWKYeJUl � S � Y �X� RHG\T
jkYegV`�GKRf]�Z�T.Z\JXJ � D�GQgVS¦TkSUWQY.jkYegV`�GKRfgVYeg�SXRfC�bfj´ZmC�G9gAT ��\`B��Oÿ M
ZKRf]�GKRHJXl�SUMfTVEfYØEHSX]f]DYdRmgnTkZ�TkY�SXg�EHSXPKE � Z.`^G9gnSUTVSXWKY�jkYegV`^GQRfgnY
jkYegVbHJUTkgvSUR/TVEHY6`fZ�lQG��Lg = ? ZKRf] =@B TVG�TVEHY�gVSUPQRfZ\JXJUYejvZKRf]�jkY�ò
CdYdSXWKYej0jVYhgn`�YeC�TVSXWKYeJUl � �¸Z\óHJXY ~ gV`^YhC�SUîfYeg�TkEHY�`^Z�lKG��c_mZ\TVjkS¦o �
� bHjF]cï ~h�K�
� ñ � �´JXSU`HE^Z\R9T6ï ~e�K�
	 ñ � ZKRf] | bHJXJUGDCFýmï ~h�K�5� ñ bfgVYe]
gVSX_�SXJ«Z\jØPQZK_aYeg ü S¦TkE*]DS2� YdjkYdR9T
`fZ�lQG��ÒgnTVjkbfC�TkbHjkYeg �
��EHYØP9Z\_aY�_�GD]DYeJXg;Z´jFZ\RfPKY6G\M `^G9gVgVSUófJUY
CdGK_a_/bHRfSXCeZ�TVSXWKY

SXR9TVYejkZQC�TVSXGKR^g ��ö GQj;Y�oHZK_�`fJUY � gVbH`H`�GQgVY
TkEfZ�TOTVEHY.EHSXPKE%gnTkZ\TVY

BITkZ�TkY[G\M�YdRIWISUjkGKRH_aYeRQT
ð G ü � SXPKE

} GcgVSUPQRfZ\J
} YdP � jkYegV`^GQRfgnY ���a� ���a�
D�GQg � jkYegV`�GKRfgVY ���Ab(\ B =8?(�a= B bc\ B

BISUPQRfZ\J
} YdP � jkYegV`^GQRfgnY b(\ ? �a� b(\ ? �a�
D�GQg � jkYegV`�GKRfgVY b(\ ? �1b(\dB = ? bc\ ? ��=CBebc\dB

�vZKóHJUY ~ û8D,Z�lKG��c_mZ\TVjkS¦o�MtGKj;TVEHY.gnSX_a`HJUY�PQZ\_aY � Y;RQTkjVSXYeg;SUR
TVEHY,TFZ\óHJXY0jkYd`HjkYegVYdR9T TVEfY;`fZ�lQG���TkG�TVEHY6gnYeRf]DYdjvZ\Rf][jkYeCdYdSXWKYdj
jVYhgn`�YeC�TVSXWKYdJXl �

jVYe`HjVYhgnYeR9Tkg6TVEfY�gVSUPQRfZ\JXJUYejP� gØ]DS«gVCdG�WKYejVlcGKM�MtG9GD] � BIYeRf]DSXRHP%Z
gnSXPKRfZKJ�_�SXPKE9TcSXRIWKGKJXWKY�Yd_aSUTnTkSURHPÑZÀCFE^Z\jFZKC�TkYdjkSXgnTVS«C%gVGKbfRf] �
ü EHSUJXY�RHGKT´gnYeRf]DSXRHPcZcgVSUPQRfZ\JLS«gØTkGcjkYd_mZ\SXR*gnSXJUYeR9T ��ö GKj
TVEHY
jVYhC�YdSXWKYej � Z¿`^G9gnSUTVSXWKY�jkYegV`^GQRfgnY¾_aYeZ\R^g�ZK`H`HjkGQZKCFEfSURHPÑTVEHY
gnSXPKRfZKJUJXYdj´Z\Rf]ßgVEfZKjVSXRHPaTVEfY�MtGIGD] � ü EHYdjkYeZQg�ZmRHYePQZ\TVSXWKY�jkY�ògn`�GKRfgVY0_aYeZKRfg¸]DGKSXRHP�RfG\TVEfSURHP �Cf ZKjVSXGKb^gy`�GQgkgnSXóHSXJUSUTVSXYegvY�oDS«gAT
ó^YhgnS«]DYeg�EfGKRHYhgAT;gVSUPQRfZ\JXJXSURHP[GKM^TkEHYØEHSXPKEmgATFZ�TkYKûyTkEHY
jkYeCdYdSXWKYdj
_�SXPKE9TQ)�9hgi)%jMk[Z\`H`fjVG9ZKCFE�TVEHY.gnSXPKR^Z\JXJUYej0SURcTVEHY´EHGK`�Y�GKMyGKóDò
TkZ\SXRHSXRHP�MtGIGI] � jVYePQZKjk]DJXYegkg´G\M ü EfY�TVEfYdj/Z�gVSUPQRfZ\J ü ZKg[gnYeR9T �
��EHYØgnSXPKRfZKJUJXYdj�_aSXPKE9T,ó^YØbHRfSURDMtGQjV_mZ\TVSXWKYØZ\Rf]�RHYeWKYdj0gVSXPKRfZKJ �
GKj6GKRHJXlmgnSXPKRfZKJ ü EfYdRcMtGIGD] ü ZQg(+SR%70`HjkYegVYdR9T � �´RfY´SX_a`^GQjnò
TkZ\R9T�MtYeZ\TVbHjkY6G\M�TVEHY�PQZK_aYOS«g¸TVEfZ\T,TVEHYØgVSUPQRfZ\JXJXYdj�SXg,ZK_/óHSXW�Z�ò
JUYeRQT�ZKó^GQbDT�TVEHY/jVYhC�YdSXWKYejP� g6jVYhgn`�GKR^gnY.SUR�TkEHY�JXG ü gnTkZ�TkY�ôÐSUR
TVYdjk_mg[G\MOTVEHYmYdoDZK_a`HJUY � TkEHSXg�jVYe`HjVYhgnYeR9Tkg´TVEHYcZQgVgVbH_a`DTkSUGQR
TVEfZ\T ü EHYdR*RfGaMtG9GD]�EfZQgØó�YdYdR¾]DSXgkC�G�WQYdjkYe] � TkEHY/gVSUPQRfZ\JXJXSURHP
Z\RHSX_mZ\JO]HG9Yhg/RfG\T�CeZ\jkYcZ\ó�GKbDT ü EHY�TkEHYdj�TVEfY%jkYeC�YeSUWQYdj�Z\`Dò
`HjVG9ZKCFEHYhg;GQjØRHG\T �
��EHY.gATkjkZ\TVYePKSXYeg,MÞZ�WQGKbHjkYe]mZ\T6ZKR9laGQRHY
TkSU_aY ü SUJXJ�]HYd`�YdRf]

GKRßTkEHYajVYeJXZ\TVSXWKY�W�Z\JXbHYeg[GKM =8?y�1= B �C\]? Z\R^] \ B � ZQg ü YdJXJ
ZKg�GQR ü EfZ�T�TkEHYcGKTVEHYej/_aYd_�ó^Yejkg/G\M�TVEHY%`^GQ`HbHJ«Z�TVSXGKRÑZKjVY
]DGKSXRHP � l í JXJUG ü SXRHP¾TVEHY�ófZQgnY�îHTVRfYegkg�Y4��YhC�TFg =8? Z\R^] = B
TVG�W�Z\jklÒZKCdjVG9gVg.`�GQgVS¦TkSUWQYaZKRf]�RHYdP9Z�TkSUWQY�W�ZKJUbHYhg ü SUJXJ;ZKJUJXG üTVEHY�`fZ�lKG��(gV`fZQC�Y�G\M ö SXPKbHjkY ~ TVG�ó^YaYdoI`fJUGQjVYh] � Z\Rf]ßTVEIbfg
]DY�TkYdjk_�SXRHY ü EHYdTVEHYejOCFEfZKRHPKYhg,SXRcgnSXPKRfZKJfZ\R^]ajVYhgn`�GKRfgVY
C�G9gAT
CdZ\R�`HjkGD]DbfCdY/gATFZ\óHJXY/gVSUPQRfZ\JXJXSURHP%SURßgVS¦TkbfZ�TkSUGQRfgØTkEfZ�T ü GQbHJ«]
G\TVEfYdj ü SXgVYaSURIWKGQJUWQYcC�GQR�fS«C�Tkg�G\MØSUR9TkYdjkYegnT � ��EHSXg ü SUJXJ;ó�Y%Z
îfjkgnT%gnTVYd`ãTkG ü ZKjk]fgmZKgkgnYhgVgVSURfP � jkYdó^gcø#ù´Z ü ýISXRfg4� gcCdGKRDò
gn`HSXjFZ�TVGQjVS«Z\J ü EHS«gn`�YdjFg6TVEfYdGKjkl �
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í gVSXPKRfZKJUJXSURfPêgnTVjFZ�TkYdPKl)SXR TVEHY gVSU_a`HJXY PQZ\_aY gn`�YeCdS¦î^Yeg
ü EHY�TkEHYdj%TVG¿jkYegV`�GKRf] ü SUTVEõRfG¿gnSXPKR^Z\J�ï } B ñ GKj�ZÑgVSUPQRfZ\J
ïÄBISXP ñ TVG�JXG ü ZKRf]ÒEfSUPQE�gnTkZ\TVYeg[jkYegV`�YeC�TkSUWQYdJXl � ð SXýKY ü SXgVY � Z
jVYhgn`�GKRfgVY�gnTVjFZ�TkYdPQlÑgn`�YeCdS¦îfYhg ü EHY�TkEHYdjaTkG(jVYhgn`�GKRf]¿RHYdP9Z�ò
TVSXWKYdJXl ï } YeP ñ GQj%`�GQgVS¦TkSUWQYdJXl ïLD�GQg ñ ü EHYdRõMÞZKC�Yh] ü S¦TkEõRHG
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gVSXPKRfZKJfZ\Rf] ü EfYdRmMÞZQC�Ye] ü SUTVEcZ/gnSXPKRfZKJ � í gnTVjFZ�TkYdPKl�`fZ\SXj;S«g
TkEHYØC�GQR%&AbHRfC�TVSXGKR�G\M^Z.gnSXPKR^Z\JXJUSXRHP[Z\Rf]�Z�jkYegV`^GQRfgVY6gnTVjFZ�TkYdPKl �
Y � P �U� ï } B�t } B � D�GQgOt%D�G9g ñ SXgØTVEHY�gnTVjFZ�TkYdPKl%`fZ\SXj�TVEfZ\T´gV`^YhC�ò
SUîfYhgORfYdWKYej6gVSXPKRfZKJUJXSURfP�Z\R^]%Z\J ü Z�lIg;jVYhgn`�GKR^]DSURfP/`�GQgVS¦TkSUWQYdJXl �
��EHY�gATkjkZ\TVYePKl(`fZ\SXj*ï } Bat\BISXP �O} YdP�t%D�G9g ñ gV`�YeC�SUîfYhgmgnSXP\ò

R^Z\JXJUSXRHPÑGQRHJUlÜSXRÐTVEHY¾EHSXPKEõgnTkZ�TkY � ZKRf]ãjVYhgn`�GKR^]DSURfPÑ`^G9gnSUò
TkSUWQYdJXlcGKRfJUlaTkGagVSXPKRfZKJXgAôÐCeZ\JXJfTkEHS«g�TVEHY[EHGQRHYegnT
gATkjkZ\TVYePKl �¸ÿ T
CeZ\RÜó^YßgVEHG ü R¿TVEfZ\TcEHGKRHYhgATAl ü SXJXJ
ó^Y*ZKR2YeWKGKJXbDTkSUGQRfZ\jkSUJXl
gnTkZKóHJXY[gnTVjFZ�TkYdPQlÒïuY6BHB � �ßZ�lIRfZKjk]�BI_aS¦TkE ~e��$9ú ñ S¦MAû
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��EfZ\T;SXg � EHGKRHYhgAT;gVSXPKRfZKJUJXSURfP�SXgOgATFZ\óHJXY
SUM�TkEHY�CdGQgnTkg0GKMygnSXP\ò
R^Z\JXJUSXRHPÑZ\R^]2jkYegV`�GKRf]DSXRHPÀZ\jkY�ó^GKTVEã`�GQgVS¦TkSUWQY � Z\Rf]ÜSUM´TkEHY
`^Z�lKG��Lg.SUR�YeZQCFE¾CeZKgVY�GQbDT ü YeSUPQEßTkEHYcC�G9gATFg � ��EHYajVYhþQbfSUjkY�ò
_aYeRQT%TVEfZ\T =@? Z\Rf] = B _�bfgAT�ó^GKTVEãó^YÒ`^G9gnSUTVSXWKY*_aYeZKRfg
TkEfZ�T�TVEHY�EHGKRHYhgAT.gATkjkZ\TVYdPQl%S«g
GQRHJUl�Y�oD`�YeC�TVYe]�TkGcó�Y�gnTkZ\ófJUY
ü EfYdR�TVEHY�SXR9TVYejVYhgATFg�G\M{TkEHY�`fZKjnTkSUYhgØ]DGaRHG\T�CdGKR�fS«C�T �
��M TVEHY ~P	 `�GQgkgnSXóHJXY�gnTVjFZ�TVYePKl�`fZ\SXjkg � TkEHYdjkY�Z\jkYØTkEHjVYeYØó^Ydò

gVS«]DYeg0TVEHY´EHGKRHYhgAT6gATkjkZ\TVYdPQl�TkEfZ�T6SURIWKGQJUWQY�TVEHY�TVjFZ\RfgV_aSXgkgVSUGQR
GKMfSXRDMtGKjk_mZ�TVSXGKR � SUR�TVEfZ\TvTkEHY�jVYhC�YeSUWQYdj{jkYegV`�GKRf]Hg�]DS�� YdjkYdR9TVJXl
TkGß]DS���YejVYeRQT�EHSX]f]DYdRÑgnTkZ\TVYeg �%} GKRHYcGKMOTkEHYegVYaTVEfjVYeYcgATkjkZ\Tnò
YePKl2`fZ\SXjkgmZKjVY6Y6BHBDgaSUM \`? Z\Rf] \ B Z\jkY�ó^GKTVEÐ`�GQgVS¦TkSUWQY �
TkEHYegVY�T ü GmW�Z\JXbHYeg�jVYe`HjkYegVYdR9T�YdRfYdjkPKY�TkSXC�CdGQgnTkg´Z\Rf]*gVG%CdZKRDò
RfG\T*gnYeRfgnSXóHJXlãó^Y�RHYdP9Z�TkSUWQY �)ÿ M \ ? Hw�f� S � Y �U� S¦M�PKSXW9SXRHP
Z�gnSXPKR^Z\J¸SXg´G\M;RfYdPKJXSXPKSXóHJUY�C�G9gAT � TkEHYdRÒTVEHY�jkYdWKYejkgVY�EHGQRHYegnTAl
gnTVjFZ�TkYdPQl�ï�BISUP�t } B � D�G9gxt } YeP ñ CdZKR�ó�YOgnTkZ\ófJUY � Z\JUTVEHGQbHPKE = ?
ZKRf] =@B _/b^gAT[gATkSUJXJ�ó^Y�`^G9gnSUTVSXWKY �´ÿ T[S«g.ZKJXgVG ü GKjVTVEßRfG\TVSXRHP
TkEfZ�T/ZKRIl*_�SUoDYe](gnTVjFZ�TVYePKl*SXRIWKGKJXWISURfP�ï } Bat } B � D�G9gxt�D�GQg ñ
ZKRf]Òï } Bat } B � D�GQgOt } YeP ñ � ó�G\TVE�RHGQRDòÂgVSXPKRfZKJUJXSURfP�gnTVjFZ�TVYePKSXYeg
ü EfYdjkY�TkEHYmjkYeC�YeSUWQYdj[Z\J ü Z�lDg.jkYegV`^GQRf]Hg.`^G9gnSUTVSXWKYeJUl � CdZKR¾ó�Y
ZKRKY6BHBÀSUM�TkEHY�`fZ�lKG��2TkGÒTkEHY�jVYhC�YdSXWKYej�S«g�JXZKjVPQY%YeRHGKbHPQE �
S � Y �X� S¦MAû
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��EHYÀZ\R^Z\JXlIgVS«g�SXRf]DS«CdZ\TVYhg�TVEfZ\T ü EHSUJXY(TVEfY(CdGQgnT*G\MmgnSXP\ò

R^Z\JXJUSXRHPm`HJ«Z�lDgØgnGQ_�Y�jkGKJXY�SXR�gnTkZKóHSXJUSzydSXRHPaTVEfY�EHGKRfYegnT�gATkjkZ\Tnò
YePKl � TVEfYdjkYcZ\jkY�RfGßC�SXjkCdbH_mgATFZ\RfCdYeg�SXR ü EHSXCFEÀgnTkZKóHJUYcCdGK_�ò
_�bHRHS«CdZ\TVSXGKRmS«g,`HjkYe]DS«C�TkYe] ü EHYeRcZ�C�GQR�fS«C�T;GKM SXR9TVYejVYhgATFg,Y�oIò
S«gnTkg � ��EHS«g/S«g/]DYhgn`fS¦TkYcTVEfYcMÞZKC�T/TkEfZ�T ü YcE^Z�WKY%gVYd`fZKjkZ\TVYh]TkEHY*C�G9gATFg/GKM´gnSXPKR^Z\JXJUSXRHP¾ZKRf]ÑjkYegV`�GKRf]DSXRHP¾MtjVGQ_#TVEHY�ófZQgnY
îfTVRHYhgVgØ`^Z�lKG��Lg6G\M�ZmC�GK_a_�bHRHS«CdZ�TkSUWQY´SXR9TVYejkZQC�TVSXGKR �
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@{?
�[ZK_aY;TkEHYdGQjVl[S«g{JXSU_aSUTVYh]�TkG´]DYhgVCdjVSXóHSXRHP�YhþQbfSUJXSUófjVS«Z � ZKR/YdWQG\ò
JXbDTkSUGQRfZ\jkl.gVSX_/bHJ«Z�TkSUGQR�_aGI]HYdJ9G\MDTVEfY6gVSU_a`HJXY;P9Z\_aY ü ZKgvZ\J«gnG
CdGKRfgnTVjkbfC�TVYe]�SUR�GQjk]HYdjyTkG´]DYdTVYejV_aSXRHY ü EHYdTVEHYej¸CdGK_a_/bfRHSXCeZ�ò
TkSUWQY�ó�YdE^Z�W9SXGKbfj´_aSXPKE9T�gnGQ_�YdTVSX_aYeg.ó^Y�MtGKbfRf]ÒGQbDTkgVS«]DY/TkEHY
jFZ\RfPKY.G\M�SX]DYeR9TVSUîfYe]�YOBfBDg �
í gnTVjFZ\SXPKE9TnMtGQj ü Z\jF]�PKYdRfY�TVS«CØZ\JXPKGQjVSUTVEf_ ïL� í.ñ ü ZKg;bfgnYh] �

YOZKCFE�SURf]HSUWIS«]DbfZ\JvC�GKbfJX]�`HJ«Z�lcó^GKTVE�gnSXPKR^Z\JXJUSXRHPmZ\Rf]�jkYeC�YeSUW9ò
SXRHP(jkGKJXYeg � Z(gnTVjFZ�TVYePKlÀ`fZKSUj ü ZKgagV`^YhC�SUîfYe]2óIl¿Z¾MtGKbHjVò�ófS¦T

| SUT
W�Z\JXbHY
� ~

ÿ M�JUG ü gATFZ�TkY ���e� } GmgVSUPQRfZ\J BISXPKR^Z\J
ÿ M�EHSXPKE*gATFZ�TkY ���e� } GmgVSUPQRfZ\J BISXPKR^Z\J

V Yhgn`�GKR^gnY.TVGmRfGagVSXPKRfZKJ } YdP9Z�TVSXWKY D�GQgVS¦TkSUWQY
V YegV`^GQRfgnY.TkGagVSXPKRfZKJ } YdP9Z�TVSXWKY D�GQgVS¦TkSUWQY

�vZKóHJXY ú û[�.YdRHYdTVS«C�gn`�YeCdS¦î^CeZ�TkSUGQR�GKM¸gnTVjFZ�TkYdPKSXYeg �

PKYdRfG\TAlI`^Y
ZQg0gVEHG ü RmSURaTFZ\óHJXY úH� ��EHY�`^GQ`HbHJ«Z�TVSXGKRcgVSzydY ü ZKg
~P���f� TVEHY�_�bDTkZ\TVSXGKR¿jFZ�TkY ü ZKg �H� �H~ `^YejmJUGDCdbfg � Z\Rf] � ]DbHY
TVGmTkEHY�TkjVSXWISXZKJUJXl�gV_mZ\JXJ{PQYdRHGQ_�Y � CdjVG9gVgVG�WKYej ü ZKg�RHG\T´bfgnYh] �
Y;ZKCFE�PKYeRHYdjFZ�TkSUGQR �a���
� P9Z\_aYeg ü YdjkY[`HJXZ�lQYe]�ó^YdT ü YeYdR�jFZ\RDò
]DGK_aJXl(gVYdJXYeC�TVYh]ÑGK`f`^GQRHYdR9Tkg � í RãZ\PQYdR9T�CdGKbHJ«]ÀTkEHYdjkY�MtGQjVY
Y�oD`^YhC�T�TVG¾`HJXZ�l � PQZK_�Yhg�ZQg�Z�gVSUPQRfZ\JXJUYej�ZKRf] � ZKg�ZÒjkY�ò
C�YdSXWKYej � ��EHY%ZKPKYdR9T�� g.îHTkRHYegkg/gkC�GQjVY ü ZKg.TkEHYcTkG\TFZ\J0`fZ�lQG��
MtjVGQ_=TVEHYhgnYaP9Z\_aYeg �mö GKj�ófjVYeYe]DSXRHP�`HbHjk`^G9gnYhg � TVEHYaîHTkRHYegkg
gVCdGKjkYeg ü YejVY�RHGQjV_mZKJUSzydYh]¿óIl2gVbHóDTkjkZQC�TkSURHP�TkEHY*_aSURHSX_/bf_
gVCdGKjkY�MtjkGK_ YhZKCFE � D;jVGQ`^GQjnTkSUGQRfZ�TkY´gVYdJXYeC�TVSXGKR ü ZQgOTVEHYeRßZ\`Dò`HJUSXYe]�TkGmTVEfY�RHGKjk_mZ\JXS�yeYe]�gkC�GKjkYeg � ��EfY�PKYeRHY�TkSXC�ZKJUPQGKjkS¦TkEH_
ü ZQgOjkbHR�SUR�TVEfSXg�_mZ\RfRHYdj�MtGQj ����� PKYeRHYdjFZ�TkSUGQRfg �¸ÿ R�TVEHY�jkY�ò
gnbHJUTkg�`HjkYegVYdR9TVYh](ó^YeJUG ü � TkEHY�PQZ\_aYhg�`HJ«Z�lKYh](SUR¿TVEHY%îfRfZ\J �
S � Y �X������� TVE � PKYeRHYdjFZ�TkSUGQRmEfZ�WKY�ó^YeYdR%b^gnYh]cZKg6Z/gVRfZ\`^gnEHGKTOGKM
TVEHY[YdWQGKJXWKYh]�gVSUPQRfZ\JXJXSURHPagnTVjFZ�TVYePKSXYeg �
í R�Z�TVTVYe_�`HT ü ZKg%_aZQ]DYßTkG2SXRIWKYhgATkSUP9Z�TVYÒYdWKGQJUbHTVSXGKRfZKjVl

]DlIRfZ\_aS«Cdg � SUR)TkEfZ�TÀTkEHYõSXRHS¦TkSXZKJc`�GK`HbHJ«Z�TkSUGQRfg ü YdjkYãRHG\T
]DY�TkYdjk_�SXRHYh]2jFZ\R^]DGK_aJXlÑóHbDT�gnTkZKjnTkYe]ãZKgcYdSUTVEHYej}'nEHGQRHYegnT/.
GKj}'VRHGKRDò gVSUPQRfZ\JXJUSXRHP�. ��� GKRHYhgATcSXRHSUTVS«Z\J.`^GQ`HbHJ«Z�TVSXGKR^g ü YejVY
_aZQ]DY%bf`ÑYdR9TVSXjkYdJXl�GKM
SUR^]DSUWIS«]DbfZKJXg ü EHG¾`HJXZ�lQYe]�TkEHY�EfGKRDò
YegnTagnTVjFZ�TkYdPKl � S � Y �X� Z¾PKYeRHGK_aY�G\ME~ �H~��H~ � �À} GQRDòÂgVSXPKRfZKJUJXSURfP
`^GQ`HbHJ«Z�TVSXGKR^g�bHRf]DYej ü YdR9T ~P�
� PQYdRHYejkZ\TVSXGKRfg6G\M�`HjkYdJXSU_aSXRfZ\jkl
YdWKGQJUbHTVSXGKRßSXR ü EfSXCFEÒTVEHYeSUj[jkYeC�YeSUWISXRHP�gnTVjFZ�TkYdPQSUYhg ü YdjkY�MtjkYdY
TVG�YdWKGQJUWQY�óHbDT[TkEHYdSXj�gnSXPKR^Z\JXJUSXRHP�gnTVjFZ�TkYdPQSUYhg ü YdjkY�CdJXZK_�`�Ye]
Z�TQ~ �
� � � S � Y �U� RfG�gVSUPQRfZ\JXJXSURHP �,ö GKj6YeZQCFE�CdJXZQgVgOG\M{SXRHSUTVS«Z\JyCdGKRDò
]DS¦TkSUGQRfg � Z�gVSX_/bHJ«Z�TkSUGQR�jkbHR ü ZQgO`�YdjVMtGKjk_aYe]%MtGKj
ZKJUJyCdGK_/ófS¦ò
RfZ�TkSUGQRfg;GKMySUR9TkYdPKYejOW�ZKJUbHYhg6G\M =8? ZKRf] = B ó�Y�T ü YdYeRmò � Z\Rf]
� �D� _aZKýISURHP ~húH~ jkbHRfg6SXR�Z\JXJ � YOZKCFE�jVbHR ü ZQg;jkYd`�YeZ\TVYh] ú��
TVSX_�Yhg ü SUTVEÀ]DS���YejVYeRQT�jFZ\R^]DGK_ gVYdYh]Hg � ��EHYaW�ZKJUbfYeg�GKM \ ?
Z\Rf] \`B ü YdjkY´îfoIYh]�Z�T ~K�
NOGQ_�_�bHRHS«CdZ\TVSXGKR ü ZKg¸SXRf]DYdoIYh]�ó9l�C�jkGQgkgAò�TkZKóHbHJ«Z�TVSXRHP�TVEHYEHSX]f]DYdR gnTkZ�TkYÀW�Z\JXbHY ü S¦TkE TVEHYÀjkYeCdYdSXWKYejP� g�jVYhgn`�GKRfgVYÀZ\Rf]

CdZ\J«C�bfJXZ\TVSXRHPÀZÑCFEHSUòÂgkþ9bfZ\jkYe]ÜgATFZ�TkSXgnTVS«C � ��EHY*jkYeCdYdSXWKYdj%EfZKg
RHGÑ]DSXjVYhC�T%ZKCeC�YhgVg�TkG(TVEHYßEfSX]H]HYdRõgnTkZ�TkY � gVG(ZKRIl¿jkYdJXSXZKóHJUY
C�GKjkjkYegV`^GQRf]DYdR^C�Ymó�Y�T ü YdYdRÜgATFZ�TkY�ZKRf]ÑjkYegV`^GQRfgVYcSUR^]DSXCeZ�TkYeg
TVEfZ\TvSXRDMtGKjk_mZ�TVSXGKR�E^ZKgyó�YdYeR�TVjFZ\R^gn_aSUTnTVYh]�Z\R^]�ZKC�TVYe]�bH`^GQR �
f Z\JXbHYeg�GKMfTVEfY�� l gnTkZ�TkSXgnTVS«C�C�JXGQgVY6TVG�ydYejVG.SUR^]DSXCeZ�TkYØRHG�C�GK_�ò
_/bHRHS«CdZ\TVSXGKR � ZKRf]�W�Z\JXbHYeg
CdJUG9gnY.TkGaTVEHY�_mZ�oDSX_/bH_ ïtSXR�TVEHS«g
CdZKgVYE� l�]���*H^���
�H� ]DbHY�TVGcTkEHY ����� PQZ\_aYhg
`HJ«Z�lKYh]�SURÒTVEHY
îfRfZ\J � gnR^Z\`fgVEHG\T.PKYeRHYdjFZ�TkSUGQR ñ SXRf]DS«CdZ\TVY�RHYeZKjnòÂ`^YejnMtYhC�T[C�GK_�ò
_/bHRHS«CdZ\TVSXGKR �
ö SXPKbHjkY 0 gVEHG ü gaTVEfY¾Z�WKYejkZKPKY�W�Z\JXbHYeg%G\M[TVEfY¾C�GQ_a_/bDò
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ö SXPKbHjkY 0 û(�*YhZ\R¾CdGK_a_/bfRHSXCeZ�TkSUGQRßSUR^]DY�oßóIl =8? ZKRf] = B �
EfGKRHYhgAT�SXRHSUTVS«Z\J�C�GQRf]DSUTVSXGKRfg � Y;ZQCFE�`�GKSXR9T´S«g�Zm_aYhZ\RßCdZKJXCdbDò
J«Z�TkYe]�G�WKYej ú
� jVbHR^g � �*YhZ\R�gATFZ\Rf]fZ\jF]cYdjkjkGKj H úH� �
	H�

RfSXCeZ�TVSXGKRãSXRf]DYdoÑMtGKjcEfGKRHYhgATmSXRHS¦TkSXZKJ´CdGKRf]DSUTVSXGKR^g � BIYeYe]DSXRHP
TkEHY[`^GQ`HbHJ«Z�TkSUGQR ü SUTVE%EfGKRHYhgATAlaTkYegnTkgOTVEHY�gnTkZKóHSUJXSUTAlmG\M{EHGQRDò
YhgATØgVSUPQRfZ\JXJUSXRHP�PKSXWKYeR%Z/`^Z\jVTVS«C�bHJ«Z\j6`fZ�lKG���`^Z\SXj � _/b^CFE�ZKg�Z
P9Z\_aY�ò�TVEfYdGKjkY�TkSXC6Z\R^Z\JXlIgVS«g,]DGIYeg � ��EHYØjkYegVbHJUTkg,Z\jkYØC�GQ_�`^Z�TVSUò
ófJUY ü SUTVE�TVEHY;CdGKRf]HS¦TkSUGQRfgyGQbDTVJXSURfYe][SXR�TVEHY;`HjVYeWISUGQbfgygVYeC�TkSUGQRyû
EfGKRHYhgATAl2SXg�gATFZ\óHJXY ü EHYdRõTVEHYß`^Z�lKG��Lg�TVG2gnSXPKRfZKJUJXSXRHPÑZ\Rf]
jkYeCdYdSXWISURHP�Z\jkY�`�GQgVSUTVSXWKYaZ\Rf]¾PKjkYeZ\TVYdj´TVE^Z\RßTkEHYajVYhgn`�YeC�TVSXWKY
CdGQgnTkg �m� G ü YdWKYej � TkEHYdjkYaSXg�gVGK_aYmgVbHPKPQYegnTVSXGKRÒGKM6SXR9TVYejV_aSUTnò
TkYdR9T�GQj
SU_a`�YdjVMtYeC�T´C�GQ_�_�bHRHS«CdZ\TVSXGKR ü EHYdR = B HT\ B HÚ~K�
SXRf]DS«CdZ\TVSXRHP�TVEfZ\T�ZK_/óHSXW�Z\JXYdR9T[jVYhC�YdSXWKYejkg´_mZ�l�GICeCdZQgnSXGKRfZKJUJXl
CdGIGK`�YdjFZ�TVY �
ö SUPQbHjkY � gnEHG ü g{TVEfY6Z�WQYdjFZ\PKY,W�ZKJUbHYhg{GKMHTVEfY�CdGK_a_/bfRHSXCeZ�ò

TkSUGQRÒSXRf]DYdo*MtGKj.RHGKRDò gVSUPQRfZ\JXJUSXRHP�SURHSUTVS«Z\J,CdGKRf]DSUTVSXGKR^g � B9TFZ\jVTnò
SXRHPaTkEHY�� í ü SUTVEßZaRHGQRDò gnSXPKRfZKJUJXSXRHPa`^GQ`HbHJ«Z�TVSXGKR�TkYegnTkg�TkEHY
JXSXýKYdJXSXEHGIGI] TkEfZ�T�C�GK_a_�bHRHS«CdZ�TkSUGQR ü SUJXJ/Ye_aYdjkPKY � PKSXWKYdR Z
`^Z\jVTVS«C�bHJ«Z\j,`fZ�lQG��m`fZKSUj � NOJXYeZKjVJXl�TkEHY
C�GQRf]DSUTVSXGKRfg�MtGQj,Yd_aYdjVò
PQYdRfCdYmZ\Rf](gnTkZ\ófSUJXS¦TAl9òÂGKRfCdY�òÂ`HjkYegVYdR9T.ZKjVYaRHGKT�TVEHYcgkZ\_aY �mÿ M
= ? J ~ Z\R^] =@BcH�ú CdGK_a_/bHRfSXCeZ�TVSXGKRm]DYeWKYeJUGQ`fg,óHbDT ü EHYdR
= ? J ~ Z\R^] =CB J ú SUT�]HG9YhgcRHGKT � ÿ RãTkEHYÒJ«Z�TVTVYej%jkY�ò
PQSUGQR = B�J ú�\ B ZKRf]ãTVEfY¾`�GK`HbfJXZ\TVSXGKRõjkYd_mZ\SXRfg�Z�T%TkEHY
RfGKRDò gnSXPKR^Z\JXJUSXRHP6YOBfBÀ]DYegkC�jkSXó^Yh](SURÀTkEHY%`fjVYeW9SXGKb^g/gVYeC�TkSUGQR �
ù´YegV`HSUTVY´TVEHY´MÞZKC�TOTkEfZ�TØC�GQ_a_/bHRHS«CdZ\TVSXGKR ü GKbfJX]mjkYegVbHJUTOSXR�Z
EfSUPQEHYdj.Z�WKYdjFZ\PQY.îHTVRHYhgVg � TVEHY�EHSXPKEßW�Z\JXbHY�G\M = B ýKYdYe`fgØTkEHY
jkYeCdYdSXWKYejkg�jVYhgn`�GKRf]HSURHP�`�GQgVS¦TkSUWQYdJXlßZ\JXJvTkEHY�TVSX_�Y � jkYd_aG�WISURHP
ZKRIlcSUR^C�YdR9TkSUWQY´MtGQj�TVEHY�gVSXPKRfZKJUJXYdjFgOTVGaó^GKTVEHYej�gVSUPQRfZ\JXJUSXRHP �
��EHYa]DS���YejVYeRfC�Y�SUR¾jVYhgnbHJUTkg´ó�Y�T ü YdYdRßTVEHY�T ü G�C�J«ZKgkgnYhg�GKM

SXRHSUTVS«Z\J�C�GKR^]DS¦TkSUGQRfg,S«g,SXRQTkYdjkYegnTVSXRHP � óHbDTOgVEHGQbHJX]�RHGKT;GKó^gVCdbHjVY
TkEHY�MÞZKC�TmTVEfZ\TcRHGÀC�GQ_�_�bHRHS«CdZ\TVSXGKR ü ZQgaGKófgVYdjkWKYh]ÑbHRf]HYdj
CdGKRf]HS¦TkSUGQRfg[G\MØC�GQR�fS«C�TVSXRHP*SXR9TVYdjkYegnTkg �m÷ Ym_/bfgnT/C�GQRfC�JXbf]DY
TkEfZ�T � Z\TOJXYeZQgAT;SXRaTVEfY´gVSU_a`HJXY�_aGD]DYdJ�]DS«gVCdbfgVgVYe]mgVG�MÞZKj � gATFZ�ò
ófJUY.C�GK_a_�bHRHS«CdZ�TkSUGQRaSXgOGKRHJXl�TVG�ó�Y�YdoI`�YeC�TVYh] ü EHYdR%S¦T6SXg;SUR
TkEHY�SXRQTkYdjkYegnTkg�GKMvó�G\TVE�`fZKjnTkSUYhg �

á�" 5�éê@�� å ä�n� 5 â^å 5�>´?n@�7 å#" :�5,? ç 8O7 ä 7
ÿ R�TVEHY(gVSU_a`HJXYÀgnSXPKRfZKJUJXSXRHPÑPQZK_aY � gVSXPKRfZKJUJXYdjFg%CeZ\R�CFEfG9G9gnY
ó�Y�T ü YdYeR*ZmC�GQgnTVJXl%gVSUPQRfZ\JLGQjØRHGcgVSUPQRfZ\JyZ\T�Z\JXJ � ��EfY�_�GD]DYeJ
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ö SXPKbfjVY � û(�*YhZ\RÒCdGK_a_/bfRHSXCeZ�TkSUGQRÒSXRf]DY�oßóIl =8? ZKRf] = B �
RHGKRDò gVSUPQRfZ\JXJUSXRHP�SXRHSUTVS«Z\JLC�GQRf]DSUTVSXGKRfg � Y;ZQCFEc`^GQSUR9TØS«g6Z/_aYeZ\R
CdZ\J«C�bfJXZ\TVYe]�G�WQYdj ú
� jVbfRfg � �*YeZKRÒgATFZ\Rf]fZ\jF]�YejVjkGKj HÚúH�����D�
�.jkZK`HE�jkG\TFZ�TkYe]mMtGQj
C�J«Z\jkS¦TAl �

]DGIYegLRHGKT{Z\JXJUG ü MtGKjvZ�jkZKRHPKY�G\MD`�GQgkgnSXóHJXY0gnSXPKR^Z\J«g ü S¦TkE�]DS2� YdjVò
SURHP�C�G9gATFg � ZKRf]ßSXR¾TVEHS«g.jVYhgn`�YeC�T[SUT�SXg.bHRfjVYhZ\JXSXgnTVS«C ��ÿ T�_mZ�l
ó^Y�TVE^Z�T � jkYdófgaø ù.Z ü ýISUR^g4� gaSU_a`HJXS«C�SUTc`HjVYh]DS«C�TVSXGKR � TkEfZ�T
gnSXPKRfZKJUJXSXRHP/CdZKR%GDCdCdbHj ü EHYdR�Z�CdGKR�^SXC�T6GKM{SUR9TkYdjkYegnTkgOY�oDSXgnTkg �
SXg�SXRaMÞZKC�T,TVjkbHY � óHbDT;CdZKRaGKRHJXl�ó�Y�]DYd_aGQRfgATkjkZ\TVYh]/SXRmZ[_�GQjVY
C�GK_a`HJXY�o�PQZK_�Y ü SUTVEcZ[jFZ\RHPQYØG\MLgnSXPKR^Z\JfCdGQgnTkg � ��EHY�gVSX_�`fJUY
gnSXPKRfZKJUJXSXRHPmPQZK_�YcïÄgnYeY ö SUPQbHjkY ú ñ ü ZKg
TVEHYejVYdMtGKjkY�Y�oITVYeRf]DYe]
TVGaSUR^C�GKjk`�GKjFZ�TVY[gVSUPQRfZ\J«g6G\M,]DS2� YdjkSXRHPmC�GQgnTkg �
ÿ R�TkEHY6Y�oITVYeRf]DYe]/PQZK_�Y � TVEHY�gVSUPQRfZ\JXJUSXRHP
`fJXZ�lQYdj{E^ZKg{TVEHjkYdY

GK`DTkSUGQRfgdû¸RHGKTØgVSXPKRfZKJUJXSURfP � ü EHS«CFE�CdGQgnTkg6RHG\TkEHSXRHP � bfgVSXRHP�TVEHY
'VgVG\MÛT/.´gnSXPKR^Z\J � ü EfSXCFEaC�G9gATFg \]?v� Z\Rf]/bfgVSURHP´TVEfY�'VJUGQbf]�.´gnSXP\ò
RfZ\J � ü EfSXCFE%CdGQgnTkg ú�\]?{� BITVjFZ�TVYePKSXYeg;SUR%TVEHY´Y�oITVYeRf]DYe]%PQZK_�Y
jVYhþQbfSUjkY�gV`�YeC�SUMtlISURfP�TVEHYcgVSUPQRfZ\J¸TkG*PKSXWKY ü EHYdR�TkEHYmEHS«]H]DYdR
gATFZ�TVY´SXg6JXG ü � TVEHY�gVSUPQRfZ\J^TVG�PKSXWKY ü EHYdR�S¦TØS«g;EHSXPKE � Z\Rf]cTVEHY
jVYhgn`�GKRfgVY�TVGÀPKSXWKY�TkGÀYeZKCFEÜG\M[RHGKòÂgVSUPQRfZ\J � gVG\MÛTcZKRf]ÜJUGQbf] �
��EHY,T ü G�gATkjkZ\TVYePKSXYegLjkYd`HjkYegVYdR9TkSURHP
CdGKRfgV`HSXjkZ\TVGQjVS«Z\J ü EHS«gV`^Yejkg
GKjcCFEHYhZ\`ãgnSXPKRfZKJUJXSXRHPÀZ\jkY(ï } BatKBIG\MÛT �Ø} YdP�t%D�G9gxt�D�GQg ñ Z\Rf]
ï } B�t\BIGKMÛT �y} YeP5t�D�GQgOt } YeP ñ ��| G\TVE�gATkjkZ\TVYePKSXYeg�CeZ\JXJ{MtGQj.TVEHY
gnGKMÛT/gnSXPKRfZKJ,TVGÒó^Y�bfgnYh](SUR(TkEHYcEHSXPKEÑgnTkZ\TVY � ZKRf]�MtGKj�`^G9gAò
S¦TkSUWQY�jkYegV`�GKRfgVYeg.TkG�TVEHYcgVG\MÛT/gVSUPQRfZ\J � TkEHY%gnTVjFZ�TkYdPKSXYeg[]DS�� Ydj
GKRHJXl�SUR¾TVEHY�jkYegV`^GQRfgnY/TVG�JUGQbf]ÒgVSXPKRfZKJXg ��} YeS¦TkEHYdj[G\M;TVEHYhgnY
gATkjkZ\TVYdPQSUYhg,CdZKRagnTVjkS«C�TVJXl�ó^Y�CdGKRfgVS«]DYdjkYe]aZ\R�Y6BHB�GKRmSUTkg;G ü R
ïtó�YeCdZKbfgVY0RHYdbHTVjFZ\JQ]HjVSUMÛT¸CeZ\R[TkZKýKY�TkEHY;`�GK`HbfJXZ\TVSXGKR[MtjkGK_ GKRHY
TVG*TkEHYcG\TkEHYdj ñ óHbHT�SUT�CdZKRÀó^Y�gnEHG ü R(TkEfZ�T/TVEHY�gnYdT/G\M
Z\JXJ
_�SUoDYe]�gATkjkZ\TVYePKSXYeg´SURIWKGQJUWISXRHP�TVEHYhgnY�T ü G�S«g[Z\R�YOBHBÒbHRf]HYdj
TVEHY.MÞZ\_aSXJUS«Z\j
CdGKRf]HS¦TkSUGQRfgdû

= ? J \ ? J �
=CB J \`B J �av

NOG9gATkJUlÒgVSXPKRfZKJUJXSURfP ü GKbfJX]�SXR9WQGKJXWKY�TVEfYmbfgnYmGKM�TVEHYmJXGKbf]
gnSXPKRfZKJ.MtGKj�TVEfY�EfSUPQE gnTkZ\TVY � ZKRf]�YdSUTVEHYej�TVEHYÑgVG\MÛTßgVSUPQRfZ\J
GKj�RHGÐgnSXPKR^Z\J[TVGÐ]DYeRHG\TkY(TVEHYÀJXG ü gnTkZ\TVY � ü SUTVE ZãC�GQjVjkY�ò
gn`�GKRf]HSURHPÒjVYhgn`�GKRfgVY%gnTVjFZ�TkYdPKl �*} GKRfY%G\MØTkEHYcMtGQbHj�gnTVjFZ�TkY�ò
PKSXYegßSXR TkEHSXg�CdZ\TVYePKGKjkl�CeZ\R ó�YÜZKR�YOBHB �.ö GKjÒYdoHZ\_a`HJXY �
ï } B�t ð GQbf] �D} YeP5t�D�GQgOt%D�GQg ñ CdZKRHRHG\T�ó�Y.ZKRFYOBfBcZKgkgVbH_aSURHP



`�GQgVSUTVSXWKYOCdGQgnTkg{G\MfgVSUPQRfZ\JXJUSXRHP�ZKRf]�jkYegV`�GKRf]DSXRHP � ��EHYOgVSX_�SXJ«Z\j
gnTVjFZ�TkYdPQlÑï } B�t ð GQbf] �{} YdP�t } YeP5t�D�GQg ñ SXg�ZKJU_aG9gAT�gATFZ\óHJXYaS¦M
= ? J ú�\ ? � óHbDT�CdZKR�]DjkSUMÛT
ófZKCFýaTkG�TkEHY[`HjkYdWISUGQbfg�gATkjkZ\TVYePKl
ü EfSXCFEãCdZKR2SXRÜTVbHjkR2ó�Y*SXR9W�ZQ]DYe]2óIlÀTVEHY*CFEHYhZ\`ãgATkjkZ\TVYePKl
ï } BatKBIG\MÛT �f} YeP5t�D�GQgOt%D�GQg ñ �
í R^Z\JXlIgVS«gØG\M�TVEfY�Y�oITVYeRf]DYh]�PQZ\_aY�SXRf]DS«CdZ\TVYeg
TVEfZ\T�SUM;gnSXP\ò

R^Z\JXJUSXRHP%S«g´MÞZ�WKGQbHjVYh]*Z�T[Z\JXJ � TkEHYdR�Z�T[Yeþ9bHSXJUSXóHjkSUbH_ TkEHYmgnSXP\ò
R^Z\JXJUYejkg ü SXJUJ�ZKJ ü Z�lDg/b^gnY�TkEHYßCFEHYeZK`^YhgATmZ\R^]¿TkEHYßgVYeC�GQRf]Iò
CFEfYeZ\`�YegnTmgnSXPKRfZKJ6Z�W�ZKSUJ«Z\óHJXY¾ïÞS � Y �X� RHG(gVSUPQRfZ\J�Z\Rf]ÑTVEHY*gVG\MÛT
gVSXPKRfZKJ ñ �)ö bHjVTVEHYej�Ydo9TkYdRfgVSXGKRfg�G\M�TkEHY�PQZ\_aY � óIlÐZK]H]DSXRHP
YeWKYej/_aGKjkY�CdGQgnTVJXl(gVSXPKRfZKJUJXSURfPßGK`DTkSUGQRfg � ]DGÒRHGKTaZKJ¦TkYdj/TVEHS«g
CdGKRfCdJUb^gnSXGKR ��} GQRHYØG\M�TVEfY
C�GQgnTVJXl�gVSXPKRfZKJUJXSURfP[gnTVjFZ�TkYdPQSUYhg,CdZ\R
YeWKYeRÀó^Y%ZKR}YOBHB � JXY�T�ZKJUGQRHYcgnbf`H`^GQjnT�C�GK_a_�bHRHS«CdZ�TkSUGQR(SUR
TkEHY�MÞZKCdY�GKM.Z(C�GQR�fS«C�TmG\M.SUR9TkYdjkYegnTkg � ��EHY�`�GQgkgnSXóHSXJUSUTAlÑGKM
YdoD`^YeRfgnSXWKY�gnSXPKR^Z\JXJUSXRHP%ZKjV_mg´jkZQC�Yeg´gATFZ\jVTkg
TVG%JXGIGKý�jkYd_aG\TkY �
� G ü YeWKYej � S¦Ta_mZ�l(ó^Y�TVEfZ\T/TkEHY�]HSXgkC�jkY�TkY�gVSUPQRfZ\J«g�bfgVYe]ÑSUR
TkEHYmPQZK_aYeg�`HjkYegVYdR9TkYe]�gnG�MÞZ\j/EfZ�WKYaEfZQ]�ZKR(bHR ü ZKjVjFZ\R9TVYh]
Y4��YhC�T0GQR�TVEfYØjVYhgnbHJUTkg � NOYdjVTkZ\SXRHJXl�]DS«gVCdjVYdTVYØZ\Rf]�C�GQR9TVSXR9bfGKbfg
_aGD]DYeJXgOG\MLTkEHY.gkZ\_aY´óHSUGQJUGQPKS«CdZKJH`HEHYeRHGK_aYdRfGKR%CeZ\RcJXYeZQ]aTVG
]HS2� YdjkYdR9T;C�GQRfC�JXbfgVSUGQRfgAôÐCdGK_a`fZ\jkY]�ßZ�lIRfZ\jF]�BD_�SUTVEßï ~e�Q�H~ ñ
ZKRf]��KGQEHRfgnTVGKRfY[ø��.jkZ\MtYdRÀï ~h�K�9ú ñ �
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7 å#" :�5�? ç 8;7 ä 7À5,:�ë â @ ç @ �
äHå 8;: ä�n�â @{7 n 8;?Vë

í gVYeC�GQRf]ßYeWKGQJUbDTkSUGQRfZ\jkl�gnSX_/bHJ«Z�TkSUGQR ü ZKg.C�GKR^gATkjVbfC�TVYh] � SUR
ü EfSXCFE�TVEHY�CdGQgnT�GKM¸gVSUPQRfZ\JXJXSURHP ü ZKg�C�GQRQTkSURIbHGQbfgVJUlmW�Z\jkS«Z\óHJXY �
BDSUPQRfZ\JXJUSXRHP�gATkjkZ\TVYePKSXYeg ü YejVY�jVYe`HjVYhgnYeR9TVYe]ßó9l�T ü G�`^G9gnSUTVSXWKY
jkYeZKJ,RIbH_/ó�YdjFg \d����� Z\R^] \]�����O� û�TVEHYcCdGQgnT�G\M6TVEHY%gVSXPKRfZKJXg
PQSUWQYdR�SXR�TVEfY;JXG ü gnTkZ\TVY;ZKRf][SXR�TVEHYOEHSXPKE/gnTkZ\TVY0jkYegV`^YhC�TkSUWQYdJXl �
V YegV`^GQRfgnY�gATkjkZ\TVYdPQSUYhg ü YdjkY�jkYd`HjkYegVYdR9TVYh]�óIl�Z%jVYhZ\JUò�W�Z\JXbHYh]
TkEHjkYegVEHGKJ«]c� � `�GQgVSUTVSXWKY%jkYegV`�GKRfgVYeg ü YejVY�PKSXWKYdR(TkG�gVSXPKRfZKJXg
ü SUTVE¾C�GQgnTkg�PKjkYeZ\TVYdj
TVEfZKR�TVEHY�jVYhC�YdSXWKYejP� g�TkEHjVYhgnEfGKJ«]�W�ZKJUbfY �
} G\TkY;TkEfZ�T�TVEfjVYhgnEHGQJX]�W�ZKJUbfY6CdGKbHJ«]�ó�YORfYdPQZ\TVSXWKY � SURf]HSXCeZ�TVSXRHP
Z�`�GQgVS¦TkSUWQY[jVYhgn`�GKRfgVY.TVGmZ\RIl%gVSXPKRfZKJ �
í jVYhZ\JUò�W�ZKJUbHYh]�� í ü ZKg¸bfgVYe]/TVG�gnSX_/bfJXZ\TVYOTVEHY�YdWQGKJXbDTVSXGKR

GKM
gATkjkZ\TVYdPQSUYhg[G�WKYej[TVSX_�Y � �.YdRHYejkZKJUJXl � TVEHY�gVZK_�Ym`^Z\jFZ\_aY�ò
TkYdjFg ü YdjkY,bfgnYh]�ZKgLSXR�TkEHY0`HjkYdWISXGKbfgygVSX_/bHJ«Z�TkSUGQR._aGD]DYeJ � Y � P �X�
Zß`^GQ`HbHJ«Z�TVSXGKR(GKM ~����f� �*bHTkZ�TkSUGQR ü ZQg[RHYeCdYegkgVZKjVSXJXl¾Z*]DSUMÛò
MtYejVYeR9T._mZ�TVTVYejeû
YhZKCFEßjkYeZKJ¦òÂW�Z\JXbHYe]ßPKYdRfY�SXRÒYhZKCFEßRHY ü ó^GQjVR
SXRf]DSXWISX]HbfZ\J ü ZKg,ZKJ ü Z�lDg{`�YdjVTVbHjkó�Ye]�óIl/Z.jkZKRf]DGK_ P9Z\bfgkgVSXZKR
W�ZKJUbHY �1��H��H�1�KH���v �
�D��ÿ MØZ�`�YdjVTVbfjVófZ\TVSXGKR�jVYhgnbfJ¦TkYe]¾SUR
Z�RHYePQZ�TkSUWQY/C�G9gAT[W�Z\JXbHY�TVEHY�jVYhgnbfJ¦T ü ZQg�jkYd`fJXZQC�Ye]ßó9lZyeYdjkG �
ÿ RÜZK]H]HS¦TkSUGQR �
~M� GKM
TVEfY%TkSU_aYÀïtS � Y �U� ZÒ_�bDTkZ\TVSXGKRÑjFZ�TkY�GKM
�f� �f~ ñ Z[PQYdRHY ü GKbHJ«]�ó^Y�jkZKRf]DGK_aJXl�gVY�T,TkG/Z[W�Z\JXbHY
ó�Y�T ü YdYdR
� ZKRf] � MtGKj.gnSXPKR^Z\JyC�G9gATFg � GKj
ó�Y�T ü YdYeR�ò � ZKRf] � � MtGKjØTkEHY
TkEHjkYegVEHGKJ«]ÜW�ZKJUbfY � ��EfSXgaT ü G\òÂ`fZKjnTm_/bHTkZ�TkSUGQRãjVYePKSX_�Y*YeRDògVbHjkYe]�TVE^Z�TOG�� gV`HjkSURfP ü YejVY
ZKJ ü Z�lDg,gnJXSUPQE9TVJXl�]DS���YejVYeR9T0MtjVGQ_
TkEHYdSXj
`fZKjVYeR9T � Z\Rf]�GDCdCeZKgVSUGQRfZ\JXJXlmWKYdjklc]DS���YejVYeR9T �
��EHY \ ? `^Z\jFZ\_aY�TkYdj ü ZKg�RHG�JUGQRHPKYej�jkYdJXYdW�Z\R9T � óHbDT \`B6�

TkEHY*C�G9gATaG\M�jkYegV`�GKRf]DSXRHP � jVYe_mZ\SXRHYe]ÑîHoDYe]¿Z\T ~K�¿� GKRHYhgAT
SXRHSUTVS«Z\J{CdGKRf]HS¦TkSUGQRfg ü YejVY[SX_�`fJUYe_�YeR9TVYe]�óIl%gVY�TnTkSURfP \ �z��� H
�f�(\]�P����� H ~�v � Z\R^]_� H¡��v��D� } GKRDò gnSXPKR^Z\JXJUSXRHPÀSXRHS¦TkSXZKJ
CdGKRf]HS¦TkSUGQRfg ü YejVY6SX_�`fJUYe_�YeR9TVYe]�óIl/gVY�TVTVSXRHP��¿TkG[Z.jFZ\Rf]HGK_
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ö SXPKbfjVY � û��*YeZKRÑC�GK_a_�bHRHS«CdZ�TkSUGQR¾SXRf]DYdo�óIl =@? Z\Rf] = B
SURaTkEHY´CdGKR9TVSXRIbHGKbfgOgnSX_/bfJXZ\TVSXGKR � EHGKRfYegnT;SURfS¦TkSXZKJ^C�GQRf]DSUTVSXGKRfg �
Y;ZKCFE�`�GKSXRQT�S«g/Z�_aYhZ\RÀCdZKJXCdbHJXZ\TVYh]¾G�WQYdj ú
� jkbHRfg � �ßYeZ\R
gATFZ\Rf]HZKjk]%YdjkjVGQj H�0H���%�^� �.jkZK`HE�jkG\TFZ�TkYe]mMtGQj�C�J«Z\jkSUTAl �
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ö SXPKbfjVY 	 û@�*YeZKR�CdGK_a_/bHRfSXCeZ�TVSXGKR�SXRf]DY�o�ó9l = ? ZKRf] =CB SUR
TVEHY�CdGKR9TVSXRIbHGKb^g0gnSX_/bfJXZ\TVSXGKR � RHGKRDò gVSUPQRfZ\JXJUSXRHP[SXRHS¦TkSXZKJ�CdGKRf]HS¦ò
TVSXGKRfg � YOZKCFE(`^GQSUR9T/S«g�Z�_aYeZKRÑCdZKJXCdbHJXZ\TVYh]¾G�WQYdj ú
� jkbHRfg �
�*YeZKR�gnTkZ\R^]HZ\jF]�YejVjkGKj HÐúD� $H~Q� �.jFZ\`HE�jkG\TkZ\TVYh]�MtGKj,CdJXZKjVSUTAl �

PQZ\b^gVgVSXZKRõï ��H¢�H�[�TH#~ ñ Z\Rf]ÑTVEHYeR2CdJXZK_�`fSURHP \d�����^H
\`��������H£� MtGQj ~P��� PKYeRHYdjFZ�TkSUGQRfgvG\M `HjVYeJUSX_aSUR^Z\jkl�YdWKGQJUbHTVSXGKR �
��EHYmb^gnYcGKM
C�GKR9TkSURIbHGQbfg[W�Z\JXbHYeg/SU_a_aYe]DS«Z�TkYdJXl¾gVbHPKPQYegnTkg

TVEHY¾`^G9gVgVSUófSUJXS¦TAlãGKM�jkZKRf]DGK_ RHGQSXgVY � ZKRf]ÐSXRõTkjVS«Z\J.Y�oD`�YdjkS¦ò
_�YeR9Tkg6PQZKbfgVgVS«Z\RcRHGQSXgVY ü ZQgOZQ]H]DYe]cTVGaó�G\TVE%TVEHY�gVSUPQRfZ\JXJXSURHPCFEfZ\RHRfYdJ�ïtS � Y �U� TVG�TVEfY�gVSXPKRfZKJL� g�CdGQgnT�W�ZKJUbHY�ó�Y�MtGQjVY�S¦T ü ZKg
'n`�YdjFC�YdSXWKYh]�.�ó9lÒTVEHY%jVYhC�YdSXWKYej ñ ZKRf]¾TVG�TVEfYm`fZ�lKG��ÑW�ZKJUbfYeg
= ? Z\Rf] =@B��{ÿ T ü ZKgLMtYdJUT{TVE^Z�TyTkEHYegVY0_aYeZQgnbHjkYegy_�SXPKE9T{SXR9TVjkG\ò
]DbfC�Y.gnGQ_aY
jVYhZ\JXSXgnTVS«C
bfRfC�YejnTFZ\SXRQTAl�TVG/TVEHY.PQZK_aY ��� G ü YdWKYej �
TVEHY´jVYhgnbHJUTkg;ó^YeJUG üãü YdjkYØMtGKbfRf]aTVG�ó^Y´jVGQóHbfgnT ü SUTVEcjkYegV`^YhC�T
TVGßTkEHY�`HjkYegVYdRfCdY%G\M´RHGKS«gnY � jkYegVbHJUTkg�MtjkGK_$RHGQSXgVY�ò�MtjVYeYcjkbHRfg
GKRHJXl%Z\jkY.jVYe`^GQjnTkYe] �
ö SXPKbHjkYeg � Z\R^] 	 gVEHG ü TVEHY[Z�WKYejkZKPKY�W�Z\JXbHYegOG\MLTkEHY[C�GK_�ò

_/bHRHS«CdZ\TVSXGKR*SXRf]DYdo�MtGQj�EHGQRHYegnT´Z\R^]�RHGKRDò gVSUPQRfZ\JXJUSXRHPmSXRHSUTVS«Z\J
C�GKR^]DS¦TkSUGQRfg�jVYhgn`�YeC�TVSXWKYdJXl � ��EfY�jkYegVbHJUTkgaZ\jkY�þ9bfZKJUSUTkZ\TVSXWKYdJXl
gnSX_aSUJ«Z\j�TkG[TVEHG9gnYØGKM�TkEHY
]DS«gVCdjVYdTVY
gVSU_�bHJ«Z�TVSXGKRa_aGD]DYdJ�û�C�GK_�ò
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ö SXPKbHjkY � û��*YhZ\RÑCdGQgnT/G\M
EHSXPKEHòÂgnTkZ\TVYcgVSUPQRfZ\J«g�óIl =@? Z\Rf]
= B � EHGQRHYegnTmSURHSUTVS«Z\J
CdGKRf]HS¦TkSUGQRfg � Y;ZQCFE¿`�GKSXR9TaS«gmZ�_aYeZ\R
CeZ\J«C�bHJ«Z�TkYe]aG�WQYdj ú
� jVbfRfg � �*YhZ\RcgnTkZKRf]HZ\jF]aYdjkjkGKj H��H� ��09úD�
�.jFZ\`fE�jkG\TFZ�TVYh]cMtGQj
C�J«Z\jkS¦TAl �

_�bHRHS«CdZ\TVSXGKRmGDCdCdbHjkg0SURmó�G\TkEcCdZKgVYeg � ófbDTOSXRcZ�_aGKjkYØJUSX_aS¦TkYe]
jFZ\RfPKYØG\MLTkEHY�`^Z�lKG���gn`^ZKC�Y
MtGKj;RfGKRDò gnSXPKR^Z\JXJUSXRHP�C�GQRf]DSUTVSXGKRfg �
ÿ R*RfYdSUTVEHYej´CdZQgnY�]DGIYhg�C�GQ_a_/bHRHS«CdZ\TVSXGKR�GDCdCdbHj
GKbHTkgVSX]DY[TkEHY
'kC�GIGK`�YdjFZ�TkSUWQYP.�þQb^ZK]DjFZ\R9T �
��EHY�C�GKR9TkSURIbHGQbfg%_aGD]DYeJ.ZKJXgVG2ZKJUJXG ü gcSXRIWKYegnTVSXPQZ\TVSXGKRÐGKM

TkEHYÒCdGQgnT�Z\Rf]2TkEHjVYhgnEfGKJ«]ãW�ZKJUbfYegmG�WQYdjaTVEfYÒ`fZ�lQG���gV`fZKCdY �
\d�����6� TVEfY
C�GQgnT�G\MfTkEHY
gVSUPQRfZ\JIPKSXWKYeR/SXR�jkYegV`�GKRfgVY;TkG.TVEHY�JXG ü
gnTkZ\TVY � Z\J ü Z�lDg
jkYd_mZKSURHYh]ßC�JXGQgVY�TkGFyeYdjkG�ôãTVEHS«g ü ZQg�bHR^gnbHjVò`fjVS«gnSXRHP.ZKg¸gnSXPKRfZKJUJXYdjFg{ZKjVYOZ\_/ófSUW�Z\JXYdR9T�Z\ó�GKbDT¸TVEHYOjVYhC�YeSUWQYdj�� g
jkYegV`�GKRfgVY
TkG/TkEHY´JXG ü gnTkZ�TkY �,� G ü YdWQYdj � TkEHY[W�ZKJUbfY�G\M \ �������
W�ZKjVSXYe]*ó�G\TkE¾SXRfgVSX]HY�ZKRf]*GKbHTkgVSX]DY�TVEfY�jkYdPQSUGQR ü EHYdjkY�CdGK_�ò
_�bHRHS«CdZ\TVSXGKR ü ZQg�YegnTkZKóHJUS«gVEHYe]Lû ö SXPKbfjVY � gVEHG ü g6TVEfY�_aYeZ\R
W�ZKJUbHYhg.G\M \ ���2��� MtGQj´EfGKRHYhgAT[SURfS¦TkSXZKJ0C�GKR^]DS¦TkSUGQRfg � ��EHYmgnSXP\ò
R^Z\J«g,PKSXWKYeR�SXRajVYhgn`�GKRfgVY�TVG[TkEHYØEHSXPKEmgnTkZ�TkY
Z\jkY�_�G9gAT;CdGQgnTVJXl
ü EfYdR =@?v� TVEHYm`^Z�lKG��ÀTkG�TVEHY�gnYeRf]DYdj � S«g�EHSXPKEÀZKRf] ü EHYdR
TkEHYmjkYeC�YeSUWQYdj�� g´RHYdT[`^Z�lKG��ÑS«g[_mZ\jkPKSXRfZ\J � S � Y �U�1= B�¤ ~Q��ÿ R
GQjk]HYdjvTVG�gATkbf]Dl�TkEHS«g�Y�� YeC�T,_aGKjkY�C�JXGQgVYdJXl � ZK]f]DS¦TkSUGQRfZ\JDgVSU_�bDò
J«Z�TkSUGQRmjVbfRfg ü YdjkY
`�YdjVMtGKjk_�Yh] � ü SUTVE =@? îHoDYe]cZ\T � ZKRf] = B
W�ZKjVSXYe]�ó�Y�T ü YdYdR�ò � Z\R^] � � SXR*SXRfC�jkYd_aYdR9TFg
G\M �H�X~K� ��EHYhgnY
jkbHRfg�CeZ\R�ó^YaTkEHGKbfPKE9T�G\M6ZQg[Y�oD`HJXGKjkSURfP%TkEHYcC�jkGQgkg[gnYhC�TVSXGKR
TkEHjkGKbHPQE =@?�H¥� SUR ö SUPQbHjkY �I�,ö SXPKbHjkY $ gVEHG ü g0TkEHY[C�jkGQgkgAògVYeC�TVSXGKRfZKJQ_aYhZ\R/W�ZKJUbHYhg¸G\M \ ���2��� ��} G\TkY;TkEfZ�T¸TVEfY�'VYdRHYejVPQl�.
]HYdWKGKTVYh]cTkGagVSXPKRfZKJUJXSURfP�S«gØZ�T
Z�_mZ�oDSU_�bH_ ZKjVGQbHRf] =CB�H ~
ZKRf]�]DjVGQ`fg¸G��%ZQg =@B SXRfCdjVYhZKgVYegAôãSUT�CeZ\R�ó^Y
gVYdYeR�MtjkGK_ ö SXP\ò
bfjVY � TVEfZ\T =@B�H ~ S«g�Z\`H`HjkG�oDSU_mZ\TVYdJXlßTkEHYc`�GKSXR9T ü EHYejVY
gVSXPKRHSUî^CdZKR9T�C�GQ_a_/bHRHS«CdZ\TVSXGKR�SXg�YegnTkZKóHJXSXgVEHYe] � ��EHY�gkZ\_aY
`^Z�TnTkYdjkR ü ZKg�GQófgVYdjkWKYe]¾MtGQj�RHGQRDò gnSXPKRfZKJUJXSXRHP*SURfS¦TkSXZKJ6CdGKRf]DSUò
TkSUGQRfg�ïtRfG\T�gVEHG ü R%MtGQjØjVYhZKgVGKRfg6GKM¸gV`fZKCdY ñ �
��EHY¾TVEHjkYegVEHGQJX]�W�ZKJUbfYeg�gnEfG ü Yh]�C�GQjVjkYegV`�GKRf]DSXRHPÑW�ZKjVS«Z�ò

TkSUGQR �%ö SXPKbHjkY � gnEfG ü g.TVEHYm_aYeZKR(W�ZKJUbfYmG\M]�êZQC�jkGQgkg�TkEHY
`^Z�lKG��¿gV`fZQC�Y � ��EHYaTkEHjkYegVEHGKJ«]ÒW�ZKJUbHYhg�Z\jkY�TAlI`HSXCeZ\JXJUlÒWKYdjkl
EfSUPQE¾ïÞZ¦'VRHYdWQYdj;jkYegV`�GKRf]�.�gnTVjFZ�TVYePKl ñ GQj�WKYdjklaJUG ü ïÄZ\R�'VZKJ¦ò
ü Z�lDg,jkYegV`^GQRf]�.�gnTVjFZ�TVYePKl ñ � óHbDTOSXRaTVEfY�jkYdPKSXGKR ü EHYejVY
CdGK_�ò
_�bHRHS«CdZ\TVSXGKR[YdWQGKJXWKYe] � jkYeCdYdSXWKYdjFg ó�YeC�GQ_aY,`HjVGQPKjkYegkgnSXWKYeJUlØJXYegkg
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ö SXPKbfjVY $ û�NOjVG9gVgnò gnYhC�TVSXGKR^Z\J�_aYeZ\R^gÒïW¨ ~ g � Y � ñ MtGKj�EHSXPKEDò
gATFZ�TVY�gVSUPQRfZ\JØC�G9gATFg ü S¦TkE =8?�H©��� EHGQRHYegnTmSURHSUTVS«Z\J
CdGKRf]HS¦ò
TVSXGKRfg � Y;ZKCFE�`�GKSXRQTØS«g
Z�_aYeZ\R�CdZKJXCdbHJ«Z�TVYh]%G�WQYdj ú�� jkbHRfg �
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ö SXPKbfjVY � ûª�*YeZKRcTkEHjVYhgnEfGKJ«]cW�Z\JXbHY.ó9l = ? Z\R^] =@Bd� EfGKRHYhgAT
SURHSUTVS«Z\JDCdGKRf]DSUTVSXGKR^g � Y;ZKCFE/`^GQSUR9T�SXg�Z´_�YhZ\R/CeZ\J«C�bHJ«Z�TkYe]/G�WKYdj
ú�� jkbHRfg � �*YhZ\RÒgnTkZKRf]HZKjk]�YejVjkGKj H��H�X~P$H� �.jkZK`HEßjkG\TkZ\TVYh]
MtGKj
C�J«Z\jkSUTAl �

]DYd_mZ\R^]DSURfP � S � Y �U� � PKYdTkg�JXG ü Yej � ZQg =@B SXRfC�jkYeZQgnYhg �Ñö SXP\ò
bHjVY ~�� gVEHG ü g6TVEfY�C�jkGQgkgAò gnYhC�TkSUGQRfZ\J�jVYhgnbfJ¦TFg6MtGKj = ? H¥�H�
ö SXPKbHjkY ~K~ `HJUGKTkg[TkEHYm_aYeZKR�CdGQgnT[GKM6EfSUPQE(ZKRf]¾JUG ü gnSXP\ò

RfZ\J«gyZ\R^].TVEHYO_�YhZ\R�jkYeCdYd`DTkSUGQR[TVEHjkYegVEHGKJ«][Z\JXJKGQR�GKRHY0PQjkZK`HE �
��EHSXgO_mZ\ýQYeg,TkEHY.jVYeJXZ\TVSXGKRfgVEHSX`có^YdT ü YeYdR%CdGQgnTkg6Z\Rf]cTVEHjkYegVEDò
GKJ«]�C�JXYeZKjeûãZ�TßZK`H`HjkG�oISX_mZ�TkYdJXl = B H ~K� TVEHY(TkEHjVYhgnEfGKJ«]
MÞZ\JXJXg/TVG�ZßJXYdWKYeJ ü EfYdjkYcTVEfY%_aYeZKR¿EHSXPKEDò gnTkZ�TkY%gVSUPQRfZ\J ü SUJXJ
PKYdRfYdjFZ�TVY�Z%`^G9gnSUTVSXWKY/jVYhgn`�GKRfgVY � í g = B SXRfC�jkYeZQgnYhg � S � Y �X� ZKg
TVEHY�T ü G�`HJ«Z�lKYdjFgP�f`fZ�lQG��Lg´ZK`H`HjkGQZKCFE*YhZKCFEßGKTVEHYej � TkEHYagnSXP\ò
RfZ\JXJUYejkg´ó�YeC�GQ_aY�JXYegkg.Y�oITVjFZ�W�Z\PQZKR9T´Z\Rf]ßTVEHYajkYeCdYdSXWKYdjFg´JUYhgVg
'VgkC�Yd`HTVS«CdZ\J«. � ��EHS«g�SXgZ¬xR%+�7L�)¾TkEHY�PQZ\_aYdòÄTkEHYdGQjVYdTVS«CmjVYhgnbfJ¦T
G\M6TVEHYc`fjVYeW9SXGKb^g�gnYhC�TkSUGQR � ü EfSXCFEÀSX_a`HJUSXYeg�TVEfZ\T ü EHYeRÑgnSXP\ò
RfZ\J«g�G\M[W�ZKjVlISXRHP(C�GQgnTkgmZKjVY�Z�W�Z\SXJXZKóHJXY � YeS¦TkEHYdjaTkEHYßCFEHYhZ\`Dò
YegnTa`^Z\SXj�GKM[gVSXPKRfZKJXg ü SXJUJØó�Y*bfgVYe] � GKjmRHGÀgVSUPQRfZ\JXJUSXRHP ü SUJXJ
GICeC�bHjnôõgnGQ_�YdTVEHSXRHPaJXSUýQY ö SUPQbHjVY ~�ú ü GQbHJ«]�ó^Y�YdoD`^YhC�TVYh]*SUM
TVEHYagnGKMÛTnòÂJUGQbf]ßgVSUPQRfZ\JXJXSURHP�PQZK_�Y�ZKCeC�bHjFZ�TkYdJXl�_aGD]DYeJUJXYe]ßTVEHY
C�GKR9TkSURIbHGQbfg�CdZKgVY �
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Receiver payoff

ö SXPKbHjkY ~�� û
NOjVG9gVgnòÂgVYeC�TVSXGKRfZKJL_aYeZ\RßTVEHjkYegVEHGKJ«]�W�Z\JXbHYeg�ïW¨ ~
g � Y � ñ ü S¦TkE =8?¯Hw��� EHGKRfYegnT�SXRHS¦TkSXZKJ.CdGKRf]HS¦TkSUGQRfg � Y;ZQCFE
`�GKSXR9T
SXgØZ�_aYeZKR*CdZ\J«C�bfJXZ\TVYe]�G�WKYej ú�� jVbHR^g �
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Receiver payoff

Cost of high signal
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Cost of low signal

ö SXPKbHjkY ~Q~ û2NOjkGQgkgAò gVYeC�TkSUGQRfZ\J�_�YhZ\RfgeûÑC�G9gAT�G\M�EHSXPKE Z\Rf]
JXG ü gVSXPKRfZKJXg � Z\R^]ÒjkYeCdYd`DTkSUGQRÒTkEHjVYhgnEfGKJ«] ��=@?}H±�D� EfGKRHYhgAT
SXRHSUTVS«Z\JDC�GQRf]DSUTVSXGKRfg � YOZKCFE�`�GKSXR9T,SXg¸Z�_aYhZ\R�CeZ\J«C�bHJ«Z�TkYe]�G�WQYdj
ú
� jVbHR^g �

} GKTVY�TVE^Z�TmTVEfY*SURHSUTVS«Z\J�W�ZKJUbfYegaG\M \]�P����� ZKRf]²� bHRf]HYdj
EfGKRHYhgATØSXRHS¦TkSXZKJ{C�GQRf]DSUTVSXGKRfg ü YdjkY ~K� � ZKRf] �H��� jkYegV`^YhC�TkSUWQYdJXl �
ö GKj*Z\JXJ[óHbDT�TVEfY�EfSUPQEHYegnT�W�ZKJUbHYhg�G\M = B �3\`������� EfZKg�SXRDò
CdjVYhZKgVYe]*GQRÒZ�WKYejkZKPKY�G�WQYdj´TVEHY ���
� òÂPKYdRfYdjFZ�TVSXGKR�jkbHR � ��EHS«g
jkbHJXYeg/GKbDTaZ\RIl(Y�oD`HJ«Z\RfZ\TVSXGKRÀG\M�TkEHY�jkYegVbHJUTkg/G\M ö SUPQbHjkY ~K~
SXR�TVYdjk_mg6G\M{TkEHYdjkY[EfZ�WISURfP/ó�YdYdR�SXRfgVb��cC�SXYdR9TØYdWKGQJUbHTVSXGKRfZKjVl
TkSU_aY[MtGQj
Z�CFEfYeZ\`�Ydj
gVSXPKRfZKJUJXSURfP�YhþQbfSUJXSUófjVSXbH_ÆTkGmEfZ�WKY.ó^YeYdR
jkYeZQCFEHYe] ü EfYdRÀTkEHY%`HjkG\îfT�MtGKj�jVYhC�YeSUWQYdjFgmï =@BKb£\`B ñ ü ZKg
_mZKjVPQSURfZKJ � Y;WKGKJXbDTkSUGQR�E^ZKg�TFZ\ýQYdR(TVEfY%`�GK`HbHJ«Z�TkSUGQRfgF)�gi)%j
MtjkGK_ TVEHY�CFEHYhZ\`�gnSXPKR^Z\JXJUSXRHPmgnGQJUbHTVSXGKR �

³ å 7 ç ì�7I7 å 8;:
ÿ R�Z\JXJ^GKMLTVEHY._aGI]HYdJ«g;`HjkYegVYdR9TkYe] � C�GQ_�_�bHRHS«CdZ\TVSXGKRmYdWQGKJXWKYh]
GQj ü ZKgm`HjkYe]HSXC�TVYe]ÜTkGÑYdWQGKJXWKY*GQRHJUl ü S¦TkEHSXRÐTVEHY¾C�GIGK`�YdjFZ�ò
TkSUWQY/jkYdPQSUGQR�GKM,TVEHY�gnSXPKR^Z\JXJUYejnòÂjVYhC�YeSUWQYdj�`fZ�lKG��¾gV`fZKCdY � ��EHS«g
_aYhZ\Rfg�TkEfZ�TcRHGÀgVSUPQRfZ\JXJXSURHP(Z�TcZKJUJ/ïÄC�G9gATkJUlÑGQjaG\TVEfYdj ü SXgVY ñ
ü ZKg6GQófgnYejVWQYe] ü EHYdR�TVEfY[gVSXPKRfZKJUJXYdjØZ\R^]cTkEHY�jVYhC�YeSUWQYdj ü YejVY
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ö SXPKbfjVY ~�ú û í `H`HjkG�oDSU_mZ�TkY0`HjkYe]DS«C�TkYe]/jVYhgnbHJUTkg{MtGKj ö SUPQbHjkY ~K~
ZKCdCdGKjF]DSXRHP�TkGc]DSXgkC�jkY�TkY�ò C�G9gAT�PQZK_�YdòÄTkEHYdGQjVYdTVS«C�_aGD]DYeJ �

Y�oD`^YejVSXYdR^C�SXRHPmZmC�GKR�fSXC�T�G\M�SXRQTkYdjkYegnTkg � ��EHY�gVYeCdGKRf]�P9Z\_aY�ò
TVEHYeGKjkY�TVS«C�_aGI]HYdJ � SXR ü EHS«CFEÜ]DS«gkC�jkY�TVYßgVSXPKRfZKJXg�G\M[W�Z\jklISURHP
C�GQgnTkg*ZKjVY(Z�W�Z\SXJXZKóHJXY � gnbfPKPKYhgATFg�TVEfZ\T¾C�GQ_�_�bHRHS«CdZ\TVSXGKR � SUM
gnYeJUYhC�TVYh]ÑMtGQj � ü SUJXJØSXR9WQGKJXWKY�TVEHY*CFEHYhZ\`�YegnTm`fZ\SXjaG\M.gVSXPKRfZKJXgZ�W�ZKSUJ«Z\ófJUY �c� G ü YdWKYej � TVEHYcgVYeCdGKRf](gVSU_�bHJXZ\TVSXGKR�_aGI]HYdJ � SXRDò
C�GKjk`�GKjFZ�TVSXRHP�TkEHY[_aGKjkY´jkYeZKJUS«gATkSXC.ZKgkgVbH_a`DTVSXGKR%TVEfZ\TØgVSXPKRfZKJXg
CdZ\RÒW�ZKjVlßCdGKR9TVSXRIbHGKb^gnJXl�SUR(C�G9gAT � SX_a`HJXSUYhg.TVEfZ\T[CFEHYhZ\`�gnSXP\ò
RfZ\J«g ü SXJXJ�GQRHJXl�ó�Y.bfgnYh] ü EHYeR%ó�G\TkE%`fZKjnTkSUYhgOgnTkZKRf]mTkG�P9Z\SXR
Z[EHSUPQEm`fZ�lKG��cMtjkGK_�Y4��YhC�TkSUWQY�C�GQ_�_�bHRHS«CdZ\TVSXGKR �¸÷ EHYdRcTVEHY
RHY�T�`fZ�lQG���TVG�TVEHYajkYeCdYdSXWKYdj[S«g._aZKjVPQSUR^Z\J � YdWKGQJUWQYe]ßgVSXPKRfZKJXg
ü SUJXJ;ó�Y%_aGKjkYcC�G9gATkJUl¾TVE^Z\RÑgnTVjkSXC�TVJXl¾RHYhC�YhgVgkZ\jkl*TVG�C�GQR9WQYdl
TVEHY�SURDMtGQjV_mZ\TVSXGKR � ��EHY�jVYeJXZ\TVSXGKRfgVEHSX`*SXg�RHG\T[gnlI_a_aY�TkjVS«CdZKJÄû
ü EHYdR�TVEfY
RHY�T0`^Z�lKG��mTkG[TVEHY´gnSXPKRfZKJUJXYdj,S«g,_mZ\jkPKSXRfZKJ � Z[RfGKRDò
gnSXPKRfZKJUJXSXRHP�Yeþ9bHSXJUSXóHjkSUbf_ � SXR ü EHS«CFEmTVEfY´jkYeCdYdSXWKYdjOZ\J ü Z�lDg,jkY�ò
gn`�GKRf]fg�`^G9gnSUTVSXWKYeJUl � SXgØJXSXýKYdJXlmTkG�GDCeC�bHj �
� jkYdófgmø ù.Z ü ý9SXRfg*ï ~e��$�� ñ `HjkYe]DS«C�TkYe]ÜTkEfZ�T%gVSUPQRfZ\JXJXSURHP

ü GQbHJX]/ó^Y�C�G9gATkJUl�SUM�Z.C�GQR�fS«C�T,G\M^SUR9TVYejVYhgATFg¸Y�oDSXgnTVYh] � gnTVjkSXC�TVJXl
gn`�YeZKý9SXRHP6TVEfY0jVYhgnbfJ¦TFgy]DG
RHGKT{gnbf`H`^GQjnTvRHGKj{CdGKR9TVjFZK]HSXC�T�TkEHYdSXj
`HjVYh]DS«C�TVSXGKR � ZQg6RHGmgnSXPKRfZKJUJXSXRHP/GDCdCdbHjkjVYh]cSXR%TkEHY�C�GKR�fSXC�TnòÂG\MÛò
SUR9TVYejVYhgATaCdZQgnYhg �(ÿ Ta_�SXPKE9Taó^Y�TkEHY�CeZKgVYcTkEfZ�TmC�GQR�fS«C�Tkg�GKM
SUR9TVYejVYhgATaSXR2TkEHYßC�GQR9TVY�oITaG\M�Z¾]HS2� YdjkYdR9T%gVSUPQRfZ\JXJUSXRHP�PQZK_�Y
ü GQbHJX]�SXRf]DYeYe]*jkYegVbHJUT�SUR¾C�GQgnTVJXl�gnSXPKRfZKJXg �Ø� G ü YdWQYdj � S¦T ü SUJXJ
ó^Y/ZKjVPQbHYe]�ó�YdJXG ü TkEfZ�T�TVEHY/gVSX_�`fJUY/gVSXPKRfZKJUJXSURfPmPQZ\_aY�bfgVYe]SURÀTkEHY�C�bHjkjVYeR9T/_aGI]HYdJ«g�S«g�`HJXZKbfgVSUóHJXY � ZKRf](TkE9b^g/TkEHYcMÞZKSUJUò
bHjVY
TVG/YeWKGQJUWQY�C�GQ_�_�bHRHS«CdZ\TVSXGKRmPKSXWKYeR%C�GQR�fS«C�TFg0G\MySXR9TVYejVYhgAT
SUR�TVEHS«g�gnSX_a`HJUY�PQZK_aY¾gnTVjkGKRHPQJUlãgnbfPKPKYhgATFgcTkEfZ�T�SXR�_mZ\RIl
RfZ�TkbHjkZKJvCdGKR9TVYdo9TFgaïtY � P �X� MtGIGI]¾CdZKJUJ«g � ZKJXZKjV_ CdZKJUJ«g ñ jkYdJXSXZKóHJUY
gnSXPKRfZKJUJXSXRHP�gnEfGKbHJ«]mRHGKTOó�Y�Y�oD`�YeC�TVYe]cbHRHJXYegkg;SUTOS«g;SXRmTkEHY�SXRDò
TVYdjkYegnTkg�G\M;ó�G\TkEÒ`fZKjnTkSUYhg � ��EHS«g´CdGKRfCdJUb^gnSXGKRßS«g´RHG\T�Z\JUTVYejVYh]
ó9lßgVYd`^Z\jFZ�TVYaC�GQRfgVSX]DYejkZ\TVSXGKR¾G\M;TkEHYmgn`�YeCdS¦î�CmC�GQgnTkg.GKMO`HjkG\ò
]DbfC�SXRHP�Z�gVSUPQRfZ\J^Z\Rf]�G\ML_mZ\ýISXRHP�Z\RmZK`H`HjkGK`HjkSXZ\TVY�jkYegV`^GQRfgnY
TVG�TVEfZ\T�gnSXPKR^Z\J �
��EHY�jkYegVbHJ¦TFg�MtjVGQ_ TVEHYÀgVYeC�GQRf]�gVSX_/bHJ«Z�TkSUGQR�_aGD]DYdJ�]DG

RHG\T�C�GKRHîfjV_ � jkYdófg�ø$ù´Z ü ýISXRfgP� g�C�GQRfgn`fSUjFZ�TkGKjkSXZKJ ü EHSXgnò
`^Yejkg�TkEHYdGQjVl � ófbDT*TVEHYel�]DYdîfRHSUTVYeJUl gnbHPQPKYhgAT*Zã_aGI]HS¦î^CeZ�ò
TVSXGKR¿GKM�SUT � í g ö SXPKbHjkY ~Q~ gVEHG ü g � ü EHYdR¿TVEHY�RHYdT�`fZ�lQG��



TkG�TVEHYmjkYeCdYdSXWKYej´S«g�_mZ\jkPKSXRfZ\J � jkYeC�YeSUWQYdjFg ü SUJXJ0ó�YcgVCdYd`DTkSXCeZ\J
ZKRf]2Y�oD`HjkYegkge'kgVZKJUYhgAòÂjkYegVSXgnTkZKRfC�Y�.*óIlÑjVYhgn`�GKR^]DSURfP�GQRHJXlÀTVG
CdGQgnTVJXl�gVSXPKRfZKJXg � gVSUPQRfZ\JXJXYdjFg,SURcTVbHjkR ü SXJUJ�ó^Y´`HjkYd`fZKjVYh]/TkG/SXRDò
WQYegnTØ_�GQjVY�YeRHYdjkPKlmSXR£'VCdGKRIWISUR^C�SXRHP
./jVYhC�YdSXWKYejkgOTkGmjVYhgn`�GKRf]
`�GQgVSUTVSXWKYdJXl � ÷ EfYdR)C�GK_a_�bHRHS«CdZ�TkSUGQR�S«g�bHRfZ\_�óHSXPKbHGQbfgnJXl
PQGIGI]/MtGKj�ó�G\TkE�`^Z\jVTVSXYeg � gnSXPKRfZKJXg�ZKjVY�CFEHYeZK`^Yej0Z\Rf]�jkYegV`^GQRfgnY
TkEHjkYegVEHGKJ«]Hg.JUG ü Ydj � ��EHYejVYdMtGKjkY�ó�G\TkE¾YdoI`�YdR^gnSXWKY�EIl9`�YmZ\Rf]
CdGKRfgV`HSXjkZ\TVGQjVS«Z\J ü EHSXgV`�YdjFgvZKjVYOY�oD`^YhC�TkYe]/TVG.YdWKGQJUWQY � óHbDT,SXR�Z
_�bfCFE�gn_mZ\JXJXYdjØjkYdPKSXGKR�G\MvTVEHY�`^Z�lKG��ÒgV`fZQC�Y.TVEfZKR � jkYdó^gØø
ù.Z ü ýISUR^g4� g0TkEHYdGQjVlagVbHPKPQYegnTkg � S � Y �U� ü SUTVEHSXRcTkEHY.CdGIGK`�YdjFZ�TVSXWKY
jkYdPQSUGQR � Y,oD`�YdRfgVSUWQY�EIl9`�Y�S«g ü E^Z�T�EfZK`H`�YdRfg ü EHYdRßEfGKRHYhgAT
gVSXPKRfZKJUJXSURfP�SXgOEHSXPKEHJXla`HjkG\îHTFZ\óHJXYØTVG/TVEHY.gnSXPKR^Z\JXJUYej � óHbDT�GKRHJXl
_mZKjVPQSURfZKJUJXl*gnG�TVG�TVEfY�jkYeCdYdSXWKYej ��ö GKj[Y�oHZ\_a`HJXY � SUM6Z´&AbHWQY�ò
RfSUJXY/ó�YdRHYdîHTkg.óIl�EHGKRfYegnTVJXl�gVSUPQRfZ\JXJXSURHP%Y�oITVjkYd_aY/EIbHRfPKYdj�TVG
SUTkg6`fZKjVYeR9T.ïtó�YeCeZ\bfgVY´TVEHY.`fZ\jkYdR9T6jVYhgn`�GKRf]fg;óIlaMtYdYh]DSXRHP�SUT ñ �
ófbDT�TVEHY6RHY�T,SXRfC�JXbfgVSUWQY�ò�îHTVRfYegkgv`^Z�lKG���TVG´TVEfYO`fZKjVYeR9T¸S«g¸GKRHJXl
gVJXSUPQEQT � TkEHYdR%CdGQgnTVJXl�gVSXPKRfZKJXg,óIl/TVEHYi&AbHWKYeRHSUJXY�ZKjVYØYdoI`�YeC�TVYh] �
��EHY�YdWKGQJUbHTVSXGKRfZKjVl%gVSX_/bHJ«Z�TkSUGQR*_�GD]DYeJXg´`HjkYegVYdR9TVYh] ü YejVY

bfR9b^gnbfZKJvSXRßTkEHYdSXj[bfgVY/G\MORHGKRDòÂjFZ\Rf]DGQ_ SXRHSUTVS«Z\J,C�GQRf]DSUTVSXGKRfg �
��EfY�bfgnY[GKM¸RHGQRDò gnSXPKRfZKJUJXSXRHP�SXRHSUTVS«Z\J{CdGKRf]HS¦TkSUGQRfg�SUR�`fZKjnTkSXCdbDò
J«Z\j�CeZ\R�ó^YcgVYdYeRÀZKg�Z\R(Z�TVTVYe_�`HT�TVG*PKYdT�Z�T�TVEfYmGKjkSUPQSUR¾GKj
Ye_aYdjkPKYdR^C�Y6G\M�CdGK_a_/bfRHSXCeZ�TkSUGQR/jFZ�TVEfYdj¸TVEfZKR(&Ab^gAT;gnTVbf]Hl9SXRHP
TkEHY/CdGKRf]DSUTVSXGKR^g�MtGKj
SUTkg�gATFZ\óHSXJUSUTAl � ZKgØ]DGIYhg
GKjVTVEfGI]HG�ocPQZ\_aY
TkEHYdGQjVl �Ñ} GQRDòÂgVSXPKRfZKJUJXSURfPÒSXRHS¦TkSXZKJ
C�GQRf]DSUTVSXGKRfg�Yd_�ó^GD]Dl(TkEHY
ZQgVgVbH_a`DTkSUGQR¾TkEfZ�TaC�GQ_�_�bHRHS«CdZ\TVSXGKR(_/bfgnT/Ye_�YejVPQY�MtjVGQ_ Z
RfGKRDò C�GQ_�_�bHRHS«CdZ\TVSXWKY�C�GKR9TkY�oITAôãTVEHY*bfRDòÂCdJXZK_a`HSURfPÀG\M�gnSXP\ò
R^Z\JXJUSXRHPÐgATkjkZ\TVYePKSXYeg*Z�MÛTkYdjßZã`�YdjkSUGD]�G\Ma`HjkYdJXSU_aSXRfZ\jklõYdWQG\ò
JXbDTkSUGQR¿CdZKRÀó^Y�gnYeYdRÑZKg�TVEHY�SUR9TVjkGD]DbfC�TVSXGKRÀG\M�Zß_/bDTFZ�TVSXGKR
TkEfZ�T.Z\JXJUG ü g�TkEHY3µaRMkxkO¶u·4¶�9h¶�7Lj�GKM,gVSXPKRfZKJUJXSURfP � �{GmTkEHY�Ydo9TkYdR9T
TkEfZ�TmTkEHS«gm`fZ\jFZK]HSUPQ_$SXgmgVYdYeRÜZQga`HJXZKbfgVSUóHJXY � jkYegVbHJ¦TFg�MtjVGQ_
TkEHY´T ü G�gnSX_/bHJ«Z�TkSUGQRfg;gVbHPQPKYegnT;TkEfZ�TØgVGK_aY�TkSU_aYegOjkYeZ\JUò ü GQjVJ«]
gVSXPKRfZKJUJXSURfP ü SUJXJ[RHG\T�YdWQGKJXWKYÒ]HYegV`HS¦TkY�Z2C�GIGK`�YdjFZ�TkSUWQYÒC�GQRDò
TkY�oITeû´jVYhC�YeSUWQYdjFg
_mZ�l�MÞZ\JXJ¸SXR9TVG�óHJUSXRf]DJXl*GK`HTVSX_�S«gnTVS«C�gnTVjFZ�TkY�ò
PQSUYhg*ïtS � Y �U� Z\J ü Z�lIg�jkYegV`^GQRf]DSXRHP(`^G9gnSUTVSXWKYeJUl ñ TVEfZ\T%Z\jkY�JXYegkg
Y4�cC�SXYdR9TØTVEfZKR%TkEHY�C�GQ_a_/bHRHS«CdZ\TVSXWKY[Yeþ9bHSXJXSUóHjkSXbH_ óHbHT
RHYdW9ò
YejnTkEHYdJXYegkg%gnTkZKóHJXY � ��EHS«g�SXg�`fZ\jVTVS«C�bfJXZKjVJXl¿JXSUýQYdJXlÜTVGÑGDCdCdbHj
ü EfYdR¾TVEHYaRHYdT�`fZ�lKG���TkG%TkEHYmjkYeC�YeSUWQYdj.SXg[EfSUPQE � ïL��EHYaY�oIò`�YeC�TVYh](`fZ�lKG���MtGQj/Z\J ü Z�lIg.jkYegV`^GQRf]DSXRHP�`^G9gnSUTVSXWKYeJUl ü SUJXJ;GKM
CdGKbHjFgVY�]DYe`^YeRf]2GKR2TVEHY*jkYdJ«Z�TkSUWQYcMtjkYeþ9bHYdR^C�lÑGKM´EHSXPKEãZ\Rf]
JXG ü EHS«]H]DYdR�gATFZ�TkYeg � ZmMÞZKC�TkGKj´TVEfZ\T ü ZKg�RHG\T.W�ZKjVSXYe]ßSUR*TkEHY
_aGD]DYeJXgØ`fjVYhgnYeRQTkYe] ñ �
��EHYejVYaZ\jkY�gVYdWQYdjFZ\J�þ9bfZ\JXS¦î�CdZ�TkSUGQRfg�TVEfZ\T[_�bfgnT[ó�Ya_mZK]DY

CdGKRfCdYdjkRHSXRHP%TkEHYajVYhgnbfJ¦TFg �/ö SXjkgnTVJXl � TVEHY ü Z�l�TVEfZ\T�CdGKR�^SXC�Tnò
SXRHPcZKRf]�C�GKRfPKjkbHYdR9TØSUR9TkYdjkYegnTkgØEfZ�WQY[ó^YeYdRß]DYdîfRHYe]�_mZ�lcó�Y
TkGIG�gVSU_a`HJXSXgnTVS«C �,ÿ R%TVEHY[gVSU_a`HJXY´gVSUPQRfZ\JXJXSURHP�PQZK_�Y � SUT�SXgOTVjkbHY
TkEfZ�T ü S¦TkE*`^G9gnSUTVSXWKY/RHY�T.`fZ�lKG�� g�TkGmTVEfY/gnSXPKR^Z\JXJUYej�Z\Rf]�TkEHYjkYeCdYdSXWKYej � Z\Rf](SUM�TVEHY�EHSX]f]DYdRÑgnTkZ\TVYcS«g�EHSXPKE � ó�G\TkE¿Z\PQYdR9Tkg
ü SXJXJKó�YdRHYdîHTyMtjkGK_�Z�`�GQgVSUTVSXWKY,jkYegV`^GQRfgnY � ZKRf]´TVEHYel
TkEHYdjkY�MtGQjVY
E^Z�WKY/CdGKRHPQjVbHYeR9T�SUR9TkYdjkYegnTkg �.� G ü YeWKYdj � SUM ü Y�CdGKRfgVSX]HYdj
TkEHY
_aGQ_�YeR9T�ó�Y�MtGQjVY[TkEHY[EHS«]H]DYdR*gnTkZ\TVY�EfZQgOó�YdYeR*]DY�TkYdjk_�SXRHYh] �
SUT[SXg.RHGKT[CdJUYhZ\j ü EHY�TkEHYdj´TVEHYaSXR9TVYdjkYegnTkg´G\M,TkEHY�T ü G�Z\PQYdR9Tkg
CdGKR�^SXC�T�GQj�RHGKT � ÿ M/TVEHYÀgVSUPQRfZ\JXJUYej � MtGKj�Y�oHZ\_a`HJXY � C�GQbHJX]
gVGK_aYeEHG ü CFEHGIGQgVY�TVEHYcgnTVjFZ�TkYdPQl*G\M�S¦TFg�GK`H`�GKRfYdR9T � TkEHYmjkY�ò

C�YdSXWKYej � SUT ü GKbfJX] ü ZKRQT6TVEfY.GQ`H`�GKRHYeRQT6TVG�`HJ«Z�lcZ\RK'VZ\J ü Z�lIg
jVYhgn`�GKRf]ã`�GQgVSUTVSXWKYdJXl�.¿gnTVjFZ�TkYdPKlQôãTVEfZ\T ü Z�l2TkEHY(gnSXPKRfZKJUJXYdj
ü GQbHJX]mZKJ ü Z�lDg,jkYeC�YeSUWQYØTVEfY�`fZ�lQG���ZKRf] ü GKbHJ«]aRHGKTOEfZ�WQYØTVG
Y�oD`^YeRf]ßYeRHYdjkPKl�SXR¾gVSUPQRfZ\JXJXSURHP ��� G ü YdWQYdj � TkEHY�jkYeCdYdSXWKYej � SUM
gnSX_aSUJ«Z\jkJUlcZKJUJXG ü Ye]mTkGc]DY�TkYdjk_aSURHY.TkEHY�gnSXPKR^Z\JXJUYejP� g�gATkjkZ\TVYdPQl �
ü GQbHJX](`fjVYdMtYdj�TVEfZ\T�TkEHY�gVSXPKRfZKJUJXYdj�b^gnYh]¿Z\R¿EHGKRHYhgATagATkjkZ\Tnò
YdPKl � `HjkYeCdSXgVYdJXl�gVG[TVEfZ\T0TVEfY
jVYhC�YeSUWQYdj0C�GQbHJ«]mZ�WKGKS«]/TVEHY�CdGQgnTkg
G\M;jkYegV`^GQRf]DSXRHP�`^G9gnSUTVSXWKYeJUl�TkG�TkEHYaJUG ü EHSX]f]DYdR(gATFZ�TkY ��V Y�ò
CdZ\JXJ,TkEfZ�T´�vjVSXWKYejkgmï ~e�5�M� ñ ]DYdîfRHYh]ÀZ*C�GKR�fSXC�T�G\MØSXRQTkYdjkYegnTkg
ZKg[Z\R�SUR9TkYdjFZKC�TkSUGQRÒSXR ü EfSXCFE�RfZ�TkbHjFZ\J,gnYeJUYhC�TkSUGQRßMÞZ�WKGQbHjFg´Z
]DS2� YdjkYdR9T�GQbDTkCdGK_aY�MtGKj�YhZKCFE�`fZ\jVTVS«C�SX`fZ\R9T �cÿ T/gnYeYd_mg[TkEfZ�T
TVEHYcgVSUPQRfZ\JXJXYdj�Z\Rf]�jkYeCdYdSXWKYdj[SXR�TVEHS«g�gVS¦TkbfZ�TkSUGQR¾MÞZ�WQGKbHj�]DSUMÛò
MtYdjkYdR9T%gATkjkZ\TVYePKSXYegmSXRÐTVEfYdSXj%GK`f`^GQRHYdR9T � ZKRf]ÜTVEIbfg�EfZ�WKY*Z
C�GKR�fSXC�T�GKM
SUR9TVYejVYhgATFg � YeWKYeRÀTVEHGQbHPKE2ZÒEHSXPKE¿W�ZKJUbfY%G\M�TVEHY
EHSX]f]DYdRÑgnTkZ\TVY ü GKbHJ«]�_�YhZ\R(TkEfZ�T�TkEHYdSXj�SXR9TVYdjkYegnTkg�ó^YhCdZ\_aYC�GKRfPKjkbHYdR9T �¸ÿ MyTkEHSXg�gnTVjFZ�TkYdPKl9òÂófZKgVYe]m]HY�îfRHSUTVSXGKR�G\MvCdGKR�^SXC�Tnò
SURHP%SUR9TVYejVYhgATFg ü YdjkY/ZK]HGK`DTkYe] � Z\RIl�gnSUTVb^Z�TVSXGKR*SXRßTkEHY�CdGIGK`Dò
YdjFZ�TVSXWKY%`fZ�lKG��ÜjkYdPQSUGQR � ZKgkgnbf_�SXRHP�gnSXPKRfZKJUJXSXRHPßEfZQ]¿Z¾`^G9gAò
S¦TkSUWQYÒC�G9gAT � ü GQbHJX]ãSXRIWKGQJUWQYßZÑC�GQR�fS«C�T%GKM[SXR9TVYejVYhgATFg ôãTVEHS«g
ü GQbHJX]cSUR�TVbHjkR�_�YhZ\R%TVEfZ\T3)�9�9{G\MvTVEHY[gVSUPQRfZ\JXJUSXRHP�GKófgVYdjkWKYh]
SUR¾TVEHYmgVSU_�bHJ«Z�TVSXGKR¾_aGI]HYdJ«g[YdWKGQJUWQYe]ß]HYegV`HS¦TkYmZ�CdGKR�fS«C�T�GKM
SUR9TVYejVYhgATFg � ��EHY6`HjVGQóHJXYd_ S«g�`^YejVEfZK`fgvTVEfZ\T[�{jkSUWQYdjFg4� g;ï ~e�5�M� ñ
Z\Rf]��ßZ�lIRfZ\jF]�BD_�SUTVEßø � ZKjV`�Ydj�� g�ï ~e�Q�
� ñ ]DYdîfRHSUTVSXGKRfg
ZKjVY
RHG\T¾gV`�YeC�SUî^C¿YdRHGQbHPKE ZKó^GQbDT¸&AbfgnT ü EfZ�T¾CdGKRfgnTVSUTVbHTVYeg�Z\R
'nGKbHTkC�GQ_aYP.�G\M�TVEHY�gnSXPKR^Z\JXJUSXRHPßP9Z\_aY � ��EHY�gVSX_�`fJUYej�]DYdîHò
RHS¦TkSUGQRÀG\M
C�GQR�fS«C�TkSURHP¾SUR9TkYdjkYegnTkg � ZQg�bfgVYe](SXRÀTVEfYcó^GD]Dl(GKM
TVEHY�`fZK`^Yej � S«gØbfgVY�MtbfJ{SXR�S«gVGKJ«Z�TVSXRHP�TVEfY�C�GIGK`�YdjFZ�TkSUWQY´jkYdPQSUGQR
G\M´`^Z�lKG���gV`fZQC�YßZKg�TkEHY*`HJ«ZKCdY�TVGÀY�oD`�YeC�T%gnSXPKRfZKJUJXSXRHP �Ðÿ T
SXg.RHGKT[lQY�T�C�JXYeZKj.EfG ü TVEHYajkYegVbHJUTkg[gnEfGKbHJ«]ßó�YmSUR9TkYdjk`HjVYdTVYh]
S¦M0TkEHYmgATkjkZ\TVYePKl9ò�ó^ZKgVYe]�]DY�î^RHS¦TkSUGQR¾GKMOC�GQR�fS«C�TkSURHP�SXRQTkYdjkYegnTkg
ü ZQgO`fbHjkgVbHYh] �
í gVYeCdGKRf]ÜJXSU_aSUTkZ\TVSXGKRõGKM.TkEHYßjkYegVbHJUTkgcS«gmTkEfZ�T%TVEHY�gnSXP\ò

RfZ\JXJUSXRHP�P9Z\_aY�b^gnYh]mSXg6RHGKTOJXSUýQYdJXl�TVG/ó�Y[Z�bHRHSXWKYejkgkZ\J^_aGI]HYdJ
G\McZ\JXJ/`�GQgkgnSXóHJXY¿C�GQ_a_/bHRHS«CdZ\TVSXWKYÀSXR9TVYdjFZKC�TVSXGKRfg �$ÿ R `fZKjnò
TVS«C�bHJ«Z\j � ZKRf]ã]DYegV`HSUTVY*EfZ�WISXRHP�TVEHY¾gVZK_�Y�ófZQgnS«C*gnTVjkbfC�TkbHjVY
ü S¦TkEõT ü G2gVSUPQRfZ\J«gc`�GQgkgnSXóHJXlãbfgnYh]ÐTkG¿TkjkZKRfgn_aSUT�SXRDMtGKjk_mZ�ò
TVSXGKRÒZKó^GQbDT.Z%óHSUR^Z\jkl�EHS«]H]DYeR¾gnTkZ\TVY � TkEHY�gVSXPKRfZKJUJXSURfPcPQZK_�Y
SXg�]HS2� YdjkYdR9T�MtjkGK_ TVEHG9gnYmYe_�`fJUG�lQYe]¾ó9l � bHjF]Ðï ~h�K��� ñ Z\Rf]
�´JUSX`HEfZKRQT ï ~e�Q��	 ñ � � bfjk]A� g2PQZ\_aYõ_aGD]DYeJXgÜgnYdoDbfZ\J�gnSXP\ò
RfZ\JXJUSXRHP � Z\Rf]�TkEHY
_mZ\JXY
gnSXPKR^Z\JXJUYej,SXg�+SR%7,Z\_�óHSXW�ZKJUYeR9T;Z\ó�GKbDT
TVEHYØMtYe_mZ\JXYØjVYhC�YdSXWKYejP� g�jkYegV`^GQRfgnY ü EfYdRaTVEfY
EHS«]H]DYdR�gATFZ�TVYØS«g
JUG ü � TVEHY�gVSXPKRfZKJUJXYdj;ZKJ ü Z�lDg¸`HjVYdMtYdjFg0Z�`�GQgVS¦TkSUWQYØjVYhgn`�GKR^gnY � í
JUG ü EHS«]H]DYeR¾gnTkZ�TkY/_mZ\`^g
TkG%JXG ü _mZKJUY�þQb^Z\JXS¦TAl � Zc`^G9gnSUTVSXWKY
jVYhgn`�GKRfgVY0jkYd`HjkYegVYdR9TFg{Z�CdGK`HbfJXZ\TVSXWKY0Ye`HSXgVGD]DY � ZKRf]�YeWKYdR/JUG ü ò
þQb^Z\JXS¦TAla_mZ\JXYeg ü Z\R9TO_mZ�TkSURfP�GQ`H`^GQjnTkbHRHSUTVSXYeg � ��EHY.CdbHjkjVYeRQT
gnSXPKRfZKJUJXSXRHPÑPQZK_aY � SXR�C�GQRQTkjkZQgAT � CdZKRHRHG\T�_aGI]HYdJ�gnGKòÂCeZ\JXJUYh]
'nEfZKRf]DS«CdZ\`�.%gVSUPQRfZ\JXJUSXRHP � ó�YeCeZ\bfgVY�JUG ü ò gATFZ�TkY�gVSUPQRfZ\JXJUYejkg.]DG
RHG\T�CdZKjVYmZKó^GQbDT ü EfZ�T�TkEHYmjkYeC�YeSUWQYdj�]DGIYhg �cö bHjnTkEHYdjk_aGKjkY �
SURmó�G\TkE � bHjF]A� g;ZKRf]¸�´JUSX`HEfZKR9TP� g0PQZK_aYeg � jkYeC�YeSUWQYdjFg,Z\jkY
Y�oIò
`HJUS«C�SUTVJXl�jVY ü ZKjk]DYh]�MtGQjOZQCdC�bfjkZQC�l�SXR%]DS«gVCdYdjkRHSXRHP[TVEHY´EHS«]H]DYdR
gATFZ�TVY � óHbDT[TVEfY�P9Z\_aY�`fjVYhgnYeRQTkYe]*EfYdjkY�ZKJUJXG ü g
TkEHYaYeCdGKJXGKP\ò
SXCeZ\JXJUl�`HJXZKbfgVSUóHJXY�GQbDTkCdGK_aY�TVE^Z�T´jkYeCdYdSXWKYejkgØgVSU_a`HJXl�ó^YhC�GK_aY
]DSXgVSXRQTkYdjkYegnTVYh]%SXR�TVEHY�gVSUPQRfZ\J � ��EHY�C�bfjVjkYdR9TØPQZK_�Y[S«g
Z�jVYhZ�ò



gVGKR^Z\óHJXY%_aGD]DYdJ6G\M.gnSUTVbfZ\TVSXGKRfg�gVbfCFE¿ZKg�Z\J«Z\jk_$CdZKJUJ«g�¹�Z\Rf]
MtGIGD]ÜCdZ\JXJ«g � SXR ü EHSXCFEÜ`�G\TVYeR9TVS«Z\JØgnSXPKR^Z\JXJUYejkg�EfZ�WKY�RHG�jVYhZ�ògVGKR�TVGmCeZ\jkY.ZKó^GQbDT ü EfZ�TØjkYeC�YeSUWQYdjFgO]HG ü EfYdR�RHGa`HjVYh]HZ�TkGKj
E^ZKgmó�YdYeR�gnSXPKE9TkYe]ÜGKjcRfGÀMtGIGI]ÐgVGKbfjkCdY*EfZKgmó�YdYeRãMtGKbHR^] �
÷ EfYdjkYeZKg � bHjk]>� g�P9Z\_aYagnYejVWQYeg[ZKg�Z(ïÞ]HSXgkC�jkY�TkY ñ _aGI]HYdJ0GKM
gVSUTVbfZ\TVSXGKRfg ü EHYejVY(gnSXPKR^Z\JXJUYejkg�W�Z\jklÐGKR gnGQ_�Y(]DSX_aYdRfgVSUGQR �
TkEHY(C�bHjkjVYeR9T�PQZK_aY¾_aGD]DYdJ«g�gnSUTVbfZ\TVSXGKRfg ü EHYejVY�gnSXPKR^Z\JXJUYejkg
MÞZKJUJOSUR9TkG*T ü G*PQjVGQbH`fg � GQRHJUl�GKRfYcG\M ü EHS«CFEÀSXg�jVYeJUYeW�ZKR9T�TVG
TkEHY�`�G\TVYeR9TVS«Z\JyjkYegV`^GQRfgVY �;� bHjk]>� gØP9Z\_aY[EfZKg�ó�YdYeR*bfgVYe]�TVG
_aGD]DYeJ^TkEHY´gVSXPKRfZKJUJXSURfP/G\My_mZ\TVY[þQb^Z\JXS¦TAl � ü EHSXJXY�TkEHY´CdbHjVjkYdR9T
P9Z\_aYaC�GKbfJX]¾ó^Ymb^gnYh]ßTkG�_aGD]DYeJ�TVEHYmgVSUPQRfZ\JXJUSXRHP�G\M�gnYdoIb^Z\J
_mZ\TVbHjkS¦TAl �%ö bHTVbHjkY ü GQjVý¾C�GKbfJX]�C�YejnTFZ\SXRHJUl¾JUGIGQýÒZ�T�P9Z\_aYeg
JXSXýKY � bHjk]>� g � ü EHYejVY´gnSXPKRfZKJUJXYdjFg,Z\J ü Z�lIg ü Z\R9T;Z�`�GQgVSUTVSXWKYØjkY�ò
gV`�GKRfgVY � SXRõGKjF]DYejmTVG¿]HY�TVYejV_aSXRHY ü EfY�TVEfYdjcTkEHY¾ZK`H`fZKjVYeRQT
CdGKR�^SXC�T�G\M�SXR9TVYdjkYegnTkg%SXg�jkYeZ\J � Z\R^]ãbHRf]DYej ü EfZ\T�C�SXjFC�bH_�ògnTkZKRfC�YhgcgVSUPQRfZ\JXJUSXRHP(YdWQGKJXWKYhg �õ| bHJXJUGDCFýS� gßï ~h�K���D� TkEHSXg%WKGQJ¦ò
bf_�Y ñ ü GQjVýcCdGKRfgVS«]DYdjFg6TVEHYhgnY�þ9bHYhgATkSUGQRfg �
ö SUR^Z\JXJUl � S¦Ta_/bfgnT�ó�Y�gATkjVYhgVgVYe]�TkEfZ�T�TVEHY�gnSX_a`HJXY�P9Z\_aYeg

ZKRf]cgVSU_�bHJ«Z�TVSXGKR^gO]DYhgVCdjVSXó�Ye]mEHYejVY´Z\jkY�SXRcGKRHY.gnYeRfgVY´Z\R%bHRDò
MÞZKSUj ü Z�laTVG�TVYhgAT � jkYdófg�ø ù.Z ü ýISUR^g4� g[ï ~e�
$�� ñ CdGKRfgV`HSXjkZ\TVG\ò
jkS«Z\J ü EHS«gn`�YdjFg[EIl9`�G\TkEHYegVS«g �a� jVYeófg[ø ù.Z ü ýISURfg ü YdjkYa]DSXgnò
CdbfgkgnSXRHPaTVEfY�JUSXýKYeJUl�YdWKGQJUbHTVSXGKR�G\M,gnSXPKRfZKJXg
SUR*C�GQ_a`HJUYdo�jkYeZKJ¦ò
ü GKjkJ«]ÒCdZQgnYhg � ZKRf]ÒCdGKbHJ«]ÒTVEHYejVYdMtGKjkY�ZK`H`^YhZ\J¸TVG�TkEHYaY�� YeC�TFg
GKMO]DS���YejVSXRHP�_/bHTkZ�TkSUGQRÒjFZ�TkYeg.SUR�gnSXPKR^Z\JXJUYejkg.Z\Rf]ÒjVYhC�YeSUWQYdjFg �
ZKRf]�TVEHY/Y�oD`HJXGKSUTkZ�TkSUGQR�GKM¸ó�YdE^Z�W9SXGKbfjkg6TkEfZ�T
EfZQ]�GKjkSUPQSURfZKJUJXl
ó�YdYeR*gnYeJUYhC�TVYh]�MtGKj
GKTVEHYejØ`HbHjk`^G9gnYhg � YdTkC � NOGK_a_/bHRfSXCeZ�TVSXGKR
SXRÀTkEHY%`HjkYe]HSXC�TVYe]¿C�GQgnTVJXl(gnSXPKRfZKJUJXSXRHPÒZ\jk_mg�jFZKC�Yhg ü ZKg/RHG\T
YdoD`^YhC�TVYh]�TVG[ó^Y
gnTkZKóHJXY ��ö GKj,YdoHZ\_a`HJXY � SXRmZ´jkYeZKJ¦ò ü GKjkJX]�gVSUTnò
b^Z�TVSXGKR ü EHYejVY.S¦T ü ZKg6RHGKTØSUR�TVEfY.SXR9TVYejVYhgATFgOGKM¸jkYeCdYdSXWKYejkg;TVG
jkYegV`�GKRf]%`^G9gnSUTVSXWKYeJUl�TVGaZ�`fZ\jVTVS«C�bHJ«Z\j�gVSUPQRfZ\J^MtjVGQ_ Z/`fjVYh]HZ�ò
TkGKj � TVEfYdl/_aSXPKE9T0RHYeWKYdjVTVEfYdJXYegkg,C�GKR9TkSURIbHY6TVG�]HG�gnG.MtGKj0gVGK_aY
TkSU_aY�SUM�TVEHY�gnSXPKRfZKJ ü ZKg
gnTVjkbfC�TkbHjFZ\JXJUl%gVSX_�SXJ«Z\jØTkG%Za_mZ�TVSXRHP
gVSXPKRfZKJf_mZK]DY�ó9l�_aYd_�ó^Yejkg;G\MLTVEfY´gkZ\_aY�gV`^YhC�SXYeg � ��EfY
_mZ�ò
RfSU`HbfJXZ\TVSXWKY
gVSUPQRfZ\JXJUSXRHP�gVlDgATkYd_ ü GKbfJX]aóHjkYeZKý/]DG ü RmZKg;gnGIGKR
ZQg�Z\RaZ\`H`HjkGK`fjVS«Z�TkYOgVYeþ9bHYdR^C�Y6G\M^_�bDTkZ\TVSXGKRfg¸jkYegVbHJUTVYe]�SXR�GQjnò
P9Z\RHS«gV_agOTkEfZ�T
C�GQbHJ«]%]DS«gATkSURfPKbHS«gnE�ó�Y�T ü YdYdR�TVEfY.`fjVYh]HZ�TkGKj�� g
gVSXPKRfZKJ;Z\Rf]¾TkEHY%C�GQRfgV`^YhC�SUî^Ca_mZ�TVSXRHPßgVSUPQRfZ\J �cÿ R(TkEHY%gVSU_�ò
`fJUY�gnSXPKRfZKJUJXSXRHP*_aGI]HYdJ�Z\JXJ0TVEfSXg�C�GQ_�`fJUYdoISUTAl�SXg�Z\ófgnTVjFZKC�TVYh]
SXR9TVG´TVEHY�ófZQgnYOîHTkRHYegkg¸`fZ�lKG�� g{MtGKj,gVSUPQRfZ\JXJUYejkgvZ\Rf]/jVYhC�YeSUWQYdjFg �
ZKRf]ÀTkEHYdjkY�SXg�RHG(PKb^Z\jFZ\R9TVYeYmTVEfZ\TcZ\RIl�TVjFZ\RfgVSUYeR9T � bHR^gATFZ�ò
ófJUY�YdWQGKJXWKYe]ÀCdGK_a_/bfRHSXCeZ�TkSUGQRÑgnlDgnTVYd_mg ü SUJXJ�ó^Y�]DYdTVYeC�TVYh] �
��EfY´jkYegVbHJUTkg6gnbHPQPKYhgATOTVEfZ\T6SXRcTkEHY´JXGKRfP/jkbHR�gVSUPQRfZ\JXJXSURHP ü SUJXJ
RfG\T/ó�Y%gnTkZ\ófJUYmbHRfJUYhgVg/S¦T/S«g[TkG*TVEHY%_/bDTkbfZ\J6ZK]DW�Z\R9TFZ\PKYaGKM
ó�G\TkE¿`fZKjnTkSUYhg � ófbDT�TkEHS«g/S«g�RHG\T�TVG(]DYdRIl�TVEfZ\TaCdGQgnTVJXlÀgnSXP\ò
R^Z\JXJUSXRHPÒZKjV_mg�jFZKCdYeg/bHRf]DYej�CdGKRf]DSUTVSXGKR^g�G\M�CdGKR�^SXC�TVSXRHPÒSXRDò
TkYdjkYegnT�CdGKbHJ«]ãGDCdC�bfj�SXRÐTVEfYÒjkYdJ«Z�TVSXWKYeJUlãgVEHGKjVTcTVYejV_ � í�ð
_aGD]DYeJXg;G\M{C�GQ_a_/bHRHS«CdZ\TVSXGKRcZKjVYØbHRfSXþ9bHYeJUlaYeþ9bHSX`H`�Ye]aTkG/SXRDò
WQYegnTVSXPQZ\TVY[gnbfCFE�S«gVgVbHYhg6MtbHjnTkEHYdj �
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