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Reflectance and Scale
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Specular facets (Torrance-Sparrow)

Lambertian facets (Oren-Nayar)

L2$�4->��(�[O�}��	35�7 4��65��35�5�
*4*?����� *"65 C� �����7�$��6�*"�
*?
�1=*� 4��<��
��1����������5 4�����$ &1"
��
*�14� '��� 4�aK	
�143a
M�������
�����A�!
�� �$� 1"
����N+

�E���<" �	�!.06� ���.*"	� b�.0" �E�-�("�%<�Fl-Y�XM�A.0�I9;� ��=�+ .*$&"��*�N�<�,S/�*),+ .*"	),�MGH�*.�9;>��(��GH��"�+ 9E���(�-G �<��>�4-n
��$ ��>/9;� 95>��;�'.�),�*9h=��Mb�.0� ��$�"�4]+<n�� 9;�->s� ),� ��$&�(�*),+<$��-"H���-�Z. % 
��*�M9;�F"	9;���@��$&�(�*),+($&�-" ���rn��
� ����>�"	�
+<ns�H6	�*.  �*�#+<n�� � .-��$:.0"/),� ��>�"	)T+<$&��" +<�i=	�M95n�$ ��+(�*� ���(�-G|+<n��H6	�*.� 6	��95$&+<$��-"N�

�6	�*),+<�x� �����].
� .0G]=	���<+($:.*" 95>��;�'.�),��� �rns$:9 � .-9@$&"�+<���(6��<��+(�*��.�98.MGH$&"����@��$I9<),�(��6	.0"/)��[.0"	�[+<n�� � .0G]=	���<+($:.0"
GH�����F� � .�9 .�9<95>�GH�*� +(� =	�u.i�<�*.�9;�-"/.0=�����.*6�6��(� 
�$&GU.0+<$��-" � � >�� G �*.-95>��<��G ��"�+ 9@9;ns� � +<n	.*+
"���"�% � .*G =	���(+<$I.0" =	��n	.�b�$&��� $:98)T�&�*.*�<���i"s�-+<$I),�*.*=��&� .0"	�N95$&4-"s$�% )�.*"�+ � n���" b�$&� � ���A��$��<�*),+($&��" $I9
b�.0�($&�*�H� .*+<n��F�h+<n	.*"i9;��>�� )T�8��$&�<�x),+<$��-" �

�rn��A.0=	�*b��@9;+(>	��$&�x9 � �F�<�@.*+<+<�FGH6�+ 9o+(�]���*9;$�4-"H�(�,S	�*)T+ .0"/),�EG �������:9c=	.-95�*� ��" G �*.-95>��<�*�
�<�TS	�*),+a.0"	),� ��.0+a.��oQ\"A),��"�+(� .-95+
��9;��b��F� .0��$&"�b��*9;+($&43.0+<��� 9 ���Fb����&��6V�x�E+<n��F�-�<�F+<$:)F.0�-G �������:9����-� ��$�� >	95�
�<�TS	�*),+($&�-"H���(�-G �<��>�4-n 9;>��5�'.-),�x9,� �rns�*9;�@��� �-�(+ 9 � ���<�AGH�-+($&b�.0+(�*�H6��<$�GM.0�($&��� =��M+<ns�8�<�TS	�*),+a.0"	),�
) n	.0�a.-),+(���<$I9;+<$I)�9o�0�c+(n��!GH����" �cQ\"���� .*�<�*�]��GH$:9(9;$��-"M.*"	�Hb�$I9;$&=s�&�#�&$&4�n�+ �<�,S/�*),+<$��-" ���(�-G +(n��!GH����"
!\95��� � � �<�&�*b�.0%(��l��-Y�� 13$&��4����!.*"	�L�E� � �����&%(��l�^xO � " $&"	��$:)�.*+<��+(n	.0+ +<n��iGH����"�	{9 9;>��5�'.-),�i�a.-��$I.0+<�x9
GH���<�8�F"����<4 ��=	.�)  u$&"i+(n��]��$&�(�*),+($&�-"u�0� +<n��]95�->��a),� !�+<n��]95>�"'"#+<n/.0"i$&"i+(n��]"��-�(GM.0� ��$&�(�*),+($&�-"
�-�A$&"[+<n�� ���-� � .*� � ��$��<�*)T+<$&��" � �rns$:9B6sn���"���GH��"���" $I9 �(�,�����(�<�*��+(�i.-9
	
����
����
���F�G
�����)�������1�GH$�+<n
� 13GH$&+(n�%<�Fl-Y�^E�!GH�������&�*�N+<n��[�<��>�4-ns"��*9<9M�0� +<n��iGH����"k.�9M. � .*"	����G 6��<��),�x9<9M.0"	� .-9<95>�GH�*�
�*.�) n 6	��$&"�+8�-"N+(n��M9;>s�;�'.-)T�H+<�i=	� � .*G =	���(+<$:.*" $&" �<�,S	�x),+ .*"	),���i1�GH$�+<n�	P9B.*"	.0����95$:9 �on�� � ��b������
���mTEPihj3G>F3CBEDWY(<�7��U407C<
D6DF3C>6PHB�V�@N38761(<RB�PH4F@ ]�7C<
;H;H38T >F3CD6>F?�>F30O(3\70DFPH?�Bv?�>�?�5M5(?�4FPHDFPH?�B 30hj3\70D8]f5�>F?�TE9�703C4&<&4F1�<
>F5

5�38<���70;H?�4F3�D6?aD61�3�4F?�9M>_703aT�PQ>63870D6PQ?�B �K4F3G3 x"! <
5���3�<RB(T&��<RB ! ?�>FB�p:�\��#�$M]�%d9�VE<a<RB(T'&�461�PH@ <R>F9EpC�8��(�)(]R/24_<
BMV�<RB(T
&�4F1MPQ@�<
>69Ep:�\��(�)(]�*d3CD+�EPHB�V
pC�8��#�# �-, c /21�PH4aPH4rB�?�DrDF1�3�@A38761(<
B�PH46@ T�PQ40709�464F38TsPHBvDF1�PH4r5(<
5�3C>8c.�->F38703GBUD�<
>6DFP=70;H3
YEo ! <R5���3q{:| }
~i� x"! <R5���3q{0| }
~i� p:�\����$ � D61�>F?
Z24�B�3GZ ;HPHV�1EDd?�BuDF1�PH4�@N38761(<RB�PH4F@uc/&�DXPH4�4F3G;�T�?�@L3GB(70?�9MBUD63C>F3\T�PHB
@ <�761�PHB�3k�EPH4FPH?�BA4FPHB(703JPQD'PH42?�Y�463C>F��38T�?�B�;Ho&Z21�3CBqD61�3W4F3GB�4F?�>X<
B�TN46?�9�>0703a<R>F3�Z2PHDF1�PHBq<�I�3CZ T�3CV�>63C3C4dIK>F?�@m38<�7F1
?�D61�3C>�0(<r4FPHD69(<
D6PQ?�B TEP21 709M;QD'DF?&3G@&9�;=<
DF32PHB�5�>0<�70D6P�7:3WZ2PHDF1�?�9�D[D61�3W46?�9�>0703W?�>2D61�3�4F3CBM4F?�>d?�7C70;H9(TEPHB�V&D61�3W?�D61�3C>\c

X



� .�9!),��"�%	"��*�M+<�H+(n��86s�:.0"s�8�0� $�"	),$:����"	),�@.*"	��$:9h"���+!�*.-95$&���H�

�+<��"	95$&=����@+<�]�<�,S	�x),+<$��-"	9h�->�+a9;$I���
+<ns$:9E6��I.0"��3�8L�>��(+<n������21�GH$�+<n�	P9rGH������� �����*9!"���+@.-)F),�->�"�+!���-�!$�"�+(���<�(�,S	�*)T+<$&��"M��� �*),+ 9T�8qr>sn��2�F+
.0�'� � qr>sn���

������� %(��l�Y-jM�ZGH���������*� +<n��u9;>s�;�'.-)T�i.-9 . ),���&���*),+<$��-"N�0�B9;6�n��F�<$:)F.0�#)�.�b�$&+<$��*9,� �rn��
�
.0"/.0����b��*�N$&"�+<���(�<�,S/�*),+<$��-"	9 >	95$&"�4 +(n�$:9 9;>��5�'.-),�u4-����GH��+<� �#�r=�>s+M��$:�N"��-+M6��(�*9;�F"�+ . ),��GH6��&�F+<�
�<�TS	�*),+a.0"	),�AGH������� +<n	.*+8.�)�),��>�"�+a9E���-�!GM.�9! �$&"�4U.0"	�[9;n	.���� � $&"�4u��� �*),+a9K���-�A.0�(=�$&+(� .*���[.0"s4-�&�x9
�0�Z�<�TS	�*),+($&�-" .0"	�N$&"	),$I����"	)T��� 1�>�=/9;����>���"�+<���#�W�E���($&"�4 .0"	�W1�GH$&+(n � �E�F�<$&"s4[.0"	� 1�GH$�+<n�%(��l�^*C �
�����($&b��*�N. ����+ .*$&�&�x� +(n����(GM.0�h��G $:9<95$&��" G �������r���-� 9;>s�;�'.-)T�*9 GH�����F�&�*�N.-9 . ),�-���&�*)T+<$&��" �0���!%
)�.�b�$&+<$��*9,� �E� � �Fb����
� .0���o+<n��])F.xb�$&+($&�*9#.0�(�H.�9<95>�GH�*��+(�H=	� $I����"�+<$:)F.0� .0"	�[.0��$&4-"s�*��$&"[+<n��]9(.0GH�
��$��<�*),+($&��"��V"/.0GH�����#��6	���<6	��"/��$:),>s�:.0�Z+<�H+(n��]9;��>�� ),�F% b�$&� � ���#6��:.*"������rn�$I9 G ������� $:9Z.0�:95�M�&$&G $&+<�x�
+<�]�<�TS	�*),+($&�-"/9v$&"M+(n��@6��:.*"��@�0�c$�"	),$:����"	),���

gK�*)T��"�+(���#�	$&" ),��GH6�>�+(���E4�� .*6�n�$:)F9��om��->���$&"[.0"/� L��->s�<"�$���� � m��->���$&" .0"	�[L��->��("�$&���(%<�Fl-l�C �
�����($&b��*�Z.E��$ � >	9;� �<�,S	�x),+ .*"	),�o��>�"	),+($&��" �����c.0"s$:9;+(�<��6�$:)c9;>s�;�'.-)T�*9 G �������&�x�!.-9o.#),���&�&�x),+<$��-"!�*�	6	.0�(%
.0���&���s)����&$�"	���<$I)�.0��95�*),+($&�-"/9,�"�rns$:9o�<�*95>��&+ n�� � ��b���� )�.*"�"��-+c=	�#.06s6��&$��*�8+<�@95>��;�'.�),�*9 � $&+(n $:95�-+<�(�-6�$I)
�<��>�4-ns"��*9<9T� � +(n����o�(�*9;�*.*� ) n����a92$&" ),�-G 6�>�+<�F�24�� .06sn�$:)�9on	.�b��h"�>�GH���($:)�.*�&���E6��(��%'),�-GH6s>�+<�*�B�'.*$&�(���
),��GH6��&��
��<�TS	�*),+a.0"	),�8��>s"	),+<$��-"	9A.0"	� 9;+<���<�*� +(n�� �(�*9;>s�&+ 9@$&"[+<n��]���-�<G �*�#�&���  �%�>�6N+ .*=��&�*9�! �����
�

s.0GH6s�&�*9 ��9;��� ��$ .0=s� .0�&
��r���K� %<�Fl-j�^U�&���@. �5$���.*%<�Fl-l����6"a�"�Wn�$&���E�(��"	�����($&"�4 .0"M$&GU.04-� ��6/.0� .*GH��+(��� 9
9;>/) nu.-9h+<ns�@.0"�4��&�*9h�0� $&"/),$:���F"	),�Z.0"	�M�<�,S	�x),+ .*"	),�@.*�<�@>	9;�x�U+(� $�"	���

]+<ns�B+a.0=����A.0"	�H�<�x.-�M9;>��(%
�'.-)T�B�a.-��$I.0"	)T�Bb�.*�&>��*9T� �rn�$:9h.*6�6��(��.-) ni)F.0"M=	�B� ���x),+<$�b��K�����E4�� .06sn�$:)�9r�(��"	���F�<$&"s4 =�>�+#�����*9h"���+
�<�F6��:.�),�!+<ns�B"s���*� ���-�Z.-)�)T>�� .*+<�@�<�,S/�*),+ .*"	),�E��>s"	),+<$��-"	9T�

�rn��hGH��������6s�<�*95��"�+(�*�B$I9 +(n�$:9 6	.*6V�F�r)F.0"8=	�#.*6�6��&$��*�B+(�!$:95�-+(�<�-6s$:)r.�9 � �F�&�s.-9o.*"�$:95�-+<�(�-6�$I)
�<��>�4-n[95>��;�'.�),�*9 �	.0"	�u)�.0"un	.0"	���&� .*�<=�$�+<�a.0���U9;�->s� ),� .0"	�Mb�$�� � ���#��$&�<�x),+<$��-"	9T�cL/>s�<+<ns���
��$�+h+ .  ��x9
$&"�+<�Z.-)F),�->�"�+ ),�-GH6s�&�

!4����-G ��+<�($:)�.*�-��� �*),+a9295>	) n .-9�GM.-9  �$�"�4���9;n	.���� � $&"�4���.0"	�8$�"�+(���<�(�,S	�*),+($&��"	9
=	��+ � ���F"H6	�-$&"�+ 9h�-"u+<n��A95>��;�'.�),���"�[�8=	��4-$�"M=��HG �������&$�"�48+(n��A9;>��5�'.-),�A.�9E.]),�-���&�*)T+<$&��"H�0� �&�-"s4
9!��GHGH�F+<�<$�)��!%')�.�b�$�+<$&�x9,�otc.�) n��!%')�.�b�$�+ � n	.�9K+ � � �-6�6	��95$&"�4]�'.-),��+a9h.0"	�M�*.-) nH�'.-),�F+h$:9#.-9<95>�GH�*�
+<�u=	� G]>	) n��:.*�<4����@+<n	.*" +<n�� � .�b�������"�4�+<ni�0�#$�"	),$I����"�+!�&$�4-n�+�� �rn�$:9A9;>��5�'.-),�]GH�����F� � .�9B>	95�*�
=�� � ���<�a.0"	),�u.*"	� 1�6/.0�<�(� � � � �-�(� .0"/),�i.*"	� 1�6/.0�<�(� � %<�Fl-Y�^ � +<� ���*9(),�<$�=	��956	�*),>��I.0� �<�TS	�*),+($&�-"
���<��G �(�->�4�nu9;>��5�'.-),�*9T�W�E���(�#� � �Z.-9<95>�GH�!+(n��E�'.�),��+ 9c+<�A=V� � .0G]=V�F�<+<$I.0"H$�" �(�,S	�*)T+ .0"/),�����cL�$&� 95+
�
. �(�,S	�*),+a.0"	)T� G �������#$:9]����b������-6	�*� �����H.*"�$:95�-+(�<�-6s$:)i9;>s�;�'.-)T�*9 � $&+(nW�-"��u+ ��6	���*���!%\)F.xb�$&+($&�*9 �
.0"/� � $&+(n .*�&�c)�.�b�$&+($&�*9!.*�&$�4-"��*�i$&"i+(n�� 9<.0G �]��$&�(�*),+<$��-"i��" +<n�� 9;>s�;�'.-)T� 6��I.0"��3� �rns$:9B�(�*9;>s�&+!$I9
+<ns��"N>	9;�*� +(� ���F�<$&b�� .iGH�������c���-� +<ns� G �-�<� 4-��"��F� .0� )�.-95���*�!$I9;�-+(�<��6�$:)M9;>s�;�'.-)T�*98+<n	.*+ n/.xb��
"����<GM.*�v�'.-)T��+ ��$I9;+(�<$&=s>�+<$��-"	9 � $�+<n b��F�<��G �*.0"N.*"	�N.0�(=�$&+(� .0� �N9;+a.0"	�s.0� � ����b�$:.*+<$&��" !	�d"a� �rn��
9;+a.0"	�s.0� � ����b�$:.0+($&��"W6	.0�a.0GH��+(�<$#b��*98+<ns� GM.�),�<�39<),��6�$:)M�<��>�4-n�"s�*9<9M�0�A+<n�� 9;>s�;�'.-)T��� L2$�4->��(�[X
9;ns� � 9]+<n��(����$�GM.04��*98�0� 9;6sn����<�x9 �(��"	�����(�*� >/9;$&"s4 +<n��u6��<��6	��9;�x� �(�,S	�*),+a.0"	)T� G �������\� QR" .*�&�
+<ns�<���A)�.�9;�*9 ��+<n��A9;6sn����<�@$I9K$��&�&>sGH$&"	.*+<�*�B���(�-G +<ns�Bb�$&� � ��� ��$&�(�*),+<$��-" � Q\" +(n�� %/� 9;+#)F.-9;� �
� S C��
.0"/� n��F"	),�r+(n��#9;6sn����<� $:9 � .*G =	���(+<$I.0"8$�" �<�,S/�*),+ .*"	),����J!9�+<n��h�(�->�4�n�"��*9(9 $�"	),�(�*.-95�*9��-+(n��h956�n����(�
=	��4-$�"	9r+<� .06�6	�*.*�rS .0+(+<���F�cQ\"H+<n��Z�

�+(�<��G �h�<�->s4-n�"��x9<9h)�.�9;�A9;n�� � "M$&" L2$�4->��(�@Xf!')M" ��+<n��@956�n����(�
.06s6V�x.0� 9H��$� ��u. S .*+M��$:9() � $&+(n "��*.*�<���W),��"	9;+a.0"�+H=��<$�4-n�+<"��x9<9,� �rns$:9 6�ns��"��-G ��"��-" n	.-9]=V�F��"
� $:�������]�-=	95���<b��x� .*"	� �(��6	�-�(+<�*�H$&"M+(n��A)�.-95�B�*�c+<ns� ��>s�&��G ���-" �

�\/21�PH4k<
464F9�@A5�DFPH?�B TE?E3C4dB�?�Dd;QPH@APQD�D61�3WPH@N5�;HP=7C<RDFPH?�B�4�?
InDF1�3J>F30O(3\70D_<RB(703&@N?�TE3G;g5�>F3C463CBEDF38Tu1M3C>F3�c'/21�3JB�?�BEp
� <R@&Y(3G>FDFP=<RBNY�3C1(<\�EPH?�>2>F3G5(?�>FDF3\Tu1�3C>F3JPQ4d3	
�5(3\70DF38T�IK?�>X<rZ2P=TE3�>_<RB�V�3W?RIn;Q?�7C<R;`TEPihg9�4F3J>F30O(3\70D_<RB(703&@N?�TE3G;Q4/��4F3C3
x�� 1(<
B�TE>_<R4F3 �E1(<R>�pC�8��#�� � ]�IK?�>23	
(<R@N5�;H3 , 46PHB(703W469�>�I <�703W>6?�9�V�1�B�3C464kPH424F1�?
Z2B�D6?a5�;=<\oN<&TE?�@NPHB(<RBUD�>6?�;H3�c






!'.#" !�='" !\)�"
L2$�4->��(� X�}%08�������
* ����* �535�$ &�
*  4�$���!�$ &�
�;6�*�
M�5�(1&35� �5 4���:�X*"�
�  4��<��
��1=� ����� �?���!����� ���!�������(� 9 ���	�
-��$ &1"
#���B* �535�$ &����
/�.-/���
��������
/�������
�������
+

1���b����a.0�#�

�6	���($&GH�F"�+a.0�r�(�*9;>s�&+ 9 .0�<�i6s�<�*95��"�+(�*� +(�N����G �-"	95+<� .*+<�u+<n��[.�)�),>��a.-)��N�0�A+(n��
�����($&b��*� GH�������\� �rns�*9;�i�

�6	���<$�GH��"�+ 9 � �F�<�i)T�-"	��>/),+<�*�N�-" ),��GHGH��"�6��:.�),�M9(.0GH6����*9 9;>/) n .-9
9<.*"	�$�#6��:.�9;+<�F�
� � �����$�!.*"	� )T�&�-+(n � Q\" .0�&�Z)�.�9;�*9 �K�(�,S	�*)T+ .0"/),�M6��<�*��$:),+(�*� =��N+<n��uGH������� � .�9
���->s"	� +<�i=	�]$&"N95+<�(�-"�4[.*4-�<�F��GH��"�+ � $&+(n G �*.-95>��<��G ��"�+a9,� �rn��*95�H�<�x9;>���+ 9!$&���&>	95+<� .*+<�]+<n	.*+8+(n��
����b�$:.*+<$��-" ���(�-G � .0G]=	���<+($:.*" =	��n/.xb�$&���!)F.0"i=	� 95>�=	9;+a.0"�+<$I.0�\� � � ),�-"/),�&>	��� � $�+<n .H��$:9(),>	9(9;$&��"
�-"]+<ns�r$&G 6��&$I)�.0+($&�-"/9��0� +(n��r6s�<�-6	�39;�*� G �����������-�oGM.�) ns$&"��cb�$:9;$��-" ��L2$�� 95+
� � �#9;n�� � +(n	.0+ $&GM.*4-�*9
�0���(�->�4�nu��$�� >	95�!�-=��5�*)T+ 9r)F.0"H=	�@.�)�),>��a.0+<�F���]���*9(),�<$�=	�*� >/9;$&"s48+<ns�!6��<��6	��9;�x�UG �������\�X�E�

�+
� � �
9;+(>	���H�(�,S	�*)T+ .0"/),�@GM.06	9c4-��"s��� .*+<�*�M>	9;$�"�4 +<n�� � .*G =	���(+<$:.*"MGH������� .0"	�M+<n��@6��(�-6	��95�*��GH�������'�
J!9!+<ns� �(�->�4�n�"��*9(98�0�#+<ns�H95>��;�'.�),�H$&"/),�<�*.�9;�*9 � +<n��]�<�,S/�*),+ .*"	),� GM.*6 b�.*�<$&�x9Z���(�-G � .0G]=	���<+($:.0"
+<� +<n�� ��$&"��*.*�E�(�,S	�*)T+ .0"/),�8GM.*6 � �E�-�("�%<�Fl-j�Y � 6��<�Fb�$��->	95���Mn���6	�-+(n��*9;$#b��*�H���-�!��>�"	.0�@�(�,S	�*),+a.0"	)T���
L2$�"	.0�����#� � �h����G �-"	95+<� .*+<� +<n�� .06�6���$:)�.*+<$��-"8�*�	+<ns�rGH�����F��+(�!95n	.06	�h�<�x),�*b������!>/9;$&"s4!6�n���+<�-G ��+<�($:)
9;+(���<�F��� �Wn�$��&�u+<n��i"�� � GH�����F�!.�)�),>��a.0+<�F��� �x9;+<$�GM.0+(�*98+<ns� 95n	.06	�[�0�]. �(�->�4�n ��=��5�*),+
�h+(n��
� .0G]=	���<+($:.*" G �������	6��<����>	),�*9h�:.*�<4-�A���<�(�-�a9r$&"u9;>��5�'.-),�@���<$&�F"�+a.0+<$��-" �

�rn��@�<�*95>��&+a9r6��<�*95��"�+<�*� $�"H+<ns$:9r6	.*6V�F�#����GH��"	9;+(� .0+(�!+ � � 6	�-$�"�+a9r+<n	.*+!.*�<�E��>s"	��.0G ��"�+a.0�
+<�Z),��GH6�>�+(����b�$:95$&�-" �J!'.#"�1���b����a.0���(�*.0��% � �-�<�I�!�-=��5�*),+a9�n	.�b�� ��$�� >	95�h),��GH6	�-"���"�+ 9	+<n	.*+o.*�<� 9;$&4�"�$ ��%
$:)F.0"�+<���]"���"�% � .*G =	���(+<$I.0" � �rn��8�(�,S	�*)T+ .0"/),�@�0� 9;>	) n���=��5�*),+ 9h)F.0"�"���+E=	� .-)�),>s� .0+(�����U���*9<)T�<$&=	�*�
>	95$&"�4i6��(��b�$&�->/98GH�������I9,�-!�='" �rn��MGH�����F�r6��(�*9;��"�+<�x� $�" +<ns$:986	.*6V�F�H)�.*"N=V�u>	9;�x� =��[b�$I9;$&��"
.0��4-���<$&+(n�GM9c+<�].0"/.0����b��!$�GM.04��*9o�0� ��$�� >	95�@9;>s�;�'.-)T�*9h.0"	�H�(�*),�*b���� .-)�)T>�� .*+<�@95n	.06	�8$�"����-�(GM.0+($&��" �

� � ��� ���*� ���"� �
&�� ���z�,���������,+

Q\"N+<n�$I9 9;�*),+($&��"�� � �M����%/"��M� .-��$&�-G ��+<�($:)]),�-"	)T��6�+ 98+(n	.0+ .0�(�M>	9;�*� $�" +(n��M�<��GU.0$&"s$&"�4u�0�Z+<n�$I9
6	.*6V�F��� �rn��*95�@),��"	),��6�+a9r.*�<�@��$I9<),>/9<9;�x� $&"M����+ .*$&�	$&" � �E$:)T������G]>	9A

�a����� %(��l�^-^ � �cL�$&4->s�<�!
 9;n�� � 9
.@9;>��5�'.-),�h�F�&��GH�F"�+���� $&�&��>�GH$�"	.0+(�*�K���<��G +(n��#��$&�(�*),+($&�-"� ! S !�Y Z#"�$/ZF"�.0"/� b�$&� � �*�!=�� .@9;��"	95�-�o$�"
+<ns� ��$��<�*),+($&��"% & S !�Y R "�$ R " � � n��F�<�(Y].0"/�'$ ����"���+<�86	���:.0�Z.0"/�i.Ab�$�G >�+(nM.0"s4-�&�x9��	�<�*956V�x),+<$�b��������
�rn��A9;�F"	9;���!95>�=�+<�F"	��9#.0"�$�"�%	"�$�+<�*95$&GM.*�	9;���&$I� .*"�4-���(�*) R ���<��G .0"��H6	�-$�"�+h��"�+<ns�895>��;�'.�),���

�rn��E��$&4�n�+���"����(4 �A�<�,S	�x),+<�*�@=��@+(n��#9;>��5�'.-),�h6/.0+ ) n $:9�6��<��6V���<+($&�-"/.0��+(�!+<ns�h�&$&4�n�+ $&"	),$I����"�+

�



ŝ
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