
HAL Id: hal-00001546
https://hal.science/hal-00001546v3

Submitted on 20 Jan 2005

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

An Approximation algorithm for scheduling Trees of
Malleable Tasks

Renaud Lepère, Grégory Mounié, Denis Trystram

To cite this version:
Renaud Lepère, Grégory Mounié, Denis Trystram. An Approximation algorithm for scheduling
Trees of Malleable Tasks. European Journal of Operational Research, 2002, 142, pp.242-249. �hal-
00001546v3�

https://hal.science/hal-00001546v3
https://hal.archives-ouvertes.fr


�����������	��
���
����	�������������������	��
 �����! #"$��%�&('��)�����
* �	%�%� +���-, ������%���.���% * �/ #01 

243)57698;:=<>3�?A@3�BC3�DFE�BFG3�H�IJBLKNM�IJ8F5FO�G3/6957:=PQ3)5FOSR�T>BCKURWVCBC6�X

Y[Z�\U])^_Z�`W]bac^Wdfehgjikeml�nS]�^Wo�Z�`WaqpsrtdudL`vguaqwx`y^Waz\JrJ`Waz]bl|{~}>ex�N�v�
�s� ^Wrtd��J� �4rJl9`W�Co�Z)ltl

�b�)�b�b� ��])l9`W\U])ltlJ])`v�9`�� �NZ�^y`Waql7�U�J^_Z�lt��d
���9�������s�A���9�)�9�b����� �)�s�b¡9¢)�b£A�¥¤�¢��b�J¦)���¨§9�)�J¦b©[�hª���£9©�«��9��¬|­�®9¦C¬t�)¡A�h¯��

�C]bls`_Z)�C`$Z�rJ`W°J])^�± §9�)�J¦�©;�hª���£�©�«��9��¬t®s¦C¬|�)¡A�¥¯��

²�³µ´�¶�·�¸|¹)¶bº/» °Jaqw½¼~])^W¾/¿�^Wd�wyd�ls`Ww	Z�l�Z�¿t¿�^W]�À�azo�Z�`Waz])l�Z�ÁqÂ)])^Wac`W°toÃnS])^~wy�L°Jd�ÄJrJÁz}
azltÂÅ`W°Jd~`_Z)wy¾9wA])n7ZÅ¿tZ�^_Z)ÁzÁzd�ÁtZ)¿t¿JÁzaq��Z�`Waz]bl7� » °td�wyd	`_Z�wy¾�w½Z�^Wd	�C]bltwyaqÄ�dC^Wd�Ä/Z)w�Æ/Ç)ÈcÉ
ÈqÊyÇ�Ë�ÈqÊÍÌ¥Ç)ÎxÏ�ÎÍi¥� » azl�wy°t]�^y`L{L�F¼�°taz�L°=o/d�Z)lJwÅ`W°|Z�`4`W°JdCÐ1��Z�l�\UdÍdCÀ�d���r�`Wd�Ä ])l
wyd�ÑbdC^_Z)Á½¿J^W]s��d�wywy]�^Ww�� » °tazwQo/]9ÄJd�ÁA^Wd���dCaqÑbd�wQ^WdC��d�ls`WÁcÐ�Z�Áz]�`�]�n$Z�`y`Wd�ls`Waz]bl7��Ä�rtd
o�Z�aqlJÁcÐ=`W]¨`W°td�ac^�¿J^_Z)�L`Waq��Z)Á	rtwyd�nS]�^Íazo/¿tÁzd�o/dCl9`WazlJÂ¨Z)�C`WrtZ)Á	¿tZ�^_Z)ÁzÁzd�Á�Z�¿t¿tÁzaz��Z�}
`Waz]blJw��J��]bwx`	]�nF`W°td�¼~])^W¾9w#ÄJd�Ñ�dCÁq])¿Ud�ÄÍ¼�ac`W°tazl/`W°tazw#o/]9Ä�d�Á|Ä�d�Z)Á|¼�ac`W°�azl|ÄJdC¿Ud�lJ}
Ä�d�ls`v� » nÒ])^$¼�°taz�L°�Âb]s]9Ä¨Z�¿t¿J^W]�À�azo�Z�`Waz]blNZ)ÁzÂb]�^Waz`W°Jo/w�°|Z�Ñ�dÅ\Ud�dCl¨ÄJd�wyazÂ)ltd�ÄF�
» °JaqwÍ¼#])^W¾�azw/Ä�d�Ñ�])`Wd�Ä�`W]1`W°td���Z�wyd�¼�°tdC^WdN� » Z�^Wd�ÁqazlJ¾�d�Ä�\sÐ�¿J^Wd��Cd�ÄJd�lJ��d
^Wd�ÁqZ�`Waq])ltw��JÓ�du¿�^Wd�wyd�ls`$ZfÔ/i �µÕ�Ö {½Z)¿t¿�^W]�ÀJazo�Z�`Waq])lNZ�ÁqÂ)])^Wac`W°to×iSnÒ])^$Z�l9Ð�ØJÀJd�Ä
Ö {[nS]�^½`W°Jd	wy¿Ud���acØ|�	wx`y^WrJ�C`WrJ^Wd	]�n7Zv`y^Wd�db� » °tazw½¿�^Wd�Ázazo/aqltZ�^yÐ�^Wd�wyrJÁz`½wy°t])rtÁqÄ�])¿Ud�l
`W°Jd>¼~Z�Ð4nÒ])^�nÒrJ^y`W°JdC^µazl9Ñ�d�wx`WazÂ�Z�`Waq])ltw��C]blt�CdC^WltazltÂvZ�^W\Jac`y^_Z�^yÐ�¿J^WdC��d�ÄJdClt��d>Â)^_Z�¿t°tw
]�n½� » �

Ù;ÚtÛµÜ�Ý;Þ�ß#àJá ?76�BC6�âãâÒ3�âÅä�IJX�?78UVLOÒ5FH(å/RCä�æF3):U87âãOÒ5FH�åÍX¨69âÒâã3b69çFâÒ31V�6�RLè|R�åÍ?FBL3bä�3b:U3�57ä�3
ä�I�5;RWVCBC6�Oã5tVCRvå�VCBL3)3)R)é

ê ëtì$íUîFï4ðfñQò[íFóWï$ì

ô Oã5;ä�3ÅVLæ73�3�OÒH�ætVLOÒ3)R)DsX¨695|K�õuI�BCèUR~æ76�ö�3uç;3)3�51:U3)ö�3)âãIJ?;3b:�÷�IJB�?769B�69âÒâÒ3�âÒOãø)Oã5FHÍ6�ä�VL876�âUâÒ6�BLHJ3
RLä)69âÒ3ù69?F?7âãOSä�69VLOÒI�57R)évú	6�BC6�âãâÒ3�â4OÒXN?Fâã3)XN3�5tVC69VLOÒI�57R=69BC3�ç76�RL3):ûIJ5ü69âÒH�IJBLOãVLæ7X�OSä�R_VL87:UOÒ3)R
õ4æF3�BC3vRCä�æF3):F8FâãOÒ5FH�6957:/âÒIJ6J:|åxç769âS6957ä�Oã57H�OÒRCRL8F3)R½69BC3vä�3)5tVLB�69â�?[I�OÒ5tVCR½VLIfç;3Åä�IJ57RLOÒ:U3)BL3b:µébýxV
R_æFIJ8FâS:�ç[3u57I9VLOSä�3b:�VCæ76sV~VCæF3�BC3v3�þUOÒR_VCR	6fö�3)BLKÍâS69BCH�3uâãOãVL3)BC69VL8FBC3v6J:F:UBC3)RCR_OÒ5FH�VCæF34?FBCI�çFâÒ3�X
I9÷ARLä�æ73):U8FâÒOÒ5FH�3�ÿ1ä�Oã3)5JVCâãK�VLæ734VC6JR_èUR	I�÷µ6�?769B�69âÒâã3)âF?FBCI�HJBC6�X=ésýxVuä�I�BCBC3)RL?;IJ57:FR~VCI��757:¨69V
õ4æ76sVuVLOÒXN3Í6�57: I�5 õ4æ7OÒä�æ ?FBLIUä�3)RCR_IJB�VLæ73fV�6�RLèURvõ4OÒâÒâ[ç[3Í3�þU3)ä�8UVL3b:µéFM(6�5tKNõuI�BCèUR$æ76�öJ3
ç;3)3�5 :U3)ö�3)âãIJ?;3b: OÒ57ä�âã87:FOã5FHùVLæF3)I�BC3�VCOÒä)69â$R_VL87:FOã3bR�I�5 6�ç7R_VLB�6�ä�V�6�57: OS:U3)6�âãOÒø�3b: X�IU:U3)âÒR
6957:�?FBC6Jä�VCOÒä)69â9VCI|I�âSR#ä�I�57RLOSRWVCOã5FHQI9÷;6Jä�VL8;69âtOãXN?FâÒ3�XN3�5tV�6sVLOÒI�5;R½IJ5�XNIJR_V#3�þUOÒR_VLOÒ5FHQ?;69B�69âÒâã3)â
6957:=:UOSRWVCBLOÒçF8UVC3):=?FâS6sV_÷�IJBLX¨R)é

� XNI�5FH�VCæF3�ös69BCOãIJ87RÅ?[IJRCR_OÒçFâÒ3�69?F?FBCIJ6Jä�æF3)R)DtVLæF3�X�ItRWVQä�I�XNXNI�5FâÒK187RL3):=OSR4VCI1ä�I�5Få
R_OS:U3�B�VLæF3/V�6�RLèURÅI9÷~VLæF3�?FBLIJH�B�69X 69V4VLæF3��;5F3)R_VQâÒ3�ö�3)âAI9÷~H�B�695|8FâS69BCOãVWK16957:�69?7?FâãK�RLI�XN3
6�:U3��J8;6sVL3fä�âÒ87RWVC3�BCOã57H�æF3�87BLOSRWVCOÒä)R�÷�IJB$BC3):U8;ä�OÒ5FH/VLæ73QBC3�âS6sVLOÒö�3fä�I�XNX�8F5FOSä�6sVCOãIJ5¨Isö�3)BLæF3b6�:
� ��� ésýxV	OSR~õv3)âãâãåmè|5FIsõ45�VLæ769V	?FBLIJçFâÒ3�X¨R~õ4æF3�BC3Åä�I�XNX�8F5FOSä�6sVCOãIJ57R~69BC3uVC69èJ3�5�Oã5tVLI/6Jä�ä�IJ8F5tV
âã3b6�:�HJ3�5F3)BC6�âãâÒKfVLI�æ769B�:U3�B~69âÒH�IJBLOãVLæ7XNR>VLæ;695�õ4OãVLæ7I�8UV	ä�IJX�X�8F5FOSä�69VLOÒI�57R
	�÷�IJB~âÒ6�BLHJ3vä�IJX�å
X�8F5FOSä�69VLOÒI�5ù:F3�âS6�K|RQ5FI ä�I�57R_VC6�5JVÍ69?F?7BLI�þUOÒXN69VLOÒI�5�69âÒH�IJBLOãVLæ7X OSRQè|5FIsõ45(69VQVCæFOÒRQVLOÒXN3�é



ýxV�OÒR4I�÷~ä�I�8FB�RL3f3)ö�3�5�XNI�BC3/ä�BC87ä�OS69â�÷�IJB�ä�IJX�?78UVC69VLOÒI�576�âµX�IU:U3)âÒR�õ4OqVCæ(6 �;5F3�BQä�I�XNX�8Få
5FOÒä)6sVCOãIJ5ùBC3�?FBC3)RL3�5tVC69VLOÒI�5�âÒOãèJ3�<>I�HJú � � � éµPf8F3�VCI VCæF3�Oã5tVLB�6�ä�VC6�çFOãâÒOãVWK=I�÷�VLæ73�?FBCI�ç7âã3)X=D
VLæF3/OÒXN?76�ä�V�I9÷>VCæF3/?76�BC6�âãâÒ3�âÒOãøb6sVCOãIJ5 Isö�3)BLæ73)6�: OÒRÅ8;R_876�âãâÒK1OÒH�5FIJBL3b:µé

243)ä�3�5tVLâÒK�D7615F3�õ ä�IJXN?F8UVC69VLOÒI�576�âAXNIU:U3�â#ä�69âÒâÒ3):��������
	��
���
	������������¥M(T��Åæ;6�R�ç[3�3)5
?FBLIJ?;ItR_3b:�6�RQ61?FBLIJXNOÒRLOã57H 69âãVL3)BL5769VLOÒö�3ÍVCI R_VC695;:F69B�:�:U3�âS6�K XNIU:U3)âÒR)é;M(T 6�BL3�ä�I�XN?F8Uå
VC6sVCOãIJ5769â$8F5FOãVCR�õ4æ7OÒä�æ X¨6�Kùç[3¨VLæ73�X¨R_3)âãöJ3)RÍ3�þ|3bä�8UVC3): OÒ5 ?769B�69âÒâÒ3�âmé��vI�XNX�8F57OÒä)6sVLOÒI�5;R
69BC3fV�69èJ3�5=Oã5tVLI¨6Jä�ä�IJ8F5tV4OãXN?FâÒOÒä�OqVCâãK ç|K 6N?;3)5769âãVWK¨÷¥6Jä�VLIJB)é

TÅæF3 X¨6�Oã5-BC3)RL8FâãV=I�÷�VLæ7OÒR=?76�?;3)B OSR VLI ?FBLIJ?;ItR_3 695ü6�?F?FBCI�þUOãX¨6sVCOãIJ5-69âÒH�IJBLOãVLæFX
÷�I�B�RCä�æF3):F8FâãOÒ5FHùMùT OÒ5 VLæ731?FBC3)RL3�57ä�3¨I9÷4?FBC3)ä�3b:U3�5;ä�31ä�IJ57R_VLB�69OÒ5JV�R�é��f8FB�69?7?FBLIt6�ä�æ OÒR
ç76�RL3): I�5 6 VWõuI ?Fæ76�RL3�69âÒH�IJBLOãVLæFX ä�IJ57R_OSR_VLOÒ5FH �7BCR_V1OÒ5ûä�I�XN?F8UVCOã57H7D	÷�IJB13)6Jä�æ V�6�RLè�D
VLæF3=5|8FX�ç[3�B�I9÷�?FBCIUä�3bRLRLI�B�RÍ÷�I�B�OqV�R�3�þU3)ä�8UVLOÒI�5��h69âÒâãI�VLXN3�5tV�?Fæ76�RL3��/VLæF3)5AD	RLä�æ73):U8FâÒOÒ5FH
VLæF3Íä�IJBLBC3)RL?;IJ57:UOÒ5FH�X�8FâãVLOÒ?FBLIUä�3)RCR_IJB�VC6JR_èUR��kV�6�RLè|Ruõ4OãVLæ �FþU3):15|8FX�ç;3)BÅI9÷>?FBCIUä�3bRLRLI�B�R ��é
TÅæFOÒR#69?7?FBLIt6�ä�æ/69?7?FâãOÒ3):/VLI�HJBC6�?Fæ7R>R_VLBC87ä�VL8FBC3):/6JRµVLBC3�3bRAOSR>IJ5F3$I�÷|VLæF3 �7BCR_V½BC3)RL8FâãV½OÒ5/VLæ73
:UOãBC3)ä�VLOÒI�5 I9÷469BCçFOãVLB�69BCK�?FBL3bä�3b:U3�57ä�3�VC6�RLèùHJBC6�?Fæ7R)éµT>BC3�3bR/69BC3�õu3�âÒâãåmè|5FIsõ45 RWVCBL8;ä�VL87BL3bR
õ4æF3�BC3�3)6Jä�æ/5FIU:U3�æ76JR>69V>XNIJR_V>I�5F3$?FBL3b:U3)ä�3)RCR_IJB!��IJB>RL87ä�ä�3)RCR_IJBAOã5�VLæF3$ä)6�RL3�I9÷UOÒ5UåmVLBC3�3)R���é

" 3 �7B�RWV¨?FBC3)RL3�5tV¨çFBCOã3�#7K VCæF3�X�IU:U3)â�I9÷ÍM(T 6�57: H�OÒö�3�R_IJXN3 ç76JR_OSä=?FBCI�?[3�BLVLOÒ3)R)é
TÅæF3�5ADU69÷kVL3�BÅ6�çFBLOÒ3�÷>RL8FBCö�3)K�IJ51BC3�âS6sVL3b:¨õuI�BCè|R)D�õu3�?FBL3bR_3)5tV$VLæ73�6�âãHJI�BCOqVCæFX 6�57: :F3�VC6�Oãâ
OqV�R�69576�âãKURLOÒR)é

TÅæF3NX�I�VLOÒös6sVLOÒI�5 I9÷vVLæF3NXNIU:U3�â	õÅ6�R�õu3�âÒâ	3�XN?Fæ76JR_OÒø�3b:(OÒ5 RLI�XN3�?FBC3�ö|OãIJ87R�õvIJBLèUR)D
R_I;DUõv3Íõ4OÒâãâµ5FI�VQ:UOSRLä�87RLRuæF3)BL3�VCæF3�6�:Uös6�5JV�69HJ3)RvI9÷	M(TÍéFTÅæF3/BC3)6�:F3�BuXN6�K BL3�÷�3�BÅVLI �
$
$ �
÷�I�B~XNI�BC3u:U3�VC6�OãâSR�é�ýy5U÷�IJBLX¨6�âãâÒK�DbVLæ73u?7BLIJçFâã3)X I9÷;RCä�æF3b:U8FâÒOã5FHÍM(TÍDsOSR½VLI �757:�VLæF3Å5|8FX�ç[3�B
I9÷�?FBLIUä�3)RCR_IJBCR~69âÒâÒI9VL3b:�VLI�3b6�ä�æ�VC6�RLè�6�57:�õ4æF3�5NVCI/3�þU3)ä�8UVL3�VLæF3)X=é&%#OãHJ8FBL3 $ BC3�?FBC3)RL3�5tV�R
6�V�6�RLè1H�B�69?Fæ 6�RCR_IUä�OS6sVC3):1VLI�I�5F3�÷�3)6JR_OÒçFâÒ3�RCä�æF3b:U8FâÒOã5FH;éFTÅæF3�5=õu3�:UOSRCä�87RCRvVLæF3Í3�þUOSRWVCOã57H
õvIJBLèURuBL3)âÒ69VL3b:1VCI�VCæF3/?FBCI�çFâÒ3�X I9÷	RLä�æF3b:U8FâÒOã57HNMùTÍé

Time

Processors

Malleable Task graph Scheduling

'!(
) º�*|º � `_Z�wy¾�Â�^_Z)¿J°¨Z)ltÄ�Â�Z�ls`y`v�_°|Z�^y`�])n>Z�l¨Z)wywy]s��aqZ�`Wd�ÄNwy�L°Jd�ÄJrJÁzaqlJÂJ�

�f5FâãKN÷�3)õüBC3)RL8FâãVCR469BC3Í6�ö�6�OãâS69ç7âã3Q÷�I�BÅVLæ73ÍRCä�æF3b:U8FâÒOã5FHNM(Tü?FBLIJçFâÒ3�X�DUXNIJR_VÅI�÷AVLæ73�X
ä�I�5;ä�3�BC5 Oã57:F3�?[3�57:U3)5tV�VC6JR_èUR)é,+J6�57RL3�5 6957: ú~IJBLèJI�âS69ç(?FBCIsö�3�VLæ;6sV�VCæF31?FBCI�çFâÒ3�X õ4OqVCæ
6 �FþU3b: 5|8FX�ç[3�BNI9÷f?FBLIUä�3)RCR_IJBCR�6�57: OÒ57:U3)?;3)57:U3)5JV1M(T 6�:UXNOãVCRN6(?[I�âÒK|5FI�XNOS69âvVLOÒX�3
69?F?FBCI�þUOãX¨69VLOÒI�5 RCä�æF3)X�3 � -�� éFýxV�XN3)6�57RuVLæ769V4VLæF3)BL3Í3�þ|OSR_VCR�6�÷¥69XNOÒâãK I9÷~?;IJâãK|5FIJXNOÒ6�âA69âãå

.



H�I�BCOãVLæFX¨R������ �~õ4OqVCæ 6/?[3�BL÷�I�BCX¨6957ä�34H�876�BC6�5JVC3�34OSR $���� é	�QIsõv3)ö�3)B)D�VCæFOÒR�÷¥69XNOÒâãKNOSR�5FI�V
6�÷�8FâÒâÒK�69?F?7BLI�þUOÒXN6�çFâÒ3vRCä�æF3�XN3�Ds6�57:�?FB�6�ä�VLOSä�6�âãâÒK�DbVLæ73Åä�I�XN?FâÒ3�þUOãVWK/XN6�è�3bR>OãV	OãXN?[IJRCR_OÒçFâÒ3
VLI¨87RL3�é

ýy5 ?FB�6�ä�VLOSä�3ÍOÒ57:U3�?[3�5;:U3�5tVQM(TüXN6�K ç;3�RCä�æF3):F8Fâã3b: OÒ5 VWõvI¨R_VL3�?;R 	Fä�I�XN?F8UVCOã5FH �7B�R_V
695 ������
��
� 	�� � ��õ4æFOSä�æù:U3�VL3)BLXNOÒ5F3)R�÷�I�Bf6�âãâ>VC6JR_èUR4VCæF3�5|8FX�ç;3)BQI�÷~?7BLIUä�3bRLRLI�B�Ru÷�I�BQVLæF3)OãB
3�þU3)ä�8UVLOÒI�5 ��695;: VLæF3)5AD	87RL3 RLI�XN3 6�âãHJI�BCOqVCæFX¨R�÷�IJB�RCä�æF3b:U8FâÒOã5FH X�8FâãVLOÒ?FBCIUä�3)RCRLI�B�V�6�RLèUR
� $ � � D|÷�I�B43�þF6�X�?7âã3Íõ4OãVLæ�6 . åy:UOãXN3)57R_OÒI�5;69âAR_VLBCOã?Uåx?76Jä�ètOÒ5FHN69âÒH�IJBLOãVLæFX �
$�� � é

TÅæF3�BC3 OSR�ö�3�BCK ÷�3�õ õuI�BCèUR�:U3b69âÒOã57H õ4OãVLæ VLæF3�?FBCI�çFâÒ3�X I�÷fRLä�æ73):U8FâÒOÒ5FH M(T õ4OqVCæ
?FBL3bä�3b:U3�57ä�3 ä�I�57R_VLB�69OÒ5tVCR)é$ú�B�6�RC695F5;6 3�V�69âmé �
$ � � ?FBCI�?[IJRL3): 6�5ü69âÒH�IJBLOãVLæFX ÷�I�B�RLI�XN3
R_?[3)ä�O �;ä/R_VLBC87ä�VL8FBC3)RÅI�÷#?FBC3)ä�3):U3)57ä�3ÍV�6�RLè1H�B�69?7æ7R�DUOÒ57ä�âã87:FOã5FHNVCBL3)3)Ru÷�IJB4VLæF3�ä�I�5tVLOÒ5|8FI�8;R
ö�3�B�RLOãIJ5�I9÷�VCæF3�?7BLIJçFâã3)X ��õ4æF3)BL3N695(57I�5UåxOã5tVC3�H�3)BQ5|8FX�ç;3)B�I�÷�?FBCI|ä�3)RCR_IJBCRQX¨6�K=ç[3N69âãå
âãI�VL3):�VCIÍVLæF3fM(T���ét<A3�VvBL3)XN6�BLè�VLæ769V�VLæF3)K�6JRLRL8FXN3ÅVLæ769V�VLæ73QRL6�XN3�R_?[3�3b:|åm87?�÷�8757ä�VCOãIJ5
÷�I�B	69âÒâ|VLæF3uV�6�RLè|R)Dbõ4æFOÒä�æ�OSR	6fR_VLBCI�5FHJ3�B#BL3bRWVCBLOSä�VCOãIJ5/÷�I�B#VCæF3Å?;3)5769âãVWK/÷�8F57ä�VLOÒI�57R#VCæ7695�VLæ73
X�IJ5FI9VCI�5FOSäfI�5F3bR4:U3)RCä�BCOãç[3): âÒ69VL3)B)éFTÅæF3/RL?;3)3):|åx8F?=OÒR4:F3 �75F3b: 6JRvVLæF3ÍB�6sVLOÒI�I9÷>VCæF3/3�þU3�å
ä�8UVCOãIJ5 VCOãXN3ÍI�5=I�5F3�?FBCIUä�3)RCRLI�BuIsö�3�BvVLæ73�?;69B�69âÒâã3)â[3�þU3)ä�8FVLOÒI�51VCOãXN3/IJ5 695|K¨5|8FX�ç;3)B4I9÷
?FBLIUä�3)RCR_IJBCR)é %F3�âS:UX¨695�3�VQ69âmé � � � RWVC87:UK VLæF3/3��[3bä�V�I9÷~3�þU3bä�8UVCOã5FH¨X�8FâãVLOÒ?FBLIUä�3)RCR_IJBvV�6�RLèUR
I�5 âÒ3)RCR�?FBCI|ä�3)RCR_IJBCR/VLæ76�5 BC3
�t8FOÒBL3b:µé	TÅæF3�OÒB�XNIU:U3)â�ä�695 ç;3�RL3�3�5 6�R�X¨69âÒâã3b69çFâÒ3 V�6�RLèUR
õ4OqVCæ 6 ?;3)B_÷�3bä�V/I�BÍR_87?;3)BLâÒOã573)69BÍRL?;3)3):|åx8F?ù875JVCOãâ�6 H�OÒö�3)5�VLæ7BL3bR_æFIJâÒ:Aé[ýy5ùVLæFOSRÍä�IJ5JVC3�þ|V)D
ä�I�5;RWV�695tVQ69?F?7BLI�þUOÒXN69VLOÒI�5=÷¥6�ä�VLIJBQä�6�5=ç[3�BC3)6Jä�æF3):=3)ö�3�5=÷�IJB�VLæ73�ä�6JR_3/I�÷	6�5(69BCçFOãVLB�69BCK
VC6�RLè1HJBC6�?FæAé

� � îFï�������� ð�����ìQóWíFóWï$ì
ýy5 VLæFOSR�õuI�BCè�DAõv31ä�I�57RLOS:U3�B/VCæ76sV�VLæF31?;69B�69âÒâã3)â�?FBCI�H�B�69X OÒR�BL3)?FBL3bR_3)5tVL3): ç|K 6�RL3�V�I9÷
H�3�573�BCOÒä M(T �¥ä�I�XN?F8UV�6sVLOÒI�5;69âu8F5FOãVCR�VLæ769V�X¨6�K ç[3 VCæF3�X¨RL3�âÒö�3)R�?76�BC6�âãâÒ3�âÒOãø)3): �/âãOÒ5Fè�3b:
çtK R_IJX�3=?FBC3)ä�3):U3)57ä�3�ä�IJ57RWVCBC6�Oã5tV�R�D~õ4æFOSä�æ 6�BL3�:U3�VC3�BCXNOã5F3b: ç|K VCæF3�69576�âãKURLOÒR�I�÷QVLæ73
:F6sV�6�#7Isõûç;3�VWõv3)3�5�VLæF3�VC6�RLèUR�étPQ3�VL3)BLXNOÒ5FOã57H/VLæFOSR�HJBC6�?Fæ�OÒR$87R_8;69âÒâãK�:UI�5F3QçtK�VLæF3f87RL3�BbD
R_IJX�3�VLOÒXN3)RÅõ4OãVLæ=VLæF3/æ73�âÒ?=I�÷~RLI�XN3/RLI9÷kVWõÅ69BC3QVCItIJâÒR)é

<A3�V�� �
���! �Åç[3�6�:FOãBC3)ä�VL3):=HJBC6�?Fæ õ4æF3)BL3"� BC3�?FBC3)RL3�5tV�R$VCæF3�RL3�V4I9÷	M(TÃI9÷#ä)69B�:UOãå
5769âÒOqVWK$#(6�57:% OSR�VCæF3ÍR_3�VvI9÷A?7BL3bä�3):F3�57ä�3fä�IJ57R_VLB�69OÒ5JV�R�69XNIJ5FH/VLæ73QV�6�RLè|R)é	&('*) +�:F3�5FI�VL3)R
VLæF3/3�þ|3bä�8UVCOãIJ5 VCOãXN3/I�÷½V�6�RLè%,.-�� I�50/�?7BLIUä�3bRLRLI�B�R)é
1 Ú325476*896¥Ý:4<;>=@?BADC*6hß àFEHG½Ú|ßJI7ChÚLKsáJM ös69âÒOÒ: RLä�æF3b:U8FâÒ3"N0O �*P3Q3&(RHST�UQWV*V�XH&(S&�ZY � �\[ �]Y_^
(`:`baL�:c���Y*
]� �bdH`b^!
e�f� �@
hgfi �
$ �Uj � dk^ 	 �
[ 	!c��
Y_l 	��nmHd �_o ��� ��� ��
FcpY � ��	bq �@
 	��	cbo �������r,�-s�td
�uq ��� 	v
�`�	!w&	bc�a ��Y*
]�uP3Q3&(RFSx-yg{z � � �e^ �
Y_�3| ��Y_� 	@}Hd �]�:q �~�kaL� ��	�^s
(`$[T^U
Fc 	 ����
e^��bdQ3V�V*XH& S - �
$ �Uj � d �@
 	!w&	bc�a ��	"Y��*d ��a�cbo ��o � � � �h��
 � �Jj�[T^U
9c�	 ���p
]^�� �e^ 	 	��3|&��|&	!q�Y_����o 	c!
]��[Ta ��� ��Y*
]� � � ����Y_� 	�d �]�:q �����W[T^ 	bc�	!q 	p�Tc�	tcb
]� � ��^ �eY_� � � �e^ 	�^ 	 ��[ 	bc � 	bq	�

� ,�-0�.� �
�p�3� ) ���b�*�(����'�� �L� ���b�*���]� � ��) ���b�*�(��� � �*���_�
� �U�����
�¡ ���¢��

Q3V�V*XH&(S ��£ �r¤uj

�e�:q
� ��,b�
£ �h-� 		P�Q3&(RHS ��£ �¦¥§P�Q3&(RHS ��, � � & '�) ��¨n¨�©�� � ��'��pª

�



� ä�ä�I�B�:UOÒ5FHNVLI VLæF3NRWV�6957:769B�:�5FI9V�6sVLOÒI�5>DFVLæ73�� � � 	 �
[ �e�=I9÷$RCä�æF3):U87âã3tN OÒR�:U3�57I9VL3b:
� S O-X¨69þ �p�3� P�Q3&(R S ��£ � � & � ) �b¨ ¨�©(�*��� � � é � R4VLæF3)BL3/OSRÅ5FI169X�çFOÒH�8FOãVWK�DFõu3Íõ4OãâÒâµ÷�IJBLHJ3�V4VLæ73
5FI9V�6sVLOÒI�5uNûOã5 69âÒâ$÷�8FBLVLæ73�B�3�þU?FBC3)RCR_OÒI�57R)éAýy5 VCæFOSR�?;69?[3�BbD½õu3 ä�IJ57RLOÒ:U3)B�VCæF31÷�IJâãâÒIsõ4OÒ5FH
?FBLIJçFâÒ3�X 	

1 Ú325476*896¥Ý:4�� =�������EFG#Ú|ß7IJC*6�4
	��#ÞsÝ�
5C¥Ú�� =������JK�Ksá�� Y_�Tq���l���� Y*q ��c!o 	bqea �
	tN� Y_�kY_� Y���Y_�3| � S��
� ä�ä�I�B�:UOÒ5FH�VLINVLæ73�ç;3)æ76�ö|OãIJB4I9÷	6N?769B�69âÒâÒ3�âµ?FBCI�HJBC6�X � . � D7?;3)I�?FâÒ3/87RL8769âÒâãK=ä�IJ57R_OS:U3)B

R_IJX�3uæ|K|?;I�VLæF3bR_3bR>VCæ76sV�RLOãXN?FâÒOã÷�K/VLæF346�5769âÒKUR_OSR�é�TÅæF3)K�æ76�ö�3vç;3)3�5NR_æ7Isõ45�VLIÍç[3ÅBL3b69âÒOÒR_VLOSä
õ4æFOãâÒ3/OÒX�?7âã3)X�3)5tVLOÒ5FH16�ä�VL876�âµ?769B�69âÒâã3)âµ69?F?FâÒOSä�6sVCOãIJ57R �
$ � é

� Ýk4#Ýk8)Ý:476�E��$ÚW4JADC�8�Û��
$ é4TÅæF3Q3�þU3)ä�8FVLOÒI�5NVLOÒXN3�& '*) + I�÷>6/X¨69âÒâã3b69çFâÒ34VC6JR_èt,~OÒRv6�XNI�57I9VLIJ5FOSä�:U3)ä�BL3b6�RLOã57HÍ÷�8F57ä�å
VLOÒI�5�I9÷½VLæF3/5|8FX�ç;3)B�I9÷#?FBCI|ä�3)RCR_IJBCR¦/�3�þU3)ä�8UVLOÒ5FH�VLæF3ÍV�6�RLè 	D& '�) +��
� ¤u& '�) +

. é4TÅæF3$õuI�BCè�� '*) + O /�& '*) + I9÷76�XN6�âãâÒ3)6�çFâÒ3	VC6JR_èZ,;OSR#64XNI�5FI�VLI�57OÒä	OÒ57ä�BL3b6�RLOã5FHÅ÷�8757ä�VCOãIJ5
I9÷ / 	�� '�) +��
� ¥ � '�) + é
ú�B�6�ä�VCOÒä)69âÒâãKJD[VLæF3 �7B�R_V�ætK|?[I9VCæF3)RLOÒRÍXN3b6957RÍVCæ76sV�6J:F:UOÒ5FH�R_IJXN3¨?FBLIUä�3)RCR_IJBCRQ÷�I�B�3�þ|å

3)ä�8FVLOÒ5FH 6 M(T×õ4OÒâãâÅ:U3bä�BC3)6�RL3 OãVCR�3�þU3bä�8UVCOãIJ5 VLOÒXN3�é	TÅæFOSR�OÒR�BL3b69âÒOÒR_VLOSä9D~6sV�âã3b6�R_V�875JVCOãâ
6(VCæFBL3bR_æ7I�âS: ÷�BCI�X õ4æFOSä�æ VCæF3�BC3 OSR�5FI XNI�BC3 ?76�BC6�âãâÒ3�âÒOÒRLX�é½ýxV¨OSR�3)6�RLK VLI ç[I�8F57: VLæ73
5t87X�ç[3�B1I�÷�?FBCIUä�3bRLRLI�B�R�÷�BLIJX VLæFOSR1XNIJX�3)5tV)é$TÅæF3(RL3)ä�I�57: æ|K|?;I�VLæF3bR_OSRNBC3 #73bä�VCR¨VLæ769V
VLæF3ÍIsö�3)BLæ73)6�:¨÷�I�BÅX¨69576�H�OÒ5FH�VCæF3Í?769B�69âÒâã3)âãOSRLX 8;R_876�âãâÒK¨OÒ57ä�BC3)6JR_3bRvõ4OãVLæ VLæ73�5|8FX�ç;3)BÅI9÷
?FBLIUä�3)RCR_IJBCR)é

! ÚtÞ#"mÝ;Þ#�~AD4JE�Ú$
vÝkIJ4½ß#à%�
%FI�BÅ6�?;69BLVLOSä�8FâS69BÅ69âÒâãI�VLXN3�5tVrQ3V�V*XH&�DJVWõvI�âãIsõu3�Buç[I�8F57:7RvI�÷AVLæ73fX¨69èJ3)RL?7695 � I9÷½6�5tK

ö�6�âãOS:�RLä�æ73):U8FâÒ3BNùX¨6�K1ç[3/3)6JR_OÒâÒK ä�IJX�?78UVL3b:
$ é4TÅæF3�VLI�VC69â	õuI�BCè'& ��¨n¨�©�� O)(+* ' & ' OÒRfVCæF31R_87X!I9÷vVLæF3NõuI�BCè=I�÷u6�âãâ~V�6�RLè|R)é %FIJBZj
?FBCI|ä�3)RCR_IJBCR)D9OÒ5 6�5tK¨RCä�æF3):F8Fâã3ZN~DU6sVvâÒ3)6JRWVuI�5F3f?FBCI|ä�3)RCR_IJBvä�I�XN?F8UVC3f6sVÅâÒ3)6�R_V,&.-ej D
5769XN3)âãK¨VCæF3�6�ö�3)BC6�H�3fõvIJBLè�DtVLæ|87R � ¥ & S/-ej D

. é4TÅæF3 ä�BLOãVLOSä�6�âv?;6sVLæ âã3)5FH9VCæ1032�4�5�OSR�VCæF3 X¨6sþUOÒX�8FX IsöJ3�B�6�âãâvVLæF3 ?76sVCæ7R76 I9÷\�
I9÷8( ' �:9 & '*) �b¨n¨�©�����'�� é � R�6�5tK ös69âÒOÒ: RCä�æF3b:U8FâÒ3¨X�87R_V�BC3)RL?;3bä�V�VCæF31?FBC3)ä�3):U3)57ä�3 ä�I�5FåRWVCBC6�Oã5tV�R�D � ¥ 0<; �>=	) S�é
TÅæF3 69?7?FBLI�þUOÒX¨6sVLOÒI�5 6�âãHJI�BCOqVCæFX!VCæ76sV�õv31?7BLIJ?;ItR_3¨OÒ5 VLæFOSR�?769?[3�B�OÒR�ç76�RL3): IJ5 6

VWõvI�åm?Fæ;6�RL3)RÅ69?F?7BLIt6�ä�æAétýxVCR4?7BLOÒ57ä�OÒ?FâÒ3/OÒRÅHJOãöJ3�5�6�Ru÷�IJâãâÒIsõ�R 	

?�C@	[Ý;ÞH6*89GA� ; TÅõuI�?7æ76�RL3)R4M(T ô 6�âãHJI�BCOqVCæFX
B ]bo/¿JrJ`Wdu`W°Jd4Z)ÁzÁz])`Wo/dCl9`�]�n>Z)ÁzÁ;`_Z�wy¾9w
���_°td�ÄJrtÁzdu`W°JdÅ]b\�`_Z)azltd�Ä�o�rJÁz`Waz¿�^W]s��d�wywy])^�`_Z�wy¾�Â�^_Z)¿t°

ýy5NVLæF3�573�þ|VuRL3)ä�VLOÒI�5ADJõv34õ4OÒâãâ �7B�RWV�?7BLIsöJ3�6/?FBC3�âÒOãXNOÒ5769BCK�BC3)RL8FâãV)D�õ4æ7OÒä�æ¨3bRWV�69çFâÒOÒRLæF3bR
VLæ769V�OqV�OSR/?[IJRCR_OÒçFâÒ3NVLI�RCä�æF3):U87âã316�5 6�BLç7OqVCBC6�BLK�HJBC6�?Fæ I�÷uX�8FâãVLOÒ?FBLIUä�3)RCR_IJBfV�6�RLèURÍõ4OqVCæ

�



6 ä�I�5;RWV�695tV1?;3)B_÷�IJBLX¨6�57ä�3�HJ8769B�695tVL3)3�8F57:U3)B R_X¨6�âãâfBL3bRWVCBLOSä�VCOãIJ57RNI�5ûVCæF3(5|8FX�ç[3�B I9÷
?FBLIUä�3)RCR_IJBCR�69âÒâãI�VL3b: VCI VCæF3�VC6JR_èUR)é�TÅæF3�5>D�87RLOã5FH VCæFOÒRNBC3)RL8FâãV)D�õu3�õ4OãâÒâ�RLæFIsõ VCæ76sV1OÒ5
VLæF3¨ä�6JR_3�I9÷Å61VCBL3)3�DµOãV/OÒR�?[IJRCR_OÒçFâÒ3�VCI=ä�I�57R_VLBC87ä�V/6�5 6�âãâÒI9VCX�3)5tV �h6�RCR_OÒH�5 6 5|8FX�ç;3)BÍI9÷
?FBLIUä�3)RCR_IJBCR�VLI 3)6Jä�æ V�6�RLè ��D�RL87ä�æ VCæ76sV1ç[I9VCæ ä�BCOqVC3�BCOÒ6 I9÷Íä�BCOqVCOÒä)69â4?769VLæ 6957: 6�ö�3)BC6�H�3
õvIJBLè�I�÷;VCæF3�OÒ57:U87ä�3):�H�B�69?7æ�ä�I�XN?;ItR_3b:�I9÷�X�8FâãVLOÒ?FBCI|ä�3)RCR_IJB#VC6�RLèUR�69BC3Åç;IJ8F57:U3b:Nç|K�VLæ73
XN6�è�3bR_?76�5 I�÷½VCæF3/I�?UVCOãX¨6�âARLä�æF3b:U8FâÒ3�é

� �����������fîFï
	�óU���#íFóWïvì îD�
�tñ��yí
� á�; ��EHG½Ú|ßJI7C�6*4A	 �#ÞsÝ�
5C¥Ú��
" 3�?FBC3)RL3�5tVÍ6�5ù695;69âÒK|RLOSR�÷�IJB�RCä�æF3):F8FâãOÒ5FH=X�8FâãVLOÒ?FBCIUä�3)RCRLI�B�V�6�RLèUR�é�<A3�V � O ���.�U �fç[3
VLæF3�:UOÒBC3)ä�VC3):�H�B�69?Fæ�BL3)?FBC3)RL3�5tVLOÒ5FH�V�6�RLèUR#VLI�HJ3�VCæF3�B~õ4OãVLæ�VLæF3)OãB	?7BL3bä�3):F3�57ä�3uä�I�57R_VLB�69OÒ5tVCR)é
243)ä)69âÒâ~VLæ769V�6 X�8FâãVLOÒ?FBLIUä�3)RCR_IJBfV�6�RLè(BC3
�t8FOÒBL3bR�6 �FþU3b: 5|8FX�ç;3)B/I9÷Å?FBCI|ä�3)RCR_IJBCRQ÷�I�B/OãVCR
3�þU3)ä�8UVLOÒI�5Aé�* ' 6�57:�& ' :U3�57I9VL3�BL3bR_?[3)ä�VLOÒö�3)âãK=VLæ73�5|8FX�ç;3)B�I�÷$?FBCIUä�3)RCRLI�B�R�6957:(VLæF3�3�þU3�å
ä�8UVCOãIJ5 VCOãXN3/I�÷>VC6JR_è�,�87RLOã5FH�VCæFOÒR�5t87X�ç[3�B4I9÷~?FBCIUä�3)RCRLI�B�R�é ��� :U3)5FI9VC3)RÅVCæF3Íâã3)5FH9VCæ�I9÷
VLæF3�ä�BLOãVLOSä�6�â>?769VLæ�OÒ5�H�B�69?Fæ��×6�57:'& OÒR�VLæF3�õuI�BCè I�÷~VLæF3/V�6�RLèUR�OÒ5 � ��3��J8;69âAVCI¨VLæ73
R_8FX I9÷½VLæF3/õuI�BCèURvI�÷½VCæF3ÍVC6JR_èUR�& O ()* ' & ' ��é

<A3�V�87R�5FIsõ R_VL87:UK VCæF3 ç[3�æ;6�ötOÒI�B�I9÷Q6ùâãOSR_VNRCä�æF3):F8FâãOÒ5FH 69âÒH�I�BCOãVLæFX OÒ5 BL3)HJ6�BC: VCI
VLæF3NX¨6sþUOÒX�8FX 5|8FX�ç;3)B/I9÷$?FBCIUä�3bRLRLI�B�R���O X¨6sþ ' �3� * ' 5F3)3):U3b:(VCI 3�þ|3bä�8UVC3¨6 X�8FâqVCOqå
?FBLIUä�3)RCR_IJBfV�6�RLè�é½TÅæFOSR�69âÒH�IJBLOãVLæ7X=D>õ4æFIJRL3N?FBLOÒ57ä�Oã?FâÒ31OSR/?FBC3)RL3�5tVL3b: ç;3)âãIsõ/D½OÒR�6�:FOãBC3)ä�V
6�:F6�?UVC69VLOÒI�5=VLI¨VCæF3�õu3�âÒâqåxè|5FIsõ45�âãOSR_Vf69âÒH�IJBLOãVLæFX I9÷$E�B�69æ76�X ÷�I�BfR_3��J873�5tVLOS69âµV�6�RLèUR � � � é
ýxVCR¨IJç��W3)ä�VLOÒö�3�OÒR¨VLI ä�IJX�?78UVL3�÷�IJB¨3)6�ä�æ VC6JR_è ,�OãVCR¨3�þ|3bä�8UVCOãIJ5 :76sVL3sP3Q3&(R ��, ��é�� RHQWP��
:U3�5FI�VL3bRuVLæF3�RL3�V�I�÷>VC6JR_èURÅõ4æFItR_3/6�âãâµ?FBC3):F3)ä�3bRLRLI�B�Ruæ76�ö�3�ç[3�3�5�RCä�æF3):F8Fâã3b:µé

TÅæF3¨3)6�BLâÒOã3bRWV�3�þU3)ä�8FVLOÒI�5 P�Q3&(R ��, ��OSR/VCæF31R_X¨6�âãâÒ3)R_V�:F6sVC3 RL87ä�æ VLæ769V�69âÒâ	VLæ731?FBC3):U3�å
ä�3)RCRLI�B�RvI�÷7,væ76�ö�3Í69âÒBL3b6�:UK¨ç[3�3)5�3�þU3)ä�8UVL3b: �h6957: VCæt8;Rr,$OSRÅOã5�� RHQ3P�� �u6957:�6sV4âÒ3)6JRWV *:'
?FBLIUä�3)RCR_IJBCRu69BC3/6�ö�6�OãâS69ç7âã3Jé

?�C@	[Ý;ÞH6*89GA� � <AOSR_VQRLä�æF3b:U8FâÒOã57H�÷�IJB4X�8FâãVLOÒ?FBCIUä�3)RCRLI�BuVC6JR_èUR)é
B ]bo/¿JrJ`Wdu`W°JdÅwydC`$])n[^Wd�ZbÄ9Ð�`_Z�wy¾�w������! #"
$&% (('()*�+�,�! #".-/1032546 4 ·�¸ '7'98
:;������ #" 2<4B ])o/¿tr�`Wdu`W°td4d�Z�^WÁzaqdCwx`ÅÄJZ�`WdÅ]�nAdCÀ�d���rJ`Waz])l* #�#=>�si?8h{#])n�`_Z�wy¾@8y�
)�A 2 6 4 ·
���_°td�Ä�rtÁzd4Z)lsÐ�])n[`W°tdu`_Z�wy¾�w�azl.�����! #"Í¼�ac`W°�`W°tduo/aqlJazo�Z)ÁB #�#=>�si?8h{L�
Cu¿FÄtZ�`WdD�����! #"U�

)�A 2 $&% (7'()

! Þ�Ý/�$Ý[à96*896hÝk4f;;áFE o 	~� ���
	 �
[ �]� �HG 
(` � ��cbo 	bqea �
	 

��� �eY_� 	bq ��m ��� |3
e^�Y���oW�JI Y �
�!
]aL�:q 	!q �pm	�LK �5� ;LM5N �?OQP;LM5N �
� �

R¦^U
F
(`p�FTÅæ73QBC3)RL8FâqVuOÒRu6�HJ3�5F3)BC6�âãOÒø)69VLOÒI�5NI9÷µVCæF3�õv3)âãâãåmè|5FIsõ45¨ç[I�8757:1I�÷½E�BC6�æ769X � � � é
TÅæF3 OÒ5tVL3�BCös69â � S � ��G � OSR�?76�B_VCOqVCOãIJ5F3): OÒ5tVLIùVWõvIùRL3�V�R�I�÷4VLOÒXN3=RLâãI�VCR)D>576�XN3�âÒK�D�T � 6�57:
T M éµTÅæF3)K�ä�I�BCBC3)RL?;IJ57:�BL3bR_?[3)ä�VLOÒö�3)âãK VLI VLæF3�VLOÒXN3)Rfõ4æF3�BC3�R_VLBCOSä�VLâÒK�XNI�BC3�VLæ;695 jVUW�

�



?FBLIUä�3)RCR_IJBCR�6�BL3fIUä�ä�87?FOã3b: 6�57:16sVÅâÒ3)6�R_V+��?FBLIUä�3)RCR_IJBCR�6�BL3f5FI9VÅIUä�ä�8F?FOÒ3):µé���I�VL3fVLæ769VÅ69V
âã3b6�R_VÅIJ5F3Í?FBCI|ä�3)RCR_IJBvOSR4IUä�ä�8F?FOÒ3):=6sV�695|K¨VCOãXN3JéFýy5=VLæF3Í÷�IJâãâÒIsõ4Oã57H7D�� T��|õ4OÒâãâA:F3�5FI�VL3ÍVLæ73
:U8FB�6sVLOÒI�5=I9÷ ��57I�5Uåyä�IJ5JVCOã5|8FIJ87R���?[3�BCOãIU: T;é

TÅæF3/VLI�VC6�âAõvIJBLè ?;3)B_÷�IJBLXN3b:=:F8FBLOÒ5FH1?[3�BCOÒI|:7R T � 6�57: T M 69BC3/H�BC3)6sVC3�BÅVCæ7695 �*j U
� � $ ��� T � �|695;:�� T M �zD7BL3bR_?[3)ä�VLOÒö�3�âÒK�éUTÅæ|87R)D

& ¥ �*j U � ��$ ��� T � � � � T M � ª
T>I I�çUV�69OÒ5(VLæ73�BC3)RL8FâãV)D[VLæF3NOS:U3)6 OÒRfVCI ç[I�8F5;:�VLæ73�VC3�BCX�� T M �qéµ<A3�VÍ87R�?FBCIsö�3�VLæ769V

� T M �W¤ ��� é|ýy5JVC8FOãVLOÒö�3�âÒK¨VCæF3�BC3�6�BL3�6sVÅ3)6Jä�æ1VLOÒXN3�69V4âã3b6�R_V+�/÷�BC3�3�?FBCIUä�3)RCRLI�B�R$695;:¨VLæ|87R
VLæF3)BL3ÍOSR45FI¨ä�IJ5 #7OSä�V�ç[3�VWõu3�3�5=?FBCIUä�3)RCRLI�B�RvOÒ5 T M é

M�I�BC34÷�I�BCX¨69âÒâãKJDJõu3Qç78FOãâS: 6�?76sVCæ OÒ51VCæF3QVCBC6�57RLOqVCOãöJ3Qä�âÒIJRL8FBC3QI9÷AHJBC6�?Fæ��Né ô V�69BLVLOÒ5FH
÷�BLIJX×VLæF3Í3)57: I�÷>VCæF3/RLä�æF3b:U8FâÒ3�DUõu3�ä�I�57RLOS:U3�B46�X�8FâãVLOÒ?FBCIUä�3)RCRLI�BvVC6�RLè	� � VCæ76sV �757OÒRLæF3)R
OqV�R43�þU3)ä�8UVLOÒI�5�6sV4VCOãXN3 ��G 695;: çF87OãâS:=BL3bä�8FB�R_OÒö�3)âãK16�V�6�RLè R_3��t8F3�57ä�3ÍOã5��Né

TÅæFOÒR�OSR�OÒâÒâã87R_VLB�6sVC3): I�5 �;H�8FBC3 . é~TÅæ73�BC3 3�þUOSRWV�RN6ù?FBC3)ä�3):U3)57ä�3 BL3)âÒ69VLOÒI�5 ç[3�VWõu3�3)5
��
/695;:�� � DFI�VLæF3)BLõ4OSRL3
� � ä�I�87âÒ: æ76�ö�3Íç[3�3)5=R_VC6�B_VC3):=6sVÅVLæF3/ç[3�HJOã575FOã57H¨I9÷>VCæF3�RL3)ä�IJ57:
T M RLâãI�V)é %FIJB4VLæ73�ä�I�5;RWVCBL87ä�VLOÒI�5=I9÷����Í÷�BCI�X���
�DFVLæF3�:F6�BLè H�BC3�K¨V�6�RLè|RuBC3�?FBC3)RL3�5tV4OÒ57:U3�å
?;3)57:U3�5tVfVC6�RLèUR4VCæ76sVÍ69BC3/3�þU3)ä�8UVL3b:(:U8FBCOã57H¨VLæF3�:F6sVC3���
Jé;TÅæF3)K�69BC3�ä�695;:UOÒ:76sVL3bR4VCI ç[3
?FBL3b:U3)ä�3)RCR_IJBCRÅI�÷����/6�57:�� 
 D7I�VLæF3)BLõ4OSRL3�� 
 ä�I�8FâS:�æ76�öJ3/ç;3)3�5(R_VC6�B_VC3):�OÒ5�VLæF3 �7BCR_VLT M
R_âÒI9Vbé

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

�����
�����
�����
�����
�����

��� ������ ��� �
 

!

"

#%$

#'&
#'(

)	*,+.-

/1032�45-7636�2�036 8 ( 8 $

' ( ) º�97º � o�rJÁc`Waq¿�^W]s��d�wywy]�^$`_Z�wy¾�wy�_°td�ÄJrtÁzd4])\J`_Z)azlJd�Ä�\sÐ�Z�Ázaqwx`uZ)ÁzÂ)])^Wac`W°to Z)ltÄ�`W°tdu��]blJwx`y^Wrt�C}
`Waz])lN])nAZf¿|Z�^y`WaqZ�Á;`_Z)wy¾�wyd�psrtdClt��d

�



ô 8F?F?[IJRL3~VLæ769VAVLæ73	?769BLVLOS69âsV�6�RLèfRL3
�t8F3)57ä�3�� �k'U� �k' M �]� ª�ª�ª � ��� �[OÒR>çF8FOÒâqV½6�57:3T M � � P�Q3&(R � �:' �p� � G �
OÒR/57I9V�3)X�?FVWK�D>õu316�:7: �:'��A�¨6�RÍIJ5F31I�÷vVCæF3¨VC6JR_èURÍVCæ76sV�6�BL3¨3�þU3)ä�8FVL3): 69V�VLOÒXN3 ��'\O
XN69þ,� T M
� � P�Q3&(R � �:' �p� � G � ��é7TÅæ73�BC3�3�þUOÒR_VCR469VÅâÒ3)6JRWV4IJ5F3/R_87ä�æ VC6JR_è1õ4æ7OÒä�æ=OÒRQ6�?FBC3):F3)ä�3bRLRLI�BÅI�÷ �k'
��I9VCæF3�BCõ4OSR_3JDsVC6JR_è � ' RLæFIJ8FâÒ:Næ;6�ö�3Åç;3)3�51RCä�æF3):F8Fâã3b:Nç;3�÷�I�BC34ç|K�VCæF3�âÒOÒR_Vv69âÒH�IJBLOãVLæ7X ��é " 3
BL3)?;3b6sV�VCæF3 ?FBCIUä�3bRLR/875JVCOãâ�T M � � P�Q3&(R � � ' �p� �HG � ç;3bä�IJX�3bR�3)X�?FVWK�é~TÅæFOÒR�:U3 �;5F3)R�6�VC6JR_è
R_3��J873�57ä�3 0 O � ���D�������p� � � ��DA695;:(VCæF3�5 695 I�BCOÒ3�5tVL3b:(?769VLæ I9÷r�NDAR_87ä�æ VLæ;6sV�6sV/3b6�ä�æ&h- T M VCæF3�BC3/OÒR46�V�6�RLè1I9÷ 0 VCæ76sV�OSRÅç[3�OÒ5FH¨3�þU3)ä�8UVL3b:µé7TÅæ|87R)DUõv3Íæ76�öJ3 	

� T M �W¤ � � ª
�vK BL3)?;IJB_VCOã5FH�VCæFOÒR�ö�6�âã873�OÒ5tVLINVCæF3/?FBC3�ö|OãIJ87Ru3�þU?FBC3)RCR_OÒI�5>Dtõu3ÍI�çUV�69OÒ5�3)6�RLOÒâãK 	

� G O � T � � � � T M �L¤ & � ��j U�� � � �j U�� � $

��Ý;ÞsÝkC�C*AUÞ�Ûf;;áFE o 	�[ 	p^�`p
]^�� �]�:c�	�|	a �e^ �]� � 	�	 
�` �]��m��nY � � ��� |3
e^�Y���oW� `p
e^ �pcbo 	bq]a �nY_�3|
� a � �
Y [:^!
9c�	 � ��
]^������ � �%Y ��� � 
 ;LM5N �;LM9N �
�
	 o 	p^ 	*� Y ����o 	 � ��w�Y_�taL� �kaL� ��	�^�
(` [T^U
Fc 	 ����
e^��a � 	bq\`p
e^ 	!w&	bc�a ��Y_�W| ��o 	 ����� � � �

<A3�V�87R�BL3)X¨69BCè VCæ76sV�VLæFOSR�H�876�BC6�5tVL3�3�ä�I�BCBC3)RL?;IJ57:FRÅVCI VCæF3NE�B�69æ;69X�� RQç;IJ8F57: . U
$ -Hj ÷�I�B$RL3
�t8F3)5JVCOÒ6�âUVC6JR_èUR~õ4æF3)BL3L� O $ éJTÅæ7OÒR	ç[I�8757:NOÒR$âÒ6�BLHJ3Åõ4æF3�5 �BO§j D�æFIsõu3�öJ3�BbD
Oq÷	69âÒâ�VLæF3ÍV�6�RLèURÅ87R_3ÍIJ5FâãK æ769âã÷#I�÷>VCæF3�6�ös69OÒâÒ6�çFâã3�?FBCIUä�3)RCRLI�B�R ��VLæ769V�OÒRÅõ4æF3)5�� O j$- . ��D
VLæF3/HJ8769B�695tVL3)3fOSRÅç[I�8F57:F3):=ç|K � é

� á � ? C*C¥Ýk8 � Ú34T8 �½ÞsÝ/
JChÚ �
ýy5�VLæFOSR�RL3)ä�VCOãIJ5ADFõu3Í÷�IUä�87RQI�5=VLæF3�?FBLIJçFâÒ3�X I�÷ �;57:UOÒ5FH 6NH�I|IU:=69âÒâãI�VLXN3�5tV)é[TÅæF3/X¨69OÒ5
OÒ:U3b6�OÒR½VLI/:U3�VL3)BLXNOÒ5F34695�6�âãâÒI9VCXN3�5tV�R_87ä�æ�VLæ769V~VLæF34X¨6sþUOÒX�8FX ç[3�VWõu3�3)5�ç[I9VCæ�IJ?F?[IJRLOqVC3
ä�BCOqVC3�BCOÒ6¨I�÷�âã3)5FH9VCæùI�÷$ä�BCOqVCOÒä)69â#?76sVCæù6957:ù6�ö�3�B�69HJ3/õvIJBLè OÒR�XNOÒ5FOãXNOÒø�3b:µé %½OÒB�RWVbD;õu3�õ4OÒâãâ
?FBL3bR_3)5tVÍXNIJBL3�÷�I�BCX¨69âÒâãK(VLæF3¨?FBCI�ç7âã3)X!I9÷uVLæF316�âãâÒI9VCXN3�5tV)DA6�57: õv3Nõ4OÒâãâ$RLæFIsõ æFIsõ VCI
:U3�BCOãöJ3 6�5 69?7?FBLI�þUOÒX¨6sVLOÒI�5 6�âãHJI�BCOqVCæFX ÷�I�B�VLæF3�M(T ô ?FBCI�çFâÒ3�X�é " 3=õ4OãâÒâ�RLæFIsõ×âÒ69VL3)B
VLæ769V4÷�I�BÅVLBC3�3bRÅOqV�OSR4?[IJRCR_OÒçFâÒ3�VLI �757:�6�÷�8FâÒâãK=?;IJâãK|5FIJXNOÒ6�âA69?F?FBCI�þUOãX¨69VLOÒI�5 RCä�æF3�XN3Jé

<A3�V�8;R�ä�IJ57R_OS:U3)B�695 69âÒâãI�VLXN3�5tV/÷�8F57ä�VLOÒI�5~QWV*V�XH&�éµýy5 VLæF3N÷�IJâãâÒIsõ4Oã57H7DµVCæF3¨âã3)5FH9VCæ I9÷
ä�BCOqVCOÒä)69âu?76sVCæ I9÷QVLæF3�ä�IJBLBC3)RL?;IJ57:UOÒ5FH(X�8FâqVCOã?7BLIUä�3bRLRLI�B�VC6JR_è H�B�69?7æ OÒRN:U3)5FI9VC3): ����b¨n¨�©(�
6957:=OãV�OÒR�:F3 �75F3b:�6�RuVLæ73/XN69þUOãX�8FX IsöJ3�B469âÒâµVLæ73/?76sVCæ7R�6 I9÷>VCæF3�IJBLOÒ3�5tVL3b: õu3�OÒH�ætVC3):� I9÷ ( ' �:9 & '*) �b¨n¨�©�����'�� éuTÅæ7OÒR 5FI9V�6sVLOÒI�5 OSR 87R_3b:ûç;3bä�6�87R_3(VLæF3 âã3)5FH9VCæ-I9÷/VCæF3 ä�BLOãVLOSä�6�â
?76sVCæùOSR�6�âÒRLI1VCæF3�XN6�è�3bR_?76�5(I9÷$VLæF3NRLä�æ73):U8FâÒ3�I�5ù6�5ùOÒ5 �75FOãVL3N5|8FX�ç[3�B�I9÷v?FBLIUä�3)RCR_IJBCR)é
& �b¨ ¨�©(� O ( ' �3� QWV*V*XH& �*, �@& '*) �b¨n¨�©�����'�� :U3�5FI�VL3bR¨VLæ73�VLI�VC69âfõvIJBLè�é �QIsõ âã3�V ä�IJ57R_OS:U3)B1VLæ73
÷�I�âÒâãIsõ4OÒ5FHN?FBCI�çFâÒ3�X 	

1 Ú325476*896¥Ý:4 � =(ADC�C¥Ýk8 � ÚW4T8 �#Þ�Ý/
5C¥Ú��uK�á � Y_�:q �]� � ����
��
� 	�� ��`baL�Tc �
Y*
e��QWV*V�XH& 	���

� $ ��j � ��a�c!o �_o ���Jj Q5� � �����¨n¨�©�� � & �b¨n¨�©�� -Hj � Y �B� Y_�kY_� Y���	bq �

TÅæF3�÷�I�âÒâãIsõ4OÒ5FHN?FBCI�?[3�BLVWK¨æFI�âS:FR)é
R¦^U
![ 	�^ ��m�� � TÅæF3 I�?FVLOÒXN6�âÍö�6�âã873ùI9÷�VLæF3 69âÒâÒI9VLXN3)5JV=?FBCI�çFâÒ3�X OSR�R_X¨69âÒâÒ3�B VLæ76�5-VLæ73
I�?UVCOãX¨69â;X¨69è�3bR_?;695 ��� I�÷µVLæF3�M(T ô ?FBCI�çFâÒ3�X 	�j Q5��� ����b¨ ¨�©(��� � & ��¨n¨�©�� �#-Hj �.¤ ��� õ4æF3�BC3Q3V�V*XH& � OSRuVLæF3/IJ?UVLOÒX¨69â>RLI�âÒ8UVCOãIJ5 I�÷>VLæ73�69âÒâãI�VLXN3�5tV�?FBCI�çFâÒ3�X

�



TÅæF3Í?FBLI|I�÷½OSR4RWVCBC6�OãHJæJVL÷�I�BCõu6�BC: 	�÷�IJB�695|K 69âÒâÒI9VLXN3)5JVÅ÷�8F5;ä�VLOÒI�5���V*V*XH&vI9÷~695=I�?UVCOãX¨69â
RLä�æF3b:U8FâÒ3NOã57ä�âã8;:UOã57H VCæF3¨I�?FVLOÒXN6�â�R_IJâã8FVLOÒI�5 I9÷$VCæF3169âÒâÒI9VLXN3)5JV/?FBCI�ç7âã3)X=D�õu3Næ76�ö�3JD[ç|K
:U3 �757OqVCOãIJ57R�D�j Q5��� ����b¨ ¨�©(� � & ��¨n¨�©�� -Hj �.¤ ��� é

" 3Íõ4OÒâãâµ5FIsõ R_æ7Isõ-æFIsõ VCI�IJçUVC6�Oã5�695�69?7?FBLI�þUOÒX¨6sVLOÒI�5 69âÒH�I�BCOãVLæFX ÷�IJBÅMùT ô ÷�BCI�X
695�69?F?FBCI�þUOãX¨69VLOÒI�5 6�âãHJI�BCOqVCæFX×÷�IJBÅVLæF3�6�âãâÒI9VCX�3)5tVÅ?7BLIJçFâã3)X�é

! Þ�Ý/�$Ý[à96*896hÝk4 �µá�� Y_l 	�� �������![�[:^U
9w	Y_� ���
Y*
e� ��� |3
e^�Y���oW� `p
]^��_o 	 ������
��
� 	�� ��[:^U
 � �
	�� d
	 	 c��e� cb
e� � �
^�a�c � � � �����![�[:^U
9w	Y_� ���
Y*
e� ��� |3
e^�Y���oW�>`p
]^��_o 	�� E�� [T^U

���
	�� �

R¦^U
F
(` � TÅæF3$XN6�Oã5�OÒ:U3b64OSRAVCI�87RL3	VLæF3vBL3bR_87âqV>I�÷F?FBCI�?[IJRLOqVCOãIJ5 $ VLæ769V>H�OÒö�3bR>6�5�69?F?FBCI�þ|å
OãX¨6sVCOãIJ5 ÷�I�B/VCæF31X�87âqVCOã?FBCIUä�3bRLRLI�B�RCä�æF3):F8FâãOÒ5FH�?FBCI�ç7âã3)X=é½<A3�VtQ3V�V*XH&fç;3¨VCæF3 6�âãâÒI9VCX�3)5tV
÷�I�8F57:1çtK�VCæF3��tåy69?7?FBLI�þUOÒX¨6sVLOÒI�5¨6�âãHJI�BCOqVCæFX�é
" 3fä�IJ57R_VLBC87ä�VhQWV�V*XH&
	7RL87ä�æ¨VCæ76sVÅ69âÒâ7V�6�RLèUR
Oã5sQWV*V�XH&
	µ5F3)ö�3�BQ87R_3/XNIJBL3ÍVCæ7695F��?FBCIUä�3)RCRLI�B�R�D|õ4æF3)BL3 ��OSRQ6NH�OÒö�3)5�5t87X�ç[3�B�OÒ5 � $ ��j � é
M�I�BC3Q÷�IJBLX¨6�âãâÒK�Dt÷�I�B46�5tKNV�6�RLè�,�DWQWV�V*XH&
	 �*, ��O QWV*V�XH& ��, �$Oq÷5Q3V�V*XH& �*, ��� ��695;: QWV*V�XH&
	 �*, ��O �
I9VLæ73�BCõ4OÒRL3�é#TÅæF3 X¨69èJ3)RL?7695 ?7BLIsö|OS:U3): ç|K � âÒH�IJBLOãVLæFX . ÷�IJB�RCä�æF3):F8FâãOÒ5FHv� õ4OqVCæ VLæ73
�FþU3):�69âÒâãI�VLXN3�5tV�QWV*V�XH& 	 OÒR46Jä�ä�IJBC:FOã5FH�VLI1ú$BLIJ?;ItR_OãVLOÒI�5 $ ç;IJ8F57:U3b: ç|K 	

� �b¨n¨�©���
 ¤ &v�b¨n¨�©(��
 � ��j U�� � ����b¨n¨�©(��
j U�� � $ ª
�QRLOã5FH�VLæF3fX�IJ5FI9VCI�5FOSä�6JRLRL8FXN?UVLOÒI�51:F3)RCä�BCOãç[3):¨OÒ51RL3)ä�VCOãIJ5 . DJõv3QH�3�V ����b¨n¨�©(� 
 ¤ ; N ����b¨n¨�©(�
6957: & ��¨n¨�©�� 
�¤ & �b¨n¨�©�� é ô OÒ57ä�3¨6�ä)ä�IJBC:UOÒ5FH VLI�ú�BCI�?[3�BLVWK $ õu3Næ76�ö�3 ����b¨n¨�©(� ¤�� ��� 6�57:
& �b¨ ¨�©(� -ej�¤�� ��� DFõu3 �7576�âãâÒK1I�çFVC69OÒ5 	

� �b¨ ¨�©(� 

� �

¤ �Lj 

� ��j U�� � $ �

ª
TÅæFOÒR B�6sVLOÒI OSR XNOÒ5FOÒXN6�âQ÷�IJB � O j$- . � $ Du6�57: OÒ5 VLæ7OÒR=ä�6JR_3(õu3ùæ;6�ö�3 	 O �U������� 
O � ¤
� �� �(�A��� ; ��� ¤ � ��é

� � �L���_óLò9�#íUó_ï$ì×íUï íUîD���
�
%½OÒ576�âãâÒK�DsOãV	BL3)XN6�Oã5;R>VCI�:F3�VL3)BLXNOÒ5F3ÅæFIsõ VCI �75;:�6�5�6�?F?FBCI�þ|OÒX¨6sVCOãIJ5�RLä�æ73�XN3$÷�IJB	R_IJâãö|OÒ5FH
VLæF3469âÒâÒI9VLXN3)5JV	?FBCI�ç7âã3)X ÷�I�B#VLæ73�ä�6�RL3uI9÷7VCBL3)3)R)é�%FI�B~VCæFOSR~?F8FBC?;ItR_3JDbõu3Åõ4OãâÒâU87RL346fètåy:U876�â
69?F?FBCI�þUOãX¨69VLOÒI�5�XN3�VLæ7I|:ùOã5tVCBLIU:U87ä�3):�ç|K ô æFXNIsKUR�3�V �QI|ä�æ|ç76�8FX � � � é�<A3�Vf87RfH�OÒö�3�6�5
Oã5tVL3)H�3)B��ADFõu3/ä�IJ57R_OS:U3)BÅVLæF3Í÷�IJâãâÒIsõ4Oã57H�?FBCI�ç7âã3)X 	

1 Ú325476*896¥Ý:4�� = ��Ýk4#à98�ÞeAD6*4#Ú|ß>ADC�C¥Ýk8 � ÚW4T8 �½ÞsÝ/
JChÚ��uK�á � Y_�Tq��]� � ����
��
� 	�� �5`baL�:c��
��Y*
]� QWV*V�XH& ��a�cbo ��o ������o 	 �
	p�W| ��o~
�` �_o 	 c�^�Y��
Y*c � ��[ ����o ����b¨n¨�©�� Y � �b� ����� 	p^ ��o �]��� �e�:q
�_o 	 �]l 	�^ ��|&	 	 
e^ �7& �b¨n¨�©�� -Hj Y � ��� �b� ������� �¦[�
 ����Y � �
	 �

ýy5�VLæF3�573�þ|VfRL3)ä�VCOãIJ5ADFõu3�õ4OÒâãâ#R_æFIsõÃVLæ;6sV�VCæFOÒRQ?FBCI�çFâÒ3�X+ä�695�ç[3�RLI�âÒö�3b: IJ?UVLOÒX¨69âÒâãK
87R_OÒ5FH�:UK|576�XNOÒä4?7BLIJH�B�69XNXNOã5FH�÷�IJB	VLæF3fä�6�RL34I9÷�VCBL3)3)R)D�6957:N:U3b:U87ä�3Q6/?[I�âÒKt57I�XNOÒ6�âqåmVLOÒXN3
69âÒH�I�BCOãVLæFX VLæ769V�ä�IJXN?F8UVL3bRQ6�5(69âÒâãI�VLXN3�5tV�÷�8F5;ä�VLOÒI�5 Q3V�V*XH& � D;÷�I�B�6¨H�OÒö�3)5 ��� S D;õ4æFIJRL3
õvIJBLè=OÒR�RLXN6�âãâÒ3�BQVLæ76�5�VLæ73�õuI�BCè I�÷$695(IJ?UVLOÒX¨69â~69âÒâãI�VLXN3�5tVÍ6957:�õ4æ7IJRL3�ä�BCOqVCOÒä)69â#?76sVCæ
âã3)5FH9VCæ :FI=57I9V�3�þFä�3�3): ��� $��§� ��é½TÅæFOÒR�ä�695 ç[31R_3)3�5 6�R/6�5 IJ?UVLOÒX¨69â$RLI�âÒ8UVLOÒI�5 I9÷uVLæ73

-



RL6�X�3u?FBCI�çFâÒ3�X 8;R_OÒ5FH�X�IJBL3uBC3)RLI�8FB�ä�3bR 	�6Qõ4OS:U3)âãK/87RL3):�VL3bä�æF5FO �t8F3vOÒ5�I�5UåxâãOÒ5F3Å69âÒH�IJBLOãVLæFX
� � D $ . � é " 3�ä�6�âãâ�VCæFOSR�69âÒH�IJBLOãVLæFX 6 � $h�~� �yåmIJ?UVLOÒX¨69âA69âÒH�IJBLOãVLæ7X=é %#OÒBCR_VLâÒK�D7õv3Íõ4OÒâãâ>RLæFIsõ
VLæ769V$Oq÷Aõu3�ä�6�5 �757:¨6��|åmIJ?UVLOÒX¨69â76�âãHJI�BCOqVCæFX ÷�IJB�VLæ73Qä�IJ57RWVCBC6�Oã573):N69âÒâãI�VLXN3�5tV�?FBCI�ç7âã3)X=D
VLæF3)5=õu3/ä�6�5 �;57:�6 �,� $h� � �yåx6�?F?FBCI�þUOãX¨6sVCOãIJ5¨÷�I�BÅVCæF3�69âÒâÒI9VLXN3)5JV�?7BLIJçFâã3)X�é
! Þ�Ý/�$Ý[à96*896hÝk4 � á�� Y_l 	�� � ����
![ ��Y_� ��� � � |�
]^�Y��_oL�x`p
e^ ��
��nlFY_�3| �_o 	�c!
]� � �
^ �eY_� 	!q � ����
�� �� 	�� �J[T^U

���
	���d 	 	%c��e�~cb
e� ���
^�a�c�� � �,� $r�u� � ���b[	[T^U
�w�Y_� ���
Y*
e� � � |�
]^�Y��_oL�y`p
]^ ��o 	�� � �
��
��
� 	�� ��[:^U
 � � 	p� �

R¦^U
F
(`p� �vI�57RLOS:U3�B¨695 I�?FVLOÒXN6�â�R_IJâã8FVLOÒI�5 I9÷QVCæF3(69âÒâÒI9VLXN3)5JV¨?FBCI�ç7âã3)X :U3�57I9VL3b: ç|KQ3V�V*XH& � é[<>3�V�� � ç;3�VLæF3�XN69þUOãX�8FX ç[3�VWõu3�3)5�VLæ73�âÒ3�5FH�VLæ�I9÷$ä�BLOãVLOSä�6�âA?769VLæù6�57:=VLæF3�6�ötå
3�B�69H�3 õvIJBLèù÷�I�B�VLæFOSRN69âÒâãIUä�69VLOÒI�5 	�� � O X¨69þ � ����b¨ ¨�©(� � � & �b¨ ¨�©(� �#-ej ��é#<>3�VNä�I�5;R_OS:U3�B�VLæ73
X�IJ5FI9VCI�5FOSä�ç[3�æ76�ö|OÒI�B¨I9÷�VLæ73(?;3)5769âãVWK�Dvõv3�æ;6�ö�3 	 � � -Hj ¤�� � ¤ � � Dvõ4æF3�BC3 � � OÒR
VLæF3�3�þU3)ä�8UVLOÒI�5�VCOãXN3�I9÷	VLæ73�H�B�69?7æ�I�5ù61RLOÒ5FH�âÒ3�?FBCIUä�3bRLRLI�B � ( ' �3� & '*) � ��éµE�OÒö�3)5(61BC3)6�â5t87X�ç[3�B ��� S DJä�I�5;R_OS:U3�Bv6f?;69BLVLOãVLOÒI�5NI9÷�VLæ734Oã5tVL3)BLös6�â � � � -Hjv� � � � Oã5tVCI�� ��j U $ � - ��� Oã5Uå
VL3�BCös69âSR	I9÷µRLOãø)3 O
	�� �; é �vI�57RLOÒ:F3�BCOã5FH�VCæ76sV$õu3�RLI�âÒö�3uVLæF3fä�I�5;RWVCBC6�Oã5F3b:�6�âãâÒI9VCXN3�5tV$?FBCI�çFâÒ3�X
õ4OqVCæ��tåxI�?UVCOãX¨6�â�6�âãHJI�BCOqVCæFX�DJ69VvVCæF3Íç;3)H�OÒ5F5FOÒ5FH�I�÷>I�5F3�I9÷>VLæF3�Oã5tVC3�BCö�6�â��>éF<A3�VrQWV�V*XH&	ç[3
VLæF3�R_IJâã8UVCOãIJ5�÷�I�8F57:1çtK�VLæ7OÒRv69âÒH�I�BCOãVLæFX�D�6�57: QWV*V*XH& � ç;3QVLæF3�IJ?UVLOÒX¨69â[R_IJâã8UVCOãIJ5Aé �uKN:U3�÷kå
Oã5FOãVLOÒI�5>D[õu3�5FIsõ æ76�ö�3 ����b¨ ¨�©(� ¤ � � 6957: & ��¨n¨�©�� -Hj ¤ & ��¨n¨�©�� � -Hj é[ýx÷,& �b¨ ¨�©(� -ej ¤ �AD
VLæF3)5 I�ç|ö|OÒI�87RLâãK
� � ¤ � �>é~ýx÷ & ��¨n¨�©�� -Hj � �>D½VCæF3�5�& ��¨n¨�©�� � -Hj � � VLæ|87R�� � � �Aé
%½OÒ576�âãâÒK�Dt87RLOã5FH�6�:UOSä�æFI�VLI�XNOSäQRL3)6�BCä�æ¨IJ5 �AD|õu3fä)695 �75;:1OÒ51âãIJH 
 ���*j U $ � - �:� $ �$RWVC3�?7R
695 OÒ5JVC3�BCös69â � �T��� � O�	��; � 6�57: 695 6�âãâÒI9VCX�3)5tV�÷�8F57ä�VLOÒI�5 QWV*V�XH& �¥õ4æFOSä�æ ä�IJBLBC3)RL?;IJ57:FR�VCI
VLæF3�6�âãâÒI9VCX�3)5tVu÷�8757ä�VCOãIJ5 ÷�IJ8F57: ç|K¨VLæF3��|åmIJ?UVLOÒX¨69âA69âÒH�IJBLOãVLæ7X ä�æFI|IJRLOã5FH ��O�� � O�	(�; �
R_87ä�æ VLæ;6sV��~¤�� � ¤ � ��� � O
	U�; ��é �����¨n¨�©�� ¤�� � O�	(�; D>695;: &v�b¨n¨�©�� -Hj ¤ � ��� � O�	(�; ��D
VLæ|87R � ��b¨n¨�©�� -�� � ¤ $\� � 695;: &v�b¨n¨�©(� -ej$-�� � ¤ � � $\� � ��é>TÅæ|87R�D7Q3V�V*XH&�OÒR�6 � � $�� � �xå
69?F?FBCI�þUOãX¨69VLOÒI�51÷�IJBÅVLæF3�6�âãâÒI9VCXN3�5tV4?FBLIJçFâÒ3�X�é

�>á�; 1 Û�47A��~6*E ! ÞsÝ/	;ÞeA��.�~6�4
	
ýy5�VLæFOSRQRL3)ä�VLOÒI�5AD[õu3�:U3�V�69OÒâ>æFIsõ VCæF3�ä�I�57R_VLB�69OÒ5F3):�6�âãâÒI9VCX�3)5tVQ?FBCI�çFâÒ3�X ä�6�5�ç;3�R_IJâãöJ3):
87R_OÒ5FH�6�:UK|5769XNOSä�?FBLIJH�B�69XNXNOã57H 69âÒH�IJBLOãVLæ7X ÷�I�BÍVLæ731ä�6�RL3�I9÷uVLBC3�3)R)éµ<A3�V�87R/ä�IJ57R_OS:U3)B
695 OÒ5UåmVLBC3�3�� O �
���! ��õ4OãVLæ # 5FIU:U3)R�âÒ6�ç;3)âã3b: 6�ä)ä�IJBC:UOÒ5FH�VCIù695|K ?769BLVLOS69âvI�B�:U3�B�I9÷
VLæF3�?FBC3)ä�3b:U3�5;ä�3)R)é
" 3f:F3�5FI�VL3Qç|K *��eR�� �*, ��VLæ73fRL3�VvI�÷AOãXNXN3):FOÒ69VL3�?FBL3b:U3)ä�3)RCR_IJBCR�I9÷µVC6JR_è,CéA& ��,b��&���OSR�ä�IJXN?F8UVL3b: 6�R�VCæF31XNOã57OãX�8FX õuI�BCè(BC3
�t8FOÒBL3b:(÷�IJB�3�þU3)ä�8UVLOÒ5FH�VCæF3�, �7B�R_V
VC6�RLèUR�õ4OãVLæ 6(âã3)5FH9VCæ I9÷Qä�BLOãVLOSä�6�â$?769VLæ âÒIsõv3)B�VLæ;695 &�é�& ��,b��&���OÒR�R_3�V�VLI ��� Oã÷�OqV�OÒR
5FI9V�?[IJRCR_OÒçFâÒ3�VLI�3�þU3bä�8UVC3NVLæF3�, �;BCR_V/VC6JR_èURÍõ4OãVLæ 6�ä�BCOqVCOÒä)69â	?769VLæ âÒIsõv3)BfVCæ7695 &�é>TÅæ73
69âÒH�I�BCOãVLæFX OSR~H�OÒö�3)5�OÒ5 �7H�87BL3 � é $ é9TÅæ73vV�6�RLèUR	69BC3ÅRLI�BLVL3b:�OÒ5NBL3bR_?[3)ä�V~VLIÍVLæ734?FBL3bä�3b:U3�57ä�3
ä�I�5;RWVCBC6�Oã5tVCR)é

TÅæF3�R_IJâã8FVLOÒI�5�I9÷~VCæFOÒRQ?FBCI�çFâÒ3�X OÒR & ��# � � ��é;ýxVfOSR�ä�IJXN?F8UVL3b:�Oã5�VCOãXN3 #�j �>ék�QIsõÅå
3�ö�3)B)DF6JR ��OSRÅ?;I�VL3�5tVCOÒ6�âãâÒK öJ3�BCK¨âÒ6�BLHJ3�DtVLæF3/BC3)RL8FâãV4OÒR457I9V4÷�8FâÒâãK=RL69VLOSRW÷¥6Jä�VCI�BCK�é

�>á � ?��
�#ÞsÝ���6@�~AL8F6¥Ý:41"xÝ;Þ%89G#ÚsEJÝk4#à�8)ÞeAD6*4#Ú|ß ADC*ChÝ�8 � ÚW4T8 �#Þ�Ý/
5C¥Ú��
��Isõ/D�õv346�BL3uâãI|IJètOÒ5FHQ÷�I�B�6 � $���� �xåxI�?FVLOÒXN6�âU69âÒH�I�BCOãVLæFX ÷�I�B#VCæF3�ä�IJ57RWVCBC6�Oã573):�6�âãâÒI9VCX�3)5tV
?FBLIJçFâÒ3�X�ét<>3�Vu87Rvä�I�57RLOS:U3�B$VLæF3�R_OÒXNOãâS69Bu?FBCI�çFâÒ3�X 6s÷kVC3�BuBLIJ8F57:UOÒ5FH/VCæF3f3�þU3)ä�8FVLOÒI�5NVLOÒXN3 	

�



?�C@	[Ý;ÞH6*89GA� � PQK|576�XNOÒäNú�BCI�HJBC6�XNX�OÒ5FH 6�âãHJI�BCOqVCæFX ÷�I�B�VCæF31ä�IJ57RWVCBC6�Oã573):(6�âãâÒI9VCX�3)5tV
?FBLIJçFâÒ3�X×÷�IJBÅVLBC3�3)R�Ãi ��� =W{ / � nÒ])^vZ)ÁzÁQ=�� � Z)ltÄ Õ�� ]�`W°tdC^y¼�azwydb�
6 4 ·�¸ '7'9=�:�� �	��

� 2546 4 ·�¸ '7'98
:�� ������� 254�üi?8 � =W{ /�� 8 ��������� � ��� �"! �#Õ ($#&%('*),+.-�/ �10 �Ãi32 � =�4 = �5! � {
)�A 2 6 4 ·)�A 2 6 4 ·

6 & '�) + O87�& '�) + -��*9=6957: 6 �§O ��-��¨õ4æF3)BL3 �NOÒR�6(ä�IJ57R_VC695tV�HJBL3b6sVC3�B/VCæ7695 $ VLæ769V�õ4OÒâãâuç[3
�FþU3):NâS6sVL3)B)é �vI�57RLOS:U3�B	VCæ76sV�:QWV*V*XH&#OSR	VLæ73QI�?FVLOÒXN6�â;RLI�âÒ8UVLOÒI�5 �¥I�çUV�69OÒ5F3):¨ç|K�VLæF3f:UK|5769XNOSä
?FBLIJH�B�69XNXNOã57H�69âÒH�I�BCOãVLæFX��µI�÷UVLæFOSR#BLIJ8F57:U3b:/?FBCI�çFâÒ3�X 6�57: QWV*V�XH& � VLæ73vIJ?UVLOÒX¨69âUR_IJâã8FVLOÒI�5
I9÷�VLæF3fI�BCOãHJOã5;69âU?FBCI�çFâÒ3�X�éJýxVvOSR�I�ç|ö|OÒI�87R~VCæ76sV,& :�b¨ ¨�©(� ¤ & �b¨ ¨�©(� � é " 3f:U3�5FI�VL3fçtK76BQ3&�;=<VLæF3QRL3�VvI9÷A69âÒâUVLæ73�?76sVCæ7R�I�÷�VLæF3�HJBC6�?Fæ$�Né " 3�ç[I�8F57:N57Isõ VCæF3�âÒ3�5FH�VLæ¨I9÷Aä�BLOãVLOSä�6�âF?76sVCæ
I9÷ :Q3V�V*XH&�ç|K1ç[I�8757:UOÒ5FHNVLæF3 �t876�5tVLOãVWK1I9÷~õvIJBLè¨573�H�âÒ3)ä�VL3b: ç|K1VCæF3/BCI�8F57:FOã5FH;é
� � :�b¨n¨�©�� O X¨6sþ

95�:9 �b�?>A@ �' �:9 & '*) :�b¨n¨�©��@��'�� ¤ # � � � X¨6sþ
95�:9 �b�?>A@ �' �:9

6 & '�) :��¨n¨�©��@��'�� ¤u# � � � ���¨n¨�©�� �

TÅæt8;R�D~õu3=HJ3�V ��� :�b¨ ¨�©(� ¤ # � � �>é�ýx÷fõu3=ä�æ7ItItR_3 �sO �=BC D	õv3=I�çUV�69OÒ5 	 ��� :��¨n¨�©�� ¤� � $¦�~� ��é7TÅæ|87R�RL87ä�æ�6�BCI�8757:UOÒ5FHN?FBLIUä�3)RCRÅâã3b6�:FRuVCI16 � $h� � �yåmIJ?UVLOÒX¨69â>6�âãHJI�BCOqVCæFX×÷�IJB
VLæF3�ä�I�57R_VLB�69OÒ5F3): 69âÒâãI�VLXN3�5tV�?FBCI�ç7âã3)X õ4æFIJRL3/ä�IJX�?78UVC69VLOÒI�5 VLOÒX�3/OSR4OÒ5ED�� ; C �� ��é

�f5�IJ5F3�æ76�57:µD�ä�I�57RLOS:U3�BCOã57H�ú�BCI�?[IJRLOqVCOãIJ5 � D9õv3fä�695¨ä�I�57ä�âã87:F34VLæ769V�÷�I�B�VLæF3QRL?[3)ä�OS69â
ä�6�RL3	I9÷tVLBC3�3bR�VLæ73$69âÒâãI�VLXN3�5tVA?FBCI�ç7âã3)XÃ6�:FX�OãVCR½6u÷�8FâÒâãK�?;IJâãK|5FIJXNOÒ6�âsVLOÒXN3$69?F?7BLI�þUOÒXN69VLOÒI�5
RLä�æF3)XN3�õ4æ7IJRL3�BC8F5F57Oã5FH�VCOãXN3/OSR4Oã5ED ��âÒI�H � ; � � ; � C� ��é

�f5�VLæ73uI�VLæF3)B½æ;6957:µD�÷�BCI�X ú$BLIJ?;ItR_OãVLOÒI�5 . D�Oq÷[õv3uè|5FIsõ æFIsõ VCI�RLI�âÒö�3vVLæ73u6�âãâÒI9VCX�3)5tV
?FBLIJçFâÒ3�X õ4OãVLæ 61H�8;69B�695tVL3)3�I9÷ ��D[VLæF3)5 õu3�è|5FIsõjVCæ76sV/OãV/OÒR�?[IJRCR_OÒçFâÒ3�VCI=RLI�âÒö�3�M(T ô
õ4OqVCæ 6�H�8;69B�695tVL3)3¨I9÷ � �µé�%#Oã5;69âÒâãKJD>õu3 :U3b:U87ä�31VLæ769V�VLæ73�BC3 3�þUOSRWV�R�6(RLI�âÒ8UVCOãIJ5 I9÷4VLæ73
M(T ô ?FBLIJçFâÒ3�X õ4OãVLæ�6�H�876�BC6�5tVL3�3 � � $h�~� ��é

F G ïvìQò��_ñL�|óWï$ì
ýy5 VCæFOSR4?769?[3�BbDUõu3�æ;6�ö�3ÍRWVC87:UOÒ3): VLæF3/?7BLIJçFâã3)X I9÷~RLä�æ73):U8FâÒOÒ5FHNXN6�âãâÒ3)6�çFâÒ3fV�6�RLèURÅOã5=VLæ73
?FBL3bR_3)57ä�3ÍI�÷#?FBC3)ä�3):U3)57ä�3/ä�I�57R_VLB�69OÒ5tVCR)é " 3�:U3bR_OÒH�573):�695�69âÒH�IJBLOãVLæFX õ4OqVCæ�6NHJ8769B�695tVC3�3
� � $h� � �uOÒ5 VLOÒX�3HDJI�âãIJHLK ; �NM C � ;�PO ÷�IJBÅVLBC3�3bR�é

TÅæFOÒRÅ6�âãHJI�BCOqVCæFX×ä�I�87âÒ: ç;3Í87RL3):1÷�I�BÅOÒX�?7âã3)X�3)5tVLOÒ5FH¨R_IJX�3Í6�ä�VL876�â�?FBLIJçFâÒ3�X¨Ruõ4æFIJRL3
ä�I�XN?F8FVC6sVCOãIJ57R	69BC3ÅI�BCHJ6�5FOãø)3):�6�R~VCBL3)3)R~âÒOãèJ3 ô ?769B�RL3 �væFIJâã3bR_è|K %;6�ä�VLI�BCOÒø)6sVCOãIJ5 �
$ S � é9TÅæ73
69?F?FBCI�þUOãX¨69VLOÒI�5ùB�6sVCOãI�õÅ6�RÍ3bRWV�69çFâÒOÒRLæF3b:ù÷�IJBÍVLæF3 õvIJBCR_V�ä�6�RL3¨6957: õu3N3�þU?;3bä�V�6=X�87ä�æ
ç;3�V_VL3)B/6�ö�3�B�69HJ3�ç[3�æ76�ö|OÒI�8FBbé;TÅæF3bR_3�?FBC3�âÒOãXNOÒ5769BCK=VLæF3)I�BC3�VCOÒä)69â#BL3bR_8FâãVCRÍä�I�8FâS:(IJ?;3)5(VLæ73
õu6�K ÷�IJB¨VLæ73(:U3)RLOãHJ5F3�B�R�VLI I�çUV�69OÒ5 HJItIU:û69?7?FBLI�þUOÒX¨6sVLOÒI�5 69âÒH�IJBLOãVLæFX¨R�÷�IJB 69BCçFOãVLB�69BCK
?FBL3bä�3b:U3�57ä�3ÍH�B�69?Fæ7RuI�÷#X¨69âÒâÒ3)69ç7âã3�VC6JR_èUR)é

$ S



� ���!�>îD�>ìQòT�
�
� ���	���#ÁqZ�Ð�]J�[Y>�;gÅd�\J^WdCr;�[�f�µ��])rtlJa��d)�µZ)ltÄ g�� » ^yÐ�wx`y^_Z�oN�/guÐ�l|Z�o/aq�fÁz]�ZbÄ�\tZ)ÁqZ)lJ��azltÂ�nÒ])^
]s�Cd�Z)l���ac^W��rtÁqZ�`Waz])l¨o/]9ÄJd�Á|¼�ac`W°¨Z)ÄtZ)¿�`WazÑ�duo/d�wy°JazltÂJ��eml
	µZ�`y^Waz�L¾�dC`$Z�Á��t�vo/dCwx`W]�Ðs��d�ÄJac`W])^��
�
�����bÉ���Ç����������$Ç��yÇbÈSÈqÊCÈ��
�����_ÊLÎWÎ����� fÉ"!)Ì�#%$��tÌhÊ&���UÇ�Ì'�(���UÇ)È��)���*�bÉ+��Ç���,����.-�Ê&�WÊ&�/�LÊL�bl9rto�\UdL^
�.0b�b� aql�Y;d��L`WrJ^Wd
1v])`Wd�wAazl B ])o/¿trJ`WdL^>����azd�lJ��db�)¿|Z�Âbd�w �b�)�32s���34 ���vrJÂbrtwx` �9� }[��d�¿�`Wd�o�\UdL^
����5�5�5 �

4 �Q� � B ])wyl|Z�^_Ä�Z)ltÄ/g�� » ^yÐ�wx`y^_Z)oN�6��Ç��yÇbÈÒÈqÊCÈFÇbÈ  ������SÌ�#9Æ�ÎÅÇ��87/Ç�����#��SÌhÊ��CÌ'���WÊLÎW�>emls`WdC^WltZ�`Waz]bltZ)Á
» °J]bo/wy])l9	Art\tÁzazwy°tazlJÂJ� �.5�5b� �

� �4gf� B rtÁzÁzdC^���:Q�A��Z�^W¿;�µgf��	µZ�`y`WdC^Wwy])l;�>�Q�½��Z)°tZ�Ðs�;���½��Z)ls`W]bw��A�Í�½�9�L°tZ)rtwydL^��;:Q�½�9rt\�^_Z�}
o/])ltaqZ)l7�½Z)l|Ä » �~Ñ�])l<�Aaz�L¾�dCl;� Y7]bÂb¿7±	� ¿J^_Z)�L`Waq��Z)Á$o/]9ÄJd�Á$])n4¿tZ�^_Z�ÁqÁzd�Áv��]bo/¿JrJ`_Z�`Waq])l;�
,���Æ�Æ=���>�(�WÇ)Ì'�(���JÎ��*-ÅÌ�#tÊ@?%,�A¨� ��5 i �b� {L± B �32s��� � �.5�5�0 �

ÔJ�����U�tdCÁãÄ�o�Z)lJl;�|��}DCf�U��Z)]��FZ)ltÄ¨�J�7�9Â�Z)ÁzÁk�@Eu¿J`Wazo�Z)Á;]bltÁzazltdQwy�_°td�Ä�rtÁzazltÂ�])n>¿|Z�^_Z)ÁzÁzd�Á/Fx])\tw
¼�ac`W°ùÄJdC¿Ud�l|Ä�d�lt��azd�w�� eml 4)� Ì�#G?H�>���JÇbÈ�?%,�AJI�K�ÆMLN�)ÎO�+�9ÆP���RQS#tÊ�����KT�*-U,��)Æ�L/�9Ì'�+�� )�
¿tZ)Â)d�w 0 Ô 4�2�0b�9� ���JZ�l(gÅazd�Âb]�� B Z�ÁqacnÒ])^WltaqZ9� ��5�5b� � r�^WÁ�±A°s`y`W¿7± V�V�¼	¼	¼4� lt�Cwx`y^WÁ�� ]�^WÂJ� B �s} 5�4 }
����5 �

� �����7�udC^_Z�wy]brtÁzazwQZ)ltÄ » �8C#Z)lJÂJ��	;C@:H:HE4�F±twx`_Z�`Waz�Íwy�_°td�Ä�rtÁzazltÂ�Z)l|Ä¨��]9Ä�d�Â)d�ltdC^_Z�`Waz]bl nÒ])^
o/dCwywWZ)Âbd¨¿tZ)wywyazltÂ=o�rtÁc`Waz¿J^W]s�Cd�wywy])^Ww�� eml<�)�*���_Ê_Ê�7����� )ÎU�*-�Ì�#tÊXW�Ì�#Y?%,�AZ$��tÌhÊ&���UÇ)Ì'�(���UÇbÈ
,�����-�Ê&�yÊ&�8�_Ê=���[I>��LJÊ&�*�O�)ÆML/�9Ì'�+�\ )�F¿|Z�Âbd�w�Ô 4��32 Ô � Bs�7� B � ��FmrtÁ ��5�5�4 �

0 �]:�� Y>�U�v^_Z)°|Z�oN���#]brJl|ÄJw�nS]�^Å��dL^y`_Z)azl1o�rtÁc`Waz¿J^W]s�Cd�wywyazltÂ�Z)lJ]bo�Z)Ázazd�w��]^uÊCÈSÈ_I�K�Î_ÌhÊLÆfÎ`QUÊO��#9É
�>�(�WÇbÈ_a������&�|ÇbÈ �|Ô � ± ����0b�32t������� � �.5�0�0 �

B9�4gf� �U�Mbv]s�L°9\tZ)rto Z�l|Ä gf� �$�Q��°Jo/]�Ð�w�� CuwyazlJÂ ÄJr|Z�ÁÍZ�¿t¿J^W]�À�azo�Z�`Waz]blûZ)ÁzÂb]�^Waz`W°Jo/w nÒ])^
wy�_°td�ÄJrtÁzazltÂ�¿�^W]b\tÁzd�o/w�±C`W°td�]�^WdC`Waz��Z)Á9Z�l|Ä4¿J^_Z��C`Waz��Z)Á�^Wd�wyrJÁc`Ww��8a������&�|ÇbÈN�*-#Ì�#tÊ�?%,�A1� � ÔJ± � Ô)Ô 2
�.0�4 � ��5)� Bs�

� �4�Í�>�bZ)ltwydCl Z)ltÄ YA�c	�]�^W¾�]bÁqZ�\;� Y7azltd�Z�^y}¥`Wazo/d�Z)¿t¿�^W]�ÀJazo�Z�`Waq])l wy�_°tdCo/d�w�nS]�^�wy�L°Jd�ÄJrJÁqazlJÂ
o�Z�ÁzÁqd�Z)\tÁzd~¿tZ�^_Z�ÁqÁzd�Ás`_Z�wy¾�w��9ehld�
�����_ÊWÊ�7��+�\ )ÎH�*-#Ì�#tÊ~ÌhÊ&�tÌ�#/Ç����>�tÇ)È\?%,�A É(IN$�?HA ÎOK)Æ�LN�)ÎO�+�9Æ
���fe]�SÎ&�g�WÊLÌhÊ ÇbÈ  ������SÌ�#9Æ�ÎThDISijek?l��m.n��	¿tZ)Â)d�w�Ô 5b�X2 Ô 5b� �$�JZ�l �J^_Z)lJ��azwy��]J� B � C4���Q�
�bZ)l9r|Z�^yÐ 4)� } 4 B �.5�5b� �

5 ���$�t��Z�ÁzÐsZ)l|Z�wyrtltÄtZ�^_Z�o Z)ltÄ��Í��	A^WrJ°tw��½�9¿Ud�d�Ä�aqw$Z�w$¿U]�¼#dC^ynSrJÁ�Z)w���ÁqZ�az^WÑb]�ÐsZ)lt�Cdb�AemlXo�W�Ì�#
?H�>���JÇbÈ8I�K�ÆMLN��Î�����Æp���rq������/7�Ç)Ì'�(���JÎ]�*-=,���ÆML/�9ÌhÊ&�@I/�g�¥Ê&�8�_ÊL��¿|Z�Âbd�w 4s� Ô 2N4�4s� �U��aqÁc¼~Z)rJ}
¾bd�db�9Ó azwy��]blJwyazl;� 4��32�4b����5�5�� �te*���j�	�

��� �]sQ�U�4rto�Z�^��U���7�v^_Z)o�Z9�7�Q�7�urJ¿J`_Z��7Z�l|Ä �f�U��Z�^yÐJ¿Jazw��t$��tÌ'�*��7��>�CÌ'�(����ÌD�u��Ç��yÇ)ÈSÈqÊCÈ
,��)ÆÍÉ
L���Ì'���� \v_efÊLÎO�w �� Ç��/7d?H�|ÇbÈ K)ÎO�SÎ]�*-�?vÈ  ����&�ÒÌ�#9Æ�ÎW�c�#d�l�FxZ)o/azl8V B rto/o/azltÂ)w�� ��5�5 ÔJ�

�)� �]:��7Y;dC¿SxdC^Wdb�[�f�[��]brJlta��db�7g�� » ^yÐ�wx`y^_Z)oN�UZ)l|ÄX�v�_:v])\ta(y�b���NZ)ÁzÁzd�Z�\tÁzd/`_Z)wy¾9w�±;�vl dgz/��azd�ls`
o/]9Ä�d�ÁµnS]�^fwy])ÁzÑ�azlJÂ¨Z)�C`WrtZ)Á½¿|Z�^_Z�ÁzÁqdCÁ~Z)¿J¿tÁzaz��Z�`Waz])ltw���emlT���Sbf�7g={ bu])ÁzÁãZ�l|Ä�dC^��A�f�S:Q�;�b])rJ}
\UdL^y`��|�#�|�J�8	�dC`WdL^Ww��UZ)ltÄ`bf�t�J�U��az¿tw��Jd�ÄJac`W]�^Ww��_�$Ç��yÇbÈSÈqÊCÈ�,��)ÆML���Ì'���� \v_q_���87�Ç)Æ/Ê&�tÌ¥ÇbÈ ÎQÇ��87
?cL�LUÈ �'�_Ç�Ì'�(���tÎg|/�
�����_ÊWÊ�7��+�\ r�*-$Ì�#tÊM$��JÌhÊ&�&�|Ç)Ì'�(���|ÇbÈ;,�����-�Ê&�WÊ&�8�_ÊH�$Ç����O��� �����J¿tZ)Â)d�w ��5)�32\0b��� �
gud�ÁcnÒ`�� » °td]1udL`W°tdC^WÁqZ)ltÄJw��t�vrJÂbrtwx` �.5�5�5 �|eho/¿UdC^WaqZ)Á B ]bÁzÁzd�Âbdt	µ^Wd�wyw��

��4 � B �U�Q�8	A°tazÁzÁzaz¿tw�� B �;�9`WdCaql7�8�	� » ]�^WltÂJ�7Z�l|Ä¨�J�tÓ�d�azl;�MEu¿�`Waqo�Z�Á;`Wazo/dC}¥�C^Wac`Waz��Z)Á[wy�L°Jd�ÄJrJÁqazlJÂ
Ñ9aqZ~^Wd�wy]br�^W��d~Z�rtÂ)o/d�ls`_Z�`Waz]bl�ikdCÀ9`Wd�ltÄJd�Ä4Z�\twx`y^_Z)�L`L{L�semlt�
�����_ÊWÊO7��+�� )Îk�}-½Ì�#tÊ]Q6~~Ê&�JÌ'KbÉ+�M�+�tÌ�#
?H�>���JÇbÈ\?%,�A�I>K)Æ�LN�)ÎO�+�9Æ����XQS#JÊO���&Kt�*-],��)ÆML���Ì'���� )�)¿|Z)Â)d�w � Ô ��2|� Ô 5 �N�AÁ>	µZ)wy]J� » dCÀJZ)w��
Ô 2�0��.5�5 B9�

��� �Q�f��1Q�J�9^WazltazÑ)Z)wWZt	A^_Z�wWZ)ltltZ�Z�l|Är�v�N:Q�J��rJwyaq�Crtw��A�udCltdC^_Z�Áqazwyd�Ä�o�rtÁc`Waz¿J^W]s�Cd�wywy])^�wy�_°td�Ä�rtÁc}
azlJÂfrJwyaqlJÂf])¿J`Wazo�Z)Át��]bls`y^W]bÁk�[eml � �*7=?H�>���JÇbÈ>?%,�A�I>K)Æ�LN�)ÎO�+�9Æ����r��Ç��yÇ)ÈSÈqÊCÈ>?vÈ  ������SÌ�#9Æ�Î
Ç��87=?H����#��SÌhÊ��CÌ'���WÊLÎW�F¿tZ)ÂbdCw 4s��0�2N4�4�� �7� B � � ��5�59� �

� ÔJ�����)�9`Wd�azl9\UdC^WÂ��9��wx`y^Waq¿�}¥¿|Z)�_¾9azltÂvZ)ÁzÂb]�^Waz`W°Jo ¼�ac`W°ÍZ�\twy]bÁzr�`Wd#¿UdC^ynÒ])^Wo�Z)lJ��d#\U])rtltÄ 4 �/IN$�?HA
a����N���UÇ)È6���Y,��)Æ�L/�9Ì'�+�� )� 4�0 i 4 {L± Ô �9�&2 Ô ��5 � �.5�5 B9�

��� ����� » r�^Wd�¾U�s�J��Ó=]bÁcnm�sZ)l|Ä�	���C#r7�U�v¿J¿J^W]�À�azo�Z�`Wd�Z)ÁzÂ)])^Wac`W°to/wAnS]�^~wy�_°td�Ä�rtÁzazltÂ4¿|Z�^_Z)ÁzÁzd�Ázaz��Z)\JÁqd
`_Z�wy¾9w��vehl¨ÔJÌ�#9?H�>���JÇbÈS?%,�API�K�ÆMLN�)ÎO�+�9Æ�������Ç��yÇ)ÈSÈqÊCÈ_?vÈ  ������SÌ�#9ÆfÎ�Ç��87�?H�*��#��SÌhÊ��CÌ'���WÊLÎW�
¿tZ)Â)d�w ��4)��29�)��4 � �.5�5�4 �

$ $


