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Starbucks

R = 5 − $1.86
    = 3.14

Second Cup

R = 5 − $1.55
    = 3.45

Coffee Time

R = 2.00

G.S.U. Pub

R = 5.00

Office

R = 10.00

P(Success | Jaywalk) = 0.99 

START

Hospital

R = −10.00
College Ave.

St. G
eorge / B

everley

Spadina A
ve.
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a) b)Forward−Search Dynamic Programming − Value Iteration
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a) Dynamic Bayes Net and Influence Diagram c) ADD for a Reward Function2 3 43b) ADD for P(S  ’ | S  , S  , S  ) for a fixed action

�JsuªanX`e\R½ � _ º £ ¥o|%gZ_adRsur �j_¡|a\�z¯gX\tb}°ia`e¬ _�gZ¥�sug��ZnX\hgZrt\8¥Xsu_aªa`{_�d�`e\^]X`e\hzp\^g�bpsugXª,_.bp`{_�gZzpsybpsuiag�k´nXgZrQbesyi�g _�gZ¥�_,`p\h°_a`e¥
k´nXgvrQbpsuiagµ¸�± º £ g \G�~r^sy\hg�b�\^gZr^io¥osygZª$i�k@be¤X\ be`e_agZzcsybpsuiag,k´nZgZrQbesyi�g�l �²�6k´i�`�bp¤Z\I[����  _�zpzpnXdRsygZª~bp¤X\f_artbpsuiag�s©z�¬%gXi�®g º ¸
��i�bp\¯be¤Z_�b ���� zpnXd~z°bpiRiagX\&i�x�\^`j_�¨u¨V]vi�zpzpsy±Z¨y\¯]X`e\^x%syi�nZzjz}b{_�be\hzh¸@r º £ g,\ �8rtsu\^g�b®\^gvrtio¥osugXªRi�kUbe¤X\
`p\h°_a`e¥~k´nXgZrQbesyi�g,±Z_azp\h¥i�g$be¤X\ z}b{_�be\hz°bp¤v_�b�sug��ZnX\hgZrt\
syb�syg.be¤X\
syg��ZnX\^gvrt\ ¥os©_�ª�`e_ad.¸

fn��l�O�2#4D�o4	2#�1 3%'[54DO�4	%'[54	%;����¤5$�232����!j54D_B&!�!$��o4�"�$�_` 3$�	J2#4	&�:<_!4�8=0' #_` c%5P��!0'&o����%'4 OJ$�_`$�l�4D�o4D_BO�4D_�&o�!$��o4�"�$�_` 3$�	�2#4 KA 3%+�!j54
	J c%'$�_!�*fD$�&o4?LB$�%'[i�!j=0'&H�= #4	2c[' 3%5PN$�%i4n��O���%54	%��! c$�2�_!4	[J0'fn�! #��%i 3%)O�$�_`$�l�4D�o4D_`&���"�4D_ �!j54Yh ��_`&!��fD$�&!4��HVX%i�!j54Y���=OJ 3fD$�2
fD$�&o4.: 4D"�4D_`�¦&o�!$��o4w"�$�_` 3$�	�2#4Q[54DO�4	%'['&*��%¦��%'2#�§$�0�%	� ���!j54D_`&i 3%§�!j'4Q�o_`$�%'&` #�! #��% lQ$��o_` ��§_!4DO'_!4	&!4	%��!$��! #��%,:B�!j=0'&
¤A$�2323 3%'P�&o��l�4DhNj54D_`4 	�4D��hY4D4	%��!j'4	&o4�� h �Z4n���o_!4	l�4	&D� ;|j' 3234)$Q¤A$�fn�o��_!4	[z�o_`$�%'&! 3�! #��%�$�%'[�_!4Dh�$�_`[�_`4DO'_!4	&o4	%;�!$��! #��%
fD$�%��� #4	23[�&!0
	J&o�!$�%;�! 3$�2H&!$	"� 3%5P�&�¤���_1�!j54��z\1W _!4DO'_`4	&o4	%��!$��! 3��%$:�h 4�%5���o4��!j'$��1�!j' 3&�¤A$�fn�o��_` 3%5PkfD$�%'%5���1��¤��o4	% 	�4
O'_`4	&o4D_!"�4	[Z 3%��!j54�"?$�2c054U¤A0'%'fn�! #��%w['054U�o�i�!j54�fn��_`_!4	23$��! #��%w��¤�$�fn�! #��%Z4 B�4	fn�!&Y��"�4D_U&!0�=QfD #4	%;�!2#�i4n�=�o4	%J[54	[QO�4D_` 3�=['&
��¤1�! 3l�4��x¥N4D"�4D_!�!j'4	2#4	&!&N:�_!4DO'_`4	&o4	%��! c%5P¦23$�_!P�4z�z\1W�&w 3&�$§�'_�&o��&o�o4DO}�o��hY$�_`[y&o��2#"� 3%5P �!j54	l¡$�%'[�&!0 	J&o4�8=054	%��
�o4	f�j'%' 8=054	& hN c232��!$�{�4�$�[5"�$�%��!$�P�4���¤B�!jJ 3& ¤A$�fn�o��_!4	[�&o�o_�0'fn�!05_!4+¤���_U4N=QfD #4	%;�Nfn��l�O�05�!$��! #��%�$�%'[�$�O'O'_!�<�� 3lQ$��! #��%��

s��37��c7 
����
<9���
	�`C	F 9=���E�H�����B�H9;F 9��B�B9�����9zIJ�B�yI'FBFH�?���A> I5
�����

��"�4	%� 3¤HhY4�fD$�%�_`4DO'_!4	&o4	%;���!j'4 �o�� 3%;�N�o_`$�%'&` #�! #��%zO'_!� 	J$�	J c23 #���k$�&1$ ��$<��4	&+%54D��h� #�!j�$Zfn��%'[' #�! 3��%'$�2�O'_`� 	J$�	J 323 3���
�!$�	J234 Kb��W�T L ¤���_U4	$�f�jz&!0JfDfn4	&!&o��_N&o�!$��o4�"?$�_� 3$�	J2#4.:�hY4)fD$�%:��¤��o4	%�_!4DO'_`4	&o4	%�� �!j'4	&o4*�!$�	J2#4	&Nl���_!4+4N=QfD #4	%;�!2#�Z�!j'$�%
	=�k4	%;0'l�4D_`$��! 3%5Pw�!j54*4	%;�! #_!4)�!$�	�2#4�� �10' #�o4*��¤��o4	%$:�h 4��J%'[��!jJ$���fn4D_!�!$� 3%�"?$�2c054	&U��¤ "�$�_` 3$�	J234	&U 3%�$k��W�T _!4	%'[54D_
�!j54)���!j54D_U"�$�23054	&U #_`_!4	2#4D"�$�%��D� TUjJ 3&� 3& {�%5�<hN%�$�&Ufn��%��o4n���Xa�&oO�4	fD #�Jf� 3%'[54DO�4	%'['4	%'fn4�Kb�NS=V L"�©¿o¿(�b�
^5��_i4n�5$�l�OJ2#4.:� #¤Yh 4w{=%5��h��!jJ$�� � �G [54DO�4	%'[J&+��% ��*�'�� G $�%'[ � �

	J05�*�!j'$��i 3%§�!j54Zfn��%��o4n���i��¤ �6* ' 365 7 9�1
�!j'$�� � �G ['4DO�4	%J['& ��%'2#�:$�['[J #�! #��%'$�2323�Q��% � �

:��!j54	%zhY4�fD$�%�l�4D_!P�4i�!j54)4	%;�o_` #4	&�¤E��_ � G ' ,/.�021�$�%'[ � G ' 365 7 9�1

¿	�



 3%��!j' 3&Ufn��%;�o4n�=�D� VX%���_�[54D_U�o�Q_`4DO'_!4	&o4	%;�N�!j' c&��US=V�fn��l�OJ$�fn�!2#�.:�hY4)fD$�%z0J&o4)$�[54	fD c&! #��%:�o_!4D4���_�l���_`4)P�4	%54D_`$�2c2#�
$�%§��\1\ �©¿n, �b�)��% 4n�5$�l�OJ234���\1\ ¤���_+�!j' 3&�O'_`� 	J$�	J 323 3���:[' 3&o�o_� 	J05�! #��%z 3&�P� #"�4	%§ 3%�^� #P�05_!4�,kOJ$�_!�!K 	2L�$�%'[ $�%
4n�5$�l�OJ2#4*��\1\ ¤E��_��!j54+_!4Dh�$�_`[� 3&UP� #"�4	%� 3%:^� #P�05_`4+,�OJ$�_!� KAf�L��
VX%�$�['[' 3�! #��%��o�i�!j54U_!4DO'_`4	&o4	%��!$��! 3��%'$�2J4N=wfD #4	%'fn����¤�l�4D_!P� 3%'P) 3[54	%;�! 3fD$�25"�$�23054	&  3%Q$���W�T :�h 4�%5���o4N�!j'$��Yfn��l�a

OJ0'�!$��! #��%khN #�!jk�!j54	&!4���W�T ['$��!$Q&o�o_`0'fn�!05_`4	&N:�4	&oO�4	fD 3$�232#�Z��\1\1&N:J 3& $�2c&o��"�4D_!�k4N=QfD #4	%;�D� ;yj'4	%kh 4)li0'2#�! 3OJ2#����_
$�['[k� h �w� W�TU&Y_!4DO'_`4	&o4	%��o4	[:$�&N��\1\1&N:5hY4*$�_!4 �o0J&o� O�4D_!¤���_`l� c%5P)�!j54*&!�!$�%'['$�_`[kli0'2#�! #OJ23��$�%J[:$�['[k��O�4D_`$��! #��%'&
¤���_)��\�\1&��!j'$��)$<"��� 3[¦4	%=0'l�4D_`$��! c%5P:�!j54�4	%;�! #_!4Q&o�!$��o4Z&oOJ$�fn4��Z����%'&o4�8=054	%��!23�.:�hY4QfD$�% 0'&!4��!j54	&o4Q['$��!$�&o�o_`0'f a
�!05_`4	& $�&Y$�232J c%��o4D_`l�4	[' 3$��o4N_`4DO'_!4	&o4	%;�!$��! #��%'&Y['05_` c%5P+"?$�2c054N #�o4D_`$��! 3��%$:;�!j=0'& O�4D_!¤E��_�l� 3%5P+"�$�23054N 3�o4D_`$��! #��%whN #�!j5��05�
4n��OJ23 3fD 3�!2#��_!4�8=0' #_` c%5P�¤A0'232�4	%=0'l�4D_`$��! 3��%:��¤B�!j'4)&o�!$��o4�&!OJ$�fn4��
/1%'4i$�['[J #�! #��%'$�2 	�4	%'4D�'�N��¤ �o_!4D4���_*��\1\ &oO�4	fD #�JfD$��! #��%z��¤���W TU&� 3&��!j'$��+ #��$�2c2#�<hN&���%54��o�kO'_`0'%'4� 3%;�o4D_`%'$�2

%5��[54	&U c%�$Q[54	fD c&! #��%k�o_!4D4i$�%'[�_!4DO�23$�fn4*�!j54	&o4�%5�=['4	&UhN #�!j��!j54)l� 3%J 3l�0Jl $�%J[�l�$?�5 3li0'l�"�$�23054+��¤ �!j54*�o_`4D4)��_
��\1\�_!�=���o4	[ $����!j'$���%5��[54���/1%54�fD$�% �!j54	%¦O�4D_!¤���_`lr"�$�23054w #�o4D_`$��! #��% l�$� 3%;�!$� 3%' 3%5Pk�!j54	&!4w05O'O�4D_*$�%'[ 2#�<hY4D_
	���0'%'[J&D��S� 3%'fn4+�!j54 � 4	2c23l�$�% 	J$�f`{=0'O� 3&U$�{�%5��hN%�fn��%;�o_`$�fn�! #��%z��O�4D_�$��o��_�:'hY4*{=%'�<h �!jJ$��U�!j54)$�2#P���_� #�!j'lmli0'&o�
&o�! c232�fn��%;"�4D_!P�4.:��!j' c&��! 3l�4 �o�1$�%�$�O'O'_!�<�� 3lQ$��o4	2#�+��O'�! 3l�$�2=&o��230'�! #��%���/+%54 fD$�%�0'&o4Y"�$�_` #��0'&Bj54	05_` 3&!�! 3fD&�¤���_�O'_`0'%' c%5P
$�%'[x_!4D��_!P�$�%J #£	 3%5P �!j54� c%��o4D_`%J$�2N[54	fD 3&` #��%}"�$�_` 3$�	�2#4���_`[54D_� 3%5P�&��o� l� c%' 3l� #£D4:�!j'4�$�l���0J%��Z��¤)$�O'O'_`�	�5 3l�$��! #��%
_!4�8=0' #_`4	[��1/1%'4ifD$�%§$�23&!�Zfn��%;�o_!��2H�!j54�$�l���0'%;����¤ O'_`0'%J 3%5P� 3%z_!4	&oO���%'&o4��o�k�!j54i��\1\ &! #£D4� 3%���_`['4D_��o� 	���0'%'[
�!j54�l�$?�� cl�0'l _`4DO'_!4	&o4	%;�!$��! #��%�&! 3£D4��� $�_` 3��0'&+fn��l 	� 3%'$��! #��%'&*��¤ �!j54	&!4Q 3[54	$�&+j'$<"�4 	�4D4	%§ 3l�O�2#4	l�4	%;�o4	[§ 3%§$:%;0Jl 	�4D_+��¤�O'_!��O���&! #�! 3��%'$�2B['4	fD 3&! #��%�a
�!j54D��_`4D�! 3f OJ23$�%J%' 3%5P�&o��&o�o4	l�&N:?4���P5�BO���23 cfn�� #�o4D_`$��! 3��%*0'&! 3%'P�['4	fD 3&! #��%+�o_`4D4	& �©¿ ���0:?"?$�2c054  #�o4D_`$��! #��%)0'&! 3%5P ��\1\�& ��-�g��0:
$�%'[Q��\1\1&�h� #�!j�$�O'O'_`�	�5 3l�$��! #��%�OJ_`0'%' 3%'P��o4	f�j'%' 8=054	&-� ,�-��b� V�%�OJ_`$�fn�! 3fn4.:=�!j54	&o4N$�2#P���_� #�!j'l�& $�_`4 8=0' #�o4 4N=QfD #4	%;�N:
$�2323�<hN 3%'P���%54k�o�§4	$�&! 323�¦l�0'23�! #OJ2#� ��W TU&i_!4DO'_!4	&o4	%;�! 3%5P��<"�4D_w$ 	� 32323 #��% &o�!$��o4	&D� ¥���%54D�!j54	234	&!&N: hNjJ 32#4Q�!j'4 	�4	&o�
fD$�&o4z"?$�2c054�¤A0'%'fn�! #��%�$�%J[�O���23 3fn� _!4DO'_!4	&o4	%;�!$��! #��%'&wfn��0'23[ 	�4�fn��%J&o�!$�%��!& KA 3%J[54DO�4	%'[54	%;�i��¤+&o�!$��o4?LR:N�!j54�hY��_`&o�
fD$�&o4+_`4DO'_!4	&o4	%;�!$��! #��%'& $�_!414n��O���%54	%��! c$�2� c%w�!j'41%=0'l 	�4D_Y��¤H&o�!$��o4*"�$�_` 3$�	J234	&N:=jJ$	"� 3%5P�$�[' B�4D_!4	%��Y"�$�230541��_U$�fn�! #��%
O���23 3fn�k¤���_�4D"�4D_`��&o�!$��o4��1V�%z�!j54�P�4	%54D_`$�2�fD$�&o4.:�]� #�o�!lQ$�%�4D�+$�2 � ��-�����%'���o4��!j'$����J%'[J 3%5P�$�%���O'�! 3l�$�2�OJ23$�%z0'&! 3%5P
�o_!4D4na�&!�o_`0'fn�!05_!4	[:��W TU&  c&����������
	�����������w$�2#�!j5��0'P�jw #�Y 3&Y0'%'fD2#4	$�_ hNj54D�!j54D_�&!0'f�jwfn��l�O�2#4n�� 3����_!4	&!0J2#�!& hY��0'23[
4n���o4	%'[:�o�w�J%'[' 3%'Pi$�O'OJ_!�	�5 3l�$��o4	2#�w��O'�! 3l�$�2�&o��2305�! #��%J& h�j54	%�0'&! c%5P��o_!4D4*��_N��\1\Na�&!�o_`0'fn�!05_!4	[ ��W�TN&D�

s��37��3s �Z�B���E
�����9�CD
<������
����?9�IJ���yI'FHFB�? ���A> I5
?�E��

/1%'4�fD$�%§¤�$�fn�o��_��!j54�"�$�23054�¤A0'%'fn�! #��%§ 3%;�o�:hY4	 #P�j��o4	[ $�['[' #�! #"�4�fn��l�O���%'4	%��!&* c%§$�%§4 B���_`�*�o��fD$�O'�!05_`4�$�['[' #�! #"�4
&o�o_�0'fn�!05_!4i 3%��!j54i"�$�23054)¤A0'%'fn�! 3��%�$�%'[�0'&o4��o4	f`j'%' 98;054	&1&!0Jf`j�$�&�2c 3%54	$�_�$�OJO'_!�	�5 3l�$��! 3��%��o�k&o4	2#4	fn��h 4	 #P�j;�!&��!j'$��
l� c%' 3l� #£D4 �!j'4��<"�4D_�$�232�$�O'O'_!�<�� 3lQ$��! #��%*4D_!_`��_	� /+%54�fD$�%�$�23&o��0'&o4 l���_!4�P�4	%54D_�$�2;¤A0'%'fn�! 3��%)$�O'O'_`�	�5 3l�$��! #��%�&!0'f`ji$�&
%5��%J23 3%54	$�_�¤A0'%'fn�! #��%'&H��_�%'4	05_`$�2�%54D�!&-� e�� 	�05�  #�  3&�P�4	%54D_`$�2323��[' P=wfD0'2#�H�o�+O'_!�<"� 3[54 0'&!4D¤�0'2�fn��%;"�4D_!P�4	%'fn4�O'_!��O�4D_!�! #4	&
¤���_*&!0'f�j�$�OJO'_!�	�5 3l�$��! 3��%�$�_�f`j' #�o4	fn�!0'_!4	&*&o�khY4�['�k%'���1[J 3&!fD0'&!&��!j54	l¢j54D_`4�� ;§4�¤���_`l�$�23 #£D4i�!j54�fD$�&o4���¤�23 3%54	$�_
"�$�23054+¤A0'%'fn�! #��%:$�OJO'_!�	�5 3l�$��! 3��%:%54n�=�D�
V�¤�hY4Qj'$<"�4 !�&o�!$��o4	&) c% ��05_��z\�W :��!j'4�4n��$�fn�)"?$�230'4�¤�0'%Jfn�! #��%§fD$�% 	�4�&oO�4	fD #�'4	[ $�&)$k"�4	fn�o��_� 3%+� � ��TUj' 3&

¿	p



"�4	fn�o��_ fD$�% 	�4 $�O'O'_`�	�5 3l�$��o4	[ 	;�*$�23 3%54	$�_Bfn��l 	J c%'$��! #��%���¤
	J$�&! 3&�¤�0'%Jfn�! #��%'&OKA b��4��B"�4	fn�o��_`& L�� TUj54 2c 3%54	$�_B&`0
	J&oOJ$�fn4
&oO�$�%'%54	[ 	;�w�!j' 3&�23 3%'4	$�_�fn��l 	J 3%J$��! #��%kl� #P�j;��%'���U 3%'fD230'['4N�!j54+$�fn�!0'$�2�"�$�230541¤A0'%'fn�! #��%,: 	J0'�Y��%'41fD$�%�O�4D_`¤E��_`l $
O'_`���X4	fn�! #��%��o��l� 3%' 3lQ #£D4�&!��l�4+4D_!_!��_Nl�4	$�&!05_!4 	�4D��hY4D4	%:�!j54+_`4	$�2�"?$�2c0541¤�0'%Jfn�! #��%:$�%'[k�!j54*23 c%54	$�_Ufn��l 	� 3%'$��! #��%
��¤ 	J$�&! c&�¤�0'%Jfn�! #��%'&D�
^5��_ �!j'4�¤���232#��hN 3%5Pi¤���_`l�$�23 #£	$��! 3��%$:;hY4*$�&!&!0Jl�4��!jJ$�� �  3&�$�% ! � BZl�$��o_` ��w_!4DO'_!4	&o4	%;�! 3%5Pi�!j54+fn��%'fD$��o4	%'$��! 3��%

��¤ B 	�$�&! 3&U¤A0'%'fn�! 3��%:"�4	fn�o��_`& K�hNj54D_!4 B� 3&�0'&!0'$�2323�w&!l�$�2c2 LY$�%'[ ��  3&�$ Bk4	234	l�4	%���fn��230'l�%�"�4	fn�o��_1_!4DO'_!4	&o4	%;�! 3%5P
�!j54U2c 3%54	$�_ fn��l 	� 3%'$��! #��%�hY4	 #P�j;�!& ¤���_ 4	$�f`jQ��¤��!j54 	�$�&! 3&�"�4	fn�o��_`&D� TNj54	% � �� _!4DO'_`4	&o4	%��!& $)23 3%54	$�_ $�O'O'_`�	�5 3l�$��! #��%
��¤��!j54+"�$�23054+¤A0'%'fn�! #��%��
��&Q��0'_ZOJ_!���X4	fn�! 3��%xl�4D�!j'�=[$:Nh 4 fn��0'23[y0'&o4 $ 234	$�&o�Xa�& 8=0'$�_!4	&k23 3%54	$�_wO'_!���o4	fn�! #��% K 	;�xl� 3%' 3lQ #£	 3%5P �!j54�� *

K � 0'fD23 3[54	$�%Z%5��_`l L 4D_!_`��_�l�4	$�&!05_!4?L�����%5¤���_!�!0'%'$��o4	2#�.:5$�& [5��%'4� 3% ��-?,M:'-�6���	�05�Y$�&�O��� 3%;�o4	[w��05� 	;�Zq+054	&o�o_` 3%w4D�
$�2 � ��-���:�-�¿(� Kbq��*W � ¤E_`��lrj54D_!4���05�RLR:�0'&` 3%5PZ�!j54	&o4�$�O'O'_`�	�5 3l�$��o4�_!4DO'_!4	&!4	%��!$��! #��%J&+2#4	$�['&1�o��[' P=wfD0'2#�! #4	&�hNj54	%
O'_`�<"� 3%5Pwfn��%;"�4D_!P�4	%'fn4Q��¤ �!j54�&o�!$�%'['$�_`[ �z\�W $�2#P���_` #�!j'lQ&D�+����%'&o4�8=054	%��!23�.:�$�&1&!0'P�P�4	&o�o4	[§ 3%�q��*W ��:�h 4i�!$�{�4
$�lQ$?�;a�%5��_�l�O'_!���o4	fn�! #��%�$�OJO'_!��$�f`j K 	;�kl� 3%J 3l� #£	 3%'P�� # KAl�$?�;a�%'��_`l LY4D_!_`��_ LY�!j'$��N$�2c2#�<hN&Nfn��%�"�4D_!P�4	%Jfn4��o� 	�4
&!j'�<hN%kli0'f`j:l���_`4�4	$�&` 32#�Q&! c%'fn4� 3�Y[' 3_!4	fn�!2#��l� 3%J 3l� #£D4	&��!j5414D_!_!��_U0'&o4	[k 3%w�!j54+fn��%;"�4D_!P�4	%'fn4*O'_`�;��¤A&Y¤E��_U�z\�W &D�
^'0'_!�!j54D_`l���_`4.:'�!j54	&o4+�o4	f�j'%' 8=054	&U2#4	$�[��o��"�4D_!�k4N=QfD #4	%;�UO'_!���o4	fn�! #��%�$�23P���_` #�!j'l�&	�
^5��2c2#�<hN c%5P� 3& $�l�4D�!j5��[k�o�Q[54D�o4D_�l� 3%541�!j54*l� c%' 3li0'l�� # 4D_!_!��_ _`4DO'_!4	&o4	%;�!$��! #��%�¤���_U$�%�$�O'OJ_!�	�5 3l�$��o4+"�$�23054

¤A0'%'fn�! #��%:0J%'[54D_U$��5��4	[kO���23 3fn�,2 �

�� � ' 5 .K$YlQ 3%
	


� � ��  K " � � � � ��� �� L � #
' 5 .K$YlQ 3%

	

� K �  � � � � L+��  " � � # K{¿	g3L

^5_`��l(�!j' 3&�:<hY4�fD$�%)[54D_� #"�4 $U&! 3l�OJ2#4 $�2#P���_` #�!jJl ¤E��_B$�O'O'_!�<�� 3lQ$��o4 O���23 3fn�� 3�o4D_`$��! #��% 	=��_!4DO�4	$��! 3%5PU�!j54 ¤���232#��hN 3%5P
&o�o4DO�&U0'%;�! 32��!j54+O���23 3fn�Zfn��%�"�4D_!P�4	&X�

���� %� ' 58.9$Yl� 3%
	


� K �  � � ��� ��� ��L���  " ��� ��� � # K{¿n,QL
2 � % � %  ' 58.9$Yl�$?�� ��� K " � � � � � � �� � %� L K{¿	63L

V�¤ hY4�2#4D��� '��  � � � � ��� ��$�%'[ �#l' " � � ��� :��!j54	% hY4�fD$�%¦0'&o4��!j54�¤���232#��hN 3%5PZ23 3%54	$�_1O'_`��P�_`$�l¢�o�:�J%'[��!j54

-��



��O'�! cl�$�2 �� ¤���_U�!j54�l�$?�;a�%'��_`l�O'_!���o4	fn�! #��% �

� $�_` 3$�	�2#4	&�� � % ' � � � ' � �2' "
�� c%' 3l� #£D4�� "

S�0
	��o4	fn� �o�#� " � �,
� & % A ��� � �  # � ' � � 3 5Z¿ � � � ! O

" � # �  �,
� & % A ��� � � ' � � 3 5Z¿ � � � ! O

TUjJ 3&�23 3%'4	$�_QO'_!��P�_�$�l¡&o4	234	fn�!&Z$@&o4D�Z��¤+h 4	 3P�j��!&Z�!j'$��kl� 3%' cl� #£D4:�!j54�$�	J&o��2305�o4zO'_!���o4	fn�! #��%x4D_!_!��_Z�<"�4D_�$�232
&o�!$��o4	&	��TUj54�O'_!� 	J234	l�$�& %5���o4	[ 	=�Zq �*W	�  3& �!j'$����!j54D_!4+ 3&Y$�fn��%'&o�o_`$� c%��Y_!4�8=0' #_!4	[w¤E��_�4D"�4D_!�Z&o�!$��o4*$�%'[Z�!j' 3&Y 3&
0'%'¤E��_!�!0J%'$��o4	2#�Q4n��O���%54	%;�! 3$�2� 3%:�!j54*%=0'l 	�4D_ ��¤�&!�!$��o4)"�$�_` 3$�	J2#4	&	��^'��_!�!0'%'$��o4	2#�k�!j5��0'P�j$:�q �*W	�u&`j5�<h �!j'$��U��%54
fD$�%Z0'&o4N$)"?$�_� 3$�	J2#4 4	23 cl� 3%'$��! #��%�$�23P���_` #�!j'l �o�)P�4	%54D_`$��o41$)%=0'l 	�4D_ ��¤�fn��%'&o�o_`$� c%��!& 	���0J%'[54	[ 	=���!j54N�o_!4D4�hN 3[5�!j
��¤��!j54��o_`$�%'&` #�! #��%�\���¥)�5��['[' #�! 3��%'$�232#�.:���%541fn��0'23[w0'&o4�$)fn��%'&o�o_�$� 3%��YP�4	%54D_`$��! 3��%w$�O'OJ_!��$�f`jw�o�i$<"��� 3[k&oO�4	fD #¤��= 3%'P
$�232���¤��!j54	&!4)fn��%'&o�o_`$� c%��!& � , � �b�
��&! 3%5PQ�!j54	&o4i�o4	f`j'%' 98;054	&�:J��%54�fD$�%�4	 3�!j54D_��!$�{�4�$QO���2c 3fn�: #�o4D_`$��! #��%z$�O'O'_!��$�f�j ��-�� �H$�&1[54	&!fn_` 	�4	[�$�	���"�4���_+$

[' 3_!4	fn�)23 3%'4	$�_*O'_!��P�_`$�lQl� 3%5P�$�O'OJ_!��$�f`j ��g�p�� �o��&o��2#"� 3%5P:�!j54k��\1W  3%§��%'4Q&o�o4DO���/1% O'_!� 	J2#4	lQ&+hN #�!j¦$z23$�_!P�4
$�l���0J%��U��¤ $�[J[' #�! #"�4*&o�o_�0'fn�!05_!4* 3%��!j54*"�$�23054+¤A0'%'fn�! #��%$:�&!0'f`j�$�O'O'_!��$�f�j54	&�fD$�%z$�O'O'_!�<�� cl�$��o4	2#�k&o��2#"�4)OJ_!� 	J2#4	l�&
¤A$�_Y2c$�_!P�4D_ �!jJ$�%Q�!j5��&!4�&o��23"?$�	J234 	=��fn��%��o4n���Xa�&oO�4	fD #�Jf� 3%'[54DO�4	%'['4	%'fn4U$�2#��%54�����%5¤���_!�!0'%'$��o4	2#�.:=��%541fD$�%'%5��� � 	'�!$� 3%
� (C*:� F�*-�*4D_!_!��_ 	���0'%'['&+��% �!j54Z�J%'$�2�"?$�230'4Q¤A0'%'fn�! #��% $�%'[ �4( FY, HS%�*:� F�*-�)4D_!_`��_ 	���0'%'[J&*fD$�%@��%'2#� 	�4w[' #_`4	fn�!2#�
� 	'�!$� c%54	[�hNj54	%�0'&! c%5P�$�O'OJ_!�	�5 3l�$��o4 O���23 3fn�* 3�o4D_`$��! #��%���^'05_!�!j'4D_`l���_!4.:�hY4 %5���o4 �!j'$�� hNjJ 32#4 &`0'f`j��o4	f�j'%' 8=054	& fD$�%
	�410'&o4	[k 3%ZfD$�&o4	& hNj54D_`4��!j541"�$�23054�¤�0J%'fn�! #��%k 3& 	�4	2c #4D"�4	[Z�o��jJ$	"�4*$�['[' 3�! #"�4�&!4DOJ$�_`$�	J 32c #���.:�$�['[' #�! 3"�4�&o4DO�$�_`$�	J 323 3���
 3%��!j'4 _!4DhY$�_�[�[5�=4	& %5���� 3l�OJ2#�*�!j'$�� &!0'f`j�$�[J[' #�! #"�4U&o�o_�0'fn�!05_!4 hN c232 	�4 _!4��J4	fn�o4	[Q 3%��!j54 ��OJ�! 3l�$�2�"�$�23054 ¤A0'%'fn�! #��%��
/1%'4�$�['[J #�! #��%'$�2�[' P=QfD0'23����hN #�!jk23 c%54	$�_ "�$�23054�¤A0'%'fn�! #��%Z$�O'O'_!�<�� cl�$��! #��%k 3& �!j'$�����¤�P�4	%54D_`$��! c%5P�$�P��=��[:&o4D����¤

	J$�&` 3&�¤�0J%'fn�! #��%'&D� ��4D_!�!$� 3%'2#�.:'$�O��=��_N&o4D�N��¤ 	J$�&` 3& ¤A0'%'fn�! #��%'&��!jJ$��N 3& ¤A$�_U¤�_!��l��!j54*4n�5$�fn�N"�$�23054+¤A0'%'fn�! 3��%:0'%'[54D_
$�%;�*%5��_`l(fD$�%ij'$<"�4Y$U&!4D"�4D_!4	2#�*$�[5"�4D_`&!4  3l�O�$�fn����%)[54	fD c&! #��%�8=0'$�23 #� ��� ����%'&o4�8=054	%��!23�.:���%54 fD$�%)�!$�{�4�$N%=0'l 	�4D_���¤
$�O'OJ_!��$�f`j54	&B�o��P�4	%54D_`$��! 3%5P�	J$�&! 3&�¤�0'%Jfn�! #��%'&�&`0'f`j�$�&��J%J[' 3%5PU&!0 	'�!$�&o{�&�hN #�!j)$�['[' #�! #"�4�_!4DhY$�_�[���g�6��=��_BO�4D_!¤���_`l� 3%'P
	'_�$�%'f`j�a�$�%J[�a 	���0'%'[:&o4	$�_`f�j��o�Z�J%'[ � 4	2c23l�$�%�ab4D_!_`��_Nl� 3%' cl� #£	 3%5P 	J$�&! c&U¤A0'%'fn�! #��%'& ��g�R��b� ��%'¤E��_!�!0J%'$��o4	2#�.:�$����!j' 3&
O��� 3%;�U 3%:�! 3l�4.:JP�4	%54D_`$��! c%5Pw$�P��=��[ 	J$�&` 3& ¤A0'%'fn�! #��%�&!4D�� 3&U&!�! 3232�l���_!4���¤ $�%z$�_!�N�!j'$�%�$w&!fD #4	%'fn4.:�$�%'[��!j54D_`4�$�_!4
%5�wfD05_!_!4	%;�!2#�k{=%'�<hN%zl�4D�!j5��['&U�!j'$���$�232#��h ��%54��o�w$��o�!$� 3% �^(+*-� F�*-� P�0'$�_`$�%;�o4D4	&���%��!j54i[54	fD 3&! 3��% 8;0J$�23 #���Z¤���_�$
P� #"�4	%�&o4D�U��¤ 	J$�&! 3&�¤A0'%'fn�! 3��%'&D�

� G�:�FtD¯=$#tH��,D F DU����� B��µ=��vHIB$��:�B � 9��}�
VX% �!j54�O'_!4D"� #��0'&+&!4	fn�! #��%$:�hY4Q[' 3&`fD0'&!&o4	[ [54	fD 3&` #��%�ab�!j54D��_!4D�! cf�O�23$�%'%' 3%'Pwl���[54	23&1�!j'$��)h 4D_!4 	�$�&o4	[§��%§$:O'_`��O���a
&! 3�! #��%'$�232#��¤A$�fn�o��_!4	[ &o�o_`0'fn�!05_`4�� ���<hY4D"�4D_�:�hY4ZfD$�% P�4	%54D_`$�2c #£D4w¤�_!��l �!j54Z_!4	23$��! #��%'$�2 [5��l�$� 3% l���[54	23&i&!0'f`j@$�&

-�¿



S�TNMUVXWYS���_�W \1\�] [' 3&!fD0'&`&o4	[Q 3%w�!j54+[54D�o4D_`lQ 3%' 3&o�! cf OJ23$�%'%J 3%5P*&o4	fn�! #��%k�o��O'_`� 	J$�	J 323 c&o�! 3f�"�$�_` 3$�%;�!& ��¤��!j54	&o41_!4DO5a
_!4	&!4	%��!$��! #��%J& 	J$�&o4	[Z��%k�!j54*��\1W�l��=[54	2b��^'_!��l �!j54	&o4+_!4	2c$��! #��%'$�2���\1W�&oO�4	fD #��fD$��! #��%'&N:=h 4*fD$�%Z4	 #�!j'4D_ �5�Q�!j54
[5��lQ$� 3%�� 	��o4	fn�!& $�%J[�fn��%�"�4D_`� �!j54N_!4DO'_!4	&o4	%;�!$��! #��%Q�o��$*OJ_!��O���&! #�! #��%'$�25�z\1W ��_ h 4�fD$�%QP�4	%54D_�$�23 #£D4U�!j54�[5��l�$� 3%
�o��$��'_`&!�Xab��_`[54D_��z\1W �!jJ$���fn��%'fD 3&!4	2#� _!4DO'_!4	&o4	%;�!&)$�2c2 O���&!&! 	J234�['��l�$� 3%¦ 3%J&o�!$�%��! c$��! #��%'&D�wV�% �!j' 3&*&o4	fn�! 3��%$:BhY4
&!0'_!"�4D�Z&!��l�4*��¤H�!j54)$�O'O'_`��$�f`j54	&N¤E��_N&!��2#"= c%5P�_!4	23$��! #��%'$�2�$�%J[:�'_`&o�Xab��_�[54D_��z\�W &D�

� &'% 	  � 1 +3- )�4 1 �A( ��� 6

� �A��� � v����)�Z�Dv�����v)v*8:8��

� 0'&o�:$�&�hY4¦0'&o4	[|�!j54 S5TUMUVXWYSy$�%'[ W \1\�]�23$�%5P�0'$�P�4	&�¤E��_�&!O�4	fD 3¤E�� 3%5P@_!4	23$��! #��%J$�2*��\1W�& K��!j'$���fn��0'2c[ 	�4
P�4	%54D_�$�23 #£D4	[ �o�:�!j54��'_�&o�Xab��_`[54D_+fD$�&o4?LR:Bh 4�fD$�%¦$�2c&o�:&oO�4	fD #¤E��O'_!� 	J$�	J c23 3&o�! 3f*"�4D_`&! #��%'&���¤Y�!j54	&o4�_!4DOJ_!4	&o4	%;�!$��! #��%'&D�
TUj'4�P�4	%54D_`$�2c #£	$��! #��%��!jJ$��ZW�S�TUMUVXWYS ������$�%'[yW�W \1\�] � ,;e��1l�$�{�4��o� �!j54	 3_QO'_!4	['4	fn4	&!&o��_`&Z 3&��!j'4�$�	J c23 #���@�o�
&oO�4	fD #¤���O'_`� 	J$�	J 323 c&o�! 3f 4 B�4	fn�!&N:J4���P5�P:JhN #�!jZ_!4	&oO�4	fn� �o���!j54�	J2#��f!{�&�hY��_`23[$:�hY4*fD$�%�&oO�4	fD #¤����!j'$�� hN #�!jZO'_`� 	J$�	J 323 3���
��� eQ$w&!�!$�f!{���O�4D_`$��! 3��%�hN c232�&!0'fDfn4	&!&!¤�0'2c2#�kOJ23$�fn4�$ 	J2#��f!{:��%�$�%5���!j54D_ 	J2#��f!{2:�$�%'[�h� #�!j�O'_`� 	J$�	J 323 3��� ���.g :� 3�NhN 32c2
	�4*[5_!��OJO�4	[��
TB��l�$�{�4)�!jJ 3& l���_!4)fn��%Jfn_!4D�o4.:�$�%:4n�5$�l�OJ234+��¤�$�W W�\1\1] $�fn�! 3��%�&oO�4	fD #�JfD$��! 3��%k¤E��2323�<hN&��

�"�6������	#
#� ��"�-���

� �����"�3������������ �������;�

� �-���"�#
#��!�	���	�
��/�%���"!$�H'-
��"�)*+* ���+���.�4��
��$�0
#��1��-
#��1�
+'9�)�9���"�

�H'-
��"�)*+* ���+���.�4��
��$�0
#��1��-
#��1�
+'9�)�9���;�)�)�+�)�+�

����')'-�����&�4���-
#����� 	�*�	-���	+�����	�$�%���"!&�H'-
����)*+* ���+���

�65�7���� �0
���1��-
#��1+
+'9�����+���

���"
��/�0
���1#��
#��1+
�'������+���+�)�)�

�0
��������3� �)�+�)�

� �A���c7 v��GA��� �y�A�B�H�B��
�����y> 9�
 �B��HC

��% $�O'O'_!��$�f�j �o��&o��2#"� 3%5PQ_`4	23$��! #��%'$�2 �z\�W &+l����! #"�$��o4	[ 	;�zO���23 3fn�� #�o4D_`$��! 3��%� c&�$ZO���23 3fn�� c%'['0'fn�! #��%�$�O'O'_`��$�f`j
0'&!4	[ 	;��q1 3"?$�%�4D��$�2 � ,�R�:²¿	R��b��TUj54 	J$�&` 3f* 3[54	$� c&U�o�Q&o�!$�_`�NhN #�!j�$Q[5��l�$� c%� 3%�$�W�S�TUMNV�W�S;a�23 #{�4+23$�%5P�0J$�P�4.:�$�%
 3%J #�! 3$�2'O���23 cfn�Q$�%'[k$�j54	05_` 3&!�! 3fNfn��&o� ¤A0'%'fn�! 3��%w�!jJ$�� �CB�4D_`& $�j54	0'_` 3&o�! 3f�4	&o�! 3lQ$��o4���¤H[' 3&o�!$�%Jfn4��o���!j'4�P���$�2b��TUj54	%
�!j54)¤E��2323�<hN 3%'P�� h �w��O�4D_�$��! #��%'&U$�_!4)_!4DO�4	$��o4	[�0'%;�! 32��!j54*f`jJ$�%5P�4� 3%:$Q[54	fD 3&! #��%5a�23 3&o�YO���23 3fn��2¦ c& &!l�$�232W�

¿��6��
 ��. 5 � a �-. 5 � ! � !�$�a ��1 , K+2 '�������L
-=�62�
� 1&5 .�!�a � 1 A � 9 � F�!�a� � 9&,NK+� L

TUj'4 � *M� �AK  <*M�����<���! �K P %�H*¤A0'%'fn�! #��%¦&`$�l�OJ2#4	&�$�%=0'l 	�4D_*��¤U c%' #�! 3$�2 &o�!$��o4	&�$�%'[ �!j54	%@&!$�l�OJ2#4	&)$�%=0'l 	�4D_���¤
�o_`$��o4	fn�o��_` #4	&:&!�!$�_!�! 3%5P@¤E_`��l¡�!j'4	&o4�&!�!$��o4	&:0'&! 3%5P �!j54 fD05_!_!4	%;�wO���23 cfn� 2�� TNj54�_!4Dh�$�_`[| 3&Z$�fDfD0'li0'23$��o4	[ $�%'[

-�-



0'&!4	[ �o�� 3l�O'_!��"�4��!j54 ��ab¤A0'%'fn�! #��%�4	&o�! 3lQ$��o4���¤�4	$�f�j &o�!$��o4Q$�%J[§$�fn�! #��%§OJ$� #_+ 3%��!j54��o_�$��X4	fn�o��_!������¤��o4D_+�!j' 3&+ 3&
O�4D_!¤���_`l�4	[�¤���_ $*&o4D��%=0'l 	�4D_H��¤��o_` c$�23&N:��!j54U&o4D����¤�&o�!$��o4�$�%'[�$�fn�! #��%�O�$� #_`&�P�4	%54D_`$��o4	[w$�%'[��!j54U%'4DhN2#�)4	&!�! 3l�$��o4	[
��ab¤A0'%'fn�! 3��%'& $�_!4*_!4D�!0'_`%54	[��
TUj'4�� %.��*-�<K � %.;���,:� F��<K�� ��, H�¤A0'%'fn�! 3��%)�!$�{�4	&��!j' c&B&!$�l�OJ2#4	[) c%5¤E��_�l�$��! #��%)$�%J[ ��ab¤�0'%Jfn�! #��%*4	&o�! cl�$��o4	& $�%'[i2#4	$�_`%'&

$�[54	fD 3&! 3��%�a�23 3&o��O���2c 3fn�1¤E_!��lu�!j54	&!4Y 3l�O'_!�<"�4	[ ��ab¤A0'%'fn�! 3��%*4	&o�! 3lQ$��o4	&D� TUj54�[54	fD 3&! #��%J&� 3%��!j' 3&H23 3&o�B0'&o4�$N_!4	&!�o_` 3fn�o4	[
� 	��o4	fn�Xab��_` #4	%;�o4	[§_!4	2c$��! #��%'$�2�23$�%5P�0'$�P�4.:��!j=0'&1O'_`�<"� 3[' 3%5Pw$kO���2c 3fn��23$�%5P�0'$�P�4 	J c$�&��!jJ$��1&!4D4	l�&1�o��$�O'OJ2#�:hY4	232H�o�
l�$�%;��[5��l�$� 3%'&	�H^5��_ 4n��$�l�OJ2#4.:� 3%�$ 	J2#��f!{�&�h ��_`2c[�[5��l�$� 3%�hN 3�!j�_!4	23$��! #��%'&���F�7 D � !�$2K 5�LR:�F�!7K 5 ')#NLR:;$�%'[ $+F�!7K 5�')#NL
&oO�4	fD #¤��� 3%5Pi�!j54*P���$�2�&!�!$��o4.:�$�&!l�$�2c2�[54	fD 3&! #��%:2c 3&o��O���23 3fn�wfn��0J23[ 	�4+P� #"�4	%�$�&U¤���232#��hN&��

$+F�!7K 5 ')#NL��� F�!7K 5 ')# L����"F�7 D � !�$ K 5 L  � ��0 ,4D+F � !7K 5�')#NL
$+F�!7K 5 ')#NL��� F�!7K 5 ')# L  � � � A�B 0�� K 5 L

TUj'4	&o4Y['4	fD 3&! #��%�23 3&o�!&B$�_!4 2#4	$�_`%54	[�"= c$N$�j54	05_` 3&!�! 3f 	�4	$�l &o4	$�_`f`ji�o�+$	"��� c[�4	%=0'l�4D_�$��! #��%i��¤J$�232;O���&`&! 	J2#4 _`4	23$��! #��%'$�2
OJ$��o�o4D_�%'&D�
/�"�4D_�$�232 :=�!j' 3&Y$�2#P���_` #�!j'l fD$�% 	�4�&!0Jl�l�$�_` #£D4	[Z$�& $i&o4D����¤�2#��fD$�2�&!4	$�_`f`jk�o4	f�j'%' 8=054	& KA&! 3l� c23$�_  3%Z&oOJ 3_` #� �o���!j54

O'_`4D"= #��0J&!2#��l�4	%��! 3��%54	[QM�TU\1W�L ¤���_�"�$�23054�['4D�o4D_`l� 3%'$��! 3��%�0'%'[54D_Y$*P� #"�4	%wO���23 3fn�.:=$�%'[�O���23 3fn�� 3l�OJ_!�<"�4	l�4	%;��"� 3$
$�%w 3%'['0'fn�! 3"�4YO���23 cfn�� 3%5¤�4D_!4	%'fn4U&!�o4DO�� ��%�$�OJO'_!��$�f`jw$�['[' #�! 3��%'$�232#�)0J&o4	[� 3%��!jJ 3& 23 3%54���¤�_!4	&o4	$�_�f`jZ 3&��o��&o�!$�_`� hN #�!j
&!lQ$�232�O'_`� 	J2#4	l�&U$�%J[ 	J0' c23[:05O��o�k23$�_!P�4D_���%54	&��<"�4D_+�! 3l�4��UTUj' 3&�$�O'O'_!��$�f�j 	��=���!&o�o_`$�OJ&N¤E_!��l O���23 3fD #4	&N2#4	$�_`%54	[
¤���_)&!l�$�2c2BOJ_!� 	J2#4	l�&�hN 3�!j �!j54�j5��O�4��!j'$��*�!j54	&o4�O���23 cfD #4	&�hN 3232BP�4	%54D_`$�23 3£D4��o��23$�_!P�4D_)['��l�$� 3%'& K�hNj' cf`j¦ 3&1��¤��o4	%
4	l�O� #_` 3fD$�2323���!j54)fD$�&o4?L��
TUjJ 3&:$�O'O'_!��$�f�j jJ$�&�O'_!��"= c[54	[ l�$�%;� O'_!��l� 3&` 3%5P@4	l�OJ #_` cfD$�21_!4	&!0'2#�!&	� V���2#4	$�_`%J&:_!4	$�&o��%'$�	�2#4¦O���23 3fD #4	&k¤���_

l�$�%;� [5��l�$� 3%'&�$�%'[ ��¤��o4	% O�4D_!¤���_`l�& 	�4D�o�o4D_��!j'$�% &o�!$��o4nab��¤Eab�!j54na�$�_!�ZOJ23$�%'%'4D_`&�&`0'f`j�$�&�^�^Ba�W�2c$�% ��% �!j54�$	";a
4D_`$�P�4�&o��2305�! #��%5a�2#4	%5P��!j:fn_` #�o4D_� 3$�� ^'05_!�!j'4D_`l���_!4.:' #�U c&���%54+��¤��!j54+¤E4Dh l�4D�!j5��['&��!j'$��Nj'$�&�	�4D4	%k_`4	23 3$�	J2#�w0'&o4	[: 3%
&o�o��f`jJ$�&o�! 3f�_!4	23$��! #��%J$�2�[5��lQ$� 3%'&D��TUj54	&o41&!0'fDfn4	&`&o4	&�23$�_!P�4	2#��_`4	23$��o4��o���!j54�¤A$�fn�Y�!jJ$�� �!j54+2#4	$�_�%54	[QO���23 cfD #4	&N:�hNjJ 3f`j
$�_!4�_!4DO'_!4	&!4	%��o4	[� 3%�$w&!0
	J&o4D�N��¤ �'_`&o�Xab��_`['4D_�2#��P� 3fC:���¤E�o4	%zP�4	%54D_`$�2c #£D4)hY4	232��o�k%54Dh ['��l�$� 3%'&D����['[' #�! #��%J$�232#�.:5�!j54
$�&!&`0'l�O'�! #��%@�!j'$���O���23 3fD 34	&)¤���_�&!l�$�232�[5��lQ$� 3%'&iP�4	%54D_`$�23 3£D4Z�o�¦2c$�_!P�4D_�[5��l�$� 3%J&i&!4D4	l�&��o� 	�4w��%'4:�!j'$���j5��23['&
¤���_wl�$�%;� O'_`$�fn�! 3fD$�2NO'_!� 	J234	l�&D�	� 4D�N: �!j54zl�$� 3%�[5_�$	h�	J$�f`{ ��¤1�!j' 3&�hY��_!{  3&��!j'$��Z #��O'_!��"= c[54	&�%5�¦�!j'4D��_!4D�! 3f
P�0'$�_�$�%��o4D4	&���%:�!j54�8=0'$�23 #� �Q��¤ $�O���23 3fn�w��_U�!j54�8=0'$�23 #� �w��¤� #�!& P�4	%54D_�$�23 #£	$��! #��%:�o�w$�23$�_!P�4D_N[5��lQ$� 3%�� ��%'[kP� #"�4	%
�!j'$���$Q[5��lQ$� 3%�l�$<��j'$	"�4i$�%z$�	'_�05O'�U&ohN 3�!f`j� c%:O���23 3fn�Q¤���_1$�P� #"�4	%�[5��l�$� 3%�&` #£D4 KA ��4��P:�0'&o4)$QOJ23$�%54*��%Jfn4)����0
j'$<"�4)$��N2#4	$�&!�$¿C: � � � 	��	��4	& �o�Q['4	23 #"�4D_ LR:' #�  3& 0J%'23 #{�4	2#�Q�!j'$��N&!0'f�j�$�P�0'$�_`$�%;�o4D4�fn��0J23[ 	�4+P� #"�4	%:hN #�!j'��05� &o4D"�4D_!4
_!4	&!�o_` 3fn�! #��%'&	�

� �A���3s �Z9��B9;�?IJGA��
��A��K ���?�> I'FBFH�?���A> I5
<9zF �GA������9;C

TUj'4�hY��_!{���¤ q1054	&o�o_� 3%�4D�*$�2 � �©¿	p��� 3& 	�$�&o4	[ ��%§$k&! 3l� 32c$�_� 3[54	$Z�!j'$��1O���23 3fD 34	&N��¤��o4	% P�4	%54D_`$�23 3£D4i��"�4D_)li0'2#�! #OJ234
[5��lQ$� 3%§ 3%'&o�!$�%;�! 3$��! #��%J&D��TUj' 3&1hY��_!{ 0'&o4	&+�!j54�_`4	23$��! #��%'$�2 %J$��!05_!4���¤Y�!j54Q[5��l�$� c%§&oO�4	fD #�JfD$��! #��% �o��['4D�o4D_`l� 3%54
&!lQ$�232=� 	��X4	fn�Xa�fn4	%;�o4D_!4	[Z"�$�23054�¤�0J%'fn�! #��%'&��!j'$�� fD$�%Q&o4D_!"�4N$�& 	�$�&! 3&�¤A0'%'fn�! #��%'&��!jJ$�� $�_!4U&!0'l�l�4	[��o�*¤E��_�l $+P�2#� 	J$�2

-�g



"�$�23054�¤A0'%'fn�! #��%���^5��_*4n�5$�l�OJ2#4.:� c%z�!j'4�^'_!4D4��Y_`$�¤��*[5��l�$� 3% �©¿	p��0:���%54�j'$�&+fn��%;�o_!��2 �<"�4D_il�0J2#�! #OJ2#4i 3%'&o�!$�%Jfn4	&1��¤
0NF�F.H2� %)� �!jJ$�� 	J$��o�!2#4�$�P�$� 3%J&o� %)�C%��V�W%),���^5��_w�!j' 3&�[5��l�$� c%$: 	J$�&` 3&�¤�0J%'fn�! #��%'&�l� #P�j;� 	�4:P�4	%54D_`$��o4	[}¤E��_�4	$�f�j
¤��;���!lQ$�%z$�%'[��!j54�&o�!$��o4���¤ $�%;�:4	%54	l� 34	&N�!j'$���¤E�=���!l�$�%� 3&U�JP�j��! 3%'P5�UTUj54	%��!j'4)�<"�4D_�$�232�"�$�23054�¤�0J%'fn�! #��%:hY��0'23[
	�4*$�&!0'lm��¤B�!j54� 3%'[' #"� 3['0J$�2'"�$�23054+¤A0'%'fn�! #��%'&�¤���_U4	$�f�j�¤��;���!l�$�%��
S� c%'fn4��!j54k2#��fD$�2 	J$�&! c&*"�$�23054Q¤A0'%'fn�! 3��%'&)$�_!4k&o��2#"�4	[ ¤���_i 3% �!j54	 #_i4	%��! 3_!4D���.: �!j54	&!4 	J$�&` 3&*¤A0'%'fn�! #��%J&)li0'&o� 	�4

f�j5��&o4	%�&!0Jf`jZ�!j'$��8¿�L �!j54D�Z$�_!4*&!l�$�232�4	%5��05P�jk�o� 	�4�4N=QfD #4	%;�!2#�Q_`4DO'_!4	&o4	%;�o4	[:$�%'[:fn��l�OJ0'�o4	[Z$�%J[�-3L �!j54	 #_ &!0'l
O'_`�<"� 3[54	&N$�%�$�O'O'_`�	�5 3l�$��! #��%��o�w�!j54�¤�0J232�"�$�23054)¤A0'%'fn�! 3��%��!j'$����= #4	2c['&N$QO���2c 3fn�k��¤ _!4	$�&o��%'$�	J234 8=0'$�23 #� ���UV�%��!j' 3&
$�O'OJ_!��$�f`j$:=�!j54�	J$�&! 3&�¤�0'%Jfn�! #��%'&�fD$�%w4	 #�!j54D_ 	�4�&oO�4	fD #�'4	[ 	;��j'$�%J[���_�2#4	$�_`%54	[w 3%'['0'fn�! 3"�4	2#��¤�_!��l�&!l�$�232JO'_!� 	J2#4	l
&o��2c05�! #��%'& 0'&` 3%5P�[54	fD 3&! 3��%k�o_!4D4)$�2#P���_` 3�!j'l�&D�
/1%Jfn4*�!j54 	J$�&` 3&U¤A0'%'fn�! #��%J&U$�_!4)f�j5��&o4	%z¤E��_��!j54)P�2#� 	�$�2�"�$�23054+¤A0'%'fn�! #��%:_`4DO'_!4	&o4	%;�!$��! #��%$:��!j' 3&N$�OJO'_!��$�f`j��!j54	%

O'_`�=fn4D4	['&)�o�z2#4	$�_�%§�!j54Q 3%J[' #"� 3['0'$�2B"?$�2c054�¤�0J%'fn�! #��%'& 	�$�&o4	[¦��% $�&o�!$�%'['$�_�[ 23 3%'4	$�_+O'_!��P�_`$�l�O'_!��P�_`$�l�¤E��_`li0�a
23$��! 3��%�� ���<hY4D"�4D_�: 	�4	fD$�0'&o4��!jJ 3&)�z\�W &o��2c05�! #��%¦&!j'��0'23[ P�4	%54D_`$�2c #£D4��o�zlQ$�%�� hY��_`23['&N:H&o��l�4���¤ �!j'4	&o4�hY��_`23['&
$�_!4:&!$�l�OJ2#4	[ ¤E_!��l $ [' 3&!�o_` 	J05�! 3��%§�!j'$���¤�$�2c23&)�CBy4n�=O���%54	%;�! 3$�2323�§hN #�!j �!j54kh ��_`2c[ &! 3£D4��¦TUj54	% $ �o�� 3%;��]�W  3&
¤���_`li0'23$��o4	[��!j'$��+fn��%��!$� c%'&+$k23 3%54	$�_�O'_!��P�_`$�l ¤���_+$�232B&`$�l�OJ2#4	[�hY��_`23['&�K�h 4	 3P�j��o4	[ 	=���!j54	 #_1O'_`� 	J$�	J 323 3���MLY�!j'$��
&!0Jl �<"�4D_��!j54 	J$�&! c&�¤�0'%Jfn�! #��%'&�¤���_U� 	��o4	fn�!&N0'&o4	[� 3%k�!j'$��UhY��_`23[��
/1%Jfn4�$Z&o��2305�! #��%� 3&�� 	'�!$� 3%54	[,:��!j54 	J$�&! c&U"�$�23054)¤A0'%'fn�! 3��%'&�fD$�% fD2#4	$�_�2#� 	�4�0'&o4	[z¤���_V��� 1� 3%'&o�!$�%;�! 3$��! #��%z��¤�$

%54Dh h ��_`2c[��YS=O�4	fD #�JfD$�2c2#�.:�hNj54	%�$�hY��_`23[: c&U 3%'&o�!$�%;�! 3$��o4	[$:�$�"?$�2c054+¤�0J%'fn�! #��%� 3& fn��%J&o�o_`0'fn�o4	[z$�&N$�&!0Jl���¤ 	J$�&! 3&
¤A0'%'fn�! #��%J&U¤���_��!j'4� 3%'&!�!$�%��! 3$��o4	[�� 	��o4	fn�!&D� � TUj54	%$:���%54�fD$�%�&` 3l�OJ2#�ZOJ23$�% 	;��O�4D_`¤E��_`lQ 3%5P���%54na�&o�o4DO¦23�;��{;a�$�j54	$�[
$�%'[�f`j5�=��&! 3%5P��!j'4*��O'�! 3l�$�2�$�fn�! 3��%��
TUjJ 3&UhY��_!{�O'_`�<"� 3[54	&�$wW��N� a 	���0'%'['4	[�P�4	%54D_�$�23 #£	$��! #��%zP�0'$�_`$�%;�o4D4�0'%'[54D_��!j54�$�&!&!0'l�OJ�! #��%��!j'$��1hY��_`23['&�$�_!4

&o�o��f`jJ$�&o�! 3fD$�232#�Z&!$�l�OJ234	[:$�%'[Z�!j54+O'_!� 	J$�	� 323 #� ����¤H&!$�l�OJ23 3%5Pi$�h ��_�23[k¤�$�2c23&Y�CB�4n��O���%54	%��! c$�232#��hN 3�!jZ 3�!& &! #£D4!KA ��4��P:
�!j54w%;0'l 	�4D_+��¤Y['��l�$� 3%§� 	��o4	fn�!&) c%'&o�!$�%;�! 3$��o4	[ L���VX%¦$�['[' 3�! #��%��o��O'_!��"= 3[J 3%5P:W��N� abP�4	%54D_`$�23 3£	$��! #��% 	���0'%'[J&�¤���_
�!j54NP�2#� 	J$�25"�$�23054U¤A0'%'fn�! 3��%$:��!j' 3& hY��_!{�$�23&o�)O'_!�<"� 3[54	& O'_!��l� 3&` 3%5P�4	l�OJ #_` cfD$�2�_!4	&!0'2#�!&�¤���_�� h ��"�4D_!��23$�_!P�4N['��l�$� 3%'&
hN 3�!j¦l�$�%;��&! cl� 323$�_+� 	��o4	fn�!&)$�%J[¦$�% $�['[J #�! #"�4�_!4Dh�$�_`[§¤A0'%'fn�! #��%�� �N��h 4D"�4D_�: �!j' 3&+$�O'O'_`��$�f`j &`0 B�4D_�&+¤E_`��l �!j54
[5_�$	h�	J$�f`{=&U�!j'$���OJ23$�P�054+$�O'O'_`�	�5 3l�$��! #��%kl�4D�!j5��['&�� TNj54D_!41 3& %5��{=%'�<hN%kl�4D�!j5��[k�!j'$��U$�2#h�$	��& P�4	%54D_�$��o4	&  F�F$>
	J$�&` 3& ¤A0'%'fn�! #��%'& $�%J[:�!j54D_!4) c&U%5��h�$	�k�o�Q� 	J�!$� 3% �^(+*-� F�*:��P�0'$�_`$�%;�o4D4	&���%��!j54)['4	fD 3&! #��% 8=0'$�23 #� �Z$ B���_`[54	[ 	;�:$
P� #"�4	%�&o4D�U��¤ 	J$�&! 3&�¤A0'%'fn�! 3��%'&D�

� &�� < ->= 6?+�? ) =�@ "= (���� 6

^� #_`&!�Xab��_`[54D_N�z\�W & KA^B/*��\1W�& L $�_!4*$�P�4	%'4D_`$�23 #£	$��! #��%���¤B�!j54*&` #�!0'$��! #��%:fD$�23fD0J230'& 0'%'['4D_U$�%���\1Wx¤E_�$�l�4Dh ��_`{��
TUj'4	&o4i c[54	$�&�h 4D_!4��'_�&o�� c%��o_!��['0'fn4	[ 	=� �Y��05�! 323 #4D_�4D�+$�2 ���©¿	-��b��;|j' 32#4�h 4�[5�k%5���+&!j5��h  3��j54D_`4.:�hY4�%5���o4��!j'$��
��%54�fD$�%�fn��%�"�4D_`��$�W�S�TUMUVXWYSw��_�W�W�\1\1]@[5��l�$� 3%k�o�Q$��'_`&o�Xab��_`['4D_ _!4DO'_!4	&o4	%;�!$��! #��%��

� d�79>LE*>/NUE*>/AK8�=�>YH6<B7!5*Q�T 8UE �ONBQWH6Q�T :9AKXL5*H68;A9Q�7K>LE*>;oRf A 5*79HIQ�NUCKC9E*8;NBX[7 M�5*7K> �KNBQWH6Q�F;NU4I:9>+T :9AKXL5*H68BAKQ�5*7K>Y] QW>Y46F%>LQ�NUE*>/46> NUE*A9> @Vo

-?,



� �37�� � ��J
<I5
������IJGYFH��9�GA�A> �A�BI'�?��9=C

�Y4D¤���_!4whY4w['4	2#"�4Q 3%;�o���!j54Q_!4DO'_!4	&o4	%;�!$��! #��% ��¤U^B/+�z\1W�&N:�hY4w 3%;�o_!��['0'fn4�$�fD$�&!4w_!4DOJ_!4	&o4	%;�!$��! #��% �!jJ$��)hN 32c2 	�4
0'&!4	[k�o��_!4DO'_!4	&!4	%�� O'_`� 	J$�	J 323 3���.:=_!4DhY$�_�[$:'$�%'[:"�$�230541¤A0'%'fn�! #��%kOJ$�_`�! #�! #��%'&���"�4D_N�'_`&!�Xab��_`[54D_U&o�!$��o4i&oOJ$�fn4����ufD$�&o4
OJ$�_`�! #�! #��%

, ' A 5�9�18� " % ' , % �������`� " � ' , � �
 3& $�%z$�	 	'_!4D"� 3$��! #��%k¤���_U�!j54+¤���_`li0'23$

���� � " � � ,/' , �
hNj'4D_!4U�!j54 " � $�_`4��'_�&o�Xab��_`[54D_Y&o�!$��o4�¤���_`li0'23$*$�%J[��!j54�, � $�_!4��o4D_`l�&D� TUjJ 3& %5���!$��! #��%wOJ$�_!�! 3�! #��%'& �J_`&o�Xab��_`[54D_Y&o�!$��o4
&oO�$�fn4�&!0'f�j��!j'$�� �!j54U"�$�23054 ��¤�$*fD$�&o4�&o�!$��o4	l�4	%;�Yfn��_`_!4	&oO���%'['&��o���!j54U"�$�23054U��¤��!j54U¤���_`li0'23$1OJ$�_`�! #�! #��%'& �!jJ$�� $�_!4
�o_`0'4i¤���_+�!j'$��*&o�!$��o4���;|j' 32#4.:� #�+ 3&1%5���+�!j'4�fD$�&o4��!j'$��+�!j' 3&�OJ$�_`�! #�! #��%' 3%'Pw 3&+$�2#h�$	��&14n�5j'$�0'&o�! #"�4�$�%J[�li05�!0'$�2c2#�
4n�5fD230'&! 3"�4.:5h 4*��¤��o4	%�4n��OJ23 cfD #�!2#�Ql�$� c%��!$� 3%:li05�!0'$�2�4n��fD230J&! #"� #�����
;§4:hN c232�%54D4	[ �o�§O�4D_!¤���_`l l�$��!j54	lQ$��! 3fD$�2���O�4D_`$��! #��%'&���% �!j54	&!4kfD$�&!4�&o�!$��o4	l�4	%;�!&Q&o� hY4:¤E��_`lQ$�23 #£D4Z�!j54	&o4

��O�4D_`$��! #��%J&U$�& ¤���232#�<h�&��

A 5�9�18� " � ' , � � � ��!6��� A 5�9�18� � � '�� � �	� � 
 �?' A 5�9�18� " � � � � ' , � �
� � � � ��!�'�� � 
 �
A 5�9�18� " � ' , � � � ��!6��� A 5�9�18� � � '�� � �	� � 
 �?' A 5�9�18� " � � � � ' , � �� � � � ��!�'�� � 
 �
A 5�9�18� " � ' , � � � ��!6��� A 5�9�18� � � '�� � �	� � 
 �?' A 5�9�18� " � � � � ' , �  � � � � ��!�'�� � 
 �
A 5�9�18� " � ' , � � � ��!6��� A 5�9�18� � � '�� � ��� � 
 �?' A 5�9�18� " % ' , % �������`� " � ' , �Z� � % '�� % �������`� � � '�� � �

VX%��!0J #�! #"�4	2#�.:��!j54�� ��O�4D_`$��o��_�&o�!$��o4	&U�!jJ$��U�!j54*&!0'l ��¤H��hY�wfD$�&!4	&N&o�!$��o4	l�4	%;�!&� 3& &! 3l�O�2#���!j54*fD$�_!�o4	&` 3$�%:O'_!��['0'fn�
��¤Y�!j54�¤���_`l�0J23$�4� 3% 4	$�f`j _!4	&oO�4	fn�! #"�4�fD$�&o4�&o�!$��o4	l�4	%��i23$�	�4	232#4	[zhN #�!j �!j54�O'_`�=['0Jfn����¤Y�!j54	 #_+_!4	&!O�4	fn�! 3"�4��o4D_`l�&D�
TUj'4�&`$�l�4Q 3[54	$kj5��2c['&1�o_`054�¤���_�� $�%'[���hNjJ 32#4��| 3&+$:&o�!$� #P�j;�o¤���_!hY$�_�[¦0'%' #��%���¤�$�232 fD$�&o4�O�$�_!�! #�! #��%'&1��¤Y��hY�
&o�!$��o4	l�4	%��!&D�

� �37��c7 ����tu8:v ��9=FB�?9=C	9=��
�I5
�����

��
<�����I'C	
�����I'��
?�E��}�?9=FB�?9;C<9=��
<I'
�����
��0' 32c[' 3%5P1��%��!j'4N¤���0'%'['$��! #��%Q��¤��!j54�&! 3�!0'$��! #��%�a�fD$�23fD0J230'& ¤���_��'_�&o�Xab��_`[54D_Y[54D�o4D_`l� 3%J 3&o�! 3f�OJ2c$�%'%' 3%5P�:�hY4NP�4	%'4D_`$�23 #£D4
�!j' c&�_`4DO'_!4	&o4	%;�!$��! #��% �o��j'$�%'[J2#4i&!�o�=f�j'$�&o�! 3f�$�fn�! #��%J&+ 3% $�%¦��\1W(¤�_`$�l�4DhY��_!{���TB��&oO�4	fD #¤���&o�o�=f�j'$�&o�! 3f�$�fn�! 3��%'&N:
hY4�0J&o4�$�fn�! #��%J&��!j'$���[54	fn��l�O���&o41 3%;�o��[54D�o4D_�l� 3%' 3&!�! 3f $�fn�! #��%'&�0'%'['4D_�%'$��!05_!4.@ &�fn��%;�o_!��2 ��g��0:;4���P5��h 41l�$	�wf`j5�=��&o4
$ &o�o�=f�j'$�&o�! 3fz$�fn�! #��%y&!0'f`jy$�&  F�5+D2K$#%F � ' , .�0�A BMLQ 3%�&!��l�4z&o�!$��o4 	J05�Q�!j54	%}$�fDfn��_`[J 3%5P �o�@&o��l�4zO'_!4	&oO�4	fD #�'4	[
O'_`� 	J$�	J 323 3���Q[' c&o�o_` 	J0'�! #��% K�O���&!&` 	J2#��fn��%'[J #�! #��%54	[k��%�O'_!��O�4D_!�! #4	&Y��¤��!j54*&o�!$��o4?LR:�%'$��!05_!4+h� 3232�f`j5�=��&o4*�!j'4)$�fn�! #��%

-�6



 F�5)D � 0�A A(1&9�9QK$#%F � ' ,/.�0�A�BML���_  F�5+D 	 5 � 7 0 . 1 K$#%F � ' ,/.�0�A�BML��
�Y��%J&o4�8;0'4	%��!2#�.:5¤���_N$�&!�o�=f�j'$�&o�! 3f+"�4D_�&! #��%:��¤��!j54*&! 3�!0'$��! #��%�fD$�23fD0J230'&N:�hY4*_!4�8=0' #_!4+$�O'_`� 	J$�	J 323 3���Q[' c&o�o_` 	J0'�! #��%

��"�4D_ �!j54�[54	fn��l�O���&! #�! 3��%���¤�$*&o�o��$�f`jJ$�&o�! 3f�$�fn�! #��%w c%��o�)%J$��!05_!4.@ &�$�fn�! 3��%'&D� ;§4�fD$�%w&oO�4	fD #¤����!j' c& 	;��OJ$�_`�! #�! #��%' 3%'P
�'_�&o�Xab��_`[54D_N&!�!$��o4)&oOJ$�fn4) c%��o�QfD$�&!4	&��

� K  F�5)D � 0�A A(1&9�9QK$#%F � ' ,/.�0�A�BML -  F�5)D K$#%F � ' ,/.�0�A�BML ')9CL�' � " 5 � ! � !�$2K$9CL � � � e �( " 5 � ! � !�$2K$9CLF� � � p��
� K  F�5+D 	 5 � 7 0�. 1 K$#%F � ' ,/.�0�A�BML -  F�5)D K$#%F � ' ,/.�0�A�BML ')9CL�' � " 5 � ! � !�$2K$9CL � � � g �( " 5 � ! � !�$2K$9CLF� � � ¿+�

;§4ihN 3232�_!4D¤E4D_��o�Z�!j' 3&�O'_!� 	J$�	J c23 3&o�! 3f1fD$�&o4�&o�!$��o4	l�4	%;�+&!0
	J&!4�8;054	%;�!2#�:0'&! c%5P��!j54 � � 5�9�1 K !7K��� L - ��K��� L ')9CLUhNj54D_!4
!7K��� L� 3&��!j54UOJ_!� 	J$�	J 32c #���*��¤�%'$��!05_`4.@ &�$�fn�! #��%�f�j5�� 3fn4�¤E��_�&!�o�=f�j'$�&o�! 3fU$�fn�! 3��% ��K!�� L� 3%�&!�!$��o4 9�� S5 3%'fn4��!j54N&!0JfDfn4	&!&o��_
&o�!$��o4 $?�� #��lQ$��! #£	$��! #��% ��¤�$ [5��l�$� 3%| 3&:&!O�4	fD 3�'4	[y¤E��_�%J$��!05_!4.@ &:$�fn�! #��%'&���%'2#�.:��!j54D�y$�_`4¦0'%'$ B�4	fn�o4	[ 	;�y�!j54
P�4	%54D_�$�23 #£	$��! #��%Z��¤��!j541&! #�!0J$��! #��%wfD$�2cfD0'230'& �o��&o�o�=f�j'$�&o�! 3f1[5��lQ$� 3%'&D����[J[' #�! #��%'$�2c2#�.:�hY4�%'���o4��!jJ$���&` 3%'fn4�%J$��!05_!4.@ &
[' c&o�o_` 	J0'�! #��%Q��"�4D_�$�fn�! #��%zf`j5�� cfn4	&N[54DO�4	%'['&���%J2#�Q��%:�!j'4)fD05_!_!4	%;�U&o�!$��o4�93:5�!j' c&�_!4DO'_!4	&o4	%;�!$��! #��%z 3&U��$�_`{��<"� 3$�%��

�Z9���I'�?�xI����yCD
<I5
�9��?9;FH��9=C	9���
<I5
�����
;|j54	%*&o��23"= 3%'PU$U^B/+�z\1W5:���05_�P���$�2�hN 3232�	�4 �o�N[54D_` 3"�4 $ �'_`&o�Xab��_�[54D_�"�$�23054 ¤A0'%'fn�! #��%�� � 4	fD$�0J&o4�hY4 hN 32c2?['4D�o4D_`l� 3%54
�!j' c&�"�$�23054�¤A0'%'fn�! 3��%)0'&! c%5P _!4DP�_!4	&!&` #��%)�o4	f�j'%' 8=054	&N:�hY4 [5��%,@��B%54D4	[i$�%� c%' #�! 3$�2�&!�!$��o4 a��!j' 3&B$�2#P���_` #�!j'l hN 3232�O'_!�<"� 3[54
�!j54���O'�! 3lQ$�2J"�$�23054�¤�0J%'fn�! #��%Q$�%J[wO���23 cfn�i¤���_^%)/�%)*-1�&o�!$��o4+ 3%Q�o4D_�l�&Y��¤�$)�J_`&o�Xab��_`[54D_ fD$�&o41OJ$�_`�! #�! #��%' 3%'P5��;§4*fD$�%
_!4DOJ_!4	&o4	%;�U��05_U"�$�23054*$�%'[�_!4Dh�$�_`[:¤A0'%'fn�! #��%'& $�&�fD$�&o4�&!�!$��o4	l�4	%��!&�:�4���P5�P:�$�_!4Dh�$�_`[:¤A0'%'fn�! #��%�fn��0'23[ 	�4)&oO�4	fD #�'4	[
$�&N�!j54+¤E��2c2#�<hN c%5P#�

A 5�9�1 � K*0�#NL ��� 	 !7K$#�'(� 58. � 9 ')9CL�� ��� �21 ��K$#NL �µ¿ � �

K K*0�#NL ��� 	 !7K$#�'(� 58. � 9 ')9 L�� ��� �21 ��K$#NL L�� K*0�#NL ��� 	 !7K$#�'(� 5 . � 9 ')9CL ��6 �

K*0�#NL ��� 	 !7K$#�'(� 58. � 9 ')9 LF� � �

TUjJ 3&�_!4DhY$�_�[¦&o�!$��o4	&*�!jJ$��+��%54�_!4	fn4	 #"�4	&�$k_!4DhY$�_�[§��¤f¿ ��¤E��_*j'$<"= c%5P�$ 	��	� ��¤ � �;O�4 �  3% WH$�_� 3&N:���%54�_`4	fn4	 #"�4	&
$w_!4Dh�$�_`[���¤ 6w¤E��_+j'$<"= 3%'Pw$�%;� 	��	�z c%�W�$�_` 3&1%5������¤�� �;O�4 � :�$�%'[z��%54�_!4	fn4	 #"�4	&+$w_!4Dh�$�_`[���¤ �Q¤���_+$�%��z���!j54D_
&o�!$��o4���;§4k%'���o4Z�!jJ$��i�!jJ 3&)�J_`&o�Xab��_`[54D_iOJ$�_!�! 3�! #��%' 3%5P� 3&il�05�!0J$�232#�§4n�5fD230'&! #"�4Z$�%'[@4n��jJ$�0'&o�! #"�4.: �!j=0'&ih 4:li0'&o�
�!$�{�4�fD$�_!4��o�ZO'_!4D"�4	%;�1OJ$�_!�! #�! #��%J&N¤�_!��l �<"�4D_`23$�OJOJ 3%5P5� � ��2c&o��:�hY4�%5���o4��!j'$��1&! 3%'fn4i��05_��'_`&o�1 #�o4D_`$��! #��%z��¤ "�$�23054
 #�o4D_�$��! #��%�0'&o4	&��!j'4+_!4DhY$�_�[:¤�0J%'fn�! #��%:$�& ( C K$9 LR:5�!jJ 3&�_!4DO'_!4	&!4	%��!$��! #��%� 3& $�23&o���!j54)P�4	%54D_`$�2�¤���_`l�$�� ¤���_U��05_ "�$�23054
¤A0'%'fn�! #��%�� ;§4:_!4D¤E4D_��o� �!j54k_!4Dh�$�_`[ $�%'[@"�$�23054kfD$�&o4�&o�!$��o4	l�4	%;�!&Q$�& � � 5�9�1QK$9 L�$�%'[ . � 5�9�1 K$9CL+�o�¦&!j'�<h��!j54
4n��OJ23 3fD 3��['4DO�4	%J[54	%'fn41��¤��!j54+_!4Dh�$�_`[�$�%'[:"�$�23054+¤A0'%'fn�! 3��%'&���%:�!j54)&!�!$��o4 9��
� d�79HIQnNUXYXY8;:9A-5*Q�T 8BE�5*79> >L\!5WE*>Y] >Y4Jm 468;A9< T 8UE*](:K4IN E*>YQW:K4J5*H6AK<�HIA E*>L=�NGE[@�� 5*7KNU5�>YQWQW>LA!5*HINU4I4Jm Q&5[NU5*>YQYM�HJT�=?> @98BA	� 5�Q*NU5*H6Q&T m 5*79>

QWHJ5*:ONU5*H68BA =�7K>LE*>�=?>kE*>YXY>YH6F%> @ N E*>L=�NUE[@ 8UT�
��M9=�>kX NUA Q&5*H6464 <B>L5`N E*>L=�NGE[@ 8BT��/T 8BE�7KNGF;>/N�� 8 \ H6A gPNUE*H6Q`A98B5�8BT 5.m�C >k3�o

-�R



� �37��3s 8 ���BIJ> ����FH�?JKJ�?IJ>@> �A�BK ���� ���Qtu8:v*C

/10'_�%'4n�=��&o�o4DO� 3&i�o�§P�4	%54D_�$�23 #£D4:[5��%'$�l� 3fwO'_!��P�_`$�lQl� 3%5P�l�4D�!j5��['&��o� 4N=QfD #4	%;�!2#� &o��23"�4:¤E��_�^B/+�z\1W "�$�23054
¤A0'%'fn�! #��%J&D� ;§4�0J&o4)$�"�$�23054* #�o4D_�$��! #��%�$�O'OJ_!��$�f`jz$�%'[�&o4DO�$�_`$��o4*�!j54i[5�=%J$�l� 3f�O'_!��P�_`$�lQl� 3%5P 	J$�f`{=0'Oz 3%;�o����hY�
&o�o4DO�&��z_`4DP�_!4	&!&! #��%x$�%'[}lQ$?�� 3lQ #£	$��! #��%��|TUj54	%}�!j54���"�4D_`$�232�$�2#P���_` #�!j'l  3&��!j54�&!$�l�4�$�&Q¤���_Q"�$�23054� 3�o4D_`$��! #��% �
;§4Zfn��%��! 3%=054wO�4D_`¤E��_`lQ 3%5Pk�!j54Q\1W 	J$�f!{�05O@0'%��! c2��!j54wl�$?�5 3li0'l �Y4	2323lQ$�%§4D_!_!��_ 	�4D� h 4D4	%@ #�o4D_`$��! 3��%'& K�4	$�&! 323�
fn��l�O�05�o4	[ 	=� � � 5�9�1 � K$9CL � � � 5 9�1 � � % K$9 L L�4	%'&!05_!4	&�)oab��O'�! 3l�$�2c #������S=4D4 �!j54U&!4	fn�! #��%���%�"�$�23054  #�o4D_�$��! #��%� 3%��z\�W &
¤���_N[54D�!$� 32c& ��%:�!j54+�o4D_`lQ 3%'$��! #��%�fn_� #�o4D_` 3$��

�N���?CD
D�`����H9;�Z�H9;����C<����}
���9=J�?9�
?�E����9=KJ�?9;C<C<����

/1%Q4	$�f`jZ_!4DP�_!4	&`&! #��%Q&!�o4DOw['05_� 3%5P+"�$�23054N #�o4D_�$��! #��%$:=h 4�hY$�%;� �o�i[54D�o4D_`l� c%54U�!j54�"?$�230'4U��¤�$�%w$�fn�! 3��%�� V�%w[5�� 3%5P
&o��:�hY4�P�4	%54D_�$�23 #£D4i4�8;0'$��! 3��% e�hNj' 3f�j�O'_`�<"� 3[54	[�$Z[54D�J%' 3�! #��%:¤���_ � a�&!�!$��o4nab�o��abP���"�$�23054)¤A0'%'fn�! 3��%��
;§4�_!4DOJ23$�fn4 5
 3%z�!j54���_` #P� c%'$�2�4�8=0'$��! #��%�hN 3�!j��!j54�&o�o��f`jJ$�&o�! 3f�$�fn�! #��% ��K!�� LUOJ$�_`$�l�4D�o4D_� #£D4	[ 	;��0:*'%.%�"?$�_� 3$�	J2#4	&��o�:� 	'�!$� 3%��!j54
¤���232#��hN 3%5P�[54D�J%J #�! #��% �

( � K ��K��� L ')9 L�' " K$9 L � � � � , %���� � K , - ��K!�� L ')9CL � ( � � % K , L
	 K{¿	R3L

TUj'_!��05P�j§$�&o4�8=054	%'fn4Q��¤�&!�o4DOJ&N:�hY4-¿�L�_`4DOJ23$�fn4��!j54QO'_!� 	J$�	J c23 #�! #4	&�hN #�!j �!j54	 3_)[54	fn��l�O���&! #�! 3��%§ 3%��o��4	$�f`j ��¤
%'$��!0'_!4.@ & �k$�fn�! #��%zf`j5�� cfn4	&�! � K!�� LR:�-3LUhY4)_!4DOJ2c$�fn4*�!j54)_`4DhY$�_`[z$�%'[�"�$�23054)¤�0'%Jfn�! #��%'& hN 3�!j:�!j54	 #_�fD$�&o4)_!4DOJ_!4	&o4	%�a
�!$��! #��%J&)[54D�J%'4	[ O'_!4D"� #��0'&!2#�.:�g3L+$�%'[ h 4Q_!4DP�_!4	&!& ( � � % K$9 L1�!j5_!��05P�j¦%J$��!05_!4.@ &*$�fn�! #��% f`j5�� cfn4Q&! 3%'fn4� #�* c&* 3% �!j54
&!0JfDfn4	&!&o��_�&o�!$��o4�$�%'[�hY4U%54D4	[�$�%�4n��O'_!4	&!&! 3��%� 3%��o4D_`l�&���¤��!j54UfD05_`_!4	%�� &o�!$��o4 ( � K$9CL�� ;§4�$�_!_` #"�4U$�� �!j54 ¤���232#��hN 3%5P
4n��O'_!4	&!&` #��%k¤E��_�[54D�o4D_`l� 3%J 3%5P��!j54+��%54na�&o�o4DO 	J$�f!{�05O ��ab¤�0'%Jfn�! #��%k¤E��_�$�^B/+�z\1WG�

( � K ��K��� L ')9CL/' . � 5�9�1 K$9CL � � ��5 � � � � 5 9�1 K ! � K��� L - 9 L � " 1%$ .MK�� � 5 9�1 � � % K D+F K ! � K��� L ')9CL L L.O K{¿<e.L

� ��>�� �GA����� ����I�> ����FH���KJ�?IJ>@> �A�BK

��¤E�o4D_Nh 4.@�"�4i_!4DP�_!4	&!&!4	[:4	$�f`j�$�fn�! #��%$:'hY4)%54D4	[��o�wl�$?�5 3l� #£D41��"�4D_�4	$�f�j���¤��!j54*$�fn�! #��% ��ab¤A0'%'fn�! #��%'&  c%k��_`[54D_
�o�Q['4D_` #"�4+�!j54)lQ$?�� 3li0'l "�$�23054+�!j'$���fn��0'23[ 	�4*$�f`j' 34D"�4	[�¤�_!��l�4	$�f`jz&o�!$��o4��

( � K$9 L/' l�$?�� ��� � ( � K$9 ' 5 L�� K{¿	�3L

TB��P�4	%54D_�$�23 #£D4Q�!jJ 3&+�o���!j54��'_`&!�*��_`[54D_�fD$�&o4.:�h 4Z%5���o4Z�!j'$��)�!j54 ��ab¤A0'%'fn�! #��%'&)fD$�% 	�4�_!4DOJ_!4	&o4	%;�o4	[ $�&ifD$�&o4
OJ$�_`�! #�! #��%'&�� � 5 9�1 � � � 	�  K$9CL�� ���<hY4D"�4D_�: �!j54	&o4 ��ab¤�0J%'fn�! #��%'&*$�_`4w[54D�J%'4	[¦ 3%¦�o4D_�l�&*��¤ �!j54w¤E_`4D4�"?$�_� 3$�	J2#4	&* c%¦�!j54$�fn�! #��% 	J 3%J[' 3%5P�&D�ZVX%'&o�o4	$�[$:�hY4w%54D4	[@$ ��ab¤A0'%'fn�! 3��%¦�!j'$���&o�!$��o4	&N:  #¤ $�%@$�fn�! #��% 4n�� 3&!�!&)�!j'$��ifD$�0'&o4	&i�!j' 3&�&o�!$��o4
OJ$�_`�! #�! #��%z�o�kj'��23[$:�h 4�fD$�% $�f`j' 34D"�4��!j54�P� 3"�4	% "?$�230'4��+�Y��%J&o4�8;0'4	%��!2#�.:�hY4�%54D4	[��o�Z4n�5 3&o�o4	%;�! 3$�2323� 8;0'$�%;�! #¤����!j54
$�fn�! #��% OJ$�_`$�l�4D�o4D_�&)��¤�4	$�f`j ��ab¤A0'%'fn�! #��% $�%'[¦fn��l 	J 3%54��!j'4	l�$�232  c%��o��$�&! 3%5P�2#4�"�$�23054Q¤�0'%Jfn�! #��% �!j'$���f�j5�=��&o4	&

-�e



$ l�$?�5 3l� #£	 c%5Pz$�fn�! #��% ¤���_�$�232 OJ$�_!�! #�! 3��%'&i��¤�&o�!$��o4�&oO�$�fn4�� �Y� $�	J0'&` 3%5P %5���!$��! #��% &!23 3P�j��!2#�.:�hY4�$�_!_` #"�4k$����!j54
¤���232#��hN 3%5P�[54D�J%J #�! #��%Z¤E��_�$�% � a�&o�!$�P�4nab�o��abP��:"�$�23054+¤A0'%'fn�! #��%8�

� � 5�9�1 � K$9CLk�)0 � ' �� � � 5 9�1 � � � 	�  K$9CL/' , %`� � � ' �� � � 5 9�1 � � � 	�  K$9CLk' , * ��, % � ,/* K{¿	p3L

VX%�O'_�$�fn�! 3fn4.:�h 4�fD$�%z['4D�o4D_`l� 3%54�OJ$�_!�! #�! 3��%' 3%5P��!j'$��1&!$��! 3&!�'4	&N�!jJ 3&�['4D�J%' #�! #��% 	;�:��_`['4D_` 3%5P��!j'4�OJ$�_`�! #�! #��%'&N��¤
�!j54+0'%J #��%Q��¤��!j5414n�� 3&!�o4	%��! 3$�2c2#� 8=0'$�%��! 3�'4	[ ��ab¤�0'%Jfn�! #��%'& ¤E��_ 4	$�f�j:&o�o�=f�j'$�&o�! 3f+$�fn�! 3��% 	;�Q['4	fn_!4	$�&! 3%5P�"�$�23054.:5$�%'[
4	%'&`05_` 3%5P1�!j'$�� �!j54Nfn��%'[J #�! #��%'& ¤���_��!j'4U�'_`&o�!�OJ$�_!�! #�! 3��%'& $�_!4�%'4DP�$��o4	[w 3%��!j54UOJ$�_!�! 3�! #��%�¤���_`l�0J23$+¤���_��!j54 ! �3¿����
OJ$�_`�! #�! #��%���TUjJ 3&�4	%'&!05_`4	&��!j'$����!j54zj' #P�j54	&o��"�$�23054� c&�$�&!&! #P�%'4	[ �o�¦4D"�4D_!� &o�!$��o4�$�%'[ _!4	&!0J2#�!&� 3% $�%}��O'�! 3l�$�2 :
4n�5fD230'&! 3"�4	2#�QOJ$�_`�! #�! #��%54	[k�'_�&o�Xab��_`[54D_U"�$�230541¤A0'%'fn�! #��%��

�k9=�B9;�?IJGY�?9=> I'����C
VX%�fn��%'fD230J[' 3%5P��!j' 3&�&!4	fn�! #��% ��%��J_`&o�Xab��_`[54D_Q�z\1W�&N:�hY4�%5���o4��!jJ$����!j' 3&�¤�_`$�l�4DhY��_!{ �CB�4D_�&�l�$�%;� $��o�o_�$�fn�! #"�4
O'_`��O�4D_`�! #4	&�¤�_!��l $�%��z\�W�O�4D_�&oO�4	fn�! #"�4�� ^H 3_`&o�N:5 #��$�232#�<h�& ��%'4��o��fn��%JfD 3&o4	2#��_`4DO'_!4	&o4	%;� WYS�TUMNV�W�S�$�%'[:W W�\1\1]
[5��lQ$� 3%'&Z 3%|$ �J_`&o�Xab��_`[54D_:[5��lQ$� 3%�� S=4	fn��%'[$:� #�!&:&o��230'�! #��%x$�23P���_` #�!j'l�&Z[5� %5���k_!4�8=0' #_!4z4n�=O�23 3fD #�Z&o�!$��o4 $�%'[
$�fn�! #��%�4	%;0'l�4D_`$��! #��% $�%'[ �!j54D_`4D¤E��_!4zfD$�%�&o��2#"�4:¤���_�"�4D_!� fn��%'fD 3&o4:_!4DOJ_!4	&o4	%;�!$��! #��%'&���¤�"?$�2c054k¤�0'%Jfn�! #��%'&ihNj54	%
�!j54D� 4n�� 3&!�D��TUj' 3&�23$��o�o4D_�O'_!��O�4D_!� ��4	%J$�	J2#4	&i&o�=l 	���23 3f�['�=%'$�lQ 3f�O'_!��P�_�$�l�l� 3%5P��o� &!��2#"�4Q¤���_�"�$�23054w¤�0J%'fn�! #��%'&
 3% [5��lQ$� 3%'&�hN #�!j�O����o4	%��! 3$�2c2#�� 3%5��%' #�o4	2#�:l�$�%;��� 	��o4	fn�!&D��/1%��!j54����!j54D_)j'$�%'[,:��!jJ 3&�4n�=O'_`4	&!&! #"� #����fn��l�4	&+hN #�!j
�!j54k[5_`$<h�	J$�f`{§�!j'$����!j'4D��_!4	l O'_!�<"� 3%5P�l�4D�!j5��['&)$�_`4w_!4�8=0' #_`4	[¦�o��¤�0'2c2#��&` 3l�OJ23 3¤E�z�!j54 � $�%'[ "?$�230'4Q¤A0'%'fn�! #��%
_!4DOJ_!4	&o4	%;�!$��! #��%'&D�ZS50'f`j¦&` 3l�OJ23 3�JfD$��! #��%� 3&+ 3%5¤�4	$�&! 	J234i 3% �!j'4�P�4	%54D_`$�2 fD$�&!4.:H$�%'[  #�* 3&*$�%§��O�4	% 8=054	&o�! 3��%¦$�&+�o�
hNj'4D�!j54D_*$�fDfn4DO'�!$�	J2#4�O�4D_!¤���_`l�$�%Jfn4�fD$�% 	�4�$��o�!$� 3%54	[¦�!j5_!��05P�j§&! cl�OJ23 #��fD$��! #��%�l�4D�!j'�=['&��!j'$��*$�_`4�&o�o_` 3fn�!2#��2#4	&!&
O��<hY4D_!¤A0'2��!j'$�%:�J_`&o�Xab��_`[54D_N�!j54D��_!4	l�O'_`�<"� 3%5P5�

� � #t:�BED
B$"²?	��DU��� <,BEH-�IBED � "®H����U=@BED #`�f=��

/10'_ O'_!4D"� #��0'& $�O'O'_`��$�f`j54	&N�o�Q[54	fD 3&! 3��%�ab�!j54D��_!4D�! 3f1O�23$�%'%' 3%'Pij'$<"�4)l�$�[54)��hY�Q$�&!&!0'l�O'�! #��%'&��

¿�� ;§4 $�_`4�OJ23$�%J%' 3%5P¦$��w��%54�234D"�4	2�&o4	$�_�f`j' 3%'P �!j54z4	%��! #_`4z&o�!$��o4§&oOJ$�fn4 K�4D"�4	%| #¤+¤�$�fn�o��_`4	[ L�$�%J[}0'&! c%5P $�232
O���&`&! 	J2#41$�fn�! #��%'&	�

-=� ;§4�$�_!4)$�2c2#�<hN c%5P�$�%��k$�fn�! #��%��o� 	�4+4n��4	fD05�o4	[z$��N$�%��kO��� 3%;� ['05_` 3%'PiO�23$�%'%' 3%'P)��_N4n��4	fD05�! #��%��

VX%�l�$�{� 3%5P*�!j'4	&o4�$�&!&`0'l�O'�! #��%J&N:�hY4�$�_!4���¤E�o4	%wO'_!4	&o4	%;�! 3%5P)��05_`&o4	2#"�4	& hN #�!jQ$*OJ23$�%J%' 3%5P1O'_!� 	�2#4	l hNj54D_`4Nl�0Jf`j
��¤��!j54Z&!�!$��o4�&oOJ$�fn4:fn��0'23[ 	�4Z$�	J&!�o_`$�fn�o4	[ hN #�!j@23 #�o�!2#4w��_�%5�  3l�OJ$�fn�i��%@�!j54 8;0'$�2c #���§��¤��!j54w"�$�23054Z¤A0'%'fn�! #��%��
^'0'_!�!j54D_`l���_`4.:
	;�Zfn��%'&! 3[54D_� 3%5Pi4D"�4D_!�:$�fn�! #��%�$�� 4D"�4D_!�k&o�o4DO,:5hY4)$�_!4+��¤��o4	%�[5�� 3%'P�_!4DO�4D�! #�! 3"�41&!4	$�_`f`j��!j'$��Ufn��0'23[
4	$�&! c2#� 	�4*fn��l�O� 32#4	[� 3%;�o��$QlQ$�fn_!��a�$�fn�! #��%�$�232#�<h� 3%5P�0'& �o�w&o4	$�_`f`j� 3%:$�%z$�	J&o�o_`$�fn�o4	[$:�j' #P�j54D_!a�2#4D"�4	2�&o�!$��o4i&oOJ$�fn4��
��['[5_!4	&`&! 3%5P 	����!j���¤ �!j'4	&o4� 3&`&!054	&U 3&�$�%z cl�O���_!�!$�%��� 3&!&!054+¤���_1&!fD$�23$�	J 32c #���k 3%��z\1W�&�$�%'[�hY4i[J 3&!fD0'&!&U4	%'j'$�%'fn4na
l�4	%;�!&N$�23��%5P 	����!j:��¤B�!j'4	&o4)23 3%'4	&  3%k�!j54+¤���232#�<h� 3%5P�&o4	fn�! #��%'&	�

-��



� &'% � -R"= 1�= � ��� 1$4 @ 
 =3)�� =31 � � )5476?+#=31$- 45+36 - 4 ( ��� 6

���A��� � ��� �B
<I'C ��CwIJ�B� ��9;I ��G �������F�G�9;� tu8:v*C

V�¤�$*O'_!� 	�2#4	l [5��lQ$� 3%�fn��%'&! c&o�!& ��¤�l�$�%;�� 3%'['4DO�4	%J[54	%�� &`0
	'O'_!��fn4	&!&o4	& �!j'$�����%'23�� c%��o4D_`$�fn�Y"� 3$+�!j54	 #_Y[54DO�4	%'[54	%'fn4
��% P�2#� 	J$�232#��&!j'$�_!4	[¦_!4	&o��05_`fn4	&�:���%54QfD$�% ��¤E�o4	% ¤�$�fn�o��_i�!j54	&o4Z��\1W�&i 3%;�o�:�!$�&o{�&*_!4DO'_`4	&o4	%��o4	[ $�&) 3%J[54DO�4	%'[54	%;�
&!0 	���\1W &wh�j5��&o4§$�fn�! #��%'&:$�_!4 P�2#� 	�$�232#�}fn��%'&!�o_`$� 3%54	[�� TNj' 3&Zl��=['4	2� c&w_`4D¤E4D_!_`4	[x�o��$�&:$ �z$�_!{��<"|�!$�&o{y&o4D�
K �zT�SML ��g�-��b�
/1%'4YfD$�%�&o��23"�4 �zT�S)O'_!� 	�2#4	l�& 	;�)&!��2#"= c%5PN�!j54�4�8=0' #"�$�2#4	%;���o�� 3%;� �z\1W§¤���_`l�4	[ 	;�)�!$�{= 3%'P��!j'4�fn_`��&!&XabO'_!��['0'fn�

��¤N$�2c2 &o�!$��o4:$�%'[ $�fn�! #��% &oO�$�fn4	&�¤���_�4	$�f`j ��¤U�!j'4w�!$�&o{@&!0
	��z\1W�&N: 	J0'��� 	="= 3��0'&!2#� �!j54:��\1W _`4DO'_!4	&o4	%;�!$��! #��%
hN c232JP�_`�<h 4n��O���%54	%;�! 3$�232#��h� #�!jk�!j54*%=0'l 	�4D_ ��¤H�!$�&o{�&N$�%'[k�!j=0'& 	�4	fn��l�4	&U c%��o_`$�fn�!$�	�2#4+¤E��_�$�232 	J05� �!j54*&`l�$�232#4	&o�
O'_`� 	J2#4	l�&D� �ul���_!4*�o_�$�fn�!$�	J2#4)$�O'OJ_!��$�f`jz 3&�{=%'�<hN%�$�&���$�_`{��<"�TH$�&o{Z\�4	fn��l�O���&! 3�! #��%�K �zTU\�L��
�zTU\  3&U$�%�$�OJO'_!�	�5 3l�$��o4	23�w��O'�! cl�$�2�$�O'O'_`��$�f`j��o�w&o��2#"� 3%5P��!j54 �o�� 3%;�N��\1Wx�!j'$��N[' #"� 3[54	&Y�!j54�&o��2305�! #��%: c%��o�

2#��fD$�2�$�%'[ZP�2#� 	J$�2���O'�! 3lQ #£	$��! #��%k&o�o4DOJ&D���zTU\ �'_`&o��[54D�o4D_`lQ 3%54	&Y�!j541��O'�! 3l�$�2�"�$�23054�¤�0J%'fn�! #��%Z¤E��_�4	$�f�j�&!0
	'�!$�&!{��
^5��2c2#�<hN c%5P��!j' 3&N2#�=fD$�2���O'�! 3l� #£	$��! 3��%$:J$�P�23� 	J$�2���O'�! 3lQ #£	$��! #��%:OJjJ$�&o4*�!j54	%zf`j5�=��&o4	&1$ �o�� 3%���$�fn�! #��%z$���4	$�f`jz�! 3l�4
&o�o4DO �!j'$��14	%5¤���_`fn4	&1�!j54iP�2#� 	J$�2B_!4	&o��0'_`fn4�fn��%'&o�o_`$� 3%;��hNj' 32#4)�o_`$�[' 3%5PZ�CB 2#��fD$�2�$�fn�! #��% f`j5�� cfn4	&1¤E��_14	$�f`j �!$�&!{z 3%
��_`['4D_��o�¦l�$?�� cl� #£D4k�!j54k4n�=O�4	fn�o4	[ _`4DhY$�_`[�� S� 3%Jfn4k$�% ��OJ�! 3l�$�2�&o4�8=054	%��! c$�2 &o��2305�! #��%  3%@�!j' c&ifD$�&!4:h ��0'2c[ 	�4
4�8=0' #"�$�2#4	%;� �o��&o��2#"� 3%5P��!j541¤�0J232��o�� 3%;� �z\1W :=��%'41 c&Y0J&!0'$�232#��_!4	&!�o_` 3fn�o4	[Z�o� 	����!jkj54	0'_` 3&o�! 3f�$�%'[kl)����O� 3f�&!��2305�! #��%
�o4	f�j'%' 8=054	&D��¥N4D"�4D_`�!j54	2#4	&!&N:�$�P��=�=[if`j5�� cfn4Y��¤�j54	05_` 3&!�! 3f $�232#��fD$��o��_�j'$�&�$�232#�<hY4	[�¤E��_ %54	$�_oab��OJ�! 3l�$�2=$�%'[)4n���o_!4	l�4	23�
4N=QfD 34	%��i&o��2305�! #��%J&+�o���!j54	&!4wO'_`� 	J2#4	l�&1hNj'4	% fn��l�OJ$�_`4	[ �o��&o�!$�%'['$�_`[ [5��%'$�l� 3f�O'_`��P�_`$�l�l� 3%'P:�<"�4D_��!j54Q¤A0'232
�o�� 3%;�N��\1WH�
;|j' 32#4Q�!j54k�zTU\ $�O'O'_!��$�f�j OJ_!�<"� 3[54	&�$�%@$��o�o_�$�fn�! #"�4�l�4D�!j5��[ ¤���_�$�O'O'_!�<�� 3lQ$��o4	2#�¦&o��2#"� 3%5P�OJ_!� 	J2#4	l�&)�!j'$��

fD$�% 	�4)¤���_`li0'23$��o4	[ $�&+��T�S5&N:�hY4�%5���o4��!j'$����!j'4��zT�Szl���[54	2� 3&�&o4D"�4D_!4	23��_!4	&o�o_` cfn�! #"�4i c%��!j'$��1 #����%'2#��$�2323�<hN&
 3%;�o4D_`$�fn�! #��% 	�4D� h 4D4	%)�!$�&o{�&�"� 3$ &!j'$�_!4	[*_!4	&o��05_`fn4	&	�B��['[' #�! #��%J$�232#�.:DhY4�%5���o4 �!j'$����!j54 0'&o4 ��¤5j54	05_� 3&o�! 3fH$�%'[*l�����OJ 3f
l�4D�!j'�=['&� 3%��!j54��zTU\|$�O'O'_!��$�f�j�O'_`4D"�4	%���0J& ¤E_`��l � 	'�!$� 3%' c%5P1��O'�! 3l�$�23 3���iP�0'$�_`$�%;�o4D4	& ¤���_��!j54 _!4	&`0'2#�! 3%5P1O���23 3fn���

���A���c7 ��9=>@�c��t 8:v)C�IJ�B�x�F�
������C

S�0'�o�o��%�4D�N$�2 � � ,�g��H 3%;�o_!��['0'fn4	[:$��o4	l�O���_�$�232#�Z4n�=�o4	%'['4	[�$�fn�! #��%z[54D�J%' #�! 3��%k{=%5��hN%�$�&�$�%���O'�! 3��% 	J$�&o4	[���%��!j54
&o4	lQ �a ��\1W l���[54	2 �1VX% &!j5��_!�N:�_`$��!j54D_1�!j'$�%�_!4	&!�o_` 3fn�! 3%5PZ$�fn�! #��%'&1�o�kO'_` cl� #�! #"�4	&N�!j'$��+fn��l�OJ2#4D�o4� 3%z4n��$�fn�!23����%54
�! 3l�4�&o�o4DO,:�hY4z%5��h $�232#��hm¤���_w$ l���_!4�P�4	%54D_`$�2�l���[54	2 �|/1O'�! #��%'&�fn��%J&! 3&o����¤1�!j5_`4D4zfn��l�O���%54	%;�!&��z$ O���23 3fn�
2�� ��� �$� � ��'�¿+�0:�$��o4D_`lQ 3%'$��! #��%�fn��%J[' #�! #��%�� � � � � � ��'�¿+�H¤���_U�!j54)&`0
	J&o4D� ��¤�_!4	$�f�j'$�	J2#4i&o�!$��o4	&� �  3%k�!j' 3&
��O'�! 3��%$:=$�%J[w$�%w4	%��o_`����_� c%' #�! 3$��! #��%Q&o�!$��o4+&o4D��	�� �Y� �Y��%J&o4�8;0'4	%��!2#�.:=$�%Z��O'�! #��%Zfn��_!_!4	&oO���%'['&��o�i$�O���23 3fn�i�!j'$��
fD$�% 	�4* c%' #�! 3$��o4	[k¤�_!��l $�%;�:&o�!$��o4� c% 	w$�%J[:hNj' 3f�jk�o4D_`l� 3%J$��o4	&N 3%�$�%;�k_!4	$�f`jJ$�	J2#4)&o�!$��o4�9�¤E��_Uh�j' 3f`j��OK$9 L '�¿��
��%k��O'�! #��%khN c232J� 	="� #��0'&!2#�Q_!4�8;0J #_!4+$�&Ul�$�%;�Q�! 3l�4*&o�o4DOJ& $�&U #� %54D4	[J&��o��_!4	$�f`j�$��o4D_`l� 3%'$�2�&o�!$��o4�&o�!$�_!�! 3%5P�¤�_!��l
$�%� 3%' #�! c$�2�&o�!$��o4�h�j' 32#414n��4	fD05�! 3%5PZ$�P� #"�4	%zO���23 3fn������%'[z&! 3%'fn4i��\1Wy�o_`$�%'&! 3�! #��%'&U$�_!4�&o�o��f`j'$�&!�! 3fC:��!jJ 3&U%=0'l 	�4D_
��¤��! 3l�4*&!�o4DOJ&Ul�$<�Z"�$�_!�Z¤E_`��l�4n�=4	fD0'�! #��%��o��4n��4	fD05�! #��%��
TUj'4���%'4*[' P=QfD0'23����hN #�!j:jJ$�%'['23 3%'P�li0'2#�! �ab�! 3l�4na�&o�o4DO:$�fn�! #��%'&U&o�o4	lQ& ¤E_`��l �!j54*%54D4	[k�o��$�O'OJ23�Q$�[' 3&!fn��0J%�����%

-�p



�!j54�_!4Dh�$�_`[Z¤E��_�4D"�4D_!�Z&o�o4DOk�!$�{�4	%�� V�¤�h 4+&! cl�OJ2#���o_!4	$�� $il�$�fn_!��a�$�fn�! #��%�$�&�$�O'_` 3lQ #�! #"�4N$�fn�! #��%:$�%J[w[' c&!fn��0'%;�  #�
	=� � $�& 0J&!0'$�2 :=h 4*$�_`41 3P�%5��_` 3%5Pi�!j541¤A$�fn� �!j'$��U #��l�$	�kj'$	"�4+�!$�{�4	%'¿C:.-i��_U 3%ZP�4	%54D_`$�26!��! 3l�4na�&o�o4DO�&D�Y�Y4D_!�!$� c%'2#�
hY4�[5��%$@��1h�$�%��+�o��fD$�23fD0J23$��o4��!j54�[' 3&!fn��0'%;�1¤E��_*$:-��k�! 3l�4na�&o�o4DO¦$�fn�! #��%§�!j54�&!$�l�4�hY$<�zhY4�j'$�%'['2#4�$:[' 3&`fn��0'%��
¤���_Q$§&! 3%'P�2#4:&o�o4DO}$�fn�! #��%��xTUj;0J&N: hY4�%54D4	[ �o�  c%��o_!��['0'fn4:$ ¤�_`$�l�4DhY��_!{ �!j'$���fD$�%}jJ$�%'['2#4Z�!j54�[' c&!fn��0'%;�i¤���_
l�$�fn_`��a�$�fn�! #��%'&� 3%:$�fn��_!_!4	fn��l�$�%'%54D_	�
TUj'4ZS=4	l� �a �z\1W ¤�_`$�l�4DhY��_!{¦$�2323�<hN&)��%54Q�o� [5���!j' c&N: 	�05�*_`$��!j54D_��!j'$�%@[' 3&!fD0'&`&+�!j54Q��OJ�! #��% l���[54	2  c%¦�!j54

fn��%;�o4n�=�1��¤ S=4	lQ �a ��\1W &N:JhY4�[54D¤�4D_N�o�Z�!j54i%54n�=��&o4	fn�! #��%zhNj54D_!4)h 4�&!j5��h �!j'$���h 4ifD$�%zfn��l�OJ 32#4)$kS=4	l� �a �z\1W
hN 3�!j ��OJ�! #��%'& KA$���{�� $�� l�$�fn_`�¦$�fn�! #��%'&RLi 3%;�o�§$�%���\1W hN #�!j %5��%�a �z$�_!{��<"� 3$�% O���23 cfD #4	&N:  ��4��P: �!j'4:O���2c 3fn�¦l�$	�
[54DO�4	%'[:0'O���% 	����!j:�!j54�fD05_!_!4	%;�U&o�!$��o44���+>k�!j54*4	%;�o_!�k&o�!$��o4)¤���_U�!j54)��O'�! #��% 	�4	 3%5P�fD05_`_!4	%��!23�Q4n��4	fD05�o4	[��

���A���3s tuI'���?5�`I'��
�����BCwIJ�B�xtu8:v I �BC	
<��IJ��
�����

TUj'4� c[54	$Z��¤ &!0
	�[' 3"= 3[J 3%5P�K���_*j' #4D_�$�_`f`j' cfD$�232#��&!0 	�[J #"= c[' 3%5PQL $�% �z\1W  3%;�o�kh 4	$�{�2#�zfn��0'OJ2#4	[§fn��l�O���%54	%;�!&+j'$�&
	�4D4	%ifn�<"�4D_!4	[ 	=� ��$�0'&o{=_!4	f`j;��4D�H$�2���-�-��5$�%'[iW�$�_!_ ��g�g��b� TUj54	&o4 OJ$�O�4D_`&Bfn��"�4D_�$�%;0'l 	�4D_���¤�$�05�o��l�$��o4	[�l�4D�!j5��['&
¤���_�fn��%'&o�o_�0'fn�! 3%5P+�!j54	&!4Ul�$�fn_!��& �!jJ$�� _`$�%5P�4U¤�_!��l 0'&! c%5P+j54	05_` 3&!�! 3f  c%5¤E��_�l�$��! #��%�fn��%'fn4D_`%J 3%5P1�!j54 "�$�23054 ��¤�l�$�fn_!�
4n�5 #��&!�!$��o4	&��o�ZOJ #4	fn4��o��P�4D�!j54D_+O���23 3fD #4	&U¤E��_12#��fD$�2B�z\�W &��o�Zl�4D�!j'�=['&N¤E��_1 3l�OJ_!�<"� 3%5P��!j54�P�2#� 	J$�2BO���23 3fn� 	J$�&o4	[
��%w"?$�_� #��0'&Yl�$�fn_!�iO���2c 3fn��4D_!_!��_oa�$�%'$�23�=&! c&�$�%'[Z 3l�O'_`�<"�4	l�4	%;���o4	f�j'%' 8=054	&D�<;§41%5���o41�!j'$��Y�!j54	&o4��o4	f`j'%' 98;054	&YfD$�%
�� #4	23[ )oab��O'�! 3l�$�2�P�2#� 	�$�2�O���23 3fD #4	&D�
��& 	�4D¤E��_`4.:�hY4QfD$�%¦�!j' c%5{���¤ $:l�$�fn_!��a�$�fn�! 3��% 
 $�&)$:O���23 3fn�z c%§$�&!0
	��z\1WG�,;§4wj'$	"�4Z$�&o4D�*��¤�4	%;�o_`$�%'fn4

&o�!$��o4	&�:�$�&o4D����¤�_`4	$�f`j'$�	J234�&o�!$��o4	&N:5$�%'[w$)&!0 	J&o4D����¤��!j54�_!4	$�f`jJ$�	J2#4�&!�!$��o4	& h�j' 3f`jw$�_!4N�o4D_�l� 3%'$��! #��%Q&o�!$��o4	&YhNj54D_!4
hY4*4n�5 #� �!j54)l�$�fn_`�5��TUj54	%k��05_�l�$�fn_!�Q 3& �o0'&!��$�O���2c 3fn� 2 � �o��¤���232#��h hNj' 32#4+ 3%k�!jJ 3&�_!4DP� #��%��
^5_`��l �!j54wO�4D_�&oO�4	fn�! #"�4���¤ �!j54w�z\1W �!jJ$��� 3%;"���{�4	[ �!j'4Ql�$�fn_!� 
 :BhY4QfD$�%@$�fn�!0'$�232#� �!j' 3%'{z��¤��!j' 3&)l�$�fn_!�

$�&+$ZO'_` cl� #�! #"�4i$�fn�! #��%§ #¤ hY4�l��=[J #¤E�:�!j'4i�o_�$�%'&! #�! #��%�$�%'[�_!4Dh�$�_`[§[5��%'$�l� 3fD&��o�: 3l�OJ2c 3fD #�!2#�Z�!$�{�4��!j54�[' 3&`fn��0'%��
¤A$�fn�o��_Y c%��o�)$�fDfn��0J%��D��]�4D�o�! 3%5P 9�	�4N$�%;��&o�!$�_!� &!�!$��o4N¤���_ $)lQ$�fn_!� 
 :�9 � 	�4U$�%�����¤ 
 @ &��o4D_`l� 3%'$��! 3��%�&o�!$��o4	&N:5$�%'[
�!$�{� 3%5P)$�%Q4n�=O�4	fn�!$��! #��%QhN #�!j�_`4	&oO�4	fn� �o�)�!j54U�! cl�4U��¤��o4D_`l� 3%J$��! #��%�� :�hY4NfD$�%w[54D�J%54 �!j54�[' 3&!fn��0'%;�o4	[��o_`$�%J&! #�! #��%
¤A0'%'fn�! #��%k¤���_U�!j' c& l�$�fn_!�Q$�&N¤E��2323�<hN&��

��K$9 '(2 � ')9 � L ' ����� � � � % � � K$9 � ' 9 � - 9 C ' 9 '(2 � L �
' #, %'& % � % � % � � K�� ' , ')9 % ' 9 � - 9 C ' 9 '(2 � L

��%'[khY4)fD$�%�[54D��%541�!j54)[' 3&`fn��0'%��o4	[k_`4DhY$�_`[�¤�0'%Jfn�! #��%k¤E��_��!j' 3& l�$�fn_`�Q$�& �!j54*¤���232#��hN 3%5P#�

" � K$9 '(2 � L ' � � � �, %'& C � % " K$9 % '(2 � K$9 % L L - 9 C ' 9 '(2 ���
TUj'4	&o4*$�_!4 	����!j�2c 3%54	$�_U&o��&o�o4	l�&N�!j'$��NfD$�% 	�4)&!��2#"�4	[�[' #_`4	fn�!2#�w��_��!j5_!��05P�j� #�o4D_`$��! #"�4)l�4	$�%'&D��V�¤ 9^3 � � :'�!j' 3&

fn��l�O�05�!$��! #��%:_!4�8=0' #_`4	&��! 3l�4 �!K - � � - G L��
g��



m 2m 1

m 4 m 3

p
1

p
2

p
1

p
2

m 1

m 2

m 3

m 4

m 1

m 2

m 3

m 4

l

l

r

r

u

u
d

d

MP :

Program       :P MMDP        :

l

r

l

r

u ud d

[ [l  | r] ; [u | d ] ]*

l
r

u

d
  

a) MDP Abstraction b) HAM Program Constraints
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