
�

���������
	������������	������������ ��!#"#$#�"��%�#� �����&�'�

(*),+�-/.*0,132�46587
4:9
;�<>=,?8@�AB<C2�?D<E2
FG),)HAI2�@B<KJMLN28O�PIQ#R*SUTVPW;YXZ0H;�0,[�<KJDA
(]\_^`\Yab06ced � d OYdHf3gHg`FihjFG),)HAI2�@B<KJMLN28OYS�L�?�kl?m2BL ?D@�->),; n�A

o]pHqCr
sNt8sYu�v
s,vIuMrWuMwyxIrlt8wztDsNs,vI{6t8|&pexI{�rW{8}_~6u�xIpNu�r��,���Y{:}��8vI{8�NwN�Hq_wN��s,vI{:�H}Cu�����q_xIpHq_wexIpNu��Ev&t8�#u��'{8vI��{8�*u����Y{3�Hq_u��
|M{:�8wNq�xIq_~6u�rW|Mq_uMwN|�u:����x���q_}_}��Yu�tDvI�8�Nu���xIpNtDx`r��,���Y{:}_q_|�r�xWvI�N|BxI�HvIuMr�|�tDw��Yu��HrWu�����q�xIpNq_w�xIpHu�s�tDv&t8�Hq_�:��{D��u����Y{3�Hq_u��
|M{:�8wNq�xIq_~6u�rW|�qCu�wN|Mub�3��t:�,{:sHxIq_wH��tDw�tD}_xIuBvIw�tDxIq_~6u��Hu��NwNq�xIq_{:w�{8��t
r��H���Y{:}�����w�xIpHq_r]t8}�xIu�vIwNtDxIq_~6u��,u���wHq�xIqC{8w��6xIpHu�r��,���Y{8}N��tM�
�Yu�~3q_u��'u���tDr�t`r�xWvI�H|�xI�Hv&tD}�|M{:�HsN}_q_wN�V�Yu�x �'uMuMw�t8w�t8�8uMwyx�¡ r�rWuMwNrW{DvIqC�#{DxI{8vltD|�xIq_~:tmxIqC{8wNr�tDw���q�xIr�uMw3~3q_vI{8wN�#uMwyx���¢�vI{8�Y{8xIq_|
u�£,sYu�vIq_�#uMwyx'q_r]s,vIuMrWuMwyxIu���q_wV��pHqC|&pV�#{:�Nq_}_ubvI{8�Y{8xIr*�,uM~6uM}_{8s�t
r��,���Y{:}_q_|�r�xWvI�H|�xI�HvIu��>vI{8�UrW|�v&tmxI|BpV�y�#uMwN�:t8�8qCwH��q_wVt�rWu�vIq_uMr
{8��}CtDwN�:�Nt8�8ul�:t8�#uMrM��� wVxIpNq_r�u�£,sYu�vIq_�#uMwyx*q�x¤qCr¤rWpN{���w�xIpNtDx*vI{8�Y{8xIr¤|�t8w��,uM~6uM}_{8s�t�r��,���Y{8}Cq_|�r�xWvI�H|�xI�HvIu���q�xIp���pHq_|Bp�xIpHu��
|�t8w�|M{:�#���NwHqC|MtDxIu�xIpNu�wNt8�#uMr�{D�
t��>u��¥{:�3¦�uM|BxIr���q�xIp�t�vIuM��tmvI�:tD�N}_u��Hu��8vIuMu�{D��rW�N|�|MuMrWrM���§x#q_r��>�HvWxIpHu�v�rWpN{���w�xIpNtDx��
t8}�xIpN{8�N�8p�xIpHu�vIu��Ku�vIu�w3xIr���t��`�YulqCwyxIu�vIs,vIu�xIu����Hq�¨�u�vIu�w3xI}���{:w��Hq�¨�u�vIuMwyxb{y|M|�tDrWqC{8wNrM� xIpNu
{:�3¦�u�|�xIr
tDvIul�NrW�Nt8}_}���w�tD�#u�����q�xIp
{:wH}_�V{8wNu��K{DvI���

©�ª�«m¬/D®y¯±°'²�³,8´�¯�¬
S�L�<KA�µ )3µ�?D@¶2B@�<E?:A/2B0�A&L�0y·�L�0y·�A&¸�[`¹�0H->A±J8)3;#¹�?�@�?mº

nY?D» ;�?:n�2B0`n�?8A�Jm@�<E¹�?lJm0H1,;�<E2B<>=,?�XZ+ ; J�2�<E0H; A¤·�<E2BL <E;�2�L�?
µ ),@�)HnY<>1,[¼03Xl?8[V¹�0YnY<E?:n½JD0,1H;�<C2�<E0H;±\¾S�@�)HnY<C2�<E0H; )3->->¸,O
JD0,1,; <C2�<E=H?�A�Jm<>?D;N2B<KAI2MAbn�?8A�Jm@�<E¹�?�JD0,1H;�<C2�<E0H;�<>;�2�?D@�[�Ab03X
AB¸�[V¹�0,-�A&¸YA&2B?D[�A�¿§kl?D·�?D->-�),; nVÀ�<>[�0,;±O �:ÁNÂ d�Ãyk
?8·b?8-E- O
�:Á,Ä gNÅ�\GS�L�<KA`<>A`=,?8@B¸�+ AB?mXZ+�-�¹�?:JD),+ A&?�2BL�?8¸�),A�A&+�[�?
2�L )y2�Jm0H1,;�<E2B<>=,?z)31H?D;N2�A�[�)3;�<>µ�+�-K)y2�?eAB¸�[V¹�0,-KA�·�L�?D;
2�L�?D¸Æ2BL�<>;�Ç/O�@�?8),AB0,;È0,@É+�A&?¾-K)3; 1,+ ),1,?,\�Êl0y·b?8=,?8@8O
·�L�?8;�?mcYµ�-K)3<>;�<>;�1Ë2BL�?Ìµ�@B0YJD?8A�A&?:Az+�; nY?8@B->¸�<E;�1ÍA&+ JML
¿§L�<E1HL�?D@�Å�Jm0H1,;�<E2B<>=,?eXZ+�;�J�2B<>0,;�A�<>;Ë2B?D@�[�A�03X�AB¸�[V¹�0,-
[�)3; <Eµ�+ ->)32B<>0,;±O�)y2�-E?:),A&2i2I·�0Æ[�)yÎI0H@GXZ+�; n )3[�?D;N2�),-
µ�@�0,¹ -E?8[�A�)3@�<>AB?,ÏÈ2�L�?�ÐMÑBÒ3Ó�ÔiÕ/ÑBÖ,×DØEÔDÓÙ¿§FGJ6Ú�)3@B2BL�¸
),; n�Êl)6¸,?:ADO �8Á d Á Ã,(¤¸�-E¸YABLN¸�;±O �8ÁHÄNÂ Å'),; n`2BL�?#Û�ÜyÓ�×MÖyØ
Ý ÑBÖyÞYß/àyá�ß Ý Õ�Ñ�Ö,×DØEÔmÓâ¿§Êl),@B;�),n�O �:Á,Á gHÅ�\`S�L�?8AB?�µ�@B0H¹Yº
->?D[�A])3@�<>AB?¤¹�?8J8)3+ AB?�A&¸�[`¹�0H->A')3@�?�n�?m» ;�?:n`)HA'<E;N2B?8@B;�)3-
@�?Dµ�@�?8AB?D;N2M)y2B<>0,;�ADO�·�L�<KJML�)3@�?�AB+�µ�µ�0HAB?8n�2�0e@�?D-K)y2�?�2B0
?8;H2�<C2�<E?:A�<E;e2�L�?#@B?:)3-�·�0,@�->n±\
R�@�?8Jm?8;N2l)3µ�µ�@�0H)HJMLz<E;GJD0,1,; <C2�<E=H?�ABJD<E?8; Jm?#2�@B<>?8A�2B0

0y=H?D@MJm0,[�?l2BL�?:A&?#µ�@�0,¹ -E?8[�A�¹�¸�n�?8A�Jm@�<E¹�<>;�1�Jm0H1,;�<E2B<>0,;
<>;V2�?D@�[�A*03X�2BL�?
nY¸�; ),[�<>J8A]03X�)3;�)31,?8;N28ã A�<>;N2B?8@�)HJ�2B<>0,;
·�<E2BLË2�L�?G·�0,@�->n�\ÈS�L�<KA�;�0y=H?D-l),µ�µ�@�0H),JMLäL )HA�¹�?8?D;
J8)3->-E?:n%ÔmÓ�×MÖ8à3á§Ô�àUåMÖ Ý ß�á�æ�á�çyÔ½ÛDåmá§ÔDß�åMÔDO`?H\ 1�\EOe¿§(*XZ?8<CXZ?8@
),; n�ÀYJML�?D<>?D@:O �8ÁHÁ,Á Å�\ÆPW;�?8[V¹�0YnY<E?:nèJm0H1,;�<E2B<>=,?GA�Jm<Eº
?8; Jm?�<C2e<>Ae),A�A&+ [�?:nË2BL�)y2�<>;N2B?8-E-><E1H?D; JD?�J8)3;è¹�?�nY?Dº
éBê±ë6ì#ìWí:î3ìIï ð�ñ�ìIòmó�ôMõ¶ö�÷�ï ø�ð�ò�ó�ë6ð�ù
îyôMî3ì&ï
ëyôMù
ú3ìIìIòeû&ôMï ï�ð�ì&ü
÷�ý:ó�ô�ó�ó�ë6ì�þ�ï�ó�ð ÿyûIð_ôMõ���òDó�ìIõ�õ�ð���ìIò6ûIì��YôMú3÷�ï ô�ó ÷�ï���÷	�¶ó ë6ì�
�ï ð �§ì
 ò6ð �mìIï�ù ð ó�ì&ð ó��/ï�ý6ù ù�ìIõ��
���������������! " �#�$�%&%(' î)� �m÷��Mó(*'ûIù+� ý6ò6ð�ñ
ô�ôMù�� ò:õ

ABJD@B<>¹�?:ne<E;e2B?8@B[�A�0,X]),;É)31,?8;N28ã Ab¹�0YnY<>-E¸e?mcYµ�?D@�<E?8; Jm?:A
2BL )32�),@B?�),J-,N+�<E@�?8n�2BL�@�0,+ 1,L�<E2�A�<>;N2B?8@�)HJ�2B<>0,;�·�<C2�L�<E2�A
?D;�=�<E@�0,;�[�?8;H2:\�P�\ ?H\EO')3;�)31H?D;N28ã A�<E;N2B?8-E-><>1,?D;�Jm?�A&L 0,+�-Kn
¹�?�¹ ),AB?8n�0,;�<E2�A'µ )HAI2'<E;N2B?8@�)HJ�2�<E0H; A±·�<E2BLV2BL�?�µ�L�¸YA&<KJD),-
·b0H@B-Kn�\/.�<E2BL�<>;z2BL�<KA�µ ),@�)HnY<>1,[zON2BL�?�XZ@M)3[�?#µ�@�0,¹�->?D[
)3; nÌ2BL�?ÉAB¸�[V¹�0,-�1,@�0,+�;�nY<E; 1�µ�@�0,¹ -E?8[ )3@�?e)6=H0,<KnY?8n
2B0�AB0,[�?�n�?D1,@�?D?HOY¹�?:JD),+ A&?�<E2
<>A�),@B1H+�?8n�2BL )32lA&¸�[`¹�0H-
@B?8µ�@B?:A&?8;N2�)y2�<E0H; A�)3@�?�; 0�->0,; 1,?D@�;�?:Jm?:ABA�)3@�¸�2B0�<E[�µ�->?mº
[�?8;N2
<E;N2B?8-E-><>1,?D;N2
¹�?DL )6=�<>0,@MA�¿§a�@B0�0HÇ�A8O �8ÁHÁ gHÅm\
a�+Y2�<>A�2BL�<KA#2�@B+�?10�R
@�?�AB¸�[V¹�0,-KA�;�0G->0,; 1,?D@#; ?8J�º

?8A�AB),@B¸20 PW; nY?8?8n [V+ JML�JD),; ¹�?�?mcYµ�-K)3<>;�?:n¥·�<E2BLYº
0,+Y2è+ AB<>;�1%A&¸�[`¹�0H-E<KJ�nY?8A�Jm@�<>µY2B<>0,; A8Oi¹ +Y2è[�0HA&2è03X
2BL�?:A&?É?Dc�µ ->),; )y2�<E0H; A�0,;�->¸ÌnY?:)3-E2�·�<C2�L�-E0y·�º�->?D=,?8-�@B?Dº
),J�2�<E=H?l¹�?DL )6=�<>0,@MA¤AB+ JML�)HA�0,¹�AI2M),Jm->?�)6=H0,<Kn�)3;�Jm?,OHµ�L�0,º
2B032M)ycY<KADOlAB<>[�µ -E?�XZ0,@�[�A�03X�JD)y2�?D1H0,@�<�3:)y2B<>0,;�),; nË2BL ?
-E<>Ç,?�¿�(*XZ?D<EXZ?D@�)3; nÉÀYJML�?8<E?8@8O �:Á,ÁHÁ Å�\�Êl<E1HL�?D@
JD0,1H;�<C2�<E=H?
XZ+�; J�2�<E0H; A�A&+�JML�),A�-K)3;�1H+ )31H?�µ�@�0�JD?8A�A&<>;�1�L�)6=,?V¹�?D?8;
[�0YnY?8-E?:ni[�0NAI2�AB+ JDJD?8A�AIXZ+�->->¸É+ A&<>;�1zA&¸�[`¹�0H-E<KJV@�?Dµ @B?Dº
A&?8;H2M)y2�<E0H; AD\ S�L�<>AeJD),;è¹�?i<>;YXZ?D@�@B?:nËXZ@�0,[ 2BL�?iX§),Jm2
2BL )32e[�0HA&2z; )y2�+�@�),-�-K)3; 1,+ ),1,?Gµ�@�0YJm?:ABAB<E; 1Ì)3µ�µ -E<KJD)3º
2B<>0,; Al+ A&?�AB¸�[V¹�0,-><>J�µ @B0YJm?:ABAB<>;�1 OY?8<C2�L�?D@�L )3; nYº�JD0�n�?8n
0,@V)HJ!,N+�<>@B?:n�A&2�)32B<KAI2�<>J8)3->-E¸ÉXZ@�0,[â->),@B1H?�Jm0,@�µ�0,@M)�O±AB?D?,O
?,\ 1 \>O'¿�RlÚ54�O �8Á,Á�Â Åm\�P�2�[�<E1HLN2
2BL�?8@B?DXZ0,@�?VA&2B<>-E-'¹�?�nY?mº
A&<>@�),¹�->?z2B0¾nY?:ABJD@B<>¹�?iL�<E1HL�?D@�JD0,1H;�<C2�<E0H;Ë<E;Ë2�?D@�[�A�03X
A&¸�[V¹�0,-'A&¸YA&2B?8[�A8\bÊl0y·b?8=,?8@8O�2�0�0y=,?8@�JD0,[�?�2BL�?VAB¸�[�º
¹�0H-�1,@�0,+�;�nY<E; 1�µ @B0H¹�-E?8[zOy2BL�?�A&¸�[V¹�0,-�AB¸YAI2�?D[ L ),A'2�0
¹�?G?8[V¹�0YnY<E?:n�)3; nËAB<C2�+ )y2�?8n�¿�(*XZ?D<EXZ?D@�)3; nèÀYJML ?D<>?D@:O
�8Á,ÁHÁ Åm\�P�2�L ),A
2B0�¹�?V?8[V¹�0YnY<E?:nÉ<>;É0,@MnY?D@�2�0�?Dc�µ�?D@�<Eº
?D; JD?V2�L�?�·b0H@B-KnG)3;�nG<E2�L�),Al2B0e¹�?�AB<C2�+ )y2�?8niAB0�2BL )32



f

<C2lJ8)3;e),J!,N+�<>@�?l<E2�A�Ç�;�0y·�->?8nY1H?l2�L�@B0H+�1,L�<E;N2B?8@�)HJ�2�<E0H; A
·�<C2�LÌ2�L�?e·b0H@B-Kn�O�AB?D?,O*?H\ 1�\EO�¿�À�+�;¶O�f3gHg,gNÅ�XZ0,@�)�n�<>A&º
Jm+ A�AB<E0H;±\*S�L�<>A¤-E?:),n�A�2B0#2�L�?�JD?D;N2B@M)3- ,H+ ?8A&2B<>0,;�0,X�2�L�<KA
µ )3µ�?D@:Ï'PIA�<E2¤µ�0NABAB<>¹�-E?
2B0VnY?D» ;�?l),; n�nY?8=,?D->0,µ�),;�?8[�º
¹�0YnY<>?8nÉ),; neA&<E2B+ )32B?:neAB¸�[V¹�0,-±AB¸YAI2�?D[ 0
S�L�<>AVµ )3µ�?D@`)3@�1,+�?:A�2BL )32�2BL <>A�Jm0H+�->n�¹�?�µ�0HA�AB<E¹�->?

¹�¸j),nY0HµY2B<>;�1Æ(]?8<E@MJm?Hã AG2B@�<>)HnY<>J½nY?m»�;�<C2�<E0H;j03XeA&¸�[�º
¹�0H->A8\�S¶0�nY<>A&2B<>;�1H+�<>ABL�2�L�<>AV2B@�<K),nY<KJ�nY?D» ;�<E2B<>0,;ÌXZ@B0H[
2BL�?e2�@�)HnY<C2�<E0H; )3-�nY?D» ;�<E2B<>0,;±O�2BL�?:A&?ÉAB¸N[`¹�0H->A`·�<>-E-�¹�?
JD),-E->?8n½ÛDÔmÓ�á§Öyæ á§å�ÛMÜyÓ�×MÖyØ�Û�\�R�A#·�<>-E-*¹�?�A&L 0y·�;i2�L�?8AB?
A&?8[�<E0,2B<KJ�A&¸�[`¹�0H->A�),@B?*¹�032�L#?D[V¹�0YnY<>?8n#)3;�n�AB<E2B+ )32B?8n±\
S�L�?¤µ @B0Hµ�0NA&?:n#)3µ�µ�@�0H)HJML#Jm0,[`¹�<>;�?8A±2BL�?bµ )3@M),nY<>1,[Í03X
Õ � Ü6ÛMá§åMÒ3Ø Ý ÑBÖ3ÞYß�à3á�ß Ý ¿§a�@B0�0HÇ�A8O �:Á,Á gNÅ�·�<C2�LÉ2BL ?�Û�ÜyÓ��
×MÖyØ Ý ÑBÖ3ÞYß�àyá�ß Ý Õ/ÑBÖ,×DØEÔDÓâ¿�Êl)3@�; )Hn�O �8ÁHÁ gNÅlAB+ JML�2BL )32
A&?8[�<E0,2B<KJ�A&¸�[V¹�0,-KA¾),@B?Ë1,@�0,+ ; nY?8n <>;�L�?D@�?D;N2�-E¸¥),; n
[�?8)3; <E;�1,XZ+�->-E¸ XZ@B0H[Ù2BL ?èµ�L�¸YA&<KJD),-�<E;N2B?8@�)HJ�2�<E0H; A�03X
@B0H¹�0,2�Al·�<C2�Lz2BL�?8<E@�?D;�=�<E@�0,;�[�?8;H2:\bP�2�·�<E->-¶¹�?V),@B1H+�?8n
2BL )32�2�L�<>A�)3µ�µ @B0N),JMLä@B?:nY+ Jm?:A�2BL ?iA&¸�[`¹�0H-l1,@�0,+ ; n�º
<E; 1Éµ�@B0H¹�->?D[�<>;N2B0É)�2B?8JML ;�<>J8)3-*µ�@�0,¹ -E?8[ ·�L�<KJML�·�<>->-
¹�?�JD)3->->?8n�2BL�?�Õ � Ü6Û�á§åMÒyØbÛ�ÜyÓ�×MÖ3Ø Ý ÑBÖyÞYß/àyá�ß Ý Õ�Ñ�Ö,×DØEÔmÓ
¿Z.*0H1328O3f,g,g,g,¹�Å�\�S¶0�<>-E->+ A&2B@M)y2�?�L�0y·�)
A&¸YA&2B?8[Í0,XYAB?D[�<Eº
032�<>J�AB¸�[V¹�0,-KA�J8)3;�¹�?�JD0,; A&2B@�+ Jm2B?8niXZ@�0,[ A�Jm@M)y2MJML±O¶)
Jm0H; Jm@�?m2�?�@�0,¹�032�<>J�?Dc�µ�?D@�<>[�?8;N2
·�<E->-�¹�?#µ @B?:A&?8;H2�?8n�\
RÆAB<E[�<>->),@�),@B1H+�[�?D;N2�)32B<>0,;�L )HA¤@�?8JD?D;N2B->¸�¹�?8?D;�µ +Y2

XZ0,@�·�),@�n�<>;¾R
P#)3;�n�Jm0,1H;�<E2B<>=,?�A�Jm<>?D; JD?�¹N¸�h�0,@���;�?8@
)3; nÌJm0,->->?8)31H+�?8A8\�S�L ?D¸�)3µ�µ -E¸i2BL�?�2BL�?80,@�¸i03XlAB?D[�<Eº
032�<>J8AVXZ0H@�n�<>A�Jm+ A�AB<E;�1i2BL�?zAB¸N[`¹�0H-b1H@B0H+�; nY<>;�1Gµ @B0H¹Yº
-E?8[ ¿�hl0H@��/;�?8@�?m2�),-�\>O �:Á,Á�� Ã
(�@�?D[zO �8ÁHÁ�	 Å`)3;�nÌ2�0
<E->->+ AI2�@�)32B?�2BL�?8<E@z<KnY?8)HA�2�L�?D¸�L�)6=,?iAB<E[`+�-K)y2B?:nÆAB0,[�?
),ABµ�?:J�2MA�<>;i)�Jm0,; ;�?8Jm2B<>0,;�<KAI2�[�0�n�?D-]03X�-K)3;�1H+ )31H?V),Jmº
,N+�<>AB<E2B<>0,;Ë¿§h�0,@���;�?8@8O �8ÁHÁ f,Åm\VS�L�?�[�)yÎI0H@�n�<
�/?D@�?D; JD?
¹�?D2I·b?8?D;É2�L�?D<>@�·b0H@BÇe)3; nz2�L�?`JD+�@�@B?8;H2�·b0H@BÇ�<>Al2BL )32
hl0H@��/;�?8@8ã A�[�0YnY?8-�O
¹�?8AB<KnY?8A�¹�?8<E;�1ä)ÌJD0,;�;�?:J�2�<E0H;�<>A&2
[�0�n�?D- OHL )HA]¹�?8?D;�2B?:AI2�?8n�0H;�-E¸V<E;�AB<E[`+�-K)y2B<>0,;�A]03X/->),;Yº
1,+ ),1,?�),J!,N+�<KAB<C2�<E0H;±O�·�L ?D@�?8),A�2BL <>Ae·�0,@�Çä<>;�=,0HÇ,?8Ae)
Jm0H; Jm@�?m2�?¤@�0,¹�032B<KJ�?DcYµ�?8@B<>[�?D;N2¶2�L )y2]<E;�=H?8A&2B<>1H)y2�?8A¶->),;Yº
1,+ ),1,?e?D=H0,->+Y2B<>0,;±\½RlA�2BL ?e<KnY?:),A�¹�?DL�<>; nÌ2BL�?8<E@�),µYº
µ�@�0H),JML�)3@�?V=,?8@B¸zAB<E[�<>->),@l2�0�2�L�?`0H;�?�µ�@B?:A&?8;N2B?8nG¹�?Dº
-E0y·#O�2�L�<KA�·b0H@BÇ�·�<E->-�;�032
¹�?�nY<KABJD+ A�A&?:n�XZ+�@B2BL ?D@:\
PW;G2BL ?�; ?mc�2�A&?:J�2B<>0,;¶O/2BL�?�2B@M),n�<C2�<E0H; )3-*Jm0H1,;�<E2B<>=�<>A&2

)3µ�µ @B0N),JML±Oz2�L�?U?D[V¹�0YnY<>?8n Jm0H1,;�<E2B<>=,?UABJD<E?8; Jm?�),µYº
µ�@�0H),JML¶O�),; nË2�L�?D<>@�µ�@�0,¹ -E?8[�A�<E;Æ@B?8->)32B<>0,;ä2B0äA&¸�[�º
¹�0H->AÌ)3@�?äABL�0,@B2B->¸j@�?D=�<>?D·�?8n�\ S�L�<KA�@B?8=�<E?8· µ )6=H?8A
2BL�?e·�)6¸�XZ0H@`<>;N2B@�0YnY+ Jm<>;�1�)3;Ì),-C2�?D@�; )y2�<E=H?�<E;N2�?D@�µ�@B?Dº
2�)32B<>0,;�03X�AB¸�[V¹�0,-KAD\`RlA�·�<>-E-*¹�?�)3@�1,+�?:n�O�2BL�?�;�?8·�-E¸
nY?m»�;�?8nËAB?D[�<E0,2B<KJÉA&¸�[`¹�0H->A�)3@�?z[�?8)3; <E;�1,XZ+�-
·�<E2BL�<>;
2BL�?8[�A&?8-E=H?8A�)3;�n�»�2�·�?D->-�·�<C2�L�<>;�2�L�?�?D[V¹�0YnY<>?8nzJm0H13º
;�<E2B<>0,;�µ )3@M),nY<>1,[z\�� @B0H[ 2BL�?8@B?�0,;±O/2�L�?�)3@B2B<KJm->?`·�<>->-

µ @B?:A&?8;H2�)�[�0�n�?D-�¹�¸¾·�L�<KJMLä),1,?8;H2MA�JD)3;Ë),J-,N+�<E@�?z)
AB?m2`03X�A&?8[�<>032�<>J�AB¸�[V¹�0,-KA#03X�·�L�<KJML�2�L�?�[�?8),;�<>;�1z<>A
1H@B0H+�; nY?:nä2BL�@�0,+ 1,Lä2BL�?�)31H?D;N2�A8ã�<>;H2�?D@M),Jm2B<>0,; A�·�<C2�L
2�L�?D<>@l?8;�=N<>@�0,;�[�?D;N2:\�S�L�?V[�0YnY?8-�¿§?mcYµ�-K)3<>;�?8nz<>;GAB?8J�º
2�<E0H; � Å*<>A¤¹ ),AB?8n�0H;�2BL�?VØEÒyß Ý Þ Ò Ý Ô Ý ÒyÓ�Ô¤[�0YnY?8- 2�L )y2
L�),A*¹�?D?8;�µ�@B0Hµ�0NA&?:nV¹�¸ 4±+ J
À�2B?D?8->A�2B0�A&2B+ n�¸�2BL ?
0,@�<Cº
1H<E;�A�),; nè?8=,0,->+Y2�<E0H;�03XV-K)3;�1H+ )31H?¾¿�ÀN2�?D?8->A8O �:Á,Á d,¹�Å�\
ÀY?8J�2�<E0H;�#·�<E->-�µ�@�?8AB?D;N2*2BL ?�@B?:A&+�-E2�A�03X�)�JD0,; JD@B?D2B?�?DcNº
µ�?D@�<>[�?8;N2�<>;�·�L�<KJML�@�0,¹�032B<KJl),1,?8;H2MA¤nY?8=,?8-E0Hµ�)VAB?m2b0,X
AB?D[�<>032�<>J�AB¸N[`¹�0H->A'+ AB<>;�1�2BL�?�-K)3;�1H+ )31H?b1N)3[�?b[�0YnY?8-�\
S�L ?�@�?8AB+�-E2�A]·�<>-E-Y¹�?
nY<KABJD+ A�A&?:n�<>;�AB?8Jm2B<>0,; 	 \���<>; ),-E->¸,O
AB?8Jm2B<>0,;Éd�Jm0H; Jm->+ nY?:AD\

�±ª��������¤¯����
�±ª§©�ª��������¤¯���������´§¬/ �H®y¬!����®"��#'®"�$�%��¬/%��8´§¯�¬!�
S�@�)HnY<C2�<E0H; )3->->¸,ObAB¸�[V¹�0,-KA�)3@�?en�?m» ;�?:nË),A�<>;H2�?D@�; )3-

@�?Dµ @B?:A&?8;H2M)y2�<E0H; A
·�<E2BL�·�L�<>JML�Jm0H[�µ +Y2�)32B<>0,; A�JD),;G¹�?
J8)3@�@B<>?8ne0H+Y28\�RlA�[�?8;H2�<E0H;�?8n±O�2BL <>A�)3µ�µ�@�0H)HJML�<KA
AB+�¹Yº
ÎI?:J�2�2B0�AB0,[�?�XZ+�; n�),[�?8;N2�)3-�µ @B0H¹�-E?8[�A�AB+ JMLä),A`2BL�?
XZ@M)3[�?�µ @B0H¹�-E?8[ ),; n�2BL ?�AB¸N[`¹�0H-¤1H@B0H+�; nY<>;�1Éµ�@�0,¹Yº
->?D[z\�PW;i2BL�<KA#AB?8J�2�<E0H;±O�)�¹ @B<>?mX¤@�?D=�<>?D·j0,X�2BL ?�JD->)HABAB<Cº
J8)3-�åMÖ Ý ß á�æ á�ç8áKÛ�æ])3µ�µ @B0N),JMLz<>Al1,<>=,?8;±O 2�0,1H?m2BL ?D@
·�<E2BL�)
n�<>A�Jm+ A�AB<E0H;�0,X�2�L�?�A&¸�[`¹�0H-�1,@�0,+�; n�<E;�1�µ�@�0,¹�->?D[z\�Rl-Cº
2�L�0,+ 1,LG2�L�?�XZ@�),[�?`µ�@�0,¹ -E?8[ <>A�Jm->0HAB?D->¸z@B?8->)32B?:n�O/2BL�?
n�<>A�Jm+ A�AB<E0H;�<E;�2BL�<KA¤µ�)3µ�?D@bJD0,; JD?D;N2B@M)y2�?8A¤0,;�2BL ?�AB¸�[`º
¹�0,-¶1,@�0,+�; n�<E;�1�µ�@�0,¹�->?D[z\
S�L�?�nY<>A�Jm+�ABAB<E0H;GAI2M)3@B2�A�·�<C2�LÉ2BL ?#Õ � Ü6Û�á§å�Ò3Ø]Û�ÜyÓ�×MÖyØ

Û�Ü6Û�æWÔmÓ � Ü�Õ Öyæ � ÔmÛMáKÛ#),A�µ +Y2#XZ0,@�·�),@�nG¹N¸�k
?D·�?D->-�)3;�n
ÀY<E[�0,;Í¿§k
?8·b?8-E-�)3;�nÌÀ�<>[�0H;±O �8Á�Â d Ã�k
?D·�?D->- O �8Á,Ä gHÅm\
S�L <>A�L�¸�µ�0,2BL�?:A&<KA�A&2�)32B?:A
2�L )y2�µ�L�¸�AB<KJD)3-]AB¸N[`¹�0H-'AB¸YAIº
2�?D[�A�),@B?ÉAB+'&�Jm<>?D;N2�)3; nä;�?:Jm?8A�A�)3@�¸¾Jm0,;�nY<C2�<E0H; A�XZ0,@
<>;N2B?8-E-><E1H?D; JD?,\�(�L�¸YAB<>J8)3-
AB¸N[`¹�0H-�AB¸YAI2�?D[�AG¿Z0H@�AB¸�[`º
¹�0,-/AB¸�A&2B?8[�A]XZ0,@�A&L�0H@&2�Å*)3@�?
AB¸�A&2B?8[�A*2BL�)y2bJ8)3;�A&2B0,@�?,O
[�),;�<Eµ +�->)32B?#)3;�n�<>;H2�?D@�µ�@�?m2�A&¸�[V¹�0,-><KJlA&2B@�+ J�2�+�@B?:A�),J�º
JD0,@MnY<>;�1�2B0�A&0H[�?�ABµ�?8Jm<E» ?:n�@�+�->?8A8\
PW;�k
?D·�?D->-�)3;�n�À�<>[�0,;±ã A#nY?D» ;�<E2B<>0,;±O¶AB¸�[V¹�0,-KA�)3@�?

JD0,; AB<KnY?D@�?8ne2�0�¹�?Vµ )32&2B?8@B;�A�2BL�)y2�µ @B0y=�<KnY?�nY<KAI2M)3-]),J�º
JD?8A�AG2�0ÍAB0,[�?½A&2B@�+ Jm2B+�@�?Æ¿§kl?D·�?D->-�O �8ÁHÁ gNÅ�\ S�L�?:A&?
),@B?#<>;N2B?8@B; ),-�@B?8µ�@�?8AB?D;N2�)32B<>0,; A�2�L )y2�J8)3;z¹�?�),JDJD?8A�A&?:n
XZ@�0,[ A&0H[�?z?DcN2�?D@�; )3-�A&2B@�+ J�2�+�@�?,\�¿�.�L�?8@B?z?DcN2�?D@�; )3-
<KA�@�?D-K)y2�<E=H?�2�0�2BL�?#µ )32&2�?D@�;±O�L�?8; Jm?#<E2lJm0H+�->ne¹�?�A&0H[�?
0,2BL�?8@�µ )y2B2B?D@�;±\�Å¥Rl-C2�L�0,+ 1,L½kl?D·�?D->-#¿ �8ÁHÁ gNÅ#),nY[�<E2�A
2�L )y2'2BL ?b@�?D-K)y2�<E0H;#¹�?D2I·b?8?D;V)�A&¸�[V¹�0,- ã A¶[�?8),;�<>;�1l)3;�n
2�L�?e0,+Y2MA&<KnY?�·�0,@�-Kn�<>A`<E[�µ�0,@B2�),;H2:O*L�?e-E?:)6=,?8A�<C2�+�;Yº
ABµ�?8Jm<E» ?:n�\ ^l2BL�?8@�@�?D-K)y2�?8nèJD0,; JD?DµY2�<E0H; A�0,X`)ÌAB¸�[`º
¹�0,-�),@B?l),->AB0�+ AB?8n�<E;�2�L�?�Jm0,1H;�<E2B<>=,?lA�Jm<>?D; JD?�JD0,[�[V+Yº
; <C2I¸H\�h�?�ÀY),+ ABAB+�@�?,O XZ0,@l<>; A&2�),; Jm?HO�nY?D» ;�?:Al)�AB<>1,;G),A



�

)#@�?D-K)y2�<E0H;�¹�?D2I·b?8?D;�)�[�?:)3;�<>;�1V),; n�AB0,[�?l),@B¹�<E2B@M)3@�¸
XZ0H@B[�T6-K)3¹�?D- Oy0,@*[�0H@B?�Jm0H; Jm@�?m2�?D->¸V),A��B)�-><E; Ç�¹�?D2I·b?8?D;
\>\E\*)`Jm0,;�Jm?Dµ�2�),; n�)�A&0H+�; n�µ )32&2�?D@�;���¿�hl?#ÀY)3+�ABAB+�@�?,O
�:ÁNÂ �O,µ±\�dHdHÅm\]Ê�)3@�; ),n�nY?m» ; ?8A�)`AB¸�[V¹�0,-�),A�)3;��B),@&º
¹�<E2B@M)3@�¸�JD)y2�?D1H0,@�¸l; ),[�?���¿§Ê�)3@�; ),n±O �8Á,Á�� Åm\¶R
->-,2�L�?8AB?
nY?D» ;�<E2B<>0,; A�)HABAB+�[�?�2BL )32lA&¸�[V¹�0,-KA�)3@�?�<>;N2B?8@B; ),-�@B?8µYº
@�?8AB?D;N2�)32B<>0,; A8\
S�L�?8AB?�;�032�<E0H; A]03X�AB¸�[V¹�0,-KA'»�2*·b?8-E-Y·�<E2BL`2BL ?�[�<>; n

)HA�)�JD0,[�µ�+Y2�?D@�[�?m2M)3µ�L�0H@8\�Êl0y·b?8=,?D@:O¤AB¸�[V¹�0,-KA�<E;
JD0,[�µ�+Y2�?D@MA*0,;�->¸�L )6=,?�)#[�?8),;�<>;�1�·�L�?8;�<E;N2B?8@Bµ @B?D2B?8n
¹�¸½),;Ë?mc�2B?8@B; ),-
0,¹�A&?8@B=H?D@:Ã
Jm0,[�µ�+�2B?D@MA�[�)3; <Eµ�+ ->)32B?
AB¸�[V¹�0,-KA�·�<C2�L�0,+Y2�¹�?8<E;�1½)6·�),@B?z03X�2BL ?D<>@�[�?8),;�<E; 1 \
k�)y2B+ @�),-E->¸,O¤2BL�<KA�<>A�;�032�2BL ?É·�)6¸�L�+�[�)3;ËJm0H1,;�<E2B<>0,;
·�0,@�ÇYAD\èÊl+�[�)3; A�)3@�?e=H?D@�¸Ì·�?D->-lJD),µ )3¹ -E?z03X#<>;N2B?D@Bº
µ�@�?m2�<E; 1É2BL�?eA&¸�[`¹�0H->A8O]·�L�<>JML¾2BL�?8¸�[�),;�<Eµ +�->)32B?�XZ0,@
<>; A&2�)3;�Jm?�nY+�@�<E;�1�2�L�0,+�1HLN2�0H@�·�L�<E->?�+ AB<E;�1�-K)3;�1H+ )31H?,Ã
2�L�?D¸�;�?D?:n�;�0�?DcN2�?D@�; )3-�0,¹ AB?D@�=,?8@]2B0Vn�0#2BL�<KA8\]S�L ?D@�?mº
XZ0H@B?HO�0H;�?�·�0,+�-KnÉ-><EÇH?#2B0�L )6=,?VAB¸�[V¹�0,-KA�2�L )y2�)31,?8;N2�A
J8)3;e<E;N2B?8@Bµ @B?D2�2�L�?D[�AB?D->=,?:AD\
S�L�<KA�µ�@�0,¹�->?D[Í-E?:n�À�?8),@B->?'2B0�XZ0H@B[`+�->)32B?]L�<KA�X§),[�0H+ A

ÚbL�<>;�?:A&?���0�0H[ )3@�1,+ [�?8;N2Ì¿�À�?:)3@�-E?HO �8Á,Ä gHÅmO�·�L <>JML
·�<>-E-�;�032�¹�?�nY<>A�Jm+�ABAB?8nzL�?8@B?H\�P�2�)3-KAB0�-E?:nGÊl),@B; )Hn�2B0
XZ0H@B[`+�->)32B?�L�<KA�Û�ÜyÓ�×MÖ3Ø Ý ÑBÖyÞYß/àyá�ß Ý Õ/ÑBÖ,×DØEÔDÓ ¿�Êl),@B; )Hn�O
�:Á,Á gNÅ�\¤R�Al),@B1H+�?8n�O�A&¸�[V¹�0,-><KJ�[�),;�<>µ�+�-K)y2B<>0,;ÉABL�0,+ ->n
¹�?�Ò,×MÖ3ÞYæ�AB0,[�?m2�L�<>;�1i)3;�n�2BL�?eA&¸�[V¹�0,-KAVABL�0H+�->nèÒHå �
� ÞYá�ÑBÔ�2�L�?D<>@�[�?:)3;�<>;�1�XZ@�0,[ @B?:)3-><C2I¸H\ÈS�L�<KA�<KA�·�L�)y2
Ê�)3@�; ),n�J8)3->->A�2BL�?�A&¸�[`¹�0H-�1H@B0H+�; nY<>;�1�µ�@�0,¹ -E?8[e\]RlJmº
JD0,@MnY<E; 1�2B0zÊl),@B;�),n�O±AB¸�[V¹�0,-KA�ABL�0,+ ->ni¹�?�1,@�0,+ ; nY?8n
XZ@�0,[ 2BL�?G¹�032B2B0H[`º�+�µ�¹�¸Ì<>;�=y)3@�<>),;H2�-E¸½JD)y2�?D1H0,@�<�38<E;�1
AB?D; AB0,@�<>[�0,2B0H@�AB<E1H; )3-KA8\
Êl),@B; )Hn¾µ�@�0,µ�0HAB?8AV2BL�)y2�2BL�<KA�ABL�0,+�-Kn½¹�?ÉnY0H;�?z<E;

2�L�@B?8?#AI2M)31,?:ADÏ

� \ «m³,¯�¬�´
	 �Y:´§¯�¬ Rl; )3->0,1H+�?iAB<E1H; )3-KA�; ?D?8n�2B0Ì¹�?
2B@M)3; A&XZ0,@�[�?8n 2�0âá§åMÖyß�á§å ÑBÔWÕ�ÑBÔmÛDÔmß�æ�Ò3æ�á§Ö3ß ¿§0,@
<>JD0,; AMÅ�\

f�\�� ´ �8³,®6´ �¾´§¬!�Y:´§¯�¬ �� S�L�?¥)3¹ <E-><C2I¸���2B0�ÎI+ n�1,?
·�L�?m2�L�?D@�2I·b0Æ<E;�µ +Y2�A�)3@�?�2BL ?äA�)3[�?¾0H@�nY<EX�º
XZ?D@�?D;N28O')3; n�O�<CX�nY< ��?8@B?8;N28O¶L 0y· nY< ��?8@B?8;N2#2BL�?8¸
)3@�?,\ �

� \ «m° ��¬/:´��]³ �Y:´§¯�¬ �� S�L�?#)3¹ <E-><C2I¸��±2�0�¹�?`)3¹�->?�2B0
),A�A&<>1,;V)�+�;�<�,N+�?#¿Z+ AB+ ),-E->¸V)3@�¹�<E2B@M)3@�¸�Å/@B?:A&µ�0,;�A&?
� )�� ; )3[�?Hã � 2�0i)GJD->)HABAV03X
<>;�µ�+Y2MADO]2�@B?:)y2B<>;�1
2BL�?8[ ),-E-¶)HA�?-,N+�<>=y)3->?D;N2
0,@#á�ß�ç6Ò3Ñ�á§Òyß æ�<E;GAB0,[�?
@B?:A&µ�?8Jm28\ �½¿�Êl)3@�; )Hn�O �8ÁHÁ g�O�[`¸�<C2M)3-><>J8A�Å

PIJm0H;�<�3:)y2�<E0H; )3;�n n�<>A�Jm@�<E[�<>; )y2�<E0H;±O�),J8Jm0H@�nY<>;�1Æ2B0

Êl)3@�; )Hn�¸�<>?D-KnÉA&+ ¹Yº�AB¸�[V¹�0,-><>J�@�?Dµ�@�?8AB?D;N2M)y2B<>0,;�ADÃ AB¸�[�º
¹�0H->A�)3@�?�2�L�?�@�?8AB+�-E2
03X*<>n�?D;N2B<E»�JD)32B<>0,;±\�Ê
?8; Jm?HO <KnY?D;Yº
2B<E»�JD)32B<>0,;Ì<KA`2BL�?e1,0N)3-b03X�AB¸�[V¹�0,-�1,@�0,+�; n�<E;�1�\�S�L ?
µ�@B0YJD?8A�A�03X�<>nY?8;N2B<E»�JD)32B<>0,;�<>A�2M),ABÇinY?8µ�?8; nY?D;N2�¿ À�+�;±O
f3g,gHgHÅm\'R�A¤·�<>-E-�¹�?�)3@�1,+ ?8n�<>;�2BL�<KAbµ )3µ�?D@:OH+�A&<>;�1V-K)3;�º
1,+ ),1,?�<KAV)z2M),ABÇG2BL�)y2`<KA#µ ),@&2�<>JD+�-K)3@�-E¸�A&+�<E2B?:n�2B0in�0
2BL�?�<>n�?D;N2B<E»�JD)32B<>0,;±\�S�L�<KA�<>A�[�)3<>;�-E¸�¹�?8J8)3+ AB?i-K)3;�º
1,+ ),1,?�2BL�@�0,+�1HL½<E2�A�JD0,;�=,?8;N2B<>0,; A`0 �/?D@MA�)i¹�),AB<>A�XZ0H@
<E;�=y)3@�<>),;N2�-K)3¹�?D-><>;�1�03X'2BL�?#@�?8),-�·�0,@�-Kn�\
PW;ÌÊ�)3@�; ),n±ã AV·b0H@BÇ�A&¸�[`¹�0H->A`)3@�?�AI2�<E->-�nY?m» ; ?8n¾)HA

; )3[�?8A�XZ0H@
JD)32B?D1H0,@�<E?:A�03X'AB?D;�A&0H@B<>[�032B0H@�),J�2�<E=�<E2I¸,\*RlA
A&+ JML`2BL ?
A&¸�[V¹�0,-�1H@B0H+�; nY<>;�1�µ�@B0H¹�->?D[j@�?D-K)y2�?8A�2B0�2BL ?
Jm0,1H;�<E2B<>=N<KA&2�µ ),@�)HnY<>1,[zO�·�L�<KJMLäJD0,; JD?D;N2B@M)y2�?8A`0,;½<E;Yº
2B?D@�; ),-±A&¸�[V¹�0,-/µ�@�0YJm?:ABAB<E; 1�¿��/<E?8[�ÇH?,O �:Á,Á,Á Å�\]RlA�·�<>-E-
¹�?l),@B1H+�?8n±O3A&¸�[V¹�0,-KA*Jm0H+�-Kn�),->AB0�¹�?�=�<>?D·�?8n�),A*A&2B@�+ Jmº
2B+�@M)3-'Jm0,+ µ�-E<>;�1NA
¹�?m2I·�?D?D;ÌÑBÔMÒyØ_á�æ Ü�)3; nÉAB?D;�A&0H@B<>[�032B0H@
),J�2�<E=y)32B<>0,; A'03X�)3;`),1,?8;H2'2BL�)y2�)3@�<>AB?8A¶XZ@�0,[U2BL ?�),1,?D;N2Bº
?D;�=�<E@�0,;�[�?8;H2�<E;N2�?D@M),J�2�<E0H;±\�S�L <>A`@B?:)3-><C2I¸�[�)6¸�¹�?z)
@B?:)3-¤·�0,@�-Kn�0,¹YÎI?:J�2V0H@`AB0,[�?�<>;H2�?D@�; )3-�AI2M)y2�?,\ .�L�?8;
A&¸�[V¹�0,-KA#)3@�?�AI2�@B+ Jm2B+�@�?8A�2�L )y2�<>;�L�?8@B?8;H2�-E¸i@B?8->)32B?�@B?Dº
)3-><C2I¸�·�<E2BLÍ<E;N2B?8@B;�)3-#AI2�@B+�J�2B+ @B?:ADO�2�L�?D¸Í)3@�?�)3->@�?8),n�¸
[�?:)3;�<>;�1,XZ+�-Y<E;�AB0,[�?bAB?D; AB?�)3; nV2BL�?�AB¸N[`¹�0H-�1,@�0,+�; nYº
<E;�1�µ�@�0,¹�->?D[ <>A`;�0,2�)zXZ+�;�n�)3[�?D;N2M)3-�µ�@B0H¹�->?D[¼)3;�¸Nº
[�0H@B?H\

��ª ��ª������ �¤¯����`¯ ®�¬�¯ �%��� �b¯ � ���
S�0l0y=H?D@MJm0,[�?]2�L�?bµ @B0H¹�-E?8[�A±03XY2�L�?�Jm0,1H;�<E2B<>=N<KA&2')3µ�º

µ�@B0N),JML±O�?D[`¹�0YnY<>?8nÉJD0,1,; <C2�<E=H?�ABJD<E?8; Jm?VJ8)3[�?V),@B0H+�; n
<E;V2BL�?�->)32B? �8Á,Ä g,A±),; n#1N)3<>;�?8n#µ�0,µ +�->),@B<E2I¸�?D=,?8@�AB<E;�Jm?,\
S�L�?Ì)3µ µ�@B0N),JMLÍL ),AÉA&2B@�0,;�1Ë@�0�032�Az<>;j)3@B2B<E»�JD<>),-#<E;Yº
2B?D->-><E1H?D; JD?,Ol·�L ?D@�?�<E2z),->AB0¾¹�?8J8)3[�?�µ�0,µ +�->),@�+ ; nY?D@
2BL�?*2�?D@�[�A�ß�Ö3ÞYç6ÔDØ�ØEÔ�����)3; n�×MÔ � Òyç:á§ÖyÑ �&×MÒyÛmÔMà�Ñ�Ö,×MÖyæ á§å�Û�\
ab?:A&<KnY?:A*<E;�RlP�O,<E2b)3-KAB0�L�),A*[�)3;�¸`@B0�032MA*<>;�0,2BL�?8@¤nY<KAIº
Jm<>µ�-E<>;�?:A�0,X#JD0,1H;�<C2�<E=H?GABJD<E?8; Jm?�A&+ JMLè)HA�µ AB¸YJML�0,->0,1H¸
¿
��<>¹ A&0H;±O �:ÁNÂyÁ Å�O�-><E;�1H+�<KAI2�<>J8A#¿�4¶),Ç,0 �'O �:Á,ÄNÂ Å�O�µ�L�<>->0HA&º
0,µ�L�¸É¿§a�0YnY?D;¶O �:Á,Á dHÅ�ON)3; n�; ?D+�@�0HA�Jm<>?D; JD?V¿ �bnY?D->[�)3;±O
�8Á,Ä�Â Ã"!H0,L�; AB0,;¶O �8Á,Á�Â Åm\
S�L�?É?:ABAB?D;�Jm?É03X�2BL <>A�[�0YnY?8@B;Ë)3µ�µ @B0N),JMLä·�<E->-
¹�?

nY<>A�Jm+�ABAB?8n�L�?8@B?l¹�@B<>?$#�¸V<>;�-E<>;�?
·�<E2BL�2BL�?l),@B1H+�[�?D;N2�)3º
2B<>0,;�¹�@�0,+�1HLN2]¹�¸�ab@�0�0,ÇYA]·�L�0#<>;N2B@�0�n�+ Jm?:nV2�L�?�Õ � Ü6Û �
á§å�Ò3Ø Ý ÑBÖ3ÞYß�à3á�ß Ý � Ü�Õ Öyæ � ÔmÛ�áKÛ`¿§a�@�0�0,ÇYADO �8ÁHÁ g�Ã�a�@B0�0,ÇYA8O
�8Á,Á � Åm\�S�L <>AzL�¸�µ�0,2BL�?:A&<KAeAI2M)y2B?:A�2BL )32e<>;N2B?D->-><E1H?D; JD?
A&L�0H+�-Knz¹�?`1,@�0,+�; n�?8ne<E;G2BL�?�<>;N2B?8@�)HJ�2B<>0,;z¹�?m2I·�?D?8;i)
µ�L�¸�AB<KJD)3-N)31H?D;N2�)3;�n�<C2MA¶?8;N=�<>@B0H;�[�?D;N28\ ��+�@B2BL�?8@B[�0H@B?HO
),JDJD0,@MnY<>;�1�2B0�2�L�<>A�L�¸�µ�0,2BL�?:A&<KADO6AB¸N[`¹�0H-E<KJ]@�?Dµ�@�?8AB?D;N2�)3º
2B<>0,; A])3@�?�;�0�->0,; 1,?D@�;�?8JD?8A�AB),@B¸H\¶PW;N2B?8-E-><>1,?D;N2'¹�?8L )6=�<E0H@
JD)3;�¹�?�?:AI2M)3¹�-><KA&L�?:ni¹�¸Éµ ),@�),-E->?D-]0Hµ�?8@�)32B<>;�1eAB?D;�A&0H@B<Eº
[�0,2B0H@
Jm0,+ µ�-E<>;�1NAD\





.�L�?D;±O�)HA�a�@�0N0HÇYA
)3@�1,+�?:ADO/AB¸N[`¹�0H-E<KJ#@�?Dµ�@�?8AB?D;N2M)yº
2B<>0,; A�)3@�?�;�0�-E0H;�1,?8@
;�?:Jm?8A�A�)3@�¸,O <E2�JD0,+�-KnÉ¹�?`),@B1H+�?8n
2BL )32�2BL�?�AB¸�[V¹�0,-]1,@�0,+�;�nY<E; 1�µ�@�0,¹�->?D[ <KA�;�0z->0,;�1H?D@
@B?8-E?8=y)3;N2äAB<E;�Jm?è2�L�?D@�?Æ),@B?è; 0 AB¸N[`¹�0H->AÍ¿ Úb-K)3; JD?D¸HO
�8ÁHÁNÂ Ã�(�XZ?D<EXZ?D@z)3; nÈÀYJML�?8<E?8@8O �8Á,ÁHÁ Åm\�Rl;�032�L�?D@z<>[�º
µ�0H@&2M)3;N2�)HA&µ�?8Jm2¤03X�2�L�?lµ LN¸YAB<>J8)3-�1,@�0,+�; n�<E;�1#L�¸�µ�032BL�º
?8AB<>A�<>A�2�L )y2�<>;N2B?8-E-><E1H?D;N2�¹�?DL )6=�<>0,@MA#)3@�?�0,X�2B?8;�ÔDÓ�ÔmÑ �
Ý ÔDß æYµ L�?D;�0H[�?D; ) O3?,\ 1 \>O ¿§(�XZ?D<EXZ?D@�),; n�À�JML�?D<>?D@:O �8ÁHÁ,Á Å�\
S�L�<KAV[�?8),; A#2�L )y2�<E;N2�?D->-E<>1,?8;H2�¹�?8L )6=�<E0H@�A�[�)6¸�)3@�<>AB?
XZ@B0H[�[�?8JML ),;�<>AB[�Ab2BL )32�),µ�µ�?:)3@�;�032�2B0�¹�?�n�?8AB<E1H;�?8n
2B0Éµ�?D@BXZ0,@�[ 2BL ?�0H¹ AB?D@�=,?8ni¹�?8L )6=�<E0H@8\�S�L�?�µ�L�¸YA&<KJD),-
1,@�0,+�;�nY<E; 1�L�¸�µ�032BL ?8AB<>A�-><E?:A
)y2�2�L�?#L�?8),@&2
0,X�?8[V¹�0�nYº
<E[�?8;H2�)3; nzAB<C2�+ )y2�?8nY; ?8A�AD\�PW;N2B?D->-><E1H?D; JD?#<>Al?D[V¹�0YnY<>?8n
2BL�@�0,+ 1,L¾)3;�),1,?D;N2:ã A#¹�0YnY<>-E¸�?mcYµ�?D@�<E?8; Jm?:A#03X�<E2�AV¹�?Dº
L )6=�<E0H@#)3; n�<C2�<KA#AB<C2�+ )y2�?8n�2BL�@�0,+ 1,LG2�L�?�)31H?D;N28ã A�<E;�º
2B?8@�)HJ�2B<>0,;e·�<E2BLe2BL�?#·�0,@�-Kn�\
ab@�0�0,ÇYAG),; nj0,2BL�?8@�A�A&L 0y·b?:nÈ2BL )32�[`+ JML¥0,X�)3;

)31H?D;N28ã AÉA&+ @Bµ�@�<KA&<>;�1,->¸è<>;N2B?D->-><E1H?D;N2G¹�?8L )6=�<E0H@ÉJD)3;U¹�?
?mcYµ�-K)3<>;�?8n�)32G2BL ?Ì->?D=,?8-�03XzÛDÔDß�ÛDÖyÑ�á�Ó�ÖyæWÖyÑGJD0,;N2B@�0,- O
?,\ 1 \>Oè¿�ÀN2�?D?8->AÈ)3; n ab@�0�0,ÇYA8O �:Á,Á�	 ÃèR
@�Ç�<E;±O �:Á,ÁHÄ Ã
(*XZ?8<CXZ?8@�),; n½À�JML�?D<>?D@:O �8ÁHÁ,Á Å�\�.*?D@�¸¾A&<>[�µ�-E?e[�?8JML )3º
;�<KA&[�A]2�L )y2bJD0,;�; ?8J�2�),1,?D;N2MADã3AB?D; AB0,@MA'·�<C2�L�2BL�?8<E@¤[�0,º
2B0H@�AbJD)3;�?Dc�L <E¹�<E2b@M)y2�L�?D@bJm0,[�µ�->?mc�¹�?8L )6=�<E0H@�·�<E2BL�0H+Y2
@B? ,N+�<E@�<>;�1ÉA&¸�[V¹�0,-><KJ`@�?Dµ @B?:A&?8;H2M)y2�<E0H; A�¿§a�@�),<C2�?D;�¹�?D@�1 O
�8ÁHÄ NÅm\
R
;�?mc�),[�µ -E?�<KAV2BL�?�X§)3[�0,+ A�Úb0,1G?Dc�µ�?D@�<>[�?8;N2V03X

a�@B0�0,ÇYA�)3; n�L <>AeJm0H-E->?8),1,+�?:ADO�?,\ 1 \>OV¿�ab@�0�0,ÇYA�?D2e)3- \>O
�8ÁHÁ,Ä Åm\ Úb0,1 <KA¥) L�+�[�)3;�0H<>n @�0,¹�032�2�L )y2 J8)3;
[�<E[�<KJ�A&0H[�?äL�+�[�)3;Yº�-><EÇH?½¹�?DL )6=�<>0,@MAi¹�¸¥JD0,;�; ?8J�2Bº
<E; 1i<E2�AVAB?D;�A&0H@B¸�AI2�<E[`+�->)32B<>0,;�2�0iAB0,[�?�),Jm2B+ )32B0H@�@B?Dº
A&µ�0,;�A&?H\bP�2MA�¹�?8L )6=�<E0H@�A�),@B?#JD0,;N2B@�0,->-E?:nz),JDJD0,@MnY<>;�1V2�0
2BL�?�¹�?DL�)6=N<>0,@Bº�¹ ),AB?8nÉµ�)3@M),nY<>1,[z\`À�?8=,?8@�),-'¹�?DL�)6=N<>0,@MA
)3@�?�[�0YnY?8-E?:n½<>;Ë)�-K)6¸,?8@B?:n�0,@�1H),;�< 38)y2�<E0H;�03X�A&?8; A&0,º
@B<>[�032�0,@�Jm0,+ µ�-E<>;�1NAD\�S�L�?:A&?e¹�?8L )6=�<E0H@V[�0YnY+�->?8A�)3@�?
<E[�µ�->?D[�?8;H2�?8n�)HA]-E0�0HAB?D->¸�Jm0H+�µ�->?8n`µ )3@M)3->->?D-Yµ�@�0YJm?8A�AB?8A
)3; n�J8)3;U¹�?Ì->?8)3@�;�?:n�\¼Úb0H1�L ),AÉ->?8),@B; ?8n�O�XZ0H@G<E;�º
AI2M)3; JD?,O62�0lnY?m2�?8Jm2'L�+�[�)3;�X§),Jm?:A¶),; n#1H) 3D?¤n�<E@�?8Jm2B<>0,; A8O
2B0�Jm0,;N2�@B0H-¤L ),; n�º�?D¸,?�JD0�0,@MnY<E;�)y2B<>0,;¶O�2�0�A�),J8JD),n�?�<C2MA
?D¸H?8A')3; n�2�0l<>;N2B?D@M),Jm2'AB0YJm<K)3->-E¸�·�<C2�LVL�+�[�)3;�Ab¿�ab@�0�0,ÇYA
?m2¤),-�\>O �8ÁHÁ,Ä Å�\�Rl-E-�2BL�?:A&?�¹�?DL )6=�<>0,@MA'),@B?�¹ )HA&?:nV0H;V2�L�?
µ�L�¸YA&<KJD),-�1,@�0,+�; n�<E;�1�L�¸�µ�0,2BL�?:A&<KAD\
R
-E2BL�0H+�1,Le[�)3;�¸�¹�?DL )6=�<>0,@MA�J8)3;e¹�?#?DcYµ�->),<E; ?8ne¹�¸

2BL�?eµ�L�¸YA&<KJD),-¤1H@B0H+�; nY<>;�1GL�¸�µ�0,2BL�?:A&<KA8O]2BL�? ,N+�?8A&2B<>0,;
AI2�<E->-]@B?8[�)3<>; Al·�L ?m2BL ?D@�<C2�<KA�),¹�-E?V2B0e?mcYµ�-K)3<>;GL�<>1,L�?8@
Jm0H1,;�<E2B<>=,?¤XZ+�; J�2�<E0H; A8\'S�L�?�),A�AB+�[�µY2B<>0,;V2�)3ÇH?D;�<>;�2�L�<KA
µ )3µ�?D@�<>A¶2BL�)y2�<>;N2B?8-E-><E1H?D;N2¶¹�?DL )6=�<>0,@MA±AB+ JML�),A/2�L�0,+ 1,LN2
)3; nÌ->),;�1,+�)31,?�n�0i@�?-,N+�<>@B?eA&0H[�?�XZ0,@�[ 0,X�AB¸N[`¹�0H-E<KJ
@B?8µ�@�?8AB?D;N2�)32B<>0,;±\�S�L�?�@B?:),AB0,;�XZ0H@�2�L�<>Ae<KA�2I·b0,XZ0,-Kn�Ï

�'<>@�A&28O�),A�ABJD<E?8;N2B<KAI2MA`-><>Ç,?�2B0�nY?8A�Jm@�<E¹�?e0y=,?D@B2`¹�?DL�)6=Hº
<>0,@�<E;ä2B?8@B[�A�0,X�A&¸�[V¹�0,-l[�),;�<>µ�+�-K)y2B<>0,;¶Ob<E2�<KA�=,?8@B¸
+�A&?DXZ+�-�2B0�L )6=H?e)�µ�@�0,µ�?D@�n�?m» ;�<E2B<>0,;½2BL�)y2�»�2MA�·b?8-E-
·�<E2BL <E;Ë2�L�?É?D[`¹�0YnY<>?8nËJm0H1,;�<E2B<>0,;äµ ),@�)HnY<E1H[z\ËS�L <>A
[�),Ç,?8A�<E2�?8)HA&<>?D@�2�0U)HABJD@B<>¹�?äAB¸�[V¹�0,-KA�2B0U?D[`¹�0Yn�º
<>?8n�JD0,1H;�<C2�<E=H?�)31,?8;N2�A�XZ@�0,[â),;�0,¹ AB?D@�=,?8@8ã A�µ�?8@�ABµ�?8J�º
2�<E=H?,\�S�L�?�AB?8JD0,; n�@�?8),AB0,;�<>A�2BL )32
<E;z0,@MnY?8@b2�0�X§),Jm<>-><Cº
2M)y2�?�L�<>1,L�?8@�Jm0H1,;�<E2B<>=,?�XZ+ ; J�2�<E0H; AlAB+ JMLÉ),Al->),;�1,+ ),1,?HO
),1,?8;H2MA'[�<>1,LN2�),Jm2B+ ),-E->¸#;�?8?8n�A&¸�[V¹�0,-KA�2BL )32]2BL�?8¸VJD),;
[�),;�<Eµ +�->)32B?H\�S�L ? ,N+�?8A&2B<>0,;z@�?D[�)3<>; A�L�0y·�),@B?�AB¸�[`º
¹�0,-KA�@�?Dµ�@�?8AB?D;N2�?8n 0

�±ª��¶ª��������¤¯�������� �D8®y²�³,8²�® � ��³,¯�² #��§´�¬����
RlA�)3->@B?:),nY¸�nY<>A�Jm+�ABAB?8n�O�2BL�?#2�@�)HnY<E2B<>0,; ),-¶)3µ�µ @B0N),JML

2�0èJm0H1,;�<E2B<>=,?�A�Jm<>?D; JD?�),; nÈR
Pe<>AGJD0,;YXZ@�0,;N2�?8nÍ·�<C2�L
µ @B0H¹�-E?8[�AVAB+ JML¾),A�2BL�?�ÐMÑBÒyÓ�ÔVÕ�ÑBÖH×mØ>ÔmÓ ¿§FiJ:Ú�)3@B2BL�¸
),; nUÊl)6¸H?8A8O �:Á d Á Ã�(�¸�-E¸YABL�¸N;¶O �:Á,Ä�Â Å�O�2�L�?ËÛ�ÜyÓ�×MÖyØ
Ý ÑBÖ3ÞYß�àyá�ß Ý Õ�ÑBÖH×mØEÔDÓ¼¿§Êl),@B;�),n�O �8Á,Á gHÅ�),; n�2BL�?�� � á �
ß/Ô�ÛDÔ��lÖ:ÖyÓ � µ�@�0,¹ -E?8[eã�¿�À�?:)3@�-E?HO �8ÁHÄ gHÅm\�R�2*2�L�?
L�?:)3@B2
0,X�2BL�?:A&?½µ�@B0H¹�->?D[�AÉ-><E?:AÉ2BL ?¾X§),Jm2G2BL�)y2G2�L�?¾2�@�)HnY<Cº
2�<E0H; )3-�A&¸�[V¹�0,-KA�)3@�?É;�?8<C2�L�?D@�AB<E2B+ )32B?8nä;�0H@�?D[`¹�0Yn�º
<>?8n±O A&?8?,O�?,\ 1 \>O±¿ Úb-K)3;�Jm?D¸HO �8ÁHÁNÂ Ã�(*XZ?8<CXZ?8@
)3; nzÀYJML�?8<E?8@8O
�:Á,ÁHÁ Å�XZ0H@z¹�@B0N),nèn�<>A�Jm+ A�AB<E0H; A�0H;è2�L�?8AB?�µ�@B0H¹�->?D[�AD\
R�A�[�?D;N2B<>0,;�?:n�O�2�L�?zµ�L�¸YA&<KJD),-�1H@B0H+�; nY<>;�1�LN¸�µ�032�L�?mº
AB<KAe¿�a�@B0�0,ÇYA8O �8ÁHÁ gHÅVnY0,+ ¹Y2�A`2BL ?e; ?8Jm?:ABAB<E2I¸�0,X�AB¸�[`º
¹�0,-><KJ`@�?Dµ @B?:A&?8;H2M)y2�<E0H; AD\�a�+Y2#<CXb2BL�?8¸É·b0H+�-KnG¹�?`;�?:J�º
?:ABA�)3@�¸�2�L�?D¸ÉABL�0,+ ->nÉ¹�?V¹�032�LiAB<C2�+ )y2�?8nG),; nz?D[`¹�0Yn�º
<>?8nÆ¿ Úb-K)3; JD?D¸,O �:Á,ÁNÂ Å�\ePW;�2BL�<KA�A&?:J�2B<>0,;¾)inY?m» ; <C2�<E0H;
0,X±A&¸�[V¹�0,-KA]·�<>-E-�¹�?
1H<E=H?D;`2BL )32¤<KA*¹�0,2BL�AB<C2�+ )y2�?8n�)3;�n
?8[V¹�0YnY<E?:n�XZ@B0H[ )3;z)31H?D;N28ã A�µ�0H<E;N2
0,X'=�<>?D·#\

�±ª��¶ª§©�ª ���$�¾´�¯ :´§³ �%��� �b¯ � �
.�)3@�<>0,+ A�A�Jm<>?D;N2B<KAI2MAbXZ@B0H[�2BL�?�?8[V¹�0�n�<E?:n�JD0,1,; <C2�<E=H?

A�Jm<>?D;�Jm?�» ?D-KnÆ)HABAB+�[�?G2�L )y2z·�L�?D;ÍA&¸�[V¹�0,-KAeA&L�0H+�-Kn
¹�?�;�?8JD?8A�AB),@B¸l2B0�nY?8A�Jm@�<E¹�?¤JD0,1,; <C2�<E0H;±O:2BL�?8¸�A&L�0H+�-Kn#¹�?
n�?m» ;�?:nV)HA�A&2B@�+ J�2�+�@M)3-HJD0,+�µ -E<>;�1HA'Jm0H;�;�?:J�2B<>;�1�0,¹YÎI?:J�2�A
2�0Ì2�L�?D<>@ÉJD)32B?D1H0,@�<E?:A�¹ )HA&?:nè0H;�2BL�?8<E@ÉAB?D; AB0,@�<>[�0,2B0H@
µ @B0,ÎI?8J�2�<E0H; A�¿�Úb->),; Jm?8¸,O �8ÁHÁNÂ Ã6FG)32B+�@M)3; )�),; n�.�)3@�?D-K)�O
�:Á,Á f,Å�\'S�L�?D@�?�<>A8OyL�0y·�?D=,?8@8Oy),-E@�?8)HnY¸#)�nY?D» ;�<E2B<>0,;�03X/)
AB¸�[V¹�0,-Y2�L )y2�Jm0,[�?:A*=,?8@B¸VJD-E0NA&?�2�0VAB+ JML�)#AI2�@B+ Jm2B+�@M)3-
JD0,+�µ -E<>;�1 \�S�L�<KA#)3-E2B?8@B;�)y2B<>=,?�nY?D» ;�<E2B<>0,;�AI2�?D[�A�XZ@�0,[
2�L�?#·�0,@�Ç�03X](]?D<>@�JD?�¿�(]?D<>@�JD?,O �8Á���� º �:Á�	3Ä Å�\
(]?D<>@MJm?,ã A�2�L�?D0H@B¸ ?mc�2B?8; n�A�2�L�?ÍAB?D[�<>032B<KJDA¾03XGhl?

À�)3+ A�A&+ @B?H\ .�L�<>-E?ih�?�ÀY),+ A�A&+�@�?ÉnY?m»�;�?8A�)�A&<>1,;�),A
L�)6=N<>;�1�)�[�?8)3; <E;�1É¿Z2BL�?�Û�á Ý ß á ��Ô�à8Å�)3; nz)`XZ0,@�[ ¿Z2BL�?
Û�á Ý ß á ��ÔmÑ&ÅÆ¿§h�?ÍÀY)3+�ABAB+�@�?,O �:ÁNÂ �Å�O�(]?8<E@MJm?�)3-KAB0È<>;Yº
JD-E+�nY?8A*<E2�A�@B?8->)32B<>0,;`2B0�)�@B?DXZ?D@�?D;N28\]R�AB<E1H;�JD0,; AB<>A&2�A]0,X
·�L�)y2VL�?�J8)3->->AV)�ÑBÔ�Õ/ÑBÔmÛmÔDß æWÒyÓ�ÔDß O�á�ß æWÔmÑ Õ/ÑBÔmæWÒyß�æ¤)3;�n



	

),;eÖ,×��DÔMåmæ \*S�L�?8AB?�)3@�?�nY?D» ;�?:n`)HA'XZ0,->-E0y·
A�¿ ÚbL ),; nY->?D@:O
�:Á,Á �Å�Ï

� ��#'®"�$�%��¬/%� � ��¬�� 2�L�?
XZ0H@B[ ·�L�<KJML�2BL�?�A&<>1,;�2M)3ÇH?8A
¿Z;�0,2
;�?8JD?8A�AB),@B<>-E¸�[�)32B?D@�<K)3-�Å�\

«m¬/ �N® #'®"�N%��¬/�� \E\>\]2BL�?�AB?D;�A&?�[�),nY?�0,X�2�L�?�A&<>1,;¶\
� ��� ��³3�� 2�0�·�L�<>JML�2BL ?�A&<>1,;e@B?DXZ?D@MAD\

RlJ8Jm0,@MnY<>;�1e2B0G(]?8<E@MJm?HO±2BL ?�A&<>1,;�<KA�JD),-E->?8n�)�Û�ÜyÓ��
×MÖyØ¶<CX
2�L�?�@�?Dµ @B?:A&?8;H2M)3[�?D;�<>;¾@�?D-K)y2�<E0H;�2B0�<C2MAV<>;N2B?D@Bº
µ�@�?m2M)3;N2¤<KA¤?8<C2�L�?D@�)3@�¹�<E2B@M)3@�¸V0,@�Jm0H;N=H?D;N2B<>0,;�)3-><�38?8n�ONA&0
2�L )y2�2BL�?�@�?D-K)y2�<E0H; A&L <Eµ�[V+ A&2�¹�?�-E?:)3@�;�?8n±\'PW;�2BL�<KA�@�?mº
ABµ�?:J�2�2BL ?e@�?Dµ @B?:A&?8;H2M)3[�?D;äJm0H+�->nÌ¹�?HO¤XZ0H@�<E; A&2�),; Jm?HO
)e·�0,@Mn�º�XZ0H@B[â),A#+ AB?8n�<>;�->),;�1,+�)31,?H\�S�L�?�<>;H2�?D@�µ�@�?mº
2M)3;N2�JD0,+�-Kn�¹�?�=�<E?8·b?:n ��),A�)3;�0,2BL�?8@�@�?Dµ @B?:A&?8;H2M)y2�<E0H;
·�L�<KJML�<KA�@B?DXZ?D@�@B?:n�2B0�2�L�?#AB),[�?�0,¹YÎI?:J�2 ��¿
�¤Jm0�O �8ÁNÂ d�O
µ±\�d Ä Åm\�S�L�?�0,¹�ÎI?8J�2�J8)3;�¹�?�=�<>?D·�?8n�),A�)eµ�L�¸YAB<>J8)3-
0H¹YÎI?8Jm2l<E;i2BL�?`@B?:)3-�·b0H@B-Kn�O�¹�+Y2�[�)6¸É)3-KAB0�¹�?�)3;i),¹Yº
A&2B@M),Jm2B<>0,;±O¤),;Ë<E;N2B?8@B;�)3-�AI2M)y2�?e0H@�)3;�0,2BL�?8@�A&<>1,;±\ËPW;
2�L�?
?mcYµ�?D@�<E[�?8;H2MAbn�?8A�Jm@�<E¹�?8n�¹�?D->0y·#O,2�L�?l0H¹YÎI?8Jm2�A¤·�<E->-
¹�?�µ�L�¸YA&<KJD),-¤0H¹YÎI?8Jm2�AV),; n�2BL ?�<>;H2�?D@�µ�@�?m2�),;N2�·�<E->-b¹�?
@�?Dµ�@�?8AB?D;N2�?8n�¹�¸�)�JD)32B?81,0,@�¸�2BL )32�<>A'XZ0H@B[�?:n�XZ@�0,[�2�L�?
=�<KA&+ ),-�<E;N2�?D@M),J�2�<E0H;�0,X])�@�0,¹�032�·�<C2�Le2BL�?#@�?8),-�·b0H@B-Kn�\
^lX�2B?8;Ì2�L�?e2B?D@�[ AB¸N[`¹�0H-�<>A�+ AB?8nÌ2B0�nY?8;�032�?�2�L�?

@�?Dµ�@�?8AB?D;N2M)3[�?D;±OY?H\ 1�\EO'¿ ^�nY1H?D;É)3;�n ��<>JML�)3@Mn�ADO �8Á f � Ã
Ê�)3@�; ),n�O �:Á,Á�� Å�\�FG)3;�¸�A�Jm<>?D;N2B<KAI2MADO á�ß�åDØ_Þ àyá�ß Ý
	 ÔDá�ÑBåMÔDO
2�?D; nG2B0 � [�<KA&+ AB?,ã�2�L�?�2B?D@�[�AB<E1H;G·�L�?D;�@�?mXZ?D@�@�<E;�1�2B0
2�L�?�@B?8µ�@�?8AB?D;N2�),[�?8;±\�Ê
0y·�?D=H?D@:O�2BL ?�A&<>1,;�·�),A�0H@B<>13º
<>; )3->->¸ÆnY?m»�;�?8nU¹�¸Í(]?8<E@MJm?�)HAe2BL�?èæ Ñ�á§Ò,à3á§å¾Ñ�ÔmØEÒ3æ�á§Ö3ß
¿�ÚbL )3; n�-E?8@8O �8ÁHÁ �Å�\'PW;�2BL <>A�µ ),µ�?8@�æ � Ô�æ�Ñ�á§ÒHàyá§å`á�ß æWÔDÑ �
Õ/ÑBÔmæWÒyæ á§ÖyßäÖIÐ�æ � Ô�Û�á Ý ß¾áKÛ�ÒHà,ÖMÕ�æWÔ�à�Ò6Û�æ � Ô�àHÔ �¤ß á�æ á§Öyß
Ö&Ð�æ � ÔzÛMÜyÓ�×MÖyØ_O�µ�@�0y=�<>nY?:n�2�L )y2�2BL ?É@B?8µ�@B?:A&?8;N2�)3[�?8;
0,X�2�L�?lAB<E1H;�<KA*?8<C2�L�?D@¤),@B¹ <C2�@�),@B¸�0H@�Jm0H;N=H?D;N2B<>0,;�)3-><�38?8n�\
PW;è0H@�n�?D@�2�0½nY<KAI2�<E; 1,+�<KA&Lè2BL�<KA�n�?m» ;�<E2B<>0,;èXZ@B0H[ 2�L�?
2�@�)HnY<C2�<E0H; )3-�<>;H2�?D@�µ�@�?m2�)32B<>0,;±O]2�L�<KA�),-C2�?D@�; )y2�<E=H?�<>;N2B?D@Bº
µ�@�?m2M)y2�<E0H;�03X�2BL ?�AB¸N[`¹�0H-�ABL ),-E-�¹�?�JD),-E->?8n�)�ÛmÔDÓ�á§Öyæ á§å
Û�ÜyÓ�×�Ö3Ø_\
R
-KA&0�)�[�0,@�?eX§)3[�<E-><K)3@�2B?8@B[�<>;�0,->0,1H¸¾<KA�),nY0HµY2B?:n�\

� 0,->-E0y·�<>;�1äÀ�2B?D?8->A8O
2�L�?�@B?8µ�@�?8AB?D;N2�),[�?8;è<KAeJ8)3->-E?:nÆ)
ÐmÖ3Ñ�Ó`O�2BL ?`<>;N2B?D@�µ�@�?m2M)3;N2�)GÓ�ÔMÒyß�á�ß Ý )3; nÉ2BL�?`0,¹YÎI?:J�2
)eÑBÔ�ÐmÔmÑ�Ômß�æ�¿�ÀN2�?D?D-KA
),; nzQ#)3µ�-K)3;±O �:Á,Á,Á Å�\
S�L�?�A&<>1,;�¿Z0H@GA&?8[�<E0,2B<KJ�AB¸�[V¹�0,-�Å�<>AÉ0,X�2B?8;Í<>-E->+ A&º

2�@�)32B?8n�),A�)�ÛDÔmÓ�á§Öyæ á§å�æ Ñ�á§Òyß Ý Ø>Ô#A&+�JML�),A�2�L�?�0,;�?�<>;Yº
2�@B0YnY+ JD?8n½¹�¸Æ¿ ^�nY1H?D;Ë)3; n ��<KJML )3@Mn�A8O �:Á f � Å�\ËS�L�?
2�@B<K)3;�1H-E?�nY<KA&µ ->)6¸H?8n�L ?D@�?�¿Z» 1,+�@�? � Å�0,; -E¸Vn�<
�/?D@MA'XZ@B0H[
2�L�?`0H@B<>1,<>; ),-¶0,; ?V<>;�<E2�A�2B?8@B[�<>;�0,->0,1H¸��6\�S�L�?�n�032&2�?8n
 ��ò
�'ü1��ìIò�ôMò6ü��±ð�û�ëyôMï�ü6ù��8÷�ï ð���ð�òyôMõ3ü6ð_ô	��ï ôMñ��mó ë6ì�ó ìIï ñ %���� �

FORM

MEANING

SIGN

REFERENT

��<>1,+ @B? � \ S�L ?�AB?D[�<>032B<KJ�2B@�<>),;�1,->?i<>->-E+ A&2B@M)y2�?8A�2BL ?
@B?8->)32B<>0,; A�2BL�)y2VJm0H; A&2B<E2B+Y2�?�)zAB<E1H;±\ .�L ?D;�2BL�?�XZ0H@B[
<>A�?8<C2�L�?D@�)3@�¹�<C2�@�),@B¸�0H@�Jm0H;N=H?D;N2B<>0,;�)3-><�38?8n�O¤2BL�?iAB<>1,;
JD)3;z¹�?#<E;N2�?D@�µ�@B?D2B?:n�)HA�)�AB¸�[V¹�0,- \

-E<>;�?�<>;�2�L�?�»�1,+�@�?�<>; nY<KJD)y2�?8A�2BL )32V2BL ?�@�?D-K)y2B<>0,;�¹�?mº
2I·b?8?D;�XZ0,@�[¼)3; n�@�?mXZ?8@B?8;H2�<KA�; 032`),-E·�)6¸YA�?mcYµ�-><>JD<C2�-E¸
0,¹ AB?D@�=y)3¹�->?,\

��ª �±ª ��ª����!� � �$��¬'´§¬ ��¯�� � �$��¬'´§¬ �
S�L�?¤2B?8@B[ Ó�ÔMÒ3ß á�ß Ý @�?-,N+�<>@B?:A±A&µ�?8JD<>),-H)32&2B?8;N2B<>0,;±\�P�2

L ),A�¹�?D?8;¾¿§),; nÉAI2�<E->-¶<KAMÅ�A&+�¹�ÎI?8J�2l2B0�[V+�JMLzn�?D¹ )32B?�<>;
µ�L�<>-E0NA&0Hµ�L�¸e),; nz2BL ?`Jm0H1,;�<E2B<>=,?�A�Jm<>?D;�Jm?8Al<E;i1,?D; ?D@M)3- \
S�L�<>A�·�0,@�Ç�2�@B<>?8Al2B0znY<KAI2�<E->-*)�nY?D» ;�<E2B<>0,;�03X¤[�?8),;�<>;�1
2BL )32l<>AlA&+�<E2�),¹�->?#·�<C2�L�<E;e2�L�?VJm0H;N2B?mc�2
0,X�2�L�?�Jm+�@�@�?D;N2
<E;�=,?:AI2�<E1N)y2�<E0H;±\
R�JDJm0H@�n�<E;�1�2B0#(]?8<E@MJm?HO3)�AB?D[�<>032�<>J�A&¸�[`¹�0H-�ã A][�?8)3;�º

<E;�1É),@B<KA&?:A�<E;�<C2MA#<>;H2�?D@�µ�@�?m2�)32B<>0,;ä¿ ÚbL ),; nY->?D@:O �8ÁHÁ NÅm\
RlA�A&+�JML�2BL�?e[�?8),;�<E; 1�)3@�<KA&?:A�XZ@�0,[ 2BL ?�µ�@�0YJm?:ABAV03X
A&?8[�<>0HAB<KADO�·�L�<>JML�<KA�2BL ?�<E;N2�?D@M),J�2�<E0H;�¹�?m2I·�?D?8;�XZ0,@�[eO
[�?:)3;�<>;�1�)3; n#@�?mXZ?8@B?8;N28\�S�L <>A�[�?8)3;�A±2�L )y2�2BL�?�[�?8)3;�º
<E;�1ÉnY?8µ�?8; n�A#0H;�L 0y·j2BL ?�A&?8[�<>032�<>J�AB¸�[V¹�0,-*<KA#Jm0,;�º
AI2�@B+ Jm2B?:n�),; n�·�<E2BLz·�L )32�XZ+�; J�2�<E0H;±\�S�L�<KA�<>A�JD0,[�µ )3º
@�),¹�-E?�2�0�2BL�?�;�0,2B<>0,;z03X'[�?:)3;�<>;�1�2BL�)y2
<KA�µ�@�0,[�<E; ?D;N2
<E;�?D[`¹�0YnY<>?8n�Jm0H1,;�<E2B<>=,?�ABJD<E?8; Jm?HOy·�L�?D@�?�[�?:)3;�<>;�1�nY?mº
µ�?8; n�A
0H; �I2�L�?#·�)6¸�·b?#µ�?D@MJm?8<E=H?�2BL�?V0y=,?D@M)3->-�A&L�)3µ�?
03X�2�L�<E; 1HA�\E\>\�)3; nÆ¹N¸ä2�L�?�·�)6¸ä·b?�<E;N2�?D@M),J�2e·�<C2�L
2BL�<>;�1HA
·�<C2�Le0H+�@�¹�0�n�<E?:A �z¿�4�)3ÇH0 �]O �8Á,Ä�Â O�µ±\¤f Á f,Åm\
À�0�O�2BL�?�[�?8),;�<E; 1½0,X�AB?D[�<E0,2B<KJ�AB¸�[V¹�0,-KAzJD)3;È¹�?

=N<>?D·�?8nË)HA�)�XZ+�; Jm2B<>0,; ),-l@�?D-K)y2B<>0,;ä¹�?m2I·�?D?D;�)�XZ0H@B[
)3; n )Æ@�?mXZ?8@B?8;N28\ S�L <>A�@�?D-K)y2�<E0H;¥<KA�¹ ),AB?8n¥0,; ),;
)31,?8;N28ã Al¹�0YnY<E->¸G?Dc�µ�?D@�<>?D; JD?`)3;�nG<>;H2�?D@M),Jm2B<>0,;G·�<E2BL�)
@B?DXZ?D@�?D;N28\lS�L ?V?mcYµ�?D@�<E?8; Jm?V03X¤)3;�)31,?8;N2
<>A�¹ ),AB?8nz0H;
<C2MA`L <>A&2B0H@B¸�03Xl<>;N2B?8@�)HJ�2B<>0,;�AD\ �¤),JML�<>;N2B?8@�)HJ�2B<>0,;�¹�?mº
��� � ö±ôMù¤ôMûWó ýyôMõ�õ �`ý6ù�ì&ü`ð�ò6ù�ó�ì&ôMü�÷	�� � #(� � ��ò�ôMü6ü6ð ó�ð�÷�ò!�Yó�ë6ì(�
û&ôMõ�õNó�ë6ì*ñ�ì&ôMò6ð�ò1��ô�"$# �&%(' #)" � # #�$  $�#�$�*,+&$ �



d

2I·b?8?D;U)3;È)31,?8;N2e)3;�nÆ)½@B?DXZ?D@�?D;N2zJ8)3;È),J�2�<E=y)32B?�<C2MA
µ ),A&2¤?Dc�µ�?D@�<>?D; JD?8A*¹�@�<>;�1,<>;�1�XZ0,@B2BL�)�;�?D·Ë?mcYµ�?D@�<E?8; Jm?H\
S�L�?
·�)6¸�2BL�?:A&?l¹�0YnY<>-E¸`?mcYµ�?D@�<E?8; Jm?:A*)3@�?�@�?Dµ @B?:A&?8;H2�?8n
)3; n�[�?8[�0H@B< 3D?:nGXZ0H@B[ 2BL�?�<E;N2B?8@B;�)3-�@�?Dµ�@�?8AB?D;N2M)y2B<>0,;
03X�2BL�?�[�?:)3;�<>;�1 \�S�L�?�)HJ�2�+ )3-*<>;N2B?D@M),Jm2B<>0,;�¹�?D2I·b?8?D;
)3;�)31H?D;N2�)3; nË)�@�?mXZ?8@B?8;H2 ��nY?m»�;�?8A8ã�2�L�?zXZ+�; Jm2B<>0,; ),-
@B?8->)32B<>0,;±\
PW;É2BL�?�?mcYµ�?D@�<E[�?8;H2�nY?8A�Jm@�<>¹�?:nÉ¹�?8-E0y·#O/@�0,¹�032MAlnY?Dº

=,?8-E0Hµ�)`AB¸YAI2�?D[�03X'A&?8[�<>032�<>J�A&¸�[`¹�0H->A¤2BL�@�0,+ 1,L�JD0,[�º
[V+�; <>J8)y2B<>=,?ä<>;H2�?D@M),Jm2B<>0,; A�JD)3->->?8nj-K)3; 1,+ ),1,?¾1N)3[�?8A8\
S�L�?
@�0,¹�032MA*L )6=,?�)#=H?D@�¸VAB<E[�µ�->?
¹�0�n�¸�),; n�JD)3;�0H;�->¸
=�<>AB+ )3->->¸Ì<>;H2�?D@M),Jm2�·�<C2�L�0,¹YÎI?:J�2�A�)3; n�O�<>;�µ�@�<E; JD<Eµ -E?HO
µ�0H<E;N2�)y2�2�L�?D[ ¹�¸�0H@B<>?D;N2B<>;�1z2�0y·�),@�n�A�2�L�?�0H¹YÎI?8Jm2�A8\
PW;È2BL�?�-K)3;�1H+ )31H?i1H),[�?8A8O�JD0,[�[V+�; <>J8)y2B<>0,;Í<>Az0H;�->¸
+ AB?8n�2B0V; )3[�?l)#=�<KA&+�)3->-E¸�nY?m2�?8J�2�?8n�@�?mXZ?8@B?8;H2�¿Z<>;�JD),AB?
03X�2�L�?�ABµ�?8)3ÇH?D@�Å�)3;�nË2B0½1,+�?:ABA�·�L )y2e=N<KAB+ )3->-E¸ËnY?Dº
2B?:J�2B?:nÉ@�?mXZ?D@�?D;N2�2BL ?VA&µ�?8),Ç,?8@�; )3[�?8A`¿Z<>;GJD)HA&?�03X]2�L�?
L�?8),@B?8@MÅm\iS�L�?�XZ+�; J�2�<E0H;Æ¿Z0H@�Þ�ÛDÔV<E; .�<E2&2�1,?8; AI2�?D<>;±ã A
2B?8@B[�<>;�0,->0,1H¸YÅl03Xb2BL�<KA�; ),[�<>;�1e<>A�0H;�->¸z2B0eXZ0YJm+ A�2�L�?
L�?8),@B?8@8ã A�)32&2B?8;N2B<>0,;�2B0y·�)3@Mn�A*)�@�?mXZ?8@B?8;H2�A&+ JML�2�L )y2�<C2:O
XZ0,@�<E;�AI2M)3; JD?,O�JD),;¾1,0G2B0i0H@`µ�0,<>;N2�)32V2BL ?�@�?mXZ?8@B?8;H2:\
S�L�?i[�?:)3;�<>;�1Ì0,X#2BL�?�A&?8[�<E0,2B<KJiAB¸N[`¹�0H-l<>;ÆAB+ JMLÆ)
Ý Þ ÔmÛMÛ�á�ß Ý�Ý ÒyÓ�Ô
<KA�Jm0,;�=H?D¸,?:ne¹N¸É),;i)31H?D;N28ã A
µ�?D@MJm?8µYº
2B<>0,;±ObJD)y2�?D1H0,@�<�3:)y2B<>0,;�),; n�; ),[�<>;�1�03X�2BL ?�@�?mXZ?8@B?8;H2:O
2B0H1,?m2�L�?D@�·�<E2BL±OY<>;zJD),AB?�03X±2�L�?�L�?8),@B?8@8OY)3;e)3µ�µ @B0Hµ�@B<Eº
)y2�?�@�?8)HJ�2B<>0,;¶\]À�+�JML�[�?8)3; <E;�1NA¤[�)6¸�JML )3; 1,?�n�¸N;�)3[�º
<>J8)3->-E¸�0y=,?8@l2�<E[�?�)HA�2BL�?�@�0,¹�032MA�¿§=�<>AB+ )3->->¸YÅ�<>;N2B?8@�)HJ�2
[�0,@�?�·�<E2BLe2�L�?#@B?DXZ?D@�?D;N2�A8\
S�L�<>A�+ AB?�0,XV[�?8),;�<E; 1Ì[�)6¸Ë;�032ÉA&?8?D[ @�?8),-E<KAI2�<>J,O

¹�?:JD),+ A&?�2BL�?eJm0H[�[`+�;�<KJD)32B<>0,;�03XlAB?D[�<>032�<>J�AB¸�[V¹�0,-KA
L )6=,?�;�0�[�?8),;�<E; 1�·�<E2BLe@�?8ABµ�?:J�2�2B0�2BL ?#@B0H¹�0,2�A8ã�AB+�@Bº
=�<E=y)3-�),A8O�XZ0,@�<E; A&2�),; Jm?HO#µ�0H<E;N2�?8nU0,+�2i¹�¸ ¿ ��<E?8[�Ç,?
)3; nèÀYL )3@�Ç,?8¸,O�f,g,g � Å�\èa�+Y2�<C2�<KA�=,?8@B¸Ì[V+ JML�AB<E[�<Eº
->),@�2B0�2BL�?z·�)6¸�<>;YX§),;H2MA�A&?8?D[ 2�0�JD0,; A&2B@�+ J�2�[�?8),;Yº
<E; 1HA�+�µ�0,;�2BL ?D<>@�» @�A&2#=�<>AB+ )3-*?8; Jm0H+�;N2B?8@�·�<E2BL�AB0,[�?
0,¹YÎI?:J�2:\ÍS�L�<KA�<KA�;�<KJm?D->¸Ì<>->-E+ A&2B@M)y2�?8nä¹�¸½)�AB?D@�<E?:A�03X
?mcYµ�?D@�<E[�?D;N2MA�@�?Dµ�0,@B2B?:nÉ<>;½¿§S�0,[�)HA&?8-E->0�),; nGa�)3@B2B0H;±O
�8ÁHÁ NÅm\¾PW;½2BL�?:A&?e?mcYµ�?D@�<E[�?D;N2MADOb<E;YX§),;N2�A�)3@�?eABL�0y·�;
)�O�XZ0,@�2BL ?D[zO�;�0y=,?8-±2�0y¸�2�0,1,?D2BL�?8@�·�<E2BL�)3;G<>;�=,?8;H2�?8n
; )3[�?�¿Z< \ ?H\EOY)�; 0,;Yº�?mcY<KAI2�<E;�1V·b0H@�n ÅmONAB+ JML�)HA �&2B0,[�) ��\
R�X�2�?D@�2BL )328O�2BL ?�2B0y¸z<KA
L�<Kn�nY?8;�),; nz2BL ?V<>;YX§)3;N2�A�)3@�?
@B? ,N+�?8A&2B?:n�2�0�»�; n`2BL�? �I2�0,[�) � \ �¤=,?D;`<CX�2BL ?D¸VnY0�;�0,2
Ç�;�0y·¾·�L�?8@B?¤2BL�?b2B0y¸#<KA¶L <>n�n�?D;±Oy2�L�?�<E;�X§)3;N2�A')3@�?¤=H?D@�¸
A&+�JDJm?:ABA&XZ+�-�<>;Ì@�?8Jm0H1,;�< 3D<>;�1É2�L�? �I2�0,[�) �É·�L ?D;¾2�L�?D¸
» ; n�<E28\¤ÀY0 O�)3-E2BL�0H+�1,L�2BL ?�JML�<>->n�@B?8;�)3@�?
;�032b¸,?m2�)3¹�->?
2B0G1H@�)HA&µ�2BL ?�?D;N2B<>@�?�[�?:)3;�<>;�1É0,Xb2�L�?�2B0y¸ä¿�2�L�?D¸�nY0
;�032�Ç�;�0y·#O�XZ0,@�<E;�AI2M)3; JD?,O�·�L )32l2BL ?D¸GJD),;i0H@�ABL�0,+�-Kn
nY0�·�<C2�L`<E2MÅmO32�L�?D¸�µ @B?:A&+�[�),¹�-E¸�n�0�XZ0H@B[jAB0,[�?�[�?8),;Yº

<>;�1eXZ0,@�2�L�?�0,¹YÎI?:J�28\�S�L�<KA�[�?8)3; <E;�1e<KA#A&0H-E?8-E¸É¹ )HA&?:n
0H;z2BL�?`<E;�X§)3;N2�A8ã�=�<KA&+�)3-¶<>;N2B?8@�)HJ�2B<>0,;z·�<E2BL±O/)3;�nGJD)32B?mº
1H0,@�<�3:)y2�<E0H;�0,X�2BL�?l2B0y¸H\]k�)y2�+�@�),-E->¸,ON·�L�?8;�2BL�?�<E;�X§)3;N2�A
XZ+ @&2�L�?D@�<>;H2�?D@M),Jm2�·�<E2BLi2BL�?�0,¹YÎI?:J�2:O�?,\ 1 \>O�¹�¸Éµ�-K)6¸�<E; 1
·�<E2BLi<C2:O�2BL ?D¸e?mcYµ )3;�ne2BL�?8<E@
[�?:)3;�<>;�1�03X]2�L�?�0,¹�ÎI?8J�2
),; n�2BL�?8¸�JD0,[�?�2B0�-E?:)3@�;�[�0H@B?�03X'<C2MA�XZ+�; Jm2B<>0,; A8\
RlA �/<E?8[�ÇH?�)3; n À�L )3@�Ç,?8¸jnY0 O�0H;�?Ë[�<>1,LN2¾A&2B<>-E-

),@B1H+�?G2�L )y2z@�0,¹�032�AzJ8)3;�;�0,2�+ AB?�A&?8[�<>032�<>J�AB¸N[`¹�0H->A
[�?:)3;�<>;�13XZ+ -E->¸,O�AB<E;�Jm?�2BL ?D¸U)3@�?�; 032G@�0N0,2B?:nÆ<>;U2BL�?
@�0,¹�032ä),A�2�L�?È@B0H¹�0,2�A¾),@B?Æn�?8AB<E1H;�?8n�@M)y2�L�?D@Ì2BL ),;
ABL ),µ�?:n�2�L�@B0H+�1,Lâ?D=H0,->+Y2B<>0,;â0,@Uµ�L�¸YA&<KJD),-�1H@B0y·�2�L
¿ ��<>?D[�Ç,?i),; n�À�L ),@BÇH?D¸,O�f3gHg � Ã���<>?D[�Ç,?HO �:Á,Á,Á Å�\ÍPW;
2�L )y2*@�?8ABµ�?:J�2:Oy2BL�?8¸VJm0H;N2B<>;N+ ?,Oy2�0�n )6¸�ã A'@B0H¹�0,2�A]nY0�;�032
+�A&?�A&?8[�<E0,2B<KJiAB¸N[`¹�0H->A�[�?8),;�<E; 13XZ+�->-E¸HOlAB<E; JD?i·�L )32&º
?8=,?8@]2�),ABÇ�2�L�?D¸`[�<E1HLH2�L�)6=,?�AI2�?D[�A]XZ@�0,[¥<E2�A¤nY?8AB<E1H;�?D@
0H@�<>A
<E;e2BL ?#L�?8)Hn�0,X])�L�+�[�)3;e0,¹ AB?D@�=,?8@8\ .�<E2BLz2BL <>A
<>;�[�<>; n�O,<C2*·�<>-E-�¹�?�)HABAB+�[�?8n�2BL )32'@�0,¹�032MADOy0H; Jm?b2BL ?D¸
J8)3;�Jm0H; A&2B@�+ J�2�AB?D[�<E0,2B<KJ�A&¸�[V¹�0,-KA8Oy2BL�?8¸VnY0�AB0�[�?:)3;Yº
<>;�1,XZ+�-E->¸,\�S�L�<KA�)HABAB+�[�µY2B<>0,;Ë<KA�[�),n�?z2B0�<>-E->+ A&2B@M)y2B?
L 0y·¾@B0H¹�0,2�A]JD),;`JD0,; A&2B@�+ J�2*AB?D[�<E0,2B<KJbAB¸�[V¹�0,-KA'[�?:)3;Yº
<>;�1,XZ+�-E->¸,\zS�L�+ A8O�Jm0H; A&2B@�+ J�2�<E;�1GAB?D[�<>032�<>J�AB¸�[V¹�0,-KA�<>A
JD0,; AB<KnY?D@�?8ne),A
)�;�?:Jm?:ABA�)3@�¸�Jm0H; nY<E2B<>0,;�XZ0,@
[�?:)3;�<>;�13º
XZ+ -�AB¸N[`¹�0H-
+ AB?,O�¹�+Y2�;�0¾AI2�@B0H;�1�Jm-K)3<>[�A�)3@�?z¹�?8<E;�1
[�)HnY?�0H;�·�L�?D2BL�?8@�2BL�<KA�<>A�)�A&+�&�JD<E?8;N2�JD0,; n�<C2�<E0H;�XZ0,@
[�?:)3;�<>;�13XZ+ -¶A&¸�[`¹�0H-�+ A&?H\

�±ª��¶ª��¶ª�� � ���8´�³ ��� �%��� �¤¯�� ��®y¯�²'¬'°�´�¬��
Rln�0,µY2�<E;�1Ë(]?D<>@MJm?,ã A�2�@B<K),nY<KJG; 032B<>0,;Æ03X`)½A&¸�[V¹�0,-

L�),AÌ)32Ì->?8),A&2¾2I·�0¥),n�=6),;N2�)31H?8A8\ ^�;�?Æ),n�=6),;N2�)31H?
<KAÉ2�L )y2�0,;�?¾[�)6¸È)3@�1,+�?�2�L )y2G2�L�?ÌAB?D[�<>032B<KJ¾AB¸�[`º
¹�0,-�<KA�Õ ÔmÑ�àHÔ �¤ß á�æ á§Öyß½1,@�0,+�; n�?8n�O�¹�?8JD),+ AB?É2BL�?G2B@�<Cº
)HnY<KJ�@�?D-K)y2�<E0H;Í¿Z< \ ?,\>O�2BL ?eAB?D[�<>032B<KJeA&¸�[V¹�0,-�Å�)3->@B?:),nY¸
¹�?8),@�A`2�L�?GA&¸�[`¹�0H-�ã A�[�?:)3;�<>;�1�·�<C2�LË@B?:A&µ�?8Jm2`2�0�@�?mº
),-E<E2I¸,\ RlAe[�?8),;�<E; 1¾<>AenY?D» ;�?8nÆ¹�¸Ì2�L�?iXZ+ ; J�2�<E0H; )3-
@�?D-K)y2�<E0H;U¹�?D2I·b?8?D;È2BL�?¾XZ0,@�[eO#[�?:)3;�<>;�1è)3;�nÍ@�?mXZ?8@&º
?8;N28O'0,;�?�[�<>1,LN2V)3@�1,+ ?`2�L )y2V2BL�?�+�A&?�0,X�AB+ JML�A&?8[�<Cº
0,2B<KJ�A&¸�[`¹�0H-E<KJ�AI2�@B+�J�2B+ @B?:A �B)3@�?�[�?8)3; <E;�1,XZ+�-Y2�0#¹�?81,<>;
·�<E2BL �½¿ 4¶)3ÇH0 �]O �8ÁHÄNÂ O]µ±\ ��Â f,Å��3\¾Ê
?8; Jm?�2BL ?eAB¸�[`º
¹�0,-/1H@B0H+�; nY<>;�1�µ�@�0,¹ -E?8[ <KA�;�0V->0,;�1H?D@b@B?8-E?8=6),;N28\]k
032
¹�?8J8)3+ AB?�AB¸N[`¹�0H->AlnY0�;�032
?DcY<>A&2l)3;�¸�[�0,@�?�)HA�)3@�1,+�?:n
¹�¸HO�?,\ 1 \>O�a�@B0�0,ÇYA8O]¹�+Y2�¹�?:JD)3+�A&?�2BL�?zA&?8[�<E0,2B<KJ�AB¸�[`º
¹�0,-KA*)3@�?�)3->@B?:),nY¸#[�?:)3;�<>;�13XZ+ -�\]S�L�<KA*nY0�?8A];�0,2][�?:)3;±O
L 0y·b?8=,?D@:O�2�L )y2#2�L�?D@�?�<>A�;�0zµ�@B0H¹�->?D[â),;�¸N[�0H@B?HO�2BL�?
AB¸�[V¹�0,-]1,@�0,+ ; nY<>;�1�µ�@�0,¹ -E?8[ <KA�;�0e-E0H;�1,?8@�)�ÐMÞYß�à,Ò �
Ó�ÔDß æWÒyØyµ�@�0,¹�->?D[ 03X/<E;N2�?D@�µ�@B?D2B<>;�1#A&¸�[`¹�0H->A*[�?:)3;�<>;�13º
��� ÷Mó�ìbó�ëyô�ó/�YôMø�÷���ü6÷8ìIù]ò:÷Mó*ìWí:î6õ�ð�ûIð ó�õ �#ôMî6î:õ ��ó�ë6ð�ù
	Dý6÷Mó ì¤ó ÷
ù ìIñ�ð�÷Mó ð�ûbù �8ñ�ú3÷�õ�ù��Hú6ý:ó�ë:ð�ù�ôMï ��ý6ñ�ìIòmó�ð�ù*ù ð�ñ�ð�õ_ôMï�ó�÷�ó�ë6ì�÷�ò:ì
ìIí8î6ï�ì&ù�ù ìIü�ë6ìIï�ì"�



Â

XZ+�->->¸,\iS�L�?�µ�@�0,¹�->?D[ <>AV@B?:nY+ JD?8n�2B0i2BL�?�µ�@�0�JD?8A�A#03X
AB?D[�<>0HAB<>A8O ·�L�<KJMLÉ<KA�nY?D» ;�?:nÉ¹�¸z(]?8<E@MJm?�)HA�2�L�?V<>;N2B?D@Bº
)HJ�2B<>0,;�¹�?m2I·�?D?8;�2BL ?�@�?mXZ?D@�?D;N2:O'[�?:)3;�<>;�1�),; n�XZ0H@B[z\
S�L�?äA&?8[�<E0NA&<KA�J8)3;j¹�?Ì=�<>?D·�?8nj)HAG2�L�?äµ�@B0YJD?8A�AG03X
JD0,; A&2B@�+ J�2�<E; 1�2BL ?�AB?D[�<>032B<KJl2B@�<>),;�1,->?,\'PW[�µ�-E?8[�?D;N2B<>;�1
2�L�<>A�<>;�),+Y2B0H;�0,[�0,+�A�AB¸YAI2�?D[�ADO�L 0y·b?8=,?D@:O @�?D[�),<E; A�)
L ),@�n�µ�@�0,¹ -E?8[e\zS�L�<KA�µ�@�0,¹ -E?8[ ABL )3->-�¹�?�),n nY@B?:ABAB?8n
)HAl2�L�?`Õ � Ü6ÛMá§åMÒ3Ø�Û�ÜyÓ�×MÖ3Ø Ý Ñ�ÖyÞYß�à3á�ß Ý Õ�ÑBÖH×mØEÔDÓ ¿§.*0,132:O
f,g,g,g,¹�Å�),; n#·�<>-E-�¹�?¤2�@B?:)y2B?:n�),A')�2�?8JML�; <>J8)3-�µ�@�0,¹�->?D[z\
S�L�?iµ LN¸YAB<>J8)3-�A&¸�[V¹�0,-�1,@�0,+�;�nY<E; 1¾µ�@�0,¹�->?D[ <KA�)

JD0,[V¹ <E; )32B<>0,;ä03X�2BL ?Gµ�L�¸YA&<KJD),-�1,@�0,+�; n�<E;�1�µ @B0H¹�-E?8[
),; n�2BL�?eA&¸�[V¹�0,-b1,@�0,+�;�nY<E; 1eµ @B0H¹�-E?8[z\eP�2�<>AV¹ ),AB?8n
0H;�2BL ?�<KnY?:)�2�L )y2
AB¸N[`¹�0H->A�ABL�0,+ ->n�¹�?�1,@�0,+ ; nY?8n±O�JmXI\
¿�Êl)3@�; )Hn�O �8Á,Á gHÅb)3; n�2BL ?#<>nY?:)`2BL )32�2�L�?D¸eA&L 0,+�-Kn�¹�?
1H@B0H+�; nY?:n½¹�¸½µ�L�¸�AB<KJD)3-�)31,?8;N2�A�2�L )y2�<>;N2B?8@�)HJ�2�·�<E2BL
2�L�?Ë@B?:)3-�·b0H@�n±O�JmXI\ ¿§a�@B0�0HÇ�A8O �8Á,Á gHÅm\ S�0ÈAB0,->=,?
2�L�?bµ LN¸YAB<>J8)3-NA&¸�[V¹�0,-N1,@�0,+ ; nY<>;�1lµ�@�0,¹ -E?8[eO:2�L�?¤2�L�@�?D?
µ�L�),AB?8Ab03X¶AB¸N[`¹�0H-/1,@�0,+�; n�<E;�1V<>nY?8;N2B<E» ?8n�¹�¸�Ê�)3@�; ),n
¿ �8Á,Á gHÅ�)3@�?GA&2B<>-E-�@B?8-E?8=y)3;N28\US�L�?G;�?Dc�2�A&?:J�2�<E0H;�·�<E->-
ABL�0y·�L�0y· 2BL�?:A&?�µ�L )HA&?:A�¿§<>JD0,;�< 38)32B<>0,;±O*nY<KABJD@B<>[�<E;�)yº
2�<E0H;�)3;�n�<KnY?D;N2�<C»�J8)y2�<E0H;�Å�JD)3;�¹�?#[�0YnY?8-E?:n�<>;e)�Jm0H;Yº
JD@B?D2B?�?mcYµ�?D@�<E[�?D;N2:\
S�L�?�A&?:Jm0,;�n�),nY=y),;H2M)31H?¤<KA¶2�L )y2'2BL ?�AB?D[�<>032�<>J�A&¸�[�º

¹�0,-�<KA�AB<E2B+ )32B?8n½)3; n½?D[`¹�0YnY<>?8n±\¾P�2�ABL�0H+�->nÌ¹�?É)HJ�º
,N+�<>@B?:n�2BL @B0H+�1,LeA&0H[�?�<>;H2�?D@M),Jm2B<>0,;�¹�?m2I·�?D?8;�)`µ�L�¸�A&º
<KJD),-l)31H?D;N2�)3; nË<E2�A�?8;�=N<>@�0,;�[�?D;N2:\ÍS�L�<KA�)3->->0y·
A�2B0
JD0,;�;�?:J�2�A&?8[�<E0,2B<KJ�AB¸�[V¹�0,-KA`·�<E2BLä?D[`¹�0YnY<>?8näJm0H1,;�<Eº
2�<E0H;±\
À�0�Jm0H; AI2�@B+�J�2B<>;�1�AB?D[�<E0,2B<KJ�A&¸�[V¹�0,-KAÉ<KAz@B? ,N+�<E@�?8n

XZ0H@�Jm0,[�[`+�;�<KJD)y2�<E0H;±\ ��=,?8@B¸z2�<E[�?�)zAB?D[�<E0,2B<KJ�A&¸�[�º
¹�0,-�<KA�+ A&?:n�O�<C2�<KAË¿Z@�?mºIÅIJm0H; A&2B@�+ J�2�?8nj¹�¸�<E2�A�+ AB?D@:\
R�A�)e@�?8AB+�-E28O/2BL ?�AB?D[�<>032�<>J�AB¸N[`¹�0H->A�),@B?�;�032#A&2�)y2�<>J,O
¹�+�2][�)6¸VJML�)3;�1H?�nY¸�; ),[�<>J8)3->-E¸�·�L ?D;�?8=,?D@'2�L�?�)31,?8;N2&º
?8;N=�<>@B0H;�[�?D;N2¶<>;N2B?D@M),Jm2B<>0,;#@�?-,N+�<>@B?:A¶AB0 \�PW;`Jm0H[�[V+�;�<Eº
J8)y2B<>0,;�2BL�?�XZ0H@B[%; ?D?8n A�2B0�¹�?�JD0,;�=,?8;H2�<E0H; )3->< 3D?8ni¿§)3-Eº
2�L�0,+�1HL`A&2B<>-E-�),@B¹ <C2�@�),@B¸�2B0#AB0,[�?�?mc�2B?8; n Å�\ �¤A&2�),¹�-><>ABLYº
<>;�1�JD0,;�=,?8;N2B<>0,; A�),¹�0H+Y2�)iAB?D[�<E0,2B<KJ�AB¸�[V¹�0,- ã AVXZ0,@�[
<>;�@B?8->)32B<>0,;�2�0V<E2�Ab@B?DXZ?D@�?D;N2¤<KA�µ ),@&2�<>JD+�->),@B->¸�+ A&?DXZ+�-�XZ0,@
2�L�?�<>;�=y)3@�<>),;H2e<>n�?D;N2B<E»�JD)32B<>0,;È03X�2�L�?�@B?DXZ?D@�?D;N28\%R�A
)i@B?DXZ?D@�?D;N2`<KA�µ�?8@�JD?D<>=,?8nÌnY<
�/?D@�?D;N2�-E¸�+�;�nY?D@�=y)3@�¸N<>;�1
JD<E@MJm+�[�A&2�),; Jm?:ADO�<E2�[�)6¸É¹�?�J8)y2B?81,0H@B< 3D?:nGnY< ��?8@B?8;H2�-E¸H\
R�Al·�<>-E-]¹�?�A&L�0y·�;¶O�-K)3;�1H+ )31H?V+ AB?VL ?D->µ A�2B0e<>nY?8;N2B<EXZ¸
2�L�?GA&?8; AB<E;�1�0,X�2�L�?G@�?mXZ?8@B?8;H2MA�<E;�=y)3@�<K)3;N2B->¸,\ÆS�L ?D@�?mº
XZ0H@B?HO�<E2�<>A�),A�AB+�[�?8nz2�L )y2�[�?8)3; <E;�1zJm0,º ?8=,0H-E=H?8A�·�<E2BL
2�L�?�->),;�1,+ ),1,?z¿�ÀN2�?D?8->A8O �8ÁHÁNÂ )HÅ�O±AB+ JMLi2BL )32�[�?:)3;�<>;�1
J8)3;½),->AB0i¹�?z=�<E?8·b?:n½)HA�)�Jm+ -C2�+�@�),-�+�;�<E2�JmXI\È¿
�¤JD0 O
�:ÁNÂ dNÅ�\¤À�<>[�<E-K)3@�)3@�1,+�[�?D;N2MA�L )6=,?�¹�?D?D;Éµ +Y2
XZ0,@�·�)3@Mn
2�0�?mcYµ�-K)3<>;�=6),@B<>0,+�A�),ABµ�?:J�2MA�03X#-K)3;�1H+ )31H?zn�?D=,?8-E0HµYº

[�?8;N28O AB?D?HO�?,\ 1 \>O±¿�.�L�0H@&XIO �8Á�	 d�Ã 4¶),Ç,0 �'O �8ÁHÄNÂ Å�\

��ª �±ª��¶ª �±²!� � ��® �
PW;¥2BL�<KA�AB+�¹ AB?8Jm2B<>0,;¥)ÍnY?m»�;�<C2�<E0H;j03Xe)èA&?8[�<E0,2B<KJ

A&¸�[V¹�0,-�L ),A
¹�?8?D;G),n�0,µY2�?8n�2BL )32lµ�@�0y=�<>nY?:A
)3;É),-C2�?D@Bº
; )y2�<E=H?�2B0�2BL ?�2B@M),n�<C2�<E0H; )3-]nY?m»�;�<C2�<E0H; A8\�R�A#Úb-K)3;�Jm?D¸
L ),A�)3@�1,+�?:n�OH)VA&¸�[V¹�0,-�·�<E2BL�<>;�2BL ?l?D[`¹�0YnY<>?8n�Jm0,1H;�<Eº
2B<>0,;Vµ�)3@M),nY<>1,[�ABL�0,+�-Kn#¹�?�AB0,[�?�AI2�@B+�J�2B+ @�),-NJD0,+�µ�-><>;�1
¿ Úb-K)3; JD?D¸,O �:Á,Á�Â Å�\�S�L�?�AB?D[�<>032�<>J�nY?m»�;�<C2�<E0H;Vµ�@�0y=�<>n�?8n
¹N¸�(]?8<E@MJm?b¸�<E?8->n�A')�AI2�@B+ Jm2B+�@M)3-�Jm0H+�µ�-><E; 1�¹�?m2I·�?D?8;�2BL ?
@B?:)3-�·b0H@B-Kn¾0H¹YÎI?8Jm2�),; nÌAB0,[�?e<E;N2�?D@�; )3-�@�?Dµ�@�?8AB?D;N2�)3º
2B<>0,;�¿§0,@�)`AB?D;�A&0H@B<>[�032B0H@¤),Jm2B<>=y)y2B<>0,;�µ )y2B2B?D@�;�ÅmON?:A&µ�?mº
Jm<K)3->-E¸�<>;e2BL�?#µ @B0YJm?:ABA�0,X'AB?D[�<>0HAB<>A8\
À�<>; JD?�2�L�?ÉA&?8[�<E0,2B<KJ�AB¸�[V¹�0,-�<>A�nY?D» ;�?:nÌ¹�¸¾)�@B?Dº

->)32B<>0,;G¹�?m2I·�?D?8;i)�XZ0,@�[zO/[�?:)3;�<>;�1�),; nÉ@�?mXZ?8@B?8;H2:O�<E2�A
[�?:)3;�<>;�1G<KA�),;�<>;N2B@�<E;�A&<KJ�µ�@�0,µ�?D@B2I¸G¹�?8)3@�<>;�1z2BL�?�@B?Dº
->)32B<>0,; 2B0U2�L�?è@�?8)3-�·�0,@�-Kn�\ Ê
?8; Jm?HO�<C2äJm0,+ ->n ¹�?
)3@�1,+�?:nÆ2�L )y2i2BL�?ÌAB?D[�<>032�<>J¾AB¸�[V¹�0,-�<KAGµ�?D@�nY?m»�;�<Cº
2B<>0,;Ë1,@�0,+�;�nY?8nä)3; n½2�L�?GA&¸�[`¹�0H-
1,@�0,+�;�nY<E; 1�µ�@�0,¹�º
-E?8[ <KA�;�032�@�?D->?D=y)3;N2�)3;�¸�[�0H@B?H\'Êl0y·b?8=,?8@8OH2BL�?8@B?#A&2B<>-E-
@B?8[�),<E;�A�2BL�?Éµ�@�0,¹ -E?8[ 03X�Jm0H; AI2�@B+�J�2B<>;�1�)�A&?8[�<E0,2B<KJ
A&¸�[V¹�0,- \ �
)32BL�?8@É2BL ),;¥)äXZ+�; n )3[�?D;N2�),-`µ @B0H¹�-E?8[zO
2BL�<KA�·�<>-E-¤¹�?�2�@B?:)y2�?8n�),A#)zL ),@�n�2�?8JML�;�<KJD),-�µ�@�0,¹�->?D[
)3; n�<E2�<>A�)Hn�nY@�?8A�A&?:n`)HA'2BL�?�Õ � Ü6Û�á§åMÒyØ�Û�ÜyÓ�×MÖ3Ø Ý ÑBÖyÞYß/à"�
á�ß Ý Õ/ÑBÖ,×DØEÔDÓ`\#S�L�?�A&?8[�<>032�<>J`A&¸�[`¹�0H->A�),J!,N+�<>@�?#2BL�?8<E@
[�?:)3;�<>;�1Ì2BL�@�0,+�1HLËµ�?8@�JD?DµY2�<E0H;Æ)3; n�J8)y2�?D1,0H@B< 38)32B<>0,;
),AV)Gµ�@B0YJD?8A�A�2BL )32�JD0,;�=,?8¸�A#2BL�?eA&?8[�<>032�<>J�A&¸�[V¹�0,-KA8ã
; )3[�?8A�2B0�2BL�?#@�?mXZ?8@B?8;N2�A�2BL ?D¸�A&2�),; n�XZ0,@:\
R�A¤)3@�1,+ ?8n�ON)3; n�)HA]2BL�?l?mcYµ�?8@B<>[�?D;N2�),- @�?8AB+�-E2�A*·�<>-E-

@B?8=,?8),-�O�AB?D[�<E0,2B<KJlAB¸�[V¹�0,-KAb),@B?�Jm0,;�AI2�@B+ Jm2B?:n�[�0HA&2b?mX�º
»�Jm<>?D;N2B->¸�<>;ÆJm0H[�[`+�;�<KJD)32B<>0,;±\ 4¶)3; 1,+ ),1,?GnY?8=,?D->0,µ�º
[�?8;N2�1,<>=,?:A�@�<>AB?z2B0�2�L�?inY?8=,?8-E0Hµ�[�?D;N2�03X#[�?8),;�<>;�1
)3; ne=�<>JD?�=,?D@MA�)�\

�±ª���°!�'#'8´�� � � ��¬ ��²!� ��� � � � �$�

�±ª�©�ª����±¬/ �!�H:´§³ �¾¯¶° �$�§´�¬���¯ � ����¬ ��²!� ��� ����¯��§²��
8´�¯�¬

� @B0H[ 2�L�?`AB?8JD0,; neL ),-CX�0,X'2�L�? �:Á,Á g,A8OY@B?:A&?:)3@MJMLe)32
2BL�?�.*@�< ÎI?¾9l;�<>=,?D@MAB<C2�?D<E2iab@�+ A�A&?8-�)3; nÈ)y2É2�L�?ÌÀ�0H;N¸
Úb0,[�µ�+Y2�?D@jÀYJm<>?D;�Jm? 4�)3¹�0,@M)y2�0,@�¸ <>;â(*)3@�<KA�<>AÆXZ03º
Jm+ A�A&?:nz0,;e2BL ?VAI2�+ nY¸�03X*->),;�1,+�)31,?�0H@B<>1,<>; A�)3;�n�?8=,0,º
-E+Y2�<E0H;±\�S�L�?8AB?�AI2�+ nY<>?8A�),@B?�¹ )HA&?:ni0H;i2�L�?zØEÒyß Ý Þ Ò Ý Ô
Ý Ò3Ó�Ô�[�0YnY?8-l),A�µ @B0Hµ�0NA&?:nÌ¹�¸½ÀN2�?D?8->AG¿ �8ÁHÁ d3¹�Å�\ËPW;
2BL�<KAe[�0YnY?8-�->),;�1,+ ),1,?¾Þ�ÛDÔ�<>A�2BL ?�JD?D;N2B@M)3-�<>A�AB+�?i<>;
->),;�1,+ ),1,?�nY?8=,?D->0,µ [�?8;N2V),A#L )HA#¹�?D?D;�L�¸�µ�0,2BL�?:A&< 3D?:n
¹N¸½2BL ?�� X§)32BL�?8@�03X#-K)3;�1H+ )31H?z1H)3[�?:ADã/.�<E2&2�1,?D;�AI2�?D<>;
¿ �8Á 	3Ä Å�\'À�2B?D?8->A�LN¸�µ�032�L�?8AB<�38?8nV2BL�@�?D?�[�?8JML�)3;�<KA&[�A'XZ0H@



Ä

->),;�1,+�)31,?�nY?8=,?D->0,µ [�?8;N28Ï
åmÞYØCæ�ÞYÑBÒ3Ø�á�ß æWÔmÑ�Ò,åDæ�á§Ö3ß O±á�ß/àyá �
ç8á§à3Þ ÒyØ]Ò,à,ÒMÕ�æWÒyæ á§Öyße)3; niÛDÔmØ Ð �&Ö3Ñ Ý Òyß á��:Ò3æ�á§Ö3ß \
PW;�2�L�<>A
[�0YnY?8-�O�)31,?8;N2�A�L )6=,?�)�[�?8JML ),;�<>AB[�2�0�?mc�º

JML )3; 1,?
µ ),@&2MA�0,X�2�L�?D<>@�=,0YJD),¹�+�-K)3@�¸�·�<C2�L�?8)HJML�032�L�?D@:O
JD),-E->?8n`Jm+�-E2B+�@M)3-N<>;H2�?D@M),Jm2B<>0,;±\ .�L ?D;V; 0y=,?D-�AB<C2�+ )y2�<E0H; A
0YJDJm+ @�<>;¥)è-K)3; 1,+ ),1,?�1H),[�?,O`),1,?8;H2MAiJ8)3;j?Dc�µ�)3; n
2BL�?8<E@z->?mcY<KJm0,;�AD\jPW;È),n�n�<C2�<E0H;±O�2BL ?D¸Ë?D=y)3->+ )32B?i?:),JML
� ABµ�?D?8JMLÉ)HJ�28ã 0,;�2BL�?8<E@
? ��?:J�2�<E=H?D;�?:ABA�·�L�<KJML�2BL�?8¸�+ AB?
2B0VA&2B@�?D; 132BL ?D;�0,@*·�?8),Ç,?D;�+ AB?8n�XZ0H@B[�º�[�?:)3;�<>;�1#),A�AB03º
Jm<K)y2�<E0H; AD\�S�L ?8AB?�[�?8JML�)3;�<KA&[�A�),@B?�JD),-E->?8n�<E;�nY<E=�<KnY+ ),-
),n�),µY2�)32B<>0,;±\jRl-C2�L�0,+ 1,LÆ),1,?D;N2MA�L )6=,?É¹�?D?8;è<>[�µ -E?Dº
[�?D;N2B?:n`·�<E2BL�[�?8JML ),;�<KA&[�A�2BL )32*[�0YnY?8-Y-E0YJ8)3-�¹�?8L )6=Nº
<E0H@8OYAB+ JMLz),A�Jm0,[�[`+�;�<KJD)y2�<E; 1V2�0�),;�032�L�?D@�)31H?D;N2�),; n
<E;�nY<E=�<KnY+ ),-/)Hn�)3µ�2�)y2�<E0H; A8O32BL ?�<E2B?8@�)32B<>=,?lJD0,[V¹ <E; )32B<>0,;
03X�2�L�?8AB?�[�?:JML )3; <>AB[�A�¸�<E?8->n A�2�L�?�?D[�?D@�1,?8; Jm?G0,X`)
1,->0,¹ ),-lJm0HL�?D@�?D;�Jm?É<>;Ë2BL�?i),1,?8;H2MADã¤->),;�1,+ ),1,?H\ÆS�L�<KA
µ�@�0�JD?8A�A�<>A�=H?D@�¸�A&<>[�<E-K)3@�2B0�2�L�?#A&?8-CX�º�0,@�1H),;�<�38<E; 1�µ�L�?Dº
;�0,[�?8; )¾2�L )y2zL )6=H?G¹�?8?D;Í0,¹ AB?D@�=,?:n�<E;Í[�)3;�¸Ë¹�<E0,º
-E0H1,<KJD),-�O/µ�L�¸YA&<KJD),-'),; niJD+�-E2B+�@M)3-*AB¸�A&2B?8[�A`¿�(�@�<E1H0,1,<>;�?
)3; njÀ�2B@�?D;�1H?D@MADO �:Á,Ä �Ã�Fi)6¸N;�)3@Mn�ºWÀY[�<E2BL�),; njÀ�38)3º
2BL�[��),@B¸HO �8ÁHÁ�	 Ã�FG)32B+�@M)3; )�),; n�.�),@B?8->) O �8ÁHÁ f,Åm\]ÀY?D-EX�º
0,@�1H),;�<�3:)y2�<E0H;�<KA�2�L�0,+�1HLN2
2B0�¹�?`)�¹�),AB<>J#[�?:JML )3;�<KAB[
03X*Jm0H[�µ -E?Dc�nY¸�; )3[�<KJD),-±A&¸YA&2B?D[�A8\
S�L�?b),¹�0y=H?*[�?:JML )3; <>AB[�A±XZ0H@¶->?mcY<>JD0,;Vn�?D=,?8-E0Hµ�[�?D;N2

L )6=,?�¹�?D?D;i2B?:AI2�?8n�?mc�2B?8; A&<>=,?8-E¸z+�;�nY?D@#nY< ��?8@B?8;N2#AB?m2Bº
2B<>;�1HA�¹�¸È2BL�?½@B?:A&?:)3@MJML�?D@MAz<E; ab@�+ A�A&?8->Ai)3; nj(*),@B<KA
2B0�<E;�=H?8A&2B<>1H)y2�?�=y)3@�<E0H+ AV)HA&µ�?8Jm2�A`03X
->?mcY<KJm0,;Ì0,@�<E1H<E; A8O
?D=H0,->+Y2B<>0,;�)3;�nÈn�?D=,?8-E0Hµ�[�?D;N28\âS�L�?8AB?¾),ABµ�?:J�2MAÉ<E;�º
Jm->+ nY?½ØEÔ��Há§åMÖyß�ÐmÖyÑ�Ó�Òyæ á§ÖyßÈ¿�ÀN2�?D?8->A8O �8ÁHÁ d,¹�Å�O�ØEÔ��Há§å�Ö3ß
àyÜyß/ÒyÓ�á§å�ÛG¿�À�2B?D?8->A�)3; nËFGJDPW;N2I¸N@�?,O �8ÁHÁ,Á Å�O�Ó`ÞYØ_æ á Õ�Ø>Ô
� ÖyÑBà Ý ÒyÓ�Ô�Û�¿Z.�),; 4±0�0y=,?8@B?8;±O �8ÁHÁ,Á Å¶),; n�ÛMæWÖ:å � Ò6Û�æ�á§å �
á�æ�ÜÉ¿ ÀN2B?8?D-KAV)3;�n�Q#),µ�-K)3;±O �:Á,ÁHÄ Å�\�Rl-E-¤2BL�?:A&?�?DcYµ�?8@B<Eº
[�?D;N2�A�@�?D=,?:)3- 2BL )32b2�L�?�-K)3; 1,+ ),1,?
1N)3[�?
[�0YnY?D-*¿§),->AB0
JD),-E->?8n�2�L�?Vß/ÒyÓ�á�ß Ý#Ý ÒyÓ�Ô�<>;�@B?8->)32B<>0,;�2B0V-E?Dc�<KJm0H;�XZ0,@Bº
[�)y2B<>0,;�Å�<>A�)�AI2�@B0H;�1�[�0�n�?D-±2�0�?mcYµ�-K)3<>;z-E?DcY<>JD0,;eXZ0,@Bº
[�)y2B<>0,;ä<>;Ì2�?D@�[�A�0,Xl2BL ?e;�+�@B2B+ @B?eµ )3@M),n�<E1H[e\½S�L�?
[�0�n�?D-�<KA*=,?8@B¸`A&<>[�<E-K)3@]2�0�2�L�0HAB?�2BL�)y2�L )6=H?b¹�?D?8;�A&+ Jmº
Jm?:ABA&XZ+�->-E¸�AI2�+ nY<>?8n�¹�¸HO,?,\ 1 \>O/¿§a�)y2M)3-><�O �8Á,ÁHÄ ÃY^�-E<>µ�L ),;H2:O
�8ÁHÁ,Á Ã�Q�<>@�¹N¸�)3; neÊ
+�@BXZ0,@Mn�O �:Á,Á�Â Å�\]P�2lJD0,;N2B@M),A&2�A�2�L�?
; )y2�<E=�<KAI2V),µ�µ�@�0H)HJMLi),nY=H0YJD)y2�?8ni¹N¸HO±?,\ 1 \>O¤¿�ÚbL�0,[�ABÇN¸HO
�8ÁHÄ g�ÃY(¤<E;�ÇH?D@
),; n�a�->0�0,[zO �8ÁHÁ g�ÃYa�<KJMÇ,?D@B2B0H;±O �8ÁHÁ,Ä Åm\
S�L�?�)3¹�0y=,?V[�?:JML )3;�<KAB[�A�2�0z?mcYµ�->0,@�?`->?mcY<KJm0,;iXZ0,@Bº

[�)y2B<>0,; L )6=,?Í¹�?8?D; ?mc�2B?8; nY?:n�2B0 <>; Jm->+ nY?U[�?8),;Yº
<E; 1 Jm@�?8)32B<>0,;¼¿ZL�?8; Jm?�[�0YnY?D-><>;�1 AB¸N[`¹�0H-G1,@�0,+ ; n�º
<E; 1NÅ�\¾S�L ?�?mc�2�?D;N2B<>0,;½@B?:A&+�-E2B?:n�<>;½)G[�0YnY?8-�0,X�àyáKÛ �
åmÑ�á�Ó�á�ß�Ò3æ�á§Ö3ß Ý ÒyÓ�Ô�Û�¿ ÀN2B?8?D-KADO �:Á,Á dHJ8Åm\�S�L ?�[�?:JMLYº
)3;�<KAB[�Ai0,;U·�L�<KJMLU2BL�?½nY<>A�Jm@�<>[�<>; )32B<>0,;U1H),[�?:AG)3@�?
¹ ),AB?8nä)3@�?�=H?D@�¸¾A&<>[�<E-K)3@�2�0i2�L�0HAB?�0,Xl2�L�?z->),;�1,+ ),1,?

1N)3[�?8A8Ï�Ò Ý Ômß�æ �&ÔDß ç:á�ÑBÖyß�Ó�ÔDß æeá�ß æWÔDÑBÒ,åDæ�á§Ö3ß O�á�ß�àyá�ç:á§à"�
Þ Ò3Ø�Ò,à,ÒMÕ�æWÒyæ á§ÖyßG),; n�ÛDÔmØ Ð �&ÖyÑ Ý Òyß�á��8Ò3æ�á§Ö3ß \�R
1,?8;N2�A�)3@�?
1H<E=H?D;�)�[�?:JML )3;�<KAB[U2B0�µ�?8@�JD?D<>=,?b2BL�?8<E@*?8;N=�<>@B0H;�[�?D;N28\
Rl;�032�L�?D@�[�?8JML�)3;�<KA&[ ),-E->0y·
AV2BL�?8[ 2B0�),n�),µY2�2BL�?8<E@
[�?8[�0H@B<>?8A8\âS�L ?D¸ÍJ8)3;jJD0,; A&2B@�+ J�2G; ?D·¼JD)y2�?D1H0,@�<E?:A
2�L )y2�XZ0,@�[ 2�L�?Ì¹ )HA&<KAÉ0,X�2�L�?¾[�?8),;�<>;�1 OV),; nÈ2BL ?D¸
J8)3;¾)Hn�)3µY2#2�L�?D[¼¹ )HA&?:n�0,;�2BL ?D<>@�+ AB?�<E;�1H@B0H+�; nY?:n
-K)3; 1,+ ),1,?e1H)3[�?:AD\�S�L�?É?8=,0,->+Y2�<E0H;½0,X�[�?8),;�<E; 1�+�AIº
<>;�1Ë2�L�?8AB?�[�?8JML ),;�<>AB[�Az<>Ai)3;U?D[�?D@�1,?8;N2zµ @B0Hµ�?8@&2I¸
0,X�2�L�?VAB<E[�µ�->?#<>;H2�?D@M),Jm2B<>0,;z)3; nz),n )3µY2M)y2B<>0,;�ADO�AB0�2BL�?
2�?D@�[âAB?D-EX�º 0H@B1N)3;�< 38)32B<>0,;�<>A�<>;�µ�->)HJm?H\�S�L�?�nY<KABJD@B<>[�<Cº
;�)y2B<>0,;`1H),[�?¤[�0YnY?8-�L ),A�¹�?8?D;�AI2�+ nY<>?8nVAB?Dµ�)3@M)y2B?8-E¸�<>;
AB<>[V+�-K)y2�<E0H; A�¿�À�2B?D?8->A8O �8Á,Á d,J:Åb),; nz0,;z[�0,¹ <E->?�@�0,¹�032�A
¿§.*0,1,28O �:Á,Á,Ä ¹±ÃYhl? !H0,; 1�),; ne.*0,132:O �8ÁHÁ,Ä Åm\
^l2BL ?D@G?Dc�µ�?D@�<>[�?8;N2�AzL )6=H?�¹�?D?8;�nY0,;�?�<>;U·�L�<KJML

2�L�?�nY<KABJD@B<>[�<E; )32B<>0,; 1H),[�?ÍL ),AË¹�?D?8; JD0,+�µ -E?:n�2B0
2�L�?V;�)3[�<E; 1�1H),[�?#<>;GAB<E[`+�->)32B<>0,; A`¿§h�? !H0,;�1�O�f3gHg,g Ã
a�?8-Eµ ),?D[�?,O*f3gHg � Å�O¶0H;�<E[�[�0,¹�<>->?�@B0H¹�0,2�A�J8)3->-E?:n�2BL�?
��S')3->ÇN<>;�1lÊl?8)Hn�ADãN¿§a�?D->µ ),?D[�?¤?D2�)3- \EO �:Á,Á,Ä Ã3ÀN2B?8?D-KA¶)3;�n
Q#),µ�-K)3;±O �:Á,Á,Á Å
),; ni0H;i[�0,¹ <E->?�@B0H¹�0,2�A�¿�ÀN2�?D?D-KA#)3;�n
.*0H132:O �8Á,Á�Â Ã/.*0,1,28O±f3gHg,g,¹�Å�\�R
1N)3<>;±O±)3; ni),A�·�<E->-]¹�?
ABL�0y·�;G<>;É2�L�?`; ?mc�2�AB?8Jm2B<>0,;±O�2BL ?8AB?V?mcYµ�?D@�<E[�?8;H2MAl@�?mº
=H?8),-E?:nÉ2BL�)y2�2BL�?`2BL @B?8?`[�?8JML�)3;�<KA&[�A�)3@�?�=,?D@�¸zµ�0y·�º
?8@&XZ+ -�2�0Ì?Dc�µ ->),<E;èL 0y· ->?mcY<KJm0H; A�J8)3;è?8=,0H-E=H?É<E;ÈJm03º
?8=,0H-E+Y2�<E0H;�·�<C2�L�2BL�?�[�?:)3;�<>;�1É·�<E2BL�0H+Y2V<>[�µ�-E?8[�?D;N2&º
<>;�1V),;�¸`µ�@�<>0,@�Ç�;�0y·�->?8nY1H?�03X�2BL ?
-E?DcY<>JD0,;�)3;�n�[�?:)3;Yº
<>;�1�\
R
; 032BL ?D@V=y),@B<K)3;N2�03X�2�L�?�-K)3;�1H+ )31H?�1H)3[�?�2�L )y2`<>A

·�0,@B2BL�·�L�<>->?b[�?D;N2�<E0H;�<E; 1l<KA¶2�L�?�á�Ó`á�æWÒyæ á§Öyß Ý Ò3Ó�Ô�2�L )y2
L�),A�¹�?D?8;e+�A&?:n�2�0�AI2�+ nY¸�2BL�?�0H@B<>1,<>; A�03X]L�+�[�)3;Yº�-><EÇH?
=H0y·b?8-'AB¸YAI2�?D[�A�¿§h�?�a�0N?8@8O �:Á,ÁNÂ O±f3g,gHg,)NÅ�\�h�?�a�0�?D@
ABL�0y·�?8n½<E;ËL�<KA�?mcYµ�?D@�<E[�?8;H2MADOb2BL�)y2�)31H?D;N2�A�J8)3;ËnY?mº
=H?D->0,µ�@�?Dµ�?D@B2B0,<>@�?8A�03X�=,0y·�?D-KA�2BL�)y2`),@B?�=H?D@�¸iA&<>[�<E-K)3@
2�0�=H0y·b?8-bAB¸YAI2�?D[�AV0H¹ AB?D@�=,?8n�<>;ÌL�+�[�),;Ì-K)3;�1H+ )31H?8A8\
S�L ?8AB?�AB¸�A&2B?8[�A�?D[�?8@B1H?8n�¹ )HA&?:n�0,;�2BL ?
2BL @B?8?l[�?8JMLYº
),;�<KA&[�A'µ�@�0,µ�0HAB?8n#¹�¸VÀN2�?D?D-KA]),A�[�?D;N2B<>0,;�?:nV),¹�0y=H?,\�R
JD@B+�Jm<K)3-3X§)HJ�2�0,@±<>;#2BL ?�?mcYµ�?D@�<E[�?D;N2MADã:A&+ J8Jm?:ABA�<KA�2�L�?¤@�?mº
),-E<KA&2B<KJ#A&<>[V+�-K)y2�<E0H;z03X'2BL�?#=H0�J8)3-/2�@�)HJ�2l)3;�ne),+ nY<E2B0H@B¸
AB¸YAI2�?D[ ·�<E2BLi·�L <>JMLÉ2�L�?`),1,?8;H2MAl),@B?�[�0YnY?8-E?:n�\lP�2�<>A
<>[�µ�0H@&2M)3;N2*2B0�@�?8),-E< 3D?�2BL�)y2*<E;�2�L�?�?mcYµ�?D@�<E[�?D;N2MA];�0,;�?
0,X*2BL�?V=,0y·�?D-KA�L )6=,?#¹�?D?8;Gµ�@�?Dµ�@�0,1H@�),[�[�?:n�OY;�?8<C2�L�?D@
),@B?�2BL ?D<>@�XZ?8)y2�+�@�?8A�),Ab2BL ?`ÚbL�0,[�ABÇN¸�),; n�Ê�)3->-E?�2�L�?mº
0H@B¸�µ�@B0Hµ�0NA&?:A�¿ ÚbL�0H[�ABÇ�¸�)3;�neÊ�)3->-E?HO �8Á d Ä Åm\

��0H@e),;è0y=,?8@B=�<>?D· 03X#2�L�?�?mcYµ�?8@B<>[�?D;N2�A�2BL�)y2É)3@�?
n�0,;�? <E; a�@B+ A�AB?D-KA¥)3;�n (*)3@�<KADOèJD0,; AB+�-E2 ¿ ÀN2B?8?D-KADO
�:Á,Á�Â ¹�Åm\



Á

�¶ª �±ª � � � ����# �N®y´�� �N¬/
S�L�?�nY?D=H?D->0,µ�[�?D;N2z03X�2�L�?�->),;�1,+�)31,?i1H)3[�?:A�L�),A

@�?8AB+�-E2B?8n¾<E;ä)G[�0YnY?D-�2BL�)y2�L ),A`¹�?8?D;ä<E[�µ�->?D[�?8;H2�?8n
0H;Ì=y)3@�<E0H+ A`@B0H¹�0,2B<KJ�µ�-K)y2BXZ0,@�[�ADÏ�0,;ä[�0H¹�<>-E? 4 � ��^
@�0,¹�032MAÉ¿�ÀN2�?D?D-KAe)3; nä.*0,1,28O �:Á,ÁNÂ Å�O�0,;Ë2�L�?iS')3->ÇN<>;�1
Êl?8),n ADOy·�L�<KJML�)3@�?b<>[�[�0H¹�<>-E?�µ ),;Yº 2B<>-C2�JD),[�?D@M),A�¿§a�?D-Eº
µ ),?D[�?¾?D2�)3- \>O �8ÁHÁ,Ä ÅÉ)3; nU[�0NAI2�@B?:Jm?D;N2�-E¸È0,;�2�L�?
RlPIa�^`OV·�L�<>JML�<KA¾)UXZ0H+�@¾->?D1,1H?8n @B0H¹�0,2Æ¿§Q#),µ�->),;±O
f,g,g,gNÅ�\'S�L�?�?mcYµ�?8@B<>[�?D;N2�@B?8µ�0H@&2�?8n�L�?D@�?�<KA�¹ ),AB?8n�0,;
2�L�?�0H;�?�@B?8µ�0H@&2�?8n�<>;�¿�ÀN2�?D?D-KA�)3;�n�.*0H1328O �:Á,ÁNÂ Å�\]S�L�?
1H0H)3-Y0,X/2BL�<KA*?mcYµ�?D@�<E[�?8;H2b<>A�2BL )32�2I·b0�[�0,¹ <E->?
@�0,¹�032�A8O
1H<E=H?D;�2�L�?D<>@*¹�0�n�<E?:A*)3; nV<E;N2B?8@�)HJ�2�<E0H;�T6->?8),@B;�<>;�1�[�?:JMLYº
),;�<>AB[�ADO�nY?8=,?D->0,µË)�ABL )3@�?8nä)3; nä1H@B0H+�; nY?:nÌ->?mcY<KJm0,;
XZ@�0,[ A�Jm@M)y2MJMLä),¹�0H+Y2�2�L�?É0,¹YÎI?:J�2MA�2BL )32�2BL ?É@B0H¹�0,2�A
J8)3;¥nY?D2B?:J�2�<E; 2BL ?D<>@�?8;�=N<>@�0,;�[�?D;N2:\ S�L�<>A�[�?8),; A
2�L )y2#2�L�?�@�0,¹�032MA#Jm0,;�AI2�@B+ Jm2V)É=,0YJ8)3¹�+�-K)3@�¸É03X�XZ0H@B[�º
[�?8),;�<>;�1�)HABAB0YJm<K)y2B<>0,;�A�XZ@�0,[jA�Jm@M)y2�JMLV·�<C2�L`·�L�<KJML�2�L�?
@�0,¹�032MA±JD),;�A&+ J8Jm?:ABA&XZ+�->-E¸�Jm0,[�[`+�;�<KJD)y2�?*2BL ?¤; ),[�?:A�03X
2�L�?�0,¹YÎI?:J�2�A8\
R
-E2BL�0H+�1,LË;�0,2�)3->·�)6¸�A�[�0YnY?8-E<>;�1�->?mcY<>JD0,;Ë?D=H0,->+Yº

2�<E0H;±O6-E?Dc�<KJm0H;#1,@�0,+�;�nY<E; 1�0,;�@�?8),-3@B0H¹�0,2�A¶<>A�¹�?:Jm0H[�<>;�1
<>; Jm@�?8)HA&<>;�1H-E¸�[�0H@B?�µ�0,µ +�->),@8\l^l2�L�?D@�@B?:A&?:)3@MJML±OYL�0y·�º
?8=,?D@:OVnY0�?:Ai;�0,2�<>;�=,?8A&2B<>1H)32B?�->?mcY<KJm0,; nY?D=H?D->0,µ�[�?D;N2
XZ@�0,[¼ABJD@�)32�JML±O'¹�+Y2�),A�A&+ [�?:AV)Éµ�)3@B2V03X�2�L�?�->?mcY<KJm0,;
<KA�1,<>=,?D;¶\ �*c�)3[�µ�->?8A�),@B?V2BL�?�·�0,@�ÇÉ03X�¿�ab<>->->),@�n�)3; n
Ê�)6¸,?8A8O �8ÁHÁNÂ Ã��¤)3;�Jm0Ì),; nÆÀN2�?D<>;±O �:Á,Á � Å�<E;Æ@B0H¹�0,2&º
@�0,¹�032�JD0,[�[V+ ;�<>J8)y2�<E0H;±O 0H@`¿ �
0y¸,O�f3g,gHg�Ã/À�+�1,<E2�)�)3; n
S')3;�< ONf,g,gHgHÅ�<E;�L�+�[�)3;�º @�0,¹�032¤JD0,[�[V+�; <>J8)y2B<>0,;¶\¶P�2¤<KA
¹�?D¸H0,; n�2�L�?�A�Jm0Hµ�?�03X
2�L�<KAVµ ),µ�?8@V2�0�nY<KA�Jm+ A�A�2�L�?8AB?
@�?8AB?8),@�JML�?:A¤L ?D@�?,O�¹�+�2l)3->-�2BL�<KA
·�0,@�Ç�AB0,->=,?8A8O�2B0�AB0,[�?
?DcN2�?D; n±O�2BL�?#µ�L�¸YAB<>J8)3-±AB¸N[`¹�0H-�1,@�0,+�;�nY<E; 1`µ�@�0,¹ -E?8[e\

PW;z2BL�?`?mcYµ�?D@�<E[�?D;N2MADO�2BL�?`@B0H¹�0,2�Alµ�->)6¸z)�AB?D@�<E?:A�03X
Ý Þ Ô�ÛMÛ�á�ß ÝeÝ ÒyÓ�Ô�Û�¿�ÀN2�?D?8->A�)3; n�Q#),µ�->),;±O �:Á,ÁHÁ Å�\eS�L�?
1H+�?8A�A&<>;�1�1N)3[�?É<>A�)�=y)3@�<>),;N2�03XV)�-K)3;�1H+ )31H?É1H)3[�?
<>;�·�L�<KJML�2BL�?�L ?8)3@�?D@�2B@�<E?:A�2B0G1H+�?8A�A#·�L )32V@�?mXZ?D@�?D;N2
2�L�?
A&µ�?8),Ç,?8@';�)3[�?8A8\'FG+ JML�03X�2BL�?�µ�@�0YJm?:ABAB<E; 1�0,X�2�L�?
@�0,¹�032MAl2�L )y2�<KA#;�0,2VnY<>@B?:J�2B->¸G<>;�=,0,->=,?:ni·�<E2BL�->?mcY<KJm0,;
nY?8=,?8-E0Hµ�[�?D;N28O�-E<>Ç,?�AB?D;�A&<>;�1 O¶2B+�@�;Yº 2�),ÇN<>;�1G),; n�?D=y)3-Eº
+ )32B<>;�1�2�L�?`XZ?D?8n�¹ ),JMÇzL )HAl¹�?D?8;iµ�@�?Dµ�@�0,1H@�),[�[�?:ne<E;
)É¹�?DL�)6=N<>0,@Bº�¹ ),AB?8n�[�)3;�; ?D@:O�A&?8?�¿Z.*0H132:O¤f3g,gHg3¹�Å�XZ0,@
nY?D2�),<E-KAD\`S�L�?�AB),[�?�L�0H->n�A�XZ0H@�2�L�?�-E?:)3@�;�<>;�1�[�?8JML�)yº
;�<KAB[�A8\¶S�L�?¤@B?:),AB0,;�XZ0,@±2�L�<KA±<KA�;�032¶2B0lJD0,[�µ�-><>J8)y2B?]2�L�?
AB¸YAI2�?D[ 2�0N0É[`+ JML±O'A&0e2BL�)y2V)e·b0H@BÇ�<>;�1e?mcYµ�?8@B<>[�?D;N2
JD0,+�-Kn�¹�?�nY?8=,?D->0,µ�?8n�2B0V<>;�=,?:AI2�<E1N)y2B?lL�0y·Ë@B0H¹�0,2�A�JD)3;
nY?8=,?8-E0Hµ )Í1,@�0,+�; n�?8nj->?mcY<KJm0H;±O�1,<>=,?D;¥2BL�?Ë[�?8JML�)yº
;�<KAB[�A`?mcYµ�-K)3<>;�?:n�¹�?8-E0y·#\¾^l2BL ?D@�@B?:A&?:)3@MJML�2BL )32`<>;Yº
=H?8A&2B<>1H)y2�?8A�=y)3@�<>0,+ A�)HA&µ�?8Jm2�A�03X�2BL�?i0,@�<E1H<E; A�03X#->),;Yº

1,+ ),1,?i),; nèJm0H[�[V+�;�<KJD)32B<>0,;�2�@B<>?8A�2B0½?mcYµ�-K)3<>;èL�0y·
A&+ JMLË[�?8JML�)3;�<KA&[�A�[�)6¸½L )6=,?z?D=H0,->=,?:n�\ �*c�),[�µ -E?:A
03X�A&+�JML½@�?8AB?8),@�JML½<E;�=,?:AI2�<E1N)y2�?�2�L�?G0H@B<>1,<>; A�03X#Jm0H[�º
[V+�;�<KJD)32B<>0,;�JML ),;�;�?D-KAÉ¿���+ <E;�;¶O�f,g,g � Å�ObXZ?8)32B+�@�?ÉnY?mº
2B?8Jm2B0H@�A�¿�ab?8-Eµ�)3?D[�?HO �8ÁHÁ,Á Ål),; n�JD0,[�[V+ ;�<>J8)y2�<E0H;�)HA
A&+ JML�¿�k
0,¹ -E?HO�f3gHg,g�Ã�h�? !,0H;�1 O f,g,g,gNÅ�\
S�L�?�¹ )HA&<KJVA�Jm?8; )3@�<E0�03X¤)�1H+�?8A�AB<E;�1�1H)3[�?`<>A�<E->->+ AIº

2B@M)y2B?:nÆ<>;Æ·�L�)y2iÀN2B?8?D-KAzJD)3->-KA�2�L�?�A&?8[�<E0,2B<KJ�A ,N+ )3@�?
¿�ÀN2�?D?D-KA*)3;�n�Q#)3µ�-K)3;¶O �8Á,ÁHÁ ÅmO:AB?D?b» 1,+ @B?�fY\�S�L ?b1N)3[�?
<>Abµ�-K)6¸,?8n�¹�¸�2I·�0�@B0H¹�0,2�A8\*^�; ?l@�0,¹�032�2M)3Ç,?:A*2�L�?l@�0,->?
03X�2BL�?�ABµ�?8)3ÇH?D@:O±·�L�<>-E?�2BL�?�0,2BL�?8@#2�),Ç,?8A�2�L�?�@�0,->?�03X
2BL�?�L�?8),@B?8@8\eab0,2BL�@�0,¹�032�AVAI2M)3@B2VA&?8; A&<>;�1z2�L�?D<>@`AB+�@Bº
@B0H+�; nY<>;�1HA8O�)yX�2B?8@�·�L�<KJMLä2BL�?�A&?8; A&0H@B¸½n�)y2M)�<>A�µ @B?Dº
µ�@B0YJD?8A�A&?:n�\'S�L <>Ab·�)6¸`2BL ?�@�0,¹�032MA¤),J-,N+�<E@�?l)`Jm0,;N2�?mc�2
A&?D2&2B<>;�1�\èS�L�?GA&µ�?8),Ç,?8@�AB?D->?8Jm2�A�2�L�?GA&?8; AB<E;�1�0,X�0H;�?
@B?DXZ?D@�?D;N2�),A�2BL�?#2�0,µ�<KJ3Ã�2BL ?�L�?8),@B?8@lJm0H; AB<>nY?8@�Al)3->-¶nY?mº
2B?8Jm2B?:nG@�?mXZ?D@�?D;N2MAl),A�)�µ�032�?D;N2B<K)3-�2B0Hµ�<KJ3\�S�L�?V@�0,¹�032MA
JD)y2�?D1H0,@�<�38?É2BL�?�µ�@�?Dµ�@�0YJm?:ABAB?8nËn�)32�)�Ol·�L�<>JMLÍ@B?:A&+ -C2MA
<E;�)�[�?:)3;�<>;�1e<CXb2BL�?�JD)32B?D1H0,@�<�3:)y2�<E0H;G<>A�+ AB?8ni<E;�2BL ?
Jm0,[�[`+�;�<KJD)y2�<E0H;±O3< \ ?H\EOH·�L�?D;�<E2�<>A¤Jm0,+ µ�-E?:n�2�0�)�XZ0,@�[e\
R�X�2B?8@�JD)y2�?D1H0,@�<�3:)y2B<>0,;¶Oy2BL�?�A&µ�?8),Ç,?8@¤µ�@�0YnY+ Jm?:A¤),;�+Y2&º
2B?D@M)3;�Jm?`),; nÉ2�L�?VL ?8)3@�?D@�2B@�<>?8Al2B0�<>;N2B?8@Bµ�@�?m2�2BL�<KA�+Y2&º
2B?D@M)3;�Jm?,\ .�L�?8;�2�L�?�[�?:)3;�<>;�1�03X±2�L�<KAb+�2&2B?8@�),; Jm?�)3µ�º
µ�-E<>?8A�2B0#2�L�?lJ8)y2B?81,0H@B< 38)32B<>0,;V0,X/2BL�?lAB?D;�A&?:n`@�?mXZ?8@B?8;N2�A8O
2BL�?
L ?8)3@�?D@*J8)3;�),Jm2*2B0�2BL ?
)3µ�µ�@�0,µ @B<K)y2�?b@�?mXZ?8@B?8;H2:O3XZ0H@
<E; A&2�),; Jm?HO�¹�¸�µ�0H<E;N2�<E;�1�)y2�<E28\¾S�L�?e1,+�?:ABAB<>;�1i1N)3[�?
<>A�A&+�JDJm?:ABA&XZ+�-±<EX*2BL ?VL�?:)3@�?D@
1H+�?8A�A&?:n�2BL�?`@B<>1,LN2�2B0Hµ�<KJ
XZ@B0H[j2BL ?lA&µ�?8),Ç,?8@8ã A'+Y2&2�?D@M)3; JD?,\]S�L�?
A&+�JDJm?:ABA�<>A*?8=y)3-Eº
+ )y2�?8nË<>;½2�L�?zXZ?D?:nY¹ )HJMÇ�O�·�L�<KJMLË<>A�µ ),A�A&?:nÌ¹�),JMÇ�2�0
¹�0,2BL�@B0H¹�0,2�A]AB0l2�L )y2*2�L�?D¸VJ8)3;�),n�),µY2]2BL�?8<E@*0H;H2�0,->0,1H¸
03X*JD)y2�?D1H0,@�<E?:A�¿§+ AB?8nz),A�[�?8[�0H@B< 3D?:n�@�?Dµ @B?:A&?8;H2M)y2�<E0H; A
03X'2BL�?#[�?8),;�<>;�1HAMÅ�)3; n�-E?DcY<>JD0,;±\
R�A�J8)3;G¹�?`AB?D?8;É<E;É»�1,+�@�?`fYO�·�L�?8;É2BL�?�A&?81,[�?D;N2Bº

;�0YnY?�<>Az<>1,;�0H@B?:nj¿§),-C2�L�0,+ 1,LÈ<C2É<KAÉ)Ì;�?:Jm?:ABA�)3@�¸Ë<E;Yº
2B?D@�[�?8nY<K)y2�?�A&2B?8µ�Å�O�2�L�?i1H+�?8A�AB<E;�1�1N)3[�?i),-E->0y·
A�2BL ?
@B0H¹�0,2�A*2�0VJm0H; A&2B@�+ J�2b)VA&?8[�<>032�<>JlA&¸�[V¹�0,- \]S�L�?l1N)3[�?
<>A
2BL�+ AlAB<>[�<>-K)3@�2�0�2BL�?Vµ�@B0YJD?8A�A�03X�AB?D[�<E0NA&<KA8\bPW;z2�L�<>A
µ )3µ�?D@�<E2�<KA�),A�A&+ [�?:n�2BL�)y2�[�?8)3; <E;�1�)3@�<>AB?8A¤XZ@�0,[�2BL ?
A&?8; A&<>;�1�O�AB?D1,[�?8;H2M)y2�<E0H;z),; nÉJD)32B?81,0,@�< 38)y2�<E0H;±\¤Êl?D; JD?
A&?8[�<>032�<>JÉAB¸�[V¹�0,-KA�)3@�?�<>->-E+ A&2B@M)y2�?8nä·�<E2BLä2BL�?z2�@B<K)3;�º
1,->?Ì¿�» 1H+�@�? � Å�@M)y2�L�?D@�2�L )3;è2BL�?iA ,N+ )3@�?,\ .�L�?8;Æ)
1,+�?:ABAB<E; 1�1N)3[�?�<>A*AB+ JDJD?8A�AIXZ+ -�Oy2�L�?�@�?D-K)y2B<>0,;�A�¹�?m2I·�?D?8;
XZ0,@�[eOY[�?:)3;�<>;�1�)3; n�@B?DXZ?D@�?D;N2
)3@�?l?:AI2M)3¹�-><>ABL�?:n�µ�@�0,µ�º
?D@�-E¸Æ),; nÍ0,;�?�Jm0H+�-KnÍ),@B1H+�?i2�L )y2É2�L�?¾Jm0H; A&2B@�+ J�2�?8n
A&?8[�<>032�<>JeAB¸N[`¹�0H-�<>A�+ AB?8nÌ[�?:)3;�<>;�1,XZ+�-�\½ab?8-E0y·�XZ0H-Cº
-E0y·
Ae)¾nY?D2�)3<>->?8nènY?:ABJD@B<>µY2�<E0H;è03X#2�L�?�?DcYµ�?8@B<>[�?D;N2�),-
A&?D2B+�µ�)3; nG2BL�?�1H+�?8A�A&<>;�1�1H)3[�?�[�0�n�?D- \ �¤)HJMLi¹ )HA&<KJ
µ )3@B2
03X�2BL�?�[�0YnY?8-±<>A�?DcY?D[�µ�-><C» ?:ne·�<C2�LG)3;e<E->-E+�AI2�@�)3º



� g

Segments

Meaning Meaning

SegmentsReferents Referents

SPEAKER HEARER

Sensing

Production

Sensing

Act

Application
CategorizationCategorization

Interpretation

UtteranceUtterance

Feedback

�'<E1H+�@B?èf�\ S�L�?�AB?D[�<E0,2B<KJ½A ,N+ )3@�?ä<E->-E+�AI2�@�)32B?8A�2�L�?
1,+�?:ABAB<>;�1�1N)3[�?ÉABJD?D; ),@B<>0 \½S�L�?e2I·b0�A ,H+�)3@�?8A�A&L�0y·
2BL�?Íµ�@�0�JD?8A�A&?:A�03Xz2�L�?�2I·�0jµ )3@B2B<KJm<>µ )32B<>;�1�@B0H¹�0,2�A8\
S�L�<KA�» 1,+ @B?�<KA�),n )3µY2�?8niXZ@B0H[ ¿�À�2B?D?8->AV)3; n�Q#)3µ ->),;±O
�8ÁHÁ,Á Åm\

�'<E1H+�@B? � \�S�L ? 4 � ��^�@�0,¹�032MA±<>;�2BL�?8<E@�?D;�=�<E@�0,;�[�?8;H2:\

2B<>=,?#?DcY),[�µ�-E?H\
�±ª �±ª ���!� ����# �N®y´�� ��¬/ ��� � �N8² #
S�L�? ?DcYµ�?8@B<>[�?D;N2�[�),Ç,?:A¥+ AB? 03Xè2I·�0 4 � ��^

@B0H¹�0,2�A8OyA&?8?*» 1,+ @B? � \�S�L�?¤@B0H¹�0,2�A¶),@B?¤?-,N+�<>µ�µ�?:n#·�<E2BL
XZ0,+�@�-E<>1,LN2�AB?D;�A&0H@�A8Om2I·�0
[�032�0,@MADO:)�@�)HnY<>0�[�0YnY+ -E?¤),; n
)�A&?8; A&0H@B<>[�032�0,@�¹�0N)3@Mn�\*S�L�?�-E<>1,LN2
A&?8; AB0,@MAb),@B?�+ AB?8n
2B0�nY?D2B?:J�2�2BL ?�0,¹YÎI?:J�2MA�<E;e2BL ?#@B0H¹�0,2�A8ãY?D;�=�<E@�0,;�[�?8;H2:\
S�L�?�2I·�0É[�032�0,@MA�Jm0H;H2�@B0H-*2BL ?�@�0,¹�032�A8ã±[�0y=,?8[�?D;N2�A8\
S�L�?�@M),nY<>0z[�0YnY+ -E?�<KA�+ AB?8n�2B0ÉJm0�0H@�nY<>; )32B?�2BL�?�2I·�0
@B0H¹�0,2�A8ã6¹�?8L )6=�<E0H@�A�)3; n�2B0�A&?8; nVAB?D; AB0,@]n�)32�)�2�0�)�(�Ú
·�L�?D@�?#[�0HA&2�03X'2BL�?#µ�@�0YJm?:ABAB<E; 1V2M)3Ç,?:A�µ�->)HJm?H\
S�L�?�@B0H¹�0,2�A*),@B?
AB<C2�+ )y2�?8n�<>;�)#A&[�)3->-�?8;N=�<>@B0H;�[�?D;N2

¿ f�� 	 � f�� 	���� Å�<E;#·�L�<KJML�XZ0,+�@¶-E<>1,LN2�AB0,+�@MJm?:A�)3@�?]µ�->)HJm?:n
)32�nY< �/?D@�?D;N2�L�?8<E1HLN2�A8\lS�L�?�-><E1HLN2�AB0,+�@MJm?:A
),Jm2�),A
2BL�?
0H¹YÎI?8Jm2�A¶2BL )32�2�L�?¤@�0,¹�032MA�2�@B¸�2B0�; )3[�?H\'S�L�?�nY< ��?8@B?8;H2
-><>1,LN2zAB?D;�A&0H@�A�03X#2BL ?�@�0,¹�032MA�),@B?�[�0H+�;N2B?:nè)y2e2BL�?
A�)3[�?�L�?8<E1HLN2V),A�2BL ?�nY< ��?8@B?8;H2�-><>1,LN2VA&0H+�@MJm?8A8\ �¤)HJML
AB?D;�A&0H@b0H+Y2Bµ�+�2�A�<C2MA�@B?:),nY<>;�1HAb0,;e)�ÛDÔDß�ÛDÖyÑ�Ü�å � Òyß�ß�ÔDØ_\
R A&?8; A&0H@B¸½JML )3;�; ?D-
<KA�A�)3<Kn½2B0ÆåMÖyÑ�ÑBÔmÛ Õ�Ö3ß�àz·�<E2BLÍ)
µ�)3@B2B<KJm+�-K)3@�-><E1HLN2lA&0H+�@�JD?�<EX'2BL�?VAB?D;�A&0H@�L�),A�2BL ?VAB),[�?
L ?D<>1,LN2l),A�2�L�<>A
-E<>1,LN2
A&0H+�@MJm?,\
S�L�?�1H0H),-�03X'2BL�?�?DcYµ�?8@B<>[�?D;N2�A�<KA�2�L )y2�2�L�?�@�0,¹�032�A

n�?D=,?8-E0Hµ�)�->?mcY<>JD0,;�·�<E2BL�·�L�<KJML�2BL ?D¸#JD),;�A&+ J8Jm?:ABA&XZ+�->-E¸
;�)3[�?
2�L�?�n�<
�/?D@�?D;N2b-><>1,LN2�AB0,+�@MJm?:AD\]R
-E2BL 0,+�1HL�2BL�<KAb<>A
; 032#)�@�?8),-E<KAI2�<>J�2�)HA&ÇzXZ0H@�-><E=�<>;�1e0,@�1H)3; <>AB[�AV¿Z0H@�?D=,?8;
XZ0H@b@�0,¹�032MA�ÅmOHJD0,[�µ�-><>J8)y2B<>;�1#2�L�?�2�),ABÇ�·b0H+�->n�; 032�JD0,;Yº
2�@B<>¹�+Y2�?�[`+ JML�2B0É2�L�?�<>;�=,?8A&2B<>1H)32B<>0,;�03X�L�0y· @�0,¹�032�A
J8)3;ÉnY?8=,?D->0,µe)�-E?DcY<>JD0,;�2B0�; )3[�?�2BL <E;�1NAD\
S�L�?e@B?:),AB0,; A#XZ0,@�nY?8AB<E1H;�<>;�1G2�L�?eJD0,@�@B?:A&µ�0,;�nY?D; JD?

¹�?m2I·�?D?8;j-><E1HLH2�A&0H+�@�JD?8AG),; n�AB?D; AB0,@MAG)3@�?�2I·�03XZ0H->n�\
�'<>@�A&28O*<E2`L ?D->µ A�2�L�?�0H¹ AB?D@�=,?D@V<E;Ì),; )3->¸�3D<>;�1z2BL ?�?DcNº
µ�?D@�<>[�?8;N2�A8\¤P�2lµ�@�0y=�<>n�?8A�2BL ?�0,¹ AB?D@�=,?8@�·�<C2�LG)3;z?8)HA&¸
2�0�0,-�2B0�<>;N=H?8A&2B<>1H)32B?e·�L )y2�-E<>1,LN2�AB0,+�@MJm?�2BL�?z@�0,¹�032�A
A�)6·¥¹�),AB?8n�0,;�2BL�?�AB?D; AB0,@�¸Gn�)32�)�\�ÀY?8Jm0H; nY->¸,O�<CX�2BL�?
@�0,¹�032MA�·b?8@B?`2B0z-><E=H?�<E;�2BL <>A#?8;�=N<>@�0,;�[�?D;N2#)3; n�L )Hn
2�0�n�<>A&2B<>;�1,+ <>ABL�2BL ?�-><E1HLN2�AB0,+�@MJm?:A#XZ@�0,[¼?8)HJML¾032�L�?D@
<>;�0,@MnY?8@`2�0¾A&+ @B=�<>=,?,O�?D=H0,->+Y2B<>0,;ä[�<E1HLN2�L )6=,?ÉJm0H[�?
+ µe·�<E2BLÉ)�AB<E[�<>->),@�=N<KAB+ )3-±),µ�µ )3@M)y2�+ A8\

�¶ª ��ª�����¬!�8´�¬��	���%� ��� ��¬/%�Y:´§¯�¬�� ¬�° � �$�Y:²¶®"� � � �
D®"��³,8´§¯�¬

RlAË)j» @�A&2�AI2�?Dµ�2�0y·�),@�n�A½A&0H-E=�<>;�1j2�L�?UA&¸�[V¹�0,-
1H@B0H+�; nY<>;�1�µ�@�0,¹�->?D[zOY2�L�?#@�0,¹�032�A
L )6=,?�2B0�JD0,; A&2B@�+ Jm2
·�L�)y2VÊl),@B;�),n�JD)3->-KA�)3;�<>JD0,;�<KJ�@�?Dµ�@�?8AB?D;N2�)32B<>0,;±\�Rl-Cº
2�L�0,+ 1,L�Êl),@B; )HnV@�?mXZ?8@�A'2�0#@�)6·½A&?8; A&0H@B¸`n�)y2M)�AB+ JML�),A
),;�<E[�),1,?�0,;�2�L�?
@�?m2B<>; ) O,<>;�2BL�<KA�·�0,@�Ç�<E2¤<>Ab),A�A&+ [�?:n
2�L )y2�)3;É<KJm0H;�<>JV@B?8µ�@�?8AB?D;N2�)32B<>0,;e<>Al2BL�?`µ�@�?Dµ�@�0YJm?8A�AB?8n
AB?D;�A&0H@B¸�n�)32�)#2�L )y2�@�?D-K)y2�?8A¤2B0`2BL�?�A&?8; AB<E;�1�03X')�-><E1HLH2
AB0,+ @�JD?,\¾S�L�?e@B?:A&+ -C2�<E;�1�@�?Dµ�@�?8AB?D;N2�)32B<>0,;�<KA�JD),-E->?8n½)
ÐmÔMÒ3æ�ÞYÑBÔ�çyÔMåmæWÖyÑ�<>;�-E<>;�?�·�<E2BL�2�L�?�2B?8@B[�<>;�0,->0,1H¸ÉXZ@�0,[
µ�)y2&2�?D@�;z@B?:Jm0,1H;�<E2B<>0,;±OYAB?D?,OY?H\ 1�\EO�¿���+¶O �8Á�Â dHÅm\
R XZ?8)32B+�@�?�=,?:J�2B0H@z<>AÉ)HJ!,N+�<>@B?:nè<>;Æ2�L�@B?8?�AI2M)31,?:ADÏ

AB?D;�A&<>;�1 OyAB?D1H[�?8;N2�)y2�<E0H;#)3; n�XZ?:)y2B+ @B?�?Dc�2B@M),J�2�<E0H;±\¶a�?mº
->0y·�2�L�?8AB?�2�L�@B?8?�A&2�),1,?:A�),@B?`?mcYµ�-K)3<>;�?8nÉ<>;i[�0H@B?�nY?mº
2M)3<>-�\

�¶ª ��ª§©�ª ����¬!�8´�¬��
h�+�@B<>;�1�2�L�?½AB?D;�A&<>;�1�µ�L )HA&?HO#2BL ?¾@B0H¹�0,2�A�nY?m2�?8J�2

·�L�)y2�<KA#<E;�2�L�?D<>@�A&+ @B@�0,+�;�nY<E; 1HA�0,;�?�¹�¸G0H;�?,\�S�L ?D¸
n�0eAB0�¹�¸É@�032M)y2B<>;�1 Â f3g�
#)3@�0,+ ; nÉ2�L�?D<>@#)ycY<>A8\ .�L�<>-E?



�H�

0

50

100

150

200

250

0 10 20 30 40 50 60

In
te

ns
ity

time (PDL cycles)

s0
s1
s2
s3

� ô���ï��
0

50

100

150

200

250

0 10 20 30 40 50

In
te

ns
ity

time (PDL cycles)

s0
s1
s2
s3

� ú��/ï��
�'<>1,+�@�? �\*S�L�?#A&?8; A&<>;�1�03X�2BL�?�2I·�0�@�0,¹�032MA�nY+�@�<E;�1�)�->),;�1,+�)31,?�1H),[�?H\*S�L�?�µ�-E0,2
A&L�0y·
A¤2BL ?�A&µ )32B<K)3-/=�<E?8·Æ0,X¶2BL ?
@�0,¹�032MA�?D;�=�<E@�0,;�[�?8;H2:\�P�2�<>AV),J!,N+�<>@�?8n�nY+�@�<E;�1 � d,g 
`0,Xb2�L�?D<>@#@B0,2�)32B<>0,;±\�S�L�?�»�1,+�@�?8A�[�)3ÇH?�Jm->?8)3@�2�L )y2V2BL�?�2I·�0
@�0,¹�032MAbL�)6=,?�)�nY<
�/?D@�?D;N2
AB?D; AB<E; 1 O�AB<E; JD?�2BL�?8¸�A&2�)3;�n�)32lnY<
�/?D@�?D;N2�µ�0HAB<C2�<E0H; AD\�S�L ?�¸NºW)ycY<KA�A&L�0y·
Ab2�L�?#<E;N2�?D; AB<C2I¸�03X
2�L�?�A&?8; A&0H@�A8O�·�L�<>-E?�2�L�?�c�º�)3cY<>A�nY?D2B?D@�[�<E; ?8A�2BL ?�2B<>[�?G¿§0,@#)3; 1,->?:Å�03Xb2BL�?�AB?D; AB<>;�1z<E;�(¤h 4ä+�;�<E2�A8\�R�(¤h 4½+ ;�<C2
2M)3Ç,?:A
)3¹�0,+�2	�

��
 AB?8JD0,; n/O�L�?D;�Jm?�2�L�?�2�032M)3-±2�<E[�?`03X*2BL <>A�A&?8; AB<E;�1�?D=,?8;N2
2B0�0,Ç � � 	� XZ0,@�@B0H¹�0,2
@�g�)3; nGAB-><E1HLH2�-E¸e->?8A�A
XZ0H@�@B0H¹�0,2�@ � \]S�L�?#@�0,¹�032MA�L )6=,?�nY< ��?8@B?8;H2
@�032M)y2�<E0H;�µ�?D@�<E0Yn�A
n�+�?�2B0�2BL ?#;�0,<KA&¸�Jm0,;N2�@B0H-�0,X�2�L�?#@�0,¹�032�A8\

2�L�?D¸�nY0z2BL�<KA8O¶2�L�?D¸�@B?:Jm0,@Mni2BL�?�AB?D; AB0,@�n )y2�)z0,Xb2�L�?
[�<Kn�nY->? � dHg 
�µ ),@&2`03X�2BL�?�@B0,2�)32B<>0,;±\ÉS�L�<KAV·�)6¸G2�L�?
@�0,¹�032MA�0,¹�2�)3<>;�)`A&µ )32B<K)3-�=�<E?8·�03X±2�L�?D<>@b?8;�=N<>@�0,;�[�?D;N2
XZ0H@�?:),JML�0,X�2BL�?�XZ0H+�@�-><>1,LN2]AB?D;�A&0H@�A8OyA&?8?¤» 1H+�@�?  \'S�L�?
@�0,¹�032MA¶@�032M)y2B? Â f,g 
*<>; A&2B?:),n�0,X � dHg 
�<E;�0,@MnY?D@�2B0�JD),;Yº
JD?D-*0,+�2�; ),A&2I¸GA&<KnY?�? ��?:J�2�A�<E; n�+ Jm?:n�¹�¸É2�L�?�@�0,¹�032�A8ã
)HJDJm?8-E?8@�)32B<>0,;�),; nznY?8JD?D->?D@M)y2�<E0H;±\

�'<E1H+�@B?�ÉA&L�0y·
A8O�),A�)3;�?mc�)3[�µ�->?,O/2�L�?�A&?8; AB<E;�1e03X
2I·�0Ì@�0,¹�032MAen�+�@B<>;�1�)½->),;�1,+ ),1,?�1H)3[�?H\ �'<E1H+�@�?�
¿�)HÅ�ABL�0y·
A�2BL�)y2l@�0,¹�032�@Mg�Jm->?8)3@�->¸�nY?D2B?8Jm2B?:ne2BL�?#XZ0H+�@
-><E1HLN2¤A&0H+�@�JD?8A8Ã32�L�?D@�?l)3µ µ�?:)3@MA�)�µ�?:)3Ç`XZ0,@b?D=,?8@B¸V-E<>1,LN2
AB0,+�@MJm?H\ PW;Í?8)HJMLèµ�?:)3Ç/O
2�L�?�A&?8; AB0,@�2�L )y2zL )HA�2�L�?
A�)3[�?iL ?D<>1,LN2z)HA�2�L�?�-E<>1,LN2ÉA&0H+�@MJm?G@�?8ABµ�0H; AB<E¹�->?�XZ0,@
2�L�?Vµ�?8),Ç�¿§<�\ ?,\>O�2BL�?�Jm0H@B@�?8ABµ�0,; nY<>;�1�AB?D; AB0,@�Å�L )HA
2�L�?
L�<>1,L ?8A&2�<>;N2B?8; A&<E2I¸,\�S�L�?e2I·�0�@B0H¹�0,2�A�nY0�;�032�AB?D;�A&?
2�L�?
AB),[�?�=�<>?D·Ë),A*J8)3;�¹�?
AB?D?8;�<E;�» 1H+�@B? �¿§¹�Å�\*S�L�<KA
<KA�nY+�?�2B0�2�L�?�X§),Jm2�2�L )y2�2�L�?#@�0,¹�032�A�),@B?�;�032
->0YJD)32B?8n
)32�2�L�?�A�)3[�?�µ�->)HJm?H\

�¶ª ��ª �±ª�� � � � ��¬/ �Y8´�¯�¬
À�?D1H[�?D;N2�)32B<>0,;G<KA�+ A&?:nG¹�¸z2BL ?`@�0,¹�032MA
2�0�?DcN2�@�)HJ�2

2�L�?�AB?D; AB0,@�¸½n )y2�)�2BL )32e<KA�<>; nY+ JD?8nÆ¹N¸½2BL ?�nY?D2B?8Jmº

2B<>0,;e03X¶2�L�?�-E<>1,LN2
AB0,+�@MJm?:AD\]S�L�?#A&?8; AB<E;�1�03X�2BL�?�-><E1HLN2
A&0H+�@�JD?8A�@�?D-K)y2B?:A�<E;�2BL�?�@M)6·¥AB?D; AB0,@�¸Én�)y2M)�·�<E2BL�2BL ?
µ�?:)3ÇYA¶0,X <>; Jm@�?8)HA&?:n�<E;N2B?8; AB<C2I¸H\�RlA]J8)3;�¹�?�AB?D?8;�<>;�» 1,º
+�@B?  O6¹�?m2I·�?D?8;�2I·�0
µ�?:)3ÇYA¶2BL�?�A&?8; AB0,@�¸�JML ),;�;�?8->A')3@�?
;�0,<KA&¸H\¤S�L�?#»�@�A&2
AI2�?DµÉ<>;�2�L�?VAB?D1H[�?8;N2�)y2�<E0H;�µ @B?8µ�@B0,º
Jm?8A�AB?8A�2BL ?#@�)6·ÆAB?D;�A&0H@B¸�n�)32�)`2B0�@�?D[�0y=,?�2BL <>A�; 0,<KA&?H\
S�L�?Gµ�@�?Dµ�@�0YJm?:ABAB?8näA&?8; AB0,@�¸ÌJML )3; ;�?D-ln )y2�)������ ��O�XZ0H@
A&?8; A&0H@B¸GJML�)3;�;�?8->A�����g�� � � �����Ì0,;�2B<>[�?�AI2�?Dµ A���O±<>A
),J!,N+�<>@�?8n�¹�¸�AB+�¹Y2B@M),Jm2B<>;�1G)3;�+�µ µ�?8@�;�0,<KAB?�-E?8=,?D-�� �
XZ@B0H[�2BL�?�@M)6·èA&?8; AB0,@�¸�n )y2�)"!#�$� ��\*S�L�<KA�<>A�?mcYµ�@�?8A�AB?8n
<E;e2BL ?�XZ0,->-E0y·�<>;�1�?-,N+ )32B<>0,;±Ï

�%��� �&�(' ! ��� �*) � � <CX+! �$� �+) � �+, g
g <CX+! �$� �+) � �+- g ¿ � Å

S�L�?È+�µ�µ�?D@Ë;�0H<>AB?Æ->?D=H?D-KA.� �iXZ0,@½2BL�?UnY< ��?8@B?8;N2
A&?8; A&0H@B¸�JML�)3;�;�?8->A�L�)6=,?�¹�?8?D;z0,¹Y2M)3<>;�?8n�?D[�µ�<>@�<>J8)3->-E¸H\
R
µ�µ�->¸�<E; 1�2�L�?�)3¹�0y=,?V? ,N+ )y2�<E0H;G2B0�2BL ?�[�<Kn�nY->?�µ )3@B2
03X¶2�L�?�A�Jm?D; ?lXZ@�0,[�»�1,+�@�? z¿§)NÅ�@B?:A&+ -C2MAb<>;�2BL�?#A�Jm?D; ?
nY<>ABµ�-K)6¸,?:n�<>;e» 1,+�@�? 	 \
PW;�2�L�<>A�» 1,+ @B?�2�L�?D@�?�)3@�?�2I·b0GJD0,;�; ?8J�2�?8n�@�?D1H<E0H; A

2BL )32lL )6=,?�µ�0HAB<C2�<E=H?�A&?8; AB0,@�¸�=6),-E+ ?8A�XZ0H@l)y2
->?8)HAI2
0H;�?



� f

0

10

20

30

40

50

60

0 5 10 15 20 25

In
te

ns
ity

time (PDL cycles)

S1

S2

s0
s1
s2
s3

�'<E1H+�@B? 	 \*S�L�?�µ�@�?Dµ�@�0YJm?:ABAB?8n�AB?D;�A&0H@B¸�JML )3; ;�?D-�n�)32�)
03X/)lµ ),@&2'03X�2�L�?�A&?8; AB?8n�=�<>?D·�XZ@�0,[U»�1,+�@�? �¿§)NÅ�\]S�L�?
=,?8@&2�<>J8)3-�-><E; ?8A*[�)3@�Ç#2�L�?
¹�0,+�; n )3@�<E?:A]03X±A&?81,[�?D;N2MA�� �)3; n�� � \

A&?8; AB0,@�¸UJML�)3;�;�?8-�\ S�L�?:A&?½@B?81,<>0,; A8OV0,X�·�L�<KJMLj2�L�?
¹�0H+�; n�),@B<>?8A�)3@�?#[�)3@�Ç,?:nz·�<C2�Li=,?8@&2�<>J8)3-±-><>;�?8A8O/@B?8->)32B?
2B0�2BL ?�AB?D;�A&<>;�1�03X')`-><E1HLH2
AB0,+�@MJm?�)3; n�XZ0,@�[�2BL ?�AB?D1,º
[�?D;N2�A8\�k
0,2B?�2BL )32�2BL�?8@B?�<KA�;�0z;�0,<KAB?�),;N¸�[�0,@�?�¹�?Dº
2I·b?8?D;e2BL ?�A&?81,[�?D;N2�A8\
S�L�?�A&?81,[�?D;N2�)32B<>0,;�@B?:A&+�-E2�A�<>;�)eAB?m2#0,X�AB?D1,[�?8;H2MA

� �����HOY·�L�?8@B?

��� � � � � � 
 � � � ��� � � � ��	 � � ¿�fHÅ

<E; ·�L�<KJML�
 <>A 2�L�? ;�+�[V¹�?D@%0,XÍ2�L�?�AB?D1,[�?8;H2:O
� � � � � ¿$��� � �$� 
 � � � �%� �� � ��� � Å�<KA�2BL�?�µ�@�?Dµ�@�0YJm?:ABAB?8n�A&?8;Yº
A&0H@B¸�JML )3; ;�?D- n )y2�) O � <>A*2BL�?�-E?8;�132�L�03X/2BL�?�A&?81,[�?D;N2
)3; n ��<>A'2�L�?�;�+�[V¹�?D@*0,X/AB?D; AB0,@�¸#JML )3; ;�?D-KA�¿ �<>;`2�L�<KA
JD)HA&?6Å�\�S�L�?�XZ0,->->0y·�<E;�1eL�0H->n�A�XZ0H@#?8)HJML�AB?D1H[�?8;N2�� � Ï
XZ0,@�),-E-�� � g�� � � ��� � 2BL�?8@B?�?mcY<KAI2�)32�->?8)HAI2#0H;�?�A&?8;Yº
A&0H@B¸�JML ),;�;�?D- ��XZ0,@'·�L�<>JML � � � �$� ���äg�\'S�L�<>A�[�?8),; A±XZ0H@
?D=H?D@�¸eAB?D1H[�?8;N2�2BL )32lXZ0,@�?D=H?D@�¸�0,¹�A&?8@B=y)y2�<E0H;���2�L�?D@�?
<>A�)32�-E?:),A&2�0H;�?�µ�@B?8µ�@�0�JD?8A�A&?:n�AB?D; AB0,@�¸�JML )3;�; ?D-�·�<E2BL
)�µ�0NA&<E2B<>=,?�=y),-E+�?H\*R
µ�µ�->¸�<E; 1�2BL�<KA*2�0�2BL�?ln )y2�)#ABL�0y·�;
<E;e» 1H+�@�? 	 ¸�<>?D-Kn�A�2BL ?�A&?81,[�?D;N2�A�1H<E=H?D;�<E;e2�),¹�->? � \
P�2l<>A�),A�A&+ [�?:ne2BL )32�?:),JMLÉA&?81,[�?D;N2l@�?D-K)y2�?8A
2B0�2�L�?

nY?m2�?8Jm2B<>0,;Ì0,Xl0,; ?�-><E1HLH2�AB0,+�@MJm?H\�h�+�?�2B0�2BL�?e;�0,<KAB¸
Jm0H;H2�@B0H-*)3; n�A&?8; AB<E;�1z0,X¤2BL ?�@�0,¹�032MADO/2�L�<KA#<>A�; 032�)3-Eº
·�)6¸YA�2BL�?�JD),AB?,\ S�L�?�AB?m2e03XVAB?D1,[�?8;H2MA�JD0,; A&2B<E2B+Y2�?
·�L )y2�<KA�J8)3->-E?:nG2�L�?�åMÖyß�æ�Ô��Hæ'0,Xb2�L�?�1,+ ?8A�A&<>;�1z1H),[�?HO

< \ ?,\>O/Ú¤c�2 � � � � � � � �%�������HO ·�L�?D@�?��â<KA�2�L�?#;�+�[V¹�?D@
0,X¤A&?81,[�?D;N2MA�2BL�)y2�),@B?`A&?8; A&?:n�\��b),JMLÉ@�0,¹�032lµ ),@&2�<>JD<Cº
µ�)y2B<>;�1e<E;i2BL�?�1,+ ?8A�A&<>;�1�1N)3[�?VL )HAl<E2�A�0y·�;GJD0,;N2B?DcN2
·�L <>JMLz[�)6¸�nY< ��?8@�XZ@B0H[ ),;�032�L�?D@:\
�¶ª ��ª��¶ª�� �$�Y8²�®"� ����D®"��³,8´§¯�¬

��0H@b),-E-/A&?8; AB0,@�¸`JML ),;�;�?D-KA8O,2�L�?
XZ?:)y2B+ @B?
?Dc�2B@M),J�2�<E0H;
<KAe)�XZ+�; Jm2B<>0,;���¿ � � � ��Å�2BL )32�;�0H@B[�)3->< 3D?8A�2BL�?�[�)ycY<Cº
[`+�[�<>;H2�?D; AB<E2B<>?8A�03X�AB?D; AB0,@�¸�JML�)3;�;�?8- ��2�0l2�L�?¤0y=H?D@M)3->-
[�)3c�<>[V+ [ <>;H2�?D; AB<E2I¸�XZ@B0H[ AB?D1H[�?8;N2�� � Ï

��¿ � � � �WÅ&� [�)yc����! "m¿��� � ��� � Å
[�)yc$#%��¿Z[�)yc � �& "D¿�� � � �$� �6ÅBÅ ¿ � Å

S�L ?l@�?8AB+�-C2b03X¶)3µ µ�-E¸�<>;�1V)�XZ?:)y2�+�@B?�?mc�2B@M),Jm2B<>0,;�2B0V2BL�?
n )y2�)�03X*A&?8; A&0H@B¸�JML )3;�; ?D- ��·�<E->-¶¹�?VJ8)3->-E?:ne)�XZ?:)y2�+�@B?
' � � �&O�AB0 ' � � ���(��¿ � � � ��Å�\�À�?81,[�?D;N2�� � JD),;�;�0y·�¹�?
@�?D-K)y2�?8n�2�0�)�XZ?8)32B+�@�?�=,?:J�2B0H@ � � ��¿ ' � � 
 � � � �%� ' � � ��	 � Å�O·�L ?D@�? ��<KA�2�L�?#2B0,2�),-¶;�+�[V¹�?D@l03X�A&?8; AB0,@�¸�JML )3; ;�?D-KAD\
4¶<EÇH?G)�A&?81,[�?D;N2:O�)�XZ?:)y2�+�@B?É=H?8Jm2B0,@�<KA�)HABAB+�[�?8n½2B0
@�?D-K)y2�?�2B0�2�L�?lAB?D; AB<E; 1�0,X/)�@�?mXZ?8@B?8;N28\]S�L�?
A&µ�),Jm?�2�L )y2
ABµ ),; Ab),-E-�µ�0HA�A&<>¹�->?
XZ?8)32B+�@�?l=H?8Jm2B0,@MA � <KAbJ8)3->-E?:n�2BL�? �
n�<E[�?D;�A&<>0,; ),-'XZ?8)y2�+�@�?`ABµ ),JD?*) �  g � � � � O�0H@�ÐmÔMÒyæ ÞYÑBÔ
Û Õ Ò,åMÔ�XZ0H@
A&L 0,@B28\
R
µ µ�-E¸�<>;�1Í2BL�<KA�XZ?8)32B+�@�?Ì?DcN2�@�)HJ�2�<E0H;�2B0Í2BL�?ËAB?D13º

[�?8;H2MAzXZ@�0,[ 2M)3¹�->? � 1H0�?8AÉ),AeXZ0H-E->0y·
A8\ �'<>@�A&2É2BL�?
[�)3c�<>[V+ [ =6),-E+ ?8A�XZ0,@z?8)HJMLÆA&?8; AB0,@�¸äJML ),;�;�?8-�¿Z2BL�?
;�+�[�?8@�)32B0,@�<E;Í?-,�\ � Å�L�)6=,?É2�0Ì¹�?i<KnY?D;N2B<E» ?:n�\�PW;
AB?D1H[�?D;N2+� � )3@�?,Ï 	Y� O 	  O `)3;�n�g#XZ0H@�AB?D; AB0,@�¸�JML )3;Yº
; ?D-KA � � � 
 � � � ��� � � � � @B?:A&µ¶\E\¾S�L�?e[�)ycY<>[V+�[ 0,X
2BL�?:A&?
[�)3c�<>[�)É¿�2�L�?`nY?8;�0,[�<>; )y2�0,@�<>;É?-,�\ � Å�<KA
<>;GA&?8; A&0H@B¸
JML�)3;�;�?8- � � � � \�S�L�?`XZ?8)32B+�@�?8A�)3@�?V?Dc�2B@M),J�2�?8nÉ¹�¸É;�0H@&º
[�),-E< 3D<>;�1É?8)HJML�[�)3c�<>[V+ [ =y)3->+�?�¹�¸G2�L�?�[�)ycY<E[`+�[
=y),-E+�?�0,X � � � � \*S�L�?�@�?8AB+�-C2�<E; 1�XZ?8)y2�+�@�?�=,?8Jm2B0H@]XZ0,@�AB?D13º[�?8;H2,� � <>A�2�L�+ A � � ��¿�g�� Á �� � � g,g��Bg�� g,d��Bg � gHgHÅ�\
À�<>[�<E-K)3@�-E¸HO�AB?D1H[�?8;N2-� � L ),A�[�)3c�<>[V+ [ =y)3->+�?8A�0,X

g O � d�O�Ng�),; n � XZ0,@�A&?8; A&0H@B¸�JML )3;�; ?D-KA�g�2B0 � \bk
0H@&º
[�),-E< 3D<>;�1ä?8),JML�=y),-E+�?�2B0 Hg¾¸N<>?D-Kn�A�XZ?8)32B+�@�?i=H?8Jm2B0,@
� � �¼¿�g�� g,g ��g�� Á g�� � � g,g��Bg � g � Å�\ÉS�L�?eJm0H;H2�?mc�2`0,X
2BL <>A
@�0,¹�032MA�Jm0H+�->n�¹�?�n�?8A�Jm@�<E¹�?8n�<E;�2B?8@B[�A�0,X¶2BL ?�XZ?:)y2�+�@B?
=H?8Jm2B0,@MA�),AlÚ¤c�2 � � � � � � � �H\S�L�?�X§),J�2`2BL )32V2�L�?�AB?D; AB0,@�2BL )32`@�?8),n A�2BL�?eL�<>1,LYº
?:AI2�<>;H2�?D; AB<E2I¸GnY+�@�<E;�1�2BL ?�AB?D; AB<>;�1�0,Xb)�-><>1,LN2�AB0,+ @�JD?
<KA�[�0,+�;N2B?:ni)32�2�L�?�A�)3[�?�L�?D<>1,LN2�),A�2BL�?�-><E1HLH2�<KA�),;
<>;�=y)3@�<>),;H2*µ�@�0,µ�?D@B2I¸#03X�2BL ?
A&?8; A&<>;�1�\'S�L�?�XZ?:)y2B+ @B?�?DcNº
2�@�)HJ�2�<E0H;zXZ@B0H[ ?-,�\ � L )HA�¹�?8?D;in�?8AB<E1H;�?8n�2B0�?mc�2B@M),Jm2
2�L�<KA�µ @B0Hµ�?8@&2I¸H\�PW;Æ)�XZ?:)y2B+ @B?G=H?8Jm2B0,@�2BL�?8@B?�<>A�0,;�?
XZ?:)y2�+�@B?�·�<C2�LÌ=y)3->+�? � O]2BL ?�0,2BL�?8@�A`L )6=,?�-E0y·�?D@`=6),-Cº



� �

S')3¹�->? �
S�L�?�A&?81,[�?D;N2�A � � ),; n � � XZ@B0H[ » 1H+�@�? 	 \jS�L�?�µ�@�?Dµ�@�0YJm?8A�AB?8nËA&?8; AB0,@�¸½JML ),;�;�?D-�n�)y2M) � � � � <KA�1H<E=H?D;�<>;�2BL ?
JD0,->+�[�; AD\�k
0,2B?`2BL )32lXZ0H@�?8=,?D@�¸ÉA&?81,[�?D;N2�?8),JMLÉ@�0y·�L )HA�)32�->?8),A&2�0H;�?Vµ�0HAB<E2B<>=,?V=y),-E+�?H\ ��+�@B2BL�?8@�; 032B?`2BL�)y2�L�?D@�?
¹�032�LzAB?D1H[�?D;N2�A�L )6=H?�? ,N+ )3-�->?D;�1,2BL±\*PW;z1H?D;�?8@�),-�2�L�<KA�<>A�; 032�2BL ?�JD),AB?,\

� � � �
� � � 
 � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �� � � �$� 
 f g g g g � �,� g� � � �$� � �  f g g g � �NÂ g� � � �$� � � f �6Â � g g � d �,Á �� � � �$� � Hd Hg � g g � d Hg �� � � �$�

�
	Y� 	  � g g f Ä ��	 �� � � �$� � � � ��	  g g f Ä ��	 �� � � �$� � � �  g g g Ä g��� � �$� � � � � g g g Ä g

+�?:AD\�S�L�<KA
XZ?:)y2B+ @B?`<E; n�<>J8)y2B?:A
2�0�·�L�<KJMLG-><E1HLN2�AB0,+�@MJm?
<E2�JD0,@�@B?:A&µ�0,;�n�AD\�a�?8J8)3+ AB?�<>;¾2�L�?�?Dc�)3[�µ�->?�XZ?:)y2B+ @B?
' � � � 03XlXZ?:)y2�+�@B?z=H?8J�2�0,@ � � L ),A�)�=6),-E+ ? � O¤0H;�?ÉJD)3;
<>;YXZ?D@�2�L )y2V2BL�<KA�XZ?8)32B+�@�?�=,?:J�2B0H@�Jm0H@B@�?8ABµ�0H; n�A�2B0z2�L�?
-><E1HLN2�AB0,+�@MJm?V2BL )32#<>A�)y2�2BL ?�A�)3[�?�L�?D<>1,LN2#),A�AB?D; AB0,@
A � � \�À�<E[�<>->),@B->¸,O � � JD0,@�@B?:A&µ�0,; n A�2B0�2�L�?V-><>1,LN2�AB0,+�@MJm?)32�2�L�?�A�)3[�?�L�?D<>1,LN2
),A�AB?D; AB0,@lf�\
S�L�?�@�?8)HA&0H; A�XZ0,@�2�L�<KA±XZ?:)y2B+ @B?�?Dc�2B@M),J�2�<E0H;#)3@�?*[�),;Yº

<EXZ0,-Kn�\���<>@MAI2:O,<E2�<>A*+�A&?DXZ+�-Y2B0#L�)6=,?�)�Jm0,;�A&<KAI2�?D;N2�@�?Dµ�@�?mº
AB?D;N2�)32B<>0,;G0,X*2BL�?�AB?D; AB?8ni@B?DXZ?D@�?D;N2�A�<E;�0,@MnY?D@l2B0zJD)32&º
?81,0,@�< 3D?,\�P�2�<KA�?8),AB<>?D@�2B0z<>[�µ�-E?8[�?D;N2`JD)32B?81,0,@�< 38)y2�<E0H;
·�L�?8;Ì<E2�A�<>;�µ�+Y2�L )HA`)i»�cY?8n¾XZ0,@�[�)328\¾R�AV2�L�?zA&?813º
[�?D;N2MA�=y)3@�¸�<>;É-E?8;�132�L±O�2�L�?D¸eL )6=H?#;�0�»�cY?8neXZ0H@B[�)328\
À�?:Jm0H; n�O�2BL�?i;�0,@�[�)3-><�3:)y2B<>0,;½2B0¾2BL�?G[�)3c�<>[V+ [ <>;Yº
2�?D; AB<C2I¸Ë·�<E2BL�<>;è2�L�?�AB?D1H[�?D;N2�¿Z2BL�?�� <>;�=y)3@�<>),; Jm?GnY?Dº
2�?8J�2�<E0H;±ã�Å¤<KA�+ AB?mXZ+�-/2�0�nY?8),-�·�<C2�Lzn�<
�/?D@�?D;N2
nY<KAI2M)3; JD?8A
¹�?m2I·�?D?8;�2�L�?#@B0H¹�0,2
)3; n�2BL ?#-E<>1,LN2
A&0H+�@MJm?,\ � +�@&2�L�?D@Bº
[�0,@�?,O¤<C2�L�?8-Eµ�A�2B0�)3;�)3->¸)38?�2�L�?É?mcYµ�?D@�<E[�?8;H2MA�XZ@B0H[
),;e0H¹ AB?D@�=,?D@:ã Abµ�0,<>;N2l03X*=�<>?D·U)3; n�2B0�?D=y)3->+ )y2�?�XZ?D?:n�º
¹ )HJMÇ/\¶a�?8AB<>nY?:A'<C2MA�+�A&?�nY+�@�<>;�1
XZ?8?8nY¹ )HJMÇ�¿§AB?D?�¹�?8-E0y·lÅmO
2�L�?�@�0,¹�032�A#),@B?�; 032 ��)6·�),@B?Hã/03X�2BL�<KA�<>;�=y)3@�<>),; Jm?H\�P�2
ABL�0,+ ->n�¹�?�;�0,2B?8n�2�L )y2]A&+�JML�XZ?8)y2�+�@�?�?mc�2B@M),Jm2B<>0,;�XZ+�; Jmº
2�<E0H; A
Jm0H+�-Kn�·�?D->-±L )6=H?�¹�?8?D;É->?8)3@�;�?:n�0H@
?D=H0,->=,?8ne),A8O
XZ0H@*<E; A&2�),; Jm?HO,ABL�0y·�;`¹�¸�¿�hl? !H0,; 1�),; n�ÀN2B?8?D-KADO �8Á,ÁHÁ Ã
a�?D->µ ),?D[�?,O �:Á,Á,Á Å�\

�¶ª��±ª�� � � ¬�´�¬�� ��¯ ®"� ��8´§¯�¬
PW;�0H@�n�?D@�2B0�XZ0,@�[ )�AB?D[�<E0,2B<KJ�A&¸�[V¹�0,- O�2BL ?#@B0H¹�0,2�A

L )6=H?*2B0�JD)32B?81,0,@�< 3D?*2�L�?�AB?D;�A&<>;�1l0,X )l@�?mXZ?8@B?8;N2'AB0
2BL�)y2
<E2É<>AÉnY<KA&2B<>; J�2�<E=H?�XZ@B0H[ 2BL�?¾J8)y2B?81,0H@B<>?8A�@B?8->)32B<>;�1½2B0
� � ÷Mó�ì�ó�ëyô�ó/ó�ë6ì�ù ìIò6ù ÷�ï�ù/ôMï�ì�òDý6ñ�ú3ìIï ìIü��Eï ÷�ñ �]ó�÷
	¤ôMò:ü
ó�ëyô�ó
ù ìIò6ù�÷�ï¶ù ��ð�ù�ó ë:ì*õ�÷Bö�ìIù�ó¶ð�ò�ë6ìIð���ëDó+�

2BL�?z032�L�?D@�@�?mXZ?8@B?8;N2�A8\ÌS�L�<KA`·�)6¸�2BL ?zJ8)y2�?D1,0H@B¸�J8)3;
¹�?e+ AB?8n¾)HA#2BL ?�[�?D[�0,@�< 3D?8n¾@B?8µ�@B?:A&?8;N2�)y2�<E0H;�03X�2BL ?
[�?:)3;�<>;�1½03X�2�L�<>Ae@�?mXZ?8@B?8;H2:\ Rl-C2�L�0,+�1HLÍ)½JD)y2�?D1H0,@�¸
A&L�0H+�-Kn¾;�0,2`¹�?�? ,H+�)3->?8n�·�<E2BLä)G[�?8),;�<E; 1 O*<E2�<KA�->)3º
¹�?8-E?:n¾),A�AB+ JML�·�L�?8;�+ A&?:n�<E;¾JD0,[�[V+ ;�<>J8)y2�<E0H;±O�¹�?mº
JD)3+�A&?�<E2�XZ0H@B[�A�2�L�?�[�?8[�0,@�<�38?8n�@�?Dµ @B?:A&?8;H2M)y2�<E0H;�03X])
A&?8[�<>032�<>J#AB¸�[V¹�0,- ã A�[�?:)3;�<>;�1 \
S�L�? � [�?:)3;�<>;�1 ã¶XZ0,@�[�)y2B<>0,;�<KA�[�0YnY?8-E?:n�·�<C2�L�2BL ?

A&0,º�J8)3->-E?:n àyáKÛDåmÑ�á�Ó�á�ß�Ò3æ�á§Ö3ß Ý Ò3Ó�Ô ¿ ÀN2B?8?D-KADO �:Á,Á d,J8Åm\
S�L�?�n�<>A�Jm@�<E[�<>; )y2�<E0H;G1H),[�?V[�0YnY?D-KA
2�L�?�nY<>A�Jm@�<>[�<>; )3º
2B<>0,;Ìµ L ),AB?�<>;½AB¸N[`¹�0H-b1H@B0H+�; nY<>;�1i)HA�µ�@�0,µ�0HAB?8n�¹�¸
¿§Êl),@B;�),n�O �:Á,Á gHÅ±),; n�<E2�A&?:)3@MJML�?8A¶XZ0,@*nY<KA&2B<>; J�2�<E=H?�J8)y2Bº
?D1,0H@B<>?8A¶<E;V2BL�@�?D?�AI2�?Dµ A8Ï � Å¶S�L�?¤XZ?8)32B+�@�?b=H?8Jm2B0,@MA/XZ@�0,[
2BL�?ÉJm0H;N2B?mc�2�)3@�?�J8)y2B?81,0H@B< 3D?:n�\¾f,Å�Ú�)y2B?81,0H@B<>?8A�2BL )32
nY<>A&2B<>;�1H+�<>ABLU)�2B0Hµ�<KJiXZ@�0,[ 2�L�?�032BL ?D@ÉA&?81,[�?D;N2MA�<>;
2BL�?lJD0,;N2B?Dc�2¤)3@�?�<>nY?8;N2B<E» ?8n�\*Rl; n � Å'2�L�?
0H;H2�0,->0,1H¸#03X
JD)y2�?D1H0,@�<E?:A�),@B?#)Hn�)3µY2�?8n�\

�b),JML�@B0H¹�0,2�µ�-K)6¸�A¤)#nY<>A�Jm@�<>[�<>; )32B<>0,;�1H),[�?�XZ0H@*2BL ?
¿Zµ�032B?8;N2B<K)3-�Å�æWÖ�Õ�á§å�� Û�
<E; n�<E=�<KnY+ )3->->¸,\*RË2B0Hµ�<KJ
<KA¤)�AB?D1,º
[�?8;N2�XZ@�0,[�2�L�?�Jm0,;�AI2�@B+ Jm2B?:n�Jm0H;N2B?mc�2#¿§nY?:ABJD@B<>¹�?8n�¹�¸
<C2MA�XZ?8)y2�+�@�?e=H?8Jm2B0,@�Å�\äS�L�?e2B0Hµ�<>Je0,X
2BL�?GABµ�?8)3ÇH?D@�<>A
)3@�¹�<C2�@�),@B<>->¸¾A&?8-E?:J�2B?:n¾XZ@�0,[ 2BL�?GJD0,;N2B?DcN2�)3;�n½<KA�2BL ?
A&+�¹�ÎI?8J�2
0,X'JD0,[�[V+�; <>J8)y2B<>0,;¶\]R�A�2BL ?�L ?8)3@�?D@�2�@B<>?8A�2�0
1,+�?:ABA�·�L )y2�2BL�?�A&µ�?8),Ç,?8@l<>;H2�?D; n A
2�0�Jm0H[�[V+�;�<KJD)32B?HO
<C2bJD0,; AB<KnY?D@MA*)3->- AB?D1,[�?8;H2MA*<>;�<E2�AbJm0H;H2�?mc�2¤),A*)�Õ ÖyæWÔDß �
æ�á§Ò3Ø¶æWÖ�Õ�á§åD\

�±ª���ª�©�ª����Y%� ��¯ ®y´ 	��Y8´�¯�¬
4¶?m2�)iJD)y2�?D1H0,@�¸�� ��� ³ ��� ���#������¹�?�n�?m» ;�?:n¾),A`)

@B?81,<>0,;�<E;¾2BL�?�XZ?:)y2�+�@B?�A&µ )HJm?�)e\ÉP�2V<KA�@�?Dµ�@�?8AB?D;N2�?8n
¹N¸�)Vµ�@�032�032I¸�µ�? ³ �j¿�! 
 � � � ��� ! � 	 � ÅmO�< \ ?H\])`µ�0,<>;H2�<>;2BL�?"��nY<>[�?D; AB<>0,; ),-±XZ?8)32B+�@�?�ABµ ),JD?�)�O�)3; n��/O���),; n



� 

��)3@�?�A�Jm0H@B?:AD\�S�L�?�JD)y2�?D1H0,@�¸�<KA�2BL�?�@�?D1,<>0,;i<E; ) <>;
·�L�<KJMLz),-E-�µ�0,<>;N2�A�L�)6=,?�2BL�?#;�?:)3@�?8A&2
nY<>A&2�),; Jm?�2�0 ³ \
R�XZ?8)32B+�@�?�=,?:J�2�0,@ � <>A�JD)32B?81,0,@�< 3D?8n�+ AB<E; 1É2BL�?��"�

ß�ÔMÒyÑ�Ô�Û�ælß/Ômá Ý � ×MÖ3Ñ�ÒyØ Ý ÖyÑ�á�æ � Ó�O]A&?8?,O±?H\ 1�\EO¤¿ ��+±O �8Á�Â dNÅ�\
S�L�<KA�)3->1,0,@�<E2BL�[�@�?m2B+ @B; Ab2�L�?#JD)y2�?D1H0,@�¸`0,X¶·�L�<KJML�2�L�?
µ�@�032B0,2I¸�µ�?�L )HA�2BL�?�AB[�)3->-E?:AI2 ��+�Jm->?8nY<K)3;znY<KAI2M)3; JD?�2�0
� \ �¤),JML�@B0H¹�0,2
JD)y2�?D1H0,@�<�38?8A�)3->-¶A&?81,[�?D;N2MA¤2�L�<KA�·�)6¸H\
Úb0,; AB<>n�?D@�2�L�?�Jm0H;H2�?mc�2�0,X�XZ?8)32B+�@�?i=H?8Jm2B0,@MA�XZ@B0H[

2BL�?�?mc�)3[�µ�->?lnY?8@B<>=,?:n�<E;�2�L�?lµ @B?8=N<>0,+�A�A&?:J�2�<E0H;±\ ��+�@Bº
2BL�?8@�AB+�µ�µ�0HAB?z2BL )32�2BL ?G@B0H¹�0,2�L ),A�2I·b0�JD)32B?81,0,@�<>?8A
<E;�<E2�A�0,;N2B0H-E0H1,¸�� � ),; n � � O'·�L�<KJML�)3@�?�@�?Dµ @B?:A&?8;H2�?8n
¹�¸�2BL ?
µ�@�032B0,2I¸�µ�?:A ³ � �j¿§g�� 	 g��Bg � Á 	 �Bg � � g ��g�� g,gHÅ/),; n
³ � � ¿�g�� 	 g ��g�� Á�	 � � � g,g��Bg � gHgHÅ�\#S�L�?8;i2�L�? ��+�Jm->?8nY<K)3;
nY<KAI2M)3; JD?`¹�?m2I·�?D?8; � � )3; n ³ � <>A�g \ 	 g�O/)3; ni¹�?D2I·b?8?D;
� � ),; n ³ � 2BL <>A�<KA � \ g  \'ÀY<E; JD?l2�L�?�n�<>A&2�),; Jm?�¹�?D2I·b?8?D;� � ),; n ³ � <>A�AB[�),-E->?8A&28O � � <KA�JD)y2�?D1H0,@�<�38?8n�·�<E2BL ³ � \
4±<>Ç,?8·�<>AB?,O � � <KA
JD)32B?D1H0,@�<�38?8n�·�<C2�L ³ � \

PW;�0,@MnY?D@¤2B0�)3->-E0y·Ë1H?D;�?8@�),-E< 38)32B<>0,;�)3;�n�A&µ�?8JD<>),-E< 38)3º
2B<>0,;È<E;Í2BL ?�J8)y2�?D1,0H@B<>?8A8OlnY< �/?D@�?D;N2É=,?D@MAB<E0H; A�0,XV2�L�?
XZ?8)32B+�@�?½ABµ ),JD?¾)3@�?Ì)6=y)3<>->),¹�->?�2B0Æ)�@�0,¹�032:\ S�L�?8AB?
nY< ��?8@B?8;H2�XZ?8)y2�+�@�?GA&µ )HJm?:ADO�<>; nY<KJD)y2�?8nä¹�¸ )�� O�)3->-E0y·
nY< ��?8@B?8;H2½-E?8=,?D-KA�03XÉ1H?D;�?8@�),-E<E2I¸jA&µ�?8JD<C»�?8n�¹�¸�� �
g � � � ����� [�)yc O
·�L�?D@�?�� [�)yc <>A�2BL ?i->?D=,?8-�<>;è·�L�<KJML
[�)ycY<E[`+�[ ABµ�?8Jm<K)3->< 38)y2�<E0H;ÈJ8)3;U¹�?�@B?:),JML�?:n�\�S�L�<KA
[�)ycY<E[`+�[�<KAb<>;N2B@�0YnY+ Jm?:n�¹�?8JD),+ AB?
2BL ?�AB?D; AB0,@MA�L�)6=,?
)G-><E[�<E2B?:n¾@�?8AB0,->+Y2B<>0,;¾),; n�2B0�µ�@�?D=,?8;N2V+�;�;�?:Jm?:ABA�)3@�¸
A&µ�?8JD<>),-E< 38)32B<>0,;±O�·�L�<>JML�[�)3ÇH?8A�2�L�?ènY<KABJD@B<>[�<E; )32B<>0,;
1H),[�?�Jm0,[�µ�+�2�)y2�<E0H; )3->->¸½=H?D@�¸½<>;�? &�JD<E?8;H2:\¥PW;è?:),JML
A&µ�),Jm?`)�nY< ��?8@B?8;N2�@�?8AB0,->+Y2B<>0,;z<KAl0H¹Y2�),<E;�?:nz¹�¸z),-E->0y·�º
<E; 1#?8),JML�nY<>[�?D; AB<E0H;`0,X )���2B0�¹�?�?DcYµ�-E0H<C2�?8n�+�µ�2B0 � �
2B<>[�?8A8\eÊl0y·j2BL <>AV<>A�n�0,;�?�·�<>-E-¤¹�?�?DcYµ�->),<E; ?8n�A&0�0H;±\
S�L�?VL <E1HL�?D@��G<KA8O�2�L�?V[�0H@B?Vn�?D; AB?�2�L�?`nY<KA&2B@�<E¹�+�2B<>0,;
03XbJ8)y2�?D1,0H@B<>?8A
<E;ÉXZ?:)y2�+�@B?�A&µ�),Jm?*)���J8)3;É¹�?�),; nz2�L�?
-E?:ABA�1H?D;�?8@�),-�2BL ?eJ8)y2B?81,0H@B<>?8A#<>;¾2�L )y2�XZ?8)32B+�@�?�ABµ )HJm?
)3@�?,\�S�L�?�J8)y2�?D1,0H@B<>?8A�0,X]),-E-�XZ?:)y2�+�@B?#ABµ ),JD?8A�2�0,1,?D2BL�?8@
Jm0H; AI2�<C2�+Y2B?�),;É)31,?8;N28ã Ab0H;N2B0,->0,1H¸,\
S�L�?
nY< ��?8@B?8;H2*XZ?:)y2�+�@B?
ABµ )HJm?8A*),-E->0y·¾2�L�?�@�0,¹�032�A'2�0

JD)32B?D1H0,@�<�38?V)�AB?D1H[�?D;N2�<>;�nY< �/?D@�?D;N2�·�)6¸YAD\�S�L�?�JD)y2Bº
?D1H0,@�<�3:)y2B<>0,;z0,X¤A&?81,[�?D;N2 � � @B?:A&+�-E2�Al<E;�)�A&?D2�0,X¤JD)y2Bº
?D1H0,@�<E?:A
	 � � � � 
 � � � ����� �*�HO�·�L�?8@B? ��� � [�)3c \�À�0�O
),A�A&+ [�<>;�1�0,; -E¸�0,;�?�XZ?8)32B+�@�?#A&µ�),Jm?HO�2BL�?�2I·b0�XZ?8)32B+�@�?
=,?:J�2B0H@�AeXZ@�0,[ 2BL�?�?DcY),[�µ�-E?¾),@B?�J8)y2B?81,0H@B< 3D?:nè·�<E2BL
2BL�?�XZ0,->->0y·�<E;�1�A&?D2�A`03XlJ8)y2B?81,0H@B<>?8A8Ï	 � � � � � �e),; n
	 � � � � � �N\PW;�2BL�?ÈnY<KABJD@B<>[�<E; )32B<>0,;�1N)3[�?8A8O�)¥µ�@B0,2B0,2I¸Nµ <>J8)3-
@B?8µ�@�?8AB?D;N2�)32B<>0,;zL ),Al¹�?8?D;G+�A&?:nz@�)32BL�?8@�2BL ),;É2BL ?�¹�<Eº
; )3@�¸�@�?Dµ�@�?8AB?D;N2M)y2B<>0,;�+ A&?:n�<>;�¿�ÀN2�?D?8->A8O �8ÁHÁ dHJ3ÃYÀN2B?8?D-KA

),; n½.*0,132:O �8ÁHÁNÂ Å#0,@�2�L�?ÉA&+�¹�A&µ )HJm?e@B?8µ�@�?8AB?D;N2�)32B<>0,;
+�A&?:n�¹�¸#hl? !,0H;�1V¿�hl? !,0H;�1l),; n#.*0,1,28O �:Á,Á,Ä Å�O:·�L�<KJML
),-E-V¸N<>?D-KnÈ[�0,@�?�0,@É->?8A�AGA&<>[�<E-K)3@É@�?8AB+�-E2�A�¿�hl? !H0,; 1
),; n�.*0H1328O �:Á,ÁHÄ Ã
.*0H1328Olf,g,gHg3¹�Åm\US�L ?G@B?:),AB0,;äXZ0,@
)HnY0,µ�2B<>;�1`)`µ�@�032B0,2I¸�µ�?�@B?8µ�@B?:A&?8;N2�)y2�<E0H;�<>A�<E2�A�¹�<>0,->0,1,º
<KJD),-�µ�-K)3+ AB<E¹ <E-><C2I¸½),A�<E;�XZ?D@�@B?:n¾¹�¸�XZ0,@�<>; A&2�)3;�Jm?zµ AB¸Hº
JML 0,->0,1,<KA&2�A�¿ �
0HA�JML�?D2`)3- \>O �:ÁNÂ dNÅ�)3; n�µ�L�¸YAB<E0H-E0H1,<KAI2MA
¿�ÚbL�+�@�JML ->),; n�O �8ÁHÄ,Á Å�\

�¶ª��±ª �±ª � ´ �8³,®6´ �¾´§¬!�Y:´§¯�¬
À�+�µ µ�0NA&?V2BL )32�)�@�0,¹�032
·�)3;N2�A
2B0�»�; nGnY<KAI2�<E;�J�2B<>=,?

J8)y2�?D1,0H@B<>?8A*XZ0,@�¿§µ�0,2B?8;H2�<>),-KÅ�2B0Hµ�<KJ,� � OH2BL�?8;�)�nY<KA&2B<>; J�º
2�<E=H?�JD)32B?D1H0,@�¸�A&?D2lJD)3;e¹�?�nY?m» ; ?8nz),A�XZ0H-E->0y·
ADÏ

��	 � � ������	 �����]¿ � � �GÚ¤c�2�� � � ���6ÅbÏ ���
���	 � �
^�@�<>;�·�0,@Mn�A8Ï¶2�L�?�nY<>A&2B<>; Jm2B<>=,?#JD)32B?D1H0,@�¸�AB?m2
JD0,; AB<>A&2�A
0,X
)3->-¤JD)32B?D1H0,@�<E?:A�03X�2BL�?�2B0,µ <>J�2�L )y2V),@B?�; 032`)ÉJ8)y2&º
?81,0H@B¸G0,X�),;�¸G032�L�?D@VAB?D1H[�?D;N2#<E;�2�L�?�Jm0H;H2�?mc�28\�P�\ ?H\EO
2�L�0HAB?zJD)y2�?D1H0,@�<E?:A#2BL�)y2�nY<KAI2�<E;�1H+�<KA&LÌ2BL�?�2B0Hµ�<>J�XZ@�0,[
),-E-¶032BL ?D@
AB?D1,[�?8;H2MA�<E;e2BL ?�Jm0,;N2�?mc�28\

�¶ª��±ª��¶ª ��°!�'#� �Y8´�¯�¬
P�X���	 ���YO32�L�?�nY<>A�Jm@�<>[�<>; )32B<>0,;�1H),[�?
<>Ab)�X§)3<>->+�@B?

),; nÌAB0,[�?�;�?D·%J8)y2B?81,0H@B<>?8A�),@B?eJm0H; AI2�@B+�J�2B?:n�\�À�+�µYº
µ�0HAB?�2BL )32z2BL�?�@�0,¹�032e2B@�<E?:n�2B0�J8)y2B?81,0H@B< 3D?ÉXZ?:)y2�+�@B?
=H?8Jm2B0,@ � �j¿ ' 
 � � � ��� ' ��	 � Å�O32BL�?8;`;�?8·½J8)y2B?81,0H@B<>?8A�)3@�?
JD@B?:)y2�?8n�),A'XZ0,->->0y·
A�¿�A&?8?
)3-KA&0�2BL ?�?mc�)3[�µ�->?�<E;�A&?:J�2�<E0H;
� \ 	 \ �Å�Ï

� \
À�?8-E?:J�2l)3;z)3@�¹�<E2B@M)3@�¸�XZ?8)32B+�@�? ' � �äg \

fY\
À�?8-E?:J�2�)�XZ?8)32B+�@�?lABµ ),JD? )���2BL )32bL )HA¤;�0,2b¹�?D?8;
?mcYµ�->0,<E2B?:n � � 2�<E[�?:A�<>;¾nY<E[�?8; A&<>0,; �lXZ0,@�¾),A
->0y·Í),A�µ�0HA�AB<E¹�->?,\

� \lÚb@�?8)y2�?�; ?D·Æµ @B0,2B032I¸�µ�?8A ³�� �¥¿�! 
 � � � ��� ! ��	 � Å�O·�L�?8@B? !#� � ' �¶),; n�2�L�?�0,2BL�?8@ !! �),@B?l[�)HnY?l0,X
)3->@�?8),n�¸�?mcY<>A&2B<>;�1�µ�@�032�032I¸�µ�?:A�<E; ) � \

 \�Rln n¾2�L�?z;�?D· µ�@B0,2B0,2I¸Nµ <>J8)3-�JD)y2�?D1H0,@�<E?:A ��� �
� ³ � � ��� � � ����� ��2B0V2BL�?lXZ?8)32B+�@�?�ABµ ),JD? ) � O�·�<C2�L
� � � �èg � g � ),; n � � � ) �� [�)3c \

S�L ?�A�Jm0,@�? ��<>; nY<KJD)32B?:A�2�L�?�? ��?:J�2B<>=,?8;�?8A�A�0,Xl)iJ8)y2&º
?81,0H@B¸e<E;�nY<>A�Jm@�<>[�<>; )32B<>0,;É1H),[�?,O �e<>; nY<KJD)y2�?8Al2BL�?`?mX�º
XZ?:J�2�<E=H?D;�?:ABA�<>;ÉJD)32B?D1H0,@�<�3:)y2�<E0H;�)3; n �z<>; nY<KJD)32B?:A�L�0y·
1H?D;�?8@�),-�2BL�?ÍJD)y2�?D1H0,@�¸�<>Aè¿§<�\ ?,\>O�<>;�·�L�<KJML XZ?:)y2�+�@B?



� 	

ABµ ),JD? )���2BL ?VJD)32B?D1H0,@�¸�L�0H+ A&?:A�Åm\�ÀYJD0,@�? �z<KAl)�Jm0H;Yº
A&2�),;H2:OH¹�),AB?8n�0H;�2BL�?�XZ?8)32B+�@�?�ABµ )HJm? )���),; n�2BL ?lXZ?:)yº
2�+�@B?�ABµ ),JD?V2�L )y2�L ),A�2�L�?�L�<E1HL�?8A&2#@B?:A&0H-E+�2B<>0,;Gµ�0HA�A&<Eº
¹�->?�¿Z< \ ?H\EO�� � � [�)yc Å�\ËS�L�<>A�A�Jm0H@B?e<>[�µ -E?8[�?8;N2�A�)
¹�<K),Ab2�0y·�),@�n�A�AB?D->?8Jm2B<>;�1V2�L�?#[�0HA&2�1,?D; ?D@M)3-�JD)32B?D1H0,@�¸,\
S�L�?�032�L�?D@�ABJD0,@�?8Ab)3@�?l+�µ/n�)y2�?8n�),Ab<E;�@B?8<E;YXZ0H@�JD?D[�?D;N2
->?8),@B;�<>;�1�\¥P�2z<>Ae¹�?D¸,0H; nË2�L�?�A�Jm0Hµ�?�03X�2�L�<KA�µ�)3µ�?D@
2�0�1,<>=,?#?DcY)HJ�2lnY?D2�),<E-KA
0,X*2BL�?�+ µ�n�)32B?VXZ+�; J�2�<E0H; A8O�AB?D?
¿§.*0,132:O f3gHg,g3¹�Å*XZ0H@�2BL�?:A&?�nY?D2�),<E-KAD\
S�L�?
2�L�@�?D?�A�Jm0H@B?:A]2B0H1,?D2BL�?8@�JD0,; A&2B<E2B+Y2�?
2�L�?`Ó�ÔMÒyß �

á�ß Ý ÛmåMÖ3ÑBÔ � � �� ¿ ��� ��� ��Å�O/·�L�<KJMLG<>A�+ AB?8ni<E;É2�L�?
; ),[�<E;�1iµ�L ),AB?�0,X�2�L�?�?DcYµ�?8@B<>[�?D;N28\GS�L�?�<E; # +�?D;�Jm?
0,X 2BL <>A*A�Jm0H@B?�<>A*AB[�)3->-�O,¹�+Y2�<E2�L�?D->µ A'2B0#AB?D->?8Jm2*)�XZ0H@B[�º
[�?8),;�<>;�1�),A�A&0YJm<K)y2�<E0H;�<>;eJ8),AB?�03X*)3;e<E[�µ )HABAB?,\
S�L�?�@�?8)HA&0H;�2B0i?DcYµ�-E0H<C2�0,;�->¸�0,;�?�XZ?8)y2�+�@�?�03X�2�L�?

2�0,µ�<KJ#nY+�@�<E; 1�2BL�?`Jm0,;�AI2�@B+ Jm2B<>0,;z03X*;�?8·Uµ�@B0,2B0,2I¸Nµ�?8A8O
@M)y2�L�?D@�2�L )3;�2�L�?ÍJD0,[�µ�->?m2B?ËXZ?:)y2�+�@B?Æ=,?8Jm2B0H@¾<>A�2B0
ABµ�?8?8n�+�µe2BL�?�JD0,; A&2B@�+ Jm2B<>0,;±\

P�X�2BL�?�nY<KAI2�<E;�J�2B<>=,?�JD)32B?81,0,@�¸`AB?m2 ��	 �� ��OH2�L�?�nY<>A&º
JD@B<>[�<E; )32B<>0,;½1H)3[�?z<KA�)�A&+ J8Jm?:ABA8\äS�L ?���	�<KA�XZ0,@Bº
·�)3@MnY?8n�2�0
2BL ?b; ),[�<E;�1�1H),[�?�2BL )32�[�0YnY?D-KA±2�L�?�; )3[�º
<>;�1Vµ L ),AB?l0,X�2BL�?�1,+�?:ABAB<>;�1V1N)3[�?,\'P�X�)VJ8)y2�?D1,0H@B¸ ��<KA
+ AB?8n�AB+ JDJD?8A�AIXZ+�->->¸i<>;�2�L�?�1H+�?8A�A&<>;�1e1H),[�?HO±2�L�?�µ�@�03º
2�032I¸�µ�? ³ 0,X�2�L�<>A�JD)y2�?D1H0,@�¸�<>A�[�0y=,?:n¾2�0y·�),@�n AV2�L�?
XZ?:)y2B+ @B?�=,?:J�2�0,@ � <E2lJD)y2�?D1H0,@�<�38?8A8Ï

³ Ï � ³ �����,¿ � ) ³ Å ¿�NÅ

·�L�?8@B?	�z<>A�2BL ?�A&2B?8µÍAB<�38?i·�<E2BLÍ·�L�<>JMLÆ2BL�?�µ�@�032�03º
2I¸�µ�?�[�0y=,?:A#2�0y·�),@�n�A � \¾S�L�<>A�·�)6¸�2BL�?eµ�@�032B0,2I¸�µ�?
¹�?8JD0,[�?8A�)�[�0,@�?
@�?Dµ�@�?8AB?D;N2M)y2B<>=,?�AB),[�µ -E?�03X�2BL ?lXZ?:)yº
2�+�@B?l=,?8Jm2B0H@�A*<E2�J8)y2�?D1,0H@B< 3D?:AD\'S�L�<KA�+�µ/n�)y2�?�<KA¤AB<>[�<>-K)3@
2�0�0H;Yº�-E<>;�?�
�[�?8),; A�Jm->+ A&2B?D@�<>;�1É¿§FG)HJ ��+�?8?D;±O �:Á d Â Å�\
�¶ª��±ª ��ª ��¬ � ��� � #!� �
S¶0UJm0H;N2B<>;N+ ?Ì2�L�?½?Dc�)3[�µ�->?ÌXZ@�0,[ ),¹�0y=H?,O�@B?:JD)3->-

2�L )y2�2�L�?É2I·�0�XZ?:)y2�+�@B?É=H?8Jm2B0,@MA�<E;Ë2�L�?GJm0H;N2B?mc�2�),@B?
J8)y2B?81,0H@B< 3D?:nz·�<C2�LG2BL ?VXZ0H-E->0y·�<E; 1�AB?m2�A�03X�JD)y2�?D1H0,@�<E?:ADÏ
	 � � � � � �z),; n 	 � � � � � �H\¾À�+ µ�µ�0NA&?�2BL )32 � � <KA2�L�?�2B0Hµ�<>J¾03X�2BL�?Ìn�<>A�Jm@�<E[�<>; )y2�<E0H;±O�2BL�?½nY<>A&2B<>; Jm2B<>=,?
J8)y2B?81,0H@B¸ËA&?D2É<>A ��	 � � � � �HO�¹�?:JD),+ A&? � � �� 	 � \a�?8J8)3+ AB? ��	 �� �YO`2BL�?ËnY<KABJD@B<>[�<E; )32B<>0,;j1N)3[�?¾<KA
)½A&+ J8Jm?:ABA8\%P�X�� � <KA�XZ+�@&2�L�?D@GAB+ J8Jm?8A�A&XZ+�-E->¸�+ AB?8nÆ<E;
; ),[�<E;�1�2�L�?�@�?mXZ?8@B?8;H2:O�<E2�A
µ @B0,2B032I¸�µ�?�A&L <CX�2MA�2B0y·�)3@Mn�A
� � ¹�¸½)3µ µ�-E¸�<>;�1�?-,N+ )32B<>0,;Í¿�NÅm\�P�X�� �âg�� � O¤·�L <>JML
<KA`2BL�?ÉJD)HA&?e<>;Ì2�L�?É?mcYµ�?D@�<E[�?D;N2:O�2BL ?D; ³ � ¹�?8Jm0H[�?8A³� � �j¿�g�� 	 ���g�� Á d��Bg���f Ä �Bg � gHgHÅ�\

kl0y· A&+ µ�µ�0NA&?Ì2BL )32�2�L�?ËJm0,;N2�?mc�2�nY<Knj; 032�Jm0,;�º
A&<KAI2MAe03X�2I·�0ÌXZ?:)y2�+�@B?�=,?:J�2B0H@�A8O
¹�+�2e2�L�@�?D?,Ï�Ú¤c�2 �
� � � � � � � � � �HO�·�L�?D@�? � � )3; n � � ),@B?ä),A�¹�?DXZ0,@�?½),; n
� � �¥¿ � � g,g��Bg�� Á g��Bg � g 	 �Bg � gHgHÅm\���+�@B2BL�?8@lAB+�µ�µ�0HAB?�2BL )32
2BL�?�@�0,¹�032�L ),A�2BL ?�A�)3[�?�0,;N2�0,->0,1,¸z),A�¹�?mXZ0H@B?HO�2BL�?8;
� � <>A�JD)32B?81,0,@�< 3D?8n`·�<E2BL�2�L�?�J8)y2B?81,0H@B¸VAB?m2�	 � � � � � �HOA&<>; Jm? � � <KAz2BL�?½Jm->0HAB?8A&2É2B0 � � \ .�L�?8; � � <KAÉ2BL ?
2B0,µ <>J,O�2BL ?�nY<>A&2B<>; Jm2B<>=,?�JD)32B?81,0,@�¸�AB?m2
<KA�?D[�µY2I¸HO A&<>; JD?
	 � � � � � �Ì)3; n � � � 	 � \âS�L�?½nY<>A�Jm@�<>[�<>; )32B<>0,;
1H)3[�?VX§)3<>->A�)3;�nz2I·b0�;�?D· JD)y2�?D1H0,@�<E?:A
)3@�?�XZ0H@B[�?8nG03X
·�L�<>JML�2BL ?#µ�@B0,2B0,2I¸Nµ�?8A�),@B?�),AbXZ0,->->0y·
Ab·�L ?D;�XZ?8)y2�+�@�?
' � � 
 <KA#A&?8-E?:J�2�?8n�),A�)3;�?mcY?D[�µ�-K)3@�03Xb2B0Hµ�<>J � � ¿§;�032�?2BL )32e0H;�-E¸Ë0H;�?GXZ?:)y2B+ @B?�A&µ )HJm? ) <KAeJD0,; AB<KnY?D@�?8nË<>;
2BL�<KAz?mc�)3[�µ�->?:ÅmÏ ³ � � ¿ � � gHg �Bg � Á 	 ��g�� � g ��g�� g,gNÅV),; n
³
�
�¥¿ � � gHg �Bg � Á 	 � � � g,g ��g�� g,gNÅ�\ ��?8)32B+�@�? ' � � 
 <KA*Jm0Hµ�<E?:n2B0�2BL ?e; ?D· µ�@B0,2B0,2I¸Nµ�?8A8O�2�0,1H?m2BL ?D@�·�<C2�Lä2BL�?É0,2BL�?8@

XZ?8)y2�+�@�?8A�03X�)3->@B?:),nY¸É?DcY<>A&2B<>;�1eµ�@B0,2B0,2I¸Nµ�?8A8O±Jm0H[�µ )3@�?
³ � ),; n ³

�
·�<E2BL ³ � ),; n ³ � \

�±ª��±ª�� ���¾´�¬��
R
X�2B?D@�¹�0,2BL#@�0,¹�032MA�L )6=,?*0H¹Y2�),<E; ?8n�nY<KAI2�<E; Jm2B<>=,?¤J8)y2Bº

?D1,0H@B<>?8A�0,Xl2�L�?Ì¿Zµ�032�?D;N2B<K)3-�Å`2B0Hµ�<KJ,¿§AMÅ`XZ@�0,[ 2�L�?GnY<KAIº
Jm@�<E[�<>; )y2�<E0H;`1N)3[�?�),A]?mcYµ�-K)3<>;�?:n`),¹�0y=H?,O62BL ?#ß�ÒyÓ�á�ß Ý
Ý Ò3Ó�Ô�¿�ÀN2�?D?8->A8O �:Á,Á d3¹�Å'A&2�)3@B2�A8\'PW;�2BL�?
;�)3[�<E; 1#1H)3[�?HO
2BL�?#@�0,¹�032MA�2B@�¸�2B0�JD0,[�[V+�; <>J8)y2B?�2�L�?�2B0Hµ�<>J,\
S�L�?zABµ�?:)3Ç,?8@V2�@B<>?8AV2B0�µ�@�0YnY+ Jm?z)3;Ì+Y2&2�?D@M)3; JD?e)HA

2BL�?b; )3[�?¤0,XY0,;�?�0,XY2BL�?�nY<KAI2�<E; Jm2B<>=,?�JD)y2�?D1H0,@�<E?:A/03XY2BL ?
2B0,µ <>J,\]S�L ?�L�?8),@B?8@]2B@�<E?:A]2B0#<>;N2B?D@�µ�@�?m2*2�L�<>A�+Y2&2�?D@M)3; JD?
<E;�@�?D-K)y2�<E0H;i2�0inY<KAI2�<E; Jm2B<>=,?�J8)y2B?81,0H@B<>?8A�03X�<E2�A#µ�032�?D;Yº
2B<K)3-�2B0,µ <>J8AD\jS�L�<KA�·�)6¸Ì2BL�?�L�?8),@B?8@�2B@�<E?:A�2�0¾1,+ ?8A�A
2BL�?VABµ�?8)3ÇH?D@:ã Ab2�0,µ�<KJ3\*P�X]2BL ?#L�?8),@B?8@b»�; n�A
)�µ�0HA�A&<>¹�->?
<E;N2B?8@Bµ @B?D2�)y2�<E0H;±O/2BL ?`1H+�?8A�A&<>;�1�1H)3[�?�<>A�AB+ JDJD?8A�AIXZ+ -'<EX
¹�0,2BL�@�0,¹�032MAbJD0,[�[V+ ;�<>J8)y2�?8n�),¹�0H+Y2¤2�L�?�A�)3[�?�@B?DXZ?D@Bº
?D;N28\�S�L�<KA�<KAb?8=y)3->+ )y2�?8n�¹N¸�2�L�?�XZ?D?:nY¹ ),JMÇ�µ @B0YJm?:ABA�)HA
·�<E->-�¹�?e?mcYµ�-K)3<>;�?:n¾¹�?D->0y·#\¾RlJDJD0,@MnY<>;�1G2�0i2�L�?�0H+Y2&º
Jm0,[�?#0,X¶2BL ?#1H)3[�?HO�2BL�?#->?mcY<KJm0,;e<KA�),n�),µY2B?:n�\

�±ª��±ª�©�ª����!� �����±´§³H¯�¬
S�L�?Í-E?DcY<>JD0,;�� <KAÌnY?D» ;�?8n�)HAÌ)jAB?m2½03XzXZ0,@�[�º

[�?:)3;�<>;�1�)HABAB0YJm<K)y2B<>0,;�ADÏ�� � � �]F � �HO�·�L�?D@�? �'F � �
���*����� � ��������<KA�)z-E?DcY<>J8)3-�?8;H2�@B¸H\�Êl?D@�?�� ��<KA�)eXZ0H@B[
2BL )32¤<>A][�)HnY?�03X�)#Jm0H[V¹�<>; )y2�<E0H;`0,X/JD0,; AB0,;�)3;N2&º�=,0y·�?D-
AI2�@B<>;�1HA8O�� � <KA�)¾¿Z[�?D[�0H@B< 3D?:n�µ )3@B2V03Xl)NÅ#[�?8),;�<>;�1
@B?8µ�@B?:A&?8;N2B?8n�¹�¸�)ÉJ8)y2�?D1,0H@B¸HO¶)3;�n��½<KA�2�L�?�),A�AB0�JD<>)3º
2B<>0,;¾A�Jm0,@�?�2BL�)y2V<>; nY<KJD)32B?8A�2BL�?�? �/?8J�2�<E=H?D;�?:ABAV03X�2BL ?
-E?Dc�<KJD),-�?D;N2B@�¸�<>;e2BL�?#-K)3;�1H+ )31H?�+�A&?H\



� d

�±ª��±ª ��ª���®y¯±°'²�³,8´§¯�¬
S�L�?eABµ�?8)3ÇH?D@�03X
2�L�?z1,+�?:ABAB<>;�1i1N)3[�?�·�<>->-b2�@B¸�2�0

; )3[�?�2BL�?�2B0Hµ�<KJ3\�S¶0�nY0�2BL�<KA�<C2�A&?8-E?:J�2MA`)�nY<>A&2B<>; Jmº
2B<>=,?
J8)y2B?81,0H@B¸�XZ@�0,[�2�L�? ��	èXZ0,@*·�L�<KJML�2BL�?�[�?:)3;�<>;�1
ABJD0,@�? � <>A*L <E1HL�?8A&28\*S�L�?8;�<C2bAB?8),@�JML ?8A]<E2�A�->?mcY<KJm0H;`XZ0H@
XZ0,@�[�º [�?8),;�<>;�1�)HABAB0YJm<K)y2B<>0,;�0,Xl·�L�<KJML¾2�L�?�[�?:)3;�<>;�1
[�)y2�JML ?8A�2�L�?#nY<>A&2B<>; Jm2B<>=,?�JD)32B?81,0,@�¸,\
P�X�<E2'X§),<E-KA�2B0#nY0�A&0�Oy2BL ?�ABµ�?8)3ÇH?D@'·�<E->-�» @MAI2*Jm0H; AB<>nY?8@

2BL�?#; ?mc�2lnY<KAI2�<E; Jm2B<>=,?�J8)y2B?81,0H@B¸�XZ@�0,[�2�L�? ��	�\�P�X*)3->-
nY<KAI2�<E; Jm2B<>=,?
J8)y2B?81,0H@B<>?8A�L )6=,?�¹�?D?D;�?Dc�µ -E0H@B?:n`),; n`A&2B<>->-
;�0�?D;N2�@B¸�L�),A�¹�?D?D;eXZ0H+�; n�O 2BL�?�ABµ�?:)3ÇH?D@�[�)6¸�Jm@�?8)32B?
)�;�?D·äXZ0H@B[¥)HA*·�<>-E-�¹�?
?Dc�µ ->),<E;�?:n�<E;�2BL ?l),n�),µY2�)32B<>0,;
A&?:J�2�<E0H;±\
P�X�2�L�?D@�?l),@B?�0H;�?
0,@¤[�0H@B?l-E?Dc�<KJD),-�?D;N2�@B<>?8A]2�L )y2bXZ+�-Eº

» ->-*2BL�?�),¹�0y=H?`JD0,; nY<E2B<>0,;¶O±2BL ?�ABµ�?8)3ÇH?D@#AB?D->?8J�2MA�2BL )32
?D;N2B@�¸Ë2BL�)y2zL ),A�2BL�?�L�<>1,L�?:AI2É),A�AB0�JD<>)32B<>0,;èA�Jm0H@B?	�]\
S�L�?#XZ0H@B[ 2BL )32
<>A�2�L�+ A�µ�@�0YnY+ Jm?:ne<>A�+�2&2B?8@B?:ne2B0�2�L�?
L�?8),@B?8@8\

�±ª��±ª �±ª�«m¬/ �H® #'®"�H �Y8´�¯�¬
^�;V@�?8Jm?8<Eµ�2'0,X�2BL�?�+Y2B2B?D@M)3;�Jm?,O32BL�?�L�?8),@B?8@'AB?8),@�JML ?8A

<C2MA�-E?DcY<>JD0,;�XZ0H@b?8;H2�@B<>?8AbXZ0H@b·�L�<KJML�2�L�?�XZ0,@�[�[�)32�JML�?:A
2BL�?b+Y2&2�?D@M)3; JD?,O6)3; n�XZ0H@¶·�L�<KJML�2BL ?�[�?8)3; <E;�1l[�)32�JML�?:A
0,;�?�0,Xb2�L�?�nY<KAI2�<E;�J�2B<>=,?�J8)y2�?D1,0H@B<>?8A�03X�2BL ?�µ�0,2B?D;N2�<>),-
2B0Hµ�<>J8AD\
P�X]<E2
X§),<E-KA�2�0�» ; nz0,; ?,O�2�L�?�->?mcY<KJm0,;ÉL�),A�2�0�¹�?V?mc�º

µ )3;�nY?8n�O�),A�?mcYµ�-K)3<>;�?:n�-K)y2�?D@:\
P�X¶2BL ?�L ?8)3@�?D@�» ;�n�A�[�0,@�?l2�L )3;e0,;�?HOY<C2�·�<>-E-±AB?D->?8Jm2

2BL�?l?D;N2B@�¸�2�L )y2¤L�),A]2�L�?�L�<>1,L�?:AI2bA�Jm0H@B?��.� � ��� � � O
·�L�?D@�?�� �èg � � <>A])�Jm0,;�AI2M)3;N2�·�?D<>1,LN28\'S�L�?�µ�0,2B?D;N2�<>),-
2B0Hµ�<>J�2BL )32�@�?D-K)y2�?8A
2B0�2�L�<>A�->?mcY<KJD)3-�?D;N2B@�¸e<>A�A&?8-E?:J�2�?8n
¹�¸É2BL�?�L�?:)3@�?D@�),A�æ � Ô�2B0Hµ�<KJV0,X¤2BL ?�1H+�?8A�AB<E;�1�1H),[�?H\
P�\ ?H\EO�2BL�<KA`AB?D1H[�?D;N2`<KAV·�L�)y2V2�L�?�L ?8)3@�?D@`1,+�?:ABAB?8n�2�0
¹�?�2�L�?�AB+�¹YÎI?:J�2�03X�JD0,[�[V+�; <>J8)y2B<>0,;¶\]RÆ2B0Hµ�<KJ
@�?D-K)y2B?:A
2B0V),;�?D;N2B@�¸�·�L�?D;�<E2�AbnY<>A&2B<>; Jm2B<>=,?�J8)y2�?D1,0H@B¸V[�)32�JML�?:A
2BL�?#?8;N2B@�¸�ã A�[�?8),;�<E; 1 \

�±ª��±ª��¶ª�� �$��° �!��³��
PW;¾2BL ?zXZ?D?8n�¹ ),JMÇ/O*2�L�?z0,+Y2MJm0,[�?z03Xl2BL�?z1,+ ?8A�A&<>;�1

1H),[�?�<>AV?D=y)3->+ )y2�?8n�\eP�2`<KA�<>[�µ�0H@&2M)3;N2#2B0i;�032�?�2BL )32
<E;�2�L�<>A�µ )3µ�?D@:O±2�L�?�2B?8@B[ XZ?D?8n�¹ ),JMÇG<KA�0,; -E¸�+ A&?:nG2�0
<E;�nY<>J8)y2�?�2BL ?�µ�@�0YJm?8A�A#0,X�?8=y)3->+ )y2�<E;�1�)z1H)3[�?Hã A`A&+ Jmº
Jm?:ABA�¹�¸z=,?D@�<EXZ¸N<>;�1�·�L�?m2�L�?D@�¹�032BL�@B0H¹�0,2�A�Jm0H[�[`+�;�<Eº
JD)32B?8nÍ)3¹�0,+Y2�2BL�?�A�)3[�?i@�?mXZ?8@B?8;H2:\ R�A�[�?8;H2�<E0H;�?8n±O
2BL�?�1,+ ?8A�A&<>;�1#1H),[�?
<>A�AB+ JDJD?8A�AIXZ+�-�·�L�?8;�¹�0,2BL�@�0,¹�032MA
Jm0H[�[`+�;�<KJD)32B?8n#),¹�0H+Y2�2BL ?¤AB),[�?*@B?DXZ?D@�?D;N28\¶S�L ?]XZ?D?8nYº
¹ ),JMÇ�<KA¤?:AI2M)3¹�-><KA&L�?:n�¹�¸�JD0,[�µ ),@B<>;�1#2�L�?
XZ?:)y2B+ @B?�=,?8Jmº
2B0H@�AV03X�2BL ?�2I·�0G@B0H¹�0,2�A#@�?D-K)y2�<E; 1É2B0É2�L�?�2�0,µ�<KJDA8\GP�X

2�L�?8AB?GXZ?:)y2�+�@B?�=,?:J�2B0H@�A�Jm0,@�@�?8ABµ�0H; nä2B0¾?:),JMLè0,2BL�?8@8O
< \ ?,\>O�2BL ?D¸U¹�0,2BLjL�)6=,?¾)�=y)3->+�?½03X � <>;�2BL�?äAB),[�?
n�<E[�?D;�A&<>0,;±Ol2BL�?�@�0,¹�032�A�L )6=,?i<>nY?8;N2B<E» ?8nè2BL�?�AB),[�?
2�0,µ�<KJ3O�J�XI\ä2�L�?z<E;�=y)3@�<>),; Jm?zJm@�<E2B?D@�<>0,;Ì[�?8;H2�<E0H;�?8n½<>;
AB?8Jm2B<>0,; � \  \ � \ S�L ?�0H+Y2�JD0,[�?�03X`2BL�?�XZ?D?:nY¹ )HJMÇ�<>A
Ç�;�0y·�;�2B0�¹�032�Lz@B0H¹�0,2�A8\
P�X�2BL�?�L�?8),@B?8@�A&?8-E?:J�2B?:n�)e2B0Hµ�<>J�)3X�2B?8@�2BL ?�+�; nY?8@&º

A&2�),; nY<>;�1�µ�L )HA&?HON¹ +Y2�<CX'2BL�<KA�2B0Hµ�<KJl<KA�;�032
JD0,; AB<>A&2B?8;N2
·�<E2BL�2�L�?�ABµ�?:)3Ç,?8@8ã A�2B0Hµ�<>J,O±2�L�?D@�?�<>A#)�Ó�áKÛ�Ó�Ò3æ�å � á�ß
Ñ�Ô§ÐmÔDÑBÔDß æ \]S�L <>A¤<>A]2�L�?lJ8),AB?�·�L�?D;�2�L�?
<>;N=y),@B<K)3; JD?
Jm@�<Cº
2�?D@�<E0H;�<KA�;�0,2
[�?m28\
P�X�2BL�?�ABµ�?:)3Ç,?8@]L ),A';�0�->?mcY<>J8)3-�?D;N2�@B¸�2�L )y2�[�)y2MJML�?8A

)znY<KA&2B<>; J�2�<E=H?�J8)y2B?81,0H@B¸HO�0H@�<CXb2BL�?�L�?:)3@�?D@#Jm0H+�->ni;�032
<>;N2B?8@Bµ�@�?m2l2BL�?�A&µ�?8),Ç,?D@:ã A�+Y2&2�?D@M)3; JD?�¹�?8JD),+ AB?�<C2�nY0�?8A
; 032*L )6=,?�)lµ @B0Hµ�?8@�->?mcY<KJD)3-�?8;H2�@B¸#<>;`2BL�?�Jm+�@�@�?D;N2]JD0,;Yº
2�?mc�28O�2BL�?8;�2�L�?#1,+ ?8A�A&<>;�1�1H),[�?�<KA�)`X§)3<>-E+�@�?,\
S�L�?VXZ?D?8n�¹ ),JMÇe<>A�?D=y),-E+ )32B?:nÉ@�)32BL�?8@l)3@B2B<E»�JD<>),-�)3;�n

; 032V=H?D@�¸i@�?8)3-><KAI2�<>J�AB<E;�Jm?�@�0,¹�032MA#;�0,@�[�)3->-E¸�L )6=,?�;�0
)HJDJD?8A�A#2B0�?8)HJML�032BL ?D@:ã A`<E;N2�?D@�; )3-�AI2M)y2B?:AD\�Ê
0y·�?D=H?D@:O
µ @B?8=N<>0,+�A�)32&2�?D[�µY2�A�2B0�<E[�µ�->?D[�?8;H2�XZ?8?8nY¹ )HJMÇ¾µ�L�¸YAIº
<KJD),-E->¸UL )6=,?ÌX§)3<>-E?:n%¿Z.*0H132:O �:Á,ÁHÄ )HÅm\ PW;j2�L�?8AB?Ë)y2&º
2�?D[�µY2MA]2BL�?�L�?:)3@�?D@'µ�0H<E;N2�?8n�)y2'2BL�?�2�0,µ�<KJ�A&0�2BL�)y2]2BL�?
ABµ�?8)3ÇH?D@�JD0,+�-KnV=H?D@�<CXZ¸V·�L�?m2�L�?D@*2�L�?�L�?:)3@�?D@*<KnY?D;N2B<E» ?:n
2�L�?lA�)3[�?�2B0Hµ�<>J,\'S�L <>A�)32&2�?D[�µY28OHL�0y·�?D=,?8@8O6X§),<E->?8n�¹�?mº
J8)3+ AB?�2�L�?�A&µ�?8),Ç,?D@�·�)HAl; 032�),¹�->?V2�0�=,?8@B<EXZ¸z@B?8-E<K)3¹ -E¸
)32�·�L�)y2�0,¹YÎI?:J�2�2BL�?eL�?8),@B?8@`µ�0,<>;N2B?:n�\¾S�L�<KA`µ�0,<>;N2&º
<>;�1äAI2�@�)32B?D1H¸ÌL )HA�¹�?D?8;ÆA&+�JDJm?:ABA&XZ+�->-E¸ä<>[�µ -E?8[�?8;N2B?8n
<>;�2BL�?�S�),-EÇ�<>;�1�Ê
?8)Hn�A�?mcYµ�?D@�<E[�?D;N2#¿�ÀN2�?D?8->A�)3;�n�Q#)yº
µ ->),;±O �8ÁHÁ,Á Åm\'S�0V0y=H?D@MJm0H[�?
2BL�<KA�2B?:JML�;�<KJD)3-/µ�@�0,¹ -E?8[eO
<E2�<KA�),A�A&+�[�?:ne2BL )32
2BL�?`@B0H¹�0,2�A�JD)3;Gn�0�2BL�<KA8\lkl)32B+Yº
@M)3->->¸,O±2�L�<KA#µ�@�0,¹�->?D[�; ?D?8n A�2B0É¹�?�A&0H-E=H?8n�<E;�2�L�?�XZ+Yº
2�+�@�?,\
�¶ª �¶ª��±ª ��°!�'#� �Y8´�¯�¬
h�?Dµ�?D; nY<>;�1ä0,;�2�L�?i0H+Y2�JD0,[�?G0,X#2BL�?�1H)3[�?HO�2BL�?

->?mcY<KJm0H;�0,Xb2�L�?�2I·�0z@B0H¹�0,2�A#<KA�),n )3µY2�?8n�\�S�L ?D@�?�)3@�?
XZ0H+�@
µ�0HA�A&<>¹�->?�0,+Y2MJm0,[�?:AMT3),n�),µY2�)32B<>0,; A8Ï

� \�S�L�?iABµ�?8)3ÇH?D@�L )HA�;�0�->?mcY<KJD)3-l?D;N2B@�¸/ÏiPW;Ë2BL <>A
JD)HA&?�2�L�?lABµ�?:)3ÇH?D@¤JD@B?:)y2B?:A*)#;�?8·½XZ0H@B[ )3; n�)HAIº
AB0�JD<>)32B?:A'2BL�<KA*·�<E2BL�2BL�?
n�<>A&2B<>; J�2�<E=H?
JD)32B?D1H0,@�¸#<C2
2B@�<>?8ni2B0z; )3[�?H\�S�L�<KA�<KA#nY0,;�?�·�<E2BL�)eµ�@�0,¹ )3º
¹�<>-E<E2I¸�0,X��
	 �èg � � \

fY\�S�L�?
L ?8)3@�?D@*L�),A*;�0#->?mcY<KJD),-�?D;N2B@�¸/Ï�S�L�?lL�?8),@B?8@
),n�0,µY2MA]2BL�?lXZ0,@�[ +�2&2B?8@B?:n�¹�¸V2�L�?�ABµ�?:)3ÇH?D@�)3;�n
),A�AB0�JD<>)32B?:A�2BL�<KA½·�<C2�L%2BL ?ÍnY<KAI2�<E;�J�2B<>=,?ÈJD)32B?mº
1,0H@B<>?8Ab03X')V@M)3; n�0,[�-E¸�AB?D->?8Jm2B?:n�AB?D1,[�?8;H2�XZ@�0,[
<E2�A
JD0,;N2B?DcN2:\



�yÂ

S')3¹�->?�f
S�L�?�->?mcY<>JD0,;Í03XV2�L�?�A&µ�?8),Ç,?8@e),; nèL�?:)3@�?D@e+ AB?8nÍ<E;
2�L�?�?mc�)3[�µ�->?,\ �b),JMLÈ)31,?8;N2eL )HAz),A�A&0YJm<K)y2�?8nË2�L�@�?D?
[�?8),;�<>;�1HAG¿§<E;Ë2�L�?i@�0y·
AMÅV·�<E2BLè2I·b0�XZ0H@B[�AG¿§<E;�2�L�?
JD0,->+�[�; A�Åm\ ��?:)3-Eº =y)3->+�?:n�;�+�[`¹�?8@�A�<>; nY<KJD)32B?�2�L�?�),A&º
AB0YJm<K)y2B<>0,;�ABJD0,@�?8Al),; ni)�n�),ABLi<>; nY<KJD)32B?:Al2�L�?D@�?�<>A�;�0
)HABAB0YJm<K)y2B<>0,;¶\
À�µ�?8),Ç,?D@ Ê
?8),@B?8@
� 	  � ��¯ � �'�¤¯ � �  � ��¯ ���'�¤¯
� � g \ f,g g \ f 	 �  � g \ � g º
� � º g \ d 	 � 

�
º g�\ Â 	

� � g \ Á 	 º � � g \ Â g g�\ g 	

� \�S�L�?D@�?�·�)HAÉ)½[�<KA&[�)32�JMLU<E;U@�?mXZ?8@B?8;H2:Ï�ab0,2BL
@B0H¹�0,2�A�-E0y·�?D@�2BL ?�)HABAB0YJm<K)y2�<E0H;iABJD0,@�? �Ì03X¤2�L�?
+ A&?:n�->?mcY<>J8)3-�?D;N2B@�¸/Ï ��Ï ��� � �]OY·�L�?D@�?�� �èg � Á
<>A�)VJD0,; A&2�),;H2b-E?:)3@�;�<E; 1�@�)32B?H\'PW;�),n�nY<E2B<>0,;¶OH2�L�?
L�?8),@B?8@�),n�0,µY2MA
2�L�?`+�2&2B?8@�),; Jm?�)3; ni),A�A&0YJm<K)y2�?8A
<C2�·�<C2�L�2�L�?�n�<>A&2B<>; J�2�<E=H?�J8)y2�?D1,0H@B<>?8A�03X¶)Vn�<
�/?D@Bº
?D;N2
@�),; nY0H[�->¸�AB?D->?8J�2�?8nzAB?D1,[�?8;H2:\

�\�S�L�?#1H),[�?�·�),A�)�AB+ JDJD?8A�ADÏ�a�0,2BLz@B0H¹�0,2�A�@�?D<>;Yº
XZ0,@MJm?�2�L�?�),A�A&0YJm<K)y2�<E0H;#ABJD0,@�?�03X�2�L�?¤+�A&?:n�?D;N2�@B¸/Ï
��Ï ����� ���Ë¿ � ) ��Å�\*PW;z),n�nY<E2B<>0,;¶OH2�L�?D¸�-E0y·�?D@
Jm0,[�µ�?m2�<E;�1z?8;H2�@B<>?8A�¿§?D;N2B@�<>?8A�XZ0,@#·�L <>JML�?D<E2BL�?8@
2BL�?�XZ0H@B[�0H@�2BL�?�[�?8),;�<>;�1z<>A�2�L�?�AB),[�?�)HA�<E;
2BL�?�+ AB?8nÉ?8;H2�@B¸�ÅmÏ �½Ï ��� � �]\�S�L�?`->)32&2B?8@�+ µYº
n�)y2�?#<>A�J8)3->-E?:n�-K)y2�?D@M)3-�<>;�L�<>¹�<C2�<E0H; � \

�¶ª �¶ª �¶ª ��¬ � ��� � #!� �
S�L�?eXZ0,->-E0y·�<>;�1�?mc�)3[�µ�->?z<E->->+ AI2�@�)32B?:AV2�L�?É; ),[�<>;�1

µ�L�),AB?
03X±2�L�?�1,+�?:ABAB<E; 1�1H),[�?H\]ÀY+�µ�µ�0HAB?l2�L�?�ABµ�?8)3ÇH?D@
),; n�2�L�?�L ?8)3@�?D@�L )6=H?�)`-E?Dc�<KJm0H;�),A�1H<E=H?D;�<>;�2M)3¹�->?�fY\
�b),JMLÉ)31H?D;N2lL )HA�2BL @B?8?Vµ�@�<E=y)32B?V[�?:)3;�<>;�1HA � � ¿ � � Å
),A&º
AB0YJm<K)y2B?:n�·�<E2BLe2I·�0�nY< �/?D@�?D;N2�XZ0,@�[�A  � ��¯ ),; n ���'�¤¯ \
PW;�2�L�?�Jm?D->-KA¤0,X±2BL�?�2�),¹�->?
2BL ?�)HABAB0YJm<K)y2B<>0,;�A�Jm0H@B?:A¤),@B?
1H<E=H?D;±O6)
n�)HA&L#<>; nY<KJD)32B?8A±2BL )32±2BL ?D@�?¤<KA±;�0l)HABAB0YJm<K)y2�<E0H;
¹�?m2I·�?D?8;#2BL )32'[�?:)3;�<>;�1�),; n#XZ0H@B[z\!��+�@B2BL�?8@*A&+�µ µ�0NA&?
2�L )y2�¹�0,2BL¾@�0,¹�032MAV?:),JML�L )6=H?�nY?m2�?8Jm2B?8n¾2BL�@�?D?�-E<>1,LN2
AB0,+�@MJm?:A�4 � O24'f�)3; n 4 � \
À�+�µ�µ�0HAB?�2BL )32�2BL�?#ABµ�?:)3Ç,?8@�A&?8-E?:J�2B?:n�2�L�?�A&?81,[�?D;N2

@�?D-K)y2�<E;�1�2B0 4 � ),A�2BL ?�2B0,µ <>J,O¶·�L�<KJML�<C2VJ8)y2B?81,0H@B< 3D?:n
nY<KA&2B<>; J�2�<E=H?D->¸�·�<E2BL�� � \
S�L�<KAlJ8)y2B?81,0H@B¸�<KA
0H;�->¸e)HABAB03º
JD<>)32B?8n�·�<C2�Le2BL�?�XZ0,@�[  � ��¯ O�·�L <>JMLe<C2�+Y2B2B?8@�A8\�9
µ�0,;
� ��ò6ü6ìIî3ìIò6ü6ìIòmó�÷	��ìBôMû ë�÷Mó�ë6ìIï�� �'õ�ð�î6ëyôMòmó � �	�
�
��� ���'ì��÷�ò1���� � � ���bôMò6ü��*ôMî6õ_ôMò ��� � � ����ë6ô+�mì�ù�ë6÷Bö¶ò�ó�ëyô�ó�õ_ô�ó�ìIï�ôMõ±ð�ò6ë6ð �
ú6ð ó�ð�÷�ò�ð�ù±ûIï ý6ûIð_ôMõ)�E÷�ï±ûI÷�ò!�mìIï ��ìIò6ûIì¤ð�ò�õ�ìWí8ð�ûI÷�ò�ü6ì(�mìIõ�÷�î6ñ�ìIòDó+�

@B?:Jm?D<>=�<E; 1V2�L�?�XZ0,@�[  � ��¯ O�2BL�?�L�?:)3@�?D@b2B@�<E?:Ab2B0�<E;N2�?D@Bº
µ�@B?D2�<E28\�S�L�?�L�?:)3@�?D@
L )HA
2I·�0�[�?8),;�<>;�1HA
)HABAB0YJm<K)y2�?8n
·�<C2�L  � ��¯ Ï �  � )3;�n � � \½RlA`2�L�?É),A�A&0YJm<K)y2�<E0H;¾ABJD0,@�?
@B?8->)32B<>;�1  � ��¯ ·�<E2BL � � <KA�L <E1HL�?8A&28O�2�L�?iL�?:)3@�?D@eA&?Dº
-E?:J�2�AV2BL ?�AB?D1,[�?8;H2�¹�?D->0,; 1,<>;�1É2B0 � � )HA#2BL ?�2B0Hµ�<KJ � \
P�Xb2�L�<>A#AB?D1H[�?D;N2�@�?D-K)y2�?8A�2B0 4 � O�2�L�?�1,+�?:ABAB<E; 1�1N)3[�?
<>A�AB+ J8Jm?8A�A&XZ+�-l)3;�n¾2�L�?iA�Jm0,@�?8A�),@B?z+�µ/n�)y2�?8nË),A�XZ0H-Cº
-E0y·
A8ÏVS�L�?�ABµ�?:)3ÇH?D@�)3;�n�2BL�?�L ?8)3@�?D@#¹�032�L�<E; JD@B?:),AB?
2BL�?�),A�A&0YJm<K)y2�<E0H;#ABJD0,@�?*¹�?D2I·b?8?D; � � ¿Z0,@ � � Å±·�<C2�L  � ��¯ O·�L�<>JMLÉ¹�?8JD0,[�?�g�\ Á�	�	 ),; nzg�\ Â"� @�?8ABµ�?:J�2B<>=,?8-E¸�¿Z@�?8J8)3->-
2BL )32�� ��g�� Á Å�\�Úb0,[�µ�?D2B<>;�1�)HABAB0YJm<K)y2�<E0H; A
)3@�?�-K)y2�?D@Bº
)3->-E¸É<>;�L�<>¹�<E2B?8n±Ïl2�L�?�)HABAB0YJm<K)y2�<E0H;iABJD0,@�?V0,X � � � �  � ��¯ �¹�?:Jm0,[�?:A`g \ �:Ä O'03X � �  � �  � ��¯ �#¹�?8Jm0H[�?8AVg \ g Á )3;�n�03X
� � � � � �'�¤¯ ��¹�?8JD0,[�?8A�g \ g  	 \��?:Jm0H; A&<KnY?8@�2BL�?V-E?Dc�<KJm0H;z<E;z2M)3¹�->?VfYO�¹�+Y2l;�0y·Í2BL ?
A&µ�?8),Ç,?D@eA&?8-E?:J�2�?8n 4 � 2BL )32�<E2eJD)32B?81,0,@�< 3D?8nä·�<E2BL � �),Al2BL�?V2B0,µ <>J,\lPW;É2�L�<>A�JD)HA&?HO�2�L�?�ABµ�?8)3ÇH?D@
·�<>->-'AB?D->?8Jm2
���'�¤¯ 2�0�; )3[�? 4 � O3¹�?:JD),+ A&?�2�L�<>A]L�),A'2BL ?�L <E1HL�?8A&2�),A&º
A&0YJm<K)y2�<E0H;GABJD0,@�?,\�S�L�?`L�?8),@B?8@
<E;N2�?D@�µ�@B?D2�A ���'�¤¯ ·�<C2�L
� 
�
O�·�L�<KJMLÉ+�;YXZ0H@&2�+�; )y2�?D->¸�L�),A
¹�?D?8;iJD)32B?81,0,@�< 3D?8n�XZ0H@

4�fY\eS�L�?D@�?�<KA�)z[�<>AB[�)y2�JML�<>;�@B?DXZ?D@�?D;N28\�S�L ?�),A�A&0,º
Jm<K)y2B<>0,;äABJD0,@�?8AV03X�2BL ?�+ AB?8n½),A�A&0YJD<>)32B<>0,;¾A�Jm0,@�?8A`)3@�?
-E0y·�?D@�?8n�\�À�0�O¤2�L�?G),A�A&0YJD<>)32B<>0,;½A�Jm0H@B?e03X � � � � � �'�¤¯ �¹�?:Jm0,[�?:A
g�\�f,f 	 )3;�n�0,X � � � � ���'�b¯ ��¹�?8Jm0H[�?8A�g�\ d Â 	 \P�X�2BL�?zA&µ�?8),Ç,?8@`L )HA�JD)y2�?D1H0,@�<�38?8n�2BL ?�2�0,µ�<KJ3O�?H\ 1�\EO
2BL�?�A&?81,[�?D;N2
@�?D-K)y2B<>;�1�2�0 4 � O ·�<E2BLi)�J8)y2�?D1,0H@B¸�2BL )32
<>AV;�032V¸H?m2�<>;�<C2MA�->?mcY<KJm0,;¶O'A�)6¸ �

�
O'2BL�?8;�<C2V[�)6¸�<E;Yº

=,?D;N2�)�;�?D· XZ0,@�[e\ËS�L�<KA�;�?D· XZ0,@�[zO�XZ0,@�<>; A&2�)3;�Jm?,O
��² � <KA`2BL�?8;¾+Y2B2B?D@�?8n¾2B0i2BL�?�L�?8),@B?8@8\iS�L ?�L�?:)3@�?D@:O
L�0y·b?8=,?8@8O*nY0�?8AV;�032�Ç�;�0y· 2BL�?�XZ0,@�[¼¸,?D2�)3;�n¾),A�A&0,º
Jm<K)y2B?:A¤<E2�·�<C2�L�2BL ?�J8)y2B?81,0H@B< 38)32B<>0,;¶¿�A�Å]0,X¶)�@M)3; n�0,[�-E¸
A&?8-E?:J�2B?:n�AB?D1H[�?8;N2�),; n�2BL ?�1N)3[�?l<KA�Jm0,;�A&<KnY?D@�?8n�),A�)
X§)3<>-E+�@�?,\

�±ª���ª��¶² � � �Y® �
S�L�<KA A&?:J�2�<E0H; µ�@�?8AB?D;N2B?:n 2BL�? 1,+ ?8A�A&<>;�1 1N)3[�?

[�0YnY?8-*¹�¸G·�L�<KJMLG2BL ?�?DcYµ�?8@B<>[�?D;N2�A�)3@�?�nY0,;�?H\`S�·�0
[�0H¹�<>-E?Ë@�0,¹�032�A�2�@B¸�2�0ÈJD0,; A&2B@�+ Jm2�)Í->?mcY<>JD0,; ·�<C2�L
·�L�<>JML�2�L�?D¸�JD)3;�AB0,->=,?b2BL�?�µ�L�¸YAB<>J8)3-YA&¸�[`¹�0H-Y1,@�0,+�; nYº
<E;�1Éµ @B0H¹�-E?8[z\�PW;�?:),JML�1,+�?:ABAB<E; 1e1N)3[�?,O±2BL�?�@�0,¹�032MA
2B@�¸i2�0É; )3[�?�0H;�?�03X�2BL ?�-E<>1,LN2VAB?D; AB0,@MA�2BL�)y2`),@B?�<>;
2BL�?8<E@�AB+�@B@�0,+ ; nY<>;�1HA8\�S�L�?8¸�nY0`AB0�¹�¸�2�)3Ç�<>;�1�2�L�?
XZ0H-Cº
-E0y·�<>;�1�AI2�?Dµ A8Ï

� \
À�?8; AB<E;�1�O�AB?D1H[�?D;N2�)32B<>0,;Ë)3; nÌXZ?8)32B+�@�?z?mc�2B@M),Jmº
2�<E0H;±\

� � ÷Mó ì�ó�ëyô�ó�ó�ë6ì
ñ�ì&ôMò6ð�ò1��ù�ûI÷�ï ì���ð�ù¤ü6ð�ù�ûBôMï�ü6ìIü�ó�÷#ù ð�ñ�î6õ�ð � �
ó�ë6ì�ìWí6ôMñ�î:õ�ì"�



�8Ä

f�\�S�0,µ <>J�AB?D->?8J�2�<E0H;±\

� \�h�<KABJD@B<>[�<E; )32B<>0,;Í1H)3[�?:ADÏÈ¿§)HÅ�JD)32B?81,0,@�< 38)y2�<E0H;±O
¿§¹�Å�nY<KA�Jm@�<E[�<>; )y2�<E0H;ä),; nÍ¿�J8Å�0H;H2�0,->0,1H¸¾),n�),µYº
2M)y2�<E0H;±\

�\�k�)3[�<>;�1 Ï ¿§)NÅ¾µ @B0YnY+ Jm2B<>0,;±O�¿Z¹�Å¾<>;N2B?D@�µ�@�?m2M)yº
2�<E0H;±OY¿§J:Å�?D=y),-E+ )32B<>;�1�XZ?8?8nY¹ )HJMÇ�),; n�¿§n�Å�->?mcY<>JD0,;
)Hn�)3µ�2�)y2�<E0H;±\

S�L�?�1,+ ?8A�A&<>;�1�1H),[�?bnY?8A�Jm@�<E¹�?8n�),¹�0y=H?*<E[�µ�->?D[�?D;N2MA
2BL�?
2BL�@�?D?�[�?8JML�)3;�<KA&[�A*L�¸�µ�032BL ?8AB<�38?8n�¹�¸ 4±+�J
ÀN2B?8?D-KA
¿�ÀN2�?D?8->A8O �:Á,Á d,¹�Å�2�L )y2�JD),;¾[�0�n�?D-�-E?DcY<>JD0,;ÌnY?8=,?8-E0HµYº
[�?D;N28\ � �]ÞYØ_æ ÞYÑBÒyØ `á�ß æWÔmÑBÒHåmæ á§Öyß Û¤)3@�?
[�0YnY?D->?8n�¹N¸�2�L�?
A&?8; AB<E;�1�O�Jm0,[�[`+�;�<KJD)y2�<E0H;�)3; n½XZ?D?:nY¹ )HJMÇ�\ ��ß/àyá�ç:á§à"�
Þ ÒyØ]Ò,à,ÒMÕ�æWÒyæ á§Öyße<>Al[�0�n�?D->?8nÉ)y2�2�L�?�->?D=H?D-¶0,X�2�L�?`n�<>A&º
Jm@�<E[�<>; )y2�<E0H;¾)3; n�; ),[�<E;�1É1N)3[�?,\eS�L�?�AB?D->?8Jm2B<>0,;�03X
?D->?D[�?D;N2MA�)3; n�2�L�?�<E;�nY<E=�<KnY+ ),-¤),n�),µY2�)32B<>0,; A#),@B?�2�L�?
[�)3<>;GA&0H+�@�JD?8A�XZ0H@�2BL�?�ÛDÔDØ Ð �&ÖyÑ Ý Ò3ß á��:Òyæ á§Öyße03X*)�1,->0,¹ ),-
-E?DcY<>JD0,;±\
S�L�?lJm0H+�µ�-><E; 1�03X/2BL ?l; ),[�<>;�1�1N)3[�?
·�<E2BL�2�L�?�n�<>A&º

Jm@�<E[�<>; )y2�<E0H;Í1N)3[�?8Az),; n�2�L�?¾A&?8; AB<E;�1äµ ),@&2z[�)3Ç,?:A
2BL )32�2BL�?�?D[�?8@B1H<E;�1�->?mcY<>JD0,;�<>A�1H@B0H+�; nY?:n�<E;�2BL ?�@�?8),-
·b0H@B-Kn�\ËS�L�?z@B0H¹�0,2�A�AB+ JDJD?8A�AIXZ+�->->¸ÌA&0H-E=H?�2�L�?Éµ�L�¸YA&<Eº
JD),-]AB¸�[V¹�0,-'1,@�0,+�;�nY<E; 1�µ�@�0,¹�->?D[ <>;�AB0,[�?`AB<E2B+ )32B<>0,;
·�L�?D;È2�L�?�1,+�?:ABAB<E; 1Ì1H),[�?�<KAÉA&+�JDJm?:ABA&XZ+�- \ S�L <>Ae<KA
A&0�Oy¹�?:JD),+ A&?b<>n�?D;N2B<E»�JD)32B<>0,;�¿�Êl),@B; )Hn�O �8ÁHÁ gHÅ�<>A�?8A&2�),¹Yº
-E<KABL�?8n`·�L�?D;V2BL�?�AB?D[�<E0,2B<KJ�2�@B<K)3; 1,->?�¿�»�1,+�@�? � Å±<KA]Jm0H;Yº
AI2�@B+�J�2B?:nzJm0,[�µ�->?m2�?D->¸,\*PInY?8;N2B<E»�JD)32B<>0,;e<>A�nY0H;�?#)y2�2�L�?
; )3[�<>;�1�->?D=,?8-¶)3;�n�<E2l<KA
AB+ JDJD?8A�AIXZ+�-¶·�L�?D;e2BL ?#1,+�?:ABA&º
<E; 1�1H),[�?V<KA�AB+ JDJD?8A�AIXZ+ -�\�P�2�<KAl<>[�µ�0H@&2M)3;N2l2�0�@�?8)3->< 3D?
2BL )32�<E;N2�?D@�; )3-�@�?Dµ�@�?8AB?D;N2�)32B<>0,; A]A&2B0H@B?:n�<>;`2�L�?�@B0H¹�0,2�A8ã
[�?D[�0,@�<E?:A
),A�AB+ JMLÉ)3@�?�;�032lAB?D[�<>032�<>J#AB¸�[V¹�0,-KADÃY2�L�?D¸
0,;�->¸ÌJD0,; A&2B<E2B+Y2�?Éµ )3@B2�03X�)�AB?D[�<>032�<>JzAB¸N[`¹�0H- � � ÔDß
+ AB?8nz<>;z)�-K)3; 1,+ ),1,?�1H),[�?H\�^�;�->¸�2�L�?D;z2�L�?#@B?8->)32B<>0,;
·�<C2�LG)�@B?DXZ?D@�?D;N2�<>A�)HABAB+�@�?8n�\

�¶ª ���!� ����# �N®y´�� �N¬/ �
9lAB<E;�1�2BL ?�n�?m» ;�?:ni[�0YnY?8-
¿§)3;�n�AB0,[�?�=6),@B<K)y2�<E0H; A

03X¤<E2MÅmO±)�AB?D@�<>?8A
0,X¤?mcYµ�?D@�<E[�?8;H2MAlL�)6=,?V¹�?D?8;�nY0H;�?�2�0
<E;�=H?8A&2B<>1H)y2�?�=y)3@�<E0H+ A�)HA&µ�?8Jm2�A�0,X�2BL�?�[�0�n�?D- \iS�L�?8AB?
?mcYµ�?D@�<E[�?D;N2MAi)3@�?¾)3->-�@�?Dµ�0,@B2B?:nÍ<>;%¿Z.*0H132:O`f3gHg,g3¹�Å�\
^�;�?#03X�2BL�?8[ <KA�@�?Dµ�0,@B2B?8n�<>;�2�L�<KA
A&?:J�2�<E0H;±\
S�L�<>A�AB?8Jm2B<>0,;z<KA�0,@�1H)3; <�38?8n�)HA�XZ0,->-E0y·
A8Ï*a�?mXZ0,@�?�@B?Dº

µ�0H@&2�<E; 1�2BL�?V?mcYµ�?8@B<>[�?D;N2lAB0,[�?#?mcYµ�?8J�2M)y2�<E0H; A�03X]2�L�?
?mcYµ�?D@�<E[�?D;N2:ã A]AB+ JDJD?8A�A¶)3@�?bA&2�)32B?:nV),J8Jm0H@�nY<>;�1�2�0�AB0,[�?
AI2M)y2�<>A&2B<KJDA�JD),->JD+�-K)y2B?:nUXZ@�0,[ 2BL�?ä@�?8Jm0H@�n�?8n�AB?D; AB0,@�¸
n�)y2M)�\]S�L�?�[�?8),AB+�@�?8A'·�<E2BL�·�L�<KJMLV2�L�?�?mcYµ�?D@�<E[�?D;N2*<KA

),; )3->¸�3D?:nÉ)3@�?VA&µ�?8JD<C»�?8nz<>;iA&?:J�2�<E0H;  \�fY\lÀ�?:J�2B<>0,;  \ �
µ @B?:A&?8;H2MA�2BL�?#@�?8AB+�-E2�A8\

��ª§©�ª ���!� �%��¬!�8¯�® �Ì°!�Y%�
RlAG[�?8;N2B<>0,;�?:n�O�2BL�?Ì1,+�?:ABAB<E; 1½1N)3[�?8AÉ),@B?�XZ0,@�)

-K)3@�1,?�µ )3@B2�µ�@B0YJD?8A�A&?:n�0 ��º -><>;�?�0H;½)�(�Ú�\¤^�;�->¸�2BL�?
AB?D;�A&<>;�1É<KA�nY0,; ?�0H;Yº�¹�0N)3@Mn�\�S�L�?�@�?8Jm0H@�n�?8n�A&?8; A&0H@B¸
n )y2�)e0,X�2BL�?�AB?D;�A&<>;�1e<>A�@�?mº�+ A&?:nÉ2�0zn�0�[`+�-C2�<Eµ -E?�?DcNº
µ�?D@�<>[�?8;N2�A#+ AB<>;�1e2BL�?�A�)3[�?�n�)y2M)�O¶¹ +Y2V)3-KA&0�2B0zµ�@�03º
JD?8A�A#[�0,@�?�1H),[�?:A�2BL�)3;�L )6=,?�¹�?D?8;�@B?:Jm0H@�nY?:n�\�S�L�?
[�0NAI2
<>[�µ�0H@&2M)3;N2�@B?:),AB0,;�XZ0H@�2BL�?#0 ��º�-><E;�?#µ @B0YJm?:ABAB<>;�1
L�),A�2B0�nY0�·�<C2�LV2�<E[�?�? &�Jm<>?D;�Jm¸,\�Úb0,;�nY+ J�2�<E; 1�)�Jm0H[`º
µ -E?D2B?¤?DcYµ�?8@B<>[�?D;N2¶0,;�º ¹�0H),@�n�·�0,+�-Kn�2�),Ç,?�)y2'-E?:),A&2±0,;�?
·�?D?8Ç�03X�XZ+�->-Cº 2B<>[�?#?mcYµ�?8@B<>[�?D;N2B<>;�1�\]Rl;�032�L�?D@
)HnY=y)3;Yº
2M)31H?É03X�µ�@B0YJD?8A�A&<>;�1�0 ��º ¹�0H),@�n½<KA�2BL�)y2�0,; ?GJD)3;�nY0
[`+�-E2B<>µ�-E?�?mcYµ�?D@�<E[�?D;N2MA�<E;�·�L <>JML�=y)3@�<>0,+ A�[�?D2BL�0Yn�A
),; n�µ ),@�),[�?D2B?8@¤A&?D2&2�<E;�1NA�JD),;�¹�?�Jm0,[�µ ),@B?:n�@B?8-E<K)3¹�->¸,\
S�L�?in )y2�)�2�L )y2eL ),A�¹�?8?D;�@�?8Jm0H@�n�?8nÌXZ0,@�2�L�?i?DcNº

µ�?D@�<>[�?8;N2�A�@�?Dµ�0,@B2B?:nÌL�?8@B?HObJD0,; AB<>A&2�AÉ¿�)yX�2�?D@�µ�@�?Dµ @B0,º
JD?8A�A&<>;�1�2BL ?G@�)6· A&?8; AB0,@�¸¾n�)y2M)HÅ�03X#)3µ µ�@B06cY<>[�)y2B?8-E¸
� O gHg,gËJm0H;N2B?mc�2GAB?m2&2�<E; 1HA8\âS�L�?:A&?¾JD0,;N2B?DcN2GAB?m2B2B<>;�1HA
),@B?�+ AB?8n`2�0�?DcYµ�?8@B<>[�?D;N2 � g�@�+�; A]03X � g O gHg,gl1,+�?:ABAB<E; 1
1N)3[�?8A8\�Êl?D; JD?b<>;�?8),JMLV@B+�;V2BL�?�JD0,;N2B?DcN2]A&?D2&2�<E;�1NA])3@�?
+�A&?:nä),µ�µ�@�06cY<E[�)y2�?D->¸ � gi2B<>[�?8A8\ÆÀN2�)32B<KAI2�<>J8A�0,;½2BL�?
n )y2�)½A&?D2�@�?D=,?:)3->?8n½2BL�)y2�2�L�?�)6=H?D@M)31H?zJD0,;N2B?Dc�2�A&< 3D?
<KA�)3¹�0,+Y2 � \ 	 AB?D1H[�?D;N2�A`µ�?8@`@�0,¹�032:\�PW;Ì?8)HJML¾1H),[�?
0H;�?l@�0,¹�032b<>A�A&?8-E?:J�2�?8n�@M)3; n�0,[�-E¸`2B0`¹�?�2BL ?�ABµ�?:)3Ç,?8@8O
·�L 0G)3@�¹�<C2�@�),@B<>->¸iA&?8-E?:J�2MA�0,;�?�XZ?:)y2B+ @B?�=H?8J�2�0,@�)HA�2BL�?
2�0,µ�<KJ3\äS�L�?D@�?mXZ0H@B?�<C2�2M)3Ç,?:ADO¤<E;½µ�@B<>; JD<Eµ�->?,O�)3µ�µ @B06cY<Eº
[�)32B?D->¸ Â O gHg,g�1H),[�?8A�+�;N2B<>-�)�µ ),@&2�<>JD+�-K)3@�AB<C2�+ )y2�<E0H;
@�?mº�0YJDJD+�@�A8\
^l2BL ?D@�A&2�)32B<KAI2�<>J8A�0,;ä2BL ?Gµ�@�?Dµ�@�0YJm?8A�AB?8nÌn )y2�)�AB?m2

@�?D=H?8),-E?:nÌ2�L )y2�2BL�?�)�µ�@�<E0H@B<�JML )3; JD?ÉXZ0,@eA&+�JDJm?:ABA�<>A
),@B0H+�; nif � \ 	�� \�S�L�<KA�[�?:)3; A�2�L )y2�·�L�?D;�¹�0,2BL�2BL�?
ABµ�?8)3ÇH?D@l),; ne2BL ?�L�?8),@B?8@
A&?8-E?:J�2�)�2�0,µ�<KJ�)32l@�),; nY0H[eO
<>;�)3¹�0,+Y2Vf � \ 	�� 2�L�?D¸�·�<E->-�AB?D->?8J�2�2�L�?�AB),[�?�2�0,µ�<KJ3\
S�L <>A�)�µ�@�<E0H@B<lJML�)3; JD?É<>A�JD)3-KJm+ ->)32B?8n½XZ@�0,[ 2BL�?�)6=Hº
?8@�),1,?�Jm0,;N2�?mc�2�AB<�38?e¿ � \ 	 AB?D1H[�?8;N2�AMÅ
)3;�nÉ2BL ?�Õ ÖyæWÔmß �
æ á§ÒyØ¤ÞYß�à,ÔDÑMÛ�æ�Ò3ß�àHÒ,×Dá�Ø_á�æ�Üy\�ÀY<E; JD?�¹�0,2BL�@B0H¹�0,2�A�;�0,2#),-Cº
·�)6¸YA*nY?m2�?8Jm2�2BL�?�AB),[�?
AB+�@�@B0H+�; nY<>;�1NA�¿�» 1H+�@B? �Å�OH2BL�?
µ�0HA�AB<E¹�<>-><C2I¸z?mcY<KAI2MA
2�L )y2�2BL�?�ABµ�?:)3Ç,?8@�AB?D->?8Jm2�Al)�2B0Hµ�<>J
2�L )y2l2BL�?`L�?8),@B?8@
nY<>nz; 032�nY?D2B?:J�28\�Rl-C2�L�0,+�1HLz<E;É; )32&º
+ @�),-�Jm0H[�[V+�;�<KJD)32B<>0,;e2BL ?VL�?:)3@�?D@
[�<>1,LN2
2B@�¸�2B0�» ;�n
2�L�?�[�<>A�A&<>;�1�<E;�XZ0,@�[�)32B<>0,;±OH2BL <>A�<KA�;�032�nY0,; ?�L�?8@B?�XZ0,@
µ @�)HJ�2B<KJD),-¤@�?8)HA&0H; AD\Ga�?:A&<KnY?8A8O]L�+�[�)3; A`Jm0,[�[`+�;�<KJD)yº
2�<E0H;è<KA�;�0,2�)3->·�)6¸YA�µ�?D@BXZ?8Jm28O
¹�?8J8)3+ AB?É2BL ?D¸½X§)3<>-
2B0
JD0,; A&2B@�+ Jm2V)ÉA&L ),@B?:n�Jm0,;N2�?mc�28\zÀ�0 O�2BL�?8@B?�<KAV)z[�)3cNº
<>[V+ [ <E;½2BL ?zAB+ J8Jm?8A�A`2B0�¹�?e?DcYµ�?:J�2B?:n�O¤·�L <>JMLäL ),A



�:Á

¹�?D?8;�Jm0H<E;�?:n�2BL ?�µ�032�?D;N2B<K)3-/+�; n�?D@MAI2M)3; n�),¹�<>-E<E2I¸,\]S�L�?
µ�032�?D;N2B<K)3-�+�; nY?8@�A&2�),; n�)3¹ <E-><C2I¸äL )HA�¹�?D?D;ÍJD)3-KJm+ ->)32B?8n
2�0�-E<>?�),@B0H+�; n Ä g � \ � 0,@bn�?m2�),<E-KAb0,;�2BL ?�JD),->JD+�-K)y2B<>0,;
),; n�032BL ?D@�<>;YXZ0,@�[�)y2�<E0H;�),¹�0H+Y2�2�L�?lAB?D; AB0,@�¸Vn�)32�)�AB?D?
¿§.*0,132:O f3gHg,g3¹�Å�\
��ª �±ª�� � � �8²�®"� �
S�L�?¥?DcYµ�?8@B<>[�?D;N2�AÈ)3@�?j<>;N=H?8A&2B<>1H)32B?8n�+ A&<>;�1 A&<Ec

nY< �/?D@�?D;N2 [�?:),AB+�@B?:AD\ S�·b0 03X 2BL�?:A&? ¿�2�L�?
nY<KA�Jm@�<E[�<>; )y2�<E=H?mº�),; n�Jm0H[�[`+�;�<KJD)32B<>=,?
AB+ JDJD?8A�A�Å][�?:)yº
AB+�@�?l2�L�?#A&+ J8Jm?:ABA�@M)y2B?�03X�2BL�?#nY<KA�Jm@�<E[�<>; )y2�<E0H;�1H),[�?8A
),; nË2BL ?�1H+�?8A�AB<E;�1½1H),[�?:AD\�S�L�?�032�L�?D@MAe[�?8),AB+�@�?8A
<>; nY<KJD)32B?�2BL�? ,N+ ),-E<E2I¸G0,X¤2BL ?�A&¸YA&2B?D[�2BL )32�?8[�?D@�1,?8A8\
S�L�?:A&?#[�?:),AB+�@B?:ADO�·�L�<KJMLG)3@�?#¹ ),AB?8nz0H;z2BL�?`?D;N2B@�0,µ�¸
[�?8)HA&+ @B?�2�),Ç,?D;ÍXZ@�0,[ <>;YXZ0,@�[�)y2�<E0H;Æ2�L�?D0H@B¸¥¿ À�L ),;Yº
;�0H;±O �8Á  Ä ÅmO�),@B?änY?D=H?D->0,µ�?8nj¹�¸ �bnY·�<E; hl? !H0,;�1
¿�hl? !,0H;�1 O`f,g,gHgHÅ�\ S�L�?8¸�)3@�?¾JD)3->->?8n�nY<KAI2�<E;�J�2B<>=,?Dº
;�?:ABA8O/µ )3@MAB<E[�0,;�¸HO/ABµ�?8Jm<E»�JD<C2I¸G),; niJD0,; AB<>A&2B?8; Jm¸HO�)3; n
),@B?�JD),->JD+�->)32B?:ni?8=,?D@�¸�f,g,g�1,+�?:ABAB<E; 1e1N)3[�?8A8\�a�?D->0y·
XZ0H-E->0y·
A�)�n�?8A�Jm@�<EµY2�<E0H;�0,X�2�L�?8AB?�[�?8),AB+�@�?8A8\
� ´��:³3®y´��Ì´§¬!�Y8´�� � �8²'³,³��$�%� ¿�À�2B?D?8->A8O �8ÁHÁ d,J:Åè[�?:)yº

A&+�@�?8Aä2�L�?U;�+�[V¹�?D@�0,X�AB+ JDJD?8A�AIXZ+ -GnY<>A�Jm@�<>[�<Eº
; )y2�<E0H;Í1N)3[�?8Az)6=,?8@�),1,?:nË0y=,?D@�2BL ?�µ ),A&2 � g,g
1,+�?:ABAB<E; 1`1N)3[�?8A8\

� ´��88´�¬�³,8´ ����¬ �$� � �BPW;H2�+�<E2B<>=,?D->¸,OynY<KA&2B<>; J�2�<E=H?D;�?:ABA�?mc�º
µ�@B?:ABAB?8Ab2�0�·�L�)y2�nY?D1H@B?8?�)�[�?8),;�<E; 1`<KnY?D;N2�<C» ?:A
2BL�?�@�?mXZ?8@B?8;N2 ��¿§h�? !H0,; 1 O'f,g,gHg�O¶µ¶\ Â dHÅm\ � 0,@
2BL�<KAe0,;�?�JD)3;Æ[�?:),AB+�@�?GL�0y· 2BL ?i?D;N2�@B0HµN¸ä03X
)�[�?:)3;�<>;�1É<>;�@�?D-K)y2�<E0H;i2�0É)ÉJm?D@B2�),<E;�@�?mXZ?D@�?D;N2
�¾¿ � � � ��Å�nY?:Jm@�?8)HA&?:A�2BL�?�+ ; Jm?8@&2M)3<>;H2I¸�)3¹�0,+Y2±2�L�?
@B?DXZ?D@�?D;N2��¾¿ �YÅ�\*S�0�n�0�2BL�<KADOH0,;�?�J8)3;�JD),->JD+�->)32B?
2BL�?GnY< �/?D@�?D; JD?e¹�?m2I·�?D?8;��¾¿ �YÅ�)3; n��¾¿ � � � � Åm\
Ê
?D@�? ��),@B?�2BL�?e@�?mXZ?D@�?D;N2MA � � � � � ��� � � )3;�n � �
@B?8->)32B?8A�2�0�0,;�?z03X�2BL ?É[�?:)3;�<>;�1NA � � � � � ��� � �XZ0,@�@�0,¹�032���\jS�L�?�nY<>A&2B<>; Jm2B<>=,?D; ?8A�A�����JD)3;
;�0y·Æ¹�?�nY?m»�;�?8nz),A�XZ0H-E->0y·
A8Ï

�¾¿ � � � � Å � ��
�
	 � ) ��¿ � � � � � Å �8-E0H1 ��¿ � � � � � Å

nY<KA&2:¿ � � Å � �¾¿ �YÅ ) �Ì¿ � � � ��Å�¾¿ ��Å

� � ) �¾¿ � � � ��Å�¾¿ ��Å

��� � �
���	 � � 
 ¿ � � Å �8nY<>A&2:¿ � � Å

�
¿ 	 Å

·�L�?8@B?�¾¿ �YÅ ��-E0H1&��)3;�n � 
 ¿ � � Å¶<>A�2BL ?b0YJDJD+�@Bº@�?D; JD?�µ�@�0,¹ ),¹�<E-><E2I¸V03X�[�?8),;�<>;�1 � � \*S�L�?l+ A&?l03X
� 
 ¿ � � Å�),A�)�·�?D<>1,LN2B<>;�1�X§)HJ�2�0,@�<>Al2B0eABJ8)3->?�2BL ?
<>[�µ�0H@&2M)3; JD?#03X*A&+ JMLz)�[�?8),;�<E; 1�2B0�<E2�A�0YJDJD+�@Bº
@�?D; JD?,\

� �Y®"�:´��¾¯�¬ � S�L�? µ ),@�AB<E[�0H;N¸ � � <>A�J8)3-KJm+�-K)y2�?8n
AB<E[�<>->),@�2B0�2BL ?�nY<>A&2B<>; Jm2B<>=,?D; ?8A�ADÏ

�¾¿ � � � � Å � ��
�
	 � ) ��¿ � � � � ��Å �D->0,1 ��¿ � � � � ��Å

µ ),@�A8¿ � � Å � � ) �¾¿ � � � � Å�¾¿ � Å

� � � �
���	 � � 
 ¿ � � Å �Dµ )3@MAD¿ � � Å� ¿§dNÅ

·�<E2BL��Ì¿ � Å��Í-E0H1 � \
(*),@�AB<>[�0H;�¸�2BL�+ A�JD)3-KJm+�º
-K)y2�?8A�2B0�·�L )32
nY?D1H@B?8?�)�@�?mXZ?8@B?8;H2�1,<>=,?:A�@B<KAB?l2�0
)�+�;�<�,N+�?#[�?8),;�<E; 1 \

�V¯�� ��²�¬'´§³��Y8´�� � �:²�³H³ �$�%� ¿ ÀN2B?8?D-KADO �:Á,Á d,¹�Å�[�?8)3º
AB+�@�?8A�2�L�? ;N+ [V¹�?D@Æ0,X½AB+ JDJD?8A�AIXZ+�-�1,+�?:ABAB<>;�1
1N)3[�?8A�)6=,?D@M)31H?8ne0y=,?8@�2BL ?`µ )HAI2 � gHg�1,+�?:ABAB<>;�1
1N)3[�?8A8\

��# ��³H´��]³,´Z � �BS�L�?eA&µ�?8JD<C»�JD<C2I¸�0,Xl)É·b0H@�n  º XZ0,@�[ �¤<>A
\>\E\èn�?m» ;�?:nË),A`2BL�?É@�?D-K)y2�<E=H?ÉnY?8JD@B?:),AB?�0,X�+�;Yº
JD?D@B2�)3<>;N2I¸z<E;�nY?m2�?D@�[�<E;�<>;�1e2BL ?�@�?mXZ?8@B?8;N2�1H<E=H?D;
)�·�0,@Mn`2BL )32¤·�)HA*µ�@�0YnY+ Jm?:n ��¿§h�?�!H0,;�1�ONf,g,g,g O
µ±\ �,� 	 Å�\¶P�2±2BL�+ A¶<>A±)
[�?:),AB+�@�?�2�0
<>; nY<KJD)y2�?�L�0y·
·�?D->-¶)�·b0H@�nYº�XZ0H@B[%J8)3;e<>nY?8;N2B<EXZ¸e)�@�?mXZ?D@�?D;N2:\*P�2
<KA�J8)3-KJm+�-K)y2�?8n�)3;�)3->0,1,0H+ A�2B0Ì2BL�?�nY<>A&2B<>; Jm2B<>=,?mº
;�?:ABA�)3; n�µ )3@MA&<>[�0,;�¸,\�� 0,@])
AB?m2�0,XY·b0H@�n�º XZ0,@�[�A
� � � � � �%� ���3O'2BL�?eA&µ�?8JD<C»�JD<C2I¸�<KAVnY?D» ;�?:n¾),A�XZ0H-Cº
->0y·
ADÏ

�¾¿ � � ����Å � ��
�
	 � ) ��¿ � � � ����Å �D->0,1 ��¿ �%� � ����Å

ABµ�?:J,¿ ����Å � � ) �¾¿ � � ����Å
�¾¿ �YÅ

� � � �
���	 � � 
 ¿�� � Å �DA&µ�?8JH¿�� � Å� ¿ Â Å



f3g

·�L ?D@�? �¾¿ �YÅ �Ë->0,1 �e<KA¤n�?m» ;�?:n�),A*¹�?mXZ0H@B?
),; n
� 
 <KA�2BL ?�0YJDJm+ @B@�?D; JD?#µ�@�0,¹ ),¹�<E-><E2I¸�03X*?D;�Jm0,+ ;Yº
2�?D@�<E; 1�·�0,@Mn�º XZ0,@�[ � � \

�`¯�¬!�8´ �D ��¬�³ � Úb0,; AB<KAI2�?D; JD¸�[�?8)HA&+�@�?8A�L 0y·ÍJm0H; AB<>A&º
2�?D;N2l)�@B?DXZ?D@�?D;N2�<>A�;�)3[�?8ne¹�¸�)�Jm?8@&2M)3<>;�·�0,@Mn�º
XZ0H@B[z\*P�2
<KA�JD),->JD+�->)32B?:n�)HA�XZ0,->-E0y·
A8Ï

�¾¿ ��� � � Å � �
�
�
	 � ) ��¿�� � � � � Å �8-E0H1 ��¿�� � � � � Å

JD0,; A8¿ � � Å � � ) �¾¿���� � ��Å
�¾¿ �±Å

	 � � �
���	 � � 
 ¿ � � Å �:Jm0H; AD¿ � ��Å� ¿ Ä Å

·�L ?D@�? �¾¿��±Å ��-E0H1 � )3; n � 
 ¿ � � Å]<KA�nY?D» ;�?8n�)HA¹�?mXZ0H@B?H\
S�L�?ÙXZ0,+ @ ?D;N2�@B0HµN¸Nº�¹ ),AB?8n [�?8)HA&+ @B?:A A&µ�?8JD<CXZ¸

·�L�?m2�L�?D@�0,@�;�032±2�L�?D@�?*<KA±0,@MnY?8@±<E;�2�L�?bAB¸YAI2�?D[z\�.�L ?D;
?D<E2BL�?8@z[�?:),AB+�@�?iL )HA�2�L�?�=6),-E+ ?i03X � O
2�L�?D@�?�<>A�0,@Bº
nY?D@�<E;G2BL�?�A&¸YA&2B?D[z\ .�L�?8;G)�[�?8)HA&+�@�?�L )HA�=y)3->+�?`g O
2BL�?8@B?V<>A
n�<>AB0,@MnY?D@:\�R
->-±2�L�?8AB?#?D;N2�@B0HµN¸�[�?:),AB+�@�?8A�)3@�?
JD),->JD+�->)32B?:n�µ�?D@�@B0H¹�0,2
?D=H?D@�¸�f3gHg`1N)3[�?8A�·�<E2BL <E;G0H;�?
@B+ ;±Ã]2BL�?�032BL ?D@�[�?8)HA&+ @B?:A#)3@�?�JD)3-KJm+ ->)32B?8n�)3X�2B?D@V?D=Nº
?D@�¸¾A&<>;�1H-E?�1H)3[�?H\ .�L�?D;½µ�@B?:A&?8;N2B?8n±O¤)3->-�[�?:),AB+�@�?8A
)3@�?#)6=,?D@M)31H?8n�0y=H?D@�2BL�? � g`@�+�; Ab2�L )y2l),@B?�nY0,; ?�?:),JML
?mcYµ�?D@�<E[�?D;N2:\
�¶ª �±ª ���!�É®"�$�8²!�Z �
S�L�?�?DcYµ�?8@B<>[�?D;N2�<>A�nY0H;�?�·�<C2�L � gV@�+�; A�0,X � g�O g,g,g

1,+�?:ABAB<>;�1�1H),[�?8A8\ �'<E1H+�@�?Vd�ABL�0y·
A�2�L�?V?8=,0H-E+Y2�<E0H;É03X
2BL�?ÉnY< �/?D@�?D;N2�[�?:),AB+�@�?8A8\¾S�L�?ÉnY<>A�Jm@�<>[�<>; )32B<>=,?zA&+ Jmº
Jm?:ABA�)3µ�µ @B0N),JML�?:A � gHg � ?8),@B->¸�<E;Ì2BL�?e?mcYµ�?D@�<E[�?D;N2:O
» 1,+ @B?�d�¿§)NÅ�\�S�L�<KA#<>; nY<KJD)y2�?8A�2�L )y2#2�L�?�nY<KABJD@B<>[�<E; )3º
2B<>0,;�1N)3[�?�<KA¶)�=H?D@�¸l? &�JD<E?8;N2�[�0YnY?D-,XZ0,@�J8)y2�?D1,0H@B< 3D<>;�1
nY< ��?8@B?8;H2'A&?8; A&<>;�1NAD\�ÀY<E[�<>->),@±@B?:A&+ -C2MA±)3@�?*Jm0,;�» @B[�?:n�<>;
032�L�?D@�?Dc�µ�?D@�<>[�?8;N2�A�+ AB<E;�1�nY< �/?D@�?D;N2�@B?8µ�@B?:A&?8;N2�)y2�<E0H; A
03X�J8)y2�?D1,0H@B<>?8A�)3; n�=6),@B¸�<>;�1
;�+�[`¹�?8@�A�03X 0H¹YÎI?8Jm2�A8Oy?,\ 1 \>O
¿�ÀN2�?D?8->A8O �8Á,Á d,J,Ã hl? !,0H;�1�)3;�nÉ.*0,1,28O �:Á,ÁHÄ Å�\�R�A
2�L�?
nY<KAI2�<E; Jm2B<>=,?8;�?8A�A�ABL�0y·
A]<E;�» 1H+�@�?�d�¿§¹�Å�OH·�L�?D;�)#J8)y2B?Dº
1,0H@B< 38)32B<>0,;i¿§0,@�[�?:)3;�<>;�1�Å�<KA�+ AB?8n�O�<E2�+�A&+ ),-E->¸�A&2�)3;�n�A
XZ0,@]0,; ?b@�?mXZ?8@B?8;H2]0,; -E¸H\¶P�\ ?,\>Oy2BL�?8@B?�<KA')�0,; ?mº 2B03º�0,; ?�@B?Dº
->)32B<>0,;z¹�?m2I·�?D?D;e[�?8),;�<E; 1�),; n�@B?DXZ?D@�?D;N28\�S�L�<KA8OYL�0y·�º
?D=H?D@:O,nY0�?8A*; 032*<E[�µ�->¸�2�L )y2*2�L�?D@�?�<KA�)�0,;�?Dº�2�03º�0,;�?�@B?Dº
->)32B<>0,;�¹�?D2I·b?8?D;i@�?mXZ?8@B?8;N2�)3;�nÉ[�?8)3; <E;�1�\#S�L�?`->0y·�?D@
µ )3@MAB<E[�0,;�¸�ABL�0y·
A�2BL <>A8O AB?D?�» 1,+ @B?#dz¿§J:Å�\

S�L�?zJm0H[�[`+�;�<KJD)32B<>=,?�AB+ JDJD?8A�A�¿Z» 1,+ @B?edÌ¿§n�Å&Å�)3µYº
µ @B0N),JML�?:A'2BL�?
µ�032�?D;N2B<K)3-�+�; nY?8@�A&2�),; n�),¹�<E-><E2I¸�03X Ä g � \
R
X�2B?8@ � g O gHg,gl1H)3[�?:ADOy2�L�?
Jm0H[�[V+�;�<KJD)32B<>=,?�AB+ JDJD?8A�A]<>A
),µ�µ�@�06cY<E[�)y2�?D->¸ Â 	 � \�Ê
?8; Jm?�2BL�?�@�0,¹�032MA
)3@�?�X§)3<>@�-E¸
·�?D->-HJ8)3µ ),¹�->?*03X Jm0H; A&2B@�+ J�2�<E;�1
)�ABL ),@B?:n�-E?Dc�<KJm0H;±\¶S�L�?
ABµ�?8Jm<E»�JD<C2I¸HO�ABL�0y·�;Ì<>;½» 1,+�@�?zdä¿§?:ÅmO¤<>; Jm@�?8)HA&?:AV2�0�)
=y),-E+�?GAB-><E1HLH2�-E¸½)3¹�0y=,?zg�\ Á \äP�2�A&L�0y·
A`2�L )y2�·�L�?8;�)
XZ0H@B[�<KAb+ A&?:n�OY<E2�<KA¤[�),<E;�->¸�+ AB?8n�2B0V;�)3[�?�0H;�?l@�?mXZ?8@&º
?8;N28\�Êl?D; JD?`2�L�?D@�?�<KA#-E<E2&2�-E?�µ�0,->¸YA&?8[V¸H\�S�L ?�Jm0,;�A&<KAIº
2�?D; JD¸ä¿Z» 1,+ @B?�d�¿ZX�Å&ÅV<>A�-E0y·�?D@�2�L )3;�2�L�?�ABµ�?:Jm<E»�Jm<E2I¸,\
S�L <>A#[�?:)3; A�2BL�)y2V)e@B?DXZ?D@�?D;N2�<>A#; 032�)3->·�)6¸YA�; )3[�?:n
·�<E2BLz2�L�?VA�)3[�?�XZ0,@�[z\bRlA
·�<E->-¶¹�?�A&L 0y·�;e-K)y2�?D@:OY2BL <>A
n�0N?:A�;�032�[�?8),;¾2�L )y2�2BL ?e->?mcY<KJm0H;½<KA�<E;�? &�Jm<>?D;N28O�<C2
@M)y2�L�?D@e[�?8),; A�2�L )y2e2BL ?�AB¸YAI2�?D[ ¹�?8)3@MAeA&0H[�?�A&¸�;Yº
0H;�¸N[`¸,\
P�2*A&L�0H+�-Kn#¹�?�;�0,2B?8n#2BL )32')3-E2BL 0,+�1HL#2BL�?�µ ),@�AB<E[�0H;N¸

<KA¤),-E[�0NAI2¤)HA*L�<>1,L�),A*2BL�?�Jm0,;�A&<KAI2�?D; JD¸,Oy2�L�<KAbnY0�?:A*;�032
[�?:)3;�2BL�)y2±2�L�?�;�+�[V¹�?D@¶03XY[�?8)3; <E;�1NA�+ AB?8n�<KA±Jm->0HAB?]2B0
2�L�?
;�+�[`¹�?8@�03X/XZ0,@�[�AD\�P�2¤[�?D@�?D->¸V<>; nY<KJD)32B?8A*2BL )32�2BL�?
<>; JD0,; AB<>A&2B?8;N2�+ A&?�0,XbXZ0H@B[�A�L ),µ�µ�?8;�),¹�0H+Y2V),A�0,X�2B?8;
)HA�2BL�?#<>; JD0,; AB<>A&2B?8;N2
+ A&?�0,X'[�?8),;�<>;�1HA8\
RlA]J8)3;V¹�?�A&?8?D;V<>;�»�1,+�@�?8A'd`¿§?:Å')3;�n�¿�X�Å�2�L�?�A&µ�?8JD<Cº

»�Jm<E2I¸V)3; n�Jm0H; AB<>A&2B?8; Jm¸#@�<>AB?�=,?D@�¸#@M)3µ�<KnY->¸,\�S�0�+�; nY?8@&º
A&2�),; nÉ2�L�<KADO±<E2#A&L�0H+�-KnG¹�?`@�?8),-E< 3D?:nz2BL )32�2BL�?:A&?�[�?8)yº
AB+�@�?8A�),@B?�JD),->JD+�->)32B?:n�@�?D-K)y2�<E=H?�2�0�2BL�?�AB+ JDJD?8A�AIXZ+ -�+ A&?
0,X�XZ0H@B[�A#¿§<E;GJ8),AB?�0,X'ABµ�?:Jm<E»�Jm<E2I¸�Å�0,@�2�0�2BL�?�AB+ JDJD?8A�AIº
XZ+ -�; )3[�<>;�1i0,Xl@B?DXZ?D@�?D;N2�Ae¿Z<>;ËJD),AB?�0,X�Jm0H; AB<>A&2B?8; Jm¸�Å�\
ÀYµ�?:Jm<E»�Jm<E2I¸�)3; n�JD0,; AB<>A&2B?8; Jm¸�)3@�?�;�032�@B?8->)32B<>=,?�2�0#2BL�?
;�+�[`¹�?8@É03X`AB+ J8Jm?8A�A&XZ+�-�1,+�?:ABAB<E; 1½1N)3[�?8A8\ À�0 O�2BL <>A
[�?:)3; A�2BL�)y28O�·�L�?8;�?D=H?D@�2BL�?�@�0,¹�032MAeJD0,[�[V+ ;�<>J8)y2�?
AB+ J8Jm?8A�A&XZ+�-E->¸,O�2�L�?#+ AB?8neA&?8[�<E0,2B<KJ�AB¸�[V¹�0,-KA�@B?8=,?8),-�0H@&º
n�?D@*<>;`2�L�?�-E?DcY<>JD0,;±\*À�<>[�<>-K)3@*)3@�1,+�[�?8;H2MA'L�0,-Kn�XZ0H@]2BL�?
n�<>A&2B<>; J�2�<E=H?D;�?:ABA`)3; n�µ ),@�AB<>[�0H;�¸,O�» 1H+�@�?8A�d�¿§¹�Å#)3;�n
¿�J8Åm\
R
-E2BL 0,+�1HL½A&2B<>-E-�@M)y2BL ?D@`X§),A&28O*2�L�?eJD0,[�[V+ ;�<>J8)y2�<E=H?

AB+ J8Jm?8A�A�@B<KAB?8A�A&->0y·�?D@:ONAB?D?�» 1,+ @B?�d�¿�n Å�\�a�?:JD)3+�A&?�2BL�?
),1,?8;H2MA#2�?D; n¾2B0�J8)y2�?D1,0H@B< 3D?�2�L�?�@�?mXZ?8@B?8;N2�A�=H?D@�¸�n�<CX�º
XZ?8@B?8;N2B->¸�0H;zn�<
�/?D@�?D;N2l0YJDJ8),AB<E0H; A8OY2BL�?8@B?�),@B<KAB?8A�[V+�JML
AB¸�;�0,;�¸�[V¸ )3; n µ�0,->¸YA&?8[V¸¥<>;�2BL ?ÍAB¸�A&2B?8[z\ S�0�0
[`+ JML�A&¸�;�0H;�¸N[`¸i)3;�n�µ�0,->¸YA&?8[V¸�JD)3+�A&?�[�)3;�¸�JD0,;Yº
XZ+�A&<>0,; A8O±AB0�[�)3;�¸z1,+ ?8A�A&<>;�1�1N)3[�?8AlX§)3<>- \�Ê
?D;�Jm?�2BL�?
@�0,¹�032MA][V+ A&2�nY<KAB),[V¹�<>1,+ )32B?b2BL�?
AB¸�;�0,;�¸�[V¸�),; n`µ�0H-Cº
¸YAB?D[`¸,O�·�L�<KJMLz2�),Ç,?:A�A&0H[�?�2�<E[�?H\�kl?D=,?8@&2�L�?D->?8A�A8OY2BL�?
),1,?8;H2MA'µ�?8@&XZ0H@B[�¹�?m2B2B?D@�2BL ),;�JML ),; Jm?�)3->@�?8),n�¸�)3X�2B?8@�)
XZ?8·jL�+�; nY@�?8ni1H),[�?:AD\#Q#),µ�->),;ÉL ),A�ABL�0y·�;É2�L )y2�2BL�?
ABµ�?D?8nÍ03X�Jm0,;�=H?D@�1,?D;�Jm?É<>;ÈJD0,[�[V+�; <>J8)y2B<>=,?�A&+�JDJm?:ABA
n�?Dµ�?D; n�A8O3)3[�0H;�1HA&2±032�L�?D@MADO:0,;�2�L�?¤;�+�[`¹�?8@¶0,X�[�?:)3;Yº
<>;�1NAMTy@B?DXZ?D@�?D;N2�A8O,2�L�?�;�+�[V¹�?D@�03X')31,?8;N2�A�)3; n�;�0,<KA&?�<>;



f �

0

0.2

0.4

0.6

0.8

1

0 1000 2000 3000 4000 5000 6000 7000 8000 900010000

su
cc

es
s

DGs

r0
r1

� ô�� �'ð�ù ûIï ð�ñ�ð�ò6ô�ó ð �mì�ù ý6ûIûIìIù ù
0

0.2

0.4

0.6

0.8

1

0 2000 4000 6000 8000 10000

di
st

in
ct

iv
en

es
s

LGs

r0
r1

� ú�� �'ð�ù�ó�ð�ò6ûWó�ð �mì&ò:ì&ù�ù

0

0.2

0.4

0.6

0.8

1

0 2000 4000 6000 8000 10000

pa
rs

im
on

y

LGs

r0
r1

� û�� � ôMï ù ð�ñ�÷�ò"�
0

0.2

0.4

0.6

0.8

1

0 1000 2000 3000 4000 5000 6000 7000 8000 900010000

su
cc

es
s

LGs� ü����/÷�ñ�ñ�ý6ò:ð�ûBô�ó�ð �mì]ù�ý6ûIû&ìIù�ù

0

0.2

0.4

0.6

0.8

1

0 2000 4000 6000 8000 10000

sp
ec

ifi
ci

ty

LGs

r0
r1

� ì����8î3ìIû&ð ÿ6û&ð ó �
0

0.2

0.4

0.6

0.8

1

0 2000 4000 6000 8000 10000

co
ns

is
te

nc
y

LGs

r0
r1

� �����/÷�ò6ù ð�ù§ó ìIò6û(�
�'<>1,+�@�?�d \�S�L�?#?D=H0,->+Y2B<>0,;�03X'2BL�?#[�?:),AB+�@B?:A�nY+�@�<E;�1�2�L�?#?mcYµ�?D@�<E[�?D;N2:\



f,f

2B@M)3; AB[�<>A�AB<E0H;�¿�Q#)3µ�-K)3;±O f,g,g � Å�\

S�L�?�@B+ ;�2�L )y2`·�<E->-¤¹�?�nY<KABJD+ A�A&?:n�<>;�[�0,@�?�nY?m2M)3<>-
¹�?8-E0y·U@�?8AB+�-E2B?8ne<>;z2BL�?V-E?Dc�<KJm0H;e2BL )32l<>AlnY<>ABµ�-K)6¸,?:n�<>;
2BL�?GAB?D[�<>032�<>J�->),; n�A�JD),µ�?zA&L 0y·�;Ì<>;Ì» 1H+�@�? Â \ÌS�L�<KA
» 1,+ @B?ÌABL�0y·
Az2�L�?Ì)HABAB0YJm<K)y2B<>0,;�AÉ¹�?D2I·b?8?D;�@�?mXZ?8@B?8;H2:O
[�?8)3; <E;�1�)3; n�XZ0,@�[ÈXZ0,@'¹�0,2BLV@�0,¹�032MA¶·�<E2BL�)lA&2B@�?D;�1,2BL
2BL )32
@B?8µ�@�?8AB?D;N2�A�2�L�?#@B?8->)32B<>=,?�0YJDJm+ @B@�?D; JD?�XZ@B? ,H+ ?D; JD¸
03XGJm0H;�;�?:J�2B<>0,;�A�2BL )32½)3@�?èAB+ JDJD?8A�AIXZ+�->->¸¥+ AB?8n�0y=H?D@
� g O gHg,gz1,+ ?8A�A&<>;�1É1H),[�?8A8\GPInY?8),-E->¸,O'2�L�?�JD0,;�;�?:J�2�<E0H; A
¹�?D2I·b?8?D;�@�?mXZ?8@B?8;H2Bº�XZ0H@B[�º�@B?DXZ?D@�?D;N2*·b0H+�-Kn`¹�?
0H@&2�L�0,1H03º
; )3- \]P�\ ?H\EO�2�L�?�JD0,+�µ -E<>;�1HAb¹�?m2I·�?D?D;e)�@�?mXZ?8@B?8;H2�)3; n�<C2MA
XZ0,@�[ ABL�0,+�-Kn¾; 032�Jm@�0HA�AIºWJm0H;�;�?8Jm2`·�<E2BLä032�L�?D@�XZ0,@�[�º
@B?DXZ?D@�?D;N2�@B?8->)32B<>0,; A8\
S�L�<>AÆ0,@B2BL�0H1,0H; )3-><C2I¸ Jm@�<C2�?D@�<E0H; <>AÈ),JML <E?8=,?8n XZ0H@

� �N � O �§² �±² )3;�n�µ�0HA�AB<E¹�->¸ 	H´ ��´ \�S�L�?�·b0H@�nYº�XZ0H@B[�A
���Y%� )3;�n ° �$�¾´ L )6=,?�JD@B0NABA&º�JD0,;�; ?8J�2�<E0H; A8Oy¹�+Y2�2�L�?8AB?
)3@�?½@�?D-K)y2�<E=H?D->¸�+�;�<>[�µ�0H@&2M)3;N2�¹�?:JD)3+�A&?½2BL�?8¸j0YJDJD+�@
·�<C2�L�=,?D@�¸�->0y· XZ@�?-,N+�?D;�Jm<>?8A8\ FÉ0H@B?Ëµ�0,->¸YA&?8[V¸�<KA
XZ0,+�;�nGXZ0H@ � �$� � )3; n  � � ¯ \VR�A�·�<>->-'¹�?�A&L�0y·�;i¹�?Dº
-E0y·#O  � � ¯ 1H?m2�Ae·�?D->-�?:AI2M)3¹�-><KA&L�?:n�2�0Ì; ),[�? 4 � )3-Eº
[�0HA&2�+�;�)3[V¹ <E1H+�0,+ AB->¸,\�S�L ?�XZ0,@�[ �%�$� � L 0y·b?8=,?D@:O
µ�@�0y=N<KnY?:A�A&0H[�?�<>; A&2�)3¹ <E-><C2I¸�<E;e2BL ?�A&¸YA&2B?D[z\

��<>1,+ @B? Ä A&L�0y·
A�=y)3@�<>0,+ A�Jm0H[�µ�?D2B<E2B<>0,;ËnY<>),1,@M)3[�A
03X�@B0H¹�0,2�@Mg�O�@�?D-K)y2B<>;�1�2B0e@B?DXZ?D@�?D;N2 4 � <>;�0H;�?�03X�2�L�?
@B+ ; A#03Xb2BL�?�?mcYµ�?8@B<>[�?D;N28\�R�JD0,[�µ�?m2B<E2B<>0,;�nY<K)31H@�),[
nY<KA&µ�-K)6¸YA�2BL ?G@B?8->)32B<>=,?ÉJm0,º 0YJ8Jm+�@�@B?8; Jm?�XZ@�?-,N+�?D;�Jm¸Ì<>;
2B<>[�?#03XIOYXZ0H@�<E; A&2�),; Jm?HO�XZ0,@�[�A�<E;z@�?D-K)y2B<>0,;�2B0�)�@B?DXZ?D@Bº
?D;N2
¿�ÀN2�?D?8->A])3;�nVQ#)3µ ->),;±O �8ÁHÁ,Á Åm\ �'<E1H+�@�? Ä ¿§)HÅ�ABL�0y·
A
2BL�?V@B?DXZ?D@�?D;N2&º XZ0,@�[ Jm0H[�µ�?D2B<E2B<>0,;±\�S�L�<>A
» 1,+ @B?#ABL�0y·
A
2BL�?�A&+�JDJm?:ABA&XZ+�-�Jm03º�0YJDJD+�@B@�?D;�Jm?�03X�@�?mXZ?D@�?D;N2¤),; n�XZ0,@�[zO
·�L�?D@�?b2BL�?�0YJDJm+ @B@�?D; JD?¤0,XY2BL�?�XZ0,@�[U<>A]J8)3-KJm+�-K)y2�?8n#@�?D-Eº
)y2�<E=H?�2B0�2BL ?b0YJDJD+�@�@B?8; Jm?�0,X�2BL ?¤@�?mXZ?D@�?D;N2:\¶.*?D@�¸�<E;�XZ@B?Dº
,N+�?D;N2#0YJDJm+ @B@�<E; 1�?D->?D[�?8;H2MA#)3@�?`->?mX�2#0H+Y2�XZ0,@#Jm-K)3@�<C2I¸H\
�'<E1H+�@B? Ä ¿§)NÅ�A&L�0y·
A`2�L )y2�XZ0,@�[  � ��¯ Jm->?8),@B->¸�·�<E;�A
2BL�?�Jm0,[�µ�?m2�<C2�<E0H;Ë),; nä<>A�;�?8),@B->¸¾+ AB?8nä+�;�<�,N+�?D->¸¾2�0
; )3[�?e-E<>1,LN2�A&0H+�@MJm? 4 � \�Ê
?8; Jm? 4 � L ),A`=,?8@B¸�-><C2B2B->?
A&¸�;�0H;�¸N[`¸,\'.l<KJm?Dº =H?D@MAB) O,2�L�?lXZ0H@B[�º�@B?DXZ?D@�?D;N2bnY<K)31H@�),[
A&L 0y·
A�2�L )y2�·�L�?D;�2BL ?lXZ0H@B[  � ��¯ <>A�+ AB?8n�O�<E2�<KA�+ AB?8n
[�0HA&2B->¸�2�0�; ),[�?�-E<>1,LN2�A&0H+�@�JD? 4 � O�AB?D?V» 1,+�@�? Ä ¿§¹�Å�\
S�L�<KADO�L 0y·b?8=,?D@:ONL )3µ�µ�?D;�A�)yX�2B?8@�1H),[�? � O g,gHg�\]a�?mXZ0,@�?
2BL�<KA8OY2BL�?�XZ0H@B[  � � ¯ A&L�0y·
A ,N+�<E2B?#AB0,[�?�µ�0H-E¸YAB?D[`¸,\

��<>1,+ @B? Ä ¿�J8Å�A&L 0y·
A�2�L )y2:O*2BL�@�0,+ 1,L�0H+Y2`2�L�?e@B+�;¶O
4 � <>AeJD)32B?D1H0,@�<�38?8nä·�<E2BLè[�0,@�?É2�L )3;è0H;�?i[�?:)3;�<>;�1
03X]·�L�<KJML�2I·�0�)3@�?�+ AB?8n�[�0HA&2�XZ@B? ,N+�?D;N2B->¸,\*R�AB<E[�<>->),@
Jm0H[�µ�?m2�<C2�<E0H;�JD)3;�¹�?�AB?D?8;`<>;�» 1,+ @B? Ä ¿§n Å'·�L�?8@B?�=y)3@Bº
<E0H+ A�[�?:)3;�<>;�1NA¶Jm0H[�µ�?D2B?�2�0
¹�?�2BL ?¤[�?8),;�<E; 1l03X  � ��¯ \
R
µ�µ�)3@�?D;N2B->¸,O 2BL�?:A&?VJD0,[�µ�?m2B<E2B<>0,;�AlJm0H[�µ�?8; AB)32B?�?:),JML

0,2BL�?8@�AB+ JML�2�L )y2�Jm0,[�µ�?m2�<C2�<E0H; A`)HA�<>;¾» 1H+�@�?8A Ä ¿§)HÅ
),; n�¿Z¹�Å�?8[�?D@�1,?,\
S�L )32�2BL�?�JD0,[�µ�?D2B<E2B<>0,;e<>A
;�032
)3->·�)6¸�A�@�+�;�;�<>;�1�AB0

AB[�0�032BL�<>A�ABL�0y·�;G<>;G» 1H+�@�? Á \�Êl?D@�?V2�L�?D@�?�)3@�?�2I·�0
XZ0H@B[�AbAI2�@B0H;�1,->¸VJm0H[�µ�?D2B<>;�1#XZ0,@¤; )3[�<>;�1�-><E1HLH2¤AB0,+ @�JD?
4'fY\�PW;¾[�0HA&2�JD)HA&?:ADO'2�L�?�XZ0H@B[�A`)3@�?�+ AB?8n�2�0i; ),[�?
0H;�->¸`0H;�?�@B?DXZ?D@�?D;N2�<>;�2BL�?
?8; n�),A*» 1,+�@�? Á ¿§¹�Å*ABL�0y·
AD\
a�+Y2�AB0,[�?m2�<E[�?:Al2�L�<KA#Jm0,+ ->nGX§)3<>-�\Vkl?D=H?D@B2BL�?8-E?:ABA8O/2BL�?
0y=H?D@M)3->-Vµ�<KJ�2�+�@�?½<KAG2�L )y2�)3->-�@B?DXZ?D@�?D;N2�A�)3@�?¾[�0HA&2B->¸
;�)3[�?8n�¹�¸�0,;�->¸�0,;�?�XZ0H@B[�)3;�n�)3->-�XZ0,@�[�A¤),@B?�[�0HA&2B->¸
+�A&?:n¾2�0�; ),[�?�0H;�-E¸�0H;�?�@�?mXZ?8@B?8;N28\ÌÀ�+ JML½@B?8->)32B<>0,; A
),@B?�[V+ JMLÌ-E?:ABAVXZ@B? ,N+�?D;N2B->¸�0,¹ AB?D@�=,?:n�·�L�?D;½<E;�=,?:AI2�<Cº
1N)y2�<E;�1�JD03º�0�J8Jm+�@�@�?D; JD?8Ab03X�@�?mXZ?8@B?8;N2�),; n�[�?:)3;�<>;�1�0,@
XZ0H@B[ )3; n�[�?8),;�<E; 1 \

�±ª � ´ �8³H² � �:´§¯�¬
�±ª§©�ª � �$�N8´§¬ �� �!� �§´ �¾´Z �
S�L�?�@�?8AB+�-E2�AÉ[�)3ÇH?�Jm->?8)3@e2�L )y2G2�L�?�@�0,¹�032�AÉJD0,;Yº

A&2B@�+ Jm2�)ÆJD0,[�[V+ ;�<>J8)y2�<E0H;jA&¸YA&2B?D[ 2�L )y2�[�?8?m2MAi<E2�A
-><>[�<E2�A8\`S�L ?�JD0,[�[V+�; <>J8)y2B<>=,?�A&+�JDJm?:ABA�<KA�<E;i2BL�?�?D;�n
; ?8)3@�->¸�)HA¤L�<>1,L�),A*2�L�?�µ�0,2B?D;N2�<>),-�+�;�nY?D@MAI2M)3; n )3¹�<>-E<E2I¸,\
a�032�L�2BL�?�nY<>A�Jm@�<>[�<>; )32B<>=,?�AB+ JDJD?8A�A±)3; n#n�<>A&2B<>; J�2�<E=H?mº

; ?8A�AÉ)3@�?�=H?D@�¸èJm->0HAB?i2�0 � O#)3; nÆ2BL ?¾A&µ�?8JD<C»�JD<C2I¸Æ<>A
),->AB0�Jm->0HAB?�2�0 � \�À�0 O�·�L�?8;Ë)�@�0,¹�032�+ AB?8A�)�A&?8[�<Cº
0,2B<KJ�AB¸�[V¹�0,-�AB+ JDJD?8A�AIXZ+�->->¸,O*<E2�),-E[�0NAI2�)3->·�)6¸YA�@�?mXZ?8@�A
2�0�2BL�?ÉA�)3[�?�@�?mXZ?8@B?8;N28\ÌS�L�<KA�[�?8),; A`2BL )32�2�L�?D@�?e<>A
L�)3@MnY-E¸½)3;�¸�µ�0H-E¸YAB?D[`¸,\�S�L�?zµ )3@MAB<E[�0,;�¸¾),; n½JD0,;Yº
AB<KAI2�?D; JD¸�),@B?
AB0,[�?D·�L�)y2�->0y·b?8@]2BL ),;�2BL�?ln�<>A&2B<>; J�2�<E=H?mº
; ?8A�A#)3; n�A&µ�?8JD<C»�Jm<E2I¸,\�Ê
?8; Jm?HO�2BL�?8@B?�),@B?�A&0H[�?�0H;�?mº
2�03º�[�)3;�¸z@B?8->)32B<>0,; Al¹�?D2I·b?8?D;i@�?mXZ?8@B?8;N2�)3;�nG[�?8),;�<E; 1
),; n�¹�?m2I·�?D?D;#@�?mXZ?8@B?8;N2¶)3; n�XZ0H@B[È<E;�2�L�?¤AB¸YAI2�?D[z\�S�L�?
AB?D[�<>032�<>J�-K)3; n ABJ8)3µ�?�¿Z» 1,+ @B? Â Å]),-E@�?8)HnY¸�ABL�0y·b?:n�2�L )y2
[�0NAI2�03X'2BL ?�AB¸�;�0,;�¸�[V¸�n�0N?:A�;�032
; ?8Jm?:ABA�)3@�<>-E¸�[�?8),;
2�L )y2�2BL�?�Jm0H[�[V+�;�<KJD)32B<>0,;É<KAlnY< &�Jm+�-E28\�9lAB+ ),-E->¸,O�2BL�?
L ?8)3@�?D@�J8)3;Ë@�)32BL�?8@�?8),AB<>-E¸¾<>;N2B?8@Bµ�@�?m2�),;N¸½A&µ�?8),Ç,?D@:ã A
+�2&2B?8@�),; Jm?H\
S�L�?�-K)3; n ABJ8)3µ�?�),->AB0ÉA&L 0y·
A�2BL )32V)�0H;�?mº 2B0,º [�),;N¸

@�?D-K)y2�<E0H; ABL�<Eµe¹�?m2I·�?D?D;eXZ0H@B[ )3; n�[�?8)3; <E;�1�n�0N?:A�;�032
; ?8Jm?:ABA�)3@�<>-E¸É[�?8),;�µ�0H-E¸YAB?D[V¸H\�PW;�X§)HJ�2:O¶<E2�<>A#¹�?D; ?m»�º
JD<>),-�O�AB<E; JD?É<C2�J8)3; JD?D-KA�0,+Y2�2�L�?É0,; ?mº 2B03º�[�)3;�¸�[�)3µYº
µ <E;�1 03XÉ@�?mXZ?D@�?D;N2¾2�0j[�?8),;�<E; 1�XZ0,@ä)�1,@�?8)32ÌnY?8),-�\
Êl?D; JD?�A&?8[�<>032�<>J�AB¸�[V¹�0,-KA¶[�)6¸#L )6=H?�nY< �/?D@�?D;N2*[�?:)3;Yº
<>;�1NAD\ ��?mXZ?8@B?8;H2MA`),@B?�<E;N2B?8@Bµ @B?D2B?8nÌnY<
�/?D@�?D;N2�-E¸�·�L�?8;
0H¹ AB?D@�=,?8ni+�; nY?8@VnY< ��?8@B?8;N2VJm<>@�JD+�[�AI2M)3; JD?8A8\ ��?D2�2BL�?
@�?mXZ?8@B?8;N2�AlJ8)3;G¹�?�; )3[�?8nG<E;�=y)3@�<>),;N2B->¸�2�0�)�L�<>1,L�nY?mº
1H@B?8?,\ ^�;�?�[�)6¸è)3@�1,+�?i2BL )32z2BL�?�@B0H¹�0,2�Ae+ AB?�n�<CX�º
XZ?8@B?8;N2�AB?D[�<>032B<KJ�AB¸�[V¹�0,-KAV·�L ?D;¾2�L�?D¸�+�A&?znY< ��?8@B?8;H2



f �

sema tyfo demiluvumety katezigi

sema tyfo demiluvumety katezigi

L0 L1 L2 L3

L0 L1 L2 L3

M-3 M-5 M-10 M-15 M-19 M-76 M-85 M-24 M-29 M-36 M-70 M-37 M-42 M-45 M-49 M-72 M-74 M-33 M-50

M-15 M-47 M-49 M-67 M110 M-19 M-30 M-35 M-36 M455 M-2 M-4 M-5 M-8 M-10 M-44 M-26 M-33 M-37 M-39 M-75
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Associations 0.005<=P<0.05
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