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�/cWZ,�WKQZJYW_`a zQ_`wXT wX�"Z ��� Z KQ_`^�ZyT zdRUP Y�R]zdR � ��zbcWZJwUKQZyzQ_�a�RUPB^�Z�RUTW[ _�[��WKQw ��R ��P �
wXTWZ�wX�CzbcWZ�wXP�YWZJ[�z1VXwxRUP`[2_`T ^�w�YWZyKQT [baJ_`ZyTWaJZ9�+��T�adcWZJ^�_�[�zbK � ^�RUT ��zbw9��_`aJ[2_`T��
v�_�zQZNaywX^ ��ILzdR]zQ_�wXT�RUPk_�T vxZJ[ zQ_`VxR]zQ_�wXT���P�_�\xZ
zQcWZ
[b_`^ IWPSR]zb_`wXT�wX��KQZ�RUa zQ_`wXTl\L_�TWZyzQ_�aJ[J��zbcWZ
Zyv]RUP`I�R]zb_`wXT�RUTWY�v�_`[bI�RUP�_`H�R]zb_`wXT�wX� Z*���hZyKQ_�^�ZJTxzdRUPWY�R]zdRDRUTWY�� PSRU[�z ��ILz TWwUz P`Z�RU[ z�� zbcWZ
�WKQZyYW_`ayzQ_�wXT wX� ^�wXP�ZJaJIWPSR]KD[�zbKQIWayzbILKQZJ[.�5� �Bw [�z�KdR]zQZJVX_�ZJ[ a�RUT � Z2YW_`[�zb_`TWVXIW_`[�cWZJY _�T
zQcWZ$#�ZJP`Y wX� [�zbKbIWayzQILKQZ��WKQZyYW_`ayzQ_�wXT��):NTWZDwX�:zbcWZJ^ _`["cWZ�RUYW_`TWV2� wUKNzbcWZD^�wX[�z
Z*��RUayz
KQZy[bIWP�zQ[ � wX[b[�_ ��P`Z ��RU[bZJY�I��hwXT%zQcWZ3^�ZyzQcWw�YW[�wX��%�I�RUTxzQIW^ a�cWZy^�_`[�z�K � �%�/cWZ �#KQZ*�
%�IW_�KQZ ZJTWwUKb^�wXIW[>RU^�wXIWTxzQ[NwX��aJwX^ ��ILzbZyKNKQZJ[�wXILKQaJZJ[CRUTWY�zQ_`^-ZU� RUTWY aJwXTW[bZ&%�IWZJTxzQP �
zQcWZ ��R]KQZCKQZJ[�z�KQ_`ayzbZJY�zQw-vxZ K �1[b^lRUP`P�[ �L[�zQZy^�[.�B�/cWZ�wUzQcWZ KN[�zbKQR]zQZJV �3RU_`^�[ R]z
PSR]KQVXZyK
[�z�KQIWayzQILKQZy[ ��ILz�c�RU[�zQw~wX^�_�z�YWZyzQRU_`P`ZyY-_`TW� wUKb^lR]zQ_`wXT _�T-wUKQYWZyKOzQw~^lR]\xZ/a�RUP`aJIWP`R]zQ_`wXTW[
� Z�RU[�_ ��P`Z&��M vxZ K ��[�zbKQR]zQZJV � RUTWY�^�ZyzQcWw�Y�c�RU[@_�zQ[ �WKQwX[@RUTWY�aJwXTW[���ILz~� wUK>zbcWZ�[�_`^%�
IWP`R]zQ_`wXT wX�O^�wXP`ZJayIWP`ZJ[>wX� ��_`w�a�cWZy^�_`a�RUP KQZJP`Z vURUTxz@[b_`HyZ zbcWZyKQZ�_`[>aJILKbKbZJT zbP � wXTWP ��wXTWZ
z ���hZ"wX��zQZJadcWTW_'%�IWZ ��RU[bZyY-wXT-[�_`^ ��P�Z)(>Z �"zQwXTW_`RUT-^�Zya�c�RUTW_�aJ[OIW[b_`TWV~^�_`TW_�^�_`H�R]zb_`wXTW[
wX�+* � wUKQaJZ*�,#�ZJP`YW[&- �

� _`w�adcWZJ^�_`[ zbK ��TWw �/RUY�R��L[�_`[ YWZ�RUP�_`TWV �
_ zQc z �Bw�YWwX^�_�T�RUT z�aJP`RU[b[bZJ[�wX�"^-wXP`Z*�
aJIWP�ZJ[ ���WKQwUzbZJ_`TW[�RUTWY T�IWaJP�ZJ_`a1RUaJ_�YW[�RUTWY _�T zQZ KdRUayzQ_�wXTW[ �hZyz �BZJZJT zQcWZJ^ ���/cWZ3_�^%�
�hwUKbzdRUTWaJZ3wX�
T IWaJP`ZJ_�a�RUaJ_�YW[-� wUK ��_`w�a�cWZy^�_`[�z�K � RUTWY%� wUK-P`_`� Z1_�zb[bZJP`� � cWw � ZyvxZyK�� �BRU[
TWwUzDKbZJaJwXVXTW_`HyZJY#aJwX^ ��P`Z zQZJP ��IWTxzQ_`P"�9�/.0.W� �"cWZJT0�NvxZyK �x� ��RUa&1 ZJw�Y#RUTWY0��a��BR]K�z �
2 �43 YW_`[�aJwFvxZ KQZJY2zQc�R]z R5* (76�8 *+��'98$:;8�',<��!=  ?> �@< � �&A0B � ' ���DC �  EBGF � 'HC  ?> �I=J6�(K<L:NM���(  O: *
6�(�'� &�!=� E> �  �P: ( C�= � �GM '�(�Q5F	��'�(�8�'RF *+� �S=UT ( �J6�M��V8 �V8�8J6;CXW�BGF �ZYSY[Y]\ ��¡)�#zQw�zQc�R]z
zQ_�^�Z2_�z �/RU[ � ZJP�_`ZyvxZyY zQc�R]z,VXZJTWZyzQ_�a3_�TW� wUKQ^lR]zQ_�wXT �/RU[,aJR]KbKQ_`ZyY � �0�WKQwUzbZJ_`TW[,RUTWY
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zQc�R]z�T�IWaJP�ZJ_`a�RUaJ_`YW[ ��P`R �%wXTWP �%R5[bZJaywXTWY�R]K �%KQwXP�Z9� � ILz�_�z �/RU[�TWwUzlIWTxzQ_�P~�9���9�L�
�"cWZJT � R]zQ[bwXT2RUTWY�� KQ_`aQ\ 2 4 3 2 �N3 �WKQZy[bZJTxzQZJY2zQcWZJ_�K/^-w�YWZJP�� wUKBzQcWZ � ( ��YWwXI ��P`Z@cWZ*�
P�_ ���kzQc�R]z@VXZJTWZ � IWTWayzQ_�wXT5_`T ^�wXP�ZJaJIWP`R]KNzQZyKQ^-[>aJwXIWP`Y � Z IWTWYWZyKQ[ zQw�w�Y�� � _�TWaJZ�zbcWZJT
^lRUT �#wUzQcWZyK�� IWTWayzb_`wXT�RUP`_ zQ_`Zy[�wX�"T�IWayP`ZJ_�a�RUaJ_�YW[J��wX� � ( � RU[ �BZJP�P/RU[�'�( � � �BZyKbZ
� wXIWTWY���zQcWZ ^�wX[�z
KQZJaJZJTxz~Z*��RU^ ��P�Z � Zy_`TWVlzQcWZ YW_`[baywFvxZyK � wX�OaJR]zdRUP ��zQ_`aD� IWTWa zQ_`wXT�wX�
']( � ��zbcWZ�[bw&� a�RUP`P�ZJYX* KQ_ �hwXH �L^�Zy[4- 2 ./3 2 �D3 �

��wUKDRUP�P ��_`w�a�cWZy^�_`a�RUPORUayzb_�vxZ�^�wXP`ZJayIWP`ZJ[�R3aJZyK�zdRU_`T5zbcLKQZJZ*� YW_`^�ZJTW[�_`wXT�RUPO[�zbKQIWa*�
zQILKbZ�wX�LR]z<P�Z�RU[�z ��R]Kbz<wX��zQcWZO^�wXP`ZyaJIWP`ZO_`[ ZJ[b[�ZJT zb_SRUPxzQw zbcWZ aJwUK�KQZJayzp� IWTWayzQ_`wXTW_�TWV#� �/cWZ
_�T vxZJ[ zQ_`VxR]zQ_�wXT,wX��zQcWZ [bw&� a�RUP�P`ZJY * RUayzb_�vxZ/[b_�zbZJ[4-xwX�h^�wXP�ZJaJIWP�ZJ[ORUTWY-zQcWZJ_ K [ zbKQIWayzQILKbZJ[�_�[
wXTWZDwX� zQcWZD^�wX[�z"_`^%� wUKbzdRUTxz zdRU[�\L[ wX� ��_`w�adcWZJ^�_`[ zbK � � ��T�zQcW_�[ �BwUK�\3zQcWZ~w �#��ZJayzQ_ vxZ
�/RU[ zQwN_`TxvxZJ[�zb_`VxR]zQZOzQcWZ�zQcLKQZyZ*� YW_�^�ZJTW[b_�wXT�RUP�[�z�KQIWayzQILKQZBwX��[b^lRUP`P ']( ��^�wXP`ZyaJIWP`ZJ[ � �
aJwX^%��ILzdR]zQ_`wXT�RUP ^�ZJRUTW[.� � cWZD^-wXP`ZJaJIWP`R]KN[ ��[�zQZJ^-[
adcWwX[bZJT�R]KQZDwX�:KbZJPSR]zQ_ vxZJP �1[b^�RUP`P
[b_�HJZ [b_�TWaJZ�zQcWZ RU_`^(wX�LzQcW_`[ �BwUKb\��/RU[pTWwUzpzQcWZ KQZJ#�TWZJ^�ZJTxz wX�WZ*�L_`[�zQ_�TWV
Z*��� ZyKb_`^�ZJTxzdRUP
Y�R]zdR ��ILz>wXT�zQcWZDaywXT zbKQR]K �3zbcWZ < ��( ��� � �WKQZJYW_�ayzQ_`wXT�wX� zQcLKQZJZ*� YW_`^�ZyTW[b_`wXT�RUP [�zbKQIWa*�
zQILKbZJ[>wXT RUT R]zQwX^�_�a�P`Z vxZJP [ zdR]KbzQ_�TWVlwXTWP �3�SKQwX^ zQcWZD[�Z4%�IWZJTWayZ,RUTWY�zbcWZ [bZJaJwXTWY�R]K �
[�z�KQIWayzQILKQZ&�-�/cW_`[C[�zQIWY ��a�RUT � Z-[�ZJZJT�RU[>zQcWZ � ZJVX_�TWTW_`TWV�wX�OzQcWZ�[bZJaJwXTWY�[ zQZ5��wX��R
z �Bw&� [�zQZ5��� �WKQw�aJZy[b[ �7��KQwX^ [bZ4%�IWZJTWaJZDzQw�[�ZJaJwXTWY�R]K ��[ zbKQIWayzQILKbZ RUTWY�zQcWZJT�wXT�zQw-zbcWZ
zQcLKbZJZ*� YW_�^�ZJTW[b_�wXT�RUP�VXZJwX^�ZyzbK � wX� ']( �)^�wXP�ZJaJIWP�ZJ[.���/cWZ)#WKQ[ z�[�zbZ5� � zbcWZ7�WKQZyYW_`ayzQ_�wXT
wX�7'�( ��[bZJaywXTWY�R]K ��[�zbKbIWayzQILKQZ1[�zdR]Kbzb_`TWV��SKQwX^ _ zQ[ [bZ4%�IWZJTWaJZU� _`[ R�^lRU_�T5zQw9��_`al_�T
wXILK~VUKQwXI���� wUK�[bZ vxZyKdRUP �xZ�R]KQ[y�<zQw2[QRU^%��P`Z zQcWZ�� wX[b[b_ ��_`P�_�zQ_�ZJ[CRUTWY �WKQw ��P�ZJ^�[CwX�OzbcWZ
[bZyaJwXTWY�[�zQZ5� �/RU[ zbcWZ�ZJ[b[�ZJT zb_SRUP<VXwxRUP�wX� zQcWZCzQcWZJ[b_�[
_`T3c�RUTWY��
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4 �����`� � Z&#�TW_ zQ_`wXT�wX�pT IWaJP`ZJ_�aDRUaJ_�Y�[�zbKbIWayzQILKQZ

']( �(RUTWY � ( �(R]KQZ �hwUzQc ��_`w9� wXP �L^�Z KQ[ ��IW_`P z/�SKQwX^ RDvxZyK ��P`_`^-_�zQZJY,KdRUTWVXZ>wX�
^�wXTWwX^-ZyKQ[.�p��T zQcWZ/a�RU[bZ/wX� �WKQwUzQZJ_�TW[ zQcWZyKQZ R]KQZ 410 RU^�_`TWw@RUay_`YW[J�x_`T zQcWZBa�RU[�Z"wX��T I��
aJP�ZJ_`a"RUaJ_�YW[�wXTWP � � wXILK ZJ[b[�ZJT zb_SRUP`P ��YW_32 Z KQZJTxz ^�wXTWwX^�Z KQ[OR]KQZ"IW[�ZJY���M RUadc-^�wXTWwX^-ZyK��
wUK T IWaJP`ZJwUzb_`YWZU��aJwXTW[b_�[�zQ[ wX�<zQcLKbZJZ~^-wXP`ZJaJIWP`R]K/�SKdRUVX^�ZJTxzQ[ �O[bIWVxR]K��WcWZ zQZyKQw�a �LaJP�ZU��RUTWY
��cWwX[ ��c�R]zbZ9���/cWZ-[bIWVxR]K�_`[CwX��� ILKdRUTWwX[�_`YWZ*� z � � Z5476 � � � KQ_ � wX[bZ,_`T ']( � wUK86 � � � 4:9 �
YWZJw�� ��KQ_ �hwX[bZ _`T � ( �<;Q�URUTWY�_�zO_`[!��cWwX[ ��cWwUK �LPSR]zbZJY�_`T � 9 � wX[b_ zQ_`wXT,RUTWY-[�I ��[�zQ_�zbILzQZJY
R]z �N� 9 � �,wXTWZNwX� zQcWZN� wXILK YW_32 Z KQZJTxz/cWZyzQZyKQw�a �LayP`ZJ[BR]z�zdRUadcWZJY � ��R<6 � VXP �LaJwX[ ��P �
� 9 �
(0P`_`TL\]RUVXZ9� �/cWZ,cWZ zQZyKQw�a �LaJP�ZJ[~R]KQZ�zbcWZ ��ILKQ_�TWZ ��RU[�ZJ[DRUYWZJTW_�TWZ=4 A ;"RUTWY5VXI�RUTW_�TWZ
4(>?; RUTWY�zQcWZ � ��KQ_`^�_�YW_`TWZ���RU[bZJ[Na ��zQwX[b_�TWZ@4(AB; RUTWY�ILKdRUaJ_`P�4DC���ILKQRUaJ_`P<_`[/KQZ5��P`RUaJZJY
_�T � ( � � �-zbcWZN� IWTWayzQ_�wXT�RUP`P �-Z4%�IW_ vURUP�ZJTxz zQc �L^�_�TWZ7� �(� ^�ZyzQc �LP�ILKdRUaJ_�P-; � � _�VXILKQZ 4 ���
[bcWw �"[-R [bcWwUKbz�[�zbKQRUTWY wX�7'�( �%4 [bZ4%�IWZJTWaJZ/�@eN¡��E; � �kwXILK ^-wXTWwX^�ZyKQ[ R]KQZ2aJwXT��
TWZJa zQZJY�zbw�Rl[b_�TWVXP`Z [�zbKdRUTWY����"cW_`adc�_`[@YW_�KQZyayzQ_`wXT�RUP:RUTWY�[�zQR]KbzQ[CR]z>zQcWZ � 9 � ZJTWY�4 zbw9�
P�ZJ�SzCwX� #�VXILKbZ 4 ���1;/RUTWY�ZJTWYW[CR]z>zQcWZ�� 9 � ZJTWYF4 � wUzbzQwX^ KQ_`VXcxz@wX� #�VXILKQZ 4 �`�1; � ']( �
[�z�KQIWayzQILKQZ>aJRUT��hZNYWZ&#�TWZJY1_`TlzQcLKbZJZNaJwXTW[bZyaJILzQ_�vxZ * [�zQZ5��[4-�Z�RUadc1RUYWYW_`TWV ^�wUKQZ
[�zbKQIWa*�
zQILKQRUP YWZyzQRU_`P`["RUTWY�_`TW� wUKb^lR]zQ_`wXT�� �/cWZ@#WKQ[�z
wX�pzQcWZJ[bZ�[�zQZ5��[N_�["zQcWZ~[bZ4%�IWZJTWaJZ �"cW_`adc
[b_�^ ��P ��VX_ vxZJ[ zQcWZ
wUKQYWZyK wX� zbcWZ
T IWaJP`ZJwUzb_`YWZJ[ [ zdR]KbzQ_�TWV R]z�zQcWZ � 9 � ZJTWY2RUTWYlZJTWYW_`TWV R]z
zQcWZ%� 9 � ZJTWY�� �/cWZ,TWZ*��zC[�zQZ5�5_`[@zQcWZ [bw&� a�RUP�P`ZJY�[bZJaJwXTWY�R]K ��[ zbKQIWayzQILKbZ �"cW_`adc5[�cWw �"[
�"cW_`adc ��RU[bZy[>R]KQZ+��RU_�KQZJY3zQw,wUzbcWZyKQ[NRUTWY �
cW_�a�c�R]KQZ~IWT���RU_ KQZJY��
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��PSR]KQVXZCvUR]KQ_�Zyz �1wX� ��RU[bZ<��RU_ KQ[
w�aJaJILKN_�T '�( �>[y�k[�zQR]KbzQ_`TWV �
_ zQc�zQcWZ � R]zQ[bwXT��
� KQ_`aQ\ � z ���hZJ[/e���� RUTWY%�6� ¡ _`T�YW_32hZyKQZJTxz VXZywX^�ZyzbKQ_�ZJ[:zQwDe6� ¡ ��RU_ KQ[ORUTWY,ZyvxZyT-^�wUKQZ
IWTWaJwX^-^�wXT5z ���hZJ[DP`_ \xZ1e��8� �Oe���eD�pwUK4�6� ��� �/'�( � [bZyaJwXTWY�R]K ��[�z�KQIWayzQILKQZy[ a�RUT
�hZCayPSRU[b[b_ #�ZJY2_`TlvxZyK ��� Z ��z ���hZJ[BwX� [�zbKQIWa zQILKdRUP ^�wUzb_`� [ 4 [�ZJZ #�VXILKQZ 4 � 4 ; ���/cWZ@^�wX[�z
R ��IWTWY�RUTxz�wX��zQcWZJ[�Z�^-wUzQ_`� [>R]KbZ zbcWZ [bw&� a�RUP�P`ZJY�c�RU_�K ��_`TW[ 4E#�VXILKQZ 4 � 4 ��;/aJwXTW[�_`[�zQ_�TWV
wX�<R YWwXI ��P`Z*� [�zbKdRUTWYWZyY ��R]Kbz#4 zQcWZ * [�zbZJ^ -3;:RUTWY1R aywXTWTWZJayzQ_�TWV�[�_`TWVXP`Z � [�zbKQRUTWYWZJY/��R]K�z
4 zbcWZ1P�w�w9��; � :
zQcWZ K,^-wUzQ_`� [ R]KQZ�zbcWZ ��IWP`VXZ 4 IWT���RU_�KbZJY ��RU[�ZJ[ wXT wXTWZ2[b_�YWZ2wX�/zbcWZ
[�zbZJ^ ;Q��zQcWZ,_`TxzQZyKQT�RUP�P`w�w9��4 IWT���RU_�KQZJY ��RU[bZJ[�wXT � wUzQc�[b_`YWZJ[~wX� zQcWZ�[�zQZy^ ;Q� wUK~zbcWZ
^ IWP�zb_ � P�w�w9� 4 [bZ vxZyKdRUPB[�zQZy^�[ aJwXTWTWZJayzQZyY � �#[�cWwUKbz-IWT���RU_ KQZJY KQZJVX_`wXTW[ ; ��¡>T���RU_�KbZJY
KQZyVX_`wXTW[NR]z zQcWZCZJTWY�wX� R�[�zbKdRUTWY�R]KQZ~aJRUP`P`ZyYX* Y�RUTWVXP�_`TWV,ZJTWYW[4- �

a.) helix b.) hairpin c.) dangling end d.) single stranded region

f.) internal loope.) bulge loop g.) multi branched loop (junction)

� ��;�L���L ��q �`� A �"2�<1�B-0WT�:90-@=�AR9$=`-@�y����9$��������2T%S&)(�L

�/cWZ�TWZ*��z
[ zQZ5��_�T�_`^ �WKbwFv�_`TWV�[�zbKQIWayzbILKdRUP _`TW� wUKQ^lR]zb_`wXT�_�[ zbcWZ�YWZ&#�TW_ zQ_`wXT�wX�:R
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zQZ KbzQ_SR]K ��[�zbKbIWayzQILKQZ9�"� T ZJ[�[bZJTWaJZ zQcWZDzQZyK�zQ_SR]K �3[�zbKbIWayzQILKQZ [bcWw �"[@zbcWZDKQZJPSR]zb_�vxZ
�hwX[b_ �
zQ_�wXT�wX�:zQcWZD[bZyaJwXTWY�R]K ��[�z�KQIWayzQILKQZ ZyP`ZJ^�ZyT zQ[ �
_ zQc�KQZJ[ �hZJayz>zQw-Z�RUadc�wUzbcWZyK��7� zNzbcWZ
cW_�VXcWZJ[�z KQZJ[�wXP`ILzQ_�wXT#zbcWZ � wX[b_ zQ_`wXT�wX�/Z�RUadc R]zQwX^ _`[D\LTWw �"T��3��T RUYWYW_�zQ_�wXT�[bZyvxZyKdRUP
_�T zQZ KdRUayzQ_�wXTW[la�RUT wXTWP � �hZ�[bZJZJT _`�>zQcWZ�zbZyKbzQ_`R]K ��[�z�KQIWayzQILKQZ�_�[laJwXTW[b_�YWZyKQZJY��4�/cWZ
^�wX[ z/�WKbwX^�_`TWZJTxz1Z*��RU^%��P`ZJ[1R]KQZ���[bZJIWYWwU\�TWwUzQ[ 2 �N3 2 � 3 � ��RU[bZ zbKQ_ ��P`ZJ[ 2�� 3 � 2 � �N3@RUTWY
^�wX[ z KbZJaJZJTxzQP ��e��9%�I�R]KbzQZyzQ[ 2 � ./3 � 2 � � 3 ���/cWZCKdRUTWVXZCwX� � wX[b[b_ ��P`ZC[bZJaJwXTWY�R]K ��RUTWY1zQZyK �
zQ_`R]K �,[�zbKQIWayzbILKdRUPhZJP�ZJ^�ZJTxzQ[ _�[�KdR]zQcWZ KBPSR]KQVXZ]� �WKQw9vL_�TWV�zQc�R]z ']( �>[BR]KQZ
vxZyK ����Z*�L_ ��P�Z
^�wXP�ZJaJIWP�ZJ[.� � _`TWaJZ �hwUzQc�zQcWZN[�IWVxR]KQ[/RUTWY ��ZyvxZJTl^-wUKQZ7� zbcWZNcWZyzQZyKbw�a ��aJP`ZJ[/R]KbZ
vxZyK �
KQ_�VX_`Y1[�zbKQIWa zQILKQZJ[J��^�wX[�z wX� zQcWZCaJwXTW� wUKQ^lR]zQ_�wXT�RUP���Z*�W_ ��_`P�_�z �laJwX^�Zy[ �SKbwX^�zbcWZ���RUaQ\ �
�hwXTWZ9�:��T #�VXILKbZ 4 ���B[bZyvxZJT zQwUKQ[�_`wXT�RUPLRUTWVXP�ZJ[�R]KQZBYWZJ[�_`VXT�R]zQZJY � �-eNKbZJZy\ P�ZyzbzQZyKb[.��� _ �
wX��zQcWZJ^ R]KQZ>RUP`wXTWVDzbcWZ ��RUad\ � wXTWZU�LRUTWY1aywX^�_`TWVD�SKbwX^ zQcWZ � 9 � ZJTWY1wX� zQcWZ>^�wXP�ZJaJIWP`Z
zQcWZy_�KNYWZJ#�TW_�zQ_�wXT�_`[
RU["� wXP�P`w �
[ �
� � :)� 9 �  � : � 9 ��� � 9
6 �  � : � 9 � � � 9 ���+. 9
� � : � 9 � � � 9 ���+. 9 � � � 9
� �/� � 9 � � . 9 ��� � 9 � :)� 9
� �/� . 9 ��� � 9 ��: � 9 � 
	 �B� � 9 � :)� 9 �  � : � 9
�/cWZ>PSRU[�z�zQwUKQ[b_�wXT�RUPhRUTWVXP�ZNwX��^lR&��wUK _�^ � wUKbzQRUTWaJZ"zQwDzbcWZ
zQcLKQZJZ � YW_`^-ZJTW[b_`wXT�RUPh[�zbKQIWa*�
zQILKbZ~_�[/RUTWVXP`Z�
�4 :�� 9 � �N� 9 �9(6���+.�_`T���ILKQ_`TWZJ["RUTWY :�� 9 � �N� 9 �9(6� � 4 _`T,� ��KQ_�^�_`YW_�TWZJ[ ; �
� z@a�RUT � Z IW[bZyY5RU[@R�vxZyK ��VXw�w�Y RU[�[bIW^ �WzQ_�wXT zbc�R]z>zQcWZJ[bZ [bZyvxZyT�_�T zQZ KQT�RUP:YWZJVUKQZyZJ[
wX�/�SKQZJZyYWwX^ � ZyK ^�wXTWwX^-ZyKDIWTW_ z YWZ&#�TWZlzQcWZ �
cWwXP�ZlaJwXTW� wUKQ^lR]zb_`wXT�RUPO[ ��RUaJZlwX� RUT
']( � ^�wXP�ZJaJIWP�Z9��� �Bw5RUTWVXP�ZJ[,R]KQZ2wX�
[ �hZJaJ_SRUP/_�T zQZ KQZJ[�z-RU[ zQcWZ �#IW[bI�RUP�P � RU[b[bIW^-Z
wXTWP �1vxZ K �1[ � ZJay_ #�a~v]RUP`IWZy[.�
� ���/cW_`[,zQwUKQ[b_�wXT�RUPNRUTWVXP`Z�P`_`Zy[ �
_ zQcW_`T�zbcWZ�[bIWVxR]K�KQ_�TWV�[ �L[ zQZJ^ RUTWY _�[-zQcWZyKQZy� wUKQZ
KQZy[�zbKQ_�ayzQZJY � �1R�Kb_`TWV�aJP`wX[bILKbZ�ayKQ_ zQZyKQ_�wXT�� � _`TWaJZ�R #WvxZ*� ^�ZJ^ � Z KQZJY3Kb_`TWV-c�RU[ TWw���R]z
VXZJwX^-ZyzbK �x� wXTWZNwUK�z �Bw wX� zbcWZ>R]zQwX^�[ R]KQZNP �L_`TWVDR � w9vxZNwUK �hZJP`w �)zbcWZ6��PSRU_�T�YWZ&#�TWZJY
� �-zQcWZ"wUzQcWZyK�� wXILKBwUK�zQcLKbZJZ>R]zQwX^�[5�p��� zQcWZNR]zQwX^�_`[ wXT-zQcWZ"[QRU^�Z
[�_`YWZNwX�hzbcWZ6��PSRU_�T
RU[NzQcWZ-� � 9 zQcWZ aywXTW� wUKQ^lR]zQ_�wXT�_`[>a�RUP�P`ZJY ��(K< � �h_`��_�z>_�[>wXT�zQcWZ w9�#� wX[b_ zQZ [b_�YWZ _�z>_�[
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a�RUP�P`ZJY �[A� �D� cW_�[��hZJc�R�vL_`wUKC_�[~RUP�[bw1a�RUP`P�ZJY * [bIWVxR]K � ��IWad\xZ KQ_`TWV - ��� _`VXILKQZ 4 � �2[�cWw �"[
z �BwlwX�pzbcWZD^�wX[�z"�SKQZ4%�IWZJT z@[�IWVxR]K � ��IWaQ\xZyKQ[@_�T '�( � ��� 4 9 � ZJTWYWw?4 P`ZJ�Sz � c�RUTWY�� [b_�YWZ wX�
#�VXILKQZ 4 � � ;
RUTWY%� � 9 � ZJTWYWw 4 KQ_`VXcxz � c�RUTWY�� [b_`YWZlwX� #�VXILKQZ 4 � � ; � (>IWaJP`ZywUzQ_`YWZJ[~_`T5zbcWZ
[�zQRUTWY�R]KQY �6� '�( �6� cWZyP`_ � R]KQZ wX� � � 9 � ZJTWYWw aJwXTW� wUKQ^lR]zQ_�wXT��N� 4 9 � ZJTWYWw aJwXTW� wUKQ^lR��
zQ_�wXTW[
w�aJaJILK>^�wX[ zQP �2_�T�[b^lRUP�P<P�w�w9��[J� �hZJa�RUIW[bZ wX�pzbcWZJ_�K"zQZJTWYWZJTWa ��zQw-ZJP�wXTWVxR]zQZ~zbcWZ
��RUaQ\ �hwXTWZ9� � � 9 � ZJTWYWw&� [�IWVxR]KQ[>R]KQZ~RUP`[bw�KQZJ� ZyK�KQZJY�zQw,RU[
[bIWVxR]Kb["wX�I(6� z ��� Z]� �
cWZyKbZ�RU[
� 4:9 � ZJTWYWw&� [bIWVxR]Kb[ R]KQZ�wX�"��� z ���hZ9� �)��R]K�z~�SKbwX^ zQcWZ�z �Bw�^lR&��wUK@z ���hZJ[~wUzbcWZyKDaJwXT��
� wUKQ^�R]zQ_`wXTW[ w�aJayILK
^lRU_�TWP �2_�T�P`w�w9�3KbZJVX_`wXTW[.�

P O
O

O O
P

C5’
O1’ C2’

OO

O O

P

C3’

P

O1’C5’

� ��;�L���L��`q E��"1:��-Y/,=�A@|7�R-@��2�;#����<�� �U�"�1�$=�;7�B-$�h��2�%'&)(�� ��� �l9:ac*,�"2�<�ac�0��<��"q�� ��� aZ� 2�<���z7-$��;"*g9:a
*,�"2�<�ac�0��<��"q��	�
� ac�82�<����@L


 �:�/cWwXIWVXc zQcW_`[:zQwUKb[b_`wXT�RUP�RUTWVXP`Z _�[:TWwUz�_`TxvxwXP�vxZJY _�T�R
KQ_`TWV@[ ��[�zQZJ^��]_�zQ[pv]RUP`IWZy[
R]KQZCTWZyvxZyK�zQcWZJP`Zy[b["KQZy[�zbKQ_�ayzQZJY1zQw�z �Bw,YW_`[�zb_`TWayz/KQZJVX_�wXTW[J��wXTWZ�R]KbwXIWTWY 0 YWZJVUKQZJZJ[
RUTWY
zQcWZ wUzQcWZ K�R]KbwXIWTWY�� � 0 YWZJVUKQZyZJ[.��� cW_�[3RUTWVXP�Z�YWZyzQZyKb^�_`TWZJ[lzQcWZ �hwX[b_�zQ_�wXT wX�CzbcWZ
cWZyzbZyKQw�a �LaJP�Z
�
_ zQc�KQZy[ � ZJa z�zQw zbcWZ�[bIWVxR]K�Kb_`TWV#� ���DzQcWZ5cWZ zQZyKQw�a �LaJP�Z�_`[1KQwUzdR]zQZyY
zQw �/R]KQYW[ zQcWZ~� � 9 � R]zQwX^ 4 zQcWZ
zQwUKQ[�_`wXT�RUP�RUTWVXP`Z �hZJ_`TWV 0 YWZJVUKQZJZy[ ; zQcWZ
aywXTW� wUKQ^lR]zQ_�wXT
_�[�aJRUP`P`ZyY CGB
( �O_`�BzQcWZ2cWZyzbZyKQw�a �LaJP�Z1_�[ _`T#zQcWZ2w9�#� wX[b_ zQZ�� wX[�_�zQ_�wXT 4 R �/R����SKQwX^ zbcWZ
� � 9 � R]zQwX^��hzQcWZDzbwUKQ[b_`wXT�RUP:RUTWVXP`Z � Zy_`TWV�� � 0 YWZyVUKQZJZJ[ ; zQcWZ aJwXTW� wUKb^lR]zQ_`wXT _�[>a�RUP`P�ZJY
: (  ' �5��T [�zdRUTWY�R]KQY �6�8'�( �6� cWZJP`_ �WZJ[�RUP�P ��RU[bZJ[,R]KQZ2wX� : (  ' � aJwXTW� wUKb^lR]zQ_`wXTW[y� CGB
( �
aJwXTW� wUKb^lR]zQ_`wXTW[@a�RUT � Z�� wXIWTWY�_`T�P`w�w9��KQZyVX_`wXTW[~RUTWY5_`T�[bwX^�Z TWwXT�� � R]zQ[bwXT���� KQ_�ad\
��RU[bZ%��RU_�KQ[.�%�>P`P wUzQcWZ K�zQwUKQ[�_`wXT�RUPORUTWVXP`ZJ[ � wX[b[�ZJ[b[ RUP�[bw�aJZ KbzdRU_`T �WKQZJ� ZyKbKbZJY�KdRUTWVXZJ[J�

� � �
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zQc�R]z�R]KQZ5TWwUz�[�w �BZJP�P�YWZ&#�TWZJY4RU[�_�T�a�RU[bZy[�[bcWw �"T(R � w9vxZ9� � aJwX^ �WKbZJcWZJTW[b_ vxZ
_�T zbKbw�YWIWayzQ_�wXT zQw�T�IWayP`ZJ_�a RUaJ_`Y [�zbKbIWayzQILKQZ�a�RUT �hZ�� wXIWTWY)_�T � wXP`�SKdRU^ ��RUZJTWVXZyK - [
*  KQ_�TWaJ_ ��P�ZJ[
wX� (>IWaJP`ZJ_�a<�>aJ_�Y��xzbKbIWayzQILKQZ/- 2 � � 3 �

4 ����� 4 M TWZyKQV �1PSRUTWYW[�a�R&� ZJ[

�/cWZ~ZyTWZyKQV �2wX�:R ^�wXP�ZJaJIWP`Z@_�["R � IWTWayzQ_�wXT�wX� zQcWZ �hwX[b_�zb_`wXTW[/wX�p_ zQ[ R]zQwX^�[���zbcWZ
c ���hZyK � YW_�^�ZJTW[b_�wXT�RUP6��P`wUz�wX�NzQcWZ�ZJTWZyKQV �%vxZyKQ[bIW[�zQcWZ �hwX[b_�zb_`wXTW[�wX�>zQcWZ�R]zbwX^�[-_�[
KQZy� ZyKbKQZJY3zQw�RU["RUT1ZJTWZyKbV �2PSRUTWYW[ba�R&�hZ9� � _ zQcWwXILz"RUT �1R&�#�WKQw��W_�^lR]zQ_�wXT�zQcWZ@T�IW^ � Z K
wX�OYWZJVUKQZJZy[CwX���SKQZyZJYWwX^ _`T�RlTWwXT�� P�_`TWZ�R]KC^�wXP�ZJaJIWP`Z�_`[+����� �L� �"_�zQc�� � ZJ_�TWV2zbcWZ
T IW^ � ZyK
wX�pR]zQwX^-[.�O� cW_�["P�Z�RUYW[ zbw�vxZyK �2aJwX^ ��P`Z �1ZJTWZyKQV �1PSRUTWYW[�a�R&� ZJ["ZyvxZJT3_`T3zbcWZ
a�RU[�Z>wX�<[�^lRUP`P�^�wXP�ZJaJIWP`Zy[J��� wUK;']( ��^�wXP`ZJayIWP`ZJ[ wX� R�KbZ�RU[bwXT�R ��P`Z>[�_`HJZN[�wX^�Z
\L_�TWYlwX�
R&�#�WKQw��W_�^lR]zQ_�wXT�c�RU[�zQw � Z � wXIWTWY����>[ [�cWw �"T-_�T�zQcWZ;�WKQZyv�_`wXIW[O[bZJayzb_`wXT�^�wX[�zOwX��zbcWZ
��Z*�L_ ��_�P`_�z �CwX�WRUT�']( ��^�wXP�ZJaJIWP`ZO[�zQZy^�[ �SKbwX^4zQcWZ zQwUKQ[b_�wXTW[pRUP�wXTWVN_�zQ[ ��RUaQ\ �hwXTWZBRUTWY
�SKQwX^ zQcWZ wUKQ_`ZJTxzdR]zQ_�wXT�wX� zQcWZ cWZyzQZyKbw�a ��aJP`Z �"_�zQc�KQZy[ � ZJa z>zQwlzQcWZ [bIWVxR]K�� �.[b_�^ ��P`Z
Z*�WRU^ ��P`Z�[bcWw �"[NzQcWZ P`R]KQVXZDT IW^ �hZyKCwX� � wX[b[�_ ��P`Z aJwXTW� wUKb^lR]zQ_`wXTW[
ZyvxZJT IWTWYWZyK@vxZyK �
KQZy[�zbKQ_�ayzQ_�vxZBaywXTWYW_�zQ_�wXTW[.�!�kwUK zbcWZ aJRUP`aJIWP`R]zQ_`wXT wX�kR>� wXILK � ^�Zy^ �hZyKQZJY�c�RU_�K ��_`T P`w�w9� 4 R
[bw&� a�RUP`P�ZJY * zQZyzbKdRUP�w�w9� - ; _�z _`[ RU[b[bIW^�ZJY,zQc�R]z zbcWZ
[�zQZy^�_�[ aywX^ ��P`ZyzbZJP � KQ_�VX_`Y-RUTWY�wXTWP �
zQcWZBP�w�w9��R]KQZJRN_`[ ��Z*�L_ ��P�Z9� �/cW_`[ P`ZJRUYW[pzQw 4 � YWZJVUKQZyZJ[�wX�W�SKQZJZJYWwX^ 4 [�ZyvxZJT � wUK�Z�RUadc wX�
zQcWZ
� wXILK ��RU[bZJ[ ;p� wUK zQcWZ �
cWwXP�Z
^�wXP�ZJaJIWP`Z&� M vxZJTl_�� Z�RUadclwX�hzQcWZ
zbwUKQ[b_`wXT�RUP�RUTWVXP�ZJ[�_�[
RUP�P`w �BZJY�zQw,RUYWw9�WzNwXTWP �lz �Bw-YW_ 2 ZyKQZyT zNv]RUP`IWZy[ zQcW_�[
P�Z�RUYW[ zbw=4 4�� ;	��
 4 � �� . ��� � . �U�
�hwX[b[b_ ��P�ZDaJwXTW� wUKQ^�R]zQ_`wXTW[.�6:
� aJwXILKQ[�Z TWwUz>RUP`P<wX�pzQcWZy[bZD[bwXP�ILzQ_`wXTW[ � wXIWP`Y�� IWP #�P�P<zbcWZ
ayKb_�zQZyKb_SRlwX��P`w�w9� ayP`wX[bILKQZ]� ��ILzCwXT zbcWZ wUzQcWZyK@c�RUTWY�RUP`P�w �"_`TWVlwXTWP ��z �BwlvURUP�IWZJ[)� Z K
zQwUKb[b_`wXT�RUP<RUTWVXP`ZC_`[/vxZyK �2KQZy[�zbKQ_�ayzQ_�vxZ&�

� ZJa�RUIW[�Z1wX�/zQcWZ1VUKQZ�R]z T IW^ � ZyK,wX�"YWZyVUKQZJZJ[�wX�"�SKbZJZJYWwX^ ZJTWZyKQV �#P`RUTWYW[ba�R&�hZJ[
wX� T�IWaJP�ZJ_`a-RUaJ_`YW[�R]KQZ cW_`VXcWP ��aywX^ ��P`Z*� � � cWZ�_`TxzQZyKbT�RUPOZyTWZyKQV ��wX� zQcWZ�^�wXP�ZJaJIWP`Z _�[
TWwUz�wXTWP ��R3� IWTWa zQ_`wXT�wX� ^lRUT ��v]R]KQ_`R ��P`ZJ[J� _�zCa�RUT�RUP�[bw �hwX[b[bZJ[�[�zQcWZ��WKQw9� ZyK�zQ_`ZJ[~wX�
R�[bw&� a�RUP�P`ZJY �G6 QVQ ��< PSRUTWYW[ba�R&�hZC\�TWw �"T��SKbwX^ ^lRUT �2wUzbcWZyK w9�WzQ_`^�_�H�R]zQ_�wXT��WKbw ��P`ZJ^�[
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_�T5^�wXP�ZJaJIWPSR]K ��_�wXP`wXV ��wUK+��c �L[b_�aJ[J� �
cWZ KQZ-[bw&� a�RUP`P�ZJY * aJwX[�z~� IWTWayzQ_�wXTW[4-<R]KQZ aJwXTW[b_�Y��
ZyKbZJY����/cWZ�aJwX[�zD� IWTWayzQ_`wXT#wX�/R3KbIWVXVXZJY#PSRUTWYW[ba�R&�hZ�_`[�a�c�R]KQRUayzQZyKQ_�HJZJY � �5zQcWZ��uRUa z
zQc�R]z/TWZy_`VXc � wUKQ_�TWV vxZyayzQwUKQ[���RUTWY���� � ��^lR�� �hZJP`wXTWV zQw vxZyK �lYW_32hZyKQZJTxz/vURUP�IWZJ[BwX�
zQcWZ aywX[�zN� IWTWayzb_`wXT��C� _�^�_`P`R]K��WKbw ��P`ZJ^�[
a�RUT � Z � wXIWTWY � wUK>Z*�WRU^ ��P`Z~_`T�zbcWZDzQcWZJwUK �
wX�O[ ��_`T�VXPSRU[�[bZJ[@wUK>zQcWZDzQcWZJwUK � wX� ��_�wXP`wXVX_�a�RUPpZyvxwXP�ILzQ_`wXT��C�/cWZ ZJTWZyKQV ��P`RUTWYW[ba�R&�hZJ[
wX� �WKQwUzQZy_`TW[ �BZyKbZ�[�zQIWYW_`ZyY _�T VUKQZ�R]zlYWZyzQRU_`P � � �@RUTW[,��KdRUIWZJTW� ZyP`YWZyK1Zyz2RUP � 2 �9�N3 �
�/cWZ-_�T vxZJ[ zQ_`VxR]zQ_�wXT�wX� � �xwXVXP`w ��_`T�RUTWY5_ zQ[���_`TWYW_`TWV1KQZ�RUayzb_`wXT�zbw�:���[bcWw �BZJY5[bZyv �
ZyKQRUPB_`TxzQZyKQZJ[ zQ_`TWV�KQZJ[�IWP�zQ[.��� z �/RU[ � wXIWTWY zQc�R]z � �xwXVXP`w ��_�T#_`[ TWwUz�RUayzQ_ vxZ2_`T#wXTWP �
wXTWZ�[ � ZyaJ_ #�a�aJwXTW� wUKQ^lR]zb_`wXT�� ��ILz@KdR]zQcWZ K~_�T�[�ZyvxZyKdRUP�RUayzb_�vxZ aJwXTW� wUKQ^�R]zQ_`wXTW[ �"cW_`adc
�BZ KQZD[bP�_`VXcxzQP ����ILzNYW_�[�zQ_�TWayzQP �1YW_ 2 ZyKQZyT zNKbZJVxR]KQYW_`TWV,_�zQ[ ��_`TWYW_�TWV-KdR]zQZ���_`TWYW_`TWV,KdR]zQZ9�
�/cWZJ[bZ1aJwXTW� wUKQ^lR]zb_`wXTW[DwUK�^�_�ayKQwX[�zdR]zbZJ[ R]KQZ�KQZy� ZyKbKQZJY zQw�RU[ * [bI ��[ zdR]zQZJ[4- � ��ILKbzQcWZ K
_�T vxZJ[ zQ_`VxR]zQ_�wXT�wX� zQcWZ�cW_�VXcWP ��aJwX^ ��P�Z*�5ZJTWZyKQV �5PSRUTWYW[ba�R&�hZ�wX�;� �xwXVXP`w ��_�T�[bcWw �BZJY
zQc�R]z �"_�zQcW_�T ZJRUa�c [bI ��[�zdR]zbZ1zQcWZ KQZ�R]KbZ1^-wUKQZ * zQ_�ZyKQ[4- wX� � ILKbzQcWZ K-[bI ��[ zdR]zQZJ[J�OzQcWZJ_ K
T IW^ � ZyK �hZJaJwX^�_�TWV�[bw�PSR]KQVXZ3zQc�R]z�zQcWZ ��a�RUTWTWwUz � Z�adc�R]KdRUa zQZyKQ_�HJZJY _`TWYW_�v�_`YWI�RUP�P �
RUT �L^�wUKbZU� ��ILz,^ IW[�z � Z1YWZJ[bayKQ_ � ZJY%IW[b_`TWV�YW_`[�zbKb_ ��ILzQ_�wXT%� IWTWayzQ_�wXTW[.� � cWZ1I��#� ZyK��
^�wX[ z�[bI ��[ zdR]zQZJ[ a�RUT�[�zQ_�P`P � Z"[bZJZJT�RU[�YW_32hZyKQZJTxzBZJTWZ KQV ��P`ZyvxZJP�[�wX�hzbcWZ
^�wXP�ZJaJIWP`Z]�xzbcWZ
P�w �BZ K
zQcWZ~aJwXTW[b_`YWZ KQZJY�zQ_�ZyK
P�_`ZJ[y��zQcWZ~^�wUKQZCR-TWZ�R]K�� aJwXTxzQ_`T IWIW^ wX�pZJTWZyKQV �3[�zdR]zQZy["_�[
KQZJRUa�cWZyY���� Z vxZyKdRUP�zQ_�ZyKQ[DaywXIWP`Y � Zlw ��[bZ KbvxZJY � �5Z*��RU^�_�TW_`TWV�zbcWZl_`TWcWwX^�wXVXZJTWZywXIW[
�WKQwxRUYWZyTW_`TWV wX�/P`_`TWZy[D_`T�zQcWZ�_�TW�SKdR]KQZJY#[ �hZJayzbKQR�RUTWY#�SKQwX^ * cWwXP�Z ��ILKQTW_`TWV -pZ*���hZyKQ_ �
^�ZyT zQ[5�!��KdRUIWZyTW� ZJP`YWZyKOZyzORUP �:aJwX^ ��R]KbZ zQcW_`[ �hZyKQ[ �hZJayzQ_ vxZBwX��[�IWaJaJZJ[b[�_�vxZ/zQ_`ZyKb[ wX��[�I ���
[�zQR]zQZJ[ �
_ zQcW_`T,RC[�I ��[�zdR]zQZ zQw>zQcWZ"YWZy[bayKQ_ �WzQ_`wXT,wX�kzQZyK�KQZJ[�zbKb_SRUPWPSRUTWYW[�a�R&� ZJ[ �
cWZ KQZ zbcWZ
cW_�VXcWZyK�� Z�R]\�[ RUTWY�YWZJZ5�hZyK�vURUP�P`Z ��[�R]KQZ �BwUKbzbc � wX��[bZ5��R]KQR]zQZ/T�RU^�ZJ[ 4 aJwUKbKbZJ[ � wXTWYW_�TWV
zQw�zQcWZlI��#�hZyK � ^�wX[�z zQ_`Z K wX�"[�I ��[�zdR]zQZJ[ ;Q� ��ILz �"cWZyKQZ2P�ZJ[b[ [ �hZJaJ_ #�alzQZ KQ^�[ [bIWadc RU[
* KQwXIWVXcWTWZJ[b[4-�wUK * YW_���ayIWP�z ��- a�c�R]KQRUayzQZyKQ_�HJZ2zQcWZl^ ��KQ_`RUY�wX�"[b^�RUP`P`Z K [ba�RUP�Z1� ZJR]zQILKQZJ[.�
�/cWZ
Z*��� ZyKb_`^�ZJTxzdRUPLKQZy[bIWP�zQ[ �BZyKQZ
RUP`[bwCaJwUKbKbw � wUKdR]zQZyY � ��^�wXP�ZJaJIWP`R]K Y ��T�RU^�_`ay[O[�_`^%�
IWP`R]zQ_`wXTW[J�WcWw �BZyvxZ K"zQcWZ+�WKQZJ[�ZJT zbP �3RUaJaJZJ[�[b_ ��P�ZCzQ_�^�Z*� [ba�RUP`Zy[ wX�<aJwX^ ��ILzQR]zQ_`wXT2YWw-TWwUz
RUP�P`w � R5aywX^ ��P`ZyzbZ�[QRU^ ��P�_`TWV�wX�)�WKQwUzbZJ_`T [bI ��[�zQR]zQZJ[2RUTWY _`TW�SKbZ4%�IWZJTxz2zbKdRUTW[b_ zQ_`wXTW[
�hZyz �BZJZJTl[bI ��[ zdR]zQZJ[BR]KbZ
R�^�R9��wUKO[bwXILKbaJZ
wX� [ zdR]zQ_`[ zQ_`a�RUPWZ KbKQwUK _`T�aJILK�KQZJTxz ^�wXP�ZJaJIWPSR]K
Y ��T�RU^�_`aJ["[b_`^ IWP`R]zQ_`wXT 2 �9�N3 �/�/cWwXIWVXc�zQcWZJ[bZ Z ��� Z KQ_`^�ZyT zQ[ �BZyKQZ YWwXTWZ�wXT �WKQwUzQZJ_�TW[
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zQcWZ KQZN_`[ TWw�KQZ�RU[�wXT �
c �,zbcWZ
KQZJ[bIWP zQ[ [bcWwXIWP�Y�TWwUzBRUP�[bw �hZ
zbKQIWZ"� wUKBwUzQcWZyK ��_`wXP`wXVX_�a�RUP
^lRUa KQwX^�wXP`ZyaJIWP`ZJ[-RUTWY ZJ[ � ZyaJ_SRUP�P ��� wUK2T IWaJP�ZJ_`a RUaJ_�YW[.� � YWZyzQRU_`P`ZyY \�TWw �"P`ZyYWVXZ�wX�
zQcWZ@ZJTWZ KQV �lP`Z vxZJP`[/RUTWYlzQcWZ>P`R �"[BVXwFvxZ KQTW_`TWV zQcWZJ^ �BwXIWP`Y�� Z>ZJ[�[bZJTxzQ_SRUPhzbw��hZyKQ� wUKQ^
Y ��T�RU^�_`aJ[ wXT3zbcWZJ[bZ�aywX^ ��P`Z*�3ZJTWZ KQV �1PSRUTWYW[ba�R&�hZJ[.�

+ } + ;�� ��mLjFt o�m�q�i9r�s�i9m�� �pq:t���npm��

�/cWZ ��_`wXP�wXVX_`a�RUP RUTWY ��_`w�a�cWZy^�_`a�RUP<_`^%� wUKbzdRUTWayZ�wX��'�( �.c�RU[NP�wXTWV � ZJZyT�[�ZJZJT
wXTWP � _`T [�zQwUKQRUVXZ/RUTWY �WKQw9��RUVxR]zb_`wXT wX��VXZJTWZyzQ_�a _�TW� wUKQ^lR]zQ_�wXT wXT�zbcWZ �/R �D�SKQwX^ � ( �
zQw,�WKQwUzbZJ_`TW[.��� cW_�[>vL_`Z �+c�RU[@adc�RUTWVXZJY5YLKdRU[ zQ_`a�RUP�P � �
_ zQc�zQcWZ #�TWYW_`TWVX[CwX�/��ZJadc�Z z
RUP � 2 ./3 �
cWwlYW_�[baJw9vxZyKQZJY�aJR]zdRUP ��zQ_`a~RUayzQ_ vL_�z �1_`T�R%�WKQZJaJILKb[bwUK@wX�:KQ_ �hwX[bwX^lRUP�']( �+wX�
�pZ zbKdRUc �L^�ZJT�R�� �>�SzbZyK �/R]KQYW[ ^lRUT ��wUzbcWZyK Z*��RU^%��P`ZJ[ � wUK a�R]zQRUP ��zb_`alRUayzb_�vxZ�']( �>[
�BZ KQZ�� wXIWTWY 4 [bZyZ�� wUK�Z*�WRU^ ��P`Z 2 410 3 � 2 4 ./37; �0�/cWZ�� IWTWayzQ_�wXT�RUP~YW_ vxZyKQ[b_ z �)wX��']( �
KQZ ��ZJayzQ[@YW_�vxZ KQ[b_�z �3_`T�_ zQ[
zQcLKQZyZ*� YW_�^�ZJTW[b_�wXT�RUPp[�zbKbIWayzQILKQZ �/\LTWw �"P`ZJYWVXZDwX�:zbcWZDzQcLKQZJZ*�
YW_�^�ZJTW[b_�wXT�RUPO[ zbKQIWayzQILKbZlRUTWY�VXZJTWZyKdRUP�KQIWP�ZJ[�� wUK<'�( � � wXP�YW_`TWV �"_`P�P �hZ-_�T v]RUP`I�R ��P�Z
� wUK YWZyYWIWaJ_`TWV�^�wUKQZ,YWZyzdRU_`P�ZJY�^�ZJadc�RUTW_�[b^�[�wX�/RUP�P ']( � � IWTWayzQ_�wXTW[.�3��T �WKQ_�TWaJ_ ��P�Z
zQcWZ��WKbZJYW_`ayzb_`wXT�wX�:zQcWZ�zbcLKQZJZ*� YW_`^�ZJTW[�_`wXT�RUPp[ zbKQIWayzQILKbZ wX�!'�( �._`[NR-z � w�[�zQZ5���WKQw&�
aJZy[b[ �@�SKQwX^ zQcWZ��WKQ_`^�R]K ��[�z�KQIWayzQILKQZ 4 zQcWZ [bZ&%�IWZJTWaJZ ;
zQwlzQcWZ�[bZJaJwXTWY�R]K � [�zbKQIWayzbILKQZ
4 zbcWZ�� wXP�YW_`TWV,��R]zbzQZ KQT�;"RUTWY��SKbwX^ zQcWZyKQZ zQwlzQcWZ zQZyK�zQ_SR]K ��[�zbKQIWa zQILKQZ9� � cWZ KQZ�RU[C� wUK
zQcWZ�#WKQ[�z"[�zQZ*��R�v]R]KQ_�Zyz �2wX� Z*��� ZyKb_`^�ZJTxzdRUP�^�Z zQcWw�YW[/P`_ \xZ@ayKQwX[b[�� P`_�TL\L_`TWVW�W� w�wUz �WKQ_�T z �
_�TWV�wUK VXZyP � ZyP`ZJayz�KQw9��cWwUKQZJ[b_�[ RU[ �BZJP�PkRU[OzQcWZJwUKQZ zQ_`a�RUP�^�Z zQcWw�YW[ 4 [bZJaywXTWY�R]K ��[�zbKQIWayzbILKQZ
�WKQZyYW_`ayzQ_�wXT%IW[b_�TWV5aJwX^ ��_�T�R]zQwUKQ_SRUP 2 4 �D3 � ��wXTxzQZ*��� R]KQP�w 2 4 �N3 2 4 � 3 � wUK-Y ��T�RU^�_`a��WKQw&�
VUKdRU^-^�_`TWV�RUP`VXwUKQ_ zQcW^�[ 2 4 � 37;p_`[BR�vURU_�PSR ��P�ZU��zQcWZ>adcWwX_�aJZ>wX� ^�ZyzQcWw�YW[ � wUK/YWZyzQZyKb^�_`T�R��
zQ_�wXT5RUTWY �WKQZJYW_�ayzQ_`wXT�wX�OzbcWZ�zQZ KbzQ_SR]K ��[�zbKQIWa zQILKQZ�_`[C^�IWadc�^�wUKQZ P`_�^�_�zbZJY��
'"ZJ[bIWP zQ[
w �WzdRU_�TWZJY �"_�zQc�zQcWZ"z �Bw~^�wX[�z _`^ �hwUKbzdRUTxz�Z*���hZyKQ_�^�ZJTxzdRUP�^�ZyzQcWw�YW[OzQw~YWZyzQZyKb^�_`T�R]zQZ
zQcWZDzbZyKbzQ_`R]K ��[ zbKQIWayzQILKbZ�wX��']( � ���)� KdR ��YW_32kKdRUayzQ_�wXT�RUTWY (+� ';� ^�ZyzbcWw�YW[@R]KQZ YWZ*�
[ba KQ_ �hZJY [bcWwUKbzQP ��_�TD[bZJa zQ_`wXTW[ 4 � 4 �`��RUTWY 4 � 4 � 4 ��KQZJ[�� ZJayzb_�vxZJP �x��zQcWZ �WKbZJYW_`ayzb_`wXTDwX�#']( �
[�z�KQIWayzQILKQZ � ��aJwX^ ��ILzdR]zb_`wXT�RUP�^�ZyzQcWw�YW[~_�[�YWZJ[�ayKQ_ �hZJY#_`T�^-wUKQZ,YWZ zdRU_`P�_`T5a�c�R&�WzbZyK
���
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4 � 4 �`� �)� KdR��3a K �L[�zQRUP`P`wXVUKQR&��c �

�/cWZ%�WKQ_�TWaJ_ ��P�Z�wX� � � KdR��5a K �L[�zQRUP`P`wXVUKQR&��c ��_`[CKdR]zQcWZyK�[b_`^%��P`ZU� ��RU[b_`a�RUP�P � zQcLKQZyZ
aJwX^%� wXTWZJTxzQ[NR]KbZ~TWZJZyYWZJY��BR [bwXILKQaJZDwX� ��� KdR ��[J��R,a K �L[�zQRUP RUTWY�R,YWZyzbZJayzQwUK�� �)� KdR��L[
a�RUT�� wUK
Z*�WRU^ ��P`Z �hZ �WKQw�YWIWaJZJY � �3RUaJaJZJP�ZyKdR]zQ_�TWV-ZJP�ZJayzbKQwXTW[
RUVxRU_`TW[�z"R�aJw9�#� ZyK"zdR]K �
VXZyz.� �(T�R]KbKQw � �hZ�RU^ wX� � � KdR��L[/_�[ YW_ KQZJayzbZJY3wXT2zQcWZCayK ��[�zdRUP �"cWZyKQZC_�z/_�[ [�a�R]zbzQZyKbZJY
� �lzQcWZ@ZJP`ZyayzbKQwXTW[ _`T2zQcWZ@^�wXP`ZyaJIWP`Z9�O�/cWZ@[ba�R]zbzQZ KQZJY 4 wX�<YW_ 2hKdRUa zQZJY�; � Z�RU^�[BaJRUT �hZ
YWZyzbZJayzQZJY � � ��� KdR � #�P�^�wUK � �DR [bwXP`_�Y~[ zdR]zQZOZJP`ZJa zbKQwXTW_`a YWZyzQZJa zQwUK��:¡>[bI�RUP�P �>zQcWZ ^�wX[�z
YW_ ��aJIWP z ��R]Kbz _`T,YWwX_`TWV RUT���� KQR ��_`TxvxZJ[�zb_`VxR]zQ_�wXT-wXT�R���_`w�adcWZJ^-_`a�RUPW^lRUa KQwX^�wXP`ZyaJIWP`Z
P�_`ZJ[B_�T1w �WzQRU_`TW_`TWV zQcWZ@ayK �L[�zdRUPk_�zQ[�ZJP`�8� � cW_�[B_`[BZJ[�� ZJaJ_`RUP`P ��zbKQIWZ>� wUK7'�( �>[#4 [bZJZ>TWZ*��z
��R]KdRUVUKQR&��c�; � ��KQwX^ zQcWZ3YW_32hKQRUayzQ_`wXT ��R]zbzQZyKbT RUT%ZJP�ZJayzbKbwXT�YWZJTW[b_ z � ^lR&� a�RUT �hZ
a�RUP�aJIWPSR]zbZJY��SKQwX^ �"cW_`adc�zQcWZ~R]zQwX^�_�a>[�zbKQIWa zQILKQZ ���WKbwFv�_`YWZJY�zbcWZCKQZy[bwXP`ILzQ_�wXT�_�[ cW_�VXc
ZJTWwXIWVXc,��a�RUT�� Z>YWZ KQ_�vxZJY�� �/cWZ>a�RUP`aJIWP`R]zQ_`wXT2wX��zQcWZ>ZJP�ZJayzbKbwXT1YWZyTW[b_�z �2^lR&�2a�RUT �hZ
YWwXTWZ�_`T�z �Bw��/R ��[J��T�RU^�ZJP ��_�[bwX^�wUK ��cWwXIW[NKQZ*��PSRUaJZJ^-ZJT z~RUTWY�^�wXP`ZyaJIWPSR]K>KQZ*��PSRUaJZ*�
^�ZyT z�� � _�zQc5_`[bwX^�wUK ��cWwXIW[~KQZ5��P`RUaJZJ^�ZyT z R�cWZJR9v ��R]zQwX^ YWZyKQ_ vUR]zb_�vxZ=4 Z9� V#�l^lRUYWZ
� � KQZ5��PSRUay_`TWVDa ��zQwX[b_�TWZ �"_�zQc �WKQwX^�w�a ��zbwX[b_`TWZ/wUKOKQZ5��PSRUay_`TWV�^�RUVXTWZJ[b_`IW^ �"_�zQc,P`Z�RUY�;
wX� R�^-wXP`ZJaJIWP�ZJ[BzQc�R]z/ayK ��[�zdRUP�P`_`HyZJ[/_`T2zQcWZ@[QRU^�Z>IWTW_�z aJZyP`P RU[BzQcWZ@wUKQ_`VX_�T�RUP ^�wXP�ZJaJIWP`Z
_�["IW[bZyY�� ��wXP`ZJayIWPSR]K
KbZ5��PSRUaJZy^�ZJTxz
_�[
R aJwX^ ��ILzdR]zb_`wXT�RUP zQZJadcWTW_ %�IWZ �"cWZyKQZ�R,^�w�YWZJP
wUK���R]Kbz�wX�"zbcWZ1[ zbKQIWayzQILKbZ�_`[ KdRUTWYWwX^-P ��wUKb_`ZJTxzQZJY �
_ zQcW_`T#zQcWZ1IWTW_�z�aJZJP�PBIWT zQ_�P/RUT
w9�WzQ_�^ IW^ ^lR]zQadc
�"_�zbc�zQcWZlYW_32kKdRUayzQ_�wXT�Y�R]zdR�_`[ RUadcW_�ZyvxZJY 2 4 �N3 ���/cWZ�KQZJ[�z wX� zbcWZ
[�z�KQIWayzQILKQZ"_`[ zQcWZJT,[bwXP�vxZyY-_�zbZyKdR]zQ_ vxZJP � � � wXP�ZJaJIWP`R]K KQZ*��PSRUaJZJ^-ZJT zO_�[ ��R]Kbzb_`aJIWP`R]KQP � R&���
�WKQw9�WKb_SR]zQZ � wUK ']( � �X[b_`TWaJZ zQcWZ [�zQZJ^�[OwX� ']( ��R]KQZ IW[bI�RUP�P ��aJP`wX[�Z zQwCzQcWZ a�RUTWwXTW_`a�RUP
�6� � wUKQ^ �!�>[ RUP�KQZ�RUY ��^�ZyT zQ_�wXTWZJYlR �hwFvxZ/zQcWZ
a KQ_�zQ_�a�RUP��uRUayzQwUK _`T%� � KdR���ayK ��[�zdRUP`P�wXVUKdR��
��c �1_`[/KQZJ[bwXP�ILzQ_`wXT��W_ z"_�["YWZ zQZyKQ^�_�TWZJY�� �2zQcWZ * %�I�RUP`_�z �K-�wX� zbcWZ~ayK �L[�zdRUP�^-Z�RUTW_`TWV�_�zQ[
[b_�HJZCRUTWY�_ zQ[ ��ILKQ_�z � 4 zbcWZ>PSRUaQ\lwX�<[bwXP�vxZJTxz _`TWaJP�IW[b_`wXTW[ ; ���/cWZ@cW_`VXcWZyK/zQcWZ>KQZy[bwXP`ILzQ_�wXT
zQcWZ1^�wUKQZlYWZ zdRU_`P wX� zQcWZ2^�wXP`ZyaJIWP`Z �hZJaJwX^�ZJ[ * vL_`[�_ ��P`ZN- � R�KQZJ[�wXP`ILzQ_�wXT wX�"� �� � wUK
Z*�WRU^ ��P`Z��BwXIWP�Y�wXTWP �2KQZ vxZ�RUP�zQcWZ�aJwXILKb[bZ�wX�pzbcWZ���RUaQ\ �hwXTWZU��_`T�R KQZJ[bwXP�ILzQ_`wXT�wX� ���

. �� VUKbwXI���[CwX��R]zQwX^�[ �BwXIWP�Y �hZ�v�_`[b_ ��P`ZU� �"cWZyKQZJRU[�RlKQZJ[bwXP�ILzQ_`wXT�wX�"��� ��� 4 � 0 ��
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RUP�P`w �
[ [�_`TWVXP`Z@R]zbwX^�[ zQw �hZ6� wX[�_�zQ_�wXTWZJY�� �>TWwUzbcWZyK �WKQw ��P�ZJ^ wX� ��� KdR �-ayK ��[�zdRUP`P�wXVUKdR��
��c ��_`[NzbcWZD�uRUayz>zQc�R]zNzbcWZDzQcLKQZJZ*� YW_`^�ZyTW[b_`wXT�RUP:[ zbKQIWayzQILKbZ wX� RUT ']( �'^�wXP`ZJayIWP`Z�_�T
[bwXP�ILzQ_`wXT�RUTWYl_`T�zQcWZ"ayK �L[ zdRUPk^-_`VXcxz �hZNYW_32hZyKQZJTxz RU[ R�aywX^ ��R]KQ_`[�wXT � Zyz �BZyZJT (+��'
RUTWY � � KdR��1[�zbKQIWa zQILKQZJ["� wUK6� e�e)�@��4 ¡>¡�� e<;�eN¡��"� [bZJZJ^�[ zQw-_�TWYW_`a�R]zbZ 2 � 0 3 �

�/cWwXIWVXc ��� KQR ��YW_32hKQRUayzQ_`wXT�c�RU[)�WKbwFv�_`YWZJY ^lRUT ��[�z�KQIWayzQILKQZy[~R]z>R]zQwX^�_`aCKQZJ[bw&�
P�ILzQ_`wXTW[/� wUK �WKQwUzQZy_`TW[ RU[ �BZJP�P RU[ � ( �>[y��zQcWZ@T�IW^ �hZyK wX� KbZJ[bIWP�zb[ � wUK7']( �>[B_`[BvxZyK �
[b^�RUP`P � �xzbKbIWayzQILKQZJ["wX�p[b_�TWVXP`ZCayK ��[�zdRUP`[/wX� '�( �4c�R9vxZ~[bw,�uR]K � Z~w �WzdRU_`TWZyY�� wUK��)��¡
2 �L�43 RUTWY�e6� � 2 � 4 3 �L� wUK [bZyvxZyKdRUP z '�( �>[ 4 Z9� V#��z '�( � ����� 2 ���N3 2 �/./3 � z '�( �����
	 2 ���D3 �
z ']( ������ 2 �X�N3 �:z ']( ����� ��� 2 � � 3 2 � � 3 ��RUTWY#z '�( ����� ��� 2 �X�N37;Q��RUTWY ^�wX[�z KbZJaJZJTxzQP �
� wUKCRlc�RU^�^�Z KQcWZ�RUY�KQ_ � wXH ��^�Z 2 . 0 3 �NM [ � ZJay_SRUP`P ��zQcWZ [�_`TWVXP`Z � ayK ��[�zdRUP [�zbKQIWayzbILKQZJ[@wX�
zQcWZDz '�( �>[Nc�R�vxZ��WKQw9vL_`YWZyY�R � Z�RUP�zQc wX� [�zbZyKQZJw&� a�cWZy^�_`a�RUPp_`TW� wUKQ^lR]zb_`wXT�RUTWY c�R�vxZ
[bcWw �"T�� zQc�R]z '�( �'a�RUT � wXP�Y�_�T zbw2R�aJwX^ ��P`Z ��zQZyK�zQ_SR]K �3[�zbKbIWayzQILKQZ [b_�^�_`P`R]K
zQw�zQc�R]z
wX�>R��WKQwUzQZJ_�T�� � cWZ3wFvxZyKQRUP`PB[bc�R&�hZ�wX�"z '�( � �BRU[,� wXIWTWY�zQw � Z1zQcWZ1TWw ���uRU^�_�P �
_`R]K]1�� [�c�R&� ZU� �"_�zQclzQcWZ~RUT zb_`aJw�YWwXT3P�w�w9�3RUTWY1zbcWZ�RUaJayZ5�WzQwUK � ZJTWY�R]z w9�#� wX[�_�zQZ>ZJTWYW[5�
�/cWZ~� wXILK cWZJP�_ �LZJ[ RUVUKQZJZ@PSR]KQVXZyP � �"_�zQc1R�vxZyKdRUVXZ@cWZJP�_`a�RUP ��R]KdRU^-ZyzQZyKQ[BYWZyYWIWaJZJY��SKQwX^
YW_ 2hKdRUayzb_`wXT�[�zQIWYW_�ZJ[@wX�!�6� � wUKQ^ # � ZyKQ[ 2 .W�43 2 . 4 3 � � cWZ [�ZJaJwXTWY�R]K ��[ zbKQIWayzQILKbZ ^�wUzQ_`� [
� wXIWTWY�_`TWaJP�IWYWZBcWZJP`_ �WZJ[ �
_ zQc � R]zQ[�wXT���� KQ_`aQ\ ��RU[�Z ��RU_�KQ[ ��ILzORUP�[bw>R~e�� ¡ ^�_�[b^lR]zQadc��
c�RU_ K ��_`T�P�w�w9��[J�kRUTWY R�^ IWP�zQ_ � P`w�w9� ��:"zQcWZyKNKQZy[bIWP�zQ[>_�TWaJP`IWYWZyY zbcWZ�aJwxR��L_SRUP<[�zdRUaQ\L_�TWV
wX�NcWZyP`_ �LZJ[J� [�ZyvxZyKdRUP/IWT IW[bI�RUP ��RU[bZ/��RU_�KQ[,P`_ \xZ e��8� �OR �>w�wXVX[�zQZJZJT �6� �@��wUK-v]R]KQ_ �
wXIW[ ��RU[bZ,zbKQ_ ��P�ZJ[.�2� z �/RU[ RUP�[bw�� wXIWTWY�zQc�R]zDwXILzDwX� � � ��RU[bZJ[ � 4 R]KQZ-_`TxvxwXP�vxZJY�_�T
��RU[bZ�[�zdRUaQ\L_�TWV#� � RUT � wX�
zQcWZJ[�Z %�I�RUP�_�zdR]zQ_ vxZlKQZJ[bIWP zQ[-a�RUT [�ZJZJT RU[ * ��R]zbzQZyKbTW[4- wUK
[�z�KQIWayzQILKdRUP ^�wUzQ_�� [ � wUK)'�( �*4 Z9� V#� Z �LzQZJTWYWZyY ��RU[bZ�[�zQRUad\�_`TWVW��aJwxR��W_`RUP � wX[b_ zQ_`wXTW["wX�
cWZJP�_ �LZJ[J�O� wUKQ^lR]zQ_�wXT wX� IWT IW[bI�RUP ��RU[bZ/��RU_ KQ[ ;��"cW_`adc _�T zbILKQT%a�RUT � Z2IW[bZyY�RU[�RUT
* ZJYWIWa�R]zQZJY�VXIWZy[b[4- �
cWZJT '�( ��^-wXP`ZJaJIWP�ZJ["R]KQZ~^-w�YWZJP�ZJY��

4 � 4 � 4 (+� ';� [ �hZJayzbKQwX[�aJw9� �

(+� ' 4 G IWaJP�Z�R]K { RUVXTWZyzQ_�a = ZJ[�wXT�RUTWaJZ:;�zQZJadcWTW_'%�IWZJ[p^�ZJRU[bILKQZ�YW_`[�zQRUTWaJZJ[ �"_�zbc
zQcLKbwXIWVXc�� [ ��RUaJZ�_`TxzQZyKdRUayzb_`wXTW[=4 T�IWaJP�Z�R]K :"vxZyKQc�RUIW[�ZyKlZ 2hZJayz�� wUK5(<:NM ;DRU[ �BZJP�P RU[
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YW_�cWZJYLKdRUP:RUTWVXP�ZJ[
IW[�_`TWV-zQcLKbwXIWVXc�� � wXTWY�_�T zbZyKdRUayzQ_�wXTW[ 4 �&� aywXI���P`_`TWV ; 2 . �N3 � ��Z�RU[bILKQZ �
^�ZyT zQ[<wX�WR [bI ��aJ_�ZJTxz:T IW^ �hZyK:wX� zQcWZJ[bZ�_`TxzQZyKdRUayzb_`wXTW[<a�RUTDYWZ&#�TWZ�R"[�zbKbIWayzQILKQZ TWZJR]KQP �
RU[ �BZJP�P RU[ ��� KQR �2ayK �L[�zdRUP�P`wXVUKdR&��c � 2 .0./3 � :��WzQ_`^lRUP�P �x�;(+��'�[bRU^ ��P`ZJ[ R]KQZ 0 	 � ^-P wX�
[bwXP�ILzQ_`wXT�R]z RU[ cW_`VXc�wX�hR�aJwXTWaJZJTxzbKdR]zb_`wXTlRU[ � wX[b[b_ ��P`Z84 IW[bI�RUP`P �,R]KQwXIWTWY 4 ^,� ;pRUTWY
wX� cW_`VXc���ILKQ_�z � �O� cWZCTWZJZJY3� wUK/KQZJPSR]zb_�vxZJP �lcW_`VXc1aJwXTWaJZJTxzbKdR]zb_`wXTW[ a�RUT�P�Z�RUY1zbw �WKQw ���
P�ZJ^�[ �"_�zQc#YW_�^�ZyKQ_�H�R]zQ_`wXT��pZJ[ � ZyaJ_SRUP�P ��_�T#[b^lRUP`P '�( ��^�wXP�ZJaJIWP�ZJ[.��� ZyvxZ KdRUP T IWaJP`ZJ_
a�RUT�� Z>IW[�ZJY3� wUK�(+� '�_�T vxZy[�zQ_`VxR]zb_`wXTW[ _�T1T�R]zbILKdRUP R ��IWTWY�RUTWaJZ@zQcWZJ[�Z~R]KbZ�� � �����.�B�
RUTWY����  �W_�T�ZJTLKQ_�adcWZJY�[QRU^ ��P�ZJ[ � � ���.� �	���F�
��RUTWY
���&(�a�RUT � Z�^-Z�RU[bILKQZJY���� cWZy[bZ
T IWaJP`Zy_Bc�R9vxZ2adc�R]KdRUayzQZ KQ_`[�zb_`a�� ZJR]\L[ wUK KQZJ[bwXT�RUTWayZJ[J� �
cW_�a�c R]KQZl[bZyTW[b_�zQ_ vxZlzQw�zQcWZJ_ K
ZJTxvL_ KQwXTW^�ZJTxz�� �>T�_�T zbKbw�YWIWayzQ_�wXT�zQw (+� '4wX� ��_`wXP�wXVX_`a�RUP ^lRUayKbwX^�wXP`ZJayIWP`ZJ[/a�RUT �hZ
� wXIWTWY2_`T 2 . �N3 ��RUTWY�� R]KQRUTW_hRUTWY2�/_`TWw�aJwDVX_�vxZNR~KQZyv�_`Z �)wX��'�( � (+� ' zQZJadcWTW_'%�IWZJ[
2 . �D3 ���/cWZ�cW_�VXcWZJ[�z,KQZJ[bwXP�ILzQ_`wXT ']( � (+� ' [ zbKQIWayzQILKbZJ[ ��I ��P`_�[bcWZJY�� �"cW_`adc c�R�vxZ
^�wX[ z�wX�
zQcWZy_�K��WKQwUzbwXTW[lRU[b[b_�VXTWZJY��/R]KQZ�¡>¡�� e6� 2 .0./3
RUTWY�e ( '��6� c�RU_�K ��_`TW[ 2 .x�N3 �
 I ��P`_`[�cWZJY)^-ZJYW_`IW^%� KQZJ[bwXP�ILzQ_`wXT (+��' [�zbKQIWayzbILKQZJ[2_`T �"cW_`adc ^lRUT � �WKQwUzQwXTW[2R]KbZ
TWwUz/RU[�[b_`VXTWZJYl_�TWaJP`IWYWZ �>ZyP`_ ��� 2 . � 3 ��RUTWY 1 w�w9�2M �SKQwX^ � � K ']( � 2 . � 3 2 .x�N3 � R
��[bZyI��
YWwU\�TWwUz 2 � 0 3 �BR5c�RU_�K ��_`T aJwXTxzdRU_`TW_�TWV#RUT �6��� ��RU_�K-_`T�zQcWZ�[�zQZJ^ 2 ���43 � zQcWZ�zQcLKQZyZ
��RU[bZ���IWP`VXZC�SKQwX^ �N� �)� �B� � '�[�zQZJ^ 2 � 4 3 �WRUT ']( �'e��9%�I�R]KbzQZyz 2 �9�N3 �WRUTWY�R�^�_`TWwUK
VUKQw�wFvxZ@zbKQ_ ��P`Z 2 �X�43 �

~jFf�i9fhq G�{+= � (>IWayP`ZJ_�a�RUaJ_�YW[-c�R�vxZ�z �Bw�z ���hZJ[-wX���WKQwUzQwXTW[J�BTWwXTWZ*�Ladc�RUT��
VXZ�R ��P�Z�RUTWY�Z �Wadc�RUTWVXZ�R ��P`Z&� (>wXTWZ*�Wadc�RUTWVXZ�R ��P�Z �WKQwUzQwXTW[-R]KQZ �hwXIWTWY%zQw�a�R]K � wXT��
�"cWZyKQZ�RU[�Z*�Ladc�RUTWVXZ�R ��P`Z �WKQwUzbwXTW[�R]KQZ � wXIWTWY zQw>ZJ_ zQcWZyK�TW_ zbKQwXVXZJT wUK w�� ��VXZJT RUTWY Z*���
adc�RUTWVXZ~KQR&��_`YWP ���"_�zQc2zQcWZC[bILKbKQwXIWTWYW_�TWV �/R]zQZ K"zQc IW[ �WKbwxRUYWZJTW_`TWV-zbcWZ~aJwUK�KQZJ[ �hwXTWY��
_�TWV
� ZJR]\L[.���/cWZ"KdR]zbZ wX�kZ*�Wadc�RUTWVXZ"wX� �WKQwUzQwXTW[ �"_�zQc,[bwXP�vxZJTxz _`[�� ��YWZ5�hZJTWYWZJTxz/RUTWY
a�RUT �hZ>_`T ��IWZJTWaJZyY � ��zQcWZNIW[bZ@wX����I 2 Z K/[ � ZJay_`ZJ[J� �"cW_`adc3RUayz/RU[ aJR]zdRUP ��[�zQ[ � wUK �WKQw&�
zQwXT5Z*�Wadc�RUTWVXZ9�%�kILKbzbcWZyKQ^�wUKQZ�zQcWZ KdR]zQZ-wX� Z*�Wadc�RUTWVXZ�_�[~_�T ��IWZJTWaJZJY � �5c �LYLKbwXVXZJT
�hwXTWYW_`TWV wUK YWZyayKQZ�RU[bZyY2RUaJaJZJ[b[�_ ��_`P�_�z � � ��zQcWZN[bwXP vxZJTxz [bw�zbc�R]z zQcWZ
Z*�Wadc�RUTWVXZ
KdR]zbZ"_�[
RUT3_`^ �hwUKbzdRUTxz �WKQw � Z@wX�p[ zbKQIWayzQILKbZ�RUTWY3Y �LT�RU^�_�aJ[.��M RUadc ��RU[�Z~aJwXTxzdRU_�TW[~� 0 wUKC�X�
�WKQwUzbwXTW[J� wX� �
cW_�adc5zQcWZ � � 9 ��zQcWZ�R]KbwX^lR]zQ_`a RUTWY5RU^�_`TWwW� RUTWY�zQcWZ,_�^�_`TWw,�WKQwUzbwXTW[

� � � �



� ����
 �K��
 ����� ������	� ���
�������	���5� �������7���������7���

RUP�Pkc�R�vxZ
zQcWZJ_ KBw �
TlYW_�[�zQ_`TWa z KQZJVX_�wXTW[ wX��adcWZJ^�_`aJRUPk[bcW_��Sz�� �"cWZyKQZJRU[ zQcWZ�#WvxZ
KQZy^lRU_`T��
_�TWV�[bIWVxR]K<�WKbwUzQwXTW[~KQZy[bwXT�R]zQZ-zQwXVXZ zQcWZyKD_�T�R1KbZJPSR]zQ_ vxZJP ��[b^�RUP`P:KQZJVX_�wXT 4 R&�#�WKQw������
�#��^ ; �I(@R]zQILKdRUP�P �CzQcWZJ[bZBKQZJVX_�wXTW[ � ZyaJwX^�ZBayKQw �"YWZJY � wUK�PSR]KQVXZyK:^�wXP`ZJayIWP`ZJ[J� ��ILz ��RU[�Z
aJwX^%� wX[b_ zQ_`wXT�RUTWY�zbcWZ-zQcLKQZJZ � YW_`^-ZJTW[b_`wXT�RUP [�zbKQIWa zQILKQZlwX� zQcWZ,']( � _`T ��IWZJTWayZ2zbcWZ
adcWZJ^�_�a�RUPN[bcW_��Sz1YW_`[ �hZyKQ[b_�wXT)� ILKbzbcWZyK�� ��wUKlZ*�WRU^ ��P`Z�zbcWZ5e�e �>��4 ¡>¡��"e8;�e>¡�� �
c�RU_ K ��_`T [�zbKbIWayzQILKQZ _�T vxZJ[ zQ_`VxR]zQZyY � � ��R]KdRUTW_<Zyz@RUP � 2 .0./3 [�zdRUaQ\�[
zQcWZ-� � � � 9 9 R � w9vxZ
zQcWZ>e � ��RU[bZU� a�RUIW[b_�TWV�R@[b_�VXTW_ #�a�RUTxz�adcWZJ^-_`a�RUPW[bcW_��SzOwX�p� 	 �6�#��^�R � w9vxZBzQcWZ TWwUKQ^lRUP
KQZyVX_`wXT��

��cWZJ^�_�a�RUP [bcW_`�Sz>YW_�[ � Z KQ[b_`wXT �WKQw ��P�ZJ^�["a�RUT � ZD[�wXP�vxZJY R]z
P`Z�RU[�z���R]KbzQP � � ��IW[��
_�TWV�^�IWP zQ_ � YW_`^�ZyTW[b_`wXT�RUP (+� ' zQZJadcWTW_ %�IWZJ[J� P�_�\xZ�� wUKDZ*��RU^ ��P�Z5(<:
M ��� ��(<:NM/���
4 G�E-; 8 �hZJayzbKbwX[baJw9��� ;l^�Z�RU[bILKbZJ[�YW_ �hwXP`Z*� YW_ � wXP�Z�_`TxzQZyKQRUayzQ_`wXTW[3zQcLKQwXIWVXc([ ��RUaJZ9�
�/cWZ�vxwXP�IW^�Z wX�DR (<:
M ��� ayKQwX[b[�� ZJR]\)_�[1KbZJPSR]zQZyY)zQw zQcWZ�zb_`^�Z�zQcWZ z �Bw �WKQw&�
zQwXT%YW_ � wXP�ZJ[�_�T zQZ KdRUayz54 ^�_ �L_`TWV zQ_`^�Z ; ���/cWZ ��IW_`P�Y�� I�� KdR]zQZ���_`[�zQcWZ�[bP�w9� Z3wX�@R
��P�wUz-wX�
zbcWZ (<:
M ��� ayKQwX[b[ � Z�R]\#vxwXP`IW^-Z � ����CJ6LC ^�_ �W_`TWV zQ_�^�Z9� � _`[�zQRUTWaJZJ[�R]KbZ
^�ZJRU[bILKQZJY � ��aJwX^ ��R]KQ_�TWVlRUT IWTL\LTWw �
T ��IW_`P�YWI�� KdR]zQZ���� �"_�zQc�zbcWZ ��IW_`P`YWI���KdR]zQZ
wX�>z �Bw �WKQwUzQwXTW[�R]z2R5\LTWw �
T RUTWY #��LZJY YW_`[�zdRUTWayZU�/P`_�\xZ�� wUKlZ*��RU^%��P`Z3zbc�R]zlwX�CR
� ��KQ_�^�_`YW_�TWZ6� �(� �@� ��RU_�K.��� _`TWaJZ
zbcWZ ��IW_`P�YWI��lKdR]zQZ"_`[�P�_`TWZ�R]K �
_ zQc
	���]� K �hZJ_`TWV�zbcWZ
YW_�[�zdRUTWaJZ � Zyz �BZJZyT�zQcWZ"z �Bw �WKQwUzQwXTW[J� _�zQ[OIW[bZN_�[ P�_`^�_ zQZJY zQwDRCYW_`[�zQRUTWaJZ
wX� � �� ���/cWZ
(<:
M�RUTWY�zQcWZ�(<:NM/���(zQZJadcWTW_'%�IWZJ[/R]KQZNYWZJ[�ayKQ_ �hZJY2� wUKBZ*�WRU^ ��P`Z � �5(>ZJIWc�RUIW[/RUTWY
� _`P�P`_SRU^-[bwXT 2 �9�N3 �

�/cLKQwXIWVXc�� �hwXTWY�_�T zQZ KdRUayzQ_�wXTW[ 4 �9� aJwXI���P`_�TWV ;Ow�aJaJILK �hZyz �BZJZJT3T�IWaJP�ZJ_�[bZ5��R]KQR]zQZJY
� � wXTWZ,wUK@^-wUKQZ adcWZJ^�_`aJRUP � wXTWYW[.�D�9� aJwXI���P`_�TWVX[�R]KbZ�^-Z�RU[bILKQZJY�IW[b_�TWV 4 � ��:C���
4(A E cWZyKQZJTWaJZ 8 �hZJayzbKbwX[baJw9��� ;>Z*���hZyKQ_�^�ZJTxzQ[ 2 . �N3 2 �N./3 �1�/cWZl[b_`HyZlwX� zQcWZlaJwXI���P`_�TWV
aJwXTW[ zdRUT zCYWZ5�hZJTWYW[C[b_`T IW[bwX_`Y�RUP�P ��wXT�zQcWZ YW_�cWZJYLKdRUP�RUTWVXP�Z � Zyz �BZJZyT�zQcWZ z �Bw2T IWaJP`ZJ_
2 � �D3 �1� cWZ-YW_`cWZJYLKdRUP�RUTWVXP`Z,_`[Da�RUP�aJIWPSR]zbZJY��SKQwX^ zbcWZ�aJwXI���P`_�TWV�aJwXTW[�zdRUTxz IW[b_�TWV RUT
ZJ^%��_�KQ_�a�RUP Z&%�I�R]zQ_�wXT 4 a�RUP`P�ZJY R ��R]K ��P`IW[DKQZJP`R]zQ_`wXT�;�#WzbzQZJY#wXT�^�w�YWZJP aywX^ � wXIWTWYW[.�
�/cLKQZJZ*� � wXTWY�aywXI���P`_`TWVC_`[ zQcWZ/^�wX[ z�aJwX^�^�wXT _�T%']( ���WKbwUzQwXTZ(+� '~�X_�zOa�RUT�YWZ&#�TWZ
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zQcWZ���RUaQ\ �hwXTWZCzQwUKb[b_`wXT1RUTWVXP`Z � ��zQcWZC[bIWVxR]K;��IWad\xZ K<4 zbcWZ+��[�ZJIWYWwUKQwUzdR]zQ_�wXT�RUTWVXP�ZCwUK
zQcWZ~Z4%�IW_ vURUP�ZJTxz"zQwUKb[b_`wXT�RUTWVXP`Z � ;Q��RUTWY�zQcWZC[bIWVxR]K���IWad\xZ K>RU^ ��P�_�zQIWYWZ9�

��m i9mLj9fhq n��xs m�r�j�G�{�= � � cWZ,^lR&��wUK �WKQw ��P`ZJ^�wX� (+��''[�zbIWYW_`ZJ[CwX� ']( �>[
�"_�zQc ^�wUKQZ�zbc�RUT 4 ��T�IWayP`ZJwUzQ_�YWZJ[1_`[2[ � ZyayzbKdRUP>w9vxZyKQP`R&� �
YW_`[ zQ_`TWayz2KQZyVX_`wXTW[2wX�CzbcWZ
(+� '�[ �hZJayzbKdR � ZyaJwX^�Z>[bw�ayKQw �
YWZyY1zQc�R]z/[�_`VXT�RUP�RU[b[�_`VXTW^�ZJTxz/_`[/_�^ � wX[b[�_ ��P`Z&��� _`^%�
_�PSR]K;�WKQw ��P`Zy^�[Bw�aJayILK
_�T (+� '(^�Z�RU[bILKbZJ^�ZJTxzQ[/wX� �WKbwUzQZJ_`TW[y� ��ILz�� � RUTWY�ZyvxZJT . �

[�zbIWYW_`ZJ[NwX� ������RUTWY ���J(+_`[�wUzQw9��_`a�RUP�P �2ZJTLKb_`adcWZJY �WKQwUzQZJ_�TW[<4 � 0 �N� � 0 RU^�_`TWw,RUaJ_`YW[ ;
c�R�vxZ,[�cWw �"T�R3[�_`VXTW_ #�aJRUT zQP ��KQZJYWIWaJZyY�[ � ZJa zbKdRUP�wFvxZ KQPSR&� 2 �U�N3 � 2 � � 3 ����[bwUzQw9��_�a,ZJT��
KQ_�adcW^�ZJTxz _`[DZ ��� ZyayzQZJY�zQw �WKbw�YWIWaJZl[b_�^�_`P`R]K~RUYLvURUTWaJZy[ _`T (+� ' [�zbIWYW_`ZJ[ wX� ']( �
2 �U�N3 2 � 0 3 � � IWP zQ_`YW_�^�ZJTW[b_�wXT�RUPpcWZyzbZyKQwXT IWaJP`Z�R]K$(+� '.Z*���hZyKQ_�^�ZJTxzQ[CR]KQZ IW[bZJ� IWP�� wUK~R
T IW^ � ZyK�wX�BKQZ�RU[bwXTW[ �1��cWZJ^�_`aJRUP�[bcW_��SzQ[ R]KQZlYW_`[�� ZyKQ[�ZJY�� [�w zbc�R]z [ � ZyayzbKdRUP w9vxZyKQP`R&�
_�[�KQZJYWIWaJZyY%RUTWY�P`R]KQVXZyK�']( � ^�wXP`ZyaJIWP`ZJ[~a�RUT � Z�_�T vxZy[�zQ_`VxR]zbZJY��:[bZJP�ZJayzQ_ vxZ�ZJTLKQ_�adc��
^�ZyT z 4 Z&� V#�
wXTWP ��wXTWZ [�z�KdRUTWY�_�[NZJTLKQ_�adcWZJY�; a�RUT�[�_`^ ��P�_`� �3[b_`VXT�RUPpRU[b[b_`VXTW^-ZJT zJ��RUTWY
zQcWZ�^�Z�RU[�ILKQZJ^�ZJTxz2wX��cWZ zQZyKQwXT IWaJP`ZJR]K��&� aywXI���P`_`TWVX[1P`_ \xZ � � � ���  � � � � ���F�
�/RUTWY
����� �����  RUP`P�w �"[-zQcWZ�YWZ zQZyKQ^�_�T�R]zQ_`wXT%wX� ��RUad\ � wXTWZ RUTWY VXP ��aJwX[b_�YW_`a3zbwUKQ[b_`wXT RUT��
VXP�ZJ[.�~� cWZ PSRUaQ\�wX�OcWZyzQZ KQwXT�IWayP`Z�R]KC[�zQIWYW_�ZJ[CwX� ']( ��c�RU[ �hZJZJT�YWIWZ zbw2zbcWZ�P`RUaQ\�wX�
[QRU^%��P`ZNR�v]RU_`PSR ��_�P`_ z �x�xcWw �BZyvxZyK ^�ZyzQcWw�YW[ R]KQZNTWw ��R9v]RU_`P`R ��P`Z 2 �L�43 2 � 4 3�� wUK �WKQZ5��R]KQ_�TWV
IWTW_�� wUKQ^�P � ��� � �/RUTWY ��� (6� ZJTLKQ_`adcWZJY T IWaJP`ZywX[b_`YWZ zbKQ_ ��cWwX[ ��c�R]zQZJ[<4,(@�  [ ; �SKbwX^ T I��
aJP�ZJwX[b_�YWZ�^�wXTWw9��cWwX[ ��c�R]zQZy[ 4,(+�  [ ;
YWZyKQ_ vxZJY��SKQwX^�zQcWZ�'�( � wX� aJZJP�P`[DVUKQw �"T�wXT
����� �"RUTWY��FwUK ���G(6� ZJTLKQ_�adcWZJY�^�ZJYW_`R 2 ���N3 2 �/./3 �D�/cWwXIWVXc�zbcWZ,[ ��T zbcWZJ[b_`[~wX��ZJTLKb_`adcWZJY
T IWaJP`ZywUzQ_`YWZJ["_`[/Z*��� ZJTW[b_ vxZ��hwUzQc1_`T1aJwX[�z"RUTWY�[ ��T zbcWZyzQ_`aJRUP�Z 2 wUKbzJ�LzQcW_`[/^�ZyzbcWw�Y �
_�P`P
��_`ZJP�Y-VUKQZ�R]zbP ��_`^ �WKbwFvxZJY,[�zbKQIWa zQILKdRUP�_`TW� wUKQ^�R]zQ_`wXT�� wUK P`R]KQVXZyK '�( ��^-wXP`ZJaJIWP�ZJ[�zQc�RUT
aJwXTxvxZJTxzQ_`wXT�RUP�(+� '7� zQZJadcWTW_'%�IWZJ[ �BwXIWP�Y�RUP`P�w �
�
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�/cWZ�zQZyKQ^ ^�wXP`ZyaJIWPSR]K�^�ZJadc�RUTW_`aJ[ _�[ IW[bI�RUP`P ��IW[bZyY [ ��TWwXT ��^�wXIW[bP �5� wUK � wUKQayZ
#�ZJP�Y-a�RUP�aJIWPSR]zb_`wXTW[J�x[b_�TWaJZ zbcWZ"IWTWYWZyKbP �L_�TWV �WKb_`TWaJ_ ��P`ZJ[�R]KQZ/aJwX^�_`TWV@�SKQwX^ (>Z � zQwXTW_`RUT
^�Zya�c�RUTW_�aJ[�KdR]zbcWZyK zQc�RUTl�SKQwX^ %�I�RUTxzQIW^0a�cWZy^�_`[�z�K � ��� cWZ ��RU[b_`aN_�YWZ�R�_�[�zQc�R]z �hwXTWY
P�ZJTWVUzQc�� v]RUP`ZyTWaJZ�RUTWVXP�ZJ[DRUTWY5zbwUKQ[b_`wXT�RUPORUTWVXP�ZJ[�c�R�vxZ * T�R]zQILKdRUP,-�v]RUP`IWZJ[~YWZ5� ZyTWYW_`TWV
wXT2zQcWZNKQZJ[�� ZJayzb_�vxZCR]zQwX^�[BRUTWYlzQc�R]z/^-wXP`ZJaJIWP�ZJ[�zbK ��zQw RUY&��IW[�z/zQcWZJ_ K VXZJwX^�ZyzbKb_`ZJ[�zbw
RUYWw9�Wz zbcWZJ[bZNv]RUP`IWZJ[BRU[�aJP`wX[bZyP �-RU[ � wX[b[�_ ��P`Z&����T2RUYWYW_ zQ_`wXT���[�zQZyKQ_�a>RUTWYlZJP�ZJayzbKQwX[ zdR]zQ_`a
_�T zQZ KdRUayzQ_�wXTW[J� ^�RU_`TWP ��KQZ5�WKQZJ[�ZJT zbZJY � � v]RUT5YWZyK � RXRUP`[~RUTWY ��wXIWP`wX^ ��� wUKQaJZJ[y� KQZ*�
[ �hZJayzQ_ vxZJP �x�LR]KQZ>_`TWaJP�IWYWZJY1_`TlzQcWZ@[bw&� aJRUP`P`ZyY * � wUzQZyT zQ_`RUP,- ��� cWZ ��RU[b_�a@_`YWZ�RU[B� wUKBzQcWZy[bZ
a�RUP�aJIWPSR]zb_`wXTW[ VXw ��RUaQ\�zQw�zQcWZ � wUKb\�wX�;�>TWYLKQZ �"[ _`T �9��� 0 2 ���D3 �:zQcWZ #WKQ[ z [bZyKQ_�wXIW[
R&�#��P�_`a�R]zQ_�wXTW["wX�p� wUKQaJZ$#�ZyP`Y�^�Z zQcWw�YW[ Y�R]zQZ���RUad\2zQw3�9�/.x� 2 �X�N3 � 2 � � 3 �

:
TWZ�wX��zbcWZ ��RU[b_�a �WKQ_�TWaJ_ ��P�ZJ[pwX��^�wXP`ZJayIWPSR]K<^�ZJadc�RUTW_`ay[p_`[<zQcWZ � wUKbT�� :��#� ZJTWcWZJ_ �
^�Z KCR&�#�WKQw �L_`^lR]zb_`wXT 2 �X�N3 \LTWw �
T��SKQwX^ %�I�RUT zQIW^ ^-ZJadc�RUTW_`aJ[J���"cW_`adc�[�zdR]zQZJ[>zQc�R]z
� wUKB^-wX[�z�aJRU[bZJ[ zQcWZ~� adcLKF�wXYW_�TWVXZyK/Z4%�I�R]zQ_`wXT�� wUK RD^�wXP`ZyaJIWP`Z a�RUT � Z
[bZ5��R]KdR]zQZyY1_�T zbw
RUT ZJP�ZJayzbKQwXTW_�a RUTWY�R2T IWaJP�Z�R]K>zQZyKQ^ � � _ zQcW_`T�zQcW_�[>R&�#�WKQw��W_�^lR]zQ_`wXT3zQcWZ ^�wUzQ_�wXT�wX�
zQcWZ�ZJP�ZJayzbKQwXTW[@_�[C_�TWYWZ5� ZyTWYWZJT z��SKQwX^ zQcWZ T IWaJP`Z�R]K~^�wUzQ_�wXT��C� cWZ�ZJTWZyKQV � _�[>zQcWZyKQZ*�
� wUKQZDR�� IWTWayzQ_`wXT�wX� T IWaJP�Z�R]K@aJw�wUKbYW_`T�R]zQZJ[
� wUKQ^�_`TWV-R�[bw&� aJRUP`P`ZyY * � wUzbZJT zb_SRUP [bILKQ�uRUaJZN-
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wXT��
cW_�adc1ZJRUa�c�� wX_�T z/aywUKbKQZJ[ �hwXTWYW_`TWV�zQw RUT2ZJTWZyKQV �2^�_�TW_`^ IW^�_`[ KQZJ� Z KbKQZJY1zQw RU[ R
* aJwXTW� wUKQ^�ZyK4- ����z ����_�a�RUPh� wUKQayZ�#�ZJP`Y2aJwXTxzdRU_�TW[BRD[bZyzBwX� [bZ vxZyKdRUP �hwUzQZJTxzQ_SRUP�� IWTWayzQ_�wXTW[
�"cW_`adc zQcWZJ^�[bZyP�vxZJ[ aJwXTxzdRU_�T-RUY&��IW[�zQR ��P`Z ��R]KdRU^�ZyzbZyKQ[:zQc�R]z�R]KbZ w9�Wzb_`^�_�HJZJYDzQw@w �WzdRU_�T
zQcWZ�� Zy[�z #Wz,wX� a�RUP�aJIWPSR]zQZyY wUK�Z*��� ZyKQ_�^�ZJTxzdRUP�v]RUP`IWZJ[y��RU[ VXZJwX^�Z zbKQ_`Zy[J��aJwXTW� wUKQ^lR��
zQ_�wXT�RUP ZyTWZyKQVX_`Zy[J� cWZ�R]zQ[>wX� � wUKb^lR]zQ_`wXT�wUKN[ �hZJayzbKQwX[�aJw9��_`a4�WKQw9�hZyKbzQ_�ZJ[.�"� cW_�[N_`^ ��P�_`ZJ[
zQc�R]z ��R]KdRU^�ZyzbZyKQ[ RUTWYl� wUKbaJZNaJwXTW[�zQRUT zQ[�a�RUT � Z
z�KdRUTW[b� ZyKbKbZJY2�SKQwX^0wXTWZ
^�wXP`ZJayIWP`Z"zbw
zQcWZ�wUzQcWZyK��p� z _�[p_�^ � wUKbzQRUT z<zQwNTWwUzQ_�aJZ zbc�R]z 4��1;�zQcW_`[ RU[�[bIW^ �WzQ_�wXTDa�RUTWTWwUz �hZ �WKQw9vxZJT
RUTWY 4 4 ;p� wUKQaJZ #�ZJP�YW[/R]KQZNIW[bI�RUP�P ��wXTWP �%��R]KQRU^�ZyzQZyKb_`HJZJYl� wUKBRDP`_`^-_�zQZJY-[bZyzBwX��^�wXP�ZJa*�
IWP`R]K �WKbw9� ZyKbzb_`ZJ[ 4 _ � Z9�CVXZJwX^�ZyzbK � RUTWY�aywXTW� wUKQ^lR]zQ_�wXT�RUP:ZJTWZyKQVX_�ZJ[@wUKC[ � ZJa zbKQwX[baJw9��_�a
�WKQw9�hZyKbzQ_�ZJ[ ��ILz
IW[bI�RUP`P �1TWwUz
� wUK � wUzQc�; �

��T�aJwXTxzbKdRU[ z zQw~zQcWZ
[bw&� a�RUP`P�ZJY * R ��� _`TW_ zQ_`w&� ^�ZyzQcWw�YW[4-XYWZyKQ_ vxZJY�YW_ KQZJayzQP ���SKQwX^�zbcWZ
� adcLKF�wXYW_�TWVXZyKNZ4%�I�R]zQ_`wXT3RUTWY3zbcWZ~Z*�WRUayz7�@RU^�_`P zQwXTW_SRUT���^�wXP`ZyaJIWPSR]K/^�Zya�c�RUTW_�aJ[ _`[ RUT
ZJ^%��_�KQ_�a�RUP ^�ZyzQcWw�Y�� wUKNaJRUP`aJIWP`R]zQ_`TWV�^-wXP`ZJaJIWP`R]K��WKbw9� ZyKbzb_`ZJ[J��[bw-zbc�R]z
Z*��� ZyKb_`^�ZJTxzdRUP
Y�R]zdR3_`[DTWZJZyYWZJY#� wUK R ��R]KdRU^�Z zQZyKQ_�H�R]zQ_`wXT���� cWZJ[�Z�Z*���hZyKQ_�^�ZJTxzdRUPOv]RUP`IWZy[ R]KQZ-IW[�I��
RUP�P ��zdR]\xZJT �SKQwX^ ��� KdR�� RUTWY%ZJP�ZJayzbKQwXT%YW_32hKQRUayzQ_`wXT ^�Z�RU[�ILKQZJ^�ZJTxzQ[J� ��ILz-aJRUT�RUP`[�w
[�zbZJ^��SKQwX^ %�I�RUTxzQIW^�^�ZJadc�RUTW_`aJRUP�a�RUP`aJIWP`R]zQ_`wXTW[/wX� [b^lRUP`P�ZyK/^�wXP�ZJaJIWP`Zy[ wUK ^�wXP�ZJaJI��
P`R]K/�SKdRUVX^�ZJTxzQ[.���(VXw�w�YlwFvxZyK�vL_`Z ��RUTWY1_`TxzbKQw�YWIWayzQ_`wXT2_�T zQwDzbcWZ@zbw9��_`aNwX� ^�wXP�ZJaJIWPSR]K
^�Zya�c�RUTW_�aJ[NRUTWY�� wUKQaJZ$#�ZyP`YW[
aJRUT � ZC� wXIWTWY�� wUK
Z ��RU^ ��P�ZC_�T 2 � 0 3 �

������� 4 ��wUKQaJZ�#�ZJP�YW[

;>qpm�jF|�� �Xr�s��xn:s r�iFt fkq �+�kwUKbaJZU#�ZyP`YW[��BZyKQZ�wUKQ_`VX_�T�RUP`P ��YWZyvxZJP�w9� ZJY�� wUK~v�_ �WKdR��
zQ_�wXT�RUP:RUT�RUP �L[b_�[>wX�O^-wXP`ZJaJIWP�ZJ[.�@�/cWZ �:R��LP`wUKN[bZyKQ_�ZJ[>� wUK@zQcWZ�� wUzQZyT zQ_`RUPpZJTWZ KQV ��wX� R
^�wXP�ZJaJIWP�Z �"_�zQc���R]zQwX^�[~RUTWY0����YWZJVUKQZJZy[ wX�B�SKQZJZJYWwX^ a�RUT � Z�[�ZJZJT�_`T�Z&%�I�R]zQ_�wXT
�������`����� _`TWayZNzQcWZ #WKQ[�z zbZyKQ^����Na�RUT � ZN[bZ zBzQw HJZyKQw RU[�_�zBc�RU[/RDaJwXTW[ zdRUT zBv]RUP`IWZ
� wUK
RUT �1VX_�vxZJT1^�wXP`ZyaJIWP`ZCRUTWY2zQcWZ~[�ZJaJwXTWY�zQZ KQ^ _`[ RUP`[�w,HJZ KQw-[b_�TWaJZC_�z _`[ RU[b[bIW^-ZJY3zQc�R]z
zQcWZ ^-wXP`ZJaJIWP�Z�_�[>_`T R � wUzbZJT zb_SRUP<^�_`TW_�^�IW^�zQcWZ wXTWP �3zQZ KQ^�[NP�ZJ�Sz@R]KQZDwX� %�I�RUYLKdR]zQ_`a
wUK"cW_`VXcWZyK
wUKQYWZyK��

� �9� �



� �����7
�� ������	�����5��� ��� �	���

� 	�� � 
 ����� ���� �
� � 4

� �
� �

�
;
��� �

�
�
�
4

�����
	 
 � � 4

� � �
� �

�
� � 
 ; � � �

�
� � 
 �

�
�
�

�����
	 
�	� � � 4

� � �
� �

�
� � 
 � � � ; � � �

�
� � 
 � � � ����������� 	���� 	����

4 � 	�� 	`�1;

��wUK�[�I ��aJ_�ZJT zbP ��[b^lRUP`P YW_�[ ��PSRUayZJ^�ZJTxzQ[��SKbwX^ zQcWZ�^�_�TW_`^ IW^ �
cW_�adc#R]KQZ,IW[�I��
RUP�P �lzbKQZJR]zQZJY�_�T3vL_ �WKdR]zQ_�wXT�RUP RUT�RUP �L[�_`[/zQcWZ~zQZ KQ^�[ wX�pcW_`VXcWZ K
zQc�RUT %�I�RUYLKdR]zQ_�a~wUKQYWZ K
R]KQZ2TWZJVXP�ZJayzQZyY �"cW_`adc ��_`ZJP�YW[ zQcWZ2[bw&� a�RUP�P`ZJY * c�R]Kb^�wXTW_`a2R&�#�WKQw��W_�^lR]zQ_�wXT�- � � ��KQZ*�
��P`RUaJ_`TWVDzQcWZ
[bZJaJwXTWY2YWZyKQ_ vUR]zb_�vxZJ[ �
_ zQc�zQcWZJ_ K [ ��^ �hwXP�� � 
 RD[b_`^%��P`Z"KbZJPSR]zQ_�wXTW[bcW_ ��� wUK
R�c�R]KQ^�wXTW_`aC� wUKQaJZ�#�ZJP`Y�_`[ � wXIWTWY 4 [bZJZ~Z4%�I�R]zb_`wXT ������� 4 ; �

� 	�� � 
 �
4

�����
	 
 � � �

�

 � �

�
� � 
 4 � 	�� 	 4 ;

�/cW_`[Dc�R]Kb^�wXTW_`a,� wUKQ^ IWPSR�_`[�IW[bZJY#_`T�_�T zQZ KQT�RUP�aJw�wUKQYW_`T�R]zbZJ[ � wUK YWZyv�_SR]zQ_�wXT�wX�
zQcWZ � wXTWY�P`ZyTWVUzQcW[J�hzQcWZCvURUP�ZJTWaJZ RUTWVXP�ZJ[J� RUTWY�zbcWZ�zQwUKQ[b_�wXT�RUP<RUTWVXP`ZJ[N_�T R-^�wXP�ZJaJIWP`Z
�SKQwX^ zQcWZ5* Z&%�IW_`P�_ �WKQ_�IW^ -WvURUP�IWZJ[ 4 [bZyZDZ4%�I�R]zb_`wXT����`��� � ; �;�>ZyKQZ�	

�
�� � ��RUTWY"! � [ zdRUTWY

� wUKOzQcWZ aJILKbKQZJTxz�v]RUP`IWZ wX�kzbcWZ �hwXTWYW_`TWV~v]R]KQ_`R ��P`ZJ[J� �"cWZyKQZ�RU[ 	 �
�
�� � � ��RUTWY#! � � [ zdRUTWY

� wUK�zQcWZ/Z4%�IW_`P`_ �WKQ_`IW^�vURUP�IWZJ[�wX��zQcWZy[bZ v]R]KQ_`R ��P`ZJ[J�XYWZ*� ZJTWYW_�TWV�wXT zQcWZBz � � ZJ[�wX�kR]zQwX^�[
_�T vxwXP vxZJY����/cWZ$��% 	

�
� �'& 	� ��RUTWY��)( 	 � R]KQZ>zQcWZ@aJwUK�KQZJ[ �hwXTWYW_`TWV�� wUKQayZ~aJwXTW[ zdRUT zb[
RUVxRU_�T

YWZ5�hZJTWYW_`TWVlwXT1zQcWZDR]zbwX^�[/� wUKQ^�_`TWV zQcWZ�� wXTWY��

� 
 �
4
� � �)% 	

�
4 	
�
� 	 �

�
; � �

� �'& 	� 4  � �  � � ; � �
�

�)( 	 � 4*! � �+! � � ; 4 � 	�� 	 � ;

� _�TWaJZ,v]RUT5YWZyK � RXRUP`[CaJwXTxzbKQ_ ��ILzQ_`wXTW[ R]KbZ-RUP�[bw�_�^ � wUKbzQRUT zC� wUKCzQcWZ,zQwUKb[b_`wXT�RUP
zQZ KQ^�[B_`T1^�wX[�z � wUKQaJZ #�ZJP`YW[ R zQZyKQ^ IW[b_`TWV,R aJwX[b_`TWZ@� IWTWayzb_`wXT�_�[BIW[bZJY��WKQZJ[�IWP�zQ_�TWV�_�T

�'410{�
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RUT�ZyTWZyKQV �1� IWTWayzQ_�wXT �
_ zQc�^�_�TW_`^lR R]z [�zdRUVXVXZ KQZJY�aJwXTW� wUKb^lR]zQ_`wXTW["RUTWY�^lR��L_`^lR R]z
zQcWZ~ZJaJP�_ ��[bZJY�VXZJwX^�ZyzbKb_`ZJ[ 4 [bZJZ~Z4%�I�R]zb_`wXT ���`��� . ; �

� � � %�
���( 4 � ��aywX[ ��! ; 4 � 	�� 	 . ;

�>P�PNz � � ZJ[3wX�D� wUKQaJZy[�^�ZJTxzQ_`wXTWZyY�R � w9vxZ�aJRUT � Z�[�IW^�^lR]KQ_�HJZJY)RU[�[bw&� a�RUP`P�ZJY
* � wXTWYWZJY _`TxzQZyKdRUa zQ_`wXTW[4- [b_`TWayZ�zQcWZ � R]KbZ�_`T Z 2hZJayz1RUP`wXTWV#R��LZJ[ �"cWZyKQZ�wXTWZ �BwXIWP�Y
YLKdR�� R � wXTWY)_`T)R [�z�KQIWayzQILKdRUP>� wUKb^�IWP`R��+�/cWZ [b_`^ ��P�ZJ[�z1^�w�YWZJP6� wUzbZJT zb_SRUP`[2R]KbZ
zQcWZ-c�R]KQ^�wXTW_`a�� wUzbZJT zb_SRUP`[�RUP�KQZJRUY �5^�ZyT zQ_�wXTWZJY�R �hwFvxZ-RUTWY�zQcWZ-[bw&� a�RUP`P�ZJY ��wUKQ[bZ �
�hwUzQZJTxzQ_SRUP�4 [bZyZ�Z4%�I�R]zQ_`wXT<���`��� � ;b��� ��� RUTWY 6lR]KQZ�z �Bw���R]KdRU^-ZyzQZyKQ[ �"cW_`adcDYWZ5�hZJTWY wXT
zQcWZ~T�R]zQILKQZ~wX�pzQcWZ �hwXTWYWZJY R]zQwX^�[5� �/cWZDR&�#�WKbw �L_`^lR]zQ_�wXT3wX�pc�R]KQ^�wXTW_`a+� wUzbZJT zb_SRUP`[
R]KQZ"wXTWP ��vURUP�_`Y,_`TlR~vxZ K ��[b^lRUP`PWKQZyVX_`wXTlR]KQwXIWTWY,zQcWZNZ4%�IW_`P`_ �WKQ_`IW^.v]RUP`IWZU��[b_`TWayZ"zQcWZ �
YWw3TWwUz�VX_ vxZ�aywUKbKQZJayzCKQZJ[�IWP�zQ[J�<TWZJ_ zQcWZyKD� wUK ��� 0 TWwUK~� wUK ��� �3� �/cW_`[Ca�RUT �hZ
_�^ �WKQw9vxZJY � �,zQcWZ>IW[bZ@wX��zQcWZ+��wUKQ[bZ)� wUzbZJT zb_SRUP 4 RU�SzbZyK  ��� �#��wUKQ[�Z:; �
cW_�adc1[�cWw �"[
zQcWZ
aJwUKbKQZJa z � ZJc�R�vL_�wUK/R]z P�Z�RU[�z�� wUK �	� � � ��ILzB[b_�TWaJZN_�z�_`[ ^�wUKQZ"zb_`^�Z aJwXTW[bIW^�_�TWV
zQw1a�RUP�aJIWPSR]zQZ�Z*��� wXTWZJTxzQ_SRUP � IWTWa zQ_`wXTW[�RUTWY5^�wX[�zC^�wXP�ZJaJIWP�ZJ[>zbKQZ�R]zQZyY5_`T�^�wXP�ZJaJIWPSR]K
^�Zya�c�RUTW_�aJ[~R]KQZ-RU[�[bIW^�ZJY�zQw �hZ�vxZ K � aJP`wX[�Z�zQw1Z4%�IW_`P`_ �WKQ_`IW^ VXZywX^�ZyzbK �x�hc�R]KQ^�wXTW_`a
�hwUzQZJTxzQ_SRUP�[
R]KQZ~IW[bZJY�_�T�^�wX[ z"� wUKbaJZ$#�ZJP�Y �WKQwXVUKdRU^-[.�


 % � %�� 
�� ��� 4�� � � ���� % � %���� ; � 4 � 	�� 	 � ;

�>TWwUzQcWZ K�z ���hZ,wX� � wUKbaJZJ[ �"cW_`adc�YWw�TWwUz�RUayz RUP�wXTWV �hwXTWYW[ R]KQZ,zbcWZ-[bw&� a�RUP`P�ZJY
* TWwXT�� � wXTWYWZyY�� _`TxzQZyKQRUayzQ_`wXTW[&- �"cW_`adc3R]KQZ@_`T1Z 2 ZJa z �hZyz �BZJZJT�R]zQwX^�[ zQc�R]z R]KbZC[���R]zQ_SRUP
TWZ�R]K�zQw�Z�RUadclwUzQcWZ K ��ILz �"cW_`adc2R]KQZ"TWwUz�TWZJayZJ[b[QR]KQ_�P � � wXTWY�zQwXVXZyzbcWZyK����/cWZJ[bZN� wUKQayZJ[
^lRU_�TWP � aJwXTW[�_`[�z wX�hzQcWZ vURUT,YWZyK � RXRUP�[�RUTWY,zQcWZ@��wXIWP`wX^ �-_`TxzQZyKdRUayzb_`wXTW[.� M %�I�R]zQ_�wXT
������� ��[bcWw �
[ zQcWZ 1 ZJTWT�R]KbY�� �XwXTWZJ[�� � wUzQZJTxzQ_`RUP"� wUK zQcWZ2vURUT YWZyK � RXRUP`[ _�T zbZyKdRUayzQ_�wXT
�"cWZyKQZ�RU[�Z4%�I�R]zQ_`wXT ���`��� � VX_�vxZJ[ zQcWZ2� wUKQ^ IWP`R � wUKl��wXIWP`wX^ �#_`TxzQZyKQRUayzQ_`wXT � Z z � ZJZJT
adc�R]KQVXZJY ��R]K�zQ_`aJP�ZJ[.�

�'4 � �
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 ����� 	 �
	
	 �

� � 4 � 	 �	
	 �� 4 � 	�� 	 � ;

�� � � 
 �
�
� 
�
	
�

 4 � 	�� 	 � ;

�/cWZ-zQZyKb^�[D� wUK TWwXT�� � wXTWYWZJY _`TxzQZyKdRUa zQ_`wXTW[ R]KQZ-wX�BVUKQZ�R]z _�^ � wUKbzQRUTWaJZ,zQw�zbcWZ
%�I�RUP`_�z � wX�CR5� wUKQaJZ #�ZJP�Y � wUKlz � w�KQZ�RU[bwXTW[.� � _�KQ[ z�zQcWZJ[bZ�zbZyKQ^�[lR]KbZ�KQZJ[ �hwXTW[b_ ��P�Z
� wUK2^�wX[ z�wX�>zQcWZ�aJwX^ ��ILzQR]zQ_`wXT�RUPBzQ_�^�Z�TWZJZyYWZJY�[b_�TWaJZ�zQcWZ ��R]KQZ %�I�RUYLKQR]zQ_`a �"_�zbc
zQcWZlT IW^ � ZyK�wX�/R]zQwX^-[.���/cWZ2[bZJaJwXTWY#KQZ�RU[bwXT#_�[�zQc�R]z zQcWZlaJwUK�KQZJayz [b_�^ IWPSR]zQ_�wXT�wX�
ZJP�ZJayzbKbwX[�zdR]zQ_�a�_`TxzQZyKdRUayzb_`wXTW[l_`[lZy[b[bZJTxzQ_SRUP>� wUK1R * KQZ�RUP`_�[�zQ_�a�RUP,-O^�_`TW_�^ IW^ [�zbKbIWayzQILKQZU�
[b_�TWaJZ zQcWZJ[bZ�� wUKQaJZJ[@VXwX_�TWV �"_�zQc �%���� R]KQZ vxZyK � P�wXTWVlKdRUTWVXZJY�RUTWY5ZyKbKbwUKQ[@_`T aJILzbzQ_�TWV
zQcWZy^.wX��zbw�w>[bw�wXT a�RUT,c�R�vxZB[bZyKb_`wXIW[�_`T ��IWZJTWayZJ[ wXTDzbcWZ ^-wXP`ZJaJIWP`R]K:VXZJwX^-ZyzbK � �p� cW_�[
_�[>ZJ[ � ZyaJ_SRUP�P ��_�^ � wUKbzQRUT z
_`T cW_`VXcWP ��adc�R]KQVXZJY�^�wXP`ZJayIWP`ZJ[NP�_�\xZ T IWaJP`Zy_`a�RUaJ_`YW[5�+� wX[ z
wX��zbcWZ-^�wXP�ZJaJIWP`Zy[~wX� ��_�w�adcWZJ^�_�a�RUP�_`^ �hwUKbzdRUTWaJZ�c�R�vxZ,zQw � Z-aywXTW[b_`YWZyKbZJY �
_ zQcW_`T�R
[bwXP vxZJTxzDKdR]zQcWZyK~zQc�RUT�_`T�vURUaJIWIW^ ��� T �WKb_`TWaJ_ ��P`Z-zQcW_�[�a�RUT �hZ�YWwXTWZ�_�T5z �Bw �/R��L[��
ZJ_ zQcWZyKCzQcWZ [bwXP�vxZyT zC^�wXP�ZJaJIWP`Zy[~R]KbZ z�KQZ�R]zQZJY�Z*����P�_`aJ_ zQP ��wUK@zQcWZ YW_`ZJP�ZJayzbKQ_�a,aywXTW[�zdRUTxz
c�RU[>zQw �hZ�^-w�YW_ #�ZyY�zQw2^�_`^�_�aCzbcWZ��WKbZJ[bZJTWaJZ 4 RUTWY�zQc IW[>zQcWZ [bayKQZyZJTW_`TWV3Z 2 ZJa z ;/wX�
R�[bwXP�vxZJTxz�� �>TWwUzQcWZyK7� wX[b[b_ ��_`P�_�z �1_`[/zQw-IW[bZ�R,YW_�ZJP`ZJa zbKQ_`a~� IWTWayzQ_�wXT�zQc�R]z vUR]KQ_�ZJ[ �"_�zbc
YW_�[�zdRUTWaJZ@RU[ � wUK Z*��RU^ ��P�Z
_�T�zQcWZN� wUKQaJZ #�ZyP`Y��WKQwXVUKdRU^ �X¡+� ( � 4 [bZJZ>adc�R&�WzQZyK7��� � ; �

��T#[bwX^�Zl� wUKQayZ #�ZJP�YW[�RUYWYW_�zQ_�wXT�RUP�zQZyKQ^-[ R]KQZ2RUYWYWZJY zbw�RUayaJwXIWT z,� wUK YW_ �hwXP`Z*�
YW_ � wXP`Z~_`TxzQZyKdRUa zQ_`wXTW["wUK
� wUK
c ��YLKQwXVXZJT � wXTWYW_�TWV#�B�/cWZ~zQwUzdRUP ZJTWZ KQV ��wX�:R,^�wXP�ZJaJIWP`Z
_�["zQc IW[
a�RUP�aJIWPSR]zbZJY � �3zbcWZ~� wUKQ^ IWP`R,[bZJZyT�_`T3Z4%�I�R]zQ_�wXT ������� � �

� � � � 
 ��� ��� � � �� ��� � � � � % �� ��� ���� ��!�"#!%$��'&("#)(*'+,&($-� ��.
� ������ � ��� � � �/� ��021 � ��

�
	�� � � 	�	�	 	� ��� ��3� � � ��� ��!3"#!4$5� &("#)6*'+,&($5� ��.

4 � 	�� 	 � ;

Nr�j9rko�m i9mLjFt67xrWiFt fhq ���/cWwXIWVXc�zQcWZ IWTWYWZyKQP �L_`TWV � wUKQ^ IWPSRU[ wX�-R [�zQRUTWY�R]KQY
� wUKQayZ@#�ZJP`Y R]KbZ~KdR]zQcWZ K>[b_`^%��P`ZC_�zQ[]%�I�RUP`_ z �3YWZ*� ZJTWYW[)��R]Kbzb_`aJIWP`R]KQP �1wXT�zQcWZ
��R]KdRU^�Z*�
zQZ KQ_`H�R]zb_`wXT��"��T�zQcW_�[6�WKQw�aJZJ[b[>zQcWZD� wUKbaJZ aJwXTW[�zdRUTxzQ[CRUTWY�zQcWZ Z4%�IW_`P�_ �WKQ_�IW^ v]RUP`IWZJ[N_�T

�'4&4��
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Z4%�I�R]zQ_`wXTW[ ���`��� .+� ������� � R]KQZ
RU[�[b_`VXTWZJY�R&�#�WKQw9�WKQ_SR]zbZ v]RUP`IWZJ[5� �/cWZ�%�I�RUP`_ z �DwX��R~� wUKQayZ
#�ZJP�Y�YWZ*� ZJTWYW[CRUP`[�w2vxZ K ��^ IWadc wXT zbcWZ \�_`TWY�wX��Y�R]zdRlIW[bZJY�� wUK ��R]KdRU^�Z zQZyKQ_�H�R]zQ_`wXT
RUTWY zQcWZ aJPSRU[�[CwX��^�wXP�ZJaJIWP�ZJ[NzQcWZJ[bZ�Y�R]zdR �BZyKbZ zQR]\xZJT �SKQwX^ � � R]zdRlIW[bZJ� IWP�� wUK@a�RUP �
aJIWP`R]zQ_`wXT5wX� ��R]KdRU^�ZyzQZ KQ[~_�TWaJP`IWYWZ-� wUK Z*��RU^%��P`Z�[�zbKQIWayzbILKdRUP Y�R]zQRL�pZJTWZyKbV ��Y�R]zdR�wUK
v�_ �WKdR]zQ_�wXT�RUP��SKQZ4%�IWZJTWaJ_`Zy[.�

��T��WKQ_`TWaJ_ ��P`Z@zQcWZyKQZ~R]KQZ>z �Bw�YW_32 Z KQZJTxz
^�Z zQcWw�YW[/wX� ��R]KdRU^�ZyzQZ KQ_`H�R]zb_`wXT��:� z a�RUT
�hZ,YWwXTWZ * � � c�RUTWY�-`� _ � Z9�~wXTWZ�P�w�wU\�[@R]z��"cWZyKQZ zQcWZ PSR]KbVXZJ[�zCZyKbKQwUKb[C_�T�aywX^ ��R]KQ_`[�wXT
�"_�zQclZ ��� Z KQ_`^�ZyT zdRUP�Y�R]zdRDR]KbZ>RUTWYlzbKQ_`Zy[�zQwD^lR]\xZ
RUY&��IW[�zQ^�ZyT zQ[B_�T�zQcWZ6��R]KdRU^-ZyzQZyKQ[
zQw5^�_`TW_�^�_`HJZlzQcWZy[bZ�ZyKbKbwUKQ[J�BwUK,_�z�aJRUT � Z�YWwXTWZ � �%P`Z�RU[ z-[ %�I�R]KQZ�^�_�TW_`^�_�H�R]zQ_�wXT��
� cWZyKQZ�RU[�zbcWZX#WKQ[�z�^�ZyzQcWw�Y�_�[�IW[bZJ� IWP~� wUK�� wUKQayZX#�ZJP�YW[ �
cWZ KQZ5vxZyK � P�_�zbzQP�Z�Y�R]zQR
R]KQZ R�v]RU_`PSR ��P�ZD� wUK ��R]KdRU^�Z zQZyKQ_�H�R]zQ_`wXT�_�z>[bw�wXT � ZJaywX^�ZJ[>YW_��-aJIWP�z
zQwlIW[bZ �
cWZyT zbcWZ
RU^�wXIWTxz>wX��Y�R]zdR�KQ_�[bZJ[.� �>T Z*�WRU^ ��P`ZD� wUK>zbcWZ [bZJaJwXTWY�^�ZyzQcWw�Y �/RU[>_`^%��P`ZJ^�ZyT zQZyY
� � 1 _�� [bwXT�RUTWY�aJw �BwUKb\xZyKQ[ 2 � �43 � 2 � �N3 �
cWw2KQZJ� ZyK�KQZJY5zQw2zQcW_�[C^-ZyzQcWw�Y�RU[@zQcWZ * aJwXT��
[b_�[�zQZJTxz3� wUKQaJZ #�ZJP`Y�- �+�/cWZ5RUYLv]RUTxzdRUVXZJ[2wX�CzbcW_`[2^�ZyzQcWw�Y R]KQZ w ��v�_`wXIW[l[b_�TWaJZ�zbcWZ
w9�WzQ_�^�_`HJR]zQ_`wXT _`[,YWwXTWZ�_`T�R �WKQZJaJ_�[bZ�RUTWY�^-ZJadc�RUTW_`a�RUP �/R�� � (>ZyvxZyK�zQcWZJP`Zy[b[-zQcWZyKbZ
R]KQZ�[�ZyvxZyKdRUP"YW_`[QRUYLv]RUT zQRUVXZJ[lP`_ \xZ�zQcWZ RU^�wXIWTxz�wX�@aJwX^ ��ILzbZyK�zQ_�^�Z�TWZJayZJ[b[QR]K ��� wUK
a�RUP�aJIWPSR]zb_`wXTW[�_�T vxwXP vL_�TWV�R�P`wUz~wX�BY�R]zdR�RUTWY�^-wX[�z�_�^ � wUK�zdRUT z@zQcWZ-�uRUayzDzQc�R]z�P`Z�RU[�z
[ %�I�R]KQZ�w9�WzQ_�^�_`H�R]zb_`wXT%YWZ*� ZJTWYW[1wXT RUP`P/vUR]Kb_SR ��P`Zy[ � ZJ_�TWV�^�Z�RU[bILKQZyY _�T�zQcWZ�[QRU^�Z
IWTW_ zQ[.� �/cWZyKQZy� wUKQZ�zQw,aJwX^ ��R]KQZC� wUK
Z ��RU^ ��P�Z~ZyK�KQwUKQ[
_�T �hwXTWY�P`ZJTWVUzbcW[NRUTWY�v]RUP`ZJTWayZ
RUTWVXP�ZJ[>_�z
_`[NTWZJayZJ[b[QR]K ��zbw�ZJ[�zQ_�^lR]zQZ~cWw ��^�IWadc RUT�ZyK�KQwUK@_`T�wXTWZDaJRU[bZ _`[NZ&%�I�RUP zbw
cWw ��^ IWadc�ZyKbKbwUK>_`T�zQcWZ~wUzQcWZyK>aJRU[bZ9�7�kwUK"zQcW_`[6��ILK � wX[bZ � ZJ_`VXcxzQ_`TWVl[�a�cWZy^�ZJ[ �BZyKbZ
YWZyv�_`[bZyY 4 Z9� V#� � ZyK�zQHNZyz/RUP � 2 � � 3 � 2 � � 3-; �"cW_`adc1R]KQZNIW[�ZJY3_ zQZyKdR]zb_�vxZJP � �  KQw ��R ��P �,zbcWZ
�hZJ[�z��/R���� wUK+��R]KdRU^�ZyzQZ KQ_`H�R]zb_`wXT�_`[@R2aJwX^ ��_`T�R]zb_`wXT�wX� � wUzQc ^�ZyzbcWw�YW[J��IW[b_�TWV * _`T��
zQIW_ zQ_`wXT�-Lzbw,VXZyz KQZ�RU[�wXT�R ��P`ZC[�zdR]KbzQ_�TWV�v]RUP`IWZy[
RUTWY3T�IW^�Z KQ_`a�RUP ^�Z zQcWw�YW[ �"cWZJT�c IWVXZ
RU^�wXIWTxzQ[ wX�:Y�R]zdR,R]KQZ~_�T vxwXP vxZJY��

�'4 � �
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������� � �xz�KQIWayzQILKQZ~w9�WzQ_`^-_`H�R]zQ_�wXT

� RUP`aJIWP`R]zQ_`TWV>zQcWZ"ZJTWZyKQV � �"_�zQc KQZJ[�� ZJayz zQw~R~VX_�vxZyT,VXZJwX^-ZyzbK � _�[ wXTWP � wXTWZ7��R]K�z
wX�@w9�WzQ_�^�_`HJ_�TWV�zQcWZ�[ zbKQIWayzQILKbZ�wX�@R�^�wXP`ZJayIWP`Z9�)�pw�_�^ �WKQw9vxZ3zQcWZ�[�z�KQIWayzQILKQZ�_ z�_�[
TWZJayZJ[b[QR]K �%zQw�adc�RUTWVXZ�zQcWZ�VXZJwX^-ZyzbK � _`T�[�IWa�c R
�/R��x� zQc�R]z,zQcWZ�zQwUzdRUP/ZJTWZ KQV ��_�[
P�w �BZ KQZJY�� �/cW_`[ �WKQw�aJZJ[b[ _`[BKQZ*� Z�R]zQZyY3_ zQZyKdR]zQ_ vxZJP ��[bw�zbc�R]z RUT3ZJTWZ KQV �2^�_`TW_�^�_`HJR]zQ_`wXT
aJwUK�KQZJ[ �hwXTWYW[ zQw~RCVXZywX^�ZyzbK �Dw9�WzQ_`^�_�H�R]zQ_�wXT��:�/cWZ7�hwUzQZJTxzQ_SRUPW� IWTWayzb_`wXT-_�[ORC� IWTWayzb_`wXT
wX�kRNPSR]KQVXZBT IW^ � ZyKOwX�Wv]R]KQ_SR ��P�ZJ[ �
cW_�adc,[ �hZJaJ_�� � zQcWZB^�wXP`ZyaJIWP`Z/- [:VXZJwX^�Z zbK �D_�T ZJ_�zQcWZ K
_�T zQZ KQT�RUP�wUKN�BR]K�zQZJ[b_`RUT1ayw�wUKQYW_�T�R]zQZJ[.�O�/cWZC_�YWZ�RUP [bwXP�ILzQ_`wXT2� wUK/VXZJwX^-ZyzbK �-w9�WzQ_`^�_�H�R��
zQ_�wXT �BwXIWP`Y �hZ�zQcWZ |ks fh�pr�s ^�_`TW_�^�IW^ wX�NzQcW_�[�� IWTWayzQ_�wXT aJwUKbKQZJ[�� wXTWYW_`TWV�zQw�zbcWZ
^�wXP�ZJaJIWP�Z�_`T�R-[�zdR]zQZ~wX� ^�_`TW_�^lRUP �SKQZyZDZJTWZyKQV � �
� _�TWaJZ�zQcWZ KQZD_`["TWw�\LTWw �
T�^�ZyzQcWw�Y
zQw>YWZ zQZyKQ^�_�TWZ zQcWZ VXP�w ��RUP�^�_�TW_`^ IW^(wX�kRN� IWTWa zQ_`wXT wX��^lRUT �~v]R]KQ_SR ��P�ZJ[J�XwXTWZBIW[bI�RUP�P �
_�[ zbKdR&�#� ZyY1_�T2R suf%�Xr�s ^-_`TW_`^ IW^�� R �hZJc�R9v�_`wUKBwX�SzbZJT2a�RUP`P�ZJYlzQcWZ * VXP�w ��RUPk^�_�TW_`^ IW^
�WKQw ��P�ZJ^ - � :
TWZCaJwXTW[bZ4%�IWZJTWaJZDwX�<ZJTWYW_`TWV�zQcWZCw9�WzQ_`^�_�H�R]zQ_�wXTl_`T3RUT�P`w�a�RUP ^�_�TW_`^ IW^
_�[NzQcWZ �uRUayz>zQc�R]z>zQcWZ * w9�WzQ_`^�_�HJZJY�-k[�zbKQIWayzbILKQZ �
_�P`PpYWZ*� ZJTWY�wXT�zQcWZ [�zdR]KbzQ_�TWVlVXZJwX^%�
Zyz�K �5[�w�zQc�R]z~_�z~_`[�IW[�I�RUP`P ��TWZJayZJ[b[QR]K ��zQw�IW[�Z�YW_32hZyKQZJTxz [�zdR]K�zQ_`TWV3VXZJwX^�ZyzbKb_`ZJ[~RUTWY
aJwX^%��R]KQZCzbcWZ~KQZJ[�IWP�zQ_�TWV-[�zbKbIWayzQILKQZJ["zQw,VXZ z
P�w �BZ KNZJTWZyKbVX_`ZJ[.�

{+tuq:tuo#t 7xr�iFt fkq�o�m�i�� f%��� �>�/cWZ,VXP�w ��RUP:^�_`TW_�^ IW^��WKQw ��P`Zy^ _�[>\LTWw �
T�� wUK
R P`wXTWV zQ_�^�ZN[b_�TWaJZ@_�z/_ zBw�aJayILKQ[/_`T2^lRUT �5#�ZJP�YW[ wX�<[baJ_�ZJTWaJZ9�/� wXTW[�Z4%�IWZJTxzQP �lVXZJTWZyKdRUP
w9�WzQ_�^�_`HJR]zQ_`wXT��WKQw�aJZJYWILKQZy[NR]KQZ>wX�<VUKQZ�R]z _`TxzQZyKbZJ[�z"RUTWY1zbcWZyKQZC_`[/R �
_�YWZC[�ZJP`ZJa zQ_`wXT1wX�
R�vURU_�PSR ��P�Z,RUP�VXwUKQ_�zbcW^�[J� [bwX^-Z�wX� �"cW_`adc�R]KQZ YWZJ[ba KQ_ �hZJY�_`T zQcW_�[ ��R]KdRUVUKQR&��c��  KQw ���
R ��P ��zbcWZ,[b_�^ ��P`Zy[�zCwX� RUP`P w9�Wzb_`^�_�H�R]zQ_`wXT�RUP�VXwUKQ_�zQcW^-[>_`[>zQcWZ�^�ZyzQcWw�Y5wX� �yi9m�m���m��yi
�pm� �XmLq i ��_�T �"cW_`adc�wXTWP �lzQcWZ�#WKb[�z
YWZ KQ_�v]R]zQ_�vxZ@wX�<zQcWZ~ZyTWZyKQV � �"_�zQc1KQZJ[ �hZJayz zQw�zbcWZ
R]zQwX^-_`a@aJw�wUKbYW_`T�R]zQZJ[ _`["a�RUP`ayIWPSR]zQZJY3[bw,zbc�R]z"zQcWZ~VXZJwX^�Zyz�K �2a�RUT �hZ~adc�RUTWVXZJY�_�T�YW_ �
KQZyayzQ_`wXT�wX� zQcWZ�PSR]KbVXZJ[�z~ZJTWZyKQV �5VUKdRUYW_`ZJTxz��2�/cW_`[~^�ZyzQcWw�Y�P`Z�RUYW[~YW_�KQZyayzQP ��_`TxzQw�zbcWZ
TWZ*��z�P�w�a�RUPp^�_`TW_�^�IW^ RUTWY5_`[@zQcWZyKbZJ� wUKQZ-wXTWP ��IW[bZJY�R]zCzbcWZ�vxZyK � �hZJVX_`TWTW_�TWV3wX��RUT
w9�WzQ_�^�_`HJR]zQ_`wXT�zQw1VXZyzCKQ_`Y�wX� zQcWZ�PSR]KbVXZJ[�zCZJTWZyKQV ��aJwXTxzbKQ_ ��ILzQ_`wXTW[5�l��wXTxvxZyKQVXZJTWaJZ,wX�
zQcW_�[ ^�ZyzbcWw�Y�_�[ � Zy[�z �"cWZJTlwXTWZN_`[ �uR]KB�SKQwX^�zQcWZ
^�_�TW_`^ IW^�RUTWY�zQc IW[�zQcWZNVUKdRUYW_�ZJTxz

�'4 . �
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_�[BPSR]KQVXZJ[ z����4^-wUKQZN[bw9��cW_�[�zQ_`aJR]zQZJY1^�ZyzQcWw�Yl_`[B� wUK Z*��RU^%��P`Z
zQcWZ G�m��,i9fkq%=lr���� �
�Jfkq#o#m i��pf%� �"cW_`adc-IW[bZy[ #WKQ[ z RUTWY,[bZJaJwXTWY�YWZ KQ_�v]R]zQ_�vxZy[ �"cW_`adc�aJRUT �hZ"a�RUP�aJIWPSR]zbZJY
T IW^�ZyKQ_�a�RUP`P � 2 � �N3�wUK�RUT�RUP ��zb_`a�RUP�P � 4 [�ZJZ"� wUK�Z*��RU^%��P`Z 2�� 0 3-; � �/cWZNRUYLv]RUT zdRUVXZy[�wX�kzbcWZ
(>Z � zQwXT 'NR&��cW[bwXT�^�ZyzQcWw�Y�P�_`Z _�T�zQcWZ��uRU[�zQZ K~aywXT vxZyKbVXZJTWaJZ=4 ZyvxZJT�_`T zQcWZ�v�_`aJ_�TW_�z �
wX�>R�^�_`TW_�^�IW^ ;@RUTWY�zQcWZ�[�^lRUP`P�ZyK�aJwX^ ��ILzdR]zQ_�wXT�RUPBZ 2 wUK�z-zQw�KQZ�RUadc R�^�_�TW_`^ IW^
4 _ � Z9��RC[b^lRUP�P`ZyKOT IW^ �hZyK wX�h[�zQZ5��[ ; ����T�^-wX[�z��WKQwXVUKdRU^�[OR~aywX^ ��_�T�R]zQ_`wXT,wX�h[�zbZJZ5� Zy[�z
YWZJ[�aJZJTxz@RUTWY (>Z � zQwXT '
R&��cW[bwXT�^�ZyzbcWw�Y1_`[ IW[bZJY��

� w��uR]K RUP`POw9�WzQ_`^�_�H�R]zQ_�wXT5^�ZyzbcWw�YW[�aywXTW[b_`YWZyKbZJY � ZyKQZ ��ILKQZyP ��RUT�RUP ��zQ_�a�RUP�a�RUP �
aJIWP`R]zQ_`wXTW[ �
cWZ KQZ�TWw�KdRUTWYWwX^ ZJP`Zy^�ZJTxzQ[ �BZ KQZ�_`TxvxwXP�vxZyY�� �>TWwUzQcWZyK2R&�#�WKbwxRUa�c�zbw
w9�WzQ_�^�_`HJR]zQ_`wXT �WKbw�aJZJ[�[bZJ[C_`[NzQcWZ IW[bZ wX�O[�zQw�adc�RU[�zb_`aDzQZJadcWTW_ %�IWZJ[~RU[>_�z@_�[>YWwXTWZ �"_�zbc
^�Z zQcWw�Y2wX� ��t o�n:s rWi9m���r�q:qpm�rksutuqp| � � _`^ IWPSR]zQZyY�RUTWTWZ�RUP�_`TWV _`[ R �
_�YWZJP ��IW[bZJY�w9���
zQ_�^�_`HJR]zQ_`wXT��WKQw�ayZJYWILKQZ
zQc�R]z wUKQ_�VX_`T�RUP`P � a�RU^�Z �SKQwX^'zQcWZ�#�ZJP�Y�wX� [�zdR]zb_`[�zQ_�a�RUP���c �L[b_�aJ[
4 Z&� V#� 2 � �437; ��� T5Z 2 ZJa z _�zCzbKQ_�ZJ[~zQw�[b_`^ IWPSR]zbZ�zQcWZ,aJw�wXP�_`TWV�RUTWY�zQcWZ-ayK �L[�zdRUP�P`_�H�R]zQ_`wXT
�WKQw�aJZJ[b[ w�aJaJILKQ_�TWV�_�T R cWZJR]zQZJY#[bwXP`_�Y��5�xzdR]KbzQ_�TWV � wX_�T z _�[ R�aJwXT�#�VXILKdR]zQ_�wXT [���RUaJZ
� RUTWY#R�[bw&� a�RUP`P�ZJY�ZJTWZyKbV ��� IWTWayzQ_�wXT 
 �
cW_�adc�_`[DYWZ&#�TWZyY _�T�zQcWZ�� wXP`P�w �"_`TWV �BR �

 � � � � ����T�zQcWZ-a�RU[bZ�wX� ^-wXP`ZJaJIWP`R]KD^�Zya�c�RUTW_�aJ[ 
 aJwUKbKQZJ[�� wXTWYW[DzQw�zbcWZ%� w&�
zQZyT zQ_`RUP:� IWTWayzQ_�wXT �
cWZyKbZ�RU[@M�_`[NzQcWZ aywXTW� wUKQ^lR]zQ_�wXT�RUP [ ��RUayZ�aywXTW[�zbKQIWayzbZJY��SKbwX^ RUP`P
�hwX[b[b_ ��P�Z"aywXTW� wUKQ^lR]zQ_�wXTW[OwX��zQcWZ ^�wXP`ZJayIWP`Z9�:��T,RUYWYW_�zQ_�wXT�R>zQZJ^ �hZyKdR]zQILKQZ/_�[ YWZ&#�TWZyY��
� ZJVX_�TWTW_`TWV-�SKbwX^�R�[�zQR]KbzQ_`TWV�VXZJwX^�Z zbK ��zQcWZCZJTWZyKbV �3wX� zQcWZC^�wXP`ZyaJIWP`Z@_`[/a�RUP�aJIWPSR]zbZJY
VX_ vL_`TWV�zQcWZ�ZJTWZyKQV � � �&�)� cWZ�TWZ �Lzl[�zbZ5� _`[lR5KQRUTWYWwX^ [�zQZ*�)_�T aJwXTW� wUKQ^lR]zb_`wXT�RUP
[ ��RUayZ �"cW_`adc�_`T2zQcW_�["a�RU[�Z�Z4%�I�RUP`[ R�KdRUTWYWwX^�adc�RUTWVXZ�wX�<zQcWZC^�wXP`ZJayIWPSR]K/VXZJwX^�Z zbK � �
�>VxRU_�T#zbcWZ1ZyTWZyKQV �#_`[ a�RUP�aJIWPSR]zbZJY KbZJ[bIWP�zb_`TWV _`T ZJTWZyKQV � �

�
�X(>w � zbcWZyKQZ3R]KQZ�z �Bw

�hwX[b[b_ ��_�P`_ zQ_`ZJ[ �O_�� �
���

� �>zbcWZNKdRUTWYWwX^ [�zQZ5�3_`[/RUayaJZ5�WzQZJY1_`T3RUT �la�RU[bZU�W_�� �
���

� �

_ z
_�["wXTWP ��RUayaJZ5�WzQZJY�_`�
� � � ���
	��� ����

�"cWZyKQZ �D_`[:R KdRUTWYWwX^�T IW^ � ZyK � Zyz �BZJZyT 0 RUTWY��X�XRUTWY �@RUTWY�� R]KQZ�zQcWZ � wXP zQHJ^lRUTWT
aJwXTW[ zdRUT z:RUTWY�zQcWZ R � w9vxZ YWZJ#�TWZJYDzQZJ^ �hZyKdR]zQILKbZU��KQZy[ � ZJa zQ_�vxZJP � �:�/cW_`[<ayKQ_ zQZyKQ_`R"_`[ RUP`[�w
\�TWw �"T RU[,zbcWZ ��ZyzbKQw9�hwXP`_�[-RUP�VXwUKQ_�zQcW^ 2 � 4 3 �#��z,ZJTW[bILKbZJ[-zQc�R]z,zQcWZ3w9�Wzb_`^�_�H�R]zQ_`wXT

�'4 � �
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a�RUTWTWwUz � Z�zbKQR&�#� ZJY _�T R5P`w�a�RUP ^�_`TW_�^�IW^ [�_`TWaJZ�cW_�VXcWZyKlZJTWZ KQVX_`ZJ[2R]KbZ�RUaJaJZ*�WzQZJY
�"_�zQc#R�aJZ KbzdRU_`T �WKbw ��R ��_`P`_ z ��[bw�zQc�R]z ZyTWZyKQVXZyzQ_�a�RUP ��R]K�KQ_`ZyKb[ a�RUT � Zlw9vxZyKQaJwX^�Z&�3���
� _`[~zbcWZ-T IW^ �hZyKDwX� [�zQZ5��[CzQc�R]z�R]KQZ-a�RUP�aJIWPSR]zbZJY5zQcWZ�VXP`w ��RUP�^�_�TW_`^ IW^ _`[�RUP �/R��L[
� wXIWTWY � wUK � � �3� �/cWZDw9�WzQ_�^�_`HJR]zQ_`wXT1_`[ aJwXTxzQ_`T IWZJY ^lR]\L_�TWV-R,VX_�vxZJT�T IW^ � ZyK
wX�
[�zbZ5��[DR]zCR2VX_�vxZJT�zQZJ^ �hZyKdR]zQILKbZU� zQcWZJT�zQcWZ�zbZJ^ � Z KdR]zQILKQZ _`[@P�w �BZ KQZJY � ��R2aJZyKbzdRU_�T
v]RUP`IWZ 4 zQcWZ1[bw&� a�RUP�P`ZJY aJw�wXP�_`TWV�[badcWZJYWIWP`Z ; � � _�^�IWP`R]zQZJY%RUTWTWZ�RUP`_�TWV5_`[�^�wX[�z�IW[bZy� IWP
� wUKC[ ��[�zQZJ^�[Nzbc�R]z�R]KbZ TWwUzCzbw�wlKQZJ[�z�KQ_`ayzbZJY5RUTWY�IW[bI�RUP�P � VX_�vxZy[>VXw�w�Y�KQZy[bIWP�zQ[ �"cWZJT
R�cW_`VXc�aJwX^%��ILzdR]zQ_`wXT�RUPhZ 2 wUKbz
_`[ IW[bZJY��

�>TWwUzQcWZ K)�WKQ_`TWay_ ��RUP �hwX[b[b_ ��_�P`_ z �3� wUKCRUT�w9�WzQ_�^�_`H�R]zb_`wXT�RUP�VXwUKQ_�zQcW^�_`["zQcWZ aJwX^%�
��_�T�R]zQ_`wXT wX�NzQcWZ�z �Bw �WKb_`TWaJ_ ��P`ZJ[l^�ZyT zQ_�wXTWZJY R � w9vxZU�BT�RU^�ZyP �%R�aJwX^ ��_`T�R]zQ_�wXT�wX�
RUT�RUP ��zQ_�a�RUP/RUTWY%cWZJILKb_`[�zQ_�a�RUP/^�ZyzQcWw�YW[�RU[,_ z,_�[,YWwXTWZ3_`T zQcWZ3[�w&� a�RUP�P`ZJY�� j9mLo�m�j �
o�r�q:q.o�m�i��pf%� ���/cW_`[DzQZJadcWTW_ %�IWZ �/RU[ wUKQ_�VX_`T�RUP`P �5YWZ vL_`[�ZJY � wUK zbcWZlIW[bZ2_`T ��_`w&�
^lR]zbcWZJ^lR]zQ_�aJ[ � � �@RUTW[ � KQZJ^�Z KQ^lRUTWT 2 � �N3 � ��ILz>_ z
a�RUT �hZDRUYWw9�WzQZyY�zQw�VXZJwX^�Z zbK �
w9�WzQ_�^�_`HJR]zQ_`wXT�wX�/^�wXP�ZJaJIWP`Zy[ RU[�_ z �/RU[ YWwXTWZ � ��M � ZyKbc�R]KQY vxwXT0�C_�zQHJ_�TWV � wUK�zbcWZ
�+� � M '(� wUKQaJZ�#�ZJP`Y 2�� ./3 2 � �D3 �

�/cWZ+#WKQ[�z:[�zQZ5��_`TDR � KbZJ^�ZyKQ^�RUTWTDw9�WzQ_`^-_`H�R]zQ_�wXT~_�[pzQcWZ YWZJ#�TW_�zQ_�wXT�wX��R"aJZyKbzdRU_�T
T IW^ � ZyK � 4 � 
�� 0 � 410 ; wX�<R��WZy[B_`T1RD^�wXP`ZyaJIWP`Z@R]KQwXIWTWY �"cW_`adc3R]zQwX^�[�wUK/VUKbwXI���[
wX� R]zQwX^�[/R]KQZCRUP�P`w �BZJYlzQw KQwUzdR]zQZ9�O�/cWZJ[bZCR��WZy[ ^�R � �hZ * aJwXTxvxZJTxzQ_`wXT�RUPE-WR��WZJ[ RUP�wXTWV
�hwXTWYW[ �hZyz �BZJZJT R]zbwX^�[J� ��ILz�zQcWZ �#a�RUT RUP`[bw � Z2YWZ&#�TWZyY%zQw�ZJT�R ��P`Z2KQwUzdR]zQ_�wXTW[ wX�
P`R]KQVXZyK<��R]K�zQ[DwX��zQcWZ-^�wXP`ZJayIWP`Z,RU[Da�RUT � Z,[bZJZJT#_�T #�VXILKQZ,��������� _`VXILKQZ����`�-[�cWw �"[
z �Bw KQwUzdR]zQ_�wXT�RUP R��LZJ[ �
cWZ KQZ��'_`[ YWZ&#�TWZyY � �5z � w5RUY&� RUaJZyT z���cWwX[ ��cWwUKQIW[-R]zQwX^�[
RUTWY�RUP`P`w �"[/zbcWZCKQwUzQR]zQ_`wXT1wX�<zbcWZ~T IWaJP`ZywX[b_`YWZCzQwXVXZyzQcWZyK �"_�zQc2zQcWZC[bIWVxR]K �
cWZyKbZ�RU[��
_�[�YWZ&#�TWZJY�� �,zQcWZ"VXP ��aJwX[b_`YW_�a �hwXTWY � Zyz �BZJZyTlT�IWaJP�ZJwX[b_�YWZ@RUTWYl[bIWVxR]K�zQc IW[BRUP�P`w �
_�TWV
� wUKCR-v]R]KQ_SR]zb_`wXT�wX� zQcWZ 
 RUTWVXP`Z9� � ��YWZ&#�TW_�TWV2KbwUzdR]zQ_`wXT�RUP R��WZy[N_`T�zQcW_�[ �/R���^�wUKQZ
* VXP`w ��RUP,-Oadc�RUTWVXZJ[l_`T�zbcWZ�^�wXP`ZJayIWP`ZJ[,VXZJwX^�ZyzbK ��R]KQZ�^lRUYWZ �hwX[b[b_ ��P�Z�[b_`TWayZ�PSR]KQVXZyK
��R]Kbzb[
wX� zbcWZ�^�wXP�ZJaJIWP`Z �hZJaJwX^�Z ��Z*�W_ ��P`Z9�

�/cWZ�aJwXT�#�VXILKQR]zQ_`wXTW[N^�RUYWZDRUaJaJZy[b[b_ ��P�Z � �1KQwUzdR]zb_`wXT�R]KQwXIWTWY�zbcWZJ[bZ R��LZJ[
� wUKQ^
zQcWZ aJwXTW� wUKQ^lR]zb_`wXT�RUPX[ ��RUaJZ �
cW_�adcD_`[<zQw �hZ�[QRU^%��P`ZJY�� �CzQcWZ � KbZJ^�ZyKQ^�RUTWT~^�Z zQcWw�Y��
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� ��;�L��`L�r"q  � %,2��.9$���"2]�"�U-$�"9@�B9$���72,���
� o�� �C�l��-'9$*��dG�-$� ���R-$�{��2�2t���R9$*���<L

Z�RUadc�R��W_`[ KQZ5�WKQZJ[�ZJT zb_`TWV�R aJw�wUKQYW_`T�R]zQZ>_�TlzQcW_`[/[ ��RUaJZ&� �>VxRU_�T3R [�zQR]KbzQ_`TWV4�hwX_`Txz/c�RU[
zQw �hZ�VX_�vxZyT 4 Z9� V#�1VXZywX^�ZyzbK � � � ;
zQcWZyT#R�KdRUTWYWwX^ YW_ KQZJayzQ_�wXT � � �"_�zQcW_�T�zQcWZ-KQZ*�
[�z�KQ_`ayzbZJY�aJwXTW� wUKb^lR]zQ_`wXT�RUPk[ ��RUaJZC_`[/adcWwX[bZJT � �lzdR]\�_`TWV ��KdRUTWYWwX^�T�IW^ � Z KQ[/�SKQwX^�R
e>RUIW[b[b_SRUT�YW_�[�zbKQ_ ��ILzQ_`wXT�� �>P�wXTWV-zQcW_�[$* [�Z�R]KQadc YW_�KQZJa zQ_`wXT�-�zQcWZ�ZyTWZyKQV ��_�[
a�RUP�aJIWPSR]zbZJY
R]zZ#WvxZ�YW_32hZyKQZJTxz��hwX_`TxzQ[ � 
 4 � � ��� � � � ;�� ��� ��� � ��� � 4 � �C� � 0 � � � 4	� �
cWZyKbZ
zQcWZ�[b_`HJZ�wX�
� � _`[lR ��R]KdRU^�ZyzQZ KlwX�NzQcWZ�^�Z zQcWw�Y�� �/cWZ #WvxZ�ZJTWZyKbV �%v]RUP`IWZJ[lR]KbZ
_�T zQZ K � wXP`R]zQZJY � ��R2� wXILKbzQc5wUKbYWZyK
�hwXP ��TWwX^�_SRUP �kzQcWZ�VXP`w ��RUP:^-_`TW_`^ IW^ wX� �"cW_`adc5_�[
a�RUP�aJIWPSR]zbZJY IW[b_`TWV�� R]KQY�RUT�- [
� wUKQ^ IWPSR��/� � zQcWZ�ZJTWZyKQV ��wX�:zbcWZDaJwXT�#�VXILKdR]zQ_�wXT aJwUKbKQZ*�
[ �hwXTWYW_`TWV�zQw zQcW_`[/^�_�TW_`^ IW^ _`[/P�w �BZ K zbc�RUT1zQcWZ@ZJTWZ KQV �2wX� zQcWZ@[�zQR]KbzQ_`TWV4�hwX_`Txz zbcWZ
^�_�TW_`^ IW^ � ZyaJwX^�ZJ[/zQcWZ�[ zdR]KbzQ_�TWV,VXZJwX^-ZyzbK �2� wUK"zQcWZ~TWZ �Lz"_�zQZyKQR]zQ_`wXT � � � � �

� _�TWaJZ zQcWZ � KQZJ^-ZyKQ^lRUTWT<�WKbw�aJZJYWILKbZ _�T vxwXP vxZJ[pzQcWZBIW[�ZBwX��cWZyILKQ_`[�zb_`a�RUP�ZJP`ZJ^-ZJT zb[
_ z@_`[@w ��v�_`wXIW[>zQc�R]z>z �Bw � KQZJ^�ZyKb^lRUTWT * KQIWTW[&-�[�zdR]KbzQ_�TWV3�SKbwX^ zQcWZ [QRU^�Z VXZJwX^�Z zbK �
�"_`P�PWTWwUz TWZyaJZJ[b[QR]Kb_`P ��ZJTWY-I���_`T�zQcWZ [QRU^�Z/^�_`TW_�^ IW^��][bwCzQc�R]z�zQcWZ � ZJ[�z �/R�� zQwCIW[bZ
zQcW_�[NRUP�VXwUKQ_�zQcW^ _�["zQw,^lR]\xZ@[bZyvxZyKQRUP<KQIWTW["�SKQwX^�zQcWZ�[QRU^-Z~[�zQR]KbzQ_`TWV,VXZJwX^�Zyz�K �1RUTWY
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zQcWZyT�adcWw�wX[bZ@zQcWZ * �hZJ[�z -WaJwXT�#�VXILKQR]zQ_`wXT3RU[ zbcWZ��hZJVX_`T3� wUK/zQcWZ~TWZ �Lz [bZyz"wX� � KQZy^�ZyK �
^lRUTWT�w9�WzQ_`^�_�H�R]zQ_�wXTW[.�p�/cWZ � KQZJ^-ZyKQ^lRUTWT~^�ZyzQcWw�Y �BwUKb\�[ � Zy[�z � wUK ^�wXP�ZJaJIWP�ZJ[ zQc�R]z
R]KQZ-RUP�KQZJRUY �5aJwxR]Kb[bZJP ��w9�WzQ_�^�_`HyZJY�RUTWY�_ z~KQZ&%�IW_�KbZJ[D[bwX^�Z�Z*��� ZyKQ_�ZJTWaJZ�_�T�adcWw�wX[b_�TWV
zQcWZCKQ_`VXcxz"^lRUVXTW_�zQIWYWZCwX� � � RUTWY�_�T�zQcWZCYWZ&#�TW_�zQ_�wXT�wX�pzQcWZCKQwUzdR]zQ_�wXT�RUP�R��WZy[.� � ZJ[�z
KQZy[bIWP�zQ[,R]KQZlw �WzdRU_�TWZJY � wUK,TWwUz zbw�w aJwXTW[�zbKQRU_`TWZJY [ �L[ zQZJ^�[ 4 Z9� V#� � wXILK �CwUK�cW_`VXcWZyK �
^�Zy^ �hZyKQZJY%P`w�w9��[ ; �"cWZyKQZ�zbcWZ�ZJTWZyKbV �%a�RUT �hZ�P�w �BZ KQZJY � ��RUT%_`^ �WKQw9vxZJ^�ZyT z,wX�
[�zQRUad\�_`TWV-RUTWY � �1_�TWayKQZ�RU[b_�TWV-zQcWZ~T�IW^ � Z KNwX� ��RU[�Z
��RU_�Kb["_�T�zQcWZCP`w�w9�3KQZJVX_�wXT��

������� . ��wXP�ZJaJIWPSR]K"Y �LT�RU^-_`aJ[

��wXP`ZyaJIWPSR]K�Y �LT�RU^�_�aJ[B4 � � ;>aJRUT
� Z�[�ZJZJT#RU[DRUT�Z �LzQZJTW[�_`wXT5zQw3zQcWZ-aJwXTWayZ5�Wz
wX� ^-wXP`ZJaJIWP`R]K�^-ZJadc�RUTW_`aJ[~_`T5zQc�R]z~[bZJTW[�Z-zQc�R]zDwXTWZ,_`[~TWwUz�wXTWP ��_�T zbZyKQZJ[�zbZJY�_`T5zbcWZ
[�z�KQIWayzQILKQZ�wX�:R-^�wXP�ZJaJIWP�Z~R]z
R,VX_ vxZJT�zQ_�^�Z ��ILz>RUP�[bw-_�T3zQcWZ~[�zbKQIWayzbILKdRUP a�c�RUTWVXZy[NwX�
R�^-wXP`ZJaJIWP�Z�RU[�R�� IWTWayzQ_�wXT wX� zQ_`^�Z&�l� cWZ-IWTWYWZyKQP ��_`TWV�� wUKQayZ5#�ZJP`Y 4 zQcWZ%�hwUzQZJTxzQ_SRUP
� IWTWayzb_`wXT�;�a�RUT � Z�zQcWZ�[QRU^�Z RU[l� wUK1[b_�^ ��P`Z�VXZJwX^�ZyzbK ��w9�WzQ_�^�_`H�R]zb_`wXTW[J�/wXTWP ��RUT
RUYWYW_ zQ_`wXT�RUP�v]R]KQ_SR ��P�Z+�OzQ_�^�Z)��c�RU[ zQw �hZ~aywXTW[b_`YWZyKbZJY��

�/cWZ,^-wX[�z@Z*��RUa z�RUTWY�YWZyzdRU_�P`ZJY�_`TW� wUKQ^lR]zb_`wXT _`[ �WKQw9vL_�YWZJY � ��^�wXP`ZJayIWPSR]K@Y � �
T�RU^�_�aJ[ [b_`^ IWPSR]zb_`wXTW[/_`T �
cW_�a�c (>Z �"zbwXT�- [ Z4%�I�R]zQ_�wXT�wX� ^�wUzQ_`wXT3R]KQZC[bwXP�vxZyY�� wUK"zbcWZ
R]zQwX^-[1wX�CzQcWZ�[ �L[�zbZJ^ RUTWY�RUT � [bILK�KQwXIWTWYW_`TWV�[�wXP�vxZJTxz 4 [bZJZ5� wUK3Z*�WRU^ ��P`Z 2�� �N3-; �
�/cWZ2[b_`^ IWPSR]zbZJY�zQ_`^-Z*� [ ��RUT#YWZ5�hZJTWYW[�wXT#zbcWZ1[�_`HJZlwX�BzQcWZ2[ ��[�zQZJ^ RUTWY#zQcWZ2R�vURU_�P �
R ��P�Z�aywX^ ��ILzQZyK � � w �BZyK ��ILzC_`[>VXZyTWZyKdRUP`P ��_�T�zQcWZDKQRUTWVXZ � Zyz �BZJZyT ��_`ayw&� RUTWY�T�RUTWw&�
[bZyaJwXTWYW[.�/�pw � ZJVX_�T�R-Y �LT�RU^-_`a@[b_`^ IWP`R]zQ_`wXT3RUT�_`TW_ zQ_SRUP�[�ZyzNwX� R]zbwX^�_`a@aJw�wUKQYW_`T�R]zQZy[
RUTWY vxZJP`w�aJ_�zQ_�ZJ[�R]KQZlKQZ4%�IW_�KQZJY��#�/cWZ1aJw�wUKQYW_�T�R]zQZJ[�a�RUT �hZ2w �WzdRU_`TWZJY � � IW[b_�TWV �)�
KdR�� ayK �L[�zdRUP�P`wXVUKdR&��c ��wUK (+� ' ^-ZyzQcWw�YW[y� wUK � � ^�w�YWZJP � ��IW_`P�YW_`TWV 4 � wUK2Z*�WRU^ ��P`Z
R�^�wXP�ZJaJIWP`R]KD[�zbKbIWayzQILKQZ2w9�WzQ_�^�_`HJZyY�IW[b_`TWV�zQcWZ-^�ZyzQcWw�YW[DYWZJ[bayKb_ � ZyY%R �hwFvxZ:; ���/cWZ
[�z�KQIWayzQILKQZ~_`[)#WKQ[�z KQZ&#�TWZJY�IW[b_�TWV�RUT3_�zQZyKQR]zQ_�vxZC^�_`TW_�^�_`HJR]zQ_`wXT2RUP�VXwUKQ_�zQcW^ zbw�KQZyP`_`Z vxZ
P�w�a�RUP/[�zbKbZJ[b[bZJ[-YWIWZ�zQw5w9vxZyKQP`R&� wX�>R]zQwX^-[�wUK � wXTWY P�ZJTWVUzQc YW_`[�zQwUK�zQ_`wXTW[.��� cW_�[,_�[
ZJ[�� ZJaJ_`RUP`P �l_`^ �hwUKbzdRUTxz � wUK/[�z�KQIWayzQILKQZy[ ��RU[bZyY1wXT2Z*��� ZyKb_`^�ZJTxzdRUPkY�R]zdR [b_`TWaJZ@IW[bI�RUP�P �
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zQcWZ)�hwX[b_�zb_`wXTl_`[BTWwUz�\LTWw �
T2� wUK RUP`PkwX��zQcWZ@R]zQwX^�[ [bw zQc�R]zB[bwX^�Z
c�R9vxZNzQw �hZ@RUYWYWZJY

� �-zQcWZ)� � � �WKQwXVUKdRU^ � (>Z*��z��LR]zbwX^�[�R]KbZ>RU[b[b_�VXTWZJY�vxZJP`w�aJ_�zb_`ZJ[ �
�
zQR]\xZJT2R]z�KdRUTWYWwX^

�SKQwX^ R ��R�� �BZJP�P`_SRUT YW_`[ zbKQ_ ��ILzb_`wXT%� wUK-R P`w � zQZJ^ �hZyKdR]zQILKQZ1RUTWY%R�[b_�^�IWP`R]zQ_`wXT#_�[

�hZyKQ� wUKQ^�ZyY1� wUKBRD� Z � ��_�aJw&� [�ZJaJwXTWYW[.��� cW_�[ _`[ YWwXTWZ � �5#�TWYW_�TWV zQcWZ@RUaJaJZJP�ZyKdR]zQ_�wXT��
�

wX� R]zbwX^ ���SKQwX^ (>Z � zQwXT�- [ PSR����
�

 � �

�
�
���

�
�WzQcWZ~� wUKbaJZ�wXT1zQcWZDR]zQwX^ � _`[ aJwX^%�

��ILzQZyY3�SKQwX^0zQcWZ>YWZyKQ_ vUR]zQ_ vxZJ[BwX� Z4%�I�R]zb_`wXT����`��� � �
_ zQc�KQZJ[�� ZJayz wX��zQcWZ)�hwX[b_�zQ_�wXT2RUTWY

� �
_`[BzQcWZ@R]zQwX^-_`aN^lRU[�[.�O� cWZCRUaJaJZyP`ZyKdR]zb_`wXTW[��

�
R]KQZ>zQcWZJT1_`TxzbKQw�YWIWayZJY3_�T3Z&%�I�R]zQ_�wXT

������� � zQw-aJwX^%��ILzQZCzbcWZ
� wX[�_�zQ_�wXT�	
�
wX�:R]zQwX^ � R]z"zbcWZ~zQ_�^�Z�� � � �*�

	

�
4 � � � � ; 
 	

�
4 � ; � � � � � � �

4
�
�
4 � � ; � � 	�	�	 4 � 	�� 	 � ;

�/cWZ~Z&%�IW_`P�_ �WKdR]zb_`wXT1_`[ aJwXT zb_`T IWZJY � ��RUP zQZyKQT�R]zb_`TWV�TWZ �(vxZJP`w�aJ_�z �1RU[b[b_�VXTW^�ZJTxzQ[J�
adcWwX[bZJT5�SKQwX^ � R�� �BZJP�P`_`RUT�YW_�[�zbKQ_ ��ILzQ_`wXT�� wUK@zQZJ^ �hZyKdR]zQILKQZy[@zbc�R]z�R]KbZ�[�IWaJaJZJ[b[�_�vxZJP �

_�TWayKQZ�RU[bZyY2zbwD[bwX^�Z adcWwX[bZJTlvURUP�IWZU� �"_�zbc�_`TxzQZyKbv]RUP`[ � wUKBY �LT�RU^-_`a�RUPLKQZyPSR���R]zb_`wXT����/cWZ

zQZy^ � ZyKQR]zQILKQZ ��wX�/zbcWZ1[ �L[�zQZy^ _`[D^-Z�RU[bILKQZJY � ��zQcWZl^�ZJRUT�\L_`TWZ zQ_`alZJTWZ KQV � 4 [bZyZ
Z4%�I�R]zQ_`wXT ���`����� 0 ��(4_`[BzQcWZ@T�IW^ �hZyK
wX�pR]zQwX^�[ _�T3zQcWZ@[ ��[�zQZJ^���� � �

�
	
_�[BzQcWZCR9vxZyKQRUVXZ

vxZJP�w�aJ_ z �2[ %�I�R]KQZyY�� wUK
zQcWZ � zQc�R]zQwX^�RUTWY � 1 _�[ zQcWZ � wXP�zQHJ^�RUTWT3aJwXTW[ zdRUT z ; �

�
4

�� �
� � �

�
� � �
� 	

 �
4
� � 1 � 4 � 	�� 	`� 0 ;

�/cWZ@Z4%�IW_�P`_ �WKQR]zQ_`wXT,� Z KQ_`w�Y3_�[ aywXTW[b_`YWZyKbZJY #�TW_�[bcWZJY �"cWZJT3zbcWZ@zbZJ^ � Z KdR]zQILKQZ>_�[
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:
TWZ wX�LzQcWZ z �BwN� wUKbaJZ #�ZJP`Y��WKbwXVUKdRU^�[pIW[�ZJY zQw)�WKQw�YWIWayZ zQcWZ�KQZJ[�IWP�zQ[ �WKbZJ[bZJTxzQZJY
_�T)zQcW_�[3zQcWZJ[�_`[1_`[2zQcWZ �"_`YWZJP � IW[bZJY �+� � M ' 4 A [b[b_ zQZJY { w�YWZJP � IW_`P�YW_`TWV �"_�zbc
; TWZyKbV � = Z&#�TWZy^�ZJTxz ;-� wUKbaJZ #�ZyP`Y 2 � � 3>_`T zQcWZ�vxZyKQ[b_�wXTW[ �����5RUTWY .#� 0 4 ^lRU_�TWP � ;Q�
� KQ_�z�zQZJT � �0�CwXP`P�^lRUT�� � ZJ_`TWZ K,Z z-RUP � �+� � M ' .#� 0 _`[�R �"_`YWZyP ��IW[bZyY �WKQwXVUKdRU^
zQc�R]z-_`[�[�IW_�zdR ��P�Z�� wUK-zQcWZ�a�RUP`aJIWP`R]zQ_`wXT%wX�Nz � w�wX�NzQcWZ�^�wX[ z-_�^ � wUKbzQRUT z�z ��� Zy[�wX�
^lRUa KQwX^�wXP`ZyaJIWP`ZJ[@_�T
��_`w�a�cWZy^�_`[�z�K �x� _ � Z&� �hZ5�WzQ_`YWZy[DRUTWY�T IWaJP`Zy_`alRUaJ_�YW[.�%� wXP�ZJaJIWP�ZJ[
a�RUT �hZ
zbKQZJR]zQZJYl_`T2R$%�I�RU[b_ � v]RUaJIWIW^ RU[ � ZJP`PhRU[�_`Tl[�wXP`ILzQ_�wXTlRUTWYl_�z�_`[BRUP�[bw<� wX[�[b_ ��P�Z
zQw�YWw TWwUz wXTWP ��^�_�TW_`^�_�H�R]zQ_�wXT ��ILz�RUP�[bw�^�wXP`ZyaJIWPSR]K Y ��T�RU^�_`ay[.� �+� � M ' .#� 0 _�[
aJwX^%�WKQ_`[bZyY�wX�O[bZyvxZyKQRUP ^�w�YWIWP�ZJ[>zQc�R]z@� IWP #�P�P [ � ZJay_ #�a zdRU[�\L[ � #�VXILKbZ ��� 4 [�cWw �"[CzbcWZ
��w �4wX�p_`TW� wUKb^lR]zQ_`wXT�� Z z � ZJZJT�zQcWZ~YW_32 Z KQZJTxz)�+� � M '(^�w�YWIWP�ZJ[.�
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� ��zQcWZ>IW[bZ K�� �"cWZyKQZ�RU[/^�w�YWIWP`ZJ[ YLKQR �"T1RU[/R � w��l[�zdRUTWY2� wUKBzQcWZNRUayzQI�RUP �WKQwXVUKQRU^�[.�
�/cWZyKQZ�R]KQZ�� wXILK
^lR&��wUKBz � � ZJ["wX�p_�T���ILzNY�R]zdR zQw �+� � M '(^�w�YWIWP`ZJ[ �
p ;"�/cWZ-RUayzbI�RUP aJwX^�^lRUTWYW[>� wUKCZ�RUadc�^�w�YWIWP`Z �"zQcWZJ[bZ,R]KQZ KQZ�RUY�_`T��SKQwX^ RUT�_�T���ILz
#�P�ZDRUTWY�c�R�vxZ�R�[ � ZyaJ_ #�aD� wUKb^lR]z � wUK
Z�RUadc�^-w�YWIWP`Z&�
p ;
� R]KbzQZy[b_SRUT�ayw�wUKQYW_�T�R]zQZJ[ �BzQcWZJ[�Z R]KQZ�KQZJRUY�_�T�vL_`R  ��� � #�P�ZJ[>RUTWY�KQZJ[�IWP�z>IW[bI�RUP�P �
�SKQwX^ �)� KQR � � ayK ��[�zdRUP�P`wXVUKdR&��c �x��(+� '���wUK
�SKbwX^�^-w�YWZJP � ��IW_`P�YW_`TWV#�
p ;h�pw9� wXP�wXV � � zQcW_�[ _�T���ILzpaywX^�ZJ[<�SKQwX^�zQcWZ Y�R]zQR ��RU[bZ �"cW_`adc�_�[ ��R]K�zpwX� zQcWZ �+� � M '
��RUaQ\]RUVXZ9��� cWZ IWTW_�zpwX��_`TW� wUKb^lR]zQ_`wXT��
_ zQcW_`TCzQcWZ�Y�R]zQR ��RU[bZ�_�[pR$* KQZJ[b_�YWIWZ/-`� �
cW_�a�c�a�RUT
�hZ�RU[/[b^lRUP�P RU[ R [b_`TWVXP�ZCc �LYLKbwXVXZJT�R]zQwX^ RUTWY�RU[/PSR]KQVXZ@RU[/aJwX^%��P`ZyzQZ@T IWaJP`Zy_`a~RUaJ_`Y��
�/cWZ�Y�R]zdR ��RU[bZ3aJwXTxzdRU_`TW[,_`TW� wUKQ^lR]zb_`wXT�R �hwXILz,zbcWZ �/R���R]zbwX^�[ �
_ zQcW_`T R KQZJ[b_�YWIWZ
R]KQZ2aJwXTWTWZyayzQZJY RU[ �BZJP`P RU[ R [ zdRUTWY�R]KQY#zQw9� wXP�wXV ��4 _ � Z9� R�aJwX^%��P`ZyzQZl[�Zyz wX� �hwXTWY
P�ZJTWVUzQcW[J��vURUP�ZJTWaJZ�RUTWVXP`ZJ["RUTWY�zQwUKQ[�_`wXT�RUP RUTWVXP`Zy[
� wUK"Z�RUadc�KQZJ[b_�YWIWZ:; �
p ;;��wUKQaJZ@#�ZyP`Y���R]KdRU^�ZyzQZ KQ[ �BzQcWZJ[bZ�R]KQZ [�ZyzQ[>wX�!��R]KdRU^�ZyzbZyKQ[>wX��Z�RUadc aJwX^ ��_`T�R]zQ_�wXT
wX�
R]zQwX^ z ���hZJ[ w�aJaJILKb_`TWV5_�T zbcWZ1Y�R]zQR ��RU[bZ9� � wUzQc#zQcWZ2Y�R]zdR ��RU[bZ3RUTWY zbcWZ3� wUKQayZ
#�ZJP�Y ��R]KQRU^�ZyzQZyKb[ a�RUT �hZladc�RUTWVXZJY�RUTWY#Z*����RUTWYWZJY � ��zQcWZ2IW[bZyKJ� _�T aJRU[bZ2wX�/zbcWZ
zQw9�hwXP`wXV �2Y�R]zdR ��RU[�ZDR,[�� ZJaJ_`RUP��WKQwXVUKdRU^�� ~jFm� �W_`[ TWZJZJYWZJY�zbw-YWw�[bw#�

�/cWZ�� IWTWayzb_`wXTW[NwX�<zQcWZ�^�w�YWIWP`ZJ[/[bcWw �"T�_`T #�VXILKbZ���� 4 R]KQZ�RU["� wXP�P`w �
[ �
p ;�� tuq:g � 1 _�TL\ YWZ�RUP`[lwXTWP � �"_�zQc�zQw9�hwXP`wXV � ��� zQ[l^�RU_`T IW[bZyK1_�T���ILz3_�[2R�P`_`[ zlwX�
KQZy[b_`YWIWZJ[�zbc�R]z-aJwUK�KQZJ[ �hwXTWY�zQw�zQcWZ3[bZ4%�IWZJTWaJZ�wX�
zbcWZ�^�wXP�ZJaJIWP`Z&� 1<_`TL\ KQZ�RUYW[,zbcWZ
_�TW� wUKQ^lR]zQ_�wXT�� wUKCzQcWZJ[�Z�KQZy[b_`YWIWZJ[C�SKQwX^ zQcWZ zQw9�hwXP`wXV � RUTWY�ayKQZ�R]zbZJ[�R 4 ��_�T�R]K � ;/zQw&�
�hwXP`wXV � #�P`Z �
cW_�a�c�_�[~[�� ZJaJ_ #�a�zQw3zbcW_`[�^-wXP`ZJaJIWP�Z9� �+� � M '.\�TWw �"[�z �Bw �hwX[b[b_ ��_`P �
_ zQ_`ZJ[@wX�OKQZ5�WKQZJ[�ZJT zb_`TWV�^�wXP�ZJaJIWP�ZJ[ �N��T�zQcWZ [bw&� a�RUP`P�ZJY * RUP`P � R]zQwX^%� ^�w�YWZyP,-�Z�RUadc�R]zQwX^
_�T�R ^�wXP`ZJayIWP`Z1_`[ aJwXTW[b_�YWZyKQZJY �"_�zbc%_�zb[l� R]KbzQZy[b_SRUT aJw�wUKQYW_�T�R]zQZJ[J� �
cWZ KQZ�RU[�_`T zbcWZ
* IWTW_�zQZJY�� R]zQwX^%� ^�w�YWZJPE- TWwXT�� RUayzQ_ vxZlc ��YLKQwXVXZJTW[ R]KQZlaJwX^ ��_�TWZJY �
_ zQc�a�R]K �hwXTW[DzQw�R
IWTW_ zQZJY R]zQwX^ 4 [�w�zQc�R]z-R#� � � � VUKbwXI�� _`[ zbKQZ�R]zbZJY%wXTWP �%RU[�wXTWZ�_�TW[�zQZ�RUY wX�
zQcLKQZyZ
R]zQwX^-[ ; �
p ; ; �pt i ��M�YW_ z�YWZ�RUP�[l^lRU_`TWP � �"_�zbc aJw�wUKQYW_�T�R]zQZJ[lRUTWY zQcWZy_�KlaJwXTxvxZyKQ[�_`wXT�� �>�SzQZ K
KQZJRUYW_`TWV~zbcWZ zQw9�hwXP`wXV � #�P�Z"a KQZ�R]zQZJY � �U1<_`TL\ _�zb[ ^lRU_�T4��ILK � wX[bZ"_`[�zQw@KQZ�RUY-_�T  � � �
#�P�ZJ[CRUTWY�R&�#��P ��zQcWZ aywXT zdRU_�TWZJY�R]zQwX^�_`a~aJw�wUKbYW_`T�R]zQZJ[Nzbw�zQcWZ [ �L[ zQZJ^ YWZJ[�_`VXTWZJY � �

� �L� �
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1<_`TL\ ��� cWwXIWP`Y-zQcWZ [bZyz wX�<� R]KbzQZy[b_SRUT�aJw�wUKbYW_`T�R]zQZJ[OTWwUz � Z aJwX^ ��P�ZyzQZ/M�YW_ z�_�[ R ��P�Z zbw
ayKbZ�R]zQZNY�R]zdR~� wUK�zQcWZN^-_`[b[b_�TWVDR]zQwX^-[ �SKQwX^'zQcWZ"Y�R]zdR ��RU[bZ�#�P�Z9��M�YW_�z�_`[�RUP`[bwCKQZJ[ �hwXT��
[b_ ��P`Z~� wUK>[bwXP�v]R]zdR]zQ_�wXT3wX�:R-^�wXP`ZyaJIWP`ZC_`T �BR]zQZyK���� wUK
zQcWZ�RUYWYW_�zQ_�wXT�wX�:aJwXIWTxzQZyKN_`wXTW[J�
� wUKladc�RUTWVXZJ[�zbw�[ � ZJay_ #�a�aJw�wUKQYW_`T�R]zbZJ[J�/wUK�� wUK2R�aywXT vxZyKb[b_`wXT �hZyz �BZJZJT�� R]KbzQZJ[b_`RUT
RUTWY _`TxzQZyKQT�RUPBaJw�wUKQYW_`T�R]zbZJ[.��M�YW_ z �"KQ_ zQZJ[ wXILz,R ��_�T�R]K � #�P`Z2zQc�R]z�aJwXTxzdRU_`TW[ �hwUzQc
zQw9�hwXP`wXV �1RUTWY�� R]KbzQZy[b_SRUT3aJw�wUKQYW_�T�R]zQZJ[.�
p ; Nr�j�o �  R]KQ^ �
_�P`PBYWZyzbZyKQ^�_�TWZ �"cW_`adc �hwXTWYW[J�BRUTWVXP`Zy[J��YW_�cWZJYLKdRUP`[y�BRUTWY R]zQwX^
z ���hZJ[�Z �W_`[ z�_�T�zQcWZ,[ �L[�zbZJ^ RUTWY�Z*�Lz�KdRUayzCzQcWZ�R&�#�WKQw9�WKb_SR]zQZ���R]KdRU^�ZyzbZyKQ[C� wUK�zQcWZJ^
�SKQwX^'zQcWZ"� wUKQaJZ]#�ZyP`Y5#�P�Z9�  R]KQ^ �"Kb_�zQZJ[ wXILz RUTWwUzbcWZyK zbw9� wXP`wXV � #�P�Z
aJwXTxzdRU_�TW_`TWV~zbcWZ
[bZ&%�IWZJTWaJZ2wX� R]zQwX^�[�RUTWY�zQcWZ�aJwUKbKbZJ[ � wXTWYW_�TWV ��R]KQRU^�ZyzQZyKb[ RUTWY R�aJw�wUKQYW_�T�R]zQZ5#�P�Z
aJwXTxzdRU_�TW_`TWV1wXTWP ��zQcWZ�� R]KbzQZJ[�_SRUT�aJw�wUKQYW_�T�R]zQZJ[.��� cW_�[@^�ZyzQcWw�Y�c�RU[>zQcWZ�RUYLv]RUT zQRUVXZ
zQc�R]zC� wUK�R1VX_ vxZJT5^-wXP`ZJaJIWP�Z �
_ zQc5R2VX_�vxZyT5[bZ4%�IWZJTWaJZ�zQcWZ zQw9� wXP�wXV � #�P`Z�c�RU[Czbw �hZ
ayKbZ�R]zQZJY wXTWP � wXTWayZU� ZyvxZJT �"cWZJT%zbcWZ�VXZJwX^�Z zbK � _`[ vUR]Kb_`ZJY RU[,P`wXTWV5RU[-TWw �hwXTWYW[
R]KQZ��WKQwU\xZJT3wUK
TWZ �
P �3� wUKb^�ZJY��O� cW_�["�uRUa z �/RU[ IW[bZJY�� wUK
Z*�WRU^ ��P`Z@_�T1zQcWZ �WKQwXVUKdRU^
� : (�<DC  �G6�8� YWZJ[bayKb_ � ZyY � ZJP�w �
�
p ; {+tuq:o�� � ��_`TW^�Y%_`[,zbcWZ�ZJTWZyKQV � ^�_�TW_`^�_�HJZyK,RUTWY�zQcWZ�^�wXP�ZJaJIWP`R]K-Y ��T�RU^�_`aJ[
�WKQwXVUKQRU^ ��� cW_�[ ^�w�YWIWP`Z"KbZJPSR��LZJ[�zQcWZN[ zbKQIWayzQILKbZ � �-_�zQZyKQR]zQ_�vxZJP ��^�wFv�_`TWV�zbcWZ>R]zQwX^�[
YWw �
T3zQcWZ~ZyTWZyKQV �1VUKdRUYW_`ZyT z"IWT zb_`P<R�[�I ��aJ_�ZJT z
P`w �4R9vxZ KdRUVXZ~VUKQRUYW_`ZJTxz
_�[/w �WzdRU_`TWZJY��
� zQ[/wXILz ��ILz"aJwXTW[b_�[�zQ[/wX�p[bZ vxZyKdRUP�#�P`Zy[ _�TWaJP`IWYW_�TWV�R P`_�[�zQ_�TWVU#�P�ZU��R�[�IW^�^lR]K �Z#�P`ZCRUTWY
R�aJw�wUKQYW_�T�R]zQZ�#�P`Z�aywXT zdRU_�TW_`TWV�zQcWZ�w9�WzQ_�^�_`HyZJY3VXZywX^�ZyzbK � �
p ; { �pr�qpr�s��WA1qpr�s �<zQcWZy[bZ �WKQwXVUKdRU^�[<YWZ�RUP �
_ zQc RUT�RUP ��[b_`[ wX�W[�zbKQIWa zQILKQZBRUTWY ^�wXP�ZJa*�
IWP`R]KB^�ZJadc�RUTW_`aJRUPhZJTWZyKbV ��wX�<R�[b_�TWVXP`ZNaJwXT�#�VXILKQR]zQ_`wXT2wX� RD[ ��[�zQZJ^ 4 �>T�RUP-;:RUTWY��"_�zbc
zbKQR9��ZyayzQwUK �#R�vxZyKdRUVX_�TWVW��aJwUKbKQZJP`R]zQ_`wXT RUT�RUP �L[b_�[J�ORUTWY%VXZJTWZyKQRUPBRUT�RUP ��[b_`[ wX��� � zbKdR��
��ZJa zQwUKQ_`Zy[ 4 ��Y�RUT�RUP-; � �>T�RUP@a�RUT�RUP�[bw �hZ5IW[bZJY)zQw%VXZJTWZ KdR]zQZ  ��� �,#�P`ZJ[3�SKQwX^ R
^�_�TW_`^�_�HJZJY�[ zbKQIWayzQILKbZ wUKNzQwlaJwX^ ��R]KbZ~z �Bw2VXZJwX^�Zyz�KQ_`ZJ[
RUTWY a�RUP`aJIWP`R]zQZ�KQw�wUzN^�ZJRUT
[ %�I�R]KQZ�YW_�[�zdRUTWaJZy[.�

�)��R]Kbz~�SKQwX^�zQcWZ5%�I�RUP`_ z � wX�OzQcWZ-� wUKbaJZ5#�ZJP�Y�_�zQ[�ZJP`��zbcWZ-aJP�Z�R]K�[�Z5��R]KdR]zQ_�wXT
� Z*�
z �BZJZyT zQw9�hwXP`wXVX_�a�RUP84 �
cW_�a�c R]zQwX^-[-_`[-aJwXTWTWZJayzQZyY)zQw �"cW_`adc�;�RUTWY � wX[b_ zQ_`wXT�RUP _`T��

� � 4��
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� wUKQ^�R]zQ_`wXT3^lR]\xZJ[6�+� � M '(_�YWZ�RUP � wUKNZ*���hZyKQ_`^-ZJT z �"_�zQc�TWZ ��w9�WzQ_�^�_`HJR]zQ_`wXT3RUP`VXw&�
KQ_ zQcW^�[BRU[Bc�RU[ �hZJZJT2YWwXTWZ@_`T�zQcWZ � KQZy^�ZyKQ^lRUTWT-^�ZyzQcWw�YlwUK �
_ zQclaJwXTW� wUKQ^lR]zb_`wXT�RUP
[QRU^%��P`_`TWV 4 [bZJZC[bZJa zQ_`wXT ��� ���`�1; �

� } � � C {+G�A �

�X¡+� ( ��[�zdRUTWYW[2� wUK � n ayzQ_�wXT { _`TW_�^�_`H�R]zb_`wXT wX� G IWaJP`Zy_`a A ay_`YW[1RUTWY)_�[1R
^�wXP�ZJaJIWP`R]K ^�ZJadc�RUTW_`aJ[ �WKQwXVUKQRU^ zQc�R]z �/RU[ YWZJ[b_�VXTWZJY � � '
_�a�c�R]KbY 1 R9vxZ K �4RUTWY
�>ZJ_�TWH1�x\�P`ZJT�R]K 2�� �N3 � 2 � 4 3�ZJ[�� ZJaJ_`RUP`P ��� wUK~YWZ�RUP�_`TWV �"_�zQc�T�IWayP`ZJ_�a�RUaJ_�Y5[�zbKbIWayzQILKQZJ[5�
�X¡+� ( ��YW_ 2 ZyKQ[ �SKQwX^ �+� � M '(TWwUz wXTWP �1_`T2zQcWZ�[�� ZJaJ_`RUP`_�H�R]zQ_`wXT2zQw�T�IWayP`ZJ_�aDRUaJ_�YW[
��ILz"RUP`[�w,_�T3R YW_32hZyKQZJTxz � wUKQaJZ�#�ZJP`Y 4 �X¡+� ( �(IW[bZJ[/zQcWZ+� 1 M ��� wUKbaJZ�#�ZyP`Y 2�� �L�W���L�
�/./3-; RUTWY3_`T�R�YW_32 Z KQZJTxzNYWZJ[ba KQ_ �WzQ_�wXT�wX�p^-wXP`ZJaJIWP`R]K [�zbKQIWayzbILKQZ9�

�/cWZ���RU[�_`a~R&�#�WKQwxRUadc�wX� zQcWZ��X¡+� ( �4^�ZyzbcWw�YWwXP`wXV ��_`[/zQw-[ ��P�_�z T IWaJP`ZJ_�aDRUaJ_�Y
�SKdRUVX^-ZJT zb[B_`TxzQw RDaJwXP`P�ZJayzQ_�wXT2wX� � 9 � ^-wXTWw&� ��cWwX[ ��c�R]zQZy[ 4 �
_ zQc�zQcWZNZ*�LaJZ5�WzQ_�wXT2wX� zbcWZ
� 9 � zQZyKb^�_`TW_ �
cW_�a�c R]KQZ-[b_`^ ��P�Z�T IWaJP`ZJwX[�_`YWZJ[ ; ���/cW_`[�YW_�vL_�[b_`wXT�_�[ RUadcW_`ZyvxZJY � ��aJILz �
zQ_�TWV3zQcWZ,: � 9 ��� � 9 � wXTWYW[~wX� zQcWZ ��cWwX[ ��cWw�YW_�ZJ[�zQZyK ��RUaQ\ � wXTWZ&�-�/cWZJ[bZ,T�IWaJP�ZJwUzQ_�YWZJ[
R]KQZ � wX[b_ zQ_`wXTWZyY �"_�zQc�KQZJ[ �hZJayz�zbw�R3P�w�a�RUP cWZyP`_`aJRUP R��L_`[ �"_�zQc5R3[bZyz~wX�B�1cWZJP`_�aJwX_`Y�RUP
��R]KdRU^-ZyzQZyKQ[ 4 RUayaJwUKQYW_`TWV1zQw2zQcWZ2� RU^ �WKQ_`YWVXZ aJwXTxvxZJTxzQ_`wXT 2 ���D3-; �D�/cWZJ[bZ,cWZJP`_�aJwX_`Y�RUP
v]R]KQ_SR ��P�ZJ[BaJwXTW[b_�[�z/wX� zQcLKQZJZNzbKQRUTW[bPSR]zQ_�wXTW[ 4 �LYW_`[ � � ��YW_`[ � ��RUTWY2HJYW_�[ ��; RUTWYlzQcLKQZJZNKQw&�
zdR]zb_`wXTW[ 4 _`TWaJP�_`T�R]zQ_�wXT��LzQ_ � ��RUTWY1z �"_`[ z ; � � cWZ~[�zbKQIWayzbILKQZ�wX�<zQcWZ��SKdRUVX^-ZJT z"a�RUT�zbcWZJT
�hZNZJTWZyKQV �-w9�WzQ_`^-_`HJZJY-_`T�zQZyKb^�[�wX��cWZJP�_`aJwX_�Y�RUP ��R]KdRU^-ZyzQZyKQ[ ��P`IW[�v]R]KQ_`R ��P`ZJ[ YWZy[bayKQ_ ���
_�TWV zbcWZC_�T zbZyKQT�RUP aJwXTW� wUKb^lR]zQ_`wXTlwX� Z�RUadc1T�IWayP`ZJwUzQ_�YWZ 4 VXP ��aJwX[b_`YW_�a>RUTWVXP`Z]�L[bIWVxR]K/zQwUK �
[b_�wXTW[/RUTWY�vURUP�ZJTWaJZ@RUTWVXP�ZJ[BRUTWYlz �Bw ��RUaQ\ � wXTWZ"zQwUKQ[b_�wXTW[ �/RUTWY 	 ; � �/cWZ
KQZy^lRU_`TW_�TWV
��RUaQ\ �hwXTWZ,zQwUKb[b_`wXTW[CR]KQZ zbKQZ�R]zbZJY�RU[@YWZ5�hZJTWYWZJTxzDvUR]Kb_SR ��P`Zy[.� � ILKQ_`TWV3ZJTWZyKQV � ^�_�TW_ �
^�_�H�R]zQ_�wXT ZJTWZyKQV �4�hZJT�RUP�zQ_�ZJ[�ZJTW[bILKQZ/zQc�R]z�zQcWZ/[bIWVxR]K�KQ_�TWVX[ RUTWY zQcWZ ��cWwX[ ��cWw�YW_`ZJ[�zbZyK
��IWTWayzb_`wXTW[ � Zyz �BZyZJT [�IWaJaJZJ[b[�_�vxZ2T�IWayP`ZJwUzQ_�YWZJ[ aJP�wX[bZ��WKQw9� Z KQP � � :NTWZ2YW_�[�zdRUTWaJZlaJwXT��
[�z�KdRU_`Txz�� : � 9 ��� � 9 � RUTWY z �Bw1RUTWVXP`Z aJwXTW[ zbKdRU_`TxzQ[  ��: � 9 ��� � 9 RUTWY : � 9 � � � 9 ���+. 9 ��R]KbZ
IW[bZyY�� ZyK�T�IWaJP�ZJwUzQ_�YWZ ��IWTWayzQ_�wXT����/cW_`[�R&�#�WKQwxRUadc�P`ZJRUYW[ zQw�RUT�_`^ �hwUKbzdRUTxz�KQZJYWIWayzQ_�wXT

� ��� �
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_�T�zQcWZNT IW^ �hZyKBwX� v]R]KQ_SR ��P�ZJ[ KbZ4%�IW_ KQZJYlaJwX^ ��R]KbZJY�zQwDaJP`RU[b[b_�a�RUPk^-wXP`ZJaJIWP`R]K ^�Zya�c�RUT��
_�a�RUPhRUP�VXwUKQ_�zbcW^�[�RUTWY2RUP�[bwDVX_ vxZJ[ ^�wUKQZ"aJwXTxzbKQwXP�wFvxZyK�zQcWZNaJwXTW� wUKQ^�R]zQ_`wXTW[ �
cW_�a�c2R]KbZ
VXZJTWZ KdR]zQZJY�� � _`ZJP�ZJayzbKQ_�a"aywXTWYW_�zQ_�wXTW[ a�RUT � Z"v]R]KQ_�ZJY,zQcLKbwXIWVXc-zQcWZ
IW[�Z
wX� RC[b_`VX^-wX_`Y�RUP
YW_�[�zdRUTWaJZ~YWZ5� ZJTWYWZyT z>YW_�ZJP`ZyayzbKQ_�a~� IWTWayzb_`wXT�wX�<vUR]Kb_SR ��P`ZC[bP�w9� Z~RUTWY ��PSR]zbZ�RUI��LzQcWZCIW[bZ
wX�OR-adcWwX[bZJT #��WZyY�YW_`ZJP�ZJayzbKQ_�a aJwXTW[�zdRUTxz>wUKNzbcWZD� IWTWayzQ_�wXT � 
 � 	��"� cWZDTWZ z@a�c�R]KbVXZ
wXT�ZJRUa�c ��cWwX[ ��c�R]zQZ�VUKbwXI���a�RUT�RUP�[bw �hZ~v]R]KQ_`ZyY3zQw,^�_`^�_�a>aJwXIWTxzQZyK � _`wXT�[ba KQZJZJTW_�TWV#�
M�����P`_�aJ_�zO^�w ��_�P`ZBaJwXIWTxzQZyK�� _`wXTW[ wUK �/R]zQZyK ^�wXP`ZyaJIWP`ZJ[�a�RUT-RUP`[bw�� Z _`TWayP`IWYWZJY-zbcLKQwXIWVXc
R�P`_`VxRUTWY3w9�WzQ_`wXT��

�X¡+� ( ��a�RUT ��IW_�P`Y���^lRUTW_ ��IWP`R]zQZ~RUTWY�ZJTWZyKQV ��w9�WzQ_`^-_`HJZC�SKdRUVX^�ZJTxzQ["wX� � ( �
wUK�']( ��c�R�vL_�TWV I�� zQw . [�zbKQRUTWYW[.� ��RUT �#[�zbKbIWayzQILKdRUP � ZJR]zQILKQZJ[�a�RUT � Z ��P`w�aQ\xZJY
YWILKQ_�TWV2^�_`TW_�^�_`H�R]zb_`wXT3RUTWY�ayZyKbzdRU_�T�VXP`w ��RUPpwUKNP`w�aJRUP � Z�R]zbILKQZJ[>a�RUT � Z�aJwXTW[�zbKdRU_�TWZJY
[bIWadc#RU[ ��RU[bZ ��RU_�KCw9� ZJTW_�TWV�RUTWVXP�ZU�pR�vxZyKdRUVXZ z �"_`[�z~wUK@KQ_`[bZ�� Z K ��RU[bZ,[�zQZ5� � KdRUYW_�IW[
wX�/aJILKbv]R]zQILKQZ]�O[�IWVxR]K���c�RU[bZ2RUTWY RU^ ��P`_ zQIWYWZU� R]zbwX^ ��RU_�KDYW_`[�zdRUTWayZJ[J�ORUTWY�zQwUKQ[b_�wXT
RUTWY%v]RUP`ZyTWaJZ�RUTWVXP�ZJ[.� �/cW_`[-^�R]\xZJ[ � wUK�RUT Z�RU[ � IW[bZ1wX�
Z*��� ZyKQ_�^�ZJTxzdRUPBY�R]zdR�P`_�\xZ
R]zQwX^ � R]zQwX^ YW_�[�zdRUTWaJZJ[3YWZyzQZyKb^�_`TWZJY � � (+� '<�"� cWZ�[b_�^ ��P`Z�IW[bZ5wX��aJwXTW[�zbKdRU_�T zb[
RUTWY�zQcWZ�KbZ5�WKQZJ[bZyT zdR]zb_`wXT5wX�OzQcWZ�^�wXP`ZJayIWP`Z _`T�zQZyKQ^-[>wX��cWZJP�_`aJwX_�Y�RUP�RUTWY ��RUaQ\ �hwXTWZ
��R]KdRU^-ZyzQZyKQ["R]KQZ@zQcWZC^�wX[�z;� w �BZyKQ� IWP<� Z�R]zQILKbZJ[
wX�p�x¡+� ( � ��[b_�TWaJZCzbcWZ�YWZJ[ba KQ_ �WzQ_�wXT
wX� ^�wXP`ZyaJIWPSR]K VXZywX^�ZyzbK ��_`[Dzbc�IW[ [bZ4%�IWZJTWaJZ1_`TWYWZ5�hZJTWYWZJTxz���[�w zbc�R]z zQcWZlZ 2 ZyayzQ[ wX�
[bZ&%�IWZJTWaJZ�a�c�RUTWVXZy[Na�RUT �hZ~zQZy[�zQZJY�vxZ K �1Z�RU[b_`P � �

� }�� { A � 8 � {

�5� �����
��[�zdRUTWYW[�� wUK { RUayKQwX^-wXP`ZJaJIWP`R]K�ADwXTW� wUKQ^lR]zQ_�wXTW[ � � 8 � { � wXP`_�a �WKQw&�
VUKdRU^-^�_`TWV RUTWY1_`[BTWwUz R � wUKQayZ�#�ZyP`Y��WKQwXVUKdRU^ ��ILz RDzQw�wXPkzQw w �WzdRU_�T2zbcLKQZJZ*� YW_`^�ZJT��
[b_�wXT�RUP T IWaJP�ZJ_`a RUay_`Y�[�z�KQIWayzQILKQZy[ �
cW_�adc�R]KQZ�_�T�RUaJaJwUKbY�RUTWaJZ�zQwlR�P`_�[�z
wX�p_`T���ILz>aJwXT��
[�z�KdRU_`TxzQ[.�O�/cWZ7�WKQwXVUKQRU^ �/RU[ � KQ_ zbzQZJT,RUTWY,zQZy[�zQZJY � � zQcWZ VUKQwXI��,wX�<��ZJYWZyKQVUKQZyTlRUTWY
e>RUILzQcWZyKQZyzB4 [bZyZ KbZJ� ZyKQZJTWayZJ[ �hZJP`w � ; �~�/cWZ ��RUaQ\�zbKdRUaQ\�_`TWV3RUP`VXwUKQ_ zQcW^ _�T �5� �����
�
[bZJR]KQadcWZJ[,zQcWZ1aJwXTW� wUKQ^�R]zQ_`wXT�RUP [���RUaJZ3wX�"RUT ']( � ^-wXP`ZJaJIWP�Z2RUTWY�RUP�P VXZJwX^�Zyz�KQ_`ZJ[

� �/. �
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zQc�R]zD� IWP #�P`POzQcWZ�aJwXTW[ zbKdRU_`TxzQ[ R]KQZ,KQZyzQILKQTWZyY _�T  ��� � � wUKQ^�R]z~zQw �hZ�w9�WzQ_�^�_`HJZyY
� �
R2� wUKQaJZ #�ZJP`Y �WKQwXVUKdRU^ ��� cWZ aJwXTW� wUKb^lR]zQ_`wXT�RUPp[ ��RUaJZ�Z*����P�wUKQZJY5_�[@YWZyzQZyKQ^-_`TWZJY � �
zQcWZ3adcWwX_`aJZ3wX���WKQZ*� aJwX^ ��ILzQZyY�T�IWayP`ZJwUzQ_�YWZ�aJwXTW� wUKb^lR]zQ_`wXTW[,RUTWY%zbKQRUTW[b� wUKQ^lR]zQ_�wXTW[.�
�5� �����
� c�RU[ �hZJZJT�[bIWayaJZJ[b[b� IWP�P ��IW[�ZJY�� wUK<']( � c�RU_�K ��_`TW[ 2 �X�L�p� � 3 � � wUK~z '�( �>[
2 � � 3 �WwUK"� wUK
zQcWZ '
Zyv � ��_�TWYW_`TWV�[b_ zQZ�wX� �N� �)�Q� 2 �X�N3 �

�/cWZ)�WKQwXVUKdRU^0_`T���ILz/� wUK;�5� �����
� aywXTW[b_`[�zb[BwX� RD[�_`^ ��P�Z6���W� �b�8� #�P`Z>YW_ vL_�YWZJY
_�T zQw3z � w�[bZJayzb_`wXTW[.�2�/cWZZ#WKQ[ z [bZJayzb_`wXT�� zbcWZ�[bw&� aJRUP`P`ZyY * [bZ&%�IWZJTWaJZ � [bZJa zQ_`wXT�-:YWZJ#�TWZJ[
zQcWZl[�Z4%�IWZJTWayZ3RUTWY#[bZyaJwXTWY�R]K �#[�zbKbIWayzQILKdRUP _`TW� wUKQ^lR]zb_`wXT�wX�/R�^lRUayKQwX^-wXP`ZJaJIWP�Z9�2��z
P�_`[�zQ[<RUP�PUzQcWZ�T�IWaJP�ZJwUzQ_�YWZJ[:RUTWYC�SKdRUVX^�ZJTxzQ[ zQc�R]z<aJwX^ �hwX[bZ:zQcWZ '�( � RUTWY�_`TW� wUKb^lR]zQ_`wXT
wXTDcWw ��zQcWZJ[�Z ��R]KbzQ[ R]KQZ�aywXTWTWZJayzQZJY wUK<KQZJP`R]zQZJYCzQw
wUzQcWZ KQ[.� �/cWZ�[bZyaJwXTWY [bZJayzb_`wXT���zbcWZ
* aJwXTW[�zbKdRU_�T zb[�� [bZyayzQ_`wXT�- aJwXTW[b_�[�zQ[�wX� RUYWYW_�zQ_�wXT�RUPOaywXTW[�zbKdRU_�T zQ[ �
cW_�a�c�^-_`VXcxz��hZ-P�w�a�RUP
4 _ � Z9�NzbcWZ � R]KQZ v]RUP`_`Y�� wUK ��IW[�z@wXTWZ ��RU[bZ wUKCR ��RU[bZ���RU_ K ;/wUK@VXP`w ��RUP"4 _ � Z9�NzQcWZ � R]KbZ
v]RUP`_�Y�� wUK~RUP�PpT IWaJP`ZJwUzb_`YWZJ[ ; ���/cWZ � wXP`P`w �"_`TWVlZ*�WRU^ ��P`ZD[�cWw �"[CzbcWZ YWZJ[bayKQ_ �WzQ_`wXT�wX� R
[b_�^ ��P`Z [�zQZy^%� P�w�w9��[ zbKQIWayzQILKbZ<4 ']( ��c�RU_�K ��_�T�;:RUTWY �/RU[ zdR]\xZyT��SKQwX^'zQcWZ)�5� �����
�
^lRUT I�RUP�4 [bZJZ�#�VXILKbZ+��� � ; � �/cWZ>^�wXP�ZJaJIWP`Z ^�w�YWZJP`ZJY-_`[�zQcWZNRUT zQ_�aJw�YWwXTl[ zQZJ^%� P`w�w9�-wX�
R z '�( �4�

�/cWZ [bZJaJwXTWY�R]K ��[�zbKQIWa zQILKQZ [bcWw �
T�wXT�zQcWZ P`ZJ�Sz�� c�RUTWY [b_`YWZ wX� #�VXILKQZ���� ��_`TWYW_ �
a�R]zbZJ[ zQc�R]z ��RU[bZJ[
� 4 � zQw4�+�L�>� wUKQ^ ��RU[�Z)��RU_�KQ[ �"_�zQc�e . ��zQw ¡+�X��� ��z _`[/RU[b[bIW^-ZJY
zQc�R]z ��RU[bZJ[��+� � zQwle+�/.-R]KQZC[�zdRUaQ\xZJY�RUTWY�RU["RU#WKb[�z>R]zbzbZJ^ �WzN� � 4 w9vxZyK6�+�L��RUTWY
¡+���@wFvxZ K/� � 4 R]KQZ/[�zdRUaQ\xZJY�RU[ �BZyP`P�4 � wXP�P`w �
_�TWV�R�%�IW_ zQZ/aJwX^�^�wXT [�z�KdR]zQZJV � _�T ']( �
^�w�YWZJP`_�TWV�zQc�R]zDz�KQ_`ZJ[~zQw�^lR��W_�^�_`HyZ�[ zdRUaQ\L_`TWV ; ���/cWZJ[bZ2RU[b[�IW^ �WzQ_`wXTW[�P`Z�RUY�zQw�zbcWZ
_�T���ILz$#�P�Z�[�cWw �"T5_�T #�VXILKQZ%��� ���@��T�zQcWZ #WKQ[ z�[bZyayzQ_`wXT�wX��zQcWZ,_�T���ILz�#�P`Z�R2z � ��_`a�RUP
P�_`TWZ�aywXTW[b_`[�zb["wX�:[�ZyvxZyKdRUP ZJTxzbKQ_�ZJ[
wX�pzbcWZ~� wXP�P`w �
_�TWV-� wUKQ^lR]z �
p ; 8G>�: '�(�� ',< ��(� '�� ��� �pRDP�ZyzbzQZ K _`TWYW_�a�R]zQ_�TWVDzQcWZN[�zbKQRUTWY �
cW_�a�cl_�[ _`^%� wUKbzdRUTxz wXTWP �,� wUK
^�wXP�ZJaJIWP�ZJ[ �"_�zbc�^�wUKQZ>zQc�RUT�wXTWZ�[�zbKQRUTWY��
p ; (76�8 *+���  ',<����  ,B�F � �OVX_�vxZy[ zQcWZC[bZ4%�IWZJTWaJZDwX�<zQcWZ�^-wXP`ZJaJIWP�ZCRUTWY�a�RUT �hZ~wXTWZ~wX� K � �
Ky�
�WKye ��wUK KQ¡4�

� ��� �
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C27 G43

C28

A29

G30

A31

G42

U41

C40

U39

A35

C32

U33

G34

A38

G37

A36

SEQUENCE

; 5’ helical strand

A     rC         27   reference

A     rC         28   connect                   27   type_A

type_A

A     rA         31   connect                   30   type_A

A     rG         30   connect                   29   type_A

A     rA         29   connect                   28   type_A

; 3’ helical strand

A     rU         39   wc                           31   stk_AA

A     rG         43   connect                   42   type_A

A     rG         42   connect                   41   type_A

A     rU         41   connect                   40   type_A

A     rC         40   connect                   39   type_A

; 3’ loop strand

A     rA         38   connect                   39   stk_AA

A     rG         34   connect                   35   stk_AA

A     rA         35   connect                   36   stk_AA

A     rA         36   connect                   37   stk_AA

A     rG         37   connect                   38   stk_AA

; 5’ loop strand

A     rU         33   connect                   32   stk_AA

A     rC         32   connect                   31   stk_AA

; Constraints section

ADJACENCY

1           4

CONSTRAINT

33         34       distance   O3’   P    1    3

GLOBAL

P        P         3.5

C1’     C1’      3.5

� ��;�L��`L��`q X 2`/,=�9�%,���_�l�"-SE ��a �k�#E ����-)�!�0���3/,���F�09$� �iac������/T�:90-@=�AR9$=`-@�"L

p ; (76�8 *+���  ',<���� ',< � (  ' � ��� ��R,IWTW_'%�IWZ�T IW^ � ZyK
_`YWZJTxzQ_`� ��_`TWV-R,aJZyK�zdRU_`T�T IWaJP�ZJwUzQ_`YWZ&�
p ; 8��
( ( ��8� ' �
( �R=J6�(�8  ' � ( � R�\xZ � � wUKQY�zQc�R]z@[ � ZyaJ_ #�ZJ[@zQcWZ��hwX[b_�zQ_�wXT wX�OzQcWZ ayILKbKQZJTxz

� �X� �
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T IWaJP`ZywUzQ_`YWZ
KbZJPSR]zQ_ vxZ"zQw�RUTWwUzQcWZyK����CZ � � wUKQYW[ a�RUT �hZ
adcWwX[bZJT2�SKQwX^ R��"_`YWZ
KdRUTWVXZ"wX�
�hwX[b[b_ ��_�P`_ zQ_`ZJ[ [�IWa�c-RU[�RUP`P�\�_`TWYW[ wX� ��RU[bZ*� ��RU_�KQ[ 4 � R]zb[bwXT���� KQ_`aQ\h���>w�wXVX[�zQZyZJT��UKQZyvxZyKb[bZ
�>w�wXVX[�zQZJZJT�� � w � ��P�ZU� IWT IW[bI�RUP ��RU[bZ���RU_�KQ[ P`_ \xZ�e6� � � ��RU[bZ/��RU_ KQ[ �
_ zQc#YW_32hZyKQZJTxz
T IW^ � ZyKQ[/wX� c �LYLKQwXVXZJT �hwXTWYW[J��	�	�	 ;Q�L[�zdRUTWY�R]KbY/']( �(wUK � ( �4cWZyP`_ ��� wUKQ^�[J��[�zdRUaQ\ �
_�TWVW��wUK"[b_�^ ��P`ZCaJwXTWTWZJayzb_`wXTW[ �hZyz �BZJZJT�z �Bw-RUY&� RUaJZJTxz ��RU[bZy[.�
p ; ���?= ������(�8�� � (76�8 *+���
 ',< � �NzQcWZ-T IW^ � ZyK�wX�BRUT�RUP�KbZ�RUY ��YWZ&#�TWZJY#T�IWayP`ZJwUzQ_�YWZ �"cW_`adc
zQcWZ~aJwXTWTWZJayzb_`wXT�� � IWTWa zQ_`wXT�KQZy� ZyKQ[
zQw#�
p ; 8��
( = � �GM5:  ' �
(�: * �9C �� ��R�[bZyz2wX�)�WKQZ � aJwX^ ��ILzbZJY)aywXTW� wUKQ^lR]zQ_�wXTW[lRUTWY zbKdRUTW[b� wUK �
^lR]zb_`wXTW[ �"cW_`adc%_�[ zQR]\xZJT �SKbwX^ R�Y�R]zdR ��RU[�Z9���/cW_`[ [bZyz,aJwX^ �WKQ_�[bZJ[ zQcWZ * RUP�P`w �BZJY�-
^�w9vxZJ^�ZyT zQ[@� wUK~zQcWZ,VX_ vxZJT5T IWaJP�ZJwUzQ_`YWZy[.���/cWZ * RUP`P�w �BZyY�-<^-wFvxZJ^-ZJT zb[@KQRUTWVXZ,�SKQwX^
R�[b_�^ ��P`Z * z � � Z � - �
cW_�a�c [�zdRUTWYW[ � wUK,R ��RU[bZ2_`T�� � 9 � ZyTWYWw�aJwXTW� wUKb^lR]zQ_`wXT�zQR]\xZJT
�SKQwX^ RUT �6�8'�( ��cWZJP`_ ��zQw-zbcWZD\xZ � �BwUKbY * [QRU^ ��P�Z �@- �"cW_`adc�KQZ5�WKQZy[bZJTxzQ[CR,zQwUzdRUP<wX�
�U��YW_32hZyKQZJTxz aJwXTW� wUKQ^�R]zQ_`wXTW[ RUTWY�zbKdRUTW[�� wUKQ^lR]zQ_�wXTW[.���/cWZ�zQwUzdRUPOT�IW^ � Z K,wX�/aJwXT��
� wUKQ^�R]zQ_`wXTW[ _`T1zQcWZ�Z*�WRU^ ��P`ZC_`["���U�L�@4 
 � � ; � �/cW_`[ [�zQZJ^-[
�SKQwX^ zQcWZ~aJwX^ ��_`T�R]zQ_�wXT
wX�p� �6� z � � ZCT�IWayP`ZJwUzQ_�YWZJ[<4!* z ���hZ � -`���CaJwXTW� wUKQ^lR]zb_`wXT�;ORUTWY � �6� z ���hZ@T�IWaJP�ZJwUzQ_�YWZJ[
[�zQRUad\xZyY�wFvxZ KNwUzQcWZyK��6� z � � Z���RU[bZJ[<4!* [�zb\ � � -`� ��aJwXTW� wUKQ^lR]zQ_�wXTW[ ; �

� cWZyKQZ�RU[3zQcWZ #WKQ[�z ��R]Kbz�wX�DzbcWZ5_`T���ILz #�P`Z5[�� ZJaJ_ #�ZJ[�zQcWZ�PSR]KQVXZJ[ z � wX[�[b_ ��P�Z
[bZJR]KQadcDzbKQZJZ � wUKpzQcWZ ��� �����
� KQIWT���zQcWZ�� wXP�P`w �
_�TWV
[bZJa zQ_`wXT 4 [�zdR]KbzQ_�TWV �"_�zQcC\xZ � � wUKQY
* � � ���>� M (�� �U- ;�KQZJYWIWaJZJ["zQcWZ�T IW^ � ZyK
wX� � wX[�[b_ ��P�Z�aJwXTW� wUKQ^�R]zQ_`wXTW[ [b_`VXTW_ #�a�RUTxzQP �
� ��_�T zbKbw�YWIWaJ_�TWV,RDT IW^ � ZyK wX�<aywXTW[�zbKdRU_�T zQ[5� �/cWZ * � � ���>� M (�� �U-X\xZ � �BwUKQY�KQZJ� Z KQ[
zQw zQcWZ :)� 9 �  �hwXTWYW[,_�T zQcWZ2^�wXP�ZJaJIWP�Z3RUTWY _`[ IW[bZyY �
cWZyT �5� � ���
� YWZyzQZyayzQ[,R
P�w�w9��� aywXTW[�zbKQIWayzb_`wXT 4 _ � Z9� �
cWZJT IWT���RU_�KQZyY ��RU[bZy[-R]KQZ2TWwUz�R]z zQcWZ2ZJTWY wX�"R [ zQZJ^��
��ILz �hZyz �BZJZJT ��RU_�KbZJY�KQZJVX_�wXTW[ ; �2� T�zbcWZ�VX_�vxZJT�Z ��RU^ ��P�Z,zQcW_�[DYW_`[�zQRUTWaJZ�^lR���v]R]K �
�hZyz �BZJZJT���RUTWY . ��>TWVX[�zbK��X^�[.� �>YWYW_`TWV�zQcWZ * � � ���@��M+(�� �U- � [bZJayzQ_�wXT�zQw%zbcWZ
_�T���ILz #�P`Z�KQZJYWIWaJZJ[�zbcWZ5T IW^ �hZyK�wX�DaywXTW� wUKQ^lR]zQ_�wXTW[3zQw%�/. ��� ��T�zQcWZ5� wXP�P`w �
_�TWV
* ��:�(����7'��N�!(@��- � [bZJa zQ_`wXT RUT#Z*��RU^%��P`Z-� wUK�R�P�w�a�RUP aJwXTW[�zbKQRU_`Txz a�RUT � Zl[bZJZyT�����z
_�[
[ �hZJaJ_ #�ZyY zbc�R]z"zQcWZ~YW_`[�zQRUTWaJZ � Z z � ZJZJT R]zQwX^�[ :)� 9 wX�:¡+���,RUTWY  wX� e+�/.�^ IW[�z
�hZ�PSR]KQVXZ K~zQc�RUT%� �� RUTWY�^ IW[�zDTWwUz�� Z�VUKbZ�R]zQZyK~zQc�RUT � ���� zbc�IW[�KbZJYWIWaJ_`TWV�zbcWZ
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T IW^ � ZyK wX� �hwX[b[b_ ��P`Z/aJwXTW� wUKQ^lR]zb_`wXTW[ zQw �U��� �/cWZ"P`RU[�z�[bZJayzb_`wXT�� PSR � ZyP`ZJY *�e 1�: � � 1 -
_�[N� wUKNYWZ&#�TW_ zQ_`wXT�wX� VXP�w ��RUP aywXTW[�zbKdRU_�T zQ["zQc�R]z>R]KQZCvURUP�_`Y�� wUK>RUP`P<T�IWaJP�ZJwUzQ_�YWZJ[>_`T�zbcWZ
^�wXP�ZJaJIWP�Z9�:��T-zQcWZ
Z ��RU^ ��P�Z"�SKQwX^ #�VXILKQZ6��� �CzbcW_`[�^-Z�RUTW[ zQc�R]z wXTWP ��aJwXTW� wUKb^lR]zQ_`wXTW[
_�T �"cW_`adc  RUTWY��
� 9 R]zQwX^�[DR]KQZlR]z P`ZJRU[�z���� � �� R&��R]K�z�R]KQZ2RUaJaJZ5�WzQR ��P`ZU� �"cW_`adc
KQZyYWIWaJZJ[
zQcWZCzQwUzdRUP�T IW^ � ZyK"zQw � 4 YW_32hZyKQZJTxz>VXZJwX^�Z zbKQ_`Zy[.�

�5� �����
� _`[ RCvxZ K � c�RUTWY �,zbw�wXP �"cW_`adc�_`[OIW[bZJ� IWP�� wUK+#�TWYW_�TWV<� wX[�[b_ ��P�Z"^�wXP�ZJa*�
IWP`R]K VXZJwX^�Z zbKQ_`Zy[ �"cWZJTlwXTWP ��zQcWZ
[�ZJaJwXTWY�R]K �-[�zbKQIWayzbILKQZ@RUTWYl[bwX^�Z"RUYWYW_�zQ_�wXT�RUPkY�R]zQR
R]KQZ�R9v]RU_`P`R ��P`Z9����wUK [b^lRUP`P�^-wXP`ZJaJIWP�ZJ[ _�z a�RUT�RUP�[bw �hZ�IW[bZyY�zQw-VXZyTWZyKdR]zQZ�R * �hw�wXPE-LwX�
[�zQR]KbzQ_`TWV
VXZJwX^�ZyzbKb_`ZJ[ �
cWZJT wXTWP �~zQcWZ�[bZJaJwXTWY�R]K ��[�zbKQIWa zQILKQZB_`[<\LTWw �
T����/cWZJ[bZB[ zdR]Kbz �
_�TWVDVXZJwX^�Zyz�KQ_`ZJ[�a�RUT,zQc�RUT � Z ^�_�TW_`^�_�HJZJY � �,R�� wUKQayZ]#�ZJP�Y �WKQwXVUKdRU^�RUTWY-zQcWZ�* �hZJ[�z -
VXZJwX^-ZyzbKQ_�ZJ[ 4 _`T zQZyKb^�[ wX�kZyTWZyKQV � ;<a�RUT�zQcWZJT � Z [bZJP�ZJayzQZJY,� wUKO� ILKbzQcWZyK w9�WzQ_`^-_`H�R]zQ_�wXT��

� }�� A fkq�. fkj�o�rWiFt fhq rks �Jrko��:sutuqp|

��� ���`� '
RUTWYW[�zbKQIWa z

��Zyz RUTWwUzQcWZyK � wX[b[b_ ��_`P�_�z �>zQw
w9�Wzb_`^�_�HJZ�^�wXP`ZJayIWPSR]K<VXZJwX^�Zyz�K �@_`[<aJwXTW� wUKQ^lR]zb_`wXT�RUP
[QRU^%��P`_`TWV#� �>Z KQZ Rl[b_`^ ��P�Z5* VUKbZJZJY ��- RUP`VXwUKQ_ zQcW^ 4 _ � Z&�>wXTWP ��aywXTW� wUKQ^lR]zQ_�wXTW[ �
_ zQc�R
P�w �BZ K~ZyTWZyKQV � zQc�RUT zQcWZ4�WKQZyvL_�wXIW[�R]KbZ,RUayaJZ5�WzQZJY�;"_`[CR&�#��P�_`ZJY zQw2KdRUTWYWwX^ adc�RUTWVXZJ[
wX�OzQcWZ,VXZywX^�ZyzbK � ��� cWZ��WKQwXVUKdRU^ � : (�<DC  �G6�8� 4 �SKbwX^ j9r�q�� wX^ �yiFjFn��Ui ILKQZ:; �"cW_`adc
R&�#��P�_`ZJ[�zQcWZJ[bZ/�WKQ_`TWaJ_ ��P`ZJ[�zQw zQcWZ�w9�WzQ_�^�_`HJR]zQ_`wXT#wX�"KQR]zQcWZyK�KQ_`VX_�Y%P`w�w9�%[ zbKQIWayzQILKbZJ[
�/RU[ �"KQ_ zbzQZJT � ��zQcWZ>RUILzQcWwUK RUTWYl[bc�RUP`P � Z
YWZJ[bayKQ_ � ZJY2_�T-zQcWZN� wXP�P`w �
_�TWV
��R]KdRUVUKdR&��c��

�/cWZ �WKQwXVUKdRU^ �P: (K<DC� �J678� RUayzQI�RUP�P �~aJwXTW[b_`[ zQ[�wX��z �Bw>^�RU_`T ^�w�YWIWP`ZJ[ � zQcWZBZyv]RUP �
I�R]zQ_�wXT�^�w�YWIWP`ZCRUTWY�zQcWZCVXZJwX^�Z zbK �lKdRUTWYWwX^�_�HJZyK�� �>[/zQcWZ~Z vURUP�I�R]zQ_`wXT3^�w�YWIWP�Z@zbcWZ
^�_�TW_`^�_�HJZyK84S* ^-_`TW^�Y�- ; wX� zQcWZ��+� � M ' .#� 0 � wUKQayZ #�ZJP`Y �/RU[
a�cWwX[�ZJT�RUTWY RUP`[bw-zbcWZ
VXZJwX^-ZyzbK �~� wUKQ^lR]z IW[bZJY _`TDzbcWZ �WKQwXVUKdRU^4aJwUKbKQZy[ � wXTWYW[:zQwNzbcWZ �+� � M ' Y�R]zQRN[�zbKQIWa*�
zQILKbZ9���/cWZ%��ILK �hwX[bZ-wX� �P: (K<DC� �J678� _�[Czbw�� ILKbzQcWZ K w9�WzQ_`^-_`HJZ ^�wXP�ZJaJIWP`Zy[CzQc�R]z��BZyKbZ
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RUP KQZ�RUY � zbKQZ�R]zbZJY �"_�zQc�[�zdRUTWY�R]KbY�w9�WzQ_`^-_`H�R]zQ_�wXT�zQZJadcWTW_'%�IWZJ[�wUK~� wUK�Z ��RU^ ��P�Z �"_�zbc
zQcWZ � KQZJ^�ZyKb^lRUTWT3^-ZyzQcWw�Y�� ��: (K<DC  �G6�8� RU[b[bIW^�ZJ[ zQc�R]z zQcWZ�^�wXP�ZJaJIWP�Z~aJwXTW[�_`[�zQ["wX�
RlKQ_`VX_�Y ��R]Kbz~RUTWY5RlaJZyK�zdRU_`T�T�IW^ �hZyKCwX� ��Z*�L_ ��P�Z ��RU[�ZJ[.�~� z@zbKQ_�ZJ[NzQw1w9�WzQ_`^-_`HJZ�zbcWZ
w9vxZyKdRUP�PLZJTWZyKQV � � � adc�RUTWVX_`TWV@zQcWZ/aJwXTW� wUKQ^lR]zQ_�wXT wX��zQcWZ ��Z*�L_ ��P`Z ��R]Kbz.�p��TW� wUKQ^lR]zQ_�wXT
R �hwXILzBzQcWZNKQZJ[ �hZJayzQ_ vxZ@[b_`HJZ>wX��zQcWZ ��R]Kbzb[/RUTWY1wUzbcWZyK/w9�WzQ_`^-_`H�R]zQ_�wXT ��R]KdRU^�Z zQZyKQ[BR]KbZ
[bI��#��P�_`ZJY�wXT1zQcWZ�aywX^�^lRUTWY1P`_`TWZ&�

�/z zbcWZ � ZyVX_`T�wX� RUT�w9�Wzb_`^�_�H�R]zQ_`wXT4�WKQw�aJZJ[b[ zQcWZ  ��� � #�P�ZU�xzQcWZ]#�P�Z
aJwXTxzdRU_`TW_�TWV
zQcWZ �BR]K�zQZJ[b_`RUT�aJw�wUKQYW_`T�R]zQZy[J��RUTWY�zQcWZ~zbw9� wXP`wXV �5#�P`Z�wX�<zQcWZ�^-wXP`ZJaJIWP�Z�R]KbZCKQZJRUY�_`T��
��KQwX^ zQcWZ  � � �,#�P`Z _`TW� wUKQ^�R]zQ_`wXT�aJwXTWayZyKQTW_`TWV1zQcWZ [bZ4%�IWZJTWaJZ,RUTWY�zQcWZ [b_�HJZ wX�OzbcWZ
^�wXP�ZJaJIWP�ZNR]KQZ
zQR]\xZJT �
cWZ KQZ�RU[�zQcWZNRUayzQI�RUP<� R]KbzQZy[b_SRUT�ayw�wUKQYW_�T�R]zQZJ[BR]KQZ"KQZ�RUYl�SKQwX^ R
[bZ*��R]KdR]zQZ #�P`Z RU[pzQcWZ�v]RUP`IWZJ[p_`T  ��� � #�P�ZJ[ �WKQw9vxZJY zQwNc�R�vxZ�zQw�wNP`_ zbzQP�Z RUaJaJILKQRUa � � �/cWZ
VXZJwX^-ZyzbK ��wX��zbcWZ ��Z*�W_ ��P`Z ��R]Kbz�_�[:zQcWZJT KQZJYWIWaJZJY�zQwNzQcWZ ��R]KQZ ��RUaQ\ �hwXTWZBaJwXTWTWZJayzb_`TWV
zQcWZOZJTWYW[ wX��zQcWZ ��Z*�W_ ��P`Z�KQZJVX_�wXT�� �"cW_`adc�aJRUT � Z�zbKQZJR]zQZJYDRU[ R/P`w�w9�CKQZJVX_�wXTB4 [bZJZ #�VXILKbZ
��� . ; �
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�/cWZ aJwXTW� wUKQ^lR]zb_`wXT�wX�:zQcW_�[ ��RUad\ � wXTWZ a�RUT � Z YWZy[bayKQ_ � ZJY�[b_`^%��P � � Z IW[b_�TWV �
zQwUKb[b_`wXT�RUP/RUTWVXP�ZJ[ VXwX_`TWV �SKQwX^ zQcWZ � 9 � ZJTWY%wX�/zQcWZ1P`w�w9�#KQZyVX_`wXT#zQw�_ zQ[ � 9 � ZJTWY�����T
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RUTWwUzQcWZ K aJwX^�^lRUTWY5P`_`TWZ,w9�WzQ_`wXT�zbcWZ�T�IW^ �hZyK � wX� zQwUKQ[�_`wXT�RUP RUTWVXP`ZJ[�zbc�R]z R]KQZ-zbw
�hZ1adc�RUTWVXZJY KdRUTWYWwX^�P ��a�RUT � Z2[ �hZJaJ_ #�ZJY����/cWZJT � wX�/zQcWZ � RUTWVXP�ZJ[ R]KQZ2adcWwX[bZJT
KdRUTWYWwX^-P ��RUTWY,RU[�[b_`VXTWZJY KdRUTWYWwX^4vURUP�IWZJ[J�xRU�SzQZyK �"cW_`adc zQcWZBP�w�w9� _`[paJP`wX[bZyY,RUVxRU_�T � �
RUTD_ zQZyKdR]zb_�vxZ��WKQw�aJZyYWILKQZ9���/cW_`[:� wXILK � [�zQZ5�4�WKbw�aJZJ[�[:_`[ [bcWw �"TD_�T@#�VXILKQZ ��� .#���%[�zQRUTWYW[
� wUK zQcWZ �hZJVX_`TWTW_�TWV@wX��zbcWZ ��Z*�W_ ��P`Z KQZyVX_`wXT wXTDzQcWZ � 9 � [b_`YWZBwX�WzQcWZB[ zQZJ^�����[�zQRUTWYW[ � wUK
zQcWZ<� 9 � ZJTWY�wX�pzQcWZ���Z*�W_ ��P`Z@KQZJVX_�wXT��kRUTWY��'[�zQRUTWYW[
� wUK
zbcWZ � ZyVX_`TWTW_`TWV,wX�pzQcWZCKQ_`VX_�Y
KQZyVX_`wXT�wXT�zQcWZ,� 9 � [b_�YWZlwX� zQcWZl[�zQZJ^ � �xzQZ*� � [�zdRUTWYW[ � wUK zbcWZ�[�zdR]Kbzb_`TWV�VXZJwX^�Z zbK �
_�TWaJP`IWYW_�TWV�RUP`P:R]zQwX^�[>_`T zQcWZ ^�wXP�ZJaJIWP`Z&�~��T�[ zQZ5��� RUP�P R]zQwX^�[>Z �WaJZ5�Wz@zQcWwX[�Z-RUP�wXTWV
zQcWZ ��RUaQ\ � wXTWZ>_`TlzQcWZ ��Z*�W_ ��P`ZNKQZJVX_�wXTlc�R9vxZ �hZJZJTlKQZJ^-wFvxZJY1RUTWYlzQcWZNaywXTW� wUKQ^lR]zQ_�wXT
wX�:zQcWZ ��RUad\ � wXTWZDc�RU[ � ZJZJT�adc�RUTWVXZJY�KdRUTWYWwX^-P � ����T�[�zQZ*�	�CzQcWZ���Z*�W_ ��P`Z�KQZyVX_`wXT�_�[
RUVxRU_�TDaJwXTWTWZJayzbZJY zQw
zQcWZOKQ_`VX_�Y�KQZJVX_�wXTW[ � �CzQcWZ � wXP�P`w �
_�TWV��WKQw�aJZJYWILKQZ �:[�zdR]Kbzb_`TWVN�SKQwX^
�hwX_`Txz
� zQcWZ-KQZy[�z wX� zQcWZ ��Z �W_ ��P�Z-KQZJVX_�wXT�_`[�KbwUzdR]zQZJY#R]KQwXIWTWY�zbcWZ � wXTWY � Z z � ZJZJT
R]zQwX^ � RUTWY�zQcWZ�� wXP�P`w �
_�TWV�R]zQwX^ _`T [bIWadc R
�/R��%zQc�R]z,zQcWZ�YW_`[ zdRUTWaJZ � Z z � ZJZJT
�hwX_`TxzQ[��+RUTWY��(_�[�^�_�TW_`^�_�HJZJY �XzQcWZJT-zbcW_`[ �WKbw�aJZJ[�[�_`[OKQZ5�hZ�R]zQZJY�� wUK zQcWZ
TWZ �Lz �hwXTWY
RUP�wXTWV zbcWZ ��RUad\ � wXTWZ@IWTxzQ_`PhzbcWZCYW_�[�zdRUTWaJZ �hZyz �BZJZJT/� wX_�T zQ[��RUTWY���_`[BP�w �BZ KBzQc�RUT
R)�WKQZyv�_`wXIW[bP �DYWZ&#�TWZyY,v]RUP`IWZ9� �xzbZ5����#�T�RUP`P �D[bcWw �"[�zbcWZ TWZ �~� w9�Wzb_`^�_�HJZJY [�zbKbIWayzQILKQZ �
_�T3zQcWZC_`YWZ�RUP a�RU[�Z~zQcW_�[ [ zbKQIWayzQILKbZ�c�RU[
P�w � ZyK
ZyTWZyKQV �2zQc�RUT3zbcWZ~[�zQR]KbzQ_`TWV�VXZJwX^�Z zbK �x�
IW[bI�RUP�P �2zQcW_�["KQZJ[�IWP�zQ[ _`T�R�^�wUKQZ@aJwX^ ��RUa z
[�z�KQIWayzQILKQZ&�

� _�VXILKQZ ��� �/[�cWw �"[ R ��w �Badc�R]KbzpwX��zQcWZ �WKQwXVUKdRU^ �P: (K<DC  �G6�8� � �/z zQcWZ �hZJVX_`TWTW_�TWV
R1[�zdR]KbzQ_�TWV3VXZywX^�ZyzbK ��RUTWY�vUR]Kb_`wXIW[CaJwX^�^lRUTWY P`_�TWZ,w9�Wzb_`wXTW[~R]KQZ�KbZ�RUY5_�T�RUTWY�zbcWZ
ZJTWZ KQV �2wX�<zbcWZ~[�zQR]KbzQ_`TWV VXZJwX^-ZyzbK �-_`[/a�RUP`ayIWPSR]zQZJY�� ��T3zbcWZCTWZ �Lz/[�zQZ*��zQcWZ@VXZJwX^�Z zbK �
_�[
KdRUTWYWwX^�_�HJZJY�� wXP�P`w �
_�TWV-zQcWZ<�WKQw�aJZJYWILKQZ YWZy[bayKQ_ � ZJY�R � w9vxZ RUTWY RUT�w9�Wzb_`^�_�H�R]zQ_`wXT
_�[ [�zdR]KbzQZyY,IW[b_�TWVCR>vxZ K � [b^lRUP�P�T IW^ � ZyK�wX��_�zQZ KdR]zQ_`wXTW[ 4 _`T zQcWZBKdRUTWVXZBwX� � 0 0 zQw � 0 0 ; �
:
TWP ��_�� zQcWZ ZJTWZyKQV ��RU�SzQZyK>zQcW_�[>[bcWwUKbz@^�_�TW_`^�_�H�R]zQ_�wXT3_�[>P`w �BZyK>zQc�RUT RlVX_�vxZyT�vURUP�IWZ
4 RUP�[bw�[bI��#��P`_�ZJY�vL_`R aJwX^�^lRUTWY2P`_�TWZ �W_`T #�VXILKQZ
��� �DzQcW_`[Bv]RUP`IWZC_`[ 0 � 0 ;�w9�Wzb_`^�_�H�R]zQ_`wXT
_�[
aJwXTxzQ_`T IWZJY IWTxzQ_`P aJwXTxvxZyKQVXZJTWayZ9� � cWZ~ZJTWZyKQV ��RU�SzQZyK
zbcWZJ[bZD� Z �4c IWTWYLKQZJYW[>wX�:_ zQZyK �
R]zQ_�wXTW[~_�[~IW[�ZJY#RU[�R1ayKQIWYWZ,ZJ[�zQ_�^lR]zQZ�� wUK~zQcWZ�^�_�TW_`^ IW^ ZJTWZyKQV � �:Z*��� ZyKQ_�ZJTWaJZ,c�RU[
[bcWw �"T�zQc�R]z�_���zQcWZ�zQwUzdRUP ZJTWZyKbV ��RU�SzQZ KDR�� Z �0c IWTWYLKQZJY#[�zbZ5��[�wX� w9�Wzb_`^�_�H�R]zQ_`wXT _�[

� . 0{�
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change loop geometry

close loop again

optimize new geometry

for n steps (e.g. n = 100)

energy = Etest

if Etest < 0.0

if Em < Ebest

read starting geometry

calculate energy = E0

Ebest = E0

m = 0

complete optimization

energy = Em

m = m + 1

if m > Mtot

end program run

yes

no

yes

yes

no

no
write out new best energy

write out new best geometry

Ebest = Em

� ��;�L��`L���q � ���8��AD*,�B-09S�"�U9$*��#/,-$�";�-@�"� ����� � � 
 � �� 
sL

TWwUzCR]z>P�Z�RU[�z>P�w � ZyK>zQc�RUT 0 � 0 \xaJRUP �F^�wXP zQcWZDIWTWYWZyKbP �L_�TWV2[�zbKQIWayzbILKQZ _`[NIW[bI�RUP�P ��TWwUz
RZ* KQZ�RUP�_`[�zQ_�a/-x^�w�YWZyP�� wUK '�( ��^�wXP�ZJaJIWP�ZJ[�4 _�T-^�wX[ z�a�RU[�ZJ[ zQcWZJ[bZ
a�RUP`aJIWP`R]zQ_`wXTW[ �BwXT�- z

� .W� �
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aJwXTxvxZyKQVXZ,R]zCRUP`P ;/[bw2zQc�R]z>zQcW_`[@ZJ[ zQ_`^lR]zbZ _`[CRlaJwXT vxZyTW_`ZJTxz �/R���zQw1[QR�vxZ aJwX^ ��ILzdR��
zQ_�wXT�RUP Z 2 wUK�z�� � cWZJT5zQcWZ w9�WzQ_�^�_`H�R]zb_`wXT c�RU[@aJwXT vxZ KQVXZJY5zQcWZ KQZJ[�IWP�zQ_�TWV3^�_�TW_`^ IW^
ZJTWZ KQV �5_�[~aywX^ ��R]KQZJY�zQw1zbcWZ-ZJTWZyKbV ��wX�OzQcWZ-[ zdR]KbzQ_�TWV3aJwXTW� wUKb^lR]zQ_`wXT �<zQcWZ�VXZJwX^�Z*�
zbK �2aJwUKbKQZJ[�� wXTWYW_`TWV,zQw�zbcWZ~P�w �BZ K"ZyTWZyKQV �1_`[/zdR]\xZJT3RU["[ zdR]KbzQ_�TWV��hwX_`Txz
� wUK zQcWZ@TWZ*��z
KdRUTWYWwX^-_`HJ_�TWV3KQIWT��-� cWZ �WKQwXVUKdRU^�ZJTWYW[ RU�SzQZ K R3VX_ vxZJT5T IW^ � ZyK�wX��KQIWTW[J� �"Kb_�zQ_�TWV
wXILz zbcWZ � ZJ[ zBZJTWZyKQV ��RUTWY�zQcWZNw9�WzQ_�^�_`HyZJY�VXZJwX^�Z zbK � �:M���� Z KQ_`ZJTWayZNc�RU[ [bcWw �
TlzQc�R]z
zQcWZ � ZJ[ z�IW[bZ,wX� zQcW_�[ �WKbwXVUKdRU^�P`_`Zy[~_�T�zQcWZU#�T�RUPOw9�Wzb_`^�_�H�R]zQ_`wXT [�zQR]KbzQ_`TWV1�SKQwX^ RUP �
KQZJRUY � �WKQZ*� w9�WzQ_`^�_�HJZJY�[�z�KQIWayzQILKQZy[.�>�/cWZ _`^ �WKQw9vxZJ^�ZyT z
_`T ZJTWZyKQV ��� wUK@[b^lRUP�P ']( �
^�wXP�ZJaJIWP�ZJ[�_`[OIW[bI�RUP`P � _`T zQcWZ KQRUTWVXZ"wX� �)� � 0�� wX��zQcWZ zbwUzdRUPLZJTWZyKbV �x��^�wX[ z�wX� �"cW_`adc
_�[
VxRU_`TWZyY � �3� wUKb^lR]zQ_`wXT1wX�:^�wUKbZCaywX^ ��RUayz"[�zbKQIWayzbILKQZJ[.�

��� ��� 4 '
RUTWYWP`w�w9�

�>T ZyvxZyT [b_`^ ��P�ZyK2R&�#�WKQwxRUadc zQw�_�T vxZy[�zQ_`VxR]zbZ�zQcWZ�VXZJwX^-ZyzbK � wX�>[b^lRUP�P�']( �
^�wXP�ZJaJIWP�ZJ[ORUTWY-ZJ[ �hZJaJ_`RUP`P � P�w�w9��KQZJVX_�wXTW[ _�[O^�RUYWZ � � zQcWZ;�WKQwXVUKdRU^ � : (K<�*+� ��F 4 �SKQwX^
j9r�q�� wX^ s f�f � ; � �/cWZ"vxZ K � ��RU[�_`a/KQZ4%�IW_ KQZJ^�ZyT z�� wUK�zQcWZ � wUKQ^lR]zQ_�wXT-wX�hR�P`w�w9��_`T-RUT
']( ��^�wXP�ZJaJIWP�ZN_`[BzQc�R]zBzQcWZ ��RUaQ\ �hwXTWZ@wX�<zQcWZ>P�w�w9�2KQZJVX_�wXT3_�[/R ��P`Z>zQw aJwXTWTWZJa z zbcWZ
� 9 �@RUTWY0� 9 � [b_�YWZJ[ wX� zQcWZ-[ zQZJ^��<KQZJ[ �hZJayzQ_ vxZJP � �1�/cW_`[�[�_�zQI�R]zQ_�wXT�_`[�[bcWw �"T�_`T #�VXILKbZ
��� ���

a

A B

5’ 3’
b

CA

3’5’

c

CA

3’5’

, C

B’’
B’

B

� ��;�L��`L��`q EH�"��� A =����#-$�R/�-$�8�0� 2g9@�B9$���725��2T9$*��#/,-$�";�-@�"� ����� �������
	1L

� . 4��
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 wX_�T zQ[ � RUTWY�� R]KQZ�zQcWZ�ZJTWY)RUTWY zQcWZ � ZJVX_�TWTW_`TWV#wX�>zQcWZ ��RU_�KQZyY KbZJVX_`wXT��
KQZy[ � ZJa zQ_�vxZJP �x�WRUTWY1a�RUT �hZ@aJwXTW[b_`YWZ KQZJY�RU[Bz �Bw4� wX_�T zb[B_`T2zQcLKQZJZ*� YW_`^�ZyTW[b_`wXT�RUP [���RUaJZ
R]z�R�VX_�vxZyT5YW_`[ zdRUTWaJZ9�-�pw��uRUaJ_�P`_ zdR]zQZ,R3P`w�w9��aJP�wX[bILKQZ�zQcWZ ��RUaQ\ �hwXTWZ-^ IW[�z~� wUKQ^ R
[bZ KQ_`ZJ[�wX��vxZJayzQwUKb[ ZJTWYW_`TWVC_`T4� wX_�T z � zQc�R]z�aJwXTWTWZyayzQ[�� �
_ zQc��)�9��wUK:zQcWZ ��ILK �hwX[bZ/wX�
zQcW_�[7�WKbwXVUKdRU^ zQcWZCKb_`VX_`Y2KQZJVX_�wXT�wX�<zQcWZ�^�wXP�ZJaJIWP�ZCaJRUT � Z@KQZJYWIWayZJY�zQw z � w%��R]KdRUP�P`ZJP
vxZJa zQwUKQ[�R]z�R�VX_ vxZJT#YW_`[�zQRUTWaJZ 4 [bZJZ #�VXILKQZ/��� � ��; �5� cW_�[�[ zQZJ^ YW_`[ zdRUTWaJZ1RUTWY zbcWZ
T IW^ � ZyKOwX��aJwXTWTWZJayzQ_�TWV��hwXTWYW[ �hZyz �BZJZJT%� RUTWY � R]KQZ ��R]KdRU^�Z zQZyKQ[ wX��zQcWZ �WKQwXVUKdRU^
RU[ � ZJP`PpRU["zQcWZ �hwXTWY P`ZJTWVUzQc�RUTWY�zQcWZ�v]RUP`ZJTWaJZ RUTWVXP�ZJ[ �hZyz �BZJZJT�zQcWZ �hwXTWYW[.� � wUzbc
�hwXTWY-P`ZyTWVUzQc�RUTWY�v]RUP`ZJTWayZ
RUTWVXP�ZJ[�a�RUT,Zy_�zQcWZyK �hZ zQcWZ/[QRU^�ZB� wUK RUP`P �hwXTWYW[ wUK�aJRUT �hZ
YWZ&#�TWZyY3_�TWYW_�vL_�YWI�RUP`P �-� wUK/Z�RUadc � wXTWY�zbw � Z@R ��P`Z"zQw _`TWaJP�IWYWZ * ��_�w�adcWZJ^�_�a�RUP,-Xv]RUP`IWZJ[.�
�NKQwXIWTWY2zQcWZ>zdR]KQVXZ z 4��E;OR [ ��cWZ KQZ��"_�zbc3R aJZ KbzdRU_`T * RUaJaJZ5�WzdRUTWayZCKdRUYW_�IW[4-�4 [�cWw �"T3_�T
#�VXILKQZ ��� �2a-RU[~R3YWwUz�zQZJY5ay_�KQaJP�Z:; _`[CYWZ&#�TWZJY��:[�_`TWaJZ zQcWZ�a�c�RUTWayZ-zQw1cW_�z �(Z*��RUa zQP �
�"_�zQc�R3KdRUTWYWwX^ [�Zyz wX��vxZJa zQwUKQ[D_�[�_`T�#�TW_ zQZJ[b_�^lRUP�[b^lRUP�P �l�/cWZ�[b_�HJZ�wX� zQcW_�[~KdRUYW_�IW[
_�[~RUVxRU_�T5R���R]KdRU^-ZyzQZyKCwX��zQcWZ ^�ZyzQcWw�Y��~¡>[b_�TWV1KQRUTWYWwX^ vURUP�IWZJ[~� wUK@zQcWZ zQwUKb[b_`wXT�RUP
RUTWVXP�ZJ[ R~vxZyayzQwUK [ zdR]KbzQ_�TWV��SKQwX^ ��_�[�aJwXTW[�z�KQIWayzQZJY������hzQcWZ"ZJTWY�� wX_�T z�wX�hzQcW_`[�vxZJayzbwUK
4 � 9 wUK � 9 9 _`T #�VXILKQZ<��� ��a:;�P�_`ZJ["_`T1zQcWZDRUaJayZ5�WzdRUTWaJZD[���cWZyKQZ�zQcWZCvxZJayzQwUK
_`[ aJwXIWTxzQZJY
RU[-R5[bwXP`ILzb_`wXT�RUTWY zQcWZ�aJwUK�KQZJ[ �hwXTWYW_`TWV�zQwUKQ[�_`wXT�RUP RUTWVXP`ZJ[-R]KQZ�[ zQwUKQZJY��%��T #�VXILKbZ
��� � 4 a:;�RUT2RUaJayZ5�WzQZJY1[bwXP`ILzb_`wXT?4 ZJTWYW_�TWV _`T � 9 ; RUTWY3RDTWwUzBRUaJaJZ5�WzQZyY1vxZJa zQwUK#4 ZJTWYW_�TWV
_�T � 9 9 ;-R]KQZ�[bcWw �"T���� cWZ �WKQwXVUKdRU^ �P: (K<�*+� �GF �BRU[�^lRUYWZ zQw�VXZyz�RUT�w9vxZyKbvL_�Z �
w9vxZyKDzQcWZ � wX[b[�_ ��P`Z,KdRUTWVXZ�wX��zQwUKb[b_`wXT�RUP RUTWVXP`ZJ[�RUTWY�zQw�[bZyZ �
cWZ zQcWZyKDzQcWZy[bZlRUTWVXP`Zy[
R]KQZ�KbZJ[�zbKQ_�ayzQZJY�_�T�vxZyK �5aJwXT�#�TWZJY [ �L[�zbZJ^�[ � �5zQcWZ,KQZ4%�IW_ KQZJ^�ZyT z wX�/P�w�w9��aJP�wX[bILKQZ9�
�/cWZ4�WKQwXVUKdRU^ ZyTWYW[~RU�SzbZyKCRlVX_�vxZJT�T IW^ � ZyKCwX� zbKQ_�ZJ[>RUTWY �"Kb_�zQZJ[>wXILz>zbcWZ T�IW^ � Z K
wX� [�IWaJaJZJ[b[�� IWP vxZJayzbwUKQ[J� RUTWY5zQcWZ�YW_`[�zbKb_ ��ILzQ_�wXT5wX� Z�RUadc5zbwUKQ[b_`wXT�w9vxZyK~zbcWZ,KdRUTWVXZ�wX�
�hwX[b[b_ ��P�ZDRUTWVXP�ZJ[.�

� . � �



� �	�V
��J�����������	��
P���7������� � ���	�

� � �����#�!� �� ������ � � ��� �	�"�!����&#�

�<}-, 7Jq iFj9f%�:n��UiFt fhq

�pZ zbKdRUP`w�w9��[>R]KQZ wXTWZDv]R]KQ_SR]zb_`wXT�wX� zQcWZ [�zbKQIWa zQILKdRUP:^�wUzb_`� wX�ORlc�RU_�K ��_�T�� �@RU_�K �
��_�TW[��"_�zbc�� wXILK���RU[bZy[~_�T zbcWZ�P�w�w9��R]KQZ � ���uR]K@zQcWZ ^�wX[�zNaJwX^�^�wXT�z ���hZ wX� [ zQZJ^%�
P�w�w9��[�zbKQIWa zQILKQZJ[.�  c ��P`wXVXZJTWZyzb_`aD[�zbIWYW_`ZJ[@[bcWw �BZJY�zQc�R]z>_`T�KQ_ � wX[bwX^�RUP ']( �'zbZyzbKdR��
T IWaJP`ZywUzQ_`YWZ�P`w�w9��[>aJwXTW[�zQ_ zQILzQZ � � � wX��RUP�P:c�RU_�K ��_`TW[ 2 � 0 0 3 2 � 0 �43 ��� wUKQ^�_�TWV1R2cW_�VXcWP �
aJwXTW[�ZyKbvxZJY�KbZJVX_`wXT��O�/cWZCv]RU[�z ^lR&��wUKQ_�z �-wX�<zQZ zbKdRUP`w�w9��[/_`[/aJw9vxZyKQZJY � �1R vxZyK �2[b^�RUP`P
T IW^ � ZyK~wX� [�Z4%�IWZJTWayZJ[J� RU^�wXTWV �
cW_�adc e�� � � � ¡>¡�� e�RUTWY �/zQw1R1P�ZJ[b[bZyKCYWZJVUKbZJZ
�D��¡>¡�e�R]KbZ-zQcWZ�^�wX[ z��WKQwX^�_�TWZJT z.� e~� � �6�>RUTWY ¡>¡�� e6�b� wUK ^�wUKQZ,VXZJTWZyKdRUP�P �
e ( '6�6�/RUTWY�¡ (��"e��#4,(�[�zdRUTWYW[N� wUK@RUT � ��RU[bZ RUTWY '4� wUK@R%��ILKQ_�TWZ ��RU[bZU�kZJ_�zQcWZ K
e+wUK)�<; P�w�w9��[ zQwXVXZyzQcWZyK
^lR]\xZ�I�� � 0 � wX��RUP�P zbZyzbKdRUP�w�w9��[
_�T��9���lK ']( �4� �)��R]Kbz
�SKQwX^ zQcWZ1P`w�w9�%[�Z4%�IWZJTWayZ3zQcWZ1aJP`wX[�_`TWV ��RU_ K�[bZJZJ^�[,RUP`[�w�zQw � Z1_`^%� wUKbzdRUTxz��O[b_`TWayZ
^�wX[ z wX��zQcWZ
aywXTW[bZyKbvxZJY1� ¡>¡�e)P`w�w9��[ zQZJTWY-zQw~c�R9vxZ"R e����0��RU_ K R]zOzQcWZ ZJTWY�wX�kzbcWZ
[�zbZJ^�� �"cWZyKQZJRU[N_`T�zQcWZ�a�RU[bZ wX� ¡>¡�� e+P�w�w9��[
zQcWZ�aJP`wX[b_�TWV ��RU_�K
zQZJTWYW[NzQw �hZ,� ��e4�
�/cWZ�[bZ&%�IWZJTWaJZ�wX�O��4 ¡>¡��"e8;�e�[bZJZJ^-[ zQw � Z ��R]KbzQ_`ayIWPSR]KQP �2[�zdR ��P`Z 2 � 0 4 3 2 � 0 �N3 �

�/cLKQZJZ,_`TxzQZyKbKQZyPSR]zQZJY��uRUa zQwUKQ[
�hwUzQZJTxzQ_SRUP�P � _�T ��IWZJTWaJZ�zQcWZ,[bZ4%�IWZyTWaJZlwX�BR3P�w�w9� �
zQcWZ ��c �L[b_�a�RUPW[�zdR ��_�P`_ z �DwX��zQcWZ/c�RU_ K ��_`T�[�zbKQIWa zQILKQZ"RU[O[�IWa�c�� _`TxzQZyKQRUayzQ_`wXTW[�wX��zQcWZ/P`w�w9�
�"_�zQc wUzQcWZ K ��R]KbzQ[@wX� zQcWZ4'�( �'^�wXP�ZJaJIWP`Z 4 wUK>wUzQcWZyKC^�wXP�ZJaJIWP`Zy[ ;Q� RUTWY zQcWZ YWZJVUKbZJZ
wX� [bZJP�ZJayzQ_ vxZ6�WKQZJ[�[bILKQZCRU[b[bw�aJ_SR]zQZyY �
_ zQc2RDVX_�vxZJTl[�Z4%�IWZJTWayZ 2 � 0 0 3 ���/cWZyKQZy� wUKQZ@_�z �BRU[
aJwXTWayP`IWYWZJY%zbc�R]z zQcWZlP`w�w9� [�Z4%�IWZJTWayZJ[-^�ZyT zQ_�wXTWZJY R � w9vxZ2YWw�TWwUz�wXTWP � � wX[b[�ZJ[b[,R
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cW_�VXc zQcWZ KQ^�w�Y ��T�RU^�_`a,[�zdR ��_�P`_�z � ��ILz-RUP�[bw�RUT#_`^ �hwUKbzdRUTxz ��_`w�a�cWZy^�_`a�RUP�� IWTWayzQ_`wXT��
¡ (�� e6� P`w�w9��[�R]KQZ6�WKQZy[bIW^�ZJYlzQw �hZNT IWaJP`Z�R]zb_`wXTl[b_ zQZJ[ � wUK '�( ��� wXP`YW_�TWV RUTWY�zQw RUayz
RU[~R��WKbwUzQZJ_`T�KQZJaJwXVXTW_ zQ_`wXT�[b_ zQZU� �
cWZyKbZ�RU[ e ( '6�6� P`w�w9��[~R]KQZ zQcWwXIWVXcxz~zbw3� IWTWayzb_`wXT
RU[ * RUTWadcWwUKQ[4-/YWILKQ_�TWV zQZ KbzQ_SR]K � � wXP`YW_`TWV#�+� z �/RU[1[bIWVXVXZJ[�zQZyY 2 � 0 ./3 2 � 0 �D3
zbc�R]z1zbcWZ
P`RU[�z
z �Bw ��RU[bZy[NwX��R1e ( '��.P`w�w9��a�RUT�aJwXTxzdRUayz"z � wlaJwXTW[bZJaJILzb_�vxZ<��ILKQ_�TWZ ��RU[bZJ[N_�T
zQcWZ�^�_�TWwUK~VUKbw�w9vxZ,wX��RUT �6�8']( �0cWZyP`_ � ��zQc�IW[~� wUKQ^�_�TWV�R,��[bZJIWYWwU\�TWwUz��%�/z~P`Z�RU[�z
z �Bw�_�TW[�zdRUTWaJZJ[lwX�"zQcW_`[ �hZJc�R�vL_`wUK-Z*�W_�[�zl_�T%zQcWZ�aJwXTW[�ZyKbvxZJY aJwUKQZ�wX�>VUKQwXI�� ��[bZJP`� �
[ ��P�_`aJ_�TWV�_`TxzbKQwXTW[ 2 � 0 ./3 ���xRUZJVXZyK�Zyz RUP � 2 � 0 �N3!��I ��P�_`[bcWZyY#R�[bZyKQ_�ZJ[DwX� Z ��� Z KQ_`^�ZyT zQ[
zQc�R]z~[bI��#�hwUKbz�zQcW_�[�^�w�YWZJP � wUK R�e>¡�e)�6� P`w�w9��_�T�R3[�ZJP`� � [ ��P`_�aJ_`TWV�VUKQwXI����@_`TxzbKQwXT��
'"ZJaJZJTxzQP �,R@^�w�YWZyP�� wUK�zQcWZ/_`TxzQZyKdRUa zQ_`wXT � Zyz �BZyZJTlR�e � � �6� P`w�w9�,RUTWY,R ']( �6� cWZJP�_ �
�/RU[7��I ��P`_�[bcWZJY 2 � 0 � 3 �

� vxZ K �5_�^ � wUK�zdRUT z~�uRUayzQwUKD� wUK � wUzQc�zbcWZ�cW_`VXc�[ zdR ��_`P�_�z ��RUTWY�zbcWZ ��_`w�a�cWZy^�_ �
a�RUPO� IWTWayzQ_�wXTW[ wX��zQZyz�KdRUP`w�w9��[�R]KQZ,wX�BaJwXILKQ[bZ,zQcWZJ_�K~zQcLKQZJZ � YW_`^-ZJTW[b_`wXT�RUPO[�zbKbIWayzQILKQZJ[5�
M���� Z KQ_`^�ZyT zdRUP�_`TxvxZJ[�zQ_�VxR]zQ_`wXTW[ aJwXTWayZJT z�KdR]zQZJY,^lRU_`TWP �DwXT zQcWZ"P�w�w9��[bZ4%�IWZJTWaJZJ[ ^�ZJT��
zQ_�wXTWZJY R � w9vxZ9����wX[�z�R�v]RU_`PSR ��P�Z�[�zbIWYW_`ZJ[ R]KbZBRNaJwX^ ��_`T�R]zQ_�wXTDwX� (+� '7� ^�ZyzQcWw�YW[ RUTWY
YW_�[�zdRUTWaJZ@VXZJwX^�Z zbK �,a�RUP`aJIWP`R]zQ_`wXTW[5�OM���RU^ ��P�ZJ[ a�RUT �hZC� wXIWTWY1_`T 2 � 0 3 � 2 .0./3 ��wUK 2 � 0 �N3
� wUK zQcWZN¡>¡�� e�RUTWY,zQcWZN¡>¡>¡�e)P`w�w9��[J� KbZJ[ � ZyayzQ_�vxZyP �x��RUTWY�_`T 2 .x�N3�� wUK�zQcWZ@e ( '6�6�
P�w�w9��[.� �/cWZ ��� KdR���[�z�KQIWayzQILKQZBwX�WzQcWZ�c�RU^�^�ZyKQcWZJRUY�KQ_ �hwXH �L^-Z ��I ��P`_�[bcWZJY � �  P�Z ��Z z
RUP � 2 . 0 3 RUP`[�w,aJwXTxzdRU_�TW["R�e � � �6� P`w�w9� � �/cWwXIWVXc2zQcWZ~[�Z4%�IWZJTWayZJ[
wX� zQcWZ>zQZyzbKQRUP`w�w9��[
[�zbIWYW_`ZJY R]KQZ %�IW_�zQZ�YW_ 2 ZyKbZJT zJ�:zQcWZ ��c�R�vxZl[bwX^�Z,[�zbKQIWa zQILKdRUP � Z�R]zbILKQZJ[ _`T�aywX^�^�wXT �
zQcWZ,^�wX[�z+�WKQwX^�_�TWZJTxz �hZJ_`TWV�zbcWZ-� wUKQ^lR]zb_`wXT�wX� RUT�RUYWYW_ zQ_`wXT�RUP ��RU[bZ ��RU_�K@4 _`� � ZyK �
^�_ zbzQZJY � ��zQcWZ,P`w�w9��[bZ4%�IWZyTWaJZ:; �"cW_`adc�_`[C[�zdRUaQ\xZJY�wXT�zQw9��wX��zQcWZ,[�zQZJ^�� zQcWZyKbZ � �
KQZyYWIWaJ_`TWV zQcWZ>RUayzbI�RUPhP`w�w9�l[b_�HJZNzQw P`ZyTWVUzQc�z �Bw#�O� cW_�[�\L_�TWYlwX� �hZJc�R�vL_`wUK �/RU[ � wXIWTWY
� wUK1zQcWZ�¡ (��"e���RU[ �BZyP`PCRU[1zbcWZ#e ( '6�6� P�w�w9��[.�.M����hZyKQ_`^-ZJT zQRUPN_`TxvxZJ[�zQ_�VxR]zQ_`wXTW[
�~^�wX[�zbP � 4 � �9(+� '�^�Z�RU[�ILKQZJ^�ZJTxzQ[���R]KQZ2wX�SzQZJT vxZyK ��zQ_�^�Z2aJwXTW[bIW^�_�TWV5RU[ zQcWZ �
�uRUaJZ aywXTW[b_`YWZyKQR ��P`Z YW_��-aJIWP�zb_`ZJ[N_�T�zQcWZDaJwUK�KQZJayzCRU[b[�_`VXTW^�ZJTxzNwX� (+� ';� [b_�VXT�RUP`[>wUKN_�T
Z*�LaJP`IWYW_�TWV3zQcWZ�� wX[�[b_ ��_�P`_�z � wX� YW_`^�ZyKb_`H�R]zQ_�wXT � ZJa�RUIW[�Z-wX� zbcWZ,aJwX^%��R]KdR]zQ_�vxZyP ��cW_�VXc
aJwXTWayZJT z�KdR]zQ_`wXTW[>TWZyZJYWZJY�� wUK (+� '7� Z ��� Z KQ_`^�ZyT zQ[5���>T RUP zQZyKQT�R]zQ_ vxZ�_�[Nw12 ZyKbZJY � ��R

� . � �
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��ILKQZ aJwX^ ��ILzQR]zQ_`wXT�RUP�R&�#�WKQwxRUadc���ZyvxZyT,^�wUKbZB[bwW� � ZJaJRUIW[bZ"^-wX[�z zQZyzbKQRUP`w�w9��[ �WKbZJ[bZJTxz
R1[ �L[�zbZJ^ �"_�zbc %�IW_ zQZ�[bZyvxZyKQZ,[�zQZyKb_`a-aywXTW[�zbKdRU_�T zQ[Ca�RUIW[bZyY � ��zQcWZ,RUYWYW_�zQ_�wXT�RUP ��RU[�Z
��RU_ Kl_`T�zQcWZ�P`w�w9� � �/cWZ #WKQ[�zl_�T vxZy[�zQ_`VxR]zb_`wXT�wX� ']( � zQcLKQZJZ*� YW_`^�ZyTW[b_`wXT�RUP"[�zbKQIWa*�
zQILKbZ3R]z,R]zQwX^-_`a-P�ZyvxZJP �"_�zQcWwXILz IW[�_`TWV�Z*���hZyKQ_`^-ZJT zQRUP Y�R]zdR �/RU[ YWwXTWZ � �0�~R&� R9v]R
RUTWY '-�ILzQZyK � RUTW[ 2 � 0 � 3 �O� cWZ �2_�T vxZy[�zQ_`VxR]zbZJY3zQcWZCaJwXTW� wUKQ^�R]zQ_`wXTW[BwX�<zQcWZ,�9�4� wX[�[b_ ��P�Z
(>¡>¡ (�zbZyzbKdRUP�w�w9��[ zbwDZ*��RU^-_`TWZ/zQcWZN[�zbKbIWayzQILKQZ>wX�hzbcWZ@* TWZ �$- ��RU_ K _�T�zQcWZNP`w�w9� �!�kwUK
^�wX[ z/wX�<zQcWZ>zQZ zbKdRUP`w�w9��[B_`T %�IWZJ[ zQ_`wXTlzQcWZ@^�wXP�ZJaJIWPSR]K/^-w�YWZJP�_`TWV R&�#�WKQwxRUadc ��_`ZJP�YW[ R
� Z �4ZJTWZ KQVXZyzQ_�a�RUP Z4%�IW_ vURUP�ZJT z�� � � [ zbKQIWayzQILKbZJ[J��[bw,zQc�R]z"R * �uRU^�_�P ��-�wX�paJwXTW� wUKb^lR]zQ_`wXTW[
_�[
w �WzdRU_�TWZJY3KdR]zbcWZyK
zQc�RUT�R,IWTW_ %�IWZ�^-_`TW_`^ IW^ ZyTWZyKQV �3VXZJwX^�ZyzbK � �

��wUK zQcWZ>aJwXTW� wUKb^lR]zQ_`wXT�RUPhRUT�RUP ��[b_`[ wX��zQcW_�[B[�zQIWY �2R aJwX^%��ILzdR]zQ_`wXT�RUPkR&�#�WKQwxRUadc
�/RU[�a�cWwX[�ZJT�zQw�Z*�WRU^�_`TWZ zQcWZ-[ zbKQIWayzQILKbZ2RUTWY�[�zdR ��_`P�_�z ��wX��zQcWZ3e ( '6�6� P`w�w9��[�RUTWY
zQcWZy_�K<� ��Kb_`^�_�YW_`TWZ KQZJPSR]zb_�vxZJ[.� � � aJRUP`aJIWP`R]zQ_`TWV�zbcWZ-P`w �BZJ[ zDZJTWZyKbV �5aJwXTW� wUKb^�ZyKQ[~� wUK
RUP�P
�9��e ( ( �6� P`w�w9��[D_�z _�[ _`TxzQZJTWYWZJY#zQw�aJP`R]KQ_`� ��zQcWZl_`[�[bIWZ �
cWZ zQcWZyK�wUK TWwUz zQcWZyKbZ
R]KQZ"RUT �,[�� ZJaJ_ #�a"[ zbKQIWayzQILKQRUPkRUTWY��FwUK ZJTWZyKbVXZyzQ_`a � Z�R]zQILKbZJ[ zQc�R]zOVX_ vxZ/Kb_`[bZ/zQw@zQcWZ"cW_�VXc
[�zQR ��_`P`_ z �2wX�pzQcWZ�e ( '6�6� P`w�w9��["RUTWY3zbc�R]z
a�RUT�Z*����P`RU_`T3zbcWZJ_�K7�WKQZJ� ZyKbZJTWaJZJ[@w9vxZyK"zbcWZ
e ( � �6� [ � ZJay_`ZJ[84 �.[�zQRUTWYW[
� wUK7� ��KQ_`^�_�YW_`TWZ���RU[bZJ[ ; �

�<} + {+tuq:tuo5npo �yiFjFn��UiFn:jFm�

��wUK zQcWZ #WKQ[ z%��R]Kbz,wX�"zbcW_`[�_`TxvxZJ[�zQ_�VxR]zQ_`wXT#zQcWZ��X¡+� ( � �WKQwXVUKdRU^ �
_ zQc zbcWZ
� 1<M ��� wUKQayZ5#�ZJP`Y#RU[�YWZJ[bayKQ_ � ZJY#_�T�a�c�R&�WzbZyK���� � �/RU[DIW[bZJY��3�/cWZ�[�zdR]Kbzb_`TWV �hwX_`Txz
�/RU[1TWwUz1zQcWZ�[�ZJaJwXTWY�R]K � [�zbKbIWayzQILKQZ ��ILz3zQcWZ (+� '7� [�zQIWY � � �3�>ZJIW[3RUTWY  R]KQYW_
2 .x�N3/RUTWY zQcWZlzQcLKbZJZ*� YW_�^�ZJTW[b_�wXT�RUPB[�zbKQIWa zQILKQZJ[�wX�"zQcWZ�e~� � �6�~RUTWY e � � �6� P`w�w9��[
VX_ vxZJT�zbcWZyKQZJ_�T��%:NTWZ�wX��zQcWZ,Z ��� Z KQ_`^�ZyT zdRUP KQZJ[bIWP zQ[ �/RU[CzbcWZ�� wUKb^lR]zQ_`wXT wX� RUT5RUY��
YW_ zQ_`wXT�RUP ��RU[bZ ��RU_ K _`T5zbcWZ�P`w�w9�#RU[DYWZJ[ba KQ_ �hZJY R � w9vxZU� �"cW_`adc�_`T�zQcW_�[�a�RU[�Zl_`[~zbcWZ
KdR]zbcWZyK IWTWaJwX^�^�wXT�e��8� ��RU_�K�� �xzdR]Kbzb_`TWV �SKQwX^ zQcWZ�%�I�RUP�_�zdR]zb_�vxZ
YWZy[bayKQ_ �WzQ_`wXT1wX�<zbcWZ
zQcLKbZJZ*� YW_�^�ZJTW[b_�wXT�RUP/[�zbKQIWayzbILKQZ�VX_ vxZJT _�T zQcWZ2P�_�zQZyKQR]zQILKQZU�OzQcWZ2^�wXP`ZJayIWPSR]K�VUKdR&��cW_`ay[
�WKQwXVUKQRU^ 1
¡ � (@� � � wX�7��wXP`ZJaJIWP`R]K-� _`^ IWP`R]zQ_`wXTW[C� TWa&� �/RU[ IW[bZyY#zbw�aJwXTW[�zbKQIWa z

� .x� �
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zQcWZ1^�wXP�ZJaJIWP`Z1_`T [bIWadc R �/R �#zQc�R]z zQcWZ1[�zQZy^ RUYWw9�WzbZJY%[�zQRUTWY�R]KQY �6�8']( �6� cWZJP�_ �
aJwXTW� wUKb^lR]zQ_`wXT)RUTWY�zQcWZ�[�zQZ KQ_`a KQZ4%�IW_�KQZJ^-ZJT zb[1zQw ZJT�R ��P`Z ��RU[bZ���RU_�KQ_�TWV � Z z � ZJZJT
e ��RUTWY � � �BZyKQZlKQwXIWVXcWP ��^�Zyz�� �/cWZ2[bZ4%�IWZJTWaJZ1IW[bZJY�RU[�R�[�zdR]K�zQ_`TWV � wX_�T z �BRU[
e~e�e���4�e~� � �<;�e~�"��¡ 4 [�ZJZ #�VXILKQZ .#���1; RU[�YWZy[bayKQ_ � ZJY1_`T 2 .x�N3 �"_�zbc
��IW[�zBzQcWZNY�RUT��
VXP�_`TWV-ZyTWY�wXT3zQcWZ<� 9 � [b_`YWZ~wX� zQcWZ~[�zQZJ^�wX^�_ zbzQZJY��

G1

G2

G3

C4

G5

N6 N7

A8

G9

C10

C11

U12

(R7)(Y7)

5’ 3’

� ��;�LvJ�L�r"q �`A@*��8���B9@��AF-$�R/,-$� �0� 2g9@�B9@���"2]�7�w9@*�� � &S&)('ac*,�"�.-0/,��25�:90-$=,AR9$=`-$�7L
&�� (dz �Fz � z,P
%�� � z,(
��� �Fz�P

�/cW_`[@[�zbKbIWayzQILKQZ �/RU[@w9�WzQ_`^-_`HJZJY�zQw2KQZJP`R���RUT � aJP`wX[bZ aJwXTxzdRUayzb[@zbc�R]z~c�R�vxZ w�a*�
aJILKbZJY-YWILKQ_�TWVCzbcWZ ^-w�YWZJP�_`TWV �WKQw�ayZJ[b[.��� I ��[bZ&%�IWZJTxzQP � zQcWZ/[bIWVxR]Kb[ �hZJP`wXTWVX_�TWVCzbw@zbcWZ
� wXILK ��RU[bZJ[
_�T�zQcWZCP`w�w9� 4�e ���h�B�L� � � ��RUTWY � � ; �BZyKQZ~� wUKQaJZJY3zQw�RUYWw9�Wz@� � 9 � ZJTWYWwW�
:�� 9 � ZyTWYWwW� RUTWY5� 4 9 � ZyTWYWwlaJwXTW� wUKQ^lR]zQ_�wXTW[ � ��IW[�_`TWV�zQcWZ R&�#�WKbw9�WKQ_SR]zQZ�aJwXTW[�zbKdRU_�T zb[
� wUK zQcWZ
RU^%��P`_�zbIWYWZ
RUTWY ��[�ZJIWYWw&� KQwUzQR]zQ_`wXT-RUTWVXP`Z9�O�/cWZ"[ ��[�zQZJ^�R]zQ_`a/aJwXTW[�z�KQIWayzQ_�wXT�wX�
RUP�P � wX[�[b_ ��P�Z aJwX^ ��_`T�R]zQ_�wXTW[ �L_�ZJP`YW[ � � 
 � � YW_ 2 ZyKQZyT z@aJwXTW� wUKb^lR]zQ_`wXTW[ �
cW_�a�c �BZyKbZ
RUP�P�ZJTWZ KQV � ^�_�TW_`^�_�HJZJY�� � cWZ #WvxZ aywXTW� wUKQ^lR]zQ_�wXTW[ �"_�zQcDzQcWZ � ZJ[�z 4 _ � Z&�pP`w �BZJ[ z ;�ZJTWZyK��
VX_�ZJ[ �BZyKQZ@adcWwX[bZJT3� wUK/� ILKbzQcWZyK _�T vxZJ[ zQ_`VxR]zQ_�wXT��O� cWZ �lR]KQZ>YWZJTWwUzQZJY1_`T2zQcWZ>� wXP�P`w �
_�TWV
�"_�zQc � � � � �N� � � RUTWY M
�O_`T wUKbYWZyKlwX�>_`TWa KQZ�RU[b_�TWV�ZJTWZyKQV � ��� I ��[bZ4%�IWZJTxzQP ��zbcWZ
VXZJwX^-ZyzbKQ_�ZJ[�� wUK zQcWZ"wUzQcWZyK"� � �hwX[b[b_ ��P`Z P`w�w9�,[bZ4%�IWZJTWaJZJ[ �BZyKQZ"ayKQZ�R]zQZyY � ��KbZ5��PSRUaJ_�TWV

� . �i�
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Modeling GGGC(GCAA)GCCU after
data given in the literature

Optimization

G5, C6, C7, and A8 each adopt C3’-endo,
O1’-endo, and C2’-endo conformation

Optimization

81 minimum structures; the 5 best
are chosen (A, B, C, D, E). For each

of them the 15 remaining GNNA
sequences are constructed

Optimization

80 optimized structures
5 for every one of the

16 possible GNNA loops

� ��;�LvJ�L ��q � ���8��AD*,�B-09S�l��-S��[�9@�"��2���2�;i9$*�� � &)&)(Q�3��2,���m=��x�:90-@=�AR9$=`-@� � L

zQcWZ�R&�#�WKQw9�WKQ_SR]zbZ ��RU[bZJ[ _�T5zQcWZ�^�_�TW_`^ IW^�[�zbKQIWa zQILKQZJ[4�2�NM6� � cW_�[Da�RUT � Z-YWwXTWZ
vxZyK � Z�RU[b_`P � _`T)�X¡+� ( � �hZJa�RUIW[bZ�wX�~zQcWZ _�^ ��P`ZJ^-ZJT zbZJY [bZ4%�IWZyTWaJZ*� _�TWYWZ5� ZyTWYWZJT z
KQZ*�WKQZJ[bZJTxzdR]zQ_�wXT wX�)'�( �6� [�zbKQIWa zQILKQZ9� �/cWZ�KQZy[bIWP�zQ_�TWV�[�zbKbIWayzQILKQZJ[ �BZyKQZ�RUVxRU_`T%w9���
zQ_�^�_`HyZJY
�L_�ZJP`YW_�TWV�zQcWZ � 0 YW_ 2 ZyKbZJT zD^�_`TW_�^�IW^�VXZJwX^-ZyzbKQ_�ZJ[~zQc�R]z R]KQZlRUT�RUP ��HJZJY�_�T
zQcWZ�� wXP�P`w �
_�TWV�[bZJayzb_`wXT�� � _�VXILKQZ .#� 4 VX_ vxZJ[lRUT [badcWZJ^lR]zQ_�a�w9vxZyKbvL_�Z � wX�CcWw � zbcWZ
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^�_�TW_`^ IW^ [�zbKbIWayzQILKQZJ[ �BZyKQZ~w �WzdRU_`TWZyY��

�<} � =lm���n:sSi���rkq����pt)� �xn�� ��t fkq

.#� ���`� �xz�KQIWayzQILKdRUP<� Z�R]zQILKbZJ[

� _�VXILKQZ�.#� �~[bcWw �
[ zQcWZ �"_�KQZJ�SKQRU^�Z"^-w�YWZJP�wX� zQcWZ@e�� � �6� P`w�w9� �"cWZyKQZ�RU[+#�VXILKbZ
.#� .N[bcWw �
[:zQcWZ�[QRU^�Z�^-wXP`ZJaJIWP�Z�_�T R
[ ��RUaJZ #�P�P`_`TWV"KQZ5�WKQZJ[�ZJT zQR]zQ_`wXT�� � wUzQc #�VXILKQZy[:Z*���
cW_ ��_�z"[�zbKQIWayzbILKdRUP YWZyzdRU_`P�[BzQc�R]zNR]KbZCKQZ*�WKQZJ[bZJTxzdR]zQ_ vxZCzbw�RUP`Ppe ( ( �6� P�w�w9�1VXZJwX^�Zyz�KQ_`ZJ[
_�T vxZJ[ zQ_`VxR]zQZyY RUTWY RUT�RUT�RUP �L[b_�[,wX�"zQcWZ3^-_`TW_`^ IW^ VXZJwX^-ZyzbKQ_�ZJ[ [bcWw �"[-zQc�R]z�zQcWZyKbZ
R]KQZ-[bZyvxZyKdRUPO[�zbKbIWayzQILKdRUP � Z�R]zQILKQZJ[~zQc�R]z R]KQZ-aJwX^�^�wXT zQw�RUP�P ^�wXP�ZJaJIWP�ZJ[~KQZyVxR]KQYWP`ZJ[�[
wX�pzbcWZJ_�K"[bZ4%�IWZJTWaJZ9�

p � cWZ>e � � � � ��RU[bZ;��RU_�KO_`[OaJwXTW[bZyK�vxZJY�_`T-RUP`PLwX��zQcWZ [�zbKQIWayzbILKQZJ[ zbcWwXIWVXc,zQcWZ"RUayzQI�RUP
VXZJwX^-ZyzbKQ_�ZJ[ wX�kzQcWZ ��RU[bZ���RU_�KQ[O^lR�� �hZ�%�IW_�zQZ YW_32hZyKQZJTxz�� ��T�Z�RUadcl[bZ4%�IWZJTWaJZ>R]z�P`Z�RU[�z
wXTWZ wX� zQcWZ c �LYLKQwXVXZJT � wXTWYW[@_�[>� wUKQ^�ZJY 4 �"cWZyzQcWZyK@wUK@TWwUzCRlc �LYLKQwXVXZyT �hwXTWY �BRU[
� wUKQ^-ZJY �/RU["YWZJaJ_�YWZJY�vL_`R�YW_�[�zdRUTWaJZ�RUTWY�RUTWVXP`ZCayKQ_ zQZyKQ_`R ; �
p �xzdRUaQ\L_�TWV~_�[ aJwXTxzQ_�T�IWZJY-_`T zQcWZ/P`w�w9�,[bw@zQc�R]z�zQcWZ>e � ����RU_�KO[�zdRUaQ\L[�wXT�zQcWZ"ayP`wX[b_�TWV
��RU_ K/wX�<zQcWZ>[ zQZJ^ ����ILKbzQcWZyKQ^-wUKQZ ��RU[bZJ[�(@� RUTWY ( � R]KbZ)� wX[b_ zQ_`wXTWZJY2w9vxZyK/zQcWZ�e6� �
��RU_ K���[bw,zQc�R]z"[�zdRUaQ\�_`TWV-_�[
RUP�[bw-aywXT zQ_�T�IWZyY��SKQwX^�zbcWZ<� 9 � ZJTWY�wX� zQcWZ~[ zQZJ^ �
p �/cWZ [�zQZJ^ aJwXTW� wUKQ^lR]zb_`wXT�_�[NIWT�R:2 ZJa zQZJY � �3zQcWZ � wUKQ^lR]zQ_�wXT�wX�:zQcWZ,e��8� ��RU_ K � _�z
_�["KQZyzQRU_`TW_`TWV zQcWZ~[�zdRUTWY�R]KQY �6� '�( ��cWZJP`_ ���
p �/cWZyKQZ~_`[
RUYWYW_�zQ_�wXT�RUP�[�zdR ��_`P�_`H�R]zb_`wXT � �3� wUKQ^�_`TWV,R-c �LYLKQwXVXZyT � wXTWY �hZyz �BZJZJT�zbcWZ
�<: 4 9 � VUKQwXI�� RUTWY�zQcWZ�( � 4 wUK�( . ;OwX�pzQcWZ@zQcW_ KQY ��RU[bZ~_`T3zbcWZ�P`w�w9� �
p � IWVxR]K ��IWaQ\xZyKQ[BR]KbZ��WKQZJYWwX^-_`T�RUTxzQP ��wX�K(6� z ��� Z]��_�� ��� z ���hZ
[bIWVxR]Kb[�w�ayaJILK�zQcWZ �-R]KbZ
_�T zbcWZ (@�,�hwX[b_�zb_`wXT�zQwl[�z�KQZyzQadc zQcWZ ��RUaQ\ � wXTWZ�RUTWY�zQw2ZJT�R ��P�ZDzQcWZ aJP`wX[�ILKQZ wX��zbcWZ
P�w�w9� �
p �>P`P T�IWayP`ZJwUzQ_�YWZJ[
_�TWaJP`IWYW_�TWV-zQcWwX[bZ~_`T1zQcWZ~P�w�w9��c�R9vxZ�RUT zQ_ � aJwXTW� wUKb^lR]zQ_`wXT��
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*gW`<`-$�";"�82T[\�"2�<��8L

�/cWZJ[bZ KQZy[bIWP�zQ[:R]KQZ _`T [ zbKQwXTWV@RUVUKQZJZy^�ZJTxz �"_�zQcDzQcWZ�Y�R]zdR��WKQZJ[�ZJT zbZJY,_�T 2 .x�N3�RUTWY
�"_�zQcZ%�I�RUP�_�zdR]zQ_ vxZ KQZJ[bIWP zQ[�� wXIWTWYl� wUK � wXILK � ^�ZJ^ � ZyKbZJY�P`w�w9��[ �"_�zbc,wUzQcWZ K [bZ4%�IWZJTWaJZJ[5�
�/cWZ-w9vxZyKdRUP�P YWZ5� ZJTWYWZyTWaJZlwX��zQcWZ�[�zbKQIWa zQILKQZ-wXT5R1v]R]KQ_SR]zb_`wXT�wX��zQcWZ�^�_`YWYWP�Z ��RU[�ZJ[
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� ��;�LvJ�L J�q � � �#ac���k<,� �1�7�w9@*��y��/,9$������V � < � ��()('ac�:90-$=,AR9$=`-$�7L

_�[C[�ILK �WKQ_`[�_`TWVXP ��P`w ����ZyvxZyT�_�T�a�RU[�ZJ[ �BZyKQZ�� ��KQ_`^-_`YW_`TWZ�T�IWaJP�ZJwUzQ_�YWZJ[�� ZyKQZ KQZ5��P`RUaJZJY
�"_�zQc���ILKb_`TWZJ[.�O�/cW_`[ wX�WaJwXILKb[bZ/_`[ �WKQw ��R ��P �DYWIWZBzQwNzQcWZ��uRUayz��UzQc�R]z:zbcWZB� wUKQ^lR]zQ_�wXTDwX�
zQcWZ�e6�8�"��RU_�K"^lR]\xZJ[/zQcWZDPSR]KbVXZJ[�z"aJwXT z�KQ_ ��ILzQ_�wXT�zQw-zbcWZ�[�zdR ��_�P`_ z �1wX�pzbcWZ�^�wXP�ZJaJIWP`Z
RUTWY-zbc�R]zOzbcWZ"^�_�YWYWP`Z ��RU[bZJ[ R]KQZ � wUKQaJZJY�_�T�R+� wX[b_ zQ_`wXT �
cWZ KQZ"zQcWZ KQZ"_�[ P�_�zbzbP`Z/adc�RUTWaJZ
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wX�/_`TxzQZyKQRUayzQ_`wXT �"_�zbc�wUzQcWZyK4��R]KbzQ[�wX�/zbcWZl^�wXP`ZJayIWP`ZU� RUTWY�zQc IW[ [�zQZ KQ_`a�_�T zbZyKdRUayzQ_�wXT
YWw�ZJ[
TWwUz"[bZJZJ^�zQw � Z�wX� [b_`VXTW_ #�a�RUTxzN^lRUVXTW_ zQIWYWZ9�

?&�pm > � A �pr��Jm �pr�t j �D[b_�TWaJZ-zQcWZ-_`TW_�zb_SRUP�_`YWZJTxzQ_ #�a�R]zQ_`wXT5wX� � wUzQZJTxzQ_`RUPOVXI�R��
TW_�TWZ*� RUYWZJTW_�TWZ�_�T zQZ KdRUayzQ_�wXTW["_�T1KQ_ � wX[bwX^�RUP '�( � 2 � 0 �N3 2 �X� 0 3 ��e��8�"��RU_ KQ[/c�R9vxZ �hZJZJT
KQZyaJwXVXTW_`HJZyY RU[
wXTWZ�wX� zQcWZ�^�wX[ z
aJwX^-^�wXT3TWwXT�� a�RUTWwXTW_`aJRUP [�z�KQIWayzQILKdRUP ZJP`Zy^�ZJTxzQ["_�T
K ']( � 2 �X�X�43 ���/cWZJ_�K zQcLKQZJZ � YW_`^-ZJTW[b_`wXT�RUP�[ zbKQIWayzQILKbZ�c�RU[ � ZJZJT3Z*�LzbZJTW[b_�vxZyP �2[�zQIWYW_�ZJY
_�T � ( � 2 �X� 4 3 � 2 �X� � 3 RUTWY ']( � 2 .x�N3 � 2 . � 3 ��wUK 2 �X� � 3 � 2 �X�9�N3 ��� Z vxZyKdRUP Z*�WRU^ ��P`ZJ[
� wUK e6� � ��RU_ KQ[>a�RUT � Z � wXIWTWY5_�T�zbcWZ KbZJaJZJTxzQP � ��I ��P�_`[bcWZyY ��� KdR���[�zbKQIWa zQILKQZ wX�OzbcWZ
c�RU^�^-ZyKQcWZ�RUY KQ_ � wXH ��^�Z9�.e6�8� ��RU_�K2� IWTWa zQ_`wXTW[3R]KQZ � ZJ[ z3adc�R]KdRUa zQZyKQ_�HJZJY�_�T zbcWZ
aJwXTxzQZ*��z
wX�Oe ( '6�4zQZyzbKQRUP`w�w9��[y� �
cWZyKbZ~zQcWZ �1[�zQR ��_`P`_�HJZ@zQcWZ~P�w�w9� 2 � 410 3 RUTWY�Z ��� wX[�Z
� IWTWayzb_`wXT�RUP VUKQwXI���[BzQw zQcWZ@[bwXP�vxZyT z _`T3R [ � ZJay_ #�a+��R]zbzQZyKQT2zQc�R]z/a�RUT�� ZC_`TxvxwXP�vxZyY1_�T
�WKQwUzbZJ_`T�KbZJaJwXVXTW_�zb_`wXT 2 � 4 �43 wUK
zQZyK�zQ_SR]K �2_�T zbZyKdRUayzQ_�wXTW[ 2 � 0 ./3 2 � 0 �D3 � e@RUILzQcWZyKbZyz>Zyz
RUP �
2 � 4&4 3 VX_�vxZ~R,aJwX^ �WKbZJcWZJTW[b_ vxZ~w9vxZyKbv�_`Z �(w9vxZyK"w�aJaJILK�KQZJTWaJZJ[NRUTWY�[�zbKQIWa zQILKQZJ["wX�Oe6� �
^�_�[b^lR]zQadcWZJ[�_`T�KQ_ �hwX[bwX^lRUP '�( �4�p� cWZ ��P`_`[ z #WvxZ�� wX[b[�_ ��P`Z�e��8� ��RU_�K [ zbKQIWayzQILKbZJ[
�"cW_`adc�a�RUT � Z�� wXIWTWY�_`T�Zy_�zQcWZyK
cWZJP`_�aJZJ["wUK
_�T�P`w�w9��� cWZJP�_ � � ��IWTWayzQ_�wXTW[.�

:
TWZ/wX�kzQcWZ/^�wX[�z:_`TxzQZyKQZJ[ zQ_`TWV~� Z�R]zQILKQZJ[OwX��zQcWZNe ( ( �6� P�w�w9��[ _�[�zbcWZ � wUKb^lR]zQ_`wXT
wX�/[bIWadc�R�e��8� ��RU[bZ,��RU_�KD_`T�zQcWZlP`w�w9� � � cWZl� wUKb^lR]zQ_`wXT�wX� RUT RUYWYW_�zb_`wXT�RUP ��RU[�Z
��RU_ K �
_ zQcW_`T�R,zQZyzbKQRUP`w�w9��_`[NRUP�[bw-\�TWw �"T�� wUK>Z*�WRU^ ��P`ZC�SKQwX^ zbcWZ,� ¡>¡�e��BRUTWY�zbcWZ
¡ (�� e6� P`w�w9��[y� ��ILz~_�T�aJRU[bZ wX�OzQcWZ�e ( ( �6� P`w�w9��[NzQcWZ P`w�w9��� wUKb^�ZJY�_`[@TWwUz@wX�OzbcWZ
aJwX^-^�wXT * � ��KQ_�^�_`YW_�TWZ*� ��ILKQ_�TWZ/-�vUR]Kb_`Zyz � ��ILzCKdR]zQcWZyK�� Zyz �BZyZJT5z �Bw ��ILKb_`TWZJ[.��� _�TWaJZ
zQcWZ�[ ��RUaJZ KQZ4%�IW_�KQZy^�ZJTxz:wX�Lz �Bw6��ILKQ_�TWZJ[ _`[ YWZ&#�TW_�zbZJP ��PSR]KQVXZyK zQc�RUTDzQc�R]zpwX��R
a�RUTWwXTW_ �
a�RUP ��RU[bZ7��RU_�K�RUTWY�cWZJTWaJZ
zbcWZ
[�zQZ KQ_`a [�zbKdRU_�T�wXT,zbcWZ
P`w�w9��^ IW[�z � Z"[�zbKQwXTWV~_�z _`[�Z vxZJT
^�wUKbZ�[bILK �WKb_`[b_�TWV�zQc�R]z�aJwX^%��R]KQ_`TWV�zQcWZ�^�_�TW_`^ IW^ [�zbKQIWayzbILKQZJ[�� wUK2RUP�P/[bZ4%�IWZyTWaJZJ[
[bcWw �"[CzQc�R]z>zbcWZle��8� ��RU_�K@_�[>aJwXTW[bZyKbvxZyY5_`T�RUP`PpwX�OzQcWZ [ zbKQIWayzQILKbZJ[J� RUP�zQcWwXIWVXc�zQcW_�[
�/RU[ TWwUz"� wUKQaJZJY�zbcLKQwXIWVXc�aJwXTW[ zbKdRU_`TxzQ["wXT1zQcWZ���RU[bZ+� wX[b_ zQ_`wXTW[.� : ��v�_`wXIW[bP �lzQcWZ�ZJT��
ZyKbV �~VxRU_�TWZJYD�SKQwX^(zQcWZOc ��YLKQwXVXZJT �hwXTWYW[:_`TCzQcWZ�P�w�w9�DRUTWY��SKQwX^�RUYWYW_�zQ_�wXT�RUPx[�zdRUaQ\L_�TWV
_�[CZyTWwXIWVXc�zQw2^lR]\xZ I���� wUK@zQcWZ,[�wX^�Z �"c�R]z@ayKQw �
YWZJY�P`w�w9� �
�>^�wXTWV�zbcWZU#WvxZ YW_`� �
� ZyKbZJT z"[�zbKbIWayzQILKQZJ[;� Z K"[�Z4%�IWZJTWayZ �"cW_`adc � ZyKQZCZ*��RU^�_�TWZJY��LwXTWP ��z �Bw YW_`[�zQ_�TWayz/z ��� Zy[
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wX�/e6�8� ��RU_�Kb[~aJwXIWP�Y �hZ�w ��[�ZyKbvxZJY 4 [bZJZ #�VXILKQZJ[�.#� �2RUTWY .#� �L� �hwUzQc z � � ZJ[CwX� ��RU[�Z
��RU_ KQ[@R]KQZD[bcWw �"T��SKbwX^ zQcWZ [b_�YWZ RUTWY �SKQwX^ R �hwFvxZ ;Q� �"cW_`adc �
_�P`P � ZDKQZy� ZyKbKQZJY zQw�_�T
zQcWZ~� wXP`P�w �"_`TWV-RU[ ��RU[bZ ��RU_�KQ[ wX�pz ���hZC�BRUTWY��b���LKQZJ[ �hZJayzQ_ vxZJP � �

� ��;�LvJ�L���q � ac(K[1���$�#/1����-'�"�U9ZWk/\�FXbL

�/cWZ [�zbKQIWa zQILKdRUP:YW_ 2 ZyKQZyTWaJZJ[Ca�RUT � Z [bZJZyT��SKQwX^ zbcWZDKQZJ[ �hZJayzQ_ vxZ #�VXILKQZJ[ �N_�T�R
��RU[bZ���RU_�KCwX��z ��� Z ���hzQcWZ ��RU[bZy[�R]KQZ _�T�TWZ�R]KbP � aJw9��P`RUT�R]K � wX[b_ zQ_`wXTW[CRUTWY zQcWZ ��RU[�Z
��RU_ Kl_`[ * w9� ZJTWZyY�-�zQw�wXTWZ�[b_�YWZ �>_`T R
��RU[�Z ��RU_�KlwX�Nz ���hZ��b� zQcWZ�T IWaJP`ZywUzQ_`YWZJ[2R]KbZ
w � vL_�wXIW[bP �2z �
_�[�zQZJY �
_ zQc3KbZJ[ � ZyayzNzQw�Z�RUadc�wUzQcWZyK.�

� wUzQc�z ���hZJ[�[bcWw � z �Bw c ��YLKQwXVXZJT � wXTWYW[ �hZyz �BZJZJT'e RUTWY � �NwXTWZ � ZJ_�TWV
� wUKQ^-ZJY � Zyz �BZyZJT�e � 4 � 4 ( 4 ;pRUTWY�� � 4,( � ;:RUTWY�zbcWZNwUzQcWZyK �hZJ_`TWV � wUKb^�ZJY � Z z � ZJZJT
e � 4,(+� ; RUTWY
� � 4 � 4 (@� ; � ��T � wUzQcCz ��� Zy[ wX��zbcWZ/e��8� ��RU_ K:RUT�RUYWYW_�zQ_�wXT�RUP c �LYLKbwXVXZJT
�hwXTWY�_�[>� wUKQ^�ZJY � Z z � ZJZJT zQcWZ�� � 4 �<: 4 9 ; RUTWY�RUT w � �LVXZJT �SKQwX^ zbcWZ���cWwX[ ��cWwUKQIW[
VUKQwXI�� ���xz�KQIWayzQILKQZy[ �"_�zQc�R�e6� �)^�_�[b^lR]zQadc wX��z ��� ZB�b� �BZyKbZ"� wXIWTWY�zQw � Z/VXZJTWZyKdRUP�P �
cW_�VXcWZyK _`T2ZJTWZyKQV �-zQc�RUT1zbcWwX[bZ>wX��z � � ZN� �W�/cWZ>KQZ�RU[bwXT2^�_�VXc z �hZ>zQc�R]zBzQcWZNz �
_�[�zQ_�TWV
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e�e)� � � � � � � � � ����� � 4 .#�`� �
e�e~e � �Q� 0 0 � � 4 � ����� . � ��� � .
eN¡ � � � �X��� � � � �/.#� .W� ��� � �
e>¡�e)� �Q� 0 ��� � 4 � �X��� 0 . ��� � �
e �>� � � �X��� 4 � � �/.#� � 4 ��� �/.
e)�"¡ � � �X��� �/. � � .#� � � �X��� � �
e�� � � � �X��� � � � �X���`� � ��� � �
e~� ¡ � � � � � � � � � � � � � � 0 � . �
e~e�� � � � � �`� . � ����� 0 � 4 � 0 �
e�eN¡ � � �/.#� 0 � � � ��� � � � � ���
eN¡�� � � � � � 4 � � ����� � 0 ��� ���
eN¡>¡ � � �/.#� � � � � ��� . 4 � � ���

� �B[1���yJ�L ��q Iv2�� -$;�W5<,�.f\�R-$� 2�A8� �)[\�R9c��� �82�A �"2�����-$�{�B9$���72��)�"�Y[1�"�0��/1���.-F9ZW�/\� �SXS��2�<�X$X
��2T|7A8���76��3�"�sL
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zQcWZ-PSR]KQVXZ�ZyTWZyKQV ��YW_ 2 ZyKbZJTWaJZJ[ [�zbZJ^ ^�wX[�zbP � �SKQwX^ zQcWZlaJwXTxzbKQ_ ��ILzb_`wXT�wX� zQcWZ�ZyP`ZJa*�
zbKbwX[�zdR]zQ_�a>ZJTWZyKQVX_�ZJ[.� :NTWZ>KQZ�RU[�wXT3� wUKBzQcW_�[B_`[ RUT1RUYWYW_�zQ_�wXT�RUPhc �LYLKQwXVXZyT �hwXTWY3_�T2zbcWZ
e (�� �6� P`w�w9��[ �hZyz �BZJZJT1zQcWZ�: 4 9 RUTWY � � 4,( 4 � . ; R]zQwX^�[.���/cWZ@ZJTWZyKQV �2YW_ 2 ZyKQZyTWaJZJ[
�hZyz �BZJZJT�z �Bw�aywXTW� wUKQ^lR]zQ_�wXTW[ �"_�zQc1zQcWZ�[bRU^�Z ��RU[bZ<��RU_�K z ���hZ~wXT�zbcWZ�wUzQcWZyK
c�RUTWY
a�RUTWTWwUz �hZ"R]z�zbKQ_ ��ILzbZJY�zbw~R>[b_�TWVXP`Z/ZJTWZyKbV � zQZyKQ^��UzbcWZ � R]KQZBKdR]zQcWZ K YW_�[�zbKQ_ ��ILzQZJY�wFvxZ K
RUP�P<ZyTWZyKQV �2zQZyKQ^-[.�
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C11
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5’ 3’

Optimization

"open loop structure"

� ��;�LvJ�L�r �`q ��A@*,� ����9$��AF-$� /�-$� �0�8279@��9$���"25�l��-S;"� 2�� -@�B9$��2,;��N��/\� 2]������/5�:9$-$=�AR9$=�-$� ����L

� %�IWZy[�zQ_`wXT�zQc�R]z�_`[�ZyvxZyT-^�wUKQZB_�T zbZyKQZJ[�zb_`TWV~zbc�RUT�zQcWZ aJwX^ ��R]Kb_`[bwXT wX��ZJTWZyKQVX_�ZJ[
wX�<YW_32hZyKQZJTxz
aywXTW� wUKQ^lR]zQ_�wXTW[ � ZJP�wXTWVX_`TWV zQw zQcWZ@[QRU^�Z>[bZ&%�IWZJTWaJZC_`[ zbcWZCaywX^ ��R]KQ_`[�wXT
wX�/ZJTWZyKbVX_`ZJ[ wX�B^�wXP�ZJaJIWP�ZJ[ �"_�zQc�YW_ 2 ZyKQZyT z [bZ&%�IWZJTWaJZy[.� (>wUKQ^lRUP�P ��zQcW_�[ a�RUTWTWwUz �hZ
YWwXTWZ�[�_`TWaJZ�zQcWZ-ZJTWZ KQV �5wX� R3^�wXP�ZJaJIWP`Z�a�RUP�aJIWPSR]zQZyY
� ��^�wXP�ZJaJIWPSR]KC^�Zya�c�RUTW_�aJ[DYWZ*�
�hZJTWYW[�wXT%zQcWZ3T�IW^ �hZyKlRUTWY%zbcWZ3\L_�TWY%wX� �hwXTWYW[-zQc�R]z,w�aJayILK�� [bw5zbc�R]z-wXTWP � zbcWZ
ZJTWZ KQVX_`ZJ[ wX�/YW_32hZyKQZJTxz aJwXTW� wUKQ^�R]zQ_`wXTW[DaJRUT �hZlaJwX^ ��R]KQZyY�YW_�KQZJa zQP � ��� cWZlw � vL_�wXIW[
[bwXP�ILzQ_`wXT�zQw�zQcW_�[
�WKQw ��P�ZJ^ _�[~zQcWZ�YWZJ#�TW_�zQ_�wXT�wX�BR3KQZJ� Z KQZJTWaJZ2[�zdR]zbZU� �"cW_`adc�^lR]\xZJ[
_ z
�hwX[b[b_ ��P�Z-zQw3YW_`[baJIW[�[DZJTWZyKQV ��YW_32hZyKQZJTWayZJ[ �
_ zQc�KbZJ[ � ZyayzDzQw1zQcW_`[CKQZJ� ZyKQZyTWaJZl[�zdR]zQZ
KdR]zbcWZyK�zQc�RUT aJwX^%��R]KQ_`TWV�R ��[�wXP`ILzQZ�ZyTWZyKQVX_`Zy[.� �>�SzbZyKl[bwX^�Z1zbKQ_`RUP`[ �"_�zbc�YW_32hZyKQZJTxz
KQZy� ZyKQZJTWaJZ@[�zQR]zQZJ[ [bIWadc1RU[�[�_`TWVXP`Z
wUK YWwXI ��P`Z
cWZJP`_�aJZJ[J�WRUT * w9� ZyTlP`w�w9��[�zbKQIWayzbILKQZ/- �BRU[
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adcWwX[bZJT 4 [bZJZ�#�VXILKQZ�.#�`� � ; �O�pw aJwXTW[�z�KQIWayz zQcWZJ[bZ~P`w�w9�1[�z�KQIWayzQILKQZy[J��zbcWZ  � :)� 9 � �hwXTWY
�hZyz �BZJZJT ��RU[bZJ["(@��RUTWY ( � �/RU[]* aJILz -`� zQcWZN^�_�[b[b_�TWVDc ��YLKQwXVXZJT2RUTWYlw�� ��VXZJT2R]zQwX^�[
_�TW[bZyKbzQZyY��LRUTWY �hwUzQc-c�RUP vxZJ[�wX�kzQcWZ ^�wXP�ZJaJIWP`Zy[ �BZ KQZ z�KQZ�R]zQZJY-RU[ [�_`TWVXP`Z/[�z�KdRUTWYW[ zQc�R]z
c�R&�#�hZJT�zQw2� wUKQ^ [bZyvxZyKdRUP ��RU[�Z���RU_ KQ[.� �>TWwUzQcWZyK@w9�WzQ_�^�_`HJR]zQ_`wXT �/RU[)�hZyKQ� wUKQ^-ZJY�zbw
RUP�P`w �+� wUK>KQZJP`R���R]zQ_�wXT�wX� zQcWZ * w9�hZJT�P�w�w9� - �
��T #�VXILKQZ .#��� .�zQcWZDzQcLKQZJZ � YW_`^-ZJTW[b_`wXT�RUP
[�z�KQIWayzQILKQZ@wX�<R aJP`wX[�ZJY1RUTWY3RUT * w9� ZJT2P`w�w9� -�a�RUT �hZ>[bZJZJT1[b_`YWZ � �l[b_�YWZ>� wUK/aJwX^ ��R]K �
_�[bwXT���� zC_`[@w ��v�_`wXIW[>zQc�R]z@zQcWZ [�zbKbIWayzQILKdRUP�adc�RUTWVXZJ[Ca�RUIW[bZJY
� � w9� ZyTW_`TWV2zQcWZ �hwXTWY
R]KQZ~TWwUz
YLKQRU^lR]zQ_`a&�

� ��;�LvJ�L�r J�q �  ac�:90-$=,AR9$=`-$�8�_����-#9$*,� � ��(S('ac���k�"/
L$�F2�9@*��!��� �l9y*,�"2�<��0��<,�!9$*��iA �"�3/,���R9$�
������/5A8��2T[\�#�$� � 2z,9$*��#-@��;"*g9'*,��2,<]�0��<,�y<��R/1��AR9$�C9$*�� � ��/\� 2T������/]�090-$=�AR9@=`-$� ��L

�/cWZBKQZJP`ZJRU[bZ"wX��zQcWZ/aJP`wX[�_`TWVCaJwXTWYW_�zQ_�wXT�RUP�P`w �
[�R>KQZJP`R���R]zQ_�wXT�_�T�zbcWZ"P�w�w9�,[�zbKQIWa*�
zQILKbZJ["[�w zbc�R]zBzQcWZ>z � w * c�RUP�vxZJ[4-�wX�<zQcWZ@� wUKQ^-ZyK/P`w�w9��R]KbZ@R ��P`Z>zQw ^�w9vxZ@R �/R��l�SKQwX^
Z�RUadc wUzQcWZ K��%�/cW_`[,^�Z�RUTW[,R�YWZJa KQZ�RU[bZ�wX�"[�zQZyKb_`a�aywXTW[�zbKdRU_�T zQ[,[bw5zQc�R]z zQcWZ * w9�hZJT
P�w�w9��[4- R]KQZ3RUP`P/^�wUKQZ1[�zdR ��P�Z 4 _ � Z9� c�R9vxZ�P�w � ZyK�ZJTWZ KQVX_`ZJ[ ;�zQc�RUT%zbcWZ�aJP`wX[�ZJY�wXTWZJ[.�
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�/cWZ,ZyTWZyKQV ��YW_32hZyKQZJTWaJZy[ � Z z � ZJZJT * w9� ZJT�- RUTWY�aJP`wX[bZyY5[�zbKbIWayzQILKQZJ[~a�RUT �hZ,[�ZJZJT5_�T
zdR ��P�Z5.#� �L� zQcWZ ��a�RUT
�hZ-KQZJVxR]KbYWZJY#RU[Z* [�zdR ��_`P�_`H�R]zb_`wXT�ZJTWZyKQVX_�ZJ[4- �2�/cWZ�VUKQZJR]zQZyK�zbcWZ
[�zQR ��_`P`_�H�R]zQ_�wXT5ZJTWZyKbV ��_`[y� zQcWZ,VUKQZ�R]zQZyK�_`[CzQcWZ,zQZyTWYWZJTWa ��wX��zbcWZ-P`w�w9��[�zbKbIWayzQILKQZ-zbw
KQZyP`Z�RU[bZ~_�zQ[ [�zQZ KQ_`a~[�zbKdRU_�TW[.�

� Z4%�IWZyTWaJZ � � 4 �8; � � 4 �@; � � 4 � ; � � 4 � ; � � 4 � ;e~� � � .#� � � ��� 0 � ��� � � ��� . � ��� 0 �
e)� � � .#� �X� ��� 0 0 ��� �X� .#� �L� ���`� 4
e �>e � ���`� . 4 �`�9� ��� � � ��� � 0 ��� 0 �
e�� e � ��� 4 . 4 � �X� 4 ��� � .#� �/. 4 � �X�
e�e)� � .#� 0 � ��� 0 � ��� ��� .#� 0 � ���`�9�
e~e�e � ���`� 0 .#� 4 � ��� ��� ��� 4 � ���`� 4
eN¡ � � .#�`� . ��� .x� ��� � � .#� 0 � ���`�X�
e>¡�e)� 4 � �N. ��� �/. 4 � 4 � ��� 4 . ��� 0 �
e �>� � � 4 � . � � � 4 � 4 � 0 � � ��� � . � � � �
e)�"¡ � � � . � ��� �X� .#� � 4 � � � � � � � 4 �
e�� � � ��� � � � � .0. 4 � 0 . .#� �L� � � � ���
e~� ¡ � ��� 0 4 ��� �U� .#� ��� ��� 4 � � � � 0 �
e�e�� � � � � � ��� �N. ��� 4&4 � .#� � � � � 0 �
e�eN¡ � � � . 0 ��� � 4 .#� � 4 � � � � � � � � 4
eN¡�� � ��� � � ���`� 4 4 � 0 . �X��� � � ��� �N.
eN¡>¡ � ��� �U� .#� �X� .#� � � � ��� ��� � � �`� 0

����[,���#J�L �`q I�2��R-@;�Wy<��.f\�R-@� 2�A � �w[\�R9Z�4�8� 2���/\� 2d�"2�<�A ���"�0�8<_������/��:90-@=�AR9$=`-@� ����2d|7A8���76��3�"�sL

�/cWZ@^lRUVXTW_�zQIWYWZ>wX� zQcWZC[�zdR ��_�P`_`HJR]zQ_`wXT2ZJTWZyKbVX_`ZJ[/[bcWw �
["R YW_`[�zQ_�TWayz aJwUKbKQZyPSR]zQ_�wXT
�"_�zQc)zQcWZ5P�w�w9��[�Z4%�IWZJTWayZ 4 [bZJZ #�VXILKQZ .#�`� � ; ����T #�VXILKQZ .#�`� � [ zdR ��_`P�_`H�R]zQ_�wXT�ZJT��
ZyKbV �l_`[ ��P`wUz�zQZJY1RUVxRU_`TW[�zBzbcWZ��9���hwX[b[b_ ��P�ZDe ( ( �([bZ4%�IWZJTWaJZJ[J�WzQcWZ>vxZyK�zQ_`a�RUPhY�RU[bcWZJY
P�_`TWZ�[�Z5��R]KdR]zQ_�TWV5zQcWZ�e ( '6�6���SKQwX^ zQcWZ�e ( � �6� KQZJVX_`wXT�� �kwUK2e ( '��6� P�w�w9��[,zbcWZ
[�zQR ��_`P`_�H�R]zQ_�wXT5ZJTWZyKbVX_`ZJ[~c�R9vxZ-R�^�Z�RUT�vURUP�IWZ,wX� � 	 � \xa�RUP �F^�wXP �"cWZyKQZ�RU[CzQcWZ-^�ZJRUT
[�zQR ��_`P`_�H�R]zQ_�wXT�ZJTWZyKQV �2e ( � �6� P�w�w9��[O_`[ � 	 �C\xa�RUP �F^�wXP � : � vL_�wXIW[bP ��zQcWZN[�zbZyKQ_`a
[�zbKdRU_�T
_�T1P�w�w9��[BwX� z ��� Z�e ( � ��_�[B^ IWa�c2VUKQZJR]zQZyKBzQc�RUT1_�zB_�[B_`T�e ( '��6� P�w�w9��[.� :
� aJwXILKb[bZ
zQcW_�[>YWw�ZJ[>TWwUz@_�^ ��P �1zQc�R]zNzbcWZ-e ( � �.[bZ4%�IWZyTWaJZJ[CR]KQZ RUYWw9�WzQ_�TWV3R�aywXTW� wUKQ^lR]zQ_�wXT
_�T �
cW_�a�c�zbcWZ�P`w�w9��_`[ �WKQwU\xZJT RUTWY�z �Bw�_�TWYWZ5� ZyTWYWZJT zC[�z�KdRUTWYW[>R]KQZ~� wUKQ^�ZJY�� ��ILz>_�z
_�[DR�[b_�VXT5zQc�R]z e ( � �6� P�w�w9��[~R]KQZ-^�wUKbZ,[bIW[�aJZ5�WzQ_ ��P`Z-zQw�aJwXTW� wUKQ^lR]zQ_�wXT�RUP adc�RUTWVXZJ[
zQc�R]z"YWZJ[�z�KQw �1zQcWZCP`w�w9��[�zbKbIWayzQILKQZ�RUTWY�KQZJP�Z�RU[bZ~zbcWZ~[�zbZyKQ_`a~aJwXTW[�zbKQRU_`TxzQ[.�
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Structure E

GNRA GNYA

Loop Sequence

� ��;�LvJ�L�r ��q �k9@�B[,������V8�B9@���"2t� 2�� -$;"��� �C/,����9$9$� <5�";7����2��09C9$*�� � &)&)(Q�0� j�=�� 2,A � � L

�<}�� A fkq�. fkj�o�rWiFt fhq rks �Jm�r�j
�
�

�pw5aJwX^ ��P`Z zQZ3zQcWZ�_`TxvxZJ[�zQ_�VxR]zQ_`wXT�wXT e ( ( �6� zbZyzbKdRUP�w�w9��[-_ z �/RU[-YWZJaJ_`YWZyY zbw
^lR]\xZ/R@^�wUKQZBaywX^ ��P`ZyzbZBaJwXTW� wUKQ^lR]zQ_�wXT�RUPL[bZ�R]Kba�c,� wUKO� Z � [bZJP�ZJayzQZJY,[bZ4%�IWZJTWaJZJ[.� �/cWZ
[bZ&%�IWZJTWaJZy[N[bZJP�ZJayzQZJY �BZyKQZCz � w-wX�Oe ( '6�4z � � Z 4�e�� � �+RUTWY e � � �<; RUTWY�wXTWZCwX�
e ( � �.z ���hZ 4�e~� ¡ �<;b� R2[bZJP`ZyayzQ_`wXT �/RU[@TWZJaJZJ[�[QR]K � � ZJa�RUIW[�Z,wX��zQcWZ zbKQZJ^�ZyTWYWwXIW[
RU^�wXIWTxz wX�haJwX^ ��ILzdR]zQ_�wXT,zQ_�^�Z/TWZJZJYWZJY2� wUK zQcWZ
aJwXTW� wUKb^lR]zQ_`wXT�RUP�[bZJR]KQadc����/cWZ��WKQw&�
VUKdRU^ �5� � ���
� �BRU[�IW[bZJY zQw�VXZyTWZyKdR]zQZ�[�zQR]KbzQ_`TWV5[�zbKQIWayzbILKQZJ[ �"cW_`adc �BZyKQZ�zbcWZJT
w9�WzQ_�^�_`HyZJY�IW[b_�TWV�zQcWZ��X¡+� ( ���WKQwXVUKdRU^ ���5� �����
� zQZJ[ zQZJY � � 0 � 0 0 0 YW_32hZyKQZJTxz
aJwXTW� wUKb^lR]zQ_`wXTW[C� wUK~Z�RUadc�wX� zQcWZ,R � w9vxZ-^-ZJT zb_`wXTWZJY�[bZ4%�IWZyTWaJZJ[ RUTWY �L_`ZyP`YWZJY � . �U�
e~� � �6�b�D� . ����e)� � �6�Q�
RUTWY�� . � � e���¡ �6� P`w�w9��[J�"KbZJ[ � ZyayzQ_�vxZyP � � �>P�P>wX�CzQcWZy[bZ
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[�z�KQIWayzQILKQZy[ � ZyKQZ�w9�WzQ_�^�_`HyZJY�IW[b_�TWV zbcWZ��X¡+� ( � �WKQwXVUKdRU^ ���/cWZJ[bZ�w9�WzQ_�^�_`HJZyY
VXZJwX^-ZyzbKQ_�ZJ[ �BZyKQZ#zQcWZJT ��ILz5_�T zbw �+� � M ' RUTWY4w9�WzQ_`^-_`HJZJY�RUVxRU_`T�zQw � Z R ��P�Z
zQw aJwX^ ��R]KQZ KQZJ[�IWP�zQ[ � Zyz �BZJZyT � wUzQc)� wUKQaJZ #�ZJP�YW[�RUTWY�zbcWZ5YW_32hZyKQZJTxz ��R]KQRU^�ZyzQZyK
[bZ zQ[.� ��wUK�zQZJadcWTW_�a�RUP
KQZ�RU[�wXTW[l_�z �BRU[lTWZJaJZJ[b[bR]K ��zQw�adc�RUTWVXZ�zQcWZ�[bZ&%�IWZJTWaJZ �SKQwX^
e~e�e���4�e ( ( �<;�e�� � ¡�zQw3e�e~e���4�e ( ( �<; e�� �"�
�k_ � Z9� zbcWZDPSRU[�zCe6� ¡ ��RU_�K �BRU[
KQZ*��PSRUaJZJY � �5RUT�RUYWYW_ zQ_`wXT�RUP�e���� ��RU_�KJ�<zQc IW[�^�R]\L_`TWV2zQcWZ�[�zQZJ^�^�wUKbZ�[ zdR ��P`Z9� ��T
aJwXTW[�Z4%�IWZJTWayZ�zQcWZ�ZJTWZyKQVX_�ZJ[>_`T�zQcWZ � wXP�P`w �
_�TWV-zdR ��P�ZJ[@R]KQZD[b_�VXTW_ #�a�RUTxzQP ��P`w �BZyK
zQc�RUT
zQcWwX[�Z,RUadcW_�ZyvxZJY �"_�zbc zbcWZ�wUKb_`VX_`T�RUP [bZ4%�IWZJTWaJZ-cWw �BZyvxZ K~_ z@YWw�ZJ[@TWwUzC_`T ��IWZyTWaJZ�zbcWZ
P�w�w9��VXZywX^�ZyzbKQ_�ZJ[C_`T�RUT � �BR � �-� cWZ�KQZJ[bIWP zQ_`TWV�^-_`TW_`^ IW^ VXZJwX^-ZyzbKQ_�ZJ[~�SKbwX^ �hwUzQc
� wUKQayZ�#�ZyP`YW[ �BZyKQZ@aJwX^ ��R]KbZJY1RUTWY1zQcWZy_�KBKQw�wUzB^�Z�RUT2[ %�I�R]KQZ@YWZyvL_`R]zQ_`wXT?4 '6�5�	; �BRU[
a�RUP�aJIWPSR]zbZJY��1� cWZ-KbZJ[bIWP�zb[ � wUK�zQcWZ-zbcLKQZJZ�YW_ 2 ZyKQZyT z P�w�w9��[bZ&%�IWZJTWaJZy[ R]KQZ�[bcWw �
T�_�T
zdR ��P�ZJ[ .#� .W�;.#� ����RUTWY .#� ��� M RUadc�zdR ��P`Z"[bcWw �
[�zbcWZ
KQZJ[bIWP zQ[ � wUK zbcWZ
z �BZJTxz � � ZJ[ z 4 _ � Z9�
P�w �BZy[�zD_�T�ZJTWZyKQV � ;NVXZJwX^-ZyzbKQ_�ZJ[@� wUKDZ�RUadc�[bZ4%�IWZJTWaJZ9�lM�RUadc5zdR ��P`Z�_`[~YW_�v�_`YWZJY
� �5R
YWwXI ��P�Z-P`_�TWZU� wXT�zbcWZ,P�ZJ�SzCc�RUTWY�[b_`YWZ zQcWZ ZJTWZyKbVX_`ZJ[�RUTWY ')�5��� vURUP�IWZJ[DR]KQZ wUKQYWZ KQZJY
� ���X¡+� ( �6� ZJTWZ KQVX_`ZJ[y� wXT5zQcWZ-KQ_�VXc z�� c�RUTWY�[b_�YWZ-zQcWZ ��R]KQZ-wUKQYWZ KQZJY � � �+� � M '7�
ZJTWZ KQVX_`ZJ[5���/cWZ #WKQ[�z2aywXP`IW^�T _`T ZJRUa�c���R]Kbz2wX�CR5zdR ��P�Z�VX_�vxZJ[2R�T IW^ � ZyK��"cW_`adc
_�[,IWTW_ %�IWZ2zQw�zQcW_�[,VXZywX^�ZyzbK ��RUTWY KQZJ� Z KQ[-zQw zQcWZ1[�zdR]KbzQ_�TWV�VXZywX^�ZyzbK �#a KQZ�R]zQZJY � �
�5� �����
� �L�/cWZN� wXP`P�w �"_`TWV~z � w aJwXP`IW^�TW[ [bcWw ���X¡+� ( �6��RUTWY,�+� � M ';� ZJTWZyKbVX_`ZJ[J�
KQZy[ � ZJa zQ_�vxZJP ��RUTWY�zbcWZ � wXILKbzQc�RUTWY #��SzQc�aJwXP`IW^-TW[>VX_�vxZDzQcWZ aJwUKbKbZJ[ � wXTWYW_�TWV '6�5���
YWZyv�_SR]zQ_�wXTW[ � Zyz �BZJZyT)zQcWZ�w9�WzQ_`^-_`HJZJY �X¡+� ( � RUTWY �+� � M ' [�z�KQIWayzQILKQZy[ 4 �&�8�<;
RUTWY � Zyz �BZJZyT�zQcWZCVXZJwX^�ZyzbK �-KQZJ[�IWP�zQ_�TWV-�SKQwX^ zQcWZ~�X¡+� ( �6� w9�WzQ_�^�_`H�R]zb_`wXT2RUTWY3zbcWZ
�hZJ[�z�KbZJ[bIWP�z~�SKQwX^�zQcWZ��WKQZyvL_�wXIW[�a�RUP�aJIWPSR]zb_`wXTW[ 4 �&� � � �<� wUKD�X¡+� ( � � � � ;b� �WKbZJ[bZJTxzQZJY
_�Tl[bZJayzQ_�wXTW[".#� �����>RUTWY .#� ��� 4 � :NTWP ��VXZJwX^�Z zbKQ_`Zy[ ^lR]Kb\xZJY �
_ zQc2RUT2RU[�zQZyKb_`[�\=4 � ; aJwUK �
KQZy[ � wXTWY-zbw~VXZJwX^-ZyzbKQ_�ZJ[ �
cW_�adclR]KQZ/[b_`^-_`PSR]K�_�T�zbcWZJ_�K�zQcLKQZyZ*� YW_�^�ZJTW[b_�wXT�RUP�[ zbKQIWayzQILKbZJ[
zQw,zQcWwX[bZDa�RUP�aJIWPSR]zbZJY R � w9vxZU�h_ � Z9� zbcWZ ��� wUKQ^ R1e6� � ��RU_�KNRUTWY�zQcWZ�z �Bw-KQZy^lRU_`TW_�TWV
T IWaJP`ZywUzQ_`YWZJ[�_`T-zQcWZ"P`w�w9�lR]KQZ _`T�[�_`^�_�PSR]K�� wX[b_ zQ_`wXTW[�zQwCzQcWZ
Z*��� ZyKb_`^�ZJTxzdRUP�[�zbKbIWayzQILKQZ9�
�/cW_`[N[ zbKQIWayzQILKbZ _`["KbZJ� ZyKbKQZyY zbw�_`T�zQcWZ�� wXP`P`w �"_`TWVlRU[
zbcWZZ* Z ��� Z KQ_`^�ZyT zdRUP<[�zbKbIWayzQILKQZ/-
[b_�TWaJZ _ zQ[p^lRU_�T�� Z�R]zbILKQZJ[:aJwUK�KQZJ[ �hwXTWY zbw"zQcWZ�KbZJ[bIWP�zb[ ��I ��P`_�[bcWZJY � ���>ZJIW[pRUTWY  R]KQYW_ �

� �/. �



� �	�V
��J�����������	��
P���7������� � ���	�

� wX^�Z>KQZy[bIWP�zQ[
R]KQZCaJwX^�^�wXT2zQw�RUP�P�[bZ4%�IWZJTWaJZJ[N_�T vxZy[�zQ_`VxR]zbZJY��
p ')�5��� YWZyv�_SR]zQ_�wXT � Z z � ZJZJT�VXZJwX^�Z zbKQ_`Zy[ w9�Wzb_`^�_�HJZJY �"_�zbc��X¡+� ( �+RUTWY �+� � M '
R]KQZ@TWwUz/zQw�w�P`R]KQVXZU�LIW[�I�RUP`P �-zQcWZ �1R]KQZ@TWwUz/VUKQZ�R]zbZyK/zQc�RUT��X�LzbcWZC^-Z�RUTlvURUP�IWZC_�[ 0 	 � �
p M�TWZyKQV ��YW_32hZyKQZJTWayZJ[ � Z z � ZJZJT5zQcWZ * �hZJ[�z -<RUTWY5zQcWZ * �BwUKb[�z -�[�zbKbIWayzQILKQZlR]KbZ,^ IWadc
P`R]KQVXZyKN_�T �+� � M ' 4 ^�Z�RUT�v]RUP`IWZ~_`[ 4 . 	 � � \xa�RUP �F^�wXP-;�zQc�RUT�zQcWZ ��R]KQZ~_`T �X¡+� ( �
4 ^-Z�RUT3v]RUP`IWZC_`["� 	 � 4 \xa�RUP �F^�wXP ; �
p �>P`PL[�z�KQIWayzQILKQZy[�P`_�[�zQZJY,_`T zdR ��P`Zy[ .#���;��.#� �~R]KQZ ^�wUKQZ/[�zQR ��P`Z 4 c�R�vxZ"P�w �BZ K�ZJTWZ KQVX_`ZJ[ ;
zQc�RUT�zbcWwX[bZl� wXIWTWY �
_ zQc5zQcWZ�wUKb_`VX_`T�RUPO^�ZyzbcWw�Y�wX� v]R]K �L_�TWV�zQcWZl[bIWVxR]KDaJwXTW� wUKQ^lR��
zQ_�wXT��
p :"KQYWZyKQ_�TWV�wX�BzQcWZlVXZywX^�ZyzbKQ_�ZJ[ RU�SzQZ K��x¡+� ( �6�>RUTWY �+� � M ';� ZJTWZ KQVX_`ZJ[ IW[bI�RUP�P �
VX_ vxZJ[�TWwUz zQcWZ
[QRU^-Z"[bZ&%�IWZJTWaJZ>wX�h[�zbKQIWayzbILKQZJ[.� �+� � M ' KQZJ[bIWP zQ[ �WKQZJ� Z KBVXZJwX^�Zyz�KQ_`ZJ[
zQc�R]z
R]KQZ~aJP`wX[bZ K"zQw�zQcWZCZ*���hZyKQ_`^-ZJT zQRUP<[ zbKQIWayzQILKbZ9�
p �0YWZyzdRU_�P`ZJY�ZJTWZyKQV �5RUT�RUP ��[b_`[C[bcWw �
[CzQc�R]z~zbcWZ-ZJTWZyKbV �5YW_ 2 ZyKQZyTWaJZJ[ �hZyz �BZJZJT�VXZ*�
wX^�Z zbKQ_`Zy[@zbc�R]z�R]KbZ,aJP�wX[bZ zQw1zbcWZ,Z*��� ZyKb_`^�ZJTxzdRUP [�z�KQIWayzQILKQZ-RUTWY5wUzQcWZ KQ[~P�_`Z ^lRU_�TWP �
_�T�zQcWZ�vURUT�� YWZyK � � RXRUP`[~zbZyKQ^ � �/cW_`[~cWwXP`YW[@zbKQIWZ�� wUK�zQcWZ �+� � M '�RU[��BZyP`PORU[CzbcWZ
�X¡+� ( ��KQZy[bIWP�zQ[5�
p �>P`P [ zbKQIWayzQILKbZJ["[�cWw ��zQcWZ@aJwUK�KQZJayz [bZJaywXTWY�R]K �1[�zbKQIWayzbILKQZB4 � wXILK ��RU[�Z*� ��RU_ KQ["_�T1zbcWZ
[�zbZJ^ RUTWY�R3� wXILK � ^�ZJ^ � ZyKbZJY5P�w�w9��; �,� cW_�[~^-Z�RUTW[Czbc�R]zDRUYWYW_ zQ_`wXT�RUP�[�zdR ��_�P`_�H�R]zQ_`wXT
_�[
TWwUz
RUa�cW_�ZyvxZJY � �1w9� ZJTW_�TWV-zQcWZCaJP`wX[�_`TWV ��RU_ KNRUTWY1zQc�IW["KQZJP`ZJRU[b_`TWV,[�zQZyKQ_�a~[ zbKdRU_`T��

� aJwX^-^�wXT � Z�R]zQILKQZ�� wUK3RUP�P
[�zbKbIWayzQILKQZJ[ �"cW_`adc YWw TWwUz2aywUKbKQZJ[ �hwXTWY zbw#zbcWZ
Z*��� ZyKb_`^�ZJTxzdRUP�VXZJwX^�Z zbK � _`[OzQcWZ"zbwUzdRUP�R ��[bZJTWaJZ
wX�hzQcWZCe��8�3��RU_�K��O�/cWZ
ZJTWZyKbV �-aJwXT��
zbKb_ ��ILzQ_�wXTl�SKQwX^ zQcWZNTWw ��^-_`[b[b_�TWV ��RU[bZ)��RU_ KB_`[ ^-wUKQZ"zQc�RUT2^lRUYWZ"I���� �lc �LYLKbwXVXZJT
�hwXTWYW[ � Zyz �BZyZJT�P`w�w9� ��RU[bZy[�RUTWY%zQcWZ ��RUaQ\ � wXTWZ�RUTWY � � _�^ �WKQw9vxZJY%[ zdRUaQ\L_`TWV�wX�
zQcWZ3P`w�w9� ��RU[bZy[54 [bZJZ #�VXILKQZ .#�`�9� ; �0� _`VXILKbZ .#���9��YWZ5��_�ayzQ[,zbcWZ e)� � �6� VXZJwX^�Z zbK �
�"_�zQc1zQcWZCP`w �BZJ[�z"ZJTWZyKQV � 4 T IW^ � ZyK � � � ;Q��zbcWZ
� Z KQ� ZJayzQP �1aJw9��PSRUT�R]K;� wX[�_�zQ_�wXTW["wX� �@�
RUTWY � � a�RUT
� Z,[bZJZJT�ayP`Z�R]KQP � �-�/cWZ-Z 2 ZJayz�wX�BRUYWYW_�zb_`wXT�RUP�[�zdR ��_�P`_`HJR]zQ_`wXT��SKQwX^ _�^%�
�WKQw9vxZJY2[�zdRUaQ\�_`TWV _`[�^�wX[�z �WKbwX^�_`TWZJTxzB_�T�zQcWZ~e � � �6� P`w�w9�l[b_`TWayZ>cWZyKQZNz �Bw���ILKQ_�TWZJ[
R]KQZ [�zQRUad\�_`TWV#� �/cW_`[@^�_�VXc z@Z ����PSRU_�T �
c � zQcWZ�e � � �6� P�w�w9��_`[>zQcWZ wXTWP � [bZ4%�IWZyTWaJZ
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RUTWY
zQcWZ � R]KQZ3_`TxzQZyKQZJ[ zQ_`TWV�� wUK�R�[�zbKQIWayzbILKdRUP"_�T vxZy[�zQ_`VxR]zb_`wXT�� wUK�R5vUR]KQ_�Zyz � wX�NKQZ�RU[bwXTW[.�
�/cWwXIWVXc�zQcWZ ��R]KQZ�TWwUzNRU[
aJwX^-^�wXT�RU[ zQZyzbKQRUP`w�w9��[y��z�KQ_ � T�IWaJP�ZJwUzQ_�YWZ�P`w�w9��[
w�aJaJILKN_�T
��RUayzbZyKQ_SRUP:RU[ �BZJP`P:RU[CZyIL\UR]K �xwUzb_`al�9�����8']( � 2 � 0 0 3 2 � 4 �N3 �
cWZyKbZ zbcWZ ��KQZ5��P`RUaJZDzQcWZJ_ K
^�wUKbZ�R ��IWTWY�RUTxz�� wXILK � ^-ZJ^ � ZyKQZyY�KQZJP`R]zQ_�vxZJ[ 2 � 0 0 3 �:�/cWZ�ZJTWZ KQV ��YW_ 2 ZyKbZJTWaJZ � Z z � ZJZJT
zQcWZ/zQcLKQZyZ*� RUTWY�zQcWZ � wXILK � ^�Zy^ �hZyKQZJY,c�RU_�K ��_�TW[ _�[ wX��zQcWZ wUKQYWZyK wX�p�"\xaJRUP �F^�wXP�_`T-�uR��
vxwUKOwX�kzbcWZ zQZ zbKdRUP`w�w9��[ 2 � 0 �43 � � cWZy_�K [b^lRUP`P�[b_`HyZ
RUTWY�zQcWZ"cW_�VXc�Kb_`VX_`YW_ z � ^lR]\xZJ[ zQcWZJ^
RUT,_`YWZ�RUPL[ zdR]KbzQ_�TWV �hwX_`Txz � wUKOZ*��� ZyKb_`^�ZJTxzdRUPWRU[ �BZJP�PWRU[OaJwX^ ��ILzdR]zQ_�wXT�RUPLR&�#�WKQwxRUadcWZJ[5�

�/z zQcWZ � ZJVX_�TWTW_`TWV�wX� zbcW_`[ �BwUKb\#_ z �/RU[4��PSRUTWTWZJY zQw�zbKQZ�R]z zQcWZ,�WKQw ��P�ZJ^ wX�
zbKb_`P`w�w9� [�zbKQIWa zQILKQZ �SKQwX^ z �Bw#[b_�YWZJ[ ��wXT wXTWZ�c�RUTWY zbKQ_`P�w�w9��[�[�cWwXIWP`Y � Z�[ ��T zQcWZ �
[b_�HJZJYD�SKbwX^ ���9� �hRUTWY ���&(6� ZJTLKQ_�a�cWZyYDT�IWayP`ZJwX[b_�YWZ zbKb_ ��cWwX[ ��c�R]zQZy[ zQw _`TxvxZJ[�zQ_�VxR]zQZ zQcWZJ_ K
[�z�KQIWayzQILKQZ � � cWZyzQZyKQwXT IWaJP�Z�R]K (+� '��xRUTWY�wXT zQcWZ/wUzQcWZyKOc�RUTWY�R@aJwX^ ��ILzdR]zb_`wXT�RUPLR&���
�WKQwxRUadc2[bcWwXIWP�Yl[�zdR]KbzBwXTWP �-�SKbwX^0zQcWZN[�ZJaJwXTWY�R]K �-[�zbKQIWayzbILKQZNzQw �hZ>R ��P`Z
zbwDaJwX^ ��R]KQZ
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zQcWZ�KbZJ[bIWP�zb[ RU�SzQZyK �BR]KQYW[.��� _�TWaJZl[ �LTxzQcWZJ[�_`HJ_�TWV�� IWP�P�_�[bwUzQw9��_`a-PSR � ZyP`ZJY�^�wXP�ZJaJIWP�ZJ[�_�[
TWwUz/wXTWP �-Z*��� ZJTW[�_�vxZ>_`T2aJwX[ z ��ILz RUP`[bw _�TlZ*���hZyKQ_�^�ZJTxzdRUPhZ 2hwUKbzB_ z �/RU[ TWZJayZJ[b[QR]K �lzbw
adcWw�wX[�Z ^�wXP`ZyaJIWP`ZJ[<zQc�R]z R]KbZ RU[p[�^lRUP`P RU[ �hwX[b[b_ ��P`Z ��ILzpzQc�R]zp[ zQ_`P�P�^lR]\xZ�* ��_�w�adcWZJ^�_�a�RUP
[bZyTW[bZ/- �%�>P`^�wX[ z>zQcWZ,[bRU^�Z�R]KQVXIW^�ZJTxzQ[~R&�#��P ��� wUK~zbcWZ,aJwX^%��ILzdR]zQ_`wXT�RUP�R&�#�WKbwxRUa�c��
� [�^lRUP`P/[b_�HJZ�^lR]\xZy[,� wUK2R�P`w �BZyK�aywX^ ��ILzdR]zQ_�wXT�RUPBZ 2 wUKbz�RUTWY�zQcWZ�cW_�VXc�KQ_`VX_�YW_�z �
^lR]\xZy[N� wUK@� Z �BZyK~RUaJayZJ[b[b_ ��P`Z aJwXTW� wUKQ^lR]zb_`wXTW[.� � wUzQc��uRUa zQ[@R]KQZ _`^%� wUKbzdRUTxzN[�_`TWaJZ _�z
�/RU[:z�KQ_`ZJY zQw>aJRUP`aJIWP`R]zQZ zQcWZBaJwUKbKbZJayz zQcLKQZyZ*� YW_�^�ZJTW[b_�wXT�RUPL[�zbKQIWa zQILKQZ �"_�zQcWwXILz:zbcWZBIW[bZ
wX� Z*��� ZyKQ_�^�ZJTxzdRUP�Y�R]zdRD[�zdR]Kbzb_`TWVDwXTWP ���SKQwX^�zQcWZ>[bZJaJwXTWY�R]K �l[�zbKQIWa zQILKQZ9�B� w �uR]KBvxZyK �
� Z �([ zQIWYW_`ZJ[ c�R�vxZ��hZJZJT�YWwXTWZCwXT3z�KQ_`P�w�w9��[J�WRU^-wXTWV zbcWZJ^ zQcWZ>Ky�"e~� 4 ¡>¡>¡<;�e�� e6�
2 � 4 ./3LRUTWY zQcWZ Kye~�"e)�"¡>¡ 4 ¡�� ¡<;�e)�@� � e�� � � c�RU_�K ��_�T 2 ���43 � � wUzQc _`TxvxZJ[�zQ_�VxR]zQ_`wXTW[
�WKQZy[bZJTxzQZJY�[bwXP`ILzQ_�wXT�[�zbKbIWayzQILKQZJ[
wX�:zQcWZ�KQZJ[�� ZJayzb_�vxZD^�wXP�ZJaJIWP�ZJ["w �WzQRU_`TWZJY � ��^ IWP�zb_ �
YW_�^�ZJTW[b_�wXT�RUP  KQwUzQwXT��9(+� ' RUTWY�zQcWZ ��RUVUKQZJZyY�wXT(R [�zbZJ^ [�z�KQIWayzQILKQZ�zQc�R]z �BRU[
aJP�wX[bZ,zbw3zQcWZ '�( �6� �6� cWZJP�_ � �
cW_�P`Z zQcWZ-[ zbKQIWayzQILKbZ-wX� zbcWZ-P`w�w9��KbZJVX_`wXTW[~aJwXIWP`Y�TWwUz
�hZ�aJP`R]KQ_ #�ZJY�[QR]zQ_`[�� �L_`TWVXP � �

�h} + {+tuq:tuo5npo �yiFjFn��UiFn:jFm�

�/cWZ #WKQ[�z�[�zQZ5�4zQw R [ �L[ zQZJ^lR]zQ_�a�_`TxvxZJ[�zQ_�VxR]zQ_`wXT�wX� zbKQ_�P`w�w9��[ zbKQIWayzQILKbZ �BRU[
zQcWZ�a�cWwX_�aJZ wX� [bZ4%�IWZJTWaJZJ[5�  c �LP�wXVXZJTWZyzQ_�a�[�zQIWYW_�ZJ[>wXT�ZJI ��RUayzbZyKQ_SRUP �9�����8']( � 2 � 4 �D3
[bcWw �BZJY�zQc�R]z>zbKQ_�P`w�w9��[ �
_ zQc [bZ4%�IWZJTWaJZ�¡ (>¡.w�aJaJILKC^�wX[ z>wX�SzQZJT���� wXP�P`w �BZJY � ��zbcWZ
� (>¡�RUTWY�¡ ( �)P�w�w9��[.�:��TlRUP�P�wX�kzQcWZ
R � w9vxZ
^�ZJTxzQ_�wXTWZJY-[ ��[�zQZJ^-[ ()a�RUT�[�zdRUTWY-� wUK
RUT � ��RU[bZ ��ILz�e4�h� cWZyKbZJ� wUKQZ #WvxZDYW_ 2 ZyKQZyT z@P�w�w9��[bZ&%�IWZJTWaJZy[ 4 ¡>¡>¡ � �"¡>¡ ��e>¡>¡ �
¡>¡ � � ¡>¡�e8; �BZyKbZ�adcWwX[bZyT��D�pw2Z*�WRU^�_`TWZ R�� wX[�[b_ ��P�Z�_�T ��IWZJTWaJZ�wX�OzbcWZ T�R]zQILKQZ wX�
zQcWZ-aJP`wX[b_�TWV ��RU_�K�wXT�zQcWZ-zbKQ_�P`w�w9��[�zbKbIWayzQILKQZ�zQcWZZ#WvxZ�P`w�w9��[bZ4%�IWZJTWaJZJ[ �BZyKbZ�aJwX^%�
��_�TWZJY �"_�zQc2z �Bw�aJP`wX[b_�TWV4��RU_�KQ[ 4�e���� RUTWY � � e<; �W�/cWZC[�zQZJ^ [bZ&%�IWZJTWaJZ��/RU[/adcWwX[bZJT
� wUK ^�R��W_`^ IW^([�zdR ��_�P`_ z � 4�e~e�� e wUKOe�e�� � ; �UR
aywX^ ��_�T�R]zQ_`wXT�wX�LzQcWZ � wX[�[b_ ��P�Z P`w�w9�
RUTWY�[�zbZJ^ [bZ&%�IWZJTWaJZy[NKQZJ[bIWP zQ[N_`T�R-zQwUzdRUP wX� � 0 YW_ 2 ZyKQZyT z@^�wXP�ZJaJIWP�ZJ[.�B�/cWZDTWwX^�ZJT��
aJP`R]zQILKQZ>IW[bZyY3� wUK/zQcWZJ[�Z>[bZ4%�IWZyTWaJZJ[ a�RUT � Z@[bZJZJT1_`T #�VXILKQZ ������� � _`TWaJZ@[ ��T zQcWZy[b_`HJ_�TWV
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v]R]KQ_`wXIW[/[bZ&%�IWZJTWaJZy["_�[B�uR]K"ZJRU[b_`ZyK YWwXTWZ@wXT3R aywX^ ��ILzQZyKBzQc�RUT1_`T1R PSR �hwUKdR]zQwUK �-wXTWP �
z �BwCwX��zbcWZ/zbZJT,[�Z4%�IWZJTWayZJ[ �BZ KQZ/[bZJP`ZyayzQZJY,� wUK Z ��� Z KQ_`^�ZyT zdRUP�_`TxvxZJ[�zQ_�VxR]zQ_`wXT��XT�RU^�ZyP �
[bZ&%�IWZJTWaJZy[ ��RUTWY�M��
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�WKQwXVUKQRU^ wX� � _`wX[ �L^ ��TWa9� � ILKQ_`TWV�^�w�YWZJP`_�TWV5_ z �/RU[�RU[b[bIW^�ZJY zQc�R]z-zQcWZ�[�zQZJ^�[
RUYWw9�Wz�'�( �6� �6� cWZJP�_ �3aJwXTW� wUKQ^lR]zb_`wXT�� �"cWZyKQZ�RU[ [bZyvxZyKQRUP YW_ 2 ZyKQZyT z
VXZJwX^�ZyzbKb_`ZJ[ �BZyKbZ
IW[bZyY�� wUKNzbcWZ P`w�w9��KbZJVX_`wXT��+:6�WzQ_�^�_`HJR]zQ_`wXT �/RU[>YWwXTWZ � ��IW[b_`TWVlzQcWZ � KQZy^�ZyKQ^lRUTWT
RUP�VXwUKQ_�zQcW^'YWZJ[�ayKQ_ �hZJY2_`T�[�ZJayzQ_�wXT,���`��� ��� � cWZ
YWZ&#�TW_�zQ_�wXT�wX� zQcWZ KQwUzdR]zQ_�wXT�RUP�R��WZJ[ � wUK
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zQc�R]z@c�R�vxZDz � w���RU[�ZJ[ � Zyz �BZJZyT�zQcWZJ^ 4 KQZJY�P`_�TWZJ[ ;Q��RUTWY zQcLKQZyZ
R]z~zQcWZ-aJwXTWTWZyayzQ_`wXT �hZyz �BZJZJT#[bIWVxR]KDRUTWY�cWZyzQZyKbw�a ��aJP`Z �
cW_�a�c�aywUKbKQZJ[ �hwXTWYW[�zQw�zbcWZ
VXP �LaJwX[b_�YW_`a � wXTWY�wUK
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zQcWZy[bZ>R��WZy[ RUP`P�w �"[O� wUK aJwXTW[b_�YWZyKdR ��P�ZNaJwXTW� wUKQ^lR]zb_`wXT�RUPW�SKQZJZyYWwX^ _`T,zQcWZ
P�w�w9�-KbZJVX_`wXT��
[b_�TWaJZlzQcWZ ��RU[bZJ[ a�RUT#adc�RUTWVXZ � Zyz �BZyZJT [ �LT��CRUTWY RUTxzQ_ � aJwXTW� wUKQ^lR]zQ_�wXT#RUTWY �
cWwXP�Z
T IWaJP`ZywUzQ_`YWZJ[
a�RUT � ZC^�w9vxZJY��

�h} � =lm���n:sSi���rkq����pt)� �xn�� ��t fkq

��� ���`� M TWZyKQVX_�ZJ[

�/cWZ IW[bZ wX�LzbcWZ � KQZJ^�ZyKb^lRUTWTDRUP�VXwUKQ_�zQcW^4P`ZyYDzQw>R
YW_�[�zQ_`TWa z _`^ �WKbwFvxZJ^-ZJT z"4 _ � Z9�
R1P`w �BZyKQ_�TWV3wX�OzQcWZ ZJTWZyKQV � ;
wX��zQcWZ�^�wXP`ZJayIWPSR]K@VXZJwX^�Z zbKQ_`Zy[.� �:R ��P�Z �����,[�cWw �"[CzbcWZ
ZJTWZ KQVX_`ZJ[
� wUK
Z�RUadc�[�Z4%�IWZJTWayZ � ZJ� wUKbZ@4 _�T�aJwXP�IW^�TX* � w�YWZJP � -3;DRUTWY�RU�SzQZyK<4 _`T3aJwXP`IW^-T
* � KbZJ^�ZyK�� -3;~[bZyvxZyKQRUP KbIWTW[NwX� zQcWZ � KQZJ^�ZyKb^lRUTWT�� w9�WzQ_�^�_`HJR]zQ_`wXT�� �/cWZ � KQZy^�ZyKQ^lRUTWT
^�Z zQcWw�Y�_�[�RUP�[bw�zQZ KQ^�_`T�R]zbZJY,v�_SR�RUT-ZJTWZyKQV �,ayKQ_ zQZyKQ_�wXT�IW[b_`TWV~zQcWZNZJTWZyKbV �-YW_ 2 ZyKQZyTWaJZ
�hZyz �BZJZJT1zQcWZ@PSRU[�zBz �Bw�VXZJwX^�Zyz�KQ_`ZJ[ zQc�R]z �BZyKQZ~RUaJaJZ*�WzQZJY��B� _`TWaJZ@zQcW_`[Bw9�Wzb_`^�_�H�R]zQ_`wXT
_�T vxwXP vxZJ[ KdRUTWYWwX^ ZJP�ZJ^�ZJTxzQ[/_�z ^lR]\xZJ[ [bZyTW[bZ>zQw ^lR]\xZN[bZyvxZ KdRUP [bZ4%�IWZJTxzQ_SRUP � KQZy^�ZyK �
^lRUTWT KQIWTW[J�BZ�RUadc [�zdR]K�zQ_`TWV �
_ zQc zQcWZ3w9�WzQ_`^-_`HJZJY VXZJwX^�Zyz�K � w �WzdRU_`TWZJY%�SKQwX^ zbcWZ
�WKQZ vL_`wXIW[ KQIWT�� � T�z � ��_`a�RUP�a�RU[bZJ[ � Zyz �BZJZyT ��RUTWY �~[bZ4%�IWZJT zb_SRUPhw9�Wzb_`^�_�H�R]zQ_`wXTW[ �BZyKbZ
^lRUYWZ&��� cWZ2ZJTWZ KQVX_`ZJ[�[bcWw �
T%_`T aJwXP`IW^�T * � w�YWZJP`_�TWV - aJwUKbKQZy[ � wXTWY zQw�[ zbKQIWayzQILKbZJ[
�"cW_`adc �BZ KQZ�w �WzdRU_�TWZJY � � * aJwXTW[ zbKQIWayzQ_�TWV -�^�wXP`ZJayIWP`ZJ[ �"_�zQc zQcWZ3VX_ vxZJT [�zQZJ^%� P`w�w9�
[�z�KQIWayzQILKQZ �
cW_�a�c �BZyKQZ�KQZJPSR��LZJY �"_�zbc�R%[b_�^ ��P`Z w9�WzQ_�^�_`HJR]zQ_`wXT _`T zQcWZ �+� � M '
� wUKQayZ$#�ZJP�Y��

�)��R]Kbz��SKQwX^ [b_�^ ��P � aJwXTWTWZJayzb_`TWV � wUzQc [b_�YWZJ[2wX�NzQcWZ�[�zQZy^ _�z �BRU[�zbKQ_`ZyY zbw
^lR]\xZNRUT3ZJYWIWaJR]zQZJY1VXIWZJ[b[/� wUK/zQcWZ>P`w�w9�3[ zbKQIWayzQILKbZ9� �>[B_�[ \LTWw �
T2�SKQwX^ wUzbcWZyK/P`w�w9�
VXZJwX^-ZyzbKQ_�ZJ[ ��RU[�ZJ[N_`T3zQcWZDP`w�w9��zbK �1zbw�^lR��W_�^�_`HyZNz � w�[�zdR ��_�P`_`Hy_`TWV-Z 2 ZJayzb[J�hT�RU^�ZyP �
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YWwXI ��P�Z*� [�z�KdRUTWYWZJY%[ zQZJ^ aJwXTW[b_�[�zQ_�TWV�wX� � a�RUTWwXTW_�a�RUP ��RU[bZ,��RU_ KQ[ RUTWY�zQcLKQZJZ2TWZ �"P �
� wUKQ^-ZJY-wXTWZJ[ 4 [bZyZ]#�VXILKQZ ���`�X�1; � �>T-Z*�WRU^ ��P`Z/� wUK [bIWadclRC[ zbKQIWayzQILKbZ
a�RUT � Z [bZJZJT�_�T
#�VXILKQZ ���`� 4 �
cW_�adc�[bcWw �
[OzQcWZ"YW_�^�ZyKOwX�kzbcWZ
¡>¡>¡6� z�KQ_`P�w�w9� � � _�VXILKQZ ���`� 4 [bcWw �"[ zbcWZ
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w9�WzQ_�^�_`HyZJYl[�zbKQIWa zQILKQZ@wX��zQcW_`[ YW_�^�ZyK���zQcWZ>aJwXP`wUKbZJYlKQ_ � �hwXTW[B_`TWYW_`aJR]zQZNzQcWZ ��RUaQ\ �hwXTWZ
�"cW_`adc�w ��v�_`wXIW[bP � _`[:vxZyK � aJP`wX[�Z zQw ��ILKQZ;'�( �6�8�6� cWZJP`_ � aJwXTW� wUKb^lR]zQ_`wXT�� � _`VXILKQZ ����� �
[bcWw �"["zQcWZ~^�_`TW_�^�IW^ [ zbKQIWayzQILKbZ�� wUK zQcWZ�eN¡>¡6� YW_`^-ZyK��

�>VxRU_�TlYWZyvL_`R]zQ_`wXTl�SKQwX^ [�zdRUTWY�R]KQY/'�( ��cWZJP�_ ��_`[B^�_�TW_`^lRUP �xzbcWZC^-wX[�z w � vL_�wXIW[
[�z�KQIWayzQILKdRUP adc�RUTWVXZl_`[ R�[�P`_`VXcxz �hZJTWY#_`TxzbKQw�YWIWaJZJY R]z�zQcWZ%� wX[b_ zQ_`wXT�wX� zbcWZ�� wUKQ^�ZyK
P�w�w9� KQZJVX_`wXT��+��T zQcW_`[2a�RU[bZ�zQcWZ�[�zbKQIWayzbILKdRUP>_`TxvxZJ[�zQ_�VxR]zQ_`wXT �/RU[1P`ZJ[�[3_�T zQZ KQZJ[�zQ_�TWV
zQc�RUT�zbcWZ�ZJTWZyKQVXZ zQ_`a�RUP"aJwX^ ��R]KQ_�[bwXT �hZyz �BZJZJT ^�wXTWwX^�Z K�RUTWY YW_`^-ZyK�VXZJwX^-ZyzbKQ_�ZJ[.�
�/cWZ2[b_`^ ��P�ZJ[�z�R&�#�WKQwxRUadc � wUK zQcW_`[ Zyv]RUP`I�R]zb_`wXT#_`[DzQw aJwX^%��R]KQZ-zQcWZ2ZJTWZyKbV �#wX�/zbcWZ
^�wXTWwX^-ZyK3zb_`^�ZJ[lz �Bw �"_�zbc�zQcWZ5YW_�^�ZyK3^�_`TW_�^ IW^ ZyTWZyKQV � � ¡>[�_`TWV%zQcW_�[�[b_�^ ��P`Z
R&�#�WKQwxRUadc RUTCZJTWZyKbV �@YW_32 Z KQZJTWaJZ wX� 410 \xa�RUP �F^�wXP�_`[ � wXIWTWY�� wUK<zQcWZ�¡>¡>¡6� z�KQ_`P�w�w9�~RUTWY
wX� �C\xaJRUP �F^�wXPW� wUK zbcWZCe>¡>¡6� P`w�w9��[�_`T-�uR9vxwUKBwX�kzQcWZN^�wXTWwX^�Z K [�� ZJaJ_�ZJ[.� �>aJaJwUKQYW_�TWV
zQw,zQcWZJ[bZ�KbZJ[bIWP�zb[
zQcWZD^�wXTWwX^-ZyK � YW_�^�ZyK Z4%�IW_`P`_ �WKQ_`IW^�[bcWwXIWP�Y � ZD[bcW_��SzQZJY�YW_�[�zQ_`TWa zQP �
zQw�zQcWZC^�wXTWwX^�ZyKB[�_`YWZ9� M ���hZyKQ_�^�ZJTxzdRUPhKQZJ[�IWP�zQ[J��cWw �BZyvxZyK
[bcWw �BZJY�zQc�R]z/zQcW_�["_�["TWwUz
zbKbIWZU�LR]z�P`Z�RU[�z�TWwUz � wUKBcW_�VXcWZyKB^�wXTWwX^-ZyKOaJwXTWaJZJTxzbKdR]zQ_�wXTW[.� �pwD_`^%�WKQwFvxZ/zQcWZ
KbZJ[bIWP�zb[
wX�@zQcWZ ^�wXP`ZyaJIWPSR]Kl^-ZJadc�RUTW_`aJ[2a�RUP�aJIWPSR]zQ_�wXT � wUzQc zQcWZ ^�wXTWwX^�Z KlRUTWY zQcWZ YW_`^�ZyK
[�z�KQIWayzQILKQZy[ � ZyKQZl_`^-^�ZyKQ[bZyY�_`T#R�[bwXP�vxZyT z�� _�T�zQcW_`[ aJRU[bZ �/R]zQZyK.����T�zQZyKQ^�[�wX�/zbcWZ
[b_�^ IWPSR]zQ_�wXT�zQcW_�[�^�ZJRUTW[CzQcWZ-RUYWYW_�zQ_�wXT5wX�BR1T�IW^ �hZyKDwX� �BR]zQZyKD^-wXP`ZJaJIWP�ZJ[~R]KQwXIWTWY
zQcWZ '�( � ^�wXP�ZJaJIWP`Z&�2� cWZyKbZJ� wUKQZ�z �Bw�TWZ ��z ��� Zy[DwX�B_`TxzQZyKdRUa zQ_`wXT�R]KbZ�_`TxzbKQw�YWIWaJZJY
_�T%zQcWZ1a�RUP`aJIWP`R]zQ_`wXT wX�"zQcWZ3^�_`TW_�^ IW^ ZJTWZyKQV �x� T�RU^�ZJP �0']( �6� �/R]zbZyK�RUTWY �/R]zQZyK �
�/R]zbZyK�_�T zbZyKdRUayzQ_�wXTW[.�0� cWZJ[�Z5TWZ � aJwXTxzbKQ_ ��ILzQ_`wXTW[2zQw zbcWZ�zQwUzQRUP>ZJTWZyKQV � ^lR]\xZ _�z
_�^ � wX[b[�_ ��P`ZCzQw�aJwX^%��R]KQZ~^-wXTWwX^�ZyK
RUTWY�YW_`^�ZyK"ZJTWZyKbVX_`ZJ[NYW_ KQZJayzbP �3[b_`TWaJZ�_�zNaJRUTWTWwUz
�hZ R�vxwX_`YWZJYCzQw
aJwXIWTxz:[�wX^�Z�wX��zQcWZ �/R]zQZyK � �/R]zQZyK _`TxzQZyKQRUayzQ_`wXTW[<z �
_�aJZ9�:�/cW_`[ YW_`P�ZJ^�^lR
a�RUT �hZ [bwXP vxZJY �
_ zQc�zQcWZ�� wXP`P`w �"_`TWVN^�Z zQcWw�Y��<[�zdR]Kbzb_`TWVN�SKQwX^4zQcWZ ^�wXP�ZJaJIWP�ZJ[p_�T %�I�RU[b_
v]RUaJIWIW^.YW_32hZyKQZJTxz�T IW^ �hZyKQ[ wX� �/R]zQZ K�^�wXP`ZJayIWP`ZJ[ R]KbZBRUYWYWZJY zQw � wUzQcDzbcWZB^�wXTWwX^�ZyK
RUTWY�zbcWZ�YW_`^-ZyK 4 [bZJZ�#�VXILKQZ ����� . ; �

:
T�zQcWZ�P�ZJ�Sz � c�RUTWY�� [b_`YWZ2wX� #�VXILKQZ ����� .�zQcWZ�^-wXP`ZJaJIWP�Z-_�[D_`T#R %�I�RU[b_ � vURUaJIWIW^
[�zQR]zQZ9� � ��RUYWYW_`TWV�^�wUKQZ>RUTWY1^�wUKQZ �BR]zQZyK/^�wXP�ZJaJIWP`Zy[ zQcWZ@ZJTWZyKQV � �hZJVX_`TW[BzQw YLKQw9� �
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� ��;�L ��L�r ��q EH��2,���m=��x�:90-@=�AR9$=`-@�#�"�9@*��#P)P)PCaZ<������R-8LYG4��=��)-@�.[�[\�"2����$*��8� 9$*��FA �7=`-$�0�#�7�
9$*,�F[1��A@|�[e�72��"L
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� ��;�L ��L�r �`q EH��2����m=��x�:90-$=,AR9$=`-$�y�"�9$*,� � P)P'ac<������R-8LYG4��=,�)-$�.[�[\�"2��C�0*��^��9$*��FA �7=`-$�0�#�7�
9$*,�F[1��A@|�[e�72��"L

� � � �



� �	�V
��J����� ��� � 
P������ � ���	�

0.0 200.0 400.0 600.0 800.0
Number of H2O molecules

-1200.0

-1000.0

-800.0

-600.0

-400.0

-200.0

0.0

E
ne

rg
y 

(k
ca

l/m
ol

)

E(H-bond)
E(vdW)
E(tot)

� ��;�L ��L�r J�q EH��2,���m=����82��R-$;"��� �#�"��9$*��iPSP)P'as90-@��������/��'��9$*�<��.f\�R-$�8279d2g=���[\�R-@�#�"�v����9$�R-
���"��� A8=���� � L

�/cW_`[ _�[ IWTWYWZyKQ[�zdRUTWY�R ��P�Z"�SKbwX^�zQcWZB�uRUayz zbc�R]z zQcWZ #WKQ[�z�[ ��cWZ KQZ/wX��[�wXP�vxZJTxz�^�wXP`ZyaJIWP`ZJ[
_�[~aJwXTW[ zbKQIWayzQZyY�RUTWY5c �LYLKQwXVXZyT � wXTWYW[�R]KQZ � wUKQ^�ZJY�� �/cWZ�aJwXT z�KQ_ ��ILzQ_�wXTW[Czbc�R]z�R]KbZ
KQZy[ � wXTW[b_ ��P`Z � wUK�zQcW_�[lYWZJayKQZJRU[bZ _`T ZJTWZyKbV � R]KQZ�[bcWw �"T)_�T�zQcWZ #�VXILKQZ � zQcWZJ[bZ R]KbZ
zQcWZ2v]RUT�� YWZyK � � RXRUP`[,_`TxzQZyKdRUa zQ_`wXT%RUTWY zQcWZ1c ��YLKQwXVXZJT �hwXTWYW[.� � cWZ1wUzQcWZyK,ZJTWZyKQV �
aJwXTxzbKQ_ ��ILzQ_`wXTW[2[�zQR �%aJwXTW[�zdRUTxz1RUTWY �BZyKQZ�zQcWZyKbZJ� wUKQZ wX^�_�z�zQZJY�� � �%RUYWYW_`TWV#^�wUKQZ
RUTWY�^-wUKQZ �BR]zQZyK~^�wXP`ZJayIWP`ZJ[@zQcWZ-ZyTWZyKQV ��YLKQw9��[�� ILKbzbcWZyK�� ��ILzDR]z�[�wX^�Z �hwX_`Txz~zbcWZ
aJILK�vxZ1^�R]\xZJ[ R�KdR]zQcWZ K [bc�R]K � � ZJTWY����/zDzQcW_`[��hwX_`Txz zQcWZ #WKQ[�z [�wXP�vxZJTxz [ ��cWZyKQZ2_�[
aJwX^%��P`ZyzQZyY RUTWY�zQcWZ2RUYWYW_ zQ_`wXT�RUP�ZJTWZyKQV ��Z 2 ZJayzb[ aJwX^�Zl^lRU_�TWP ���SKQwX^ TWZ � �/R]zQZyK �
�/R]zbZyK:_�T zQZ KdRUayzQ_�wXTW[ KdR]zQcWZ KpzQc�RUTD�SKbwX^�TWZ � ']( �6� �/R]zQZ K:_`TxzQZyKQRUayzQ_`wXTW[5� � cWZ ZJTWZyKQV �
aJILK�vxZB_`[ zbc�IW[ YW_ vL_`YWZyY _`TxzQw
z �Bw>P`_�TWZ�R]K ��R]K�zQ[�� � �~Z*��zbKdR&� wXP`R]zQ_`TWV zQcWZ [bZyaJwXTWY4��R]Kbz _�z
[bcWwXIWP�Y � ZOR ��P�ZOzQw VxRU_`T@zQcWZOZJTWZyKQV �@� wUKpR/^�wXP`ZJayIWP`Z�_`TCzQcWZ"* KQ_�VXc z -�ZyT v�_�KQwXTW^�ZyT z�4 _ � Z9�
_�T�R/%�IWZywXIW[�[bwXP�ILzQ_`wXT�; ��ILzD_�TWYWZ5� ZyTWYWZJT zD�SKQwX^ zQcWZ,T IW^ � ZyK�wX� �/R]zbZyK�^-wXP`ZJaJIWP�ZJ[.�
�)�#��P �L_`TWV~zQcW_`[ ^�ZyzQcWw�Y-zQw �hwUzQc-zQcWZ
^�wXTWwX^�ZyK RUTWY�zQcWZNYW_�^�ZyK [�zbKQIWa zQILKQZJ[B[bcWwXIWP�Y
��_`ZJP�Y ZJTWZ KQVX_`ZJ[�zQc�R]z,R]KQZ2YW_�KQZyayzQP �#aywX^ ��R]KdR ��P`Z1RUVxRU_�T%RUTWY zQc�R]z�_`TWaJP�IWYWZ3[bwXP vxZJTxz
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Z 2hZJayzQ[5��� _`VXILKbZJ[ ���`� � RUTWY �����9�%[bcWw � zbcWZJ[bZ�KQZJ[�IWP�zQ[�� wUK�zQcWZ�¡>¡>¡6�lRUTWY�zbcWZ
eN¡>¡6� ^�wXP�ZJaJIWP`Zy[.� � Z zdRU_`P�["RUTWY3Z*��RUa zBvURUP�IWZJ["� wUK/zQcWZC^�_�TW_`^ IW^ ZJTWZ KQVX_`ZJ["RUTWY3zbcWZ
T IW^ � ZyK>wX� �/R]zQZyK
^�wXP`ZJayIWP`ZJ[
R]KQZ�VX_ vxZJT�_`T3zdR ��P`ZJ[ ��� . 4 ¡>¡>¡6� [bZ&%�IWZJTWaJZy[ ;/RUTWY ��� �
4�eN¡>¡6� [bZ&%�IWZJTWaJZy[ ; �2�/cWZ-P`Zy�Sz � c�RUTWY�[b_�YWZ-wX� ZJRUa�c�zdR ��P`Z,aJwXT zQRU_`TW[~zbcWZ,KQZJ[�IWP�zQ[~� wUK
zQcWZ ^-wXTWwX^�ZyK 4 _`TWYWZ*� � ;Q�hzQcWZ�Kb_`VXcxz � c�RUTWY [b_�YWZ [bcWw �"[NzQcWZ YW_�^�ZyKNKQZy[bIWP�zQ[<4 _`TWYWZ*�� ; ��� cWZ,PSRU[�z@KQw ��_`T�Z�RUadc5zdR ��P`Z 4 _�T � wXP�Y5�uRUaJZ ;
VX_ vxZJ[CzbcWZ-ZJ[�zb_`^lR]zQZyY�^�_�TW_`^ IW^
ZJTWZ KQVX_`ZJ[
�SKQwX^ zQcWZ�Z*��zbKdR&�hwXPSR]zQ_�wXT��
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UUU-triloop
UUU-triloop (extrapol.)
UUU-duplex
UUU-duplex (extrapol.)

E(est., triloop) = -239.053 kcal/mol

E(est., duplex) = -482.419 kcal/mol

� ��;�L ��L�r ��q EH��2����m=���� 2�� -$;"��� � ����-hP)P)P'as90-$��������/,� ��2�<!<,=`/,��� A8� � �'��9$*�<��.f\�R-$� 2g9Y2k=���[\�R-$�
�"�U���B9$� -C�3�7��� A =���� � L

��T Z�RUadc�wX�)#�VXILKbZJ[ ����� � RUTWY ���`�9��zQcWZyKQZ3R]KQZlz �Bw�Y�RU[bcWZJY�aJILK�vxZJ[�RUTWY#z �Bw
�hwXP`Y P`_`TWZy[.�5�/cWZ2I��#� ZyK,aJILKbvxZ1RUTWY P`_�TWZ 4 ��PSRUaQ\ ;@aJwUK�KQZJ[ �hwXTWY zQw zQcWZl^�wXTWwX^-ZyK��
�"cWZyKQZ�RU[~zQcWZ�P`w �BZyK�aJILKbvxZlRUTWY5P`_`TWZ 4 KQZJY�;N[bcWw �'zQcWZ,KQZJ[bIWP zQ[�wX� zQcWZ,YW_`^�Z K��l�/cWZ
aJILK�vxZJ[@[bcWw �4zQcWZ ZJTWZ KQVX_`ZJ[>wX��^�wXP�ZJaJIWP�ZJ[N[bILKbKbwXIWTWYWZJY �"_�zbc�YW_32 Z KQZJTxz@T�IW^ � Z KQ[>wX�
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4�� � �(:8; � M � 4�� � � : ;#� M �
0 � �L��� .x� 0 �Q�9� � � � �
� 0 �Q�X� 4 � 4&4 �L� � 4 � 0 � .W�
.W� �Q�9�X��� 0 0 � � � � � 0 � 0 0
� � � 4 � 0 � � � � � � � �9� � � 0 .
�9� � � �X����� ��� ����� � � � 0 ��� �
4 � � �9.x�L��� .W� .x�X� � � � 4 � �L�
��� � � � 0 ��� � � � � � �Q�X� � ��� . �
� 0 0 � � ����� � � � � � �Q� � � � � �/.
� 4 � � � ����� � � � 0 � � �Q� �U� 4 � 0 �
� � 4 �b� 0 4 � � 4 � � 4 � � �Q� � � 0 � . �
� ��� � +�� � }�� � � ��� � � � + } � +

� �B[1��� ��L J,q EH��2����m=,�n� 2,�R-$;"���8�v��2�<�2k=���[\�R-��7�e����9$�R-v���"���8A =���� �h�l��-�9$*��'P)PSP'as9$-$��������/
��2,<]�.9$�C<�=`/,���Ro\LvIv2,�R-$;"���8�C�B-$�_��2T|7A^���76B���"��L
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GUU-triloop
GUU-triloop (extrapol.)
GUU-duplex
GUU-duplex (extrapol.)

E(est., triloop) = -240.203 kcal/mol
E(est., duplex) = -484.302 kcal/mol

� ��;�L ��L�r��`q EH��2����m=��Q� 2��R-@;"��� � ����- � P)P'as90-@��������/,�Y��2,<m<�=`/,���8A � ���'��9$*�<��.f\�R-$� 2g9Y2k=���[\�R-$�
�"�U���B9$� -C�3�7��� A =���� � L

�/R]zbZyK ^�wXP�ZJaJIWP`Zy[:RUTWY P`_�TWZJ[:R]KbZ�zQcWZ Z*��zbKdR&�hwXPSR]zQ_�wXTW[ wX�LzQcWZ P`w �BZyK 4 RUTWY P`_`TWZJR]K ; ��R]K�z
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4�� � �(:8; � M � 4�� � � : ;#� M �
0 � ����� .x� 0 �Q� � 0 � ���
� � �Q�X�9��� � � 4 � � 4 � � � � �
. 4 �Q� � 0 � � � � � � �X�X��� � �
� � � 4 � ��� � 0 � � � � � � � � ���
� �U� � � � ���`� 4 � 4 � � � � .#� � �
4 � � � � 0 .#� 0 0 . � � � � � � � �N.
���U� � � 0 � � 0 � �X�X� �Q�X� � ��� ���
. � � � � 410 � 4&4 � � 0 �Q� �X� 0 � 4 �
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R ��[bwXP�ILzQZlvURUP�IWZ2c�RU[ zbw �hZ1z�KQZ�R]zQZJY �"_�zQc [bwX^�ZlaJRUILzQ_`wXT�� ��ILz�[�zQ_�P`P�zQcWZy[bZ1KbZJ[bIWP�zb[
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_ z/[bZJZJ^-[
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c�RU_ K ��_`TW[ �BZyKQZ YWZyzQZ KQ^�_`TWZyY � � ^�wXP`ZyaJIWPSR]K�^�w�YWZJP`_�TWV#� e ( '��)c�RU_ K ��_`TW[OR]KQZB\�TWw �"T
� wUK zQcWZJ_�K Z*��zbKdRUwUKQYW_�T�R]K � zQcWZyKQ^-w�Y �LT�RU^-_`aB[�zdR ��_�P`_ z �x� �"cW_`adc�_�[ �WKbZJ[bIW^lR ��P �,aJRUIW[bZJY
� �l[bZyvxZ KdRUP�[ � ZyaJ_ #�a@_`TxzQZyKQRUayzQ_`wXTW[B_�TlzQcWZ>P`w�w9� � � _ KQ[�zQP �x�LRUP�P ��RU[bZJ[/Z*�LaJZ5�Wz�(@�D[�zQRUad\
wXT�wUzQcWZ K ��RU[bZJ[y��R1e6� � ��RU_�K
wX�:z � � Z � 4 [bZJZ � ����RUZJTWVXZyK 2 � � 37; _`[
� wUKb^�ZJY �"cW_`adc
[�zQRUad\�[ I�� wXT�zbcWZ
aJP�wX[b_`TWV<��RU_ K wX� zQcWZ"P`w�w9�2RUTWY ��RU[bZ ( � [�zdRUaQ\L[ wXT � � ��� ZJaJwXTWYWP �x�
�hZJa�RUIW[bZDwX�<zQcWZ�e��8� ��RU_�K zQcWZCzbZyzbKdRUP�w�w9�1KQZJ[bZJ^ ��P�ZJ[NR * YW_`P�w�w9� -�RUTWY�zbcWZCKQZy[bIWP�zQ_�TWV
[�zbZyKQ_`a3aJwXTW[�zbKQRU_`TxzQ[,� wUKbaJZ ��RU[bZ (@��_�T�R�� wX[b_ zQ_`wXT wXT zQw9�%wX�"zQcWZ1P`w�w9� � ��ILKbzQcWZ K
[�zQR ��_`P`_�H�R]zQ_�wXT aywX^�ZJ[l�SKQwX^ RUYWYW_ zQ_`wXT�RUP
c ��YLKQwXVXZJT � wXTWYW[ � Zyz �BZyZJT)zQcWZ ��RU[bZy[1_�T
zQcWZlP�w�w9� RUTWY�zQcWZ ��RUaQ\ � wXTWZ9� �/cWZJ[bZl� Z�R]zbILKQZJ[J��cWw �BZyvxZyK��OR]KQZlTWwUz�KQZJ[�zbKb_`ayzQZyY#zbw
e ( '6�6� P�w�w9��[���zQcWZ ��R&�#� Z�R]K�RUP�[bw�_`T�e ( � �6� P�w�w9��[.��� �Bw�YW_�[�zQ_�TWayz z ��� Zy[ wX�/zbcWZ
e��8� ��RU_�K � ZyKQZ � wXIWTWY�_`T RUP`P wX�:zQcWZ [bZ4%�IWZJTWaJZJ[ � zbcWZ ZJTWZyKQV ��YW_ 2 ZyKbZJTWaJZJ[ � Z z � ZJZJT
�hwUzQc�z ���hZJ[@vUR]K ��[�z�KQwXTWVXP � �"_�zQc�zQcWZ�T�R]zQILKQZ-wX�OzQcWZ�^�_`YWYWP�Z ��RU[�ZJ[.�,� cWwXIWVXc5zbcWZ
P�w�w9��VXZywX^�ZyzbKQ_�ZJ[/[bcWw ��P�_�zbzbP`Z>YWZ5�hZJTWYWZJTWaJZ wXT1zQcWZ~v]R]KQ_SR]zb_`wXT1wX� ��RU[bZJ[](@�,RUTWY ( �
zQcWZ KQZJP`R]zQ_�vxZ [�zdR ��_�P`_`HJR]zQ_`wXT,ZJTWZyKQVX_�ZJ[ a�RUP�aJIWPSR]zQZyY � Z z � ZJZJT * w9�hZJT�- RUTWY * aJP�wX[bZJY�- P`w�w9�
[�z�KQIWayzQILKQZy[1[�cWw � aJP`ZJR]KlYW_32hZyKQZJTWaJZy[��hZyz �BZJZJT�e ( '���RUTWY�e ( � � P`w�w9��[�_`T�zbcWZ
wUKQYWZ K
wX� � \xa�RUP �F^�wXP � �/cWZ �1^�_�VXc z �hZCKQZy[ � wXTW[b_ ��P`Z~� wUK"zQcWZ+�WKQZJ� Z KQZJTWaJZDwX� e ( '��
w9vxZyK~e ( � �4c�RU_�K ��_`T�P�w�w9��[ _`T�T�R]zbILKQZ9�
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R]KQZ>� wXIWTWY1zQc�R]z��L_�T2ZJ[b[bZJTWayZU�WKQZJYWIWaJZ@zQcWZ>[b_�HJZ@wX� zbcWZ>P`w�w9�1�SKQwX^ � wXILK zbwDz � w ��RU[�ZJ[
RUTWY�� _�T�RUYWYW_ zQ_`wXT��OzQcWZ3KQZy^lRU_`TW_�TWV�z �Bw ��RU[bZJ[,z�K �#zQw5[�zQRUad\ wXT zQw9��wX� zQcWZ �WKQw&�
P�wXTWVXZJYl[�zdRUaQ\ �
cWZJTWZ vxZyKBzQcW_`[ _`[ [ zQZyKQZJw&� adcWZJ^�_`aJRUP`P ��� Z�RU[�_ ��P`Z&���/cWZN[QRU^�Z;�WKQ_�TWaJ_ ��P�ZJ[
a�RUT�RUP`[bw � Z~w ��[bZyKbvxZJY�wXT�R,P`R]KQVXZyK [ba�RUP�Z~_�T3zQcWZU* [�zQRUad\�_`TWV -WwX�<z � w-[�zQZy^�[/wXT�Z�RUadc
wUzQcWZ KN_`T1z '�( �>[ wUK"_`T3zbcWZ�c�RU^�^�Z KQcWZ�RUY2KQ_ �hwXH �L^�Z&�

�.aJwXTW� wUKb^lR]zQ_`wXT�RUP [bZ�R]KQadc�[bcWw �"[>zQc�R]z>zQcWZyKbZ R]KQZ ^�wUKQZD[�zQR ��P`Z P`w�w9��VXZJwX^�Z*�
zbKb_`ZJ[CzQc�RUT�zQcWZ-wXTWZ,_`TWYW_�a�R]zQZJY � � �>ZyIW[DRUTWY  R]KQYW_ �l� cWZy[bZ�[�zbKbIWayzQILKQZJ[ P`RUaQ\�zbcWZ
e��8� ��RU_�K ��ILz,R]KQZ2ZyvxZJT ^�wUKQZlaJwX^ ��RUa z zQc�RUT zbcWwX[bZ2aJwUKbKQZJ[�� wXTWYW_`TWV�zQw�zQcWZ2Z*���
�hZyKQ_`^-ZJT zQRUP>[�zbKQIWayzbILKQZ9� e ( '6�6� P`w�w9��[3w�aJaJILKQ_�TWV%_`T)T�R]zQILKQZ�[bZJZJ^ zQw c�R9vxZ zQcW_�[
e��8� ��RU_�K�� �hZJa�RUIW[bZ�_�zN� wUKQaJZJ[@zQcWZDz �Bw2^�_`YWYWP�Z ��RU[bZJ[@_`T �hwX[b_�zQ_�wXTW[NzQc�R]zCR]KQZ �hwUzQc
��Z*�L_ ��P�ZlRUTWY RUaJaJZJ[b[�_ ��P`Z]� �
cW_�a�c#_�[D_`^ �hwUKbzdRUTxzD� wUK � wUKb^�_`TWV�_�T z�KdR�� 4 � wUKb^lR]zQ_`wXT�wX�
��[bZyIWYWwU\LTWwUzQ[ ;�RU[ �BZJP`P
RU[�_`TxzQZyK�� ^�wXP�ZJaJIWPSR]K=4 �WKQwUzQZy_`T�� KbZJaJwXVXTW_�zb_`wXT�;DzQZ KbzQ_SR]K �%aJwXT��
zdRUa zQ[.�)�'aJwX^ ��R]Kb_`[bwXT �hZyz �BZJZJT�[�zbKQIWa zQILKQZJ[@w9�WzQ_�^�_`HJZyY �
_ zQcW_`T�zQcWZ4�+� � M '�RUTWY
zQcWZ��x¡+� ( � � wUKQaJZ #�ZJP�Y�[bcWw �
[-[b_`^�_�PSR]KQ_ z ��wX�
zQcWZ�w9�Wzb_`^�_�HJZJY%[ zbKQIWayzQILKbZJ[.� �/cWZ
ZJTWZ KQVXZyzQ_�a�RUP"wUKbYWZyK���cWw �BZyvxZ K�� ^lR�� � Z3aJwX^ ��P`Z zQZJP ��YW_32 Z KQZJTxz����/cW_`[�_`[��WKQw ��R ��P �
YWIWZ�zQw�R2YW_32hZyKQZJTxz�KbZJPSR]zQ_ vxZ _`^ �hwUKbzdRUTWaJZ wX�O[�zdRUaQ\L_�TWV�RUTWY5c �LYLKbwXVXZJT �hwXTWYW_`TWV�_�T
zQcWZ~ZJ^ ��_ KQ_`a�RUP ��R]KQRU^�ZyzQZyKb["wX�<zQcWZ~z �Bw,� wUKQaJZ$#�ZyP`YW[.�

��} + G C G � iFj�tus f�f	���

�/cWZ�[ zbKQIWayzQILKbZ�wX�~[bZyvxZyKdRUP@^�Zy^ �hZyKQ[2wX�@zQcWZ�z�KQ_`P�w�w9�)[bZ4%�IWZyTWaJZ�z ���hZ (>¡ (
�BZ KQZ~_�T vxZy[�zQ_`VxR]zbZJY3IW[�_`TWV,R�^�wXP�ZJaJIWP`R]K/^�w�YWZJP�_`TWV R&�#�WKQwxRUadc���� cWZ@P`w�w9�1[bZ4%�IWZyTWaJZJ[
¡>¡>¡ ��� ¡>¡ ��e>¡>¡ �X¡>¡ � �xRUTWY,¡>¡�e�R]KbZ zQcWZ ^�wX[�z R ��IWTWY�RUTxz�zbKb_`P`w�w9��[bZ4%�IWZyTWaJZJ[
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zQc�R]z"w�ayaJILKN_�T�T�R]zQILKQZ&�O� z �/RU[ z�KQ_`ZJY1zQw-w9�Wzb_`^�_�HJZNzQcWZ�VXZywX^�ZyzbK ��wX�:[b^lRUP�P c�RU_�K ��_�T
^�wXP�ZJaJIWP�ZJ[�aJwXTxzdRU_�TW_`TWV�zQcWZy[bZ-[bZ&%�IWZJTWaJZy[ �
_ zQcWwXILz~zbcWZ-IW[bZ�wX��Z*���hZyKQ_`^-ZJT zQRUPOY�R]zQR
RUTWY�zQw�aywX^ ��R]KQZ3zbcWZ�KQZJ[bIWP zQ[ �"_�zQc�R (+��';� [�zbIWY �%zQc�R]z �BRU[-YWwXTWZ�_`T ��R]KdRUP`P�ZJP �
� � ��_`a�RUP�P � TWwUz wXTWP ��wXTWZ ^�_`TW_�^�IW^�[�zbKQIWayzbILKQZ6� Z K�[bZ&%�IWZJTWaJZ
_`[O� wXIWTWY�� ��ILz [bZyvxZyKdRUP
YW_ 2 ZyKQZyT z * z ��� Zy[4- wX��[�zbKQIWayzbILKQZJ[ R]KQZ-ZJTWZyKQVXZyzb_`a�RUP�P � KQwXIWVXcWP ��Z4%�IW_�v]RUP`ZJTxz��l�/cWwXIWVXc
zQcWZ@KQZJ[�IWP�zQ_�TWV-^�_�TW_`^ IW^ VXZJwX^-ZyzbKQ_�ZJ[ R]KQZ@YW_32 Z KQZJTxz��OYWZ5�hZJTWYW_`TWV�wXT1zQcWZC[bZ4%�IWZyTWaJZ
wX�CzQcWZ5P�w�w9��RUTWY�wXT)zbcWZ5aJP�wX[b_`TWV0��RU_�K��,[bwX^�Z�aJwX^�^�wXT � Z�R]zQILKbZJ[�_�T)zQcWZ�P`w�w9�
VXZJwX^-ZyzbKQ_�ZJ[ � Zya�RU^�Z R&�#��R]KQZJTxz��+��wXILK@Z 2 ZJa zQ[>[bZJZJ^ zbw��hZ wX��_`^ �hwUKbzdRUTWaJZD� wUK>zbcWZ
[�z�KQIWayzQILKQZ~wX�:R�[b^lRUP`P '�( ��P�w�w9� ��^lR��L_`^�_�H�R]zQ_`wXT-wX� ��RU[bZ ��RU_�KQ_�TWVW�W^lR��W_�^�_`H�R]zb_`wXT
wX�Dc �LYLKbwXVXZJT � wXTWYW_�TWVW�C^�R��W_`^-_`H�R]zQ_�wXT wX�D[�zdRUaQ\�_`TWVW�CRUTWY�^�_�TW_`^�_�H�R]zQ_`wXT wX��zbcWZ
_�T zQZ KdRUayzQ_�TWV�[bILKQ�uRUaJZ~wX�pzQcWZCc ��YLKQw9��cWw ��_`a�T�IWaJP�ZJwUzQ_�YWZJ[NRUTWY�zbcWZ�R/%�IWZJwXIW[
[bwXP vxZJTxz��

p ��R��L_`^�_�H�R]zQ_�wXT wX� ��RU[bZ���RU_�KQ_�TWV �1Z vxZJT�_`T [b^lRUP�P�zQcLKQZJZ � ^�ZJ^ �hZyKQZJY�P�w�w9��[ _�z�_�[
�hwX[b[b_ ��P�ZNzQw c�R�vxZ@RUT3RUYWYW_ zQ_`wXT�RUP ��RU[bZ)��RU_�K _`T�zQcWZ>P�w�w9� ��zbcWwXIWVXc2zbcWZ>� wUKQ^lR]zQ_�wXT�wX�
zQcW_�[���RU_ K
YW_�[�zQwUKbzQ[/zQcWZC[�zbKQIWa zQILKQZDwX�<zQcWZ�[�zbZJ^ �

p � R��W_�^�_`H�R]zb_`wXT�wX��c �LYLKQwXVXZJT � wXTWYW_�TWV �
_�T�^-wX[�zN^�_�TW_`^ IW^ [ zbKQIWayzQILKbZJ[CR]z@P`Z�RU[�z
wXTWZ�T�IWaJP�ZJwUzQ_�YWZ�_`[1_`T�R � wX[�_�zQ_�wXT ��R]KdRUP�P`ZJP>zQw zQcWZ�R��L_`[2wX��zQcWZ�[�zQZJ^�� �
cWZyKbZ5_�z
a�RUT �hZ [�zdR ��_`P�_`HJZyY � � RUYWYW_ zQ_`wXT�RUP c ��YLKQwXVXZJT � wXTWYW[ �hZyz �BZJZJT�T�IWayP`ZJwUzQ_�YWZ�RUTWY zbcWZ
��RUaQ\ �hwXTWZDR]zQwX^-[.�
p � R��L_`^�_�H�R]zQ_`wXT@wX�L[ zdRUaQ\L_`TWV � _`T�RUP`Px^�_`TW_�^ IW^�[�zbKQIWayzbILKQZ [bwX^�Z�\L_�TWYDwX�WRUYWYW_ zQ_`wXT�RUP
[�zQRUad\�_`TWV a�RUT � Z2� wXIWTWY���� cW_�[�c�R&�#�hZJTW[�ZJ_�zQcWZ K � �#[�zQRUad\�_`TWV wX� R�P�w�w9��� ��RU[bZlwXT
zQcWZ@aJP�wX[b_`TWV���RU_�K/wUK �O_�T3aJRU[bZ@wX�pR�� wX[�[b_ ��P�Z+��ILKb_`TWZ*� ��ILKQ_`TWZ~[�zdRUaQ\L_�TWV4��zbcWZCayP`wX[b_�TWV
��RU_ K
_�[
w9� ZyTWZJY�RUTWY�zQcWZ@zbKQ_�P`w�w9��[�z�KQIWayzQILKQZ � ZJaJwX^-ZJ[
R�� ZJTxzdRUP�w�w9� �
p ��_`TW_�^�_`HJR]zQ_`wXT�wX� zQcWZN[bILKb�uRUaJZNzQw�zQcWZ"[bwXP�vxZyT z��ORUP�P�^-_`TW_`^ IW^'[�zbKbIWayzQILKQZJ[ �WKbZJ[bZJTxz
vxZyK ��aJwX^ ��RUayzN[bc�R&� ZJ[@_�T �"cW_`adc zQcWZ c �LYLKQw9��cWw ��_�a ��R]Kbzb[>wX��zbcWZ ^�wXP`ZJayIWP`ZJ[6�BzbcWZ
T IWaJP`ZywUzQ_`YWZJ[ � R]KQZ wXT-zQcWZ"_`TW[b_�YWZU� �"cWZyKQZJRU[ zQcWZ"c ��YLKQw9��cW_`P�_`a���R]K�zQ[�� zQcWZ ��RUad\ � wXTWZU�
^lRU_�TWP �1zQcWZ4��cWwX[ ��cWwUKQIW[CRUTWY�w � �LVXZJT R]zQwX^-[�� R]KQZ wXT�zQcWZ wXILzQ[�_`YWZU� zQw �/R]KQYW[NzbcWZ
[bwXP vxZJTxz��
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:
�@aJwXILKQ[bZU�/TWwUz1RUP�P"wX�NzQcWZy[bZ�Z 2 ZyayzQ[la�RUT � Z�KbZ�RUP`_�HJZJY�zQw�zQcWZy_�Kl� IWP�P
Z*��zQZJTxz
_�T�R-z � ��_`a�RUP<zbKQ_`P�w�w9� [�z�KQIWayzQILKQZ]� zQcWZ ^�_`TW_�^ IW^ VXZJwX^-ZyzbK �1KdR]zQcWZyK@_�[>VXwFvxZ KQTWZJY � �
R�aJwX^ ��_`T�R]zb_`wXT�wX�Bv]R]KQ_`wXIW[ RU^�wXIWTxzQ[DwX�BzQcWZy[bZ2� Z�R]zQILKQZJ[5� � cW_�a�c Z 2hZJayzQ[ R]KQZ�zbcWZ
YWwX^�_�T�RUT z
wXTWZJ[>_`["YWZyzQZyKb^�_`TWZJY � ��zbcWZDP`w�w9���BRUTWY��FwUKNzbcWZDaJP`wX[�_`TWV ��RU_ K � [bZ&%�IWZJTWaJZ&�
��T5�uRUa z��pRUP�P:wX� zbcWZ,Z 2hZJayzQ[~P`_�[�zQZJY�R � w9vxZ-R]KbZ-RUP KQZ�RUY ��\LTWw �"T5�SKQwX^ Z*��� ZyKb_`^�ZJTxzdRUP
_�T vxZJ[ zQ_`VxR]zQ_�wXTW[~wXT '�( �0[�zbKQIWayzbILKQZJ[J� ��ILzD_�zC_�[~_�T zQZ KQZJ[�zQ_�TWV�zQc�R]zCzQcWZ ��R]KQZ KQZ5�WKQw&�
YWIWaJZyY�KdR]zQcWZyK �BZJP`P � ��R1[�zdRUTWY�R]KQY5� wUKQaJZ5#�ZJP�Y����/cW_`[~_`TWYW_`aJR]zQZJ[~zbc�R]z�_ z�_�[ �hwX[b[b_ �
��P�ZCzQw�^lR]\xZ>KQZ�RU[�wXT�R ��P`ZC[�zbKQIWayzbILKQZ
�WKQZyYW_`ayzQ_�wXTW["� wUK"[b^lRUP�P '�( ��^�wXP`ZyaJIWP`ZJ[/IW[b_�TWV
^�wXP�ZJaJIWP`R]K>^�w�YWZyP`_`TWV2RUTWY cWZJILKb_`[�zQ_�a ^�ZyzQcWw�YW[>wX�OaywXTW� wUKQ^lR]zQ_�wXT�[ ��RUaJZ [QRU^ ��P�_`TWVW�
zQcWwXIWVXc#IW[bI�RUP�P ��TWwUz wXTWZ�YWZJ[�_`VXT�R]zQZJY#^�_�TW_`^ IW^�VXZJwX^�Zyz�K �5_�[D� wXIWTWY ��ILzDKdR]zQcWZ K
[bZ vxZyKdRUP �uRU^�_�P`_`Zy[>wX� YW_ 2 ZyKQZyT z~[�zbKQIWa zQILKQZJ[J� �"cW_`adc�[�cWwXIWP`Y �hZ Z�RU[b_`P ��YW_`[ zQ_`TWVXIW_�[bcWZJY
� ��RUYWYW_ zQ_`wXT�RUP�Z ��� Z KQ_`^�ZyT zQ[5�

�/cWZ~Z ��� Z KQ_`^�ZyT zdRUP�_�T vxZy[�zQ_`VxR]zb_`wXT1wXT '�( �4zbKQ_�P`w�w9��[/YWwXTWZ~_`T���R]KdRUP`P�ZJP�zQw�zbcWZ
a�RUP�aJIWPSR]zb_`wXTW[ �WKQZJ[�ZJT zbZJY,_�T zQcW_`[:zQcWZy[b_`[ [bcWw �BZJY zQc�R]z � wUK�[�^lRUP`P [�zQZJ^�[b_`HJZy[�RUTWY�cW_�VXc
aJwXTWayZJT z�KdR]zQ_`wXTW[ z�KQ_`P�w�w9��[ zbKQIWayzQILKbZJ[ zQZJTWY�zQw�� wUKQ^ YW_�^�ZyKQ[�RUTWY�zQc�R]z�zQcWZ
^�wXTWwX^�ZyK
[�z�KQIWayzQILKQZ _`[ KdR]zbcWZyK R)�hZJT zQRUP`w�w9��zQc�RUT-R@zbKb_`P`w�w9� �:�/c�IW[ _�z �/RU[ zbKb_`ZJY zQw@KQZ5�WKQw�YWIWaJZ
zQcWZy[bZ~KQZy[bIWP�zQ[ � �1aJwX^%��R]KQ_`TWV ^�wXP�ZJaJIWPSR]K ^�w�YWZJP`_�TWV,Y�R]zQR�wX� ^�wXTWwX^�ZyKQ[ RU[ �BZJP�P RU[
YW_�^�ZyKQ[.� :��WzQ_`^-_`H�R]zQ_�wXT�_`T %�I�RU[b_ � vURUaJIWIW^ [bcWw � ZJY1zbcWZ>^�wXTWwX^�ZyK zQw � Z>YW_�[�zQ_`TWa zQP �
^�wUKbZ�[�zdR ��P�Z~zQc�RUT�zbcWZDYW_`^�Z K��WzQcWZyKQZ � ��aywXT zbKQRUYW_`ayzQ_�TWV�zQcWZDZ*��� ZyKb_`^�ZJTxzdRUP�KQZJ[�IWP�zQ[.�
� �1RUYWYW_`TWV-Z*����P�_`aJ_ z"[�wXP�vxZJTxz
^-wXP`ZJaJIWP�ZJ[/zQw�zbcWZ~T IWaJP`Zy_`aDRUay_`Y�RUTWY1KQZ*� w9�Wzb_`^�_�H�R]zQ_`wXT
_ z �/RU[ � wX[b[�_ ��P`Z1zQw�KbwXIWVXcWP �#KQZ5�WKQw�YWIWaJZ3zbcWZ�Z*��� ZyKQ_�^�ZJTxzdRUPBvURUP�IWZJ[J� �"cW_`adc�[�cWw �
zQcWZ2YW_�^�ZyK zQw � Z2^�wUKQZl[ zdR ��P`Z � �#R]z�P`Z�RU[�z ��\xa�RUP �F^�wXP � �/cWZ2^�_`TW_�^�IW^ [�zbKQIWa*�
zQILKbZ-cWw �BZyvxZyK �/RU[�TWwUz~adc�RUTWVXZJY
� ��zQcWZ��WKQZJ[�ZJTWaJZlwX��[�wXP�vxZJTxz�^-wXP`ZJaJIWP�ZJ[~RUTWY��FwUK
aJwXIWTxzQZyK�� _`wXTW[5���/cW_`[ [�ZJZJ^�[OzQwD_`TWYW_�a�R]zQZ
zbc�R]z �"cW_`P`Z]%�I�RU[b_ � v]RUaJIWIW^ ^-_`VXcxz �hZN[bI �%�
aJ_�ZJTxz � wUK [b_`^ ��P�Z/VXZJwX^�ZyzbK � w9�WzQ_`^-_`H�R]zQ_�wXTW[J�X_�zO_�[OTWZyaJZJ[b[QR]K �,zQwC_`TWayP`IWYWZ"zbcWZ"[bwXP vxZJTxz
Z*����P`_�aJ_�zQP ��_`T5zQcWZ,a�RUP`ayIWPSR]zQ_�wXTW[�� wUKDZyTWZyKQVXZyzQ_�a�RUPOaJwX^ ��R]KQ_�[bwXTW[.� � wUzQc5Z*���hZyKQ_`^-ZJT z
RUTWY1ZJTWZyKQV �2^-_`TW_`^-_`H�R]zQ_�wXTW[�aJwX^-Z
zQw zQcWZ>KQZJ[bIWP z/zQc�R]zBzQcWZ>[�zbKbIWayzQILKQZCwX��zQcWZ@YW_`^�ZyK
KQZy[bZJ^ ��P`ZJ[
R,P�wXTWV-cWZJP�_ �3aJwXTxzdRU_`TW_�TWV,zQcWZ~IWT�IW[bI�RUP<¡6� ¡ ��RU_�K��
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��} � E-n iFs f�fhg

� wX^�Z-VXZJTWZyKdRUP�KbZJ[bIWP�zb[ � wXIWTWY _�T#zbcW_`[ �BwUK�\#R]KQZ�wX�/VXZJTWZyKQRUP _`^ �hwUKbzdRUTWaJZ-� wUK
� ILzQILKbZ�a�RUP�aJIWPSR]zQ_�wXTW[,wX� zQcLKQZJZ � YW_`^-ZJTW[b_`wXT�RUP/[�z�KQIWayzQILKQZy[-wX�
[�^lRUP`P ']( � c�RU_ K ��_`TW[.�
: ��v�_`wXIW[bP ��_�z~_`[CTWwUz�� Z�RU[�_ ��P`Z�zQw1^lR]\xZ Z*�Wc�RUIW[�zb_�vxZ-aywXTW� wUKQ^lR]zQ_�wXT�RUP:[bZ�R]KQadcWZJ[�� wUK
^�wXP�ZJaJIWP�ZJ[ �"_�zQc ��Z*�W_ ��P`Z5KQZyVX_`wXTW[�P`R]KQVXZyK3zQc�RUT�zQcLKQZJZ5T�IWaJP�ZJwUzQ_�YWZJ[.��� cW_�[�RUILzQw&�
^lR]zb_`a�RUP�P ��Z �WaJP�IWYWZJ[NRUP�P '�( ��^�wXP`ZJayIWP`ZJ[/wX� ��_�w�adcWZJ^�_�a�RUP�_`TxzQZyKbZJ[�z"_`TWaJP�IWYW_`TWV-Z vxZJT
zQZ zbKdRUP`w�w9��[ �
_ zQc�Z*�WaJZ*�WzQ_`wXT�RUP�P �DcW_�VXc,[ zdR ��_`P�_�z � � �>TWwUzQcWZyK z � ��_`a�RUP�KbZJ[bIWP�zO_�[�zbcWZ �uRUa z
zQc�R]zOIW[bI�RUP�P � zQcWZ KQZ"_�[�TWwUz wXTWZ/^�_�TW_`^ IW^+[�z�KQIWayzQILKQZ �"cW_`adc-_�[OYW_�[�zQ_�TWayzQP �D^�wUKQZB[�zdR��
��P�Z zbc�RUT5RUP�P:wUzQcWZyKQ[y� ��ILzCzbc�R]z>zQcWZyKQZ,R]KQZ [bZyvxZ KdRUP [�zbKQIWa zQILKdRUP`P ��YW_32hZyKQZJTxz~�uRU^�_`P�_`ZJ[
wX�"^�_`TW_�^�IW^ VXZJwX^�ZyzbKb_`ZJ[ �"_�zQc TWZ�R]KQP ��zbcWZ3[QRU^-Z1ZyTWZyKQV � � � cWwXIWVXc zQcWZ1aJwUKbKQZJa z
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