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� 2 OpJ(H�MdCUR�jkJ�DNMPO �b�b�b� ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �

3 m�YFKAOQ�	G�jkMAhPOUDNJ�DNMPO � ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 4

3 � � v5.uD^E(J�DFO0h�B�V�V�H�MPKAj
a0G�E	J(M m�YFKAOQ�	G�jkMAhPOUDNJ�DNMPO � �b�b� �b��� �b�b�b� �b��� � 4

3 � � � � v2{AG�OpJ'��DFGIH�KLH�j�aUDNG�E ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 6

3 � � � 3 v2{AG�OpJ��lH�KAT<T KLH�E ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 7

3 � � �98 �'G�R0H
DFE(J�DFj ~�GIJ�a0MdCUE �b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � :

3 � � �<; m2H�MASUKLSXDFYFDFE(J�D^j'~�GIJ�a0MdCUE �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �
3 � 3 �eK oAG�E�DFKAO�m$YFKAOQ�'G�jkMAhPO�DNJ�DNMPO � H�KAT�G �:MAH�� �b� �b�b� �b��� �b�b�b� �b��� � �>=

3 � 3 � � r MPO_J(G?.uJ"� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A�
3 � 3 � 3 ~ G�OpJ�KAY`tdJ�KLJ(G � �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 8
3 � 3 �98 m$YFKAO�OUDFO0h�m2H�MujkG�E�E ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 4
3 � 3 �<; m$YFKAOQv5.dG�jIR0J�DFMPO �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � :
3 � 3 �94 �.MAH�YFC i ouO�KAT<DFjIE ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � ���
3 � 3 �96 2 O0ZfGIH�G�O�jkG ��DNJ�aWJ�a0G�y�H�K �}j �eK�oAG�E�DFKAO!@�GIJ �:MAH���� �b�b�b� �b��� � 3u�
3 � 3 �A7 �	GIV�H�G�E�G�O_J�KLJ�DNMPOUKAY���KAO0hPRUKLhAG�ZfMAH	J�a0G �lG�O0GIH
KAY � H�KAT<G ��MAH�� ��� � 3 8

8 m$H�MASUKLSUD^YFDFE(J�DFj r MPOpJ(G?.dJ�� � H�GIG �lH
KAT<T<KLH�E��b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 3 6
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8d� � tuV?G�jIDN\XjIKLJ�DNMPOWMAZnm r � � ��KAO0hPRUKLhAGg~�MdC0G�Y��b� �b�b� �b��� �b�b�b� �b��� � 3 6

8d� � � � tdJ�KAO�C�KLH�CQm r � � B�YNhAMAH
DNJ�a�T<E �b���b� �b�b� �b��� �b�b�b� �b��� � 3 7

8d� � � 3 2 O�C�G?.uDFO�h�mnKLH�E�G�y�H�GIG�E�� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 3A�
8d� 3 �eK oAG�E�DFKAO�@'GIJ ��MAH��uE	ZfMAH'm r � � E��b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 8 =

8d� 3 � � m r � � �'KAO�C�MPT��2KLH�DFKLSUYFG�E � �b���b� �b�b� �b��� �b�b�b� �b��� � 8 �
8d� 3 � 3 r KAYFjIR�YFKLJ�D^O0h�� � �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 8 3

8d� 3 �98 @'GIJ ��MAH�� � G�O0GIH�KLJ�DNMPOwm�a�KAE(GQ� �b���b� �b�b� �b��� �b�b�b� �b��� � 8 6

8d� 3 �<; m r � ��� R0GIH�DFG�E$� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � ; 8

8d�98 m r � � E'Z�MAH�m$YFKAOQ�'G�jkMAhPO�DNJ�DNMPO�� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � ; 6

; r MPO_J(G?.uJ tdG�OUE�DNJ�DN{uDNJ|o ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � ; �
;0� � i DNH�G�jkJ'v .uJ(G�O�E�DNMPOUEeJ(M @'GIJ ��MAH���tdJ(H�R�jkJ�R0H�G � �b�b� �b��� �b�b�b� �b��� � 4 =

;0� 3 ~�MuC�D]\XjIKLJ�DNMPOUEeJ(M<J�a0G �lH
KAT<T<KLJ�DFjIKAY�~�MuC0G�Y�� �b�b� �b��� �b�b�b� �b��� � 4 8

;0�98 tuJ�KLJ(G i GIV?G�OUC0G�O�jkoWDFO �lH�KAT<T KLJ�DFjIKAY�~�MdC�G�Y �b�b� �b��� �b�b�b� �b��� � 4 4

4 m$H�MASUKLSUD^YFDFE(J�DFj tdJ�KLJ(G�� i GIV)G�O�C0G�OpJ �lH�KAT T<KLH�E.� �b���b� �b�b� �b��� �b�b�b� �b��� � 4 7

4d� � tuV?G�jIDN\XjIKLJ�DNMPOWMAZnm:t i ����KAO0hPR�KLhAG�~�MuC0G�Y`�b� �b�b� �b��� �b�b�b� �b��� � 4 7

4d� 3 2 O0ZfGIH�G�O�jkG MPOwmet i � Ee�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 6 �
4d� 3 � � �lG�O0GIH�KLJ�DNMPO MAZ �eK oAG�E�DFKAO�@'GIJ ��MAH��uE	ZfMAH�met i � E�� �b�b�b� �b��� � 6 �
4d� 3 � 3 i ouO�KAT<D^j �:K oAG�E�DFKAO�@'GIJ ��MAH��W�'GIV�H�G�E(G�OpJ�KLJ�DNMPO MAZnmet i � E ��� � 6 3

4d� 3 �98 m:t i � 2 O0Z�GIH�G�O�jkG}J�a�H�MPR0hPa i DNH�G�jkJ�~�KAOUDNVUR�YFKLJ�DFMPO MAZ	J�a�G �:G�YFDFGIZ
tdJ�KLJ(G����b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 7 3

4d� 3 �<; 2 T�VXYNG�T�G�OpJ�KLJ�DNMPOQMAZnm:t i ��BlYNhAMAH�DFJ�a�T<EW�b� �b��� �b�b�b� �b��� � : 4

6 ~�MuC0G�YFDFO0h i MPT<KADFOUE �'DNJ�aQmet i � E ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � : �
6d� � v�cpRUDN{ KAYFG�O�jkG MAZnmet i � E	KAO�C m r � � E �b���b� �b�b� �b��� �b�b�b� �b��� � : �

6d� � � � � D^O�DNJ(G�tdJ�KLJ(G�tuVUKAjkG �b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � : �
6d� � � 3 2 Ou\?O�DNJ(G�tdJ�KLJ(G tdVXKAjkG.�b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 3
6d� � �98 2 T�VXYFDFjIKLJ�DNMPO�E�MAZ)�	G�YFKLJ�DNMPOUE�a�DNV S)GIJ �:GIG�O<m r � � KAO�C�met i � ~ MuC0G�YFE � 8

6d� 3 v5.uKAT<VUYNG�EeMAZ%m:t i � i MPT<KAD^O �	GIVUH�G�E(G�OpJ�KLJ�DNMPO�E �b� �b��� �b�b�b� �b��� � � ;
6d� 3 � � y�H�K � jb~ MPOUDNJ(MAH�DFO0h �b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � ;
6d� 3 � 3 B�DNH r MPT�SUKLJ �b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �>= 4

6d�98 y'a0G m:t i � � MAH�T<KAY^DFE�T D^O �	G�YFKLJ�DFMPO.J(M��lJ�a�GIHg�	GIVUH�G�E(G�OpJ�KLJ�DNMPO�KAY:��KAO �
hPRUKLhAG�E��b�b� ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A�>=
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6d�98d� � v2{AG�OpJ'��DFGIH�KLH�j�aUDNG�E ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A�>=
6d�98d� 3 m$YFKAOQ�'G�jkMAhPO�DNJ�DNMPO �:K oAG�E�DFKAO!@'GIJ ��MAH��uE �b� �b��� �b�b�b� �b��� � �A�A�
6d�98d�98 �lH�KAT<T<KLJ�D^jIKAY�~ MuC0G�YFE6� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A�A�
6d�98d�<; tdJ(Mdj
a�KAE(J�DFj�m2H�MAhAH�KAT E � �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A� 3
6d�98d�94 v2{LKAYFR�KLJ�DNMPO MAZ0�	GIVUH�G�E(G�OpJ�KLJ�DNMPO�KAYPKAO�C 2 O0ZfGIH�G�OpJ�DFKAYAm`M �:GIH�MAZ0m:t i �

��KAO0hPR�KLhAGg~ MuC0G�Y ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A� 3

7 r MPO�jIYFR�E�DFMPO � �b�b�b� ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A� 4
7p� � v5.dJ(G�OUE�DNMPO�EeJ(M met i ��~�MdC�G�Y � �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A� 4

7p� � � � �lG�O0GIH�KAYFDFJ|o MAZnmet i ���	GIVUH�G�E(G�OpJ�KLJ�DNMPO �b�b� �b��� �b�b�b� �b��� � �A� 4
7p� � � 3 r MPT�VUYNG?.0DNJ4o MAZ%m:t i � 2 O0ZfGIH�G�O�jkG �b� �b�b� �b��� �b�b�b� �b��� � �A� 7
7p� � �98 m:t i � i MPT<KADFO tdV)G�jID]\XjIKLJ�DNMPO �b���b� �b�b� �b��� �b�b�b� �b��� � �A���

7p� 3 r MPO_J(H�DFSUR0J�DNMPO�E �b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A���
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����)���,-0�� � �b�b�b� ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 3u�
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	���" ���b� �b�b�b� ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 3 6
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3 � � m$YFKAOWH�G�jkMAhPOUDNJ�DNMPOQZfH�KAT�G �:MAH��?�$�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � �A�
3 � 3 m$YFKAO�OUDFO0h V�H�MujkG�E�E	E�R0SXO0GIJ �:MAH��?�}� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 8
3 �98 m$YFKAOWG?.uG�jIR0J�DNMPO�E�R0SUO0GIJ ��MAH��X� �b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � ���
3 �<; �lSUE(GIH�{LKLJ�DNMPOQE�R�SUO0GIJ �:MAH��?�%� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 3u�
3 �94 r MPT�VUYNGIJ(G �eK oAG�E�DFKAO�O0GIJ �:MAH��WZ�MAH'J(H�K �}jbT�MPOUDNJ(MAH�DFO0h0� �b�b� �b��� �b�b�b� �b��� � 3 3

8d� � B6V�H�MASUKLSUDFYFD^E(J�DFj'jkMPOpJ(G?.uJ��sZ�H�GIG hAH�KAT<T KLH q ZfH�MPT r a�KLH
O�DFKL��� 7��fx
�Q��� �b�b�b� �b��� � 3 7

8d� 3 r a�KLH�J�ZfMAH
	���
������ ������������
���� �I�U�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 3 :

8d�98 m`KLH
E(GbJ(H�GIGbZfMAH
	���
��!�"� �������#�$��
���� �I�!�'DNJ�a q&%('*)+'$, x	D^O�C�DFjkG�EeYFKLS)G�YNG�C�� �b�b�b� �b��� � 3A�
8d�<; B�YNhAMAH
DNJ�a�T ZfMAH'jkMPT�VUR0J�D^O0h �.{LKAYFR0G�EI���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 8
;

8d�94 � D^O�KAY)J�KLSUYNG ZfMAH'E�KAT�VXYNG hAH�KAT<T<KLH � ���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 8 4

8d�96 m2H�MujkG�C�R0H�G ZfMAH	hAG�O0GIH
KLJ�DFO0h�J�a0G�O�GIJ �:MAH��X� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 8 7

8d�A7 m2H�MujkG�C�R0H�G ZfMAH�\XOUC�DFO0h�KAYFY)V)MPE�E�DNSXYNGlKLSXE(J(H�KAjkJ�DNMPOQVUH�MdCUR�jkJ�DNMPO�EI����� �b�b�b� �b��� � 8 7

8d�9: m2H�MujkG�C�R0H�G ZfMAH�\XOUC�DFO0h�KAYFY)V)MPE�E�DNSXYNGlC�G�jkMPT�V)MPE�DNJ�DNMPOWV�H�MdC�RUjkJ�DNMPO�EI���b�b�b� �b��� � 8 :

8d� � m2H�MujkG�C�R0H�G ZfMAH'a�KAOUC�YFDFO0h E(J�KLH�J	MAZnVUKLH
E(G J(H�GIG�KLJ'O�G?.dJ'YFGI{AG�Y � �b��� �b�b�b� �b��� � 8 :

8d� �>= m2H�MujkG�C�R0H�G�ZfMAH�jkMPT<VUR0J�DFO0h J�a�G	V�H�MASUKLSXDFYFDNJ4o�MAZ)J�a0G'E(J�KLH�J$MAZ)J�a0G	J(H�GIG�MdjIjIR�H�H�DFO0h ZfMAH
K�VUKLH�J�DFjIRUYFKLH�E(J(H�DFO0h<YFG�O0hAJ�awKAO�CQKLSUE�J(H�KAjkJ�DNMPO YFGI{AG�Y �W�b� �b�b� �b��� �b�b�b� �b��� � 8 �

8d� �A� @'GIJ ��MAH��QZfH�MPT G?.0KAT�VUYFG hAH�KAT<T<KLH'KLJ�T<K
.uD^TgR�T YNG�O0hAJ�a�;0���b��� �b�b�b� �b��� � ; 3

8d� � 3 B6V�H�MASUKLSUDFYFD^E(J�DFj'jkMPOpJ(G?.uJ��sZ�H�GIG hAH�KAT<T KLH'H�GIV�H�G�E(G�O_J�D^O0h�K<E�DFT�VXYFD]\UG�C}J(H�K �}j T�MuC0G�Y � ; 7

8d� � 8 tuKAT�VUYNG VUKLH
E(G J(H�GIGbZfH�MPT J(H�K � jbm r � � �'DNJ�a q&%$'*)-'$, x'DFO�C�DFjkG�E�Y^KLS?G�YFG�C����b� �b��� � ; :

;0� � tuR0SUO0GIJ ��MAH�� DFOUjkMAH�V)MAH�KLJ�DFO0h VUKLH�G�OpJ'E(ouT�S)MPY�C0GIV)G�O�C�G�O�jkoA� � �b��� �b�b�b� �b��� � 4 �
;0� 3 tuR0SUO0GIJ ��MAH�� jIKLV�J�R�H�DFO0h�C0GIV)G�O�C0G�OUjko MPOQV�H�GI{dDNMPRUEeJ(GIH�T<DFO�KAY�E�odTgS)MPY ���b� �b��� � 4 3

4d� � B met i ��H�GIV�H�G�E(G�O_J�KLJ�DFMPOQMAZ%K<E�DFT�VXYFD]\UG�C J(H�K �}jbC0MPT KADFO�� � �b��� �b�b�b� �b��� � 4 :

4d� 3 tuKAT�VUYNG met i ��VUKLH�E�G J(H�GIGbZfH�MPT J�a0G J(H�K � jbC0MPT<KADFO��2� �b�b� �b��� �b�b�b� �b��� � 6 =

4d�98 i � @ H�GIV�H�G�E(G�O_J�KLJ�DFMPOwZfMAH'm:t i � MAZ � DNhPR0H�G�4d� � M {AGIHlJ �:M J�DFT<GbE�YFDFjkG�EI���b� �b��� � 6 4
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4d�<; B6V�H�MASUKLSUDFYFD^E(J�DFj'E�J�KLJ(G��|C0GIV)G�O�C0G�OpJ'hAH�KAT<T KLH �'DNJ�aWH�G�jIR�H�E�DN{AG V�H�MdC�RUjkJ�DNMPO�EI�%�b��� � 6 :

4d�94 m$E(G�R�C�MdjkMuC0G	ZfMAH�KAYNhAMAH
DNJ�a�T�hAG�O0GIH
KLJ�DFO0h�J�a�G�DFO�DFJ�DFKAYd{ KLH�D^KLSUYNG�E%MAZ�K i � @�H�GIVUH�G�E(G�O �
J�KLJ�DNMPOwMAZnK�hPDN{AG�Owmet i ��C�D^E(J(H�DNSUR�J�DNMPO��W� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 6 �

4d�96 m$E(G�R�C�MdjkMuC0G�ZfMAH KAYNhAMAH�DNJ�aUT hAG�O0GIH
KLJ�DFO0hWJ�a0G { KLH�D^KLSUYNG�E'KLJ J�DFT<G 3 MAZ$K i ��@ H�GIV!�
H�G�E(G�OpJ�KLJ�DNMPOwMAZnK�hPDN{AG�O�m:t i ��C�D^E(J(H�DNSUR�J�DNMPO��8� �b���b� �b�b� �b��� �b�b�b� �b��� � 7 =

4d�A7 m$E(G�R�C�MdjkMuC0G Z�MAH�V�H�MujkG�C�R0H�G}hAG�O0GIH
KLJ�DFO0h J�a0GWJ(GIH�T<DFOUKLJ�DNMPO {LKLH�DFKLSXYNG�E�ZfMAH<K i ��@

H�GIV�H�G�E(G�OpJ�KLJ�DNMPOQMAZ%K�hPDF{AG�Owm:t i � C�DFE(J(H�DFSUR0J�DNMPO�� ���b� �b�b� �b��� �b�b�b� �b��� � 7 �
4d�9: m$E(G�R�C�MdjkMuC0GlZ�MAHeV�H�MujkG�C�R0H�G'hAG�O0GIH�KLJ�D^O0h�J�a0G O0MPO_J(GIH
T<DFO�KAY?E(ouT�S)MPYX{ KLH�D^KLSUYNG�E�Z�MAH�K

i � @ H�GIV�H�G�E(G�O_J�KLJ�DFMPOwMAZnK�hPDN{AG�Owmet i ��C�DFE�J(H�DNSUR0J�DFMPO��.�b�b� �b��� �b�b�b� �b��� � 7 �
4d� � r MPT�V)MPO0G�OpJ�E�MAZ�S)G�YFDFGIZ�E(J�KLJ(GbZfMAH�E�R0V�V)MAH�J:MAZnmet i ��DFO0ZfGIH�G�O�jkGA����� �b�b�b� �b��� � 7 8

4d� �>= m$E(G�R�C�MdjkMuC0G Z�MAH�DFO�DNJ�DFKAY^DN��DFO0h m:t i � S)G�YFDNGIZ�E(J�KLJ(GgR�OUC0GIHeJ�a0G�KAE�E�RUT�V�J�DNMPO MAZ%jkMPT �

VUYNGIJ(G�YNo}MASUE(GIH�{LKLSUYNGbE(J�KLJ(G�E���� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 7 ;

4d� �A� m$E(G�R�C�MdjkMuC0GeZ�MAH�jkMPT�VUR0J�DFO�hlG?.uVUYFKAOUKLJ�DNMPO�V�H�MASUKLSXDFYFDNJ�DNG�E�R�O�C0GIHnJ�a0G	KAE�E�R�T�V�J�DFMPOgMAZ
jkMPT�VUYNGIJ(G�YNo MASUE(GIH�{ KLSUYFGbE(J�KLJ(G�EI� � �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � 7 :

4d� � 3 m$E(G�R�C�MdjkMuC0G�ZfMAH jkMPT�VUR0J�DFO�h V�H�G�CUDFjkJ�DNMPOwVUH�MASUKLSUDFY^DNJ�DNG�E�R�O�C�GIH'J�a0G�KAE�E�R�T<V�J�DNMPOwMAZ
jkMPT�VUYNGIJ(G�YNo MASUE(GIH�{ KLSUYFGbE(J�KLJ(G�EI� � �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � : 8

4d� � 8 m$E(G�R�C�MdjkMuC0G Z�MAH�jkMPT�VUR�J�DFO0h J(GIH
T<DFO�KLJ�DNMPO V�H�MASUKLSUDFYFDFJ�DNG�EbR�O�C�GIHgJ�a0GWKAE�E�RUT�V�J�DNMPO
MAZ`jkMPT�VXYNGIJ(G�YNoWMASUE(GIH�{LKLSUYNG E(J�KLJ(G�E��g�b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � :
;

4d� � ; m$E(G�R�C�MdjkMuC0G$ZfMAH`G?.dVUY^KAO�KLJ�DNMPObVXa�KAE(G$MAZXm:t i ��DFO0ZfGIH�G�O�jkG�KAYFhAMAH�DNJ�a�T��'DNJ�a0MPR0J`jkMPT �

VUYNGIJ(G�YNo}MASUE(GIH�{LKLSUYNGbE(J�KLJ(G�E���� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � : 6

4d� � 4 m$E(G�R�C�MdjkMuC0G Z�MAH�VUH�G�C�DFjkJ�DNMPO}VUa�KAE�GlMAZnm:t i � D^O0Z�GIH�G�O�jkG KAYNhAMAH�DNJ�a�T �'DFJ�a0MPR0J�jkMPT �

VUYNGIJ(G�YNo}MASUE(GIH�{LKLSUYNGbE(J�KLJ(G�E���� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � : 7

6d� � m2H�MuC�R�jkJ�DNMPOUE�ZfMAHbm:t i � H�GIV�H�G�E(G�OpJ�DFO0hQKWV�H�MASUKLSUDFYFDFJ|owC�DFE�J(H�DNSUR0J�DFMPOwM {AGIH�J�a0G<YFKAO �
hPR�KLhAG��������	��
���
�� '���� =�� ��� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 3

6d� 3 y�H�KAOUE�DNJ�DNMPOlV�H�MASXKLSUDFYFDNJ4o	Z[R�O�jkJ�DNMPO ZfMAH�m:t i � H�GIV�H�G�E�G�O_J�DFO�h:J�a�G$YFKAO0hPR�KLhAG���� � � � 
 � 
 � '����

=�� � �b�b� ���b� �b�b�b� ���b� �b�b� �b���b� �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 8
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��,-,��1�!�����
B m:t i ���'GIV�H�G�E(G�OpJ�KLJ�DNMPOwMAZ%y�H�K �}j i MPT<KADFO��b� �b���b� �b�b� �b��� �b�b�b� �b��� � � 3 7
� m:t i ���'GIV�H�G�E(G�OpJ�KLJ�DNMPOwMAZ%BlDNH r MPTgSUKLJ � �b�b� �b���b� �b�b� �b��� �b�b�b� �b��� � � ; :
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B C0G�jIDFE�DNMPO T<KL�AGIH�MAV)GIH�KLJ�D^O0hgDFO}J�a0GlV�H�G�E(G�OUjkG�MAZ�KgVUYFKAOUO�DFO0h�KLhAG�OpJ�TgRUE(J�MAZfJ(G�O J(H�o<J(M�C0GIJ(GIH �
T DFO0G%J�a0G�VUYFKAO MAZ0KAjkJ�DNMPOgC0H�DN{uDFO0heJ�a0G$KLhAG�OpJ�� E`S)G�a�K�{uDNMAH�� SUKAE(G�CbMPO�VUKLH�J�DFKAYPMASUE(GIH�{LKLJ�DNMPObMAZuS)G�a�K {dDNMAH
R�V J(M J�a0G}jIR0H�H�G�OpJ J�DFT�GA� i GIH
DN{dD^O0hWJ�a0G R�O�C�GIH�YNouDFO0h VUYFKAO.jIKAO S)G<R�E�GIZfR�YnZfMAHgT KAO_o�VUR0H�V)MPE(G�E
	
VUH�G�C�DFjkJ�DFO�hgJ�a0G KLhAG�OpJ�� E	Z[R0J�R0H�GlS)G�a�K�{uDNMAH��0DFOpJ(GIH�V�H�GIJ�DFO0h�DNJ�E:VUKAE(J�S)G�a�K�{uDNMAH��uMAH�hAG�O0GIH
KLJ�DFO0h�KAjkJ�DNMPO�E
C�G�E�DNhPO0G�CgJ(MlD^O��XR0G�O�jkG$J�a0G�S)G�a�K {dDFMAH�DNJ�E(G�YFZ4�`�	G�E(G�KLH�j
a0GIH�EnDFOgB 2 aUK�{AG�E(J�R�C�DFG�C J�a�DFE�V�H�MASUYFG�T MAZ�
������

��������� ����� � � � Z�MAH E(GI{AGIH�KAY`�uDFO�C�E�MAZ$J�KAE(�dE��?DFOUjIYFR�C�DFO�h�CUDFE�jkMPR0H�E�G�KAO�KAYNouE�DFE � � : �s��R�E(GIH�T<MdC0G�Y^DFO0h�� 3 8 �s�
J(H
K �}jbT�MPO�DFJ(MAH�DFO0h �<8 7��s�UjkMPY^YFKLS)MAH�KLJ�DN{AG VUYFKAOUO�DFO0h � 3 = �s�UKAO�C KAC0{AGIH�E�KLH�D^KAY)VUYFKAO�O�D^O0h � � �s�

v .0DFE(J�DFO�hlVXYFKAO�H�G�jkMAhPO�DFJ�DNMPO KLV�VUH�MPKAj�a0G�E:DFYFY^R�T<DFO�KLJ(G�E(GI{AGIH
KAY��AGIo DFE�E�R0G�E2DFO<J�a0G	�uO0M �'YFG�C0hAG'H�GIV��
H�G�E(G�O_J�KLJ�DFMPO�KAO�C�DFO0ZfGIH�G�O�jkG�E�R0S�J�KAE(�uE�MAZXVUYFKAO�H�G�jkMAhPO�DNJ�DNMPO��`~�MdC�G�YFDFO0h�J�a0G:RUO�jkGIH�J�KADFOpJ|o DFO�a0GIH�G�OpJ�D^O
T<MPE(J	VUYFKAOUO�DFO0h�C0MPT<KADFOUEeV�H�M {uDFC0G�EeMPO�G MAZ`J�a�GbT�MPE(J'C�D �}jIR�YNJej�a�KAY^YNG�O0hAG�E�J(M K<H�G�jkMAhPO�DN�IGIH���~�KAOpo
KLVUV�H�MPKAj�a�G�E'R�E(G H�GIVUH�G�E(G�OpJ�KLJ�DNMPO�KAY�YFKAO0hPRUKLhAG�E q GA� h0�N��\UH
E(J��sMAH�C0GIH�YNMAhPDFj x ��a0GIH�G J�a0GIH�GbDFE�O�M G?.uVUYFD^jIDNJ
KAjIjkMPRUO_J�DFO�h MAZnJ�a0G�H�G�YFKLJ�DN{AG�YFDF�AG�YFDFa0MdMdC MAZnVUYFKAO j�a0MPDFjkG�E'MAH'G"!)G�jkJ�EI� 2 O�E�R�j
awDFO�E(J�KAOUjkG�EI��J�a0G DFO0ZfGIH �
G�OUjkG T�G�j
a�KAO�DFE�T�T R�E(J R�E(G a0G�R�H�DFE(J�DFjIEbJ(M�C�D^E(J�DFO0hPR�D^E�a�S?GIJ ��GIG�O G�cdR�KAYFYNo V)MPE�E�DFSUYNG�G?.uVUYFKAO�KLJ�DNMPOUE
J�aUKLJ C�D�!?GIH�D^O.VUYFKAR�E�DNSUDFYFDFJ|oA�<��M �:GI{AGIH��2DNZeJ�a0G H�GIV�H�G�E(G�OpJ�KLJ�DNMPO MAZ�J�a�G<VUYFKAO C�MPT<KADFO D^O�jIYFR�C0G�C.KAO
G?.uVUYFD^jIDNJ�V�H�MASUKLSUDFYFD^E(J�DFj�T�MuC0G�Y �nJ�a0G�O J�a0GWDFO0ZfGIH�G�O�jkGWT�G�j�aUKAO�DFE�T jkMPR�YFC a�K�{AGwK�E(MPR�OUC��2C0G�jIDFE�DFMPO �
J�a�GIMAH�GIJ�DFjbSXKAE�DFE�ZfMAH'j�a�MpMPE�D^O0h KAT�MPO0h J�a0G�jIKAO�C�D^C�KLJ(G G?.dVXYFKAO�KLJ�DNMPO�E���KAE �:G�YFY�KAE	ZfMAH�K<H�G�jkMAhPO�DN��DFO�h
KLhAG�OpJ�� ElM {AGIH�KAY^Y�C0G�jIDFE�DFMPOWV�H�MujkG�E�EI�

y	a0G	T�MPE�J�jkMPT�V�H�G�a0G�O�E�DN{AG�VUH�MASUKLSUDFY^DFE(J�DFj:KLV�V�H�MPKAj
a<J(MgVUYFKAO�H�G�jkMAhPO�DFJ�DNMPO jkMPO�E�J(H�R�jkJ�E �eK oAG�E�DFKAO
O�GIJ �:MAH��dE<J(M�H�GIV�H�G�E(G�OpJ�J�a0GWH�G�YFKLJ�DNMPO�E�a�DNVUEgKAT�MPO0h MASUE(GIH�{AG�C GI{AG�OpJ�E�� � �s� y'a0GWH�GIV�H�G�E(G�OpJ�KLJ�DNMPO�KAY
Y^KAO0hPR�KLhAG a�KAE {AGIH�o�ZfG ��H�G�E(J(H
DFjkJ�DNMPO�E MPO.J�a�G�J|odV?G�EbMAZ:KAYFYFM �eKLSUYNG�H�G�YFKLJ�DNMPOUE�a�DNVUE��?SXR0J J�a�DFE hAG�O0GIH �
KAY^DNJ|o.YNG�KAC�EbJ(M�DFT�VUH�KAjkJ�DFjIKAY%V�H�MASUKLSUDFYFDFJ|o C�D^E(J(H�DNSUR�J�DNMPO�E�M {AGIH�J�a0G<G�OpJ�DNH�G<VUH�MASUYNG�T E(VXKAjkGA�`E(M G�KAj�a
VXKLH�J�DFjIR�YFKLH}E(GIJ MAZ MASUE(GIH�{ KLJ�DNMPOUE<H�G�cdR�DNH�G�E<J�a0GwhAG�O0GIH�KLJ�DFMPO�MAZ K O0G � O0GIJ �:MAH��?� B�O�KAYNJ(GIH�O�KLJ�DN{AG
VUH�MASUKLSUDFY^DFE(J�DFjQKLV�VUH�MPKAj�a � 3u� � H�G�E(J(H
DFjkJ�E J�a0G H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�KAY YFKAO�hPR�KLhAGA�'SUR�J jkH�G�KLJ(G�E �eK oAG�E�DFKAO

�



O�GIJ �:MAH��dE<M {AGIH<J�a0GWG�OpJ�DNH�GWV�H�MASXYNG�T�E�VUKAjkGA� y	a�G}H�G�E�J(H�DFjkJ(G�C H�GIV�H�G�E(G�O_J�KLJ�DFMPO YNG�KAC�E J(M.V�H�KAjkJ�DFjIKAY
O�GIJ �:MAH��dE��0SUR0J�Y^DFT<DNJ�E$J�a0G KLV�VUYFDFjIKLSXDFYFDNJ4ogMAZ�J�a�GlT�GIJ�a�MdC��2B6T�MAH�G C0G�E�DNH�KLSXYNG	H�GIV�H�G�E(G�O_J�KLJ�DFMPOQTgR�E�J
S)G T<MAH�G�V)M �:GIH�ZfRUY%J�a�KAO.J�a�D^E H�G�E(J(H�D^jkJ(G�C YFKAO0hPR�KLhAGA�`SUR0J ��DNJ�a0MPR0J H�R�OUO�DFO0hWDFOpJ(MwJ�a0G jkMPT�VXYNG?.uDFJ|o
jkMPOUjkGIH�O�E	MAZ`J�a0G�T<MAH�GbhAG�O0GIH�KAY�KLV�V�H�MPKAj
a��

y	a0G�VUYFKAO�H�G�jkMAhPOUDNJ�DNMPO ZfH�KAT�G �:MAH�� V�H�MAV?MPE�G�C.DFO r a�KLV�J(GIH 3 E(J�KLH�J�EbZ�H�MPT KQjIKARUE�KAY%J�a0GIMAH�o�MAZ
J�a�G	KLhAG�O_J�� E�C0G�jIDFE�DNMPO V�H�MdjkG�E�E%KAOUCgMAZ?J�a0G �:MAH�YFC�C0ouO�KAT<DFjIEI�ny	a0G:H�G�jkMAhPO�DF�IGIH2SUKAE(G�E%DNJ�E%jkMPOUjIYFR�E�DNMPOUE
MPO DNJ�EgR�O�jkGIH�J�KADFO � 
 � � ��� � �dO0M �'YNG�C0hAG KLS)MPR0JbJ�a0G KLhAG�O_J�� E�T�G�OpJ�KAY$E(J�KLJ(GA�%J�a�G ��MAH
YFC E(J�KLJ(GA�%KAO�C
J�a�G
��MAH
YFC � E<C0ouO�KAT<D^jIEI� �'aUDFj�a8jIKAO�S)GwE�R�T<T<KLH
DN�IG�C q KLJ}YNG�KAE�J DFO V�H�D^O�jIDNVUYNG xbSdo K V�H�MASUKLSUD^YFDNJ|o
CUDFE(J(H�DNSXR0J�DNMPO�� 2 JgJ�a0G�O T<KL�AG�E�VUKLH�J�DFKAY2MASUE�GIH�{ KLJ�DFMPO�EgKLS)MPR0J J�a0G ��MAH�Y^C��%KAO�C RUE(G�E�J�aUDFE�GI{uDFC0G�OUjkG
J(M�DFO0ZfGIHlVUH�MAV)GIH�J�DNG�E MAZ:J�a0G<KLhAG�O_JgKAO�C DNJ�E VUY^KAO�� ��M �:GI{AGIH��nDNZ �:G<KAYFYNM � KLH�SUDFJ(H�KLH�owH�G�Y^KLJ�DNMPO�E�a�DFVUE
��DNJ�a�DFO J�a0GWVUYFKAO�OUDFO0h C0MPT KADFO��%J�a0GQC0GIV)G�O�C0G�OUjko E(J(H�R�jkJ�R�H�G}MAZ�J�a0GQjkMAH�H�G�E(V)MPO�CUDFO0h�CUDFE(J(H�DNSXR0J�DNMPO
jIKAO S)G�jkMPT�G	KLH�SUDNJ(H
KLH�DFYNobjkMPT�VXYNG?.?�AH�G�O�C0GIH�DFO�hlDNJ2D^T�V�H�KAjkJ�DFjIKAYdZfMAH$R�E(G�DFO H�G�KAY � ��MAH�Y^C�V�H�MASUYNG�T EI���.G
jIKAOQD^O�E(J(G�KAC T<KL�AGljkGIH�J�KADFOWKAE�E�R�T�VUJ�DNMPO�E2MAZ�DFO�C0GIV)G�O�C0G�OUjkG'KAT�MPO0h G�YNG�T�G�OpJ�E:MAZ�MPR0HeT�MdC�G�Y �$tuR�j�a
KAE�E�R�T�V�J�DFMPO�ElH�G�E(J(H�DFjkJ J�a�G V)MPE�E�DNSUYNGgH�G�YFKLJ�DNMPO�E�a�DNVUE�J�a�KLJ �:G<jIKAO.H�GIV�H�G�E�G�O_JI��Y^DFT<DNJ�DFO�h}DFO�J�R0H�O�J�a0G
jIY^KAE�E%MAZ?V�H�MASUYNG�T�C0MPT KADFO�E`J�a�KLJ%\UJ �'DFJ�a�DFOgJ�a0G	T�MuC0G�Y �n�'M ��GI{AGIH��uDNZ ��G	j
a0MpMPE�G	J�a0G	DFO�C�GIV?G�OUC0G�O�jkG
KAE�E�R�T�V�J�DFMPO�E �'D^E(G�YNoA�eJ�a0G�O�J�a0G�T<MdC0G�Y �'DFYFY'E(J�DFYFY	jkM {AGIHwK E�DFhPO�D]\XjIKAOpJ}jIYFKAE�E MAZbC0MPT KADFO�EI� �'a�D^YNG
VUH�M {uDFC�DFO�hbJ�a0GlS?G�O�Gk\UJ$MAZ`K�H�G�CUR�jkG�C}C�GIV?G�OUC0G�O�jko<E(J(H�RUjkJ�R0H�G'J�aUKLJeE�R0V�V)MAH�J�E2MAV)GIH�KLJ�DFMPO�KAYXO�GIJ �:MAH��
D^O0Z�GIH�G�O�jkGA�

mnKLJ(J(GIH�O H�G�jkMAhPO�DNJ�DFMPO H�G�E(G�KLH�j�a V�H�M {uDFC0G�E MPO0G V?MPE�E�DNSUYNG}E(MPR0H�jkG Z�MAH�E�RUj�a T�MuC0G�YFEI� m$YFKAOUEgKLH�G
C�G�E�jkH�DNV�J�DFMPO�ElMAZ�KAjkJ�DNMPO 
�� � � �"� � �

�nKAO�C�J�a0GIH�GIZfMAH�G<KAOpo hAG�O0GIH�KAY2VUKLJ(J(GIH�O H�G�jkMAhPO�DFJ�DNMPO J(G�j�a�OUDFcpR�G DFE
KAR�J(MPT<KLJ�DFjIKAYFYNoWK VUYFKAO H�G�jkMAhPO�DFJ�DNMPOWJ(G�j�a�OUDFcpR�GlZfMAH�J�a0G jIYFKAE�EeMAZ�VUYFKAO�EejkMAH�H�G�E(V)MPO�C�DFO0hgJ(M�J�a0GbjIYFKAE�E
MAZ)VUKLJ(J(GIH
O�E$KAE�E�MdjIDFKLJ(G�C �'DNJ�a�J�a0G�hPDF{AG�O<J(G�j�aUO�DFcdR0GA� � H�KAT<T<KLJ�DFjIKAYUH�GIV�H�G�E�G�O_J�KLJ�DNMPOUE%V�H�M {dDFC�G	K V)M��
J(G�OpJ�DFKAYnYFKAO0hPRUKLhAGgZfMAHlE�V?G�jIDFZ�ouDFO0h<VXKLJ(J(GIH�O hAG�O�GIH�KLJ�DNMPO�V�H�MujkG�E�E(G�EI��KAE ��G�Y^Y�KAElV�H�M {dD^C�DFO0h<DFO�Z�GIH�G�OUjkG
KAYFhAMAH�DNJ�a�T<E�Z�MAHgH�G�KAE(MPO�D^O0hwKLS)MPR0JbJ�a0MPE(G}V�H�MujkG�E�E(G�EI� 2 Z �:G}jIKAO T�MuC0G�Y2KwhPDF{AG�O VUYFKAO hAG�O0GIH�KLJ�DNMPO
VUH�MdjkG�E�E ��DNJ�a�DFO.J�a�G}hAH�KAT T<KLJ�DFjIKAY:T�MdC�G�Y � EgD^O�C0GIV)G�O�C0G�O�jkG<KAE�E�R�T�V�J�DFMPO�EI�nH�G�E(J(H�D^jkJ�DFO0hwVUY^KAO H�G�YFK �
J�DFMPO�E�a�DNVXEgJ(M.S)GQDFO J�a0GQZfMAH�T MAZ�V�H�MuC�R�jkJ�DNMPO�E��2J�a0G�O �:GwjIKAO8R�E(GWJ�a0GwDFO�Z�GIH�G�OUjkGWKAYFhAMAH�DNJ�a�T<E�J(M
H�G�KAE(MPOQKLS)MPR0JeVUKLH�J�DFjIR�Y^KLH�VUY^KAO}DFOUE(J�KAO_J�D^KLJ�DNMPO�EI� � MAH'D^O�E(J�KAO�jkGA�uG?.0DFE(J�DFO0h�KAYNhAMAH�DFJ�a�T<E:jIKAOWJ(H�KAO�E�YFKLJ(G
C�MPT<KADFO H�RUYNG�E�MAZlK jkGIH�J�KADFO ZfMAH�T DFOpJ(M K jkMAH�H�G�E(V)MPO�C�DFO0h.jkMPOpJ(G?.dJ��sZfH�GIG�hAH�KAT<T<KLH � ; 8u� 8 4 �s�8�.G
jIKAO�J�a0G�O�J(H�G�KLJ K E(G�cpR�G�O�jkGgMAZ$MASUE(GIH�{AG�C KAjkJ�DNMPO�E KAElK}E�J(H�DFO0h DFOwJ�a0G�jkMPOpJ(G?.dJ��sZfH�GIG<YFKAO0hPRUKLhAG KAO�C
RUE(GgE(J�KAOUC�KLH�CwVXKLH�E�DFO0h}KAYNhAMAH�DNJ�a�T E	J(M}KAOUE ��GIH K �'DFC0G H�KAO�hAGgMAZ2cdR0GIH�DNG�E��e��M �:GI{AGIH���GI{AG�O�J�a0MPR0hPa
J�a�G�E(G�hAH
KAT<T<KLJ�DFjIKAY?KLV�V�H�MPKAj
a0G�E:KLH�G�E�RUDNJ�KLSUYNG�ZfMAH:K �'DFC0G�H
KAO0hAG�MAZ)V�H�MASUYNG�T C�MPT<KADFO�EI�_J�a0G�YFKAj���MAZ
KAO G?.dVUY^DFjIDNJ�T<MdC0G�YnMAZ:R�O�jkGIH�J�KAD^O_J4o�KAO�C J�a�G�jkMPOpJ(G?.uJ��sZ�H�GIG O�KLJ�R0H�G�MAZ:J�a0G�hAH�KAT<T<KLH
E YFDFT<DNJ�E�J�a0G�DNH
KLVUVUYFDFjIKLSUD^YFDNJ|oA�
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�.G jIKAOWH�G�T�G�C0o<J�a�GlZfMAH�T�GIHeSdo KAE�E(MujIDFKLJ�DFO�hgV�H�MASUKLSUDFYFDFJ�DNG�E �'DFJ�a J�a0GlH�G�E(J(H
DFjkJ(G�CWH�R�YNG�E:KAYFYNM ��G�C
Sdo J�a�G�E(G<T�GIJ�a0MuC�EI�b�.G<jIKAO J�a�G�O V?GIH�Z�MAH�T KAO.KAO�KAYNMAhAMPRUE J(H�KAO�E(ZfMAH�T<KLJ�DNMPO���KAjIjkMPR�O_J�D^O0hWZ�MAH J�a0G
VUH�MASUKLSUDFY^DNJ�DNG�E:KAE �:G�YFY �uJ(M<V�H�MuC�R�jkGbK 
 �
��� � � ��� � �

� � � jkMPOpJ(G?.dJ��sZfH�GIGghAH�KAT<T<KLH q m r � ��x:H�GIV�H�G�E�G�O_J�DFO�h
K}C�DFE(J(H
DNSUR0J�DNMPO M {AGIH�V)MPE�E�DFSUYNG KAjkJ�DNMPO�E(G�cpR�G�O�jkG�EI�ev .0DFE(J�DFO0h<m r � � VUKLH�E�D^O0h<KAYNhAMAH�DNJ�aUT<E	KAO�E �:GIH�K
H�G�E(J(H�DFjkJ(G�C E(GIJ MAZ	cpR0GIH
DNG�EI�`SUR0J r aUKLV�J(GIH�8 V�H�G�E(G�OpJ�E KAYNhAMAH�DNJ�a�T EbJ(M J�KL�AGQE�RUj�a KwhAH�KAT<T KLH KAO�C
hAG�O�GIH�KLJ(G�K �eK�oAG�E�D^KAOwO0GIJ �:MAH��WjIKLVUKLSUYNG MAZ`V�H�MuC�R�jIDFO�hgKAOpo}jkMPO�C�DFJ�DNMPO�KAY?V�H�MASUKLSXDFYFDNJ�DNG�E$MAZ�DFOpJ(GIH�G�E(JI�
y'a0GIH�GIZfMAH�GA�%MPO�jkG ��GWE(V)G�jIDNZfo�J�a�G V�H�MASXYNG�T C0MPT KADFO �'DFJ�a�DFO.J�a0GWm r � � T�MdC�G�Y � �:GWjIKAO KAOUE ��GIH
T<MPE(J'jIYFKAE�E�G�E	MAZ`V?MAJ(G�OpJ�DFKAY�VXYFKAOWH�G�jkMAhPO�DNJ�DFMPOwcpR�GIH�DNG�EI�

�'M ��GI{AGIH ��J�a0G V�H�MASUKLSUD^YFDFE(J�DFj hAH
KAT<T<KLH�ElV�H�MuC�R�jkG�C�DFO�E�R�j�a K T<KAO�O0GIH KLH�G�E(J�DFY^Y�jkMPOpJ(G?.dJ��sZfH�GIGA�
E�GI{AGIH�G�YNoQH�G�E(J(H
DFjkJ�DFO0h<J�a�GbV�H�MASUYFG�T C0MPT<KADFOUE�Z�MAH��'a�D^j�aQJ�a0G T�GIJ�a0MuC�E	KLH�G KLV�VUYFD^jIKLSUYNGA� r a�KLV�J(GIH ;
C�G�E�jkH�DNS)G�E�J�a0G$J|odV?G�E�MAZ0jkMPO_J(G?.uJnE(G�O�E�DNJ�DF{dDNJ4o�J�aUKLJ�T<KAOpo VUYFKAO H�G�jkMAhPOUDNJ�DNMPO�C�MPT<KADFO�E�H�G�cpR�DFH�GA� KAE ��G�YFY
KAElT�GIJ�a0MuC�E'J�a�KLJ�KAC�KLVUJ'J�a0G�m r � � KAYNhAMAH�DNJ�aUT<E	ZfH�MPT r a�KLV�J(GIH 8<J(M}a�KAO�CUYNG J�a0G�E(GgG?.dJ(H�K O0GIG�C�E��
y�M E�DFT�VUYFDFZ�o C0MPT KADFO8E(V)G�jID]\XjIKLJ�DFMPO�� �:G T R�E(J<J(H�KAOUE(Z�MAH
T J�a0G�E(G D^O�C�DN{uDFC�R�KAY�T�MuC�D]\XjIKLJ�DNMPOUE�DFO_J(M
K.RUO�D]\UG�C H�GIV�H�G�E�G�O_J�KLJ�DNMPOUKAY:Y^KAO0hPR�KLhAGA� B V�H�MASXKLSUDFYFDFE�J�DFjL� ��� ��� ��� ��� ��� � �

� � ��� � hAH�KAT<T<KLH q m r t��bx
�
C�Gk\XO0G�CQDFO r a�KLVUJ(GIH ;�D^EeMPO0G V)MPE�E�DNSUYFG�YFKAO0hPRUKLhAGA�0SUR0JeJ�a0G hAG�O0GIH�KAYFDFJ|o MAZ�J�a0GbT�MuC0G�Y?V�H�GI{AG�OpJ�E�J�a0G
C�GI{AG�YNMAVUT�G�OpJ	MAZnG��}jIDNG�OpJ'DFO0ZfGIH�G�O�jkG KAYNhAMAH
DNJ�a�T<EI�

r a�KLV�J(GIH�4wC0Gk\XO0G�E KwT<MAH�G�H�G�E(J(H�D^jkJ(G�C T�MuC0G�Y ��J�a0G<VUH�MASUKLSUDFY^DFE(J�DFj
�
� � � � �	� � 
 � �
� � ���$hAH�KAT<T<KLH

q met i �bx
� �'a�D^j�a�KAC�C�E KAO�G?.dVUY^DFjIDNJ�E�J�KLJ(G<T�MdC�G�Y�J(MQKAO R�O�C�GIH�YNouDFO0h m r � � T�MuC0G�Y�MAZ$VUYFKAO�E(G�YNG�j �
J�DFMPO��8y	a0GWhAH�KAT<T KLJ�DFjIKAY	E(J(H�RUjkJ�R0H�GwjIKAO8E(J�D^YFY:H�GIV�H�G�E(G�OpJ�J�a0GwVXYFKAO
� E�R0SUVUYFKAO aUDNGIH�KLH�j
a_o J�a0H�MPR0hPa
KLSXE(J(H�KAjkJ�DNMPO KAOUC C0G�jkMPT�V)MPE�DNJ�DFMPO�VUH�MdCUR�jkJ�DNMPO�EI� y	a0G<E(J�KLJ(G}T�MdC�G�Y`jIKLVUJ�R0H�G�E J�a0G<C�GIV?G�OUC0G�O�jkG�MAZ
VXYFKAOWE(G�YNG�jkJ�DNMPO MPOWJ�a0G VUYFKAOUO�DFO0h�jkMPOpJ(G?.uJI�UDFO�jIYFRUC�DFO0h J�a0G KLhAG�OpJ�� E�S)G�YFDNGIZ[E�KLS)MPR0J:J�a0G G�Op{dDNH�MPO�T�G�OpJ
KAOUC DNJ�E%VUH�GIZ�GIH�G�O�jkG�E2M {AGIH�MPR0J�jkMPT<G�EI�2y	a0G'E�J�KLJ(G�T�MuC0G�Y�KAYFE�M H�GIV�H�G�E(G�OpJ�E2J�a�G	G"!?G�jkJ�E:MAZ)J�a0G'KLhAG�OpJ�� E
VXYFKAO�O�DFO�h j
a0MPDFjkG�E	MPO ZfR�J�R0H�G E(J�KLJ(G�E q KAO�C���E�R0SXE(G�cpR�G�O_J�YNoA�0MPOwZfR0J�R�H�G VUYFKAO�O�D^O0h j
a0MPDFjkG�E
x
�

B�E�K hAG�O�GIH�KLJ�DN{AG T�MuC0G�YeMAZ�VUYFKAO�O�D^O0h0�%J�a0Gwm:t i � T�MdC�G�Y:T KL�AG�E E(J(H�MPO�hAGIH<KAE�E�R�T�VUJ�DNMPO�E MAZ
D^O�C0GIV)G�O�C0G�O�jkGQJ�aUKAO�T�MAH�GwhAG�O0GIH�KAY�VUYFKAO�H�G�jkMAhPO�DNJ�DNMPO�KLV�V�H�MPKAj
a0G�EI�6��M �:GI{AGIH��	J�a�G V�H�MuC�R�jkJ�DFMPO
E�J(H�R�jkJ�R0H�G DFOpJ(H�MdCUR�jkG�EbK
�:G�KL�.ZfMAH�T�MAZ	jkMPO�CUDNJ�DNMPO�KAY2D^O�C0GIV)G�O�C0G�O�jkGA��E�R �}jIDNG�OpJbJ(M�E�R0V�V)MAH�JbjkMPT �

VXKAjkJgH�GIVUH�G�E(G�OpJ�KLJ�DNMPO�EbMAZ	D^O_J(GIH�T<G�C�DFKLJ(G<VUY^KAO E(J�KLJ(G�E 	�H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�E�T�MAH�G}jkMPT�VUKAjkJ J�a�KAO J�a0G
�eK oAG�E�DFKAO O0GIJ �:MAH��uE�R�E(G�C DFO T�MPE(JgV�H�MASUKLSUD^YFDFE(J�DFj KLV�V�H�MPKAj�a0G�EI� r a�KLV�J(GIH�4wV�H�G�E(G�OpJ�E KAYNhAMAH�DNJ�a�T E
J�aUKLJbhAG�O0GIH�KLJ(G �eK oAG�E�DFKAO O0GIJ ��MAH���H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�E MAZeK hPDN{AG�O m:t i �����'M ��GI{AGIH��nm:t i � E MAZ�J(G�O
Z[KADFY$J(M�G?.0a�DNSUDFJ J�a0G jkMPOUC�DNJ�DNMPO�KAY$DFO�C0GIV)G�O�C0G�OUjkG�V�H�MAV)GIH�J�DNG�E�J�a�KLJgO0GIJ ��MAH�� DFO0ZfGIH�G�O�jkG KAYNhAMAH�DNJ�a�T E
H�G�cpR�DFH�G�ZfMAH�G��}jIDNG�OpJ	DFO0ZfGIH�G�O�jkGA� r aUKLV�J(GIH 4 KAYFE(M�V�H�G�E(G�OpJ�E�E(V)G�jIDFKAYFDF�IG�C D^O0Z�GIH�G�O�jkGlKAYFhAMAH�DNJ�a�T<E:J�a�KLJ
G?.uVUYNMPDFJlJ�a�G �:G�KL�AGIHgD^O�C0GIV)G�O�C0G�O�jkGgV�H�MAV)GIH�J4o J�a�KLJbmet i � E C0MWG?.uaUDNSUDNJI��y'a0G�E(G�KAYNhAMAH�DNJ�aUT<ElV?GIH �
ZfMAH�T D^O0Z�GIH�G�O�jkGbT�MAH�G G��}jIDFG�O_J�YNoWJ�a�KAOwJ�a0G �eK�oAG�E�DFKAO�O0GIJ ��MAH��QKAYNhAMAH
DNJ�a�T<EI�
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r a�KLV�J(GIH 6�jkMPT�VUKLH�G�E�J�a0GWm:t i � T�MuC0G�Y �'DNJ�a G?.uDFE�J�DFO0h H�GIV�H�G�E(G�OpJ�KLJ�DNMPO YFKAO0hPR�KLhAG�E�RUE(G�C D^O
VXYFKAOwH�G�jkMAhPOUDNJ�DNMPO�KAO�CwMAJ�a0GIH H�G�Y^KLJ(G�C�C0MPT KADFO�EI��y	a0G E(V)G�jID]\XjbjkMPT<VUKLH�DFE(MPOUE'DFYFY^R�E(J(H�KLJ(G J�a0G H�GIV�H�G��
E�G�O_J�KLJ�DNMPOUKAY)V?M ��GIHeJ�a�KLJeJ�a0G met i �6Y^KAO0hPR�KLhAG E�KAjkH�D]\?jkG�E�ZfMAH�DNJ�EeT�MAH�GlG��}jIDNG�OpJ�DFO0ZfGIH�G�O�jkGA�%m:t i �

C�MPT<KADFO E(V)G�jID]\XjIKLJ�DNMPOUE�ZfMAH J(H�K �}j�T�MPOUDNJ(MAH�DFO0h KAO�C KADNH jkMPT�SXKLJ�C0G�T�MPO�E�J(H�KLJ(G�J�a0G�R0J�DFYFDNJ4oQMAZ$J�a0G
T<MdC0G�Y%D^O J �:M VUYFKAO H�G�jkMAhPO�DNJ�DNMPO.KLV�VXYFDFjIKLJ�DNMPO�E�� r aUKLV�J(GIH�7}Z[R0H�J�a0GIHbKAO�KAYFop�IG�E�J�a0G<jkMPO_J(H
DNSUR0J�DNMPOUE
MAZnJ�a0GgT�MdC�G�Y �0KAE �:G�YFY�KAE	V)MAJ(G�OpJ�DFKAY)G?.dJ(G�OUE�DNMPO�E�J(M}KAC�C0H�G�E�E'DNJ�E	YFDFT DNJ�KLJ�DNMPO�EI�

;
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y	a0G V�H�MASXYNG�T"MAZgVXYFKAO H�G�jkMAhPO�DNJ�DNMPO6DFEWJ(M�DFO�CUR�jkG�J�a�G.VUYFKAO�MAZ�KAjkJ�DNMPO C0H�DF{dDFO�h KAO KLhAG�OpJ�� E
S)G�a�K {dDFMAH��)SUKAE(G�C�MPO�VUKLH�J�DFKAY�MASUE(GIH�{LKLJ�DNMPO�MAZ�DFJ�E'S)G�a�K {dDNMAH R0V�J(MWJ�a0G�jIR0H�H�G�OpJlJ�DFT�GA� �.G<KAE�E�R�T<G
J�aUKLJ J�a�DFElS)G�a�K�{uDNMAH DFE K V�H�MuC�R�jkJlMAZ�KAO.R�O�C�GIH�YNouDFO0h<VUY^KAO�O�DFO0h V�H�MujkG�E�EI�gBlE J�a0G�MASUE(GIH�{AG�C.KLhAG�O_J
S)GIhPDFOUE	VUYFKAOUO�DFO0h0�0DNJla�KAE'K VUKLH�J�DFjIR�Y^KLH�T�G�OpJ�KAY�E(J�KLJ(GA��jkMPO�E�DFE(J�DFO0h MAZ2DNJ�E	V�H�GIZ�GIH�G�OUjkG�E q GA� h0�N�)hAMPKAYFE
x
�
S)G�YFDFGIZfE q GA� h0�N��KLS)MPR0J J�a0G�E(J�KLJ(G MAZ�DNJ�E G�Op{dDFH�MPO�T�G�OpJ
x
��KAO�C.jIKLVUKLSUD^YFDNJ�DNG�E q GA� h0�N��K { KADFY^KLSUYNG�KAjkJ�DNMPO�E
x
�
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a

6
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VXKAE�E MAH J �:MwE(GIVUKLH�KLJ(G�YFKAO0G�j�aUKAO0hAG�EbKLH�G�J�a0G V)MPE�E�DNSUYFGbG?.dVXYFKAO�KLJ�DNMPO�ElZfMAH J�a0GgMASXE(GIH�{LKLJ�DNMPO�EI�by	a�G
VXKLH�E�DFO0hlKAYNhAMAH�DNJ�aUT<E�KLH�GeT R�j�a�T�MAH�G:G��}jIDNG�OpJ`J�a�KAO hAG�O0GIH�KAYdC0G�C�R�jkJ�DN{AGeDFO0ZfGIH�G�O�jkGA�LSUR�J�J�a�DFE�hAH�G�KLJ(GIH
G�� jIDNG�O�jko jkMPT�G�E�KLJ J�a0G}jkMPE�J MAZ�H�G�cpR�DFH�DFO0hwK�J(MAJ�KAY:MAH�C0GIH M {AGIH�E�R0S�VXYFKAO C0G�jkMPT�V)MPE�DFJ�DNMPO�EI�wy	a�G
GI{AG�OpJ$hAH
KAT<T<KLH2DFE%KAYFE�M D^O�jIKLVUKLSUYNG:MAZ)jIKLV�J�R0H�DFO�hlJ�a�GejkMPOUE(J(H�KADFOpJ�E2DFT�V)MPE(G�C Sdo�J�a0G�G?.uJ(GIH�O�KAY �:MAH�YFC��
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� DFJ�aWS?MAJ�aWGI{AG�OpJ'a�DFGIH�KLH�j�aUDNG�EeKAO�CWGI{AG�O_J�hAH�KAT<T<KLH
EI�0J�a0G H�G�E(V)MPO�E�G�J(M K�cdR0GIH�o �'DFYFYXMAZfJ(G�OQS)G
KQE�GIJ MAZ�jIKAO�C�D^C�KLJ(G�a_odV)MAJ�a0G�E(G�EI��KAE �:G<E(GIG�DFO�J�a0G�G?.0KAT�VUYNG�ZfH�MPT J�a0G<C0H�DF{dDFO�h<GI{AG�O_J�hAH�KAT<T<KLH��
zlO0ZfMAH�J�R�O�KLJ(G�YFoA�XJ�a0GIH�GgDFElO0M SXKAE�DFE ��DNJ�a�DFOWJ�a0G MAH�DNhPD^O�KAY�C0MPT<KAD^O E(V)G�jID]\XjIKLJ�DFMPOwZfMAHlC�D^E(J�DFO0hPR�D^E�a�DFO0h
KAT<MPO0h�J�a0G�V)MPE�E�DNSUYFG�G?.uVUYFKAO�KLJ�DFMPO�EI�%B�E�KbV)MPE�E�DFSUYNG:SUKAE�DFE%ZfMAH�CUDFE�KATgSUDNhPR�KLJ�DNMPO�� ��G�jkMPR�YFC KAR�hPT�G�O_J
J�a�G E(V)G�jID]\XjIKLJ�DNMPO ��DNJ�a a0G�R0H�DFE�J�DFj H�R�YNG�E J(M E�R�V�V)MAH�J E�R�j�a VUH�GIZ�GIH�G�O�jkG�EI� � MAH DFO�E(J�KAO�jkGA� � KAR0J(� � E
KLVUV�H�MPKAj�a V�H�GIZfGIH�ElG?.dVUY^KAO�KLJ�DNMPO�ElJ�a�KLJbDFOp{AMPYN{AG�KQE�DFO�hPYNG�J(MAV!�|YFGI{AG�Y%VUYFKAO DFO�E�J(G�KAC�MAZ:jkMPT�SXDFO�KLJ�DNMPO�E
MAZ�T R�YNJ�DNVXYNG�VUYFKAO�EI�<y'a0G<KAYNhAMAH�DNJ�aUT MAZ:��DFO KAO�C��lMpGIS)G�Y%VUH�GIZ�GIH
E VUYFKAO E�jkG�OUKLH�DNMPE J�a�KLJgKLH�G T�MAH�G
hAG�O�GIH�KAY � 2 OWJ�a0G VUKLH�E�D^O0hgG?.0KAT�VUYFGA��E�R�j�aQK�a�G�R0H�DFE(J�D^j	H�R�YFG �:MPR�YFCWZ[K�{AMAH	J�a�G * 
�� ��apopV)MAJ�a0G�E�DFE:M {AGIH
J�a�G�E�R�jIjkG�E�E�DN{AG�YFKAO0Gbj
a�KAO0hAGbG?.uVUYFKAOUKLJ�DNMPO��
2 O J�a0G KADNH�jkMPTgSUKLJ	C0MPT<KAD^O q C�G�E�jkH�DNS)G�C DFO}T<MAH�G C0GIJ�KADFY)DFOwtdG�jkJ�DNMPO�6d� 3 � 3 x
�XKg\UhPapJ(GIH�VUDFYFMAJ:a�KAE

Y^DNJ(J�YNG�J�DFT�G�J(M�V)GIH�Z�MAH
T�J�a0G O0G�jkG�E�E�KLH�o H�G�jkMAhPO�DNJ�DNMPO J�KAE(�dE��`E(M�a0G<jIKAO�O0MAJ E(V)G�O�C J�DFT�G�G?.uVUYNMAH�D^O0h
J�a�G�C�D !)GIH�G�OpJ�KAYNJ(GIH
O�KLJ�DN{AG�EI�%y	a0GIH�GIZ�MAH�GA�dJ�a0GlKLhAG�O_J:J(H�KAj��uDFO0h ��MAH���� ; � �XJ�a�KLJ:KAC�C0H�G�E�E(G�E2J�a�D^E2H�G�jkMAh��
OUDNJ�DNMPO�V�H�MASXYNG�T�R�E(G�E%a0G�R0H
DFE(J�DFj:T�GIJ�a0MuC�E%J(MbC�D^E�KAT�SXDNhPR�KLJ(G�TgRUYNJ�DNVUYNGeapopV)MAJ�a0G�E(G�E��ny'a0GeH�G�jkMAhPO�DN�IGIH
T KADFO_J�KAD^O�E�MPO�YNoWK<E�D^O0hPYNGbapopV)MAJ�a0G�E�D^EI�0j�a0MdMPE�DFO0h J�a0G�jIKAO�C�D^C�KLJ(GbJ�a�KLJI�UDFZ`jkMAH�H�G�jkJI� �:MPR�YFCQa�K {AG�J�a0G
�:MAH�E(J�jkMPO�E(G�cdR0G�O�jkG�E2ZfMAH2J�a0G�H�G�jkMAhPO�DN��DFO0h VXDFYNMAJI�ny	a�DFEna0G�R0H
DFE(J�DFj�V�H�GI{AG�OpJ�E2J�a0G�VXDFYNMAJnZ�H�MPT DNhPO0MAH�D^O0h
K<V?MPE�E�DNSUYNo}C�DNH�G MPR0J�jkMPT�G�MAZnK<H�G 
 G�jkJ(G�C�a_odV)MAJ�a0G�E�DFE��

�'M ��GI{AGIH � �'DFJ�a�J�a�D^E a0G�R0H
DFE(J�DFjL�	KAE �'DNJ�a�T�MPE(JI� ��G jIKAO�\XO�C�V�H�MASUYNG�T DFO�E(J�KAOUjkG�E ��a0GIH�G�DFJ
VUH�MdCUR�jkG�E<E�R0S)MAV�J�D^T<KAYeS)G�a�K�{uDNMAH�� 2 Z J�a0G H�G�jkMAhPO�DN��DFO�h C0H�DN{AGIH MASUE(GIH�{AG�E KAO0MAJ�a0GIH jIKLH}MAV)GIH�KLJ�DFO�h
CUDNH�G�jkJ�YNo J(M DNJ�E�YNGIZ�JI�0J�a�G�C�DNH�G�E�J�MPR0J�jkMPT�GgjkMAH�H�G�E(V)MPO�C�E�J(M J�a0G�KAjIjIDFC0G�OpJ	J�a�KLJ ��MPRUYFCWJ�KL�AGgVXYFKAjkGbDNZ
J�a�G MASXE(GIH�{AG�C.jIKLH G?.uG�jIR0J(G�C K � � �&�lKAjkJ�DNMPO.KAO�C T�M {AG�C DFO_J(M J�a0G�H�G�jkMAhPO�DF�IGIH � E YFKAO0GA��B a0G�R0H�DFE�J�DFj
Z[K�{AMAH
DFO0hWV�H�G�C�D^jkJ�DNMPO�KAOUC�G?.uVUYFKAOUKLJ�DNMPO jIKAO�C�DFC�KLJ(G�E��'DFJ�a�C�DFH�G�MPR0J�jkMPT<G�E ��MPRUYFC�jkMPT<V?G�Y`J�a0G�H�G�j �
MAhPOUDN��DFO0h C0H�DN{AGIHlJ(M �eKLH�C KAjkJ�DNMPO�ElJ�a�KLJ KLH�G G?.ujkG�E�E�DN{AG�YNo C0GIZfG�O�E�DF{AGA�XS)G�jIKAR�E(G J�a0G V�H�MASUKLSXDFYFDNJ4o}J�a�KLJ

:



J�a�G�MASUE(GIH�{AG�C�jIKLH ��MPR�Y^CwG?.uG�jIR0J(GgE�RUj�a�K � � �&�	KAjkJ�DNMPO�DFE�{AGIH�owYNM �b� �lZ%jkMPR0H�E�GA� �:GgjkMPR�YFC�KAC�C KAO
KACUC�DNJ�DNMPO�KAY�a0G�R0H�D^E(J�DFj J(MWa�KAO�C�YNG�J�a�DFE'E�V?G�jIDN\Xj V�H�MASXYNG�TQ�UKAE ��G�Y^Y�KAElKAO_o MAJ�a0GIHlE�DFT<DFYFKLH�E�DNJ�R�KLJ�DNMPOUE
J�aUKLJ�T<K�o KLH�DFE�GA� ~�KAO_o�VUYFKAO�H�G�jkMAhPOUDNJ�DNMPO.KLV�V�H�MPKAj�a0G�EgKADFT�G�C.KLJbE(MPYN{uDFO0hWKWVUKLH�J�D^jIR�YFKLH V�H�MASUYFG�T
C�MPT<KADFO�RUE(G�E�RUj�a a0G�R0H�DFE�J�DFjnH�R�YNG�E�J(Mlj
a0MpMPE�G:KAT�MPO�h'J�a0G�H�G�jkMAhPO�DN�IGIH � EnapopV)MAJ�a0G�E�G�EI��zlO0ZfMAH�J�R�O�KLJ(G�YNoA�
DFJeD^E�R�OUYFDN�AG�YNo�J�a�KLJ�KAOpo}E�R�j
aWKACQa0MdjlE(GIJeMAZ�H
R�YNG�E �'DFYFYUS?G E�R � jIDNG�O_J:ZfMAHeK �'D^C0G'H�KAO�hAGlMAZ�V�H�MASUYFG�T
C�MPT<KADFO�EI�
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y	a0G�H�G�jkMAhPOUDN��DFO0h�KLhAG�OpJ�jkMPRUYFC<DFO�E�J(G�KAC<jkMPT�VUR0J(GlK V�H�MASXKLSUDFYFDNJ4o�C�DFE�J(H�DNSUR0J�DFMPOgM {AGIH:KAY^Y0J�a0G'jIKAO �
CUDFC�KLJ(G�EI� 2 JbjkMPR�YFC J�a0G�O RUE(G�J�a�DFE C�DFE�J(H�DNSUR0J�DFMPO KAEbJ�a�G<DFO0VUR0JlMAZeKQC0G�jIDFE�DNMPO!�sJ�a0GIMAH�GIJ�DFj�V�H�MdjkG�C�R�H�G
ZfMAH�j
a0MdMPE�DFO0h DFJ�E	KAjkJ�DNMPO�EI�?KAYFYNM �'DFO0h�J�a0G�H�G�jkMAhPO�DN�IGIH�J(M}C�DFE�J�DFO0hPR�DFE�a}KAT�MPO�h G�cdR�KAYFYNo}V?MPE�E�DNSUYNGA�uSUR�J
RUO0G�cpRUKAYFYNoWVUYFKAR�E�DNSUYNG G?.uVUYFKAO�KLJ�DNMPOUE'ZfMAH�J�a�GgMASUE�GIH�{AG�C KAjkJ�DN{dDFJ|oA� 2 O�J�a0G J(H�K �}jgG?.uKAT�VXYNGA�XJ�a�GgH�G�j �
MAhPOUDN��DFO0h C�H�DN{AGIH �:MPR�YFC T�MPE(JgY^DN�AG�YNo C0GIH�DN{AG<{AGIH�o YFDNJ(J�YNG�G?.uV)G�jkJ(G�C R0J�D^YFDNJ|o�ZfH�MPT�H�G�E�V?MPOUC�DFO0hWJ(M�K
V)MPE�E�DNSUYNG � � � �'KAjkJ�DNMPO SdoQJ�a0G�MASUE(GIH�{AG�C jIKLH�� B C�G�jIDFE�DNMPO V�H�MujkG�C�R0H�GgJ�a�KLJ jkMPO�E�DFC0GIH�G�CwJ�a0G�V�H�MASXK �
SXDFYFDNJ4o MAZ�E�R�j�a KAO�KAjkJI��KAE���G�YFY`KAElJ�a0G�YFKLH�hAG�O0GIhPKLJ�DN{AG�R0J�DFYFDNJ4oQMAZ$KAO�KAjIjIDFC0G�OpJI� �:MPR�YFC�E�R0hAhAG�E�J KAO
GI{LKAE�DN{AGWT<KAO0G�R�{AGIHgMPO�YFo DFZ:J�a�G V�H�MASXKLSUDFYFDNJ4o MAZ�J�a0GWKAjkJ H�G�KAj�a0G�C E(MPT�G}J�a0H�G�E�a�MPYFC DFOUC�DFjIKLJ�DFO0hwKAO
KLSXO0MAH�T<KAY�E�DNJ�R�KLJ�DNMPO��

y	a0G'T<MPE(J�jkMPT�VUH�G�a0G�O�E�DF{AG�V�H�MASUKLSUD^YFDFE(J�DFjeKLV�VUH�MPKAj�a J(MgVUY^KAO�H�G�jkMAhPO�DNJ�DFMPO�� � �XjkMPOUE(J(H�R�jkJ�E �eK�oAG��
E�DFKAO O0GIJ ��MAH��dE'H�GIV�H�G�E(G�OpJ�DFO0h J�a0GbH�G�YFKLJ�DFMPO�E�a�DNVXE:KAT<MPO0h MASUE�GIH�{AG�CwGI{AG�OpJ�EI��y	a0G �:MAH��wDFE	D^O_J(G�O�C�G�C
KAE:KAO KAD^C<DFO�E(J(MAH�o<RUO�C0GIH�E(J�KAOUC�DFO0h0�AE(MbJ�a�GIH�G'KLH�G�{AGIH�o�Z�G ��H�G�E(J(H�DFjkJ�DFMPO�E%MPO<J�a�G	J|odV)G�E2MAZ�KAYFYNM �:KLSUYFG
H�G�YFKLJ�DNMPO�E�aUDNVUEI�`v$KAj�a H�KAO�C0MPT { KLH�D^KLSUYNG�H�GIV�H�G�E(G�O_J�E2J�a0G	MujIjIR0H�H�G�O�jkG'MAZ)KAO GI{AG�O_J�MAZ�KbjkGIH�J�KADFO J|odV?GA�
KAOUC J�a�G YFD^O0�dE�KAT�MPO0h�J�a0G}{LKLH�DFKLSXYNG�E�H�GIV�H�G�E(G�OpJ�J�a0G H�G�YFKLJ�DFMPO�E�a�DNVXEbKAT�MPO0h GI{AG�OpJ J4opV)G�EI� y	a0G�E�G
H�G�YFKLJ�DNMPO�E�aUDNVUE�jkMPRUYFC S?G:{AGIH�o hAG�O0GIH�KAY �PKAY^YNM �'D^O0h�VXKLH�J�DFKAYpMAH�C0GIH�EI�PKLH�SUDNJ(H�KLH�objkMPOUE(J(H�KADFOpJ�EnMPO�E�R0S�VXYFKAO
G"!)G�jkJ�EI�?GIJ�jL�

�:G�jIKAR�E(G MAZeJ�a0G}hAG�O0GIH�KAYFDFJ|o MAZeJ�a0G H�GIVUH�G�E(G�OpJ�KLJ�DNMPO��nDNJ ��MPRUYFC.S)G DFT�VUH�KAjkJ�DFjIKAYnJ(M hAG�O�GIH�KLJ(G K
�eK oAG�E�DFKAO8O0GIJ ��MAH�� H�GIV�H�G�E(G�O_J�D^O0h J�a0GWG�OpJ�DNH�GWC�DFE(J(H
DNSUR0J�DNMPO�� y	a0G O0GIJ �:MAH��uE�KLH�GQDFO�E(J(G�KAC jkH�G�KLJ(G�C
ZfMAH MPO�YNowK VUKLH�J�DFjIR�YFKLHlE(GIJ MAZ2MASUE(GIH�{AG�C GI{AG�OpJ�EI�bB hAG�O0GIH�KLJ(G�C.O0GIJ ��MAH�� ��MPRUYFC�jkMPOpJ�KADFO {LKLH�DFKLSUYFG�E
jkMAH�H�G�E(V)MPO�C�DFO�h J(M J�a0G jIYFKAE�E�D]\XjIKLJ�DNMPO�E MAZeJ�a0G�E�G<MASUE(GIH�{LKLJ�DNMPO�E�KAO�C MAJ�a0GIH�{LKLH�DFKLSXYNG�E H�GIV�H�G�E�G�O_J�DFO�h
V)MPE�E�DNSUYNG R�O0MASUE(GIH�{AG�C GI{AG�OpJ�EI�:KAE<C0GIJ(GIH�T<D^O0G�C Sdo J�a�G �uO0M �'YNG�C0hAGWG�YNG�T�G�OpJ�E�H�G�YFKLJ(G�C J(M J�a0GWMAS!�
E�GIH�{AG�C�GI{AG�O_J�EI� �.G�jIKAO R�E(GgJ�a0G O�GIJ �:MAH��wJ(MWjkMPT�VUR0J(G J�a0G V�H�MASUKLSUD^YFDNJ|oWC�DFE�J(H�DNSUR0J�DFMPOWM {AGIH J�a0G�E(G
RUO0MASUE(GIH�{AG�CWGI{AG�OpJ�EI��SXR0J�DNZ �:G MASUE(GIH�{AGbO�G � GI{AG�O_J�EI�UJ�a0G�O ��GbT K�oWa�K�{AGbJ(M�hAG�O�GIH�KLJ(G�K�O0G � O0GIJ��
�:MAH��wS)GIZfMAH�GgKAOUE ��GIH
DFO0h KAOpowT�MAH�G�cpR�GIH�DNG�EI��tuD^O�jkGbJ�a0GgJ�DFT�GgjkMPT<VUYNG?.0DNJ|oQMAZ%J�a0G hAG�O0GIH�KLJ�DFMPO�KAO�C
jkMPT<VUDFYFKLJ�DNMPOwMAZnK �eK�oAG�E�DFKAO�O0GIJ ��MAH��wC��:KLH�Z[E�J�a�KLJ�MAZnGI{dDFC�G�O�jkGbV�H�MAVXKLhPKLJ�DNMPO���J�a�D^E	KLV�V�H�MPKAj
a jIKAO

�



S)G DFO�KLV�VUH�MAV�H�DFKLJ(G�ZfMAH�C0MPT<KADFOUE �'a0GIH�G �:GlaUK�{AG J(M KAOUE ��GIH�cdR0GIH�DNG�E �'a�D^YNG�V�H�MujkG�E�E�DFO�hgK E(J(H�G�KAT MAZ
MASXE(GIH�{LKLJ�DNMPO�EI�

y	a0GlH�G�jkMAhPO�DNJ�DFMPOQT�MdC�G�YUMAZ r KLH�S)GIH�H�o��<6 �s�0SXKAE(G�C MPOWJ�a0G i G�T<VUE(J(GIH � tuaUKLZ�GIH�J�a0GIMAH�o MAZ�GI{uDFC0G�O!�
J�D^KAY�H�G�KAE(MPO�DFO0h DFO�E(J(G�KAC�MAZ �eK oAG�E�DFKAO J(G�j�aUO�DFcdR0G�EI�)J�KL�AG�E KWE�DFT<DFY^KLH'KLV�V�H�MPKAj
a SpowRUE�DFO0h}J�a0H�G�E�a0MPY^C
VXYFKAR�E�DNSXDFYFDNJ4o}KAO�C C�D !)GIH�G�O�jkG YNGI{AG�YFElMAZ2S)G�YFDNGIZnJ(MWC�DFE(J�D^O0hPR�DFE�a KAT�MPO0hWjkMPT�V)GIJ�DFO0hWa_odV)MAJ�a0G�E(G�EI� B�O
KAYFJ(GIH�O�KLJ�DN{AG<VUH�MASUKLSUDFY^DFE(J�DFjgKLV�V�H�MPKAj
a � 3u� �2H�G�E�J(H�DFjkJ�E J�a0G�H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�KAY2Y^KAO0hPR�KLhAGA��SXR0JbjkH�G�KLJ(G�E
�eK oAG�E�DFKAO�O�GIJ �:MAH��dE<M {AGIH J�a�GQG�O_J�DNH�G VUH�MASUYNG�T E(VUKAjkGA��Z�MAH�J�a�MPE(GQV�H�MASUYFG�T<E J�a�KLJ�\UJ �'DNJ�a�D^O J�a0G
Y^KAO0hPR�KLhAGA����M �:GI{AGIH���J�a0G YFKAO0hPR�KLhAG H�G�E(J(H
DFjkJ�DNMPO�E�C0M}O0MAJlKAYFYNM � KAC0G�cdR�KLJ(G�T�MuC0G�YFDFO0h�MAZ%J�a�G�VUYFKAO!�
OUDFO0h�V�H�MujkG�E�EI�2E(M J�a0GQO0GIJ ��MAH��uE�jIKAO�O0MAJ�KAY �eK�ouE�H�GIVUH�G�E(G�OpJgJ�a0GWG"!)G�jkJ�E�MAZ �:MAH�YFC E(J�KLJ(GQMPO VUY^KAO
E�G�YNG�jkJ�DNMPO�� y	a0GIH�GIZfMAH�GA�)KAYNJ�a0MPR0hPa�J�a0G H�G�E�R�YFJ�DFO0h<O0GIJ ��MAH��uE E�R0VUV?MAH�J�Z�G�KAE�DFSUYNGgD^O0Z�GIH�G�O�jkGA�UJ�a0G H�KAO0hAG
MAZnV�H�MASUYNG�T<EeJ�a�KLJ'J�a0GbT�G�j�aUKAO�DFE�T E�R0V�V)MAH�J�EeDFE�J(MdM YFDFT DNJ(G�C��
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2 O�T<KAOpowVUYFKAO�H�G�jkMAhPO�DFJ�DNMPO C0MPT<KADFO�E��UJ�a0G�H�G�jkMAhPO�DF��DFO0h}KLhAG�OpJ �:MPR�YFC�hAH�G�KLJ�YNowS)G�O0Gk\UJ�Z�H�MPT K
VUH�MASUKLSUDFY^DFE(J�DFjgKLV�V�H�MPKAj
a���SUR0J E�RUj�a.KAO.KLV�V�H�MPKAj�a.H�G�cdR�DNH�G�ElKWH�GIV�H�G�E(G�OpJ�KLJ�DNMPO YFKAO�hPR�KLhAG�V)M �:GIH�ZfRUY
G�O�MPR0hPa J(M�jIKLV�J�R0H�G<J�a�G E(J(H�R�jkJ�R�H�G<MAZeJ�a0G C0MPT KADFO�� ��a�DFYNG�E(J�DFY^Y%E�R0V�V)MAH�J�DFO�h}V�H
KAjkJ�DFjIKAY$DFO�Z�GIH�G�OUjkGA�
y'a�DFE�E(G�jkJ�DNMPO8V�H�MAV)MPE(G�E�K hAG�O0GIH�KAY	Z�H�KAT<G ��MAH�� ZfMAH K �eK�oAG�E�DFKAO�KLV�V�H�MPKAj
a J(M VUY^KAO H�G�jkMAhPO�DNJ�DNMPO��
��DNJ�a�DFO �'a�DFj
a
�:G jIKAO KAO�KAYNod�IG J�a0GgJ4opV)G�E�MAZ$C0GIV)G�O�C0G�OUjIDNG�E	V�H�G�E(G�O_JlDFO�T�MPE(J'VUH�MASUYNG�T C0MPT<KADFO�E��
y�MlV?GIH�Z�MAH�T VUYFKAO H�G�jkMAhPOUDNJ�DNMPOgJ�KAE(�dE �'DNJ�aUDFO J�a�DFE�Z�H�KAT<G ��MAH��?� ��GeE(V)G�jIDNZfolK�jIKAR�E�KAYpVUYFKAO�O�D^O0h�T�MdC�G�Y
KAYFMPO0h J�a0G}hAG�O0GIH�KAY�E(J(H�R�jkJ�R0H�G<MAZ � DNhPR0H�G 3 � � KAO�C RUE(G DNJbJ(M�E�R0V�V)MAH�J GI{uDFC0G�OpJ�DFKAY%H�G�KAE(MPO�DFO0h Z�H�MPT
MASXE(GIH�{LKLJ�DNMPO�E%J(M VUY^KAO apodV?MAJ�a�G�E(G�EI�ny	a�KLJ2C�DFKLhAH
KAT jIKAO<S?Ge{uDNG �:G�C�KAE2K �eK�oAG�E�DFKAO O0GIJ �:MAH��?� �'a0GIH�G
J�a�G YFD^T<DNJ(G�C jkMPO�O�G�jkJ�DNMPO�E KAT�MPO0h�J�a0G}O0MuC0G�EgH�G"�UG�jkJgJ�a0G C�GIV?G�OUC0G�O�jko.E(J(H�R�jkJ�R�H�G<MAZ	MPR0HghAG�O0GIH�DFj
VXYFKAO�O�DFO�h T�MuC0G�Y �

y�M�DFYFYFR�E�J(H�KLJ(GgJ�a�G<hAG�O0GIH�KAY2T<MdC0G�Ys��J�a�DFE E(G�jkJ�DFMPO V�H�G�E�G�O_J�EbK a�KAO�C �|jkMuC0G�C �eK�oAG�E�DFKAO O0GIJ ��MAH��X�
ZfMPYFYNM �'DFO0h.J�a�G�C0GIV)G�O�C0G�OUjko E(J(H
R�jkJ�R0H�GwMAZ � DNhPR0H�G 3 � � �	MAZ J�a0G�T KAO0G�R0{AGIH�E MAZbK E�DFO�hPYNGwjIKLH�� y�M
T KL�AG J�a0G O0GIJ �:MAH�� MAV?GIH
KLJ�DNMPO�KAY � ��G H�GIVUYFKAjkGlG�KAj�awjkMPT�V)MPO0G�OpJeMAZ�J�a0G T�MuC0G�Y �'DNJ�aWK�E�R0SXO0GIJ �:MAH��
J�aUKLJ�jIKLV�J�R0H�G�E�DFO_J(GIH
T�G�C�DFKLJ(G�E(J(H�RUjkJ�R0H�GA���.G jIKAO.J�a0G�O.RUE(G�J�a�DFE T�MuC0G�YnJ(MwDFC0G�OpJ�DNZfo J�a0G<jIR�H�H�G�OpJ
T KAO0G�R0{AGIH'MAZnKAOQMASUE�GIH�{AG�CwjIKLH'KAO�C � MAH	V�H�G�C�D^jkJ:Z[R0J�R0H�G KAjkJ�DFMPO�EI��hPDN{AG�OwMPO�YNo VXKLH�J�DFKAY�DFO0ZfMAH�T<KLJ�DFMPO��
y'a0G E�R0SUO0GIJ ��MAH��wC�G�E�jkH�DNV�J�DFMPO�E	S)G�YNM �6\UH
E(J'V�H�G�E(G�O_J�J�a0G hAG�O0GIH�KAYnT�MuC0G�YFDFO0h}DFE�E�R0G�E'Z�MAH J�a0G�jkMAH�H�G��
E�V?MPOUC�DFO0hwjkMPT�V)MPO0G�OpJgKAOUC J�a0G�O V�H�M {uDFC0G}K E(V)G�jID]\Xj�D^O�E(J�KAOpJ�DFKLJ�DNMPO��nDFO.J�a0G}Z�MAH
T�MAZ	K �eK oAG�E�DFKAO
E�R0SUO0GIJ ��MAH��?��ZfMAH	J�a�DFE�E�V?G�jIDN\XjlJ(H�K �}jbC0MPT KADFO��

�>=
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y	a0G jIKARUE�KAY�T<MdC0G�Y	S?GIhPD^O�E �'DFJ�a J�a0G�D^O�DNJ�DFKAY �:MAH�YFC�E(J�KLJ(GA�6�.G TgRUE(J}DFOUjIYFR�C0GwKAYFY	V?MPE�E�DNSUYNo
MASXE(GIH�{LKLSUYNG GI{AG�OpJ�E'J�a�KLJ	KLH�GbH�G�YNGI{LKAO_J'J(M,+ � �.- � � � � ��	�J�a0G�VUH�MdjkG�E�E�Spo �'a�D^j�aWJ�a0GbKLhAG�OpJ�� E�T<G�O_J�KAY
E�J�KLJ(G�DFE%K !)G�jkJ(G�C<SdogJ�a�G ��MAH�Y^C�� �:o�DFO�jIYFRUC�DFO0h�J�a0G�E(G�GI{AG�OpJ�EI�pJ�a�G�H�G�jkMAhPO�DNJ�DNMPO<V�H�MujkG�C�R0H�G�jIKAO�J�KL�AG
KAC�{ KAOpJ�KLhAG�MAZ)VUKLH�J�DFKAY0DFO0ZfMAH�T<KLJ�DNMPO�KLS)MPR0J$J�a0G'KLhAG�OpJ�� E�T�G�OpJ�KAYUE�J�KLJ(GA�5@'MAJ(G�J�a�KLJ$GI{AG�O J�a0MPR0hPa�J�a0G
D^O�DNJ�DFKAY ��MAH
YFC E(J�KLJ(G T�MuC0G�YnT<K�o�DNJ�E(G�YNZ:DFO�jIYFRUC0G�DFO�KAjIjkG�E�E�DNSUYNG {LKLH�DFKLSUYNG�E��?J�a�G<jkMPO_J(G?.uJ�E�R0SXO0GIJ �:MAH��
D^O�jIYFR�C0G�ElMPO�YFo J�a0MPE(G ��a�DFj�a KLH�G�MASXE(GIH�{LKLSUYNGA���'M ��GI{AGIH�� �:G<T<K�o �'DFE�a�J(MwE�DFT�VUYFDFZ�oQJ�a0G<O�GIJ �:MAH��
SdoWV�H�M {dDFCUDFO0h�T�MAH�G�jkMPT�VXKAjkJ'DFOpJ(GIH�T�G�C�DFKLJ(G H�G�E�R�YNJ�E�C0GIH
DN{AG�CQZfH�MPT DFO�KAjIjkG�E�E�DNSUYNG {LKLH�DFKLSUYFG�EI�
� O0GbMAZnJ�a0G T�MAJ�DN{LKLJ�DNMPO�E'Z�MAHlT<KADFOpJ�KADFO�DFO0h<K}E(GIVUKLH�KLJ(G DFO�DNJ�D^KAY �|E(J�KLJ(G�E�R�SUO0GIJ �:MAH��QDFE�J(M C�DFE(J�D^O �

hPRUDFE�a S)GIJ �:GIG�OQMPR0H�jkMPO_J(G?.uJ�R�KAY�MASXE(GIH�{LKLJ�DNMPO�E�KAO�C J�a0MPE(G MAZ�J�a0G KLhAG�O_JI�:y	a0GIH�GIZfMAH�GA� �:GbT<K�o a�K�{AG
KAOWR�O�MASUE(GIH�{LKLSUYNG'O�MdC0G�H�GIV�H�G�E�G�O_J�DFO�hgKAO KAE(V)G�jkJ�MAZ�J�a�G �:MAH�YFC E(J�KLJ(G KAjIjkG�E�E�DNSUYFG�J(M J�a0G KLhAG�O_JI��KAO�C
KAO<MASUE(GIH�{LKLSUYNG�O0MuC0GeH�GIV�H�G�E�G�O_J�DFO�hbK H�G�YFKLJ(G�C�ZfG�KLJ�R0H�G	KAjIjkG�E�E�DNSUYNGeJ(M�R�E��`y	a�GeC�GIV?G�OUC0G�O�jko�S)GIJ ��GIG�O
J�a�G�E(G	O0MuC0G�E%DFE`G�E�E(G�OpJ�DFKAYFYNo K E(G�O�E(MAH2T<MdC0G�Ys� 2 Z �:G	KLH�G�Z�MAH�J�R�O�KLJ(GeG�O0MPR0hPa�J(MbaUK�{AG�V)GIH�ZfG�jkJ2E(G�O�E(MAH�E��
J�a�G�OQJ�a0G�jkMPOpJ(G?.dJ�{ KLH
DFKLSUYNG�E:S)G�jkMPT�GbH�G�CUR�O�C�KAOpJI�0E�DFO�jkG J�a0GIo �'DFY^YXE�D^T�VUYNo<G�j
a0M<J�a0G�{ KAYFR�G�EeMAZ�J�a0G
KAjkJ�RUKAY�{LKLH�DFKLSUYNG�E��uKAOUCwjIKAOwS)G G�YFDFT DFO�KLJ(G�C��
2 O�J�a�DFE T�MuC0G�Y �?J�a0G�DFO�DNJ�D^KAY �:MAH�YFC�E(J�KLJ(G<DFE C0Gk\XO0G�C�KAE jIKAR�E�KAYFYFowV�H�DNMAHlJ(MQKAYFY`KLhAG�O_J S)G�a�K {dDNMAH �

y'a0GIH�GIZfMAH�GA� J�a�G�jkMAH�H�G�E�V?MPOUC�DFO0heH�KAO�C�MPT { KLH
DFKLSUYNG�E�jIKAOga�K�{AGeYFDFO��dE)MPO�YFo�ZfH�MPT MAJ�a0GIHnE�R�j
ab{LKLH�DFKLSUYFG�EI�
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H�GIV�H�G�E(G�OpJ�DFO0h<C0GIV)G�O�C�G�O�jIDNG�E �'DNJ�aUDFO J�a0GbE(J�KLJ(GA�eB�Opo C�GIV?G�OUC0G�O�jko}Y^DFO0�uE�jkMPO�O0G�jkJ�DFO0h<K O0MdC�G Z�H�MPT
J�a�GbDFO�DNJ�DFKAY?E(J�KLJ(GbJ(M<KAOpoWO0MdC�GlMPR�J�E�DFC0G J�a�DFEeE�R�SUO0GIJ �:MAH��WTgRUE(JeS?G C�DFH�G�jkJ(G�CWJ(M�J�a0G MPR0J�E�D^C0G O0MdC�GA�

y	a�DFElJ(H�G�KLJ�T<G�O_JgMAZ:jkMPOpJ(G?.dJ�C�D !)GIH�E ZfH�MPT�J�a0G �:MAH���MAZ���R0S)GIH GIJ�KAYs��� 3u� �s� �'a�GIH�G�J�a0G<DFO�DFJ�DFKAY
E�DNJ�R�KLJ�DNMPO C0GIV)G�O�C�E'MPO�J�a0G�KLhAG�O_J�� E T�G�OpJ�KAY%E(J�KLJ(G�KAO�C O0MAJ J�a0G MAJ�a0GIH �:K o�KLH�MPR�O�C�KAElDFJlDFEla0GIH�GA�
y'a�DFE �eKAE�V)MPE�E�DNSUYFG�hPDN{AG�OwJ�a0G VUYFKAO�OUDFO0hgT<MdC0G�Y)G�T<VUYNM oAG�C DFOWJ�a�KLJ �:MAH��?�0J�a�KLJ	MAZ`J�a0Gbm2H�MujkG�C�R0H
KAY
�'G�KAE(MPO�DFO�hbtuodE(J(G�T q m��lt�x � 3 3 �s� 2 O J�a0G�m$�ltgT�MuC0G�Y �AVXYFKAOgE�G�YNG�jkJ�DNMPO�DFEnKlZfRUO�jkJ�DNMPO MAZXjIR0H�H�G�O_JnhAMPKAY
KAOUC E�DFJ�R�KLJ�DNMPO�� �:G�jIKAR�E(G J�a0G�E(G jkMPO_J(G?.uJ�{ KLH�D^KLSUYNG�Eba�K {AG O�M V�H�G�C�G�jkG�E�E(MAH�E�MAH E�R�SUE(J(H�R�jkJ�R�H�GA��J�a0G
CUDNH�G�jkJ�DNMPO MAZ�YFDFO��dE jIKAO.S)G�H�GI{AGIH�E�G�C �'DNJ�a�MPR0J j�a�KAO0hPD^O0hQJ�a0G�H�G�E(J�MAZ�J�a0G}C0GIV)G�O�C0G�O�jko�E(J(H�R�jkJ�R0H�GA�
��M �:GI{AGIH��dJ�a0GeKLhAG�O_J�� E2T<G�O_J�KAY0E(J�KLJ(G�jkMPO�E�DFC0GIH�G�C�a0GIH�GeT<K o�S)G:T<MAH�G:jkMPT<VUYNG?.)�AG�E(V)G�jIDFKAYFYNo DFO J(GIH�T<E
MAZ DNJ�E<V�H�GIZfGIH�G�O�jkGwE(J(H�RUjkJ�R0H�GA��v${AG�O8DNZ'J�a�G KLhAG�O_J a�KAE�MPO�YFo E�D^T�VUYNG hAMPKAYFEI�eJ�a0GIH�GwKLH�GwV)MAJ(G�O_J�DFKAY
D^O_J(GIH�KAjkJ�DFMPO�E$KAT�MPO�h�J�a0G	hAMPKAY^E2J�a�KLJ:jkMPR�YFC<K !)G�jkJ$J�a0G�VUYFKAO�OUDFO0hlV�H�MujkG�E�EI�%�'MAV)GIZ[R�YFYNoA�ASdo�Z�MPY^YNM �'D^O0h
J�a�G jIKAR�E�KAY�E(J(H
R�jkJ�R0H�G DFO�jkH�G�KLJ�DFO0h J�a�G O0GIJ ��MAH�� KAO�C�VUYFKAjIDFO0h J�a0G jkMPOpJ(G?.uJlVUH�DNMAH'J(M J�a0G VUYFKAO�� ��G
jIKAO H�GIV�H�G�E�G�O_J	J�a�G�E(GbDFOpJ(GIH�KAjkJ�DNMPO�E �'DNJ�a0MPR0JehAH�G�KLJ�YFoWjkMPT<VUYFDFjIKLJ�DFO�h J�a�G�C0GIV)G�O�C0G�O�jko E(J(H�R�jkJ�R�H�GA�
2 OWJ�a�G J(H�K �}jbC0MPT KADFO��uJ�a0G�C0H
DN{AGIH	TgRUE(J	jkMPO�E�DFC�GIH	E(GI{AGIH�KAY�KAE(V)G�jkJ�E'MAZ�J�a0GgDFO�DNJ�DFKAY �:MAH�YFCQE(J�KLJ(G

D^O H�KLJ�DFMPO�KAYFYNo j
a0MpMPE�DFO0h K�VXYFKAO�� � DFH�E(J�MAZlKAYFY �nJ�a0GWjIR0H�H�G�OpJ V?MPE�DNJ�DNMPO KAO�C E�V?GIG�C MAZ	J�a�G jIKLH<KLH�G
D^T�V)MAH�J�KAO_J�ZfKAjkJ(MAH
EI�AKAO�C �:G�KAE�E�R�T�G�J�a�KLJ�S)MAJ�a�KLH�G�MASUE�GIH�{ KLSXYNGA� J(M�J�a0GeC0H�DN{AGIH�KAE �:G�YFY_KAE�J(MlRUEI���.G
KAY^E(M�KAE�E�RUT�G	V)GIH�ZfG�jkJ$E(G�O�E(MAH
EI�_SUR�J2KAO<G?.uJ(G�O�E�DNMPO�J(M DFO�jkMAH�V)MAH�KLJ(G	E�G�O�E(MAH�O�MPDFE(G	DFE2E�J(H�KADNhPapJ(Z�MAH �eKLH�C��
KAElC0G�E�jkH
DNS)G�CwKLS)M {AGA�	y	a0G�H�KAO�C0MPT { KLH�D^KLSUYNG�E ,�� / ��� ��� / ��KAO�C�� � / ��� ��� / � MAZ � DNhPR0H�G 3 � 3 H�GIV�H�G�E(G�O_J
J�a�G jIKLH � ElYFKAO0G�V?MPE�DNJ�DNMPOwKAO�C�C�DFE(J�KAOUjkG�ZfH�MPT J�a0G a�DNhPa"�:K o�� ElE(J�KLH�JI�?H�G�E(V)G�jkJ�DN{AG�YFoA�	y	a0GgC�H�DN{AGIH'jIKAO
S)GbDFO MPO0G MAZ`J�a0H�GIGbY^KAO0G�EeMAH'T<K o}S)G M�!�J�a�Gba�DNhPa"�:K oA��G�DNJ�a0GIH�V�H�GIVUKLH�DFO0h J(M<G�OpJ(GIH	MAH'a�K {dD^O0h 
(R�E�J
G?.0DNJ(G�C�� y	a0GWH�KAO�C�MPT�{LKLH�DFKLSXYNG�� � � � ���U��C0G�O�MAJ�DFO0h�J�a0GwjIKLH � E�E(V)GIG�C��$D^O�DNJ�DFKAYFYFo�C0GIV)G�O�CUE�MPO J�a0G
jIR�H�H�G�OpJ'O0MuC0GA��E�DFO�jkG J�a0G�ZfKLH�J�a�GIH'YNGIZfJ�J�a0G�YFKAO0GA�0J�a�G ZfKAE(J(GIH�J�a0G�jIKLH'D^E	R�E�R�KAY^YNo<J(H�K {AG�YFDFO0h0�

�.GgjIKAO�KAYFE(M<MASUE�GIH�{AG�J�a0G�V�H�G�E(G�O�jkG�MAZ`MAJ�a�GIH�jIKLH�E�KLH�MPR�O�CQJ�a�GgC0H�DF{AGIH�MAZnD^O_J(GIH�G�E�JI� �'a0M}TgR�E�J
jkMPOUE�DFC0GIH�J�a0G�T D^Owj�a0MdMPE�DFO�h}K T KAO0G�R0{AGIH�� � MAH DFO�E�J�KAO�jkGA�XDNZnJ�a0GIH�GgDFE�K jIKLHlSUYNMuj��uDFO0h<J�a0G C0H�DN{AGIH � E
ZfH�MPOpJI�eJ�a0G�O�K.VXKAE�E�DFO0h T KAO0G�R0{AGIH}D^E<T�MAH�G Y^DN�AG�YNoA�8�.G�jIKAO8MASUE(GIH�{AG�KAOpo jIKLH
E<J(M J�a0G�C0H�DN{AGIH � E
D^T<T�G�C�DFKLJ(G ZfH�MPO_JI�$SUKAj��?��YNGIZfJI�$KAO�C H�DFhPa_JI�$KAE �:G�YFYeKAE�DFO J�a0GWZ�MPR�H�CUDFKLhAMPO�KAYeC�DNH�G�jkJ�DFMPO�EI� 2 O J�a0G
�eK oAG�E�DFKAO O�GIJ �:MAH��X�UJ�a0G �:MpMPYNG�KAOwH�KAO�C0MPT {LKLH�DFKLSUYFG � � �&��� � �	�wH�GIV�H�G�E(G�O_J�E	J�a0G V�H�G�E(G�OUjkGlMAZnKAOpo jIKLH
J(M.J�a�GWD^T<T�G�C�DFKLJ(G YNGIZfJ MAZ�J�a0GWC0H�DN{AGIH�� y'a0GIH�GWKLH�GQE�DFT<DFY^KLH�{LKLH�DFKLSUYNG�EgZfMAH�J�a0G}H
DNhPa_JI�$Z�H�MPOpJI�$KAO�C
SXKAj��?��KAE ��G�YFY`KAElJ�a0G�Z�MPR�HlC�D^KLhAMPO�KAYnC�DNH�G�jkJ�DNMPOUEI��y	a�Gg{LKLH�DFKLSUYFG�E�DFOUC0G?.dG�C���
 DFO�J�a0Gg\UH�E(J jkMPYFR�T O
MAZ%O0MuC0G�E	D^O � DFhPR0H�G 3 � 3 jkMPO�E�J�DNJ�R0J(GbJ�a0GbjkMPOpJ(G?.uJlE�R�SUO0GIJ �:MAH��?�

� 3



signal m1?

signal m0?

spec pass?

gen maneuver?

frontR clr? t0

frontL clr? t0

right clr? t0

left clr? t0

x position t0

backR clr? t0

backL clr? t0

back clr? t0

front clr? t0

at exit?

at target?

exit position

y position t0

y speed t0

target y speed

acc maneuver?

%���������� 
 � 
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y	a0G�VUYFKAO �sH�G�jkMAhPOUDNJ�DNMPO�Z�H�KAT<G ��MAH���E�a0MPR�YFC�KAjIjkMPT<T�MuC�KLJ(G KAYFY�V?MPE�E�DNSUYNGwD^O0Z�MAH
T<KLJ�DNMPO KLS?MPR�J
J�a�G�KLhAG�O_J�� ElVUY^KAOQE(G�YNG�jkJ�DNMPO V�H�MujkG�E�EI�0S)GIhPDFO�O�D^O0h ��DNJ�awDNJ�E	T<G�O_J�KAY�E(J�KLJ(GA���.G jIKAOwS�H�G�KL� C0M �'O KAO
KLhAG�OpJ�� E T�G�OpJ�KAY�E(J�KLJ(GgD^O_J(M�J�a0H�GIG�C�DFE(J�D^O�jkJ:jkMPT<V?MPO�G�O_J�EI�

� � ����������� y	a0G KLhAG�O_J�� E	�dO0M �'YNG�C0hAG MAZ�J�a0GlE�J�KLJ(GbMAZ�J�a0G �:MAH�YFCWKAO�CWDNJ�EeC0ouO�KAT<DFjIEI� �:G�YFDNGIZ[EeT<K�o}S)G
DFO�jkMPT<VUYNGIJ(GA��R�O�jkGIH�J�KADFO��uMAH�DFOUjkMAH�H�G�jkJI�

,������ ����� �����	��� y	a0G KLhAG�OpJ�� E�C0G�E�DFH�G�EbKLS)MPR0J�J�a�G ��MAH
YFC��Qy	a0G�E(G T<K�o.S)G E�DFT�VUYNG�hAMPKAY^EI�nMAHgKLH�SUD �
J(H�KLH�D^YNo hAH�KAC�G�CwC0GIhAH�GIG�E'MAZ`R0J�D^YFDNJ|oA�

	%�
��� * �����������	� � y	a�G	KLhAG�O_J�� E:E(G�YNZ �|T�MuC0G�YuMAZ�DNJ�E%K�{LKADFYFKLSUYFG	KAjkJ�DNMPO�EI��tdJ(H
DFjkJ�YNogE�V?G�KL�uDFO0h0�AJ�aUDFE%E�a0MPR�Y^C
S)G�� � ��
 � � � � � � + jIKLVUKLSUD^YFDNJ�DNG�EI�dSUR0J �:G�E(J�D^j��WJ(M<J�a0GbT�MAH�G�jkMPO�jIDFE(G J(GIH
TQ�

y	a0G H�GIV�H�G�E�G�O_J�KLJ�DNMPO MAZ�J�a0GQKLhAG�O_J�� E S)G�YFDNGIZ[E�KLS)MPR0J�J�a0G ��MAH
YFC E(J�KLJ(GwTgRUE(J�DFO�jIYFR�C�G<H�KAO�C0MPT
{LKLH�DFKLSXYNG�ElZ�MAH KAYFYnKAE(V)G�jkJ�E MAZ$J�a�G�jkMPOpJ(G?.uJ J�a�KLJ J�a0G�KLhAG�O_JbjIKAO MASXE(GIH�{AG�KAO�C�J�a�KLJ Z[KAjkJ(MAHbDFO_J(MQDNJ�E
C�G�jIDFE�DNMPO �|T KL�dDFO�h0�'y	a0GIH�G T<K�o S?G E(MPT�G�KLhAG�O_J S)G�YFDNGIZ[E�J�a�KLJ KLH�G�DFO�C0GIV)G�O�C�G�O_J�MAZ$KAOpowH�G�KAY � ��MAH�Y^C
{LKLH�DFKLSXYNGA�6zlO�YNG�E�E ��G jIKAO MASUE(GIH�{AG�J�a0G�E(G�S)G�YFDNGIZ[E q V)GIH�a�KLVUE�J�a0H�MPR0hPa�jkMPT<T R�O�D^jIKLJ�DNMPO ��DNJ�a8J�a0G
KLhAG�OpJ
x
�nJ�a0GIH�G D^EbO0MwKAC0{LKAO_J�KLhAG DFO KAC�CUDFO0hWJ�a0G<jkMAH�H�G�E�V?MPOUC�DFO0hWH�KAO�C�MPT�{ KLH�D^KLSUYNG�EI� 2 O�E(J(G�KAC�� ��G
jIKAO Z�MPY^C J�a0G<R�O�jkGIH�J�KAD^O_J4o�DFO J�a�G�E(G�S)G�YFDNGIZ[ElD^O_J(MQJ�a0G�VXYFKAO.jkMPT�V)MPO0G�OpJI�<�'M ��GI{AGIH��nKLhAG�OpJ�S)G�YFDNGIZ[E
��DFYFY)J|odVUDFjIKAY^YNo C�GIV?G�OUCWMPOwJ�a0G�E�MPT�G�KAE(V)G�jkJ'MAZnJ�a0GgKAjkJ�R�KAY�E(J�KLJ(G MAZnJ�a0G �:MAH�YFC���KAYFJ�a0MPR0hPa
�:G�jIKAO
T<MdC0G�Y�J�a0G�KLhAG�O_J KAE�S)G�DFO0h KLH�SXDNJ(H�KLH�DFYFo R�OUjkGIH�J�KADFO�MAHlC0G�Y^R�C0G�C��	BlE T�G�O_J�DFMPO0G�C�D^O�tdG�jkJ�DNMPO 3 � 3 � � �
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J�aUDFE�C�GIV?G�OUC0G�O�jko H�GIV�H�G�E�G�O_J�E`J�a0GeDFT�V)GIH�ZfG�jkJ�DNMPObKAO�C � MAHnD^O�jkMPT�VUYNGIJ(G�O�G�E�E�MAZUE�G�O�E(MAH�EI� 2 Z0J�a0G:KLhAG�OpJ�� E
E�G�O�E(MAH�E��:GIH�GgV)GIH�ZfG�jkJI�?J�a0G�O ��G�jkMPR�YFC�G�YFDFT<D^O�KLJ(GbJ�a0G�O0MuC0G�E'ZfMAH J�a0G�KLhAG�O_J�� E S)G�YFDNGIZn{LKLH�DFKLSUYFG�EI�XKAE
J�a�GIo �:MPR�YFCWJ�KL�AGgMPOQJ�a0G�E�KAT�Gb{LKAYFR0G�E�KAE	J�a�G�jkMPO_J(G?.uJ'{LKLH�DFKLSXYNG�EI�

y	a0GeKLhAG�O_J�� E$�dO�M �'YNG�C�hAG:MAZ?DNJ�EnjIKLVUKLSUDFY^DNJ�DNG�E`DFEnR�E�R�KAYFYFobDFO�C0GIV)G�O�C0G�OpJ�MAZXJ�a0G ��MAH
YFC�E(J�KLJ(GA�pKAE%KLH�G
DFJ�EnV�H�GIZfGIH�G�O�jkG�E%DFO T�MPE(J%jIKAE(G�EI��t0DFT�VUYNG$hAMPKAYFE2jIKAO�S)G�H�GIV�H�G�E(G�OpJ(G�C�KAE%E(GIVUKLH�KLJ(G �:MdMPYNG�KAO�{LKLH�DFKLSUYFG�EI�
J�a�MPR0hPagDFJ�T<K o S?G�R�E(GIZ[R�YPJ(MljkMPT�SUD^O0G�K�E(GIJ�MAZ�T R0J�R�KAY^YNo�G?.0jIYFR�E�DN{AG2{LKLH�DFKLSUYNG�E�DFOpJ(M�K'E�DFO0hPYNG2{LKLH�DFKLSXYNG
��DNJ�a E(GI{AGIH
KAYXV)MPE�E�DNSUYNGe{LKAYFR0G�EI�%~�MAH�GljkMPT<VUYNG?.<V�H�GIZfGIH�G�O�jkGlE(J(H�R�jkJ�R�H�G�E �'D^YFY0H�G�cdR�DNH�G�T�MAH�G�jkMPT<VUYNG?.
E�R0SUO0GIJ ��MAH��QE(J(H
R�jkJ�R0H�G�EI�2y'a0GbKLhAG�O_J�� EljIKLVUKLSUD^YFDNJ�DNG�EejIKAOwS)G H�GIV�H�G�E(G�O_J(G�C�DFOQK�E�DFT DFYFKLHeZfKAE�a�DNMPO��

y	a0G T�MdC�G�Y�MAZ�KLhAG�O_J�ZfMAH�T<KLJ�DNMPO DFEghAH�G�KLJ�YNo E�DFT�VXYFD]\UG�C D^O MPR0H J(H�K �}jWC0MPT KADFO�� �:G�jIKAR�E(GWMAZ
MPR�H KAE�E�R�T�V�J�DNMPO MAZ�V)GIH�Z�G�jkJ E(G�O�E(MAH
EI��J�a�G C0H
DN{AGIH � EbS)G�YFDFGIZfEbKLS)MPR0J�J�a0G �:MAH�YFC jkMAH�H�G�E(V)MPO�C J(M�J�a0G
KAjkJ�RUKAY�{LKAYFR0G�E	DFOwMPR0H'E�DFT<VUYFD]\UG�C T�MuC0G�Y � 2 OwKAC�C�DFJ�DNMPO��uJ�a0GbKLhAG�OpJ�� E�S)G�YFDFGIZfEeKLS)MPR0J'DNJ�E'jIKLVUKLSUDFYFDFJ�DNG�E
KLH�GlO0MAJ�H�GIV�H�G�E�G�O_J(G�C}G?.dVXYFDFjIDNJ�YNo�DFO MPR0H$J(H�K � j�O0GIJ ��MAH��X� 2 O�E(J(G�KAC��dJ�a0GlC0H�DN{AGIH:DFE$KAE�E�R�T�G�C}J(M��uO0M �
KAY^Y)MAZ�J�a0G V)MPE�E�DNSUYNGlVUYFKAO�E q KAE	C�G�E�jkH�DNS)G�CWDFO tdG�jkJ�DNMPO 3 � 3 �98Px
�ey	a0G VUY^KAO�O�DFO0h V�H�MujkG�E�E�KAYFE�M<KAE�E�R�T�G�E
J�aUKLJ	J�a0GbC0H�DF{AGIH	a�KAE	jkMPT�VUYFGIJ(G �dO0M �'YNG�C0hAG MAZna0M � J�a0GbVUY^KAO�EejIKAOQS)G�E(J	E�KLJ�DFE(ZfoWDNJ�EeV�H�GIZfGIH�G�O�jkG�E	D^O
J�a�G<jIR0H�H�G�OpJbjkMPO_J(G?.uJI� y	adR�E J�a0G�VXYFKAO E(G�YNG�jkJ�DNMPO T<G�j�a�KAO�D^E�T DFT�VUY^DFjIDNJ�YNoWH�GIV�H�G�E(G�O_J�EbJ�a0G<C0H�DN{AGIH � E
S)G�YFDFGIZfE�KLS)MPR0J	DNJ�E'jIKLVUKLSUDFYFDFJ�DNG�EI�

�.G T<MdC0G�Y�J�a0G C0H�DN{AGIH V�H�GIZfGIH�G�O�jkG�E �'DNJ�a J �:M�hAMPKAY^EI� � DNH�E�JI�nK�C0H�DF{AGIHga�KAEgJ�a0G G?.dVUY^DFjIDNJbhAMPKAY
MAZ%hAGIJ(J�D^O0h<ZfH�MPT MPO0G�G?.uDNJ�J(M KAO0MAJ�a0GIH��XJ�a0MPR0hPaQJ�a�G�DFOpJ(G�O�C0G�CQG?.0DNJ�E'KLH�G�R�O0�uO0M ��OWJ(M}KAOwG?.uJ(GIH�O�KAY
MASXE(GIH�{AGIH�� y	a0GWH�KAO�C0MPT {LKLH�DFKLSUYFG � , � � � / ��� �$� / � DFO � DNhPR0H�G 3 � 3 H�GIV�H�G�E�G�O_J�E�J�a0GQC0H
DN{AGIH � E�C0G�E�DNH�G�C
G?.0DNJI�<BlYFY`MAZeJ�a0G�V)MPE�E�DNSUYFG�G?.0DNJ V)MPE�DNJ�DNMPO�E KLH�G�Z[KLH�J�a0GIHgKAYNMPO0hQJ�a0G<a�DFhPa �eK�o�J�a�KAO.J�a0G�{LKAYFR0G�E MAZ �
� / ��� �$� / �_� 2 Z�J�a�D^E ��GIH�G<O�MAJ J�a0G<jIKAE(GA�`J�a0G�O J�a0G jIR0H�H�G�O_J V)MPE�DNJ�DFMPO �:MPR�YFC VUH�M {uDFC0G�GI{uDFC0G�O�jkG�J�a�KLJ
J�a�GwC0G�E�DNH�G�C G?.0DNJ<DFE V�H�MASUKLSXYNo O0MAJ�MPO0GWJ�a�KLJ<a�KAE�S)GIG�O VUKAE�E�G�C�� y	a�GIH�GIZ�MAH�GA�2J�a0GIH�G �:MPR�YFC S)G K
C�GIV?G�OUC0G�O�jkoA�0SUR0JeJ(M E�DFT�VUYFDFZ�o�J�a0GbO0GIJ ��MAH��X���:G�T<KL�AG�J�a0GbE(GIJ�E�MAZ � KAOUCWG?.uDNJ�V)MPE�DFJ�DNMPO�EeC�DFE 
(MPDFOpJI�

tdG�jkMPO�C��nJ�a0GIH�GWT K�o S)G}E�MPT�GQjkMPO�E(J(H�KADFOpJ MPO J�a�G}J(H�K {AG�YeJ�DFT�G}S?GIJ ��GIG�O J�a�G�E(G}G?.0DNJ�EI�%MAH�J�a0G
C�H�DN{AGIHeT<DNhPapJ�a�K {AG E�MPT�G�J�KLH�hAGIJeE�V?GIG�C �'a�DFj
a}D^E2V�H�GIZfGIH�H�G�C}ZfMAH�J�a0G C�R0H
KLJ�DNMPO<MAZ�J(H�K {AG�Y �$��M �:GI{AGIH��
�:G'jIKAO<RUE�R�KAYFYNo�J(H�KAO�E�YFKLJ(G�J�a�G�Z�MAH�T<GIH$DFOpJ(MbK C0G�E�DNH�G�C�E(V)GIG�C�S)G�jIKAR�E�G�MAZXJ�a0Ge\ .dG�C�V)MPE�DNJ�DFMPO�E`MAZXJ�a0G
G?.0DNJ�EI�2y'a0GIH�GIZfMAH�GA�_MPR0H:T�MuC0G�Y�R�E(G�E$MPO�YNo�J�a0G�H�KAO�C0MPT�{LKLH�DFKLSXYNG � 
 ��&+��� � � � � ��� D^O � DNhPR0H�G 3 � 3 � �'DFJ�a
DFJ�E	{LKAYFR0G�E'jIY^R�E(J(GIH�G�CwKLH�MPR�O�CQJ�a0G E(V)GIG�CwYFDFT DNJI� 2 Z`J�a�GgjIKLH�aUKAE	S)GIG�OwMPO J�a0G�a�DNhPa"�eK�oQZfMAH'G�O0MPR0hPa
J�D^T�GA��J�a0G�O DNJ�E jIR0H�H�G�OpJ E(V)GIG�C E�a0MPR�YFC V�H�M {dDFC�G E(MPT<G�jIY^R0G KAE J(MQJ�a�G�C�H�DN{AGIH � E�J�KLH�hAGIJbE(V)GIG�C�� �.G
jkMPRUYFC T�MdC�G�Y�J�aUDFE��'DNJ�a�K Y^DFO0�QZfH�MPT � � � � ����� � O�J�a�G MAJ�a�GIHba�KAO�C���DNZ �:G�a�K�{AG�S)GIG�O�MASUE(GIH�{dDFO�h
J�a�G jIKLH	KAOUC DFJ�E:T KAO0G�R0{AGIH�E:ZfMAHeE�MPT�G J�DFT�GA�uJ�a0G�O J�a0G�E(G VUKAE(J:MASUE(GIH�{ KLJ�DNMPOUE:E�a0MPR�YFC}V�H�M {dDFC�G�T�MAH�G
jkMPOUjIYFR�E�DN{AG'GI{dDFC�G�O�jkG'KAE�J(MgDNJ�E$J�KLH�hAGIJ:E�V?GIG�C��`y	adR�EI�"��GljIKAO T<KL�AGlJ�a0G	J�KLH�hAGIJ:E(V)GIG�C}DFO�C0GIV)G�O�C0G�OpJ
MAZ%jIR0H�H�G�O_J	E�V?GIG�C KAO�CWG�O�jkMuC0GbMPR0H	VXKAE(J�MASUE(GIH�{LKLJ�DNMPO�E'DFOWJ�a0GbV�H
DNMAH�V�H�MASUKLSXDFYFDNJ�DNG�E��

� ;



y	a�DFE O0GIJ ��MAH�� KAYFE(M.jkMPOpJ�KADFO�E�J�a0GQDFOpJ(GIH�T�G�CUDFKLJ(GWS?G�Y^DNGIZ�H�KAO�C0MPT {LKLH�DFKLSUYFG�EI��
���� , � ��� KAO�C 
��
� 
 ��&+��� �P�UDFO}J�a0G E(G�jkMPO�CwjkMPYFRUT<O MAZnO0MuC0G�EeDFO � DFhPR0H�G 3 � 3 �$y	a0G�E�GlH�G"�UG�jkJ�J�a0G C0H�DN{AGIH � E�S)G�YFDFGIZ�KLS?MPR�J
J�a�G'V�H�M .uD^T<DNJ|o MAZ)J�a0G�C�G�E�DNH�G�C�G?.0DNJ�KAOUC�J�a0G'C0G�E�DNH�KLSUDFY^DNJ|ogMAZ?J�a�G'jIR0H�H�G�OpJ$E(V)GIG�C��pH�G�E(V)G�jkJ�DN{AG�YNoA�%y	a�G

�� � , � ��� { KLH�D^KLSUYNG�C0GIV)G�O�C�ElMPO�YNo�MPO.J�a0G<jIR0H�H�G�O_J V)MPE�DFJ�DNMPO KAO�C.J�a0G�V�H�GIZ�GIH�H�G�C G?.uDNJI��KAO�C DFE J(H�R�G
MPOUYNo �'a0G�O J�a0G Z�MAH
T�GIH�DFEgD^T<T�G�C�DFKLJ(G�YFo�S)GIZfMAH�G J�a0G Y^KLJ(J(GIH��.y	a0G 
���� 
 ��&+��� � {LKLH�DFKLSXYNG}C0GIV)G�O�CUE
MPOUYNo<MPO}J�a0G jIR0H�H�G�OpJ�KAO�C V�H�GIZ�GIH�H�G�C E(V)GIG�C�EI�uKAO�C DNJ�E:{ KAY^R0G�DFOUC�DFjIKLJ(G�E �'a0GIJ�a0GIH:J�a0G jIR0H�H�G�OpJ�E�V?GIG�C
D^E�J(MpM}E�YNM ���0J(MpM<Z[KAE(JI��MAH 
(RUE(J�H�DNhPapJI�!�'DNJ�aWH�G�E�V?G�jkJ�J(M J�a0G�C0H�DF{AGIH � E�C0G�E�DNH�G�CQjkH�R�DFE�D^O0h E�V?GIG�C��
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y	a0G�VUYFKAO jkMPT�V)MPO0G�O_JeDFEejkMPT�V�H
DFE(G�C}MAZ�H�KAO�C0MPT�{LKLH�DFKLSUYNG�E:jkMPYFYNG�jkJ�DF{AG�YNo<H�GIV�H�G�E(G�O_J�D^O0h�J�a0G jIR0H �
H�G�O_J<VXYFKAO�� � MAH}D^O�E(J�KAO�jkGA�eDFO � KAR0J(� � E<GI{AG�O_J a�DNGIH�KLH�j
a�DNG�EI��J�a0GIH�GwDFE K J�K
.dMPO0MPTgo MAZlVUYFKAO�E�KAO�C
KAjkJ�DFMPO�EI�wy	a0G}j�a�DFY^C0H�G�O.MAZ	K�jkGIH�J�KADFO VXYFKAO jkMAH�H�G�E�V?MPOUC J(M V)MPE�E�DNSUYNG�E�R0SUVUYFKAO�E MAH�KAjkJ�DNMPO�EI� �'a�D^YNG
MAJ�a�GIH YFD^O0�dE DFOUC�DFjIKLJ(G<O0G�jkG�E�E�KLH�o jkMPT�V)MPO0G�OpJ�EI� 2 ZeMPR0HbVUYFKAOUO�DFO0hWT�MuC0G�Y2DFE SXKAE(G�C MPO E�R�j�a GI{AG�O_J
aUDNGIH�KLH�j
a�DNG�EI� �:G}T K�o.C0G�E�DNhPOUKLJ(G<MPO0G �:MdMPYNG�KAO {LKLH�DFKLSUYFG<jkMAH�H�G�E(V)MPO�C�D^O0h}J(M�G�KAj�a G�YNG�T�G�OpJ�DFO J�a0G
J�K
.uMPO0MPTgoA��DFO�CUDFjIKLJ�DFO0h<J�a�GgV�H�G�E(G�O�jkG MAZ2J�a0G�jkMAH�H�G�E(V)MPO�C�D^O0h<VUYFKAO�� �lH��:G T<K o�jkMPTgSUDFO0G�jkGIH�J�KADFO
T R0J�R�KAY^YNo<G?.0jIYFR�E�DN{AG E�R�S�VUYFKAO�E:DFOpJ(M<K�E�DFO0hPYNGlH�KAO�C�MPT { KLH�D^KLSUYNGA� �'a�DFj
a J�KL�AG�E	MPOQK�C�D !)GIH�G�OpJe{ KAYFR�G
C�GIV?G�OUC�DFO0h MPOwJ�a0GbKAjkJ�RUKAY�E�R0SUVUYFKAO V�H�G�E(G�OpJI�

tuR�j
a aUDNGIH�KLH�j
a�DNG�E�KLH�GWSUKAE(G�C MPO J�a0GwE�R�SUE�R�T�VUJ�DNMPO H�G�Y^KLJ�DNMPO��%H�G�cdR�DNH�D^O0h�K C0GIV)G�O�C0G�OUjko YFDFO0�
ZfH�MPT J�a0GwT<MAH�GQhAG�O0GIH�KAY�O0MuC0GWJ(M.J�a0GwT�MAH�GWE�V?G�jIDN\XjL� y	a�GWjkMPOUC�DNJ�DNMPO�KAY:V�H�MASUKLSUDFYFDFJ|o.J�KLSUYNGQjIKAO
H�GIV�H�G�E(G�OpJeJ�a0GlCUDFE(J(H�DNSXR0J�DNMPO�MAZ�J�a0G E(V)G�jID]\?j�{ KAY^R0G�EI�uhPDN{AG�O J�a0GlhAG�O0GIH�KAY � 2 O VXKLH�J�DFjIR�YFKLH �_S)G�jIKAR�E(GlMAZ
J�a�GbE�R0SUE�RUT�V�J�DNMPO}H�G�YFKLJ�DNMPO��!��GbjIKAOwE�GIJ�J�a0GbjkMPO�C�DNJ�DFMPO�KAY?V�H�MASUKLSUD^YFDNJ|o MAZ`K�j
a�DFYFCWO0MuC0G hPDN{AG�OQJ�a�KLJ
DFJ�E�VUKLH�G�OpJ'O0MuC0GbDFEeZ[KAYFE(G J(M<�IGIH�M0�
2 O J�a0G J(H�K �}j C0MPT<KADFO�� ��G�jIKAO�jIYFKAE�E�DNZfoQC0H�DN{uDFO0h<T KAO0G�R0{AGIH�ElKAjIjkMAH�C�DFO�h}J(M J�a0G�YFKAO0G�j
a�KAO0hAG�E

D^O_{AMPYN{AG�C��Wy'a0G}E�D^T�VUYNG�E(J VUY^KAO DFEbJ(M�E�DFT�VXYNo�jkMPOpJ�DFOdR0G}C0H
DN{dD^O0hQDFO.J�a0G E�KAT�G}Y^KAO0GA�QBeJgJ�a0G}O0G?.dJ
YFGI{AG�Y$MAZ	jkMPT�VXYNG?.uDFJ|oA�nK C0H�DF{AGIHgjIKAO E�a�DNZfJ MPO0G}Y^KAO0G<J(M�J�a0G}YNGIZfJbMAH H�DNhPapJI�W�.G jkMPO�E�DFC0GIH�G�OpJ(GIH�DFO�h
KAOUCWG?.uDNJ�D^O0hgJ�a�G aUDNhPa �eK�o KAE�E(V)G�jID]\Xj�DFO�E(J�KAO�jkG�EeMAZ�J�a0G�E(G MPO0G��|YFKAO�G E�a�DNZfJ�EI�%y	a0G C0H�DN{AGIH�jkMPR�YFC KAYFE(M
E�a�DNZfJ J �:M�YFKAO�G�E J(M J�a0G}YNGIZ�J�MAH�H�DNhPapJI� ��a0GIH�G<J�a�D^EbjkMPR�YFC KLhPKAD^O DFOp{AMPYN{AG<G�OpJ(GIH�DFO0h MAH�G?.0DNJ�DFO0hQJ�a0G
aUDNhPa �eK�oA��BlEbK \XO�KAY`MAV�J�DFMPO���J�a0G�C0H�DF{AGIHbT<K�o j�a0MdMPE(G KWVXKAE�E�DFO0hWT<KAO0G�R�{AGIH�� �'a�D^j�a ��G�{uDNG � KAE
J ��M.E�RUjIjkG�E�E�DN{AG YFKAO0G E�aUDNZ�J�E�MAZ�MAV�V)MPE�DNJ(G CUDNH�G�jkJ�DNMPO�� 2 O � DNhPR0H�G 3 � 3 �%J�a0G {LKLH�DFKLSXYNG &+� ��� 
������ � � �
H�GIV�H�G�E(G�OpJ�E'J�a�G�hAG�O0GIH�KAY`C0H�DF{dDFO�h�T KAO0G�R0{AGIH KAO�CwJ�KL�AG�ElMPO�K<{LKAYFR0G�jkMAH�H�G�E(V)MPO�C�DFO0h�J(M}J�a0Ggj
a0MPE(G�O
VXYFKAO��

�.G�jIKAO�KAYFE�M jIYFKAE�E�DNZfo C�H�DN{uDFO0h.VUYFKAOUE KAjIjkMAH�C�D^O0h J(M J�a0G KAjIjkG�YNGIH�KLJ�DNMPO�� i GIV)G�O�C�DFO0h MPO�J�a0G
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jIR�H�H�G�OpJ�KAO�C}C0G�E�DNH�G�C E(V)GIG�C��pKgC0H�DN{AGIH:T<K�o<C0G�jID^C0G	J(MgE�V?GIG�C}R0V��dE�YNM � C0M ��O��_MAHeT<KADFOpJ�KADFO jIR�H�H�G�OpJ
E�V?GIG�C��?DFOUC�DFjIKLJ(G�CwSdoQJ�a0G { KAY^R0G�MAZ%J�a0G {LKLH�DFKLSUYNG 
 ��� � 
�� ���0� � �nMAZ � DNhPR�H�G 3 � 3 � y	a0G KAjIjkG�YNGIH�KLJ�DNMPO
T KAO0G�R0{AGIH%C0GIV)G�O�C�E�MPOgJ�a�G:YFKAO�G:T<KAO�G�R0{AGIH%DNZ ��G�C0M O0MAJnjkMPO�E�DFC0GIH`J�a0G:VUYFKAOgE(G�YNG�jkJ�DNMPO�T�G�j
a�KAO�DFE�Tw�
� MAH�DFO�E(J�KAOUjkGA��KWC0G�jkG�YNGIH�KLJ�DNMPO.D^E T�MAH�G�YFDN�AG�YNo�KAE KWVUKLH�J MAZ�KWH�DFhPa_J YFKAO0G�j�aUKAO0hAG<VUYFKAO�J�a�KAO.KAE K
VXKLH�J2MAZ�K VUY^KAO�J(MbVUKAE�E��n��M �:GI{AGIH��uJ�a0G�J �:M�{LKLH�DFKLSUYNG�E$KLH�G'DFO�C�GIV?G�OUC0G�O_JnhPDN{AG�O J�a0G'DFOUDNJ�DFKAYujkMPO_J(G?.uJI�
KAE�DFO�C�D^jIKLJ(G�CQDFOWJ�a0G�O0GIJ ��MAH��X�

y	a0G {LKLH�DFKLSUYFG � � ��� � 
�� �'D^O � DNhPR0H�G 3 � 3 DFO�C�D^jIKLJ(G�E�J�a0GgCUDNH�G�jkJ�DNMPOQMAZnJ�a0GgVUKAE�EI�XDNZ�MPO�GgDFE�J�KL�uDFO0h
VXYFKAjkGA�.t0DFO�jkG VXKAE�E�DFO0h�DFO K�E(V)G�jID]\Xj}C�DNH�G�jkJ�DNMPO DFE K�E�R�S�VUYFKAO.MAZ'J�a0G hAG�O0GIH
KAY�VXKAE�E�DFO0h�T<KAO0G�R0{AGIH
��a�DFj�a4&+� � � 
������ � � ��jIKAOWH�GIV�H�G�E(G�OpJI�0J�a�DFE�DFEeKAOWG?.0KAT�VUYNG MAZ`J�a0GbE�R0SXE�R�T�V�J�DFMPO<H�G�YFKLJ�DFMPOWZ�MPR�OUC D^O
GI{AG�OpJ a�DNGIH�KLH�j
a�DNG�EI� 2 Z`J�a�GgC0H�DF{AGIH'C0G�jIDFC0G�E	J(M}VUKAE�EI��J�a0GIH�G KLH�G�J�a�GbMAV�J�DNMPO�E'MAZ%VUKAE�E�D^O0h�MPOwJ�a0G YNGIZfJ
KAOUC<VUKAE�E�DFO0h MPO<J�a0G'H�DNhPapJI�nBlO�C�GI{AG�O}DNZ?J�a0G'C0H�DF{AGIH2j�a0MdMPE(G�E�J(M�VUKAE�E��PJ�a0GIH�G'T K�o�S)G'jIKLH�E2SXYNMdj��dD^O0h
S)MAJ�aWYFKAO0G�E��pZfMAH�jIDFO0h J�a0G C0H�DN{AGIH:J(M �:KADFJ:ZfMAH�KAO0MAJ�a0GIHeMAV�V)MAH�J�R�OUDNJ|o�J(M�VUKAE�E��2y	a�DFE${ KLH�D^KLSUYNG�jIYFG�KLH�YNo
C�GIV?G�OUC�E MPO &+� � � 
�� ���0� � �|�`E�D^O�jkG<J�a0G T<MAH�G<hAG�O0GIH�KAY$VUKAE�E�D^O0hQT<KAO0G�R0{AGIH DFEbDNJ�E�VUKLH�G�OpJ�KAO�C.J�a0G
jkMPOUC�DNJ�DNMPO�KAYdV�H�MASUKLSUDFYFDFJ|o J�KLSUYNGeH�GIVUH�G�E(G�OpJ�E%K E�R0SUE�RUT�V�J�DNMPO�H�G�YFKLJ�DNMPO�KAE2C0G�E�jkH�DNS)G�CgKLS)M {AGA� 2 O MAJ�a0GIH
�:MAH�C�E��?DNZ%K}VUKAE�E�D^O0h T<KAO0G�R�{AGIH D^E�� � ��j�a0MPE�G�O��)J�a0G�O�� � ��� � 
�� � ��DFYFY�S)G�O0G�DFJ�a0GIH�VXKAE�E'MPO�YNGIZfJ�O0MAH
VXKAE�E�MPOwH
DNhPa_JI�

, ����� "
� ����� �������

��DFO��dE ZfH�MPT J�a0G KLhAG�OpJ�� E�T�G�O_J�KAY�E(J�KLJ(G DFOpJ(M J�a0G.VUY^KAO jkMPT�V)MPO0G�O_J H�GIV�H�G�E(G�OpJQJ�a0G KLhAG�OpJ�� E
VXYFKAO�O�DFO�hbV�H�MujkG�E�EI� � MAH	a�DFGIH�KLH�j�aUDFjIKAY�VUY^KAO�O�DFO0h0� ��G E(J�KLH�J �'DNJ�a}J�a0G T�MPE(J:hAG�O0GIH�KAY?VUYFKAO}O0MdC�G�E�KAO�C
VUH�MdjkGIG�CUDFO0h<J(M J�a0GgT<MPE(JlE�V?G�jIDN\XjL�UC0GIJ(GIH�T DFO0G �'aUDFj�a�KAE(V)G�jkJ�E'MAZ%J�a0G T�G�OpJ�KAY`E�J�KLJ(G DFO �XR0G�O�jkG J�a0G
KLhAG�OpJ�� E�j�a0MPD^jkGA� � MAH�DFO�E(J�KAOUjkGA��E�R0VUV?MPE�G J�a�G KLhAG�O_J�� E C0G�jIDFE�DNMPO �|T<KL�uDFO0hWV�H�MujkG�C�R0H�G<jkMPO�E�DFE(J�EbMAZeK
E�GIJ�MAZ`jkMPO�CUDNJ�DNMPO �|KAjkJ�DNMPO H�RUYNG�EI�%y	a0G�O��0KAOpo}VXYFKAO}j
a0MPDFjkG�E	D^O}J�a�GbKAjkJ�DNMPOWV)MAH�J�DNMPO MAZ`K H�RUYNGlC�GIV?G�OUC
MPO KAYFYUMAZ�J�a0GljkMPOpJ(G?.uJ�{LKLH�DFKLSUYFG�E2J�a�KLJeKLV�V)G�KLH�DFO J�a0G�jkMPOUC�DNJ�DNMPO�E2MAZ�J�a0G�H
R�YNGA� ��o<jkMPOUO0G�jkJ�DFO0hgMPO�YNo
VXKLH�J�ElMAZ%J�a0G T<G�O_J�KAY`E(J�KLJ(G�H�G�YNGI{LKAO_J�J(M}VXKLH�J�DFjIR�YFKLHlj�a0MPD^jkG�EI� ��Gg�AGIGIV�J�a�G C0GIV)G�O�C�G�O�jkoQE(J(H�R�jkJ�R0H�G
KAE�E�DFT�VXYNGlKAE'V)MPE�E�DNSUYFGA�

�.GgT R�E(J�J�a0G�O E(V)G�jIDNZfoWJ�a0GgjkMPOUC�DNJ�DNMPO�KAY�V�H�MASUKLSUD^YFDNJ�DNG�E:MAZ%J�a0GbVXYFKAOw{LKLH�DFKLSUYFG�E�hPDN{AG�O�J�a0G�H�G�YFG��
{LKAOpJbKAE(V)G�jkJ�E MAZ$J�a0G�KLhAG�OpJ�� E�T�G�OpJ�KAY%E(J�KLJ(GA� 2 Z�J�a0G�KLhAG�O_JgDFE K C�GIJ(GIH�T<DFO�D^E(J�DFjbVXYFKAO�O0GIH��?J�a0G�O J�a0G
jkMPOUC�DNJ�DNMPO�KAYnVUH�MASUKLSUDFY^DNJ|owhPDF{AG�O KQVUKLH�J�DFjIR�YFKLHbT�G�OpJ�KAY2E(J�KLJ(G DFO�E(J�KAOpJ�DFKLJ�DNMPO �'DFYFY`S)G � ZfMAH�KwE�DFO�hPYNG
D^O�E(J�KAOpJ�DFKLJ�DNMPO MAZeJ�a0G VUYFKAO E�R�SUO0GIJ �:MAH�� KAO�C = Z�MAH KAYFY%MAJ�a0GIH�E�� � MAH�O0MPO�C�GIJ(GIH�T<DFO�D^E(J�DFjgVUYFKAO�O0GIH
EI�
�:G�T R�E(J'C�GIJ(GIH�T<DFO0G J�a0GgjkMPO�C�DNJ�DNMPOUKAYXVUH�MASUKLSUDFY^DNJ�DNG�E�Z�H�MPT��'a�KLJ(GI{AGIH�KLhAG�OpJ�T<MdC0G�Y ��Gba�K {AGA�
2 Z?DFO ZfKAjkJ �:G	a�K {AG'O0M MAV�V)MAH�J�R�O�DFJ|obJ(MbMASXE(GIH�{AG	KAOpopJ�a�D^O0h KLS?MPR�J`J�a�G	DFO�DNJ�DFKAY ��MAH
YFC�E(J�KLJ(G	MAH%J�a0G

KLhAG�OpJ�� EbT�G�OpJ�KAY%E(J�KLJ(GA��J�a0G�O �:G�T<K�o�jkMPYFYFKLVUE(G J�a0G�DFO�DNJ�D^KAY�E(J�KLJ(G�KAO�C T�G�OpJ�KAYnE(J�KLJ(G<E�R0SUO�GIJ �:MAH��dE
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D^O_J(M V�H
DNMAHWV�H�MASUKLSUD^YFDNJ�DNG�E Z�MAHQJ�a0G J(MAV!�|YFGI{AG�Y VUYFKAO {LKLH�DFKLSUYNG�E���y	a0G VUY^KAO�H�G�jkMAhPO�DNJ�DNMPO O0GIJ ��MAH��dE
q m�� @lE
xlMAZ r a�KLH�OUDFKL� KAO�C �lMPY^C�T<KAO � � �$R�E�G<E�R�j�a VUH�DNMAH�ElJ(M T�MuC0G�YnJ�a0G<KLhAG�OpJ�� EbVXYFKAO.E(G�YNG�jkJ�DNMPO
VUH�MdjkG�E�EI� y	a0G�E(G V�H�DNMAHlV�H�MASXKLSUDFYFDNJ�DFG�EeH�GIV�H�G�E(G�OpJlJ�a0G�E�KAT�G�C�DFE(J(H�DFSUR0J�DNMPOwKAElJ�a0G�G?.uVUYFDFjIDFJ	VUYFKAO�OUDFO0h
VUH�MdjkG�E�ElE�R0SUO0GIJ ��MAH��?�)SUR0J E�DFO�jkG J�a0G�DFO�DNJ�D^KAY�O0MuC0G�ElKLH�G�R�O0MASUE(GIH�{ KLSUYFGA� �:G�jIKAO.T<GIH�hAG�J�a0G O�MdC0G�E
D^O_J(M<J�a�G VUYFKAOQE�R0SXO0GIJ �:MAH�� �'DNJ�a0MPR�JeYFMPE�DFO0h�DFO0ZfMAH�T<KLJ�DFMPO��

�.GgjIKAO�O0M ��T�MuC0G�Y�K}C0H�DN{AGIH � E�VUYFKAOwE�G�YNG�jkJ�DNMPO �'DNJ�awE(MPT<G�H�G�YFD^KLSUDFYFDNJ4oA� 2 OwMPR0H��eK�oAG�E�DFKAO O0GIJ��
�:MAH��?��J�a�G jkMPO�C�DNJ�DFMPO�KAY:V�H�MASUKLSUD^YFDNJ|o J�KLSUYNGwT R�E(J<E(V)G�jIDNZfo J�a0GwY^DN�AG�YFDFa0MdMuC MAZ jkGIH�J�KADFO�T<KAO0G�R0{AGIH�E
RUO�C0GIHlGI{AGIH�o�V)MPE�E�DNSUYNG�jkMPTgSUDFOUKLJ�DNMPO MAZ ��MAH
YFC�E�DNJ�R�KLJ�DNMPO KAO�C�C0H�DN{AGIH T�G�OpJ�KAYnE(J�KLJ(GA�gzlO�C0GIH T�MPE(J
E�DNJ�R�KLJ�DNMPO�E��pJ�a0GIH�G �'D^YFY0S)G�MPO�GlT<KAO�G�R0{AGIHeJ�a�KLJ:D^E�jIYNG�KLH
YNo<V�H�GIZfGIH�KLSUYFGA�_J�a0MPR0hPa J�a0GIH�GlDFE:E(J�DFY^YUR�O�jkGIH �
J�KAD^O_J4oA� � MAH�G?.uKAT<VUYNGA�UE�R�V�V)MPE(G J�a�KLJ	J�a0G�C�H�DN{AGIH'DFE�jIR�H�H�G�OpJ�YNo}J(H
K�{AG�YFDFO�h<S)G�YNM � J�a0GgC0G�E�DNH�G�CQE�V?GIG�C
KAOUC.J�a�KLJbJ�a0GIH�G DFEbKAO0MAJ�a�GIH�jIKLHgC�DFH�G�jkJ�YNo DFO Z�H�MPO_J �'aUDFYNG�J�a0G YFKAO�G�J(MwJ�a0G<YNGIZfJ�DFE jIYNG�KLH � y	a0G�O DFJ
D^ElY^DN�AG�YNowJ�a�KLJ C0H
DN{AGIH �'DFYFY�VUKAE�ElJ�a0G�jIKLHbMPO�J�a0G�YNGIZfJI��y	a0G�jkMPT�VUYNGIJ(G�VXYFKAO�E�G�YNG�jkJ�DNMPO.E�R0SXO0GIJ �:MAH��
D^E�E�a�M �'O�DFO � DNhPR0H�G 3 � 3 ��y'a�DFE'T<MdC0G�Y�MAZ%J�a0GgC�H�DN{AGIH � ElC0G�jIDFE�DFMPOQV�H�MujkG�E�ElDFE	SUKAE�G�C�DFO VUKLH�J�MPO J�a0G
C�H�DN{uDFO0h T�MuC0G�Y�R�O�C�GIH�YNouDFO0hlJ�a0G �eB%y	T�MASUD^YNG q �eK�oAG�E�DFKAO BlR0J(MPT<KLJ(G�C y�K
.0D�x`V�H�M 
 G�jkJI�uC0G�E�jkH�DFS?G�C�Sdo
� MAH�S)G�EI��GIJ'KAY � � � 4-�s�

y	a0G	KAjIjkG�YNGIH
KLJ�DNMPO}T KAO0G�R0{AGIH$C0GIV)G�O�CUEnMPO�YNo MPO<J�a0G	VUH�GIZ�GIH
KLSUDFYFDNJ4o�MAZ)J�a0G'jIR�H�H�G�OpJ2E(V)GIG�C��`y'apR�E
J�a�G E(MPYNG�YFDFO��wJ(M�
 ��� � 
������ � � �:DFElZ�H�MPT 
��
� 
 ��&+�����P� 2 Z�J�a0G<C�H�DN{AGIH DFE KLJbJ�a0G�J�KLH�hAGIJ�E(V)GIG�C���J�a0G�O
J�a�G jIR�H�H�G�OpJ E(V)GIG�C �'DFY^Y�S)G�T<KAD^O_J�KADFO�G�C�� 2 ZbJ�a0G.jIR0H�H�G�O_JWE(V)GIG�C DFE J(MpM YNM �b�	J�a0G�O J�a0G.C0H�DF{AGIH
��DFYFYej�a0MdMPE(G KAO�KAjIjkG�YNGIH�KLJ�DNMPO�T<KAO0G�R0{AGIH �8��DN�AG �'D^E(GA��DNZ�J�a0G jIR0H�H�G�O_J<E�V?GIG�C D^E�J(MpM ZfKAE(JI�:J�a0G�O8K
C�G�jkG�YNGIH�KLJ�DNMPO�T<KAO0G�R0{AGIH ��DFYFY?S)Gbj�a0MPE(G�O��

y	a0G YFKAO0G�j�a�KAO0hAG�T<KAO�G�R0{AGIH KAYFE(MWC0GIV)G�O�C�E	MPO�J�a0G�V�H�GIZ�GIH�KLSXDFYFDNJ4o}MAZ�J�a0G jIR�H�H�G�OpJlE(V)GIG�C�� � MAH
D^O�E(J�KAO�jkGA�UK}jIKLH'J(H�K {AG�YFDFO0h}KLJ'DNJ�E�J�KLH�hAGIJ E(V)GIG�CwDFE'R�O�YFDN�AG�YFo<J(M j�aUKAO0hAGgYFKAO�G�EI����M �:GI{AGIH��?J�a0GIH�G�KLH�G
MAJ�a�GIH�Z[KAjkJ(MAH�E$D^O�J�a0G'DFOUDNJ�DFKAY ��MAH
YFC<E(J�KLJ(G�J(MgjkMPO�E�D^C0GIH�� �lSp{uDNMPR�E�YNoA�PJ�a0G'jIR�H�H�G�OpJ$YFKAO0G	DFE$DFT�V)MAH�J�KAOpJI�
E�DFO�jkGbK<jIKLH'D^OWJ�a0GbYNGIZfJ�T�MPE(J'YFKAO�G jIKAOUO0MAJ'j�aUKAO0hAG�YFKAO0G�E	J(M<J�a0GbYNGIZfJI� 2 OQKAC�C�DNJ�DNMPO��dJ�a�GbC0H�DN{AGIH �'D^YFY
jkMPOUE�DFC0GIHlKAO_owjIKLH�E�J(M J�a0G�ZfH�MPOpJ'MAH'SXKAj��?� 2 ZnJ�a0GIH�GgDFE�K jIKLHlSUYNMuj��uDFO0h<J�a0GgZ�H�MPO_J'KAOUC J�a0G C0H�DN{AGIH � E
jIR�H�H�G�OpJ:E(V)GIG�C DFE�J(MpM�YNM �b�pJ�a�G�O K E�DFT<VUYNG'KAjIjkG�YNGIH
KLJ�DNMPOQjkMPR�YFC jIKAR�E(G KgjkMPY^YFDFE�DNMPO��`y	a�G�C0H�DF{AGIH:T<K o
D^O�E(J(G�KAC<j
a0MpMPE�G'J(M�j
a�KAO0hAG�Y^KAO0G�E%J(MbJ�a0G	YFGIZ�JI� �eR0J$KbC�G�jIDFE�DNMPO�J(M�j
a�KAO0hAGlYFKAO0G�E2T R�E(J2KAYFE�M�jkMPO�E�DFC�GIH
J�a�G VUH�G�E(G�O�jkG MAZ�jIKLH�ElJ(MWJ�a0G�C0H�DF{AGIH � E�YFGIZ�JlMAH H�DNhPapJI�?MAH KAOpo�jIKLH�E jkMPT<D^O0h R�V�ZfH�MPT J�a0G�SUKAj���YNGIZfJ
MAH�H�DNhPapJI�2y	a0GbYFD^O0�dE:J(M<J�a�G &+� � � 
������0� � ��O0MuC0G H�GIVUH�G�E(G�OpJ�J�a0G�E(G�C0GIV)G�O�C�G�O�jIDNG�EI�
2 ZXJ�a0G	C0H�DF{AGIH2C0G�jIDFC0G�EnJ(MbVXKAE�EI�PKbC�DFH�G�jkJ�DNMPO�TgRUE(J%S)Gej
a0MPE(G�O��2mnKAE�E�DFO0h MPO�J�a0G	YNGIZfJ2DFEnV�H�GIZ�GIH�KLSXYNG

J(M VUKAE�E�DFO0h<MPO�J�a0G H�DNhPapJI�USUR0J'J�a0G jIR�H�H�G�OpJ'E�DNJ�R�KLJ�DFMPO T<K o O0MAJ�KAY^YNM ��DNJI� � MAH DFO�E�J�KAO�jkGA�?KAOpowjIKLH�E
J(M�J�a0G C0H�DF{AGIH � E$YNGIZfJ$MAHeJ(M J�a0GlZ�H�MPOpJeYNGIZ�J:jkMPR�YFC}SUYNMuj���J�a0GlVUKAE�E�DFO0h�KLJ(J(G�T�VUJI�$y	a0GlE�KAT�G DFE$J(H
R0G�MPO
J�a�G�H�DNhPapJ�E�DFC0GA� 2 ZnG�O0MPR�hPawVUKAE�E�DFO0h K {AG�OpR0G�E KLH�GgSUYNMuj��AG�C��?J�a0G�O J�a0GgC0H
DN{AGIH'T<K o C0G�jIDFC0G�J(M}C0G�YFK o
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J�a�GbVUKAE�E�D^O0h�KLJ(J(G�T�V�J'MAH'J(M<V)GIH�Z�MAH
T J�a0G�DFO�DFJ�DFKAYXY^KAO0Gbj�a�KAO�hAGgKAO�C �eKADNJ�J(M jkMPT<VUYNGIJ(GbJ�a0G�VUKAE�EI�

� ��������	%��! ! ��� �����*�������

~ MuC0G�YFD^O0h KLhAG�OpJgjkMPT TgR�OUDFjIKLJ�DNMPO C0GIV)G�O�CUE�hAH�G�KLJ�YNo�MPO J�a0G E(V)G�jID]\XjgV�H�MAJ(MujkMPY2KAC0MAVUJ(G�C���KAO�C
J�a�GwH�G�YFKLJ�DNMPOUE�a�DNV S)GIJ �:GIG�O�J�a�GwMASUE(GIH�{AGIH}KAO�C8J�a0GQMASXE(GIH�{AG�C�� 2 Z K.J(H�R�E�J(G�C�KLhAG�OpJ}C�DNH�G�jkJ�YNo KAO �
O�MPR�O�jkG�E�VUKLH�J�DFjIR�YFKLH<KAE(V)G�jkJ�E�MAZ DNJ�E�VXYFKAO�O�DFO�h�V�H�MdjkG�E�E��$J�a0G�O �:G jkMPR�Y^C E�DFT�VUYFo DFO�E(J�KAOpJ�DFKLJ(GQJ�a0G
jkMAH�H�G�E(V)MPO�C�DFO�h {LKLH�DFKLSXYNG�EI� �lJ�a0GIH�J|odV?G�E�MAZ�jkMPT<TgRUO�DFjIKLJ�DNMPO �:MPR�YFC H�G�cpR�DFH�G�O0MdC�G�E J(MwH�GIV�H�G�E(G�O_J
S)G�YFDFGIZfE �:G�KLJ(J(H
DNSUR0J(G�J(M�J�a0GlKLhAG�O_JI�uSUKAE(G�C}MPO DFJ�E�jkMPT<T R�O�D^jIKLJ�DNMPO KAjkJ�DNMPOUEI� @'MAJ(G J�a�KLJ ��GlKLH�G�O0MAJ
T<MdC0G�Y^DFO0h�a0GIH�G J�a0G VUY^KAO�O0G�CWj�a�KLH
KAjkJ(GIH'MAZnjkMPT<TgRUO�DFjIKLJ�DNMPOQKAjkJ�E � J(M<C0M<E(M �:G ��MPRUYFCWJ(H�G�KLJ�J�a0G�T
KAE ��GgC0M<KAjkJ�DNMPO�E�DFOWhAG�O0GIH�KAY �

y	a0G<MPOUYNo jkMPT<T R�O�DFjIKLJ�DNMPO KAYFYNM ��G�C DFO MPR0HgJ(H
K �}j T�MuC0G�Y:DFEbJ�a�H�MPR0hPa J�a0G}C0H
DN{AGIH � EbJ�R�H�O DFO!�
CUDFjIKLJ(MAH�� �'a�DFj
a V�H�M {dD^C0G�E�K E�DFT<VUYNGQT�G�j�aUKAO�DFE�T ZfMAH}K C0H�DN{AGIH�J(M KAO�O0MPR�O�jkGQJ�a�G DFOpJ(G�O�C0G�C8YFKAO�G
j
a�KAO0hAGA��y	a0G {LKLH�DFKLSXYNG�E ��� & � 
�� � � ��DFOQJ�a0G�Z�MPR0H�J�awjkMPYFR�T<OwMAZ � DNhPR�H�G 3 � 3 H�GIVUH�G�E(G�OpJ	J�a0G�E(J�KLJ(GgMAZ
J�a�G�C0H�DF{AGIH � E%J�R0H�O E�DNhPO�KAY0C�R�H�DFO0h E(J�KLhAG � MAZ)J�a0G�T<KAO0G�R0{AGIH�� r YNG�KLH�YNoA�PS)MAJ�a�J�a�G	hAG�O0GIH�KAYXT<KAO0G�R0{AGIH
KAOUC�J�a�GgE(V)G�jID]\XjgC�DNH�G�jkJ�DFMPOwMAZ$KAOpowVUKAE�E�DFO0h}KLJ(J(G�T<V�JlD^O��XR0G�O�jkGgKAO_o E�DNhPO�KAY � � MAH DFO�E(J�KAO�jkGA� �'a0G�O
V)GIH�ZfMAH�T<D^O0hgK�YNGIZfJ�YFKAO0G j�a�KAO0hAGA� ��� & � 
�� � 
 ��DFEeYFDF�AG�YNo�J(M�J�KL�AGbJ�a0Gl{ KAYFR�G�� � +"�)KAO�C ��� & � 
�� ��� �QJ�a0G
{LKAYFR0G����'� �lZ?jkMPR0H�E(GA�dT<KAOpo C0H
DN{AGIH�E`ZfKAD^YuJ(M�E�DNhPO�KAYdJ�a0G�DFH2T<KAO0G�R0{AGIH�E��_KAO�C<E(MPT<GIJ�DFT�G�E%J�a0GIo�E�DNhPOUKAY
GIH�H�MPO0GIMPR�E�YFoA�ey'a0G�E(GbV)MPE�E�DFSUDFYFDNJ�DFG�E�KLH�G jkMPO�E�DFC�GIH�G�C �'a0G�O�C0GIJ(GIH�T<D^O�DFO0h�J�a0G jkMPO�C�DNJ�DNMPOUKAY�V�H�MASUKLSXDFY �
DFJ|o�J�KLSUYNG�EI� �'M ��GI{AGIH��nC0H�DF{AGIH�E KLH�G<R�E�R�KAY^YNowjkMPO�E�DFE�J(G�O_JbDFO�J�a0G�DFH E�DNhPO�KAYFDFO�h a�KLSXDNJ�EI� � MAH DFO�E(J�KAOUjkGA�
��a0G�OQV)GIH�ZfMAH�T<DFO0h�K�VUKAE�E�MPOQJ�a0G�YFGIZ�JI��E(MPT<GIMPO0G �'a�M�ZfKADFY^EeJ(M E�DNhPO�KAY)J�a�GbDFO�DNJ�DFKAY)YNGIZfJ	YFKAO0Gbj
a�KAO0hAG
D^E:RUO�YFDN�AG�YNo J(M�E�DNhPO�KAYXJ�a0G E�R0SUE�G�cpR0G�OpJ:H�DNhPapJ:j
a�KAO0hAGA�$y	a�G�YFDFO�� S)GIJ ��GIG�OWJ�a0GlJ �:M<E�DNhPOUKAYU{LKLH�DFKLSUYFG�E
H�GIV�H�G�E(G�OpJ�E	J�a�D^E�jkMPO�E�DFE(J(G�OUjkoA�

� 7 � 7�� 9 �|-�= �%) ��� �2>A1 ��=

� O�jkG ��GWa�K�{AGWKAjIjkMPR�OpJ(G�C Z�MAH J�a0G KLhAG�O_J�� E�VUY^KAO �shAG�O0GIH�KLJ�DNMPO V�H�MujkG�E�EI� �:G}O0GIG�C J(M.jkMPO�E�DFC�GIH
J�a�G G"!?G�jkJ�E�MAZ�J�a0G VUYFKAO � E�G?.uG�jIR0J�DNMPO��0H�G"�XG�jkJ(G�CQDFO J�a0G T�MdC�G�YXSdo<J�a0G C0GIV)G�O�C�G�O�jko<MAZ�J�a�G KAjkJ�DF{dDNJ4o
jkMPT<V?MPO�G�O_J�MPO J�a0G2VUY^KAObjkMPT�V)MPO0G�OpJI�`y	aUDFE�DFE�KAO�KAYFMAhAMPR�E�J(M'Y^DFO0�uE�DFO GI{AG�O_Jna�DNGIH
KLH�j�a�DFG�E�jkMPO�O0G�jkJ�DFO0h
VXYFKAO�E�J(M J�a0G�DNH jkMPT�V)MPO0G�OpJ<MASUE�GIH�{ KLSXYNG KAjkJ�DNMPO�E�� 2 O8m$� t � 3 3 � 3A� �s� � O0M ��YNG�C0hAG B�H�G�KAE q � B�E
x
E�V?G�jIDFZ�owKWE(G�cdR0G�O�jkG MAZ$KAjkJ�DNMPO�E KAE�E�MdjIDFKLJ(G�C ��DNJ�a�K}VUYFKAO��?jkMAH�H�G�E(V)MPO�C�DFO0h�J(MQYFD^O0�dE'Z�H�MPT J�a�GgVUY^KAO
O�MdC0G J(M jkMAH�H�G�E�V?MPOUC�DFO0h.KAjkJ�DNMPO O0MuC0G�EI��v$DNJ�a0GIH MAZ J�a0G�E(G jIKAO�S)G jIKAE(J}D^O �eK�oAG�E�DFKAO O0GIJ ��MAH��uEI�
H�GIV�H�G�E(G�OpJ�DFO0hbJ�a�G�YFDN�AG�Y^DFa0MdMdC MAZ�J�a0GljkMPT�V)MPO0G�O_J�� E:KLV�V)G�KLH�KAO�jkG�hPDN{AG�O<J�a�G'VUYFKAO DFO�J�a0GljkMPO�C�DNJ�DNMPOUKAY
VUH�MASUKLSUDFY^DNJ|o<J�KLSXYNGbZfMAH	J�a�KLJ'O0MuC0GA�

y	a0GbKAjkJ�DN{uDNJ4owE�R0SUO0GIJ ��MAH��WD^OQJ�a0G�J(H
K �}j�T�MuC0G�Y�D^O�jIYFR�C0G�EeJ�a�G�DFO�C�DF{dDFCUR�KAYUJ(H
KAO�E�DNJ�DNMPOUE	DFOwYFKAO�G
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spec pass?

gen maneuver? acc maneuver?

fwd act? m0

lat act? m0 lat act? m1

fwd act? m1
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KAOUC E�V?GIG�C�� �'a�DFj
a KLH�GQjkMPT�VXYNGIJ(G�YNo R�O�MASUE(GIH�{LKLSUYNGA��BeJ�G�KAj�a E(J(GIV��$J�a0G C�H�DN{AGIH�jIKAO j�a�KAO0hAGWMPO0G
Y^KAO0G J(M J�a�GlYNGIZfJeMAHeH�DNhPapJI�dMAHeH�G�T KADFOWDFO J�a�GlE�KAT<G Y^KAO0GA�2y	a0G C0H�DN{AGIHejIKAOQKAYFE(M�DFO�jkH�G�KAE(GA�0C0G�jkH�G�KAE(GA�
MAHgT<KADFOpJ�KADFO.E(V)GIG�C���B�Y^YnMAZ�J�a0G�VXYFKAO�E���G}jkMPO�E�DFC0GIH VUH�MdCUR�jkG KwJ �:M��|E(J(GIV KAjkJ�DNMPO E(G�cdR0G�O�jkGA� � MAH
D^O�E(J�KAO�jkGA�PK'VUYFKAOgJ(MlE�aUDNZ�J�MPO0G:Y^KAO0G$J(MlJ�a0GeYNGIZ�J�V�H�MuC�R�jkG�E`K�YFGIZ�J`YFKAO0G�j
a�KAO0hAGeZfMPYFYNM �:G�CgSpobK�� H�G�T<KADFO
D^O.YFKAO0G��WKAjkJI��y	a0G � 
�� 
 ��� � � {LKLH�DFKLSXYNG�E DFO � DFhPR0H�G 3 �98WH�GIV�H�G�E(G�O_J J�a0G<Y^KAO0G�j�a�KAO0hAG�EgKLJbE(J(GIV � �
��a�DFYNG �&� � 
 ��� � � H�GIV�H�G�E�G�O_J�E�J�a�G�KAjIjkG�YNGIH�KLJ�DNMPO�KLJ'E(J(GIV � �
� R0H C�Gk\XO�DNJ�DNMPO MAZ J�a�G YFKAO0G T KAO0G�R0{AGIH�E jkMPT�VUYNGIJ(G�YFo C�GIJ(GIH�T<DFO0G�E<J�a0G�YFKAO�G j�a�KAO�hAG�E}MAZ J�a0G

KAjkJ�DFMPOwE(G�cdR0G�O�jkG�EI�2y	a�GlDFOUC�DN{uDFC�R�KAY0E�aUDNZ�J�E:C0GIV)G�O�C}MPOWJ�a0G hAG�O0GIH�KAY�YFKAO�GlT<KAO�G�R0{AGIH��0KAE ��G�Y^Y?KAEeMPO
J�a�G E(V)G�jID]\Xj�VUKAE�E�DFO0hWVUYFKAO���SUR0JbO0MAJ�MPO.J�a0G KAjIjkG�YNGIH
KLJ�DNMPO T KAO0G�R0{AGIH�� ��DN�AG �'DFE�GA��J�a0G DFOUC�DN{uDFC�R�KAY
KAjIjkG�YFGIH�KLJ�DNMPO�E%KLH�GeDFO�C�GIV?G�OUC0G�O_J�MAZUJ�a0G�hAG�O�GIH�KAYpY^KAO0G�j
a�KAO0hAG�E%KAO�CgJ�a0GeE(V)G�jID]\Xj%VUKAE�E�DFO0hlT<KAO0G�R0{AGIH�E
DFZ�hPDN{AG�OwJ�a0GbM {AGIH
KAYFY�KAjIjkG�YNGIH�KLJ�DFMPO VUY^KAO��

� 7 � 7	� 
 ��	 �|3 , ;2=2-���1��(�

y	a0G�H�G�YFKLJ�DNMPO�E�a�DNV8S)GIJ �:GIG�O J�a0G�MASUE(GIH�{AG�C�KAO�C KAjkJ�R�KAY KAjkJ�DNMPO�E MAZbJ�a0G KLhAG�OpJWD^E}E�D^T<DFYFKLH<J(M
J�aUKLJ�MAZeJ�a0G<MASUE�GIH�{AG�C KAO�C KAjkJ�R�KAY �:MAH�YFC E�J�KLJ(G�EI� 2 Z ��G aUK�{AG V)GIH�ZfG�jkJ�E(G�OUE(MAH�EI� ��G C�M O0MAJ�O0GIG�C
K E(GIVUKLH�KLJ(G<MASXE(GIH�{AG�C KAjkJ�DN{uDNJ4o�E�R�SUO0GIJ �:MAH�� � MAJ�a0GIH �'DFE(GA� �:G<a�K {AG<J(M T�MuC0G�Y%E(G�O�E�MAHbO0MPDFE(G<DFO�J�a0G
Y^DFO0�uE	ZfH�MPT J�a�GgKAjkJ�R�KAYnO0MuC0G�EI� 2 O�E(MPT�G�jIKAE(G�EI�)J�a0G�KLhAG�O_J�� E KAjkJ�DN{uDNJ4o DFEljkMPT�VUYNGIJ(G�YNowD^O�KAjIjkG�E�E�DNSXYNGA�
J�a�MPR0hPa ��G�T<DNhPapJlE�J�DFYFY�S)G�KLSUYNG�J(M MASUE(GIH�{AG G"!)G�jkJ�E MAZ2J�a�D^E�KAjkJ�DN{uDNJ4oA�ly	a�G�E(GgG"!)G�jkJ�E KLH�G�C�DFjkJ�KLJ(G�C
Sdo J�a0GQC0ouO�KAT<D^jIEbMAZ'MPR�H �:MAH�YFC�� �'aUDFj�a E(V)G�jIDNZfo a0M � J�a0GWKLhAG�O_J�� E KAjkJ�DNMPO�E�KAYNJ(GIH�J�a0GWE�DNJ�R�KLJ�DNMPO��
y'a0GIH�GIZfMAH�GA� �:G T R�E(JbT�MuC0G�Y%a0M ��E�R0SXE(G�cpR�G�O_J �:MAH�YFC.E(J�KLJ(G�E C0GIV)G�O�C MPO.J�a0G<D^O�DNJ�DFKAY �:MAH�YFC.E(J�KLJ(G
KAOUCgJ�a�GeKLhAG�OpJ�� E2KAjkJ�DN{uDNJ4oA� 2 JnDFE�V)MPE�E�DNSUYNG2J�aUKLJnK��:MAH�YFC E(J�KLJ(G�C0GIV)G�O�C�E�MPO J�a0G�G�OpJ�DNH�G �:MAH�YFC a�DFE(J(MAH�oA�
SXR0J�DNZnJ�a0G J�a0GgVUYFKAO D^E'E�R � jIDNG�O_J�YFoWE�J(H�R�jkJ�R0H�G�C q GA� h0�N��E(G�cdR0G�O_J�D^KAY�KAjkJ�DNMPOUE
x�J�a�G�O �:GgT<K owS)GgKLSUYFG
J(M.E�D^T�VUYFDNZfo J�aUDFEgC�GIV?G�OUC0G�O�jkoA� 2 Z �:G G?.uV�H�G�E�E�J�a0G G"!)G�jkJ�E�T�MdC�G�Y�DFO KAjIjkMAH�C �'DNJ�a E(J�KAO�CUKLH�C B 2
KLVUV�H�MPKAj�a�G�EI�"�:G'jIKAO H�G�E(J(H�DFjkJ%J�a�G	G"!?G�jkJ�E�J(MgC�GIV?G�OUC�MPO�YNo MPO�SUKAj��dhAH�MPR�OUC KAO�C<CUDNH�G�jkJ%G"!)G�jkJ�E�KAO�C��

���



hPDF{AG�O.J�a0G�E(GA��J(MQS)G�jkMPO�C�DFJ�DNMPO�KAYFYNowD^O�C0GIV)G�O�C0G�OpJ'MAZ:J�a0G�VUYFKAO DNJ�E�G�YNZ4��KAE �:G�YFY%KAE Z[R0H�J�a0GIH H�G�T<M {AG�C
KAjkJ�DF{dDNJ4oQKAO�CwDFO�CUDNH�G�jkJeG"!?G�jkJ�E � ; ;+�s�

�.G<jIKAO.T<KL�AG�G"!)G�jkJ�EbjkMPO�C�DNJ�DFMPO�KAYFYNowDFOUC0GIV)G�O�C0G�OpJ	MAZ$Z[R0J�R0H�G�KAjkJ�DNMPO�E KAOUC G"!?G�jkJ�EbE�DFT�VUYNoQSdo
G�OUE�R0H�DFO�hlJ�aUKLJ$YFDFO0�uEnO0GI{AGIH$V)MPDFOpJnSUKAj�� �eKLH�C DFO�J�D^T�GA�PSUR0J%J�aUDFE%jkMPR�YFC�T<KL�AGlKAjkJ�DNMPO�E2C�GIV?G�OUC0G�O_J%MPO
VXKAE(J �:MAH�YFCQE(J�KLJ(G�E��	tuM<ZfKLH ����Gga�K�{AG�a�KACwYFD^O0�dE�T<M {AG�ZfH�MPT VUYFKAO�EeJ(M KAjkJ�DN{dDFJ|oQKAO�CwZfH�MPT KAjkJ�DF{dDNJ4o
J(M�G"!)G�jkJ�EI�UE�M<KAC�C�DFO0h YFDFO0�uE:DFO J�a0G MAV�V)MPE�DNJ(G C�DNH�G�jkJ�DFMPO �:MPR�YFC hAM<KLhPKADFO�E�J:J�a�G �UM � DFO � DNhPR0H�G 3 � � �
2 Z ��KAEbC0G�E�jkH�DFS?G�C�KLS)M {AGA��J�a�G�VUYFKAO DFE E�R �}jIDFG�O_JlZ�MAHbC�GIJ(GIH�T<DFO�D^O0h}KAjkJ�DN{uDNJ4oA��J�a0G�jIR0H�H�G�O_J KAjkJ�DNMPO.DFE
jkMPOUC�DNJ�DNMPO�KAY^YNogDFOUC0GIV)G�O�C0G�OpJ`MAZ)J�a0G'V�H�GI{uDNMPR�E �:MAH�YFC<E�J�KLJ(G�E$hPDN{AG�O J�a0G'jIR0H�H�G�O_J$VUYFKAO��_KAE ��G�Y^Y�KAE2J�a0G
KAjkJ�DFMPO�E	V)GIH�ZfMAH�T�G�CQE(M ZfKLH��

i GIV?G�OUC�DFO0h�MPOwMPR�H'C0MPT<KADFO�����GgT<K�owKLSUYFG J(M}T<KL�AG K<~�KLH��AM { KAE�E�R�T�V�J�DNMPO ��DNJ�aQH�G�E(V)G�jkJ	J(M
KAjkJ�DF{dDNJ4obKAO�CbJ�a�G$G"!)G�jkJ�EI� 2 ObE�R�j�agjIKAE(G�EI�AJ�a0G$jIR�H�H�G�OpJ�KAjkJ�DNMPO ��MPR�Y^C S)G$jkMPO�C�DNJ�DFMPO�KAYFYNolDFO�C0GIV)G�O�C0G�OpJ
MAZ`KAjkJ�DNMPO�E�T�MAH�GlJ�aUKAOWMPO0G J�DFT�G E(J(GIVQSUKAj�� DFO J�a0G KAjkJ�DNMPOQE(G�cdR0G�O�jkGA�uhPDN{AG�OWJ�a0G jIR0H�H�G�O_JeVUY^KAO}KAO�C
J�a�GwKAjkJ�DNMPO DFT<T�G�CUDFKLJ(G�YNo V�H�GI{dDNMPRUEI� 2 Z	J�a0GQG"!)G�jkJ�E a�K {AGwK.E�DFT<DFY^KLH�V�H�MAV)GIH�J4oA�$J�a0GIo E�a0MPR�Y^C O0MAJ
C�GIV?G�OUC MPO KAOpo �:MAH�YFC�E(J�KLJ(G�E MAH KAjkJ�DNMPO�E T�MAH�GgJ�a�KAO MPO�G E(J(GIV.VUH�GI{dDFMPR�EI� B�YNJ�a�MPR0hPa J�aUDFE���MPR�Y^C
hAH�G�KLJ�YNoQYNMdjIKAY^DN�IG J�a0G�C0GIV)G�O�C0G�OUjIDNG�EI�dJ�a�DFE�T<K oWO�MAJ	KAY �:K odE	S?G V)MPE�E�DNSUYNGA�uC0GIV)G�O�C�DFO�h�MPOQJ�a0G J4opV)G�E
MAZnMASUE�GIH�{ KLJ�DFMPO�E	K�{LKADFYFKLSXYNGbKAO�CWJ�a0G�E�GIJ	MAZ`E�J�KLJ(G�{LKLH�DFKLSUYNG�E�D^OWJ�a0G�T�MuC0G�Y �

tdMPT�G C0MPT<KADFOUE}T<K o KAY^YNM � R�E}J(M8T<KL�AG GI{AG�O T�MAH�G.E�DFT<VUYFDNZfodD^O0h.KAE�E�R�T�VUJ�DNMPO�E KLS?MPR�J}J�a0G
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aQMAZ �'a�DFj
a C�GIV?G�OUC�E$MPOUYNo MPOWJ�a0G
D^T<T�G�C�DFKLJ(G�YFo V�H�GI{uDNMPR�E KAjkJ�DNMPO���v${dD^C0G�O�jkG�DFE K�{LKADFYFKLSXYNG�DFO KwjkMAH�H�G�E(V)MPO�CUDFO0h}E�G�cpR0G�OUjkGA� �'DNJ�a�J�a0G
MASXE(GIH�{LKLJ�DNMPO�E KLJ K VUKLH�J�DFjIR�Y^KLHlE(J�KLhAG<C�GIV?G�OUC0G�O_J�MPO�YNowMPO�J�a0G�KAjkJ�DNMPO.KLJ J�a0G�E�KAT<G�E�J�KLhAGA�gy	a0G�E�G
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��DFC0GeH�KAO0hAGeMAZ?VUYFKAO H�G�jkMAhPO�DNJ�DFMPO�cpR0GIH
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tuDFO�jkG J�a0GIH�G�DFE	O0M}C�DNH�G�jkJ�YNo MASUE(GIH�{ KLSUYFGbKAjkJ�DN{dDFJ|oQDFOWJ�a0GbJ(H
K �}j�T�MuC0G�Y ��T<MPE(J	MAZnMPR0H'DFO�Z�GIH�G�OUjkG
��DFYFY$jkMPT<G ZfH�MPT MASUE(GIH�{AG�C G"!?G�jkJ�EI� �.GWT R�E(J�O0M � T�MdC�G�Y$J�a0GWC0ouO�KAT<DFjIEgMAZ'J�a�G}J(H�K � j �:MAH�YFC��
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J�a�G'C0H�DN{AGIH$J(MbS)G�J(H�KAO�E�DNJ�DFMPO�EnS)GIJ �:GIG�O �:MAH�YFC�E(J�KLJ(G�EI�2y�M�E�D^T�VUYFDNZfobJ�a0G	T<MdC0G�Ys� ��G�DNhPO0MAH�G�MASUE�GIH�{ K �
J�DFMPO�E$J�KL�uDFO0h VUYFKAjkG �'a�DFYFG�J�a0GlC�H�DN{AGIH�D^E2V)GIH�ZfMAH�T<DFO0hbKAOWKAjkJ�DNMPO��2y	apRUEI�_GI{uDFC0G�O�jkGlDFE:K�{LKADFYFKLSUYNG'MPO�YNo
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y speed t0

x position t0

y position t0

lat act? m0 lat act? m1

y position t1

x position t1

fwd act? m0 fwd act? m1

y position t2

y speed t1 y speed t2

x position t2
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�R�E(JlS)GIZ�MAH�G J�a0G�j�a�KAO�hAGA����DN�AG ��DFE(GA�?J�a0G C�H�DN{AGIH � ElE(V)GIG�C C0GIV)G�O�C�E	MPO�J�a0G
VUH�GI{dDFMPR�E�E�V?GIG�C KAO�C �'a�KLJ(GI{AGIHgKAjIjkG�YNGIH�KLJ�DNMPO.KAjkJ�DNMPO�J(MdMA� VUY^KAjkGA��KAYNJ�a0MPR0hPa�J�a�DFE DFEljIYNG�KLH�YNowO�MAJ K
C�GIJ(GIH�T<DFO�D^E(J�DFjlH�G�YFKLJ�DNMPOUE�a�DNV��

y	a0G V�H�G�E(G�OUjkG MAZ�MAJ�a0GIHbjIKLH�E DFE K SUDNJ T�MAH�G�jkMPT�VXYNG?.?��C�R�G J(MWJ�a0G�C0H
DN{AGIH � E T�M {AG�T<G�O_J�EI� � MAH
D^O�E(J�KAO�jkGA�0KLZfJ(GIHeK YNGIZfJ�j
a�KAO0hAGA�0KgjIKLHeJ�a�KLJ �eKAE$J(M�J�a0GlZfH�MPO_J:KAO�C YNGIZ�J:DFE:O0M ��V�H�MASXKLSUYNo�C�DNH�G�jkJ�YNo<D^O
ZfH�MPOpJI� �eR0JeDNZ�J�a0G C0H�DN{AGIH:E(J�K�ouE�DFO}J�a0GlE�KAT�GlY^KAO0GA�uJ�a0G�O �:G TgRUE(J�j
a0G�j�� �'a0GIJ�a0GIH:J�a0GIH�G��eKAE�KgjIKLH
SXYNMdj��dD^O0h J�a0GgZ�H�MPO_J DFOwJ�a�G�V�H�GI{uDNMPR�E ��MAH
YFC E(J�KLJ(GA� y	a�GIH�GIZ�MAH�GA�UG�KAj�a.jIYFG�KLH�KAO�jkG { KLH�D^KLSUYNG�C0GIV)G�O�CUE
MPO<J�a0GeV�H�GI{uDNMPR�EnKAjkJ�DNMPO��_KAE �:G�YFY0KAE%KAYFYdH�G�YFGI{ KAOpJ2jIYNG�KLH�KAO�jkG�{LKLH�DFKLSXYNG�E`Z�H�MPT�J�a�G:VUH�GI{dDFMPR�EnE(J�KLJ(GA�2y�M
E�DFT�VUYFDFZ�o�J�a0GgO0GIJ �:MAH��?� �:GbDNhPO0MAH�G J�a0G�V�H�G�E(G�O�jkG MAZnMAJ�a0GIHljIKLH�E	DFOWJ�a�GbGI{dD^C0G�O�jkGA�2�.G�C�M jkMPO�E�DFC�GIH
J�a�G�T �'a0G�O T�MdC�G�YFDFO0hgVUYFKAO E(G�YNG�jkJ�DNMPO��uSUR�J:E�D^O�jkG'J�a0G C0H
DN{AGIH � E:KAjkJ�DNMPO�E�C0M�O0MAJ�C�DNH�G�jkJ�YFo<K !?G�jkJ�J�a0G
MAJ�a�GIH�C�H�DN{AGIH�E���V)MPE�DNJ�DNMPO�E�� �:G DFhPO0MAH�G J�a�G�E(G}G"!)G�jkJ�EI�.BlE �'DFJ�a J�a0G jkMPO_J(G?.uJI� �:GWKAE�E�R�T�G V)GIH�ZfG�jkJ
E�G�O�E(MAH�EI�XE(M�J�a0GIH�G�D^E�O0M<C�DFE(J�D^O�jkJ�DNMPO S)GIJ �:GIG�OwJ�a0G�KAjkJ�RUKAY�KAO�CQMASXE(GIH�{AG�CQG"!)G�jkJ�EI�
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� O�jkG ��GWa�K {AGwjkH�G�KLJ(G�C J�a0G S?G�Y^DNGIZ�O0GIJ �:MAH��?� �:G jIKAO V)GIH�ZfMAH�T�H�G�jkMAhPO�DNJ�DNMPO J�KAE(�uE�Spo \ .uD^O0h
KAOpowMASUE�GIH�{AG�C {LKLH�DFKLSXYNG�E'KAO�C�cdR0GIH�ouDFO0h<J�a0G O0GIJ �:MAH�� KLS)MPR0J�J�a0G H�G�YNGI{LKAO_J�{ KLH�D^KLSUYNG�EI���.G�H�G�jkG�DN{AG
GI{uDFC0G�OUjkG MPO�YNo KLS)MPR0JgJ�a0G {LKLH�DFKLSXYNG�E�DFO J�a0G S)MAJ(J(MPT a�KAYNZeMAZ � DNhPR0H�G 3 � � �%J�a0MPR0hPa��nKAE�C0G�E�jkH�DNS)G�C
S)GIZfMAH�GA��J�a0G�E�G�T<K�oQjkMAH�H�G�E(V)MPO�CWG?.uKAjkJ�YFo J(M}KAjkJ�R�KAY�{LKLH�DFKLSUYFG�E�DFOWJ�a0G VUYFKAOUO�DFO0h�T�MuC0G�Y �
� O�jkG ��G \ . J�a0GW{ KAYFR�G�EgMAZ�J�a0GW�dO�M �'O {LKLH�DFKLSUYNG�E DFO J�a0GQO0GIJ ��MAH��?� �:GwjIKAO V�H�MAVUKLhPKLJ(GQJ�a0G

D^O0Z�MAH
T<KLJ�DNMPO}J�a0H�MPR0hPa0MPR�J�J�a0G O0GIJ ��MAH�� KAO�C}MASUE(GIH�{AG J�a0GlV)MPE(J(GIH�DNMAH:V�H�MASUKLSXDFYFDNJ�DNG�E$KLJ:J�a�GlO0MuC0G�E�MAZ
D^O_J(GIH�G�E�JI� � MAH D^O�E(J�KAO�jkGA� �:G T<K o S)GgD^O_J(GIH�G�E�J(G�C�D^O C0GIJ(GIH�T DFO�DFO0h J�a0GgVXYFKAO j
a0MPE(G�O SdowJ�a0G�KLhAG�O_JI�
D^O ��a�DFj�a�jIKAE(G �:G ��MPR�Y^C G?.0KAT<DFO0G�J�a0G�O0MuC0G�E DFO�J�a0G�VUYFKAO�E�R0SUO0GIJ ��MAH��X��BlYNJ(GIH�OUKLJ�DN{AG�YNoA� ��G�jIKAO
VUH�G�C�DFjkJ�Z[R0J�R0H�G KLhAG�OpJ�KAjkJ�DN{uDNJ4o MAH'G"!?G�jkJ�E�Spo G?.0KAT<DFO�DFO�h J�a�GbV�H�MASUKLSXDFYFDNJ�DNG�E�MAZ`J�a0MPE(Gb{LKLH�DFKLSUYFG�EI�
� O�jkG �:G a�K {AG jkMPO�E(J(H�RUjkJ(G�C8J�a0GQG�OpJ�DNH�GwJ(H
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signal? m1signal? m0

spec pass?

gen maneuver?

lat act? m1lat act? m0

at exit?exit position

y position t0

frontR clr? t0

frontL clr? t0

right clr? t0

left clr? t0

x position t0

backR clr? t0

backL clr? t0

back clr? t0

front clr? t0

at target?

y speed t0

target y speed

acc maneuver?

fwd act? m0 fwd act? m1

y position t1

x position t1

y position t2

y speed t1 y speed t2

x position t2
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�:G<jIKAO.a�KAO�CUYNG�VUY^KAO�H�G�jkMAhPO�DNJ�DNMPO DFO K �'DFC0GgH�KAO0hAG�MAZ:R�E(GIZ[R�Y�C�H�DN{uDFO0h E�DFJ�R�KLJ�DNMPO�EI� � MAH�DFO�E(J�KAOUjkGA�
E�R0V�V)MPE(GWJ�a�KLJ<KAEI��MPR0H�G?.uDFJ<KLV�V�H�MPKAj
a0G�EI� ��GwKLH�GQVUH�GIVUKLH�DFO�h J(M T�M {AG DFOpJ(M J�a0GQH�DNhPapJ�T�MPE(J<YFKAO�G
ZfH�MPT MPR0H�jIR0H�H�G�O_J:V)MPE�DNJ�DNMPO DFO}J�a0G T<DFC�CUYNG'YFKAO0GA�2��M �:GI{AGIH���S)GIZfMAH�G ��G jIKAOQj
a�KAO0hAGbYFKAO0G�E��pJ�a0G jIKLH
S)G�a�D^O�C<R�E�DFO<J�a0GlT<DFC�CUYNG�YFKAO0G�T<M {AG�EeDFOpJ(M�J�a0G�H�DNhPapJ�T�MPE(J�Y^KAO0GA� 2 Z�DNJ�DFE2V�H�GIVUKLH�DFO0h J(M VUKAE�E:R�EI�"��G
jIKAO E�D^T�VUYNo �:KADNJ�Z�MAH DNJ�J(M}T�M {AG�KAa�G�KAC MAZ2R�E�S)GIZ�MAH�G�j�a�KAO�hPDFO0h}Y^KAO0G�E�KAOUCwG?.0DNJ�DFO0h0� 2 Z4�?a0M �:GI{AGIH��
J�a�G�jIKLHgDFE�E�DFT�VUYNowj
a�KAO0hPDFO�h YFKAO�G�EI��MAH V)GIH�a�KLVUE�V�H�GIVUKLH
DFO0h J(MWG?.0DNJ DNJ�E(G�YNZ � ��G�jIKAO.j
a�KAO0hAG<YFKAO0G�E��
E�YNM �'D^O0h�C�M �'O MAH�E(V)GIG�C�DFO0h�R0V KAE�O�G�jkG�E�E�KLH�o J(M.K {AMPDFC K�jkMPY^YFDFE�DNMPO���y�M�S)G�E(J VUYFKAO K jkMPR0H�E(G MAZ
KAjkJ�DFMPO����:G �:KAOpJ'J(M}jkMPT�VUR0J(G J�a0G�V�H�MASUKLSUD^YFDNJ|o}C�DFE(J(H�DFSUR0J�DNMPO}M {AGIH�J�a0GbV)MPE�E�DNSXYNG�G?.uVUYFKAOUKLJ�DNMPO�EI�

y	adR�EI�)DFO J�a�G jkMPOpJ(G?.dJI� ��G�a�K {AG�MASUE(GIH�{AG�C��.� / ��� � � �	� ��
 J(M S)G ZfKAY^E(G KAOUC , � / ��� �$� / � � 
 J(MWS)G
J�a�G�T<DFC�CUYNG YFKAO0GA�$y	a�G MPO�YNo MASUE(GIH�{AG�C G"!?G�jkJlDFE�J�a�KLJ ,�� / ��� ��� / � � ��DFE�J�a0GbH
DNhPa_J	Y^KAO0GA� 2 Z �:G �eKAO_J
J(M�DFO�Z�GIH:J�a0G C0H�DN{AGIH � E�VUYFKAO�� �:G jIKAO G?.0KAT<DFO0GlJ�a0G &+� � � 
�� ���0� � � �wO0MuC0G�J(M�E�GIGlJ�aUKLJ�J�a0GlV)MPE(J(GIH�DNMAH
VUH�MASUKLSUDFY^DNJ|o�MAZ�K MPO0G��|Y^KAO0G H�DNhPapJ:E�aUDNZ�J:DFE = �96
;0���'a�DFYFG	J�a�KLJeMAZ�K VUKAE�EeDFE = �98 4d��y'a0G�ZfMAH�T�GIH�DFE:T�MAH�G
VXYFKAR�E�DNSXYNG E�DFO�jkG �:G KAE�E�R�T<G<J�a�KLJ�C0H
DN{AGIH�E V�H�GIZfGIHbJ(M�VUKAE�E MPO.J�a�G YNGIZfJ��|a�KAO�C E�D^C0GA��E(MwVXKAE�E�DFO0hQMPO
J�a�GlH
DNhPa_J:a�KAEeK�H�G�YFKLJ�DN{AG�YNo<YNM ��V�H�DNMAH�V�H�MASUKLSUD^YFDNJ|oA�ny	a0G�MPO�YNo�H�G�T KADFO�DFO0hgT<KAO0G�R0{AGIH �'DNJ�a}O0MPO0�IGIH�M
VUH�MASUKLSUDFY^DNJ|obDFEnKAO�G?.0DNJI�nB�YFYdMAZXJ�a0GeMAJ�a0GIH2VUYFKAOUE�a�K {AG��IGIH�M V�H�MASXKLSUDFYFDNJ4oA�AE�DFO�jkG:J�a0GeMASUE(GIH�{AG�C�j
a�KAO0hAG
D^OwYFKAO0G�Ee{uDNMPYFKLJ(G�E'J�a0G�DNH	C0Gk\XOUDNJ�DNMPO�EI�
2 Z ��G�KLH�G�O0MAJ DFOpJ(GIH�G�E(J(G�C DFO�J�a0G�C0H�DN{AGIH � E�VUYFKAO��XSUR�J�MPO�YFowDFO J�a�G Z[R0J�R0H�GgYFKAO0G V)MPE�DNJ�DNMPO��XJ�a0G�O

�:G�jIKAO G?.0KAT<DFO�GgJ�a0G , � / ��� ��� / � ��� O0MuC0GA�ly	a0G�V)MPE(J(GIH
DNMAH'V�H�MASUKLSUDFYFDFJ|oWJ�a�KLJlJ�a0G jIKLH �'D^YFY�E(J�DFY^Y�S)G
D^OwJ�a0GgH�DNhPapJ�YFKAO0GgDFE = �96 4d� �'a�D^YNG J�a0G�VUH�MASUKLSUDFY^DNJ|o}J�a�KLJlDFJ �'DFYFY�T�M {AG J(M}J�a�GgT<DFCUC�YNG YFKAO0G DFE = �98
;0�

3 3



y'a0G	C�D !)GIH�G�O�jkG�S)GIJ �:GIG�O<J�a�G�E(G�S)G�YFDNGIZ[E`KAOUC�J�a�KLJ2MAZ?J�a0G	T<KAO0G�R�{AGIH�E2KLH�DFE�G�E%Z�H�MPT�J�a0G	O�KLJ�R0H�G�MAZXJ�a0G
VXKAE�E�DFO0h T<KAO0G�R0{AGIH �2v2{AG�OWDNZ�J�a0G jIKLH	C0G�jIDFC0G�E�J(M�VUKAE�EI�uDNJeT<K�o}O0MAJ�S)G KLSUYNG�J(M�C�M E(M�DFT<T<G�C�DFKLJ(G�YNo
C�MlJ(MbE�R0H�H�MPR�OUC�DFO0h	jIKLH�E�� 2 O�E�R�j
a�KljIKAE�GA�pDNJ �'DFYFY_H�G�T<KADFO�DFO�DNJ�EnjIR0H�H�G�O_J%YFKAO�G:R�OpJ�DFYdDNJ%jIKAO�jkMPT�VUYNGIJ(G
J�a�G}T<KAO0G�R�{AGIH��wy	adR�EI��J�a�GIH�G}DFEgK E�Y^DNhPa_J�V�H�MASUKLSUD^YFDNJ|o�J�a�KLJ�J�a�G}jIKLH �'DFYFY%E(J�K o DFO.J�a�G H�DNhPapJ�YFKAO�G
GI{AG�O�DNZ�J�a0GbC0H�DN{AGIH�a�KAE	C0G�jIDFC�G�CWJ(M<VUKAE�EI�
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y	a0G:J(H�K �}jeKLV�VUY^DFjIKLJ�DNMPOgV�H�G�E(G�OpJ(G�C�KLS?M {AG	DFYFYFRUE(J(H�KLJ(G�E�E�GI{AGIH�KAY0KAE(V)G�jkJ�EnMAZUMPR0HnVUY^KAO �sH�G�jkMAhPO�DNJ�DFMPO
ZfH�KAT�G �:MAH��?� � R0HeKAE�E�RUT�V�J�DNMPO MAZ�H�KLJ�DNMPO�KAY^DNJ|o<MPO J�a0GlVUKLH�J:MAZ�J�a�GlKLhAG�OpJ	KAYFYNM ��G�CWR�E�J(M�T�MdC�G�YUJ�a0G
H�G�YFKLJ�DNMPO�E�aUDNVgS)GIJ ��GIG�O}KAO�KLhAG�O_J�� E$VUYFKAO�KAO�C�DNJ�E%T<G�O_J�KAY0E(J�KLJ(GA� ��o jkH�G�KLJ�DFO0hbK VUH�MASUKLSUDFY^DFE(J�DFj�T�MdC�G�Y
MAZbK C0H�DN{AGIH � E C0G�jIDFE�DNMPO8V�H�MujkG�E�EI� ��G�jkMPR�YFC8jkMPT�VXR0J(GwV)MPE(J(GIH�DNMAH V�H�MASUKLSUD^YFDNJ|o C�DFE(J(H
DNSUR0J�DNMPOUE�J�a�KLJ
KAOUE ��GIH J�a�G�jkMPT T�MPO J|odV)G�E MAZ$VUYFKAO�H�G�jkMAhPO�DFJ�DNMPO.cpR�GIH�DNG�EI� 2 O C0MPT<KADFO�E �'a0GIH�G �:G�jIKAO hAG�O0GIH�KLJ(G
E�R�j�a �eK oAG�E�DFKAO O0GIJ �:MAH��uEI��KQH�G�jkMAhPO�DN��DFO0hQKLhAG�OpJgjIKAO aUK�{AG J�a�G<C0G�E�DNH�G�C.C�G�jIDFE�DNMPO �sJ�a�GIMAH�GIJ�DFj�SUKAE�D^E
ZfMAH�D^O_J(GIH�KAjkJ�D^O0h �'DNJ�aWJ�a0G�MASUE(GIH�{AG�CwKLhAG�OpJI�

B�YFJ�a0MPR0hPa J�a0GQJ(H�K � jWG?.uKAT�VXYNGwDFE�K {AGIH�o E(V)G�jID]\XjWC0MPT<KAD^O��$J�a0GQhAG�O�GIH�KAY	E(J(H�RUjkJ�R0H�GWMAZ � DNh��
R�H�G 3 � � DFE�KLV�VXYFDFjIKLSUYNG}J(M K S�H�MPKAC jIY^KAE�E�MAZlVUYFKAO �sH�G�jkMAhPOUDNJ�DNMPO J�KAE(�uEI� B Y^KAO0hPR�KLhAGwE�R�DFJ�KLSUYNGWZ�MAH
E�V?G�jIDFZ�ouDFO0h�VUYFKAOWH�G�jkMAhPO�DNJ�DNMPO�C0MPT<KADFO�E�E�a0MPR�YFCWS)GbKLSUYNG J(M jIKLV�J�R0H�G J�a�G�jkMPT�V)MPO0G�OpJ�E'KAO�CwC�GIV?G�O!�
C�G�O�jko<E(J(H�R�jkJ�R�H�G'DFYFY^R�E(J(H�KLJ(G�C�Sdo�J�a0G'hAG�O0GIH
KAY�ZfH�KAT�G �:MAH��X�%y	aUDFE2E(G�jkJ�DNMPO}V�H�G�E�G�O_J�E�KAO<G?.0KAT<DFO�KLJ�DNMPO
MAZ`G�KAj�awMAZ�J�a0G jkMPT�V)MPO0G�OpJ�E	KAO�CWC0GIV)G�O�C0G�OUjIDNG�E$J(M<KAOUKAYNop�IG J�a0G ��DFC0Gl{ KLH�DFGIJ|o MAZ�H�G�cdR�DNH�G�T�G�OpJ�E:MAZ
K E(V)G�jID]\XjIKLJ�DNMPOQYFKAO�hPR�KLhAG�jIKLVUKLSUYFGbMAZ�H�GIV�H�G�E(G�OpJ�DFO0h�V)MAJ(G�OpJ�DFKAY�V�H�MASXYNG�T C0MPT<KADFO�E��

y	a0GlT�MdC�G�YFDFO0hgMAZ�J�a0GlVUYFKAO�O�D^O0h�KLhAG�OpJ�� E�G�O_{uDNH�MPOUT�G�O_J:C0H�K �'E:MPO KAY^YXKLH�G�KAEeMAZ��dO0M �'YNG�C0hAG H�GIV��
H�G�E(G�O_J�KLJ�DFMPO��XE�D^O�jkG J�a0GbVUY^KAO �sH�G�jkMAhPO�DNJ�DFMPOQT�MdC�G�Y�T<KL�AG�E'O�M<H�G�E(J(H�D^jkJ�DNMPO�EeMPOwG�Op{uDNH�MPO�T�G�OpJ�KAY�jkMPT �

VXYNG?.uDFJ|oA���.G<J�adR�E ZfKAjkG J�a0G�V)MPE�E�DNSUD^YFDNJ|oWMAZeKAO KLH�SUDFJ(H�KLH�DFYNowjkMPT<VUYNG?.�jkMPY^YNG�jkJ�DNMPO MAZ:Z�G�KLJ�R0H�G�EI� �'DFJ�a
KLH�SUDNJ(H�KLH�D^YNoQjkMPT�VUYNG?.�C�GIV?G�OUC0G�O�jIDNG�E�KAT�MPO0hWJ�a0MPE(G Z�G�KLJ�R�H�G�EI�by	a0G�E�G C0GIV)G�O�C�G�O�jIDNG�E'T K�o�jkMPT<G�D^O
J�a�GQZ�MAH�T MAZ C0GIJ(GIH�T<D^O�DFE(J�DFj<ZfR�OUjkJ�DNMPO�E q GA� h0�N�:YFMAhPDFjIKAY�DFT�VUY^DFjIKLJ�DNMPO�EI�`hAGIMPT�GIJ(H�D^jWH�G�YFKLJ�DNMPO�E�a�DNVUEI� 
��
� , � � � DFO�J�a0G J(H�K �}jgG?.uKAT�VXYNG x
� 2 O�hAG�O0GIH�KAY �)J�a0G�E�G C0GIV)G�O�C�G�O�jIDNG�E'D^O_{AMPYN{AG�R�O�jkGIH�J�KADFO_J4oA��KAE DFOwJ�a0G
H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�MAZ?J�a0GeMAJ�a0GIH$C0H
DN{AGIH�EnDFO J�a0G�J(H�K �}jeG?.0KAT�VUYFGA� �'a0GIH�G �:G	R�E(G�C�K V�H�MASXKLSUDFYFDNJ4obC�DFE(J(H
D �
SXR0J�DNMPOWJ(M jkMAH�H�G�jkJ�YNoQT�MdC�G�Y)J�a0GbG�Op{dDNH�MPO�T�G�OpJI�2�'M ��GI{AGIH��?J�a0G �eK oAG�E�DFKAO O�GIJ �:MAH��WH�GIV�H�G�E(G�OpJ�KLJ�DNMPO
VUH�G�E(G�OpJ(G�C DFO�J�a�D^E2j�a�KLVUJ(GIH�DFE%VUH�MAV)MPE�DNJ�DNMPO�KAYs�LE�M�DNJ2jIKAO<H�GIV�H�G�E(G�OpJ$jIKLH�E�DFO�MPO�YNo J�a0G�G�DNhPapJ2V)MPE�DNJ�DNMPOUE
��DNJ�a8jkMAH�H�G�E�V?MPOUC�DFO0h H�KAO�C�MPT {LKLH�DFKLSUYNG�E���B T�MAH�G KAjIjIR�H�KLJ(G�T<MdC0G�Y ��MPR�Y^C DFO�jIYFR�C�G}\XH�E(J��sMAH�C0GIH
D^O0Z�MAH
T<KLJ�DNMPO.KLS)MPR0J MAJ�a0GIHgC�H�DN{AGIH�EI��KAYFYFM �'DFO�h J�a�G�H�G�jkMAhPO�DN�IGIHbJ(M H�G�KAE(MPO KLS)MPR0JbKAEbT KAO_o jIKLH�EbKAE
T K�oWS)G H�G�YNGI{LKAO_J	J(M J�a0G�jIR0H�H�G�O_J�VUY^KAO�O�DFO0h E�DNJ�R�KLJ�DFMPO��

y	a0G H�GIV�H�G�E�G�O_J�KLJ�DNMPO MAZ$J�a0G�VUYFKAOUO�DFO0h KLhAG�O_J�� EgT�G�O_J�KAY%E�J�KLJ(G<MAZ�J(G�O H�G�cpRUDNH�G�E�J�a0G<E�KAT�G�jIKLVUK �
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SXDFYFDNJ�DNG�E'R�E(G�C DFOwJ�a�GgH�GIVUH�G�E(G�OpJ�KLJ�DNMPO�MAZ2J�a0G�KAjkJ�R�KAYnG�O_{uDNH�MPOUT�G�O_JI� y	a0G E(J(H�R�jkJ�R�H�GgMAZ$J�a0G KLhAG�OpJ�� E
S)G�YFDFGIZfE�MAZfJ(G�O�T<DNH�H�MAH
EeJ�a0GgE(J(H
R�jkJ�R0H�GbMAZ%J�a�G�ZfG�KLJ�R0H�G�E�MAZ`J�a�G�H�G�KAY ��MAH�Y^C�� 2 O KACUC�DNJ�DNMPO���KLhAG�OpJlZ�MAH �
T KLJ�DNMPO DFOUjIYFR�C0G�E KAYFY%KAE(V)G�jkJ�E MAZeJ�a0G}C0GIH�DN{LKLJ�DNMPO MAZ:J�a0G KLhAG�OpJ�� E�S)G�YFDNGIZ[EI��E(M
�:G T R�E(JbT�MuC0G�YnJ�a0G
KLhAG�OpJ�� E E(G�O�E�MAH�E	KAO�C�KAO_owO0MPD^E(G�DFOpJ(H�MuC�R�jkG�CWSdowE�R�j�a�E(G�O�E(MAH
EI� 2 OwJ�a�GbJ(H�K �}j�G?.uKAT�VXYNGA� �:G�jkMPR�YFC
T<MdC0G�YUJ�a0G'C0H
DN{AGIH � E%V�H�GIZ�GIH�G�OUjkG�E2Sdo�Kb\XO�DNJ(G	E�GIJ2MAZ�hAMPKAYFE$D^O�C�DFjIKLJ�DFO�h K�J�KLH�hAGIJeE(V)GIG�C<KAO�C D^O_J(G�O�C�G�C
G?.0DNJI� �'M ��GI{AGIH ��DFO T<KAOpo C0MPT KADFO�EI� ��G�TgRUE(JlT<MdC0G�Y�J�a0G�KLhAG�O_J�� E V�H�GIZ�GIH�G�OUjkG�E'J�a0H�MPR0hPa�K R0J�DFY^DNJ|o
Z[R�O�jkJ�DFMPOwC0Gk\XO0G�CWM {AGIH �:MAH�YFCwE�J�KLJ(G�EI�

y	a0G H�GIV�H�G�E(G�O_J�KLJ�DFMPOQMAZ�J�a�G VUYFKAO�O�D^O0hgVUH�MdjkG�E�E�TgR�E�J�H�G"�UG�jkJ	J�a0G {LKAE(J	C�DF{AGIH�E�DNJ4o MAZ`VUYFKAOQE(G�YNG�j �
J�DFMPOQT�G�j�a�KAOUDFE�T<EI�n�.GbT R�E(J:MAZ�J(G�O T�MdC�G�YXa�DFGIH�KLH�j�aUDNG�E$MAZ�VUYFKAO�EeKAO�CWE�R�S�VUYFKAO�E��PH�GIV�H�G�E�G�O_J�DFO�hgJ�a0G
KLhAG�OpJ�� E$j
a0MPDFjkG�E%KLJ2C�D�!?GIH�G�OpJnYNGI{AG�YFE`MAZXKLSUE�J(H�KAjkJ�DNMPO��`�.G	TgRUE(J%KAYFE(MlH�GIV�H�G�E(G�OpJnJ�a0G�C0G�jIDFE�DFMPO�V�H�MdjkG�E�E
hAG�O�GIH�KLJ�DFO0h J�a0G�KLhAG�OpJ�� Eej�a0MPD^jkG�EI� �'a0GIJ�a0GIH�SUKAE(G�C}MPO E�DFT<VUYNG	jkMPO�C�DFJ�DNMPO �|KAjkJ�DNMPO H�R�YNG�E$MAH�MPO}KgjkMPT �

VXYNG?. C0G�jIDFE�DFMPO �sJ�a0GIMAH�GIJ�DFjgKAO�KAYNouE�DFE'MAZ%J�a0GgjIR0H�H�G�O_JlE�DNJ�R�KLJ�DFMPO��ltuR0SUVUYFKAO�E�T<K o a�K {AGgV�H�G�jkMPO�C�DNJ�DNMPOUE
E�V?G�jIDFZ�ouDFO0h
��a0G�O J�a0G�DFHgG?.uG�jIR0J�DNMPO T<K�o S?GIhPD^O���J(GIH
T<DFO�KLJ�DNMPO jkMPO�C�DFJ�DNMPO�E�E�V?G�jIDFZ�ouDFO0h �'a�G�O J�a0G�DNH
G?.uG�jIR0J�DNMPO�TgRUE(J�G�O�C���KAO�Cw{ KLH�DFMPR�E�jkMPO�C�DNJ�DFMPO�E�E(V)G�jIDNZfodDFO�hgMAJ�a0GIHlj�a�KAO�hAG�E	J(M J�a�G�DNH�G?.dG�jIR�J�DNMPO��

y	a0G KLhAG�OpJ�� E�VUYFKAOUO�DFO0hQV�H�MdjkG�E�EgT<K�o KAYFE(M�T KL�AG C�D�!?GIH�G�OpJgYFGI{AG�YFE�MAZ	jkMPT T<DNJ�T�G�OpJ ��a0G�O E(G��
YFG�jkJ�DFO0h.K�VUKLH�J�DFjIR�Y^KLH E�R�S�VUYFKAO�� 2 O J�a0GWJ(H�K � j}G?.0KAT�VUYFGA�2J�a0GWVUYFKAO C0G�jkMPT�V)MPE�DNJ�DFMPO�EgE�V?G�jIDN\UG�C K
J(MAJ�KAY`MAH�C�GIH�M {AGIHlJ�a�GgE�R0SUVUYFKAO�EI�0SXR0J'T�MAH�GghAG�O0GIH�KAY�VUYFKAO�O�GIH�E	T<K o E(V)G�jIDNZfo MPOUYNoQK<VUKLH�J�D^KAY�MAH�C0GIH �
2 O KACUC�DNJ�DNMPO��0KAYNJ�a�MPR0hPawJ�a0G�J(H�K �}jbG?.0KAT�VUYFGbDFO�jIYFR�C�G�E�jkMPO�jIR0H�H�G�OpJ'YFKAO�G�j�a�KAO�hAGgKAO�C�KAjIjkG�YNGIH�KLJ�DNMPO
T KAO0G�R0{AGIH�EI��DFO hAG�O0GIH�KAY � �:G jIKAO�O�MAJ�H�G�E�J(H�DFjkJ�jkMPOUjIR0H�H�G�O�jko J(M K \ .uG�C E(GIJ MAZ%MAH�J�a0MAhAMPOUKAY`jkMPT<V?M��
O�G�O_J�EI�

y	a0G�T�MuC0G�YFDFO0h MAZ2J�a0G ��MAH
YFC�C�odO�KAT DFjIE�T KL�AG�E J�a0G�E�KAT�G�C0G�T<KAO�CUE�KAE J�a0G�T�MuC0G�YFDFO�h MAZ2J�a0G
D^O�DNJ�DFKAYujkMPOpJ(G?.dJI�$y'a0G�Z�G�KLJ�R�H�G�E2MAZ)J�a0G	Z[R0J�R0H�G �:MAH�YFC E(J�KLJ(G�T<K o�a�K�{AGlKAO<KLH�SUDNJ(H
KLH�ogC0GIV)G�O�C�G�O�jkogMPO
J�a�G'jIR0H�H�G�OpJ �:MAH�YFC�E(J�KLJ(GlKAO�C�J�a0G�KAjkJ�DNMPO�E2J�KL�AG�O Spo�J�a0G'VUYFKAO�O�D^O0h�KLhAG�OpJI�2�.G�T K�o�T�MuC0G�Y�jkGIH�J�KADFO
C�odO�KAT DFjIE J�a0H�MPR0hPa E�R0SUVUYFKAO V)MPE(J�jkMPOUC�DNJ�DNMPO�EgJ�a�KLJ�E(V)G�jIDNZfo a0M � J�a�G G?.uG�jIR0J�DNMPO MAZ�J�a0GQE�R0S�VXYFKAO
jIKARUE(G�E�j
a�KAO0hAG�E�DFO�J�a0G �:MAH�YFC�� 2 O�J�a0G	J(H�K � j�G?.uKAT<VUYNGA�PMPO�YFogJ�a0G�YNM � �|YFGI{AG�Y�KAjkJ�DNMPO�E�jIKAR�E(G'j
a�KAO0hAG�E
D^O J�a0G ��MAH�Y^C E(J�KLJ(GA�%SUR�JgDFO.hAG�O�GIH�KAY �nGI{AG�O E�R0S�VUY^KAO.j�a0MPDFjkG�E�jkMPR�Y^C j�aUKAO0hAG}J�a�G}DFO�DFJ�DFKAY%jkMPO_J(G?.uJI�
V)GIH�aUKLVUEeSpoWC�DNH�G�jkJ�YNo}KAYNJ(GIH
DFO0h�J�a0G�KLhAG�OpJ�� ElT�G�O_J�KAY�E(J�KLJ(GA�

y	a0G�H�GIVUH�G�E(G�OpJ�KLJ�DNMPO�KAY?O0GIG�C�E$jIKLJ�KAYFMAhAG�C a�GIH�G	H�G"�UG�jkJ�J�a0G	G�OpJ�DNH�GlE(VUKAO�MAZ�KLH�J�DN\XjIDFKAY�DFOpJ(G�YFYFDFhAG�O�jkG
H�G�E(G�KLH�j�a��	E(M DNJ D^E<R�O0H�G�KAE�MPO�KLSUYNGWJ(M G?.uV)G�jkJ K E�DFO0hPYNGQYFKAO0hPRUKLhAG J(M E�KLJ�D^E(Z�o J�a0G�O0GIG�C�E�H�G�cdR�DNH�G�C
M {AGIH<KAYFY2VXYFKAO H�G�jkMAhPOUDNJ�DNMPO C0MPT<KADFO�E��W��M �:GI{AGIH���GI{AG�O DNZ�J�a�GIH�G �:GIH�GWE�R�j�a K�Y^KAO0hPR�KLhAGA�2jIKLVUKLSUYFG
MAZ$H�GIV�H�G�E(G�OpJ�DFO0h}KAO_owT�MuC0G�Y�MAZ%VUYFKAO ��� � ��� � � � � �U�)DFJ'TgRUE(J�KAYFE�M}E�R0VUV?MAH�J�J�a0GgDFOp{AGIH�E�DFMPO O0G�jkG�E�E�KLH�o
J(M�KAO�E �:GIHbVUYFKAO ��������� ����� � � �.cpR�GIH�DNG�EI�<y	a�GIH�GIZ�MAH�GA��DNJbDFEbO�MAJbE�R �}jIDNG�OpJ J�a�KLJ�KwhAG�O0GIH�KLJ�DN{AG T�MdC�G�Y
KAY^YNM �'E$R�E%J(MbH�G�KAE�MPO<ZfMAH �:KLH
C�Z�H�MPT KAO<DFO�DFJ�DFKAYujkMPO_J(G?.uJ$J�a0H�MPR0hPa�J�a0G	VXYFKAO�O�DFO�h�V�H�MdjkG�E�E2J(MbJ�a0G�\XOUKAY
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�:MAH�YFC�E(J�KLJ(GA�'�.G�T R�E(JlKAYFE(M S)G�KLSXYNGbJ(M H�G�KAE(MPO�SUKAj�� �:KLH
C�EI�?Z�H�MPT MASUE(GIH�{ KLJ�DNMPOUE'J�KL�AG�O�ZfH�MPT J�a0G
{LKLH�DNMPRUEljkMPT<V?MPO�G�O_J�EI�)J(MwT<KL�AG�DFO�Z�GIH�G�OUjkG�ElKLS)MPR0JlJ�a0G�R�O0MASUE�GIH�{AG�C jkMPT�V)MPO0G�O_J�E��by	a�DFE�O0GIG�C Z�MAH
VUH�KAjkJ�DFjIKAY�DFO0ZfGIH�G�O�jkG DFO S)MAJ�a V�H�G�C�DFjkJ�DFMPO KAOUC}G?.uVUYFKAOUKLJ�DNMPO MAZ�KLhAG�OpJ	S)G�a�K�{uDNMAH�E(GI{AGIH�G�YNoWYFDFT DNJ�E2J�a0G
H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�KAY�V?M ��GIH�KAYFYNM �eKLSUYNGbD^OWMPR0H'C0MPT<KAD^OQE(V)G�jID]\XjIKLJ�DNMPOQYFKAO�hPR�KLhAGA�

� MAH DFO�E(J�KAOUjkGA�?GI{AG�O J�a�MPR0hPa�J�a0G �eK oAG�E�DFKAO.O0GIJ ��MAH���H�GIV�H�G�E�G�O_J�KLJ�DNMPO�Z[KAYFYFElE�a0MAH�JlMAZ$KAYFY�MAZ2MPR0H
H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�KAY�O�GIG�C�EI�uJ�a0GbE�jIKAYFKLSXDFYFDNJ4o<MAZ�J�a0G ZfH�KAT�G �:MAH�� KAE�Z�MAH
TgR�Y^KLJ(G�CQa0GIH�G DFEecpR�G�E(J�DNMPO�KLSUYFGA�
y'a0G ZfH�KAT�G �:MAH�� H�G�E(J(H�D^jkJ�E J�a0G�C0GIV)G�O�C0G�O�jko E(J(H�RUjkJ�R0H�G KAT�MPO�h J�a0G�jkMPT�V)MPO0G�O_J�E}J(M ZfMPYFYNM � J�a0G
Y^DFT<DNJ(G�CQYFD^O0�dEeMAZ � DNhPR0H�G 3 � � �USUR0J �:G�jIKAO�O�MAJ�KAYFYNM � J�a0G�D^O�C�DN{uDFC�R�KAYXjkMPT�V)MPO0G�OpJ�E	J(M S)GbKLH�SXDNJ(H�KLH�o
�eK oAG�E�DFKAO O�GIJ �:MAH��dE�� � J�a0GIH �'DFE�GA� �'DNJ�a0MPR0JnKAOpogH�G�E�J(H�DFjkJ�DNMPO�E`MPO�J�a�GeC�GIV?G�OUC0G�O�jko�E(J(H
R�jkJ�R0H�G �'DNJ�aUDFO
G�KAj
a jkMPT�V)MPO0G�OpJ�� E E�R0SUO0GIJ ��MAH��?�%DNJ ��DFYFY%S)G G?.uJ(H�G�T�G�YFo C�D �}jIR�YFJbJ(M�aUKAO�C �shAG�O0GIH�KLJ(G MAV)GIH�KLJ�DNMPO�KAY
O�GIJ �:MAH�� H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�E ZfMAH V�H�MASXYNG�T�C0MPT<KADFO�E T�MAH�G�jkMPT<VUYNG?.�J�aUKAO J�a0G�J(H�K �}j�G?.0KAT�VUYNG�V�H�G��
E�G�O_J(G�C�a0GIH�GA�
2 OUE(J(G�KAC�����G O�GIG�C K H�GIV�H�G�E�G�O_J�KLJ�DNMPOUKAYbYFKAO0hPR�KLhAG J�a�KLJwjIKLV�J�R0H�G�EwJ�a0G hAG�O0GIH�KAY�C0GIV)G�O�C0G�O�jko

E�J(H�R�jkJ�R0H�GlMAZ � DNhPR0H�G 3 � � �0SUR0J �'DNJ�a0MPR�J$J�a0GlZfRUYFY�hAG�O0GIH
KAYFDNJ|o MAZ �eK�oAG�E�DFKAOQO�GIJ �:MAH��dE:ZfMAH�jkMPT�V)MPO0G�O_J
H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�� � MAH KwE�R � jIDNG�O_J�YFowH�G�E(J(H�D^jkJ(G�C YFKAO0hPR�KLhAGA��J�a0GIH�G<T<K o S?G�KAYNhAMAH
DNJ�a�T<E jIKLVUKLSXYNG�MAZ
KAR�J(MPT<KLJ�DFjIKAYFYNo hAG�O0GIH�KLJ�D^O0h.K �:K oAG�E�DFKAO8O�GIJ �:MAH�� H�GIV�H�G�E(G�OpJ�KLJ�DNMPO MAZlK.C0MPT<KADFO E(V)G�jID]\XjIKLJ�DFMPO D^O
J�a�G�YFKAO0hPR�KLhAGA� 2 OwE�R�j�awjIKAE�G�EI� �:G�jIKAOwE(J�D^YFY�R�E(G J�a0G �eK oAG�E�DFKAO�O0GIJ �:MAH��QDFO0ZfGIH�G�O�jkGbKAYNhAMAH
DNJ�a�T<EI�0KAE
D^O tdG�jkJ�DFMPO 3 � 3 �96d�g�'M ��GI{AGIH���J�a0G�KAR0J(MPT<KLJ�DFjIKAYFYFowhAG�O0GIH�KLJ(G�C.O0GIJ ��MAH��dE T<K o�E(J�D^YFY�S)G�DFT�V�H�KAjkJ�D^jIKAY �
D^O �'a�DFj
a<jIKAE(G ��G ��MPR�Y^C<O0GIG�C D^O0Z�GIH�G�O�jkG	KAYNhAMAH�DNJ�aUT<EI�pE�V?G�jIDN\XjeJ(MbJ�a0G�H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�KAYXYFKAO0hPR�KLhAGA�
jIKLVXKLSUYNG MAZ�KAO�E �:GIH�DFO�h�J�a0G E�KAT�G VUY^KAO H�G�jkMAhPOUDNJ�DNMPO cpR0GIH
DNG�EI�%y	a0G���MAH��<V�H�G�E(G�OpJ(G�CQa0GIH�G DFE:E�DFT<D^YFKLH
D^O�KADFT J(MQK VUH�MAV)MPE(G�CwVUY^KAO H�G�jkMAhPOUDNJ�DNMPO�Z�H�KAT<G ��MAH�� q jIR0H�H�G�OpJ�YNowR�O�C�GIHlC0GI{AG�YFMAVUT�G�OpJ
x�SUKAE�G�C�MPO
VUH�MASUKLSUDFY^DFE(J�DFj��'MAH�O�KLS�C�R�jkJ�DNMPO q m$�lB x � � 6 �s�
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tdG�jkJ�DNMPO 3 � � � 3 C�DFE�jIR�E�E(G�C�a0M � r � � EQjIKAO T<MdC0G�YljkGIH�J�KADFO VUY^KAO�H�G�jkMAhPOUDNJ�DNMPO�C0MPT<KADFOUE � ; 8 �s�
y'a0G�V�H�MdC�RUjkJ�DNMPOQZfMAH�T<KLJ DFE'K}O�KLJ�R0H�KAY�H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�ZfMAH'VUYFKAO�C0G�jkMPT�V)MPE�DNJ�DFMPO�E �'a�G�O KAO�KLhAG�O_J
G?.uG�jIR0J(G�EWDNJ�E<E�R0S�VUYFKAOUE�KAO�C8KAjkJ�DNMPO�E E(GIH�D^KAYFYNoA����M �:GI{AGIH��'YFDF�AGwJ�a0G T�MAH�G hAG�O0GIH�KAY'GI{AG�O_J a�DNGIH�KLH �
j
a_oQZfMAH�T<KAY^DFE�TQ�0K<hAH
KAT<T<KLJ�DFjIKAY�T�MdC�G�Y)H�G�cpRUDNH�G�E	K<C�G�jIDFE�DNMPOQVUH�MdjkG�CUR0H�G J(M}C�D^E�KAT�SXDNhPR�KLJ(GbKAT�MPO0h
T R�YNJ�DFVUYNGgjIKAOUC�DFC�KLJ(G G?.dVXYFKAO�KLJ�DNMPO�E��XVUKLH
E(GgJ(H�GIG�E DFO J�aUDFE�jIKAE�GA� � O�J�a0G�MAJ�a0GIH a�KAO�C���
 � ��� � � � � � �

� � �
jkMPOpJ(G?.uJ��sZ�H�GIGQhAH
KAT<T<KLH�E q m r � � E
x � � 7d� 7��eKAC�C KAO G?.uVUYFDFjIDFJbE(J(Mdj
a�KAE(J�DFj T�MuC0G�Y2J(M�J�a0G E(J�KAO�C�KLH�C
r � � T�MdC�G�Y �_DFO�CUR�jIDFO0h KbVUH�MASUKLSUDFY^DNJ|o�C�DFE(J(H
DNSUR0J�DNMPO M {AGIH:VXKLH�E(G	J(H�GIG�E��2y	a0G	H�G�E�R�YNJ�DFO0hbCUDFE(J(H�DNSXR0J�DNMPO
E�R0V�V)MAH�J�ElJ�a0G�C0G�jIDFE�DFMPO �sJ�a0GIMAH�GIJ�DFj�C�D^E�KAT�SXDNhPR�KLJ�DNMPO�H�G�cdR�DNH�G�C DFO�VUYFKAO�H�G�jkMAhPOUDNJ�DNMPO���m r � � E�a�K�{AG
KAYFH�G�KAC0o.V�H�M {dD^C0G�C K�R�E(GIZ[R�Y2T�GIJ�a0MuC ZfMAH�T�MdC�G�YFDFO0hQR�O�jkGIH�J�KADFO_J4o DFO K �'DFC0G H�KAO0hAG MAZ	E�J(H�R�jkJ�R0H�G�E
MAJ�a�GIH:J�aUKAO}VXYFKAO�EI�_D^O�jIYFR�C�D^O0hbO�KLJ�R0H�KAYXYFKAO0hPR�KLhAG�E�� 7��s�dV�H�MAhAH
KAT<T<DFO0h YFKAO0hPR�KLhAG�E � ; 4 �s�uDFT<KLhAG�E�� �A� �s�
E�V?GIG�j
agE�DNhPO�KAYFE �<8
;-�s�AKAO�C�� @�B E(G�cdR0G�O�jkG�E � ; = �s�ny	a0G$CUDFE�jIR�E�E�DNMPO DFO tuG�jkJ�DNMPO�E 8d� � KAO�C�8d� 3 KLV�V)G�KLH�G�C
VUH�GI{dDFMPR�E�YNo DFO<KbT�MAH�G	hAG�O0GIH�KAYUVUKLJ(J(GIH�O<H�G�jkMAhPO�DNJ�DNMPO<E�GIJ(J�DFO0h �<8 : �s�dSUR0J�tuG�jkJ�DNMPO 8d�98bD^YFYFR�E(J(H
KLJ(G�E%a0M �
�:G�jIKAO�KLV�VUYNo m r � � E	J(M<J�a0GgE(V)G�jID]\Xj O0GIG�C�E�MAZ`VUYFKAOWH�G�jkMAhPO�DNJ�DNMPO��

� � � � � #2�2
��<�%�:��
��� "��� � � � � � �	 �& ����&'# � ����#$�

B V�H�MASUKLSUDFYFD^E(J�DFjbjkMPOpJ(G?.dJ��sZfH�GIG}hAH�KAT<T<KLHbDFE KWJ�R0VXYNG���� '
	�' 1 '
�
� � �'a0GIH�G J�a�G�CUDFE 
(MPDFO_J E(GIJ�E
�
KAOUC 	 E(V)G�jIDNZfowJ�a0G�J(GIH�T<DFOUKAY�KAO�C O0MPOpJ(GIH�T<D^O�KAYnE(odTgS)MPYFEI�?H�G�E(V)G�jkJ�DN{AG�YNoA� ��DNJ�a 1���	 S?G�D^O0h J�a0G
E�J�KLH�JgE(ouTgS?MPYs� � DFEbJ�a0G E(GIJgMAZ:VUH�MdCUR�jkJ�DNMPO�EI� �'a�DFj
a J�KL�AG}J�a0G Z�MAH�T�� ��� q�� x
� �'DNJ�a�� ��	 �
� � q �
� 	 x����_KAOUC ��� m2H q � ���_x
�AJ�a0GeV�H�MASXKLSUDFYFDNJ4o J�a�KLJ�� �'D^YFYPS)G:G?.dVUKAOUC0G�C�DFO_J(M J�a0G�E(J(H
DFO0h �d�
y'a0G�E�R�T MAZ�V�H�MASUKLSUDFYFDFJ�DNG�E � M {AGIH KAYFY�G?.uVUKAO�E�DFMPO�EeMAZ%K�hPDN{AG�O O�MPO_J(GIH�T DFO�KAY!� TgR�E�J	S)G MPO0GA��y	a�G
G?.0KAT�VUYFG�E	DFOWJ�a�DFE'j�a�KLV�J(GIHlR�E(G J�a0GbE�KAT�VUYNG hAH�KAT T<KLH q ZfH�MPT r aUKLH�O�DFKL��� 7 �fxeE�a0M �'OwDFO � DNh0� 8d� � �

y	a�DFE`C0Gk\XOUDNJ�DNMPObMAZXJ�a0G�m r � � T�MdC�G�YpVUH�MPa�DNSUDFJ�E�H�R�YFG�E�MAZXJ�a0GeZ�MAH�T"� �$#P� ��a0GIH�G%#	H�GIV�H�G�E(G�O_J�E
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J�a�GwG�T�V�J4o E�J(H�DFO0h0� ��M �:GI{AGIH�� ��G�jIKAO8H�G �	H
DNJ(GQKAO_o m r � ��J(M G�Y^DFT<DFO�KLJ(GQE�RUj�a H�RUYNG�E�KAO�C8E(J�D^YFY
H�GIV�H�G�E(G�OpJbJ�a0G�MAH�DFhPDFO�KAYnC�DFE(J(H
DNSUR0J�DNMPO � 7��s��KAE�YNMPO0hQKAE �:G<O0MAJ(G<J�a0G�VUH�MASUKLSUDFY^DNJ|o m$H q�1 � #Lx
� � MAH
jIY^KLH�DNJ|oA��J�a�G KAYNhAMAH
DNJ�a�T�C0G�E�jkH�DFV�J�DNMPO�E�DFO J�aUDFE�j
a�KLV�J(GIHbKAE�E�R�T�G�m2H q�1 � #Lx � = ��SUR�J�KWO0GIhPYFDNhPDFSUYNG
KAT<MPR�O_J'MAZnKACUC�DNJ�DNMPO�KAY?S)MdMA�p�AGIGIVUD^O0h<jIKAO jkMAH�H�G�jkJ	Z�MAH�KAO_oQO0MPO0�IGIH�M<V�H�MASUKLSXDFYFDNJ4oA�

y	a0G V�H�MASUKLSUDFYFDFJ|o<MAZnKLV�VUYNouDFO0h�K�VUKLH�J�DFjIR�YFKLH�V�H�MdC�RUjkJ�DNMPO�� ��� J(M}KAO DFOpJ(GIH�T�G�C�D^KLJ(GbE(J(H�DFO0h�DFE
jkMPOUC�DNJ�DNMPO�KAY^YNoQDFO�C0GIV)G�O�C0G�OpJ'MAZ �'a�KLJ V�H�MuC�R�jkJ�DNMPOUE	hAG�O0GIH�KLJ(G�C J�aUDFE�E�J(H�DFO0h0�)MAH �'a�KLJ V�H�MuC�R�jkJ�DFMPO�E
��DFYFY�S)G�KLV�VXYFDNG�CWJ(M J�a0GbMAJ�a0GIH E(ouT�S)MPYFE�DFOQJ�a0G E(J(H�DFO0h0�UhPDN{AG�O J�a�G�V�H�G�E�G�O�jkGbMAZ �<�	y'a0GIH�GIZfMAH�GA�UJ�a0G
VUH�MASUKLSUDFY^DNJ|o�MAZ�K hPDN{AG�OQC�GIH�DN{LKLJ�DNMPO}D^E�E�D^T�VUYNo�J�a0G V�H�MuC�R�jkJ�MAZ�J�a0G V�H�MASUKLSUDFYFDFJ�DNG�E%MAZ�J�a0G DFOUC�DN{uDFC�R�KAY
VUH�MdCUR�jkJ�DNMPO�E�DFO_{AMPYF{AG�C��%�.G C0Gk\XO0G�J�a0G 
 � � � � � ��� � H�GIV�H�G�E(G�OpJ�KLJ�DNMPO MAZ�G�KAj
aQE�R�j�a C0GIH�DF{ KLJ�DNMPO KAE:Z�MAH
O�MPO �sV�H�MASUKLSXDFYFDFE(J�D^j�jkMPO_J(G?.uJ��sZ�H�GIGbhAH�KAT<T<KLH
E � ��� �s�2y	a0G V�H�MASXKLSUDFYFDNJ4o�MAZ�K�E(J(H�DFO�hgDFO J�a0G YFKAO0hPR�KLhAG DFE
J�a�G�E�R�T J�KL�AG�O�M {AGIH KAYFY�DNJ�E�V)MPE�E�DNSUYNG C0GIH�DN{LKLJ�DNMPO�E��

�%7���7�� ��>A-�=$3$- 	_3�9 ( � �@? � � � 	_1 >P@ � �

tuDFO�jkG�J�a0G<OdR�TgS)GIH MAZ:V)MPE�E�DNSUYNG C0GIH�DN{LKLJ�DNMPO�E hAH�M �'EbG?.uV)MPO0G�OpJ�DFKAYFYNo
��DNJ�a J�a0G<E(J(H�D^O0h � EbYNG�O0hAJ�a��
CUDNH�G�jkJbG�OdR�T�GIH�KLJ�DFMPO �:MPR�YFC O�MAJ�S)G jkMPT�VUR�J�KLJ�DNMPO�KAYFYNo�{uDFKLSUYNGA� 2 OUE(J(G�KAC��`J�a0G}E(J�KAOUC�KLH�C C�odO�KAT DFj
VUH�MAhAH�KAT<T<D^O0hbKLV�V�H�MPKAj
a R�E�G�C�Z�MAH$S?MAJ�a<V�H�MASUKLSUD^YFDFE(J�DFj�KAO�C<O0MPO!�sV�H�MASUKLSUD^YFDFE(J�DFj r � � E � 3 ;+��G?.uVUYNMPDNJ�E
J�a�GbjkMPT<T�MPOQV�H�MdC�RUjkJ�DNMPOWE(G�cpR�G�O�jkG�E	E�a�KLH�G�CQKAjkH�MPE�E'C�GIH�DN{LKLJ�DNMPO�EI�%y	a0G jkG�OpJ(H�KAY�E(J(H
R�jkJ�R0H�G DFE�K�J�K �
SXYNGA�AMAH � ��� � �[�_E(J(MAH
DFO0hlV�H�GI{uDNMPR�E�H�G�E�R�YNJ�E`ZfMAHnG�KAj�a�E�R0SXE(G�cpR�G�O�jkG:D^O�J�a0G�DFO�VUR0J�E(G�OpJ(G�O�jkGA�2v�KAj�a�G�OpJ(H�o
D^O�J�a�G�j
a�KLH�J jkMAH�H�G�E�V?MPOUC�E'J(MwKWE�R�SUE(G�cdR0G�O�jkG �)A=B�B�B �)A �DC�EGF MAZ2J�a�G MASXE(GIH�{LKLJ�DNMPO.E(J(H�DFO�h � F B�B�B �IH �
� MAH�G�KAj
a}E(ouTgS?MPY � �pKAO�G�OpJ(H�o�jkMPOpJ�KADFO�E2J�a�G	V�H�MASUKLSXDFYFDNJ4obJ�a�KLJ2J�a0G�jkMAH�H�G�E(V)MPO�C�D^O0h E�R0SUE(G�cdR0G�O�jkG�DFE
C�GIH�DN{AG�C<ZfH�MPT J�a�KLJ�E(ouTgS?MPYs�_m2H q �IA=B�B�B �)A �DC�EGF0J ��x
�2y	a0G'DFOUC0G?. % H�GIZfGIH�E2J(MgJ�a0G'V)MPE�DNJ�DFMPO�MAZ�J�a0G'E�R0S��
E�G�cpR0G�OUjkG �'DNJ�aUDFOWJ�a0GbG�OpJ�DNH�GgJ(GIH�T<DFO�KAY�E�J(H�DFO0h0����DNJ�a % � � D^O�C�DFjIKLJ�DFO�h�J�a0G�E(J�KLH�J�MAZnJ�a0GgE(G�cdR0G�O�jkGA�
y'a0GbDFO�C0G?. ) H�GIZ�GIH�E	J(M<J�a0G�YNG�O�hAJ�aQMAZ�J�a�G�E�R0SUE�G�cpR0G�OUjkGA�

y	a0GgS?MAJ(J(MPT�H�M ��MAZ2J�a0G J�KLSUYNG�a0MPYFC�E�J�a0G H�G�E�R�YFJ�E'ZfMAH E�R0SUE(G�cdR0G�O�jkG�E�MAZ$YNG�O�hAJ�a�MPO�GA�)KAOUC J�a0G
J(MAV�G�OpJ(H�owa0MPYFC�E'J�a0G�M {AGIH�KAYFY�H�G�E�R�YFJI�Um2H q � F B�B�B �IH J 1 x
� ��a�DFj�a�DFE�J�a0GgV�H�MASUKLSXDFYFDNJ4o}MAZnJ�a0GgMASUE(GIH�{AG�C
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E�J(H�DFO0h0���.G jIKAO jkMPT�VUR0J(G<J�a�G�E(G<V�H�MASXKLSUDFYFDNJ�DFG�E	S)MAJ(J(MPT �|R0V��`E�DFO�jkG �:G<�uO0M � J�aUKLJ�m2H q � A J ��x � �
DFZ � DFE�J�a0GwMASXE(GIH�{AG�C�E�odTgS)MPY � A �8�.G�jIKAO�C0Gk\XO0GwKAYFYeMAJ�a�GIH V�H�MASXKLSUDFYFDNJ�DFG�E�H�G�jIR�H�E�DN{AG�YNo KAE<J�a0G
E�R�TQ�`M {AGIH�KAYFY2VUH�MdCUR�jkJ�DNMPO�E � � � q�� x
�nMAZ�J�a0G}V�H�MuC�R�jkJ � B m$H q � A B�B�B � A �DC�EGF J �Px
��B�YNJ(GIH
DFO0hwJ�a�D^E
VUH�MdjkG�CUR0H�GeJ(MbJ�KL�AG	J�a0G	T K
.uDFT R�T�H�KLJ�a�GIH2J�a�KAO�J�a0G	E�RUT�odDNG�Y^C�E`J�a0G	T�MPE(J%V�H�MASUKLSUYNGeVUKLH�E�G:J(H�GIG	Z�MAH
J�a�G�MASUE(GIH�{AG�C�E(J(H
DFO0h0� �:MAJ�a�KAYNhAMAH�DNJ�aUT<E�H�G�cdR�DNH�G�J�DFT�GED q�F � xeZfMAH�K}E(J(H�DFO0h�MAZ2YFG�O0hAJ�a F �?DNhPO0MAH�D^O0h
J�a�G�C0GIV)G�O�C0G�O�jko}MPOQJ�a0G�E�DN�IG MAZnJ�a0G hAH�KAT<T<KLH �

y�M�jkMPT�VUR0J(G%J�a0G$V�H�MASUKLSUD^YFDNJ|o'MAZdJ�a�G2E(G�O_J(G�OUjkG 	���
�� ��� ��� ��������
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vp (1,4,1)

swat (1,1,1)

verb (1,1,2)

np (2,1,3)

flies (2,1,1)

prep (3,1,2) noun (4,1,2)

s (1,4,2)

ants (4,1,1)like (3,1,1)

np (4,1,3)

pp (3,2,1)

noun (2,1,2)
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�.GWSUKAE(GWMPR0H �eK�oAG�E�DFKAO!�|O0GIJ �:MAH�� G�O�jkMuC�DFO0h�MAZ�m r � � E�MPO J�a0GQE�j�a�G�T�GWZ�MAH�DFO�C�G?.uDFO�h VUKLH�E�G
J(H�GIG�EeV�H�G�E(G�OpJ(G�CWDFO tdG�jkJ�DFMPO�8d� � � 3 �:y	a0G�H�KAO�C0MPT�{ KLH
DFKLSUYNG 	 A C�� C0G�O0MAJ(G�E:J�a0G E(odTgS)MPYXD^O J�a0GlVUKLH�E�G
J(H�GIG KLJgJ�a0G V)MPE�DNJ�DFMPO.DFO�C�DFjIKLJ(G�C Spo J�a0G q&%('*)-'$, xgDFOUC�DFjkG�EI� ��MdMA�dDFO�hwSUKAj�� KLJ J�a0G<G?.0KAT�VUYFG VUKLH�E�G
J(H�GIG�MAZ � DNh0�#8d�98d��KQE�odTgS)MPY � YFKLS)G�YNG�C q&%('*)-'$, xbDFO�C�DFjIKLJ(G�ElJ�a�KLJ 	 A C�� � �<� 2 O�C�G?.�jkMPT�SXDFO�KLJ�DNMPO�E
O�MAJ'KLV�V)G�KLH�DFO0h�DFOWJ�a�GbJ(H�GIG�jkMAH�H�G�E(V)MPO�CWJ(M 	 { KLH�D^KLSUYNG�EeJ�KL�uDFO0h<MPOQJ�a�GbOpR�Y^Y){ KAYFR�G �+��� �

B�E�E�DNhPO�T�G�OpJ�E:J(M�J�a0G { KLH�D^KLSUYNG�E 	 A C�� KLH�GbE�R � jIDNG�O_J:J(M�C0G�E�jkH�DFS?GlK VUKLH�E(G J(H�GIGA�$��M �:GI{AGIH��UDFZ ��G
jkMPOUE(J(H�R�jkJ�K �eK oAG�E�DFKAO O�GIJ �:MAH���RUE�DFO0h MPO�YNo�J�a0G�E(G�{LKLH�DFKLSUYNG�E���J�a0G<C0GIV)G�O�C0G�O�jko�E(J(H�R�jkJ�R0H�G ��MPR�Y^C
S)G cpRUDNJ(G�jkMPT�VXYFDFjIKLJ(G�C�� � MAH�G?.0KAT�VUYNGA�uDFO J�a0G�G?.0KAT�VUYFGlm r � � �dJ�a0GlZfKAjkJeJ�a�KLJ 	 � F � a�KAE�J�a0Gl{ KAYFR�G
� � �:MPR�YFC DFO��XR0G�OUjkG���a0GIJ�a0GIH 	 �
� F J�KL�AG�E�MPOwJ�a0Gb{LKAYFR0G � � ��GI{AG�O�hPDN{AG�O J�a�KLJ 	 F'��F q J�a0G�DNH	VXKLH�G�O_J
D^O J�a0G�VUKLH�E(G�J(H�GIG x DFE � � �<y	adR�EI� �:G ��MPRUYFC.O0GIG�C.KAO KAC�CUDNJ�DNMPO�KAYnYFDFO��wS)GIJ �:GIG�O 	 � F � KAO�C 	 �
� F �
KAOUC��UDFOWZ[KAjkJI��S)GIJ �:GIG�O KAYFY)V)MPE�E�DNSUYNG E�DNSUY^DFO0h�O0MdC�G�E �'a0MPE(G VUKLH�G�O_J�E�a�K�{AG TgR�YFJ�DNVUYNGlG?.dVXKAO�E�DNMPO�E��

y�M}E�DFT�VUY^DNZ�o�J�a�G�C0GIV)G�O�C0G�O�jkoWE(J(H�RUjkJ�R0H�GA�!�:GgDFOpJ(H�MuC�R�jkG H�KAO�C0MPT { KLH�D^KLSUYNG�E � A C�� J(M<H�GIV�H�G�E(G�O_J
J�a�GQV�H�MuC�R�jkJ�DNMPO�EgJ�a�KLJ�G?.uVUKAO�C J�a0GQjkMAH�H�G�E(V)MPO�C�DFO0h E(ouT�S)MPYFE 	 A C�� � � MAH D^O�E(J�KAO�jkGA� ��GwKAC�C J�a0G
O�MdC0G � F'��F � ��a�DFj�a �:MPR�YFC�J�KL�AG�MPO�J�a0G	{LKAYFR0G � � � � � ����� � � � DFO�J�a0G'G?.uKAT�VXYNGA� 	 � F � KAO�C 	 �
� F KLH�G
jkMPOUC�DNJ�DNMPO�KAY^YNo DFO�C�GIV?G�OUC0G�O_JehPDN{AG�O � F'��F �UE�M<O0M YFDFO��<S)GIJ �:GIG�O E�DNSXYFDFO0hPE:DFE	O0G�jkG�E�E�KLH�oWDFOQJ�a�DFE�jIKAE�GA�

�'M ��GI{AGIH �?GI{AG�O�DNZ �:G��uO0M � J�a0G�V�H�MdC�RUjkJ�DNMPO � A C�� �XJ�a0GgjkMAH�H�G�E(V)MPO�C�DFO�h�j
a�DFYFC�H�G�OwDFOQJ�a�G�VUKLH�E�G
J(H�GIGwT<K�o O0MAJgS)GWjkMPO�C�DNJ�DFMPO�KAYFYNo.DFO�C�GIV?G�OUC0G�O_JI� � MAH<DFOUE(J�KAO�jkGA�$DFO J�a0GQj�aUKLH�J�MAZ � DNh0� 8d� 3 �$G�OpJ(H�o
q � �<;px	a�KAEeJ �:M E(GIVXKLH�KLJ(GbV�H�MASXKLSUDFYFDNJ4o�{ KAY^R0G�EeZ�MAH'J�a0G V�H�MuC�R�jkJ�DNMPO 1 � � � � � �0G�KAj�a jkMAH�H�G�E(V)MPO�C�D^O0h
J(M CUD !?GIH�G�O_J�E�R0SUE�G�cpR0G�OUjkG YNG�O�hAJ�a�E Z�MAH�J�a0GQE(ouT�S)MPYFEgMPO J�a0GWH�DNhPapJ��|a�KAO�C E�DFC�GA� � DN{AG�O MPO�YNo.J�a0G
VUH�MdCUR�jkJ�DNMPO�RUE(G�C�� J�a0GIH�GeKLH�G�KLhPKADFO�T R�YNJ�DNVXYNG%V)MPE�E�DNSUD^YFDNJ�DNG�EXZ�MAH`J�a0GejkMPO�O0G�jkJ(G�C 	 {LKLH�DFKLSUYNG�E�� 	 F+F � �
� � KAO�C 	 �
� F � � � ��MAH 	 F � F � � � KAO�C 	 �
� F � � � ��B�YFY�ZfMPR0HWMAZ�J�a0G�E(G.E�DFSUYFDFO0h O�MdC0G�EWKLH�G
jkMPOUC�DNJ�DNMPO�KAY^YNo.C0GIV)G�O�C0G�OpJ�E�DFO�jkG}�dO�M �'DFO�h�KAOpo.MPO0G C�GIJ(GIH�T<DFO0G�EgJ�a0G}{ KAYFR�G�E�MAZ	J�a�G MAJ�a0GIH�J�a0H�GIGA�
y'a0GIH�GIZfMAH�GA� ��G C�DFjkJ�KLJ(G J�a�KLJ:G�KAj�aW{LKLH�DFKLSUYFG � A C�� J�KL�AG MPOWC�D !)GIH�G�OpJ${LKAYFR0G�E�Z�MAHeG�KAj�aWSUH�G�KL�dC�M �'O}MAZ
J�a�GbH�DNhPapJ��|a�KAO�CQE(ouTgS?MPY^E���E�R0SUE�G�cpR0G�OUjkG YFG�O0hAJ�a�EI�

y	a0G:C0MPT<KADFO�MAZ�G�KAj�a � A C�� {LKLH�DFKLSUYNG�J�a0GIH�GIZfMAH�GejkMPO�E�DFE(J�E�MAZ0V�H�MuC�R�jkJ�DFMPO�EI�LKAR0hPT�G�OpJ(G�C ��DNJ�abJ�a0G )
KAOUC , DFOUC�DFjkG�E�MAZUG�KAj�a�MAZ�J�a�GeE�odTgS)MPYFE�MPO�J�a0G:H�DNhPapJ��|a�KAO�C E�DFC�GA� 2 OgJ�a�G�V�H�GI{dDNMPRUE�G?.0KAT�VUYNGA�AJ�a�G:C0M��
T KADFO<MAZ � F'��F �:MPR�YFC�H�G�cdR�DNH�G�J �:M�V)MPE�E�DNSXYNGe{ KAYFR�G�EI� 1 � � � � � ' 8�� � � �<8 ' � �)KAO�C 1 � � � � 3 ' � � � � � 3 ' � �s�
��a0GIH�G�J�a�GgOdR�T�S)GIH�E�DFOwSUH�KAj��AGIJ�E jkMAH�H�G�E(V)MPO�CQJ(M J�a0G ) KAO�C , {LKAYFR0G�E��UH�G�E(V)G�jkJ�DN{AG�YFoA�XMAZ%J�a0G�KAE�E(M��
jID^KLJ(G�C E�odTgS)MPY � 2 Z �:G �uO0M � J�a�KLJ � F'��F DFEbJ�a�G ZfMAH�T�GIH��`J�a0G�O 	 F+F � � � � KAO�C 	 �
� F � � � �'DFJ�a
VUH�MASUKLSUDFY^DNJ|o�MPO0GA�2y'a�DFE:C0GIJ(GIH�T<DFOUDFE(J�DFj'H�G�YFKLJ�DNMPO�E�a�DNV H�G�O�C0GIH�E:J�a0G j�aUDFYFC 	 { KLH
DFKLSUYNG�EejkMPO�C�DFJ�DNMPO�KAYFYNo
D^O�C0GIV)G�O�C0G�OpJ	MAZ%G�KAj�a MAJ�a�GIHlhPDF{AG�O � A C�� �'�.G�C0G�E�jkH�DFS?G�J�a0GgG?.0KAjkJ O�KLJ�R0H�GgMAZ2J�a�DFE'H�G�YFKLJ�DNMPOUE�a�DNV D^O
tuG�jkJ�DNMPO!8d� 3 �98d�

8 �



��K {dD^O0h�DFC�G�O_J�D]\XG�C�J�a0G H�KAOUC0MPT {LKLH�DFKLSUYFG�E KAO�C6J�a0G�DNH�C�MPT<KADFO�EI� �:G jkMPT<VUYNGIJ(G J�a�G C0Gk\XOUD �
J�DFMPO�MAZbJ�a�G �eK�oAG�E�D^KAO O0GIJ �:MAH��8Sdo8E(V)G�jIDNZfodDFO�h.J�a0G�jkMPOUC�DNJ�DNMPO�KAY	V�H�MASUKLSUD^YFDNJ|o J�KLSUYNG�E}H�GIV�H�G�E(G�O_J��
D^O0h�J�a�G�DNH�D^O_J(GIH�C�GIV?G�OUC0G�O�jIDNG�EI� y	a0G J�KLSUYNG�E�ZfMAH�J�a�G 	 { KLH�D^KLSUYNG�E�H�GIV�H�G�E(G�OpJ�J�a0G�DNH C0GIJ(GIH�T<DFO!�
D^E(J�DFj.H�G�Y^KLJ�DNMPO�E�a�DFV �'DNJ�a J�a�G VUKLH�G�OpJ � { KLH
DFKLSUYNG�EI� ��M �:GI{AGIH�� ��G KAYFE(M�O�GIG�C J�a0G jkMPO�C�DNJ�DNMPOUKAY
VUH�MASUKLSUDFY^DNJ|o MAZlG�KAj
a � { KLH�D^KLSUYNGQhPDN{AG�O�J�a0Gw{LKAYFR0GQMAZ J�a0G jkMAH�H�G�E(V)MPO�C�DFO0h 	 { KLH
DFKLSUYNGA�:J�a�KLJ DFE��
m$H q � A C�� � � �$� F � ) F '$, F � B�B�B ��� � ) � '$, � � J 	 A C�� � ��x
�2y	a0G�m r � �6E(V)G�jID]\UG�E%J�a�G'H�G�YFKLJ�DF{AG'V�H�MASXK �
SXDFYFDNJ�DNG�E2MAZ�C�D !)GIH�G�OpJ$V�H�MuC�R�jkJ�DFMPO�E%ZfMAH�G�KAj
aQO0MPO_J(GIH
T<DFO�KAY �pSUR0J �:G TgR�E�J:jkMPT�VXR0J(G�J�a�G'V�H�MASXKLSUDFYFDNJ4oA�
� q � '*)-'$, x q KAO�KAYNMAhAMPR�ElJ(MWJ�a0GgD^O�E�DFC0G�V�H�MASUKLSUD^YFDNJ|o�� 7��fx
�)J�a�KLJlG�KAj�a.E(ouTgS?MPY ����MPO�J�a�GgH�DFhPa_J��|a�KAOUC
E�DFC0GeDFE`J�a0GeH�MpMAJ%O0MuC0G:MAZXK E�R�S�J(H�GIGA�PKLJ%KLSUE(J(H�KAjkJ�DFMPO�YNGI{AG�Y , �(� �'DFJ�agK J(GIH�T DFO�KAYdE�R0SUE(G�cdR0G�O�jkGeYNG�O0hAJ�a
) ���
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�.GbjIKAOwjIKAYFjIR�Y^KLJ(GlJ�a�G { KAYFR�G�E�ZfMAH � �'DFJ�a}K�T�MuC�D]\XG�C {AGIH�E�DNMPOWMAZ�J�a0GbC�odO�KAT DFj'VUH�MAhAH�KAT<T<D^O0h
KAYFhAMAH�DNJ�a�T E(�AGIJ�j�a0G�C�DFO�tuG�jkJ�DNMPO!8d� � � � �	BlE�D^OQJ�a0G�E(J�KAOUC�KLH�Cwj
a�KLH�J��sSUKAE(G�C�m r � � KAYFhAMAH�DNJ�a�T<E�����G
jIKAO C0Gk\XO0G�J�a�DFE Z[R�O�jkJ�DFMPO�H�G�jIR0H�E�DN{AG�YFo KAO�C.R�E(G<C�odO�KAT DFj�VUH�MAhAH�KAT<T<D^O0hWJ(MwjkMPT�VUR0J(G<DNJ�E {LKAYFR0G�E��
t0DFO�jkGlJ(GIH�T<DFO�KAY?E(ouT�S)MPYFE�KAY �eK�ouE�KLV�V)G�KLHeKAEeYNG�K {AG�E�MAZ�J�a0G VUKLH
E(G�J(H�GIGA� �:G a�K�{AGA�0ZfMAH�KAO_o}J(GIH�T<DFOUKAY
E�odTgS)MPY � � �l� � q � ' � ' � x � � �PKAO�C�Z�MAH%KAOpo ) � � MAH , � � � � q � '*)-'$, x � = � � MAH$KAOpogO0MPOpJ(GIH�T<DFOUKAY
E�odTgS)MPY � ��	 � � q � ' � ' � x � = �nE�DFO�jkG<O0MPOpJ(GIH�T<D^O�KAYFE jIKAO O�GI{AGIH�S)G<YNG�KLZeO0MdC�G�EI� � MAH ) � � MAH
, � � � � q � '*)-'$, x�DFE J�a0G E�R�TQ��M {AGIH KAYFYnV�H�MuC�R�jkJ�DFMPO�ElG?.dVUKAOUC�DFO0h��<��MAZ�J�a�G�V�H�MASUKLSUD^YFDNJ|o MAZ�J�a�KLJ
VUH�MdCUR�jkJ�DNMPOWG?.uVUKAO�C�DFO�h ��KAO�CQV�H�MdC�RUjIDFO0h�K<E�R0S�J(H�GIGbjkMPO�E(J(H�KADFO�G�CWSpoWJ�a0G VUKLH
KAT�GIJ(GIH�E ) KAO�C , �

� MAH , � � � MPOUYNolKLSXE(J(H�KAjkJ�DNMPOgV�H�MuC�R�jkJ�DNMPOUE�KLH�G2V)MPE�E�DNSXYNGA� � MAHnKAO�KLSUE(J(H
KAjkJ�DNMPObV�H�MdC�RUjkJ�DNMPO � �
���[� �:G$O0GIG�C�J�a0G2V�H�MASXKLSUDFYFDNJ�DFG�EUJ�a�KLJ ��DFE�G?.dVUKAOUC0G�CbDFOpJ(M ���AKAO�CbJ�a�KLJ ���LC�GIH�DN{AG�E�K	E�J(H�DFO0h�MAZ0YNG�O0hAJ�a
) Z�H�MPT J�a0G�KLSUE(J(H�KAjkJ�DFMPO�YNGI{AG�YnDFT T�G�C�DFKLJ(G�YNoWS)G�YNM � �<� y	a0GgZ�MAH
T�GIHlD^E'hPDN{AG�O�SdoQJ�a0G V�H�MASUKLSUD^YFDNJ|o
KAE�E(MdjID^KLJ(G�C
��DNJ�a J�a0G�V�H�MuC�R�jkJ�DNMPO�� �'a�D^YNGQJ�a0G�Y^KLJ(J(GIH DFE E�DFT�VUYFo � q ��� '*)-'$,�� � x
� B�jIjkMAH�CUDFO0h J(M
J�a�G�DFO�C�GIV?G�OUC0G�O�jkGwKAE�E�RUT�V�J�DNMPO�E<MAZlJ�a�G�m r � ��T<MdC0G�Ys�:J�a�G G?.uVUKAO�E�DNMPO8MAZ ���	DFE}DFO�C0GIV)G�O�C0G�OpJ
MAZ DNJ�E C0GIH�DN{LKLJ�DNMPO��:E(M.J�a0G 
(MPDFOpJ�V�H�MASUKLSUD^YFDNJ|o DFE�E�DFT�VXYNo J�a0GwVUH�MdCUR�jkJI� �.G�jIKAO8jkMPT�VXR0J(GwJ�a0G�E(G
VUH�MASUKLSUDFY^DNJ�DNG�E:Z�MAH�GI{AGIH�oQKLSUE(J(H�KAjkJ�DFMPOwV�H�MuC�R�jkJ�DFMPOWG?.dVUKAOUC�DFO0h � �etuDFOUjkG J�a0G�C�D !)GIH�G�OpJ	G?.uVUKAO�E�DNMPOUE
KLH�G�TgR�J�R�KAYFYNo}G?.ujIYFRUE�DN{AG GI{AG�OpJ�EI�UJ�a0G�{ KAYFR�G Z�MAH � q � '*)-'$, x'DFE	T<GIH�G�YNo J�a0GbE�R�T MAZnKAYFY�J�a�GbE(GIVUKLH�KLJ(G
VUH�MASUKLSUDFY^DNJ�DNG�EI�

�.G}KAE�E�R�T�G�J�a�KLJgJ�a0GIH�G KLH�G}O0MwKLSUE(J(H�KAjkJ�DFMPO jkoujIYNG�E�DFO J�a0G<hAH�KAT<T KLH��}y	aUKLJbDFEI��J�a�GIH�G DFEbO�M
E�G�cpR0G�OUjkG�MAZ2V�H�MuC�R�jkJ�DNMPOUE � F � � � �%�I���I� ��� EGF � ��� � ��� � � F ��E�DFO�jkG�DNZ$E�RUj�a KWjkodjIYNG�G?.0DFE(J(G�C��
J�a�GWKLS)M {AGQH�G�jIR0H�E�DF{AGWjIKAY^jIR�YFKLJ�DNMPO��:MPR�YFC O0GI{AGIH<a�KAYNJI� y'a0G E�KAT�GQKAE�E�R�T�VUJ�DNMPO DFEgO�G�jkG�E�E�KLH�o Z�MAH
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J(GIH
T<DFO�KLJ�DNMPOWMAZ`J�a0G E(J�KAO�CUKLH�CWVUKLH�E�D^O0h KAYFhAMAH�DNJ�a�TQ�2y'a0G KAE�E�R�T�VUJ�DNMPOWC0MpG�EeH�G�E(J(H�DFjkJeJ�a0GbjIYFKAE�E(G�EeMAZ
hAH
KAT<T<KLH�E$Z�MAH �'a�DFj
a<E�R�j
a<KAYNhAMAH�DNJ�aUT<E2KLH�GlKLV�VUYFDFjIKLSXYNGA�ASUR0J2DNJ ��DFYFY0O0MAJ2S)G�H�G�E�J(H�DFjkJ�DN{AG'D^O<C0MPT<KADFOUE
��a0GIH�G ��GbD^O_J(GIH�VUH�GIJeV�H�MuC�R�jkJ�DNMPO�E:KAE	E(V)G�jIDFKAY^DN��KLJ�DNMPO�EI�dE�DFO�jkG jkoujIYNG�E �:MPR�YFC H�G�O�C�GIHeKAOQKLSXE(J(H�KAjkJ�DNMPO
aUDNGIH�KLH�j
a_oWDFT�V)MPE�E�DFSUYNGA�

� MAH , � � �AMPO�YNo C0G�jkMPT<V?MPE�DNJ�DNMPOgV�H�MuC�R�jkJ�DNMPO�E�KLH�G�V)MPE�E�DNSUYNGA� � MAH2K�C0G�jkMPT�V)MPE�DNJ�DFMPObV�H�MuC�R�jkJ�DFMPO
� � � F � � B�B�B ��� q�� x
� ��G<O0GIG�C J�a�G VUH�MASUKLSUDFY^DNJ|oQJ�a�KLJ � DFElJ�apR�ElG?.uVUKAO�C0G�C KAO�C J�aUKLJ G�KAj�a����
C�GIH�DN{AG�EWK E�R0SUE(G�cdR0G�O�jkGwMAZgKLV�V�H�MAV�H
DFKLJ(G�YNG�O�hAJ�a�� B�hPKADFO��	J�a�G�ZfMAH�T�GIHWDFE<hPDF{AG�O�Sdo � �	KAOUC�J�a0G
Y^KLJ(J(GIH<jIKAO S?GWjkMPT�VUR�J(G�C Z�H�MPT {LKAYFR0G�E MAZ	J�a0G ��Z[R�O�jkJ�DNMPO����.GwT R�E(J�jkMPO�E�D^C0GIH�GI{AGIH�o V)MPE�E�DFSUYNG
E�R0SUE(G�cdR0G�O�jkG�YFG�O0hAJ�a ) �$ZfMAH�G�KAj
a ����E�R�j
awJ�a�KLJ�� �� � F ) � � ) � 2 O KACUC�DNJ�DNMPO��0J�a�G
����jkMPR�YFC KLVUV?G�KLH
KLJ2KAOpo�YNGI{AG�YdMAZXKLSUE(J(H
KAjkJ�DNMPO , �(�_E�M��:G	T R�E(JnjkMPO�E�DFC0GIH%KAYFYdV)MPE�E�DFSUYNG${LKAYFR0G�E`ZfMAH2KlhPDN{AG�O�E�R0SUE�G�cpR0G�OUjkG
YFG�O0hAJ�a�� �.G jIKAO MAS�J�KADFO J�a�G 
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KAOUC , � 3 �!��GbYFMpMA� KLJeKAY^YXMAZ`J�a0G KLSUE(J(H
KAjkJ�DNMPOWV�H�MuC�R�jkJ�DNMPOUEI�`y'a0G E(odTgS)MPYFE
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E�DFO�jkG K � / � � �'D^YFYnKAY �:K odE C0GIH�DF{AG K E(J(H
DFO0hQMAZ	YNG�O0hAJ�a MPO0GA�%KLJgK E�DFO0hPYNG<YNGI{AG�Y�KLSUE(J(H�KAjkJ�DFMPO KLS)M {AG
J�a�G J(GIH
T<DFO�KAYnE(J(H�D^O0h0�XhPDF{AG�O J�a�DFElhAH�KAT<T<KLH �by	a0G�KLSUE(J(H�KAjkJ�DNMPO VXa�KAE(G�jkMPO_J�D^OpR0G�E R�OpJ�DFY ��G \XOUC 1

KLJ , � ;0��Z�MAH �'a�D^j�a�J�a0GIH�G�KLH�G�O0MWZfR0H�J�a0GIHlKLSXE(J(H�KAjkJ�DNMPO�E��)E�M �:G hAMQMPO�J(M )�� 3 KAO�C�S?GIhPD^O J�a0G
C�G�jkMPT�V)MPE�DNJ�DNMPOWVUaUKAE(GA�

y�M�DFYFYFR�E�J(H�KLJ(G�J�a0G C0G�jkMPT�V)MPE�DFJ�DNMPO.VUa�KAE�GA��jkMPO�E�D^C0GIH J�a0G<{LKAYFR0G<ZfMAH � q�1 ' 8 ' � x
�wy	a0GIH�G<DFEbMPO�YNo
MPO�GbV)MPE�E�DNSUYFG�C0G�jkMPT�V)MPE�DFJ�DNMPO V�H�MuC�R�jkJ�DNMPO�� � � � � � � �2�'M ��GI{AGIH � �:GbTgRUE(J	jkMPO�E�DFC�GIH:J ��M}E(GIVUKLH�KLJ(G
jIKAE�G�EI� �'a�G�O J�a0G O0MPR�O VXa0H�KAE(G<jkM {AGIH�E�J ��M�E(odTgS)MPYFE KAO�C.J�a�G�{AGIH�S VUa�H�KAE(G�MPO0GA��KAOUC �'a0G�O J�a0G
O�MPR�OQVUa0H
KAE(GbjkM {AGIH�ElMPO0GgKAO�CQJ�a0Gb{AGIH�S VUa0H
KAE(G J �:M0�:BeJlK<E�R0SXE(G�cpR�G�O�jkGbYNG�O0hAJ�aQMAZnJ ��M0�XS?MAJ�a � �
KAOUC�� � a�K {AG O�MPO0�IGIH�M VUH�MASUKLSUDFY^DNJ|o}MPO�YNoQKLJ'J�a0GgS)MAJ(J(MPT YNGI{AG�Y�MAZ%KLSUE(J(H�KAjkJ�DFMPO�� ��a�DFYNGbKLJlK YNG�O0hAJ�a
MAZ�MPO0GA�2MPO�YFo KLJ�J�a0G}J�aUDNH�C�� tdM�J(M jkMPT<VUR0J(GWJ�a0GWV�H�MASUKLSXDFYFDNJ4o�MAZ'J�a0G \UH�E(J E�R0SUE(G�cdR0G�O�jkGWYNG�O0hAJ�a
jkMPTgSUDFOUKLJ�DNMPO�� ��GWT R�YNJ�DNVUYFo J�a0G V�H�MASUKLSXDFYFDNJ4o MAZ	J�a0G}V�H�MuC�R�jkJ�DNMPO Spo � q � � ' 3 ' � xgKAO�C � q � � ' � ' 8Px
�
y'a0G}VUH�MASUKLSUDFY^DNJ|o MAZ	J�a0GWE(G�jkMPO�C jkMPTgSUDFO�KLJ�DFMPO D^EgK�E�DFT<D^YFKLH�V�H�MdC�RUjkJI�nKAOUC J�a0GWE�R�T MAZ	J�a�G}J ��M
{LKAYFR0G�E	V�H�M {uDFC0G�E	J�a0G { KAY^R0G J(M<G�OpJ(GIH'ZfMAH 1 �

y	a0G MAJ�a0GIH'KLSXE(J(H�KAjkJ�DNMPO�E'KAO�CQC0G�jkMPT�V)MPE�DNJ�DFMPO�EeV�H�MujkGIG�CQKAYNMPO0h<E�D^T<DFYFKLHeYFDFO0G�E�� ��DNJ�aQKAC�C�DNJ�DFMPO�KAY
E�R�T<T<KLJ�DNMPO�H�G�cdR�DNH�G�C ��a0G�ObT R�YNJ�DNVUYFG%V�H�MuC�R�jkJ�DNMPO�E)MAHnT R�YNJ�DNVUYFGnYFGI{AG�YFE�MAZ�KLSUE�J(H�KAjkJ�DNMPO KLH�G$V)MPE�E�DFSUYNGA�
y'a0G \XO�KAY)J�KLSUYFG�DFE�E�a0M �'OwDFO � DNh0� 8d�94d� �'a�DFj
aQYFDFE(J�EeMPOUYNo}J�a�GbO0MPO0�IGIH�M<{LKAYFR0G�E��

	%��! � ����� � � +

� MAH'KAO�KAYFodE�D^E�MAZ`J�a0GbjkMPT�VXYNG?.uDFJ|o MAZnjkMPT�VUR�J�DFO0h�J�a0G �.{LKAYFR0G�EeZfMAH	K�hPDN{AG�Owm r � � ��DNJ�DFE�RUE(GIZfRUY
J(MgC0Gk\XO0G 
�J(MbS)G�J�a0G	T<K
.0DFTgRUT�YNG�O0hAJ�a�MAZ?V)MPE�E�DNSUYFG:j
a�KADFO�E%MAZ)KLSUE(J(H
KAjkJ�DNMPO�V�H�MuC�R�jkJ�DFMPO�E q D � GA�N�_J�a0G
T K
.uDFT R�T , {LKAYFR0G x
�AKAO�C 4 J(MlS)G�J�a0G:T K
.uDFT R�T6V�H�MuC�R�jkJ�DNMPOgYNG�O0hAJ�a q OpR�TgS)GIH�MAZXE(odTgS)MPYFE�MPO�J�a0G
H
DNhPa_J��|aUKAO�C E�D^C0G x
�%B E�DFO0hPYNG	H
R�O�J�a0H�MPR�hPa<J�a0G'KLSXE(J(H�KAjkJ�DNMPO}VUa�KAE(G'H�G�cpRUDNH�G�E%J�DFT<G!D q J ��� J x
�dKAO�C Z�MAH
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xbJ(M V�H�M {dD^C0G<H�G�KAE(MPOUKLSUYNG<H�G��
E�V?MPOUE(G�J�D^T�G DFOWKAO�E �:GIH�DFO0h�cpR�GIH�DNG�EI�%zlO0Z�MAH�J�R�O�KLJ(G�YNoA�0E�R�j
aWjkMPT�VUDFYFKLJ�DFMPO jIKAOQDFJ�E(G�YNZ�S)GlV�H�MPa�DNSXDNJ�DN{AG
KAOUC �'D^YFY%MAZfJ(G�O VUH�MdCUR�jkG O0GIJ ��MAH��uE MAZ	G?.uV?MPO�G�O_J�DFKAY�E�DN�IGA��y	a0GIH�G}G?.uDFE�J �eK�oAG�E�D^KAO O�GIJ �:MAH�� KAYNhAM��
H
DNJ�a�T<E�� � ;�� � 3 ��J�a�KLJeM�!)GIH�hAH�G�KLJ(GIH �UG?.0DNSUDFY^DNJ|o�DFOWjkMPT�VUD^YFKLJ�DNMPO��dV)MPE�E�DNSUYFo�KAY^YNM �'D^O0hgR�E:J(M<YFD^T<DNJ2J�a0G
E�DN�IGbMAZ`J�a0GbH�G�E�RUYNJ�DFO0h�O0GIJ �:MAH��uEI� ��a�DFYNG E(J�DFYFY?V�H�M {uDFC�DFO0h�KAjIjkGIV�J�KLSXYNG�cdR0GIH�o H�G�E(V)MPO�E(G J�DFT�G�E��

i GIJ(GIH�T<DFO�D^O0hQJ�a0G MAVUJ�DFT<KAY%J(H�KAC�GIM�! �'DFYFYnH�G�cdR�DNH�G�ZfR0J�R�H�G<H�G�E(G�KLH
j�a��nKAE ��DFYFY%C0GIJ(GIH�T DFO�DFO0hWJ�a0G
jIY^KAE�EWMAZ C�MPT<KADFO�E �'a0GIH�G MPR0H �eK�oAG�E�DFKAO6O0GIJ ��MAH�� KLV�VUH�MPKAj�a DFE V�H�GIZ�GIH�KLSXYNG�J(M G?.0DFE(J�D^O0h m r � �

KAYFhAMAH�DNJ�a�T<E�� 2 J�DFE`jIYNG�KLH`J�a�KLJnJ�a0G�E�J�KAO�C�KLH�C C0ouO�KAT<DFj%VUH�MAhAH�KAT<T<D^O0h�KAYNhAMAH
DNJ�a�T<E�KLH�G:T<MAH�G�G�� jIDNG�O_J
ZfMAH2J�a0G�m r � ��cdR0GIH�DNG�EnJ�a�GIogKAC�C0H�G�E�EI� � MAH�C0MPT KADFO�E`H�G�cdR�DNH�DFO�h�T�MAH�GehAG�O0GIH
KAY�cpR�GIH�DNG�E`MAZXJ�a�G:J4opV)G�E
C�G�E�jkH�DNS)G�C a0GIH�GA�:J�a0G �XG?.uDNSXDFYFDNJ4o MAZ J�a0G �eK�oAG�E�D^KAO�O0GIJ ��MAH�� KLVUV�H�MPKAj�a�T<K�o 
�R�E(J�DNZfo J�a�GwhAH�G�KLJ(GIH
jkMPT<VUYNG?.0DNJ|oA� 2 O E�R�j�aWC0MPT KADFO�EI�pJ�a0GlKAYFJ(GIH�O�KLJ�DN{AG �:MPR�YFC<S)GlJ(M�C0G�E�DNhPO KAO�C DFT�VUYNG�T<G�O_J:KAYNhAMAH�DNJ�a�T E
KAD^T�G�C�KLJlG�KAj�a E(V)G�jID]\?jbjIYFKAE�E�MAZ$cdR0GIH�oA�'y	a�G �eK�oAG�E�D^KAO�O�GIJ �:MAH�� KLV�V�H�MPKAj�a��?MPO J�a�GgMAJ�a0GIH a�KAO�C��
VUH�M {uDFC0G�E<K R�O�D]\UG�C VUY^KLJ(Z�MAH�T J�a�KLJ E�R0VUV?MAH�J�E�KAYFY�jIYFKAE�E(G�E MAZ cpR0GIH
DNG�E q �'DNJ�a�D^O J�a�G YFDFT<DFJ�EgMAZ J�a0G
E�V?G�jIDN\UG�CWH�KAO�C0MPT { KLH�D^KLSUYNG�E
x �'DNJ�a�MPR0J	KAO_oWO0G�jkG�E�E�KLH�oWH�G��|C0G�E�DNhPO��

� � � � � � ���6� �'�������	 !�#2�%��&� �
 ��
��l 

m$YFKAO H�G�jkMAhPO�DNJ�DFMPO C0MPT<KAD^O�E$T<K o O0GIG�C}J�a0G'hAG�O�GIH�KAYFDNJ4o�MAZ�cpR�GIH�DNG�E$E�R0V�V)MAH�J(G�C�Sdo�J�a0G �eK oAG�E�DFKAO
O�GIJ �:MAH�� KLV�VUH�MPKAj�a���B m r � � H�GIV�H�G�E(G�OpJ�KLJ�DNMPO MAZ	K�VUYFKAO H�G�jkMAhPO�DNJ�DNMPO C0MPT<KAD^O �:MPR�YFC C�Gk\XO0G}K
jkMAH�H�G�E(V)MPO�C0G�O�jkG S)GIJ �:GIG�O E(odTgS)MPYFE'D^OwJ�a0G hAH�KAT<T<KLH KAO�C�VUYFKAO GI{AG�O_J�E DFO�J�a0GgV�H�MASUYNG�T C0MPT<KADFO��
y'a0G m r � � H�GIV�H�G�E(G�O_J�E�J�a0G�E�KAT�G V�H�MASUKLSXDFYFDNJ4o C�D^E(J(H�DNSUR�J�DNMPOWM {AGIH VUKLH
E(G�J(H�GIG�ElJ�a�KLJlJ�a0G V�H�MASUYFG�T
C�MPT<KADFO�G?.uaUDNSUDNJ�E�M {AGIHgVUYFKAO�DFO�E(J�KAOpJ�DFKLJ�DNMPO�E���y	a0G�O�� �'a�G�O �:G�MASUE(GIH�{AG�VXYFKAO�GI{AG�O_J�EI� ��G<R�E�GgJ�a0G
jkMAH�H�G�E(V)MPO�C�DFO�h hAH
KAT<T<KLJ�DFjIKAY%GI{uDFC0G�OUjkG<KAEbDFO0VUR�J�J(M KQm r � � DFO0ZfGIH�G�O�jkG�KAYNhAMAH�DNJ�aUT�J(M jkMPT�VUR0J(G
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J�a�GbV)MPE(J(GIH�DNMAH�V�H�MASUKLSUDFYFDFJ�DNG�E�O�G�jkG�E�E�KLH�oWJ(M KAO�E ��GIH�J�a0G H�G�jkMAhPO�DN��D^O0h<KLhAG�O_J�� ElcdR0GIH�DNG�EI�
2 OwMPR0H'E�DFT<VUYFD]\UG�C}J(H�K �}jgC0MPT<KADFO��0MPR0H	MASUE(GIH�{ KLJ�DNMPOUE'jkMPO�E�D^E(J�MAZnJ�a0GbV)MPE�E�DNSXYNG YFKAO0Gbj�aUKAO0hAG�E�K

C�H�DN{AGIH'jIKAO�T<KL�AGA�UH�GIVUH�G�E(G�OpJ(G�CQSpoWJ�a0G�J(GIH�T<DFO�KAY�E�odTgS)MPYFE � � �&� � % � &('��
��KAO�C�	 � 
 �p���'a�GIH�G J�a0G�YFKAE�J
D^O�C�DFjIKLJ(G�E:J�a�KLJ�J�a0G C0H
DN{AGIH:aUKAE�E(J�K�oAG�CwD^O DFJ�E:jIR�H�H�G�OpJeY^KAO0GA�%y	a0G O0MPOpJ(GIH�T<DFO�KAY?E(ouT�S)MPYFE�H�GIV�H�G�E(G�O_J
J�a�G T�MAH�GgjkMPT�VUYFG?. KAjkJ�DNMPO�EI�?Z�MAH
T�G�CwZfH�MPT jkMPT�SUD^O�KLJ�DNMPO�E'MAZ%J�a0G�E(G�YNM � �|YFGI{AG�Y�YFKAO�G�j�a�KAO�hAG�EI��y	a�G
m r � �8MAZ � DFhPR0H�G 8d� � 3 H�GIV�H�G�E(G�OpJ�E�MPO0G$V?MPE�E�DNSUYNGnC0H�DF{AGIH�T�MdC�G�Y � E(J�KLH�J�DFO0h	ZfH�MPT J�a0G$J(MAV!�|YNGI{AG�Y_E�odTgS)MPY
�$� � � �L�

B�jIjkMAH
C�DFO0hQJ(M�J�a�DFEbm r � � �`KwC0H�DN{AGIH � E VUYFKAO G?.uG�jIR0J�DNMPO jkMPO�E�DFE(J�E�MAZ�KwE(G�cdR0G�O�jkG<MAZeGIVUDFE�MdC0G�E��
G�KAj
awH�MdMAJ(G�CWSdo}K�O0MuC0GlY^KLS?G�YFG�C �$� � � ��KAO�CWJ(GIH
T<DFO�KLJ�DFO�hgDFOWK�E(G�cdR0G�O�jkG MAZ�YFM � �|YNGI{AG�Y�Y^KAO0Glj
a�KAO0hAG
KAjkJ�DFMPO�EI� y	a�G�VXKLH�E(G�J(H�GIG MAZ � DNhPR0H�G 8d� � 8 H�GIVUH�G�E(G�OpJ�E}MPO�G�V)MPE�E�DNSUYNG E�G�cpR0G�OUjkGA��MAZgV�H�MASUKLSUD^YFDNJ|o
3 � : � 3 4�� �>= E � � �'a0GIH�G J�a0G C�H�DN{AGIHWG?.dG�jIR�J(G�EwJ �:M8VUKAE�E�DFO0h T<KAO0G�R�{AGIH�EWS)GIZ�MAH�G.G?.0DNJ�DFO�h0� tuDFOUjkG
J�aUDFE<V�H�MASUKLSUDFYFDFJ|o CUDFE(J(H�DNSXR0J�DNMPO M {AGIHWVUKLH�E�GwJ(H�GIG�E jkMAH�H�G�E(V)MPO�C�E J(M K C�DFE(J(H�DFSUR0J�DNMPO M {AGIHWV)MPE�E�DFSUYNG
VXYFKAO DFO�E(J�KAOpJ�DFKLJ�DNMPO�E�� �:G<jIKAO.R�E(G�J�a0G�m r � � cdR0GIH�o KAYFhAMAH�DNJ�a�T<ElJ(Mwa�KAOUC�YNG�J�a�G�KAOUKAYNMAhAMPR�E VUY^KAO
H�G�jkMAhPO�DNJ�DNMPO cdR0GIH�DNG�E�� � MAH�DFO�E(J�KAO�jkGA�'J�a0G.m r � � j
a�KLH�JWVUKLH�E�DFO0h KAYFhAMAH�DNJ�a�T"jIKAO�jkMPT�VUR0J(G J�a0G
VUH�MASUKLSUDFY^DNJ|ogMAZ)KAOpo�MASUE(GIH�{AG�C KAjkJ�DNMPO}E(G�cpR�G�O�jkGA�dKAE ��G�Y^Y�KAE2J�a0GlT�MPE(J2VUH�MASUKLSUYNG�VXYFKAO�DFO�E(J�KAOpJ�DFKLJ�DNMPO
G?.uVUYFKAD^O�DFO0h J�a�KLJ'E(G�cdR0G�O�jkGA�

�'M ��GI{AGIH �XDFOWVUY^KAO}H�G�jkMAhPO�DNJ�DNMPO��0J�a�GbH�G�jkMAhPO�DN��D^O0h�KLhAG�O_JlR�E�R�KAYFYFo DFOpJ(GIH�KAjkJ�E �'DNJ�aWJ�a�G MASUE(GIH�{AG�C
KLhAG�OpJlS?GIZfMAH�G�DFJ�\XO�DFE�a0G�E�DNJ�E�G?.uG�jIR0J�DNMPO�� � MAH DFO�E�J�KAO�jkGA�UDFOQJ�a�GbJ(H�K �}j�G?.uKAT�VXYNGA��VUYFKAOwH�G�jkMAhPO�DNJ�DNMPO
D^E}R�E�G�YNG�E�E}MPO�jkG�VXYFKAO�O�DFO�h DFE}jkMPT<VUYNGIJ(GA��E�DFO�jkG GI{AGIH�o8VUYFKAO DFO�E(J�KAOpJ�DFKLJ�DNMPO�J(GIH�T<DFOUKLJ(G�E ��DNJ�a8J�a0G
MASXE(GIH�{AG�CQjIKLH	a�K {dDFO�h G?.0DNJ(G�C J�a0G a�DNhPa"�eK�oA��KLJ �'a�DFj
a V?MPD^O_JeO0M�DFO_J(GIH
KAjkJ�DNMPO�E �'DFY^Y�J�KL�AG VUYFKAjkG �'DFJ�a
K H�G�jkMAhPO�DN��D^O0h�jIKLH E(J�DFYFY%MPO J�a0G}aUDNhPa �eK�oA�wm�YFKAO.H�G�jkMAhPOUDNJ�DNMPO aUKAEgO0GIG�C MAZ	T<KAOpo�MAJ�a�GIHgV)MPE�E�DFSUYNG
cdR0GIH�DFG�E:YFGIZ�J�R�O�KACUC0H�G�E�E(G�C}Sdo J�a0G E(J�KAO�CUKLH�CQm r � � KAYNhAMAH�DNJ�a�T EI�%B�E�E(J�KLJ(G�C DFOwtdG�jkJ�DNMPO 8d� � � 3 ��J�a0G
E�J�KAO�C�KLH�C�KAYNhAMAH�DFJ�a�T<E`jIKAO�O0MAJ%a�KAO�C�YFG$VUKLH�J�D^KAYpE(J(H
DFO0hPEI�LSUR0J`KlVUYFKAOgH�G�jkMAhPO�DN�IGIHnH�KLH�G�YFo�a�KAEnjkMPT�VUYNGIJ(G
MASXE(GIH�{LKLJ�DNMPO�E MAZ�KAO0MAJ�a0GIH KLhAG�O_J�� EgVUKAE(JbKAjkJ�DFMPO�EI� 2 O KAC�C�DFJ�DNMPO�� �'a0G�O.KLhAG�OpJ�E jIKAO jkMPT<T R�O�DFjIKLJ(GA�
K H�G�jkMAhPO�DN��D^O0h KLhAG�OpJ T<K o hPKADFO�D^O0Z�MAH
T<KLJ�DNMPO KLS)MPR0J E�R�S�VUYFKAO�E���jkMAH�H�G�E�V?MPOUC�DFO0h J(M GI{uDFC0G�OUjkGwMAZ
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Drive

Drive(3,3,1)

(1,5,1)

Pass Pass (3,2,1)(1,2,1)

Drive (5,1,2)

(1,1,1) (2,1,1) (3,1,1) (4,1,1)Right Left Right Left Exit (5,1,1)
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O�MPO_J(GIH�T DFO�KAYFE�DFOWJ�a�GbVUKLH�E(G J(H�GIGA��J�a�KLJ'jIKAO�O�MAJ	S)G G?.dVUYFMPDNJ(G�CWSpoWJ�a0GbE�J�KAO�C�KLH�CwKAYFhAMAH�DNJ�a�T<E��
y	a0GIH�GIZfMAH�GA�:J�a0GQhAG�O0GIH�KAY^DNJ|o MAZlJ�a0G �eK�oAG�E�D^KAO�O0GIJ ��MAH�� KLVUV�H�MPKAj�a�J(M m r � � DFO�Z�GIH�G�OUjkGwDFE�MAZ

hAH�G�KLJ�KAC0{LKAO_J�KLhAG DFOWVUYFKAOWH�G�jkMAhPO�DNJ�DNMPO��$�.G�jIKAO R�E�G J�a0GbKAYNhAMAH�DNJ�aUT<EeMAZ$tdG�jkJ�DNMPO�E 8d� 3 �98 KAO�C�8d� 3 � 3
J(MWhAG�O0GIH
KLJ(G<K �eK�oAG�E�DFKAO.O0GIJ �:MAH���H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�MAZ2V)MPE�E�DFSUYNGbVUY^KAO DFO�E�J�KAO_J�DFKLJ�DFMPO�EI��y'a0G m r � �

YFG�O0hAJ�a8S)MPR�O�C O0M � H�GIVUH�G�E(G�OpJ�E<K.S)MPR�O�C MPO J�a�G YNG�O0hAJ�a MAZ J�a0G�KAjkJ�DNMPO�E(G�cdR0G�O�jkGA� �'a�D^j�a8T<K o
jkMAH�H�G�E(V)MPO�C}J(MgJ(G�T�V)MAH�KAYXC�R0H�KLJ�DFMPO�E$KAE ��G�Y^YUG?.0jkGIG�C�DFO0h Kb\ .dG�C S?MPRUO�C<MPO}J�a0G�YFG�O0hAJ�a MAZ�J�a�G �'DFJ�a
K�\ .uG�C�YNG�O0hAJ�a MAZUJ�D^T�GA���.G	jIKAO�J�a�G�O RUE(G�J�a�GeKAYFhAMAH�DNJ�a�T<E`MAZ?tuG�jkJ�DNMPO�8d� 3 �<; J(M KAO�E �:GIH%H�G�jkMAhPO�DNJ�DNMPO
cdR0GIH�DFG�EI� � MAHlD^O�E(J�KAO�jkGA�?DNZ �:GgaUKACwMASUE(GIH�{AG�C MPO�YFo J�a�G \UH�E(J'VUKAE�E�DFO�h<T<KAO0G�R0{AGIHlMAZ%J�a0GbVUKLH
E(G�J(H�GIG
D^O � DNhPR�H�G 8d� � 8d� ��G�T<DNhPapJ cpR0GIH�owJ�a0G�O0GIJ �:MAH���Z�MAH J�a0G�V�H�MASXKLSUDFYFDNJ4oWJ�a�KLJ J�a0G KLhAG�OpJbE(J�K odEbD^O�DNJ�E
jIR�H�H�G�OpJ YFKAO�G}DFO J�a0G O�G?.dJ V)GIH�DNMuC.MAZ	J�DFT�GA�%D � GA� m2H q 	 � F+F � 	 � 
 � J 	 F+F+F � % � &('�� '
	 � F+F � � � � �(x
�
m`GIH�aUKLVUEwT�MAH�G DFT�V)MAH�J�KAOpJ�YNoA� �:G jIKAO KAOUE ��GIH�cpR0GIH
DNG�EQKLS)MPR0JQV)MPE�E�DNSUYFG�E�R�S�VUYFKAO�EWDFO�J�a�G O0G?.dJ
V)GIH�DFMdC�MAZ)J�DFT�G q m2H q 	 �
� F � * 
�� � J 	 F+F+F � % � &('�� '
	 � F+F � � � �&��x(x
�2y	a0G �eK�oAG�E�DFKAO}O�GIJ �:MAH���� E:KLSUDFY^DNJ|o
J(M�DFO�jkMAH�V)MAH�KLJ(G GI{dD^C0G�O�jkG<KLS)MPR0J KAO_o�K�{LKADFYFKLSUYFG H
KAO�C0MPT�{LKLH�DFKLSUYNG�E KAYFYFM �'E R�E J(MwKAO�E ��GIHbcdR0GIH�DNG�E
��a0G�O ��G�a�K�{AG�GI{uDFC0G�O�jkG�KLS)MPR0J E�R0S�VUY^KAO�EI� � MAHbD^O�E(J�KAO�jkGA�)DNZ%J�a0G�H�G�jkMAhPO�DF��DFO0h}KLhAG�OpJ �uO0M �'ElJ�a�KLJ
J�a�G MASUE(GIH�{AG�C C0H
DN{AGIH�a�KAEgC0G�jIDFC0G�C.J(M�VUKAE�EI� �:G}jIKAO RUE(G<J�a0G O0GIJ �:MAH��.J(M�jkMPT<VUR0J(G J�a�G<H�G�YFKLJ�DN{AG
Y^DN�AG�YFDFa0MdMuC�E%MAZ�VUKAE�E�DFO0hgMPO}J�a�G YFGIZ�J:MAHeH�DNhPapJ q m2H q 	 � F+F � � � � � J 	 F+F+F � % � &('�� '
	 � F+F � � � � � '
	 �
� F �
* 
�� �
x(x
� 2 O�hAG�O0GIH�KAY � ��G�jIKAO jkMPT�VUR0J(G KAO_o�jkMPO�C�DNJ�DNMPOUKAY�V�H�MASUKLSXDFYFDNJ4o}MAZ2KAOpo E�R0SUVUYFKAO�EeMAH KAjkJ�DNMPO�E
MujIjIR0H�H
DFO0h KLJ�K�hPDN{AG�O J�DFT<G �'DFJ�a�DFO J�a�G VXYFKAO D^O�E(J�KAOpJ�DFKLJ�DNMPO��%hPDN{AG�O KAYFY:MASUE�GIH�{AG�C E�R0S�VUY^KAO�E�KAO�C
KAjkJ�DFMPO�EI�
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jkMPOUC�DNJ�DNMPO�KAY)VUH�MdCUR�jkJ�DNMPOWV�H�MASXKLSUDFYFDNJ�DFG�EI�

�	GIJ�R0H
O�DFO0hgJ(M J�a�G�G?.0KAT�VUYNG ZfH�MPT J�a0GlS?GIhPD^O�O�DFO0h�MAZ�J�a�DFE:E(G�jkJ�DNMPO�� �:G T<K�o �:KAOpJ�J(M�jkMPO�C�DNJ�DFMPO
J�a�G	V�H�MuC�R�jkJ�DNMPO V�H�MASUKLSUDFYFDFJ�DNG�E�MPO�G?.uVUKAO�E�DNMPO�E%KAYNH�G�KAC�ogj�a�MPE(G�O��2BlE2Kl\UH�E(J%KLV�VUH�M .0DFT<KLJ�DNMPO�J(MgE�R�j�a
jkMPOpJ(G?.uJ'E(G�O�E�DFJ�DN{dDFJ|oA� ��G jIKAOQDFT<KLhPD^O0GlK T�MuC0G�Y �'a0GIH�GlG�KAj�awV�H�MuC�R�jkJ�DNMPO}a�KAE�KAOWKAE�E(MujIDFKLJ(G�CQE(GIJeMAZ
VUH�MASUKLSUDFY^DNJ�DNG�EI�LMPO0G�ZfMAH2G�KAj�a J(GIH�T<DFOUKAY0E(odTgS)MPY0DFO J�a0G'YFKAO�hPR�KLhAGA�%v$KAj�a H�GIV�H�G�E�G�O_J�E%J�a�G	jkMPO�C�DNJ�DNMPOUKAY
VUH�MASUKLSUDFY^DNJ|o MAZ?J�a0GeVUKLH�J�DFjIRUYFKLH�G?.uVUKAO�E�DNMPO�hPDN{AG�O�J�a�KLJ%J�a0G�jkMAH�H�G�E(V)MPO�C�DFO0h�J(GIH�T<DFOUKAYdE�odTgS)MPYpMujIjIR0H�E
D^T<T�G�C�DFKLJ(G�YFo<V�H�GI{uDNMPR�E:J(M�J�a0GbE�R�SUE(G�cdR0G�O�jkG C0GIH�DN{AG�C ZfH�MPT J�a0GbO0MPOpJ(GIH�T<D^O�KAYXE�odTgS)MPY)MPOWJ�a0G YNGIZ�J��
aUKAO�C E�D^C0GA� � MAH�DFO�E(J�KAOUjkGA�`KwC�H�DN{AGIH�jkMPOpJ(G�O_J J(M�E�J�K�o DFO DFJ�EbjIR0H�H�G�OpJ�YFKAO�G DFO.J�a0G V�H�GI{uDNMPR�E J�DFT<G
V)GIH�DFMdC D^EbT�MAH�G YFDN�AG�YNo�J(M�S)G E�M KLhPKADFO DFO.J�a0G O0G?.dJgJ�DFT�G<V)GIH�DFMdC�� y	a0GIH�GIZfMAH�GA� �:G}T<K o �'DFE�a.J(M
jkMPOUC�DNJ�DNMPO�J�a0G�VUH�MASUKLSUDFY^DNJ|obMAZ?J�a0G�V�H�MdC�RUjkJ�DNMPO4��� � � � � 	 � 
 � ��� � � �eMPO<J�a0G�GI{AG�O_J$J�a�KLJ2J�a0G�V�H�GI{dDNMPRUE
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N 4,1,1

P 2,1,3

N 2,1,3

N 1,1,1

P 2,2,1

N 2,2,1

N 2,3,1

P 2,3,1

P 3,2,1

N 3,2,1

P 3,1,3

N 3,1,3

P 3,1,2

N 3,1,2

N 3,1,1N 2,1,1

P 2,1,2

N 2,1,2

N 4,1,3

P 4,1,3

N 4,1,2

P 4,1,2
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KAjkJ�DFMPO j�a�MPE(G�O
�eKAE
	 � 
 �d�
B'hPKAD^O��_MPR0H ��ZfR�OUjkJ�DNMPO<H�G�cdR�DNH�G�E2KAO}KACUC�DNJ�DNMPO�KAY�VUKLH�KAT�GIJ(GIH��0KAO�C ��G O0GIG�C K�T�MuC�D]\XG�C�{AGIH�E�DNMPO

MAZ$J�a0GgC0ouO�KAT<D^j V�H�MAhAH�KAT T<DFO0h KAYFhAMAH�DNJ�a�T J(M jkMPT�VXR0J(GgDNJ�E�{LKAYFR0G�EI�	��M �:GI{AGIH���J�a0G O0GIJ �:MAH��whAG�O �
GIH
KLJ�DNMPO KAYFhAMAH�DNJ�a�T�O�GIG�C�EbJ(M�DFO_J(H�MdC�RUjkG�MPO�YNo�MPO0G}KAC�CUDNJ�DNMPO�KAY%YFD^O0� ZfH�MPT 	 A F+F ZfMAH�G�KAj�a � � A � F � C��
O�MdC0GA�:y	a0GbC�KAE�a0G�CwKLH�H�M �'E	DFOwJ�a0G�E�R0SXO0GIJ �:MAH�� MAZ � DNh0� ;0� 3 H�G"�UG�jkJ'J�a0G�KAC�C�DFJ�DNMPO�KAY)C0GIV)G�O�C0G�O�jIDFG�E
D^O_J(H�MuC�R�jkG�C Sdo}J�aUDFEejkMPO_J(G?.uJ'E(G�O�E�DNJ�DN{uDNJ|oA�0R�E�D^O0hgJ�a�G O�GIJ �:MAH��}G?.0KAT�VUYFGlZfH�MPT � DNh0� 8d� �A� �:y	a0G � F C��
O�MdC0G�EnKLH�GeKlE(V)G�jIDFKAYpjIKAE�GA� �'DNJ�a O0M�VUH�G�jkG�C�DFO0h�J(GIH�T<DFOUKAY � E�M�J�a0GeE(J(GIVUE`ZfH�MPT J�a0G�MAH
DNhPDFO�KAYpKAYNhAMAH�DNJ�a�T
KLH�G�E�R �}jIDFG�O_JI�

�.G jIKAO G?.uJ(G�O�C J�aUDFEQjkMPO�C�DNJ�DFMPO�DFO0h J(M�jkM {AGIH�V�H�G�jkG�CUDFO0h J(GIH�T<D^O�KAY
�����BG�� � � � �

H�KLJ�a0GIHwJ�a�KAO
D^O�C�DN{uDFC�R�KAY$E(odTgS)MPYFEI� � MAH<DFOUE(J�KAO�jkGA� �'a�G�O MPOUYNo.J�a0H�GIGQYFKAO0G�E�KLH�GQK { KADFY^KLSUYNGA� �:GQjIKAO V�H�GI{AG�OpJ�K
C�H�DN{AGIH ZfH�MPT V?GIH�Z�MAH�T DFO0h.J�a0H�GIG�jkMPO�E(G�jIR0J�DF{AG�YNGIZfJ YFKAO�G�j�aUKAO0hAG�E Sdo8E(GIJ(J�DFO�h J�a0G�V�H�MASUKLSUD^YFDNJ|o MAZ
J�a�G V�H�MuC�R�jkJ�DFMPO ��� � � � � � � �&� ��� � � ��J(M�S)G<�IGIH�M ��a0G�O.J�a0G<VUH�G�jkG�C�DFO0hQJ(GIH
T<DFO�KAY2E�G�cpR0G�OUjkG DFE J ��M
jkMPOUE(G�jIR0J�DN{AG � � � � EI� 2 O}hAG�O0GIH�KAY �uG�KAj�awV�H�MuC�R�jkJ�DNMPO}jkMPR�YFC a�K�{AGbKAOWKAE�E(MujIDFKLJ(G�CWE(GIJeMAZ�VUH�MASUKLSUDFY^DNJ�DNG�EI�
MPO�G�ZfMAHWG�KAj�a�V)MPE�E�DFSUYNGwJ(GIH�T DFO�KAY'E�G�cpR0G�OUjkG�MAZgYNG�O0hAJ�a S)MPR�O�C0G�C�Spo�E�MPT�G�VXKLH�KAT�GIJ(GIH�����y	a�G
��Z[R�O�jkJ�DNMPO O�M � H�G�cpRUDNH�G�EbKAO KAC�C�DNJ�DNMPOUKAYnVUKLH�KAT�GIJ(GIH�E(V)G�jIDNZfodDFO�hQJ�a0G<V�H�G�jkG�CUDFO0h E(G�cdR0G�O�jkGA�Qy	a�G
O�GIJ �:MAH��bhAG�O0GIH�KLJ�DFMPOgKAYNhAMAH
DNJ�a�T<E�TgR�E�J�J�a0G�OgKAC�C�YFD^O0�dE�J(M � A C�� ZfH�MPT6O0MuC0G�E 	 � A E � � F+F �N���I��� 	 � A EGF � F+F �
DFZ %�� ���dMAH$ZfH�MPT 	 F+F+F �N���I� � 	 � A EGF � F+F �uDNZ % � ���2y	a0G'jkMPOUC�DNJ�DNMPO�KAY�V�H�MASUKLSUD^YFDNJ|ogJ�KLSUYNG�E$J�a0G�O}E�V?G�jIDFZ�o
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J�a�G}V�H�MASUKLSUDFYFDFJ|o�MAZ	K VUKLH�J�DFjIR�YFKLHgG?.dVUKAOUE�DNMPO hPDF{AG�O J�a0GWE(ouT�S)MPY$MPO J�a0GWYNGIZfJ��|a�KAO�C E�DFC0G KAOUC J�a0G
VUH�G�jkG�C�DFO0h�J(GIH
T<DFO�KAY�E(G�cdR0G�O�jkGA�

y	a0G�E(G�E�R�hAhAG�E(J(G�C�G?.dJ(G�OUE�DNMPO�E%KLH�G	T<GIH�G�YNobVUKLJ�j
a �:MAH���T�MuC�D]\XjIKLJ�DFMPO�EI�AKAC�C0H�G�E�E�DFO0h�{AGIH�o E�V?G�jIDN\Xj
ZfMAH�T<E	MAZ`jkMPOpJ(G?.dJlE(G�O�E�DFJ�DN{dDFJ|oA� 2 OwhAG�O0GIH�KAY �0J�a0G �eK oAG�E�DFKAO O�GIJ �:MAH��dE�jIR0H�H�G�OpJ�YNo}hAG�O0GIH�KLJ(G�C jkMPOpJ�KADFO
K.E�GIJ MAZ�H�KAO�C0MPT {LKLH�DFKLSUYFG�EgE�R!�}jIDNG�OpJgZfMAH�G?.dVUH�G�E�E�DFO�h�KLH�SUDFJ(H�KLH�o VUKLH
E(G}J(H�GIGQGI{AG�O_J�EI�:E(M ��GQjIKAO
D^O_J(H�MuC�R�jkG jkMPOpJ(G?.dJ'E�G�O�E�DNJ�DN{uDNJ4o<Spo}KAC�C�DFO0h J�a0G KLV�V�H�MAV�H�DFKLJ(G YFDFO0�uE�J(M�J�a0G V�H�MuC�R�jkJ�DNMPO O0MuC0G�E:Z�H�MPT
J�a�G GI{AG�O_J�E�MPO ��a�DFj�a �:G �'DFE�a}J(M<jkMPO�C�DFJ�DNMPO G?.dVUKAOUE�DNMPO V�H�MASUKLSXDFYFDNJ�DNG�E����.GbjIKAOWJ�adR�E�KAjIjkMPR�OpJ	Z�MAH
J�a�GlC0GIV)G�O�C�G�O�jko�KAT�MPO0h�KgC�H�DN{AGIH � E�j�a0MPDFjkGlS)GIJ �:GIG�OWVUKAE�E�D^O0hbMPO}J�a0GlYFGIZ�J:MAH�H
DNhPa_J�Spo}DFO_J(H�MdC�RUjIDFO0h
Y^DFO0�uEbS)GIJ �:GIG�O J�a�G}V�H�MdC�RUjkJ�DNMPO O0MuC0G�EbJ�aUKLJ jkMPR�Y^C V)MAJ(G�OpJ�DFKAYFYNo�H�GIV�H�G�E�G�O_J J�a0MPE(G j�a0MPDFjkG�E���� O�jkG
�:G�a�K {AG�J�a0GgjkMAH�H�G�jkJ'O0GIJ ��MAH��X� ��G�jIKAO�R�E(GbKAOpoWMAZ�J�a0GgcpR0GIH�o KAYNhAMAH
DNJ�a�T<EeZfH�MPT tdG�jkJ�DFMPO�8d� 3 �<;}J(M
VUH�MdCUR�jkG J�a0GbjkMAH�H�G�E�V?MPOUC�DFO0h�jkMPO�C�DFJ�DNMPO�KAY?V�H�MASUKLSXDFYFDNJ4oA�
2 O T<KAOpo jIKAE�G�EI� �:GwT<K�o��'DFE�a J(M KAjIjkMPR�OpJ�Z�MAH�G?.uJ(GIH�O�KAY�D^O��XR0G�O�jkG�E��2E�R�j�a KAE�G?.uVUYFD^jIDNJgjkMPO �

J(G?.uJ�H�GIV�H�G�E(G�O_J�KLJ�DFMPO D^O}O�KLJ�R�H�KAYXY^KAO0hPR�KLhAG V�H�MASUYFG�T<E2MAH	DFO �XR0G�O�jkG�E$MAZ�J�a0G jIR0H�H�G�OpJ ��MAH�Y^C}E(J�KLJ(GbD^O
VXYFKAO�O�DFO�h0� � MAHlDFO�E(J�KAOUjkGA�uDFZ �:GbKLH�G V�H�MujkG�E�E�DFO0h�T R�YNJ�DNVXYNG�E(G�OpJ(G�O�jkG�EI� ��GbT<K o �eKAOpJ�J(M C0H�K � YFDFO0�uE
ZfH�MPT J�a0G�E(ouT�S)MPY`O0MdC�G�E'MAZ�MPO0G E�G�O_J(G�O�jkG�J(MWJ�a0G�V�H�MuC�R�jkJ�DFMPO O0MuC0G�E�MAZ$KAO0MAJ�a0GIH��)J(MWH�G"�UG�jkJ J�a0G��
T KLJ�DFj�jkMPO�O�G�jkJ�DNMPO�EI� 2 O J�a0GbJ(H�K �}jbG?.uKAT�VXYNGA� �:G�jIKAO D^O_J(H�MuC�R�jkG H
KAO�C0MPT {LKLH�DFKLSUYFG�E�H�GIV�H�G�E�G�O_J�DFO�h
J�a�G V)MPE�DNJ�DNMPOUEbKAO�C E�V?GIG�CUEbMAZ�MAJ�a0GIH�jIKLH�E KAYNMPO0h J�a�G}a�DNhPa"�eK�o.KAO�C C0H�K � YFDFO0�uE ZfH�MPT J�a�G�E(G}O0G �
{LKLH�DFKLSXYNG�E	J(M J�a0G�VUH�MdCUR�jkJ�DNMPOwO0MuC0G�E�H�GIV�H�G�E�G�O_J�DFO�h<J�a0G�MASXE(GIH�{AG�C C0H�DN{AGIH � E�VUYFKAO�j�a0MPDFjkG�E���BlE�YNMPO�h
KAE:MPR0H:O0GIJ �:MAH�� jIKAO DFO�jIY^R�C0G�H�KAO�C�MPT {LKLH�DFKLSUYNG�E$J(M�H�GIVUH�G�E(G�OpJ$J�a0G�G?.dJ(GIH�OUKAYXjkMPOpJ(G?.dJI�0J�a�G�O �:G�jIKAO
H�GIV�H�G�E(G�OpJeJ�a0G C0GIV)G�O�C0G�O�jko�Sdo KAC�C�D^O0hgYFD^O0�dE�ZfH�MPT J�a0GljkMAH�H�G�E(V)MPO�C�DFO�hgO0MuC0G�E�J(M�J�a0GlKLVUV�H�MAV�H�D^KLJ(G
VUH�MdCUR�jkJ�DNMPOQO0MuC0G�E'KAOUCwKAYNJ(GIH�DFO�h�J�a0G�jkMPO�C�DFJ�DNMPO�KAY)V�H�MASXKLSUDFYFDNJ4o J�KLSUYFG�E�J(M H�G"�XG�jkJ'J�a0GbG"!)G�jkJ'MAZnJ�a0G
jkMPOpJ(G?.uJI�

� � � � � �<
��<�%�:�)
��� ��6�?��� ��#������	�����:��
��%�	� � � ��#$�

r MPOpJ(G?.dJ2E(G�OUE�DNJ�DN{uDNJ�DNG�E�G?.dV�H�G�E�E(G�C�KAE%DFO�jkH�G�T�G�O_J�KAYuj
a�KAO0hAG�E%J(M J�a0G�O0GIJ ��MAH�� C0GIV)G�O�C�G�O�jkobE(J(H�R�j �
J�R�H�G<H�GIV�H�G�E(G�O_J MPOUYNo�KwYFMdjIKAY%H�G�YFK
.uKLJ�DFMPO.MAZ�J�a�G jkMPO�C�DNJ�DFMPO�KAYnDFO�C0GIV)G�O�C0G�OUjkG KAE�E�R�T�V�J�DNMPOUE MAZ�J�a0G
m r � � T�MuC0G�Y �W~ MAH�G hPYNMASUKAY�T�MuC0G�YFE MAZ	jkMPOpJ(G?.dJ�E(G�O�E�DNJ�DN{uDNJ|o �'DFYFYnH�G�cpR�DFH�G<KwH�KACUDFjIKAYFYNo C�D !)GIH�G�OpJ
hAH
KAT<T<KLJ�DFjIKAYpZ�MAH
T6KAO�C VUH�MASUKLSUDFY^DFE(J�DFj`DFOpJ(GIH�V�H�GIJ�KLJ�DNMPO�Z�H
KAT�G ��MAH��X�`�'M ��GI{AGIH��_J�a0G2ZfG � DFO�jkH�G�T�G�O_J�KAY
j
a�KAO0hAG�E KAYNH�G�KAC0o C�DFE�jIR�E�E(G�C�E�R0hAhAG�E(J K �'DFC0Gg{ KLH�DFGIJ|owMAZ2V)MPE�E�DNSUYNG�O�G � hAH�KAT T<KLJ�DFjIKAY`Z�MAH
T<KAYFDFE�T EI�
G�KAj
a ��DNJ�aQC�D !)GIH�G�OpJ	C0GIhAH�GIG�E	MAZ`G?.uV�H�G�E�E�DF{AG V?M ��GIHlKAO�CwDFO�Z�GIH�G�OpJ�DFKAY)jkMPT�VUYFG?.uDNJ4oA�
2 hPO�MAH�DFO0h J�a0G	E(J(Muj�aUKAE(J�DFj	jkMPT�V)MPO0G�OpJ%MAZ?J�a0G'T�MuC0G�YdZ�MAH$J�a0G	T�MPT�G�OpJI� ��� ��� � � ���

� � � �
��� � � � hAH�KAT �

T KLH�E qsr t�� E x!� ��� �0jIKAO a�KAO�C�YNG:T<KAOpo�MAZUJ�a�G	C0GIV)G�O�C0G�O�jIDNG�E�V�H�G�E�G�O_J%DFOgVUYFKAO H�G�jkMAhPO�DFJ�DNMPO�C0MPT<KADFO�E��
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2 O K r t � � GI{AGIH�ogV�H�MuC�R�jkJ�DNMPO�a�KAEnKAOgKAE�E�MdjIDFKLJ(G�C�jkMPOpJ(G?.dJ%H�GIV�H�G�E(G�OpJ�DFO0h'KAO�DFOpJ(GIH�T�G�CUDFKLJ(G�E(G�cdR0G�O�jkG
MAZ%E(ouTgS?MPY^E�J�aUKLJ'TgRUE(J�S)GlVUH�G�E(G�OpJ	Z�MAH�J�a�G�E(V)G�jID]\UG�C G?.uVUKAO�E�DNMPOWJ(M S?G V)MPE�E�DFSUYNGA�n~ MAH�G�V�H�G�jIDFE(G�YFoA�
VUH�MdCUR�jkJ�DNMPO�E$J�KL�AGlJ�a�G�ZfMAH�T � H � ��� � � H ��� ���2� �'DNJ�a ��� � q 	 � �	x � ��tuR�j
a}KgV�H�MuC�R�jkJ�DFMPO<E(J�KLJ(G�E
J�aUKLJ �:GgjIKAOwG?.uVUKAO�CwJ�a0GgE(ouTgS?MPY � DFOpJ(M<J�a0GgE(G�cpR�G�O�jkG ��� KLJ�KAOpoWV)MPDFO_J �'a0G�O � MdjIjIR�H�E �'DFJ�a
J�a�G�E(J(H�D^O0h � H D^T<T�G�C�DFKLJ(G�YFogJ(M DNJ�E$YNGIZfJ$KAO�C ��� D^T<T�G�C�DFKLJ(G�YFogJ(M DNJ�E2H�DFhPa_JI�%~�KAO_o�MAZ)J�a0GlE�R0hAhAG�E(J(G�C
T<MdC0G�Y:G?.uJ(G�O�E�DNMPOUE�\XJ {AGIH�o G�KAE�DFYFo DFOpJ(M�J�aUDFE V�H�MuC�R�jkJ�DNMPO Z�MAH�T KLJI� � MAH<DFOUE(J�KAO�jkGA�$K�V�H�MuC�R�jkJ�DFMPO
MAZ'J�a0G ZfMAH�T 	 � 
 � ��� � � � � 	 � 
 � 	 � 
 � ��� � � � ��MPR�Y^C H�GIV�H�G�E(G�O_J KAO MASXE(GIH�{AG�C jIKLH � E�E(J�K�ouDFO0h�DFO J�a0G
jIR�H�H�G�OpJgYFKAO0G}jkMPO�C�DNJ�DNMPO�G�C.MPO J�a�G<ZfKAjkJ J�a�KLJ DNJ�E(J�K oAG�C D^O.J�a�KLJgY^KAO0G}C�R�H�DFO0hWJ�a0G}V�H�GI{uDNMPR�E J�DFT<G
V)GIH�DFMdC��

y	a0G�hAG�O0GIH
KAYFDNJ|o�MAZ�jkMPOpJ(G?.dJ��|E(G�OUE�DNJ�DN{AGlV�H�MuC�R�jkJ�DNMPOUE%jkMPT�VUYFDFjIKLJ(G�E$V)MPE�E�DNSUYFG�V�H�MASUKLSUDFYFD^E(J�DFj�G?.dJ(G�O �
E�DNMPO�EI� 2 O�J�a0G�m r � �6T�MuC0G�Y � �:G�jkMPR�Y^C�{dDFH�J�R�KAYFYNoghPR�KLH�KAOpJ(GIGlKgjkMPa0GIH�G�OpJ$V�H�MASUKLSUDFYFDFJ|ogCUDFE(J(H�DNSXR0J�DNMPO
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MAZ O0MPOpJ(GIH�T<D^O�KAYeE(odTgS)MPYFEI� ~ MuC0G�YFD^O0h V�H�MASUYNG�T C0MPT KADFO�E�DFE�T R�j�a�T�MAH�GwC�D � jIR�YNJ�DFO J�a�DFE 
(MPDFOpJ
E�VUKAjkGA�%~ MAH�G$MPT<DFO0MPR�E�YNoA� J�a0G�jkMPT�VUYNG?.0DNJ|o MAZ0DFO0ZfGIH�G�O�jkG$hAH�M �'E�G?.dV)MPO0G�OpJ�DFKAYFYFo �'DNJ�abG�KAj�a�KAC�C�DNJ�DFMPO�KAY
ZfG�KLJ�R0H�G�MAZnKAO KLhAG�O_J�� ElT�G�OpJ�KAY�E(J�KLJ(GA�
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B�E KAO KAYNJ(GIH�O�KLJ�DF{AGA� ��GWjIKAO jkH�G�KLJ(GQKAO G?.uVUYFD^jIDNJ�T�MuC0G�Y2MAZ'J�a0G KLhAG�OpJ�� E�T�G�OpJ�KAYeE(J�KLJ(GWSpo DFO!�
J(H�MdC�RUjIDFO0hgK E(GIVUKLH
KLJ(GlH
KAO�C0MPT�{ KLH�D^KLSUYNG ��DNJ�a}Y^DFT<DNJ(G�C<D^O_J(GIH�KAjkJ�DFMPO�E �'DNJ�a}J�a0GlRUO�C0GIH�YNouDFO0hbm r � � �
y'a0G'H�G�E�R�YNJ�DFO0h 
 �
� � � � � � � �

� � � �
� � � � �	� � 
 � �
� � ��� � � � -%- � � q m:t i �bx�DFE�E(J�DFYFYUjIKLVUKLSUYNGlMAZ�H�GIV�H�G�E�G�O_J�DFO�h

J�a�G�C0GIV)G�O�C0G�OUjko�MAZ)VUYFKAO<j
a0MPDFjkG�E�MPO<T�G�OpJ�KAYUE(J�KLJ(GA�0KAE ��G�YFYUKAE2J�a�KLJ�MAZ?J�a�G	G"!?G�jkJ�E�MPO jkMPOpJ(G?.uJ:KAO�C
VXYFKAOwj�a�MPDFjkG�EI���'aUDFYNG E(J�DFYFY�DFT<V?MPE�DFO0h�G�O�MPR0hPa E(J(H
R�jkJ�R0H�G J(M E�DFT�VUYFDFZ�o<DFO�Z�GIH�G�OUjkG KAOUCwC0MPT<KADFOQE�V?G�jID �
\?jIKLJ�DNMPO���tdG�jkJ�DNMPO�4d� � C0Gk\?O0G�E$J�a�GljkMPT�V)MPO0G�OpJ�EeMAZ�K�m:t i � KAO�C J�a0G DFO�C�GIV?G�OUC0G�O�jkG'KAE�E�R�T�V�J�DNMPOUE
O�GIG�C0G�CwJ(M jkMPa�GIH�G�O_J�YFo C0Gk\?O0GbK�V�H�MASXKLSUDFYFDNJ4o C�DFE�J(H�DNSUR0J�DFMPO<M {AGIH DNJ�E	Y^KAO0hPR�KLhAGA�

��� � � � #2�2
��<�%�:��
��� "��� � � � � � �	 �& ����&'# � ����#$�

B V�H�MASUKLSUD^YFDFE(J�DFjlE(J�KLJ(G��|C0GIV)G�O�C�G�O_JlhAH�KAT<T<KLHlDFE'K J�R0VUYNG � � '
	�' 1 '�� '
� '�� 	 '�� F � � ��a0GIH�G � � 	 �
KAOUC 1 KLH�G J�a0GWE�KAT�GWKAE D^O K�m r � ��� � � DFE K J�D^T�G��|DFO�C0G?.uG�C H
KAO�C0MPT�{ KLH�D^KLSUYNG<H�GIVUH�G�E(G�OpJ�DFO0h�K
E�J�KLJ(G<E(VUKAjkG q S?GIoAMPOUC�J�a�GghAH�KAT T<KLJ�DFjIKAYnE(ouT�S)MPYFE
x �'DNJ�a�C0MPT<KADFO � �)KAO�C � 	 KAO�C � F E(V)G�jIDNZ�oWJ�a0G
VUH�MASUKLSUDFY^DNJ|o C�DFE(J(H�DFSUR0J�DNMPOghAM {AGIH�OUDFO0hbJ�a0G�VUH�MdjkG�E�E2J�a�KLJ2hAG�O�GIH�KLJ(G�E$J�a�G'E(J�KLJ(G�EI�2y	a�G�V�H�MuC�R�jkJ�DNMPO�E �
J�KL�AG J�a�G E�KAT�G Z�MAH�T KAEeDFO K�m r � ��� � � � q�� x
�uG?.0jkGIV�JeJ�a�KLJ�O0M ��� � DFEeK Z[R�O�jkJ�DNMPO}MAZ�J�a0G E(J�KLJ(GA�
� � � = ' � �s�Wv�KAj�a E�R�j�a V�H�MuC�R�jkJ�DNMPO.E(J�KLJ(G�EgJ�a�KLJbJ�a�G jkMPO�C�DNJ�DFMPO�KAYnV�H�MASUKLSXDFYFDNJ4owMAZeG?.dVUKAOUC�DFO0h��
D^O_J(M�J�a0GWE(G�cpR�G�O�jkG �u�%hPDN{AG�O J�a�KLJ J�a0GWjIR0H�H�G�OpJgE�J�KLJ(G � � ��� �2DFEgm$H q�� x
��y	a�G}H�G�YFGI{ KAOpJ jIR�H�H�G�OpJ
E�J�KLJ(G J(M jkMPO�E�D^C0GIH �'a0G�O G?.dVXKAO�C�DFO0h�K E(ouT�S)MPY �'a0MPE(G}J(GIH�T<DFO�KAY$E�R0SUE(J(H
DFO0hwE(J�KLH�J�E DFO V?MPE�DNJ�DNMPO %
MAZ:J�a0G�M {AGIH
KAYFYnJ(GIH�T<DFOUKAY�E(J(H
DFO0h q DFO�C0G?. {LKAYFR0G % KAE C0Gk\?O0G�C DFO tuG�jkJ�DNMPO�8d� � � 3 x DFE � A EGF � � MAH G�KAj�a
O�MPO_J(GIH�T DFO�KAY2E(ouTgS?MPY � � 	 �njkMPO�E�DFC0GIHgKAYFY%H�R�YFG�E MAZeJ�a0G ZfMAH�T � � � � q�� ��x
�W�.G H�G�cdR�DNH�G�J�a�KLJ
� � � � q�� x � � Z�MAH�KAYFY)V)MPDFO_J�E � ��� �

y	a0GlZfRUO�jkJ�DNMPO � 	 E(V)G�jID]\UG�E:J�a0G C�D^E(J(H�DNSUR�J�DNMPO<M {AGIH	J�a0GbDFO�DFJ�DFKAY�{LKAYFR0G�EeMAZ�J�a0GbE(J�KLJ(G {LKLH�DFKLSUYNG � �
Ds� GA�'m2H q	� 	 �
� x ��� 	 q�� x
�ly	a0GbZ[R�O�jkJ�DFMPO � F E(V)G�jID]\UG�E�J�a�G C�D^E(J(H�DNSUR�J�DNMPO M {AGIHbE�R0SXE(G�cpR�G�O_J	{LKAYFR0G�E
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= x ��� � � � � 	 � 
 � q�� 	 q�� x � B�B�B x
� x ��� � � � � � � � � � � F q�� x ��� = DFZ � 
���� q�� x � � � �&� -(� 
����

� � � �
3 x ��� � � � � % � &('�� q�� � q�� x(x
8Px ��� � � � � * 
�� � q�� � q�� x(x
;px ��� � � � � +�, � � q�� � q�� x(x
4Px * 
�� � � � � � � % � &('�� q�� � q�� x(x
6Px * 
�� � � % � &('�� � � � � q��  q�� x(x

% ����� �	� � � � � � , " ��� �	�����	�	� ����� � ������������� � ��! �'��� �'��� � �	��� � ����!"����� �

MAZ � � y	a0G�{LKAYFR0G MAZ � � DFE jkMPOUC�DNJ�DNMPO�KAY^YNoQDFO�C0GIV)G�O�C0G�OpJ'MAZ:VUKAE(J {LKAYFR0G�E MAZ � hPDN{AG�O J�a0G�{LKAYFR0G MAZ
� � EGF'KAO�CQJ�a0G�J(GIH�T<DFO�KAY�E�odTgS)MPY�j�a0MPE(G�O�DFOWJ�a0GbDFOpJ(GIH�{LKAY�S)GIJ �:GIG�O 2 � � KAO�C 2 �

m2H q	� � � � � J � 	 � � 	 ' � � � '��
� EGF � � � EGF '
	 � F+F � � x � m2H q	� � � � � J �

� EGF � � � EGF '
	 � F+F � � x
� � F q�� � EGF ' � '�� �4x

y'a�DFE%~�KLH��AM {�V�H�MAV)GIH�J4o�MAZ?J�a0G	E(J�KLJ(G�{ KLH�D^KLSUYNG�EnKAYFYNM �'E%R�E%J(MbDNhPO�MAH�G	E(J�KLJ(G	{LKAYFR0G�EnS)GIZfMAH�G�J�DFT�G 2 � �
��a0G�OQjkMPT�VUR0J�D^O0h�J�a0GbV�H�MASXKLSUDFYFDNJ4o<C�DFE(J(H
DNSUR0J�DNMPO M {AGIH � � �0MPO�jkG �:Gba�K {AGbMASUE(GIH�{AG�C � � EGF'KAO�CWJ�a0G
J(GIH
T<DFO�KAY%E(ouTgS?MPY%KLJgV)MPE�DNJ�DNMPO 2 �<y	a0G�{LKAYFR0G�MAZeJ�a0G<E(J�KLJ(G KLJbJ�DFT�G 2 DFEbKAYFE�MwDFO�C0GIV)G�O�C0G�OpJlMAZeKAY^Y
E�odTgS)MPYFE$DFO J�a0G'VXKLH�E(G'J(H�GIG �'DFJ�a % 0 2 q MAJ�a�GIH:J�aUKAO 	 � F+F x
� �'a0G�O �:G'�uO0M ��J�a0Gl{LKAYFR0G	MAZ�J�a�G�E(J�KLJ(G
KAOUCQJ(GIH�T<DFOUKAY�E(odTgS)MPY�KLJ	J�DFT�G 2 �

�.G<jIKAO�MAZ�J(G�O E�DFT�VUYFDFZ�o J�a0G�C0Gk\XO�DFJ�DNMPOwMAZ�J�a0G�V�H�MuC�R�jkJ�DNMPO V�H�MASUKLSUD^YFDNJ|oQZ[R�O�jkJ�DFMPO�E � KAO�C�J�a0G
E�J�KLJ(G C�DFE(J(H
DNSUR0J�DNMPO ZfRUO�jkJ�DNMPO�E � 	 KAO�C � F Sdo {uDNG �'D^O0h}J�a�G�E�J�KLJ(G KAE KQjkMPO 
�R�O�jkJ�DNMPO MAZ:E(MPT�G �'a�KLJ
MAH�J�a0MAhAMPO�KAY)ZfG�KLJ�R0H�G�EeH�GIV�H�G�E(G�O_J�D^O0h D^O_{uDFC�R�KAYUKAE(V)G�jkJ�EeMAZ�J�a0G G�O_{uDNH�MPOUT�G�O_JI�0KAE �:G�YFY)KAE�J�a�G KLhAG�OpJ�� E
S)G�YFDFGIZfEI��VUH�GIZ�GIH�G�O�jkG�EI��KAO�C jIKLVUKLSUDFYFDFJ�DNG�EI��y	apRUEI��V�H�MuC�R�jkJ�DNMPO�V�H�MASUKLSUDFYFDFJ�DNG�E�KLH�G�ZfR�OUjkJ�DNMPO�E MAZ:MPO�YNo
J�a�MPE(GQZ�G�KLJ�R�H�G�E J�a�KLJ�DFO��XR0G�OUjkG J�a0GQj�a�MPDFjkGQDFO G?.dVUKAOUC�DFO0h�K�VXKLH�J�DFjIR�YFKLH E(ouT�S)MPY �.��DF�AG �'DFE(GA�%J�a0G
CUDFE(J(H�DNSXR0J�DNMPO<M {AGIH�K�VUKLH�J�DFjIR�YFKLHeZfG�KLJ�R0H�GbjIKAOwC0GIV)G�O�C MPOQMAJ�a�GIH	jkGIH�J�KADFOQZfG�KLJ�R0H�G�EI�!��DNJ�a0MPR0J�a�K {dDFO�h
J(M C0GIV)G�O�C MPO8KAYFY � ~�MPE(J<MAZ J�a�DFE�j
a�KLV�J(GIH<H�GIZ�GIH�E<J(M J�a0G E(J�KLJ(G�KAE K.E�DFO�hPYNGW{ KLH�D^KLSUYNGWZ�MAH}DFO_J(G�Y �
Y^DNhPDNSUDFY^DNJ|oA�2SXR0J�J�a0G KAYNhAMAH
DNJ�a�T<E�ZfMAH O0GIJ ��MAH�� hAG�O0GIH�KLJ�DNMPO�KAO�C8DFO0ZfGIH�G�O�jkGQG?.uVUYNMPDFJ�ZfKAjkJ(MAH�G�C E(J�KLJ(G
H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�E�KAE ��G�Y^Y �

B�E�KAObDFYFYFRUE(J(H�KLJ�DNMPOlMAZdJ�a0G$DFOpJ(GIH�KAjkJ�DNMPO S)GIJ ��GIG�O�J�a0G2hAH�KAT<T KLH�KAO�C J�a0G2E�J�KLJ(G${LKLH�DFKLSUYNGA� jkMPO�E�DFC�GIH
J�a�G	m:t i ��MAZ � DNhPR�H�G 4d� � �pV�H�G�E(G�OpJ�DFO0hlJ�a0G�E(GIJ%MAZXV�H�MuC�R�jkJ�DNMPO�E�ZfH�MPT�K E�DFT�VUY^D]\UG�CbT�MuC0G�YdMAZXC�H�DN{uDFO0h
VXYFKAO�EI�wy	a�G}E(J�KLH�J E(ouT�S)MPY � ��� � � �L�nH�GIV�H�G�E�G�O_J�E K E�D^O0hPYNG C0G�jID^E�DNMPO �|T<KL�uDFO0hQGIVXDFE(MuC0G<ZfH�MPT�C�H�DN{uDFO0h
KAYFMPO0h.K J�a0H�GIG��|YFKAO0GQa�DNhPa"�:K oA�.y	a0G J(GIH�T<DFO�KAY:E(ouT�S)MPYFE�� 	 � 
 �d� � � � � � % � &('�� �2KAO�C +�, � � �%H�GIV�H�G�E(G�O_J
KAjkJ�DFMPO�E �'DFJ�a J�a0G%MASd{dDNMPRUE�G"!?G�jkJ�E�MPObJ�a�G2C0H�DN{uDFO0heYFKAO0GA�`y	a0G$DFOpJ(GIH�T�G�CUDFKLJ(G2E(ouT�S)MPY * 
�� ��H�GIV�H�G�E(G�O_J�E
J�a�G C�H�DN{AGIH � E�KLSUDFYFDNJ4o�J(MgVXKAE�EeKAO0MAJ�a0GIH�jIKLHeSpo�\XH�E(J�j
a�KAO0hPDFO�hgM {AGIH�J(MgJ�a0G O0G?.uJeYFKAO0G q J(M�G�DNJ�a�GIH�J�a0G
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YFGIZ�J	MAH'H�DNhPapJ
x:KAO�CQJ�a0G�OQH�GIJ�R0H�O�DFO�h J(M J�a0G MAH�DNhPDFOUKAY�YFKAO0G MPO�jkGbS)GIoAMPO�CWJ�a�G�jIKLH'S)G�DFO0h�VUKAE�E(G�C��
� DNhPR0H�G 4d� � VXKLH�J�DFKAYFYNo E(V)G�jID]\UG�EnJ�a0G�VUH�MdCUR�jkJ�DNMPO�V�H�MASXKLSUDFYFDNJ4obZ[R�O�jkJ�DNMPO�EnSXKAE(G�C�MPO<KbE�J�KLJ(G�E(VUKAjkG

� H�GIV�H�G�E�G�O_J�DFO�h KAY^Y V?MPE�E�DNSUYNG�jkMPT�SXDFO�KLJ�DNMPO�EWMAZ J�a0G.V)MPE�DNJ�DFMPO�EWKAO�C E(V)GIG�C�E MAZ KAY^Y jIKLH�E �'DNJ�aUDFO
J�a�GQMASUE(GIH�{AG�C8C�H�DN{AGIH � E {uDNG �b��KAE ��G�YFYeKAE�J�a�GwE(J�KLJ(GwMAZlJ�a0GWMASUE(GIH�{AG�C8C�H�DN{AGIH � E M ��O8jIKLH KAO�C DNJ�E
VUH�GIZ�GIH�G�O�jkG�EI� 2 O.hAG�O�GIH�KAY � ��G O�GIG�C KwE(GIVXKLH�KLJ(G H�GIVUH�G�E(G�OpJ�KLJ�DNMPO MAZ�J�a0G MASUE(GIH�{AG�C KLhAG�O_J�� E S)G�YFDNGIZ[E
KLS)MPR0J J�a0GQE(J�KLJ(GWMAZ'J�a�G �:MAH�YFC J(M.jkMAH�H�G�jkJ�YNo T<MdC0G�Y�J�a0GQC0G�jIDFE�DNMPO V�H�MdjkG�E�E��2DNZ�J�a0G�E(GWS)G�YFDNGIZ[E�jIKAO
C�GI{dDFKLJ(G:ZfH�MPT6J�a�G�H�G�jkMAhPOUDN��DFO0hlKLhAG�O_J�� EnM �'O S?G�Y^DNGIZfE�� DFT�VXYFDFjIDNJ�DFO�J�a0G:T<MdC0G�Y_MAZ�J�a0G ��MAH�Y^CgC0ouO�KAT<D^jIE
KAOUC E�R0SUE�G�cpR0G�OpJlMASUE(GIH�{LKLJ�DNMPO�EI��y�MwE�DFT�VXYFDNZfo J�aUDFE DFYFYFRUE(J(H�KLJ�DNMPO�� �:G<KAE�E�R�T�G�J�a�KLJ J�a�G<C0H�DN{AGIHba�KAE
V)GIH�ZfG�jkJlMASUE(GIH�{LKLJ�DNMPO�EI�?E(M �:G H�GIV�H�G�E(G�OpJ'MPOUYNoQJ�a0G�J(H
R0GgE(J�KLJ(G MAZ2J�a0G ��MAH
YFC KAO�C�J�KL�AG J�a0G KLhAG�OpJ�� E
S)G�YFDFGIZfE'J(M}S)GbG�cdR�DN{LKAYNG�OpJI�'y	a0G�E�J�KLJ(G�KAY^E(M}DFOUjIYFR�C0G�E	D^O0Z�MAH
T<KLJ�DNMPOwKLS)MPR0J�J�a0G KLhAG�OpJ�� E V�H�GIZfGIH�G�O�jkG�E
KLS)MPR0J C0H
DN{dD^O0h}E(V)GIG�C���C�D^E(J�KAO�jkG Z�H�MPT�MAJ�a�GIHbjIKLH�EI��DFOpJ(G�O�C0G�C�G?.0DNJI��GIJ�jL�gv�KAj�a jkMPT�V)MPO0G�OpJ MAZ$J�a0G
E�J�KLJ(Gga�KAE	K jkMAH�H�G�E(V)MPO�C�D^O0h�ZfR�OUjkJ�DNMPOWJ�a�KLJ	H�GIJ�R�H�O�EeJ�a�KLJ'jkMPT<V?MPO�G�O_J�� E'{ KAYFR�G MAZ`K�hPDF{AG�OQV)MPDFO_J	D^O
J�a�G<E(J�KLJ(G E(VUKAjkGA��GA� h0�gJ�a0G�Z[R�O�jkJ�DNMPO � 
���� q�� x�H�GIJ�R0H
O�ElJ�a0G<YFKAO0G�V)MPE�DNJ�DNMPO�MAZ$J�a�G�MASUE(GIH�{AG�C.jIKLH�D^O
E�J�KLJ(G � � �'a0GIJ�a0GIH � � �&� -(� 
�� �L��� � � � � � -(� 
����L��MAH � � &('���-(� 
 � �L� � DNhPR�H�G�4d� 3 DFYFYFRUE(J(H�KLJ(G�E KWV)MPE�E�DNSUYFG�VUKLH�E�G
J(H�GIG�ZfMAH�K VXYFKAO�hAG�O0GIH�KLJ(G�C ZfH�MPT�J�a�D^E$m:t i ���ny'a0G	VUDFjkJ�R�H�G	YFKLS)G�YNG�C � 	 DFO�J�a0G�S?MAJ(J(MPT�YNGIZfJ�jkMAH�O0GIH
MAZ'J�a0G}C�D^KLhAH�KAT�H�GIVUH�G�E(G�OpJ�E�J�a0G DFO�DNJ�D^KAY%E(J�KLJ(GA��y	a�G}E(MPYFD^C.SUYFKAj��.H�G�jkJ�KAO0hPYNGWDFEbJ�a�G}C0H�DF{AGIH �'a0MPE�G
VXYFKAO�O�DFO�hbV�H�MujkG�E�E ��G KLH�G J(H�ouDFO0hgJ(M H�G�jkMAhPO�DN�IGA�2y	a0G��'a�DFJ(G'H�G�jkJ�KAO0hPYFG�E�KLH�G�J�a�GlMAJ�a�GIHejIKLH
E�MPO J�a0G
aUDNhPa �eK�oWJ�a�KLJ'J�a0G�C0H�DF{AGIH�MAZ`DFOpJ(GIH�G�E(J�TgR�E�J	jkMPO�E�DFC0GIH ��a0G�OQVUYFKAOUO�DFO0h0�

y	a0G C0H�DN{AGIH � EgVUYFKAO MAH�DNhPDFOUKLJ(G�E ��DNJ�a J�a0GWE(J�KLH�J�E(ouTgS?MPY ��� � � � KAO�C T R�E(J�j�a�MpMPE(GQKAT�MPO�h�J�a0G
\X{AG'V)MPE�E�DNSXYNG�G?.uVUKAO�E�DNMPO�E2E�a�M �'O}DFO � DNhPR0H�G 4d� � �%�.G jkMPT�VUR�J(G	J�a0G'YFDF�AG�YFDFa0MdMdC MAZ)G�KAj�a}V�H�MuC�R�jkJ�DFMPO
Sdo KLVUVUYNouDFO0hwJ�a0GQjkMAH�H�G�E(V)MPO�C�DFO0h�V�H�MASUKLSXDFYFDNJ4o�Z[R�O�jkJ�DFMPO � ��J(M J�a0GQjIR0H�H�G�OpJ E�J�KLJ(G � 	 �$E�DFOUjkG}J�a0G
E�R0SUE(J(H�D^O0h H�MdMAJ(G�C KLJ ��� � � �}S?GIhPD^O�EgKLJ�J�a0GQE(J�KLH�J MAZ�J�a0G M {AGIH�KAYFYeJ(GIH
T<DFO�KAY:E(G�cdR0G�O�jkG q D � GA�N�2J�a0G %
D^O�C0G?. DFE � x
� 2 O J�a0G�E�KAT�VXYNGgVXKLH�E(G J(H�GIG�MAZ � DNhPR0H�G 4d� 3 ��J�a0G�C0H�DN{AGIH a�KAE E(G�YNG�jkJ(G�C J�a0G V�H�MuC�R�jkJ�DFMPO
�$� � � � � * 
�� �I� ��a0MPE(G�V�H�MASXKLSUDFYFDNJ4o�DFE � � q	� 	 x
� y'a0G<E(ouT�S)MPY * 
�� ��KAYFE(M�a�KAEbKAO % DFO�C0G?.�MAZ � �`E(M
�:G jkMPT�VXR0J(G � � q	� 	 xlKAO�C �  q	� 	 x�J(M C0GIJ(GIH�T<D^O0G�J�a0G�V�H�MASUKLSUD^YFDNJ|o MAZ$VUKAE�E�DFO0hWMPO.J�a0G�YNGIZfJ {AGIH�E�R�E
VXKAE�E�DFO0hWMPO J�a0G�H
DNhPa_JI� 2 O J�a�G G?.0KAT�VUYFGA��J�a0G<C0H�DN{AGIH a�KAE j
a0MPE(G�O.J(MQVXKAE�E MPO.J�a0G�YNGIZfJI��E(MQDNJl\UH�E�J
G?.uG�jIR0J(G�ElK � � �&�eKAjkJ�DNMPO��

y	a�DFElS�H
KAO�j�a.MAZeJ�a0G�VXKLH�E(G�J(H�GIG aUKAE�O0M � H�G�KAj�a�G�C KwYNG�KLZeO0MuC0GA��E(M ��G jIKAO KLV�VUYNo�J�a0G E(J�KLJ(G
J(H
KAO�E�DNJ�DNMPO V�H�MASUKLSUDFYFDFJ|oA� � F q	� 	 ' � � � � '�� F x
�PJ(M jkMPT�VUR0J(G	K C�D^E(J(H�DNSUR�J�DNMPO M {AGIH�V)MPE�E�DNSUYFG2{ KAY^R0G�EnMAZ � Fk�
y'a0G	C�DFKLhAH�KAT E�a0M ��E%MPO0G	V)MPE�E�DFSUYNG${LKAYFR0G ��a0GIH�G�J�a0G	C0H
DN{AGIH$a�KAE2T<M {AG�C D^O_J(M J�a0G�YNGIZ�J�T<MPE(J2YFKAO0G q KAE
K H�G�E�R�YNJ:MAZ�E(G�YNG�jkJ�D^O0hgJ�a�G � � � ��KAjkJ�DNMPO?x$KAOUC T<M {AG�CWS)GIoAMPO�C J�a0G MAJ�a0GIH�J �:M<jIKLH�EI�2y'a0GlE�J�KLJ(G { KAYFR�G
� F ZfMAH�T<E J�a�G�jkMPOpJ(G?.uJ �'a0G�O�G?.dVXKAO�C�DFO0h KAO_o�E(ouT�S)MPYFE��'DNJ�a %%� 3 � 2 O�J�aUDFElG?.uKAT�VXYNGA�)MPO�YNowJ�a0G
J(GIH
T<DFO�KAYnE(ouT�S)MPY % � &('���a�KAE %%� 3 ��SXR0JlD^O hAG�O0GIH
KAY � ��G�T R�E(J jkMPO�E�D^C0GIH�VUH�MdCUR�jkJ�DNMPO�V�H�MASUKLSUD^YFDNJ|o
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Z[R�O�jkJ�DFMPO�EeMAZnJ�a0G Z�MAH
T m2H q	� F xeDFOWG?.uVUKAO�C�DFO�hgJ�a0G�S�H�KAO�j
awR�OpJ�DFY ��GbH�G�KAj�a K YNG�KLZ`O�MdC0GA� � O�jkG ��G
aUK�{AG J�a0G YNG�KLZ�O0MuC0GA� �:GlKLhPKAD^O KLVUVUYNo�J�a0G�E�J�KLJ(GlJ(H
KAO�E�DNJ�DNMPO V�H�MASUKLSXDFYFDNJ4oA� � F q	� F ' % � &('�� '�� � x%D^O J�a�D^E
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KLJ�DFO0hbJ�a0G�jkMAH�H�G�E(V)MPO�C�D^O0h
m r � ��KAOUCgJ�a�G�O RUE�DFO0h�J�a0G�KAYNhAMAH�DNJ�a�T E�MAZ�tdG�jkJ�DNMPO 8d� 3 �<;0�_J�a0GeG?.uVUYNMPE�DFMPOgDFOgJ�a0G�E�DN�IG:MAZUJ�a�GeE�odTgS)MPY
E�VUKAjkGbjkMPR�YFCQYNG�KAC J(M�V�H�MPa�DNSUDNJ�DF{AG�jkMPE(J�E�ZfMAH	KAO�E �:GIH�DFO�h�cdR0GIH�DFG�EI� � MAH�J�R�O�KLJ(G�YFoA����G jIKAOQG?.uVUYNMPDFJ�J�a0G
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hAG�O�GIH�KLJ(G�C8ZfMAH�K.YNG�O0hAJ�a S)MPR�O�C MAZ � � �:GwjIKAO DFOpJ(H�MdCUR�jkG � 7 � O0MdC�G�E�H�GIV�H�G�E(G�OpJ�DFO0h�J�a0GQE(J�KLJ(G
{LKLH�DFKLSXYNG�E � 	 � � FI�N���I� � � �U� y	a0G�O0MuC0G � 	 a�KAE O0MWVUKLH�G�OpJ�EI� �'DNJ�a � 	 E(V)G�jIDNZfouDFO0h}DFJ�E V�H�MASUKLSUD^YFDNJ|o
CUDFE(J(H�DNSXR0J�DNMPO��'v${AGIH�o�E�J�KLJ(G�O�MdC0G � A Z�MAH % � = a�KAElJ�a0G � A EGF KAO�C 	 A F+F O0MdC�G�E�KAElVUKLH�G�OpJ�EI� �'DFJ�a
� F E(V)G�jIDNZfodDFO�hgJ�a0GgjkMPO�C�DNJ�DNMPOUKAY)V�H�MASUKLSUD^YFDNJ|o�J�KLSXYNGA�

v$KAj
a�V�H�MuC�R�jkJ�DNMPO�O0MuC0G � A C�� O�GIG�C�E%KAO<KAC�C�DFJ�DNMPO�KAYdYFDFO0�bZfH�MPT�O0MuC0G � A EGF%S)G�jIKAR�E(G�J�a0G�VUH�MdCUR�j �
J�DFMPO V�H�MASUKLSUD^YFDNJ�DNG�E�O0M � C0GIV)G�O�C�MPO J�a0G�{LKAYFR0G MAZ�J�aUKLJbE(J�KLJ(G<O0MuC0GA��y�MwE(V)G�jIDNZ�o J�a0G�jkMPO�C�DNJ�DNMPOUKAY
VUH�MASUKLSUDFY^DNJ|o<J�KLSXYNG�E�MAZ`J�a0G�E(G V�H�MuC�R�jkJ�DFMPO O�MdC0G�E�� �:G�KAYFE�M�O�GIG�CQJ(M jkMPT�VUR�J(G J�a0G �.Z[R�O�jkJ�DNMPO��uJ�a�KLJ
D^EI�uJ�a0G V�H�MASUKLSXDFYFDNJ4o�J�a�KLJ	K�hPDN{AG�OwO0MPOpJ(GIH�T<D^O�KAY)E(odTgS)MPY)C0GIH�DN{AG�E�K�E�R�S�J(H�GIG �'DNJ�a VUKLH�J�D^jIR�YFKLH ) KAO�C
, DFOUC�DFjkG�EI�phPDN{AG�OWDNJ�E:VUKLH�G�OpJ:E(ouTgS?MPYs� �:G�jIKAR�E�G MAZ�J�a0G YFDFO0��ZfH�MPT � A EGF��uJ�a0G ��Z[R�O�jkJ�DNMPO T R�E(JeO0M �
jkMPOUE�DFC0GIHeKAYFY?E(J�KLJ(G { KAYFR�G�E�J�aUKLJ:KLH�GlV)MAJ(G�O_J�D^KAY?jkMPOpJ(G?.uJ�EeZ�MAHeJ�a0GlV�H�MuC�R�jkJ�DNMPOUE$KLJ:J�a�KLJeV?MPD^O_J:DFO<J�a0G
VXKLH�E(GbJ(H�GIGA� 2 OwKAC�C�DNJ�DFMPO�� ��G TgR�E�J	jkMPO�E�DFC0GIH�a0M � J�a0G�jkMPOpJ(G?.dJlj�a�KAO0hAG�E�ZfMAH'G�KAj�a�MAZnJ�a0G�E(ouTgS?MPY^E
MPO J�a0G H�DNhPapJ��|a�KAO�C E�DFC0G ZfH�MPT J�a0G G?.uVUKAO�E�DFMPOQMAZ`DFJ�E�V�H�GI{uDNMPR�E�E�DFSUYFDFO0hPE��

� MAH DFO�E(J�KAO�jkGA�XjkMPO�E�DFC0GIHlK<V�H�MdC�RUjkJ�DNMPOQO0MuC0GA� � F � F � �'a�MPE(G�C0MPT<KAD^OwjkMPO_J�KAD^O�E'J�a�G�J �:M G?.uVUKAO �
E�DNMPO�E�MAZ * 
�� ��ZfH�MPT J�a0G:met i ��MAZ � DFhPR0H�G 4d� � � 2 OgJ�a�DFE`jIKAE(GA�AJ�a0GIH�GeDFE�MPO�YNo MPO0G:V)MPE�E�DNSUYFG%S�H�G�KL�uC0M �'O
MAZeE�R0SXE(J(H�DFO0hWYNG�O0hAJ�aUEI��D � GA��S)MAJ�a � � � � KAO�C % � &('��la�K�{AG}E�R0SUE(J(H
DFO0hWYNG�O0hAJ�a � ��y	a0G�V�H�MASXKLSUDFYFDNJ4oQMAZ
J�a�G}G?.uVUKAO�E�DFMPO * 
�� � � � � �&� % � &('�� �nhPDN{AG�O J�a�KLJ 	 F � F � * 
�� � KAO�C � 	 ��� 	 �2DFEbJ�a�G}V�H�MdC�RUjkJbMAZ
� � q�� 	 x q V�H�MuC�R�jkJ�DFMPO V�H�MASUKLSUD^YFDNJ|o�x
� � q � � � � ' � ' � '�� 	 x q VUH�MASUKLSUDFY^DNJ|o�J�a�KLJ � � � �bC0GIH�DN{AG�EgKwE�R0S�J(H�GIG<MAZ
YFG�O0hAJ�a � KAOUC , � � hPDN{AG�O jkMPOpJ(G?.dJ � 	 x
�nKAO�C.J�a0G E�R�T�M {AGIH�KAYFY2E(J�KLJ(G�E � F � � MAZeJ�a0G<VUH�MdCUR�jkJ
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MAZ � F q�� 	 ' � � � � '�� F x q V�H�MASUKLSUDFYFDFJ|o J�a�KLJ � F DFE�J�a�G H�G�E�R�YNJ�DFO�h�jkMPOpJ(G?.dJ<KLZfJ(GIH�G?.dVXKAO�C�DFO0h � � �&� DFO � 	 x
KAOUC � q % � &('�� ' � ' � '�� F x q V�H�MASXKLSUDFYFDNJ4oWJ�a�KLJ % � &('��'C�GIH�DN{AG�E KWE�R0S�J(H�GIG MAZ$YNG�O�hAJ�a � KAO�C , � � hPDN{AG�O
jkMPOpJ(G?.uJ � F x
�

B�YFJ�a0MPR0hPa �:GwjIKAO�KAYNJ(GIH<J�a�GwC0odOUKAT<DFj}V�H�MAhAH�KAT<T DFO0h.KAYNhAMAH�DNJ�aUT MAZ � DNhPR0H�G�8d�<; J(M DFO�jIY^R�C0G
E�J�KLJ(G DFO0ZfMAH�T<KLJ�DNMPO��?J�a�G�E�R�T<T<KLJ�DNMPO�M {AGIH�DFOpJ(GIH�T�G�C�DFKLJ(G�E(J�KLJ(G�E�DFElMAZ:T R�j�a hAH�G�KLJ(GIH�jkMPO�jkGIH�O�� 2 O
J�aUDFE$E�D^T�VUYNG�G?.0KAT�VUYNGA�"��GljIKAO}jkMPT<VUR0J(G'J�a�G'V�H�MASXKLSUDFYFDNJ4ogMAZ�KAO DFOpJ(GIH�T�G�C�DFKLJ(G�E(J�KLJ(G � F Spo<CUDNH�G�jkJ�YNo
KLVUVUYNouDFO0hlJ�a0G � F ZfRUO�jkJ�DNMPO��`�'M ��GI{AGIH��uDNZ�J�a�G�H�DNhPapJ��|a�KAO�C�E�DFC0G:MAZ?J�a0GeV�H�MuC�R�jkJ�DNMPO DFO�jIYFRUC0G�CgO�MPO_J(GIH �
T DFO�KAY�E(ouTgS?MPY^EI��DFO�E(J(G�KAC MAZ%J�a0GbJ(GIH�T DFO�KAY�E(ouTgS?MPY^E � � �&��KAO�C % � &('�� � �:G �:MPR�YFCwa�K {AGgJ(M jkMPT�VUR0J(G
J�a�G J(H
KAO�E�DNJ�DNMPO�V�H�MASXKLSUDFYFDNJ�DFG�E	DFO�C�DFH�G�jkJ�YNoA�?H�G�cpRUDNH�DFO0h}KAO0MAJ�a0GIHbC0ouO�KAT<DFj�V�H�MAhAH�KAT T<DFO0h KAYNhAMAH�DNJ�a�Tw�
~�MAH�G'D^T�V)MAH�J�KAO_J�YFoA� ��G�MPO�YFoga�KAC�J(MbjkMPT<VUR0J(G	K E�R�T T<KLJ�DNMPO�M {AGIH�MPO0G	DFOpJ(GIH�T�G�C�D^KLJ(G	E(J�KLJ(G � F �PSUR�J
G�KAj
a.KAC�C�DNJ�DFMPO�KAY�E(ouT�S)MPY�MPO J�a0GgH�DNhPapJ��|a�KAO�C�E�DFC0GbH�G�cpR�DFH�G�E'KAO0MAJ�a�GIHlE�RUT<T<KLJ�DNMPO M {AGIH J�a0G�G�OpJ�DNH�G
E�J�KLJ(G�E(VUKAjkGA� 2 O ZfKAjkJI�UJ�a0G J�DFT�G jkMPT�VUYNG?.0DNJ4o<MAZ�J�a�GlH�GI{dDFE�G�C �.KAYFhAMAH�DNJ�a�T ZfMAH	K E�J(H�DFO0h�YNG�O0hAJ�aWMAZ �
KAOUCWZ�MAH'K�T K
.uDFT R�T a�DNGIH
KLH�j�apo}C0GIVUJ�aWMAZ 
}DFE�D q J � J

� � F J � J �
� 
 � x
����a0GIH�G ��GbKAE�E�R�T�G J�a�KLJ�J�a0G

T K
.uDFT R�T�OdR�T�S)GIH�MAZ�E(ouT�S)MPYFE�MPO�J�a0G H�DNhPapJ��|a�KAO�C�E�DFC0GA� 4 ��DFE YNG�E�E�J�a�KAO�J�a0G T K
.uDFT R�T E(J(H�DFO�h
YFG�O0hAJ�a�� � � � MAH�J�R�O�KLJ(G�YNoA� ��G�D^O�jIR0H�J�a�DFE�jkMPE�J'MPO�YNo}MPO�jkGA�XCUR0H�DFO0h J�a0GbhAG�O�GIH�KLJ�DNMPOwMAZnJ�a0G �eK oAG�E�DFKAO
O�GIJ �:MAH��X�?E(M DFOQT<MPE(J	jIKAE(G�EI� ��G�jIKAO K !?MAH�C J�a0GbKAC�C�DFJ�DNMPO�KAY�jkMPT�VUYFG?.uDNJ4oA�
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�'M ��GI{AGIH �AH�GIhPKLH�C�YNG�E�E�MAZpJ�a�G$jkMPT�VUYNG?.0DNJ4olMAZdJ�a0G$O�GIJ �:MAH�� hAG�O0GIH�KLJ�DNMPOgKAYNhAMAH�DNJ�aUT<EI��J�a0G$H�G�E�R�YNJ�D^O0h
�eK oAG�E�DFKAO O0GIJ ��MAH���H�GIV�H�G�E�G�O_J�E K VUH�MASUKLSUDFY^DNJ|o C�DFE(J(H
DNSUR0J�DNMPO M {AGIHwE(G�cdR0G�O�jkG�E}MPO�YNo �'DNJ�aUDFO8E(MPT�G
YFG�O0hAJ�a S)MPR�OUC�� � MAH C0MPT<KADFOUE �'a0GIH�G �:GgC0M O0MAJ��uO0M � J�a0G�T<K
.0DFT R�T E(G�cdR0G�O�jkG�YNG�O0hAJ�a�� �:GgH�RUO
J�a�G H�DFE�� MAZ a�K�{uDFO0h J(M H�GIhAG�O0GIH�KLJ(G K O0G � O0GIJ �:MAH�� MPO8J�a�G �UoA� �'a0GIH�GQJ�a�G jkMPT�VUYNG?.0DNJ4o MAZ J�a0G
hAG�O�GIH�KLJ�DNMPO8KAYNhAMAH
DNJ�a�T T<K o S)GQR�O�KAjIjkGIV�J�KLSXYNGA� 2 O KAC�C�DFJ�DNMPO��%GI{AG�O8DNZ ��GQ�uO0M � J�a0GwT<K
.0DFTgRUT
E�G�cpR0G�OUjkGbYNG�O0hAJ�aQKAO�CWjIKAOQhAG�O0GIH
KLJ(GbK �:K oAG�E�DFKAOwO�GIJ �:MAH�� jkM {AGIH�DFO0h}KAYFY?J�a0G jIKAE(G�E�G�O�jkMPR�OpJ(GIH�G�CwD^O
J�a�G�cpR�GIH�DNG�EI�uJ�a0G H�G�E�R�YNJ�DFO0h�O0GIJ ��MAH��QT<K o}S)G J(MdM<YFKLH�hAG J(M KAOUE ��GIH'J�a0GbcpR�GIH�DNG�E �'DNJ�aQE�KLJ�DFE(Z[KAjkJ(MAH�o
J�D^T�G�YFDFO0G�E�EI��y	a0G�E�G�CUD �}jIR�YNJ�DFG�E�T<KL�AG<DFJ D^T�V)MPE�E�DNSUYFGbJ(MQhAG�O0GIH�KLJ(G KQE�DFO0hPYNGA�)MAV)GIH�KLJ�DNMPO�KAY%O�GIJ �:MAH��
J�aUKLJ'jkM {AGIH�ElKAYFY�V)MPE�E�DNSUYNG cpR�GIH�DNG�E�DFOWH�G�KAY � ��MAH�Y^CWV�H�MASUYNG�T C�MPT<KADFO�EI�

� MAH�J�R�OUKLJ(G�YNoA��T�MPE�J VXYFKAO�H�G�jkMAhPO�DNJ�DNMPO C0MPT<KADFOUE}C0M O0MAJWH�G�cdR�DNH�G J�a0G ZfR�Y^Y	H�KAO0hAG�MAZ�cdR0GIH�DNG�E
jkM {AGIH�G�C Sdo.J�a0G�E(G �eK oAG�E�DFKAO O0GIJ �:MAH��uEI� y�G�T�V)MAH�KAY$jkMPOUE(J(H�KADFOpJ�EgT KL�AG T�MPE�JgcdR0GIH�DNG�EgDNH�H�G�YNGI{LKAOpJI�
� MAH�DFO�E�J�KAO�jkGA��J�a0GbE(G�cdR0G�O�jkG�MAZ�MPR0H'MASUE(GIH�{LKLJ�DNMPO�E�H�MPR0hPa�YNo<MAS)GIouE�J(G�T�V)MAH�KAY�MAH
C0GIH�DFO0h0�0E(M �:G �'D^YFY
O�MAJ H�G�jkG�DN{AGQO0G � C�DNH�G�jkJ GI{dD^C0G�O�jkGWKLS?MPR�JgH�KAOUC0MPT {LKLH�DFKLSXYNG�EgKLH�SUDNJ(H�KLH�D^YNo ZfKLH�DFO J�a0G VUKAE(JI� 2 J DFE
KAY^E(M�RUO�YFDN�AG�YNo�J�a�KLJ �:G �'D^YFY �eKAO_J J(M.jkMPT�VUR0J(G V)MPE(J(GIH�DNMAH V�H�MASUKLSXDFYFDNJ�DNG�E M {AGIH�V)MPE�E�DNSUYFG<E�R0S�VUY^KAO�E
KAOUCQKAjkJ�DNMPO�EeS)GIoAMPO�CWE(MPT�Gl\ .uG�CWJ�DFT�G DFOpJ(M J�a�GlVXKAE(JeMAH�ZfR0J�R�H�GA� 2 O MAJ�a0GIH �:MAH�C�E�� �:G jkMPOu\XO0G MPR0H
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D^O_J(GIH�G�E�J'DFOWJ�a0G�KLhAG�OpJ�� E�VUYFKAO�O�D^O0h�V�H�MdjkG�E�E	J(M K �'DFOUC0M � MAZ`\ .uG�CQC�R0H�KLJ�DFMPO��
y	a0G2cdR0GIH�o i B ��Z�MAH
T<KAYFDFE�T jIDFJ(G i KLH �'DFj�a�G � 7	E�R�V�V)MAH�J�E)J�a0G2hAG�O0GIH
KLJ�DNMPObMAZ0K	E(V)G�jIDFKAY^DN�IG�C E(J(H�R�j �

J�R�H�G�ElJ�a�KLJ�H�GIV�H�G�E(G�OpJ�J�a�G E�KAT<G�CUDFE(J(H�DNSXR0J�DNMPOQKAElJ�a0G �:K oAG�E�DFKAO.O0GIJ ��MAH��X��SUR�J'J�a�KLJ KAO�E �:GIH K H�G��
E�J(H�DFjkJ(G�C E(GIJ�MAZ�cdR0GIH�DFG�E�T�MAH�G:G��}jIDNG�OpJ�YNo J�a�KAO�V)MPE�E�DNSUYFG �'DNJ�abJ�a�G�T�MAH�G:hAG�O0GIH�KAYdO0GIJ ��MAH��gE(J(H�R�jkJ�R0H�GA�
2 O KbVUYFKAO�H�G�jkMAhPOUDNJ�DNMPO C�MPT<KADFO �'a�GIH�G �:G	�dO�M � ��a�KLJ%\ .uG�C E(GIJ$MAZ�cpR0GIH
DNG�E%J�a0G	H�G�jkMAhPO�DN��DFO0hgKLhAG�O_J
H�G�cpR�DFH�G�EI� �:GWjkMPR�YFC.hAG�O0GIH
KLJ(G i B � H�GIV�H�G�E(G�OpJ�KLJ�DNMPO MAZ�J�a�G}m:t i � C�DFE�J(H�DNSUR0J�DFMPO�J(M�K�{AMPDFC E(MPT�G
MAZ$J�a0G jkMPT<VUYNG?.0DNJ|oQMAZ2J�a�GgE(J�KLJ�DFj �eK�oAG�E�D^KAO.O0GIJ �:MAH��wH�GIVUH�G�E(G�OpJ�KLJ�DNMPO���zlO0ZfMAH�J�R�O�KLJ(G�YFoA�XJ�a0G�cdR0GIH�o
i B � hAG�O�GIH�KLJ�DNMPO.V�H�MdjkG�E�E�DFEbE�DFT DFYFKLHlJ(M J�a0G �eK�oAG�E�DFKAO O�GIJ �:MAH��.jkMPT�VUDFYFKLJ�DFMPO V�H�MujkG�E�EI� �'aUDFj�a.DFE
VUH�MPa�DNSUDFJ�DN{AG�YNo.jkMPE(J�YNo Z�MAH�GI{AG�O8E�DFT�VUYNG m:t i � E�� y	a0GIH�GIZ�MAH�GA��DNJ D^E�R�O�YFDN�AG�YFo�J�aUKLJ<K�cdR0GIH�o i B �

KLVUV�H�MPKAj�a ��MPRUYFCQE�DNhPO�DN\XjIKAO_J�YFo}KAYFYNGI{uDFKLJ(G J�a0GgjkMPT�VUYNG?.0DNJ|o V�H�MASXYNG�TQ�
' � � � - � � �:K oAG�E�DFKAO}O0GIJ �:MAH��uE q i � @�E
x � 3 7��UT<KL�AG'E�V?G�jIDN\Xj:H�G�E(J(H�DFjkJ�DFMPO�EnMPO�J�a0G	E(GIJ$MAZXV)MPE�E�DFSUYNG

cdR0GIH�DFG�EI� 2 Z ��G KLH�G}T�MuC0G�YFDFO�hWE�MPT�G E(G�cdR0G�OpJ�DFKAY$E(J(Muj�aUKAE(J�DFj<VUH�MdjkG�E�EI��J�a0G�O K i � @ H�GIV�H�G�E(G�OpJ�E�K
��DFO�C0M � MAZ:K<\ .uG�C OpRUT�S)GIHlMAZ2H�KAO�C0MPT {LKLH�DFKLSUYNG�E��?KAE C0MdG�ElMPR0H E(J�KLJ�DFj�O0GIJ �:MAH���H�GIV�H�G�E(G�OpJ�KLJ�DNMPO��
��M �:GI{AGIH��0J�a0G i ��@ KAY^E(M�H�GIVUH�G�E(G�OpJ�E2J�a0G�V�H�MASUKLSUD^YFDNJ|o C�DFE(J(H
DNSUR0J�DNMPOgS)GIJ �:GIG�O}E�R�jIjkG�E�E�DN{AG�VUa�KAE(G�E$MAZ
J�a�G�V�H�MujkG�E�E(G�E�GI{AMPYFR0J�DFMPO��XE(M}J�a0G ��DFO�C0M �6jIKAO�T<M {AG J(M}H�GIVUH�G�E(G�OpJ	ZfR�J�R0H�Gb{LKLH�DFKLSUYFG�E'KAE �:G�YFY �e�.G
jIKAO R�E(G G?.uD^E(J�DFO0h i ��@ DFO0ZfGIH�G�O�jkG KAYNhAMAH�DFJ�a�T<E:J(M�G�O_J(GIH	GI{uDFC0G�OUjkG KAOUC KAOUE ��GIH	cdR0GIH�DFG�E:KLS)MPR0J�KAOpo
MAZnJ�a0G�H�KAO�C0MPT {LKLH�DFKLSXYNG�E �'DNJ�a�D^O}J�a�G�jIR0H�H�G�OpJ �'DFOUC0M �b�n��a0G�O
�:G�T�M {AG�J�a0G �'DFO�C0M �b�uJ�a0G i � @

KAYFhAMAH�DNJ�a�T<E T KADFO_J�KAD^O.KAO.G?.uKAjkJ�H�GIV�H�G�E(G�OpJ�KLJ�DNMPO.MAZ:J�a0G<R�OUC0GIH�YNouDFO0h C�DFE(J(H�DFSUR0J�DNMPO��?DFO�jkMAH�V)MAH�KLJ�D^O0h
KAY^Y�MAZ�J�a�GbGI{dD^C0G�O�jkG H�G�jkG�DN{AG�C�E(M�Z[KLH���GI{AG�OwMAZ`{LKLH�DFKLSUYNG�EeS)GIoAMPO�CwJ�a0G �'DFOUC0M �b�

� MAH K m r � � MAHwmet i � C�DFE�J(H�DNSUR0J�DFMPO�� ��G jIKAO {dDNG � J�a�G.V?MPE�DNJ�DNMPO Z�H�MPT YNGIZ�JWJ(M8H
DNhPa_JQKAE
VUH�M {uDFC�DFO�h J�a�GbJ(G�T�V)MAH�KAY�MAH�C�GIH�DFO0h�MAZnJ�a0G�RUO�C0GIH�YNouDFO0h V�H�MujkG�E�EI���.GgjIKAO J�apR�E'{dDFG �6KAO_oQE(ouTgS?MPY^E
hAG�O�GIH�KLJ(G�C}KAYFMPO0h J�a0G'E�KAT<G	S�H�KAO�j
a q D � GA�N�"�'DNJ�a�J�a0G'E�KAT�G % DFOUC0G?.�x`KAE2S?G�YFMPO0hPDFO0h J(MbJ�a0G�E�KAT�G	J�DFT<G
E�YFDFjkGA�2B i � @ H�GIV�H�G�E�G�O_J�KLJ�DNMPOQT R�E(J	D^O�jIYFR�C0GlK�E(V)G�jID]\XjIKLJ�DNMPO MAZ�J�a0GbC�DFE(J(H
DNSUR0J�DNMPO �'DNJ�a�D^O}K hPDN{AG�O
J�D^T�G'E�YFD^jkGA�pE(M �:G�aUK�{AG'J(M T�MuC0G�Y0J�a0G'D^O_J(GIH�KAjkJ�DFMPO<MAZ�KAYFY0MAZ)J�a0G�E(odTgS)MPY�KAO�C V�H�MuC�R�jkJ�DNMPO�{LKLH�DFKLSUYFG�E
��DNJ�a J�a0G E�KAT�G % D^O�C0G?.)�wy�M�KAYFYNM � J�a0G i � @ D^O0Z�GIH�G�O�jkG KAYNhAMAH�DFJ�a�T<EbJ(M T�M {AG}J�a0G �'DFOUC0M �b� ��G
T R�E(JbT<MdC0G�YnJ�a�G<C0GIV)G�O�C0G�O�jko�MAZ�J�a0G�H
KAO�C0MPT {LKLH�DFKLSUYFG�ElD^O MPO0G�J�DFT�G<E�Y^DFjkG�MPO.J�a0G�{LKLH�DFKLSUYNG�E D^O
J�a�G VUH�GI{dDFMPR�E E�YFDFjkGA� �:MAJ�a J�a0G�DFOpJ(H�K �	KAO�C DFOpJ(GIH �|E�YFDFjkG E(V)G�jID]\XjIKLJ�DNMPOUE�J�KL�AG�J�a�G ZfMAH�T MAZ �eK oAG�E�DFKAO
O�GIJ �:MAH��dE��bE(M TgR�j
a MAZ MPR0H ��MAH���ZfH�MPT tdG�jkJ�DNMPO 4d� 3 � � jIKLH�H�DNG�EQM {AGIHwJ(M8J�a0G i � @�hAG�O0GIH�KLJ�DNMPO
KAYFhAMAH�DNJ�a�T<E'KAE ��G�Y^Y �

) ��� ����! �,���	��� * ���	� � ����� � � ) �	� �	�	� � ��� �*�	����� ��� , " ���

� DFJ�a.K i � @ H�GIV�H�G�E(G�O_J�KLJ�DFMPO.MAZ�J�a�G<C�DFE(J(H�DFSUR0J�DNMPO M {AGIH�VXKLH�E(G�J(H�GIG�EI� ��G jIKAO O0MQYNMPO0hAGIH�R�E�G
J�a�G j
a�KLH�J��sSUKAE(G�C DFOUC0G?.uD^O0h<E�j�a�G�T�GA�)S?G�jIKARUE(G �:GgT K�o O0MAJl�uO0M � ) �)J�a0G�YNG�O0hAJ�a MAZ2J�a0G�E�R0SUE(J(H
DFO0h
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H�MpMAJ(G�C�KLJlK VUKLH�J�DFjIRUYFKLH'O0MuC0GA�UR�OpJ�DFY�E�MPT�G�J�DFT<G�DFOpJ(M J�a0GbZ[R0J�R0H�GA�e��M �:GI{AGIH���KAYNJ�a0MPR�hPawJ�a0G�\ .dG�C!�
YFG�O0hAJ�a �'DFO�C�M ��MAZ�J�a0G i � @6VUH�GI{AG�O_J�E	J�a0G H�GIV�H�G�E�G�O_J�KLJ�DNMPOWMAZ�G�O_J�DFH�G E�R0S�J(H�GIG�E�� �:GbjIKAOWH�GIV�H�G�E(G�O_J
G�OpJ�DNH�G S�H�KAO�j
a0G�E�DNZ �:G DFO�jIYFRUC0G�{ KLH�D^KLSUYNG�E J(MwH�GIV�H�G�E(G�OpJ�KAO G�OpJ�DNH�G VUKLJ�a ZfH�MPT H�MdMAJgO�MdC0G�J(M�YNG�KLZ
O�MdC0GA�wy'a0GIH�GIZfMAH�GA� ��G C0M�O0MAJ�R�E(G}K S)MAJ(J(MPT �|R0V YFKLS)G�YFDFO0hwE�j�a0G�T�GA�%E�D^O�jkG �:G}C0M�O0MAJ��uO0M ��J�a0G
YFG�O0hAJ�a�MAZ�K hPDN{AG�O�VXKLJ�a�S)GIZ�MAH�G�aUKAO�C��PSUR�JnT R�E(J ��MAH�� J(MAV!�|C0M �'O D^O�E(J(G�KAC��ny	a0G���DFO�C0G?.�H�GIV�H�G�E(G�O_J�E
J�a�G�C�DFE(J�KAOUjkGlMAZnK�hPDN{AG�O E(odTgS)MPY?Z�H�MPT J�a0G H�MdMAJ	O0MdC�GA�!�'a�DFj
a KAY �:K odE�DFEeJ�a0GbE(J�KLH�J	E�odTgS)MPY)MAZ�J�a0G
hAH
KAT<T<KLH��$y'a0G�H�MpMAJ�O0MuC0G a�KAE�� � � ��KAO�CWKAYFY?MAJ�a0GIH	E(ouT�S)MPY)O0MuC0G�Eea�KAEeKAO��lDFO�C�G?.<MAZ�MPO0G T�MAH�G
J�aUKAO}J�a�G�DNH$VUKLH�G�O_JeO0MuC0G�EI� 2 Z �:Gl{dDNG ��KgVUKLH�J�DFjIR�Y^KLH$S�H�KAOUj�a KAE:K a�DNGIH
KLH�j�apo�MAZ�V)G�O�C�DFO�hbE�R0S�VUY^KAO�EI�
J�a�G�O�J�a�G���DFO�C�G?.QD^O�C�DFjIKLJ(G�E'J�a0G YFGI{AG�Y�MAZ%J�a0G�a�DNGIH
KLH�j�apoQMAZ2K}E�R0S�VUYFKAO����'DNJ�a � jkMAH�H�G�E�V?MPOUC�DFO0h<J(M
J�a�GbJ(MAV�YNGI{AG�Y�VUYFKAO��

� MAH�O0M �b� �:G�KAE�E�R�T�G<O�MWjkoujIYNG�E G?.0DFE(J �'DFJ�a�DFO�J�a0G�V�H�MuC�R�jkJ�DNMPO�E��)KAY^YNM �'D^O0h RUE J(MwC0Gk\XO0G 
wKAE
J�a�GWY^KLH�hAG�E(J V?MPE�E�DNSUYNG�� ���.GQH�G�YFK
. J�a�D^EgKAE�E�R�T�V�J�DNMPO J(M V)GIH�T<DNJ�Y^DFT<DNJ(G�C H�G�jIR0H�E�DFMPO DFO J�a0GWO0G?.dJ
E�R0SUE(G�jkJ�DNMPO��`�.G KAYFE(M DFO�C0G?.�H�KAO�C�MPT {LKLH�DFKLSUYNG�E2Spo�J�DFT<G 2 �dH�G�E�RUYNJ�DFO0hbDFO K�E(GIJ�MAZ�E(odTgS)MPY�{LKLH�DFKLSUYFG�E
	 �� KAO�C V�H�MuC�R�jkJ�DNMPO {LKLH�DFKLSUYFG�E � �� � y	a0G J�DFT�G<DFO�C�G?. 2 a�KAEbK VUKLH�J�DFjIR�Y^KLH H�G�YFKLJ�DNMPO�E�a�DNV �'DNJ�a J�a0G
% KAOUC ) D^O�C�DFjkG�E�MAZ2J�a0G�E(J�KLJ�DFj�O0GIJ ��MAH��dEI��O�KAT<G�YNo DNZ 	 A C�� ��� �)J�a0G�O�J�a0GIH�G�D^E�E(MPT<G�� E�R�j�a�J�a�KLJ
	 �� ��� ZfMAH KAYFY 2 E�R�j
a�J�aUKLJ % 0 2 � % 7 ) � 2 O MAJ�a�GIH��:MAH�C�E�� ��a�DFYNGbJ�a�G�jIR�H�H�G�OpJ�J�DFT<G DFE �'DNJ�aUDFO
J�a�G E�R0SUE(G�cdR0G�O�jkG C0GIH�DN{AG�C ZfH�MPT � �uJ�a0G�O � KLV�V)G�KLH�EeKLJ�J�a0G E(odTgS)MPYXO�MdC0G	� � � E(J(GIVXE:K �:K oWZ�H�MPT
J�a�G H�MpMAJ�O0MuC0GA� 2 O J�a�G G?.0KAT�VUYFG ZfH�MPT � DNhPR0H�G�4d� 3 �$J�a�G J(MAV��|YNGI{AG�Y ��� � � � a�KAE
� � � �$KAE�C�M KAY^Y
H�MpMAJlO0MdC�G�EI�UE(M 	 �F � ��� � � � ZfMAH�KAYFY 2 ��DNJ�a�DFOWJ�a0GgH�KAO0hAGgMAZ`J�aUDFE	VUKLH
E(GbJ(H�GIGA� 2 OQJ�a�DFE'G?.uKAT<VUYNGA��J�a0G
J(GIH
T<DFO�KAY%E(J(H
DFO0hwa�KAEbYFG�O0hAJ�a 3 ��E(M 	 FF � 	 F� � ��� � � �L� 2 J�E�j�aUDFYFC O0MuC0GA� * 
�� �I��a�KAE�� � 3 ��SUR0JbDFJ
J(MdM<E(VUKAOUE�J�a�GlG�OpJ�DNH�G G?.uG�jIR0J�DNMPO���E�M 	 F� ��	 �

� � * 
�� �I� 2 J�E�j
a�DFYFC0H�G�O}a�K {AG�� � 8gKAOUCQE(VUKAO MPO�YNo K
E�DFO0hPYNG J�DFT<G G�KAj�a��UE�M 	 F� � � � � �eKAO�C 	 �

� � % � &('�� �
� MAHWK met i � � �:G�T R�E(J KAYFE(M DFO�jIYFR�C�GwK E(J�KLJ(G�{ KLH
DFKLSUYNG � � J(M H�GIV�H�G�E(G�OpJ J�a0G�E(G�cdR0G�O�jkG�MAZ

jkMPOpJ(G?.uJ�EI�:y'a0G V�H�MASUKLSUD^YFDNJ|o J�KLSUYNG ZfMAH � 	 J�KL�AG�ElDNJ�Ee{ KAY^R0G�E�ZfH�MPT � 	 ��tuR�SUE(G�cdR0G�O_J �
� O0MdC�G�E�a�K�{AG

� � EGF'KAE'K�VXKLH�G�O_JI��KAE ��G�Y^Y�KAE'KAOpo 	 �� O0MuC0G�E�J�a�KLJ	a�K {AG�J(GIH�T DFO�KAY�E(ouT�S)MPYFE�D^OWJ�a0G�DNH	C0MPT<KAD^O��%B�E
KAO�KAYFJ(GIH�O�KLJ�DN{AGA� �:G�jIKAO�DFOpJ(H�MdCUR�jkG:K O0G � O0MuC0G � � H�GIV�H�G�E(G�OpJ�DFO0hlJ�a0GeJ(GIH�T<D^O�KAYpE�odTgS)MPYdKLJnV)MPE�DNJ�DFMPO
2 D^O.J�a0G<\?O�KAY$E(G�cdR0G�O�jkG q 	 � F+F R�E�DFO�hQJ�a0G q&%('*)+'$, x DFO�C�D^jkG�E
x
� y'a0G E(J�KLJ(GWO0MuC0G�EbJ�a0G�O C0GIV)G�O�C.MPO
MPOUYNo.J�a�DFEgO0G � � � O0MuC0G KAO�C J�a0G VUH�GI{dDFMPR�EbE(J�KLJ(GQO0MuC0G � � EGF �w�.G jIKAO C0Gk\XO�G J�a0G jkMPO�C�DNJ�DNMPOUKAY
VUH�MASUKLSUDFY^DNJ|oQJ�KLSUYFG ZfMAH J�a0G�E(G � � O0MuC0G�E R�E�D^O0h � F �gy	a0G �

� O0MuC0G C�GIV?G�OUC�ElMPO�KAY^Y � �� O�MdC0G�ElJ�a�KLJ
aUK�{AGeV�H�MuC�R�jkJ�DNMPOUE �'DNJ�a�J(GIH�T<DFO�KAY_E(odTgS)MPYFE�MPOgJ�a0G�DNH�H�DNhPapJ��|a�KAO�CgE�DFC0GA�LKAO�C ��G�H�G�T�M {AG�KAYFY_J(GIH�T<DFOUKAY
E�odTgS)MPYFEeZ�H�MPT J�a0G�C0MPT KADFO�EeMAZnJ�a0G 	 �� O0MdC�G�EI�

y	a0G�{ KAYFR�G'MAZ�V�H�MdC�RUjkJ�DNMPO O0MuC0G � �� D^O�C�DFjIKLJ(G�E�J�a0GlV�H�MuC�R�jkJ�DNMPO}j�a0MPE(G�O J(M G?.dVXKAO�C J�a0GlE�odTgS)MPY
D^O 	 �� �dKAE ��G�Y^Y�KAE �'a�KLJ�E(odTgS)MPYuMPO�J�a0G�H�DFhPa_J��|a�KAOUC<E�DFC0G�DFEnS)G�DFO�h jIR�H�H�G�OpJ�YNogG?.uVUKAO�C�G�C�KAE 	 �� � F MAH
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� E � '�� � E � � � � E � x � �
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��DNJ�a�J�a�G�G?.uKAT�VXYNGeMASUE(GIH�{LKLJ�DNMPO�EnMAZ � DNhPR0H�G'4d� 3 � �:G �:MPR�YFC�J�adR�E`\UH�E(J%jkMPT�VXR0J(G�J�a0G�V�H�MASXKLSUDFYFDNJ4o MAZ
J�a�G�MASUE�GIH�{AG�CWE(J�KLJ(G � F�hPDN{AG�O}J�a0G DFO�DNJ�D^KAY0E(J�KLJ(G � 	 KAOUC}K�V?MPE�E�DNSUYNG�J(GIH
T<DFO�KAYXE(odTgS)MPY �_G�DFJ�a0GIH � � � �
�
% � &('�� � 	 � 
 �d�pMAH +�, � � � � O�jkG ��G a�KAC J�a0G�E(GlZ�MPR0H:V�H�MASXKLSUDFYFDNJ�DFG�EI� ��GljIKAOWC0GIJ(GIH�T<DFO�G	J�a0GlV�H�MASUKLSUD^YFDNJ|o
MAZeJ�a0G�MASXE(GIH�{AG�C � FbhPDN{AG�O.MPO�YNo � 	 R�E�D^O0hQv$cdR�KLJ�DNMPO�4d� 3 � 2 O.hAG�O0GIH�KAYs��J�a0G<J�DFT<G�jkMPT<VUYNG?.0DNJ|o�MAZ
jkMPT<VUR0J�DFO0h�J�aUDFEeV�H�MASUKLSXDFYFDNJ4o C�DFE(J(H
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E�G�O_J�KLSUYFGWRUO�C0GIH�J�a�GWm r � � T�MuC0G�Y � ��M �:GI{AGIH��$GI{AG�O DNZ �:GQjIKAO H�GIV�H�G�E(G�OpJ�K�CUDFE(J(H�DNSXR0J�DNMPO �'DFJ�a
KWmet i � ��DFO0ZfGIH�G�O�jkGgD^E'ZfG�KAE�DNSUYFG�MPO�YNo �'a0G�O�MPR0H MASUE(GIH�{LKLJ�DNMPO�E YNG�K {AG�RUE ��DNJ�a�K \XO�DFJ(GgOdR�T�S)GIHlMAZ

� 3



	�� � 	�� � F q 	�� ' � ' 	���x
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q�� � '�� � x � q�� � '�� � 7 � x � � =
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V)MPE�E�DNSUYNGbE(J�KLJ(G�E � MAJ�a�GIH �'DFE(GA� ��G TgRUE(J�T<KAD^O_J�KADFO�KAO�D^Ou\XO�DNJ(G E(GIJlMAZ%S)G�YFDNGIZnE(J�KLJ(G�EI� 2 Z �:G�{uDNG �6J�a0G
E�J�KLJ(GQ{ KLH�D^KLSUYNG}KAE�K�{AG�jkJ(MAH�MAZlE(GIVUKLH�KLJ(GQE�R0SXE(J�KLJ(GW{ KLH�D^KLSUYNG�EI�nG�DNJ�a0GIH�a�D^C�C0G�O MAH�MASUE�GIH�{AG�C��2J�a0G�O
D^O0Z�GIH�G�O�jkG DFE�ZfG�KAE�DNSXYNGQMPO�YNo DNZ KAYFY�MAZ J�a0G a�D^C�C0G�O E�R0SXE(J�KLJ(G E(VUKAjkG�E KLH�GQ\?O�DNJ(GA��y'a0GwE�DN�IGwMAZ J�a0G
MASXE(GIH�{LKLSUYNG E�R�SUE(J�KLJ(G E(VXKAjkG�E�a�KAEgO0MwG"!)G�jkJ�MPO J�a�G jkMPT�VUYNG?.0DNJ4o�MAZ�DFO�Z�GIH�G�OUjkGA��KAE�YFMPO0h KAE �:G}C�M
O�MAJ'O0GIG�CQJ(M jkMPT<VUR0J(G�K<CUDFE(J(H�DNSXR0J�DNMPO<M {AGIH�J�a�GbZfR�J�R0H�G { KAY^R0G�E�MAZ`J�a0G�E(G�E�R�SUE(J�KLJ(G�EI�

�%7���7�� � � � �|1��u-?>P1 ��= � � � � � �|-X>P1 ��= �L@$1 � ����>�	 ���U=�9 ( � � -�=$3�9 �%, � � �%3"� ���

B�YFJ�a0MPR0hPa KAYFYNM ��DFO0h KAO D^Ou\XO�DNJ(G�E(VUKAjkG�C0MdG�E�G?.uJ(G�O�C�J�a0GeV)MPE�E�DFSUYNG$met i ��CUDFE(J(H�DNSXR0J�DNMPO�E�S)GIoAMPO�C
J�a�MPE(G H�GIV�H�G�E(G�OpJ�KLSUYNGlSdo}m r � � EI�uJ�a0G H�G�cdR�DNH�G�T<G�O_J�MAZ�\XO�DFJ(G'S)G�YFDNGIZ�E(J�KLJ(G�E�Y^DFT<DNJ�E$J�a0G V�H�KAjkJ�DFjIKAYFDFJ|o
MAZ:DFO0ZfGIH�G�O�jkG �'DNJ�a�E�R�j
a.C�DFE(J(H�DFSUR0J�DNMPO�E��'�'M ��GI{AGIH ��GI{AG�O.DFO�V�H�MASUYFG�T C0MPT KADFO�E �'a0GIH�G�J�a0G�m:t i �

H�GIV�H�G�E(G�OpJ�KLJ�DNMPO a�KAE$K \?O�DNJ(G'E(VXKAjkGA�dKbmet i � C�MPT<KADFO<E(V)G�jID]\?jIKLJ�DNMPO�V�H�M {dD^C0G�E2KAC0{LKAO_J�KLhAG�E:M {AGIHeKAO
G�cdR�DN{LKAYNG�OpJ	m r � � �$y	a0G m r � ��jkMPOUE(J(H�R�jkJ�DNMPOQKAYFhAMAH�DNJ�a�T V�H�G�E(G�O_J(G�CQD^OWJ�a0G V�H�MdMAZ�MAZ2tdG�jkJ�DNMPO 6d� �
VUH�MdCUR�jkG�E K V�H�MdC�RUjkJ�DNMPO�E�GIJlMAZ:E�DN�IG D q J � J

� � F J � J x
��y'a0G m r � � DFO�Z�GIH�G�OUjkG KAYNhAMAH
DNJ�a�T<ElKAYFY`a�K�{AG
J�D^T�G�jkMPT�VUYFG?.uDNJ4oWV?MPYFodO0MPT DFKAY)DFOWJ�a0G�E�DF�IGbMAZnJ�a0GbV�H�MuC�R�jkJ�DFMPOQE(GIJI�UE(M<ZfMAH�KAY^Y�O0MPOpJ(H�DN{uDFKAY)C�DFE(J(H�DFSUR �
J�DFMPO�EI��C�DNH�G�jkJ	KLV�VUYFDFjIKLJ�DFMPO}MAZ`J�a0Gbmet i ��DFO0ZfGIH�G�O�jkG KAYNhAMAH
DNJ�a�T<EI� �'aUDFj�aQKLH�GbKLJ�T�MPE(J	cdR�KAC0H�KLJ�DFj D^O
J�a�G�E(J�KLJ(GgE�VUKAjkGA�UDFE	T<MAH�G G��}jIDNG�OpJ	J�a�KAOwjkMPOUE(J(H�R�jkJ�DNMPOwMAZnKAOwG�cpR�DF{ KAYNG�OpJ	m r � ��KAO�C KLV�VUYFDFjIKLJ�DFMPO
MAZ%m r � ��D^O0Z�GIH�G�O�jkGbKAYNhAMAH�DNJ�aUT<EI�
2 JgDFE J�a0GIMAH�GIJ�D^jIKAYFYNo�V?MPE�E�DNSUYNG�J�a�KLJgC0MPT<KADFO�EbG?.uDFE�J �'a0GIH�G �:G}jIKAO jkMPO�E(J(H�RUjkJ q Sdo E�MPT�G<MAJ�a0GIH

T<GIJ�a0MdC?x�KAO G�cdR�DN{LKAYNG�OpJ m r � � ZfMAH �'a�DFj
a DFO0ZfGIH�G�O�jkGWDFE�T�MAH�GWG��}jIDNG�OpJ�J�a�KAO J�a0GQm:t i � KAYNhAM��
H
DNJ�a�T<EI���'M ��GI{AGIH ��KAYNJ�a0MPR�hPa J�a0GWG�cdR�DN{LKAYNG�OpJgm r � � T<K�o a�K�{AGQK�C�D !)GIH�G�O_J V�H�MuC�R�jkJ�DFMPO E(J(H�R�j �
J�R�H�GA� DNJ�EQE(ouT�S)MPY E(J(H�R�jkJ�R�H�G TgRUE(JQE(J�DFYFYlH�GIV�H�G�E(G�O_JQJ�a�G E�KAT�G E(GIJQMAZ VUYFKAO�EWKAO�C E�J�KLJ(G�E KAEQJ�a0G
MAH
DNhPDFO�KAY?m:t i � J(M<E�R�V�V)MAH�J$J�a0G E�KAT<GlH
KAO0hAG MAZ�H�G�jkMAhPO�DFJ�DNMPOQcpR�GIH�DNG�EI�%zlO�YNG�E�E�J�a0G G?.dVXKAO�E�DNMPO MAZ�K
VXKLH�J�DFjIR�YFKLH:VUYFKAO DFEeDFO�C�GIV?G�OUC0G�O_J$MAZ�E(J�KLJ(GA�!�:G jIKAO �	H�DNJ(G jkMPO_J(G?.uJ��sZfH�GIGbV�H�MuC�R�jkJ�DFMPO�E2MPO�YFo�Z�MAH	O0MPO!�
J(GIH
T<DFO�KAY�E(odTgS)MPYFE	J�aUKLJ�H�GIVUH�G�E(G�OpJ�S)MAJ�a�J�a0G�hPDN{AG�O�VUY^KAO KAO�C J�a0GgH�G�YNGI{ KAOpJ jkMPO_J(G?.uJI� � J�a0GIH �'DFE�GA�
J�a�GgV�H�MASUKLSUDFYFDFJ|o MAZ%J�a�G�V�H�MuC�R�jkJ�DFMPO ��MPRUYFCwS)G�C0GIV)G�O�C�G�O_J	MPO�KAOpoQMPT<DNJ(J(G�C�E(J�KLJ(Gg{LKLH�DFKLSXYNG�E'KAO�C��
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E�R0SUE(G�cdR0G�OpJ�YNoA��MPO J�a0G MAJ�a�GIH E(ouTgS?MPY^EbDFO.J�a0G}VUKLH�E(G J(H�GIG}J�aUKLJgC0GIV)G�O�C.MPO jkMPT<T�MPO E(J�KLJ(G { KLH�D �
KLSXYNG�EI� y	a0GIH�GIZfMAH�GA�)J�a0G�m r � ��C0MPT KADFO H�GIV�H�G�E(G�OpJ�KLJ�DNMPO jIKAO T<KLJ�j�a J�a0G G��}jIDNG�OUjkowMAZ2J�a0G�m:t i �

H�GIV�H�G�E(G�OpJ�KLJ�DNMPO�MPO�YNo��'a0G�O J�a0G VUYFKAO E(G�YNG�jkJ�DFMPO8V�H�MujkG�E�E}a�KAE�G?.uJ(H�G�T�G�YNo8YFD^T<DNJ(G�C KAO�C�YFMdjIKAYFDF�IG�C
E�J�KLJ(G�C0GIV)G�O�C0G�O�jkoA�2y'a0G E(J�KLJ(GbJ(H�KAO�E�DNJ�DNMPO V�H�MASUKLSXDFYFDNJ4o<C�DFE(J(H�DFSUR0J�DNMPO V?MPE�G�E�K�E�DFT<DFY^KLH�V�H�MASUYNG�T Z�MAH
J�a�G<m r � � H�GIV�H�G�E�G�O_J�KLJ�DNMPO�� � Z�jkMPR0H�E�GA��GI{AG�O DFO.C0MPT KADFO�E��'a0GIH�G�J�a0G<m r � � H�GIV�H�G�E(G�OpJ�KLJ�DNMPO.DFE
T<MAH�G<G��}jIDNG�OpJI�`J�a0G E(GIVUKLH
KLJ�DNMPO.S)GIJ �:GIG�O J�a0G VUYFKAO.KAO�C E�J�KLJ(G}E(VUKAjkG�EgDFO J�a0G met i � T�MuC0G�Y%jIKAO
VUH�M {uDFC0GWK�T<MAH�G E�R�DNJ�KLSUYNG T�MuC0G�YFDFO0h�YFKAO0hPR�KLhAGA�$E�DFO�jkG J�a�G C0GIV)G�O�C�G�O�jko E(J(H�R�jkJ�R�H�G T<MAH�G jIYFMPE(G�YNo
T DNH�H�MAH�E�J�aUKLJ�MAZ T<MPE(J�VUYFKAO�OUDFO0h C0MPT<KADFO�E�� 2 O8E�R�j
a8jIKAE(G�EI� �:G jIKAO8R�E(GQJ�a�G m:t i ��T<MdC0G�YeJ(M
E�DFT�VUYFDFZ�o�J�a0G DFO�DFJ�DFKAY%E(V)G�jID]\XjIKLJ�DNMPO MAZeJ�a0G}C0MPT KADFO T�MuC0G�Y �nKAO�C.J�a0G�O jkMPOp{AGIH�JgJ�a�G}m:t i � J(M�KAO
G�cdR�DN{LKAYNG�OpJ	m r � ��ZfMAH'DFO0ZfGIH�G�O�jkGA�

� � � ��� �	� � ��#$� ��� � � � � � �����	

 !�# � ��#2�?#$ l�)�:�)
��� ��

y	a0GWm:t i � C0MPT KADFO E(V)G�jID]\XjIKLJ�DNMPO�E MAZ�J�a�DFE�E(G�jkJ�DNMPO8D^YFYFR�E(J(H
KLJ(G J�a0GQR0J�DFY^DNJ|o MAZ�J�a0GQYFKAO0hPR�KLhAG
KAE�K T�MuC0G�YFD^O0h J(MdMPY � tdG�jkJ�DNMPO 6d� 3 � � V�H�G�E(G�O_J�E�K T�MAH�GQE(MAVXa�DFE(J�DFjIKLJ(G�C m:t i � H�GIV�H�G�E(G�OpJ�KLJ�DNMPO MAZ
J�a�G	J(H�K �}j�T�MPO�DNJ(MAH�D^O0h G?.uKAT�VXYNGA�_DFYFY^R�E(J(H�KLJ�DFO�hla0M ��T<KAOpo�jkMPT<T�MPO<VXYFKAO<C0GIV)G�O�C0G�OUjIDNG�E`\UJ �'DNJ�aUDFO
J�a�G�E�J�KLJ(G��|C0GIV)G�O�C0G�OpJ V�H�MuC�R�jkJ�DNMPO�E(J(H�R�jkJ�R�H�GA�gtdG�jkJ�DNMPO�6d� 3 � 3 C0G�T<MPO�E(J(H�KLJ(G�Eba�M � ��G<jIKAO.E�V?G�jIDFZ�o
K m:t i ��ZfMAH�KAO KADNH'jkMPTgSUKLJ�C0MPT KADFOQR�E�DFO�h�K<V�H�GI{uDNMPR�E�YNo}hAG�O0GIH�KLJ(G�C�E(V)G�jID]\XjIKLJ�DNMPOwD^OQK<C�D !)GIH�G�OpJ
Y^KAO0hPR�KLhAGA�

�%7 � 7�� � 	P-�
 � � ��=�1 > � 	_14=��

" � �*��� �,� � ��� * ����� � ����
 �	��� � , " ���

y�M G?.uJ(G�O�C�J�a0G met i � MAZ � DNhPR0H�G 4d�<;WJ(MWK T�MAH�G�V�H�G�jIDFE(GgT<MdC0G�Y�MAZ2J�a0G MASUE(GIH�{AG�C�C�H�DN{AGIH�� ��G
T R�E(J�\UH�E(J G?.uVUYFD^jIDNJ�YNo�E�V?G�jIDFZ�o�J�a0G E(J�KLJ(GWE(VUKAjkGA�%C0G�E�jkH�DNS)G�C S�H�DNG"�Xo�DFO tuG�jkJ�DNMPO 4d� � �w~�MPE(J�MAZeJ�a0G
ZfG�KLJ�R0H�G�E R�O�C�GIHbjkMPO�E�DFC0GIH
KLJ�DNMPO jkMAH�H�G�E�V?MPOUC.J(MwJ�a0G E(J�KLJ(G MAZeJ�a0G jIKLH
EbMPO J�a�G a�DNhPa"�:K oA� � MAH�J�a0G
MASXE(GIH�{AG�CWjIKLH�� ��GlH�G�jkMAH�C DNJ�E:YFKLJ(GIH�KAY?V)MPE�DNJ�DNMPO q�� � / �:D^O R�O�DFJ�E2MAZ�ZfGIGIJ
x
�0V?MPE�DNJ�DNMPO KAYFMPO0h�J�a0G YNG�O0hAJ�a
MAZ$J�a0G aUDNhPa �eK�o q�� � / ��DFO�R�O�DNJ�E'MAZ	� =0� T DFYNG�E
x
�?E(V)GIG�C q 	 � � ��� J(M J�a0G�O0G�KLH�G�E(J�4 T<VUaXx
�XKAOUC J�R0H
O
D^O�C�DFjIKLJ(MAH�E(J�KLJ�R�E q 	"� & � 
 � �2G�DNJ�a0GIH � � �&� �$� � &('�� �$MAH /���x
� �.GwKAYFE�M T KADFO_J�KAD^O KAO KLH�H�K�o MAZ'ZfG�KLJ�R0H�G�E
jkMAH�H�G�E(V)MPO�C�DFO�h<J(MWJ�a0G E�V?GIG�CUE'MAZ2J�a�G jIKLH�E KLH�MPRUO�C J�a�GgMASUE�GIH�{AG�C C0H�DN{AGIH�� � O0GgH�M ��MAZ2J�a0G�KLH�H�K o
jkMPOpJ�KADFO�EeJ�a�GlE(V)GIG�C�E:ZfMAHeJ�a0MPE(G jIKLH�E:J(M�J�a0G DFT<T�G�C�D^KLJ(G'ZfH�MPO_J:MAZ�J�a�G�MASUE�GIH�{AG�CQC0H�DN{AGIH � �'DNJ�a}J�a0H�GIG
jkMPY^R�T<O�E DFO�C�G?.dG�C�Spo J�a0G�YFKAO0G V?MPE�DNJ�DNMPO�E'MAZ$J�a0MPE(G�jIKLH�E��bB�O0MAJ�a�GIHlH�M � jkMPOpJ�KADFO�E J�a0G�E(V)GIG�C�ElZ�MAH
J�a�GWjIKLH
E�DFT<T�G�C�D^KLJ(G�YNo S)G�a�DFO�C J�a0GWMASUE(GIH�{AG�C C0H
DN{AGIH��2KLhPKADFO DFOUC0G?.dG�C Sdo YFKAO0GA� y'a0G}J�aUDNH�C H�M �
jkMAH�H�G�E(V)MPO�C�EeJ(M�J�a0GbjIKLH
E�H�MPR0hPa�YFo GI{AG�O �'DFJ�a}J�a�G MASUE(GIH�{AG�CwC�H�DN{AGIH�� 2 Z�J�a0GIH�G D^E�O0M<jIKLH'DFOWK�hPDN{AG�O

� ;



V)MPE�DFJ�DNMPO�� J�a0G:jkMAH�H�G�E(V)MPO�C�DFO�h�Z�G�KLJ�R0H�G�J�KL�AG�EnMPO�KlOpR�Y^YA{ KAY^R0GA�`y'apR�E�� J�a0GIH�G:KLH�GeKLJnT�MPE(J`G�DNhPa_J`MAJ�a0GIH
jIKLH
E	J(M}jkMPOUE�DFC0GIH��0J�a�H�GIGbH�M �'E	Sdo}J�a�H�GIG�YFKAO0G�E���SUR0J	O0MAJ�jkMPR�O_J�D^O0h�J�a0GbMASUE�GIH�{AG�C jIKLHlDNJ�E(G�YNZ �$BlYFY)MAZ
J�a�G�E(GgZfG�KLJ�R0H�G�E KLH�G MASUE(GIH�{ KLSUYFGA�?E(M ��G�jIKAO�G�KAE�DFYNoQG?.uVUKAO�C J�a�DFElKLH�H�K o KAO�C�DFO�jIR0H	MPOUYNowO0GIhPYFDNhPDFSUYNG
KACUC�DNJ�DNMPO�KAY$jkMPE(J D^O DFO0ZfGIH�G�O�jkGA� � MAH�jIYFKLH�DFJ|oA� ��G DFC0G�OpJ�DNZfo�J�a�G G�YNG�T�G�OpJ�EgMAZ�J�a0G}KLH�H
K�o KAE � � - � 
 �s�
��DNJ�a � S)G�DFO0h�G�DNJ�a�GIH � � � ��MAH��.DFO�C�D^jIKLJ�DFO0h�J�a0G V)MPE�DNJ�DNMPOQD^OWZ�H�MPOpJ	MAZ ��GI{AG�O
��DNJ�aWJ�a0G�T<D^C�C�YNGlMAZ4�
MAHlS)G�a�DFO�CWMAZ �?H�G�E(V)G�jkJ�DN{AG�YNoA�?J�a0G�MASXE(GIH�{AG�C�jIKLH��?KAOUC
�'DNJ�a � S)G�DFO0h G�DNJ�a0GIH � � � �UMAH % DFO�C�D^jIKLJ�DFO0h
J�a�G�YNGIZfJI��T<DFC�C�YFGA�dMAH'H�DNhPapJ	YFKAO0GA�

�.GbTgRUE(J�KAYFE(M�jkMPO�E�DFC�GIH:J�a�GbR�O0MASUE(GIH�{ KLSUYFG'V�H�GIZfGIH�G�O�jkG�EeMAZ�J�a0G MASUE(GIH�{AG�CQC0H�DN{AGIH�� � O�GlVUH�GIZ�GIH �
G�OUjkG	H�GIV�H�G�E�G�O_J�EnJ�a0G�C0H
DN{AGIH � E%DFOpJ(G�O�C0G�C G?.0DNJ q + , � ��x
�PJ�a0G�V)MPDFOpJ`KLJ ��a�DFj�a�DFJ ��DFYFY_YFG�K�{AG	J�a0G	aUDNhPa �eK�oA�
�.GQKAE�E�R�T�G<J�a�KLJ J�a0G}H�G�jkMAhPO�DN��DFO�h KLhAG�O_J��uO0M ��EbJ�a0G}V?MPE�E�DNSUYNG�G?.0DNJbV)MPDFOpJ�E�KAYFMPO0h J�a0G a�DNhPa"�:K o �
MAJ�a�GIH �'DFE(GA�%J�a�GWE�J�KLJ(GwE(VUKAjkG ��MPR�Y^C DFOUjIYFR�C0G KAYFY$V)MPE�E�DNSUYNG<V)MPDFOpJ�EI�nG�cdR�DN{LKAYNG�O_J J(M J�a0GWC0MPT<KADFO MAZ
� � / �I� BlO0MAJ�a0GIH ZfG�KLJ�R0H�G�H�GIVUH�G�E(G�OpJ�E J�a0G<C0H�DF{AGIH � E C0G�E�DNH�G�C E(V)GIG�C q � ����� � ����	 � � ���dx
��J�a0G<E�V?GIG�C q J(M
J�a�G O�G�KLH�G�E(J 4gT<VUaXx%KLJ �'aUDFj�a J�a0G MASUE(GIH�{AG�CWC0H�DF{AGIH �'D^YFY0J(H�K {AG�Y ��DNZ�O0MAJ:V�H�GI{AG�OpJ(G�C Spo<J�a�G jIR�H�H�G�OpJ
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