
Extending the Vocabulary Available for Cross-Disciplinary
Searching of Earth Science Data

James C. French Worthy N. Martin �
Department of Computer Science

University of Virginia
Charlottesville, VA�������	��
���
����	������
������������������ �!�"� # $

Lola M. Olsen
Code 902, Bldg.32, S130D

NASA/GSFC
Greenbelt, MD 20771%�& �	�	��� ��
'��#(�)����� �!��� % �

ABSTRACT*�+�, -/.10	.�2'354�, -7698�-7-729-�:;+�2<4�29=�29> ? .�@A29B�:C?	D(0E.�3;?	:;?	:"F�.�2G-72�0�3;6H+
0	-7-7, -I:H0	B�:(4�29-7, J B�2�4G:;?K0	, 4<6'3;? -7-IL"4�, -769, .�> , B10�37F<-72�0�3;6H+�, B�JK?	D�MN0�37:;+
-769, 29B�692O4�0�:H0�PO*�+�2AJ ?�0	>N?	D�:;+�2Q.�3;?�R7296':S, -<:;?T.�3;?�=�, 4�2A0	, 4�-<:;?
+�29> .U-72�0�3;6H+�2'3;-O?�=�2'3;69? @A2T:;+�2T=�?�6�0	V�8�> 0�37FW.�3;? V�> 29@YXY:;+�2T=�?	L
6�0	V�8�> 0�37FZ8�-72�4OV�FA:;+�2G-72�0�3;6H+�2'3;-K, -/B�?	:�:;+�2G-;0	@A2<0	-�:;+10�:/8�-72�4
V�FA:;+�2G, B14�2'[�2'3;-9PN*�+�2G\�?	3;]A\/0	-K@A?	:;, = 0�:;2�4AV�FO=�?�6�0	V�8�> 0�37FZ, -IL
-78�29-C2'[�, -I:;, B�JE, BQ:;+�25MC^<_a`<0�:H0Sbc0�:;2'\/09Fed)M(`EbEf;g�0�:N:;+�2/:;, @A2
:;+�, -K\�?	3;]ZV�29J�0	BhPNij2E4�29-76'3;, V�2<:;+�2<-I:H0�:;8�-K?	Dk:;+�2<.�3;?�R7296':c0	B14
J , =�2E2'[�0	@A.�> 29-K?	Dk:;+�2c:;296H+�B�, l�8�29-/:;+10�:K\�2S0�3;2<8�-7, B�J�PCij2E0	> -7?
4�, -7698�-7-�:;+�25\/09FZ, BO\K+�, 6H+Z\�2c0�3;2c, @A.�> 29@A29B�:;, B�JS0SB�2'\m-72�0�3;6H+
.10�3H0 4�, J @Yn�@a8�> :;, .�> 2c=�, 2'\K.�? , B�:;-9n�\K, :;+�, BT? 8�35.�3;?	:;?	:"F�.�2 P

1. INTRODUCTIONoh, B�]�, B�Ja4�, -7.10�3H0�:;2G, B�D�?	3;@O0�:;, ? BO3;29-7? 8�3;6929-/, B�:;?S69? +�29-7, =�25D�2�4�2'37L
0�:;2�4T, B�D�?	3;@O0�:;, ? Be-IF�-I:;29@A-K, B�=�? > =�29-K-7? > =�, B�JO0aB�8�@aV�2'3/?	D(=�2'[�L
, B�JY, B�:;2'3;? .�2'3H0	V�, > , :"Fp, -7-78�29-9PZM(=�29Bp, D�\�2O0 4�? .�:E8�B10	@aV�, J 8�? 8�-
-I:H0	B14�0�3H4�-QD�?	3O3;2�l�8�, 3;2�4q@A2':H0 4�0�:H0p0	B14W0	J	3;292e69? @A.�> 2':;29> FW? B
:;+�2A-729@O0	B�:;, 69-9n�\�2A-I:;, > >C+10�=�2O0T-72'3;, ? 8�-S.�3;? V�> 29@r, Bp3;29-7? > =�, B�J
, B14�, =�, 4�810	>�s129> 4Q= 0	> 8�29-9PN*�+�25l�810	> , :"FQ?	Dt:;+�2K, B�D�?	3;@O0�:;, ? BA, -N:;+�2
, -7-78�2 P

im+�29Bu, B�=�29-I:;, J�0�:;?	3;-G:737FY:;?Z-72�0�3;6H+e:;+�2S-769, 29B�:;, s16a> , :;2'3H0�:;8�3;2a, B
4�? @O0	, B�-/?	:;+�2'3/:;+10	BZ:;+�29, 3K?�\KBhn�:;+�2'FZ0�3;2<?	D :;29BTDv0	692�4O\K, :;+e0	B
0 4�4�, :;, ? B10	>1.�3;? V�> 29@YX�:;+�2K=�?�6�0	V�8�> 0�37FQ8�-72�4Q, BQ:;+�2KB�2'\w4�? @O0	, B
, -/8�B�Dv0	@A, > , 0�3�:;?E:;+�29@x0	B14Q:;+�2'FO0�3;2G8�B10	V�> 25:;?S69? @A.�? -72G2'yt296'L
:;, =�2Al�8�2'3;, 29-9PO*�+�, -E.�3;? V�> 29@z, -EB�?	:E69? B�s1B�2�4e:;?T:;+�2a-769, 29B�:;, s16
> , :;2'3H0�:;8�3;2 {�3H0�:;+�2'3Q, :Q?�69698�3;-S\K+�29B�29=�2'3Q+�2':;2'3;? J 29B�29? 8�-Q69? > > 296'L
:;, ? B�-C?	Dh, B�D�?	3;@O0�:;, ? BZ0�3;2G0	J J	3;29J�0�:;2�4O, B�:;?E0<69? @A@A? BQ, B�D�?	3;@O0�L
:;, ? BW3;29-7? 8�3;692 PUij2T]�B�?�\x\K+10�:A\�2T\/0	B�:�n�V�8�:a\�2e0�3;2Y?	D :;29B
8�B10	V�> 2E:;?A6�0	-I:c? 8�3c, B�D�?	3;@O0�:;, ? BuB�292�4Y, B�:;?Q:;+�2E.�3;? .�2'3(R;0�3;J ? B
� *�+�, -C\�?	3;]Q-78�.�.�?	37:;2�4A, BO.10�37:�V�FQ|c}c_�}mb53H0	B�:;-�|c}5b<~�L"��~	��~
0	B14T|c}5b<~�L"�������a0	B14Z|c}c_�}�b<_��G�W|<bc*K~�LI~	� � ����P
g *�+�2�M(`Eb�, -m:;+�2�, B�:;2'37Dv0	692�D�?	3�-72�0�3;6H+�, B�J�0	B14�?	3H4�2'3;, B�J
MN0�37:;+�-769, 29B�692�4�0�:H0�.�3;?�4�8�6':;-WD 3;? @�|c}c_�}�0	B14�0��A> , 0�:;2�4
6929B�:;2'3;-9P�d ����� �N�I���	��� # � %�%�� ��������
��)����� �!��� % ����� �9��������������$�����'������� & 
 % �����

D�?	3<2'yt296':;, =�2E-72�0�3;6H+hP5ij2SB�292�4Y+�29> .e, Be:;+�2<D�?	3;@�?	DC0Q:73H0	B�-7> 0�L
:;, ? BA-72'3;=�, 692K:;+10�:N@O0	.�-N? 8�3�l�8�2'3;, 29-N, B�:;?cD�?	3;@A-N@A?	3;2/8�-;0	V�> 25, B
:;+�29-72K?	:;+�2'3C29B�=�, 3;? B�@A29B�:;-9Pk*�+�, -C.�3;? V�> 29@�, -C-7? @A2':;, @A29-N6�0	> > 2�4
� =�?�6�0	V�8�> 0�37FT-I\K, :;6H+�, B�J�P �

*�+�2aMC^<_�`c�7_�d)MN0�37:;+p^GV�-72'3;=�, B�JZ_�F�-I:;29@�`<0�:H0O0	B14Y�"B�D�?	3;@O0�L
:;, ? BT_�F�-I:;29@Tf!, -�0E@a8�> :;, 4�, -769, .�> , B10�37FA4�0�:H0E-I:;?	3;2 PN*�+�, -�> 2�0 4�-N:;?
4�, �A698�> :;, 29-/, BT6'3;? -7-IL"4�, -769, .�> , B10�37FT-72�0�3;6H+�, B�JA4�8�2G@O0	, B�> FA:;?Q4�, D L
D�2'3;29B�6929-G, BY:;2'3;@A, B�? > ? J	F�PK*�+�, -5@O09FT@O0	B�, D�29-I:G, :;-729> DN, Be-729=�2'3H0	>
4�, yt2'3;29B�:c\/09F�-9PQ G-72'3;-<@O09FuV�2aDv0	692�4u\K, :;+p8�B�Dv0	@A, > , 0�3�R;0�3;J ? B
\K+�29BU-72�0�3;6H+�, B�Jj, BU0	B�?	:;+�2'3Z4�, -769, .�> , B�2 P¡*�+�2'FW@O09Fq0	> -7?¢8�-72
0Y:;2'3;@£:;+10�:a+10	-Q0u4�, yt2'3;29B�:a@A2�0	B�, B�Je, BW0	B�?	:;+�2'3Q4�, -769, .�> , B�2 P
¤ ? B�-7, 4�2'3�n�D�?	3K2'[�0	@A.�> 2 n�:;+�2K:;2'3;@ � 0	2'3;? -7? >vP �j��:�@A, J +�:C3;2'D�2'3�:;?
J�0	-729-E? B�> F�?	3S.10�37:;, 698�> 0�:;2Q@O0�:7:;2'3<?	3SV�?	:;+hPA*�+�2'3;2Q, -EB�?Z\/09F
¥A¦�§H¨v© §H¨ :;?e]�B�?�\ª\K+10�:Q0Y8�-72'3a@A2�0	B�-EV�F�:;+�2Q:;2'3;@Yn!\K+10�:a, -
, B�69> 814�2�4tn�?	3N\K+10�:N, -N2'[�69> 814�2�4tPk��:(@A, J +�:C0	> -7?<V�2/:;+�2/6�0	-72/:;+10�:
:;+�2A> 09F�:;2'3;@ � 4�8�-I:;�e, -S8�-72�4p, B�-I:;2�0 4j0	B14�\K+10�:a, -EB�292�4�2�4p, -
-7? @A2Z@O0	.�.�, B�JT:;?e:;+�2ZB�?	:;, ? B � 0	2'3;? -7? >K.10�37:;, 698�> 0�:;2T@O0�:7:;2'3�P �
}5B�?	:;+�2'352'[�0	@A.�> 2<, -K:;+�2c:;2'3;@ � .�3;2969, .�, :H0�:;, ? BhP �U*�?A-7? @A2c:;+�, -
, -�-7, @A.�> FA0E-IF�B�? B�F�@�D�?	3 � 3H0	, Bhn �aV�8�:N:;?S?	:;+�2'3;-C-7B�?�\<n�-7> 292':�n�«9¬
­ «9¬)« §I¥ -7+�? 8�> 4pV�2A, B�69> 814�2�4tPY*�+�2A-7.�2969, s16O-729@O0	B�:;, 6A4�, �A698�> :"F
, -<:;+10�:<:;+�2Q-IF�-I:;29@r4�?�29-EB�?	:E]�B�?�\�\K+10�:E:;+�2Q8�-72'3 � , B�:;29B14�-7�
\K+�29B¡0j-7.�2969, s16e:;2'3;@®, -T8�-72�4U, B¡0¢l�8�2'37F�P�*�?¢V�2u2'yt296':;, =�2
:;+�2T-IF�-I:;29@¯-7+�? 8�> 4W> 2�0�3;Bq:;+�, -9Pw*�+�2T-IF�-I:;29@°-7+�? 8�> 4q.�3;?�=�, 4�2
:;+�2c@A2�0	B�-�D�?	3G4�, -769?�=�2'3;, B�J�n�?	D :;29BT\K, :;+T8�-72'3KJ 8�, 4�0	B�692 n�:;+�2c, B�L
:;29B14�2�4u@A2�0	B�, B�J�PA*�+�2AM(±G^ ¤/² .�3;?�R7296':a0�:<:;+�2Q GB�, =�2'3;-7, :"Fu?	D
±G, 3;J , B�, 0Q+10	-/:;+�, -/J ?�0	>vP

*�+�2Z69? B�=�29B�:;, ? B10	>K0�:7:H0	6H]j? B¢:;+�, -a.�3;? V�> 29@³, -a:;?�0�:7:;29@A.�:S:;?
29B�D�?	3;692T0Y69? B�:73;? > > 2�4¢=�?�6�0	V�8�> 0�37FpD�?	3a8�-72O, B¢-72�0�3;6H+�, B�J�P�*�+�, -
0	.�.�3;?�0	6H+w+10	-A@O0	B�Fq-7+�?	37:;69? @A, B�J -9Pm´G, -I:;?	37FU+10	-A-7+�?�\KBU3;2'L
.�2�0�:;2�4�> Fq:;+10�:Z69? B�D�?	3;@A, :"FW6�0	B�B�?	:OV�2Y> 29J , -7> 0�:;2�4tP�|G29=�2'37:;+�2'L
> 29-7-N@O0	B�Fa0	.�.�3;?�0	6H+�29-(:;?c:;+�, -(.�3;? V�> 29@�3;29> Fa, @A.�> , 69, :;> Fa? BA69? B�L
D�?	3;@A, :"F�PY^G8�3S0	.�.�3;?�0	6H+¢, -<:;?Y8�-72O-I:73H0�:;29J , 29-E:;?e@A, :;, J�0�:;2Q:;+�2
.�3;? V�> 29@YPmij2Y8�B14�2'3;-I:H0	B14q:;+10�:Z0	B�FW69? B�:73;? > > 2�4w=�?�6�0	V�8�> 0�37F�n
+�?�\�29=�2'3K\�29> > L�, B�:;29B�:;, ? B�2�4tn�\K, > >�-7> ?�\K> FYJ	3;?�\�? 8�:5?	D(4�0�:;2 P�^G8�3
0	.�.�3;?�0	6H+Y8�-729-50 4�0	.�:;, =�2c@A2':;+�?�4�-�:;?Q69? B�:;, B�8�? 8�-7> FZ29=�? > =�2c:;+�2
=�?�6�0	V�8�> 0�37FZ:;?Q, B�6'3;2�0	-72<, :;-K8�:;, > , :"FZD�?	35-72�0�3;6H+�, B�J�P

ij2a, > > 8�-I:73H0�:;2Q-7? @A2a?	DC:;+�2a4�, �A698�> :;, 29-c\K, :;+p0	B�2'[�0	@A.�> 2 P<ij2
69? B14�8�6':;2�4A0<-72�0�3;6H+A8�-7, B�J<:;+�25MC^<_a`<0�:H0Sbc0�:;2'\/09FO0�:Kb<_�µ ¤�¶
, BZ-72�0�3;6H+T?	D(4�0�:H0E? B � 0�:;@A? -7.�+�2'3;, 6c.�? > > 8�:;, ? BhP ��ij25\�2'3;2c.�3;?	L
=�, 4�2�4Q\K, :;+T0S-72�0�3;6H+Z, B�:;2'37Dv0	692G:;+10�:K0	> > ?�\�2�4Z8�-C:;?S29B�:;2'3/MN0�37:;+

² ����� �N�I���������N�7
������������������ �!�"� # $���� 
�· ��� ��� ���	¸�¹�º »��
¶ *�+�2G, B�:;2'37Dv0	692G:;?<:;+�2GMC^<_Q`<0�:H0abc0�:;2'\/09FO+10	-�V�2929BO6H+10	B�J 2�4
-7, B�692N:;+�, -�-72�0�3;6H+<\/0	-!.�2'37D�?	3;@A2�4cV�8�:h:;+�2N-72�0�3;6H+E, -!-I:;, > >�0/8�-72'D�8�>
, > > 8�-I:73H0�:;, =�2E2'[�0	@A.�> 2 P



-769, 29B�692 � :;2'3;@A-9P � }�l�8�2'37Fq? B � 0�:;@A? -7.�+�2'3;, 6e.�? > > 8�:;, ? B��p3;2'L
-78�> :;2�4T, BZ:;+�2cD�? > > ?�\K, B�JO@A29-7-;0	J 2 P

� ©���¥ ¬ ¥�� «9¬ ��� « § «�� ©
	��
� ¬ � ¥ ¬�� ¥
� «W¬)« §������Q¥ ¬ ­ � ¨������ ©
	�§
��	 « §�������§�� ¬ �;¦�¨����e¨��¢¥
�1© ¬ ��« § ¬)« §��£© §G¦�¨v­ ��¨���� � §I©
� ¬ ��«�! ¨�� ¬
© � ��¥ ! ¨"� ¬)« §���� �

��:(, -(, B�69? B�6929, = 0	V�> 2/:;+10�:k:;+�2'3;2/0�3;2/B�?<4�0�:H053;29> 0�:;2�4S:;?5:;+�2C:;? .�, 6
?	D1? 8�3(l�8�2'37F�P�´G?�\�29=�2'3�n�\�2C\�2'3;2�?	yt2'3;2�4EB�?5+�29> .EV�2'F�? B14<V�29, B�J
:;? > 4S:;?G:737Fa05:;2'3;@�D 3;? @�:;+�2�> , -I:N?	Dt= 0	> , 4E:;2'3;@A-9P � ±C0	> , 4S:;2'3;@A-7�
3;2'D�2'3;-�:;?/:;+�2(69? B�:73;? > > 2�4<=�?�6�0	V�8�> 0�37F<8�-72�4G:;?K, B14�2'[G:;+�2N4�0�:H0	-72':;-
0	B14u0�= 0	, > 0	V�> 2S:;?A:;+�2S8�-72'3<0	-G:;+�2E-72�0�3;6H+�=�?�6�0	V�8�> 0�37F�P5im, :;+�, B
:;+�2QMC^<_Y`<0�:H0Ybc0�:;2'\/09Fe:;+�29-72Q0�3;2Q]�B�?�\KB�0	- � = 0	> , 4�-9P ��*�+�, -
, -N:;+�2K.�3;, B�69, .10	>1.�3;? V�> 29@YX�:;+�2K8�-72'3;-C@O09FaB�?	:CV�2/Dv0	@A, > , 0�3�\K, :;+
:;+�2<= 0	> , 4O:;2'3;@A-9P

im+�29BZ\�2c3;296�0	-I:5:;+�2<l�8�2'37FT0	-/:;+�2<4�, - R78�B�6':;, ? B � 0�:;@A? -7.�+�2'3;, 6 {
.�? > > 8�:;, ? B��E\�2G0�3;2K:;? > 4tX � # ©
	��
�%$�&���¥ ¬ ¥
� «9¬ �c­;© §H§ « �v¦�©
�
� ¨���� ¬ ©
¬ ��«T¬)« §������Q¥ ¬ ­ � ¨����'� ©
	�§���	 « §�� P ��*�+�2O= 0	> , 4p:;2'3;@A-Odv= 0	> , 4�-'f
, 4�29B�:;, s12�4T0�3;2c:;+�2cD�? > > ?�\K, B�J�P

(*)�+
,�-�.�/10�2�3 4�0�+�3�)*)*0�5'21(�5�3�(*)
3�,�6
(*)�+
,�-�.�/10�2�3 4'/10*(*)
37618
(*)�+
,�-�.�/10�2�3 4�.�2101-*- 9*210
(*)�+
,�-�.�/10�2�3 4�-�)*(�:�37;�3�)�<
/*<*5*2
,�;
, 8
3 4�(*)�+
,�-�.�/10�2�3 4'.
37;
, )'0*=*.*0�2�37+10�61)

>C8�:�n�\�2Q0�3;2aB�?	:c@O0 4�2a09\/0�3;2a?	DN:;+�2S= 0	> , 4@?
A º1BDC	»
E
F�º »	¸�E
GIH
E
G�J�KLF�º1M�E
F�E ?
N º�H1B�O�¸ A ¸ V�296�0	8�-72(\�2(+10�=�2(8�-72�4 � 0�:;@A? -7.�+�2'3;, 69�
0	-5? B�2E?	D(? 8�3K:;2'3;@A-9PC*�+�2<:;2'3;@ � .�? > > 8�:;, ? B��Z4�?�29-KB�?	:G0	.�.�2�0�3
, B�0	B�FY?	DN:;+�2S= 0	> , 4T:;2'3;@A-9Pc}5.�.10�3;29B�:;> FZ\�2Q0�3;2a0�:<0O4�2�0 4�29B14
\K, :;+�? 8�:5-7? @A2E0 4�4�, :;, ? B10	>h]�B�?�\K> 2�4�J 2 P

}UB�2'\U0�:7:H0	6H]E-I:H0�37:;, B�Jc\K, :;+a:;+�2Kl�8�2'37F � 4�8�-I:;�GF�, 29> 4�-k:"\�?E4�0�:H0
-72':;-a6�0�:H0	> ? J 2�4W8�B14�2'3E:;+�2O= 0	> , 4j:;2'3;@ J
PDH ? �LE�H1O P(ij2Z0	-7]pD�?	3
� 4�2':H0	, > 2�4m4�?�698�@A29B�:;�uD�?	3O:;+�2e4�0�:H0�-72': K ? ¸IQLE�R
E�Q ? º1S�¸ Aw0	B14
3;2�0	6H+ 0q.10	J 2u\K, :;+¡:;+�2u> , B�]UTWVYXYX[Z]\ ��¥ ¬ ¥�­ « � ¬)« §�� ��¬ � ! P�}KD L
:;2'3S0	696929-7-7, B�JT:;+10�:E4�?�698�@A29B�:G\�2as1B14e, B�:;+�2Ss�3;-I:<.10�3H0	J	3H0	.�+
0O3;2'D�2'3;29B�692a:;? � :;+�2�^T2�0	-78�3;29@A29B�:<?	D/}�:;@A? -7.�+�2'3;, 6a�!? > > 8�:;, ? B
D 3;? @¯_�0�:;29> > , :;29-Td_^Y}G�C_1fG-;0�:;29> > , :;2O2'[�.�2'3;, @A29B�:;-9P �x|G?�\�:;+�2'3;2
, -N, B14�292�4Q0 � = 0	> , 4a:;2'3;@A�YN E
BIH n�V�8�:(69> 2�0�3;> FQ, :N, @A.10�37:;-N0c4�, yt2'37L
29B�:c, B�:;8�, :;, ? BWdv,vP 2 P n�J 29? J	3H0	.�+�, 6Q?	3<?	:;+�2'3<]�, B14�-G?	DC@O0	.�-'f;nh0	B14
@A?	3;29?�=�2'3S, :S, -S0	> -7?�0T-78�V�-I:73;, B�JY?	D/:;+�2Q= 0	> , 4�:;2'3;@a` E�ºbH�º�C*F
N E
BIH P

}rl�8�2'37FU? Bm:;+�2e:;2'3;@cN E
BIH 3;29-78�> :;-T, B � �¢4�0�:H0¢-72':;-9n<��d�?	D
\K+�, 6H+q0�3;2O-7? , >C3;29> 0�:;2�4q0	B14p, 373;29> 29= 0	B�:S:;?e? 8�3S-72�0�3;6H+hPp_�?T\�2
0�3;2e> 2'D :O\K, :;+w�j4�0�:H0�-72':;-Q:;+10�:OV�2�0�3Z? Bw0�:;@A? -7.�+�2'3;, 6Y.�? > > 8�L
:;, ? BhPC*�+�2<4�?�698�@A29B�:C3;2'D�2'3;29B�692�4T0	V�?�=�2<0	> -7?Q@O0 4�25@A29B�:;, ? BZ?	D
� 0	2'3;? -7? > -7�<0	B14G:;+10�:�@A, J +�:hV�2N0�D 3;8�, :7D�8�>�-72�0�3;6H+S4�, 3;296':;, ? B<:;?�:737F
B�2'[�:�PZ^5:;+�2'3<.�? -7-7, V�> 2O= 0	> , 4u:;2'3;@A-<0�3;2 � J�0	-7�¢d K
E�Hq¸�e�»LO�E
G�K	¸
H1fIH ? ¸ Nhg G�JDC A K
E�H�E
G�E
F�f�i	¸ Ahg H�º�C*FUK
E�H g H�º�C*F�K
E�HU»LO�E N Q
M�¸ Ahgj?
A E�»	¸UK
E�H�¸IH fZ0	B14 � .10�37:;, 698�> 0�:;29� d B�E A�? C	»1P�F�E ? ¸ N E ? Q
? ¸ A�f<0	B14tnk?	D569? 8�3;-72 n!:;+�2'3;2O@A, J +�:EV�2O?	:;+�2'3;-9Pe*�+�2O6H+�, 2'D54�, D L
s1698�> :"F�, -<:;+10�:<:;+�2'3;2A, -<3;2�0	> > FpB�?Z\/09F�:;?Y]�B�?�\�\K+�, 6H+j?	D�:;+�2
= 0	> , 4E:;2'3;@A-k@A, J +�:kV�2CD 3;8�, :7D�8�>vPkim+10�:(, -(B�292�4�2�4E, -N05\/09FE:;?c2'[�L
.10	B14E:;+�2�-72�0�3;6H+a=�?�6�0	V�8�> 0�37FS:;?G29B�69? @A.10	-7-(0GV�3;?�0 4�2'3k3H0	B�J 2/?	D
:;2'3;@A-K-7?A:;+10�:G8�-72'3;-56�0	Be2'[�.�3;29-7-K:;+�29, 3GB�292�4�-K@A?	3;2EB10�:;8�3H0	> > F�P
^T?	3;29?�=�2'3�n�:;+�, -A-7+�? 8�> 4qV�2e4�? B�2TV�FW0�.�3;?�6929-7-Q:;+10�:Z0	696'3;2':;29-
@A2':H0 4�0�:H0a, B�6'3;29@A29B�:H0	> > FZ, BT:;+�2cB�?	3;@O0	>t? .�2'3H0�:;, ? Be?	Dk:;+�2c-IF�-IL
:;29@r3H0�:;+�2'3E:;+10	Bp3;2�l�8�, 3;, B�Je2'[�.�29B�-7, =�2A@O0	B�810	>N6�0	@A.10	, J B�-E:;?
.�? .�8�> 0�:;2<@A2':H0 4�0�:H0�P

*�+�2'3;2E, -50	B�?	:;+�2'35, B�:;2'3;29-I:;, B�JO4�2':H0	, >h:;?QB�?	:;2 PNim+�29BZ\�2S0	-7]�2�4
:;+�2�-IF�-I:;29@�D�?	3N:;+�2/4�2's1B�, :;, ? BQ?	D1:;+�2K4�0�:H0G-72':�n�^Y}G�C_�LI^<_�*!}lk�L
¤ ^<~1m<~�L�´G`<µCn1\�2E\�2'3;2E:;? > 4 � ^T2�0	-78�3;29@A29B�:c?	D�}5, 3<�!? > > 8�:;, ? B
D 3;? @r_�0�:;29> > , :;29-E^5�A692S?	D�_�.10	692a0	B14u*�2'373;29-I:73;, 0	>(}5.�.�> , 6�0�:;, ? B�-
Lnkpd�^<_�*!}lk�f ¤ 0�3;V�? Bo^T? B�?�[�, 4�2T~T4�29J	3;292OV�Fj~Y4�29J	3;292O4�0�:H0
, Bj´G, 2'3H0�3;6H+�, 6�0	>�`<0�:H0Yµ�?	3;@O0�:�P ��_�?Y, :a-72929@A-<:;+10�:<:;+�2 � }G�(�
, BpN E
BIH @A, J +�:Q0	> -7?pV�2 � 0	, 3A.�? > > 8�:;, ? B��j0	B14j\�2T-7+�? 8�> 4¢69? B�L
-7, 4�2'3c:;+10�:E0	-<0	B�?	:;+�2'3<-72�0�3;6H+�:;2'3;@�0	> ? B�JZ\K, :;+ � 0�:;@A? -7.�+�2'3;, 6
.�? > > 8�:;, ? Bhn �O0	> :;+�? 8�J +Y, :K:;?�?Q, -5B�?	:50a= 0	> , 4Z:;2'3;@YP

_�2�0�3;6H+�, B�Jm-7+�? 8�> 4�B�?	:p+10�=�2j:;?wV�2¢:;+�, -u> 0	V�?	3;, ? 8�-9P _�2�0�3;6H+
0	, 4�-Y0�3;2u69> 2�0�3;> Fm, B14�, 6�0�:;2�4tPª*�+�2u.�3;?�6929-7-T-7+�? 8�> 4wB�?	:Z+�, B�J 2
? B�:;+�2a.�2'3;-7, -I:;29B�692O0	B14�, B�J 29B�8�, :"Fu?	DC:;+�2Q-72�0�3;6H+�2'3�PO*�+�2Q-IF�-IL
:;29@°-7+�? 8�> 4U.�3;?�=�, 4�2e0	-7-7, -I:H0	B�692u, BW:;+�2TD�?	3;@ ?	DE-78�J J 29-I:;, ? B�-9n
.�2'3;+10	.�-Q> 2�0�3;B�2�4¢D 3;? @°2�0�3;> , 2'3Z8�-72'3A, B�:;2'3H0	6':;, ? B�-9n�?	3O.�2'3;+10	.�-
4�2'3;, =�2�4qD 3;? @ .�3;?�6929-7-7, B�JW0	B�69, > > 0�37Fw4�?�698�@A29B�:H0�:;, ? Bhn/?	3OD 3;? @
V�?	:;+Y0	.�.�3;?�0	6H+�29-9P

*�+�2S2'[�, -I:;, B�JO-72�0�3;6H+u, B�:;2'37Dv0	692Zd)MC^<_T`<0�:H0Zbc0�:;2'\/09F�f/?	yt2'3;-c0
> , -I:A?	D<�	��~ � = 0	> , 4j:;2'3;@A-9P �£*�+�29-72Z69? B�-I:;, :;8�:;2Z:;+�2A:;?	:H0	> , :"Fq?	D
:;+�2O69? B�:73;? > > 2�4j=�?�6�0	V�8�> 0�37F�Pu}5-E\�2O+10�=�2A-72929Bj:;+�2A:;2'3;@A-S0�3;2
B�?	:c69? @A.�> 2':;2EB�?	3<0�3;2S:;+�2'FY, B�:;8�, :;, =�2 Pq^Y0	B�FY\K, > >k? B�> FeV�2a0	6'L
6929-7-7, V�> 2SV�FT-7.�2969, 0	> , -I:;-9Pc*�+�, -G-7, :;810�:;, ? Bu> 2�0 4�-5:;?O0	@aV�, J 8�, :"FT, B
4�0�:H0Z3;2�l�8�29-I:;-9Pr^T?	3;2A-7.�2969, s169, :"F�, -EB�296929-7-;0�37Fj0	B14j0ZV�3;?�0 4�2'3
=�?�6�0	V�8�> 0�37FQ, -k:;+�2/@A2�0	B�-k:;?c:;+10�:N29B14tP(*�+�2/]�2'Fa, -(:;?c@O0	, B�:H0	, B
3;29> 0�:;, ? B�-7+�, .�-TV�2':"\�2929Bw:;+�2e= 0	> , 4U:;2'3;@A-udv69? B�:73;? > > 2�4w=�?�6�0	V�8�L
> 0�37F�fG0	B14e:;+�2QB�2'\K> Fp0 4�@A, :7:;2�4Y:;2'3;@A-Qdv8�B�69? B�:73;? > > 2�4�=�?�6�0	V�8�L
> 0�37F�f;PY>NFY:;+�, -G4�29=�, 692<\�2SV�29> , 29=�2<\�2S6�0	Be+�29> .eJ 8�, 4�2S8�-72'3;-K:;?
3;29> 29= 0	B�:54�0�:H0�P
¸ A MIQ�H »
E
G�G�¸ A

¸ A M�¸IQ�H »
E
G�G�¸ A
¸ A M�¸
¸ A M�¸IQ1G�º1GIH »
E
G�G�¸ A
¸ A MIH

d)0�f
B�O�º ? º�H1f�G ? ON�jE�» ? C�¹�¸ A E
JDC1E ? C º1G
B�O�º ? º�H1f�G ? O�¸IH�C
HsE�» ? C�¹�¸ A E
JDC1E ? C º1G

dvVtf
` C A ¸ º »�»1P A E
G�»	¸
` C A ¸ º »�»1P A�A ¸�G�»	¸

dv6	f

tvu�wyx{z1|~}
�r�Y�W�
���h��|I���
�q���W�]|I���
�[����zLu"�{w��I�DzLu��
���*�
�'�����
�I�DzLu�|����]�������[�D����z1|��{u��D�*u��y���h�
�����������pu"�*���]|I�"�"u"�{w{�

*�+�2E> , -I:G?	D(= 0	> , 4Z:;2'3;@A-K-78�yt2'3;-/D 3;? @�-7? @A2E?	Dk:;+�2<8�-7810	>h.�3;? V�L
> 29@A-K\K, :;+e-78�6H+Y@A2':H0 4�0�:H0�PKµ!, J 8�3;2�dEJ , =�29-G2'[�0	@A.�> 29-K?	D(:;+�3;292
:"F�.�29-K?	DN.�3;? V�> 29@A-9P/µ!, J 8�3;2%d�d)0�f�-7+�?�\K-G@A, B�?	35= 0�3;, 0	B�:;-K?	D(:;+�2
-;0	@A2�69? B�6929.�:Y?	3Y, :;-YB�29J�0�:;, ? B¡\K+�, > 2jµ!, J 8�3;2�d�dvVtfA0	B14¡µ!, J	L
8�3;2�d�dv6	f(-7+�?�\m= 0�3;, 0�:;, ? BY4�8�2K:;?a0	V�V�3;29=�, 0�:;, ? BT0	B14O@A, -7-7.�29> > , B�J
3;29-7.�296':;, =�29> F�P

µ!, J 8�3;2Q�a-7+�?�\K-G0	B�?	:;+�2'3G.�3;? V�> 29@�:;+10�:G8�-72'3;-529B�69? 8�B�:;2'3�P/*�+�2
:;2'3;@A-a, B¢:;+�2Z=�?�6�0	V�8�> 0�37F¢6�0	.�:;8�3;2T-729@O0	B�:;, 6ZB�810	B�6929-Q0	B14q0	-
0A3;29-78�> :E0�3;2Q?	D :;29Bu3;29> 0�:;2�4u, B�-78�V�:;> 2S\/09F�-9PS*�+�2Ss1J 8�3;2a-7+�?�\K-
+�?�\w\�2<0�3;2c0�:7:;29@A.�:;, B�J<:;?S+�29> .Z8�-72'3;-�=�, -7810	> , �92G:;+�, -/0	-7.�296':K?	D
:;+�2A=�?�6�0	V�8�> 0�37F�PY G-7, B�JT:;296H+�B�, l�8�29-<D�?	3Q0	8�:;? @O0�:;, B�JY:;+�2A69? B�L
-I:73;8�6':;, ? BT?	Dk0	8�:;+�?	3;, :"FAs1> 29-q� ��n���n���nWd��1�t:;+10�:�\�2<4�29=�29> ? .�2�4Z, B
69? > > 0	V�?	3H0�:;, ? Be\K, :;+Y0	-I:73;? B�? @A2'3;-K-I:;814�F�, B�JS.�8�V�> , 6�0�:;, ? BT:73;29B14�-



»LO�¸ N C*F
P N C*G�¸IH »	¸�G ?



»LO�¸ N C*F
P N C*G�¸IH »	¸�G�»	¸



B�O�º ? º1F�fIH�C
H�� »LO�¸ N C*F
P N C*G�¸IH »	¸�G�»	¸
GDC ?
A C	»mºLeIC*J�¸ »LO�¸ N C*F
P N C*G�¸IH »	¸�G�»	¸


 F
P N C*G�º1F »LO�¸ N C*F
P N C*G�¸IH »	¸�G�»	¸

 ¸ ? O�¸�G�¸ »LO�¸ N C*F
P N C*G�¸IH »	¸�G�»	¸

 


 ¸ ? O�f�G�¸ »LO�¸ N C*F
P N ��¸�J�J�f�»�º A�A

 F
P N C*G�º1F »LO�¸ N C*F
P N ��¸�J�J�f�»�º A�A

 
 


? E N�N H��1GDC ?
A C	» ºLeIC*J�¸ »LO�¸ N C*F
P N 




C A »�º � E
G�E
F�f�i	¸ A ��¸�J�J�f�»�º A�A

 


C A »
E A M�º1GsJDC ºLeIC*J�¸�E
G�E
F�f�i	¸ A 


 


»
E A M�º1GsJDC ºLeIC*J�¸ K�»�Q ` C*J 


 


` C*J 


 


` C*J���¸�J�J�f »�º A�A ¸�F�E ? C º1G
O�¸�G�¸bF�E�H�¸ A ��¸�J�J�f�»�º A�A ¸�F�E ? C º1G



¸�J�J�f¡»�º A�A ¸�F�E ? C º1G

E
B�B�E A E ? PDH

tvu�wyx{z1|������ru"�*x{�
�"u���u"�{w��	�{| u"���{|��{u"�{w'�y�W�
�D�hx����Dz1�
�

, BE:;+�29, 3k4�, -769, .�> , B�2l� � ��n��Lk�n����L�)n	\�2C6�0	BEV�8�, > 4E0KB�2':"\�?	3;]c?	D�:;2'3;@
3;29> 0�:;, ? B�-7+�, .�-9PQµ!, J 8�3;2O�O4�29.�, 6':;-<0AD 3H0	J @A29B�:<?	DC:;+�, -cB�2':"\�?	3;]�P
*�+�2Q+�? .�2Q, -c:;+10�:<8�-72'3;-c\K, > >(s1B14e3;29> 0�:;2�4u:;2'3;@A-cV�FuV�3;?�\K-7, B�J
:;+�, -K=�?�6�0	V�8�> 0�37FZ:;2'3;@xB�2':"\�?	3;]�P

_�?c:;+�2/? V�R7296':;, =�2K?	Dt? 8�3N\�?	3;]E\/0	-N:;?<V�8�, > 4Q0G.�3;?	:;?	:"F�.�2/-72�0�3;6H+
0	-7-7, -I:H0	B�:a:;?e+�29> .jJ 8�, 4�2O8�-72'3;-E:;?Y3;29> 29= 0	B�:a4�0�:H0�Pe*�+�2O-72�0�3;6H+
0	-7-7, -I:H0	B�:5+10	-�:"\�?a]�2'FZ0	-7.�296':;-9PN��:K, -/.�3;29> ?�0 4�2�4O\K, :;+Z3;29> 0�:;, ? B�L
-7+�, .�-54�2'3;, =�2�4OD 3;? @�2'[�, -I:;, B�JA4�29-76'3;, .�:;, =�2<@A2':H0 4�0�:H0a0	-7-7?�69, 0�:;2�4
\K, :;+U2�0	6H+U4�0�:H0	-72':Z0	B14q, :Q\K, > >K+10�=�2Z:;+�2T6�0	.10	69, :"F¢:;?p0	696929.�:
8�-72'37L�-78�J J 29-I:;2�4e3;29> 0�:;, ? B�-7+�, .�-9PS*�+�, -c> 0�:7:;2'3c6�0	.10	V�, > , :"Fu@O09FYV�2
2'[�.�> , 69, :�X!8�-72'3;-k-I:H0�:;2C3;29> 0�:;, ? B�-7+�, .�-9n�?	3(, @A.�> , 69, :�X�:;+�2C-IF�-I:;29@�, B�L
D�2'3;-�3;29> 0�:;, ? B�-7+�, .�-9P(ij25+10�=�25, @A.�> 29@A29B�:;2�4a:;+�2Ks�3;-I:�6�0	.10	V�, > , :"F
, B�:;?a:;+�2c-72�0�3;6H+e0	-7-7, -I:H0	B�:�{1:;+�2c-72969? B14T, -K? B�J ? , B�JQ3;29-72�0�3;6H+hP

2. THE VISIONij2�0�3;2CV�8�, > 4�, B�JG0K.�3;?	:;?	:"F�.�2C-72�0�3;6H+a0	-7-7, -I:H0	B�:kD�?	3(8�-72CV�FEMC^<_�L
`c�7_Y8�-72'3;-9PEij2a0�3;2Q6'3;2�0�:;, B�JZ:;+�29-;0	8�3;,!D�?	3<:;+�2S.�8�3;.�? -72a?	D�2'[�L
.10	B14�, B�JG:;+�2/@A2�0	B�, B�J	D�8�>�-72�0�3;6H+A=�?�6�0	V�8�> 0�37FQ0�= 0	, > 0	V�> 2/:;?c8�-72'3;-
V�FtXh@A, B�, B�J/:;+�2�MC^<_�`c�7_5D�?	3(4�29-76'3;, .�:;, =�2�4�?�698�@A29B�:;-t3;29> 0�:;2�4E:;?
2�0	6H+Y4�0�:H0	-72':�{�0	B14OV�8�, > 4�, B�Ja0	-7-7?�69, 0�:;, ? B�-5V�2':"\�2929BZ= 0	> , 4Q:;2'3;@A-
0	B14q:;+�2Y2'[�.10	B14�2�4q=�?�6�0	V�8�> 0�37Fq:;+10�:A, -O@A, B�2�4¢D 3;? @°:;+�2Y4�2'L
-76'3;, .�:;, =�2E4�?�698�@A29B�:;-9P

^G8�3EJ 29B�2'3H0	>�0	.�.�3;?�0	6H+p:;?T-72�0�3;6H+¢0	-7-7, -I:H0	B�692Z.�3;?�69292�4�-S0	-<D�? > L
> ?�\K-9P }5-O0p8�-72'3O29B�J�0	J 29-O, Bw0�-72�0�3;6H+w-729-7-7, ? BU\�2Y\K, > >5+10�=�2
:;+�2Q-IF�-I:;29@z@A? B�, :;?	3c:;+�2Al�8�2'3;, 29-<V�29, B�JT-78�V�@A, :7:;2�4tPS��D/0T8�-72'3
3;2�l�8�29-I:;-G0	-7-7, -I:H0	B�692 nt\�2<\K, > >k8�-72<:;+�2E698�373;29B�:Gl�8�2'37FZ:;?A-72�0�3;6H+
:;+�2a:;+�29-;0	8�3;8�-cD�?	3 � -7, @A, > 0�3;�T:;2'3;@A-9PA*�+�2Q8�-72'3	
 -Sl�8�2'37Fu@A, J +�:
V�2A-7, @A, > 0�3E:;?Y-729=�2'3H0	>(:;2'3;@r69> 0	-7-729-S-7?T\�2Q\K, > >CB�292�4�:;?T, B�:;2'37L
0	6':;, =�29> FZ4�2969, 4�2G0	@A? B�J<:;+�29@�V�FO4�, -7.�> 09F�, B�J<:;+�256�0	B14�, 4�0�:;29-C:;?
:;+�2K8�-72'3�0	B14a3;2�l�8�29-I:;, B�JcD�292�4�V10	6H]Q0	-N:;?c:;+�2K@A? -I:C0	.�.�3;? .�3;, 0�:;2

:;2'3;@z69> 0	-7-�dv29-'f;{!:;+10�:<, -9nh:;+�2S:;2'3;@z69> 0	-7-�dv29-'fK:;+10�:E@A? -I:<B�2�0�3;> F
6�0	.�:;8�3;2A:;+�2A8�-72'3	
 -S, B�:;29B�:�Pe*�+�2A-IF�-I:;29@r\K, > >C:H0	]�2QD�? 8�3a-I:;29.�-
0�D :;2'3Z:;+�, -O, B�:;2'3H0	6':;, ? BhXUd�d	fa8�-72Y:;+�2YB�2'\�:;2'3;@A-Q:;?q0	8�J @A29B�:
:;+�2G8�-72'3	
 -Kl�8�2'37Ft{�d���fN8�-725:;+�2G0	8�J @A29B�:;2�4Ol�8�2'37FQ:;?S-72�0�3;6H+Z:;+�2
@A2':H0 4�0�:H0	V10	-72OV�8�, > :SV�Fp@A, B�, B�JT:;+�2OMC^<_�`c�7_eD�?	3A4�29-76'3;, .�:;, =�2
:;2'[�:�{td k�fN4�, -7.�> 09FA:;+�253;29-78�> :;-�?	D�:;+�25@A2':H0 4�0�:H0	V10	-72cl�8�2'37Ft{�0	B14
dv��f�3;2969?	3H4Y:;+�2EB�2'\�0	-7-7?�69, 0�:;, ? Bj, Be:;+�2E@A2':H0 4�0�:H0	V10	-72ED�?	3<8�-72
, BY-78�V�-72�l�8�29B�:�:;2'3;@�-78�J J 29-I:;, ? BhP

*�+�2Z.�3;?	:;?	:"F�.�2Z@A2':H0 4�0�:H0	V10	-72Z, -A0	BW0	8�[�, > , 0�37Fq, B14�2'[pD�?	3;@A2�4
4�8�3;, B�JY:;+�2Z, B�, :;, 0	>�@A, B�, B�Je.�+10	-72T0	B14j@O0	, B�:H0	, B�2�4j, B�6'3;29@A29B�L
:H0	> > F�4�8�3;, B�JZ-78�V�-72�l�8�29B�:G, B�-72'37:;, ? B�?	D�B�2'\�4�0�:H0O, B�:;?O:;+�2S-IF�-IL
:;29@YP!��:(0	-7-7?�69, 0�:;29-(:;2'3;@A-h\K, :;+Q4�0�:H0	-72':;-9n :;2'3;@A-�:;+10�:k+10�=�2CV�2929B
4�2'3;, =�2�4ZD 3;? @�4�29-76'3;, .�:;, =�2S4�?�698�@A29B�:H0�:;, ? BY-78�.�.�> , 2�4Z\K, :;+e2�0	6H+
4�0�:H0	-72':K?	3�:;+10�:�+10�=�2GV�2929BO2'[�.�> , 69, :;> FOB�? @A, B10�:;2�4AV�FA-7? @A2G+�8�L
@O0	BW, B14�2'[�2'3�P¡^5Dc69? 8�3;-72Y:;+�2'3;2TB�292�4�-Q:;?pV�2Y-7? @A2Y2�4�, :;?	3;, 0	>
3;29=�, 2'\¡.�3;?�6929-7-K0	B14Q:;+�2G-IF�-I:;29@ª\K, > >tV�2c0	V�> 25:;?E:73H0	6H]AB�2'\¡0 4�L
4�, :;, ? B�-9n�@A?�4�, s16�0�:;, ? B�-9n�?	3C4�29> 2':;, ? B�-(D�?	3N:;+�2�.�8�3;.�? -72/?	Dt+10�=�, B�J
:;+�29@�69? B�s�3;@A2�4TV�FZ-7? @A2E0	8�:;+�?	3;, :"FYV�2'D�?	3;2<:;+�2'FY0�3;2S0	6':;810	> > F
0	696929.�:;2�4tP( G-72'3;-�6�0	BZV�2G0	> 2'37:;2�4A:;?E:;+�2KDv0	6':�:;+10�:/-7? @A2G0	-7-7?�69, L
0�:;, ? B�-G0�3;2<.�3;?�=�, -7, ? B10	>�, D!:;+10�:K-72929@A-50	.�.�3;? .�3;, 0�:;2 P

*�+�2Z@A2':H0 4�0�:H0	V10	-72O-72'3;=�29-S:;?u?	yt2'3a:;2'3;@£-78�J J 29-I:;, ? B�-A0	B14p:;?
.�3;?�=�, 4�2N0/V�3;?�0 4�2'3!-72�0�3;6H+E=�?�6�0	V�8�> 0�37F�P(_�?	L�6�0	> > 2�4 � = 0	> , 4c:;2'3;@A-7�
6�0	Bj-I:;, > >CV�2A8�-72�4j0	-S, Bp:;+�2Q.10	-I:�nkV�8�:EB�?�\ª\�2A6�0	B¢0	-7-7?�69, 0�:;2
0	BW0�3;V�, :73H0�37FjB�8�@aV�2'3S?	D5B�2'\ :;2'3;@A-E:;?u0u4�0�:H0	-72':A0	B14¢V�3;, B�J
:;+�2/D�8�> >1.�?�\�2'3�?	Dh@A?�4�2'3;BQ, B�D�?	3;@O0�:;, ? BA3;2':73;, 29= 0	>�:;296H+�B�, l�8�29-k:;?
V�2�0�3C? Ba:;+�2�3;2':73;, 29= 0	>�.�3;? V�> 29@YP!ij2�\K, > >�8�-72K, B�2'[�0	6':N@O0�:;6H+�, B�J
:;296H+�B�, l�8�29-9n�-7.�2969, 0	> , �92�4O69> 8�-I:;2'3;, B�Ja0	> J ?	3;, :;+�@A-9n�0	B14Q?	:;+�2'3�@O0�L
6H+�, B�2S> 2�0�3;B�, B�JO:;296H+�B�, l�8�29-5:;?ZV�8�, > 4u0	B14Y3;2's1B�2E:;+�2E:;+�29-;0	8�3;8�-
69> 0	-7-729-G@O0	, B�:H0	, B�2�4Z, BZ:;+�2c@A2':H0 4�0�:H0	V10	-72 P

*�?e+�29> .¢, > > 8�-I:73H0�:;2Z? 8�3Q-I:73H0�:;29J	Fp\�2O?	yt2'3Q? B�2O.�? -7-7, V�> 2Z, B�:;2'37L
0	6':;, ? BW-76929B10�3;, ?�V10	-72�4j? B¢:;+�2O2'[�0	@A.�> 2O, B¢:;+�2O, B�:73;?�4�8�6':;, ? BhP
_�8�.�.�? -72<0a8�-72'3529B�:;2'3;-9X

�	��� % ������� ����
W� %�&�& $���� % �

*�+�2/-IF�-I:;29@�\K, > >�3;29-7.�? B14tX � ��« § « ¥ § « �1© ¬)« §���� «�� ¥�­ ¬"! �[�Q¥ ¬ ­ ��\
¨����%� ©
	�§���	 « §�����
�� ¬ ��« ¦�¥
� ¬C¬ ��« ��	 « §����

� N E
BIHw����#U� % ��� ` E�ºbH�º�C*F N E
BIH����

�N¥
��	�� «"� 	 ! ¨��O¥
�D�7� « §H¨����a¥q�;¨��a¨ ! ¥ § ��	 « §�������©
	��a¨ � ��¬ ¥ ! �H© ¬ §����

� E ¸ A º�H�º1F��
� �����U� %�&�& $���� % ���
� J
PDH ? �LE�H1O��

�
�
�

�"Be:;+�2S2'[�0	@A.�> 2a0	V�?�=�2 nt:;+�, B�J -c29B�69> ? -72�4u, B�� V�3H0	6H]�2':;-���0�3;2
, B�:;29B14�2�4j:;?p4�29B�?	:;2T> , B�]�-9{K}Go�o ¤ }G�C_¢4�29B�?	:;29-Q= 0	> , 4¢:;2'3;@A-
\K+�, > 2E> ?�\�2'356�0	-72E, -50S:;2'3;@xD 3;? @x:;+�2<2'[�.10	B14�2�4O=�?�6�0	V�8�> 0�37F�P

^GB�2c?	D!? 8�350	.�.�3;?�0	6H+�29-K, -�:;?QV�8�, > 4Z0	BT, B�, :;, 0	>t:;+�29-;0	8�3;8�-/8�-7, B�J
:;+�2S69> 8�-I:;2'3;, B�JT0	> J ?	3;, :;+�@A-G:;+10�:5\�2Q4�29=�29> ? .�2�4e, Bu? 8�3<0	8�:;+�?	37L
, :"Fq69? B�:73;? >�\�?	3;]�PU*�+�29-72Y0	> J ?	3;, :;+�@A-O0�3;2Z3;? V�8�-I:Q:;?�-7.�29> > , B�J



= 0�3;, 0	B�:;-9n!-7.�29> > , B�Je2'373;?	3;-9n!:73H0	B�-7> , :;2'3H0�:;, ? Bj= 0�3;, 0	B�:;-9n!2':;6 PZ*�+�, -
, B�, :;, 0	>t:;+�29-;0	8�3;8�-C\K, > >h-72'3;=�2c0	-�:;+�2G-I:H0�37:;, B�JQ.�? , B�:�D�?	3K2'[�.10	B14�L
, B�Jc:;+�2/-72�0�3;6H+A=�?�6�0	V�8�> 0�37F�P(}�:C0G8�-72'3	
 -(3;2�l�8�29-I:N\�2�\K, > >1-72�0�3;6H+
:;+�25:;+�29-;0	8�3;8�-CD�?	3/:;2'3;@A-C.�3;29-729B�:/, BO:;+�2cl�8�2'37FO0	B14O4�, -7.�> 09FT0	> L
:;2'3;B10�:;, =�25:;2'3;@A-ND�?	3/:;+�258�-72'3	
 -�69? B�-7, 4�2'3H0�:;, ? BhP�*�+�2GB�2'\U:;2'3;@A-
6�0	BYV�2<, B�69?	3;.�?	3H0�:;2�4Y, B�:;?a:;+�2c-72�0�3;6H+el�8�2'37FT0�:K:;+�2c8�-72'3	
 -G4�, -IL
6'3;2':;, ? BhP5d)}5BO2'[�0	@A.�> 25?	D�:;+�, -/, -�J , =�29BZV�FA:;+�2K:;2'3;@A- E ¸ A º�H�º1F n
�����U� %�&�& $���� % � nt0	B14 J
PDH ? �LE�H1O 0	V�?�=�2 P f

^Y0	B�FQ8�-72'3;-(\K, > >1-72�0�3;6H+A, BO0	BA, :;2'3H0�:;, =�2/Dv0	-7+�, ? Bhn�3;2'D�?	3;@a8�> 0�:;, B�J
l�8�2'3;, 29-E:;?Y3;2's1B�2Q:;+�29, 3a, B�D�?	3;@O0�:;, ? B¢B�292�4�-9PYij2Q\K, > >�> ? Je:;+�, -
0	6':;, =�, :"F¢:;?p4�2':;2'3;@A, B�2A:;+�2Z, B�, :;, 0	>50	B14¢s1B10	>/l�8�2'3;, 29-9PU_�8�V�-72'L
l�8�29B�:N8�-72'3�l�8�2'3;, 29-C+10�=�, B�J<-7, @A, > 0�3C, B�, :;, 0	>1D�?	3;@a8�> 0�:;, ? B�-C6�0	BAV�2
, B�D�?	3;@A2�4OV�FQ:;+�2G2'[�.�2'3;, 29B�692G?	D!2�0�3;> , 2'3K-72�0�3;6H+�2'3;-9PC*�+�2c-IF�-I:;29@
\K, > >/.�3;?�=�, 4�2Z8�-72'3;-S:;+�2O? .�.�?	37:;8�B�, :"Fp:;?u=�, 2'\�l�8�2'3;, 29-S:;+10�:Q, B
:;+�2Y.10	-I:O.�3;?�=�2�4q8�-72'D�8�>5J , =�29BW:;+�2Y, B�, :;, 0	>Gl�8�2'37F�Pmbc0�:;+�2'3;, B�J
:;+�29-72Z3;29> 0�:;, ? B�-7+�, .�-9n�,vP 2 P nN:;+�2T0	-7-7?�69, 0�:;, ? BwV�2':"\�2929BW0	BW, B�, :;, 0	>
l�8�2'37FZdv2 P J�P n � 0�:;@A? -7.�+�2'3;, 6/.�? > > 8�:;, ? B��<0	V�?�=�2	f!0	B14S, :;-ks1B10	>�D�?	37L
@a8�> 0�:;, ? B�dv2 P J�P n � N E
BIHm����#U� % ��� ` E�ºbH�º�C*F N E
BIH�� �W0	V�?�=�2	f;n
@A, J +�:NV�2/D�8�> > FA0	8�:;? @O0�:;2�4tn�@A, J +�:N, B�=�? > =�2K+�8�@O0	Ba, B�:;2'3H0	6':;, ? Bhn
?	3KV�?	:;+hPkij2G\K, > >h.�3;?�=�, 4�2c0S@A296H+10	B�, -7@ªD�?	35@O0	B�810	>�, B�:;2'3;=�29B�L
:;, ? Bp0	B14e0	-7-729-7-c:;+�2S8�:;, > , :"Fe?	DN:;+10�:c@A296H+10	B�, -7@�, Bu:;+�2E-72�0�3;6H+
29B�=�, 3;? B�@A29B�:�P

3. THIS WORK IN CONTEXT^G8�3c, B�, :;, 0	>(, B�=�29-I:;, J�0�:;, ? BpV�29J�0	Bu\K, :;+p0	B�2'[�0	@A, B10�:;, ? B�?	DN:;+�2
MC^<_E`<0�:H0<bc0�:;2'\/09Fa, B�:;2'37Dv0	692/:;?c|c}c_�} 
 -kMN0�37:;+Q-769, 29B�692K4�0�:H0�P
*�+�2p=�, J B�2':7:;2�.�> 09F�2�4m? 8�:Y, Bm:;+�2�, B�:73;?�4�8�6':;?	37Fm.10�37:e?	DS:;+�, -
.10	.�2'3<J	3;2'\�? 8�:<?	D�4�, 3;296':<2'[�.�2'3;, 29B�692S\K, :;+�:;+10�:c, B�:;2'37Dv0	692 PS��:
-7+�? 8�> 4qV�2TB�?	:;2�4tnC+�?�\�29=�2'3�nN:;+10�:A-78�V�-I:H0	B�:;, 0	>50 4�= 0	B�6929-a+10�=�2
V�2929Be@O0 4�2<:;?�\/0�3H4Y:;+�2E-7? > 8�:;, ? Bu?	D(:;+�2S.�3;? V�> 29@A-K? 8�:;> , B�2�4e, B
:;+�2Z, B�:73;?�4�8�6':;, ? BhP¢*�+�29-72T-7? > 8�:;, ? B�-Q+10�=�2ZV�2929Bq, @A.�> 29@A29B�:;2�4
, BZ:;+�2<bG> ? V10	> ¤ +10	B�J 2�^Y0	-I:;2'3K`c, 3;296':;?	37F�d�b ¤ ^T`Sf � , B�:;2'37Dv0	692
:;?YMN0�37:;+j-769, 29B�692A4�0�:H0I� d��1�)PZ*�+�2Ob ¤ ^T`�, -S0Z69? @A.�3;29+�29B�-7, =�2
, B�:;2'37Dv0	692Q:;?T0Z@a8�6H+u> 0�3;J 2'3a0�373H09Fu?	DKMN0�37:;+�-769, 29B�692A4�0�:H0T0	B14
, B�69> 814�29-!0	-!0/-78�V�-72':�:;+�2N4�0�:H0/-I:;?	3;2�4<, Bc:;+�2(|c}c_�}p`c, -I:73;, V�8�:;2�4
}56':;, =�2�}K3;6H+�, =�2 ¤ 29B�:;2'3;-9P�ij2�4�29-76'3;, V�2C:;+�2ND�8�B�6':;, ? B10	> , :"FS?	D�:;+�2
b ¤ ^T`�V�3;, 2���FZB�2'[�:�P

*�+�2Zb ¤ ^T`�@O0	, B�:H0	, B�-S0T6�0�3;2'D�8�> > Fj?	3;J�0	B�, �92�4j-72':S?	D/-78�V�R7296':
+�2�0 4�, B�J -�+�, 2'3H0�3;6H+�, 6�0	> > F<?	3;J�0	B�, �92�4E, B�:;?�Xh6�0�:;29J ?	37F�n�:;? .�, 6 n�:;2'3;@Yn
= 0�3;, 0	V�> 2 nS0	B14¡? .�:;, ? B10	> > F�nE4�2':H0	, > 2�4 = 0�3;, 0	V�> 2 PzMN0	6H+�4�0�:H0	-72':
+10	-Z? B�2e?	3Z@A?	3;2e-78�V�R7296':Z+�2�0 4�, B�J -Z0	-7-7, J B�2�4¡0	B14q:;+�29-72u0�3;2
3;2969?	3H4�2�4w, Bw:;+�2u`c�Iµ��Z3;2969?	3H4¡0	-7-7?�69, 0�:;2�4w\K, :;+w:;+�2�4�0�:H0	-72':�P
}5BT2'[�0	@A.�> 2GD�? > > ?�\K-9P

»��	��� � % ��·(�Z¸�E A�? O�H »�C�¸�G�»	¸
? % ����
�� A E
JDC1E
G�»	¸�º A C N E�K	¸ A f
? � ����� C*G `
A E A ¸�JsS�E ¹�¸�F�¸�G�K ? OIH
¹��	��� ��� & �k��M A CLKLO ? G�¸IH�H ? ¸ N B�¸ A E ? P A ¸

*�+�2Q6�0�:;29J ?	37F�n�:;? .�, 6 n�:;2'3;@Yn�0	B14�= 0�3;, 0	V�> 2Q69? @A.�? B�29B�:;-c?	D�:;+�2
+�, 2'3H0�3;6H+�Fc69? B�-I:;, :;8�:;2k:;+�2(69? B�:73;? > > 2�4<, B14�2'[�, B�J/=�?�6�0	V�8�> 0�37F�P!*�+�2
4�2':H0	, > 2�4¢= 0�3;, 0	V�> 2Z, -S:;+�2O@A2�0	B�-EV�Fp\K+�, 6H+¢8�-72'3;-a@O09Fp2'[�:;29B14
:;+�2c+�, 2'3H0�3;6H+�F�Pk`c2':H0	, > 2�4Z= 0�3;, 0	V�> 29-K0�3;2c8�-72'350	-7-7, J B�2�4Y0	B14O69? B�L
-I:;, :;8�:;2Q0	B�8�B�69? B�:73;? > > 2�4u=�?�6�0	V�8�> 0�37F�PE�"B�0 4�4�, :;, ? Bhn�8�-72'3;-c@O09F
0	-7-7, J BO]�2'F�\�?	3H4�-k:;+10�:N:;+�2'FE:;+�, B�]E\K, > >1V�2/8�-72'D�8�>1, BQ-78�V�-72�l�8�29B�:
3;2':73;, 29= 0	>k?	DN:;+�2S4�0�:H0	-72':;-9P<}5J�0	, Bhnt:;+�2E]�2'F�\�?	3H4�-c0�3;2SB�?	:c69? B�L
� �]�]� � ��­������ �1¥
�H¥�� ��©
�
�'`<0�:H0/�"B�:;2'3;6H+10	B�J 2Nµ�?	3;@O0�:�n 0/6�0�:H0	> ? J , B�J53;2969?	3H4<:;+10�:�69? B�:H0	, B�-
@a8�6H+Z?	Dk:;+�2c@A2':H0 4�0�:H0a0	-7-7?�69, 0�:;2�4Y\K, :;+e0Q4�0�:H0	-72':�P

:73;? > > 2�4tP<*�+�, -c.�+�, > ? -7? .�+�FY?	DC69? @aV�, B�, B�JO0A69? B�:73;? > > 2�4�0	B14e8�B�L
69? B�:73;? > > 2�4u, B14�2'[�, B�JA=�?�6�0	V�8�> 0�37Fe.�3;?�=�, 4�29-c0Q3;, 6H+�2'3c-72�0�3;6H+u=�?	L
6�0	V�8�> 0�37FS0	B14E+�29> .�-!?�=�2'3;69? @A2N-7? @A2C?	D�:;+�2C.�3;? V�> 29@A-�, 4�29B�:;, s12�4
2�0�3;> , 2'3�P

�k0�37:k?	D�:;+�2C.�3;? V�> 29@ \K, :;+E:;+�2�MC^<_c`<0�:H0cbc0�:;2'\/09FE-I:;29@A-�D 3;? @
:;+�2S\/09Fu, Be\K+�, 6H+�, :<29@A.�> ?�F�-G:;+�2Qb ¤ ^T`x-78�V�R7296':<+�, 2'3H0�3;6H+�F�P
�G0�:;+�2'3(:;+10	BA0 4�? .�:N:;+�25b ¤ ^T`¡69? B�:73;? > > 2�4Q=�?�6�0	V�8�> 0�37FQ, BQD�8�> >vn
:;+�2e4�29=�29> ? .�2'3;-A?	Dc:;+�2eMC^<_q`<0�:H0jbc0�:;2'\/09FU+10�=�2Y6H+�? -729BW:;?
8�-72O? B�> Fp:;+�2O= 0�3;, 0	V�> 2Z69? @A.�? B�29B�:�n!,vP 2 P nN:;+�2A> 2�0�DG> 29=�29>C?	DK:;+�2
+�, 2'3H0�3;6H+�F�P!*�+�29-72�, B14�2'[�, B�J/:;2'3;@A-�69? B�-I:;, :;8�:;2(:;+�2 � = 0	> , 4�-7�G8�-72�4
V�FQ:;+�2<MC^<_A`<0�:H0abc0�:;2'\/09F�PC*�+�, -K4�2969, -7, ? BZ3;29-78�> :;-/, BO:;+�2G> ? -7-
?	D/.�3;2969, -7, ? Bj0	B14�-7.�2969, s169, :"F�?	DC:;+�2Q, B14�2'[�, B�JZ=�?�6�0	V�8�> 0�37Fp0	B14
, B�:73;?�4�8�6929-50	@aV�, J 8�, :"F�P

*�+�2cb ¤ ^T` ?	yt2'3;-CMN0�37:;+O-769, 29B�69258�-72'3;-C@O0	B�Fa4�, yt2'3;29B�:C-72�0�3;6H+
-I:73H0�:;29J , 29-9Pc*�+�2E+�? @A2E.10	J 2E.�3;?�=�, 4�29-G0A-72�0�3;6H+e?	D(:;+�2E-78�V�R7296':
+�, 2'3H0�3;6H+�Fq:;? J 2':;+�2'3A\K, :;+m0�6�0�3;2'D�8�> > FU?	3;J�0	B�, �92�4U-72':Z?	D<29B�:737F
.�? , B�:;-K, B�:;?S:;+�2c+�, 2'3H0�3;6H+�FO:;+10�:50�3;2E4�29-7, J B�2�4Z:;?a.�3;?�=�, 4�2c8�-72'3;-
\K, :;+E=�2'37FGDv0	-I:k0	696929-7-�:;?50/> 0�3;J 2�0�373H09Fc?	D�:;+�2N4�0�:H0�P!�"BE0 4�4�, :;, ? Bhn
:;+�2Qb ¤ ^T`x@O0	, B�:H0	, B�-c0ZB�8�@aV�2'35?	D�2'[�.�2'3;, @A29B�:H0	>!-72�0�3;6H+�, B�L
:;2'37Dv0	6929-9PN*�+�29-72�0�3;2C29B�8�@A2'3H0�:;2�4<V�29> ?�\j:;? J 2':;+�2'3!\K, :;+a0K-7]�2':;6H+
?	Dk:;+�2<0	-7-7?�69, 0�:;2�4YD�8�B�6':;, ? B10	> , :"F�P

� µ�3;292'L):;2'[�:G_�2�0�3;6H+pdv�"-7, :;2	f

� |c0�=�, J�0�:;2<V�FO:"F�.�2�4�L�, BO:;2'[�:�P
� _�2�0�3;6H+T\K+�? > 2E4�?�698�@A29B�:K?	35-7.�2969, s16cs129> 4�-9P
� ^Y0	.e0	.�.�> 2':529@aV�2�4�4�2�4AD�?	35-7.10�:;, 0	>�-72�0�3;6H+hP

� ´G, 2'3H0�3;6H+�, 6�0	>	�<2'F�\�?	3H4Y_�2�0�3;6H+

� |c0�=�, J�0�:;2<V�FT0a+�, 2'3H0�3;6H+�FZ?	D(]�2'F�\�?	3H4�-9P
� _�2�0�3;6H+U6�0	BUV�2YB10�373;?�\�2�4WV�FW0u:"F�.�2�4q, BW\�?	3H4W?	3

.�+�3H0	-72 P
� _�:H0�37:ZD 3;? @ _�69, 29B�692��k0�3H0	@A2':;2'3;-9nGoh?�6�0�:;, ? Bhnc�(> 0�:7L

D�?	3;@£d�_�0�:;29> > , :;2	f;n1�"B�-I:73;8�@A29B�:cd�_�29B�-7?	39f

� _�8�.�.�> 29@A29B�:H0�37FA�"B�D�?	3;@O0�:;, ? BubG8�, 4�2�4Y_�2�0�3;6H+

� _�2�0�3;6H+j4�29-76'3;, .�:;, ? B�-<?	D/`<0�:H0 ¤ 29B�:;2'3;-9n ¤ 0	@A.10	, J B�-
?	35�k3;?�R7296':;-9nt_�? 8�3;6929-�d)�(> 0�:7D�?	3;@A-'f;n10	B14Z_�29B�-7?	3;-<dv, B�L
-I:73;8�@A29B�:;-'f;P

� �!? , B�:G0	B14Z69> , 6H]Z? B�> F�
OB�?a:"F�.�, B�Ja0	> > ?�\�2�4tP

�
� 0�= 0%^Y0�:73;, [e_�2�0�3;6H+e}5.�.�> 2':

� �k3;29=�, 2'\�4�0�:H0	V10	-72a69? B�:;29B�:;-5\K, :;+od��Z4�, yt2'3;29B�:c6�0�:7L
29J ?	3;, 29-9P

� ¤ 0�:;29J ?	3;, 29-(4�F�B10	@A, 6�0	> > FG8�.t4�0�:;2N0	-hF�? 8cB10�373;?�\pF�? 8�3
-72�0�3;6H+hP

� �"B�-I:H0	B�:;> FZ=�, 2'\¡3;29> 29= 0	B�:K:;, :;> 29-/\K+�, > 2<-72�0�3;6H+�, B�J�P

��� 8�2'37FT�k3;29=�, 2'\�_�2�0�3;6H+e}5.�.�> 2':

� �k3;29=�, 2'\�V�FZ*�? .�, 6 n�*�, @A2 n1oh?�6�0�:;, ? B
� �52's1B�2cV�FY_�? 8�3;692 n�_�29B�-7?	3�n�`<0�:H0 ¤ 29B�:;2'3
� _�29=�2'3H0	>�0	> :;2'3;B10�:;, =�2<?�=�2'3;=�, 2'\K-K?	D(29B�:;, 3;2E4�0�:H0	V10	-72 P

� }G4�= 0	B�692�4Zµ!, 29> 4�L�V10	-72�4e_�2�0�3;6H+

� |c0�=�, J�0�:;2<=�, 0a@a8�> :;, .�> 2Gs129> 4�-9P
� *(F�.�, B�JA0	> > ?�\�2�4tP



� ^Y0	.e0	.�.�> 2':K29@aV�2�4�4�2�4AD�?	35-7.10�:;, 0	>�-72�0�3;6H+hP

*�+�2Q.�2'37D�?	3;@O0	B�692a?	DC:;+�2a, B�:;2'37Dv0	6929-<= 0�3;, 29-cD 3;? @z@A?�4�2'3H0�:;2S:;?
2'[�:73;29@A29> FODv0	-I:�P

�"B¡0 4�4�, :;, ? Bw:;?j:;+�29-72u, B�:;2'37Dv0	6929-9n5:;+�2pb ¤ ^T`r\�? 8�> 4m> , ]�2e:;?
, B�:;29J	3H0�:;2�0�:;+�29-;0	8�3;8�-h6�0	.10	V�, > , :"F<, B�:;?K, :;-�-72�0�3;6H+E.�3;?�6929-7-729-9P!ij2
0�3;2G.�3;29-729B�:;> FA2'[�0	@A, B�, B�J<\/09F�-C:;?a0	696929-7-�:;+�25`<oh���/:;+�29-;0	8�3;8�-
D 3;? @�0	B�FZ-72�0�3;6H+Y, B�:;2'37Dv0	692E?	yt2'3;2�4TV�FA:;+�2Eb ¤ ^T`aP

`c29-7.�, :;2e, :;-A\K, 4�2u0�373H09FW?	DE-72�0�3;6H+w, B�:;2'37Dv0	6929-9n/:;+�2ub ¤ ^T`r, -
69? B�-I:H0	B�:;> Fj.�8�3;-78�, B�JYV�2':7:;2'3a0	696929-7-E:;?e, :;-S+�? > 4�, B�J -9Pe*�+�2O2'[�L
.�2'3;, @A29B�:H0	>5\�?	3;]W3;29.�?	37:;2�4w, Bw:;+�, -Z.10	.�2'3T, -Z69? @A.�> , @A29B�:H0�37F
:;?Y:;+�2Q? B�J ? , B�Jpb ¤ ^T`x\�?	3;]j0	B14�\K, > >C+�? .�2'D�8�> > Fj0 4�4p8�-72'D�8�>
D�8�B�6':;, ? B10	> , :"Fp, Bp-7? @A2A0�3;2�0	-9PT*�+�8�-9nh:;+�2a\�?	3;]u3;29.�?	37:;2�4�+�2'3;2
69? B�-I:;, :;8�:;29-c0	Bu0	> :;2'3;B10�:;, =�2S0�:7:H0	6H]T? Be.�3;? V�> 29@A-5?	D(, B�:;2'3;29-I:G:;?
:;+�2Sb ¤ ^T`aP

4. ABSTRACTING THE PROBLEMµ�?	35? 8�3K.�8�3;.�? -729-/\�2E0	-7-78�@A2G:;+10�:K-769, 29B�692E8�-72'3;-K.�? -72El�8�2'3;, 29-
?	Dk:;+�2GD�? > > ?�\K, B�JOJ 29B�2'3H0	>hD�?	3;@YX

�������
	�����

*�+10�:a, -9nk8�-72'3;-S0�3;2O, B�:;2'3;29-I:;2�4p, Bp-7? @A2A]�, B14Wd � fG?	D54�0�:H0T? V�L
-72'3;=�2�4a0�:N-7? @A2�.�> 0	692<d 	 fh0�:N?	3(?�=�2'3(-7? @A2C:;, @A2cd � f;Pk*�+�2/-7.10�L
:;, 0	>5d 	 fG0	B14u:;29@A.�?	3H0	>Kd � fG0	-7.�296':;-S0�3;2A? B�> F�.�2'37:;, B�29B�:<? B�692
F�? 8Q+10�=�2/, 4�29B�:;, s12�4S:;+�2/]�, B14a?	Dh4�0�:H0c?	Dt, B�:;2'3;29-I:�P(*�+�2'Fa6�0	BAV�2
29@A.�> ?�F�2�4Y:;?O3;2�4�8�692S:;+�2a-7.10	692Q?	D�]�, B14�-G?	D/4�0�:H0T0	-<+10	-cV�2929B
4�? B�2QV�F��(> 0	, -;0	B�:T«9¬ ¥ ! � � d��*�)n!V�8�:c\�2A0�3;2QB�?	:E69? B�692'3;B�2�4u\K, :;+
:;+10�:K+�2'3;2 P(�"BO? 8�3/\�?	3;]A:;+�25D�?�698�-/, -/? BT, @A.�3;?�=�, B�J<:;+�2<0	V�, > , :"F
?	DK-72�0�3;6H+�2'3;-E:;?Y> ?�6�0�:;2O3;29> 29= 0	B�:S4�0�:H0�PY}56969?	3H4�, B�J > F�\�2AD�?�698�-
? Bu, @A.�3;?�=�, B�JQ:;+�2E2'yt296':;, =�29B�29-7-G?	D5d � f�\K, :;+e:;+�2E8�B14�2'3;-I:H0	B14�L
, B�JG:;+10�:N-7.10�:;, 0	>�0	B14S:;29@A.�?	3H0	>�s1> :;2'3;-(@O09FEV�2/29@A.�> ?�F�2�4S0	-(.�3;2
?	35.�? -I:5.�3;?�6929-7-729-9P

5. RELATED WORK¤ ? @A.�8�:;2'3a-IF�-I:;29@A-<:;+10�:Q4�29.�29B14j? Bj\�?	3H4�-SD�?	3a:;+�29, 3a69?	373;296':
? .�2'3H0�:;, ? BW-78�yt2'3QD 3;? @³:;+�2 � =�?�6�0	V�8�> 0�37Fq.�3;? V�> 29@A��4�29-76'3;, V�2�4
V�FTµ�8�3;B10	-E«9¬ ¥ ! � � ��n�.hPN� �	�L�)P

��������� ��������� ���� !���#"$�% ��'& �%(*)%+, ��# ��*+-"$ /.�+�01+���.2���3�� *+-(* �4��0�� ��)5� �6��7�+2(�� )�7��98:�%(*.� <;>=�+�8?�%(:� ���*+-(*"�� ���*+����@�� *+-(* ��� �*+��A�� *+B��7�+�8B(*����)C8:�%(*.� D����.E� ��� &1�*��)%+��:��7�+@�%����� ���� �%(:� ��� �%(*"$����� ���F��7�+��A8:�����<;
_�, @A.�> FT-I:H0�:;2�4Z:;+�, -5@A2�0	B�-/:;+10�:G8�-72'3;-K\K, > >!?	D :;29Be8�-72S4�, yt2'3;29B�:
\�?	3H4�-E:;?e0	696929-7-S, B�D�?	3;@O0�:;, ? Bj:;+10	B�:;+�2O4�29-7, J B�2'3;-S?	D/:;+�2Q-IF�-IL
:;29@A-c0	B�:;, 69, .10�:;2�4tPS*�+�, -c, -c.10�37:;, 698�> 0�3;> F�0	698�:;2a, Bu, B�D�?	3;@O0�:;, ? B
3;2':73;, 29= 0	>�-IF�-I:;29@A-9n \K+�2'3;2/, B14�2'[�2'3;-N0	-7-7, J BA:;2'3;@A-(0	B14a-72�0�3;6H+�2'3;-
@O09Fa8�-725?	:;+�2'3N:;2'3;@A-9P(M(B�:;, 3;25V�?�? ]�-Gdv6 P D"PNo�0	B�6�0	-I:;2'31� d9�L�vf(+10�=�2
V�2929Be4�29=�?	:;2�4O:;?S:;+�2c:;? .�, 6 P

 GB�Dv0	@A, > , 0�3N-72�0�3;6H+a=�?�6�0	V�8�> 0�3;, 29-N, -(0G> ? B�JG-I:H0	B14�, B�Jc.�3;? V�> 29@�, B
, B�D�?	3;@O0�:;, ? Bu3;2':73;, 29= 0	> � �*�)P<*�+�2a4�, �A698�> :"FY6�0	BuV�2E69? @A.�? 8�B14�2�4
V�FT4�0�:H0Ql�810	> , :"FZ, -7-78�29-*� �1�)P

*�+�2Q8�-72Q?	DC:;+�29-;0	8�3;,k:;?Z+�29> .p@A, :;, J�0�:;2S:;+�, -<.�3;? V�> 29@r4�0�:;29-c:;?
:;+�2p2�0�3;> , 29-I:p4�09F�-Y?	DQ, B�D�?	3;@O0�:;, ? B 3;2':73;, 29= 0	>E-IF�-I:;29@A-*� d*k1�)Pz}
B�8�@aV�2'3E?	DG0	.�.�3;?�0	6H+�29-S+10�=�2AV�2929B¢.�3;? .�? -72�4pD�?	3A0	8�:;? @O0�:;, B�J� *�+�2SbG2'3;@O0	BTB10�:;, ? B10	>�0	2'3;? -7.10	692E3;29-72�0�3;6H+Y6929B�:;2'3�P

:;+�2G69? B�-I:73;8�6':;, ? BZ?	Dh:;+�29-;0	8�3;,kdv2 P J�P n ¤ 3;? 8�6H+{� �L�vf;n�?	3K> , B�]�, B�Ja4�, D L
D�2'3;29B�:S:;+�29-;0	8�3;, � d �)P¢^G8�3a0	.�.�3;?�0	6H+¢, -a6929B�:;2'3;2�4¢0�3;? 8�B14 � 69? B�L
6929.�:E-7.10	6929-9P �x*�+�29-72A+10�=�2A0	.�.�2�0�3;2�4�, Bj-729=�2'3H0	>NJ 8�, -729-*� k�nC��d �
?�=�2'3K:;+�2GF�2�0�3;-9PNij2<29> 0	V�?	3H0�:;2E? 8�358�-72<?	D(69? B�6929.�:5-7.10	6929-G0	B14
J , =�2<2'[�0	@A.�> 29-/?	Dk:;+�29, 3K8�-72<, Bu_�296':;, ? BY��P

}5B�?	:;+�2'3Y3;29> 0�:;2�4�0	6':;, =�, :"F , -u0	8�:;? @O0�:;, 6�0	> > F�0	-7-7, J B�, B�Jw, B14�2'[
:;2'3;@A-TD 3;? @�0q69? B�:73;? > > 2�4 =�?�6�0	V�8�> 0�37FW� d�~*�a?	3e2'[�.10	B14�, B�Jq:;+�2
]�2'F�\�?	3H4�-j0	-7-7?�69, 0�:;2�4�\K, :;+ 4�0�:H0m, :;29@A-Udv2 P J�P nTbc0�37s129> 4ª0	B14
_�+�2'31� d
d �vf;P�bG2'F�«9¬ ¥ ! � � d��*�E+10�=�2�8�-72�4m29B�:737Fm=�?�6�0	V�8�> 0�37Fm, B�L
4�2'[�29-Qd)M(±G�;f50	-E0O-72�0�3;6H+j0	, 4tPQM(±G� 
 -c+10�=�2aV�2929B�, B�=�29-I:;, J�0�:;2�4
V�FZµ�3;29B�6H+p«9¬ ¥ ! � � ~*�tD�?	3569? > > 296':;, ? Be-729> 296':;, ? Be0	B14Z4�?�698�@A29B�:�3;2'L
:73;, 29= 0	>h2'yt296':;, =�29B�29-7-9P

ij2Y0	> -7?p, B�:;29B14¢:;?�-78�.�.�?	37: � =�?�6�0	V�8�> 0�37Fq-I\K, :;6H+�, B�J �¢0	-O4�, -IL
698�-7-72�4 V�F�_�6H+10�:7��� �	�1�)P³^G8�3u0	.�.�3;?�0	6H+�, -Y:;?U8�-72j.10	-I:e8�-72'3
l�8�2'3;, 29-k:;?c+�29> .A4�, -;0	@aV�, J 810�:;2/698�373;29B�:Nl�8�2'3;, 29-9P(*�+�, -N0	.�.�3;?�0	6H+
\K, > >C> 2':E8�-72'3;-<29-I:H0	V�> , -7+¢0T.�2'37:;, B�29B�:<-72�0�3;6H+j69? B�:;2'[�:<, Bp\K+�, 6H+
:;?�.�? -72O:;+�29, 3Ol�8�2'3;, 29-9P¢*�+�, -A0	-7.�296':A?	DG? 8�3a\�?	3;]¢, -a? B�J ? , B�J
0	B14Z, -5B�?	:/:;+�2GD�?�698�-5?	Dk:;+�2c.�3;29-729B�:K.10	.�2'3�P

6. OUR APPROACH TO CONCEPT SPACES*�+�2GV10	-72569? B�6929.�:;-/0�3;2c0	-CD�? > > ?�\K-9PC|c}c_�} ��¥ ¬ ¥
� «9¬ � 0�3;2G-I:;?	3;2�4
0�:(`c, -I:73;, V�8�:;2�4S}56':;, =�2�}K3;6H+�, =�2 ¤ 29B�:;2'3;-/dv`G}G} ¤ f;P�*�+�29-72K4�0�:H0�L
-72':;-N3;2969?	3H4Q? V�-72'3;= 0�:;, ? B�-ND 3;? @ ¦�§I©HG « ­ ¬ � 0	B14Q-I:;?	3;2K:;+�29-72K? V�-72'37L
= 0�:;, ? B�-E0	- � §I¥
�D	 ! « � \K+�, 6H+j0�3;2A4�0�:H0Os1> 29-E0	B14p0�3;2a:;+�2a@A2�0	B�-
?	DC4�, -I:73;, V�8�:;, B�Ja:;+�2E4�0�:H0a:;?A8�-72'3;-9PK*�+�2EJ	3H0	B�8�> 29-5?	D :;29Bu4�, yt2'37L
29B�:;, 0�:;2c:;+�2<4�0�:H0Q0	> ? B�JA-7.10�:;, 0	>!0	B14/I�?	3K:;29@A.�?	3H0	>�4�, @A29B�-7, ? B�-9P

*�+�2j4�0�:H0	-72':;-u0�3;2j4�29-76'3;, V�2�4¡V�Fm-78�V�R7296':e+�2�0 4�, B�JW@A2':H0 4�0�:H0
6�0	> > 2�4 ��¥ ! ¨"�
� Pm*�+�2Y= 0	> , 4�-Z0�3;2e0�69? B�:73;? > > 2�4U=�?�6�0	V�8�> 0�37FU0	B14
0�3;2<8�-72�4ZD�?	35-72�0�3;6H+�, B�JQ\K, :;+�, BeMC^<_�`c�7_�P

6.1 Our ModelJAK1L�M N!M OPM Q>N d PlX ��¥ ! ¨"�
� \ � «9¬ �6R � �%S g%T S ² T 
 
 
 T S#U�� �a¨�� ¬ ��«
� «9¬ © � ��¥ ! ¨"�
�c¥
�7�;¨ �
� « � ¬ ©Z¥���¥ ¬ ¥
� «9¬ �

JAK1L�M N!M OPM Q>Nª��P2VXW>Y � � VXW g%T VXW ² T 
 
 
 T VXW!Z � ¨�� ¬ ��« � «9¬ © �
��¥ ¬ ¥
� «9¬ � ! ¥�[ «�!�! « ��[ � ¬ ��« ��¥ ! ¨"�
� \ � «9¬ R��

JAK1L�M N!M OPM Q>N k�P � ��« �;¨��a¨ ! ¥ §H¨ ¬ �O© ��VXW>\ ¥
�
� VXWP]�¬ ��« � «9¬ �
© � ��¥ ¬ ¥
� «9¬ � ! ¥�[ «�!�! « ��[ ����¥ ! ¨"�
� \ � «9¬ � W ¥
�
�_^°§ « �v¦ « ­ ¬ ¨�� «�! �w¨��
� ¨�� « �`[ �

a�bdc ddVXW>\ T VXWP]Nf � a�bdc d�W T ^ f �fe Whg ^ ee Whi ^ e 
 d�d	f

MNl�810�:;, ? B�dE, -K:;+�2 � 0	696�0�3H4Y69?�2'�A69, 29B�:G?	D(-7, @A, > 0�3;, :"Fe0	B14Z@A2�0�L
-78�3;29-/:;+�2c.�3;? .�?	37:;, ? BY?	Dk= 0	> , 4�-/:;+10�:/:;+�2G:"\�?A4�0�:H0	-72':;-K+10�=�2c, B
69? @A@A? BhPk´G2'3;2c\�2E0�3;2E0	-7-78�@A, B�Ja:;+10�:

a�bdc d a THj f �lk d�, D a � j� ?	:;+�2'37\K, -72
\K+�2'3;2 a5m WW0	B14 j mn^ 0�3;2E, B14�, =�, 4�810	>h= 0	> , 4�-9P/*�+�, -G-78�.�.�?	37:;-
2'[�0	6':K@O0�:;6H+�29-�0	@A? B�JS:;+�2G= 0	> , 4�-9Pkij2G6�0	BY0	> -7?a:;?a> ?�? -729BZ:;+�, -
3;2�l�8�, 3;29@A29B�:Q:;?j, B�69> 814�2e.10�37:;, 0	>G@O0�:;6H+�29-O0	@A? B�Jp:;+�2Y= 0	> , 4�-9P
�"BT:;+10�:G6�0	-72<\�2S69? B�-7, 4�2'3G-7, @A, > 0�3;, :"FY69?�2'�A69, 29B�:;-G> , ]�2E2�4�, :c4�, -IL
:H0	B�692 n�o�d a THj f;n�?	3 � 0	696�0�3H4Q69?�2'�A69, 29B�:�n1p(d a T�j f;n \K+�2'3;2�2�0	6H+Q= 0	> , 4a 0	B14 j , -KB�?�\¡:73;2�0�:;2�4Y0	-50a-72':5?	Dk\�?	3H4�-9P



µ�?	3(? 8�3k.�8�3;.�? -729-9n�0569? B�6929.�:k-7.10	692�, -(0	B c L"4�, @A29B�-7, ? B10	>�, B14�2'[
-7.10	692Q, B14�8�692�4uV�Fu0O=�?�6�0	V�8�> 0�37Fu?	D c , B14�2'[�, B�JO:;2'3;@A-9PaMN0	6H+
, B14�2'[�2�4j, :;29@£, -S3;29.�3;29-729B�:;2�4¢0	-a0e=�296':;?	3a, Bj:;+�, -S-7.10	692 Puij2
0�3;2<8�-7, B�JS:;+�25:;2'3;@ � 69? B�6929.�:K-7.10	6929�Q, BZ.�3;2'D�2'3;29B�692c:;? � =�296':;?	3
-7.10	6929�O:;?Z4�, yt2'3;29B�:;, 0�:;2S@a8�> :;, .�> 2E-7.10	6929-c, Be\K+�, 6H+e\�2S69? B�6929.�L
:;810	> , �92<:;+�2<4�0�:H0	-72':;-G4�, yt2'3;29B�:;> F�P

ij2Z0�3;2T-7.�2969, s16�0	> > F¢, B�:;2'3;29-I:;2�4¢, Bq0�� § «;«T¬)«�� ¬�-7.10	692 n j L�-7.10	692 n0	B14�0 ��¥ ! ¨"�
� -7.10	692 n S L�-7.10	692 PQ*�+�2aD 3;292a:;2'[�:<-7.10	692Q, -E4�2'3;, =�2�4
D 3;? @�4�29-76'3;, .�:;, =�2(:;2'[�:!.10	-7-;0	J 29-N0	-7-7?�69, 0�:;2�4S\K, :;+a4�0�:H0	-72':;-9P(*�+�2
= 0	> , 4�-a-7.10	692O, -Q4�2':;2'3;@A, B�2�4�V�F�:;+�2ZMC^<_�`c�7_u= 0	> , 4�-Q0	-7-7, J B�2�4
:;?q:;+�2p4�0�:H0	-72':;-9P�|G?	:;2u:;+10�:e0	> ><:;+�2�? V�R7296':;-Y?	Da, B�:;2'3;29-I:Y:;?
8�-Ad)l�8�2'3;, 29-9n!4�0�:H0	-72':;-9nk0	B14�= 0	> , 4�-'f50�3;2Q3;29.�3;29-729B�:H0	V�> 2Q, Bp2�0	6H+
-7.10	692 PC}5BT2'[�0	@A.�> 2c?	D(2�0	6H+T, -5J , =�29BTV�29> ?�\<P

6.2 Multiple Viewpoints�"Bq2�0�3;> , 2'3A\�?	3;]�n��!?�\�29> >50	B14qµ�3;29B�6H+{� d��1�K+10�=�2T4�29@A? B�-I:73H0�:;2�4
:;+�2S.�?	:;29B�:;, 0	>!?	D ��	 ! ¬ ¨ ¦ ! « ��¨ « ��¦�© ¨�� ¬ � :;?O, B�6'3;2�0	-72S3;2':73;, 29= 0	>k2'D L
D�296':;, =�29B�29-7-TV�FW29B�+10	B�69, B�Jj:;+�2u4�, -769?�=�2'37FU.�3;?�6929-7-9P�ij2e+10�=�2
2'[�.�> , 69, :;> FS.�3;?�=�, 4�2�4S05@A296H+10	B�, -7@�, BS? 8�3(.�3;?	:;?	:"F�.�2ND�?	3N-I\K, :;6H+�L
, B�JOD 3;? @z0 j L�-7.10	692a-72�0�3;6H+u:;?O? B�2a, B S L�-7.10	692S:;?Z2'[�0	@A, B�2<:;+�2
+�F�.�?	:;+�29-7, -S:;+10�:a3;2':73;, 29= 0	>�2'yt296':;, =�29B�29-7-a6�0	BWV�2O, @A.�3;?�=�2�4jV�F
-72�0�3;6H+�, B�Jp, B�, :;, 0	> > FW, BW? B�2T-7.10	692Y0	B14j:;+�29Bq-I\K, :;6H+�, B�J�:;?u:;+�2
?	:;+�2'3�P�*�+�2OB�?	:;, ? B�-S?	D j L�-7.10	692Z0	B14 S L�-7.10	692Z0�3;2O@O0 4�2A@A?	3;2
69? B�6'3;2':;2<, BT:;+�2GD�? > > ?�\K, B�JZ-7296':;, ? B�-9P

6.2.1 j -spaceij2�69? B�-I:73;8�6':;2�4¡0j:;2'[�:T-7.10	692Ud j L�-7.10	692	fQV�Fm0	-7-7?�69, 0�:;, B�Jw4�2'L
-76'3;, .�:;, =�2�:;2'[�:;-!\K, :;+Q4�0�:H0	-72':;-C0	B14E:;+�29BS8�-7, B�JG:;+�2�=�296':;?	3(-7.10	692
@A?�4�29>Kdv±<_D^ufK?	D/, B�D�?	3;@O0�:;, ? B�3;2':73;, 29= 0	> � d��1�)PO�"Bu:;+�2Q±<_D^£\�2
3;29.�3;29-729B�:50	BT? V�R7296':�n����(0	-50S=�296':;?	3�nhd���� g%T ��� ² T 
 
 
 T ��� Z�f;n�, BY0	B
� L"4�, @A29B�-7, ? B10	>h:;2'3;@�-7.10	692S4�2'3;, =�2�4ZD 3;? @�:;+�2c:;2'3;@A-K, Be0	> >�:;+�2
? V�R7296':;-9PE*�+�2S=�296':;?	3c69? @A.�? B�29B�:�n���� 	�nt, -c0A\�29, J +�:G3;29.�3;29-729B�:7L
, B�J<+�?�\W\�29> >�:;2'3;@�
<6H+10�3H0	6':;2'3;, �929-C? V�R7296': b Pkij2/8�-72K0 j
��� b�� �\�29, J +�:;, B�JA-I:73H0�:;29J	FZ\K+�2'3;2c\�29, J +�:;-5+10�=�2G:;+�2cJ 29B�2'3H0	>hD�?	3;@

��� 	 � j
� � 	����� � 	 

´G2'3;2 j
� � 	<, -/:;+�2a¬)« §�� � § « ��	 « �1­�� ?	D�:;2'3;@�
�n�:;+10�:/, -9n�+�?�\¡?	D :;29B
:;2'3;@�
�?�69698�3;-a, Bq? V�R7296': b P¢*�+�2T4�29B�? @A, B10�:;?	3�n � � 	T, -Q6�0	> > 2�4
:;+�2 ��©�­�	�� « � ¬�� § « ��	 « �1­�� ?	DC:;2'3;@�
Y0	B14�4�29B�?	:;29-c:;+�2aB�8�@aV�2'3
?	D(? V�R7296':;-569? B�:H0	, B�, B�JA0�:5> 2�0	-I:5? B�2<, B�-I:H0	B�692<?	Dk:;2'3;@�
�P

�"B�? 8�3p2�0�3;> F�2'[�.�2'3;, @A29B�:;-e\�2W0	-7-7?�69, 0�:;2�4�4�29-76'3;, .�:;, =�2¢:;2'[�:;-
D 3;? @ :"\�?W-7? 8�3;6929-T\K, :;+¡2�0	6H+�4�0�:H0	-72':T3;29-78�> :;, B�JW, Bm:"\�?U4�, -IL
:;, B�6': j L�-7.10	6929-9P¢�"B¢:;+�2Os�3;-I:a\�2T8�-72�4¢-729> 296':;2�4q-7296':;, ? B�-QD 3;? @
:;+�2<bG8�, 4�2G4�?�698�@A29B�:;-�4�29-76'3;, V�, B�JS2�0	6H+T4�0�:H0	-72':�P �Tµ�?	3C:;+�2G-7296'L
? B14S\�2K8�-72�4S:;+�2K4�0�:H0	-72':C-78�@A@O0�37FE:H0	]�29BaD 3;? @�:;+�2/`c�Iµe29B�:737F
0	-7-7?�69, 0�:;2�4T\K, :;+T2�0	6H+Y4�0�:H0	-72':�PN*�+�29-72c:"\�?a-7? 8�3;6929-�3;29-78�> :;2�4Z, B
-7.10	6929-c\K, :;+j4�, yt2'3;29B�:c.�3;? .�2'37:;, 29-9PSij2Q0�3;2Q698�373;29B�:;> Fe29= 0	> 810�:7L
, B�JcV�?	:;+SD�?	3(:;+�29, 3(-78�, :H0	V�, > , :"FS, BS:;+�2Cs1B10	>�-72�0�3;6H+A0	-7-7, -I:H0	B�:�PN}5B
2'[�0	@A.�> 2c?	DN0Ql�8�2'37FO, BY2�0	6H+Y-7.10	692<, -K-7+�?�\KBYV�29> ?�\<P

µ!, J 8�3;29-vkS0	B14O�S-7+�?�\m:;+�2K3;29-78�> :;-/?	D�.�3;?�6929-7-7, B�JS:;+�2cl�8�2'37F ¥ ¬"\
�Q©
�v¦ ��« §H¨v­(¦�© !�! 	 ¬ ¨v©
� , BE:;+�2/bG8�, 4�2'L�J 29B�2'3H0�:;2�4���0	B14E`c�Iµ�L�J 29B�2'37L
0�:;2�4 j L�-7.10	6929-a3;29-7.�296':;, =�29> F�PUMN0	6H+W-72�0�3;6H+W3;29-78�> :A, -O0u3H0	B�]�2�4
> , -I:Y?	DS4�0�:H0	-72':;-9Pª}5> :;+�? 8�J +U:;+�2'FU.�3;?�4�8�692�4�, yt2'3;29B�:O3;29-78�> :;-9n

��bG8�, 4�254�?�698�@A29B�:;-C0�3;2K:;2'[�:;-(:;+10�:C-72'3;=�2G0	-�4�0�:H0	-72':/4�?�698�@A29B�L
:H0�:;, ? BhPC*�+�29-72S4�?�698�@A29B�:;-/0�3;2E0�= 0	, > 0	V�> 2E? B�> , B�2 P
��*�+�2a-7, [�:;+�29B�:737Fu, Bpµ!, J 8�3;2%kZ+10	-<V�2929Bu:73;8�B�6�0�:;2�4u@O0	B�810	> > F
:;?Q, B�69> 814�2<@A?	3;2c29B�:73;, 29-K, BZ:;+�2<-7.10	692E0	> > ?�\�2�4TD�?	35:;+�2Gs1J 8�3;2 P

V�?	:;+T-I:73H0�:;29J , 29-G-78�J J 29-I:G4�0�:H0a.�2'37:H0	, B�, B�Ja:;?A0�:;@A? -7.�+�2'3;, 6<.�? > L
> 8�:;, ? BhPN�"BTµ!, J 8�3;2[kS:;+�2Gs�3;-I:50	B14Z-72969? B14O3H0	B�]�2�4T4�0�:H0	-72':;-50�3;2
^Y}G�C_ud_^T2�0	-78�3;29@A29B�:K?	D(}�:;@A? -7.�+�2'3;, 6<�!? > > 8�:;, ? BTD 3;? @�_�0�:;29> L
> , :;29-'fS4�0�:H0�P¢*�+�2Os�3;-I:as1=�2A3H0	B�]�2�4¢4�0�:H0	-72':;-Q, BWµ!, J 8�3;2T��0�3;2
^e^c�(�I*/*rd_^T2�0	-78�3;29@A29B�:O?	D<�!? > > 8�:;, ? Bw, BW:;+�2e*h3;? .�? -7.�+�2'3;2	f
4�0�:H0�n	\K+�, > 2�:;+�2C-7, [�:;+a0	B14E-729=�29B�:;+E3H0	B�]�2�4E4�0�:H0	-72':;-N0�3;2v^Y}G�C_
4�0�:H0�Pl>C?	:;+e-I:73H0�:;29J , 29-c-78�J J 29-I:<.�?	:;29B�:;, 0	> > FT3;29> 29= 0	B�:c4�0�:H0	-72':;-9n
0	B¡, @A.�3;?�=�29@A29B�:Z?�=�2'3Z:;+�2�, B�, :;, 0	>El�8�2'37FU3;29-7.�? B�-72j0	-7-72'37:;, B�J
:;+10�:KB�?A4�0�:H0a2'[�, -I:;-9P

*�+�2�bG8�, 4�2'L�J 29B�2'3H0�:;2�4 j L�-7.10	692Kd)µ!, J 8�3;2 k�f�?	D :;29BE-7+�?�\K-�@a8�> :;, .�> 2
4�0�:H0	-72':;-a0�:a2�0	6H+j3H0	B�]�PY*�+�, -S, -SV�296�0	8�-72Z0ubG8�, 4�2O4�?�698�@A29B�:
?	D :;29Bw4�29-76'3;, V�29-A@a8�> :;, .�> 2Y4�0�:H0	-72':;-9nK0	B14¢:;+�2'3;2'D�?	3;2T\�2e4�2'3;, =�2
:;+�2S-;0	@A2S, B�:;2'3;B10	>�3;29.�3;29-729B�:H0�:;, ? Bqdv=�296':;?	39f/, Be:;+�2 j L�-7.10	692ED�?	3
:;+�29-72Z4�0�:H0	-72':;-9Pp*�+�, -S-7, :;810�:;, ? BW4�?�29-aB�?	:a?�69698�3a, Bj:;+�2O`c�Iµ�L
J 29B�2'3H0�:;2�4 j L�-7.10	692Td)µ!, J 8�3;2Q��fKV�296�0	8�-72S\�2Q+10�=�2a0O-7, B�J > 2Q`c�Iµ
D�?	3G2�0	6H+Y4�0�:H0	-72':�PC´G?�\�29=�2'3�n�, Dk:"\�?Q`c�Iµ!-/+10�=�2G:;+�2<-;0	@A2c-78�@QL
@O0�37FZ-7296':;, ? Bhn�:;+�29, 3G0	-7-7?�69, 0�:;2�4e=�296':;?	3;-/\K, > >�V�2G:;+�2<-;0	@A2 P

|G?	:;2G:;+10�:52�0	6H+Zs1J 8�3;2c-7+�?�\K-K:;+�2c= 0	> , 4�-K0	-7-7?�69, 0�:;2�4Y\K, :;+T2�0	6H+
3H0	B�]�2�4j4�0�:H0	-72':�P�*�+�, -a, -E:;?e29B10	V�> 2Z0T:73H0	B�-7, :;, ? B¢D 3;? @£:;+�2 j L-7.10	692c:;?a:;+�2 S L�-7.10	692E4�29-76'3;, V�2�4T, BT:;+�2cB�2'[�:K-7296':;, ? BhP

6.2.2
S
-spaceij2YD�?	3;@ :;+�2 S L�-7.10	692eV�FU6'3;2�0�:;, B�Jq0p=�296':;?	3�nSd S g�T S ² T 
 
 
 T S Z1f;nD�?	3S2�0	6H+j4�0�:H0	-72':E\K+�2'3;2 S#U � dA, D�= 0	> , 4���, -E0	-7-7, J B�2�4p:;?Z:;+�2

4�0�:H0	-72':�PQij2a8�-72a:;+�2 � 0	696�0�3H4p69?�2'�A69, 29B�:EJ , =�29Bp, BjMNl�BhPhda:;?
@A2�0	-78�3;2c-7, @A, > 0�3;, :"FT, BT:;+�2 S L�-7.10	692 P
}5-a-I:H0�:;2�4¢, B¢:;+�2Z> 0	-I:A-7296':;, ? BhnN:;+�2Z= 0	> , 4�-Q0	-7-7?�69, 0�:;2�4q\K, :;+W0
4�0�:H0	-72':Y0�3;2�8�-72�4W:;?j:73H0	B�-7, :;, ? BmD 3;? @®:;+�2 j L�-7.10	692e:;?j:;+�2 S L
-7.10	692 PWµ!, J 8�3;2e~e-7+�?�\K-A0	BW2'[�0	@A.�> 2A\K+�2'3;2Z:;+�2 S L�-7.10	692Z+10	-
V�2929BY29B�:;2'3;2�4O\K, :;+u0SD�?�698�-5? Be4�0�:H0	-72':$V g P(ij2<-7+�?�\ :;+�2Gs1=�2
@A? -I:(-7, @A, > 0�3N4�0�:H0	-72':;-k:;?$V g , BS:;+�2Cs1J 8�3;2 Pk*�+�2CD�? > > ?�\K, B�JE69? B�L
=�29B�:;, ? B�-C0�3;2K8�-72�4Q, BOµ!, J 8�3;2c~�PN}Go�o ¤ }G�C_a, BQ:;+�2 � @O0�:;6H+�2�4��
s129> 4T?	DBV U , B14�, 6�0�:;29-G0a:;2'3;@x:;+10�:5+10	-KV�2929Be0	-7-7, J B�2�4Y:;?QV�?	:;+V g 0	B14`V U {k> ?�\�2'3;6�0	-72O, B14�, 6�0�:;29-a0O:;2'3;@z:;+10�:E, -S0	-7-7, J B�2�4�:;?V g 0	B14QB�?	:3V U PN*�+�2 � 8�B�@O0�:;6H+�2�4��G:;2'3;@A-C0�3;2K:;+�? -72G0	-7-7, J B�2�4
:;?FV U 0	B14ZB�?	:K:;?FV g P

*�+�2c8�-72'3/6�0	BZ-729> 296':50	B�FZ4�0�:H0	-72':K-7+�?�\KBT0	B14 � 3;2'D�?�698�-7�A0�:7:;29B�L
:;, ? BQ, BS:;+�2�-7.10	692�:;?G:;+10�:N4�0�:H0	-72':�Pk�"BS:;+�, -k\/09FS, :N, -(.�? -7-7, V�> 2�:;?
2'[�.�> ?	3;2<B�29, J +�V�?	3;+�?�?�4�-5?	D(0Q4�0�:H0	-72':KD�?	3G?	:;+�2'3/3;29> 29= 0	B�:G4�0�:H0�P

|G?	:;2c:;+10�:K\�2<6�0	BT3;29.�3;29-729B�:5, B14�, =�, 4�810	>h= 0	> , 4�-K, BT:;+�2 j L�-7.10	692 P>NFq:;+�, -A4�29=�, 692T\�2Y6�0	BW.�3;?�=�, 4�2Y0u:73H0	B�-7, :;, ? BU:;?u:;+�2 j L�-7.10	692D 3;? @®:;+�2 S L�-7.10	692 P�ij2e6�0	B¡0	> -7?q29B�:;2'3Z:;+�2 j L�-7.10	692u=�, 0p:;+�2
698�373;29B�:<4�0�:H0	-72':<8�B14�2'35D�?�698�-c, Bu:;+�2 S L�-7.10	692 Pq>C?	:;+u:;+�29-72S29B�L
:737Fp@A296H+10	B�, -7@A-<, B�:;?T:;+�2 j L�-7.10	692O6�0	BjV�2O8�-72�4�:;?Y-78�.�.�?	37:a0
@a8�> :;, .�> 2c=�, 2'\K.�? , B�:5, B�:;2'3H0	6':;, ? BhP

7. CONCLUSIONij2e0�3;2eV�8�, > 4�, B�J¢0p.�3;?	:;?	:"F�.�2Y-72�0�3;6H+m0	-7-7, -I:H0	B�:O\K, :;+w|c}c_�}
-78�.�.�?	37:A:;?p+�29> .wMN0�37:;+U-769, 29B�692e8�-72'3;-Z4�2�0	>/\K, :;+w=�?�6�0	V�8�> 0�37F
.�3;? V�> 29@A-<, B�:;+�2AMC^<_u`<0�:H0ebc0�:;2'\/09F�n�:;+10�:E, -9n!\K+�29B�:;+�2Q, B�L
4�2'[�, B�Ju=�?�6�0	V�8�> 0�37Fj, -Q8�B�Dv0	@A, > , 0�3a:;?e:;+�2O-72�0�3;6H+�2'3�Ppij2O+10�=�2
4�29-76'3;, V�2�4Z:;+�2c-I:H0�:;8�-/?	Dk? 8�35.�3;?	:;?	:"F�.�2c0	B14T4�, -7698�-7-72�4Y0aB�?�=�29>
, B�:;2'3H0	6':;, ? Bw.10�3H0 4�, J @®6�0	> > 2�4w@a8�> :;, .�> 2Y=�, 2'\K.�? , B�:;-*� d��1�c\K+�, 6H+
> 2':;-A8�-72'3;-Q, B�=�29-I:;, J�0�:;2T:;+�2Z-IF�-I:;29@°+�? > 4�, B�J -Q=�, 0p4�, yt2'3;29B�:Q, B�L
4�2'[�, B�Ja-7.10	6929-9P

ij2O+�? .�2Q:;?e, @A.�3;?�=�2A-72�0�3;6H+¢2'�A69, 29B�6'F¢0	B14j2'yt296':;, =�29B�29-7-ED�?	3
29B14¢8�-72'3;-9n�0	B14¢+�29B�692 nC, B�6'3;2�0	-72T-769, 29B�:;, s16T.�3;?�4�8�6':;, =�, :"F�Ppij2



2'[�.�296':C:;+10�:C-72�0�3;6H+�2'3;-C\K, > >�+10�=�2G0	BA2�0	-7, 2'3/:;, @A2K> ?�6�0�:;, B�Ja4�0�:H0�n
0	B14�, Bj-7? @A2Q6�0	-729-9n!\�2A2'[�.�296':<:;+10�:E-72�0�3;6H+�2'3;-<\K, > >Ns1B14p4�0�:H0
:;+10�:<:;+�2'Fu@A, J +�:<B�29=�2'3E+10�=�2a> ?�6�0�:;2�4�\K, :;+�? 8�:<:;+�2Q-72�0�3;6H+¢0	-IL
-7, -I:H0	B�:�P

��:S, -a0	> -7?u, @A.�?	37:H0	B�:<:;?T3;29, :;2'3H0�:;2O:;+10�:E:;+�, -E.�3;?�6929-7-a0	69698�@a8�L
> 0�:;29-�@A2':H0 4�0�:H0c, B�6'3;29@A29B�:H0	> > Fa, BA:;+�2KB�?	3;@O0	>�? .�2'3H0�:;, ? BO?	Dt:;+�2
-IF�-I:;29@r3H0�:;+�2'3E:;+10	Bp3;2�l�8�, 3;, B�JY2'[�.�29B�-7, =�2A@O0	B�810	>N6�0	@A.10	, J B�-
:;?E.�? .�8�> 0�:;25@A2':H0 4�0�:H0�P(*�+�, -/0	.�.�3;?�0	6H+O]�2929.�-(:;+�25-IF�-I:;29@�698�37L
3;29B�:a29=�29Bj, Bp:;+�2ADv0	692Z?	D54�2969> , B�, B�JuV�814�J 2':;-9Pu^G8�3S.�3;?	:;?	:"F�.�2
\�?	3;]Q+10	-(:H0	]�29BA-I:;29.�-C, BQ:;+�, -C4�, 3;296':;, ? BhPkij2K-I:;, > >�B�292�4a:;?<29= 0	> L
810�:;25:;+�2K2'yt296':;, =�29B�29-7-�?	Dh:;+�25-IF�-I:;29@ 0	B14Q:;+10�:�.�3;? @A, -729-N:;?SV�2
0a-7, J B�, s16�0	B�:G6H+10	> > 29B�J 2 P

ij2j0�3;2j0	> -7?U69? > > 0	V�?	3H0�:;, B�Jw\K, :;+¡:;+�2jb ¤ ^T`¯:;?W@O0	]�2u:;+�, -
-72�0�3;6H+O0	-7-7, -I:H0	B�:�0�= 0	, > 0	V�> 2�:;?<MN0�37:;+Q-769, 29B�692K8�-72'3;-k:;+�3;? 8�J +Q? B�2
?	3K@A?	3;2c?	D!, :;-/2'[�, -I:;, B�JQ, B�:;2'37Dv0	6929-50	B14O+�? .�2G:;+10�:�\�2c6�0	BT69? B�L
:73;, V�8�:;2(:;?/:;+�2(> 0�3;J 2CV�?�4�F<?	D�\�?	3;]<0	> 3;2�0 4�FE4�? B�2NV�FG:;+�2Cb ¤ ^T`
:;?O-7? > =�2<:;+�2E=�?�6�0	V�8�> 0�37Fe.�3;? V�> 29@A-/Dv0	692�4eV�FT, :;-G8�-72'3;-9P5�"BT:;+�2
29B14q\�2Y+�? .�2Y:;+10�:Q\�2Y\K, > >G+�29> .U29B10	V�> 2eMC^<_�`c�7_j:;?pV�2T:;+�2
D�? 8�B14�0�:;, ? BZ8�.�? BQ\K+�, 6H+O@A?	3;2G0	B14QV�2':7:;2'3�-769, 29B�6925\K, > >�V�2569? B�L
4�8�6':;2�4tP

8. REFERENCES� ����� ;���"	����
�=C;�=��%(*�% �� "�7��%"2��(���7���
�
$;���;���� 
3����+�
�����.��!;���;
�/��(���+-(<;��B���*�%"$����� ���'� ����� ��)E�����:7�+- *����(�� ;�� ����� �"!$#$#$%�& ')(�*��,+
- . #0/�1 - .32 ' - #"�4'�5 - & ��'�5�6�78��'9+4#"� #"'�!$#���';:�#"*4#$5�� ! . 5�'�%
<	#"=>#"6 �4?�@�#"' - & ' 2 '9+4���4@�5 - & ��'A:�# - �4& #"=>5�6 
#0��%)%+- �9BC�4D��9B�E 

F���(�� �*7G
 � 89� �,H-+-(�& ����.I
 �9J�J�E ;

� K9� ��;�LD���,��& ����.I
��C;��,7�+��G
�MC;��,7�+��G
�N:;�O�+��P
�Q�;)
@� "�
�L@;��/�%"�

R2;��/�%(* *���G
�L@;�=��%(*)%�%(*.I
�����.SQ�;��>��(*���<; ����0�0�� ��)0T>���*(��
U,���-�>����& �%(��6�*��VB��� �%"�� & � �%(@��+��*�%.����*��U,���-�>����& �%(�� +- <;W<YX[Z�&�\
]A59(P59^�& '�#"
�_)` �>a 
�b �������%(�� �9J�J�J ;

� c9� MC;��,7�+��G
��3;�d�;�=�)�
�b�;����%(���� ��+�H�
 ����.�L@;�R2; � �*7����,H%;��
�D�����-+�0�� � 0��%�-+	�B0�0�(*�%�%�*76�*����.�.�(*+- * �� ��)$��7�+eU,���-�>����& �%(��
�,(*�>��& +-" � � � ��� +������ f��Y� ��� �%(*"$����� ����RB+��*(�� +4g���&�hi�B�3T8j�01+-(�� "$+�������6��7�+Yk
�%(*"l�D�%"$"2����� �4� � �# ��*+-"6;Gm)��n)�4'�5�6��,+ - . #	op@�#"�4& !$5�'
q �"!"& # -�r +4��� 2 '9+4���4@�5 - & ��' q !"& #"'�!$#"
)s B ` �>a h �>t�D)cC� 
 �9J�JPt ;

� s � ��;�b�;��D(*�����*7/;��B���B0�0�(*�%�%�*7��*����7�+Y�B���*�%"$����� ���D���� ��*(�������� ������iOB& �>����&��:7�+- *����(�� ; 2 '9+4���4@�5 - & ��';��� �"!$#"*$*$& ')(�5�'�%
]A5�'�59(P#"@�#"' - 
 K�E `�_ a h E�K�J"D)E sPu)
 �9J�J u#;

� _ � b�;v��;�N�(*+����*7G
��C;��,;��!�<8:+�& &�
�N:;�O�+��P
�����.�=C;��!+-(*+�& "$���/;
T8j�0�& ��� ��� ��)S�w�D�����*(*��& & +-.xU,���-�>����& �%(��A�*�0�4"�0�(*�"g +��D��& & +-����� ���
� +�& +-����� ���
����.xRB+��*(�� +4g���&�T8y1+-����� g +���+- * <;v� �A��� �"!$#$#$%�& ')(�*Sz�#"' - .
2 ' - #"�4'�5 - & ��'�5�6�78��'9+4#"� #"'�!$#���' 2 '9+4���4@�5 - & ��'{5�'�%3|	'���}~6 #$%9(P#
]A5�'�59(P#"@�#"' -e� 7 2 |Y]��)�P�P/4�9
�0��%)%+- �9J�J"D)K u E 
 K u�u � ;

� E9� b�;v��;�N�(*+����*7G
��C;��,;��!�<8:+�& &�
 ����.�TB; � �*7���& "$���/;v�B0�0�& � �-����� ���� ���8�B0�0�(*�"j�� "$���*+Yk
�%(*.������*�*7�� ��)5� �x� ��� �%(*"$����� ���;RB+��*(�� +4g���& ;
� ��� - .32 ' - #"�4'�5 - & ��'�5�6i78��'9+4#"� #"'�!$#���' 2 '9+4���4@�5 - & ��'�5�'�%
|	'���}~6 #$%9(P#�]A5�'�59(P#"@�#"' -�� 7 2 |Y]�� 1)�$�9
�0��%)%+- J"D�� _)
��/�% 
U,+-)%�% "
�=�+4g��%.���
 � u9� � s$=��"g +-"	�1+-( �9J�JPt ;

� t"� b�;v��;�N�(*+����*7G
��C;��,;��!�<8:+�& &�
 ����.�TB; � �*7���& "$���/;vV� �� ��)
�,& �� ��*+-(�� ��) � �*(*���*+-)�� +- �� �%(��D(*+-����� ��)0�B����7��%(�� �4��NP� & +- <;Wm)��n)�4'�5�6
�,+ - . #�op@�#"�4& !$5�' q �"!"& # -�r +4��� 2 '9+4���4@�5 - & ��' q !"& #"'�!$#"
�_ � 
 K u�u�u#;
�P�$��0�01+-�%(<;

� B9� b�;v��;�N�(*+����*7G
��C;��,;��!�<8:+�& &�
�TB; � �*7���& "$���G
 ����.xb�;��,;��>� ��& �,H%;
�B���*�%"$����� ��)5��7�+��D���� ��*(�������� ���X�����B����7��%(�� �4�xNP� & +- 9� �;d�� )�� �*��&
�'� ��(*�%(�� +- "h��w�D�% *+ � ����.#�1;�� �A��;��!+��*+-(* B����.A��;��:7������% "
+-.#� �*�%(* "
I��& �4* -�� n)� �4?)#$5�'�78��'9+4#"� #"'�!$#���';:�#"*4#$5�� ! . 5�'�%
o~%�=>5�'�!$#$%�z�#$! . '���6 �$( r +4���Y<Y& (�& - 5�6vZ�&�\�� 5��4& #"*$
)g ��& ��"$+ �9c�K s5���
ZI#$! - n)� #��Y� - #"*Y& '�78��@�?�n - #"� q !"& #"'�!$#"
�0��%)%+- e_�_ D�tP� 
��>�  *��
 � � c
� +�0��*+-"	�1+-( �9J�JPt ; � 0�(�� ��)%+-( ��U,+-(�& �%)�;

� J9� OC;�k ;�N���(����% "
��3;�
$;��/����.�����+-("
��,;���;�O��%"$+�H�
�����. � ;��3;
d���"$���  <;��:7�+eU,���-�>����& �%(��x�,(*�>��& +-" � �xMB��"$����� � �# ��*+-"
�D�%"$"2����� �-����� ���� <;p78��@�@�n)'�& !$5 - & ��'�*��,+ - . #	o�7W];

c u)` ���>a h J�E s D)JPtP� 
'=��"g +-"	�1+-( �9J�BPt ;

� � u � U�;�O���������
�R2;�RB�%"$�>�#(��  �7������G
�b�;�O�+�7�( � +�
��C;��!�<8:+�& &�
 ����.
b�;�N�(*+����*7/;v�,& �� ��*+-(�� ��)0�/�%(*)%+Yd@���*�% *+��* B� �x��( ��� �*(*�%(��6��+��*(�� �
� 0��%�-+- <;�� ��/�� - .32 ' - #"�4'�5 - & ��'�5�6�78��'9+4#"� #"'�!$#���';<	5 - 5
� ')(�& '�#$#"�4& ')( � 2 7W< � � 1P1��9
�0��%)%+- e_�u K"D _ ��� 
 � �#.#��+��P
1���%(*�*7
�9J�J�J ;

� ����� TB;�O��%( f�+�& .�����.x�H;�MC; � 7�+-(<;�
3+��Ck
�%(*.� p�>& �� ����B& )%�%(�� ��7�"�� �
d@+-(�� g������ g +�� ��.�+4j�� ��)�;�m)��n)�4'�5�6��,+ - . #�op@�#"�4& !$5�' q �"!"& # -�r +4���
2 '9+4���4@�5 - & ��' q !"& #"'�!$#"
�s�s�`�_ a h K�J�B"D)K�J�J 
 �9J�J�c ;

� �9K9� N:;�O�+��P
1��;)LD���,��& ����.I
v�C;��,7�+��G
�����.xR2;��/�%(* *���/;�T>���*(��
U,���-�>����& �%(�� D ���P+-�*7�����& �%)��6�*�0T>��7������-+	d�� )�� �*��&��p�)�*+-���
� +-�%(*�*7/;�� �A��� �"!$#$#$%�& ')(�*��,+ - . #	��& �4* -82 ' - #"�4'�5 - & ��'�78��'9+4#"� #"'�!$#
��';�en)@�5�'AZI5�')(�n�59(P#xz�#$! . '���6 �$( r 
 K u�u � ;

� �9c9� �3;�b �<�#�-+2����.xR2;���;#=�+-+-.#7��%"6;��:7�+Y�:7�+- *����(��� p�B0�0�(*�%�%�*76�*�
� ��� �%(*"$����� ���;RB+��*(�� +4g���& ;Wop@�#"�4& !$5�';<	�"!"n)@�#"' - 5 - & ��'�

J h �9J�K"D��9JPt 
 �9J _ B ;

� � s � N:;)k ;��/�����-�% ��*+-(<;p���"!$5C\�n)6 5�� r 78��' - � ��6)+4��� 2 '9+4���4@�5 - & ��'
:�# - �4& #"=>5�6 � � �P'�%C�8#$%�& - & ��'P� ;�� ��� �%(*"$����� ���;RB+- *����(*�-+- p�,(*+- * "

�9J�B�E ;

� � _ � ��; �[MC;)�/+�����)5����.Sk ; �[
$;�
3���/;�� � �*�����  ���� �-��&8�/+-�%(���� ��)
�B0�0�(*�%�%�*7��*���B���*�%"$����� ��� ��.�+4j�� ��)E�����D�����*(*��& & +-.;� ��.�+4j
�P+-(*"$ <;Im)��n)�4'�5�6��,+ - . #�op@�#"�4& !$5�' q �"!"& # -�r +4��� 2 '9+4���4@�5 - & ��'
q !"& #"'�!$#"
�s B ` �>a h _�_ D)E�E 
 �9J�JPt ;

� �9E9� �,;��B&  *+��/;�M�+�& 0�� ��)3V� *+-(* ��pg +-(*�-�%"$+eU,���-�>����& �%(��xL:�%(*(�� +-(* :� ���7�+�OY�:�xd�
 K u�u K ;�� �60�(*+�0��%(*����� ���/;
� �>t"� ��;��>& ���  *�����"
vL@; � ��+�� .�+-(*"$���G
�
$;�d@�%���G
�����.x�3;�L:(����� <;

� ���*+-(�� �%�-+2����.xd@���*����(*�*7�� �*+-������(*+2� �%(��B��+-(��3�,(*+4g�� +�8?� �=�+��48:�%( � +-.x� ��� �%(*"$����� ��� � �# ��*+-"$ <;Io�7W]�z�� 5�'�*45P! - & ��'�*	��'
2 '9+4���4@�5 - & ��' q r * - #"@�*$
 �>t ` cPa h c�K u D)c s � 
 �9J�J�J ;

� �9B9� �C;��!�<8:+�& &!����.�b�;���;�N�(*+����*7/;��:7�+Y�!���*+������ ��&!�*���4"�0�(*�"g +
RB+��*(�� +4g���&�T8y1+-����� g +���+- * @89� ��7F�6��& ��� 0�& +	U�� +�8901��� ���* <;v�P+-�*7���� �-��&
RB+�01�%(��e� � � J�B � � _)
�d@+�0��%(��*"$+����������D�%"�0����*+-( � ��� +����-+�

VB��� g +-(* �� �4�����WU�� (*)�� ��� ��
 �9J�J�B ;

� �9J9� OC; � ��& �*���F����.���;�b�; ���9OB� & & ; 2 ' - � �"%�n�! - & ��' - �0]A�"%P#"�4'
2 '9+4���4@�5 - & ��'A:�# - �4& #"=>5�6 ;����9O�(*�<8~�[MB� & &WL:���>�;�D�%"�0������P
 �9J�B�c ;

� K u � L@;�R2; � �*7����,H%;�� ��� �%(*"$����� ���ARB+��*(�� +4g���&/� �;d�� )�� �*��&��'� ��(*�%(�� +- "h
L:(�� ��)�� ��) � +-�%(*�*7��*����7�+2=�+��<; q !"& #"'�!$#"
 KPt _)` �>a h c�KPt�D)c�c s�

b �������%(�� �9J�JPt ;

� KC��� �!; � �*7�������& +%;v�:7�+- *����(��� pL:�% *+-.;�D�����-+�0�� � 0��%�-+- <;�� �
��� �"!$#$#$%�& ')(�*��,+ - . #�/P� - .S2 ' - #"�4'�5 - & ��'�5�6�78��'9+4#"� #"'�!$#���'
:�#"*4#$5�� ! . 5�'�%3<	#"=>#"6 �4?�@�#"' - & ' 2 '9+4���4@�5 - & ��'A:�# - �4& #"=>5�6 
#0��%)%+- 
K _>s D)K�E�K 
 =�+�8���(�& +-���� "
��G��
 �9J�BPt ;

� K�K9� TB; � �*7���& "$���G
�b�;v��;�N�(*+����*7G
��C;��,;��!�<8:+�& &�
IOC;�T>� �*7�7��%(��G
��;�b�;�
@��(��,H�
�����. � ; � ; �6��(*(*�<� ;)�P(*+���.� 9� �x�� ��*(*�����%"�� �-��&
�>����& � �-����� ���{L:+��48:+-+�� �9JPt _�����. �9J�J�E ;v��n�\�6 & !$5 - & ��'�*��,+ - . #
oe* - � ��'���@�& !$5�6 q �"!"& # -�r �,+ - . #Y�~5P!"&  �!"
 � u J h �9KPt>B"D��9K�B s�
 �9J�JPt ;

� K�c9� TB; � �*7���& "$���G
�b�;v��;�N�(*+����*7G
��C;��,;��!�<8:+�& &�
 � ; � ; �6��(*(*�<�P

OC;�T>� �*7�7��%(��G
�����.���;�b�;�
@��(��,H%;��:7�+ � ����� ��& �%)��F���
�� ��*(*�����%"�� �-��&��>����& � �-����� ����V� �� ��)���d � ����.���dp�@� � ;�� �
OC;�MB�����B����.�MC;��!�<����+�
�+-.#� �*�%(* "
Goe* - � ��'���@�& !$5�6G<	5 - 5
op'�5�6 r *$& * q �,+ - }�5�� #05�'�% q r * - #"@�*�� 2 ��=>��6 n)@�#3/>�C�S�,+ - . #
oe* - � ��'���@�& !$5�6 q �"!"& # -�r �,+ - . #Y�~5P!"&  �!�78��'9+4#"� #"'�!$# q #"�4& #"*$
0��%)%+- c�EC�4D)c�E s�
 �9J�JPt ;

� K s � TB; � �*7���& "$���G
��C;��,;��!�<8:+�& &�
�b�;���;�N�(*+����*7G
vOC;�T>� �*7�7��%(��G
��;�b�;�
@��(��,H�
�����. � ; � ; �6��(*(*�<� ;)V� �� ��)$��7�+Y��d � d@���*�>���% *+3�*�
� ����.#���P(*+���.� 9� �x�� ��*(*�����%"�� �-��&��>����& � �-����� ���/;�¡~n)6 6 # - & 'A�,+ - . #
op@�#"�4& !$5�'Aoe* - � ��'���@�& !$5�6 q �"!"& # -�r 
 K�B ` s a h �9K�BC� 
 �9J�J�E ;



H ���	��
��¡��� �������e�	��� % ������� ����
q� %�&�& $���� % �

� ���k� � R
#��	�����	� �(� N E
BIH���º�H ? E�R�� »�º�H�¸�»��1O�J ` ��H ? H�Q�� � Q
K��
K ` » A E
JDC º N ¸ ? ¸ A

N E
BIH���H A F � � »�º�H�¸�»��1O�J ` ��H ? H�Q��
	���K ` » A E
JDC º N ¸ ? ¸ A
N E
BIH���H A F � � »�º�H�¸�»��1O�J ` ��H ? H�Q
������K ` » A E
JDC º N ¸ ? ¸ A

��� & ��#���� »
E A M�º1G N º1G�ºLeIC*J�¸�


� ���k� � R
#��	�����	� �(� N E
BIH���º�H ? E�R�� »�º��Le����1O�J ` ��H ? H�Q�� � Q
K��
K ` » A E
JDC º N ¸ ? ¸ A

N E
BIH���H A F � � »�º��Le����1O�J ` ��H ? H�Q��
	���K ` » A E
JDC º N ¸ ? ¸ A
N E
BIH���H A F � � »�º��Le����1O�J ` ��H ? H�Q
������K ` » A E
JDC º N ¸ ? ¸ A

��� & ��#���� »
E A M�º1G N º1G�ºLeIC*J�¸�


Rk���k� ���
#��	�����	� �(�Y»�i�»�H�F�¸�¹�¸�F � ` P�F�F A ¸IH�º1F
P ? C º1G��1GDC N M
PDH�Q
��� »�i�»�H
��� & ��#���� A E
JDC1E
G�»	¸�


�(���k� ���
#��	�����	� �(�Y»�i�»�H�F�¸�¹�¸�F � EsK
E�»��1GDC N M
PDH�Q
��� »�i�»�H
��� & ��#���� A E
JDC1E
G�»	¸�

#��	�����	� � »�i�»�H�F�¸�¹�¸�F � M A º1SIH�¸��1GDC N M
PDH�Q
��� »�i�»�H
��� & ��#���� BDCLK N ¸�G ? H�

#��	�����	� �(�Y»�i�»�H�F�¸�¹�¸�F � K
E�»��1GDC N M
PDH�Q
��� »�i�»�H
��� & ��#���� E ¸ A º�H�º1F A E
JDC1E
G�»	¸�
jFDCLKLO ? E ?�? ¸�G
P�E ? C º1G�
@BDCLK N ¸�G ? H�
jS�E ? ¸ A Q1F�¸�E ¹DC*G�K A E
JDC1E
G�»	¸�


�!���k� � �
#��	�����	� �(�Y»�i�»�H�F�¸�¹�¸�F�RoJ�EIC*F�fsBIH ? �1GDC N M
PDH�Q
��� »�i�»�H

»�i�»�H�F�¸�¹�¸�F�R N º1G ? O�F�f »�º N B�º�H�C ? ¸sBIH ? �1GDC N M
PDH�Q
��� »�i�»�H
»�i�»�H�F�¸�¹�¸�F�R N º1G ? O�F�f »�º N B�º�H�C ? ¸��1GDC N M
PDH�Q
��� »�i�»�H
»�i�»�H�F�¸�¹�¸�F�RoS�¸�¸���F�fsBIH ? �1GDC N M
PDH�Q
��� »�i�»�H

��� & ��#���� E ¸ A º�H�º1F A E
JDC1E
G�»	¸�
jBDCLK N ¸�G ? H�
@FDCLKLO ? E ?�? ¸�G
P�E ? C º1G�
@S�E ? ¸ A Q1F�¸�E ¹DC*G�K A E
JDC1E
G�»	¸�


�k���k����	
#��	�����	� �(� ? E A�` ºLe��*P�S�» � R � E��*P�S�» � R � � »LF�º*P�J�»LO�E N M�¸ A
��� & ��#���� »LF�º*P�J »�º1G�J�¸�GIHLE ? C º1G�G
P�»LF�¸DC�
jG
P�»LF�¸�E ? C º1G�

#��	�����	� �(� ? E A�` ºLe��*P�S�» � R � E��*P�S�» � R � ��¸ ? O�¸�G�¸�»LO�¸ N C*F
P N C*G�¸IH »	¸�G�»	¸
��� & ��#�����º
i�º1G�¸�

#��	�����	� �(� ? E A�` ºLe��*P�S�» � R � E��*P�S�» � R � � ` H�H1B
��� & ��#���� J A º1B�F�¸ ? »�º1G�»	¸�G ?
A E ? C º1G���H�CLi	¸�


�k���k����	
#��	�����	� �(�Z¸ A H�Q � HLE A C N E�K	¸IHbQ ` P�F�F A ¸IH���¸ A H�Q � �LE N C
Q�HLE A 
�HLE A 
 A E
J�E A

¸ A H�Q � HLE A C N E�K	¸IHbQoF�º1S A ¸IH���¸ A H�Q � �LE N C
Q�HLE A 
�HLE A 
 A E
J�E A
¸ A H�Q � HLE A C N E�K	¸IHbQ ` P�F�F A ¸IH���¸ A H�Q � �LE N C
Q�HLE A 
�HLE A 
 A E
J�E A
¸ A H�Q � HLE A C N E�K	¸IHbQoF�º1S A ¸IH���¸ A H�Q � �LE N C
Q�HLE A 
�HLE A 
 A E
J�E A

��� & ��#���� A E
J�E A » A º�H�H�Q�H�¸�» ? C º1G�
 A E
J�E A M�E�»��IH »
E ?�? ¸ A 
 A E
J�E A C N E�K	¸ A f�


tvu�wyx{z1|��������D���
��|��*�[z1|��*x{zL�{|I�o�_�
z��	�{|��Wx{|�z1�����D�*���y��� �{|�zLu"�%�]�y�"�"x{�*u��y��� � � �{|j�{�D���
��|��[z1|���z1|I��|I�����D�*u��y���"!�|�z1|j�pu"�{|I�
�_z1�y�$#�x�u"�{| �{�W��x���|I���*�
�



H ���	��
��¡��� �������e�	��� % ������� ����
q� %�&�& $���� % �

� ���k� � R
#��	�����	� �(� N º1BDC ?�? F�� ��� & Q
R~J��	��� ��K ����#�#�� #¡»LO�� ? % ��� & » %�& $	��� �h� N º1B����
��� & ��#���� N ¸ ? O�E
G�¸�


� ���k� ���
#��	�����	� �(� N º1BDC ?�? F�� ��� & Q
R~J��	��� ��K ����#�#�� #¡»�º ? % ��� & » %�& $	��� �h� N º1B����
��� & ��#���� »
E A M�º1G N º1G�ºLeIC*J�¸�


Rk���k� ���
#��	�����	� �(� N º1BDC ?�? F�� ��� & Q
R~J��	��� ��K ����#�#�� #¡»�º N ��������� A �	��� % � �h� N º1B����
��� & ��#���� »
E A M�º1G N º1G�ºLeIC*J�¸�


�(���k� ���
#��	�����	� �(� N º1BDC ?�? F�� ��� & Q � J��	���W��� % �¡¸�º�H ? � ����� � N º1B�� � �
��� & ��#���� »
E A M�º1G N º1G�ºLeIC*J�¸�
 N ¸ ? O�E
G�¸�


�!���k� � �
#��	�����	� �(� N º1BDC ?�? F�� ��� & Q � J��	���W��� % �¡¸�º�H ? � ����� � N º1B�� � �
��� & ��#���� E ¸ A º�H�º1F A E
JDC1E
G�»	¸�
�º*P ? K�º�C*G�KbF�º1G�KLS�E ¹�¸ A E
JDC1E ? C º1G�
�C*G `
A E A ¸�J C N E�K	¸ A f�


�k���k� � �
#��	�����	� �(� N ������$��������	��� % �bE����~B %�&�& $���� % �¡��� % � H��	��� &�& ������� � N E
BIH��

H�����
	� A �	#��	�~F���� % ���	� % ��·�Q � �7H A F � �q»��	� � % � N % � % ����#��
H ��
 % ��#w��·�H ��
 % ��#w#��	���

��� & ��#���� »
E A M�º1G N º1G�ºLeIC*J�¸�


�k���k� � �
#��	�����	� �(� N ������$��������	��� % �bE����~B %�&�& $���� % �¡��� % � H��	��� &�& ������� � N E
BIH��

H�����
	� A �	#��	�~F���� % ���	� % ��·�Q � �7H A F � �q»��	� � % � N % � % ����#��
�W#�� �������W��· �W#�� �������U#��	���

��� & ��#���� »
E A M�º1G N º1G�ºLeIC*J�¸�


�k���k� ���
#��	�����	� �(��B���� % ������·bB�� % �����9�����m� % �m»	���������H�oE����	��#�� ���
��� & ��#���� E�K A C	»1P�F ? P A E
F A ¸IH�º*P A »	¸IH�
e¸�G�¹DC A º1G N ¸�G ? E
F C*G�JDC	»
E ? º A H�
�C*G�J
PDH ?
A C1E
F

A ¸IH�º*P A »	¸IH�
 E�K A C	»1P�F ? P A E
F¡¸��*P
C*B N ¸�G ? 
 ` E A�N H ?
A P�» ? P A ¸IH�
�» A º1B�BDC*G�K�H1fIH ? ¸ N H�

J�EIC A fsB A º1J
P�» ? H�
jFDC�¹�¸IH ? º »��sB A º1J
P�» ? H�
@B�º*P�F ?
A fbB A º1J
P�» ? H�
 E
GDC N E
F
N E
G�E�K	¸ N ¸�G ? H1fIH ? ¸ N H�
 ` C�¸�F�J¡» A º1BIH�B A º1J
P�» ? H�
 `
A P
C ? B A º1J
P�» ? H�

O�º A�? C	»1P�F ? P A E
FUB A º1J
P�» ? H�
Y¹�¸�K	¸ ? E
M�F�¸sB A º1J
P�» ? H�
@E�K A C	»1P�F ? P A E
F¡¸�»�º1G�º N C	»�H�


	k���k����	
#��	�����	� �(��J�������
�� % ��· % �W¸�$�� % N E
MsM�� % ������� ��� A ���	� �������
��� & ��#���� »LFDC N E ? ¸ »LO�E
G�K	¸�
jF�E
G�J¡»LO�E A E�» ? ¸ A C
H ? C	»�H�


� �k���k����	
#��	�����	� �(�rE���� % ������� ����
�B�� % ��� & ����� ? º�¹IHsQpG�ºLE�E�� ` C ` ¸ �
��� & ��#�����º
i�º1G�¸�
@E ?
N º�H1B�O�¸ A C	»bB A ¸IH�H*P A ¸�
@EIC As? ¸ N B�¸ A E ? P A ¸�
�»LF�º*P�JsE N º*P�G ? 


tvu�wyx{z1|��{�����D���
��|��*�[z1|��*x{zL�{|I�o�_�
z��	�{|��Wx{|�z1�����D�*���y��� �{|�zLu"�%�]�y�"�"x{�*u��y��� � � �{|j�{�D���
��|��[z1|���z1|I��|I�����D�*u��y���"!�|�z1|j�pu"�{|I�
�_z1�y� �	��t |I����zLu�|I�
�



J � � � �������
N �	��
���� #(�

E ¸ A º�H�º1Fm¸�e ? C*G�» ? C º1G�
 EIC As? ¸ N B�¸ A E ? P A ¸�
�»
E A M�º1G N º1G�ºLeIC*J�¸�
 N ¸ ? O�E
G�¸�

GDC ?
A º
K	¸�G�JDC ºLeIC*J�¸�
jGDC ?
A º
K	¸�G�ºLeIC*J�¸IH�
rGDC ?
A º*PDHmºLeIC*J�¸�
�º
i�º1G�¸�
 ?
A E�»	¸UK
E�H�¸IH�

S�E ? ¸ A ¹�E
B�º A 


J � ���k�������
N �	��
���� #(�

E ¸ A º�H�º1Fm¸�e ? C*G�» ? C º1G�
 EIC As? ¸ N B�¸ A E ? P A ¸�
j
 �	� � % �W� % � % ����#�� 
 N ¸ ? O�E
G�¸�

GDC ?
A º
K	¸�G�JDC ºLeIC*J�¸�
jGDC ?
A º
K	¸�G�ºLeIC*J�¸IH�
T������� % $�� % ����#�� 
�º
i�º1G�¸�
 ?
A E�»	¸UK
E�H�¸IH�

S�E ? ¸ A ¹�E
B�º A 


J��k���k���
��R
N �	��
���� #(�

E ¸ A º�H�º1Fm¸�e ? C*G�» ? C º1G�
 EIC As? ¸ N B�¸ A E ? P A ¸�
j
 �	� � % �W� % � % ����#�� 
 N ¸ ? O�E
G�¸�

GDC ?
A º
K	¸�G�JDC ºLeIC*J�¸�
jGDC ?
A º
K	¸�G�ºLeIC*J�¸IH�
rGDC ?
A º*PDHmºLeIC*J�¸�
�º
i�º1G�¸�
 ?
A E�»	¸UK
E�H�¸IH�

S�E ? ¸ A ¹�E
B�º A 


P��	�1�	��
���� #(�
� & ����� $�#�� 
j
�� &�% �������U���������	��� 
p
�� &�% � % � & $ % � % 
 �	� � % ����
�����������
U��
���# 


J � Rk���k� �����
N �	��
���� #(�

� � � % � %�& � ��������
���� % ��
 EIC As? ¸ N B�¸ A E ? P A ¸�
j
 �	� � % �W� % � % ����#�� 
T��� � ������� 

GDC ?
A º
K	¸�G�JDC ºLeIC*J�¸�
jGDC ?
A º
K	¸�G�ºLeIC*J�¸IH�
T������� % $�� % ����#�� 
�º
i�º1G�¸�
 ?
A E�»	¸UK
E�H�¸IH�

S�E ? ¸ A ¹�E
B�º A 


P��	�1�	��
���� #(�
����������
w��
���# 


J ��� ���k� �
���
N �	��
���� #(�

� � � % � %�& � ��������
���� % ��
 EIC As? ¸ N B�¸ A E ? P A ¸�
j
 �	� � % �W� % � % ����#�� 
T��� � ������� 

GDC ?
A º
K	¸�G�JDC ºLeIC*J�¸�
jGDC ?
A º
K	¸�G�ºLeIC*J�¸IH�
T������� % $�� % ����#�� 
�º
i�º1G�¸�
 ?
A E�»	¸UK
E�H�¸IH�

S�E ? ¸ A ¹�E
B�º A 


P��	�1�	��
���� #(�
��� % � % ���	����� � & ������� ��� 
Y����������
w��
���# 


J��k���k� � � �
N �	��
���� #(�

� � � % � %�& � ��������
���� % ��
 EIC As? ¸ N B�¸ A E ? P A ¸�
j
 �	� � % �W� % � % ����#�� 
 N ¸ ? O�E
G�¸�

������� % ���	� #�� % ����#�� 
jGDC ?
A º
K	¸�G�ºLeIC*J�¸IH�
rGDC ?
A º*PDHmºLeIC*J�¸�
 %���% ��� 
 ?
A E�»	¸UK
E�H�¸IH�

���	��� �m����� % � 


P��	�1�	��
���� #(�

�� &�% � % � & $ % � % 
 �	� � % ����
�����������
w��
���# 


tvu�wyx{z1|������Wu"�pu"���Dzj�{�D���
��|��*�ju"� S�� �����
�
|ox��*u"�{w�	W�
���
�DzL� �
��|�
o��u�|I���
�ptvu��_��|�|I���{�D���
��|��*� �{���y|��{�y� ��|�z1�s�*u"�pu"���DzLu����~���
�{�D���
��|��6V g �{�y�������	�{|
�hzL�����h�y|�� � V ² T V�� T V g ¶ T V g7g%T V � � ���Dz1|j�	�{��!%���{|�z1|y���������������pu"���	�{| �����D�*���{|I� ���h|I�"�p�
�3V U
u"����u"�
�D��|I�r����|�zL� �	�{�D� �{�
�r�]|�|I�U�
�*�*u�wy�{|I�U���b�]�
�	� V g �
��� V U �l����!�|�zL�
�
��|pu"����u"�
�D��|I�r����|�zL� �	�{�D� u"���
�*�*u�wy�{|I�U���V g �
�����{�
��V U ��� �{| ��x������D�*���{|I� �o��|�zL�p�%�Dz1|��	�{�y��|��
�*�*u�wy�{|I�b����V U �
�����{�
����� V g ��� �{|'�I�
�"x{|'�
�n�	�{|�	W�
���
�DzL�
�
��|�
o��u�|I����u"���
�"�����	�{��!%���


