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Abstract

This report is an introduction to the Diamond3D computer vision library. The library enables
fast creation of computer vision applications. Regarding the GUI and front-end of an applica-
tion, there is support for image display, 3D display, mouse input to interact with images and 3D
data, infrastructure for reading images from various sources, and for outputting images and de-
rived data to disk. Regarding the main processing of an application, the architecture supports the
creation of computer vision black-boxes which can be swapped between applications, allowing
reuse with minimal effort. Furthermore, the libraryś specific goal is to enable creation of com-
puter vision applicaitons with a focus on 3D geometry - the vision functionality includes feature
detection, camera calibration, and multi-view geometry. The purpose of this report is to provide
an introduction to the library. It is not a developersǵuide, but a developer should begin here.
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Ê�ËNÌ³W1SXQRÍ¶ÎeS4Ï3Ì³W3JTÐ®Ì³ÐeÏnSXÎ@U@K¶ÑsÏXÌ³ÎLÐ�ÏnÎuÏXË/Q·Ò1ÌÅJTÓ�ÎeÐ/UNÔLÒÕM³ÌYÖNSVJTSnZL×¶ØÙU@ÌÅW`ÏnSXÌ³ÖNK@ÏnÌYÎeÐ®ÎTÚ�ÏXË/Q
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ÏXËNQ£MYÌ³ÖNSVJTSnZ6æLÏnËNQ¸çRâ�âiè¾é3U@ÌYSnQRÑ$ÏXÎeSXZuÑ$ÎeÐdÏnJTÌ³Ð/WFÏXËNQ¸ê�JLëLQ$ì¶MYQ�W>ÚíÎeS�Ö/KNÌYMÅU@Ì³ÐNî�JTÍNÍNM³ÌÅÑ�J�ÏnÌYÎeÐ/WR×
Ø1WnW4KNÓ�Ì³ÐNî£ÏXËNQ¥K¶W4QRS>JTM³SXQ�JLU@Z�Ë¶JLW�ÏXË/QRWXQ�UNÌYSnQRÑ$ÏXÎLSnÌ³QRW�W4Q�Ï>KNÍ�ï�ÏnËNÌÅW�SXQRÍ¶ÎeS4Ï>U@Q�WXÑ�SXÌ³ÖiQRW�ËNÎ�Û
ÏXÎuSnKNÐÜJLÐÜJLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐÜJLÐ/U©ÏXËNQ!Ó�ÎeW4ÏqÑ$ÎeÓ�Ó�ÎeÐ�ð¸ñ1òHÌ³ÐdÏXQ�SVJLÑ$ÏXÌ³ÎLÐ/WR×
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ØqÍNÍNM³ÌÅÑ�J�ÏnÌYÎeÐ/W�SnKNÐøKNÐ/UNQ�S�ù;ÌYÐ�K@ú»JTÐ¶UøûóÌYÐ/UNÎ�ÛqW�×;Ê�Ë/Q°U@Ì³SXQ�ÑsÏXÎeSXZ¼ÚíÎLS·JLÐµJTÍNÍ/MYÌÅÑ�JTÏXÌ³ÎLÐ
ü Ó·ZeJLÍNÍ�ýþÌ³W£Ò3Ì³JLÓ�ÎeÐ/UNÔeÒ¸ÿTØqÍNÍiÿ ü Ó·ZdJTÍNÍ�ý!×¶Ê;Î
SnKNÐ¼JLÐ�JTÍNÍ/MYÌÅÑ�JTÏXÌ³ÎLÐ®KNÐ/UNQ�S¸ù�Ì³ÐdKNú6ï
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ÏXÎ�ÏXË/Q3ÏnÎ�ÎLMÅWqU@Ì³SXQ�ÑsÏXÎeSXZe×@Ê�ËNQ�Ð®U@Î

Ñ�UÜÒ1ÌÅJTÓ�ÎeÐ/UNÔLÒ!ÿ�Ø1ÍNÍiÿ ü Ó·ZeJLÍNÍ�ý3ÿ�-MYÏXë
Ê;Î�SnKNÐÜJ�U@QRÖNKNî��eQ�SVW4Ì³ÎLÐ©ÎTÚ;ÏnËNQ�JTÍ/ÍNMYÌÅÑ�JTÏXÌ³ÎLÐ�ïNUNÎ



���������
	 ����������������������
�
�������
� �

ÓuJTëLQ£SnKNÐ
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ØqÐøJTÍNÍNM³ÌÅÑ�J�ÏnÌYÎeÐ¼Û¥ËNÌÅÑVË¼SnQRJeUNW£ÌYÓuJLîLQRW1ÚíSnÎLÓ U@ÌÅWXëiï6ÎeS£Û¥Ë/Ì³ÑVË²Ì³W¸WnJ ��ÌYÐNî©ÌYÓuJLîLQRW3ÏnÎ
U@Ì³WXë6ï�Û¥Ì³MYM>Ë¶J �LQ�JTÐøJLWnW4Î@Ñ$ÌÅJ�ÏnQRU$# U/J�ÏnJeW4Q�Ï�#�U@Ì³SnQRÑsÏnÎLSnZL× 
�QRQ 
�QRÑ$ÏXÌ³ÎLÐ&%ÜJTÖiÎLK@Ï·UNJTÏnJeW4Q�ÏnWR×
Ê�ËNQ!K/WXQ�SqWXQ$ÏnW�K/Í�J�UNJTÏnJeW4Q�Ï¥UNÌYSnQRÑ$ÏXÎLSnZuQ$ú@ÍNM³ÌÅÑ$ÌYÏXM³Z°Ö�Z©U@ÎeÌYÐ/î

Ó�ë�UNÌYS ü WXÎLÓ�Q�Í/M³JeÑ$QLý3ÿ ü Ó·ZdÝbUNJ�ÏVJLWXQ$ÏRý
Ó�ë�UNÌYS ü WXÎLÓ�Q�Í/M³JeÑ$QLý3ÿ ü Ó·ZdÝbUNJ�ÏVJLWXQ$ÏRý3ÿ�òbÓuJTîLQ

Ê�ËNQ�SnQ�JLSXQ�ÎTÏnËNQ�S!WXKNÖ@ÝbU@ÌYSnQRÑ$ÏXÎeSXÌ³QRW1ÌYÐ ÏXËNQuUNJTÏnJeW4Q�Ï£Û¥ËNÌÅÑVË JLSXQ�SnQ�'dKNÌ³SXQ�U®Û¥ËNQ�Ð ÏXË/Q
K/W4QRS�Ì³W�Ñ$SnQRJTÏXÌ³ÐNî�JLÐ/U°W4ÏXÎeSXÌ³ÐNî�U@Q�SnÌ �eQRU©UNJ�ÏVJ�ÚíSnÎLÓ ÏnËNQ3Ì³ÓuJTîeQRWR×�Ê�Ë/Q£JeUNU@ÌYÏXÌ³ÎLÐ/JLM6UNÌYSnQRÑ$Ý
ÏXÎLSnÌ³QRW¥JTSnQ£MYÌÅW`ÏnQRUÜÌ³Ð 
@QRÑsÏnÌYÎeÐ(%
Ê�ËNQ�K/WXQ�S£Ñ�JTÐ�WXQ�M³QRÑ$Ï3J
UNJTÏnJeW4Q�Ï1ÌYÐ�Ï`Û�Î
Û�J|Z@W�× ��Ì³SnW4ÏXM³ZLïiJ�Ï1SnKNÐ@ÝÀÏXÌ³Ó�QLï¶ÖdZ�Ì³Ð��LÎLë�Ì³ÐNî

J�UNÌYSnQRÑ$ÏXÎLSnZuÖNSnÎ�ÛqW4QRS*)´W4QRQ 
�QRÑ$ÏXÌ³ÎLÐ�Ô�+s× 
@QRÑ$ÎeÐ/U@M³ZLïNJ�U@Q$Ú¾JLKNMYÏ1UNJ�ÏVJLWXQ$ÏqÑ�JLÐ°ÖiQ�W4ÍiQRÑ�Ìfì/Q�U
ÖdZ�Ñ$SnQRJTÏXÌ³ÐNî!J£ì/MYQ3Ò1ÌÅJTÓ�ÎLÐ¶UNÔLÒ!ÿ�Ø1ÍNÍiÿ ü Ó�ZeJLÍNÍ�ý3ÿ�Ø1ÍNÍ/Ò£J�ÏVJdÿ�JLÍNÍ6UNJ�ÏVJN× U@ÌYSnÐ/JLÓ�QFÛ¥ÌfÏnË
ÏXËNQ¸ÏnQ$ú�Ï

ü W4ÎeÓ�Q�ÍNMÅJLÑ�QLý3ÿ ü Ó�ZdÝ¬UNJTÏnJeW4Q�ÏRý3ÿ
Ø¹U@Q�Ú¾JTKNMYÏ¥UNJ�ÏVJLWXQ$Ï�Ì³WHÓ�ÎLSnQ£Ñ�ÎLÐ��LQRÐNÌYQRÐdÏ>ÏXË/JLÐ°K/WXÌ³ÐNî·ÏnËNQ¸U@ÌYSnQRÑ$ÏXÎeSXZ�ÖNSnÎ�ÛqW4QRSFÌYÚ;ÎLÐ/Q

Ì³W¥SnKNÐNÐ/ÌYÐNîuJLÐÜJLÍNÍNM³Ì³ÑRJ�ÏXÌ³ÎLÐÜÛ¥ÌYÏXËÜÏXËNQ�WnJTÓ�Q!UNJTÏnJLWXQ$Ï¥Î �eQ�S¥JTÐ/U©Î �LQRS¥JTîeJLÌYÐ;×
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ØqÍNÍNM³ÌÅÑ�J�ÏnÌYÎeÐ�ð¸ñ1ò`W>JTSnQ�Ñ$SnQRJ�ÏnQRU·K/W4Ì³ÐNî£ÏXË/Q ��MYÏXë·ÏXÎ�ÎLM³ë�ÌfÏ1)íÛ¥Û¥Û!× 2NÏnëi× ÎLSnî�+43�×Lê®ÎdW`Ï�ÎLÚ/ÏXË/Q
ÏXQ�SnÓ�ÌYÐ/ÎLM³ÎLîLZ�ÚíÎLS�Û¥ÌÅU@îLQ�ÏnW�ÌYÐ
ÏXËNQ£SXQRÓuJTÌ³Ð/U@Q�S�ÎTÚPÏnËNÌÅW�WXQRÑ$ÏXÌ³ÎLÐ©Ì³WHÎLÖ���ÌYÎeK/WRïLÖNK@Ï�ÏnËNQ ��MYÏXë
ÏXQ�SnÓ65 ÑVËNQ�ÑVë�Ö¶Î|ú7#NÌÅWqK/WXQRUÜÚíÎeS3J�ÏnÎLîLîeMYQ!Ö/K@Ï4ÏnÎLÐ�Û¥ÌYÏXË���ÌÅW4K¶JTM�Ì³Ð/U@ÌÅÑ�JTÏXÎLS1ÎTÚ�ÏXËNQ�Ñ$KNSnSnQ�ÐdÏ
W`ÏVJ�ÏXQ¸ÎeÐiÿ|Î
8�×
Ê�ËNQ9#^ð£SnJLÖ:#¥JTÍNÍ/MYÌÅÑ�JTÏXÌ³ÎLÐCÌÅW©JLÐ Ì³ÓuJTîLQ ��ÌYQRÛHQRS°Û¥ËNÌÅÑVË Ì³MYM³K/W4ÏXSVJ�ÏnQRW©Ó�JLÐ�Z9ÎLÚ�ÏXË/Q

ÚíKNÐ/ÑsÏnÌYÎeÐ/W>Û¥Ë/Ì³ÑVË
JLSXQqÑ�ÎLÓ�Ó�ÎLÐ
JLÑ�SXÎdWXW�JLMYMiÒ1ÌÅJTÓ�ÎeÐ/UNÔLÒ¹JTÍNÍ/MYÌÅÑ�JTÏXÌ³ÎLÐ/WR× ��ÌYîeKNSnQ<;1W4Ë/Î�ÛqW
ÏXËNQ�ð£SVJTÖÜð¸ñ1òs×NÊ�ËNQ£Û¥ÌYÐ/UNÎ�Û J�Ï¥M³Q$Ú«Ï¥Ì³WHÏnËNQ£ÚíKNMYMYÝbW4Ì�=�Q¸Ì³Ó�JLîLQ¸U@ÌÅW4ÍNMÅJ|ZL×@Ê�ËNQ£Û¥Ì³Ð/U@Î�Û JTÏ
SXÌ³îLËdÏ¥Ì³W¥J>=RÎ�ÎLÓ�Ý¬UNÌ³WXÍNMÅJ|ZL×
Ê�ËNQ!SXQRÓuJTÌ³Ð/U@Q�S¥ÎLÚ-ÏnËNQ�WXQRÑsÏnÌYÎeÐ�MYÌÅW`ÏVW1ð£SVJTÖ:# W�ÌYÐ¶U@Ì ��ÌÅU@K/JLM;Ñ$ÎeÓ�ÍiÎLÐ/Q�ÐdÏnWqJLÐ/U©Ó�ÎeK/WXQ

ÚíKNÐ/ÑsÏnÌYÎeÐ/JTM³ÌYÏ`ZL×:?qÎLÏXQ�ÏXË/JTÏ�W4ÎeÓ�Q�ÏXÌ³Ó�QRW¸ÑVËNQRÑVë�ÖiÎ|ú@QRW1JLÐ/U ÖNK@Ï4ÏnÎLÐ/W¸ÑRJTÐ²Ë/J �LQ·ÏXËNQuWnJTÓ�Q
M³JLÖ¶QRM�)¾QL× î/×@# �3K@ÏnÍNK@Ï3Ó�QRÓ�ÎeSXZ�#A+sïiÖNK@Ï3ÏXËNQ�W4KNÖ¶W4Q�ÑsÏXÌ³ÎLÐ®Ë/QRJLUNQ�SVW¥Ö¶QRMYÎ�ÛÙWXQ�S �LQ¸ÏnÎ°U@ÌB8iQRS4Ý
Q�ÐdÏXÌÅJ�ÏnQ3ÏnËNQ�Ó�×

å:CED FHG�ã7I$JLK:G�é�éRß´â¶ãNMPOLQ-â;â¶éRG�ä-ßTSUG�VLçRâ�SRW
Ê�ËNÌ³W>Í¶ÎeÍ/W�KNÍ
J!U@Ì³SnQRÑsÏnÎLSnZ�ÖNSnÎ�ÛqW4QRS�ÏXÎ�JTM³M³Î�ÛAWXQ�M³QRÑsÏnÌYÎeÐ�ÎTÚPJ!UNJ�ÏVJLWXQ$ÏR×TÊ�Ë/Q1JTÍNÍ/MYÌÅÑ�JTÏXÌ³ÎLÐ
Ì³WÜÍNMÅJLÑ�QRUCÌ³ÐdÏXÎ9Ó�Î �dÌ³Q¼Ó�Î@U@QøJTÐ/U MYÎ�ÎeÍ/W©ÏXËNSnÎLKNîeË WXQ�'dKNQ�ÐdÏnÌ³JLM£SnQRJeU�ÝbJTÐ/U�ÝbU@ÌÅW4Í/M³J|ZAÎTÚ
ÌYÓuJTîeQRW�Ì³Ð°ÏnËNQ�UNJTÏnJLWXQ$Ï�×
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���������
	 ����������������������
�
�������
� Ô

����� ����� hP¿erR�!¡djlk�¤�\Yr��!v�¢d} � ¤¦rR¡d¡ejl\fmVr�]`\lv�¢��]`gdk¥¯Ho4rRc�\l��rR�Rk § \fkX~�knos¨

å:C�� FHG�ã7I$JLK:G�é�éRß´â¶ãNM
	���ßíç
Ê�ËNÌ³W¥ÏXQ�SnÓ�ÌYÐ¶J�ÏXQ�W�ÏXËNQ�JLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐ�×

å:CÅå FHG�ã7I$J� G�àNä.M
 G�àNäóß´áµà���G©á9Gdá'â0SUW
Ê�ËNÌ³W1SXQ�JLUNW¥ÏXËNQ�Ì³ÓuJTîeQ�W4QR'eK/Q�Ð/Ñ�Q¸ÚíÎLS¥ÏnËNQ�Ñ�KNSXSnQ�ÐdÏ1UNJTÏnJeW4Q�ÏqÌYÐdÏXÎuÓ�QRÓ�ÎeSXZe×/Ê�ËNQ·JLÍNÍNM³ÌfÝ
Ñ�J�ÏnÌYÎeÐ ÌÅW¸ÍNMÅJLÑ�QRU ÌYÐdÏXÎ�Ó�Î ��ÌYQ�Ó�Î@U@QuJTÐ/U M³ÎdÎeÍ/W£ÏXË/SXÎeKNîLËøW4QR'dKNQ�ÐdÏXÌÅJTM�U@ÌÅWXÍNM³J|Z�ÚíÎLS¸ÏXË/Q
ÌYÓuJTîeQRWFÌYÐuÓ�Q�Ó�ÎeSXZe×eÊ�ËNQ£UNJ�ÏVJLWXQ$ÏHU@Ì³SnQRÑsÏnÎLSnZ·Ó�K/W`Ï�Ö¶Q£W4QRMYQ�ÑsÏnQRU�ÍNSnÌYÎeS>ÏnÎ!ÏXËNÌÅWHÖdZ�K/WXÌYÐ/î
� 
�Q�WXWXÌ³ÎLÐiÿ� HËNÎ�ÎeWXQ£U@Ì³SnQRÑsÏnÎLSnZ��Àï�ÎLS¥Ö�Z
K¶W4Ì³ÐNîuJ�U@Q$Ú¾JLKNMfÏ1U/J�ÏnJeW4Q�ÏR×

å:C�� FHG�ã7I$J��HS�ßíçRG M��HS�ßíç�G®ß´áµà���G�á&G�áµâ0SUW
Ê�ËNÌ³W;Û¥SXÌYÏXQ�WPÏnËNQFÌ³ÓuJTîLQHW4QR'eK/Q�Ð/Ñ�Q>Û¥ËNÌÅÑVË!Ì³W�Ñ$KNSnSnQ�ÐdÏXM³Z1Ì³Ð�Ó�Q�Ó�ÎLSnZqÏnÎ3U@ÌÅWXëi×�Ê�ËNQHU/J�ÏnJeW4Q�Ï
U@ÌYSnQRÑ$ÏXÎeSXZ©Ó·K/W4Ï1ÖiQ·W4QRMYQ�ÑsÏnQRU�ÍNSnÌYÎeS¥ÏXÎ
ÏXËNÌÅWqÖ�ZÜK/W4Ì³ÐNî � 
�QRWnWXÌYÎeÐiÿ
 HËNÎ�ÎdW4Q!U@Ì³SXQ�ÑsÏnÎLSnZ��¬ïNÎeS
ÖdZ°K/W4Ì³ÐNî
J�U@Q�Ú¾JTKNMYÏ1UNJ�ÏVJLWXQ$Ï�×

å:C�� OLQ G�V����Fâ��9J��$ã! I-ç>VeàNá&G�S�à
Ê�ËNÌ³W�ÏXÎeîLîLM³QRW¸Ì³ÐNÍNKNÏ·ÚíSnÎLÓ ÏXËNQ°ÑRJTÓ�Q�SVJN×;ò¬Ú�ÏnËNQ°JLÍNÍNM³Ì³ÑRJ�ÏXÌ³ÎLÐøË/JeW�ÐNÎLÏ·ÖiQ�Q�ÐµÑ�ÎLÓ�ÍNÌ³MYQ�U
Û¥ÌfÏnË'J�Ñ�JLÓ�Q�SVJNï�ÎeS·J�Ñ�JLÓ�Q�SVJ�Ì³W�J�Ï4ÏVJLÑVËNQ�U²ÖNK@Ï�ÌÅW�Ð/ÎTÏ�SnQ$ÏnKNSnÐNÌYÐ/î�UNJ�ÏVJNï-JLÐ»Q�SnSXÎeS!Ì³W
ÎLK@ÏnÍNK@Ï�JLÐ/U¼Ð/Î�JLÑsÏnÌYÎeÐ ÌÅW¸ÏVJTëLQRÐ�×��1ÏnËNQ�SnÛ¥Ì³WXQ�ÏXËNQ
JLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐ²ÌÅW¸ÍNMÅJLÑ�QRU²ÌYÐdÏnÎ®Ó�Î ��Ì³Q
Ó�Î@U@Q�JLÐ/U©MYÎ�ÎLÍ¶W�ÏXËNSnÎLKNîeËÜWXQ�'dKNQRÐdÏXÌÅJTMPîLSVJTÖNÝ¬JLÐ/U�ÝbU@Ì³WXÍNMÅJ|Z·ÚíÎeS1Ñ�JLÓ�Q�SVJ·Ì³ÓuJTîLQ�W�×
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å:C�� OLQ G�V����Fâ��9J��$ã! I-ç�ä�ß¾é �
Ê�ËNÌ³W°ÏXÎeîLîeMYQ�WuÌYÐ/ÍNK@ÏÜÚíSXÎeÓ UNÌ³WXë'ÚíÎeS©Ì³ÓuJTîeQRW
Ì³ÐóÏnËNQ Ñ�KNSXSnQ�ÐdÏ©U/J�ÏnJeW4Q�ÏR×�Ê�ËNQ U/J�ÏnJeW4Q�Ï
Ó·K/W4Ï£ÖiQ�W4QRMYQ�ÑsÏXQ�U®ÍNSnÌYÎeS1ÏnÎ
ÏnËNÌ³W£Ö�Z�K/WXÌYÐNî � 
@QRWnW4Ì³ÎLÐiÿ� HËNÎ�ÎeWXQ·U@Ì³SXQ�ÑsÏnÎLSnZ��¬ï/ÎeS3Ö�Z�K/WXÌYÐ/î
J�UNQ$Ú¾JTK/MfÏ1UNJTÏnJeW4Q�ÏR×

å:C�� OLQ G�V����Fâ��9J��$ã! I-ç�á9Gdá'â0SUW
Ê�ËNÌ³W°ÏXÎeîLîeMYQ�W
Ì³ÐNÍNK@ÏÜÚíSXÎeÓ Ó�QRÓ�ÎLSnZ'ÚíÎeS©Ì³ÓuJTîLQ�W
Û¥ËNÌÅÑVË¹JLSXQ Ñ$KNSnSXQRÐdÏXM³ZAÌ³Ð Ó�Q�Ó�ÎeSXZe×
òbÓ�JLîLQ�WuÑ�JTÐ¦Ë/J �eQ�Ö¶QRQ�ÐóÍNMÅJLÑ�QRU9ÌYÐóÓ�QRÓ�ÎeSXZ'ÍNSXÌ³ÎLS
ÏXÎøÏXË/Ì³WuÖ�Z � �¥Q�JLU¶ÿ�¥QRJeU9ÌYÓuJTîeQ
Ó�QRÓ�ÎLSnZ��¬ï@ÎLSqÑVË/QRÑVë�Ö¶Î|ú � �3K@ÏnÍNK@ÏqÓ�Q�Ó�ÎLSnZ��Àï@ÎeS¥ÖNK@ÏXÏXÎLÐ � �3K@ÏXÍ/K@ÏqÓ�Q�Ó�ÎLSnZ��À×

å:C�� OLQ G�V����Fâ��9J��$ã! I-ç�ß´áµà���G�è¾ß¾éRç
Ê�ËNÌ³WFÏXÎeîLîeMYQ�W�ÌYÐ/ÍNK@Ï�ÚíSXÎeÓõJLÐ
Q$ú@ÍNM³Ì³Ñ�ÌfÏ�MYÌÅW4ÏHÎTÚ�Ð¶JTÓ�QRUuÌ³ÓuJTîeQ¥ì/M³QRWR×dÊ�ËNQ£ÑVËNQRÑVë�ÖiÎ|ú�ÍiÎLÍ/W
KNÍ®J·ì¶MYQ!ÖNSnÎ�ÛqWXQ�S�ÏXÎuJTM³M³Î�Û W4QRMYQ�ÑsÏnÌYÎeÐÜÎLÚ�J�ì/M³Q!Û¥ËNÎeWXQ!Ñ$ÎeÐeÏnQ�ÐdÏnW�Ë¶J �LQ3ÏXËNQ¸ÚíÎeSXÓ

ÌYÓuJLîLQ$ÝÀì/M³Q
;
ÌYÓuJLîLQ$ÝÀì/M³Q �
×Y×³×

Ê�ËNQ²JLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐCÌ³WÜÍNMÅJLÑ�QRUóÌ³ÐdÏXÎ9Ó�Î �dÌ³Q¼Ó�Î@U@QøJTÐ/U MYÎ�ÎeÍ/W
ÏnËNSnÎLKNîeË¹WXQ�'dKNQ�ÐdÏnÌ³JLM
U@Ì³WXÍNMÅJ|ZuÚíÎLS�ÏnËNQ!Ð/JLÓ�Q�U°Ì³ÓuJTîeQRWR×

å:C�� OLQ G�V����Fâ��9J��$ã! I-ç�ã Gdç��·â0S �
�NÎLS¥ê����qù ÌYÐdÏXQRSXÐ¶JTM6U@Ì³W4ÏXSnÌ³ÖNK@ÏXÌ³ÎLÐ¶W�ï�ÏnËNÌ³W�ÑVËNQ�ÑVë�Ö¶Î|ú�ÏXÎeîLîeMYQ�WFÌ³ÐNÍNK@Ï�ÚíSnÎLÓ ÏnËNQ  
	 �3ÐNQ�Ï
Ñ�JTÓ�QRSnJ�ÐNQ$Ï`Û�ÎLSnë6× �$á  �èTG�á&G�ã6çRà@ç�ß¾âiã'ã�â/çRG��iÐ/ÎTÏ1J ��JTÌ³M³JLÖNM³Q£JTÏ¥ê¼JTSVÑVË ��� Ô/×

å:CED�� O Q G�V����Fâ��9J��Üã-ä�ß¾éRçRâ�S|çuß¾áµà���G
Ê�ËNÌ³W�ÏnÎLîeîLM³QRW�KNÐ/U@ÌÅW4ÏXÎLSXÏXÌ³ÎLÐÜÓ�Î@U@Q£ÚíÎLS�ÏXË/Q£Ì³ÓuJTîeQRWR×@ò¬Ú-KNÐ/UNÌ³W4ÏXÎeS4ÏnÌYÎeÐ©ÌÅW�ÏXKNSnÐNQ�U©ÎeÐ�ï�ÏXË/Q
JTÍNÍNM³ÌÅÑ�J�ÏnÌYÎeÐøSXQ�JLUNW�J�M³Q�Ð¶W·Ñ�JLMYÌ³ÖNSVJ�ÏnÌYÎeÐ¼ì/M³QuÚíÎeS�ÏXË/Q°Ñ$KNSnSnQ�ÐdÏ·UNJ�ÏVJLWXQ$Ï!ÚíSnÎLÓ�U@Ì³WXë6ï-JLÐ/U
K/W4Q�ÏXË/Ì³W£Ì³Ð@ÚíÎLSnÓuJ�ÏXÌ³ÎLÐ�ÏXÎ°SnQRWnJTÓ�ÍNM³Q·Ì³ÐNÍNKNÏ£Ì³ÓuJTîLQ�WqÏnÎÜJLÐ�KNÐ/UNÌ³W4ÏXÎeS4ÏnQRU®ÚíÎeSXÓ�× �$á  �èTG�J
á&G�ã6çRà@ç�ß¾âiã9ã�â¶ç�G��¶Ð/ÎTÏ1J ��JTÌ³M³JLÖNM³Q£JTÏ1ê�JTSVÑVË ��� Ô/×

å:CED�D O Q G�V����Fâ��9J�� I;ç  I-çué�V
SUG�G�ã
Ê�ËNÌ³W�ÏnÎLîeîLM³QRW�JTM³M�ÎeK@ÏXÍ/K@Ï�ÏXÎ²ÏXËNQ®WnÑ$SnQ�QRÐ�×-ò¬Ï
ÑRJTÐ9Ö¶Q�K/WXQRUµÏXÎ»U@ÌÅWXJLÖNMYQÜÎLKNÏXÍNK@ÏuÛ¥ËNQRÐ
U@ÎLÌ³ÐNî�ÏXÌ³Ó�ÌYÐNî�ÏnQRW4ÏnW¥ÎeÐÜJLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐÜÑ�Î�UNQL×

å:CED � O Q G�V����Fâ��9J�� I;ç  I-çuä-ß´é �
Ê�ËNÌ³W1ÏXÎeîLîeMYQ�W¥ÎLK@ÏnÍNK@Ï£ÎTÚ>Ì³Ó�JLîLQ�W¥ÏXÎ©U@Ì³WXë6×iØÕUNJ�ÏVJLWXQ$Ï1Ó�K/W4Ï3ÖiQ�WXQ�M³QRÑsÏnQRU®Í/SXÌ³ÎLS¥ÏnÎ
ÏnËNÌ³W
ÖdZ·K/W4Ì³ÐNî � 
�QRWnW4Ì³ÎLÐ6ÿ
 HËNÎ�ÎeWXQHUNÌYSnQRÑ$ÏXÎLSnZ��Àï�ÎeS�ÖdZ·K/W4Ì³ÐNî!J¸U@Q$Ú¾JLKNMYÏFUNJ�ÏVJLWXQ$ÏR×TÊHZ�ÍNÌÅÑ�JTM�K/WnJTîeQ
Ì³WFÏXÎ�JLÑ$ÏXÌ �|JTÏXQ � òbÐNÍ/K@Ï�ÑRJTÓ�Q�SVJ��¬ïeJLÐ/U
JeÑsÏXÌ ��J�ÏnQ � �3K@ÏXÍNKNÏ�U@ÌÅWXë��6ÏnÎ�W4ÏXÎLSnQ3J·MYÌ �LQ£W4QR'dKNQ�Ð/Ñ�Q
ÏXÎ
U@ÌÅW4ë6×
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å:CED�å O Q G�V����Fâ��9J�� I;ç  I-çuá&G�áµâ0SUW
Ê�ËNÌ³W�ÏnÎLîLîeMYQ�W�ÎeK@ÏXÍNKNÏ�ÎLÚqÌYÓuJTîeQRW·ÏXÎ ÌYÓuJTîeQ°Ó�Q�Ó�ÎeSXZe×�ÊHZ�ÍNÌ³ÑRJTM�K/WnJTîLQ°Ì³W�JLW � �3KNÏXÍNK@Ï
U@Ì³WXë��À×

å:CED�� �LI-ç�ç�â¶ã J�� I-ç  I-ç�á9Gdá'â0SUW

dÏXÎeSXQ£ÏXË/Q�Ñ$KNSnSXQRÐdÏ�Ì³ÓuJTîeQ£Ì³ÐdÏXÎ�Ì³Ó�JLîLQ¸Ó�Q�Ó�ÎLSnZL×

å:CED � �LI-ç�ç�â¶ã JLO�èTG�à S°á9Gdá'â0SUW
 HMYQ�JTSVWFÏnËNQ!Ì³Ó�JLîLQ¸Ó�Q�Ó�ÎLSnZL×

å:CED�� �LI-ç�ç�â¶ã J��Üâ¶çRâøé�ç�à S|ç M��Üâ/ç�â»ã G��Pç M��Üâ/ç�â  S�G��
ð£Î�ÏnÎ�ÏXËNQ¸ì¶SnW4Ïsÿ�ÐNQ$ú�Ïsÿ�ÍNSnQ ��ÌYÎeK/WHÌYÓuJTîeQ¸ÌYÐÜÏXË/Q�Ñ$KNSnSXQRÐdÏ¥U/J�ÏnJeW4Q�ÏR×

å:CED � K�è´ß¾ä G�S>J�ß´áµà���GÜéRG��7I G�ã V
G
Ê�ËNQ1Ì³ÓuJTîLQ3W4QR'eK/Q�Ð/Ñ�Q3WXMYÌÅU@Q�S�JTM³MYÎ�ÛqWFÐ/J ��ÌYîdJ�ÏnÌYÎeÐ�ÎLÚPìNú@QRUuÌ³ÓuJTîeQ1W4QR'dKNQ�Ð/Ñ�QRWRïTÚíÎeSHQ�ú@JLÓ�Ý
ÍNMYQ�W4QR'�'eK/Q�Ð/Ñ�QRW¥ÖiQ�Ì³ÐNî°Ì³ÐNÍNKNÏ3Ö�Z � òbÐNÍNKNÏ£U@ÌÅW4ë���ÎLS � òbÐNÍNKNÏ3Ó�Q�Ó�ÎLSnZ��À×¶ò¬Ï3ÌÅWqÌ³ÐNÎLÍiQ�SVJ�ÏnÌ �eQ
Û¥ÌfÏnË � òbÐNÍNKNÏ·Ñ�JTÓ�QRSnJ �À×PÊ�ËNQuM³Q$Ú«ÏXÝ¬WXÌ³UNQuÎTÚFÏnËNQ
WXMYÌÅU@Q�S�WXËNÎ�ÛqW3ÏXË/QuÌYÐ/UNQ$ú ÎLÚFÏnËNQ
Ñ$KNSnSnQ�ÐdÏ
ÌYÓuJTîeQLï 	� )�
 � ;R+$ïeÛ¥Ë/Q�SnQ�
�Ì³WFÏXËNQ3Ð�KNÓ·ÖiQ�SHÎTÚ�Ì³Ó�JLîLQ�W�ÌYÐ
ÏXËNQ£W4QR'eK/Q�Ð/Ñ�QL×eØ1Í/JTSXÏ>ÚíSnÎLÓ
K/W4Ì³ÐNîÜÏXË/Q
W4M³Ì³UNQ�S¸ÏXÎ�JeÑsÏnÌ �eQ�M³Z�Ð/J ��ÌYîdJ�ÏnQ·ÏnËNQ
W4QR'dKNQ�Ð/Ñ�QLïPÌYÏnW!ÍiÎeWXÌYÏXÌ³ÎLÐ²SXQ�2/QRÑ$ÏnW!ÑVË/JLÐNîLQ�W
U@KNQ¸ÏXÎ�ÎLÏXËNQRS¥Q �LQRÐdÏnW¥WXK/ÑVËÜJeW � ð£ÎLÏXÎuÐNQ�ú�Ï �¬×

å:CED��  G��Pç�� G�è¾ä J�ß¾á'à���G�é�â�I S�V
G
Ê�ËNÌ³WuÏXQ$ú�ÏXì/Q�MÅUóU@ÌÅW4ÍNMÅJ|Z@W�ÌYÐNÚíÎLSnÓ�JTÏXÌ³ÎLÐóJTÖiÎLKNÏuÏXËNQ�Ñ�KNSXSnQ�ÐdÏ
Ì³ÓuJTîLQ®WXÎLKNSVÑ$QÜÝ·Qe× î¶×�ÏXË/Q
Ð/JTÓ�QÜÎTÚ¥ÏXË/QÜÑRJTÓ�Q�SVJNï�ÎLS·ÏXËNQÜÐ/JTÓ�QÜÎTÚ¥ÏnËNQ®UNJ�ÏVJLWXQ$Ï�UNÌYSnQRÑ$ÏXÎLSnZL× �$á  �èTG�á&G�ã6çRàNçRß¾âiã
ã-â¶ç�G��6ÐNÎTÏqJ ��JTÌ³MÅJTÖNM³Q!J�Ïqê�JTSVÑVË � � ÔN×

å:CED��  G��Pç�� G�è¾ä J�ß¾á'à���G  �ß �:G�è¾é
Ê�ËNÌ³W!ÏXQ$ú�ÏXì/Q�MÅU»U@ÌÅW4ÍNMÅJ|Z@W¸ÌYÐNÚíÎLSnÓ�JTÏXÌ³ÎLÐøJTÖiÎLK@Ï!ÏnËNQ°Ñ�KNSXSnQ�ÐdÏ!ÍNÌYú@Q�M�Ý1K¶W4Q
Ñ�Q�ÐdÏXSnQ�Ó�ÎeK/WXQ
ÖNK@Ï4ÏnÎLÐ�ËNÎeM³U�ÝbJTÐ¶U�Ý¬UNSnJLî�ÏXÎ
WXÍiQRÑ$ÌYÚíZ©J�ÍNÌYú@Q�M�Ì³Ð©ÏXËNQ!Ì³ÓuJTîLQe×

å:C�� � �$áµà���G®Þ©ß´é  �è¾à�W&J<FÙâ�I-éRG �  G�S�à@ç�ß¾âiã-é
ØqM³MiÓ�ÎeK/W4Q3ÎLÍiQ�SVJ�ÏnÌYÎeÐ/W>Û�ÎLSnë�ÎeÐuÏXË/Q3ÓuJTÌ³Ð©UNÌ³WXÍNMÅJ|Z�JLÐ/U
ÎeÐuÏXËNQ*=�Î�ÎeÓõU@ÌÅWXÍNM³J|Ze×dI�ÎeÌYÐdÏVW
JTÐ/U�M³ÌYÐ/Q�WXQ�îLÓ�QRÐeÏVW1ÑRJTÐ®ÖiQ�Ñ$SnQRJTÏXQ�U�ÎLÐ�ÏXË/Q·Ì³Ó�JLîLQ�Í/M³JLÐNQ!ÏXÎ©ÍNSnÎ �dÌÅU@Q!Ì³ÐNÍNK@Ï¸UNJ�ÏVJuÚíÎeS
JTÐ�Z°JTÍ/ÍNMYÌÅÑ�JTÏXÌ³ÎLÐ/W�Û¥Ë/Ì³ÑVËÜSXQR'dKNÌYSnQ£ÏXËNQRÓ�×
� ù�Q�Ú«Ï4Ý¬ÖNK@Ï4ÏnÎLÐ®U@Î�Û¥Ð@ÝbJTÐ¶U�ÝÀSnQ�M³QRJeW4Q1ÏXÎ
WXÍ¶Q�Ñ$ÌYÚíZ©JLÐ©Ì³ÐNÍNK@ÏXÝÀÍiÎLÌ³ÐdÏR×
� ù�Q�Ú«Ï4Ý¬ÖNK@Ï4ÏnÎLÐ�ËNÎeM³U�ÝbJTÐ¶U�Ý¬UNSnJLî·ÏnÎ�WXÍiQRÑ$ÌYÚíZ©J =RÎdÎeÓ JTSnQRJ/×
�  HQ�ÐdÏXSnQ$Ý¬ÖNK@ÏXÏXÎeÐ©ËNÎeM³U@Ý¬JLÐ/U�ÝbU@SnJLî·ÏnÎuW4QRQ£Í/Ìfú@Q�M �|JLMYK/QRWR×
� �¥Ì³îLËdÏ4Ý¬ÖNK@ÏXÏXÎLÐ�ËNÎeM³U@Ý¬JLÐ/U�ÝbU@SnJLî�ÏnÎ
W4ÍiQRÑ�ÌfÚíZ°J�M³Ì³ÐNQ!W4QRîLÓ�Q�ÐdÏR×
� )  HQRÐeÏnSXQ�ÝÀÖ/K@Ï4ÏnÎLÐ
Û¥Ì³MYM6Ì³ÐuÚíK@ÏnKNSXQ¸JTM³M³Î�Û9ÎeÖ��`QRÑ$Ï4Ý¬Ó�Î �LQ1JLÐ/U��LQRS4ÏnQ$ú�Ý¬Ó�Î �eQ�ÎLÍiQ�SVJ�ÏXÌ³ÎLÐ¶W
ÚíÎLS¥Î �eQ�SnM³J|Z�ÌYÏXQ�ÓuW¥ÎeÐ°ÏnËNQ!Ì³Ó�JLîLQU+s×
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Ê�ËNÌ³W�WXQRÑsÏnÌYÎeÐ
M³Ì³W4ÏnW�ð¸ñqò�ÚíK/Ð/ÑsÏnÌYÎeÐ/JTM³ÌfÏ`Z�Û¥ËNÌÅÑVË°ÌÅWHÐNÎTÏ�ÌYÐ # ð£SVJTÖ:#eÖNK@Ï�Û¥ËNÌÅÑVË
Ì³W�Ñ�ÎLÓ�Ó�ÎLÐ
ÏXÎuÓuJTÐ�Z
ÎLÏXËNQRSqÒ1ÌÅJTÓ�ÎLÐ¶UNÔLÒ JLÍNÍNM³Ì³ÑRJ�ÏXÌ³ÎLÐ¶W�×

�@CED OLQ G�V����Fâ��9J�� I-ç  I;ç ��S|à� Q�ßTVeé
ò¬Ï3ÌÅW3Ñ�ÎLÓ�Ó�ÎLÐ�ÚíÎLS¸Ò3Ì³JLÓ�ÎeÐ/UNÔeÒ JTÍ/ÍNMYÌÅÑ�JTÏXÌ³ÎLÐ/WqÏXÎ©Î �LQ�SnMÅJ|Z
ÌYÓuJLîLQRW1Û¥ÌfÏnË¼U@QRSXÌ �LQ�U®UNJ�ÏVJ
QL× î/×-JLÐøQRU@îeQ
ÓuJTÍ�×�Ê�ËNQRWXQ
Ì³Ó�JLîLQ�W`Ý¬ÍNM³K/W`Ý¬Î �LQRSXMÅJ|Z®Ñ�JLÐ²ÖiQ©W4ÏXÎeSXQ�U ÏXÎ¼U@ÌÅWXëiï�JTÐ/U»JÜÚíK/MYM
W4QR'eK/Q�Ð/Ñ�Q£ÎLÚ-ÏnËNQ�W4ÏXÎLSnQRU©Ì³Ó�JLîLQ�W�ÏXËNQRÐÜÓuJeU@Q¸ÌYÐdÏXÎ
J�Ó�Î ��ÌYQ£ÏnÎ
W4ËNÎ�ÛCÏXËNQ!ÎeÍ¶QRSnJTÏXÌ³ÎLÐÜÎTÚ
JTÐ�JTÍNÍNM³ÌÅÑ�J�ÏnÌYÎeÐ�×
ÊFZ�ÍNÌÅÑ�JLMqK/WnJTîLQ¼Ì³W
ÏXÎ'JeÑsÏXÌ ��J�ÏnQ JTÐóÌ³ÓuJTîeQ®ÌYÐNÍ/K@ÏRï¥JTÐ¶U9ÏXÎ'JeÑsÏXÌ ��J�ÏnQ WXÎLÓ�Q���Ì³WXÌ³ÎLÐ

ÍNSXÎ@Ñ�QRWnW4Ì³ÐNî/ïdJTÐ/U©JLÑ$ÏXÌ �|JTÏXQ � �3KNÏXÍNK@Ï�îLSVJTÍ/ËNÌ³ÑRW �iÏXÎ�Û¥SXÌYÏXQ3ÏXË/Q3SnQRWXKNMYÏnWHÏXÎ�U@Ì³WXë6×@Ê�ËNÌ³W�Û¥Ì³MYM
Û¥SXÌYÏXQ®Ì³ÓuJTîLQ�W�ÚíÎLS°JLMYM�ÏnËNQ¼U@ÌÅW4Í/M³J|Z'JLSXQ�JLW�ÎLÐAÏXË/Q¼ð¸ñqò�Ý�ÓuJTÌ³Ð¦UNÌ³WXÍNMÅJ|Z�WuJLÐ/U =�Î�ÎLÓ
U@Ì³WXÍNMÅJ|Z@W�ïNJLÐ/U
ÏnËNQ�ÔLÒ U@Ì³WXÍNMÅJ|ZuÌfÚ�ÏnËNQ�SnQ¸Ì³W�ÎeÐNQL×

�@C�� å¶Þ Þ©ß´é  �è¾à�W&J!FÙâ�I-éRG �  G�S�à@ç�ß¾âiã-é

� ù�Q�Ú«Ï4Ý¬ÖNK@Ï4ÏnÎLÐÜÏXÎuSnÎTÏVJ�ÏnQ3ÏnËNQ�ÔLÒ U/J�ÏnJ/×
�  HQ�ÐdÏXSnQ$Ý¬ÖNK@ÏXÏXÎeÐ°ÏnÎ�ÏXSVJTÐ/WXM³JTÏXQ3ÏXËNQ�ÔeÒÙUNJTÏnJN×
� �¥Ì³îLËdÏ4Ý¬ÖNK@ÏXÏXÎLÐ�Ì³Ð®J�SVJLUNÌ³JLM6UNÌYSnQRÑ$ÏXÌ³ÎLÐ©ÏXÎ =�Î�ÎeÓÜ×

� � 5�?@5 -d+P? -

Ø UNJ�ÏVJLWXQ$ÏqU@Ì³SXQ�ÑsÏXÎeSXZ
Ñ�ÎLÐdÏnJLÌYÐ¶W�ÏXËNQ¸ÚíÎeMYM³Î�Û¥ÌYÐ/î�WXKNÖ@ÝbU@Ì³SXQ�ÑsÏXÎeSXÌ³QRWR×

� �$áµà���G¦Ñ$ÎeÐeÏVJTÌ³Ð/W©ÌYÓuJTîeQRWR×�Ê�Ë/Q²W4ÏnJLÐ/UNJTSVU¦ì/M³QRW4ÏXQRÓ ÚíÎLS®JTÐ ÌYÓuJTîeQ²WXQ�'dKNQRÐ/Ñ$Q Ì³W
# WXQ�'�#³×-Ê�ËNQ°ÌYÓuJTîeQRW�JLSXQ
W4ÏXÎeSXQ�UøW4QRÍ/JTSVJ�ÏnQ�M³Z JLW·W4QR'¶× �  × I ?£ð�ï;W4QR'i×   ;L× I ?£ð Q�ÏnÑT×
Ê�ËNQ£Ð/JTÓ�Q¸Ñ�JTÐ°Ö¶Q!Ñ$K¶W`ÏnÎLÓ�Ì³WXQRU
K/W4Ì³ÐNî�ÏXËNQ3ì/M³Q£I�JLSnJLÓ°ÿ|Ì³Ó�JLîLQe× ì/M³QRW4ÏXQRÓ Qe× î¶×eÌYÚ;ÏnËNÌ³W
ì/M³Q�Ñ�ÎLÐdÏnJLÌYÐ/W-ÏnËNQ�W4ÏXSnÌ³ÐNîL# Ó·Z�Ì³ÓuJTîLQ�W�#³ïRÏXËNQRÐ�ÏXË/Q�JLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐ·JLWnW4K/Ó�Q�W;Ì³ÓuJTîeQRW-Û¥ÌfÏnË
Ð/JTÓ�Q£Ó·Z�Ì³Ó�JLîLQ�W�× �  × I ?3ð�ïLÓ·Z�ÌYÓuJLîLQRWR× � ;e× I ?3ð Q$ÏVÑT× 
dÏXQRSXQRÎ�WXQ$ÏVWHJLSXQ£W`ÏnÎLSnQRU
JeW
W4QR'i×  � × W  × I ?3ð�ï$WXQ�'i× �  × W�;e× I ?3ðøQ�ÏnÑT×�òbÓuJTîeQRW�JLSXQ�SnQRJeU3K¶W4Ì³ÐNî¥ÏnËNQ>òbÓuJTîeQRê�JLîLÌÅÑVë
ì/MYÏXQ�S�Û¥ËNÌÅÑVË�Ñ�JTÐ·Ë/JTÐ/UNMYQ�Ó�ÎeW4Ï�Ì³ÓuJTîeQ>Ï`Z�Í¶Q�W-ÝPÑ�ÎLÐdÏnJeÑsÏ�ê�� �1ù°ÌYÚiJ1SXQR'eK/ÌYSnQRU·ÌYÓuJTîeQ
Ï`Z�Í¶Q!ÌÅW�ÐNÎTÏqË¶JTÐ/U@M³QRU�×

� Þ©àNçRà���JTSnQ£U@Ì³SnQRÑsÏnÎLSnÌYQ�W¥Ñ$ÎeÐeÏVJTÌ³ÐNÌ³ÐNî�U/J�ÏnJ�Ñ�SXQ�J�ÏXQ�U°Ö�ZuÏnËNQ�JTÍ/ÍNMYÌÅÑ�JTÏXÌ³ÎLÐ�×
� ÞÜà@çRà	�©é�Veß¾ß�Ñ�ÎLÐdÏnJLÌYÐ/W¥Ø 
0 Hò4ò�UNJTÏnJ�ì/M³QRWR×
� ÞÜà@çRà	
Hß¾ã7I � MNÞÜà@ç�à �÷ß¾ã�ä-â��ué�MNÞÜà@çRà � S�ß �CÑ$ÎeÐdÏnJTÌ³Ð�ÖNÌ³Ð/JLSXZ�UNJTÏnJ°ì/M³QRWR×6Ê�Ë/Q
JTÍ/ÍNSXÎeÍNSnÌ³JTÏXQ©UNÌYSnQRÑ$ÏXÎLSnZøÌ³W�JeÑ�Ñ$Q�WXWXQRU'JTK@ÏnÎLÓuJ�ÏnÌ³ÑRJTM³MYZøÖ�ZøÏXËNQ®JLÍNÍNM³Ì³ÑRJ�ÏXÌ³ÎLÐ9JLÑ$Ý
Ñ$ÎeSnUNÌYÐNî�ÏnÎ�ÏnËNQ�Ñ$K/SXSnQ�ÐdÏ¥ÍNMÅJ�Ï4ÚíÎeSXÓ�×

��� à S�àNá Ñ�ÎLÐdÏnJLÌYÐ¶W¥Ø 
0 HòXòHì¶MYQ�W�ÚíÎLS1JLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐ©Í/JLSnJLÓ�Q$ÏXQRSnWRïNÑ$SnQRJTÏXQ�U©JLÐ/U�QRU@ÌYÏXQ�UÖ�ZuÏXËNQ!K¶W4QRSR×
� �$áµà���G�Þ©àNçRà�Ñ$ÎeÐeÏVJTÌ³Ð/W¥JTÐ�Z°UNQ�SnÌ �eQRU©ÌYÓuJTîeQRW�îeQ�ÐNQRSnJTÏXQRU°Ö�Z
ÏXË/Q�JTÍNÍNM³ÌÅÑ�J�ÏnÌYÎeÐ�× 
�QRQ

�QRÑ$ÏXÌ³ÎLÐ®ÔNï � �3K@ÏnÍNK@ÏqîLSVJTÍ/ËNÌ³ÑRW �¬×
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Ø Ó�ÎLÐ/Î°JTÍNÍ/MYÌÅÑ�JTÏXÌ³ÎLÐ�M³ÌYëeQ�ð£SVJTÖ�ÑRJTÐ�SnQRJeU�ÚíSXÎeÓ÷J
W`ÏnQ�SnQ�Î©ÌYÓuJTîeQ·WXÎLKNSVÑ$Qe×/ò¬Ú>ÏnËNQ�K¶W4QRS
ÑVËNÎ�ÎeWXQRW·J²W4ÏXQ�SnQ�Î ÌYÓuJLîLQ©WXÎLK/SnÑ�QLï�ÏnËNQ�Ð¦J¼Ñ�ÎLÓ�ÓuJTÐ/U@ÝÀM³ÌYÐ/Q°ÍNSnÎLÓ�Í@ÏuJLWXë@W�ÏnËNQ©K¶W4QRS·ÏnÎ
W4ÍiQRÑ�ÌfÚíZuÎeÐNQ1ÎLÚPÏXËNQ¸W`ÏnQ�SnQ�Î·ÑRJTÓ�Q�SVJLW>ÚíÎLS�ÌYÐ/ÍNK@ÏR×�òbÐ°Ú¾JLÑsÏ�ï@JTÐ�Z�Ò3ÌÅJTÓ�ÎLÐ/U/ÔLÒ JTÍNÍ/MYÌÅÑ�JTÏXÌ³ÎLÐ
Û¥ÌfÏnËÜJLÐ	�©Ý¬ÑRJTÓ�Q�SVJ�ð¸ñ1òHÑRJTÐÜSXQ�JLU
Ì³ÓuJTîeQRWHÚíSXÎeÓ JTÐ 
6Ý¬ÑRJTÓ�Q�SVJ�Ì³ÓuJTîeQ£WXÎLKNSVÑ$Qeï�Û¥ËNQ�SnQ
� ü " 
�×TØ1ÐdZ�W4KNÖ¶W4QR'eK/Q�ÐdÏ�ì/MYQ�ÎeÍ¶QRSnJTÏXÌ³ÎLÐ/W-MYÌ³ëLQ � �3K@ÏXÍ/K@Ï>U@Ì³WXë��NÛ¥ÌYM³MNJTMÅWXÎ£JeWXWXÎ@Ñ$ÌÅJ�ÏXQHÏXË/Q
ÌYÓuJTîeQRW£Û¥ÌYÏXË²ÏXËNQuWXÍ¶Q�Ñ$ÌYì¶Ñ�W`ÏnQ�SnQ�Î�Ñ�JLÓ�QRSnJ©QL× î/× � òbÐNÍNKNÏ!ÑRJTÓ�Q�SVJ���ÚíÎeS�J©W4ÏXQRSXQRÎÜÑRJTÓ�Q�SVJ
ÌYÐÜÑ$ÎLÐ �`KNÐ/ÑsÏnÌYÎeÐ
Û¥ÌYÏXË � �3K@ÏnÍNK@Ï¥U@Ì³WXë��iÛ¥Ì³M³M¶Û¥SnÌfÏnQ1Ì³ÓuJTîLQ1ì/M³QRWFÏXÎ�UNÌ³WXë�Û¥ÌfÏnË©JTÍ/ÍNSXÎeÍNSnÌ³JTÏXQ
Ð/JTÓ�Ì³ÐNî�ÚíÎLS�ÏXË/Q�Ñ$KNSnSXQRÐdÏ¥W4ÏXQRSXQRÎuÑ�JTÓ�QRSnJ/×
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�Q�Q � ; �!ÚíÎLS�UNQ �LQRMYÎeÍ¶QRS�ÌYÐ@ÚíÎeSXÓuJTÏXÌ³ÎLÐ�×�
�QRQ � � �!ÚíÎLS®Ì³Ð@ÚíÎLSnÓuJ�ÏXÌ³ÎLÐ JTÖiÎLKNÏ®JTÏ4ÏVJLÑVËNÌ³ÐNî¦J
Ñ�JTÓ�QRSnJ'ÏXÎóJ¦Ò1ÌÅJTÓ�ÎeÐ/UNÔLÒ JLÍNÍNM³Ì³ÑRJ�ÏnÌYÎeÐ�×�
�ÎLK/SnÑ�Q²Ñ�Î�UNQøUNÎ�Ñ�KNÓ�Q�ÐdÏnJTÏXÌ³ÎLÐ ÌÅW�ÌYÐ Ò1ÌÅJ�Ý
Ó�ÎeÐ/UNÔeÒ¸ÿTÒ1Î@ÑT× �/ÎLSqJLÍNÍNM³Ì³ÑRJ�ÏXÌ³ÎLÐ ü Ó·ZdJTÍNÍ;ý!ïeÏnËNQ�U@Î@Ñ$K/Ó�QRÐdÏnJ�ÏnÌYÎeÐ�Ì³W

� Ò1ÌÅJTÓ�ÎeÐ/UNÔLÒ!ÿ�Ò3Î@Ñ�ÿTØqÍNÍ@Ý ü Ó·ZdJTÍNÍ;ý3ÿ|ËdÏXÓ�Míÿ|Ì³Ð/U@Q$úP× ËdÏXÓ�M
� Ò1ÌÅJTÓ�ÎeÐ/UNÔLÒ!ÿ�Ò3Î@Ñ�ÿTØqÍNÍ@Ý ü Ó·ZdJTÍNÍ;ý3ÿ|MÅJ�ÏXQ�ú
�NÎLS¥M³Ì³ÖNSnJLSXZ
U/ÔLU�Ý ü W4ÎeÓ�Q�M³ÌYÖ�ý!ïdÏnËNQ�U@Î@Ñ$KNÓ�QRÐeÏVJ�ÏnÌYÎeÐÜÌÅW

� Ò1ÌÅJTÓ�ÎeÐ/UNÔLÒ!ÿ�Ò3Î@Ñ�ÿTUNÔLU�Ý ü WXÎLÓ�Q�M³ÌYÖ;ý3ÿ|ËdÏXÓ�Míÿ|Ì³Ð/U@Q$úP× ËdÏXÓ�M
� Ò1ÌÅJTÓ�ÎeÐ/UNÔLÒ!ÿ�Ò3Î@Ñ�ÿTUNÔLU�Ý ü WXÎLÓ�Q�M³ÌYÖ;ý3ÿ|MÅJ�ÏXQ�ú

89+@/n+;=N+;01,6+ -

z ¨��6¨ �1¨ { ksr$o4}e_bjlkn��¨�¤�k § kVjlv�¡@kno>�Rad\f}ekH]`v£]`gdkH¤�\frR�!v�¢d} � ¤���\l_b\lv�¢�t¶\lceo4r$ob��¨P±À¢·¡eo`kV¡dr�o4r$]`\fvR¢[�r$o`mXg y�� w@[�h;pHt;w xRyRy�� ¨
x ¨��6¨ �1¨ { ksr$o4}e_bjlkn��¨ ��_b\l¢e�ømsrR�!kXo4rR_u~>\^]`g¦¤�\frR�!vR¢�} � ¤ r�¡d¡djl\lmsr$]`\fvR¢d_V¨ ±À¢A¡eo`kV¡dr�o4r$]`\fvR¢
[�r$o`mXg y�� w@[�h;pHt;w xRyRy�� ¨
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