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¹.MjV5¶ O iPÁÌÅ����
�3Í��Î�[ÆXÈ½ÇX��ÈXÈ�Âd	5�X�XÏ½�5	��X��Ð½Ê�Ñ��3ÃPbPijQPV5ij¼�S9S[LdU_O laV�U_S[L:º£^_JXlÒU_MPS9ÃhJ5U_MÌLNbP^_ÓXS�f�L:¹:S�^_S�bjLNS[QÔVXL:U_bPiPO iPÁ
O ijQ�OR¼�S[L�Ñ±�@¼�¶ S[V5^�Q�O Õ+S�^_S�ij¼�S�O iÖU_MPS�S[LdU_O laV�U_S[L%J5º.U_MPS�ijV�U_bP^)V5¶ l�JX^NU)V5¶ O Udf´¼�J½S�¾0¼�O S�i�U)L%ÃhS�Ud¹:S�S�i®�3^_S[VÌ¿�µ×V5ijQ
µØ¹�VXL�JXÃjLNS�^_ÓXS[Q�ÑÚÙ3ij¼�S�^NU)V5O i�U_O S[LaO iÀU_MPSÌS[LdU_O laV�U_S[La¹:S�^_S!¶ J�¹:S�^�U_MjV5iÀU_MPJ�LNS!O i¬·P^_S�Ó½O JXbjL�S[LdU_O laV�U_S[LaQ�S�^_O ÓXS[Q
Ã½fÌÛ:b�UNU_S�^_¹:JX^NU_MÀÜ�Ý
Þ�ß ÑaÅd�[ÆXÆXÆPZ+	5�X��	XÊ�ÃhS[¼�V5bjLNS�¶ JXiPÁXS�^�LNS�^_O S[L
J5º ¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS%V5ijQHV5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L�¹:S�^_S
bjLNS[QÌO iHU_MPS�·P^_S[LNS�i�U�LdU_bjQ�fXÑ%à½JXl�S�LNS�ijLNO U_O Ó½O UdfÔU_S[LdU)L�O iHU_MPS�¶ O ÁXM�U�J5º�U_MPS�S[LdU_O laV�U_O JXi±J5º�U_MPS�ijV�U_bP^)V5¶'l�JX^NU)V5¶ O Udf
¼�J½S�¾0¼�O S�i�U)L:¹:S�^_S�V5¶RLNJ�·hS�^Nº£JX^_l�S[Q�Ñ�I�MPS[LNS9V5ijV5¶ f�LNS[L:LNMPJ�¹:S[QaU_MPS�S[LdU_O laV�U_S�J5ºKU_MPS�ijV�U_bP^)V5¶+l�JX^NU)V5¶ O Udf0¼�J½S�¾0¼�O S�i�U
O i±�3^_S[V�¿�µá¹�VXL
LN¶ O ÁXM�U_¶ f!V�Õ+S[¼�U_S[Q!Ã½fÔÃhJ5U_MHÁX^_JXbP·PO iPÁaJ5º QPV�U)V0LNbj¼)MHVXL
	sÂ~fXS[V5^NÂd	sÂ�V5ÁXS�V5ijQHÏ�Â~fXS[V5^NÂ�Ï�Â�V5ÁXS�V5ijQÌV5i
VXL_LNbPl�·�U_O JXiaJ5º+U_MPS
laV�â�O l�bPlÎV5ÁXS.bjLNS[Q�O iaU_MPS3¶ JXÁ5Â~¶ O WXS�¶ O MPJ½J�Q�J5º+U_MPS�¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS.QPV�U)VPZX¹.MPO ¶ S3U_MPS3S[LdU_O laV�U_S3O i
�3^_S[V%µ�¹�VXL ^)V�U_MPS�^�LdU)V5ÃP¶ S
O i�U_MPS[LNS�LNS�ijLNSXÑ(¿�iÔVXQPQ�O U_O JXi�Z�U_MPS9V5l�JXbPi�U:J5ºKÃPORVXL O i0U_MPS�V5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L:Q�bPS
U_J%ÁhÅ���Ê�V�Õ+S[¼�U_S[Q�U_J�LNJXl�S.S�â½U_S�i�U]U_MPS
S[LdU_O laV�U_S[L�J5º+U_MPS
ijV�U_bP^)V5¶Pl�JX^NU)V5¶ O Udf�¼�J½S�¾0¼�O S�i�U O i0�3^_S[V9¿�µ�Ñ��
L]S�â�·hS[¼�U_S[Q�Z
U_MPS�V5l�JXbPi�U J5º+U_MPS�VXQPQ�O U_O JXijV5¶jÓ�V5^_ORV5ij¼�S
Q�ORQaiPJ5U O l�·jVX¼�U U_MPS
·hJXO i�U S[LdU_O laV�U_S[L O i�U_MPS
ÃhJ5U_M�V5^_S[VXL�¹.MPO ¶ S
O U:laVXQ�S
U_MPS9bPij¼�S�^NU)V5O i�Udf0O ij¼�^_S[VXLNSXÑ
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V�U_bP^)V5¶hl�JX^NU)V5¶ O Udf0¼�J½S�¾0¼�O S�i�U[ZPé Z½ORL:JXiPS�J5º�U_MPS�l�J�LdU�O l�·hJX^NU)V5i�U�·jV5^)V5l�S�U_S�^)L�U_J�O l�·P^_J�ÓXS3U_MPS9LdU_J�¼)W�laV5ijV5ÁXS�Â
l�S�i�U[Z(V5ijQ±U_MPS�^_S�º£JX^_S�U_MPSaS[LdU_O laV�U_O JXi´J5º3éêORL�JXiPSaJ5º:U_MPSalaV�cdJX^9JXÃ�cdS[¼�U_O ÓXS[L�J5º.���
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¼�V5i0ÃhS
S[LdU_O laV�U_S[QabjLNO iPÁ�¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS.QPV�U)VPÑ(¿�iaº�VX¼�U[Z½Ó½O ^NU_bjV5¶j·hJX·PbP¶RV�U_O JXi�V5ijV5¶ f�LNORL
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¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS0QPV�U)VÌJ5º�¼�JXl�l�S�^)¼�ORV5¶ ¹.MjV5¶ O iPÁ±V5ijQ¸���
�3Í��8Å£bP·¸U_J®�[ÆXÆ½ÇX��ÆXÈ�Ê�V5ijQ¸V5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L%º£^_JXl
ÃhJ5U_M0¿dë9ì:�ÚV5ijQa���
Í �3�¬O i��3^_S[V9¿�µ�V5ijQ�µ�Ñ½�3¶RLNJjZ½Û:b�UNU_S�^_¹:JX^NU_MHÜ�Ý Þ�ß Ñ.Å�	5�X��	XÊ'bP·+QPV�U_S[Q�U_MPS
^_S[LNbP¶ U)L]bjLNO iPÁ9U_MPS
QPV�U)V�bP·�U_J!�[ÆXÆXÆ½�5	5�X�X��LNbP^_ÓXS�fXÑ(¿�i�U_MPS[LNS9V5ijV5¶ f�LNS[L�Z�U_MPS9V5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L:º£^_JXlí���
�3Í���¹:S�^_S�VXL_LNbPl�S[Q0U_J
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ÃPORVXLNS[QaÃhS[¼�V5bjLNS
J5º�U_MPS
·P^_S[LNS�ij¼�S
J5ºKLNW½O ·jL]O i�MPO ÁXM�Q�S�ijLNO Udf�V5^_S[VPZ½V5ijQ�U_MPS�^_S�º£JX^_S
V9ÃPORVXL:¼�JX^_^_S[¼�U_O JXi�º�VX¼�U_JX^:¹�VXL
S[LdU_O laV�U_S[Q!VXL�¹:S�¶ ¶�VXL�J5U_MPS�^.·jV5^)V5l�S�U_S�^)L�Ñ
�.S[¼�S�i�U_¶ fXZ�V5¶ ¶�U_MPS
L_V5l�·P¶ S[L(º£^_JXl ���
�3Í��îÅd�[ÆXÈ½ÇX��ÈXÈ�Â)�[ÆXÆXÆ½���5��Êh¹:S�^_S�^_S�Â�V5ÁXS[Q�ÑK¿�i0VXQPQ�O U_O JXi�Z�QPV�U)V�º£^_JXlá^_S[¼�S�i�U
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I�MPS�·P^_S[LNS�i�U�µ�Í�� LdU_bjQ�O S[L�bjLNS�¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS3laV�U_^_OR¼�S[L�V5ijQÔV5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L.VXL�QPV�U)V�LNS�U)L�Ñ�I�MPS9LNJ5Â�¼�V5¶ ¶ S[Q
·PbP¶RLNS.ËhLNMPO iPÁ�V5^_S3VXL_LNbPl�S[QaVXL]·hJX·PbP¶RV�U_O JXi0Q�f½ijV5l�OR¼�L�Ñ(Í�V5^)V5l�S�U_S�^)L(O iaU_MPS
·hJX·PbP¶RV�U_O JXi0Q�f½ijV5l�OR¼�L V5^_S3S[LdU_O laV�U_S[Q
Ã½f0U_MPS9laV�â�O l�bPl@¶ O WXS�¶ O MPJ½J�Q�l�S�U_MPJ�Q�Ñ]¿�iÔU_MPORL3LNS[¼�U_O JXi�ZP¹:S%Q�S[L_¼�^_O ÃhS�U_MPS%QPV�U)V�b�U_O ¶ O ï�S[Q�ZP·hJX·PbP¶RV�U_O JXiÌQ�f½ijV5l�OR¼�L
VXL_LNbPl�S[Q�ZPQ�S�U)V5O ¶RL�J5º(S[LdU_O laV�U_O JXiÔl�S�U_MPJ�Q�ZhV5ijQÔLNS�ijLNO U_O Ó½O UdfaU_S[LdU)L�º£JX^.µ�Í��%Ñ
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laV�U_^_OR¼�S[L�Ñ
I�MPS�¼�JXl�ÃPO ijV�U_O JXiHJ5º:	sÂ~fXS[V5^3V5ijQ±	sÂ�V5ÁXS[L.ORL�V5¶RLNJ0bjLNS[Q!U_JÔVXL_LNS[L_L�U_MPS�LNS�ijLNO U_O Ó½O Udf!J5º LNbj¼)MÌÁX^_JXbP·PO iPÁ�L�Ñ
I'V5ÃP¶ S���·P^_J�Ó½ORQ�S[L:U_MPS%¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS
laV�U_^_OR¼�S[L:º£JX^3�3^_S[V�¿�µÄV5ijQÔµÄÃ½f�Ï�Â~fXS[V5^:ÁX^_JXbP·PO iPÁjÑ
�
L:U_bPiPO iPÁ�º�VX¼�U_JX^)L:º£JX^.µ�Í��%ZP¹:S9bjLNS[Q�U_MPS%V5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L�J5º'U_MPS9ÃhJ5U_MÌ¿dë9ì:� V5ijQÔ���
�3Í��ÄLNbP^_ÓXS�f�L

V5ijQ0U_MPS�O ^
¼�J½S�¾0¼�O S�i�U.J5º(Ó�V5^_ORV�U_O JXijL�Å~ì µ�L)Ê�ÁXO ÓXS�i�O iÌI'V5ÃP¶ S�	�Ñ�I�MPS[LNS�S[LdU_O laV�U_S[L.¹:S�^_S�Q�S�^_O ÓXS[Q�Ã½f0U_MPS%LdU)V5ijQPV5^)Q
l�S�U_MPJ�Q±V5ijQHlaVsfÌMjVsÓXS�LNS�ÓXS�^_S�Q�J�¹.i½¹�V5^)Q!ÃPORVXLNS[L
ÃhS[¼�V5bjLNS�-�Å���Ê3¼�JXbP¶RQHÃhS�¶ S[L_L3U_MjV5i®�XÑ%k3J�¹:S�ÓXS�^[ZhiPJ�^_S�¶ ORV5ÃP¶ S
S[LdU_O laV�U_S[L(J5º�-�Å���Ê'V5^_S�VsÓ�V5O ¶RV5ÃP¶ S:V�U(U_MPORL�LdU)V5ÁXSXÑ'`PJX^'U_MPORL(^_S[VXLNJXi�Z�¹:S�VXL_LNbPl�S[Q9U_MjV�U$-�Å���Ê/.Ä��V5ijQ%U_MPS.V5ÃPbPijQPV5ij¼�S
S[LdU_O laV�U_S[L�V5^_S�bPi½ÃPORVXLNS[QÌº£JX^
U_MPSaL_V5WXS�J5º:¼�JXi½ÓXS�iPO S�ij¼�SXÑ%I�MPS�S�Õ+S[¼�U9J5º]U_MPS�bPijQ�S�^_S[LdU_O laV�U_O JXi±J5º:V5ÃPbPijQPV5ij¼�S�JXi
U_MPS9S[LdU_O laV�U_O JXiÔJ5º]é ORL.S�âPV5l�O iPS[Q�Ã½f�LNS�ijLNO U_O Ó½O Udf0U_S[LdU)L�Ñ
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¿�i0U_MPORL�LNS[¼�U_O JXi�Z½¹:S�O ¶ ¶ bjLdU_^)V�U_S
U_MPS�·hJX·PbP¶RV�U_O JXiÔQ�f½ijV5l�OR¼�L:VXL_LNbPl�S[Q0O i0U_MPORL:·jV5·hS�^�O i0U_S�^_laL J5º'Ï�Â~fXS[V5^ ÁX^_JXbP·PO iPÁjÑ
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S[L_¼�^_O ·�U_O JXijL]º£JX^3	sÂ~fXS[V5^]ÁX^_JXbP·PO iPÁ�V5^_S
S[L_LNS�i�U_ORV5¶ ¶ f�L_V5l�S�VXL]U_MPJ�LNS
º£JX^�Ï�Â~fXS[V5^]ÁX^_JXbP·PO iPÁjZ½V5ijQaU_MPS�^_S�º£JX^_S
¹:S
JXl�O U
U_MPS�l!Ñ�¿�i�U_MPORL�·jV5·hS�^[Z�¹:S�VXL_LNbPl�S
U_MjV�U�U_MPS9·hJX·PbP¶RV�U_O JXiÔQ�f½ijV5l�OR¼�L�l�J�Q�S�¶�ORL�¼�JXl�l�JXi�U_J�U_MPS�Ud¹:J�V5^_S[VXL S�âP¼�S�·�U
º£JX^.Ó�V5¶ bPS[L�J5º(·jV5^)V5l�S�U_S�^)L�Ñ
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° �±­.ç �:¯Ö­
I'V5ÃP¶ S
Ï9LNMPJ�¹3L(U_MPS
^_S[LNbP¶ U)L�J5º�l�J�Q�S�¶+LNS�¶ S[¼�U_O JXi�O i�¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS�Q�ORLdU_^_O ÃPb�U_O JXijL�º£JX^]U_MPS3ÃjVXLNS�¶ O iPS
¼�VXLNSXÑ(I�MPORL�U)V5ÃP¶ S
O ijQ�OR¼�V�U_S[L(U_MjV�U]U_MPS3V5l�JXbPi�U]J5º+J�ÓXS�^)Q�ORLN·hS�^)LNO JXi�ORL]LNlaV5¶ ¶jV5ijQ�Z�VXL]V�^_S[LNbP¶ U[Z5U_MPS3l�bP¶ U_O iPJXl�ORV5¶Pl�J�Q�S�¶jORL]LNS�¶ S[¼�U_S[Q�Ã½f
�3¿_ì¬O iÌS[VX¼)M!V5^_S[VPÑ]¿�iÔº�VX¼�U[ZPU_MPS9S[LdU_O laV�U_S9J5º]é ORL3V5¶ l�J�LdU3bPij¼)MjV5iPÁXS[Q�O iÌS[VX¼)M!V5^_S[VPÑ��»SXZ�U_MPS�^_S�º£JX^_SXZj¼�JXij¼�¶ bjQ�S
U_MjV�U.U_MPS�^_S�ORL.iPJ�J�ÓXS�^)Q�ORLN·hS�^)LNO JXi0O iÔU_MPS%¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS�QPV�U)V�O iÔU_MPS9ÃhJ5U_MÌV5^_S[VXL�Ñ
I�MPS0S[LdU_O laV�U_S[L9J5º�U_MPS�ijV�U_bP^)V5¶]l�JX^)V5¶ O Udf±¼�J½S�¾0¼�O S�i�U)L%O i¸�3^_S[VÌ¿�µ@V5ijQ´µÒº£JX^9U_MPS�ÃjVXLNS�¶ O iPS0L_¼�S�ijV5^_O JÌ¹:S�^_S

�PÑ �½Ç�ÈXÈ�Å~�sfXS[V5^�Ê]V5ijQÔ�PÑ �5Ð�Æ½Ç�Å~�sfXS[V5^�Ê�Z½^_S[LN·hS[¼�U_O ÓXS�¶ fXÑ�I'V5ÃP¶ S�Ð�·P^_J�Ó½ORQ�S[L]U_MPS�S[LdU_O laV�U_S[Q�i½bPl�ÃhS�^)LdÂ�V�UNÂ�V5ÁXS3laV�U_^_OR¼�S[L
O iÌ�3^_S[V�¿�µîV5ijQÔµ º£JX^.U_MPS9ÃjVXLNS�¶ O iPS9L_¼�S�ijV5^_O JjÑ�Í]¶ J5U)L�J5º'U_MPS9S[LdU_O laV�U_S[Q�U_J5U)V5¶�·hJX·PbP¶RV�U_O JXi!LNO ï�S9¹.O U_MÔU_MPS�U_bPiPO iPÁ
O ijQ�OR¼�S[L3V5^_S�LNMPJ�¹.iÔO iÌ`'O ÁXbP^_S��XÑ

�



I�MPS�^_S[LNbP¶ U)L3J5º:LNS�ijLNO U_O Ó½O Udf�U_S[LdU)L�O iÌU_S�^_laL
J5º�U_MPS�fXS[V5^NÂ~ÁX^_JXbP·PO iPÁaV5ijQ!U_MPS�laV�â�O l�bPlØV5ÁXS��4V5^_S�LNMPJ�¹.iÌO i
I'V5ÃP¶ Sa��Ñ9�3¶RLNJjZ+U_MPS�^_S[LNbP¶ U)L�J5º:LNS�ijLNO U_O Ó½O UdfÔU_S[LdU)L�O iHU_S�^_laL�J5º ÁhÅ���Ê
V5ijQÌU_MPS�VXQPQ�O U_O JXijV5¶'Ó�V5^_ORV5ij¼�S�V5^_S�LNMPJ�¹.iHO i
`'O ÁXbP^_S%	�V5ijQ!ÏPZ�^_S[LN·hS[¼�U_O ÓXS�¶ fXÑ

æ ã ­
²´ç�­
­ ã å ä
I'V5ÃP¶ S�ÐaLNMPJ�¹3L U_MPS�^_S�ORL.V�¼�¶ S[V5^.Q�O Õ+S�^_S�ij¼�S�O iÌé ÃhS�Ud¹:S�S�i!�3^_S[V�¿�µÄV5ijQ�µ�ÑPI�MPORL�^_S[LNbP¶ U�ORL.¼�JXijLNORLdU_S�i�U�¹.O U_M�U_MPS
·P^_S�Ó½O JXbjL
^_S[LNbP¶ U�O i»Û:b�UNU_S�^_¹:JX^NU_M³Ü�Ý
Þ�ß ÑÔÅ�	5�X��	XÊ�Z+V5¶ U_MPJXbPÁXMHU_MPSa¼�bP^_^_S�i�U�S[LdU_O laV�U_S�º£JX^�U_MPS�ÃjVXLNS�¶ O iPS�L_¼�S�ijV5^_O J0O i
�3^_S[V�¿�µÄORL.LN¶ O ÁXM�U_¶ f0ÁX^_S[V�U_S�^:U_MjV5iÔU_MjV�U3O iÔU_MPS9·jV5·hS�^[Ñ

� bP^(S[LdU_O laV�U_S[L(J5ºhU_MPS�ijV�U_bP^)V5¶�l�JX^NU)V5¶ O Udf%¼�J½S�¾0¼�O S�i�U é�¹:S�^_S:S[LdU_O laV�U_S[Q�bjLNO iPÁ�¶ JXiPÁXS�^�LNS�^_O S[L(J5º+¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS
V5ijQÔV5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L.¼�JXl�·jV5^_S[QaU_JaÛ:b�UNU_S�^_¹:JX^NU_MÖÜ�Ý�Þ�ß Ñ3Åd�[ÆXÆXÆPZP	5�X��	XÊ�Ñ(Û:S[¼�V5bjLNS�J5ºKU_MPORL�ZPbPij¼�S�^NU)V5O i�U_O S[L:O i
JXbP^.S[LdU_O laV�U_S[L�¹:S�^_S�¶ J�¹:S�^:U_MjV5i�U_MPJ�LNS9O i!·P^_S�Ó½O JXbjL:S[LdU_O laV�U_S[L�Ñ
à½S�ijLNO U_O Ó½O Udf®V5ijV5¶ f�LNS[L�LNMPJ�¹:S[QÖU_MPSÌS[LdU_O laV�U_S!J5º9é-O i¬�3^_S[V»µ?¹�VXL�^)V�U_MPS�^aLdU)V5ÃP¶ SXÑ � i®U_MPSÌJ5U_MPS�^aMjV5ijQ�Z

U_MPSaS[LdU_O laV�U_SaO iÖ�3^_S[VÔ¿�µÒ¹�VXL�LN¶ O ÁXM�U_¶ f±V�Õ+S[¼�U_S[Q»Ã½f±ÃhJ5U_M»U_MPSaÁX^_JXbP·PO iPÁÔJ5º.QPV�U)V!V5ijQHU_MPS0VXL_LNbPl�·�U_O JXi´J5º U_MPS
laV�â�O l�bPl V5ÁXSXÑ&`PbP^NU_MPS�^_l�JX^_SXZ U_MPSÌÓ�V5¶ bPSÌJ5º�ÁhÅ���Ê�V�Õ+S[¼�U)L�U_MPSHS[LdU_O laV�U_S[LaJ5º%é�O i¬�3^_S[V´¿�µ�Ñ I�MPS!U_^_S�ijQ³J5º
V5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S[L�·P¶RVsf�L�VÔWXS�fÌ^_JX¶ S�O i±U_MPSaS[LdU_O laV�U_O JXi»J5º.é Ñ�¿�i»º�VX¼�U[Z�O º�JXl�O UNU_O iPÁÔU_MPSa¿dë9ì:� S[LdU_O laV�U_S[L
O iÖÇ�È½�XÇ�ÆPZjU_MPS�i±U_MPS�U_^_S�ijQ±O i»�3^_S[V�¿�µ ÃhS[¼�JXl�S[L��hV�UNU_S�^[Z�V5ijQÌU_MPS�S[LdU_O laV�U_S�J5º.é º£JX^�S[VX¼)M±L_¼�S�ijV5^_O J�ÃhS[¼�JXl�S[L
LNlaV5¶ ¶]Å£SXÑ ÁjÑ �é .¬��Q ����Ð�Æ9º£JX^:U_MPS9ÃjVXLNS�¶ O iPSsÊ�Ñ(¿�i�U_MPORL.LNS�ijLNSXZ�JXiPS�¿dë9ì:��S[LdU_O laV�U_S[L:O iHÇ�È½�XÇ�Æ%MjVXL�V�ÁX^_S[V�U:O l�·jVX¼�U
JXi0U_MPS�S[LdU_O laV�U_O JXi�J5º(é O iÔ�3^_S[V�¿�µ�Ñ�¿�i�J5U_MPS�^�¹:JX^)QPL�ZXU_MPS�S[LdU_O laV�U_S�J5º(é ORL:iPJ5U.^_JXÃPbjLdU:U_J�U_MPS9¼)MjV5iPÁXS
J5º�U_MPS
Ç�È½�XÇ�Æ%S[LdU_O laV�U_SXÑ
�
L]¹:S.S�â�·hS[¼�U_S[Q�Z�U_MPS
V5l�JXbPi�U J5º+U_MPS
VXQPQ�O U_O JXijV5¶PÓ�V5^_ORV5ij¼�S3Q�ORQaiPJ5U O l�·jVX¼�U]U_MPS3·hJXO i�U:S[LdU_O laV�U_S[L�O iaU_MPS3ÃhJ5U_M

V5^_S[V%¹.MPO ¶ S�O U.laVXQ�S
U_MPS�bPij¼�S�^NU)V5O i�UdfaO ij¼�^_S[VXLNSXÑ(I�MPS�O i�U_S�^NÂ�V5iPi½bjV5¶+¼)MjV5iPÁXS
ÃhS�Ud¹:S�S�i�Ud¹:J�V5^_S[VXL laVsfaJ�¼�¼�bP^[Z�V5ijQ
U_MPS�^_S�º£JX^_S�U_MPS�^_S�l�O ÁXM�U.ÃhS%V�·hJ�LNO U_O ÓXS9V5l�JXbPi�U.J5º�VXQPQ�O U_O JXijV5¶�Ó�V5^_ORV5ij¼�SXÑ'¿�iÔU_MPORL3LNS�ijLNSXZ�O U3ORL�iPS[¼�S[L_L_V5^_f�U_JaVXL_LNS[L_L
U_MPS�VXQPQ�O U_O JXijV5¶'Ó�V5^_ORV5ij¼�S9O iHU_MPS�V5ÃPbPijQPV5ij¼�S%S[LdU_O laV�U_S[L3º£^_JXlØ���
Í �3�îVXL
¹:S�¶ ¶'VXL
¿dë9ì:���5à � ��� � O iHJX^)Q�S�^3U_J
S�Ó�V5¶ bjV�U_S�U_MPS9bPij¼�S�^NU)V5O i�Udf0O iÔU_MPS9S[LdU_O laV�U_S�J5º]é Ñ
¿�i9U_MPORL'·jV5·hS�^[Z�¹:S:VXL_LNbPl�S[Q9JXiP¶ f9LN·jV�U_ORV5¶½Q�O Õ+S�^_S�ij¼�S:O i�é Ñ'k3J�¹:S�ÓXS�^[Z�U_MPS�Q�S[¼�¶ O iPS:J5ºhV5ÃPbPijQPV5ij¼�S laVsf9¼)MjV5iPÁXS

U_MPS%Ó�V5¶ bPS9J5º é fXS[V5^_¶ fXÑ ë
S�U_S[¼�U_O JXiÌJ5º�LNbj¼)MÔU_S�l�·hJX^)V5¶K¼)MjV5iPÁXS[L�O i±é ORL
VaQ�O ¾0¼�bP¶ U3U)VXLNWÔVXL.¹:S�¶ ¶KVXL.S[LdU_O laV�U_O iPÁ
V5ÁXS�Â�Q�S�·hS�ijQ�S�i�U
é Ñ�`PbP^NU_MPS�^
LNbj¼�¼�S[L_LNO ÓXS�L_¼�O S�i�U_O Ëh¼�¹.MjV5¶ O iPÁ�ORL�iPS�S[Q�S[Q�U_JaVX¼�¼�JXl�·P¶ ORLNM�U_MPS[LNS9^_S[LNS[V5^)¼)MPS[L�Ñ
�Ú¶ J5U�J5º�·jV5^)V5l�S�U_S�^)L LNbj¼)M�VXL�U_MPS
U_S�^_l�O ijV5¶ R�� L l�bjLdU�ÃhS�S[LdU_O laV�U_S[QaO i�µ�Í��&V5¶ U_MPJXbPÁXMaU_MPS�V5l�JXbPi�U:J5ºKQPV�U)V

V5ijQÔO i�º£JX^_laV�U_O JXi!V5^_S�¶ O l�O U_S[Q�Ñ ¿�ijLdU_S[VXQ�J5º(S[LdU_O laV�U_O iPÁ�U_MPS[LNS9·jV5^)V5l�S�U_S�^)L:O ijQ�S�·hS�ijQ�S�i�U_¶ fXZhVXL_LNbPl�O iPÁaV�LNl�J½J5U_M�Â
iPS[L_L3¼�JXijLdU_^)V5O i�U
V5l�JXiPÁ�U_MPS�l×laVsf�ÃhS�MPS�¶ ·�º£bP¶�U_J0^_S[Q�bj¼�S�U_MPS�ÃPbP^)Q�S�iÔU_J0S[LdU_O laV�U_S9U_MPS�l!Ñ.Û�VsfXS[LNORV5iÔl�J�Q�S�¶ O iPÁ
ORL�V%·P^_JXl�ORLNO iPÁ�¹�Vsf�U_J�O ij¼�JX^_·hJX^)V�U_S.U_MPS�LNl�J½J5U_MPiPS[L_L O i�U_J%U_MPS�µ�Í��&l�J�Q�S�¶�Ñ]`PJX^:S�âPV5l�·P¶ SXZ�V�LNl�J½J5U_MPiPS[L_L ·P^_O JX^
º£JX^�U_MPS�U_S�^_l�O ijV5¶�R�� L3¼�V5iÔÃhS%VXL_LNbPl�S[QÔVXL:º£JX¶ ¶ J�¹3L'E

R���= > L e 4 �	��
 O
��� = �	��
 O 8 :¸ÅKH
	 R���= > L Y � R���= > ���PesÊ*�
R < L e = � 4 � 7 ��� 
 � = � 7 
 � 8 :¸ÅKH
	 R < L Y = � � R <�= � ����e[Ê*� Åd�s	XÊ

¹.MPS�^_S��4ORL�U_MPSÌU_S�^_l�O ijV5¶.fXS[V5^[Z:V5ijQ��Pe ����eÌV5^_S!·jV5^)V5l�S�U_S�^)L�^_S�¶RV�U_S[Q¸U_J´U_MPSHV5l�JXbPi�UaJ5º9LNl�J½J5U_MPiPS[L_L�ÑÚI�MPS
·hJ�LdU_S�^_O JX^�l�S[V5ijL�J5º�·jV5^)V5l�S�U_S�^)L�¼�V5iÀÃhSÌJXÃ�U)V5O iPS[Q®bjLNO iPÁ��HV5^_WXJ�ÓÖ¼)MjV5O i��ÌJXi�U_S±ì:V5^_¶ J³Å��»ì��»ì�Ê�l�S�U_MPJ�QPL�Ñ
`PbP^NU_MPS�^_l�JX^_SXZ½O º'U_MPS9laV5^_ÁXO ijV5¶+¶ O WXS�¶ O MPJ½J�QÔ¼�V5iÔÃhS%Q�S�^_O ÓXS[Q�Z½U_MPS9·hJ�LdU_S�^_O JX^�·P^_JXÃjV5ÃPO ¶ O UdfaJ5º(S[VX¼)MÔL_¼�S�ijV5^_O J�¼�V5iÔÃhS
S�Ó�V5¶ bjV�U_S[Q�Ñ�¿~U3ORL�JXiPS�J5º�¼)MjV5¶ ¶ S�iPÁXO iPÁ�ORL_LNbPS[L�O iÔU_MPS�º£b�U_bP^_S9¹:JX^_W+Ñ

É



� ���������
	��P��
�� 1������
I�MPS.V5b�U_MPJX^)L'¹:JXbP¶RQ�¶ O WXS U_J�U_MjV5iPW��%Ñ �3Ñ5Í]bPi�U(º£JX^�MPORL�LNS�ijQ�O iPÁ9¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS QPV�U)V
U_^)V5ijLdº£JX^_l�S[Q%Ã½f�V�V5ÁXS�Â~¶ S�iPÁ5U_M�Â
WXS�faº£JX^�U_MPS9·hS�^_O J�Q�J5º�¼�JXl�l�S�^)¼�ORV5¶+¹.MjV5¶ O iPÁjÑ

����������������� �

Û:b�UNU_S�^_¹:JX^NU_M�Z'ë�Ñ à+Ñ Z(Í]bPi�U[Z'�%Ñ �3Ñ Z'Û:^)V5ij¼)M�Z'I�Ñ �%Ñ Z'`Pb�cdORLNSXZK\�Ñ Z]ghS�iPO U)V5iPO�Z(�9ÑKV5ijQ´T9V�U_JjZKk%Ñ'Ù3·+QPV�U_S[Q´�
ë3�
Í I
µ�Í��³^_S[¼�^_bPO U_l�S�i�U V5ijQ�V5ÃPbPijQPV5ij¼�S�U_^_S�ijQPL�S[LdU_O laV�U_S[L'º£JX^:à½JXb�U_MPS�^_i�k3S�l�ORLN·PMPS�^_S.l�O iPWXS.¹.MjV5¶ S[L(O ia�3^_S[V�¿�µÚV5ijQ
µ�Ñhàjì.�5��Ð��s¿d��	X��Z�	5�X��	�Ñ
Û:b�UNU_S�^_¹:JX^NU_M�Z�ë�Ñ à+Ñ Z�Í]bPi�U[Z��%Ñ �3Ñ Z���S�^_l�JXi�U[Z�k%Ñ `:Ñ Z�T9V�U_JjZ�k%Ñ�V5ijQH`Pb�cdORLNSXZ+\�ÑÖ¿�i�º£S�^_S�ij¼�S[L
JXiÌU_MPS�Q�f½ijV5l�OR¼�L�J5º
à½JXb�U_MPS�^_i0k3S�l�ORLN·PMPS�^_S.l�O iPWXS3¹.MjV5¶ S[L(º£^_JXl �
ë3�
Í I³V5ijV5¶ f�LNS[L�J5º�¼�V�U)¼)M�Â�V�UNÂ�V5ÁXS�O i�º£JX^_laV�U_O JXi�Ñ������]Ü�Ý�Þ��)Ü)Þ! #"
Ü%$&�
'±Þ! +Þ&(�Ü)� Z'�XZ��X��Â�Ï�	�Zh�[ÆXÆXÆPÑ
k
V5W�V5laVXQPVPZ5I�Ñ Z	�HV�U)LNbPJXW�VPZ5T�Ñ�V5ijQ�è3ORLNMPO ¹�V5W½O�ZXà+Ñ5�3i�bP·+QPV�U_S�J5º+�3i�U)V5^)¼�U_OR¼ l�O iPWXS:¹.MjV5¶ S[L(V5ÃPbPijQPV5ij¼�S�S[LdU_O laV�U_S
ÃjVXLNS[Q�JXi!���
�3Í��ÄQPV�U)V�O ij¼�¶ bjQ�O iPÁ0¼�JXl�·jV5^_ORLNJXi0U_J�¿dë9ì:���5à � ��� �&S[LdU_O laV�U_S[L�Ñ]��������������Í ���.ÐjZ½	5�X����Ñ

Ç



Table 1. Catch-at-age matrices of whales in Area
(a) Area IV 

Cya 2 5 8 11 14 17
1971 121 256 314 310 352 319
1974 820 1508 1773 1716 1423 1261
1977 80 329 437 633 618 529
1980 213 493 626 730 776 751
1983 235 499 606 808 709 886
1986 68 181 330 478 598 676
1989 63 97 80 47 44 61
1992 39 39 39 24 20 21
1995 92 82 79 93 48 42
1998 87 36 36 27 20 19
2001 83 81 75 52 54 52
2004 39 30 45 21 28 30

(b) Area V 8

Cya 2 5 8 11 14 17
1974 21 62 129 133 131 89
1977 38 279 374 488 502 439
1980 58 179 323 344 395 464
1983 117 382 479 584 700 678
1986 61 151 202 307 357 497
1989 13 34 27 28 39 25
1992 26 59 69 65 62 58
1995 32 23 44 35 39 31
1998 60 37 55 61 78 51
2001 16 26 29 31 33 42
2004 22 33 28 37 33 37
 IV and V in terms of 3-year grouping 

20 23 26 29 32 35 38 41 44 47 50 53 Total
284 235 146 95 99 45 30 25 3 7 17 4 2663
895 723 470 345 170 110 92 18 15 13 7 0 11358
283 234 125 79 48 11 25 6 0 2 6 0 3444
596 469 294 228 138 117 64 47 36 23 18 0 5617
664 506 346 216 84 47 34 32 7 7 3 0 5689
598 539 358 234 116 92 51 20 15 6 0 0 4359
61 33 45 27 12 13 7 6 1 0 0 0 598
18 12 16 20 15 9 7 2 2 2 1 1 288
36 28 43 24 27 24 13 6 4 10 5 4 660
14 17 10 10 15 13 10 2 5 6 0 1 328
48 34 24 33 26 27 27 18 15 7 1 1 660
23 16 12 13 18 8 18 7 8 8 4 1 330  

20 23 26 29 32 35 38 41 44 47 50 53 Total
74 48 30 3 10 4 0 0 0 0 0 0 734
320 188 146 98 40 34 9 13 12 0 0 2 2982
264 246 259 198 84 81 37 23 26 25 0 0 3006
527 376 285 150 103 60 34 23 11 6 2 1 4518
426 314 275 164 75 64 15 14 3 4 2 3 2936
21 15 8 10 5 5 5 0 0 0 0 0 236
63 60 55 36 35 25 19 5 7 7 0 0 650
28 20 21 17 11 16 8 4 0 0 0 0 330
48 42 56 39 36 33 22 19 8 6 7 0 659
9 26 28 21 19 16 15 2 6 3 4 4 330
29 22 22 16 19 8 8 3 5 2 3 1 330  



Table 2. Abundance estimates and their coefficient variations (CVs) in Area IV and V used as tuning factors 
(a) Area IV                  (b) Area V 

Survey Estimates CV Survey Estimates CV
IDCR   1978/79 134,304 0.179 IDCR   1980/81 257,768 0.280
IDCR   1988/89 60,207 0.184 IDCR   1985/86 290,675 0.136
JARPA 1989/90 54,539 0.215 IDCR   1991/92 190,044 0.180
JARPA 1991/92 54,959 0.243 JARPA 1990/91 195,743 0.210
JARPA 1993/94 41,934 0.215 JARPA 1992/93 122,048 0.229
JARPA 1995/96 42,134 0.220 JARPA 1994/95 168,566 0.268
JARPA 1997/98 32,656 0.252 JARPA 1996/97 171,332 0.261
JARPA 1999/00 49,867 0.169 JARPA 1998/99 198,423 0.233
JARPA 2001/02 68,503 0.167 JARPA 2000/01 179,796 0.210
JARPA 2003/04 47,858 0.358 JARPA 2002/03 226,884 0.161  
 
Table 3. Results of model selection in terms of overdispersion for the baseline scenario in Area IV and V 9

Case φC φS M relative AIC

Area IV

φC =0,  φS =0 0 0 0.0788 min AIC

φC>0,  φS=0 0.000360 0 0.0788 2.00

φC=0,  φS>0 0 5.84 0.0791 1.08

φC>0,  φS>0 0.000250 5.84 0.0791 3.52

Area IV

φC=0,  φS=0 0 0 0.0497 min AIC

φC>0,  φS=0 4.84 0 0.0500 1.24

φC=0,  φS>0 0 7.60 0.0501 0.92

φC>0,  φS>0 4.77 4.54 0.0503 2.18

 



 Table 4. The estimated numbers-at-age matrices in Area IV and V for the baseline scenario 
(a) Area IV 

Nya 2 5 8 11 14 17 20 23 26 29 32 3
1971 28512 27196 22558 16794 11988 7954 6114 4219 3028 1976
1974 21562 22533 21358 17616 13040 9195 6027 4597 3138 2268 1478
1977 14926 16462 16668 15509 12577 9179 6263 4046 3051 2098 1511 1028
1980 11887 11783 12791 12854 11768 9450 6828 4714 3003 2303 1587 1149
1983 11973 9265 8950 9634 9590 8686 6866 4914 3343 2131 1631 1139
1986 13077 9316 6949 6608 6982 7018 6157 4891 3471 2358 1505 1215
1989 9499 10325 7242 5242 4849 5044 5006 4383 3427 2449 1670 1092
1992 8857 7489 8109 5672 4109 3797 3933 3899 3426 2661 1904 1303
1995 8024 6999 5906 6391 4468 3231 2980 3087 3061 2682 2076 1484
1998 10644 6295 5484 4614 4982 3492 2518 2321 2409 2374 2089 1610
2001 6726 8379 4962 4314 3629 3921 2742 1974 1815 1888 1858 1630
2004 6047 5272 6578 3871 3371 2824 3054 2124 1528 1409 1458 1440

(b) Area V 
Nya 2 5 8 11 14 17 20 23 26 29 32 3
1974 35786 37191 37061 31211 25888 20127 13608 12629 6823 705
1977 30518 35374 35728 34575 28307 22825 17275 11352 10266 5393 542
1980 26882 30147 33771 33098 31047 24639 19300 14221 9110 8035 4091 388
1983 22962 26530 28837 31313 29833 27162 20842 15966 11405 7027 6054 3094
1986 28102 22595 25162 26549 27989 25816 22833 17040 12722 8829 5312 4596
1989 23771 27735 21597 23367 23901 24486 21829 18794 13649 9882 6693 4045
1992 17049 23498 26655 20194 21258 21146 21088 18291 15325 10830 7625 5165
1995 19339 16836 22555 24890 18334 18782 18180 17635 14878 12123 8338 5863
1998 20253 19095 16179 21074 22638 16211 16166 15226 14375 11795 9350 6432
2001 17648 19972 18339 15095 19140 19992 13932 13519 12391 11368 9081 7195
2004 15136 17439 19193 17141 13720 16932 17200 11678 11011 9815 8765 7000

 

10
5 38 41 44

799
811 577
858 611 428
883 634 464
848 688 494
1017 661 539
1148 788 515
1255 894 618
1259 965 688  

5 38 41 44

238
2344 157
3501 1799 111
3120 2700 1389
3971 2395 2082
4516 3061 1847
4943 3471 2349
5545 3806 2679  



T

  
(b) Area V 

The values in parentheses show 90% confidence in

in the log-likelihood for catch-at-age. The estimate

to 2001 in Area IV and 1998 in Area V. 

Groping m Esimates of M
3 years 30 0.0788  (0.0621

36 0.0753  (0.0514

2 years 30 0.0734  (0.0573
36 0.0695  (0.0534

ables 5. Sensitivity in estimates of the natural
(a) Area IV 

Groping m Esimates of M
3 years 30 0.0497  (0.0335

36 0.0507  (0.0349

2 years 30 0.0506  (0.0337
36 0.0517  (0.0348

 11
tervals. The value m is the maximum age used  

s in SC/54/IA25 were obtained using the data up  

 (/year) Esimates of M (/year) in SC/54/IA25
, 0.0957) 0.070   (0.036, 0.093)
, 0.0944) -

, 0.0895) -
, 0.0856) -

 mortality rates M (/year) in Area IV and V 

 (/year) Esimates of M (/year) in SC/54/IA25
, 0.0644) 0.0480   (0.011, 0.095)
, 0.0689) -

, 0.0675) -
, 0.0686) -



 

(a) Area IV 

The estimated total population sizes and the abundance estimates in Area IV
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(b) Area V 

The estimated total population sizes and the abundance estimates in Area V
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Figure 1. Plots of the total population size estimated by VPA with the abundance estimates used as 

tuning factors in Area IV and V for the baseline case. 
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Figure 2. Sensitivity to the change in g(0) for the baseline scenario. Solid line: estimate of M ; dashed 

line: 95% limits. 
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Figure 3. Sensitivity to the change in the amount of the additional variance for the baseline scenario. 

Solid line: estimate of M : dashed line: 95% limits for the baseline scenario. 
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